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FIGURE 1

HUMAN SULFATASE MODIFYING FACTOR 1 (SUMF1) POLYNUCLEOTIDE
SEQUENCE (SEQ IDNG:D

ATGGCTIGCGLCCGCACTAGGGLTGETGIGIGGACGTIGCCCTGAGC TEGETCTCGTCCTC I TGO TGCTGCTOOTC
TCGCTGCTGTGTGGAGCGGCAGEGAGCCAGGAGGCCGGRACCEETGLGGGCECEEGETCCCTTECGGEETTCT TGS
GGUTGECEGCACGLLCCAGCGGCCTGELGCCCATGELAGT TCGECAGLLGC TCACCGATACTCGCGERAGGCTARD
GCTCCGEECCCCETACCLGGAGAGCGECARCTCGCGCACTCARAAGATGGTCCCCATCCCIGCTGGAGTATTTACA
ATGGGCACAGATGATCCTCAGATARAGCAGGATGGGGAAGCACCTGCGAGGAGAGTTACTATTGATGCCTTTTAC
ATGGATGUUTATGAAGTCAGTAATACTGRATT TGAGAAGT T TGTGAAC T CARCTGG L TAT T TGACAGAGGC TGAG
ARGTIIGGCGACTCCITIGTCT I TGAAGGCATGTIGAGTGAGCAAGTGAAGACCAATATTICAACACGCAGTTGOA
GCTGCTCCOCTGEIGGT TACCTGTGARAGGCGUTAAC TGGAGACACCCAGRAGGGCCTGACTCTACTATTCTGCAC
AGGCCGGATCATCCAGTTCICCATGIGTCCTGGARTGATGCGGET TGO TAL TGCAC TTGGECAGGGAAGCGGCTG
CCCRCGGAAGCTGAGTGGGAATACAGCTGTCGAGGAGGCC TGCATARTAGAC TTTTCCCCTGEGECAACARRCTG
CAGCCCRARGGCCAGCATTATGCCARACATTIGGCAGGGCGAGTTTCOGGTGACCAACACTGETOAGGATGGCTTC
CAAGGAACTGCGCCIGTTGATGCCTTCCCTCCCARTGET TATGGC TTATACEACATAGTGGGGAACGCATGGEAR
ITGGACTTCAGACIGGTIGGACTGTTCATCATTCIGTTGAAGARACGCTTAACCCARMAGETCCCOCT TOTGGGAAR,
GACCGAGTGRAGAAACGGTGGATCCTACATGTGCCATAGGTCTTAT TG T TACAGGTATCGCTGTEC TGO TCGRAGS
CAGAACACACCTGATAGCTCTIGCTTCGAATCIGGGATTCCGCIGTGCAGCLGACCECCTGCCCACCATGGACTGA
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FIGURE 2

HUMAN SULFATASE MODIFYING FACTOR 1 (SUMF1) POLYPEPTIDE
SEQUENCE (SE( ID NO:2)

MARPALGLVCGRCPELGLVLLLLLLSLLCGAAGSUEAGTGAGAGSLAGSCGCEGTRPORPGAHGS SARAHRY SREAN
APGPVPGERQLAHSKMVE IPAGVE TMGTDDPOTIKODGEAPARRVT IDAFYMDAYEVSNTEFEKFVNSTGYLTEAR
EFGDSFVEEGMLSEQVETNIQQAVAALPWWLPVEGANWREPEGPDSTI LERPDHPVLHVSWNDAVAYC TWAGKRL
FTEAEWEY SCRGGLHNRLF PHGHNKLOPRGOH Y ANIWOGEF PVINTGEDGF QG TAPVDAF PPNEYGLYNIVENAWE
WISDWATVHHSVEETLHPRGPP SGRDRVKKGGSYMCERSYCYRYRCAARSONTPDS SASNLGFRCAADRLPTMD
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FIGURE 3

HUMANN-ACETYLGALACTOSAMINE-6_SULFATASE (GALNS)
POLYNUCLEOTIDE SEQUENCE (SEQ ID NO:3)

