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MOLECULES FOR ORGANELLE-SPECIFIC PROTEIN DELIVERY

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application No. 63/000,138,
filed on March 26, 2020, the entire contents of which are hereby incorporated herein by

reference.

BACKGROUND

Cationic cell penetrating peptides (CPPs) have emerged as a promising means of
delivering therapeutic proteins into cells. However, one potential drawback of appending a CPP
to a therapeutic protein is that the CPP may interfere with the therapeutic protein’s proper
subcellular localization or function. For example, certain cell penetrating peptides, such as HIV-
TAT, have been shown to direct delivery of therapeutic proteins into the nucleus, which may not

be the desired subcellular destination for a therapeutic protein of interest.

Delivery of therapeutic proteins into the mitochondria of mammalian cells has been
attempted, for example, with the TAT-FXN fusion protein. TAT-FXN fusion protein contains
TAT and Frataxin (FXN), which is a mitochondrial protein associated with the inherited
condition Friedreich’s Ataxia (FRDA). FRDA patients suffer from progressive damage to the
nervous system that results in muscle weakness and eventual loss of motor control. FRDA is
caused by transcriptional repression of the FRDA gene, resulting in the lack or minute amounts

of hFXN protein in FRDA patients.

The improvement of effective technology for delivering therapeutic proteins into cells,
and while maintaining the therapeutic protein’s proper subcellular localization or function,
including in the context of organelle-specific therapeutic protein delivery, continues to be an

area of great demand in medicine.
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SUMMARY

The present disclosure provides fusion proteins that are capable of being efficiently
delivered to cells, e.g., in greater levels than previously achieved. The present disclosure further
provides fusion proteins that are capable of efficiently delivering a therapeutic protein of interest
to cells and achieving and maintaining the proper subcellular localization and/or function of the
therapeutic protein of interest. For example, the present disclosure provides fusion proteins that
are capable of being efficiently delivered to non-nuclear organelles. An exemplary fusion
protein provided by the present disclosure comprises, in addition to a protein of interest to be
delivered to a cell, a cell penetrating peptide (CPP); and/or a target enhancing sequence (TES).
In the fusion protein of the present disclosure, the CPP is capable of interference with delivery of
the protein of interest to the protein’s proper subcellular localization and/or with its function, and
the TES prevents this interference by CPP. Another exemplary fusion protein provided by the
present disclosure comprises, in addition to a protein of interest to be delivered to a non-nuclear
organelle, an organelle targeting sequence (OTS); a cell penetrating peptide (CPP); and/or a
target enhancing sequence (TES). In said fusion protein of the present disclosure, the CPP is
capable of interference with delivery of the protein of interest to the non-nuclear organelle, and

the TES prevents this interference by CPP.

The present disclosure also is based, at least on part, on the surprising discovery that
including certain amino acid sequences (i.e., TES) in a fusion protein that also comprises a
protein of interest and a CPP, facilitated effective delivery of the protein of interest to the cell,
e.g., resulted in increased levels of the protein of interest in cells treated with the fusion protein,
and allowed for proper subcellular localization and/or function of the protein of interest. In
particular, the present inventors have discovered that cells treated with fusion proteins
comprising a protein of interest, CPP and TES contained significantly higher amounts of the
protein of interest than cells treated with a fusion protein comprising a protein of interest and
CPP, but lacking TES. Thus, the present inventors have surprisingly discovered that introducing
TES into a fusion protein comprising CPP and a protein of interest can significantly increase the
amount of protein of interest in a cell that has been contacted with the fusion protein. The
present inventors also surprisingly discovered that fusion proteins comprising a protein of
interest, CPP and TES were correctly processed by the cellular machinery, achieved proper
cellular localization, e.g., were targeted to a non-nuclear organelle, and possessed the desired

activity of the protein of interest when delivered to cells.
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In some exemplary fusion proteins provided by the present disclosure, the TES
comprises an amino acid sequence cleavable by an endogenous intracellular protease. In some
embodiments, this TES is located immediately adjacent to the CPP, which, in turn, is located at
the N-terminal end of the fusion protein. Upon entry of the fusion protein into the cell
cytoplasm, the TES is cleaved by an intracellular nuclease. Without wishing to be bound by a
specific theory, it is believed that cleavage of the TES facilitates removal of the CPP from the
fusion protein and prevents the CPP from facilitating diffusion of the protein of interest across
the plasma membrane and out of the cell. This allows the protein of interest to accumulate in the
cell. The present disclosure is further based, at least on part, on the surprising discovery that
including certain amino acid sequences (i.e., TES) in a fusion protein that also comprises a
protein of interest, a CPP and an OTS, facilitated effective delivery of the protein of interest to a
non-nuclear organelle, such as mitochondria. In particular, the present inventors have
discovered that fusion proteins comprising a protein of interest, CPP and an organelle targeting
sequence (OTS), e.g. a mitochondrial targeting sequence (MTS), but not TES, localized to the
cell nucleus instead of the mitochondria upon entry into the cell, due to the interference of the
CPP with mitochondrial delivery of the protein of interest. The present inventors further
discovered that including certain amino acid sequences, such as TES, in fusion proteins also
comprising a protein of interest, a CPP and an OTS, e.g., an MTS, facilitated delivery of the

protein of interest to the mitochondria upon entry of the fusion protein into the cell.

In exemplary fusion proteins provided by the present disclosure, the TES comprises an
amino acid sequence cleavable by an endogenous intracellular protease. In some embodiments,
this TES is located immediately adjacent to the CPP, which, in turn, is located at the N-terminal
end of the fusion protein. Upon entry of the fusion protein into the cell cytoplasm, the TES is
cleaved by an intracellular nuclease. Cleavage of the TES facilitates removal of the CPP from
the fusion protein and prevents interference of the CPP with delivery of the fusion protein to the
mitochondria. In other exemplary fusion proteins of the present disclosure, the TES comprises a
nuclear export signal peptide (NES), which prevents CPP-facilitated delivery of the fusion
protein to the nucleus and, instead, facilitates delivery of the fusion protein to non-nuclear

organelles, such as mitochondria.
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In other exemplary fusion proteins of the present disclosure, the TES comprises a nuclear

export signal peptide (NES), which prevents accumulation of the protein of interest in the

nucleus.

In some aspects, the present disclosure provides a fusion protein, comprising: a protein of

interest to be delivered to a cell; a cell penetrating peptide (CPP); and a target enhancing

sequence (TES).

In some embodiments, the CPP is located at the N-terminus of the fusion protein and
wherein the TES is fused at the C-terminus of the CPP. In some embodiments, the fusion
proteins comprises, or consists of, starting at the N-terminus: CPP; TES; and a protein of

interest.

In some embodiments, the CPP is located at the C-terminus of the fusion protein and

wherein the TES is fused at the N-terminus of the CPP.

In some embodiments, the fusion protein comprises, or consistes of, starting at the C-

terminus: a protein of interest; TES; and CPP.
In some embodiments, the protein of interest lacks an OTS.

In other embodiments, the fusion protein further comprises an organelle targeting

sequence (OTS) exogenous to the protein of interest.
In some embodiments, the protein of interest comprises an OTS.

In some embodiments, the OTS is heterologous to the protein of interest. In some

embodiments, the OTS is endogenous to the protein of interest.

In some embodiments, the protein of interest is selected from the group consisting of
Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP, LRPPC, PARK?2 protein,
PARKG6 protein, PARK?7 protein, Phospholipase A2, Group VI and a variant or derivative
thereof. In some embodiments, the protein of interest comprises Frataxin (FXN) or PARK2

protein (PARKIN), or a variant or derivative thereof.

In some embodiments, the CPP comprises a peptide selected from the group of CPPs

listed in the Database of Cell-Penetrating Peptides CPPsite 2.0. In some embodiments, the CPP

comprises a peptide selected from the group consisting of HIV-TAT, galanin, mastoparan,
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transportan, penetratin, polyarginine, VP22, and a variant or derivative thereof. In some

embodiments, the CPP comprises HIV-TAT or a variant or derivative thereof.

In some embodiments, the TES is a nuclear export signal peptide. In some embodiments,
the nuclear export signal peptide comprises a sequence having at least 85% sequence identity to
any one of SEQ ID NOs. 36-43. In some embodiments, the nuclear export signal peptide
comprises a peptide selected from the group consisting of NES1, NES2, NES3, NES4, NESS,
NES6, NES7, NES8, and a variant or derivative thereof. In some embodiments, the nuclear
export signal peptide comprises a peptide selected from the group consisting of NES1 and

NES2, or a variant or derivative thereof.

In some embodiments, the TES is a protease sensitive peptide. In some embodiments,
the protease sensitive peptide comprises a ubiquitin-like modifier. In some embodiments, the
protease sensitive peptide comprises a sequence having at least 85% sequence identity to any

one of SEQ ID NOs. 18-31.

In some embodiments, the protease sensitive peptide comprises a peptide selected from
the group consisting of ubiquitin, a caspase cleavage domain, a calpain cleavage domain,
SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDD8, and a variant or derivative
thereof.

In some embodiments, the fusion protein comprises an amino acid sequence having at

least 85%, 90%, or 95% sequence identity to any of SEQ ID NOs. 55-61, 69-71, and 81.

In some aspects, the present disclosure provides a fusion protein, comprising: a protein
of interest to be delivered to a non-nuclear organelle; an organelle targeting sequence (OTS); a
cell penetrating peptide (CPP); and a target enhancing sequence (TES); wherein the CPP is
capable of interference with delivery of the protein of interest to the non-nuclear organelle; and

wherein the TES prevents said interference by the CPP.

In some embodiments, the CPP is located at the N-terminus of the fusion protein and

wherein the TES is fused at the C-terminus of the CPP.

In some embodiments, the fusion protein comprises, or consists of, starting at the N-

terminus: CPP; TES; OTS; and a protein of interest.
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In some embodiments, the CPP is located at the C-terminus of the fusion protein and
wherein the TES is fused at the N-terminus of the CPP. In some embodiments, the non-nuclear
organelle is selected from the group consisting of mitochondria, cytosol, lysosome, endoplasmic
reticulum (ER), peroxisome and Golgi apparatus. In some embodiments, the protein of interest
in its naturally occurring form is localized to mitochondria, cytosol, lysosome, endoplasmic

reticulum (ER), peroxisome or Golgi apparatus.

In some embodiments, the protein of interest is selected from the group consisting of
Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP, LRPPC, PARK?2 protein,
PARKG6 protein, PARK7 protein, Phospholipase A2, Group VI and a variant or derivative
thereof. In some embodiments, the protein of interest is Frataxin (FXN) or a variant or
derivative thereof. In some embodiments, the protein of interest is Pyruvate Dehydrogenase

(PDH) or a variant or derivative thereof.

In some embodiments, the CPP comprises a peptide selected from the group of CPPs
listed in the Database of Cell-Penetrating Peptides CPPsite 2.0. In some embodiments, the CPP
comprises a peptide selected from the group consisting of HIV-TAT, galanin, mastoparan,
transportan, penetratin, polyarginine, VP22, and a variant or derivative thereof. In some

embodiments, the CPP comprises HIV-TAT or a variant or derivative thereof.

In some embodiments, the TES is a nuclear export signal peptide. In some embodiments,
the nuclear export signal peptide comprises a sequence having at least 85% sequence identity to
any one of SEQ ID NOs. 36-43. In some embodiments, the nuclear export signal peptide
comprises a peptide selected from the group consisting of NES1, NES2, NES3, NES4, NESS,
NES6, NES7, NES8, and a variant or derivative thereof. In some embodiments, the nuclear
export signal peptide comprises a peptide selected from the group consisting of NES1, NES2

and a variant or derivative thereof.

In some embodiments, the TES is a protease sensitive peptide. In some embodiments,
the protease sensitive peptide comprises a ubiquitin-like modifier. In some embodiments, the
protease sensitive peptide comprises a sequence having at least 85% sequence identity to any
one of SEQ ID NOs. 18-31. In some embodiments, the protease sensitive peptide comprises a
peptide selected from the group consisting of ubiquitin, a caspase cleavage domain, a calpain
cleavage domain, SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a

variant or derivative thereof.
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In some embodiments, the fusion protein of the present disclosure further comprises a

secretion signal (SS).

In some embodimehts, the fusion protein of the present disclosure further comprises an

extracellular proteolytic site (EPS).

In some embodiments, the fusion protein delivers the protein of interest to a non-nuclear
organelle. In some embodiments, the fusion protein delivers the protein of interest to

mitochondria.

In some embodiments, the fusion protein comprises an amino acid sequence having at

least 85%, 90% or 95% sequence identity to any of SEQ ID NOs. 55-61, 69-71 and 81.

In some aspects, the present disclosure also provides nucleic acids encoding the fusion

proteins of the present disclosure.

In some aspects, the present disclosure also provides an expression vector for introducing
a fusion protein into a cell comprising the nucleic acid of the disclosure. In some embodiments,
the expression vector is selected from the group consisting of a retroviral vector, a DNA vector,
a plasmid, an RNA vector, an adenoviral vector, an adenovirus associated vector, a lentiviral

vector, a phagemid, a baculovirus and a combination thereof.

In some aspects, the present disclosure provides a conjugate for intracellular delivery of
proteins to non-nuclear organelles comprising the fusion protein of the disclosure and a moiety
linked to said fusion protein, wherein said moiety is selected from a group consisting of a
radioactive label, a fluorescent label, a small molecule, and a polymeric molecule. In some

embodiments, the polymeric molecule is polyethylene glycol (PEG).

In some aspects, the present disclosure provides a cell comprising the fusion protein of
the disclosure, the nucleic acid the disclosure, the expression vector of the disclosure, the

conjugate of the disclosure, or a combination thereof.

In some embodiments, the cell is a stem cell or an iPS cell. In some embodiments, the
cell is selected from the group consisting of a muscle progenitor cell, a neuron progenitor cell, a

bone marrow stem cell, a bacterial cell line, or an yeast cell line.
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In some aspects, the present disclosure also provides a pharmaceutical composition
comprising the fusion protein of the disclosure, a conjugate of the disclosure, or a combination

thereof and a pharmaceutically acceptable diluent, carrier, additive or excipient.

In some aspects, the present disclosure provides a method of delivery of a protein of
interest to a cell, said method comprising contacting the cell with a fusion protein of the
disclosure, the nucleic acid of the disclosure, the vector of the disclosure or the conjugate of the

disclosure.

In some aspects, the present disclosure also provides a method of intracellular delivery of
a protein of interest to a non-nuclear organelle in a cell, the method comprising contacting said
cell with a fusion protein of the disclosure, the nucleic acid of the disclosure, the vector of any
one of the disclosure or the conjugate of the disclosure. In some embodiments, the non-nuclear

organelle is mitochondria.

In some aspects, the present disclosure also provides a therapeutic compound for treating
a non-nuclear organelle associated disorder, the compound comprising the fusion protein the
disclosure, the nucleic acid of the disclosure, the vector of the disclosure or the conjugate of the
disclosure. In some embodiments, the non-nuclear organelle associated disorder is selected from
the group consisting of Friedreich’s ataxia (FDRA), Barth Syndrome, Parkinson’s Disease,
Wilson’s Disease, Leigh Syndrome, Fibrosis, and PLA2G6-associated neurodegeneration
(PLAN). In some embodiments, the non-nuclear organelle associated disorder is FDRA. In

some embodiments, the non-nuclear organelle associated disorder is Parkinson’s Disease.

In some aspects, the present disclosure also provides a method for treating a non-nuclear
organelle associated disorder, the method comprising administering to a subject in need thereof
the fusion protein of the disclosure, the nucleic acid of the disclosure, the vector of the
dislcosure, the conjugate of the disclosure or the pharmaceutical composition of the disclosure,

such that the non-nuclear organelle associated disorder is treated.

In some embodiments, the non-nuclear organelle associated disorder is selected from the
group consisting of Friedreich’s ataxia (FDRA), Barth Syndrome, Parkinson’s Disease, Wilson’s
Disease, Leigh Syndrome and Fibrosis. In some embodiments, the non-nuclear organelle
associated disorder is FDRA. In some embodiments, the non-nuclear organelle associated

disorder is Parkinson’s Disease.
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In some embodiments, the subject is a human.

In some aspects, the present disclosure also provides a method for increasing an amount
of a protein of interest delivered to a cell, the method comprising: modifying a sequence of a
fusion protein comprising the protein of interest and a cell penetrating peptide (CPP) by
introducing into the fusion protein a target enhancing sequence (TES), thereby producing a
modified fusion protein; and contacting a cell with the modified fusion protein, thereby
increasing the amount of the protein of interest delivered to the cell relative to the amount of the

protein of interest delivered to the cell by the fusion protein lacking the TES.

In some embodiments, the modified fusion protein, the CPP is located at the N-terminus

of the fusion protein and wherein the TES is fused at the C-terminus of the CPP.

In some embodiments, the modified fusion protein comprises, starting at the N-terminus:

CPP; TES; and a protein of interest.

In some embodiments, the modified fusion protein comprises, starting at the N-terminus:

CPP; TES; OTS; and a protein of interest.

In some embodiments, the modified fusion protein the CPP is located at the C-terminus
of the fusion protein and wherein the TES is fused at the N-terminus of the CPP. In some
embodiments, the amount of the protein of interest delivered to an organelle targeted by the OTS
is increased relative to the amount of the protein of interest delivered to the organelle by the

fusion protein lacking the TES.

In some embodiments, the protein of interest is selected from the group consisting of
Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP, LRPPC, PARK?2 protein,
PARKGO protein, PARK?7 protein, and Phospholipase A2, Group VI, or a variant or derivative
thereof. In some embodiments, the protein of interest is Frataxin (FXN) or a variant or
derivative thereof. In some embodiments, the protein of interest is PARK?2 protein or a variant

or derivative thereof.

In some embodiments, the CPP comprises a peptide selected from the group of CPPs
listed in the Database of Cell-Penetrating Peptides CPPsite 2.0. In some embodiments, the CPP

comprises a peptide selected from the group consisting of HIV-TAT, galanin, mastoparan,
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transportan, penetratin, polyarginine, VP22, and a variant or derivative thereof. In some

embodiments, the CPP comprises HIV-TAT or a variant or derivative thereof.

In some embodiments, the TES is a nuclear export signal peptide. In some embodiments,
the nuclear export signal peptide comprises a sequence having at least 85% sequence identity to
any one of SEQ ID NOs. 36-43. In some embodiments, the nuclear export signal peptide
comprises a peptide selected from the group consisting of NES1, NES2, NES3, NES4, NESS,
NES6, NES7, NES8, and a variant or derivative thereof. In some embodiments, the nuclear
export signal peptide comprises a peptide selected from the group consisting of NES1, NES2

and a variant or derivative thereof.

In some embodiments, the TES is a protease sensitive peptide. In some embodiments,
the protease sensitive peptide comprises a ubiquitin-like modifier. In some embodiments, the
protease sensitive peptide comprises a sequence having at least 85% sequence identity to any
one of SEQ ID NOs. 18-31. In some embodiments, the protease sensitive peptide comprises a
peptide selected from the group consisting of ubiquitin, a caspase cleavage domain, a calpain
cleavage domain, SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a

variant or derivative thereof.

In some embodiments, the modified fusion protein comprises an amino acid sequence

having at least 85% sequence identity to any of SEQ ID NOs. 55-61, 69-71 and 81.

In one aspect, the present disclosure provides a fusion protein, comprising: a protein of
interest to be delivered to a non-nuclear organelle; an organelle targeting sequence (OTS); a cell
penetrating peptide (CPP); and a target enhancing sequence (TES); wherein the CPP is
capable of interference with delivery of the protein of interest to the non-nuclear organelle; and

wherein the TES prevents said interference by the CPP.

In some embodiments, the CPP is located at the N-terminus of the fusion protein and the
TES is fused at the C-terminus of the CPP. In some embodiments, the present disclosure
provides a fusion protein that comprises, starting at the N-terminus: CPP; TES; OTS; and a

protein of interest.

In some embodiments, the CPP is located at the C-terminus of the fusion protein and the

TES is fused at the N-terminus of the CPP.

10
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In some embodiments, the non-nuclear organelle is selected from the group consisting of

mitochondria, cytosol, lysosome, endoplasmic reticulum (ER), peroxisome and Golgi apparatus.

In some embodiments, the protein of interest in its naturally occurring form is localized
to mitochondria, cytosol, lysosome, endoplasmic reticulum (ER), peroxisome or Golgi

apparatus.

In some embodiments, the protein of interest is selected from the group consisting of
Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), LRPPC, PARK?2 protein, PARK6
protein, PARK?7 protein, an A2 phospholipase Group VI, a transcription factor, and a variant or
derivative thereof. In one embodiment, the protein of interest is Frataxin (FXN) or a variant or
derivative thereof. In one embodiment, the protein of interest is pyruvate dehydrogenase (PDH)

or a variant or derivative thereof.

In some embodiments, the CPP comprises a peptide selected from the group of CPPs
listed in the Database of Cell-Penetrating Peptides CPPsite 2.0. In further embodiments, the
CPP comprises a peptide selected from the group consisting of HIV-TAT, galanin, mastoparan,
transportan, penetratin, polyarginine, VP22, and a variant or derivative thereof. In some

embodiments, the CPP comprises HIV-TAT or a variant or derivative thereof.

In some embodiments, the TES is a nuclear export signal peptide. In further
embodiments, the nuclear export signal peptide comprises a sequence having at least 85%
sequence identity to any one of SEQ ID NOs. 36-43. In some embodiments, the nuclear export
signal peptide comprises a peptide selected from the group consisting of NES1, NES2, NES3,
NES4, NES5, NES6, NES7, NES8, and a variant or derivative thereof. In some embodiments,
the nuclear export signal peptide comprises a peptide selected from the group consisting of

NESI, NES2 and a variant or derivative thereof.

In some embodiments, the TES is a protease sensitive peptide. In some embodiments,
the protease sensitive peptide comprises a ubiquitin-like modifier. In some embodiments, the
ubiquitin-like modifier comprises a sequence having at least 85% sequence identity to any one

of SEQ ID NOs. 18-31.

In some embodiments, the protease sensitive peptide comprises a peptide selected from

the group consisting of ubiquitin, a caspase cleavage domain, a calpain cleavage domain,

11
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SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atg12, NEDDS8, and a variant or derivative
thereof.

In some embodiments, the fusion protein provided by the present disclosure comprises a
secretion signal (SS). In some embodiments, the fusion protein comprises an extracellular

proteolytic site (EPS).

In some embodiments, the fusion protein delivers the protein of interest to a non-nuclear
organelle. In a specific embodiment, the fusion protein delivers the protein of interest to

mitochondria.

In some embodiments, the fusion protein comprises a sequence having at least 85%

sequence identity to any of SEQ ID NOs. 55-61.

In another aspect, the present disclosure provides a nucleic acid encoding the fusion

protein of the disclosure.

In a related aspect, the present disclosure provides an expression vector comprising a

nucleic acid of the disclosure for introducing a fusion protein into a cell .

In some embodiments, the expression vector is selected from the group consisting of a
retroviral vector, a DNA vector, a plasmid, an RNA vector, an adenoviral vector, an adenovirus

associated vector, a lentiviral vector, a phagemid, a baculovirus and a combination thereof.

In another aspect, the present disclosure provides a protein conjugate for intracellular
delivery of proteins to non-nuclear organelles that comprises a fusion protein of the disclosure
and a moiety linked to the fusion protein, wherein the moiety is selected from the group
consisting of a radioactive label, a fluorescent label, a small molecule, and a polymeric

molecule. In one embodiment, the polymeric molecule is polyethylene glycol (PEG).

In another aspect, the present disclosure provides a cell comprising a fusion protein, a
nucleic acid, an expression vector or a conjugate of the disclosure, or a combination thereof.
The cell may be a transformed cell, e.g., a cell which has been transformed with a fusion protein,
a nucleic acid, an expression vector or a conjugate of the disclosure, or a combination thereof.
In some aspects, the cell is stem cell or an iPS cell. In some aspects, a cell may be selected from
the group consisting of a muscle progenitor cell, a neuron progenitor cell, a bone marrow stem

cell, a bacterial cell, or a yeast cell.

12
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In another aspect, the present disclosure provides a pharmaceutical composition
comprising a fusion protein or a protein conjugate of the disclosure, or a combination thereof,

and a pharmaceutically acceptable diluent, carrier, additive or excipient.

In another aspect, the present disclosure provides a method of intracellular delivery of a
protein of interest to a non-nuclear organelle in a cell, comprising contacting the cell with a
fusion protein, a nucleic acid, a vector or a protein conjugate of the disclosure. In one aspect,

the non-nuclear organelle is mitochondria.

In another aspect, the present disclosure provides a therapeutic compound for treating a
non-nuclear organelle associated disorder, which comprises a fusion protein, a nucleic acid, a
vector or a protein conjugate of the disclosure. In some , the non-nuclear organelle associated
disorder is selected from the group consisting of Friedreich’s ataxia (FDRA), Barth Syndrome,
Parkinson’s Disease, Wilson’s Disease, Leigh Syndrome,Fibrosis and PLA2G6-associated
neurodegeneration (PLAN). In one embodiment, PLAN may comprise a disorder selected from
the group consisting of infantile neuroaxonal dystrophy (INAD), atypical neuroaxonal dystrophy
(ANAD), Parkinsonian Syndrome which contains adult onset dystonia parkinsonism (DP) and
autosomal recessive early-onset parkinsonism (AREP).In one aspect, the non-nuclear organelle

associated disorder is FDRA.

In a related aspect, the present disclosure provides a method for treating a non-nuclear
organelle associated disorder, comprising administering to a subject in need thereof a fusion
protein, a nucleic acid, a vector, a protein conjugate, or a pharmaceutical composition of the
disclosure, such that the non-nuclear organelle associated disorder is treated. In some
embodiments, the non-nuclear organelle associated disorder is selected from the group
consisting of Friedreich’s ataxia (FDRA), Barth Syndrome, Parkinson’s Disease, Wilson’s
Disease, Leigh Syndrome and Fibrosis. In one specific embodiment, the non-nuclear organelle

associated disorder is FDRA.
In some embodiments, the subject is a human.

This Summary is provided to introduce a selection of concepts in a simplified form that
are further described below in the Detailed Description. This Summary is not intended to
identify key features or essential features of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter.

13
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BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting examples of embodiments of the disclosure are described below with
reference to figures attached hereto that are listed following this paragraph. Identical features
that appear in more than one figure are generally labeled with a same label in all the figures in
which they appear. A label labeling an icon representing a given feature of an embodiment of
the disclosure in a figure may be used to reference the given feature. Dimensions of features
shown in the figures are chosen for convenience and clarity of presentation and are not

necessarily shown to scale.

Figure 1 is a schematic illustrating certain fusion proteins of the disclosure comprising a

target enhancing sequence (TES) with a protease cleavage site.

Figure 2 is a schematic illustrating configurations of various domains in the fusion

proteins of the present disclosure.

Figure 3 is a panel of photographs of rat L6 myoblasts after treatment with a TAT-GG-
hFXN fusion protein (5 pM) and immunofluorescent labeling with anti-hFXN antibodies (left
panel) or mitochondria-specific anti-TOMM20 antibodies (middle panel). The right panel
shows the merge of the anti-hFXN and anti-TOMMZ20 labels.

Figure 4 is a panel of photographs of rat L6 myoblasts transfected with plasmids
encoding hFXN (top panel) or a TAT-GG-hFXN fusion protein (bottom panel) after
immunofluorescent labelling. The myoblasts were labelled with anti-hFXN antibodies (left
panels) or anti-TOMM?20 antibodies (middle panels). The right panels shows the merge of the

two labels.

Figure 5, Panels A-C present a schematic illustrating the design of the exemplary fusion
proteins of the present disclosure comprising hFXN. Panel A shows TAT-GG fused to the
amino-terminus of hFXNi-10 (a TAT-GG-hFXN fusion protein). Panel B shows TAT-GG fused
to a proteolytically-sensitive amino acid sequence followed by hFXNi-210. Panel C shows TAT-
GG fused to hFXNi-210 and followed by a nuclear exportation signal (NES); in accordance with

an embodiment of the disclosure.

Figure 6, Panels A-I are photographs of immunofluorescently labeled rat L6 myoblasts

transfected with plasmids encoding hFXN (Fig. 4A), a TAT-GG-hFXN fusion protein (Fig. 4B),

14
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TAT-GG-SUMO1-hFXN (Fig. 4C), TAT-GG-LLVY-hFXN (Fig. 4D), TAT-GG-hFXN-NES1
(Fig. 4E), TAT-GG-hFXN-NES2 (Fig. 4F), TAT-GG-Ubiquitin-hFXN (Fig. 4G), TAT-GG-
DEVD-hFXN (Fig. 4H), and TAT-GG-EPLFAERK-hFXN (Fig. 4I). For immunofluorescent
labeling, the L6 myoblasts were stained with antibodies against hFXN (left panel) and TOMM20
(middle panel). The right panel shows the merge of the two labels.

Figure 7 is a photograph of a Western blot analysis of cell lysates from rat L6 myoblasts
transfected with hFXN variants hFXN (Lane 1), a TAT-GG-hFXN fusion protein (Lane 2),
TAT-GG-SUMO1-hFXN (Lane 3), TAT-GG-Ubiquitin-hFXN (Lane 4), TAT-GG-EPLFAERK-
hFXN (Lane 5), TAT-GG-LLVY-hFXN (Lane 6), TAT-GG-hFXN-NES1 (Lane 7), TAT-GG-
hFXN-NES2 (Lane 8) and Mock (Lane 9). The blot was labelled with anti-hFXN antibody and

B-actin was used as a control.

Figure 8 is a schematic representation of the structure of hFXN fusion proteins of the

present disclosure tested for their cell transduction ability in Example 5.

Figure 9, Panel A is a series of photographs of Schwann cells treated with 0.25 uM, 0.5
uM and 1 uM TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN, TAT-GG-Ubiquitin-hFXN and
vehicle as a negative control. In the photographs, the green color corresponds to the TOMM20
signal as a mitochondrial marker, the red color corresponds to hFXN signal and the blue color

corresponds to the Hoechst 33342 dye signal as a nuclear marker.

Figure 9, Panel B is a high magnification image of cells treated with TAT-GG-
Ubiquitin-hFXN. This image shows the details of hFXN stain and its localization to

mitochondria.

Figure 9, Panel C is a bar graph showing the ratios of mean hFXN stain signal to the
mean nuclear stain signal for cells treated with various concentrations of TAT-GG-hFXN, TAT-

GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN

Figure 9, Panel D is a picture of a nitrocellulose membrane following transfer from an
SDS-PAGE gel loaded with samples of TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN, TAT-
GG-Ubiquitin-hFXN used for transduction experiments and stained for total protein. The
picture demonstrates lack of fusion protein degradation and that the same amount of each fusion

protein was used in transduction experiments.
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Figure 10, Panel A is a series of representative photographs of Schwann and HOC2 cells
treated with 1 pM hFXN fusion proteins TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN and
TAT-GG-Ubiquitin-hFXN and stained with mitochondrial, nuclear and anti-FXN stains. The

white errors show representative localication of hFXN to mitochondria.

Figure 10, Panel B presents the ratio of the mean anti-FXN stain signal to the mean anti-
mitochondrial stain signal graphed as a function of hFXN fusion protein concentration in
Schwann cells treated with TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN and TAT-GG-
Ubiquitin-hFXN.

Figure 10, Panel C presents the ratio of the mean anti-FXN stain signal to the mean anti-
mitochondrial stain signal graphed as a function of hFXN fusion protein concentration in H9C2
cells treated with TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-
hFXN.

Figure 10, Panel D presents the ratio of the mean anti-FXN stain signal to the mean anti-
mitochondrial stain signal graphed as a function of hFXN fusion protein concentration in
Schwann cells treated with TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN, TAT-GG-Ubiquitin-
hFXN and TAT-GG-hFXN-NES1.

Figure 11 is a photograph of the Western blot of total protein samples isolated from cells

transfected with various hFXN fusion proteins and analyzed using anti-FXN antibody.

Figure 12, Panel A shows a picture of culture plate containing samples of LRPPRC KD

cells and Scr-5 cells treated with hFXN fusion proteins of the disclosure.

Figure 12, Panel B is a series of photographs of LRPPRC KD and Scr-5 control cells

treated with the highest tested concentration of each hFXN fusion protein or vehicle.

Figure 12, Panel C is a graph showing the amount of CYR61 in the media of LRPPRC
KD cells treated with hFXN fusion proteins.

Figure 12, Panel D is a graph showing the amount of lactate in the media of LRPPRC
KD cells treated with hFXN fusion proteins.

Figure 13 is a schematic representation of the structure of PARKIN fusion proteins of

the present disclosure.
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Figure 14 is a graph showing the ratio of PARKIN stain to the mitochondrial stain as a
function of PARKIN fusion protein concentration for cells treated with different concentrations
of His6-SUMO-TAT-GG-PARKIN, TAT-GG-EPLFAERK-PARKIN and TAT-GG-Ubiquitin-
PARKIN.

Figure 15 is a series of phographs of L6 rat myoblast cells treated with O uM or 0.5 pM
TAT-GG-EPLFAERK-PARKIN in the absence or presence of 10 uyM CCCP.

DETAILED DESCRIPTION

An aspect of the disclosure relates to providing a fusion protein comprising a protein of
interest to be delivered to a cell. In some embodiments, the fusion protein comprises a protein of
interest to be delivered to a particular organelle, e.g., a non-nuclear organelle, such as the
mitochondria. The fusion protein also comprises at least one cell penetrating peptide (CPP), at
least one target enhancing sequence (TES) and, optionally, at least one organelle-targeting signal

(OTS).

