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COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE
CROSS-REFERENCE TO RELATED APPLICATIONS

[6001] This application claims priority to, and the benefit of, U.S. provisional application
No. 63/154,485, filed on February 26, 2021, the contents of which is hereby incorporated by

reference in its entirety.

INCORPORATION-BY-REFERENCE OF SEQUENCE LISTING

[0002] The present specification makes reference to a Sequence Listing (submitted
electronically as a .txt file named MIL-014WO_ST25 on February 25, 2022). The .txt file was
generated on February 24, 2022 and is 177 KB in size. The entire contents of the sequence

listing are herein incorporated by reference.

BACKGROUND

[0003] Fabry disease is rare a progressive congenital metabolic disease caused by a
deficiency in the lysosomal enzyme « -galactosidase A (« -GAL) as a result of a mutation in the
GLA gene. If left untreated, Fabry patients have a reduced life expectancy, often dying around
the age of forty or fifty due to vascular disease affecting the kidneys, heart and/or central nervous
system.

|8004] Lack of a-GAL enzyme activity results in the progressive, systematic
accumulation of its primary substrate, globotriaosylceramide (GB3) and its deacetylated soluble
form, globotriaosylsphingosine (lysoGb3), resulting in a myriad of health issues including one or
more of renal disease, cardiac disease, and/or cerebrovascular disease, with reduced life
expectancy. Depending on the mutation and residual « -GAL enzyme level, the disease presents
as a classical early-onset Fabry disease in childhood/adolescence or as an attenuated (adult) form
later in life. Classical Fabry disease occurs when residual enzyme activity is <5% (Arends M, et
al. (2017) PLoS ONE 12(8): €0182379.) and typically occurs in males.

|6003] Fabry disease is also associated with the development of pain. Pain is possibly

caused by the deposition of lipids in the dorsal root ganglia and sympathetic ganglia, or by small
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fiber neuropathy. Generally, the pain is either chronic or episodic. Episodic pain in Fabry
disease, termed “Fabry crises,” typically begins in the extremities and radiates proximally, and
may be triggered by exercise, illness, temperature changes, or other physical and emotional
stresses. This neuropathic pain is also associated with a lack of temperature perception.

8006} The specific treatment of Fabry disease that is currently approved is enzyme
replacement therapy ("ERT") which involves treatment of patients with either of two versions of
recombinant human o-GAL, agalsidase alfa, which is produced by cultured human cell lines; and
agalsidase beta, which is produced by Chinese hamster ovary cells transduced with GLA gene.
While ERT is effective in many cases, this treatment requires life-long intravenous
administration of a-GAL every two weeks. ERT resolves symptoms associated with Fabry
disease but 1s not curative and does not stop disease progression. For example, the two a-GAL
products discussed above have not been shown to substantially reduce the risk of stroke, the
myocardium responds slowly to treatment, and the elimination of lipid deposits from some cell
types in the kidney is limited. The insufficient pharmacologic response is largely due to the short
circulatory half-life of the enzyme and suboptimal cellular delivery. Thus, there remains a need
for therapies for treating Fabry disease that can stop disease progression and potentially be

curative.

SUMMARY OF THE INVENTION

{0007} The present application discloses methods and compositions for the treatment
and/or prevention of Fabry disease. The present disclosure provides, in part, a gene therapy
approach using recombinant adeno associated viral vectors (rAAV) to mediate transfer and
expression of the GLA gene. This application is based on the discovery that gene delivery
vehicles such as a rAAV vector that has broad tissue tropism and utilizes a ubiquitous promoter
to drive widespread gene expression results in sustained high levels of protein expression and
robust protein exposure to a wide range of tissues and/or decrease in GB3 or lysoGb3 levels.
This application is also based on the discovery that codon optimized or engineered variants of
GLA delivered using a rAAV vector with broad or tissue specific tropism and utilizing a
ubiquitous or tissue specific promoter result in an increase in a-GAL activity in vivo, and/or a
decrease in lysoGb3 or GB3 levels in vivo. Additionally, this gene delivery approach to drive

expression of GLA variants that encode o.-GAL protein with increased half-life and improved
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cellular uptake provides further increases in a.-GAL exposure in key target tissues. Collectively,
these discoveries allow for the delivery vehicles described herein to achieve broad tissue
distribution of administered transgenes, and also allows better treatment outcomes. The delivery
vehicles comprising the GLA sequences described herein are particularly useful for the treatment
of Fabry disease.

8008} Described herein are methods and compositions for effective delivery of « --
Galactosidase A (GLA) gene into cells of a subject in need thereof. The delivered GLA
transgene results in expression of a-GAL protein. The present disclosure is based, in part, on the
development of a recombinant adeno associated viral (rAAV) vector that comprises o -
Galactosidase A (GLA) gene, among other things, and which demonstrates robust a-GAL
protein expression once present in a cell. The present disclosure is based, at least in part, on the
surprising discovery that a construct comprising a GLA gene under a ubiquitous promoter and
packaged in a rAAV capsid with broad tissue tropism results in persistent o.-GAL protein
expression and robust tissue biodistribution in the kidney, heart, gastrointestinal tract, brain, and
peripheral neurons even at a low dose. The broad distribution obtained using this vector allows
for efficient delivery of a.-GAL to tissues that are affected by Fabry disease, and consequently
allows for a robust therapeutic result.

[6009] The rAAV vectors described herein can be used with either a GLA gene having a
wild type sequence (SEQ ID NO: 3) or a GLA gene having a modified sequence described
herein. Such modified GLA sequences include, for example, codon optimized GLA and/or
engineered variants of GLA. The rAAV vectors described herein allows for substrate clearance
of globotriaosylsphingosine (lysoGb3) and/or globotriaosylceramide (GB3) in various tissues.
|8810} As described in more detail below, the gene therapy system described herein
results in overall improvement in health as evidenced by gain in body mass, improved kidney
function, and neurological symptoms in Fabry disease mouse models and is further expected to
elicit the same in humans. The methods and compositions provided herein can be used to achieve
sustained expression of GLA in a wide variety of tissues that are affected in Fabry disease. Thus,
the present application provides composition and methods that are highly effective in the
treatment of Fabry disease and alleviation of associated symptoms.

{0011} In some aspects, a recombinant adeno-associated virus (rAAV) vector with broad

tissue tropism is provided, said vector comprising: (a) a 5” inverted terminal repeat (ITR); (b) a
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ubiquitous promoter; (c) a nucleotide sequence encoding a-GAL enzyme; (d) a poly A; and (e) a
3’ ITR.

|0012} In some aspects, a recombinant adeno-associated virus (rAAV) vector with broad
tissue tropism is provided, said vector comprising: (a) a 5’ inverted terminal repeat (ITR); (b) a
ubiquitous promoter; (¢) a nucleotide sequence encoding a-GAL enzyme; (d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); (e) a poly A; and (f) a 3° ITR.
0013} Various kinds of AAV capsids with broad tissue tropism (the terms “broad tissue

2

tropism” “wide-tropism” are used interchangeably herein) can be used in the rAAV vector
described herein. For example, in some embodiments, the AAV capsid is a wide-tropism AAV
capsid selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAVS
capsid, AAV6 capsid, AAV7 capsid, AAVS capsid, AAV9 capsid, AAV11, 12,13, AAVhu.37,
AAVrh.8, AAVrh.10, and AAVrh.39, AAV-DJ, or AAV-DJ/S.

[0014] Accordingly, in some embodiments, the AAV capsid with wide-tropism is AAV
is AAV1. In some embodiments, the AAV capsid with wide-tropism is AAV is AAV2. In some
embodiments, the AAV capsid with wide-tropism is AAV is AAV3. In some embodiments, the
AAV capsid with wide-tropism is AAV is AAV4. In some embodiments, the AAV capsid with
wide-tropism is AAV is AAVS. In some embodiments, the AAV capsid with wide-tropism is
AAV is AAV6. In some embodiments, the AAV capsid with wide-tropism is AAV is AAV7. In
some embodiments, the AAV capsid with wide-tropism is AAV is AAVS. In some
embodiments, the AAV capsid with wide-tropism is AAV is AAV9,

[0015] Various kinds of capsids and associated tropism are described in Curr Opin Vir.
2016 December 21:75-80, the contents of which are incorporated herein by reference. By “broad
tissue tropism” it is meant that the capsid is able to enable gene transfer to two or more than 2, 3,
4,5, 6,7, 8 or more tissue types. For example, in some embodiments, a capsid having broad
tissue tropism enable gene transfer to one or more of the following tissues: liver, kidney, heart,
gastrointestinal tract, and/or peripheral neurons of the subject.

[6016] In some embodiments, the ubiquitous promoter is selected from chicken B actin
(CBA) promoter, CAG promoter, EF-1a promoter, PGK promoter, UBC promoter, LSE beta-
glucuronidase (GUSB) promoter, or ubiquitous chromatin opening element (UCOE) promoter.
In some embodiments, the ubiquitous promoter comprises CBh (CMV enhancer, Chicken beta-

actin promoter, Chicken-beta actin-MVM hybrid intron). Accordingly, in some embodiments,
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the ubiquitous promoter is a chicken B actin (CBA) promoter. In some embodiments, the
ubiquitous promoter is an EF-1o promoter. In some embodiments, the EF-1a, promoter is in
combination with chimeric intron from chicken B-actin and rabbit B-globin genes. In some
embodiments, the ubiquitous promoter is a UBC promoter. In some embodiments, the
ubiquitous promoter is an LSE beta-glucuronidase (GUSB) promoter. In some embodiments, the
ubiquitous promoter is a ubiquitous chromatin opening element (UCOE) promoter. (Powell SK,
et al. Discov Med. 2015 Jan;19(102):49-57.)

{0017} In some embodiments, the ubiquitous promoter comprises a cyto-megalo-virus
(CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron.

{0018} In some embodiments, the ubiquitous promoter comprises a shortened EF-1a
promoter and one or more introns.

(6019} In some embodiments, the one or more introns are from chicken B-actin and/or

rabbit B-globin genes.

16026} In some embodiments, the AAV9 capsid is naturally occurring or modified.
[0021} In some embodiments, the WPRE sequence is optional or is modified.

6022} In some embodiments, the WPRE sequence is WPRE mut6delATG.

[0023] Exemplary polyA sequences that may be included in the gene therapy vectors

encompassed by the present disclosure include human growth hormone polyA (hGHpA),
synthetic poly A (SPA), Simian virus 40 late poly A (SV 40pA) and bovine growth hormone
(BGH) poly A. In a particular embodiment, the poly A is bovine growth hormone (BGH) poly A.

[0024] In some embodiments, the nucleotide sequence encoding a-GAL enzyme is codon
optimized.
[6025] In some embodiments, the nucleotide sequence encoding a-GAL enzyme is codon

optimized for human cells.

[0026] In some embodiments, the a-GAL enzyme has an unmodified sequence.

16027} In some embodiments, the a-GAL enzyme has a modified sequence.

8028} In some embodiments, the nucleotide sequence encoding the o.-GAL enzyme is
engineered.

[0029] In some embodiments, the nucleotide sequence encoding the o.-GAL enzyme is

engineered and codon optimized.
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6038} In some embodiments, the modified sequence comprises one or more amino acid
substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).

|0031} In some embodiments, the modified sequence comprises between 1 and 25 amino
acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). For example, in
some embodiments, the modified sequence comprises between 5 and 25 amino acid substitutions
in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the
modified sequence comprises between 5 and 20 amino acid substitutions in comparison to wild-
type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises
between 5 and 15 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ 1D
NO: 30). In some embodiments, the modified sequence comprises between 5 and 10 amino acid
substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some
embodiments, the modified sequence comprises between 10 and 25 amino acid substitutions in
comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified
sequence comprises between 10 and 20 amino acid substitutions in comparison to wild-type a-
GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises
between 10 and 15 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID
NO: 30).

{6032} In some embodiments, the modified sequence comprises between 1 and 10 amino
acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). For example, in
some embodiments, the modified sequence comprises between 1 and 9 amino acid substitutions
in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the
modified sequence comprises between 1 and 8 amino acid substitutions in comparison to wild-
type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises
between 1 and 7 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID
NO: 30). In some embodiments, the modified sequence comprises between 1 and 6 amino acid
substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some
embodiments, the modified sequence comprises between 1 and 5 amino acid substitutions in
comparison to wild-type a-GAL enzyme (SEQ ID NO: 30). In some embodiments, the modified
sequence comprises between 1 and 4 amino acid substitutions in comparison to wild-type a-GAL
enzyme (SEQ ID NO: 30). In some embodiments, the modified sequence comprises between 1

and 3 amino acid substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).
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8033 In some embodiments, the modified sequence comprises 10 amino acid
substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).

|0034} In some embodiments, a recombinant alpha galactosidase A is provided. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
more sequence identity to SEQ ID NO: 30, or a functional fragment thereof. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 85% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha
galactosidase A comprises a polypeptide sequence having at least 86% sequence identity to SEQ
ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a
polypeptide sequence having at least 87% sequence identity to SEQ ID NO: 30. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 88% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha
galactosidase A comprises a polypeptide sequence having at least 89% sequence identity to SEQ
ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a
polypeptide sequence having at least 90% sequence identity to SEQ ID NO: 30. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 91% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha
galactosidase A comprises a polypeptide sequence having at least 92% sequence identity to SEQ
ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a
polypeptide sequence having at least 93% sequence identity to SEQ ID NO: 30. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 94% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha
galactosidase A comprises a polypeptide sequence having at least 95% sequence identity to SEQ
ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a
polypeptide sequence having at least 96% sequence identity to SEQ ID NO: 30. In some
embodiments, the recombinant alpha galactosidase A comprises a polypeptide sequence having
at least 97% sequence identity to SEQ ID NO: 30. In some embodiments, the recombinant alpha
galactosidase A comprises a polypeptide sequence having at least 98% sequence identity to SEQ
ID NO: 30. In some embodiments, the recombinant alpha galactosidase A comprises a

polypeptide sequence having at least 99% sequence identity to SEQ ID NO: 30.
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8035 In some embodiments, the recombinant alpha galactosidase A comprises at least
one substitution or substitution in SEQ ID NO:30 at one or more positions selected from:
T41/M70/ L75/ ST8/E79/Y123/R193/S197/K237/F248/N247/ N278/ L286/A292/ H302/ Q333/
K314/ 1.347/M353 /S364/A368/S371/ K374/K393/ F396/ E398/W399 /R404/ M423.

8036} Additional exemplary GLA transgene and a-GAL enzyme sequences can be
found in PCT publication nos: PCT/US2021/019811, PCT/US2019/067493 and
PCT/US2015/063329, each of which is incorporated by reference herein, in its entirety.

{0037} In some embodiments, the modified a-GAL enzyme is selected from one of SEQ
ID Nos: 7-17, 33, 34, and 46-60.

{0038} In some embodiments, the modified a-GAL enzyme comprises amino acid
sequence of SEQ ID NO: 7. In some embodiments, the modified a-GAL enzyme comprises
amino acid sequence of SEQ ID NO: 8. In some embodiments, the modified a-GAL enzyme
comprises amino acid sequence of SEQ ID NO: 9. In some embodiments, the modified a-GAL
enzyme comprises amino acid sequence of SEQ ID NO: 10. In some embodiments, the modified
a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 11. In some embodiments, the
modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 12. In some
embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 13.
In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID
NO: 14. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of
SEQ ID NO: 15. In some embodiments, the modified a-GAL enzyme comprises amino acid
sequence of SEQ ID NO: 16. In some embodiments, the modified a-GAL enzyme comprises
amino acid sequence of SEQ ID NO: 17. In some embodiments, the modified a-GAL enzyme
comprises amino acid sequence of SEQ ID NO: 33. In some embodiments, the modified a-GAL
enzyme comprises amino acid sequence of SEQ ID NO: 34. In some embodiments, the modified
a~-GAL enzyme comprises amino acid sequence of SEQ ID NO: 46. In some embodiments, the
modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 47. In some
embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 48.
In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID
NO: 49. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of
SEQ ID NO: 50. In some embodiments, the modified a-GAL enzyme comprises amino acid
sequence of SEQ ID NO: 51. In some embodiments, the modified a-GAL enzyme comprises
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amino acid sequence of SEQ ID NO: 52. In some embodiments, the modified a-GAL enzyme
comprises amino acid sequence of SEQ ID NO: 53. In some embodiments, the modified a-GAL
enzyme comprises amino acid sequence of SEQ ID NO: 54. In some embodiments, the modified
a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 55. In some embodiments, the
modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 56. In some
embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID NO: 57.
In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of SEQ ID
NO: 58. In some embodiments, the modified a-GAL enzyme comprises amino acid sequence of
SEQ ID NO: 59. In some embodiments, the modified a-GAL enzyme comprises amino acid
sequence of SEQ ID NO: 60.

0039} In some embodiments, the modified a-GAL enzyme has increased stability in
comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).

[0040] In some embodiments, the modified a-GLA enzyme has increased intracellular
activity in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).

[0041] In some embodiments, the modified a-GLA enzyme has improved serum stability
in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).

[0042] In some embodiments, the modified a-GLA enzyme has improved lysosomal
stability in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).

[0043] In some embodiments, the modified a-GLA enzyme has increased specific
catalytic activity in comparison to wild-type a-GLA enzyme (SEQ ID NO: 30).

[0044] In some aspects, a method of treating Fabry disease in a subject is provided, the
method comprising administering to a subject in need thereof a recombinant adeno-associated
viral vector (rAAV) as described herein.

8845 In some aspects, a pharmaceutical composition is provided, the composition
comprising the rAAV vector as described herein.

8046} In some aspects, a cell is provided, the cell comprising the rAAV vector as
described herein. The cell can be any kind of mammalian cell. For example, in some
embodiments, the cell is a heart cell. In some embodiments, the cell is a kidney cell. In some
embodiments, the cell is a liver. In some embodiments, the cell is a skeletal muscle cell. In

some embodiments, the cell is a cell of the gastrointestinal tract. In some embodiments, the cell
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is a cell of the brain, such as for example a neuron or a glial cell. In some embodiments, the cell
1s a peripheral neuron.

0047} In some aspects, a method of treating Fabry disease in a subject is provided, the
method comprising administering to a subject in need thereof a recombinant adeno-associated
viral vector (rAAV) packaged in a rAAV capsid having broad tissue tropism, the vector
comprising: (a) a 5” inverted terminal repeat (ITR); (b) a ubiquitous promoter comprising a cyto-
megalo-virus (CMYV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron; (c) a
nucleotide sequence encoding a-GAL enzyme; (d) a poly A; and (e) a 3’ ITR.

0048} In some aspects, a method of treating Fabry disease in a subject 1s provided, the
method comprising administering to a subject in need thereof a recombinant adeno-associated
viral vector (rAAV) packaged in a rAAV capsid having broad tissue tropism, the vector
comprising: (a) a 5’ inverted terminal repeat (ITR); (b) a ubiquitous promoter comprising a cyto-
megalo-virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron; (c) a
nucleotide sequence encoding a-GAL enzyme; (d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); (e) a poly A; and (f) a 3’ ITR.

[8649] In some embodiments, the AAV capsid is a wide-tropism AAV capsid selected
from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAVS capsid, AAV6 capsid,
AAV7 capsid, AAVS capsid, or AAV9 capsid. In some embodiments, the wide-tropism AAV
capsid is an AAV1 capsid. In some embodiments, the wide-tropism AAV capsid is an AAV2
capsid. In some embodiments, the wide-tropism AAV capsid is an AAV3 capsid. In some
embodiments, the wide-tropism AAV capsid is an AAV4 capsid. In some embodiments, the
wide-tropism AAV capsid is an AAVS capsid. In some embodiments, the wide-tropism AAV
capsid is an AAV6 capsid. In some embodiments, the wide-tropism AAV capsid is an AAV7
capsid. In some embodiments, the wide-tropism AAV capsid is an AAVS capsid. In some
embodiments, the wide-tropism AAYV capsid is an AAV9 capsid.

6050} In some embodiments, the rAAV vector is administered by intravenous,
subcutaneous, or transdermal administration. Accordingly, in some embodiments, the rAAV
vector i1s administered intravenously to a subject in need thereof. In some embodiments, the
rAAV vector is administered subcutaneously to a subject in need thereof. In some embodiments,
the rAAYV vector is administered transdermally to a subject in need thereof.

[8051] In some embodiments, the transdermal administration is by gene gun.

10
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8052} In some embodiments, the rAAYV vector is episomal following administration.
[0053] In some embodiments, a rAAV described herein is administered to a subject in
need thereof at a dose lower than a dose expected to be used with a AAV vector that targets the
liver for expression of o-GAL. In other embodiments, a rAAV described herein, when
administered at an equivalent dose as a liver targeted rAAV exhibits higher a-GAL serum and
tissue exposure.

0054} In some embodiments, the rAAV vector with broad tissue tropism and using a
ubiquitous promoter achieves a therapeutic effect for treating Fabry disease at a lower dose than
arAAV vector comprising an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAVS
capsid, AAV6 capsid, AAV7 capsid, or AAVS capsid using a liver specific promoter.
Accordingly, in some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous
promoter achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV1
capsid with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue
tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV
vector comprising an AAV?2 capsid with a liver specific promoter. In some embodiments, the
rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at
a lower dose than a rAAV vector comprising an AAV3 capsid with a liver specific promoter. In
some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous promoter
achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV3 capsid
with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue
tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV
vector comprising an AAV4 capsid with a liver specific promoter. In some embodiments, the
rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at
a lower dose than a rAAYV vector comprising an AAVS capsid with a liver specific promoter. In
some embodiments, the rAAV vector with broad tissue tropism and a ubiquitous promoter
achieves a therapeutic effect at a lower dose than a rAAV vector comprising an AAV6 capsid
with a liver specific promoter. In some embodiments, the rAAV vector with broad tissue
tropism and a ubiquitous promoter achieves a therapeutic effect at a lower dose than a rAAV
vector comprising an AAV7 capsid with a liver specific promoter. In some embodiments, the
rAAV vector with broad tissue tropism and a ubiquitous promoter achieves a therapeutic effect at

a lower dose than a rAAV vector comprising an AAV8 capsid with a liver specific promoter.

11
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8055 In some embodiments, a rAAV vector capable of expressing an a-GAL enzyme
may comprise a tissue specific promoter, e.g., a liver specific promoter. Exemplary liver-specific
promoters include, but are not limited to, for example, transthyretin promoter (TTR); thyroxine-
binding globulin (TBG) promoter; hybrid liver-specific promoter (HLP), and alpha-1-antitrypsin
(AAT) promoter.

{6056} In some embodiments, following administration of the rAAV vector, the subject
has detectable a-GAL in the serum for at least 5 weeks, 10 weeks, 15 weeks, 26 weeks, 1 year, 5
years, 10 years, or 20 years. In some embodiments, following administration of the rAAV
vector, the subject has detectable a-GAL in the serum for at least 5 weeks. In some
embodiments, following administration of the rAAV vector, the subject has detectable a-GAL in
the serum for at least 10 weeks. In some embodiments, following administration of the rAAV
vector, the subject has detectable a-GAL in the serum for at least 15 weeks. In some
embodiments, following administration of the rAAYV vector, the subject has detectable a-GAL in
the serum for at least 26 weeks. In some embodiments, following administration of the rAAV
vector, the subject has detectable a-GAL in the serum for at least 1 year. In some embodiments,
following administration of the rAAV vector, the subject has detectable a-GAL in the serum for
at least 5 years. In some embodiments, following administration of the rAAV vector, the subject
has detectable a-GAL in the serum for at least 10 years. In some embodiments, following
administration of the rAAV vector, the subject has detectable a-GAL in the serum for at least 15
years. In some embodiments, following administration of the rAAV vector, the subject has
detectable a-GAL in the serum for at least 20 years. In some embodiments, following
administration of the rAAYV vector, the subject has detectable a-GAL in the serum for the life of
the subject.

[8057] In some embodiments, expression of modified a-GAL enzyme provides 3, 10, 30,
100, 300 fold higher serum o-GAL levels compared to the expression of WT a-GAL. In some
embodiments, expression of modified a-GAL enzyme provides, 3, 10, 30, 100, 300 fold higher
intracellular enzyme levels compared to expression of WT o-GAL.

[0038} In some embodiments, the administration results in a~-GAL enzyme exposure in
one or more of liver, kidney, heart, gastrointestinal tract, brain, and/or peripheral neurons of the
subject. Accordingly, in some embodiments, administration results in a-GAL enzyme exposure

in the liver. In some embodiments, administration results in a-GAL enzyme exposure in the

12
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kidney. In some embodiments, administration results in a-GAL enzyme exposure in the heart.
In some embodiments, administration results in a-GAL enzyme exposure in the gastrointestinal
tract and cells associated with the gastrointestinal tract. In some embodiments, administration
results in a-GAL enzyme exposure in the brain. In some embodiments, administration results in
a-GAL enzyme exposure in peripheral neurons.

[6059] In some embodiments, administration of rAAV vector results in a survival benefit
to Fabry mouse/patient. In some embodiments, administration of the rAAV vector results in
reduced levels of globotriaosylceramide (GB3) in one or more of liver, heart, kidney and
gastrointestinal tract of the subject. Accordingly, in some embodiments, administration of the
rAAYV vector results in reduced levels of GB3 in the heart. In some embodiments, administration
of the rAAYV vector results in reduced levels of GB3 in the skeletal muscle. In some
embodiments, administration of the rAAV vector results in reduced levels of GB3 in the kidney.
In some embodiments, administration of the rAAYV vector results in reduced levels of GB3 in the
gastrointestinal tract. Levels of GB3 can be assessed by any means known in the art including
for example by chromatographic methods, including for example liquid chromatography-tandem
mass spectrometry.

[8066] In some aspects, the present disclosure encompasses a method of expressing o.-
GAL enzyme in a cell, the method comprising administering a rAAV vector packaged in an
AAVO capsid, said vector comprising: (a) a 5° inverted terminal repeat (ITR); (b) a ubiquitous
promoter comprising a cyto-megalo-virus (CMYV) enhancer, chicken beta actin promoter, and a
rabbit beta globin intron; (c) a nucleotide sequence encoding 0-GAL enzyme; (d) a bovine growth
hormone (BGH) poly A; and (f) a 3" ITR.

[6061} In some aspects, the present disclosure encompasses a method of expressing -
GAL enzyme in a cell, the method comprising administering a rAAV vector packaged in an
AAV9 capsid, said vector comprising: (a) a 5” inverted terminal repeat (ITR); (b) a ubiquitous
promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin promoter, and a
rabbit beta globin intron; (c¢) a nucleotide sequence encoding a-GAL enzyme; (d) optionally a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) having mut6del ATG
mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 3” ITR.

8062} In some aspects, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a 5” inverted
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terminal repeat (ITR); a liver specific promoter; a nucleotide sequence encoding a-GAL enzyme;
apoly A; anda 3” ITR.

0063} In some aspects, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a 5” inverted
terminal repeat (ITR); a liver-specific promoter; a nucleotide sequence encoding a-GAL enzyme;
a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); a poly A; and a 3’
ITR.

BRIEF DESCRIPTION OF FIGURES

[0064] FIG. 1 is a vector diagram of exemplary rAAV9 comprising wild-type GAL
under the control of a ubiquitous promoter (referred to generally herein as “rAAV9”) as

described herein.

0065} FIG. 2 is a graph that shows the level of alpha galactosidase in serum over a
period of 12-weeks post injection with rAAV9 in a Fabry (GLAko) mouse model as described
herein.

0066} FIG. 3A-FIG. 3M are a series of graphs showing expression of alpha
galactosidase in various tissues and reduction of GB3 in various tissues after administration of
rAAV9-WT in Fabry GLAko mice. FIG. 3A shows expression of alpha galactosidase in liver,
post administration of rAAV9 as compared to rAAV9 —null (“null” refers to a AAV9 that does
not contain any transgene) and untreated control. FIG. 3B shows expression of alpha
galactosidase in kidney, post administration of rAAV9-WT as compared to rAAV9-null and
untreated control. FIG. 3C shows expression of alpha galactosidase in heart, post administration
of rAAV9-WT as compared to and untreated control. FIG. 3D shows expression of alpha
galactosidase in duodenum, post administration of rAAV9-WT as compared to rAAV9-null (null
vector) and untreated control. FIG. 3E shows expression of alpha galactosidase in colon, post
administration of rAAV9 as compared to rAAV9-null and untreated control. FIG. 3F shows the
levels of GB3 in serum as compared to ERT and untreated controls. FIG. 3G shows the levels of
GB3 in liver as compared to ERT and untreated controls. FIG. 3H shows the levels of GB3 in
kidney as compared to ERT and untreated controls. FIG. 31 shows the levels of GB3 in heart as
compared to ERT and untreated controls. FIG. 3J shows the levels of lysoGB3 in serum as
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compared to ERT and untreated controls. FIG. 3K shows the levels of lysoGB3 in liver as
compared to ERT and untreated controls. FIG. 3L shows the levels of lysoGb3 in kidney as
compared to ERT and untreated controls. FIG. 3M shows the levels of lysoGb3 in heart as
compared to ERT and untreated controls.

8067} FIG. 4A-FIG. 4G are a series of graphs showing expression of alpha
galactosidase in various tissues after administration of rAAV9 in severe Fabry-model
(G3Stg/GLAko) mice. FIG. 4A shows dose dependent alpha galactosidase activity in serum
compared to vehicle (i.e., formulation buffer alone) for 18 weeks. FIG. 4B shows dose
dependent increase in alpha galactosidase activity in liver, compared to null vector and vehicle
(i.e., formulation buffer alone). FIG. 4C shows dose dependent increase in alpha galactosidase
activity in kidney, compared to null vector and vehicle (i.e., formulation buffer alone). FIG. 4D
shows dose dependent increase in alpha galactosidase activity in heart, compared to null vector
and vehicle (i.e., formulation buffer alone). FIG. 4E shows dose dependent increase in alpha
galactosidase activity in duodenum, compared to null vector and vehicle (i.e., formulation buffer
alone). FIG. 4F shows dose dependent increase in alpha galactosidase activity in colon,
compared to null vector and vehicle (formulation buffer). FIG. 4G shows dose dependent
increase in alpha galactosidase activity in brain, compared to null vector and vehicle (i.e.,
formulation buffer alone).

