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enzymes constitute a separate class of glycoproteins

defi ned by phosphate at the 6-position ofterm na
wWormnosw9s esi dues. Mannose- 6- phosphate i s bounPCTMIBE1909/031276

high affinity and specificity by a receptor found on

B Y NN
by a rateptek. foigl dn thBisHac A HYst c&%XM&ﬁ&ﬁLW)e{ aﬂ_,hfiochem. Soc.
|1 C as two

mannose- 6- phosphat e receptor (MR h
Transraildee 6L b n Mamsl fidiin. G dioheh OpoIYRat 6dws4). The
j , ' 1 -79 989), .
mann G2 B o I e B bR B SIE o SR SRR s g s per
polypeptiticatbsini(fibugerel | Ul Bl thabi. DEH:T62- N6, ¥ S-H OiEsctd GRAG] of

Layrge-scal e productjon of |ysosomal enzynes invol ves
eﬂzyné%(fsg‘@éi?%mi tﬁsmb?%weé@rqs lmtr%é%ulam@zaw th dysppfme.

Eredoninant secretion of reconbi nant enzyne into the '
[00054 r L ygrras g Pipdeiian ofdusasamebenziyaey dyplves expesstesigimgnmalian

. . ' h I :
R o AR T L T —

growtbfriiddture fidrl harpdsoaphmbydsaing doanstrdane Nindinri@ed] € got@h ifoht latge-
t owar d Hﬂg cell surface (i.e., for secretion), rather
scale Pﬁ?ﬁﬁctm Yiopymelengiges. papapryoultdberdeirnthepiosplnylated and
Lo i R e ¢ v S _
e 44 BAELAY) O R0RLR OGRS X, R SH A0SR BB FRSy o
lysosaves uhadesariberipbost,| thisipagtsiansrero fphosphosyisediysosnayinzymes is the

I e i RN TR A
enzynfd \Rb@edhifdREe N MANNTPRGIRd ©vaTdHhbIH-§ YhodpRatéiptF Role of

attenpts at producing | ysosomal enzymes contai ni ng
enzynyg, Gt ip ehaspeerpredrbarinysecd fip hoxivhatity. npivere aéerhpty et producing

r i ' ess {Canfield.et ,al, U S Patent .
ok 1 U8 Dy AL SRS SADRAC Bl e BB
mixed savedss (QnfieRi 108 U, PaespNat 6,53 A385¥e I Theas vitOdhzl @ ek Bibits

of unnodi fied term nal mannose. Conpetition between

high lgvsls ofdpHBee G-DhRYYBIRateWeah as highosts efawaindifies teprinal mannose.
S ' Si f i gh
ComnNSAARABL AHENTRREESUbb o SHE OSRERSHLy g e
resultsginelad wacessionfoolgighidoses y f tozyinhefod effedtivenéss odndtdoaldsle ®Cdreater
) bein%.tre tedgggooo 1 Sul fat ases constitute a uni que
immuRasicly Lo e delrupay pbthesnbipreemasisaied ases cl eave
sul fate esters froma variety of substrates,
[0006] h Sulfgiapgs, congituiexiapae subslapsoridgsosemphrstrynieat S fatases cleave
Y ol eukaryot i
s EPLBIERTR AN BLYESL 1, ) DB YO0 s
proteot@taisyinid @l wiotipids SWIFlatoasecuketyott byl fdt&@sl b6 Sin a cysteine residue at
i onal. nodifjcation of this cysteine

their PGt g7 S By Bl GE P PRyt Eme g Bl aree s cystene
residug G R AR R B Phe SRR GBI PRl EfhaEE 2y

activatian dcatiaseishin rireghdaplabniicatti@iuhoansifatiédsul fapkeDimh@liately after
targeting of the sulf?tases to the lysosone (D erks et

translagipn, hsjop &0 taRggting ofthepullaapes g sholysosonsdBierks e, Praopur.
Acad. JNCUKROINNO6Y G196k G590 ArlNGme ! :

c.a this reaction is su??@t asg nodi %’Pﬁﬁ %gg%:rta%?é %{Z?é%ﬁ}ﬁt)cgtalyzes
this readitighlis gibfiaiasg modeyingfactoah (UM 19. hHgshlighting the importance of this
unique post-translational modification is the fact that mutations in SUMF1, which result in

impaired FGly formation in lysosomal sulfatase enzymes, cause Multiple Sulfatase



uni que post-translational nodification is the fact
that mutations in SUMFI, which result in inpaired FAy

wo oroampioen in | ysosomal sul fatase enzynes, cauBET/US2009/031276
Mul tiple SulfataseDeficiency (MSD) in man (D ez-Ruiz

et al, 1NU. v, nom cs, Hu et. 6:355-379
Dericye 1S AG0 1 KBl Agt 9. Ve Ksiok Apelicr i Cenet. 6:355-375,
2005effectiveness of a |ysosomal sulfatase enzyne

preparati on depends on the |evel of

[0007TRNARSRd BB %Rﬂéﬁﬁeutﬁ%@fe%&l?%sodg{ g??%%glglap{lﬁﬁ&gé gﬁzyg%es

enzyme, in that preparation. ere exi
prepatation eldpdénds phéhalevelfodmamnosf §-phbosphiteamd qr thd pedseme of active

enz g%st ntf%r tle | ar ge- scal e manuf acture of
880 ERLREPEAITY of fective, active highly
horyl ated | ysosomal sul fatase enzynmes for

h 3 )
10008} SnBEe O S § Serchindhe &t firagetanseradpsodughisestsyn i the
rce SRR o LB R OB ot hsosoma

sulfatgreemeyines fov enanagamane b fitysssonml stoengdidéspodees yausthby whe8odated
. KI cell line derjivative (designated Grl) that is
W"hEﬁ%%%&??¥8%?ﬁkéﬁﬁ@§8W§Wﬂ%@ﬁH? YE%Ei on is engineered to
express reconbi nant human sul fatase nodi fying factor 1
(SUMFI), the nodified G7/1 cells produce high yields of
active highly phosphoryl ated reconbi nant | ysosonal

sul fat ase enzymesSYMMARY GOF BYGENTION) | oss of

material to the |ysosomal conpartnent of the
[0009hanUfeauessnt myentein| relatasdo tHerdisnosemrthatdyinamrst CHORK 1 cell line

IR e
expreds@Eaibin@n humdied fhbReeddiyedd el IBUNEF B; S IR RSEGT1 cells

(GALNS), resulting in high yields of active highly
produggiyeh pisids OJtaé@vesmgmmhoa;%@mdmd yecontblinant fusgscamad s@Fatase

l.vati.ve - ich retain the
enzynffl Brpar BB pESEAH LU TARGTAR iRt PP atihee
manufaétghing tel lise. dbh ode einbatigndnit, ght thvehshelMeabeBND3
reconbi nant | ysosomal sulfatase enzynmes. This

complgmepiaiion groHP 6711 HRe HRbR0-expisenehembingnt lymeansS Wil fandd
o . . |
recombAthtHuntil -kl aRroB RIS RLRASE FORINS el IHIR M mitletas of

reconbi n ysosonal ase zyme
active bsghécpladsborybedfdidnzioe. ERempianuédlctines areo67 BatT Me abd géivatives

e R S Lt ULl kg o
activalc @RS¢ ﬁﬁ@@hoﬂyth@é@&}forﬁﬁ?ﬁt- 1y$A304Q] suifdtRe Eﬁiﬁhﬁe .agpl?s%pplication

the present invention featUres a novel met'ho
of an Y34 geinplymentation griugthgdifibd P @ildthercosnptrssiag tecombinant
| vsosomal, .sul.fat ase .enzynmes or bi ol jcally.
human SUMFd a%/l? ZQ Ry tunang lysoxqrdal S\L}ﬁgtia%%?ngy@re %&?b%??@@ny useful for
the mahhRE®ed of dttied higNBBp R PRI oIR8 dsOMa i Qs EEIR yrfslto B used for
derivative thereof in amounts that enable théir

managpwggxta%{émop@n@lsséqragqqdigqupsol@denzyme replacement therapy (ERT).

[0010] In a first aspect, the present invention features a novel method of producing active
highly phosphorylated recombinant human lysosomal sulfatase enzymes or biologically
active fragments, mutants, variants or derivatives thereof in an END3 complementation group
CHO cell or derivative thereof in amounts that enable their therapeutic use. In a broad
embodiment, the method comprises the steps of: (a) culturing a CHO-derived END3

complementation group cell or derivative thereof; (b) preparing a first mammalian expression
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enzymkfls PpRS&h beHuBaR 8L AR Fian ts&ﬁleﬁ&z ¥RBid 6t c@rlbéim%n In other
| ysosomal sul fatase enzyne, fragnent of the human

embOdnylgl@is,dha lysgmmzeltsalé“@tamme esrich ghad itsidefic ghayadauses a human

diseasf St iMieen plE Lo By RE M EBT Bl s 8k,
Marotmm&g)ysy\ﬁdfd]né BxerFSWﬂHz by §f3/$§@1mﬁ{as§ Bl ARAHe N ®ndibhhe or

enbodi nent s, sosonal fatase enzyne is a

MPS Ibflcﬁ éﬁim@éfteﬁcﬁvéﬂwé?( Ianfélppmlgm@me@r Ml (e,
sulfam‘?&rsé/}{%;arﬁDN—shl}at%gy&rGSH)), Sanfilippo D syndrome or MPS IIId (i.e., N-

acetylglucosamine-sulfatase (G6S)) and Morquio A syndrome or MPS IVa (i.e., N-
acetylgalactosamine-6-sulfatase (GALNS)). In a particularly preferred embodiment, the

lysosomal sulfatase enzyme is such that its deficiency causes Morquio A syndrome or MPS



enbodi nents, the |ysosomal sul fatase enzyne is such

that its deficiency causes a human di sease, such as
wo/RG0a0M94TI ¢ Leukodystrophy or MLD (i.e., arylBel/sta%e31276

A (ARSA)), Maroteaux-Lamy syndronme or MPS VI (i.e.,

tva 5 e BPERaralis Rou puestBATNSS) I Saer prrpenty preferred

embo@ieht, ARE1y86soMEP shilfdt@se(chy @e is such that its deficiency is assomated with a
sul f am dase/ heparin-N-sul fatase (SGSH)), Sanfilippo D

humagylns@as{gn@cbras Mbegtipllecduf fatase DeflpicaeyyorgVIGOds anfNaesetylgalactosamine-

) &S)) and Morqui o A syndrone or MPS | Va
0 su]i‘?fﬁ%{%&f@c tyl gal act osam ne- 6-sul fatase (GALNS)). In

p cul a referred errb di men t he | ysosopal
r0016], T htoRf Jr s Shtdhe Faes PeoHura ety Ealmesaence
originNRd@H b &ic. IH T AREB AibIMiebof | ihe%ventloﬁsm each of its aS{)ects the

N- acet yl gal act osam ne-6-sul fatase (GALNS)). In ano
lysosqaal tsplddihserdnygy e éf @cnte@l endroido meidtsequdnec kytosormedponding portion

enzrrE|s that its defici.en
or a 3 Bt BRTuETAY FBa e b S ® e SUTRETen i dn other
embo&ichat &ﬁ:@)o[ﬁfepﬁd@xﬁﬁbét)ﬂfs tl&@lﬁtl{vle I$¥s0somal sulfatase enzyme from the
N- acet al act osam ne- 6-sul fatase (GALNS)) gm

humaﬁrﬁfenna offarthgigmbadanentaihy ol éuli%tai’@e‘méfmﬁ nﬂb'nerztrde is
C b 0 A 0
subst%ﬁng{)%%l&ngﬁlfg&wo {70 19%&\3 gfﬁé\?tgﬁ/d% @b v295% 7 Bed% 57% s?a% or 99%
identitdi én hiypsoseibdeqsedckpdas @ lanzly ofati lSaslt dlﬁﬂit QSﬁSO i OO almon@r 200
. aclid sequence to t he correspondi ng portion of a human
ammooarmﬁ*a%*gli cae) ?%‘%8?1‘&? [}@Fﬁte%s %ﬁ?ﬁ%ﬁ pesaBah syl fptase enzyme
ammo%ﬂ%’eﬂﬁ&we o gt }hﬁﬁan%lftfﬁghﬁﬁp&?enzglﬁ% bbﬁ@? %b&ﬁﬁ%ﬁfs eth¥ subject
is the native |ysosomal sulfatasé enzyne fromt
to whigh r&mﬂymsomhmifatase Angynieis te b edinmesiersd is lhendny sos onal
sul fatase enzyne pol ypeptide is substantially
[0017horfn|p®@“elmsd ¢mbadiments, the aﬁbs@bﬂwhlf&@% er&@%e 195)%gh9}5%
97% 98% qr 99% identjc in amno acid
phosp ‘i?é?ﬁicrsy%%ﬁﬂt urf@ﬁdmswalasﬂl?f@@a% f:nzafmm%ed By an gpdosomal
ac1d1ﬁ1‘§£93n Qi cRI0 cANMIAQ AL ad@HOO(‘i rhiag E?\fﬁ? &%t‘&n&ﬁ ﬁxtolﬂﬁé:ell line.
pol ypeptide, to theé natlve ysosona at ase e

An ENdD3 n@nalcm@neeqm gmue cofl linhés dnymaodified ﬁf&f@m&ll Fure mmzryetm:s the
ct to. whi

h b t.h
propert P Bt AT ENBE SO SR ich i I o, s ctiBf engosqmal
acidifiBationn - In hQRd&lred &n@&cﬁfn@ﬁf % EHLOogRAENDS &ﬁnﬁ%ﬁ@ﬁ@ﬁ@ﬁ group

sul fatase enzyne is a Gy phosphoryl at ed
cell ordeayptbicribereo hig sy | @ﬁélds@n& 748 I@ﬁﬂlas,@r@rﬁzdn@ @7 Solderbative.

by an endosonml acidification-deficient cell |ine,
[0018]e. gn morap@mediemilhoddnﬁmhmmpmbhmnt }atrha)rﬂyg:rsoupl aefatase
cell line.is

eﬂzmlﬁ%lg? phigh 1%@?33 éeﬁﬁm‘? ftélig%?%% pdesifie. Feasehap abo0.25,

preferaly ENERr 8RR, £ AR LR 9&&95199 Rr&drlthdd Mut 6. 9‘9 Blsapihosphorylated
def écti ve endosomal acidification. In a preferred

oligomaheri olraims pet }Pfét@@—@adér ily ederENDS: wofepied wmhbdinicots, treampyme is
r eof
a ighfiitpofopdty fomn FLgh o %%fyl%?‘it\)ﬁé‘m“[‘f’oéféﬁfatf‘ﬁ?%%e“)
t human | ysosonal
[001 9]Sul?1ff‘ g{orécggre?erre% emll@eolalments, tee Jeggrg nant numan%ysosomal sulfatase
enzyme has a high percentage (i.e., at least about 50%, preferably at least about 70%, more
preferably at least about 90%, even more preferably at least about 95%) of conversion of the

active site cysteine residue to C,-formylglycine (FGly). In even more preferred



enzyme has a high | evel of phosphoryl ated

ol i gosaccharides {i.e., greater than about 0. 25,
woe@beymbd y greater than 0.5, and nore prefer abCyUsS2009/031276

greater t han about 0.75 bis-phosphoryl at ed

embog%e%gsmgege%z%g Eﬁazlﬁg%ln g Eecﬁrgl%ir%;h@g?%& éomlyggﬁ?%/p?onsarrg%e%—sulfatase
(GALpI®sphoryl at ed r ecombi nant human
N- acetyl gal act osanm ne-6-sul fatase (GALNS). [0019] In

[002070T B RERIRMH @B TROLHE @ﬁi%odﬁﬁ’e%tsr ﬁfe‘:}%m%nt WYABA 1ysosomal

ysosonal sul fat'ase enzyne has a hi gh percentage
sulfatfde epzymahad ebigh latsbof plsephorplaeflarimbbacchdrides fisd @b;next than about
even

0.25. fipfrallS R ahd St PeRom OB v R 81 e

phospﬁ@%lét&:i SliddnANSciNAths ﬁa@ﬁﬁf)@%@n Eﬁalﬁéaarfdoar ﬁ[?f] Qe%%tﬁge (i.e., at least
In even nore erredenb t he enzyne

about |(5Q‘%a pg‘%@lﬂbv@t teagicbbih mumeﬁe@a@tse@tye@aam 88%nevm-more

preferi i el RSP alibb Mk v Rb of it i oF o Scfren
formy$¢l$/<flﬁé m%@ nE]YIHEst @ﬁm@lahl'yggfeh%él %an@ﬁm&jﬁ%s %%X{éﬁ@: &hn active

gosaccharid e., Qreater than about
hlghlmlwﬁehﬁblagﬁdgﬁ@an@naﬁt hamao Nsacesyldalagpganpnebewuiiblage (GALNS).
greater than about 0.75 bi sphosphoryl ated ol i gomannose
[0021 ]: halinrasfopxth agpreot, diennedngion prandesa iethhd pepweiytragentihane hyman

o D e e S BBl SRS o

preferfideniodithynt allysdsoant siaRedsk e esre p Qfﬁ‘ﬂ&f 1%11%‘ a Bfo-EOlBmn process
active site Cysteine residué to ca- formyl gl yci ne

(dye-ligaag ghromao gy, par iBiheq:lS%nhla;DSfc,eefnérammm exshogierbrinstogrhghy,

eg., S%U%W%QE%C%m%?ls %é aallt 153 tr(;ﬂsv%h Iu¥1 C%tl Srﬁs? asy (,Qtte % gﬁge Iarr\]/%1 qt ie.,
cultur¢ 8@AiLn frﬁmameNDB boﬂ@&ﬁi&ltatﬁah %rdnf}bV@HU RNl 1e@Y de8gatie thereof
method to purlfy reconbi nant hunanFﬂ%sosonal sul f at ase

that e@ﬁ@zﬂ;s?ﬁéywéfe wdtfweg eatorode> WYIFE handyhe seeambinant human
lysosohﬁ}’?xﬂ?a{te%@ eny rfe %Bﬁlgﬁingfe gﬂﬂe%rﬁarvés{ t\%&i‘ggﬁk% induce

tase e ra'% uri usi n
premppﬁtﬂﬁﬂﬂé:o(lthytﬁnétmgaﬂdtemh} QBTHb@@hgﬂi‘eypHad@sted filtered harvest onto a

. Bl h d change chr omat ogr ap
dye-liga CO Ugh. o@ﬁs L a%'e?q'éhééatqu wgithg ?Q}émﬁ@iﬂii fslu(&lag itlen
lysosoﬁiai3 Qﬁfata(s@en& d §5fnncge Ectlﬁmha@f q&atd'nbé %u@ﬁ’ffr&ﬁ e mdhéjzﬂ?d

from an END3 conpl enentati on’grou I ne -or
columd enfovaat dnvan ¢xebaregsfcotinat, cex FeBs-€5p vuhmm, sukliat alsecolumn and

: h
ctuin B O s B ARy s i S T
diafiltfatihg Se@GuA@fr¥LSthe hfioR %'xéhaﬁéé t Opli GG EthR TRE}HdAl HatddsPR s@écp (1)is

contan1nat|ng pr ot ei ns) | oadi ng the pH-adj usted
B

conceriyatqdekQ=20 frddl D sitradibirasion e lailigatiel Ipbin{?p@rlglly, the
ultraﬁ]t%la{e% a§8 %E‘a%l@?tg f}%e%‘i@&’l su er\]slen ziq}qg rﬁ: TR a%eé mga

soSsona at ase nzy

formullaﬁaldbdi\@ert he aehuehaﬂfyrp@mfr&eexﬁwdlhdeﬁaﬂ% 1@@&5@%1 émztyﬁleeiﬁa
ani on exchange col umm col umm, washi ng

recompifgnt dymarN- é?ﬁﬂyléﬁlé?tpwlﬂﬁ% q“ﬁ@@% @AL&SD fatase enzyne

fromthe colum; and (5) ultrafiltrating and
[0022] In another preferred embodiment, lysosomal sulfatase enzymes are purified using a

three-column process (capture chromatography, e.g., anion exchange SE Hi-Cap;
intermediate chromatography, e.g., dye-ligand Capto BlueZinc, Chelating Sepharose FF or
Capto Adhere; and polishing chromatography, e.g., ToyoPearl Butyl 650M, Phenyl

Sepharose Hi-Sub or Phenyl Sepharose Low-Sub) comprising at least five purification steps:
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diafiltrating the eluate fromthe ani on exchange.
Optionally, the filtered harvest in step (1) is

wa@omemmpat ed 10-20 fold by ultrafiltrati on bePOF/ES2009/031276
adj usting the pH. Cptlonally, the ultraf lItrated and

Itr S0SO .at e en in ste 5) is
0w el RO R s T ot D B B g frou
CHO Bélefigd sretbrRahedineRoF that ag)résxésqﬁﬁﬁai su%?awﬁmuﬁ fg factor 1

reconbi nant human N- acetyl gal act osam ne-6 ¥ ?ase

(SUMFEAunihe reqostppant hu@ﬁ@imrﬁor@adéﬂ1é$ta@oﬁnéwn9m;>fmm,,8artoon

S |ed
Casset %ss ge Co%i n)ﬁclrgs%trg @gg{lzﬁ an Chfﬁge q{ oar\r/eas%J ﬁ) ypr}g é%g(t? induce
prempﬁtﬁh@ﬂoﬁ@@ﬁiﬂ@@tn@ﬁnﬂtm@%ﬂ& ld&ﬂﬁ?ﬂgﬁﬂﬁ Htaﬂjﬁf&im&ﬁlﬁa@my onto a
i gand Capto Bl uezZi nc, Chel ating Sepharose
CapturPFCOB\Imoﬁ;ﬁ oF ragipgs! EMBRE BoCAPHMIAréoit orphergs 3ppyng the column
o oy TEARERL b Y oM R SRS 038 o o
capturp lsmluﬁmr:«atto @n istepslidid yolumby afl, Hyelipngl Cipeo BaueZesd, Chelating
Sephaéqsgﬁg %ngét 0 efrg,l xgas {,nr og% F@lg{%%l\?é feﬁ%%glpnee y%cgstolrr?aﬁ] sulfatase
yn@qp(;ﬁx%e&mﬁ%dqg} k@&@g%@%& ¥h %J@%g Eolan{nSy%lF'T)oyopeaﬂ
and the reconbi nant humén | ysosomal fatase enzyne,
Butyl b§0MePleny! Sepltaoesna PE@S;lbethP@Snyl(SE@th ch’&y{ﬂubswas{h)n;tg (hz)column
H the filt to indu
and et Ol Pt RO 0 PRY oty RE ot R om sep

(5) is foheuRkdadjausigaafidl hared dﬂ)ﬁbﬂﬁgt {1 @ed 150880k Bulfatase enzyme
col umm ., Fractogel EMD SE Hi - CAP (M anion
from Sé@?dﬁéﬁg’étfa&ﬁﬁl?ﬁdﬂgd tﬂh—‘@ feanylpied ama femulatiog bufier.| Qpbemat the
I I
ysosoft LALRRS SEAHE Rkl ELONGTE AFT § Shno BARLPH S B dow pht vira

inactivatbu pripr ®.1gading yﬁolth@mi!ihﬁ@piomrﬁh Hﬁdea}ﬂ(CS). Ghepaticagrly preferred
Sepharose FF or Capto Adhere, washing the colum and
embodimgty Hiy vwowﬁ%mus S TCPEPOHSE! BHpYIA-ace yhgalacgosamine-6-

fatds® KEN‘ nd (5) loading the eluate on a polishing
sulaa Fg 82 ToyoPear| Butyl 650M Phenyl Sepharose

[0023] H' g§ ld@if?qrasggcs nt¥1L> lm%%m]&{ n]gﬁ%%ldégw un?éd acf ﬂel I%g%llty LP%H qmﬂggn ted

0S0 enzy Fom

recom&htﬂﬁtﬂﬂm&dﬁ%&@ﬁﬁl ga&ﬁtbymi‘mér@ml&ta@@ (GALLNSS of biomatiéd §thetie
a fornul ati on buffer. tionally, the eluted | ysosonal
mutank YRR 25 éeféY?iVﬁéhqﬂ?Qf Subfer (rsytingsa suby oA s lFaring: fem arjgsosomal

storagd Eﬁ@a}sfe %a’f”rg ag th[lg}hg 3‘ ahH(;Sfl Cg% pﬂ@glﬂ\/& Or

ysosona tase on1t I'n s
Morqu@d)& sysdr@)mao o€ dssbcxate&l vath5(efgarMhbigl oSl faitasa Defioaty (/MSDC))’I&

t ont t he_pol.i shi ol step
aeficicpiy H o SALS eneviRe, Py RFRes caiboanni ot adhacive highly
phospﬂdfﬂ‘ﬁ&@'f@éonﬂﬁﬁéﬂfﬁuhﬁn @Aﬁ@@% ha pJ}H@F at least [a%%uzt 3?]0%I as

N—acetépgalactosan1ne 6- s atase _
determanefd; tfyt GoasgseistBlue beining eher mqu@tadvtp@@§ BA@Erurfdneedqn -reducing

n man

condltﬁlt%c(é}e%hsbagre%\étt% hi?(?? él \Zefmelg%{) %?I%é]@mtsﬁs? at position 53 to C,-
formyl l;fé RqFEea)H) chﬁ&? KVIQ-1IME@BlycoM@ltb AR thOhs QQ;gin\éarEélﬁ s at osmons

hereof useful for treatfng a subj ect ering
178 anf\p9dswherkin at least about 50% of the oligomannose chains attached to the
asparagine residue at position 178 are bis-phosphorylated. The purified, active highly
phosphorylated recombinant human GALNS consists of a major band of about 55-60 kDa
(i.e., precursor human GALNS being at least about 75%, preferably at least about 85%, more

preferably at least about 90%, and even more preferably at least about 95% of the visible



storage di sease that is caused by (e.g. ,

Mucopol ysacchari dosis type IVa (MPS IVa) or Morquio A
wa@yodioprye) or associated with (e.g. , Miltipl ePCT/US2009/031276

Sul f at ase Defi ci ency (MSD)) a deficiency in the GALNS

th fied,
prote B g P Gy R SR SpHE? R LAk DB b AL s AL GALNS
bemg(l@s)s thaSabdu PRt preRkatdy 1ds@amh aBoauUtsed %r@%ré#&%@l&bs@%‘an about

Coonassi e Bl ue stalning when subjected to S
10%, awaévennaﬁmmé@f@ta.bbgle&sdh@im tha 8% ¢lghe Mathlaprotases whaboubjected to

SDS- ?Q@Rﬁ%@feﬁh? Hig %m}]p‘%ﬁ: R )epla cy dﬂ!?y éﬁrgﬁ%{{eiﬁlﬁg?ﬁbt | op tf?e purified,

actlvegilg}ﬂgi@hbgﬂﬁ@/laéd td&enﬁ&ﬁ@f BghAeGAeN Sjétﬁﬁls%tesmlaﬂy @Ngsingle
and 397, wherein at | east about 50% o

band ¢f q%gah%ﬁﬁﬁ% kDadhai precuserdumen G HLNGS whsp atﬁtagthbtw%%M’@&E
LR SOy NP BLE I

recomborasi kmlrsaroGAiNﬁa]smseﬁnaﬁd tmﬁmgamns Ba-oOkigaio( A sendrome. In one
recursor n GALL st about 75%
embodjni iyt . e b GO BEOR TSP BPERAFAEALNS is

usefull BREEatRROUEDI0% and even nore preferably at |east
about 95% of the visibleproteins) and m nor bands at
i )
0024&%1@%?%8})&30%22&5 gt%doa gﬁ\{lﬁ%&#}ﬂ%th%ﬁ zgrgéﬁ% cﬁgealgéﬁn%ﬂsed all or
in parttpodeficidsiy, (m:areas;soeﬁed abthya dicﬁ’ﬁcsericp,arf adlpssbma D&l fagi’d enzyme.

eyen nore. era s than aboyt 5% of the vi si bl e
The mﬁf’*@?éﬁ’ﬂ?}ﬁ%ﬁé{‘ﬁmw &@é@ef%%@éeq-@ maph funan Eoeqmig) sulfatase
enzynfe%}gdiddeQ B§-thd MefhoBRbf the ﬂéérllﬁdnpé'n@if)ﬁ r»(lﬁéi"elﬁ 'ﬁ’@g}s&% al sulfatase

urified, active highly phosphorylated reécombi nant
enzynh‘: tGAnREPR sersbior sné m@mp@fdd}ﬁclﬁss thegieH gh@nlipang eafers the cell
0 recur sor human GALNS) when

and IS%G Vere(??oqtg g’s’gf%sﬁ&'@éhﬂ &llredum ng conditions. In

on enbod |f| ed active highly
10025 Ja BB AP STt SBEOHB L SRt AT BT cdt e eping Gpm o

I |

deﬁcmtenr%Tg Bt h o MiRall sWFra@le tM%Sfﬂmlé 8 r1§¥1§qa91ﬁ§§/texlrl)xﬂgo E% rsulpect in need

odi ment, the purified, active ated
thereof e thwmpientieeyaifeativaGaho:tiof said éfsaborhasulfatest en_rzgmb’,smlerem said

| th a he | vent| on ovi des a
tysosoly Rl F <D oy S o B e AR Gy
biolo gdﬁfly GEBRCYagniint 3h@taRS $8%dnR begerWatile thefl@k bRJdaR&Yby 2T HD-

sul f at ase enzyme. The net hod conpri ses

sosonal
denveééﬁ{l?ﬁ eqreplemgnigtiomgioapeall pta dedniiye ﬁmof himregme embodiments,

d he meth
v SR TR SR e TR e
enzymeaydieoligitdHy hotivanfrdgiiRnt ec@phtovardind ot GerfvaBRS Mefdo€ thlone or in

across the cell nenbrane, enters the cell and is
Combnaeémn\r@ﬂéa phasmapeticyly agsipiabliicarias. dilenican axcipiao2Bleferred
o E R T DB TR RTRELE P SO o
preferably hatasds anzyng peefapblyshungaradis moss t&edtivglyt andliveate the
' ereof a therapeutically effective

