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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-014WQ_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 o -galactosidase A (o -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.

j8004] 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 o -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): e0182379.) and typically occurs in males.

|0005] Fabry disease 1s 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 is not curative and does not stop disease progression. For example, the two ot-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 o.-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 -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.

j8008] Described herein are methods and compositions for effective delivery of o --
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 « -
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 rAAYV 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.

{0009 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.
j6010] 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.

j0012] 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; (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.
[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/8.

[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 1s 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 AAV8. In some
embodiments, the AAV capsid with wide-tropism is AAV is AAVO.

[6015] 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 1s 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.

[0016] In some embodiments, the ubiquitous promoter is selected from chicken B actin
(CBA) promoter, CAG promoter, EF-10 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-1a 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.

[0020] 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.

[6024] In some embodiments, the nucleotide sequence encoding a-GAL enzyme is codon
optimized.
[0025] 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.

j6027] In some embodiments, the a-GAL enzyme has a modified sequence.

|6028] In some embodiments, the nucleotide sequence encoding the a-GAL enzyme is
engineered.

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

engineered and codon optimized.
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j6030] 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).

j0031] 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 ID
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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j8033] In some embodiments, the modified sequence comprises 10 amino acid
substitutions in comparison to wild-type a-GAL enzyme (SEQ ID NO: 30).

j0034] 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 1dentity 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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j8035] 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/ 1.286/A292/ H302/ Q333/
K314/ 1L.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.

[8045] In some aspects, a pharmaceutical composition is provided, the composition
comprising the rAAYV vector as described herein.

j8046] In some aspects, a cell is provided, the cell comprising the rAAYV 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 1s 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



WO 2022/183052 PCT/US2022/017998

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

j0047] 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 (CMV) 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 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 (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.

[8049] 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, AAV8 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 AAYV capsid is an AAV3 capsid. In some
embodiments, the wide-tropism AAYV 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 AAVS8 capsid. In some
embodiments, the wide-tropism AAV capsid is an AAV9 capsid.

j6058] In some embodiments, the rAAV vector is administered by intravenous,
subcutaneous, or transdermal administration. Accordingly, in some embodiments, the rAAV
vector 1s 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 rAAV vector is administered transdermally to a subject in need thereof.

[0051] In some embodiments, the transdermal administration is by gene gun.

10
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j0052] In some embodiments, the rAAV 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 a-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
arAAYV vector comprising an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4 capsid, AAVS
capsid, AAV6 capsid, AAV7 capsid, or AAV8 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 rAAYV 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 rAAYV vector comprising an AAV8 capsid with a liver specific promoter.
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j0055] In some embodiments, a rAAYV 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.

{0056} 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 rAAYV 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.

[0057] In some embodiments, expression of modified a-GAL enzyme provides 3, 10, 30,
100, 300 fold higher serum a-GAL levels compared to the expression of WT a-GAL. In some
embodiments, expression of modified o-GAL enzyme provides, 3, 10, 30, 100, 300 fold higher
intracellular enzyme levels compared to expression of WT a-GAL.

[O0S8] 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
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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.

[0059] 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.

0060 In some aspects, the present disclosure encompasses a method of expressing a-
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 (CMV) enhancer, chicken beta actin promoter, and a
rabbit beta globin intron; (¢) a nucleotide sequence encoding a-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 a-
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 (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 mut6delATG
mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a 3 ITR.

|6062] 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; and a 3’ ITR.

j0063] 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 AAVO 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. 3I 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 rAAVO 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
(1i.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
rAAVO-WT as compared to rAAV9-null, and vehicle (i.e., formulation buffer alone). FIG. SC
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. SF shows reduction
of GB3 in brain after administration of rAAV9-WT as compared to rAAV9-null, and vehicle
(i.e., formulation buffer alone). FIG. SG shows dose-dependent reduction of lysoGb3 in liver as

compared to rAAV9-null. FIG. SH shows dose-dependent reduction of lysoGb3 in kidney as
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compared to rAAV9-null. FIG. SI shows dose-dependent reduction of lysoGb3 in heart as
compared to rAAV9-null. FIG. 5J shows dose-dependent reduction of lysoGb3 in duodenum as
compared to rAAV9-null. FIG. SK shows dose-dependent reduction of lysoGb3 in colon as
compared to rAAV9-null. FIG. SL shows dose-dependent reduction of lysoGb3 in brain as
compared to rAAV9-null.

[0069] 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.

[{0070] 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 rAAV9-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.

(00721 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 rAAVO-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.

[0073] FIG. 10A-10F shows the exposure of a-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 s 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 rAAVE-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 1mg/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 rAAVO-WT and rAAVS-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.

[0076] 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.

[6877] 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 1011
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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j6078] 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 a-GAL variants. FIG. 15C shows
heart GB3 in response to treatment with rAAV9 expressing a-GAL variants. FIG. 15D shows
liver GB3 in response to treatment with rAAV9 expressing o.-GAL variants.

[0079] FIG. 16A-16D are series of graphs showing the presence of lysoGb3 in serum
and tissues in mice treated with rAAV9 expressing a-GAL variants, according to Study 1. FIG.
16A shows serum lysoGb3in response to treatment with rAAV9 expressing o-GAL variants.
FIG. 16B shows kidney lysoGb3 in response to treatment with rAAV9 expressing a-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.

j0088] 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 a-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.

(00811 FIG. 18A-18D are series of graphs showing the presence of lysoGb3 in serum
and tissues in mice treated with rAAV9 expressing a-GAL variants, according to Study 2. FIG.
18A shows serum lysoGb3 in response to treatment with rAAV9 expressing o-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.

{0082} 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 a-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 a-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 A-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.
{00831 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 1s 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 1s a histogram of dose-dependent 0-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.

|8086] 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.
{0088] 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
is 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 1s
used, the amino acid may be in either the L- or D-configuration about a-carbon (Cs). 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 ot-GAL protein.
{00911 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 1s 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, 1.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.

[6093] 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.
[0094] 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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j8096] 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.

[8097] 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 0-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 variants 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 a-
linkage of galactose to lactosylceramide catalyzed by A4GALT.GB3 is hydrolyzed at the
terminal alpha linkage by GLA. Fabry disease is 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.

[0106] 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.

o101} 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.

[3162] Galactosidase: The term “galactosidase” or “alpha galactosidase A” or” a-
galactosidase A” or “a-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 o-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, o.-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 a-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 o-
GAL polypeptide or another engineered a.-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 a-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 o.--GAL polypeptide
exhibiting one or more improved enzyme properties, is codon optimized.

[8104] In various embodiments, codon optimized and/or engineered a--GAL variants
exhibit one or more aforementioned improved properties. In a particular embodiment, a-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 increased specific catalytic activity over wild type a-GAL
polypeptide.

[0105] “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.

[0106] 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 is used to refer to an “intrinsic o.-GAL expression system” it means that a-GAL
is expressed from within the cells of a tissue.

[6167] 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; i.e., an analogue of A will base-pair with T.

[0108] 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 is a transcriptional regulatory sequence that is operatively linked to a coding sequence,

even though they are not contiguous.
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j0109] 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 7to 11.
j0111] 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.

{0113 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.

j0114] Tropism: As used herein, the terms “tropism,” or “tropicity” in the context of
AAV 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).
j0115] 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).

{0116} 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 i1solated from a source
in nature and which has not been intentionally modified by human manipulation.

[0117] The recitation of numerical ranges by endpoints herein includes all numbers and
fractions subsumed within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.9, 4 and 5). It 1s
also to be understood that all numbers and fractions thereof are presumed to be modified by the
term “about.”

j0118] 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, tinghing, or
pricking sensations or numbness m the extremties, 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.

[6120] 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 a.-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
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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.

[0123] In some embodiments, an intrinsic GLA expression system as provided herein
comprises a viral vector, comprising a sequence encoding o-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 o-
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 a-GAL production from the
liver and “cross-correction” of other tissues. This disclosure provides a system for intrinsic
expression of a-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 3 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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[0124] 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 B 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 ot-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, AAVT, AAVS8 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.

[8126] 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 o.-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 ot-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 ot-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, AAV7,
AAV8 or AAV9 having a ubiquitous promoter.

j0128] 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 «-GAL variant.

[0129] 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 a-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 a-GAL. In some embodiments, a «-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 a-GAL encoded by a GLA transgene comprises an

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

Gene Therapy Vectors
[0138] 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.
[0131] 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 «-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 o.-GAL
encoded by a GLA transgene comprises SEQ ID NO: 76 at the N-terminus. In some
embodiments, an a-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
atgcagctgaggaacccagaactacatctgggctgegegettgegcettegettectggecctegtttcctgggacatcectggggoctagage
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 LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCI SEKLFMEMAERMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOQADPORFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKROLGFYEWTSRLKSHINPTGTVLLQ

LENTMOMSLKDLL (SEQ ID NO: 7)

B LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCI SEKLFEEMAERMVTEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOQADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNEFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRATISPQ
AKATLLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQ ID NO: 8)
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LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRAISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQ ID NO: 9)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRAISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRGYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQ ID NO: 10)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTEIRQYCNHWRNFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRAISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQID NO: 11)

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
DIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWASIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAGPLFMSNDLRAISPQ
AKATLLODTDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRGYTIPVAKLGKGVACNPACFITQLLPVKRKLGFYEATSRLRSHINPTGTVLLQ

LENTMQTSLKDLL (SEQ ID NO: 46)

002

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWASTIKSILDWTSENQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLLODKDVIAINQDPLGKOGYQLROGDNFEVWERPLSGLAWAVAVINRQEIGG
PRSYTIAVASLGGGVACNPACFITQLLPVKRKLGLYEWT SRLKSHINPTGTVLLQ

LENTMOMSLKDLL (SEQ ID NO: 12)

003

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWKSIKSILDWTSENQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIATINQDPLGKOGYQLRKGDNFEVWERPLS GDAWAVAMINRQETIGG
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PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWT SRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 13)

004

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAERMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMASWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKROLGFYNWT SRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 14)

005

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWKSIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWT SRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 15)

006

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWKSIKSILDWTSENQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLLODKDVIAINQDPLGKOGYQLRQGDNFEVWERPLS GDAWAVAMINRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEWT SRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 16)

007

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWKSIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKRKLGFYEATSRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQID NO: 17)

008

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWASTIKSILDWTSRNQE
RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKROLGFYNWT SRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 33)

009

LDNGLARTPPMGWLHWERFMCNLDCQEEPDSCISEKLFEEMAERMVTDGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANHVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNKTGR
PIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWASTKSILDWTSRNQE
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RIVDVAGPGGWNDPDMLVIGNFGLSWDQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLODKDVIAINQDPLGKOGYQLRKGDNFEVWERPLSGDAWAVAT INRQEIGG
PRSYTIPVASLGKGVACNPACFITQLLPVKROLGFYNWT SRLKSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 34)

wr

LDNGLARTPTMGWLHWERFMCNLDCQEEPDSCISEKLFMEMAELMVSEGWKDAGY
EYLCIDDCWMAPQRDSEGRLOADPORFPHGIRQLANYVHSKGLKLGIYADVGNKT
CAGFPGSFGYYDIDAQTFADWGVDLLKEFDGCYCDSLENLADGYKHMSLALNRTGR
SIVYSCEWPLYMWPFOKPNYTETIRQYCNHWRNFADIDDSWKSIKSILDWTSENQE
RIVDVAGPGGWNDPDMLVIGNFGLSWNQOVTOMALWAIMAAPTLFMSNDLRHISPQ
AKATLLODKDVIAINQDPLGKOGYQLROQGDNFEVWERPLSGLAWAVAMINRQEIGG
PRSYTIAVASLGKGVACNPACFITQLLPVKRKLGFYEWT SRLRSHINPTGTVLLQ
LENTMOMSLKDLL (SEQ ID NO: 30)

Exemplary a-GLA Amino Acid with Signal Peptide

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRQLGEFYEWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
47)

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQ ID NO:
48)

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGEFPGSFGYYDIDAQTFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]QO:
49)

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PPMGWLHWERFMCNLD
COEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQORDSEGRLQADP
ORFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSEFGYYDIDAQTFADWGVD
LLKEFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQOKPNYTETIR
QYCNHWRNFADIDDSWASIKSILDWT SRNOQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMATLWAIMAGPLFMSNDLRAISPOAKALLODKDVIATINQDPLGKQGYQ
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LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRGYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]QO:
50)

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVAKLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]QO:
51)

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PPMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNKTGRDIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAGPLFMSNDLRATISPOAKALLODTDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAIINRQEIGGPRGYTIPVAKLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLRSHINPTGTVLLQLENTMQTSLKDLL (SEQID]QO:
52)

002

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAEILMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGLAWAVAVINRQEIGGPRSYTIAVASLGGGVACNPACFEIT
QLLPVKRKLGLYEWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
53)

003

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAEILMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVAMINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:

54)

004

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PTMGWLHWERFMCNLD
COEEPDSCISEKLFMEMAERMVSEGWKDAGYEYLCIDDCWMAPQORDSEGRLQADP
ORFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSEFGYYDIDAQTFADWGVD
LLKEFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTETIR
QYCNHWRNFADIDDSWASIKSILDWT SRNOQERIVDVAGPGGWNDPDMLVIGNEGL
SWDOQOVTOMASWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATINRQETIGGPRSYTIPVASLGKGVACNPACFEIT
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
55)

005

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
56)

006

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAELMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGDAWAVAMINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
57)

007

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRKLGFYEATSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
58)

008

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWASIKSILDWTSRNQERIVDVAGPGGWNDPDMLVIGNEGL
SWDQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATIINRQEIGGPRSYTIPVASLGKGVACNPACFEIT
QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
59)

009

MOLRNPELHLGCALALRFLALVSWDI PGARALDNGLART PPMGWLHWERFMCNLD
COEEPDSCISEKLFEEMAERMVTDGWKDAGYEYLCIDDCWMAPQORDSEGRLQADP
ORFPHGIRQLANHVHSKGLKLGIYADVGNKTCAGFPGSEFGYYDIDAQTFADWGVD
LLKEFDGCYCDSLENLADGYKHMSLALNKTGRPIVYSCEWPLYMWPFQOKPNYTETIR
QYCNHWRNFADIDDSWASIKSILDWT SRNOQERIVDVAGPGGWNDPDMLVIGNEGL
SWDOQOVTOMATLWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LRKGDNFEVWERPLSGDAWAVATINRQETIGGPRSYTIPVASLGKGVACNPACFEIT
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QLLPVKRQLGFYNWTSRLKSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
60)

WT with
signal
peptide

MOQLRNPELHLGCALALRFLALVSWDIPGARALDNGLART PTMGWLHWERFMCNLD
CQEEPDSCISEKLFMEMAEILMVSEGWKDAGYEYLCIDDCWMAPQRDSEGRLQADP
QRFPHGIRQLANYVHSKGLKLGIYADVGNKTCAGFPGSFGYYDIDAQTEFADWGVD
LLKFDGCYCDSLENLADGYKHMSLALNRTGRSIVYSCEWPLYMWPFQKPNYTEIR
QYCNHWRNFADIDDSWKSIKSILDWTSFNQERIVDVAGPGGWNDPDMLVIGNEGL
SWNQOVTOMALWAIMAAPLFMSNDLRHISPOAKALLODKDVIAINQDPLGKQGYQ
LROGDNFEVWERPLSGLAWAVAMINRQEIGGPRSYTIAVASLGKGVACNPACFEIT
QLLPVKRKLGFYEWTSRLRSHINPTGTVLLQLENTMQOMS LKDLL (SEQID]QO:
75)

Nucleic Acid Sequences

Nucleic
acid
encoding
A

ctggataatggattggctagaacacctactatggggtggcttcactgggagaggt
tcatgtgcaacctcgactgtcaggaagaaccagacagctgcatctccgagaaget
gtttatggaaatggccgagcgaatggtgtcagaaggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggctccgcaacgggacagtgagggeca
gacttcaggcagatcctcagcgecttcccacatgggataaggcagctcecgeccaacta
cgtccactctaagggactgaaactgggcatctatgctgacgtggggaataagacc
tgtgcgggatttccecggtagettcggctactacgacattgatgecccagacctttyg
ccgattggggagttgacctcecctcaaattcgatggectgectattgtgactctttgga
gaacctggcagacgggtacaagcatatgtccctggecctgaatcggacaggtaga
cccatcgtgtatagttgcgaatggecccecctttacatgtggecttttcaaaagccaa
actacactgagattcgccagtattgcaatcactggaggaacttcgctgatatcga
tgactcatgggcgagcatcaaatccatattggattggacctctcggaatcaggag
cgcattgtagacgtcgcaggacccggcggectggaacgaccctgatatgectggtga
tcgggaattttggtcttagectgggaccagcaagttacgcagatggctetgtggge
aattatggcagccccactcttcatgtccaacgatctgcgacacatctectecctecaa
gctaaggctctgctgcaggacaaagatgtgattgccatcaatcaggacccactecg
gaaagcagggctatcagctgagaaaaggcgacaacttcgaagtctgggaaaggcec
actttcaggagacgcatgggctgtggccataataaaccggcaagagattggtggg
cccaggagctacacaatccccecgttgceccagtttgggcaagggagtggegtgtaate
ctgcctgctttatcactcagcectgctcecccagtcaaaagacagcectggggttctatga
gtggacctcccecgcectcaagageccatattaatcccacaggtaccgtactgectgceaa
cttgaaaacacgatgcagatgagtttgaaggacctcctgtag (SEQID NO: 18)

Nucleic
acid
encoding
B

ctggataatggattggctagaacacctcctatggggtggecttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagcecgettceccecctecatggecataaggcagectggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagecctecga
aaacctggcagacggctacaagcatatgtctctcecgecctgaatagaaccggtegg
ccaatcgtatattcctgcgagtggectcectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga
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tcggcaattttggcctctecttgggaccagcaggttacccaaatggectetgtggge
aattatggccggtcctcecttttcatgagcaacgatctgcgegecgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttygg
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcecc
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgctcctatacaattcctgtagcatctcttggcaagggegttgectgtaacce
cagcttgcttcatcactcagcecttctgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcecccacatcaaccctacaggaaccgtecctettgeag
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQID NO: 19)

Nucleic
acid
encoding
C

ctggataatggattggctagaacacctcctatggggtggecttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgagggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagcecgettceccecctecatggecataaggcagectggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagecctecga
aaacctggcagacggctacaagcatatgtctctcecgeccctgaataaaaccggtegg
ccaatcgtatattcctgcgagtggectcectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga
tcggcaattttggcctctecttgggaccagcaggttacccaaatggectetgtggge
aattatggccggtcctcecttttcatgagcaacgatctgcgegecgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttygg
gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcecc
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgctcctatacaattcctgtagcatctcttggcaagggegttgectgtaacce
cagcttgcttcatcactcagcecttctgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcecccacatcaaccctacaggaaccgtecctettgeag
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQID NO: 20)

Nucleic
acid
encoding
D

ctggataatggattggctagaacacctcctatggggtggecttcactgggagaggt
tcatgtgcaacctggactgtcaggaagaaccagacagctgcatctccgagaaget
ctttgaggaaatggccgaacgaatggtgactgacggctggaaagatgcaggttac
gagtatctgtgtattgacgattgctggatggccccacaacgggattctgagggaa
gacttcaggctgatccgcagcecgettceccecctecatggecataaggcagectggcaaacca
cgtccacagtaaggggctcaaattgggaatctacgcggacgtgggcaataagacc
tgtgccggttttccgggatcattcgggtattatgacattgacgcccaaacgtttyg
ctgattggggcgttgacctgctgaaattcgatggttgctactgtgacagecctecga
aaacctggcagacggctacaagcatatgtctctcecgeccctgaataaaaccggtegg
ccaatcgtatattcctgcgagtggectcectttacatgtggccatttcagaaaccga
actacacagaaattcgccagtattgcaatcattggaggaacttcgctgatatcga
tgactcatgggcctccataaagagcatcttggactggaccagtcggaatcaggag
cgaattgtggatgtcgcaggccctggaggatggaacgatccagacatgctggtga
tcggcaattttggcctctecttgggaccagcaggttacccaaatggectetgtggge
aattatggccggtcctcecttttcatgagcaacgatctgcgegecgatctcaccacag
gcaaaggccctgctccaagacaaagatgtgatagccatcaatcaggacccgttygg
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gaaagcagggctaccagctgagaaaaggcgacaactttgaggtctgggaaaggcecc
tttgagtggagatgcgtgggctgtggccattattaatcggcaagagatcggaggt
ccacgcggttatacaattcctgtagcatctcttggcaagggegttgectgtaacce
cagcttgcttcatcactcagcecttctgeccggtgaagagaaaactgggtttctacga
agctaccagcaggctccgatcecccacatcaaccctacaggaaccgtecctettgeag
ctggagaatacgatgcagacttcactgaaggacctcctgtag (SEQID NO: 21)

Codon-
optimized
nucleic
acid
encoding
D

(D1)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
cagaactcctcecccatgggctggectgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagccagattcctgcatctctgagaagctectttgaagagatggetyg
agaggatggtgacagatggttggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccccagagagattcagaaggcagactgcaagcagaccect
cagaggttcccccatggcatceccgceccagecttgeccaaccatgteccactceccaagggec
tgaaactgggtatctatgctgatgtgggcaataagacctgtgctggetttectygg
ctcctttggctactatgacattgacgcecccagacctttgectgactggggtgtggac
ttgctgaagtttgatggctgctactgtgactccctggagaacctggcagatggat
acaagcacatgtctctggctctgaacaagactggcagacccattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaatcattggaggaactttgccgacatcgatgattcttgggecctceca
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtgge
tggacctggaggatggaatgatcctgacatgctggtgattggaaattttgggetyg
tcctgggaccagcaagtgactcagatggeccctcectgggeccatcatggetgggececce
tcttcatgagcaatgacctgagggccatttccececceccaageccaaggeecctgetteca
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaacttcgaggtgtgggagagacctctgtctggagatgect
gggctgtggccatcatcaacagacaagagattggtggccccagaggttacaccat
ccctgttgcttcectecttggcaagggtgttgectgcaacccagettgecttcatcacce
cagctgctcccagtgaagaggaagctgggettctatgaagctacctctaggttga
gatcccacatcaaccccactggtactgtgetgctgcagectggaaaacaccatgeca
gacttccctcaaggacctcecctgtga (SEQID NO: 35)

Codon-
optimized
nucleic
acid
encoding
D

(D2)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggacttge
aagaactcctcecccatgggctggectgcactgggagaggtttatgtgtaatctggac
tgtcaagaagaaccagattcctgcatctctgagaagctectttgaggagatggetyg
agaggatggtgacagatggatggaaggatgctggttatgaatatctgtgcattga
tgactgctggatggcccctcagagagacagtgaaggccgcectgcaagcagaccce
cagaggttcccccatggaatcagacagttggccaaccatgtceccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggecttcecctygg
ctcctttgggtactatgacattgacgcccagacttttgectgactggggtgtggac
ttgctgaagtttgatggctgctactgtgactccctggaaaacctggcagatggtt
acaagcacatgtctctggccctgaacaagactggcagacccattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaageccaactacactgagatcecge
cagtactgcaatcattggaggaactttgcagacatcgatgattcttgggccageca
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgatcctgacatgctggtgattggaaattttggactyg
tcctgggaccagcaagtgactcagatggeccctcectgggeccatcatggetgggececce
tcttcatgagcaatgacctgagggccatttccececceccaageccaaggctetgettceca
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaacttcgaggtgtgggaaagacctctgtctggagatgect
gggctgtggctatcatcaacagacaagaaattggtggccccagaggctacaccat
ccctgtggectcectecttggcaagggtgttgectgcaacccagettgecttcatcace
cagctgctcccagtgaagaggaagctgggtttctatgaggctacctctaggttga
gatcccacatcaatcccactggtacagtgetgctgcagectggagaacaccatgeca
gacctccctcaaggacctcectttaa (SEQID NO: 36)

Codon-
optimized
nucleic
acid
encoding
D

(D3)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatggactgge
aagaactcctcecccatgggctggectgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagccagattcctgcatctctgagaagctectttgaagagatggetyg
agaggatggtgacagatggatggaaggatgctggatatgagtacctgtgcattga
tgactgctggatggcccctcagagagacagtgaaggcagactgcaagcagaccce
cagaggttcccccatggcattaggcagcectggeccaaccatgtceccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggtttcecctygg
ctcctttggatactatgacattgatgcccagacctttgectgactggggtgtggac
ctgctcaagtttgatggctgctactgtgactccctggagaacctggectgatggtt
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaatcattggaggaattttgcagatattgatgattcttgggcctcecca
tcaagagcatcctggactggacttccagaaaccaagaaagaattgtggatgttge
tggccctggaggttggaatgaccctgacatgectggtgattggcaactttgggetyg
tcctgggaccagcaagtgactcagatggeccctcectgggeccatcatggetgggececce
tcttcatgtccaatgatctgagggeccatttccececceccaagecaaggececctgettca
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag
ctcagaaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcect
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat
ccctgtggecttcececctggggaagggtgttgectgcaacccagettgecttcatecace
cagcttctgccagtgaagaggaagctgggecttctatgaagctaccagcagactga
gatcccacatcaaccccactggcacagtgetgctgcagectggaaaacaccatgeca
gacttctctgaaggacctcctgtga (SEQID NO: 37)

Codon-
optimized
nucleic
acid
encoding
D

(D4)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
aagaactcctcecccatgggctggetgcattgggagaggtttatgtgtaatctggac
tgtcaagaggagccagactcctgcatctctgagaagctectttgaagagatggetyg
agaggatggtgacagatggttggaaggatgctggatatgagtacctgtgcattga
tgactgctggatggccccccagagagacagtgaaggcagactgcaagcagaccect
cagaggttcccccatggcattaggcagcectggeccaaccatgtceccactccaagggec
tgaaacttggcatctatgctgatgtgggcaataagacctgtgctggecttcecctygg
ctcctttggctactatgacattgatgcecccagacttttgectgactggggtgtggac
ctgctcaagtttgatggctgctactgtgactctctggaaaacctggctgatggat
acaagcacatgtctttggctctgaacaagactggtaggcccattgtttacagcetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaaccactggaggaactttgcagatattgatgattcctgggecctceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tgggcctggaggatggaatgatcctgacatgectggtgattggaaattttgggetyg
agctgggaccagcaagtgactcagatggccctctgggeccatcatggetggtececce
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tcttcatgagcaatgacttgagggccatttcccecececcaageccaaggeecctgettca
agacaaagatgtcattgctatcaatcaagatcccctgggcaagcaaggctaccag
ttgagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgect
gggctgtggccatcatcaacagacaagaaattggtggccccagaggttacaccat
ccctgtggcettcectecttggaaaaggggttgectgcaatccagettgecttcatcace
cagctcctgccagtgaagaggaagcectgggtttctatgaagctacctcectaggcectca
gatcccacatcaaccccactggcacagtgetgctgcagetggagaacaccatgeca
gacctccctgaaggacctcecctttaa (SEQID NO: 38)

Codon-
optimized
nucleic
acid
encoding
D

(D5)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
aagaactcctcecccatgggctggectgcactgggaaaggtttatgtgtaatctggac
tgtcaagaggagcctgactcctgcatctctgagaagectetttgaagagatggetyg
agaggatggtgacagatggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccctcagagagattctgaaggcagactgcaagcagaccce
cagaggttcccccatggcattaggcagcectggeccaaccatgtceccactccaagggec
tgaaactgggcatctatgctgatgtgggcaataagacctgtgctggetttectygg
ctcctttggatactatgacattgatgcccagacctttgectgactggggtgtggac
ctcctgaagtttgatggctgctactgtgactctcectggagaacctggectgatggtt
acaagcacatgtctcttgctctgaacaagactggtagacccattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaatcattggaggaattttgcagatattgatgattcctgggecctceca
tcaagagcatcctggactggacatccagaaaccaagaaagaattgtggatgtgge
tgggcctggaggttggaatgacccagacatgctggtgattggcaactttgggetyg
agctgggaccagcaagtgactcagatggccctctgggeccatcatggectggaccte
tcttcatgtccaatgatctgagageccatttccececceccaageccaaggeecctgeteca
agacaaagatgtcattgctatcaatcaagatcccctggggaagcaaggctaccag
ctcagaaagggtgacaactttgaggtgtgggagagacctctgtctggagatgcect
gggctgtggccatcatcaacagacaagagattggtggccccagaggctacaccat
ccctgttgcttcececctgggaaaaggagtggectgcaacccagettgecttcatecace
cagcttctgcctgtgaagaggaagctgggettctatgaagctacctcectaggctga
ggtcccacatcaaccccactggcacagtgetgctgcagectggaaaacaccatgeca
gacttccctcaaggacctgetttaa (SEQID NO: 39)

