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METHODS FOR PURIFICATION OF AAV VECTORS BY ANION EXCHANGE
CHROMATOGRAPHY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application No.
63/253,215, filed October 7, 2021, U.S. Provisional Patent Application No.
63/217,194, filed June 30, 2021, and U.S. Provisional Patent Application No.
63/109,049, filed November 3, 2020, the contents of each of which are incorporated
herein by reference in their entirety.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been
submitted electronically in ASCII format and is hereby incorporated by reference in
its entirety. Said ASCII copy, created October 15, 2021, is named
PC072555A_Sequence_Listing_ST25.txt and is 1,048,576 bytes in size.

FIELD OF INVENTION
[0003] The present invention relates to the purification of AAV, and in particular

recombinant AAV (rAAV) vectors by anion exchange chromatography.

BACKGROUND
[0004] Gene therapy, using a recombinant AAV (rAAV) vector to deliver a
therapeutic transgene, has the potential to treat a wide range of serious diseases for
which no cure, and in many cases, limited treatment exists (Wang et al. (2019)
Nature Reviews 18:358-378). Manufacturing of gene therapy vectors is complex and
requires specialized methods to purify the therapeutic rAAV vector from host cell
impurities, and from viral capsids that do not contain a complete vector genome
encoding the therapeutic transgene. In addition to development of a purification
method that produces a clinical grade rAAV vector composition of high purity and
with a good safety and efficacy profile, the purification method must also be scalable
to high volume rAAV production to meet patient needs.
[0005] Ultracentrifugation using a cesium chloride gradient sedimentation is a
robust method for removal of host cell protein and DNA, as well as separation of viral

capsids that are empty (i.e., that do not contain a vector genome), partially packaged
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(also referred to as “intermediate capsids” and which contain a partial vector genome
and/or non-transgene-related DNA) or fully packaged vectors (also referred to as “full
capsids” and which contain a complete vector genome) (Burnham et al. (2015) Hum.
Gene Ther. Meth. 26:228-245). However, cesium chloride gradient purification is
laborious, time consuming and not amenable to large scale manufacturing.
Ultracentrifugation using an iodixanol gradient is less labor intensive but generally
results in vector yields of lower purity (Hermens et al. Hum. Gene Ther. (1999)
10:1885-1891). Chromatographic methods including affinity and/or ion exchange
chromatography have proven useful for large-scale production of clinical grade
rAAV, including separation of empty viral capsids from full rAAV vectors.

[0006] Empty capsids are produced by the host cells that produce and package
the recombinant vector genome in the viral capsid. An excess of empty capsids are
produced relative to full vectors in most mammalian expression systems, and various
systems generate 1-30% full vectors (Penaud-Budloo et al. Molecular Therapy,
Methods & Clinical Dev (2018) 8:166-180). The production of empty capsids may be
due to an imbalance in the ratio of plasmids encoding the transgene to that of the
rep/cap genes. The presence of empty capsids in a drug product may cause an
undesirable immune response and/or compete with the recombinant vectors for
binding sites on target cells.

[0007] Certain anion-exchange chromatographic methods, employing acetate
buffers and resins such as POROS™ 50 HQ and Q-Sepharose XL, have been used
to separate empty capsids from rAAV2 vector pools by relying on the slightly less
anionic character of the empty capsids as compared to full vectors (US 7,261,544;
Qu et al. (2007) J. Virol. Meth. 140(1):183-192). A similar approach used a
combination of affinity and ion exchange chromatography (IEX) and a 10 mM to 300
mM Tris acetate gradient at pH 8 with POROS™ 50 HQ resin to enrich for full AAV
vectors of various serotypes (Nass et al. (2018) Molec. Thera. Meth. & Clin. Dev.
9:33-46). Other studies have identified buffers and conditions useful for
chromatographic separation of empty capsids from full AAV vectors. For instance,
Urabe determined that AAV1 material could be diluted with a Tris-HCI buffer
comprising MgCl2 and glycerol for load on an anion exchange chromatography
(AEX) column and that solutions comprising antichaotropic ions were effective
elution buffers for separation of the empty AAV1 capsids from full vectors (Urabe et
al. (2006) Molec. Ther. 13(4):823-828). Others have described dilution (e.g., 50-fold)
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of affinity chromatography eluates and the use of shallow gradient elution (e.g., 20
mM to 180 mM NaCl) from a monolithic support in AEX methods for the separation
of empty capsids from full AAV vectors (US 2019-0002841; US 2019-0002842; US
2019-0002843; US 2018-0002844). However, these methods also employ a high pH
(9.8 to 10.2) which can lead to deamidation and/or aggregation of rAAV vector and
may lead to a decrease in the therapeutic potency.

[0008] Processes using a combination of methods including, for example and in
no particular order, tangential flow filtration (TFF) of a host cell supernatant,
precipitation of the capsid material (including rAAV vectors and empty capsids) using
ammonium sulfate, AEX chromatography and size-exclusion chromatography have
been developed to separate the rAAV from empty capsids (Tomono et al. (2018)
Molec. Ther. Meth. Clin. Dev. 11:180-190).

[0009] There remains a need for methods for preparation of clinical grade rAAV
vector (e.g., rAAV9) with optimal purity, potency and consistency. These methods
include the separation of rAAV comprising a vector genome with therapeutic
transgene from empty AAV capsid at a scale necessary to meet the clinical need for
treatment of disease (e.g., Duchenne Muscular Dystrophy (DMD), Friedreich’s Ataxia
(FA)).

SUMMARY
[0010] The present disclosure provides an improved AEX method of purification
of rAAV vectors including, but not limited to the separation of full rAAV vectors (e.g.,
rAAV9 vectors) from empty capsids. Such purified full rAAV vectors are suitable for
production of a drug product for administration to a human subject, such as a subject
with DMD. The disclosure also provides a novel method of preparation of a
chromatography eluate comprising rAAV vectors (e.g., from affinity chromatography)
for further purification by AEX. The disclosure also provides methods for
regenerating an AEX stationary phase that allow the stationary phase to be used in
multiple chromatography runs while maintaining the integrity of the process (e.g.,
successful purification of rAAV vectors, the separation of full vectors from empty
capsids) while reducing manufacturing costs.
[0011] 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. Such equivalents are intended to be encompassed
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by the following embodiments (E).

E1. A method of purifying an rAAV vector by AEX, the method comprising a step
of:

i) loading a solution comprising the rAAV vector to be purified onto a
stationary phase in a column;

i) performing gradient elution of material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;

iii} collecting at least one fraction of eluate from the column during the
gradient elution beginning when the absorbance of a column flow-through reaches

an absorbance threshold.

E2. The method of E1, wherein loading the solution comprising the rAAV
vector onto the column comprises application of 2.5 x 10'® to 3.0 x 10" vector

genome (VG)/L of column volume onto the column.

ES. The method of E1 or E2, wherein loading comprises application of 8.0 x
10?2 to 2.0 x 10" total VG to the column.

E4. The method of any one of E1-E3, wherein loading comprises application
of a diluted, and optionally filtered solution comprising 2.6 x 10'? to 6.8 x 103 VG/mL
of column volume onto a column (e.g., a 6.4 L column) as measured by gPCR

analysis of a transgene sequence within the vector genome.

ES. The method of any one of E1-E4, wherein loading comprises application of
a diluted, and optionally filtered solution comprising 5 x 103 to 1.3 x 10" VG/mL of
column volume onto a column (e.g., a 1.3 L column) as measured by qPCR analysis
of the ITR sequences within the vector genome.

E6. The method of any one of E1-E5, wherein the rAAV vector is produced in
a vessel, and wherein the volume of the vessel is about 1 L, about 50 L, about 100 L,
about 250 L, about 500 L, about 1000 L, about 2000 L or greater.

E7. The method of any one of E1-E6, wherein the vessel is a single use
bioreactor (SUB).

ES8. The method of any one of E1-E7, wherein the solution comprising the

rAAV vector is selected from the group consisting of an affinity eluate, a supernatant
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from a cell lysate and a post-harvest solution that has been diluted and optionally

filtered prior to loading.

E9. The method of any one of E1-E8, wherein the solution comprising the
rAAV vector is an affinity eluate that has been diluted and optionally filtered prior to

loading.

E10. The method of E1-E9, wherein the solution has undergone at least one
other purification or processing step.

E11. The method of E10, wherein the at least one other purification or
processing step is selected from the group consisting of cell lysis, flocculation,
filtration, chromatography (e.g., affinity chromatography), dilution, pH adjustment,

conductivity adjustment and a combination thereof.

E12. The method of any one of E1-E12, wherein the solution comprising the
rAAV vector is an affinity eluate resulting from affinity chromatography purification of

a rAAV vector produced in a single use bioreaction (SUB) with a volume.

E13. The method of E12, wherein the SUB has a volume of about 1L to about
2000L.
E14. The method of any one of E1-13, wherein the stationary phase is an AEX

stationary phase.

E15. The method of any one of E1-E14, wherein the stationary phase is

positively charged.

E16. The method of any one of E1-E15, wherein the stationary phase is a
polystyrenedivinylbenzene particle with covalently bound quaternized
polyethyleneimine, and optionally wherein the stationary phase is POROS™ 50 HQ.

E17. The method of any one of E1-E16, further comprising application of a load
chase solution to the AEX stationary phase in the column, optionally after loading the

solution comprising the rAAV vector onto the stationary phase.

E18. The method of E17, wherein 1 to 15 column volumes (CV) of the load
chase solution comprising a buffering agent (e.g., Tris, BIS-Tris propane,
diethanolamine, diethylamine, tricine, triethanolamine and/or bicine) are applied to

the stationary phase in the column.
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E19. The method of E17 or E18, wherein the load chase solution comprises
about 10 mM to 30 mM (e.g., about 20 mM) Tris, pH 8-10.

E20. The method of any one of E1-E19, further comprising pre-use flushing of a

stationary phase in a column.

E21. The method of E20, wherein the pre-use flushing of the stationary phase in
the column precedes loading the solution comprising the rAAV vector onto the

column.

E22. The method of E20 or E21, wherein the pre-use flushing of the stationary
phase in the column comprises application of water for injection to the stationary
phase.

E23. The method of any one of E1-E22, further comprising sanitizing the
stationary phase in the column.

E24. The method of E23, wherein sanitizing the stationary phase in the column

precedes loading the solution comprising the rAAV vector onto the column.

E25. The method of E23 or E24, wherein sanitizing the stationary phase in the
column comprises application of a solution comprising NaOH to the stationary
phase.

E26. The method of any one of E23-E25, wherein sanitizing the stationary

phase in the column comprises application of a solution comprising about 0.1 M to
about 1.0 M (e.g., about 0.5 M) NaOH to the stationary phase.

E27. The method of any one of E23-E26, wherein sanitizing the stationary
phase in the column comprises application of about 5 CV to about 10 CV, or about
14.4 CV to about 17.6 CV of the solution comprising about 0.1 M to about 1.0 M
NaOH to the stationary phase.

E28. The method of any one of E23-E27, wherein sanitizing the stationary

phase in the column is by upward flow.

E29. The method of any one of E1-E28, further comprising regenerating the
stationary phase in the column.

E30. The method of E29, wherein regenerating the stationary phase in the
column precedes loading the solution comprising the rAAV vector onto the column.
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E31. The method of E29 or E30, wherein regenerating the stationary phase in
the column comprises application of a solution comprising a component selected
from the group consisting of a salt, a buffering agent and a combination thereof to
the stationary phase.

E32. The method of any one of E29-E31, wherein regenerating the stationary
phase in the column comprises application of a solution comprising about 1 M to
about 3 M (e.g., about 2 M) NaCl, about 50 mM to about 150 mM (e.g., about 100
mM) Tris, pH 8 to 10 (e.g., about 9) to the stationary phase.

ES33. The method of any one of E29-E32, wherein regenerating the stationary
phase in the column comprises application of a solution comprising about 50 mM to
about 150 mM (e.g., about 100 mM) Tris, pH 9 to the stationary phase.

E34. The method of any one of E29-E33, wherein regenerating the stationary
phase in the column comprises application of 4.5 to 5.5 CV of the solution
comprising about 100 mM Tris, pH 9 to the stationary phase.

E35. The method of any one of E29-E34, wherein regenerating the stationary

phase in the column is performed more than once.

E36. The method of any one of E1-E35, further comprising equilibration of the
stationary phase in the column.

E37. The method of E36, wherein equilibration of the stationary phase in the
column precedes or follows loading the solution comprising the rAAV vector onto the
column.

E38. The method of E36 or E37, wherein equilibration of the stationary phase in

the column comprises application of an equilibration buffer comprising at least one
component selected from the group consisting of a buffering agent, a salt, an amino
acid, a detergent and a combination thereof, to the stationary phase.

E39. The method of E38, wherein the buffering agent is selected from the group
consisting of Tris, BIS-Tris propane, diethanolamine, diethylamine, tricine,
triethanolamine and/or bicine and a combination thereof.

E40. The method of E36 or E39, wherein the salt is selected from the group
consisting of sodium chloride, sodium acetate, ammonium acetate, magnesium

chloride, sodium sulfate and a combination thereof.
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E41. The method of any one of E38-E40, wherein the salt is sodium acetate.

E42. The method of any one of E38-E41, wherein the amino acid is selected
from the group consisting of histidine, arginine, glycine, citrulline and a combination
thereof.

E43. The method of any one of E38-E42, wherein the amino acid is histidine.

E44. The method of E38-E43, wherein the detergent is selected from the group
consisting of poloxamer 188 (P188), Triton X-100, polysorbate 80 (PS80), Brij-35,

nonyl phenoxypolyethoxylethanol (NP-40) and a combination thereof.
E45. The method of any one of E38-E44, wherein the detergent is P188.

E46. The method of any one of E36-E45, wherein equilibration of the stationary
phase in the column comprises application of an equilibration buffer comprising
about 50 mM to about 150 mM (e.g., about 100 mM Tris), pH about 8 to 10 (e.g.,
about 9) to the stationary phase.

E47. The method of any one of E36-E46, wherein equilibration of the stationary
phase in the column comprises application of an equilibration buffer comprising
about 50 mM to about 150 mM (e.g., about 100 mM Tris), about 250 mM to about
750 mM (e.g., about 500 mM) sodium acetate, about 0.005 to about 0.015% (e.g.,
about 0.01%) P188, pH about 8 to about 10 (e.g., about 8.9) to the stationary phase.

E48. The method of any one of E36-E47, wherein equilibration of the stationary
phase in the column comprises application of an equilibration buffer comprising
about 100 mM to about 300 mM (e.g., about 200 mM) histidine, about 100 mM to
about 300 mM (e.g., about 200 mM Tris), about 0.1 % to about 1.0% (e.g., about
0.5%) P188, pH about 8 to about 10 (e.g., about 8.8) to the stationary phase.

E49. The method of any one of E36-E48, wherein equilibration of the stationary
phase in the column comprises application of an equilibration buffer comprising
about 50 mM to about 150 mM (e.g., about 100 mM) Tris, 0.005% to about 0.015%
(e.g., about 0.01%) P188, pH about 8 to about 10 (e.g., about 8.9) to the stationary
phase.

ES50. The method of any one of E36-E49, wherein equilibration of the stationary
phase in the column comprises application of greater than about 4.5 CV of an
equilibration buffer to the stationary phase.
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E51. The method of any one of E36-E50, wherein equilibration of the stationary
phase in the column comprises application of 4.5 to 5.5 CV of an equilibration buffer

to the stationary phase.

E52. The method of any one of E36-E51, wherein equilibration of the stationary

phase in the column is performed more than once.

E53. The method of any one of E36-E52, wherein at least one equilibration
buffer is applied to the stationary phase prior to loading the solution comprising the
rAAV vector onto the column; and wherein at least one equilibration buffer is applied
to the stationary phase after loading the solution comprising the rAAV vector onto the

column.

E54. The method of any one of E1-E53, comprising performing gradient elution

of material from the stationary phase in the column.

E55. The method of E54, wherein the gradient elution comprises application of
10 to 60 CV of at least two different solutions (e.g., gradient elution buffers), or a
mixture of the two, to the stationary phase, and wherein over the course of the
gradient elution, a percentage of a first solution is varied in a manner inversely

proportional to a percentage of a second solution.

E56. The method of E54 or E55, wherein the at least two different solutions
(e.g., a first gradient elution buffer, a second gradient elution buffer) comprise a
component selected from the group consisting of a buffering agent, a salt, a

detergent, and a combination thereof.

E57. The method of E56, wherein the buffering agent is selected from the group
consisting of Tris, BIS-Tris propane, diethanolamine, diethylamine, tricine,

triethanolamine and/or bicine.

E58. The method of E56 or E57, wherein the salt is selected from the group
consisting of sodium chloride, sodium acetate, ammonium acetate, magnesium

chloride, sodium sulfate and a combination thereof.

E59. The method of any one of E56-E58, wherein the detergent is selected from
the group consisting of poloxamer 188 (P188), Triton X-100, polysorbate 80 (PS80),
Brij-35, nonyl phenoxypolyethoxylethanol (NP-40) and a combination thereof.

E60. The method of any one of E55-E59, wherein the at least two different
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solutions have different pH, salt concentration, conductivity and/or modifier

concentration.

E61. The method of any one of E55-E60, wherein the first solution (e.g., buffer
A) comprises about 50 mM to about 150 mM (e.g., about 100 mM) Tris, about
0.005% to about 0.015% (e.g., about 0.01%) P188, about pH 8.5 to 9.5 (e.g., about
8.9).

E62. The method of any one of E55-E61, wherein the second solution (e.g.,
buffer B) comprises about 400 mM to about 600 mM (e.g., about 500 mM) sodium
acetate, about 50 mM to about 150 mM (e.g., about 100 mM) Tris, about 0.005% to
about 0.015% (e.g., about 0.01%) P188, about pH 8.5 to 9.5 (e.g., about 8.9).

E63. The method of any one of E55-E62, wherein performing the gradient
elution comprises application of about 10 to 60 CV, about 20 to 40 CV or about 20 to
24 CV of the at least two different solutions to the stationary phase.

E64. The method of any one of E55-E63, wherein at the start of the gradient
elution the percentage of the first solution (e.g., a first gradient elution buffer, buffer
A) is 50% to 100% and at the end of the gradient elution the percentage of the
second solution (e.g., second gradient elution buffer, buffer B) is 50% to 100%, and
wherein optionally 10 to 60 CV of the first solution, the second solution or a mixture
of both are applied to the stationary phase during the gradient elution.

E65. The method of any one of E55-E64, wherein at the start of the gradient
elution the percentage of the first solution (e.g., a first gradient elution buffer, buffer
A) is 100% and at the end of the gradient elution the percentage of the second
solution (e.g., second gradient elution buffer, buffer B) is 100%, and wherein
optionally 10 to 60 CV of the first solution, the second solution or a mixture of both
are applied to the stationary phase during the gradient elution.

E66. The method of any one of E55-E65, wherein a concentration of a
component of the first solution (e.g., first gradient elution buffer) or second solution
(e.g., second gradient elution buffer) increases or decreases continuously during the
gradient elution; wherein a rate of increase or decrease of a concentration of a
component of the first solution or second solution is equivalent to a change in
concentration of a component per total CV; and wherein the rate of change in

concentration of a component over a gradient elution is about 10 mM/CV to 50
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mM/CV.

E67. The method of any one of E54-E66, wherein full capsids are eluted from
the stationary phase in a first elution peak and/or in a first portion of a second elution
peak of the gradient elution.

E68. The method of any one of E54-E67, wherein empty capsids are recovered
in an AEX column flow-through and/or in a last portion of a second elution peak of
the gradient elution.

E69. The method of any one of E1-E68, comprising performing a gradient hold.

E70. The method of E69, wherein the gradient hold comprises application of 1
to 10 CV of a gradient hold solution comprising a component selected from the group
consisting of a salt, a buffering agent, a detergent and a combination thereof to the

stationary phase in the column.

E71. The method of E69 or E70, wherein performing the gradient hold
comprises application of 1 to 10 CV of a gradient hold solution comprising about 5
mM to about 1 M (e.g., about 500 mM) sodium acetate, 50 mM to 150 mM (e.g.,
about 100 mM) Tris, about 0.005% to about 0.015% (e.g., about 0.01%) P188, pH
about 8.5 to 9.5 (e.g., about 8.9) to the AEX stationary phase in the column.

E72. The method of any one of E1-E71, comprising performing a step elution
(e.g., isocratic elution) from the stationary phase in the column.

E73. The method of E72, wherein performing the step elution comprises
application of at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or more step elution solutions to the
column stationary phase.

E74. The method of E72 or E73, wherein the atleast 2, 3,4, 5,6,7,8,9, 10 or
more step elution solutions each comprise a component selected from the group
consisting of a buffering agent, a salt, a detergent and a combination thereof.

E75. The method of any one of E72-E74, wherein the at least 2, 3, 4, 5, 6, 7, 8,
9, 10 or more step elution solutions each comprise about 10 mM to about 50 mM
(e.9., about 20 mM) Tris and about 5 mM to about 600 mM sodium acetate, pH
about 8 to 10 (e.g., about 8.9 to about 9.1).

E76. The method of any one of E72-E75, wherein step elution solutions with
increasing concentration of sodium acetate are sequentially applied to the column.
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E77. The method of any one of E72-E76, wherein the final step elution solution
comprises about 20 mM Tris, about 500 mM sodium acetate, pH about 8.9 to about
9.1.

E78. The method of any one of E1-E77, comprising collecting at least one
fraction of eluate from the column to recover full FAAV capsids, optionally during a

gradient elution.

E79. The method of E78, wherein a volume of the at least one fraction of eluate
is selected from the group consisting of 1/8 of a CV, 1/4 of a CV, 1/3 of a CV, 1/2 of
aCV,3/40faCV,1CVvV,2CV,3CV,4CV,5CV,6CV,7CV,8CV,9CV,10CV or

more.

E80. The method of E79, wherein the absorbance of the at least one fraction of
eluate is measured at 280 nm, and wherein optionally, the threshold is > 0.5
mAU/mm path length measured at 280 nm.

E81. The method of E80, wherein the at least one fraction of eluate is collected

when the A280 of the eluate is > 0.5 mAU/mm path length.

E82. The method of E80 or E81, wherein a volume of the at least one fraction of
eluate is equivalent to 1/8 of a CVto 10 CV, e.g., 1/8 of a CV, 1/4 of a CV, 1/3 of a
CV,1/20faCV,3/40faCV,1CV,2CV,3CV,4CV,5CV,6CV,7CV,8CV, 9
CV, 10 CV or more of a CV, and wherein optionally, the A260/A280 ratio of the at

least one fraction of eluate is > to 1.25.

E83. The method of any one of E78-E82, wherein at least 2, at least 3, at least
4, at least 5, at least 6, at least 7, at least 8, at least 9, at least 10, at least 11, at
least 12, at least 13, at least 14, at least 15, at least 16, at least 17, at least 18, at
least 19, at least 20, at least 21, at least 22, at least 23, at least 24, at least 25, or
more fractions of eluate are collected.

E84. The method of any one of E78-E83, further comprising adjusting a pH of
the at least one fraction of eluate collected from the column, optionally during a
gradient elution.

E85. The method of E84, wherein adjusting the pH of the at least one fraction of
eluate comprises i) addition of 14.3% to 15% eluate volume by weight of a solution

comprising a buffering agent, pH about 3.5 to the at least one fraction of eluate or ii)
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collecting the at least one fraction of eluate into a vessel comprising about 0.01 CV
to 0.1 CV (e.g., about 0.066 CV) of a solution comprising a buffering agent.

E86. The method of E85, wherein the buffering agent is about 200 mM to about
300 mM (e.g., about 250 mM) sodium citrate.

E87. The method of E84-E86, wherein the pH of the at least one fraction of
eluate collected from the column is adjusted from an initial pH of about 8.5 to about
9.1 to a pH of about 6.8 to about 7.6.

E88. The method of E84-E87, wherein the pH of the at least one fraction of
eluate collected from the column is adjusted from an initial pH of about 8.5 to about
9.1 to a pH of about 7.0 to about 7.4.

E89. The method of any one of E78-E88, further comprising measuring an
absorbance of at least one fraction of eluate collected from the column, optionally
during a gradient elution.

E90. The method of E89, wherein the absorbance is measured at 260 nm
(A260), 280 nm (A280) or at 260 nm and 280 nm, and optionally wherein an
A260/A280 ratio is determined.

E91. The method of E9Q0, wherein the absorbance at 260 nm and 280 nm is
measured by size exclusion chromatography (SEC).

E92. The method of ES0 or E91, wherein the A260/A280 ratio of at least one
fraction of eluate is at least 0.5, at least 0.55, at least 0.6, at least 0.65, at least 0.70,
at least 0.75, at least 0.80, at least 0.85, at least 0.90, at least 0.95. at least 1.0, at
least, 1.05, least 1.10, at least 1.11, at least 1.12, at least 1.13, at least 1.14, at least
1.15, at least 1.16, at least 1.17, at least 1.18, at least 1.19, at least 1.20, at least
1.21, at least 1.22, at least 1.23, at least 1.24, at least 1.25, at least 1.26, at least
1.27, at least 1.28, at least 1.29, at least 1.30, at least 1.31, at least 1.32, at least
1.33, at least 1.34, at least 1.35, at least 1.36, at least 1.37, at least, 1.38, at least
1.39, at least 1.40 or is about 0.5 to about 2.0, about 0.5 to about 1.8, about 0.5 to
about 1.6, about 0.5 to about 1.4, about 0.5 to about 1.2, about 0.5 to about 1.0,
about 0.5 to about 0.8, about 0.6 to about 2.0, about 0.8 to about 1.8, about 0.8 to
about 1.6, about 0.8 to about 1.4, about 1.0 to about 1.4, or about 1.0 to about 1.2,
optionally as measured by SEC.
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E93. The method of any one of E90 to E92, wherein the A260/A280 ratio of at

least one fraction of eluate is at least 1.25.

E94. The method of any one of E78-E93, further comprising combining at least
two fractions of eluate collected from the column, optionally during a gradient elution

to form a pooled eluate comprising the rAAV vector.

E95. The method of E94, wherein 2 to 50 fractions of eluate are combined to

form a pooled eluate.

E96. The method of E94 or E95, wherein the at least two fractions of eluate
each have an A260/A280 ratio of >1.25.

E97. The method of any one of E94-E96, further comprising measuring the
absorbance of the pooled eluate, and wherein the A260/A280 of the pooled eluate is
>1.25 (e.g., about 1.28 to 1.35).

E98. The method of any one of E94-E97, wherein the pooled eluate has a pH of
6.8t0 7.6 (e.g., 7.0 t0 7.4).

E99. The method of any one of E78-E98, wherein full capsids comprise 20% to
60%, 20% to 70%, 20% to 80%, 20% to 90%, 20% to 95%, 20% to 98%, 20% to
99%, 20% to greater than 99%, 40% to 50%, 40% to 60%, 40% to 70%, 40% to 80%
(e.g., 44%, 45%, 50%, 53%) of total capsids in the at least one fraction of eluate, or
the pooled eluate, and optionally wherein the capsids are measured by analytical
ultracentrifugation (AUC).

E100. The method of any one of E78-E99, wherein full capsids comprise about
55% of total capsids (e.g., 55% +/- 7%) in the at least one fraction of eluate, or the

pooled eluate.

E101. The method of any one of E78-E99, wherein full capsids comprise about
49% (e.g., 49% +/- 2%) of total capsids in the at least one fraction of eluate, or the

pooled eluate.

E102. The method of any one of E78-E99, wherein full capsids comprise 52-+/-
7% of total capsids in the at least one fraction of eluate, or the pooled eluate.

E103. The method of any one of E78-E99, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 48% to 62% full rAAV capsids of total
capsids, and wherein the at least one fraction of eluate, or the pooled eluate, is
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generated from purification of a rAAV vector produced in a 250 L SUB.

E104. The method of any one of E78-E99, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 47% to 51% full rAAV capsids, of total
capsids, and wherein the at least one fraction of eluate, or the pooled eluate, is
generated from purification of a rAAV vector produced in a 2000 L SUB.

E105. The method of any one of E78-E99, wherein the at least one fraction of
eluate, or the pooled eluate, comprises greater than 30% (e.g., 40% to 55%, 45% to
65%, 40% to greater than 99%) full capsids of total capsids and wherein the solution
comprising the rAAV vector to be purified comprises less than 30% (e.g., 12% to
25%) full capsids of total capsids in the solution.

E106. The method of any one of E78-E105, wherein empty capsids comprise
10% to 99%, 10% to 90%, 10% to 80%, 10% to 70%, 10% to 65%, 10% to 60%,
10% to 50%, 10% to 40%, 10% to 30%, 10% to 20%, 20% to 65%, 20% to 60%,
20% to 50%, 20% to 40%, or 18% to 29%, (e.g., <29%) of total capsids in the at
least one fraction of eluate, or the pooled eluate, and optionally wherein the capsids
are measured by analytical ultracentrifugation (AUC).

E107. The method of any one of E78-E106, wherein empty capsids comprise
20% +/-7% (e.g., 21%) of total capsids in the at least one fraction of eluate, or the

pooled eluate.

E108. The method of any one of E78-E106, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 11% to 31% empty capsids of total capsids,
and wherein the at least one fraction of eluate, or the pooled eluate, is generated
from purification of a rAAV vector produced in a 250 L SUB.

E109. The method of any one of E78-E106, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 18% to 22% empty capsids of total capsids,
and wherein the at least one fraction of eluate, or the pooled eluate, is generated

from purification of a rAAV vector produced in a 2000 L SUB.

E110. The method of any one of E78-E106, wherein the at least one fraction of
eluate or the pooled eluate comprises less than 30% empty capsids of the total
capsids, and wherein the solution comprising the rAAV vector to be purified
comprises 40% to 90% empty capsids of total capsids in the solution.
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E111. The method of any one of E78-E110, wherein intermediate capsids
comprise 10% to 65%, 10% to 60%, 10% to 50%, 10% to 40%, 10% to 30%, 10% to
20%, 20% t0 65%, 20% to 60%, 20% to 50%, 20% to 40%, or 18% to 22% of total
capsids in the at least one fraction of eluate, or the pooled eluate, and optionally

wherein the capsids are measured by analytical ultracentrifugation (AUC).

E112. The method of any one of E78-E111, wherein intermediate capsids
comprise 28% +/- 5% of total capsids in the at least one fraction of eluate, or the
pooled eluate.

E113. The method of any one of E78-E111, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 21% to 27% intermediate capsids of total
capsids, and wherein the at least one fraction of eluate or the pooled eluate is

generated from purification of a rAAV vector produced in a 250 L SUB.

E114. The method of any one of E78-E111, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 28% to 36% intermediate capsids of total
capsids, and wherein the at least one fraction of eluate, or the pooled eluate, is
generated from purification of a rAAV vector produced in a 2000 L SUB.

E115. The method of any one of E78-E111, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 45% to 65% full rAAV capsids, 19% to 28%
intermediate capsids and 10% to 37% empty capsids of total capsids, and wherein
the at least one fraction of eluate or the pooled eluate is generated from purification
of a rAAV vector produced in a 250 L SUB.

E116. The method of E115, wherein full capsids comprise 55% +/- 7% of total

capsids in the at least one fraction of eluate or the pooled eluate.

E117. The method of E115, wherein intermediate capsids comprise 24% +/- 3%
of total capsids in the at least one fraction of eluate or the pooled eluate.

E118. The method of E115, wherein empty capsids comprise 21% +/- 10% of
total capsids in the at least one fraction of eluate or the pooled eluate.

E119. The method of any one of E78-E118, wherein the at least one fraction of
eluate, or the pooled eluate, comprises 45% to 52% full rAAV capsids, 27% to 37%
intermediate capsids and/or 18% to 22% empty capsids of total capsids, and wherein

the at least one fraction of eluate, or the pooled eluate, is generated from purification
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of a rAAV vector produced in a 2000 L SUB.

E120. The method of E119, wherein full capsids comprise 49% +/- 2% of total
capsids in the at least one fraction of eluate or the pooled eluate.

E121. The method of E119, wherein the intermediate capsids comprise 32% +/-

4% of total capsids in the at least one fraction of eluate or the pooled eluate.

E122. The method of E119, wherein the empty capsids comprise 20% +/- 2% of
total capsids in the at least one fraction of eluate or the pooled eluate.

E123. The method of any one of E94-E122, wherein the pooled eluate is
enriched for full capsids, and/or depleted of empty capsids, as compared to the
solution loaded onto the column.

E124. The method of any one of E78-E123, wherein a % VG step yield of the at
least one fraction of eluate, or the pooled eluate, is 1% to 10%, 1 to 20%, 1% to
30%, 1% to 40%, 1% to 50%, 1% to 60%, 1% to 70%, 1% to 80%, 1% to 90%, 1% to
99%, 5% to 95%, 10% to 85%, 15% 10 75%, 20% 10 65%, 25% t0 55%, 30% to 45%,
30% to 80%, 40% to 70% or 100%.

E125. The method of E124, wherein the % VG step yield of the at least one

fraction of eluate, or the pooled eluate, is 31% to 66% (e.g., 47% +/- 11%).

E126. The method of E124, wherein the % VG step yield of an at least one
fraction of eluate or a pooled eluate produced in a 250 L SUB is 30% to 70% (e.g.,
37% to 60%).

E127. The method of E124, wherein the % VG step yield of the at least one
fraction of eluate or the pooled eluate produced in a 250 L SUB is 45% +/- 8%.

E128. The method of E124, wherein the % VG step yield of an at least one
fraction of eluate or a pooled eluate produced in a 2000 L SUB is 25% to 75% (e.g.,
31% to 6670).

E129. The method of E124, wherein the % VG step yield of the at least one
fraction of eluate or the pooled eluate produced in a 2000 L SUB is 50% +/- 13%.

E130. The method of any one of E124-E129, wherein the % VG step yield of the
at least one fraction of eluate, or the pooled eluate, is greater than the % VG step

yield of an otherwise identical fraction of eluate, or pooled eluate, purified by
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ultracentrifugation and cation exchange chromatography.

E131. The method of any one of E78-E130, wherein the A260/A280 (SEC) of the
at least one fraction of eluate, or the pooled eluate, produced in a 250 L SUB is 1.29
+/- 0.08.

E132. The method of any one of E78-E130, wherein the A260/A280 (SEC)of the
at least one fraction of eluate, or the pooled eluate, produced in a 2000 L SUB is
1.30 +/- 0.01

E133. The method of any one of E78-E132, wherein a % VG column yield of the
at least one fraction of eluate, or the pooled eluate, is 1% to 10%, 1 to 20%, 1% to
30%, 1% to 40%, 1% to 50%, 1% to 60%, 1% to 70%, 1% to 80%, 1% to 90%, 1% to
99%, 5% to 95%, 10% to 85%, 15% 10 75%, 20% 10 65%, 25% t0 55%, 30% to 45%,
30% to 80%, 40% to 70% or 100%.

E134. The method of E133, wherein the % VG column yield of the at least one
fraction of eluate, or the pooled eluate, is 20% to 100% (e.g., 63% +/- 26%).

E135. The method of E133, wherein the % VG column yield of an at least one
fraction of eluate, or a pooled eluate, produced in a 250 L SUB is 40% to 100%.

E136. The method of E133, wherein the % VG column yield of an at least one
fraction of eluate, or a pooled eluate, produced in a 2000 L SUB is 10% to 70% (e.g.,
20% to 61 cyo).

E137. The method of any one of E78-E136, wherein the at least one fraction of
eluate, or pooled eluate, is further subjected to a method of filtration selected from
the group consisting of viral filtration, ultrafiltration/diafiltration (UF/DF), filtration

through a 0.2 um filter and a combination thereof, to produce a drug substance.

E138. The method of E137, wherein full capsids comprise 20% to 60%, 20% to
70%, 20% to 80%, 20% to 90%, 20% to 95%, 20% to 98%, 20% to 99%, 20% to
greater than 99%, 40% to 50%, 40% to 60%, 40% to 70%, 40% to 80% (e.Q., 44%,
45%, 50%, 53%) of total capsids in the drug substance, and optionally wherein the
capsids are measured by analytical ultracentrifugation (AUC).

E139. The method of E137 or E138, wherein the drug substance comprises 45%
to 65% full rAAV capsids, of total capsids, and optionally wherein the drug substance
is generated from purification of a rAAV vector produced in a 250 L SUB.
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E140. The method of any one of E137-E139, wherein full capsids comprise 52+/-

7% of total capsids in the drug substance

E141. The method of E137 or E138, wherein the drug substance comprises 45%
to 52% full rAAV capsids, of total capsids, and wherein the drug substance is
generated from purification of a rAAV vector produced in a 2000 L SUB.

E142. The method of E137 or E138, wherein the drug substance comprises
greater than 30% (e.g., 40% to 55%, 45% to 65%, 40% to greater than 99%) full
capsids of total capsids in the drug substance, and wherein the solution comprising
the rAAV vector to be purified comprises less than 30% (e.g., 12% to 25%) full
capsids of total capsids in the solution.

E143. The method of any one of E137-E142, wherein empty capsids comprise
10% to 99%, 10% to 90%, 10% to 80%, 10% to 70%, 10% to 65%, 10% to 60%,
10% to 50%, 10% to 40%, 10% to 30%, 10% to 20%, 20% to 65%, 20% to 60%,
20% to 50%, 20% to 40%, or 18% to 29%, (e.g., <29%) of total capsids in the drug
substance, and optionally wherein the capsids are measured by analytical
ultracentrifugation (AUC).

E144. The method of any one of E143, wherein the drug substance comprises
10% to 37% empty capsids of total capsids, and optionally wherein the drug
substance is generated from purification of a rAAV vector produced in a 250 L SUB.

E145. The method of E143 or E144, wherein empty capsids comprise 20% +/-7%
of total capsids in the drug substance.

E146. The method of any one of E143, wherein the drug substance comprises
18% to 22% empty capsids of total capsids, and optionally wherein the drug

substance is generated from purification of a rAAV vector produced in a 2000 L SUB.

E147. The method of any one of E143-E146, wherein the drug substance
comprises less than 30% empty capsids of the total capsids in the drug substance,
and wherein the solution comprising the rAAV vector to be purified comprises 40% to
90% empty capsids of total capsids in the solution.

E148. The method of any one of E137-E147, wherein intermediate capsids
comprise 10% to 65%, 10% to 60%, 10% to 50%, 10% to 40%, 10% to 30%, 10% to
200/0, 20% to 650/0, 20% to 60%), 20% to 500/0, 20% to 40°/o, or 18% to 22% of total
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capsids in the drug substance, and optionally wherein the capsids are measured by
analytical ultracentrifugation (AUC).

E149. The method of any one of E137-E148, wherein the drug substance
comprises 19% to 37% intermediate capsids of total capsids, and optionally wherein
the drug substance is generated from purification of a rAAV vector produced in a 250
L or 2000 L SUB.

E150. The method of E148 or E149, wherein intermediate capsids comprise 28%

+/- 5% of total capsids in the drug substance.

E151. The method of any one of E137-E150, wherein the drug substance
comprises 45% to 65% full rAAV capsids, 19% to 28% intermediate capsids and
10% to 37% empty capsids of total capsids, and wherein the drug substance is

generated from purification of a rAAV vector produced in a 250 L SUB.

E152. The method of E151, wherein the full capsids comprise 55% +/- 7% of total
capsids.

E153. The method of E151 or E152, wherein the intermediate capsids comprise
24% +/- 3% of total capsids.

E154. The method of any one of E151-E153, wherein the empty capsids
comprise 21% +/- 10% of total capsids.

E155. The method of any one of E137-E150, wherein the drug substance
comprises 45% to 52% full rAAV capsids, 27% to 37% intermediate capsids and/or
18% to 22% empty capsids of total capsids, and wherein the drug substance is
generated from purification of a rAAV vector produced in a 2000 L SUB.

E156. The method of E155, wherein the full capsids comprise 49% +/- 2% of total
capsids.
E157. The method of E155 or E156, wherein the intermediate capsids comprise

32% +/- 4% of total capsids.

E158. The method of any one of E155-E157, wherein the empty capsids
comprise 20% +/- 2% of total capsids.

E159. The method of any one of E137-E158, wherein the drug substance is
depleted of host cell protein (HCP) as compared to the amount of HCP in the
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solution comprising the rAAV vector to be purified.

E160. The method of any one of E137-E159, wherein the drug substance
comprises an amount of HCP below a lowest level of quantification (LLOQ) as
measured by ELISA.

E161. The method of any one of E137-E160, wherein the drug substance
comprises an amount of HCP that is below the LLOQ, as measured by ELISA,
wherein the solution comprising the rAAV vector to be purified comprises about 1 to
500 pg HCP/1 x 10° VG, and optionally wherein the solution is generated from
affinity chromatography purification of a rAAV vector produced in a 250 L SUB.

E162. The method of any one of E137-E161, wherein the drug substance
comprises an amount of HCP that is below the LLOQ, as measured by ELISA,
wherein the solution comprising the rAAV vector to be purified comprises about 100
to 1000 pg HCP/1 x 10° VG, and optionally wherein the solution is generated from
affinity chromatography purification of a rAAV vector produced in a 2000 L SUB.

E163. The method of any one of E137-E162, wherein the purity of the drug
substance is about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or 100%, optionally, as measured by
reverse phase HPLC.

E164. The method of E163, wherein the purity of the drug substance is about
98.6 +/- 0.6% and optionally wherein the drug substance is generated from

purification of a rAAV vector produced in a 250 L SUB.

E165. The method of E164, wherein the purity of the drug substance is about
99.3 +/- 0.3% and optionally wherein the drug substance is generated from

purification of a rAAV vector produced in a 2000 L SUB.

E166. The method of any one of E137-E165, wherein the drug substances
comprises about 0 to 10% HMMS, optionally, as measured by SEC.

E167. The method of E166, wherein the drug substance comprises 2.6 +/- 0.8%
HMMS and optionally wherein the drug substance is generated from purification of a
rAAV vector produced in a 250 L SUB.

E168. The method of E166, wherein the drug substance comprises 2.9 +/- 0.4%

HMMS and optionally wherein the drug substance is generated from purification of a
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rAAV vector produced in a 2000 L SUB.

E169. The method of E137-E168, wherein the drug substance comprises about
7.0 to 25 pg/1 x 10° VG of residual HC-DNA.

E170. The method of E169, wherein the drug substance comprises about 17.4
+/- 6.7 pg/1 x10° VG of HC-DNA and optionally wherein the drug substance is
generated from purification of a rAAV vector produced in a 250 L SUB.

E171. The method of E169, wherein the drug substance comprises about 9.3 +/-
1.2 pg/1 x 10° VG of HC-DNA, and optionally wherein the drug substance is
generated from purification of a rAAV vector produced in a 2000 L SUB.

E172. The method of any one of E137-E171, wherein the drug substance has an
A260/A280 of about 1.24 to 1.32, optionally, as measured by size exclusion
chromatography (SEC).

E173. The method of E172, wherein the drug substance has an A260/A280 of
1.24 to 1.32, optionally, as measured by SEC, and wherein the drug substance is

generated from purification of a rAAV vector produced in a 250 L SUB.

E174. The method of E172, wherein the drug substance has an A260/A280 of
1.28 to 1.31, optionally, as measured by SEC, and optionally wherein the drug
substance is generated from purification of a rAAV vector produced in a 2000 L SUB.

E175. The method of any one of E1-E174, wherein a volume of the column is 1.0
mLto 6.6 L.

E176. The method of any one of E1-E175, wherein the volume of the column is
about 1.0 mL, about 5.1 mL, about 6.67 mL, about 1.256 L, about 1.3 L, about 6.3 L,
about 6.4 L, or about 6.6 L.

E177. The method of any one of E1-E176, wherein the rAAV vector comprises a
capsid protein from an AAV serotype selected from the group consisting of AAV1,
AAV2, AAV3, AAV3A, AAV3B, AAV4, AAV5, AAV6, AAV7, AAVS, AAV9, AAV10,
AAVrh10, AAVrh74, AAV12, AAV2i8, NP4, NP22, NP66, AAVDJ, AAVDJ/8,
AAVDJ/9, AAVLKO3, AAV1.1, AAV2.5, AAV6.1, AAV6.3.1, AAV9.45, RHM4-1 (SEQ
ID NO:5 of WO 2015/013313), RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4,
RHM15-6, AAV hu.26, AAV1.1, AAV2.5, AAV6.1, AAV6.3.1, AAV9,45, AAV2i8,
AAV29G, AAV2,8G9, AVV-LK03, AAV2-TT, AAV2-TT-S312N, AAV3B-S312N,
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AAVHSC1, AAVHSC2, AAVHSC3, AAVHSC4, AAVHSC5, AAVHSC6, AAVHSC?7,
AAVHSCS8, AAVHSC9, AAVHSC10, AAVHSC11, AAVHSC12, AAVHSC13,
AAVHSC14 and AAVHSC15.

E178. The method of any one of E1-E177, wherein a purified rAAV vector is

produced.

E179. The method of E178, wherein the purified rAAV vector is a drug
substance.

E180. The method of any one of E137-E174 or E179, wherein the drug
substance and a pharmaceutically acceptable excipient are combined to form a drug
product.

E181. The method of any one of E178-E180, wherein the purified rAAV vector,
the drug substance and/or the drug product is suitable for administration to a subject
to treat a disease, disorder or condition.

E182. The method of E181, wherein the disease, disorder or condition is
Duchenne muscular dystrophy (DMD).

E183. The method of any one of E1-E182, wherein the rAAV vector comprises a
vector genome comprising a modified nucleic acid encoding a human mini-

dystrophin.

E184. The method of E183, wherein the modified nucleic acid comprises or

consists of the nucleic acid sequence of SEQ ID NO:1.

E185. The method of E183 or E184, wherein the modified nucleic acid encodes a
human mini-dystrophin comprising or consisting of the amino acid sequence of SEQ
ID NO:2.

E186. The method of any one of E183-E185, wherein the vector genome
comprises a muscle specific promoter and/or enhancer selected from the group
consisting of a synthetic hybrid muscle-specific promoter hCK, a synthetic hybrid
muscle-specific promoter hCKplus, and a synthetic muscle-specific enhancer and

promoter.

E187. The method of E186, wherein the synthetic hybrid muscle-specific
promoter hCK comprises or consists of the nucleic acid sequence of SEQ ID NO:3.
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E188. The method of E186, wherein the synthetic hybrid muscle-specific
promoter hCKplus comprises or consists of the nucleic acid sequence of SEQ ID
NO:4.

E189. The method of E186, wherein the synthetic muscle-specific enhancer and

promoter comprises or consists of the nucleic acid sequence of SEQ ID NO:5.

E190. The method of any one of E183-E189, wherein the vector genome

comprises a polyadenylation (polyA) signal sequence.

E191. The method of E190, wherein the polyA signal sequence comprises or

consists of the nucleic acid sequence of SEQ ID NO:6.

E192. The method of any one of E183-E191, wherein the vector genome

comprises a transcription terminator sequence.

E193. The method of E192, wherein the transcription terminator sequence
comprises or consists of the nucleic acid sequence of SEQ ID NO:9.

E194. The method of any one of E183-E193, wherein the vector genome
comprises at least one ITR.

E195. The method of E194, wherein the at least one ITR comprises or consists
of a nucleic acid sequence selected from SEQ ID NO:7, SEQ ID NO:8, SEQ ID
NO:13, SEQ ID NO:14 and a combination thereof.

E196. The method of any one of E183-E195, wherein the vector genome
comprises an expression cassette, and wherein the expression cassette comprises

or consists of the nucleic acid sequence of SEQ ID NO:10.

E197. The method of any one of E1-E196, wherein the rAAV vector comprises a
VP1 polypeptide of AAV9.

E198. The method of E197, wherein the VP1 polypeptide comprises or consists
of the amino acid sequence of SEQ ID NO:11.

E199. The method of any one of E1-E198, wherein the rAAV vector comprises
an AAV9 capsid protein and a transgene comprising the nucleic acid sequence of
SEQ ID NO:1.

E200. The method of any one of E1-E199, further comprising preparing the
solution comprising the rAAV vector for purification by AEX.
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E201. The method of E200, wherein the solution comprising the rAAV vector is
selected from the group consisting of an affinity eluate, a supernatant from a cell
lysate and a post-harvest solution that has been diluted and optionally filtered prior to

loading.

E202. The method of E200 or E201, wherein the solution comprising the rAAV
vector is an affinity eluate that has been diluted and optionally filtered prior to

loading.

E203. The method of any one of E200-E202, wherein the solution has already
undergone at least one purification and/or processing step.

E204. The method of any one of E200-E203, wherein the solution comprising the
rAAV vector is an eluate resulting from affinity chromatography purification of a rAAV

vector.

E205. The method of any one of E200-E204, wherein preparation comprises

diluting the solution comprising the rAAV vector

E206. The method of E205, wherein diluting the solution comprising the rAAV
vector comprises diluting the solution about 2-fold, about 3-fold, about 4- fold, about
5-fold, about, 6-fold, about 7-fold, about 8-fold, about 9-fold, about 10-fold, about 11-
fold, about 12-fold, about 13-fold, about 14-fold, about 15-fold, about 16-fold, about
17-fold, about 18-fold, about-19 fold, about 20-fold, about 25-fold to produce a

diluted solution.

E207. The method of E205 or E206, wherein diluting the solution comprising the
rAAV vector comprises diluting the solution about 15-fold to produce a diluted

solution.

E208. The method of any one of E205-E207, wherein diluting the solution
comprising the rAAV vector is performed in-line with the AEX column, and wherein a
dilution solution is delivered through a first tubing to a Y-connector, and the solution

comprising the rAAV vector is delivered through a second tubing to the Y-connector.

E209. The method of E208, wherein the dilution solution is delivered at a flow
rate of 1 to 5 mL/min, and wherein the solution comprising the rAAV vector is
delivered at a flow rate of 0.1 to 2 mL/min, such that the solution is diluted about 15-
fold.
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E210. The method of E208 or E209, wherein the dilution solution comprises at
least one component selected from the group consisting of a buffering agent, an
amino acid, a detergent and a combination thereof.

E211. The method of E210, wherein the buffering agent is selected from the
group consisting of Tris, BIS-Tris propane, diethanolamine, diethylamine, tricine,

triethanolamine, bicine and a combination thereof .

E212. The method of E210 or E211, wherein the amino acid is selected from the

group consisting of histidine, arginine, glycine, citrulline and a combination thereof.
E213. The method of any one of E210-E212, wherein the amino acid is histidine.

E214. The method of any one of E210-E213, wherein the detergent is selected
from the group consisting of poloxamer 188 (P188), Triton X-100, polysorbate 80
(PS80), Brij-35, nonyl phenoxypolyethoxylethanol (NP-40) and a combination
thereof.

E215. The method of any one of E210-E214, wherein the detergent is P188.

E216. The method of any one of E208-E215, wherein the dilution solution
comprises about 100 mM to about 300 mM (e.g., about 200 mM) histidine, about 100
mM to about 300 mM (e.g., about 200 mM) Tris, about 0.1% to about 1.0% (e.g.,
about 0.5%) P188, pH about 8.5 to about 9.5 (e.g., about 8.8).

E217. The method of any one of E205-E216, wherein diluting the solution
comprising the rAAV vector precedes loading the solution comprising the rAAV

vector onto the column.

E218. The method of any one of E205-E217, wherein pH of the solution
comprising the rAAV vector after diluting is increased as compared to the pH of the

solution before diluting.

E219. The method of any one of E205-E218, wherein pH of the solution
comprising the rAAV vector before diluting is 3.0 to 4.4 and the pH of the solution
after diluting is 8.5 to 9.5.

E220. The method of any one of E205-E219, wherein conductivity of the solution
comprising the rAAV vector diluting is decreased as compared to conductivity of the

solution before diluting.
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E221. The method of any one of E205-E220, wherein conductivity of the solution
comprising the rAAV vector before diluting is 5.0 to 7.0 mS/cm (e.g., 5.5t0 6.5
mS/cm) and conductivity of the solution after diluting is 1.7 to 3.5 mS/cm.

E222. The method of any one of E205-E221, further comprising filtering the

diluted solution comprising the rAAV vector.

E223. The method of E222, wherein filtering the diluted solution comprises
filtration through a 0.2 um filter.

E224. The method of E222 or E223, wherein the filter is in-line with the column.

E225. The method of any one of E222-E224, wherein diluting and filtering the
solution comprising the rAAV vector precedes loading the solution comprising the

rAAV vector onto the column.

E226. The method of any one of E205-E225, wherein the percent vector genome
(% VG) yield of the diluted, and optionally filtered solution comprising the rAAV
vector is 60% to 100% as compared to the amount of VG present in the solution prior

to dilution, and optionally filtration.

E227. The method of any one of E205-E226, wherein a % VG dilution yield of the
diluted solution comprising the rAAV vector is 88% +/- 36%.

E228. A method of preparing a solution comprising a rAAV vector for purification
by AEX, the method comprising a step of:

i) diluting a first solution 2 to 25-fold (e.g., 15-fold) with a dilution solution;
and optionally

i} filtering the solution from step i) through a filter to produce the diluted,
and optionally filtered solution; wherein the pH of the diluted, and optionally filtered
solution is increased as compared to the pH of the first solution; and wherein the
conductivity of the diluted, and optionally filtered solution is decreased as compared

to the conductivity of the first solution.

E229. The method of preparing a solution comprising a rAAV vector for
purification by AEX of E228, wherein i) the pH of the diluted, and optionally filtered
solution is 8.5 to 9.5; ii) the conductivity of the diluted, and optionally filtered solution
is 1.7 to 3.3 mS/cm; and/or iii) a % VG dilution yield of the solution after dilution is
35% to 100%.



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
28

E230. The method of preparing a solution comprising a rAAV vector for
purification by AEX of E228 or E229, wherein the rAAV vector comprises an AAV9
capsid protein.

E231. A method of purifying an rAAV vector by AEX, the method comprising a
step of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;

iii) collecting at least one fraction of eluate from the column during the
gradient elution beginning when the absorbance of a column flow through reaches
an absorbance threshold;

iv) measuring an absorbance of the at least one fraction of eluate

collected from the column and determining an A260/A280 ratio.

E232. A method of purifying an rAAV vector by AEX of E231, wherein the
method further comprises combining at least two fractions of eluate collected from
the column to form a pooled eluate comprising the rAAV vector.

E233. The method of purifying a rAAV vector by AEX of E231 or E232, wherein
the AEX stationary phase is POROS™ 50 HQ.

E234. The method of purifying a rAAV vector by AEX of any one of E231-E233,
wherein the solution is an affinity eluate has been diluted and filtered prior to loading

onto the stationary phase.

E235. The method of purifying a rAAV vector of any one of E231-E234, wherein
the material eluted from the stationary phase comprises the rAAV vector to be

purified.

E236. The method of purifying a rAAV vector by AEX of any one of E231-E235,
wherein a first gradient elution buffer comprises about 50 mM to about 150 mM (e.g.,
about 100 mM) Tris, about 0.005% to about 0.015% (e.g., about 0.01%) P188, about
pH 8.5 10 9.5 (e.g., about 8.9).
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E237. The method of purifying a rAAV vector by AEX of any one of E231-E236,
wherein a second gradient elution buffer comprises about 400 mM to about 600 mM
(e.g., about 500 mM) sodium acetate, about 50 mM to about 150 mM (e.g., about
100 mM) Tris, about 0.005% to about 0.015% (e.g., about 0.01%) P188, about pH
8.510 9.5 (e.g., about 8.9).

E238. The method of purifying a rAAV vector by AEX of any one of E231-E237
wherein at the start of the gradient elution the percentage of the first gradient elution
buffer is 100% and at the end of the gradient elution the percentage of the second

gradient elution buffer is 100%.

E239. The method of purifying a rAAV vector by AEX of any one of E236-E238,
wherein about 15 to about 25 (e.g., 20 CV) of the first gradient elution buffer, the
second gradient elution buffer or a mixture of both are applied to the stationary
phase during the gradient elution; wherein a concentration of the sodium acetate
varies from 0 mM to 500 mM during the gradient elution such that the rate of change
in concentration of the sodium acetate over the course of the gradient elution is
about 25 mM/CV.

E240. The method of purifying a rAAV vector by AEX of any one of E231-E239,
wherein full capsids are eluted from the stationary phase in a first elution peak;
wherein full capsids are eluted from the stationary phase in a first portion of a second
elution peak and/or wherein empty capsids are recovered in an AEX column flow-

through and/or in a last portion of a second elution peak.

E241. The method of purifying a rAAV vector by AEX of any one of E231-E240,
wherein the absorbance threshold is > 0.5 mAU/mm path length measured at 280

nm.

E242. The method of purifying a rAAV vector by AEX of any one of E231-E241,

wherein a volume of the at least one fraction of eluate is equivalent to > 1/3 of a CV.

E243. The method of purifying a rAAV vector by AEX of any one of E231-E242,
wherein the collecting at least one fraction of eluate comprises collecting at least 10

fractions of eluate.

E244. The method of purifying a rAAV vector by AEX of any one of E231-E242,
wherein the pH of the at least one fraction of eluate is adjusted to a pH of 6.8 t0 7.6
(e.g., about pH 7.2).
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E245. The method of purifying a rAAV vector by AEX of any one of E231-E244,
wherein the A260/A280 ratio of the at least one fraction of eluate, the at least two

fractions of eluate and/or the pooled eluate is > 1.25 (e.g., about 1.28 to 1.35).

E246. The method of purifying a rAAV vector by AEX of any one of E231-E245,
wherein the pooled eluate has a % VG column yield of 20% to 100% (e.g., 63 +/-
26%).

E247. The method of purifying a rAAV vector by AEX of any one of E231-E246,
wherein the pooled eluate has a % VG step yield of 31% to 66% (e.9., 47 +/- 11%).

E248. The method of purifying a rAAV vector by AEX of any one of E231-E247,
wherein at least one fraction of eluate and/or pooled eluate is enriched for full
capsids, and/or depleted of empty capsids, as compared to the diluted and filtered

affinity eluate loaded onto the column.

E249. The method of purifying a rAAV vector by AEX of any one of E231-E248,

wherein a purified rAAV vector is produced.

E250. The method of purifying a rAAV vector by AEX of any one of E231-E249,
further comprising filtering the pooled eluate by a method selected from the group
consisting of viral filtration, ultrafiltration/diafiltration (UF/DF), filtration through a 0.2

pm filter and a combination thereof, to produce a drug substance.

E251. The method of purifying a rAAV vector by AEX of E250, wherein the drug

substance comprises 45% to 65% (e.qg., 52 +/- 7%) full capsids of the total capsids.

E252. The method of purifying a rAAV vector by AEX of E250 or E251, wherein
the drug substance comprises 19% to 37% (e.9., 28 +/- 5%) intermediate capsids of

total capsids.

E253. The method of purifying a rAAV vector by AEX of any one of E250-E252,
wherein the drug substance comprises 10% to 37% (e.g., 20 +/- 7%) empty capsids

of total capsids.

E254. The method of purifying a rAAV vector by AEX of any one of E231-E253,
wherein the rAAV vector comprises an AAV9 capsid protein.

E255. A method of purifying a rAAV vector by AEX, the method comprising a
step of:
i} loading an affinity eluate comprising the rAAV vector to be purified onto



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
31

an AEX stationary phase (e.g., POROS™ 50 HQ) in a column, wherein the eluate
has been

a) diluted about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer
comprising about 200 mM histidine, about 200 mM Tris, about 0.5% P188, pH 8.7 to
9.0, and optionally

b) filtered through a 0.2 um filter prior to loading onto the stationary
phase;

i) performing gradient elution of a material from the stationary phase in the
column wherein about 20 CV of a first gradient elution buffer (e.g., 100 mM Tris,
0.01% P188, pH 8.9), a second gradient elution buffer (e.g., 500 mM sodium
acetate, 100 mM Tris, 0.01% P188, pH 8.9) or a mixture of both are applied to the
stationary phase; wherein a concentration of the sodium acetate is varied from 0 mM
to 500 mM such that the rate of change in concentration of the sodium acetate over
the course of the gradient elution is about 25 mM/CV;

iii) collecting about 10 fractions of eluate from the column during the
gradient elution when the A280 of the eluate is >0.5 mAU/mm path length, and
wherein a volume of the at least one fraction of eluate is equivalent to >1/3 of a CV;

iv) adjusting the pH of the about 10 fractions of eluate from the column to a
pH of 6.8 to 7.6 by addition of 14.3% to 15% (eluate volume weight) of a solution
comprising about 250 mM sodium citrate, pH 3.5;

v) measuring an absorbance of the about 10 fractions of eluate collected
from the column and determining an A260/A280 ratio; and/or

vi) combining at least two fractions of eluate collected from the column to
form a pooled eluate,

wherein the A260/A280 of each one of the at least two fractions of eluate
is > 1.25;

wherein the pooled eluate is enriched for full capsids, and/or depleted of
empty capsids, as compared to the diluted, and optionally filtered affinity eluate
loaded onto the column; and

wherein a purified rAAV vector is produced.

E256. A method of purifying a rAAV vector by AEX of E255, wherein the material

eluted from the stationary phase comprises the rAAV vector to be purified.

E257. A method of purifying a rAAV vector by AEX, the method comprising a
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step of:

i) pre-use flushing comprising application of about 5 CV of water for
injection to an AEX stationary phase in a column;

ii) sanitizing comprising application of about 16 CV of a solution
comprising about 0.5 M NaOH to the AEX stationary phase in the column, optionally
by upward flow;

iii) regenerating comprising application of about 5 CV of a solution
comprising about 2 M NaCl, 100 mM Tris, pH 9 to the AEX stationary phase in the
column;

iv) equilibration comprising application of about 5 CV of a solution
comprising about 100 mM Tris, pH 9 to the AEX stationary phase in the column;

v) equilibration comprising application of about 5 CV of an equilibration
buffer comprising about 100 mM Tris, 500 mM sodium acetate, 0.01% P188, pH 8.9
to the AEX stationary phase in the column;

vi) equilibration comprising application of about 5 CV of an equilibration
buffer comprising about 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.8 to the
AEX stationary phase in the column;

vii) loading an affinity eluate comprising the rAAV vector to be purified onto
the AEX stationary phase in the column, optionally wherein the eluate has been

a) diluted about 15 fold with a buffer comprising about 200 mM
histidine, 200 mM Tris, 0.5% P188, pH 8.7 to 9.0, and optionally

b) filtered through an 0.2 um filter prior to loading onto the stationary
phase;

viii) equilibration comprising application of about 5 CV of an equilibration
buffer comprising about 100 mM Tris, 0.01% P188, pH 8.9 to the AEX stationary
phase in the column;

ix) performing gradient elution of a material from the stationary phase in
the column wherein about 20 CV of a first gradient elution buffer (e.g., 100 mM Tris,
0.01% P188, pH 8.9), a second gradient elution buffer (e.g., 500 mM sodium
acetate, 100 mM Tris, 0.01% P188, pH 8.9) or a mixture of both are applied to the
stationary phase; wherein a concentration of the sodium acetate is varied from 0 mM
to 500 mM such that the rate of change in concentration of the sodium acetate over
the course of the gradient elution is about 25 mM/CV;

x) collecting about 10 fractions of eluate from the column during a gradient
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elution when the A280 of the of the eluate is > 0.5 mAU/mm path length; and
wherein a volume of the about 10 fractions of eluate is about >1/3 of a CV;

xi) adjusting a pH of the about 10 fractions of eluate to a pH of 6.8 to 7.6
by addition of 14.3% to 15% (eluate volume weight) of a solution comprising about
250 mM sodium citrate, pH 3.5;

xii) measuring of an absorbance of the about 10 factions of eluate
collected from the column and determining an A260/A280 ratio; and/or

xiii) combining at least two fractions of eluate collected from the column to
form a pooled eluate,

wherein an A260/A280 of each of the at least two fractions of eluate is >
1.25;

wherein the pooled eluate is depleted of empty capsids, and/or enriched
for full capsids as compared to the affinity eluate and/or the diluted, and optionally
filtered affinity eluate;

wherein at least one of steps i) to ix) is performed at a linear velocity of
270 to 330 cm/hr (e.g., about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about
1.8 L/min) or about 314 mL/min through a 1.3 L column and/or a residence time of
about 3.5 to 4.5 min/CV (e.g., 4 min/CV); and/or wherein a purified rAAV vector is
produced.

E258. A method of purifying a rAAV vector by AEX of E257, wherein the material
eluted from the stationary phase comprises the rAAV vector to be purified.

E259. A method of preparing a solution comprising a rAAV vector for purification
by AEX, the method comprising a step of:

i} diluting an affinity eluate about 15-fold with a dilution solution comprising
about 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.8; and

i) filtering the affinity eluate from step i) through a 0.2 um filter to produce
a diluted and filtered affinity eluate; wherein the pH of the diluted and filtered affinity
eluate is increased (e.g., to about 8.5 to 9.5) as compared to the pH of the affinity
eluate; and wherein the conductivity of the diluted and filtered affinity eluate is
decreased (e.g., to about 1.7 mS/cm to 3.3 mS/cm) as compared to the conductivity
of the affinity eluate.

E260. The method of preparing a solution comprising a rAAV vector for
purification by AEX of E259, wherein the diluted, and optionally filtered affinity eluate
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is loaded on an AEX stationary phase.

E261. The method of preparing a solution comprising a rAAV vector for
purification by AEX of E259 or E260, wherein the affinity eluate is generated from
affinity chromatography-based purification of a rAAV vector produced in a vessel
with a volume of 250 L or 2000 L.

E262. The method of preparing a solution comprising a rAAV vector for
purification by AEX of any one of E259-E2561, wherein a % VG dilution yield of the
affinity eluate after dilution is 88% +/- 36%.

E263. A method of preparing a stationary phase for use in a method of purifying
a rAAV vector by AEX, the method comprising a step of:

i) pre-use flushing comprising application of >4.5 CV (e.g., about 5 CV) of
water for injection to AEX stationary phase in a column;

ii) sanitizing comprising application of about 14.4 to 17.6 CV (e.g., about
16 CV) of a solution comprising about 0.1 Mto 1.0 M (e.g., about 0.5 M) NaOH to
the AEX stationary phase in the column, optionally by upward flow; and/or

i) regenerating comprising application of about 4.5 to 5.5 CV (e.g., about
5 CV) of a solution comprising about 1 M to 3 M NaCl, 50 mM to 150 mM Tris, pH
8.5 to 9.5 to the AEX stationary phase in the column; optionally wherein at least one
of steps i) —iii) is performed at a linear velocity of 270 to 330 cm/hr (e.g., about 300
cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) and/or a residence time
of 3.5 to 4.5 min/CV (e.g., about 4 min/CV).

E264. The method of preparing a stationary phase for use in a method of
purifying a rAAV vector by AEX of E263, further comprising equilibration comprising
application of about 5 CV of one or more of the solutions comprising i} about 100 mM
Tris, pH 9, ii) about 100 mM Tris, 500 mM sodium acetate, 0.01% P188, pH 8.9 and
i) about 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.8 to the AEX stationary
phase in the column.

E265. The method of preparing a stationary phase for use in a method of
purifying a rAAV vector by AEX of E263 or E264, wherein at least one step is
performed prior to loading a solution comprising the rAAV vector to be purified onto

the column.

E266. A purified rAAV vector prepared by a method of any one of E1-E227 or
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E231-E258.

E267. A purified rAAV vector prepared by a method comprising a step of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein about 20 CV of a first gradient elution buffer (e.g., 100 mM Tris,
0.01% P188, pH 8.9), a second gradient elution buffer (e.g., 500 mM sodium
acetate, 100 mM Tris, 0.01% P188, pH 8.9) or a mixture of both are applied to the
stationary phase; wherein a concentration of a salt is varied from 0 mM to 500 mM
such that the rate of change in concentration of the salt over the course of the
gradient elution is about 25 mM/CV;

iii) collecting at least one (e.g., about 10) fraction of eluate from the column
during a chromatography step (e.g., a gradient elution) when the absorbance of a
column flow-through reaches an absorbance threshold (e.g., A280 is >0.5 mAU/mm
path length);

iv) measuring an absorbance of the at least one fraction of eluate collected
from the column and determining an A260/A280 ratio; and/or

v) combining at least two fractions of eluate collected from the column to
form a pooled eluate comprising the purified rAAV vector.

E268. The purified rAAV vector prepared by the method of E267, wherein the
material eluted from the stationary phase comprises the rAAV vector to be purified.

E269. The purified rAAV vector prepared by the method of E267-E268, wherein

the salt is sodium acetate.

E270. The purified rAAV vector prepared by the method of any one of E267-
E269, wherein the solution is an affinity eluate that has been a) diluted about 14.4 to
15.5 fold (e.g., about 15 fold) with a buffer comprising about 200 mM histidine, 200
mM Tris, 0.5% P188, pH 8.7 to 9.0, and optionally b) filtered through a 0.2 um filter
prior to loading onto the stationary phase.

E271. The purified rAAV vector prepared by the method of any one of E267-
E270, the method further comprising adjusting the pH of the at least one (e.g., about
10) fraction of eluate from the column to a pH of 6.8 to 7.6 by addition of 14.3% to

15% (eluate volume weight) of a solution comprising about 250 mM sodium citrate,
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pH 3.5.

E272. The purified rAAV vector of any one of E267-E271, wherein the
A260/A280 of each one of the at least two fractions of eluate is > 1.25; and wherein
the pooled eluate is enriched for full capsids, and/or depleted of empty capsids, as
compared to the diluted, and optionally filtered affinity eluate loaded onto the column;

and wherein the purified rAAV vector is produced.

E273. The purified rAAV vector of any one of E267-E272, wherein the rAAV

vector comprises an AAV9 capsid protein.

E274. A purified rAAV vector prepared by a method comprising a step of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;

iii) collecting at least one fraction of eluate from the column during a
chromatography step beginning when the absorbance of a column-flow through
reaches an absorbance threshold;

iv) measuring an absorbance of the at least one fraction of eluate collected
from the column and determining an A260/A280 ratio; and/or

v) combining at least two fractions of eluate collected from the column to

form a pooled eluate comprising the purified rAAV vector.

E275. The purified rAAV vector prepared by the method of E274, wherein the

material eluted from the stationary phase comprises the rAAV vector to be purified

E276. The purified rAAV vector prepared by the method of E274 or E275,
wherein the rAAV vector comprises an AAV9 capsid protein.

E277. The purified rAAV vector prepared by the method of any one of E274-
E276, wherein the method further comprised filtering the pooled eluate by a method
selected from the group consisting of viral filtration, ultrafiltration/diafiltration (UF/DF),
filtration through a 0.2 um filter and a combination thereof, to produce a drug

substance.