. sub t .in need
deﬁmeiﬁ?b{iﬁ&% 63:’5(’@%(?61 SI“V‘G%%?P&V”@UI fatase enzyne, wherein

sai d
[0026]  Such therapeutic lysosomal sulfatase enzymes are particularly useful, for example,

in the treatment of patients suffering from lysosomal storage diseases caused by a deficiency
of a lysosomal sulfatase enzyme, such as patients suffering from Metachromatic
Leukodystrophy or MLD, Mucopolysaccharidosis type VI (MPS VI) or Maroteaux-Lamy
syndrome, Mucopolysaccharidosis type II (MPS 1) or Hunter syndrome,
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| ysosomal sul fatase enzynme is a reconbi nant human
| ysosonal sul fatase enzyne or biologically active
wo e@gioerw4 nutant, variant or derivative ther eB€T/US2009/031276

produced by a CHGOderi ved END3 conpl ement ati on group

Mucoflvisarafisr o R SR s Diamek speaere
Mucogﬁmhﬁﬂf&lshwmﬂmﬁfﬂa|or$§ldhﬁ§;§pﬂ§]§ SOMEYRE, arfdl &

iologically active frag\gaent mutant, Vvariant or
Mucogelypaggharidosisihareeldfa, (Vi ohéa) o M(Prqe@rrbﬁymi:r@mn Wi 2 pargicularly

L T .

and tHeh@so@mﬁalgﬁlfhﬂsé aeynrdgl Sec@fnbh’@tﬁt BlutbjireNt & cfyPabRtdsh@diceslsul fatase

ferably mammal s and nopst preferably humans, to nost
(GAL&rgSeB{ Y&} ?Iryfr saPsligicatse theHav esion @fse mEgVidds nhﬁenws@@aé mal

compééfﬂrér@%@ﬁ@r@ﬂ%ﬂ@dedc%@ so%%rlxgzn shitgh ?epe%%ﬁ‘rg C!i\%lsglgg t%n?ysosoma]

sul fata ynmes are ul ar usetul,
storageﬂ&rmdeea,ndiarphtaheadenﬁeaﬂhyememéblpaztmentlﬂuesiufof exdipignd r om

| ysosonal storage di seases caused by a deficiency of a
[0027] ySlasnothkr atibddiast tenisthed c@ﬁﬁﬂs@@&e@tﬂig £aibsect M@ IHgTebm a

from Metachromatic Leukodystrop or M.D,
lysosomfag étﬁ@gﬁ%@:}%\tpf%\@ §$s§cqa§¢gév1m a W%ngemwn gne or more lysosomal

sulfate{g@ %Qﬁ)ﬁ@%é’%ohﬁnﬁl %ﬁ%t‘ﬁ %/g)ct%g glr%@?‘iﬁ Bg&fntqgt%l }}Séng)f/e%técally

or "Hunter syn saccnar|l
effectllvb IaHlO(lng allbwca))mar su%m&e bmzmrm: Avhsyaid saddrBysosomal sulfatase enzyme

s repg G R S Are BB BUPYEREE Rer aes (AL NS) prolaumsaly acive

fragménYBhu@ht, M?r'ié%k' loP déﬁ@a&’lﬂg 'ﬁfé'fr@of préded ﬁf/ hicgHth @eiVed END3
preferred enbodi nent, the |ysosonmal” storage disease is

complmentpten @ioun/brlbgr :odm@ynd themeo farld sbime empedsomes, the method

comm N L 0 S b SPRR P DR e g oot

active %@ﬁr&n@ﬁﬂr@dﬂt NRALS ortdBﬁvdttNéQH&’e@f‘alé‘xlreS& iR rc@fﬁbﬂféﬁon with a
pharmaceuti cal conpositions conprising the deficient

pharmpgeagedeaccenintila casier, diagher cxcigieny mrﬁa)arrtmbebnmbferred
onvoBAPIEHE WFFATR IR O RRERRH SOt gﬁrrnﬁg [fiso)

B e M-

group &8B&C @rRdtive ihBre@f fef G2 ALNNd, A GNS Q11 HR? alﬁ/ﬁo&(@ﬂl
sul fatase enzynes conprising admi nistering to the

derivalgymiheiepl.i n need thereof a therapeutically effective
amount of a |ysosomal sulfatase enzyne, wherein said
[0029]| yilmstdhawtmﬂehﬂmdmeenenhqmsws iwmécmptmvrt&mfofmmmﬂnod of enzyme

replac iy Y Bl Ag3 AT e AR A S Y6 ap ot gpsosomal
sulfata@’eﬁéﬂz ity @ stibjesteRheddt (S}C{Hé: ek yie RplthdRr et @ﬂ@?&:ln the cells of

gga enentation group cell or a derivative thereot
the patse@ V@ﬁmplﬁéﬁ‘ﬁ’bwhtchetarmmmﬁﬁC@@h@)ﬂﬂ@é@%@ﬁﬂy’spsnelmutfgtase

t n nme or
e LRSS S MPLARD Sy PR R RO B o
lysosordeksiu‘]/tatals&/&lztyhﬁreﬁﬂsfr tied 9B ofies ltcnplféomllolﬁ 2ddued divhide 8 the cells.
The cells may be within or without the CNS or need not be set off from the blood by capillary

walls whose endothelial cells are closely sealed to diffusion of an active agent by tight

junctions.
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pharmaceutically acceptable carrier, diluent or
excipient. In a particularly preferred enbodi nent, the
wo ymosoryed st orage disease is Miltiple SulfataBer/us2009/031276
Deficiency (MSD) . [0028] In particularly preferred
nmpl erren%atlo

d ne r
00303r oup | rP%lﬁ%rrengbOéi érPF‘Q}a?ﬁe\}%VﬁnHS? 86‘?“5% EMEFTIER 49 i ne,
phamﬂac@?ticSl c@hposhtione compasite hn Qbti¥ehtSHeihhmauniag 114868 8f sulfatase
[0029] In still another enbodinent, the present
enzymqaing Riofresal adyipyoyhigh mﬁwdodef@rﬁzrym apggpl Bcbmeaget
1ysosc§rH§ Emh?}{ 199({911'3 c{r&{ {o g gﬂé@&r %Pe%lxlre nvx hef J 5% tslo\s/oﬁna]
anmount ysosomal “sul fatasé enzyne od S
sulfatmeeazahied 1I1’leluéél,2b,,tutmrerrﬁ>p hﬁmeﬂmtarj‘zlhﬁfmy A \&hﬁﬁtﬂfdﬂsetﬁ’l €duronate-2-

ceII of. . th ati ent have | ysosones whj ch contain
sulfatpsge i farreﬁaéﬁ@ E gﬂ@rtasmsyapytglgéwsa@wpf%w@éaswpg%
acetylthla%%\fﬁﬁE cHulfa gy Cﬁl et &1‘?'1&% %tgg &la80¥%mine-6-
ficient anpbunts of the ysosona sul fa e enzyne

Sulfatmtleﬂletahe\fd Kesosbmest tumanrlgscsnmabsul faede eezydiaarage to t he
cells. The cells may be within or without the CNS or

[0031neem armbfebed saibodifvfent, tadrin Betiddl modidbya m[%mgldloartﬁeaﬂ@ 4 Subject
sealed to

hel i al [ I |
Suffermgf o Mﬁfi’ 3 a%ﬁaacfw?%ssagé%ﬁ%g? ﬁ%?mbyj adruRipisHaS fotiseybiect a
therap'eﬁtlé%lll e & Bho dﬁﬂ?@c%ﬁfnan{ lh]ﬁ'nw ElLdy %?ﬂa%fo%&lngq%%-sulfatase
h onposrtions

np03|t|ons an ar naceut |
(GALN(Sl)gpvlnfsmn ghamcembmmt uecorBGA bt has urtkgh leyslas mnndrersmn of the
fatase en ical activity

|
active R ERGe f %ﬁ%ﬁp o nﬁalag CFEH) (i 2 dragbtbey Shkemstrably at
least 2BBGk W, Crﬂoﬂe% I S uI #1996‘% e\%ﬂ%&g?ref@aﬁféfgp{é 'ieeagtue%bout 95%

active huna at asé enzynmes inc
Convelasr(el) rod higlhdﬂteésjoﬁ}mospircyﬂwd)rf Gteapecater tharydtout 6.26 s@eBrably

greatef, &ap g:ﬁa%’g% é@ﬁezgrlgi‘ ?Ngge&rqr éleagsa@out 0.75 bis-phosphorylated
oligonNmA6&I Hattlspeppdndinenfnysul f at ase, and

Nacet yl gal act osam ne- 6-sul fatase. In a preferred

[0032F mlﬁ @n’i@@%re%&%ﬁ%y%gﬁleﬁc f}fé%ﬁ(z‘én% %rov? S a%@tﬁgd o? trée{?l%g a

active re uman SOSO”H at ase enzy
subjecf Q0&ting!frona MRS\ asrd\zioﬂmlmﬂl slyﬁdntomd; bEMSﬂD/ Qﬂtakiﬁﬂmstermg to the

subj ecﬁ@%)erwgug%ll&%tﬂ%&?@o;@é{;ﬁ g% Bﬁsﬁgm% Sup SO yercfet?/ga?agctgsgr%irge—6-
sulfata@?I g@ﬁlLN‘S? bidigcd by Em%ﬁﬁém&tﬁttﬁf n%@@;y Eélféal)vhé(reln the
errec

_ tive anount ‘of reconbi nant
recompjnaetdiyag{b AENSdasi heghtlesel loff abwlémm)as:tlmﬂe@lystemh @esidue

o . PSR DR  SCUAPaRS Pl 2l SRS e

preferdbdy ﬁﬂézﬁ'@l AU @D%e clbdnGh¥de p{réfe?ably Alleds® Q@Jut 359, Lifon@Qr{?on) and high

pref er abl east about /0% nore pref erab

levels D%}dslﬁplawf;tw@ 0%, seaser thor sbqut 8261 prbfeyatdy gteates thaabbi;tand more
hosphor l.ation

preterty A BB B R bt 6158 BledParaBrg iy eegprotin
chain)t han 0.5, and nore preferably greater t han about 0.75
bi s- phosphoryl at ed ol i gonannose chai ns per protein

[0033]Ch& B})articular]y preferred embodiment, the invention provides a method of treating
a subject suffering from MPS IVa or Morquio A syndrome, or MSD, by administering to the
subject a therapeutically effective amount of a purified, active highly phosphorylated
recombinant human GALNS that: (a) has a purity of at least about 90% as determined by

Coomassie Blue staining when subjected to SDS-PAGE under non-reducing conditions; (b)
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[0032] In a nore preferred enbodinent, the invention
provides a nethod of treating a subject suffering from
wWORB0a9or Morqui o A syndronme, or MSD, by PCT/US2009/031276

adm nistering to the subject a therapeutically
ff ctl mount of reconbi nant human )
has e SR SRS A T A s T eiiap S Guckbrmuglycine
FGI m-ﬁm%&i E RO ER hiSgingh 1
( GYEEE’% @?nam R R Bk HET | af Pions 125 gna 397
Where@m at lpest ab@ut\ﬁé"/@@ﬁtée chigineimese ésaurd;wetatlmd to the asparagme residue at

st €SB EAEORELE i, 2y 3288k S comnn

humah €SN 8 bORHistOOP4 majoe BaitDs LatieS £6eRDY (ﬁ& BaskordRPh GALNS
95% conversi on), and high | evel s of phosphoryiation
being af least abgyte/armrefeahlyatidenst Thops$5%r moex prisleyatyy etlcast about 90%,
r. er tha
and e\%éﬁarﬂo ggefﬁ%rﬂ zg?éea { o‘ﬁt g% rﬂ%}éegw%lﬁ;l [ﬁgt@g}gp axbcf laleréqr?(an(?s at ~39

kDa anthai 9|)(Da[(D@Sﬁl]atukd’lo@rpedsédcbhﬂrﬁdd GARNS i el s LB dbaR N9,
[ nventl on rovides a nethod of treati ng a subj ect

Pfefeféﬁefl%ﬁsu WRSnPRpreferabbt e Hamakap dpGrand eyenveme
preferé’%ﬂ}y@&@kﬁﬂn%%ﬁﬂ g otf et\tlﬁbf%:iﬂ)tgg&) @h%rbﬁ[ ?Eﬁ:?&#ﬁ'ocﬁié P AGE under

ective anount a pur
reducipp @gphbmysl aln adncpre@arttwbahﬁprbfaﬂam ei@bbdiBient) alte pL(r&)edh@cslva highly

st a 0% as det e ned
phosp Bl BT R L NGNSt FOETEA 1 o AP Iphe of sbout 55-
60 kDE A pro@iisdrafiian QA CRB§HvhER Biibjedtdd @@D@i’&@ﬁde{i‘ p&jﬁglélg
90% conversion of the cysteiné residue at position
conditiqpsCa- f or nyl gl ycine (FAy); and (c) is N-1inked
gl ycosyl ated at the asparagi ne residues at positions
[00341178n aomie 39ibodintratsihe sabjebeiastifaboufrob0¥PSTVA bEMorquué A
nmannos hai ns att ched tQ the_asparagi ne residue
syndmé‘ile SOPCSPPAEN S thy Eﬁ6§pgﬁgfte’9?%fr8’éi‘ M$Ba purifi ed,
active highly phosphoryl ated reconbi nant human GALNS
[00351coﬁfﬁr%e§30f@ﬁngaumf 8F“‘ifdﬁahléiﬂf’haﬁﬁl9fﬂ§5d boosameal fhlfatase enzymes of
%
e i G AE, TRT B B0y e ST BRI g o
medicdreagtforathe utatﬁ&% ofathe I)e\bmmrceagﬂcﬁﬁe%@bieycrﬂiema@@ﬁé is also
95% of the visibl e proteins) and m nor bands at
Contempgéte Da and -19 kDa {i.e., mature or processed hunman
NS bei ng | ess than about 25% preferably |less than
l00361ab6%983‘5‘:0)6 HHEE, ﬁbﬁ@feéﬁlabnymtlé@@rqm%ﬁs p@b@mcem% cemplositions

compn% nrﬁ%ﬁ@e %ﬁf&%&%ﬁor&ﬁ%ﬂr@& %}Xéhm S]Z)sc;rnlr?a st fs Iasbel e%zyme

elns educit n

as desccrdlnd ihtreomabovd whahrmu@ﬁ{ia“mt ﬂrmﬂlhgrdis)éa@& efueed all or in part by, or are
ac ghly phosphoryl at ed

e S e

Ol S S S

pharmacshid¢al composi @0 prises s agiveribgidy phodphoryitied &ubljnbm‘anﬁ Iauman
Nace g R AR 8L LS SR B S v
or derivative thereof produced by the methods of the invention and one or more
pharmaceutically acceptable carriers, diluents or excipients. Such pharmaceutical
compositions may be suitable for administration by several routes such as intrathecal,
parenteral, topical, intranasal, inhalational or oral administration. In a preferred embodiment,
the pharmaceutical compositions are suitable for parenteral administration. Within the scope

of this aspect are embodiments featuring nucleic acid sequences encoding the full-length
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[ 0035] Correspondi ng use of active highly
phosphoryl ated | ysosonal sul fatase enzynes of the
w0 pwen9ioeh, which are preferably produced by neCThosS®09631276
the invention, in preparation of a nedicament for the
nt. of the |ysosonal stqorage di seases .described . .
tysosd h AL e hdS e AT TS e Mp o el SE BSEGuiEn heteor. which
may basfetiistetdden phesentcel DY EREORitRHAYIISS a IR B ABHEESA/.
conmposi tions conprising an active highly
[0037phomphetst adRek, IRGAVHIHRA Mo B MENSE ?&'H%{ecﬁﬁl% %&%ﬁtﬁ/‘%f a
enzyne as described herei nabove which is usef or
lysosqmad auifaigscding s esmprisisg da)atultuwingichophintytbysllsdroramgatient
Ssoci at wi.th,. the deficjiency in such |ysosomnal :
sufteriipGh 8 et S5t Ban et T Bling from Morquio
syndr@ae.apdadtmdaring iie pronibtk URMtenAte SXHoRHRRY R difffretiation; (b)
preferred enbodi nent, the ?harnaceutlcal conposi tion
contagiigghe ehendeasyiss tvihe bseponyal pHEdsEeRYYME that desatrsikaeten sulfate;
- Y t 1.ne- 6- sul fat ase LNS). .or
and (e B A BBl ! AR el LR ARG gl Ryl sutate teve
in celldeonteettd wethtthelysodonpi salfitesd dhyyrhd eorpirb® d8cadk nbhéontacted with
i nvent i and one or nore pharnmaceutically acceptable
the Iyzogpmileydiatags Przgteds grdiuive Bf bipsomabgelftpisansaneast et In some
embo&ﬁféﬁ@?!h%'l%%rﬁﬁysuﬂﬁta?éjé eGs NO4ce 15&&%%-{5’-%&%&
several routes such as 1 ntrathecal’,” parenteral,
(GALNSpi badome embaalrasiatk,, the nllalrangiio oatiedoutanahedia comprising insulin

1 Ni.S 1on. In .a preferred enbodi t, the, . .
eron S HEIAG BB B R e RAGPE tgetenin, insulin and
ascorbRARM! BY RImAEbdUiRER 8] thO Reralbhlshiffte i@t &4QPSy &nfbdl thicroscopy,
aspect are enbodi nents featuring nucleic acid

or via §ingrie astidkeeuell swfatenantibady. - Temeetiod swydredarriad dutvatheany

r tapts, variants or.derjvatives
ssosoFAE IR AR TR G TR0 SRR RIS Bl BBk ¥ESme. o
fragmatftd ecteEnisithdred, In¢RASNPria@RZ IRl a6l @16y acil QGehcd & least
anot her aspect, the invention provides a nethod for

80%, Spee-ctopri ek Q0% ydestica] to {hegsemvator bumpn eazene wvithest signal
semﬂﬂggﬂﬂﬁhghg‘ %ﬂ%npﬁk%ﬂfing chondrocyte cells froma

patient suffering fromlysosomal sulfatase enzyne

deficj.e d.. 18 :patient sufferi fromNMrLrquio .
1003815 et et AT RE rrtes i <sliehpac it ko prcanie the
activitg boaeicompinthirhal Beédoatal efiyn{dh deentiaahtund stdi®ates. The

chondrocytes with a,Iéiosonal sulfataseuenzyne t hat
method gofppdies (ReHuEng ayfsplatest hugpan qedl)deieicatin; thgé MS@Sé?@h?é enfyme

. te. ] I re] educe .
under GG 2UIAUR D APSA e HOSHED Bt R e o
contactiys teert wituht &tsasensrayyree;qoyipsing thd el @l)laddingtio the cell lysate

tacted with the |ysosomal sulfatase enzyne is . .
an enz}%ﬁg F@gﬂlﬁﬁesvgswgr: ;gééﬁ)é%ﬂmg SrysHpics end by peaves sma|lo)igogageharides

rom (R 8 ROBH B0 e OGP BB R A AL o
() optientyosepenatisg thteHebaded sruall olggdsscobariddse(t) dateciimg thediteled small

. i Si ' in. h f | GFl ),
R B B b o
naturall s0B$itdtdy ANSnAREAL i) ehcBihSlint bP1BORE sSARBHLIBRLBiridE BOm cells

keratan sul fate s detected by confocal m croscopy, ‘
contacted with the lysosomal enzyme with (ii) the amount of labeled small oligosaccharides

from cells not contacted with the lysosomal enzyme, wherein a reduction in (h)(i) as
compared to (h)(ii) indicates the activity of the lysosomal enzyme to degrade natural

substrates. In one embodiment, the small oligosaccharide is a mono-, di, or tri-saccharide.
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or via binding to anti-keratan sulfate antibody. The

nmet hod may be carried out with any |ysosomal sulfatase
weewyoe1994 ncl udi ng natural ly occurring or recoP@i/ns2v9e/031276

human enzyms ~or fragments or vari ants thereof,

i e 451D 8053 BRI 2000 L S 2R i,
the lyBds@air &Qdyrrh:liﬁfﬁeﬂe(@éﬁz 5B, th&VFMﬂlg lébnéiétg{gadf SAAUBREE B XRSB),

the mature formthereof I%’éln yet anot her aspect,
ldum‘w‘“ezrsﬁlféﬁﬁr@q @RSpreslfiisgsethenarin- Blé@a@i§§§>ﬁ)oN acetylglucosamine-

sulfat?g%?oso Qt%i th\%eﬁ'eé ;laclto ém?Ja d@ s%lgeft n‘g %)Ss)t ﬁgts%rge e;faﬁgdlments the

lysosmﬁtlhaﬂﬂyrﬁ@mpf Laeﬁroﬁﬁl)as&alDU)f I goradleihbeditted, e Mds&BAllenzyme
(g\ﬁfl cient in the |ysosomal enzyne under conditions in
is acidypriedysoidase QA Ay H@tSPlalﬁ @glbpévnet% the lysnsernal e@awﬁéﬂ
(R S
gluco@%%é%;(ﬁg%) ﬁssoﬁlg nodin] ?frtg h% ;}gé)gggl% E‘t’]z(}kxﬂ:t]ﬁ cl%g?(lase
(GLBlysate an enzyne that (i) is specific for t he natural
substrates, and (ii) cleaves small oligosacchari des

[0039f r Bnitahie atanrcells giabsdr s @sd if &) ceplpabddn@sdyiacisd@hy human
accharides with a detectabl e noiety;

cell thsblts%@{s‘caapptyng é@%pp]ﬁbeqzh@lq tghe|testeds fgghy that cal(ifazscumulate the
natura‘l’ E&EQQ%Q ‘?(ﬂ"%ﬁé §SOII(&9§ %ﬁ’é@ dlfdrrégaﬁ] é&? %laﬁlgalﬁ)"@%htm)}tl%% a full

gosaccnaril term he ac
(100%)?% phlysbédmﬁtncgmtz yotevityoe. dedfiCads %, h’E)%l,eﬂQ% B0YE WS¢ fredti@fon or

b t of | abel ed [
more G SSIRIENI s o Bl RS it v, or

cells deMSQBRHM paBBiTtY BB M e Frdrh la)lydREmarasate @kedsahe %edd smal |
ol i gosaccharides fromcellS not contacted wit

mucoﬂ%ﬁ@%@ﬁ“ﬂm%ﬁ 2yayehe wshér 6t ecombinenilpaltdred (orﬁl(ockma@r reduce

h) ( di cat.es. the t.he .
tysoscOTBRARE Ayt ot PERESRnk d Pufficioue frest e eepner it
promowfbﬁi dile Rdgulatdt redieh, Im &) boewac chas rdfed & @dﬁ&rl%osoﬁjlb} enzyme

or tri-saccharide.In a related enbodi ment, the’s

activity §.gdesatednath sisprsepr RNAicieedicd enzyme egnession, may be used
enbodi ments, the |ysosomal enzynme is selected fromthe
[0040] g r éiulpaldg ﬁQZ)Sllierr‘tga@ﬂeaaﬁ ydigedtf smabalig®s{cdR8RB)es from carbohydrates
Qnat

and that I%egg i i?fazb% rpr%cfc'o'qyéﬂrqg)acp g%sé) tp%&t’gﬁal substrates of the lysosomal

enzymBHﬁ@Gieﬂewcté@Q@&H@%Qﬁ“%kdlﬂi@%ﬁﬂ(1@5@ ard nF'or exa Iple for detection of
al act osam ne- -sul fatase (GA n somne

N- acet
activity %@&M@%GLBMGH%@ éhﬁéﬁe@'ﬁégsd@rat@ aﬂfatq) the omaiasé step (d)
may bé k@xgx}anag I&E)gg?lla‘y g&%ﬂ%&%ﬁc’?’s prﬁngagn l Sr%ga?l ﬁ{géey z}shaélother

exampley ﬁﬁs:karmhonenfzmm ARSB:; 1T ucOUSH (@ﬁ@}&nc(s%bﬁ@egmue dS@iRan
sulfate godl ments, the | sosomal enzynme is b-gal act osi dase

BPVZYMERD SEP (éhm@}a Bf @hﬁa%fﬁﬁn@éq ABG aya0y eary R thatedds
primar 19 ohRBrmEah) s&?a%ée dA?E‘rﬁﬂHer eﬁgﬂnﬁgefo? %Xte@ﬂgém{)]fes y é(}DtSh §E}HS§ G6S

deficient In the lysosoma zynme to
or GUSIB\ &¢nzgems Het deprhdet lepahwe snHbtay, ahe qupsicroites (éﬂ})ﬁajf B&Heparanase

SOSO0 For exanpl e el|s naturall
Lor B 0 T SR i Sl ) gryme
degrade$ gl'yt’éée‘ri) tRe &hzyRR%r sRBY@) H18Y%e 8UAy 1A %r ag§ gﬁ{mgﬂ R
or
primarily on glycogen.
[0041]  This cell-based method is capable of great sensitivity in detecting lysosomal
enzyme activity. In some embodiments, the lysosomal enzyme activity is detectable when

the concentration of lysosomal enzyme is as low as about 10 nM, or about 5 nM, or about 1
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nore in activity, may be used. Cells expressing a

mut ant enzynme with dimnished activity, or cells
walermowedf rom patients suffering froma | ysosoP&l/US2009/031276

storage di sease, e.g. a nucopol ysacchari dosis, nmay be

used. Cells reconbinantly altered to knockout or

M, GRS TP T Ae S Ak B bt DGR gr RREOd e g about 0.5
nM, wwaaf €.01 8M,Prh8bur (O BIO6Y a8l pM, dFabol®. 55N .
Cells treated to reduce Iysosorral enzyme activity,

g
004, 0t iy ) i sy e

followingaletniledidgeariptionndi shouldi tgaogmbndmdl, bewevargtirat the detailed

b t d that i f f
descrigHic it ey 4 Fatibjes: Hann e iefeRid o fmepts of the
mvedti)éﬁoﬁe WenWWﬁ?oMs@ﬁmﬁ@nﬁﬁ thReaudy vhiiasechahgadradd meddifications

in the art. For exanp for detection of
thhxa@hq anmt,ar@rscmofshe invenEpn tvelh ,bmé@e appareny kythgsreskilled in the art
I the enzynme of step (d) may be
fromﬁg ﬁ%tgir]}%\éssgéslcﬁbggrm any enzynme that acts primarily on
keratan sul fate. As another exanple, for detection of
| DU, ARSB, IDS or GUSB (enzynes that degrade dernmatan

Z‘é'cf or elmyt iy (BRSO e T DRI "
e i RS Al s

(Sm)f(ggg)mml)enzyne of step (d) may be Heparanase |
Heparanase |11, or both. As yet another exanple, for

[00441 et Fi‘édr@@ s A th EmBidZtiBs ey ce G2 AL AMA SulAti&O86&ying factor 1
enzyne of step (d) may be a-anyl ase or any enzyne
(SUWKSEQIPHQ%H ly on glycogen. [0041] This
cel |l -based net hod is capable of great sensitivity in
(0049 ct Figurad deyeribes e nuglcafide sequence efhuman Neaegtylgalactosamine-6-

@Q,%ﬁ% somal enzyne activity is
sulfat etecta siegsvl\;%n tﬂgle' ‘oncentration of |ysosomal enzyme

(0047 R RScrtifithe AtuBbi oAt or Bl 1Bheciitgboppine.o-
sulfatgge (MUNSD(EQI D ND:49.bTht signdlpeptible afrZGa:Immb agids ht the] N-terminus
or .about Ogg%g{gu or about 1 pM or about 0.5 pM

is absepijR PFOGEE$Hdy res and advantages of the invention
will_ becaone a rent fromt e follow detalled
(0047} s EieuEe SSlepicr the EHFHFend oseraia of hapsesied HopagN-

acetyl\%ﬁﬁi:@%rﬁh{e%isﬂ?ﬁ%'(@%ﬁﬂ&gﬂﬁ ific exan”pl es,

e indicating preferre odlrre s of the

[0048% NVR{hr0 8 shaWs il éﬁ?&s@iﬁn‘é@lﬁu&@m iN- Qéé:giléﬁﬁé@&nﬁﬁé Y-sulfatase

ecause vari ous nges and nodi fi rons wthin the
(GALNS) fidm 647 Ssellp cotrfansfreted mithriiman sulfatasdmodifing fpcoreh(SUMF1)

ot et PSS ek el PR GEA S - i n e
wells FELGP1S cldas GADNS phbtﬁxcﬁw@)l ﬁqﬁt@@ame gerecetiepepdajiuman

suI fatase nodi fying factor
[0049] Figure 7 illustrates a schematic of the WAVE bioreactor controller used for large-

scale production of G718 cells expressing human N-acetylgalactosamine-6-sulfatase

(GALNS) and variants thereof.

[0050] Figure 8 shows the stability of purified human N-acetylgalactosamine-6-sulfatase
(GALNS) enzyme activity upon storage at 4°C (diamonds) or at —-70°C (triangles).
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(SUMFI') (SEQ ID NO 1). [0044] Figure 2 describes the
am no acid sequence of human sul fatase nodifying

wo 2@9091994 (SUMFI ) (SEQ I D NO 2). [0045] Fi gur ePGI/US2009/031276
descri bes the nucleotide sequence of human

OOSIR:-O gféu)ff gdh%ﬁ% Ségam %ftmdle f al ?taﬁ%qgﬁi\ls% é{e ng é sulfatase

GAISeS) Bifie Bepraro Nﬁ%@ﬁE’lb@&Jb&ﬁhﬁS ffdh v@@l BRSE 1SE
( ll@mm(s e ‘Ib%ﬁl\lg 4). The si gnal %Ieap))]tg}le O bgqa% ngtoge

Hi-C EuCH@H)éﬁtO&r WRWWS&?&@@@&@&QOW%S@@@@stQ@wMLS@ -PAGE
(left) Lxg gy Lvﬁe%lﬁx%ttﬁ]gqsﬂip%?&n a&l‘éﬁiﬁ;f%%) G0y (righo).

aracteristics o cesse

005235 Flebs 2} SR TR B ndaation & B St soloSimme. tsulftase

(GALN%Q@tLHﬂrﬂﬂkraﬁérﬂ&afﬂtfhﬁoﬁ (@PJﬁF@t Bﬁ@to%m CfabQﬂ}c@Zé]E&raphy, Zn-
co-transfected with human sulfatase nodifying

Chelaﬁﬂ%a:&?%ﬂharps? ma}O%MWM@y@m@@ybw@é|cbmm@@gr@plsy Purlty is

{
deenf i B8 008 FRGL GRS O 5B XB NS P w5 Foining
using ag Iahtl-mbékLNS)antl[)&H%K&]p ﬂ'r'g}g)J Qe aﬂmdalthb@blhfﬂ 88ibdI§ Qlﬁtﬁfﬂﬁi le€t) and an
%}g § MWAVE bi oreactor controller used for |argescale
anu-<33$ hipgss Iamsisr VEBIPIS PRAREDOf AR Heitvlan
N-acet yl igal act osam ne- 6-sul fatase (GALNS) and variants
[0053] heFigyre g50) 2 dusg dererdenittisarsascia the aibpiutiof defmatan sulfate

{ e- 6-sul f at ase
swsu?%&t%és%gmﬂg&;ﬁ{e}hg%??\%%k%%@1g?ﬁ&e{ge at 40C (di anonds)
0054gur| |uf:ea oIy E)Sgl Oﬁgrgg&?{l-d% eylﬁ\]eégq lggfé%%lﬁ?ﬁ"ﬂé)%ematan sulfate
substrat%uifzfsaibgéreec( PALNAR IBLtrEALd BMI®)5PORBIAY, 0se 6 Fast Fl ow

chromat ogr aphy foll owed by (B) Fractogel SE Hi - CAP

hr el 5% ue
005 B R B0 PRTR K EAREREF

(GALYS), rﬁgthamurdahqle@quNSs)(quAyuugam«i b@ﬂhyAf(S’& (Ghtdres) [0@@52]5 (triangles),

b CulEﬁg(g e 10 shows the the purification of human

y WI {fﬁ 3¢t osani ne- 6- sul f at ase (GALNS) by
ultrafiltration/diafiltration (UF/ DF), Fractogel SE

Hi - Cap chromat ography, Znchel ati ng Sephar ose

chr omat ogr aphy and_ToyoPear| But 650M
chr omat og?ﬁgﬁ%LEWEﬁﬁmgTé@Neﬂ B INVENSH@Ysi e Bl ue

stai ning of SDS-PAGE (top left) and by Wstern
[0056b| oktheiptgsensinmgntion rakates im&:l@camrwmayne(th@bthat ghoncileaithe need

for largfp- cale%talg;ef?%mne og Sr%”«%%tﬁﬁ% bOt ; Lfea;g%ergy@ieﬁ é\’lt&]ﬁ{}? tom

requiréth@htof an h&0RIighiy glﬁlbtﬁ)h&;ﬂykﬁb@ Yﬁos’bn@k@ %ﬂfeﬂ@&%@ﬁ% roduct that is
decrease in the anount of dermatan sul fate substirate

efficiepiy tagehs / gosomes fgad hengets Bistapgutaetly efativeel | s.