In certain aspects of the present disclosure, the CPP is capable of interfering with
delivery of the protein of interest to an organelle, such as a non-nuclear organelle. For example,
as demonstrated by certain experimental data included in the present disclosure, a CPP, e.g.,
HIV-TAT, may interfere with delivery of the protein of interest, e.g., FXN, to the mitochondria.
Specifically, HIV-TAT facilitates delivery of FXN to the nucleus instead of the mitochondria.
Accordingly, a fusion protein of the present disclosure comprises a TES which prevents or
attenuates the interference of CPP with the delivery of the protein of interest to an appropriate

cellular (e.g., non-nuclear) organelle.

For example, in some embodiments, a CPP may be located at the N-terminus of the
fusion protein and the TES may be fused at the C-terminus of the CPP. Alternatively, the CPP
may be located at the C-terminus of the fusion protein and the TES may be fused at the N-
terminus of the CPP. The TES may comprise an intracellular protease recognition sequence
which facilitates cleavage of the fusion protein at the TES upon entry to the cell, thereby
removing CPP from the remainder of the fusion protein and preventing it from directing the

fusion protein to the nucleus.
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Alternatively, the TES may comprise a nuclear export signal, e.g., a signal that facilitates
export of the fusion protein from the nucleus after it has been delivered to the nucleus mediated

by the CPP.

Another aspect of the disclosure also relates to providing a fusion protein comprising a
protein of interest to be delivered to cell. The fusion protein comprises at least one cell
penetrating peptide (CPP), at least one target enhancing sequence (TES) and a protein of

interest.

In some embodiments of the present disclosure, the CPP is capable of interfering with
delivery of a protein of interest to a cell. For example, as demonstrated by certain experimental
data included in the present disclosure, cells treated with fusion proteins comprising a protein of
interest, CPP and TES contained significantly higher amounts of the protein of interest than cells
treated with a fusion protein comprising a protein of interest and CPP, but not TES. Thus, it was
unexpectedly discovered that introducing TES into a fusion protein comprising CPP and a

protein of interest can significantly increase the amount of protein of interest delivered to a cell.

Without wishing to be bound by a specific theory, it is believed that cleavage of TES by
endogenous proteases in a cell facilitates removal of the CPP from the fusion protein and
prevents the CPP from facilitating diffusion of the protein of interest across the plasma
membrane and out of the cell. This allows the protein of interest to accumulate in the cell.
Removal of the CPP from the fusion protein also prevents the CPP from interfering with proper
subcellular localization of the protein of interest. Accordingly, a fusion protein of the present
disclosure comprises a TES which prevents or attenuates the interference of CPP with the
delivery of the protein of interest to a cell. In some embodimetns, a fusion protein of the present
disclosure comprises a TES which prevents or attenuates the interference of CPP with the proper

subcellular localization of the protein of interest in the cell.

In some embodiments, a CPP may be located at the N-terminus of the fusion protein and
the TES may be fused at the C-terminus of the CPP. Alternatively, the CPP may be located at
the C-terminus of the fusion protein and the TES may be fused at the N-terminus of the CPP.
The TES may comprise an intracellular protease recognition sequence which facilitates cleavage
of the fusion protein at the TES upon entry to the cell, thereby removing CPP from the

remainder of the fusion protein and preventing it from directing the fusion protein out of the cell.
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Alternatively, the TES may comprise a nuclear export signal peptide (NES). Without
wishing to be bound by a specific theory, it is believed that CPP facilitates transport of the
fusion protein into the nucleus, and NES, when present in the fusion protein, prevents
accumulation of the fusion protein in the nucleus. By preventing accumulation of the fusion
protein in the nucleus, NES facilitates proper subcellular localization of the protein of interest

comprised in the fusion protein outside of the nucleus, e.g., in the mitochondria.

In some embodiments, removal of CPP through cleavage of the TES by an endogenous
protease facilitates proper subcellular localization of the protein of interest. In some cases, a
protein of interest, e.g., NFkappa b, androgen receptor, estrogen receptor or aconitase, may
typically be localized in more than one cellular compartment, such as nucleus and mitochondria.
Removal of CPP through cleavage of TES by an endogenous protease prevents interference of
the CPP with proper subcellular localization of the protein of interest in response to endogenous

stimuli.

Protein of Interest

The fusion protein provided by the present disclosure comprises a protein of interest to
be delivered to a cell. In some embodiments, the fusion protein provided by the present
disclosure comprises a protein of interest to be delivered to a particular organelle within the cell,
e.g., anon-nuclear organelle. The protein of interest comprised in the fusion protein of the
disclosure may be associated with a non-nuclear organelle, e.g., the protein of interest may be an
intra-cellular, non-nuclear organelle-specific protein. For example, the protein of interest may
localize to a non-nuclear organelle and/or may be capable of, or facilitate, an intracellular
function that is effected in a non-nuclear organelle. Exemplary non-nuclear organelles include
cytosol, mitochondria, lysosomes, endoplasmic reticulum, Golgi apparatus and peroxisomes. In
some embodiments, the protein of interest comprised in the fusion protein of the disclosure may
alternatively be associated with the nucleus, and in some embodiments, associated with the
nucleus and one or more non-nuclear organelles, e.g., the protein of interest may be an intra-
cellular protein that is localized both in the nucleus and in other, non-nuclear organelles (e.g., the

cytosol, mitochondria, lysosomes, endoplasmic reticulum, Golgi apparatus and peroxisomes).

The protein of interest may be associated with a pathological condition in a subject.

Such pathological condition may result, for example, from a deficiency in the protein of interest
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in the subject, e.g., when the protein of interest may be mutated in a way to reduce or eliminate
the natural activity of the protein of interest, or when the protein of interest may be absent

altogether.

In some aspects of the disclosure, the protein of interest may be associated with
mitochondria. Exemplary proteins of interest that are associated with mitochondria may include,
e.g., frataxin (FXN), tafazzin, pyruvate dehydrogenase beta2 (PDHB), leucine-rich PPR motif-
containing protein (LRPPRC protein), SLIRP, Parkin RBR E3 ubiquitin protein ligase (PARK2
protein or PARKIN), PTEN-induced kinase 1 (PINK1 or PARK®6 protein),Protein deglycase DJ-
1 (PARKY7 protein) and A2 phospholipase Group VI.

In some embodiments, the protein of interest comprises an OTS. In some embodiments,
the OTS is endogenous to the protein of interest. In some embodiments, the OTS is exogenous

to the protein of interest.

In some embodiments, the protein of interest lacks an OTS. In some embodiments, the
protein of interest lacks an OTS in its native form, i.e., it does not contain an OTS in nature. In
some embodiments, the protein of interest lacking an OTS is a mature form of a protein wherein

the endogenous OTS has been removed.

In one specific embodiment, the protein of interest that is associated with mitochondria
may be frataxin (FXN), e.g., human FXN, which is associated with a pathological condition
Friedreich’s Ataxia (FRDA). FRDA is a genetic, progressive neurodegenerative disorder caused
by a mutation in a gene encoding FXN. The FXN is an essential and phylogenetically conserved
protein that is found in cells throughout the body, with the highest levels in the heart, spinal
cord, liver, pancreas, and skeletal muscle. FXN is encoded in the nucleus, expressed in the
cytoplasm and imported into the mitochondria where it is processed to the mature form. In
humans, the 210-amino acid full-length hFXN (hFXNi-210, 23.1 kDa) contains a typical
mitochondrial targeting sequence (MTS) at the amino terminus that is processed in a 2-step
cleavage by the mitochondrial matrix processing peptidase (MPP) as it is imported into the
mitochondrial matrix. The resulting protein is a 130-amino acid, 14.2 kDa mature hFXN protein

(hFXNs1-210). Sequences of the full-length hFXN and mature hFXN are shown in Table 1 below.
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Table 1. Sequences of the full-length hFXN and mature hFXN.

SEQ ID NO. | Protein Amino Acid Sequence

1 Full-length | MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCGRRGLRTDID
HFXN ATCTPRRASSNQRGLNQIWNVKKQSVYLMNLRKSGTLGHPGSLDETT
YERLAEETLDSLAEFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLG
TYVINKQTPNKQIWLSSPSSGPKRYDWTGKNW VY SHDGVSLHELLA
hFXNi210 | AELTKALKTKLDLSSLAYSGKDA

2 Mature SGTLGHPGSLDETTYERLAEETLDSLAEFFEDLADKPYTFEDYDVSFG
hEXN SGVLTVKLGGDLGTY VINKQTPNKQIWLSSPSSGPKRYDWTGKNWV
YSHDGVSLHELLAAELTKALKTKLDLSSLAYSGKDA

hFXNgi-210

Accordingly, in some aspects, the fusion protein provided by the present disclosure may
comprise the full length hFXN (hFXNi-210), i.e., including MTS as an organelle targeting
sequence (OTS). In some aspects, the fusion protein may comprise an amino acid sequence
having at least 85%, e.g., at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to the sequence of the full length hFXN,
e.g., SEQID NO: 1 as listed in Table 1.

In some aspects, the fusion protein provided by the present disclosure may comprise the
mature hFXN (hFXNsi1-210). In some aspects, the fusion protein may comprise an amino acid
sequence having at least 85%, e.g., at least 85%, at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to the sequence of the
mature hFXN, e.g., SEQ ID NO: 2 as listed in Table 1.

In other aspects, exemplary proteins of interest which may be comprised in the fusion
protein of the present disclosure include tafazzin, pyruvate dehydrogenase beta2 (PDHB),
leucine-rich PPR motif-containing protein (LRPPRC protein), SLIRP, Parkin RBR E3 ubiquitin
protein ligase (PARK?2 protein or PARKIN), PTEN-induced kinase 1 (PINK1 or PARK6
protein),Protein deglycase DJ-1 (PARK?7 protein) and A2 phospholipase Group VL.

Table 2 below lists exemplary proteins of interest, corresponding human sequences, and
associated pathological conditions that may be treated with a fusion protein of the present

disclosure comprising said protein of interest.
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Table 2. Exemplary proteins of interest, corresponding human sequences and associated

pathological conditions.

The underlined portions of the sequences for PDHB protein, LRPPRC protein, SLIRP protein

and PINK1 protein are the predicted mitochondrial targeting sequences identified using MitoProt

II (M.G. Claros, P. Vincens. Computational method to predict mitochondrially imported proteins

and their targeting sequences. Eur. J. Biochem. 241, 770-786, the entire contents of which are

hereby incorporated herein by reference).

SEQ ID
NO.

Protein

Amino Acid Sequence

Associated
Disorder

3

Tafazzin

MPLHVKWPFPAVPPLTWTLASSVVMGLVGTYSCFWTKY

MNHLTVHNREVLYELIEKRGPATPLITVSNHQSCMDDPHL
WGILKLRHIWNLKLMRWTPAAADICFTKELHSHFFSLGKC
VPVCRGAEFFQAENEGKGVLDTGRHMPGAGKRREKGDG
VYQKGMDFILEKLNHGDW VHIFPEGK VNMSSEFLRFKWG
IGRLIAECHLNPIILPLWHVGMNDVLPNSPPYFPRFGQKITV
LIGKPFSALPVLERLRAENKSAVEMRKALTDFIQEEFQHLK
TQAEQLHNHLQPGR

Barth Syndrome
and Familial
Isolated Dilated
Cardiomyopathy

Pyruvate
Dehydrogena
se Beta2
(PDHB)

MAAVSGLVRRPLREVSGLLKRRFHWTAPAALQVTVRDAI
NQGMDEELERDEK VFLLGEEVAQYDGAYK VSRGLWKKY
GDKRIIDTPISEMGFAGIAVGAAMAGLRPICEFMTFNFSMQ
AIDQVINSAAKTYYMSGGLQPVPIVFRGPNGASAGVAAQ
HSQCFAAWYGHCPGLKVVSPWNSEDAKGLIKSAIRDNNP
VVVLENELMY GVPFEFPPEAQSKDFLIPIGK AKIERQGTHI
TVVSHSRPVGHCLEAAAVLSKEGVECEVINMRTIRPMDM
ETIEASVMKTNHLVTVEGGWPQFGVGAEICARIMEGPAFN
FLDAPAVRVTGADVPMPYAKILEDNSIPQVKDIIFAIKKTL
NI

Pyruvate
Dehydrogenase
El-Beta
Deficiency

Leucine-rich
PPR Motif-
Containing
Protein
(LRPPRC
protein)

MAALLRSARWLLRAGAAPRLPLSLRLLPGGPGRLHAASY
LPAARAGPVAGGLLSPARLYAIAAKEKDIQEESTFSSRKIS
NQFDWALMRLDLSVRRTGRIPKKLLQK VFNDTCRSGGLG
GSHALLLLRSCGSLLPELKLEERTEFAHRIWDTLQKLGAV
YDVSHYNALLKVYLQNEYKFSPTDFLAKMEEANIQPNRV
TYQRLIASYCNVGDIEGASKILGFMKTKDLPVTEAVFSAL
VTGHARAGDMENAENILTVMRDAGIEPGPDTYLALLNAY
AEKGDIDHVKQTLEK VEKSELHLMDRDLLQIIFSFSKAGY
PQYVSEILEKVTCERRYIPDAMNLILLLVTEKLEDVALQIL
LACPVSKEDGPSVFGSFFLQHCVTMNTPVEKLTDYCKKL
KEVQMHSFPLQFTLHCALLANKTDLAKALMKAVKEEGFP
IRPHYFWPLLVGRRKEKNVQGIIEILK GMQELGVHPDQET
YTDY VIPCFDSVNSARAILQENGCLSDSDMFSQAGLRSEA
ANGNLDFVLSFLK SNTLPISLQSIRSSLLLGFRRSMNINLWS
EITELLYKDGRY CQEPRGPTEAVGYFLYNLIDSMSDSEVQ
AKEEHLRQYFHQLEKMNVKIPENIYRGIRNLLESYHVPELLI
KDAHLLVESKNLDFQKTVQLTSSELESTLETLKAENQPIR
DVLKQLILVLCSEENMQKALELKAKYESDMVTGGY AALI
NLCCRHDKVEDALNLKEEFDRLDSSAVLDTGKYVGLVRV
LAKHGKLQDAINILKEMKEKDVLIKDTTALSFFHMLNGA
ALRGEIETVKQLHEAIVTLGLAEPSTNISFPLVTVHLEKGD
LSTALEVAIDCYEKYKVLPRIHDVLCKLVEKGETDLIQKA
MDFVSQEQGEMVMLYDLFFAFLQTGNYKEAKKIIETPGIR
ARSARLQWFCDRCVANNQVETLEKLVELTQKLFECDRDQ

Leigh Syndrome,
French Canadian

Type
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SEQ ID
NO.

Protein

Amino Acid Sequence

Associated
Disorder

MY YNLLKLYKINGDWQRADAVWNKIQEENVIPREKTLRL
LAEILREGNQEVPFDVPELWYEDEKHSLNSSSASTTEPDFQ
KDILIACRLNQKKGAYDIFLNAKEQNIVFNAETY SNLIKLL
MSEDYFTQAMEVKAFAETHIKGFTLNDAANSRLITQVRR
DYLKEAVTTLKTVLDQQQTPSRLAVTRVIQALAMKGDVE
NIEVVQKMLNGLEDSIGLSKMVFINNIAL AQIKNNNIDAAI
ENIENMLTSENK VIEPQYFGLAYLFRK VIEEQLEPA VEKISI
MAERLANQFAIYKPVTDFFLQLVDAGKVDDARALLQRCG
ATAEQTPILLLFLLRNSRKQGKASTVKSVLELIPELNEKEEA
YNSLMKSYVSEKDVTSAKALYEHL TAKNTKLDDLFLKRY
ASLLKY AGEPVPFIEPPESFEFY AQQLRKLRENSS

SLIRP

MAASAARGAAALRRSINQPVAFVRRIPWTAASSQLKEHF
AQFGHVRRCILPFDKETGFHRGLGWVQFSSEEGLRNALQ
QENHIIDGVKVQVHTRRPKLPQTSDDEKKDF

Leigh Syndrome,
French Canadian

Type

Parkin RBR
E3 ubiquitin
protein ligase
(PARK2
protein or
PARKIN)

MIVFVRFNSSHGFPVEVDSDTSIFQLKEVVAKRQGVPADQ
LRVIFAGKELRNDWTVQNCDLDQQSIVHIVQRPWRKGQE
MNATGGDDPRNAAGGCEREPQSLTRVDLSSSVLPGDSVG
LAVILHTDSRKDSPPAGSPAGRSIYNSFYVYCKGPCQRVQ
PGKLRVQCSTCRQATLTLTQGPSCWDDVLIPNRMSGECQS
PHCPGTSAEFFFKCGAHPTSDKETSVALHLIATNSRNITCIT
CTDVRSPVLVFQCNSRHVICLDCFHLYCVTRLNDRQFVHD
PQLGYSLPCVAGCPNSLIKELHHFRILGEEQYNRYQQYGA
EECVLOMGGVLCPRPGCGAGLLPEPDQRKVTCEGGNGLG
CGFAFCRECKEAYHEGECSAVFEASGTTTQAYRVDERAA
EQARWEAASKETIKKTTKPCPRCHVPVEKNGGCMHMKC
PQPQCRLEWCWNCGCEWNRVCMGDHWEDV

Parkinson’s
Disease and
autosomal
recessive
juvenile
Parkinson’s
Disease

PTEN-
induced
kinase 1
(PINK1 or
PARKG6
protein)

MAVROALGRGLOLGRALLLRFTGKPGRAYGLGRPGPAA
GCVRGERPGWAAGPGAEPRRVGLGLPNRLRFFRQSVAGL

AARLQRQFVVRAWGCAGPCGRAVFLAFGLGLGLIEEKQA
ESRRAVSACQEIQAIFTQKSKPGPDPLDTRRLQGFRLEEYL
IGQSIGKGCSAAVYEATMPTLPQNLEVTKSTGLLPGRGPG
TSAPGEGQERAPGAPAFPLAIKMMWNISAGSSSEAILNTM
SQELVPASRVALAGEYGAVTYRKSKRGPKQLAPHPNIIRV
LRAFTSSVPLLPGALVDYPDVLPSRLHPEGLGHGRTLFLV
MKNYPCTLRQYLCVNTPSPRLAAMMLLQLLEGVDHLVQ
QGIAHRDLKSDNILVELDPDGCPWLVIADFGCCLADESIGL
QLPFSSWYVDRGGNGCLMAPEVSTARPGPRA VIDY SKAD
AWAVGAIAYEIFGLVNPFY GQGKAHLESRSYQEAQLPALP
ESVPPDVRQLVRALLQREASKRPSARVAANVLHLSLWGE
HILALKNLKLDKMVGWLLQQSAATLLANRLTEKCCVETK
MKMLFLANLECETLCQAALLLCSWRAAL

Parkinson’s
Disease

Protein
deglycase
DJ-1
(PARK7
protein)

MASKRALVILAKGAEEMETVIPYVDVMRRAGIKVTVAGLA
GKDPVQCSRDVVICPDASLEDAKKEGPYDVVVLPGGNLG
AQNLSESAAVKEILKEQENRKGLIAAICAGPTALLAHEIGF
GSKVTTHPLAKDKMMNGGHYTYSENRVEKDGLILTSRGP
GTSFEFALAIVEALNGKEVAAQVKAPLVLKD

Parkinson’s
Disease

72

Phospholipas
e A2, Group
VI (variant

1)

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVLVNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHLTDLIRNHPSWSV
AHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG

DGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
QLLGRNAVAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL

CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK

PLA2G6-
associated

neurodegeneratio
n (PLAN)
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SEQ ID
NO.

Protein

Amino Acid Sequence

Associated
Disorder

DPRYGASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFDCAIVLLTHGANADARGEHGNTPLHLAMSK
IDNVEMIKALIVFGAEVDTPNDFGETPTFLASKIGRLVTRKAI
LTLLRTVGAEYCFPPIHGVPAEQGSAAPHHPFSLERAQPPPI
SLNNLELQDLMHISRARKPAFILGSMRDEKRTHDHLLCLDG
GGVKGLIIIQLLIAIEKASGVATKDLFDWVAGTSTGGILALA
ILHSKSMAYMRGMYFRMKDEVFRGSRPYESGPLEEFLKRE
FGEHTKMTDVRKPKVMLTGTLSDRQPAELHLFRNYDAPET
IVREPRFNQNVNLRPPAQPSDQLVWRAARSSGAAPTYFRPN
GRFLDGGLLANNPTLDAMTEIHEYNQDLIRKGQANKVKKL
SIVVSLGTGRSPQVPVTCVDVFRPSNPWELAKTVFGAKELG
KMVVDCCTDPDGRAVDRARAWCEMVGIQYFRLNPQLGT
DIMLDEVSDTVLVNALWETEVYIYEHREEFQKLIQLLLSP

73

Phospholipas
e A2, Group
VI (variant
2)

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVLVNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHLTDLIRNHPSWSV
IAHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG
DGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
QLLGRNAVAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL
CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK
DPRY GASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFDCAIVLLTHGANADARGEHGNTPLHL AMSK
DNVEMIKALIVFGAEVD TPNDFGETPTFLASKIGRQLQDLM
HISRARKPAFILGSMRDEKRTHDHLLCLDGGGVKGLIIQLL
IATEKASGVATKDLFDWVAGTSTGGILALAILHSKSMAYMR
GMYFRMKDEVFRGSRPYESGPLEEFLKREFGEHTKMTDVR
KPK VMLTGTLSDRQPAELHLFRNYDAPETVREPRFNQNVN
LRPPAQPSDQLVWRAARSSGAAPTYFRPNGRFLDGGLLAN
NPTLDAMTEIHEYNQDLIRK GQANK VKKLSIVVSLGTGRSP
QVPVTCVDVFRPSNPWELAKTVFGAKELGKMVVDCCTDP
DGRAVDRARAWCEMVGIQYFRLNPQLGTDIMLDEVSDTV
LVNALWETEVYTYEHREEFQKLIQLLLSP

PLA2GO6-
associated
neurodegeneratio
n (PLAN)

74

Phospholipas
e A2, Group
VI (variant

3)

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVL VNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHL TDLIRNHPSWSV
IAHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG
DGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
OQLLGRNA VAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL
CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK
DPRYGASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFD CAIVLLTHGANADARGEHGNTPLHLAMSK
DNVEMIKALIVFGAEVD TPNDFGETPTFLASKIGRQLQDLM
HISRARKPAFILGSMRDEKRTHDHLLCLDGGGVKGLIIQLL
IATEKASGVATKDLFDWVAGTSTGGILALAILHSKSMAYMR
GMYFRMKDEVFRGSRPYESGPLEEFLKREFGEHTKMTDVR
KPK VMLTGTLSDRQPAELHLFRNYDAPETVREPRFNQNVN
LRPPAQPSDQLVWRAARSSGAAPTYFRPNGRFLDGGLLAN
NPTLDAMTEIHEYNQDLIRK GQANK VKKLSIVVSLGTGRSP
QVPVTCVDVFRPSNPWELAKTVFGAKELGKMVVDCCTDP
DGRAVDRARAWCEMVGIQYFRLNPQLGTDIMLDEVSDTV
L VNALWETEVYIYEHREEFQKLIQLLLSP

PLA2GO6-
associated
neurodegeneratio
n (PLAN)

75

Phospholipas
e A2, Group
VI (variant

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVLVNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHLTDLIRNHPSWSV

IAHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG

PLA2GO6-
associated
neurodegeneratio
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SEQ ID
NO.

Protein

Amino Acid Sequence

Associated
Disorder

4)

IDGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
QLLGRNAVAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL
CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK
IDPRYGASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFDCAIVLLTHGANADARGEHGNTPLHLAMSK
DNVEMIKALIVFGAEVDTPNDFGETPTFLASKIGRLVTRKAI
LTLLRTVGAEYCFPPIHGVPAEQGSAAPHHPFSLERAQPPPI
SLNNLELQDLMHISRARKPAFILGSMRDEKRTHDHLLCLDG
GGVKGLIIIQLLIAIEKASGVATKDLFDWVAGTSTGGILALA
ILHSKSMAYMRGMYFRMKDEVFRGSRPYESGPLEEFLKRE
FGEHTKMTDVRKPKVMLTGTLSDRQPAELHLFRNYDAPET
IVREPRFNQNVNLRPPAQPSDQLVWRAARSSGAAPTYFRPN
GRFLDGGLLANNPTLDAMTEIHEYNQDLIRKGQANKVKKL
SIVVSLGTGRSPQVPVTCVDVFRPSNPWELAKTVFGAKELG
KMVVDCCTDPDGRAVDRARAWCEMVGIQYFRLNPQLGT
DIMLDEVSDTVLVNALWETEVYIYEHREEFQKLIQLLLSP

n (PLAN)

76

Phospholipas
e A2, Group
VI (variant

5)

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVLVNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHLTDLIRNHPSWSV
AHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG
DGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
QLLGRNAVAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL
CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK
DPRY GASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFDCAIVLLTHGANADARGEHGNTPLHLAMSK
DNVEMIKALIVFGAEVD TPNDFGETPTFLASKIGRQLQDLM
HISRARKPAFILGSMRDEKRTHDHLLCLDGGGVKGLIIQLL
IATEKASGVATKDLFDWVAGTSTGGILALAILHSKSMAYMR
GMYFRMKDEVFRGSRPYESGPLEEFLKREFGEHTKMTDVR
KPK VMLTGTLSDRQPAELHLFRNYDAPETVREPRFNQNVN
LRPPAQPSDQLVWRAARSSGAAPTYFRPNGRFLDGGLLAN
NPTLDAMTEIHEYNQDLIRK GQANKVKKLSIVVSLGTGRSP
QVPVTCVDVFRPSNPWELAKTVFGAKELGKMVVDCCTDP
DGRAVDRARAWCEMVGIQYFRLNPQLGTDIMLDEVSDTV
LVNALWETEVYIYEHREEFQKLIQLLLSP

PLA2G6-
associated
neurodegeneratio
n (PLAN)

77

Phospholipas
e A2, Group
VI (variant
6)

MQFFGRLVNTFSGVTNLFSNPFRVKEVAVADYTSSDRVRE
EGQLILFQNTPNRTWDCVL VNPRNSQSGFRLFQLELEADAL
'VNFHQYSSQLLPFYESSPQVLHTEVLQHLTDLIRNHPSWSV
IAHLAVELGIRECFHHSRIISCANCAENEEGCTPLHLACRKG
DGEILVELVQYCHTQMDVTDYKGETVFHYAVQGDNSQVL
QLLGRNAVAGLNQVNNQGLTPLHLACQLGKQEMVRVLLL
CNARCNIMGPNGYPIHSAMKFSQKGCAEMIISMDSSQIHSK
DPRY GASPLHWAKNAEMARMLLKRGCNVNSTSSAGNTAL
HVAVMRNRFDCAIVLLTHGANADARGEHGNTPLHLAMSK
DNVEMIKALIVFGAEVD TPNDFGETPTFLASKIGRQLQDLM
HISRARKPAFILGSMRDEKRTHDHLLCLDGGGVKGLIIQLL
IATEKASGVATKDLFDWVAGTSTGGILALAILHSKSMAYMR
GMYFRMKDEVFRGSRPYESGPLEEFLKREFGEHTKMTDVR
KPK VMLTGTLSDRQPAELHLFRNYDAPETVREPRFNQNVN
LRPPAQPSDQLVWRAARSSGAAPTYFRPNGRFLDGGLLAN
NPTLDAMTEIHEYNQDLIRK GQANK VKKLSIVVSLGTGRSP
QVPVTCVDVFRPSNPWELAKTVFGAKELGKMVVDCCTDP
DGRAVDRARAWCEMVGIQYFRLNPQLGTDIMLDEVSDTV
L VNALWETEVYTYEHREEFQKLIQLLLSP

PLA2G6-
associated
neurodegeneratio
n (PLAN)
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SEQ ID
NO.

Protein

Amino Acid Sequence

Associated
Disorder

78

Phospholipas
e A2, Group
VI (variant
7)

MDVTDYKGETVFHY AVQGDNSQVLQLLGRNAVAGLNQV
INNQGLTPLHLACQLGKQEMVRVLLLCNARCNIMGPNGYPI
HSAMKFSQKGCAEMIISMDSSQIHSKDPRY GASPLHWAKN
IAEMARMLLKRGCNVNSTSSAGNTALHVAVMRNRFDCAIV
LLTHGANADARGEHGNTPLHLAMSKDNVEMIKALIVFGAE
IVDTPNDFGETPTFLASKIGRLVTRKAILTLLRTVGAEY CFPPI
HGVPAEQGSAAPHHPFSLERAQPPPISLNNLELQDLMHISR
IARKPAFILGSMRDEKRTHDHLLCLDGGGVKGLIIIQLLIAIE
KASGVATKDLFDWVAGTSTGGILALAILHSKSMAYMRGM
YFRMKDEVFRGSRPYESGPLEEFLKREFGEHTKMTDVRKP
KVMLTGTLSDRQPAELHLFRNYDAPETVREPRFNQNVNLR
PPAQPSDQLVWRAARSSGAAPTYFRPNGRFLDGGLLANNP
TLDAMTEIHEYNQDLIRKGQANKVKKLSIVVSLGTGRSPQV
PVTCVDVFRPSNPWELAKTVFGAKELGKMVVDCCTDPDG
RAVDRARAWCEMVGIQYFRLNPQLGTDIMLDEVSDTVLV
INALWETEVYIYEHREEFQKLIQLLLSP

PLA2GO-
associated
neurodegeneratio
n (PLAN)

79

Phospholipas
e A2, Group
VI (variant
8)

MGRSWWSWCSTATLRWMSPTTRERPSSIMLSRVTILRCCR
CAEMIISMDSSQIHSKDPRY GASPLHWAKNAEMARMLLKR
GCNVNSTSSAGNTALHVAVMRNRFDCAIVLLTHGANADA
RGEHGNTPLHLAMSKDNVEMIKALIVFGAEVDTPNDFGET
PTFLASKIGRLVTRKAILTLLRTVGAEY CFPPIHGVPAEQGS
IAAPHHPFSLER AQPPPISLNNLELQDLMHISRARKPAFILGS
MRDEKRTHDHLLCLDGGGVKGLIIIQLLIAIEKASGVATKD
LFDWVAGTSTGGILALAILHSKSMAYMRGMYFRMKDEVF
RGSRPYESGPLEEFLKREFGEHTKMTD VRKPKVMLTGTLS
IDRQPAELHLFRNYDAPETVREPRFNQNVNLRPPAQPSDQL
IVWRAARSSGAAPTYFRP
INGRFLDGGLLANNPTLDAMTEIHEYNQDLIRKGQANKVKK
LSIVVSLGTGRSPQVPVTCVDVFRPSNPWELAKTVFGAKEL
GKMVVDCCTDPDGRAVDRARAWCEMVGIQYFRLNPQLG
TDIMLDEVSDTVLVNALWETEVYIYEHREEFQKLIQLLLSP

PLA2G6-
associated
neurodegeneratio
n (PLAN)

80

Phospholipas
e A2, Group
VI (variant
9)

MDVTDYKGETVFHY AVQGDNSQVLQLLGRNAVAGLNQV
NNQGLTPLHLACQLGKQEMVRVLLLCNARCNIMGPNGYPI
HSAMKFSQKGCAEMIISMDSSQIHSKDPRY GASPLHWAKN
IAEMARMLLKRGCNVNSTSSAGNTALHVAVMRNRFDCAIV
LLTHGANADARGEHGNTPLHLAMSKDNVEMIKALIVFGAE
'VDTPNDFGETPTFLASKIGRQLQDLMHISRARKPAFILGSM
RDEKRTHDHLLCLDGGGVKGLIIQLLIAIEKASGVATKDLF
DWVAGTSTGGILALAILHSKSMAYMRGMYFRMKDEVFRG
SRPYESGPLEEFLKREFGEHTKMTD VRKPKVMLTGTLSDR
QPAELHLFRNYDAPETVREPRFNQNVNLRPPAQPSDQLVW
RAARSSGAAPTYFRPNGRFLDGGLLANNPTLDAMTEIHEY
NQDLIRK GQANK VKKLSIVVSLGTGRSPQVPVTCVDVFRPS
NPWELAKTVFGAKELGKMVVDCCTDPDGRAVDRARAWC
EMVGIQYFRLNPQLGTDIMLDEVSDTVLVNALWETEVYTY
EHREEFQKLIQLLLSP

PLA2GO6-
associated
neurodegeneratio
n (PLAN)

In some embodiments, the protein of interest comprised in the fusion protein of the

present disclosure may comprise of consist of any sequence as listed in Table 2, e.g., any one of

SEQ ID NOS. 3-9 or 72-80. In some embodiments, the protein of interest comprised in the

26




10

15

20

25

30

WO 2021/195597 PCT/US2021/024534

fusion protein of the present disclosure may comprise or consist of an amino acid sequence
having at least 85%, e.g., at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99%, or 100% sequence identity to any one of the amino acid sequences

listed in Table 2, e.g., any of SEQ ID NOS. 3-9 or 72-80.

In some embodiments, the protein of interest comprised in the fusion protein of the
present disclosure comprises or consists of any sequence as listed in Table 2, e.g., any one of
SEQ ID NOS. 3-9 or 72-80, and lacks the endogenous OTS, i.e., wherein the endogenous OTS
has been removed. An OTS of a particular protein would be easily recognized by one of skill in

the relevant art.