E278. The purified rAAV vector prepared by the method of E277, wherein the drug

substance is used to make a drug product suitable for administration to a human
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subject to treat a disease, disorder or condition.

E279. The purified rAAV vector prepared by the method of E278, wherein the
disease, disorder or condition is DMD.

E280. A solution comprising a rAAV vector for purification by AEX prepared by a
method comprising a step of:

i) diluting a first solution (e.g., an affinity eluate) 2 to 25-fold (e.g., about
15-fold) with a buffer comprising 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.8;
and optionally

i) filtering the first solution from step i) through a 0.2 um filter to produce a
diluted and optionally filtered solution; wherein the pH of the diluted and optionally
filtered solution is increased as compared to the pH of the first solution; and wherein
the conductivity of the diluted and optionally filtered solution is decreased as
compared to the conductivity of the first solution.

E281. The solution comprising a rAAV vector for purification by AEX of E280,
wherein the first solution is an affinity eluate.

E282. The solution comprising a rAAV vector for purification by AEX of E281,
wherein the affinity eluate is generated from affinity purification of a rAAV vector
produced in a vessel (e.g., a single use bioreactor) with a volume of 250 L or 2000
L.

E283. The solution comprising a rAAV vector for purification by AEX of any one
of E280-E282, wherein the pH of the diluted and optionally filtered solution is 8.5 to
9.5.

E284. The solution comprising a rAAV vector for purification by AEX of any one
of E280-E283, wherein the conductivity of the diluted and optionally filtered solution
is 1.7 to 3.3 mS/cm.

E285. The solution comprising a rAAV vector for purification by AEX of any one
of E280-E284, wherein a % VG dilution yield of the diluted and optionally filtered
solution is 88% +/- 36%.

E286. A solution comprising a rAAV vector for purification by AEX prepared by a
method comprising a step of:
i) diluting a first solution (e.g., an affinity eluate) 2 to 25-fold (e.g., 15-fold)
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with a dilution solution comprising histidine, Tris, and P188; and optionally

i) filtering the diluted first solution from step i) through a 0.2 um filter to
produce a diluted, and optionally filtered solution; wherein the pH of the diluted, and
optionally filtered solution is increased as compared to the pH of the first solution;
and wherein the conductivity of the diluted, and optionally filtered solution is

decreased as compared to the conductivity of the first solution.

E287. The solution comprising a rAAV vector for purification by AEX prepared by
a method of E280, wherein the dilution solution comprises about 100 mM to 300 mM
(e.g., about 200 mM) histidine, 100 mM to 300 mM (about 200 mM) Tris, 0.1% to
1.0% (about 0.5%) P188, pH 8.5 to 9.5.

E288. The solution comprising a rAAV vector for purification by AEX prepared by
a method of E280 or E281, wherein the pH the first solution is 3.0 to 4.4 prior to
diluting, and optionally filtering, and the pH of the first solution after diluting, and
optionally filtering, is 8.5 t0 9.5 0r 8.7 10 9.0 (e.g., 8.8, 9.0).

E289. The solution comprising a rAAV vector for purification by AEX prepared by
a method of any one of E280-E282, wherein conductivity of the first solution is 5.0 to
7.0 mS/em (e.g., 5.5 to 6.5 mS/cm) prior to the step of diluting, and optionally
filtering, and the conductivity of the first solution after the step of diluting, and
optionally filtering, is 1.7 to 3.5 mS/cm, 1.8 to 2.8 mS/cm, or 2.2 to 2.6 mS/cm.

E290. The solution comprising a rAAV vector for purification by AEX prepared by
a method of any one of E280-E283, wherein the % VG dilution yield of the diluted
and optionally filtered first solution is 35% to 100%.

E291. The solution comprising a rAAV vector for purification by AEX prepared by
a method of any one of E280-E28, wherein the rAAV vector comprises an AAV9 or
an AAV3B capsid protein, and optionally, wherein the diluted and optionally filtered

solution is loaded on an AEX stationary phase.

E292. A method of regenerating an AEX stationary phase, the method
comprising a step of:

i) post-use sanitizing of the stationary phase comprising application of 14.4
to 17.6 CV (e.g., about 16 CV) of a solution comprising about 0.1 Mto 1.0 M (e.g.,
about 0.5 M) NaOH to the stationary phase, optionally by upward flow;

i) regenerating the stationary phase comprising application of 4.5 to 5.5
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CV (e.g., about 5 CV) of a solution comprising about 1 M to 3 M (e.g., about 2 M)
NaCl, 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about pH 9)
to the stationary phase;

iii} equilibration of the stationary phase comprising application of 4.5 to 5.5
CV (e.g., about 5 CV) of a solution comprising about 50 mM to 150 mM (e.g., about
100 mM) Tris, pH 8.5 to 9.5 (e.g., about pH 9) to the stationary phase;

iv) post-use flushing of the stationary phase comprising application of >4.5
(e.g., about 5 CV) of water for injection to the stationary phase; and/or

v) applying a storage solution to the stationary phase comprising
application 2.7 to 3.3 CV (e.g., about 3 CV) of a solution comprising about 17.5%
ethanol to the stationary phase, optionally wherein at least one of steps i) —v) is
performed at a linear velocity of 270 to 330 cm/hr (e.g., about 300 cm/hr), a flow rate
of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) through a 6.0 t0 6.6 L (e.g., 6.4 L) column,
or about 314 mL/min through a 1.3 L column, and/or a residence time of 3.5 10 4.5
min/CV (e.g., about 4 min/CV).

E293. The method of regenerating an AEX stationary phase of E292, wherein
any one of steps i) — v) step follows a chromatography elution step of a method of
purifying a rAAV vector by AEX.

E294. A regenerated AEX stationary phase prepared by a method comprising a
step of:

i} post-use sanitizing of the stationary phase comprising application of 14.4
to 17.6 CV (e.g., about 16 CV) of a solution comprising about 0.1 Mto 1.0 M (e.g.,
about 0.5 M) NaOH to the stationary phase, optionally by upward flow;

i) regenerating the stationary phase comprising application of 4.5 t0 5.5
CV (e.g., about 5 CV) of a solution comprising about 1 M to 3 M NaCl (e.g., about 2
M) NaCl, about 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 t0 9.5 (e.g.,
about pH 9) to the stationary phase;

iii) equilibration of the stationary phase comprising application of 4.5 to 5.5
CV (e.g., about 5 CV) of a solution comprising about 50 mM to 150 mM (e.g., about
100 mM) Tris, pH 8.5 to 9.5 (e.g., pH 9) to the stationary phase;

iv) post-use flushing of the stationary phase comprising application of >4.5
(e.g., about 5 CV) of water for injection to the stationary phase; and/or

v) applying a storage solution to the stationary phase comprising
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application of 2.7 to 3.3 CV (e.g., about 3 CV) of a solution comprising about 17% to
17.5% ethanol to the stationary phase; optionally

wherein at least one of steps i) — v) step is performed at a linear velocity of
270 to 330 cm/hr (e.g., about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about
1.8 L/min) through a 6.0 t0 6.6 L (e.g., 6.4 L) column, or about 314 mL/min through a
1.3 L column, and/or a residence time of 3.5 to 4.5 min/CV (e.g., about 4 min/CV).

E295. The regenerated AEX stationary phase of E288, wherein the regenerated

AEX stationary phase is used for purification of a rAAV vector.

E296. A pharmaceutical composition comprising a purified rAAV vector made by
the method of any one of E1-E227 or E231-E258.

E297. A pharmaceutical composition comprising a purified rAAV vector of E267-
E279.

E298. Use of a rAAV vector purified according to the method of any one of E1-
E227 or E231-E258 in the manufacture of a medicament for treating and/or

preventing a disease, disorder or condition.
E299. The use of E298, wherein the disease, disorder or condition is DMD.

E300. The method of any one of E1-E182, wherein the rAAV vector comprises a
vector genome comprising a modified nucleic acid encoding a deleted cooper-
transporting ATPase2 (ATP7B) protein.

E301. The method of E300, wherein the modified nucleic acid comprises a
nucleic acid sequence encoding a deleted cooper-transporting ATPase2 (ATP7B)
protein comprising or consisting of the amino acid sequence of SEQ ID NO:15.

E302. The method of E300 or E301, wherein the deleted copper-transporting
APTase?2 comprises a deletion of Heavy-Metal-Associated sited HMA 1, HMA 2,
HMA 3 and HMA 4.

E303. The method of any one of E300-E302, wherein the vector genome further
comprises an al-antitrypsin promoter, a polyadenylation (polyA) signal sequence, a
5 ITRand a3 ITR.

E304. The method of E303, wherein the a1-antitrypsin promoter comprises or

consists of the nucleic acid sequence of SEQ ID NO:16.
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E305. The method of E303, wherein the polyA signal sequence comprises or

consists of the nucleic acid sequence of SEQ ID NO:17.

E306. The method of E303, wherein the 5’ ITR and the 3’ ITR are AAV2 serotype
ITRs.

E307. The method of any one of E1-E182, wherein the rAAV vector comprises a
VP1 polypeptide of AAV3B.

E308. The method of E307, wherein the VP1 polypeptide comprises or consists
of the amino acid sequence of SEQ ID NO:18.

E309. A method of purifying an rAAV vector by AEX, the method comprising a step
of:

i) loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;
wherein at the start of the gradient elution the percentage of the first gradient elution
buffer is about 75% to about 100% and at the end of the gradient elution the
percentage of the second gradient elution buffer is about 60% to about 100%; and
wherein the percentage of the second elution buffer increases at a rate of about 2%
to 5% per CV over the gradient elution;

ii) collecting at least one fraction of eluate from the column when performing
the gradient elution beginning when the percentage of the second gradient elution
buffer is about 30% to about 35%,

and wherein the at least one fraction of eluate comprises the rAAV vector to
be purified.

E310. The method of purifying an rAAV vector by AEX of E309, wherein the

solution comprising the rAAV vector is an affinity eluate that has been diluted about
15 fold with a buffer comprising histidine, Tris and P188.

E311. The method of purifying an rAAV vector by AEX of E309 or E310, wherein
the first gradient elution buffer comprises 50 mM to 150 mM (e.g., about 100 mM)
Tris, 0.005% to 0.015 % (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., 8.9) and/or
the second gradient elution buffer comprises 400 mM to 600 mM (e.g., about 500
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mM) sodium acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to
0.015% (e.g., about 0.01%) P188, pH 8.5 10 9.5 (e.g., pH 8.9).

E312. The method of purifying an rAAV vector by AEX of any one of E309-E311,
wherein collecting at least one fraction of eluate from the column comprises
collecting the at least one fraction of eluate into a vessel comprising about 0.01 CV
to 0.1 CV (e.g., about 0.066 CV) of a solution comprising 200 mM to 300 mM (e.g.,
about 250 mM) sodium citrate, pH 3.0 to 4.0 (e.g., about 3.5).

E313. The method of purifying a rAAV vector by AEX of any one of E310-E312,
wherein the at least one fraction of eluate is enriched for full capsids, and/or depleted
of empty capsids, as compared to the affinity eluate; optionally wherein the rAAV
vector is a rAAV3B vector; and optionally wherein the AEX stationary phase is
POROS™ 50 HQ.

E314. The method of purifying a rAAV vector by AEX of any one of E309-E313,
wherein the collecting at least one fraction of eluate from the column when
performing the gradient elution ends when the percentage of the second gradient
elution buffer is about 50% to about 55%.

E315. A method of purifying an rAAV vector by AEX, the method comprising a
step of: i) loading a solution comprising the rAAV vector to be purified onto an
AEX stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;
and

i) collecting at least one fraction of eluate from the column during the
gradient elution beginning when the absorbance of a column flow-through reaches
an absorbance threshold, and wherein the at least one fraction of eluate comprises

the rAAV vector to be purified.

E316. The method of purifying a rAAV vector by AEX of E315, wherein the
method further comprises measuring an absorbance of the at least one fraction of
eluate collected from the column and determining an A260/A280 ratio.

E317. The method of purifying a rAAV vector by AEX of E315 or E316, wherein

the solution comprising the rAAV vector to be purified is diluted about 2-fold to 25-
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fold (e.g., 15-fold) with a dilution solution comprising histidine, Tris and P188, and

optionally filtered prior to application to the stationary phase.

E318. The method of purifying a rAAV vector by AEX of any one of E315-E317,

wherein the solution is an affinity eluate.

E319. The method of purifying a rAAV vector by AEX of E315-E318, wherein a
pH of the diluted, and optionally filtered affinity eluate is increased as compared to a
pH of the solution; and wherein a conductivity of the diluted, and optionally filtered

affinity eluate is decreased as compared to a conductivity of the solution.

E320. The method of purifying a rAAV vector by AEX of any one of E315-E319,
wherein the first gradient elution buffer comprises about 50 mM to about 150 mM
Tris, about 0.005% to about 0.015% P188 and has a pH of about pH 8.5 to 9.5;
wherein the second gradient elution buffer comprises about 400 mM to about 600
mM sodium acetate, about 50 mM to about 150 mM Tris, about 0.005% to about
0.015% P188 and has a pH of about pH 8.5 to 9.5; and wherein 10 to 60 column
volumes (CV) (e.g., about 20 CV, about 37.5 CV) of the first gradient elution buffer,
the second gradient elution buffer or a mixture of both are applied to the stationary

phase during the gradient elution.

E321. The method of purifying a rAAV vector by AEX of any one of E315-E320,
wherein at a start of the gradient elution the percentage of the first gradient elution
buffer is 50% -100% and at an end of the gradient elution the percentage of the
second gradient elution buffer is 50% - 100% and wherein the percentage of the
second elution buffer increases at a rate of about 2% to 5% per CV over the gradient

elution.

E322. The method of purifying a rAAV vector by AEX of any one of E315-E321,
wherein a concentration of sodium acetate of the first gradient elution buffer, the
second gradient elution buffer or the mixture of both increases continuously during
the gradient elution; and wherein the concentration of the sodium acetate increases
at a rate of about 10 mM/CV to 50 mM/CV (e.g., about 10 mM/CV, about 25 mM/CV)

over the gradient elution.

E323. The method of purifying a rAAV vector by AEX of any one of E315-E322,
wherein full capsids are eluted from the stationary phase in a first elution peak and/or

in a first portion of a second elution peak during the gradient elution.
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E324. The method of purifying a rAAV vector by AEX of any one of E315-E323,
wherein empty capsids are recovered in the column flow-through, in a first elution

peak and/or in a last portion of a second elution peak during the gradient elution.

E325. The method of purifying a rAAV vector by AEX of any one of E315-E324,
wherein an absorbance of the at least one fraction of eluate is measured at 280 nm,
and wherein optionally, an absorbance threshold is > 0.5 mAU/mm path length
measured at 280 nm.

E326. The method of purifying a rAAV vector by AEX of any one of E315-E325,
wherein a volume of the at least one fraction of eluate is equivalent to 1/8 of a CV to
10CV, e.g.,, 1/80ofaCV, 1/4of a CV, 1/30of a CV, 1/2 of aCV, 3/4 of a CV, 1 CV, 2
CVv,3CV,4CV,5CV,6CV,7CV,8CV,9CV, 10 CV or more of a CV, and
optionally, wherein an A260/A280 ratio of the at least one fraction of eluate is > to
1.25.

E327. The method of purifying a rAAV vector by AEX of any one of E315-E326,
wherein at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at
least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at

least 23, at least 24, at least 25, or more, fractions of eluate are collected.

E328. The method of purifying a rAAV vector by AEX of any one of E315-E327,
wherein the method further comprises combining at least two fractions of eluate
collected from the column, each having an A260/A280 ratio of > 0.98 or > 1.0 to form
a pooled eluate comprising the rAAV vector.

E329. The method of purifying a rAAV vector by AEX of E328, wherein the
pooled eluate has a % VG column yield of 20% to 100% (e.g., 63 +/-26%), a % VG
step yield of 31% to 66% (e.g., 47 +/- 11%) and/or an A260/A280 ratio of > 1.0.

E330. The method of purifying a rAAV vector by AEX of E328 or E329, wherein
the pooled eluate is enriched for full capsids, and/or depleted of empty capsids, as
compared to the solution loaded onto the column.

E331. The method of purifying a rAAV vector by AEX of any one of E315-E330,
wherein a purified rAAV vector is produced.
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E332. The method of purifying a rAAV vector by AEX of any one of E328-E331,
further comprising filtering the pooled eluate by a method selected from the group
consisting of viral filtration, ultrafiltration/diafiltration (UF/DF), filtration through a 0.2
pm filter and a combination thereof, to produce a drug substance.

E333. The method of purifying a rAAV vector by AEX of E332, wherein the drug
substance comprises: i) 45% to 65% (e.g., 52 +/- 7%) full capsids of total capsids; ii)
19% to 37% (e.g., 28 +/- 5%) intermediate capsids of total capsids; and/or iii} 10% to
37% (e.g., 20 +/- 7%) empty capsids of total capsids.

E334. The method of purifying a rAAV vector by AEX of E332-E333, wherein the
drug substance is enriched for full capsids, and/or depleted of empty capsids, as

compared to the solution loaded onto the column.

E335. The method of purifying a rAAV vector by AEX of any one of E315-E334,
wherein the rAAV vector comprises an AAV capsid protein from an AAV serotype
selected from the group consisting of AAV1, AAV2, AAV3, AAV3A, AAV3B, AAV4,
AAV5, AAV6, AAV7, AAVS, AAV9, AAV10, AAVrh10, AAVrh74, AAV12, AAV2i8,
NP4, NP22, NP66, AAVDJ, AAVDJ/8, AAVDJ/9, AAVLKOS, AAV1.1, AAV2.5,
AAV6.1, AAV6.3.1, AAV9.45, RHM4-1 (SEQ ID NO:5 of WO 2015/013313), RHM15-
1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6, AAV hu.26, AAV1.1,
AAV2.5, AAV6.1, AAV6.3.1, AAV9,45, AAV2i8, AAV29G, AAV2,8G9, AVV-LKOS,
AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, AAVHSC1, AAVHSC2, AAVHSCS,
AAVHSC4, AAVHSC5, AAVHSC6, AAVHSC7, AAVHSCS8, AAVHSC9, AAVHSC10,
AAVHSC11, AAVHSC12, AAVHSC13, AAVHSC14 and AAVHSC15.

E336. The method of purifying a rAAV vector by AEX of any one of E315-E335,
wherein the rAAV vector comprises an AAV9 capsid protein and a transgene
comprising the nucleic acid of SEQ ID NO:1.

E337. The method of purifying a rAAV vector by AEX of any one of E315-E336,
wherein the rAAV vector comprises an AAV3B capsid protein and a transgene
comprising a nucleic acid encoding the amino acid sequence of SEQ ID NO:15.

E338. A method of preparing a solution comprising a rAAV vector for purification
by AEX, the method comprising a step of:
i) diluting a first solution 2 to 25-fold (e.g., 15-fold) with a dilution solution

comprising histidine, Tris and P188; and optionally
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ii) filtering the first solution from step i) through a filter to produce a diluted,
and optionally filtered solution;
wherein the pH of the diluted, and optionally filtered solution is increased as
compared to the pH of the first solution; and wherein the conductivity of the diluted,
and optionally filtered solution is decreased as compared to the conductivity of the

first solution.

E339. The method of preparing a solution comprising a rAAV vector for
purification by AEX of E338, wherein the first solution comprising the rAAV vector is
selected from the group consisting of an affinity eluate, a supernatant from a cell
lysate and a post-harvest solution.

E340. The method of preparing a solution comprising a rAAV vector for

purification by AEX of E338 or E339, wherein the dilution solution comprises about
100 mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about
200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188 and has a pH of pH 8.5 to 9.5.

E341. The method of preparing a solution comprising a rAAV vector for
purification by AEX of any one of E338-E340, wherein i) a pH of the diluted, and
optionally filtered solution is 8.5 to 9.5; ii) a conductivity of the diluted, and optionally
filtered solution is 1.7 to 3.3 mS/cm; and/or iii) a % VG dilution yield of the diluted
solution is 35% to 100%.

E342. The method of preparing a solution comprising a rAAV vector for
purification by AEX of any one of E338-E341, wherein the rAAV vector comprises an
AAV9 capsid protein or an AAV3B capsid protein.

E343. A purified rAAV vector prepared by a method comprising a step of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a first gradient elution buffer, a second gradient elution buffer or a
mixture of both are applied to the stationary phase and a concentration of a salt is
varied from 0 mM to 500 mM such that the rate of increase in concentration of the
salt over the course of the gradient elution is about 10 mM/CV to 50 mM/CV (e.g.,
about 25 mM/CV);
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ii) collecting at least one fraction of eluate from the column during gradient
elution beginning when absorbance of a column flow-through reaches an
absorbance threshold; and/or

vi) measuring an absorbance of the at least one fraction of eluate collected

from the column and determining an A260/A280 ratio.

E344. The purified rAAV vector prepared by the method of E343, wherein the
method further comprises combining at least two fractions of eluate collected from
the column when the A260/A280 ratio is >1.0 to form a pooled eluate comprising the

purified rAAV vector.

E345. The purified rAAV vector prepared by the method of E343 or E344,

wherein the salt is sodium acetate.

E346. The purified rAAV vector prepared by the method of any one of E343-
E345, wherein the rAAV vector comprises an AAV9 capsid protein or an AAV3B

capsid protein.

E347. The purified rAAV vector prepared by the method of any one of E343-
E346, wherein the solution comprising the rAAV vector is an affinity eluate that has

been diluted and optionally filtered prior to loading onto the stationary phase.

E348. The purified rAAV vector prepared by the method of any one of E343-
E347, wherein the material eluted from the stationary phase comprises the rAAV

vector.

E349. The purified rAAV vector prepared by the method of any one of E344-
E348, wherein the method further comprises filtering the pooled eluate by a method
selected from the group consisting of viral filtration, ultrafiltration/diafiltration (UF/DF),
filtration through a 0.2 um filter and a combination thereof, to produce a drug
substance.

E350. The purified rAAV vector prepared by the method of E349, wherein the
drug substance is used to make a drug product suitable for administration to a
human subject to treat a disease, disorder or condition.

E351. The purified rAAV vector prepared by the method of E350, wherein the
disease, disorder or condition is DMD or Wilson’s disease, and optionally wherein
the rAAV vector comprises a nucleic acid encoding the amino acid sequence of SEQ
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ID NO:2 or SEQ ID NO:15.

BRIEF DESCRIPTION OF DRAWINGS
[0012] FIG. 1 depicts the elution phases of exemplary AEX chromatograms
generated using four elution salts on a 1 mL POROS™ 50 HQ column. Azeo trace is
shown by a dashed line, while A2s0 and conductivity traces are shown by solid lines.
Solid bars indicate elution fractions that were used to form pools.
[0013] FIG. 2 depicts exemplary SEC Azeso/A2s0 of AEX elution fractions generated
using four elution salts on a 1 mL POROS™ 50 HQ column.
[0014] FIG. 3 depicts an exemplary AEX chromatogram generated using a
sodium acetate 9-step wash and elution carried out on a 5.1 mL POROS™ 50 HQ
column. Azso trace is shown by a dashed line, while Azso and conductivity traces are
shown by solid lines. Wash (W), elution (E), strip, and regeneration (Regen.)
fractions are indicated consistent with Table 5 and Table 6.
[0015] FIG. 4A depicts an exemplary AEX chromatogram generated using a
sodium acetate step elution run with a 600 cm/hr elution, 5.1 x 103 vector
genome/mL resin challenge (VG/mL resin, as measured by qPCR of the ITR
sequences), and 57 mM Sodium acetate wash carried out on a 5.1 mL POROS™ 50
HQ column. Azeo trace is shown by a dashed line, while A2so and conductivity traces
are shown by solid lines. FIG. 4B depicts a magnified view of the chromatogram at
the wash, elution and strip phases of the AEX run.
[0016] FIG. 5 depicts an exemplary method of in-line mixing of an AAV9 affinity
eluate with 100 mM Tris, pH 9 to generate an AEX load (also referred to herein as a
diluted affinity eluate). Fluids were delivered to the Y-connector with peristaltic
pumps.
[0017] FIG. 6 depicts exemplary pH, conductivity, Z-Average, and aggregation
(given as + or -) of an AAV9 affinity eluate diluted with 100 mM Tris, pH 9.
[0018] FIG. 7A and FIG. 7B depict exemplary % vector genome (VG) yield for
affinity eluates diluted 5, 9, or 25-fold with 200 mM histidine, 200 mM Tris, X% (w/v)
P188, pH 8.8, where X is 0.01%, 0.05%, 0.2%, and 0.5%, followed by filtration. A
contour plot of % VG yield (post dilution and filtration) as a function of conductivity
(controlled by dilution factor) and P188 concentration is depicted in FIG. 7A. One
way ANOVA analyses of % VG yield (post dilution and filtration) as a function of
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P188 concentration or conductivity are depicted in FIG. 7B. Data is also presented in
Table 13.

[0019] FIG. 8A depicts an exemplary chromatogram generated using the
optimized AEX process. FIG. 8B depicts a zoom-in of AEX sodium acetate gradient
elution, with fractions numbered 1-14, consistent with Table 15. Azso trace is given in
dashed line, while Azso and conductivity traces are given in solid lines.

[0020] FIG. 9 depicts exemplary SEC A2so/A2s0 values of chromatographic
fractions generated using the optimized AEX method on 0%, 20%, 40%, 60%, 80%,
and 100% Null affinity pools. Flow-through is abbreviated as F/T.

[0021] FIG. 10 depicts the elution phase of an exemplary 250 L SUB AEX
chromatogram from Batch 250L-4, run on a 10 cm inner diameter (ID) x 16 cm bed
height (BH), 1.3 L POROS™ 50 HQ column. Azeo trace is shown by a dashed line,
while A2so and conductivity traces are shown by solid lines.

[0022] FIG. 11 depicts the elution phase of an exemplary 2000 L SUB Scale AEX
chromatogram, batch 2000 L-4, run on a 20 cm ID x 20.5 cm BH, 6.4 L POROS™ 50
HQ column. Azeo trace is shown by a dashed line, while Azso and conductivity traces
are shown by solid lines.

[0023] FIG. 12 depicts and exemplary chromatogram using the optimized AEX
process for the purification of an AAV3B vector. Azeo trace is shown by a solid line,

while Azso trace is shown by a dashed line.

DESCRIPTION
1. Definitions
[0024] Unless otherwise defined, all technical and scientific terms used herein
have the meaning commonly understood by one of ordinary skill in the art to which
this invention belongs. The terminology used herein is for the purpose of describing
particular embodiments only and is not intended to be limiting of the invention. As
used in the description of the invention and the appended claims, the singular forms
“a,” “an” and “the” are intended to include the plural forms as well, unless the context
clearly indicates otherwise. The following terms have the meanings given:
[0025] As used herein, the term “about,” or “approximately” refers to a
measurable value such as an amount of the biological activity, length of a
polynucleotide or polypeptide sequence, content of G and C nucleotides, codon
adaptation index, number of CpG dinucleotides, dose, time, temperature, and the
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like, and is meant to encompass variations of 25%, 20%, 19%, 18%, 17%, 16%,
15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% 1%, 0.5% or
even 0.1%, in either direction (greater than or less than) of the specified amount
unless otherwise stated, otherwise evident from the context, or except where such
number would exceed 100% of a possible value.

[0026] As used herein, the term “and/or” refers to and encompasses any and all
possible combinations of one or more of the associated listed items, as well as the
lack of combinations when interpreted in the alternative (“or”).

[0027] As used herein, the terms “adeno-associated virus” and/or “AAV” refer to a
parvovirus with a linear single-stranded DNA genome and variants thereof. The term
covers all subtypes and both naturally occurring and recombinant forms, except
where required otherwise.

[0028] The canonical AAV wild-type genome comprises 4681 bases (Berns and
Bohenzky (1987) Advances in Virus Research 32:243-307) and includes terminal
repeat sequences (e.g., inverted terminal repeats (ITRs)) at each end which function
in cis as origins of DNA replication and as packaging signals for the virus. The
genome includes two large open reading frames, known as AAV replication (“AAV
rep” or “rep”) and capsid (“AAV cap” or “cap”) genes, respectively. AAV rep and cap
may also be referred to herein as AAV “packaging genes.” These genes code for the
viral proteins involved in replication and packaging of the viral genome.

[0029] In wild type AAV, three capsid genes VP1, VP2 and VP3 overlap each
other within a single open reading frame and alternative splicing leads to production
of VP1, VP2 and VP3 capsid proteins (Grieger and Samulski (2005) J. Virol.
79(15):9933-9944.). A single P40 promoter allows all three capsid proteins to be
expressed at a ratio of about 1:1:10 for VP1, VP2, VP3, respectively, which
complements AAV capsid production. More specifically, VP1 is the full-length
protein, with VP2 and VP3 being increasingly shortened due to increasing truncation
of the N-terminus. A well-known example is the capsid of AAV9 as described in U.S.
Patent No. 7,906,111, wherein VP1 comprises amino acid residues 1 to 736 of SEQ
ID NO:1283, VP2 comprises amino acid residues 138 to 736 of SEQ ID NO:123, and
VP3 comprises amino acid residues 203 to 736 of SEQ ID NO:123. As used herein,
the term “AAV Cap” or “cap” refers to AAV capsid proteins VP1, VP2 and/or VP3,
and variants and analogs thereof. A second open reading frame of the capsid gene
encodes an assembly factor, called assembly-activating protein (AAP), which is
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essential for the capsid assembly process (Sonntag et al. (2011) J. Virol.
85(23):12686-12697.

[0030] At least four viral proteins are synthesized from the AAV rep gene - Rep
78, Rep 68, Rep 52 and Rep 40 - named according to their apparent molecular
weights. As used herein, “AAV rep” or “rep” means AAV replication proteins Rep 78,
Rep 68, Rep 52 and/or Rep 40, as well as variants and analogs thereof. As used
herein, rep and cap refer to both wild type and recombinant (e.g., modified chimeric,
and the like) rep and cap genes as well as the polypeptides they encode. In some
embodiments, a nucleic acid encoding a rep will comprise nucleotides from more
than one AAV serotype. For instance, a nucleic acid encoding a rep protein may
comprise nucleotides from an AAV2 serotype and nucleotides from an AAV3
serotype (Rabinowitz et al. (2002) J. Virology 76(2):791-801).

[0031] As used herein the terms “recombinant adeno-associated virus vector,”
“rAAV” and/or “rAAV vector” refer to an AAV capsid comprising a vector genome.
The vector genome comprises a polynucleotide sequence that is not, at least in part,
derived from a naturally-occurring AAV (e.g., a heterologous polynucleotide not
present in wild type AAV), and the rep and/or cap genes of the wild type AAV
genome have been removed from the vector genome. Where the rep and/or cap
genes of the AAV have been removed (and/ or ITRs from an AAV have been added
or remain), the nucleic acid within the AAV is referred to as the “vector genome.”
Therefore, the term rAAV vector encompasses both a rAAV viral particle that
comprises a capsid but does not comprise a complete AAV genome; instead the
recombinant viral particle can comprise a heterologous, i.e., not originally present in
the capsid, nucleic acid, hereinafter referred to as a vector genome. Thus, a “rAAV
vector genome” (or “vector genome”) refers to a heterologous polynucleotide
sequence (including at least one ITR) that may, but need not, be contained within an
AAV capsid. A rAAV vector genome may be double-stranded (dsAAV), single-
stranded (ssAAV) or self-complementary (scAAV). Typically, a vector genome
comprises a heterologous (to the original AAV from which it is derived) nucleic acid
often encoding a therapeutic transgene, a gene editing nucleic acid, and the like.
[0032] As used herein, the terms “rAAV vector,” “rAAV viral particle” and/or “rAAV
vector particle” refer to an AAV capsid comprised of at least one AAV capsid protein
(though typically all of the capsid proteins, e.g., VP1, VP2 and VP3, or variant
thereof, of a AAV are present) and containing a vector genome comprising a
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heterologous nucleic acid sequence. These terms are to be distinguished from an
“AAV viral particle” or “AAV virus” that is not recombinant wherein the capsid
contains a virus genome encoding rep and cap genes and which AAV virus is
capable of replicating if present in a cell also comprising a helper virus, such as an
adenovirus and/or herpes simplex virus, and/or required helper genes therefrom.
Thus, production of a rAAV vector particle necessarily includes production of a
recombinant vector genome using recombinant DNA technologies, as such, which
vector genome is contained within a capsid to form a rAAV vector, rAAV viral
particle, or a rAAV vector particle.

[0033] The genomic sequences of various serotypes of AAV, as well as the
sequences of the inverted terminal repeats (ITRs), rep proteins, and capsid subunits
are known in the art. Such sequences may be found in the literature or in public
databases such as GenBank. See, e.g., GenBank Accession Numbers NC_002077
(AAV1), AF063497 (AAV1), NC_001401 (AAV2), AF043303 (AAV2), NC_001729
(AAV3), AF028705.1 (AAV3B), NC_001829 (AAV 4), U89790 (AAV4), NC_006152
(AAV5), AF028704 (AAV6), AF513851 (AAV7), AF513852 (AAV8), NC_006261
(AAVS), AY530579 (AAV9I), AY631965 (AAV10), AY631966 (AAV11), and
DQ813647 (AAV12); the disclosures of which are incorporated by reference herein.
See also, e.9., Srivistava et al. (1983) J. Virology 45:555; Chiorini et al. (1998) J.
Virology 71:6823; Chiorini et al. (1999) J. Virology 73: 1309; Bantel-Schaal et al.
(1999) J. Virology 73:939; Xiao et al. (1999) J. Virology 73:3994; Muramatsu et al.
(1996) Virology 221:208; Shade et al. (1986) J. Virol. 58:921; Gao et al. (2002) Proc.
Nat. Acad. Sci. USA 99: 11854; Moris et al. (2004) Virology 33:375-383; international
patent publications WO 00/28061, WO 99/61601, WO 98/11244; WO 2013/063379,
WO 2014/194132, WO 2015/121501; and U.S. Patent Nos. 6,156,303 and
7,906,111.

[0034] As used herein, the term “associated with” refers to with one another, if the
presence, level and/or form of one is correlated with that of the other. For example, a
particular entity (e.g., polypeptide, genetic signature, metabolite, microbe, etc.) is
considered to be associated with a particular disease, disorder, or condition, if its
presence, level and/or form correlates with incidence of and/or susceptibility to the
disease, disorder, or condition (e.g., across a relevant population). In some
embodiments, two or more entities are physically “associated” with one another if
they interact, directly or indirectly, so that they are and/or remain in physical
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proximity with one another. In some embodiments, two or more entities that are
physically associated with one another are covalently linked to one another; in some
embodiments, two or more entities that are physically associated with one another
are not covalently linked to one another but are non-covalently associated, for
example, by means of hydrogen bonds, van der Waals interaction, hydrophobic
interactions, magnetism, and a combination thereof.

[0035] As used herein, the term “coding sequence” or “nucleic acid encoding”
refers to a nucleic acid sequence which encodes a protein or polypeptide and
denotes a sequence which is transcribed (in the case of DNA) and translated (in the
case of mRNA) into a polypeptide in vitro or in vivo when placed under the control of
(operably linked to) appropriate regulatory sequences. The boundaries of a coding
sequence are generally determined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A coding sequence can include,
but is not limited to, cDNA from prokaryotic or eukaryotic mRNA, genomic DNA
sequences from prokaryotic or eukaryotic DNA, and even synthetic DNA sequences.
[0036] As used herein, the term “chimeric” refers to a viral capsid or particle, with
capsid or particle sequences from different parvoviruses, preferably different AAV
serotypes, as described in Rabinowitz et al., US6,491,907, the disclosure of which is
incorporated in its entirety herein by reference. See also Rabinowitz et al. (2004) J.
Virol. 78(9):4421-4432. In some embodiments, a chimeric viral capsid is an AAV2.5
capsid which has the sequence of the AAV2 capsid with the following mutations: 263
Qto A; 265 insertion T; 705 Nto A; 708 V to A; and 716 T to N. The nucleotide
sequence encoding such capsid is defined as SEQ ID NO: 15 as described in WO
2006/066066. Other preferred chimeric AAV capsids include, but are not limited to,
AAV2i8 described in WO 2010/093784, AAV2G9 and AAV8G9 described in WO
2014/144229, and AAV9.45 (Pulicherla et al. (2011) Molecular Therapy 19(6):1070-
1078), AAV-NP4, NP22 and NP66, AAV-LKO through AAV-LK019 described in WO
2013/029030, RHM4-1 and RHM15_1 through RHM5_6 described in WO
2015/013313, AAVDJ, AAVDJ/8, AAVDJ/9 described in WO 2007/120542.

[0037] As used herein, the term “eluate” refers to fluid exiting from a
chromatography stationary phase (e.g., a monolith, membrane, resin, media) (e.g.,
“eluting from the stationary phase”) comprised of mobile phase and material that
passed through the stationary phase or was displaced from the stationary phase. In
some embodiments, a stationary phase includes, for example, a monolith, a
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membrane, a resin or a media. The mobile phase may be a solution that has been
loaded onto a column and has flowed through the column (i.e., “flow-through
fraction”); an equilibration solution (e.g. an equilibration buffer); an isocratic elution
solution; a gradient elution solution; a solution for regenerating a stationary phase; a
solution for sanitizing a stationary phase; a solution for washing; and combinations
thereof.

[0038] As used herein, the term “flanked,” refers to a sequence that is flanked by
other elements and indicates the presence of one or more flanking elements
upstream and/or downstream, i.e., 5' and/or 3', relative to the sequence. The term
“flanked” is not intended to indicate that the sequences are necessarily contiguous.
For example, there may be intervening sequences between a nucleic acid encoding
a transgene and a flanking element. A sequence (e.g., a transgene) that is “flanked”
by two other elements (e.g., ITRs), indicates that one element is located 5' to the
sequence and the other is located 3' to the sequence; however, there may be
intervening sequences there between.

[0039] As used herein, the term “flocculation” refers to the process by which fine
particulates are caused to clump together into a floc. The fine particles may include
proteins, nucleic acids, cellular fragments resulting from lysis of host cells. In some
embodiments, a floc that forms in a liquid phase may float to the top of the liquid
(creaming), settle to the bottom (sedimentation) of the liquid or be filtered from the
liquid phase.

[0040] As used herein, the term “fragment” refers to a material or entity that has a
structure that includes a discrete portion of the whole but lacks one or more moieties
found in the whole. In some embodiments, a fragment consists of a discrete portion.
In some embodiments, a fragment consists of or comprises a characteristic structural
element or moiety found in the whole. In some embodiments, a polymer fragment
comprises, or consists of, atleast 3, 4, 5,6, 7,8,9,10, 11,12, 13, 14, 15, 16, 17, 18,
19, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 210, 220, 230, 240, 250, 275, 300, 325, 350, 375,
400, 425, 450, 475, 500 or more monomeric units (e.g., amino acid residues,
nucleotides) found in the whole polymer.

[0041] rAAV vectors are referred to as “full,” a “full capsid,” “full vector” or a “fully
packaged vector” when the capsid contains a complete, or essentially complete,
vector genome, including a transgene. During production of rAAV vectors by host
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cells, vectors may be produced that have less packaged nucleic acid than the full
capsids and contain, for example a partial or truncated vector genome. These
vectors are referred to as “intermediates,” an “intermediate capsid,” a “partial” or a
“partially packaged vector.” An intermediate capsid may also be a capsid with an
intermediate sedimentation rate, that is a sedimentation rate between that of full
capsids and empty capsids, when analyzed by analytical ultracentrifugation. Host
cells may also produce viral capsids that do not contain any detectable nucleic acid
material. These capsids are referred to as “empty(s),” or “empty capsids.” Full
capsids may be distinguished from empty capsids based on A260/A280 ratios
determined by SEC-HPLC, whereby the A260/A280 ratios have been previously
calibrated against capsids (i.e., full, intermediate and empty) isolated by analytical
ultracentrifugation. Other methods known in the art for the characterization of
capsids include CryoTEM, capillary isoelectric focusing and charge detection mass
spectrometry. Calculated isoelectric points of ~6.2 and ~5.8 for empty and full AAV9
capsids, respectively have been reported (Venkatakrishnan et al., J. Virology (2013)
87.9:4974-4984).”

[0042] As used herein, the term “null capsid” refers to a capsid produced
intentionally to lack a vector genome. Such null a capsid may be produced by
transfection of a host cell with a rep/cap and a helper plasmid, but not a plasmid that
comprises the transgene cassette sequence, also known as a vector plasmid.
[0043] As used herein, the term “functional” refers to a biological molecule in a
form in which it exhibits a property and/or activity by which it is characterized. A
biological molecule may have two functions (i.e., bifunctional) or many functions (i.e.,
multifunctional).

[0044] As used herein, the term “gene” refers to a polynucleotide containing at
least one open reading frame that is capable of encoding a particular polypeptide or
protein after being transcribed and translated. “Gene transfer” or “gene delivery”
refers to methods or systems for reliably inserting foreign DNA into host cells. Such
methods can result in transient expression of non-integrated transferred DNA,
extrachromosomal replication and expression of transferred replicons (e.g.
episomes), and/or integration of transferred genetic material into the genomic DNA
of host cells.

[0045] As used herein, the term “gradient elution” refers to application of a
mixture of at least two different solutions with different pH, conductivity and/or
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modifier concentration to a chromatography stationary phase (including e.g.,
monolith, media, resin, membrane) that are gradually changed over the course of the
elution. A gradient elution may be linear or non-linear. In contrast, during an isocratic
elution, the chromatography mobile phase composition is constant, and during a
“step elution,” the chromatography mobile phase composition changes in a stepwise
manner. Over the course of the gradient elution, a percentage of a first solution is
continuously varied in a manner inversely proportional to a percentage of a second
solution. For example, at the start of a gradient elution, the percentage of gradient
elution buffer A (e.g., a first gradient elution buffer) in the mixture is 100% and the
percentage of gradient elution buffer B (e.g., a second gradient elution buffer) in the
mixture is 0% such that a continuously varying gradient in the pH, conductivity and/or
modifier concentration (increasing or decreasing, depending on the embodiment) is
created as the solutions are mixed and flow through the stationary phase. In some
embodiments, a concentration of a salt, such as sodium acetate, will change at a
constant rate over the volume of a linear gradient. For example, for a 1 mL column
with a 20 mL linear gradient (i.e., 20 CV), operating at a constant flow rate of 1
mL/minute, the salt concentration will change at a rate of 5% per minute. In some
embodiments, rAAV capsids (e.g., full, intermediate, empty) are bound to a
stationary phase during loading of a solution comprising the rAAV capsid to be
purified onto an AEX stationary phase. During a gradient elution, as a percentage of
buffer B increases, such that the concentration of a salt increases (e.g., Sodium
acetate) full rAAV vectors are preferentially released (eluted) from the stationary
phase, and empty capsids are preferentially retained on the stationary phase. Empty
capsids are released in greater amounts as the percentage of buffer B further
increases. Elution of full rAAV vector from the stationary phase can be monitored
during gradient elution by measuring A260 and A280 of the eluate, such that an
increase in the ratio of A260/A280 is indicative of an increase in the percentage of
full rAAV vector in the eluate, and conversely, a decrease in the A260/A280 ratio is
indicative of a decrease in the percentage of full rAAV vector and an increase in the
percentage of empty capsids. In some embodiments, an absorbance of at least one
fraction of eluate is measured using a method such as analytical size exclusion
chromatography (SEC) in a high performance liquid chromatography (HPLC)
system, on-line UV trace, off-line UV methods, etc., and wherein the absorbance is
measured at one or more wavelengths (e.g., 260 nm and/or 280 nm).
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[0046]
into a vector (e.g., rAAV vector) for purposes of vector mediated transfer/delivery of

As used herein, the term “heterologous” refers to a nucleic acid inserted

the nucleic acid into a cell. Heterologous nucleic acids are typically distinct from the
vector (e.g., AAV) nucleic acid, that is, the heterologous nucleic acid is non-native
with respect to the viral (e.g., AAV) nucleic acid. Once transferred or delivered into a
cell, a heterologous nucleic acid, contained within a vector, can be expressed (e.g.,
transcribed and translated if appropriate). Alternatively, a transferred or delivered
heterologous nucleic acid in a cell, contained within the vector, need not be
expressed. Although the term “heterologous” is not always used herein in reference
to a nucleic acid, reference to a nucleic acid even in the absence of the modifier
“heterologous” is intended to include a heterologous nucleic acid. For example, a
heterologous nucleic acid would be a nucleic acid encoding a dystrophin
polypeptide, or a fragment thereof, for example a codon optimized mini-dystrophin
transgene described in WO 2017/221145, and incorporated herein by reference, for
use in the treatment of Duchenne muscular dystrophy.

[0047]

coding sequence, or a fragment thereof (e.g., truncated, internal deletion), of one of

A further exemplary heterologous nucleic acid comprises a wild-type

the following genes, and may or may not be codon-optimized:

ABCA7 COL17A1 GBA IDUA PCSK9 SGSH
ABCD1 COL4A GBE1 IL2RG PDE6C SH3TC2
ACAN COL4A3 GDAP1 IMPDH?1 PDE6H SLC25A13
ADA COL4A4 GJB1 ITGB2 PINK1 SLC25A15
ADA2 COL7A1 GLA ITGB4 PKLR SLC26A2
ADAM10 CPS1 GLB1 JAGT PMP22 SMN

AGL CRB1 GLB1 KDM6A PON1 SMPD1
AIPLA CRX GNAT2 KMT2D PPT1 SNCA
APOB CTNS GNE LAMA3 PRKN SORD
APOE4 CTSD GRN LAMB3 PRPF31 SPATA7
APP CTSF GRN LAMC2 PRPF8 SPINK5
ARG1 CYBA GRS LAMP2 PRPH2 TGMA1
ARSA CYBB GUCA1B LCA5 PSEN1 TPP1
ARSB CYP21A2 GucCYab LDLR PSEN2 TULPA
ASL DDC GYG1 LPL PYGL UGT1A1
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ASS1 DMD HBA1 LRAT PYGM VCP
ATF6 DMPK HBA2 LRRK2 RD3 VEGF
ATP7B DYSF HBB MFN2 RDH12 VEGFA
C9orf72 F12 HEXA MPZ RHO VPS13C
CEP290 F8 HEXB MTM1 RP1 VPS35
CFTR F9 HGD NAGLU RPE65 WAS
CHM FANCA HGH NAGS RPGR WIPF1
CHMP2B FBLN5 HGSNAT NCF1 RPGRIP1 XPNPEP2
CLN2 FGF-1 HINT1 NCF2 RS BAG3
CLNS3 FGFR2 HMBS NCF4 SCL37A4 ATP8B1
CLN5 FGFR3 HNRNPA1 NOTCH2 | SCN1A ABCB11
CLN6 FXN HNRNPA2B1 | OAT SERPINA1 | ABCB4
CNBP G6PC HTRA1 oTC SERPING1
CNGA3 GAA HTT PAH SGCA
CNGBS3 GALNS IDS PARK?7 SGCG

[0048] As used herein, the term “homologous,” or “homology,” refers to two or

more reference entities (e.g., nucleotide or polypeptide sequences) that share at

least partial identity over a given region or portion. For example, when an amino acid

position in two peptides is occupied by identical amino acids, the peptides are

homologous at that position. Notably, a homologous peptide will retain activity or

function associated with the unmodified or reference peptide and the modified

peptide will generally have an amino acid sequence “substantially homologous” with

the amino acid sequence of the unmodified sequence. When referring to a

polypeptide, nucleic acid or fragment thereof, “substantial homology” or “substantial

similarity,” means that when optimally aligned with appropriate insertions or deletions

with another polypeptide, nucleic acid (or its complementary strand) or fragment

thereof, there is sequence identity in at least about 95% to 99% of the sequence.

The extent of homology (identity) between two sequences can be ascertained using

computer program or mathematical algorithm. Such algorithms that calculate percent

sequence homology (or identity) generally account for sequence gaps and

mismatches over the comparison region or area. Exemplary programs and

algorithms are provided below.
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[0049] As used herein, the terms “host cell,” “host cell line,” and “host cell culture”
are used interchangeably and refer to a cell into which an exogenous nucleic acid

has been introduced, and includes the progeny of such a cell. A host cell includes a

” @ ”

“transfectant,” “transformant,” “transformed cell,” and “transduced cell,” which
includes the primary transfected, transformed or transduced cell, and progeny
derived therefrom, without regard to the number of passages. In some embodiments,
a host cell is a packaging cell for production of a rAAV vector.

[0050] As used herein, the term “host cell DNA” or “HCDNA” refers to residual
DNA, derived from a host cell culture which produced a rAAV vector, and present in
a chromatography fraction (e.g., an affinity eluate, an AEX eluate, a wash) or a
chromatography load (e.g., an affinity load, an AEX load). Host cell DNA may be
measured by methods know in the art such as qPCR to detect a sequence unique to
the host cells. General DNA concentrations may be estimated using fluorescence
dyes (e.g. PicoGreen® or SYBR® Green), absorbance measurement (e.g. at 260
nm, or 254 nm) or electrophoretic techniques (e.g. agarose gel electrophoresis, or
capillary electrophoresis). An amount of HCDNA present in an eluate may be
expressed relative to the amount of vg present in the eluate, for example, ng
HCDNA/1 x 10" vg or pg HCDNA /1 x 10° vg. An amount of HCDNA present in an
eluate may be expressed relative to the amount of vg present in a volume of eluate,
for example, pg HCDNA/mL eluate.

[0051] As used herein, the term “host cell protein” or “HCP” refers to residual
protein, derived from a host cell culture which produced a rAAV vector, present in a
chromatography fraction (e.g., an affinity eluate, an AEX eluate, a wash) or a
chromatography load (e.g., an affinity load, an AEX load). Host cell protein may be
measured by methods known in the art, such as ELISA. Host cell protein can be
semi-quantitatively measured by various electrophoretic staining methods (e.g.,
silver stain SDS-PAGE, SYPRO® Ruby stain SDS-PAGE, and/or Western blot). An
amount of HCP present in an eluate may be expressed relative to the amount of vg
present, for example, ng HCP/1 x 10'* vg or pg HCP/1 x 109 vg.

[0052] As used herein, the term “identity” or “identical to” refers to the overall
relatedness between polymeric molecules, e.g., between nucleic acid molecules
(e.g., DNA molecules and/or RNA molecules) and/or between polypeptide
molecules. In some embodiments, polymeric molecules are considered to be

“substantially identical” to one another if their sequences are at least 25%, 30%,
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35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 99% or
more identical.

[0053] Calculation of the percent identity of two nucleic acid or polypeptide
sequences, for example, can be performed by aligning two sequences for optimal
comparison purposes (e.g., gaps can be introduced in one or both of a first and a
second sequence for optimal alignment and non-identical sequences can be
disregarded for comparison purposes). In certain embodiments, the length of a
sequence aligned for comparison purposes is at least 30%, at least 40%, at least
50%, at least 60%, at least 70%, at least 80%, at least 90%, at least 95%, or 100%
of the length of a reference sequence. Nucleotides at corresponding positions are
then compared. When a position in a first sequence is occupied by the same residue
(e.g., nucleotide or amino acid) as the corresponding position in a second sequence,
then the molecules are identical at that position. The percent identity between two
sequences is a function of the number of identical positions shared by the
sequences, taking into account the number of gaps, and the length of each gap,
which need to be introduced for optimal alignment of the two sequences. The
comparison of sequences and determination of percent identity between two
sequences can be accomplished using a mathematical algorithm.

[0054] To determine percent identity, or homology, sequences can be aligned
using the methods and computer programs, including BLAST, available over the
world wide web at ncbi.nlm.nih.gov/BLAST/. Another alignment algorithm is FASTA,
available in the Genetics Computing Group (GCG) package, from Madison, Wis.,
USA. Other techniques for alignment are described in Methods in Enzymology, vol.
266: Computer Methods for Macromolecular Sequence Analysis (1996), ed.
Doolittle, Academic Press, Inc. Of particular interest are alignment programs that
permit gaps in the sequence. Smith-Waterman is one type of algorithm that permits
gaps in sequence alignments. See Meth. Mol. Biol. 70: 173-187 (1997). Also, the
GAP program using the Needleman and Wunsch alignment method can be utilized
to align sequences. See J. Mol. Biol. 48: 443-453 (1970).

[0055] Also of interest is the BestFit program using the local homology algorithm
of Smith and Waterman (1981, Advances in Applied Mathematics 2: 482-489) to
determine sequence identity. The gap generation penalty will generally range from 1
to 5, usually 2 to 4 and in some embodiments will be 3. The gap extension penalty
will generally range from about 0.01 to 0.20 and in some instances will be 0.10. The
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program has default parameters determined by the sequences inputted to be
compared. Preferably, the sequence identity is determined using the default
parameters determined by the program. This program is available also from
Genetics Computing Group (GCG) package, from Madison, WI, USA.

[0056] Another program of interest is the FastDB algorithm. FastDB is described
in Current Methods in Sequence Comparison and Analysis, Macromolecule
Sequencing and Synthesis, Selected Methods and Applications, pp. 127-149, 1988,
Alan R. Liss, Inc. Percent sequence identity is calculated by FastDB based upon the
following parameters: Mismatch Penalty: 1.00; Gap Penalty: 1.00; Gap Size Penalty:
0.33; and Joining Penalty: 30.0.

[0057] As used herein, the term “impurity” refers to any molecule other than the
full rAAV vector being purified that is also present in a solution comprising the rAAV
vector being purified. Impurities include empty capsids, intermediate capsids,
biological macromolecules such as DNA, RNA, non-AAV proteins (e.g., host cell
proteins), AAV aggregates, damaged AAV capsids, molecules that are part of an
absorbent used for chromatography that may leach into a sample during prior
purification steps, endotoxins, cell debris and chemicals from cell culture, including
media components, plasmid DNA from transfection, an adventitious agent, bacteria
and viruses.

[0058] As used herein, the terms “inverted terminal repeat,” “ITR,” “terminal
repeat,” and “TR” refer to palindromic terminal repeat sequences at or near the ends
of the AAV virus genome, comprising mostly complementary, symmetrically
arranged sequences. These ITRs can fold over to form T-shaped hairpin structures
that function as primers during initiation of DNA replication. They are also needed for
viral genome integration into host genome, for the rescue from the host genome; and
for the encapsidation of viral nucleic acid into mature virions. The ITRs are required
in cis for vector genome replication and its packaging into viral particles. “5’ ITR”
refer to the ITR at the 5" end of the AAV genome and/or 5’ to a recombinant
transgene. “3’ ITR” refers to the ITR at the 3’ end of the AAV genome and/or 3’ to a
recombinant transgene. Wild-type ITRs are approximately 145 bp in length. A
modified, or recombinant ITR, may comprise a fragment or portion of a wild-type
AAV ITR sequence. One of ordinary skill in the art will appreciate that during
successive rounds of DNA replication ITR sequences may swap such that the 5’ ITR
becomes the 3’ ITR, and vice versa. In some embodiments, at least one ITR is
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present at the 5’ and/or 3’ end of a recombinant vector genome such that the vector
genome can be packaged into a capsid to produce a rAAV vector (also referred to
herein as “rAAV vector particle” or “rAAV viral particle”) comprising the vector
genome.

[0059] The ITRs are required in cis for vector genome replication and its
packaging into viral particles. “5° ITR” refer to the ITR at the 5’ end of the AAV
genome and/or 5’ to a recombinant transgene. “3’ ITR” refers to the ITR at the 3’ end
of the AAV genome and/or 3’ to a recombinant transgene. Wild-type ITRs are
approximately 145 bp in length. A modified, or recombinant ITR, may comprise a
fragment or portion of a wild-type AAV ITR sequence. One of ordinary skill in the art
will appreciate that during successive rounds of DNA replication ITR sequences may
swap such that the 5’ ITR becomes the 3’ ITR, and vice versa.

[0060] As used herein, the term “isolated” refers to a substance or composition
that is 1) designed, produced, prepared, and or manufactured by the hand of man
and/or 2) separated from at least one of the components with which it was
associated when initially produced (whether in nature and/or in an experimental
setting). Generally, isolated compositions are substantially free of one or more
materials with which they normally associate with in nature, for example, one or
more protein, nucleic acid, lipid, carbohydrate and/or cell membrane. The term
“isolated” does not exclude man-made combinations, for example, a recombinant
nucleic acid, a recombinant vector genome (e.g., rAAV vector genome), a rAAV
vector particle (e.g., such as, but not limited to, a rAAV vector particle comprising an
AAV9 capsid) that packages, e.g., encapsidates, a vector genome and a
pharmaceutical formulation. The term “isolated” also does not exclude alternative
physical forms of the composition, such as hybrids/chimeras, multimers/oligomers,
modifications (e.g., phosphorylation, glycosylation, lipidation), variants or derivatized
forms, or forms expressed in host cells that are man-made.

[0061] Isolated substances or compositions may be separated from about 10%,
about 20%, about 30%, about 90%, about 91%, about 92%, about 93%, about 94%,
about 95%, about 96%, about 97%, about 98%, about 99%, or more than about 99%
of the other components with which they were initially associated. In some
embodiments, isolated agents are about 80%, about 85%, about 90%, about 91 %,
about 92%, about 93%, about 94%, about 95%, about 96%, about 97%, about 98%,
about 99%, or more than about 99% pure. As used herein, a substance is “pure” if it
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is substantially free of other components. In some embodiments, as will be
understood by those skilled in the art, a substance may still be considered “isolated”
or even “pure,” after having been combined with certain other components such as,
for example, one or more carriers or excipients (e.g., buffer, solvent, water, etc.); in
such embodiments, percent isolation or purity of the substance is calculated without
including such carriers or excipients.

[0062] As used herein, the term “load chase” refers to a solution applied to a
column after the load or load solution (as defined, infra) has been applied. A load
chase serves to complete application of the load or load solution and to remove
unbound material from the column.

[0063] As used herein, the terms “load” or “load solution” refer to any material
(e.g., a solution) containing a product of interest (e.g., a full rAAV vector) that is
loaded onto a chromatography stationary phase. In some embodiments, a “load
solution” is exposed to a chromatography stationary phase. In some embodiments, a
load solution is an affinity eluate. In some embodiments, a load solution is a diluted,
and optionally filtered affinity eluate.

[0064] As used herein, the terms “stationary phase” or “chromatography
stationary phase” are used to refer to any substance that can be used for separation
of a product from another substance (e.g., an impurity). In some embodiments, a
chromatography stationary phase is a resin, a media, a membrane, a membrane
adsorber, or a monolith. In some embodiments, a chromatography stationary phase
is a media that binds to AAV capsids under certain conditions. In some
embodiments, a chromatography stationary phase is an ion exchange media (e.g.,
an anion exchange media, a cation exchange media). In some embodiments, a
chromatography stationary phase is POROS™ 50 HQ.

[0065] As used herein, the term “modifier,” or “mobile phase modifier” is a
component of the mobile phase that modifies the mobile phase in order to alter the
chromatography. Such altering of the chromatography results in, for example, the
removal, or washing off of, impurities from the stationary phase, or elution of a
product or material of interest from the stationary phase (e.g., a rAAV vector).
Examples of “modifiers” include a salt, a detergent, an amino acid (e.g., arginine,
histidine, citrulline, glycine), an organic solvent (e.g., ethanol, ethylene glycol), a
chaotropic agent (e.g., urea), or a displacer (also referred to as a selective elution
agent).
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[0066] As used herein, the terms “nucleic acid sequence,” “nucleotide sequence,”
and “polynucleotide” refer interchangeably to any molecule composed of or
comprising monomeric nucleotides connected by phosphodiester linkages. A nucleic
acid may be an oligonucleotide or a polynucleotide. Nucleic acid sequences are
presented herein in the direction from the 5’ to the 3’ direction. A nucleic acid
sequence (i.e., a polynucleotide) of the present disclosure can be a deoxyribonucleic
acid (DNA) molecule or ribonucleic acid (RNA) molecule and refers to all forms of a
nucleic acid such as, double stranded molecules, single stranded molecules, small
or short hairpin RNA (shRNA), micro RNA, small or short interfering RNA (siRNA),
trans-splicing RNA, antisense RNA, messenger RNA, transfer RNA, ribosomal RNA.
Where a polynucleotide is a DNA molecule, that molecule can be a gene, a cDNA,
an antisense molecule or a fragment of any of the foregoing molecules. Nucleotides
are indicated herein by a single letter code: adenine (A), guanine (G), thymine (T),
cytosine (C), inosine (I) and uracil (U). A nucleotide sequence may be chemically
modified or artificial. Nucleotide sequences include peptide nucleic acids (PNA),
morpholinos and locked nucleic acids (LNA), as well as glycol nucleic acids (GNA)
and threose nucleic acids (TNA). Each of these sequences is distinguished from
naturally-occurring DNA or RNA by changes to the backbone of the molecule. Also,
phosphorothioate nucleotides may be used. Other deoxynucleotide analogs include
methylphosphonates, phosphoramidates, phosphorodithioates, N3’-P5’-
phosphoramidates, and oligoribonucleotide phosphorothioates and their 2’-0-allyl
analogs and 2’-0-methylribonucleotide methylphosphonates which may be used in a
nucleotide sequence of the disclosure.

[0067] As used here, the term “nucleic acid construct,” refers to a non-naturally
occurring nucleic acid molecule resulting from the use of recombinant DNA
technology (e.g., a recombinant nucleic acid). A nucleic acid construct is a nucleic
acid molecule, either single or double stranded, which has been modified to contain
segments of nucleic acid sequences, which are combined and arranged in a manner
not found in nature. A nucleic acid construct may be a “vector” (e.g., a plasmid, a
rAAV vector genome, an expression vector, etc.), that is, a nucleic acid molecule
designed to deliver exogenously created DNA into a host cell.

[0068] As used herein, the term “operably linked” refers to a linkage of nucleic
acid sequence (or polypeptide) elements in a functional relationship. A nucleic acid is
operably linked when it is placed into a functional relationship with another nucleic
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acid sequence. For instance, a promoter or other transcription regulatory sequence
(e.9., an enhancer) is operably linked to a coding sequence if it affects the
transcription of the coding sequence. In some embodiments, operably linked means
that nucleic acid sequences being linked are contiguous. In some embodiments,
operably linked does not mean that nucleic acid sequences are contiguously linked,
rather intervening sequences are between those nucleic acid sequences that are
linked.

[0069] As used herein, the term “percent vector genome (VG) dilution yield” or “%
VG dilution yield” refers to the amount of VG present in a diluted affinity pool (also
referred to herein as a diluted affinity eluate) as a percentage of the amount of VG
present in the affinity pool (also referred to herein as an affinity eluate) prior to
dilution. For instance, % VG dilution yield = ((amount of VG in diluted affinity
pool)/(amount of VG in affinity pool)) * 100.

[0070] As used herein, the term “percent VG column yield” or “% VG column
yield” refers to the amount of vector genomes (VG) present in a pooled eluate
collected from an AEX column (i.e., an AEX pool) as a percentage of the amount of
VG present in an affinity eluate that has been diluted only, or diluted and filtered.
[0071] In some embodiments, an affinity eluate comprising a rAAV vector to be
purified has been diluted only and is referred to as a “diluted affinity pool.” Optionally,
the rAAV vector to be purified is harvested from a 250 L or 2000 L vessel (e.g., a
single use bioreactor (SUB)). For instance, % VG column yield = ((amount of VG in
AEX pool)/(amount of VG in diluted affinity pool)) * 100.

[0072] In some embodiments, an affinity eluate comprising a rAAV vector to be
purified has been diluted and filtered and is referred to as an “AEX load.” Optionally,
the rAAV vector to be purified is harvested from a small scale (e.g., less than 250 L)
vessel (e.g., bioreactor). For instance, % VG column yield = ((amount of VG in AEX
pool)/(amount of VG in diluted and filtered affinity pool)) * 100.

[0073] As used herein, the term “percent VG step yield” or “% VG step yield”
refers to the amount of VG in a pooled eluate collected from an AEX column (i.e., an
AEX pool) as a percentage of the amount of VG present in the affinity pool (also
referred to herein as an affinity eluate) prior to dilution or filtration. For instance, %
VG step yield = ((amount of VG in AEX pool)/(amount of VG in affinity pool)) * 100.
[0074] As used herein, the term “pharmaceutically acceptable” and
“physiologically acceptable” refers to a biologically acceptable formulation, gaseous,
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liquid or solid, or mixture thereof, which is suitable for one or more routes of
administration, in vivo delivery or contact.

LI

[0075] As used herein, the terms “polypeptide,” “protein,” “peptide” or “encoded
by a nucleic acid sequence” (i.e., encode by a polynucleotide sequence, encoded by
a nucleotide sequence) refer to full-length native sequences, as with naturally
occurring proteins, as well as functional subsequences, modified forms or sequence
variants so long as the subsequence, modified form or variant retains some degree
of functionality of the native full-length protein. In methods and uses of the
disclosure, such polypeptides, proteins and peptides encoded by the nucleic acid
sequences can be but are not required to be identical to the endogenous protein that
is defective, or whose expression is insufficient, or deficient in a subject treated with
gene therapy.

[0076] As used herein, the term “recombinant,” refers to a vector, polynucleotide
(e.g., a recombinant nucleic acid), polypeptide or cell that is the product of various
combinations of cloning, restriction or ligation steps (e.g., relating to a polynucleotide
or polypeptide comprised therein), and/or other procedure that results in a construct
that is distinct from a product found in nature. A recombinant virus or vector (e.g.,
rAAV vector) comprises a vector genome comprising a recombinant nucleic acid
(e.9., a nucleic acid comprising a transgene and one or more regulatory elements).
The terms respectively include replicates of the original polynucleotide construct and
progeny of the original virus construct.

[0077] As used herein, the term “step elution” refers to application of a solution
with a defined pH, conductivity, and/or modifier concentration to a chromatography
stationary phase (including e.g., monolith, media, resin, membrane). A series of step
elutions (e.g., with increasing conductivity or salt concentration) can be conducted to
optimize separations. Each step elution solution has a defined composition that does
not change during its application. Over the course of the step elution, as the series of
solutions (e.g., a load chase, a pH stabilization solution, a wash buffer, an elution
buffer) are applied to the stationary phase, the pH, conductivity and/or modifier
concentration is increased, or decreased, relative to a preceding solution in the
series. For example, at the start of a step elution series, the concentration of a
modifier (e.g., a salt, e.g., sodium acetate) in the first solution is low, e.g., 0 to 10
mM, e.g., about 1 mM, about 2 mM, about 3 mM, about 4 mM, about 5 mM, about 6
mM, about 7 mM, about 8 mM, about 9 mM, about 10 mM) . In each subsequent
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solution in the series, the concentration of the salt is increased, such that over the
course of 2 to 20 solutions, the concentration of the salt is increased to, for example,
50 mM to 300 mM (e.g., about 50 mM, about 60 mM, about 70 mM, about 80 mM,
about 90 mM, about 100 mM, about 120 mM, about 140 mM, about 160 mM, about
180 mM, about 200 mM). The salt concentration in the series of 2 to 20 (or more)
solutions is not necessarily varied in equal or proportional increments.

[0078] In some embodiments, a step elution comprises 2 to 20 solutions, 2 to 10
solutions, 10 to 20 solutions, for example 2, 3, 4, 5,6 7,8 19, 10, 11,12, 13, 14, 15,
16, 17, 18, 19, 20 or more solutions. In some embodiments, rAAV capsids (e.g., full,
intermediate, empty) are bound to a stationary phase during loading of a solution
comprising the rAAV capsid onto an AEX stationary phase. During a step elution, as
a pH, conductivity and/or modifier concentration is varied, full rAAV vectors are
preferentially released (eluted) from the stationary phase, and empty capsids are
preferentially retained on the stationary phase. Empty capsids are released in
greater amounts as the concentration of modifier (e.g., salt) increases. Elution of full
rAAV vector from the stationary phase can be monitored during step elution by
measuring A260 and A280 of the eluate, such that an increase in the ratio of
A260/A280 is indicative of an increase in the percentage of full rAAV vector in the
eluate, and conversely, a decrease in the A260/A280 ratio is indicative of a decrease
in the percentage of full rAAV vector and an increase in the percentage of empty
capsids. In some embodiments, an absorbance of at least one fraction of eluate is
measured using a method such as analytical size exclusion chromatography (SEC)
in a high performance liquid chromatography (HPLC) system, on-line UV trace, off-
line UV methods, etc., and wherein the absorbance is measured at one or more
wavelengths (e.g., 260 nm and/or 280 nm).

[0079] As used herein, the term “subject” refers to an organism, for example, a
mammal (e.g., a human, a non-human mammal, a non-human primate, a primate, a
laboratory animal, a mouse, a rat, a hamster, a gerbil, a cat, a dog). In some
embodiments, a human subject is an adult, adolescent, or pediatric subject. In some
embodiments, a subject is suffering from a disease, disorder or condition, e.g., a
disease, disorder or condition that can be treated as provided herein. In some
embodiments, a subject is suffering from a disease, disorder or condition associated
with deficient or dysfunctional dystrophin, e.g., Duchenne muscular dystrophy. In
some embodiments, a subject is susceptible to a disease, disorder, or condition. In
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some embodiments, a susceptible subject is predisposed to and/or shows an
increased risk (as compared to the average risk observed in a reference subject or
population) of developing a disease, disorder or condition. In some embodiments, a
subject displays one or more symptoms of a disease, disorder or condition. In some
embodiments, a subject does not display a particular symptom (e.g., clinical
manifestation of disease) or characteristic of a disease, disorder, or condition. In
some embodiments, a subject does not display any symptom or characteristic of a
disease, disorder, or condition. In some embodiments, a subject is a human patient.
In some embodiments, a subject is an individual to whom diagnosis and/or therapy is
and/or has been administered (e.g., gene therapy for Duchenne muscular
dystrophy). In some embodiments, a subject is a human patient with Duchenne
muscular dystrophy.

[0080] Disease, disorders and conditions that can be treated using a rAAV vector
purified according to the methods set forth herein include, for example a metabolic
disease or disorder (e.g., Fabry disease, Gaucher disease, phenylketonuria,
glycogen storage disease); a urea cycle disease or disorder (e.g., ornithine
transcarbamylase deficiency); a lysosomal storage disease or disorder (e.g.,
metachromatic leukodystrophy, mucopolysaccharidosis); a liver disease or disorder
(e.g., progressive familial intrahepatic cholestasis type 1-3); a blood disease or
disorder (Hemophilia A, Hemophilia B, a thalassemia); a cancer (e.g., a carcinoma, a
sarcoma, a blood cancer); a genetic disease or disorder (e.g., cystic fibrosis); or an
infectious disease (e.g., HIV).