ATGGCEGCEETTGICGCEGCCACGAGGTGETGECAGCTGTIGCTGGTGCTCAGCGUCECEEEEATERAGGCNTCN
GGCGCCCCECAGUCCCCCAACATCCIGCTCCTGCTCATGGACGACATGGRATCCEGTEACCTCAGGGTGTATGEA
CAGCCCTCCAGAGAGACCCCEGAAT TTEGACCEGATGGC TGO AGAAGEECTGCTITICCCAARCTTCTATTCTGRC
AACCCTCTGTGCTCGCCATCGAGGGCEGCACTGCTCACAGGACGGUTACCCATCCGCAATGECTTCTACALTACT
ARCGCCCATGCCAGAAACGUCTACACACCGLAGGAGAT TG TGEGCGGCATCCCAGAT TCGGAGCAGL TCOTGOCSE
GAGCTICEGAAGRAGGCUGEC TACG T CAGUARGRT TGTCGECAAGTGGCATC TGGGTCACAGGUCUCAGTTCOCAC
CCCCTGAAGCACGEATTTGATGAGTGET TTGGATCCCCCAACTGOCAC T TTGGACC T TATGACAACAAGECCAGS
CCCAACATCCCTGIGTACAGGGACTGECAGAT GGTTGGCAGATATTATGAAGAAT T TCCTATTAATCTGAAGACS
GEGEAAGCCRARCCTCACCCAGATCTACCTGCAGGAAGCUCTGEAC TTCAT TAAGAGAC ACGCACGGCACTACCCC
TTTTICCICTACTGGGCTGTCGACGCCACGCACGCACCCGICTATGLCTCCARACCL T TC T TGOGCACCAG TCAD
CGAGGGCGETATGGAGACGCCGTCCGGGAGATTGATGACAGC AT TEGGARGATAC TEEAGC TCCTCCAAGACT TG
CACCTCGCGRACAACACCTTCGICTICT ICACGTCGGACAACGGCOC TG CCTCAT TTCCGCCCOCGAACARGGT
GGCAGCAACGGCCCCTTICIGTGTGGGAAGCAGACCACGT TTGAAGGAGGGATCAGEGAGCCTGCCCTCRCATEN
TGGUCAGGECACETCACTGCAGECCAGGIGAGCCACCAGC TEEGCAGCATCATGGACC T TTCACCACCAGECTS
GCCCTIGCGGGECCTGACGCCGCCCAGUGACAGEGCCATTGATGGCCTCAACCTCCTOCCCACCC IO TGOAGEES
COGLIGATGGACAGGCCTAICTICTATTACCGTEECGACACGC TEATGEUGGUCACCCTCGGOENAGCACARSGET
CACTTCTGGACCTGGACCAACTCCTGGGAGAACT TCAGACAGGGCATTIGAT T TCTGCCOTGEGUAGRACG T I TCA
GGGETICACAACTCACAATCTGGARAGACCACACGAAGE TGCCCCTGATC TTCCACCTOGRACGEGACCCAGGGGAG
AGGTTCCCCCICAGCTTTGCCAGLGUCGAGTACCAGEAGGECCC TCAGCAGGATCACCTCGGTCGTCCAGTAGCAC
CAGGAGGCCTTGEGTCCCCGCGCACGCCCCAGCTCRACGTGTGCAAC TGGELGETCATGARC TEGGCACC TLOGGRGE
TGTGARAAGTTAGGGAAGTGTCTGACACCTCCAGARATCCATICCCAAGAAGTIGCCTCIGGTCCCACTAG
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FIGURE 4

HUMAN N-ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) POLYPEPTIDE
SEQUENCE (SEQ ID NO:4)

MAAVVAATRWWOLLLVLSAAGHMGASGAPOP PN I LLL LMODMGHGD LGVYGERPS RETENLDRMEAEGLLEPNEYSA
NPLCSPSRAALLTGRLPIRNGFYTTNAHARNAYTPQEIVGGIPDSEQ&LPELLKKAGYVSKIVGKWHLGHRPQFH
PLKHGFDEWFGSPNCHFG?YDNKARPNIPVYRDWEMVGRYYEEFPINLKTGEANLTQIYLQEALDFIKRQARHHP
FFLYWAVDATHAPVYASKP?LGTSQRGRYGDAVREIDDSIGKILELLQDLHVADNTEVFFTSDNGAALISAPEQG
GSNGPFLCGKQTTFEGGMRE?ALAWWPGHVTAGQVuHQLGSIMDLFTTSLALAGLTPPSDRAIDGLNLLP?LLQG
RLMDRP LEYYRGOTLMAAT LGQHKANFWIWTNSWERFROG I DFCPGONVSGY T TAN LEDHTELPL T FHLGRDPGE
REPLSFASAEYQEALSRITSVVQUHOEALVPAQPQLNVCNWAVMNNAP PGCEKLGKCLTPPES IPKKCLWSH
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FIGURE 5