In some aspects of the disclosure, the protein of interest may be associated with
lysosomes. In some aspects of the disclosure, the protein of interest may be associated with
endoplasmic reticulum (ER). In some aspects of the disclosure, the protein of interest may be

associated with Golgi apparatus.

In some embodiments, the protein of interest can be a protein that is localized to the
nucleus. In some embodiments, the protein of interest can be a protein that is localized to the
nucleus and one or more other cellular organelles. The skilled artisan will appreciate that, by
introducing a TES to fusion proteins comprising a CPP and such a protein of interest,
interference by CPP with localization of the protein of interest will be removed, e.g., abberant
localization to the nucleus will be prevented or reduced, thereby allowing the natural regulatory
pathway to dictate the proper cellular localization of the protein in response to endogenous
signals, and thereby improve the propensity to relocalize to the appropriate subcellular location.
Such proteins may include, e.g., NFKbeta, STAT3, androgen receptor, estrogen receptor, and

pS3.

In some embodiments, the fusion protein provided by the present disclosure may
comprise a protein of interest as described herein, or a functional analogue, derivative or a
fragment of the protein of interest. The term “derivative”, as used herein, encompasses amino
acid sequences (polypeptides) which differ from the polypeptides specifically defined in the
present disclosure, e.g., SEQ ID NOS. 3-9 or 72-80, by insertions, deletions, substitutions and
modifications of amino acids that do not alter the activity of the original polypeptide. It should
be appreciated that by the terms “insertion(s)”, “deletion(s)” or “substitution(s)”, as used herein,

encompasses any addition, deletion or replacement, respectively, of between 1 and 50 amino
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acid residues of a polypeptide, e.g., between 1 and 5 amino acid residues, between 1 and 10
amino acid residues, between 5 and 15 amino acid residues, between 10 and 20 amino acid
residues, between 25 and 40 amino acid residues or between 30 and 50 amino acid residues.
More particularly, insertion(s), deletion(s) or substitution(s) may be of any one of 1, 2, 3, 4, 5, 6,
7, 8,9, or 10 amino acid residues. It should be noted that the insertion(s), deletion(s) or
substitution(s) may occur in any position of the modified peptide, as well as in any of the N” or
C’ termini thereof. In one embodiment, the protein of interest is a derivative of FXN, e.g.,
human FXN. In one embodiment, the protein of interest is a derivative of Tafazzin. In one
embodiment, the protein of interest is a derivative of PDHB. In one embodiment, the protein of
interest is a derivative of LRPPRC. In one embodiment, the protein of interest is a derivative of
SLIRP. In one embodiment, the protein of interest is a derivative of PARK2 protein. In one
embodiment, the protein of interest is a derivative of PINK1 (or PARKG6 protein). In one
embodiment, the protein of interest is a derivative of PARK7. In one embodiment, the protein of

interest is a derivative of Phospholipase A2, Group VI (e.g., variant 1, 2, 3,4, 5,6, 7, 8 or 9).

In some embodiments, the amino acid sequence of a protein of interest within the context
of the present disclosure may differ from the amino acid sequence of a naturally occurring
protein associated with any pathological condition as described above. In some embodiments,
the amino acid sequence of a protein of interest as compared to the amino acid sequence of a
naturally occurring protein associated with any pathological condition may include a
conservative amino acid substitution, i.e., substitution with a structurally-similar amino acid.

For instance, structurally similar amino acids include: (isoleucine (I), leucine (L) and valine
(V)); (phenylalanine (F) and tyrosine (Y)); (lysine (K) and arginine (R)); (glutamine (Q) and
asparagine (N)); (aspartic acid (D) and glutamic acid (E)); and (glycine (G) and alanine (A)).

The term “derivative”, as used herein, encompasses homologues, variants and analogues
of the original polypeptide, as well as covalent modifications of the original polypeptide. A
derivative, a variant and an analogue of any one of the proteins or the peptides comprised in the
fusion protein provided in the present disclosure will have the same biological activity as its
native form. In one specific embodiment, the protein of interest is a homologue, variant or

analogue of FXN, e.g., human FXN.

In some embodiments, a protein of interest which may be comprised in the fusion protein
of the present disclosure may be a naturally occurring in a subject. The subject may be a

mammal, e.g., a mouse, a rat, a monkey or a human.
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Organelle Targeting Sequence (OTS)

In some embodiments, the fusion proteins of the present disclosure may also comprise an
organelle targeting sequence (OTS). The term “organelle targeting sequence”, or “OTS”, as
used herein, refers to any amino acid sequence, e.g., a protein, a peptide or a consensus domain,
which facilitates delivery of a protein of interest to a specific non-nuclear organelle. For
example, an OTS may be a mitochondrial targeting sequence (MTS) that facilitates delivery of a
protein of interest to mitochondria. An MTS may be a peptide of about 10-70 amino acids
comprising an alternating pattern of hydrophobic and positively charged amino acids that forms

an amphipathic helix.

An OTS may also be an endoplasmic reticulum (ER) targeting sequence. An ER
targeting sequence may be a peptide of about 16-30 amino acids comprising a hydrophilic
region, a hydrophobic domain, and a C-terminal region containing a cleavage site for an ER-

specific signal peptidase.

An OTS may also comprise a HEAT motif, which may be present in naturally occurring
proteins that localize to the Golgi and endoplasmic reticulum (ER). HEAT is a protein tandem
repeat structural motif composed of two alpha helices linked by a short loop. HEAT repeats can
form alpha solenoids, a type of solenoid protein domain found in a number of cytoplasmic

proteins.

An OTS may also be a peroxisomal targeting signal (PTS) which may be located either at
the N-terminus or at the C-terminus of the protein of interest. The N-terminal peroxisomal
targeting signal may have a consensus sequence of Arg-Leu-X-X-X-X-X-His/Gln-Leu, where X
may be any amino acid. The C-terminal peroxisomal targeting signal may be short and
comprised of Ser-Lys-Leu, but other variations exist, such as PTS2 and mPTS (membrane PTS).
mPTS may consist of a cluster of basic amino acids (arginines and lysines) within a loop of

protein (i.e., between membrane spans).

An OTS may also be a lysosomal targeting motif, e.g., comprising a sequence Tyr-X-
X0, where X may be any amino acid and O may be a bulky hydrophobic amino acid or a

dileucine motif (Leu-Leu).

In a fusion protein of the present disclosure, an OTS may be a native sequence, i.e., the

OTS may be naturally found within, or be naturally associated with, a protein of interest also
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present in the fusion protein. For example, the OTS and the protein of interest may be parts of
the same naturally occurring polypeptide sequence. In one specific example, a fusion protein of
the present disclosure may comprise mature hFXN and an MTS sequence
MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRR
ASSNQRGLNQIWNVKKQSVYLMNLRK (SEQ ID NO: 10), which are both parts of the same
naturally occurring polypeptide sequence corresponding to full-length hFXN (SEQ ID NO: 1).
Following synthesis in a cell, the naturally occurring polypeptide sequence SEQ ID NO: 1 is
processed in a two-step cleavage by the mitochondrial matrix processing peptidase (MPP) as the
polypeptide sequence is imported into the mitochondrial matrix. As a result, mature hFXN

(SEQ ID NO: 2) which does not comprise MTS is generated.

In other embodiments, an OTS comprised in a fusion protein of the present disclosure
may be a heterologous sequence, i.e., not naturally associated with the protein of interest also
comprised in the fusion protein. An OTS which is a heterologous sequence may be derived from
a protein that is different from the protein of interest comprised in a fusion protein. For
example, a fusion protein of the present disclosure may comprise FXN, e.g., mature hFXN, as a
protein of interest and an MTS derived from citrate synthase or lipoamide dehydrogenase
(LAD), as described in U.S. Patent No. 8,912,147, the entire contents of which are incorporated
herein by reference. A heterologous OTS may be a fragment from another protein, produced by
cleavage, by recombinant technology, or it may be chemically synthesized, and further fused to

the protein of interest.

In some embodiments, an OTS may comprise an amino acid sequence that has at least
85%, e.g., at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or
100% sequence identity to a naturally occurring OTS domain of a native protein or a

heterologous protein.

In some embodiments, a fusion protein of the present disclosure comprises an MTS, e.g.,
MWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQ
RGLNQIWNVKKQSVYLMNLRK (SEQ ID NO: 10). In other examples, the fusion protein of
the present disclosure comprises an amino acid sequence having at least 85%, e.g., at least 86%,
at least 87%, at least 88%o, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100%
sequence identity to SEQ ID NO: 10. In some embodiments, a fusion protein may comprise a

functional analogue, derivative or a fragment of SEQ ID NO: 10, as defined above.
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In some embodiments, an OTS may be naturally associated with a protein of interest,
e.g., a protein of interest in its naturally occurring form may comprise an OTS as a part of its
sequence. One example of such protein of interest is full length hFXN (SEQ ID NO: 1), which
comprises, as parts of its sequence, an MTS (SEQ ID NO: 10) and a mature hFXN (SEQ ID NO:
2). When a protein of interest comprising OTS as a part of its sequence is included in a fusion
protein of the present disclosure, the fusion protein does not include another OTS, in addition to

the OTS present as a part of the protein of interest.

In other embodiments, an OTS naturally associated with a protein of interest may be
substituted with an OTS that does not occur naturally together with the protein of interest. For
example, an MTS that is a part of full length hFXN and that is naturally associated with hFXN
(SEQ ID NO: 10) may be substituted with a different OTS, e.g., an MTS derived from citrate
synthase or lipoamide dehydrogenase (LAD), as described in U.S. Patent No. 8,912,147, Thus,
a fusion protein of the present disclosure may comprise mature hFXN (SEQ ID NO: 2) and an
MTS that is different from SEQ ID NO: 10, such as an MTS derived from LAD.

In some embodiments, an OTS may be absent from a fusion protein of the present
disclosure. For example, a fusion protein of the present disclosure may comprise a protein of
interest, a CPP, e.g., HIV-TAT, and a TES, and lack an OTS. In some embodiments, a fusion
protein of the present disclosure consists of a protein of interest, a CPP, e.g., HIV-TAT, and a

TES.

Cell Penetrating Peptide (CPP)

The fusion proteins provided by the present disclosure also comprise a cell penetrating
peptide (CPP). Cell penetrating peptides (CPPs) are short peptide sequences, typically between
5 and 30 amino acids long, that can facilitate cellular intake of various molecular cargo, such as
proteins. CPPs may be polycationic, i.e., have an amino acid composition that either contains a
high relative abundance of positively charged amino acids, such as lysine or arginine. CCPs
may also be amphipathic, i.e., have sequences that contain an alternating pattern of
polar/charged amino acids and non-polar, hydrophobic amino acids. CPPs may also be
hydrophobic, i.e., contain only apolar residues with low net charge, or have hydrophobic amino

acid groups that are crucial for cellular uptake.
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A CPP useful in the context of the present disclosure may be any CPP known to a person
skilled in the art. For example, a CPP comprised in the fusion protein of the present disclosure
may be any CPP listed in the Database of Cell-Penetrating Peptides CPPsite 2.0, the entire
contents of which are hereby incorporated herein by reference. For examples, CPPs useful in the
context of the present disclosure may be selected from the group consisting of HIV-TAT (which
may also be referred to herein as “TAT”), galanin, mastoparan, transportan, penetratin,
polyarginine, or VP22. In one specific embodiment, the CPP is HIV-TAT. Table 4 below lists

amino acid sequences of the exemplary CPPs.

Table 4. Exemplary CPPs and corresponding sequences

SEQID | CPP Amino Acid Sequence
NO.
11 HIV-TAT YGRKKRRQRRR
12 Galanin GWTLNSAGYLLGPHAVGNHRSFSDKNGLTS
13 Mastoparan INLKALAALAKKIL-NH»
14 Transportan GWTLNSAGYLLGKINLKALAALAKKIL
15 Penetratin RQIKIWFQNRRMKWKK
16 Polyarginine RRRRRRRRR
17 VP22 DAATATRGRSAASRPTERPRAPARSASRPRRPVE
83 HIV-TAT (with N-terminal | MYGRKKRRQRRR
methionine)

In some examples, fusion proteins of the present disclosure may comprise an amino acid
sequence having at least 85%, e.g., at least 86%, at least 87%, at least 88%, at least 89%, at least
90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
97%, at least 98%, at least 99%, or 100% sequence identity to any one of the amino acid
sequences listed in Table 4, i.e., SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16,SEQ ID NO: 17 or SEQ ID NO: 83. In some
examples, fusion proteins of the present disclosure may comprise a functional analogue,
derivative or a fragment of the protein of interest of any one of the amino acid sequences listed
in Table 4, i.e., SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, SEQ ID
NO: 15, SEQ ID NO: 16, SEQ ID NO: 17 or SEQ ID NO: 83.

In one embodiment, CPP comprised in the fusion protein of the present disclosure is
HIV-TAT, e.g., SEQ ID NO: 11. In another specific example, CPP comprised in the fusion
protein of the present disclosure is HIV-TAT (with N-terminal methionine), e.g., SEQ ID NO:

83. In another example, the fusion protein of the present disclosure comprises full-length FXN,
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e.g., SEQ ID NO: 1 and HIV-TAT as CPP. In another further example, the fusion protein of the
present disclosure comprises mature FXN, e.g., SEQ ID NO: 2, as the protein of interest and
HIV-TAT as CPP.

In some embodiments, and without wishing to be bound by a specific theory, it is
believed that a CPP comprised in the fusion protein of the present disclosure may be capable of
interference with delivery of the protein of interest, also comprised in the fusion protein, to an
organelle, e.g., a non-nuclear organelle. For example, as illustrated in Example 1 of the present
disclosure, the TAT-GG-hFXN fusion protein is localized primarily in the cytosol and in the

nucleus, but not in the mitochondria.

Target Enhancing Sequence (TES)

A fusion protein of the present disclosure also comprises a target enhancing sequence
(TES). The term “target enhancing sequence” (TES), as used herein, refers to an amino acid
sequence that, when present in a fusion protein comprising a CPP, prevents or attenuates
interference by the CPP with delivery of the protein of interest to its appropriate subcellular
location. For example, in some embodiments the TES, as used herein, refers to an amino acid
sequence that facilitates the effective delivery of the protein of interest to the intended organelle
(e.g., a non-nuclear organelle, such as mitochondria) by removing or attenuating interference
with delivery of the protein of interest to the intended organellebrought about by the CPP.
Exemplary TES may include a protease sensitive sequence, also referred herein as “protease

cleavable domain”, “protease sensitive domain”, “protease sensitive protein” or “protease

sensitive peptide”. Exemplary TES may also include a nuclear export signal peptide.

A protease-sensitive peptide may be also referred to as a “protease cleavage site”. A
protease-sensitive peptide or protease cleavage site refers to a specific amino acid motif within
an amino acid sequence which is recognized and cleaved by a specific intracellular cytosolic

protease.

As mentioned above, in some embodiments, in the fusion proteins of the present
disclosure, CPP may be capable of interference with delivery to a non-nuclear organelle of the
protein of interest comprised in the fusion protein. TES comprising a protease cleavage site
facilitates removal of the CPP from the fusion protein, thereby preventing the interference by

CPP. For example, as illustrated in Figure 1, panel A, in some exemplary fusion proteins of the
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present disclosure, CPP may be located at the N-terminus of the fusion protein and TES may be
fused at the C-terminal side of the CPP. When the fusion protein is exposed to an endogenous
protease, the endogenous protease may cleave TES at the protease cleavage site, facilitating
removal of the CPP from the N-terminus of the fusion protein. Similarly, as illustrated in Figure
1, panel B, in other exemplary fusion proteins of the present disclosure, CPP may be located at
the C-terminus of the fusion protein and TES may be fused at the N-terminal side of the CPP.
When the fusion protein is exposed to an endogenous protease, the endogenous protease may
cleave TES at the protease cleavage site, thereby removing the CPP from the C-terminus of the

fusion protein.

Non-limiting examples of protease sensitive peptide or proteins that may be comprised in
the TES include ubiquitin-like modifiers, such as ubiquitin, caspase cleavage domains, calpain

cleavage domains, SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, and NEDDS.

Ubiquitin is highly conserved through eukaryote organisms, and the sequence of the

human ortholog is:

MQIFVKTLTGKTITLEVEPSDTIENVK AKIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNI
QKESTLHLVLRLRGG (SEQ ID NO. 18).

An exemplary caspase cleavage domain may comprise DEVD (SEQ ID NO. 19).

Nonlimiting examples of calpain cleavage domains are EPLFAERK (SEQ ID NO. 20) or
LLVY (SEQ ID NO. 21).

Other exemplary protease cleavage sites may include any cleavage site described in
Waugh, Protein Expr. Purif. 2011, 80(2):283-293, the entire contents of each of which are

hereby incorporated herein by reference.

Exemplary proteases with specific protease cleavage sites may include ubiquitinase,
caspase, calpain, enterokinase (light chain), enteropeptidase, prescission protease, human
rhinovirus protease (HRV 3C), TEV (Tobacco Etch Virus) protease, TVMV (tobacco vein
mottling virus) protease, Factor Xa protease, thrombin, and other proteases known to the person
skilled in the art. Table 5 below includes some examples of amino acid sequences of protease

cleavage sites and their respective proteases.
Table 5. Exemplary protease cleavage sites and corresponding proteases
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SEQ ID NO. | Protease Cleavage Site Sequence
Enterokinase (light
22 chain)/Enteropeptidase DDDDK
PreScission Protease/human
23 Rhinovirus protease (HRV 3C) LEVLFQP
24 TEV protease LEVLFGP
25 TEV protease ENLYFQS
Modified motifs based on the EXXYXQG
26, 84 TEV protease (SEQ ID NO: 26) and EXXYXQS (SEQ ID
NO: 84), where X may be any amino acid.
27 TVMYV protease ETVRFQS
28 Factor Xa protease IEGR
29 Factor Xa protease IDGR
30 Thrombin LVPRS
31 Thrombin LVPGS

SUMO (Small Ubiquitin-like Modifier) proteins are a family of small proteins (about

100 amino acids in length and about 12 kDa in molecular weight) that are covalently attached to

and detached from other proteins in cells to modify their function. The exact length and

5 molecular weight vary between SUMO family members and depend on the organism from
which the protein is derived. Examples of SUMO proteins are SUMO1, SUMO2, SUMO3 and

SUMO4 with amino acid sequences as listed in Table 6 below.

Table 6. Amino acid sequences of SUMO proteins.

SEQ ID NO.

SUMO Protein

Amino Acid Sequence

32

SUMO1

MSDQEAKPSTEDLGDKKEGEYIKLKVIGQDSSEIHFK
VKMTTHLKKLKESYCQRQGVPMNSLRFLFEGQRIAD
NHTPKELGMEEEDVIEVYQEQTGG

33

SUMO2

MADEKPKEGVKTENNDHINLKVAGQDGSVVQFKIKR
HTPLSKLMKAYCERQGLSMRQIRFRFDGQPINETDTP
AQLEMEDEDTIDVFQQQTGGVY

34

SUMO3

MSEEKPKEGVKTENDHINLKVAGQDGSVVQFKIKRH
TPLSKLMKAYCERQGLSMRQIRFRFDGQPINETDTPA
QLEMEDEDTIDVFQQQTGGVPESSLAGHSF

35

SUMO4

MANEKPTEEVKTENNNHINLKVAGQDGSVVQFKIKR
QTPLSKLMKAYCEPRGLSMKQIRFRFGGQPISGTDKP
AQLEMEDEDTIDVFQQPTGGVY

10 In some embodiments, TES comprised in a fusion protein of the present disclosure may

comprise a protease sensitive peptide or protein. In some examples, the TES may comprise a
sequence described herein, e.g., any one of SEQ ID NOS. listed in Table 5 (SEQ ID NO: 22,
SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID
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NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31 or SEQ ID NO: 84), or a sequence
having at least 85%, e.g., at least 90% or at least 95% sequence identity with any one of SEQ ID
NOS. listed in Table 5 (SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30,SEQ ID
NO: 31, or SEQ ID NO: 84). In some examples, fusion proteins of the present disclosure may
comprise a functional analogue, derivative or a fragment of the protein of interest of any one of
SEQ ID NOS. listed in Table 5 (SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID
NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30,
SEQ ID NO: 31 or SEQ ID NO: 84).

In other embodiments, TES comprised in a fusion protein of the present disclosure may
comprise a ubiquitin-like modifier. In some examples, the TES may comprise a sequence
described herein, e.g., any one of SEQ ID NOS. listed in Table 6 (SEQ ID NO: 32, SEQ ID NO:
33, SEQ ID NO: 34 or SEQ ID NO: 35), or a sequence having at least 85%, e.g., at least 86%, at
least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98% or at least 99% sequence
identity with any one of SEQ ID NOS. listed in Table 6 (SEQ ID NO: 32, SEQ ID NO: 33, SEQ
ID NO: 34 or SEQ ID NO: 35). In some examples, fusion proteins of the present disclosure may
comprise a functional analogue, derivative or a fragment of the protein of interest of any one of
SEQ ID NOS. listed in Table 6 (SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34 or SEQ ID
NO: 35).

Amino acid sequences having at least 85% sequence identity to any of SEQ ID NOS. 22-
31 or any of SEQ ID NOS. 32-35 may be found in one or more of the following databases:
GenBank, Protein Data Bank (PDB), SwissProt, Protein Information Resource (PIR), or Protein
Research Foundation (PRF).

In some examples, TES comprised in a fusion protein of the present disclosure may
comprise a nuclear export signal (NES). NES, when present in a protein, targets the protein for
export from the cell nucleus into the cytoplasm. The export of the protein occurs through the
nuclear pore complex via nuclear transport. Accordingly, in the context of the present
disclosure, when a CPP present in a fusion protein facilitates delivery of the protein of interest to
nucleus, TES counteracts said action by the CPP by facilitating export of the protein of interest
from the nucleus into cytoplasm. In this manner, TES increases the likelihood that the protein of

interest will be delivered to a non-nuclear organelle of interest, i.e., to mitochondria.
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In some examples, NES may be a peptide comprising four hydrophobic residues which
may not necessarily be in tandem. For example, NES may be a peptide comprising an amino
acid sequence LXXXLXXLXL, where "L" is a hydrophobic residue (often leucine) and "X" is
any amino acid other than leucine. Without wishing to be bound by a specific theory, it is
believed that the spacing of the hydrophobic residues in an NES may be explained by examining
known structures that contain an NES, as the critical residues usually lie in the same face of

adjacent secondary structures within a protein, which allows them to interact with the exportin.

Any NES known to one of ordinary skill in the art is encompassed by the present
disclosure, including NES listed in the NESbase version 1.0, a database of nuclear export
signals, the entire contents of which are hereby incorporated herein by reference. Table 7 lists

certain exemplary NESs and their corresponding sequences.

Table 7. Exemplary NESs and corresponding sequences.

SEQ ID NO. | SUMOQO Protein | Amino Acid Sequence
36 NESI1 LALKLAGLDL
37 NES2 LQKKLEELEL
38 NES3 MQELSNILNL
39 NES4 LPPLERLTL
40 NESS LCQAFSDVIL
41 NES6 RTFDMHSLESSLIDIMR
42 NES7 TNLEALQKKLEELELDE
43 NESS8 RSFEMTEFNQALEEIKG

In some embodiments of the present disclosure, TES may comprise a sequence described
herein, e.g., any one of SEQ ID NOS. listed in Table 7 (SEQ ID NO: 36, SEQ ID NO: 37, SEQ
ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or SEQ ID NO:
43), or a sequence having at least 85%, e.g., at least 86%, at least 87%, at least 88%, at least
89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98% or at least 99% sequence identity with any one of SEQ ID NOS.
listed in Table 7 (SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID
NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or SEQ ID NO: 43). In some examples, fusion
proteins of the present disclosure may comprise a functional analogue, derivative or a fragment
of the protein of interest of any one of SEQ ID NOS. listed in Table 7 (SEQ ID NO: 36, SEQ ID
NO: 37, SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42 or
SEQ ID NO: 43).
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Amino acid sequences having at least 85% sequence identity to any of SEQ ID NOS. 36-
43 may be found in one or more of the following databases: GenBank, Protein Data Bank

(PDB), SwissProt, Protein Information Resource (PIR), or Protein Research Foundation (PRF).

Fusion Protein

In an embodiment of the disclosure a fusion protein provided herein may comprise a
protein of interest to be delivered to a non-nuclear organelle, an organelle targeting sequence
(OTY), a cell penetrating peptide (CPP), and a target enhancing sequence (TES), wherein the
CPP is capable of interference with delivery of the protein of interest to the non-nuclear
organelle and wheren the TES prevents said interference by the CPP. In some examples, the
protein of interest, OTS, CPP and TES may be directly fused to each other directly to form a
single polypeptide chain. In other examples, the protein of interest, OTS, CPP and TES may be

fused to each other via a spacer to form a single polypeptide chain.

In one specific embodiment, the protein of interest is FXN, e.g., SEQ ID NO: 2. In one
specific embodiment, the OTS 1s MTS, e.g., SEQ ID NO: 10. In one specific embodiment, the
CPP is HIV-TAT, e.g., SEQ ID NO: 11. In one specific embodiment, the TES may be a
protease sensitive peptide or proteins, e.g., SUMO 1 (e.g., SEQ ID NO: 32); ubiquitin (e.g., SEQ
ID NO: 18); a caspase cleavage site, e.g., DEVD (SEQ ID NO: 19) or a calpain cleavage site,
e.g., EPLFAERK (SEQ ID NO: 20) or LLVY (SEQ ID NO: 21). In one specific embodiment,
the TES may be an NES, e.g., NES1 (SEQ ID NO: 36) or NES2 (SEQ ID NO: 37).

In an embodiment of the disclosure a fusion protein provided herein may comprise a
protein of interest to be delivered to a cell, a cell penetrating peptide (CPP) and a target
enhancing sequence (TES). In some embodiments, the CPP is capable of interference with the
delivery of the protein of interest to a cell and/or to a cellular organelle, and the TES prevents
said interference by the CPP. In some examples, the protein of interest, CPP and TES may be
directly fused to each other directly to form a single polypeptide chain. In other examples, the
protein of interest, CPP and TES may be fused to each other via a spacer to form a single

polypeptide chain.

In one specific embodiment, the protein of interest is PARKIN, e.g., SEQID NO: 7. In
one specific embodiment, the CPP is HIV-TAT, e.g., SEQ ID NO: 11. In one specific
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embodiment, the TES may be a protease sensitive peptide or proteins, e.g., SUMO 1 (e.g., SEQ
ID NO: 32); ubiquitin (e.g., SEQ ID NO: 18); a caspase cleavage site, e.g., DEVD (SEQ ID NO:
19), or a calpain cleavage site, e.g., EPLFAERK (SEQ ID NO: 20), or LLVY (SEQ ID NO: 21).
In one specific embodiment, the TES may be an NES, e.g., NES1 (SEQ ID NO: 36) or NES2
(SEQ ID NO: 37).

In the fusion proteins provided by the present disclosure, the positions of protein of
interest, OTS (if present), CPP and TES relative to each other and the N-terminus and the C-
terminus may vary. Exemplary fusion proteins comprising different relative configurations of
the protein of interest, OTS, CPP and TES are shown in Figure 2. For example, as illustrated in
Figure 2, Panel A, an exemplary fusion protein may comprise, starting from the N-terminus,
CPP, followed by TES, followed by OTS, followed by protein of interest at the C-terminus. In
another example illustrated in Figure 2, Panel B, a fusion protein may comprise, starting from
the N-terminus, CPP, followed by TES, followed by the protein of interest, followed by OTS at
the C-terminus. In another example illustrated in Figure 2, Panel C, an exemplary fusion protein
may comprise, starting from the N-terminus, OTS, followed by the protein of interest, followed
by TES, followed by CPP at the C-terminus. In another example illustrated in Figure 2, Panel D,
a fusion protein may comprise, starting from the N-terminus, protein of interest, followed by
OTS, followed by TES, followed by CPP at the C-terminus. In another example illustrated in
Figure 2, Panel E, a fusion protein may comprise, starting from the N-terminus, CPP, followed
by OTS, followed by protein of interest, followed by TES. In yet another example illustrated in
Figure 2, Panel F, a fusion protein may comprise, starting at the N-terminus, TES, followed by
OTS, followed by protein of interest, followed by CPP. In yet another example illustrated in
Figure 2, Panel G, a fusion protein may comprise, starting at the N-terminus, CPP, followed by
TES, followed by protein of interest. In yet another example illustrated in Figure 2, Panel H, a
fusion protein may comprise, starting at the N-terminus, protein of interest, followed by TES,
followed by CPP.

In some examples, in fusion proteins of the present disclosure, various domains (i.e.,
protein of interest, CPP, OTS, if present, and TES) may be fused to each other directly to form a
single polypeptide chain. As used herein, the term “directly” means that there are no interfering
amino acids between the C-terminal amino acid of the first domain and the N-terminal amino
acid of the second domain that are directly fused to each other. That is, the (first or last) amino

acid at the terminal end (N or C-terminal end) of the first domain may fused to the (first or last)
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amino acid at the terminal end (N or C-terminal end) of the second domain, forming a single
polypeptide. In other words, in this embodiment, the last amino acid of the C-terminal end of a
first domain is linked directly by a covalent bond to the first amino acid of the N-terminal end of
the second domain, or the first amino acid of the N-terminal end of the fist domain is directly
linked by a covalent bond to the last amino acid of the C-terminal end of to form a single

polypeptide.

In other examples, in fusion proteins of the present disclosure, various domains (i.e.,
protein of interest, CPP, OTS, if present, and TES) may be fused together via a spacer to form a
single polypeptide chain. As used herein, the term “spacer”, which may be used interchangeably
with the term “linker”, refers to a sequence of at least one amino acid that links together two
domains to form a single polypeptide chain. When included in a fusion protein, a spacer may
prevent steric hindrances. In some example, length of a spacer or a linker may vary from 2 to 31
amino acids, e.g., from 2-10 amino acids, from 5 to 15 amino acids, from 10 to 25 amino acids
or from 12 to 31 amino acids. One of ordinary skill in the art would be able to determine an
appropriate linker or spacer length for each specific fusion protein, such that the linker or spacer
does not impose any constraints on the conformation of the fusion protein, or interactions of the
domains of the fusion protein with each other. A linker or a spacer may be a previously
described endogenous and naturally occurring linker or spacer that plays a role in separating
domains within a protein or for the formation of dimers. Alternatively a linker or a spacer may
be an artificially designed linker or a spacer useful in recombinant technology for the generation
of fusion proteins. Examples of linkers or spacers useful within the context of the present

disclosure are shown in Table 8 below.

Table 8. Exemplary linkers or spacers.

SEQ ID NO. Amino Acid Sequence
44 GGGGSLVPRGSGGGGS
45 GSGSGS
46 GSGSGSGSGSGSGSGS
47 GGSGGHMGSGG
48 GGSGGSGGSGG
49 GGSGG
50 GGGSEGGGSEGGGSEGGG
51 AAGAATAA
52 GGGGG
53 GGSSG
54 GSGGGTGGGSG
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SEQ ID NO. Amino Acid Sequence

GT

GG

In some embodiments, a fusion protein of the present disclosure may comprise a GG
(Gly-Gly) linker. For example, a fusion protein of the present disclosure may comprise a GG
linker connecting a CPP domain to the TES domain, e.g., a protease cleavage site. In another
example, a fusion protein of the present disclosure may comprise a GG linker connecting a CPP
domain to the OTS domain, e.g., MTS. In one specific embodiment, TAT-CPP is connected to
MTS-FXN via a GG linker.

Exemplary fusion proteins of the present disclosure and their corresponding sequences

are listed in Table 9 below.

Table 9. Exemplary fusion proteins.

SEQ | Fusion Protein Sequence
ID NO.
55 TAT-GG- MY GRKKRRQRRRGGMSDQEAKPSTEDLGDKKEGEYIKLK VI

GQDSSEIHFK VKMTTHLKKLKESYCQRQGVPMNSLRFLFEGQ
SUMO1-hFXN RIADNHTPKELGMEEEDVIEVYQEQTGGMWTLGRRAVAGLL
ASPSPAQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASS
NQRGLNQIWNVKKQSVYLMNLRKSGTLGHPGSLDETTYERL
AEETLDSLAEFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLG
TYVINKQTPNKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLH
ELLAAELTKALKTKLDLSSLAYSGKDA

81 TAT-GG-SUMO- | MYGRKKRRQRRRGGSDSEVNQEAKPEVKPEVKPETHINLKVS
DGSSEIFFKIKK TTPLRRLMEAFAKRQGKEMDSLRFL YDGIRIQ
hFXN ADQTPEDLDMEDNDIIEAHREQIGGMWTLGRRAVAGLLASPS
PAQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQR
GLNQIWNVKKQSVYLMNLRKSGTLGHPGSLDETTYERLAEET
LDSLAEFFEDLADKPY TFEDYDVSFGSGVLTVKLGGDLGTY VI
NKQTPNKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELL

AAELTKALKTKLDLSSLAYSGKDA

56 | TAT-GG- MYGRKKRRQRRRGGMQIFVK TLTGKTITLEVEPSDTIENVKA
KIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLR
Ubiquitin-hFXN | LRGGMWTLGRRAVAGLLASPSPAQAQTLTRVPRPAELAPLCG
RRGLRTDIDATCTPRRASSNQRGLNQIWNVKKQSVYLMNLRK
SGTLGHPGSLDETTYERLAEETLDSLAEFFEDLADKPYTFEDY
DVSFGSGVLTVKLGGDLGTY VINKQTPNK QIWLSSPSSGPKRY
DWTGKNWVYSHDGVSLHELLAAELTKALKTKLDLSSLAYSG
KDA

57 | TAT-GG-DEVD- | MYGRKKRRQRRRGGDEVDMWTLGRRAVAGLLASPSPAQAQ
TLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQI
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SEQ
ID NO.