[0057]  The therapeutic effectiveness of a lysosomal enzyme preparation depends on the
level of mannose-6-phosphate in that preparation. Phosphate is added to the target
glycoprotein by a post-translational modification in the endoplasmic reticulum and early
Golgi. Folded lysosomal enzymes display a unique tertiary determinant that is recognized by
an oligosaccharide modification enzyme. The determinant is composed of a set of
specifically spaced lysines and is found on most lysosomal enzymes despite absence of
primary sequence homology. The modification enzyme, UDP-GlcNAc phosphotransferase,
binds to the protein determinant and adds GlcNAc-1-phosphate to the 6-position of terminal
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[0054] Figure 12 shows a dose dependent decrease in
t he anobunt of dernmatan sulfate substrate was observed

WO 200plog19ARSB- t r eat ed GWO05 19 cel I's. [0055] Fi pur/@si89/031276
shows the uptake of human

e ctos 6-sul fatase,.(GALNS), either
manngg PTG 87 BE SRR ES PSP TRE h Hesa Seectinagye
phospBbdifa&Sy @&Nﬁ@zgsleeﬁﬂm cRYv&sUhd G[&ﬂé\@%éﬁ&)éh@c@ ¥bESto glve a mannose-
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 0056] The
o- phomweﬂmlnmwmsmhmiedﬁesﬁ@ld et e IdSsE@tmerI\}o @f53é'i Heh.hdble

reconci | nee factur
purpots Sheag B Rsi €70 B BRER Al 8 SR ot bR G Fom e
secrew@qmﬁvetyaﬁtth@ffvs@g@n@o;bameaia ngihirytheloeis. DN@&M&@@ hosphate-bearing
| ysosonmal sulfatase enzyne product that is effticient

enzynjeris payngely thg MER s edena 91 ané outed torbe hsessmiciabiegd of the cell
ffective. [0057] The therapeutic effectiveness of a
ysosonal enzyme preparation depends on the | evel of

OOSSEagg &é?l&lO{lﬁ Rxfégggstg{?c ! {g}%fgg{ag = _r ad ]%Qe maq?e“? %pl §/s%s<|)nsial
enzynRQsigotdcangldat, |19mbmm@ufm§ at éreg}mlem déﬂéﬁd@@@l el RedHiation of
reticulumand earl gi . Fol ded sosomal enzynes
trafficlging gndgsognes gmgraing épm the yndjef be mane lgi Rigek.i @hemwal quenchmg
' o z
o e SERIES B A0 ALBESARIAL! 0 TR TR PR e
dis gorgq&lﬁﬁﬁ@f Ith&\reeealaa n@htems flﬁchlndimg mysﬁﬁtﬁﬁaﬂ e)&Sj&ﬁ@d}fﬂito ﬂ{bzemiQSellular

te absence ri uence honol og
milicuRaRE Gt o Bverlz§ R . SRS b SEhORE AP Agires a
spemf Q'\ﬁ%lﬁroATpfse RAgidy \gﬁltuﬁrﬂ'i@ ReRbrARds Q%de?ldosome (Nishi et al., Nat.
NAc- 1- phosphate to the 6-position o

Rev. MCé r@@lhédomsﬂﬁh)o 8é- l@ésZQﬁZesthlro bf hosATRHmars cgsced ox entenee the
a secon odi est er

Secre“ﬁ“ @a% B’ SI t e R 1L AP fﬁ‘ﬂhos ﬁgﬁ’é‘l {BIang eell

lines tigHt 8 d RS ‘91’5 e \@CMQ’S&T'F&S% ﬁ&lﬂd‘bé"é’ége@deﬂ %?é@&hq{oh%oductwe
Canfield et al, U S. Patent No 37,785). Th

(
diversionop pespbpryldied mmbmnﬁe@ms b thteantmangilfilac Bisbemal sompartment.
di vert |ysosomal enzynes fromthe secretory pathway to
[0059]t hén ﬂ?&bﬁdmwlse panbtengvary (Gi0) télemoeints. speciﬁcally defective in

Ma - h hat e- be d by the NPR
endos RS B i P A Sl e P
Genet. A7 e3 L850, 1@9[)’ acro-Kk PO wird cﬁ&{éicml@&u%geﬁﬁed and selected for

presence of the mannose- 6- phosphate marker

survivilys elspatad teameyatercp it o paeseardfdesns. | Tisoes mmms neqmtednegldosomal

. 1. Of epends o he, ac i cat
iR R P WAL L SR SO0 1007
1916, BI8ag.KIn Gb Esthea ktugyenedek g oFftwb exidcwith @i Rt mYRABKEmS of

within these endosones with diffusible basic nol ecul es

action pag ghasen fhavgid gd@cg@ﬁmﬁ foxan-spaeeficesis@ntear Theaninsinle is that while

the pro'bglﬁl g%fré ?égé al%%ﬁy Eﬁ?’resﬁlpfn?r}g%i?t%g?%t%{o%%%%éiél}ﬁg toxin is

small, B]k@)r&i?:lb;ht)‘t 986@0 mﬂmhdnédue atreadipit@guhiiteSord specific for two entirely

surfac

different toxins is non-existent. Selections were carried out at elevated temperature to allow
for temperature-sensitive mutations. This genetic screen resulted in two mutants, one of
which was designated G.7.1 (G71), that were resistant to toxins at elevated temperatures.
The lesion in G71 was not due to the uptake or mechanism of action of the two toxins, but
resulted from an inability of the clone to acidify endosomes at elevated temperatures. This

inability was also evident at permissive temperatures (34°C), although to a lesser extent. G71

18



speci fic vacuol ar ATPase enbedded within the nenbrane
of the endosone (Nishi et al., Nat. Rev. Mdl. Cel
W@B2@b/09B3¢L) : 94-103, 2002). Failure of this ATRaBES1089/031276
expected to enhance the secretlon of |ysosomal enzynes
t expen I Manuf act u
cells \%‘éerfa laps four%etf)‘cb% 38 trcyp%lca eofrlro a?gleva?%de ternpe ua(gﬁxrg? (f;&sr;ﬁ%srbormal

ines that carr ects I n

uptakN\Oﬂﬂr&hsMn@ fpacthe dnddﬁhrﬁ (eMedhhk BOAY-, PY Bablél ozrhéme 261 (36):514084-14159,
phosphoryl at ed reconbi nant enzyne to th

1986)| ﬁmﬁé@mv{ﬁsdﬁleﬁ%éwﬂﬁf@ﬁlﬁwﬁh@dﬁw pﬁb@smtrqmyfgmon despite

norma?t‘xJ Hﬁéﬁlﬂ%%{teQﬁ iOMad ¥ féxm %logorﬁ%{ta@ﬂ'iﬁcaﬁgﬁ CNnbﬁx@} Lthy
ective in endosomal acidiFication were

demorastidted hiat alod mdlﬂeﬂlc(anféct &tas aiamfeﬁahptﬁma@/l 1h eMi)dsomes rather than

IysosoERB AP 0AF Pttt Bief it R0k SR80 P75 PR e on71 were

consis®dr® WatheHe &&m&ﬁlt tHEteaSmhﬂitlBH ?esﬁft&?f?ﬂﬁ@ d&ftabtl%'tleﬁ 0 F E{élevsct@uolar

toxins required endosomal acidification for the
ATPagxqesmemsibénfootnddseinal dadifiahtiany Pavkbrelatior tvaamostlevidat ht
. 1916, 1 . In the former study, a
clevatgt RRIPSTAINGH (et CoBRT HES BT PHTPrEr e AL A SR Ghtres
o Chli ti
(4R oA BRI ARARERR 81 AP BRGNS0 B, SRS B and
alpha-gluobstisk] inyGOf cedle (Palliepizt, lasanufedt Mohs5dnbat 7(2¢3 8741 50n1991)
reg%z% nce to one particular toxin is small, the
showed BB FHyMGH et At i eeusicd at Al iepipsratures, and
glycodPukidh P AR SRGGES vas hdfrrdcwa. amnk Iséﬁétyorfﬂdffe;fh%mfaﬁylgea laBRi alpha-
I’s non-existent. Selections were carri out at
glucosadagv aae s ghidivprthaeniagcedoat aloh garrhigsive temperatures.
tenperature-sensitive nutations. This genetic screen
[0060F esliHettratapautit wifeotiteantsf adp@somhalvul fatasvasydesirepaitéth not only
t hat %Fre reS|%}ant to toxins at el evated

7. G/
depen&e%éﬁ St Bemempse IR e S0P HGR OB NeseDeRe! actve
a
ek R PRSI B8P PRl s, Bk coaic
site; tendostnessidte & ppeatraidtonpidy abodifed.to ?DalrfSrmyflglybiﬂet(yGwaSo

al so eV|dent at perm ssive tenperatures (340,
activatg|thglgmer d his qrstedis todielx pest-tanslelipnal eperes aqtiyation jthich is

catalyiéa uftRi ol ﬁlggﬂxxﬁgff%oﬂ T QUME1 BeYL @%Phletﬂp @ﬁ%ﬁﬁc reticulum

ite nornal of transferrin omt he
on unf@[ﬁedshﬂz&ka%t 1rajn,ed@teI§BaﬁJ¢r tra@hletion, p6id( B0argetidd bAtht 41 B&ases to the

s Bl e s gt €50 AR ST A poranc

ofthlstlﬁli%ﬁl% 3 gtttkﬁswﬁbﬁéqenédaﬁw%@he@h%hf@tédwtﬁerra&riﬁ&mcms in
|

acid cati on. Anot her stud nonstrated that the
SUMFdeWhichurewﬂtu 1o Amglaifescl Gwafgnmtmnfleéysgelorpalu str{piageyenizimes, cause

Multlp%]g&%aqisg?ﬁen%@ él%l%?g é% i@éﬁ;)sngl P 0F é{?‘z uo%”(;#f”%fcé Hum.

Genet.00RSS-51%0005) t h t he concl usion that a nutation
resulted in the destabilization of the vacuol ar ATPase

[0061] €IPQAS Sth@iﬁﬁhﬂ‘nyf ENAQsIeBitagCCADf deﬂﬁﬂa@ Bre defective in endosomal
Dest abi | i zati'on was nost evi dent at el evat ed

acidifieatippetoaoaxescst 88050 napuhumers sydtatast alddyfyegmneyse (SEVE ) and a

R N N R
active BthRefi®sphdeyland radditsinglt beesh @ﬁ%%mél@u@t&se@h&ﬁle& TR for the

et al, Somat. Cell Mdl. Cenet. 17(2): 137-1 50, 1991)
management of lysosomal storage disorders caused by or associated with a deﬁc1ency of such

lysosomal sulfatase enzymes.
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showed that both enzynes were quantitatively secreted
at el evated tenperatures, and glycosylation of the
weewgoenas unaf fected. The secretion of PCT/US2009/031276
phosphorylated aci d al phagl ucosi dase was significantly
ﬁﬁ?~6&'n°” perm ssive tenperatures. [0060] The
t erapeuglc ef fectiveness of a |ysosonal sulfatase

et Ty e

same Rkaidfé by € RNSNNRINGBrstdabyRhe RabALhL2) skifilih th MW which this
sul fatases contain a cysteine residue at their

inventéeyt algdsc Top felowing gefglyzg@@m@wﬁ@ anglofeskillg with a general definition of

anyggﬁkt§“?o acﬁl@ate ﬂ%d' ﬁﬁ%o %%ﬁ?tgggﬁé#%%yfgﬂﬁGly

MICR{D}BIOHO@YISALMDIMU)@JECRHZA(H@I@QDWWQEH mbhp MHBCAMBRIDGE

catal yzed sul fat ase nodi f act or gSUI\/FI]_rgf,é
DICTER RS G SEN A AL BB RAALO RS, (Walkaradori YAt SIILELOSSARY
OF GENtfr?ésﬁ%@ﬁ{ 18%%35{ gfs ée%g ISR '{J‘%H&@Tgbl Phnd Plale &

targeting o t’he s Dier
Marhamh,, THE SIARINER [COTAdAS. DERETTONJSAY I3F BIQROEYL (10968,

1997). The inportance of this unique
[0063 postiach habisdatibh Qaednt BPslidatiedtpatent, iafid Bit@ghkdfelehadikY hehen is

fact that mutations in SUWFI, which result in inpaired
incorpprgtr orehencsnn its enyishsioras cxientithatakie nehmparsistens andethe

Sul f at ase Deficiency (MSD) in man (D ez-Ruiz
prE:Senw’lSE{OQ]!H@Ann Rev. Gbnon1cs Hum Cenet. 6:355-379,
f Gf I

[0064%_%? Ps nloFe%%?Fl] Q alrée fnet(}:lfs s\}/ngm:fﬁatgorr]l Oaélg]tﬁ%gppelsldeMalms the

singul@cCotth§ I''atangMandt "theC On@udy [H881 FedEondy WAk thidtfext clearly dictates
sul fatase nodi fying enzynme (SUVFl ) and a hunman
otherwigesgsomal  sul f at ase enzyme provi des a mechani sm f or
the | arge-scal e production of active highly
[0065]phoé§pths©§ Perging dlerfgﬂawmgrtalms Iayendlre lgarosgsrastrilsad) th sheas anless
nz %mmysgseful for the managenent of |ysosonmal storage
orders caused by or aSSOCIated with a deficiency of

spec:lf%

SUug, SO ul fat ase. _enz DEFI NI TI ONS [ 0062]
1006611 BUEHE PR el Thoririat] (7G0T TEBE R ERIP RS OB AGHHS ¢

occup¥ifk Bl §d§1% eﬂ&fcelb@ush WifelicRRrigRoR a?ﬁ@ﬂétﬂ&ll%sth&ggﬁ'%ltéﬁon, and
under st ood by one of ordinary skill in the art to

may raghit @hphehp@pmwémommbewhg@@pmmm| chw mytatietiserappesdent

e BT A A0 00080l S A B o
amino @bl@Eb@\éﬁ% O 1M ER6R R (s A@t&@ﬁ@é%ﬁv&i bR NAd
ed. 1994); THE CAMBRI DGE DI CTI ONARY OF SClI ENCE AND

transcriptepREINErBY 2| shi vegients das, walbgghe protnepededyy tem.
GENETICS, 5TH ED., R Rieger et al. (eds.), Springer
[0067]ver Aag)h@mggmj' refgrido lay ercansvby Waieh ATy HARPER: SQuENISs copied

99 00 h bl
and g BB ARG AT e S AR BB oG Pt e

transcriy®lo@l PollSerase chain reaction, and ligase chain reaction.

[0068] A first sequence is an "antisense sequence" with respect to a second sequence if a
polynucleotide whose sequence is the first sequence specifically hybridizes with a

polynucleotide whose sequence is the second sequence.

[0069] "cDNA" refers to a DNA that is complementary or identical to an mRNA, in either

single stranded or double stranded form.
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I ncorporated by reference in its entirety to the
extent that it is not inconsistent with the present
waoele@elogwes e. [0064] It is noted here that as UBETIUB2009/031276
this specification and the appended claims, the
[007 O? Ie f g?%v%glgg% Ingtsagg]’tl Ii]s us%@ mrgg{] tg) qu%cgﬁeﬁowggggel gerq%!ances the left-
hand id&TaMisge-strRalpoAsutiseti R iRe id ihe Sf-ehd; ond lRE- Haﬂﬂ @-ection of
have the neani ngs ascribed to them unl ess speC|f

a doub@ﬁ&ﬁwesieﬂolmbejld@ Fquengeds (eaerreio as il %rcbrep@oran?hftﬁhrectlon of
5'to 3t' g\@dl&gn B &]J&%hgmrrﬁgéeﬁt Anﬁan% ?Ysgsel%?erpe%ctg RY 'tl{égcratnpcfr)l}atlon

ene I'c locu IC varitations ari se na

dlrecttdmr dﬂl@h)lﬁﬂts&hmdmawﬁg‘ldle RAYic k&fighte asnPARNAY pERrred to as the
pol ymor phi sm wi t hi n ul atjons. Gene nutations can_be

"coding g spquences Ry g sirapck Iy ing {hie game peAvgpessi MayRYA
transcPBYd GOMOAS: mmy&wﬂﬂ%eh@eam% al fierse gn@m e ;%mranmpt are

seqguences. elic variants”™ also refer to
referrelitoi asédpsdtream s&ﬁiMctsr"amoemq&B sn tiie PNAedtiand dbliakitlee same sequence

P S S R P LS e e

wmnwg@gﬁﬁg Ratdde sequence is copied and thus expanded
into a larger nunber of polynucleotide nolecul es,

00T1F, 2 Ceriple N LRI BONTRIEES e e e

interagtergLraniaecsiof taip pohmuclsetidzs. Sboy eﬂlrectwo mblehuleespent desaritaed as

d sequence if ol ynucl i.de whose se i's
compRRERATY &5 Litteanes. BeBontrtsirfer dipalcs Lo Pl mentary to
each 0?1846)6/ g&Uﬁl!ls? Wﬁ:l%ﬁ%@s SREPYIERERatySo a8 SRR RIUBE F8he

Cc

( refers to a DNA that is conpl enentary or
nucleqtiflenequeare elothe AiryiRNynutlnotedetinedenscal gp ehestuctnetidel saspuence of the
pot G P A L L R OBl R BB SRk wose
sequehcf I TATA @ 3dis@bnip | dhlrg 164 paRdecleR eyt 8@fuetle: is 5-GTATA-

' g@guence is the 5'-end; the [eft-hand direction of a
3. A gelentide sequsneres ﬁ&swaéhlﬁé@qmmémg@ta 2rie & refsranee Brgleqtideo

seque df{ﬁ@ g%quogbg & %Exatggﬁtgghér’] gls iéecg E %%?&?c}e gtéeglrce 1S substantlally

1dent1¢aefcemeed‘eteaccaSucﬂdftﬁldbrsmﬁte. ption direction. The DNA
strand having the sane sequence as an nRNA is referred

[0072{1 "@9nidieative @AbIMHGutFIn" 28¥Ers;to SRAMBAREBEOT 4 HElyPIMIdE bF N &nino
avi ng the sane sequence as an nRNA transcribed from

acid withz fumpgeng Ry sipklag Amaeeacid c BhetplIgwingsi lszoups cehcropfain wgino
acids tﬁ%ré E%@N&h% sﬁ) ﬁturﬁggsefo? %ﬁ 51%}\&% ‘upstream

guences Strand having the
sane senmﬁnﬁe(asfkh@eRNATaﬁﬁnmhKEn are 3" to the 3

end of the coding RNA transcript are referred to as
" downsPr A etfiibdle Gutamic acid (B

3) Asparagine (N), Glutamine (Q);

4) Arginine (R), Lysine (K);

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W).

[0073] The term “fragment” when used in reference to polypeptides refers to polypeptides
that are shorter than the full-length polypeptide by virtue of truncation at either the N-

terminus or C-terminus of the protein or both, and/or by deletion of an internal portion or
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[0071] "Conplenentary” refers to the topol ogica
conpatibility or matching together of interacting

waobagwss of two pol ynucl eoti des. Thus, the tweCT/US2009/031276
nol ecul es can be descri bed as conpl enentary, and

- h et ontact surface characteristics.are .
resio BB IRD S Py O GEBBNEE SR BB kB o
art. conplementary to a second pol ynucleotide if the

nucl eoti de sequence of the first polynucleotide is

[0074] dephd @ah “hutdirewRuclRatih ddeRBEGHolyRbtidd&efers to polypeptides in
pol ynucl eoti de binding partner of the second

whichygleymigedre emigieacidtheishe pivécipbiyarhesh svhstiggedvhp g different amino
. uence 5.-TAIAC-3' s caonplenentary..to. a
acid. IEPUERRachd 0o 5o B B RTEE MR ap etiged above, o can

be a nbheheRivdiee Seriene. NMutastfsptid@l day be Qe By afdthods known

. to a reference nucl eotide sequence if the sequence

in the@gppl ementary to the subject nucl eotide sequence is
substantially identical to the reference nucleotide _

[0075F e qllearfeen "dQO2p) e Corrsiescd ant foferenasds potypeptades refefsgp potypeptides

| sy Lbtution in.a polypeptide of n. aci d
chem B SR oYk Pridy i Tk PERhp HanE e o SRUBRGR 5w ng
ubiquBin¥tigt, 0AtREngd€H , GARradiBmaNIBPorAGkdEs EdFined), Govalent polymer

conservative substitutions for one another: 1) Al anine

attachmgpt sughap pesylajon (Gas deyvaiiaation with polxsihylont elygel @nd mysertion or
subst1%t1ﬂ}§$cﬁ?%§'aga§@eﬁ§§f %M@&@? é%%rgatﬁn%é@ﬂc;] ?io(n@ normally

occur brelahareprote)ns. NRd¢rhiadne pelypddtided/edn bregen¥atedendm6bihods known in the
Phenyl al anine (F), Tyrosine (Y), Tryptophan (W.
[0073] The term"fragnment” when used in reference to
ol ypeptides refers to polypeptides that are shorter
{0076fh ertrn Fdrivatieg gt henpsied persteraecedg coll dipgserefrs to cell lines that
. . ! J . i
r el HORRL 0 B L N ALFEE 4RR LLL Ry g e
passaged ot sl @ted egino parefit delile apd oftaih the dasaedpropsrtpfdescendants of the

pol.ypepti de can be generated by nethods known in_the
Parentafﬁllxmf Mg?vwf’émﬂ%%%ed AU s eote B AR QT Wisepd Ewerty, and
. _ h . . '
sy QOURARHL 80 W A1, DOLIPARLLLSS N PO o
vectorpyr difigidnt exegenowsty addedaiudleicTvadsami no aci d substitution
can be a conservative substitution, as defined above,

[0077]or "Detecting arefofn tocdunaativag kheepredensd, iabsnicOror aMeluANdf an analyte in
I e ated by nethods known in the
a sam;ﬁg,ta?rllg[%gé : L?d??@lgfl b y;ﬁggetgg ;‘W%‘?ti quéhe HROAE s spnpie or per cell in a
SEm,q)lg_eference to pol ypeptides refers to pol ypeptides
chem cally nodified by such techniques, for exanple

[007 S]andDQ%tctaEférm!nje{p" o?gi"%el"é}gfers to a composition detectable by

spectroscopic, photochemical, biochemical, immunochemical, or chemical means. For
example, useful labels include 3p 333 fluorescent dyes, electron-dense reagents, enzymes
(e.g., as commonly used in an ELISA), biotin-streptavadin, dioxigenin, haptens and proteins
for which antisera or monoclonal antibodies are available, or nucleic acid molecules with a
sequence complementary to a target. The detectable moiety often generates a measurable
signal, such as a radioactive, chromogenic, or fluorescent signal, that can be used to
quantitate the amount of bound detectable moiety in a sample. The detectable moiety can be

incorporated in or attached to a primer or probe either covalently, or through ionic, van der
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ubi quitination, labeling (e.g., with radionuclides or
vari ous enzynes), coval ent polynmer attachnment such as
w@egyglogtopon (i.e., derivatization with pol yet hp¢EN82009/031276
glycol) and insertion or substitution by chem ca
an1no aci ds sucpr Qrn

Waalssgrrht rgreral I%nds € 8urPSRPY ration o Iggltog?thve elg)f ﬂ%st Pvglotm)%ated

Hiieh

nucle@ﬁley Iﬂﬁa}t)htede&) ghaz[d:dbﬁ' sgeparatie dTbﬁydéfedthlﬂél AP Whyi bR diketly or

art. [0076] The term "derivative” when used in
mdlf@ﬁ*és‘ é@t@ﬂﬁ@éet brdétsry detgehien C%fr\éfpéfet‘f%e Riafing|of gegcandatiregiheor

i e

mdlre?lgf‘én&?%%?% gleogétgtg?ﬁ\éa F]e%Pﬁ)h ALY E}Je efﬂ)? egcférggle,e ?g@g? egfabfe%&ety can
be thedigaall ofiedirfdirypgpaeeRticical Histig deﬁeisau bindlhg palesdr f@Gstreptavadin,

roperty, descendants of the parent cell |ine that
or a nfElCiids SEHaHGE A e Brile BRCIERHNPPT f SPBRIeTSHLSY Stagnce, (o
LT G BE SRR, A aSRNEpALS oy 18 BRUBRL B, o
examggpmemsbody mey bortselrabdiefl Methsanﬂucexwgmtrmmlshye adibletinding partner

nucl ei ¢ _aci ds 7 " Det ctln refers. to
also nfpetndiret iy Seivat e Clss @b ns e 1S Tabigisdeoppisghentary
nucle@iRls¥§@ntHcah SEOPArLof @&%n@@a Dml Hélec s it isfﬁr{ e deRBtable
anount of the analyte in a sanple or per cell in a

throughdiyibridizafioo vgh Gﬂmﬂfé@i@m@leﬂm@eﬂi jolegples. (S@ab@g Falglander et al.,
. 0] Ty ect
Bio/T épCZlO? gﬁ?g%l 19%% g@%@%ﬁ%%n of. @[e ﬁgna? hJ ar%%%:eézga B% e.g., scintillation
countigpadensicdmereg s flovatyt@nanpl e, useful | abel s include
32P, 35S, fluorescent dyes, electron-dense reagents,
0079En2%o@ﬁc"gnearﬁ$d&ﬁmg khe preRcd o @ifurEbf $Phthologic condition.
il otin-streptavadi n, dioxigenin, haptens and proteins
Diagnpgic aptheds diffet wetheir specifimioaind selctantyi BBbiles paitieular diagnostic

c a sequenc
methoa\ﬁ?rziaJ 19)[? c{vu% a {I]éjﬁ:rllﬁ{' dlgéx#ogls.ﬂq ggihglg)?,\él}%ftgﬁﬁ%si 12&1}}3 na?tﬁté%
providge a@béitiesindicraas taabide 115&1@@1@3315 such as a radioactive,

chronogenic, or fluorescent signal, that can be used

[0080f O THéaR t@FRtiVOBmBIMURIcaRd 2 BSIABE s&’f?tcﬁaﬁf @%r@dd@'aedelﬁré&esult
a sanple. The detectable noiety can be incorporated in

ona hmltfmoné@ﬁedpatbolagp rapddiseane o racsbé)eetu arera @@mSenphgposmThe
desired ﬁesgf# %%)aly act%lrr]n Fise 4§ & f sngar?tb ey o% 1¥rép ?e&léégl mmihe remplgnt’ of the

dosag&wwmaymb@my Bﬁﬂé‘dtﬁ@fafr@ﬁﬁt"trbtafs ta figat bR fZ2atgt effective to
streptavadi n. The detectable noiety may be directly or

produgerthe psendeg baaficial gheet onhisalthect det ection can invol ve
t he blndlng of a second directly or indirectly
[0081]get"Enecmg rﬁfﬂf%wh@ ohereat propeity Qfﬁp@CllﬁgIS@qL}EﬂC@dl’f nucleotides in a
polymgﬁ(e%?.ﬁe s’uc]% 1358 gfr:ﬁeeé Sk gA or Bh etﬁ’Tﬁxa sglgvﬁ;tas Eexgpl%%:ﬁ gqrr%m@lesm of
other fodyrh&re! Em& efacini@pdudesdd ibiblo@Eal Préviesdes BhVIAE cBIRGURRERed sequence
which is the binding partner for_a conplenmentary

of nuclatides{é e, IRIAWRNA and ngENAS pet Aefined|spqueangoef amize acifend the
biologRalHoRGiEIDRhe MR 05 Hht Efiol £18100h Altkucriftfon and
translatibnof ﬂﬁ@%tprcrﬂfmlced:blj/ ¢hat ghre rodidenthepasteindn a cell or other biological
system. Both the coding strand, the nucleotide sequence of which is identical to the mRNA
sequence and is usually provided in sequence listings, and non-coding strand, used as the
template for transcription, of a gene or cDNA can be referred to as encoding the protein or

other product of that gene or cDNA. Unless otherwise specified, a "nucleotide sequence

encoding an amino acid sequence" includes all nucleotide sequences that are degenerate
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also may be indirectly detectable, for exanple, a
nucl ei ¢ acid having a conpl enentary nucl eoti de
wGee@aemees can be a part of a branched DNA nol erCi/8S1002031276
is in turn detectable through hybridization wi th other
clel ecul es ee, e.g. ahr | ander

versiogR 08 & o P AT e rin gt so e N rasfiRGRavences
that chdigle prgeiat ahGRAGNMAY @t inGordh. , SCintillation

counting, densitometry, or flow cytonmetry. [0079]

[0082] Di ‘agp@sldt doffeabRrd t@nokE Wiieh EdiRaiRE BRRRGE aﬁfouﬂ@oﬂércﬁve agent.
of a pathologic condition. Di agnostic nethods differ