[0081] Diseases, disorders and conditions that can be treated using a rAAV
vector purified according to the methods set forth herein include, for example: 21-
hydroxylase-deficient congenital adrenal hyperplasia, achondrogenesis Type 1B,
achondroplasia, achromatopsia, acid sphingomyelinase deficiency (Niemann-Pick
disease type A or B), acute intermittent porphyria, adenosine deaminase 2
deficiency, adenosine deaminase deficiency (e.g., severe combined
immunodeficiency, X-linked), adrenoleukodystrophy (e.g., X-linked), age-related
macular degeneration (e.g., neovascular, wet), Alagille syndrome, alkaptonuria,
alpha-1 antitrypsin deficiency, alpha-thalassemia, Alport syndrome, Alzheimer
disease, Apert syndrome, arginase deficiency, argininosuccinate lyase (ASL)
deficiency, argininosuccinate synthase (ASS1) deficiency (citrullinemia type 1),
aromatic L-amino acid decarboxylase deficiency, autosomal recessive congenital
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ichthyosis, Becker muscular dystrophy, beta-thalassemia, carbamoylphosphatase
synthetase | deficiency, ceroid lipofuscinosis, Charcot-Marie-Tooth neuropathy,
choroideremia, chronic granulomatous disease, citrin deficiency, Crigler-Najjar
syndrome type 1 and 2, critical limb ischemia, cystic fibrosis, cystinosis, Danon
disease, diabetic macular retinopathy, dominant inherited short stature, Dravet
syndrome, Duchenne muscular dystrophy, dysferlinopathy (e.g., Miyoshi myopathy,
limb-girdle muscular dystrophy 2B), dystrophic epidermolysis bullosa, Fabry disease,
familial hypercholesterolemia, familial lipoprotein lipase deficiency, Fanconia anemia
(e.g., Fanconia anemia A), Friedreich’s ataxia, frontotemporal dementia, Gaucher
disease, glycogen storage disease type 1A and 1B (Von Gierke’s disease), glycogen
storage disease type lll, glycogen storage disease type IV, glycogen storage disease
type V, glycogen storage disease type VI, glycogen storage disease type XV, GM1
gangliosidosis, gyrate atrophy, hemophilia A, hemophilia B, hereditary angiodema,
types I-1ll, Huntington’s disease, inclusion body myositis, junctional epidermolysis
bullosa, Kabuki Syndrome, Leber congenital amaurosis, leukocyte adhesion defect
type 1, limb girdle muscular dystrophy, limb girdle muscular dystrophy type 2C
(gamma-sarcoglycanopathy), limb girdle muscular dystrophy type 2D, metachromatic
leukodystrophy, mucopolysaccharidosis Type |, mucopolysaccharidosis type
(Hunter syndrome), mucopolysaccharidosis type IlIA, mucopolysaccharidosis type
I1IB, mucopolysaccharidosis type IlIC, mucopolysaccharidosis type D,
mucopolysaccharidosis type IVA (Morquio A syndrome), mucopolysaccharidosis
type IVB (Morquio B syndrome), mucopolysaccharidosis type VI (Maroteaux-Lamy),
myotonic dystrophy type 1, myotonic dystrophy type 2, N-acetylglutamate synthase
(NAGS) deficiency, Netherton syndrome, neuronal ceroid lipofuscinosis, ornithine
translocase deficiency, ornithine transcarbamylase deficiency disease, Parkinson’s
disease, phenylketonuria, Pompe, progressive familial intrahepatic cholestasis type
1-3, progressive myofibrillar myopathy, pyruvate kinase deficiency, retinitis
pigmentosa, RPE65-related Leber congenital amaurosis, Sandhoff disease, sickle
cell disease, spinal muscular atrophy, Tay Sachs disease, Wilson disease, Wiskott-
Aldrich syndrome, Wiskott-Aldrich syndrome 2, X-linked adrenoleukodystrophy, X-
linked chronic granulomatous disease, X-linked myotubular myopathy, X-linked
retinitis pigmentosa, X-linked retinoschisis and X-linked severe combined
immunodeficiency.

[0082] As used herein, the term “substantially” refers to the qualitative condition
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of exhibition of total or near-total extent or degree of a characteristic or property of
interest. One of ordinary skill in the art will understand that biological and chemical
phenomena rarely, if ever, go to completion and/or proceed to completeness or
achieve or an absolute result. The term “substantially” is therefore used herein to
capture the potential lack of completeness inherent in many biological and chemical
phenomena.

[0083] As used herein, the term “therapeutic polypeptide” is a peptide,
polypeptide or protein (e.g., enzyme, structural protein, transmembrane protein,
transport protein) that may alleviate or reduce symptoms that result from an absence
or defect in a protein in a target cell (e.g., an isolated cell} or organism (e.g., a
subject). A therapeutic polypeptide or protein encoded by a transgene is one that
confers a benefit to a subject, e.g., to correct a genetic defect, to correct a deficiency
in a gene related to expression or function. Similarly, a “therapeutic transgene” is the
transgene that encodes the therapeutic polypeptide. In some embodiments, a
therapeutic polypeptide, expressed in a host cell, is an enzyme expressed from a
transgene (i.e., an exogenous nucleic acid that has been introduced into the host
cell). In some embodiments, a therapeutic polypeptide is a dystrophin protein, or
fragment thereof, expressed from a therapeutic transgene transduced into a muscle
cell (e.g., a skeletal muscle cell).

[0084] As used herein, the term “therapeutically effective amount” refers to an
amount that produces the desired therapeutic effect for which it is administered. In
some embodiments, the term refers to an amount that is sufficient, when
administered to a population suffering from or susceptible to a disease, disorder or
condition in accordance with a therapeutic dosing regimen, to treat the disease,
disorder or condition. In some embodiments, a therapeutically effective amount is
one that reduces the incidence and/or severity of, and/or delays onset of, one or
more symptoms of the disease, disorder, and/or condition. Those of ordinary skill in
the art will appreciate that the term “therapeutically effective amount” does not in fact
require successful treatment be achieved in a particular individual. Rather, a
therapeutically effective amount may be that amount that provides a particular
desired pharmacological response in a significant number of subjects when
administered to patients in need of such treatment.

[0085] As used herein, the term “transgene” is used to mean any heterologous
polynucleotide for delivery to and/or expression in a host cell, target cell or organism
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(e.g., a subject). Such “transgene” may be delivered to a host cell, target cell or
organism using a vector (e.g., rAAV vector). A transgene may be operably linked to a
control sequence, such as a promoter. It will be appreciated by those of skill in the
art that expression control sequences can be selected based on an ability to promote
expression of the transgene in a host cell, target cell or organism. Generally, a
transgene may be operably linked to an endogenous promoter associated with the
transgene in nature, but more typically, the transgene is operably linked to a
promoter with which the transgene is not associated in nature. An example of a
transgene is a nucleic acid encoding a therapeutic polypeptide, for example an
dystrophin polypeptide or fragment thereof, and an exemplary promoter is one not
operable linked to a nucleotide encoding dystrophin in nature. Such a non-
endogenous promoter can include a CBh promoter or a muscle specific promoter,
among many others known in the art.

[0086] A nucleic acid of interest can be introduced into a host cell by a wide
variety of techniques that are well-known in the art, including transfection and
transduction.

[0087] “Transfection” is generally known as a technique for introducing an
exogenous nucleic acid into a cell without the use of a viral vector. As used herein,
the term “transfection” refers to transfer of a recombinant nucleic acid (e.g., an
expression plasmid) into a cell (e.g., a host cell) without use of a viral vector. A cell
into which a recombinant nucleic acid has been introduced is referred to as a
“transfected cell.” A transfected cell may be a host cell (e.g., a CHO cell, Pro10 cell,
HEK?293 cell) comprising an expression plasmid/vector for producing a recombinant
AAV vector. In some embodiments, a transfected cell (e.g., a packing cell) may
comprise a plasmid comprising a transgene (e.g., an dystrophin transgene), a
plasmid comprising an AAV rep gene and an AAV cap gene and a plasmid
comprising a helper gene. Many transfection techniques are known in the art, which
include, but are not limited to, electroporation, calcium phosphate precipitation,
microinjection, cationic or anionic liposomes, and liposomes in combination with a
nuclear localization signal.

[0088] As used herein, the term “transduction” refers to transfer of a nucleic acid
(e.g., a vector genome) by a viral vector (e.g., rAAV vector) to a cell (e.g., a target
cell, e.g., a muscle cell). In some embodiments, a gene therapy for Duchenne
muscular dystrophy includes transducing a vector genome comprising a modified
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nucleic acid encoding dystrophin, or a fragment thereof, into a muscle cell. A cell into
which a transgene has been introduced by a virus or a viral vector is referred to as a
“transduced cell.” In some embodiments, a transduced cell is an isolated cell and
transduction occurs ex vivo. In some embodiments, a transduced cell is a cell within
an organism (e.g., a subject) and transduction occurs in vivo. A transduced cell may
be a target cell of an organism which has been transduced by a recombinant AAV
vector such that the target cell of the organism expresses a polynucleotide (e.g., a
transgene, e.g., a modified nucleic acid encoding dystrophin, or a fragment thereof).
[0089] Cells that may be transduced include a cell of any tissue or organ type, or
any origin (e.g., mesoderm, ectoderm or endoderm). Non-limiting examples of cells
include liver (e.g., hepatocytes, sinusoidal endothelial cells), pancreas (e.g., beta
islet cells, exocrine), lung, central or peripheral nervous system, such as brain (e.g.,
neural or ependymal cells, oligodendrocytes) or spine, kidney, eye (e.g., retinal),
spleen, skin, thymus, testes, lung, diaphragm, heart (cardiac), muscle or psoas, or
gut (e.g., endocrine), adipose tissue (white, brown or beige), muscle (e.g.,
fibroblasts, myocytes), synoviocytes, chondrocytes, osteoclasts, epithelial cells,
endothelial cells, salivary gland cells, inner ear nervous cells or hematopoietic (e.g.,
blood or lymph) cells. Additional examples include stem cells, such as pluripotent or
multipotent progenitor cells that develop or differentiate into liver (e.g., hepatocytes,
sinusoidal endothelial cells), pancreas (e.g., beta islet cells, exocrine cells), lung,
central or peripheral nervous system, such as brain (e.g., neural or ependymal cells,
oligodendrocytes) or spine, kidney, eye (e.g., retinal), spleen, skin, thymus, testes,
lung, diaphragm, heart (cardiac), muscle or psoas, or gut (e.g., endocrine), adipose
tissue (white, brown or beige), muscle (e.g., fibroblast, myocytes), synoviocytes,
chondrocytes, osteoclasts, epithelial cells, endothelial cells, salivary gland cells,
inner ear nervous cells or hematopoietic (e.g., blood or lymph) cells.

[0090] In some embodiments, particular areas of a tissue or organ (e.g., muscle)
may be transduced by a rAAV vector (e.g., a rAAV vector with a dystrophin, or
portion of dystrophin, transgene) that is administered to the tissue or organ. In some
embodiments, a muscle cell is transduced with a rAAV comprising a dystrophin
transgene. In some embodiments, a skeletal muscle cell is transduced with a rAAV
comprising a dystrophin transgene. In some embodiments, a cardiac muscle cell is
transduced with a rAAV comprising a dystrophin transgene.

[0091] As used herein, the term “vector” refers to a plasmid, virus (e.g., a rAAV),
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cosmid, or other vehicle that can be manipulated by insertion or incorporation of a
nucleic acid (e.g., a recombinant nucleic acid). A vector can be used for various
purposes including, e.g., genetic manipulation (e.g., cloning vector), to
introduce/transfer a nucleic acid into a cell, to transcribe or translate an inserted
nucleic acid in a cell. In some embodiments a vector nucleic acid sequence contains
at least an origin of replication for propagation in a cell. In some embodiments, a
vector nucleic acid includes a heterologous nucleic acid sequence, an expression
control element(s) (e.g., promoter, enhancer), a selectable marker (e.g., antibiotic
resistance), a poly-adenosine (polyA) sequence and/or an ITR. In some
embodiments, when delivered to a host cell, the nucleic acid sequence is
propagated. In some embodiments, when delivered to a host cell, either in vitro or in
vivo, the cell expresses the polypeptide encoded by the heterologous nucleic acid
sequence. In some embodiments, when delivered to a host cell, the nucleic acid
sequence, or a portion of the nucleic acid sequence is packaged into a capsid. A
host cell may be an isolated cell or a cell within a host organism. In addition to a
nucleic acid sequence (e.g., transgene) which encodes a polypeptide or protein,
additional sequences (e.g., regulatory sequences) may be present within the same
vector (i.e., in cis to the gene) and flank the gene. In some embodiments, regulatory
sequences may be present on a separate (e.g., a second) vector which acts in trans
to regulate the expression of the gene. Plasmid vectors may be referred to herein as
“expression vectors.”

[0092] As used herein, the term “vector genome” refers to a nucleic acid that is
packaged/ encapsidated in an AAV capsid to form a rAAV vector. Typically, a vector
genome includes a heterologous polynuclectide sequence (e.g., a transgene,
regulatory elements, etc.) and at least one ITR. In cases where a recombinant
plasmid is used to construct or manufacture a recombinant vector (e.g., rAAV
vector), the vector genome does not include the entire plasmid but rather only the
sequence intended for delivery by the viral vector. This non-vector genome portion of
the recombinant plasmid is referred to as the “plasmid backbone,” which is important
for cloning. selection and amplification of the plasmid, a process that is needed for
propagation of recombinant viral vector production, but which is not itself packaged
or encapsidated into a rAAV vector. Typically, the heterologous sequence to be
packaged into the capsid is flanked by the ITRs such that when cleaved from the
plasmid backbone, it is packaged into the capsid.
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[0093] As used herein, the term “viral vector” generally refers to a viral particle
that functions as a nucleic acid delivery vehicle and which comprises a vector
genome (e.g., comprising a transgene which has replaced the wild type rep and cap)
packaged within the viral particle (i.e., capsid) and includes, for example, lenti- and
parvo- viruses, including AAV serotypes and variants (e.g., rAAV vectors). As noted
elsewhere herein, a recombinant viral vector does not comprise a virus genome with
a rep and/or a cap gene; rather, these sequences have been removed to provide
capacity for the vector genome to carry a transgene of interest.
[0094] The present disclosure provides methods for purification of rAAV vectors
(e.g., full rAAV vectors) from host cell harvests. In particular, the disclosure provides
methods for purification of rAAV vectors (e.g., full rAAV vectors) from other nucleic
acids and proteins (including empty capsids) produced by the host cell. Furthermore,
the disclosure provides methods for the separation of empty capsids from full rAAV
vectors (e.g., rAAV vectors comprising a vector genome). Each of these aspects of
the disclosure is discussed further in the ensuing sections.
2. AAV and rAAV Vectors

AAV
[0095] As discussed supra, “adeno-associated virus” and/or “AAV” refer to

parvoviruses with a linear single-stranded DNA genome and variants thereof. The
term covers all subtypes and both naturally occurring and recombinant forms, except
where required otherwise. Parvoviruses, including AAV, are useful as gene therapy
vectors as they can penetrate a cell and introduce a nucleic acid (e.g., transgene)
into the nucleus. In some embodiments, the introduced nucleic acid (e.g., rAAV
vector genome) forms circular concatemers that persist as episomes in the nucleus
of transduced cells. In some embodiments, a transgene is inserted in specific sites in
the host cell genome, for example at a site on human chromosome 19. Site-specific
integration, as opposed to random integration, is believed to likely result in a
predictable long-term expression profile. The insertion site of AAV into the human
genome is referred to as AAVS1. Once introduced into a cell, polypeptides encoded
by the nucleic acid can be expressed by the cell. Because AAV is not associated
with any pathogenic disease in humans, a nucleic acid delivered by AAV can be
used to express a therapeutic polypeptide for the treatment of a disease, disorder
and/or condition in a human subject.

[0096] Multiple serotypes of AAV exist in nature with at least fifteen wild type
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serotypes having been identified from humans thus far (i.e., AAV1-AAV15). Naturally
occurring and variant serotypes are distinguished by having a protein capsid that is
serologically distinct from other AAV serotypes. AAV type 1 (AAV1), AAV type 2
(AAV2), AAV type 3 (AAV3) including AAV type 3A (AAV3A) and AAYV type 3B
(AAV3B), AAV type 4 (AAV4), AAV type 5 (AAV5), AAV type 6 (AAVB), AAV type 7
(AAV7), AAV type 8 (AAVS8), AAV type 9 (AAV9), AAV type 10 (AAV10), AAV type
12 (AAV12), AAVrh10, AAVrh74 (see WO 2016/210170), avian AAV, bovine AAV,
canine AAV, equine AAV, primate AAV, non-primate AAV, and ovine AAV, and
recombinantly produced variants (e.g., capsid variants with insertions, deletions and
substitutions, etc.), such as variants referred to as AAV type 2i8 (AAV2i8), NP4,
NP22, NP66, AAVDJ, AAVDJ/8, AAVDJ/9, AAVLKO3, RHM4-1, among many others.
AAV variants isolated from human CD34+ cell include AAVHSC1, AAVHSC?2,
AAVHSC3, AAVHSC4, AAVHSC5, AAVHSC6, AAVHSC7, AAVHSC8, AAVHSC9,
AAVHSC10, AAVHSC11, AAVHSC12, AAVHSC13, AAVHSC14 and AAVHSC15
(Smith et al. (2014) Molecular Therapy 22(9):1625-1634).

[0097] “Primate AAV” refers to AAV that infect primates, “non-primate AAV” refers
to AAV that infect non-primate mammals, “bovine AAV” refers to AAV that infect
bovine mammals, and so on. Serotype distinctiveness is determined on the basis of
the lack of cross-reactivity between antibodies to one AAV as compared to another
AAV. Such cross-reactivity differences are usually due to differences in capsid
protein sequences and antigenic determinants (e.g., due to VP1, VP2, and/or VP3
sequence differences of AAV serotypes). However, some naturally occurring AAV or
man-made AAV mutants (e.g., recombinant AAV) may not exhibit serological
difference with any of the currently known serotypes. These viruses may then be
considered a subgroup of the corresponding type, or more simply a variant AAV.
Thus, as used herein, the term “serotype” refers to both serologically distinct viruses,
e.g., AAV, as well as viruses, e.g., AAV, that are not serologically distinct but that
may be within a subgroup or a variant of a given serotype.

[0098] A comprehensive list and alignment of amino acid sequences of capsids of
known AAV serotypes is provided by Marsic et al. (2014) Molecular Therapy
22(11):1900-1909, especially at supplementary Figure 1.

[0099] Genomic sequences of various serotypes of AAV, as well as sequences of
the native terminal repeats (ITRs), rep proteins, and capsid subunits are known in
the art. Such sequences may be found in the literature or in public databases such
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as GenBank. See, e.g., GenBank Accession Numbers NC_002077 (AAV1),
AF063497 (AAV1), NC_001401 (AAV2), AF043303 (AAV2), NC_001729 (AAV3),
AF028705.1 (AAV3B), NC_001829 (AAV4), U89790 (AAV4), NC_006152 (AAV5),
AF028704 (AAV6),, AF513851 (AAV7), AF513852 (AAV8), NC_006261 (AAVS),
AY530579 (AAV9), AY631965 (AAV10), AY631966 (AAV11), and DQ813647
(AAV12); the disclosures of which are incorporated by reference herein. See also,
e.g., Srivistava et al. (1983) J. Virology 45:555; Chiorini et al. (1998) J. Virology
71:6823; Chiorini et al. (1999) J. Virology 73: 1309; Bantel-Schaal et al. (1999) J.
Virology 73:939; Xiao et al. (1999) J. Virology 73:3994; Muramatsu et al. (1996)
Virology 221:208; Shade et al. (1986) J. Virol. 58:921; Gao et al. (2002) Proc. Nat.
Acad. Sci. USA 99: 11854; Moris et al. (2004) Virology 33:375-383; international
patent publications WO 00/28061, WO 99/61601, WO 98/11244; WO 2013/063379;
WO 2014/194132; WO 2015/121501, and U.S. Patent No. 6,156,303 and U.S.
Patent No. 7,906,111. For illustrative purposes only, wild type AAV2 comprises a
small (20-25 nm) icosahedral virus capsid of AAV composed of three proteins (VP1,
VP2, and VP3; a total of 60 capsid proteins compose the AAV capsid) with
overlapping sequences. The proteins VP1 (735 aa; Genbank Accession No.
AACO03780), VP2 (598 aa; Genbank Accession No. AAC03778) and VP3 (533 aa;
Genbank Accession No. AAC03779) exist in about a 1:1:10 ratio in the capsid. That
is, for AAVs, VP1 is the full length protein and VP2 and VP3 are progressively
shorter versions of VP1, with increasing truncation of the N-terminus relative to VP1.
In one embodiment, of the method disclosed herein, a rAAV vector comprises an
AAV9 VP1 comprising the amino acid sequence of SEQ ID NO:11.

Recombinant AAV (rAAV)
[0100] As discussed supra, a “recombinant adeno-associated virus” or “rAAV” is

distinguished from a wild-type AAV by replacement of all or part of the viral genome
with a non-native sequence. Incorporation of a non-native sequence within the virus
defines the viral vector as a “recombinant” vector, and hence a “rAAV vector.” A
rAAV vector can include a heterologous polynucleotide (e.g., human codon-
optimized gene encoding human mini-dystrophin, e.g., SEQ ID NO:1) encoding a
desired protein or polypeptide (e.g., a dystrophin polypeptide, or fragment thereof,
e.g., SEQ ID NO:2). A recombinant vector sequence may be encapsidated or
packaged into an AAV capsid and referred to as an “rAAV vector,” an “rAAV vector

” &

particle,” “rAAV viral particle” or simply a “rAAV.”
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[0101] The present disclosure provides for methods of purifying a rAAV vector
comprising a polynucleotide sequence not of AAV origin (e.g., a polynucleotide
heterologous to AAV). The heterologous polynucleotide may be flanked by at least
one, and sometimes by two, AAV terminal repeat sequences (e.g., inverted terminal
repeats (ITRs)). The heterologous polynucleotide flanked by ITRs, also referred to
herein as a “vector genome,” typically encodes a polypeptide of interest, or a gene of
interest (“GOI”), such as a target for therapeutic treatment (e.g., a nucleic acid
encoding dystrophin, or a fragment thereof, for the treatment of Duchenne muscular
dystrophy). Delivery or administration of a rAAV vector to a subject (e.g. a patient)
provides encoded proteins and peptides to the subject. Thus, a rAAV vector can be
used to transfer/deliver a heterologous polynucleotide for expression for, e.g.,
treating a variety of diseases, disorders and conditions.

[0102] rAAV vector genomes generally retain 145 base ITRs in cis to the
heterologous nucleic acid sequence that replaces the viral rep and cap genes. Such
ITRs are necessary to produce a recombinant AAV vector; however, modified AAV
ITRs and non-AAV terminal repeats including partially or completely synthetic
sequences can also serve this purpose. ITRs form hairpin structures and function to,
for example, serve as primers for host-cell-mediated synthesis of the complementary
DNA strand after infection. ITRs also play a role in viral packaging, integration, etc.
ITRs are the only AAV viral elements which are required in cis for AAV genome
replication and packaging into rAAV vectors. A rAAV vector genome optionally
comprises two ITRs which are generally at the 5" and 3’ ends of the vector genome
comprising a heterologous sequence (e.g., a transgene encoding a gene of interest,
or a nucleic acid sequence of interest including, but not limited to, an antisense, and
siRNA, a CRISPR molecule, among many others). A5’ and a 3’ ITR may both
comprise the same sequence, or each may comprise a different sequence. An AAV
ITR may be from any AAV including by not limited to serotypes 1, 2, 3,4, 5,6, 7, 8,
9, 10 or 11 or any other AAV. An ITR is a sequence which mediates AAV genome
replication and packaging.

[0103] A rAAV vector of the disclosure may comprise an ITR from an AAV
serotype (e.g., wild-type AAV2, a fragment or variant thereof) that differs from the
serotype of the capsid (e.g., AAV9 or other). Such a rAAV vector comprising at least
one ITR from one serotype, but comprising an AAV capsid protein from a different
serotype, may be referred to as a hybrid viral vector (see U.S. Patent No.
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7,172,893). An AAV ITR may include the entire wild type ITR sequence, or be a
variant, fragment, or modification thereof, but will retain functionality.

[0104] In some embodiments, a heterologous polypeptide comprises an ITR (e.g.,
an ITR from AAV2, but can comprise an ITR from any wild type AAV serotype, or a
variant thereof) positioned at the left and right ends (i.e., 5’ and 3’ termini,
respectively) of a vector genome. In some embodiments, a left (e.g., 5°) ITR
comprises or consists of the nucleic acid sequence of SEQ ID NO:7 or SEQ ID
NO:8. In some embodiments, a left (e.g., 5°) ITR comprises a nucleic acid sequence
that is about 80%, about 85%, about 90%, about 95%, about 98%, about 99% or
100% identical to SEQ ID NO:7 or SEQ ID NO:8. In some embodiments, a right
(e.g., 3’) ITR comprises or consists of a nucleic acid sequence of SEQ ID NO:7 or
SEQ ID NO:8. In some embodiments, a right (e.g., 3’) ITR comprises a nucleic acid
sequence that is about 80%, about 85%, about 90%, about 95%, about 98%, about
99% or 100% identical to SEQ ID NO:7 or SEQ ID NO:8. Each ITR is in cis with but
may be separated from each other, or other elements in the vector genome, by a
nucleic acid sequence of variable length, such as a recombinant nucleic acid
comprising a modified nucleic acid encoding dystrophin, or a fragment thereof, and
regulatory elements. In some embodiments, ITRs are AAV2 ITRs, or variants
thereof, and flank a dystrophin transgene. In some embodiments, a rAAV comprises
a dystrophin transgene (e.g., comprising the nucleic acid sequence of SEQ ID NO:1)
flanked by AAV2 ITRs (e.g., ITRs having the sequence as set forth in SEQ ID NO:7
or SEQ ID NO:8).

[0105] In some embodiments, a rAAV vector genome is linear, single-stranded
and flanked by AAV ITRs. Prior to transcription and translation of the heterologous
gene, a single stranded DNA genome of approximately 4700 nucleotides must be
converted to a double-stranded form by DNA polymerases (e.g., DNA polymerases
within the transduced cell) using the free 3’-OH of one of the self-priming ITRs to
initiate second-strand synthesis. In some embodiments, full length-single stranded
vector genomes (i.e., sense and anti-sense) anneal to generate a full length-double
stranded vector genome. This may occur when multiple rAAV vectors carrying
genomes of opposite polarity (i.e., sense or anti-sense) simultaneously transduce the
same cell. Regardless of how they are produced, once double-stranded vector
genomes are formed, the cell can transcribe and translate the double-stranded DNA
and express the heterologous gene.
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[0106] The efficiency of transgene expression from a rAAV vector can be
hindered by the need to convert a single stranded rAAV genome (ssAAV) into
double-stranded DNA prior to expression. This step is circumvented by using a self-
complementary AAV genome (scAAV) that can package an inverted repeat genome
that can fold into double-stranded DNA without the need for DNA synthesis or base-
pairing between multiple vector genomes (McCarty, (2008) Molec. Therapy
16(10):1648-1656; McCarty et al., (2001) Gene Therapy 8:1248-1254; McCarty et
al., (2003) Gene Therapy 10:2112-2118). A limitation of a scAAV vector is that size
of the unique transgene, regulatory elements and IRTs to be package in the capsid
is about half the size (i.e., ~2,500 nucleotides of which 2,200 nucleotides may be a
transgene and regulatory elements, plus two copies of the ~145 nucleotide ITRs) of
a ssAAV vector genome (i.e., ~ 4,900 nucleotides including two ITRs).

[0107] scAAV vector genomes are made by deleting the terminal resolution site
(TRS) from one rAAV ITR of the expression plasmid, thereby preventing initiation of
replication from that end (see U.S. Patent No. 8,784,799). AAV replication within a
host cell is initiated at the wild type ITR of the genome and continues through the
mutant ITR without terminal resolution and then back across the genome to create a
dimer. The dimer is a self-complementary genome with a mutant ITR in the middle,
and wild-type ITRs at each end. In some embodiments, a mutant ITR with a deleted
TRS is at the 5" end of the vector genome. In some embodiments, a mutant ITR with
a deleted TRS is at the 3’ end of the vector genome. In some embodiments, a
mutant ITR comprises the nucleic acid sequence of SEQ ID NO:13 or SEQ ID
NO:14.

[0108] Without wishing to be bound by theory, while the two halves of a scCAAV
genome are complementary, it is unlikely that there is substantial base pairing within
the capsid as many of the bases are in contact with amino acid residues of the inner
capsid shell and the phosphate backbone is sequestered toward the center
(McCarty, Molec. Therapy (2008) 16(10):1648-1656). It likely that upon uncoating,
the two halves of the scAAV genome anneal to form a dsDNA hairpin molecule, with
a covalently closed ITR at one end and two open-ended ITRs on the other. The ITRs
flank a double-stranded region encoding, among other things, the transgene, and
regulatory elements in cis thereto.

[0109] A viral capsid of a rAAV vector may be from a wild type AAV or a variant
AAV such as AAV1, AAV2, AAV3, AAV3A, AAV3B, AAV4, AAV5, AAV6E, AAV7,
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AAVS8, AAV9, AAV10, AAVrh10, AAVrh74 (see WO2016/210170), AAV12, AAV2i8,
AAV1.1, AAV2.5, AAV6.1, AAV6.3.1, AAV9.45, RHM4-1 (SEQ ID NO:5 of WO
2015/013313), RHM15-1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6, AAV
hu.26, AAV1.1, AAV2.5, AAV6.1, AAV6.3.1, AAV9,45, AAV2i8, AAV29G, AAV2,8G9,
AVV-LKO03, AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, AAV avian AAV, bovine
AAV, canine AAV, equine AAV, primate AAV, non-primate AAV, snake AAV, goat
AAV, shrimp AAV, ovine AAV and variants thereof (see, e.g., Fields et al.,
VIROLOGY, volume 2, chapter 69 (41" ed., Lippincott-Raven Publishers). Capsids
may be derived from a number of AAV serotypes disclosed in U.S. Patent No.
7,906,111; Gao et al. (2004) J. Virol. 78:6381; Morris et al. (2004) Virol. 33:375; WO
2013/063379; WO 2014/194132; and include true type AAV (AAV-TT) variants
disclosed in WO 2015/121501, and RHM4-1, RHM15-1 through RHM15-6, and
variants thereof, disclosed in WO 2015/013313. Capsids may also be derived from
AAYV variants isolated from human CD34+ cell include AAVHSC1, AAVHSC2,
AAVHSC3, AAVHSC4, AAVHSC5, AAVHSC6, AAVHSC7, AAVHSCS8, AAVHSC9,
AAVHSC10, AAVHSC11, AAVHSC12, AAVHSC13, AAVHSC14 and AAVHSC15
(Smith et al. (2014) Molecular Therapy 22(9):1625-1634). One skilled in the art
would know there are likely other AAV variants not yet identified that perform the
same or similar function. A full complement of AAV cap proteins includes VP1, VP2,
and VP3. The ORF comprising nucleotide sequences encoding AAV VP capsid
proteins may comprise less than a full complement AAV Cap proteins or the full
complement of AAV cap proteins may be provided.

[0110] In another embodiment, the present disclosure provides for the use of
ancestral AAV vectors for use in therapeutic in vivo gene therapy. Specifically, in
silico-derived sequences may be synthesized de novo and characterized for
biological activities. Prediction and synthesis of ancestral sequences, in addition to
assembly into a rAAV vector, may be accomplished using methods described in WO
2015/054653, the contents of which are incorporated by reference herein. Notably,
rAAV vectors assembled from ancestral viral sequences may exhibit reduced
susceptibility to pre-existing immunity in human populations as compared to
contemporary viruses or portions thereof.

[0111] In some embodiments, a rAAV vector comprising a capsid protein
encoded by a nucleotide sequence derived from more than one AAV serotype (e.g.,
wild type AAV serotypes, variant AAV serotypes) is referred to as a “chimeric vector”
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or “chimeric capsid” (See U.S. Patent No. 6,491,907, the entire disclosure of which is
incorporated herein by reference). In some embodiments, a chimeric capsid protein
is encoded by a nucleic acid sequence derived from 2, 3,4, 5,6, 7, 8,9, 10 or more
AAYV serotypes. In some embodiments, a recombinant AAV vector includes a capsid
sequence derived from e.g., AAV1, AAVZ2, AAV3, AAV3A, AAV3B, AAV4, AAVS,
AAV6, AAV7, AAV8, AAV9, AAV10, AAV11, AAVrh74, AAVrh10, AAV2i8, or variant
thereof, resulting in a chimeric capsid protein comprising a combination of amino
acids from any of the foregoing AAV serotypes (see, Rabinowitz et al. (2002) J.
Virology 76(2):791-801). Alternatively, a chimeric capsid can comprise a mixture of a
VP1 from one serotype, a VP2 from a different serotype, a VP3 from yet a different
serotype, and a combination thereof. For example, a chimeric virus capsid may
include an AAV1 cap protein or subunit and at least one AAV2 cap protein or
subunit. A chimeric capsid can, for example include an AAV capsid with one or more
B19 cap subunits, e.g., an AAV cap protein or subunit can be replaced by a B19 cap
protein or subunit. For example, in one embodiment, a VP3 subunit of an AAV
capsid can be replaced by a VP2 subunit of B19.

[0112] In some embodiments, chimeric vectors have been engineered to exhibit
altered tropism or tropism for a particular tissue or cell type. The term “tropism”
refers to preferential entry of the virus into certain cell or tissue types and/or
preferential interaction with the cell surface that facilitates entry into certain cell or
tissue types. AAV tropism is generally determined by the specific interaction between
distinct viral capsid proteins and their cognate cellular receptors (Lykken et al. (2018)
J. Neurodev. Disord. 10:16). Preferably, once a virus or viral vector has entered a
cell, sequences (e.g., heterologous sequences such as a transgene) carried by the
vector genome (e.g., a rAAV vector genome) are expressed.

[0113] A “tropism profile” refers to a pattern of transduction of one or more target
cells, tissues and/or organs. For example, an AAV capsid may have a tropism profile
characterized by efficient transduction of muscle cells with only low transduction of,
for example, brain cells.

3. Recombinant Nucleic Acids

[0114] Methods of the present disclosure include purification of a rAAV vector
comprising a recombinant nucleic acid including modified nucleic acids as well as
plasmids and vector genomes that comprise a modified nucleic acid. A recombinant

nucleic acid, plasmid or vector genome may comprise regulatory sequences to
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modulate propagation (e.g., of a plasmid) and/or control expression of a modified

nucleic acid (e.g., a transgene). Recombinant nucleic acids may also be provided as

a component of a viral vector (e.g., a rAAV vector). Generally, a viral vector includes

a vector genome comprising a recombinant nucleic acid packaged in a capsid.
Modified Nucleic Acids

[0115] A modified, or variant form, of a gene, nucleic acid or polynucleotide (e.g.,

a transgene) refers to a nucleic acid that deviates from a reference sequence. A
reference sequence may be a naturally occurring, wild type sequence (e.g., a gene)
and may include naturally occurring variants (e.g., splice variants, alternative reading
frames). Those skilled in the art will be aware that reference sequences can be
found in publicly available databases such as GenBank (ncbi.nlm.nih.gov/genbanky).
Modified/variant nucleic acids may have substantially the same, greater or lesser
activity, function or expression as compared to a reference sequence. Preferably, a
modified, or variant nucleic acid, as used interchangeably herein, exhibits improved
protein expression, e.g., a protein encoded thereby is expressed at a detectably
greater level in a cell compared with the level of expression of a protein provided by
an endogenous gene (e.g., a wild type gene, a mutant gene) in an otherwise
identical cell. In some embodiments, a modified, or variant nucleic acid, as used
interchangeably herein, exhibits improved protein expression, e.g., a protein
encoded thereby is expressed at a detectably greater level in a cell compared with
the level of expression of a protein provided by an endogenous gene comprising a
mutation in an otherwise identical cell.

[0116] Modifications to nucleic acids include one or more nucleotide substitutions
(e.g., substitution of 1-3, 3-5, 5-10, 10-15, 15-20, 20-25, 25-30, 30-40, 40-50, 50-100
or more nucleotides), additions (e.g., insertion of 1-3, 3-5, 5-10, 10-15, 15-20, 20-25,
25-30, 30-40, 40-50, 50-100 or more nucleotides), deletions (e.g., deletion of 1-3, 3-
5, 5-10, 10-15, 15-20, 20-25, 25-30, 30-40, 40-50, 50-100 or more nucleotides,
deletion of a motif, domain, fragment, etc.) of a reference sequence. A modified
nucleic acid may be about 50%, about 60%, about 70%, about 80%, about 85%,
about 90%, about 92%, about 93%, about 94%, about 95%, about 96% about 97%
about 98% or about 99% identical to a reference sequence.

[0117] A modified nucleic acid may encode a polypeptide with about 50%, about
60%, about 70%, about 80%, about 85%, about 90%, about 95%, about 98%, about
99% or 100% identity to a reference polypeptide. In some embodiments, a modified
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nucleic acid encodes a polypeptide with 100% identify to a reference polypeptide.
[0118] In some embodiments, a modified nucleic acid (e.g., transgene) encodes a
wild-type protein. Such modified nucleic acid may be codon optimized. “Optimized”
or “codon-optimized,” as referred to interchangeably herein, refers to a coding
sequence that has been optimized relative to a wild type coding sequence or
reference sequence (e.g., a coding sequence for a mini-dystrophin polypeptide, e.g.,
SEQ ID NO:2, a coding sequence for a deleted copper transporting ATPase
polypeptide, e.g., SEQ ID NO:15) to increase expression of the polypeptide, e.g., by
minimizing usage of rare codons, decreasing the number of CpG dinucleotides,
removing cryptic splice donor or acceptor sites, removing Kozak sequences,
removing ribosomal entry sites, and the like. In some embodiments, a level of
expression of a protein from a codon-optimized sequence is increased as compared
to a level of expression of a protein from a wild type gene in an otherwise identical
cell. In some embodiments, a level of expression of a protein from a codon-optimized
sequence is not increased (e.g., expression is substantially similar) as compared to a
level of expression of a protein from a wild-type gene in an otherwise identical cell. In
some embodiments, a level of expression of a protein from a codon-optimized
sequence is increased as compared to a level of expression of a protein from a
mutant gene in an otherwise identical cell.

[0119] Examples of modifications include elimination of one or more cis-acting
motifs and introduction of one or more Kozak sequences. In some embodiments,
one or more cis-acting motifs are eliminated and one or more Kozak sequences are
introduced.

[0120] Examples of cis-acting motifs that may be eliminated include internal
TATA-boxes; chi-sites; ribosomal entry sites; ARE, INS, and/or CRS sequence
elements; repeat sequences and/or RNA secondary structures; (cryptic) splice donor
and/or acceptor sites, branch points; and restriction sites.

[0121] In some embodiments, a modified nucleic acid encodes a modified or
variant polypeptide. A modified polypeptide (e.g., a codon optimized mini-dystrophin)
encoded by a modified nucleic acid may retain all or a part of the function or activity
of a polypeptide encoded by a wild type coding or reference sequence. In some
embodiments, a modified polypeptide has one or more non-conservative or
conservative amino acid changes. In some embodiments, certain domains that have

been demonstrated to play a limited or no role in a function of a polypeptide are not
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present in a modified polypeptide (e.g., certain binding domains) (e.g., WO
2016/097219). Modified nucleic acids present in rAAV vectors may comprise fewer
nucleotides than the wild type coding, or reference sequence, due to the packaging
capacity of a rAAV capsid (e.g., shortened minidystrophin transgene, see WO
2001/83695; a B-domain deleted human Factor VIII transgene, see WO
2017/074526 all of which are incorporated herein by reference), and also include
shortened transgenes that are both truncated and codon-optimized (e.g., a codon
optimized mini-dystrophin transgene described in WO 2017/221145; deleted copper
transporting ATPase2 with deletion of metal binding sites (MBS) 1-4, see WO
2016/097219 and WO 2016/097218 all of which are incorporated herein by
reference). In some embodiments, a polypeptide encoded by a modified nucleic acid
has less than, the same, or greater, but at least a part of, a function or activity of a
polypeptide encoded by a reference sequence.

[0122] Modified nucleic acids may have a modified GC content (e.g., the number
of G and C nucleotides present in a nucleic acid sequence), a modified (e.g.,
increased or decreased) CpG dinucleotide content and/or a modified (e.g., increased
or decreased) codon adaptation index (CAl) relative to a reference and/or wild-type
sequence. See, e.g., WO 2017/077451 (discussing various considerations well-
known in the art for codon-optimization of nucleic acid sequences of interest,
including publicly available software for analyzing nucleic acid sequences for
optimization). As used herein, modified refers to a decrease or an increase in a
particular value, amount or effect.

[0123] In some embodiments, a GC content of a modified nucleic acid sequence
of the present disclosure is increased relative to a reference and/or a wild-type gene
or coding sequence. The GC content of a modified nucleic acid is at least 5%, at
least 6%, at least 7%, at least 8%, at least 9%, at least 10%, at least 12%, at least
14%, at least 15%, at least 17%, at least 20%, at least 30%, at least 40%, at least
50%, at least 60%, at least 70% greater than GC content of a wild type coding
sequence. In some embodiments, GC content is expressed as a percentage of G
(guanine) and C (cytosine) nucleotides in the sequence.

[0124] In some embodiments, a codon adaptation index of a modified nucleic acid
sequence of the present disclosure is at least 0.74, at least 0.76, at least 0.77, at
least 0.80, at least 0.85, at least 0.86, at least 0.87, at least 0.90, at least 0.95 or at
least 0.98.
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[0125] In some embodiments, a modified nucleic acid sequence of the present
disclosure has a reduced level of CpG dinucleotides, that being a reduction of about
10%, 20%, 30%, 50% or more, as compared to a wild type or reference nucleic acid
sequence. In some embodiments, a modified nucleic acid has 1-5 fewer, 5-10 fewer,
10-15 fewer, 15-20 fewer, 20-25 fewer, 25-30 fewer, 30-40 fewer, 40-45 fewer or 45-
50 fewer, or even fewer di-nucleotides than a reference sequence (e.g., a wild type
sequence).

[0126] It is known that methylation of CpG dinucleotides plays an important role in
the regulation of gene expression in eukaryotes. Specifically, methylation of CpG
dinucleotides in eukaryotes essentially serves to silence gene expression through
interfering with the transcriptional machinery. As such, because of the gene silencing
evoked by methylation of CpG motifs, nucleic acids and vectors having a reduced
number of CpG dinucleotides will provide for high and longer-lasting transgene
expression level.

[0127] Modified nucleic acid sequences may include flanking restriction sites to
facilitate subcloning into an expression vector. Many such restriction sites are well
known in the art, and include, but are not limited to Aval, Swal, ApalL1 and Xmal.
[0128] The present disclosure includes a modified nucleic acid of SEQ ID NO:1
which encodes a functionally active fragment of the dystrophin polypeptide. A
“functionally active” or “functional dystrophin polypeptide” indicates that the fragment
provides the same or similar biological function and/or activity as a full-length
dystrophin polypeptide. That is, the fragment provides the same function including,
but not limited to, as a structural protein of myofilaments of a muscle fiber. The
biological activity of a functional fragment of dystrophin encompasses reversing or
preventing the neuromuscular phenotype associated with Duchenne muscular
dystrophy.

[0129] Thus, one embodiment of the invention relates to a method of purifying a
rAAV vector comprising a modified nucleic acid encoding a mini-dystrophin protein,
the nucleic acid comprising, consisting essentially of, or consisting of the nucleic acid
sequence of SEQ ID NO:1 or a sequence at least about 90% identical thereto. In
some embodiments, the nucleic acid is at least about 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% identical to the nucleic acid sequence of SEQ ID
NO:1. In certain embodiments, the nucleic acid has a length that is within the
capacity of a viral vector, e.g., a parvovirus vector, e.g., a rAAV vector. In some
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embodiments, the nucleic acid is about 5000, 4900, 4800, 4700, 4600, 4500, 4400,
4300, 4200, 4100, or about 4000 nucleotides, or fewer.
[0130] In some embodiments, a nucleic acid encodes a mini-dystrophin protein
comprising, consisting essentially of, or consisting of the amino acid sequence of
SEQ ID NO:2 or a sequence at least about 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the amino acid sequence of SEQ ID NO:2.
[0131] In some embodiments, a nucleic acid encodes a deleted copper
transporting ATPase 2 protein comprising, consisting essentially of, or consisting of
the amino acid sequence of SEQ ID NO:15 or a sequence at least about 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the amino acid sequence
of SEQ ID NO:15.
[0132] In some embodiments, a nucleic acid (e.g., SEQ ID NO:1) is part of a
recombinant nucleic acid for production of dystrophin protein. The recombinant
nucleic acid may further comprise regulatory elements useful for increasing
expression of dystrophin. In some embodiments, a nucleic acid is part of a
recombinant nucleic acid for production of cooper transporting ATPase 2 protein.
The recombinant nucleic acid may further comprise regulatory elements useful for
increasing expression of copper transporting ATPase 2.

Requlatory elements
[0133] Methods of the present disclosure include purification of a rAAV vector
comprising a recombinant nucleic acid including a modified nucleic acid encoding a
polypeptide (e.g., mini-dystrophin) and various regulatory or control elements.
Typically, regulatory elements are nucleic acid sequence(s) that influence expression
of an operably linked polynucleotide. The precise nature of regulatory elements
useful for gene expression will vary from organism to organism and from cell type to
cell type including, for example, a promoter, enhancer, intron etc., with the intent to
facilitate proper heterologous polynucleotide transcription and translation. Regulatory
control can be affected at the level of transcription, translation, splicing, message
stability, etc. Typically, a regulatory control element that modulates transcription is
juxtaposed near the 5’ end of the transcribed polynucleotide (i.e., upstream).
Regulatory control elements may also be located at the 3’ end of the transcribed
sequence (i.e., downstream) or within the transcript (e.g., in an intron). Regulatory
control elements can be located at a distance away from the transcribed sequence
(e.g., 1to 100, 100 to 500, 500 to 1000, 1000 to 5000, 5000 to 10,000 or more
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nucleotides). However, due to the length of an AAV vector genome, regulatory
control elements are typically within 1 to 1000 nucleotides from the polynucleotide.
Promoter
[0134] As used herein, the term “promoter,” such as a “eukaryotic promoter,”
refers to a nucleotide sequence that initiates transcription of a particular gene, or one
or more coding sequences (e.g., an mini-dystrophin coding sequence), in eukaryotic
cells (e.g., a muscle cell). A promoter can work with other regulatory elements or
regions to direct the level of transcription of the gene or coding sequence(s). These
regulatory elements include, for example, transcription binding sites, repressor and
activator protein binding sites, and other nucleotide sequences known to act directly
or indirectly to regulate the amount of transcription from the promoter, including, for
example, attenuators, enhances and silencers. The promoter is most often located
on the same strand and near the transcription start site, 5° of the gene or coding
sequence to which it is operably linked. A promoter is generally 100 — 1000
nuclectides in length. A promoter typically increases gene expression relative to
expression of the same gene in the absence of a promoter.
[0135] As used herein, a “core promoter” or “minimal promoter” refers to the
minimal portion of a promoter sequence required to properly initiate transcription. It
may include any of the following: a transcription start site, a binding site for RNA
polymerase and a general transcription factor binding site. A promoter may also
comprise a proximal promoter sequence (5° of a core promoter) that contains other
primary regulatory elements (e.g., enhancer, silencer, boundary element, insulator)
as well as a distal promoter sequence (3’ of a core promoter). In some embodiments,
a core or minimal promoter is an a1-antitrypsin core or minimal promoter, optionally
comprising or consisting of the nucleic acid of SEQ ID NO:16.
[0136] Examples of a suitable promoter include adenoviral promoters, such as
the adenoviral major late promoter; heterologous promoters, such as the
cytomegalovirus (CMV) promoter; the respiratory syncytial virus promoter; the Rous
Sarcoma Virus (RSV) promoter; the aloumin promoter; inducible promoters, such as
the Mouse Mammary Tumor Virus (MMTV) promoter; the metallothionein promoter;
heat shock promoters; the a-1-antitrypsin promoter; the hepatitis B surface antigen
promoter; the transferrin promoter; the apolipoprotein A-1 promoter; chicken B-actin
(CBA) promoter; the elongation factor 1a (EF1a) promoter; the hybrid form of the
CBA promoter (CBh promoter); the CAG promoter (cytomegalovirus early enhancer
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element and promoter, the first exon, and the first intron of chicken beta-actin gene
and the splice acceptor of the rabbit beta-globin gene) (Alexopoulou et al. (2008)
BioMed. Central Cell Biol. 9:2); a creatine kinase promoter; and the human
dystrophin gene promoter.

[0137] In some embodiments, the promoter is a creatinine kinase promoter, e.g.,
a promoter comprising, consisting essentially of, or consisting of the nuclectide
sequence of SEQ ID NO:3 or SEQ ID NO:4.

[0138] In some embodiments of the present disclosure, a eukaryotic promoter
sequence (e.g., a creatine kinase promoter) is operably linked to a modified nucleic
acid encoding e.g., mini-dystrophin or a deleted copper transporting ATPase2. In
some embodiments, a promoter comprising the nucleic acid sequence of SEQ ID
NO:3 or SEQ ID NO:6 (e.g., a creatine kinase promoter) is operably linked to a
modified nucleic acid encoding mini-dystrophin. In some embodiments, a promoter
comprising a nucleic acid sequence at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, at least 99% or 100% identical to the nucleic acid sequence of
SEQ ID NO:3 or SEQ ID NO:4 is operably linked to a nucleic acid comprising the
nucleic acid sequence of SEQ ID NO:1. In some embodiments, a promoter
comprising the nucleic acid sequence of SEQ ID NO:16 (e.g., an al-antitrypsin
promoter) is operably linked to a modified nucleic acid encoding a deleted copper
transporting ATPase 2 with deletion of MBS 1-4 (e.g., SEQ ID NO:15). In some
embodiments, a promoter comprising a nucleic acid sequence at least 80%, at least
85%, at least 90%, at least 95%, at least 98%, at least 99% or 100% identical to the
nucleic acid sequence of SEQ ID NO:16 is operably linked to a nucleic acid
comprising the amino acid sequence of SEQ ID NO:15.

[0139] In some embodiments, a promoter comprising a nucleic acid sequence at
least 95% identical to the nucleic acid sequence of SEQ ID NO:3 or SEQ ID NO:4 is
operably linked to a nucleic acid sequence at least 95% identical to the nucleic acid
sequence of SEQ ID NO:1 and induces expression of a polypeptide encoded by the
nucleic acid sequence of SEQ ID NO:1 in muscle cells.

[0140] A promoter may be constitutive, tissue-specific or regulated. Constitutive
promoters are those which cause an operably linked gene to be expressed
essentially at all times. In some embodiments, a constitutive promoter is active in
most eukaryotic tissues under most physiological and developmental conditions.
[0141] Regulated promoters are those which can be activated or deactivated.
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Regulated promoters include inducible promoters, which are usually “off,” but which
may be induced to turn “on,” and “repressible” promoters, which are usually “on,” but
may be turned “off.” Many different regulators are known, including temperature,
hormones, cytokines, heavy metals and regulatory proteins. The distinctions are not
absolute; a constitutive promoter may often be regulated to some degree. In some
cases, an endogenous pathway may be utilized to provide regulation of the
transgene expression, e.g., using a promoter that is naturally downregulated when
the pathological condition improves.
[0142] A tissue-specific promoter is a promoter that is active in only specific types
of tissues, cells or organs. Typically, a tissue-specific promoter is recognized by
transcriptional activator elements that are specific to a particular tissue, cell and/or
organ. For example, a tissue-specific promoter may be more active in one or several
particular tissues (e.g., two, three or four) than in other tissues. In some
embodiments, expression of a gene modulated by a tissue-specific promoter is much
higher in the tissue for which the promoter is specific than in other tissues. In some
embodiments, there may be little, or substantially no activity, of the promoter in any
tissue other than the one for which it is specific. A promoter may be a tissue-specific
promoter, such as the mouse albumin promoter, or the transthyretin promoter (TTR),
which are active in liver cells. Other examples of tissue specific promoters include
promoters from genes encoding skeletal a-actin, myosin light chain 2A, dystrophin,
muscle creatine kinase which induce expression in skeletal muscle (Li et al. (1999)
Nat. Biotech. 17:241-245). Liver specific expression may be induced using
promoters from the albumin gene (Miyatake et al. (1997) J. Virol. 71:5124-5132),
hepatitis B. virus core promoter (Sandig, et al. (1996) Gene Ther. 3:1002-1009) and
alpha-fetoprotein (Arbuthnot et al., (1996) Hum. Gene. Ther. 7:1503-1514).
Enhancer
[0143] In another aspect, a modified nucleic acid encoding a therapeutic
polypeptide further comprises an enhancer to increase expression of the therapeutic
polypeptide. Typically, an enhancer element is located upstream of a promoter
element but may also be located downstream or within another sequence (e.g., a
transgene). An enhancer may be located 100 nucleotides, 200 nucleotides, 300
nucleotides or more upstream or downstream of a modified nucleic acid. An
enhancer typically increases expression of a modified nucleic acid (e.g., encoding a
therapeutic polypeptide) beyond the increased expression provided by a promoter
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element alone.
[0144] Many enhancers are known in the art, including, but not limited to, the
cytomegalovirus major immediate-early enhancer. More specifically, the
cytomegalovirus (CMV) MIE promoter comprises three regions: the modulator, the
unigue region and the enhancer (Isomura and Stinski (2003) J. Virol. 77(6):3602-
3614). The CMV enhancer region can be combined with another promoter, or a
portion thereof, to form a hybrid promoter to further increase expression of a nucleic
acid operably linked thereto. For example, a chicken B-actin (CBA) promoter, or a
portion thereof, can be combined with a CMV promoter/enhancer, or a portion
thereof, to make a version of CBA termed the “CBh” promoter, which stands for
chicken beta-actin hybrid promoter, as described in Gray et al. (2011, Human Gene
Therapy 22:1143-1153). Like promoters, enhancers may be constitutive, tissue-
specific or regulated.
[0145] In some embodiments of the present disclosure, a regulatory element
comprises a hybrid enhancer and promoter, such as a synthetic hybrid enhancer and
promoter derived from the creatine kinase (CK) gene which serves as a muscle specific
transcription regulatory element (hCK) and which is operably linked to a modified nucleic
acid encoding mini-dystrophin. In some embodiments, a synthetic hybrid enhancer
and promoter comprising the nucleic acid sequence of SEQ ID NO:5 is operably
linked to a modified nucleic acid encoding mini-dystrophin. In some embodiments, a
synthetic hybrid enhancer and promoter derived from the creatine kinase (CK) gene
comprising a nucleic acid sequence at least 80%, at least 85%, at least 90%, at least
95%, at least 98%, at least 99% or 100% identical to the nucleic acid sequence of
SEQ ID NO:5 is operably linked to a nucleic acid comprising the nucleic acid
sequence of SEQ ID NO:1.
[0146] In some embodiments, a synthetic hybrid enhancer and promoter derived from
the creatine kinase (CK) gene comprising a nucleic acid sequence at least 95%
identical to the nucleic acid sequence of SEQ ID NO:5 is operably linked to a nucleic
acid sequence at least 95% identical to the nucleic acid sequence of SEQ ID NO:1
and induces expression of a polypeptide encoded by the nucleic acid sequence of
SEQ ID NO:1 in muscle cells.

Fillers, Spacers and Stuffers
[0147] As disclosed herein, a recombinant nucleic acid intended for use in a rAAV

vector may include an additional nucleic acid element to adjust the length of the



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
91

nucleic acid to near, or at the normal size (e.g., approximately 4.7 to 4.9 kilobases),
of the viral genomic sequence acceptable for AAV packaging into a rAAV vector
(Grieger and Samulski (2005) J. Virol. 79(15):9933-9944). Such a sequence may be
referred to interchangeably as filler, spacer or stuffer. In some embodiments, filler
DNA is an untranslated (non-protein coding) segment of nucleic acid. In some
embodiments, a filler or stuffer polynucleotide sequence is a sequence between
about 1-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-70, 70-80, 80-90-90-100, 100-
150, 150-200, 200-250, 250-300, 300-400, 400-500, 500-750, 750-1000, 1000-1500,
1500-2000, 2000-3000 or more in length.
[0148] AAV vectors typically accept inserts of DNA having a size ranging from
about 4 kb to about 5.2 kb or about 4.1 to 4.9 kb for optimal packaging of the nucleic
acid into the AAV capsid. In some embodiments, a rAAV vector comprises a vector
genome having a total length between about 3.0 kb to about 3.5 kb, about 3.5 kb to
about 4.0 kb, about 4.0 kb to about 4.5kb, about 4.5 kb to about 5.0 kb or about 5.0
kb to about 5.2 kb. In some embodiments, a rAAV vector comprises a vector
genome having a total length of about 4.5 kb. In some embodiments, a rAAV vector
comprises a vector genome that is self-complementary. While the total length of a
self-complementary (sc) vector genome in a rAAV vector is equivalent to a single-
stranded (ss) vector genome (i.e., from about 4 kb to about 5.2 kb), the nucleic acid
sequence (i.e., comprising the transgene, regulatory elements and ITRs) encoding
the sc vector genome must be only half as long as a nucleic acid sequence encoding
a ss vector genome in order for the sc vector genome to be packaged in the capsid.
Introns and Exons
[0149] In some embodiments, a recombinant nucleic acid includes, for example,
an intron, exon and/or a portion thereof. An intron may function as a filler or stuffer
polynucleotide sequence to achieve an appropriate length for vector genome
packaging into a rAAV vector. An intron and/or an exon sequence can also enhance
expression of a polypeptide (e.g., a transgene) as compared to expression in the
absence of the intron and/or exon element (Kurachi et al. (1995) J. Biol. Chem. 270
(10):576-5281; WO 2017/074526). Furthermore, filler/stuffer polynucleotide
sequences (also referred to as “insulators”) are well known in the art and include, but
are not limited to, those described in WO 2014/144486 and WO 2017/074526.
[0150] An intron element may be derived from the same gene as a heterologous
polynucleotide, or derived from a completely different gene or other DNA sequence
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(e.g., chicken B-actin gene, minute virus of mice (MVM)). In some embodiments, a
recombinant nucleic acid includes at least one element selected from an intron and
an exon derived from a non-cognate gene (i.e., not derived from the modified nucleic
acid, e.g., transgene).

Polyadenylation Signal Sequence (polyA)
[0151]  Further regulatory elements may include a stop codon, a termination
sequence, and a polyadenylation (polyA) signal sequence, such as, but not limited to
a bovine growth hormone poly A signal sequence (BHG polyA). A polyA signal
sequence drives efficient addition of a poly-adenosine “tail” at the 3’ end of a
eukaryotic mRNA which guides termination of gene transcription (see, e.g., Goodwin
and Rottman J. Biol. Chem. (1992) 267(23):16330-16334). A polyA signal acts as a
signal for the endonucleolytic cleavage of the newly formed precursor mRNA at its 3’
end and for addition to this 3’ end of an RNA stretch consisting only of adenine
bases. A polyA tail is important for the nuclear export, translation and stability of
mRNA. In some embodiments, a poly A is a SV40 early polyadenylation signal, a
SV40 late polyadenylation signal, an HSV thymidine kinase polyadenylation signal, a
protamine gene polyadenylation signal, an adenovirus 5 E1b polyadenylation signal,
a growth hormone polyadenylation signal, a PBGD polyadenylation signal or an in
silico designed polyadenylation signal.
[0152] In some embodiments, and optionally in combination with one or more
other regulatory elements described herein, a polyA signal sequence of a
recombinant nucleic acid is a polyA signal that is capable of directing and effecting
the endonucleolytic cleavage and polyadenylation of the precursor mRNA resulting
from the transcription of a modified nucleic acid encoding e.g., mini-dystrophin (e.g.,
SEQ ID NO:2) or a deleted copper transporting ATPase 2 (e.g., SEQ ID NO:15). In
some embodiments, a polyA sequence comprises or consists of the nucleic acid
sequence of SEQ ID NO:6 or SEQ ID NO:17. In some embodiments, a polyA
sequence comprises a nucleic acid sequence about 80%, about 85%, about 90%,
about 95%, about 98%, about 99% or 100% identical to the nucleic acid sequence of
SEQ ID NO:6 or SEQ ID NO:17. In some embodiments, a recombinant nucleic acid
comprises at least one of: a promoter sequence (e.g., SEQ ID NO:3, SEQ ID NO:4),
a hybrid enhancer and promoter (e.g., SEQ ID NO:5) and a polyA (SEQ ID NO:6)
and modulates the expression of a heterologous polypeptide, optionally encoded by
the nucleic acid sequence of SEQ ID NO:1. In some embodiments, a recombinant
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nucleic acid comprises at least one of: a promoter sequence (e.g., SEQ ID NO:16),
and a polyA (SEQ ID NO:17) and modulates the expression of a heterologous
polypeptide comprising the amino acid sequence of SEQ ID NO:15.

[0153] In some embodiments, a rAAV9 vector with tropism for muscle cells,
contains a vector genome comprising AAV ITRs (e.g., AAV2 ITRs) and a
recombinant nucleic acid comprising a modified (i.e., codon-optimized) nucleic acid
encoding mini-dystrophin and at least one of the following regulatory elements: a
promoter (e.g., a human CK promoter), a hybrid enhancer and a poly A signal
sequence.

[0154] In some embodiments, a rAAV3B vector with tropism for liver cells,
contains a vector genome comprising AAV ITRs (e.g., AAV2 ITRs) and a
recombinant nucleic acid comprising a modified (i.e., codon-optimized) nucleic acid
encoding a deleted copper transporting ATPase 2 (e.g., amino acid sequence of
SEQ ID NO:15) and at least one of the following regulatory elements: a promoter
(e.g., an a1-antitrypsin promoter, e.g., of nucleic acid sequence SEQ ID NO:16) and
a poly A signal sequence (e.g., nucleic acid of SEQ ID NO:17).

[0155] In some embodiments, a rAAV 9 vector with tropism for muscle cells,
contains a vector genome comprising AAV ITRs (e.g., SEQ ID NO:7, SEQ ID NO:8)
and a recombinant nucleic acid comprising a modified (i.e., codon-optimized) nucleic
acid (e.g., SEQ ID NO:1) encoding mini-dystrophin and at least one of the following
regulatory elements: a promoter (e.g., SEQ ID NO:3 or SEQ ID NO:4), a hybrid
enhancer and promoter (e.g., SEQ ID NO:5) and a poly A (e.g., SEQ ID NO:6).

4. Assembly of Viral Vectors

[0156] A viral vector (e.g., rAAV vector) carrying a transgene (e.g., encoding mini-
dystrophin) is assembled from a polynucleotide encoding a transgene, suitable
regulatory elements and elements necessary for production of viral proteins which
mediate cell transduction. Examples of a viral vector include but are not limited to
adenoviral, retroviral, lentiviral, herpesvirus and adeno-associated virus (AAV)
vectors, and in particular rAAV vector (as discussed, supra).

[0157] A vector genome component of a rAAV vector produced according to the
methods of the disclosure include at least one transgene, e.g., a codon optimized
mini-dystrophin transgene and associated expression control sequences for
controlling expression of the modified nucleic acid encoding dystrophin, or a
fragment thereof.
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[0158] In an exemplary non-limiting embodiment, a vector genome includes a
portion of a parvovirus genome, such as an AAV genome with rep and cap deleted
and/or replaced by a modified nucleic acid (e.g., transgene, e.g., a codon optimized
mini-dystrophin transgene) and its associated expression control sequences. A
modified nucleic acid encoding dystrophin, or a fragment thereof, is typically inserted
adjacent to one or two (i.e., is flanked by) AAV ITRs or ITR elements adequate for
viral replication (Xiao et al. (1997) J. Virol. 71(2): 941-948), in place of the nucleic
acid encoding viral rep and cap proteins. Other regulatory sequences suitable for
use in facilitating tissue-specific expression of a codon optimized mini-dystrophin
transgene in the target cell (e.g., muscle cell) may also be included.

Packaging cell

[0159] One skilled in the art would appreciate that a rAAV vector comprising a
transgene, and lacking virus proteins needed for viral replication (e.g., cap and rep),
cannot replicate since such proteins are necessary for virus replication and
packaging. Cap and rep genes may be supplied to a cell (e.g., a host cell, e.g., a
packaging cell) as part of a plasmid that is separate from a plasmid supplying the
vector genome with the transgene.

[0160] “Packaging cell” or “producer cell” means a cell or cell line which may be
transfected with a vector, plasmid or DNA construct, and provides in frans all the
missing functions which are required for the complete replication and packaging of a
viral vector. The required genes for rAAV vector assembly include the vector
genome (e.g., a codon optimized mini-dystrophin transgene, regulatory elements,
and ITRs), AAV rep gene, AAV cap gene, and certain helper genes from other
viruses such as, e.g., adenovirus. One of ordinary skill would understand that the
requisite genes for AAV production can be introduced into a packaging cell in various
ways including, for example, transfection of one or more plasmids. However, in some
embodiments, some genes (e.g., rep, cap, helper) may already be presentin a
packaging cell, either integrated into the genome or carried on an episome. In some
embodiments, a packaging cell expresses, in a constitutive or inducible manner, one
or more missing viral functions.

[0161] Any suitable packaging cell known in the art may be employed in the
production of a packaged viral vector. Mammalian cells or insect cells are preferred.
Examples of cells useful for the production of a packaging cell in the practice of the
disclosure include, for example, human cell lines, such as PER.C6, WI38, MRC5,
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A549, HEK293 (which express functional adenoviral E1 under the control of a
constitutive promoter), B-50 or any other Hela cell, HepG2, Saos-2, HuH7, and
HT1080 cell lines. Suitable non-human mammalian cell lines include, for example,
VERO, COS-1, COS-7, MDCK, BHK21-F, HKCC or CHO cells.

[0162] In some embodiments, a packaging cell is capable of growing in
suspension culture. In some embodiments, a packaging cell is capable of growing in
serum-free media. For example, HEK293 cells are grow in suspension in serum free
medium. In another embodiment, a packaging cell is a HEK293 cell as described in
U.S. Patent No. 9,441,206 and deposited as American Type Culture Collection
(ATCC) No. PTA 13274. Numerous rAAV packaging cell lines are known in the art,
including, but not limited to, those disclosed in WO 2002/46359.

[0163] A cell line for use as a packaging cell includes insect cell lines. Any insect
cell which allows for replication of AAV and which can be maintained in culture can
be used in accordance with the present disclosure. Examples include Spodoptera
frugiperda, such as the Sf9 or Sf21 cell lines, Drosophila spp. cell lines, or mosquito
cell lines, e.g., Aedes albopictus derived cell lines. A preferred cell line is the
Spodoptera frugiperda Sf9 cell line. The following references are incorporated herein
for their teachings concerning use of insect cells for expression of heterologous
polypeptides, methods of introducing nucleic acids into such cells, and methods of
maintaining such cells in culture: Methods in Molecular Biology, ed. Richard,
Humana Press, NJ (1995); O'Reilly et al., Baculovirus Expression Vectors: A
Laboratory Manual, Oxford Univ. Press (1994); Samulski et al. (1989) J. Virol.
63:3822-3828; Kajigaya et al. (1991) Proc. Nat'l. Acad. Sci. USA 88: 4646-4650;
Ruffing et al. (1992) J. Virol. 66:6922-6930; Kimbauer et al. (1996) Virol. 219:37-44;
Zhao et al. (2000) Virol. 272:382-393; and U.S. Pat. No. 6,204,059.

[0164] As a further alternative, viral vectors of the disclosure may be produced in
insect cells using baculovirus vectors to deliver the rep/cap genes and rAAV
template as described, for example, by Urabe et al. (2002) Human Gene Therapy
13:1935-1943. When using baculovirus production for AAV, in some embodiments, a
vector genome is self-complementary. In some embodiments, a host cell is a
baculovirus-infected cell (e.g., an insect cell) comprising, optionally, additional
nucleic acids encoding baculovirus helper functions, thereby facilitating production of
a viral capsid.

[0165] A packaging cell generally includes one or more viral vector functions
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along with helper functions and packaging functions sufficient to result in replication
and packaging of the viral vector. These various functions may be supplied together,
or separately, to the packaging cell using a genetic construct such as a plasmid or
an amplicon, and they may exist extrachromosomally within the cell line, or
integrated into the host cell’s chromosomes. In some embodiments, a packaging cell
is transfected with at least i) a plasmid comprising a vector genome comprising a
transgene and AAV ITRs and further comprising at least one of the following
regulatory elements: an enhancer, a promoter, an exon, an intron and a poly A and
ii) a plasmid comprising a rep gene (e.g., AAV2 rep) and a cap gene (e.g., AAV9 or
other cap).

[0166] In some embodiments, a host cell is supplied with one or more of the
packaging or helper functions incorporated within, e.g., a host cell line with one or
more vector functions incorporated extrachromosomally or integrated into the cell’'s
chromosomal DNA.

Helper function

[0167] AAVis a dependovirus in that it cannot replicate in a cell without co-
infection of the cell by a helper virus. Helper functions include helper virus elements
needed for establishing active infection of a packaging cell, which is required to
initiate packaging of the viral vector. Helper viruses include, typically, adenovirus or
herpes simplex virus. Adenovirus helper functions typically include adenovirus
components adenovirus early region 1A (E1a), E1b, E2a, E4, and viral associated
(VA) RNA. Helper functions (e.g., E1a, E1b, E2a, E4, and VA RNA) can be provided
to a packaging cell by transfecting the cell with one or more nucleic acids encoding
various helper elements. Alternatively, a host cell (e.g., a packaging cell) can
comprise a nucleic acid encoding the helper protein. For instance, HEK293 cells
were generated by transforming human cells with adenovirus 5 DNA and now
express a number of adenoviral genes, including, but not limited to E1 and E3 (see,
e.g., Graham et al. (1977) J. Gen. Virol. 36:59-72). Thus, those helper functions can
be provided by the HEK 293 packaging cell without the need of supplying them to
the cell by, e.g., a plasmid encoding them. In some embodiments, a packaging cell is
transfected with at least i) a plasmid comprising a vector genome comprising a
transgene and AAV ITRs and further comprising at least one of the following
regulatory elements: an enhancer, a promoter, an exon, an intron and a poly A and

i) a plasmid comprising a rep gene (e.g., AAV2 rep) and a cap gene (e.g., AAV9 or
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other cap) and iii) a plasmid comprising a helper function.