[0068] FIG. 5A-FIG. 5F are a series of graphs showing reduction of GB3 in various
tissues after administration of rAAV9 in severe Fabry-model mice. FIG. SA shows reduction of
GB3 in liver after administration of rAAV9-WT as compared to rAAV9-null, and vehicle (i.e.,
formulation buffer alone). FIG. SB shows reduction of GB3 in kidney after administration of
rAAV9-WT as compared to rAAV9-null, and vehicle (i.e., formulation buffer alone). FIG. 5C
shows reduction of GB3 in heart after administration of rAAV9-WT as compared to rAAV9-
null, and vehicle (i.e., formulation buffer alone). FIG. SD shows reduction of GB3 in duodenum
after administration of rAAV9-WT as compared to rAAV9-null, and vehicle (i.e., formulation
buffer alone). FIG. SE shows reduction of GB3 in colon after administration of rAAV9-WT as
compared to rAAV9-null, and vehicle (i.e., formulation buffer alone). FIG. 5F shows reduction
of GB3 in brain after administration of rAAV9-WT as compared to rAAV9-null, and vehicle
(i.e., formulation buffer alone). FIG. 5G shows dose-dependent reduction of lysoGb3 in liver as

compared to TAAV9-null. FIG. SH shows dose-dependent reduction of lysoGb3 in kidney as
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compared to TAAV9-null. FIG. SI shows dose-dependent reduction of lysoGb3 in heart as
compared to TAAV9-null. FIG. 5J shows dose-dependent reduction of lysoGb3 in duodenum as
compared to TAAV9-null. FIG. 5K shows dose-dependent reduction of lysoGb3 in colon as
compared to TAAV9-null. FIG. 5L shows dose-dependent reduction of lysoGb3 in brain as
compared to TAAV9-null.

[6069] FIG. 6 is a graph showing increase in body weight after administration of
increasing concentrations of rAAV9-WT as compared to null vector (rAAV9-null) and vehicle
(1.e., formulation buffer alone) in severe Fabry mice.

0676} FIG. 7A-FIG. 7B are series of graphs showing improvements in kidney function
in 27-28 week old severe Fabry-model mice after administration of rAAV9-WT. FIG. 7A shows
dose dependent normalization of serum BUN. FIG. 7B shows normalization of urine albumin
levels after administration of rAAVO-WT.

[0071} FIG. 8A-FIG. 8C are figures showing immunohistochemistry of paw pads of
severe Fabry mouse model (G3Stg/GLAko). FIG. 8A shows an immunohistochemistry slide of
paw pads of Fabry model mice showing reduction in vacuolation in dorsal root nerves. FIG. 8B
shows an immunohistochemistry slide of dose-dependent normalization in PGP9.5 (neuronal
marker) staining in Fabry-model mice. FIG. 8C shows an immunohistochemistry slide of dose-
dependent increase in MPZ (Schwann cell marker) staining in Fabry-model mice.

[0072] FIG. 9A-FIG. 91 show images histopathological features of kidney, heart and
dorsal root ganglions (DRG). FIG. 9A shows p62 (autophagy marker) staining observed in a
wildtype mouse-kidney collecting ducts. FIG. 9B shows p62 staining observed in a Fabry-
untreated mouse-kidney collecting ducts. FIG. 9C shows p62 staining observed in a Fabry
mouse-kidney collecting ducts, when treated with 6.25e12vg/kg of rAAV9-WT FIG. 9D shows
p62 staining observed in a wildtype mouse-heart. FIG. 9E shows p62 staining observed in a
Fabry-untreated mouse-heart. FIG. 9F shows p62 staining observed in a Fabry mouse-heart,
when treated with 6.25e12vg/kg of rAAVO-WT. FIG. 9G shows CD68 staining observed in a
wildtype mouse-DRG. FIG. 9H shows CD68 staining observed in a Fabry-untreated mouse-
DRG. FIG. 91 shows CD68 staining observed in a Fabry mouse-DRG, when treated with
6.25e12vg/kg of rAAVO-WT.

{6073} FIG. 10A-10F shows the exposure of o.-GAL variants in serum and tissues in

Fabry mice 2 days after hydrodynamic tail vein injection of plasmids expressing a-GAL variants.
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FIG. 10A shows the exposure of a-GAL variants in serum. FIG. 10B shows the exposure of o-
GAL variants in kidneys. FIG. 10C shows the exposure of a-GAL variants in heart. FIG. 10D
shows the exposure of a-GAL variants in serum. FIG. 10E shows the exposure of a-GAL
variants in kidneys. FIG. 10F shows the exposure of a-GAL variants in heart.

[0074} FIG.11A is a graph that shows the level of alpha galactosidase in serum over a
period of 12-weeks post injection with either a rAAV9 based construct with a ubiquitous
promoter or a rAAV8 based construct with a liver specific promoter. FIG. 11B shows expression
of alpha galactosidase in kidney, post administration of rAAV9-WT as compared to TAAV8-WT,
as well as to alpha galactosidase protein dosed at 1mg/kg and an untreated control. FIG. 11C
shows percentage reduction of GB3 in kidney after administration of rAAV9-WT as compared to
rAAV8-WT, as well as to alpha galactosidase protein dosed at Img/kg and an untreated control.
|8075} FIG. 12A-12B are series of graphs showing kidney function in 27-28 week old
Fabry-model mice after administration of rAAV9-WT and rAAV8-WT. FIG. 12A shows dose
dependent normalization of blood urea nitrogen (BUN) with rAAV9-WT. FIG. 12B shows
changes in serum BUN with rAAV8-WT.

6876} FIG. 13A-13E are series of graphs showing serum and tissue galactosidase
activities of a-GAL variants after treatment of severe Fabry mice with rAAV9 expressing o.-
GAL variants. FIG. 13A shows serum alpha galactosidase activity at 5.0 X 10° vg/kg dose
from Study 1. FIG. 13B shows serum alpha galactosidase activity at 2.5 X 10*'dosage
according to Study 1. FIG. 13C shows kidney alpha-galactosidase activity at two different
dosages according to Study 1. FIG. 13D shows heart alpha-galactosidase activity at two
different dosages according to Study 1. FIG. 13E shows liver alpha-galactosidase activity at two
different dosages according to Study 1.

18877} FIG. 14A-14D are series of graphs showing serum and tissue alpha-galactosidase
levels of a-GAL variants after treatment of severe Fabry mice with rAAV9 expressing a-GAL
variants, according to Study 2. FIG. 14A shows serum alpha galactosidase activity at 2.5 x 10!
vg/kg dose from Study 2. FIG. 14B shows kidney alpha-galactosidase activity at two different
dosages according to Study 2. FIG. 14C shows heart alpha-galactosidase activity at two
different dosages according to Study 2. FIG. 14D shows liver alpha-galactosidase activity at
two different dosages according to Study 2.
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|8078] FIG. 15A-15D are series of graphs showing presence of GB3 in serum and tissues
in mice treated with rAAV9 expressing o.-GAL variants, according to Study 1. FIG. 15A shows
serum GB3 in response to treatment with rAAV9 expressing o.-GAL variants. FIG. 15B shows
kidney GB3 in response to treatment with rAAV9 expressing o.-GAL variants. FIG. 15C shows
heart GB3 in response to treatment with rAAV9 expressing o.-GAL variants. FIG. 15D shows
liver GB3 in response to treatment with rAAV9 expressing o.-GAL variants.

6079} FIG. 16A-16D are series of graphs showing the presence of lysoGb3 in serum
and tissues in mice treated with rAAV9 expressing o.-GAL variants, according to Study 1. FIG.
16A shows serum lysoGb3in response to treatment with rAAV9 expressing a-GAL variants.
FIG. 16B shows kidney lysoGb3 in response to treatment with rAAV9 expressing o.-GAL
variants. FIG. 16C shows heart lysoGb3 in response to treatment with variants. FIG. 16D
shows liver lysoGb3 in response to treatment with rAAV9 expressing o.-GAL variants.

6088} FIG. 17A-17D are series of graphs showing presence of GB3 in serum and tissues
in mice treated with rAAV9 expressing o.-GAL variants, according to Study 2. FIG. 17A shows
serum GB3 in response to treatment with variants. FIG. 17B shows kidney GB3 in response to
treatment with rAAV9 expressing o.-GAL variants. FIG. 17C shows heart GB3 in response to
treatment with rAAV9 expressing a-GAL variants. FIG. 17D shows liver GB3 in response to
treatment with rAAV9 expressing o.-GAL variants.

[0081} FIG. 18A-18D are series of graphs showing the presence of lysoGb3 in serum
and tissues in mice treated with rAAV9 expressing o-GAL variants, according to Study 2. FIG.
18A shows serum lysoGb3 in response to treatment with rAAV9 expressing a-GAL variants.
FIG. 18B shows kidney lysoGb3 in response to treatment with rAAV9 expressing a-GAL
variants. FIG. 18C shows heart lysoGb3 in response to treatment with rAAV9 expressing o.-
GAL variants. FIG. 18D shows liver lysoGb3 in response to treatment with rAAV9 expressing
o-GAL variants.

{6082} FIG. 19A-19D are series of graphs showing in vitro a-GAL activity in HUH-7
and HEK293 cells after transfection with plasmids expressing codon optimized o.-GAL variants
of 004 and D. FIG. 19A is a histogram showing in vitro a-GAL activity in HUH-7 cells
transfected with variants of plasmid comprising D, D1-D6, as compared to WT a-GAL and no
plasmid. FIG. 19B is a histogram showing in vitro a-GAL activity in HEK293 cells transfected
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with variants of plasmid comprising D, D1-D6, as compared to WT a-GAL and no plasmid.
FIG. 19C is a histogram showing in vitro 0-GAL activity in HUH-7 cells transfected with
variants of plasmid comprising 004, 004-1 to 004-5, as compared to WT a-GAL and no plasmid.
FIG. 19D is a histogram showing in vitro 0-GAL activity in HEK293 cells transfected with
variants of plasmid comprising 004, 004-1 to 004-5, as compared to WT a-GAL and no plasmid.
[6083] FIG. 20A-20D are series of graphs showing dose-dependent a-GAL activity in
various tissues in severe Fabry-model mice, treated with rAAV9-D3 and rAAV9-004-3. FIG.
20A is a histogram of dose-dependent 0-GAL activity in serum, in severe Fabry-model mice
treated with rAAV9-D3 and rAAV9-004-3. FIG. 20B is a histogram of dose-dependent a-GAL
activity in kidney, in severe Fabry-model mice treated with rAAV9-D3 and rAAV9-004-3. FIG.
20C i1s a histogram of dose-dependent a-GAL activity in heart, in severe Fabry-model mice
treated with rAAV9-D3 and rAAV9-004-3. FIG. 20D is a histogram of dose-dependent a-GAL
activity in liver, in severe Fabry-model mice treated with rAAV9-D3 and rAAV9-004-3.

[0084] FIG. 21A-21H are series of graphs showing dose-dependent reduction in
substrate in various tissues in severe Fabry-model mice, treated with rAAV9-D3 and rAAV9-
004-3. FIG. 21A is a graph showing dose dependent reduction of GB3, in severe Fabry model
mice treated with rAAV9-D3 and rAAV9-004-3 in serum. FIG. 21B is a graph showing dose
dependent reduction of lysoGb3, in severe Fabry model mice treated with rAAV9-D3 and
rAAV9-004-3 in serum. FIG. 21C is a graph showing dose dependent reduction of GB3, in
kidney, in severe Fabry model mice treated with rAAV9-D3 and rAAV9-004-3. FIG. 21D is a
graph showing dose dependent reduction of lysoGb3 in kidney, in severe Fabry model mice
treated with rAAV9-D3 and rAAV9-004-3. FIG. 21E is a graph showing dose dependent
reduction of GB3 in heart, in severe Fabry model mice treated with rAAV9-D3 and rAAV9-004-
3. FIG. 21F is a graph showing dose dependent reduction of lysoGb3 in heart, in severe Fabry
model mice treated with rAAV9-D3 and rAAV9-004-3. FIG. 21G is a graph showing dose
dependent reduction of GB3 in liver, in severe Fabry model mice treated with rAAV9-D3 and
rAAV9-004-3. FIG. 21H is a graph showing dose dependent reduction of lysoGb3 in liver, in
severe Fabry model mice treated with rAAV9-D3 and rAAV9-004-3.
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DEFINITIONS

[0085] Approximately or about. As used herein, the term “approximately,” as applied to
one or more values of interest, refers to a value that is similar to a stated reference value. In
certain embodiments, the term “approximately” refers to a range of values that fall within 25%,
20%, 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%,
2%, 1%, or less in either direction (greater than or less than) of the stated reference value unless
otherwise stated or otherwise evident from the context (except where such number would exceed
100% of a possible value). It is understood that when the term “about” or “approximately” is
used to modify a stated reference value, the stated reference value itself is covered along with
values that are near the stated reference value on either side of the stated reference value.

|0086] Administering: The terms “administer”, “administration” and “administering”
refer to providing a composition of the present invention (e.g., a recombinant gene therapy
vector expressing alpha galactosidase) to a subject in need thereof (e.g., to a person suffering
from the effects of Fabry disease).

|0087} Administered in combination: As used herein, the term “administered in
combination” or “combined administration” means that two or more agents are administered to a
subject at the same time or within an interval such that there can be an overlap of an effect of
each agent on the patient. In some embodiments, the administrations of the agents are spaced
sufficiently closely together such that a combinatorial (e.g., a synergistic) effect is achieved.
6088} Allogeneic: As used herein, allogeneic refers to any material derived from a
different animal of the same species as the individual to whom the material is introduced. Two or
more individuals are said to be allogeneic to one another when the genes at one or more loci are
not identical. In some aspects, allogeneic material from individuals of the same species may be
sufficiently unlike genetically to interact antigenically

[0089] Amino acid substitution: The term “amino acid substitution” refers to replacing an
amino acid residue present in a parent or reference sequence (e.g., a wild type GLA sequence)
with another amino acid residue. An amino acid can be substituted in a parent or reference
sequence (e.g., a wild type GLA polypeptide sequence), for example, via chemical peptide
synthesis or through recombinant methods known in the art. Accordingly, a reference to a

“substitution at position X refers to the substitution of an amino acid present at position X with
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an alternative amino acid residue. In some aspects, substitution patterns can be described
according to the schema AnY, wherein A is the single letter code corresponding to the amino
acid naturally or originally present at position n, and Y is the substituting amino acid residue. In
other aspects, substitution patterns can be described according to the schema An(YZ), wherein A
1s the single letter code corresponding to the amino acid residue substituting the amino acid
naturally or originally present at position X, and Y and Z are alternative substituting amino acid
residues.

{0090} The abbreviations used for the genetically encoded amino acids are conventional
and are as follows: alanine (Ala or A), arginine (Arg or R), asparagine (Asn or N), aspartate (Asp
or D), cysteine (Cys or C), glutamate (Glu or E), glutamine (Gln or Q), histidine (His or H),
isoleucine (Ile or I), leucine (Leu or L), lysine (Lys or K), methionine (Met or M), phenylalanine
(Phe or F), proline (Pro or P), serine (Ser or S), threonine (Thr or T), tryptophan (Trp or W),
tyrosine (Tyr or Y), and valine (Val or V). When the three-letter abbreviations are used, unless
specifically preceded by an “L” or a “D” or clear from the context in which the abbreviation is
used, the amino acid may be in either the L- or D-configuration about c-carbon (Ce). In various
embodiments described herein, one or more amino acids in the wild-type GLA sequence may be
substituted with a different amino acid, thereby resulting in a variant of the a-GAL protein.
[6091} Substitutions in a protein or polypeptide amino acid sequence may either be
conservative or non-conservative in nature. A conservative amino acid substitution refers to a
substitution of a residue with a different residue having a similar side chain, and thus typically
involves substitution of the amino acid in a polypeptide (e.g., a-GAL amino acid sequence) with
amino acids within the same or similar defined class of amino acids. By way of example and not
limitation, an amino acid with an aliphatic side chain may be substituted with another aliphatic
amino acid (e.g., alanine, valine, leucine, and isoleucine); an amino acid with hydroxyl side
chain is substituted with another amino acid with a hydroxyl side chain (e.g., serine and
threonine); an amino acids having aromatic side chains is substituted with another amino acid
having an aromatic side chain (e.g., phenylalanine, tyrosine, tryptophan, and histidine); an amino
acid with a basic side chain is substituted with another amino acid with a basis side chain (e.g.,
lysine and arginine), an amino acid with an acidic side chain is substituted with another amino
acid with an acidic side chain (e.g., aspartic acid or glutamic acid); and/or a hydrophobic or

hydrophilic amino acid is replaced with another hydrophobic or hydrophilic amino acid,
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respectively. A non-conservative substitution refers to substitution of an amino acid in a
polypeptide (e.g., a-GAL amino acid sequence) with an amino acid with significantly differing
side chain properties. By way of example and not limitation, an exemplary non-conservative
substitution can be an acidic amino acid substituted with a basic or aliphatic amino acid; an
aromatic amino acid substituted with a small amino acid; and a hydrophilic amino acid
substituted with a hydrophobic amino acid.

0092} In the context of the present disclosure, substitutions (even when they referred to
as amino acid substitution) are conducted at the nucleic acid level, i.e., substituting an amino
acid residue with an alternative amino acid residue is conducted by substituting the codon
encoding the first amino acid with a codon encoding the second amino acid.

0093} Animal: As used herein, the term “animal” refers to any member of the animal
kingdom. In some embodiments, “animal” refers to humans at any stage of development. In
some embodiments, “animal” refers to non-human animals at any stage of development. In
certain embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a rabbit,
a monkey, a dog, a cat, a sheep, cattle, a primate, or a pig). In some embodiments, animals
include, but are not limited to, mammals, birds, reptiles, amphibians, fish, and worms. In some
embodiments, the animal is a transgenic animal, genetically-engineered animal, or a clone.
{6094} Blood urea nitrogen: As used herein, the term “Blood urea nitrogen” or “BUN”
refers to urea content in blood. Blood urea nitrogen is elevated in pathology associated with
kidney. Chronic kidney disease is one of the main features of Fabry disease, causing end-stage
renal failure. Gb-3 deposits in glomerular podocytes are thought to contribute at least in part, to
the proteinuria or to the rates of progression or severity of kidney involvement in Fabry disease.
Blood urea nitrogen measures the efficiency of kidneys to remove urea from the blood. High
BUN levels indicate poor renal function.

[0095] Chimera: As used herein, “chimera” is an entity having two or more incongruous
or heterogeneous parts or regions. For example, a chimeric molecule can comprise a first part
comprising a GLA polypeptide, and a second part (e.g., genetically fused to the first part)
comprising a second therapeutic protein (e.g., a protein with a distinct enzymatic activity, an
antigen binding moiety, or a moiety capable of extending the plasma half-life of a-GAL, for

example, an Fc region of an antibody).
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8096} Codon substitution: As used herein, the terms “codon substitution” or “codon
replacement” in the context of sequence optimization refer to replacing a codon present in a
reference nucleic acid sequence with another codon. A codon can be substituted in a reference
nucleic acid sequence, for example, via chemical peptide synthesis or through recombinant
methods known in the art. Accordingly, references to a “substitution” or “replacement” at a
certain location in a nucleic acid sequence (e.g., an mRNA) or within a certain region or
subsequence of a nucleic acid sequence (e.g., an mRNA) refer to the substitution of a codon at
such location or region with an alternative codon.

8697} Codon optimized. The term “codon optimized” or “codon optimization” refers to
changes in the codons of the polynucleotide encoding a protein (e.g., GLA gene) such that the
encoded protein is more efficiently expressed, e.g., in a cell or an organism. In some
embodiments, the polynucleotides encoding the a-GAL enzymes may be codon optimized for
optimal production from the host organism(s) and/or cell type(s) selected for expression
accounting for GC content, cryptic splice sites, transcription termination signals, motifs that may
affect RNA stability, and nucleic acid secondary structures, as well as any other factors of
interest.

{0098} Engineered variants: The term “engineered 0-GAL variants” or “engineered
variants” refers to GAL proteins, where, when compared to the wild-type a-GAL, one or more
amino acid residues have been modified by substitution, deletion or insertion. In some
embodiments, engineered variants are characterized by improved efficacy and pharmacokinetic
profiles, due to, for example, modified the structural attributes of the protein. In some
embodiments, engineered 0-GAL variants enhance clearing of substrates from tissues, such as,
serum, kidney, heart and/or liver. The engineered varianis may be synthesized or produced
recombinantly.

{6099} Gb3: As used herein, the term “Gb3” or “globotriaosylceramide” or “GB3” or
“gb3” or “CD77” or “GL-3” refers to a type of glycosphingolipid that accumulates in lysosomes
in Fabry disease and is considered to be the main causative metabolite. GB3 is formed by o-
linkage of galactose to lactosylceramide catalyzed by AAGALT.GB3 is hydrolyzed at the
terminal alpha linkage by GLA. Fabry disease 1s exemplified by accumulation of GB3 in in all
organs (especially the heart and kidneys), as well as many cells and urine. Such accumulation is

accompanied by a marked increase in the risk of stroke, heart disease (hypertrophic
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cardiomyopathy, rhythm and conduction system disorders, coronary artery disease, valve
abnormalities, etc.) and chronic proteinuria renal failure. In some embodiments, de-acylatedGB3
or lysoGb3 is also a valuable biomarker for Fabry disease.

{6166} Gene: The term “gene,” as used herein, refers to a DNA region encoding a protein
or polypeptide (e.g., an alpha-galactosidase enzyme, as described herein), as well as all DNA
regions which regulate the production of the protein or polypeptide, whether or not such
regulatory sequences are adjacent to coding and/or transcribed sequences. Accordingly, a gene
includes, but is not necessarily limited to, promoter sequences, terminators, translational
regulatory sequences such as ribosome binding sites and internal ribosome entry sites, enhancers,
silencers, insulators, boundary elements, replication origins, matrix attachment sites and locus
control regions.

[81601} GLA gene: As used herein, the term “GLA gene” or “galactosidase gene” or
“alpha-galactosidase gene” or “a-galactosidase gene” refers to a gene which encodes for the
enzyme alpha-galactosidase that breaks down globotriaosylceramide. Genetic mutation in the
GLA gene results in defective enzyme function of alpha-galactosidase. In humans, the GLA gene
is located at Xq22.1, which is the long (q) arm of the X chromosome at position 22.1. Some of
the other names by which the GLA gene may be referred to include AGAL HUMAN, Agalsidase
alpha, Alpha-D-galactosidase A, alpha-D-galactosidase galactohydrolase, Alpha-galactosidase,
alpha-Galactosidase A, ceramidetrihexosidase, GALA, galactosidase or Melibiase.

{8102} Galactosidase: The term “galactosidase” or “alpha galactosidase A” or” a-
galactosidase A” or “o-GAL”, as used herein, refers to the enzyme encoded by the GLA gene.
Human alpha galactosidase (EC 3.2.1.22) is a lysosomal enzyme which hydrolyses terminal
alpha galactosyl moieties from glycolipids and glycoproteins. As used herein, the term a-GAL
may refer to wild-type enzyme or a variant thereof. Deficiency of alpha galactosidase A causes
Fabry disease (also referred to as angiokeratoma corporis diffusum, Anderson-Fabry disease,
hereditary dystopic lipidosis, alpha-galactosidase A deficiency, a-GAL deficiency, and ceramide
trihexosidase deficiency), which is an X-linked inborn error of glycosphingolipid catabolism. In
various embodiments described herein, a gene therapy platform is provided for treatment of
Fabry disease.

[6103] “Improved enzyme property”: The term “improved enzyme property” refers to any

property or attribute of an engineered o.-GAL polypeptide that is an improvement relative to the
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same property or attribute of a reference a-GAL polypeptide (e.g., as compared to a wild-type ot-
GAL polypeptide or another engineered o.-GAL polypeptide). Improved properties include, but
are not limited to such properties as increased gene expression, increased protein production,
increased thermoactivity, increased thermostability, increased activity at various pH levels,
increased stability, increased enzymatic activity, increased substrate specificity or affinity,
increased specific activity, increased resistance to substrate and/or product inhibition, increased
chemical stability, improved chemoselectivity, improved solvent stability, increased tolerance to
acidic, neutral, or basic pH, increased tolerance to proteolytic activity (i.e., reduced sensitivity to
proteolysis), reduced aggregation, increased solubility, reduced immunogenicity, improved post-
translational modification (e.g., glycosylation), altered temperature profile, increased cellular
uptake, increased lysosomal stability, increased ability to deplete cells of GB3, increased
secretion from a-GAL producing cells, etc. In various embodiments, the gene therapy vectors
encompassed by the present disclosure comprise a nucleic acid sequence encoding an o.-GAL
polypeptide comprising one or more improved enzyme properties relative to a reference o--GAL
polypeptide. In some embodiments, the nucleic acid sequence encoding an a--GAL polypeptide
exhibiting one or more improved enzyme properties, is codon optimized.

{6164} In various ernbodiments, codon optimized and/or engineered o--GAL variants
exhibit one or more aforementioned improved properties. In a particular embodiment, o.-GAL
variant having amino acid sequence set forth in SEQ ID NO:10 or SEQ ID NO: 50 has improved
serum and lysosomal stability and o.-GAL variant having amino acid sequence set forth in SEQ
ID NO:14 or SEQ ID NO: 55 has mncreased specific catalytic activity over wild type a-GAL
polypeptide.

[0165] “Increased enzymatic activity”: The term “increased enzymatic activity” refers to
an increase in specific activity (e.g., product produced/time/weight protein) or an increase in
percent conversion of the substrate to the product (e.g., percent conversion of starting amount of
substrate to product in a specified time period) using a specified amount of an engineered o.-
GAL enzyme as compared to a reference a-GAL enzyme (e.g., a wild type a.-GAL enzyme or
another engineered variant). Any suitable method known in the art and/or those described herein
may be used to determine enzyme activity. Any property relating to enzyme activity may be

affected, including the classical enzyme properties of K, V.., or k.., changes of which can lead to
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increased enzymatic activity. Improvements in enzyme activity can be from about 1.1 fold the
enzymatic activity of the corresponding wild-type enzyme, to as much as 2-fold, 5 -fold, 10-fold,
20-fold, 25-fold, 50-fold, 75-fold, 100-fold, 150-fold, 200-fold or more enzymatic activity than a
reference a-GAL enzyme.

{0166} Intrinsic Expression: The term “intrinsic expression” and grammatical equivalents
thereof refers to expression of a gene within one or more cells into which a transgene is
introduced. Intrinsic expression uses the cell’s own or pre-existing transcription or translation
mechanisms and resources for expression of the transgene. For example, in some embodiments,
when this term 1s used to refer to an “intrinsic a-GAL expression system” it means that o.-GAL
1s expressed from within the cells of a tissue.

{8167} Nucleic acid: As used herein, the terms “nucleic acid,” “polynucleotide,” and
“oligonucleotide” are used interchangeably and refer to a deoxyribonucleotide or ribonucleotide
polymer, in linear or circular conformation, and in either single- or double-stranded form. For the
purposes of the present disclosure, these terms are not to be construed as limiting with respect to
the length of a polymer. The terms can encompass known analogues of natural nucleotides, as
well as nucleotides that are modified in the base, sugar and/or phosphate moieties (e.g.,
phosphorothioate backbones). In general, an analogue of a particular nucleotide has the same
base-pairing specificity; i1.e., an analogue of A will base-pair with T.

|8108] Operative linkage: As used herein, the terms “operative linkage” and “operatively
linked” (or “operably linked”) are used interchangeably with reference to a juxtaposition of two
or more components (such as sequence elements), in which the components are arranged such
that both components function normally and allow the possibility that at least one of the
components can mediate a function that is exerted upon at least one of the other components. By
way of illustration, a transcriptional regulatory sequence, such as a promoter, is operatively
linked to a coding sequence if the transcriptional regulatory sequence controls the level of
transcription of the coding sequence in response to the presence or absence of one or more
transcriptional regulatory factors. A transcriptional regulatory sequence is generally operatively
linked in cis with a coding sequence, but need not be directly adjacent to it. For example, an
enhancer 1s a transcriptional regulatory sequence that is operatively linked to a coding sequence,

even though they are not contiguous.
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6109} Physiological pH: As used herein, “physiological pH” means the pH range
generally found in a subject’s (e.g., human) blood.

|0110} Basic pH: The term “basic pH” (e.g., used with reference to improved stability at
basic pH conditions or increased tolerance to basic pH) means a pH range of about 7 to 11.
j8111} Acidic pH: The term “acidic pH” (e.g., used with reference to improved stability
to acidic pH conditions or increased tolerance to acidic pH) means a pH range of about 1.5 to

2 <«

4.5 Polypeptide: As used herein, the terms “polypeptide,” “peptide” and “protein” are used
interchangeably to refer to a polymer of amino acid residues. The term also applies to amino acid
polymers in which one or more amino acids are chemical analogues or modified derivatives of
corresponding naturally-occurring amino acids.

[0112] Promoter: As used herein, the term “promoter” as used herein encompasses a
DNA sequence that directs the binding of RNA polymerase and thereby promotes RNA
synthesis, 1.e., a minimal sequence sufficient to direct transcription. Promoters and corresponding
protein or polypeptide expression may be ubiquitous, meaning strongly active in a wide range of
cells, tissues and species or cell-type specific, tissue-specific, or species specific. In some
embodiments, liver-specific promoters include, for example, transthyretin promoter (TTR);
thyroxine-binding globulin (TBG) promoter; hybrid liver-specific promoter (HLP), and alpha-1-
antitrypsin (AAT) promoter. Promoters may be “constitutive,” meaning continually active, or
“inducible,” meaning the promoter can be activated or deactivated by the presence or absence of
biotic or abiotic factors. Also included in the nucleic acid constructs or vectors of the invention
are enhancer sequences that may or may not be contiguous with the promoter sequence.
Enhancer sequences influence promoter-dependent gene expression and may be located in the 5’
or 3’ regions of the native gene.

16113 Sequence Optimization: As used herein, the term “sequence optimization” refers
to a process or series of processes by which nucleobases in a reference nucleic acid sequence are
replaced with alternative nucleobases, resulting in a nucleic acid sequence with improved
properties, e.g., improved protein expression or increased activity.

0114} Tropism: As used herein, the terms “tropism,” or “tropicity” in the context of
AAYV refers to AAV capsid serotype having varying transduction profiles for different tissue
types. In some embodiments, “systemic tropism” and “systemic transduction” (and equivalent

terms) indicate that the virus capsid or virus vector of the invention exhibits tropism for or
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transduces, respectively, more than one tissue, or multiple tissues or organs throughout the body
(e.g., more than one of brain, lung, skeletal muscle, heart, liver, kidney and/or pancreas).
|0115] Vector: As used herein, the term “vector” is capable of transferring gene

2

sequences to target cells. Typically, “vector construct,” “expression vector,” and “gene transfer
vector,” mean any nucleic acid construct capable of directing the expression of a gene of interest
and which can transfer gene sequences to target cells. Thus, the term includes cloning, and
expression vehicles, as well as integrating vectors. In some embodiments, the vector is a virus,
which includes, for example, encapsulated forms of vector nucleic acids, and viral particles in
which the vector nucleic acids have been packaged. In some embodiments, the vector is not a
wild-type strain of a virus, in as much as it comprises human-made mutations or modifications.
In some embodiments, the vector is derived from a wild-type viral strain by genetic manipulation
(i.e., by deletion) to comprise a conditionally replicating virus, as further described herein. In
some embodiments, the vector is delivered by non-viral means. In some embodiments, vectors
described herein are gene therapy vectors, which are used as carriers for delivery of
polynucleotide sequences (e.g., an alpha galactosidase enzyme) to cells. In a particular
embodiment, a gene therapy vector described herein is a recombinant AAV vector (e.g., AAVS
or AAV9).