0083} N tHBldssiBR Sﬁtfrolcsb @m C
| E)ar ﬂ?&?u stalr : agnoséliyeg nete dﬁ) n%a gyé%%&ldew € ceam a polynucleotide
that rawfatasithé vepreisagrosnsripfiomambodidristuion) ¢f rmrfclaooés séduence

th t hod provjdes a paqsitive .indicatiaon t.aids in
operaljf Sy ok he D bfP kB <Daises HRFREES § BroaRpuh B tytveen
two pAleSiagehisinkichi &R oft&leﬁfaﬁqggﬁ tike HBEHE ‘ijegu?a‘-‘té‘{rﬁns‘aﬂ C) results in
heal th condition, pathology, and disease of a su
an actgm dnghe gthgi a@ﬁ@sg i tt:arpgmrpioseof it ecquiesde).e Bxpresunit comay)l sequences
ective |j ovenmen

can inf P b2 el PAES AT 4Rk SRbtet ERRYRIRT ook e or

constiaiag)) Enhefne&@ I BarfsOriptivat teimbtals, @fstaditodde e eATEY tspﬂﬁng Gignals
produce the inten ed beneficial effect on health

for intrqyygand stgheasinhg” refers to the inherent property of
specrflc sequences of nucleotides in a pol ynucl eoti de,
{008415 uc‘IEXa@SSOQ Eeaor aciolNg 2 Vigetoa pomRNANg taoecoer’wx@naeolynucleotlde
comp g R Rl Rut YT i died et s R B Bl PR eceemape o be
expresded. i AR dxprespiaNe tdfconipeik@aduifik@snt{cis-fting leMnts IBNEx fBdion;
MRNA) aor a defined sequence of am no acids and the
other ¢Jpigpy frsrpissepe can kassupalied by hy hoslegedifar dpnvitrpraxpression system.
i
Expre%?cglﬁ\éﬁ%gotcflg glﬁﬁld? all" gé(?olgfl il gx%r}ﬁ‘f: FJN%I a{s gcrélﬁrgiﬂfg,r%la%néléig ((f‘ % enaked
or conprimddah hipbsonaesg ehd viduseotHae rncbtp@kzﬁg teatc@yshampoBaubleblid.
coding strand, the nucleotide sequence of which is
[0085] demlgmﬁbh&@hbn@atmlgﬁ WARNEEpIARPhdr§latiSraddd kol sleg
I n segoence listings, and non-codi ng strand, used as
phosphaiylatedrphizasaschasides t s de PrspRE#ONDET lysegemel sl fatromanzyares in

which l?i?leéﬁfS%E/r ?HP% g\{sg&rﬁﬁ%ﬁfﬂtg%@g%@ rb%d%' 3 }gerca E)r;] 1endependent

manncsaéqﬂfosrﬁdile &cemdlcﬂhﬁﬁtgh@ﬁoﬁﬁﬂt!ﬁﬂé@ oﬁ@@@&ﬂéﬂd@dﬂ iRt i 1s further
equence” includes all nucl eotide sequences t

characiirleed B SHBR B G P SMBSG O T TBER PRI Atk Taebde

phowh PO RRTE AT 00,01 SEHRIR b BRI Sce cuome

with af 1I0@82]25, Egliarataly ehteaﬁ@sﬁe and efoee prefaralely dokest Ovitfi lk-phosphorylated

i contaigs.the sa qpount of active agent. [0083]

OHEOMABNPFEL @ﬁéﬁmaHﬁFWb?EQEquence refers to a nucl eotide
sequence in a golﬁnucleotlde t hat %ulates t he

[0086] pB&g@}%ﬂhc{rﬁa 1EPpRneRFe shtiner astysah berain iffys Brmennose-
contau'ﬁg | o 3518? Fﬁﬁﬁsetbgtpﬁé gltr fslﬁﬂtgelg%g a fcgtqné xtéglldﬁés in lysosomal

sulfatas@br&lymn psid porbptisee®o mannose-6- phosphate residues. Typically, the bis-
phosphorylated oligomannose chains have 7 mannose residues, i.e., bis-phosphate mannose 7
(BPM7), which are linked to two GlcNAc residues, which in turn are linked to the asparagine

residue in the lysosomal sulfatase enzyme.
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two parts in which the activity of one part (e.g., the

ability to regulate transcription) results in an
wa@edwomen the other part (e.g., transcripti onPOf/US1969/031276

sequence) Expr essi on control sequences can include

0087&?2‘&0 e c@ v ‘?edm aﬁlgo‘g D]BII% e&P %%hvg IP? uxi%?e; écy preparatlons of

lysos@ﬂ&l&[ilfﬁﬁs‘e, erlzglﬁﬁ§ Grwpich anlehg TSUP/J‘ PlE@blyant $dadt 1096,0HOR preferably
ATGQ, splicin nals for introns, and stop

at lea% é”&dcn gnd Fwsn?re PESBK agbsatgwsv%%ffo@f the prpigigs 8%ivg site eyggine

remdu%%qg Eee% ;Q%t garﬁs%‘tlo nglll}w %%Ehd%%'té! gtﬁ}t/],lggfcgq RFﬁE sing

ressi‘on cont sequences d to a
| eot i ed. An expres |on

00883ect%9m8g.1&5?¥ gﬁsp St SRRy 23‘3’ £ oA AR OL peomal

sulfatfs)él%hﬁyﬁﬁés‘%ﬂ w}ﬁélhﬁrlez?s't §@5‘5%nﬁ51%fér%1y QXRLESHLD %&@grel?&ably at least
supplied by the host cell or in vitro expression

90%, slydst\@mm@ﬁ pr@"s@bb'rat Veastt r’s of thelpueteindd ictivhose Cjatmnmresmlue has

S
been Regh RHLITHTD mogEEge! TR ERF e g .vﬂ'éwﬁ 2025,
Lisls
prefer%l'ﬂg Se{)?eg?y atrbgg tmd?@ h%@&%lg%&lqufo ‘E)%gig ?hgsﬂ?og)?%tg% ohgoraannose
chains'pir gkotpivebhinof phosphorylated ol i gosacchari des" refer
to preparations of |ysosomal sulfatase enzynes in

[0089Wn| T:me tatm r‘blakxguﬁm/caotﬁvd hefetsyte pebypaptidali feateﬂ@enee rfmgrmnts
ds to the cati o mannose- 6-.phosph

mutan.tseeféf&nésr o RSP %ﬁggwfétngﬁ It @B%E@Halﬁ%t (€. at leas

about BN pRGrhisy fabilchfieboeARAGLE M A8 gr&é’raﬁﬁl% 'leta'stvdbtai{t $®%) of one or
conpetltlon wi t h mannose- 6- phosphat e.

more bhmmbaqtivm®d>f Iﬂ}ﬁsfb%mth solybeptakse Véhmymd nlayefca"bw to a

f at t.h at
sos R S0 R YRS R BA ] BRSSP 5 e
thereof 8ASihs & 1&5st Blssbsmimph@m 3F Qe FRA GOIARNQSE AP R fREIate
protein chain. [0086] "Bis-phosphorylated oligomannose

esters gy Wstarges substratenleEhen wsefl én sefergneminmoliatesmna lrﬁyng factor 1
(SUM?II %%ucg‘égl%h{ %glg‘é Igl%l {ﬁ% P’@tt ng;\gangzrl]tlzolrxjéglgfegtho tﬁerﬁ%{, 1%t least

a substa&ﬂﬂalmﬁmms ef forphnsaled geﬂe%ﬂnguxeﬁwtﬂ' i, @@ddiffcatibhof a Iysosomal
bi sphosphoryl at ed ol i gonannose chai ns have 7 nmannose

sulfatase §Raysss aqtive site pysiciphissishiate Codpmadslyring BENE)). whi ch
are linked to tmo G cNAc residues, which in turn are
[0090] i r%edemo ‘Humey’ asrp puediwlienrussd ijuefdrendehe pbly;fﬁqﬁmi&‘akefers to the
i vat ed"

at Acti ve, and
amourt i I PGP St Py i Cormiatioop o e g wpstances
that can)b2QREIRM Sl RERIBEANES Fdt tﬂ@f&@mﬁinah ?%sogﬁ?/gulfatase
preferably at |east 70% nore preferably af |east 90%

enzymgp af &9 diverbee “pretysmay he determersskbyoBdiesfing the spiatasd aitzgme

A ——

condlt(olﬁﬁ(}d Dowe[dQﬁ&@dmmé\@hthV@odih@bﬂe)B IphesghRer, @?/ @Bromi 85 Shshic
to refers to preparations of Iysosonal fat ase
separafipfy Wﬁé’h%@m chrexerse ghase (BB Orhyemy odlr ghramategganhic

separa? Me.é.@s‘ife &cﬁfc%’na(gbt) dhd {h%amge. Using these methods, the purified

recombinant lysosomal sulfatase enzymes of the invention have a purity of at least about
80%, preferably at least about 90%, more preferably at least about 95%, and even more

preferably at least about 98% or 99%.
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90% and even nore preferably at | east 95% of the
protein's active site cysteine residue has been
w@oemporrans| ati onal |y nodified to Ca-fornyl gl ypCnes2009/031276
(FAy) and with at |east 0.25, preferably at |east
. nd more preferably at.least. 0.7 .

10091 T e R S o RSB RBE o e hhegapm g Eeampinant
lysosdahistilfathQ0B39)ma et iLdebieidal bR ingahmYlialddlly ee., faekiah $hd fgnal
pol ypeptide (i.e., enzyne) fragnents, nutants, _ _
SeqUENGE g%ﬂﬁ@“@% cgein padifice8onshere ditempbeleavagaphthamproteiast which

i t . “ eas o) 509 »
romIFEFIRN G WEOPHTS MEum “Bome e by eflossarey
“procdse@blorab eefers90 We fofm offieccombifahel o neg selddtasaehiyhé t1R$ normally

. of the full-length pol ypepti de. \Wen used in reference .
exists iy thg lyspseragnsipr AT A pginmal suligtetcsgrieass 9f the invgation,
the relfa{iécgﬁﬁﬁHHané@Hfag}ecuPééP 1A% re‘e{lrsplefo'rﬁﬁaﬁhef e taﬁ‘l?ef,eoxfxlature form,”

retains at |least a substantial anount orfn sul'f at ase
“procaed¢d \irt‘processed forol”enaralgred dérnsudd it @ibgstieg thef subfinas¢ enzyme

target substrat.es). \\e [ eference. to ..
prepargfjoy fy JSrRBBICH rw&%afssff?-é’é@ﬁszﬂ aédﬁlfag&@rlé%m/fcﬂowed
by staftd WRh TR ABAE BIUBWraNer, ¥y @RbmMHogfphics@bAriGort BEHBOL (c.g.,
retains at | east a substantial anount of

C4 revepyernplagg (R her gearsr ethénmgrematbgiaplyic sepagationedi, Size gk tlonion
of | ysosqmal .sul f at ase .enz 'S acti.ve site cystelne
(seC) g T 00 SRR i BB R OB P PNy B F:
enzymep of tHelinvedition RUisEst ofEIBadi 3867594, plEEAPLAt st about 85%, more
pol ypepti des rgfers to the anpunt of the pol g‘ge‘pti de
prefergfly ﬁgleaﬂébwté?@ 7-1ing GHpEmPEaHelerbhngt leashelant Qatd mgecursor” or
“ Ge ' . riieul
e USSR ST LSR5, AR PR s
sulfatase eyzyasesaff thdiavemioarbhast, of 1¢ thanydbomelds b.eprelfetabiyrieaethan about

., DYy subjecti he sul fatase enzynme preparation to .
15%, ‘@P@&F?%Eﬂ%ﬁ% E@?% g %é?% A Y ROTS AL O eless bar ety 5%
“matufg(,)’ * ARRuFEEHAP Y &R8E1E bOAR0 LR daWRA ~DYn SRl Qljﬁﬁgdimehﬂ, only the

omassi e Blue or silver, or by chronmatographic
“precusgpapatirorursyy bRl Us [detegted (4, the velfgasemnagse pRIPhjation chysists

a ther. chro ogr aphi ¢ separ at i , Slze, .
essent Q1Y B b I S e Blectod i SDsEA G ol ciene
conditik bf h SkhglegfeaRinRARhall ¥R050MPd csul f at ase enzynes of

the invention have a purity of at |east about 80%

[0092P" efrRtaflsyiddntk A8t %&E’&H“'id%f?to(fg,"qﬁ i &rnge{x@ B?Mc%’maﬁlore
| east about 95% and even noré preferably at | east
polynahmtitie 98p61gpe@Q@vsfDRAdds, e td éwont moecsegsarcts or subsequences

oty B3 BB B LT R I
the sarfT@ RN Ahpakld andialigned foR sk HBurh RErréipBRa@dnce SRYERG Bred Rdthg one

| acking certain nodifications, e.g., internal cleavage
of the gflloptieg grquerdersomparisaal gerrthes loy bpasual inspectien.| ysosone.
The term "mature,” "mature form" "processed" or

[0093]" pr'bokss adfefotord' moletde shat withevd ahen obleciden ritherantalently, or
ysosonal, syl fat ase .enz hat normal ly.exists in the. .

throushYEE 578 1o ya= il He Qa8 Gu0 R e b e g Bricizes

to one @&y [MRRnAry khfich@VRMd PRnd and to another complementary sequence at the

3' end, thus joining two non-complementary sequences.

[0094] "Low level of phosphorylation" or "low phosphorylation" refers to a preparation of

lysosomal sulfatase enzymes in which the uptake into fibroblast cells has a half maximal
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the rel ative abundance of "precursor"™ or "precursor
form and "mature,” "mature form" "processed" or
woO proooesed fornt may be determ ned by subj ectPemyusingd/ 031276
sul fatase enzyne preparation to el ectrophoretic
coneeg LA PR R AR R B 0 s g s
a manhysechpRsphag réepios csRparialdsothapybbRlG4e. g., C4
reverse phase (RP)) or by any other chromatographic
[009552 PAadirh P oc@rfng" &l a%a?li@d(@ TPt (GG BRAadtBatlth&Ebject can be
Jsing these nethods, the purified reconbi nant ' _
found iy @ uxsrdior syarhpleaspolepepyide ot polyndedtidgsaqucope thohisipsesent in an

of at.|east. ab 75% preferably at |east, about 85%
organiy @i AT nfe0) o Pl it Suucs R By whtei has no
been iptegfi@ladlplnyoditied B@aftan &b hetlatrHoryPis @ethE A BL occfring.

"precursor form™" Alternatively, using these nethods,

[0096] Ne'PRdcb@skal BGRPANMAN tre XS0 2QBRIpoSiHbA 3LiBDE SRANIBSiceutical
_of the invention consist of |ess than about 25% N

use in grsubjeetamipall meiidingmnadisand 1599 mater & phaghegeabtal chmpgsition

comprgsrbég g pﬁ%%&ca%ol%grag? E%ﬁﬁ.}é/t%%%r{)%%lg?%r ’&lfegaé?l%i%lgéogs I%aL?quatase enzyme

and alSd¥eEEeeEnd O Mbre JharrB ¥Rt QIRQAE RIS carfiBsydild@ts or excipients.

"precursor” or "precursor fornl is detected {i.e., the

A phagygceilied e0BROYHY! PICOPRAES & AOBBPIIeR corerytit thaFyveof a

. i i t . 104 - . .

e AL AP B A PR B Y pient, as v

as anygnadugy edlidhyreddis Glirdc@§ 92 Indideet] ¥, dromms cSmbl@ntiérg abrhplekation or

ercept "identity," in the context of two. or re
aggred3fipy AL LI Henor 5 SipEHicHE. SefRAisaciaer ehoneprmgse of the
ingred¥ntsTBf RoREAMGNGHEI o@?ea%ﬂ@t%e(ﬂliﬁt@&%ﬁoﬁsr@"tong%? nfd?€ o P@EBnREdients.

have a specified percentage of nucl eotides or am no

Accordiogly, theghduearenhea campoditenssd it preseahinyentar @xdosupdss any

al.i gned, for maxi num corre ence, as asured.usin
compe iR dFeHS 3BT o SR T B SO APT ST oeT itigh and
one oror¥ pAsdlackitERRG bt @PtablXd8ddrs,"diluBK8 lor eX@piehS. L0 a

nol ecul e that joins two other nol ecul es, either

COWw : I, Q0. Cq: : |
0097 P B iy A GHR Ca P A G 2 gy o the
standahiyrard hemsical@anmees, cdonpite heffes; yndequeaus sath eh)dorxExamptt and

nd..to anof her c ementary . sequence at the 3' d,
not fo AR5 AP HETLAS THOR B ALY 5 SR cEiop sBgaose. and
emulsioh$)Wud1easain Al wRRPSPRAEYbREMARIo and YAWus types of wetting agents
phosphorylation" refers to a preparation of |ysosomal™
and/or gdjuv antas Suidaviy plasmiapeufiinilcariidia dilverik er pxvipietts bnd firasdations
- has a hal f xl mal.concent r at J 0 reater. th
e desf bl iy e PRI 7 DERRLEI S 8 B vdaCPLFby -

Easton{ hg5)biprderral praimmnassitibalRafps) dilaerte 6£plctiiet®iedBadiupon the
| ess than about 25% [0095] "Naturally-occurring" as

intendedyppileel adninistiatigreek the asteicsiced. (hpichmpdeseftadppgistration

. ' i 0. na For

i G S BASHHER) (P ORI 6
subcutareoas) intrgaumkcs by, (intholenoing inirapesiesieal) hgtctmanob®@pical, transdermal,

i solated froma source in nature and whi ch has not
or transmucosal administration.

[0098] A "pharmaceutically acceptable salt" is a salt that can be formulated into a
lysosomal sulfatase enzyme for pharmaceutical use including, e.g., metal salts (sodium,

potassium, magnesium, calcium, etc.) and salts of ammonia or organic amines.
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been intentionally nodified by man in the | aboratory
is naturally-occurring. [0096] "Pharnaceuti cal

W@ oimposiovd on" refers to a conposition suitabl er€DUS2009/031276
pharmaceutical use in a subject aninmal, including

u A armaceutic
10099 R TR B B o BT 2T e SETBRREHITDs o
Polynhhedit&&@ Lﬂﬂidhﬁ‘dd MSasOyBEcusithd ARG E 26102 ¥ 0Eh & dko’lSEonucleic acid
nprises one or nore ghar naceut i cal |y acceptabl e

"DNéa)r%mdér@nwamc@ém (SRO"ere Vgl @nnuclein aplanaiger ulielgic acid analogs
mcmdeqmwbmc eae%mg@;ﬁl@a@&g ats% S RuGomme a ?grjéa{égar%

Ive I ng redi ent I ngre
Imkag&‘a Iaethuphetrhﬁcleamdtds@nher dhdnue hatﬂfall@'xmmnlnﬁg ﬁ)ho@%omektbr Bsnd or

whichngTE B i esh bt e QR aharLelEie Bl it Pomasarus,
nucle&ti’&% agﬁlogpfn%hf?ife fo @ rﬁ‘;ﬂE H @\ntth%ut l%lt%g&??ﬁjdﬁ?ﬁ&%h%dt&n

one nmore’ o e |ngre i ents ot her types
phospbtbrorlébu@meanslosnhommestasi plospharfmaiaes grorammpbosphatekhe

A T T TR

nuclei6 Q619 SPNAS)) anB R 1RY. BAOA $bINEuAIMSOSHBY syBitHEBERTSr example,
enzyme of the present invention and one oOr nore

using pihanteaetedtDNAlsyythageeptlapitent? leeq @ld"dwpla@lm @f@s to large
polymg@g%rtl?ilgg nh’gﬁl} ﬁegrggglz ornugf)%g{lﬁm'ctﬁﬁl.tcélf éér/rg s%egt gdes

genergilyandgestepian aBag 50 Inﬁalleot@c&rsr Tewsl bdlhddldﬁfﬁoﬂ, th;ituiﬁeﬂrasnucleotlde
and excipients, such as, for exanple and not_ for
sequenqeris feprgsepted Ry ﬁﬂ&%ﬁs@@n%ﬁfeer@dT LalPndisygsincides syRNA

Sequeﬁ&l{ggug ’@Obutgg{lwgfchd §@es »gnd enul sions, such as

i’/ wat ef “or vvater errul sion, and various types
g / r ad uvant,s
ooroff SEURRERASFILS, 1580 b AR s BB B g
naturafl9 bﬂwrﬁhg efRsct@B By ARSB! hﬁE@n&H@:ﬁR@ﬁhﬂﬂh@zﬂ ySoccurring analogs thereof

Phar maceuti cal Sciences, 19th Ed. (Mack Publishing
linkedeyga pentids pepds, 1dafsg natpradly ce Waing IFHPFHHEE BT, 266 pyntkgtis, non-

I
naturag#/ og rcf géa}lg%%ﬁg%egi? S{%mg?egig{ﬁg \;@@ dets an l}@%}ﬁﬂgﬁ%%egodt%? example,
using af atadlﬂ'atr&d sblyatpiate slymhlemdcﬁ" Tfhartemxaimdem"aﬂﬂcﬂgt refeds to large
oral ). or parenteral

I O nt er a| e.qg.,
PO‘YP%E%% ?’Qﬁé&ﬁ% gpqpﬁfi? aWH’sCégY gfersitp ﬁle%%ﬂmﬂé?s Conventlonal
notatidr i L @RERr&iR rﬂ@ﬁ&}ray %b%% iy segﬁeﬁc[esg '(t)lgﬁglieﬁbl}aﬁé BRESF MBblypeptide

or transnmucosal adm nistrati
sequeHCp hathraoew-tecaminiug; the cigpt-bdnldeerslalfta'pol peptidadetjuervatis tan
formul ated into a | ysosomal sulfatase enzyne for
Cafbo"aﬁé?’%% *Butical use inciuding, e.g. , netal salts

[OOIOQZ?? rlillg,ppr"go St;éuﬂghwggﬁa%gxén}ds%glgﬁ{l %9 (:)E:icf;fc?@lll}‘;Jl }rll)gbridizing to a
designaf@ leﬁfyﬂﬁlzl%’ﬁdqum a8 ﬁ{dsprE%d% ARESr i i e nat u?ﬁtfxfms ofa

nucleodtide units. Pol ynucl eot’ des I nc
compleroenianyi pm@zmlukebedez Swwhagnthssis hcass d'herxghnelpbb/muclleemdb Immet is

(" Y nd r cl e c.ac
placed ngoiop B ThR BB G MRUE B AR Qe oD gleotides
compléhEf 8y Wi cleBﬁJiéJthp'Ilﬁ@ -an@taHLdbdt Yo O hEdi A% oR 38@Sas DNA
nucl eoti des that engage in
polymerase. A primer is typically single-stranded, but may be double-stranded. Primers are
typically deoxyribonucleic acids, but a wide variety of synthetic and naturally occurring
primers are useful for many applications. A primer is complementary to the template to

which it is designed to hybridize to serve as a site for the initiation of synthesis, but need not
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I i nkages wi th other nucl eotides other than the
naturally occurring phosphodi ester bond or which
wo pabooiwIbases attached through |inkages ot herP¢has2009/031276
phosphodi est er bonds Thus, nucl eoti de anal ogs
reflec ﬂ% ex%cg 5% { %}rq%e: es FI)TH)@ ma %u&stahcagl ts%esm%lc g}%rldlzatlon of the primer
to the rﬁé}ﬁﬂ@ﬁ(@fep&rfds%%ttﬁé ﬁrm@éﬂ@[@ P eeaitibdidiAGen conditions. Primers can be
bor anophosphat es, net hyl phosphonat es, chiral -net hy
]abeleﬁmjgp ﬁ,gnghggnogn@, Wgtq@ypve(, o HHOEPEHE m@gles and used as detectable
Reptidenucleic acids (PNAs), and the like. Such
onnucIeotldes can be synthesi zed, for exanple, using

100107 FRRE Pl B LhetFg By e B0 e 45 PeBhiconce

that is cﬂ*)alﬂ@ﬂﬂﬁieeﬂchmﬁhyﬂrmhﬁgld ¥ dédRE deQueobE another po gnucleotlde
ynucl eoti des, generally no greater than about

A progﬁcjme@ﬁw%by flqlzqﬁn%l) p tygctisnawigngdey Phhnuglsetide but need not
reﬂectntﬂg ?a%tt k&ﬁqﬁﬁ%ﬂﬁg ?eqthﬁncre%qrtﬁesﬁﬂlﬁ)ga}qe bﬂl K aﬁﬁ%e S abitR

al'so’i udes an equence

hybnc(matlen of e ;idobeﬁo the talrgEt‘dbpeﬁi’ds olJthe @ph@oes of the' hybﬂ@xl;@lﬁl}n
PoI ptide’ {gfers pol ymer conposed of am no
conditignsy @geﬁ difele lapgled vd ﬁé’e ﬁhm%ge@ec@maﬁfgves oF Heergsegnt

mmen\é%ﬁcﬁﬁ‘éea as ABEcEMRLGLASG, non-natural Iy occurring
anal ogs thereof |inked via peptide bonds, rel ated _
t ] tnetlc
001098t U b YMIEE KA Sl ) 032 S IR U o

exhibipsikypeft dld@ﬁe oaex hileitssonhy bearbyi digith, fof die Wbédedﬂé&sﬁ@ tAdirisk of
hesi zer. The term "protein

aut o pepti de sy
develapig @Pqﬁg}&f o Singunds @fg&lﬁ §1FBkt maBbe SiHB a appphylactic
treatme)?ﬁ@trécﬁl%e tﬂeylﬁieﬁﬁ&l)cy off cfefvgfoé rxgga %{M & S RERIAIDE the severity of
Conventional notation is er el to portray
the pathologyertdeddomelquences: the | eft-hand end of a
pol ypepti de sequence is the am no-term nus; the

[00104]i gHRedvauicnam qiolyﬁluﬂe@miey me?atsi tda m@qmema&dé Baviikiesequences that
yl -term nus "Primer" refers.to

ar bo a
are nogfaﬂtvﬁﬁxn%?q t&éetf‘?{atfl“i‘ %meg %doweaSéﬁfm@s%chpm@manypolynucleoude
may b8 X%Ndéﬂ 7h BuitB1y %] HAheJeA0! é’aﬂlﬁ%lug&i {odt?angﬁom ]gble host
and providing a point of initiration for synthesis o
cell. Acbogblcelirtat amrypmm:b yiruet @obinae. poBueilestidd esiesred aray s

" l,ynucl eotl e primer .i.s_place
recorfigh bpgeEly {6 Rien oF R aagthivgit Bost ol tq produce,
eg.,a We@&ﬁﬁﬁﬁn@‘ol)g}éﬁh@@t il ?e%onﬁn%ﬁﬂﬁél?ﬁ@d’@c%ﬁ% may serve a non-coding
nucl eotide tenplate, and an agent for
functh@tﬂeggrsmrmater,mgsu eplicabiNg, arispmertasding Atqeices vidl.
typically single-stranded, but may be doubl e-stranded.
[00105Fr | HEybridrzegty@itallyyod éspe;c'rﬁdi@rmidizaﬁcn aof tslectivdly aybridize
. Wde variety of synthetic. and natur rring
to refﬁrrs Itcﬁﬁl;?) gf)ég lﬁiélB]feﬁ ngg %h%Wl%Bf 6ﬁ%‘8 l‘iﬁqqlq@rrefqrgltlally to
a pam@tﬁﬁﬂ}l&[%ﬂﬁ@ﬁ ubRelitBel SARS A | @oﬁd?tl(‘ﬁ@' volikni thatl s8q H@8E &'}ﬁgsent ina
to hybridize to serve as a site for the |n|t|at|on of
compleymiiersi(eg., bual asdednmdNAeiRNA. t he exact sequence of
the tenplate. In such a case, specific hybridization
[00106df The tgpmi "mningem cbhdiitibﬂs‘r‘p'b&tsetochepénmdﬁs ek hérich a probe will

ri n the h i di zation, conditions. Priners
hybrld%tgﬁrag”grengzﬂy to its targety sugsequence and to a lesser extent to, or not at all to,

moiet

other sequences. "Stringent hybridization" and "stringent hybridization wash conditions" in
the context of nucleic acid hybridization experiments such as Southern and Northern

hybridizations are sequence dependent, and are different under different environmental
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| abel ed wth, e.g., chronogenic, radioactive, or
fluorescent noieties and used as detectable noieties.