Fusion Protein

Sequence

hFXN

WNVKKQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDSLA
EFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLGTY VINKQTP
NKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELT
KALKTKLDLSSLAYSGKDA

58

TAT-GG-
EPLFAERK-
hFXN

MYGRKKRRQRRRGGEPLFAERKMWTLGRRAVAGLLASPSPA
QAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGL
NQIWNVKKQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLD
SLAEFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLGTY VINK
QTPNKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAE
LTKALKTKLDLSSLAYSGKDA

59

TAT-GG-LLVY-
hFXN

MYGRKKRRQRRRGGLLVYMWTLGRRAVAGLLASPSPAQAQ
TLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQI
WNVKKQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDSLA
EFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLGTY VINKQTP
NKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELT
KALKTKLDLSSLAYSGKDA

60

TAT-GG-hFXN-
NES1

MY GRKKRRQRRRGGMWTLGRRAVAGLLASPSPAQAQTLTR
VPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQIWNVK
KQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDSLAEFFED
LADKPYTFEDYDVSFGSGVLTVKLGGDLGTY VINKQTPNKQI
WLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELTKALK
TKLDLSSLAYSGKDALALKLAGLDL

61

TAT-GG-hFXN-
NES2

MY GRKKRRQRRRGGMWTLGRRAVAGLLASPSPAQAQTLTR
VPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQIWNVK
KQSVYLMNLRKSGTLGHPGSLDETTYERLAEETLDSLAEFFED
LADKPYTFEDYDVSFGSGVLTVKLGGDLGTY VINKQTPNKQI
WLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELTKALK
TKLDLSSLAYSGKDALQKKLEELEL

69

TAT-GG-
Ubiquitin-
PARKIN

MY GRKKRRQRRRGGMQIFVK TLTGKTITLEVEPSDTIENVKA
KIQDKEGIPPDQQRLIFAGKQLEDGRTLSDYNIQKESTLHLVLR
LRGGMIVFVRFNSSHGFPVEVDSDTSIFQLKEVVAKRQGVPAD
QLRVIFAGKELRNDWTVQNCDLDQQSIVHIVQRPWRK GQEM
NATGGDDPRNAAGGCEREPQSLTRVDLSSSVLPGDSVGLAVIL
HTDSRKDSPPAGSPAGRSIYNSFYVYCKGPCQRVQPGKLRVQ
CSTCRQATLTLTQGPSCWDDVLIPNRMSGECQSPHCPGTSAEF
FFKCGAHPTSDKETSVALHLIATNSRNITCITCTDVRSPVLVFQ
CNSRHVICLDCFHLYCVTRLNDRQFVHDPQLGYSLPCVAGCP
NSLIKELHHFRILGEEQYNRYQQYGAEECVLQMGGVLCPRPG
CGAGLLPEPDQRK VTCEGGNGLGCGFAFCRECKEAYHEGECS
AVFEASGTTTQAYRVDERAAEQARWEAASKETIKKTTKPCPR
CHVPVEKNGGCMHMK CPQPQCRLEWCWNCGCEWNRVCMG
DHWFDV

70

TAT-GG-
EPLFAERK-
PARKIN

MY GRKKRRQRRRGGEPLFAERKMIVFVRFNSSHGFPVEVDSD
TSIFQLKEVVAKRQGVPADQLRVIFAGKELRNDWTVQNCDLD
QQSIVHIVQRPWRK GQEMNATGGDDPRNAAGGCEREPQSLTR
VDLSSSVLPGDSVGLAVILHTDSRKDSPPAGSPAGRSIYNSFYV
YCKGPCQRVQPGKLRVQCSTCRQATLTLTQGPSCWDDVLIPN
RMSGECQSPHCPGTSAEFFFKCGAHPTSDKETSVALHLIATNS
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SEQ | Fusion Protein Sequence

ID NO.

RNITCITCTDVRSPVLVFQCNSRHVICLDCFHLYCVTRLNDRQF
VHDPQLGYSLPCVAGCPNSLIKELHHFRILGEEQYNRYQQYGA
EECVLOMGGVLCPRPGCGAGLLPEPDQRKVTCEGGNGLGCGF
AFCRECKEAYHEGECSAVFEASGTTTQAYRVDERAAEQARW
EAASKETIKKTTKPCPRCHVPVEKNGGCMHMK CPQPQCRLE
WCWNCGCEWNRVCMGDHWFDV

7 TAT-GG- MY GRKKRRQRRRGGMIVFVRFNSSHGFPVEVDSDTSIFQLKE
VVAKRQGVPADQLRVIFAGKELRNDWTVQNCDLDQQSIVHIV
PARKIN-NES1 | QRPWRKGQEMNATGGDDPRNAAGGCEREPQSLTRVDLSSSV
LPGDSVGLAVILHTDSRKDSPPAGSPAGRSIYNSFY VYCKGPC
QRVQPGKLRVQCSTCRQATLTLTQGPSCWDDVLIPNRMSGEC
QSPHCPGTSAEFFFKCGAHPTSDKETSVALHLIATNSRNITCITC
TDVRSPVLVFQCNSRHVICLDCFHLYCVTRLNDRQFVHDPQL
GYSLPCVAGCPNSLIKELHHFRILGEEQYNRYQQYGAEECVLQ
MGGVLCPRPGCGAGLLPEPDQRK VTCEGGNGLGCGFAFCREC
KEAYHEGECSAVFEASGTTTQAYRVDERAAEQARWEAASKE
TIKK TTKPCPRCHVPVEKNGGCMHMK CPQPQCRLEWCWNCG
CEWNRVCMGDHWFDVLALKLAGLDL

In some embodiments, the fusion protein provided by the present disclosure comprises or
consists of any one sequence as listed in Table 9, i.e., any of SEQ ID NOS: 55-61, 69-71 or 81
(SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID
NO: 60, SEQ ID NO: 61, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 or SEQ ID NO:
81). In some embodiments, the fusion protein provided by the present disclosure comprises or
consists of an amino acid sequence having at least 85%, e.g., at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to any
one sequence listed in Table 9, e.g., any of SEQ ID NOS. 55-61, 69-71 or 81 (SEQ ID NO: 55,
SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60,SEQ ID
NO: 61, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71 or SEQ ID NO: 81). In some
embodiments, the fusion protein of the present disclosure may comprise or consist of a
functional analogue, derivative or a fragment of any one sequence listed in Table 9, i.e., any of
SEQ ID NOS: 55-61 (SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ
ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 69, SEQ ID NO: 70, SEQ ID NO: 71
or SEQ ID NO: 81).

In one embodiment, the fusion protein comprises or consists of TAT-GG-SUMO1-hFXN

having an amino acid sequence as set forth in SEQ ID NO: 55. In one embodiment, the fusion
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protein comprises or consists of TAT-SS SUMO-hFXN having an amino acid sequence as set
forth in SEQ ID NO: 81. In one embodiment, the fusion protein comprises or consists of TAT-
GG-Ubiquitin-hFXN having an amino acid sequence as set forth in SEQ ID NO: 56. In one
embodiments, the fusion protein comprises or consists of TAT-GG-DEVD-hFXN having an
amino acid sequence as set forth in SEQ ID NO: 57. In one embodiment, the fusion protein
comprises or consists of TAT-GG-EPLFAERK-hFXN having an amino acid sequence as set
forth in SEQ ID NO: 58. In one embodiment, the fusion protein comprises or consists of TAT-
GG-LLVY-hFXN having an amino acid sequence as set forth in SEQ ID NO: 59. In one
embodiment, the fusion protein comprises or consists of TAT-GG-hFXN-NES1 having an
amino acid sequence as set forth in SEQ ID NO: 60. In one embodiment, the fusion protein
comprises or consists of TAT-GG-hFXN-NES2 having an amino acid sequence as set forth in
SEQ ID NO: 61. In one embodiment, the fusion protein comprises or consists of TAT-GG-
Ubiquitin-PARKIN having an amino acid sequence as set forth in SEQ ID NO: 69. In one
embodiment, the fusion protein comprises or consists of TAT-GG-EPLFAERK-PARKIN having
an amino acid sequence as set forth in SEQ ID NO: 70. In one embodiment, the fusion protein
comprises or consists of TAT-PARKIN-NES1 having an amino acid sequence as set forth in

SEQ ID NO: 71.

In some embodiments, the fusion protein provided by the present disclosure comprises:
1) an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99%
sequence identity to full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) any CPP as
described herein; and 3) any TES as described herein.

In some embodiments, the fusion protein provided by the present disclosure comprises:
1) an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99%
sequence identity to full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID
NO: 11 or SEQ ID NO: 83); and 3) any TES as described herein.

For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at
least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11 or SEQ ID
NO: 83); and 3) an amino acid sequence having at least 85%, at least 90%, at least 95% or at
least 99% to Ubiquitin (SEQ ID NO: 18).
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For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at
least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an
amino acid sequence having at least 85%, at least 90%, at least 95% or at least 99% to a calpain
cleavage domain of SEQ ID NO: 20.

For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at
least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11 or SEQ ID
NO: 83); and 3) an amino acid sequence having at least 85%, at least 90%, at least 95% or at
least 99% to any one of SEQ ID NO 19, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23,
SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID
NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34
and SEQ ID NO: 35.

In some embodiments, the fusion protein provided by the present disclosure comprises:
1) an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99%
sequence identity to PARKIN (SEQ ID NO: 7) as protein of interest; 2) any CPP as described
herein; and 3) any TES as described herein.

In some embodiments, the fusion protein provided by the present disclosure comprises:
1) an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99%
sequence identity to PARKIN (also referred to herein as “PARK2 protein”, SEQ ID NO: 7) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or

at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein.

For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
PARKIN (SEQ ID NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11 or SEQ ID NO: 83);
and 3) an amino acid sequence having at least 85%, at least 90%, at least 95% or at least 99% to

Ubiquitin (SEQ ID NO: 18).
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For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
PARKIN (SEQ ID NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11 or SEQ ID NO: 83);
and 3) an amino acid sequence having at least 85%, at least 90%, at least 95% or at least 99% to
a calpain cleavage domain of SEQ ID NO: 20.

For example, the fusion protein of the present disclosure may comprise 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
PARKIN (SEQ ID NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11 or SEQ ID NO: 83);
and 3) an amino acid sequence having at least 85%, at least 90%, at least 95% or at least 99% to
any one of SEQ ID NO 19, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24,
SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID
NO: 30, or SEQ ID NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO:
35.

In some embodiments, one or more of the fusion proteins provided by the present
disclosure may also include a post-translational modification characteristic of eukaryotic cells,
e.g., mammalian cells, e.g., human cells. In some embodiments, the fusion protein may
comprise one or more (e.g., 2, 3,4, 5,6, 7, 8,9, 10, or more) post-translational modifications,
such as glycosylation, phosphorylation, acetylation, or combinations thereof. In some
embodiments, glycosylation may include the addition of a glycosyl group to arginine,
asparagine, cysteine, hydroxylysine, serine, threonine, tyrosine, or tryptophan. The
glycosylation may comprise, e.g., O-linked glycosylation or N-linked glycosylation. Levels of
glycosylation of a fusion protein of the disclosure may be assessed in vitro using SDS-PAGE
gels and a Western Blot using a modification of Periodic acid-Schiff (PAS) methods. Cellular
localization of a fusion protein that may comprise glycosylation may be accomplished by
utilizing lectin fluorescent conjugates known in the art. Phosphorylation that may be present in
a fusion protein of the present disclosure may be assessed by Western blot using phospho-

specific antibodies.

Post-translation modifications that may be present in fusion protein of the present
disclosure may also include conjugation to a hydrophobic group (e.g., myristoylation,

palmitoylation, isoprenylation, prenylation, or glypiation), conjugation to a cofactor (e.g.,
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lipoylation, flavin moiety (e.g., FMN or FAD), heme C attachment, phosphopantetheinylation,
or retinylidene Schiff base formation), diphthamide formation, ethanolamine phosphoglycerol
attachment, hypusine formation, acylation (e.g. O-acylation, N-acylation, or S-acylation),
formylation, acetylation, alkylation (e.g., methylation or ethylation), amidation, butyrylation,
gamma-carboxylation, malonylation, hydroxylation, iodination, nucleotide addition such as
ADP-ribosylation, oxidation, phosphate ester (O-linked) or phosphoramidate (N-linked)
formation, (e.g., phosphorylation or adenylylation), propionylation, pyroglutamate formation, S-
glutathionylation, S-nitrosylation, succinylation, sulfation, ISGylation, SUMOylation,
ubiquitination, neddylation, or a chemical modification of an amino acid (e.g., citrullination,
deamidation, eliminylation, or carbamylation), formation of a disulfide bridge, racemization

(e.g., of proline, serine, alanine, or methionine).

Nucleic Acids

The present disclosure also provides a nucleic acid encoding a fusion protein as

described above, or any variants thereof.

As used herein, the term “nucleic acid(s)” is interchangeable with the term
“polynucleotide(s)” and generally refers to any polyribonucleotide or poly-deoxyribonucleotide,
which may be unmodified RNA or DNA or modified RNA or DNA or any combination thereof.

The term “nucleic acid(s)” include, without limitation, single- and double-stranded nucleic acids.

The present disclosure provides fusion proteins as described herein, or variants thereof.
Variants provided by the present disclosure may include conservatively substituted variants that
apply to both amino acid and nucleic acid sequences. With respect to nucleic acid sequences,
conservatively modified variants refer to those nucleic acids which encode identical or
essentially identical amino acid sequences. Specifically, degenerate codon substitutions may be
achieved by generating sequences in which the third position of one or more selected (or all)
codons is substituted with mixed base and/or deoxyinosine residues. Because of the degeneracy
of the genetic code, a large number of functionally identical nucleic acids encode any given
protein. For instance, the codons GCA, GCC, GCG and GCU all encode the amino acid alanine.
Thus, at every position where an alanine is specified by a codon, the codon can be altered to any
of the corresponding codons described without altering the encoded polypeptide. Such nucleic

acid variations are silent variations, which are one species of conservatively modified variations.
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Every nucleic acid sequence described herein which encodes a polypeptide also describes every
possible silent variation of the nucleic acid. One of skill will recognize that each codon in a
nucleic acid (except AUG, which is ordinarily the only codon for methionine, and TGG, which
is ordinarily the only codon for tryptophan) can be modified to encode a functionally identical
polypeptide. Accordingly, each silent variation of a nucleic acid which encodes a polypeptide is

implicit in each described sequence.

With regard to conservative substitution of amino acid sequences, an ordinary artisan
may recognize that individual substitution(s), deletion(s) or addition(s) to a nucleic acid, peptide,
polypeptide, or protein sequence which alters, adds or deletes a single amino acid or a small
percentage of amino acids in the encoded sequence is a conservatively modified variant where
the alteration results in the substitution of an amino acid with a chemically similar amino acid.
Conservative substitution tables providing functionally similar amino acids are well known in
the art. Such conservatively modified variants are in addition to and do not exclude polymorphic

variants, interspecies homologs, and alleles of the disclosure.

The following groups each contain amino acids that are conservative substitutions for

one another:
1) alanine (A), glycine (G);
2) serine (S), threonine (T);
3) aspartic acid (D), glutamic acid (E);
4) asparagine (N), glutamine (Q);
5) cysteine (C), methionine (M),
6) arginine (R), lysine (K), histidine (H);
7) isoleucine (1), leucine (L), valine (V); and
8) phenylalanine (F), tyrosine (Y), tryptophan (W).

Listed in Table 10 below are certain exemplary nucleic acids encoding fusion proteins of

the present disclosure.
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Nucleic acids encoding fusion proteins of the disclosure.

SEQ
ID NO.

Fusion Protein

Sequence

62

TAT-GG-
SUMO1-hFXN

ATGTACGGCCGCAAGAAGCGGAGACAGAGGCGCCGGGGAGGA
ATGTCCGACCAGGAGGCCAAGCCCTCTACCGAGGACCTGGGCG
ATAAGAAGGAGGGCGAGTACATCAAGCTGAAAGTGATCGGCC
AGGATAGCTCCGAGATCCACTTCAAGGTGAAGATGACCACACA
CCTGAAGAAGCTGAAGGAGTCTTATTGCCAGCGGCAGGGCGTG
CCAATGAACAGCCTGAGATTCCTGTTTGAGGGCCAGAGGATCG
CCGACAATCACACCCCCAAGGAGCTGGGCATGGAGGAGGAGG
ATGTGATCGAGGTGTATCAGGAGCAGACCGGCGGCATGTGGAC
ACTGGGCAGAAGGGCAGTGGCAGGCCTGCTGGCATCCCCATCT
CCTGCACAGGCACAGACCCTGACACGCGTGCCACGGCCCGCAG
AGCTGGCACCACTGTGCGGCCGGAGAGGCCTGAGGACAGACAT
CGATGCCACCTGTACACCTAGAAGGGCCTCTAGCAACCAGCGG
GGCCTGAACCAGATCTGGAATGTGAAGAAGCAGTCCGTGTACC
TGATGAATCTGAGAAAGAGCGGCACCCTGGGACACCCTGGCTC
CCTGGACGAGACAACATATGAGAGGCTGGCCGAGGAGACACTG
GATTCTCTGGCCGAGTTCTTTGAGGACCTGGCCGATAAGCCATA
CACCTTCGAGGACTATGATGTGAGCTTTGGCTCCGGCGTGCTGA
CAGTGAAGCTGGGAGGCGACCTGGGCACCTACGTGATCAACAA
GCAGACACCTAATAAGCAGATCTGGCTGTCCTCTCCTAGCTCCG
GCCCAAAGCGGTACGACTGGACCGGCAAGAACTGGGTGTATTC
TCACGATGGCGTGAGCCTGCACGAGCTGCTGGCAGCAGAGCTG
ACCAAGGCCCTGAAGACAAAGCTGGACCTGTCTAGCCTGGCCT
ATAGCGGCAAGGATGCCTGA

63

TAT-GG-
Ubiquitin-hFXN

ATGTACGGCCGGAAGAAGCGGAGACAGAGGCGCCGGGGAGGA
ATGCAGATCTTCGTGAAGACCCTGACAGGCAAGACCATCACAC
TGGAGGTGGAGCCCTCTGACACCATCGAGAACGTGAAGGCCAA
GATCCAGGACAAGGAGGGCATCCCCCCTGATCAGCAGCGCCTG
ATCTTTGCAGGCAAGCAGCTGGAGGACGGACGGACCCTGTCTG
ATTATAATATCCAGAAGGAGAGCACACTGCACCTGGTGCTGAG
GCTGAGGGGAGGAATGTGGACCCTGGGCAGAAGGGCAGTGGC
AGGCCTGCTGGCCTCTCCAAGCCCAGCACAGGCACAGACCCTG
ACAAGAGTGCCTAGGCCAGCAGAGCTGGCACCACTGTGCGGCC
GGAGAGGCCTGAGAACAGACATCGATGCCACCTGTACACCCAG
AAGGGCCAGCTCCAACCAGAGGGGCCTGAACCAGATCTGGAAT
GTGAAGAAGCAGAGCGTGTACCTGATGAATCTGAGGAAGTCCG
GCACCCTGGGACACCCTGGCTCTCTGGACGAGACAACATATGA
GCGGCTGGCCGAGGAGACACTGGATTCCCTGGCCGAGTTCTTT
GAGGACCTGGCCGATAAGCCATACACCTTCGAGGACTATGACG
TGAGCTTCGGCTCTGGCGTGCTGACAGTGAAGCTGGGCGGCGA
TCTGGGCACCTACGTGATCAACAAGCAGACACCTAATAAGCAG
ATCTGGCTGTCTAGCCCCTCCTCTGGCCCTAAGAGATACGACTG
GACCGGCAAGAACTGGGTGTATAGCCACGATGGCGTGTCCCTG
CACGAGCTGCTGGCAGCAGAGCTGACCAAGGCCCTGAAGACAA
AGCTGGACCTGAGCTCCCTGGCCTATTCCGGCAAGGATGCCTG
A

64

TAT-GG-DEVD-
hFXN

ATGTACGGCAGAAAGAAGAGGCGGCAGAGACGCAGGGGAGGC
GACGAGGTGGATATGTGGACCCTGGGCCGGAGAGCAGTGGCAG
GACTGCTGGCCTCTCCCAGCCCTGCCCAGGCCCAGACCCTGACA
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SEQ
ID NO.

Fusion Protein

Sequence

CGCGTGCCAAGGCCAGCAGAGCTGGCACCACTGTGCGGCCGCA
GGGGCCTGCGGACAGACATCGATGCCACCTGTACACCTCGGAG
AGCCAGCTCCAACCAGAGAGGCCTGAACCAGATCTGGAATGTG
AAGAAGCAGTCCGTGTACCTGATGAATCTGAGGAAGTCTGGCA
CCCTGGGACACCCAGGCAGCCTGGACGAGACCACATACGAGAG
GCTGGCCGAGGAGACACTGGATTCTCTGGCCGAGTTCTTTGAG
GACCTGGCCGATAAGCCCTACACCTTCGAGGACTACGACGTGA
GCTTCGGCTCTGGCGTGCTGACAGTGAAGCTGGGCGGCGACCT
GGGCACCTACGTGATCAACAAGCAGACACCTAATAAGCAGATC
TGGCTGTCTAGCCCTTCCTCTGGCCCAAAGAGGTACGACTGGAC
CGGCAAGAACTGGGTGTACAGCCACGATGGCGTGTCCCTGCAC
GAGCTGCTGGCAGCAGAGCTGACCAAGGCCCTGAAGACAAAGC
TGGACCTGAGCTCCCTGGCCTACAGCGGCAAGGATGCCTGA

65

TAT-GG-
EPLFAERK-
hFXN

ATGTATGGAAGGAAGAAGAGACGGCAGAGACGGAGAGGAGGC
GAGCCCCTGTTTGCTGAGCGGAAGATGTGGACCCTGGGAAGGC
GGGCAGTGGCAGGCCTGCTGGCAAGCCCATCCCCTGCACAGGC
ACAGACCCTGACAAGGGTGCCACGGCCCGCAGAGCTGGCACCA
CTGTGCGGCAGGCGGGGCCTGAGAACCGACATCGATGCCACCT
GTACACCTAGAAGGGCCAGCTCCAACCAGAGGGGCCTGAACCA
GATCTGGAATGTGAAGAAGCAGAGCGTGTACCTGATGAATCTG
AGGAAGAGCGGCACCCTGGGACACCCAGGCTCCCTGGACGAGA
CAACATACGAGAGGCTGGCCGAGGAGACACTGGATTCCCTGGC
CGAGTTCTTTGAGGACCTGGCCGATAAGCCCTACACCTTCGAGG
ACTACGACGTGAGCTTCGGCAGCGGCGTGCTGACAGTGAAGCT
GGGAGGCGACCTGGGCACCTACGTGATCAACAAGCAGACACCT
AATAAGCAGATCTGGCTGTCTAGCCCTTCCTCTGGCCCAAAGCG
GTACGACTGGACCGGCAAGAACTGGGTGTACTCCCACGATGGC
GTGTCTCTGCACGAGCTGCTGGCAGCAGAGCTGACAAAAGCAC
TGAAAACAAAACTGGACCTGTCATCACTGGCATACTCTGGAAA
GGACGCATAA

66

TAT-GG-LLVY-
hFXN

ATGTACGGCAGAAAGAAGAGGCGGCAGAGACGCAGGGGAGGA
CTGCTGGTGTACATGTGGACCCTGGGCCGGAGAGCAGTGGCAG
GACTGCTGGCCTCTCCCAGCCCTGCCCAGGCCCAGACCCTGACA
CGCGTGCCAAGGCCAGCAGAGCTGGCACCACTGTGCGGCCGCA
GGGGCCTGCGGACAGACATCGATGCCACCTGTACACCTCGGAG
AGCCAGCTCCAACCAGAGAGGCCTGAACCAGATCTGGAATGTG
AAGAAGCAGTCCGTGTACCTGATGAATCTGAGGAAGTCTGGCA
CCCTGGGACACCCAGGCAGCCTGGACGAGACCACATACGAGAG
GCTGGCCGAGGAGACACTGGATTCTCTGGCCGAGTTCTTTGAG
GACCTGGCCGATAAGCCCTACACCTTCGAGGACTACGACGTGA
GCTTCGGCTCTGGCGTGCTGACAGTGAAGCTGGGCGGCGACCT
GGGCACCTACGTGATCAACAAGCAGACACCTAATAAGCAGATC
TGGCTGTCTAGCCCTTCCTCTGGCCCAAAGAGGTACGACTGGAC
CGGCAAGAACTGGGTGTACAGCCACGATGGCGTGTCCCTGCAC
GAGCTGCTGGCAGCAGAGCTGACCAAGGCCCTGAAGACAAAGC
TGGACCTGAGCTCCCTGGCCTACAGCGGCAAGGATGCCTGA

67

TAT-GG-hFXN-
NES1

ATGTATGGAAGGAAGAAGAGACGGCAGAGACGGAGAGGAGGC
GAGCCCCTGTTTGCTGAGCGGAAGATGTGGACCCTGGGAAGGC
GGGCAGTGGCAGGCCTGCTGGCAAGCCCATCCCCTGCACAGGC
ACAGACCCTGACAAGGGTGCCACGGCCCGCAGAGCTGGCACCA
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SEQ
ID NO.

Fusion Protein

Sequence

CTGTGCGGCAGGCGGGGCCTGAGAACCGACATCGATGCCACCT
GTACACCTAGAAGGGCCAGCTCCAACCAGAGGGGCCTGAACCA
GATCTGGAATGTGAAGAAGCAGAGCGTGTACCTGATGAATCTG
AGGAAGAGCGGCACCCTGGGACACCCAGGCTCCCTGGACGAGA
CAACATACGAGAGGCTGGCCGAGGAGACACTGGATTCCCTGGC
CGAGTTCTTTGAGGACCTGGCCGATAAGCCCTACACCTTCGAGG
ACTACGACGTGAGCTTCGGCAGCGGCGTGCTGACAGTGAAGCT
GGGAGGCGACCTGGGCACCTACGTGATCAACAAGCAGACACCT
AATAAGCAGATCTGGCTGTCTAGCCCTTCCTCTGGCCCAAAGCG
GTACGACTGGACCGGCAAGAACTGGGTGTACTCCCACGATGGC
GTGTCTCTGCACGAGCTGCTGGCAGCAGAGCTGACAAAAGCAC
TGAAAACAAAACTGGACCTGTCATCACTGGCATACTCTGGAAA
GGACGCATAA

68

TAT-GG-hFXN-
NES2

ATGTACGGCAGAAAGAAGAGGCGGCAGAGACGCAGGGGAG
GAATGTGGACCCTGGGCCGGAGAGCAGTGGCAGGACTGCTGGC
CTCTCCCAGCCCTGCCCAGGCCCAGACCCTGACACGCGTGCCA
AGGCCAGCAGAGCTGGCACCACTGTGCGGCCGCAGGGGCCTGC
GGACAGACATCGATGCCACCTGTACACCTCGGAGAGCCAGCTC
CAACCAGAGAGGCCTGAACCAGATCTGGAATGTGAAGAAGCA
GTCCGTGTACCTGATGAATCTGAGGAAGTCTGGCACCCTGGGA
CACCCAGGCAGCCTGGACGAGACCACATACGAGAGGCTGGCCG
AGGAGACACTGGATTCTCTGGCCGAGTTCTTTGAGGACCTGGCC
GATAAGCCCTACACCTTCGAGGACTACGACGTGAGCTTCGGCT
CTGGCGTGCTGACAGTGAAGCTGGGCGGCGACCTGGGCACCTA
CGTGATCAACAAGCAGACACCTAATAAGCAGATCTGGCTGTCT
AGCCCTTCCTCTGGCCCAAAGAGGTACGACTGGACCGGCAAGA
ACTGGGTGTACAGCCACGATGGCGTGTCCCTGCACGAGCTGCT
GGCAGCAGAGCTGACCAAGGCCCTGAAGACAAAGCTGGACCTG
AGCTCCCTGGCCTACAGCGGCAAGGATGCCCTGCAGAAGAAGC
TGGAGGAGCTGGAGCTGTGA

86

TAT-GG-
Ubiquitin-
PARKIN

ATGTACGGCCGGAAGAAGCGGCGGCAGCGTCGGAGAGGCGGC
ATGCAGATCTTCGTGAAAACATTAACCGGCAAGACCATCACCC
TGGAAGTGGAACCTAGCGACACCATCGAGAACGTGAAGGCCAA
GATCCAGGACAAGGAAGGCATCCCTCCTGATCAGCAGCGACTG
ATTTTCGCTGGAAAGCAGCTGGAAGATGGCAGAACCCTGAGCG
ACTACAACATCCAGAAGGAGAGCACACTGCACCTGGTGCTGAG
GCTGCGGGGCGGCATGATCGTGTTCGTGAGATTCAACAGCAGC
CACGGCTTCCCCGTCGAGGTGGATTCTGACACCAGCATCTTTCA
ACTGAAGGAAGTGGTGGCAAAGAGACAGGGCGTGCCCGCCGAT
CAACTGCGGGTAATCTTCGCCGGAAAAGAGCTGAGAAATGACT
GGACAGTGCAGAACTGCGACCTGGATCAGCAAAGCATTGTGCA
CATCGTGCAGCGGCCTTGGCGGAAAGGCCAGGAGATGAACGCC
ACCGGCGGAGATGATCCTAGAAATGCTGCTGGCGGCTGCGAGC
GGGAACCCCAGAGCCTGACCAGAGTGGACCTGTCCAGCTCTGT
GCTACCAGGCGACAGCGTGGGCCTGGCCGTGATCCTGCACACA
GATTCCAGAAAGGACAGCCCACCTGCCGGCAGCCCGGCCGGAA
GGTCCATCTACAACTCCTTCTACGTGTACTGCAAGGGCCCTTGC
CAGAGAGTGCAACCTGGCAAACTGAGAGTTCAGTGCTCTACAT
GTAGACAAGCCACACTGACACTGACCCAGGGCCCCAGCTGTTG
GGACGACGTGCTGATCCCCAACAGAATGAGCGGCGAGTGCCAA
AGCCCCCACTGCCCTGGCACCAGCGCCGAGTTCTTCTTTAAGTG
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SEQ
ID NO.

Fusion Protein

Sequence

TGGAGCTCACCCCACCTCCGACAAGGAAACCAGCGTGGCCCTG
CATCTGATCGCCACCAACAGCAGAAACATCACCTGTATCACAT
GCACCGACGTCAGAAGCCCTGTGCTTGTGTTTCAGTGTAATAGC
CGGCACGTGATCTGCCTGGACTGCTTCCACCTGTACTGCGTGAC
CAGACTGAACGACAGACAGTTTGTGCACGACCCTCAGCTGGGC
TACTCGCTGCCTTGTGTGGCCGGCTGTCCTAACTCTCTGATCAA
GGAACTGCATCACTTCAGAATCCTGGGCGAGGAACAGTACAAC
CGGTACCAGCAGTACGGCGCCGAGGAATGCGTGCTGCAGATGG
GCGGAGTGCTGTGCCCTAGACCCGGATGTGGAGCCGGACTGCT
GCCTGAGCCCGACCAGCGGAAAGTGACCTGCGAGGGAGGCAAC
GGCCTCGGCTGCGGTTTCGCCTTCTGCAGAGAATGTAAAGAAG
CTTACCACGAGGGGGAGTGTTCTGCCGTGTTCGAGGCCTCTGGC
ACAACCACCCAGGCTTATAGAGTGGACGAGAGAGCCGCCGAGC
AGGCCAGATGGGAGGCCGCCAGCAAGGAGACAATCAAGAAGA
CCACAAAGCCTTGCCCACGCTGCCACGTGCCTGTGGAAAAGAA
CGGCGGCTGTATGCACATGAAGTGCCCTCAGCCTCAGTGCAGA
CTGGAATGGTGCTGGAACTGCGGCTGCGAGTGGAATAGAGTCT
GCATGGGCGATCACTGGTTCGACGTT

87

TAT-GG-
EPLFAERK-
PARKIN

ATGTACGGCAGAAAGAAAAGACGCCAGAGACGGCGGGGCGGC
GAGCCTCTGTTCGCCGAAAGAAAGATGATTGTGTTTGTCAGATT
TAATTCTTCACACGGATTTCCCGTCGAAGTGGATTCAGACACCA
GTATTTTTCAGCTTAAGGAGGTCGTAGCCAAGCGGCAGGGCGT
GCCCGCCGACCAATTGAGAGTGATCTTTGCTGGAAAAGAATTG
AGGAATGATTGGACTGTCCAGAACTGCGATTTGGATCAGCAGT
CTATCGTGCATATAGTTCAGCGACCATGGCGCAAGGGACAGGA
GATGAATGCAACCGGAGGCGACGACCCACGGAATGCAGCCGG
AGGGTGTGAGAGAGAGCCCCAGAGTTTGACTCGGGTCGATCTG
AGCTCTAGCGTACTCCCAGGGGATTCAGTGGGACTCGCAGTTAT
CCTGCATACTGACTCCAGAAAGGACTCACCGCCCGCCGGGAGT
CCGGCCGGAAGATCAATTTATAATAGCTTTTACGTTTATTGTAA
GGGACCCTGTCAGAGAGTACAGCCCGGCAAGTTGAGGGTGCAA
TGTAGTACCTGCCGCCAGGCCACGCTGACACTCACACAGGGAC
CATCCTGTTGGGACGACGTGCTTATCCCCAACAGGATGTCCGGT
GAGTGTCAATCCCCTCACTGCCCTGGGACAAGCGCCGAATTCTT
CTTCAAATGTGGTGCCCACCCCACATCCGACAAGGAGACTTCCG
TCGCCCTGCACCTGATCGCAACTAACAGCCGGAATATCACGTGC
ATCACCTGCACGGATGTGCGGTCCCCTGTGCTGGTCTTTCAGTG
TAATTCTCGGCACGTGATCTGCCTTGACTGCTTCCACCTGTACT
GCGTTACACGACTGAACGACAGGCAGTTCGTGCATGACCCTCA
GCTTGGGTACTCTCTTCCATGTGTTGCCGGGTGTCCTAACTCATT
GATCAAGGAGCTCCACCACTTCAGGATTTTGGGGGAGGAGCAA
TATAACCGATACCAGCAGTACGGCGCCGAGGAGTGTGTGCTGC
AGATGGGAGGAGTACTTTGTCCACGCCCGGGATGTGGAGCAGG
CCTGCTCCCAGAACCAGATCAACGCAAGGTGACGTGTGAGGGA
GGAAATGGGCTCGGCTGCGGGTTCGCCTTTTGCAGGGAGTGTA
AGGAGGCCTATCATGAAGGTGAATGCTCCGCTGTGTTCGAGGC
CTCTGGTACTACCACTCAGGCCTATAGGGTCGACGAGAGAGCT
GCTGAGCAAGCCCGATGGGAGGCTGCAAGCAAAGAAACCATCA
AGAAAACTACGAAGCCATGCCCTCGCTGCCATGTGCCCGTCGA
GAAGAACGGTGGCTGCATGCACATGAAGTGTCCACAGCCCCAG
TGCCGGTTGGAATGGTGTTGGAATTGCGGATGCGAATGGAACC

52




WO 2021/195597 PCT/US2021/024534

SEQ | Fusion Protein Sequence

ID NO.