{6116} Wild-type: As used herein, the term “wild-type” and “naturally-occurring” refer to
the form of a nucleic acid or protein found in nature. For example, a wild-type polypeptide or
polynucleotide sequence is a sequence present in an organism that can be isolated from a source
in nature and which has not been intentionally modified by human manipulation.

18117} The recitation of numerical ranges by endpoints herein includes all numbers and
fractions subsumed within that range (e.g. 1 to Sincludes 1, 1.5, 2, 2.75, 3, 3.9, 4 and 5). It is
also to be understood that all numbers and fractions thereof are presumed to be modified by the
term “about.”

6118} Various aspects of the invention are described in detail in the following sections.
The use of sections is not meant to limit the invention. Each section can apply to any aspect of
the invention. In this application, the use of “or” means “and/or” unless stated otherwise. As
used herein, the singular forms “a”, “an”, and “the” include both singular and plural referents

unless the context clearly dictates otherwise.
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DETAILED DESCRIPTION

[0119] Fabry disease is an X-linked inherited disease that results in the production of
aberrant lysosomal hydrolase, a-galactosidase A (a-GAL), due to mutations in the GLA gene.
Because a-GAL is necessary for catabolism of glycolipids, such as sphingolipids, deficiency or
malfunction of ot-GAL causes accumulation of sphingolipids in tissues. Fabry diseases affects 1
in 40,000 males, who develop multisystem disease develops in childhood or adolescence.
Clinical manifestations of Fabry disease include, but are not limited to burning, tingling, or
pricking sensations or numbness m the extrematies, heat intolerance, skin lesions called
angiokeratomas, corneal opacities, cardiac arrhythmias, left ventricular hypertrophy, proteinuria,
renal insufficiency and cerebrovascular accidents such as stroke and/or seizure. Heterozygous
females for the GLA gene can transmit the disease to their sons and are usually free of
symptoms. However, some females develop corneal opacity or more severe manifestations due
to uneven X chromosome inactivation.

16120} Current treatment options for Fabry disease include recombinant enzyme
replacement therapies (ERTs). ERTs slow the progression of the Fabry disease but do not
completely halt or reverse the disease. Current treatment for Fabry disease predominantly
achieves a slowing of disease progression limited to kidney and heart, with inadequate or no
improvements in other organs/tissues. Fabry patients also require continuous protein-based
infusion, sometimes resulting in infusion reactions and augmented immunogenicity. Such
continuous disease management requirements also increase the “treatment burden” or the added
and ongoing workload (i.e. necessities and demands) for patients in order for them to adhere to
recommendations made by their clinicians to manage their morbidity and wellbeing. In severely
affected classical male Fabry disease patients, yearly loss of renal function despite treatment is
up to -6.82 mL/min/1.73 m*/year (Germain et al, J Med Genet. 2015 May;52(5):353-8.2015), as
compared to healthy subjects, who have a yearly loss of renal function of -1 mL/min/1.73
m?/year. These needs could be addressed by vector delivery of GLA as described herein.

[0121} One advantage of a gene therapy approach to the treatment of Fabry disease is
continuous ot-GAL exposure rather than an intermittent a-GAL exposure provided by ERT
infusion. The gene therapy approach can potentially allow for uptake by certain tissues and cell

types (e.g., cardiomyocytes, peripheral neurons and kidney podocytes) that is not easily achieved

29



WO 2022/183052 PCT/US2022/017998

by infused ERTs. The constant availability of a-GAL in the lysosomes can prevent
glycosphingolipid re-accumulation between doses. The significant enhancement in enzyme
distribution to target cells could provide a transformative therapy with the possibility of
achieving superior clinical benefit over current therapies. In addition, gene therapy accompanied
by hepatocyte transduction can harness the tolerogenic nature of the liver and induce systemic
immunological tolerance to transgene product eliminating the risk of reduced treatment efficacy
due to anti-drug antibodies. Without wishing to be bound by theory, it is believed that these
benefits, combined with a single long-lasting dose, could both address the need for a treatment
with a significantly higher treatment efficacy and reduce treatment burden on patients and
caregivers.

[0122} The present disclosure provides, among other things, (1) an intrinsic GLA
expression system in tissues affected by Fabry disease, (2) methods to achieve sustained and
high expression of a-GAL to reduce disease burden and treatment burden associated with
progression of Fabry disease and (3) use of a vector encoding GLA to achieve reduction in Fabry
disease associated phenotypes.

[8123] In some embodiments, an intrinsic GLA expression system as provided herein
comprises a viral vector, comprising a sequence encoding a-GAL, controlled by a ubiquitous
promoter. In some embodiments, the promoter is a mammalian ubiquitous promoter. In some
embodiments, it is believed that ubiquitous promoter achieves broad distribution of encoded .-
GAL in a mammal. Current gene therapy approaches to treat Fabry disease mostly rely on the
use of liver-specific promoters, unlike the delivery vehicles described herein. The gene therapy
systems for Fabry disease that use a liver-specific promoter relies on oi-GAL production from the
liver and “cross-correction” of other tissues. This disclosure provides a system for intrinsic
expression of o.-GAL in multiple target tissues resulting in broader exposure of a-GAL and
better treatment of Fabry disease and the associated symptoms using a gene therapy system using
a ubiquitous promoter. As provided in more detail below, the ubiquitous promoter as used in this
disclosure can be selected from one or more of EF-1a promoter, UBC promoter, LSE beta-
glucuronidase (GUSB) promoter, ubiquitous chromatin opening element (UCOE) promoter,
GAPDH promoter, chicken P actin (CBA) promoter, PGK promoter and mini EF1 promoter. In
some embodiments, the ubiquitous promoter can be engineered from one of more known

ubiquitous promoters.
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{6124} This disclosure provides a system for broader exposure of a-GAL and a more
effective treatment of Fabry disease and the associated symptoms using a gene therapy system
which employs a ubiquitous promoter. As provided in more detail below, the ubiquitous
promoter as used in this disclosure can be selected from one or more of EF-1a promoter, UBC
promoter, LSE beta-glucuronidase (GUSB) promoter, ubiquitous chromatin opening element
(UCOE) promoter, GAPDH promoter, chicken [ actin (CBA) promoter, PGK promoter and mini
EF1 promoter. In some embodiments, the ubiquitous can be engineered from one of more known
ubiquitous promoters.

[0125] In some embodiments, an intrinsic GLA expression system as provided herein
comprises a viral vector that can improve the exposure or distribution of o.-GAL in various
tissues in a mammal. In some embodiments, the improved exposure or distribution of a-GAL in
various tissues improves the symptoms associated with Fabry disease. In some embodiments, the
use of a viral vector complements the use of ubiquitous promoter in providing wider tropism of
GLA. It is generally anticipated that wider tropism of GLA will improve the symptoms of Fabry
disease. In some embodiments, the viral vector is selected from one or more of AAV1, AAV2,
AAV3, AAV4, AAVS, AAV6, AAV7, AAV8 or AAV9 having a ubiquitous promoter. In some
embodiments, an appropriate viral vector with wide tropism can be engineered with combined
elements of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAV8 or AAV9 having a
ubiquitous promoter.

{6126} In some embodiments, a viral vector encompassed by the present disclosure
comprises a tissue specific promoter, e.g., a liver specific promoter upstream of a nucleic acid
sequence encoding an a-GAL polypeptide.

{8127} In some embodiments, an intrinsic GLA expression system as provided herein
comprises a viral vector that can improve the exposure or distribution of o.-GAL in various
tissues in a mammal. In some embodiments, the improved exposure or distribution of a-GAL in
various tissues improves the symptoms associated with Fabry disease. In some embodiments, the
use of a viral vector complements the use of ubiquitous promoter in providing robust tissue
distribution of a-GAL. It is generally anticipated that improved biodistribution of a.-GAL will
improve the symptoms of Fabry disease. In some embodiments, the viral vector is selected from
one or more of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7, AAVS or AAV9 having a

ubiquitous promoter. In some embodiments, an appropriate viral vector with wide tropism can be
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engineered with combined elements of AAV1, AAV2, AAV3, AAV4, AAVS, AAV6, AAV7T,
AAV8 or AAV9 having a ubiquitous promoter.

|0128} In some embodiments, an intrinsic GLA expression system as provided herein is a
viral vector expressing a wild type or a variant a-GAL (e.g., an engineered variant). In some
embodiments, the instant disclosure provides a viral vector system comprising a ubiquitous
promoter for broad, tissue-wide distribution of wild-type a-GAL. In some embodiments, the
instant disclosure provides a viral vector system comprising a ubiquitous promoter for broad,
tissue-wide distribution of a o.-GAL variant.

10129} In some embodiments, a GLA transgene encodes an enzyme with improved the
serum or tissue stability of a-GAL, compared to wild-type a.-GAL. In some embodiments, a
GLA transgene encodes an enzyme with higher a-GAL activity compared to wild type enzyme.
In some embodiments, a GLA transgene described herein encodes an a-GAL enzyme
comprising one or more amino acid modifications at positions 1 to 100 of wild-type o-GAL.. In
some embodiments, a a-GAL enzyme encoded by a GLA transgene comprises one or more
amino acid modifications at positions 101-200 of wild-type a.-GAL.. In some embodiments, a
o-GAL enzyme encoded by a GLA transgene comprises one or more amino acid modifications
at positions 201-300 of wild-type .-GAL. In some embodiments, a o-GAL enzyme encoded by
a GLA transgene comprises one or more amino acid modifications at positions 301-400 of wild-
type a.-GAL. In some embodiments, a a-GAL enzyme encoded by a GLA transgene comprises
one or more amino acid modifications at positions 401-429 of wild-type a-GAL. In some
embodiments, the modification can be an amino acid substitution. In some embodiments, the
modification can be an amino acid deletion. In some embodiments, the modification can be an
amino acid insertion. In some embodiments, the amino acid substitution can be a conservative
substitution. In some embodiments, the amino acid substitution can be a non-conservative
substitution. In some embodiments, the -GAL encoded by a GLA transgene comprises an

amino acid sequence selected from SEQ ID NO: 7-17, 33 or 34.

Gene Therapy Vectors
[0136] The vectors described herein comprise a GLA sequence. In some embodiments,
the GLA sequence can be naturally occurring (wild-type) sequence (SEQ ID NO: 30). In some

embodiments, the GLA sequence can be a modified sequence, for example a codon-optimized
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GLA sequence or an engineered or modified GLA sequence. Exemplary GLA sequences
contemplated for use in the vectors of the present disclosure are provided in the Table 1 below.
[8131} In some embodiments, an a-GAL encoded by a GLA transgene comprises an a
signal peptide sequence MQLRNPELHLGCALALRFLALVSWDIPGARA (SEQ ID NO: 76).
In some embodiments, an o.-GAL encoded by a GLA transgene comprises an a signal peptide
sequence at the N-terminus. In some embodiments, an a-GAL encoded by a GLA transgene
comprises an a signal peptide sequence at the C-terminus. In some embodiments, an a-GAL
encoded by a GLA transgene comprises SEQ ID NO: 76 at the N-terminus. In some
embodiments, an o.-GAL encoded by a GLA transgene comprises SEQ ID NO: 76 at the N-
terminus.
{8132} In some embodiments, a GLA sequence comprises a signal peptide sequence
atgcagctgaggaacccagaactacatctgggctgcgcgcttgcgcttegcttectggecctegtttcctgggacatcectggggctagage
a (SEQ ID NO: 77). In some embodiments, a GLA sequence comprises a signal peptide
sequence at the 5” end. In some embodiments, a GLA sequence comprises a signal peptide
sequence at the 3” end. In some embodiments, a GLA sequence comprises SEQ ID NO: 77 at
the 5° end. In some embodiments, a GLA sequence comprises SEQ ID NO: 77 at the 3’ end.
Table 1: Exemplary a-GAL Amino Acid and GLA Transgene Nucleotide Sequences

Exemplary a-GLA Amino Acid and GLA Transgene Nucleotide Sequences

Identifier | Sequence

A LDNGLART PTMGWLHWERFMCNLDCQEEPDSCI SEKLFMEMAERMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLQADPORFPHGIRQLANYVHSKGLKLGI YADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYEWT SRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 7)

B LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTEGWKDAGY
EYLCIDDCWMAPQRDSEGRLQADPQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
PIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTOMALWAIMAGPLFMSNDLRAISPQ
AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAIINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ
LENTMQTSLKDLL (SEQ ID NO: 8)
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LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRAISPQ
AKALLOQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATIINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQ ID NO: 9)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTOMALWAIMAGPLFMSNDLRATISPQ
AKALLODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATIINRQEIGG
PRGYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ
LENTMQTSLKDLL (SEQID NO: 10)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTOMALWATIMAGPLFMSNDLRATISPQ
AKALLODKDVIAINQDPLGKQOGYQLRKGDNFEVWERPLSGDAWAVATIINRQEIGG
PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQID NO: 11)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGTRQLANHVHSKGLKLGI YADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR
DIVYSCEWPLYMWPFQKPNYTETIRQYCNHWRNFADIDDSWASIKS I LDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTQMALWAIMAGPLFMSNDLRAISPQ
AKALLQODTDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATINRQEIGG
PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ
LENTMQTSLKDLL (SEQ ID NO: 46)

002

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSEFNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRQGDNFEVWERPLSGLAWAVAVINRQEIGG
PRSYTIAVASLGGGVACNPACFITQLLPVKRKLGLYEWTSRLKSHINPTGTVLLQ

LENTMQOMSLKDLL (SEQID NO: 12)

003

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSEFNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAMINRQEIGG
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PRSYTIPVASLGKGVACNPACFITOLLPVKRKLGFYEWT SRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQID NO: 13)

004

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLEFMEMAERMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMASWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATIINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKROLGEFYNWTSRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 14)

005

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQQOVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATIINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQID NO: 15)

006

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSEFNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQQVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLQOQDKDVIAINQDPLGKQGYQLRQOGDNFEVWERPLSGDAWAVAMINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQID NO: 16)

007

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGTIRQLANHVHSKGLKLGI YADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWKS IKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQQVTOMALWATMAAPLFMSNDLRHISPQ
AKALLQODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLKSHINPTGTVLLQ
LENTMQMSLKDLL (SEQID NO: 17)

008

LDNGLART PTMGWLHWERFMCNLDCQEEPDSC I SEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLQADPQORFPHGIRQLANHVHSKGLKLGI YADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFQKPNYTEIRQYCNHWRNFADIDDSWAS IKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDOQOVTOMALWAIMAAPLFMSNDLRHISPQ
AKALLQDKDVIAINQDPLGKQGYQLRKGDNFEVWERPLS GDAWAVAI INRQEIGG
PRSYTIPVASLGKGVACNPACFITQOLLPVKRQLGFYNWT SRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 33)

009

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
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RIVDVAGPGGWNDPDMLVIGNFGLSWDOQVTOMALWATMAAPLFMSNDLRHI SPQ
AKALLQODKDVIAINQDPLGKQGYQLRKGDNFEVWERPLSGDAWAVATINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRQLGFYNWTSRLKSHINPTGTVLLQ
LENTMQMSLKDLL (SEQ ID NO: 34)

wr LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY

EYLCIDDCWMAPQRDSEGRLOADPOQRFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWKSIKSILDWTSEFNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMATLWAIMAAPLFMSNDLRHISPQ
AKALLODKDVIAINQDPLGKQGYQLRQGDNFEVWERPLSGLAWAVAMINRQEIGG
PRSYTIAVASLGKGVACNPACFITQLLPVKRKLGFYEWTSRLRSHINPTGTVLLQ
LENTMQOMSLKDLL (SEQ ID NO: 30)

Exemplary a-GLA Amino Acid with Signal Peptide

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTETIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL
SWDOQOVTOMATLWAIMAAPLFMSNDLRHISPOAKALLODKDVIATNQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAITINRQEIGGPRSYTIPVASLGKGVACNPACFTIT
QLLPVKRQLGFYEWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]‘O:
47

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
ORFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGEFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWT SRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDOOVTOMALWATMAGPLFMSNDLRAISPQAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEFIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQ ID NO:
48)

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLARTPPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPQAKALLQDKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAT INRQETIGGPRSYTIPVASLGKGVACNPACFIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]NO:
49)

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PPMGWLHWERFMCNLD
COQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
ORFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWT SRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDOQOVTOMALWATMAGPLFMSNDLRAISPOQAKALLODKDVIAINQDPLGKQGYQ
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LRKGDNFEVWERPLSGDAWAVATI INRQETIGGPRGYTIPVASLGKGVACNPACFIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]NO:
50)

MOLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASTIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPOQAKALLOQDKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVAKLGKGVACNPACFIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]VO:
51)

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLARTPPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRDIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPQAKALLQDTDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAT INRQETIGGPRGYTIPVAKLGKGVACNPACFIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]‘O:
52)

002

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLARTPTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGTIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTETIR
QYCNHWRNFADIDDSWASTIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDQOQVTOMATWATMAAPLFMSNDLRHISPOAKATLLODKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGLAWAVAVINRQEIGGPRSYTIAVASLGGGVACNPACFIT
QLLPVKRKLGLYEWTSRLKSHINPTGTVLLOQLENTMOMSLKDLL (SEQID]VO:
53)

003

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLARTPTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNOQERIVDVAGPGGWNDPDMLVIGNFEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAMINRQETIGGPRSYTIPVASLGKGVACNPACFIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMOMS LKDLL (SEQIDIqOI
54)

004

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
ORFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGEFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRS IVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWT SRNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWDQOVTOMASWATMAAPLFMSNDLRHISPQAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]NO:
55)

005

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
OQRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATI INRQEIGGPRSYTIPVASLGKGVACNPACFIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]VOZ
56)

006

MOLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNFEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPOQAKALLQDKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGDAWAVAMINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]NO:
57)

007

MQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOQVTOMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATI INRQEIGGPRSYTIPVASLGKGVACNPACFIT
QLLPVKRKLGFYEATSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]YOZ
58)

008

MOLRNPELHLGCALALRFLALVSWDIPGARALDNGLARTPTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNFGL
SWDOOQVTOMATLWATMAAPLFMSNDLRHISPOAKATLLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAT INRQETIGGPRSYTIPVASLGKGVACNPACFIT
QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMOMSLKDLL (SEQID]VO:
59)

009

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
ORFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWT SRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDOOVTOMALWATMAAPLFMSNDLRHISPQAKALLODKDVIAINQDPLGKQOGYQ
LRKGDNFEVWERPLSGDAWAVATINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]NO:
60)

WT with
signal
peptide

MQLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
OQRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPQAKALLQDKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGLAWAVAMINRQEIGGPRSYTIAVASLGKGVACNPACFIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]VOZ
75)

Nucleic Acid Sequences

Nucleic
acid
encoding
A

ctggataatggattggctagaacacctactatggggtggcttcactgggagaggt
tcatgtgcaacctcgactgtcaggaagaaccagacagctgcatctccgagaaget
gtttatggaaatggccgagcgaatggtgtcagaaggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggctccgcaacgggacagtgagggca
gacttcaggcagatcctcagcgcttcccacatgggataaggcagectcgeccaacta
cgtccactctaagggactgaaactgggcatctatgctgacgtggggaataagacce
tgtgcgggatttcceccggtagecttecggctactacgacattgatgecccagacctttyg
ccgattggggagttgacctcctcaaattcgatggectgectattgtgactectttgga
gaacctggcagacgggtacaagcatatgtccctggecctgaatcggacaggtaga
cccatcgtgtatagttgcgaatggcccctttacatgtggecttttcaaaagceccaa
actacactgagattcgccagtattgcaatcactggaggaacttcgctgatatcga
tgactcatgggcgagcatcaaatccatattggattggacctctcggaatcaggag
cgcattgtagacgtcgcaggacccggcecggctggaacgaccctgatatgetggtga
tcgggaattttggtcttagctgggaccagcaagttacgcagatggctcectgtggge
aattatggcagccccactcttcatgtccaacgatctgcgacacatctectectcaa
gctaaggctctgctgcaggacaaagatgtgattgccatcaatcaggacccacteg
gaaagcagggctatcagctgagaaaaggcgacaacttcgaagtctgggaaaggcc
actttcaggagacgcatgggctgtggccataataaaccggcaagagattggtggg
cccaggagctacacaatccceccecgttgeccagtttgggcaagggagtggegtgtaatce
ctgcctgctttatcactcagctgectecccagtcaaaagacagectggggttctatga
gtggacctcccgectcaagagccatattaatcecccacaggtaccgtactgectgeaa
cttgaaaacacgatgcagatgagtttgaaggacctcectgtag (SEQID NO: 18)

Nucleic
acid
encoding
B

ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagcecgectteccctecatggcataaggcagectggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc
tgtgccggttttcecgggatcattecgggtattatgacattgacgcccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagectcga
aaacctggcagacggctacaagcatatgtctctcgceccctgaatagaaccggtcgg
ccaatcgtatattcctgcgagtggecctectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga
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tcggcaattttggectctecttgggaccagcaggttacccaaatggectectgtggge
aattatggccggtcecctecttttcatgagcaacgatctgecgegecgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggaceccgttgg
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcec
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgctcctatacaattcctgtagcatctcecttggcaagggecgttgectgtaacce
cagcttgcttcatcactcagcttctgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtectettgecag
ctggagaatacgatgcagacttcactgaaggacctcectgtag (SEQID NO: 19)

Nucleic
acid
encoding
C

ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagcecgectteccctecatggcataaggcagectggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc
tgtgccggttttccgggatcattecgggtattatgacattgacgecccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagectcecga
aaacctggcagacggctacaagcatatgtctctcgceccctgaataaaaccggtcgg
ccaatcgtatattcctgcgagtggcecctectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga
tcggcaattttggccectcectettgggaccagcaggttacccaaatggectctgtggge
aattatggccggtcecctcttttcatgagcaacgatctgcecgecgcgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggaccecgttgg
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggec
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgctcctatacaattcctgtagcatctcecttggcaagggegttgectgtaacce
cagcttgcttcatcactcagcttcectgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtectettgeag
ctggagaatacgatgcagacttcactgaaggacctectgtag (SEQ ID NO: 20)

Nucleic
acid
encoding
D

ctggataatggattggctagaacacctcctatggggtggcttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgacggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagecgcttcececctcatggcataaggcagetggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacce
tgtgccggttttccgggatcattecgggtattatgacattgacgecccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagecctcega
aaacctggcagacggctacaagcatatgtctctcgeccctgaataaaaccggtegg
ccaatcgtatattcctgcgagtggectectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgectggtga
tcggcaattttggectctecttgggaccagcaggttacccaaatggectectgtggge
aattatggccggtcecctecttttcatgagcaacgatctgecgegecgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggaceccgttgg
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gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcc
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgcggttatacaattcctgtagcatctecttggcaagggegttgectgtaacce
cagcttgcttcatcactcagcttctgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcccacatcaaccctacaggaaccgtectettgecag
ctggagaatacgatgcagacttcactgaaggacctcectgtag (SEQID NO: 21)

Codon-
optimized
nucleic
acid
encoding
D

(D1)

atgcagctgaggaacccagaactacatctgggctgcgegettgegettegettec
tggccctegtttectgggacatcectggggctagagcactggataatggactgge
cagaactcctcccatgggcectggctgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagccagattcctgcatctctgagaagctectttgaagagatggctyg
agaggatggtgacagatggttggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccecccagagagattcagaaggcagactgcaagcagaccct
cagaggttcccceccatggcatccgeccagettgeccaaccatgtceccactccaagggec
tgaaactgggtatctatgctgatgtgggcaataagacctgtgctggctttectgg
ctccectttggctactatgacattgacgcccagacctttgectgactggggtgtggac
ttgctgaagtttgatggctgctactgtgactccctggagaacctggcagatggat
acaagcacatgtctctggctctgaacaagactggcagacccattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaatcattggaggaactttgccgacatcgatgattcttgggectcca
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtgge
tggacctggaggatggaatgatcctgacatgcectggtgattggaaattttgggctyg
tcctgggaccagcaagtgactcagatggceccectcectgggecatcatggectgggecce
tcttcatgagcaatgacctgagggccatttceccccccaageccaaggecctgettea
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaacttcgaggtgtgggagagacctctgtctggagatgcect
gggctgtggccatcatcaacagacaagagattggtggccccagaggttacaccat
ccectgttgettetettggcaagggtgttgectgcaacccagettgettecatcace
cagctgctcccagtgaagaggaagctgggecttctatgaagctacctctaggttga
gatcccacatcaaccccactggtactgtgctgetgcagectggaaaacaccatgea
gacttccctcaaggacctectgtga (SEQID NO: 35)

Codon-
optimized
nucleic
acid
encoding
D

(D2)

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettec
tggcccectegtttectgggacatcectggggctagagcactggataatggacttge
aagaactcctcccatgggectggctgcactgggagaggtttatgtgtaatctggac
tgtcaagaagaaccagattcctgcatctectgagaagctectttgaggagatggcectyg
agaggatggtgacagatggatggaaggatgctggttatgaatatctgtgcattga
tgactgctggatggcccecctcagagagacagtgaaggccgcectgcaagcagacccc
cagaggttcccceccatggaatcagacagttggccaaccatgtccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggcttececectgg
ctcctttgggtactatgacattgacgcccagacttttgectgactggggtgtggac
ttgctgaagtttgatggctgctactgtgactccctggaaaacctggcagatggtt
acaagcacatgtctctggccctgaacaagactggcagacccattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatccge
cagtactgcaatcattggaggaactttgcagacatcgatgattcttgggccagceca
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgatcctgacatgctggtgattggaaattttggactyg
tcctgggaccagcaagtgactcagatggceccctcectgggecatcatggectgggeccce
tcttcatgagcaatgacctgagggccatttecceccccaageccaaggcetectgettea
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaacttcgaggtgtgggaaagacctctgtctggagatgcect
gggctgtggctatcatcaacagacaagaaattggtggccccagaggctacaccat
ccectgtggectectettggcaagggtgttgectgcaacccagettgettecatcace
cagctgctcccagtgaagaggaagctgggtttctatgaggctacctctaggttga
gatcccacatcaatcccactggtacagtgctgctgcagctggagaacaccatgceca
gacctccctcaaggacctectttaa (SEQID NO: 36)

Codon-
optimized
nucleic
acid
encoding
D

(D3)

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcattggacaatggactgge
aagaactcctcccatgggcectggctgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagccagattcctgcatctctgagaagctctttgaagagatggcetyg
agaggatggtgacagatggatggaaggatgctggatatgagtacctgtgcattga
tgactgctggatggcccecctcagagagacagtgaaggcagactgcaagcagaccce
cagaggttcccceccatggcattaggcagctggeccaaccatgtccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggtttceccecectgg
ctcctttggatactatgacattgatgcccagacctttgctgactggggtgtggac
ctgctcaagtttgatggctgctactgtgactccctggagaacctggectgatggtt
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagctg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaatcattggaggaattttgcagatattgatgattcttgggcctcca
tcaagagcatcctggactggacttccagaaaccaagaaagaattgtggatgttge
tggccctggaggttggaatgaccctgacatgectggtgattggcaactttgggetyg
tcctgggaccagcaagtgactcagatggeccctcectgggeccatcatggectgggeccece
tcttcatgtccaatgatctgagggccatttcecccccaageccaaggecctgettea
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag
ctcagaaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcect
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat
ccectgtggcettececctggggaagggtgttgectgcaacccagettgettecatcecacce
cagcttctgccagtgaagaggaagctgggcttctatgaagctaccagcagactga
gatcccacatcaaccccactggcacagtgectgctgcagectggaaaacaccatgcea
gacttctctgaaggacctcctgtga (SEQID NO: 37)

Codon-
optimized
nucleic
acid
encoding
D

(D4)

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcactggataatggactgge
aagaactcctcccatgggcetggctgcattgggagaggtttatgtgtaatctggac
tgtcaagaggagccagactcctgcatctctgagaagctctttgaagagatggcetyg
agaggatggtgacagatggttggaaggatgctggatatgagtacctgtgcattga
tgactgctggatggcccecccagagagacagtgaaggcagactgcaagcagaccect
cagaggttcccccatggcattaggcagctggccaaccatgteccactccaagggec
tgaaacttggcatctatgctgatgtgggcaataagacctgtgctggecttcecectgg
ctcectttggctactatgacattgatgcccagacttttgectgactggggtgtggac
ctgctcaagtttgatggctgctactgtgactctctggaaaacctggctgatggat
acaagcacatgtctttggctctgaacaagactggtaggcccattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaaccactggaggaactttgcagatattgatgattcctgggecctcceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tgggcctggaggatggaatgatcctgacatgectggtgattggaaattttgggetyg
agctgggaccagcaagtgactcagatggccctcectgggeccatcatggectggteccece
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tcttcatgagcaatgacttgagggccatttcecccccaageccaaggecctgettea
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag
ttgagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgect
gggctgtggccatcatcaacagacaagaaattggtggccccagaggttacaccat
ccctgtggcecttectcecttggaaaaggggttgectgcaatccagettgettcecatcacce
cagctcctgccagtgaagaggaagctgggtttctatgaagctacctctaggcectceca
gatcccacatcaaccccactggcacagtgctgctgcagectggagaacaccatgea
gacctccctgaaggacctectttaa (SEQID NO: 38)

Codon-
optimized
nucleic
acid
encoding
D

(D5)

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettece
tggccctecgtttcectgggacateccctggggetagagcactggataatggactgge
aagaactcctcccatgggctggctgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagcctgactcctgcatctctgagaagctctttgaagagatggcetyg
agaggatggtgacagatggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccctcagagagattctgaaggcagactgcaagcagaccce
cagaggttcccccatggcattaggcagctggeccaaccatgtccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggectttectgg
ctcectttggatactatgacattgatgcccagacctttgectgactggggtgtggac
ctcctgaagtttgatggctgctactgtgactcectcectggagaacctggctgatggtt
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaatcattggaggaattttgcagatattgatgattcctgggectcecceca
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtgge
tgggcctggaggttggaatgacccagacatgcectggtgattggcaactttgggcectyg
agctgggaccagcaagtgactcagatggccctctgggeccatcatggectggaccte
tcttcatgtccaatgatctgagagccatttceccecccaageccaaggecctgetecea
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag
ctcagaaagggtgacaactttgaggtgtgggagagacctctgtctggagatgcct
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat
cccectgttgcectteccctgggaaaaggagtggectgcaacccagettgettcecatecacce
cagcttctgcctgtgaagaggaagctgggecttctatgaagctacctctaggetga
ggtcccacatcaaccccactggcacagtgctgectgcagectggaaaacaccatgea
gacttccctcaaggacctgetttaa (SEQID NO: 39)