[0168] Any method of introducing a nucleotide sequence carrying a helper
function into a cellular host for replication and packaging may be employed, including
but not limited to, electroporation, calcium phosphate precipitation, microinjection,
cationic or anionic liposomes, a carrier molecule (e.g., polyethylenimine (PEI)) and
liposomes in combination with a nuclear localization signal. In some embodiments,
helper functions are provided by transfection using a virus vector, or by infection
using a helper virus, standard methods for producing viral infection may be used.
[0169] The vector genome may be any suitable recombinant nucleic acid, such
as a DNA or RNA construct and may be single stranded, double stranded, or
duplexed (i.e., self-complementary as described in WO 2001/92551).

4. Production of Packaged Viral Vector

[0170] Viral vectors can be made by several methods known to skilled artisans
(see, e.g., WO 2013/063379). An exemplary non-limiting method is described in
Grieger, et al. (2015) Molecular Therapy 24(2):287-297, the contents of which are
incorporated by reference herein for all purposes. Briefly, efficient transfection of
HEK293 cells is used as a starting point, wherein an adherent HEK293 cell line from
a qualified clinical master cell bank is used to grow in animal component-free
suspension conditions in shaker flasks and WAVE bioreactors that allow for rapid
and scalable rAAV production. Using a triple transfection method (e.g., WO
96/40240), a HEK293 cell line suspension can generate greater than 1x10° vector
genome containing particles (VG)/cell, or greater than 1x10* VG/L of cell culture,
when harvested 48 hours post-transfection. More specifically, triple transfection
refers a method whereby a packaging cell is transfected with three plasmids: one
plasmid encodes the AAV rep and cap (e.g., AAV9 cap) genes, another plasmid
encodes various helper functions (e.g., adenovirus or HSV proteins such as E1a,
E1b, E2a, E4, and VA RNA, and another plasmid encodes a transgene (e.g.,
dystrophin, or a fragment thereof) and various elements to control expression of the
transgene.

[0171] Single-stranded vector genomes are packaged into capsids as the plus
strand or minus strand in about equal proportions. In some embodiments of a rAAV
vector, a vector genome is in the plus strand polarity (i.e., the sense or coding
sequence of the DNA strand). In some embodiments a rAAV vector, a vector is in the
minus strand polarity (i.e., the antisense or template DNA strand). Given the
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nucleotide sequence of a plus strand in its 5’ to 3’ orientation, the nucleotide
sequence of a minus strand in its 5°to 3’ orientation can be determined as the
reverse-complement of the nucleotide sequence of the plus strand.

[0172] To achieve the desired yields, a number of variables are optimized such
as selection of a compatible serum-free suspension media that supports both growth
and transfection, selection of a transfection reagent, transfection conditions and cell
density.

[0173] A rAAV vector may be purified by methods standard in the art such as by
column chromatography or cesium chloride gradients. Methods for purifying rAAV
vectors are known in the art and include methods described in Clark et al. (1999)
Human Gene Therapy 10(6):1031-1039; Schenpp and Clark (2002) Methods Mol.
Med. 69:427-443; U.S. Patent No. 6,566,118 and WO 98/09657.

[0174]  After rAAV vectors of the present disclosure have been produced and
purified according to methods disclosed herein, they can be titered (e.g., the amount
of rAAV vector in a sample can be quantified) to prepare compositions for
administration to subjects, such as human subjects with Duchenne muscular
dystrophy. rAAV vector titering can be accomplished using methods know in the art.
[0175] In some embodiments, the number of viral particles, including particles
containing a vector genome and “empty” capsids that do not contain a vector
genome, can be determined by electron microscopy, e.g., transmission electron
microscopy (TEM). Such a TEM-based method can provide the number of vector
particles (or virus particles in the case of wild type AAV) in a sample. In some
embodiments, the amount of particles, containing a vector genome (full capsids),
and “empty” capsids that do not contain a vector genome, can be determined

by charge detection mass spectrometry, analytical ultracentrifugation

(AUC), and/or measurement of absorbance at 260 nm and 280 nm to

determine A260/A280 ratio.

[0176] In some embodiments, rAAV vector genomes can be titered using
quantitative PCR (gqPCR) using primers against any sequence in the vector genome,
for example ITR sequences (e.g., SEQ ID NO:7 or SEQ ID NO:8), and/or sequences
in the transgene (or regulatory elements). By performing qPCR in parallel on
dilutions of a standard of known concentration, such as a plasmid containing the
sequence of the vector genome, a standard curve can be generated permitting the
concentration of the rAAV vector to be calculated as the number of vector genomes
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(VG) per unit volume such as microliters or milliliters. By comparing the number of
vector particles as measured by, e.g., SEC or ELISA, to the number of vector
genomes in a sample, the percentage of empty capsids can be estimated. Because
the vector genome contains the therapeutic transgene, vg/kg or vg/ml of a vector
sample may be more indicative of the therapeutic amount of the vector that a subject
will receive than the number of vector particles, some of which may be empty and
not contain a vector genome. Once the concentration of rAAV vector genomes in the
stock solution is determined, it can be diluted into or dialyzed against suitable buffers
for use in preparing a composition (e.g., a drug substance) for administration to
subjects (e.g., subjects with Duchenne muscular dystrophy).

5. rAAV Vector Purification by Anion-exchange Chromatography (AEX)

[0177] A novel, universal purification strategy, based on ion exchange
chromatography methods, may be used to generate high purity rAAV vector
preparations of various AAV serotypes and/or from chimeric capsids (e.g., AAV1,
AAV2, AAV3 including AAV3A and AAV3B, AAV4, AAV5, AAV6E, AAV7, AAVS,
AAV9, AAV10, AAV12, AAVrh10, AAVrh74, avian AAV, bovine AAV, canine AAV,
equine AAV, primate AAV, non-primate AAV, and ovine AAV, and recombinantly
produced variants (e.g., capsid variants with insertions, deletions and substitutions,
etc.), such as variants referred to as AAV2i8, NP4, NP22, NP66, AAVDJ, AAVDJ/S8,
AAVDJ/9, AAVLKO3, RHM4-1, AAVHSC1, AAVHSC2, AAVHSC3, AAVHSC4,
AAVHSC5, AAVHSC6, AAVHSC7, AAVHSC8, AAVHSC9, AAVHSC10, AAVHSC11,
AAVHSC12, AAVHSC13, AAVHSC14 and AAVHSC15). In some embodiments, this
process can be completed in less than a week, result in high full to empty capsid
ratios (up to 70% full capsids), provide step yields up to 70% and purity suitable for
clinical use. In some embodiments, such a method is universal with respect to AAV
serotype and/or chimerism of the capsid. Scalable manufacturing technology, as
described herein, may be used to manufacture GMP clinical and commercial grade
rAAV vectors to treat disease (e.g., DMD, Friedreich’s Ataxia, Wilson Disease etc.).
[0178] Production of recombinant AAV vector (rAAV) for gene therapy requires
purification of the rAAV vector from a host cell (e.g., host cell debris including but not
limited to host cell DNA, RNA, proteins, lipids, membrane and organelles) that
produced the vector, as well as removal of capsids that do not contain a complete
vector genome (e.g., intermediate and/or empty capsids) and thus, do not comprise
a therapeutic transgene.
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[0179] Such purification methods generally comprise multiple steps including, for
example, lysis of the host cell, precipitation of cellular protein and DNA, separation of
the rAAV vector from host cell protein and nucleic acids, and separation of the rAAV
vector from empty and intermediate capsids by column purification, low speed
centrifugation, ultracentrifugation, normal flow filtration, ultrafiltration/diafiltration or
any combination of these methods. Column purification may include, for example,
ion exchange chromatography (e.g., anion, cation), affinity chromatography, size
exclusion chromatography, multimodal chromatography, and/or hydrophobic
interaction chromatography. Centrifugation methods may include, for example,
ultracentrifugation or low speed centrifugation (e.g., for removal of solids and
clarification). Filtration methods may include, for example, diafiltration, depth
filtration, nominal filtration and/or absolute filtration.

[0180] AEX employs a positively charged stationary phase (e.g., a resin) to
separate substances (e.g., AAV capsids, DNA, protein, high molar mass species,
amino acids) based on charge differences of said substances, and is useful for
separating rAAV capsids from impurities based on charge differences at moderately
acidic to alkaline pH (e.g., greater than pH 6). AEX can also separate empty capsids
from rAAV vectors containing a complete vector genome (i.e., full capsid) by relying
on the charge differences of empty capsids as compared to full capsids.

[0181] Without wishing to be bound by theory, the tightness of binding between
an AAYV capsid and an AEX chromatography stationary phase is related to the
strength of the negative charge of the capsid, including the charge contribution from
any nucleic acid within the capsid, solution pH and solution conductivity (Qu, G. et
al., J. Virological. Methods (2007) 140:183-192). In some embodiments, an AEX
chromatography stationary phase is a resin comprising polystyrenedivinylbenzene
particles modified with covalently bound quaternized polyethyleneimine, and
optionally OH groups (e.g., POROS™ 50 HQ resin). Polystyrenedivinylbenzene
particles may comprise pores of 500-10,000 Angstroms (A).

[0182] In some embodiments, an AEX chromatography stationary phase is a
resin comprising agarose particles with a cationic ligand (e.g. Capto Q ImpRes, Q
Sepharose High Performance). In some embodiments, an AEX chromatography
stationary phase is a resin selected from the group consisting of Capto Q, Capto Q
XP, Q Sepharose XL, STREAMLINE Q XL, Capto HiRes Q, RESOURCE Q,
SOURCE 15 Q, SOURCE 30 Q, Q Sepharose HP, Q Sepharose FF, Q Sepharose™
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BB, POROS™ 20 HQ, POROS™ XQ, TOYOPEARL QAE-550C, TOYOPEARL Q-
600C AR, TOYOPEARL GigaCap Q-650S, TOYOPEARL GigaCap Q-650M,
TOYOPEARL SuperQ-650S, TOYOPEARL SuperQ-650M, TOYOPEARL SuperQ-
650C, TSKgel SuperQ-5PW (20), TSKgel SuperQ-5PW (30), Q Ceramic HyperD F,
ESHMUNO® Q, Fractogel® EMD TMAE (S), Fractogel® EMD TMAE (M),
Fractogel® EMD TMAE Hicap (M), Fractogel® EMD TMAE (S), Fractogel® EMD
TMAE (M), Fractogel® EMD TMAE Hicap (M), Nuvia Q, Nuvia HP-Q, UNOsphere Q,
Macro-Prep High Q, Macro-Prep 25 Q, BioRad AG® 1-X2, WorkBeads™ 40Q,
WorkBeads™ 100Q, Cellufine MAX Q-r, Cellufine MAX Q-h, Praesto™ Q65,
Praesto™ Q90, Praesto™ Jetted Q35, BAKERBOND™ POLYQUAT,
BAKERBOND™ POLYPEI, YMC - BioPro Q30, YMC - BioPro Q75, YMC - BioPro
SmartSep Q10, YMC - BioPro SmartSep Q30, DEAE Sepharose FF, ANX
Sepharose 4 FF (high sub), POROS™ 50 PI, POROS™ 50 D, TOYOPEARL NH2-
750F, TOYOPEARL GigaCap DEAE-650M, TOYOPEARL DEAE-650S,
TOYOPEARL DEAE-650M, TOYOPEARL DEAE-650C, TSKgel DEAE-5PW (20),
TSKgel DEAE-5PW (30), Ceramic HyperD DEAE, Hypercel Star AX, Fractogel®
EMD DEAE (M), Fractogel® EMD DMAE (M) Resin, Macro-Prep DEAE,
WorkBeads™ 40 DEAE, Cellufine MAX DEAE, DEAE PuraBead HF and
WorkBeads™ 40 TREN.

[0183] In some embodiments, an AEX chromatography stationary phase is a
monolith comprising porous poly-methacrylate with a cationic ligand (e.g.
CIMmultus™ QA). In some embodiments, an AEX chromatography stationary phase
is a membrane adsorber comprising polyethersulfone with a cationic ligand (e.g.
Mustang Q, Mustang E, Sartobind® Q, Sartobind STIC® PA).

[0184] In some embodiments, a rAAV vector can be purified by AEX from a
solution exiting from an affinity chromatography stationary phase (e.g., “eluting from
the stationary phase”) comprised of mobile phase and material such as rAAV vector
or capsid that passed through the stationary phase or was displaced from the
stationary phase. This solution may be referred to as an affinity eluate or an “affinity
pool.”

[0185] In some embodiments, a rAAV vector can be purified by AEX from a
“supernatant from a cell lysate” (also known as a “clarified lysate”), which, as used
herein, refers to a solution collected following sedimentation of lysed host cells from
a host cell culture.
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[0186] In some embodiments, a rAAV vector can be purified by AEX from a “post-
harvest solution”, which, as used herein, refers to solution resulting from a cell lysis
that has undergone flocculation, depth filtration and/or nominal filtration.

[0187] In some embodiments, a rAAV vector can be purified from a solution
having undergone at least one other purification or processing step (e.g., cell lysis,
flocculation, filtration, dilution, pH adjustment, chromatography). In some
embodiments, an affinity eluate has been diluted, and optionally filtered prior to
purification of the rAAV vector, such as prior to loading the affinity eluate onto the
AEX column.

[0188] In some embodiments, a rAAV vector can be purified by AEX from an
affinity eluate, optionally having undergone at least one other purification or
processing step (e.g., cell lysis, flocculation, filtration, dilution, pH adjustment,
chromatography). In some embodiments, a rAAV vector can be purified by AEX from
a cell lysate, optionally having undergone at least one other purification or
processing step (e.g., cell lysis, flocculation, filtration, dilution, pH adjustment,
chromatography). In some embodiments, a rAAV vector can be purified by AEX from
a post-harvest solution, optionally having undergone at least one other purification or
processing step (e.g., cell lysis, flocculation, filtration, dilution, pH adjustment,
chromatography).

[0189] As a solution comprising a substance to be purified (e.g., a rAAV vector)
and impurities, flows through an AEX stationary phase, a substance that binds (e.g.,
negatively charged proteins such as an AAV capsid or rAAV vector) to a positively
charged AEX stationary phase are retained within the stationary phase. Unbound
substances pass through the column and are collected in a flow-through, and/or
during a subsequent wash step. Bound substances may be eluted from the
stationary phase by adjusting a salt concentration and/or pH within the column. For
example, and without wishing to be bound by any particular theory of operation, a
salt concentration of an elution buffer is gradually increased such that anions in the
salt (e.g., acetate (C2Hs0z27), CI'SO42) compete with and displace (i.e., elute) a
substance bound to the resin. In another embodiment, the pH of the solution within
the column can be gradually decreased to decrease the negative charge of a bound
substance and cause it to be released (i.e., eluted) from the stationary phase. Upon
release from the stationary phase, a substance may be collected as a column eluate.
[0190] Without wishing to be bound by theory, separation of substances, such as
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a mixture of AAV capsids , or more specifically a mixture of a rAAV vector (i.e., a full
capsid), an AAV capsid (e.g., an empty capsid, an intermediate capsid) and host cell
proteins, will depend on the total charge difference of the substances. The charge
composition of ionizable side groups will determine the total charge of a protein at a
particular pH. At the isoelectric point (pl), the total charge on a protein is 0 and it will
not bind to a matrix. If the pH is above the pl, a protein will have a negative charge
and bind to an anion exchange column stationary phase.

[0191] An AEX protocol for separation of full rAAV vectors from empty capsids
includes multiple steps, for example, pre-use flushing of a column media to displace
storage solution, pre-use sanitizing of a column stationary phase, post-use sanitizing
of a column stationary phase, equilibrating a column stationary phase, loading a
solution (e.g., a diluted affinity eluate) comprising a rAAV vector onto a column
stationary phase, eluting a substance to be purified from a stationary phase (e.g., by
gradient elution, by step elution), applying a gradient hold to a column stationary
phase, sanitizing a column stationary phase, regenerating a column stationary
phase, applying a storage solution to a column stationary phase. One of skill in the
art will understand that an AEX protocol for purification of rAAV vectors may
comprise all, or only some of these steps. One of skill in the art will also understand
that the order of these steps may vary, and that certain steps may be performed
more than once, and not necessarily in sequence.

AEX Column Preparation

[0192] AEX methods of the disclosure may be performed at various scales
utilizing columns ranging in volume from 1.0 mL to 20 L. In some embodiments, an
AEX method includes use of a column with a column volume (CV) of about 1.0 mL,
about 5.1 mL, about 49 mL, about 52 mL, about 6.67 mL, about 1.256 L, about 1.3 L,
about 6.0 L, about 6.1 L, about 6.2 L, about 6.3 L, about 6.4 L, about 6.5 L, about 6.6
L, about 6.7 L, about 6.8 L, about 6.9 L, or about 7.0 L. In some embodiments, an
AEX method of the disclosure includes use of a column with a CV of 1.0 mL to 20 L,
e.g.,1.0mlto 10 mL, 30 mL to 70 mL, 10 mL to 100 mL, 100 mL to 1000 mL, 1 L to
1.5L,15Lt020L,20Lto5L,5Lt075L,75Lto10L,10Lto15Lor15Lto 20
L. In some embodiments, an AEX method of the disclosure includes use of a column
withaCVof 1.0 mLto10L, 10 mLto10L,100 mLto20L, 100 mLto 10L,1 L to
20L,1Lto10L,1Lto5L,1Lto2Lor11to 1.5 L. In some embodiments, an AEX
method of the disclosure includes use of a column witha CV of 6.0 Lto 6.6 L (e.g.,
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6.4L).

[0193] A volume of solution applied to a column to, for example, to equilibrate a
stationary phase therein, is generally expressed in terms of a “column volume” (CV),
with one CV equivalent to the volume of the column.

[0194] In some embodiments, an AEX chromatography stationary phase (also
referred to herein as “resin” or “media”) of the disclosure is a
polystyrenedivinylbenzene particle with covalently bound quaternized
polyethyleneimine (e.g., POROS™ 50 HQ resin).

[0195] Generally, prior to application (i.e., loading) of a solution to be purified
(e.g., an affinity chromatography eluate, also referred to herein as an “affinity eluate”
or an “affinity pool”) to a column comprising a chromatography stationary phase, at
least one solution is applied to the stationary phase to, for example, flush, sanitize,
regenerate and/or equilibrate the stationary phase. In some embodiments, an
“affinity eluate” or an “affinity pool” has been diluted, and optionally filtered prior to
loading of the solution onto the AEX column.

[0196] As disclosed herein, a method of preparing an AEX stationary phase for
use in a method of purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from a
solution (e.g., an affinity eluate) by AEX comprises pre-use flushing of the AEX
stationary phase in a column. In some embodiments, pre-use flushing of the AEX
stationary phase is intended to displace a storage solution (e.g., a solution
comprising ethanol) from the stationary phase. In some embodiments, pre-use
flushing of a column precedes loading a solution comprising a rAAV vector to be
purified onto the column. In some embodiments, pre-use flushing comprises
application of water (e.g., water for injection) to AEX stationary phase in a column. In
some embodiments, pre-use flushing comprises an upward flow of water. During
upward flow of pre-use flushing, the flow direction is opposite that of
chromatographic separation steps (e.g., loading, washing or eluting), such that the
solution (e.g., water) flows from the bottom of the column to the top of the column,
whereas during a chromatographic separation step (e.g., loading) the solution flows
from the top of the column to the bottom of the column. In some embodiments, pre-
use flushing comprises application of 1 to 10 column volumes (CV) (e.g., about 5
CV) of water to AEX stationary phase in a column, at a linear velocity of 10 cm/hr to
1000 cm/hr and/or a flow rate of 0.2 L/min to 3.0 L/min. In some embodiments, pre-
use flushing comprises application of >4.5 CV (e.g., about 5 CV) of water for
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injection to AEX stationary phase in a column, at a linear velocity of 270 cm/hr to 330
cm/hr (e.g., about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8
L/min) and/or a residence time (i.e., a contact time) of 3.5 min/CV to 4.5 min/CV
(e.g., about 4 min/CV).

[0197] A method of preparing an AEX stationary phase for use in a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from a solution (e.g., an
affinity eluate) by AEX comprises sanitizing the AEX stationary phase in a column.
Sanitizing an AEX stationary phase serves to reduce the bioburden (including, but
not limited to bacteria) and/or inactivate microbes and viruses within the column, and
more generally to remove contaminants such as proteins, particulates, etc. In some
embodiments, sanitizing precedes loading a solution comprising a rAAV vector to be
purified onto a column. In some embodiments, sanitizing comprises application of a
solution comprising NaOH, ethanol, acetic acid, phosphoric acid, guanidine HCI,
urea, PAB (phosphoric acid, acelic acid, benzyl alcohol), peracetic acid etc. to an
AEX stationary phase in a column. In some embodiments, sanitizing comprises
application of a solution comprising 0.1 M to 1.0 M, about 0.1M to about 0.8 M,
about 0.1 M to about 0.6 M, about 0.2 M to about 0.8 M, about 0.2 M to about 0.6 M
or about 0. 4 M to about 0.6 M (e.g., about 0.5 M) NaOH to AEX stationary phase in
a column. In some embodiments, sanitizing comprises application a solution
comprising about 0.5 M NaOH to AEX stationary phase in a column using an upward
flow (i.e., that is the flow direction is opposite that of chromatographic separation
steps, e.g., loading, washing or eluting). In some embodiments, sanitizing comprises
application a solution comprising about 0.5 M NaOH to AEX stationary phase in a
column using an downward flow (i.e., that is the flow direction is in the same
direction as that of chromatographic separation steps, €.g., loading, washing or
eluting). In some embodiments, sanitizing comprises application of 14.4 CV to 17.6
CV (e.g., about 16 CV) of a solution comprising about 0.5 M NaOH to AEX stationary
phase in a column. In some embodiments, sanitizing comprises application of 5 CV
to 10 CV (e.g., about 8 CV) of a solution comprising about 0.5 M NaOH to AEX
stationary phase in a column. In some embodiments, sanitizing comprises
application of 5 CV to 20 CV of a solution comprising about 0.5 M NaOH to an AEX
stationary phase in a column at a linear velocity of 100 cm/hr to 1000 cm/hr and/or a
flow rate of 0.2 L/min to 3.0 L/min. In some embodiments, sanitizing comprises
application of 14.4 CV to 17.6 CV (e.g. about 16 CV ) of a solution comprising about
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0.5 M NaOH to AEX stationary phase in a column at a linear velocity of 270 cm/hr to
330 cm/hr (e.g., about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about
1.8 L/min) and/or a residence time (i.e., the amount of time per column volume that
the solution is in contact with the stationary phase within the column, and also
referred to herein as the contact time) of 3.5 min/CV to 4.5 min/CV (e.g., about 4
min/CV). In some embodiments, sanitizing comprises application of 5 CV to 10 CV
(e.g. about 8 CV ) of a solution comprising about 0.5 M NaOH to AEX stationary
phase in a column at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298
cm/hr) and/or a residence time of 1.5 min/CV to 2.5 min/CV (e.g., about 2 min/CV).
[0198] A method of preparing an AEX stationary phase for use in a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from a solution (e.g., an
affinity eluate) by AEX comprises regenerating (also referred to herein as “a rinse”)
an AEX stationary phase in a column. One of skill in the art will understand that
regenerating an ion exchange stationary phase serves to replace ions taken up in
the exchange process with the original ions that occupied the exchange sites. In
some embodiments, regeneration can also refer to bringing back a stationary phase
to its original state by, for example, the removal of impurities using a strong solvent.
In some embodiments, regenerating precedes loading a solution comprising a rAAV
vector to be purified onto a stationary phase. In some embodiments, regenerating
may be performed on a stationary phase more than once.

[0199] In some embodiments, regenerating comprises application of a solution
comprising a salt and/or a buffering agent, with a pH ranging from 8 to 10, to an AEX
stationary phase in a column. In some embodiments, a salt is selected from the
group consisting of sodium chloride (NaCl), sodium acetate
(NaAcetate,CHsCOONa), ammonium acetate (NH4Acetate), magnesium chloride
(MgCl2) or sodium sulfate (Na2SQOa4). In some embodiments, a concentration of a salt
in a solution (e.g., NaCl) ranges from 1 M to 5 M (e.g., about 1 M to about 4.5 M,
about 1 to about 4M, about 1 M to about 3.5 M, about 1M to about 3 M, about 1M to
about 2.5 M or about 1.5 M to about 2.5 M. In some embodiments, a concentration of
a salt in a solution (e.g., NaCl) is about 1 M, about 2 M, about 3 M, about 4 M or
about 5 M. In some embodiments, regenerating comprises application of a solution
comprising 1 Mto 3 M (e.g., 2 M) NaCl to the stationary phase in the column.

[0200] In some embodiments, a buffering agent is selected from the group
consisting of Tris (e.g., a mixture of Tris Base and Tris-HCI), BIS-Tris propane,
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and/or bicine. In some embodiments, the concentration of the buffering agent (e.g.,
Tris) in a solution ranges from 10 mM to 500 mM (e.qg., about 10 mM to about 450
mM, about 10 mM to about 400 mM, about 10 mM to about 350 mM, about 10 mM to
about 300 mM, about 10 mM to about 250 mM, about 10 mM to about 200 mM,
about 10 mM to about 150 mM, or about 50 mM to about 150 mM. In some
embodiments, the concentration of the buffering agent (e.g., Tris) in a solution is
about 10 mM, about 20 mM about 50 mM, about 100 mM, about 150 mM, about 200
mM, about 300 mM, about 400 mM or about 500 mM. In some embodiments,
regenerating comprises application of a solution comprising 50 mM to 150 mM (e.g.,
100 mM) Tris to a stationary phase in a column.

[0201] In some embodiments, regenerating comprises application of a solution
with a pH of about 7 to 11 (e.g., about 7.5 to 10.5, about 8 to 10, or about 7, 7.5, 8,
8,5,9,9,5,10, 10.5 or 11) to a stationary phase in a column.

[0202] In some embodiments, regenerating comprises application of a solution
comprising about 1 Mto 3 M (e.g., about 2 M) NaCl, 50 mM to 150 mM (e.g., about
100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9) to AEX stationary phase in a column. In
some embodiments, regenerating comprises application of 4.5 to 5.5 CV (e.g., about
5 CV) of a solution comprising about 2 M NaCl, 100 mM Tris, pH 9 to AEX stationary
phase in a column. In some embodiments, regenerating comprises application of 1
to 10 CV of a solution comprising about 2 M NaCl, 100 mM Tris, pH 9 to AEX
stationary phase in a column at a linear velocity of 100 to 1000 cm/hr and/or a flow
rate of 0.2 to 3.0 L/min. In some embodiments, regenerating comprises application of
4.510 5.5 (e.g., about 5) CV of a solution comprising about 2 M NaCl, 100 mM Tris,
pH 9 to AEX stationary phase in a column at a linear velocity of 270 to 330 cm/hr
(e.g., about 298 cm/hr, about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about
1.8 L/min) and/or a residence time (i.e., a contact time) of 1.5 to 4.5 min/CV (e.g.,
about 2 min/CV, about 4 min/CV).

[0203] In some embodiments, the present disclosure provides a method of
preparing an AEX stationary phase for use in a method of purifying a rAAV (e.g.,
rAAV9, rAAV3B or others) vector by AEX, the method comprising a step of: i) pre-
use flushing comprising application of >4.5 CV (e.g., about 5 CV) of water for
injection to AEX stationary phase in a column; ii) sanitizing comprising application of
about 5 CV to 10 CV (e.g., about 8 CV) or about 14.4 to 17.6 CV (e.g., about 16 CV)
of a solution comprising 0.1 M to 1.0 M (e.g., about 0.5 M NaOH) to the AEX
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stationary phase in the column, optionally by upward flow; and/or iii) regenerating
comprising application of 4.5 to 5.5 CV (e.g., about 5 CV) of a solution comprising 1
Mto 3 M (e.g., about 2 M) NaCl, 50 mM to 150 mM (e.g., about 100 mM) Tris, pH
8.510 9.5 (e.g., about 9) to the AEX stationary phase in the column; wherein at least
one of steps i) —iii) is performed at a linear velocity of 270 cm/hr to 330 cm/hr (e.g.,
about 298 cm/hr, about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about
1.8 L/min) and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2
min/CV, about 4 min/CV); optionally wherein at least one step is performed prior to
loading a solution comprising the rAAV vector to be purified onto the column; and
optionally wherein the AEX stationary phase is POROS™ 50 HQ. One of ordinary
skill will understand that the above steps may be performed in any order and may be
performed more than once.

Equilibration
[0204] A method of preparing an AEX stationary phase for use in a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from a solution (e.g., an
affinity eluate) by AEX comprises equilibration of the AEX stationary phase in a
column. In some embodiments, equilibration of an AEX stationary phase in a column
serves to adjust the pH, conductivity, modifier (e.g., salt, detergent, amino acid etc.)
concentration, or other condition, of the mobile and stationary phase such that some
substances loaded onto the column will bind to the stationary phase, and others will
flow through with the mobile phase. For example, conditions within the column may
be adjusted by the application of a series of equilibration buffers to the column such
that full rAAV vectors bind to the stationary phase, and at least a portion of the empty
capsids do not bind. In some embodiments, AEX stationary phase in a column is
equilibrated prior to application of a solution comprising a substance to be purified
(e.g., a rAAV vector) to the column. In some embodiments, AEX stationary phase in
a column is equilibrated by application of an equilibration buffer (e.g., a first
equilibration buffer, a second equilibration buffer, a third equilibration buffer, a fourth
equilibration buffer, etc.). An equilibration buffer may also be referred to herein as a
“wash buffer,” a “post-sanitization rinse,” a “rinse,” or a “regeneration buffer.”
Reference to an equilibration buffer as a first, second, third, fourth, etc. equilibration
buffer does not necessarily imply the order in which the buffers are applied to a
column.

[0205] In some embodiments, an equilibration buffer (e.g., a first equilibration
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buffer, a second equilibration buffer, a third equilibration buffer, a fourth equilibration
buffer, etc.) comprises at least one component selected from the group consisting of
a buffering agent, a salt, an amino acid, a detergent and/or a combination thereof. In
some embodiments, a buffering agent is Tris (e.g., a mixture of Tris Base and Tris-
HCI), BIS-Tris propane, diethanolamine, diethylamine, tricine, triethanolamine and/or
bicine. One of ordinary skill in the art would understand that a Tris buffer with a
desired pH can be prepared using Tris Base, Tris-HCI or both. In some
embodiments, a salt is sodium chloride (NaCl), sodium acetate (NaAcetate
(CH3sCOONa)), ammonium acetate (NHsAcetate), magnesium chloride (MgClz) or
sodium sulfate (Na2SOs4). In some embodiments, a salt is sodium acetate. In some
embodiments, an amino acid is histidine, arginine, glycine or citrulline. In some
embodiments, a detergent is poloxamer 188 (P188), Triton X-100, Polysorbate 80,
Brij-35 or nonyl phenoxypolyethoxylethanol (NP-40).

[0206] In some embodiments, an equilibration buffer comprises 10 mM to 350
mM of a buffering agent selected from the group consisting of Tris (e.g., a mixture of
Tris Base and Tris-HCI), BIS-Tris propane, diethanolamine, diethylamine, tricine,
triethanolamine and bicine. In some embodiments, an equilibration buffer comprises
10 mM to 350 mM, 10 mM to 300 mM Tris, 10 mM to 250 mM Tris, 10 mM to 200
mM Tris, 10 mM to 150 mM Tris, 10 mM to 100 mM Tris or 10 mM to 50 mM Tris. In
some embodiments, an equilibration buffer comprises 30 mM to 350 mM Tris, 30
mM to 300 mM Tris, 30 mM to 250 mM Tris, 30 mM to 2000 mM Tris, 30 mM to 150
mM Tris, 30 mM to 100 mM Tris. In some embodiments, an equilibration buffer
comprises 50 mM to 300 mM Tris, 50 mM to 250 mM Tris, 50 mM to 200 mM Tris,
50 mM to 150 mM Tris. In some embodiments, an equilibration buffer comprises 100
mM to 350 mM Tris, 100 mM to 250 mM Tris or 100 mM to 150 mM Tris. In some
embodiments, an equilibration buffer comprises about 10 mM Tris, about 20 mM
Tris, about 30 mM Tris, about 40 mM Tris, about 50 mM Tris, about 60 mM Tris,
about 70 mM Tris, about 80 mM Tris, about 90 mM Tris, about 100 mM Tris, about
110 mM Tris, about 120 mM Tris, about 130 mM Tris, about 140 mM Tris, about 150
mM Tris, about 160 mM Tris, about 170 mM Tris, about 180 mM Tris, about 190 mM
Tris, about 200 mM Tris, about 220 mM Tris, about 240 mM Tris, about 250 mM Tris,
about 275 mM Tris, about 300 mM Tris or about 350 mM Tris. In some
embodiments, an equilibration buffer comprises about 20 mM Tris, 100 mM Tris or
200 mM Tris.
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[0207] In some embodiments, an equilibration buffer comprises 1 mM to 1M salt,
and preferably about 500 mM salt. In some embodiments, an equilibration buffer
comprises about 10 mM to about 950 mM, about 10 mM to about 900 mM, about 10
mM to about 850 mM, about 10M to about 800 mM, 10 mM to about 750 mM, about
10 mM to about 700 mM, about 10 mM to about 650 mM, about 10 mM to about 600
mM, about 10 mM to about 550 mM, about 50 mM to about 750 mM, about 50 mM to
about 700 mM, about 50 mM to about 650 mM, about 50 mM to about 600 mM,
about 50 mM to about 550 mM, about 100 mM to about 600 mM, about 200 mM to
about 600 mM, about 300 mM to about 600 mM or about 400 mM to about 600 mM
salt. In some embodiments, an equilibration buffer comprises about 500 mM salt. In
some embodiments, an equilibration buffer comprises a salt selected from the group
consisting of sodium chloride (NaCl), sodium acetate (NaAcetate, CHsCOONa),
ammonium acetate (NHsAcetate), magnesium chloride (MgClz) or sodium sulfate
(Naz2SO0s).

[0208] In some embodiments, an equilibration buffer comprises 5 mMto 1 M
sodium acetate. In some embodiments, an equilibration buffer comprises about 10
mM to about 950 mM, about 10 mM to about 900 mM, about 10 mM to about 850
mM, about 10M to about 800 mM, 10 mM to about 750 mM, about 10 mM to about
700 mM, about 10 mM to about 650 mM, about 10 mM to about 600 mM, about 10
mM to about 550 mM, about 50 mM to about 750 mM, about 50 mM to about 700
mM, about 50 mM to about 650 mM, about 50 mM to about 600 mM, about 50 mM to
about 550 mM, about 100 mM to about 600 mM, about 200 mM to about 600 mM,
about 300 mM to about 600 mM, or about 400 mM to about 600 mM sodium acetate.
In some embodiments, an equilibration buffer comprises about 5 mM, about 6 mM,
about 7 mM, about 8 mM, about 9 mM, about 10 mM, about 20 mM, about 30 mM,
about 40 mM, about 50 mM, about 60 mM, about 70 mM, about 80 mM, about 90
mM, about 100 mM, about 150 mM, about 200 mM, about 250 mM, about 300 mM,
about 350 mM, about 400 mM, about 450 mM, about 500 mM, about 550 mM or
about 600 mM sodium acetate. In some embodiments, an equilibration buffer
comprises about 500 mM sodium acetate.

[0209] In some embodiments, an equilibration buffer comprises an amino acid,
e.g., histidine, arginine, glycine or citrulline. In some embodiments, an equilibration
buffer comprises about 50 mM, about 75 mM, about 100 mM, about 125 mM, about
150 mM, about 175 mM, about 200 mM, about 225 mM, about 250 mM, about 275
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mM or about 300 mM of an amino acid (e.g., histidine, arginine, glycine or citrulline).
[0210] In some embodiments, an equilibration buffer comprises an amino acid,
e.g., histidine or arginine. In some embodiments, an equilibration buffer comprises
100 mM to 300 mM of an amino acid (e.g., histidine arginine, glycine or citrulline). In
some embodiments, an equilibration buffer comprises about 10 mM to about 600
mM, about 10 mM to about 550 mM, about 10 mM to about 500 mM, about 10 mM to
about 450 mM about 10 mM to about 400 mM, about 10 mM to about 350 mM, about
10 mM to about 300 mM, about 50 mM to about 600 mM, about 50 mM to about 550
mM, about 50 mM to about 500 mM, about 50 mM to about 450 mM, about 50 mM to
about 400 mM, about 50 mM to about 350 mM, about 50 mM, to about 300 mM,
about 100 mM to about 600 mM, about 100 mM to about 500 mM, about 100 mM to
about 400 mM, about 100 mM to about 300 mM salt, or about 150 mM to about 250
mM of an amino acid (e.g., histidine). In some embodiments, an equilibration buffer
comprises about 200 mM histidine.

[0211] In some embodiments, an equilibration buffer comprises a detergent, e.g.,
P188, Triton X-100, Polysorbate 80, Brij-35 or NP-40. In some embodiments, an
equilibration buffer comprises 0.005% to 1.0% of a detergent (e.g., P188). In some
embodiments, an equilibration buffer comprises 0.005% to 0.015% of a detergent
(e.g., P188). In some embodiments, an equilibration buffer comprises 0.1% to 1.0%
of a detergent (e.g., P188). In some embodiments, an equilibration buffer comprises
about 0.005% to about 1.0%, about 0.005% to about 0.5%, about 0.005% to about
0.1%, about 0.005% to about 0.05%, about 0.007% to about 0.07%, 0.008% to about
0.05% or about 0.008% to about 0.03% of P188. In some embodiments, an
equilibration buffer comprises about 0.01% to about 1.5%, about 0.01% to about
1.0%. about 0.01% to about 0.75%, about 0.05% to about 1.5%, about 0.05% to
about 1.0%, about 0.05% to about 0.75%, about 0.1% to about 1.5%, about 0.1% to
about 1.0%, about 0.1% to about 0.75%, or about 0.25% to about 0.75% P188.
[0212] In some embodiments, an equilibration buffer comprises about 0.005%,
about 0.006%, about 0.007%, about 0.008%, about 0.009%, about 0.01%, about
0.02%, about 0.03% about 0.04%, about 0.05%, about 0.06%, about 0.07%, about
0.08%, about 0.09%, about 0.1%, about 0.15%, about 0.2%, about 0.25%, about
0.3%, about 0.35%, about 0.4%, about 0.5%, about 0.55%, about 0.6%, about
0.65%, about 0.7%, about 0.75%, about 0.8%, about 0.85%, about 0.9%, 0.95% or
about 1.0% of a detergent (e.g., P188). In some embodiments, an equilibration buffer
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comprises about 0.01% P188. In some embodiments, an equilibration buffer
comprises about 0.5% P188.

[0213] In some embodiments, an equilibration buffer has a pH of 8 to 10. In some
embodiments, an equilibration buffer has a pH of 8.7 to 9.3. In some embodiments,
an equilibration buffer has a pH of 8.7 to 9.0. In some embodiments, an equilibration
buffer has a pH of about 8.0, about 8.1, about 8.2, about 8.3, about 8.4, about 8.5,
about 8.6, about 8.7, about 8.8, about 8.9, about 9.0, about 9.1, about 9.2, about 9.3,
about 9.4, about 9.5 or about 10.0. In some embodiments, an equilibration buffer
has a pH of about 8.8. In some embodiments, an equilibration buffer has a pH of
about 8.9. In some embodiments, an equilibration buffer has a pH of about 9.0.
[0214] In some embodiments, an equilibration buffer comprises 20 mM Tris, pH
9.0. In some embodiments, an equilibration buffer comprises 100 mM Tris, pH 9.
[0215] In some embodiments, an equilibration buffer comprises 20 mM Tris and
500 mM NaCl, pH 9.0 +/- 0.3. In some embodiments, an equilibration buffer
comprises 20 mM Tris and 500 mM NHsAcetate, pH 9.0 +/- 0.3. In some
embodiments, an equilibration buffer comprises about 20 mM Tris, 500 mM sodium
acetate, pH 9.0 +/- 0.3. In some embodiments, an equilibration buffer comprises 20
mM Tris and 500 mM Na2SOs4, pH 9.0 +/- 0.3.

[0216] In some embodiments, an equilibration buffer comprises 20 mM Tris, 7
mM salt (e.g., NaCl, sodium acetate, ammonium acetate (NHsAcetate), MgClz and
Naz2S04) pH 9.0. In some embodiments, an equilibration buffer comprises 20 mM
Tris, 7 mM sodium acetate, pH 9.0. In some embodiments, an equilibration buffer
comprises 20 mM Tris, 14 mM sodium acetate, pH 9.0. In some embodiments, an
equilibration buffer comprises 20 mM Tris, 21 mM sodium acetate, pH 9.0. In some
embodiments, an equilibration buffer comprises 20 mM Tris, 42 mM sodium acetate,
pH 9.0. In some embodiments, an equilibration buffer comprises 20 mM Tris, 49 mM
sodium acetate, pH 9.0. In some embodiments, an equilibration buffer comprises 20
mM Tris, 57 mM sodium acetate, pH 9.0. In some embodiments, an equilibration
buffer comprises 20 mM Tris, 67 mM sodium acetate, pH 9.0.

[0217] In some embodiments, an equilibration buffer comprises 50 mM to 150
mM (e.g., about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9). In some embodiments,
an equilibration comprises 50 mM to 150 mM (e.g., about 100 mM) Tris, 400 mM to
600 mM (e.g., about 500) mM sodium acetate, 0.005% to 0.015% (e.g., about
0.01%) P188, pH 8.5 t0 9.5 (e.g., about 8.9). In some embodiments, an equilibration
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buffer comprises 100 mM to 300 mM histidine (e.g., about 200 mM) histidine, 100
mM to 300 mM (e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH
8.5 10 9.5 (e.g., about 8.8). In some embodiments, an equilibration buffer comprises
50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about 0.01%)
P188, pH 8.5 t0 9.5 (e.g., about 8.9).

[0218] In some embodiments, an equilibration buffer (e.g., a first equilibration
buffer) comprises 100 mM Tris, pH 9. In some embodiments, an equilibration buffer
(e.g., afirst or a second equilibration buffer) comprises 100 mM Tris, 500 mM
sodium acetate, 0.01% P188, pH 8.9. In some embodiments, an equilibration buffer
(e.9., a second or a third equilibration buffer) comprises 200 mM histidine, 200 mM
Tris, 0.5% P188, pH 8.8. In some embodiments, an equilibration buffer (e.g., a third
or a fourth equilibration buffer) comprises 100 mM Tris, 0.01% P188, pH 8.9.

[0219] In some embodiments, an equilibration buffer described above may be a
first, second, third and fourth equilibration buffer. In some embodiments, a first,
second, third or fourth equilibration buffer is applied to a column stationary phase in
sequential order. In some embodiments, a solution (e.g., an affinity eluate) is applied
to the column between application of two equilibration buffers. For example, a first,
second and third equilibration buffer may be applied to a column, followed by
application of an affinity eluate, which is followed by application of a fourth
equilibration buffer. In another example, a first and second equilibration buffer are
applied to a column, followed by application of an affinity eluate, which is followed by
application of a third equilibration buffer.

[0220] In some embodiments, an amount of equilibration buffer applied to a
columnis 1 CVto5CV,4CVto6CV,4CVto10CV,4CVto15CV, 4 CV to 21
CV,10CV1to 21 CV,15CV o 21 CVor 19 CV to 21 CV. In some embodiment, an
amount of equilibration buffer applied to a column is > 4.5 CV. In some
embodiments, an amount of an equilibration buffer applied to a column is 4.5 CV to
5.5 CV. In some embodiments, an amount of equilibration buffer applied to a column
is about 2 CV, about 5 CV or about 10 CV. In some embodiments, an amount of
equilibration buffer applied to a column is about 5 CV. In some embodiments, an
amount of equilibration buffer applied to a column is about 20 CV.

[0221] A solution, including but not limited to an equilibration buffer, applied to a
column is set to flow through the stationary phase at a particular rate (e.g., cm/hr,
mL/min) so that the solution within the column is in contact with the stationary phase,
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for a particular period of time (referred to herein as “residence time” or “contact
time”). In some embodiments, a residence time of a solution in a column is 0.1
min/CV to 10 min/CV, e.g., 0.1 min/CV to 1 min/CV, 1 min/CV to 2 min/CV, 2 min/CV
to 4 min/CV, 4 min/CV to 6 min/CV, 6 min/CV to 8 min/CV, or 8 min/CV to 10
min/CV. In some embodiments, a residence time of a solution in a column is 0.1
min/CV, about 0.5 min/CV, about 1.5 min/CV, about 2 min/CV, about 3 min/CV,
about 3.6 min/CV or about 4 min/CV, about 5 min/CV, about 6 min/CV, about 7
min/CV, about 8 min/CV, about 9 min/CV or about 10 min/CV. In some
embodiments, a residence time of a solution in a column is 1.5 to 4.5 min/CV. In
some embodiments, a residence time of a solution in a column is 3.5 to 4.5 min/CV.
[0222] In some embodiments, a residence time of a solution in a column with a
height of about 5 cm, a diameter of about 0.5 cm and a volume of about 1.0 mL is
about 0.5 min/CV. In some embodiments, a residence time of a solution in a column
with a height of about 15 cm, a diameter of about 0.66 cm and a volume of about 5.1
mL is about 0.5 min/CV, about 1.5 min/CV or about 4 min/CV. In some
embodiments, a residence time of a solution in a column with a height of about 19.5
cm, a diameter of about 0.66 and a volume of about 6.67 mL is about 4 min/CV. In
some embodiments, a residence time of a solution in a column with a height of about
10 cm, a diameter of about 2.5 cm and volume of about 49 mL is 1.5 min/CV to 2.5
min/CV (e.g., about 2 min/CV). In some embodiments, a residence time of a solution
in a column with a height of about 16 cm, a diameter of about 10 cm and volume of
about 1.256 L to a 1.3 L is 3.5 min/CV to 4.5 min/CV (e.g., about 4 min/CV). In some
embodiments, a residence time of a solution in a column with a height of about 20.5
cm, a diameter of 20 cm and a volume of about 6.4 L is about 3.6 min/CV. In some
embodiments, a residence time of a solution in an about 6.4 L column is 3.5 min/CV
to 4.5 min/CV (e.g., about 4 min/CV). In some embodiments, a residence time of a
solution, including but not limited to an equilibration buffer, ina 6.0 Lto 6.6 L (e.g.,
6.4 L) column comprising an AEX stationary phase is 3.5 min/CV to 4.5 min/CV (e.g.,
about 4 min/CV).

[0223] One of ordinary skill will understand that linear velocity (also referred to
herein as “linear flow velocity” or “velocity”) of a solution through a column is related,
at least in part, to a volume and or dimension of the column and the stationary phase
therein. In some embodiments, a linear velocity of a solution, including but not limited

to an equilibration buffer, through a stationary phase in a column is 100 cm/hr to
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1800 cm/hr, e.g., 100 cm/hr to 200 cm/hr, 200 cm/hr to 400 cm/hr, 400 cm/hr to 600
cm/hr, 600 cm/hr to 800 cm/hr, 800 cm/hr to 1000 cm/hr, 1000 cm/hr to 1500 cm/hr,
or 1500 cm/hr to 1800 cm/hr. In some embodiments, a linear velocity of a solution
through a stationary phase in a column is about 100 cm/hr, about 240 cm/hr, about
298 cm/hr, about 300 cm/hr, about 600 cm/hr, about 611 cm/hr or about 1790 cm/hr.
[0224] In some embodiments, a linear velocity of a solution through a stationary
phase in a column that is about 5 cm high with a diameter of about 0.5 cm and a
volume of about 1.0 mL is about 611 cm/hr. In some embodiments, a linear velocity
of a solution through a stationary phase in a column that is about 15 cm high with a
diameter of about 0.66 cm and a volume of about 5.1 mL is about 600 cm/hr. In
some embodiments, a linear velocity of a solution through a stationary phase in a
column that is about 15 cm high with a diameter of about 0.66 cm and a volume of
about 5.1 mL is about 1790 cm/hr. In some embodiments, a linear velocity of a
solution through a stationary phase in a column that is about 10 cm high with a
diameter of about 2.5 cm and a volume of about 49 mL is about 298 cm/hr. In some
embodiments, a linear velocity of a solution through a stationary phase in a column
that is about 16 cm high with a diameter of about 10 cm and a volume of about 1256
mL is about 240 cm/hr. In some embodiments, a linear velocity of a solution through
a stationary phase in a column that is about 20.5 cm high with a diameter of about
20 cm and a volume of about 6.4 L is 270 cm/hr to 330 cm/hr (e.g., 300 cm/hr). In
some embodiments, a linear velocity of a solution, including but not limited to an
equilibration buffer, through AEX stationary phaseina 6.0 Lto 6.6 L (e.g., 6.4 L)
column is about 270 cm/hr to 330 cm/hr (e.g., about 300 cm/hr).

[0225] In some embodiments, a flow rate (i.e., a volumetric flow rate) of a
solution, including but not limited to an equilibration buffer, through a stationary
phase in a column is 1.0 mL/min to 3.0 L/min, e.g., 1.0 mL/min to 10 mL/min, 10
mL/min to 100 mL/min, 100 mL/min to 500 mL/min, 500 mL/min to 1000 mL/min, 1
mL/min to 1.5 L/min, 1 mL/min to 2 L/min or 2 mL/min to 3 L/min. In some
embodiments, a flow rate of a solution through a stationary phase in a column is
about 1 mL/min, about 1.28 mL/min, about 1.67 mL/min, about 314 mL/min, about
1.57 L/min, about 1.8 L/min, about 2 L/min, about 3 L/min.

[0226] In some embodiments, a flow rate of a solution through a stationary phase
in a column with a height of about 15 cm, a diameter of about 0.66 and volume of
about 5.1 mL is about 1.28 mL/min. In some embodiments, a flow rate of solution
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through a stationary phase in a column with a height of about 19.5 cm, a diameter of
about 0.66 and volume of about 6.67 mL is about 1.67 mL/min. In some
embodiments, a flow rate of a solution through a stationary phase in a column with a
height of about 16 cm, a diameter of 10 cm and a volume of about 1256 mL is about
314 mL/ min. In some embodiments, a flow rate of a solution through a stationary
phase in a column with a height of about 20.5 cm, a diameter of about 20 cm and a
volume of about 6.4 L is about 1.8 L/min. In some embodiments, a flow rate of a
solution, including but not limited to an equilibration buffer, through an AEX
stationary phaseina 6.0 Lt0 6.6 L (e.g., 6.4 L) column is 1.5 mL/min to 2.0 L/min
(e.g., about 1.8 L/min).

[0227] A method of preparing an AEX stationary phase for use in a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from a solution (e.g., an
affinity eluate) by AEX comprises equilibrating the AEX stationary phase in a column.
In some embodiments, equilibrating precedes loading a solution comprising a rAAV
vector to be purified onto a column. In some embodiments, equilibrating follows
loading a solution comprising a rAAV vector to be purified onto a column.

[0228] In some embodiments, equilibrating comprises application of an
equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5
to 9.5 to an AEX stationary phase in a column. In some embodiments, equilibrating
comprises application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration
buffer comprising 100 mM Tris, pH 9toa 6.0 Lto 6.6 L (e.g., 6.4 L) column
comprising AEX stationary phase at a linear velocity of 270 cm/hr to 330 cm/hr (e.g.,
about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) and/or
a residence time of 3.5 min/CV to 4.5 min/CV (e.qg., about 4 min/CV).

[0229] In some embodiments, equilibrating comprises application of an
equilibration buffer comprising 400 mM to 600 mM sodium acetate, 50 mM to 150
mM Tris and 0.005% to 0.015% P188, pH 8.5 to 9.5 to an AEX stationary phase in a
column. In some embodiments, equilibration comprises application of 4.5 CV to 5.5
CV (e.g., about 5 CV) of an equilibration buffer comprising 100 mM Tris, 500 mM
sodium acetate, 0.01% P188, pH 8.9 to a column comprising an AEX stationary
phase at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298 cm/hr, about
300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) and/or a
residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2 min/CV, about 4 min/CV).
In some embodiments, a columnis 6.0 Lto 6.6 L (e.g., 6.4 L). In some



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
117

embodiments, a column is 30 mL to 70 mL (e.g., about 49 mL, about 52 mL).

[0230] In some embodiments, equilibrating comprises application of an
equilibration buffer comprising 100 mM to 300 mM histidine, 100 mM to 300 mM Tris,
and 0.0% to 1.0% P188, pH 8.5 to 9.5 to an AEX stationary phase in a column. In
some embodiments, equilibrating comprises application of >4.5 CV (e.g., about 5
CV) of an equilibration buffer comprising 200 mM histidine, 200 mM Tris, 0.5% P188,
pH 8.8 to a column comprising an AEX stationary phase at a linear velocity of 270
cm/hr to 330 cm/hr (e.g., about 298 cm/hr, about 300 cm/hr), a flow rate of 1.5 L/min
to 2.0 L/min (1.8 L/min) and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g.,
about 2 min/CV, about 4 min/CV). In some embodiments, a column is 6.0 L t0 6.6 L
(e.g., 6.4 L). In some embodiments, a column is 30 mL to 70 mL (e.g., about 49 mL,
about 52 mL).

[0231] In some embodiments, equilibration comprises application of an
equilibration buffer comprising 50 mM to 150 mM Tris and 0.005% to 0.015% P 188,
pH 8.5 10 9.5 to an AEX stationary phase in a column. In some embodiments,
equilibration comprises application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an
equilibration buffer comprising 100 mM Tris, 0.01% P188, pH 8.9 to a column
comprising an AEX stationary phase at a linear velocity of 270 cm/hr to 330 cm/hr
(e.g., about 298 cm/hr, about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (1.8
L/min) and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g., 2 min/CV, 4
min/CV). In some embodiments, a columnis 6.0 Lt0 6.6 L (e.g., 6.4 L). In some
embodiments, a column is 30 mL to 70 mL (e.g., about 49 mL, about 52 mL).

[0232] In some embodiments, the present disclosure provides a method
preparing an AEX stationary phase for use in a method of purifying a rAAV (e.g.,
rAAV9, rAAV3B or others) vector by AEX, the method comprising a step of: i) pre-
use flushing comprising application of >4.5 CV (e.g., about 5 CV) of water for
injection to the AEX stationary phase in a column; ii) sanitizing comprising
application of about 5 CV to 10 CV (e.g., about 8 CV) or about 14.4 to 17.6 CV (e.g.,
about 16 CV) of a solution comprising 0.1 Mto 1.0 M (e.g., about 0.5 M) NaOH to
the AEX stationary phase in the column, optionally, by upward flow; iii) regenerating
comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of a solution
comprising 1 Mto 3 M (e.g., about 2 M) NaCl, 50 mM to 150 mM (e.g., about 100
mM Tris), pH 8.5 t0 9.5 (e.g., about 9) to the AEX stationary phase in the column; iv)
equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of a
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solution comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 t0 9.5 (e.g.,
about 9) to the AEX stationary phase in the column; v) equilibration comprising
application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration buffer
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 400 mM to 600 mM (e.g.,
about 500 mM) sodium acetate, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5
to 9.5 (e.g., about 8.9) to the AEX stationary phase in the column; vi) equilibration
comprising application of >4.5 CV (e.g., about 5 CV) of an equilibration buffer
comprising 100 mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM
(e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.5t0 9.5 (e.g.,
8.8) to the AEX stationary phase in the column; and/or vii} equilibration comprising
application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration buffer
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g.,
about 0.01%) P188, pH 8.5 to 9.5 (e.g., 8.9) to the AEX stationary phase in the
column; optionally wherein at least one of steps i) — vii) is performed at a linear
velocity of 270 cm/hr to 330 cm/hr (e.g., about 298 cm/hr, about 300 cm/hr), , and/or
a residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2 min/CV, about 4
min/CV); optionally wherein the AEX stationary phase is POROS™ 50 HQ; optionally
wherein the rAAV vector is a rAAV9 vector or a rAAV3B vector, and optionally
wherein a step (e.g., a load step) may occur between any step of equilibration. In
some embodiments, at least one of steps i) — vii) is performed at a flow rate of 1.5
L/min to 2.0 L/min (e.g., about 1.8 L/min) through a 6 L to 6.6 L column (e.g., about
6.4 L), or about 314 mL/min through a 1.3 L column. One of ordinary skill will
understand that the order of the above steps may be varied.

Dilution and Filtration
[0233] A method of purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from

a solution (e.g., an affinity eluate) by AEX comprises preparation of the solution by

diluting, and optionally filtering, the solution. A solution comprising a rAAV vector to
be purified may be an affinity eluate, a supernatant from a cell lysate and/or a post-
harvest solution having undergone at least one purification or processing step. A
solution comprising a rAAV vector to be purified may be diluted, and optionally
filtered prior to loading onto an AEX column in order to make the solution compatible
with processing through the AEX column. In some embodiments, diluting, and
optionally filtering, a solution comprising a rAAV vector to be purified results in a
change in pH and/or conductivity of the solution. In some embodiments, a solution
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comprising a rAAV vector to be purified is an eluate resulting from affinity
chromatography purification of a rAAV vector produced in a 1 L to 2000 L (or
greater) single use bioreactor (SUB).

[0234] A method of preparing a solution comprising a rAAV vector for purification
by AEX comprises i) diluting an affinity eluate, and optionally ii) filtering the affinity
eluate from step i) to produce the diluted affinity eluate (also referred to herein as a
“diluted affinity pool,” “load,” or “AEX load”). In some embodiments, pH of an affinity
eluate after dilution, and optional filtration is increased as compared to pH of the
affinity eluate before the dilution. In some embodiments, conductivity of an affinity
eluate after dilution, and optional filtration is decreased as compared to conductivity
of the affinity eluate before the dilution. In some embodiments, the diluted, and
optionally filtered affinity eluate is loaded on an AEX stationary phase.

[0235] In some embodiments, an affinity eluate is generated from affinity
purification of a rAAV vector produced in a vessel (e.g., a single use bioreactor
(SUB)) with a volume of 1 mL to 2000 L, or greater than 2000 L. In some
embodiments, an affinity eluate is generated from affinity chromatography
purification of a rAAV vector produced in a vessel (e.g., a SUB) with a volume of
about 1 mL, about 10 mL, about 50 mL, about 100 mL, about 250 mL, about 500 mL,
about 750 mL, about 1 L, about 50 L, about 100 L, about 250 L, about 500 L, about
1000 L, about 2000 L or greater. In some embodiments, an affinity eluate is
generated from affinity purification of a rAAV vector produced in a vessel (e.g., a
SUB) with a volume of 1 mL to 100 mL, 100 mL to 500 mL, 500 mL to 750 mL, 750
mL,to1L,1L to10L,10Lto50L,50Lto100L,100L to250L,250L to 500 L,
500 L to 750 L, 750 L to 1000 L, 1000 L to 1500 L, 1500 L to 2000 L, 2000 L to 3500
L, 3500 L to 4000 L or 4500 L to 5000 L. In some embodiments, an affinity eluate is
generated from affinity purification of a rAAV vector produced in a vessel (e.g., a
SUB) with a volume of 1 mL to 5000 L, 100 mL to 5000 L, 100 mL to 4000 L, 100
mL to 2000 L, 100 mL to 1000 L, 1 L to 5000 L, 1 Lto 4000 L, 1Lto 2000 L, 1 L to
1000 L, 500 mL to 5000 L, 500 mL to 2000 L or 500 mL to 1000 L.

[0236] In some embodiments, diluting a solution comprising a rAAV vector to be
purified (e.g., an affinity eluate) comprises diluting the solution about 2 to 25-fold or
about 5 to 20-fold, or about 10 to 20-fold (e.g., about 5-fold, about, 6-fold, about 7-
fold, about 8-fold, about 9-fold, about 10-fold, about 11-fold, about 12-fold, about 13-
fold, about 14-fold, about 15-fold, about 20-fold, about 25-fold) to produce a diluted
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affinity eluate. In some embodiments, diluting a solution comprising a rAAV vector to
be purified (e.g., an affinity eluate) comprises diluting the solution about 2-fold. In
some embodiments, diluting a solution comprising a rAAV vector to be purified (e.g.,
an affinity eluate) comprises diluting the solution about 15-fold.

[0237] In some embodiments, diluting a solution comprising a rAAV vector to be
purified (e.g., an affinity eluate) is performed “in-line” with the column, and wherein a
dilution solution (diluent) is delivered through a first tubing to a Y-connector, and the
solution comprising a rAAV vector to be purified is delivered through a second tubing
to the Y-connector, and optionally wherein a static mixer is contained within a third
tubing located after the Y-connector.

[0238] In some embodiments, diluting a solution comprising a rAAV vector to be
purified (e.g., an affinity eluate) is performed “in-line” and directed into a holding
vessel (e.g., a break tank). For example, a dilution solution (diluent) is delivered
through a first tubing to a Y-connector, and a solution comprising a rAAV vector to be
purified is delivered through a second tubing to the Y-connector, wherein the end of
the Y-connector is connected to a holding vessel which is optionally, connected to a
chromatography column (e.g., an AEX column).

[0239] In some embodiments, diluting comprises delivery of a dilution solution
through a first tubing to a Y-connector at a flow rate of 1 to 5 mL/min (e.g., about 3.5
mL/min) and delivery of a solution comprising a rAAV vector to be purified (e.g., an
affinity eluate) through a second tubing at a flow rate of 0.1 to 2 mL/min (e.g., about
0.25 mL/min).

[0240] In some embodiments, diluting comprises delivery of a dilution solution
through a first tubing to a Y-connector at a flow rate of about 3.5 mL/min and delivery
of an affinity eluate through a second tubing at a flow rate of about 0.25 mL/min,
such that the affinity eluate is diluted about 15-fold.

[0241] In some embodiments, diluting comprises dilution of a solution comprising
a rAAV vector to be purified (e.g., an affinity eluate) with a dilution solution
comprising a buffering agent (Tris, BIS-Tris propane, diethanolamine, diethylamine,
tricine, triethanolamine and/or bicine). In some embodiments, a solution comprising a
rAAV vector to be purified (e.g., an affinity eluate) is diluted with a dilution solution
comprising 10 mM to 500 mM buffering agent (e.g., Tris). In some embodiments, a
dilution solution comprises about 10 mM to about 450 mM, about 10 mM to about
400 mM, about 10 mM to about 350 mM, about 10 mM to about 300 mM, about 50



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
121

mM to about 450 mM, about 50 mM to about 400 mM, about 50 mM, about 350 mM,
about 50 mM to about 300 mM, about 100 mM to about 450 mM, about 100 mM to
about 400 mM, about 100 mM to about 350 mM, about 100 mM to about 300 mM, or
about 150 mM to about 250 mM Tris. In some embodiments, a dilution solution
comprises about 200 mM Tris.

[0242] In some embodiments, a dilution solution comprises an amino acid, e.g.,
histidine, arginine, glycine or citrulline. In some embodiments, a dilution solution
comprises about 50 mM, about 75 mM, about 100 mM, about 125 mM, about 150
mM, about 175 mM, about 200 mM, about 225 mM, about 250 mM, about 275 mM,
about 300 mM, about 350 mM, about 400 mM, about 450 mM, about 500 mM, about
550 mM or about 600 mM of an amino acid (e.g., histidine, arginine, glycine or
citrulline).

[0243] In some embodiments, dilution solution comprises an amino acid, e.g.,
histidine or arginine. In some embodiments, an dilution solution comprises 10 mM to
600 mM of an amino acid (e.qg., histidine arginine, glycine or citrulline). In some
embodiments, an equilibration buffer comprises about 10 mM to about 600 mM,
about 10 mM to about 550 mM, about 10 mM to about 500 mM, about 10 mM to
about 450 mM about 10 mM to about 400 mM, about 10 mM to about 350 mM, about
10 mM to about 300 mM, about 50 mM to about 600 mM, about 50 mM to about 550
mM, about 50 mM to about 500 mM, about 50 mM to about 450 mM, about 50 mM to
about 400 mM, about 50 mM to about 350 mM, about 50 mM, to about 300 mM,
about 100 mM to about 600 mM, about 100 mM to about 500 mM, about 100 mM to
about 400 mM, about 100 mM to about 300 mM, or about 150 mM to about 250 mM
of an amino acid (e.g., histidine). In some embodiments, a dilution solution
comprises about 200 mM histidine.

[0244] In some embodiments, a dilution solution comprises a detergent, e.g.,
P188, Triton X-100, Polysorbate 80, Brij-35 or NP-40. In some embodiments, dilution
solution comprises 0.005% to 1.5% detergent (e.g., P188). In some embodiments, a
dilution solution comprises 0.1% to 1.0% detergent (e.g., P188). In some
embodiments, a dilution solution comprises about 0.01% to about 1.5%, about
0.01% to about 1.0%. about 0.01% to about 0.75%, about 0.05% to about 1.5%,
about 0.05% to about 1.0%, about 0.05% to about 0.75%, about 0.1% to about 1.5%,
about 0.1% to about 1.0%, about 0.1% to about 0.75%, or about 0.25% to about
0.75% detergent (e.g., P188). In some embodiments, a dilution solution comprises
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about 0.5% P188.

[0245] In some embodiments, a dilution solution has a pH of 8 to 10. In some
embodiments, a dilution solution has a pH of 8.5 to 9.5. In some embodiments, a
dilution solution has a pH of 8.7 to 9.0. In some embodiments, a dilution solution has
a pH of about 8.0, about 8.1, about 8.2, about 8.3, about 8.4, about 8.5, about 8.6,
about 8.7, about 8.8, about 8.9, about 9.0, about 9.1, about 9.2, about 9.3, about 9.4,
about 9.5 or about 10.0. In some embodiments, a dilution solution has a pH of about
8.8. In some embodiments, a dilution solution has a pH of about 8.9. In some
embodiments, a dilution solution has a pH of about 9.0.

[0246] In some embodiments, diluting comprises dilution of a solution comprising
a rAAV vector to be purified (e.g., an affinity eluate) with a buffer selected from the
group consisting of 20 mM Tris, pH 9; 1 M Tris Base, pH 11; 100 mM Tris, pH 9; 100
mM Tris, 0.01% P188, pH 9; 100 mM Tris, 0.1% P188, pH 9; 100 mM Tris, 1.0%
P188, pH 9; 1 M Tris, pH 9; 150 mM acetate, 100 mM glycine, 25 mM MgClz, pH 4.2;
5 mM Argining, 2 mM MgClz, 0.1% P188, 100 mM Tris, pH 8.8; 50 mM arginine, 2
mM MgClz, 0.1% P188, 100 mM Tris, pH 9; 50¢ mi Arginine, 2 mM MgCle, 0.1%
P188, 400 mM Trig, pH 9.1, 200 mM Glycine, 5 mM MgClz, 200 mM Tris, pH 8.9;
200 mM Histiding, 200 mM Tris, pH 8.9; 200 mM Histidine, 200 mM Tris, 5 mM
MgClz, pH 8.9; 200 mM Histiding, 200 mM Tris, 5 mM MgCle, 5% Glycerol, pH 8.9,
200 mM Histidine, 250 mM Tris, 10 mM MgCle, 25% Glycerol, pH 8.9; 200 mM
Histidine, 200 mM Tris, 5 mM MgCl, 5% lodixanol pH 8.8; 200 mM Histidine, 200
mM Tris, 10 mM MgCle, 25% lodixanol, pH 8.8; 200 mM Histidine, 200 mM Trig,
0.5% Triton X-100, pH 8.9; 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.8; and
a combination thereof.

[0247] In some embodiments, diluting comprises dilution of a solution comprising
a rAAV vector to be purified (e.g., an affinity eluate) with a buffer comprising about
20 mM Tris, pH 9, about 1 M Tris base, pH 11, or both. In some embodiments,
diluting comprises dilution of a solution comprising a rAAV vector to be purified (e.g.,
an affinity eluate) 7 to 8 fold (e.g., about 7.1 fold) with a buffer comprising about 20
mM Tris, pH 9, about 1 M Tris Base, pH 11, or both.

[0248] In some embodiments, diluting comprises dilution of a solution comprising
a rAAV vector to be purified (e.g., an affinity eluate) with a buffer comprising 100 mM
to 300 mM (e.qg., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM)
Tris, 0.1% t0 1.0% (e.g., 0.5%) P188, pH 8.7 to 9.0. In some embodiments, diluting
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comprises dilution of a solution comprising a rAAV vector to be purified (e.g., an
affinity eluate) 10 to 20 fold by weight (e.g., about 15 fold) with a buffer comprising
about 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.7 to 9.0 (e.g., about 8.8). In
some embodiments, diluting comprises dilution of an affinity eluate comprising a
rAAV vector to be purified 14.4 to 15.5 fold by weight (e.g., about 15 fold) with a
buffer comprising about 200 mM histidine, 200 mM Tris, 0.5% P188, pH 8.7 to 9.0
(e.g., about pH 8.8), and thereby forming a diluted affinity eluate.

[0249] In some embodiments, prior to dilution of a solution comprising a rAAV
vector to be purified (e.g., an affinity eluate) the solution is spiked with 20 mM MgClz
so that the concentration of MgClz in the diluted solution is about 1.7 mM. In some
embodiments, MgCl2 stabilizes the rAAV vectors in a solution.

[0250] In some embodiments, filtering comprises filtration of a solution comprising
a rAAV vector to be purified (e.g., an affinity eluate, a diluted affinity eluate) prior to
loading the solution onto an AEX column. In some embodiments, prior filtering, a
filter is pre-wet with water for injection and/or a dilution solution. In some
embodiments, filtering comprises filtration of a solution comprising a rAAV vector to
be purified (e.g., an affinity eluate, a diluted affinity eluate) through a filter which
collects aggregates, such as nucleic acid or protein aggregates, or other high
molecular mass species, but allows AAV capsids to flow through. In some
embodiments, a filter is an 0.1 um to 0.45 um filter (e.g., a 0.2 um polyethersulfone
(PES) filter or a 0.45 um PES filter). In some embodiments, filtering comprises
filtration of a diluted affinity eluate comprising a rAAV vector to be purified through an
0.2 pum filter prior to loading onto an AEX column. A filter used to filter a solution
comprising a rAAV vector to be purified (e.g., an affinity eluate, a diluted affinity
eluate) may be separate from the column, or may be in-line with the column or
chromatography apparatus (also referred to as a chromatography skid).