WO 0@2/092p4 " Probe, " when used in reference to aPCT/US2009/031276
pol ynucl eotide, refers to a polynucleotide that is

paramg ggsu 1%1% 8)9%?531 ei,]e% 1fe oatb%?ﬁw%cg%géghzogg Cltﬁl%[ﬂ%b(% h%%%tlr? %ijssen
(1993§p@§dr£tb@atécymmmb§ indxlz)e}senh@tr@aﬁcam%curae MR 18 8RO r¥dization with
ynucl eoti de, but need not reflect the exact

ol
Nucle@oﬁqﬁﬂ Srelis ary | shapierk O wrviewe fmsimpipies of hybridigatipnaand the

. h
strate%cyacﬁ%ucfe? Z&clécin gl%bg%l?s{aksgl, gfsg{q%g é\ﬁef(\:v ¢! J,fq( ?(Ec%%ﬁalbfr {ﬁﬁl@aﬁtrl%ent

hybri(ﬁmdh tah@R&ish Bsl@shsGasdietddabdle Qﬂow 0, lo®edthan the thermal
chrono radi oactive, or fluorescent npoieties and

eni c,
meltin@sa@éltégnd &erdbe apscdicrisiesrice st a lgford agnistresredipayd pldt iThe Tm is
t {00
v G B2 LTS AU DELE LA 0o ERLBE M
hybridéas lty a pedes]yf mitclidieprpby. PO&E seingdacioddBiong atdwldctedko B equal to
developlqagpathology The conpounds of the invention
the T Prake- a prophylactic treatment to reduce the

|Ike|lh00d of develo g a pathology or to mnimze
(0010TIhe ASeoeRIHg O sel lTbHR09 CoRdic e/ By 00 E04]

complgﬁgﬁtglgpr} ?6{15 %88%{)(11?1{53 lhg% llngﬁa thhf fl?(?]&{r}x}gleﬁent yTes dues ?x} a filter

avli ng sequences re no
in a SguPhdiedr hegeif Blot 19%’0"/@ mﬁnaim edtror n@&b‘f@lﬁpalrﬁﬂatr@e@} ndoitm ﬂ{ét
pol ynuc| eoti de may be included in a suitable vector,
hybrldamov heingsarise ouhpvase ghis etin peepla aghightn sirirgent wisheconditions is

th
015 BB EE LG PRl £ Bt Lae SOURIL O Reb BT ARG o
0.2X gg@ lvash &Ehs%%g ehe s &uﬁlt@rase%xmrﬁ%%fé et &v fhe de8GIRNMARKC buffer).
host cel produce e. . reconmbi nant

Oﬁmlpdhgp@pngd@yNWﬁhquonhkﬁbmmlgwwynuﬁh@0Waﬂsnnayog@bwkg@und

prove FERHI A PP FugBe bfaby RgTERra copft o g gy tham 100

nucleoh@@sl Qo] S&y Qf th"CZfoF 95 %Hﬁlﬁb:f ' &ﬁ‘@(z}fn 18 low st?fﬂ?@r'mfy' Wash for a duplex
hybri di zati on, ‘sel ectively hybridize refers

of, e.gt, mdr&iéhahi 0@ Inngl,eotdclqu 8XMOSSOnt 4370y fodil Z miguted. la genedakiaGignal
| ecul e prefe&gntlally to a particul ar

to nmsmé%gf? PoOr Shetba HaRbseyEd fcr{gﬂ@ﬁmr%ﬁ PEabg A thepapticular
hybnd‘ﬂﬁgn §§g#ﬁf3§&tés§ie%§§§8f N&Qﬁ (%.Xt ure (e.g. ,

ul ar 0106 T e term
str " 0 : :

[001 08\/‘/hi éh %gﬁ%%to %‘P H%gfn{)s?ﬂg'r trda gl{eﬁsp !rl g xéglggrt 153 @m%&g%ﬁ{nsal, including
anmnmﬁﬂgEﬁpﬁﬂbﬁﬁquence and to a | esser extent to, or not

at all to, other sequences. "Stringent hybridization”
[00109Nd Ths bnﬁa@@esabstblmtynwdiomé%ﬂs WarSRuseddially @imticAlN it fh@ context

context of nucleic acid i di zati on experinents such
of two gyclsis ACkSI pamemeﬁ,r@mmﬁy t5efietsi to 449 ONBIOKT EqgeEGRAL e

r Bdefs.dighd e 0 0

subscqdEREDAGR b ARTAL AR o8 R, HIE o o EOIN. 0834, r 99%
nucleotigd ot dhﬂlatalcﬂil’reﬁﬂueﬂidehtﬁlypwam etnpsed adnadighsd TorjmBsemum

correspondence, as measured using one of the following sequence comparison algorithms or
by visual inspection. Preferably, the substantial identity exists over a region of the sequences
that is at least about 50 residues in length, more preferably over a region of at least about 100

residues, and most preferably the sequences are substantially identical over at least about 150
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(1993) Laboratory Techniques in Biochem stry and
Mol ecul ar Bi ol ogy-Hybridi zation with Nucleic Acid
wee@bmsopart | chapter 2 "Overview of principlPST/082009/031276
hybridization and the strategy of nucleic acid probe
.. as evi k. Cenerall i ghly. .
resi 85 ARt PGSO ol SHAGH S aHe eBHEn LY ientical over the
entire 3§ 86 b L8 tHeP o PBotRROMbaRenl IRy héan the thermal nelting
point (Tm) for the specific sequence at a defined
ni G BrRisBit oo TR UREH ALHFeH
[OOHD}Jn Iébg%&%fl ned | onllsc s%qu éaﬁ%ﬁbegg[t wa?%:h 6586/365]11161106’ o
whlchtthﬁ st@regets seguepaed. hMien cdusmgsa sequeacperthpaisoy abgiitihedest and
robe. Very stringent con |t| ns are selected ta be .
refere Wﬂu?%ei %rg t]ar%P agow ‘sjﬁquﬁqc&f@or %ﬁ_s(ﬁ]: ggignated, if
neces%% Rl 8efensd zﬂg&gtﬁm pljfigxl%?ﬂ ?dréﬁ%ﬂe%rhr@ Qe fak QN ST }fe%quence
di zati on of conplenentary nucl ei c acids

Comperrswe a}ﬁ@rlehrtl zem @@@%@ﬁb«t ewemtaﬁqueneelddutetg fwntha t¢st kscmuence(s)
ol P e Ml By PisEtng

overnl Ie of Nhi stri ngent
10011 G OBl BHER o s RAG RIS eoh B cogBed e by the
local HBnEBlB algOth@XSMGhEh &f WalkdrinaB ey, WBSALANAL44201681, $ydhe
0. 2X 8SC wash at 65C for 15 minutes (see, Sanbrook ét

homolggy afigiment aleseithmof dscdemssE Bnsay, Y. Mok Béal, 4&i443.d1970, by the

searc Sftor Slﬁgﬁlﬂg}y%lm@%g roiggﬁzp L& %b pmaé,n}g;iolc o&nﬁt cga,pf Eﬁ%%?g::%élM,
1988, sy Ebmg@tﬁﬁyed/\ﬁﬁﬂerﬁﬁﬁat&)rﬁlwlt}&xe QligorinG. (GAHJTH:ES'IIHTH EASTA, and
otides, is Ix SSC at 45C for 15 nmi nutes.

TFASE%&W%WIWH%IW%@%%WW@% Prdese %ﬁnes@@mpu@r group, 575
SciendEE MQ@Q?&%QQ%@QWE&&Q%SG& n#-6x SSC at 400C for 15

m nut es to noi se ratlo of 2x (or

h d be |
“"mﬁher&gﬂ; It e AN s B B TG E BB RECT Bl
sequere afighpest ftdi a@f&fp oHi rél&tdd%@qudn@&s]&ﬁﬂg pro g8y € Phirw@de alignments

di agnosis or treatnment is a hunan or non-human ani nal ,
to showrefatignship andereent S‘?ﬁue’é?eﬁfiﬁl‘r?ﬁf elt 3jsopi@op treRer gpdpgeam showing

the clt}s%gl%g}rca{lérﬁh uE@d%' QR @e a?'éilm%r’tb%&?ﬁ{ﬁ’%sey a SImé)rhﬁcatlon of the

e con WO nuclTerc acid
progrepm/g/@lmgﬂxemetlgﬁrte”mahg& Deblels, L d/d/Wovadr331381e360, 1987 The

equences,_ or subsequences that have at | east 40% 60%
methog gogd 1§ GypilagFodhegpeiio 53@%@@«3@9)@@%%%@@@@@@/1&%0&5 151°153,

1989. ameq)?oé}smaﬁ eRLAUS td ﬁj(ﬁme'qﬁé’ncem%h &pmgmmn@reﬁgﬁi S

I mum corr espondence, as neasured using 6ne of
nucleotides <61tﬂninuwamgs séheenteple @llrgrmmqns procedigebegihsreitbrthdyairwise

atignnieEitthe WO RSt it lnioftReS sttty S 98 e Rispribgeapences.

This cRiktet %&ﬁén aheel t@@lern@%é xﬂHﬁ%lhﬁ:d's@q}& hbo oﬂ@ﬁs@elﬂfﬁﬁ@ﬁ&pieﬁuences
over a region of at |east about 100 residues, and

Two chstereeizsfiyencerears b geaddusa simpleautiesmntdlahd galrvdemhment of two
i PP T by, BN dRER T s B G R TR o B i
alignn@MB( Th@rogram is run by designating specific sequences and their amino acid or
nucleotide coordinates for regions of sequence comparison and by designating the program
parameters. For example, a reference sequence can be compared to other test sequences to
determine the percent sequence identity relationship using the following parameters: default

gap weight (3.00), default gap length weight (0.10), and weighted end gaps. Another
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entire length of either or both conparison
bi opol yners. [001 10] For sequence conpari son,
w0 y@ooed9y one sequence acts as a reference sepUENSIN9/031276
to which test sequences are conpared. \Wen using a
ce arison aI d refere
ateor RN s SO B e P P it ls A GsfuReata w
(ThorgSehdi DRt NREIAE AckeReGaat/em: dof3aeg@si9any, and sequence
aIgorlthn1progran1paraneters are deS|gnated The
[00113PAULRSERrCRAPBI T MBI thd MR iBR ERIGULAESS pbhent sequence
percent sequence identity for the test sequence(s)
identifyedndtsequent o s1nh@r1t3eméh@ﬁééS§Qanbm, whabaesldeneribérkin Altschul et

al., J. 7 gﬁ %%ﬁg 4@5 9”393@ ﬁa?%%ow%&o 111£ gﬁ&i}gﬁaﬂalyses is publicly

avaﬂaﬁléﬁﬁtd)@l Béhe atthnal @&’ntblh@)r B?&é&hnbﬂi@'l%ﬁn@ﬂlﬁp rTiif AgBfithm
Smth Wat er man, Adv. Appl. Math. 482, 1981, by t he

involves fisgt Wh&nn@h@ﬁf«om@mn@mp@m Né%]iﬁ) ésbradﬁr&fmg sledrt words of
length'\@/I 1H t}gé (248'1‘% e%r grg'c%’ é/l’\?c 1thQ1y é{&g 8‘? ?%[a?)?so & %lltmglc\ﬁahﬁgkhreshold

score $5v}%414h41gn&9\88h alyord Qﬁﬂid:tﬁﬁieZﬁcgt}h md Wﬁsﬁkdc@tﬁﬁceoﬁ 1s referred to
rithms (GAP, BESTFI T, FASTA, and TFAS

25 the G H Oy BEGREPH SOHATEEOISGR I ePloR alfer. Righat 1445470, 1990).
These%@f@f’x}e@%hb@?% rwotd t§%&tecﬁcs@ec9r for mk\{pa@;ng Qg%rc%’s)to fi fiﬁ 1er HSPs

Vi sua nspection. [00112] One exa a use
contaiaingdhém hirhe SJOFd hiEURe tlﬁlnLﬁUﬁ%ded Ha’tbceb daections iajping each sequence for
ence8§ nent froma grou | at ed sequences

as far a% dugllu g]g’gent ﬁg(?rpwag e g}CF ?ﬂen lgnltﬂa 1%, es are calculated

usmg,ﬁ‘&l Rl Eb k& udheksPRE aRIm $& Nﬁﬁ@@aﬂd@@@ﬂe' fb¥a phit oBBRhing
plots a tree or dendogram show ng the clustering

residuesslabways ishiapd Nisaaltpseorefor enishetching gemdues; alPhys£0P). For amino

acid s%éu?ﬁ & # l I f I a}tbgsol{]seg E cal?cujﬁr %gelrce%%{%eveasél% %‘&%}é@n of the
word Hi8G# eaafharembﬂ aft Hasied wihen SthBchiatlatife ek B@fle falls off by the
descri bed by H ggins & Sharp, CABIOS 5:151-153, 1989.
quantifsh frang} tj}? AR ariugrediplue IBopnydajiisreers, sosntetzent ombelow,
e n ]
due to[ﬁéé&ﬂ{ﬂu ggto@ ?% %ﬁ%’lﬁ? npe%ggéle dgcpggg?es?({ueaam % 1?1%,6 (grsthe end of
either pajueidesie r@bh@h et BOAST g dritim qmﬁitn&drﬂw ar, agé qm&ﬂ@ﬁﬁne the
produci ng . a clu?ter of two ali sequences,

sensitig]y apdiperd of it lignmgpled hed3ldre mgr%s(formépl&mé%e sequences)
T I
uses asc'@%fbcaew@dlé}%%(\?? off1 %h'egﬂéac@atﬁﬁ ngggf’ %gwg-ggé%(ﬁle

sequences are alignéd by a sinp
compapiaon o seh atrarglsnigortanoho owd sequatinuésd thel BIsAS{TR pooesam Thes as defaults

i nal i nment is achjev b Seri . .
a wordjiih 08408 kool G T oG et e BHEST G ssiving e oce
Henik & SIBShiGba PRQ. NRRCILJLCs&eny8ROaDBNA oRhLi r ami no acid
or nucl eotide coordinates for regi ons of sequence

{0011@0m954c§95h @ruawayatﬁh e&%ﬂ{ gegge&ca%é% %Eﬁé@ %ﬁm also

or exanple, a refe nce seduence can’ be conpare
perforims hetatisiesd asdyuieoictbs sinolality betwicne twheegpenaee (Hee.seg) uKmdm &

Altschag?gt L atlr sllcaac} ngnﬁyAp 9Ou§é')}395"}8h/’6159%| | 8Vr‘1"e rr]lgeagarre% 1m1[ar1ty

provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an

indication of the probability by which a match between two nucleotide or amino acid
sequences would occur by chance. For example, a nucleic acid is considered similar to a

reference sequence if the smallest sum probability in a comparison of the test nucleic acid to
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gap weight (3.00), default gap | ength weight (0.10),
and wei ghted end gaps. Anotheralgorithmthat is useful

wo eroogerses at i ng nul tiple alignments of sequenck&T/US2009/031276
Cl ust al VV(Thonpson et al, Nucleic Acids Research 22:

the re?e%% Sce?'lg giﬁl at]é?chf;')lesfsgoaglépéﬁ,@? ,?]ryﬂqr%rprsegi;ér&agﬁileés tg ort IOth and
most pideblY YesatthnSBaueNo® . sim larity is the BLAST
algorithm which is described in Altschul et a

[001 I@tA A Bi@ler ikl &ithQ3nA 1o n@t&g@ ac@osfeE]M@{c@s In%olﬂf‘e?ﬁ@ésrﬁ.rg 9
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o By DTV Bl R b SR e Ch e S8 i
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satisfy sone positive-va hreshol d score T when

polypepttidgnion cvirpplie avhgse dheofvotpeptidesndi ffpieondy Ry canserdivepesttutions.
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hits in each direction are halte en: the cu
purifieal apgmnsemﬁ mmt eTmaaMJsctcspémWS phﬁﬁcmamskdmabmmmgmemﬁ
mum ach e cunul.atiye score to
Cconta T o B A6 Aot o e ha CEURAP G B cBf GRENG Cispra

methoB§J tHe\BmPeafibM Borfs@dd Qs'é&tﬁt'll&%?g% o m%roﬁllafecﬁﬁg sp¥kies. Solvent
ei ther sequence is reached. The BLAST al gorithm

Specwp),asrraarﬂem@lr:@ﬂw(<$00 Sabiods)durtehrdirnee.g. hBSébmsd teleymenyal aondspecies

t al{ nent.. The BLASTN
are nof BTt MG sBE T tied 5 Eisr SR b Uil ar dmane
emboc(lM):nt@fth& Eiso@maXREahatdnoPmbEf @ inkRntiddire shbstéhtiaBPdut or
npari son of both strands. For am no acid sequences,
1solatefihén BASTPbotiBghanthadwsosemalputiaiase enzamep pHihe gjtentipmyre

s pAO o ENPSENALOR ) O er e PRl e i

their sthekis. SalsotdSANBD IS thel;@RBhacenO6:l ]:é]]npbﬁtla]d df ﬂélie @ivehBon
cal culatin ercent se uence identjt t he BLAST

Compfz??@w‘%srﬂﬁ*itlglﬂsgaur Grisaatgd heganeutis kyapsoa?ﬂé Fyiatasesnzypg

admix&d ng %&F by rlgr@gef: Mﬁ%aée%cﬁg%@%ﬁ %%868 glélgeél’t éae%(lc pienfs.
99 m [ [ d e .BLA

[001 lﬁl go%)r it1t1 ?ﬁéegtlg)ﬁtgﬁf 3 t gﬁerrrﬁlt %%rgglasgé/rleg ?o a ?%g(] ‘%ﬁ)t who ex§’ its

signs ombrmbto}nrsmf pd&&ldgy fbﬂtﬂﬂe(p&tpo@él of)ﬁm*hhﬁhmg@babﬂnhﬂahyib b}bse signs or

whi ch a .match between two nucl eotjide or amno acid
symptoms. The signs or symptoms may be biochemical, cellular, histological, functional,

subjective or objective. The lysosomal sulfatase enzymes of the invention may be given as a

therapeutic treatment or for diagnosis.

33



sequences woul d occur by chance. For exanple, a

nucleic acid is considered simlar to a reference
waegueroed i f the small est sum probability in aPCT/US2009/031276

conpari son of the test nucleic acid tothe reference

clehc acid is l.ess t bout 0.1, nore prefera
(0011BE2 Hrrfeli oy Br* 18 R P Rupue Rl §oRaSuTpRbipere e
minin@ 0 terdpe(0damb @ hnd BtloA fnuitabedptdbMdiokat d@udthat  t wo
nucleic acid sequences or polypeptides are
[00119pDStRBnaht YefbdaPbidpRblakSe trBaMchNG (RALYREREEnent or diagnostic
encoded by the first nucleic acid is inmmunol ogically
treatmgpbss reactive with the pol ypepti de encoded by the
second nucleic acid, as described bel ow. Thus, a
[00120b] yBeptind&urisddsygd foainl’yasssbd hanin adféry to geysidatialdidceet@units
. econd po eptide, for exanple,. where the two, .
suitab e R B oA B R BieF Det b B U dps2
predet®RinRe ﬁuzﬁrﬂfi‘* 6 Rk QR {1 A WR cAFheb Lha e R AUSRBE 2R Bted in
substantially identical is thdt the two nol ecul es
an ampyifrsuffizent topredute bt Hesiredrediert istasjoageinn votnalictdromse as

described herein. [00L116] "Substanti ure" .or
phardE Q4P e ek oo e SHoRIRes &b e EH Bagis fatre novel
unit d62QE f@sPT eEBtEseht infentididepei®bithepasticilar RXoSoBRILAaMALe
than any ot her individual macronol ecul ar species in

enzymerfnpleyisosidithoeffcct imbe eehiavedtadithaphampendybprirs associated with
each 1%%@8&5%1&&59?@%%% ?&gmere' n the object species

nprises at abou 0% (on a nol ar basis) of al

. PR ETIBN Op LS MAT it radde gl sose 1o

0% or nore of the macronol ecul ar speci es ent i.n

10012} TR BRABSEL' B S eBHEY FURPAFUCS peby danghbd Al wpguging active

highly i sHrPiefed 3RS RS suffatdbt dfzyRls IPaRSERMHABLnable therapeutic use of
honogenei ty (contam nant spécies cannot be detected In

such enpgnesorip gshdritlo thebyetberh{feerésairmis fodimpaen dOmsureb ot )linefwith the

DN e GRERE e RERLEOTagRE o dtndl e loicaly active
fragmém)] @6tah€ Farfi Pk 0P A&} Ai08 MereoTaddh lcDRL SndoRirth: fullBSMth 173085bmal
el emental iaon species are not considered
sulfatagg epois @alialogsply peby effrgnsnt poges, wirianhpisderivative thereof.
1AL e l:ren 0S |
mhose S50 U0 0, BB STROSLIT Bl B 05l RSP
descrifpdrieera@n forsoptiatae grodusti @potsueirbeoiomeisslfathdeeenzyosarmltable

sul fatase enzynes of the invention are supstantially
tfansfeﬁﬁﬁdée@ rhnF%glle’&t“@@l- Wieroyespaled arsang anayerasbnieseguiragments of

CONAT A OIS L5 Sl B OLAES) S SO P
naturally veniriiohS IdMirerdgmsamsdudthnt emdyimes phat pbssesk the same or similar

. I spl ated therapeutic |ysos | sul fatase enzyne

bwlogﬁ&ﬁ?%é’ 4y ¥ Eﬁ n&ﬁﬂégb’r O‘i‘?ﬁ%'/rg’gpﬁgﬁﬁ%% GRS y accept abl e
carriers, diluents or excipients. [001 17] A

Host Gellser gpeutic” treatment is a treatnent administered to

a subject who exhibits ngns or synptons of pathol ogy
[0012%] or Honecollspproise potdude micaindirianglysesoatal millfetadereyzyhesac

' : + The. sians, or.s ons be
endos R co TR ATFoy X okt G iR Y VAR T g Produce sueh
lysosomal sulfatase enzymes in amounts that enable use of the enzyme therapeutically. The
invention provides a CHO-K1-derived, END3 complementation group cell line, designated

G71. The invention also provides a G71 cell line that has been adapted for growth in serum-

free suspension culture, designated G71S. The invention also provides derivatives of the G71
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subj ective or objective. The |ysosomal sulfatase
enzynes of the invention nay be given as a therapeutic
woe@amest or for diagnosis.[00118] " Ther apeutPCT/URIEX131276
refers to t he dose range (anount and/or tim ng) above
eutl

and Gy IS 68 B ST B O Qb o Ml ety gpaession

plasmidg. prophylactlc treat ment or therapeutlc treat ment or
di agnostic treatnent. [00120] The term "unit dosage

[00128PT Mells@at lé§1$tgmrkﬁlﬂeelxﬁres§ B §r RNApJHé&h‘ﬁQ|a'r¥cc9ﬁl§ﬁzfr§&9?otem are
units suitable as unitary dosages for human and ani nal

referregilojherdis as ganchcalh mochéind a¢lhi d\éalanph@deftlbrthatmedtam and express

S0SO sul f atase t he prese
o RS ibnthg dEREPER R bR EUTBEATC G st SiHThea
mamnmuad 6. tiRgodision d tief DRAL orl RN ASSREeRS 1sHY MfdWiPiRhsRiction
nore pharmaceutically acceptable carriers, diluents or

methOéwabuaérfprsexme apbeotpehmitaie, plsetronnsatiny mwr@nmcnon
mlcrogr% 2 1 Igéntt &1? 181‘131%?%%}1&1[6 Vrgcgéltzgﬂmd oye lcg dg Pﬁosphate

trcul sosona
precipgthfi@c tatﬁ@nbﬁplﬂai‘ﬁa&idﬁﬂi plrﬁsmi)ot‘di@npﬂlaioﬁ&ﬁ@ﬂ(ydtﬁdigl@és receptor
a5500|$ted h eachleéfosonal sul fat ase _enzyne in the
S

mediajggdansiey, orp PERG IR IO SOdematv ey thaPASE oERPYVER) be
mtrod{l&g]b%f]dﬁel:ﬁo@%h ASREE VectdN M PHESEN rﬁéﬁéﬁp{} ko ehisah UL &g

a novel hod of producing activ
mamnpihies plbs; whmhmxprq;ss 03 0hal RSN ¢rmbdimg aeamsaﬂtmranmmt gescribed

ot SR o RS RRESL SeRE B SH T TR gy prot

Produawd@almelﬁ@w S}sltéﬁ*ﬁ fcyMGéhet”[h)%ra‘f) Ry/gﬁeﬁﬁu TS dign, tﬂéﬁglas A. Treco
Su or a blologlca |y

sul f at ase nodi factor
and MighpphW. Hﬁ@@lﬁ’éﬁﬁ%ﬁ? ot 19%r UantSen N @B13varkiddcentitled 8o Vivo
Produa%glyaﬁléﬁ%%meg’] cﬁ:ﬂgﬁg ngl%tiln Jggn%%\}lélo‘; ¥p18 n%ﬂ?enemeg?ﬁya l?y Richard F

SelderM ajrdugms Aprrr@t@ranmamcu@eltvheH@@ﬂemTﬁxeaeJ@if 451994 ahd Ut 1S er. No.
repare expressjon constructs ot her than those
08/23 le&%)‘?r é%%ql asgetqdolairodegtion o YA dye iPrinary pp decontany Gsils and

f t
Their ‘?%‘i%gpéﬁ IRy ¢ UIRARRR LRI R o R el g Riphard F
Seldera(ftledsams 20p)0%asThy tedesngrolenagofthess pblicddNAs erca@tdlgy
bi ol ogically active fragnments, variants, nutants or
mcm?8%¥?V5¥?9g “?H%”HQP&F%@F?’occurrlng SUMFl or
sosomal sul fatase enzynmes that possess the sane or
0012@. mhll iefasred| cayiodinedsthe/hasy celbused do pepdyparacymbiment lysasgmal

sulfatafséJ Lnjazy%n%ggst h SHYOY A ac n@?ﬁéaﬂ% ldeﬁc&rgtoc%ﬁ% }éggllact%gkédsby its ability

o pr oduce reco nant
to prochl_&z ym&slysrrserrmhdﬂﬁzmm Ien:za},cmﬁcil if beatinte thadehibdé esdofakd énzyme

line aracteriz thelr ability to produce suc
therapgujicg b prgérrﬁgﬁ INYFIERD lHFﬂVé‘?@csr?a@H@n%HdéﬂYﬁde END3

compl@hedtiEorBRBY B R&L, %Qﬁgﬁdt&?d}bx-ana_ H&571 cell line that has been adapted
for growth in serum-free suspension culture, designated G71S, which co-express human
sulfatase modifying factor 1 (SUMF1) and a recombinant lysosomal sulfatase enzyme, and
are thus capable of producing high yields of active highly phosphorylated lysosomal sulfatase
enzymes, as specified in “DEFINITIONS”, thereby enabling the large scale production of
therapeutic lysosomal sulfatase enzymes. In most preferred embodiments, the G71 or G718

cell line, or derivative thereof, expresses and secretes recombinant lysosomal sulfatase
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i nvention provides a CHO KI -derived, END3
conpl enentation group cell line, designated G/l. The

WO pwen9ioeh al so provides a G/l cell line that PEBEUR®EN031276
adapted for growmh in serunfree suspension cul ture,

desi gnat ed S. T
enzyni o JPI TS T BrIoih bR a7y B Fs AL R ruprermurably a
least 48611 .6 Ukl 9B ehdrelp ﬁe’ﬁa%blgrat WAtGBo &Nt Rpido gafnk RERALY.

expression pl asm ds 123] Cells that contain and

Vecto%@{ﬁﬁﬁﬂ%c% Cg}}lﬁ,&qgodl ng a reconbinant protein are

erre herein as genetically nodified cells.
14
00128 Rl St uETO AL RS S0 3PP, Al human

sul fatgpe meddi Gald fictopdi($URLF lljr@mmbmamn] @ellf:itsSe dniahe dubéthpehnte one
the DNA or RNA into cells is b known transfection
Whlchrfé?mfasse% a%tﬁacggom?sema@xé%ﬁ%n%{iyd hibe tragsfeptedmagmaein cell or
one whi cﬁ%t@%ﬁ% aélih@f‘ ag%lglnﬁ)g 1‘3&;% ét: gélgcrtéﬂc %E) éﬁd;é‘r:]tfnlolhlg]a Ih?tlng%:?gous
recombaiacnmrmtphbs pﬂwaﬁwtprﬂé’s gpidnad. | Arcpngtaict whlch i§ expiressed
or atj.on, fu5|on nmet hodol ogi

extrac %3212%{)]61@ I%&nm & glraéllquél 0 re&onﬁ)brraybpxgﬁ n- egcodS g sequences,

sequeltle G fPicledt foRRxpRLdis Beihi ‘{)?dté’m it bR N, o%&@nf&@ephcatlon
i ntroduced by infection with a viral vector. Method

of the gpngvued U tiipetally oncledds|apromater. udéamgpinenipedteiarenceding | DNA and a
polyadg?lgf nm"? 3L O % %ncag‘fh? ! recgmgg]axellt fegnglitg p%sallaoned in the

ern-are descrl co-pendi ig p

constra@;ﬁh sGaht d @BsnddiiGt itS@kpreMion R8hd&4hd Sontrad BF tHel pReimoten
Vivo Protein Production and Delivery Systemfor Gene
Optionsilyy g ponstipt may aptginraddgiamahconmanghta sich astng @6 magl of the

follov%g.:. Q%gb%e\élﬁt’ezggéﬁﬂeaﬁﬁ}ts%é%ﬁ? I\%}/ ctaﬂlsrr%%%c eélrg ugdecﬁﬁé control of

an appmqtruateepmnmfter&ryampbﬁz{h1etnarke® geﬂenmdler the tconfpédlroffaa rapﬁi&')pﬁate

Ri chard S Ias A Treco
promofyici) m\erwyraéfé%m@?tﬁe%lpv U Hyop Ot clegisas kngyen &t tat
enhan&%rex NewioP8f &3 led3Pwhenlii {slifdred ar get ed | ntroduct ' on

Into Prlnar or Secondary Cells and Their

[0012 or I eg% J@ﬁg ﬁvh%fgt%% gﬁ\lﬁﬁn}%tr%gplﬂpe:grﬁgsgﬁ 0, tgé ﬁszll S
genom'Ehe nbﬁhmb]uﬂg Snkyfthe aﬁbrrrbﬁnahhp@eanapﬂdddﬁg mehsc a¢ié sequences.

expressly corporated herein by reference in their
Optiongf gy inc efmmmr ﬁ@@%?%ﬂceé REBENFRe APPSO YadpiRyI#g site o

sites, EF lice igest $Qs, %@ﬁ:’i@fm& ?&1‘3@@6@ AhicH HS0FO B eatid ﬁ"(%ié%? or

enzynes 1s an endosomal acidification-deficlent
markets, mecleh acldcst:@\remzmvm;th |en@odakan laintpyi fible pnaykierc @ nsm@hattachment

region 6¥4S re%}}%u gr%{g ?ng‘gﬂ l%’%/ Bat eﬁg%pctgg gptfpprg%loennoe}bke reglon where
it is 1n%m@ddrﬂﬁﬂt[ﬁ‘JAtﬂﬂ»ﬁld16‘g&@tté géhol%@‘ﬂl@?% fhe GEDikht ceflefol i

END3 conpl enentation group cell |ine, designated G/
integragion od IG7AANAdp|a sejestedisHain hagehenn (tad%rsctelaN @NAMM@HC@S)
in serumfree suspension culture, designated G/1S,
Cell CultiidMerodxpr ess human sul fat ase nodi fying factor 1
(SUWFI ) and a reconbi nant |ysosomal sul fatase enzyne,
[0012HNnd Mammalian cells containing the recombinant protein-encoding DNA or RNA are

cultured under conditions appropriate for growth of the cells and expression of the DNA or
RNA. Those cells which express the recombinant protein can be identified, using known
methods and methods described herein, and the recombinant protein can be isolated and

purified, using known methods and methods also described herein, either with or without
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are thus capabl e of producing high yields of active

hi ghl y phosphoryl ated | ysosonmal sul fatase enzynes, as
wap@eiopised in "DEFI NI TI ONS', thereby enabling p¢EUSZNYE31276

scal e production of therapeutic |ysosomal sulfatase

i referred.enmb S
ampliEG e rocofh Rt g G I EEGE ERaTES o aipt Pe B g for
examBle CheRlugh s&r@@rﬁﬂ%’ gaadﬁtalhyﬁl@amlm%ﬁ%@&ﬂgwHﬁﬁlalyra phenotype
amounts of at least about 0.5, preferably at |east

indicagiye gf thg pmemmf@lﬁ{%efré@é&myccahng dagecoavuant prajeinggigh as PCR
s
screelgl?{ggctggﬁré g ﬁ%}%m l)/lglg%}a (ﬁ% érn %l??oﬁuc 1flogﬁl Celxaressmn of the
reconBotast procdis S&@dtﬂ)&]of/éemy@/hﬁh Qoﬁl@irﬁn@@’pstatddicl’écdiﬁlﬁdaﬁt@rotem-
express the reconbi nant protein, either

encodG DS Rausy R tePy PGSt b g g SRR 5y IS ohPNA construct,
with sabiely ﬁ‘érﬁ%glt% s reRRh Ry xff@(ﬂ?(p @elgrb%nm §£‘Ia r%]ecfitecﬁaéb]e marker gene,

expresse hr onosomal epi sona
undertcnahsmexappobpmmm;k pamivakdf ordy thone celtsi thit dxptesgthatselsctable

ei t her don1 or. at pr e-sel target ed
markef gl OO BB P G HDT AR DY B! S8t Gied by
culturfi@! den&ti @8y %B%hﬁe%l S anafalie belWhingbr 4 r@%&ﬁ@@(ﬁﬁﬁlons (e.g., culturing
extrachronosomal |y conprises, in addition t

geneticdbombdifige mqmrmleanpegﬁ e@dmnglgs)@qmmiﬁ”@éle IS@@}@GM@SH the presence

i ent I expr.essi prote n the
ot a ot FloRRS i, PR P Bhed b B b flsPiheleh BB apprneote
markek gpiheCaahlsyrivig) udes a pronDter, reconbi nant
prot ei n-encodi ng DNA and a pol yadenyl ation site. The

[001251{:“ @ReQdiiRAnddifed BRAMRIIAR QEII@é@tre?sbﬁg'tﬁe ReSIbineAEHofeth can be
construct in such a manner that its expression 1S

identifigrd @ deshabesbimreiol by detedtwnmt shvoeeressioptpiredat. | Ig)or qxh@ple
mamr%aglém 8?1&]3 exlpres¥1 g%gttévaelf lglgﬁ‘l \%ﬁiﬁaa%ogyl%tﬁg ﬁggsggog{l]z%l%u ﬁse enzymes can
be ideSNMAIBLL sEEGIENELymR i96lR6IREY eTRRIMDOJIRE 08 bhdigdctddtBward the

control of an appropriate pronoter, an anpliiiable
activeggeid @ertifdne under the control of an appropriate

pronoter, and a matrix attachnent regi on (MAR) or
Variaxss i LysdserrehSulfrtasmEiymese art that enhances

expression of the region where it is inserted. [00126]
[00129]n tin oemiireaﬂnbddirm:ntssadtivaMg'lﬁjnphdsph:ﬁ)Mht@bly&tsbmt sulfatase enzyme

integrates into the cell's genope, it need_ includ

mutanisyiir SAUS Fiay SR BrOVDIR- BRI hEPTHRECP P g in which
active %?ﬂx%@%lﬁ%ﬁhor%&édqg}%sb%al blifa6RP eh%éé%y%@&s@gok%{m@ ndd

an en ncer sequence, a polya eny ation site or sites, )
sequengegpltirge osyarmntsrofshe pdypaptide earcbemb@nslequ@nme@tlml ohdeletion

ncode sel ect abl narker or rkers, nuc c acid .
mutanfE Y ads SRR BB s R ol ok el RsiuSs S poge
protei@ihaf&d MBNéssER D &t fﬁﬂid%%h RimAfulBEened KNBRDRY. ANIMIMbRtypBRf

art that enhances expression of the region where it is

deletigngetanted vagp/ippn B FAAregOUE 21D SemgBers©T BIgRali sqqmemees
dlrectlﬁg% gpcitg gtto fﬁldl tba p%ﬁ[ c?lfag ﬁ'é\rt o?%%gﬁ afnSQIQltOQMHSHtS BN}&arlan S

typicabetiverveelsy add(ﬁ@dd oiGﬁhttaﬁiileat Webhaetsinal point in the polypeptide. This
may include the insertion of an immunoreactive epitope or simply a single residue. Terminal

additions, also called fusion proteins, are discussed below.