Codon-
optimized
nucleic
acid
encoding
D

(Do)

atgcagctgaggaacccagaactacatctgggctgcgegettgegettecgettece
tggccctegtttcectgggacatcececectggggetagagcactggacaatggectgge
cagaacccctcecceccatgggectggctgcactgggagagattcatgtgcaacctggat
tgccaggaggagccagactcttgcatctctgaaaagectgtttgaggaaatggceccg
agagaatggtgacagatggatggaaggatgccggatacgagtacctgtgtatcga
tgactgttggatggccccccagagagactceccgagggeccgtcectgcaggectgaccea
cagaggtttcctcatggaattaggcagttggccaaccatgtgcactccaagggac
tgaagctgggcatctatgccgatgtgggcaacaagacctgtgectggecttecccagyg
cagctttggctattatgatattgatgcacaaacttttgcagactggggagttgat
ctgctgaaatttgatgggtgttactgtgactccctggagaacctcgeccgacggat
acaagcatatgtcccttgctctgaacaagactggcaggcccattgtctactettyg
tgagtggccactgtacatgtggcccttccagaagecccaactataccgagattcege
cagtactgcaatcactggaggaactttgcagacattgatgacagctgggcctcca
ttaagtctatcctggattggacaagcagaaaccaagagagaattgtggatgtgge
tggcccectggtggttggaatgacccecgatatgectggtgattggcaactttggactyg
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tcttgggaccagcaggtgacccagatggctctgtgggectatcatggeccggecece
tcttcatgtctaatgacctgagggccatctctcecctcaggeccaaggcacttcectgea
ggataaggacgtgattgccatcaatcaggatcctctggggaagcagggctatcag
ctgagaaagggggacaatttcgaggtctgggagagacccctgagecggcecgatgett
gggctgtggccatcatcaatagacaagagattggagggccaagaggctacaccat
tcctgtggcaagectaggaaaaggggttgettgcaatceccagectgtttcecatcace
cagctgctgcctgttaagagaaagttgggcttctatgaggccacctctaggetga
ggtcccatatcaaccccactggcacagtgctgetgcagecttgaaaacaccatgea
gACCtccctcaaggacctgetgtaa (SEQID NO: 40)

nucleic
acid
encoding
E

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettec
tggcccectegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctceccgagaagcectectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgeccggtttteccggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgeccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggecggtecte
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggceccctgcetcecea
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat
tcctgtagcaaagcecttggcaagggcgttgectgtaacccagettgettcecatcact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggetec
gatcccacatcaaccctacaggaaccgtcecctecttgcagectggagaatacgatgcea
gacttcactgaaggacctcctgtag (SEQID NO: 22)

nucleic
acid
encoding
F

atgcagctgaggaacccagaactacatctgggcectgecgegettgegettegettece
tggcccectegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccectcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggtttteccggyg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
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aggccctggaggatggaacgatccagacatgectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggecctce
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggceccctgetececa
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat
tcctgtagcaaagcecttggcaagggecgttgectgtaacccagettgettecatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctec
gatcccacatcaaccctacaggaaccgtcecctecttgcagectggagaatacgatgcea
gacttcactgaaggacctcctgtag (SEQID NO: 23)

nucleic
acid
encoding
002

ttggacaatgggctggccaggacacctactatgggctggctccactgggagecget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcatggagatggctgagctgatggtgagcgaagggtggaaggatgcgggctat
gagtatctctgtattgatgactgctggatggctccacagcgcgacagtgaaggcece
ggctccaggccgatcctcagecggtteccecccacggtatcagacaactggcgaatta
cgtgcactcaaaaggccttaagctgggtatatatgctgatgtgggtaataaaaca
tgtgcaggcttcccaggctecttttgggtactatgacatcgacgecccagacttttyg
cggactggggcgtggacctgctcaagtttgacggatgttactgtgactcecccttga
gaacctggccgacgggtacaagcatatgtcactggccctgaatcggacaggccga
tccatcgtatactcttgcgagtggecctcectgtacatgtggecccttccagaagecca
actatacagaaatcaggcaatactgcaaccattggcggaacttcgcagacataga
cgacagctgggctagcattaagtctattctggattggaccagtttcaatcaagaa
aggattgtcgatgtcgcaggcccaggaggttggaatgacccagacatgctegtga
ttggaaatttcggtctgtcatgggaccaacaggtgactcagatggctctgtggge
aatcatggcagcaccactgttcatgagcaatgatttgcgacacatctccececctecag
gcgaaagcccttctgcaggataaggacgttatcgeccattaaccaggacccgeteg
gtaagcaagggtaccagttgcgccagggagacaatttcgaggtctgggaacgacce
cctgtctggactcgcecttgggccgtageccgtaattaaccgacaagaaatcggecgga
ccgcggagctataccatagcectgtcecgectececteggegggggegtagettgtaacce
cggcttgtttcataacccagctgectgceccgtcaagaggaaactggggectttatga
gtggacaagtcggttgaagtctcatattaacccgacagggactgttctcecctceccag
ctggaaaacacaatgcagatgagcctgaaggatctettgtga (SEQID NO: 24)

nucleic
acid
encoding
003

tttggacaatgggctggccaggacacctactatgggctggctccactgggagcgce
tttatgtgtaacctcgactgccaagaggagccagactcatgcatectctgagaagt
tgttcatggaaatggccgagcttatggtctcagaggggtggaaagacgccggata
tgagtatctgtgcatcgacgattgctggatggccccccaacgcgattceccgaagge
cgcttgcaggctgatccgcagegetttectcacgggateccgeccaattggcaaatt
acgtgcactcaaaggggctcaagttgggcatctacgcagacgtgggaaacaagac
atgtgctggatttcccecgggagttteggttattatgacattgacgcacagaccttt
gctgattggggggtcgacctcctgaagtttgacggttgttattgcgacagecttyg
aaaatctggccgacggttacaaacacatgtcccttgcactgaatagaactggteg
gtccatcgtctatagttgtgagtggccgectttacatgtggecttttcagaaaccce
aactacaccgagattcggcaatattgcaatcactggcgaaatttcgcagatateg
atgattcttgggctagtattaaatccatcctggattggacatcattcaaccagga
gcgcatcgtggacgttgctggacctggcgggtggaatgatccagacatgettgtyg
atcggaaacttcggtctctcttggaaccagcaagtcactcaaatggcactctggg
caattatggccgcccecceccectetttatgtceccaacgatctgaggecatatcagtectea
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ggctaaagccctgctgcaagacaaggatgtgattgctatcaaccaagatccecectt
ggtaaacaggggtaccagttgcgcaaaggcgacaattttgaggtgtgggaaaggce
cactttcaggcgatgcatgggccgttgcaatgatcaacaggcaagaaattggcgg
acccaggagctatacaataccagtggcgtcactgggtaagggagtcgectgtaac
cccgcatgcecttcattactcaacttectgeccagtgaaacgaaaactcecggattcectatyg
agtggacctcaagactgaggtctcatattaacccgacagggactgttctcctcecca
gctggaaaacacaatgcagatgagecctgaaggatctecttgtga (SEQID NO:
25)

nucleic
acid
encoding
004

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcatggagatggctgaacgcatggtttctgagggatggaaagatgcaggctac
gagtacctgtgtatagacgattgttggatggccccacagcgggattcagaaggta
gactccaggcggatccccagagattcccacatggaatcagacagectggceccaatta
cgtccattccaaaggceccttaagttgggtatttacgccgacgtaggcaacaagact
tgtgccggatttceccggecagtttecggatactatgacattgatgcacagacttteg
ctgactggggggtggacttgctcaaatttgatggctgttattgcgatagecctcecga
aaatctggctgatggctacaagcacatgtcactcgctctcaaccgcactgggcge
tctatagtttactcctgcgagtggecctectgtatatgtggeccgttccagaaacccea
attacacagaaataaggcagtattgcaatcactggcgcaactttgctgatattga
tgattcctgggcecctccataaagagtatcttggactggactagtcgcaatcaggaa
agaattgtcgacgtcgccggaccaggcggatggaatgatcctgatatgectegtga
tcgggaacttcggactctcatgggaccagcaggtgacccagatggctagttggge
tatcatggccgcecccectectgtttatgagtaacgacctceccecgeccacatcageccceccag
gccaaggcgcttctgcaggataaagatgtcatcgeccatcaaccaagatececctgg
gcaaacaaggctatcagctgcggaagggagacaattttgaggtgtgggaacgccce
tttgagcggagacgcctgggctgtggctattataaatcgeccaggagattggggge
ccgagaagttatactatccccgttgcaagectgggaaagggcgtcgectgcaace
ctgcctgcttcatcacacagctgecttcctgtcaaacgccaattggggttctacaa
ttggacatccagactcaaatctcatattaacccgacagggactgttctecteccag
ctggaaaacacaatgcagatgagcctgaaggatctettgtga (SEQID NO: 26)

Codon-
optimized
nucleic
acid
encoding
004

(004-1)

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettec
tggccctegtttectgggacatcectggggctagagcactggataatggactgge
aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac
tgtcaagaggagcccgactcecctgecatctectgagaagcectecttcatggagatggectyg
agaggatggtgagtgaaggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccecccagagagattcagagggcagactgcaagcagatecet
cagaggttcccccatggcatcagacagctggccaactatgtccactccaagggec
tgaagctgggtatctatgctgatgtgggcaacaagacctgtgctggectttectgg
ctcctttggttactatgacattgacgcccagacctttgectgactggggagtggac
ctgttgaagtttgacggctgctactgtgactctctggagaacctggctgatgget
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatecge
cagtactgcaaccattggaggaactttgcagacatcgatgattcctgggectcca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgaccctgacatgctggtgattggaaattttgggcetyg
tcctgggaccagcaagtgactcagatggccagectgggecatcatggcagececte
tctttatgtccaatgatctcagacacatttccceccccaageccaaggectectgetecea
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctgaggaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcct
gggctgtggctatcatcaatagacaagaaattggtggccccagatcectacaccat
ccectgtggcettecctgggcaagggtgtggectgcaatceccagettgettecatcace
cagctcctcecccagtgaagaggcagecttggcttctacaactggacatctaggcectceca
agtcccacatcaaccccactggcacagtgctgctgcagectggaaaacaccatgcea
gatgagcctgaaagacctectgtga (SEQID NO: 41)

Codon-
optimized
nucleic
acid
encoding
004

(004-2)

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcattggacaatggactgge
taggaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac
tgtcaagaagaacctgactcctgcatctctgagaagctgttcatggagatggcetyg
agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccecctcagagagattcagagggcagacttcaagcagaccce
cagaggttcccceccatggcatcecgeccagectggeccaactatgtccacteccaagggec
tgaaactgggtatctatgctgatgtgggcaacaagacctgtgctggctttcectgg
ctcctttggctactatgacattgacgcccagacctttgectgactggggtgtggac
ctcctcaagtttgatggectgctactgtgactctctggaaaacctggcagatggtt
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagctyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaaccattggaggaattttgccgacatcgatgattcctgggeccagea
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggatggaatgacccagacatgctggtgattggaaatttcgggetyg
tcctgggaccagcaagtgactcagatggectecttgggeccatcatggcagecceccec
tcttcatgtccaatgatcttagacacatttcecccacaagccaaggeccctectgea
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgtggectceecctgggcaagggtgttgectgcaateccagettgettecatcecace
cagctgctcccagtgaagaggcagttgggcttctacaactggacatctaggttga
agagccacatcaaccccactggcacagtgctgctgcagectggagaacaccatgcea
gatgagcctgaaggacctgctttaa (SEQID NO: 42)

Codon-
optimized
nucleic
acid
encoding
004

(004-3)

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcactggataatggactgge
aagaaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac
tgtcaagaggagccagactcctgcatctctgagaagctcttcatggagatggetyg
agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccctcagagagattcagagggcagactgcaagcagatcece
cagaggttcccccatggcattaggcaactggccaactatgtccactccaagggec
tgaagctgggcatctatgctgatgtgggcaacaagacctgtgctggecttecectgg
ctcectttggctactatgatattgatgcccagacctttgectgactggggtgtggac
ctgctcaagtttgatggctgctactgtgacagecctggagaacctggctgatggtt
acaagcacatgtctcttgctctgaacagaactggtagaagcattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagacattgatgattcctgggcctcceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggatggaatgaccctgacatgctggtgattggaaattttgggcetyg
tcctgggaccagcaagtgactcagatggeccagetgggeccatcatggcagececcee
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tgttcatgagcaatgatctcagacacatttccccccaageccaaggecctgettea
agacaaagatgtcattgctattaatcaagatcctttgggcaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgttgectcetctgggaaaaggagtggcecctgcaatccagettgettcecatcecacce
cagctcctcceccagtgaagaggcagctgggtttctacaactggacaagcagattga
agtcccacatcaaccccactggcacagtgctgctgcagectggaaaacaccatgea
gatgtccctgaaggacctectgtga (SEQID NO: 43)

Codon-
optimized
nucleic
acid
encoding
004

(004-4)

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettece
tggccctecgtttcecctgggacatceccctggggetagagcacttgataatggactgge
aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac
tgtcaagaagaaccagattcctgcatctctgagaagctgtttatggagatggcetyg
agaggatggtgtcagaaggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccecccagagagacagtgaaggcagacttcaagcagaccect
cagaggttcccccatggcattaggcaactagccaactatgtccactccaagggec
tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggecttcecectgg
ctcectttggctactatgacattgatgcccagacctttgectgactggggtgtggac
ctcctcaagtttgatggctgctactgtgactcecctggaaaacctggctgatggtt
acaagcacatgagcctggccctgaacagaactggtaggagcattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagcccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagatattgatgattcttgggccagea
tcaagtccatcctggactggacatccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgatcctgacatgcectggtgattggaaattttgggctyg
tcctgggaccagcaagtgactcagatggcecctectgggecatcatggcagecccte
tcttcatgtccaatgacttgagacacatttccccccaageccaaggecctectgea
agacaaagatgtcattgctattaatcaagatcccttgggcaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggagaggcccctgtctggagatgect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
cccectgttgectetcecttggcaaaggagtggectgcaatccagettgettecatecacce
cagctccttcectgtgaagaggcagctgggtttctacaactggacttcaaggttga
agagccacatcaaccccactggcacagtgctgctgcagectggagaacaccatgea
gatgtctctgaaggacctgctttaa (SEQID NO: 44)

Codon-
optimized
nucleic
acid
encoding
004

(004-5)

atgcagctgaggaacccagaactacatctgggctgcgegettgegettecgettece
tggccctegtttcectgggacatcececctggggetagagcactggataatggactgge
aagaaccccaaccatgggctggctgcactgggagaggttcatgtgtaatctggac
tgtcaagaggagcctgactcctgcatctectgagaagectgtttatggagatggcectyg
agaggatggtgtctgaaggatggaaggatgctggctatgagtacctgtgcattga
tgactgctggatggcccctcagagggacagtgaaggcagactgcaagcagaccce
cagagattcccccatggcattagacagecttgeccaactatgtceccactccaagggec
tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggtttecectgg
ctcctttggctactatgacattgatgcccagacctttgectgactggggtgtggac
ctcctcaagtttgatggctgctactgtgacagecctggaaaacctggectgatggtt
acaagcacatgtctctggccctgaacagaactggtaggagcattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagcecccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagatattgatgattcctgggcctcca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgtage
tggacctggaggttggaatgacccagacatgctggtgattggaaattttgggctyg
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tcctgggaccagcaagtgactcagatggccagectgggecatcatggcageccece
tcttcatgagcaatgatctcagacacatttccccccaageccaaggetectgetcecea
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgcect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcecctacaccat
ccctgttgcettetettggcaaaggagtggectgcaatccagettgecttcecatcace
cagctcctgcecctgtgaagaggcagttgggecttctacaactggacatctaggttga
agtcccacatcaaccccactggcacagtgctgetgcagectggagaacaccatgea
gatgtccctgaaggacctgetttaa (SEQID NO: 45)

Nucleic
acid
encoding
005

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac
gagtatctgtgcatagatgattgttggatggcccctcagecgagactcagagggga
gactccaggccgacccecccagcecgatttccacacggaateccggcaactggctaacca
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact
tgtgcggggtttccecggectecttecggatattacgacatcgacgeccagacttteg
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga
aaacttggctgacggctataagcacatgagtctcgccctgaaccgaacaggcaga
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcgtga
taggaaactttggactgtcatggaatcagcaagtaacacagatggcgctctggge
cattatggctgcccecccecttgtttatgtctaacgacctgaggcatatctctectcaa
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactgg
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggg
ccacggtcttatactattcccgtggecttcectctcggtaagggegtcgectgcaacce
ccgcctgcectttatcacccaattgttgececgttaagagaaaactgggattttacga
gtggacatccaggctgcggtctcatattaacccgacagggactgttctectceccag
ctggaaaacacaatgcagatgagcctgaaggatctecttgtga (SEQ ID NO: 27)

Nucleic
acid
encoding
006

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaagagatggctgaactgatggtgtccgaggggtggaaggatgcagggtac
gagtacctttgcatagacgattgctggatggcaccacagcgggatagtgagggca
ggttgcaggcggacccccaaagatttccacatggcatcagacagectggccaacca
cgtgcactctaaaggcctgaagctggggatttacgccgatgtcggtaataaaaca
tgtgctggtttcceccggtagetttggatactacgacatcgacgecccagacatttyg
ctgattggggagtggacctgctcaagttcgacggctgctactgcgattectectgga
aaatctggccgatgggtataagcacatgagtcttgctcttaatagaaccggacgce
tctatagtctattcatgtgagtggccactgtacatgtggccatttcagaaaccca
actataccgaaattagacagtattgtaaccactggcggaatttcgccgacataga
cgatagctggaagagcatcaagtcaattctcgattggacttcattcaaccaggag
cggatcgtcgacgtggccggeccctgggggctggaatgatccagatatgectggtga
tcggaaactttggtctctcecctggaatcaacaggtcactcagatggeccecctetggge
cattatggcagcaccactctttatgagcaacgacctgagacacatttccccacag
gccaaggcattgctgcaggacaaagacgtgatcgccattaaccaggacccactgg
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gcaagcaagggtaccaacttaggcagggagataattttgaggtctgggagcgccce
actcagcggagacgcctgggccgttgccatgataaacagacaggagattggeggce
cccagatcctacacaattcecctgtcecgctagectgggcaagggggtggcttgtaatce
ccgcctgcectttataacccagectgectgeccagtgaaacggaaactecgggttcectatga
atggacttctaggctcaggtctcatattaacccgacagggactgttctecteccag
ctggaaaacacaatgcagatgagcctgaaggatctcettgtga (SEQID NO: 28)

Nucleic
acid
encoding
007

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac
gagtatctgtgcatagatgattgttggatggcccctcagecgagactcagagggga
gactccaggccgacccecccagcecgatttccacacggaateccggcaactggctaacca
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact
tgtgcggggtttccecggectecttecggatattacgacatcgacgeccagacttteg
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga
aaacttggctgacggctataagcacatgagtctcgceccctgaaccgaacaggcaga
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcgtga
taggaaactttggactgtcatgggatcagcaagtaacacagatggcgctctgggce
cattatggctgcccecttgtttatgtctaacgacctgaggcatatctctectcecaa
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactgg
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggyg
ccacggtcttatactattcccgtggettcectctecggtaagggecgtcgectgcaacce
ccgcctgcectttatcacccaattgttgeccecgttaagagaaaactgggattttacga
ggcgacatccaggctgaagtctcatattaacccgacagggactgttctectceccag
ctggaaaacacaatgcagatgagcctgaaggatctecttgtga (SEQ ID NO: 29)

Nucleic
acid
encoding
008

tggacaatggattggcaaggacgcctaccatgggctggctgcactgggagcgcett
catgtgcaaccttgactgccaggaagagccagattcecctgcatcagtgagaagcetce
ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatyg
agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag
acttcaggcagaccctcagcgctttecctcatgggattecgeccagectagectaatcac
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct
gcgcaggcttcecectgggagttttggatactacgacattgatgcccagacctttge
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa
aatttggcagatggttataagcacatgtccttggccctgaataggactggcagaa
gcattgtgtactcctgtgagtggectctttatatgtggcecctttcaaaagcccaa
ttatacagaaatccgacagtactgcaatcactggcgaaattttgectgacattgat
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat
tggcaactttggcctcagectgggaccagcaagtaactcagatggceccctectggget
atcatggctgctcctttattcatgtctaatgacctccgacacatcagececctcaag
ccaaagctctccttcaggataaggacgtaattgccatcaatcaggaccecttggg
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct
ctctcaggcgatgcectgggctgtagctatcataaaccggcaggagattggtggac
ctcgctcttataccatccececgttgetteecctgggtaaaggagtggectgtaatec
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tgcctgcttcatcacacagctectcececctgtgaaaaggcagctagggttctataac
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcage
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQID NO: 31)

Nucleic
acid
encoding
009

tggacaatggattggcaaggacgcctCCCatgggctggctgcactgggagcgcett
catgtgcaaccttgactgccaggaagagccagattcctgcatcagtgagaagcetce
ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatyg
agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag
acttcaggcagaccctcagcgctttecctcatgggattecgeccagectagectaatcac
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct
gcgcaggctteccctgggagttttggatactacgacattgatgecccagacctttge
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa
aatttggcagatggttataagcacatgtccttggccctgaataagactggcagac
ccattgtgtactcctgtgagtggectctttatatgtggeccctttcaaaageccaa
ttatacagaaatccgacagtactgcaatcactggcgaaattttgctgacattgat
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat
tggcaactttggcctcagectgggaccagcaagtaactcagatggcececctectggget
atcatggctgctcecctttattcatgtctaatgacctccgacacatcageccecctcaag
ccaaagctctccttcaggataaggacgtaattgccatcaatcaggaccecttggg
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct
ctctcaggcgatgcecctgggctgtagectatcataaaccggcaggagattggtggac
ctcgctettataccatcceccecegttgettecctgggtaaaggagtggectgtaatece
tgcctgcttcatcacacagctcecteccctgtgaaaaggcagectagggttectataac
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcage
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQ ID NO: 32)

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcactggacaatggattgge
aaggacgcctaccatgggctggctgcactgggagecgcttcatgtgcaaccttgac
tgccaggaagagccagattcctgcatcagtgagaagctcttcatggagatggcag
agctcatggtctcagaaggctggaaggatgcaggttatgagtacctctgcattga
tgactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccct
cagcgctttcecctcatgggattcecgeccagectagectaattatgttcacagcaaaggac
tgaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttcececctgg
gagttttggatactacgacattgatgcccagacctttgectgactggggagtagat
ctgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtt
ataagcacatgtccttggccctgaataggactggcagaagcattgtgtactcecctyg
tgagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccga
cagtactgcaatcactggcgaaattttgctgacattgatgattcctggaaaagta
taaagagtatcttggactggacatcttttaaccaggagagaattgttgatgttgce
tggaccagggggttggaatgacccagatatgttagtgattggcaactttggectce
agctggaatcagcaagtaactcagatggccctcectgggectatcatggectgectectt
tattcatgtctaatgacctccgacacatcagccctcaagccaaagctctecttea
ggataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccag
cttagacagggagacaactttgaagtgtgggaacgacctctctcaggcttagect
gggctgtagctatgataaaccggcaggagattggtggacctcgectcttataccat
cgcagttgcttccctgggtaaaggagtggectgtaatecctgectgettcecatcaca
cagctcctceccecctgtgaaaaggaagctagggttctatgaatggacttcaaggttaa
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gaagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgca
gatgtcattaaaagacttactttaa (SEQID NO: 3)

Nucleic Acid sequence Encoding a-GLA variants with signal peptide

Nucleic
acid
sequence
encoding
A

atgcagctgaggaacccagaactacatctgggctgcgegettgegettegettece
tggcccectegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctactatggggtggcttcactgggagaggttcatgtgcaacctcgac
tgtcaggaagaaccagacagctgcatctccgagaagctgtttatggaaatggcecyg
agcgaatggtgtcagaaggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggctccgcaacgggacagtgagggcagacttcaggcagatcect
cagcgcttcccacatgggataaggcagctcgeccaactacgtccactctaagggac
tgaaactgggcatctatgctgacgtggggaataagacctgtgcgggatttccecgg
tagcttcggctactacgacattgatgcccagacctttgeccgattggggagttgac
ctcctcaaattcgatggectgctattgtgactectttggagaacctggcagacgggt
acaagcatatgtccctggccctgaatcggacaggtagacccatcecgtgtatagttyg
cgaatggcccctttacatgtggceccttttcaaaagccaaactacactgagattcge
cagtattgcaatcactggaggaacttcgctgatatcgatgactcatgggcgagceca
tcaaatccatattggattggacctctcggaatcaggagecgcattgtagacgtcge
aggacccggcggctggaacgaccctgatatgectggtgatcgggaattttggtett
agctgggaccagcaagttacgcagatggctctgtgggcaattatggcagecccac
tcttcatgtccaacgatctgcgacacatctectectcaagctaaggectectgetgea
ggacaaagatgtgattgccatcaatcaggacccactcggaaagcagggctatcag
ctgagaaaaggcgacaacttcgaagtctgggaaaggccactttcaggagacgcat
gggctgtggccataataaaccggcaagagattggtgggcccaggagctacacaat
ccececgttgeccagtttgggcaagggagtggegtgtaatectgectgetttatcact
cagctgctcccagtcaaaagacagctggggttcectatgagtggacctccegectea
agagccatattaatcccacaggtaccgtactgctgcaacttgaaaacacgatgca
gatgagtttgaaggacctcctgtag (SEQID NO: 61)

Nucleic
acid
sequence
encoding
B

atgcagctgaggaacccagaactacatctgggctgcgegecttgegettegettece
tggccctegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatecyg
cagcgcttccectcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttceccggyg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgceccctgaatagaaccggtcggccaatcgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcceca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgcectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctectgtgggcaattatggccggtecte
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggceccctgectceca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgectcecctatacaat

52




WO 2022/183052 PCT/US2022/017998

tcctgtagecatctettggcaagggecgttgectgtaacccagettgecttecatcact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggetec
gatcccacatcaaccctacaggaaccgtectettgcagectggagaatacgatgea
gacttcactgaaggacctcctgtag (SEQID NO: 62)

Nucleic
acid
sequence
encoding
C

atgcagctgaggaacccagaactacatctgggctgcgegecttgegettegettece
tggcccectegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatceccg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgeccggtttteccggg
atcattcgggtattatgacattgacgcccaaacgtttgectgattggggegttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgeccctgaataaaaccggtcggccaatecgtatattectg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtectce
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggceccctgcetececa
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgctcecctatacaat
tcctgtagecatctecttggcaagggecgttgectgtaacccagettgettecatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctec
gatcccacatcaaccctacaggaaccgtcecctecttgcagectggagaatacgatgcea
gacttcactgaaggacctcctgtag (SEQID NO: 63)

Nucleic
acid
sequence
encoding
D

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegecttegettece
tggccctegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccectcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttceccggyg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgceccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcceca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgcectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctectgtgggcaattatggeccggtectce
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccecctgectceca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
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gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat
tcctgtagecatctcecttggcaagggecgttgectgtaacccagettgettcecatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectece
gatcccacatcaaccctacaggaaccgtcecctecttgcagectggagaatacgatgea
gacttcactgaaggacctcctgtag (SEQID NO: 64)

Nucleic
acid
Sequence
encoding
E

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettecgettece
tggccctegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccectcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgeccggtttteccggg
atcattcgggtattatgacattgacgcccaaacgtttgectgattggggegttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcggccaatecgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctcectgtgggcaattatggceccggtectce
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggccecctgctceca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgcggttatacaat
tcctgtagcaaagcttggcaagggcecgttgectgtaacccagettgettcecatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggctece
gatcccacatcaaccctacaggaaccgtcecctecttgcagectggagaatacgatgea
gacttcactgaaggacctcctgtag (SEQID NO: 65)

Nucleic
acid
sequence
encoding
F

atgcagctgaggaacccagaactacatctgggctgcgegettgegettegettece
tggccctegtttectgggacatcectggggctagagcactggataatggattgge
tagaacacctcctatggggtggcttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctctttgaggaaatggecyg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggctgatecyg
cagcgcttccecctecatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggyg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacgget
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattectyg
cgagtggcctctttacatgtggccatttcagaaaccgaactacacagaaattcge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggcctcceca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcge
aggccctggaggatggaacgatccagacatgcectggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctectgtgggcaattatggeccggececcte
ttttcatgagcaacgatctgcgcgcgatctcaccacaggcaaaggceccctgectcecea
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
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ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgcgt
gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcaaagcecttggcaagggegttgectgtaacccagettgettecatecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcetece
gatcccacatcaaccctacaggaaccgtcectcettgcagectggagaatacgatgcea
gacttcactgaaggacctcctgtag (SEQID NO: 66)

Nucleic
acid
sequence
encoding
002

atgcagctgaggaacccagaactacatctgggctgcgegettgegettegettec
tggccctegtttectgggacatcectggggctagagcattggacaatgggectgge
caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggctyg
agctgatggtgagcgaagggtggaaggatgcgggctatgagtatctctgtattga
tgactgctggatggctccacagcgcgacagtgaaggccggctccaggecgatect
cagcggttcccceccacggtatcagacaactggcecgaattacgtgcactcaaaaggec
ttaagctgggtatatatgctgatgtgggtaataaaacatgtgcaggcttcccagyg
ctcttttgggtactatgacatcgacgcccagacttttgcggactggggecgtggac
ctgctcaagtttgacggatgttactgtgactcccttgagaacctggccgacgggt
acaagcatatgtcactggccctgaatcggacaggccgatccatcgtatactettyg
cgagtggcctctgtacatgtggcccttccagaagecccaactatacagaaatcagg
caatactgcaaccattggcggaacttcgcagacatagacgacagctgggctagceca
ttaagtctattctggattggaccagtttcaatcaagaaaggattgtcgatgtcge
aggcccaggaggttggaatgacccagacatgctcgtgattggaaattteggtetyg
tcatgggaccaacaggtgactcagatggctctgtgggcaatcatggcagcaccac
tgttcatgagcaatgatttgcgacacatctcccecctcaggecgaaageccttetgea
ggataaggacgttatcgccattaaccaggacccgctcggtaagcaagggtaccag
ttgcgccagggagacaatttcgaggtctgggaacgacccctgtectggactcegett
gggccgtagccgtaattaaccgacaagaaatcggcecggaccgecggagctataccat
agctgtcgceccteccteggecgggggecgtagettgtaacccggettgtttcataacce
cagctgctgcccgtcaagaggaaactggggctttatgagtggacaagtcggttga
agtctcatattaacccgacagggactgttctcectccagectggaaaacacaatgcea
gatgagcctgaaggatctettgtga (SEQID NO: 67)