[0251] In some embodiments, filtering comprises filtration of a diluted affinity
eluate comprising a rAAV vector to be purified through an in-line 0.2 um filter before
loading the eluate onto an AEX column.

[0252] In some embodiments, pH of a solution comprising a rAAV vector to be
purified (e.g., an affinity eluate) is 3.0 to 4.4 prior to diluting, and optionally filtering,
and pH of the solution comprising a rAAV vector to be purified (e.g., an affinity
eluate) after diluting, and optionally filtering, is 8.5 10 9.5, 8.7 t0 9.0 or >8.6 (e.g.,
about pH 8.8, pH 9.0).
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[0253] In some embodiments, conductivity of a solution comprising a rAAV vector
to be purified (e.g., an affinity eluate) is 5.0 mS/cm to 7.0 mS/cm (e.g., about 5.5
mS/cm to 6.5 mS/cm) prior to diluting, and optionally filtering, and conductivity of the
solution comprising a rAAV vector to be purified (e.g., an affinity eluate) after diluting,
and optionally filtering, is 1.7 mS/cm to 3.5 mS/cm, 1.8 mS/cm to 2.8 mS/cm, 2.2
mS/cm to 2.6 mS/cm or <2.5 mS/cm. In some embodiments, conductivity of an
affinity eluate after diluting, and optionally filtering, is about 1.8 mS/cm to about 2.8
mS/cm. In some embodiments, conductivity of an affinity eluate following dilution,
and optionally filtering, is about 2.3 +/- 0.5 mS/cm.

[0254] As used herein, the term “percent VG dilution yield” or “% VG dilution
yield” refers to the amount of VG present in a diluted affinity pool (also referred to
herein as a diluted affinity eluate) as a percentage of the amount of VG present in
the affinity pool (also referred to herein as an affinity eluate) prior to dilution. For
instance, % VG dilution yield = ((amount of VG in diluted affinity pool)/(amount of VG
in affinity pool)) * 100.

[0255] In some embodiments, a percentage of VG recovered in a diluted, and
optionally filtered solution (% VG dilution yield) comprising a rAAV vector to be
purified (e.g., an affinity eluate) is 60% to 100% of the VG present in a solution (e.g.,
an affinity eluate) prior to diluting, and optionally filtering. In some embodiments, a %
VG vyield of a diluted, and optionally filtered solution comprising a rAAV vector to be
purified (e.g., an affinity eluate) is 60% to 70%, 70% to 80%, 80% to 90%, 90% to
100% of the VG present in a solution (e.g., an affinity eluate) prior to diluting, and
optionally filtering. In some embodiments, a % VG yield of a diluted, and optionally
filtered solution comprising a rAAV vector to be purified (e.g., an affinity eluate) is
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, about 98%, about 99% or about 100% of the VG present in a solution
prior to diluting, and optionally filtering.

[0256] In some embodiments of diluting an affinity eluate according to methods
disclosed herein results in % VG dilution yield of 88% +/- 36%. In some
embodiments of diluting an affinity eluate according to methods disclosed herein
results in % VG dilution yield of 120% +/- 12%. Diluting an affinity eluate resulting
from affinity chromatography purification of a rAAV vector produced in a 250 L SUB
results in a % VG dilution yield of 35% to 100% (e.g., 41% to 92%). Diluting an
affinity eluate resulting from affinity chromatography purification of a rAAV vector
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produced in a 2000 L SUB results in a % VG dilution yield of 70% to >100% (e.g.,
88% to 154%).

[0257] In some embodiments, a Z-average (given in units of nm, and determined
by dynamic light scattering (DLS) of a diluted and, optionally filtered solution
comprising a rAAV vector to be purified (e.g., an affinity eluate) is measured. A Z-
average measures the level of aggregation of rAAV capsids present in a solution. In
some embodiments, a Z-average of a diluted and, optionally filtered solution
comprising a rAAV vector to be purified is about 15 nm to 40 nm, 15 nm to 20 nm, 20
nm to 30 nm or 30 nm to 40 nm. In some embodiments, a Z-average of a diluted
and, optionally filtered solution comprising a rAAV vector to be purified is about 15
nm, about 16 nm, about 17 nm, about 18 nm, about 19 nm, about 20 nm, 21 nm,
about 22 nm, about 23 nm, about 24 nm, about 25 nm, about 26 nm, about 27 nm,
about 28 nm, about 29 nm, about 30 nm, about 35 nm or about 40 nm.

[0258] A method of purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector from
a solution (e.g., an affinity eluate) by AEX comprises diluting the solution by 14 to 16
fold (e.g., about 15 fold) with a buffer comprising 100 mM to 300 mM (e.g., about 200
mM) histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g.,
about 0.5%) P188, pH 8.7 to 9.0 (e.g., about pH 8.8); and optionally comprises
filtering comprising filtration of the diluted solution through a 0.1 um to 0.45 pm (e.g.,
about 0.2 um) filter, and wherein the diluted, and optionally filtered solution has a pH
of about 8.6 t0 9.0 (e.g., about pH 8.9) and a conductivity of 1.8 mS/cm to 2.8
mS/cm.

[0259] A method of preparing an affinity eluate comprising a rAAV vector for
purification by AEX chromatography, as disclosed herein, comprises i) diluting the
affinity eluate 2 to 25-fold (e.g., about 15-fold) with a buffer comprising 200 mM
histidine, 200 mM Tris, 0.5% P188, pH 8.8; and ii) optionally filtering the affinity
eluate from step i) through a 0.2 um filter to produce the diluted affinity eluate;
wherein the pH of the diluted affinity eluate is increased as compared to the pH of
the affinity eluate; wherein the conductivity of the diluted affinity eluate is decreased
as compared to the conductivity of the affinity eluate; optionally wherein the rAAV
vector is an AAV9 vector or an AAV3B vector; and optionally wherein the affinity
eluate is produced by affinity purification of a rAAV vector produced in a vessel (e.g.,
a SUB) with a volume of 250 L or 2000 L.
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Load
[0260] A method of purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector by
AEX disclosed herein comprises loading a solution comprising a substance to be
purified (e.g., a rAAV vector) onto an AEX stationary phase in a column. Loading
may be performed by gravity feeding the load onto the column or pumping the load
onto the chromatography column. In some embodiments, a solution comprising a
rAAV vector to be purified by AEX is selected from the group consisting of an affinity
eluate, a supernatant from a cell lysate and a post-harvest solution, each having
undergone at least one other purification or processing step (e.g., cell lysis,
flocculation, filtration, dilution, pH adjustment, chromatography). A solution
comprising a rAAV vector to be purified may be diluted, filtered and/or pH adjusted
prior to loading the solution onto an AEX column in order to make the solution
compatible with processing through the AEX column. In some embodiments, a
solution comprising a rAAV vector to be purified is an eluate resulting from affinity
chromatography purification of a rAAV vector produced in a 100 L to 500 L (e.g.,
about 250 L), 1000 L to 3000 L (e.g., about 2000 L) or larger vessel (e.g., a single
use bioreactor (SUB)), and wherein the eluate has been diluted and filtered.
[0261] In some embodiments, loading comprises application of a diluted, and
optionally filtered solution (e.g., an affinity eluate) comprising about 2.0 x 10" vector
genomes (VG)/mL to 2.0 x 10" VG/mL, e.g., 2.0 x 102 VG/mL to 2.0 x 10"® VG/mL,
2.0x 10" VG/mL to 2.0 x 10" VG/mL, 1.0 x 10" VG/mL to 3.0 x 10" VG/mL, 2.0 x
10" VG/mL to 2.0 x 10" VG/mL, or more of column volume (also referred to as a
“column challenge VG/mL resin”) onto an AEX column, as measured by qPCR
analysis of a sequence within the vector genome. In some embodiments, loading
comprises application of a diluted solution (e.g., an affinity eluate) comprising 6.3 x
108 to0 9.4 x 10" VG/mL of column volume onto an about 30 mL to 70 mL AEX
column as measured by qPCR analysis of a transgene sequence within the vector
genome (e.g., wherein the transgene is an ATP7B transgene). In some
embodiments, loading comprises application of a diluted and, optionally filtered
solution (e.g., an affinity eluate) comprising 5 x 10" to 1.3 x 10" VG/mL of column
volume onto an about 1.3 L AEX column as measured by qPCR analysis of ITR
sequences within the vector genome. In some embodiments, loading comprises
application of a diluted and, optionally filtered solution (e.g., an affinity eluate)
comprising 2.6 x 102 to 6.8 x 10" VG/mL of column volume onto an about 6.4 L
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AEX column as measured by qPCR analysis of a transgene sequence within the
vector genome.

[0262] In some embodiments, loading comprises application of a diluted and,
optionally filtered solution (e.g., an affinity eluate) comprising 2.5 x 10" VG/L to 2.5 x
10" VG/L, 2.5 x 108 VG/L to 2.5 x 10" VG/L, 2.5 x 10" VG/L to 3.0 x 107 VG/L or
more of column volume onto an AEX column.

[0263] In some embodiments, loading comprises application of a diluted and,
optionally filtered solution (e.g., an affinity eluate) comprising 8.0 x 10'? total VG to
2.0 x 10" total VG, e.g., 8.0 x 10'? total VG to 8.0 x 10" total VG, 8.0 x 10"3 to 8.0 x
104 total VG, 8.0 x 10" total VG to 8.0 x 107 total VG, 8.0 x 10'° total VG to 8.0
x107¢ total VG, 8.0 x 108 total VG to 8.0 x 107 total VG, 8.0 x 10" total VG to 2.0 x
10" total VG, or more onto an AEX column. In one embodiment, loading comprises
application of a diluted and, optionally filtered solution (e.g., an affinity eluate)
comprising < 15 x 10'® VG/L of column volume onto an AEX column, and optionally
wherein the VG are measured by quantitative polymerase chain reaction (QPCR)
analysis of the transgene.

[0264] When a solution comprising a rAAV vector to be purified (e.g., an affinity
eluate) is loaded onto a column, the solution flows through the column stationary
phase at a particular rate (e.g., cm/hr, mL/min) and is in contact with the stationary
phase for a particular period of time (i.e., residence time).

[0265] In some embodiments, a residence time of a solution comprising a rAAV
vector loaded onto a column is 0.1 min/CV to 5 min/CV, e.g., 0.1 min/CV to 1.0
min/CV, 1.0 min/CV to 2 min/CV, 2 min/CV to 3 min/CV, 3 min/CV to 4 min/CV, 4
min/CV to 5 min/CV or more. In some embodiments, a residence time of a solution
comprising a rAAV vector loaded onto a column is about 0.5 min/CV. In some
embodiments, a residence time of a solution comprising a rAAV vector loaded onto a
column is about 1.5 min/CV. In some embodiments, a residence time of a solution
comprising a rAAV vector loaded onto a column is about 2.0 min/CV. In some
embodiments, a residence time of a solution comprising a rAAV vector loaded onto a
column is 3.5 min/CV to 4.5 min/CV. In some embodiments, a residence time of a
diluted and/or filtered affinity eluate comprising a rAAV vector loaded on a 6.0 L to
6.6 L (e.g., about 6.4 L) AEX column is 3.0 min/CV to 5.0 min/CV (e.g., about 4
min/CV).

[0266] In some embodiments, a linear velocity of a solution comprising a rAAV
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vector loaded onto a column is 100 cm/hr to 1800 cm/hr, e.g., 100 cm/hr to 200
cm/hr, 200 cm/hr to 400 cm/hr, 400 cm/hr to 600 cm/hr, 600 cm/hr to 800 cm/hr, 800
cm/hr to 1000 cm/hr, 1000 cm/hr to 1500 cm/hr, 1500 cm/hr to 1800 cm/hr. In some
embodiments, a linear velocity of a solution comprising a rAAV vector loaded onto a
column is 270 cm/hr to 330 cm/hr (e.g. about 298 cm/hr, about 300 cm/hr). In some
embodiments, a linear velocity of a solution comprising a rAAV vector loaded onto a
column is about 300 cm/hr, about 600 cm/hr, about 611 cm/hr or about 1790 cm/hr.
In some embodiments, a linear velocity of a diluted, and optionally filtered affinity
eluate comprising a rAAV vector loadedona 6.0 L to 6.6 L (e.g., about 6.4 L) AEX
column is 270 cm/hr to 330 cm/hr (e.g., about 300 cm/hr).

[0267] In some embodiments, a flow rate of a solution comprising a rAAV vector
loaded onto a column is 1.0 mL/min to 3.0 L/min, e.g., 1.0 mL/min to 10 mL/min, 10
mL/min to 100 mL/min, 100 mL/min to 500 mL/min, 500 mL/min to 1000 mL/min, 1
mL/min to 1.5 L/min, 1 mL/min to 2 L/min, 2 mL/min to 3 L/min. In some
embodiments, a flow rate of a solution comprising a rAAV vector loaded onto a
column is about 1.28 mL/min. In some embodiments, a flow rate of a solution
comprising a rAAV vector loaded onto a column is about 314 mL/min. In some
embodiments, a flow rate of a solution comprising a rAAV vector through stationary
phase in a column is 1.5 L/min to 2.0 L/min. In some embodiments, a flow rate of a
solution comprising a rAAV vector loaded onto a column is about 1.8 L/min. In some
embodiments, a flow rate of a diluted and/or filtered affinity eluate comprising a rAAV
vector loaded on a6.0 L to 6.6 L (e.g., about 6.4 L) column is 1.5 L/min to 2.0 L/min
(e.g., about 1.8 L/min).

[0268] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate comprises i) diluting the affinity eluate with
a buffer comprising a detergent (e.g., P188), an amino acid (e.qg., histidine) and a
buffer (e.g., Tris); ii) optionally filtering the diluted affinity eluate; and iii) loading the
diluted, and optionally filtered affinity eluate onto a column comprising an AEX
stationary phase wherein the AEX stationary phase has been flushed, sanitized,
rinsed and/or equilibrated prior to loading, and optionally wherein the AEX stationary
phase is POROS™ 50 HQ.

[0269] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate comprises i) diluting the affinity eluate 14.4
to 15.5 fold (e.g., about 15 fold) with a buffer comprising about 100 mM to 300 mM
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(e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris, 1.0%
to 1.5% (e.g., about 0.5%) P188, pH 8.7 to 9.0; ii) optionally filtering the diluted
affinity eluate through an in-line 0.1 to 0.45 pm (e.g., about 0.2 um) filter; and iii)
loading the diluted and filtered affinity eluate onto a column comprising an AEX
stationary phase; optionally wherein at least one step is performed at a linear
velocity of 270 cm/hr to 330 cm/hr (e.g., about 298 cm/hr, about 300 cm/hr), a flow
rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) through column and/or a
residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2 min/CV, about 4 min/CV)
and, optionally wherein the AEX stationary phase is POROS™ 50 HQ. In some
embodiments, a columnis a 6.0 L to 6.6 L (e.g., about 6.4 L) column,

[0270] In some embodiments, the present disclosure provides a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector by AEX, the method
comprising a step of: i) pre-use flushing comprising application of >4.5 CV (e.g.,
about 5 CV) of water for injection to an AEX stationary phase in a column; ii)
sanitizing comprising application of 5 CV to 10 CV (e.g., about 8 CV) or 14.4t0 17.6
CV (e.g., about 16 CV) of a solution comprising 0.1 M to 1.0 M (e.g., about 0.5 M)
NaOH to the AEX stationary phase in the column, optionally by upward flow; iii)
regenerating comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of a
solution comprising 1 M to 3 M (e.g., about 2 M) NaCl), 50 mM to 150 mM (e.g.,
about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9) to the AEX stationary phase in the
column; iv) equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5
CV) of a solution comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 to
9.5 (e.g., about 9) to the AEX stationary phase in the column; v) equilibration
comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration
buffer comprising 50 mM to 150 mM (e.qg., about 100 mM) Tris, 400 mM to 600 mM
(e.g., about 500 mM) sodium acetate, 0.005% to 0.015% (e.g., about 0.01%) P188,
pH 8.510 9.0 (e.g., about 8.9) to the AEX stationary phase in the column; vi)
equilibration comprising application of >4.5 CV (e.g., about 5 CV) of an equilibration
buffer comprising 100 mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300
mM (e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.5 to 95.
(e.g., about 8.8) to the AEX stationary phase in the column; vii) loading the affinity
eluate to an AEX stationary phase in the column, optionally wherein the eluate has
been a) diluted about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising
100 mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about
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200 mM) Tris, 0.1 %to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0, and optionally b)
filtered through an in-line 0.1 um to 0.45 um (e.g., about 0.2 um) filter prior to
application to the stationary phase; and/or viii) equilibration comprising application of
4.5CV1t05.5CV (e.g., about 5 CV) of an equilibration buffer comprising 50 mM to
150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about 0.01%) P188, pH
8.510 9.5 (e.g., about 8.9) to the AEX stationary phase in the column; optionally
wherein at least one of steps i) — viii) is performed at a linear velocity of 270 cm/hr to
330 cm/hr (e.g., about 298 cm/hr, about 300 cm/hr), and/or a residence time of 1.5
min/CV to 4.5 min/CV (e.g., about 2 min/CV, about 4 min/CV); optionally wherein the
rAAV vector is a rAAV9 or rAAV3B vector; and optionally wherein the AEX stationary
phase is POROS™ 50 HQ. In some embodiments, at least one of steps i) — vii) is
performed at a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) through a 6
L to 6.6 L column (e.g., about 6.4 L), or about 314 mL/min through a 1.3 L column.
One of ordinary skill will understand that the order of the above steps may be varied.

Load Chase
[0271] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) comprises application of a load chase solution to a
column stationary phase following application of the solution comprising the rAAV
vector. A load chase serves to complete application of the load or load solution and
to remove unbound material from the column. In some embodiments, a load chase
serves to remove unbound material from the column. In some embodiments, a load
chase solution comprises 5 mM to 50 mM (e.g., about 20 mM) Tris, pH 8.5t0 9.5
(e.g., about 9). In some embodiments, 9 to 11 CV (e.g., about 10 CV) of a load
chase solution is applied to the column stationary phase. In some embodiments, a
load chase solution is applied to the column stationary phase at velocity of 200 cm/hr
to 2000 cm/hr (e.g., about 1800 cm/hr) and/or with a residence time of 0.5
minutes/CV. In some embodiments, 9 CV to 11 CV (e.g., about 10 CV) of a load
chase solution comprising 20 mM Tris, pH 9 is applied to AEX stationary phase in a
column, optionally at a velocity of 200 cm/hr to 2000 cm/hr (e.g., about 1800 cm/hr)
and/or with a residence time of about 0.5 minutes/CV.

Gradient Elution
[0272] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) comprises recovery of full, intermediate and/or

empty capsids by gradient elution. Gradient elution may comprise use of at least 2
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different solutions (e.g., gradient elution buffers) with different pH, conductivity,
and/or modifier concentration. Over the course of a gradient elution, a percentage of
a first solution is varied in a manner inversely proportional to variation of a
percentage of a second solution such that a gradient in the pH, conductivity, and/or
modifier concentration is created as the solutions are mixed and flow through the
column stationary phase. For example, at the start of a gradient elution, a
percentage of a first solution (e.g., a first gradient elution buffer, buffer A) is 100%
and a percentage of a second solution (e.g., a second gradient elution, buffer B) is
0% and at the end of the gradient elution the percentage of the first solution is 0%
and the percentage of the second solution is 100%. In another embodiment, at the
start of a gradient elution, a percentage of a first solution (e.qg., a first gradient elution
buffer, buffer A) is 100% and a percentage of a second solution (e.g., a second
gradient elution, buffer B) is 0% and at the end of the gradient elution the percentage
of the first solution is 25% and the percentage of the second solution is 75%. One of
ordinary skill would understand that the percentage of each solution at the start of
the gradient and at the end of the gradient can be anywhere between 0% and 100%.
For instance, in some embodiments, at the start of the elution, at the end of the
elution, or at any point over the course of the elution, a percentage of a first gradient
elution buffer relative to a second gradient elution buffer is about 100%/0%, about
99%/1%, about 98%/2%, about 97%3%, about 96%/4%, about 95%/5%, about
90%10%, about 80%20%, about 75%/25%, about 70%/30%, about 60%/40%, about
50%/50%, about 40%/60%, about 30%/70%, about 25%/75%, about 20%/80%,
about 10%/90%, about 5%/95%, about 4%/96%, about 3%/97%, about 2%/98%,
about 1%/99% or about 0%/100%.

[0273] In some embodiments, at the start of the elution, at the end of the elution,
or at any point over the course of the elution, a percentage of a first gradient elution
buffer relative to a percentage of a second gradient elution buffer is about 100% to
90%/0% to 10%, 90% to 80%/10% to 20%, 80% to 70%/20% to 30%, 70% to
60%/30% to 40%, 60% to 50%/40% to 50%, 50% to 40%/50% to 60%, 40% to
30%/60% to 70%, 30% to 20%/70% to 80%, 20% to 10%/ 80% to 90%, 10% to
0%/90% to 100%.

[0274] In some embodiments, over the course of application of 10 to 60 CV of a
solution to the column, a percentage of buffer A (e.g., a first gradient elution buffer) is
decreased, and a percentage of buffer B (e.g., a second gradient elution buffer) is
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increased such that at the end of the gradient elution, the percentage of gradient
elution buffer A is 0%, and the percentage of gradient elution buffer B is 100%. In
some embodiments, over the course of application of about 20 CV of a solution to
the column, the percentage of buffer A (e.g., a first gradient elution buffer) is
decreased, and the percentage of buffer B (e.g., a second gradient elution buffer) is
increased such that the rate of increase of Buffer B is about 5% of buffer B per CV
and such that the final percentage of buffer B in the solution is 100%. In some
embodiments, over the course of application of about 37.5 CV of a solution to the
column, the percentage of buffer A (e.g., a first gradient elution buffer) is decreased,
and the percentage of buffer B (e.g., a second gradient elution buffer) is increased
such that the rate of increase of Buffer B is about 2% of buffer B per CV, and such
that the final percentage of buffer B in the solution is 75%.

[0275] In some embodiments, over the course of application of 10 to 60 CV of a
solution to the column, the percentage of buffer A (e.g., a first elution buffer) is
increased, and the percentage of buffer B (e.g., a second elution buffer) is
decreased such that at the end of the gradient elution, the percentage of gradient
elution buffer A is 100%, and the percentage of gradient elution buffer B is 0%. One
of skill in the art with recognize that a gradient elution may be run to different
percentages of buffer (e.g., from 0% to 75% buffer B, corresponding to 100% to 25%
buffer A; from 0% to 50% buffer B, corresponding to 100% to 50% buffer A).

[0276] In some embodiments, a method of purifying a rAAV vector by AEX of the
disclosure comprises performing gradient elution of a material from a stationary
phase in a column wherein a concentration of a component of a first gradient elution
buffer or a second gradient elution buffer increases or decreases continuously during
the gradient elution. In some embodiments, a material eluted from the stationary
phase comprises a rAAV vector to be purified. A rate of increase or decrease of a
concentration of a component of a first gradient elution buffer or a second gradient
elution buffer may be equivalent to a change in concentration of the component per
total CV. In some embodiments, a rate of increase of a concentration of sodium
acetate during a gradient elution is equivalent to a change in concentration of the
sodium acetate per total CV applied to a stationary phase during the elution. In some
embodiments, a change in concentration of a component is relative to a
concentration of the component at the start of a elution as compared to a
concentration of the component at the end of the elution. For example, a
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concentration of a component (e.g., a salt such as sodium acetate) at the start of a
gradient elution is 0 mM to 100 mM, and the concentration of the component at the
end of the elution is 100 mM to 1 M. In some embodiments, a concentration of a salt
(e.g., sodium acetate) at the start of a gradient elution is 0 mM and the concentration
of the salt at the end of the gradient elution is 400 mM to 600 mM (e.g., about 500
mM). In some embodiments, a change in a concentration of a component is 2 mM to
1 M from the start of a gradient to the end of a gradient elution, over the course of 2
CV to 100 CV of elution buffer. In some embodiments, a change in concentration of
a salt is from about 0 mM to about 500 mM from the start a gradient to the end of a
gradient elution over the course of 10 CV to 60 CV, 10 CV to 50 CV, 10 CV to 40
CV,10CV1to 30 CV or 15 CV to 25 CV (e.g., 20 CV) of elution buffer, such that
when the elution gradient comprises 20 CV of solution, the rate of change of sodium
acetate concentration is about 500 mM per 20 CV, or 25 mM/CV. In some
embodiments, a change in concentration of a salt is from about 0 mM to about 375
mM from the start a gradient to the end of a gradient elution over the course of 10
CVto60CV,10CVto50CV,10CVto40CV,10CV1to 30 CVor15CV to 25 CV
(e.g., 37.5 CV) of elution buffer, such that when the elution gradient comprises 37.5
CV of solution, the rate of change of concentration of sodium acetate is about 375
mM per 37.5 CV, or 10 mM/CV.

[0277] In some embodiments, during a gradient elution, a concentration of
sodium acetate of a first gradient elution buffer, a second gradient elution buffer or a
mixture of both increases continuously during the gradient elution; wherein a rate of
increase of the sodium acetate is equivalent to a change in concentration of the
sodium acetate per total CV applied to the stationary phase; and wherein the rate of
change in concentration of the sodium acetate over the gradient elution is about 5
mM/CV to 15 mM/CV, 10 mM/CV to 50 mM/CV, 10 mM/CV to 40 mM/CV, 10 mM to
30 mM/CV or 20 mM/CV to 30 mM/CV (e.g., about 10 mM/CV, about 25 mM/CV).
[0278] In some embodiments, a change in concentration of a component over a
gradient elution is about 1 mM/CV to 1 M/CV, e.g., 1 mM/CV to 10 mM/CV, 1 mM/CV
to 25 mM/CV, 5 mM/CV to 15 mM/CV, 10 mM/CV to 50 mM/CV, 50 mM/CV to 100
mM/CV, 100 mM/CV to 500 mM/CV, 500 mM/CV to 1 M/CV, 1 mM/CV to 750
mM/CV, 1 mM/CV to 500 mM/CV, TmM/CV to 100 mM/CV, 10 mM/CV to 750
mM/CV or 50 mM/CV to 500 mM/CV.

[0279] In some embodiments, over the course of a gradient elution, a
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concentration of a salt in the gradient solution may vary. In some embodiments, over
the course of a gradient elution, a concentration of a salt (e.g., sodium chloride,
sodium acetate, ammonium acetate, magnesium chloride, sodium sulfate and a
combination thereof) in the gradient solution may increase or decrease. For
example, at the start of a gradient elution, a concentration of a salt in the gradient
solution may be 0 mM to 100 mM, and increase to 50 mM to 1 M, e.g., 50 mM to 100
mM, 100 mM to 150 mM, 150 mM to 200 mM, 200 mM to 250 mM, 250 mM to 300
mM, 300 mM to 400 mM, 400 mM to 500 mM, 500 mM to 600 mM, 600 mM to 700
mM, 700 mM to 800 mM, 800 mM to 900 mM,200 mM to 1 M, 50 mM to 750 mM, 50
mM to 500 mM, 50 mM to 400 mM, 50 mM to 200 mM, 100 mM to 1 M, 100 mM to
750 mM, 100 mM to 500 mM, 100 mM to 400 mM or 100 mM to 200 mM over the
course of the gradient elution. In a further example, at the start of a gradient elution,
a concentration of salt in the gradient solution may be 50 mMto 1 M, e.g., 50 mM to
100 mM , 100 mM to 150 mM, 150 mM to 200 mM, 200 mM to 250 mM, 250 mM to
300 mM, 300 mM to 400 mM, 400 mM to 500 mM, 500 mM to 600 mM, 600 mM to
700 mM, 700 mM to 800 mM, 800 mM to 900 mM, 900 mM to 1 M, 50 mM to 750
mM, 50 mM to 500 mM, 50 mM to 400 mM, 50 mM to 200 mM, 100 mMto 1 M, 100
mM to 750 mM, 100 mM to 500 mM, 100 mM to 400 mM or 100 mM to 200 mM and
decrease to 0 mM to 100 mM over the course of the gradient elution. In some
embodiments, at the start of a gradient elution a concentration of sodium acetate in
the gradient solution is about 0 mM and, at the end of the gradient elution the
concentration of sodium acetate is about 500 mM. In some embodiments, at the start
of a gradient elution a concentration of sodium acetate in the gradient elution
solution is about 0 mM and, at the end of the gradient elution the concentration of
sodium acetate in the gradient elution solution is about 375 mM.

[0280] In some embodiments, over the course of a gradient elution, a pH of the
gradient solution may vary. In some embodiments, over the course of a gradient
elution, a pH of the gradient solution may increase or may decrease. In some
embodiments, at the start of a gradient elution, a pH of the gradient solution may be
between 7.0 and 11.0 (e.g., 7.0t0 7.5, 7.5 10 8.0, 8.0 t0 8.5, 8.5 t0 9.0, 9.0 t0 9.5,
10.0t0 10.5,10.5t0 11, 7.5t0 10.5, 8.0 to 10.0, 8.5t0 9.5 or 8.0 to 9.0). In some
embodiments, at the end of a gradient elution, a pH of the gradient solution may be
between 7.0 and 11.0 (e.g., 7.0t0 7.5, 7.5 10 8.0, 8.0 t0 8.5, 8.5 10 9.0, 9.0 t0 9.5,
10.0t0 10.5, 10.5t0 11, 7.5t0 10.5, 8.0 to 10.0, 8.5t0 9.5 or 8.0 to 9.0).
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[0281] In some embodiments, over the course of a gradient elution, a conductivity
of the gradient solution may vary. In some embodiments, over the course of a
gradient elution, a conductivity of the gradient solution may increase or may
decrease. In some embodiments, at the start of a gradient elution, a conductivity of
the gradient solution may be between 1.0 mS/cm and 2.5 mS/cm, e.g., 1.2 mS/cm
and 2.0 mS/cm. In some embodiments, at the end of a gradient elution, a
conductivity of the gradient solution may be between 20 mS/cm and 35 mS/cm, e.g.,
27 mS/cm and 33 mS/cm. In some embodiments, at the start of a gradient elution a
conductivity of the gradient solution is about 1.6 mS/cm and at the end of the
gradient elution the conductivity of the gradient solution is about 30 mS/cm.

[0282] In some embodiments, over the course of a gradient elution, a
concentration of a buffer in the gradient solution may vary. In some embodiments,
over the course of a gradient elution, a concentration of a buffer (e.g., Tris (e.g., a
mixture of Tris Base and Tris-HCI), BIS-Tris propane, diethanolamine, diethylamine,
tricine, triethanolamine and/or bicine of) in the gradient solution may increase or
decrease. For example, at the start of a gradient elution a concentration of a buffer in
the gradient solution may range from 10 mM to 500 mM, e.g., from 10 mM to 400
mM, from 10 mM to 300 mM, from 10 mM to 200 mM, from 10 mM to 50 mM, from
50 mM to 100 mM, from 50 mM to 150 mM, from 100 mM to 200 mM, from 100 mM
to 400 mM, from 200 mM to 300 mM, from 300 mM to 400 mM, from 400 mM to 500
mM, or more. At the end of a gradient elution a concentration of a buffer in the
gradient solution may range from10 mM to 500 mM, e.g., from 10 mM to 400 mM,
from 10 mM to 300 mM, from 10 mM to 200 mM, from 10 mM to 50 mM, from 50 mM
to 100 mM, from 50 mM to 150 mM, from 100 mM to 200 mM, from 100 mM to 400
mM, from 200 mM to 300 mM, from 300 mM to 400 mM, from 400 mM to 500 mM, or
more.

[0283] In some embodiment, over the course of a gradient elution, a
concentration of a detergent in the gradient solution may vary. In some
embodiments, over the course of a gradient elution, a concentration of a detergent
(e.g., poloxamer 188 (P188), Triton X-100, polysorbate 80 (PS80), Brij-35, nonyl
phenoxypolyethoxylethanol (NP-40) and a combination thereof) in the gradient
solution, may increase or decrease. For example, at the start of a gradient elution a
concentration of a detergent (e.g., P188) in the gradient solution may range from
0.005% to 1.0%, e.g., from 0.005% to 0.01%, from 0.005% to 0.5%, from 0.01% to
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1.0%, from 0.01% to 0.5%, from 0.01% to 0.02%, from 0.02% to 0.03%, from 0.03%
to 0.04%, from 0.04% to 0.05%, from 0.05% to 0.06%, from 0.05% to 1.0%, from
0.05% to 0.5%, from 0.07% to 0.08%, from 0.08% to 0.09%, from 0.09% to 0.1%,
from 0.1% to 0.5%, from 0.1% to 1.0%, from 0.5% to 1.0%.

[0284] In some embodiments, at the end of a gradient elution, a concentration of
a detergent (e.g., P188) in the gradient solution may range from 0.005% to 1.0%,
e.g., from 0.005% to 0.01%, from 0.005% to 0.5%, from 0.01% to 1.0%, from 0.01%
to 0.5%, from 0.01% to 0.02%, from 0.02% to 0.03%, from 0.03% to 0.04%, from
0.04% to 0.05%, from 0.05% to 0.06%, from 0.05% to 1.0%, from 0.05% to 0.5%,
from 0.07% to 0.08%, from 0.08% to 0.09%, from 0.09% to 0.1%, from 0.1% to
0.5%, from 0.1% to 1.0%, from 0.5% to 1.0%.

[0285] Over the course of a gradient elution, while one or more aspects of the
gradient solution (e.g., a salt concentration) may be varied, other aspects of the
gradient, such as conductivity, pH, buffer concentration, detergent concentration etc.,
may remain constant. For example, pH of a gradient solution may range from 7.0 to
11.0, e.g., from 7.5 to 10.5, from 8.0 to 10.0, from 8.5 t0 9.5 or from 8.0 to 9.0, from
7.0to 7.5, from 7.5 to0 8.0, from 8.0 to 8.5, from 8.5 to 9.0, from 9.0 to 9.5, from 9.5 to
10, from 10.0 to 10.5 or from 10.5 to 11.0, but be constant throughout the gradient
elution (e.g., a pH of about 8.8, about 8.9, about 9). In some embodiments, a pH of a
gradient elution solution is about 8.9.

[0286] In some embodiments, a concentration of a buffer, such as Tris, BIS-Tris
propane, bicine and a combination thereof, in a gradient elution may range from 10
mM to 500 mM, e.g., from 10 mM to 30 mM, from 10 mM to 50 mM, from 50 mM to
100 mM, from 100 mM to 200 mM, from 200 mM to 300 mM, from 300 mM to 400
mM, from 400 mM to 500 mM, from 10 mM to 400 mM, from 10 mM to 300 mM,
about 10 mM to 200 mM, about 50 mM to about 150 mM or more, but be constant
throughout the gradient elution (e.g., about 20 mM, about 100 mM). In some
embodiments, a concentration of a buffer, such as Tris, in a gradient elution is 50
mM to 150 mM. In some embodiments, a concentration of a buffer, such as Tris, in a
gradient elution solution is about 100 mM.

[0287] In some embodiments, a concentration of a detergent, such as poloxamer
188 (P188), Triton X-100, polysorbate 80 (PS80), Brij-35, nonyl
phenoxypolyethoxylethanol (NP-40) and a combination thereof, in a gradient elution
may range from 0.005% to 0.01%, from 0.005% to 0.5%, from 0.01% to 1.0%, from
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0.01% to 0.5%, from 0.01% to 0.02%, from 0.02% to 0.03%, from 0.03% to 0.04%,
from 0.04% to 0.05%, from 0.05% to 0.06%, from 0.05% to 1.0%, from 0.05% to
0.5%, from 0.07% to 0.08%, from 0.08% to 0.09%, from 0.09% to 0.1%, from 0.1%
to 0.5%, from 0.1% to 1.0%, from 0.5% to 1.0%but be constant throughout the
gradient elution. In some embodiments, a concentration of P188 during a gradient
elution is 0.05% to 0.1%. In some embodiments, a concentration of P188 during a
gradient elution is about 0.01%.

[0288] During a gradient elution, as conditions within the column change, for
example, pH, conductivity, salt concentration and/or modifier concentration,
substances loaded onto the column elute from the column at varying points during
the gradient.

[0289] In some embodiments, AAV capsids (e.g., full, intermediate, empty) are
bound to a stationary phase during loading a solution comprising the capsids to be
purified. During a gradient elution, as a percentage of a gradient elution buffer
increases, such that the concentration of a salt increases (e.g., sodium acetate), full
rAAV vectors are preferentially released (eluted) from the stationary phase, and
empty capsids are preferentially retained on the stationary phase. Empty capsids are
released in greater amounts as the percentage of the gradient elution buffer further
increases (along with the salt concentration). Empty capsids may also be recovered
in an AEX column flow-through that is, the unbound fraction. In some embodiments,
full and/or intermediate capsids are recovered in a first elution peak and in a portion
of a second elution peak (e.g., the first 2/3s of a second elution peak) from an AEX
column. Elution of full rAAV vector from the stationary phase can be monitored
during a gradient elution by measuring an A260 and A280 of the eluate, such that an
increase in the A260/A280 ratio is indicative of an increase in the presence of full
rAAV vector in the eluate.

[0290] In some embodiments, performing a gradient elution comprises application
of about 20 CV of a solution to a column, wherein the solution is buffer A, buffer B or
a mixture of buffer A and buffer B and wherein at the start of the gradient elution, the
solution is 100% buffer A and at the end of the step the solution is 100% B, such that
a gradient between buffer A and buffer B is created over the course of the elution
phase, optionally, wherein the rate of increase of buffer B is about 5% of buffer B per
CV, and optionally, when buffer B comprises sodium acetate, the concentration of
sodium acetate increases at a rate of 25 mM per CV.
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[0291] In some embodiments, performing a gradient elution comprises application
of about 37.5 CV of a solution to a column, wherein the solution is buffer A, buffer B
or a mixture of buffer A and buffer B and wherein at the start of the gradient elution,
the solution is 100% buffer A and at the end of the step the solution is 75% buffer B
and 25% buffer A, such that a gradient between buffer A and buffer B is created over
the course of the elution phase, optionally, wherein the rate of increase of buffer B is
about 2% of buffer B per CV, and optionally, when buffer B comprises sodium
acetate, the concentration of sodium acetate increase at a rate of 10 mM per CV.
[0292] In some embodiments, buffer A (e.g., a first gradient elution buffer)
comprises 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015 % (e.g.,
about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9). In some embodiments, buffer B
(e.g., a second gradient elution buffer) comprises about 400 mM to 600 mM (e.g.,
about 500 mM) sodium acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris,
0.005% to 0.015% (e.qg., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9).

[0293] In some embodiments, a gradient elution begins with application of 100%
buffer A to the column and ends with application of 100% buffer B to the column over
the course of 20 CV to 24 CV (e.g., about 20 CV), such that a gradient between
buffer A and buffer B is created over the course of the elution phase, and wherein
buffer A comprises about 100 mM Tris, 0.01% P188, pH 8.9 and buffer B comprises
about 500 mM sodium acetate, 100 mM Tris, 0.01% P188, pH 8.9. In some
embodiments, a gradient elution begins with application of 100% buffer A to the
column and ends with application of 75% buffer B and 25% buffer A to the column
over the course of 30 CV to 40 CV (e.g., about 37.5 CV), such that a gradient
between buffer A and buffer B is created over the course of the elution phase, and
wherein buffer A comprises about 100 mM Tris, 0.01% P188, pH 8.9 and buffer B
comprises about 500 mM sodium acetate, 100 mM Tris, 0.01% P188, pH 8.9.

[0294] In some embodiments, a gradient elution buffer comprises 5 mM to 40 mM
(e.g., about 20 mM) Tris, pH 9.0. In some embodiments, a gradient elution buffer
comprises 5 mM to 40 mM (e.g., about 20 mM) Tris, 400 mM to 600 mM (e.g., about
500 mM) salt (e.g., NaCl, NaAcetate, NHsAcetate and Na2S0O4), pH 9.0. In some
embodiments, a gradient elution buffer comprises about 20 mM Tris, 500 mM
sodium acetate, pH 9.0.

[0295] In some embodiments, a residence time of a gradient elution buffer (e.g.,
buffer, A, buffer B or a mixture of buffer A and buffer B) in an AEX column is 0.1
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min/CV to 15 min/CV, e.g., 0.1 min/CV to 1 min/CV, 1 min/CV to 2 min/CV, 1.5
min/CV to 2.5 min/CV, 2 min/CV to 4 min/CV, 4 min/CV to 6 min/CV, 6 min/CV to 8
min/CV, or 8 min/CV to 10 min/CV, 10 min/CV to 12 min/CV, 12 min/CV to 15
min/CV. In some embodiments, a residence time of a solution in a column is 0.1
min/CV, about 0.5 min/CV, about 1.5 min/CV, about 2.0 min/CV, about 2.5 min/CV,
about 3 min/CV, about 3.6 min/CV or about 4 min/CV, about 5 min/CV, about 6
min/CV, about 7 min/CV, about 8 min/CV, about 9 min/CV or about 10 min/CV. In
some embodiments, a residence time of a gradient elution buffer (e.g., buffer A,
buffer B or a mixture of buffer A and buffer B) in a column is about 3.6 min/CV or 4
min/CV. In some embodiments, a residence time of a gradient elution buffer (e.g.,
buffer A, buffer B or a mixture of buffer A and buffer B) in a column is about 2.0
min/CV.

[0296] In some embodiments, a residence time of a gradient elution buffer (e.g.,
buffer A, buffer B or a mixture of buffer A and buffer B) in a columnis 1.5t0 2.5
min/CV (e.g., about 2 min/CV). In some embodiments, a residence time of a gradient
elution buffer (e.g., a buffer A, buffer B, or mixture of buffer A and buffer B) in a
column is 3.5 to 4.5 min/CV (e.g., about 4 min/CV). In some embodiments, a
residence time of a gradient elution buffer (e.g., buffer A, buffer B or a mixture of
buffer A and buffer B) in a column is about 11 min/CV.

[0297] In some embodiments, a linear velocity of a gradient elution buffer (e.g.,
buffer A, buffer B or a mixture of buffer A and buffer B) through a stationary phase in
a column is 50 to 1800 cm/hr, e.g., 50 cm/hr to 100 cm/hr, 100 cm/hr to 200 cm/hr,
200 cm/hr to 400 cm/hr, 400 cm/hr to 600 cm/hr, 600 cm/hr to 800 cm/hr, 800 cm/hr
to 1000 cm/hr, 1000 cm/hr to 1500 cm/hr, or 1500 cm/hr to 1800 cm/hr. In some
embodiments, a linear velocity of a gradient elution buffer (e.g., buffer A, buffer B or
a mixture of buffer A and buffer B) through a stationary phase in a column is about
298 cm/hr or about 300 cm/hr. In some embodiments, a linear velocity of a gradient
elution buffer (e.g., buffer A, buffer B or a mixture of buffer A and buffer B) through a
stationary phase in a column is about 75 cm/hr, about 204 cm/hr, about 298 cm/hr,
about 300 cm/hr, about 597 cm/hr, or about 600 cm/hr. In some embodiments, a
linear velocity of a gradient elution buffer (e.g., a buffer A, buffer B or mixture of
buffer A and buffer B) through an AEX stationary phaseina6.0Lt0o 6.6 L (e.g., 6.4
L) column is about 270 cm/hr to 330 cm/hr (e.g., about 300 cm/hr).

[0298] In some embodiments, a flow rate of a gradient elution buffer (e.g., buffer
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A, buffer B or a mixture of buffer A and buffer B) through a stationary phase in a
column is about 0.2 mL/min to 2.0 L/min e.g., 0.2 mL/min to 1 mL/min, 1.0 mL/min to
10 mL/min, 10 mL/min to 100 mL/min, 100 mL/min to 500 mL/min, 500 mL/min to 1
L/min, 1 L/min to 1.5 L/min, or 1 L/min to 2 L/min. In some embodiments, a flow rate
of a gradient elution buffer (e.g., buffer A, buffer B or a mixture of buffer A and buffer
B) through a stationary phase in a column is about 0.47 mL/min. In some
embodiments, a flow rate of a gradient elution buffer (e.g., buffer A, buffer B or a
mixture of buffer A and buffer B) through a stationary phase in a column is about
1.67 mL/min. In some embodiments, a flow rate of a gradient elution buffer (e.g.,
buffer A, buffer B or a mixture of buffer A and buffer B) through a stationary phase in
a column is about 314 mL/min. In some embodiments, a flow rate of a gradient
elution buffer (e.g., buffer A, buffer B or a mixture of buffer A and buffer B) through a
stationary phase in a column is about 1.8 L/min. In some embodiments, a flow rate of
a gradient elution buffer (e.g., buffer A, buffer B or a mixture of buffer A and buffer B)
through a stationary phase in a column is 1.5 to 2.0 L/min. In some embodiments, a
flow rate of a gradient elution buffer (e.g., buffer A, buffer B or a mixture of buffer A
and buffer B) through an AEX stationary phase in a 1.3 L column is about 314
mL/min. In some embodiments, a flow rate of a gradient elution buffer (e.g., buffer A,
buffer B or a mixture of buffer A and buffer B) through an AEX stationary phase in a
6.0Lto 6.6 L (e.g., 6.4 L) column is about 1.8 L/min.

[0299] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) comprises application of a
gradient elution buffer to a column comprising POROS™ 50 HQ stationary phase. In
some embodiments, a method of purifying a rAAV vector (e.g., AAV9, AAV3B or
others) from an affinity eluate comprises performing a gradient elution beginning with
application of 100% buffer A (e.g., comprises 50 mM to 150 mM (e.g., about 100
mM) Tris, 0.005% to 0.015 % (e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., about
8.9)) and ending with application of 75% to 100% buffer B (e.g., 50 mM to 150 mM
(e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5 to
9.5 (e.g., about 8.9)) over 15 to 40 CV (e.g., about 20 CV, about 37.5 CV) to a
column comprising an AEX stationary phase, wherein the rate of change of the
percentage of buffer B during the gradient elution is 2% buffer B/CV to 5% buffer
B/CV. In some embodiments, the columnisa 6.0 Lto 6.6 L (e.g., 6.4 L) column.
[0300] In some embodiments, a method of purifying a rAAV vector (e.g., AAV9,
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AAV3B or others) from an affinity eluate comprises performing a gradient elution
beginning with application of 100% of a first buffer comprising about 100 mM Tris,
0.01% P188, pH 8.9 and ending with application of 75% to 100% of a second buffer
comprising 500 mM sodium acetate, 100 mM Tris, 0.01% P188, pH 8.9 over 15 CV
to 40 CV (e.g., about 20 CV, about 37.5 CV) to a column comprising an AEX
stationary phase at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298
cm/hr, about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min)
and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g., 2 min/CV, 4 min/CV),
such that a gradient between the first buffer and the second buffer is created over
the course of the elution, and wherein the rate of change of the percentage of buffer
B during the gradient elution is 2% buffer B/CV to 5% buffer B/CV. In some
embodiments, the columnisa 6.0 Lto 6.6 L (e.g., 6.4 L) column.

[0301] In some embodiments, the present disclosure provides a method of
purifying a rAAV (e.g., rAAV9, rAAV3B or others) vector by AEX, the method
comprising a step of: i) pre-use flushing comprising application of >4.5 CV (e.g.,
about 5 CV) of water for injection to an AEX stationary phase in a column; ii)
sanitizing comprising application of 5 CV to 10 CV (e.g., about 8 CV) or 14.4 to 17.6
CV (e.g., about 16 CV) of a solution comprising 0.1 M to 1.0 M (e.g., about 0.5 M)
NaOH to the AEX stationary phase in the column, optionally by upward flow; iii)
regenerating comprising application of 4.5 to 5.5 CV (e.g., about 5 CV) of a solution
comprising 1 M to 3 M (e.g., about 2 M) NaCl, 50 mM to 150 mM (e.g., about 100)
mM Tris, pH 8.5 to 95. (e.g., about 9) to the AEX stationary phase in the column; iv)
equilibration comprising application of 4.5 to 5.5 CV (e.g., about 5 CV) of a solution
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9)
to the AEX stationary phase in the column; v) equilibration comprising application of
4510 5.5 CV (e.g., about 5 CV) of an equilibration buffer comprising 50 mM to 150
mM (e.g., about 100 mM) Tris, 400 mM to 600 mM (e.g., about 500 mM) sodium
acetate, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9)
to the AEX stationary phase in the column; vi) equilibration comprising application of
>4.5 CV (e.g., about 5 CV) of an equilibration buffer comprising 100 mM to 300 mM
(e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., 200 mM) Tris, 0.1% to
1.0% (e.g., about 0.5%) P188, pH 8.5t0 9.5 (e.g., about 8.8) to the AEX stationary
phase in the column; vii) loading an affinity eluate comprising the rAAV vector to be
purified to the AEX stationary phase in the column, optionally wherein the eluate has
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been a) diluted about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising
100 to 300 mM (e.qg., about 200 mM) histidine, 100 to 300 mM (e.g., about 200 mM)
Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0, and optionally b) filtered
through an in-line 0.2 um filter prior to application to the AEX stationary phase; viii)
equilibration comprising application of 4.5 to 5.5 CV (e.g., about 5 CV) of an
equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005%
to 0.015% (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9) to the AEX
stationary phase in the column; and/or ix) performing gradient elution of material
from the stationary phase in the column beginning with application of 100% of a first
buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015 %
(e.g., about 0.01%) P188, pH 8.5 t0 9.0 (e.g., about 8.9) and ending with application
of 100% of a second buffer comprising 400 mM to 600 mM (e.g., about 500 mM)
sodium acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015%
(e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., pH 8.9) to the stationary phase over 20
CVto 24 CV (e.g., about 20 CV); optionally wherein at least one of steps i) — ix) is
performed at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298 cm/hr,
about 300 cm/hr), and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2
min/CV, about 4 min/CV); optionally wherein the rAAV vector is a rAAV9 or a
rAAV3B vector; and optionally wherein the AEX stationary phase is POROS™ 50
HQ. In some embodiments, at least one of steps i) — ix) is performed at a flow rate of
1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) through a 6 L to 6.6 L column (e.g.,
about 6.4 L), or about 314 mL/min through a 1.3 L column. In some embodiments,
material eluted from the stationary phase during gradient elution comprises a rAAV
vector to be purified. One of ordinary skill will understand that the order of the above
steps may be varied.

Gradient Hold
[0302] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) comprises applying a
gradient hold solution to a column comprising an AEX stationary phase (e.qg.,
POROS™ 50 HQ) for an extended volume to ensure complete gradient formation,
preferably following a gradient elution. In some embodiments, a gradient hold
solution comprises at least one component selected from the group consisting of a
salt, a buffer, a detergent, an amino acid and a combination thereof. In some
embodiments, a gradient hold solution comprises a salt selected from the group
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consisting of sodium chloride, sodium acetate, ammonium acetate, magnesium
chloride, sodium sulfate and a combination thereof. In some embodiments, a
gradient hold solution comprises a buffer selected from the group consisting of Tris,
BIS-Tris propane, bicine and a combination thereof. In some embodiments, a
gradient hold solution comprises a detergent selected from the group consisting of
as poloxamer 188 (P188), Triton X-100, polysorbate 80 (PS80), Brij-35, nonyl
phenoxypolyethoxylethanol (NP-40) and a combination thereof. In some
embodiments, a gradient hold solution comprises a salt, a buffer and a detergent. In
some embodiments, a gradient hold solution comprises an amino acid selected from
the group consisting of the amino acid is selected from the group consisting of
histidine, arginine, glycine, citrulline and a combination thereof. In some
embodiments a gradient hold solution comprises sodium acetate, Tris and P188.
[0303] In some embodiments, a gradient hold solution comprises 5 MM to 1 M
(e.g., about 500 mM) sodium acetate, 1 mM to 1 M (e.g., about 100 mM) Tris,
0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., about 8.9). In some
embodiments, 1 CVt0o 10 CV, e.g., 1CVto3CV,1CV1o5CV,44CVio55CV, 1
CVto 8 CV,or5CVto 10 CV of gradient hold solution are applied to a column
stationary phase. In some embodiments, 4.5 CV to 5.5 CV (e.g., about 5 CV) of a
gradient hold solution comprising about 500 mM sodium acetate, 100 mM Tris,
0.01% P188, pH 8.9 are applied to an AEX column stationary phase (e.g., POROS™
50 HQ) at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 300 cm/hr), a flow
rate of 0.4 mL/min to 2.0 L/min (e.g., about 1.8 L/min) and/or a residence time of 3.5
to 11 min/CV.

Step Elution
[0304] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) comprises a step elution (also referred to as an
“isocratic elution”). In some embodiments, a step elution comprises application of at
least one step elution solution to a column stationary phase, however, more
commonly multiple step elution solutions (e.g., 2, 3,4,5,6,7,8,9,10, 11,12, 13,
14,15, 16,17, 18, 19, 20 or more) are applied to a column stationary phase.
[0305] In some embodiments, a step elution solution comprises at least one
component selected from the group consisting of a salt, a buffer, a detergent, an
amino acid and a combination thereof. In some embodiments, a step elution solution

comprises a salt selected from the group consisting of sodium chloride, sodium
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acetate, ammonium acetate, magnesium chloride, sodium sulfate and a combination
thereof. In some embodiments, a step elution solution comprises a buffer selected
from the group consisting of Tris, BIS-Tris propane, bicine and a combination
thereof. In some embodiments, a step elution solution comprises an amino acid
selected from the group consisting of the amino acid is selected from the group
consisting of histidine, arginine, glycine, citrulline and a combination thereof. In some
embodiments, a step solution comprises a detergent selected from the group
consisting of as poloxamer 188 (P188), Triton X-100, polysorbate 80 (PS80), Brij-35,
nonyl phenoxypolyethoxylethanol (NP-40) and a combination thereof. In some
embodiments, a step elution solution comprises a salt, a buffer and a detergent. In
some embodiments a step elution solution comprises sodium acetate and Tris.
[0306] In some embodiments, a concentration of a buffer (e.g., Tris) in a step
elution solution is about 1 mM to 500 mM, e.g., 1 mM to 10 mM, 10 mM to 50 mM,
50 mM to 100 mM, 100 mM to 200 mM, 200 mM to 300 mM, 300 mM to 400 mM,
400 mM to 500 mM. In some embodiments, a concentration of Tris in a step elution
solution is about 20 mM.

[0307] In some embodiments a concentration of a salt (e.g., sodium acetate) in a
step elution solution is about 5 mM to 600 mM, e.g., 5 mM to 50 mM. 50 mM to 100
mM, 100 mM to 200 mM, 200 mM to 300 mM, 300 mM to 400 mM, 400 mM to 500
mM, 500 mM to 600 mM. In some embodiments, a concentration of sodium acetate
in a step elution solution is about 64 mM, about 75 mM, about 85 mM, about 95 mM,
about 100 mM, about 105 mM, about 109 mM, about 110 mM, about 150 mM, about
200 mM, about 300 mM, about 400 mM, about 500 mM or more.

[0308] In some embodiments, a step elution solution comprises 10 mM to 50 mM
(e.g., about 20 mM) Tris, 5 to 600 mM salt, pH 8.9 to 9.1. In some embodiments, a
salt is sodium acetate. In some embodiments, at least one step elution solution
comprises a buffer selected from the group consisting of 20 mM Tris, 64 mM sodium
acetate, pH 9.0; 20 mM Tris, 75 mM sodium acetate, pH 9.0; 20 mM Tris, 85 mM
sodium acetate, pH 9.0; 20 mM Tris, 95 mM sodium acetate, pH 9.0; 20 mM Tris,
100 mM sodium acetate, pH 9.0; 20 mM Tris, 105 mM sodium acetate, pH 9.0; 20
mM Tris, 109 mM sodium acetate, pH 9.0; and 20 mM Tris, 500 mM sodium acetate,
pH 9.0.

[0309] In some embodiments, 1 CVt020CV,e.g.,1CVto3CV,2CVto3CV, 1
CVto8CV,4CVto11CV,5CVto10CV,10CV to 20 CVor 15CV to 20 CV of at
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least one step elution solution are applied to a column stationary phase. In some
embodiments, about 2.5 CV, about 5 CV, about 10 CV or about 20 CV of at least
one step elution solution are applied to a column stationary phase.
[0310] In some embodiments, a step elution solution is applied to a column
stationary phase at a linear velocity of 50 cm/hr to 2000 cm/hr (e.g., about 75 cm/hr,
about 150 cm/hr, about 204 cm/hr, about 600 cm/hr, about 1800 cm/hr). In some
embodiments, a residence time of a step elution solution within a column stationary
phase is 1 min/CV to 15 min/CV (e.g., about 1.5 min/CV, about 6 min/CV, about 12
min/CV).
[0311] In some embodiments, at least 2, 3, 4, 5, 6, 7, 8, 9, 10 or more step elution
solutions are applied to a stationary phase in a column. In some embodiments, 1 CV
to 20 CV of at least one step elution solution (e.g., 2, 3, 4, 5, etc.) comprising 20 mM
Tris, 5 to 600 mM salt (e.g., sodium acetate), pH 8.9 to 9.1 (e.g., pH 9.0) are applied
to an AEX column (e.g., POROS™ 50 HQ) at a linear velocity of 50 cm/hr to 2000
cm/hr and a residence time of 1 min/CV to 15 min/CV.
[0312] In some embodiments, a step elution solution may also be a strip solution,
and preferably applied to a column stationary phase as the final step elution step. A
final step elution solution (i.e., a strip solution) may be applied to a column stationary
phase to cause the release of a substance (e.g., a rAAV vector) from the stationary
phase. In some embodiments, a final step elution solution may have a high salt
concentration (e.g., >450 mM). In some embodiments, a final step elution solution
may comprise 20 mM Tris, 500 mM salt (e.g., sodium acetate), pH 8.9 to 9.1.
[0313] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) comprises application of a strip solution to a
column stationary phase, preferably following application of at least one step elution
solution. In some embodiments, a strip solution comprises 20 mM Tris, 500 mM
sodium acetate, pH 8.9 to0 9.1.

Fraction Collection, Neutralization and Pooling
[0314] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction

of eluate from an AEX column to recover and enrich for full capsids, optionally during
a gradient elution. In some embodiments, full capsids are collected in a first elution
peak and in a portion of a second elution peak (e.g., the first 2/3 of the second
elution peak). Empty capsids may be recovered in an AEX column flow-through, that
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is, the unbound fraction. Empty capsids may also be recovered in an elution peak,
though generally at a lower level as compared to the recovery in a column flow
through. Intermediate capsids may be recovered with full capsids or empty capsids.
[0315] During an elution (e.g., a gradient elution) of an AEX method of purifying a
rAAV vector, eluate from an AEX column may be collected in discrete fractions of a
particular volume, and/or with a particular attribute (e.g., absorbance at a particular
wavelength). For example, a volume of eluate suchas 1 mLto 4L, e.g., 1mLto 10
mL, 1mLto3L,1mLto2L,TmLto1L,1mLto100mL, 10 mL to 50 mL, 50 mL to
100 mL, 100 mL to 250 mL, 250 mL to 500 mL, 500 mLto 1L,1Lto 1.5L,1.5L. to
2L,2Lto3L,3Lto4L, ormore (e.9.,about 1 mL, 5 mL, 10 mL, 100 mL, 500 mL,
1L,2L,3L, 4L etc.) or specific CV equivalents such as 1/8 of a CV to 10 CV, e.g.,
1/8ofaCVto1CV,1CVio2CV,2CVto5CV,5CVto8CV,8CVto10CVor
more (e.g., 1/8 of aCV, 1/4ofa CV,1/30fa CV, 1/20faCV,1 CV,2CV,3CV, 4
CV,5CV,6CV,7CV,8CV,9CV or more) of eluate may be collected from an AEX
column during a chromatography step (e.g., gradient elution). In some embodiments,
a volume of eluate > 1/3 CV may be collected from an AEX column during a
chromatography step. In some embodiments, a volume of eluate of about 1/2 CV
may be collected from an AEX column during a chromatography step. In some
embodiments, collecting at least one fraction of eluate from an AEX column during a
chromatography step (e.g., a gradient elution) comprises collecting the eluate when
an absorbance (e.g., absorbance at 260 nm and/or 280 nm) of a column-flow
through reaches an absorbance threshold (e.g., > 0.5 mAU/mm path length, e.g., 10
mAU/mm path length). In some embodiments, collecting at least one fraction of
eluate from an AEX column during a chromatography step (e.g., a gradient elution)
comprises collecting the eluate when a gradient elution solution comprises a
particular percentage of an elution buffer, for example when the gradient elution
solution comprises about 30% to about 35% (e.g., about 32%) to about 50% to about
55% (e.g., about 52%) of the second elution buffer (e.g., buffer B). In some
embodiments, a second elution buffer (e.g., buffer B) comprises 500 mM sodium
acetate, 100 mM Tris, 0.01% P188, pH 8.9.

[0316] In some embodiments, an eluate is collected in multiple fractions (e.g., 5
fractions, 10 fractions, 20 fractions or more) of a particular volume (e.g., 1/3 CV, 1/2
CV). In some embodiments, an eluate is collected as a single fraction. In some
embodiments, an eluate is collected in a single fraction when the A280 of the eluate
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is > 0.5 mAU, and optionally collected for about 2.3 CV.

[0317] In some embodiments, collecting at least one fraction eluate from an AEX
column comprises measuring an absorbance at 260 nm (A260) and/or absorbance
at 280 nm (A280) of the eluate collected from the column, optionally during a
gradient elution. In some embodiments, measuring an absorbance (e.g., at A260 or
A280) of an AEX eluate is performed in-line with collecting the at least one fraction
eluate. In some embodiments, when an eluate collected from an AEX column during
a chromatography elution(e.g., a gradient elution) has an A280 of 0.5 to 10 mAU/mm
path length, at least one fraction of eluate is collected. In some embodiments,
collecting eluate from an AEX column comprises collecting at least one fraction of
eluate with a volume of > 1/3 of a CV. In some embodiments, collecting at least one
fraction of eluate (e.g., a first fraction of eluate) from an AEX column, optionally
during a gradient elution, comprises collecting at least one fraction of eluate when
the A280 of the eluate is > 0.5 mAU/mm path length, and wherein a volume of the at
least one fraction of eluate is >1/3 of a CV.

[0318] In some embodiments, one to 25 fractions, e.g., 1 to 5 fractions, 5to 10
fraction, 10 to 15 fractions, 15 to 20 fractions or 20 to 25 fractions of eluate are
collected from an AEX column, optionally during a gradient elution. In some
embodiments, at least one, at least 2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, at least 10, at least 11, at least 12, at least 13, at least
14, at least 15, at least 16, at least 17, at least 18, at least 19, at least 20, at least 21,
at least 22, at least 23, at least 24, at least 25, or more, fractions of eluate are
collected from an AEX column. In some embodiments, at least 10 fractions of
eluate, each with a volume of > 1/3 of a CV, are collected from an AEX column,
optionally during a gradient elution. In some embodiments, at least 20 fractions of
eluate, each with a volume of about 1/2 of a CV, are collected from an AEX column,
optionally during a gradient elution.

[0319] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate by AEX comprises collecting the first of
about 10 fractions of eluate from an AEX column, optionally during a gradient elution,
when the A280 of the eluate is >0.5 mAU/mm path length, and wherein each fraction
has a volume of > 1/3 of a CV.

[0320] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV3B
or others) from an affinity eluate by AEX comprises collecting the first of about 20
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fractions of eluate from an AEX column, optionally during a gradient elution, when a
percentage of a second elution buffer (e.g., buffer B) of the gradient elution solution
is about 30% to about 35% (e.g., about 32%) and continuing the collecting until the
percentage of a second elution buffer (e.g., buffer B) is about 50% to 55% (e.qg.,
about 52%) of the gradient elution solution, and wherein each fraction has a volume
of about 1/2 of a CV.

[0321] In some embodiments, a method purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an solution (e.g., an affinity eluate) by AEX comprises
adjusting a pH of at least one fraction of eluate collected from an AEX column,
optionally during a gradient elution. In some embodiments, adjusting a pH of at least
one fraction of eluate is referred to as a neutralization step. In some embodiments, a
pH of at least one fraction of eluate collected from an AEX column is pH 8.5 to 9.1
prior to pH adjustment. In some embodiments, a pH of at least one fraction of eluate
is adjusted to a pH of 6.8 to 7.6 (e.g., about pH 7.2). In some embodiments, a pH of
at least one fraction of eluate is adjusted to a pH of 7.5 to 7.7 (e.g., about pH 7.6).
[0322] In some embodiments, a pH of at least one fraction of eluate collected
from an AEX column is adjusted to a pH of 6.8 to 7.6 by addition of 14% to 16%
(eluate volume weight) (e.g., 14.3% t0 14.7%, 14.3% to 15%, 15% to 16%) of a
solution comprising 50 mM to 500 mM, e.g., about 50 mM to 100 mM, 50 mM to 400
mM, 50 mM to 300 mM, 50 mM to 200 mM, 100 mM to 200 mM, 100 mM to 300 mM,
200 mM to 300 mM, 300 mM to 400 mM, or 400 mM to 500 mM sodium citrate, pH
3.0 t0 4.0 (e.g., about 3.5). In some embodiments, adjusting a pH of at least one
fraction of eluate collected from an AEX column, optionally during a gradient elution,
comprises adjustment of the pH to 6.8 to 7.6 (e.g., about pH 7.2) by addition of an
eluate volume weight of 14% to 16% (e.g., about 15%) eluate volume weight of a
solution comprising about 250 mM sodium citrate, pH 3.5. In some embodiments, a
pH of at least one fraction of eluate collected from an AEX column is adjusted by
addition of a solution comprising about 50 mM citrate, pH 3.6.

[0323] In some embodiments, a pH of at least one fraction of eluate collected
from an AEX column is adjusted to a pH of about 7.5 to 7.7 by collecting the at least
one faction into a vessel comprising about 0.01 CV to 0.1 CV (e.g., about 0.066 CV)
of a solution comprising 50 mM to 500 mM, e.g., about 50 mM to 100 mM, 50 mM to
400 mM, 50 mM to 300 mM, 50 mM to 200 mM, 100 mM to 200 mM, 100 mM to 300
mM, 200 mM to 300 mM, 300 mM to 400 mM, or 400 mM to 500 mM sodium citrate,
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pH 3.0 to 4.0 (e.g., about 3.5). In some embodiments, adjusting a pH of at least one
fraction of eluate collected from an AEX column, optionally during a gradient elution,
comprises adjustment of the pH to 7.5 10 7.7 (e.g., about pH 7.6) by collecting the at
least one fraction into a vessel comprising about 0.01 CV to 0.1 CV (e.g., about
0.066 CV) of a solution comprising about 250 mM sodium citrate, pH 3.5.

[0324] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) by AEX comprises
measuring an absorbance of at least one fraction of eluate collected from an AEX
column, optionally during a gradient elution. In some embodiments, an absorbance
of at least one fraction of eluate is measured using analytical size exclusion
chromatography (SEC) in a high performance liquid chromatography (HPLC)
system, and measuring the absorbance at one or more wavelengths (e.g., 260 nm
and/or 280 nm).

[0325] In some embodiments, measuring an absorbance of at least one fraction
of eluate collected from an AEX column comprises measuring the absorbance at 260
nm (A260) and 280 nm (A280), and optionally determining an A260/A280 ratio (when
measured by SEC, the measurement may be referred to as SEC A260/A280 or
A260/A280 (SEC)). An A260/A280 ratio of at least one fraction of eluate collected
from an AEX column is at least 0.5 t0 2.0, e.g., atleast 0.5t0 0.75, 0.751t0 1.0, 1.0 to
1.25,1.251t0 1.5,0.5t0 1.5, 1.5 to 2.0 or more. An A260/A280 ratio of at least one
fraction of eluate collected from an AEX column is at least 0.5, at least 0.55, at least
0.6, at least 0.65, at least 0.7, at least 0.75, at least 0.8, at least 0.85, at least 0.9, at
least 0.95, at least 1.0, atleast 1.10, atleast 1.11, atleast 1.12, at least 1.13, at least
1.14, at least 1.15, at least 1.16, at least 1.17, at least 1.18, at least 1.19, at least
1.20, at least 1.21, at least 1.22, at least 1.23, at least 1.24, at least 1.25, at least
1.26, at least 1.27, at least 1.28, at least 1.29, at least 1.30, at least 1.31, at least
1.32, at least 1.33, at least 1.34, at least 1.35, at least 1.36, at least 1.37, at least,
1.38, at least 1.39, at least 1.40 or greater). In some embodiments, an A260/A280
ratio of at least one fraction of eluate collected from an AEX column, optionally
during a gradient elution, is at least 1.25.

[0326] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) by AEX comprises
measuring a % of high molecular mass species (HMMS) of at least one fraction of
eluate collected from an AEX column, optionally during a gradient elution. In some
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embodiments, a % of HMMS is measured by SEC. In some embodiments, a %
HMMS of at least one fraction of eluate collected during AEX purification of rAAV
vectors produced in a 250 L SUB ranges from 0% to 10% (e.g., 0% to 3.2%). In
some embodiments, a % HMMS of at least one fraction of eluate collected during
AEX purification of rAAV vectors produced in a 2000 L SUB ranges from 0.5% to
15% (e.g., 1.2% t0 8.3%).

[0327] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) by AEX comprises
determining a % purity of at least one fraction of eluate collected from an AEX
column, optionally during a gradient elution. In some embodiments, a % purity is
determined by RP-HPLC. In some embodiments, a % purity of at least one fraction
of eluate collected during AEX purification of rAAV vectors produced in a 250 L SUB
ranges from 95% to 100 % (e.g., 99.1% t0 99.4%). In some embodiments, a % purity
of at least one fraction of eluate collected during AEX purification of rAAV vectors
produced in a 2000 L SUB ranges from 75% to 100% (e.g., 79.6% t0 98.7%).
[0328] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) by AEX comprises
measuring an amount of host cell DNA (HC-DNA) of at least one fraction of eluate
collected from an AEX column, optionally during a gradient elution. In some
embodiments, an amount of HC-DNA is measured by qPCR. In some embodiments,
an amount of HC-DNA of at least one fraction of eluate collected during AEX
purification of rAAV vectors produced in a 250 L SUB ranges from 0.1 pg /1 x 10°
VGto20pg/1x10°VG (e.g.,1.0pg/1x10°VGto59pg/1x 10°VG). In some
embodiments, an amount of HC-DNA of at least one fraction of eluate collected
during AEX purification of rAAV vectors produced in a 2000 L SUB ranges from 0.1
pg/1x10°VGto50pg/1x10°VG (e.g.,2.7pg/1x10°VGto 26.5pg/ 1 x 10°
VG).