[00130] Variants may be substantially homologous or substantially identical to the

unmodified lysosomal sulfatase enzyme as set out above. Preferred variants are those which
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[00127] Mammalian cells containing the reconbi nant
prot ei n-encodi ng DNA or RNA are cul tured under
wa@ondiopidenhs appropriate for growh of the cel | BCEHN82009/031276
expression of the DNA or RNA. Those cells which
identified

b
ore vl B o RS A M e BBl o i Rnar Ronpsapice

retamg helem cOMbbNaRtbigIb Gt &l Rtician che shisahatLdvan d)flﬂkéﬂzﬁds@ﬂlal
usi ng known net hods and net hods al so descri bed herein

sulfatgserenaymey PHICH Prafprrasorianisinglndatarsntssi alhssmmiinant
acetyl%ﬁ@&%kzﬂmﬂ% %%@%{aggaﬂkrg%&tdk il ?étbl?:rllt e?%a%ﬁ“ye qurg%él %‘i’%{%ﬁé activity

exa rou reeni ng gene _
ofﬂmﬁmwmaD%aanﬂth&ommah&dkﬂphawaa phenot ype i ndi cative of
the presence of DNA or RNA encodi ng the reconbi nant

{0013@} Ot Kbt tuEibfd) nABaltER SE1288MYHigall PEIBRNIHheni RO MR the wild-
| ot analysis, or screening for the expression of the

type mé@@ﬁmqw@h angshestas PR OSEPECT e iBin e prajeihanshmanhe désigned to

o ARG A AR AN AL, TSNERE IS, BT

limitaDbiA stxblﬂﬁy nydhst protedlyte bisedige Wittty losgodther functions or
tranéfected or |nfected cells containing a selectable

Properigs k g ROYEHENSs GhHeT kg e BT apRisenAlise éhat oy oBepmmpacid is
replacll waff! &ﬁetolf‘gﬁﬁlacf @help% ahfl %Ea & pC?ﬁ&ﬁﬁﬁe%%%ﬁ%gygg %ﬁ&%lkﬂown in

gene. Further anpl |f|cat| e intr
the art:andsmlu@tt foaaxabvplee fifeahbegtslvy: dalibeitd segngemgnineadd lysine;
ropriate conditions

aspardEgiego PG 5O BRCEP LA B CAYHAIRRAD Faec efignine t
aspard@@fdt glubinide 8 aspamRdte;f d1dthEto RS hagifmelth agﬂ'h?a%?ﬁee&%&tﬁmme

of a concentration of a drug at which only ce
isoleugipp talcnting onvalinepleaciso i %Zém@for H@éeuam@l lysing o ergn'an« @nethionine

to Ieugﬁé]gr %&gucﬁﬁl gr%)lalallngg %‘02 HJros%rh etucﬁl% %heénlﬁf)ma? ostelél %to tgﬁeonme,

S "exXpr essli reco

threonﬁlﬁa toderid; ﬁﬂy@d).ph@ﬁtod@ﬁﬁfﬂebgﬁoslﬁ% t@ltfyptd?))haﬂ of F lednyRilar@ie; and

t he expression product. For exanple, ian cells
valinedq pyoleyiging gt Jieinge hi ghl y phosphorylated | ysosomal

sul f at ase enzynes can be identified by a sandw ch
[00132n 7 e aspestinbis passentTinecrdionichuiginpatessgenbrtidg ebeoedation site

R O BFLRYE: BOG4SE LB ol S B Bt
enzyn@Ciak Yeerhhgfatey. [Snels phueinyd @t veeiahtd SHGHEd iipbriat 8F6rmation
enz ne mutants or variants nmay be prepared and will be

pertainjggq fhe piplegica Apiyiy, ehysmbﬁmwre@ﬁé subﬁtwﬁ wndigs ppigatial of the
wive LR, RASRSIL L6 XRRETBLO B LR FBRYER, P

contertifletet) diay pthpt mieancsaor vagiasts b$ thetalatlvem@h],y plms}ﬁfdrylat&allyﬁﬁomal

del eti on tants or vari ant Del eti on muta
Sulfata\?%FlPZaYm€§>qq§W hay be &Bl?eéatﬁig}aa [réan ghe ?lﬁ@gw&% wwy but have

1ncrea;§érdQ>tr%b&e&s{é@%ul?s”tx%teﬂﬁﬁdﬁ%% m%f_)‘lAsf ﬁ%hfﬁgﬁgbgbﬂﬁe active 51te or

I mmunogeni ¢ activity. n type 0] t1on nutant
catalytay regmni aagpartisulae cordekplaggdse order oy gersragaplotse queatesr variants
with affred Is&%?rlate%? r?gn &¢ %vny In such embodiments, the sequence of the active
highly phosphorylated lysosomal sulfatase enzyme is compared to that of the other related

enzymes and selected residues are specifically mutated.

[00133] Numbering the amino acids of the mature protein from the putative amino
terminus as amino acid number 1, exemplary mutations that may be useful include, for

example, substitution of all or some of potentially glycosylated asparagines, including
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directing a protein to bind to a particular part of a
cell. Insertional nmutants or variants typically

WO no0oloy®ot he addition of material at a non-terPCTEE2009/031276
point in the polypeptide. This may include the

.in ti an | r eact e 0
positiufiTR i Bo7 it Bt BTHAPR R S Rlal B a Bt PRy S
(see Ffuredns, are discussed bel ow. [00130] Variants may be
substantial ly honol ogous or substantially identical to
[0013&{;6 IBERAE birichd B2 RBi &b ALBIBNS MAYIBRSIESL siRUf the
ove. Preferred variants are those whichare variants
lysoscnfal awlfaiesei oneyhe ghkking ids poroidedraticadsutly sngaivel asudxkaiplse those

.enz Y tide that ret i ns Sonme o
of sk B GRS Ry g nu P ey S REEn Gt made o
provide):elQR RN stidhirataag eu@ﬂéumnfo%wfl Moaf gid SdteVRhid BN fetivity.

i nclude variants of a human Nacetyl gal act osani ne-

0013§]' S E?&e@%‘?c&ﬁlrﬁ&%ﬁthﬁ@ 01; Oﬁfianﬁestu@h Bs Blost 883Fib&PARVE one of

he sul fatase activity of the hunman
skill 1N}a@e&1yagahabvmmnwrﬁimf®pmmglm petifically contemplated are

Sub |tut|o nmut or .vari .t plca xcha
Nermpifa i Qe ARt in el Bkt am o ffbpoint
mutagdhes@l€ Or nore sites within the protein, and may be

desi gned to nodul ate one or nore properties of the
0013ﬂ0| YRERHDE anB EGBrrBal deitioR¥ &TRLAN SO onl Riitagenesis that take

Iim tation, stability against proteolytic cleavage,
advanigige, Houexantpie, lof 8l rescothef a fuitablei sorge wastrigtiop eit¢ ness the end of the

bst.i t.uti.ons.of (S kind.p er.abl
C-or NRUPYPE 08" 18R BPA & G B 81 E Srdndiet e ars e b
nuclea@&sueh a$ BMII3AT exdhapieae T, DRAEYE an@8N$REN e \Rjoinin the two
substitutions are well known in the art and inclu
ends pmqucgg(zaqrﬁgeé of DARACHER gggtl@fs ofaqa@ﬁmg]gzq aroypg thq:gestnctlon site.
Protelrgslr %{p?é&?eﬁdeﬁgng SSX‘ZEF {}x‘ﬁ aéx‘??o azgltszgf%dtfgr %gﬂt%@oﬁgmal fulnrc]téon, eg.

enzym@gliclh@ivityeuding aﬁbﬁqa@' Sﬂz&),da@ﬂ id ttiegmat, emt:l @eﬁﬁibaﬂ irathe ;specification.
glycine to proline; histidine to asparaglne or
S

Similay fshaigieemay BePepliyee fqrentre@@kii%ﬂ%} my NSy uspng feoriwital)y
placed‘é@étfl%lpgltels Stﬁ!ﬁ%Hf l'i]@\nfm%%%'r sewiléfrgzh'?i'efyﬁon TBbOEAAL Rfid the ends

eucl ne or |so eucl ani ne to tyrosine,
to be rklegatedas aboveret hi oni ne; serine to t hr eoni ne; threonlne
to serine; tryptophan to tyrosine; tyrosine to

[001371r ymlgp&mmrgfla@a efty]iaaﬂlzﬁlﬁlhg’t@tlorﬁﬂlﬁita‘ﬁﬁd ITAGudDinkta At USHe st skill in
r | eucine. [00 One aspect of the present

the artpydhemBIRY do rﬁlteshiﬂt Ay fahevtathelgNg Yatsipreisiniees ferending on
the lengf'f{/c oséﬁtﬁ'ﬁ el 'ﬂHISSb}F Oarﬁﬂgﬁﬁ‘e {elac?tlo% co%'alt nb 'it%ﬁq)e ffrsr%ble to

ation site ysosomal sul tatase
generalas sdmee of mutaateck. vaSo sintitvantis may thearbeasoteened fdr aytiatyd
i nportant information pertaining to the biologica

[00138]Ct IAViah¥om piryRional matativs hiakelsarnd peudshedbe citingtiRONA
potential of the active highly phosphoryl ated
sequenog 3pEghaNasy} feteaamplenaydnsseriing patretck of avcl%wg&f@t eqode, 3, 6,

0 12, SRR 8150, DA S04, LR By can
be screenad/ foe vpobysrepyitee preagntieb ghieeriad- eg,qbetpln(at:mr etain the

bi ol ogi cal activity but have
[00139] Point mutagenesis also may be employed to identify with particularity which

amino acid residues are important in particular activities associated with lysosomal sulfatase
enzyme biological activity. Thus, one of skill in the art will be able to generate single base

changes in the DNA strand to result in an altered codon and a missense mutation.
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i ncreased or decreased substrate binding activity. As
such, nmutations of the active site or catalytic region
wae@oparovd cul arly contenplated in order to genkCHUS2009/031276

protein nmutants or variants with altered substrate

{ ndj.ng _acti vi.t In such enmbodi nent.s, e sequence qf
001486 LEEORO Rk - BRAEROPGTRE Cht T bl @ere Faraggtent o
even @NBYTBvIdS s&0PaEdatich hbrREulef Shliealtesnsc8h@inPthte substitution of

. enzymes and selected residues are specifically .
a givemanine acid pOUEagpteNuwiibeut Bppichieblgivmiefanerstiof bingieg capacity

: [ r t he. put.at i. amno. . termnus as .. .
with SRS B0 LS DR UL ARG SRELOHS, Fygne s on

substragaheikbcilecdrudesptdror Sexaims ﬂlie iﬁtldgﬁti{/é ttpabity &fd @thre®F a protein
sone of potentially glycosylated asparagines, o
that d¢lges daf ﬁ&ﬁ%iSﬁl%ﬂ%lCﬁﬂ%anéwaals@?V% GeEaBmsHARALid FubRsitutions can

i ne= . - e ki
o s APELHGALEELASPINE Bl 9RA (PN BR P AL s
obtaimaprateiowsthdike peepertidse Thos,iwaeiosd ttanpés dahdenygieso i DNA

. Taki consi ti.on such. .
sequefits G LR B e ot Qe e A o F, o discussa
beloww | | recogni ze that other nutations of the enzyne

sequence can be made to provide additional structural

d . . . . i ' y ; _
00148 060 E TR AR T o 40 00 L
It is accaptied thas treuelatias hydropahuiederiiee df thb awsno miié caftribktiet to the

in th t | 1 K t . .
secondsfy i g o5 e AT Moy Eh gl B HedrackPRPRde
proteifl @li@tdtIRAMoléci Q! BrRdhmpR| &ldyARS, suBﬁFa%s[‘%Cf}%g}fgfgil\gﬂ%ntibodies,

~as well as random and poi nt “nut agenesi s.
antigeny, tand therlee. albath@ntiee adid dbks beshetssigms! alnelrémating imfex on the basis

del et | .t is that tak d e, f npl e,
of theipfy Fpb Ry S AEE TG e phatflegnfs CORDFTas okl Pighs o
157(1PEE8-13h 39911%&3}%&@@_(1 Geredd bNdF@ERNAGh &I PAmidd Sl ay be

is cleaved at the site and the cut ends are degraded

substiy{edyciteererne acils det Baeusimdxdndedresseindex or Bias end still result

: . . .Rej 0i.ni.ng the, two. end

ina ol Sl SRR e B PG PRURART B o

fooEf RGO R Rt Bam PE R SiBRe S REES BY mragrisatively on the

basis dfuRetopBilicits. U.S GnENTaLsse, 18¢] ihydrgar,atddsief@n b e edTRicHEE States that
standard in the art, and described in the _

the gregipstlopslyeiagn hydpahiligity pbe pisteines gorgmpdble thsl oyleaphilinity of its

wjsccFDALOSSI 100 L EBiHo e HRLe bR 0) s Bl
acid cdihefd suBstitdel €6d ©idtHed hEinsadRnilAMgdiopRilRNYFalul ak@still obtain a

. religated as above. {020137] Al so contenpl ated are
biologisally panivaleyjeddiipmupgiogivaly cqyvalgelproiest ances, one of

skill in the art woul d enpl og a "frequent cutter" that
[00143 ¢ Exemplapngning agidhbglitytigisghesnaeserrgil igthdmcantext of the
. I [ L hu %).vr' .th eacti o
1nvent§g§ﬁx%{l{ﬁilegt§]ust afe??%twhﬁrpteg etgrgfécsh-s%n%l?xg a %nmg ad Py%me, gem afoate and.
aspartate; serine and threonine; glutamine and asparagine; and valine, leucine and isoleucine.
Other such substitutions that take into account the need for retention of some or all of the
biological activity whilst altering the secondary structure of the protein will be well known to

those of skill in the art.
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generate a series of nmutants of varying size, which
may then be screened for activity. [00138] A random

wo p@efpidgnal nutati on may al so be perfornmed byPCTUS2009031276
t he DNA sequence with a DNase |, for exanple, and

i,nserti a et.ch of .nuc
100143]" ot ifhe N oS lé%‘h‘&“"?lé’?"i%;fﬁf R ERETER o PegyDiptides
accor@Hg |Eb e Mhktcatib® s ths usBsiRephge MirhaidsS MiitiRe a8 GepeMEEontaining
for various activities presented by the wild-type
moleqyfestiiedt minfiQeleBGNts PH Prteimseejd Asiscars oSagafpr lgsample, Johnson ez
al. "P%g% oyed. x\gﬁnét%?“}n é}?bi‘%(@ﬁN?ﬁfdé?%ﬁb‘ AWA&?Y‘W()&&O etal.,
reS| ues are arti cu ar ac

Eds., @ﬁ@;ﬁﬁaredrﬁd{ym tN“w} YSﬂ;S(QBR’B) Sfl.]ieflﬁhﬂaﬁﬁngMmelelblebindghélﬁﬂe of
actjivity one of skill in the art will be able

Pepthedmg&ﬁ‘éﬁ &ttéatéh‘h@?példﬁ 2agkhora AERIOIGIRS HEs BRallY tor arift pryino acid

side cfé%?%tn sg%ﬁ‘ F%\%‘l{?ﬁt@ f}%gltgt% q}ﬁdgecg{g? ﬂtefglgﬁgx%g glr%thl ag l:cﬁxose of antibody and

antigepr ¢¢ paptide anmleec & &peadd topamétahelcarlaeigtaracabensimilar to the natural
ved econd- gener atl on . ecul e.

an i Sych .
molecgy cFiey BREREHEEHBE 40w SLERVTIHOR Sighe BTeFibleh Jestihest above.
to eng@fdefs@bnd Q&&it%%&e&ﬂlé@%ng@ﬂ@ﬁﬁ@f @b heut0 %ﬁ)p@ftles of lysosomal

I nteractive binding capacity w t'h structures such
sulfatésgreneyragspbet, widlntlitgyedhatsl evgnngpravgi charagerisiiesi bodi es or
bi ndi ng sites on substrate nol ecul es or receptors.
Modﬁii’rm@lg;cmtyldt@ntdfd,yism:maSubfxmmEpagmizdsy and nature of a
protein that defines that protein's biol ogical
[00145pncYdrpnal ofaatabtivd yighlggmhbaihdr daied dysasirialsulisthid diizi@BSan also
can be nmade in a_protein sequence, and its underlying
be progipedBifi hiye a spprbfieckelvernylate ertirairdadvon:ths prrgn &p@pﬁde for
t
examil P O P AR G SR ol %?ﬁ/v‘a??ﬁ@‘%?%g%%?%@%am e
glycodybs®naites thet are lrmt);bm@ncmthammiwd polgweparde.i vity, as
di scussed bel ow. [00141J In maki ng such changes, the
[001 461]yd rGIpedsiiatioh nogyically aithed ON-HekeddiSorr@yinked. Cnmkele refets td the
accepted that the relative hydropathic character of
attaChtIﬁét efthnerrbelnulrae Mgty in B sids re depsnpmrgnstesideeulbe

trlpepf?(fie L Iaﬁer{c%§ Hép%fa%hhepk%ﬁhé“ and My Qxlag gt lt’ﬂlgoxﬁe 2 J{}Fe e 5('19 S any amino

nteracti on rotern ot her
acid eeoe@npﬂodane emczymsqogsuh’mtse@teases fr‘oe eephatis, attﬁlmnent of the

ant i bodi. es, nt| gens, d the Each _al
carbolfygisatp Bioir s P AERRTEE i i i £he Risssiegnt e Badiest pipeptide

sequeddieil o Bugp Qe Q&é‘a‘tés)é t&h@i}r&?s FABhRAL EThit Neuclyt e
& Doolitfle, J. MbI. 57 1 105-132, 1982,

glycosyhtion ptﬁqssameyjbh eddsidrio bpompmdﬂmeélten@gm@@mny aciglriegeence such

..acids may be t.ed ot her am ci.ds that
tha i iy OB o e oy s SRR s L DR i Gs B refers o
the atth@mbdnt of BnPoMnOb@Iafs MidcBy1ShlAdtbimibe, %a%tdéé'or&‘ilds&td ¥
i.e., still obtalnablologlcal functlonally f nt

hydropraming f¢iej mast comananlihsaring or mﬁomtle |ajtkeughni-hylraeynaelineer 5-

hydro%ﬁggx?ﬁj%tazf {sg %E élé Aé 1(8 ?Q}k%&n glg 1tog &nﬁ% 1?1;? BQ igé/&e%i btyyihserting or

substifu€ihg beneemott REAS of ﬁh&tonilﬁ&egﬂmtlﬁﬁ)tthé o@kna@\F RO iginal
hydrophilicity of a protein, as governed by the
polypspjideophi licity of its

Domain Switching

[00147] Various portions of lysosomal sulfatase enzyme proteins possess a great deal of

sequence homology. Mutations may be identified in lysosomal sulfatase enzyme
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adj acent am no acids, correlates with a biol ogi cal
property of the protein. As such, an am no acid can be

wa st ed for another having a simlar PCT/US2009/031276
hydrophilicity value and still obtain a biologically

and . nol ogj.cal | .y .equi vaI ent .. protei
poivpig e Bi+F ol b ARG LR LS T EuD b R orgs east
two rdaS@f. iFirst, lfhes/ }ﬁ@ﬂﬂ@&&ez@ﬁndbﬂkﬁeﬂﬁé&t@ﬂblh eHat bNEbMeEhdmdlody, Gllelic
not limted to exchanging Qil ni ne and | ysine;
Varlar\jff ckinpipetsh dhiaspermay @ﬂstge r¢lAed aPREIgshusHrif ie; rabbit, monkey,

| , e
ol SO 30 AL 06
homolixge ounnts laed needtd, and ire¢@iiricdon ofithsane aahlyeds| ca@fait fidive or

| ogi cal t|V|t E)C¥\lmlst altering the secondary
funcﬁe% @emlrné CBIP £ rf@nBX eP§5onsh thlsmémmw Rﬁé%ﬁlquaoerﬁ&%further
mutatf?)fnalselﬁ'ais}lsm'o@ tﬂcj"xﬁol%ﬁﬁle [a$ Qdddbeaatae Ontew:ﬁr iAfwMA ¥ formation
contenpl ated for the preparat
caan)@dpycp@ptwdeeioarams\dmmglg;‘b the invention is the use of
peptide mnetics. Mnetics are peptide-containing
[001 4ﬂb| d])mhzﬁ'ﬁ stvivaliingiiviot ee ltie@ank mtioh of E&bﬁibﬂaa&ﬁﬁl@&darey using
ee, for exanple, Johnson et al, "Peptide

differéel bR el gpepﬁﬁ@ﬂmI@Teemwwwwmvmﬁ@mmwmal
sulfatfk eﬁiymézg gﬁﬁbt?&ﬂmlﬁ@klsulfm% Y9 hzgt]()%%@mﬂem%osomal
r at I on o

underlyin nd the usé
sulfatema wBLYnesros atnhﬁter sdwcqmpithﬂlenmmmrdealbhc pardngs ofsthese

ists chiefly to.orient amn side.chajns.in
polyp i 2y inas BHRUP 1P S nBELU LS “fepi Grdbicpions of these
molecBMENItAS pdRMIE tiRdh, B Yv RN aRAU oA h I Mhesb nRARLI SN an effort to
mmetic is expected to permit nolecular interactions

deterngneriheariticelity 196 theag tagéins ﬁ@b@omeefunmms@dmffeneilp Ixsgsamea} storage
disord3, 4366k b B EROMUDSH Rt LG, PEEACKPLES, fRscribeq.

t'o engl neer second generatio

dlstmgtﬁ?dmyd Gfoni ﬁtﬁuﬂ’zlﬁhicb[e@hle@ ORI $dssislyoprol MeRSBEBAMS bt &v@h@BRanced
enzynmes, but with altered and even i nproved
functigthar act eri stics. Mdified G ycosyl ation of Lysosomal
Sul f at ase Enzynes [00145] Variants of an active highly
[0014%h ozﬁﬁmﬁr% @@@dmeméwmelmuffaﬁaa@@wm mewdamgatlguified, further

analysps qdntl ) %téor%s a%%l ﬁlge?%pzr?z‘ﬁ{'g 68{60 %cé%cpa‘a( lgc?&c!ég%gﬁpgﬁ éli(;ig fo) this

unders@lzﬁidﬂig Mg is@datcBiplATed Sate kmhmg 8Ha€ sWREILdd 1B Sns BANEST the
addi ng one or nore glycosylation sites that are not

Iysosomaégtg asg ﬁm;)ﬁ)éesmh m@wé@ p%@lppfqg@atl«]_)@m@}he structure/function

relatlo%}%?soif%b@stek@ﬂ ]?@#eli/rft)eg)'tltziE?{wt wlhﬁi‘t% y Micract,

Fuswnz,rot rédrate noi ety to the side chain of an asparagine
g The tripeptide sequences asparagi ne- X-serine

nd. as .ain-X—threome ere X is any am.no _acid
wﬁﬁ@xcé‘b?‘ﬁ%ﬂ?ﬁ? e myaliopy G%CEE%Q?%V%W@?é"ﬁﬁ@d%@é’“@éfumef
conten§i1A¥O Rk g‘éné}ﬁﬁ@?mﬂkc@ﬁzéﬁ@n@ 8f Q@M@ﬁﬁtﬁngﬁlﬁbm a9 atfﬂs%n

aspar agi ne si de chain. The presence of either of these
proteir. rT}peptOﬂQstelmgl@HE bss alhOIaa ﬂdllssapEpkmmorc@ﬁht estig molecule,

linked BP %herlk} 2 C gelr%?n%%yto atlll 07 p%lrttioen ofa secc‘)nc{\{;olypep%ge. For example,
fusions typically employ leader sequences from other species to permit the recombinant
expression of a protein in a heterologous host. Another useful fusion includes the addition of
an immunologically active domain, such as an antibody epitope, to facilitate purification of

the fusion protein. Inclusion of a cleavage site at or near the fusion junction will facilitate
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gl ycosylation sites may be added to a pol ypepti de by

altering the am no acid sequence such that it contains
wor@o9199pre of these tripeptide sequences. O PCTIKE09/031276

glycosylation refers to the attachnment of one of the

remo RS A R s B P b oM RO PR B BB o8 iming
of funaildh’[hﬂ) bl@ﬂﬂaﬁls hyadr @M@fvelsitébefr@h ehzyrhiyyd E%Mé}yﬁicﬁﬁidﬁﬁﬂmﬂb§ﬁﬂm

be used. O linked glycosylation sites my be added by
targeting$tgafsy tensaeIBREaNe (RGNS one or nore serine or

t hreoni ne residues into the sequence of the origina
0015be yB@m rd & ari Dot Spiatly i a tpb[ O8I T [prafein eapespon syms that

;
may o bt BB ARG B G EY M B "Ry SRS, f REgimicca
to, the dlutaptsQRBrehnFtthiAGSH s?ﬁéﬂl"(?ﬁﬁﬁél@ﬁ?l’is@'ﬁ&w&ﬁ @UI) JEY maltose

alter its function. These studies are potentia Hy
bmdmgrm@ﬁemaﬁwteﬂb@\?%ﬁ Beéfﬁﬂﬁy,t%) teaEbAS syrsierrs&IBL Nﬁw aven, CT), the
L
xRS N 01 ERERREBNE RPAGhal ORI Tl 0B g

recombapnepdl geptides edasih g dn@pﬁﬁmﬂsnurﬁw fof asdmaﬁal aﬁlaﬂﬁbiidlds which are
baboon, cow, pi

unlike@ﬁ@éﬁ?@éﬁ%‘%gg@@%&a@%ﬁ%&mbmmﬁwﬁa% sexampie both the
FLA@/s@eaeamrﬁi AP M IRES adaRd1y &oﬁtﬁ%{;l&’éﬁ%% BULhi O Be gwn to be

anal yses, certain active or f i onal’ domai ns can
poorlyi aigigenif iaad whBdodsnabt advdrselwaffect foldirigad tize p;ctlapetpltldg t@Qos$ nzttlve

for. furth tatio n sis of th e S . .
conforg o) WSHTih s ALy T ST ER R ied o R Bty B fsian of
Met-1R€ d@éﬁdldﬁ regk N&eﬂnﬂnal@@ﬁ@h O M Jr6fRimne- pepli@Ql @%]:h PeESDmay

switc i nvol ves the generation of reconblnant
produwd?e@e@mé NEISRTEY iR ProfeR exnresian ereclviédd pol ypept i des.