Codon-
optimized
nucleic
acid
encoding
D

(Do)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggacaatggectgge
cagaacccctcecccatgggcectggetgcactgggagagattcatgtgcaacctggat
tgccaggaggagccagactcttgcatctctgaaaagctgtttgaggaaatggecg
agagaatggtgacagatggatggaaggatgccggatacgagtacctgtgtatcga
tgactgttggatggccccccagagagacteccgagggecgtectgcaggetgaccca
cagaggtttcctcatggaattaggcagttggccaaccatgtgcactccaagggac
tgaagctgggcatctatgccgatgtgggcaacaagacctgtgcectggettcecceccagg
cagctttggctattatgatattgatgcacaaacttttgcagactggggagttgat
ctgctgaaatttgatgggtgttactgtgactccctggagaacctcgecgacggat
acaagcatatgtcccttgctctgaacaagactggcaggcccattgtctactettyg
tgagtggccactgtacatgtggcccttccagaageccaactataccgagattege
cagtactgcaatcactggaggaactttgcagacattgatgacagctgggcctcecca
ttaagtctatcctggattggacaagcagaaaccaagagagaattgtggatgtggce
tggccctggtggttggaatgacceccgatatgectggtgattggcaactttggactyg
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tcttgggaccagcaggtgacccagatggctctgtgggectatcatggeccggececce
tcttcatgtctaatgacctgagggccatctctectcaggeccaaggcacttectgea
ggataaggacgtgattgccatcaatcaggatcctcectggggaagcagggctatcag
ctgagaaagggggacaatttcgaggtctgggagagacccctgagecggegatgett
gggctgtggccatcatcaatagacaagagattggagggccaagaggctacaccat
tcctgtggcaagectaggaaaaggggttgettgcaatccagectgtttcatcacce
cagctgctgcctgttaagagaaagttgggecttctatgaggccacctctaggctga
ggtcccatatcaaccccactggcacagtgetgctgcagecttgaaaacaccatgeca
gACCtccctcaaggacctgetgtaa (SEQID NO: 40)

nucleic
acid
encoding
E

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtecte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcaaagcttggcaagggegttgectgtaacccagettgecttcatecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 22)

nucleic
acid
encoding
3

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
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aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggeccte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcaaagcttggcaagggegttgectgtaacccagettgecttcatecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 23)

nucleic
acid
encoding
002

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcatggagatggctgagctgatggtgagcgaagggtggaaggatgcgggctat
gagtatctctgtattgatgactgctggatggctccacagecgcgacagtgaaggcc
ggctccaggccgatcctcageggttccceccacggtatcagacaactggecgaatta
cgtgcactcaaaaggccttaagctgggtatatatgectgatgtgggtaataaaaca
tgtgcaggcttcccaggectettttgggtactatgacatcgacgcccagacttttyg
cggactggggcgtggacctgctcaagtttgacggatgttactgtgactceccttga
gaacctggccgacgggtacaagcatatgtcactggceccctgaatcggacaggccga
tccatcgtatactcttgcgagtggectctgtacatgtggeccttccagaageccca
actatacagaaatcaggcaatactgcaaccattggcggaacttcgcagacataga
cgacagctgggctagcattaagtctattctggattggaccagtttcaatcaagaa
aggattgtcgatgtcgcaggcccaggaggttggaatgacccagacatgctcecgtga
ttggaaatttcggtctgtcatgggaccaacaggtgactcagatggctetgtggge
aatcatggcagcaccactgttcatgagcaatgatttgcgacacatctccccteag
gcgaaagcccttctgcaggataaggacgttatcgceccattaaccaggacccgeteg
gtaagcaagggtaccagttgcgccagggagacaatttcgaggtctgggaacgacc
cctgtctggactcecgecttgggeccgtagecgtaattaaccgacaagaaatcggcecgga
ccgcggagctataccatagectgtecgecteecctecggegggggegtagettgtaacce
cggcttgtttcataacccagcectgectgeccecgtcaagaggaaactggggetttatga
gtggacaagtcggttgaagtctcatattaacccgacagggactgttctcectececag
ctggaaaacacaatgcagatgagcctgaaggatctettgtga (SEQID NO: 24)

nucleic
acid
encoding
003

tttggacaatgggctggccaggacacctactatgggctggecteccactgggagcge
tttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagt
tgttcatggaaatggccgagcttatggtctcagaggggtggaaagacgccggata
tgagtatctgtgcatcgacgattgctggatggcceccccaacgecgattecgaagge
cgcttgcaggctgatccgcagegetttectcacgggateccgecaattggcaaatt
acgtgcactcaaaggggctcaagttgggcatctacgcagacgtgggaaacaagac
atgtgctggatttcccgggagtttecggttattatgacattgacgcacagaccttt
gctgattggggggtcgacctcectgaagtttgacggttgttattgecgacagecttyg
aaaatctggccgacggttacaaacacatgtcccttgcactgaatagaactggtcg
gtccatcgtctatagttgtgagtggccgectttacatgtggecttttcagaaacce
aactacaccgagattcggcaatattgcaatcactggcgaaatttcgcagatatcg
atgattcttgggctagtattaaatccatcctggattggacatcattcaaccagga
gcgcatcgtggacgttgctggacctggecgggtggaatgatccagacatgettgtyg
atcggaaacttcggtctctcecttggaaccagcaagtcactcaaatggcactectggg
caattatggccgcccececcecctetttatgtccaacgatctgaggecatatcagtectceca
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ggctaaagccctgctgcaagacaaggatgtgattgctatcaaccaagatccecett
ggtaaacaggggtaccagttgcgcaaaggcgacaattttgaggtgtgggaaaggc
cactttcaggcgatgcatgggccgttgcaatgatcaacaggcaagaaattggcgg
acccaggagctatacaataccagtggcgtcactgggtaagggagtcgectgtaac
cccgcatgcttcattactcaacttectgccagtgaaacgaaaactcggattetatyg
agtggacctcaagactgaggtctcatattaacccgacagggactgttctceccteca
gctggaaaacacaatgcagatgagcctgaaggatctcecttgtga (SEQID NO:
25)

nucleic
acid
encoding
004

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcatggagatggctgaacgcatggtttctgagggatggaaagatgcaggctac
gagtacctgtgtatagacgattgttggatggccccacagecgggattcagaaggta
gactccaggcggatccccagagattcccacatggaatcagacagctggeccaatta
cgtccattccaaaggccttaagttgggtatttacgeccgacgtaggcaacaagact
tgtgccggatttccecggcagtttecggatactatgacattgatgcacagactttceg
ctgactggggggtggacttgctcaaatttgatggctgttattgcgatagecctecga
aaatctggctgatggctacaagcacatgtcactcgctctcaaccgcactgggege
tctatagtttactcctgcgagtggectctgtatatgtggecgttccagaaaccca
attacacagaaataaggcagtattgcaatcactggcgcaactttgctgatattga
tgattcctgggcctccataaagagtatcttggactggactagtcgcaatcaggaa
agaattgtcgacgtcgccggaccaggcggatggaatgatcctgatatgectegtga
tcgggaacttcggactctcatgggaccagcaggtgacccagatggctagttggge
tatcatggccgceccceccectectgtttatgagtaacgacctceccecgecacatcagecececcag
gccaaggcgcttctgcaggataaagatgtcatcgceccatcaaccaagatceccectygg
gcaaacaaggctatcagctgcggaagggagacaattttgaggtgtgggaacgccc
tttgagcggagacgcctgggctgtggctattataaatcgeccaggagattggggge
ccgagaagttatactatccccecgttgcaagectgggaaagggegtecgectgcaacce
ctgcctgcttcatcacacagcectgecttcectgtcaaacgccaattggggttctacaa
ttggacatccagactcaaatctcatattaacccgacagggactgttctcectecag
ctggaaaacacaatgcagatgagcctgaaggatctecttgtga (SEQID NO: 26)

Codon-
optimized
nucleic
acid
encoding
004

(004-1)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac
tgtcaagaggagcccgactcecctgecatctcectgagaagectettcatggagatggetyg
agaggatggtgagtgaaggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccccagagagattcagagggcagactgcaagcagatect
cagaggttcccccatggcatcagacagctggeccaactatgtceccactccaagggec
tgaagctgggtatctatgctgatgtgggcaacaagacctgtgctggetttectygg
ctcctttggttactatgacattgacgcccagacctttgectgactggggagtggac
ctgttgaagtttgacggctgctactgtgactctctggagaacctggctgatgget
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagetyg
tgagtggccactgtacatgtggcccttccagaageccaactacactgagatcecge
cagtactgcaaccattggaggaactttgcagacatcgatgattcctgggecctceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgaccctgacatgctggtgattggaaattttgggetyg
tcctgggaccagcaagtgactcagatggceccagctgggeccatcatggecageccecte
tctttatgtccaatgatctcagacacatttccccecceccaageccaaggectetgeteca
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agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctgaggaaaggagacaactttgaggtgtgggagagacctctgtctggagatgcect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgtggecttceccecctgggcaagggtgtggectgcaatccagettgecttcatcecace
cagctcctcccagtgaagaggcagecttggettctacaactggacatctaggctca
agtcccacatcaaccccactggcacagtgetgctgcagectggaaaacaccatgeca
gatgagcctgaaagacctcctgtga (SEQID NO: 41)

Codon-
optimized
nucleic
acid
encoding
004

(004-2)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatggactgge
taggaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac
tgtcaagaagaacctgactcctgcatctctgagaagctgttcatggagatggetyg
agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccctcagagagattcagagggcagacttcaagcagaccce
cagaggttcccccatggcatceccgceccagectggeccaactatgteccactceccaagggec
tgaaactgggtatctatgctgatgtgggcaacaagacctgtgctggetttectygg
ctcctttggctactatgacattgacgcecccagacctttgectgactggggtgtggac
ctcctcaagtttgatggctgctactgtgactctcectggaaaacctggcagatggtt
acaagcacatgtctcttgccctgaacagaactggtaggagcattgtttacagetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaaccattggaggaattttgccgacatcgatgattcctgggeccageca
tcaagtccatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggatggaatgacccagacatgctggtgattggaaatttcgggetyg
tcctgggaccagcaagtgactcagatggectcecttgggeccatcatggcagecccece
tcttcatgtccaatgatcttagacacatttccccacaagceccaaggeccctectgea
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctcagaaaaggagacaactttgaggtgtgggaaagacctctgtctggagatgcect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgtggcectcececctgggcaagggtgttgectgcaatceccagettgecttcatcecace
cagctgctcccagtgaagaggcagttgggettctacaactggacatctaggttga
agagccacatcaaccccactggcacagtgcectgctgcagectggagaacaccatgeca
gatgagcctgaaggacctgctttaa (SEQID NO: 42)

Codon-
optimized
nucleic
acid
encoding
004

(004-3)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
aagaaccccaaccatgggttggctgcactgggagaggtttatgtgtaatctggac
tgtcaagaggagccagactcctgcatctctgagaagectecttcatggagatggetyg
agaggatggtgagtgaaggctggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggcccctcagagagattcagagggcagactgcaagcagatece
cagaggttcccccatggcattaggcaactggccaactatgtceccactccaagggec
tgaagctgggcatctatgctgatgtgggcaacaagacctgtgctggettcecectygg
ctcctttggctactatgatattgatgcccagacctttgectgactggggtgtggac
ctgctcaagtttgatggctgctactgtgacagcctggagaacctggectgatggtt
acaagcacatgtctcttgctctgaacagaactggtagaagcattgtttacagcectyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagacattgatgattcctgggecctceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgttge
tggacctggaggatggaatgaccctgacatgctggtgattggaaattttgggetyg
tcctgggaccagcaagtgactcagatggccagctgggeccatcatggcagecccece
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tgttcatgagcaatgatctcagacacatttccccecceccaageccaaggececctgetteca
agacaaagatgtcattgctattaatcaagatcctttgggcaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgcect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgttgcectcectectgggaaaaggagtggectgcaatccagettgecttcatcecace
cagctcctcccagtgaagaggcagectgggtttctacaactggacaagcagattga
agtcccacatcaaccccactggcacagtgetgctgcagectggaaaacaccatgeca
gatgtccctgaaggacctcecctgtga (SEQID NO: 43)

Codon-
optimized
nucleic
acid
encoding
004

(004-4)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcacttgataatggactgge
aagaaccccaaccatgggctggctgcactgggaaagattcatgtgtaatctggac
tgtcaagaagaaccagattcctgcatctctgagaagctgtttatggagatggetyg
agaggatggtgtcagaaggatggaaggatgctggttatgagtacctgtgcattga
tgactgctggatggccccccagagagacagtgaaggcagacttcaagcagaccect
cagaggttcccccatggcattaggcaactagccaactatgtccactccaagggec
tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggecttcectygg
ctcctttggctactatgacattgatgcecccagacctttgectgactggggtgtggac
ctcctcaagtttgatggctgctactgtgactccctggaaaacctggectgatggtt
acaagcacatgagcctggccctgaacagaactggtaggagcattgtttacagetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagatattgatgattcttgggccageca
tcaagtccatcctggactggacatccagaaaccaagagagaattgtggatgttge
tggacctggaggttggaatgatcctgacatgctggtgattggaaattttgggetyg
tcctgggaccagcaagtgactcagatggectectgggeccatcatggecageccecte
tcttcatgtccaatgacttgagacacatttccccecceccaageccaaggecctectgea
agacaaagatgtcattgctattaatcaagatcccttgggcaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggagaggcccctgtctggagatgect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgttgcectcectecttggcaaaggagtggectgcaatccagettgecttcatecace
cagctccttecctgtgaagaggcagectgggtttctacaactggacttcaaggttga
agagccacatcaaccccactggcacagtgcectgctgcagectggagaacaccatgeca
gatgtctctgaaggacctgctttaa (SEQID NO: 44)

Codon-
optimized
nucleic
acid
encoding
004

(004-5)

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggactgge
aagaaccccaaccatgggctggctgcactgggagaggttcatgtgtaatctggac
tgtcaagaggagcctgactcctgcatctctgagaagectgtttatggagatggetyg
agaggatggtgtctgaaggatggaaggatgctggctatgagtacctgtgcattga
tgactgctggatggcccctcagagggacagtgaaggcagactgcaagcagaccce
cagagattcccccatggcattagacagcecttgeccaactatgtceccactccaagggec
tgaaactgggcatctatgctgatgtgggcaacaagacctgtgctggtttcecctygg
ctcctttggctactatgacattgatgcecccagacctttgectgactggggtgtggac
ctcctcaagtttgatggctgctactgtgacagcecctggaaaacctggectgatggtt
acaagcacatgtctctggccctgaacagaactggtaggagcattgtttacagetyg
tgagtggccactgtacatgtggcccttccagaagecccaactacactgagatcaga
cagtactgcaaccattggaggaactttgcagatattgatgattcctgggecctceca
tcaagagcatcctggactggacttccagaaaccaagagagaattgtggatgtage
tggacctggaggttggaatgacccagacatgctggtgattggaaattttgggetyg
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tcctgggaccagcaagtgactcagatggccagctgggeccatcatggcagecccece
tcttcatgagcaatgatctcagacacatttccccecceccaageccaaggectetgeteca
agacaaagatgtcattgctattaatcaagatcccctggggaagcaaggctaccag
ctgaggaagggagacaactttgaggtgtgggaaagacctctgtctggagatgcect
gggctgtggctatcatcaatagacaagaaattggtggccccagatcctacaccat
ccctgttgcttcectecttggcaaaggagtggectgcaatccagettgecttcatecace
cagctcctgcecctgtgaagaggcagttgggettctacaactggacatctaggttga
agtcccacatcaaccccactggcacagtgetgcectgcagectggagaacaccatgeca
gatgtccctgaaggacctgetttaa (SEQID NO: 45)

Nucleic
acid
encoding
005

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac
gagtatctgtgcatagatgattgttggatggccecctcagecgagactcagagggga
gactccaggccgacccecccagcecgatttceccacacggaatceccggcaactggctaacca
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact
tgtgcggggtttccecggectecttecggatattacgacatcgacgcecccagacttteg
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga
aaacttggctgacggctataagcacatgagtctcgceccctgaaccgaacaggcaga
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcecgtga
taggaaactttggactgtcatggaatcagcaagtaacacagatggcgctctggge
cattatggctgccceccececttgtttatgtctaacgacctgaggcatatctetecctecaa
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactygg
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggg
ccacggtcttatactattccecgtggcecttectctecggtaagggegtecgectgcaacce
ccgcctgcectttatcacccaattgttgeccgttaagagaaaactgggattttacga
gtggacatccaggctgcggtctcatattaacccgacagggactgttctectecag
ctggaaaacacaatgcagatgagcctgaaggatctettgtga (SEQID NO: 27)

Nucleic
acid
encoding
006

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaagagatggctgaactgatggtgtccgaggggtggaaggatgcagggtac
gagtacctttgcatagacgattgctggatggcaccacagcgggatagtgagggeca
ggttgcaggcggacccccaaagatttccacatggecatcagacagctggccaacca
cgtgcactctaaaggcctgaagctggggatttacgeccgatgtecggtaataaaaca
tgtgctggtttccececggtagetttggatactacgacatcgacgcccagacatttyg
ctgattggggagtggacctgctcaagttcgacggctgctactgecgattctectgga
aaatctggccgatgggtataagcacatgagtcttgctcttaatagaaccggacgce
tctatagtctattcatgtgagtggccactgtacatgtggccatttcagaaaccca
actataccgaaattagacagtattgtaaccactggcggaatttcgccgacataga
cgatagctggaagagcatcaagtcaattctcgattggacttcattcaaccaggag
cggatcgtcgacgtggccggceccctgggggetggaatgatccagatatgectggtga
tcggaaactttggtctctecctggaatcaacaggtcactcagatggececctectggge
cattatggcagcaccactctttatgagcaacgacctgagacacatttccccacag
gccaaggcattgctgcaggacaaagacgtgatcgccattaaccaggacccactygg
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gcaagcaagggtaccaacttaggcagggagataattttgaggtctgggagcgccc
actcagcggagacgcctgggceccgttgceccatgataaacagacaggagattggcecgge
cccagatcctacacaattcctgtcecgctagectgggcaagggggtggettgtaate
ccgcctgcectttataacccagetgectgeccagtgaaacggaaactcecgggttctatga
atggacttctaggctcaggtctcatattaacccgacagggactgttctcectecag
ctggaaaacacaatgcagatgagcctgaaggatctecttgtga (SEQID NO: 28)

Nucleic
acid
encoding
007

ttggacaatgggctggccaggacacctactatgggctggctccactgggageget
ttatgtgtaacctcgactgccaagaggagccagactcatgcatctctgagaagtt
gttcgaggagatggcagaacgaatggtgacagatggatggaaggacgctggctac
gagtatctgtgcatagatgattgttggatggccecctcagecgagactcagagggga
gactccaggccgacccecccagcecgatttceccacacggaatceccggcaactggctaacca
tgtgcactcaaaagggctcaagctgggaatttatgctgacgtcgggaacaaaact
tgtgcggggtttccecggectecttecggatattacgacatcgacgcecccagacttteg
cagactggggtgtggacctgcttaagttcgacggctgttactgcgatagtctgga
aaacttggctgacggctataagcacatgagtctcgceccctgaaccgaacaggcaga
agcatagtctactcctgcgaatggccactttacatgtggccattccagaaaccta
attataccgagatcagacaatactgtaaccattggcgaaacttcgccgacattga
cgatagttggaagtcaatcaagtccatcctggattggacctctaggaaccaggaa
aggatcgtggacgtggctggacctggcggatggaacgatccagacatgctcecgtga
taggaaactttggactgtcatgggatcagcaagtaacacagatggcgctctggge
cattatggctgccceccececttgtttatgtctaacgacctgaggcatatctetecctecaa
gccaaggcactcctgcaggacaaggacgttatcgccatcaaccaggacccactygg
gcaagcagggataccagctgcggaaaggtgataacttcgaggtctgggagcgacc
gctttcaggagacgcctgggcagttgcaatcatcaacaggcaagaaattggtggg
ccacggtcttatactattccecgtggcecttectctecggtaagggegtecgectgcaacce
ccgcctgcectttatcacccaattgttgeccgttaagagaaaactgggattttacga
ggcgacatccaggctgaagtctcatattaacccgacagggactgttctcectecag
ctggaaaacacaatgcagatgagcctgaaggatctecttgtga (SEQID NO: 29)

Nucleic
acid
encoding
008

tggacaatggattggcaaggacgcctaccatgggctggctgcactgggagecgett
catgtgcaaccttgactgccaggaagagccagattcctgcecatcagtgagaagcete
ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatyg
agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag
acttcaggcagaccctcagcecgcectttcecctcatgggattcgeccagectagectaatecac
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct
gcgcaggctteccctgggagttttggatactacgacattgatgecccagacctttge
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa
aatttggcagatggttataagcacatgtccttggeccctgaataggactggcagaa
gcattgtgtactcctgtgagtggecctctttatatgtggeccctttcaaaagcccaa
ttatacagaaatccgacagtactgcaatcactggcgaaattttgctgacattgat
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat
tggcaactttggcctcagctgggaccagcaagtaactcagatggeccctcectggget
atcatggctgctcctttattcatgtctaatgacctccgacacatcagceccctcaag
ccaaagctctceccttcaggataaggacgtaattgccatcaatcaggaccccttggg
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct
ctctcaggcgatgcctgggctgtagctatcataaaccggcaggagattggtggac
ctcgctcecttataccatccececgttgettececctgggtaaaggagtggectgtaatee
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tgcctgcttcatcacacagctcecctecctgtgaaaaggcagectagggttctataac
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcage
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQID NO: 31)

Nucleic
acid
encoding
009

tggacaatggattggcaaggacgcctCCCatgggctggctgcactgggagecgett
catgtgcaaccttgactgccaggaagagccagattcctgcecatcagtgagaagcete
ttcgaggagatggcagagagaatggtcaccgacggctggaaggatgcaggttatyg
agtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcag
acttcaggcagaccctcagcecgcectttcecctcatgggattcgeccagectagectaatecac
gttcacagcaaaggactgaagctagggatttatgcagatgttggaaataaaacct
gcgcaggctteccctgggagttttggatactacgacattgatgecccagacctttge
tgactggggagtagatctgctaaaatttgatggttgttactgtgacagtttggaa
aatttggcagatggttataagcacatgtccttggeccctgaataagactggcagac
ccattgtgtactcctgtgagtggecctctttatatgtggeccctttcaaaagcccaa
ttatacagaaatccgacagtactgcaatcactggcgaaattttgctgacattgat
gattcctgggccagtataaagagtatcttggactggacatctagaaaccaggaga
gaattgttgatgttgctggaccagggggttggaatgacccagatatgttagtgat
tggcaactttggcctcagctgggaccagcaagtaactcagatggeccctcectggget
atcatggctgctcctttattcatgtctaatgacctccgacacatcagceccctcaag
ccaaagctctceccttcaggataaggacgtaattgccatcaatcaggaccccttggg
caagcaagggtaccagcttagaaagggagacaactttgaagtgtgggaacgacct
ctctcaggcgatgcctgggctgtagctatcataaaccggcaggagattggtggac
ctcgctcecttataccatccececgttgettececctgggtaaaggagtggectgtaatee
tgcctgcttcatcacacagctcecctecctgtgaaaaggcagectagggttctataac
tggacttcaaggttaaagagtcacataaatcccacaggcactgttttgcttcage
tagaaaatacaatgcagatgtcattaaaagacttactttaa (SEQ ID NO: 32)

wr

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggacaatggattgge
aaggacgcctaccatgggctggctgcactgggagecgecttcatgtgcaaccttgac
tgccaggaagagccagattcctgcatcagtgagaagctecttcatggagatggecag
agctcatggtctcagaaggctggaaggatgcaggttatgagtacctctgcattga
tgactgttggatggctccccaaagagattcagaaggcagacttcaggcagaccect
cagcgctttcecctcatgggattcgeccagectagectaattatgttcacagcaaaggac
tgaagctagggatttatgcagatgttggaaataaaacctgcgcaggecttcecctygg
gagttttggatactacgacattgatgcccagacctttgctgactggggagtagat
ctgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtt
ataagcacatgtccttggccctgaataggactggcagaagcattgtgtactectyg
tgagtggcctcectttatatgtggeccctttcaaaagecccaattatacagaaatccga
cagtactgcaatcactggcgaaattttgctgacattgatgattcctggaaaagta
taaagagtatcttggactggacatcttttaaccaggagagaattgttgatgttge
tggaccagggggttggaatgacccagatatgttagtgattggcaactttggccte
agctggaatcagcaagtaactcagatggccctctgggectatcatggetgectectt
tattcatgtctaatgacctccgacacatcageccctcaagccaaagctetectteca
ggataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccag
cttagacagggagacaactttgaagtgtgggaacgacctctctcaggcttagect
gggctgtagctatgataaaccggcaggagattggtggacctcgctcttataccat
cgcagttgcttccctgggtaaaggagtggectgtaatcecctgectgecttcatcaca
cagctcctceccectgtgaaaaggaagctagggttctatgaatggacttcaaggttaa
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gaagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgca
gatgtcattaaaagacttactttaa (SEQID NO: 3)

Nucleic Acid sequence Encoding a-GLA variants with signal peptide

Nucleic
acid
sequence
encoding
A

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctactatggggtggcttcactgggagaggttcatgtgcaacctcgac
tgtcaggaagaaccagacagctgcatctccgagaagctgtttatggaaatggecg
agcgaatggtgtcagaaggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggctccgcaacgggacagtgagggcagacttcaggcagatect
cagcgcttcccacatgggataaggcagctecgeccaactacgteccactctaagggac
tgaaactgggcatctatgctgacgtggggaataagacctgtgcgggatttceccecygg
tagcttcggctactacgacattgatgcccagacctttgeccgattggggagttgac
ctcctcaaattcgatggectgctattgtgactctttggagaacctggcagacgggt
acaagcatatgtccctggccctgaatcggacaggtagacccatcgtgtatagttyg
cgaatggcccctttacatgtggecttttcaaaagccaaactacactgagattege
cagtattgcaatcactggaggaacttcgctgatatcgatgactcatgggcgageca
tcaaatccatattggattggacctctcggaatcaggagecgcattgtagacgtcecge
aggacccggcggctggaacgaccctgatatgectggtgatcgggaattttggtett
agctgggaccagcaagttacgcagatggctctgtgggcaattatggcageccccac
tcttcatgtccaacgatctgcgacacatctctectcaagectaaggectetgectgea
ggacaaagatgtgattgccatcaatcaggacccactcggaaagcagggctatcag
ctgagaaaaggcgacaacttcgaagtctgggaaaggccactttcaggagacgcat
gggctgtggccataataaaccggcaagagattggtgggcccaggagctacacaat
cccecegttgeccagtttgggcaagggagtggegtgtaatectgectgetttatcact
cagctgctcccagtcaaaagacagctggggttctatgagtggacctcececcgectceca
agagccatattaatcccacaggtaccgtactgctgcaacttgaaaacacgatgca
gatgagtttgaaggacctcctgtag (SEQID NO: 61)

Nucleic
acid
sequence
encoding
B

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaatagaaccggtcggccaatcecgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtecte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgctcctatacaat
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tcctgtagcatctecttggcaagggegttgectgtaacccagettgecttcatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 62)

Nucleic
acid
sequence
encoding
C

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgagggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtecte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgctcctatacaat
tcctgtagcatctecttggcaagggegttgectgtaacccagettgecttcatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 63)

Nucleic
acid
sequence
encoding
D

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtecte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
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gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcatctecttggcaagggegttgectgtaacccagettgecttcatcecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 64)

Nucleic
acid
sequence
encoding
E

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcggccaatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggtecte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacaaagatgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcaaagcttggcaagggegttgectgtaacccagettgecttcatecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 65)

Nucleic
acid
sequence
encoding
F

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcactggataatggattgge
tagaacacctcctatggggtggecttcactgggagaggttcatgtgcaacctggac
tgtcaggaagaaccagacagctgcatctccgagaagctectttgaggaaatggecg
aacgaatggtgactgacggctggaaagatgcaggttacgagtatctgtgtattga
cgattgctggatggccccacaacgggattctgagggaagacttcaggectgatecg
cagcgcttccecctcatggcataaggcagctggcaaaccacgtccacagtaaggggce
tcaaattgggaatctacgcggacgtgggcaataagacctgtgccggttttecggg
atcattcgggtattatgacattgacgcccaaacgtttgctgattggggecgttgac
ctgctgaaattcgatggttgctactgtgacagcctcgaaaacctggcagacggcet
acaagcatatgtctctcgccctgaataaaaccggtcgggatatcgtatattectyg
cgagtggcctcectttacatgtggeccatttcagaaaccgaactacacagaaattcecge
cagtattgcaatcattggaggaacttcgctgatatcgatgactcatgggecctcecca
taaagagcatcttggactggaccagtcggaatcaggagcgaattgtggatgtcecge
aggccctggaggatggaacgatccagacatgctggtgatcggcaattttggecte
tcttgggaccagcaggttacccaaatggctctgtgggcaattatggeccggeccte
ttttcatgagcaacgatctgcgecgcgatctcaccacaggcaaaggccecctgecteca
agacacggacgtgatagccatcaatcaggacccgttgggaaagcagggctaccag
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ctgagaaaaggcgacaactttgaggtctgggaaaggcctttgagtggagatgegt
gggctgtggccattattaatcggcaagagatcggaggtccacgecggttatacaat
tcctgtagcaaagcttggcaagggegttgectgtaacccagettgecttcatecact
cagcttctgccggtgaagagaaaactgggtttctacgaagctaccagcaggcectcecc
gatcccacatcaaccctacaggaaccgtcectecttgcagetggagaatacgatgeca
gacttcactgaaggacctcctgtag (SEQID NO: 66)

Nucleic
acid
sequence
encoding
002

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatgggetgge
caggacacctactatgggctggctccactgggagegetttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggetyg
agctgatggtgagcgaagggtggaaggatgcgggctatgagtatctctgtattga
tgactgctggatggctccacagcgcgacagtgaaggccggcectceccaggecgatect
cagcggttcccecccacggtatcagacaactggcgaattacgtgcactcaaaaggec
ttaagctgggtatatatgctgatgtgggtaataaaacatgtgcaggcttcccagg
ctcttttgggtactatgacatcgacgcccagacttttgcggactggggecgtggac
ctgctcaagtttgacggatgttactgtgactcccttgagaacctggeccgacgggt
acaagcatatgtcactggccctgaatcggacaggceccgatccatcecgtatactettyg
cgagtggcctctgtacatgtggecccttccagaageccaactatacagaaatcagg
caatactgcaaccattggcggaacttcgcagacatagacgacagctgggctageca
ttaagtctattctggattggaccagtttcaatcaagaaaggattgtcgatgtcge
aggcccaggaggttggaatgacccagacatgctcecgtgattggaaatttcggtetyg
tcatgggaccaacaggtgactcagatggctctgtgggcaatcatggcagcaccac
tgttcatgagcaatgatttgcgacacatctccecctcaggecgaaagececcttectgea
ggataaggacgttatcgccattaaccaggacccgcectcggtaagcaagggtaccag
ttgcgccagggagacaatttcgaggtctgggaacgacccctgtcectggactegett
gggccgtagccgtaattaaccgacaagaaatcggcecggaccgcecggagctataccat
agctgtcgcctcececcteggegggggegtagettgtaaccecggettgtttcataacce
cagctgctgcceccgtcaagaggaaactggggctttatgagtggacaagtcggttga
agtctcatattaacccgacagggactgttectceccteccagetggaaaacacaatgeca
gatgagcctgaaggatctcttgtga (SEQID NO: 67)

Nucleic
acid
sequence
encoding
003

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggctagagecatttggacaatgggetgg
ccaggacacctactatgggctggctccactgggagecgectttatgtgtaacctecga
ctgccaagaggagccagactcatgcatctctgagaagttgttcatggaaatggec
gagcttatggtctcagaggggtggaaagacgccggatatgagtatctgtgcatcg
acgattgctggatggccccecccaacgcgattccgaaggecgettgcaggcectgatee
gcagcgctttcecctcacgggatcecgceccaattggcaaattacgtgcactcaaagggg
ctcaagttgggcatctacgcagacgtgggaaacaagacatgtgctggatttcceccg
ggagtttcggttattatgacattgacgcacagacctttgctgattggggggtcga
cctcctgaagtttgacggttgttattgcgacagecttgaaaatctggecgacggt
tacaaacacatgtcccttgcactgaatagaactggtcggtccatcgtectatagtt
gtgagtggccgctttacatgtggeccttttcagaaacccaactacaccgagattcg
gcaatattgcaatcactggcgaaatttcgcagatatcgatgattcttgggctagt
attaaatccatcctggattggacatcattcaaccaggagecgcatcgtggacgttyg
ctggacctggcgggtggaatgatccagacatgcttgtgatcggaaacttcggtet
ctcttggaaccagcaagtcactcaaatggcactctgggcaattatggeccgeccece
ctctttatgtccaacgatctgaggcatatcagtecctcaggctaaageccctgetge
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aagacaaggatgtgattgctatcaaccaagatccceccttggtaaacaggggtacca
gttgcgcaaaggcgacaattttgaggtgtgggaaaggccactttcaggcgatgeca
tgggccgttgcaatgatcaacaggcaagaaattggcggacccaggagctatacaa
taccagtggcgtcactgggtaagggagtcgcctgtaaccccgcecatgettcattac
tcaacttctgccagtgaaacgaaaactcggattctatgagtggacctcaagactyg
aggtctcatattaacccgacagggactgttctcecctccagectggaaaacacaatge
agatgagcctgaaggatctcttgtga (SEQID NO: 68)

Nucleic
acid
sequence
encoding
004

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatgggetgge
caggacacctactatgggctggctccactgggagegetttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcatggagatggetyg
aacgcatggtttctgagggatggaaagatgcaggctacgagtacctgtgtataga
cgattgttggatggccccacagcgggattcagaaggtagactccaggecggatece
cagagattcccacatggaatcagacagctggccaattacgtccattccaaaggec
ttaagttgggtatttacgccgacgtaggcaacaagacttgtgccggatttececygg
cagtttcggatactatgacattgatgcacagactttcgctgactggggggtggac
ttgctcaaatttgatggctgttattgcgatagcctcgaaaatctggectgatgget
acaagcacatgtcactcgctctcaaccgcactgggcgctcectatagtttactectyg
cgagtggcctctgtatatgtggeccgttccagaaacccaattacacagaaataagg
cagtattgcaatcactggcgcaactttgctgatattgatgattcctgggeccteca
taaagagtatcttggactggactagtcgcaatcaggaaagaattgtcgacgtcecge
cggaccaggcggatggaatgatcctgatatgctcecgtgatcgggaacttcggacte
tcatgggaccagcaggtgacccagatggctagttgggctatcatggeccgececcte
tgtttatgagtaacgacctccgceccacatcagecccceccaggceccaaggegettetgea
ggataaagatgtcatcgccatcaaccaagatccecctgggcaaacaaggctatcecag
ctgcggaagggagacaattttgaggtgtgggaacgccctttgagecggagacgect
gggctgtggctattataaatcgccaggagattgggggcccgagaagttatactat
cccececgttgcaagectgggaaagggcegtcecgectgcaaccctgectgecttcatcecaca
cagctgcttcctgtcaaacgccaattggggttctacaattggacatccagactca
aatctcatattaacccgacagggactgttctceccteccagectggaaaacacaatgeca
gatgagcctgaaggatctcttgtga (SEQID NO: 69)