Nucleic
acid
sequence
encoding
003

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettec
tggccctegtttectgggacatcectggggctagagcatttggacaatgggetgg
ccaggacacctactatgggctggctccactgggagecgectttatgtgtaacctcecga
ctgccaagaggagccagactcatgcatctctgagaagttgttcatggaaatggec
gagcttatggtctcagaggggtggaaagacgccggatatgagtatctgtgcateg
acgattgctggatggccccecccaacgcgatteccgaaggecgettgecaggectgatec
gcagcgctttcecctcacgggateccgccaattggcaaattacgtgcactcaaagggyg
ctcaagttgggcatctacgcagacgtgggaaacaagacatgtgctggatttcceceg
ggagtttcggttattatgacattgacgcacagacctttgctgattggggggtcga
cctcecctgaagtttgacggttgttattgcgacagecttgaaaatctggeccgacggt
tacaaacacatgtcccttgcactgaatagaactggtcggtccatecgtctatagtt
gtgagtggccgctttacatgtggeccttttcagaaacccaactacaccgagatteg
gcaatattgcaatcactggcgaaatttcgcagatatcgatgattcttgggctagt
attaaatccatcctggattggacatcattcaaccaggagcgcatcgtggacgttyg
ctggacctggcgggtggaatgatccagacatgcttgtgatcggaaacttcggtet
ctcttggaaccagcaagtcactcaaatggcactctgggcaattatggccgecccece
ctctttatgtccaacgatctgaggcatatcagtcctcaggctaaageccectgetge
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aagacaaggatgtgattgctatcaaccaagatccccttggtaaacaggggtacca
gttgcgcaaaggcgacaattttgaggtgtgggaaaggccactttcaggcgatgcea
tgggccgttgcaatgatcaacaggcaagaaattggcggacccaggagctatacaa
taccagtggcgtcactgggtaagggagtcgcctgtaacceccgcatgecttcattac
tcaacttctgccagtgaaacgaaaactcggattctatgagtggacctcaagactyg
aggtctcatattaacccgacagggactgttctcctccagctggaaaacacaatgce
agatgagcctgaaggatctcttgtga (SEQ ID NO: 68)

Nucleic
acid
sequence
encoding
004

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagcattggacaatgggectgge
caggacacctactatgggctggctccactgggagecgectttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggcetyg
aacgcatggtttctgagggatggaaagatgcaggctacgagtacctgtgtataga
cgattgttggatggccccacagcecgggattcagaaggtagactccaggecggatecece
cagagattcccacatggaatcagacagctggccaattacgtccattccaaaggcec
ttaagttgggtatttacgccgacgtaggcaacaagacttgtgccggatttcecccecgg
cagtttcggatactatgacattgatgcacagactttcgctgactggggggtggac
ttgctcaaatttgatggctgttattgcgatagecctcgaaaatctggectgatgget
acaagcacatgtcactcgctctcaaccgcactgggcgctctatagtttactectg
cgagtggcctctgtatatgtggccgttccagaaacccaattacacagaaataagg
cagtattgcaatcactggcgcaactttgctgatattgatgattcctgggectcca
taaagagtatcttggactggactagtcgcaatcaggaaagaattgtcgacgtcgce
cggaccaggcggatggaatgatcctgatatgectcecgtgatcgggaacttcggacte
tcatgggaccagcaggtgacccagatggctagttgggctatcatggccgeccectce
tgtttatgagtaacgacctccgccacatcagecccccaggceccaaggcecgettetgea
ggataaagatgtcatcgccatcaaccaagatcccctgggcaaacaaggctatcag
ctgcggaagggagacaattttgaggtgtgggaacgccctttgagecggagacgcect
gggctgtggctattataaatcgccaggagattgggggcecccgagaagttatactat
ccececgttgcaagectgggaaagggcgtegectgcaaccctgectgettecatcecaca
cagctgcttcecctgtcaaacgccaattggggttctacaattggacatccagactceca
aatctcatattaacccgacagggactgttctecctccagectggaaaacacaatgceca
gatgagcctgaaggatctcttgtga (SEQID NO: 69)

Nucleic
acid
sequence
encoding
005

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettece
tggccctegtttectgggacatcectggggctagagecattggacaatgggectgge
caggacacctactatgggctggctccactgggagegectttatgtgtaacctecgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag
aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga
tgattgttggatggcccctcagcgagactcagaggggagactccaggccgaccce
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggce
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggtttecececgyg
ctccecttecggatattacgacatcgacgcecccagactttcgcagactggggtgtggac
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacgget
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactectyg
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtgge
tggacctggcggatggaacgatccagacatgctcgtgataggaaactttggactyg
tcatggaatcagcaagtaacacagatggcgctctgggccattatggctgeccecect
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tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactecctgea
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag
ctgcggaaaggtgataacttcgaggtctgggagcgaccgctttcaggagacgect
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat
tccecgtggettetcecteggtaagggegtegectgcaacccecgectgetttatecacce
caattgttgcccgttaagagaaaactgggattttacgagtggacatccaggctge
ggtctcatattaacccgacagggactgttctcecctccagectggaaaacacaatgcea
gatgagcctgaaggatctettgtga (SEQID NO: 70)

Nucleic
acid
sequence
encoding
006

atgcagctgaggaacccagaactacatctgggctgcgecgettgegettegettece
tggccctecgtttcecctgggacatceccctggggetagagcattggacaatgggetgge
caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaagagatggcetyg
aactgatggtgtccgaggggtggaaggatgcagggtacgagtacctttgcataga
cgattgctggatggcaccacagcgggatagtgagggcaggttgcaggcggaccce
caaagatttccacatggcatcagacagctggccaaccacgtgcactctaaaggcec
tgaagctggggatttacgccgatgtcggtaataaaacatgtgctggtttcecececgyg
tagctttggatactacgacatcgacgcccagacatttgctgattggggagtggac
ctgctcaagttcgacggctgctactgcgattctcectggaaaatctggeccgatgggt
ataagcacatgagtcttgctcttaatagaaccggacgctctatagtctattcatyg
tgagtggccactgtacatgtggccatttcagaaacccaactataccgaaattaga
cagtattgtaaccactggcggaatttcgeccgacatagacgatagectggaagagea
tcaagtcaattctcgattggacttcattcaaccaggagcggatcgtcgacgtgge
cggccctgggggctggaatgatccagatatgectggtgatcggaaactttggtcetce
tcctggaatcaacaggtcactcagatggceccectcectgggeccattatggcagcaccac
tctttatgagcaacgacctgagacacatttccccacaggccaaggcattgcectgea
ggacaaagacgtgatcgccattaaccaggacccactgggcaagcaagggtaccaa
cttaggcagggagataattttgaggtctgggagcgcccactcagcggagacgcct
gggccgttgccatgataaacagacaggagattggcggeccccagatcecctacacaat
tcctgtcecgcectagectgggcaagggggtggecttgtaatecccgectgetttataacce
cagctgctgccagtgaaacggaaactcgggttctatgaatggacttctaggctca
ggtctcatattaacccgacagggactgttctecctccagctggaaaacacaatgcea
gatgagcctgaaggatctettgtga (SEQID NO: 71)

Nucleic
acid
sequence
encoding
007

atgcagctgaggaacccagaactacatctgggctgcgegettgegettecgettece
tggccctegtttcectgggacatcececectggggetagagcattggacaatgggetgge
caggacacctactatgggctggctccactgggagcgctttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag
aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga
tgattgttggatggcccctcagcgagactcagaggggagactccaggccgaccce
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggce
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggtttcececgg
ctccttcecggatattacgacatcgacgcccagactttecgcagactggggtgtggac
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacggcet
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactectyg
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtgge
tggacctggcggatggaacgatccagacatgctcgtgataggaaactttggactyg
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tcatgggatcagcaagtaacacagatggcgctctgggccattatggctgeccect
tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactectgea
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag
ctgcggaaaggtgataacttcgaggtctgggagcgaccgectttcaggagacgcect
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat
tccegtggcetteteteggtaagggecgtegectgcaacccecgectgetttatcace
caattgttgcccgttaagagaaaactgggattttacgaggcgacatccaggctga
agtctcatattaacccgacagggactgttctcectccagectggaaaacacaatgea
gatgagcctgaaggatctettgtga (SEQID NO: 72)

Nucleic
acid
sequence
encoding
008

atgcagctgaggaacccagaactacatctgggctgcgecgecttgegettegettec
tggcccectegtttectgggacatcectggggctagagecatggacaatggattggea
aggacgcctaccatgggctggctgcactgggagcgecttcatgtgcaaccttgact
gccaggaagagccagattcctgcatcagtgagaagctcttcgaggagatggcaga
gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat
gactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccctce
agcgctttcectcatgggattcgceccagctagectaatcacgttcacagcaaaggact
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttcececctggg
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta
taagcacatgtccttggeccctgaataggactggcagaagcattgtgtactcecctgt
gagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccgac
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggccagtat
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttget
ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca
gctgggaccagcaagtaactcagatggccctectgggctatcatggetgectecttt
attcatgtctaatgacctccgacacatcageccctcaagccaaagcectctecttecag
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccagce
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgectyg
ggctgtagctatcataaaccggcaggagattggtggacctcgctettataccatce
ccegttgettecectgggtaaaggagtggectgtaatcctgectgecttcatcacac
agctcctcececctgtgaaaaggcagctagggttectataactggacttcaaggttaaa
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag
atgtcattaaaagacttactttaa (SEQID NO: 73)

Nucleic
acid
sequence
encoding
009

atgcagctgaggaacccagaactacatctgggcectgecgegettgegettegettece
tggcccectegtttectgggacatcectggggctagagcatggacaatggattggea
aggacgcctCCCatgggctggctgcactgggagcgcttcatgtgcaaccttgact
gccaggaagagccagattcctgcatcagtgagaagctecttcgaggagatggcaga
gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat
gactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccctce
agcgctttcecctcatgggattcgccagcectagctaatcacgttcacagcaaaggact
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggctteccectggyg
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta
taagcacatgtccttggccctgaataagactggcagacccattgtgtactecctgt
gagtggcctctttatatgtggccctttcaaaagcccaattatacagaaatccgac
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggccagtat
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttget
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ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca
gctgggaccagcaagtaactcagatggccctctgggctatcatggectgectecttt
attcatgtctaatgacctccgacacatcageccctcaagccaaagcectctecttcecag
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccagce
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgcecctyg
ggctgtagctatcataaaccggcaggagattggtggacctcgctcttataccatce
ccecgttgettecctgggtaaaggagtggectgtaatcctgectgecttecatcacac
agctcctccecctgtgaaaaggcagctagggttctataactggacttcaaggttaaa
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag
atgtcattaaaagacttactttaa (SEQID NO: 74)

[8133] In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
more than 99% identity to any one of SEQ ID NOs: 18-29, 31, 32, 35-45 and 61-74. In some
embodiments, the vector comprises a GLA sequence having between 70% and 100% identity to
SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector comprises a
GLA sequence having between 75% and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45,
and 61-74. In some embodiments, the vector comprises a GLA sequence having between 80%
and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the
vector comprises a GLA sequence having between 85% and 100% identity to SEQ ID NOs. 18-
29, 31, 32, 35-45, and 61-74. In some embodiments, the vector comprises a GLA sequence
having between 90% and 100% identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In
some embodiments, the vector comprises a GLA sequence having between 95% and 100%
identity to SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence at least 70% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45,
and 61-74. In some embodiments, the vector comprises a GLA sequence at least 75% identity to
one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence at least 80% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45,
and 61-74. In some embodiments, the vector comprises a GLA sequence at least 85% identity to
one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence at least 90% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45,
and 61-74. In some embodiments, the vector comprises a GLA sequence at least 95% identity to
one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence at least 96% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45,
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and 61-74. In some embodiments, the vector comprises a GLA sequence at least 97% identity to
one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence at least 98% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45,
and 61-74. In some embodiments, the vector comprises a GLA sequence at least 99% identity to
one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-74. In some embodiments, the vector
comprises a GLA sequence 100% identity to one of SEQ ID NOs. 18-29, 31, 32, 35-45, and 61-
74.

{0134} In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
more than 99% identity to SEQ ID NO: 35. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 36. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a GLA
sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99%
identity to SEQ ID NO: 37. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 38. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
39. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 40. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 41. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
42. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 43. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 44. In some embodiments, the
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present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or more than 99% identity to SEQ ID NO:
45. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 61. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 62. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
63. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 64. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 65. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or more than 99% identity to SEQ ID NO:
66. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 67. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 68. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
69. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% 1dentity to SEQ ID NO: 70. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 71. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a GLA sequence having 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:

72. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
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a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than
99% identity to SEQ ID NO: 73. In some embodiments, the present disclosure encompasses a
gene therapy vector comprising a GLA sequence having 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 74.

8135} In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a nucleic sequence encoding o-GAL enzyme comprising 70%, 75%, 80%, 85%,
90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 7. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or more than 99% identity to SEQ ID NO: 8. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding o-GAL
enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99%
identity to SEQ ID NO: 9. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding o.-GAL enzyme comprising 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 10. In
some embodiments, the present disclosure encompasses a gene therapy vector comprising a
nucleic sequence encoding o.-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 11. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
than 99% identity to SEQ ID NO: 12. In some embodiments, the present disclosure encompasses
a gene therapy vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%., 98%, 99%, or more than 99% identity to SEQ ID NO:
13. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 14. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
than 99% identity to SEQ ID NO: 15. In some embodiments, the present disclosure encompasses

a gene therapy vector comprising a nucleic sequence encoding o-GAL enzyme comprising 70%,
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75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
16. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a.-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 17. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
than 99% identity to SEQ ID NO: 30. In some embodiments, the present disclosure encompasses
a gene therapy vector comprising a nucleic sequence encoding o-GAL enzyme comprising 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO:
33. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a.-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 34. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
than 99% identity to SEQ ID NO: 46. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%., 97%, 98%, 99%, or more than 99% identity
to SEQ ID NO: 47. In some embodiments, the present disclosure encompasses a gene therapy
vector comprising a nucleic sequence encoding o.-GAL enzyme comprising 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 48. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or more than 99% identity to SEQ ID NO: 49. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding oi-GAL
enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99%
identity to SEQ ID NO: 50. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding o.-GAL enzyme comprising 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 51. In
some embodiments, the present disclosure encompasses a gene therapy vector comprising a

nucleic sequence encoding o.-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%,
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97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 52. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more
than 99% identity to SEQ ID NO: 53. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity
to SEQ ID NO: 54. In some embodiments, the present disclosure encompasses a gene therapy
vector comprising a nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%,
85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 56. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or more than 99% identity to SEQ ID NO: 57. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL
enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99%
identity to SEQ ID NO: 58. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding oi-GAL enzyme comprising 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 59. In
some embodiments, the present disclosure encompasses a gene therapy vector comprising a
nucleic sequence encoding a-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 60.

[8136] In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 18. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 19. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 20. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 21. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 22. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 23. In some embodiments, the present disclosure encompasses a gene therapy vector

comprising a GLA sequence comprising SEQ ID NO: 24. In some embodiments, the present
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disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 25. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 26. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 27. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 28. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 29. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 31. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 32. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 35. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 36. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 37. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 38. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 39. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 40. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 41. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 42. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 43. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 44. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 45. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 61. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 62. In some embodiments, the present

disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
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NO: 63. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 64. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 65. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 66. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 67. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 68. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 69. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 70. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 71. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 72. In some embodiments, the present
disclosure encompasses a gene therapy vector comprising a GLA sequence comprising SEQ ID
NO: 73. In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA sequence comprising SEQ ID NO: 74.

{6137} In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a nucleic sequence encoding oi-GAL enzyme comprising SEQ ID NO: 7. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 8. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising SEQ ID NO: 9. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising SEQ ID NO: 10. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding o.-GAL enzyme comprising SEQ ID NO:
11. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a.-GAL enzyme comprising SEQ ID NO: 12. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 13. In some embodiments, the

present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
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o-GAL enzyme comprising SEQ ID NO: 14. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising SEQ ID NO: 15. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding oi-GAL enzyme comprising SEQ ID NO:
16. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 17. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 30. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising SEQ ID NO: 33. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising SEQ ID NO: 34. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding o-GAL enzyme comprising SEQ ID NO:
46. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 47. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 48. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising SEQ ID NO: 49. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising SEQ ID NO: 50. In some embodiments, the present disclosure encompasses a gene
therapy vector comprising a nucleic sequence encoding ot-GAL enzyme comprising SEQ ID NO:
51. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a-GAL enzyme comprising SEQ ID NO: 52. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 53. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising SEQ ID NO: 54. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme

comprising SEQ ID NO: 55. In some embodiments, the present disclosure encompasses a gene
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therapy vector comprising a nucleic sequence encoding o.-GAL enzyme comprising SEQ ID NO:
56. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding a.-GAL enzyme comprising SEQ ID NO: 57. In some
embodiments, the present disclosure encompasses a gene therapy vector comprising a nucleic
sequence encoding a-GAL enzyme comprising SEQ ID NO: 58. In some embodiments, the
present disclosure encompasses a gene therapy vector comprising a nucleic sequence encoding
o-GAL enzyme comprising SEQ ID NO: 59. In some embodiments, the present disclosure
encompasses a gene therapy vector comprising a nucleic sequence encoding o.-GAL enzyme
comprising SEQ ID NO: 60.

[0138] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising an amino acid sequence selected from
the group consisting of SEQ ID NOs: 7-17, 30, 33, 34, and 46-60; d) a poly A; and e) a 3” ITR.
[6139] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO:7; d) a poly A; and e) a
3’ ITR.

[0146] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 8; d) a poly A; and e) a
3’ ITR.

[8141} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 9; d) a poly A; and e) a
3’ ITR.

{0142} In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
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the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 10; d) a poly A; and e) a
3’ ITR.

[6143} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 11; d) a poly A; and e) a
3’ ITR.

[0144} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a poly A; and e) a
3’ ITR.

[6145] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 13; d) a poly A; and e) a
3’ ITR.

[@146] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a poly A; and €) a
3’ ITR.

[9147} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 15; d) a poly A; and e) a
3’ ITR.

[0148} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where

the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 16; d) a poly A; and e) a
3’ ITR.

0149} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 17; d) a poly A; and e) a
3’ ITR.

{0150} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 30; d) a poly A; and e) a
3’ ITR.

[0151} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 33; d) a poly A; and e) a
3’ ITR.

{6152} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 34; d) a poly A; and e) a
3’ ITR.

[8153] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 46; d) a poly A; and e) a
3’ ITR.

[0154} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where

the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 47; d) a poly A; and e) a
3’ ITR.

|0155} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 48; d) a poly A; and e) a
3’ ITR.

{0156} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 49; d) a poly A; and e) a
3’ ITR.

[0157} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 50; d) a poly A; and e) a
3’ ITR.

{0158} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 51; d) a poly A; and e) a
3’ ITR.

[8159] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 52; d) a poly A; and e) a
3’ ITR.

0160} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where

the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 53; d) a poly A; and e) a
3’ ITR.

jo161} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 54; d) a poly A; and e) a
3’ ITR.

{0162} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 55; d) a poly A; and e) a
3’ ITR.

[0163] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 56; d) a poly A; and e) a
3’ ITR.

{0164} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 57; d) a poly A; and e) a
3’ ITR.

[8165] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 58; d) a poly A; and e) a
3’ ITR.

0166} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where

the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 59; d) a poly A; and e) a
3’ ITR.

|0167} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 60; d) a poly A; and e) a
3’ ITR.

{0168} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO:7; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3° ITR.
[0169] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 8; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0176} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 9; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[8171} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 10; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and ) a 3” ITR.
10172} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 11; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3” ITR.
0173} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3° ITR.
{0174} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 13; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[0175] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{8176} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 15; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[8177} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 16; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and ) a 3” ITR.
0178} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 17; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3” ITR.
10179} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 30; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0180} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 33; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[0181} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 34; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0182} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 46; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[0183] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 47; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and ) a 3” ITR.
0184} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 48; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3° ITR.
|0185} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 49; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0186} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 50; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[0187} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 51; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0188} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 52; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[6189 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 53; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and ) a 3” ITR.
6190} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 54; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3” ITR.
[0191} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 55; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0192} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 56; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
[0193] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 57; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3” ITR.
{0194} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 58; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3° ITR.
[8195] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 59; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3° ITR.
6196} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 60; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); €) a poly A; and f) a 3” ITR.
10197} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO:7; d) a poly
A;and e) a3’ ITR

{0198} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: §; d) a
poly A; and e) a 3’ ITR.

[0199] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 9; d) a
poly A; and e) a 3’ ITR.

{6200} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 1; d) a
poly A; and e) a 3’ ITR.

[0201} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 11; d) a
poly A; and e)a 3’ ITR.

16202} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a
poly A; and e)a 3’ ITR.

6203} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 13; d) a
poly A; and e) a 3’ ITR.

{0204} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a
poly A; and e) a 3’ ITR.

[0205] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a
poly A; and e) a 3’ ITR.

{6206} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 15; d) a
poly A; and e) a 3’ ITR.

[0207] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 16; d) a
poly A; and e)a 3’ ITR.

6208} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 17; d) a
poly A; and e)a 3’ ITR.

16209} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 30; d) a
poly A; and e) a 3’ ITR.

{0210} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 33; d) a
poly A; and e) a 3’ ITR.

[0211} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 34; d) a
poly A; and e) a 3’ ITR.

{6212} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 46; d) a
poly A; and e) a 3’ ITR.

[6213} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 47; d) a
poly A; and e)a 3’ ITR.

16214} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 48; d) a
poly A; and e)a 3’ ITR.

0215} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 49; d) a
poly A; and e) a 3’ ITR.

{0216} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 50; d) a
poly A; and e) a 3’ ITR.

[0217} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 51; d) a
poly A; and e) a 3’ ITR.

{0218} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 52; d) a
poly A; and e) a 3’ ITR.

[6219] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 53; d) a
poly A; and e)a 3’ ITR.

16220} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 54; d) a
poly A; and e)a 3’ ITR.

[0221} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 55; d) a
poly A; and e) a 3’ ITR.

[9222 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 56; d) a
poly A; and e) a 3’ ITR.

[8223] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 57; d) a
poly A; and e) a 3’ ITR.

{6224} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 58; d) a
poly A; and e) a 3’ ITR.

[0225] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 59; d) a
poly A; and e)a 3’ ITR.

16226} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 60; d) a
poly A; and e)a 3’ ITR.

10227} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO:7; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

8228} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: §; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[6229] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 9; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[02346] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 10; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0231] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 11; d) a
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

16232} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[8233} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 13; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0234] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0235] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 15; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0236] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 16; d) a
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

10237} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 17; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

8238} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 30; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[8239] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 33; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0244 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 34; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0241] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 46; d) a
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

10242} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 47; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[8243] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 48; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0244] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 49; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0245] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 50; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0246] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 51; d) a
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

10247} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 52; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[8248] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 53; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0249] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 54; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0256] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 55; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0251] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 56; d) a
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woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

10252} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 57; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[8253] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 58; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0254] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 59; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0255] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢) a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 60; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0256] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a

nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3” ITR.
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8257} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3° ITR.

8258} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3" ITR.

[8259} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3" ITR.

[0260] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3° ITR.

[8261} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a
nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3° ITR.

[0262] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAYV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and ) a 3’ ITR.

[0263] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3° ITR.

[0264] In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
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the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3’ ITR.

0265} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3° ITR.

|08266] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and ) a 3’ ITR.

10267} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO:35; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); €) a poly A; and f)a 3° ITR.

[8268] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

[0269] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3” ITR.

6270} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.
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18271} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

{6272} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢) a
nucleotide sequence comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

18273} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); €) a poly A; and f)a 3° ITR.

[8274] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

[0275] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3” ITR.

8276} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.
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18277} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

[0278] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3" ITR.
{8279} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3° ITR.
16286} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3° ITR.
{0281} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3° ITR.
16282} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3° ITR.
6283} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3° ITR.
8284} In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
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inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3° ITR.
0285} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3° ITR.
0286} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3° ITR.
10287} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3° ITR.
[0288] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3" ITR.
[0289] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO:35; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3° ITR.

8294} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

[0291} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’

inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
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comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); €) a poly A; and f) a 3° ITR.

16292} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3" ITR.

{0293} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

[0294] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

[6295] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3" ITR.

[0296} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); €) a poly A; and f) a 3” ITR.

16297} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’

inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
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comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); €) a poly A; and f) a 3° ITR.

16298} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3" ITR.

{0299} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

[0300] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 14; d) a poly A; and e) a 3" ITR.

[8361} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 10; d) a poly A; and e) a 3’ ITR.

[0362] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 64; d) a poly A; and e) a 3° ITR.

[8303} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 69; d) a poly A; and e) a 3’ ITR.

[6304} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
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nucleotide sequence encoding a-GAL enzyme encoding SEQ ID NO: 14; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3’ ITR.
16305} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme encoding SEQ ID NO: 10; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3’ ITR.
{0306} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme encoding SEQ ID NO: 64; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3’ ITR.
[0367] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence encoding a-GAL enzyme encoding SEQ ID NO: 69; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3’ ITR.
{6308} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 14; d) a poly
A;ande) a3’ ITR

{6309} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 10; d) a poly
A;ande) a3’ ITR

16310} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°

inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
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tropism); c¢).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 64; d) a poly
A;ande) a3’ ITR.

10311} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 69; d) a poly
A;and e) a3’ ITR

(0312} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle
tropism); ¢) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 14; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a
3’ ITR.

16313} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle
tropism); ¢) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 10; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a
3’ ITR.

{8314} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle
tropism); ¢) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 64; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a
3’ ITR.

[8315] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having liver or muscle
tropism); ¢) a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 69; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f)a
3’ ITR.
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8316} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3’ ITR.

18317} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3" ITR.

[0318] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3" ITR.

[8319] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3° ITR.

[8326 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢).a
nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3° ITR.

[0321] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAYV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and ) a 3’ ITR.

183224 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3° ITR.

[8323} In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
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the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3’ ITR.

16324} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3° ITR.

8325} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3’ ITR.

8326} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, where
the vector comprises: a) 5° inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢).a
nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3’ ITR.

[8327} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 35; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3" ITR.

{8328} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5™ inverted terminal repeat (ITR); b) a ubiquitous promoter; c¢) a
nucleotide sequence comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

[83294 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3° ITR.

18330} In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
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vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); €) a poly A; and f)a 3° ITR.

[8331} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3" ITR.

18332} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3” ITR.

16333} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
nucleotide sequence comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3" ITR.

[6334] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3” ITR.

18335} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5’ inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); €) a poly A; and f)a 3° ITR.

{6336} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said

vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; ¢) a
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nucleotide sequence comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); €) a poly A; and f)a 3° ITR.

16337} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid having broad tissue tropism, said
vector comprising a) a 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c) a
nucleotide sequence comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3" ITR.

{0338} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3° ITR.
18339} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 36; d) a poly A; and e) a 3° ITR.
8346} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3° ITR.
{8341} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3° ITR.
18342} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3° ITR.
16343} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver

tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3° ITR.
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18344 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 40; d) a poly A; and e) a 3° ITR.
8345} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5°
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 41; d) a poly A; and e) a 3° ITR.
[8346} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3° ITR.
[0347] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3° ITR.
[8348} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); c¢).a nucleotide sequence comprising SEQ ID NO: 44; d) a poly A; and e) a 3’ ITR.
[0349] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, where the vector comprises: a) 5’
inverted terminal repeat (ITR); b) a tissue specific promoter (e.g., having muscle or liver
tropism); ¢).a nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3° ITR.
[03504 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 35; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

8351} In some embodiments, the present disclosure encompasses a recombinant adeno-

associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
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inverted terminal repeat (ITR); b) a tissue specific promoter; c) a nucleotide sequence
comprising SEQ ID NO: 36; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); €) a poly A; and f) a 3” ITR.

[6352} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 37; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3" ITR.

[8353] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 38; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

16354} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 39; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3 ITR.

[0335] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 40; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3° ITR.

18356} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 41; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3° ITR.

[8357} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’

inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
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comprising SEQ ID NO: 42; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); €) a poly A; and f) a 3° ITR.

0358} In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 43; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3" ITR.

{03594 In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

[8360] In some embodiments, the present disclosure encompasses a recombinant adeno-
associated virus (rAAV) vector packaged in an AAV capsid, said vector comprising a) a 5’
inverted terminal repeat (ITR); b) a tissue specific promoter; ¢) a nucleotide sequence
comprising SEQ ID NO: 45; d) a woodchuck hepatitis virus posttranscriptional regulatory
element (WPRE); e) a poly A; and f) a 3’ ITR.

{0361} Transgenes delivered by the vector can be introduced into a cell of interest using a
variety of methods. For example, either viral or non-viral vectors can be used for the delivery of
a transgene of interest. Both viral and non-viral methods of vector delivery are contemplated by
the methods provided. Accordingly, in some embodiments, the vector described herein is
delivered in a viral vector. In some embodiments, the vector described herein is delivered in a
non-viral vector.

18362} A vector as described herein can be introduced into a cell as a part of a viral or
non-viral vector molecule having additional sequences, such as, for example, replication origins,
promotor and one or more genes. In some embodiments, the vectors can be introduced as naked
nucleic acids, as nucleic acid complexed with an agent such as a liposome or a poloxamer, or can
be delivered by viruses (e.g., adenovirus, adeno-associated virus (AAV), herpesvirus, retrovirus,
lentivirus and integrase defective lentivirus (IDLV). In some embodiments, the vector 1s

introduced using a viral vector.

104



WO 2022/183052 PCT/US2022/017998

18363} Various viral vectors are known in the art, and include for example either
integrating or non-integrating vectors. In some embodiments, the viral vector is a non-
integrating viral vector. Non-integrating viral vectors include, for example non-integrating
lentivirus vectors or AAV vectors. Accordingly, in some embodiments, the viral vector is a
adeno-associated virus (AAV) vector.

[8364] In some embodiments, the AAV vector is modified at one or more regions, such
as the AAV capsid. In some embodiments, the rAAV vector is a rAAV9 vector.