PCT/US2011/043011

STRUCTURE AND CHARACTERISTICS OF SECRETED HUMAN N-
ACETYLGALACTOSAMINE-6-SULFATASE (GALNS) (SEQ ID NO:5)
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1} Molecular weight of pre-proceeded enzyme: ~55 kDa
2)  Cysteine to Ca-formylglycine conversion at position 53
3)  Processed forms in lysosome joined by disulfide bridge
4} 2 N-linked glycosylation sites at positions 178 and 397
5} BisP found on Asn178, not on Asn397
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FIGURE 6A-B
. .18 96-well Clone Screen
1500 -
1500
1200
-
B 1000
B
3 A0
s
w El
é 00 -
[}
400
200
1
pCIN 44 + BMAR 44 + PMARAA +
peDNA SUMF1 BEMAR SUMFI PMAaR SUMF1
(.7.1S GALNS Productivity
1.400
1300
g 1.00%
5
g o 200
:?‘3 -
2 osm
2
.
7 )
g 0.400 u
L&)
0200 = ...
oo L0 ﬂ N o
BHK 44  CHO4a PpCINJA + BMAR 44 + PMAR4A +
peD NA SUMFI BMAR SUMF! PRMAR SUMF1

6/19



WO 2012/012718 PCT/US2011/045011

FIGURE 7
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FIGURE 8
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FIGURE %A-B

A. Blue Sepharose 6 FF Chromatography
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FIGURE 10

i8¢
87

12 38 4 &8 8 7
£
54
51
38
B
18
gt

81
38
28

£
4

Chgmaasis
2 5 & & 8 7

Ant-GALNS [1:5000)
12 A5 87

AntiOathepain L CHr10001 Antl-CHOP (111000}

Misrker

LAFIENF

SE HbCap toad 042108
SE Hb-Cap Eluate 842108
L3 Eluate 043208

TRPE Eluate 042408
FEOS 42508

ST NP

10/19



WO 2012/612718

Phase /I Process

( rhGALNS Recovery & Purification

.

Cell-Free Harvest (1X)

Y

UPDF (20X
pH Adiustment & Filtration

v

FIGURE 11

PCT/US2011/045011

Phase III Process

) (

S

rhGALNS Recovery & Purification

)

Cell-Free Harvest (1X)

Cation Exchange Chromatography

v

Immobilized Metal Affinity
Chromartography (IMAC)

¥

Low-pH Hold for Viral Inactivation

v

UF/DF (20X}

¥

Charcoal filter

v

Immobilized Metal Affinity
Chromatography (IMAC)

Mustang Q lilter

Y

pH Adjustment & Filtration

V.

y

Cation Exchange Chromatography

Hydrophobic Interaction Chromatography

z
y

Low-pH Held for Viral Inactivation

Buffer Exchange and Adjusunent of
rhGGALNS to 3 mg/ml

¥

Hydrophobic Interaction Chromategraphy

Y

v

Virai & DNA Removal by Fiitration

Y

PR20 added t0 0.01%

Buffer Exchange and Adjustment of
hGALNS to 3 mg/mL

v

Viral & DNA Removal by Filtration

5
k4

! Filtration

"

v

P20 added to 0.01%

v

BDS Storage at 2-8 °C or Frozen

BDS Storage at 2-8 °C or Frozen

11/1%



WO 2012/012718 PCT/US2011/045011

FIGURE 12

191

87

64

51

38

28

18
14

12/19



WO 2812/012718

FIGURE 13
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FIGURE 14
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FIGURE 15

Uptake (Antigen-ELISA, 450nm)
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