GCGTCTGCATGGGCGATCACTGGTTCGACGTT

88 TAT-GG- ATGTACGGAAGAAAAAAGCGGAGACAGAGAAGAAGAGGCGGG
ATGATCGTGTTCGTGCGGTTCAACAGCAGCCACGGCTTTCCAGT
PARKIN-NES1 | cGAGGTGGACTCTGACACCTCCATCTTCCAGCTGAAGGAGGTG
GTGGCCAAGCGGCAGGGCGTGCCTGCCGATCAGCTGAGGGTGA
TCTTTGCCGGGAAGGAGCTGCGGAATGACTGGACCGTACAGAA
CTGCGACCTGGACCAGCAATCTATCGTGCACATCGTGCAGCGA
CCTTGGCGGAAGGGCCAGGAGATGAACGCTACAGGCGGCGAC

GACCCTAGAAATGCCGCCGGCGGATGTGAACGGGAACCTCAAT
CTCTGACACGGGTGGATCTGAGCTCTAGCGTGCTCCCCGGAGAC
TCTGTGGGCCTGGCCGTGATCCTGCACACCGACAGCAGGAAGG
ACAGCCCCCCCGCCGGAAGTCCTGCCGGCAGATCCATCTACAA
CTCTTTCTACGTGTACTGCAAAGGCCCTTGCCAGCGCGTGCAGC
CTGGCAAGCTGAGAGTGCAATGTAGCACCTGTAGACAGGCCAC
ACTGACACTGACCCAGGGACCTAGCTGCTGGGATGATGTGCTG
ATTCCTAACAGAATGAGCGGCGAGTGCCAGAGCCCTCACTGCC
CCGGCACAAGCGCCGAATTCTTCTTCAAGTGCGGCGCCCACCCT
ACCAGCGACAAGGAGACAAGCGTGGCCCTGCATCTAATCGCCA
CTAACAGCAGAAACATCACCTGTATCACCTGCACCGACGTCAG
AAGCCCAGTGCTCGTGTTTCAGTGCAACAGCCGGCACGTGATCT
GCCTGGATTGCTTCCACCTGTACTGTGTCACCAGACTGAACGAT
AGACAGTTCGTGCATGATCCACAGCTGGGCTACAGCCTGCCCTG
CGTTGCCGGCTGTCCTAACTCCCTGATCAAGGAACTGCACCACT
TCCGGATCCTGGGCGAGGAACAGTACAACCGCTACCAGCAGTA
CGGCGCCGAGGAATGCGTGCTGCAGATGGGAGGAGTGCTGTGC
CCCAGACCTGGATGCGGTGCTGGACTGCTGCCTGAGCCCGACC
AAAGAAAGGTGACCTGCGAGGGCGGCAACGGCCTGGGCTGTGG
CTTCGCCTTCTGCAGAGAGTGCAAGGAAGCCTATCACGAGGGC
GAATGCAGCGCCGTGTTTGAGGCTTCTGGCACCACCACCCAGG
CTTATAGAGTCGACGAGCGGGCCGCTGAGCAGGCCAGATGGGA
GGCTGCCAGCAAGGAAACCATCAAGAAAACAACAAAGCCCTGC
CCTAGATGTCACGTGCCAGTTGAGAAGAACGGCGGCTGCATGC
ACATGAAATGTCCTCAGCCTCAGTGCAGACTGGAATGGTGCTG
GAATTGCGGCTGTGAATGGAATCGGGTGTGCATGGGCGACCAC
TGGTTCGATGTGCTGGCCCTGAAACTGGCAGGCCTGGACCTG

In some embodiments, nucleic acid sequences encoding fusion proteins of the present
disclosure comprises any one sequence as listed in Table 10, i.e., any of SEQ ID NOS: 62-68
(SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, SEQ ID
5 NO: 67, SEQ ID NO: 68, SEQ ID NO: 86, SEQ ID NO: 87 or SEQ ID NO: 88). In some
embodiments, a nucleic acid sequence encoding a fusion protein provided by the present
disclosure comprises a sequence having at least 85%, e.g., at least 86%, at least 87%, at least
88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, at least 99%, or 100% sequence identity to any of
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SEQ ID NOS. 62-68 (SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ
ID NO: 66, SEQ ID NO: 67, SEQ ID NO: 68, SEQ ID NO: 86, SEQ ID NO: 87 or SEQ ID NO:
88).

In one embodiment, the nucleic acid sequence encoding a fusion protein TAT-GG-
SUMO1-hFXN has a sequence as set forth in SEQ ID NO: 62. In one embodiment, the nucleic
acid sequence encoding a fusion protein TAT-GG-Ubiquitin-hFXN has a sequence as set forth in
SEQ ID NO: 63. In one embodiments, the nucleic acid sequence encoding a fusion protein
TAT-GG-DEVD-hFXN has a sequence as set forth in SEQ ID NO: 64. In one embodiment, the
nucleic acid sequence encoding a fusion protein TAT-GG-EPLFAERK-hFXN has a sequence as
set forth in SEQ ID NO: 65. In one embodiment, the nucleic acid sequence encoding a fusion
protein TAT-GG-LLVY-hFXN has a sequence as set forth in SEQ ID NO: 66. In one
embodiment, the nucleic acid sequence encoding a fusion protein TAT-GG-hFXN-NES1 has a
sequence as set forth in SEQ ID NO: 67. In one embodiment, the nucleic acid sequence
encoding a fusion protein TAT-GG-hFXN-NES2 has a sequence as set forth in SEQ ID NO: 68.
In one embodiment, the nucleic acid sequence encoding a fusion protein TAT-GG-Ubiquitin-
PARKIN has a sequence as set forth in SEQ ID NO: 86. In one embodiment, the nucleic acid
sequence encoding a fusion protein TAT-GG-EPLFAERK-PARKIN has a sequence as set forth
in SEQ ID NO: 87. In one embodiment, the nucleic acid sequence encoding a fusion protein

TAT-GG-PARKIN-NES1 has a sequence as set forth in SEQ ID NO: 88.

The present disclosure also provides an expression vector for producing a fusion protein
as defined herein in a cell, e.g., a mammalian cell, a bacterial cell or a fungal cell. The
expression vector of the present disclosure may comprise a nucleic acid encoding a fusion
protein of the present disclosure, e.g., any one of SEQ ID NOS. 62-68. By way of example, the
expression vector may be a retroviral vector, a DNA vector, a plasmid, an RNA vector, an
adenoviral vector, an adenovirus associated vector, a lentiviral vector, a phagemid, a

baculovirus, or any combination thereof.

Vectors

Vectors may enable the integration of DNA fragments or nucleic acid sequences into the
genome of the host or enable expression of genetic elements that are not integrated. Vectors are

typically self-replicating DNA or RNA constructs containing the desired nucleic acid sequences,
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and operably linked genetic control elements that are recognized in a suitable host cell and effect
the translation of the desired spacers. Generally, the genetic control elements may include a
prokaryotic promoter system or a eukaryotic promoter expression control system. Such system
typically includes a transcriptional promoter and transcription enhancers to elevate the level of
RNA expression. Vectors usually contain an origin of replication that allows the vector to
replicate independently of the host cell. Accordingly, the term control and regulatory elements
include promoters, terminators and other expression control elements. Such regulatory elements
are described in the art and known to the skilled artisan. For instance, any of a wide variety of
expression control sequences that control the expression of a DNA sequence when operatively
linked to it may be used in these vectors to express DNA sequences encoding any desired fusion

protein as described herein.

A vector may additionally include appropriate restriction sites, antibiotic resistance or
other markers for selection of vector-containing cells. Plasmids are the most commonly used
form of vector but other forms of vectors which serve an equivalent function, and which are, or

become, known in the art are suitable for use herein.

A vector may also be referred to as a construct, or as recombinant nucleic acid. As
referred to herein, the term “recombinant DNA”, “recombinant nucleic acid sequence” or
“recombinant gene” refers to a nucleic acid comprising an open reading frame (ORF) encoding a
fusion protein as described herein. A construct comprising an ORF encoding a fusion protein as
described herein may optionally further comprise additional elements such as promoters,
regulatory and control elements, translation, expression and other signals, operably linked to the
nucleic acid sequence described herein. The term “operatively-linked”, as used herein, is
intended to mean attached in a manner which allows for transgene transcription. The term
“encoding”, as used herein, is intended to mean that the subject nucleic acid may be transcribed
and translated into either the desired polypeptide or the subject protein in an appropriate
expression system, e.g., when the subject nucleic acid is linked to appropriate control sequences
such as promoter and enhancer elements in a suitable vector (e.g., an expression vector) and

when the vector is introduced into an appropriate system or cell.

According to some embodiments, recombinant DNA encoding a fusion protein of the
present disclosure may be cloned into a vector, e.g., lentiviral vector plasmid capable of
integration into a cell. According to some embodiments, recombinant DNA encoding the one or

more fusion proteins may be cloned into a plasmid DNA construct encoding a selectable trait,
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such as an antibiotic resistance gene. According to some embodiments, recombinant DNA
encoding the fusion proteins may be cloned into a plasmid construct that is adapted to stably

express a fusion protein in a cell.

Conjugate

The present disclosure also provides a conjugate for intracellular delivery of a protein of
interest to a non-nuclear organelle. The conjugate of the disclosure may comprise a fusion
protein as defined in the disclosure, and at least one of a label, for example a radioactive,
fluorescent, chromophore, enzymatic, peptide or protein label, a small molecule, or a polymer

(such as polyethylene glycol, PEG, for example).

Cell

The present disclosure also provides a cell comprising any one of a fusion protein, a
nucleic acid, a vector, a conjugate, or any combination thereof, as described herein. In some
aspects, the cell may be a stem cell or an iPS cell. In other aspects, a cell may be selected from
the group consisting of a muscle progenitor cell, a neuron progenitor cell, a bone marrow stem
cell, a bacterial cell, or a yeast cell. By way of example, a cell may be any one of a muscle or
muscle progenitor cell, a fibroblast, an epidermal cell, a cardiac cell, a stem cell, an embryonic
stem cell, a pluripotent cell, a neuron, a bone marrow stem cell, and including yeast or bacteria

cell lines.

In certain embodiments, the cell comprising a fusion protein, a nucleic acid, a vector, a
conjugate, or any combination thereof, may be selected from the group consisting of a long term
hematopoietic stem cell, a short term hematopoietic stem cell, a multipotent progenitor cell, a
lineage restricted progenitor cell, a lymphoid progenitor cell, a myeloid progenitor cell, a
common myeloid progenitor cell, an erythroid progenitor cell, a megakaryocyte erythroid
progenitor cell, a retinal cell, a photoreceptor cell, a rod cell, a cone cell, a retinal pigmented
epithelium cell, a trabecular meshwork cell, a cochlear hair cell, an outer hair cell, an inner hair
cell, a pulmonary epithelial cell, a bronchial epithelial cell, an alveolar epithelial cell, a

pulmonary epithelial progenitor cell, a striated muscle cell, a cardiac muscle cell, a muscle
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satellite cell, a neuron, a neuronal stem cell, a mesenchymal stem cell, an induced pluripotent
stem (iPS) cell, an embryonic stem cell, a fibroblast, a monocyte-derived macrophage or
dendritic cell, a megakaryocyte, a neutrophil, an eosinophil, a basophil, a mast cell, a cell, a B
cell, e.g., a progenitor B cell, a Pre B cell, a Pro B cell, a memory B cell, a plasma B cell, a
gastrointestinal epithelial cell, a biliary epithelial cell, a pancreatic ductal epithelial cell, an
intestinal stem cell, a hepatocyte, a liver stellate cell, a Kupffer cell, an osteoblast, an osteoclast,
an adipocyte, a preadipocyte, a pancreatic islet cell (e.g., a beta cell, an alpha cell, a delta cell), a

pancreatic exocrine cell, a Schwann cell and an oligodendrocyte.

In some embodiments, the cell comprising the fusion protein is a dividing cell. In other

embodiments, the cell comprising the fusion protein is a non-dividing cell.

In some embodiments, the cell comprising the fusion protein of the present disclosure
may be in a subject, such as a subject who is administered the fusion protein, e.g., for treating a
pathological condition, e.g., a genetic disorder. In some examples, the pathological condition
may be a non-nuclear organelle associated disorder. In one specific example, the pathological

condition is Friedrich’s Ataxia.

In one specific example, the subject may be administered a fusion protein of the present
disclosure, e.g., any of SEQ ID NOS. 55-61, for treating Friedrich’s Ataxia. In other examples,
the subject may be administered a fusion protein of the present disclosure for treating a
mitochondrial disorder, e.g., mitochondrial myopathy, diabetes mellitus and deafness, Leber's
hereditary optic neuropathy, neuropathy, retinitis pigmentosa, ptosis (NARP), myoneurogenic
gastrointestinal encephalopathy, myoclonic epilepsy, Alzheimer’s disease, muscular dystrophy,
Lou Gehrig’s disease, and cancer. In yet other examples, the subject may be administered the
fusion protein of the present disclosure for treating a lysosomal disorder, such as a lipid storage
disease of the group of sphingolipoidoses disease (e.g., a Niemann-Pick disease, Fabry disease,
Krabbe disease, Gaucher disease, Tay—Sachs disease or metachromatic leukodystrophy), Hunter
syndrome, I-cell disease, multiple sulfatase deficiency, mucolipidosis type II and IIIA,
galactosialidosis, GM2-AP deficiency, SAP deficiency and Salla disease. In yet other examples,
the subject may be administered the fusion protein provided by the present disclosure, e.g., any

of SEQ ID NOS. 69-71, for treating Parkinson’s Disease.

In other embodiments, the cell comprising the fusion protein of the present disclosure

may be a cell that has been engineered to express the fusion protein. In some examples, such
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engineered cell may be obtained, e.g., isolated, from a subject. Methods for engineering a cell to
express fusion protein of the disclosure are known to one of ordinary skill in the art and include

methods described herein below, in a section entitled “Method for Intracellular Delivery”.

Pharmaceutical Composition

Also provided by the present disclosure is a pharmaceutical composition comprising a
fusion protein or a conjugate as described above, and a pharmaceutically acceptable diluent,

carrier, additive and/or excipient.

Preparation of pharmaceutical compositions is discussed in, for example, in Hoover,
John E.(eds.) Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. 181
edition (1990), and in Liberman, H. A. and Lachman, L. (eds.) Pharmaceutical Dosage Forms,
Marcel Decker, New York, N.Y. (1989), the entire contents of each of which are hereby

incorporated herein by reference.

A pharmaceutical composition may be delivered to cells in vitro, for example by
contacting the cells with the pharmaceutical composition. Alternatively, for delivery in vivo, the
pharmaceutical composition provided in the present disclosure may be administered orally,
parenterally, by inhalation spray, rectally, intradermally, transdermally, or topically in dosage
unit formulations containing conventional nontoxic pharmaceutically acceptable carriers,
adjuvants, and vehicles as desired. Topical administration may also involve the use of
transdermal administration such as transdermal patches or iontophoresis devices. The term
parenteral as used herein includes subcutaneous, intravenous, intramuscular, or intrasternal

injection, or infusion techniques.

Injectable pharmaceutical compositions, for example, sterile injectable aqueous or
oleaginous suspensions, may be formulated according to the techniques known in the art using
suitable dispersing or wetting agents and suspending agents. The sterile injectable
pharmaceutical composition may also be a sterile injectable solution or a suspension in a
nontoxic parenterally acceptable diluent or solvent, for example, 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution, and isotonic
sodium chloride solution. In addition, sterile, fixed oils are conventionally employed as a

solvent or suspending medium. For this purpose, any bland fixed oil may be employed,
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including synthetic mono- or diglycerides. In addition, fatty acids, such as oleic acid, are useful
in the preparation of injectables. Dimethyl acetamide, surfactants including ionic and non-ionic
detergents, and polyethylene glycols can be used. Mixtures of solvents and wetting agents such

as those discussed above are also useful.

Pharmaceutical compositions for parenteral administration may be in the form of
aqueous or non-aqueous isotonic sterile injection solutions or suspensions. These solutions and
suspensions may be prepared from sterile powders or granules having one or more of the carriers
or diluents mentioned for use in the formulations for oral administration. The fusion proteins or
compositions can be dissolved in water, polyethylene glycol, propylene glycol, ethanol, corn oil,
cottonseed oil, peanut oil, sesame oil, benzyl alcohol, sodium chloride, and/or various buffers.
Other adjuvants and modes of administration are well and widely known in the pharmaceutical

art.

Liquid dosage forms for oral administration may include pharmaceutically acceptable
emulsions, solutions, suspensions, syrups, and elixirs containing inert diluents commonly used in
the art, such as water. Such pharmaceutical compositions may also comprise adjuvants, such as
wetting agents, emulsifying and suspending agents, and sweetening, flavoring, and perfuming

agents.

Solid dosage forms for oral administration may include capsules, tablets, pills, powders,
and granules. In such solid dosage forms, a fusion protein may be admixed with lactose,
sucrose, starch powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc, stearic acid,
magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and sulfuric
acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidone, and/or polyvinyl alcohol, and
then tableted or encapsulated for convenient administration. Such capsules or tablets may
contain a controlled-release formulation as can be provided in a dispersion of active compound
in hydroxypropylmethyl cellulose. In the case of capsules, tablets, and pills, the dosage forms
may also comprise buffering agents such as sodium citrate, or magnesium or calcium carbonate

or bicarbonate. Tablets and pills may additionally be prepared with enteric coatings.

Suppositories for rectal administration of the fusion proteins discussed herein can be
prepared by mixing the active agent with a suitable non-irritating excipient such as cocoa butter,

synthetic mono-, di-, or triglycerides, fatty acids, or polyethylene glycols which are solid at
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ordinary temperatures but liquid at the rectal temperature, and which will therefore melt in the

rectum and release the drug.

The fusion protein of the present disclosure may be administered by a variety of
methods, including, for example, orally, enterally, mucosally, percutaneously, or parenterally.
Parenteral administration is preferred, especially by intravenous, intramuscular, subcutaneous,
intracutaneous, intraarticular, intrathecal, and intraperitoneal infusion or injection, including
continuous infusions or intermittent infusions with pumps available to those skilled in the art.
Alternatively, the fusion protein may be administered by means of micro-encapsulated

preparations, for example based on liposomes.

Methods for Intracellular Delivery

In some embodiments, the present disclosure also provides methods for intracellular
delivery of a protein of interest to a non-nuclear organelle in a cell. The method comprises
contacting the cell with a fusion protein, a nucleic acid, a vector or a conjugate as described
herein above. In one example, the non-nuclear organelle is mitochondria. In one example, the

protein of interest is FXN, e.g., human FXN.

Contacting the cell with a fusion protein of the present disclosure may occur in the
context of administering a fusion protein, a nucleic acid, a vector, a conjugate, a pharmaceutical
composition for the present disclosure, or any combination thereof, to a subject, e.g., a human.
The subject may have a pathological condition, e.g., a genetic disorder, such as a non-nuclear
organelle associated disorder. In one specific example, the pathological condition is Friedrich’s

Ataxia.

In some embodiments, the method for intracellular delivery of a protein of interest to a
non-nuclear organelle may comprise contacting a cell, e.g., an isolated cell, by contacting the
cell with a nucleic acid encoding a fusion protein of the present disclosure or with a vector
comprising the nucleic acid of the present disclosure. In some aspects, the cell is stem cell or an
iPS cell. In other aspects, a cell may be selected from the group consisting of a muscle
progenitor cell, a neuron progenitor cell, a bone marrow stem cell, a bacterial cell, or a yeast
cell. In some aspects, the cell may be a muscle progenitor cell, a neuron progenitor cell, a bone

marrow stem cell, a bacterial cell line, or a yeast cell line, with a nucleic acid encoding a fusion
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protein of the disclosure. The methods may further comprise additional steps for facilitating
delivery of a nucleic acid or a vector of the present disclosure into the cell, e.g., electroporation,
chemical or polymeric transfection, viral transduction, mechanical membrane disruption, or

other method know to a skilled artisan.

In some embodiments, the present disclosure also provides methods for increasing an
amount of protein of interest delivered to a cell. As demonstrated by certain experimental data
included in the present disclosure, e.g., in Example 6, cells treated with fusion proteins
comprising a protein of interest, CPP and TES contained significantly higher amounts of the
protein of interest than cells treated with a fusion protein comprising a protein of interest and
CPP, but not TES. Thus, the experimental data indicates that TES facilitates delivery to and/or
accumulation of a protein of interest in a cell. Accordingly, introducing TES into a fusion
protein comprising CPP and a protein of interest can significantly increase the amount of protein

of interest in a cell.

Without wishing to be bound by a specific theory, it is believed that cleavage of TES by
endogenous proteases in a cell facilitates removal of the CPP from the fusion protein and
prevents the CPP from facilitating diffusion of the protein of interest across the plasma
membrane and out of the cell. This allows the protein of interest to accumulate in the cell,

resulting in increased amounts of protein of interest delivered to a cell.

In some embodiments, the cell may be in a subject, e.g., a human. Thus, methods for
increasing an amount of protein of interest delivered to a cell may allow to decrease a dose of a
fusion protein to be delivered to a subject as a part of therapy, e.g., for treating a non-nuclear

organelle associated disorder.

In some embodiments, the protein of interest may be FXN. Therefore, in some
embodiments, the fusion protein may comprise CPP (e.g., SEQ ID NO: 11 or SEQ ID NO: 83),
TES and FXN (e.g., SEQ ID NO: 1 or SEQ ID NO: 2), and the subject may have a disorder
associated with FXN deficiency, e.g., Friedreich’s Ataxia. In other embodiments, the fusion
protein may comprise CPP (e.g., SEQ ID NO: 11 or SEQ ID NO: 83), TES and FXN (e.g., SEQ
ID NO: 1 or SEQ ID NO: 2), and the subject may have a disorder that is not associated with
FXN deficiency, e.g., Leigh Syndrome, French Canadian Type.

In some embodiments, the protein of interest may be PARKIN. Therefore, in some
embodiments, the fusion protein may comprise CPP (e.g., SEQ ID NO: 11 or SEQ ID NO: 83),
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TES and PARKIN (e.g., SEQ ID NO: 7), and the subject may have Parkinson’s disease
associated with a mutation in PARK?2 gene encoding PARKIN. In other embodiments, the
fusion protein may comprise CPP (e.g., SEQ ID NO: 11 or SEQ ID NO: 83), TES and PARKIN
(e.g., SEQ ID NO: 7), and the subject may have Parkinson’s disease not associated with a
mutation in PARK?2 gene encoding PARKIN, e.g., Parkinson’s disease associated with a
mutation in PINK1 (PARKO) gene.

In some aspects, methods for increasing an amount of protein of interest delivered to a
cell provided by the present disclosure comprise modifying sequence of a fusion protein
comprising the protein of interest and a cell penetrating peptide (CPP) by introducing into the
fusion protein a target enhancing sequence (TES), thereby producing a modified fusion protein;
and contacting a cell with the modified fusion protein, thereby increasing the amount of the

protein of interest delivered to the cell.

The CPP may be located at the N-terminus of the modified fusion protein and the TES
may be fused at the C-terminus of the CPP. For example, the modified fusion protein may
comprise, starting at the N-terminus: CPP; TES and a protein of interest. In another example,
the modified fusion protein may comprise, starting at the N-terminus; CPP, TES, OTS and a

protein of interest.

The CPP may also be located at the C-terminus of the modified fusion protein and the
TES may be fused at the N-terminus of the CPP. For example, the modified fusion protein may
comprise, starting at the N-terminus: protein of interest, TES and CPP. In another example, the
modified fusion protein may comprise, starting at the N-terminus: protein of interest, OTS, TES
and CPP. In yet another example, the modified fusion protein may comprise, starting at the N-

terminus: OTS, protein of interest, TES and CPP.

In some embodiments, the protein of interest may be any protein of interest as described
herein, e.g., any protein of interest listed in Table 2 herein. For example, the protein of interest
may be selected from the group consisting of Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase
(PDH), SLIRP, LRPPC, PARK?2 protein, PARK6 protein, PARK?7 protein, and a variant or
derivative thereof. In one example, the protein of interest is Frataxin (FXN) or a variant or
derivative thereof. In another example, the protein of interest is PARK2 protein (PARKIN) or a

variant or derivative thereof.
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In some embodiments, the CPP may be any CPP as described herein, e.g., any CPP listed
in Table 4 herein. For example, the CPP may comprise a peptide selected from the group of
CPPs listed in the Database of Cell-Penetrating Peptides CPPsite 2.0. For example, the CPP
may comprise a peptide selected from the group consisting of HIV-TAT, galanin, mastoparan,
transportan, penetratin, polyarginine, VP22, and a variant or derivative thereof. In one

embodiment, the CPP may comprise HIV-TAT or a variant or derivative thereof.

In some embodiments, the TES included in the modified fusion protein may be any TES
described herein. For example, the TES may be a nuclear export signal peptide, e.g., comprising
a sequence having at least 85%, at least 90%, at least 95% or at least 99% sequence identity to
any one of SEQ ID NOs. 36-43. In some examples, the nuclear export signal peptide may
comprise a peptide selected from the group consisting of NES1, NES2, NES3, NES4, NESS5,
NES6, NES7, NESS, and a variant or derivative thereof. In one example, the nuclear export
signal peptide may comprise NES1 or a variant or derivative thereof. In another example, the

nuclear export signal peptide may comprise NES or a variant or derivative thereof.

The TES included in the modified fusion protein may also be a protease sensitive
peptide. For example, the TES may comprise a ubiquitin-like modifier, e.g., may comprise a
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to

any one of SEQ ID NOs. 18-31.

In other examples, the TES may comprise a protease sensitive peptide selected from the
group consisting of ubiquitin, a caspase cleavage domain, a calpain cleavage domain, SUMOI,
SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a variant or derivative thereof.

In some examples, the modified fusion protein may comprise an amino acid sequence
having at least 85%, at least 90%, at least 95% or at least 99% sequence identity to any of SEQ
ID NOs. 55-61 and 69-71.

Methods of Treatment

Provided herein is a therapeutic compound for treating a non-nuclear organelle
associated disorder in a subject in need thereof. The therapeutic compound, in some

embodiments, may comprise a fusion protein, a nucleic acid, a vector, or a conjugate of the
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present disclosure. Non-limiting examples of a non-nuclear organelle associated disorder may
include, in some embodiments, a mitochondrial disorder and a lysosomal disorder. In some

embodiments, the non-nuclear organelle associated disorder is a genetic disorder.

Also provided in the present disclosure are methods for treating a non-nuclear organelle
associated disorder that comprise administering to a subject in need thereof a fusion protein, a
nucleic acid, a vector, a conjugate, a cell, or a pharmaceutical composition as described herein.
In some embodiments, the non-nuclear organelle associated disorder is a mitochondrial disorder.

In one specific example, the mitochondrial disorder is Friedrich’s Ataxia.

In some examples, the non-nuclear organelle associated disorder may be a lysosomal

disorder, i.e., a disorder associated with a dysfunction of lysosomes.

In some embodiments, the non-nuclear organelle associated disorder may be selected
from the group consisting of Friedreich’s Ataxia (FRDA), Barth Syndrome, Parkinson’s
Disease, Leigh Syndrome, such as Leigh Syndrome, French Canadian Type, and Pyruvate
Dehydrogenase Deficiency.

Subjects suffering from or who may be at risk of developing any one or more of the
disorders disclosed herein may be selected for treatment based on multiple factors, including
symptom presentation, and/or the identification of a marker that predisposes the subject to the

disease or disorder (such as a genetic mutation).

As used herein, the term "subject" includes a human or non-human animal, preferably a
vertebrate, and more preferably a mammal. A subject may also include a transgenic organism.
Most preferably, the subject is a human, such as a human suffering from or predisposed to
developing a non-nuclear organelle associated disorder, such as Friedrich’s Ataxia or

Parkinson’s Disease.

As used herein, the term “treating a non-nuclear organelle associated disorder” comprises
reducing, ameliorating, or eliminating one or more symptom(s) associated with the non-nuclear
organelle associated disorder, e.g., Friedreich’s Ataxia or Parkinson’s Disease. The term
“treating a non-nuclear organelle associated disorder” also comprises achieving, partially or
substantially, one or more of the following: ameliorating or improving a symptom or an
indicator associated with a non-nuclear organelle associated disorder; arresting the progression

or worsening of at least one symptom of the non-nuclear organelle associated disorder. The
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term “treating a non-nuclear organelle associated disorder” also comprises preventing the
development or delaying the appearance of at least one symptom of a non-nuclear organelle
associated disorder, or developing at least one symptom of the non-nuclear organelle associated
disorder that is of a lesser severity than the same symptom that would develop without

treatment.

Methods of Treating Friedreich’s Ataxia (FRDA)

In one embodiment, the present disclosure provides methods for treating Friedreich’s
Ataxia (FRDA) that comprise administering to a subject in need thereof a fusion protein of the
disclosure. For example, the present disclosure provides methods for treating FRDA that
comprise administering to a subject in need thereof a fusion protein comprising: 1) an amino
acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity
to full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) any CPP as described herein; and
3) any TES as described herein.

In some embodiments, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or

at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein.

In some embodiments, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or
at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to Ubiquitin (SEQ ID NO: 18).

In some embodiments, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as

protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or

65



10

15

20

25

WO 2021/195597 PCT/US2021/024534

at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to a calpain cleavage domain of SEQ ID NO: 20.

In some embodiments, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or
at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to any one of SEQ ID NO 19, SEQ ID NO: 21, SEQ
D NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:
27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31, SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 35.

In some embodiments, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence selected from
the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59,
SEQ ID NO: 60, SEQ ID NO: 61 and SEQ ID NO: 81.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 56.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 57.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 58.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 59.

66



10

15

20

25

WO 2021/195597 PCT/US2021/024534

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 60.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 61.

In one embodiment, methods for treating FRDA comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 81.

The term “FRDA”, as used herein, encompasses any disease, disorder or condition
associated with a frataxin deficiency. The term “FRDA-associated disease, disorder or
condition”, as used herein, encompasses a disease, disorder or condition secondary to and/or
caused by FRDA, i.e., when present in a subject, it accompanies FRDA and is not present in a
subject in the absence of FRDA. Non-limiting examples of an FRDA-associated disease,
disorder, or condition, include FRDA-associated pneumonia, FRDA-associated hypertrophic
cardiomyopathy and FRDA-associated diabetes. Other non-limiting examples of an FRDA-
associated disease, disorder or condition include an FRDA-associated disease, disorder or

condition characterized by, without limitation:

(1) a neurological deficiency including, without limitation, one or more of the following:
loss of proprioception, loss of reflexes, loss of ability to walk, loss of ability to hold gaze with

eyes;

(2) impaired swallowing and/or a progressive loss of the ability to swallow; progressive

loss of hearing;
(3) progressive loss of vision due to retinal degeneration from lack of FXN;
(4) progressive loss of speech;

(5) metabolic syndrome including, without limitation, elevated triglycerides, low high-

density lipoprotein (HDL) cholesterol, and elevated low-density lipoprotein (LDL) cholesterol;

(6) scoliosis that requires surgery to correct; and/or combinations thereof.
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In some embodiments, administration of a fusion protein of the present disclosure to a
subject may treat FRDA, including, e.g., an FRDA-associated disease, disorder or condition.
“Treating FRDA”, as used herein, encompasses ameliorating, improving or achieving a
reduction in the severity of FRDA, including, e.g., an FRDA-associated disease, disorder or
condition. For example, “treating FRDA” encompasses ameliorating, improving or achieving a
reduction in at least one symptom or indicator associated with FRDA. “Treating FRDA”, as
used herein, also encompasses delaying progression of FRDA, including, e.g., an FRDA-
associated disease disorder or condition, e.g., delaying appearance of at least one symptom or
indicator associated with FRDA or preventing an increase in the severity of at least one

symptom or indicator associated with FRDA, in a subject.