{0365} In some embodiments, the rAAV vector described herein comprises one or more
of: (a) a 5’ inverted terminal repeat (ITR); (b) a ubiquitous promoter sequence; (c) a nucleotide
sequence encoding wt-type a.-GAL or a variant thereof; (d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE), (e) a poly A; and (f) a 3’ ITR sequence.

8366} In various embodiments, a rAAV vector described herein for delivering a
transgene (e.g., a gene encoding an alpha-galactosidase (ct-GAL) protein) can be packaged using
techniques known in the art and as described herein. For example, in some embodiments, rAAV
packaging makes use of packaging cells to form virus particles that are capable of infecting a
host cell. Such cells include, for example HEK293, HelL.a, HEK293T, Sf9 cells or A549 cells,
which are used to package adenovirus. Viral vectors used in gene therapy are usually generated
by a producer cell line that packages a nucleic acid vector into a viral particle. The vectors
typically contain the minimal viral sequences required for packaging and subsequent integration
into a host, other viral sequences being replaced by an expression cassette encoding the protein
to be expressed. In this case the protein to be expressed is a-GAL, either wild-type or a
modified o-GAL. The missing viral functions can be supplied in trans by the packaging cell
line. For example, AAV vectors used in gene therapy typically only possess inverted terminal
repeat (ITR) sequences from the AAV genome which are required for packaging and integration
into the host genome. Viral DNA is packaged in a cell line, which contains a helper plasmid
encoding the other AAV genes, namely rep and cap, but lacking ITR sequences. The cell line is
also infected with adenovirus as a helper. The helper virus promotes replication of the AAV
vector and expression of AAV genes from helper plasmid. The helper plasmid is not packaged
in significant amounts due to a lack of ITR sequences. Contamination with adenovirus can be

reduced by, e.g., heat treatment to which adenovirus is more sensitive than AAV.

105



WO 2022/183052 PCT/US2022/017998

18367} In many gene therapy applications, it is desirable that the gene therapy vector be
delivered with a specificity to a particular tissue type. Prior gene therapy approaches for the
treatment of Fabry disease have met with limited success because of reduced tissue tropism for
the gene therapy vectors that have previously been used. Unlike the previously used vector
designs, the vector design provided here has a wide tissue and cell type distribution once
administered to a subject in need thereof. The rAAV vectors described herein have broad tissue
distribution and include, for example heart, liver, kidney and gastrointestinal tract.

[0368] In some embodiments, a rAAYV vector that is able to achieve broad a-GAL
enzyme expression upon administration to a subject in need comprises: (a) a 5° inverted terminal
repeat (ITR); (b) a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer,
chicken beta actin promoter, and a rabbit beta globin intron; (¢) a nucleotide sequence encoding
an oi-GAL enzyme; (d) a woodchuck hepatitis virus posttranscriptional regulatory element
(WPRE) having mut6del ATG mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a
3’ ITR.

[8369] rAAYV vector that is able to achieve broad o.-GAL enzyme expression upon
administration to a subject in need comprises: (a) a 5° inverted terminal repeat (ITR); (b) a
ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin
promoter, and a rabbit beta globin intron; (¢) a nucleotide sequence encoding an o.-GAL enzyme;
(d) a bovine growth hormone (BGH) poly A; and (e) a 3° ITR.

10370} In some embodiments, a rAAV vector that is able to achieve broad a-GAL
enzyme expression upon administration to a subject in need is packaged in an AAV9 capsid, the
rAAV vector comprises: (a) a 5™ inverted terminal repeat (ITR); (b) a ubiquitous promoter
comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta
globin intron; (c) a nucleotide sequence encoding an a.-GAL enzyme; (d) a bovine growth
hormone (BGH) poly A; (e) a 3° ITR.

{0371} In some embodiments, a rAAV9 vector optionally comprises a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE) (e.g., having mutodel ATG
mutation) between a nucleotide sequence encoding an a-GAL enzyme and a polyA sequence.
18372} Exemplary sequences for the rAAV are shown in Table 2 below. In some
embodiments, the rAAV vector comprises a rAAV vector element comprising a nucleotide

sequence having at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or 99% identity with a
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vector element sequence shown in the table below. In some embodiments, the rAAV vector
comprises a vector element nucleotide sequence identical to a vector element nucleotide

sequence shown in the table below.

Table 2: Exemplary Vector Component Sequences

5ITR

Ctgcgcgctcecgectegetcactgaggeccgeccgggcaaagcecccgggcgtegggegacctttggt
cgcccggcectcagtgagcgagcgagecgcegcagagagggagtggecaacteccatcactaggggt
tcet (SEQIDNO: 1)

Chicken-Beta (CB) promoter

gatcttcaatattggccattagccatattattcattggttatatagcataaatcaatattgge
tattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtcca
atatgaccgccatgttggcattgattattgactagttattaatagtaatcaattacggggtca
ttagttcatagcccatatatggagttcecgegttacataacttacggtaaatggecccgectgge
tgaccgcccaacgacccceccgceccattgacgtcaataatgacgtatgttceccatagtaacgeca
atagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagta
catcaagtgtatcatatgccaagtccgccceccctattgacgtcaatgacggtaaatggecccgcec
tggcattatgcccagtacatgaccttacgggactttcecctacttggcagtacatctacgtatta
gtcatcgctattaccatggtcgaggtgagccccacgttcectgecttcactecteccecateteccece
ccctceccceccaccceccaattttgtatttatttattttttaattattttgtgcagecgatgggggeg
gggggggggggggggcgcgcecgccaggeggggcggggcggggegaggggcecggggeggggcegagg
cggagaggtgcggcggcagccaatcagagecggcgegecteccgaaagtttecttttatggegagg
cggcggcggcggcggcecctataaaaagcgaagcgcgecggegggegggagtcgetgegacgetyg
ccttcgeccceccecgtgeccececgeteccgecgecgectecgegecgeccgecceggetetgactgacecge
gttactcccacaggtgagcgggcgggacggcecccttectecteecgggetgtaattagegettggt
ttaatgacggcttgtttcttttectgtggetgegtgaaagecttgaggggectecgggagggece
tttgtgcgggggggagecggcteggggggtgecgtgegtgtgtgtgtgegtggggagegecgegt
gcggcccgcgctgeccggcecggectgtgagegetgegggegeggecgeggggetttgtgegetecyg
cagtgtgcgegaggggagegeggecgggggeggtgececegeggtgeggggggggetgegaggyg
gaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggegeggeggt
cgggctgtaacccccceccctgcacccececctecccgagttgetgagcacggececggettegggtyg
cggggctcecgtacggggcgtggcgeggggctegecgtgecgggeggggggtggeggcaggtyg
gggtgccgggcggggcggggecgectegggecggggagggetegggggaggggcgeggeggee
cccggagcgcecggceggcectgtcgaggegeggecgagecgecagecattgecttttatggtaategt
gcgagagggcgcagggacttcecctttgteccaaatctgtgecggagecgaaatctgggaggegee
gccgcaccceectectagegggecgeggggecgaageggtgeggegecggcaggaaggaaatgggeyg
gggagggccttcgtgecgtcgecgecgecgecgtececctteteecteteccagecteggggetgte
cgcggggggacggctgecttegggggggacggggcagggcggggtteggettetggegtgtga
ccggcggctctagagcectectgctaaccatgttcatgecttecttetttttectacagectectgg
gcaacgtgctggttattgtgctgtctcatcattttggcaaagaattcgatatca (SEQID
NO: 2)
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WT-hGLA1

atgcagctgaggaacccagaactacatctgggctgcgegecttgegettegettectggeccte
gtttcctgggacatcecctggggctagagcactggacaatggattggcaaggacgcecctaccatg
ggctggctgcactgggagcgcttcatgtgcaaccttgactgccaggaagagceccagattcecctge
atcagtgagaagctcttcatggagatggcagagctcatggtctcagaaggctggaaggatgeca
ggttatgagtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcaga
cttcaggcagaccctcagcecgcectttectcatgggattcgecagetagetaattatgttcacage
aaaggactgaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttcecctggg
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatctgctaaaa
tttgatggttgttactgtgacagtttggaaaatttggcagatggttataagcacatgtccttyg
gccctgaataggactggcagaagcattgtgtactectgtgagtggectectttatatgtggecce
tttcaaaagcccaattatacagaaatccgacagtactgcaatcactggcgaaattttgctgac
attgatgattcctggaaaagtataaagagtatcttggactggacatcttttaaccaggagaga
attgttgatgttgctggaccagggggttggaatgacccagatatgttagtgattggcaacttt
ggcctcagctggaatcagcaagtaactcagatggccctectgggetatcatggetgetecttta
ttcatgtctaatgacctccgacacatcagccctcaagccaaagctectecttcaggataaggac
gtaattgccatcaatcaggaccccttgggcaagcaagggtaccagecttagacagggagacaac
tttgaagtgtgggaacgacctctctcaggecttagectgggectgtagetatgataaaccggecag
gagattggtggacctcgctcttataccatcgcagttgecttcectgggtaaaggagtggectgt
aatcctgcctgcttcatcacacagctcecctececctgtgaaaaggaagctagggttctatgaatgg
acttcaaggttaagaagtcacataaatcccacaggcactgttttgcttcagctagaaaataca
atgcagatgtcattaaaagacttactttaa (SEQID NO: 3)

WPREmut6delATG

Aatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactttgttgctect
tttacgctttgtggatacgctgctttattgecctttgtatcttgectattgettecececgtttgget
ttcattttctcctecttgtataaatecctggttgetgtectetttttgaggagttgtggecegtt
gtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggecatt
gccaccacctgtcagctectttcececgggactttcecgetttecececteectattgecacggecggaa
ctcatcgccgectgecttgeccgetgetggacaggggecteggetgttgggcactgacaattec
gtggtgttgtcggggaaatcatcgtcecctttecttggectgectegectgtgttgecacctggatt
ctgcgcgggacgtceccttcetgectacgtecectteggecctcaatccagecggacctteecttececge
ggcctgctgeccggcectcectgeggectettecgegtettegecttegecectcagacgagtecggate
tcectttgggecgecteccegeate (SEQID NO: 4)

bovine growth hormone polyadenylation signal (bGHpolyA)

Cctagagctcgctgatcagcctcgactgtgceccttctagttgeccageccatetgttgtttgecece
tcceecgtgecttecttgaccectggaaggtgecactcececcactgtectttectaataaaatgag
gaaattgcatcgcattgtctgagtaggtgtcattctattectggggggtggggtggggcaggac
agcaagggggaggattgggaagacaatagcaggcatgctggggaa (SEQID NO: 5)

3’ ITR

Aggaacccctagtgatggagttggccactceccecctcectetgegegetecgetegetcactgaggecyg
ggcgaccaaaggtcgcccgacgecccgggcetttgeccgggeggectcagtgagcgagecgagege
gcagaga (SEQID NO: 6)
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183734 In some embodiments, the present disclosure encompasses a gene therapy vector
comprising a GLA gene sequence that is modified. Such modification may be made to improve
expression characteristics. Such modifications can include, but are not limited to, insertion of a
translation start site (e.g. methionine), addition of a Kozak sequence, insertion of a signal
peptide, and/or codon optimization. Accordingly, in some embodiments, the GLA gene is
modified to include insertion of a translation start site. In some embodiments, the GLA gene is
modified to include the addition of a Kozak sequence. In some embodiments, the GLA gene is
modified to comprise a signal peptide. In some embodiments, the GLA gene is codon optimized.
In other embodiments, the GL A gene is engineered. In yet other embodiments, the GLA gene is
codon optimized and engineered.

18374} In some embodiments, the vector comprises an ID tag, e.g., a stuffer sequence.
The purpose of the ID tag includes for example the ability for an artisan to identify the vector. In
certain embodiments, the vector comprises woodchuck hepatitis virus posttranscriptional
regulatory element (WPRE) element. In some embodiments, the vector comprises woodchuck
hepatitis virus post-transcriptional control element (WPRE). Various optimized or variant forms
of WPRE are known in the art, and include WPRE3, WPREmut6del ATG among others. Other
variant WPRE forms include, for example, WPRE2, WPRE wt (GenBank accession no.
J04514), WPRE_wt (GenBank accession no. J02442) and WPREmut6. The WPRE element can
comprises a wild-type sequence or a modified WPRE element sequence. Various mutated
versions of WPRE are known, and include for example, mut6del ATG (SEQ ID NO: 4). In some
embodiments, the vector comprises mutodelATG (SEQ ID NO: 4).

18375} The vector described herein comprises one or more promoter sequences. In some
embodiments, the promoter sequence is a ubiquitous promoter sequence. Any suitable promoter
region or promoter sequence can be used, so long as the promoter region promotes expression of
a coding sequence in mammalian cells. In certain embodiments, the promoter region promotes
expression of a coding sequence, for example GLA, in mammalian cells. In some embodiments,
the promoter controlling the expression of GLA transgene is a ubiquitous promoter. In some
embodiments, the ubiquitous promoter is selected from one or more of GAPDH promoter, mini
EF1 promoter, CMV promoter EF-1a promoter, PGK promoter, UBC promoter, LSE beta-
glucuronidase (GUSB) promoter, or ubiquitous chromatin opening element (UCOE) and/or

chicken beta actin promoter. In some embodiments, the ubiquitous promoter comprises
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ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin
promoter, and a rabbit beta globin intron.

18376} In some embodiments, the vector described herein comprises one or more polyA
sequences. In some embodiments, the polyA is selected from human growth hormone polyA
(hGHpA), synthetic polyA (SPA), Simian virus 40 late poly A (SV40pA) and a bovine growth
hormone (BGH) poly A.

18377} In some embodiments, the disclosure provides an expression cassette comprising
a polynucleotide sequence comprising: (a) a 5’ inverted terminal repeat (ITR); (b) a ubiquitous
promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken beta actin promoter, and a
rabbit beta globin intron; (c) a nucleotide sequence encoding o-GAL enzyme; (d) optionally a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) comprising the
mut6del ATG mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 3° ITR. In some
embodiments, the elements in the expression cassette above are present in 5° to 3’ order. In
various embodiments, one or more of (a) to (f) are operably linked in 5’ to 3” order.

{8378} In some embodiments, the vector is introduced into a cell. Accordingly, in some
embodiments, a cell is provided, said cell comprising the vector described herein. In some
embodiments, a cell 1s in vitro, in situ or in vivo. Accordingly, in some embodiments, the cell
comprising the vector described herein is in vitro. In some embodiments, the cell comprising the
vector described herein is in situ. In some embodiments, the cell comprising the vector

described herein is in vivo.

Pharmaceutical Compositions

[8379} Exemplary pharmaceutical compositions comprising the vectors described herein
are detailed below.

8380} Pharmaceutical acceptable carriers are determined in part by the particular
composition being administered, as well as by the particular method used to administer the
compositions. Accordingly, there is a wide variety of suitable formulations of pharmaceutical
compositions available.

[0381} Formulations for both ex vivo and in vivo administrations include suspensions in
liquid or emulsified liquids. The active ingredients often are mixed with excipients which are

pharmaceutically acceptable and compatible with the active ingredient. Suitable excipients
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include, for example, water, saline, dextrose, glycerol, ethanol, or the like, and combinations
thereof. In addition, the compositions may contain minor amounts of auxiliary substances, such
as wetting or emulsifying agents, pH buffering agents, stabilizing agents or other reagents that

enhance the effectiveness of the pharmaceutical composition.

Methods of Treatment

[0382} The vectors of the present disclosure can be used to treat a subject who has Fabry
disease. Accordingly, the vectors of the present disclosure can be used to treat a subject who has
Fabry disease, and as such reduce one or more symptoms associated with the disease. In some
embodiments, the vectors of the present disclosure can be used to treat a subject who has reduced
expression or no expression of a-GAL.

[0383] Non-limiting examples of Fabry symptoms include neuropathic pain,
hypohidrosis or anhidrosis, exercise intolerance, abdominal cramps, diarrhea, angiokeratoma,
verticillata, tinnitus, proteinuria, chronic kidney disease, hypertension, coronary insufficiency,
AV conduction disturbances, arrhythmias and valvular malfunction, left ventricular hypertrophy,
seizure and stroke.

6384} In some embodiments, the vectors provided herein are used as a prophylactic
treatment in a subject who has Fabry disease. Prophylactic treatment may be administered, for
example, to a subject who is not yet ill, but who is susceptible to, or otherwise at risk of, a
particular biological condition, including Fabry disease (e.g., the subject may have mutations that
cause Fabry disease but is asymptomatic or the status of mutations that cause Fabry disease is
unknown). In some embodiments, therapeutic treatment may be administered, for example, to a
subject already suffering from Fabry disease in order to improve or stabilize the subject's

condition (e.g., a patient already presenting symptoms of Fabry disease).

[0385] In some embodiments, the rAAV vector remains episomal following
administration to a subject in need thereof. In some embodiments, the rAAV vector does not
remain episomal following administration to a subject in need thereof. For example, in some
embodiments, the rAAV vector integrates into the genome of the subject. Such integration can
be achieved, for example, by using various gene-editing technologies, such as, zinc finger
nucleases (ZFNs), Transcription activator-like effector nucleases (TALENS), ARCUS genome
editing, and/or CRISPR-Cas systems.
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[0386] In some embodiments, a pharmaceutical composition comprising a rAAV vector
described herein is used to treat subjects in need thereof. The pharmaceutical composition
containing a rAAV vector or particle of the invention contains a pharmaceutically acceptable
excipient, diluent or carrier. Examples of suitable pharmaceutical carriers are well known in the
art and include phosphate buffered saline solutions, water, emulsions, such as oil/water
emulsions, various types of wetting agents, sterile solutions and the like. Such carriers can be
formulated by conventional methods and are administered to the subject at a therapeutically

effective amount.

[0387] The rAAV vector 1s administered to a subject in need thereof via a suitable route.
In some embodiments, the rAAV vector is administered by intravenous, intraperitoneal,
subcutaneous, or intradermal administration. In some embodiments, the rAAV vector is
administered intravenously. In some embodiments, the intradermal administration comprises
administration by use of a “gene gun” or biolistic particle delivery system. In some
embodiments, the rAAV vector is administered via a non-viral lipid nanoparticle. For example,
a composition comprising the rAAV vector may comprise one or more diluents, buffers,
liposomes, a lipid, a lipid complex. In some embodiments, the rAAV vector is comprised within

a microsphere or a nanoparticle, such as a lipid nanoparticle.

[0388] In some embodiments, functional a-GAL is detectable in plasma or serum of the
subject at about 2 to 15 weeks post administration of the rAAV vector. In some embodiments,
functional o.-GAL is detectable in plasma or serum of the subject at about 2 weeks. In some
embodiments, functional o.-GAL is detectable in plasma or serum of the subject at about 3
weeks. In some embodiments, functional o-GAL is detectable in plasma or serum of the subject
at about 4 weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of
the subject at about 5 weeks. In some embodiments, functional a-GAL is detectable in plasma or
serum of the subject at about 6 weeks. In some embodiments, functional o.-GAL is detectable in
plasma or serum of the subject at about 7 weeks. In some embodiments, functional o.-GAL i1s
detectable in plasma or serum of the subject at about 8 weeks. In some embodiments, functional
o-GAL 1s detectable in plasma or serum of the subject at about 9 weeks. In some embodiments,
functional o.-GAL is detectable in plasma or serum of the subject at about 10 weeks. In some

embodiments, functional o.-GAL is detectable in plasma or serum of the subject at about 11
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weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject
at about 12 weeks. In some embodiments, functional o-GAL is detectable in plasma or serum of
the subject at about 13 weeks. In some embodiments, functional a-GAL is detectable in plasma
or serum of the subject at about 14 weeks. In some embodiments, functional -GAL is detectable
in plasma or serum of the subject at about 15 weeks. In some embodiments, functional a-GAL is
detectable in hepatocytes of the subject at about 2 to 15 weeks post administration of the rAAV

vector.

[0389] In some embodiments, functional -GAL is detectable in plasma of the subject at
least 3 months, 6 months, 12 months, 2 years, 3 years, 4 years, 5 years, 6 years, 7 years, 8 years,
9 years, 10 years, 15 years or 20 years after administration of the rAAV vector. Accordingly, in
some embodiments, functional a.-GAL is detectable in plasma or serum of the subject at least 3
months after administration of the rAAYV vector. In some embodiments, functional o-GAL is
detectable in plasma or serum of the subject at least 6 months after administration of the rAAV
vector. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject
at least 12 months after administration of the rAAV vector. In some embodiments, functional -
GAL is detectable in plasma or serum of the subject at least 2 years after administration of the
rAAV vector. In some embodiments, functional a.-GAL is detectable in plasma or serum of the
subject at least 3 years after administration of the rAAYV vector. In some embodiments,
functional o.-GAL is detectable in plasma or serum of the subject at least 4 years after
administration of the rAAV vector. In some embodiments, functional oi-GAL is detectable in
plasma or serum of the subject at least 5 years after administration of the rAAV vector. In some
embodiments, functional o.-GAL is detectable in plasma or serum of the subject at least 6 years
after administration of the rAAV vector. In some embodiments, functional a-GAL is detectable
in plasma or serum of the subject at least 7 years after administration of the rAAYV vector. In
some embodiments, functional o.-GAL is detectable in plasma or serum of the subject at least 8
years after administration of the rAAV vector. In some embodiments, functional o-GAL is
detectable in plasma or serum of the subject at least 9 years after administration of the rAAV
vector. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject

at least 10 years after administration of the rAAV vector. In some embodiments, functional ot-
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GAL is detectable in plasma or serum of the subject for the remainder of the subject’s life

following administration of the rAAV vector.

[0390] In some embodiments, the administered rAAV comprising GLA results in the
production of active a-GAL to the same extent as found following administration of purified
GLA protein delivered intravenously. In some embodiments, the administered rAAV
comprising GLA results in production of a greater amount of active a-GAL as compared to

administration of purified a-GAL protein delivered intravenously.

[0391] In some embodiments, the administered rAAV comprising GLA results in the
reduction of globotriaosylceramide (GB3) in the subject. In some embodiments, the
administered rAAV comprising GLA reduces GB3 in the subject by about 95%, 90%, 85%,
80%, 75%, 70%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, or about 10%
in comparison to the subject’s baseline GB3 level prior to administering the rAAV comprising
GLA. Accordingly, in some embodiments, the administered rAAV comprising GLA reduces
GB3 in the subject by about 95%. In some embodiments, the administered rAAV comprising
GLA reduces GB3 in the subject by about 90%. In some embodiments, the administered rAAV
comprising GLA reduces GB3 in the subject by about 85%. In some embodiments, the
administered rAAV comprising GLA reduces GB3 in the subject by about 80%. In some
embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about
75%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the
subject by about 70%. In some embodiments, the administered rAAV comprising GLA reduces
GB3 in the subject by about 65%. In some embodiments, the administered rAAV comprising
GLA reduces GB3 in the subject by about 60%. In some embodiments, the administered rAAV
comprising GLA reduces GB3 in the subject by about 55%. In some embodiments, the
administered rAAV comprising GLA reduces GB3 in the subject by about 50%. In some
embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about
45%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the
subject by about 40%. In some embodiments, the administered rAAV comprising GLA reduces
GB3 in the subject by about 35%. In some embodiments, the administered rAAV comprising
GLA reduces GB3 in the subject by about 30%. In some embodiments, the administered rAAV

comprising GLA reduces GB3 in the subject by about 25%. In some embodiments, the
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administered rAAV comprising GLA reduces GB3 in the subject by about 20%. In some
embodiments, the administered rAAV comprising GLA reduces GB3 in the subject by about
15%. In some embodiments, the administered rAAV comprising GLA reduces GB3 in the
subject by about 10%.

[0392] In some embodiments, the administered rAAV comprising GLA reduces GB3 in
the subject for at least about 2 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6

months, 12 months, 1 year, 2 years, 3 years, 4 years, 5 years, or more than 5 years.

[0393] In some embodiments, following administration of the AAV vector to the subject
the levels of functional o.-GAL detectable in the circulation are between about 2 and 100 fold or
higher than 10 fold, higher than 20 fold, higher than 30 fold, higher than 40 fold, higher than 50
fold, higher than 60 fold, higher than 70 fold, higher than 80 fold, higher than 90 fold, higher

than 95 fold, or 100 fold or more greater than the amount of functional o.-GAL detectable in the

subject before administration of the rAAV comprising GLA transgene.

[0394] In some embodiments, following administration of the AAV vector to the subject
the levels of detectable active oi-GAL meets or exceeds human therapeutic level, i.e., level of a-
GAL considered to be normal circulating level in humans (e.g., 5-9 nmol/hour/ml). In some
embodiments, the levels of active o.-GAL post administration of the rAAYV vector is about
between 2 and 35 times or greater than 35 times, greater than 40 times, greater than 45 times,
greater than 50 times, greater than 55 times, greater than 60 times, greater than 65 times, greater
than 70 times greater than 75 times greater than 80 times greater than 85 times greater than 90
times, greater than 95 times, or greater than 100 the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 2 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
3 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration 1s about 4 times the human therapeutic level. In some embodiments, the levels of
active o.-GAL post administration is about 5 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 6 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
7 times the human therapeutic level. In some embodiments, the levels of active a-GAL post

administration 1s about 8 times the human therapeutic level. In some embodiments, the levels of
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active oi-GAL post administration is about 9 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 10 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
11 times the human therapeutic level. In some embodiments, the levels of active o.-GAL post
administration is about 15 times the human therapeutic level. In some embodiments, the levels of
active oi-GAL post administration is about 20 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 25 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
30 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration is about 35 times the human therapeutic level. In some embodiments, the levels of
active oi-GAL post administration is about 40 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 45 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
50 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration 1s about 55 times the human therapeutic level. In some embodiments, the levels of
active o.-GAL post administration is about 60 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 65 times the human
therapeutic level. In some embodiments, the levels of active o.-GAL post administration is about
70 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration 1s about 75 times the human therapeutic level. In some embodiments, the levels of
active o.-GAL post administration is about 80 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 85 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
90 times the human therapeutic level. In some embodiments, the levels of active a.-GAL post
administration 1s about 95 times the human therapeutic level. In some embodiments, the levels of
active o.-GAL post administration is about 100 times the human therapeutic level. In some
embodiments, the levels of active o.-GAL post administration is about 200 times the human
therapeutic level. In some embodiments, the levels of active a-GAL post administration is about
300 times the human therapeutic level. In some embodiments, the levels of active a-GAL post

administration is about 400 times the human therapeutic level. In some embodiments, the levels
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of active a-GAL post administration is about 500 times or greater than 500 times the human

therapeutic level.

[0395] Thus, administration of rAAV vector comprising a GLA transgene results in
sustained robust expression in comparison to a single administration of purified o.-GAL to a

subject in need.

[0396] In some embodiments, the rAAV vector comprising a GLA transgene is delivered
as a single dose per subject. In some embodiments, the subject is delivered the minimal effective
dose (MED). As used herein, MED refers to the rAAV GLA vector dose required to achieve a-

GAL activity resulting in reduced GB3 levels in a subject.

[0397] The vector titer is determined on the basis of the DNA content of the vector
preparation. In some embodiments, quantitative PCR or optimized quantitative PCR is used to
determine the DNA content of the rAAV GLA vector preparations. In one embodiment, the
dosage is about 1X10!! genome copies (GC)/kg body weight to about 1X10'* GC/kg, inclusive

of endpoints.

[0398] The dosages to achieve therapeutic benefit in a subject in need thereof are lower
than those achieved using other kinds of rAAYV capsids, such as AAV1, AAV2, AAV3, AAV4,
AAVS, AAV6, AAV7, and/or AAV8 which include a liver specific promoter. In some
embodiments, a rAAV gene therapy vector expressing an alpha-galactosidase protein as
described herein is administered to a subject at a lower or an equivalent dose used in case of a
gene therapy vector which includes a liver specific promoter; however, surprisingly exhibits

higher serum and tissue exposure.

[0399] In some embodiments, the rAAV GLA vector compositions can be formulated in
dosage units to contain an amount of replication-defective virus that is in the range of about 1.0 x
10° GC to about 1.0 x 10'° GC. As used herein, the term "dosage" can refer to the total dosage
delivered to the subject in the course of treatment, or the amount delivered in a single (of

multiple) administration.

[0400] In some embodiments, the dosage is sufficient to decrease plasma GB3 levels in
the patient by 25% or more. In some embodiments, rAAV expressing o.-GAL is administered in

combination with one or more therapies for the treatment of Fabry disease.
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Combination Therapy

[0401} The compositions and methods of the invention can also be used in conjunction
with other remedies known in the art that are used to treat Fabry disease or its complications,
including but not limited to: ERT (e.g., agalsidase beta), pain relief medications (e.g., lidocaine,
diphenylhydantoin, carbamazepine, gabapentin, phenyion, neurotropin, opioids);

dyspepsia treatment (e.g., metoclopramide, H-2 blockers), vitamin D replacements etc, beta
blockers (metoprolol, Acebutolol, bisoprolol, atenolol, prepranscicl, etc) anti-coagulation
treatment (Heparin, warfarin, Apixaban, Rivaroxaban).

[0402} The compositions and methods of the invention can also be used in conjunction
with other forms of treatment including but not limited to: physical exercise (e.g. dialysis, kidney
transplantation); dietary salt restriction, fiber intake, installation of a pacemaker, and cardiac

transplantation.

Production of rAAV Viral Vectors

[0403] Methods for generating and isolating AAV viral vectors suitable for delivery to a
subject are known in the art. See, e.g., US Patent 7790449; US Patent 7282199; WO
2003/042397; WO 2005/033321, WO 2006/1 10689; and US 7588772 B2. In a one system, a
producer cell line is transiently transfected with a construct that encodes the transgene flanked by
ITRs and a construct(s) that encodes rep and cap. In a second system, a packaging cell line that
stably supplies rep and cap is transiently transfected with a construct encoding the transgene
flanked by ITRs. In each of these systems, AAV virions are produced in response to infection
with helper adenovirus or herpesvirus, requiring the separation of the rAAVs from contaminating
virus. More recently, systems have been developed that do not require infection with helper
virus to recover the AAV (i.e., adenovirus El, E2a, VA, and E4 or herpesvirus ULS, ULS8, ULS2,
and UL29, and herpesvirus polymerase) are also supplied, in trans, by the system. In these newer
systems, the helper functions can be supplied by transient transfection of the cells with constructs
that encode the required helper functions, or the cells can be engineered to stably contain genes
encoding the helper functions, the expression of which can be controlled at the transcriptional or

posttranscriptional level.