For exanpl e, by conparing the sequence of a |ysosonal
[00152ul tAapzag'eulelﬁ)z ysedyl fesign construct may be one in which an active highly

N- tyl ga ne-6-sul fatase, with that of_ .a
phoso R R fe R El STRM i drithe Bip e of bistnem Biondht i€ Buspto a
hapter@® &nMhilc iHhABESi dRbal lbﬁisb&al’ﬁﬂfa@d@& enBfmd fSRA construct. This

pol ypeptides, one can nmake predictions as to the

may b¢ usfeli lbrﬁ}aﬂ prydgqtg)moﬁ abndigsdgitlomastive htghéssphmph‘ﬁalal@ysosomal
SWi t.ch at e

sulfatats%] enz é:g%flggetie%mn oertg? %Ii,ottel? ohlcétix%rrf?ﬁn %n{lﬁléts a f%];ion construct

can beGhddel v@lauh Wil efihdnbeme targelirsr the 1y8BZNR shiiedel @ByABGelated
effects in | ysosomal storage disorders. These

CmnW¥®K@681@§> if ffavecelidi tional value in that these
“chi meras" can be distinguished fromnatura
[00153}p é&laﬂre,fgmowﬂsgumwﬁtblnyg phetgiodiv gogs phﬁl@a\wﬁh dasired properties,
Base on_the, nune

eg.,a ﬁaoélgg o%ggeft WL R S %1%{ egf%taﬁ%%n% B& pﬁétmu&aéﬁ){gaﬁlr gﬁue or cell type.

Ina préféﬁ’éﬁl embamaiey]s |anu§if)n Hbﬁs@hbﬂﬂﬁludﬁ@ alhumk rtargétﬁfg pz:bade e.g., 6
effect on secondary structure will add to th
aspartig agigrreti drdi(Arsn er LY fugndtte sy wsemak wé@ta@m@ﬂmteamsstarget the

enzymb B8harihihCLied@MBLfRS between the

[00154]  Other fusion constructs including a heterologous polypeptide with desired
properties, e.g., an Ig constant region to prolong serum half-life or an antibody or fragment
thereof for targeting also are contemplated. Other fusion systems produce polypeptide
hybrids where it is desirable to excise the fusion partner from the desired polypeptide. In one

embodiment, the fusion partner is linked to the recombinant active highly phosphorylated
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| ysosomal sul fatase enzynes will provide useful
i nformati on about the structure/function rel ationshi ps
wotoovlemwes nol ecul es and t he pol ypepti des w t h pIT/TK2009/031276
they interact. Fusion Proteins [00150] In addition to
th tati ons descrihed.above,. .the present .i.nventio
isosch{f o B Emp PSR TR S Jondids ronehR S bty §Fposdle
recogiktionl s@fuchdtser b panédse VBkiraples KNAMAbRSequnb&d 28 tHs@t&bBnized by
This nmol ecule generally has all or a substantia
the Tobagqoi lgah firus meotpate i(lde revhaelrizecs, Cpidkaebuag. MRa onFagier Xa (New
Englal% F%}{Bsng verle ﬂ/ﬁl _Or a porti on of a §econd
pol'ypeptide. For exanple, fusions typically enploy
Deﬁwhggder sequences from other species to permt the
'E€€dnbi nant expression of a protein in a heterol ogous
ost,. Anot her useful fusion includes the addition of
100155 35101 BOTEat F9T 8T TEOR BT APIS e e S AT SGE such
techni§ista@P@r et fnf1aGhd h&%?liﬁ"ﬁﬁﬁ(gﬂ,%@Iduﬁ&aﬂgn,tlgﬁelﬁlg?b.gﬂ with
. protein. Inclusion of a cleavage site at or near the
radionfiglédes ot v amertsi conymgd)] cavalsit palzmer @taoknakntaiich hepegylation

. extraneous polyvpeptide.after purification. Oher . .
(derv B e DR ek FiirorBln -G P limpsymtness
of amigit @bidaSuckCdsiorgittfihé. EBeri v DL LHZY B BZ 0sFh ) GOEMA L dr@Pme are also

domai ns, cellular targeting signals or transnenbrane

useful pg feprpsuti pgentgndrrey e priodusedriydhe methede € ihglinyention.
avai |l abl e fusion protein expression systens that nay

[0015¢e Pobthytenergdyqol M mpnbeatdcbed torthe fysosdnaallsylfateef arlzyme
SySt i_ncl.ud but are not |im.ted «ihe .

produ VR s a8EF g ool s el Mo B ey aThe PEG

group Ria§ G@todway coNdhient ielc0Blht @SRhDARTIMAEbOTIAER 0P bEYISA&RIN The
(NEB, Beverley, MA), the FLAG system (I1BI, New Haven

averageyolequkar vesighteol dhesk BeviipaefersblyoragsipnthoutayiloDawse (kDa”)

y | r i

0 aboTTR, REe FRRANG ey B ALY RLlo SEGRSE A huogtprefegy rom
about SikDaco alsdud 3 ) kivhai dhe@PBS giolpketly géreralfyfteciktatied to the lysosomal

anti genic g@LIity.of.the reconbi nhant pol ypepti de. For
sulfatags ghaymes of Bierny HiSlOR VR IAIoB R Eyc Yret bylpiian yauehrn readive
a0 B e L B S e Al B Ao TR ST Zrpiive group
on the poiteinmgpietdy (b.lge apaldghedet, aohénd, or edter grap)v A ddanfnorfiRBRG amieties to

ther. N-terminal fusion .that is cont |lated to b

polypepBFRt P GEPBHE Gt BBy GG BEbRheren dt hpRE: See. e..
InterndNoh@IrMibNhtidredb O Orde/t 198 3RMAIES NP fént PEPUI1G837SUCh a

fusi on may produce beneficial increases In protein

< . Cvid >
O e bt e e hoRebh LR PECHRERHY takes
place iphgsphne pidsataad chiy bossitg imaiitof et lpsevanz yinse podlytpep HPA€. The
or .fra nt thereof . sed to .a ten to enhanc
PEGYIRhaROGERFEr by D 2uT P e AmpSaFs HPLCcandlBgimete e B
analyti QTR CAmind BEid aRBLYsiBEnd BREU esd iR BraBE QREES LRy Of
anti bodies to the active highly phosphoryl at ed

Labels' YSO0somal sul fatase enzynme to enable detection of the
protein. In other enbodi nents, a fusion construct

[00158] In some embodiments, the therapeutic lysosomal sulfatase enzyme is labeled to
facilitate its detection. A “label” or a “detectable moiety” is a composition detectable by
spectroscopic, photochemical, biochemical, immunochemical, chemical, or other physical
means. For example, labels suitable for use in the present invention include, but are not

limited to, radioactive labels (e.g., **P), fluorophores (e.g., fluorescein), electron-dense
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can be made which will enhance the targeting of the

| ysosonmal sul fatase enzyne-rel ated conpositions to a
wGQp@eiopises site or cell. [00153] Other fusion cPCBEUR2009/831276

including a heterol ogous peptide with desired

rt|e to soso
reaee R PEREER e Sy Rery B I st b AnrnO8h il ¢1EE0Eopr haptensas
well a8 @ldteihy P@ichl dAnde PRl @leteethbRITBRdibyRRdorpSFafitiSd Rdiolabel into the
construct including a bone targeting peptide, e.g., 6
hapt%@p@ﬁmﬂ@, geier foedsiast artiogicaspephicaiyredatise vithgha hapten or peptide.
sosonal sul fatase enzyne may target the enzyne to
OOISB r thxauipdes ofilabeds dutablorer use00 Mreﬁlhmwemum include, but are not

ructs .incl ng,a eter ous i de. wi.t h
hmlteégos, il gaesE)erné gg?stf é)regscemé%o %118%.{1 gf{%/ap gcg la)(?flafrane and the
like), ﬁfdﬂilm @er.um, Paj ﬁs‘S 14ce 0P parend ﬁhé@(@%/ H@)'fsefrﬁ@ig %dease

t hereof for targetlng al so are cont enpl at ed

alkahf#%@l%ﬂ%%@éﬁ@tfﬁfwmwIuyisielpitana@alﬁ%bmndwmmw fabels such

as col%?(ﬁa.'l %@1@' c,eol%l%d grfﬁ% grepltagnc l%%éé g‘g&ﬁe reng:,trp(?ﬁ é/p]t:(lgpgd%ﬁ latex, efc.).
I ked h t

o016 RS P TR Ry B o

lysosoyal BulRepicicdeyise G@b@ﬁﬁﬁ% EOMERLAS WY1l RnSPLRE fhkGrt. Preferably, the label
recognltlon sequence or a r ot ease. Exanples of

in onegiphogppent deenyalvaty bavrd toribe byspsasen) Ailfaseselspzyrhe uiopat co

isocyatSReeitior BEALEABR drhh b KRERRPARAER, ( B INELAM G one
aspect[ﬁlﬂha/lat/entﬁﬂ {he®ifmb¢tiohal Sbﬁ}taﬁdteamﬁts oﬁt&ﬁﬁlf&ﬁi‘oh\&n be used to
ol ypepti des chen1ca|| nodi fied by such

conju&a&zh{ﬁxf) J@gqgg)smpa} ﬁ@ﬁ%?lgygwoto o £ fpbe] Iypesontal s fatase enzyme
conjud4bd \QHtht RALLAR aéeﬂpﬁ{a'cﬂéh t{@regjl Th'fabd] 1§s%ﬁ6rﬂ£‘l%ﬁ faageser%'&me

various enzynes), coval ent polyner attachnment suc
conjugwgyhﬁbq: osed(ad eniimatrabdte 6or the wntlpmiswe”tahyﬂeémieco@b%atﬂ a)cc?rdmg
insertion or ,su stit on n1ca| synthesis o
to the eI R e T A6 Resomiay ST Fhy qmmasare. As
indicafel SO&Q] B|w1§é|{f§1?ét§1§?lagél§ Xﬁﬂab@ﬁs%dalvﬁﬁ tHS@htte oqifabel dﬂ)egdmg on
therapeutlc agents and may produced by the nethods

sensitigity raquirpdees ¢fomenjugalarsejth rciaﬁ @@trhoy t@nnorghy@bhe (RE@mal
atase

sulfrs g et BT RahBe il P R U oo Primberoyisions.

Non- reid@d@ﬁf/e fm@él@ atd éfeenl dita¥heddby hBRedPR{2a8S. OUB IR, Reigahid AldYecule
conveni ent nol ecul ar wei ght and may be |inéar or

(.2 HiRtEH dheayalepHy bayd wdbe hspesal aulfmf:gemym ii"h@hgxg@ then binds to
o ERELEVLS RS AR ok DAL BB KER iy

bound &b sign8GykEm, sunhsats apfe&fcelbabényylfné Oeﬂﬂﬁb@s&ﬂenﬁcdﬁ[ﬁuh@, ora
about 10 kDa. e PEG groups w il generally be
dmnn%??%ﬁﬁ%ﬂcwgp? ‘| ysosonal sul fatase enzynes of the
vention via acylation or reductive al kyl ation

(001 61ﬂ hr 8% WS%SW@&@#IM@}%W@HBGW they VPEGMesinesp l(eecogj ugated mhrecﬂy
to s1gn§ %&an%ﬁg c@%g&dst b koby cgﬁjugﬁ on wig! Y ngyme or u%?o% ore
Enzymes sultable for use as labels include, but are not limited to, hydrolases, particularly
phosphatases, esterases and glycosidases, or oxidotases, particularly peroxidases.
Fluorescent compounds, i.e., fluorophores, suitable for use as labels include, but are not
limited to, fluorescein and its derivatives, rhodamine and its derivatives, dansyl,
umbelliferone, etc. Further examples of suitable fluorophores include, but are not limited to,

eosin, TRITC-amine, quinine, fluorescein W, acridine yellow, lissamine rhodamine, B
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on the protein noiety (e.g., an al dehyde, am no, or
ester group). Addition of PEG noieties to pol ypeptides
wo@Robnod®pL£st can be carried out using techni quUBCT/EL009/031276
known in the art. See e.g., International Publication
0,96/ 1 1953 . 4,179, 337.. .. .
sulfor B Tyt eR: SRR S chBRE Ot TS ipnamide
ademrmw@cﬂéﬂtid@eﬂwlﬁ Addriate dist@kbdiidet ake s hBhaAGRinddcdd H@tﬁjs'@unds
tbﬁm@se and can be easily noni t or ed by reverse phase
Sulta

ry%q dpbalpicudgHut praat dindwdpegudides adr.be easily
dlhydﬂ):éﬁ ha aggle{f%ﬁgi %ag‘?ln&nng?aig!? Cre@[%@v Sﬂ%gsﬁ%ﬁ% Elﬁ% OIbSanal producing
systerﬁtemgtr@hllﬁmsﬁﬁﬁﬁhs pedidde @tﬂeypredeabﬁlv&n[o(aoﬁe%] S| Pat&iitmeo.
enbodi nents, the therapeutic |ysosonal sulfatase
4391@9&yne IS Iabeled to facilitate its detection. A

or a "detectable noiety" is a conposition
0016%ﬂet é\é@@@lf@ dsjecsipe dtbebscopicl knpivotte dieserptelill in the art. Thus, for
; I h
examlg{;f;}rgllrég%}h%ﬁ%bae%ks {érg&g%g}n%?rlxs fof H%@}tlso%slalcl d%? gmg (1)1r]atll?§l ecounter or

photograplib €ilgr mﬁrahtdrmt@grhp}qn Wheﬂeuﬁelabbluts adlu@rd3ednt l4bdi, teday be
radi oacti ve | abels 2P), quorophore

detect%&)xg eXCliing e é%*eacmomf‘ewzéb ﬁfeeoa?pméfr WA ollighy fad detecting
v eyl AR LRSLo LA BLRM o,
electrdngc deteeond etldcasaﬂiage @upled dbylcem(tflﬁlpsjroaphmgrrmltlphers and the like.

similqly 6o e 1456LTRY SEBRR T LAY P LS 0 PRSP coHestates fo the
enzyrda,-aﬂa@ete@ﬁnmetres@ﬁmg[&5&@%@@@&:6§,r19{etﬂxca&edh%n§1%ﬁﬁé%b&t

for use in the present invention include, but are not
labels mayibealgtacted ﬁmmldrbégéﬁemnngyés CQler gesocifted @né@b@ iabel Other

labehr{rgzagfdg € eg%?rrl] gés?ems suxtﬁﬁ_] g (]_rz%if in %g tggfé(lf oafqg grfﬁ;)‘nt mve)lhon will be

readil BAFHAFERS td B0k of SRAT HEhE ad] Shclpﬁb@lléﬂ drsialatatl kad lighds can be used
phosphat ase and others comonly used in an ELISA), and

in the é@%‘?ﬂ%ﬁaﬂ?l&eaﬁ%ﬁ‘é@%ﬂ@&@mla@ﬂ col | oi dal gold, col ored

gl ass or plastic beads (e.g., polystyrene,
[0016Ho0! ype @mﬂ:ree‘rdeembcaiilmnt éteane)thoc[ 0onedes Teestdpaligirodryngrestive

l.ed .di rect d rect 0 the .desired .

nighty GEBREAR D prn e bombs PSS M Besetsdn sgcosoma
traffickifg Met Hpasicivay plataved érﬂbdtdlﬁeﬂf the NSRS BERDYses ﬂfé%tep of

La%el in one engodlnent i's covalently bound to the
produqiygeitygal shdvi Phespewlater sprembisippighuarn Neestalsateetosaaigerit
sulfatatsé) fo&?ﬂdsx %{ﬂ A8 C‘ﬁO any ﬁ?é GF’]? gae&%v%f ot'ilgrlegg lgr%dﬁaleon of

one aspec it I nvention, the

lysosohiaf sinfatdse Bﬁiymes&ﬁg&amlfcﬁ dxem@bdnsl ot fdrignitatie@NGAGNS; 3Gmprises

be d to conj u | abel to a |ysosomal sulfatase
the Stegwﬁaz deyelppinge afH 7} Jerbelarelbling hateacxpresypre recombinant

humanf:l_lggéﬂsHQﬁf Suitkdsb Qﬁ'ztnyg?en %CtNI W&t f9ERE 08lhiAcRad AHEE %{;Lglg), and

| abel 1ysoso [’fat ase "enzynme conj ugat e
recombjsad lmmaa suifather mediiate facor 1t (&Nt flosubudfg urhablkedmal

conj ate to the venti on or be .ysed to
sulfualzgtte g NOSEL oo enirasabinaraptie” tohfhunoetc teman
1ysosoin@ljé1ﬁ@§a§g cARAVEaINdS WIEE c¥akbRiYinQtell BRRIS bfRBadRS MSGdduction
h the choice of |abel depending on
of lysosomal sulfatase enzymes. In preferred embodiments, the human lysosomal sulfatase
enzyme, e.g., N-acetylgalactosamine-6-sulfatase (GALNS), and human SUMF1 ¢cDNAs are

subcloned into mammalian expression vectors basically as described herein below.
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sensitivity required, ease of conjugation wth the

desired conponent of the |ysosonal sulfatase enzyne,
wa@t@biopiovy requirenents, avail abl e instrunment apCDOS20891081276

disposal provi sions. Non-radioactive |abels are often

t i,ndirect S, er

oored] SEHREn e gOR GG S GERRRSA oSS mowin in
serum-6OSRPBsichl @i sas entyiiEectd & ithiagamehnt GANNSI HgEnfalan

anot her nol ecul e gﬁfg" streptavidin), which is either
expregsitieyastr] yhepres U NHI lemammalgn Panessionhegied ang a gelsptghlgmarker

t I nt
gene, STHER, OO A P SR AP S rofhd b RBERETY ofgore
transfbcysms,@:ﬁﬁ|11nS$H>vfeﬁtsa&eteé mzmgese ﬂlﬁorémml Jubstrite aind gaoifrhBo
conjugated directly to gnal nerat.i ng conpounds,

deﬂgr@tegl G\ oG Al ek linss Were #n eér@w@ -pecifie pEedisHB. (Pg of
prOdugtr/k?eXlFrﬁﬁ] i C?tr tﬁﬁ{ g‘; géiglgresgﬁ ih %?Ex%l?@%]ﬁ/ﬁﬁ% 'r% W tg{%{igeghe best
produegt ef hiwesan Grz%dl‘{ﬂ \yemsdfdaé'ed and iscaded-dptalsiessactor for production of

lgfﬁ% | a Iy per oxi dases. Fl uorescent conpounds, i.e.,
pre-c PE% suitable for use as |abels include, but

not I|n1ted to, fluorescein and its derjvatives,
100165}, dAfAkeRTRP I B e Ay R prayass i cellhaped assheiloppisasuring

the acﬁ{/i%( of: é'fetcgﬁﬁln%ﬁ%ﬁlsl chsoﬁxlall 5&%&1\% th ldH @Hﬁﬁﬁ? substrates. The

but are not |n1 ed e05| C-am ne,
methOQwompmm;s (@) adtesgannsoldtedbumain pel grélch@wm thneémmmel enzyme

ander PR BOR R By PR b e 5 R b T P s B aD)
conta&in@uﬁé &9t wie theﬁkz@ébllﬁaﬁéi@%@e(c@ llﬁH@ tﬁ@tcéllj 1€d) ﬁfd@n% to the cell lysate

Chemi | um nescent conpounds suitab for use as 1labels
an enZype thatd}) b sipecefrceion e nafuriksabistrages, arm:(lf)@iqaﬁe%ﬁmallzolgosacchandes
L hydr t L uni,i
from tg? n%tgﬁ? gllljh%slgr?la% (; Fleagelﬁ) tge aIrI]lg ohgos&u Cl}aﬁlgess g/v%t d%tefﬁaéie moiety;

(f) optéaiallpeepisfithgl the Iab@leﬂ@ﬁqhﬂ d)ﬁg@sfac&ﬁh@ldﬁé’ ggeditedtiny ey iabéled small
see U.S. Patent No. 4,391, 904 00162] Means for
oligosagahatideshang Gndrismaningiee petkatiaf tholyserosn! erzyekg toldegrde the

natural B%sﬁﬁt%% bg gé’fﬁﬁelgr%; ﬁg? g;f;}eﬁnt M%e?edt l}lf d@%‘élsaécﬁaride from cells

I oac ection 1 nc

contacs@i with Itﬂeelmcﬁmmfabm@/me vath (i) oicoghaphiio€ labeledsmal olligosaccharides
Where the | abel is a fluorescent

di
from qeﬁﬁg&ac ' ?a%wa ﬁbtha AYS8QTBY WYY BRAYRTHY ATRGOR SR VAP Bire
compé%& B ﬂ‘ﬁ? AR 2 rth@&&w‘f@\é? H:érl%d%oﬁ’ifal il R 1808:48! ﬁeﬁ{ulapg

he resulting fluorescence | 'uor escence” may be
substr@tex elotced mbs»danemy thpymalheligesecahfaridé sct momi-cdidet égisarcharide.

h1a“%ﬁ%?%ﬁ%¥ﬁhar Hgﬁdsdﬂggghﬁgéié%ﬁ??%@%édeenzynatic

| abel s may be_ detected by providing the appropriate
[00160],p 47 FoypeEMPRFImERs: %\ﬁ%ﬁ%@raﬂcﬁna@p@mekgte@ﬁ%m S grpmgonsisting

ofaryl'é@@eﬁﬁée@ (&Rgﬁyqaum&e& Qrguifs{fagé (-1D@5 s%ﬁ%%da%‘%é}ﬁ\%%%tsulfatase

| abel's may be detected sinply ‘observing the color
(SGSPé)sS\b@e&ﬂ@dcwtﬂm&&hﬁatwbéﬂ}é@@lﬂé‘ﬁ ateib@hhactgszamde 6-sulfatase

(GAL&EL lgxtr Lon l}sfﬁl%e}g%}tg glﬁ @?«%)sl%n{ﬁlgenz%%lee 1S o~ IE rl]cfuromdase({ﬁ)gs In some
embodiments, the lysosomal enzyme is acid a-glucosidase (GAA). In some embodiments,
the lysosomal enzyme is B-glucoronidase (GUSB). In some embodiments, the lysosomal

enzyme is -galactosidase (GLB1).

[00167]  Suitable human cells that can be used in the cell-based assay include any human

cell that is deficient in the lysosomal enzyme to be tested, such that can accumulate the
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readily apparent to those of skill in the art. Such

| abel ed nodul ators and |igands can be used in the
walragnewps of a di sease or health condition. [POWES}009/681276

a preferred enmbodi nent, the method conprises t he step

v BEEYIRS PELL DY, ROCSRIRRY| e g3 e

(1009pna@sarmbcfidialctiie ktngey, bR. 30Ras0% CL0ardoys,moes exsreekduction or
enbodi nent, the nethod conprises the step of produci ng
more WRACHYY-HNghbsussHoSisHpeyIratseE 4 maiwrbinmame Yhdiminished activity, or

th
cells RESE IV ARREA QB 43V B R oEEe 8 Thuct 1 on
mucoflydaysasidosk, rsa)l bailsede Celg w&‘eﬁlbfﬂaﬁﬂy alsered oy kixcROW @ reduce

and not for limtation conpri ses the steps of:
Lysosomal cpeipag #bivHY @ drreugh 1@?@@@8 dvaitpen odhe emqqézengt geae or its
promc@%zcs)ré@{e? m t@rmfr {I;’r}agbaﬁéa lé{ég%llgn gré §(§) egﬁggslg%sgﬁﬁl enzyme
act1v1t6/@;gN8§a,‘[eda\Mdh RIECSONID mdﬁﬁAhﬁwrladmswht)ah«asmrdeﬁ yiagdpe used.
factor 1 (SUWFlI); (b) culturing human | ysosonal
[00168}u| fQaitasle eﬁmefmhamﬂeaSUWgeStMMEg&sédaga@@s|frdni1 Basohydrates

(c) scaling up é) the human | ysosomal sul fata
and thé’rf’zf? nﬂ)eamf faUner- Rid %ﬁlﬁﬁ@bﬁhﬂgﬂb@r: Raipg) aubstigtes of the lysosomal
[
e PRI, LRSS RSP 8 dono
activity @if et Ia¥® oe G2 BTE enayngs, thettl-dagletigsl Igadtaic Bld%@lthe enzyme of step (d)
f at as man S

sl
may bg Rt EE T iy s TSR Ty sty Koo L e i aqther
exam}ﬂé fee&EsdHBRG S WBUGARSEE ool 00 i enkRheS@hi déghﬁ% dermatan

devel opnment, Grl G71S, a Gr1 clone adapted for
sulfateg;tbwehzyrmﬁ efestepnid) rr@é b@@p@dmﬂ@m@ ABCueanyvgagyme that acts

pnmar(flg/ ra%n% t%ﬁtsx?l?atw S% otﬁcla’lrneaxg{np € ()erxpree%gglil 8ﬁﬂ)§t{ﬂo§ W G6S

or GU&BS(ehzg,@iea lohet degal€her@editsul @YY, thE ablyene dfatepf (@) ARARHS Heparanase
were selected. After a first round of subcloning of

I or Hepagmyage My oirhotla cAa petsnothsr pxampladongdatection)ob &ty (@swgme that

derads B e Bty A D D SRR o HARL ST £
primarlye@dugtydoget.y (pg of product/cell ) in spinners with
m crocarriers or in suspension culture, respectively.
[00169]he ThgSdellHa0eilieethsd &f caphiTe b f aNen¥ek By itl@ftdtingadsoatslal
scal ed-up to bioreactor for production of pre-clinical
enzymggeyityal In spog B8RP dIvenin shenlyposemsbenarastactivine s delastrbicovihen
irn
the corgcgeﬂﬁht?cgi%ﬂ %ﬁé‘lﬁl?pﬁ&gg’ qf%@é\s{) agm g@ﬁl?’ﬁl\/[ (?roe{bgﬁt 98&;& bout 1
nM, omablout @l75 sM)S)t abme@ 5 ﬂMeoﬂmiohodzsmrolr absut(0a)) nely bt skaung.05

ol n cell deficient in the |ysosonal
nM, Oreﬂ%ﬂ} Oﬁﬁ roré 0408 ML 9 ‘t‘tclhpMa?’iﬁb&Imééﬁ@(lf at es
for the |ysosonmal enzyme accumul at e; contacting
UL (RUREEIGAKION ORA.YSa500kal. SUIEAEASEENZRMES ( ho
cell; (d) adding to the cell lysate an enzyne that (i)

[001 70}3 Bpecadtorondtonaltchetamatgircabmbinbst mansGARNS ¢ad 0.2 pum sterile
(f eaves smal | _oligosacchari des

filtered and kept at 4°C. The bioreactor matenal was either loaded onto a capture column

directly, or concentrated 10- to 20-fold by ultra-filtration prior to loading onto a capture

column. The bioreactor material or concentrated bioreactor material was pH adjusted to pH

4.5 and then loaded onto a Blue-Sepharose column, washed sequentially with 20 mM

acetate/phosphate, 50 mM NaCl, pH 4.5 and 20 mM acetate/phosphate, 50 mM NaCl, pH 6.0
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fromthe natural substrates; (e) |abeling the snal
ol i gosaccharides with a detectable noiety; (f)
wopimonabd y separating the | abel ed smal | PCT/US2009/031276
ol i gosacchari des; (g) detecting the | abel ed smal
t 1P N ct
o oA LR MR BTG R Mt e P Pl

colunﬁ)e]mmaﬁ theg 1¢dded bhe Paeupdl Sof HI @bﬁhﬁad;héd@dqhennally with 20 mM
ol i gosaccharide fromcells contacted with th

acefatﬁfyé%%aéﬁ%&l S e Chirbh 5 O 4oy %O%M&%Wpf@ﬁph%eﬂ%a%m@ pH 5.5,
I h
and elﬂ e'ggggfﬁn%(?ﬁ% '%ge?r%te;p Wg{jﬁhﬁéhg(z 3?2 g‘ﬁ\gﬂhgﬁ%}a%%(n}%ﬁ(ﬁ?% ®rhe Fractogel
SE Hl(-:@zl}ip@lnﬁd wae f(ﬁﬂﬁ)t(latbc) i Mind&Ne® Ach & nad NaH Y, 06.003%8 Tween-80, pH
| ysosomal enzyne to degrade natural substrates. In one
5.5. enbodi nent, the small oligosaccharide is a nono-, di,
tri-saccharide. In a related enbodi nent, the snal

or
[00174) i g¥fssapativahy. e higreactar BatceiRbsanganing 0oPEBINAnH hempw GALNS was
&£ S oyt he
conce%@c?b(‘ggﬂgﬁ) tultl%? -fi t?ﬁfg)?ig)@k f %téaa,]s Et% ( A%LQE&% gglan. e
concentdaled)h@t@e&r &uitérﬂaﬁ age pHl ddp)sted to pH 4.5, filtered and then loaded onto a

Fractqu}aé@%1%p g avlﬁag gl\cl-mselégérgt S?&gl)%slg%acetate/phosphate 50 mM
NaCl, M}p@gtaxhgélmtaeé@@mﬁsﬁm%@ Ishat eI NS, agéi elu%muh 10 mM

‘enbodi nents, the |ysosonal enzynme i s a-L-iduroni dase
acetat@plm;phatbnl@dn@l Nabbotneit The Fhastdggkbls Mapemhyme elugte was then

adius oM RO RE T St el P e B RSB e @BRia©)
colum@/Reed®AhS10 hVeadeyS05RGIphate NEYEM Nabl, g@'nﬁqtlﬁﬁdéé'aﬁzepH 7.0,

GLBI 0167] Suitable human cells that can be used
and ehlfﬁdt“h@ﬂ B{emM pessaselPhesphgici Wol mieNaql 98 mdrimiddzple; pHt7.G.sThe

2 <o A0 HEMARATR) BT 050 RSy Ot i

machdaﬁﬁﬂ%ﬁ[&ked&ﬂﬂ}bnﬁM dE@fat@pﬂﬁﬁplhﬁe 20 Na&'1 SIIOQJnld)/then loaded onto a
|b|t|n8 a fuII (100% .or partial deficjenc

ToyoPsay Byl UM eplurgporyashigdgni kb%eta@%p}aosglsa;@,r?é\é daGlg 5.0,

and c1f¥ed YR J xﬁl\/ﬁ&ée'ta‘fé/ﬁlé{o ARY, @g MIREE, e bS T8 I%gﬁféa%&yl 650M
nmut ant enzyne Wt dglpm N shed act’i'vi ty, or C S

eluate dveas ivlterdfiftracmh guetdi & Attsatalihf 26 h Npadetatan 1 an Myigesphid, 150 mM NaCl,

o1t 5.5, 80 aPETEE b ) N BrGia) L oM BT kRoLRIN HRCT. 001%

Twem{9@q§p5gysosonal enzynme activity, e.g. through
i ntroducing a nutation to the encodi ng gene or its