In some embodiments, the term “treating FRDA” also encompasses achieving increased
survival (e.g., survival time) of a subject, e.g., a human, with FRDA including, e.g., an FRDA-
associated disease, disorder or condition. For example, treatment of FRDA may result in an
increased life expectancy of a subject, e.g., a human, with FRDA, including, e.g., an FRDA-
associated disease disorder or condition. In some embodiments, treatment of FRDA in the
context of the present disclosure may result in an increased life expectancy of a subject of
greater than about 10%, greater than about 20%, greater than about 30%, greater than about
40%, greater than about 50%, greater than about 60%, greater than about 70%, greater than
about 80%, greater than about 90%, greater than about 100%, greater than about 110%, greater
than about 120%, greater than about 130%, greater than about 140%, greater than about 150%,
greater than about 160%, greater than about 170%, greater than about 180%, greater than about
190%, or greater than about 200% or more, as compared to the average life expectancy of one or

more control individuals with similar disease without treatment.

In some embodiments, treatment of FRDA, including, e.g., an FRDA-associated disease,
disorder or condition, in the context of the present disclosure may result in an increased life
expectancy of a subject by greater than about 6 months, greater than about 8 months, greater
than about 10 months, greater than about 12 months, greater than about 2 years, greater than
about 4 years, greater than about 6 years, greater than about 8 years, or greater than about 10
years or more, as compared to the average life expectancy of one or more control individuals
with similar disease without treatment. In some embodiments, treatment of FRDA, including,
e.g., an FRDA-associated disease, disorder or condition in the context of the present disclosure

may result in a long-term survival of a subject, e.g., a human, with FRDA, including, e.g., an
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FRDA-associated disease, disorder or condition. The term “long-term survival”, as used herein,
refers to a survival time or life expectancy longer than about 40 years, 45 years, 50 years, 55

years, 60 years, or longer.

Clinical assessments known to one of ordinary skill in the art may be used to assess
FRDA, including, e.g., an FRDA-associated disease, disorder or condition, to determine the
severity of the FRDA and/or to determine the effect of administration to a subject of a fusion
protein of the present disclosure. Examples of methods of clinical assessment of FRDA,
including assessments of the severity of FRDA, are described, e.g., in Paap ez al., “Standardized
Assessment of Hereditary Ataxia Patients in Clinical Studies”, Mov Disord Clin Pract. 2016,
3(3):230-240 and Patel ef al., “Progression of Friedreich ataxia: quantitative characterization
over 5 years”, Ann Clin Transl Neurol 2016, 3(9):684-694, the entire contents of each of which

are hereby incorporated herein by reference.

Timed 25-Foot Walk (T25-FW) is a quantitative mobility and leg function performance
test that measures the time needed to complete a 25-foot walk. In some embodiments,
administration to a subject of a fusion protein of the present disclosure may result in a decrease
in the severity of FRDA as measured, e.g., by the time needed to complete a 25-foot walk. For
example, administration to a subject of a fusion protein of the disclosure may result in a decrease
in the time needed to complete a 25-foot walk, e.g., a decrease of at least about 5%, at least
about 10%, at least about 25%, or at least about 50% in the time needed to complete a 25-foot
walk, as compared to the time needed to complete a 25-foot walk measured in the subject prior
to administration of a fusion protein of the disclosure, or as compared to a baseline value. A
baseline value may be the time needed to complete a 25-food walk measured prior to

administration of a fusion protein of the present disclosure.

In other embodiments, administration to a subject of a fusion protein of the present
disclosure may delay progression of FRDA in the subject as measured, e.g., by the time needed
to complete a 25-foot walk. For example, administration to a subject of a fusion protein of the
present disclosure may result in a substantially similar time needed to complete a 25-foot walk,
or a lack of a substantial increase in the time needed to complete a 25-foot walk (e.g., less than a
20%, less than a 10%, or less than a 5% increase in the time needed to complete a 25-foot walk),
as compared to the baseline value, i.e., time needed to complete a 25-foot walk measured in the

subject prior to administration of a fusion protein of the present disclosure.
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The Modified Friedreich’s Ataxia Rating Scale (mFARS) is an examination-based rating
scale for assessing the severity of FRDA as described, e.g., in Burk ef al., “Monitoring
progression in Friedreich ataxia (FRDA): the use of clinical scales”, .J of Neurochemistry 2013,
126(suppl. 1):118-124 and Rummey et al., “Psychometric properties of the Friedreich’s Ataxia
Rating Scale”, Neurol Genet 2019, 5:e€371, the entire contents of each of which are hereby

incorporated herein by reference.

In some embodiments, the mFARS score may comprise at least one of the following
subscores: a) a score based on the Functional Disability Rating Scale (FARS-FDS; 0-6 scale;
assessment usually made by a neurologist; b) a score based on the Activities of Daily Living
Scale (FARS-ADL, 0-36 scale; assessment made by a patient or caregiver); and c) a score based
on the Neurological Rating Scale (FARS-neuro) 0-125 scale; assessment made by a neurologist).
In some examples, the FARS ADL score is a FARS rating scale assessing subject ability to
complete ADLs (e.g., speech, cutting food, dressing, and personal hygiene), with scores ranging
from 0 to 36 points. The respondent may be the subject; a combination of the subject and

family; or a family member, spouse or caregiver for those subjects unable to complete the test.

In some embodiments, the score based on the Neurological Rating Scale may include
modified scoring of the neurological rating scale involving direct subject participation and
targeting specific areas impacted by FRDA, such as bulbar, upper limb, lower limb, and upright
stability (mFARS-neuro, 0-99 scale). The mFARS-neuro excludes subscale D (peripheral
nervous system) and the first 2 questions of subscale A (bulbar) from the neurological rating

scale of the FARS questionnaire.

In some embodiments, the mFARS score may be based on two subscores derived from
the full FARS questionnaire: mFARS-neuro as described above and the FARS ADL as

described above.

In some embodiments, administration to a subject of a fusion protein of the present
disclosure may result in a decrease in the severity of FRDA as measured, e.g., by an mFARS
score, or at least one mFARS subscore as described herein. For example, administration to a
subject of a fusion protein of the present disclosure may result in a decrease in an mFARS score
or at least one mFARS subscore, as compared to a baseline value, i.e., the mFARS score or the
at least one mFARS subscore measured in the subject prior to administration of a fusion protein

of the present disclosure.
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In other embodiments, administration to a subject of a fusion protein of the present
disclosure may delay progression of FRDA in the subject as measured, e.g., by an mFARS score
or at least one mFARS subscore as disclosed herein. For example, administration to a subject of
a fusion protein of the present disclosure may result in a substantially similar mFARS score or at
least one mFARS subscore, or a substantial lack of an increase in an mFARS score or at least
one mFARS subscore, as compared to a baseline value, i.e., the mFARS score or the at least one
mFARS subscore measured in the subject prior to administration of a fusion protein of the

present disclosure, or as compared to a baseline value.

The Nine-Hole Peg Test (9HPT) may be used to measure finger dexterity in subjects
with FRDA. In this test, a subject is asked to take pegs from a container, one by one, and place
them into the nine holes on the board as quickly as possible. The subject must then remove the
pegs from the holes, one by one, and replace them back into the container. Scores are based on

the time taken to complete the test activity, recorded in seconds.

In some embodiments, administration to a subject of a fusion protein of the present
disclosure may result in a decrease in the severity of FRDA as measured, e.g., by a 9HPT score.
For example, administration to a subject of a fusion protein of the present disclosure may result
in an decrease in a 9HPT score expressed as time to complete the test activity (e.g., at least an
about 5%, 10%, 25%, or 50% decrease in a 9HPT score expressed as time to complete the test
activity), as compared to a baseline value, i.e., the 9HPT score measured in the subject prior to

administration of a fusion protein of the present disclosure.

In other embodiments, administration to a subject of a fusion protein of the present
disclosure may delay progression of FRDA in the subject as measured, e.g., by a 9HPT score.
For example, administration to a subject of a fusion protein of the present disclosure may result
in a substantially similar 9HPT score, or a lack of a substantial increase in a 9HPT score
expressed as time to complete the test activity, as compared to a baseline value, i.e., the 9HPT
score measured in the subject prior to administration of a fusion protein of the present

disclosure.

In some embodiments, administration to a subject of a fusion protein of the present
disclosure results in an increase in the level of hFXN in at least one tissue or biological fluid of
the subject, as compared to a baseline level, i.e., the hFXN level in the at least one tissue or

biological fluid of the subject prior to administration of a fusion protein of the present
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disclosure. In some embodiments, the increase in the level of hFXN in the at least one tissue or
biological fluid of a subject resulting from administration of a fusion protein of the present
disclosure to the subject is sufficient to have a therapeutic effect, i.e., sufficient to treat FRDA in

the subject.

In some embodiments, administration of a fusion protein of the present disclosure to a
subject with FRDA may result in a level of hFXN in at least one tissue or biological fluid of the
subject that is lower than the level of hFXN in the at least one tissue or biological fluid of a
subject who does not have FRDA (e.g., a normal, healthy subject), but is still sufficient to have a
therapeutic effect, i.e., sufficient to treat FRDA in the subject. For example, after administration
of a fusion protein of the present disclosure to a subject with FRDA, the level of hFXN in at
least one tissue or a biological fluid of the subject may be about 10% to about 50%, about 20%
to about 60%, or about 30% to about 80% of the level of hFXN in the at least one tissue or a
biological fluid of a subject who does not have FRDA (e.g., a normal, healthy subject), but the
level of hFXN is still sufficient to have a therapeutic effect, i.e., sufficient to treat FRDA in the

subject.

In some embodiments, administration to a subject with FRDA of a fusion protein of the
present disclosure may result in an increase of at least about 5%, about 10%, about 25%, about
50%, about 100%, about 150%, about 200%, about 300%, about 400%, about 500%, or about
600% in the level of hFXN in at least one tissue or biological fluid of the subject, as compared to
the hFXN level in the at least one tissue or biological fluid of the subject prior to administration

of a fusion protein of the present disclosure, or as compared to a baseline level.

In some embodiments, administration to a subject with FRDA of a fusion protein of the
present disclosure may result in an increase of about 5% to about 30%, about 10% to about 50%,
about 25% to about 100%, about 50% to about 150%, about 100% to about 300%, about 50% to
about 250%, about 150% to about 500% or about 200% to about 700% in the level of hFXN in
at least one tissue or biological fluid of the subject, as compared to the hFXN level in the at least
one tissue or biological fluid of the subject prior to administration of a fusion protein of the
present disclosure, or as compared to a baseline level. In some embodiments, administration to a
subject of a fusion protein of the present disclosure may result in an increase of at least about 2-
fold, about 3-fold, about 4-fold, about 5-fold in the level of hFXN in at least one tissue or
biological fluid of the subject, as compared to the hFXN level in the at least one tissue or

biological fluid of the subject prior to administration of a fusion protein of the present
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disclosure, or as compared to a baseline level. In some embodiments, administration to a subject
of the disclosed TAT-FXN fusion polypeptide and/or a pharmaceutical composition comprising
the disclosed TAT-FXN fusion polypeptide may result in an increase of between about 2-fold
and about 5-fold, or between about 2-fold and about 10-fold, in the level of hFXN in at least one
tissue or biological fluid of the subject, as compared to the hFXN level in the at least one tissue
or biological fluid of the subject prior to administration of a fusion protein of the present

disclosure, or as compared to a baseline level.

In some embodiments, the tissue of a subject in which the level of hFXN may be
measured and/or increased may be any tissue that is capable of being biopsied. In some
embodiments, the tissue may comprise bronchoalveolar tissue (which may be sampled by, e.g.,
bronchoalveolar brushing), a mucous membrane (e.g., nasal mucous membrane, which may be
sampled by, e.g., nose brushing), a hair follicle, skin tissue, or buccal tissue. In some

embodiments, the tissue comprises skin tissue or buccal tissue.

In some embodiments, the biological fluid of a subject in which the level of hFXN may
be measured and/or increased may be blood or a component thereof (e.g., serum, plasma,

platelets, or any other blood component), urine, or saliva.

FRDA-Associated Pneumonia

Subjects diagnosed with FRDA suffer neurodegeneration of the dorsal root ganglia
causing progressive ataxia. This typically leads to the progressive loss of an ability to walk, feed
oneself, talk, swallow, and pulmonary aspiration. The event of pulmonary aspiration can lead to
pneumonia, frequent hospitalizations, and, eventually, death over a period of 10 — 15 years from

the date of diagnosis.

Accordingly, administration of a fusion protein of the present disclosure can be effective
as a protein replacement therapy in FXN-deficient subjects diagnosed with FRDA to prevent
pulmonary aspiration, thereby preventing the pneumonia that follows pulmonary aspiration.
Accordingly, the present disclosure provides methods of treating an FRDA-associated
pneumonia in a subject, comprising administering to a subject in need thereof a fusion protein of

the present disclosure, thereby treating the FRDA-associated pneumonia in the subject.
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FRDA-Associated Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy is a condition in which the muscles of the heart thicken,
making it difficult for the heart to pump blood through the circulatory system. It can be caused
by a deficiency in FXN in the mitochondria of the heart cells. In subjects diagnosed with
FRDA, progressive hypertrophic cardiomyopathy about 50% of the time progresses to heart
failure and death. Protein replacement therapy with a fusion protein of the present disclosure

can replace the FXN deficiency underlying hypertrophic cardiomyopathy.

Administration of a fusion protein of the present disclosure can, therefore, be effective as
a protein replacement therapy in FXN-deficient subjects diagnosed with both FRDA and
hypertrophic cardiomyopathy. Accordingly, the present disclosure provides methods of treating
an FRDA-associated hypertrophic cardiomyopathy in a subject, comprising administering to a
subject in need thereof a fusion protein of the present disclosure, thereby treating the FRDA-

associated hypertrophic cardiomyopathy in the subject.
Diabetes

The hallmark of diabetes is an inability to properly regulate blood levels of glucose,
resulting in elevated blood glucose levels. In subjects diagnosed with FRDA, diabetes often
shows up as a consequence of FXN-deficient mitochondria in the pancreas. Protein replacement
therapy with a fusion protein of the present disclosure can replace the FXN deficiency

underlying diabetes.

Administration of a fusion protein of the present disclosure, can, therefore, be effective
as a protein replacement therapy in FXN-deficient subjects diagnosed with diabetes.
Accordingly, the present disclosure provides methods of treating an FRDA-associated diabetes
in a subject, comprising administering to a subject in need thereof a fusion protein of the present

disclosure, thereby treating the FRDA-associated diabetes in the subject.

Other FRDA-Associated Diseases/Disorders

Subjects diagnosed with FRDA often experience other disorders associated with FXN
deficiency. Such FRDA-associated disorders can include, without limitation: neurological
disorders including, without limitation, loss of proprioception, loss of reflexes, loss of ability to

walk, loss of ability to hold gaze with eyes; impaired swallowing and/or a progressive loss of the
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ability to swallow; progressive loss of hearing; progressive loss of vision due to retinal
degeneration from lack of FXN; progressive loss of speech; metabolic syndrome including,
without limitation, elevated triglycerides, low high-density lipoprotein (HDL) cholesterol, and
elevated low-density lipoprotein (LDL) cholesterol; scoliosis that requires surgery to correct;
and/or combinations thereof. Protein replacement therapy with a fusion protein of the present
disclosure can replace the FXN deficiency underlying these FRDA-associated

diseases/disorders.

Administration of a fusion protein of the present disclosure can, therefore, be effective as
a protein replacement therapy in FXN-deficient subjects diagnosed with FRDA and experiencing
neurological disorders including, without limitation, loss of proprioception, loss of reflexes, loss
of ability to walk, loss of ability to hold gaze with eyes; impaired swallowing and/or a
progressive loss of the ability to swallow; progressive loss of hearing; progressive loss of vision
due to retinal degeneration from lack of FXN; progressive loss of speech; metabolic syndrome
including, without limitation, elevated triglycerides, low HDL cholesterol, and elevated LDL

cholesterol; scoliosis that requires surgery to correct; and/or combinations thereof.

Accordingly, the present disclosure provides methods of treating an FRDA-associated
disease, disorder or condition, comprising administering to a subject in need thereof a fusion
protein of the present disclosure, wherein the FRDA-associated disease, disorder or condition is
selected from: neurological disorders including, without limitation, loss of proprioception, loss
of reflexes, loss of ability to walk, loss of ability to hold gaze with eyes; impaired swallowing
and/or a progressive loss of the ability to swallow; progressive loss of hearing; progressive loss
of vision due to retinal degeneration from lack of FXN; progressive loss of speech; metabolic
syndrome including, without limitation, elevated triglycerides, low HDL cholesterol, and

elevated LDL cholesterol; and scoliosis that requires surgery to correct.

In certain embodiments, treatment of a subject in need thereof with a fusion protein, a
pharmaceutical composition or a therapeutic compound of the present disclosure, e.g., a fusion
protein comprising FXN; increases cellular levels of FXN in a subject. In some embodiments,
the methods of the present disclosure increase the cellular levels of FXN by at least about 10%,
e.g., about 20%, about 25%, about 30%, about 40%, about 50%, about 60%, about 70%, about
75%, about 80%, about 85%, about 90%, about 95%, or more, relative to the levels of FXN in
the subject prior to treatment. In another embodiment, the methods of the present disclosure

increase the cellular levels of FXN by at least about two-fold, at least about three-fold, at least
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about four-fold, at least about five-fold, at least about six-fold, at least about seven-fold, at least
about eight-fold, at least about nine-fold, or at least about ten-fold. In some embodiments, the
increase is measured by comparing the cellular levels of FXN in a subject before and after

administration of the fusion protein of the disclosure.

Before, during, and after the administration of the fusion protein, pharmaceutical
composition and/or therapeutic compound of the disclosure, the cellular levels of FXN in the
subject may be measured in a biological sample, such as blood, serum, plasma, urine, peritoneal
fluid, cerebrospinal fluid, fecal matter, intestinal mucosal scrapings, a sample collected from a
tissue, and/or a sample collected from the contents of one or more of the following: the stomach,
duodenum, jejunum, ileum, cecum, colon, rectum, and anal canal. In some embodiments, the
methods may include administration of a fusion protein disclosed herein to increase the cellular
levels of FXN in a subject. In some embodiments, the methods may include administration of
the fusion protein disclosed herein to increase the cellular levels of FXN by more than about 1%,
2%, 5%, 10%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, or 95% of the
subject's cellular levels of FXN prior to treatment. Cellular levels of FXN may be measured by
methods known in the art. For example, cellular levels of FXN may be measured by collecting
samples, such as skin biopsies (punch) buccal swab, platelets and analyzing them for FXN using

ELISA, Hybrid LBA-LC-MS/MS or other mass spectrometry related methods.

Methods for Treating Leigh Syndrome, French Canadian Type (LSFC)

The present disclosure also provides methods of treating Leigh Syndrome, French
Canadian Type (LSFC) that comprise administering to a subject in need thereof a fusion protein
of the disclosure, such that the LSFC in the subject is treated. It was surprisingly discovered that
the mitochondrial impairment in LRPPRC-deficient cells, as evidenced by acidification of cell
growth media, is reduced by treatment of the cells with hFXN fusion proteins of the present
disclosure. It was also surprisingly discovered that the amount of CYRG1 protein secreted by
the LRPPRC-deficient cells into the cell growth media is reduced by treatment of the cells with
hFXN fusion proteins of the present disclosure. Further, it was also surprisingly discovered that
the hFXN fusion proteins of the present disclosure comprising TES are more potent in reducing
acidification of the media and secretion of CYR61 from LRPPRC-deficient cells than the hFXN

fusion protein that does not comprise TES.
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The above described discoveries indicate that certain molecular and cellular changes
associated with deficiencies in LRPPRC may be mitigated and/or reversed by administering a
hFXN fusion protein of the present disclosure. The above described discoveries also indicate
that LSFC, which is associated with a deficiency in LRPPRC, may be treated by administering a
hFXN fusion protein of the present disclosure. Further, the above described discoveries indicate
that hFXN fusion proteins of the present disclosure comprising TES are more potent in treating
LSFC and/or lactic acidosis in a subject with LSFC than hFXN fusion proteins that do not

comprise TES.

In some embodiments, the present disclosure provides methods for treating LSFC in a
subject in need theref that comprise administering to the subject a fusion protein comprising: 1)
an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence
identity to full-length hFXN (SEQ ID NO: 1) as protein of interest; 2) any CPP as described

herein; and 3) any TES as described herein.

In some embodiments, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or

at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein.

In some embodiments, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or
at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to Ubiquitin (SEQ ID NO: 18).

In some embodiments, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or
at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to a calpain cleavage domain of SEQ ID NO: 20.
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In some embodiments, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to full-length hFXN (SEQ ID NO: 1) as
protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or
at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at least 85%,
at least 90%, at least 95% or at least 99% to any one of SEQ ID NO 19, SEQ ID NO: 21, SEQ
ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26, SEQ ID NO:
27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31, SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 35.

In some embodiments, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence selected from
the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59,
SEQ ID NO: 60, SEQ ID NO: 61 and SEQ ID NO: 83.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 56.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising an amino acid sequence having at least about 85%,

about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 57.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 58.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 59.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 60.
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In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least

about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 61.

In one embodiment, methods for treating LSFC comprise administering to a subject in
need thereof a fusion protein comprising or consisting of an amino acid sequence having at least
about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID NO: 83.

In some embodiments, the present disclosure provides methods for lactic acidosis in a
subject with LSFC that comprise administering to a subject in need thereof a fusion protein of
the disclosure, such that lactic acidosis in the subject is treated. For example, the present
disclosure provides methods for treating lactic acidosis in a subject with LSFC that comprise
administering to the subject a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to full-length hFXN
(SEQ ID NO: 1) as protein of interest; 2) any CPP as described herein; and 3) any TES as

described herein.

In some embodiments, methods for treating lactic acidosis in a subject with LSFC
comprise administering to the subject a fusion protein comprising: 1) an amino acid sequence
having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to full-length
hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at least 85%, at
least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as

described herein.

In some embodiments, methods for treating lactic acidosis in a subject with LSFC
comprise administering to the subject a fusion protein comprising: 1) an amino acid sequence
having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to full-length
hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at least 85%, at
least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to Ubiquitin (SEQ ID
NO: 18).

In some embodiments, methods for treating lactic acidosis in a subject with LSFC
comprise administering to the subject a fusion protein comprising: 1) an amino acid sequence
having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to full-length
hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at least 85%, at
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least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to a calpain cleavage

domain of SEQ ID NO: 20.

In some embodiments, methods for treating lactic acidosis in a subject with LSFC
comprise administering to the subject a fusion protein comprising: 1) an amino acid sequence
having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to full-length
hFXN (SEQ ID NO: 1) as protein of interest; 2) an amino acid sequence having at least 85%, at
least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to any one of SEQ ID
NO 19, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID
NO: 31, SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 35.

In some embodiments, methods for treating lactic acidosis in a subject with LSFC
comprise administering to the subject a fusion protein comprising or consisting of an amino acid
sequence selected from the group consisting of SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO:
58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61 and SEQ ID NO: 83.

In one embodiment, for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 56.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 57.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 58.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise

administering to the subject a fusion protein comprising or consisting of an amino acid sequence
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having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 59.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 60.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 61.

In one embodiment, methods for treating lactic acidosis in a subject with LSFC comprise
administering to the subject a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 83.

The term “treating LSFC”, as used herein, encompasses ameliorating, improving or
achieving a reduction in the severity of LSFC, e.g., ameliorating, improving or achieving a
reduction in at least one symptom or indicator associated with LSFC in a subject. “Treating
LSFC”, as used herein, also encompasses delaying progression of LSFC, e.g., delaying
appearance of at least one symptom or indicator associated with LSFC, or preventing an increase
in the severity of at least one symptom or indicator associated with LSFC in a subject. In some
embodiments, the at least one symptom or indicator associated with LSFC may be selected from
the group consisting of developmental delay, ataxia, hypotonia, brain lesions, coma, abnormal

breathing patterns, seizures, stroke-like episodes and lactic acidosis.

Methods of Treating Parkinson’s Disease

In one embodiment, the present disclosure provides methods for treating Parkinson’s
Disease (PD) that comprise administering to a subject in need thereof a fusion protein of the
disclosure. For example, the present disclosure provides methods for treating Parkinson’s

Disease that comprise administering to a subject in need thereof a fusion protein of the

81



10

15

20

25

30

WO 2021/195597 PCT/US2021/024534

disclosure. For example, the present disclosure provides methods for treating Parkinson’s
Disease that comprise administering to a subject in need thereof a fusion protein comprising: 1)
an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence
identity to PINK1 (SEQ ID NO: 8) as protein of interest; 2) any CPP as described herein; and 3)

any TES as described herein.

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PINK1 (SEQ ID NO:
8) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least
95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein, e.g.,
Ubiquitin (SEQ ID NO: 18) or calpain cleavage domain (SEQ ID NO: 20).

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PINK1 (SEQ ID NO:
8) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at least
95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having at
least 85%, at least 90%, at least 95% or at least 99% to Ubiquitin (SEQ ID NO: 18).

In one embodiment, the present disclosure provides methods for treating Parkinson’s
Disease that comprise administering to a subject in need thereof a fusion protein comprising: 1)
an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence
identity to PARKIN (SEQ ID NO: 7) as protein of interest; 2) any CPP as described herein; and
3) any TES as described herein.

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PARKIN (SEQ ID
NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at

least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein.

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PARKIN (SEQ ID

NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at
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least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having
at least 85%, at least 90%, at least 95% or at least 99% to Ubiquitin (SEQ ID NO: 18).

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PARKIN (SEQ ID
NO: 7) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at
least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having
at least 85%, at least 90%, at least 95% or at least 99% to a calpain cleavage domain of SEQ ID
NO: 20.

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at
least 85%, at least 90%, at least 95%, or at least 99% sequence identity to PARKIN (SEQ ID
NO: 1) as protein of interest; 2) an amino acid sequence having at least 85%, at least 90%, at
least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) an amino acid sequence having
at least 85%, at least 90%, at least 95% or at least 99% to any one of SEQ ID NO 19, SEQ ID
NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,
SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, or SEQ ID NO: 31, SEQ ID
NO: 32, SEQ ID NO: 33, SEQ ID NO: 34 and SEQ ID NO: 35.

In some embodiments, methods for treating Parkinson’s Disease comprise administering
to a subject in need thereof a fusion protein comprising or consisting of an amino acid sequence

selected from the group consisting of SEQ ID NO: 69, SEQ ID NO: 70 and SEQ ID NO: 71.

In one embodiment, methods for treating Parkinson’s Disease comprise administering to
a subject in need thereof a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 69.

In one embodiment, methods for treating Parkinson’s Disease comprise administering to
a subject in need thereof a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 70.
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In one embodiment, methods for treating Parkinson’s Disease comprise administering to
a subject in need thereof a fusion protein comprising or consisting of an amino acid sequence
having at least about 85%, about 90%, about 95% or about 99% sequence identity to SEQ ID
NO: 71.

As used herein, the term “Parkinson’s Disease” encompasses both sporadic form of
Parkinson’s Disease and familial form of Parkinson’s Disease. Familial form of Parkinson’s
Disease account for about 5-10% of Parkinson’s Disease cases, and mutations in approximately
20 genes are implicated in Parkinson’s Disease. In some embodiments, familial form of
Parkinson’s Disease may be associated with mutations in one or more genes selected from the
group consisting of PARK2 (PRKN), PINK1 (PRKN6), PARK7, SNCA and LRRK2. In one
embodiment, the familial form of Parkinson’s Disease may be associated with a mutation in
PARK2 (PRKN). In another embodiment, the familial form of Parkinson’s Disease may be
associated with a mutation in PINK1 (PRKN6). In one embodiment, the Parkinson’s Disease is

not a sporadic form of Parkinson’s Disease.

In one embodiment, the present disclosure provides methods for treating Parkinson’s
Disease associated with a mutation in PARK?2 gene that comprises administering to a subject in
need thereof a fusion protein of the present disclosure comprising PARKIN (SEQ ID NO: 7),
e.g., a fusion protein comprising an amino acid sequence having at least about 85%, about 90%,
about 95% or about 99% sequence identity to any one of SEQ ID NO: 69, SEQ ID NO: 70 or
SEQ ID NO: 71.

In one embodiment, the present disclosure provides methods for treating Parkinson’s
Disease associated with a mutation in PINK1 (PRKNG6) gene that comprises administering to a
subject in need thereof a fusion protein of the present disclosure comprising PARKIN (SEQ ID
NO: 7), e.g., a fusion protein comprising an amino acid sequence having at least about 85%,
about 90%, about 95% or about 99% sequence identity to any one of SEQ ID NO: 69, SEQ ID
NO: 70 or SEQ ID NO: 71.

In some embodiments, Parkinson’s Disease is characterized by at least one symptoms

selected from of the following:

a) a tremor, or shaking, which usually begins in a limb, often hand or fingers. The

tremor associated with Parkinson’s Disease may include a back-and-forth rubbing of the thumb
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and forefinger, known as a pill-rolling tremor, and a tremor of the hand when it is relaxed (at

rest);
b) slowed movement (bradykinesia);
c) rigid muscles;
d) impaired posture and balance;
e) loss of automatic movements;

In addition, "non-motor symptoms" or "dopamine-non-responsive" signs or symptoms,

are also common in subjects with Parkinson’s Disease and may include any of the following:
f) cognitive impairment;
g) mood disorders, e.g., depression and anxiety;

h) sleeping problems, including REM Sleep Disorder, where individuals act out

their dreams;

i) low blood pressure when standing;

1) constipation;

k) speech and swallowing problems; and

1) unexplained pains, drooling and smell loss.

The term “treating Parkinson’s Disease”, as used herein, encompasses reduction,
alleviation or amelioration of one or more signs or symptoms of Parkinson’s Disease as
described above; diminishing the extent of Parkinson’s Disease, maintaining stability (7.e., not
worsening) of Parkinson’s Disease, amelioration or palliation of the disease state. Treatment of
Parkinson’s Disease may include one or more of reduction, alleviation or amelioration of the
cardinal or non-motor symptoms of PD as described above, e.g., reduction, alleviation or
amelioration of tremor, bradykinesia, muscle rigidity, reduction in speech and swallowing
problems, etc. In one embodiment, the treatment may also include inhibiting and slowing the

progression of Parkinson’s Disease.
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Treatment does not need to be curative. Treatment outcomes need not be determined
quantitatively. However, in certain embodiments, treatment outcomes can be quantitated by
following the longitudinal course of Parkinson’s Disease, using, e.g., the Unified Parkinson’s
Disease Rating Scale (UPDRS), or a revised UPDRS, knowns as MDS-UPDRS. The UPDRS is
a scoring system most commonly used for clinical evaluation of Parkinson's disease. It contains
42 items that are evaluated by interview with the subject and clinical observation. A total of 199
point are possible on the UPDRS scale, with 199 representing the worst disability and 0

representing no disability. UPDRS comprises the following sections:
Part I: evaluation of mentation, behavior, and mood;

Part II: self-evaluation of the activities of daily life (ADLs) including speech,
swallowing, handwriting, dressing, hygiene, falling, salivating, turning in bed, walking, and

cutting food;
Part III: clinician-scored monitored motor evaluation;
Part IV: complications of therapy;
Part V: Hoehn and Yahr staging of severity of Parkinson's disease; and
Part VI: Schwab and England ADL scale.

These are evaluated by interview and clinical observation. Some sections require
multiple grades assigned to each extremity. The revised UPDRS retains the four-scale structure
of the original UPDRS, with a reorganization of the various subscales. The scales are titled; (1)
nonmotor experiences of daily living (13 items), (2) motor experiences of daily living (13
items), (3) motor examination (18 items), and (4) motor complications (six items). Each

subscale has 0-4 ratings, where 0 = normal, 1 = slight, 2 = mild, 3 = moderate, and 4 = severe.

The UPDRS or MDS-UPDRS may be used to follow the progression of a person's
Parkinson's disease or to measure benefits from a therapy, e.g., a therapy that comprises

administering a fusion protein of the present disclosure.

In some embodiments, administering a fusion protein of the present disclosure to a
subject in accordance with the methods described herein results in inhibition or in slowing down

the Parkinson’s Disease progression in the subject. Specifically, in some embodiments,
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administering a fusion protein of the present disclosure to a subject results in a substantially no
increase of the UPDRS score in the subject over a period of time, e.g., over 1 week, 2 weeks, 3
weeks, 1 month, 2 months, 3 months, 6 months, 9 months, 1 year, 2 years, 3 years or 5 years. In
some embodiments, administering of fusion protein of the disclosure to a subject results in a
decrease of the UPDRS score in the subject over a period of time, e.g., over 1 week, 2 weeks, 3

weeks, 1 month, 2 months, 3 months, 6 months, 9 months, 1 year, 2 years, 3 years or 5 years.

Methods for Treating Barth Syndrome and Familial Isolated Dilated Cardiomyopathy

In one embodiment, the present disclosure provides methods for treating Barth Syndrome
and Familial Isolated Dilated Cardiomyopathy that comprise administering to a subject in need
thereof a fusion protein of the disclosure. For example, the present disclosure provides methods
for treating Barth Syndrome and Familial Isolated Dilated Cardiomyopathy that comprise
administering to a subject in need thereof a fusion protein comprising: 1) an amino acid
sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity to
Tafazzin (SEQ ID NO: 3) as protein of interest; 2) any CPP as described herein; and 3) any TES

as described herein.