[0404] In some embodiments, the expression cassette flanked by ITRs and rep/cap genes

are introduced into a desired cell or cell line by infection with baculovirus-based vectors.
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[0405] In some embodiments, the expression cassette flanked by ITRs and rep/cap genes
are introduced into insect cells by infection with baculovirus-based vectors. For reviews on
these production systems, see generally, e.g., Zhang et al, 2009, " Adenovirus-adeno-associated
virus hybrid for large-scale recombinant adeno-associated virus production," Human Gene
Therapy 20:922-929, the contents of which 1s incorporated herein by reference in its entirety.
Methods of making and using these and other AAV production systems are also described in the
following U.S. patents, the contents of each of which is incorporated herein by reference in its
entirety: 5, 139,941 ; 5,741,683; 6,057, 152; 6,204,059; 6,268,213; 6,491,907, 6,660,514;
6,951,753; 7,094,604, 7, 172,893; 7,201,898, 7,229,823; and 7,439,065. See generally, e.g.,
Grieger & Samulski, 2005, "Adeno-associated virus as a gene therapy vector: Vector
development, production and clinical applications," Adv. Biochem. Engin/Biotechnol. 99: 119-
145; Buning et al, 2008, "Recent developments in adeno-associated virus vector technology," J.
Gene Med 10:717-733; and the references cited below, each of which is incorporated herein by

reference in its entirety.

[0406] The methods used to construct a vector as described herein are known to those
with skill in nucleic acid manipulation and include genetic engineering, recombinant
engineering, and synthetic techniques. See, e.g., Green and Sambrook et al, Molecular Cloning:
A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, NY (2012). Similarly,
methods of generating rAAYV virions are well known and the selection of a suitable method is not
a limitation on the present invention. See, e.g., K. Fisher et al, (1993) J. Virol, 70:520-532 and
US Patent No. 5,478,745.

[0407] Many plasmids and other cloning and expression vectors that can be used in
accordance with the present invention are well known and readily available to those of skill in
the art. Moreover, those of skill readily may construct any number of other plasmids suitable for
use in the invention. The properties, construction and use of such plasmids, as well as other
vectors, in the present invention will be readily apparent to those of skill from the present

disclosure.

[0408] In one embodiment, the production plasmid is that described herein, or as
described in WO2012/158757, which is incorporated herein by reference. Various plasmids are

known in the art for use in producing rAAV vectors, and are useful herein. The production
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plasmids are cultured in the host cells which express the AAV cap and/or rep proteins. In the
host cells, each rAAV genome is rescued and packaged into the capsid protein or envelope

protein to form an infectious viral particle.

[0409] In certain embodiments, the rAAYV expression cassette, the vector (such as rAAV
vector), the virus (such as rAAV), the production plasmid comprises AAV inverted terminal
repeat sequences, a codon optimized nucleic acid sequence that encodes an a-GAL polypeptide ,
and expression control sequences that direct expression of the encoded proteins are present in a
host cell. In other embodiments, the rAAV expression cassette, the virus, the vector (such as
rAAV vector), the production plasmid further comprise one or more of an intron, a Kozak
sequence, a polyA, posttranscriptional regulatory elements and others. In one embodiment, the
post-transcriptional regulatory element is Woodchuck Hepatitis Virus (WHP) Posttranscriptional
Regulatory Element (WPRE). In various embodiments, the nucleic acid sequence comprises a
signal peptide upstream of the transgene that encodes an ot-GAL polypeptide. In some
embodiments, a signal peptide is at the N-terminus of an a-GAL polypeptide. In some

embodiments, a signal peptide is at the C-terminus of an a-GAL polypeptide.

[0410] Various methods are known in the art relating to the production and purification
of AAV vectors. See, e.g., Mizukami, Hiroaki, et al. A Protocol for AAV vector production and
purification; U.S. Patent Publication Numbers US20070015238 and US20120322861. For
example, a plasmid comprising a gene of interest may be combined with one or more helper
plasmids, e.g., that contain a rep gene (e.g., encoding Rep78, Rep68, Rep52 and Rep40) and a
cap gene (encoding VP1, VP2, and VP3, including a modified VP2 region as described herein),
and transfected into a recombinant cells such that the rAAV can be packaged and subsequently

purified.

[0411] In some embodiments, the packaging is performed in a helper cell or producer
cell, such as a mammalian cell or an insect cell. Exemplary mammalian cells include, but are not
limited to, HEK293 cells, COS cells, HeLa cells, BHK cells, or CHO cells (see, e.g., ATCC®
CRL-1573™ ATCC® CRL-1651™, ATCC® CRL-1650™, ATCC® CCL-2, ATCC® CCL-
10™, or ATCC® CCL-61™). Exemplary insect cells include, but are not limited to Sf9 cells
(see, e.g., ATCC® CRL-1711™). The helper cell may comprise rep and/or cap genes that
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encode the Rep protein and/or Cap proteins for use in a method described herein. In some

embodiments, the packaging is performed in vitro.

[0412] In some embodiments, a plasmid containing comprising the gene of interest is
combined with one or more helper plasmids, e.g., that contain a rep gene of a first serotype and a
cap gene of the same serotype or a different serotype, and transfected into helper cells such that

the rAAV is packaged.

[0413] In some embodiments, the one or more helper plasmids include a first helper
plasmid comprising a rep gene and a cap gene, and a second helper plasmid comprising one or
more of the following helper genes: Ela gene, Elb gene, E4 gene, E2a gene, and VA gene. For
clarity, helper genes are genes that encode helper proteins Ela, Elb, E4, E2a, and VA. In some
embodiments, the cap gene is modified such that one or more of the proteins VP1, VP2 and VP3
do not get expressed. In some embodiments, the cap gene is modified such that VP2 does not get
expressed. Methods for making such modifications are known in the art (Lux et al. (2005), J

Virology, 79: 11776-87).

jo414} Helper plasmids, and methods of making such plasmids, are generally known in
the art and generally commercially available (see, e.g., pDF6, pRep, pDM, pDG, pDPlrs,
pDP2rs, pDP3r1s, pDP4rs, pDP5rs, pDP6rs, pDG(R484E/R585E), and pDP8.ape plasmids from
PlasmidFactory, Bielefeld, Germany; other products and services available from Vector Biolabs,
Philadelphia, PA; Cellbiolabs, San Diego, CA; Agilent Technologies, Santa Clara, Ca; and
Addgene, Cambridge, MA; pxx6; Grimm et al. (1998), Novel Tools for Production and
Purification of Recombinant Adeno associated Virus Vectors, Human Gene Therapy, Vol. 9,
2745-2760; Kem, A. et al. (2003), Identification of a Heparin-Binding Motif on Adeno-
Associated Virus Type 2 Capsids, Journal of Virology, Vol. 77, 11072-11081.; Grimm et al.
(2003), Helper Virus-Free, Optically Controllable, and Two-Plasmid-Based Production of
Adeno-associated Virus Vectors of Serotypes 1 to 6, Molecular Therapy, Vol. 7, 839-850;
Kronenberg et al. (2005).

EXAMPLES

[8415] Exemplary features, objects, and advantages of the present invention are apparent

in the examples that follow. It should be understood, however, that the examples, while
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indicating embodiments of the present invention, are given by way of illustration only, not
limitation. Various changes and modifications within the scope of the invention will become
apparent to those skilled in the art from the examples.

[0416} The data in the Examples below were generated with GLA transgenes comprising
signal peptide sequence of SEQ ID NO:77, which encode a-GAL enzymes comprising signal
peptide sequence of SEQ ID NO: 76.

Example 1. Design and Purification Viral Vectors for Expression of a-GAL Enzyme

8417} This Example summarizes the design of exemplary viral vectors encompassed by
the present disclosure.

{8418} A recombinant adeno-associated virus 9 (rAAV9) was developed to express wild
type human o-GAL or a-GAL variants (e.g., amino acid sequences shown in Table 1) under the
control of a ubiquitous promoter, in a viral vector. A WPRE element was linked to the 3” end of
the wild type GLA transgene to increases fransgene expression and improve mRNA stability. A
bovine growth hormone poly A tail was appended to the 37 end of the WPRE element. The BNA
construct of promoter-GLA-WPRE-BGHpA was mtegrated between the inverted terminal
repeats of a circular plasmid vector. FIG. 1 shows an exemplary rAAVS vector construct.

{8419} rAAYV vectors were encapsulated using the AAV?2 inverted terminal repeats and
rep sequences using methods in the art. The rAAV9 stocks were produced using HEK-293T cells
by the adenovirus free, triple-plasmid co-transfection method and purified using cesium chloride
ultracentrifugation. Titers of v.g. particle number were determined by quantitative PCR.

8426} Purified rAAV9 virus suspension were diluted in the formulation buffer
consisting of 1.5 mM KH2PO4 (Potassium dihydrogen phosphate), 2.7 mM KCI (Potassium
chloride), 8.1 mM Na>HPO4 (Di-sodium hydrogen phosphate), 136.9 mM NaCl (Sodium
chloride) and 0.001% Pluronic F-68. Null vector with rAAV9 capsid (rAAV9-null ) were used as

controls.

Example 2. Serum stability of a-GAL following administration of rAAV9

8421} This Example shows that rAAV9-delivered GLA transgene provided a.-GAL
protein expression in serum for at least 12 weeks following administration of vector into mice.
[0422 First, rAAV9 vector was produced and purified as described in Example 1 above.

Next, 6-9 months old male GLAko mice were administered the purified rAAV9 vectors encoding
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a-GAL intravenously (IV) at two different doses, 2.5x10'!, 6.25x10'* vg/kg and the mice were
followed for 12 weeks. Null vector rAAV9-nullwas administered to a group of GLAko mice at
6.25x10'? vg/kg as a negative control. Serum was collected at multiple time-points during the
study as well as at the end of 12-weeks. In a subset of animals, 1 mg/kg dose of a-GAL ERT
was administered 24 hours before sacrifice and collection of tissues to be used as positive
control. Serum was collected 1 hour after administration of a-GAL ERT to capture the Crmax
levels of circulating enzyme.

[0423] The quantity of a-GAL in the serum was measured using ELISA. Briefly, a high
binding MSD black plate (MSD, catalog #L.15XB) was coated with a polyclonal sheep anti-
human a-GLA capture antibody (R&D systems, catalog #AF6146) in 0.2 M sodium carbonated-
bicarbonate buffer (Thermoscientific, catalog #28382) overnight at 4°C. Then, the coated plate
was washed three times with wash buffer containing D’PBS and 0.05% Tween-20. The plate
was blocked with blocking buffer (3% BSA in PBS) for 1 hour before samples or purified o-
GLAprotein standard in diluent buffer (1% BSA in PBS) were added. Binding was carried for 1
hour with a low speed shaking and washed three times with wash buffer. Then, polyclonal rabbit
anti-human o-GLA (Novus Biologics, catalog #H00002717-DO1P) in diluent buffer was added
and incubated for 1 hour before washing three times with wash buffer and adding a detection
antibody, sulfo-tag goat anti-rabbit antibody (MSD, catalog #R32AB-1), for 1 hour at room
temperature. The plate was read with 1x read buffer (MSD, catalog #R92TC-1) in the MSD
Sector Imager S600 system. Using a standard curve, final values of a-GAL concentration were
calculated. Tissue a-GAL protein concentration was normalized by total protein concentration
determined by BCA assay. None of antibodies used in this assay recognize mouse o.-GAL
protein. A rapid elevation of a-GAL was observed in serum at 2 weeks post vector
administration, reaching more than 4500-fold of normal in the similar high dose group for
rAAV9-WT at 12 weeks. It was observed that even at the lowest dose, rAAV9-WT resulted in a
steady level of serum a-GAL enzyme that was higher than the Cmax of the positive control o-
GAL ERT (FIG. 2).

{0424} At 12-weeks post administration, multiple organs including liver, kidney, heart
and GI tract were harvested for further evaluation. Fixation with 10% NBF was carried out for

histology evaluation. For physiology, tissues were snap frozen and stored at -80°C.
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{0425} Dose-dependent sustained supraphysiological levels of a-GAL exposure was
observed in peripheral organs including liver (FIG. 3A), kidneys (FIG. 3B), heart (FIG. 3C) and
Gl tract (FIG. 3D-3E), resulting in concomitant reduction in GB3 and lysoGb3 accumulation in
these animals (FIG. 3F-3M). It was further observed that the higher dose of rAAV9-WT,
reduced the GB3 and lysoGb3 levels in serum and kidneys by >95% (FIG. 3F, FIG. 3H, FIG.
3J, FIG. 3L) and in the liver and heart by >99% (FIG. 3G, FIG. 31, FIG. 3K, FIG. 3M).
Similarly, lysoGb3 levels in all tissues tested were reduced by >99% after the high dose
injections of rAAV9-WT. In contrast, as seen from FIG. 3F-3M, in mice receiving o.-GAL
protein, there was moderate reduction in substrate levels in serum and liver but not in the kidneys
and heart.

[0426] It was overall observed that treatment with rAAV9-WT encoding a.-GAL
improved GB3 and lysoGb3 clearance in various tissues. Further, the expression of o.-GAL was

sustained for at least 12 weeks.

Example 3. Effect of rAAVI-WT treatment of G3Stg/GLAko mice.

[0427} This Example shows in vivo effects of rAAV9-WT encoding o.-GAL expression
in various tissues in a severe Fabry-disease mouse model that has significantly higher substrate
levels in various tissues than the GLAko mice. The data from this Example demonstrated that

rAAV9-WT delivered GLA transgene reduced GB3 accumulation associated with Fabry disease.

[0428] First, rAAV9-WT vector was produced and purified as described in Example 1
above.
[0429] Next, G3Stg/GLA knockout mice were generated by crossing GLA knockout

mice, which have a C57BL/6 background, with GB3 synthase transgenic mice. The founders
were purchased from Jackson labs and the breeding colony was maintained at Taconic
Biosciences. The G3Stg/GLA knockout mice have substantial deposition of GB3 substrates in
visceral organs which results in severe renal, GI and neuropathic phenotypes, including
albuminuria, reduced kidney osmolarity, delayed colonic propulsion and loss of
thermosensitivity, which reflects several Fabry disease manifestations (Taguchi et. al., 2013).
CS57BL/6 mice (Charles River Laboratories) were used as wild type control for this experiment.

Animals were maintained in a controlled environment on a 12h dark/12h light cycle (lights on at
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7:00am) with no more than 4 mice per cage in a ventilated cage rack system at Melior
Discoveries and fed standard rodent chow and water ad libitum.

[8430} Treatment with rTAAV9-WT increased both a.-GAL levels and o-GAL activity in
the serum in a sustained dose dependent manner (FIG. 4A). At the highest dose of 6.24e12vg/kg,
the serum a-GAL activity was 10,000-fold higher than WT serum o.-GAL activity. Dose-
dependent increases in tissue o.-GAL levels and activity were observed in all tissues examined
including the liver (FIG. 4B), kidney (FIG. 4C), heart (FIG. 4D), gastrointestinal tract
(duodenum FIG. 4E and colon FIG. 4F) and the brain (FIG. 4G).

|0431} Next, the levels of GB3 in the severe Fabry (G3Stg/GLAko) mice transfected
with rAAV9-WT encoding o.-GAL were analyzed using mass-spectrometry. Briefly substrate
samples were extracted first using Chloroform:Methanol (v/v 2:1) and formic acid before
running in HPLC and LC-MS/MS (Applied Biosystem APIS000, Turbo Ion Spray lonization,
positive-ion mode). It was observed that GB3 and lyso-Gb3 levels in various tissues from these
animals showed a dose dependent decrease in the accumulated substrate levels in each tissue
(FIG. 5A-5L).

[0432} It was observed that rAAV9-WT expressed a-GAL in Fabry mouse and reduced

GB3 accumulation associated with Fabry.

Example 4. Phenotypic effects of rAAV9 on Fabry mouse model (G3Stg/GLAko mice)
[0433] This Example shows the phenotypic effects of rAAV9-WT encoding o.-GAL on
G3Stg/GLAko mice. Fabry mice treated with rAAV9-WT showed overall improvement in body

weight over time.

[0434] First, rAAV9-WT vector was produced and purified as described in Example 1
above.
[8435] Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with

rAAV9 encoding o.-GAL enzyme. The body weight was monitored through the duration of the
study.

{0436} G3Stg/GLAko mice showed a marked decrease in body weight over the course of
the study; mice treated with rAAV9-WT encoding o.-GAL enzyme had higher body weights
compared with mice given a null AAV vector (FIG. 6). WT mice showed a steady body weight
gain throughout the study duration, however, G3Stg/GLAko mice treated with Null Vector as
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well as lower doses of rAAV9-WT started losing weight after 16-18 weeks of age such that the
animals in the Null Vector group ended the study with lower body weights then the study start
(22.2 £ 0.5 in week 28 vs. 27.0 = 0.6 g/mouse at start, p <0.0001). Treatment with the highest
dose of rAAV9-WT showed significantly lower weight loss at termination (28.5 + 0.8 g/mouse
vs. 22.2+ 0.5 g/mouse in the null AAV, p <0.01). Treatment with high dose of rAAV9-WT
thus prevented weight loss, demonstrating benefits of the gene therapy candidate to overall
health.

[0437] The results of this Example demonstrated that rAAV9-WT encoding a-GAL

enzyme can be used to cause significant improvement in treating symptoms of Fabry disease.

Example 5. Restoration of kidney function defects in Fabry model (G3Stg/GLAko mice) by
rAAVY

[0438] This Example examined the effect of rAAV9-WT encoding a-GAL enzyme on
kidney function in G3Stg/GLAko mice.

[8439] First, rAAV9-WT vector was produced and purified as described in Example 1
above.

[0440] Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with

rAAV9. The kidney function was evaluated by measuring markers such as blood urea nitrogen,
urine albumin levels.

[0441} rAAV9-WT encoding o.-GAL enzyme resulted in significant decreases in serum
BUN in mice treated with the highest dose gene therapy (FIG. 7A). It was observed that the
serum albumin levels in Fabry mice treated with the highest dose gene therapy (GT) were similar
to that in WT mice (FIG. 7B).

{0442} This Example demonstrated that rAAV9-WT encoding o.-GAL enzyme rescues
renal phenotypes associated with Fabry disease. In particular, rAAV9-WT rescued BUN and

urine albumin levels.

Example 6. Restoration of neuropathy associated with Fabry disease in mouse model
(G3Stg/GLAko mice)
{6443} This Example examined the effect of rAAV9-WT encoding o.-GAL enzyme on

the neuropathy markers in a Fabry mouse model.
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0444} First, rAAV9-WT vector was produced and purified as described in Example 1
above.
0445} Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with

rAAV9. G3Stg/GLAko mice exhibit several signs of neuropathy as was observed in the
histology of peripheral neurons after sacrifice. Footpads from hind paws and dorsal root
ganglion from these animals were collected for analyses by immunohistochemistry to evaluate
small fiber neuron density to monitor any neuronal pathology in these animals. There was a
notable reduction in vacuolation in dorsal root nerves, restored to WT levels, in animals treated
with the highest dose GT (FIG. 8A). Finally, there was also a dose dependent increase in PGP9.5
(neuronal marker) and MPZ (marker for myelinated nerves) in the paws of treated animals (FIG.
8B and 8C).

[ed446} This Example demonstrated that rAAV9-WT produced o.-GLA enzyme is
associated with improvement of neuropathy as assessed by marker expression in a Fabry disease

mouse model.

Example 7. Normalized autophagy dysregulation in Fabry disease mouse model
(G3Stg/GLAko mice)

0447} This Example examined the effect of rAAV9-WT encoding o.-GAL enzyme on
the autophagy dysregulation in a Fabry mouse model.

0448} Autophagy dysregulation has been reported in Fabry patients (Chevrier et al,
Autophagy. 2010 Jul;6(5):589-99.) and may play a key role in Fabry neuropathy. Protein p62 is a
classical receptor of autophagy, which builds up in Fabry patient kidneys and fibroblasts; similar
accumulation was observed in the G3Stg/GLAko mice in the kidneys, heart and smooth muscles.
Treatment with rAAV9-WT completely cleared p62 accumulation from the kidney and the heart
when dosed at 6.25e12vg/kg dose (FIG. 9A-FIG. 9F).

8449} Additionally, chronic inflammation in Fabry patients contributes to organ damage
(Pinto et al,High Blood Press Cardiovasc Prev. 2020) and is likely the cause of increase in DRG
volume. Treatment of G3Stg/GLAko mice with rAAV9-WT resolves inflammation in the DRG
as was demonstrated via reduction of the macrophage marker CD68 by histological assessment

(FIG. 9G-FIG. 9T).
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Example 8. Ubiquitous transduction approach using rAAVY9 administration results in higher
levels of circulating a-GAL, higher a-GAL exposure in target tissues and greater substrate
reduction compared to liver driven rAAV8 approach

8458} This Example shows that rAAV9-ubiquitous promoter-delivered GLA transgene
provided higher a.-GAL protein expression than rA AV8-liver specific promoter-delivered GLA
in serum for at least 12 weeks.

[0451} First, rAAV9-WT and rAAV8-WT encoding a-GAL were produced and purified
as described in Example 1 above. Next, 6-9 months old male GL.Ako mice were administered the
purified rAAV9 or rAAVS intravenously (IV) at, 2.5x10! vg/kg dose and the mice were
followed for 12 weeks. Serum was collected at multiple time-points during the study as well as at
the end of 12-weeks. In a subset of animals, 1 mg/kg dose of o-GAL ERT was administered 24
hours before sacrifice and collection of tissues to be used as positive control. Serum was
collected 1 hour after administration of a-GAL ERT to capture the Cmax levels of circulating
enzyme.

[0452] The quantity of a-GAL in the serum was measured using ELISA as described in
Example 2. It was observed that rAAV9-WT resulted in higher steady level of serum o-GAL
enzyme than rAAV8-WT and the Cmax of the positive control «-GAL ERT (FIG. 11A).

[0433] At 12-weeks post administration, kidneys were harvested for further evaluation.
[0454] Significantly higher levels of a-GAL exposure was observed in the kidneys of
animals treated with rAAV9-WT compared to rAAVE-WT or a-GAL (FIG. 11B), resulting in
concomitant reduction in GB3 accumulation in these animals (FIG. 11C). It was further
observed that treatment with rAAV9 reduced the GB3 >86% while treatment with rAAVSE
reduced GB3 by 78% while treatment with a single dose of a-GAL at 1mg/kg did not result in
any reduction in GB3 in the kidneys.

8455 Therefore, overall it was observed that treatment with rAAV9 with a ubiquitous
promoter driving GLA expression reduced GB3 in the kidneys more efficiently than a liver
targeted rAAVS and resulted in higher sustained o.-GAL activity in serum for at least 12 weeks.
{8456} Without wishing to be bound by theory, it is contemplated that a liver specific
promoter may also be used with a GLA transgene that has otherwise been modified/codon

optimized, to express enzyme at increased levels.

128



WO 2022/183052 PCT/US2022/017998

Example 9. Administration of rAAV9 with a ubiquitous promoter driving GLA expression
results in dose dependent restoration of kidney function while a liver targeted rAAVS8 driving

GLA expression improved kidney function only at a high dose

{0457} This Example examined the effect of rAAV9 and rAAV8 on kidney function in
G3Stg/GLAko mice.

[0458] First, rAAVS and rAAV9 were produced and purified as described in Example 1
above.

[0459] Next, the G3Stg/GLAko mice, as described in Example 3 mice were treated with

rAAVS8 and rAAV9. Wild type animals were treated with vehicle as control. Kidney function
was evaluated by measuring blood urea nitrogen.

0460} It was observed that rAAV9-WT resulted in dose dependent decreases in serum
BUN, restoring levels close to that of healthy wild type animals at the highest dose of
6.25e12vg/kg (FIG. 12A). Treatment of animals with the liver targeted rAAV8-WT resulted in
no improvement of serum BUN at 2.5el 1vg/kg dose and only showed a response at the 25x
higher dose of 6.25¢12vg/kg (FIG. 12B).

8461} This Example demonstrated that rAAV9 driving GLA expression via a ubiquitous
promoter rescues renal phenotypes associated with Fabry disease more efficiently than a liver

targeted rAAVSE.

Example 10. Higher Exposure of a-GAL variants compared to wildtype a-GAL in various
tissues after administration of plasmids expressing these variants via hydrodynamic tail vein
injection.

0462} This Example shows serum stability and tissue biodistribution of the various o.-
GAL variants in vivo.

8463} Plasmids expressing either wild type or engineered human alpha galactosidase (o-
o-GAL) under a ubiquitous promoter were tested in a mouse model of Fabry disease. In the first
study the following plasmids were tested: WT expresses wild type a-GAL while A, B, C,D, E, F
express engineered o.-GAL proteins. In the second study, the following plasmids were tested:
WT expressing WT o-GAL protein while 002, 003, 004, 005, 006 and 007 expressing

engineered o-GAL variants.
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|8464] In the first study, 12-14-week-old male GLAko mice were administered with
50ug plasmid DNA each via hydrodynamic gene delivery by tail vein injection. An arm was
included in the study where GLAko mice were injected with buffer only as a negative control.
Another arm was included in the study in which WT animals were treated with buffer. The
animals were sacrificed 2 days post injection. Serum was collected by cardiac puncture at
terminal endpoint and tissues such as the heart and kidney were collected after perfusion with
PBS. Samples were snap frozen and stored at -80°C. Serum and tissue samples were analyzed for
o-GAL activity.

[0465] In the second study, 10-12 week old male mice were used. The same study design
as the first study was followed. An additional arm was included in this study in which the
GLAko mice were injected with recombinant human o-GAL protein at 1mg/kg dose as a
positive control.

[8466] Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5%
Triton-X 100 and 1.5x Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant
collected for analytical assays. Alpha galactosidase activity in supernatant or serum was
measured using a fluorescent substrate. Briefly, 2ul of biological samples were incubated with 15
ul 4-MU-a-GLA substrate solution (Research Products International Company, catalog#
M65400) with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795)
at 37°C for 60 minutes. The enzymatic reaction is stopped by addition of 200 uL glycine
carbonate stop solution, pH 10.7. The 4-MU product was measured at the excitation wavelength
360 nm and emission wavelength 465 nm by a fluorescence plate reader. The concentrations of
4-MU in testing samples are calculated from the 4-MU calibration curve in the same plate.
Tissue activity was normalized to total protein concentration determined by BCA assay.

[0467} It was observed that in the first study, mice injected with plasmids A through F
had significantly higher levels of a-GAL activity in circulation as well as in the heart and
kidneys compared to that with WT (FIG. 10A-FIG. 10C). Plasmid A expresses wild type human
o-GAL protein while the other plasmids expressed o.-GAL variants that are engineered to
improve serum stability and tissue uptake, which was reflected in these results. Plasmid D
resulted in the highest a-GAL activity in both serum and tissues.

[0468] In the second study, mice injected with plasmids 002 through 007 (expressing

engineered o.- ot-GAL) had significantly higher levels of a-GAL activity in circulation as well as
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in the heart and kidneys compared to that with 001 (expressing WT a-GAL) (FIG. 10D-FIG.
10F). In this study, the variant 004 resulted in the highest serum and tissue ot-GAL activity.
[8469] This Example demonstrated that the plasmids containing various variant a-GAL
transgenes express enzymes with significantly higher serum stability and tissue biodistribution

compared to plasmids containing wild-type GLA.

Example 11. Comparison of vectors expressing engineered a- a-GAL and WT a-GAL
[8470] This Example examined enzyme activity in serum and tissues following
administration of viral vectors encoding engineered a- o-GAL and WT a- a-GAL.
[0471} First, 4 variants of rAAV9 vector (described herein as rAAV9-WT, rAAV9-A,
rAAV9-005, rAAV9-D were produced and purified as described in Example 1 above.
Study 1
{8472} In study 1, 12-13 weeks old G3Stg/GLAko male mice were administered once
with rAAV9-A, rAAV9-005, rAAV9-D, and rAAV9-WT at 2 different doses 5.0 x 101° and
2.5 x 10'tvg/kg, or with a null control at 2.5 X 10** vg/kg and monitored for 4 weeks post
dose. Table 3 shows the particular a-GAL variant used in each rAAV9. WT:WT sibling mice
with the same genetic background were used as control and were administered with vehicle only.
Mice were assigned to each test article group in a semi-randomized process based on pre-dose
body weights to ensure balanced groups. Serum was collected during the study at multiple time
points. Blood was collected via retro-orbital or tail vein bleed during the study and via cardiac
puncture at termination and processed to collect serum. At the end of the study, terminal serum
was collected, and mice were perfused for collection of organs, including liver, kidney and heart
then snap frozen in dry ice and stored at -80°C. Analytical evaluations included measurement of
o-GAL enzyme activity, and analyses of substrate levels in serum and various tissues.

Table 3: rAAV9 - a-GAL variant vector summary

' TAAVO9 vector name  g- o-GAL Protei“li“éomprisé;'SEQ Nucleic Acid |
variant ID NO comprises SEQ ID
i NO
rAAV9-WT WILD TYPE SEQID NO: 30 SEQID NO: 3
""""""" rAAV9-A 4 ~ SEQIDNO:7 | SEQIDNO: 18

131




WO 2022/183052 PCT/US2022/017998

rAAV9-005 005 SEQID NO: 15 SEQ ID NO: 27

rAAV9-D | D SEQ ID NO: 10 SEQ ID NO: 37

""""""" rAAV9-40 004 " SEQIDNO: 14  SEQID NO: 26
v o — e SRR SEOIDNG T
rAAVo-42 009 SEQID NO: 34 = SEQIDNO:32

Alpha Galactosidase Activity:
[0473] Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5%

Triton-X 100 and 1.5x Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant
collected for analytical assays. Alpha galactosidase activity in supernatant or serum was
measured using a fluorescent substrate. Briefly, 2ul of biological samples were incubated with 15
ul 4-MU-a-gal substrate solution (Research Products International Company, catalog# M65400)
with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795) at 37°C for
60 minutes. The enzymatic reaction is stopped by addition of 200 uL. glycine carbonate stop
solution, pH 10.7. The 4-MU product is measured at the excitation wavelength 360 nm and
emission wavelength 465 nm by a fluorescence plate reader. The concentrations of 4-MU in
testing samples are calculated from the 4-MU calibration curve in the same plate. Tissue
activity is normalized to total protein concentration determined by BCA assay (Thermo
Scientific, catalog# 23225).

[0474] Mus musculus, G3Stg/GLA knockout mice were generated by crossing GLA
knockout mice, which have a C57BL/6 background, withGB3 synthase transgenic mice. The
founders were purchased from Jackson labs and the breeding colony was maintained at Taconic
Biosciences. Animals were maintained in a controlled environment on a 12h dark/12h light
cycle (lights on at 7:00am) with no more than 4 mice per cage in a ventilated cage rack system at
Takeda or Melior Discoveries and fed standard rodent chow and water ad libitum.