Nucleic
acid
sequence
encoding
005

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatgggetgge
caggacacctactatgggctggctccactgggagegetttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag
aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga
tgattgttggatggcccctcagcgagactcagaggggagactccaggecgaccce
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggce
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggttteccecygg
ctccttcecggatattacgacatcgacgcecccagactttecgcagactggggtgtggac
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacgget
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactectyg
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtgge
tggacctggcggatggaacgatccagacatgctcecgtgataggaaactttggactyg
tcatggaatcagcaagtaacacagatggcgctctgggccattatggectgeccecect

56




WO 2022/183052 PCT/US2022/017998

tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactecctgea
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag
ctgcggaaaggtgataacttcgaggtctgggagcgaccgctttcaggagacgect
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat
tccecgtggettcectecteggtaagggegtecgectgcaacceccegectgetttatcace
caattgttgcccgttaagagaaaactgggattttacgagtggacatccaggctge
ggtctcatattaacccgacagggactgttctceccteccagectggaaaacacaatgeca
gatgagcctgaaggatctcttgtga (SEQID NO: 70)

Nucleic
acid
sequence
encoding
006

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatgggetgge
caggacacctactatgggctggctccactgggagegetttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaagagatggetyg
aactgatggtgtccgaggggtggaaggatgcagggtacgagtacctttgcataga
cgattgctggatggcaccacagcgggatagtgagggcaggttgcaggcggaccce
caaagatttccacatggcatcagacagctggccaaccacgtgcactctaaaggec
tgaagctggggatttacgccgatgtcggtaataaaacatgtgctggtttceccecygg
tagctttggatactacgacatcgacgcccagacatttgectgattggggagtggac
ctgctcaagttcgacggctgctactgcgattctcectggaaaatctggecgatgggt
ataagcacatgagtcttgctcttaatagaaccggacgctctatagtctattcatyg
tgagtggccactgtacatgtggccatttcagaaacccaactataccgaaattaga
cagtattgtaaccactggcggaatttcgeccgacatagacgatagctggaagageca
tcaagtcaattctcgattggacttcattcaaccaggagcggatcgtcgacgtgge
cggccctgggggctggaatgatccagatatgectggtgatcggaaactttggtete
tcctggaatcaacaggtcactcagatggeccctcectgggeccattatggcagcaccac
tctttatgagcaacgacctgagacacatttccccacaggceccaaggcattgectgea
ggacaaagacgtgatcgccattaaccaggacccactgggcaagcaagggtaccaa
cttaggcagggagataattttgaggtctgggagcgcccactcagcggagacgect
gggccgttgccatgataaacagacaggagattggcggeccccagatcctacacaat
tcctgtcecgectagectgggcaagggggtggettgtaateccecgectgetttataacce
cagctgctgccagtgaaacggaaactcgggttctatgaatggacttctaggctca
ggtctcatattaacccgacagggactgttctceccteccagectggaaaacacaatgeca
gatgagcctgaaggatctcttgtga (SEQID NO: 71)

Nucleic
acid
sequence
encoding
007

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagecattggacaatgggetgge
caggacacctactatgggctggctccactgggagegetttatgtgtaacctcgac
tgccaagaggagccagactcatgcatctctgagaagttgttcgaggagatggcag
aacgaatggtgacagatggatggaaggacgctggctacgagtatctgtgcataga
tgattgttggatggcccctcagcgagactcagaggggagactccaggecgaccce
cagcgatttccacacggaatccggcaactggctaaccatgtgcactcaaaagggce
tcaagctgggaatttatgctgacgtcgggaacaaaacttgtgcggggttteccecygg
ctccttcecggatattacgacatcgacgcecccagactttecgcagactggggtgtggac
ctgcttaagttcgacggctgttactgcgatagtctggaaaacttggctgacgget
ataagcacatgagtctcgccctgaaccgaacaggcagaagcatagtctactectyg
cgaatggccactttacatgtggccattccagaaacctaattataccgagatcaga
caatactgtaaccattggcgaaacttcgccgacattgacgatagttggaagtcaa
tcaagtccatcctggattggacctctaggaaccaggaaaggatcgtggacgtgge
tggacctggcggatggaacgatccagacatgctcecgtgataggaaactttggactyg
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tcatgggatcagcaagtaacacagatggcgctctgggccattatggectgeccecect
tgtttatgtctaacgacctgaggcatatctctcctcaagccaaggcactecctgea
ggacaaggacgttatcgccatcaaccaggacccactgggcaagcagggataccag
ctgcggaaaggtgataacttcgaggtctgggagcgaccgctttcaggagacgect
gggcagttgcaatcatcaacaggcaagaaattggtgggccacggtcttatactat
tccecgtggettcectecteggtaagggegtecgectgcaacceccegectgetttatcace
caattgttgcccgttaagagaaaactgggattttacgaggcgacatccaggctga
agtctcatattaacccgacagggactgttectceccteccagetggaaaacacaatgeca
gatgagcctgaaggatctcttgtga (SEQID NO: 72)

Nucleic
acid
sequence
encoding
008

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcatggacaatggattggea
aggacgcctaccatgggctggctgcactgggagecgcecttcatgtgcaaccttgact
gccaggaagagccagattcctgcatcagtgagaagctcecttcgaggagatggcaga
gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat
gactgttggatggctccccaaagagattcagaaggcagacttcaggcagacccte
agcgctttcctcatgggattcecgecagcectagctaatcacgttcacagcaaaggact
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttceccectggg
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta
taagcacatgtccttggeccctgaataggactggcagaagcattgtgtactectgt
gagtggcctctttatatgtggcecctttcaaaagecccaattatacagaaatccgac
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggceccagtat
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttgcect
ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca
gctgggaccagcaagtaactcagatggccecctctgggectatcatggectgectecttt
attcatgtctaatgacctccgacacatcagccctcaagccaaagectectectteag
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccagce
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgectyg
ggctgtagctatcataaaccggcaggagattggtggacctcgcectcttataccatce
cccgttgcecttecctgggtaaaggagtggectgtaatecctgectgettecatcacac
agctcctceccctgtgaaaaggcagctagggttctataactggacttcaaggttaaa
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag
atgtcattaaaagacttactttaa (SEQID NO: 73)

Nucleic
acid
sequence
encoding
009

atgcagctgaggaacccagaactacatctgggctgcecgecgettgegettecgettee
tggccctegtttectgggacateccctggggectagagcatggacaatggattggea
aggacgcctCCCatgggctggctgcactgggagecgcttcatgtgcaaccttgact
gccaggaagagccagattcctgcatcagtgagaagctcecttcgaggagatggcaga
gagaatggtcaccgacggctggaaggatgcaggttatgagtacctctgcattgat
gactgttggatggctccccaaagagattcagaaggcagacttcaggcagacccte
agcgctttcctcatgggattcecgecagcectagctaatcacgttcacagcaaaggact
gaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttceccectggg
agttttggatactacgacattgatgcccagacctttgctgactggggagtagatc
tgctaaaatttgatggttgttactgtgacagtttggaaaatttggcagatggtta
taagcacatgtccttggccctgaataagactggcagacccattgtgtactectgt
gagtggcctctttatatgtggcecctttcaaaagecccaattatacagaaatccgac
agtactgcaatcactggcgaaattttgctgacattgatgattcctgggceccagtat
aaagagtatcttggactggacatctagaaaccaggagagaattgttgatgttgcect
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ggaccagggggttggaatgacccagatatgttagtgattggcaactttggcctca
gctgggaccagcaagtaactcagatggccctctgggectatcatggetgectecttt
attcatgtctaatgacctccgacacatcagccctcaagceccaaagcectetecttcecag
gataaggacgtaattgccatcaatcaggaccccttgggcaagcaagggtaccage
ttagaaagggagacaactttgaagtgtgggaacgacctctctcaggcgatgectyg
ggctgtagctatcataaaccggcaggagattggtggacctcgctcttataccatce
cccgttgcecttecctgggtaaaggagtggectgtaatecctgectgettecatcecacac
agctcctcecccectgtgaaaaggcagctagggttctataactggacttcaaggttaaa
gagtcacataaatcccacaggcactgttttgcttcagctagaaaatacaatgcag
atgtcattaaaagacttactttaa (SEQID NO: 74)

{0133 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% i1dentity 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

60



WO 2022/183052 PCT/US2022/017998

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% 1dentity 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.

|0135] 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 o.-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 a-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 o.-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 a-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 o.-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 a-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 a-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 a-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 a.-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 o-GAL enzyme comprising 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99%, or more than 99% identity to SEQ ID NO: 60.

{0136} 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 1D
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 1D
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 1D
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 1D
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 1D
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 o-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 o.-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 o.-GAL enzyme comprising SEQ ID NO:
16. In some embodiments, the present disclosure encompasses a gene therapy vector comprising
a nucleic sequence encoding o.-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 o.-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; c).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.
{3139 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.

{0140 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: 8; d) apoly A; and e) a
3’ ITR.

[0141] 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: 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; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 10; d) a poly A; and e) a
3’ ITR.

[0143] 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: 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; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a poly A;and e) a
3’ ITR.

[0145] 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: 13; 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; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 14; d) a poly A;and e) a
3’ ITR.

{0147} 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; c).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.

j0149] 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: 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; c).a
nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 33; d)a poly A;and e) a
3’ ITR.

[0152] 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.

[0153] 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: 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.

j0155] 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: 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; c).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.

[0159] 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: 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.

j0161] 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: 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; c).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.

[0165] 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: 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; c).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; c) 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; c) 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.
(0171} 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); e) a poly A; and f) a 3’ ITR.
[0172] 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 comprising SEQ ID NO: 11; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) 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; c) 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.
{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; c) 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); e) a poly A; and f) 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; c) 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); e) a poly A; and f) a 3’ ITR.
[0179] 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: 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; c) 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; c) 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); e) a poly A; and f) 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; c) 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); e) a poly A; and f) a 3° ITR.
j0185] 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: 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; c) 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; c) 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.
[018Y] 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); e) a poly A; and f) 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; c) 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); e) 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; c) 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; c) 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; c) 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.
[0195] 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); e) a poly A; and f) a 3° ITR.
[0196] 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 comprising SEQ ID NO: 60; d) a woodchuck
hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a 3’ ITR.
[0197] 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:7; d) a poly
A;ande)a 3’ 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: §8; 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 9; d) a
poly A; and e)a 3’ ITR.

[0200] 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: 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 11; d) a
poly A; and e)a 3’ ITR.

j0202] 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 12; d) a
poly A; and e)a 3’ ITR.

j0203] 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: 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.

[a203] 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.

[0206] 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: 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 16; d) a
poly A; and e)a 3’ ITR.

j0208] 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 17; d) a
poly A; and e)a 3’ ITR.

j0209] 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: 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.

(0212} 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: 46; d) a
poly A; and e)a 3’ ITR.

[0213] 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: 47; d) a
poly A; and e)a 3’ ITR.

j0214] 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

80



WO 2022/183052 PCT/US2022/017998

tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 48; d) a
poly A; and e)a 3’ ITR.

j0215] 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: 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 52; d) a
poly A; and e)a 3’ ITR.

[0219] 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: 53; d) a
poly A; and e)a 3’ ITR.

j0220] 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

81



WO 2022/183052 PCT/US2022/017998

tropism); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 54; d) a
poly A; and e)a 3’ ITR.

j0221] 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: 55; d) a
poly A; and e)a 3’ ITR.

[0222] 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.

[0223] 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.

[0224] 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: 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 59; d) a
poly A; and e)a 3’ ITR.

j0226] 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); ¢).a nucleotide sequence encoding a-GAL enzyme comprising SEQ ID NO: 60; d) a
poly A; and e)a 3’ ITR.

j0227] 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.

[0228] 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: §8; d) a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE); e) a poly A; and f) a
3’ ITR.

[0229] 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.

[0238] 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.

j0232] 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.

[0233] 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.

[6235] 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.

j0237] 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.

[0238] 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.

[0239] 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.

[0248H 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.

j0242] 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.

[0243] 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.

[6245] 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.

j0247] 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.

[0248] 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.

[025¢6H] 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.

j0252] 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.

[0253] 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; c).a

nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3’ ITR.
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j0257] 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.

|0258] 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: 37; d) a poly A; and e) a 3" ITR.

[0259] 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: 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; c).a
nucleotide sequence comprising SEQ ID NO: 39; d) a poly A; and e) a 3° ITR.

[0261] 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 (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: 41; d) a poly A; and e) 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; c).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

89



WO 2022/183052 PCT/US2022/017998

the vector comprises: a) 5” inverted terminal repeat (ITR); b) a ubiquitous promoter; c).a
nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3° ITR.

j0265] 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.

[0266] 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 e) a 3° ITR.

[0267] 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); e) 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; 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.

[6269] 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.

j6270] 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: 38; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3 ITR.
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j0271] 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: 39; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3 ITR.

(0272} 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.

[0273] 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); e) 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; 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.

[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.

j8276] 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: 44; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3 ITR.
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j0277] 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.

[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); ¢).a nucleotide sequence comprising SEQ ID NO: 35; d) a poly A; and e) a 3’ ITR.
[0279] 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.
[0280] 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) a3’ 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); ¢).a nucleotide sequence comprising SEQ ID NO: 38; d) a poly A; and e) a 3" ITR.
j0282] 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.
j6283] 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.
[0284] 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.
j0285] 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.
[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); ¢).a nucleotide sequence comprising SEQ ID NO: 43; d) a poly A; and e) a 3" ITR.
[0287] 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: 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); ¢).a nucleotide sequence comprising SEQ ID NO: 45; d) a poly A; and e) a 3’ ITR.
(02891 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.

[32948] 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); e) a poly A; and f) a 3’ ITR.

[0292] 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.

[0295] 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); e) a poly A; and f) a 3’ ITR.

[6297] 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); e) a poly A; and f) a 3’ ITR.

j0298] 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; c).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 14; d) a poly A; and e) a 3" ITR.

(03611 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; c).a nucleotide sequence encoding the
sequence set forth in SEQ ID NO: 64; d) a poly A; and e) a 3’ ITR.

{0303 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: 69; d) a poly A; and e) a 3" ITR.

[0304] 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.
j0305] 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.
[0307] 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.
[0308] 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: 14; d) a poly
A;ande)a 3’ ITR

[0309] 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: 10; d) a poly
A;ande)a 3’ ITR

0310} 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); ¢).a nucleotide sequence encoding the sequence set forth in SEQ ID NO: 64; d) a poly
A;ande)a 3’ ITR

j0311] 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;ande)a 3’ 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.

[0313] 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); c) 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.

j0315] 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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0316} 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: 35; d) a poly A; and e) a 3’ ITR.

[6317] 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; c).a
nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3" ITR.

[0319] 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: 38; d) a poly A; and e) a 3’ ITR.

(0326 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.

[6321] 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.

(03221 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: 41; d) a poly A; and e) a 3° ITR.

[0323] 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; c).a
nucleotide sequence comprising SEQ ID NO: 42; d) a poly A; and e) a 3° ITR.

j0324] 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: 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.

[0326] 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 e) a 3° ITR.

[0327] 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); 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.

{03294 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.

[6330] 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); e) a poly A; and f)a 3 ITR.

{0331} 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: 39; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3 ITR.

[0332] 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.

{0333} 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); e) a poly A; and f)a 3 ITR.

[0334] 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.

j8335] 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.

[0336] 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 comprising SEQ ID NO: 44; d) a woodchuck hepatitis virus
posttranscriptional regulatory element (WPRE); e) a poly A; and f)a 3 ITR.

0337] 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.
[6339] 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.
{8340} 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) a3’ 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); c).a nucleotide sequence comprising SEQ ID NO: 37; d) a poly A; and e) a 3" ITR.
8342} 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.
j0343] 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.
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j0344] 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.
|0345] 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: 41; d) a poly A; and e) a 3" ITR.
[0346] 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.
[0348] 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: 44; d) a poly A; and e) a 3’ ITR.
[6349] 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.
{0356 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.

[0351] 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; ¢) 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.

[0352] 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.

[0353] 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.

[0354] 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.

[0355] 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) a3’ ITR.

[8356] 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.

[0357] 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); e) a poly A; and f) a 3’ ITR.

j0358] 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.

[0359] 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.

[0360] 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 1s delivered in a
non-viral vector.

8362} 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 is

introduced using a viral vector.

104



WO 2022/183052 PCT/US2022/017998

j0363] 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 1s a
adeno-associated virus (AAV) vector.

[0364] 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 rTAAV9 vector.

[0365] In some embodiments, the rAAYV 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 ot-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 (a-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, HelLa, 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 «-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.
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j0367] 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 rAAYV 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; (c) a nucleotide sequence encoding
an o.-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] rAAV 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; (c) a nucleotide sequence encoding an a-GAL enzyme;
(d) a bovine growth hormone (BGH) poly A; and (e) a 3’ ITR.

{0376} In some embodiments, a rAAV vector that is able to achieve broad o.-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 mut6del ATG
mutation) between a nucleotide sequence encoding an a-GAL enzyme and a polyA sequence.
{0372} 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

Ctgcgcgcectcecgetcecgcectcactgaggccgeccgggcaaageccgggegtegggegacctttggt
cgcccggcecctecagtgagcgagcgagcgcecgcagagagggagtggecaacteccatcactaggggt
tcct (SEQID NO: 1)

Chicken-Beta (CB) promoter

gatcttcaatattggccattagccatattattcattggttatatagcataaatcaatattgge
tattggccattgcatacgttgtatctatatcataatatgtacatttatattggctcatgtcca
atatgaccgccatgttggcattgattattgactagttattaatagtaatcaattacggggtca
ttagttcatagcccatatatggagttccgecgttacataacttacggtaaatggcececgectgge
tgaccgcccaacgaccccecgceccattgacgtcaataatgacgtatgttcccatagtaacgeca
atagggactttccattgacgtcaatgggtggagtatttacggtaaactgcccacttggcagta
catcaagtgtatcatatgccaagtccgcecceccectattgacgtcaatgacggtaaatggeccecgec
tggcattatgcccagtacatgaccttacgggactttectacttggcagtacatctacgtatta
gtcatcgctattaccatggtcgaggtgagccccacgttectgettcactectecccatcectecece
cccteccecccaccecccaattttgtatttatttattttttaattattttgtgcagegatgggggeg
gggggggggggggggcgcgcecgceccaggeggggeggggcggggegaggggeggggceggggcegagyg
cggagaggtgcggcggcagccaatcagagcggcgecgeteccgaaagtttecttttatggecgagg
cggcggcggcggcggcecctataaaaagcgaagcgcecgeggcegggecgggagtegetgegacgetyg
ccttecgcecceccecgtgecceccecgetcecgecgceccgectecgegecgeccgeccecggetetgactgacecge
gttactcccacaggtgagcgggcgggacggeccttectecteecgggectgtaattagegettggt
ttaatgacggcttgtttcttttctgtggectgecgtgaaagecttgaggggectccgggagggece
tttgtgcgggggggagcggctecggggggtgegtgegtgtgtgtgtgecgtggggagegecgegt
gcggcccgcecgetgeccecggeggectgtgagegetgecgggegeggegeggggetttgtgegetecyg
cagtgtgcgcgaggggagcgcggecgggggeggtgececegeggtgeggggggggetgegaggyg
gaacaaaggctgcgtgcggggtgtgtgcgtgggggggtgagcagggggtgtgggegeggeggt
cgggctgtaaccccceccececctgecacceccecccecteccecgagttgetgagecacggeccggettegggtyg
cggggctccgtacggggcgtggegecggggctecgeegtgecgggeggggggtggeggecaggtygyg
gggtgccgggcggggcggggecgectegggeccggggagggctecgggggaggggcecgecggecggece
cccggagcecgcecggcggcectgtcecgaggecgeggcgagcecgcagecattgecttttatggtaategt
gcgagagggcgcagggacttcecctttgtecccaaatectgtgecggageccgaaatctgggaggcgec
gccgcacccecectectagegggegeggggcecgaageggtgeggegecggecaggaaggaaatgggeg
gggagggccttcgtgecgtecgecgegecgecgteccectteteeccteteccagectecggggetgte
cgcggggggacggctgecttcegggggggacggggcagggcggggtteggettectggegtgtga
ccggcggctctagagectectgctaaccatgttcatgecttettetttttectacagetectygg
gcaacgtgctggttattgtgctgtctcatcattttggcaaagaattcgatatca (SEQID
NO: 2)
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WT-hGLA1

atgcagctgaggaacccagaactacatctgggctgecgegettgegettegettectggeccete
gtttcctgggacatccecctggggctagagecactggacaatggattggcaaggacgectaccatyg
ggctggctgcactgggagcgcttcatgtgcaaccttgactgccaggaagagccagattecctge
atcagtgagaagctcttcatggagatggcagagctcatggtctcagaaggctggaaggatgeca
ggttatgagtacctctgcattgatgactgttggatggctccccaaagagattcagaaggcaga
cttcaggcagaccctcagcgcectttecctcatgggattecgeccagetagectaattatgttcacage
aaaggactgaagctagggatttatgcagatgttggaaataaaacctgcgcaggcttceccctgygg
agttttggatactacgacattgatgcccagacctttgectgactggggagtagatctgctaaaa
tttgatggttgttactgtgacagtttggaaaatttggcagatggttataagcacatgtccttyg
gccctgaataggactggcagaagcattgtgtactcectgtgagtggectectttatatgtggece
tttcaaaagcccaattatacagaaatccgacagtactgcaatcactggcgaaattttgctgac
attgatgattcctggaaaagtataaagagtatcttggactggacatcttttaaccaggagaga
attgttgatgttgctggaccagggggttggaatgacccagatatgttagtgattggcaacttt
ggcctcagctggaatcagcaagtaactcagatggccctcectgggctatcatggetgetecttta
ttcatgtctaatgacctccgacacatcagceccctcaagccaaagcectctecttcaggataaggac
gtaattgccatcaatcaggaccccecttgggcaagcaagggtaccagcttagacagggagacaac
tttgaagtgtgggaacgacctctctcaggcttagectgggctgtagctatgataaaccggecag
gagattggtggacctcgctcttataccatcgcagttgettcececctgggtaaaggagtggectgt
aatcctgcctgcttcatcacacagctcecctcececctgtgaaaaggaagctagggttctatgaatgg
acttcaaggttaagaagtcacataaatcccacaggcactgttttgcttcagctagaaaataca
atgcagatgtcattaaaagacttactttaa (SEQID NO: 3)

WPREmut6delATG

Aatcaacctctggattacaaaatttgtgaaagattgactggtattcttaactttgttgctect
tttacgctttgtggatacgctgctttattgecctttgtatcttgectattgetteccecgtttgget
ttcattttctectecttgtataaatecctggttgetgtetetttttgaggagttgtggecegtt
gtcaggcaacgtggcgtggtgtgcactgtgtttgctgacgcaacccccactggttggggecatt
gccaccacctgtcagctectttecgggactttcgetttcecccectecctattgeccacggecggaa
ctcatcgccgectgcecttgeccgetgectggacaggggetecggetgttgggcactgacaattcee
gtggtgttgtcggggaaatcatcgtecctttecttggetgctegectgtgttgeccacctggatt
ctgcgcgggacgtceccttectgectacgtececectteggecctcaateccageggaccttecttecege
ggcctgctgccecggctetgeggectcetteecgegtettegecttegecctcagacgagtecggate
tccetttgggecegecteccegeate (SEQID NO: 4)

bovine growth hormone polyadenylation signal (bGHpolyA)

Cctagagctcgctgatcagecctcgactgtgecttectagttgeccagecatectgttgtttgeccce
tccececgtgecttecttgaccctggaaggtgeccacteccactgtectttectaataaaatgag
gaaattgcatcgcattgtctgagtaggtgtcattctattctggggggtggggtggggcaggac
agcaagggggaggattgggaagacaatagcaggcatgctggggaa (SEQID NO: 5)

3’ I1R

Aggaacccctagtgatggagttggccactcecctectetgegegetecgetegetcactgaggecy
ggcgaccaaaggtcgcccgacgecccgggetttgeccgggeggectcagtgagecgagecgagcgce
gcagaga (SEQID NO: 6)
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j0373] 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 GLA gene is engineered. In yet other embodiments, the GLA gene is
codon optimized and engineered.

[0374] 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 mut6delATG (SEQ ID NO: 4).

j8375] 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.

0376] 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.

10377} 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; (¢) a nucleotide sequence encoding o.-GAL enzyme; (d) optionally a
woodchuck hepatitis virus posttranscriptional regulatory element (WPRE) comprising the
mut6delATG mutation; (e) a bovine growth hormone (BGH) poly A; and (f) a3’ 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.

{0378 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 is 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 1s in vivo.

Pharmaceutical Compositions

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

|0380] 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

{03821 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 o-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.

0384 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 rAAYV 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 TAAYV 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 rAAYV vector 1s administered to a subject in need thereof via a suitable route.
In some embodiments, the rAAYV 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 -GAL is detectable in plasma or serum of the subject at about 2 weeks. In some
embodiments, functional ot-GAL is detectable in plasma or serum of the subject at about 3
weeks. In some embodiments, functional a-GAL is detectable in plasma or serum of the subject
at about 4 weeks. In some embodiments, functional «-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 ot-GAL is detectable in
plasma or serum of the subject at about 7 weeks. In some embodiments, functional ot-GAL 1s
detectable in plasma or serum of the subject at about 8 weeks. In some embodiments, functional
o-GAL is detectable in plasma or serum of the subject at about 9 weeks. In some embodiments,
functional a-GAL is detectable in plasma or serum of the subject at about 10 weeks. In some

embodiments, functional ot-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 a-GAL is detectable in plasma or serum of
the subject at about 13 weeks. In some embodiments, functional o.-GAL is detectable in plasma
or serum of the subject at about 14 weeks. In some embodiments, functional o.-GAL is detectable
in plasma or serum of the subject at about 15 weeks. In some embodiments, functional o.-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 a-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 rAAYV 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 rAAV vector. In some embodiments, functional a-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 rAAV vector. In some embodiments,
functional a-GAL is detectable in plasma or serum of the subject at least 4 years after
administration of the rAAV vector. In some embodiments, functional o.-GAL is detectable in
plasma or serum of the subject at least 5 years after administration of the rAAV vector. In some
embodiments, functional a-GAL is detectable in plasma or serum of the subject at least 6 years
after administration of the rAAV vector. In some embodiments, functional o-GAL 1s detectable
in plasma or serum of the subject at least 7 years after administration of the rAAYV vector. In
some embodiments, functional a-GAL is detectable in plasma or serum of the subject at least 8
years after administration of the rAAV vector. In some embodiments, functional a-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 o-

113



WO 2022/183052 PCT/US2022/017998

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 o.-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 a-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 a-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 a-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 ot-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 ot-GAL post administration is about
3 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration is 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 ot-GAL post administration is about
7 times the human therapeutic level. In some embodiments, the levels of active a-GAL post

administration is about 8 times the human therapeutic level. In some embodiments, the levels of
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active a-GAL post administration is about 9 times the human therapeutic level. In some
embodiments, the levels of active ot-GAL post administration is about 10 times the human
therapeutic level. In some embodiments, the levels of active ot-GAL post administration is about
11 times the human therapeutic level. In some embodiments, the levels of active a-GAL post
administration is about 15 times the human therapeutic level. In some embodiments, the levels of
active a-GAL post administration is about 20 times the human therapeutic level. In some
embodiments, the levels of active ot-GAL post administration is about 25 times the human
therapeutic level. In some embodiments, the levels of active ot-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 a-GAL post administration is about 40 times the human therapeutic level. In some
embodiments, the levels of active ot-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 o.-GAL post
administration is about 55 times the human therapeutic level. In some embodiments, the levels of
active a-GAL post administration is about 60 times the human therapeutic level. In some
embodiments, the levels of active -GAL post administration is about 65 times the human
therapeutic level. In some embodiments, the levels of active ot-GAL post administration is about
70 times the human therapeutic level. In some embodiments, the levels of active a.-GAL post
administration is about 75 times the human therapeutic level. In some embodiments, the levels of
active a-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 o.-GAL post
administration is 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 a-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 rAAV 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 1s 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, phenyiom, neurotropin, opioids);

dvspepsia treatment (e.g., metoclopramide, H-2 blockers), vitamin D replacements etc, beta
blockers (metoprolol, Acebutolol, bisoprolol, atenolol, proprancisl, 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, ULS, UL52,
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 is 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 rAAV 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 W0O2012/158757, 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 rAAV 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 o.-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 a-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

120



WO 2022/183052 PCT/US2022/017998

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 rAAYV 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).

j0414] 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, pDP3rs, pDP4rs, pDP5rs, pDP6rs, pPDG(R484E/RS85E), 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

[0415] 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.

{3418} A recombinant adeno-associated virus 9 (rAAV9) was developed to express wild
type human a-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 transgene expression and tmprove mRNA stabiluy. A
bovine growth hormone poly A tail was appended fo the 37 end of the WPRE element. The DNA
construct of promoter-GLA-WPRE-BGHpA was imtegrated between the inverted termimnal
repeats of a cirenlar plasmid vector. FIG. T shows an exemplary tAAVS vector construct.

8419 rAAV 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.

[8420] Purified rAAV9 virus suspension were diluted in the formulation buffer
consisting of 1.5 mM KH2POs4 (Potassium dihydrogen phosphate), 2.7 mM KCl (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
6.25x10'2 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 «-GAL ERT to capture the Cmax
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 #1.15XB) 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 a-
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 a-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 a-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, rTAAV9-WT resulted in a
steady level of serum ot-GAL enzyme that was higher than the Cmax of the positive control -
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
GI 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 a.-GAL
protein, there was moderate reduction in substrate levels in serum and liver but not in the kidneys
and heart.

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

sustained for at least 12 weeks.

Example 3. Effect of rAAV9-WT treatment of G3Stg/GLAko mice.

[8427] This Example shows in vivo effects of rAAV9-WT encoding a-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).
C57BL/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.

{0430 Treatment with rAAV9-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 o.-GAL activity was 10,000-fold higher than WT serum o-GAL activity. Dose-
dependent increases in tissue a-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 a.-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 Ionization,
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 o.-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 a-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 a.-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 rAAVO-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
rAAV9

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

[0439] 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 a-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)
[0443] This Example examined the effect of rAAV9-WT encoding a-GAL enzyme on

the neuropathy markers in a Fabry mouse model.
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j0444] First, rAAV9-WT vector was produced and purified as described in Example 1
above.
j0445] 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).

[o446] This Example demonstrated that rAAV9-WT produced a-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)

j0447] This Example examined the effect of rAAV9-WT encoding a-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 rAAVY administration results in higher
levels of circulating a-GAL, higher a-GAL exposure in target tissues and greater substrate
reduction compared to liver driven rAAVS approach

[8450] This Example shows that rAAV9-ubiquitous promoter-delivered GLA transgene
provided higher ot-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 o.-GAL were produced and purified
as described in Example 1 above. Next, 6-9 months old male GLAko 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 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 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 a-GAL
enzyme than rAAV8-WT and the Cmax of the positive control a-GAL ERT (FIG. 11A).