[0329] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) by AEX comprises
measuring an amount of host cell protein (HCP) of at least one fraction of eluate
collected from an AEX column, optionally during a gradient elution. In some
embodiments, an amount of HCP is measured by ELISA. In some embodiments, an
amount of HCP of at least one fraction of eluate collected during AEX puirification of
rAAV vectors produced in a 250 L SUB ranges from an amount lower than the level
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of quantification (LLOQ) to 5.78 pg /1 x 10° VG. In some embodiments, an amount
of HCP of at least one fraction of eluate collected during AEX purification of rAAV
vectors produced in a 2000 L SUB is LLOQ.

[0330] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from a solution (e.g., an affinity eluate) comprises combining at
least two fractions of eluate collected from an AEX column (e.g., during a gradient
elution) to form a pooled eluate (also referred to herein as an “AEX pool”). In some
embodiments, at least two fractions of eluate from an AEX column, each having an
A260/A280 ratio (e.g., measured by SEC) of at least 0.5 t0 2.0, e.g., atleast 0.5 to
0.75,0.751t01.0,1.0to 1.25,1.25t0 1.5, 0.5 to 1.5, 1.5 t0 2.0 or more. In some
embodiments, at least two fractions of eluate from an AEX column, each having an
A260/A280 ratio (e.g., measured by SEC) of at least 0.5, at least 0.55, at least 0.6,
at least 0.65, at least 0.7, at least 0.75, at least 0.8, at least 0.85, at least 0.9, at least
0.95, atleast 1.0, at least 1.10, at least 1.11, at least 1.12, at least 1.13, at least
1.14, at least 1.15, at least 1.16, at least 1.17, at least 1.18, at least 1.19, at least
1.20, at least 1.21, at least 1.22, at least 1.23, at least 1.24, at least 1.25, at least
1.26, at least 1.27, at least 1.28, at least 1.29, at least 1.30, at least 1.31, at least
1.32, at least 1.33, at least 1.34, at least 1.35, at least 1.36, at least 1.37, at least,
1.38, at least 1.39, at least 1.40 or greater), are combined to form a pooled eluate. In
some embodiments, combining at least two fractions of eluate collected from an AEX
column, optionally during a gradient elution, comprises combining at least two
fractions of eluate, each having an A260/A280 ratio of > 0.98 to form a pooled
eluate. In some embodiments, combining at least two fractions of eluate collected
from an AEX column, optionally during a gradient elution, comprises combining at
least two fractions of eluate, each having an A260/A280 ratio of > 1.0 to form a
pooled eluate. In some embodiments, combining at least two fractions of eluate
collected from an AEX column, optionally during a gradient elution, comprises
combining at least two fractions of eluate, each having an A260/A280 ratio of > 1.22
to form a pooled eluate. In some embodiments, combining at least two fractions of
eluate collected from an AEX column, optionally during a gradient elution, comprises
combining at least two fractions of eluate, each having an A260/A280 ratio of > 1.24
to form a pooled eluate. In some embodiments, combining at least two fractions of
eluate collected from an AEX column, optionally during a gradient elution, comprises
combining at least two fractions of eluate, each having an A260/A280 ratio of > 1.25
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to form a pooled eluate.

[0331] In some embodiments, combining at least two fractions of eluate to form a
pooled eluate comprises pooling 2to 7, 2to 10, 2 to 15, 2 to 20 or 2 to 50 fractions
of eluate collected from an AEX column, optionally during a gradient elution. In some
embodiments, an A260/A280 ratio of a pooled eluate is at least 0.5 to 2.0, e.g., at
least 0.51t0 0.75,0.75t0 1.0, 1.0to 1.25, 1.25t0 1.5, 0.5 to 1.5, 1.5 to 2.0 or more. In
some embodiments, an A260/A280 ratio of a pooled eluate is at least 0.5, at least
0.55, atleast 0.6, at least 0.65, at least 0.7, at least 0.75, at least 0.8, at least 0.85,
at least 0.9, at least 0.95, at least 1.0, at least 1.10, at least 1.11, at least 1.12, at
least 1.13, atleast 1.14, at least 1.15, at least 1.16, atleast 1.17, at least 1.18, at
least 1.19, at least 1.20, at least 1.21, at least 1.22, at least 1.23, at least 1.24, at
least 1.25, at least 1.26, at least 1.27, at least 1.28, at least 1.29, at least 1.30, at
least 1.31, at least 1.32, at least 1.33, at least 1.34, at least 1.35, at least 1.36, at
least 1.37, at least, 1.38, at least 1.39, at least 1.40 or greater). In some
embodiments, an A260/A280 ratio of a pooled eluate is >0.97. In some
embodiments, an A260/A280 ratio of a pooled eluate is 0.97 to 1.03. In some
embodiments, an A260/A280 ratio of a pooled eluate is 1.0 to 1.05. In some
embodiments, an A260/A280 ratio of a pooled eluate is 1.20 to 1.40. In some
embodiments, an A260/A280 ratio of a pooled eluate is >1.25, for instance about
1.28 to 1.35, and is enriched for full capsids as compared to the affinity eluate or
diluted affinity eluate prior to purification by AEX.

[0332] In some embodiments, a pooled eluate comprises only a single fraction,
for example, when only a single fraction meets a predetermined criterion, such as a
A280 value or A260/A280 ratio. In some embodiments, a pooled eluate comprises
only a single fraction, for example, when a single fraction is collected over the course
of performing a gradient elution, starting at a particular point (e.g., when a particular
A280 value is measured) and ending at a particular point (e.g., a particular A280
value is measured, a specific volume of eluate is collected).

[0333] In some embodiments, a pooled eluate has a pH of about 6.5 to0 8, 6.8 to
7.6, about 6.8 t0 7.8, 7.0 to 7.6, about 7.0 to 7.4 or about 7.0 to 7.2. In some
embodiments a pooled eluate has a pH of about 6.8 to 7.6.

[0334] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate comprises i) collecting the first of at least
one (e.g., about 10) fraction of eluate from an AEX column during a chromatography
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step (e.g., a gradient elution) when the A280 of the eluate is >0.5 mAU/mm path
length, and wherein a volume of the at least one fraction of eluate is equivalent to 1/8
ofaCVto2CV (e.g., about 1/3 of a CV); ii) adjusting the pH of the at least one (e.g.,
about 10) fraction of eluate from the column to a pH of 6.8 to 7.6 by addition of
14.3% to 15% (eluate volume weight) of a solution comprising about 200 mM to 300
mM (e.g., about 250 mM) sodium citrate, pH 3.0 to 4.0 (e.g., about 3.5); iii)
measuring an absorbance of at least one fraction of eluate collected from the column
and determining an A260/A280 ratio; and/or iv) combining at least two fractions of
eluate collected from the column to form a pooled eluate, wherein an A260/A280 of
each of the at least two fractions of eluate is > 1.25; wherein an A260/A280 of the
pooled eluate is >1.25, (e.g., about 1.28 to 1.35), and optionally wherein a pH of the
at least one fraction of eluate or the pooled eluate is 6.8 to 7.6, and wherein the at
least one fraction of eluate or the pooled eluate is enriched for full capsids, and/or
depleted of empty capsids, as compared to an affinity eluate or a diluted, and
optionally filtered affinity eluate prior to purification by AEX.

[0335] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate comprises i) collecting the first of at least
one fraction (e.g., about 20) of eluate from an AEX column during a gradient elution
step when a gradient elution solution comprises about 65% to about 70% (e.g.,
about 68%) of a first elution buffer (e.g., buffer A) comprising about 100 mM Tris,
about 0.01% P188, pH 8.9 and about 30% to about 35% (e.g., about 32%) of a
second elution buffer (e.g., buffer B) comprising about 500 mM sodium acetate,
about 100 mM Tris, about 0.01% P188, pH 8.9 and continuing to collect all fractions
of eluate until the percentage of the first elution buffer is about 45% to about 50%
(e.g., about 48%) and the percentage of the second elution buffer is about 50% to
about 55% (e.g., about 52%), and wherein a volume of the at least one fraction of
eluate is equivalent to 1/8 of a CV to 2 CV (e.g., about 1/2 of a CV); ii) adjusting the
pH of the at least one fraction (e.g., about 20) of eluate from the column to a pH of
7.5 10 7.7 by collecting the at least one fraction of eluate into a vessel comprising
0.01 CVt0 0.1 CV (e.g., about 0.066 CV) of a solution comprising about 200 mM to
300 mM (e.g., about 250 mM) sodium citrate, pH 3.0 to 4.0 (e.g., about 3.5); iii)
measuring an absorbance of at least one fraction of eluate collected from the column
and determining an A260/A280 ratio; and/or iv) combining at least two fractions of
eluate collected from the column to form a pooled eluate, wherein an A260/A280 of
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each of the at least two fractions of eluate is > 0.98; wherein an A260/A280 of the
pooled eluate is >1.0, and wherein the at least one fraction of eluate or the pooled
eluate is enriched for full capsids, and/or depleted of empty capsids, as compared to
an affinity eluate or a diluted affinity eluate prior to purification by AEX.

[0336] In some embodiments, the present disclosure provides a method of
purifying an rAAV (e.g., rAAV9, rAAV3B or others) vector by AEX, the method
comprising a step of: i) pre-use flushing comprising application of >4.5 CV (e.g.,
about 5 CV) of water for injection to an AEX stationary phase in a column; ii)
sanitizing comprising application of 14.4 CV to 17.6 CV (e.g., about 16 CV) of a
solution comprising 0.1 M to 1.0 M (e.g., about 0.5 M) NaOH to the AEX stationary
phase in the column, optionally by upward flow; iii) regenerating comprising
application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of a solution comprising 1 M to 3
M (e.g., about 2 M) NaCl, 50 mM to 150 mM (e.g., about100 mM) Tris, pH 8.5 t0 9.5
(e.g., about pH 9) to the AEX stationary phase in the column; iv) equilibration
comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of a solution
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9)
to the AEX stationary phase in the column; v) equilibration comprising application of
4.5CV105.5CV (e.g., about 5 CV) of an equilibration buffer comprising 50 mM to
150 mM (e.g., about 100 mM) Tris, 400 mM to 600 mM (e.g., about 500 mM) sodium
acetate, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9)
to the AEX stationary phase in the column; vi) equilibration comprising application of
>4.5 CV (e.g., about 5 CV) of an equilibration buffer comprising 100 mM to 300 mM
(e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris, 0.1%
to 1.0% (e.g., about 0.5%) P188, pH 8.5 to 9.5 (e.g., about 8.8) to the AEX stationary
phase in the column; vii) loading an affinity eluate comprising the rAAV vector to be
purified to the AEX stationary phase in the column, optionally wherein the eluate has
been a) diluted about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising
100 mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM. (e.g., about
200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0, and optionally b)
filtered through an in-line 0.2 um filter prior to application to the stationary phase; viii)
equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an
equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005%
to 0.015% (e.g., about 0.01%) P188, pH 8.5 10 9.5 (e.g., about 8.9) to the AEX
stationary phase in the column; ix) performing gradient elution of a material from the



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
155

stationary phase in the column beginning with application of 100% of a first buffer
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015 % (e.g.,
about 0.01%) P188, pH 8.5 to 9.5 (e.g., 8.9) and ending with application of 100% of
a second buffer comprising 400 mM to 600 mM (e.g., about 500 mM) sodium
acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about
0.01%) P188, pH 8.5 t0 9.5 (e.g., pH 8.9) to the stationary phase over 20 CV to 24
CV (e.g., about 20 CV); x) collecting the first of at least one (e.g., about 10) fraction
of eluate from the column during the gradient elution, when the A280 of the eluate
has a >0.5 mAU/mm path length, and wherein a volume of the at least one fraction
of eluate is equivalent to 1/8 to 2 CV (e.g., about 1/3 of a CV); xi) adjusting a pH of at
least one (e.g., about 10) fraction of eluate from the column to a pH of 6.8 to 7.6,
optionally, by addition of 14.3% to 15% (eluate volume weight) of a solution
comprising 200 mM to 300 mM (e.g., about 250 mM) sodium citrate, pH 3.0 to 4.0
(e.g., about 3.5); xii) measuring an absorbance of at least one fraction of eluate
collected from the column and determining an A260/A280 ratio (e.g., by SEC);
and/or xiii) combining at least two fractions of eluate fraction collected from the
column to form a pooled eluate, wherein an A260/A280 of the at least one fraction of
eluate is > 1.25, wherein an A260/A280 of the pooled eluate is >1.25, (e.g., about
1.28 to 1.35), and optionally wherein a pH of the at least one fraction of eluate or the
pooled eluate is 6.8 to 7.6, and wherein the at least one fraction of eluate or the
pooled eluate is enriched for full capsids, and/or depleted of empty capsids, as
compared to the affinity eluate or the diluted, and optionally filtered affinity eluate;
optionally wherein at least one of steps i) to ix) is performed at a linear velocity of
270 cm/hr to 330 cm/hr (e.g., about 300 cm/hr), a flow rate of 1.5 L/min to 2.0 L/min
(e.9., about 1.8 L/min) through a 6.0 L t0 6.6 L (e.g., about 6.4 L) column, or about
314 mL/min through a 1.3 L column, and/or a residence time of 3.5 min/CV to 4.5
min/CV (e.g., about 4 min/CV); optionally wherein the rAAV vector is an AAV9
vector; and optionally wherein the AEX stationary phase is POROS™ 50 HQ. In
some embodiments, a material eluted from the stationary phase during gradient
elution includes a rAAV vector to be purified.

[0337] In some embodiments, the present disclosure provides a method of
purifying an rAAV (e.g., rAAV9, or AAV3B or others) vector by AEX, the method
comprising a step of: i) sanitizing comprising application of 5 CV to 10 CV (e.g.,
about 8 CV) of a solution comprising 0.1 Mto 1.0 M (e.g., about 0.5 M) NaOH to the
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AEX stationary phase in the column; ii) regenerating comprising application of 4.5
CV 1o 5.5 CV (e.g., about 5 CV) of a solution comprising 1 M to 3 M (e.g., about 2 M)
NaCl, 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 10 9.5 (e.g., about pH 9)
to the AEX stationary phase in the column; iii) equilibration comprising application of
4.5 CVto 5.5 CV (e.g., about 5 CV) of an equilibration buffer comprising 50 mM to
150 mM (e.g., about 100 mM) Tris, 400 mM to 600 mM (e.g., about 500 mM) sodium
acetate, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9)
to the AEX stationary phase in the column; iv) equilibration comprising application of
>4.5 CV (e.g., about 5 CV) of an equilibration buffer comprising 100 mM to 300 mM
(e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200) mM Tris, 0.1%
to 1.0% (e.g., about 0.5%) P188, pH 8.5 to 9.5 (e.g., about 8.8) to the AEX stationary
phase in the column; v) loading an affinity eluate comprising the rAAV vector to be
purified to the AEX stationary phase in the column, optionally wherein the eluate has
been diluted about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising 100
mM to 300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM. (e.g., about 200
mM) Tris, 0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0; vi) equilibration
comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration
buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015%
(e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., about 8.9) to the AEX stationary phase
in the column; vii) performing gradient elution of a material from the stationary phase
in the column beginning with application of 100% of a first buffer comprising 50 mM
to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015 % (e.g., about 0.01%) P188,
pH 8.5 10 9.5 (e.g., 8.9) and ending with application of 75% of a second buffer
comprising 400 mM to 600 mM (e.g., about 500 mM) sodium acetate, 50 mM to 150
mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.5
to 9.5 (e.g., pH 8.9) to the stationary phase over 20 to 40 CV (e.g., about 37.5 CV);
viii) collecting the first of at least one fraction (e.g., about 20) of eluate from the
column during the gradient elution, when the percentage of the first buffer is about
65% to about 70% (e.g., about 68%) and when the percentage of the second buffer
is about 30% to 35% (e.g., about 32%) and continuing to collect all fractions of eluate
until the percentage of the first buffer is about 45% to about 50% (e.g., about 48%)
and the percentage of the second buffer is about 50% to 55% (e.g., about 52%), and
wherein a volume of the at least one fraction of eluate is equivalent to 1/8 to 2 CV
(e.g., about 1/2 of a CV); ix) adjusting a pH of at least one (e.g., about 20) fraction of
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eluate from the column to a pH of 7.5 to 7.7, optionally, by collecting the at least one
fraction of eluate into a vessel comprising about 0.01 CV to 0.1 CV (e.g., about 0.066
CV) of a solution comprising 200 mM to 300 mM (e.g., about 250 mM) sodium
citrate, pH 3.0 to 4.0 (e.g., about 3.5); x) measuring an absorbance of at least one
fraction of eluate collected from the column and determining an A260/A280 ratio
(e.g., by SEC); and/or xii) combining at least two fractions of eluate fraction collected
from the column to form a pooled eluate, wherein an A260/A280 of the at least one
fraction of eluate is > 0.98, wherein an A260/A280 of the pooled eluate is >1.0, and
wherein the at least one fraction of eluate or the pooled eluate is enriched for full
capsids, and/or depleted of empty capsids, as compared to the affinity eluate or the
filtered affinity eluate; optionally wherein at least one of steps i) to vii) is performed at
a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298 cm/hr) and/or a residence
time of 1.5 min/CV to 4.5 min/CV (e.g., about 2 min/CV); optionally wherein the rAAV
vector is a rAAV3B vector; and optionally wherein the AEX stationary phase is
POROS™ 50 HQ. In some embodiments, a material eluted from the stationary
phase during gradient elution includes a rAAV vector to be purified.

[0338] In some embodiments, the present disclosure provides a method of
purifying an rAAV (e.g., rAAV9 or others) vector by AEX, the method comprising a
step of: i) pre-use flushing comprising application of >4.5 CV (e.g., about 5 CV) of
water for injection to an AEX stationary phase in a column; ii) sanitizing comprising
application of 14.4 CV to 17.6 CV (e.g., about 16 CV) of a solution comprising 0.1 M
to 1.0 M (e.g., about 0.5 M) NaOH to the AEX stationary phase in the column,
optionally by upward flow; iii) regenerating comprising application of 4.5 CV to 5.5
CV (e.g., about 5 CV) of a solution comprising 1 M to 3 M (e.g., about 2 M) NaCl, 50
mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 to 9.5 (e.g., about pH 9) to the AEX
stationary phase in the column; iv) equilibration comprising application of 4.5 CV to
5.5 CV (e.g., about 5 CV) of a solution comprising 50 mM to 150 mM (e.g., about
100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9) to the AEX stationary phase in the
column; v) equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV)
of an equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris,
400 mM to 600 mM (e.g., about 500 mM) sodium acetate, 0.005% to 0.015% (e.g.,
about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9) to the AEX stationary phase in the
column; vi) equilibration comprising application of >4.5 CV (e.g., about 5 CV) of an
equilibration buffer comprising 100 mM to 300 mM (e.g., about 200 mM) histidine,
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100 mM to 300 mM (e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g., about 0.5%)
P188, pH 8.5 to 9.5 (e.g., about 8.8) to the AEX stationary phase in the column; vii)
loading an affinity eluate comprising the rAAV vector to be purified to the AEX
stationary phase in the column, optionally wherein the eluate has been a) diluted
about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising 100 mM to 300
mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris,
0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0, and optionally b) filtered
through an in-line 0.2 um filter prior to application to the stationary phase; viii)
equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an
equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005%
to 0.015% (e.g., about 0.01%) P188, pH 8.5 to 9.5 (e.g., about 8.9) to the AEX
stationary phase in the column; ix) performing gradient elution of a material from the
stationary phase in the column beginning with application of 100% of a first buffer
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.15 % (e.qg.,
about 0.01%) P188, pH 8.5 to 9.5 (e.g., 8.9) and ending with application of 100% of
a second buffer comprising 400 mM to 600 mM (e.g., about 500 mM) sodium
acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g., about
0.01%) P188, pH 8.5 t0 9.5 (e.g., pH 8.9) to the stationary phase over 20 CV to 24
CV (e.g., about 20 CV); x) collecting a fraction of eluate from the column during the
gradient elution, when the A280 of the eluate is >0.5 mAU/mm path length, and
wherein a volume of the fraction of eluate is equivalent to 1/8 to 2 CV (e.g., about 1/3
of a CV); and/or xi) adjusting a pH of the fraction of eluate from the column to a pH of
6.8 to 7.6, optionally, by addition of 14.3% to 15% (eluate volume weight) of a
solution comprising about 200 mM to 300 mM (e.g., about 250 mM) sodium citrate,
pH 4.0 to 4.5 (e.g., about 3.5); and wherein the fraction of eluate is enriched for full
capsids, and/or depleted of empty capsids, as compared to the affinity eluate or the
diluted, and optionally filtered affinity eluate; optionally wherein at least one of steps
i} to ix) is performed at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 300
cm/hr), a flow rate of 1.5 L/min to 2.0 L/min (e.g., about 1.8 L/min) through a 6.0 L to
6.6 L (e.g., about 6.4 L) column, or about 314 mL/min through a 1.3 L column, and/or
a residence time of 3.5 min/CV to 4.5 min/CV (e.g., about 4 min/CV); optionally
wherein the rAAV vector is an AAV9 vector; and optionally wherein the AEX
stationary phase is POROS™ 50 HQ. In some embodiments, a material eluted from
the stationary phase during gradient elution includes a rAAV vector to be purified.



10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
159

[0339] In some embodiments, the present disclosure provides a method of
purifying an rAAV (e.g., rAAV9, AAV3B or others) vector by AEX, the method
comprising a step of: i) sanitizing comprising application of 5 CV to 10 CV (e.g.,
about 8 CV) of a solution comprising 0.1 Mto 1.0 M (e.g., about 0.5 M) NaOH to the
AEX stationary phase in the column; ii) regenerating comprising application of 4.5
CV to 5.5 CV (e.g., about 5 CV) of a solution comprising 1 M to 3 M (e.g., about 2 M)
NaCl, 50 mM to 150 mM (e.g., about 100 mM) Tris, pH 8.5 t0 9.5 (e.g., about pH 9)
to the AEX stationary phase in the column; iii) equilibration comprising application of
4.5CV1t05.5CV (e.g., about 5 CV) of a solution comprising 50 mM to 150 mM (e.g.,
100 mM) Tris, pH 8.5 to 9.5 (e.g., about 9) to the AEX stationary phase in the
column; iv) equilibration comprising application of 4.5 CV to 5.5 CV (e.g., about 5
CV) of an equilibration buffer comprising 50 mM to 150 mM (e.g., about 100 mM)
Tris, 400 mM to 600 mM (e.g., about 500 mM) sodium acetate, 0.005% to 0.015%
(e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., about 8.9) to the AEX stationary phase
in the column; v) equilibration comprising application of >4.5 CV (e.g., about 5 CV)
of an equilibration buffer comprising 100 mM to 300 mM (e.g., about 200 mM)
histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris, 0.1% to 1.0% (e.g., about
0.5%) P188, pH 8.5t0 9.5 (e.g., about 8.8) to the AEX stationary phase in the
column; vi) loading an affinity eluate comprising the rAAV vector to be purified to the
AEX stationary phase in the column, optionally wherein the eluate has been diluted
about 14.4 to 15.5 fold (e.g., about 15 fold) with a buffer comprising 100 mM to 300
mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM) Tris,
0.1% to 1.0% (e.g., about 0.5%) P188, pH 8.7 to 9.0; vii) equilibration comprising
application of 4.5 CV to 5.5 CV (e.g., about 5 CV) of an equilibration buffer
comprising 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to 0.015% (e.g.,
about 0.01%) P188, pH 8.4 to 9.5 (e.g., about 8.9) to the AEX stationary phase in the
column; viii} performing gradient elution of a material from the stationary phase in the
column beginning with application of 100% of a first buffer comprising 50 mM to 150
mM (e.g., about 100 mM) Tris, 0.005% to 0.15 % (e.g., about 0.01%) P188, pH 8.5
to 9.5 (e.g., 8.9) and ending with application of 75% of a second buffer comprising
400 mM to 600 mM (e.g., about 500 mM) sodium acetate, 50 mM to 150 mM (e.qg.,
about 100 mM) Tris, 0.005% to 0.015% (e.g., about 0.01%) P188, pH 8.510 9.5
(e.g., pH 8.9) to the stationary phase over 20 CV to 40 CV (e.g., about 37.5 CV); ix)
collecting a fraction of eluate from the column during the gradient elution when the
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percentage of the first buffer is about 65% to about 70% (e.g., about 68%) and when
the percentage of the second buffer is about 30% to about 35% (e.g., about 32%)
and continuing to collect all fractions of eluate until the percentage of the first buffer
is about 45% to about 50% (e.g., about 48%) and the percentage of the second
buffer is about 50% to 55% (e.g., about 52%), and wherein a volume of the fraction
of eluate is equivalent to 1/8 to 2 CV (e.g., about 1/2 of a CV); and/or x) adjusting a
pH of the fraction of eluate from the column to a pH of 7.5 to 7.7, optionally, by
collecting the fraction of elute into a vessel comprising about 0.01 CV to 0.1 CV (e.g.,
about 0.066 CV) of a solution comprising 200 mM to 300 mM (e.g., about 250 mM)
sodium citrate, pH 3.0 to 4.0 (e.g., about 3.5); and wherein the fraction of eluate is
enriched for full capsids, and/or depleted of empty capsids, as compared to the
affinity eluate or the diluted affinity eluate; optionally wherein at least one of steps i)
to viii) is performed at a linear velocity of 270 cm/hr to 330 cm/hr (e.g., about 298
cm/hr) and/or a residence time of 1.5 min/CV to 4.5 min/CV (e.g., about 2 min/CV);
optionally wherein the rAAV vector is an AAV3B vector; and optionally wherein the
AEX stationary phase is POROS™ 50 HQ. In some embodiments, a material eluted
from the stationary phase during gradient elution includes a rAAV vector to be
purified.

Characterization of Pooled Eluate and Drug Substance
[0340] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction

of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate enriched for full capsids as compared to a percentage of full
capsids in the solution. A method of purifying a rAAV vector from a solution by AEX
comprising collecting at least one fraction of eluate from the AEX column during an
elution step and forming a pooled eluate further comprises filtering the pooled eluate
by a method selected from the group consisting of viral filtration,
ultrafiltration/diafiltration (UF/DF), filtration through a 0.2 um filter and a combination
thereof, to produce a drug substance. In some embodiments, quality attributes,
including A260/A280 (e.g., as measured by SEC), percentages of full capsid,
intermediate capsid and empty capsid, % purity, % HMMS, amount of HCP and/or
amount of HC-DNA of a pooled eluate are not substantially different from the same
quality attribute of a drug substance produced from the pooled eluate.

[0341] In some embodiments, the percentage of full capsids in an affinity eluate
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comprising an rAAV vector to be purified is less than 20% of total capsids. In some
embodiments, a pooled eluate or drug substance prepared by methods disclosed
herein is enriched for full capsids such that full capsids comprise 20% to 60%, 20%
to 70%, 20% to 80%, 20% to 90%, 20% to 95%, 20% to 98%, 20% to 99%, 20% to
greater than 99%, 40% to 50%, 40% to 60%, 40% to 70%, 40% to 80% (e.Q., 44%,
45%, 50%, 53%) of total capsids in the pooled eluate or drug substance, and
optionally wherein the capsids are measured by analytical ultracentrifugation (AUC)
(Burnham B. et al. Human Gene Therapy Methods (2015) 26; 228-242). In some
embodiments, a pooled eluate or drug substance prepared by methods disclosed
herein is enriched for full capsids such that full capsids comprise 52+/-7% of total
capsids in the pooled eluate or drug substance. In some embodiments, a method of
purifying a rAAV vector from an affinity eluate comprises increasing the percentage
of full capsids from less than 30% (e.g., 12% to 25%) in an affinity eluate to greater
than 30% (e.g., 40% to 55%, 45% to 65%, 40% to greater than 99%) of total capsids
in a pooled AEX eluate or drug substance.

[0342] In some embodiments, a pooled AEX eluate prepared by methods
disclosed herein is enriched for full capsids such that full capsids comprise 22.9+/-
2.9% of total capsids in the pooled eluate. In some embodiments, a method of
purifying a rAAV vector from an affinity eluate comprises increasing the percentage
of full capsids from less than 20% (e.g., 10% to 19%) in an affinity eluate to 20% or
greater (e.9., 20% to 30%, 30% to 40%, 40% to 55%, 45% to 65%, 40% to greater
than 99%) of total capsids in a pooled AEX eluate. In some embodiments, a method
of purifying a rAAV vector from an affinity eluate comprises increasing the
percentage of full capsids from 11.1 % 2.1 in an affinity eluate to 22.9 + 2.8% of total
capsids in a pooled AEX eluate.

[0343] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least on fraction of
eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate with a depleted percentage of empty capsids as compared
to the percentage of empty capsids in the solution, and wherein the pooled eluate is
further subjected to a method of filtration selected from the group consisting of viral
filtration, ultrafiltration/diafiltration (UF/DF), filtration through a 0.2 um filter and a
combination thereof, to produce a drug substance. In some embodiments, a
percentage of empty capsids in an affinity eluate comprising an rAAV vector to be
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purified is 70% or greater of total capsids. In some embodiments, a pooled eluate or
drug substance prepared by methods disclosed herein is depleted of empty capsids
such that empty capsids comprise 10% to 65%, 10% to 60%, 10% to 50%, 10% to
40%, 10% to 30%, 10% to 20%, 20% to 65%, 20% to 60%, 20% to 50%, 20% to
40%, or 18% to 29%, (e.g., <29%) of total capsids in the pooled eluate or drug
substance, and optionally wherein the capsids are measured by analytical
ultracentrifugation (AUC). In some embodiments, a pooled eluate or drug substance
prepared by methods disclosed herein is depleted of empty capsids such that empty
capsids comprise 20% +/-7% of total capsids in the pooled eluate or drug substance.
In some embodiments, a method of purifying a rAAV vector from an affinity eluate
comprises reducing a percentage of empty capsids from 40% to 90% in an affinity
eluate, to < 30% of total capsids in a pooled AEX eluate or drug substance. In some
embodiments, a method of purifying a rAAV vector from an affinity eluate comprises
reducing a percentage of empty capsids from 79.7 + 2.5% in an affinity eluate, to
67.5 + 3.8% of total capsids in a pooled AEX eluate or drug substance.

[0344] A method of purifying a rAAV vector (e.g., rAAV9, AAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate comprising intermediate capsids, and wherein the pooled
eluate is further subjected to a method of filtration selected from the group consisting
of viral filtration, ultrafiltration/diafiltration (UF/DF), filtration through a 0.2 um filter
and a combination thereof, to produce a drug substance. In some embodiments,
intermediate capsids comprise 10% to 65%, 10% to 60%, 10% to 50%, 10% to 40%,
10% to 30%, 10% to 20%, 20% to 65%, 20% to 60%, 20% to 50%, 20% to 40%, or
18% to 22% of total capsids in a pooled eluate or drug substance, and optionally
wherein the capsids are measured by analytical ultracentrifugation (AUC). In some
embodiments, intermediate capsids comprise 28% +/- 5% of total capsids in a
pooled eluate or drug substance. In some embodiments, intermediate capsids
comprise 9.6% +/- 1.4% of total capsids in a pooled eluate or drug substance.
[0345] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate or drug substance that is enriched for full capsids and
depleted of empty capsids as compared to the percentage of full capsids and empty
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capsids in the solution comprising the rAAV vector to be purified. In addition to full
capsids and empty capsids, capsids which contain a partial vector genome (also
referred to as a truncated, or fragmented vector genome) and/or non-transgene-
related DNA (i.e., intermediate capsids) may, in certain non-limiting exemplary
embodiments, make up the balance of capsid species in a pooled eluate (e.g., a
pooled AEX eluate) or drug substance.

[0346] In some embodiments, a method of purifying a rAAV vector from an affinity
eluate by AEX produces a pooled eluate or drug substance comprising about 53%
full rAAV capsids, about 23% intermediate capsids and about 24% empty capsids of
total capsids.

[0347] In some embodiments, a method of purifying a rAAV vector from an affinity
eluate by AEX produces a pooled eluate or drug substance comprising about 44%
full rAAV capsids, about 27% intermediate capsids and about 29% empty capsids of
total capsids.

[0348] In some embodiments, a method of purifying a rAAV vector from an affinity
eluate by AEX produces a pooled eluate or drug substance comprising 20% to >99%
full rAAV capsids, 5% to 65% intermediate capsids and 10% to 65% empty capsids
of total capsids.

[0349] In some embodiments, a method of purifying a rAAV vector from an affinity
eluate by AEX produces a pooled eluate or drug substance comprising 45% to 65%
full rAAV capsids, 19% to 28% intermediate capsids and 10% to 37% empty capsids.
In some embodiments, the affinity eluate is generated from affinity chromatography
purification of a rAAV vector produced in a vessel with a volume of 100 L to 500 L
(e.g., about 250 L), optionally, wherein the vessel is a SUB.

[0350] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein is enriched for full capsids such that full capsids comprise
55% +/- 7% of total capsids in the pooled eluate or the drug substance. In some
embodiments, the rAAV vector present in the pooled eluate or drug substance is
produced in a vessel with a volume of 100 L to 500 L (e.g., about 250 L), optionally,
wherein the vessel is SUB.

[0351] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein comprises 24% +/- 3% intermediate capsids of total
capsids in the pooled eluate or the drug substance. In some embodiments, the rAAV
vector present in the pooled eluate or drug substance is produced in a vessel with a
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volume of 100 L to 500 L (e.g., about 250 L), optionally, wherein the vessel is SUB.
[0352] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein is depleted of empty capsids such that empty capsids
comprise 21% +/- 10% of total capsids in the pooled eluate or the drug substance. In
some embodiments, the rAAV vector present in the pooled eluate or drug substance
is produced in a vessel with a volume of 100 L to 500 L (e.g., about 250 L),
optionally, wherein the vessel is SUB.

[0353] In some embodiments, a method of purifying a rAAV vector from an affinity
eluate by AEX produces a pooled eluate or drug substance comprising 45% to 52%
full rAAV capsids, 27% to 37% intermediate capsids and/or 18% to 22% empty
capsids. In some embodiments, the affinity eluate is generated from affinity
chromatography purification of a rAAV vector produced in a vessel of about 1000 L
to 3000 L (e.g., about 2000 L), optionally, wherein the vessel is a SUB.

[0354] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein is enriched for full capsids such that full capsids comprise
49% +/- 2% of total capsids in the pooled eluate or the drug substance. In some
embodiments, the rAAV vector present in the pooled eluate or drug substance is
produced in a vessel with a volume of 1000 L to 3000 L (e.g., about 2000 L),
optionally, wherein the vessel is SUB.

[0355] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein comprises 32% +/- 4% intermediate capsids of total
capsids in the pooled eluate or the drug substance. In some embodiments, the rAAV
vector present in the pooled eluate or drug substance is produced in a vessel with a
volume of 1000 L to 3000 L (e.g., about 2000 L), optionally, wherein the vessel is
SUB.

[0356] In some embodiments, a pooled eluate or drug substance prepared by
methods disclosed herein is depleted of empty capsids such that empty capsids
comprise 20% +/- 2% of total capsids in the pooled eluate or the drug substance. In
some embodiments, the rAAV vector present in the pooled eluate or drug substance
is produced in a vessel with a volume of 1000 L to 3000 L (e.g., about 2000 L),
optionally, wherein the vessel is SUB.

[0357] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
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forming a pooled eluate, and optionally a drug substance, comprising rAAV vectors
that may be quantified by quantitative polymerase chain reaction (QPCR) analysis of
vector genomes (VG or vg). gPCR analysis may measure copies of ITR sequence,
copies of transgene sequence and/or copies of any other nucleotide sequence
present in an intact vector genome.

[0358] An amount of VG present in a pooled eluate from an AEX column may be
expressed as a % VG column yield which refers to the amount of VG present in the
pooled eluate collected from an AEX column (i.e., an AEX pool) as a percentage of
the amount of VG present in the sample to be purified, e.g., affinity eluate, which in
some embodiments has been diluted only, or diluted and filtered and applied to the
AEX column.

[0359] A method of purifying a rAAV vector according to methods disclosed
herein results in % VG column yield of 63% +/- 26%. A method of purifying a rAAV
vector according to methods disclosed herein results in % VG column yield of 1% to
10%, 110 20%, 1% to 30%, 1% to 40%, 1% to 50%, 1% to 60%, 1% to 70%, 1% to
80%, 1% to 90%, 1% to 99%, 5% 1o 95%, 10% to 85%, 15% to 75%, 20% to 65%,
25% 10 55%, 30% to 45%, 30% to 80%, 35% to 65%, 40% to 70% or 100%.

[0360] In some embodiments, purification of rAAV vector produced in a 250 L
SUB by methods disclosed herein results in a % VG column yield of 40% to 100%. In
some embodiments, purification of a rAAV vector produced in a 2000 L SUB by
methods disclosed herein results in a % VG column yield of 10% to 70% (e.g., 20%
to 61%).

[0361] An amount of VG present in a pooled eluate from an AEX column may be
expressed as a % VG step yield which refers to the amount of VG presentin a
pooled eluate collected from an AEX column (i.e., an AEX pool) as a percentage of
the amount of VG present in an affinity eluate prior to dilution or filtration.

[0362] A method of purifying a rAAV vector according to methods disclosed
herein results in % VG step yield of 47% +/- 11%. A method of purifying a rAAV
vector according to methods disclosed herein results in % VG step yield of 1% to
10%, 110 20%, 1% to 30%, 1% to 40%, 1% to 50%, 1% to 60%, 1% to 70%, 1% to
80%, 1% to 90%, 1% to 99%, 5% to 95%, 10% to 85%, 15% to 75%, 20% to 65%,
25% 10 55%, 30% to 45%, 30% to 80%, 35% to 65%, 40% to 70% or 100%.

[0363] In some embodiments, purification of rAAV vector produced in a 250 L
SUB by methods disclosed herein results in a % VG step yield of 30% to 70% (e.qg.,
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37% 1o 60%). In some embodiments, purification of rAAV vector produced in a 250 L
SUB by methods disclosed herein results in a % VG step yield of 45% +/- 8%.
[0364] In some embodiments, purification of a rAAV vector produced in a 2000 L
SUB by methods disclosed herein results in a % VG step yield of 50% +/- 13%. In
some embodiments, purification of a rAAV vector produced in a 2000 L SUB by
methods disclosed herein results in a % VG step yield of 25% to 75% (e.g., 31% to
66%).

[0365] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, or drug substance, with a reduced amount of host cell
protein (HCP) as compared to the amount of HCP in the solution. In some
embodiments, a reduced amount of HCP in a pooled eluate, in at least one fraction
of eluate, or in a drug substance, is lower than a level of quantification (LLOQ), as
measured by ELISA. In some embodiments, a reduced amount of HCP in a pooled
eluate, in at least one fraction of eluate, or in a drug substance, is 10 ng to 2000 ng /
1 x 10% VG, 50 ng to 200 ng/ 1 x 10° VG, 100 ng to 1000 ng/ 1 x 10° VG or 200 to
2000 ng/ 1 x 10° VG.

[0366] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3Db or others) from an affinity eluate by AEX comprises reducing an amount of
HCP from 1 to 500 pg /1 x 10° VG (e.g., about 50 pg / 1 x 10°) in the affinity eluate,
to an amount LLOQ in a pooled eluate, in at least one fraction of eluate, or in a drug
substance, and wherein the rAAV vector is produced in a 250 L SUB.

[0367] In some embodiments, a method of purifying a rAAV vector (e.g., rAAV9,
rAAV3B or others) from an affinity eluate by AEX comprises reducing an amount of
HCP from 100 to 500 pg/1 x 10° VG (e.g., about 330 pg/1 x 10°) in the affinity eluate,
to an amount LLOQ in a pooled eluate, in at least one fraction of eluate, or in a drug
substance, and wherein the rAAV vector is produced in a 2000 L SUB.

[0368] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, or drug substance, comprising the rAAV vector and wherein
the purity of the rAAV vector is at least about 90%, about 91%, about 92%, about
93%, about 94%, about 95%, about 96%, about 97%, about 98%, about 99% or
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100% as measured by, e.g., analytical reverse phase HPLC, capillary gel
electrophoresis, .

[0369] In some embodiments, purification of a rAAV vector produced in a 250 L
SUB by methods disclosed herein results in a rAAV vector preparation (e.g., a drug
substance) with a purity of 98.6% +/-0.6%. In some embodiments, purification of a
rAAV vector produced in a 1000 L to 3000 L (e.g., about 2000 L) vessel (e.g., SUB)
by methods disclosed herein results in a rAAV vector preparation (e.g., a drug
substance) with a purity of 99.3% +/-0.3%.

[0370] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, or drug substance, with a percentage of HMMS of 0% to
10%. In some embodiments, a percentage of HMMS is measured by size exclusion
chromatography (SEC). In some embodiments, purification of a rAAV vector
produced in a 100 L to 300 L (e.g., about 250 L) vessel (e.g., SUB) by methods
disclosed herein results in a rAAV vector preparation comprising 2.6% +/- 0.8%
HMMS as measured by SEC. In some embodiments, purification of a rAAV vector
produced in a 2000 L SUB by methods disclosed herein results in a rAAV vector
preparation comprising 2.9% +/- 0.4% HMMS.

[0371] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, or drug substance, with about 7.0 to 25 pg residual HC-
DNA /1 x 10° VG. In some embodiments, an amount of HC-DNA is measured by
gPCR. In some embodiments, purification of a rAAV vector produced in a 250 L SUB
by methods disclosed herein results in a rAAV vector preparation (e.g., a pooled
eluate, a drug substance) comprising 17.4 +/- 6.7 pg HC-DNA /1 x10° VG. In some
embodiments, purification of a rAAV vector produced in a 2000 L SUB by methods
disclosed herein results in a rAAV vector preparation (e.g., a pooled eluate, a drug
substance) comprising 9.3 +/- 1.2 pg HC-DNA /1 x 10° VG.

[0372] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, or drug substance, with an A260/A280 of about 1.24 to
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1.32. In some embodiments, an A260/A280 is measured by size exclusion
chromatography (SEC). In some embodiments, purification of a rAAV vector
produced in a 250 L SUB by methods disclosed herein results in a rAAV vector
preparation (e.g., a pooled eluate, a drug substance) with an A260/A280 of 1.24 to
1.32, as measured by SEC. In some embodiments, purification of a rAAV vector
produced in a 2000 L SUB by methods disclosed herein results in a rAAV vector
preparation (e.g., a pooled eluate, a drug substance) with an A260/A280 of 1.28 to
1.31, as measured by SEC.
[0373] A method of purifying a rAAV vector (e.g., rAAV9, rAAV3B or others) from
a solution (e.g., an affinity eluate) by AEX comprises collecting at least one fraction
of eluate from an AEX column during an elution step (e.g., a gradient elution) and
forming a pooled eluate, wherein the pooled eluate is subjected to a method of
filtration selected from the group consisting of viral filtration, ultrafiltration/diafiltration
(UF/DF), filtration through a 0.2 um filter, and a combination thereof, to produce a
drug substance suitable for production of a therapeutic drug product. In some
embodiments, the drug substance is suitable for administration to a human subject to
treat a disease, disorder or condition (e.g., Duchenne muscular dystrophy). In some
embodiments, the rAAV vector is an AAV9 vector.

AEX Stationary phase Regeneration
[0374] Following elution (e.g., gradient elution) and collection of at least one
fraction of eluate comprising a full rAAV capsid from an AEX column, additional
steps may be performed to prepare the column stationary phase for further rAAV
purification runs. Such steps may include, for example, sanitization, equilibration,
regeneration, flush and/or storage. One of skill in the art will understand that one or
more steps may be performed, in varying order and frequency.
[0375] A method of regenerating AEX stationary phase in a column for use in
further rAAV purification runs comprises post-use sanitizing of the stationary phase.
In some embodiments, post use sanitizing of the stationary phase follows an elution
step (e.g., a gradient elution). In some embodiments, sanitizing comprises
application of a solution comprising about 0.1 M to 1M, about 0.2 M to 0.8 M, about
0.3 to about 0.7 M or about 0.4 M to about 0.6 M NaOH to AEX stationary phase in a
column. In some embodiments, sanitizing comprises application of a solution
comprising about 0.5 M NaOH to AEX stationary phase in a column. In some

embodiments, post-use sanitizing comprises application of a solution comprising
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about 0.5 M NaOH to AEX stationary phase in a column and use of an upward flow.
In some embodiments, post-use sanitizing comprises application of 14.4to 17.6 CV
(e.g., about 16 CV) of a solution comprising 0.5 M NaOH to AEX stationary phase in
a column. In some embodiments, post-use sanitizing comprises application of 2 to
20CV,5t015CV, 710 13 CV (e.g., about 5, about 7.5, about 10, about 16 CV, etc.)
of a solution comprising about 0.5 M NaOH to AEX stationary phase in a column at a
linear velocity of 50 to 2000 cm/hr, a flow rate of 0.2 to 3.0 L/min and/or a residence
time of 2 to 15 min/CV. In some embodiments, post-use sanitizing comprises
application of 14.4 to 17.6 CV (e.g. about 16 CV) of a solution comprising 0.5 M
NaOH to AEX stationary phase in a column at a linear velocity of 270 to 330 cm/hr
(e.g., about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) through
a6.0t0 6.6 L (e.g., about 6.4 L) column, or about 314 mL/min througha 1.3 L
column, and/or a residence time of 3.5 to 4.5 min/CV (e.g., about 4 min/CV).

[0376] A method of regenerating a column stationary phase for further rAAV
purification runs comprises regenerating the stationary phase (in some
embodiments, such a step may be referred to as a “equilibration”). In some
embodiments, regenerating a column stationary phase follows an elution step (e.g.,
a gradient elution). In some embodiments, regenerating comprises application of a
solution comprising a salt (e.g., NaCl, sodium acetate, ammonium acetate
(NHsAcetate), MgCl2 and Na=S0O4) and buffering agent (e.g., Tris, BIS-Tris propane,
diethanolamine, diethylamine, tricine, triethanolamine and/or bicine) to a stationary
phase in a column. In some embodiments, regenerating comprises application of a
solution comprising about 0.1 Mto 5 M (e.g., 0.1 Mto 4 M, 0.1 Mto 3.5 M, 0.1 Mto 3
M,0.1Mto25M,05Mt04M,0.5mto3.5M,0.5Mt03.0M,0.5Mt02.5M,1 M
to4 M, TMto3.5M,1Mto3 M, 1 Mto 2.5 M or about 1.5 M to 2.5 M) of a salt to the
stationary phase. In some embodiments, regenerating comprises application of a
solution comprising about 1 mM to 500 mM (e.g., 1 mM to 450 mM, 1 mM to 400, 1
mM to 350 mM, 1 mM to 300 mM, 1 mM to 250 mM, 1 mM to 200 mM, 50 mM to 450
mM, 50 mM to 400 mM, 50 mM to 350 mM, 50 mM to 300 mM, 50 mM to 250 mM,
50 mM to 200 mM or 50 mM to 150 mM) of a buffering agent to the stationary phase.
[0377] In some embodiments, regenerating comprises application of a solution
with a pH of about 7.0 and 11.0 (e.g., 7.5 10 10.5, 8.0 10 10.0, 8.5t0 9.5 or 8.0 10 9.0)
to the stationary phase.

[0378] In some embodiments, regenerating comprises application of a solution
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comprising about 2 M NaCl, 100 mM Tris, pH 9 to AEX stationary phase in a column.
In some embodiments, regenerating comprises application of a solution comprising 2
M NaCl, 25 mM Tris, pH 9 to AEX stationary phase in a column. In some
embodiments, regeneration comprises application of 2 to 15 CV (e.g., about 5 CV,
about 10 CV) of a solution (e.g., a regeneration solution) to AEX stationary phase in
a column. In some embodiments, regeneration comprises application of 4.5 t0 5.5
CV (e.g., about 5 CV) of a solution comprising 2 M NaCl, 100 mM Tris, pH 9 to AEX
stationary phase in a column. In some embodiments, regeneration comprises
application of 2 to 15 CV (e.g., about 5 CV, about 10 CV) of a solution comprising 2
M NaCl, 100 mM Tris, pH 9 to AEX stationary phase in a column at a linear velocity
of 100 to 2000 cm/hr, a flow rate of 0.2 to 3.0 L/min and/or a residence time of 2
min/CV to 15 min/CV. In some embodiments, regenerating comprises application of
4.5t0 5.5 CV (e.g., about 5 CV) of a solution comprising 2 M NaCl, 100 mM Tris, pH
9, to AEX stationary phase in a column at a linear velocity of 270 to 330 cm/hr (e.g.,
about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) through a 6.0
to 6.6 L (e.g., about 6.4 L) column, or about 314 mL/min through a 1.3 L column,
and/or a residence time of 3.5 to 4.5 min/CV (e.g., about 4 min/CV).

[0379] A method of regenerating a column stationary phase for further rAAV
purification runs comprises equilibration of the stationary phase (in some
embodiments, such a step may be referred to as a “regeneration step”). In some
embodiments, equilibration of stationary phase in a column follows an elution step
(e.g., a gradient elution). In some embodiments, equilibration of media in a column
comprises application of a solution comprising about 100 mM Tris, pH 9 to AEX
stationary phase in a column. In some embodiments, equilibration of a column
comprises application of a solution comprising 20 mM Tris, pH 9 to AEX stationary
phase in a column. In some embodiments, equilibration of a column comprises
application of 2to 15 CV (e.g., about 5 CV, 10 CV) of a solution (e.g., an
equilibration solution) to AEX media in a column. In some embodiments, equilibration
of a column comprises application of 4.5 to 5.5 CV (e.g., about 5 CV) of a solution
comprising 100 mM Tris, pH 9 to AEX stationary phase in a column. In some
embodiments, equilibration of a column comprises application of 2 to 15 CV (e.g.,
about 5 CV, about 10 CV) of a solution comprising 100 mM Tris, pH 9 to AEX
stationary phase in a column at a linear velocity of 100 to 2000 cm/hr, a flow rate of
0.2 to 3.0 L/min and/or a residence time of 2 min/CV to 15 min/CV. In some
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embodiments, equilibration of a column comprises application of 4.5 t0 5.5 CV (e.g.,
about 5 CV) of a solution comprising 100 mM Tris, pH 9 to AEX stationary phase in a
column at a linear velocity of 270 to 330 cm/hr (e.g., about 300 cm/hr), a flow rate of
1.5 t0 2.0 L/min (e.g., about 1.8 L/min) through a 6.0 t0 6.6 L (e.g., about 6.4 L)
column, or about 314 mL/min through a 1.3 L column, and/or a residence time of 3.5
to 4.5 min/CV (e.g., about 4 min/CV).

[0380] A method of regenerating a column stationary phase for further rAAV
purification runs comprises post-use flushing (i.e., flushed) of the stationary phase. In
some embodiments, post-use flushing of a column follows an elution step (e.g., a
gradient elution). In some embodiments, post-use flushing of a column comprises
application of water for injection (e.g. purified water) to AEX stationary phase in a
column. In some embodiments, post-use flushing of a column comprises application
of >4.5 CV (e.g., about 5 CV) of water for injection to AEX stationary phase in the
column. In some embodiments, post-use flushing of a column comprises application
of 2t0 15 CV (e.g., about 5 CV, about 10 CV) of a solution comprising water for
injection to AEX stationary phase in a column at a linear velocity of 100 to 2000
cm/hr, a flow rate of 0.2 to 3.0 L/min and/or a residence time of 2 min/CV to 15
min/CV. In some embodiments, post-use flushing of a column comprises application
of 4510 5.5 CV (e.g., about 5 CV) of water for injection to AEX stationary phase in a
column at a linear velocity of 270 to 330 cm/hr (e.g., about 300 cm/hr), a flow rate of
1.5 10 2.0 L/min (e.g., about 1.8 L/min) through a6.0t0 6.6 L (e.g., about 6.4 L)
column, or about 314 mL/min through a 1.3 L column, and/or a residence time of 3.5
to 4.5 min/CV (e.g., about 4 min/CV).

[0381] A method of regenerating a column stationary phase for further rAAV
purification runs comprises applying a storage solution to the stationary phase. In
some embodiments, applying a storage solution to a column follows an elution step
(e.9., a gradient elution). In some embodiments, a storage solution comprising 16%
to 20% ethanol (e.g., about 17.5%) is applied to AEX stationary phase in a column.
In some embodiments, 2 to 11 CV (e.g., about 3 CV, about 10 CV) of a storage
buffer are applied to AEX stationary phase in a column. In some embodiments, 2.7
to 3.3 CV (e.g., about 3 CV) of a storage solution comprising 17.5% ethanol is
applied to AEX stationary phase in a column. In some embodiments, 210 11 CV
(e.g., about 3 CV) of a storage solution comprising 17.5% ethanol is applied to AEX
stationary phase in a column at a linear velocity of 100 to 2000 cm/hr, a flow rate of
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0.2 to 3.0 L/min and/or a residence time of 2 min/CV to 15 min/CV. In some
embodiments, applying a storage solution to a column comprises application of 2.7
to 3.3 CV (e.g., about 3 CV) of a solution comprising 17.5% ethanol to AEX
stationary phase in a column, at a linear velocity of 270 to 330 cm/hr (e.g., about 300
cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) through a 6.0t0 6.6 L
(e.9., 6.4 L) column, or about 314 mL/min through a 1.3 L column,, and/or a
residence time of 3.5 to 4.5 min/CV (e.g., about 4 min/CV).

[0382] A method of regenerating a column stationary phase for further rAAV
purification runs, the method comprising a step of: i) post-use sanitizing comprising
application of 14.4 to 17.6 CV (e.g. about 16 CV) of a solution comprising about 0.5
M NaOH to the stationary phase; ii) regenerating comprising application of 4.5 to 5.5
CV (e.g., about 5 CV) of a solution comprising about 2 M NaCl, 100 mM Tris, pH 9 to
the stationary phase; iii) equilibration comprising application of 4.5 to 5.5 CV (e.g.,
about 5 CV) of a solution comprising about 100 mM Tris, pH 9 to the stationary
phase; iv) post-use flushing comprising application of 4.5 to 5.5 CV (e.g., about 5
CV) of water for injection to the stationary phase; and/or v) applying a storage
solution to the stationary phase comprising application of 2.7 to 3.3 CV (e.g., about 3
CV) of a storage solution comprising about 17.5% ethanol to the column; wherein at
least one of steps i) - v) is performed at a linear velocity of 270 to 330 cm/hr (e.g.,
about 300 cm/hr), a flow rate of 1.5 to 2.0 L/min (e.g., about 1.8 L/min) through a 6.0
to 6.6 L (e.g., 6.4 L) column or about 314 mL/min through a 1.3 L column, and/or a
residence time of 3.5 to 4.5 min/CV (e.g., about 4 min/CV) and wherein the
stationary phase is AEX stationary phase, optionally POROS™ 50 HQ stationary
phase.

[0383] A method of regenerating AEX stationary phase for further rAAV
purification runs comprises application of an ethanol washout solution to the
stationary phase prior to the first step of a method of purifying a rAAV vector (i.e.,
prior to sanitization, prior to equilibration, etc.). In some embodiments, an ethanol
washout solution comprises about 20 mM Tris, pH 9. In some embodiments,
application of an ethanol washout solution to the column stationary phase comprises
application of 8 to 12 CV (e.g., about 10 CV) of a solution comprising about 20 mM
Tris, pH 9 to AEX stationary phase. In some embodiments, application of an ethanol
washout solution to AEX stationary phase comprises application of 8 to 12 CV (e.g.,
about 10 CV) of a solution comprising about 20 mM Tris, pH 9 to AEX stationary
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phase at a velocity of 100 to 1000 cm/hr (e.g., about 600 cm/hr) and/or with a
residence time of 1 to 10 min/CV (e.g., about 1.5 min/CV).

Equivalents

[0384] The foregoing written specification is considered to be sufficient to enable
one skilled in the art to practice the disclosure. The foregoing description and
Examples detail certain exemplary embodiments of the disclosure. It will be
appreciated, however, that no matter how detailed the foregoing may appear in text,
the disclosure may be practiced in many ways and the disclosure should be
construed in accordance with the appended claims and any equivalents thereof.
[0385] All references cited herein, including patents, patent applications, papers,
textbooks, and the like, and the references cited therein, to the extent that they are
not already, are hereby incorporated herein by reference in their entirety.
Exemplary Embodiments

[0386] The invention is further described in detail by reference to the following
experimental examples. These examples are provided for purposes of illustration
only, and are not intended to be limiting unless otherwise specified. Thus, the
invention should in no way be construed as being limited to the following examples,
but rather, should be construed to encompass any and all variations which become
evident as a result of the teaching provided herein.

EXAMPLES
Example 1: Screening of Elution Salts to Enrich for Full AAV9 Vectors via AEX

Chromatography
[0387] Preparation of AEX Load for Elution Salt Screening
[0388] HEK 293 cells were grown in suspension culture and transfected with 3

plasmids to produce AAV9 vector per standard methods known in the art (Grieger et
al. (2016) Molecular Therapy 24(2):287-297). HEK 293 cells were harvested, lysed,
flocculated, and the resulting lysate was filtered. AAV9 vector was purified from the
clarified lysate by affinity chromatography. An affinity column was equilibrated,
loaded with clarified lysate, washed, and the purified AAV9 vector was eluted. The
AAV9 vector affinity pool (also referred to as affinity eluate) was pH 4.4, with a
conductivity of 5.3 mS/cm. The affinity pool was diluted 7.6-fold with 20 mM Tris, pH
9, adjusted to pH 9 with 1 M Tris base, pH 11, and filtered through a 0.2 um filter.
The resulting solution was pH 9, with a conductivity of 1.9 mS/cm, and was loaded
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on to AEX columns for elution salt screening studies.

[0389] Elution Salt Screening via AEX Chromatography on a 1 mL POROS™
50 HQ column

[0390] Four elution salts were studied for their ability to resolve AAV9 empty (i.e.,
an AAV capsid that does not contain a recombinant vector genome) and full capsids
(i.e., an AAV capsid that contains a recombinant vector genome) during AEX
chromatography. Consistent with Table 1, a POROS™ 50 HQ column (0.5 cm inner
diameter, 5 cm bed height, 1 mL column volume) was equilibrated, loaded and
washed. A 50 CV gradient was developed from 0-50% B buffer, followed by a 10 CV
step elution, carried out with 100% B buffer. Four B buffers were employed, with
compositions of 20 mM Tris, 500 mM salt, pH 9. The salts were one of NaCl,
NaAcetate, NHs4Acetate, or Naz2SOa.

Table 1. AEX chromatography methods for screening gradient elution salts on 1 mL
POROS™ 50 HQ column.

Column Bed Column Cross Sectional Area: 0.2 cm? Load Challenge:
Height: 5 cm Column Volume: 1.0 mL 9.3 x 10" VG*/mL
Column resin
Diameter: 0.5
cm
Step Solution Column | Residence
Volumes Time Velocity
(min/CV) | (cm/hr)
Equilibration 1 | 20 mM Tris, 500 mM salt*, pH 9 20 0.5 611
Equilibration 2 | 20 mM Tris, pH 9 20 0.5 611
Load Affinity Pool diluted with 20 mM 0.5 611
Tris, pH 9 and adjusted to pH 9
with 1 M Tris Base, pH 11
Wash 20 mM Tris, pH 9 10 0.5 611
Gradient
Elution A Buffer: 20 mM Tris, pH 9
(0-50% B) /50 | B Buffer: 20 mM Tris, 500 mM
cv salt*, pH 9 50 1.5 204
Step Elution 20 mM Tris, 500 mM salt*, pH 9 10 1.5 204
Regeneration 2 M NaCl, 25 mM Tris, pH 9 10 0.5 611
Sanitization 0.5 M NaOH 10 6 51
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Equilibration 20 mM Tris, pH 9 10 0.5 611
Storage 20% Ethanol 10 0.5 611
*Elution salts: NaCl, NaAcetate, NHsAcetate, Na2SO4
# vector genome (VG) was measured by gPCR analysis of ITR sequence.

[0391] The impact of the elution salts on the shape and Azso/A2so ratios of elution
peaks is shown by the chromatograms of FIG. 1. The Azs0/A2s0 ratio provides an
estimation of the percentage of AAV capsids that contain a recombinant vector
genome (% full), with higher ratios indicating higher % full (Sommer et al. Molecular
Therapy (2003) 7(1):122-128). Elution via NaCl led to a main peak with a high
Acso/Azso (indicative of full vectors) and a closely joined shoulder with a low Azso/Azso
(indicative of empty capsids). Elution via NaAcetate and NH4Acetate generated a
main peak with high Azso/A2s0, and two resolved peaks with low Azeo/Azs0. These
results indicate that NaAcetate and NHsAcetate resolved empty capsids from AAV9
vectors better than NaCl. Conversely, Na2S0O4 eluted the AAV9 material in one sharp
peak with moderate Azso/Azso, implying little separation of AAV9 vectors from empty
capsid.

[0392] One milliliter eluate fractions were collected throughout the gradients and
neutralized with 0.15 mL of 50 mM citrate, pH 3.6. Neutralized fractions were
analyzed by HPLC-SEC A2s0/A2s0. During the HPLC-SEC method, absorbance was
monitored at 214, 260, and 280 nm. The A2s0/A2s0 ratio provides an estimation of the
% full of AAV capsids (Sommer et al. Molecular Therapy (2003) 7(1):122-128). The
AAV9 signature SEC elution peaks at 260 and 280 nm were integrated and the ratio
of these two values is reported as SEC Azso/A2s0 as shown in FIG. 2. The NaAcetate
gradient generated elution fractions with a maximum SEC Azs0/A2s0 of 1.27, higher
than analogous maximum values for NaCl (1.23), NHsAcetate (1.22), and Na2SO4
(1.15). Further, NaAcetate-based elution produced 7 contiguous eluate fractions with
SEC Azeo/A280 = 1.19, higher than analogous results for NaCl (3 fractions),
NHsAcetate (4 fractions) and Na2S0a4 (0 fractions). Fractions with SEC A2s0/A2s0 =
1.19 were pooled together, assayed by qPCR of the ITRs to determine vector
genome (VG) yield, and analyzed by analytical ultracentrifugation (AUC) to
determine distribution of empty, full, and intermediate (AAV capsids that have less
packaged nucleic acid than full capsids and contain, for example, a partial,
fragmented or a truncated vector genome and/or non-transgene-related DNA)
capsids.
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The elution salt screening studies demonstrated that NaAcetate

outperformed NaCl, NHsAcetate, and Na2SOu4in terms of VG yield, and % full of the
recovered AAV9 vector as judged by SEC Azso/A2s0 and AUC (Table 2). The
NaAcetate AEX pool had an SEC Azeo/Azso of 1.24, slightly higher than analogous
values obtained using NaCl (pool SEC Aze0/A2s0 = 1.23) and NH4Acetate (SEC
Aze0/A2g0 = 1.21), and significantly higher than the Na,SO, pool (SEC Aze0/Azs0 =

1.15). AUC analysis on AEX pools implied that the NaAcetate gradient generated
slightly higher % full (43%) than the NaCl gradient (~38%), and significantly higher %
Full than the Na2SOa4 gradient (20%). Notably, the NaAcetate gradient elution

reduced the percentage of empty capsids (% empty) from 75% in the AEX load to

29% in the AEX pool. To better delineate the performance of the elution salts, NaCl,
NaAcetate, and NHsAcetate were selected to be used on a 5.1 mL POROS™ 50 HQ

column, described in the section below.

Table 2. Results from elution salt screening studies on a 1 mL POROS™ 50 HQ

column.
Sample/ % VG SEC- A, /A, AUC of AEX Pool
Elution Salt { Column
vield Max | Fractions{ Pooled | % full |% inter.| % empty
(GPCR) Value 21.19 Product
AEX Load N/A 0.91 N/A N/A 12 13 75
NaCl 17 1.23 3 1.23 ~38 ~25 ~38
NaAcetate 21 1.27 7 1.24 43 27 29
NH,Acetate 12 1.22 4 1.21 LLOQ
Na,SO, 22 1.15 0 1.15 20 30 50

% VG Column Yield was determined as (VG in AEX pool) / (VG in AEX load); and

thus, did not account for losses incurred upon load preparation. AUC data on the

NaCl gradient elution AEX pool was inconclusive and thus is reported here as an

approximation (~). LLOQ- Lower than the lower limit of quantitation.

[0394]

POROS™ 50 HQ column

Elution Salt Screening via AEX Chromatography on a 5.1 mL
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Elution salts NaCl, NaAcetate, and NHsAcetate were studied for their

ability to resolve AAV9 empty capsids and full vectors during AEX chromatography.
A POROS™ 50 HQ column (0.66 cm inner diameter, 15 cm bed height, 5.1 mL
column volume) was equilibrated, loaded, washed, and eluted with NaCl, NaAcetate,

or NHsAcetate gradients (Table 3). One milliliter elution fractions were collected

throughout the gradient, neutralized with 0.15 mL of 50 mM citrate, pH 3.6, and
analyzed by HPLC-SEC A2e0/A2s0.

[0396]

NaAcetate-based elution produced 20 contiguous fractions with SEC

Aczs0/Azs0 >= 1.19, higher than analogous results for NaCl (8 fractions) and

NHasAcetate (11 fractions). Fractions with SEC Azso/Az2s0 = 1.19 were pooled together,

assayed by qPCR of the ITRs to determine VG yield, and analyzed by analytical

ultracentrifugation (AUC) to determine % full.

Table 3. AEX chromatography methods for screening elution salts performed on a
5.1 mL POROS™ 50 HQ column.

Column Bed
Height: 15 cm
Column
Diameter: 0.66
cm

Column Cross Sectional Area: 0.34 cm?

Column Volume: 5.1 mL

Load Challenge:
3 x 10" VG/mL resin

Step Solution Column | Residence
Volumes Time Velocity
(min/CV) | (cm/hr)
Sanitization 0.5 M NaOH 10 2.3 389
Equilibration 1 20 mM Tris, pH 9 10 0.5 611
Equilibration 2 20 mM Tris, 500 mM salt*, pH 9 20 0.5 1790
Equilibration 3 20 mM Tris, pH 9 10 0.5 1790
Load Affinity Pool diluted with 20 mM 0.5
Tris, pH 9 and 1 M Tris Base, pH 1790
11
Wash 20 mM Tris, pH 9 10 0.5 1790
Gradient Elution | A Buffer: 20 mM Tris, pH 9
(0-50% B) / 50 B Buffer: 20 mM Tris, 500 mM 597
Ccv salt*, pH 9 50 1.5
Step Elution 20 mM Tris, 500 mM salt*, pH 9 10 1.5 1790
Regeneration 2 M NaCl, 25 mM Tris, pH 9 10 0.5 149




10

15

WO 2022/097008 PCT/1B2021/060095

178
Sanitization 0.5 M NaOH 10 6 1790
Equilibration 20 mM Tris, pH 9 10 0.5 1790
Storage 20% Ethanol 10 0.5 597

*Elution salts: NaCl, NaAcetate, NHsAcetate

[0397] Elution salt screening studies demonstrated that NaAcetate outperformed
NaCl and NHsAcetate in terms of the % full of the recovered AAV9 vector as judged
by SEC Aze0/A2s0 and AUC (Table 4). The NaAcetate AEX pool had an SEC
Aoso/Az2s0 of 1.26, higher than analogous values obtained using NaCl (pool SEC
Azeo/A2s0 = 1.24) and NH4Acetate (SEC A2s0/A2s0 = 1.19). AUC analysis on AEX
pools implied that NaAcetate gradients generated slightly higher % full capsids
(43%) than the NaCl gradient (39%) and the NH4Acetate gradient (36%).

[0398] Collectively, the AEX runs carried out at 1 mL and 5.1 mL column volume
scale showed that NaAcetate resolved empty capsids from full AAV9 vectors better
than NaCl and NHsAcetate. Therefore, NaAcetate was employed as the elution salt
in further developed versions of the AEX process.

Table 4. Results from elution salt screening studies on a 5.1 mL POROS™ 50 HQ

column.
Sample/ % VG SEC- A, /A, AUC of AEX Pool
Elution Salt { Column
. Fractions | Pooled % % Inter. %
Yield
(qPCR) 21.19 Product | Full Empty
AEX Load N/A N/A N/A 12 13 75
NaCl 13 8 1.24 39 31 30
NaAcetate 10 20 1.26 43 27 30
NH, Acetate 7 11 1.19 36 10 54

% VG Column Yield was determined as (VG in AEX pool) / (VG in AEX load); and
thus, did not account for losses incurred upon load preparation.
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Example 2: Enrichment of Full AAV9 Vectors via AEX Chromatography with a

Sodium Acetate Step Elution

[0399] Based at least in part on the results in Example 1, NaAcetate was selected
to study step elution operation of an AEX chromatography column for separation of
AAV9 empty capsids from full vectors. Affinity eluate was generated as described in
Example 1, diluted with 20 mM Tris, pH 9 and 1 M Tris Base, pH 11, and filtered
through a 0.2 um filter.

[0400] Screening of Optimal NaAcetate Step Elution Conditions

[0401] For screening purposes, a nine-step wash and elution AEX method was
carried out with step increases in NaAcetate concentration in 20 mM Tris, pH 9.
Consistent with Table 5, a POROS™ 50 HQ column (0.66 cm ID x 15 cm BH; 5.1 mL
CV) was equilibrated, loaded, washed, and eluted. Wash and elution buffers were
formed in the FPLC system by mixing A Buffer: 20 mM Tris, pH 9, and B Buffer: 20
mM Tris, 140 mM NaAcetate, pH 9. Fractions were neutralized and assayed by SEC
Aze0/A2s0, AUC, and qPCR of the ITRs. FIG. 3 depicts the 9-step chromatogram and
shows a stark change in inline A2s0/A2s0 upon gradual increase in NaAcetate
concentration of wash and elution buffers.

Table 5. AEX screening method employing 9-Step NaAcetate elution (3 washes and

6 elutions).