[0475] Single intravenous administration of rAAV9-A, rAAV9-005 and rAAV9-D at
either 5.0 x 101 vg/kg or 2.5 X 10! vg/kg to male G3Stg/GLAko mice resulted in sustained
higher a-GAL activity in serum compared to administration of rAAV9-WT over the 4-week
duration of the study.

Study 2
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[8476] In study 2, 14-16 weeks old G3Stg/GLAko male mice were administered once
with rAAV9-40, tAAV9-41, rAAV9-42, rAAVO-WT, or with null vector at 2.5 x 10! vg/kg
dose and monitored for 4 weeks post dose. Table 3 shows the particular a-GAL variants used in
each rAAV9. WT:WT sibling mice were used as control and administered with vehicle only.
The same study design as the previous study was followed.in which older G3Stg/GLAko mice
(14-16 weeks old) were used, a single dose at 2.5 X 101! vg/kg of rAAV9-40, rAAV9-41 and
rAAV9-42 also produced sustained a-GAL activity in serum throughout 4 weeks and at a higher
level than rAAV9-WT treated animals.

[8477} FIG. 13A-FIG. 13B depict a-galactosidase activity of each variant in serum. It
was observed that the a-GAL activity in serum of animals dosed with rAAV9-A, rAAV9-005
and rAAV9-D at 2.5 X 10! vg/kg dose was more than 16,000 fold, 16,000 fold and 46,000 fold
respectively above normal a-GAL activity in WT mice, as measured in the WT:WT animals
treated with vehicle. In contrast, a-GAL serum activity after rAAV9-WT administration reached
just above 1,000 fold over normal. Further, elevated a-GAL activity in tissues (kidney, heart
and liver) was also observed in rAAV9-A, rAAV9-005 and rAAV9-D treated animals, compared
to ones treated with rAAV9-WT group at 2 different doses. FIG. 13C-FIG. 13E summarize the
a-galactosidase activity of each variant in kidney, heart and liver.

[8478] FIG. 14A depicts serum a-galactosidase activity of various variants in
G3Stg/GLAko mice (14-16 weeks old). Elevated serum o-GAL activity in rAAV9-40 and
rAAV9-42 group was above 11,000 fold compared to WT:WT vehicle control, and above 6,600
fold in rAAV9-41 group, while serum a-GAL activity in rAAV9-WT treated animals was only
780 fold above WT:WT control group. All tissues evaluated in rAAV9-40, rAAV9-42 and
rAAV9-41 group also demonstrated higher a-GAL activity than rAAV9-WT treated animals,
except in the liver of rAAV9-41 animals, which was lower than that of animals treated with
rAAV9-WT (FIG. 14B- FIG. 14D).

[0479} Table 4 summarizes the serum and tissue o.- a-GAL activities of each variant.
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Table 4: Serum and tissue o-GAL activity at 4 weeks post IV administration of variants compared to null control

o-GAL activity at a dose of 2.5 x 101! vg/kg
WT:WT Veh rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D
Act. Act. Act.
nmol/hr/m Act. nmol/hr/m Act. nmol/hr/m
L Serum nmol/hr/mL L Serum nmol/hr/mL L Serum
Serum, or mg of Serum or or mg of Serum or mg SE or mg of
Tissue Prot SEM | N mg of Prot SEM | N Prot SEM N of Prot M N Prot SEM N
675
Serum 11 2 6 423.9 247 [ 6 76503 18281 6 24553 8 6 23242 4973 6
Kidney 13 0 6 19 10 6 2052 520 6 468 112 ] 6 350 94 6
Heart 6 0 6 58 39 6 3951 892 6 799 188 | 6 758 158 6
114
Liver 37 2 6 432 241 6 23923 5646 6 4367 5 6 4623 812 6
a-GAL activity at a dose of 5.0 x 1010 vg/kg
WT:WT Veh TAAV9-null TAAV9-WT TAAV9-A TAAV9-005 rAAV9-D
Act. Act.
Act. Act. nmol/hr/m Act. nmol/hr/m Act.
nmol/kr/mL nmol/hr/mL L Serum nmol/hr/mL L Serum nmol/hr/mL
Serum, Serum or Serum or or mg of Serum or mg or mg of Serum or
Tissue mg of Prot | SEM N mgofProt | SEM | N Prot SEM | N of Prot SEM N Prot SEM N | mgofProt SEM N
Serum 11 2 6 1 1 5 11757 2914 5 484606 46941 5 162977 15844 | 5 160410 35695 5
Kidney 13 0 6 2 1 5 410 71 5 9824 1822 5 5321 962 5 3100 788 5
Heart 6 0 6 0 0 5 1439 343 5 22833 5065 5 10866 1499 5 7653 2700 5
Liver 37 2 6 3 1 5 16734 1687 5 86567 7160 5 43162 4175 5 34543 10554 5
a-GAL activity at a dose of 5.0 X 10'° yg/kg at 2.5 X 10! vg/kg from Study 2
WT:WT Veh TAAVY9-null TAAV9-WT TAAV9-A TAAV9-005 rAAV9-D
Act. Act,
Act. Act. nmol/hr/ nmol/hr/ Act.
nmol/hr/m nmol/hr/m mL Act. mL nmol/hr/m
L Serum L Serum Serum or nmol/hr/mL Serum or L Serum
Serum, or mg of or mg of mg of Serum or mg of or mg of
Tissue Prot SEM | N Prot SEM | N Prot SEM | N | mg of Prot SEM N Prot SEM N Prot SEM N
Serum 23 1 8 1] 0 7] 17938 2629 [ 7 253154 60153 | 8 | 151451 55459 | 7| 309866 75811 | 7
Kidney 1 0 8 1] 0 7 613 87 7 4263 880 8 1968 589 7 5936 1052 7
Heart 7 1 8 5 3 7 2270 423 7 7445 1392 18 5172 1964 |7 19168 4040 7
Liver 42 2 8 5 1 71 60999 8904 [ 7 142489 21338 | 8 | 29357 8232 |7 93335 21958 | 7
Serum 23 1 8 0 0 7| 17938 2629 |7 253154 60153 | 8 | 151451 55459 | 7| 309866 75811 | 7
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Example 12. Comparison of GB3 and lysoGb3 substrates reduction in variants
8480} This Example examined the effects of engineered o.-GAL and WT o.-GAL

variants on GB3 and lysoGb3 reduction.

GB3 and lysoGb 3 Substrate Quantification

[8481} Substrates from serum and tissue samples were analyzed using an LC-MS
method. Samples were extracted first using Chloroform:Methanol (v/v 2:1) and formic acid
before running in HPLC and LC-MS/MS (Applied Biosystem API5000, Turbo Ion Spray
Ionization, positive-ion mode).

[0482} It was observed that with sustained high a-GAL activity in serum and tissues,
both GB3 and lysoGb3 substrates were reduced substantially in mice treated with viral vectors
expressing oi-GAL compared to rAAV9- Null control in both studies. FIG. 15A-15D
summarizes serum and tissue GB3 at 4 weeks post IV administration of rAAV9-A, rAAV9-005,
rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 1 (described in Example
10). FIG. 16A-16D summarizes serum and tissue lysoGb3 at 4 weeks post IV administration of
rAAV9-A, tAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 1.
FIG. 17A-17D summarizes serum and tissue GB3 at 4 weeks post IV administration of rAAV9-
A, rAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2 different doses from Study 2
(described in Example 10). FIG. 18A-18D summarizes serum and tissue lysoGb3 at 4 weeks
post IV administration of rAAV9-A, rAAV9-005, rAAV9-D, rAAV9-WT, Null control at 2
different doses from Study 2. In the liver, where a-GAL activity was the highest after dosing of
viral vectors, all viral vectors were equally efficient in reducing substrate close to zero after
being dosed at 2.5 X 10%1vg/kg dose. In the heart and kidneys, rAAV9-A, rAAV9-005, rAAVO-
D, rAAV9-41 and rAAV9-42 were more efficient than rAAV9-WT, in reducing GB3. One
exception to this was the kidneys in rAAV9-41 treated animals. Table S shows serum and tissue
GB3 and lysoGb3 substrates at 4 weeks post IV administration of rAAV9-A, rAAV9-005,
rAAV9-D, rAAVO-WT, rAAV9 Null control at 2.5 X 10*!vg/kg and 5.0 X 10*° vg/kg doses
from Study 1. Table 6 shows Serum and tissue GB3 and lysoGb3 substrates at 4 weeks post IV
administration of TAAV9-40, rAAV9-41, rAAV9-42, tAAV9-WT, rAAV9- Null control at 2.5 X
10**vg/kg from study 2.
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0483 Table 7 shows comparison of tissue GB3 substrate reduction in percentage of
G3Stg/GLAko Null control group (rAAV9-null) at 4 weeks post administration of rAAV9 test
articles from study 1 and study 2.

[0484} GB3 reduction in the heart was at or greater than 86% in animals treated with
viral vectors expressing engineered o-GAL (as high as 95% in rAAV9-42 treated animals)
compared to animals treated with null vector. In contrast, GB3 was reduced in the heart by only
70% and 58% in animals treated with rAAV9-WT in studies 1 and 2 respectively (Table 7).
Substrate accumulation occurs progressively with age in this mouse model. Since older mice
were used in study 2, the percentage of substrate clearance by rAAV9-WT was lower in this
study than in study 1. Kidney GB3 reduction post treatment with rAAV9-A, rAAV9-005 and
rAAV9-D was 96%, 95% and 93% respectively, compared to 74% reduction in kidney GB3 in
animals treated with rAAV9-WT in study 1 (Table 7). In study 2, treatment with rAAV9-40,
rAAV9-41, and rAAV9-42 reduced kidney GB3 substrates by 86%, 51% and 86% respectively
compared to null vector treated animals, while the reduction in animals treated with rAAV9-WT
was 79% (Table 7). At 2.5el1 vg/kg dose of viral vectors expressing engineered a-GAL
variants in Fabry symptomatic mice, lysoGb3 substrate levels were nearly normalized to that of

WT:WT mice treated with vehicle (Table 5 and Table 6).
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Table S Serum and tissueGB3 and lysoGb3 substrates at 4 weeks post IV administration From Study 1.

WT:WT Vel rAAV9-null control rAAV9-22 rAAVY-A rAAV9-005 TAAVO-D
Serum, Gb3 ug/mL  [SEM N Gb3ug/mL  [SEM N (Gb3ug/mL  |SEM N Gb3 ug/mL  [SEM N (Gb3ug/mL | SEM N 'Gb3 ug/mL |SEM
Tissue Serum or mg [Serum or mg Serum or mg Serum or mg Serum or mg Serum or
of Prot of Prot of Prot of Prot of Prot mg of Prot
Serum 0.10 0.00 6 9.06 191 5 174 0.05 S l4e 0.12 S 1.66 0.12 5 1.58 0.16 5
Kidney 088 0.11 6 1382 157 S 3358 095 S 0.48 0.04 S 0.64 0.05 S 0.92 0.25 5
Heart 0.00 0.00 6 3638 2.59 5 15.20 110 5 242 0.17 5 484 0.84 3 282 0.40 5
Liver 0.00 0.00 6 18.46 147 5 0.10 0.00 s 0.14 0.02 S 0.12 0.02 N 0.12 0.02
Serum, (LysoGb3 SEM N LysoGb3 SEM IN LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM
Tissue  [ng/mL Serum ng/mL Serum ng/mL Serum ng/mL Serum ng/mL Serum ng/mL
or mg of Prot or mg of Prot or mg of Prot or mg of Prot or mg of Prot Serum or m:
of Prot
Serum 289 0.12 6 261.80 1536 5 221 0.17 B 3.12 0.17 S 079 0.10 5 0.61 0.04
Kidney 0.04 0.00 6 8.42 0.68 5 030 0.05 5 0.04 0.00 5 0.07 0.01 5 0.05 0.01
Heart 0.00 0.00 3 19.49 2.05 5 130 0.63 3 0.05 0.01 5 0.71 0.30 5 0.12 0.04
Liver 0.08 0.00 6 66.27 3.00 5 0.57 0.05 5 0.09 0.00 5 0.15 0.02 5 0.12 0.00

WI:WT Veh rAAV9-WT rAAV9-A TrAAV9-005 rAAV9-D
Serum, Gb3ug/mL | SEM N Gb3ug/mL | SEM N Gb3 ug/mL | SEM N Gb3ug/mL | SEM N Gb3 ug/mL. | SEM N
Tissue Serum or Serum or Serum or Serum or Serum or

mg of Prot mg of Prot mg of Prot mg of Prot mg of Prot
Serum 0.10 0.00 6 5.08 0.79 5 158 0.07 S 2.08 0.20 s 185 0.18 H
Kidney 0388 0.11 6 9.17 135 5 140 033 B 193 0.42 s 117 0.10 H
Heart 0.00 0.00 6 2542 143 5 3.90 0.39 5 12.50 2382 N 4.67 0.55 5
Liver 0.00 0.00 6 1.67 0.76 N 0.12 0.02 5 0.17 0.05 5 0.15 0.05 5
Serum, Tissy LysoGb3 SEM N LysoGb3 SEM N LysoGb3 SEM N LysoGh3 SEM N LysoGb3 SEM N

ng/mL Serun| ng/mL Serun| ng/mL Serun| ng/mL Serun| ng/mL Serun|

or mg of Prof or mg of Prof or mg of Prog or mg of Prof or mg of Prof
Serum 2.89 0.12 6 29.13 1039 S 0.66 0.02 5 1.76 083 5 1.01 0.41 S
Kidney 0.04 0.00 6 3.70 0.88 S 0.07 0.01 N 0.27 0.11 5 0.10 0.01 S
Heart 0.00 0.00 6 12.25 0.95 S 029 0.09 S 3.62 129 5 0.60 0.19 S
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|Lm»,r I 0.08 [ 0.00 | sl 849 | 274 | 5 | 0.13 | 001| sl 0.49 l 024 | 5 | 032 | 017| sl

Table 6 Serum and tissueGB3 and lysoGb3 substrates at 4 weeks post IV administration From Study 2.

WT:WT Veh rAAV9-null rAAV9-WT rAAV9-40 rAAV9-41 rAAV9-42

Gb3 ug/mL Gb3 ug/mL. Gb3 ug/mL Gb3 ug/mL Gb3 ug/mL. Gb3 ug/mL.
Serum, Serum or Serum or Serum or Serum or Serum or mg Serum or mg
Tissue mg of Prot SEM | N | mgofProt | SEM | N mgofProt |SEM |N | mgofProt [ SEM |N | ofProt SEM [N | ofProt SEM | N
Serum 0.1 0.0 6 9.9 0.7 7 14 0.1 7 1.0 0.1 8 15 0.1 7 1.0 0.1 7
Kidney 2.3 0.5 6 17.0 12 7 35 0.6 7 25 0.6 8 8.4 23 7 24 0.4 7
Heart 0.0 0.0 6 356 3.0 7 10.8 0.8 7 27 0.7 8 4.8 16 7 19 02 7
Liver 0.0 0.0 6 28.9 22 7 0.1 0.0 7 0.1 0.0 8 0.1 0.0 7 0.1 0.0 7

LysoGb3 LysoGb3 LysoGb3 LysoGb3 LysoGb3

ng/mL ng/mL ng/mL ng/mL ng/mL LysoGb3
Serum, Serum or Serum or Serum or Serum or Serum or mg ng/mL Serum
Tissue mg of Prot SEM | N | mgofProt | SEM | N mgofProt |SEM |N | mgofProt [ SEM |N | ofProt SEM [N |ormgofProt | SEM | N
Serum 15 0.1 6 568.1 33.0 7 11.8 11 7 2.0 0.2 7 2.7 0.6 6 2.1 0.1 7
Kidney 0.1 0.0 6 16.9 12 7 0.5 0.1 7 02 0.1 8 0.4 0.2 7 0.1 0.0 7
Heart 0.0 0.0 6 29.9 25 7 6.4 0.8 7 1.0 0.8 8 1.7 1.1 7 0.2 0.0 7
Liver 0.1 0.0 6 1154 8.2 7 03 0.0 7 02 0.1 8 0.2 0.1 7 0.1 0.0 7

Table 7 Comparison of tissueGB3 substrate reduction in percentage of G3Stg/GLAko Null control group (rAAV9-MY011) at 4
weeks post administration of rAAV9 test articles from 2 studies (Study 1 and Study 2) at indicated dose

Study 1
Tissue %GB3 reduction from

Null group at 2.5el1vg/ke dose rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D

Kidney 74% 96% 95% 93%

Heart 58% 93% 86% 92%

Liver 99% 99% 99% 99%

Study 2

rAAV9-WT rAAV9-40 rAAvV9-41 rAAvV9-42

Kidney 79% 86% 51% 86%

Heart 70% 92% 87% 95%
Liver 99.7% 99.7% 99.6% 99.6%
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Example 13 - In vitro assessment of plasmids expressing codon-optimized engineered a-GAL
variants.

8485} This Example examined the a-GAL activity of various codon optimized o -GAL
variants in two different cell lines.

8486} The DNA sequence of engineered o -GAL variants D and 004 were further codon
optimized to improve expression from human liver, kidney and heart tissues. Up to six individual
DNA sequences were each generated for the engineered o -GAL variants D and 004. These were
then incorporated into plasmids and used for transfection.

0487} Huh7 (human hepatoma) or HEK293 (human embryonic kidney) cells were
transfected with plasmids expressing different a-GAL variants using lipofectamine 3000 reagent
kit (Thermo Fisher Scientific) as per manufacturer’s instructions. Briefly, cells were seeded at
125,000 cells per well in a 12 well plate format with 1mL per well growth media and maintained
at 37C, 5% CO2 overnight. Next day, a fresh media was added (1mL per well) before
transfection. For each plasmid, 1ug of plasmid DNA was added to 2ul of P3000 reagent, 1.5ul of
lipofectamine 3000 and enough OptiMEM media to make up 100ul and incubated at room
temperature for 10-15mins. This mixture was then added to the cells and incubated at 37C, 5%
CO2 overnight. Next day, media was refreshed, and cells incubated for another day before
collecting the supernatant for o-GAL activity analysis.

[6488] Supernatants from the transfected cells were collected and assayed for o -GAL
enzyme activity. All the codon optimized variants of D resulted in significantly higher o -GAL
activity compared to either WT a -GAL or non-optimized enzyme D in Huh7 cells. (FIG. 19A).
In contrast, in HEK293 cells, only 3 of the optimized variants showed superior activity in
supernatant (FIG. 19C). In case of engineered variant 004, only one codon optimized variant
showed relatively good activity in both Huh7 and HEK293 cells (FIG. 19B, 19D). The plasmids
expressing the two of the codon optimized engineered variants were then packaged into rAAV9

virus and tested in vivo, as described in Example 13.

Example 14 - In vivo assessment of plasmids expressing codon-optimized engineered a-GAL
variants.

{0489} This Example examined the a-GAL activity of various codon optimized o -GAL
variants in Fabry model mice (G3Stg/GLAko).
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18490} 10-12 weeks old G3Stg/GLAko male mice were administered once with rAAV9-
D3 and rAAV9-004-3, at 4 different doses 2.5 x 108,2.5 x 109, 2.5 x 10*% and 2.5 x
1011vg/kg, or with a null control rAAV9-NULL at 2.5 X 1011vg/kg and monitored for 4 weeks
post dose. WT:WT and WT:CAR sibling mice with the same genetic background were used as
control and were administered with vehicle only. Mice were assigned to each test article group
in a semi-randomized process based on pre-dose body weights to ensure balanced groups.
Serum was collected during the study at multiple time points. Blood was collected via retro-
orbital or tail vein bleed during the study and via cardiac puncture at termination and processed
to collect serum. At the end of the study, terminal serum was collected, and mice were perfused
for collection of organs, including liver, kidney and heart then snap frozen in dry ice and stored
at —80°C. Analytical evaluations included measurement of a-GAL enzyme activity, and analyses
of substrate levels in serum and various tissues.

[8491] Tissues were homogenized in lysis buffer containing 10mM HEPES with 0.5%
Triton-X 100 and 1.5X Halt protease inhibitor cocktail, EDTA free, centrifuged and supernatant
collected for analytical assays. Alpha galactosidase activity in supernatant or serum was
measured using a fluorescent substrate. Briefly, 2ul of biological samples were incubated with
15 uL 4-MU-a-gal substrate solution (Research Products International Company, catalog#
M65400) with a-galactosidase B inhibitor (N-acetyl-D-galactosamine, Sigma catalog #A-2795)
at 37°C for 60 minutes. The enzymatic reaction is stopped by addition of 200 uL glycine
carbonate stop solution, pH 10.7. The 4-MU product 1s measured at the excitation wavelength
360 nm and emission wavelength 465 nm by a fluorescence plate reader. The concentrations of
4-MU in testing samples are calculated from the 4-MU calibration curve in the same plate.
Tissue activity is normalized to total protein concentration determined by BCA assay (Thermo
Scientific, catalog# 23225).

|6492} Dose dependent expression of a-GAL was observed in G3Stg/GLAko mice after
intravenous administration of rAAV9-D3 and rAAV9-004-3 at doses ranging from 2.5e8 vg/kg
to 2.5e11 vg/kg to male G3Stg/GLAko mice resulted in sustained higher a.-GAL activity in
serum over the 4-week duration of the study (FIG. 20A). The a-GAL activity in serum of
animals dosed with rAAV9-D3 and 004-3 at 2.5e11 vg/kg dose was more than 2 logs in order of
magnitude higher above normal a.-GAL activity in WT mice, as measured in the WT animals

treated with vehicle. The G3Stg/GLAko mice treated with rAAV9-NULL had undetectable
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levels of a-GAL in circulation. Dose dependent increase in a-GAL activity was observed in
tissues (kidney, heart and liver) in animals treated with rAAV9-D3 and 004-3 (FIG. 20B-20D).
Significant a-GAL activity above normal WT levels was observed at doses at or above

2.5e10vg/kg of rAAV9- D3 and rAAV9-004-3.

Example 15 - In vivo assessment of GB3 and lysoGb3 substrates with plasmids expressing
codon-optimized engineered a-GAL variants.

[0493] This Example examined the reduction of GB3 and lysoGb3 substrates in various
codon optimized o -GAL variants in Fabry model mice (G3Stg/GLAko).

[0494] As explained in Example 14, G3Stg/GLAko male mice were administered with
rAAV9-D3 and rAAV9-004-3, at 4 different doses. Additionally, tissues were homogenized as
previously mentioned in Example 14. Substrates from serum and tissue samples were analyzed
using an LC-MS method. Samples were extracted first using Chloroform:Methanol (v/v 2:1) and
formic acid before running in HPLC and LC-MS/MS (Applied Biosystem APIS000, Turbo Ion
Spray lonization, positive-ion mode).

[0495] It was observed that bothGB3 and lysoGb3 substrates were reduced in a dose
dependent manner in mice treated with rAAV9-D3 and rAAV9-004-3 compared to rAAV9-null
control (FIG. 21A-21H). At the highest dose of 2.5e11vg/kg, treatment of animals with either
rAAV9-D3 or rAAV9-044-3 resulted in decreasing the levels of GB3 and lysoGb3 substrate to
normal WT levels in the key target tissues such as the kidney and the heart. Similar trends were

observed for the liver and serum.
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EQUIVALENTS AND SCOPE

8496} Those skilled in the art will recognize, or be able to ascertain using no more than
routine experimentation, many equivalents to the specific embodiments of the invention
described herein. The scope of the present invention is not intended to be limited to the above

description, but rather is as set forth in the following claims:
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CLAIMS
1. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having

broad tissue tropism, said vector comprising

a. a 5” inverted terminal repeat (ITR);
b. a ubiquitous promoter;
C. a nucleotide sequence encoding a-GAL enzyme;

d. apoly A; and
e a3 ITR

2. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having

broad tissue tropism, said vector comprising

a. a 5’ inverted terminal repeat (ITR);
b. a ubiquitous promoter;
C. a nucleotide sequence encoding a-GAL enzyme;
d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE);
e a poly A; and
f a3’ ITR
3. The recombinant rAAYV vector of claim 1 or 2, wherein the AAV capsid is a wide-

tropism AAV capsid selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4
capsid, AAVS capsid, AAV6 capsid, AAV7 capsid, AAVS capsid, or AAVO capsid.

4. The recombinant rAAV vector of claim 3, wherein the wide-tropism AAV capsid is
AAV9.
S. The rAAV vector of claim 1, wherein the ubiquitous promoter is selected from chicken 3

actin (CBA) promoter, EF-1a promoter, PGK promoter, UBC promoter, LSE beta-glucuronidase
(GUSB) promoter, or ubiquitous chromatin opening element (UCOE) promoter.

6. The rAAV vector of claim 1, wherein the ubiquitous promoter comprises a cyto-megalo-

virus (CMV) enhancer, chicken beta actin promoter, and a rabbit beta globin intron.
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7. The rAAV vector of claim 1, wherein the ubiquitous promoter comprises a shortened EF-

la. promoter and one or more introns.

8. The rAAV vector of claim 7, wherein the one or more introns are from chicken B-actin

and/or rabbit f-globin genes.

9. The rAAV vector of claim 4, wherein the AAV9 capsid is naturally occurring or
modified.

10. The rAAV vector of claim 2, wherein the WPRE sequence is modified.

11. The rAAV vector of claim 10, wherein the WPRE sequence is WPRE mut6delATG.

12. The rAAV vector of claim 1 or 2, wherein the poly A is bovine growth hormone (BGH)
poly A.

13. The rAAV vector of any one of the proceeding claims, wherein the nucleotide sequence

encoding a-GAL enzyme is codon optimized.

14, The rAAV vector of claim 13, wherein the nucleotide sequence encoding a-GAL enzyme

1s codon optimized for human cells.

15. The rAAV vector of any one of claims 1-13, wherein the a-GAL enzyme has an

unmodified sequence.
16. A method of treating Fabry disease, the method comprising administering to a subject in
need thereof a recombinant adeno-associated viral vector (rAAV) of any one of the preceding

claims.

17. A pharmaceutical composition comprising the rAAV vector of any one of claims 1-15.
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18. A cell comprising the rAAV vector of any one of claims 1-15.

19. A method of treating Fabry disease, the method comprising administering to a subject in
need thereof a recombinant adeno-associated viral vector (rAAV) packaged in a capsid with
broad tissue tropism, the vector comprising:

a. a 5” inverted terminal repeat (ITR);

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken

beta actin promoter, and a rabbit beta globin intron;

C. a nucleotide sequence encoding o-GAL enzyme ;

d. a poly A; and

e. a3’ ITR

20. A method of treating Fabry disease, the method comprising administering to a subject in
need thereof a recombinant adeno-associated viral vector (rAAV) packaged in a capsid with
broad tissue tropism, the vector comprising;

a. a 5” inverted terminal repeat (ITR);

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken

beta actin promoter, and a rabbit beta globin intron;

C. a nucleotide sequence encoding a-GAL enzyme ;

d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE);

e apoly A; and

f. a3’ ITR

21. The method of claim 19 or 20, wherein the AAV capsid is a wide-tropism AAV capsid
selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAVS capsid,

AAV6 capsid, AAV7 capsid, AAVS capsid, or AAV9 capsid.

22. The recombinant rAAV vector of claim 21, wherein the wide-tropism AAV capsid is
AAVO.
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23. The method of claim 19 or 20, wherein the nucleotide sequence encoding a-GAL

enzyme is codon optimized.

24, The method of claim 19 or 20, wherein the nucleotide sequence encoding a-GAL

enzyme is engineered.

25. The method of claim 24, wherein the nucleotide sequence encoding a-GAL enzyme is

engineered and codon optimized.

26. The method of any one of claims 19-22, wherein the «-GAL enzyme has an unmodified

sequence.

27. The method of claim 20, wherein the WPRE 1s WPRE mut6delATG.

28. The method of claim 20, wherein the poly A is a bovine growth hormone (BGH) poly A.

29. The method of any one of claims 19-28, wherein the rAAYV vector is administered by

intravenous, subcutaneous, or transdermal administration.

30. The method of claim 29, wherein the transdermal administration is by gene gun.
31. The method of any one of claims 19-30, wherein the rAAV vector is episomal following
administration.

32. The method of claim 19 or 20, wherein the rAAV vector achieves a therapeutic effect at a
lower dose than a rAAYV vector comprising an AAV1 capsid, AAV2 capsid, AAV3 capsid,
AAV4 capsid, AAVS capsid, AAV6 capsid, AAV7 capsid, or AAV8 capsid which is specifically

targeted to the liver using a liver-specific promoter.
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33. The method of any one of claims 19-32, wherein following administration of the rAAV
vector, the subject has detectable o.-GAL in the serum for at least 5 weeks, 10 weeks, 15 weeks,

26 weeks, 1 year, 5 years, 10 years or 15 years.

34. The method of claim 33, wherein the subject has detectable o.-GAL in the serum for

greater than 15 weeks.

35. The method of any one of claims 19-34, wherein administration results in o-GAL
enzyme expression in one or more of liver, kidney, heart, and gastrointestinal tract, of the

subject.

36. The method of any one of claims 19-34, wherein administration of the rAAV vector
results in reduced levels of globotriaosylceramide (gb3) in one or more of liver, heart, kidney

and GI tract of the subject.

37. A method of expressing a-GAL enzyme in a cell, the method comprising administering a
rAAV vector packaged in an AAV9 capsid, said vector comprising:

a a 57 inverted terminal repeat (ITR);

b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken

beta actin promoter, and a rabbit beta globin intron;

C. a nucleotide sequence encoding a-GAL enzyme;

d. a bovine growth hormone (BGH) poly A; and

e a3’ ITR

38. A method of expressing a-GAL enzyme in a cell, the method comprising administering a
rAAV vector packaged in an AAV9 capsid, said vector comprising;
a. a 5° inverted terminal repeat (ITR);
b. a ubiquitous promoter comprising a cyto-megalo-virus (CMV) enhancer, chicken
beta actin promoter, and a rabbit beta globin intron;

C. a nucleotide sequence encoding a-GAL enzyme;
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d

a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE)

having mut6del ATG mutation ;

e a bovine growth hormone (BGH) poly A; and
f. a3’ ITR
39. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having

broad tissue tropism, said vector comprising

a.
b.

C.

d.

€.

a 5 inverted terminal repeat (ITR);

a liver specific promoter;

a nucleotide sequence encoding a-GAL enzyme;
a poly A; and

a3’ ITR

40. A recombinant adeno-associated virus (rAAV) vector packaged in an AAV capsid having

broad tissue tropism, said vector comprising

a. a 5’ inverted terminal repeat (ITR);
b. a liver-specific promoter;
C. a nucleotide sequence encoding o-GAL enzyme;
d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE);
3 a poly A; and
f. a3’ ITR
41. The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme

1s codon optimized.

42, The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme

is engineered.

43, The vector of claim 39 or 40, wherein the nucleotide sequence encoding a-GAL enzyme

is both codon optimized and engineered.
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