[0453] At 12-weeks post administration, kidneys were harvested for further evaluation.
[0454] Significantly higher levels of o-GAL exposure was observed in the kidneys of
animals treated with rAAV9-WT compared to rAAV8-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 rAAVS8
reduced GB3 by 78% while treatment with a single dose of a-GAL at Img/kg did not result in
any reduction in GB3 in the kidneys.

j8455] 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 rAAVS8 and resulted in higher sustained a-GAL activity in serum for at least 12 weeks.
[0456] 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.
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Example 9. Administration of rAAV9 with a ubiquitous promoter driving GLA expression
results in dose dependent restoration of kidney function while a liver targeted rAAVS 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, rAAV8 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

rAAV8 and rAAVO. 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
6.25el2vg/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 6.25e12vg/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 rAAVS.

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 a-
GAL variants in vivo.

j0463] Plasmids expressing either wild type or engineered human alpha galactosidase (ot-
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 a-GAL proteins. In the second study, the following plasmids were tested:
WT expressing WT a-GAL protein while 002, 003, 004, 005, 006 and 007 expressing

engineered a.-GAL variants.
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j0464] In the first study, 12-14-week-old male GL Ako 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 a-GAL protein at 1mg/kg dose as a
positive control.

[0466] 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
ulL 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 a- -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 a.-GAL activity.
[04a9] 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 o- a-GAL and WT a- o-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, TAAV9-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

rAAV9vect0rnameu-oc-GAL .................... ProtelncomprlsesSEQ e s
variant ID NO comprises SEQ ID
NO
"""""""" rAAVO-WT ~ WILDTYPE | SEQIDNO:30 |  SEQIDNO:3
""""""""" rAAV-A 4 | SEQIDNO:7 | SEQIDNO:18
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rAAV9-005 005 SEQID NO: 15 SEQ ID NO: 27
""""""""" rAAVO-D D SEQIDNO:10 | SEQIDNO:37
""""""""" rAAV9-40 = 004 | SEQIDNO:14 SEQIDNO:26
"""""""" rAAV9-41 . 008 | SEQIDNO:33 | SEQIDNO:31
U rAAve2 009  SEQIDNO: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
ulL 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 109 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

132




WO 2022/183052 PCT/US2022/017998

j8476] In study 2, 14-16 weeks old G3Stg/GLAko male mice were administered once
with TAAV9-40, rAAV9-41, rAAV9-42, rAAV9-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 o-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.

[0477] 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 101! 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.

j8478] 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 o.-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 a- o-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

a-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 rAAV9-null rAAV9-WT rAAV9-A rAAV9-005 rAAV9-D
Act. Act.
Act. Act. nmol/hr/m Act. nmol/hr/m Act.
nmol/hr/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 mg of Prot 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'° vg/kg at 2.5 x 10! yg/kg from Study 2
WT:WT Veh rAAV9-null TrAAV9-WT TrAAV9-A rAAV9-005 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| mgof Prot SEM N Prot SEM N Prot SEM N
Serum 23 1 8 0 0 7 17938 2629 | 7 253154 60153 [ 8 [ 151451 55459 | 7 [ 309866 75811 | 7
Kidney 1 0 8 0 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 | 8 5172 1964 | 7 19168 4040 7
Liver 42 2 8 5 1 7] 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
|0480] This Example examined the effects of engineered t-GAL and WT o-GAL
variants on GB3 and lysoGb3 reduction.

GB3 and lysoGb3 Substrate Quantification

0481} 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
Ionization, positive-ion mode).

{04821 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 a-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, rAAV9-005, 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 rAAVO9-
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 1011vg/kg and 5.0 x 1019 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, rAAV9-WT, rAAV9- Null control at 2.5 X
1011vg/kg from study 2.
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j0483] 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 rAAVO 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 a-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 o.-GAL
variants in Fabry symptomatic mice, lysoGb3 substrate levels were nearly normalized to that of

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

WT:WT Veh rAAV9-null control rAAV9-22 rAAV9-A rAAV9-005 rAAV9-D
Serum, Gb3 ug/mL SEM (N (Gb3 ug/mL SEM N Gb3 ug/mL SEM N Gb3 ug/mL SEM N Gb3 ug/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 1.74 0.05 5 1.46 0.12 5 1.66 0.12 5 1.58 0.16
Kidney 0.88 0.11 6 13.82 1.57 5 3.58 0.95 5 0.48 0.04 5 0.64 0.05 5 0.92 0.25
Heart 0.00 0.00 6 36.38 2.59 5 1520 1.10 5 242 0.17 5 484 0.84 5 2.82 0.40
Liver 0.00 0.00 6 1846 147 5 0.10 0.00 5 0.14 0.02 5 0.12 0.02 5 0.12 0.02
Serum, |LysoGb3 SEM N LysoGb3 SEM (N 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 2.89 0.12 6 261.80 1536 5 221 0.17 5 3.12 0.17 5 079 0.10 5 0.61 0.04
Kidney 0.04 0.00 6 8.42 0.68 5 0.30 0.05 5 0.04 0.00 5 0.07 0.01 5 0.05 0.01
Heart 0.00 0.00 6 19.49 2.05 5 4.80 0.63 5 0.05 0.01 5 071 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
WT:WT Veh rAAV9-WT rAAV9-A rAAV9-005 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 5 2.08 0.20 5 185 0.18 5
Kidney 0.88 0.11 6 9.17 135 5 140 0.33 5 1.93 0.42 5 117 0.10 5
Heart 0.00 0.00 6 25.42 1.43 5 3.90 0.39 5 12.50 2.82 5 4.67 0.55 5
Liver 0.00 0.00 6 1.67 0.76 5 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 LysoGb3 SEM N LysoGb3 SEM N
ng/mL Serun| ng/mL Serun| ng/mL Serun| ng/mL Serun| ng/mL Serun|
or mg of Pro or mg of Prof or mg of Prof or mg of Prof or mg of Pro
Serum 2.89 0.12 6 29.13 10.39 5 0.66 0.02 5 1.76 0.83 5 1.01 0.41 5
Kidney 0.04 0.00 6 3.70 0.88 5 0.07 0.01 5 0.27 0.11 5 0.10 0.01 5
Heart 0.00 0.00 6 12.25 0.95 5 0.29 0.09 5 3.62 129 5 0.60 0.19 5
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|Liver | 0.08 | 0.00 | 6 | 849 | 2.74 | 5 | 0.13 | 0.01 | 5 | 0.49 | 0.24 | 3 | 032 | 0.17 | 3 |

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

WT:WT Veh rAAV9-null rAAV9-wWT rAAvV9-40 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 mgof Prot [SEM [N [ mgofProt | SEM | N | of Prot 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 3.5 0.6 7 2.5 0.6 8 8.4 2.3 7 2.4 0.4 7
Heart 0.0 0.0 6 35.6 3.0 7 10.8 0.8 7 2.7 0.7 8 4.8 1.6 7 1.9 0.2 7
Liver 0.0 0.0 6 28.9 2.2 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 mgof Prot | SEM [N | mgofProt | SEM | N | of Prot SEM |N [ormgofProt | SEM | N
Serum 15 0.1 6 568.1 33.0 7 11.8 1.1 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 0.2 0.1 8 0.4 0.2 7 0.1 0.0 7
Heart 0.0 0.0 6 29.9 2.5 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 0.3 0.0 7 0.2 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 %0GB3 reduction from
Null group at 2.5el1vg/kg 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 rAAvV9-40 rAAv9-41 rAAV9-42
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.

j0485] This Example examined the a-GAL activity of various codon optimized o -GAL
variants in two different cell lines.

j8486] 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 (ImL 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 a-GAL activity analysis.

[6488] Supernatants from the transfected cells were collected and assayed for a -GAL
enzyme activity. All the codon optimized variants of D resulted in significantly higher o -GAL
activity compared to either WT o -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 o-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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j8490] 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 10%,2.5 x 107, 2.5 x 10'%and 2.5 x
10%tvg/kg, or with a null control rAAV9-NULL at 2.5 X 10'1vg/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.

[0491] 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 1s normalized to total protein concentration determined by BCA assay (Thermo
Scientific, catalog# 23225).

0492} Dose dependent expression of ot-GAL was observed in G3Stg/GLAko mice after
intravenous administration of rAAV9-D3 and rAAV9-004-3 at doses ranging from 2.5e¢8 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/GL Ako 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 Ionization, 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 2.5el1vg/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. apoly A; and
f. a3’ ITR.
3. The recombinant rAAYV vector of claim 1 or 2, wherein the AAV capsid is a wide-

tropism AAYV capsid selected from an AAV1 capsid, AAV2 capsid, AAV3 capsid, AAV4
capsid, AAVS capsid, AAV6 capsid, AAV7 capsid, AAV8 capsid, or AAVO capsid.

4. The recombinant rAAYV vector of claim 3, wherein the wide-tropism AAV capsid 1s
AAVO.
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 B-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 oi-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.

144



WO 2022/183052 PCT/US2022/017998

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 a-GAL enzyme ;

d. apoly 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,

AAVG6 capsid, AAV7 capsid, AAV8 capsid, or AAV9 capsid.

22. The recombinant rAAV vector of claim 21, wherein the wide-tropism AAV capsid is
AAVO.

145



WO 2022/183052 PCT/US2022/017998

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 a.-GAL enzyme has an unmodified

sequence.

27. The method of claim 20, wherein the WPRE i1s 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 rAAV 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 rAAV 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 a-GAL in the serum for

greater than 15 weeks.

35. The method of any one of claims 19-34, wherein administration results in a-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 o.-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. 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. a 5’ inverted terminal repeat (ITR);
b. a liver specific promoter;
C. a nucleotide sequence encoding a-GAL enzyme;
d. apoly A; and
e. 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 a-GAL enzyme;
d. a woodchuck hepatitis virus posttranscriptional regulatory element (WPRE);
e. apoly 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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SEQUENCE LISTING
<110> TAKEDA PHARMACEUTICAL COMPANY LIMITED
<120> COMPOSITION AND METHODS FOR THE TREATMENT OF FABRY DISEASE
<130> MIL-014W01

<150> US63/154,485
<151> 2021-02-26

<160> 77

<170> PatentIn version 3.5
<210> 1

<211> 130

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

<400> 1
ctgcgegetce getegetcac tgaggeccgec cgggcaaage ccgggegteg ggegaccttt 60

ggtcgcccgg cctcagtgag cgagcgageg cgcagagagg gagtggccaa ctccatcact 120
aggggttcct 130
<210> 2

<211> 1881

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

;gggitczat attggccatt agccatatta ttcattggtt atatagcata aatcaatatt 60
ggctattgge cattgcatac gttgtatcta tatcataata tgtacattta tattggctca 120
tgtccaatat gaccgccatg ttggcattga ttattgacta gttattaata gtaatcaatt 180
acggggtcat tagttcatag cccatatatg gagttccgcg ttacataact tacggtaaat 240

ggcccgectg getgaccgec caacgacccc cgeccattga cgtcaataat gacgtatgtt 300



cccatagtaa
actgcccact
aatgacggta
acttggcagt
ttctgettcea

ttttaattat

gCEELELCELS
agcggegegc
aagcgaagcg
cgcegecegcec
cgggegeegac
ttcttttctg
ggageggctc
gctgeecggc
gcgegaggeg
caaaggctgc
cgggctgtaa
gtgcggegct
aggtggggst
geggeggecc
tatggtaatc
aatctgggag
gcaggaagga

ctctccagec

cggggttcgg

cgccaatagg
tggcagtaca
aatggcccgc
acatctacgt
ctctccccat
tttgtgcagc
gcgagegeece
tccgaaagtt
cgeggegesc
tcgegeegec
ggcccttctce
tggctgegte
gggggetgcg
ggctgtgagc
agcgeggecg
gtgcgggstyg
ccccccectg
ccgtacggeg
gcegeecess
ccggagcegcec
gtgcgagagg
gcgeegecgce
aatgggcggg

tcggggetgt

cttctggegt

gactttccat
tcaagtgtat
ctggcattat
attagtcatc

ctcccccccc

gatggggscg
888CELLEECE
tccttttatg
gggagtcgct
cgccceggcet
ctccgggetg
aaagccttga
tgcgtgtgtg
gctgegggeg
ggggcggtsgc
tgtgcgtges
cacccccctc
cgtggegegg
gegggeecegc
ggcggctgtc
gcgcagggac
accccctcta

gagggccttc

ccgegesees

gtgaccggeg

tgacgtcaat
catatgccaa
gcccagtaca
gctattacca

tccccacccc

8E8EEE8EEEEE
aggcggagag
gegaggegsec
gcgacgcetgce
ctgactgacc

taattagcgc

ggggctecgg
tgtgegtggg
cggegegees
cccgeggtgce
ggggtgagca
cccgagttgc
ggctcgecegt
ctcgggeegg
gaggegegec
ttcctttgte
gCcgeeCceCes
gtgcgtcgcec
acggctgect

gctctagagce

gggtggagta
gtccgecccc
tgaccttacg
tggtcgaggt
caattttgta
gegggcgcgce
gtgcggegsc
g8cgLeCLeCy
cttcgccccg
gcgttactcc
ttggtttaat
gagggccctt
gagcgccgeg
ctttgtgege
geggggegct
ggggetgteg
tgagcacggc
gccgeecesas
ggagggctcg
gagccgcagc
ccaaatctgt
ggcgaagegyg
gcgeegecegt
tcggggggea

ctctgctaac

tttacggtaa
tattgacgtc
ggactttcct
gagccccacg
tttatttatt
gccaggegeg
agccaatcag
gccctataaa
tgccecgcetc
cacaggtgag
gacggcttgt
tgtgcggege
tgcggeecgc
tccgcagtgt
gcgaggggaa
gcgeggeggt
ccggettegg
gggtggcegsc
g888agLELLC
cattgccttt
gcggagecga
tgcggegecg
ccccttetec

cggggcages

catgttcatg

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800



ccttcttett tttcctacag ctcctgggea acgtgetggt tattgtgetg tctcatcatt

ttggcaaaga attcgatatc a

<210> 3

<211> 1290
<212> DNA
<213>

<220>
<223>

<400> 3
atgcagctga

ctegtttect
accatgggct
gattcctgcea
tggaaggatg
gattcagaag
gctaattatg
acctgcgcag
gactggggag
gcagatggtt
tcctgtgagt
cagtactgca
agtatcttgg
ggttggaatg
gtaactcaga
cgacacatca
caggacccct

gaacgacctc

ggaacccaga
gggacatccc
ggctgcactg
tcagtgagaa
caggttatga
gcagacttca
ttcacagcaa
gcttcectgg
tagatctgct
ataagcacat
ggcctcttta
atcactggcg
actggacatc
acccagatat
tggccctctg
gccctcaagce
tgggcaagca

tctcaggcett

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggagcgcttc
gctcttcatg
gtacctctgc
ggcagaccct
aggactgaag
gagttttgga
aaaatttgat
gtccttggec
tatgtggccc
aaattttgct
ttttaaccag
gttagtgatt
ggctatcatg
caaagctctc

agggtaccag

agcctgggcet

ggctgegegce
gcactggaca
atgtgcaacc
gagatggcag
attgatgact
cagcgctttc
ctagggattt
tactacgaca
ggttgttact
ctgaatagga
tttcaaaagc
gacattgatg
gagagaattg
ggcaactttg
gctgetectt
cttcaggata
cttagacagg

gtagctatga

ttgcgetteg
atggattggc
ttgactgcca
agctcatggt
gttggatggc
ctcatgggat
atgcagatgt
ttgatgccca
gtgacagttt
ctggcagaag
ccaattatac
attcctggaa
ttgatgttgc
gcctcagetg
tattcatgtc
aggacgtaat
gagacaactt

taaaccggca

cttcctggec
aaggacgcct
ggaagagcca
ctcagaaggc
tccccaaaga
tcgccagcta
tggaaataaa
gacctttgcet
ggaaaatttg
cattgtgtac
agaaatccga
aagtataaag
tggaccaggg
gaatcagcaa
taatgacctc
tgccatcaat
tgaagtgtgg

ggagattggt

1860

1881

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



ggacctcgcet
gcctgettcea
tcaaggttaa
atgcagatgt
<210> 4

<211> 592
<212> DNA

<213>

<220>
<223>

<400> 4
aatcaacctc

ccttttacge
ttggctttca
tggcccgttg
ggttggggca
attgccacgg
ttgggcactg
gcctgtgttg
aatccagcgg
cgccttegec
<210> 5

<211> 234
<212> DNA

<213>

<220>
<223>

<400> 5

cttataccat
tcacacagct
gaagtcacat

cattaaaaga

tggattacaa
tttgtggata
ttttctcctc
tcaggcaacg
ttgccaccac
cggaactcat
acaattccgt
ccacctggat
accttccttc

ctcagacgag

cgcagttgct tccctgggta aaggagtgge ctgtaatcct

cctccctgtg aaaaggaagc tagggttcta tgaatggact

aaatcccaca ggcactgttt tgcttcagct agaaaataca

cttactttaa

Artificial Sequence

Synthetic polynucleotide

aatttgtgaa
cgctgettta
cttgtataaa
tggcgtggtyg
ctgtcagctc
cgcecgectge
ggtgttgtcg
tctgegegeg
ccgeggectg

tcggatctcec

Artificial Sequence

Synthetic polynucleotide

agattgactg
ttgcctttgt
tcctggttgc
tgcactgtgt
ctttccggga
cttgcecgcet
gggaaatcat
acgtccttct
ctgeceggetc

ctttgggecg

gtattcttaa
atcttgctat
tgtctctttt
ttgctgacgc
ctttecgettt
gctggacagg
cgtcctttec
gctacgtccc
tgcggectcet

cctccccgea

ctttgttgcet
tgcttecccgt
tgaggagttg
aacccccact
cccccteect
ggctcggctg
ttggctgcetc
ttcggeectc
tccgegtett

tc

cctagagctc gctgatcage ctcgactgtg ccttctagtt gccagccatc tgttgtttgc

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

592

60



ccctcccecg tgecttectt gaccctggaa ggtgeccactc ccactgtect ttcctaataa

aatgaggaaa ttgcatcgca ttgtctgagt aggtgtcatt ctattctggg gggtgggste

gggcaggaca gcaaggggga ggattgggaa gacaatagca ggcatgetgg ggaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

aggaacccct agtgatggag ttggccactc cctctctgeg cgetegeteg ctcactgagg

ccgggegacc aaaggtcgec cgacgeccgg getttgeccg ggeggectca gtgagegagc

6
133
DNA

Artificial Sequence

Synthetic polynucleotide

6

gagcgcgcag aga

<210>
<211>
<212>
<213>

<220>
<223>

<400>

7
398
PRT

Artificial Sequence

Synthetic polypeptide

7

Leu Asp Asn Gly Leu

1

5

Glu Arg Phe Met Cys

20

Ile Ser Glu Lys Leu

35

Gly Trp Lys Asp Ala

50

Met Ala Pro Gln Arg

Ala

Asn

Phe

Gly

Asp

Arg

Leu

Met

Tyr

Ser

Thr

Asp

Glu

40

Glu

Glu

Pro

Cys

25

Met

Tyr

Gly

Thr

10

Gln

Ala

Leu

Arg

Met

Glu

Glu

Cys

Leu

Gly

Glu

Arg

Ile

60

Gln

Trp Leu

Pro Asp
30

Met Val
45

Asp Asp

Ala Asp

His Trp

15

Ser Cys

Ser Glu

Cys Trp

Pro Gln

120

180

234

60

120

133



65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala
260

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

70

Ile

Ile

Phe

Asp

Ala

150

Pro

Lys

Phe

Trp

Gly

230

Trp

Pro

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met
265

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Tyr

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Ala

Ile

Val

Ala

Arg
270

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

80

Lys

Ala

Phe

Asp

Leu

160

Cys

Ile

Gly
240

Trp

Ile



Ser

Asn

Asn

305

Ala

Pro

Ile

Thr

Gln
385

Pro

Gln

290

Phe

Ile

Val

Thr

Ser

370

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

8
3
P

Gln

275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

98
RT

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Lys

Leu

Trp

Arg

325

Leu

Leu

Lys

Thr

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met
390

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Artificial Sequence

Synthetic polypeptide

8

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Tyr

Ser

Gly

330

Ala

Gln

Pro

Leu

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

Ile

Asp

Val

320

Ile

Phe

Trp

Leu

Leu Asp Asn Gly Leu Ala Arg Thr Pro Pro Met Gly Trp Leu His Trp

1

5

10

15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys

20

25

30



Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Lys

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Leu

Pro

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Pro

Lys

Phe

Trp

Gly

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Arg

Asp

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Ala

Ile

Val

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Glu

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu

160

Tyr

Cys

Ile

Asp

Gly



225

Asn Phe

Ala Ile

Ser Pro

Asn Gln
290

Asn Phe
305

Ala Ile

Pro Val

Ile Thr

Thr Ser
370

Gln Leu
385

<210>
<211>
<212>
<213>

<220>
<223>

230

Gly Leu Ser Trp Asp
245

Met Ala Gly Pro Leu
260

Gln Ala Lys Ala Leu
275

Asp Pro Leu Gly Lys
295

Glu Val Trp Glu Arg
310

Ile Asn Arg Gln Glu
325

Ala Ser Leu Gly Lys
340

Gln Leu Leu Pro Val
355

Arg Leu Arg Ser His
375

Glu Asn Thr Met Gln
390

9

398

PRT

Artificial Sequence

Synthetic polypeptide

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Thr

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Leu

255

Ala

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Ala

Leu



<400>

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Lys

Trp

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Gly

Met

20

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe
180

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Pro

Lys

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr
185

Pro

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Glu

Ile

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln
190

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Trp

Cys

Glu

Trp

Gln

80

Ala

Phe

Asp

Leu

160

Tyr

Cys



Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Ile

Thr

Gln

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Ser

370

Leu

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Asn

Asp

Gly

Ser

245

Gly

Lys

Leu

Trp

Arg

325

Leu

Leu

Arg

Thr

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Thr

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ser

Val

Ile

Leu

255

Ala

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

Ile

Gly

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Ala

Leu



385

<210>
<211>
<212>
<213>

<220>
<223>

<400>

10
398
PRT

390

Artificial Sequence

Synthetic polypeptide

10

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Gly

Met

20

Lys

Asp

Gln

His

Leu

100

Gly

Asn

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Pro

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

395

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Trp

Cys

Asp

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu



145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Lys

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser
340

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Gly

Lys

Leu

Trp

Arg

325

Leu

150

Pro

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val
345

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Gly

Pro

Pro

Gln

190

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala
350

Leu

175

Tyr

Ser

Val

Ile

Leu

255

Ala

Ala

Gly

Ala

Thr

335

Cys

160

Tyr

Cys

Ile

Asp

Gly

240

Ile

Ile

Asp

Val

320

Ile

Phe



Ile

Thr Gln Leu Leu Pro Val Lys

355

360

Thr Ser Arg Leu Arg Ser His Ile

Gln
385

370

375

Arg Lys Leu

Asn Pro Thr

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

11
398
PRT

390

Artificial Sequence

Synthetic polypeptide

11

Leu Asp Asn Gly

1

Glu

Ile

Gly

Met

65

Arg

Gly

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe Met
20

Glu Lys

35

Lys Asp

Pro Gln

Pro His

Lys Leu
100

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp
105

Pro

10

Gln

Ala

Leu

Arg

Ala

90

Val

395

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Gly

Gly

380

Asp

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Phe Tyr Glu Ala

365

Thr Val Leu Leu

Leu

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Leu

Leu

Asp

30

Val

Asp

Asp

His

Thr
110

His

15

Ser

Thr

Pro

Ser
95

Cys

Asp

Trp

Gln

80

Lys

Ala



Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

Phe

Asp

130

Leu

Lys

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Gly

Gly

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Gly

Lys

Leu

Trp

Phe

Asp

Ala

150

Pro

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Gln

Tyr

Leu

Pro

Gln

190

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Thr

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

Ala

Ala

Gly

Ala

Phe

Asp

Leu

160

Tyr

Cys

Ile

Asp

Gly

240

Trp

Ile

Ile

Asp

Val



305

Ala Ile Ile Asn Arg
325

Pro Val Ala Lys Leu
340

Ile Thr Gln Leu Leu
355

Thr Ser Arg Leu Arg
370

Gln Leu Glu Asn Thr
385

<210> 12
<211> 398
<212> PRT

310

Gln

Gly

Pro

Ser

Met
390

Glu

Lys

Val

His

375

Gln

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 12

Leu Asp Asn Gly Leu
1 5

Glu Arg Phe Met Cys
20

Ile Ser Glu Lys Leu
35

Gly Trp Lys Asp Ala
50

Met Ala Pro Gln Arg

Ala

Asn

Phe

Gly

Asp

Arg

Leu

Met

Tyr

Ser

Ile

Gly

Lys

360

Ile

Thr

Thr

Asp

Glu

40

Glu

Glu

Gly

Val

345

Arg

Asn

Ser

Pro

Cys

25

Met

Tyr

Gly

Gly

330

Ala

Lys

Pro

Leu

Thr

10

Gln

Ala

Leu

Arg

315

Pro

Cys

Leu

Thr

Lys
395

Met

Glu

Glu

Cys

Leu

Arg

Asn

Gly

Gly

380

Asp

Gly

Glu

Leu

Ile

60

Gln

Gly

Pro

Phe

365

Thr

Leu

Trp

Pro

Met

45

Asp

Ala

Tyr

Ala

350

Tyr

Val

Leu

Leu

Asp

30

Val

Asp

Asp

320

Thr Ile

335

Cys Phe

Glu Ala

Leu Leu

His Trp

15

Ser Cys

Ser Glu

Cys Trp

Pro Gln



65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala
260

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Phe

Trp

Gly

230

Trp

Pro

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Phe

Asp

Gln

Met
265

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Tyr

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Ala

Ile

Val

Ala

Arg
270

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

80

Lys

Ala

Phe

Asp

Leu

160

Cys

Ile

Gly
240

Trp

Ile



Ser

Asn

Asn

305

Ala

Ala

Ile

Thr

Gln
385

Pro

Gln

290

Phe

Val

Val

Thr

Ser

370

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Gln
275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

13
398
PRT

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Lys

Leu

Trp

Arg

325

Leu

Leu

Lys

Thr

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met
390

Leu

Lys

295

Arg

Glu

Gly

Val

His

375

Gln

Artificial Sequence

Synthetic polypeptide

13

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

Asp

Leu

300

Leu

Arg

Asn

Gly

Gly

380

Asp

Val

285

Arg

Ala

Ser

Pro

Leu

365

Thr

Leu

Ile

Gln

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

Ile

Asp

Val

320

Ile

Phe

Trp

Leu

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp

1

5

10

15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys

20

25

30



Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Lys

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Leu

Pro

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Phe

Trp

Gly

Met

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Phe

Asp

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

Leu

Ile

60

Gln

Tyr

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Lys

Ile

Val

Ser

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Glu

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu

160

Tyr

Cys

Ile

Asp

Gly



225

Asn Phe

Ala Ile

Ser Pro

Asn Gln
290

Asn Phe
305

Ala Met

Pro Val

Ile Thr

Thr Ser
370

Gln Leu
385

<210>
<211>
<212>
<213>

<220>
<223>

230

Gly Leu Ser Trp Asn
245

Met Ala Ala Pro Leu
260

Gln Ala Lys Ala Leu
275

Asp Pro Leu Gly Lys
295

Glu Val Trp Glu Arg
310

Ile Asn Arg Gln Glu
325

Ala Ser Leu Gly Lys
340

Gln Leu Leu Pro Val
355

Arg Leu Arg Ser His
375

Glu Asn Thr Met Gln
390

14
398
PRT
Artificial Sequence

Synthetic polypeptide

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Leu

255

His

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Trp

Leu



<400>

14

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Gly

Met

20

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe
180

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Arg

Leu

Met

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr
185

Thr

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Gly

Glu

Arg

Ile

60

Gln

Tyr

Asn

Asp

Gly

140

Met

Glu

Ile

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln
190

His

15

Ser

Ser

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Trp

Cys

Glu

Trp

Gln

80

Ala

Phe

Asp

Leu

160

Tyr

Cys



Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Ile

Thr

Gln

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Ser

370

Leu

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Asn

Asp

Gly

Ser

245

Ala

Lys

Leu

Trp

Arg

325

Leu

Leu

Lys

Thr

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Gln

Pro

Leu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ser

Val

Ile

Ser

255

His

Ala

Gly

Ala

Thr

335

Cys

Asn

Leu

Ile

Gly

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Trp

Leu



385

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15
398
PRT

390

Artificial Sequence

Synthetic polypeptide

15

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Gly

Met

20

Lys

Asp

Gln

His

Leu

100

Gly

Asn

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Thr

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

395

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Trp

Cys

Asp

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu



145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Arg

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser
340

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

Lys

Leu

Trp

Arg

325

Leu

150

Ser

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Ile

Pro

Ala

Thr

215

Trp

Asn

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val
345

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Pro

Gln

190

Lys

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala
350

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

Ala

Gly

Ala

Thr

335

Cys

160

Tyr

Cys

Ile

Asp

Gly

240

Ile

Ile

Asp

Val

320

Ile

Phe



Ile

Thr Gln Leu Leu Pro Val Lys

355

360

Thr Ser Arg Leu Arg Ser His Ile

Gln
385

370

375

Leu Glu Asn Thr Met Gln Met

<210>
<211>
<212>
<213>

<220>
<223>

<400>

16
398
PRT

390

Artificial Sequence

Synthetic polypeptide

16

Leu Asp Asn Gly

1

Glu

Ile

Gly

Met

65

Arg

Gly

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe Met
20

Glu Lys

35

Lys Asp

Pro Gln

Pro His

Lys Leu
100

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Arg Lys Leu

Asn Pro Thr

Ser Leu Lys

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp
105

Thr

10

Gln

Ala

Leu

Arg

Ala

90

Val

395

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Gly

Gly

380

Asp

Gly

Glu

Leu

Ile

60

Gln

His

Asn

Phe Tyr Glu Trp

365

Thr Val Leu Leu

Leu

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Leu

Leu

Asp

30

Val

Asp

Asp

His

Thr
110

His

15

Ser

Ser

Pro

Ser
95

Cys

Glu

Trp

Gln

80

Lys

Ala



Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Gly

Gly

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

Lys

Leu

Trp

Phe

Asp

Ala

150

Ser

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asn

Leu

Leu

Lys

295

Arg

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Phe

Asp

Gln

Met

265

Gln

Gly

Leu

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Gln

Tyr

Leu

Pro

Gln

190

Lys

Ile

Val

Ala

Arg

270

Ile

Gln

Trp

Thr

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

Ala

Gly

Ala

Phe

Asp

Leu

160

Tyr

Cys

Ile

Asp

Gly

240

Trp

Ile

Ile

Asp

Val



305

Ala Met Ile Asn Arg
325

Pro Val Ala Ser Leu
340

Ile Thr Gln Leu Leu
355

Thr Ser Arg Leu Arg
370

Gln Leu Glu Asn Thr
385

<210> 17
<211> 398
<212> PRT

310

Gln

Gly

Pro

Ser

Met
390

Glu

Lys

Val

His

375

Gln

<213> Artificial Sequence

<220>

<223> Synthetic polypeptide

<400> 17

Leu Asp Asn Gly Leu
1 5

Glu Arg Phe Met Cys
20

Ile Ser Glu Lys Leu
35

Gly Trp Lys Asp Ala
50

Met Ala Pro Gln Arg

Ala

Asn

Phe

Gly

Asp

Arg

Leu

Glu

Tyr

Ser

Ile

Gly

Lys

360

Ile

Met

Thr

Asp

Glu

40

Glu

Glu

Gly

Val

345

Arg

Asn

Ser

Pro

Cys

25

Met

Tyr

Gly

Gly

330

Ala

Lys

Pro

Leu

Thr

10

Gln

Ala

Leu

Arg

315

Pro

Cys

Leu

Thr

Lys
395

Met

Glu

Glu

Cys

Leu

Arg

Asn

Gly

Gly

380

Asp

Gly

Glu

Arg

Ile

60

Gln

Ser

Pro

Phe

365

Thr

Leu

Trp

Pro

Met

45

Asp

Ala

Tyr

Ala

350

Tyr

Val

Leu

Leu

Asp

30

Val

Asp

Asp

320

Thr Ile

335

Cys Phe

Glu Trp

Leu Leu

His Trp

15

Ser Cys

Thr Asp

Cys Trp

Pro Gln



65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala
260

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Phe

Trp

Gly

230

Trp

Pro

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met
265

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

His

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Lys

Ile

Val

Ala

Arg
270

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

80

Lys

Ala

Phe

Asp

Leu

160

Cys

Ile

Gly
240

Trp

Ile



Ser

Asn

Asn

305

Ala

Pro

Ile

Thr

Gln
385

Pro

Gln

290

Phe

Ile

Val

Thr

Ser

370

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

ctggataatg gattggctag aacacctact
tgcaacctcg actgtcagga agaaccagac
atggccgagc gaatggtgtc agaaggctgg

gacgattgct ggatggctcc gcaacgggac

Gln
275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

18
1197
DNA

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Lys

Leu

Trp

Arg

325

Leu

Leu

Lys

Thr

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met
390

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Artificial Sequence

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Synthetic polynucleotide

18

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

atgggetgsc

agctgcatct

aaagatgcag

agtgagggca

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

ttcactggga gaggttcatg
ccgagaagct gtttatggaa
gttacgagta tctgtgtatt

gacttcaggc agatcctcag

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

Ile

Asp

Val

320

Ile

Phe

Ala

Leu

60

120

180

240



cgcttcccac
ggcatctatg
tacgacattg
tgctattgtg
aatcggacag
caaaagccaa
atcgatgact
cgcattgtag
aattttggtc
gccccactcet
caggacaaag
agaaaaggcg
gccataataa
ttgggcaagg
agacagctgg
accgtactgc
<210>
<211>