Column Bed Height: 15 cm| Column Cross Sectional Area: 0.34 cm? |Load Challenge:

Column Diameter: 0.66 cm Column Volume: 5.1 mL 3.3 x10"™ VG/mL
resin
Linear |Residence
Velocity| Time % of B
Step CV|(cm/hr)| (min/CV) Solution Buffer*
Storage
Washout 10| 600 1.5 20 mM Tris, pH 9 0
20 mM Tris, 500 mM NaAcetate,
Equilibration 20| 600 1.5 [pH9
Equilibration 5 600 1.5 20 mM Tris, 7 mM NaAcetate, pH 9
Equilibration 10| 1800 0.5 20 mM Tris, pH 9 0
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Sample Affinity Po.ol, diluted 7.1-fold \.Nith
Loading N/A| 1800 0.5 20 mM Tris, pH 9 and 1 M Tris

Base, pH 11 N/A

Load Chase 10| 1800 0.5 20 mM Tris, pH 9 0

pH Stabilization| 2 600 1.5 20 mM Tris, 7 mM NaAcetate, pH 9 5
20 mM Tris, 14 mM NaAcetate, pH

pH Stabilization| 2 | 600 1.5 9 10
20 mM Tris, 21 mM NaAcetate, pH

pH Stabilization| 2 | 600 1.5 9 15
20 mM Tris, 42 mM NaAcetate, pH

Wash-1 2.5 600 15 9 30
20 mM Tris, 49 mM NaAcetate, pH

Wash-2 2.5 600 1.5 9 35
20 mM Tris, 57 mM NaAcetate, pH

Wash-3 2.5 600 15 9 40
20 mM Tris, 64 mM NaAcetate, pH

Elution-1 2.5 600 15 9 46
20 mM Tris, 75 mM NaAcetate, pH

Elution-2 2.5 600 1.5 9 54
20 mM Tris, 85 mM NaAcetate, pH

Elution-3 2.5 600 1.5 9 61
20 mM Tris, 95 mM NaAcetate, pH

Elution-4 2.5 600 15 9 68
20 mM Tris, 105 mM NaAcetate,

Elution-5 2.5 600 1.5 |pH9 75
20 mM Tris, 109 mM NaAcetate,

Elution-6 2.5 600 1.5 [pH9 78
20 mM Tris, 500 mM NaAcetate,

Strip 51 600 1.5 [pH9 0

Regeneration | 10| 1800 0.5 25 mM Tris, 2M NaCl, pH 9 0

Sanitization 10| 150 6 0.5 M NaOH 0

Equilibration 10| 1800 0.5 [20 mM Tris pH 9 0

Storage 10| 1800 0.5 20% Ethanol 0

* Wash, pH stabilization, and elution buffers were made in the FPLC system by mixing A & B
Buffers; A buffer: 20 mM Tris, pH 9; B buffer: 20 mM Tris, 140 mM NaAcetate, pH 9




10

15

20

25

WO 2022/097008 PCT/1B2021/060095
181

[0402] Analytical results from the nine-step run show that empty AAV9 capsids
can be resolved from full AAV9 vectors via NaAcetate step washes and elutions
(Table 6). Wash 1 and 2 selectively removed bound empty capsids from the AEX
column. Notably, wash 1 and 2 generated SEC A2s0/A2s0 values of 0.58 and 0.79
respectively, and a % empty (AUC) of 98% and 85%, respectively. Elution fractions
1-4 enriched for full AAV9 vector, with SEC Azso/A2so values in the range of 1.27-
1.30, and % full (AUC) in the range of 29-53%, considerably higher than the 12% full
in the AEX load. Based on these findings, a step wash and elution method based on
NaAcetate was designed and is provided below.

Table 6. Results from NaAcetate 9-step elution studies carried out ona 5.1 mL
POROS™ 50 HQ column.

Fraction Load | W-1 | W-2 | W-3 | E-1 | E-2 | E-3 | E-4 E-5 | Strip
[NaAcetate] (mM) 20 42 | 49 | 57 | 64 | 75 | 85 95 105 | 500
Conductivity 18 [ 35|39 |44 | 50|57 (64| 70 76 | 29.7
(mS/cm)
SEC Azso/Azso 0.88 | 0.58|0.79 | 1.16 | 1.27 | 1.29 | 1.30 | LLOQ | LLOQ | 0.61
AUC % full 12 1 1 3 29 | 53 | 51 30 10 2
% inter. 13 1 14 | 48 | 42 | 26 | 18 9 3 9
% empty 75 98 | 85 | 49 | 30 | 21 31 61 87 89

W- Wash step; E- Elution step. LLOQ- lower than the limit of quantitation.

[0403] Enrichment of Full AAV9 Vectors via a Step NaAcetate Wash, Elution
Method

[0404] Based on the results above, AEX methods with various step NaAcetate
wash and elution were tested for their ability to enrich for full AAV9 vector capsids.
Consistent with Table 7, a POROS™ 50 HQ column (0.66 cm ID x 15 cm BH, 5.1 mL
CV) was equilibrated, washed and eluted. Wash, pH stabilization and elution buffers
were made in the FPLC system by mixing A Buffer: 20 mM Tris, pH 9, and B buffer:
20 mM Tris, 140 mM NaAcetate, pH 9. Across the studied methods, multiple
parameters were varied, namely elution linear velocity (75-600 cm/hr), load
challenge (5.1 x 10" to 1.1 x 10"® VG/mL resin), and concentration of NaAcetate in
the wash step (57 mM or 68 mM).

[0405] The chromatogram for the step wash and elution run with a 600 cm/hr

elution, 5.1 x 10" VG/mL resin challenge, and 57 mM NaAcetate wash is given as in
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FIG. 4A and FIG. 4B. Table 8 reports results and reveals that the developed step

NaAcetate wash and elution AEX methods enriched for full AAV9 vector and

reduced host cell protein (HCP) levels. The developed step methods increased the
% full (as judged by AUC) from 18% to 40-53% and increased the SEC Azeso/A2s0
from 0.95 to 1.25-1.27. In addition to enriching for AAV9 full capsids, the developed
step method cleared high amounts of HCP and moderate amounts of host cell DNA

(HC-DNA) at low column challenges. The step NaAcetate wash and elution method

did not provide % VG yields or % full of AAV9 as high as ultracentrifugation or AEX

chromatography via NaAcetate gradient elution (Examples 6, 7 and 8, below).

However, the step elution approach avoids complex manipulations associated with

ultracentrifugation.

Table 7. AEX methods employing Step NaAcetate elution. Runs utilized different

load challenges, wash conditions, and elution residence times.

Column Bed Height: 15| Column Cross Sectional Area: Load Challenge:

cm 0.34 cm? 5x10"-1.2 x 10" VG/mL

Column Diameter: 0.66 Column Volume: 5.1 mL resin
cm
Linear |[Residenc
Velocity| e Time % of B
Step CV | (cm/hr) |(min/CV)|Solution Buffer*
Ethanol
'Washout 10 600 1.5 20 mM Tris, pH 9 0
20 mM Tris, 500 mM NaAcetate,

Equilibration 20 600 1.5 [pH9
Equilibration 5 600 1.5 20 mM Tris, 7 mM NaAcetate, pH 9

Equilibration 10 | 1800 0.5 [20 mM Tris, pH 9
Affinity Pool diluted 7.1-fold with 20

Sample mM Tris, pH 9 and 1 M Tris Base,

Loading Vary| 1800 0.5 |pH 11 N/A

Load Chase 10 | 1800 0.5 |20 mM Tris, pH 9 0

pH Stabilization| 2 600 1.5 20 mM Tris, 7 mM NaAcetate, pH 9 5
20 mM Tris, 14 mM NaAcetate, pH

pH Stabilization| 2 600 1.5 9 10
20 mM Tris, 21 mM NaAcetate, pH

pH Stabilization| 2 600 1.5 9 15
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20 mM Tris, 57 mM NaAcetate, pH

9 or

20 mM Tris, 67 mM NaAcetate, pH
Wash 5 600 1.5 9 41 or 48

600,
150, 0r | 1.5,6, [20 mM Tris, 100 mM NaAcetate,

Elution 5 75 or12 |pH9 72

20 mM Tris, 500 mM NaAcetate,
Strip 5 600 1.5 pH9 100
Regeneration 10 1800 0.5 |25 mM Tris, 2M NaCl, pH 9 0
Sanitization 10 150 6 0.5 M NaOH 0
Equilibration 10 | 1800 0.5 |20 mM Tris, pH 9 0
Storage 10 | 1800 0.5 |20% Ethanol 0
* Wash, pH stabilization and elution buffers were made in the FPLC system by mixing A &
B Buffers; A buffer: 20 mM Tris, pH 9; B buffer: 20 mM Tris, 140 mM NaAcetate, pH 9

Table 8. Results from AEX runs carried out with NaAcetate step elution methods
carried out on a 5.1 mL POROS™ 50 HQ column.

Process Performance: Analysis of Step Elution
Process Inputs .
Fraction
Conc. of Elution | % VG . . A
Challenge % Capsid Species 260/ | ng HCP/ | ng DNA /
NaAcetate Res. |Column
(VG/ mL (AUC) A 1x10™ | 1x10™
(mM) in . Time Yield
resin) . (SEC) VG VG
Wash (min) | (QPCR) | Full | Inter. | Empty
AEX Starting Material 18 9 73 0.95 19157 1070
57 5.1 x10% 1.5 14 50 28 22 1.27 LLOQ 387
67 5.1x 10" 1.5 7 38 39 23 1.27 LLOQ 457
57 25x 10" 1.5 28 53 18 29 1.26 LLOQ 153
57 5.7x 10" 1.5 31 49 20 31 1.26 94 783
57 1.1x10'® 1.5 26 50 16 34 1.27 95 328
57 1.6x 10 6.0 33 49 25 26 1.27 LLOQ 1038
57 1.6x 10 12.0 43 40 36 24 1.25 170 972

% VG Column Yield was determined as (VG in AEX pooled eluate) / (VG in AEX
load); and thus, did not account for losses incurred upon load preparation.
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Example 3: Screening of Methods to Prepare AAV9 Affinity Eluates for AEX

Chromatography
[0406] One embodiment of large-scale downstream processing of AAV9 involves

cell lysis, filtration, and affinity chromatography, with product elution at low pH and
moderate conductivity. Studies on viral proteins of various AAV serotypes report
calculated isoelectric points of ~6.2 and ~5.8 for empty and full AAV9 capsids,
respectively (Venkatakrishnan et al., J. Virology (2013) 87.9:4974-4984). Screening
of various conditions revealed that AAV9 only binds to AEX resins at relatively
alkaline, low conductivity environments (data not shown). Therefore, preparation of
acidic AAV9 affinity eluates for AEX chromatography requires raising the pH and
lowering the conductivity of the vector containing buffer. This process traverses
through the AAV9 isoelectric point, which is an unstable transition that can lead to
vector loss.

[0407] This Example details various approaches to process acidic affinity pools
into AEX chromatography loads. Load preparation methods of dilution, in-line mixing
(FIG. 5), and tangential flow filtration (TFF) were studied. The results show that
processing AAV9 affinity eluates into AEX chromatography loads with high product
yield and low aggregation required specialized development of novel and inventive
processes and procedures.

[0408] Dilution Methods to Prepare AAV9 Affinity Pools for AEX
Chromatography

[0409]  Affinity elution pools have a pH of about 3.8-4.4, a conductivity of about
5.5-6.5 mS/cm, and comprise 7 x 10'3-1.4 x 10'* AAV9 VG/mL. Affinity pools may be
prepared for AEX chromatography as described in Example 1, that is, by dilution of
the pool with alkaline buffers. Consistent with Table 9, AAV9 affinity pools were
diluted with combinations of alkaline buffers in PETG vessels to raise pH and
decrease conductivity. Resulting solutions were passed through 0.2 um filters pre-
wetted with diluent buffers. The diluted samples were 0.2 um filtered to mimic large
scale downstream processing, in which filters are placed at the inlet of
chromatography columns. The resulting filtrates were pH 8.7-9.0, with conductivity in
the range of 1.8-2.1 mS/cm, conditions that would enable high binding of AAV9 to
AEX resins. Samples were taken after dilution, and after filtration, and assayed for
VG titer by qPCR of the ITRs.
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[0410] Table 9 reports results and reveals that high amounts of AAV9 were lost
during dilution and filtration. Sequential dilution with 20 mM Tris, pH 9 and pH
adjustment with 1 M Tris Base, pH 11, followed by 0.2 um filtration resulted in 39%
VG loss. Reversing the order of these diluents led to a similar result and a post
filtration vector loss of 37%. Larger dilutions led to higher amounts of VG loss. A 25-
fold dilution with 100 mM Tris, pH 9, followed by pH adjustment with 1 M Tris, pH 9
yielded a post filtration VG yield of only 36%. 15-fold dilution with the same buffers
gave post filtration yields of 65%.

[0411] In order to reduce non-specific binding of AAV9 to the surfaces of dilution
vessels and filters, 0.01% (v/v) poloxamer 188 (P188) was added to dilution buffer
100 mM Tris, pH 9. This approach only marginally increased the post filtration VG
yield from 65% to 74%, without and with 0.01% P188, respectively. These dilution
techniques afforded % VG yields that were lower than desired, so additional buffer
exchange techniques were investigated.

Table 9. Screening of methods to prepare AAV9 Affinity Eluates for AEX

chromatography.
Final Metrics % VG Yield (QPCR)
Post
Post
Buffer
Buffer Buffer
Dilution Cond. Exchange
Exchange | Buffer1 | Buffer 2 pH Exchange
Factor (mS/cm) o and 0.2
Method (Dilution
Hm
or TFF)
Filtration
1 M Tris
Dilution, pH 20 mM
i i Base, 8.6 8.9 1.8 70 61
Adjustment | Tris, pH 9
pH 11
pH 1MTris | 20 mM
Adjustment, | Base, pH | Tris, pH 7.6 9.0 1.9 63 63
Dilution 11 9
25- Fold 100 mM | 1M Tris,
o ) 25 9.0 2.0 44 36
Dilution Tris, pH 9 pH 9
15- Fold 100 mM | 1M Tris,
15 8.9 2.1 70 65
Dilution Tris, pH 9 pH 9
15- Fold 100 mM
15 8.8 2.0 76 74
Dilution, Tris,
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0.01% 0.01%
P188 P188, pH
9
In-Line 100 mM
Mixing Tris, pH 9 N/A 15 8.7 2.1 79 N/A
100 mM
Tris,
2mM
TFF #1 MgCl2, N/A 1.7 9.0 2.0 66 65
0.01%
P188 pH
9.0
100 mM
Tris, 500 | 100 mM
mM Tris,
TFF #2 with | Arginine, 2mM
Arginine 2mM MgCl2, 1.7 9.0 2.0 78 78
Buffer MgCl2, 0.01%
0.01% P188
P188,pH | pH 9.0
9.0

% VG Yield was determined as (VG in AEX load) / (VG in Affinity Pool); 1 M Tris
Base, pH 11, and 1M Tris, pH 9 were used for pH adjustment, and employed at
dilution factors of less than 1-fold relative to the affinity pool.

[0412] In-Line Dilution to Prepare AAV9 Affinity Pools for AEX
Chromatography

[0413] In-line dilution of AAV9 affinity pools was investigated to generate AEX
loads while reducing surface area the vector was exposed to and reducing the
amount of time the vector was exposed to said surfaces. The in-line dilution
apparatus is shown in FIG.5.

[0414] Three pieces of platinum cured silicone tubing were joined together by a
Y-connector. A peristaltic pump delivered 100 mM Tris, pH 9 to the Y-connector at

flow rate of 3.5 mL/min. A second peristaltic pump delivered AAV9 affinity pool to the

Y-connector at a flow rate of 0.25 mL/min. The ratio of these flow rates (14 parts
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diluent to 1-part affinity pool) was selected to achieve an 15-fold dilution and enable
direct comparison to similar dilution factors (Table 9 and Table 12). The joined fluids
passed through platinum cured silicone tubing with an inner diameter of 0.16 cm and
a length of 100 cm. The mixing tube dimensions were designed based on buffer
mixing studies that showed these conditions achieved a stable, well blended
solution.

[0415] The in-line mixed solution was collected, neutralized with 250 mM sodium
citrate, pH 3.5, and analyzed by qPCR of the ITRs. 79% of the of the VG pumped
into the apparatus was recovered at the outlet of the mixing tubing. While this result
represented a slight improvement in % VG yield compared to batch dilution
experiments, the yield was still lower than desired. Therefore, further AEX load
preparation experiments were carried out via tangential flow filtration.

[0416] Tangential Flow Filtration (TFF) to Prepare AAV9 Affinity Pools for
AEX Chromatography

[0417] In order to avoid VG losses incurred during AEX load preparation, TFF
was used to keep the VG concentration high and temporarily incorporate arginine
into the vector containing solution. Consistent with Table 10, two TFF runs were
carried out with fresh 20 cm? mPES hollow fiber membranes. The membrane was
equilibrated, loaded with AAV9 affinity pool, and diafiltered against 150 mM acetate,
100 mM glycine, 25 mM MgClz, pH 4.2, the same buffer of the AAV9 affinity pool. At
the end of each step, the TFF system was paused and the retentate vessel was
sampled. Samples were analyzed for VG titer by qPCR of the ITRs and results are
shown in Table 9 and Table 10.

[0418] Inrun #1, diafiltration directly from the affinity elution pool analog buffer
into 100 mM Tris, 2 mM MgClz, 0.01% P188, pH 9 resulted in a 66% VG yield. In run
#2, addition of 500 mM arginine (a co-solvent known to reduce protein aggregation
(Arakawa et al. Biophysical Chemistry (2007) 127(1): 1-8)) into diafiltration buffer 2
improved the VG yield to 93% compared to the 66% yield obtained in the absence of
arginine. However, removal of arginine from the system in run #2 incurred significant
losses and a VG yield of 78%. 500 mM arginine was not included in the final
diafiltration buffer because it would generate AEX loads with high conductivity (~20
mS/cm), which would interfere with binding to AEX resins. However, this finding

encouraged the study of other amino acid cosolvents that can stabilize AAV9, but
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with lower solvent conductivities at alkaline pH. These studies are described in

Example 6.

Table 10. Tangential flow filtration to prepare AAV9 affinity eluates for AEX

chromatography.

Membrane: 300 kDa
mPES Hollowfiber,

Membrane Challenge:

Transmembrane Pressure:

1.2 x 10" VG/cm? 5 PSI
20 cm?
Inlet Pressure: 5-10 Permeate Flux:
PSI 75 liters/ m?/ hr
Diafiltration | Precip- | % VG
Run Step Buffer
Volumes |itation? | Yield
Membrane 150 mM Acetate, 100 mM
Equilibration Glycine, 25 mM MgCly, pH 4.2 2.0 N/A N/A
Sample Load | Affinity Eluate N/A no 100%
_ Diafiltration 1 | 150 mM Acetate, 100 mM
; Glycine, 25 mM MgCl, pH 4.2 2.0 no | 80%
F | Digfiltration 2 | 100 mM Tris, 2 mM MgCls,
0.01% P188 pH 9.0 25 yes 66%
Retentate 0.2 |N/A
um Filtration N/A N/A 65%
Diafiltration | Precip- | % VG
Run Step Buffer
Volumes |itation? | Yield
Membrane 150 mM Acetate, 100 mM
Equilibration | Glycine, 25 mM MgClz, pH 4.2 2.0 N/A N/A
E Sample Load | Affinity Eluate N/A no 100%
CE Diafiltration 1 150 mM Acetate, 100 mM
= Glycine, 25 mM MgCly, pH 4.2 2.0 no 95%
E’ Diafiltration 2 | 100 mM Tris, 500 mM Arginine,
§ 2mM MgCla, 0.01% P188, pH 9.0 15 no | 93%
- | Diafiltration 3 | 100 mM Tris, 2 mM MgCls,
é 0.01% P188 pH 9.0 25 yes 78%
Retentate 0.2 |N/A
um Filtration N/A N/A 78%
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[0419] Dynamic Light Scattering Analysis of AAV9 Affinity Pools Upon
Dilution with 100 mM Tris, pH 9

[0420] Dynamic light scattering (DLS) was used to measure the Z-average (Z-
AVG) as an estimate of capsid aggregation in AAV9 affinity pools diluted with 100
mM Tris, pH 9. The Z-average is a reliable measure of the average size of particles
in solution. As shown in Table 11, AAV9 affinity pools were diluted (0 to 30-fold) with
100 mM Tris, pH 9 in polypropylene tubes and immediately analyzed by DLS. For
each dilution factor, a separate experiment was carried out with fresh AAV9 affinity
pool in a new polypropylene tube. Once DLS analysis was complete the solution was
measured for pH and conductivity.

[0421] The results are summarized in Table 11, graphed in FIG. 6, and show that
dilution of AAV9 affinity pools led to aggregation and an increased Z-average. The
undiluted AAV9 affinity pool had a pH of 4.1, conductivity of 6.0 mS/cm, a Z-average
of 15 nm, and no aggregation. Two-fold dilution with 100 mM Tris, pH 9 increased
solution pH to 7.2, maintained conductivity at 5.8 mS/cm, led to a 5-fold increase in
aggregation and a 77 nm Z-average, compared to the AAV9 affinity pool. This result
implied that raising solution pH through the estimated AAV9 isoelectric point
((calculated to be ~5.8 and ~6.2 for full and empty AAV9 capsids, respectively
(Venkatakrishnan et al. (2013) J. Virology 87(9):4974-4984)) destabilized the vector,
leading to product loss. Dilution factors of 5- and 10-fold led to aggregation and very
high Z-averages of 395 nm, and 221 nm, respectively. Larger dilution factors in the
range of 15- to 30- fold displayed Z-averages of 46-66 nm and aggregation.

[0422] Collectively, the results given in Table 9 and Table 10 revealed that high
amounts of AAV9 vector were lost during AEX load preparation. Load preparation
methods of TFF at high VG concentration, in-line dilution, and dilution in the
presence of 0.01% P188 were unable to prevent VG losses. Data in Table 11
demonstrated that the mechanism behind the VG losses was aggregation. Based on
this observation, a series of dilution experiments were carried out with diluents that
could prevent the aggregation and are described in Example 6.

Table 11. pH, conductivity, Z-Average, and Aggregation of AAV9 affinity pool diluted
with 100 mM Tris, pH 9.

Dilution pH Conductivit | Z-Average | Aggregation

Factor y (mS/cm) (nm) #
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0 4.1 6.0 15 -
2 7.2 5.8 77 +
5 8.5 3.4 395 +
10 8.7 2.3 221 +
15 8.8 2.2 66 +
20 8.9 1.9 53 +
25 8.9 1.8 46 +
30 8.9 1.8 52 +

# aggregation present (+) or aggregation not present (-)

Example 4: Screening of Diluent Co-Solvents to Prepare AAV9 Affinity Eluates
for AEX
[0423] AAV9 affinity eluates were diluted 15-fold with various diluent co-solvents

to identify conditions that maximized % VG yield during AEX load preparation. The
screened cosolvents included detergents, iodixanol, glycerol, magnesium chloride,
and amino acids. In order to study the effect of dilution alone, without altering pH or
conductivity, AAV9 affinity eluate was diluted with affinity eluate pool buffer, namely
150 mM acetate, 100 mM glycine, 25 mM MgClz, pH 4.2. 14 mL of diluent was
added to polypropylene tubes, followed by 1 mL of AAV9 affinity eluate. The
resulting solution was gently mixed via end-to-end agitation, measured for pH and
conductivity, and a pre-filtration sample was taken. The diluted sample was then
filtered through a 0.2 um filter pre-wetted with diluent. Post dilution and post filtration
samples were neutralized with 250 mM sodium citrate, pH 3.5. Neutralized samples
were analyzed by dynamic light scattering to estimate particle Z-AVG and relative
amounts of aggregation and analyzed by qPCR of the ITRs to determine VG titer.
[0424] Results of diluent co-solvent screening revealed some cosolvents reduced
aggregation, maintained Z-AVG near 30 nm, and increased % VG yield, compared to
baseline diluent 100 mM Tris, pH 9 (Table 12). The undiluted AAV9 affinity elution
pool had a Z-AVG of 29 nm, with apparently no aggregation. Dilution of the AAV9
affinity pool with affinity eluate pool buffer resulted in no increase in Z-AVG, no
aggregation, but only 69% VG yield. This data suggested that aggregation did not
occur at the conditions of the affinity pool (pH 4.2, 7 mS/cm), but VG loss occurred

via non-specific binding to increased surface area (by dilution).
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[0425] In agreement with results from Example 3 (above), dilution of the AAV9
affinity pool with 100 mM Tris, pH 9 led to increased Z-AVG, high aggregation, and
VG yields of only 59%. Addition of 0.01- 1% P188 to 100 mM Tris, pH 9 did not
significantly improve performance, with similar Z-AVG and aggregation, compared to
the baseline buffer. Dilution of AAV9 affinity eluate with 50 mM arginine, 2 mM
MgClz, 0.1% P188, 100 mM Tris, pH 9 led to a 33 nm Z-AVG, no aggregation, and
~80% VG vyield, but led to a conductivity of 4.5 mS/cm, which would interfere with
binding of AAV9 to AEX resins. Multiple histidine-containing diluents provided
desirable results. For example, dilution of AAV9 with 200 mM Histidine, 200 mM Tris,
10 mM MgClz, 25% lodixanol, pH 8.8 led to a 99% VG yield. lodixanol is strongly UV
active and would interfere with UV readings in chromatography systems, so this and
similar buffers were not employed in AEX runs.

[0426] Importantly, 15-fold dilution of the AAV9 affinity eluate with 0.5% P 188,
200 mM histidine, 200 mM Tris, pH 8.8, followed by filtration through a pre-wetted
filter resulted in a 35 nm Z-AVG, and 101% VG yield. The resulting diluted, filtered
solution was pH 8.8, with a conductivity of 2.5 mS/cm, conditions that were likely
amenable to binding to AEX resins. Therefore, this dilution scheme was optimized in
the example that follows.

[0427] Studies of AAV2 aggregation involved screening of various cosolvents via
a dilution stress test in combination with DLS and found that AAV2 aggregation was
prevented by dilution into buffers that contained various salts at ionic strength = 200
mM (Fraser et al. Molecular Therapy (2005) 12(1):171-178). Similar approaches to
prepare AAV9 for AEX chromatography were not applicable to the present Example
because solutions with ionic strengths = 200 mM reduced vector binding to AEX
resins (data not shown). Interestingly, addition of the amino acids histidine, arginine,
or glycine to the diluent did not inhibit AAV2 aggregation (Fraser et al. Molecular
Therapy (2005) 12(1):171-178).

[0428] In this Example, mixtures of histidine, arginine, and glycine, in combination
with MgClz, P188, and/or glycerol reduced AAV9 aggregation, but only afforded %
VG vyields of 69-80% (see diluent results R2, H2, H3 in Table 12). High % VG yields
were only achieved when histidine was employed in synergy with detergents P188
and Triton X-100 (see diluent results H7 and H8 in Table 12). These results indicate
that high VG yielding diluent cosolvents for AAV capsid (e.g., AAV9) AEX load
preparation should contain detergent to reduce non-specific binding to surfaces (e.g.
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dilution vessel and filter) and employ histidine or similar moieties to modulate charge

interactions and/or hydrogen bonding between AAV capsid particles (e.g., AAV9

vector particles).

Table 12. Screening of diluent cosolvents for AEX load preparation of AAV9 vector

capsids. AAV9 affinity eluates were diluted 15-fold with diluents, filtered, analyzed by

dynamic light scattering to determine Z-average (Z-AVG) as an estimate of capsid

aggregation, and analyzed by gPCR to determine % VG Yield.

3.9

Code . % VG
Dituent Buler Malrix/ Cond. | Z-aver. | Aggregation
pH Yield
Cosolvent Subset {mS/omt () {=, +}
{gPCRH}
AE Aftinity Eluate
AET Affinity Elution Pool- No Dilution 4.2 8.0 291 - 100
AEZ {1150 mM Acetate, 100 mM Glycing, 25
4.2 7. 28.4 -
mM MgCl, pH 4.2 ¢ ? 0 o
BL Baseling, 100 mM Trig, pH &
8L 100 mM Tris, pH 8.0 8.8 2.0 74.2 + 59
PO Bassline + P188
PO 100 mM Tris, 0.01% P88, pH 8.0 8.8 2.3 54.8 + NT
PO2Y 100 mM Tris, 0.15% P188, pH 8.0 8.8 22 60.8 + NT
PO3 100 mM Tris, 1% P188, pH 9.0 8.8 2.1 8§7.2 + NT
BG Arginine and Giycine
R1 t 5 mM Arginine, 2 mM MgCh, 0.1%
, 8.8 2.8 68.3 + 81
P188, 106 mM Tris, pH 8.8
HZ t 50 mM Arginine, 2 mM MgCle, 0.1%
‘ 9.0 4.5 33.0 - 80
188, 100 mM Tris, pH 8.0
R2 {500 mM Argining, 2 mM MgCl, 8.1%
) . 8.1 20.6 16.2 + 88
P188, 400 mM Tris, pH 9.1
G1 { 200 mM Glycine, 5 mM MgCh, 200 '
} 8.8 2.0 N/A NR 70
mi Tris, pH 8.9
3] Histidine
HY | 200 mM Histidine, 200 mM Tris, pH
8.9 2.1 31.3 + NT
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HZ2 1200 mM Histiding, 200 mM Trig, 5 mM
8.8 2.8 30.4 - &89
MgClz, pH 8.8
H3 {200 mM Histidine, 200 mM Tris, 5 mM
8. 2.3 31.8 - 74
MgClz, 5% Glycerol, pH 8.9
HA 260 mM Histiding, 250 mM Trig, 10
8.9 1.8 8.6 + 76
miM MgCle, 25% Glyecerol, pH 8.9
HS 1200 mM Histidine, 200 mM Tris, 5 mM
8.8 2.4 12.9 + 74
MgClz, 5% lodixanol, pH 8.8
HE | 200 mM Histidineg, 200 mM Trig, 10
8.8 2.5 3.5 NR a8
m MgClz, 25% iodixanol, pH 8.8
H7 1200 miM Histidine, 200 mM Tris, 0.5%
8.8 2.5 8.5 NR 105
Triton X-100, pH 8.9
H8 1200 mb Histiding, 200 mM Tris, 0.5% ]
8.8 2.5 35.0 NR 101
P188, pH 8.8

NR- value not reported due to interference in DLS readout. NT- experiment not

conducted.

Example 5: Optimization of Diluent Co-Solvents to Prepare recombinant AAV9

Vector Affinity Eluates for AEX Chromatography

[0429] The concentration of P188 in the diluent, and the resulting conductivity of
the diluted sample were optimized to achieve maximum recovery of AAV9 vector.
Diluent P188 concentrations of 0.01%, 0.05%, 0.2%, and 0.5% were tested in
concert with diluted sample conductivities of 2, 2.5, and 3 mS/cm. In order to achieve
the varying conductivities, varying dilution factors were employed. Diluted AAV9
vector affinity eluates were passed through 0.2 um filters that were pre-wetted with
each corresponding diluent. The resulting filtrates were assayed by qPCR of the
transgene to determine VG titer, and results are shown in Table 13 and FIG. 7A and
FIG. 7B. The data shown in FIG. 7A and FIG. 7B demonstrates that 0.5% P188 is
required to achieve maximal VG yields and that use of lower concentrations (i.e.,
less than 0.5%) of P188 lead to lower VG yields. Neither final conductivity (or by
association, dilution factor) significantly influenced the % VG yield within the ranges
studied.

Table 13. Optimization of P188 concentration, dilution factor, and final conductivity.
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P188 (%) Conductivity Dilution % VG Yield

(mS/cm) Factor Post Dilution

and Filtration
0.2 3.0 5x 93%
0.2 2.5 9x 107%
0.01 3.0 5x 64%
0.05 25 9x 88%
0.5 2.0 25x 107%
0.01 2.0 25x 79%
0.2 2.5 9x 83%
0.2 2.0 25x 87%
0.5 3.0 5x 110%
0.5 25 9x 90%
0.01 2.5 9x 82%
0.5 25 9x 101%

Example 6: Enrichment of Full AAV9 via Optimized Dilution and AEX

Chromatography Techniques

[0430] The top performing diluent from Examples 4 and 5 was combined with the
top performing elution salt from Example 1 to form an optimized AEX
chromatography method capable of enriching for full AAV9 vector capsids with high
% VG yields.

[0431] AAV9 affinity eluate was diluted 15-fold with a novel buffer comprising an
amino acid and detergent cosolvent (200 mM Histidine, 200 mM Tris, 0.5% P188, pH
8.9) and filtered with a 0.2 um filter. The 15-fold dilution is lower than the dilution
used in other methods (see, US 2019-0002841; US 2019-0002842; US 2018-
0002844), is easier to implement in large scale manufacturing and results in high VG
yields.

[0432] The resulting filtrate was pH 8.8, with a conductivity of 2.3 mS/cm.
Consistent with Table 14, the filtrate was loaded onto a POROS™ 50 HQ column,
eluted via a sodium acetate gradient, and fractions equivalent to 0.39 of a CV were
collected during the gradient elution.

[0433] Load and chromatographic fractions were neutralized with 250 mM sodium
citrate, pH 3.5, and assayed by SEC Azso/Az2s0, AUC, and qPCR of the ITRs. To test
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the reproducibility of the AEX process, a second run was carried out using the same

materials and methods of the first run. The AEX chromatogram of the first run is
depicted in FIG. 8A and FIG. 8B. SEC Azs0/A2s0 of the gradient elution fractions is
provided in Table 15 and shows that the optimized AEX method enriched for full

AAV9 vector as compared to the load. The percentage of full, intermediate and

empty capsid in the affinity pool (which was loaded on the column), the flow-through

fraction and elution pools was determined using analytical ultracentrifugation. The

data is provided in Table 16 and shows that the optimized AEX method enriched for

the percentage of full AAV9 vector capsid while affording high % VG yield.
Table 14. Optimized AEX chromatography method performed on a 5.1 mL

POROS™ 50 HQ column.

Column Bed Height:

15cm

Column Diameter:

Column Cross Sectional
Area: 0.34 cm? Column
Volume = 5.1 mL

Load Challenge:
1.7 x 10" VG/mL of Resin (run 1);
or 7.5 x 10" VG/mL of Resin (run

0.66 cm 2)
Residence
Step . . Flow Rate
o Solution Description Ccv Time .
Description (mL/min)
(min/CV)
o 500 mM sodium acetate, 100 mM
Equilibration 1 ) 5 4 1.28
Tris, 0.01% P188, pH 8.9
0.5% P188, Tris, pH 9.0 (run 1) or
Equilibration 2 | 200 mM Histidine, 200 mM Tris, 0.5% 5 4 1.28
P188, pH 8.8 (run 2)
Affinity Eluate, diluted 15X with 0.5%
Sample
) P188, 200 mM Histidine, 200 mM Tris N/A 4 1.28
Loading . .
pH 8.8; filtered through 0.2 pm filter
Equilibration 3 | 100 mM Tris, 0.01% P188, pH 8.9 5 4 1.28
A - 100 mM Tris, 0.01% P188, pH 8.9
] B - 500 mM NaAcetate, 100 mM Tris,
Sodium
0.01% P188, pH 8.9
Acetate
) Gradient is run from 0-100% B 20 11 0.47
Gradient
over 20 CV
Elution

Collect 2.0 mL fractions (0.39 of a
CV) throughout elution
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) 500 mM sodium acetate, 100 mM
Gradient Hold 5 11 0.47
Tris, 0.01% P188, pH 8.9
Sanitization 0.5 M NaOH 5 11 0.47
Regeneration | 2 M NaCl, 100 mM Tris pH 9 5 11 0.47
Equilibration 4 | 100 mM Tris, pH 9 5 11 0.47
Storage 17% Ethanol 5 11 0.47

Table 15. SEC A2s0/A2s0 analysis of fractions from two replicates of the optimized

AEX process

Run | Load | F/T 1 2 3 4 5 6 7 8 9 10
1 098 (070|123 (128|130 |1.31 131|128 |1.24 117|112 |1.06
2 097 (064|123 (128129130 |1.28|125|1.201.14]|1.09 | 1.03
Run | Load | F/T | 11 12 13 14
1 0.98 | 0.70 [ 1.04 | 1.01 | 0.96 | 0.92
2 0.97 | 064 | 0.96 | 0.93 | 0.85| 0.86

F/T: flow-through (unbound fraction); Gradient elution fractions are numbered 1-14.

Table 16. Performance of the optimized AEX method as judged by analysis of

process intermediates and chromatographic fractions.

Sample Name % VG Azeo/Azso Analytical Ultracentrifugation
Yield (HPLC- (AUC)
(qPCR) SEC) %
% Full Intermediat | % Empty
e
Affinity Pool 100% 0.99 18% 15% 67%
Diluted Affinity Pool 87% 0.98 - - -
Filtered AEX Load 93% 0.98 - - -
Flow-Through 10% 0.70 1% 14% 85%
Broad Pool, Fractions
\n 53% 1.27 47% 24% 29%
g 1-8
T Narrow Pool, Fractions
36% 1.29 55% 24% 21%
2-6
Second Peak,
] 20% 1.07 28% 10% 63%
Fractions 8-13
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Broad Pool, Fractions
52% 1.25 - -
1-8
o Narrow Pool, Fractions
c 39% 1.28 50% 22% 28%
n;.' 2-6
Second Peak,
11% 1.03 - -
Fractions 8-13

% VG yields were calculated as (VG amount at each step or fraction) / ( VG amount
in the Affinity Pool), and thus, accounts for losses upon load preparation. A dash (-)
indicates assay not performed.

[0434] Dilution and filtration of the AAV9 affinity eluate resulted in a 93% VG
yield, providing confirmation of results in Examples 3 and 4. The flow-through
fraction contained 10% of the VG from the affinity pool starting material, had an SEC
Azso/Azso of 0.70, and had a capsid population of 1% full, 14% intermediate, and 85%
empty. This result indicates the developed AEX method partitions some empty
capsids through the column, facilitating further enrichment by sodium acetate
gradient elution.

[0435] For both AEX runs, three virtual elution pools were formed, namely a
broad pool that consisted of fractions 1-8, a narrow pool comprised of fractions 2-6,
and a second peak pool made from fractions 8-13. The second peak pool had a 20%
VG yield and was comprised of mostly empty capsids. The broad pool contained
53% VG yield, had an average SEC Azso/Azso of 1.26, and 47% full AAV9 vector
capsids, thus representing a 2.6-fold enrichment in % full. The narrow elution pools
contained an average of 38% VG yield, a 1.28-1.29 SEC A2s0/A2s0 ratio, and an
average AAV9 vector capsid population of 53% full, 23% intermediate and 24%
empty. Thus, the optimized AEX method enriched for full AAV9 vector 2.9-fold, and
depleted empty capsids 2.8-fold.

[0436] Results obtained from the narrow pool represented a desirable balance
between % full and % VG yield. Therefore, to obtain similar results in the majority of
examples that follow, we adopted a fraction pooling threshold based on SEC
A260/Az80 21.25 (similar to the 1.25 minimum value obtained in narrow pool fractions
2-6, Table 16). Thus, in the 8 out of 10 large scale AEX runs in the examples that
follow, fractions with SEC A260/A280 =1.25 were included in pools and all fractions
with SEC Aze0/A2g0 < 1.24 were excluded.
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[0437] The data and strategy above illustrate a powerful characteristic of the
optimized AEX method: flexibility in pooling strategy. Utilizing high resolution
gradient elution chromatography in coordination with SEC Azeo/A2so analysis of
collected fractions ensures high % full of the recovered product, regardless of slight
changes in feed stream or process operation.

[0438] In contrast to other chromatographic methods developed for the
purification of recombinant AAV vectors and in particular, the separation of empty
capsids from full AAV vectors (US 2019-0002841; US 2019-0002842; US 2018-
0002844), the present disclosed method utilizes a lower dilution factor, a dilution
buffer that contains histidine, a steeper elution gradient, NaAcetate as the elution salt
and less alkaline conditions (pH 9). The method disclosed herein, and exemplified in
Examples 1-9, also differs from other reported methods, such as those of Tomono et
al. (Molec. Ther. Meth. Clin. Dev. (2018) 11:180-190), in that the disclosed methods
do not utilize an AEX load preparation with a conductivity of about 7 mS/cm, do not
utilize ammonium sulfate precipitation and do not utilize size exclusion
chromatography. The novel and inventive methods disclosed herein can be
implemented at a large scale and produce a high yield of VG from an affinity
chromatography eluate.

[0439] To further illustrate the flexibility and robustness of the optimized AEX

method, Example 7 tested feed streams with varying % full vector capsid.

Example 7: Effect of the Percentage of Full Capsids in an Affinity Eluate on

Performance of the Optimized AEX process
[0440] The optimized AEX method was tested for its ability to enrich for full AAV9
vectors from feed materials with varying percentages of AAV9 empty capsids.

Briefly, HEK293 cells were grown in suspension culture and transfected with an
adenoviral helper plasmid and a Rep2Cap9 plasmid (a plasmid comprising the
transgene cassette was not included). Cells were cultured for three days post
transfection, harvested, lysed, flocculated, depth filtered and absolute filtered. Affinity
chromatography was performed on the resulting filtrate to generate an affinity pool
containing AAV9 particles that did not contain a vector genome (null transfection
AAV9 affinity eluate, referred to herein as null capsids),. In order to generate AEX

starting materials with varying percentages of full capsids, null transfection AAV9
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affinity eluate was mixed with a standard AAV9 affinity eluate at volumetric ratios of
0%, 20%, 40%, 60%, 80%, and 100% null capsids.

[0441] The mixtures were diluted 15-fold with 200 mM histidine, 200 mM Tris,
0.5% P188, pH 8.8, and 0.2 um filtered to generate AEX loads that were pH 8.8, with
a conductivity of 2.6 mS/cm. Consistent with Table 17, the optimized AEX method
was performed on the 6 loads that contained varying percentages of null-transfection
generated capsids. For each of the 6 AEX runs, a 6.67 mL POROS™ 50 HQ column
was uniformly challenged with 1.5 x 10" total viral particles (VP), or 2.2 x 10
VP/mL resin. Chromatographic load, flow-through, and elution fractions were
neutralized with 250 mM sodium citrate, pH 3.5, and analyzed by SEC Azeo/Azso.
[0442] SEC Axso/A2sodata is reported in Table 18 and FIG. 9, and show that the
optimized AEX method generated individual elution fractions with SEC Azs0/Azs0 2
1.25 when 0%, 20%, and 40% null capsid transfection starting materials were
employed. Column loads that contained 0%, 20%, and 40% null capsid had
respective SEC A260/A280 values of 1.16, 1.10, and 1.01. The optimized AEX
method used these materials to generate 6 or 7 contiguous elution fractions each
with SEC Azs0/A2s0 2 1.25.

[0443] Loads containing 60%, 80%, and 100% null capsid had respective SEC
A260/A280 values of 0.90, 0.77, and 0.62. The optimized AEX method enriched
starting materials with 60%, 80%, and 100% null capsid to generate elution fractions
with maximum SEC A260/A280 values of 1.23, 1.16, and 0.83, respectively.

[0444] The AAV9 upstream process, implemented at the 250 L and 2000 L single
use bioreactor (SUB) scale, combined with downstream operations of harvest and
affinity chromatography produced AAV9 affinity eluate with SEC A260/A280 of 1.10
0.1, (n=7). Therefore, upstream and downstream processing (including the
optimized AEX process described here) generated AAV9 capsids with a % full that is
useful for gene therapy applications. Based on these results, the optimized AEX
process was scaled up to enable manufacturing at the 250 L and 2000 L SUB scale,
described in the example that follows.

Table 17. Optimized AEX chromatography method performed with a POROS™ 50
HQ column on starting materials with a varying % of full capsids. All runs involved
uniformly challenging columns at 2.2 x 10 VP /mL resin with a varying % of null

capsid transfection starting material.
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Column Bed Height: .
Column Cross Sectional
19.5 cm Load Challenge:
Area: 0.34 cm?
Column Diameter: 2.2 x 10" VP/mL of Resin
Column Volume = 6.67 mL
0.66 cm
Residence
Step Flow Rate
L Solution Description Ccv Time .
Description (mL/min)
(min/CV)
Sanitization 0.5 M NaOH 7.5 4 1.67
Regeneration | 2M NaCl, 100 mM Tris pH 9 5 4 1.67
Equilibration 1 | 100 mM Tris, pH 9 5 4 1.67
N ) 500 mM sodium acetate, 100 mM Tris, 5
Equilibration 2 4 1.67
0.01% P188, pH 8.9
200 mM Histidine, 200 mM Tris, 0.5% 5
Equilibration 3 4 1.67
P188, pH 8.8
Affinity Eluate, diluted 15X with 0.5% 10
Sample e .
) P188, 200 mM Histidine, 200 mM Tris 4 1.67
Loading :
pH 8.8; 0.2 um filtered
Equilibration 4 | 100 mM Tris, 0.01% P188, pH 8.9 5 4 1.67
A - 100 mM Tris, 0.01% P188, pH 8.9
B - 500 mM NaAcetate, 100 mM Tris,
Sodium 0.01% P188, pH 8.9
Acetate Gradient is run from 0-100% B over
20 4 1.67
Gradient 20 CV
Elution Collect fractions of 1/3 CV starting at
Asgo= 10 mAU, and ending at Azgo < 10
mAU”*
) 500 mM NaAcetate, 100 mM Tris, 0.01% 5
Gradient Hold 4 1.67
P188, pH 8.9
Sanitization 0.5 M NaOH 7.5 4 1.67
Regeneration | 2M NaCl, 100 mM Tris pH 9 4 1.67
Equilibration 5 | 100 mM Tris, pH 9 4 1.67
Storage 17% Ethanol 4 1.67

* A 2 mm path length UV monitor was employed.
N — Mixture of standard AAV9 affinity eluate and null capsid transfection AAV9 affinity
eluate at volumetric ratios of 0%, 20%, 40%, 60%, 80%, and 100% Null capsids.
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Table 18. SEC A2s0/A280 of chromatographic fractions generated using the
optimized AEX method performed on feed materials with varying mixtures of % Null
and a standard affinity pool.

Mixture | Load | F/T 1 2 3 4 5 6 7 8 9 10

100%
Null

0.62 [ 0.58 | 0.83 083|081 (0.78 |0.74 | 0.68 | 0.63 | 0.61 | 0.61 | 0.61

80% Null | 0.77 | 063 |1.14 | 116 |1.15|1.14 | 1.12 | 1.06 | 0.95| 0.83 | 0.77 | 0.74

60% Null | 0.90 068 |1.20 |123 |1.22|1.22|121|1.17|1.09|0.98 | 0.90 | 0.84

40% Null | 1.01 [ 0.80 |1.26 | 1.27 | 1.26 | 1.26 | 1.26 | 1.23 | 1.19 [ 1.10 | 1.03 | 0.97

20% Null | 1.10 [ 0.85|1.26 | 1.28 [ 1.28 [ 1.29 | 1.28 | 1.26 | 1.24 | 1.18 | 1.13 | 1.09

0% Null 1.16 | 0.96 | 1.28 | 1.30 | 1.30 ( 1.30 ( 1.30 | 1.30 | 1.28 | 1.24 | 1.23 | 1.22

Mixture | Load | F/T 11 12 13 14

100%
Null

0.62 [ 0.58 | 0.61 | 0.60 | 0.60 | 0.60

80% Null | 0.77 | 0.63 | 0.71 | 0.68 | 0.66 | 0.65

60% Null | 0.90 [ 0.68 | 0.79 | 0.74 | 0.69 | 0.67

40% Null | 1.01 | 0.80 | 0.92 | 0.84 | 0.79 | 0.75

20% Null | 1.10 [ 0.85 | 1.04 | 0.99 | 0.90 | 0.87

0% Null 116 | 0.96 [ 1.17 | 1.13 | 1.04 | 1.00

F/T: flow through (unbound) fraction. Elution fractions are given as numbers. Ratios
= 1.25 are bolded.

Example 8: Scale-Up of Optimized AEX Process for Enrichment of Full AAV9

Vectors

[0445] An optimized AEX method was scaled-up to enrich for full AAV9 vectors
for downstream processing of AAV vectors produced in 250 L and 2000 L single use
bioreactors (SUBs). POROS™ 50 HQ columns were sized based on a scale-
independent maximum challenge of 3 x 10'* VG/mL resin. Table 19 and Table 20
provide optimized AEX methods implemented for the 250 L and 2000 L SUB
processes, respectively. At the 250 L SUB scale, a 1.3 L AEX column, with a 10 cm
inner diameter (ID) and a 16 cm bed height was used. The AEX process was
implemented at the 2000 L SUB scale using a 6.4 L AEX column with a 20 cm ID
and a 20.5 cm bed height. A residence time of 4 £ 0.5 minutes/CV was fixed across
both scales, leading to volumetric flow rates of 314 mL/min and 1.8 L/min for all
steps within the AEX processes for the 250 L and 2000 L SUBs, respectively. These

flow rates were in acceptable ranges to enable pumps and mixers on
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chromatography skids to form smoothly shaped linear sodium acetate gradients
during product elution. Across both scales, each chromatography step used the
same set of buffers for the same CV length with the exception that the 2000 L SUB
AEX process included Water For Injection Flushes and pre-use sanitization and

regeneration steps. FIG. 10 and FIG. 11 provide chromatograms of representative
AEX runs carried out at the 250 L SUB scale and the 2000 L SUB scale. Across all
scales tested (various small scale runs, 250 L and 2000 L SUB scales), the
optimized AEX process produced similar A260/A280 chromatographic profiles.
[0446] At both the 250 L and 2000 L scales, elution fractions sized 1/3™ column
volume (CV) were collected. Fractions were neutralized with 250 mM sodium citrate,
pH 3.5 and assayed by various analytical techniques. SEC was carried out to
determine the A260/A280 ratio and the percentage of high molar mass species (%
HMMS). Residual amounts of host cell protein (HCP) and host cell DNA (HC-DNA)
were determined via ELISA and qPCR, respectively. At the 250 L scale, gPCR was
used to measure ITR copies to quantify the VG. At the 2000 L scale, q°PCR was
used to measure transgene copies to quantify the VG.
Table 19. Optimized AEX chromatography method implemented at 250 L SUB scale
ona 1.3 L POROS™ 50 HQ column.
Column Bed Height: | Column Cross Sectional Load Challenge:
16 cm Area: 78.5 cm? 1.7 x 10"3-5.3 x 10" VG/mL of Resin
Column Diameter: 10 | Column Volume = 1256
cm mL
Residence | Linear Flow
Step , . : :
o Solution Description Ccv Time Velocity Rate
Description . .
(min/CV) | (cm/hr) | (mL/min)
Equilibration | 500 mM sodium acetate, 100 mM 5 4 314
1 Tris, 0.01% P188, pH 8.9 240
Equilibration | 200 mM Histidine, 200 mM Tris, 0.5% 5 4 314
2 P188, pH 8.8 240
Affinity Eluate, diluted 15X with 0.5% 240
Sample o ]
P188, 200 mM Histidine, 200 mM Tris | N/A 4 314
Loading . i
pH 8.8; filtered through 0.2 pm filter
Equilibration . 240
3 100 mM Tris, 0.01% P188, pH 8.9 5 4 314
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A - 100 mM Tris, 0.01% P188, pH 8.9 240

B - 500 mM sodium acetate, 100 mM
Sodium Tris, 0.01% P188, pH 8.9
Acetate Run gradient from 0-100% B over

20 4 314

Gradient 20 CV
Elution Collect >10 fractions of 1/3 CV

starting at Asso= 10 mAU (2 mm path

length)
Sanitization | 0.5 M NaOH 5 4 240 314
Regeneratio ) 240

2M NaCl, 100 mM Tris pH 9 5 4 314
n
Equilibration 240
4 100 mM Tris, pH 9 5 4 314
Storage 17.5% Ethanol 3 4 240 314

Table 20. Optimized AEX chromatography method performed at 2000 L SUB scale

on a 6.4 L POROS™ 50 HQ column.

Column Bed Height: . Load Challenge*:
Column Cross Sectional
20.5cm 2.7 x 10%- 6.8 x 10" VG/mL of Resin
Area: 314 cm?
Column Diameter: 20
Column Volume =6.4 L
cm
Residence Linear Flow
Step : - , ,
o Solution Description cv Time Velocity Rate
Desctription . .
(min/CV) (cm/hr) | (L/min)
Pre-Use o 3.6
Water for Injection (upward flow) 5 300 1.8
Flush
Sanitization 3.6
] 0.5 M NaOH (upward flow) 16 300 1.8
Regeneratio . 3.6
] 2 M NaCl, 100 mM Tris, pH 9 5 300 1.8
n
Equilibration . 3.6
] 100 mM Tris, pH 9 5 300 1.8
Equilibration | 500 mM sodium acetate, 100 mM 3.6
5 300 1.8
2 Tris, 0.01% P188, pH 8.9
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Equilibration | 200 mM Histidine, 200 mM Tris, 3.6
5 300 1.8
3 0.5% P188, pH 8.8
Affinity Eluate, diluted 15X with 0.5% 3.6
Product P188, 200 mM Histidine, 200 mM
) N/A 300 1.8
Loading Tris, pH 8.8; filtered through 0.2 um
filter (in-line)
Equilibration ) 3.6
4 100 mM Tris, 0.01% P188, pH 8.9 5 300 1.8
A - 100 mM Tris, 0.01% P188, pH 3.6
8.9
B - 500 mM sodium acetate, 100 mM
Sodium .
Tris, 0.01% P188, pH 8.9
Acetate
Gradient is run from 0-100% B 20 300 1.8
Gradient
over 20CV
Elution
Collect 10 fractions of 1/3 CV
starting at Asgo = 0.5-5 mAU/ mm
path length*
Sanitization 3.6
” 0.5 M NaOH (upward flow) 16 300 1.8
Regeneratio 3.6
5 2M NaCl, 100 mM Tris pH 9 5 300 1.8
n
Equilibration ) 3.6
4 100 mM Tris, pH 9 5 300 1.8
Post-use o 3.6
Water for injection 5 300 1.8
flush
Storage 17.5% Ethanol 3 3.6 300 1.8

*Resin challenges were determined using a gPCR method that measured transgene

copies.

[0447]

with the 250 L and 2000 L SUB AEX processes, respectively. The process
demonstrated robustness to a broad range of column challenge: 2.7 x 10'2- 6.8 x

Table 21 provides SEC A260/A280 ratios of elution fractions generated

10" VG/mL resin. Nine out of ten AEX runs produced at least 6 fractions with SEC
Aoso/Azso ratios = 1.25. Batch 250 L-1 used the affinity pool with the lowest SEC ratio

in the study (0.94) and was the only AEX run that did not generate fractions with a
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ratio = 1.25. For each AEX run, fraction 5 yielded the highest SEC A2s0/A2s0 ratio in 7
out of the 10 runs, thus showing high consistency in chromatography and fraction
collection operations across two different scales and various VG/mL resin
challenges.

[0448] Table 22 and Table 23 provide impurity profiles, % HMMS, and SEC
Aze0/Azs0 of individual AEX fractions from the 250 L-4 and the 2000 L- 4 batches,
respectively. The optimized AEX process cleared high amounts of HCP from affinity
pools. For instance, the 250 L—4 affinity pool contained 51 pg HCP / 1 x 10° VG, and
the optimized AEX process cleared the HCP to LLOQ in elution fractions 2-8, used to
form the AEX pool. The 2000 L-4 affinity pool contained 331 pg HCP /1 x 10° VG
that was cleared to LLOQ in elution fractions 2-9, used to form the AEX pool.

[0449] The AEX process does not significantly reduce HC-DNA levels. The AEX
process, using the sodium acetate elution gradient, resolved HMMS. Early elution
fractions were relatively depleted in HMMS (e.g., fractions 1-5 in both 250 L-4 and
2000 L-4 runs contained < 3% HMMS). Conversely, later elution fractions contained
higher relative levels of HMMS (e.g., fractions 8-10 from the 2000 L-4 run contained
>7% HMMS).

Table 21. SEC Azs0/Azso of affinity eluate pool and AEX chromatography fractions
generated at 250 L and 2000 L SUB scale.

Scale | Batc | VG/mL | Affinity Fraction number

h 1D resin Pool

1 2 3 4 5 6 7 8 9 10
challenge

250 [5.3x10™ [ 094 |1.141 (120 |1.23 [1.23 [1.23 |1.22 [1.19 |1.13 [1.03 [1.05

L-1

250 [4.7x10™ | 099 |1.20 (1.26 |1.27 (1.27 (1.27 |126 [1.27 |1.18 [1.14 [1.18
>
(&) L-2
x
LgltJ 250 [3.0x10™ [ 1.25 |1.29 (1.30 |1.31 [1.32 (1.33 |1.32 (1.32 |1.31 [1.33 [1.34
- L-3
©
b 250 [1.7x10" | 1.15 |1.21 (1.27 |1.29 [1.30 (1.30 |1.30 (1.28 |1.24 [1.19 [1.17
m
t?) L-4
- 250 [(1.9x 10" [ 1.19 |1.27 (1.30 |1.31 [1.32 (1.32 |1.32 (1.30 |1.25 [1.22 [1.23
o
a L-5
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2000 N/A [1.20 |1.25 |1.27 (1.27 (1.28 |1.27 |1.31 |[1.22 |1.18 [1.14
2.7x 102

L-1

2000 N/A |1.10 [1.22 (1.26 |1.28 |[1.28 |1.29 |1.28 (1.25 [1.20 |1.17
3 1.1x10%
o L-2
';',;" 2000 1.06 |1.06 |1.23 (1.28 |1.30 |1.31 (1.31 |1.31 |1.28 [1.24 |1.19
3 22x10%
= L-3
P 2000 110 |1.18 |1.28 (1.31 |1.32 |1.33 (1.33 |1.33 |1.29 |1.25 |1.21
g 41x10"
P L-4
;' 2000 1.04 |1.11 |1.26 [1.31 |1.32 |1.33 (1.33 |1.32 |1.29 (122 |1.15
=1 L5 6.8x 10"
< -

Elution fractions are given as numbers. Ratios 2 1.25 are bolded. 250 L SUB VG/mL

resin challenges were determined using a gPCR method that measured ITR copies.
2000 L SUB VG/mL resin challenges were determined using a qPCR method that

measured transgene copies.

Table 22. SEC Azs0/A2s0, % HMMS, and impurity profile of chromatography fractions
from an AEX run at the 250 L SUB scale (batch 250 L-4).

Metric Affinity | 1 2 3 4 5 6 7 8 9 10
Pool

SEC Az60/A2s0 1.15 [1.21 |1.27 {1.29 |1.30 |1.30 |1.30 |1.28 |1.24 [1.19 |1.17
% HMMS 07 (00 (02 (03 |05 (08 |12 [20 |29 [32 |26
(SEC)
% Purity - 99.2 (99.4 [99.3 [99.3 [99.3 |99.2 |99.1 |99.1 [99.3 [99.2
(RP-HPLC)
HC-DNA (pg)/ | 4.0 19 |50 (57 |34 (18 |13 (12 |13 [12 |06
1x10° VG
HCP (pg) / 51.1 |LLoQ [LLoQ |LLoQ |LLoQ [LLoQ |LLoQ [LLoQ |LLoQ [LLoQ |LLoQ
1x10° VG

Elution fractions are given as numbers. Elution fractions 2-8 had SEC Azeo/Az2so =

1.24 (bolded), and thus were pooled and processed forward. LLoQ- detected

10 amount was lower than the limit of quantitation of the assay.
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Table 23. SEC Azs0/A2s0, % HMMS, and impurity profile of chromatography fractions
from an AEX run at the 2000 L SUB scale (batch 2000 L-4).

Metric Affinity 1 2 3 4 5 6 7 8 9 10
Pool

SEC Azs0/Azs0 1.10 |1.18 |1.28 |1.31 [1.32 [1.33 |1.33 |1.33 (1.29 |1.25 |1.21

% HMMS
(SEC)

0.8 0 12 |15 (24 |28 |42 |55 |77 |83 |77

% Purity
(RP-HPLC)

- 79.6 |97.6 |98.5 (98.7 |98.8 |98.4 (97.7 (97.2 |97.0 |98.0

HC-DNA (pg) /
1x10° VG

9.1 26.5 |20.2 |15.0 (12.0 |93 |65 (4.7 (2.7 |40 |58

HCP (pg) /
331 LLoQ [LLoQ [LLoQ |LLoQ [LLoQ [LLoQ |LLoQ [LLoQ [LLoQ [LLoQ

1x10° VG

Elution fractions are given as numbers. Elution fractions 2-9 had SEC Azso/A2so =
1.25 (bolded), and thus were pooled and processed forward. LLoQ - detected
amount was lower that the limit of quantitation of the assay.

[0450] The 250 L AEX runs used various fraction pooling thresholds based on
SEC Azso/A2so ratios. Fractions from 250 L AEX runs 250 L-1 and 250 L-4 were
pooled based on where SEC A2so/Az2s0 21.22 and 21.24, respectively. Fractions from
250 L AEX runs 250 L-2, 250 L-3, and 250 L-5, and all five 2000 L AEX runs were
pooled based on where SEC Azso/A2s0 21.25.

[0451] Resulting AEX product pools from 2000 L batches 2000 L-2, 2000 L-3,
2000 L-4 and 2000 L-5 were processed through a step of viral filtration while 250 L
batches and batch 2000 L-1 were not viral filtered. Resulting AEX pools and/or viral
filtration pools were processed through ultrafiltration/diafiltration (UF/DF) and 0.2 um
filtration to generate drug substance (DS). None of the steps after AEX
chromatography significantly impacted AAV9 empty/full ratios. gPCR was performed
on affinity and AEX pools to determine % VG yield of the AEX step. Drug substance
material was analyzed by AUC and SEC A260/A280 to determine % full of the
purified AAV9 vector.

[0452] Table 24 reports results and shows the scaled-up AEX processes
increased % full of the recovered AAV9 vector with high yields. The scaled-up AEX
process enriched the % full of vectors to 45-65% of total capsids, and reduced the
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amount of empty capsids to <28% of total capsids in 9 out of 10 drug substance

batches, as measured by AUC. In all 10 runs, the AEX process increased SEC
A260/A280 ratios in affinity pools from 0.94 —1.25 to 1.24 - 1.32 in drug substance.
The average % VG step yield of the AEX process implemented at 250 L and 2000 L

scales was 47 +/- 11%.
Table 24. AEX performance at 250 L and 2000 L SUB scale.

AEX Process Inputs

AEX Process Outputs

Batch VG/mL Affinit DS' Analytical DS! % VG % VG | % VG
ID resin y Pool | Ultracentrifugation | SEC | Dilution | Column | Step
challenge | SEC | 9% | % % | A260 | Yield?> | Yield® | Yield*
A260/ | full | inter | empty | /
A280 A280
250 L-1 | 5.3x 10" 0.94 45 19 37 1.24 92 40 37
>
(>'<) 250L-2 | 4.7x 10" 0.99 50 22 28 1.27 54 84 45
<
; 250L-3 | 3.0x10'® 1.25 65 25 10 1.32 73 82 60
D':'; 250L-4 | 1.7x10% 1.15 55 28 17 1.30 44 98 40
n
-
S 1250L-5 [1.9x10™ 1.19 62 26 13 1.31 44 100 41
[a\]
2000 L- | 2.7x10'2 N/A 43 40
’ . 47 35 18 1.28 94
2000L- | 1.1 x 103 N/A 20 31
0 . 45 37 18 1.29 154
~ | 2000L- | 22x10" 1.06 61 54
o . 49 31 20 1.30 88
< |3
L
<
= [2000L- |4.1x103 1.10 52 27 21 52 b5
; 1.31 105
| 4 *
an}
@
— | 2000L- |[6.8x10™ 1.04 50 28 22 48 66
o 1.30 137
o 5 *
o
(aV}
average + standard 1.09+ | 52 28 20 129 | 88+36 | 63+26 47 +
deviation 0.10 +7 | 5 +7 + 11

0.02




10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
209

‘DS’ indicates that AUC and SEC Azso/Azs0 was performed on Drug substance
(DS). None of the steps following AEX used to make drug substance impact AAV9
vector empty/full ratio.

2% VG Dilution Yield was calculated as ((VG in diluted affinity pool) / (VG in affinity
pool)) * 100%. “Affinity pool” refers to material collected from an affinity column; and
is also referred to herein as an “affinity eluate.”

3% VG Column Yield was calculated as ((VG in AEX pool) / (VG in diluted affinity
pool)) * 100%. “Diluted affinity pool,” also referred to herein as a “diluted affinity
eluate.” In this Example the diluted affinity eluate has not been filtered.

4% VG Step Yield was calculated as ((VG in AEX pool) / (VG in affinity pool)) *
100%.

250 L SUB VG/mL resin challenges and % VG Yields were determined using a
gPCR method that measured ITR copies.

* 2000 L SUB VG/mL resin challenges and % VG Yields were determined using a
gPCR method that measured transgene copies.

Example 9: Ultracentrifugation and Cation Exchange Chromatography for

Separation of Empty Capsids from Full AAV Vector Capsids

[0453] In another embodiment of the AAV9 vector 250 L SUB downstream
process, density gradient ultracentrifugation (UC) was employed to separate empty
capsids from full vectors. Similar to a previously described method (Grieger et al.
Molecular Therapy (2016) 24(2):287-297), bands that contained 40% and 60%
iodixanol were formed in UC tubes. Affinity eluates containing 25% iodixanol were
added to the UC tubes and ultra-centrifuged. A fraction enriched in AAV capsids
containing a full length vector genome was collected from the interface of the 40%
and 60% iodixanol bands. To remove iodixanol, the fraction was diluted and loaded
onto a cation exchange (CEX) chromatography column. AAV9 vector capsids bound
to the CEX column, and the majority of iodixanol passed through the column in the
unbound fraction. AAV9 vector capsids were eluted from the CEX column in a
fraction that was substantially free of iodixanol. The CEX pool was processed
forward through a UF/DF and 0.2 um filtration to generate drug substance (DS)

comprising AAV9 vector capsids.
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[0454] Table 25 provides process performance of the UC+CEX and the optimized
AEX methods and a comparison of resulting analytics on drug substances produced
by these methods. The optimized AEX process, implemented at both the 250 L and
2000 L scales, provided average VG yields of 45 £ 8% and 50 £ 13%, respectively.
These values were higher than the average 33 = 9% VG vyield provided by the UC +
CEX process. All three methods produced highly similar average DS readouts of
SEC A260/A280 (1.26-1.30), % full (49-55%), and % empty (20-25%). The average
percentage of intermediate capsids was slightly higher in DS produced by the 2000 L
AEX process (32 + 4%) as compared to DS produced by the 250 L AEX (24 = 3) and
250 L UC + CEX (23 £ 4) processes.

[0455] The three methods produced DS with high similarity in % HMMS, % Purity,
and levels of HCP and HC-DNA. Collectively, this data shows that the AEX process,
implemented at the 250 L and 2000 L SUB scales, provided process performance
and product quality highly similar to the 250 L UC+CEX process.

Table 25. Drug Substance characterization of AAV9 purified via downstream
processes that enriched for full vectors either via ultracentrifugation and cation
exchange chromatography (UC + CEX), or the optimized AEX method.

Capsid Separation Method UC + CEX AEX AEX
SUB Scale 250 L 250 L 2000 L
..g No. of DS Batches 4 5 5
i:" No. of Capsid Separation Runs (DS
26 5 5
Sublots)
Capsid Separation % VG Step Yield
33+9¢ 45+8F | 50+ 13°F
(gPCRY)
S | Azso/Azso (SEC) 1.26 + 0.07 1292 130
g 27 . 0.03 0.01
9 N
§ 'S | % Full Capsids (AUC) 52 + 11 55+ 7 49+ 2
= § % Intermediate Capsids (AUC) 23+4 24 +3 32+4
L
S | % Empty Capsids (AUC) 25 + 14 21410 | 20+2
> | % HMMS (SEC) 34409 26+08 | 29+0.4
= 0
5 8 _ 99.3 +
g— 8| % Purity (RP-HPLC, Non-Reduced) 98.4+1.3 98.6 £ 0.6 0.3
- 0 .
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Residual HCP (pg/1 x 10° VG,
LLOQ, <2.6° LLOQ LLOQ
ELISA)
Residual HC-DNA (pg/1 x 10° VG,
71+34 174+6.7 | 9.3+£1.2
gPCR)

* UC+CEX % VG step yield accounts for UC and CEX operations.

B AEX % VG step yields account for both Dilution and AEX Chromatography
operations.

¥ 250 L SUB % VG Step Yield was determined using a qPCR method that measured
ITR copies.

2000 L SUB % VG Step Yield was determined using a gPCR method that measured
transgene copies.

% Three UC + CEX drug substance lots had HCP levels that were LLOQ, while one
drug substance lot had 2.6 pg HCP/1 x 10° VG.

LLOQ- detected amount was lower that the limit of quantitation of the assay.

Example 10: Optimized AEX Process for Enrichment of Full AAV3B Vectors
[0456] HEK 293 cells were grown in suspension culture and transfected with 2

plasmids to produce AAV3B vector per standard methods known in the art. HEK 293
cells were harvested, lysed, flocculated, and the resulting lysate was filtered. AAV3B
vector was purified from the clarified lysate by affinity chromatography. An affinity
column was equilibrated, loaded with clarified lysate, washed, and the purified
AAV3B vector was eluted. The AAV3B vector affinity pool (also referred to as affinity
eluate) was spiked with 25 mM MgClz to achieve a final MgCl2 concentration of about
1.7 mM in the diluted affinity pool. The pH of the affinity pool was pH 7.6. The affinity
pool was diluted about 15-fold (14-fold to 17.8-fold depending on the run) with a
buffer comprising 200 mM Histidine, 200 mM Tris, 0.5% P188, pH 8.9. The resulting
diluted affinity eluate had a pH of > 8.6, and a conductivity of < 2.5 mS/cm (target 2.3
mS/cm), and was loaded on to an AEX column.