In some embodiments, methods for treating Barth Syndrome and Familial Isolated
Dilated Cardiomyopathy comprise administering to a subject in need thereof a fusion protein
comprising: 1) an amino acid sequence having at least 85%, at least 90%, at least 95%, or at
least 99% sequence identity to Tafazzin (SEQ ID NO: 3) as protein of interest; 2) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID
NO: 11); and 3) any TES as described herein, e.g., Ubiquitin (SEQ ID NO: 18) or calpain
cleavage domain (SEQ ID NO: 20).

Methods for Treating Pyruvate Dehydrogenase E1-Beta Deficiency

In one embodiment, the present disclosure provides methods for treating Pyruvate
Dehydrogenase E1-Beta Deficiency that comprise administering to a subject in need thereof a
fusion protein of the disclosure. For example, the present disclosure provides methods for
treating Pyruvate Dehydrogenase E1-Beta Deficiency that comprise administering to a subject in

need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
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90%, at least 95%, or at least 99% sequence identity to PDHB (SEQ ID NO: 4) as protein of
interest; 2) any CPP as described herein; and 3) any TES as described herein.

In some embodiments, methods for treating Pyruvate Dehydrogenase E1-Beta
Deficiency comprise administering to a subject in need thereof a fusion protein comprising: 1)
an amino acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence
identity to PDHB (SEQ ID NO: 4) as protein of interest; 2) an amino acid sequence having at
least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID NO: 11); and 3) any
TES as described herein, e.g., Ubiquitin (SEQ ID NO: 18) or calpain cleavage domain (SEQ ID
NO: 20).

Methods for Treating Leigh Syndrome, French Canadian Type

In one embodiment, the present disclosure provides methods for treating Leigh
Syndrome, French Canadian Type that comprise administering to a subject in need thereof a
fusion protein of the disclosure. For example, the present disclosure provides methods for
treating Leigh Syndrome, French Canadian Type that comprise administering to a subject in
need thereof a fusion protein comprising: 1) an amino acid sequence having at least 85%, at least
90%, at least 95%, or at least 99% sequence identity to LRPPRC (SEQ ID NO: 5) or SLIRP
(SEQ ID NO: 6) as protein of interest; 2) any CPP as described herein; and 3) any TES as

described herein.

In some embodiments, methods for treating Leigh Syndrome, French Canadian Type
comprise administering to a subject in need thereof a fusion protein comprising: 1) an amino
acid sequence having at least 85%, at least 90%, at least 95%, or at least 99% sequence identity
to LRPPRC (SEQ ID NO: 5) or SLIRP (SEQ ID NO: 6) as protein of interest; 2) an amino acid
sequence having at least 85%, at least 90%, at least 95% or at least 99% to TAT-HIV (SEQ ID
NO: 11); and 3) any TES as described herein, e.g., Ubiquitin (SEQ ID NO: 18) or calpain
cleavage domain (SEQ ID NO: 20).
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Methods for Treating PLA2G6-associated neurodegeneration (PLAN)

In one embodiment, the present disclosure provides methods for treating PLA2G6-
associated neurodegeneration (PLAN). In some embodiments, the term “PLA2G6-associated
neurodegeneration (PLAN)” may comprise one or more of the following disorders: infantile
neuroaxonal dystrophy (INAD), atypical neuroaxonal dystrophy (ANAD), Parkinsonian
Syndrome which contains adult onset dystonia parkinsonism (DP) and autosomal recessive

early-onset parkinsonism (AREP).

In some embodiments, the methods for treating PLAN comprise administering to a
subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at least
85%, at least 90%, at least 95%, or at least 99% sequence identity to any variant 1-9 of
Phospholipase A2, Group VI as described in Table 2 (SEQ ID NOS: 72-80) as protein of
interest; 2) any CPP as described herein; and 3) any TES as described herein.

In some embodiments, methods for treating PLAN comprise administering to a
subject in need thereof a fusion protein comprising: 1) an amino acid sequence having at least
85%, at least 90%, at least 95%, or at least 99% sequence identity to any variant 1-9 of
Phospholipase A2, Group VI as described in Table 2 (SEQ ID NOS: 72-80) as protein of
interest; 2) an amino acid sequence having at least 85%, at least 90%, at least 95% or at least
99% to TAT-HIV (SEQ ID NO: 11); and 3) any TES as described herein, e.g., Ubiquitin (SEQ
ID NO: 18) or calpain cleavage domain (SEQ ID NO: 20). Unless specifically stated or obvious
from context, as used herein, the term “about” is understood as within a range of normal
tolerance in the art, for example within 2 standard deviations of the mean. About can be
understood as within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1 %, 0.05%, or
0.01% of the stated value. Unless otherwise clear from context, all numerical values provided

herein can be modified by the term about.

LE I3
>

The terms “administer”, “administering” or “administration”, as used herein, include any
method of delivery of a fusion protein, a pharmaceutical composition or a therapeutic compound
of the disclosure. In certain embodiments, the fusion protein, the pharmaceutical composition or
a therapeutic compound of the present disclosure may be administered parenterally, e.g.,

intravenously, intramuscularly or subcutaneously. In one specific embodiment, the fusion

protein, the pharmaceutical composition or a therapeutic compound of the present disclosure

may be administered subcutaneously. Administering a fusion protein, a pharmaceutical
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composition or a therapeutic compound can be performed by a number of people working in
concert. Administering an agent includes, for example, prescribing an agent to be administered
to a subject and/or providing instructions, directly or through another, to take a specific agent,
either by self-delivery, e.g., as by oral delivery, subcutaneous delivery, intravenous delivery
through a central line, etc.; or for delivery by a trained professional, e.g., intravenous delivery,

intramuscular delivery, efc.

EXAMPLES

Example 1. Comparison of Subcellular Localizations of hFXN and TAT-GG-hFXN fusion

protein

Determining the Subcellular Localization of hFXN in Rat L6 Myoblasts Following Treatment

with TAT-GG-hFXN fusion protein by Immunofluorescence Staining.

The human frataxin protein (hFXNi-210) is encoded in the nucleus and is synthesized as a
210 amino acid precursor protein, having the amino acid sequence as indicated in SEQ ID NO. 1
(Table 1). Following its expression, full-length hFXNi-210 is directed to the mitochondria by its
N-terminal 80 aa mitochondrial targeting sequence (MTS), where it is actively imported and
proteolytically processed to yield the 130 aa mature form, or active fragment, of the protein
(hFXNsi-210), with a predicted molecular weight of 14.2 kDa and a sequence as provided in SEQ
ID NO. 2 (Table 1). The FXN mature form ultimately resides in the mitochondrial matrix.

SEQ ID NO. I:

MWTLGRRAVA GLLASPSPAQ
GLNQIWNVKK QSVYLMNLRK
EDYDVSFGSG VLTVKLGGDL
SLHELLAAET TKALKTKLDL

SEQ ID NO. 2:

SGTLGHPGSL DETTYERLAE
GTYVINKQTP NKQIWLSSPS
SSLAYSGKDA

AQTLTRVPRP
SGTLGHPGSL
GTYVINKQTP
SSLAYSGKDA

ETLDSLAEFF
SGPKRYDWTG

AETLAPLCGRR
DETTYERLAE
NKQIWLSSPS

EDLADKPYTF
KNWVY SHDGV

GLRTDIDATC
ETLDSLAEFF
SGPKRYDWTG

EDYDVSFEGSG
SLHELLAAEL

TPRRASSNQR
EDLADKPYTF
KNWVY SHDGV

VLTVKLGGDL
TKALKTKLDL

A TAT-GG-hFXN fusion protein was developed for use in a protein replacement therapy
for the treatment of Friedreich’s Ataxia (FRDA). The TAT-GG-hFXN fusion protein has been
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shown to rescue disease phenotypes associated with FRDA in cells and animals. It is believed

that the TAT-GG-hFXN fusion protein, when inside a cell, is localized to mitochondria.

Subcellular localization of hFXN in rat L6 myoblasts following treatment with TAT-GG-
hFXN fusion protein was evaluated through immunofluorescence microscopy (Figure 3).
Briefly, rat L6 myoblasts were treated with TAT-GG-hFXN fusion protein (5 uM) in serum-free
medium for 2 hours. After 2 hours, the serum-free medium containing TAT-GG-hFXN fusion
protein was replaced with complete medium, and the cells were incubated. As shown in Figure
3, hFXN was strongly detected within small punctate intracellular vesicles as well as within the
nucleus (Figure 3, see panels “hFXN” and “merge”). The observed intracellular vesicles
containing hFXN do not significantly overlap with the mitochondrial membrane marker
TOMM20 (shown in Figure 3, panel “merge”). These vesicles may represent trafficking of the
TAT-GG-hFXN fusion protein through the endosomal/lysosomal system following its uptake by
the cells, but further studies are required to prove this hypothesis. Together, these data
demonstrate that hFXN can be detected in cells and that hFXN is strongly detected in the
nucleus following treatment with the TAT-GG-hFXN fusion protein. Although low levels of
hFXN may be present in the mitochondria following treatment with the TAT-GG-hFXN fusion
protein under the described conditions, mitochondrial hFXN is practically undetectable in rat L6

myoblasts by immunofluorescence staining.

Comparison Between Subcellular Localization of hFXN in Rat L6 Myoblasts Following
Transfection with hFXN or TAT-GG-hFXN fusion protein

Under the above-described conditions, hFXN was detected mostly in the nucleus of rat
L6 myoblasts following treatment with TAT-GG-hFXN fusion protein (Figure 3). It is possible
that the N-terminal TAT-GG sequence appended to full-length hFXN may direct the therapeutic
protein into the nucleus following its internalization into cells. To more carefully assess this
effect of TAT-GG on hFXN, subcellular localization of intracellularly expressed TAT-GG-
hFXN fusion protein compared to hFXN in rat L6 myoblasts was detected and compared by
immunofluorescence microscopy. Rat L6 myoblasts were transfected with expression plasmids
containing genetic constructs encoding TAT-GG-hFXN fusion protein or hFXNi-210 using lipid-
based transfection reagents known to the person skilled in the art of transfections, such as for
example the L6 Cell Avalanche™ system {(from EZ Biosystems). After 24 hours, transfected
cells were fixed using 4% paraformaldehyde and stained using antibodies against hFXN or the

mitochondrial membrane marker TOMM20, as well as the Hoechst 33342 nuclear stain. As
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expected, rat L6 myoblasts transfected with the hFXNi1.210 construct were positive for the
presence of mitochondrial hFXN, as evidenced by clear co-localization with the mitochondrial
membrane marker TOMM?20 (Figure 4, top panel, “merge”). In contrast, rat L6 myoblasts
transfected with TAT-GG-hFXN fusion protein stained positively for hFXN throughout the cell
cytosol and strongly within the nucleus (Figure 4, bottom panel, “merge”). In a very low
percentage of cells transfected with TAT-GG-hFXN fusion protein, hFXN was detected in the
mitochondria as well (very scarce co-localization staining in Figure 4, bottom panel, “merge”).
Taken together, these data demonstrate that TAT-GG-hFXN fusion protein subcellular
localization is different from hFXN’s native subcellular localization, going from predominantly

mitochondrial (hFXN) to cytosolic and strongly nuclear (TAT-GG-hFXN fusion protein).

Example 2. Design of Novel TAT-GG-hFXN Constructs for Enhanced Delivery of hFXN
to the Mitochondria.

The described fluorescence co-localization results shown in Example 1, Figure 3 and
Figure 4 indicate that the great majority of TAT-GG-hFXN fusion protein molecules in the cells
do not specifically localize to the mitochondria, and this may be due to the presence of the
appended TAT-GG sequence at the amino-terminus of the molecule. In order to overcome this
hurdle, several novel frataxin fusion proteins were designed and tested for their mitochondria
delivery yields. Improved yields of mitochondrial delivery of therapeutic fusion proteins which
act in the mitochondria will also provide better treatment of mitochondrial diseases, such as, for
example, FRDA. To achieve this goal, novel fusion proteins were designed, and a schematic of

the proteins is presented in Figure 5, panels a-c.

One group of proteins was designed to include protease-cleavable domains, and a library
of constructs encoding “protease activatable” cell-permeant hFXN fusion proteins was
generated. These constructs comprised a sequence encoding a cell penetrating peptide (CPP),
such as HIV-TAT (YGRKKRRQRRR; SEQ ID NO. 11) peptide, fused to an amino acid
sequence that can be cleaved by an endogenous intracellular protease, and immediately followed
by the protein of interest, in the present case full-length precursor hFXN. A di-peptide GG was
used as a linker between the CPP and the proteolytic cleavage domain. Cleavage of TAT-GG
from the fusion protein in the cytosol will result in a TAT-free hFXN protein which can then be

imported into the mitochondria by virtue of its endogenous MTS. By way of example, cleavable
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intracellular protease-sensitive proteins used were SUMO-1 (cleaved by SUMO protease) and

ubiquitin (cleaved by ubiquitinase), and proteolytically-sensitive peptides were DEVD (caspase

cleavage site, SEQ ID NO: 19), EPLFAERK (SEQ ID NO: 20), and LLVY (calpain cleavage

sites, SEQ ID NO: 21).

An alternative group of proteins was designed to include a nuclear exportation signal

(NES), and in that way avoid accumulation of the protein of interest in the cellular nucleus.

Thus, constructs were designed to include a CPP, linked to the protein of interest, linked to a

NES. By way of example, the carboxyl-terminus of TAT-GG-hFXN fusion constructs was

directly fused to a nuclear exportation signal (NES), such as NES domains derived from PKlo

(NES1) and MAPKK (NES2).

A schematic of the fusion proteins is provided in Figure 5, panels a-c, and a summary of

the fusion protein constructs is provided in Table 11.

Table 11. Novel TAT-FNX fusion proteins.

Fusion Protein SEQID | CPP Protease cleavable Protease Protein of
NO. domain or NES responsible for interest
cleavage

TAT-GG-SUMO1 - <

hFXN 55 TAT Sumol SUMO FXN
AT OG- Ublquitin- 56 TAT Ubiquitin Deubiquitinase FXN
TAT-GG-DEVD-hFXN | 57 TaT | PEVD (SIE? IDNO: Caspase FXN
TAT-GG-EPLFAERK- - EPLFAERK (SEQ ID .

hEXN 38 TAT NO: 20) Calpainl FXN
TAT-GG-LLVY-hFXN 59 TaT | MVY (SZES ID NO: Calpain FXN
TAT-GG-hFXN-NES1 60 TAT NES1 not relevant FXN
TAT-GG-hFXN-NES2 61 TAT NES2 not relevant FXN

Example 3. Intracellular Expression of hFXN Fusion Proteins — Preliminary Screen for

Mitochondrial Transport.

Genetic constructs encoding the various hFXN variants hFXN, TAT-GG-hFXN (TAT-
hFXN fusion protein), TAT-GG-SUMO1-hFXN, TAT-GG-Ubiquitin-hFXN, TAT-GG-DEVD-
hFXN, TAT-GG-EPLFAERK-hFXN, TAT-GG-LLVY-hFXN, TAT-GG-hFXN-NES1 and
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TAT-GG-hFXN-NES2 were cloned into expression vectors. By way of example, plasmid vector
pcDNA3.1(+) (Genscript®, Piscataway, NJ) was used. All protein-encoding sequences were
codon optimized for mammalian (human) expression. Amino acid sequences of the variants and
their respective encoding nucleic acid sequences are provided in Tables 9 and 10 elsewhere in

this disclosure.

Rat L6 myoblasts were transfected with the expression plasmids using lipid-based
transfection reagents known to the person skilled in the art of transfections, e.g., using the L6
Cell Avalanche™ system {from EZ Biosystems). hFXN subcellular localization was detected by
immunofluorescence microscopy, performed as described in Example 1. Transfected cells were
cultured for 24 hours, after which cells were fixed using 4% paraformaldehyde and stained using
antibodies against hFXN and the mitochondrial membrane marker TOMM20. In addition, the

2177

nuclei of the cells were stained using the Hoechst 33342 nuclear stain.

The results of the immunolabelling are presented in Figure 6, Panels a-i and summarized

in Table 12.

Table 12. Localication of hFXN and FXN fusion protein variants.

Construct Intracellular Localization

hFXN Mitochondria

TAT-GG-hFXN fusion protein | Nucleus (mostly)
TAT-GG-SUMO1-hFXN Mitochondria
TAT-GG-Ubiquitin-hFXN Mitochondria
TAT-GG-DEVD-hFXN Cytosol and nucleus
TAT-GG-EPLFAERK-hFXN | Mitochondria, cytosol and nucleus
TAT-GG-LLVY-hFXN Mitochondria, cytosol and nucleus
TAT-GG-hFXN-NES1 Mitochondria, cytosol and nucleus
TAT-GG-hFXN-NES2 Mitochondria, cytosol and nucleus

As demonstrated in Example 1, when expressed in rat L6 myoblasts, hFXN localized to
the mitochondria, whereas TAT-GG-hFXN fusion protein was predominantly detected in the
cytosol and nucleus. In cells transfected with TAT-GG-SUMO1-hFXN and TAT-GG-
Ubiquitin-hFXN, hFXN was detected in the mitochondria. In cells transfected with TAT-GG-
DEVD-hFXN, hFXN was detected in the cytosol and nucleus, and no significant mitochondrial
localization was observed. In cells transfected with TAT-GG-EPLFAERK-hFXN and TAT-GG-
LLVY-hFXN, hFXN was detected in the mitochondria as well as within the cytosol and nucleus.

Taken together, these data demonstrate that intracellular SUMO proteases, deubiquitinases, as
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well as intracellular calpains were able to cleave the fusion proteins at their respective cleavage
sites and to yield a variant of hFXN that localizes to the mitochondria. Similar to TAT-GG-
hFXN fusion protein, TAT-GG-DEVD-hFXN was not detected in mitochondria, suggesting that
caspase-mediated cleavage of DEVD (SEQ ID NO: 19) was inefficient under the current

conditions.

In cells transfected with TAT-GG-hFXN-NES1 and TAT-GG-hFXN-NES2, hFXN was
detected in the mitochondria as well as within the cytosol and nucleus. Together, these data
demonstrate that nuclear exportation of hFXN fusion proteins results in improved mitochondrial

import of hFXN.

Example 4: Assessment of hFXN Maturation by Western Blot Analysis.

In its native state, full-length hFXNi-10 is directed to the mitochondria by its N-terminal
mitochondrial targeting sequence (MTS), where it is imported and proteolytically processed in
two steps to yield the mature form of the protein, the hFXNsi-210 fragment. In order to evaluate
the extent of hFXN maturation by proteolytic processing of the novel hFXN variants, Western
blot analysis was performed in hFXN variants generated in rat L6 myoblasts transfected with the
respective expression plasmids containing genes encoding hFXN, TAT-GG-hFXN fusion
protein, TAT-GG-SUMO1-hFXN, TAT-GG-Ubiquitin-hFXN, TAT-GG-EPLFAERK-hFXN,
TAT-GG-LLVY-hFXN, TAT-GG-hFXN-NESI1, and TAT-GG-hFXN-NES2. Cells were
harvested 72 hours after transfection, lysed in ice-cold radioimmunoprecipitation assay (RIPA)
buffer supplemented with protease inhibitors and EDTA. The cell lysates were separated by
SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis), transferred onto a
nitrocellulose membrane, and analyzed by Western Blot using a commercial antibody against

hFXN (purchased from AbCam), as well as an antibody against -Actin as a loading control.

The results are presented in Fig. 7. Fully mature hFXN (lane 1, band below 15 kDa
marker, ~14.2 kDa) was detected in lysate obtained from cells transfected with hFXN construct.
A band corresponding to mature hFXN (~14.2 kDa) was also detected in lysate obtained from
cells transfected with a plasmid encoding TAT-GG-hFXN fusion protein (lane 2) and TAT-GG-
SUMO1-hFXN (lane 3). Mature hFXN was detected in higher amounts in lysates obtained from
cells transfected with TAT-GG-Ubiquitin-hFXN (lane 4), TAT-GG-EPLFAERK-hFXN (lane 5),
and TAT-GG-hFXN-NESI (lane 7, where hFXN-NES1 migrated slower by SDS-PAGE as the
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appended NES1 increases the molecular weight by ~1 kDa). A band corresponding to mature
hFXN was also detected in TAT-GG-LLVY-hFXN (lane 6), and TAT-GG-hFXN-NES2 (lane
8). These results indicate that the novel constructs TAT-GG-Ubiquitin-hFXN, TAT-GG-
EPLFAERK-hFXN, and TAT-GG-hFXN-NES1 are proteolytically processed in cells and yield
higher amounts of mature hFXN than TAT-GG-hFXN fusion protein.

Example 5. Transduction of Schwann Cells with hFXN Fusion Proteins

The goal of this experiment was to determine and compare the ability of different hFXN

fusion proteins to transduce cells.

This experiment utilized the TAT-GG-hFXN fusion protein described in Example 1 and
the novel TAT-FXN fusion proteins: TAT-GG-Ubiquitin-hFXN (SEQ ID NO: 56) and TAT-
GG-EPLFAERK-hFXN (SEQ ID NO: 58). In TAT-GG-EPLFAERK-hFXN (SEQ ID NO: 58),
EPLFAERK (SEQ ID NO: 20) 1s a Calpain1 sensitive sequence. The schematic structure of the

fusion proteins used in the experiment is shown in Figure 8.

The experiment utilized Schwann cells because these cells grow relatively fast, and are
easy to transduce. Also, endogenous levels of hFXN in these cells are below the detection limit
and, therefore, are not expected to interfere with the signal produced by the TAT-GG-hFXN

fusion proteins.

Schwann cells were plated at a seeding density of 8,000 cells per well in a 96-well plate
(Corning 3904) and incubated overnight at 37 °C. On day 1, solutions were prepared containing
1.25 uM, 1 uM and 0.5 uM of each TAT-GG-hFXN fusion protein in transduction media
containing DMEM, 1% heat inactivated FBS and 20 mM glycerol. Cells were washed with 150
uL of PBS per well, and then 60 pL. of TAT-GG-hFXN solution or transduction media alone for
negative control were added per well. The cells were incubated at 37 °C for 2 hours, after which
60 uL of complete media containing DMEM, 10% FBS and 1% antibiotic:antimycotic (Gemini
bioprodut 400-101) were added per well, and the cells were incubated overnight at 37°C.

The same treatment was repeated on day 2. On day 3, cells in each well were washed
with 150 pL of PBS, after which the cells were trypsinized by adding 50 pL of TrypLE
(Gibco™ 12604021) to each well and incubating at 37 °C for 5 minutes. After this, the
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trypsinization reaction was quenched by addition to each well of 50 pL of complete medium.
The cells were re-suspended and transferred to a fibronectin-coated glass-bottom plate (Corning
4584) containing 40 uL of complete DMEM per well. The cells were allowed to settle overnight
at 37 °C.

On day 4, the cells were washed with PBS, after which 50 pL of freshly prepared 4%
paraformaldehyde solution was added to each well, and the cells were incubated at room
temperature for 10 minutes. Subsequently, the cells were washed twice with 150 pL PBS per
well and then 50 pL of blocking buffer (0.3% Triton-X 100, 5% normal goat serum in PBS) was
added per well. The cells were incubated at room temperature for 1 hour, after which the
blocking buffer was removed, and 50 uL of primary antibody diluted in blocking buffer (Anti-
Frataxin Antibody ab110328 from abcam and anti-TOMM?20 antibody ab78547 from abcam)
was added to each well. The Anti-Frataxin antibody was diluted 1:600, while the TOMM20
antibody was diluted 1:300. The cells were incubated overnight at 4 °C.

On day 5, the cells were washed twice with 120 pL of PBS per well, and 50 uL of
secondary antibody diluted in blocking buffer was added to each well (Anti-Mouse IgG
AlexaFluor594, ab150116 from abcam and Anti-rabbit igG Alexafluor488, ab150077 from
abcam). Each antibody was diluated 1:1000. The cells were incubated at room temperature for
one hour, washed with 150 puL. of PBS per well, and were stained by adding 50 puL of 300 nM
Hoescht 33342 stain per well and incubating for 3 minutes at room temperature. Subsequently,

the cells were washed with PBS.

The cells were imaged using a Lionheart microscope. Human FXN was detected using
an Alexa-594-labeled goat anti-mouse IgG secondary antibody that bound to the mouse anti-
hFXN monoclonal primary antibody. Mitochondrial membrane was detected using an Alexa-
488-labelled goat anti-rabbit IgG secondary antibody that bound to the anti-TOMM20
polycolonal primary antibody.

The results of the experiment are presented in Figure 9. Specifically, Figure 9, Panel A
is a series of photographs of Schwann cells treated with 0.25 uM, 0.5 uM and 1 pM TAT-GG-
hFXN, TAT-GG-EPLFAERK-hFXN, TAT-GG-Ubiquitin-hFXN and vehicle as a negative
control. In the photographs, the green color corresponds to the TOMM?20 signal as a
mitochondrial marker, the red color corresponds to hFXN signal and the blue color corresponds

to the Hoechst 33342 dye signal as a nuclear marker. Under the imaging conditions, endogenous
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frataxin levels are not detectable in the Schwann cells. As demonstrated by Figure 9, Panel A,
cells transduced with vehicle showed only nuclear and mitochondrial staining, but not hFXN
staining. Cells transduced with TAT-GG-hFXN showed some hFXN staining. In contrast, cells
transduced with TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN showed higher

levels of hFXN staining at corresponding concentrations.

Figure 9, Panel B is a high magnification image of cells treated with TAT-GG-Ubiquitin-
hFXN fusion protein. This image shows the details of hFXN stain and its localization to
mitochondria. This image indicates that in cells treated with novel hFXN fusion proteins, hFXN

localizes to mitochondria.

The amount of hFXN signal in the photographs presented in Figure 9 was quantified by
determining the mean intensity of Texas red channel used to detect the signal associated with
Alexa 594. The amount of the nuclear signal was quantified by determining the mean intensity

of the DAPI channel used to detect the signal associated with the Hoechst 33342 dye.

Figure 9, Panel C is a bar graph showing the ratios of mean hFXN stain signal to the
mean nuclear stain signal for cells treated with various concentrations of TAT-GG-hFXN, TAT-
GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN. The results presented in Figure 9,
Panel C indicate that the amount of hFXN detected in cells treated with novel fusion proteins of
the present disclosure, i.e., TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN, is
more than 2 orders of magnitude higher than the amount of hFXN detected in cells treated with

TAT-GG-hFXN, at all concentrations studied.

To further ensure accuracy of quantification of hFXN in the microscopy experiments, the
purified recombinant hFXN fusion proteins used in for cell transduction experiments were
separated on an SDS-PAGE gel and transferred onto a nitrocellulose memtrane. The membrane

was stained with a total protein stain and visualized.

Figure 9, Panel D is a picture of a nitrocellulose membrane following transfer from an
SDS-PAGE gel loaded with samples of TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN, and
TAT-GG-Ubiquitin-hFXN used for transduction experiments and stained for total protein. The
results presented in Figure 9, Panel D demonstrate that similar amounts of TAT-GG-hFXN,
TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN are found in samples used for
transfection. These results demonstrate a lack of fusion protein degradation and confirm that the

same amount of each fusion protein was used in transduction experiments. These results also
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demonstrate that the quantification results seen in the microscopy experiments in Figure 9,
Panels A and B are not due to the differences in the amounts of hFXN fusion proteins added to

the cells.

The results presented in Figure 9, Panels A-D demonstrate that the amount of protein of
interest, e.g., hFXN, detected in cells following transduction of cells with novel fusion proteins
of the present disclosure comprising CPP and TES is significantly higher than the amount of
protein of interest, e.g., hFXN, detected in cells following transduction of cells with fusion
protein that comprises CPP but does not comprise TES. The results indicate that introducing
TES into a fusion protein comprising CPP, such that the TES is located between CPP and the

protein of interest, can significantly increase the amount of protein of interest in a cell.

Example 6. Transduction of Schwann Cells and HIC2 cells with hFXN Fusion Proteins

The goal of this experiment was to determine and compare the ability of hFXN to

localize to mitochondria after transduction of cells with different hFXN fusion proteins.

This experiment utilized Schwann cells and H9C2 myoblast cells and the same hFXN
fusion proteins used in Example 5 and illustrated in Figure 8, i.e., TAT-GG-hFXN, TAT-GG-
EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN. The experiment utilized the same
procedure described in Example 5 to treat the cells with the hFXN fusion proteins at fusion
protein concentration of 0, 0.0625 uM, 0.125 uM, 0.25 uM, 0.5 uM. The cells were
subsequently stained using an anti-FXN stain, nuclear stain and mitochondrial stain, and

analyzed using microscopy as described in Example 5.

Figure 10, Panel A is a series of representative photographs of Schwann and HOC2 cells
treated with 1 pM hFXN fusion proteins and stained with mitochondrial, nuclear and anti-FXN
stains. The white arrows show high level of representative localication of hFXN to
mitochondria. The results shown in Figure 10, Panel A indicate that the amount of hFXN in
cells treated with 1 pM TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN is higher
than the amount of hFXN in cells treated with TAT-GG-hFXN. The results also indicate that in
cells treated with 1 uM TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN, hFXN
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localizes to mitochondria (see white arrows), while less mitochondrial localization of hFXN is

observed in cells treated with 1 pM TAT-GG-hFXN.

The mean anti-FXN stain signal and the mean anti-mitochondrial stain signal were
determined for each sample, and the ratio of the mean anti-FXN stain signal to the mean anti-
mitochondrial stain signal (TOMM20) was calculated. Figure 10, Panel B presents the ratio of
the mean anti-FXN stain signal to the mean anti-mitochondrial stain signal graphed as a function
of hFXN fusion protein concentration in Schwann cells. Figure 10, Panel C presents the ratio of
the mean anti-FXN stain signal to the mean anti-mitochondrial stain signal graphed as a function
of hFXN fusion protein concentration in HOC2 cells. The results presented in Figure 10, Panels
B and C demonstrate that higher amounts of hFXN localize to mitochondria in Schwann cells
and H9C2 cells treated with GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN, as
compared to Schwann cells and HOC2 cells treated with TAT-GG-hFXN. Further, the amount
of mitochondrial localization in cells treated with GG-EPLFAERK-hFXN and TAT-GG-
Ubiquitin-hFXN is dose-dependent.

Another cell transfection experiment was conducted using Schwann cells and hFXN
fusion proteins which included: TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN, TAT-GG-
Ubiquitin-hFXN, and TAT-GG-hFXN NES1 (SEQ ID NO: 60 and depicted in Figure 8). The
experimental protocol used for the experiment was the same as described above. Figure 10,
Panel D presents the ratio of the mean anti-FXN stain signal to the mean anti-mitochondrial stain
signal graphed as a function of hFXN fusion protein concentration in Schwann cells. The results
presented in Figure 10, Panel D demonstrate that higher amounts of hFXN localize to
mitochondria in Schwann cells cells treated with TAT-GG-EPLFAERK-hFXN, TAT-GG-
Ubiquitin-hFXN and TAT-GG-hFXN-NES1, as compared to Schwann cells and HOC2 cells
treated with TAT-GG-hFXN. The results also demonstrate that at the fusion protein
concentration of 0.5 uM, the amount of hFXN localized to mitochondria after treatment with
TAT-GG-hFXN-NES1 is significantly higher than the amount of hFXN localized to
mitochondria after treatment with TAT-GG-EPLFAERK-hFXN, TAT-GG-Ubiquitin-hFXN.
Further, the amount of mitochondrial localization in cells treated with the novel hFXN fusion

proteins is dose-dependent.

The results presented in Figure 10, Panels A-D indicate that higher amounts of hFXN are
detected in cells treated with novel fusion proteins of the disclosure, i.e., TAT-GG-EPLFAERK-
hFXN, TAT-GG-Ubiquitin-hFXN and TAT-GG-hFXN-NESI1, as compared to cells treated with
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TAT-GG-hFXN. The results also indicate that hFXN in cells treated with novel hFXN fusion

proteins of the disclosure localize to mitochondria.

Example 7. Confirmation of Intracellular Processing of Novel hFXN Fusion Proteins

The goal of this experiment was to confirm that the novel hFXN fusion proteins of the
present disclosure are correctly processed by cellular machienery to yield the mature FXN
protein. This experiment utilized L6 rat myoblast cells and the same hFXN fusion proteins used
in Example 5 and illustrated in Figure 8, i.e., TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN and
TAT-GG-Ubiquitin-hFXN. This experiment also utilized two additional hFXN fusion proteins
as follows: TAT-GG-hFXN-NES1 (SEQ ID NO: 60) and TAT-GG-SUMO-hFXN (SEQ ID NO:
81). The amino acid sequence of TAT-GG-SUMO-hFXN (SEQ ID NO: 81) is shown below:

MYGRKKRRQRRRGGSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKKTTPLRRLMEAF
AKRQGKEMDSLRFLYDGIRIQADQTPEDLDMEDNDIIEAHREQIGGMWTLGRRAVAGLLASPSP
AQAQTLTRVPRPAELAPLCGRRGLRTDIDATCTPRRASSNQRGLNQIWNVKKQSVYLMNLRKS
GTLGHPGSLDETTYERLAEETLDSLAEFFEDLADKPYTFEDYDVSFGSGVLTVKLGGDLGTYVIN
KQTPNKQIWLSSPSSGPKRYDWTGKNWVYSHDGVSLHELLAAELTKALKTKLDLSSLAYSGKD
A.