<212>
<213>

19

DNA

<220>

<223>

<400> 19

1197

atgggataag
ctgacgtgeg
atgcccagac
actctttgga
gtagacccat
actacactga
catgggcgag
acgtcgcagg
ttagctggga
tcatgtccaa
atgtgattgc
acaacttcga
accggcaaga
gagtggcegtg
ggttctatga

tgcaacttga

gcagctcgcec
gaataagacc
ctttgccgat
gaacctggca
cgtgtatagt
gattcgccag
catcaaatcc
acccggeggc
ccagcaagtt
cgatctgcga
catcaatcag
agtctgggaa
gattggtggg
taatcctgcec
gtggacctcc

aaacacgatg

Artificial Sequence

Synthetic polynucleotide

ctggataatg gattggctag aacacctcct

tgcaacctgg actgtcagga agaaccagac

atggccgaac gaatggtgac tgagggctgg

gacgattgct ggatggcccc acaacgggat

aactacgtcc
tgtgcgggat
tggggagtte
gacgggtaca
tgcgaatggc
tattgcaatc
atattggatt
tggaacgacc
acgcagatgg
cacatctctc
gacccactcg
aggccacttt
cccaggagct
tgctttatca
cgcctcaaga

cagatgagtt

atgggetgsc

agctgcatct
aaagatgcag

tctgagggaa

actctaaggg
ttcccggtag
acctcctcaa
agcatatgtc
ccctttacat
actggaggaa
ggacctctcg
ctgatatgct
ctctgtgggc

ctcaagctaa

gaaagcaggg
caggagacgc
acacaatccc
ctcagctgct
gccatattaa

tgaaggacct

ttcactggga
ccgagaagct
gttacgagta

gacttcaggc

actgaaactg
cttcggctac
attcgatggc
cctggeectg
gtggectttt
cttcgctgat
gaatcaggag
ggtgatcggg
aattatggca
ggctctgetg
ctatcagctg
atgggctgtg
cgttgccagt
cccagtcaaa
tcccacaggt

cctgtag

gaggttcatg
ctttgaggaa
tctgtgtatt

tgatccgcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgctteectce
ggaatctacg
tatgacattg
tgctactgtg
aatagaaccg
cagaaaccga
atcgatgact
cgaattgtgg
aattttggcc
ggtcctettt
caagacaaag
agaaaaggcg
gccattatta
cttggcaagg
agaaaactgg
accgtcctct
<210>
<211>

<212>
<213>

20

DNA

<220>

<223>

<400> 20

1197

atggcataag
cggacgtggg
acgcccaaac
acagcctcga
gtcggccaat
actacacaga
catgggcctc
atgtcgcagg
tctcttggga
tcatgagcaa
atgtgatagc
acaactttga
atcggcaaga
gcgttgectg
gtttctacga

tgcagctgga

gcagctggcea
caataagacc
gtttgctgat
aaacctggca
cgtatattcc
aattcgccag
cataaagagc
ccctggagga
ccagcaggtt
cgatctgegc
catcaatcag
ggtctgggaa
gatcggaggt
taacccagct
agctaccagc

gaatacgatg

Artificial Sequence

Synthetic polynucleotide

ctggataatg gattggctag aacacctcct

tgcaacctgg actgtcagga agaaccagac

atggccgaac gaatggtgac tgagggctgg

gacgattgct ggatggcccc acaacgggat

aaccacgtcc
tgtgecggtt
tggggcgtte
gacggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaacgatc
acccaaatgg
gcgatctcac
gacccgttgg
aggcctttga
ccacgctcct
tgcttcatca
aggctccgat

cagacttcac

atgggetgsc

agctgcatct
aaagatgcag

tctgagggaa

acagtaaggg
ttccgggatc
acctgctgaa
agcatatgtc
ctctttacat
attggaggaa
ggaccagtcg
cagacatgct
ctctgtgggc

cacaggcaaa

gaaagcaggg
gtggagatgc
atacaattcc
ctcagcttct
cccacatcaa

tgaaggacct

ttcactggga
ccgagaagct
gttacgagta

gacttcaggc

gctcaaattg
attcgggtat
attcgatggt
tctecgeectg
gtggccattt
cttcgctgat
gaatcaggag
ggtgatcggc
aattatggcc
ggccctgetce
ctaccagctg
gtgggctgtg
tgtagcatct
gccggtgaag
ccctacagga

cctgtag

gaggttcatg
ctttgaggaa
tctgtgtatt

tgatccgcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgctteectce
ggaatctacg
tatgacattg
tgctactgtg
aataaaaccg
cagaaaccga
atcgatgact
cgaattgtgg
aattttggcc
ggtcctettt
caagacaaag
agaaaaggcg
gccattatta
cttggcaagg
agaaaactgg
accgtcctct
<210>
<211>

<212>
<213>

21

DNA

<220>

<223>

<400> 21

1197

atggcataag
cggacgtggg
acgcccaaac
acagcctcga
gtcggccaat
actacacaga
catgggcctc
atgtcgcagg
tctcttggga
tcatgagcaa
atgtgatagc
acaactttga
atcggcaaga
gcgttgectg
gtttctacga

tgcagctgga

gcagctggcea
caataagacc
gtttgctgat
aaacctggca
cgtatattcc
aattcgccag
cataaagagc
ccctggagga
ccagcaggtt
cgatctgegc
catcaatcag
ggtctgggaa
gatcggaggt
taacccagct
agctaccagc

gaatacgatg

Artificial Sequence

Synthetic polynucleotide

ctggataatg gattggctag aacacctcct

tgcaacctgg actgtcagga agaaccagac

atggccgaac gaatggtgac tgacggctgg

gacgattgct ggatggcccc acaacgggat

aaccacgtcc
tgtgecggtt
tggggcgtte
gacggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaacgatc
acccaaatgg
gcgatctcac
gacccgttgg
aggcctttga
ccacgctcct
tgcttcatca
aggctccgat

cagacttcac

atgggetgsc

agctgcatct
aaagatgcag

tctgagggaa

acagtaaggg
ttccgggatc
acctgctgaa
agcatatgtc
ctctttacat
attggaggaa
ggaccagtcg
cagacatgct
ctctgtgggc

cacaggcaaa

gaaagcaggg
gtggagatgc
atacaattcc
ctcagcttct
cccacatcaa

tgaaggacct

ttcactggga
ccgagaagct
gttacgagta

gacttcaggc

gctcaaattg
attcgggtat
attcgatggt
tctecgeectg
gtggccattt
cttcgctgat
gaatcaggag
ggtgatcggc
aattatggcc
ggccctgetce
ctaccagctg
gtgggctgtg
tgtagcatct
gccggtgaag
ccctacagga

cctgtag

gaggttcatg
ctttgaggaa
tctgtgtatt

tgatccgcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgctteectce
ggaatctacg
tatgacattg
tgctactgtg
aataaaaccg
cagaaaccga
atcgatgact
cgaattgtgg
aattttggcc
ggtcctettt
caagacaaag
agaaaaggcg
gccattatta
cttggcaagg
agaaaactgg
accgtcctct
<210>
<211>

<212>
<213>

22

DNA

<220>

<223>

<400> 22

1197

atggcataag
cggacgtggg
acgcccaaac
acagcctcga
gtcggccaat
actacacaga
catgggcctc
atgtcgcagg
tctcttggga
tcatgagcaa
atgtgatagc
acaactttga
atcggcaaga
gcgttgectg
gtttctacga

tgcagctgga

gcagctggcea
caataagacc
gtttgctgat
aaacctggca
cgtatattcc
aattcgccag
cataaagagc
ccctggagga
ccagcaggtt
cgatctgegc
catcaatcag
ggtctgggaa
gatcggaggt
taacccagct
agctaccagc

gaatacgatg

Artificial Sequence

Synthetic polynucleotide

ctggataatg gattggctag aacacctcct

tgcaacctgg actgtcagga agaaccagac

atggccgaac gaatggtgac tgacggctgg

gacgattgct ggatggcccc acaacgggat

aaccacgtcc
tgtgecggtt
tggggcgtte
gacggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaacgatc
acccaaatgg
gcgatctcac
gacccgttgg
aggcctttga
ccacgcggtt
tgcttcatca
aggctccgat

cagacttcac

atgggetgsc

agctgcatct
aaagatgcag

tctgagggaa

acagtaaggg
ttccgggatc
acctgctgaa
agcatatgtc
ctctttacat
attggaggaa
ggaccagtcg
cagacatgct
ctctgtgggc

cacaggcaaa

gaaagcaggg
gtggagatgc
atacaattcc
ctcagcttct
cccacatcaa

tgaaggacct

ttcactggga
ccgagaagct
gttacgagta

gacttcaggc

gctcaaattg
attcgggtat
attcgatggt
tctecgeectg
gtggccattt
cttcgctgat
gaatcaggag
ggtgatcggc
aattatggcc
ggccctgetce
ctaccagctg
gtgggctgtg
tgtagcatct
gccggtgaag
ccctacagga

cctgtag

gaggttcatg
ctttgaggaa
tctgtgtatt

tgatccgcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgctteectce
ggaatctacg
tatgacattg
tgctactgtg
aataaaaccg
cagaaaccga
atcgatgact
cgaattgtgg
aattttggcc
ggtcctettt
caagacaaag
agaaaaggcg
gccattatta
cttggcaagg
agaaaactgg
accgtcctct
<210>
<211>

<212>
<213>

23

DNA

<220>

<223>

<400> 23

1197

atggcataag
cggacgtggg
acgcccaaac
acagcctcga
gtcggccaat
actacacaga
catgggcctc
atgtcgcagg
tctcttggga
tcatgagcaa
atgtgatagc
acaactttga
atcggcaaga
gcgttgectg
gtttctacga

tgcagctgga

gcagctggcea
caataagacc
gtttgctgat
aaacctggca
cgtatattcc
aattcgccag
cataaagagc
ccctggagga
ccagcaggtt
cgatctgegc
catcaatcag
ggtctgggaa
gatcggaggt
taacccagct
agctaccagc

gaatacgatg

Artificial Sequence

Synthetic polynucleotide

ctggataatg gattggctag aacacctcct

tgcaacctgg actgtcagga agaaccagac

atggccgaac gaatggtgac tgacggctgg

gacgattgct ggatggcccc acaacgggat

aaccacgtcc
tgtgecggtt
tggggcgtte
gacggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaacgatc
acccaaatgg
gcgatctcac
gacccgttgg
aggcctttga
ccacgcggtt
tgcttcatca
aggctccgat

cagacttcac

atgggetgsc

agctgcatct
aaagatgcag

tctgagggaa

acagtaaggg
ttccgggatc
acctgctgaa
agcatatgtc
ctctttacat
attggaggaa
ggaccagtcg
cagacatgct
ctctgtgggc

cacaggcaaa

gaaagcaggg
gtggagatgc
atacaattcc
ctcagcttct
cccacatcaa

tgaaggacct

ttcactggga
ccgagaagct
gttacgagta

gacttcaggc

gctcaaattg
attcgggtat
attcgatggt
tctecgeectg
gtggccattt
cttcgctgat
gaatcaggag
ggtgatcggc
aattatggcc
ggccctgetce
ctaccagctg
gtgggctgtg
tgtagcaaag
gccggtgaag
ccctacagga

cctgtag

gaggttcatg
ctttgaggaa
tctgtgtatt

tgatccgcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgctteectce
ggaatctacg
tatgacattg
tgctactgtg
aataaaaccg
cagaaaccga
atcgatgact
cgaattgtgg
aattttggcc
ggccctettt
caagacacgg
agaaaaggcg
gccattatta
cttggcaagg
agaaaactgg
accgtcctct
<210>
<211>

<212>
<213>

24
1197
DNA

<220>

<223>

<400> 24

atggcataag
cggacgtggg
acgcccaaac
acagcctcga
gtcgggatat
actacacaga
catgggcctc
atgtcgcagg
tctcttggga
tcatgagcaa
acgtgatagc
acaactttga
atcggcaaga
gcgttgectg
gtttctacga

tgcagctgga

gcagctggcea
caataagacc
gtttgctgat
aaacctggca
cgtatattcc
aattcgccag
cataaagagc
ccctggagga
ccagcaggtt
cgatctgegc
catcaatcag
ggtctgggaa
gatcggaggt
taacccagct
agctaccagc

gaatacgatg

Artificial Sequence

Synthetic polynucleotide

ttggacaatg ggctggccag gacacctact

tgtaacctcg actgccaaga ggagccagac

atggctgagc tgatggtgag cgaagggtgg

gatgactgct ggatggctcc acagcgcgac

aaccacgtcc
tgtgecggtt
tggggcgtte
gacggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaacgatc
acccaaatgg
gcgatctcac
gacccgttgg
aggcctttga
ccacgcggtt
tgcttcatca
aggctccgat

cagacttcac

atgggctggce
tcatgcatct
aaggatgcgg

agtgaaggcc

acagtaaggg
ttccgggatc
acctgctgaa
agcatatgtc
ctctttacat
attggaggaa
ggaccagtcg
cagacatgct
ctctgtgggc

cacaggcaaa

gaaagcaggg
gtggagatgc
atacaattcc
ctcagcttct
cccacatcaa

tgaaggacct

tccactggga
ctgagaagtt
gctatgagta

ggctccaggc

gctcaaattg
attcgggtat
attcgatggt
tctecgeectg
gtggccattt
cttcgctgat
gaatcaggag
ggtgatcggc
aattatggcc
ggccctgetce
ctaccagctg
gtgggctgtg
tgtagcaaag
gccggtgaag
ccctacagga

cctgtag

gcgctttatg
gttcatggag
tctctgtatt

cgatcctcag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cggttccccc
ggtatatatg
tatgacatcg
tgttactgtg
aatcggacag
cagaagccca
atagacgaca
aggattgtcg
aatttcggtc
gcaccactgt
caggataagg
cgccagggag
gccgtaatta
ctcggeggss
aggaaactgg
actgttctcc
<210>
<211>

<212>
<213>

25

DNA

<220>

<223>

<400> 25

1198

acggtatcag
ctgatgtgeg
acgcccagac
actcccttga
gccgatccat
actatacaga
gctgggctag
atgtcgcagg
tgtcatggga
tcatgagcaa
acgttatcgc
acaatttcga
accgacaaga
gcgtagettg
ggctttatga

tccagctgga

acaactggcg
taataaaaca
ttttgcggac
gaacctggcc
cgtatactct
aatcaggcaa
cattaagtct
cccaggaggt
ccaacaggtg
tgatttgcga
cattaaccag
ggtctgggaa

aatcggcgga

taacccggct
gtggacaagt

aaacacaatg

Artificial Sequence

Synthetic polynucleotide

tttggacaat gggctggcca ggacacctac

gtgtaacctc gactgccaag aggagccaga

aatggccgag cttatggtct cagaggggtg

cgacgattgc tggatggccc cccaacgega

aattacgtgc
tgtgcaggct
tggggceteg
gacgggtaca
tgcgagtggc
tactgcaacc
attctggatt
tggaatgacc
actcagatgg
cacatctccc
gacccgctcg
cgacccctgt
ccgeggagcet
tgtttcataa
cggttgaagt

cagatgagcc

tatgggcteg

ctcatgcatc
gaaagacgcc

ttccgaaggc

actcaaaagg
tcccaggctc
acctgctcaa
agcatatgtc
ctctgtacat
attggcggaa
ggaccagttt
cagacatgct
ctctgtgggc
ctcaggcgaa
gtaagcaagg
ctggactcgc
ataccatagc
cccagctgcet
ctcatattaa

tgaaggatct

ctccactggg
tctgagaagt
ggatatgagt

cgcttgeagg

ccttaagctg
ttttgggtac
gtttgacgga
actggccctg
gtggcccttc
cttcgcagac
caatcaagaa
cgtgattgga
aatcatggca
agcccttctg
gtaccagttg
ttgggccegta
tgtcgectcec
gcccgtcaag

cccgacaggg

cttgtga

agcgctttat
tgttcatgga
atctgtgcat

ctgatccgca

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



gcgetttect
gggcatctac
ttatgacatt
ttgttattgc
gaatagaact
tcagaaaccc
tatcgatgat
gcgcatcgtg
aaacttcggt
cgcccccctce
gcaagacaag
gcgcaaaggc
tgcaatgatc
actgggtaag
acgaaaactc
gactgttctc
<210>
<211>

<212>
<213>

26
1197
DNA

<220>

<223>

<400> 26

cacgggatcc
gcagacgtgg
gacgcacaga
gacagccttg
ggtcggtcca
aactacaccg
tcttgggcta
gacgttgctg
ctctcttgga
tttatgtcca
gatgtgattg
gacaattttg
aacaggcaag
ggagtcgcct
ggattctatg

ctccagctgg

gccaattggc
gaaacaagac
cctttgetga
aaaatctggc
tcgtctatag
agattcggca
gtattaaatc
gacctggegg
accagcaagt
acgatctgag
ctatcaacca
aggtgtggea
aaattggcgg
gtaaccccgc
agtggacctc

aaaacacaat

Artificial Sequence

Synthetic polynucleotide

ttggacaatg ggctggccag gacacctact

tgtaacctcg actgccaaga ggagccagac

atggctgaac gcatggtttc tgagggatgg

gacgattgtt ggatggcccc acagcgggat

aaattacgtg
atgtgctgga
ttggggegtc
cgacggttac
ttgtgagteg
atattgcaat
catcctggat
gtggaatgat
cactcaaatg
gcatatcagt
agatcccctt
aaggccactt
acccaggagc
atgcttcatt
aagactgagg

gcagatgagc

atgggctggc

tcatgcatct
aaagatgcag

tcagaaggta

cactcaaagg
tttcccggga
gacctcctga
aaacacatgt
ccgctttaca
cactggcgaa
tggacatcat
ccagacatgc
gcactctggg
cctcaggcta
ggtaaacagg
tcaggcgatg
tatacaatac
actcaacttc
tctcatatta

ctgaaggatc

tccactggga
ctgagaagtt
gctacgagta

gactccaggc

ggctcaagtt
gtttcggtta
agtttgacgg
cccttgeact
tgtggecttt
atttcgcaga
tcaaccagga
ttgtgatcgg
caattatggc
aagccctgcet
ggtaccagtt
catgggccgt
cagtggcgtc
tgccagtgaa
acccgacagg

tcttgtga

gcgectttatg
gttcatggag
cctgtgtata

ggatccccag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1198

60

120

180

240



agattcccac
ggtatttacg
tatgacattg
tgttattgeg
aaccgcactg
cagaaaccca
attgatgatt
agaattgtcg
aacttcggac
gcccctetgt
caggataaag
cggaagggag
gctattataa
ctgggaaagg
cgccaattgg
actgttctcc
<210>
<211>

<212>
<213>

27
1197
DNA

<220>

<223>

<400> 27

atggaatcag
ccgacgtagg
atgcacagac
atagcctcga
ggcgctctat
attacacaga
cctgggectc
acgtcgccgg
tctcatggga
ttatgagtaa
atgtcatcgc
acaattttga
atcgccagga
gcgtcgectg
ggttctacaa

tccagctgga

acagctggcc
caacaagact
tttcgctgac
aaatctggct
agtttactcc
aataaggcag

cataaagagt

accaggcgga
ccagcaggtg
cgacctccgc
catcaaccaa
ggtgtgegaa
gattggggsc
caaccctgcec
ttggacatcc

aaacacaatg

Artificial Sequence

Synthetic polynucleotide

ttggacaatg ggctggccag gacacctact

tgtaacctcg actgccaaga ggagccagac

atggcagaac gaatggtgac agatggatgg

gatgattgtt ggatggcccc tcagcgagac

aattacgtcc
tgtgccggat
tgggeeeteg
gatggctaca
tgcgagtggc
tattgcaatc
atcttggact
tggaatgatc
acccagatgg
cacatcagcc
gatcccctgg
cgcectttga
ccgagaagtt
tgcttcatca
agactcaaat

cagatgagcc

atgggctggc
tcatgcatct
aaggacgctg

tcagagggga

attccaaagg
ttcccggeag
acttgctcaa
agcacatgtc
ctctgtatat
actggcgcaa
ggactagtcg
ctgatatgct
ctagttgggc
cccaggccaa
gcaaacaagg
gcggagacgc
atactatccc
cacagctgct
ctcatattaa

tgaaggatct

tccactggga
ctgagaagtt
gctacgagta

gactccaggc

ccttaagttg
tttcggatac
atttgatggc
actcgctctc
gtggccgttc
ctttgctgat
caatcaggaa
cgtgatcggg
tatcatggcc
ggcgcttctg
ctatcagctg
ctgggctgtg
cgttgcaagc
tcctgtcaaa

cccgacaggg

cttgtga

gcgectttatg
gttcgaggag
tctgtgcata

cgacccccag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgatttccac
ggaatttatg
tacgacatcg
tgttactgcg
aaccgaacag
cagaaaccta
attgacgata
aggatcgtgg
aactttggac

gccecccttgt

caggacaagg
cggaaaggtg
gcaatcatca
ctcggtaagg
agaaaactgg
actgttctcc
<210>
<211>

<212>
<213>

28

DNA

<220>

<223>

<400> 28

1197

acggaatccg
ctgacgtcgg
acgcccagac
atagtctgga
gcagaagcat
attataccga
gttggaagtc
acgtggcteg
tgtcatggaa
ttatgtctaa
acgttatcgc
ataacttcga
acaggcaaga
gcgtcgectg
gattttacga

tccagctgga

gcaactggct
gaacaaaact
tttcgcagac
aaacttggct
agtctactcc
gatcagacaa
aatcaagtcc
acctggcgga
tcagcaagta
cgacctgagg
catcaaccag
ggtctgggag

aattggtggg

caaccccgcec
gtggacatcc

aaacacaatg

Artificial Sequence

Synthetic polynucleotide

ttggacaatg ggctggccag gacacctact

tgtaacctcg actgccaaga ggagccagac

atggctgaac tgatggtgtc cgaggggtgg

gacgattgct ggatggcacc acagcgggat

aaccatgtgc
tgtgcgggst
tgggeteteg
gacggctata
tgcgaatggc
tactgtaacc
atcctggatt
tggaacgatc
acacagatgg
catatctctc
gacccactgg
cgaccgcttt
ccacggtctt
tgctttatca
aggctgeggt

cagatgagcc

atgggctggc
tcatgcatct
aaggatgcag

agtgagggca

actcaaaagg
ttcccggetc
acctgcttaa
agcacatgag
cactttacat
attggcgaaa
ggacctctag
cagacatgct
cgctctgggc

ctcaagccaa

gcaagcaggg
caggagacgc
atactattcc
cccaattgtt
ctcatattaa

tgaaggatct

tccactggga
ctgagaagtt
ggtacgagta

ggttgcaggc

gctcaagctg
cttcggatat
gttcgacggc
tctecgeectg
gtggccattc
cttcgecgac
gaaccaggaa
cgtgatagga
cattatggct
ggcactcctg
ataccagctg
ctgggcagtt
cgtggettct
gcccgttaag

cccgacaggg

cttgtga

gcgectttatg
gttcgaagag
cctttgcata

ggacccccaa

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



agatttccac
gggatttacg
tacgacatcg
tgctactgeg
aatagaaccg
cagaaaccca
atagacgata
cggatcgtcg
aactttggtc
gcaccactct
caggacaaag
aggcagggag
gccatgataa
ctgggcaagg
cggaaactcg
actgttctcc
<210>
<211>

<212>
<213>

29

DNA

<220>

<223>

<400> 29

1197

atggcatcag
ccgatgtcgg
acgcccagac
attctctgga
gacgctctat
actataccga
gctggaagag
acgtggecgg
tctcctggaa
ttatgagcaa
acgtgatcgc
ataattttga
acagacagga
gggtggcttg
ggttctatga

tccagctgga

acagctggcec
taataaaaca
atttgctgat
aaatctggcc
agtctattca
aattagacag
catcaagtca
ccctggggec
tcaacaggtc
cgacctgaga
cattaaccag
ggtctgggag
gattggcggc
taatcccgcec
atggacttct

aaacacaatg

Artificial Sequence

Synthetic polynucleotide

ttggacaatg ggctggccag gacacctact

tgtaacctcg actgccaaga ggagccagac

atggcagaac gaatggtgac agatggatgg

gatgattgtt ggatggcccc tcagcgagac

aaccacgtgc
tgtgctggtt
tggggagteg
gatgggtata
tgtgagtggc
tattgtaacc
attctcgatt
tggaatgatc
actcagatgg
cacatttccc
gacccactgg
cgcccactca
cccagatcct
tgctttataa
aggctcaggt

cagatgagcc

atgggctggc
tcatgcatct
aaggacgctg

tcagagggga

actctaaagg
tccccggtag
acctgctcaa
agcacatgag
cactgtacat
actggcggaa
ggacttcatt
cagatatgct
ccctctgggc

cacaggccaa

gcaagcaagg
gcggagacgc
acacaattcc
cccagctgcet
ctcatattaa

tgaaggatct

tccactggga
ctgagaagtt
gctacgagta

gactccaggc

cctgaagctg
ctttggatac
gttcgacggc
tcttgetett
gtggccattt
tttcgccgac
caaccaggag
ggtgatcgga
cattatggca
ggcattgctg
gtaccaactt
ctgggeegtt
tgtcgctage
gccagtgaaa
cccgacaggg

cttgtga

gcgectttatg
gttcgaggag
tctgtgcata

cgacccccag

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197

60

120

180

240



cgatttccac
ggaatttatg
tacgacatcg
tgttactgcg
aaccgaacag
cagaaaccta
attgacgata
aggatcgtgg
aactttggac

gccecccttgt

caggacaagg
cggaaaggtg
gcaatcatca
ctcggtaagg
agaaaactgg
actgttctcc
<210> 30

<211> 398
<212> PRT

<213>

<220>
<223>

<400> 30

acggaatccg
ctgacgtcgg
acgcccagac
atagtctgga
gcagaagcat
attataccga
gttggaagtc
acgtggcteg
tgtcatggga
ttatgtctaa
acgttatcgc
ataacttcga
acaggcaaga
gcgtcgectg
gattttacga

tccagctgga

gcaactggct
gaacaaaact
tttcgcagac
aaacttggct
agtctactcc
gatcagacaa
aatcaagtcc
acctggcgga
tcagcaagta
cgacctgagg
catcaaccag
ggtctgggag

aattggtggg

caaccccgcec
ggcgacatcc

aaacacaatg

Artificial Sequence

Synthetic polypeptide

aaccatgtgc
tgtgcgggst
tgggeteteg
gacggctata
tgcgaatggc
tactgtaacc
atcctggatt
tggaacgatc
acacagatgg
catatctctc
gacccactgg
cgaccgcttt
ccacggtctt
tgctttatca
aggctgaagt

cagatgagcc

actcaaaagg
ttcccggetc
acctgcttaa
agcacatgag
cactttacat
attggcgaaa
ggacctctag
cagacatgct
cgctctgggc

ctcaagccaa

gcaagcaggg
caggagacgc
atactattcc
cccaattgtt
ctcatattaa

tgaaggatct

gctcaagctg
cttcggatat
gttcgacggc
tctecgeectg
gtggccattc
cttcgecgac
gaaccaggaa
cgtgatagga
cattatggct
ggcactcctg
ataccagctg
ctgggcagtt
cgtggettct
gcccgttaag

cccgacaggg

cttgtga

Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp

1

5

10

15

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys

20

25

30

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1197



Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Asn

Lys

Val

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

His

Ser

210

Ala

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Trp

195

Ile

Gly

Lys

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe

180

Leu

Pro

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Asn

Asp

Gly

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Phe

Trp

Gly

Met

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Asp

200

Ser

Asn

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr

185

Ile

Phe

Asp

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Asp

Asn

Pro

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Asp

Gln

Asp

Leu

Ile

60

Gln

Tyr

Asn

Asp

Gly

140

Met

Glu

Ile

Ser

Glu

220

Met

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Trp

205

Arg

Leu

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln

190

Lys

Ile

Val

Ser

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Ser

Val

Ile

Glu

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu

160

Tyr

Cys

Ile

Asp

Gly



225

Asn

Ala

Ser

Asn

Asn

305

Ala

Ala

Ile

Thr

Gln
385

Phe

Ile

Pro

Gln

290

Phe

Met

Val

Thr

Ser

370

Leu

<210>
<211>
<212>
<213>

<220>
<223>

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

31
1196
DNA

Leu

Ala

260

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Ser

245

Ala

Lys

Leu

Trp

Arg

325

Leu

Leu

Arg

Thr

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met
390

Asn

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Artificial Sequence

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Synthetic polynucleotide

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Lys

Pro

Leu

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys
395

Gln

Asp

Asp

Leu

300

Leu

Arg

Asn

Gly

Gly

380

Asp

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Arg

270

Ile

Gln

Trp

Tyr

Ala

350

Tyr

Val

Leu

Leu

255

His

Ala

Gly

Ala

Thr

335

Cys

Glu

Leu

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Trp

Leu



<400> 31
tggacaatgg

gcaaccttga
tggcagagag
atgactgttg
gctttectca
ggatttatgc
acgacattga
gttactgtga
ataggactgg
aaaagcccaa
ttgatgattc
gaattgttga
actttggect
ctcctttatt
aggataagga
gaaagggaga
ctatcataaa
tgggtaaagg

ggcagctagg

ctgttttget

<210> 32
<211>
<212>
<213>

DNA

<220>
<223>

1196

attggcaagg
ctgccaggaa
aatggtcacc
gatggctccc
tgggattcgc
agatgttgga
tgcccagacc
cagtttggaa
cagaagcatt
ttatacagaa
ctgggccagt
tgttgctgga
cagctgggac
catgtctaat
cgtaattgcc
caactttgaa
ccggcaggag
agtggcctgt
gttctataac

tcagctagaa

acgcctacca
gagccagatt
gacggctgga
caaagagatt
cagctagcta
aataaaacct
tttgctgact
aatttggcag
gtgtactcct
atccgacagt
ataaagagta
ccagggggtt
cagcaagtaa
gacctccgac
atcaatcagg
gtgtgggaac
attggtggac
aatcctgect
tggacttcaa