[0457] A POROS™ 50 HQ column with a 49 mL column volume, a bed height of
10 cm and a diameter of 2.5 cm was used. The target column load challenge was 1 x
10" to 3 x 10™ vg/mL resin (e.g., about 2.4 x 10'* vg/mL). Table 26 provides the
optimized AEX method conditions. A residence time of 2 minutes/CV was fixed for all
steps within the AEX process to accommodate the shallower elution gradient (as

compared to previous Examples) and the relatively smaller column. The elution
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gradient was 2.5 fold more shallow than previous Examples in order to maximize

empty/full resolution. Empty capsids eluted first, followed by full AAV3B capsids

(FIG. 12). In this Example, the full AAV3B capsids contained a vector genome with a

transgene encoding the amino acid of SEQ ID NO:15 (copper transporting ATPase 2

with deletion of metal binding sites 1-4). Consistent with the shallower gradient and

broader elution peak, the fraction volume was increased to 0.5 CV (as opposed to

0.33 CV of previous Examples).
Table 26. Optimized AEX chromatography method for purification of full rAAV3B

vectors.
Bed Height: Load Challenge:
10 cm Cross Sectional Area: 4.9 cm? 1-3E14 vg /mL resin
Diameter: Column Volume = 49 mL
2.5cm
Residence |Linear Velocity
Step : . :
Solution Description Cvs Time
Description )
(min/cv) (cm/hr)
Sanitization 1 | 0.5 M NaOH (downward flow) 8 2 298
Regeneration | 2 M NaCl, 100 mM Tris, pH 9.0 5
2 298
1
Equilibration 1{ 0.01% P188, 500 mM sodium acetate 5
100 mM Tris pH 8.9 2 298
0.5% P188, 200 mM histidine, 200mM
Equilibration 2 5 2 298
Tris pH 8.8
Affinity Pool, diluted with 0.5% P 188,
Load ) N/A 2 298
200 mM histidine, 200mM Tris, pH 8.8
Equilibration 3| 100 mM Tris, 0.01% P188, pH 8.9 5 2 298
A — 100 mM Tris, 0.01% P188, pH 8.9
B — 500 mM sodium acetate, 100 mM
Sodium )
Tris, 0.01% P188, pH 8.9
acetate
Gradient run from 0- 37.5 2 298
gradient
) 75% over 37.5CV
elution _
Collected 20 fractions of 0.5 CV
from 32%-52% B into vessels
Sanitization 2 | 0.5 N NaOH (downward flow) 8 2 298
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Regeneration .
5 2 M NaCl, 100 mM Tris, pH 9.0 5 2 298
Equilibration 4| 100 mM Tris pH 9.0 5 2 298
Storage 17 % ethanol 5 2 298

[0458] The gradient elution was run from 100% Buffer A to 25% Buffer A/75%
Buffer B over 37.5 CV for a slope of 2% Buffer B/CV. When the percentage of Buffer
B was 32% to 52% across the gradient, a total of 20 elution fractions were collected.

Fractions were collected into vessels pre-charged with 13.2% v/v (0.066 CV) of 250

mM sodium citrate, pH 3.5 to neutralize the fraction and reduce exposure of the

capsids to alkaline pH. The pH of the neutralized fractions ranged from pH 7.5 t0 7.7.
The first elution fraction with an A260/A280 > 0.98 (determined by SEC) was pooled

with consecutive elution fractions, but no more than a total of 11 factions (Table 27).

Table 27. Elution fractions
001 002 004 006 009
Batch % vg | A260/ | % vg | A260/ A260/ | %vg | A260/ | %vg | A260/
% vg per

per | A2g0 | per | A2g0 load vg A2g0 | per | A2g0 per A2g0
No. [load vg| Ratio [load vg| Ratio Ratio [load vg| Ratio |load vg| Ratio
Fxn1[0.35% | 0.62 [0.34%| 062 | 0.44% | 062 [1.02%| 066 [1.01% | 0.69
Fxn2[0.71% | 065 [0.78%| 066 | 1.03% | 0.67 [1.99%| 074 [176% | 077
Fxn3[0.15% | 071 [1.84%| 0.75 | 2.09% | 0.75 [3.74%| 086 [3.05% | 0.89
Fxn4[325% | 081 [3.89%| 0.88 | 3.89% | 0.88 |[6.52%| 097 |[4.65% | 0.99
Fxn5| 4.29% | 091 |6.08%| 1.01 | 6.28% | 0.99 |8.63%( 1.05 |6.44% ( 1.02
Fxn6|6.59% | 0.99 |8.81%|( 1.08 | 8.50% | 1.05 |10.61%| 1.08 |7.34% | 1.02
Fxn7|8.21% | 1.00 |9.88%|( 1.06 | 9.17% | 1.03 |7.70%| 1.06 |7.07% | 0.98
Fxn8|7.84% | 0.97 |9.71%| 1.04 | 8.75% | 0.98 (8.88%| 1.01 |664% | 094
Fxn9[7.11% | 092 [8.02%[ 099 | 7.53% | 091 [6.83%[ 094 [547% | 0.91
Fxn10[ 4.79% | 089 [6.82%| 0.95 | 5.29% | 085 [6.03%| 087 |[442% | 0.91
Fxn11[4.56% | 087 |[551%| 0.93 | 461% | 081 [455%| 081 [4.05% | 0.91
Fxn12[ 4.42% | 086 [4.89%| 091 | 3.73% | 0.78 [3.94%| 078 [345% | 0.91
Fxn13[3.78% | 086 [3.99%| 0.90 | 2.93% | 077 [258%| 078 [270% | 0.90
Fxn14{2.96% | 086 [294%| 0.91 [ 233% | 076 [2.02%[ 077 [214% | 0.90
Fxn15[2.23% | 085 [221%| 0.90 | 1.73% | 0.75 [1.66%| 079 [1.93% [ 0.91
Fxn16[ 1.70% | 085 [1.76%| 0.89 | 1.31% | 0.81 [1.08%[ 0.81 143% | 0.91
Fxn17[1.15% | 085 [121%| 0.90 | 0.95% | 082 [050%| 080 [0.99% | 0.93
Fxn18[0.78% | 0.86 [0.98%| 0.90 | 0.71% | 084 [051%| 083 [077% | 0.92
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Fxn19/ 0.57% [ 0.85 |063%| 0.88 | 0.46% | 0.80 [0.33%| 085 |055% [ 0.93

Fxn20| 0.42% [ 0.82 |0.48%| 0.84 | 0.32% | 0.65 [0.18%| 0.78 |0.34% [ 0.90

[0459] Fractions in bold and underlined were pooled.

[0460] The pooled fractions were assayed by various analytical techniques. The

actual vg/mL resin challenge ranged from 6.3E13 to 9.4E13 with an average of
7.4E13 £ 1.2E13. SEC was carried out to determine the A260/A280 ratio. The
A260/A280 of the AEX pool was increased in all runs as compared to the A260/A280
of the affinity pool (Table 28). The percent full, intermediate and empty capsids of the
affinity pool and AEX elute pool were determined by analytical ultracentrifugation.
Affinity pools, with an average percent full vectors of 11.2 £ 2.1%, were enriched to
22.9 £ 2.9% full in the AEX pool. The same affinity pools were depleted of empty
capsids from 79.7 + 2.5% to0 67.5 1+ 3.8% in the AEX pool.

[0461]
% vg dilution yield was 120% * 12%. The average % vg column yield was 47% +
11%.

Table 28. AEX performance characteristics for the purification of AAV3B vectors.

The vg titer was determined by transgene QPCR (Table 28). The average

SEC A260/A280
Batch ID Affinity Pool | AEX Pool SEC | A (AEX-Affinity)
001 0.81 1.03 0.22
002 0.88 1.01 0.13
004 0.84 0.98 0.14
006 0.87 0.97 0.10
009 0.86 1.01 0.15
AVG +/- StdDev 0.85 + 0.025 1.00 £ 0.022 0.15 + 0.040
Analytical Ultracentrifugation (AUC)
Affinity Pool AEX Pool A %Full
(AEX-
Batch ID % full % inter. | % empty | % full % inter. | % empty | Affinity)
001 7.2 12.9 79.9 18.7 9.9 714 11.50
002 125 12.7 74.8 27.7 121 60.3 15.20
004 10.7 85 80.7 22.8 7.7 69.5 12.10
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006 13.1 5.0 81.9 22.3 9.1 68.7 9.20
009 12.1 6.8 81.0 23.1 9.3 67.6 11.00
AVG +/- 11.1 + 79.7 £ 229+ 67.5+
9.2+3.2 9614 11.81+2.0
StdDev 2.1 25 2.9 3.8
VG Titer via qPCR
Batch ID VG/mL resin % VG Dilution % VG Column
Challenge Yield Yield
001 6.4E+13 113% 35%
002 71E+13 119% 67%
004 6.3E+13 121% 45%
006 9.4E+13 141% 47%
009 8.0E+13 105% 42%
AVG +/- StdDev 7.4E13 + 1.2E13 120% *+ 12% 47 + 11%

[0462]

The method described in this Example was used to produce purified

rAAV3B vector pools that were enriched for full capsids and depleted of empty

capsids as compared to the starting material, that is an affinity eluate.
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SEQUENCE LISTING
SEQID DESCRIPTION AND SEQUENCE
NO
SEQID | DNA sequence of human codon-optimized gene encoding human mini-
NO:1 | dystrophin 3978 (Hopti-Dys3978)

atgctttggt
ttcaccaagt
ttcagcgacc
aagctgccca
ctgagagtgc
gacggcaacc
aagaacgtga
ctgagctggg
acctcctgga
ttcgactgga
aacatcgceca
acctacccceg
cagcaggtgt
accaaggagg
agcctggeece
tacacccagg
cacctggagg
ctggacagat
accctgeagg
acccacgagg
cagctgggceca
caggagcaga
aagcagagca
aacgactggce
ccegacctgg
gagcaggagce
agcggegacce
gccaatattt
gccectggece
cccgtggtga
gaagtgccca
tggctgaccyg
ctgctggagg
gaaatcgagg
aggagcctgg
ttcaagtgga
agcgaccagt
aaggacgacg
cagaacgacg
agcaccctgg
ctgtaccagg
ctgagaaagc
gactggcaga
gacgagctgg
ggcgatctgce
gagatcgecce
accctgggea
tggaaactgce
gacttcggece
gccatctece
gaccacccta
agcgectaca
ctgagcctga
cccatggaca

gggaggaagt
gggtgaacgce
tgcaggatgg
aggagaaggg
tgcagaacaa
acaagctgac
tgaagaacat
tgaggcagag
gcgacggect
acagcgtggt
gataccagcet
acaagaaaag
ccatcgaggce
agcacttcca
agggctatga
ccgectacgt
ccececcgagga
accagaccgce
cccagggcga
gctacatgat
gcaagctgat
tgaacctgcet
acctgcacag
tgaccaagac
aggacctgaa
aggtgcgegt
acgccacagce
gtaggtggac
tgaccaccat
caaaggagac
cccaccgect
aggccgaaac
acagcaaggg
cccacaccga
agggcagcga
gcgagcectgeg
ggaagagact
agctgagcag
tgcaccgggce
agacagtgcg
agcccagaga
aggccgagga
gaaagatcga
acctgaagcet
tgatcgactc
ccectgaagga
tccagectgag
tgcaggtggce
ctgcctcecca
ccaacaaagt
agatgaccga
gaaccgcecat
gcgeegectyg
tcctgecagat

ggaggactgc
ccagttcage
caggagactg
cagcaccaga
caacgtggac
cctgggectg

catggccggce
caccagaaac

ggcccectgaac
gtgtcagcag
gggcatcgag
catcctcatg
catccaggaa
gctgcaccac
gagaaccagc
gaccacctcc
caagagcttc
cctggaggaa
gatcagcaac
ggatctgacc
cggcaccggc
gaacagcaga
agtgctgatg
cgaggagcgg
gagacaggtg
gaacagcctg
cgccctggaa
cgaggacaga
cggcgececagce
cgccatcage
gctccagcag
caccgccaat
cgtgaaagag
cgtgtaccac
cgacgcegtce
gaagaagagc
gcacctgagce
acaggccccece
cttcaagagg
gatcttcctg
gctgecccccee
agtgaatacc
cgagaccctg
gagacaggcc
cctgcaggat
gaatgtgagce
ccectacaac
cgtggaggat
gcacttcctg
gcectactac
gctgtatcag
gaagctgcegg
cgacgceccectg
catcaactgc

tacgagagag
aagttcggeca
ctggacctge
gtgcacgcce
ctggtgaaca
atctggaaca
ctgcagcaga
taccceccagg
gcectgatece
agcgccaccce
aagctgctgg
tacattacca
gtggaaatgc
cagatgcact
agccccaagce
gaccccacca
ggcagcagcc
gtgctgtccect
gacgtggaag
gcccaccagg
aagctgagcecg
tgggagtgcce
gacctgcaga
accagaaaga
cagcagcaca
acccacatgg
gagcagctga
tgggtgectgce
cccacccaga
aagctggaga
ttcececectgg
gtgctccagg
ctgatgaagce
aacctggacg
ctgctccaga
ctgaacatcc
ctgcaggagc
atcggcggceg
gagctgaaaa
accgagcagc
gaggagagag
gagtgggaga
gagagactcc
gaagtgatca
cacctggaga
cacgtgaacg
ctgagcacac
agagtgaggc
agcaccagcg
atcaaccacg
agcctggececyg
agactgcaga
gaccagcaca
ctgaccacaa

aggacgtgca
agcagcacat
tggagggcect
tgaacaacgt
tcggcagcac
tcatcctgea
ccaacagcga
tgaacgtgat
acagccacag
agagactgga
accccgagga
gcctgtteca
tgceccaggece
acagccagca
ccagattcaa
gaagcccctt
tgatggagag
ggctgctgag
tggtgaagga
gcagagtggg
aggacgagga
tgagagtggce
accagaagct
tggaggagga
aagtgctgca
tggtggtcgt
aagtgctggg
tgcaggacca
ccgtgaccct
tgccecagetce
acctggagaa
acgccactag
agtggcagga
agaacagcca
ggaggctgga
ggagccacct
tgctggtgtyg
acttcccecge
ccaaggaacc
ccctggaggyg
cccagaacgt
agctgaatct
aggaactgca
agggcagctg
aagtgaaggc
acctggeccag
tggaggatct
agctgcacga
tgcagggccce
agacccagac
acctgaacaa
aggccctgtyg
acctgaagceca
tctacgaccyg

gaagaaaacc
cgagaacctg
gaccggccag
gaacaaggcc
cgacatcgtg
ctggcaggtg
gaagatcctg
caacttcacc
acccgacctg
gcacgcctte
cgtggacacc
ggtgctgece
ccccaaagtg
gatcacagtg
gagctacgcee
ccccagecag
cgaagtgaac
cgccgaggac
ccagttccac
caatatcctg
gaccgaagtg
cagcatggag
gaaggagctg
gceceectggge
ggaggacctg
ggacgagagce
cgacagatgg
gccecgacctg
ggtgacccag
cctgatgctg
gttecctggee
aaaggagagg
tctgcaggge
gaagattctg
caacatgaac
ggaagccagce
gctgcagcectyg
cgtgcagaag
cgtgatcatg
actggagaag
gaccaggctg
gcacagcgcce
ggaagccacc
gcagcctgtg
cctgegggge
acagctgacc
gaacacccgg
agcccacaga
ctgggagaga
cacctgctgg
tgtgcggtte
cctggatctg
gaatgaccag
gctggaacag

60
120
180
240
300
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
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
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gagcacaaca
aacgtgtacg
atcagcctgt
agcagcaccg
atccctaggce
aggagctget
tggatgaggc
gccgagaccg
ttcecggtaca
ggcagagtgg
acctcecggeg
cggtactttg
gacaacatgg

acctggtgaa
acaccggcag
gcaaggccca
gcttctgega
agctgggcga
tccagttcege
tggagcctca
ccaagcacca
ggagcctgaa
ccaagggcca
aggatgtgag
ccaagcaccc
agacctga

tgtgccecctg
gaccggcaga
cctggaggat
tcagaggaga
agtggccagce
caacaacaag
gagcatggtg
ggccaagtge
gcacttcaac
caaaatgcac
agacttcgece

caggatgggce

tgcgtggaca
atccgegtge
aagtaccgct
ctgggcctge
tttggcggca
cccgagatceg
tggctgectyg
aatatctgca
tacgacatct
taccccatgg
aaagtgctga
tacctgcceceg

tgtgcctgaa
tgagcttcaa
acctgttcaa
tgctgcacga
gcaacatcga
aggccgeect
tgctgcacag
aggagtgccc
gccagagcetg
tggagtactg
agaataagtt
tgcagaccgt

ttggctgetg
gaccggcatc
gcaggtggee
tagcatccag
gccctetgtg
gttcctggac
agtggcecgece
catcatcggce
ctttttcage
cacccccace
ccggaccaag

gctggaagge

3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
3978

SEQ ID | Amino acid sequence encoded by Hopti-Dys3978 gene (Dys3978 protein)

NO:2
MLWWEEVEDC YEREDVQKKT FTKWVNAQFS KFGKQHIENL FSDLQDGRRL LDLLEGLTGQ 60
KLPKEKGSTR VHALNNVNKA LRVLONNNVD LVNIGSTDIV DGNHKLTLGL IWNIILHWQV 120
KNVMKNIMAG LQQTNSEKIL LSWVRQSTRN YPQVNVINFT TSWSDGLALN ALIHSHRPDL 180
FDWNSVVCQQ SATQRLEHAF NIARYQLGIE KLLDPEDVDT TYPDKKSILM YITSLFQVLP 240
QOVSIEAIQE VEMLPRPPKV TKEEHFQLHH QMHYSQQITV SLAQGYERTS SPKPRFKSYA 300
YTQAAYVTTS DPTRSPFPSQ HLEAPEDKSEF GSSLMESEVN LDRYQTALEE VLSWLLSAED 360
TLOQAQGEISN DVEVVKDQFH THEGYMMDLT AHQGRVGNIL QLGSKLIGTG KLSEDEETEV 420
QEQMNLLNSR WECLRVASME KQSNLHRVLM DLONQKLKEL NDWLTKTEER TRKMEEEPLG 480
PDLEDLKRQV QQHKVLQEDL EQEQVRVNSL THMVVVVDES SGDHATAALE EQLKVLGDRW 540
ANICRWTEDR WVLLQDQPDL APGLTTIGAS PTQIVILVTQ PVVTKETAIS KLEMPSSLML 600
EVPTHRLLQQ FPLDLEKFLA WLTEAETTAN VLQODATRKER LLEDSKGVKE LMKQWQDLQG 660
EIEAHTDVYH NLDENSQKIL RSLEGSDDAV LLQRRLDNMN FKWSELRKKS LNIRSHLEAS 720
SDOWKRLHLS LQOELLVWLQL KDDELSRQAP IGGDFPAVQK QONDVHRAFKR ELKTKEPVIM 780
STLETVRIFL TEQPLEGLEK LYQEPRELPP EERAQNVTRL LRKQAEEVNT EWEKLNLHSA 840
DWQRKIDETL ERLQELQEAT DELDLKLRQA EVIKGSWQPV GDLLIDSLQD HLEKVKALRG 900
EIAPLKENVS HVNDLARQLT TLGIQLSPYN LSTLEDLNTR WKLLQVAVED RVRQLHEAHR 960
DFGPASQHFL STSVQGPWER AISPNKVPYY INHETQTTCW DHPKMTELYQ SLADLNNVRE 1020
SAYRTAMKLR RLQKALCLDL LSLSAACDAL DQHNLKQNDQ PMDILQIINC LTTIYDRLEQ 1080
EHNNLVNVPL CVDMCLNWLL NVYDTGRTGR IRVLSFKTGI ISLCKAHLED KYRYLFKQVA 1140
SSTGFCDQRR LGLLLHDSIQ IPRQLGEVAS FGGSNIEPSV RSCFQFANNK PEIEAALFLD 1200
WMRLEPQSMV WLPVLHRVAA AETAKHQAKC NICKECPIIG FRYRSLKHFN YDICQSCFFS 1260
GRVAKGHKMH YPMVEYCTPT TSGEDVRDFA KVLKNKFRTK RYFAKHPRMG YLPVQTVLEG 1320
DNMET 1325

SEQ ID | DNA sequence of synthetic hybrid muscle-specific promoter hCK

NO:3
gaattcggta ccccactacg ggtttaggct gcccatgtaa ggaggcaagg cctggggaca 60
cccgagatge ctggttataa ttaacccaga catgtggcectg cccccccccce ccccaacace 120
tgctgcctct aaaaataacc ctgtccctgg tggatcccct gcatgcgaag atcttcgaac 180
aaggctgtgg gggactgagg gcaggctgta acaggcttgg gggccagggce ttatacgtge 240
ctgggactcc caaagtatta ctgttccatg ttcccggecga agggccagcet gtcccccgee 300
agctagactc agcacttagt ttaggaacca gtgagcaagt cagcccttgg ggcagcccat 360
acaaggccat ggggctgggce aagctgcacg cctgggtccg gggtgggcac ggtgcccggg 420
caacgagctg aaagctcatc tgctctcagg ggcccctceccece tggggacagce ccctcecctgge 480
tagtcacacc ctgtaggctc ctctatataa cccaggggca caggggctgc cctcattcta 540
ccaccacctc cacagcacag acagacactc aggagccagc cagcgtcgag cggccgatcce 600
gccacce 606

SEQ ID | DNA sequence of synthetic hybrid muscle-specific promoter hCKplus

NO:4
gaattcggta ccccactacg ggtctaggcect gcccatgtaa ggaggcaagg cctggggaca 60
cccgagatge ctggttataa ttaaccccaa cacctgctge cccccccccece ccaacacctg 120
ctgcctctaa aaataaccct gtccctggtg gatcccctge atgccccact acgggtttag 180
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gctgcccatg taaggaggca aggcctgggg acacccgaga tgcctggtta taattaacce 240
agacatgtgg ctgcccccecece cccccccaac acctgetgec tctaaaaata accctgtcecce 300
tggtggatcc cctgcatgcg aagatcttcg aacaaggctg tgggggactg agggcaggct 360
gtaacaggct tgggggccag ggcttatacg tgcctgggac tcccaaagta ttactgttce 420
atgttcccgg cgaagggcca gctgtcccce gccagctaga ctcagcactt agtttaggaa 480
ccagtgagca agtcagccct tggggcagcc catacaaggc catggggctg ggcaagctgce 540
acgcctgggt ccggggtggg cacggtgceccce gggcaacgag ctgaaagctce atctgectcectce 600
aggggcccct ccctggggac agcccctect ggctagtcac accctgtagg ctcecctctata 660
taacccaggg gcacaggggc tgccctcatt ctaccaccac ctccacagca cagacagaca 720
ctcaggagcc agccagcgtce gagcggceccga tccgecacce 759

SEQ ID | DNA sequence of synthetic muscle-specific enhancer and promoter

NO:5
ccactacggg tctaggctgce ccatgtaagg aggcaaggcc tggggacacc cgagatgcect 60
ggttataatt aacccagaca tgtggctgcc ccccccccece ccaacacctg ctgectctaa 120
aaataaccct gtccctggtg gatcccecctge atgcgaagat cttcgaacaa ggctgtgggg 180
gactgagggc aggctgtaac aggcttgggg gccagggcectt atacgtgcct gggactccca 240
aagtattact gttccatgtt cccggcgaag ggccagetgt cccccgecag ctagactcag 300
cacttagttt aggaaccagt gagcaagtca gcccttgggg cagcccatac aaggccatgg 360
ggctgggcaa gctgcacgcec tgggtccggg gtgggcacgg tgcccgggca acgagctgaa 420
agctcatctg ctctcagggg cccctcececctg gggacagecce ctcectggceta gtcacaccct 480
gtaggctcct ctatataacc caggggcaca ggggctgccc tcattctacc accacctcca 540
cagcacagac agacactcag gagccagcca gcgtcga 577

SEQ ID | DNA sequence of small synthetic polyadenylation element

NO:6
tgaggagctc gagaggccta ataaagagct cagatgcatc gatcagagtg tgttggtttt 60
ttgtgtg 67

SEQ ID | Left AAV2 ITR

NO:7
ttggccactc cctctectgeg cgctecgeteg ctcactgagg ccgggcgacce aaaggtcgec 60
cgacgccecgg gcectttgeccg ggcggectca gtgagcgage gagcgcgcag agagggagtg 120
gccaactcca tcactagggg ttcecct 145

SEQ ID | Right AAV2 ITR

NO:8
aggaaccccet agtgatggag ttggceccactce cctetcectgeg cgectegeteg ctcactgagg 60
ccgcecggge aaagcccggg cgtcgggega cctttggtcecg cccggectca gtgagegage 120
gagcgcgeayg agagggagtg gccaa 145

SEQ ID | DNA sequence of transcription terminator

NO:9
aggcctaata aagagctcag atgcatcgat cagagtgtgt tggttttttg tgtg 54

SEQ ID | DNA sequence of AAV-hCK-Copti-Dys3978 gene expression cassette

NO:10
ttggccactc cctctetgeg cgctecgeteg ctcactgagg ccgggcgacce aaaggtcgec 60
cgacgccecgg gctttgececcg ggcggectca gtgagcgage gagcgcgcag agagggagtg 120
gccaactcca tcactagggg ttcctcagat ctgaattcgg taccccacta cgggtttagg 180
ctgcccatgt aaggaggcaa ggcctgggga cacccgagat gecctggttat aattaaccca 240
gacatgtggc tgccccccce ccccccaaca cctgctgect ctaaaaataa ccctgtceccet 300
ggtggatcce ctgcatgcga agatcttcga acaaggctgt gggggactga gggcaggctg 360
taacaggctt gggggccagg gcttatacgt gecctgggact cccaaagtat tactgttcca 420
tgttcccgge gaagggccag ctgtccccceg ccagctagac tcagcactta gtttaggaac 480
cagtgagcaa gtcagccctt ggggcagceccc atacaaggcc atggggctgg gcaagctgca 540
cgcctgggte cggggtgggce acggtgcccg ggcaacgagce tgaaagctca tctgectctca 600
ggggccccte cctggggaca gcccecctectg gectagtcaca ccctgtagge tcecctctatat 660
aacccagggg cacaggggct gccctcattc taccaccacc tccacagcac agacagacac 720
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tcaggagcca
tgctacgagce
agcaagttcg
ctgctggacc
agggtgcacg
gacctggtga
ctgatctgga
ggcctgcage
aactaccccc
aacgccctga
cagagcgcca
gagaagctgce
atgtacatca
gaagtggaga
caccagatgc
agcagcccca
tccgaccecceca
ttcggcagca
gaagtgctgt
aacgacgtgg
accgceccace
ggcaagctgt
agatgggagt
atggatctgce
aggacccgga
gtgcagcagce
ctgacccaca
gaagagcagc
agatgggtcc
agcceccacce
agcaagctgg
cagttccccecce
aacgtgctgce
gagctgatga
cacaacctgg
gtgctgctgce
agcctgaaca
agcctgcagg
cccatcggeg
cgggagctga
ctgaccgagce
cccgaggaac
accgagtggg
ctggaaaggc
gccgaggtga
gatcacctgg
agccacgtca
aacctgtcca
gacagagtga
ctgagcacca
tacatcaacc
cagtcecctgg
aggcggctgce
ctggaccagc
tgtctgacca
ctgtgcgtgg
cggatcaggg
gataagtacc
aggctgggcc
tcetteggeg
aagcccgaga

gccagegteg
gggaggacgt
gcaagcagca
tcectggaagg
ccctgaacaa
acatcggcag
acatcatcct
agaccaacag
aggtcaacgt
tccacageca
cccagaggcet
tggatcccga
ccagectgtt
tgctgecccag
actacagcca
agcccaggtt
ccaggtcccee
gcctgatgga
cttggctget
aggtcgtgaa
agggcagagt
ccgaggacga
gcctgagggt
agaaccagaa
agatggaaga
acaaggtget
tggtcgtggt
tgaaggtgcet
tcctgcagga
agaccgtgac
aaatgcccag
tggacctgga
aggacgccac
agcagtggca
acgagaacag
agaggcggcet
tcaggtcceccea
aactgctcgt
gcgacttecce
aaaccaaaga
agccectgga
gggcccagaa
agaagctgaa
tccaggaact
tcaagggcag
aaaaagtgaa
acgacctgge
ccectggaaga
ggcagctgea
gcgtgcaggyg
acgagaccca
ccgacctgaa
agaaagccct
acaacctgaa
ccatctacga
acatgtgcect
tgctgtecectt
gctacctgtt
tgctgetgea
gcagcaacat
tcgaggcecege

agcggececgcec
gcagaagaaa
catcgagaac
cctgaccggce
cgtgaacaag
caccgacatc
gcactggcag
cgagaagatc
gatcaacttc
caggcccgac
ggaacacgcc
ggacgtggac
ccaggtgctg
gcccececcaag
gcagatcacc
caagagctac
cttccecage
aagcgaggtg
gtccgecgag
ggaccagttc
gggcaacatc
ggaaaccgag

ggccagcatg
gctcaaagag

ggaacccctg
gcaggaagat
ggtggacgag
gggcgacaga
ccagccecgac
cctggtgacc
ctccctgatg
aaagttcctg
caggaaagag
ggacctgcag
ccagaaaatc
ggacaacatg
tctggaagcce
ctggctgcag
cgccgtgecag
gccegtgatce
aggactggaa
cgtgaccagg
cctgcactcece
gcaggaagcc
ctggcagccce
ggccctgegg
caggcagctg
tctgaacaca
cgaggcccac
ccectgggag
gaccacctgce
caatgtgcgg
gtgcectggat
gcagaacgac
caggctggaa
gaactggctg
caagaccggc
caagcaggtg
cgacagcatc
cgagcccagce
cctgtteccectg

accatgcettt
accttcacca
ctgttcageg
cagaagctge
gcectgaggg
gtggacggca
gtcaagaacg
ctgctgtcect
accacctctt
ctgttcgact
ttcaacatcg
accacctacc
cceccageagyg
gtcaccaaag
gtgagcctgg
gcctacacce
cagcatctcg
aacctggaca
gacaccctge
cacacccacg
ctgcagctgg
gtgcaggaac
gaaaagcaga
ctgaacgact
ggccccecgatce
ctcgaacagg
agcagcggceyg
tgggccaaca
ctggccectyg
cagccegtgg
ctggaagtgce
gcctggetga
aggctgetgg
ggggagattg
ctgagaagcc
aacttcaagt
agcagcgacc
ctgaaagacg
aaacagaacg
atgagcaccc
aagctgtacc
ctgctgagaa
gccgactgge
accgacgage
gtgggcgacc
ggcgagatcg
accaccctgg
aggtggaagce
agggacttcg
agggccatct
tgggaccacc
ttcagecgecet
ctgctgtccece
cagcccatgg
caggaacaca
ctgaacgtgt
atcatcagcec
gcecagetcta
cagatccccecce
gtgcggaget
gactggatgce

ggtgggagga
agtgggtgaa
acctgcagga
ccaaagagaa
tgctgcagaa
accacaagcet
tgatgaagaa
gggtgcggceca
ggagcgacgg
ggaacagcgt
ccagatacca
ccgacaagaa
tgtccatcga
aggaacactt
cccagggcecta
aggccgecta
aagcccccga
gataccagac
aggceccaggyg
agggctacat
gcagcaagct
agatgaacct
gcaacctgceca
ggctgaccaa
tcgaagatct
aacaggtccg
accacgccac
tctgeecggtyg
gcctgacaac
tgaccaaaga
ccacccacag
ccgaggecga
aagatagcaa
aggcccacac
tggaaggcag
ggagcgagcet
agtggaagag
acgagctgtce
acgtgcacag
tggaaaccgt
aggaacccag
agcaggccga
agaggaagat
tggacctgaa
tgctgatcga
cceecectgaa
gcatccagcet
tgctgcaggt
gcectgectce
cccccaacaa
ctaagatgac
accggaccgce
tgagcgceccge
atatcctgca
acaacctggt
acgacaccgg
tgtgcaaggc
ccggcettetg
ggcagctggyg
gcttccagtt
ggctggaacc

agtggaggac
cgcccagtte
cggcaggcgyg
gggcagcacc
caacaacgtg
gaccctggge
catcatggcc
gagcaccagg
cctggeecectyg
ggtgtgccag
gctgggcecatce
aagcatcctc
ggccatccag
ccagctgcac
cgagaggacc
cgtgaccacc
ggacaagagc
cgccctggaa
cgagatcagc
gatggacctyg
gatcggcacc
gctgaacagce
cagggtgctg
gaccgaggaa
gaagaggcag
ggtcaacagc
cgctgecectyg
gaccgaggac
catcggcgece
gaccgccatc
gctectcecag
gaccaccgcce
gggcgtgaaa
cgacgtgtac
cgacgacgcce
gaggaagaag
gctgcacctg
caggcaggcc
ggccttcaag
gaggatcttc
agagctgccce
ggaagtgaac
cgacgagacc
gctgagacag
ctccctgeag
agagaacgtc
gtcccectac
ggccgtggag
ccagcactte
ggtgccctac
cgagctgtac
catgaagctg
ctgcgacgcce
gatcatcaac
caacgtgccce
caggaccggce
ccacctggaa
cgaccagcgg
cgaggtggec
cgccaacaac
ccagagcatg

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
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gtctggctge
tgcaacatct
aactacgaca
cactacccca
gccaaggtge
ggctacctgce
tcgactcgag
tgtgagatct
ctcactgagg
gtgagcgagce

ccgtgetgea
gcaaagagtg
tctgecagag
tggtggagta
tgaagaataa
ccgtgcagac
aggcctaata
aggaacccct
ccgecececgggce
gagcgcgcag

cagagtggct
ccccatcatce
ctgtttctte
ctgcacccce
gttccggacce
cgtgctggaa
aagagctcag
agtgatggag
aaagcccggyg
agagggagtg

gccgecgaga
ggcttcaggt
agcggcaggyg
accacctccg
aagcggtact
ggcgacaaca
atgcatcgat
ttggccactce
cgtcgggega
gccaa

ccgccaagcea
acagaagcct
tggccaaggg
gcgaggacgt
tcgccaaaca
tggaaacctg
cagagtgtgt
cctectetgeg
cctttggteg

ccaggccaag
gaagcacttc
ccacaaaatg
gagggacttc
ccccaggatg
ataacacgcg
tggttttttyg
cgctegeteg
ccecggectea

4440
4500
4560
4620
4680
4740
4800
4860
4920
4955

SEQ ID
NO:11

Amino acid sequence of AAV9 capsid VP1 protein

MAADGYLPDW
KGEPVNAADA
AKKRLLEPLG
SVPDPQPIGE
TTSTRTWALP
LINNNWGEFRP
EGCLPPEFPAD
PFHSSYAHSQ
GPSYRQQRVS
LIFGKQGTGR
ILPGMVWQDR
AFNKDKLNSF
YSEPRPIGTR

LEDNLSEGIR
AALEHDKAYD
LVEEAAKTAP
PPAAPSGVGS
TYNNHLYKQT
KRLNFKLENI
VEMIPQYGYL
SLDRLMNPLI
TTVIQNNNSE
DNVDADKVMI
DVYLQGPIWA
ITQYSTGQVS
YLTRNL

EWWALKPGAP
QQLKAGDNPY
GKKRPVEQSP
LTMASGGGAP
SNSTSGGSSN
QVKEVTDNNG
TLNDGSQAVG
DQYLYYLSKT
FAWPGASSWA
TNEEEIKTTN
KIPHTDGNFH
VEIEWELQKE

QPKANQQHQD
LKYNHADAEF
QEPDSSAGIG
VADNNEGADG
DNAYFGYSTP
VKTIANNLTS
RSSFYCLEYF
INGSGONQQT
LNGRNSLMNP
PVATESYGQV
PSPLMGGFGM
NSKRWNPEIQ

NARGLVLPGY
QERLKEDTSFEF
KSGAQPAKKR
VGSSSGNWHC
WGYFDENRFH
TVQVFTDSDY
PSOMLRTGNN
LKFSVAGPSN
GPAMASHKEG
ATNHQSAQAQ
KHPPPQILIK
YTSNYYKSNN

KYLGPGNGLD
GGNLGRAVFQ
LNFGQTGDTE
DSQWLGDRVI
CHF SPRDWQR
QLPYVLGSAH
FQFSYEFENV
MAVQGRNYIP
EDRFFPLSGS
AQTGWVONQG
NTPVPADPPT
VEFAVNTEGV

60
120
180
240
300
360
420
480
540
600
660
720
736

SEQ ID
NO:12

DNA sequence of AAV9.hCK.Hopti-Dys3978.spA vector genome

ttggccactc
cgacgcccgg
gccaactcca
ctgcccatgt
gacatgtggce
ggtggatccce
taacaggctt
tgttccecgge
cagtgagcaa
cgcectgggtce
ggggcccctce
aacccagggyg
tcaggagcca
aggactgcta
agttcagcaa
ggagactgct
gcaccagagt
acgtggacct
tgggcctgat
tggccggecet
ccagaaacta
ccctgaacgce
gtcagcagag
gcatcgagaa
tcctecatgta
tccaggaagt
tgcaccacca
gaaccagcag
ccaccteccga
agagcttecgg
tggaggaagt

cctetetgeg
gctttgecececg
tcactagggyg

aaggaggcaa
tgceccecece

ctgcatgcga
gggggccagg
gaagggccag
gtcagccett
cggggtgggc
cctggggaca
cacaggggcet
gccagegtceg
cgagagagag
gttcggcaag
ggacctgctg
gcacgcececcetg
ggtgaacatc
ctggaacatc
gcagcagacc
ccecccaggtg
cctgatccac
cgccacccag
gctgetggac
cattaccagc
ggaaatgctg
gatgcactac
ccccaagecce
ccccaccaga
cagcagcctg
gctgtcecctgg

cgctcgeteg
ggcggcectca
ttcctcagat
ggcctgggga
ccccccaaca
agatcttcga
gcttatacgt
ctgtccececeg
ggggcagcecece
acggtgecccg
gccectectg
gccctecatte
agcggcecgat
gacgtgcaga
cagcacatcg
gagggcctga
aacaacgtga
ggcagcaccyg
atcctgecact
aacagcgaga
aacgtgatca
agccacagac
agactggagc
cccgaggacyg
ctgttccagg
cccaggeccce
agccagcaga
agattcaaga
agccceccettece
atggagagcg
ctgctgagceg

ctcactgagg
gtgagcgagce
ctgaattcgg
cacccgagat
cctgctgecet
acaaggctgt
gcctgggact
ccagctagac
atacaaggcc
ggcaacgagc
gctagtcaca
taccaccacc
ccgccaccat
agaaaacctt
agaacctgtt
ccggccagaa
acaaggccct
acatcgtgga
ggcaggtgaa
agatcctget
acttcaccac
ccgacctgtt
acgccttcaa
tggacaccac
tgctgeccca
ccaaagtgac
tcacagtgag
gctacgecta
ccagccagca
aagtgaacct
ccgaggacac

ccgggecgacce
gagcgcgcag
taccccacta
gcctggttat
ctaaaaataa
gggggactga
cccaaagtat
tcagcactta
atggggctgg
tgaaagctca
ccctgtagge
tccacageac
gctttggtgg
caccaagtgg
cagcgacctg
gctgcecccaag
gagagtgctg
cggcaaccac
gaacgtgatg
gagctgggtg
ctcctggage
cgactggaac
catcgccaga
ctaccccgac
gcaggtgtcc
caaggaggag
cctggeccag
cacccaggcce
cctggaggece
ggacagatac
cctgcaggcece

aaaggtcgcece
agagggagtg
cgggtctagg
aattaaccca
ccctgteccet
gggcaggctg
tactgttcca
gtttaggaac
gcaagctgceca
tctgctctea
tcctectatat
agacagacac
gaggaagtgg
gtgaacgccce
caggatggca
gagaagggca
cagaacaaca
aagctgaccc
aagaacatca
aggcagagca
gacggcctgg
agcgtggtagt
taccagctgg
aagaaaagca
atcgaggcca
cacttccage
ggctatgaga
gcctacgtga
cccgaggaca
cagaccgcce
cagggcgaga

60
120
180
240
300
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
1860
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tcagcaacga
atctgaccgce
gcaccggcaa
acagcagatg
tgctgatgga
aggagcggac
gacaggtgca
acagcctgac
ccctggaaga
aggacagatg
gcgecagecce
ccatcagcaa
tccagcagtt
ccgccaatgt
tgaaagagct
tgtaccacaa
acgccgtecet
agaagagcct
acctgagecct
aggccecccecat
tcaagaggga
tcttcctgac
tgcceceecga
tgaataccga
agaccctgga
gacaggccga
tgcaggatca
atgtgagcca
cctacaacct
tggaggatag
acttcctgag
cctactacat
tgtatcagag
agctgcggag
acgccectgga
tcaactgcect
tgccecectgtg
ccggcagaat
tggaggataa
agaggagact
tggccagett
acaacaagcc
gcatggtgtg
ccaagtgcaa
acttcaacta
aaatgcacta
acttcgccaa
ggatgggcta
gagctcgaga
gtgagatctg
ctcactgagg
gtgagcgagce

cgtggaagtyg
ccaccagggc
gctgagcgag
ggagtgcctg
cctgcagaac
cagaaagatg
gcagcacaaa
ccacatggtg
gcagctgaaa
ggtgctgctg
cacccagacc
gctggagatg
cccecctggac
gctccaggac
gatgaagcag
cctggacgag
gctceccagagyg
gaacatccgg
gcaggagctg
cggcggcgac
gctgaaaacc
cgagcagccc
ggagagagcc
gtgggagaag
gagactccag
agtgatcaag
cctggagaaa
cgtgaacgac
gagcacactg
agtgaggcag
caccagcgtg
caaccacgag
cctggecgac
actgcagaag
ccagcacaac
gaccacaatc
cgtggacatg
ccgegtgetg
gtaccgctac
gggcctgetg
tggcggcage
cgagatcgag
gctgectgtyg
tatctgcaag
cgacatctgc
cceccatggtg
agtgctgaag
cctgcecegtyg
ggcctaataa
aggaacccct
ccgcececgggce
gagcgcgcag

gtgaaggacc
agagtgggca
gacgaggaga
agagtggcca
cagaagctga
gaggaggage
gtgctgcagg
gtggtcgtgg
gtgctgggeg
caggaccagc
gtgaccctgg
cccagcetceccece
ctggagaagt
gccactagaa
tggcaggatc
aacagccaga
aggctggaca
agccacctgg
ctggtgtgge
ttceceecgecyg
aaggaacccg
ctggagggac
cagaacgtga
ctgaatctgc
gaactgcagg
ggcagctgge
gtgaaggccc
ctggccagac
gaggatctga
ctgcacgaag
cagggcccect
acccagacca
ctgaacaatg
gccectgtgece
ctgaagcaga
tacgaccggce
tgcctgaatt
agcttcaaga
ctgttcaagc
ctgcacgata
aacatcgagce
gccgecectgt
ctgcacagag
gagtgcccca
cagagctgcet
gagtactgca
aataagttcc
cagaccgtgc
agagctcaga
agtgatggag
aaagcccggg
agagggagtg

agttccacac
atatcctgeca
ccgaagtgca
gcatggagaa
aggagctgaa
ccectgggece
aggacctgga
acgagagcag
acagatgggce
ccgacctgge
tgacccagece
tgatgctgga
tcectggectyg
aggagaggct
tgcagggcga
agattctgag
acatgaactt
aagccagcag
tgcagctgaa
tgcagaagca
tgatcatgag
tggagaagct
ccaggctgcet
acagcgccga
aagccaccga
agcctgtggg
tgcggggcga
agctgaccac
acacccggtg
cccacagaga
gggagagagce
cctgctggga
tgcggttcag
tggatctgct
atgaccagcc
tggaacagga
ggctgctgaa
ccggcatcat
aggtggccag
gcatccagat
cctctgtgag
tcctggactyg
tggccgecge
tcatcggett
ttttcagecgg
cccccaccac
ggaccaagcg
tggaaggcga
tgcatcgatc
ttggccactce
cgtcgggecga
gccaa

ccacgagggce
gctgggcage
ggagcagatg
gcagagcaac
cgactggctg
cgacctggag
gcaggagcag
cggcgaccac
caatatttgt
ccctggectyg
cgtggtgaca
agtgcccacc
gctgaccgag
gctggaggac
aatcgaggcecce
gagcctggag
caagtggagc
cgaccagtgg
ggacgacgag
gaacgacgtg
caccctggag
gtaccaggag
gagaaagcag
ctggcagaga
cgagctggac
cgatctgctg
gatcgccccce
cctgggeatce
gaaactgctg
cttcggeect
catctcccce
ccaccctaag
cgcctacaga
gagcctgage
catggacatc
gcacaacaac
cgtgtacgac
cagcctgtge
cagcaccggc
ccctaggecag
gagctgcttc
gatgaggctg
cgagaccgcc
ccggtacagg
cagagtggcc
ctececggegag
gtactttgcce
caacatggag
agagtgtgtt
cctctetgeg
cctttggteg

tacatgatgg
aagctgatcg
aacctgctga
ctgcacagag
accaagaccg
gacctgaaga
gtgcgcgtga
gccacagccg
aggtggaccg
accaccatcg
aaggagaccg
caccgcctge
gccgaaacca
agcaagggcg
cacaccgacg
ggcagcgacyg
gagctgcgga
aagagactgc
ctgagcagac
caccgggcect
acagtgcgga
cccagagagc
gccgaggaag
aagatcgacg
ctgaagctga
atcgactccece
ctgaaggaga
cagctgagcc
caggtggccg
gccteccage
aacaaagtgc
atgaccgagce
accgccatga
gcecgectgeg
ctgcagatca
ctggtgaatg
accggcagga
aaggcccacce
ttctgcgatce
ctgggcgaag
cagttcgcca
gagcctcaga
aagcaccagg
agcctgaage
aagggccaca
gatgtgagag
aagcacccca
acctgatgag
ggttttttgt
cgctegeteg
cccggectcea

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4955

SEQ ID
NO:13

57 ITR

CTGCGCGCTCGCTCGCTCACTGAGGCCGCCCGGGCAAAGCCCGGGCGTCGGGCGACCTTTGGTCGCCCG

GCCTCAGTGAGCGAGCGAGCGCGCAGAGAGGGAGTGG
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SEQ ID
NO:14

37 ITR

CGCCCGACGCCCGGGCTTTGCCCGGGCGGCCTCAGTGAGCGAGCGAGCGCGCCAGCTGGCGTAATAGCG

AAGAGGCCCGCACCGATCGCCCTTCCCAACAGTTGCGCAGCCTG

SEQID
NO:15

amino acid sequence of copper transporting ATPase 2 with deletion of
MBS 1-4

MPEQERQITAREGASRKILSKLSLPTRAWEPAMKKSFAFDNVGYEGGLDGLGP SSQPQKCFLQIKGMTCA
SCVSNIERNLQKEAGVLSVLVALMAGKAEIKYDPEVIQPLEIAQFIQDLGFEAAVMEDYAGSDGNIELTI
TGMTCASCVHNIESKLTRTINGITYASVALATSKALVKFDPEIIGPRDIIKIIEEIGFHASLAQRNPNAHH
LDHKMEIKQWKKSFLCSLVFGIPVMALMIYMLIPSNEPHQSMVLDHNIIPGLSILNLIFFILCTFVQLLG
GWYFYVQAYKSLRHRSANMDVLIVLATSIAYVYSLVILVVAVAEKAERSPVIFFDTPPMLFVE IALGRWL
EHLAKSKTSEALAKLMSLOATEATVVTILGEDNLIIREEQVPMELVQRGDIVKVVPGGKEFPVDGKVLEGNT
MADESLITGEAMPVIKKPGSTVIAGSINAHGSVLIKATHVGNDTTLAQIVKLVEEAQMSKAP IQQLADRE
SGYEFVPFIIIMSTLTLVVWIVIGEFIDFGVVQRYFPNPNKHISQTEVIIRFAFQTSITVLCIACPCSLGLA
TPTAVMVGTGVAAQNGILIKGGKPLEMAHKIKTVMFDKTGTITHGVPRVMRVLLLGDVATLPLRKVLAVV
GTAEASSEHPLGVAVTKYCKEELGTETLGYCTDFQAVPGCGIGCKVSNVEGILAHSERPLSAPASHLNEA
GSLPAEKDAVPQTFSVLIGNREWLRRNGLTISSDVSDAMTDHEMKGQTAILVAIDGVLCGMIAIADAVKQ
EAALAVHTLQSMGVDVVLITGDNRKTARATIATQVGINKVFAEVLP SHKVAKVQELONKGKKVAMVGDGVN
DSPALAQADMGVAIGTGIDVAIEAADVVLIRNDLLDVVASIHLSKRTVRRIRINLVLALIYNLVGIPIAA
GVFMPIGIVLQPWMGSAAMAASSVSVVLSSLOLKCYKKPDLERYEAQAHGHMKPLTASQVSVHIGMDDRW
RDSPRATPWDQVSYVSQVSLSSLTSDKPSRHSAAADDDGDKWSLLLNGRDEEQYT

SEQ ID
NO:16

al-antitrypsin promoter

cgccaccccctcecaccttggacacaggacgetgtggtttectgagecaggtacaatgactecttteggtaa
gtgcagtggaagctgtacactgeccaggcaaagegteccgggecagegtaggegggecgactcagatcecececage
cagtggacttagccectgtttgetectecgataactggggtgaccttggttaatattcaccagecagecte
cccegttgeccectctggatecactgettaaatacggacgaggacagggcecectgtetectcagettecagge
accaccactgacctgggacagtgaa

SEQID
NO:17

polyadenylation signal sequence

aataaagacctcttattttcattcatcaggtgtggttggtttttttgtgtggggge

SEQID
NO:18

AAV3B VPl capsid polypeptide (AABS5452.1)

MAADGYLPDWLEDNLSEGIREWWALKPGVPQPKANQQHODNRRGLVLPGYKYLGPGNGLDKGEPVNEADA
AALEHDKAYDQQLKAGDNPYLKYNHADAEFQERLQEDT SFGGNLGRAVFQAKKRILEPLGLVEEAAKTAP
GKKRPVDQSPQEPDSSSGVGKSGKQPARKRLNFGQTGDSESVPDPQPLGEPPAAPTSLGSNTMASGGGAP
MADNNEGADGVGNSSGNWHCDSQWLGDRVITTSTRTWALP TYNNHLYKQISSQSGASNDNHYFGY STPWG
YFDFNRFHCHF SPRDWQRLINNNWGFRPKKLSFKLENIQVKEVTONDGTTTIANNLTSTVQVFTDSEYQL
PYVLGSAHQGCLPPFPADVFMVPQYGYLTLNNGSQAVGRSSFYCLEYFPSQMLRTGNNEQF SYTFEDVPE
HSSYAHSQSLDRLMNPLIDQYLYYLNRTQGTTSGTTNQSRLLEFSQAGPQSMSLOARNWLPGPCYRQORLS
KTANDNNNSNFPWTAASKYHLNGRDSLVNPGPAMASHKDDEEKFFPMHGNLIFGKEGT TASNAELDNVMI
TDEEEIRTTNPVATEQYGTVANNLQSSNTAPTTRTVNDQGALPGMVWODRDVYLOGP INAKIPHTDGHFH
PSPLMGGFGLKHPPPQIMIKNTPVPANPPTTFSPAKFASFITQYSTGQVSVEIEWELQKENSKRWNPEIQ
YTSNYNKSVNVDEFTVDTINGVYSEPRPIGTRYLTRNL




10

15

20

25

30

WO 2022/097008 PCT/1B2021/060095
223

CLAIMS

We claim:
1. A method of purifying an rAAV vector by AEX, the method comprising a step
of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;
and

i) collecting at least one fraction of eluate from the column during the
gradient elution beginning when the absorbance of a column flow-through reaches
an absorbance threshold, and wherein the at least one fraction of eluate comprises
the rAAV vector to be purified.

2. The method of purifying a rAAV vector by AEX of claim 1, wherein the method
further comprises measuring an absorbance of the at least one fraction of eluate

collected from the column and determining an A260/A280 ratio.

3. The method of purifying a rAAV vector by AEX of claim 1 or 2, wherein the
solution comprising the rAAV vector to be purified is diluted about 2-fold to 25-fold
(e.g., 15-fold) with a dilution solution comprising histidine, Tris and P188, and
optionally filtered prior to application to the stationary phase.

4. The method of purifying a rAAV vector by AEX of any one of claims 1-3,

wherein the solution is an affinity eluate.

5. The method of purifying a rAAV vector by AEX of claim 5, wherein a pH of the
diluted, and optionally filtered affinity eluate is increased as compared to a pH of the
solution; and wherein a conductivity of the diluted, and optionally filtered affinity

eluate is decreased as compared to a conductivity of the solution.
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6. The method of purifying a rAAV vector by AEX of any one of claims 1-5,
wherein the first gradient elution buffer comprises about 50 mM to about 150 mM
Tris, about 0.005% to about 0.015% P188 and has a pH of about pH 8.5 to 9.5;
wherein the second gradient elution buffer comprises about 400 mM to about 600
mM sodium acetate, about 50 mM to about 150 mM Tris, about 0.005% to about
0.015% P188 and has a pH of about pH 8.5 to 9.5; and wherein 10 to 60 column
volumes (CV) (e.g., about 20 CV, about 37.5 CV) of the first gradient elution buffer,
the second gradient elution buffer or a mixture of both are applied to the stationary

phase during the gradient elution.

7. The method of purifying a rAAV vector by AEX of any one of claims 1-6,
wherein at a start of the gradient elution the percentage of the first gradient elution
buffer is 50% -100% and at an end of the gradient elution the percentage of the
second gradient elution buffer is 50% - 100% and wherein the percentage of the
second elution buffer increases at a rate of about 2% to 5% per CV over the gradient

elution.

8. The method of purifying a rAAV vector by AEX of any one of claims 1-7,
wherein a concentration of sodium acetate of the first gradient elution buffer, the
second gradient elution buffer or the mixture of both increases continuously during
the gradient elution; and wherein the concentration of the sodium acetate increases
at a rate of about 10 mM/CV to 50 mM/CV (e.g., about 10 mM/CV, about 25 mM/CV)

over the gradient elution.

9. The method of purifying a rAAV vector by AEX of any one of claims 1-8,
wherein full capsids are eluted from the stationary phase in a first elution peak and/or

in a first portion of a second elution peak during the gradient elution.

10.  The method of purifying a rAAV vector by AEX of any one of claims 1-9,
wherein empty capsids are recovered in the column flow-through, in a first elution

peak and/or in a last portion of a second elution peak during the gradient elution.

11.  The method of purifying a rAAV vector by AEX of any one of claims 1-10,
wherein an absorbance of the at least one fraction of eluate is measured at 280 nm,
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and wherein optionally, an absorbance threshold is > 0.5 mAU/mm path length

measured at 280 nm.

12.  The method of purifying a rAAV vector by AEX of any one of claims 1-11,
wherein a volume of the at least one fraction of eluate is equivalent to 1/8 of a CV to
10 CV, e.g.,, 1/80ofaCV, 1/4of aCV, 1/30ofa CV, 1/20of aCV, 3/4 ofa CV, 1 CV, 2
CV,3CV,4CV,5CV,6CV,7CV,8CV,9CV, 10 CV or more of a CV, and
optionally, wherein an A260/A280 ratio of the at least one fraction of eluate is > to
1.25.

13.  The method of purifying a rAAV vector by AEX of any one of claims 1-12,
wherein at least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at least 8, at
least 9, at least 10, at least 11, at least 12, at least 13, at least 14, at least 15, at
least 16, at least 17, at least 18, at least 19, at least 20, at least 21, at least 22, at

least 23, at least 24, at least 25, or more, fractions of eluate are collected.

14.  The method of purifying a rAAV vector by AEX of any one of claims 1-13,
wherein the method further comprises combining at least two fractions of eluate
collected from the column, each having an A260/A280 ratio of > 0.98 or > 1.0 to form

a pooled eluate comprising the rAAV vector.

15.  The method of purifying a rAAV vector by AEX of claim 14, wherein the
pooled eluate has a % VG column yield of 20% to 100% (e.g., 63 +/-26%), a % VG
step yield of 31% to 66% (e.g., 47 +/- 11%) and/or an A260/A280 ratio of > 1.0.

16.  The method of purifying a rAAV vector by AEX of claim 14 or 15, wherein the
pooled eluate is enriched for full capsids, and/or depleted of empty capsids, as
compared to the solution loaded onto the column.

17.  The method of purifying a rAAV vector by AEX of any one of claims 1-16,
wherein a purified rAAV vector is produced.

18.  The method of purifying a rAAV vector by AEX of any one of claims 14-17,
further comprising filtering the pooled eluate by a method selected from the group
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consisting of viral filtration, ultrafiltration/diafiltration (UF/DF), filtration through a 0.2

pm filter and a combination thereof, to produce a drug substance.

19.  The method of purifying a rAAV vector by AEX of claim 18, wherein the drug
substance comprises: i) 45% 10 65% (e.qg., 52 +/- 7%) full capsids of total capsids; ii)
19% to 37% (e.g., 28 +/- 5%) intermediate capsids of total capsids; and/or iii) 10% to
37% (e.g., 20 +/- 7%) empty capsids of total capsids.

20. The method of purifying a rAAV vector by AEX of claim 18 or 19, wherein the
drug substance is enriched for full capsids, and/or depleted of empty capsids, as

compared to the solution loaded onto the column.

21.  The method of purifying a rAAV vector by AEX of any one of claims 1-20,
wherein the rAAV vector comprises an AAV capsid protein from an AAV serotype
selected from the group consisting of AAV1, AAV2, AAV3, AAV3A, AAV3B, AAV4,
AAV5, AAV6, AAV7, AAVS, AAV9, AAV10, AAVrh10, AAVrh74, AAV12, AAV2i8,
NP4, NP22, NP66, AAVDJ, AAVDJ/8, AAVDJ/9, AAVLKOS, AAV1.1, AAV2.5,
AAV6.1, AAV6.3.1, AAV9.45 RHM4-1 (SEQ ID NO:5 of WO 2015/013313), RHM15-
1, RHM15-2, RHM15-3/RHM15-5, RHM15-4, RHM15-6, AAV hu.26, AAV1.1,
AAV2.5, AAV6.1, AAV6.3.1, AAV9,45, AAV2i8, AAV29G, AAV2,8G9, AVV-LKO3,
AAV2-TT, AAV2-TT-S312N, AAV3B-S312N, AAVHSC1, AAVHSC2, AAVHSCS,
AAVHSC4, AAVHSC5, AAVHSC6, AAVHSC7, AAVHSCS8, AAVHSC9, AAVHSC10,
AAVHSC11, AAVHSC12, AAVHSC13, AAVHSC14 and AAVHSC15.

22.  The method of purifying a rAAV vector by AEX of any one of claims 1-21,
wherein the rAAV vector comprises an AAV9 capsid protein and a transgene

comprising the nucleic acid of SEQ ID NO:1.

23.  The method of purifying a rAAV vector by AEX of any one of claims 1-21,
wherein the rAAV vector comprises an AAV3B capsid protein and a transgene
comprising a nucleic acid encoding the amino acid sequence of SEQ ID NO:15.

24. A method of preparing a solution comprising a rAAV vector for purification by
AEX, the method comprising a step of:
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i) diluting a first solution 2 to 25-fold (e.g., 15-fold) with a dilution solution
comprising histidine, Tris and P188; and optionally

ii) filtering the first solution from step i) through a filter to produce a diluted,
and optionally filtered solution;
wherein the pH of the diluted, and optionally filtered solution is increased as
compared to the pH of the first solution; and wherein the conductivity of the diluted,
and optionally filtered solution is decreased as compared to the conductivity of the

first solution.

25.  The method of preparing a solution comprising a rAAV vector for purification
by AEX of claim 24, wherein the first solution comprising the rAAV vector is selected
from the group consisting of an affinity eluate, a supernatant from a cell lysate and a
post-harvest solution.

26. The method of preparing a solution comprising a rAAV vector for purification
by AEX of claim 24 or 25, wherein the dilution solution comprises about 100 mM to
300 mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (e.g., about 200 mM)
Tris, 0.1% t0 1.0% (e.g., about 0.5%) P188 and has a pH of pH 8.5 t0 9.5.

27.  The method of preparing a solution comprising a rAAV vector for purification
by AEX of any one of claims 24-26, wherein i) a pH of the diluted, and optionally
filtered solution is 8.5 to 9.5; ii) a conductivity of the diluted, and optionally filtered
solution is 1.7 to 3.3 mS/cm; and/or iii) a % VG dilution yield of the diluted solution is
35% to 100%.

28.  The method of preparing a solution comprising a rAAV vector for purification
by AEX of any one of claims 24-27, wherein the rAAV vector comprises an AAV9
capsid protein or an AAV3B capsid protein.

29. A purified rAAV vector prepared by a method comprising a step of:

i) loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the

column wherein a first gradient elution buffer, a second gradient elution buffer or a
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mixture of both are applied to the stationary phase and a concentration of a salt is
varied from 0 mM to 500 mM such that the rate of increase in concentration of the
salt over the course of the gradient elution is about 10 mM/CV to 50 mM/CV (e.g.,
about 25 mM/CV);

iii) collecting at least one fraction of eluate from the column during gradient
elution beginning when absorbance of a column flow-through reaches an
absorbance threshold; and/or

vi) measuring an absorbance of the at least one fraction of eluate collected
from the column and determining an A260/A280 ratio.

30. The purified rAAV vector prepared by the method of claim 29, wherein the
method further comprises combining at least two fractions of eluate collected from
the column when the A260/A280 ratio is >1.0 to form a pooled eluate comprising the
purified rAAV vector.

31.  The purified rAAV vector prepared by the method of claim 29 or 30, wherein

the salt is sodium acetate.

32.  The purified rAAV vector prepared by the method of any one of claims 29-31,
wherein the rAAV vector comprises an AAV9 capsid protein or an AAV3B capsid

protein.

33.  The purified rAAV vector prepared by the method of any one of claims 29-32,
wherein the solution comprising the rAAV vector is an affinity eluate that has been
diluted and optionally filtered prior to loading onto the stationary phase.

34.  The purified rAAV vector prepared by the method of any one of claims 29-33,
wherein the material eluted from the stationary phase comprises the rAAV vector.

35.  The purified rAAV vector prepared by the method of any one of claims claim
30-34, wherein the method further comprises filtering the pooled eluate by a method
selected from the group consisting of viral filtration, ultrafiltration/diafiltration (UF/DF),
filtration through a 0.2 um filter and a combination thereof, to produce a drug
substance.
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36. The purified rAAV vector prepared by the method of claim 35, wherein the
drug substance is used to make a drug product suitable for administration to a
human subject to treat a disease, disorder or condition.

37.  The purified rAAV vector prepared by the method of claim 36, wherein the
disease, disorder or condition is DMD or Wilson’s disease, and optionally wherein
the rAAV vector comprises a nucleic acid encoding the amino acid sequence of SEQ
ID NO:2 or SEQ ID NO:15.

38.  An solution comprising a rAAV vector for purification by AEX prepared by a
method comprising a step of:

i} diluting an affinity eluate 2 to 25-fold (e.g., 15-fold) with a dilution solution
comprising histidine, Tris, and P188; and optionally

ii) filtering the affinity eluate from step i) through a 0.2 um filter to produce a
diluted, and optionally filtered affinity eluate;
wherein a pH of the diluted, and optionally filtered affinity eluate is increased as
compared to a pH of the affinity eluate; and wherein a conductivity of the diluted, and
optionally filtered affinity eluate is decreased as compared to a conductivity of the

affinity eluate.

39.  The solution comprising a rAAV vector for purification by AEX prepared by a
method of claim 38, wherein the dilution solution comprises about 100 mM to 300
mM (e.g., about 200 mM) histidine, 100 mM to 300 mM (about 200 mM) Tris, 0.1% to
1.0% (about 0.5%) P188, pH 8.5 to 9.5.

40. The solution comprising a rAAV vector for purification by AEX prepared by a
method of claim 38 or 39, wherein the pH the affinity eluate is 3.0 to 4.4 prior to a
step of diluting, and optionally filtering, and the pH of the affinity eluate after the step
of diluting, and optionally filtering, is 8.5t0 9.5 or 8.7 t0 9.0 (e.g., 8.8, 9.0).

41.  The solution comprising a rAAV vector for purification by AEX prepared by a
method of any one of claims 38-40, wherein the conductivity of the affinity eluate is
5.0 to 7.0 mS/cm (e.g., 5.5 to 6.5 mS/cm) prior to the step of diluting, and optionally
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filtering, and the conductivity of the affinity eluate after the step of diluting, and
optionally filtering, is 1.7 to 3.3 mS/cm, 1.8 to 2.8 mS/cm, and/or 2.2 to 2.6 mS/cm.

42.  The solution comprising a rAAV vector for purification by AEX prepared by a
method of any one of claims 38-41, wherein the % VG dilution yield of the diluted
and optionally filtered affinity eluate is 35% to 100%.

43. The solution comprising a rAAV vector for purification by AEX prepared by a
method of any one of claims 38-42, wherein the rAAV vector comprises an AAV9 or
an AAV3B capsid protein.

44.  The solution comprising a rAAV vector for purification by AEX prepared by a
method of any one of claims 38-43, wherein the diluted, and optionally filtered affinity

eluate is loaded on an AEX stationary phase.

45. A method of preparing a stationary phase for use in a method of purifying a
rAAV vector by AEX of any one of claims 1-23, the method comprising at least one
step of:

i) pre-use flushing comprising application of >4.5 CV (e.g., about 5 CV)
of water for injection to an AEX stationary phase in a column;

i) sanitizing comprising application of about 14.4 to 17.6 CV (e.g., about
16 CV) of a solution comprising about 0.1 M to 1.0 M NaOH to the AEX stationary
phase in the column, optionally by upward flow; and/or

i) regenerating comprising application of about 4.5 to 5.5 CV (e.g., about
5 CV) of a solution comprising about 1 M to 3 M NaCl, 50 mM to 150 mM Tris, pH
8.5 to 9.5 to the AEX stationary phase in the column.

46. A method of regenerating an AEX stationary phase, the method comprising a
step of:

i} post-use sanitizing the stationary phase comprising application of 14.4 to
17.6 CV (e.g., about 16 CV) of a solution comprising about 0.1 Mto 1.0 M NaOH to

the stationary phase, optionally by upward flow;
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i) regenerating the stationary phase comprising application of 4.5 to 5.5 CV
(e.g., about 5 CV) of a solution comprising about 1 M to 3 M NaCl, 50 mM to 150 mM
Tris, pH 8.5 to 9.5 to the stationary phase;

i) equilibrating the stationary phase comprising application of 4.5 to 5.5 CV
(e.g., about 5 CV) of a solution comprising about 50 mM to 150 mM Tris, pH 8.5 to
9.5 to the stationary phase;

iv) post-use flushing the stationary phase comprising application of >4.5
(e.g., about 5 CV) of water for injection to the stationary phase; and/or

v) applying a storage solution to the stationary phase comprising application
2.7 10 3.3 CV (e.g., about 3 CV) of a solution comprising about 17% to 17.5%

ethanol to the stationary phase.

47. The method of regenerating an AEX stationary phase of claim 46, wherein
any one of steps i) — v) step follows a chromatography elution step of a method of
purifying a rAAV vector by AEX.

48. Aregenerated AEX stationary phase prepared by a method comprising a step
of:

i} post-use sanitizing of the stationary phase comprising application of 14.4
to 17.6 CV (e.g., about 16 CV) of a solution comprising about 0.1 Mto 1.0 M NaOH
to the stationary phase, optionally by upward flow ;

i) regenerating the stationary phase comprising application of 4.5 to 5.5 CV
(e.g., about 5 CV) of a solution comprising about 1 M to 3 M NaCl, 50 mM to 150 mM
Tris, pH 8.5 to 9.5 to the stationary phase;

i) equilibrating the stationary phase comprising application of 4.5 to 5.5 CV
(e.g., about 5 CV) of a solution comprising about 50 mM to 150 mM, Tris, pH 8.5 to
9.5 to the stationary phase;

iv) post-use flushing of the stationary phase comprising application of >4.5
(e.g., about 5 CV) of water for injection to the stationary phase; and/or

v) applying a storage solution to the stationary phase comprising application
2.7 10 3.3 CV (e.g., about 3 CV) of a solution comprising about 17% to 17.5%

ethanol to the stationary phase.
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49. Avregenerated AEX stationary phase of claim 48, wherein the regenerated

AEX stationary phase is used for purification of a rAAV vector.

50. A method of purifying an rAAV vector by AEX, the method comprising a step
of:

i} loading a solution comprising the rAAV vector to be purified onto an AEX
stationary phase in a column;

i) performing gradient elution of a material from the stationary phase in the
column wherein a percentage of a first gradient elution buffer is varied in a manner
inversely proportional to variation in a percentage of a second gradient elution buffer;
wherein at the start of the gradient elution the percentage of the first gradient elution
buffer is about 75% to about 100% and at the end of the gradient elution the
percentage of the second gradient elution buffer is about 60% to about 100%; and
wherein the percentage of the second elution buffer increases at a rate of about 2%
to 5% per CV over the gradient elution;

i) collecting at least one fraction of eluate from the column when performing
the gradient elution beginning when the percentage of the second gradient elution
buffer is about 30% to about 35%,

and wherein the at least one fraction of eluate comprises the rAAV vector to
be purified.

51. The method of purifying an rAAV vector by AEX of claim 50, wherein the
solution comprising the rAAV vector is an affinity elutate that has been diluted about

15 fold with a buffer comprising histidine, Tris and P188.

52. The method of purifying an rAAV vector by AEX of claim 50 or 51, wherein
the first gradient elution buffer comprises 50 mM to 150 mM (e.g., about 100 mM)
Tris, 0.005% to 0.015 % (e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., 8.9) and/or
the second gradient elution buffer comprises 400 mM to 600 mM (e.g., about 500
mM) sodium acetate, 50 mM to 150 mM (e.g., about 100 mM) Tris, 0.005% to
0.015% (e.g., about 0.01%) P188, pH 8.5 t0 9.5 (e.g., pH 8.9).

583. The method of purifying an rAAV vector by AEX of any one of claims 50-

52, wherein collecting at least one fraction of eluate from the column comprises
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collecting the at least one fraction of eluate into a vessel comprising about 0.01 CV
to 0.1 CV (e.g., about 0.066 CV) of a solution comprising 200 mM to 300 mM (e.g.,
about 250 mM) sodium citrate, pH 3.0 to 4.0 (e.g., about 3.5).

54. The method of purifying a rAAV vector by AEX of any one of claims 51-53,
wherein the at least one fraction of eluate is enriched for full capsids, and/or depleted
of empty capsids, as compared to the affinity eluate; optionally wherein the rAAV
vector is a rAAV3B vector; and optionally wherein the AEX stationary phase is
POROS™ 50 HQ.

55. The method of purifying a rAAV vector by AEX of any one of claims 50-54,
wherein the collecting at least one fraction of eluate from the column when
performing the gradient elution ends when the percentage of the second gradient

elution buffer is about 50% to about 55%.