For the experiment, L6 cells were transfected with DNA vectors encoding the hFXN
fusion proteins, and the cells were incubated for 24 hours. The cells were collected and
processed to isolate total protein which was then separated on an SDS-PAGE gel. After SDS-
PAGE separation, frataxin in the gel was analyzed using Western blotting with anti-FXN

antibody and anti-f actin antibodies for control.

Figure 11 is a photograph of the Western blot of total protein samples isolated from cells
transfected with various hFXN fusion proteins and analyzed using anti-FXN antibody. Lane 1
contains a sample of cells transfected with a construct encoding hFXN control without TAT
fusion. In this sample, a band of about 15 kDa corresponds to mature, processed hFXN resulting
after double cleavage of the MTS sequence by endogenous mitochondrial a- and B-MPP

proteases.

Lane 2 corresponds to a sample of cells transfected with a construct encoding TAT-GG-

hFXN fusion protein. In this sample, a small amount of hFXN appears as a processed, mature
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frataxin, however, the majority of hFXN exists as a full length unprocessed fusion protein of

about 25 kDa.

Lanes 3, 4 and 5 correspond to samples of cells transfected with constructs encoding,
respectively, TAT-SUMO-hFXN, TAT-GG-Ubiquitin-hFXN and TAT-GG-EPLFAERK-hFXN.
Under the same experimental conditions, these samples contain higher amounts of mature hFXN
than the samples in lanes 1 and 2. Also present in lanes 3-5 are the intermediate cleavage

products corresponding to incomplete hFXN processing and to various SUMO cleavages (lane

3).

Lane 6 contains a sample of cells transfected with constructs encoding TAT-GG-hFXN-
NES. This sample also contains higher amounts of mature hFXN than samples in lanes 1 and 2.
Also present in lane 6 are the intermediate cleavage products corresponding to incomplete hFXN
processing. It is noted that the molecular weight of mature hFXN and intermediate cleavage
products is higher than the the molecular weight of mature hFXN and intermediate cleavage
products in other samples because NES is not cleaved by processing and remains a part of the

fusion protein after MTS cleavage.

The results presented in Figure 11 demonstrate that the novel hFXN fusion proteins of
the present disclosure, i.e., TAT-SUMO-hFXN, TAT-GG-Ubiquitin-hFXN, TAT-GG-
EPLFAERK-hFXN, and TAT-GG-hFXN-NES are processed in cells to yield mature hFXN.
The results also demonstrate that the processing of the novel hFXN fusion proteins to yield
mature hFXN is more efficient than processing of TAT-GG-hFXN fusion protein. The more
efficient processing of the novel hFXN fusion proteins as compared to processing of TAT-GG-
hFXN may, at least partially, be explained by the fact that lower amounts of the novel hFXN
fusion proteins localize to the nucleus, as compared to the TAT-GG-hFXN fusion proteins, as

shown in Figures 4 and 6.

Example 8. Functional Characterization of hFXN Fusion Proteins

The goal of this experiment was to characterize the function of the novel hFXN fusion
proteins. Applicant has previously shown that cells deficient in LRPPRC exhibit high levels of
cell media acidification and secretion of SYR61 protein into the media. Applicant has also

previously shown that treatment of LRPPRC-deficient cells caused a decrease in both cell media
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acidification and the amount of secreted SYR61 protein (see, e.g., WO 2021/011929, the entire
contents of which are hereby incorporated herein by reference). Thus, cell media acidification

and the amount of secreted SYR61 protein may be used as a measure of FXN activity in cells.

The present experiment utilized cell line HEK 293 LRPPRC KD (clone 21C), which was
previously described, e.g., in WO 2021/011929. Briefly, this cell line is an LRPPRC
knockdown cell line, generated by transferring HEK293 cells with LRPPRC shRNA, resulting in
gene silencing of LRPPRC. A control cell line transfected with a scramble sequence (Scr-5) was
also used in the experiment. This experiment also utilized the same hFXN fusion proteins used
in Example 5 and illustrated in Figure 8, i.e., TAT-GG-hFXN, TAT-GG-EPLFAERK-hFXN and
TAT-GG-Ubiquitin-hFXN.

For the experiment, the LRPPRC KD cells and Scr-5 cells were plated at a seeding
density of 50,000 cells per well in a 24 well plate in complete DMEM (DMEM, 10% FBS and
1% antibiotic:antimycotic). On day 1, the cells were treated with vehicle, TAT-GG-hFXN,
TAT-GG-EPLFAERK-hFXN, orTAT-GG-Ubiquitin-hFXN for 3 hours at 37 °C. Treatment of
cells with TAT-GG-hFXN fusion protein was conducted at the fusion protein concentrations of
2.5uM, 5 uM and 10 uM. Treatment of cells with TAT-GG-EPLFAERK-hFXN and TAT-GG-
Ubiquitin-hFXN was conducted at the fusion protein concentrations of 0.25 uM, 0.5 uM and 1
uM. After three hours, complete media was added to each well, and the cells were incubated

overnight at 37 °C.

The same treatment was repeated on day 2, and the cells were incubated overnight at 37

°C. On day 3, the cells were incubated in complete medium for additional 48 hours.

After 48 hours, the media was collected. Analysis of CYR61 levels was performed by
CYRG61 Elisa using Human Cyr61/CCN1 Quantikine ELISA Kit (R & D Systems catalogue #
DCYRI10). Lactate levels in the media were determined using lactate glo kit (#J5021 Promega

Corporation) according to the manufacturer’s protocol.

Figure 12, Panel A shows a picture of a culture plate containing samples of LRPPRC KD
cells and Scr-5 cells treated with hFXN fusion proteins of the disclosure. Acidification of the
cell culture media is reflected by the changing color of phenol red in the culture media from pink
(low acidification) to yellow (high acidification). Figure 12, Panel A also shows a schematic

representation of samples in the cell culture plate shown in the picture.
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The results in Figure 12, Panel A demonstrate that LRPPRC KD cells induce cell media
acidification (as demonstrated by the yellow media in the wells of column 4, rows 1-3, of the
plate), and that the extent of media acidification decreases in a dose-dependent manner after
treatment with the tested hFXN fusion proteins (as demonstrated by: the orange media in the
wells in column 3, rows 1-3; the pink media in the wells in column 2, rows 1-3; and the darker
pink/red media in the wells in column 1, rows 1-3, of the plate). The results also demonstrate
that TAT-GG-hFXN can prevent media acidification at a concentration of 10 pM, while each of
TAT-GG-EPLFAERK-hFXN and TAT-GG-Ubiquitin-hFXN can prevent media acification at a
significantly lower concentration of 1 pM than TAT-GG-hFXN.

Figure 12, Panel B is a series of photographs of the LRPPRC KD and Scr-5 control cells
treated with the highest tested concentration of each hFXN fusion protein or vehicle. The results

in Figure 12, Panel B demonstrate that acidification of the cell culture media was not due to cell

death.

Figure 12, Panel C is a graph showing the amount of CYR61 in the media of LRPPRC
KD cells treated with hFXN fusion proteins. The results in Figure 12, Panel C demonstrate
concentration-dependent inhibition of CYR61 secretion by the LRPPRC KD cells after treatment
with hFXN fusion proteins. The results also demonstrate that the inhibitory effect on CYR61
secretion is seen at significantly lower concentrations of TAT-GG-EPLFAERK-hFXN and
TAT-GG-Ubiquitin-hFXN as compared to TAT-GG-hFXN. This effect is also reflected in the
lower ICso values for CYRG61 inhibition of TAT-GG-EPLFAERK-hFXN and TAT-GG-
Ubiquitin-hFXN as compared to the ICso value of TAT-GG-hFXN, presented in the table in
Figure 12, Panel C.

Figure 12, Panel D is a graph showing the amount of lactate in the media of LRPPRC
KD cells treated with hFXN fusion proteins. The results in Figure 12, Panel D demonstrate
concentration-dependent inhibition of lactate production by the LRPPRC KD cells after
treatment with hFXN fusion proteins. The results also demonstrate that the inhibitory effect on
lactate production is seen at significantly lower concentrations of TAT-GG-EPLFAERK-hFXN
and TAT-GG-Ubiquitin-hFXN as compared to TAT-GG-hFXN. This effect is also reflected in
the lower ICso values for inhibition of lactate production of TAT-GG-EPLFAERK-hFXN and
TAT-GG-Ubiquitin-hFXN as compared to the ICso value of TAT-GG-hFXN, presented in the
table in Figure 12, Panel D.
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The results presented in Figure 12, Panels A-D demonstrate that TAT-GG-EPLFAERK-
hFXN and TAT-GG-Ubiquitin-hFXN are characterized by higher activity than TAT-GG-hFXN,
as measured by the inhibition of lactate production and CYR61 secretion. The results indicate

that introducting TES into a fusion protein enhances function of the fusion protein.

Example 9. Design and Synthesis of Novel PARKIN Fusion Constructs

The goal of this experiment was to synthesize novel fusion proteins according to the

present disclosure comprising human PARKIN protein (SEQ ID NO: 7).

The design of the PARKIN fusion proteins was similar to the design of the hFXN fusion
constructs described in Example 2. Some PARKIN fusion proteins comprised a sequence
encoding a cell penetrating peptide (CPP), such as HIV-TAT (YGRKKRRQRRR; SEQ ID NO.
11) peptide, fused to TES, e.g., an amino acid sequence that can be cleaved by an endogenous
intracellular protease, and immediately followed by PARKIN as the protein of interest. A di-
peptide GG was used as a linker between the CPP and the proteolytic cleavage domain.
Cleavage of TAT-GG from the fusion protein in the cytosol will result in a TAT-free PARKIN
protein. The proteolytic cleavage domains used in the PARKIN fusion proteins were ubiquitin

(SEQ ID NO: 18) and EPLFAERK (SEQ ID NO: 45).

An alternative PARKIN fusion protein was designed to include a nuclear exportation
signal (NES), and in that way avoid accumulation of PARKIN in the cellular nucleus. The
construct was designed to include a CPP, linked to PARKIN as a protein of interest, linked to a
NES.

A schematic of the PARKIN fusion proteins is provided in Figure 13, and a summary of

the fusion protein constructs is provided in Table 13.

Table 13. Novel TAT-PARKIN fusion proteins.

Fusion Protein SEQ ID CPP Protease cleavable Protease Protein of
NO. domain or NES responsible for interest
cleavage
TATGG-Ubiquiin- 69 TAT Ubiquitin Deubiquitinase | PARKIN
TAT-GG-EPLFAERK- EPLFAERK (SEQ ID .
PARKIN 70 TAT NO: 20) Calpainl PARKIN
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Fusion Protein SEQ ID CPP Protease cleavable Protease Protein of
NO. domain or NES responsible for interest
cleavage
IE%;GG'PARKIN' 71 TAT NES1 not relevant PARKIN
His6-SUMO-TAT-GG-
PARKIN 72 TAT SUMO SUMO PARKIN

The amino acid sequence of His6-SUMO-TAT-GG-PARKIN (SEQ ID NO: 82), which was used
as a control, is shown below:
HHHHHHSDSEVNQEAKPEVKPEVKPETHINLKVSDGSSEIFFKIKK TTPLRRLMEAFAKRQGKEMDSLRFL
YDGIRIQADQTPEDLDMEDNDIIEAHREQIGGMY GRKKRRQRRRGGMIVFVRFNSSHGFPVEVDSDTSIFQL
KEVVAKRQGVPADQLRVIFAGKELRNDWTVQNCDLDQQSIVHIVQRPWRKGQEMNATGGDDPRNAAGG
CEREPQSLTRVDLSSSVLPGDSVGLAVILHTDSRKDSPPAGSPAGRSIYNSFYVYCKGPCQRVQPGKLRVQC
STCRQATLTLTQGPSCWDD VLIPNRMSGECQSPHCPGTSAEFFFKCGAHPTSDKETSVALHLIATNSRNITCI
TCTDVRSPVLVFQCNSRHVICLDCFHLY CVTRLNDRQFVHDPQLGYSLPCVAGCPNSLIKELHHFRILGEEQ
YNRYQQYGAEECVLQMGGVLCPRPGCGAGLLPEPDQRKVTCEGGNGLGCGFAFCRECKEAYHEGECSAV

FEASGTTTQAYRVDERAAEQARWEAASKETIKKTTKPCPRCHVPVEKNGGCMHMKCPQPQCRLEWCWN
CGCEWNRVCMGDHWFDV.

It is noted that in the control fusion protein, His6-SUMO-TAT-GG-PARKIN, the His6-SUMO
portion is present solely for the ease of purification. Following purification using the His6 tag
(SEQ ID NO: 85), the His6 tag (SEQ ID NO: 85) is removed by the protease-mediated cleavage
of the SUMO sequence. Thus, the control fusion protein of SEQ ID NO: 82 does not contain a
TES sequence.

Example 10. Transduction Ability of PARKIN Fusion Proteins

The goal of this experiment was to determine the ability of PARKIN fusion proteins to

transduce cells and to localize to the mitochondria.

The experiment utilized L6 rat myoblast cells because these cells have low endogenous
PARKIN levels and therefore do not interfere with the signal produced by the TAT-GG-hFXN
fusion proteins. The experiment also utilized the PARKIN fusion proteins described in Example

9.

For the experiment, L6 cells were plated at a seeding density of 8,000 cells per well in a
96 well plate (corning 3904) in complete DMEM medium (DMEM, 10% FBS and 1%

antibiotic:antimycotic) and incubated overnight at 37 °C. On day 1, the cells were treated with
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0.0625 uM, 0.125 uM, 0.25 uM, 0.5 uM and 1 uM of each PARKIN fusion protein for 2 hours
at 37 °C. After two hours, same amount of complete media was added per well and incubated

overnight at 37 °C. The same treatment was repeated on day 2.

On day 3, the cells were washed with PBS, trypsinized, resuspended in the complete cell
culture medium, transferred to a fibronectin-coated glass-bottom plate allowed to settle
overnight at 37 °C. On day 4, the cells were washed with PBS and treated with freshly prepared
4% paraformaldehyde solution at room temperature for 10 minutes. After 10 minutes, the cells
were washed twice PBS, and then 50 pL of blocking buffer (0.3% Triton-X 100, 5% normal
goat serum in PBS) was added per well and incubated at room temperature for 1 hour. After 1
hour, blocking buffer was aspirated and 50 pL of primary antibody diluted in blocking buffer
(Anti-Parkin Antibody, 12235-1-AP (1:100) and anti-TOMM20 antibody, EMD Millipore
MABT166 (1:500), was added per well and incubated overnight at 4°C.

On day 5, the cells were washed twice with PBS and 50 pL of secondary antibody
diluted in blocking buffer (Anti-Mouse IgG AlexaFluor594, ab150116 abcam (1:1000), Anti-
rabbit IgG Alexafluor488, ab150077 abcam (1:1000) ) was added to each well. The cells were
incubated at room temperature for one hour, after which they were gently washed with PBS,
mixed with 50 uL of 300 nM Hoescht 33342 stain and allowed to stand at room temperature for
3 minutes. Subsequently, the cells were washed twice with PBS and imaged. The ratio of
PARKIN protein colocolizing with mitochondria was evaluated using Harmony software from
Operetta (High Content Imager from Perkin Elmer and plotted as a function of the ratio of
PARKIN localizing to mitochondria to concentration of proteins (uM). Specifically, the ratio of
the amount of AlexaFluor488 staining (corresponding to PARKIN) to the amount of AlexaFluor
594 staining (corresponding to mitochondria) was calculated and plotted on a graph to compare

the transduction efficiency of various PARKIN fusion proteins.

The results of the experiment are presented in Figure 14. Specifically, Figure 14 is a
graph showing the ratio of PARKIN stain to the mitochondrial stain as a function of PARKIN
fusion protein concentration for cells treated with different concentratons of His6-SUMO-TAT-
GG-PARKIN, TAT-GG-EPLFAERK-PARKIN and TAT-GG-Ubiquitin-PARKIN. The results
presented in Figure 14 demonstrate that transduction of cells with the PARKIN fusion proteins
occurs in a dose dependent manner, with higher ratios indicating higher mitochondria
localization. The results indicate that PARKIN fusion proteins containing TES, i.e., TAT-GG-
EPLFAERK-PARKIN and TAT-GG-Ubiquitin-PARKIN, have more mitochondrial localization
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at 1 uM concentration than the control PARKIN fusion protein without TES, His6-SUMO-TAT-
GG-PARKIN. The results of this experiment indicate that PARKIN fusion proteins containing
TES are transduced into cells and correctly localize to mitochondria in higher amounts than the

control His6-SUMO-TAT-PARKIN fusion protein.

Example 11. Activity of PARKIN Fusion Proteins

The goal of this experiment was to test the activity of PARKIN in cells treated with the
novel PARKIN fusion proteins. Specifically, the goal of the experiment was to determine if,
after treatment of cells with the novel PARKIN fusion proteins, PARKIN localizes to
mitochondria to induce mitophagy in the presence of mitochondrial uncoupler, carbonyl cyanide
m-chlorophenyl hydrazone (CCCP).

For the experiment, L6 rat myoblast cells were treated with O uM, 0.5 uM and 1 uM
His6-SUMO-TAT-GG-PARKIN, TAT-GG-EPLFAERK-PARKIN, orTAT-GG-Ubiquitin-
PARKIN in the presence and absence of 10 uM CCCP. Immunostaining and microscopy were

then performed essentially as described in Example 10.

The results of the experiment for TAT-GG-EPLFAERK-PARKIN are shown in Figure
15. Specifically, Figure 15 is a series of phographs of L6 rat myoblast cells treated with O uM or
0.5 uM TAT-GG-EPLFAERK-PARKIN in the absence or presence of 10 uyM CCCP. The
results presented in Figure 15 demonstrate that control L6 rat myoblast cells do not show any
morphological differences in the absence or presence of CCCP. Also, Figure 15 shows that, in
the absence of treatment with PARKIN fusion proteins, endogenous PARKIN remains
undetectable in L6 cells. The results presented in Figure 15 also show that in L6 rat myoblast
cells treated with TAT-GG-EPLFAERK-PARKIN, localization of PARKIN to mitochondria is
observed in the presence of CCCP. This observation is consistent with the known role of
endogeouns PARKIN in mitophagy which involves PARKIN mitochondrial relocalization to the

mitochondria upon mitochondrial membrane depolarization.
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CLAIMS
1. A fusion protein, comprising:
a protein of interest to be delivered to a cell;
a cell penetrating peptide (CPP); and
a target enhancing sequence (TES).

2. The fusion protein of claim 1, wherein the CPP is located at the N-terminus of the fusion

protein and wherein the TES is fused at the C-terminus of the CPP.

3. The fusion protein of claim 1 or 2, comprising or consisting of, starting at the N-
terminus:

CPP;

TES; and

a protein of interest.

4. The fusion protein of claim 1, wherein the CPP is located at the C-terminus of the fusion

protein and wherein the TES is fused at the N-terminus of the CPP.

5. The fusion protein of claim 1 or 4, comprising or consisting of, starting at the C-

terminus:

a protein of interest;

TES; and

CPP.
6. The fusion protein of any one of claims 1-5, wherein the protein of interest lacks an
OTS.
7. The fusion protein of claim 6, wherein the fusion protein further comprises an organelle

targeting sequence (OTS) exogenous to the protein of interest.
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8. The fusion protein of any one of claims 1-5, wherein the protein of interest comprises an
OTS.

9. The fusion protein of claim 8, wherein the OTS is heterologous to the protein of interest.
10.  The fusion protein of claim 8, wherein the OTS is endogenous to the protein of interest.
11.  The fusion protein of any one of claims 1-5, wherein the protein of interest is selected

from the group consisting of Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP,
LRPPC, PARK2 protein, PARK® protein, PARK?7 protein, Phospholipase A2, Group VI and a

variant or derivative thereof.

12.  The fusion protein of claim 11, wherein the protein of interest comprises Frataxin (FXN)

or PARK?2 protein, or a variant or derivative thereof.

13.  The fusion protein of any one of claims 1-12, wherein the CPP comprises a peptide

selected from the group of CPPs listed in the Database of Cell-Penetrating Peptides CPPsite 2.0.

14.  The fusion protein of any one of claims 1-13, wherein the CPP comprises a peptide
selected from the group consisting of HIV-TAT, galanin, mastoparan, transportan, penetratin,

polyarginine, VP22, and a variant or derivative thereof.

15.  The fusion protein of claim 14, wherein the CPP comprises HIV-TAT or a variant or

derivative thereof.

16.  The fusion protein of any one of claims 1-15, wherein the TES is a nuclear export signal
peptide.
17. The fusion protein of claim 16, wherein the nuclear export signal peptide comprises a

sequence having at least 85% sequence identity to any one of SEQ ID NOs. 36-43.

18. The fusion protein of claim 17, wherein the nuclear export signal peptide comprises a
peptide selected from the group consisting of NES1, NES2, NES3, NES4, NES5, NES6, NES7,

NESS, and a variant or derivative thereof.

19.  The fusion protein of claim 18, wherein the nuclear export signal peptide comprises a

peptide selected from the group consisting of NES1 and NES2, or a variant or derivative thereof.
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20.  The fusion protein of any one of claims 1-19, wherein the TES is a protease sensitive
peptide.
21. The fusion protein of claim 20, wherein the protease sensitive peptide comprises a

ubiquitin-like modifier.

22. The fusion protein of claim 20, wherein the protease sensitive peptide comprises a

sequence having at least 85% sequence identity to any one of SEQ ID NOs. 18-31.

23.  The fusion protein of claim 20, wherein the protease sensitive peptide comprises a
peptide selected from the group consisting of ubiquitin, a caspase cleavage domain, a calpain
cleavage domain, SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a

variant or derivative thereof.

24.  The fusion protein of claim 1, wherein the fusion protein comprises an amino acid
sequence having at least 85%, 90%, or 95% sequence identity to any of SEQ ID NOs. 55-61, 69-
71, and 81.

25. A fusion protein, comprising:
a protein of interest to be delivered to a non-nuclear organelle;
an organelle targeting sequence (OTS);
a cell penetrating peptide (CPP); and
a target enhancing sequence (TES);

wherein the CPP is capable of interference with delivery of the protein of interest to the

non-nuclear organelle; and
wherein the TES prevents said interference by the CPP.

26. The fusion protein of claim 25, wherein the CPP is located at the N-terminus of the
fusion protein and wherein the TES is fused at the C-terminus of the CPP.

27.  The fusion protein of claim 25 or 26, comprising, starting at the N-terminus:

CPP;

>
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TES;

>

OTS; and
a protein of interest.

28.  The fusion protein of claim 25, wherein the CPP is located at the C-terminus of the

fusion protein and wherein the TES is fused at the N-terminus of the CPP.

29.  The fusion protein of any one of claims 25-28, wherein the non-nuclear organelle is
selected from the group consisting of mitochondria, cytosol, lysosome, endoplasmic reticulum

(ER), peroxisome and Golgi apparatus.

30.  The fusion protein of claim 25 or 26, wherein the protein of interest in its naturally
occurring form is localized to mitochondria, cytosol, lysosome, endoplasmic reticulum (ER),

peroxisome or Golgi apparatus.

31.  The fusion protein of any one of claims 25-30, wherein the protein of interest is selected
from the group consisting of Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP,
LRPPC, PARK?2 protein, PARK®6 protein, PARK?7 protein, Phospholipase A2, Group VI and a

variant or derivative thereof.

32.  The fusion protein of claim 31, wherein the protein of interest is Frataxin (FXN) or a

variant or derivative thereof.

33.  The fusion protein of claim 31, wherein the protein of interest is Pyruvate

Dehydrogenase (PDH) or a variant or derivative thereof.

34. The fusion protein of any one of claims 25-33 wherein the CPP comprises a peptide

selected from the group of CPPs listed in the Database of Cell-Penetrating Peptides CPPsite 2.0.

35. The fusion protein of any one of claims 25-34, wherein the CPP comprises a peptide
selected from the group consisting of HIV-TAT, galanin, mastoparan, transportan, penetratin,

polyarginine, VP22, and a variant or derivative thereof.

36.  The fusion protein of claim 35, wherein the CPP comprises HIV-TAT or a variant or

derivative thereof.
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37.  The fusion protein of any one of claims 25-36, wherein the TES is a nuclear export signal
peptide.
38. The fusion protein of claim 37, wherein the nuclear export signal peptide comprises a

sequence having at least 85% sequence identity to any one of SEQ ID NOs. 36-43.

39. The fusion protein of claim 38, wherein the nuclear export signal peptide comprises a
peptide selected from the group consisting of NES1, NES2, NES3, NES4, NES5, NES6, NES7,

NESS, and a variant or derivative thereof.

40. The fusion protein of claim 39, wherein the nuclear export signal peptide comprises a

peptide selected from the group consisting of NES1, NES2 and a variant or derivative thereof.

41. The fusion protein of any one of claims 25-36, wherein the TES is a protease sensitive

peptide.

42. The fusion protein of claim 41, wherein the protease sensitive peptide comprises a

ubiquitin-like modifier.

43.  The fusion protein of claim 41, wherein the protease sensitive peptide comprises a

sequence having at least 85% sequence identity to any one of SEQ ID NOs. 18-31.

44.  The fusion protein of claim 41, wherein the protease sensitive peptide comprises a
peptide selected from the group consisting of ubiquitin, a caspase cleavage domain, a calpain
cleavage domain, SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a

variant or derivative thereof.

45. The fusion protein of any one of claims 25-44, further comprising a secretion signal (SS).
46.  The fusion protein of any one of claims 25-45, further comprising an extracellular
proteolytic site (EPS).

47.  The fusion protein of any one of claims 25-46, wherein the fusion protein delivers the

protein of interest to a non-nuclear organelle.

48.  The fusion protein of any one claims 25-47, wherein the fusion protein delivers the

protein of interest to mitochondria.
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49.  The fusion protein of claim 25, wherein the fusion protein comprises an amino acid
sequence having at least 85%, 90% or 95% sequence identity to any of SEQ ID NOs. 55-61, 69-
71 and 81.

50. A nucleic acid encoding the fusion protein of any one of claims 1-49.

51. An expression vector for introducing a fusion protein into a cell comprising the nucleic

acid of claim 50.

52.  The expression vector of claim 51, wherein the expression vector is selected from the
group consisting of a retroviral vector, a DNA vector, a plasmid, an RNA vector, an adenoviral
vector, an adenovirus associated vector, a lentiviral vector, a phagemid, a baculovirus and a

combination thereof.

53. A conjugate for intracellular delivery of proteins to non-nuclear organelles comprising
the fusion protein of any one of claims 1-49 and a moiety linked to said fusion protein, wherein
said moiety is selected from a group consisting of a radioactive label, a fluorescent label, a small

molecule, and a polymeric molecule.

54. The conjugate of claim 53, wherein the polymeric molecule is polyethylene glycol
(PEG).

55. A cell comprising the fusion protein of any one of claims 1-49, the nucleic acid of claim
50, the expression vector of any one of claims 51-52, the conjugate of any one of claims 53-54,

or a combination thereof.
56. The cell of claim 55, wherein the cell is a stem cell or an iPS cell.

57.  Thecell of claim 55, wherein the cell is selected from the group consisting of a muscle
progenitor cell, a neuron progenitor cell, a bone marrow stem cell, a bacterial cell line, or an

yeast cell line.

58. A pharmaceutical composition comprising the fusion protein of any one of claims 1-49, a
conjugate of any one of claims 53-54, or a combination thereof and a pharmaceutically

acceptable diluent, carrier, additive or excipient.
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59. A method of delivery of a protein of interest to a cell, said method comprising contacting
said cell with a fusion protein of any one of claims 1-49, the nucleic acid of claim 50, the vector

of any one of claims 51-52 or the conjugate of any one of claims 53-54.

60. A method of intracellular delivery of a protein of interest to a non-nuclear organelle in a
cell, said method comprising contacting said cell with a fusion protein of any one of claims 1-49,
the nucleic acid of claim 50, the vector of any one of claims 51-52 or the conjugate of any one of

claims 53-54.
61. The method of claim 59, wherein said non-nuclear organelle is mitochondria.

62. A therapeutic compound for treating a non-nuclear organelle associated disorder, said
compound comprising the fusion protein of any one of claims 1-49, the nucleic acid of claim 50,

the vector of any one of claims 51-52 or the conjugate of any one of claims 53-54.

63.  The therapeutic compound of claim 62, wherein the non-nuclear organelle associated
disorder is selected from the group consisting of Friedreich’s ataxia (FDRA), Barth Syndrome,
Parkinson’s Disease, Wilson’s Disease, Leigh Syndrome, Fibrosis, and PLA2G6-associated

neurodegeneration (PLAN).

64.  The therapeutic compound of claim 63, wherein the non-nuclear organelle associated
disorder is FDRA.
65.  The therapeutic compound of claim 63, wherein the non-nuclear organelle associated

disorder is Parkinson’s Disease.

66. A method for treating a non-nuclear organelle associated disorder, said method
comprising administering to a subject in need thereof the fusion protein of any one of claims 1-
49, the nucleic acid of claim 50, the vector of any one of claims 51-52, the conjugate of any one
of claims 53-54 or the pharmaceutical composition of claim 58, such that said non-nuclear

organelle associated disorder is treated.

67. The method of claim 66, wherein the non-nuclear organelle associated disorder is
selected from the group consisting of Friedreich’s ataxia (FDRA), Barth Syndrome, Parkinson’s

Disease, Wilson’s Disease, Leigh Syndrome and Fibrosis.

68.  The method of claim 67, wherein the non-nuclear organelle associated disorder is FDRA.
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69.  The method of claim 67, wherein the non-nuclear organelle associated disorder is

Parkinson’s Disease.
70. The method of any one of claims 66-69, wherein said subject is a human.

71. A method for increasing an amount of a protein of interest delivered to a cell, said

5  method comprising:

modifying a sequence of a fusion protein comprising the protein of interest and a cell
penetrating peptide (CPP) by introducing into the fusion protein a target enhancing sequence

(TES), thereby producing a modified fusion protein; and
contacting a cell with the modified fusion protein,

10 thereby increasing the amount of the protein of interest delivered to the cell relative to the

amount of the protein of interest delivered to the cell by the fusion protein lacking the TES.

72. The method of claim 71, wherein in the modified fusion protein, the CPP is located at the

N-terminus of the fusion protein and wherein the TES is fused at the C-terminus of the CPP.

73.  The method of claim 71 or 72, wherein the modified fusion protein comprises, starting at

15 the N-terminus:
CPP;
TES; and
a protein of interest.

74.  The method of claim 71 or 72, wherein the modified fusion protein comprises, starting at

20  the N-terminus:
CPP;
TES;

OTS; and

a protein of interest.
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75.  The method of claim 71, wherein in the modified fusion protein the CPP is located at the

C-terminus of the fusion protein and wherein the TES is fused at the N-terminus of the CPP.

76. The method of claim 74, wherein the amount of the protein of interest delivered to an
organelle targeted by the OTS is increased relative to the amount of the protein of interest

delivered to the organelle by the fusion protein lacking the TES

77.  The method of any one of claims 71-76, wherein the protein of interest is selected from
the group consisting of Frataxin (FXN), Tafazin, Pyruvate Dehydrogenase (PDH), SLIRP,
LRPPC, PARK?2 protein, PARKG6 protein, PARK?7 protein, and Phospholipase A2, Group VI, or

a variant or derivative thereof.

78. The method of claim 77, wherein the protein of interest is Frataxin (FXN) or a variant or

derivative thereof.

79. The method of claim 77, wherein the protein of interest is PARK2 protein or a variant or

derivative thereof.

80.  The method of any one of claims 71-79, wherein the CPP comprises a peptide selected
from the group of CPPs listed in the Database of Cell-Penetrating Peptides CPPsite 2.0.

81.  The method of any one of claims 71-79, wherein the CPP comprises a peptide selected
from the group consisting of HIV-TAT, galanin, mastoparan, transportan, penetratin,

polyarginine, VP22, and a variant or derivative thereof.

82.  The method of claim 81, wherein the CPP comprises HIV-TAT or a variant or derivative
thereof.

83.  The method of any one of claims 71-82, wherein the TES is a nuclear export signal

peptide.

84.  The method of claim 83, wherein the nuclear export signal peptide comprises a sequence

having at least 85% sequence identity to any one of SEQ ID NOs. 36-43.

85. The method of claim 84, wherein the nuclear export signal peptide comprises a peptide
selected from the group consisting of NES1, NES2, NES3, NES4, NESS5, NES6, NES7, NESS,

and a variant or derivative thereof.
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86. The method of claim 85, wherein the nuclear export signal peptide comprises a peptide

selected from the group consisting of NES1, NES2 and a variant or derivative thereof.
87. The method of any one of claims 71-82, wherein the TES is a protease sensitive peptide.

88.  The method of claim 87, wherein the protease sensitive peptide comprises a ubiquitin-

like modifier.

89. The method of claim 87, wherein the protease sensitive peptide comprises a sequence

having at least 85% sequence identity to any one of SEQ ID NOs. 18-31.

90. The method of claim 87, the protease sensitive peptide comprises a peptide selected from
the group consisting of ubiquitin, a caspase cleavage domain, a calpain cleavage domain,
SUMO1, SUMO2, SUMO3, SUMO4, ISG15, Atg8, Atgl2, NEDDS, and a variant or derivative

thereof.

91. The method of claim 71, wherein the modified fusion protein comprises an amino acid

sequence having at least 85% sequence identity to any of SEQ ID NOs. 55-61, 69-71 and 81.
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