aatacaatgc

Artificial Sequence

Synthetic polynucleotide

tgggctggct
cctgcatcag
aggatgcagg
cagaaggcag
atcacgttca
gcgcaggett
ggggagtaga
atggttataa
gtgagtggcc
actgcaatca
tcttggactg
ggaatgaccc
ctcagatggc
acatcagccc
accccttggg
gacctctctc
ctcgctctta
gcttcatcac
ggttaaagag

agatgtcatt

gcactgggag
tgagaagctc
ttatgagtac
acttcaggca
cagcaaagga
ccctgggagt
tctgctaaaa
gcacatgtcc
tctttatatg
ctggcgaaat
gacatctaga
agatatgtta
cctctgggcet

tcaagccaaa

caagcaaggg
aggcgatgcc
taccatcccc
acagctcctc
tcacataaat

aaaagactta

cgcttcatgt
ttcgaggaga
ctctgcattg
gaccctcagc
ctgaagctag
tttggatact
tttgatggtt
ttggccctga
tggccctttc
tttgctgaca
aaccaggaga
gtgattggca
atcatggctg
gctctecttc
taccagctta
tgggctgtag
gttgcttccc
cctgtgaaaa
cccacaggca

ctttaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1196



<400> 32
tggacaatgg

gcaaccttga
tggcagagag
atgactgttg
gctttectca
ggatttatgc
acgacattga
gttactgtga
ataagactgg
aaaagcccaa
ttgatgattc
gaattgttga
actttggect
ctcctttatt
aggataagga
gaaagggaga
ctatcataaa
tgggtaaagg

ggcagctagg

ctgttttget

<210> 33

<211> 398
<212> PRT
<213>

<220>
<223>

attggcaagg
ctgccaggaa
aatggtcacc
gatggctccc
tgggattcgc
agatgttgga
tgcccagacc
cagtttggaa
cagacccatt
ttatacagaa
ctgggccagt
tgttgctgga
cagctgggac
catgtctaat
cgtaattgcc
caactttgaa
ccggcaggag
agtggcctgt
gttctataac

tcagctagaa

acgcctccca
gagccagatt
gacggctgga
caaagagatt
cagctagcta
aataaaacct
tttgctgact
aatttggcag
gtgtactcct
atccgacagt
ataaagagta
ccagggggtt
cagcaagtaa
gacctccgac
atcaatcagg
gtgtgggaac
attggtggac
aatcctgect
tggacttcaa

aatacaatgc

Artificial Sequence

Synthetic polypeptide

tgggctggct
cctgcatcag
aggatgcagg
cagaaggcag
atcacgttca
gcgcaggett
ggggagtaga
atggttataa
gtgagtggcc
actgcaatca
tcttggactg
ggaatgaccc
ctcagatggc
acatcagccc
accccttggg
gacctctctc
ctcgctctta
gcttcatcac
ggttaaagag

agatgtcatt

gcactgggag
tgagaagctc
ttatgagtac
acttcaggca
cagcaaagga
ccctgggagt
tctgctaaaa
gcacatgtcc
tctttatatg
ctggcgaaat
gacatctaga
agatatgtta
cctctgggcet

tcaagccaaa

caagcaaggg
aggcgatgcc
taccatcccc
acagctcctc
tcacataaat

aaaagactta

cgcttcatgt
ttcgaggaga
ctctgcattg
gaccctcagc
ctgaagctag
tttggatact
tttgatggtt
ttggccctga
tggccctttc
tttgctgaca
aaccaggaga
gtgattggca
atcatggctg
gctctecttc
taccagctta
tgggctgtag
gttgcttccc
cctgtgaaaa
cccacaggca

ctttaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1196



<400>

33

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

145

Asn

Met

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Arg

Trp

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Thr

Pro

Gly

Met

20

Asp

Gln

His

Leu

100

Gly

Gly

Asn

Gly

Phe
180

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Arg

165

Gln

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

150

Ser

Lys

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Ile

Pro

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Val

Asn

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Tyr

Tyr
185

Thr

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

Ser

170

Thr

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

155

Cys

Glu

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Glu

Ile

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Trp

Arg

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

Pro

Gln
190

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Leu

175

Tyr

Trp

Cys

Asp

Trp

Gln

80

Ala

Phe

Asp

Leu

160

Tyr

Cys



Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Ile

Thr

Gln

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Ser

370

Leu

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gln

355

Arg

Glu

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser

340

Leu

Leu

Asn

Asn

Asp

Gly

Ser

245

Ala

Lys

Leu

Trp

Arg

325

Leu

Leu

Lys

Thr

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Pro

Ser

Met

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

His

375

Gln

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Lys

360

Ile

Met

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val

345

Arg

Asn

Ser

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

Gln

Pro

Leu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Leu

Thr

Lys

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Gly

Gly

380

Asp

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Phe

365

Thr

Leu

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

350

Tyr

Val

Leu

Ser

Val

Ile

Leu

255

His

Ala

Gly

Ala

Thr

335

Cys

Asn

Leu

Ile

Gly

240

Trp

Ile

Ile

Asp

Val

320

Ile

Phe

Trp

Leu



385

<210>
<211>
<212>
<213>

<220>
<223>

<400>

34
398
PRT

390

Artificial Sequence

Synthetic polypeptide

34

Leu Asp Asn

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Ser

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

130

Leu

Phe

Glu

35

Lys

Pro

Pro

Lys

Pro

115

Trp

Glu

Gly

Met

20

Lys

Asp

Gln

His

Leu

100

Gly

Asn

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Leu

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Ala

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

135

Asp

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Gly

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Tyr

Pro

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Lys

395

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

His

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

140

Met

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Ser

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

Leu

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Ala

Trp

Cys

Asp

Trp

Gln

80

Lys

Ala

Phe

Asp

Leu



145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

Pro

Lys

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Val

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Ala

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Ser
340

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Ala

Lys

Leu

Trp

Arg

325

Leu

150

Pro

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

Gly

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Lys

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Gly

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Val
345

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly

330

Ala

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Lys

Gln

Gly

315

Pro

Cys

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Asn

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Ser

Pro

Pro

Gln

190

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala
350

Leu

175

Tyr

Ser

Val

Ile

Leu

255

His

Ala

Gly

Ala

Thr

335

Cys

160

Tyr

Cys

Ile

Asp

Gly

240

Ile

Ile

Asp

Val

320

Ile

Phe



Ile

360

Thr Gln Leu Leu Pro Val Lys Arg Gln Leu
355

Thr Ser Arg Leu Lys Ser His Ile Asn Pro Thr

370

Gln
385

<210> 35
<211>
<212>
<213>

DNA
<220>
<223>

<400> 35
atgcagctga

ctcgtttect
cccatgggct
gattcctgcea
tggaaggatg
gattcagaag
gccaaccatg
acctgtgctg
gactggggtg
gcagatggat
agctgtgagt
cagtactgca

agcatcctgg

ggatggaatg

1290

375

390

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga
gcagactgca
tccactccaa
gctttcctgg
tggacttgct
acaagcacat
ggccactgta
atcattggag
actggacatc

atcctgacat

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggaaaggttt
gctctttgaa
gtacctgtgc
agcagaccct
gggcctgaaa
ctcctttgge
gaagtttgat
gtctctggcet
catgtggccc
gaactttgcc
cagaaaccaa

gctggtgatt

Leu Glu Asn Thr Met Gln Met Ser Leu Lys

395

ggctgegegc
gcactggata
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggtatct
tactatgaca
ggctgctact
ctgaacaaga
ttccagaagc
gacatcgatg
gaaagaattg

ggaaattttg

Gly Phe Tyr Asn Trp

365

Gly Thr Val
380

Asp Leu Leu

ttgcgctteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgacgccca
gtgactccct
ctggcagacc
ccaactacac
attcttgggc
tggatgtggc

ggctgtcctg

Leu Leu

cttcctggec
cagaactcct
agaggagcca
gacagatggt
cccccagaga
ccgccagett
gggcaataag
gacctttgct
ggagaacctg
cattgtttac
tgagatcaga
ctccatcaag
tggacctgga

ggaccagcaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gtgactcaga
agggccattt
caagatcccc
gagagacctc
ggccccagag
gcttgcttcea
tctaggttga
atgcagactt
<210>
<211>

<212>
<213>

36

DNA
<220>
<223>

<400> 36
atgcagctga

ctcgtttect
cccatgggct
gattcctgcea
tggaaggatg
gacagtgaag
gccaaccatg
acctgtgctg
gactggggtg
gcagatggtt
agctgtgagt

cagtactgca

1290

tggccctctg
ccccccaagce
tggggaagca
tgtctggaga
gttacaccat
tcacccagct
gatcccacat

ccctcaagga

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga
gccgectgea
tccactccaa
gcttccctgg
tggacttgct
acaagcacat
ggccactgta

atcattggag

ggccatcatg
caaggccctg
aggctaccag
tgcctgggcet
ccctgttget
gctcccagtg
caaccccact

cctcctgtga

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttt
gctctttgag
atatctgtgc
agcagacccc
gggcctgaaa
ctcctttggg
gaagtttgat
gtctctggec
catgtggccc

gaactttgca

gctgggcececc

cttcaagaca
ctcagaaaag
gtggccatca
tctcttggcea
aagaggaagc

ggtactgtgc

ggctgegegce
gcactggata
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggcatct
tactatgaca
ggctgctact
ctgaacaaga
ttccagaagc

gacatcgatg

tcttcatgag
aagatgtcat
gagacaactt
tcaacagaca
agggtgttgc
tgggcttcta

tgctgcagcet

ttgcgctteg
atggacttgc
tggactgtca
agaggatggt
gctggatggc
cccatggaat
atgctgatgt
ttgacgccca
gtgactccct
ctggcagacc
ccaactacac

attcttgggc

caatgacctg
tgctatcaat
cgaggtgteg
agagattggt
ctgcaaccca
tgaagctacc

ggaaaacacc

cttcctggec
aagaactcct
agaagaacca
gacagatgga
ccctcagaga
cagacagttg
gggcaataag
gacttttgct
ggaaaacctg
cattgtttac
tgagatccgc

cagcatcaag

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

600

660

720



tccatcctgg
ggttggaatg
gtgactcaga
agggccattt
caagatcccc
gaaagacctc
ggccccagag
gcttgcttcea
tctaggttga
atgcagacct
<210> 37
<211>

<212>
<213>

DNA
<220>
<223>

<400> 37
atgcagctga

ctcgtttect
cccatgggct
gattcctgca
tggaaggatg
gacagtgaag
gccaaccatg
acctgtgctg
gactggegtg

gctgatggtt

1290

actggacttc
atcctgacat
tggccctctg
ccccccaagce
tggggaagca
tgtctggaga
gctacaccat
tcacccagct
gatcccacat

ccctcaagga

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggatatga
gcagactgca
tccactccaa
gtttccctgg
tggacctgct

acaagcacat

cagaaaccaa
gctggtgatt
ggccatcatg
caaggctctg
aggctaccag
tgcctgggcet
ccctgtggcec
gctcccagtg
caatcccact

cctcctttaa

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggaaaggttt
gctctttgaa
gtacctgtgc
agcagacccc
gggcctgaaa
ctcctttgga
caagtttgat

gtctcttget

gagagaattg
ggaaattttg
gctgggeccc
cttcaagaca
ctcagaaaag
gtggctatca
tctcttggea
aagaggaagc

ggtacagtgc

ggctgegegce
gcattggaca
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggcatct
tactatgaca
ggctgctact

ctgaacaaga

tggatgttgc
gactgtcctg
tcttcatgag
aagatgtcat
gagacaactt
tcaacagaca
agggtgttgc
tgggtttcta

tgctgcagcet

ttgcgetteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgatgccca
gtgactccct

ctggtagacc

tggacctgga
ggaccagcaa
caatgacctg
tgctattaat
cgaggtgtgg
agaaattggt
ctgcaaccca
tgaggctacc

ggagaacacc

cttcctggec
aagaactcct
agaggagcca
gacagatgga
ccctcagaga
taggcagctg
gggcaataag
gacctttgct

ggagaacctg

cattgtttac

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

600



agctgtgagt
cagtactgca
agcatcctgg
ggttggaatg
gtgactcaga
agggccattt
caagatcccc
gagagacctc
ggccccagag
gcttgcttcea
agcagactga
atgcagactt
<210> 38
<211>

<212>
<213>

DNA
<220>
<223>

<400> 38
atgcagctga

ctcgtttect
cccatgggct
gactcctgca
tggaaggatg
gacagtgaag
gccaaccatg

acctgtgctg

1290

ggccactgta
atcattggag
actggacttc
accctgacat
tggccctctg
ccccccaagce
tgggcaagca
tgtctggaga
gctacaccat
tcacccagct
gatcccacat

ctctgaagga

ggaacccaga
gggacatccc
ggctgcattg
tctctgagaa
ctggatatga
gcagactgca
tccactccaa

gcttcectgg

catgtggccc
gaattttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctg
aggctaccag
tgcctgggcet
ccctgtggcet
tctgccagtg
caaccccact

cctcctgtga

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttt
gctctttgaa
gtacctgtgc
agcagaccct
gggcctgaaa

ctcctttggce

ttccagaagc
gatattgatg
gaaagaattg
ggcaactttg
gctgggeccc
cttcaagaca
ctcagaaaag
gtggccatca
tccctgggga
aagaggaagc

ggcacagtgc

ggctgegegce
gcactggata
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
cttggcatct

tactatgaca

ccaactacac
attcttgggc
tggatgttgc
ggctgtcctg
tcttcatgte
aagatgtcat
gagacaactt
tcaacagaca
agggtgttgc
tgggcttcta

tgctgcagcet

ttgcgctteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt

ttgatgccca

tgagatcaga
ctccatcaag
tggccctgga
ggaccagcaa
caatgatctg
tgctatcaat
tgaggtgtgg
agagattggt
ctgcaaccca
tgaagctacc

ggaaaacacc

cttcctggec
aagaactcct
agaggagcca
gacagatggt
cccccagaga
taggcagctg
gggcaataag

gacttttgct

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480



gactggggtg
gctgatggat
agctgtgagt
cagtactgca
agcatcctgg
ggatggaatg
gtgactcaga
agggccattt
caagatcccc
gaaagacctc
ggccccagag
gcttgcttcea
tctaggctca
atgcagacct
<210> 39
<211>

<212>
<213>

DNA
<220>
<223>

<400> 39
atgcagctga

ctcgtttect
cccatgggct
gactcctgca
tggaaggatg

gattctgaag

1290

tggacctgct
acaagcacat
ggccactgta
accactggag
actggacttc
atcctgacat
tggccctctg
ccccccaagce
tgggcaagca
tgtctggaga
gttacaccat
tcacccagct
gatcccacat

ccctgaagga

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga

gcagactgca

caagtttgat
gtctttgget
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctg
aggctaccag
tgcctgggcet
ccctgtggcet
cctgccagtg
caaccccact

cctcctttaa

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggaaaggttt
gctctttgaa
gtacctgtgc

agcagacccc

ggctgctact
ctgaacaaga
ttccagaagc
gatattgatg
gagagaattg
ggaaattttg
gctggtcccc
cttcaagaca
ttgagaaaag
gtggccatca
tctcttggaa
aagaggaagc

ggcacagtgc

ggctgegegce
gcactggata
atgtgtaatc
gagatggctg
attgatgact

cagaggttcc

gtgactctct
ctggtaggcc
ccaactacac
attcctgggc
tggatgttgc
ggctgagctg
tcttcatgag
aagatgtcat
gagacaactt
tcaacagaca
aaggggttgc
tgggtttcta

tgctgcagcet

ttgcgetteg
atggactggc
tggactgtca
agaggatggt
gctggatggc

cccatggcat

ggaaaacctg
cattgtttac
tgagatcaga
ctccatcaag
tgggcctgga
ggaccagcaa
caatgacttg
tgctatcaat
tgaggtgtgg
agaaattggt
ctgcaatcca
tgaagctacc

ggagaacacc

cttcctggec
aagaactcct
agaggagcct
gacagatgga
ccctcagaga

taggcagctg

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360



gccaaccatg
acctgtgctg
gactggegtg
gctgatggtt
agctgtgagt
cagtactgca
agcatcctgg
ggttggaatg
gtgactcaga
agagccattt
caagatcccc
gagagacctc
ggccccagag
gcttgcttcea
tctaggctga
atgcagactt
<210>
<211>

<212>
<213>

40
1290
DNA

<220>

<223>

<400> 40

tccactccaa
gctttectgg
tggacctcct
acaagcacat
ggccactgta
atcattggag
actggacatc
acccagacat
tggccctctg
ccccccaagce
tggggaagca
tgtctggaga
gctacaccat
tcacccagct
ggtcccacat

ccctcaagga

gggcctgaaa

ctcctttgga
gaagtttgat
gtctettget
catgtggccc
gaattttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctg
aggctaccag
tgcctgggct
ccctgttget
tctgectgtg
caaccccact

cctgctttaa

Artificial Sequence

Synthetic polynucleotide

atgcagctga ggaacccaga actacatctg

ctcgtttcct gggacatccc tggggctaga

cccatgggct ggctgcactg ggagagattc

gactcttgca tctctgaaaa gctgtttgag

ctgggcatct
tactatgaca
ggctgctact
ctgaacaaga
ttccagaagc
gatattgatg
gaaagaattg
ggcaactttg
gctggacctc
ctccaagaca
ctcagaaagg
gtggccatca
tccctgggaa
aagaggaagc

ggcacagtgc

ggctgegegce
gcactggaca

atgtgcaacc

gaaatggccg

atgctgatgt
ttgatgccca
gtgactctct
ctggtagacc
ccaactacac
attcctgggc
tggatgtggc
ggctgagctg
tcttcatgte
aagatgtcat
gtgacaactt
tcaacagaca
aaggagtggc
tgggcttcta

tgctgcagcet

ttgcgctteg
atggcctggc
tggattgcca

agagaatggt

gggcaataag

gacctttgct
ggagaacctg
cattgtttac
tgagatcaga
ctccatcaag
tgggcctgga
ggaccagcaa
caatgatctg
tgctatcaat
tgaggtgtgg
agagattggt
ctgcaaccca
tgaagctacc

ggaaaacacc

cttcctggec
cagaacccct
ggaggagcca

gacagatgga

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240



tggaaggatg
gactccgagg
gccaaccatg
acctgtgctg
gactggggag
gccgacggat
tcttgtgagt
cagtactgca
tctatcctgg
ggttggaatg
gtgacccaga
agggccatct
caggatcctc
gagagacccc
gggccaagag
gcctgtttcea
tctaggctga
atgcagacct
<210>
<211>

<212>
<213>

41
1290
DNA

<220>

<223>

<400> 41

ccggatacga
gccgtctgea
tgcactccaa
gcttcccagg
ttgatctget
acaagcatat
ggccactgta
atcactggag
attggacaag
accccgatat
tggctctgtg
ctcctcagge
tggggaagca
tgagcggcga
gctacaccat
tcacccagct
ggtcccatat

ccctcaagga

gtacctgtgt
ggctgaccca
gggactgaag
cagctttggc
gaaatttgat
gtcccttget
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggctatcatg
caaggcactt
gggctatcag
tgcttgggcet
tcctgtggea
gctgectgtt
caaccccact

cctgctgtaa

Artificial Sequence

Synthetic polynucleotide

atcgatgact
cagaggtttc
ctgggcatct
tattatgata
gggtgttact
ctgaacaaga
ttccagaagc
gacattgatg
gagagaattg
ggcaactttg
gccggecccc
ctgcaggata
ctgagaaagg
gtggccatca
agcctaggaa
aagagaaagt

ggcacagtgc

gttggatggc
ctcatggaat
atgccgatgt
ttgatgcaca
gtgactccct
ctggcaggcc
ccaactatac
acagctgggc
tggatgtggc
gactgtcttg
tcttcatgte
aggacgtgat
gggacaattt
tcaatagaca
aaggggttgc
tgggcttcta

tgctgcagcet

cccccagaga
taggcagttg
gggcaacaag
aacttttgca
ggagaacctc
cattgtctac
cgagattcgc
ctccattaag
tggccctggt
ggaccagcag
taatgacctg
tgccatcaat
cgaggtctgg
agagattgga
ttgcaatcca
tgaggccacc

tgaaaacacc

atgcagctga ggaacccaga actacatctg ggctgegege ttgegettcg cttectggec

ctcgtttcct gggacatccc tggggctaga gcactggata atggactggc aagaacccca

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120



accatgggct
gactcctgcea
tggaaggatg
gattcagagg
gccaactatg
acctgtgctg
gactggggag
gctgatggcet
agctgtgagt
cagtactgca
agcatcctgg
ggttggaatg
gtgactcaga
agacacattt
caagatcccc
gagagacctc
ggccccagat
gcttgcttcea
tctaggctca
atgcagatga
<210>
<211>

<212>
<213>

42

DNA

<220>

<223>

<400> 42

1290

ggctgcactg
tctctgagaa
ctggttatga
gcagactgca
tccactccaa
gctttectgg
tggacctgtt
acaagcacat
ggccactgta
accattggag
actggacttc
accctgacat
tggccagctg
ccccccaagce
tggggaagca
tgtctggaga
cctacaccat
tcacccagct
agtcccacat

gcctgaaaga

ggaaagattc
gctcttcatg
gtacctgtgc
agcagatcct
gggcctgaag
ctcctttggt
gaagtttgac
gtctcttgec
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggctctg
aggctaccag
tgcctgggcet
ccctgtggcet
cctcccagtg
caaccccact

cctcctgtga

Artificial Sequence

Synthetic polynucleotide

atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggtatct
tactatgaca
ggctgctact
ctgaacagaa
ttccagaagc
gacatcgatg
gagagaattg
ggaaattttg
gcagcccctce
ctccaagaca
ctgaggaaag
gtggctatca
tccctgggea
aagaggcagc

ggcacagtgc

tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgacgccca
gtgactctct
ctggtaggag
ccaactacac
attcctgggc
tggatgttgc
ggctgtectg
tctttatgte
aagatgtcat
gagacaactt
tcaatagaca
agggtgtggc
ttggcttcta

tgctgcagcet

agaggagccc
gagtgaagga
cccccagaga
cagacagctg
gggcaacaag
gacctttgct
ggagaacctg
cattgtttac
tgagatccgc
ctccatcaag
tggacctgga
ggaccagcaa
caatgatctc
tgctattaat
tgaggtgtege
agaaattggt
ctgcaatcca
caactggaca

ggaaaacacc

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290



atgcagctga
ctcgtttect
accatgggtt
gactcctgcea
tggaaggatg
gattcagagg
gccaactatg
acctgtgctg
gactggggtg
gcagatggtt
agctgtgagt
cagtactgca
tccatcctgg
ggatggaatg
gtgactcaga
agacacattt
caagatcccc
gaaagacctc
ggccccagat
gcttgcttcea
tctaggttga
atgcagatga
<210>
<211>

<212>
<213>

43
1290
DNA

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga
gcagacttca
tccactccaa
gctttectgg
tggacctcct
acaagcacat
ggccactgta
accattggag
actggacttc
acccagacat
tggcctettg
ccccacaagc
tggggaagca
tgtctggaga
cctacaccat
tcacccagct
agagccacat

gcctgaagga

actacatctg

tggggctaga
ggagaggttt
gctgttcatg
gtacctgtgc
agcagacccc
gggcctgaaa
ctcctttgge
caagtttgat
gtctcttgec
catgtggccc
gaattttgcc
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctc
aggctaccag
tgcctgggcet
ccctgtggec
gctcccagtg
caaccccact

cctgctttaa

Artificial Sequence

ggctgegegce
gcattggaca
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggtatct
tactatgaca
ggctgctact
ctgaacagaa
ttccagaagc
gacatcgatg
gagagaattg
ggaaatttcg
gcagcccccc
ctgcaagaca
ctcagaaaag
gtggctatca
tccctgggea
aagaggcagt

ggcacagtgc

ttgcgctteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgacgccca
gtgactctct
ctggtaggag
ccaactacac
attcctgggce
tggatgttgc
ggctgtectg
tcttcatgte
aagatgtcat
gagacaactt
tcaatagaca
agggtgttgc
tgggcttcta

tgctgcagcet

cttcctggec
taggacccca
agaagaacct
gagtgaaggc
ccctcagaga
ccgccagetg
gggcaacaag
gacctttgct
ggaaaacctg
cattgtttac
tgagatcaga
cagcatcaag
tggacctgga
ggaccagcaa
caatgatctt
tgctattaat
tgaggtgtgg
agaaattggt
ctgcaatcca
caactggaca

ggagaacacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290



<220>
<223>

<400> 43
atgcagctga

ctcgtttect
accatgggtt
gactcctgcea
tggaaggatg
gattcagagg
gccaactatg
acctgtgctg
gactggggtg
gctgatggtt
agctgtgagt
cagtactgca
agcatcctgg
ggatggaatg
gtgactcaga
agacacattt
caagatcctt
gaaagacctc
ggccccagat
gcttgcttcea
agcagattga

atgcagatgt

<210> 44

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga
gcagactgca
tccactccaa
gcttcectgg
tggacctgct
acaagcacat
ggccactgta
accattggag
actggacttc
accctgacat
tggccagctg
ccccccaagce
tgggcaagca
tgtctggaga
cctacaccat
tcacccagct
agtcccacat

ccctgaagga

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttt
gctcttcatg
gtacctgtgc
agcagatccc
gggcctgaag
ctcctttgge
caagtttgat
gtctcttget
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctg
aggctaccag
tgcctgggcet
ccctgttgec
cctcccagtg
caaccccact

cctcctgtga

ggctgegegce
gcactggata
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggcatct
tactatgata
ggctgctact
ctgaacagaa
ttccagaagc
gacattgatg
gagagaattg
ggaaattttg
gcagcccccc
cttcaagaca
ctgaggaagg
gtggctatca
tctctgggaa
aagaggcagc

ggcacagtgc

ttgcgctteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgatgccca
gtgacagcct
ctggtagaag
ccaactacac
attcctgggce
tggatgttgc
ggctgtectg
tgttcatgag
aagatgtcat
gagacaactt
tcaatagaca
aaggagtggc
tgggtttcta

tgctgcagcet

cttcctggec
aagaacccca
agaggagcca
gagtgaaggc
ccctcagaga
taggcaactg
gggcaacaag
gacctttgcet
ggagaacctg
cattgtttac
tgagatcaga
ctccatcaag
tggacctgga
ggaccagcaa
caatgatctc
tgctattaat
tgaggtgtegg
agaaattggt
ctgcaatcca
caactggaca

ggaaaacacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290



<211>
<212>
<213>

1290
DNA

<220>
<223>

<400> 44
atgcagctga

ctcgtttect
accatgggct
gattcctgcea
tggaaggatg
gacagtgaag
gccaactatg
acctgtgctg
gactggggtg
gctgatggtt
agctgtgagt
cagtactgca
tccatcctgg
ggttggaatg
gtgactcaga
agacacattt
caagatccct
gagaggcccc
ggccccagat
gcttgettcea

tcaaggttga

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggttatga
gcagacttca
tccactccaa
gcttcectgg
tggacctcct
acaagcacat
ggccactgta
accattggag
actggacatc
atcctgacat
tggcctectg
ccccccaagce
tgggcaagca
tgtctggaga
cctacaccat
tcacccagct

agagccacat

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggaaagattc
gctgtttatg
gtacctgtgc
agcagaccct
gggcctgaaa
ctcctttgge
caagtttgat
gagcctggcec
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggccctc
aggctaccag
tgcctgggcet
ccctgttgec
ccttectgtg

caaccccact

ggctgegegce
gcacttgata
atgtgtaatc
gagatggctg
attgatgact
cagaggttcc
ctgggcatct
tactatgaca
ggctgctact
ctgaacagaa
ttccagaagc
gatattgatg
gagagaattg
ggaaattttg
gcagcccctce
ctgcaagaca
ctgaggaagg
gtggctatca
tctcttggea
aagaggcagc

ggcacagtgc

ttgcgctteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgatgccca
gtgactccct
ctggtaggag
ccaactacac
attcttgggc
tggatgttgc
ggctgtectg
tcttcatgte
aagatgtcat
gagacaactt
tcaatagaca
aaggagtggc
tgggtttcta

tgctgcagcet

cttcctggec
aagaacccca
agaagaacca
gtcagaagga
cccccagaga
taggcaacta
gggcaacaag
gacctttgcet
ggaaaacctg
cattgtttac
tgagatcaga
cagcatcaag
tggacctgga
ggaccagcaa
caatgacttg
tgctattaat
tgaggtgtegg
agaaattggt
ctgcaatcca
caactggact

ggagaacacc

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



atgcagatgt ctctgaagga cctgctttaa

<210>
<211>
<212>
<213>

45
1290
DNA

<220>
<223>

<400> 45
atgcagctga

ctcgtttect
accatgggct
gactcctgcea
tggaaggatg
gacagtgaag
gccaactatg
acctgtgctg
gactggegtg
gctgatggtt
agctgtgagt
cagtactgca
agcatcctgg
ggttggaatg
gtgactcaga
agacacattt
caagatcccc
gaaagacctc

ggccccagat

ggaacccaga
gggacatccc
ggctgcactg
tctctgagaa
ctggctatga
gcagactgca
tccactccaa
gtttccctgg
tggacctcct
acaagcacat
ggccactgta
accattggag
actggacttc
acccagacat
tggccagetg
ccccccaage
tggggaagca
tgtctggaga

cctacaccat

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttc
gctgtttatg
gtacctgtgc
agcagacccc
gggcctgaaa
ctcctttgge
caagtttgat
gtctctggec
catgtggccc
gaactttgca
cagaaaccaa
gctggtgatt
ggccatcatg
caaggctctg
aggctaccag
tgcctgggcet

ccctgttget

ggctgegegce
gcactggata
atgtgtaatc
gagatggctg
attgatgact
cagagattcc
ctgggcatct
tactatgaca
ggctgctact
ctgaacagaa
ttccagaagc
gatattgatg
gagagaattg
ggaaattttg
gcagcccccc
ctccaagaca
ctgaggaagg
gtggctatca

tctcttggcea

ttgcgetteg
atggactggc
tggactgtca
agaggatggt
gctggatggc
cccatggcat
atgctgatgt
ttgatgccca
gtgacagcct
ctggtaggag
ccaactacac
attcctgggce
tggatgtagc
ggctgtectg
tcttcatgag
aagatgtcat
gagacaactt

tcaatagaca

aaggagtggc

cttcctggec
aagaacccca
agaggagcct
gtctgaagga
ccctcagagg
tagacagctt
gggcaacaag
gacctttgct
ggaaaacctg
cattgtttac
tgagatcaga
ctccatcaag
tggacctgga
ggaccagcaa
caatgatctc
tgctattaat
tgaggtgtgg
agaaattggt

ctgcaatcca

1290

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



gcttgettca tcacccaget cctgectgtg aagaggcagt tgggcttcta caactggaca
tctaggttga agtcccacat caaccccact ggcacagtge tgctgcaget ggagaacacc

atgcagatgt ccctgaagga cctgctttaa

<210>
<211>
<212>
<213>

<220>
<223>

<400>

46
398
PRT

Artificial Sequence

Synthetic polypeptide

46

Leu Asp Asn Gly

1

Glu

Ile

Gly

Met

65

Arg

Gly

Gly

Ala

Arg

Ser

Trp

50

Ala

Phe

Leu

Phe

Asp

Phe Met
20

Glu Lys
35

Lys Asp

Pro Gln

Pro His

Lys Leu
100

Pro Gly
115

Trp Gly

Leu

Cys

Leu

Ala

Arg

Gly

85

Gly

Ser

Val

Ala

Asn

Phe

Gly

Asp

70

Ile

Ile

Phe

Asp

Arg

Leu

Glu

Tyr

55

Ser

Arg

Tyr

Gly

Leu

Thr

Asp

Glu

40

Glu

Glu

Gln

Ala

Tyr

120

Leu

Pro

Cys

25

Met

Tyr

Gly

Leu

Asp

105

Tyr

Lys

Pro

10

Gln

Ala

Leu

Arg

Ala

90

Val

Asp

Phe

Met

Glu

Glu

Cys

Leu

75

Asn

Gly

Ile

Asp

Gly

Glu

Arg

Ile

60

Gln

His

Asn

Asp

Gly

Trp

Pro

Met

45

Asp

Ala

Val

Lys

Ala

125

Cys

Leu

Asp

30

Val

Asp

Asp

His

Thr

110

Gln

Tyr

His

15

Ser

Thr

Cys

Pro

Ser

95

Cys

Thr

Cys

Cys

Asp

Trp

Gln

80

Lys

Ala

Phe

Asp

1200

1260

1290



Ser

145

Asn

Met

Asn

Lys

Val

225

Asn

Ala

Ser

Asn

Asn

305

Ala

130

Leu

Lys

Trp

His

Ser

210

Ala

Phe

Ile

Pro

Gln

290

Phe

Ile

Glu

Thr

Pro

Trp

195

Ile

Gly

Gly

Met

Gln

275

Asp

Glu

Ile

Asn

Gly

Phe

180

Arg

Leu

Pro

Leu

Ala

260

Ala

Pro

Val

Asn

Leu

Arg

165

Gln

Asn

Asp

Gly

Ser

245

Gly

Lys

Leu

Trp

Arg
325

Ala

150

Asp

Lys

Phe

Trp

Gly

230

Trp

Pro

Ala

Gly

Glu

310

Gln

135

Asp

Ile

Pro

Ala

Thr

215

Trp

Asp

Leu

Leu

Lys

295

Arg

Glu

Gly

Val

Asn

Asp

200

Ser

Asn

Gln

Phe

Leu

280

Gln

Pro

Ile

Tyr

Tyr

Tyr

185

Ile

Arg

Asp

Gln

Met

265

Gln

Gly

Leu

Gly

Lys

Ser

170

Thr

Asp

Asn

Pro

Val

250

Ser

Asp

Tyr

Ser

Gly
330

His

155

Cys

Glu

Asp

Gln

Asp

235

Thr

Asn

Thr

Gln

Gly

315

Pro

140

Met

Glu

Ile

Ser

Glu

220

Met

Gln

Asp

Asp

Leu

300

Asp

Arg

Ser

Trp

Arg

Trp

205

Arg

Leu

Met

Leu

Val

285

Arg

Ala

Gly

Leu

Pro

Gln

190

Ala

Ile

Val

Ala

Arg

270

Ile

Lys

Trp

Tyr

Ala

Leu

175

Tyr

Ser

Val

Ile

Leu

255

Ala

Ala

Gly

Ala

Thr
335

Leu
160

Tyr

Cys

Ile

Asp

Gly

240

Trp

Ile

Ile

Asp

Val

320

Ile



Pro

Ile

Thr

Gln
385

Val

Thr

Ser

370

Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Gln
355

Arg

Glu

47
429
PRT

Lys

340

Leu

Leu

Asn

Leu Gly Lys

Leu Pro Val

Arg Ser His

375

Thr Met Gln

390

Artificial Sequence

Synthetic polypeptide

47

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Phe

Asn

Phe

50

Glu

Lys

Leu

Gly

35

Met

Lys

Asp

Arg

Ala

20

Leu

Cys

Leu

Ala

Asn

Leu

Ala

Asn

Phe

Gly
85

Pro

Val

Arg

Leu

Met

70

Tyr

Glu

Ser

Thr

Asp

55

Glu

Glu

Gly

Lys

360

Ile

Thr

Leu

Trp

Pro

40

Cys

Met

Tyr

Val

345

Arg

Asn

Ser

His

Asp

25

Thr

Gln

Ala

Leu

Ala

Lys

Pro

Leu

Leu

10

Ile

Met

Glu

Glu

Cys
90

Cys

Leu

Thr

Lys
395

Gly

Pro

Gly

Glu

Arg

75

Ile

Asn

Gly

Gly

380

Asp

Cys

Gly

Trp

Pro

60

Met

Asp

Pro

Phe

365

Thr

Leu

Ala

Ala

Leu

45

Asp

Val

Asp

Ala Cys Phe

350

Tyr

Val

Leu

Leu

Arg

30

His

Ser

Ser

Cys

Glu

Leu

Ala

15

Ala

Trp

Cys

Glu

Trp
95

Ala

Leu

Leu

Leu

Glu

Ile

Gly

80

Met



Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Ala

Phe

Ile

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Asp

Ile

Ile

Phe

Asp

165

Ala

Pro

Lys

Phe

Trp

245

Gly

Trp

Pro

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Gln

Tyr

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

285

Arg

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

His

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser



Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

48
429
PRT

Lys

Leu

Trp

340

Arg

Leu

Leu

Lys

Thr
420

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Leu
310

Lys

Arg

Glu

Lys

Val

390

His

Gln

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Met

Artificial Sequence

Synthetic polypeptide

48

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Asp

Tyr

Ser

345

Gly

Ala

Gln

Pro

Leu
425

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

300

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Ile

Asp

335

Val

Ile

Phe

Trp

Leu
415

Asn
320

Asn

Ala

Pro

Ile

Thr

400

Gln

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu

1

5

10

15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu



Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro
210

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Pro

Lys

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn
215

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

25

Pro

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Asp

155

Gly

Met

Glu

Ile

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg
220

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

30

His

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Trp

Cys

Glu

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn



His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

Asn

Asp

Gly

260

Ser

Gly

Lys

Leu

Trp

340

Arg

Leu

Leu

Arg

Thr

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Ala

230

Thr

Trp

Asp

Leu

Leu

310

Lys

Arg

Glu

Lys

Val

390

His

Gln

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Thr

Ile

Arg

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu

Asp

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Ala

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ser

Val

Ile

270

Leu

Ala

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Ala

Leu
415

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr

400

Gln



<210>
<211>
<212>
<213>

<220>
<223>

<400>

49
429
PRT

420

Artificial Sequence

Synthetic polypeptide

49

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

425

His

Asp

25

Pro

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Gly

Pro

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Asp

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Leu

Arg

30

His

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Ala

15

Ala

Trp

Cys

Glu

Trp

95

Gln

Lys

Ala

Phe

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala



145

Asp

Leu

Lys

Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Gly

Lys

Leu

Trp
340

Asp

165

Ala

Pro

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Leu

310

Lys

Arg

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

Gln

Gly

Leu

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser
345

Asp

170

His

Cys

Glu

Asp

Gln
250

Asp

Thr

Asn

Lys

Gln

330

Gly

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

Ala

Ala

Gly

Ala
350

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala



Ile Ile

Val Ala
370

Thr Gln
385

Ser Arg

Leu Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Gln
1

Arg Phe

Asp Asn

Arg Phe
50

Ser Glu
65

Asn Arg
355

Ser Leu

Leu Leu

Leu Arg

Asn Thr
420

50
429
PRT

Gln

Gly

Pro

Ser

405

Met

Glu

Lys

Val

390

His

Gln

Ile

Gly

375

Lys

Ile

Thr

Artificial Sequence

Synthetic polypeptide

50

Leu Arg

Leu Ala
20

Gly Leu
35

Met Cys

Lys Leu

Asn

Leu

Ala

Asn

Phe

Pro

Val

Arg

Leu

Glu
70

Glu

Ser

Thr

Asp

55

Glu

Gly

360

Val

Arg

Asn

Ser

Leu

Trp

Pro

40

Cys

Met

Gly

Ala

Lys

Pro

Leu
425

His

Asp

25

Pro

Gln

Ala

Pro

Cys

Leu

Thr
410

Leu

10

Ile

Met

Glu

Glu

Arg

Asn

Gly

395

Gly

Asp

Gly

Pro

Gly

Glu

Arg
75

Ser

Pro

380

Phe

Thr

Leu

Cys

Gly

Trp

Pro

60

Met

Tyr

365

Ala

Tyr

Val

Leu

Ala

Ala

Leu

45

Asp

Val

Thr

Cys

Glu

Leu

Leu

Arg

30

His

Ser

Thr

Ile Pro

Phe Ile

Ala Thr

400

Leu Gln
415

Ala Leu

15

Ala Leu

Trp Glu

Cys Ile

Asp Gly
80



Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Lys

Trp

His

225

Ser

Ala

Phe

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Pro

Lys

Phe

Trp

245

Gly

Trp

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Ile

Gln

His

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala



Ile

Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

51
429
PRT

Gly

Lys

Leu

Trp

340

Arg

Leu

Leu

Arg

Thr
420

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Leu

Leu

310

Lys

Arg

Glu

Val
390

His

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Thr

Artificial Sequence

Synthetic polypeptide

51

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu
425

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr
410

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Leu

300

Val

Arg

Ala

Gly

Pro

380

Phe

Thr

Leu

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ala

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Ile

Ile

Asp

335

Val

Ile

Phe

Ala

Leu
415

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr

400

Gln

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu



Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Lys

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly
195

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr
200

Asp

25

Pro

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Pro

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Asp

155

Gly

Met

Glu

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro
205

Arg

30

His

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

15

Ala

Trp

Asp

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met



Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Lys

Leu

Leu

Gln

Asn

Asp

Gly

260

Ser

Gly

Lys

Leu

Trp

340

Arg

Leu

Leu

Arg

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

Pro

Ala

230

Thr

Trp

Asp

Leu

Leu

310

Lys

Arg

Glu

Lys

Val

390

His

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Tyr

Ile

Arg

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Glu

Asp

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Gly

Pro

380

Phe

Thr

Gln

Ala

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Tyr

Ser

Val

Ile

270

Leu

Ala

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Ala

Leu

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr

400

Gln



405

410

Leu Glu Asn Thr Met Gln Thr Ser Leu Lys Asp Leu Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

52
429
PRT

420

Artificial Sequence

Synthetic polypeptide

52

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

425

His

Asp

25

Pro

Gln

Ala

Leu

Arg

105

Ala

Val

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Gly

Pro

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Leu

Arg

30

His

Ser

Thr

Cys

Pro

110

Ser

Cys

415

Ala
15

Ala

Trp

Asp

Trp

95

Gln

Lys

Ala

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly



Phe

145

Asp

Leu

Lys

Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Gly

Lys

Leu

Phe

Asp

165

Ala

Asp

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly
325

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Leu

310

Lys

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

Gln

Gly

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Thr

Gln
330

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Gln

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

285

Arg

Ile

Lys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

Ala

Ala

Gly

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp
335

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn



Phe Glu

Ile Ile

Val Ala
370

Thr Gln
385

Ser Arg

Leu Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Met Gln
1

Arg Phe

Asp Asn

Arg Phe
50

Val Trp Glu Arg Pro Leu
340

Asn Arg Gln Glu Ile Gly
355 360

Lys Leu Gly Lys Gly Val
375

Leu Leu Pro Val Lys Arg
390

Leu Arg Ser His Ile Asn
405

Asn Thr Met Gln Thr Ser
420

53
429
PRT
Artificial Sequence

Synthetic polypeptide
53
Leu Arg Asn Pro Glu Leu
5

Leu Ala Leu Val Ser Trp
20

Gly Leu Ala Arg Thr Pro
35 40

Met Cys Asn Leu Asp Cys
55

Ser

345

Gly

Ala

Lys

Pro

Leu
425

His

Asp

25

Thr

Gln

Gly

Pro

Cys

Leu

Thr

410

Lys

Leu

10

Ile

Met

Glu

Asp

Arg

Asn

Gly

395

Gly

Asp

Gly

Pro

Gly

Glu

Ala

Gly

Pro

380

Phe

Thr

Leu

Cys

Gly

Trp

Pro
60

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ala

Ala

Leu

45

Asp

Ala

350

Thr

Cys

Glu

Leu

Leu

Arg

30

His

Ser

Val Ala

Ile Pro

Phe Ile

Ala Thr

400

Leu Gln
415

Ala Leu

15

Ala Leu

Trp Glu

Cys Ile



Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Ala

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Trp

245

Gly

Met

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Phe

Asp

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Leu

75

Ile

Gln

Tyr

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ser

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

Glu

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn



Phe Gly

Ile Met
290

Pro Gln
305

Gln Asp

Phe Glu

Val Ile

Val Ala
370

Thr Gln
385

Ser Arg

Leu Glu

<210>
<211>
<212>
<213>

<220>
<223>

260

Leu Ser Trp Asp Gln
275

Ala Ala Pro Leu Phe
295

Ala Lys Ala Leu Leu
310

Pro Leu Gly Lys Gln
325

Val Trp Glu Arg Pro
340

Asn Arg Gln Glu Ile
355

Ser Leu Gly Gly Gly
375

Leu Leu Pro Val Lys
390

Leu Lys Ser His Ile
405

Asn Thr Met Gln Met
420

54
429
PRT
Artificial Sequence

Synthetic polypeptide

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu
425

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Gln

Asp

Asp

315

Leu

Leu

Arg

Asn

Gly

395

Gly

Asp

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Leu

Thr

Leu

Ala

285

Arg

Ile

Gln

Trp

Tyr

365

Ala

Tyr

Val

Leu

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Trp

Leu
415

Ala

Ser

Asn

320

Asn

Ala

Ala

Ile

Thr

400

Gln



<400>

54

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu
180

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Pro

Val

Arg

Leu

Met

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

His

Asp

25

Thr

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys
185

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Gly

Pro

Gly

Glu

Leu

75

Ile

Gln

Tyr

Asn

Asp

155

Gly

Met

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Leu

Arg

30

His

Ser

Ser

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala
190

Ala

15

Ala

Trp

Cys

Glu

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn



Arg

Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Met

Val

Thr

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Lys

Leu

Trp

340

Arg

Leu

Leu

Ser

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ile

Pro

Ala

230

Thr

Trp

Asn

Leu

Leu

310

Lys

Arg

Glu

Lys

Val

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Tyr

200

Tyr

Ile

Phe

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Phe

Pro

205

Gln

Lys

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Leu

Tyr

Ser

Val

Ile

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Glu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Trp

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr



385

390

395

400

Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu Gln

405

410

Leu Glu Asn Thr Met Gln Met Ser Leu Lys Asp Leu Leu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

55
429
PRT

420

Artificial Sequence

Synthetic polypeptide

55

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Leu

Gly

35

Met

Lys

Asp

Gln

His

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Pro

Val

Arg

Leu

Met

70

Tyr

Ser

Arg

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

425

His

Asp

25

Thr

Gln

Ala

Leu

Arg

105

Ala

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Pro

Gly

Glu

Arg

75

Ile

Gln

Tyr

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

Leu

Arg

30

His

Ser

Ser

Pro
110

Ser

415

Ala

15

Ala

Trp

Cys

Glu

Trp

95

Gln

Lys

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly



Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Ala

Phe

Ile

Pro
305

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Lys

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Leu
310

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

Gln

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Lys

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp
315

Lys
140

Ala

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

285

Arg

Ile

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Ser

His

Ala

Ala

Phe

Asp

175

Leu

Tyr

Ile

Asp

255

Gly

Trp

Ile

Ile

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn
320



Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

56
429
PRT

Leu

Trp

340

Arg

Leu

Leu

Lys

Thr
420

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Lys

Arg

Glu

Lys

Val

390

His

Gln

Gln

Pro

Ile

Gly

375

Lys

Ile

Met

Artificial Sequence

Synthetic polypeptide

56

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Met Gln Leu Arg Asn Pro Glu Leu

1

5

Arg Phe Leu Ala Leu Val Ser Trp

20

Asp Asn Gly Leu Ala Arg Thr Pro

35

40

Tyr

Ser

345

Gly

Ala

Gln

Pro

Leu
425

His

Gln

330

Pro

Cys

Leu

Thr

410

Lys

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Leu Gly Cys

10

Asp Ile Pro Gly

25

Thr Met Gly Trp

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ala

Ala

Leu
45

Gly

Ala

350

Thr

Cys

Asn

Leu

Leu

Arg
30

His

Asp

335

Val

Ile

Phe

Trp

Leu
415

Ala
15

Ala

Trp

Asn

Ala

Pro

Ile

Thr

400

Gln

Leu

Leu

Glu



Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Trp

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

Glu

Arg

75

Ile

Gln

His

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Lys

Ile

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Cys

Asp

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val



Ala

Phe

Ile

Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

<210>
<211>
<212>

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

57
429
PRT

Gly

260

Ser

Ala

Lys

Leu

Trp

340

Arg

Leu

Leu

Arg

Thr
420

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Trp

Asn

Leu

Leu

310

Lys

Arg

Glu

Lys

Val

390

His

Gln

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Met

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu
425

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ile

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Trp

Leu
415

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr

400

Gln



<213>

<220>
<223>

<400>

Artificial Sequence

Synthetic polypeptide

57

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp
165

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

His

Asp

25

Thr

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp
170

Gly

Pro

Gly

Glu

Leu

75

Ile

Gln

His

Asn

Asp

155

Gly

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Arg

30

His

Ser

Ser

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

15

Ala

Trp

Cys

Glu

Trp

95

Gln

Ala

Phe

Asp
175

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser



Leu

Arg

Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Met

Val

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Lys

Leu

Trp

340

Arg

Leu

Ala

Ser

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Asp

Ile

Pro

Ala

230

Thr

Trp

Asn

Leu

Leu

310

Lys

Arg

Glu

Lys

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

Tyr

Tyr

200

Tyr

Ile

Phe

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Pro

Leu

Pro

205

Gln

Lys

Ile

Val

Ala

285

Arg

Ile

Gln

Trp

Tyr

365

Ala

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile



370

375

Thr Gln Leu Leu Pro Val Lys Arg

385

390

Ser Arg Leu Arg Ser His Ile Asn

405

Leu Glu Asn Thr Met Gln Met Ser

<210>
<211>
<212>
<213>

<220>
<223>

<400>

58
429
PRT

420

Artificial Sequence

Synthetic polypeptide

58

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Asn

Phe

50

Glu

Lys

Pro

Leu

Gly

35

Met

Lys

Asp

Gln

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Lys

Pro

Leu
425

His

Asp

25

Thr

Gln

Ala

Leu

Arg

Leu

Thr

410

Lys

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Gly
395

Gly

Asp

Gly

Pro

Gly

Glu

Arg

75

Ile

Gln

380

Phe

Thr

Leu

Cys

Gly

Trp

Pro

60

Met

Asp

Ala

Tyr Glu Trp Thr

400

Val Leu Leu Gln

Leu

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

Leu

Arg

30

His

Ser

Thr

Cys

Pro

415

Ala

15

Ala

Trp

Cys

Asp

Trp

95

Gln

Leu

Leu

Glu

Ile

Gly

80

Met

Arg



Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Ala

Phe

Ile

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met
290

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Ile

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Trp

245

Gly

Trp

Pro

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe
295

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

His

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu
300

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Lys

Ile

Val

Ala

285

Arg

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

His

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser



Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

<210>
<211>
<212>
<213>

<220>
<223>

<400>

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

59
429
PRT

Lys

Leu

Trp

340

Arg

Leu

Leu

Lys

Thr
420

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

Leu
310

Lys

Arg

Glu

Lys

Val

390

His

Gln

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Met

Artificial Sequence

Synthetic polypeptide

59

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu
425

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Ile

Asp

335

Val

Ile

Phe

Ala

Leu
415

Asn
320

Asn

Ala

Pro

Ile

Thr

400

Gln

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu

1

5

10

15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala Leu

20

25

30



Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Thr

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Ala

His

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Trp

Cys

Asp

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys



225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Ile

Val

Thr

385

Ser

Leu

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Ala

370

Gln

Arg

Glu

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

355

Ser

Leu

Leu

Asn

Asp

Gly

260

Ser

Ala

Lys

Leu

Trp

340

Arg

Leu

Leu

Lys

Thr
420

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Gly

Pro

Ser

405

Met

230

Thr

Trp

Asp

Leu

Leu

310

Lys

Arg

Glu

Val
390

His

Gln

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Gly

375

Lys

Ile

Met

Arg

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Gln

Pro

Leu
425

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Asn

Gly

395

Gly

Asp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

365

Ala

Tyr

Val

Leu

Val

Ile

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Asn

Leu

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Trp

Leu
415

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro

Ile

Thr

400

Gln



<210>
<211>
<212>
<213>

<220>
<223>

<400>

60
429
PRT

Artificial Sequence

Synthetic polypeptide

60

Met Gln Leu

1

Arg

Asp

Arg

Ser

65

Trp

Ala

Phe

Leu

Phe
145

Phe

Asn

Phe

50

Glu

Lys

Pro

Pro

Lys

130

Pro

Leu

Gly

35

Met

Lys

Asp

Gln

His

115

Leu

Gly

Arg

Ala

20

Leu

Cys

Leu

Ala

Arg

100

Gly

Gly

Ser

Asn

Leu

Ala

Asn

Phe

Gly

85

Asp

Ile

Ile

Phe

Pro

Val

Arg

Leu

Glu

70

Tyr

Ser

Arg

Tyr

Gly
150

Glu

Ser

Thr

Asp

55

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Trp

Pro

40

Cys

Met

Tyr

Gly

Leu

120

Asp

Tyr

His

Asp

25

Pro

Gln

Ala

Leu

Arg

105

Ala

Val

Asp

Leu

10

Ile

Met

Glu

Glu

Cys

90

Leu

Asn

Gly

Ile

Gly

Pro

Gly

Glu

Arg

75

Ile

Gln

His

Asn

Asp
155

Gly

Trp

Pro

60

Met

Asp

Ala

Val

Lys

140

Ala

Ala

Ala

Leu

45

Asp

Val

Asp

Asp

His

125

Thr

Gln

Leu

Arg

30

His

Ser

Thr

Cys

Pro

110

Ser

Cys

Thr

Ala

15

Ala

Trp

Cys

Asp

Trp

95

Gln

Lys

Ala

Phe

Leu

Leu

Glu

Ile

Gly

80

Met

Arg

Gly

Gly

Ala
160



Asp

Leu

Lys

Trp

His

225

Ser

Ala

Phe

Ile

Pro

305

Gln

Phe

Ile

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Gly

Met

290

Gln

Asp

Glu

Ile

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

275

Ala

Ala

Pro

Val

Asn

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

260

Ser

Ala

Lys

Leu

Trp

340

Arg

Asp

165

Ala

Pro

Lys

Phe

Trp

245

Gly

Trp

Pro

Ala

Gly

325

Glu

Gln

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Asp

Leu

Leu

310

Lys

Arg

Glu

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Gln

Phe

295

Leu

Gln

Pro

Ile

Lys

Tyr

Tyr

200

Tyr

Ile

Arg

Asp

Gln

280

Met

Gln

Gly

Leu

Gly

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Thr

Asn

Lys

Gln

330

Gly

Pro

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Gln

Asp

Asp

315

Leu

Asp

Arg

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Met

Leu

300

Val

Arg

Ala

Ser

Tyr

Leu

Pro

205

Gln

Ala

Ile

Val

Ala

285

Arg

Ile

Lys

Trp

Tyr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

270

Leu

His

Ala

Gly

Ala

350

Thr

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Trp

Ile

Ile

Asp

335

Val

Ile

Ser

Asn

Met

Asn

Lys

240

Val

Asn

Ala

Ser

Asn

320

Asn

Ala

Pro



355

Val Ala

370

Thr Gln
385

Ser Arg Leu Lys

Leu Glu

<210>
<211>
<212>
<213>

61

DNA
<220>
<223>

<400> 61
atgcagctga

ctegtttect
actatggggt
gacagctgca
tggaaagatg
gacagtgagg
gccaactacg
acctgtgcegg
gattggggag
gcagacgggt

agttgcgaat

Ser Leu

Leu Leu

Asn Thr

1290

Gly Lys

Pro Val

360

Gly val
375

Lys Arg

390

405

420

ggaacccaga
gggacatccc
ggcttcactg
tctccgagaa
caggttacga
gcagacttca
tccactctaa
gatttcccgg
ttgacctcct
acaagcatat

ggccccttta

Ser His

Met Gln

Ile Asn

Met Ser

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttc
gctgtttatg
gtatctgtgt
ggcagatcct
gggactgaaa
tagcttcggc
caaattcgat
gtccctggec

catgtggcct

Ala Cys Asn

Gln Leu Gly

395

Pro Thr Gly
410

Leu Lys
425

Asp

ggctgegegce
gcactggata
atgtgcaacc
gaaatggccg
attgacgatt
cagcgcttcc
ctgggcatct
tactacgaca
ggctgctatt
ctgaatcgga

tttcaaaagc

365

Pro Ala
380

Cys Phe Ile

Phe Tyr Asn Trp Thr

Thr Val

Leu Leu

ttgcgctteg
atggattggc
tcgactgtca
agcgaatggt
gctggatggc
cacatgggat
atgctgacgt
ttgatgccca
gtgactcttt
caggtagacc

caaactacac

400

Leu Leu Gln

415

cttcctggec
tagaacacct
ggaagaacca
gtcagaaggc
tccgcaacgg
aaggcagctc
ggggaataag
gacctttgcec
ggagaacctg
catcgtgtat

tgagattcgc

60

120

180

240

300

360

420

480

540

600

660



cagtattgca
tccatattgg
ggctggaacg
gttacgcaga
cgacacatct
caggacccac
gaaaggccac
gggcccagga
gcctgettta
tccecgectca
atgcagatga
<210>
<211>

<212>
<213>

62
1290
DNA

<220>
<223>

<400> 62
atgcagctga

ctegtttect
cctatggggt
gacagctgca
tggaaagatg
gattctgagg
gcaaaccacg
acctgtgecg

gattgggecg

atcactggag
attggacctc
accctgatat
tggctctgtg
ctcctcaagce
tcggaaagca
tttcaggaga
gctacacaat
tcactcagct
agagccatat

gtttgaagga

ggaacccaga
gggacatccc
ggcttcactg
tctccgagaa
caggttacga
gaagacttca
tccacagtaa
gttttccggg

ttgacctgct

gaacttcgct
tcggaatcag
gctggtgatc
ggcaattatg
taaggctctg
gggctatcag
cgcatgggct
cccegttgec
gctcccagtc
taatcccaca

cctcctgtag

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttc
gctctttgag
gtatctgtgt
ggctgatccg
ggggctcaaa
atcattcggg

gaaattcgat

gatatcgatg
gagcgcattg
gggaattttg
gcagccccac
ctgcaggaca
ctgagaaaag
gtggccataa
agtttgggca
aaaagacagc

ggtaccgtac

ggctgegegce
gcactggata
atgtgcaacc
gaaatggccg
attgacgatt
cagcgcttcc
ttgggaatct
tattatgaca

ggttgctact

actcatgggc
tagacgtcgc
gtcttagctg
tctteatgte
aagatgtgat
gcgacaactt
taaaccggca
agggagtggc
tggggttcta

tgctgcaact

ttgcgctteg
atggattggc
tggactgtca
aacgaatggt
gctggatggc
ctcatggcat
acgcggacgt
ttgacgccca

gtgacagcct

gagcatcaaa
aggacccggc
ggaccagcaa
caacgatctg
tgccatcaat
cgaagtctgg
agagattggt
gtgtaatcct
tgagtggacc

tgaaaacacg

cttcctggec
tagaacacct
ggaagaacca
gactgagggc
cccacaacgg
aaggcagctg
gggcaataag
aacgtttgct

cgaaaacctg

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540



gcagacggct
tcctgegagt
cagtattgca
agcatcttgg
ggatggaacg
gttacccaaa
cgcgegatct
caggacccgt
gaaaggcctt
ggtccacgct
gcttgettcea
agcaggctcc
atgcagactt
<210> 63

<211>

<212>
<213>

DNA
<220>
<223>

<400> 63
atgcagctga

ctegtttect
cctatggggt
gacagctgca
tggaaagatg
gattctgagg

gcaaaccacg

1290

acaagcatat
ggcctcttta
atcattggag
actggaccag
atccagacat
tggctctgtg
caccacaggc
tgggaaagca
tgagtggaga
cctatacaat
tcactcagct
gatcccacat

cactgaagga

ggaacccaga
gggacatccc
ggcttcactg
tctccgagaa
caggttacga
gaagacttca

tccacagtaa

gtctctegec
catgtggcca
gaacttcgct
tcggaatcag
gctggtgatc
ggcaattatg

aaaggccctg

gggctaccag
tgcgtgggct
tcctgtagca
tctgecggtg
caaccctaca

cctcctgtag

Artificial Sequence

Synthetic polynucleotide

actacatctg

tggggctaga
ggagaggttc
gctctttgag
gtatctgtgt
ggctgatccg

ggggctcaaa

ctgaatagaa
tttcagaaac
gatatcgatg
gagcgaattg
ggcaattttg
gceggtectce
ctccaagaca
ctgagaaaag
gtggccatta
tctcttggcea
aagagaaaac

ggaaccgtcc

ggctgegegce
gcactggata
atgtgcaacc
gaaatggccg
attgacgatt
cagcgcttcc

ttgggaatct

ccggteggec

cgaactacac
actcatgggc
tggatgtcgc
gcctectettg
ttttcatgag
aagatgtgat
gcgacaactt
ttaatcggca
agggcgttgce
tgggtttcta

tcttgcagcet

ttgcgetteg
atggattggc
tggactgtca
aacgaatggt
gctggatggc

ctcatggcat

acgcggacgt

aatcgtatat
agaaattcgc

ctccataaag

aggccctgga

ggaccagcag

caacgatctg
agccatcaat
tgaggtctgg
agagatcgga
ctgtaaccca

cgaagctacc

ggagaatacg

cttcctggec
tagaacacct
ggaagaacca
gactgagggc
cccacaacgg
aaggcagctg

gggcaataag

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420



acctgtgccg gttttccggg atcattcggg

ttgacctgct gaaattcgat

gattgggecg

acaagcatat gtctctcgec

gcagacggct

tcctgecgagt ggcctcttta catgtggeca

cagtattgca atcattggag gaacttcgct

agcatcttgg actggaccag tcggaatcag

ggatggaacg atccagacat gctggtgatc

gttacccaaa tggctctgtg ggcaattatg

cgcgegatct caccacaggec aaaggccctg

caggacccgt tgggaaagca

gggctaccag

gaaaggcctt tgagtggaga tgcgtgggct

ggtccacgct cctatacaat tcctgtagca

gcttgettca tcactcaget tctgecggtg

agcaggctcc gatcccacat caaccctaca

atgcagactt cactgaagga cctcctgtag

<210> 64

<211> 1290

<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 64
atgcagctga ggaacccaga actacatctg

ctcgtttcct gggacatccc tggggctaga
cctatggggt ggcttcactg ggagaggttc
gacagctgca tctccgagaa gctctttgag

tggaaagatg caggttacga gtatctgtgt

tattatgaca
ggttgctact
ctgaataaaa
tttcagaaac
gatatcgatg
gagcgaattg
ggcaattttg
gceggtectce
ctccaagaca
ctgagaaaag
gtggccatta
tctcttggcea
aagagaaaac

ggaaccgtcc

ggctgegegce
gcactggata
atgtgcaacc

gaaatggccg

attgacgatt

ttgacgccca
gtgacagcct
ccggtecggcec
cgaactacac
actcatgggc
tggatgtcgc
gcctetettg
ttttcatgag
aagatgtgat
gcgacaactt
ttaatcggca
agggcgttgce
tgggtttcta

tcttgcagcet

ttgcgctteg
atggattggc
tggactgtca

aacgaatggt

gctggatggc

aacgtttgct
cgaaaacctg
aatcgtatat
agaaattcgc

ctccataaag

aggccctgga

ggaccagcag

caacgatctg
agccatcaat
tgaggtctgg
agagatcgga
ctgtaaccca

cgaagctacc

ggagaatacg

cttcctggec
tagaacacct
ggaagaacca
gactgacggc

cccacaacgg

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300



gattctgagg gaagacttca ggctgatccg cagcgcttcc ctcatggcat aaggcagcetg
gcaaaccacg tccacagtaa ggggctcaaa ttgggaatct acgcggacgt gggcaataag
acctgtgccg gttttccggg atcattcggg tattatgaca ttgacgccca aacgtttget
gattggggcg ttgacctgct gaaattcgat ggttgctact gtgacagcct cgaaaacctg
gcagacggct acaagcatat gtctctcgecc ctgaataaaa ccggtcggec aatcgtatat
tcctgegagt ggcctcttta catgtggecca tttcagaaac cgaactacac agaaattcgce
cagtattgca atcattggag gaacttcgct gatatcgatg actcatgggc ctccataaag
agcatcttgg actggaccag tcggaatcag gagcgaattg tggatgtcgc aggccctgga
ggatggaacg atccagacat gctggtgatc ggcaattttg gcctctcttg ggaccagcag
gttacccaaa tggctctgtg ggcaattatg gccggtcctc ttttcatgag caacgatctg
cgcgegatct caccacaggc aaaggccctg ctccaagaca aagatgtgat agccatcaat
caggacccgt tgggaaagca gggctaccag ctgagaaaag gcgacaactt tgaggtctgg
gaaaggcctt tgagtggaga tgcgtggget gtggccatta ttaatcggca agagatcgga
ggtccacgcg gttatacaat tcctgtagca tctcttggeca agggegttge ctgtaaccca
gcttgettca tcactcaget tctgecggtg aagagaaaac tgggtttcta cgaagctacc
agcaggctcc gatcccacat caaccctaca ggaaccgtcc tcttgcaget ggagaatacg
atgcagactt cactgaagga cctcctgtag

<210> 65

<211> 1290

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

<400> 65
atgcagctga ggaacccaga actacatctg ggctgegege ttgegetteg cttectggec

ctcgtttcct gggacatccc tggggctaga gcactggata atggattggc tagaacacct

cctatggggt ggcttcactg ggagaggttc atgtgcaacc tggactgtca ggaagaacca

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60

120

180



gacagctgca
tggaaagatg
gattctgagg
gcaaaccacg
acctgtgecg
gattggggcg
gcagacggct
tcctgegagt
cagtattgca
agcatcttgg
ggatggaacg
gttacccaaa
cgcgegatct
caggacccgt
gaaaggcctt
ggtccacgeg
gcttgcttcea
agcaggctcc
atgcagactt
<210>
<211>

<212>
<213>

66
1290
DNA

<220>

<223>

<400> 66

tctccgagaa
caggttacga
gaagacttca
tccacagtaa
gttttccggg
ttgacctgct
acaagcatat
ggcctcttta
atcattggag
actggaccag
atccagacat
tggctctgtg
caccacaggc
tgggaaagca
tgagtggaga
gttatacaat
tcactcagct
gatcccacat

cactgaagga

gctctttgag
gtatctgtgt
ggctgatccg
ggggctcaaa
atcattcggg
gaaattcgat
gtctctegec
catgtggcca
gaacttcgct
tcggaatcag
gctggtgatc
ggcaattatg

aaaggccctg

gggctaccag
tgcgtgggct
tcctgtagea
tctgecggtg
caaccctaca

cctcctgtag

Artificial Sequence

Synthetic polynucleotide

gaaatggccg
attgacgatt
cagcgcttcc
ttgggaatct
tattatgaca
ggttgctact
ctgaataaaa
tttcagaaac
gatatcgatg
gagcgaattg
ggcaattttg
gceggtectce
ctccaagaca
ctgagaaaag
gtggccatta
aagcttggca
aagagaaaac

ggaaccgtcc

aacgaatggt
gctggatggc
ctcatggcat
acgcggacgt
ttgacgccca
gtgacagcct
ccggtcggcec
cgaactacac
actcatgggc
tggatgtcgc
gcctetettg
ttttcatgag
aagatgtgat
gcgacaactt
ttaatcggca
agggcgttgce
tgggtttcta

tcttgcagcet

gactgacggc
cccacaacgg
aaggcagctg
gggcaataag
aacgtttgct
cgaaaacctg
aatcgtatat
agaaattcgc

ctccataaag

aggccctgga

ggaccagcag

caacgatctg
agccatcaat
tgaggtctgg
agagatcgga
ctgtaaccca

cgaagctacc

ggagaatacg

atgcagctga ggaacccaga actacatctg ggctgegege ttgegettcg cttectggec

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290

60



ctcgtttect
cctatggggt
gacagctgca
tggaaagatg
gattctgagg
gcaaaccacg
acctgtgccg
gattggggcg
gcagacggct
tcctgegagt
cagtattgca
agcatcttgg
ggatggaacg
gttacccaaa
cgcgegatct
caggacccgt
gaaaggcctt
ggtccacgeg
gcttgettcea
agcaggctcc
atgcagactt
<210>
<211>

<212>
<213>

67
1290
DNA

<220>
<223>

gggacatccc
ggcttcactg
tctccgagaa
caggttacga
gaagacttca
tccacagtaa
gttttccggg
ttgacctgct
acaagcatat
ggcctcttta
atcattggag
actggaccag
atccagacat
tggctctgtg
caccacaggc
tgggaaagca
tgagtggaga
gttatacaat
tcactcagct
gatcccacat

cactgaagga

tggggctaga
ggagaggttc
gctctttgag
gtatctgtgt
ggctgatccg
ggggctcaaa
atcattcggg
gaaattcgat
gtctctcgec
catgtggcca
gaacttcgct
tcggaatcag
gctggtgatc
ggcaattatg

aaaggccctg

gggctaccag
tgcgtgggct
tcctgtagea
tctgecggtg
caaccctaca

cctcctgtag

Artificial Sequence

Synthetic polynucleotide

gcactggata
atgtgcaacc
gaaatggccg
attgacgatt
cagcgcttcc
ttgggaatct
tattatgaca
ggttgctact
ctgaataaaa
tttcagaaac
gatatcgatg
gagcgaattg
ggcaattttg
gceggecctce
ctccaagaca
ctgagaaaag
gtggccatta
aagcttggca
aagagaaaac

ggaaccgtcc

atggattggc
tggactgtca
aacgaatggt
gctggatggc
ctcatggcat
acgcggacgt
ttgacgccca
gtgacagcct
ccggtcggga
cgaactacac
actcatgggc
tggatgtcgc
gcctetettg
ttttcatgag
cggacgtgat
gcgacaactt
ttaatcggca
agggcgttgce
tgggtttcta

tcttgcagcet

tagaacacct
ggaagaacca
gactgacggc
cccacaacgg
aaggcagctg
gggcaataag
aacgtttgct
cgaaaacctg
tatcgtatat
agaaattcgc

ctccataaag

aggccctgga

ggaccagcag

caacgatctg
agccatcaat
tgaggtctgg
agagatcgga
ctgtaaccca

cgaagctacc

ggagaatacg

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290



<400> 67
atgcagctga

ctegtttect
actatgggct
gactcatgca
tggaaggatg
gacagtgaag
gcgaattacg
acatgtgcag
gactggggcg
gccgacgggt
tcttgegagt
caatactgca
tctattctgg
ggttggaatg
gtgactcaga
cgacacatct
caggacccgc
gaacgacccc
ggaccgcgga
gcttgtttca
agtcggttga
atgcagatga
<210>

<211>
<212>

68
1291
DNA

ggaacccaga
gggacatccc
ggctccactg
tctctgagaa
cgggctatga
gceggeteca
tgcactcaaa
gcttcccagg
tggacctgct
acaagcatat
ggcctctgta
accattggcg
attggaccag
acccagacat
tggctctgtg
cccctecaggce
tcggtaagca
tgtctggact
gctataccat
taacccagct
agtctcatat

gcctgaagga

actacatctg
tggggctaga
ggagcgcttt
gttgttcatg
gtatctctgt
ggccgatcct
aggccttaag
ctcttttggg
caagtttgac
gtcactggcc
catgtggccc
gaacttcgca
tttcaatcaa
gctcgtgatt
ggcaatcatg
gaaagccctt
agggtaccag
cgcttgggcec
agctgtcgcec
gctgeccgtce
taacccgaca

tctcttgtga

ggctgegegce
gcattggaca
atgtgtaacc
gagatggctg
attgatgact
cagcggttcc
ctgggtatat
tactatgaca
ggatgttact
ctgaatcgga
ttccagaagc
gacatagacg
gaaaggattg
ggaaatttcg
gcagcaccac
ctgcaggata
ttgcgccagg
gtagccgtaa
tcccteggeg
aagaggaaac

gggactgttc

ttgcgctteg
atgggctggc
tcgactgcca
agctgatggt
gctggatggc
cccacggtat
atgctgatgt
tcgacgccca
gtgactccct
caggccgatc
ccaactatac
acagctgggc
tcgatgtcegc
gtctgtcatg
tgttcatgag
aggacgttat
gagacaattt
ttaaccgaca
ggggcgtagc
tggggcttta

tcctccaget

cttcctggec
caggacacct
agaggagcca
gagcgaaggeg
tccacagegc
cagacaactg
gggtaataaa
gacttttgcg
tgagaacctg
catcgtatac
agaaatcagg
tagcattaag
aggcccagga
ggaccaacag
caatgatttg
cgccattaac
cgaggtctgg
agaaatcggc
ttgtaacccg
tgagtggaca

ggaaaacaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1290



<213>

<220>
<223>

<400> 68

Artificial Sequence

Synthetic polynucleotide

atgcagctga ggaacccaga actacatctg

ctcgtttect
tactatgggc
agactcatgc
gtggaaagac
cgattccgaa
ggcaaattac
gacatgtgct
tgattgggge
ggccgacggt
tagttgtgag
gcaatattgc
atccatcctg
cgggtggaat
agtcactcaa
gaggcatatc

ccaagatccc

ggaaaggcca

cggacccagg

cgcatgcttc
ctcaagactg

aatgcagatg

gggacatccc
tggctccact
atctctgaga
gccggatatg
ggccgettgce
gtgcactcaa
ggatttcccg
gtcgacctcc
tacaaacaca
tggccgettt
aatcactggc
gattggacat
gatccagaca
atggcactct
agtcctcagg
cttggtaaac
ctttcaggceg
agctatacaa
attactcaac

aggtctcata

agcctgaagg

tggggctaga
gggagegctt
agttgttcat
agtatctgtg
aggctgatcc
aggggctcaa
ggagtttcgg
tgaagtttga
tgtcccttgc
acatgtggcc
gaaatttcgc
cattcaacca
tgcttgtgat
gggcaattat
ctaaagccct
aggggtacca
atgcatgggc
taccagtggc
ttctgccagt
ttaacccgac

atctcttgtg

ggctgegegce
gcatttggac
tatgtgtaac
ggaaatggcc
catcgacgat
gcagcgettt
gttgggcatc
ttattatgac
cggttgttat
actgaataga
ttttcagaaa
agatatcgat
ggagcgcatc
cggaaacttc
ggccgecccc
gctgcaagac
gttgcgcaaa
cgttgcaatg
gtcactgggt
gaaacgaaaa
agggactgtt

a

ttgcgctteg
aatgggctgg
ctcgactgcec
gagcttatgg
tgctggatgg
cctcacggga
tacgcagacg
attgacgcac
tgcgacagcc
actggtcggt
cccaactaca
gattcttggg
gtggacgttg
ggtctctett
ctctttatgt
aaggatgtga
ggcgacaatt
atcaacaggc
aagggagtcg
ctcggattct

ctcctccage

cttcctggec
ccaggacacc
aagaggagcc
tctcagaggg
ccccccaacg
tccgccaatt
tgggaaacaa
agacctttgc
ttgaaaatct
ccatcgtcta
ccgagattcg
ctagtattaa
ctggacctgg
ggaaccagca
ccaacgatct
ttgctatcaa
ttgaggtgte
aagaaattgg
cctgtaaccc
atgagtggac

tggaaaacac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1291



<210>
<211>
<212>
<213>

69
1290
DNA

<220>
<223>

<400> 69
atgcagctga

ctegtttect
actatgggct
gactcatgca
tggaaagatg
gattcagaag
gccaattacg
acttgtgccg
gactgggges
gctgatggcet
tcctgegagt
cagtattgca
agtatcttgg
ggatggaatg
gtgacccaga
cgccacatca
caagatcccc
gaacgccctt
ggcccgagaa

gcctgettcea

ggaacccaga
gggacatccc
ggctccactg
tctctgagaa
caggctacga
gtagactcca
tccattccaa
gatttcccgg
tggacttgct
acaagcacat
ggcctctgta
atcactggcg
actggactag
atcctgatat
tggctagttg
gcccccaggc
tgggcaaaca
tgagcggaga
gttatactat

tcacacagct

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggagcgcttt
gttgttcatg
gtacctgtgt
ggcggatccc
aggccttaag
cagtttcgga
caaatttgat
gtcactcgct
tatgtggccg
caactttgct
tcgcaatcag
gctegtgatc
ggctatcatg
caaggcgctt
aggctatcag
cgcctgggct
ccccgttgea

gcttectgtce

ggctgegegce
gcattggaca
atgtgtaacc
gagatggctg
atagacgatt
cagagattcc
ttgggtattt
tactatgaca
ggctgttatt
ctcaaccgca
ttccagaaac
gatattgatg
gaaagaattg
gggaacttcg
gccgeccctce
ctgcaggata
ctgcggaagg
gtggctatta

agcctgggaa

aaacgccaat

ttgcgctteg
atgggctggc
tcgactgcca
aacgcatggt
gttggatggc
cacatggaat
acgccgacgt
ttgatgcaca
gcgatagect
ctgggegctc
ccaattacac
attcctgggce
tcgacgtcgc
gactctcatg
tgtttatgag
aagatgtcat
gagacaattt
taaatcgcca
agggcgtcgce

tggggttcta

cttcctggec
caggacacct
agaggagcca
ttctgaggga
cccacagcgg
cagacagctg
aggcaacaag
gactttcgct
cgaaaatctg
tatagtttac
agaaataagg

ctccataaag

cggaccaggc

ggaccagcag

taacgacctc
cgccatcaac
tgaggtgtgg
ggagattggg
ctgcaaccct

caattggaca

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



tccagactca aatctcatat taacccgaca gggactgttc tcctccaget ggaaaacaca

atgcagatga gcctgaagga tctcttgtga

<210> 70
<211> 1290
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthetic polynucleotide

<400> 70

atgcagctga ggaacccaga actacatctg

ctegtttect
actatgggct
gactcatgca
tggaaggacg
gactcagagg
gctaaccatg
acttgtgcgg
gactggggtg
gctgacggcet
tcctgegaat
caatactgta
tccatcctgg
ggatggaacg
gtaacacaga
aggcatatct

caggacccac

gagcgaccgc

gggacatccc tggggctaga

ggctccactg ggagcgcettt
tctctgagaa gttgttcgag
ctggctacga gtatctgtgc

ggagactcca ggccgacccc

tgcactcaaa agggctcaag

ggtttcccgg ctccttegga

tggacctgct taagttcgac
ataagcacat gagtctcgcc
ggccacttta catgtggcca
accattggcg aaacttcgcc
attggacctc taggaaccag
atccagacat gctcgtgata
tggcgctctg ggccattatg
ctcctcaage caaggcactc
tgggcaagca gggataccag

tttcaggaga cgcctgggcea

ggctgegegce
gcattggaca
atgtgtaacc
gagatggcag
atagatgatt
cagcgatttc
ctgggaattt
tattacgaca
ggctgttact
ctgaaccgaa
ttccagaaac
gacattgacg
gaaaggatcg
ggaaactttg
gctgeccect
ctgcaggaca
ctgcggaaag

gttgcaatca

ttgcgetteg
atgggctggc
tcgactgcca
aacgaatggt
gttggatggc
cacacggaat
atgctgacgt
tcgacgccca
gcgatagtct
caggcagaag
ctaattatac
atagttggaa
tggacgtggc
gactgtcatg
tgtttatgtc
aggacgttat
gtgataactt

tcaacaggca

cttcctggec
caggacacct
agaggagcca
gacagatgga
ccctcagega
ccggcaactg
cgggaacaaa
gactttcgca
ggaaaacttg
catagtctac
cgagatcaga
gtcaatcaag
tggacctggc
gaatcagcaa
taacgacctg
cgccatcaac
cgaggtctgg

agaaattggt

1260

1290

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



gggccacggt cttatactat tcccgtggcet

gcctgettta tcacccaatt gttgeccegtt

tccaggectge ggtctcatat taacccgaca

atgcagatga gcctgaagga tctcttgtga

<210>
<211>
<212>
<213>

71

DNA
<220>
<223>

<400> 71
atgcagctga

ctegtttect
actatgggct
gactcatgca
tggaaggatg
gatagtgagg
gccaaccacg
acatgtgctg
gattggggag
gccgatgggt
tcatgtgagt
cagtattgta
tcaattctcg
ggctggaatg
gtcactcaga

agacacattt

1290

ggaacccaga
gggacatccc
ggctccactg
tctctgagaa
cagggtacga
gcaggttgca
tgcactctaa
gtttccccgg
tggacctgct
ataagcacat
ggccactgta
accactggcg
attggacttc
atccagatat
tggccctctg

ccccacaggc

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggagcgcttt
gttgttcgaa
gtacctttgc
ggcggacccc
aggcctgaag
tagctttgga
caagttcgac
gagtcttgct
catgtggcca
gaatttcgcc
attcaaccag
gctggtgatc
ggccattatg

caaggcattg

tctctcggta agggegtcge ctgcaacccc

aagagaaaac tgggatttta cgagtggaca

gggactgttc tcctccagct ggaaaacaca

ggctgegegce
gcattggaca
atgtgtaacc
gagatggctg
atagacgatt
caaagatttc
ctggggattt
tactacgaca
ggctgctact
cttaatagaa
tttcagaaac
gacatagacg
gagcggatcg
ggaaactttg
gcagcaccac

ctgcaggaca

ttgcgctteg
atgggctggc
tcgactgcca
aactgatggt
gctggatggc
cacatggcat
acgccgatgt
tcgacgccca
gcgattctcet
ccggacgctc
ccaactatac
atagctggaa
tcgacgtggc
gtctctectg
tctttatgag

aagacgtgat

cttcctggec
caggacacct
agaggagcca
gtccgagggg
accacagcgg
cagacagctg
cggtaataaa
gacatttgct
ggaaaatctg
tatagtctat
cgaaattaga
gagcatcaag
cggeectgeg
gaatcaacag
caacgacctg

cgccattaac

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960



caggacccac
gagcgcccac
ggccccagat
gcctgettta
tctaggctca
atgcagatga
<210>
<211>

<212>
<213>

72
1290
DNA

<220>
<223>

<400> 72
atgcagctga

ctegtttect
actatgggct
gactcatgca
tggaaggacg
gactcagagg
gctaaccatg
acttgtgcgg
gactggggtg
gctgacggcet
tcctgegaat
caatactgta

tccatcctgg

ggatggaacg

tgggcaagca
tcagcggaga
cctacacaat
taacccagct
ggtctcatat

gcctgaagga

ggaacccaga
gggacatccc
ggctccactg
tctctgagaa
ctggctacga
ggagactcca
tgcactcaaa
ggtttcccgg
tggacctgct
ataagcacat
ggccacttta
accattggcg
attggacctc

atccagacat

agggtaccaa
cgcctgggcec
tcctgteget
gctgecagtg
taacccgaca

tctcttgtga

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
ggagcgcttt
gttgttcgag
gtatctgtgc
ggccgacccc
agggctcaag
ctccttcgga
taagttcgac
gagtctcgcec
catgtggcca
aaacttcgcc
taggaaccag

gctcgtgata

cttaggcagg
gttgccatga
agcctgggea
aaacggaaac

gggactgttc

ggctgegegce
gcattggaca
atgtgtaacc
gagatggcag
atagatgatt
cagcgatttc
ctgggaattt
tattacgaca
ggctgttact
ctgaaccgaa
ttccagaaac
gacattgacg
gaaaggatcg

ggaaactttg

gagataattt
taaacagaca
agggggtggc
tcgggttcta

tcctccaget

ttgcgctteg
atgggctggc
tcgactgcca
aacgaatggt
gttggatggc
cacacggaat
atgctgacgt
tcgacgccca
gcgatagtct
caggcagaag
ctaattatac
atagttggaa
tggacgtggc

gactgtcatg

tgaggtctgg
ggagattgec
ttgtaatccc
tgaatggact

ggaaaacaca

cttcctggec
caggacacct
agaggagcca
gacagatgga
ccctcagega
ccggcaactg
cgggaacaaa
gactttcgca
ggaaaacttg
catagtctac
cgagatcaga
gtcaatcaag
tggacctggc

ggatcagcaa

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

600

660

720

780

840



gtaacacaga
aggcatatct
caggacccac
gagcgaccgc
gggccacggt
gcctgettta
tccaggctga
atgcagatga
<210>
<211>

<212>
<213>

73
1289
DNA

<220>
<223>

<400> 73
atgcagctga

ctcgtttect
ccatgggctg
attcctgcat
ggaaggatgc
attcagaagg
ctaatcacgt
cctgegeagg
actggggagt
cagatggtta
cctgtgagtg

agtactgcaa

tggcgctctg
ctcctcaagce
tgggcaagca
tttcaggaga
cttatactat
tcacccaatt
agtctcatat

gcctgaagga

ggaacccaga
gggacatccc
gctgcactgg
cagtgagaag
aggttatgag
cagacttcag
tcacagcaaa
cttccctggg
agatctgcta
taagcacatg
gcctetttat

tcactggcga

ggccattatg

caaggcactc

gggataccag

cgcctgggea

tccegtgget
gttgcccgtt
taacccgaca

tctcttgtga

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
gagcgcttca
ctcttcgagg
tacctctgca
gcagaccctc
ggactgaagc
agttttggat
aaatttgatg
tccttggecc
atgtggccct

aattttgctg

gctgeeccct
ctgcaggaca
ctgcggaaag
gttgcaatca
tctctcggta
aagagaaaac

gggactgttc

ggctgegegce
gcatggacaa
tgtgcaacct
agatggcaga
ttgatgactg
agcgctttcec
tagggattta
actacgacat
gttgttactg
tgaataggac
ttcaaaagcc

acattgatga

tgtttatgtc
aggacgttat
gtgataactt
tcaacaggca
agggcgtcgc
tgggatttta

tcctccaget

ttgcgctteg
tggattggca
tgactgccag
gagaatggtc
ttggatggct
tcatgggatt
tgcagatgtt
tgatgcccag
tgacagtttg
tggcagaagc
caattataca

ttcctgggcec

taacgacctg
cgccatcaac
cgaggtctgg
agaaattggt
ctgcaacccc
cgaggcgaca

ggaaaacaca

cttcctggec
aggacgccta
gaagagccag
accgacggct
ccccaaagag
cgccagctag
ggaaataaaa
acctttgctg
gaaaatttgg
attgtgtact
gaaatccgac

agtataaaga

900

960

1020

1080

1140

1200

1260

1290

60

120

180

240

300

360

420

480

540

600

660

720



gtatcttgga
gttggaatga
taactcagat
gacacatcag
aggacccctt
aacgacctct
gacctcgctc
cctgcttcat
caaggttaaa
tgcagatgtc
<210>
<211>

<212>
<213>

74
1289
DNA

<220>
<223>

<400> 74
atgcagctga

ctcgtttect
ccatgggctg
attcctgcat
ggaaggatgc
attcagaagg
ctaatcacgt
cctgegeagg
actggggagt

cagatggtta

ctggacatct
cccagatatg
ggccctctgg
ccctcaagec
gggcaagcaa
ctcaggcgat
ttataccatc
cacacagctc
gagtcacata

attaaaagac

ggaacccaga
gggacatccc
gctgcactgg
cagtgagaag
aggttatgag
cagacttcag
tcacagcaaa
cttccctggg
agatctgcta

taagcacatg

agaaaccagg
ttagtgattg
gctatcatgg

aaagctctcc

gggtaccagc

gcctgggetg

cccgttgett
ctccctgtga
aatcccacag

ttactttaa

Artificial Sequence

Synthetic polynucleotide

actacatctg
tggggctaga
gagcgcttca
ctcttcgagg
tacctctgca
gcagaccctc
ggactgaagc
agttttggat
aaatttgatg

tccttggecc

agagaattgt
gcaactttgg
ctgctecttt
ttcaggataa
ttagaaaggg
tagctatcat
ccctgggtaa
aaaggcagct

gcactgtttt

ggctgegegce
gcatggacaa
tgtgcaacct
agatggcaga
ttgatgactg
agcgctttcec
tagggattta
actacgacat
gttgttactg

tgaataagac

tgatgttgct
cctcagctgg
attcatgtct
ggacgtaatt
agacaacttt
aaaccggcag
aggagtggcc
agggttctat

gcttcagcta

ttgcgetteg
tggattggca
tgactgccag
gagaatggtc
ttggatggct
tcatgggatt
tgcagatgtt
tgatgcccag
tgacagtttg

tggcagaccc

ggaccagggg

gaccagcaag
aatgacctcc
gccatcaatc
gaagtgtggg
gagattggtg
tgtaatcctg
aactggactt

gaaaatacaa

cttcctggec
aggacgcctc
gaagagccag
accgacggct
ccccaaagag
cgccagctag
ggaaataaaa
acctttgctg
gaaaatttgg

attgtgtact

780

840

900

960

1020

1080

1140

1200

1260

1289

60

120

180

240

300

360

420

480

540

600



cctgtgagtg
agtactgcaa
gtatcttgga
gttggaatga
taactcagat
gacacatcag
aggacccctt
aacgacctct
gacctcgctc
cctgcttcat
caaggttaaa
tgcagatgtc
<210>
<211>

<212>
<213>

75
429
PRT

<220>

<223>

<400> 75

Met Gln Leu Arg Asn

1

Arg Phe Leu Ala Leu

Asp Asn Gly Leu Ala

35

Arg Phe Met Cys Asn

50

gcctctttat
tcactggcga
ctggacatct
cccagatatg
ggccctctgg
ccctcaagec
gggcaagcaa
ctcaggcgat
ttataccatc
cacacagctc
gagtcacata

attaaaagac

5

20

atgtggccct
aattttgctg
agaaaccagg
ttagtgattg
gctatcatgg

aaagctctcc

gggtaccagc

gcctgggcetg

cccgttgett
ctccctgtga
aatcccacag

ttactttaa

Artificial Sequence

Synthetic polypeptide

Pro Glu Leu His Leu

Arg Thr Pro Thr Met

40

Leu Asp Cys Gln Glu

55

ttcaaaagcc
acattgatga
agagaattgt
gcaactttgg
ctgctecttt
ttcaggataa
ttagaaaggg
tagctatcat
ccctgggtaa
aaaggcagct

gcactgtttt

Gly
10

Val Ser Trp Asp Ile Pro

25

Gly

Glu

caattataca
ttcctgggcec
tgatgttgct
cctcagctgg
attcatgtct
ggacgtaatt
agacaacttt
aaaccggcag
aggagtggcc
agggttctat

gcttcagcta

gaaatccgac
agtataaaga
ggaccagggg
gaccagcaag
aatgacctcc
gccatcaatc
gaagtgtggg
gagattggtg
tgtaatcctg
aactggactt

gaaaatacaa

Cys Ala Leu Ala Leu

15

Gly Ala Arg Ala Leu

30

Trp Leu His Trp Glu

45

Pro Asp Ser Cys Ile

60

660

720

780

840

900

960

1020

1080

1140

1200

1260

1289



Ser

65

Trp

Ala

Phe

Leu

Phe

145

Asp

Leu

Arg

Trp

His

225

Ser

Ala

Glu

Lys

Pro

Pro

Lys

130

Pro

Trp

Glu

Thr

Pro

210

Trp

Ile

Gly

Lys

Asp

Gln

His

115

Leu

Gly

Gly

Asn

Gly

195

Phe

Arg

Leu

Pro

Leu

Ala

Arg

100

Gly

Gly

Ser

Val

Leu

180

Arg

Gln

Asn

Asp

Gly

Phe

Gly

85

Asp

Ile

Ile

Phe

Asp

165

Ala

Ser

Lys

Phe

Trp

245

Gly

Met

70

Tyr

Ser

Arg

Tyr

Gly

150

Leu

Asp

Ile

Pro

Ala

230

Thr

Trp

Glu

Glu

Glu

Gln

Ala

135

Tyr

Leu

Gly

Val

Asn

215

Asp

Ser

Asn

Met

Tyr

Gly

Leu

120

Asp

Tyr

Lys

Tyr

Tyr

200

Tyr

Ile

Phe

Asp

Ala

Leu

Arg

105

Ala

Val

Asp

Phe

Lys

185

Ser

Thr

Asp

Asn

Pro

Glu

Cys

90

Leu

Asn

Gly

Ile

Asp

170

His

Cys

Glu

Asp

Gln

250

Asp

Leu

75

Ile

Gln

Tyr

Asn

Asp

155

Gly

Met

Glu

Ile

Ser

235

Glu

Met

Met

Asp

Ala

Val

Lys

140

Ala

Cys

Ser

Trp

Arg

220

Trp

Arg

Leu

Val

Asp

Asp

His

125

Thr

Gln

Tyr

Leu

Pro

205

Gln

Lys

Ile

Val

Ser

Cys

Pro

110

Ser

Cys

Thr

Cys

Ala

190

Leu

Tyr

Ser

Val

Ile

Glu

Trp

95

Gln

Lys

Ala

Phe

Asp

175

Leu

Tyr

Cys

Ile

Asp

255

Gly

Gly

80

Met

Arg

Gly

Gly

Ala

160

Ser

Asn

Met

Asn

Lys

240

Val

Asn



Phe Gly

Ile Met
290

Pro Gln
305

Gln Asp

Phe Glu

Met Ile

Val Ala
370

Thr Gln
385

Ser Arg

Leu Glu

<210>
<211>
<212>
<213>

<220>
<223>

260

Leu Ser Trp Asn Gln
275

Ala Ala Pro Leu Phe
295

Ala Lys Ala Leu Leu
310

Pro Leu Gly Lys Gln
325

Val Trp Glu Arg Pro
340

Asn Arg Gln Glu Ile
355

Ser Leu Gly Lys Gly
375

Leu Leu Pro Val Lys
390

Leu Arg Ser His Ile
405

Asn Thr Met Gln Met
420

76
31
PRT
Artificial Sequence

Synthetic polypeptide

Gln

280

Met

Gln

Gly

Leu

Gly

360

Val

Arg

Asn

Ser

265

Val

Ser

Asp

Tyr

Ser

345

Gly

Ala

Lys

Pro

Leu
425

Thr

Asn

Lys

Gln

330

Gly

Pro

Cys

Leu

Thr

410

Lys

Gln

Asp

Asp

315

Leu

Leu

Arg

Asn

Gly

395

Gly

Asp

Met

Leu

300

Val

Arg

Ala

Ser

Pro

380

Phe

Thr

Leu

Ala

285

Arg

Ile

Gln

Trp

Tyr

365

Ala

Tyr

Val

Leu

270

Leu

His

Ala

Gly

Ala

350

Thr

Cys

Glu

Leu

Trp

Ile

Ile

Asp

335

Val

Ile

Phe

Trp

Leu
415

Ala

Ser

Asn

320

Asn

Ala

Ala

Ile

Thr

400

Gln



<400> 76

Met Gln Leu Arg Asn Pro Glu Leu His Leu Gly Cys Ala Leu Ala Leu
1 5 10 15

Arg Phe Leu Ala Leu Val Ser Trp Asp Ile Pro Gly Ala Arg Ala
20 25 30

<210> 77

<211> 93

<212> DNA

<213> Artificial Sequence

<220>
<223> Synthetic polynucleotide

<400> 77
atgcagctga ggaacccaga actacatctg ggctgegege ttgegetteg cttectggec

ctcgtttcct gggacatccc tggggctaga gca

60

93
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