(0017 %e Io @E ?ﬁnﬁEat%Brb?rreJoggngﬁﬁltt Rlithah QH%L%S isTRYcrRRa Y 8%’81,1 infra, and

reated to re yS0SO enzynme activ
purificatign of reearnbiohamii HumanG A EBiSsfellowingMocetiores @thdcedeffayinie above
expr.ession, be used. [00168] Suitable enzynes that
m@“mer §§%X%ﬁ@§b@?¥lgﬁ%ﬂl ol i gosacchari des from
carbohydrates and that are "specific for" % . €. o
[00173; o BspmbinemthumagLsf i NSIEBZEe Wiaa Exyatssd HaPetS efllstagalescribed in

Examg%ﬁﬁfﬂ{ﬁﬁgurﬁﬁéﬁ%e %6@ ﬁl EQJI éfeeﬁd ?MG é { ?ﬁ’e%i I’%é() SEIP[EHu}(ﬂan

e art O r exanp ecti
GALNSGfithé wemomhms comp@teBl to ez ymmprdmmdss)f GALNS.

ker Ifa zyme of step (d). may be o
Masuegrele Srbicdbept | i 9é%§7 (ér%% heetiged §€tp§rléﬁatwalrmdfhéwctematwn
of GAKRRAT AR hitth BlaBentAS TROPLEL enzyme was found to have a molecular mass
of 120 kDa, consisting of polypeptides of 40 kDa and 15 kDa, the latter of which was shown

to be a glycoprotein. Thus, the Masue e a/. GALNS enzyme appears to correspond to the
processed form depicted in Figure 5. Bielicki et al., Biochem. J. 279:515-520, 1991
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exanpl e, for detection of 1DU, ARSB, |IDS or GUSB
(enzynmes that degrade dermatan sulfate), the enzyne of

W@ t@p/099y4 may be Chondroitinase ABC or any enzROEUS1089/031276
acts primarily on dermatan sul fate. As anot her

. | e, det t
cescrif I e Ror o P aradridpia N TS BT Mmd By Mg nalysed
by SDStERGEhe l@ﬁyyrb@hdde@@lbeeﬁaﬁe mas9éf HEP @RS Qoh-kedu@ing conditions
both. As yet another exa for detection of
and melesylpemassas S dkBratielsDyryd n@bl@ﬁy unggyacdiigmigrRong tiogs. eBIeéla& etal,

ioch . S0 P Tb 188 TPl SR b - R R °0

recomBin@at husemsh A LXISt fyorh IChitedse bampgr bwspssivalThe payified enzyme on
me enbodi nents, .t he &ésosomal enzymne

activity. In
SDS- Pa‘*e‘{iﬁwat%/fowr@ tagf‘é‘i:% Aofesuln @st AESSBAKRALRLENoR- rsﬁucmg
cgndubﬁ% AR %hecﬁfaz m@sés%f%‘ 5'7%aag9 2L 38 k@Mun%r I%anh%/l

nM or about 1 nM or about 75 nM “or about
conditamsalbbus, tig Bislickvier of. GIaN$ e@zmasl\aﬂppmr t@abouwtspOnd® aubdfxture of

b 0.01 n bout 0. 00 or
the preBisaroot ST T URRETEATIE R (e 1oV dop By ASiieure
5. In ENGYYESe B@&Mangh%ﬁﬁgﬁmﬁﬁz?ﬂ@éf tROMvBh U nsists almost

~ reconbi nant human GALNS was 0 sterile filtered
entirelyod thegpecuator A@m Thide shameatto Figwie 8)icalpredamigdntlydf.c., at least

about §EATFENIAI QA RRLUISLE LU (UL BELLY1q)0" CONCENt T ated

prior to | oading

chBoRaRrS B SR Y B RRGLEV e, sfomag

DISEAsbsand then | oaded onto a Bl ue- Sepharose col um,
washed sequentially with 20 nM acet at e/ phosphat e,

00174]"\/I Pl“@g]ysogﬁ?heﬁ Sélf%?%t%g ﬁ&ﬁﬂf"feﬁ RhasRRabea Spgﬁ%nt mutant,

H 6. Oand 20 rnM acet at e/ pho
vanantlcﬁroiemvamaﬁherepf—thit @taiﬂ'shze l&su.'es&phaalcasrmtmo[agmatéd:asaﬂmut 50%,

t.h I nto Frac washed
preferdfly AR 2005 70k ARG RS SLSTY 8l A epa L SOt a ey 2l or
all of tHE'tk@reQ)e@t‘ @o@oﬂ%c@?ﬁ&@it?%oﬁﬁéﬁ act@@t N%angﬁ

5.5, and eluted with 20 acet at e/ phosphat e 350

0178 i AP B ey 0P S 3ot s

or producod 5%l fTswbetant®0ly rpéided5n ekifrOdstdi] orAlrodrchiat,i wally givielrise to a

. bi.or e er.i ont ai n orrbl nant huma
diseaso 1G5 E Bt PR Bted e AGeomg TTEPSSPTIET S BRCGR BTG, the

lysosoﬁﬁﬁgilﬁgis@ BAAnte {8 %H& tHa€ 1P%t%res§%h%r%%@éﬁ ro@ﬁfes‘ijlbstantlally
bi oreactor rmaterial was pH adjusted to pH

reducefliih expressicard ptrmtlbmad@dn@rgl@ rscfo aclisaest blSEvlkdrse @hgence or

reduceg éP%%gé?Ib%rCPSrBﬁ%ct%g% li'%gsts?ﬁ?}flfé &W{ht tg?_'%%egsic\aﬂ iﬁaluiiélth not limited to,

lysosom@Bitatagé pREsEY A ferdifly,nive Nablom khiBatls crafthe@d 8ére@dWr bbtained
10 mM acet at e/ phosphat e, 140 MM NaC, pH 5.0. The

from apyigiepogel SE Hi - Cap col um el uate was then

[00176] Preferably, in the treatment of lysosomal storage diseases, the lysosomal sulfatase
enzyme 1s an enzyme that is found in a cell that if not expressed or produced or is
substantially reduced in expression or production, would give rise to a lysosomal storage
disease. Alternatively, in the treatment of lysosomal storage diseases, the lysosomal sulfatase
enzyme is an enzyme whose absence or substantially reduced expression or production is

associated with the disease, although its absence or substantially reduced expression or
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adjusted to 500 MM NaCl, pH 7.0 and | oaded onto
Zn-chel ati ng Sepharose (Zn-1MAC) col um, washed with
waQooahbmeet at e/ phosphate, 125 mM NaCdl, 10 nM i PETHESOE031276
pH 7.0, and eluted with 10 nM acet at e/ phosphate, 125
n-.chel at
pmdug%%h et ot e EOE isBhiel 2ferenitl. B85 Gabeil praee
nzynde @ deAved SVBbiRdthad fidh alhi@gdnl vation, adjusted to 10 nM
acet at e/ phosphate, 2M NaCl, pH 5.0, and then | oaded

(00179t OPrafe YO %?@éﬂzy%‘étﬂ/ hy I\}EQQMRQ Q{l}fgfﬁse é&‘@%@ Ao L6 arjy@suffMase A

acet at e/ phosphat e, luted wit
(ARS A @erdrank éSICpﬁ’rﬁ@@pﬁ‘ét é\IP 0074\ (Iiﬂ)@br,m ﬁ))k(}@l‘t@nk Tveession No

Ne_ogfREFT it b heeEare s imtepis pteab B s

sulfatM@@ARS@)" (@eﬁbanﬁ ngctRpm Ne Pk ag 8eﬂiukdha?eO2J§Mfﬁ§§:t (ﬂDS) (Genbank
ate, 150 mM Nad , 1% Tween- 20, pH

Accesp o0 1B NILAGD [l Goferm Dofscotnkes oo, Nouis| GRG0 b)),

sulfafSREHBEHN R IRLR o R Rar PRl RYCehsi AR Phaio g

acetyl@h@ﬁsatrhﬁe allowse rQGGSpmHnbinSk Ae&@mbbm NP_dexGa7h ahdGaRctose 6-
00173] Reconbi nant human ynme was expressed
sulfat%ﬁ%ﬂ@éty g@wtgsaél@nﬁésse}f?@@a(%%%Eﬁ%?@anlf ACEEHEIoBUNG-f i ed
SG
N R b B e R A R D PR E TR D by
deficiett chareing ehblich aepacht aotisrapeutisriddsts, Mibue et al., J.

Bi ochem 110:965-970, 1991 described the purification
Lysosantl StoahgeDéeaseat i on of GALNS from hlyessoplad Salfhtase De€iciency
rified enz§p§1\/\/as found to have a nol ecul ar nass of

t

Mucoa%sae%aﬂdeaﬁ niGF S YPept i des SurapigBesubip@sels
f : t N

Mucoffsact idoft b 9 % EBRR SRRy, | Sullfnass/hoparin-N-sulfaase

Mucomip@aclsartdosm Q{pledHDo‘Builﬁﬂipp@ kendporoe es stdAtayiyhwepirsine d-sulfatase

[ Bieli.c et al Bi oc
MucopsasagiirBogs tpsqy dekiordie Ridebbur i 1 AR Blgalipigsamine-6-
sulfatéggar acterization of GALNS from human |iver. Wen
anal ysed by SDS- PAGE, the enzynme had a nol ecul ar nass
Mucopiflyseochebdosinhee Mlon- r educi ng condi t i dR4cetpigalmiosouinar-
Ifat TES S €S 57 kDa, 39 kDa and 19 kDa under reducing
Sutal®dndi tions. Bielicki et ah, BiochemdJ. 3 11: 333-339,
Metac&%@ndea%u phxevpm)i fication and ahasaedfeigation
r ecomnbi ngﬁ% hgman GALNS from Chi neg}g hanst er ovary
Multlr&@ﬁuléatasvﬁéﬁﬁew {(M8Denzynme on SDS- PARREIGRIS spldaipgs t o
have a nol ecul ar mass of 58-60 kDa under non-reduci ng
[00178ondi prederscdamebodoherd s the lyvesmsed swfat&s-e57ykROim, a 138okBaant
and 38 nder reduci.n nd|t ons us, t.he :
nomrffs ol SR B SR e P 26 PiseliBaeisiny cetl
line. THIXGrd heef@ted dH8bddiReis 0fe se8mMb{RhERUhSOK}odotlals@fatdsB@nzyme is
enzgrre and the processed form depicted in Figure 5. In

active gpthhsgshigh {gvel eladwaphioigatedipligaspccimrides anspeaidicd fungére
“DEF Nxﬁ‘(@ﬁgm 580 'p%férr@& &Rﬁ(‘idxments the lysosomal sulfatase enzyme is an

active highly phosphorylated recombinant human N-acetylgalactosamine-6-sulfatase

(GALNS).

[00179] Thus, the lysosomal storage diseases that can be treated or prevented using the
methods of the present invention include, but are not limited to, Metachromic

Leukodystrophy or MLD, Maroteaux-Lamy syndrome or MPS VI, Hunter syndrome or MPS
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entirely of the precursor formof the enzyne (see

Figure 9), or predomnantly (i.e., at |east about 85%
wo@toovle19ps ecur sor form of the enzyme (see Fi guP€r/li83009/031276

I V. LYS(}S(]VAL SULFATASE ENZYMES AND LYSOSOVAL STORAGE

1L, SagREo s gt RO 3 ML SO0 g 12 e FyTe 8 PPV, ia Fgrauio A

syndré@e oY MRS/BV 4. @ raqﬁﬁlduhhaty préfedica %m@bdﬂn%i@ Lth@l Y8Rt ARk lifAkse
anount | east about 50% preferably at | east

eNZynihis @twhﬂél% %‘?ﬁﬁciﬁ?ﬁé cipses Moagg Aatyndecase OfaM&StIVQO% another
priGHT BRI Lo ey sl D LDEL AR S g i ncieny
is ass@nizydrevith [2Q0iED] lydasomeneoragbodeasedush aé MRuldipyls SaEw@se Deficiency
sul fatase enzyne is one that, if not expressed or
01'IVISF:Q-Oduced, or if substantially reduced in expression or

groduction, woul d give rise to a disease, including
(00188t Huss, parthe dh@ve éble, yaromsehrdiscase dhalysosgimnd agédaselenzyme would

prefer%ﬁlg‘%gﬁg?l?g%\ ?Fe%%f?c acttlbfg e)LsX&) eﬁqﬁ fat%é’” Jn g%% U &%Xt% ﬂ'lesdlsease

expr uce

For instabead, antrhethbds IhedUﬁ@CMPS e &m’;ﬁsﬁh@ﬁl ey Qd&t&bhﬂw diliitase.
n give rise to a disease, but whose absence or
For mpg@g

ok MESITHA. dic RipGaGd enemns i sudapidasy/eeparintirsul fatase.
For mts!?lgdéj Y6 MPRAK T kDG Bt e 9523111'1 sHe! QCétg}g dcé%a%?xg?glssulfatase.

st orage di seases. Prefera 'y yS0SO
Fpr melﬂmgimvolsfu@MiP\Sd&’Po rtheo;iu'emmeé dni}nmnsgaruama 6-suBhIBN-
er abl I N the treat t. of | stora .
scery GG EEnY bru TG orare B arel st BT HE Pl syane is N
acetylbiladtodaPnih@URMIfhtAsed KR nlethdiBlinddlvilg M XM &RSRIL Qlkodystropy
produced or is substantially reduced in expression or

(MLDyy thel praférond, enapuie és giylselintageeAt foamiethods tivalvisg Mhudigde Sufatase

di se ternative re ysS
DeficiGh&FRTED), e FLIAY AbY nolduiie WL ER1dT ks baL iR AT R IR samine
4-sulf@B%Y (RrHMIeSE-s AIFARRS Sul Biini 84 Slepatin-Nl-duifat6 l'I‘T'%Qetylglucosa‘mlne-

expressi on or production is associated with th

sulfatagp gé&@écm%ﬂé -regaseiN-geaiysalaetesamming st faiess amﬂgherm“af@éréd
. t t
enzynfEP ERIALAG HBLAIHE L Ao MY ithe M ulasll 15 fse® 1

PREICPRh, ALK TEARIROE Yy LR D R sy 8t Ome, e

IVA) enzyme, such as arylsul fatase A (ARSA) (Genbank
Accessi on No. NPJ300478 (isoform a), Genbank Accession
[001 Sﬂo I\}NP ?Q@s&%ﬁ%sfs‘ 150 BF MIm)rcfo@ S%cﬁ@ﬁuevﬁi‘ﬁsm§ Is'an inherited,
atase B/ N-acetyl glucosam ne 4- sulfatase

autosomﬂz%)assq‘@chmbﬂg@gsg toothe MooupRIf nB8489lysaccharide storage diseases.
nbank, Accessi on

i.d ~2-sul f at 1 DS
Mora SRS e B 35 ean i RAC B G e his O
degradbfiof bSO PEIFESINince AN GaSS). ReRahi satNeFKIST ah@8iRndroitin-6-
(CGenbank Accessi on No. NP _000190),

sulfatq{i&é@%ﬁ@qcu%@@anw@ IVaus eheranseizedBsyhy dsatrerid e owssicdr
acetylgﬁact&gmqgez-&@@fat%q&ﬁ@t, Qf?c?th@ excretion of KS in the urine. The lack of

GALNS results in accumulation of abnormally large amounts of mucopolysaccharides in

hyaline cartilage, a main component of skeletal tissues. All patients have a systemic skeletal
dysplasia. Other symptoms vary in severity from patient to patient, and may include hearing

loss, cataracts, spinal instability, heart valvular disease and respiratory issues, among others.
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sul f at ase/ N-acetyl gal act osam ne- 6-sul f at ase ( GALNS)
(Genbank Accession No. NP _000503). A table of

wo ymosoryed st orage di seases and the | ysosonal BCl/Us10a%€31276
enzynmes deficient therein, which are useful as

o ORI S B OB AR LR
acetyloyRetobdmind bt a1l fafy/ e WES . | Hh NN NS SUkpRERYs a 55-60 kDa

Mucopol ysacchari dosis type II11A Sanflllpg@gsyn rome
precussgy p%l@la@@/qﬁépa@pwnmplﬁmragla@émkﬂwiymw vlsies. ddsimse-6-

e
phos YRSMUED SN L PR, SRR, DGR LB GRS e o
recogsiyadibpaeedipide at tk gaos@hgisaltistgade-andUddnaé@gatly, is crucial for
cchar|d03|s type VI N Acetyl gal act osam ne 4-

.Mucopol
eﬂm”@ﬁPP%? ﬁ%@ﬁ%hron&tlc | eukodyst rophy (M.D)
Isulfatase A Multiple sulfatase deficiency (MSD)
OOIS%I thipe all syifatagcased L @] tolhe pupesteadrhech ombykilyeert @tlvatmg

e SO YL O, SO ST LR s
Becawge bflitid auitvhtdon sled, iiovaddvihg €l post-irigslatonalb@ fiphitefres r@dictive site

enbodi nents, the reconbi nant human | ysosomal sulfatase
cysteigg ge);‘géle it Catf?m%é ghyppreHBSA: Mickisxpregsion Qﬁrecombmant sulfatases can

I G e R e T v
actlvaleyimé ewalacsudtéhiiaBease Bﬁz/}ﬂiﬁesbh andwitAtdv/ ‘pﬁbdﬂb@&ﬂ tter (i.e.,
osphoryl at ed reconbi nant, human
degra‘ﬁi“&&é@%@ BPREFELION Heop-astivated s BtasesALNS) . [ 00179]
t he Iysosomal storage di seases that can be

[001 811} eZ‘%re@bJ et 0§ thig Erveatdoruisitp gravids ameactivelBighly phesplmrelstadthuman
N-acehp%ag&g&sg{}uﬁen sﬂﬁﬁaﬁ%tzy%g ({}gltafl&))r( qr?t};e%gmeng 8; mq ah r%%rome

and otWer, dlkdlamseé gs Mtdflplﬁswffataw?sleﬁ'mew&f)mp folgat AreSyARE¥dIBEOOT
g Ilia Sanfl po D syndrone or MPS H d, and
associfsd itho deficisngy HH@G@PZWSNr%tylgW%O%WW -eublsatpsg. Such an

active %ﬁlfgﬁ&?hgr?pa?t g ;% Ntzﬁ@te/ PR e nl\/b%%]‘&?%gs%%rsl%ﬁé(fy g%ethe

'S Su I Cl en causes
abilitygp laBz¢ Metisstas iamdtidteK Spad Ci6S ukcaurhylafes gfag bd@fhate MGP levels for

. embaodi nent, the osonmal sul f se enzyne IS such
effciefhaiore Bousut TFuht§ioh S menbbs ebbavn i SHRaRN 1. and has

lativk St 1@e8s di sease, such as Multiple Sulfatase
reankéaﬁgfgﬁgﬁ or I\/BDtS [00180] Thus, per the above table

[001 8§]0r g@&% 1dddestﬁx§§1§tc¥0|thit¥§é)§19 hs §H{h£ ﬁ{\%ﬁﬁof 8&%8&&"@&&9 are
prereranly conprise speci ve [ysosom

applicshié f(aﬂhageacmnugmef aléri I&S@Dmal s’ulfahEe dhseasLe.g., arylsulfatase A

(ARSA), arylsulfatase B/N-acetylglucosamine 4-sulfatase (ARSB), iduronate-2-sulfatase

(IDS), sulfamidase/heparin-N-sulfatase (SGSH) and N-acetylglucosamine-sulfatase (G6S),

useful for the treatment of lysosomal storage diseases which are caused or characterized by

their deficiency thereof.
VL. PHARMACEUTICAL COMPOSITIONS AND ADMINISTRATION

[00186] The lysosomal sulfatase enzymes of the invention may be administered by a
variety of routes. For oral preparations, the lysosomal sulfatase enzymes can be used alone
or in combination with appropriate additives to make tablets, powders, granules or capsules,

for example, with conventional additives, such as lactose, mannitol, corn starch or potato
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For instance, for nethods involving MPS |1, the

preferred enzynme is iduronate-2-sulfatase. For nethods
WO 2aoloiong MPS 111 A the preferred enzynme is PCT/US2009/031276

sulfanidase/heparin N—sulfatase For nethods involving

t he referr | ucosam n
starch6 Ibfl% eI, guchkas cr}(r%%lﬁl %ge ?,381 g/e?lhlg R/é °s, ARgcia, com starch or
gelatipy; ®sfr1&f dlﬁdte@fﬁl(}’fﬁesubﬁ agadracteae potato starch or sodlum
6- sulfatase/hbcetylgalactosan1ne- 6-sul f at ase. For

carboyh el s cilHoss WilthduINERYIS; sychas e pempgeprsams yigerales and if desired,

with c[}ﬁt%gﬁg L%'geln%gtagérﬁ?]odrl}(gtsénﬁg é&ot%}?%semﬂv%ﬁr%&?ﬁtol%gg agents.

00187 Rl GG T Tl e B i B R ety o beB g ino
prepaMiayRT Q@ébti@@ b@ﬁcﬂés‘élﬂnﬁ@tsaﬁﬁnd\ng AF ¥inslsk flyoaB&N in an aqueous or

B/ N-acetyl gl ucosam ne 4-sulf at ase,
nonaqugeissaiical sudy asfugeetglle or other similar oils, synthetic aliphatic acid

etvee e BT O Hen g o ROl eng glueclspd ifdesired, wit

conveGitionl ﬁdma's&/ Nelaetotligitastiosant agers, sudpecadiag agerag dntulgfying

freL%rred négne i.S gal act ose
agents, sigpHizersaad RISERAYYSal act osami ne- b-sul f atase. V.
MUCOPCOL YSACCHARI DOSI S TYPE | VA ( MORQUI O SYNDROVE, MPS
[00188)/A) Thedpspsapaviutioinet grvaercs af edsyantiop san pe/mtiliagdrigatrosol
I
formu?%fgg st(glgg %dxgp S%ééggg)/gl ﬁgndﬂ’] e lgfﬁo(gOmg%u?i%Pag@enzymes of the
inventivcapdieysandhrd ide psets@uingé adct@&&fk@@opéﬂﬁn%u@h Syndr ome
aused by a defi ci.enc sosomal enzyne
dlcmol“é‘ﬂﬁ?‘?@ﬁ’efh&?{ S, RRPHEFHHASE %’r‘i“g? %@NO gl ycosani nogl ycans
éh keratan sul fate %KS) and chondroiti n- 6-
[00182), fFalﬁbeWS)t e bsagannal snifatgse qupgnesef the invatieceasrtiezuele into

BT T T T

bases.UThelgsosbhl ke tkasefenSadND fitlesinlvtiitidntad G Wiilidtteed redtally via a

abnormal ly | arge anounts of .mucopol ysaccharides in
SUPPOFHALY i Tﬂ@ S&BPQSl‘tP%)’g%an 15clngs ﬁebé‘aﬁsp%ﬁg At Cepoadwiipie cggbowaxes and

polyethyl%ﬁé' col@I \th@ﬁﬂe@t% PoltRravel filhfke gl %i%lt room temperature.

dyspl her synptonms vary i severity

at i de heaH
oo 55,800 90 T TS0 S50 e 85805 o
rectal a(hdmimﬁbni adchrag syﬁ@ﬁ,%l,mr@’rﬁmﬂg;uqiehﬁbﬁs R0 18 BloviadddNsherein each
ydr ol yses ?ulfate est er bonds of gal actose-6-sul fate

dosag? P‘Ban?@Xéﬁ’@ NERERANGH! tablesrogni elablst QuIupReBIoFY. GANIER'S 2
predetEMITREY SALWNP oF § 1@9&&5%9%@& e@Qn«JﬁQ@n PIEEHLAAN. Similarly,

protein wth on 2 potential asparagi ne:
unit dcgslag@:fmmls &iriipjecsort e&ntrh;@mnosamﬁmlsphnsmhay eofipBR) the $ysosomal
rt of the I gosacc rldes sent on the LNS .
sulfodig igsfioats A oD 5 SEOSEH BT SHateaP Pt Pr@aceutically

accepthms@g@RRl cell surface and, consequently, is crucial
for efficient uptake of GALNS. [00183] Like al

00196Y! 1 2pASESH WEHNS ORGSR LBrBE Qﬁ%@@%?%etﬁ}é &

[ ﬂ ﬁ% Ff%iﬁe actyvat?%g eﬁZyﬁe ) encoaeéwg a?ﬁe

comblsftd Efsah&a&ﬁlmngrétjaemnﬁﬁmhme 2difh Stelwitlgereeorteorg @hﬁrmaceuncally
qﬁtivily. . " . . .

acceptable carriers, diluents or excipients according to conventional pharmaceutical

compounding techniques. The carrier, diluent or excipient may take a wide variety of forms

depending on the preferable form of preparation desired for administration, e.g., oral or

parenteral (including intravenous). In preparing the lysosomal sulfatase enzyme
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Because of this activation step, involving the
post-transl ational nodification of an active site
w@eyaeiried resi due to Ca-fornyl glycine (FGy), PCT/US2009/031276
over - expression of reconbi nant sul fatases can | ead to
S N A A e R R A
such @s&lfcfr&k@ﬁﬁleeﬂéﬁéﬁ%@cow‘ dil Wa!d@hb@%ﬂo@ﬂg%%blﬁﬁ‘ prédeBhatives, coloring
e., degradation and/ or non-secretion of
agemﬁ@ﬁl %‘éthlk‘?/&t dg cas lpraldmejd prpgmmqs i) ew]nek:t sugpertsfins, elixirs
t a tlve hi
and s s e Fes ey W G S B solvan silvente
granuh!mng Aperis etﬁhr[caﬁmr blhlilﬁs tdlﬁﬁﬁeg‘ﬁﬂhg aferlWiLIhe 1iRY NHthe¥Bse of oral
and ot her dlseases Mul tipl e Sul fatase

solid psprgiieiite {Pr cnmEp e Rileri a0l copses aedddpiat widh the solid

BT AR S an a1
[001 9?1 9 h\kf%/th nggﬁ Erﬂ]ﬁe?rgalggute dmlmsgﬁtz%én%la%ds fﬂretransdermal

osam ne- ase

admiradifatibh yf tiﬁlgk ﬁtb&hmZ@seﬂ On ReS$ig@sn 5 Rhakiiacbutlcd] 8616hce8S 7th Edition,
as adequate MP | evels for efficient

(Ge“qaaﬁf %%2' %f%gi\’f%fffqbélﬁ@ﬁg 9 HP§W- gesraehengen efﬂtclmaye 3 preferred
meand RF tt@ﬁk%iléﬂﬁal%h{f?{'gw h&?&)&?ﬁlﬂ éruzfﬁl %gﬁ%ﬂn e i venélon Patches

pro uction | eve ers
preferaigtpravide aredisoggionfenbdneer suwebns DOMSGes QTclrcbzed tﬂaababrpn@d 6f the

applicable to the rodu tio er sgosonal
ysoscif plfide oty oo Per B Mot B Sanrlsagilr ke alay ae disclosed in
U.S. Fat Wsub hat 85 BloY-asehnd Qh@ﬁ%%&ﬁoﬂwﬁl% f&hesBorated by
(ARSB), i duronat eX2-sul fatase (IDS
rﬂ%m@%ﬁﬂaﬁﬁd@@élheparln N-sul f at ase (SGSH) and
N-acet yl gl ucosam ne-sul fatase (G6S), useful for the
[00193]) eé’thamnEtceu)tﬁcaﬂlyslowuﬁ)ﬂe stcipiage sdils easdsclvd) bdinvans carriers or

el A S St el S
substah@Q18&Rh aﬂiﬁ dd)ﬁ?s@ﬁgﬁﬁdl b%rtr@ ﬁts et%ﬁié Etlﬁ%]% ents, stabilizers,
| nvent| on may be adm ni stere y a Va out es.

“@ﬁmE@gmﬁ$@h“b¢ébaﬂm@aBQSanhenmysaadmdb sulfatase enzynes
can be used alone or in conbination with appropriate

[0019Hddilt pachf tdmsmidimctsaﬁhb éymsomﬂwdtﬂit&se @rzami¢l ®mpositions include, but
nti.onal additives

are nogﬁrgﬁecgtg F%f{}%% exnasggﬁﬁql? gr or%lgliggtv !9Rie4, parenteral (including
subcutﬁﬁ’éo%ﬁ Qﬁﬁrﬁﬁﬁﬁula\ﬁ" atnla iR ARRES), BN AS (BAUBEA LD anhalatloﬁ) or

| ul ose, l'ul ose derivatives, acacia, corn star
nasal admlgl@ﬂrdtqnn slthqmgh hhﬁjmsqstmlé@ﬂatcmt&n Bychvescasomils igreath in part on

tato st or sodi um car bo thylgellul ose, with
the naftl S Qe80rBY 5L RieoRRpHT RS PN TR Wit S Eonebis
1ngredféﬁ§l E)&%pléﬂﬂytrbut@é buemhiistrRtidd &€ itNGoraDalt Birat®@bad ﬁﬂke@g The
agents, preservatives and flavoring agents. [00187]

lysosomﬁbsqli;a%’é BYIMeIANIRESHioas By Prgn ety nresgatet impnit desage form
and prffrd OIRALSH: OGP LERRRBY) el Of%fgﬂ?ﬁ]gatﬁ;y?g oy

susp en I ng or enu SI
QuUS Or .hona sal v s veget abl e or
[001953 th Fcaélls%)f t§fnr Si5ed o o gmlﬁ éaﬁ g}%fjgﬁﬂa C@p%g?sorepresent the most
advantageous oral dosage unit form in which case solid pharmaceutical carriers are obviously

employed. If desired, tablets may be coated by standard aqueous or non-aqueous techniques.

The percentage of an active lysosomal sulfatase enzyme in these compositions may, of
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gl ycerides, esters of higher aliphatic acids or

propyl ene glycol; and if desired, with conventiona
wa@oaapoirwes such as sol ubilizers, isotonic agenpPGT/US2009/031276

suspending agents enulsifying agents stabilizers and

o L o TS0 2 LA 58 POF YR e

weigHt @F (Al @id on to be adm nistered via inhalation. The
| ysosomal sul fatase enzynes of the invention can be

[00196P" @ys@gcﬁgal'smfﬁ’ta@ %'céﬁgﬁélﬁsiﬁso&ﬁﬁé ﬁw@ﬁt%}ﬁ]ng?ﬂé §dmm dstered

such "as di chl orodl or onef hane, propane, nitrogen
encaptietetl ik er atf200dBO)] vifal fzmlwmplm Deyestdies bysmsmnaaitecsmtcf &ﬂlas &esicles
nventi gn

f th
are mﬁgﬁ%‘gﬁ%‘ﬁ?%g A5 WURGY SR eﬁlcal cwga "I%Zé?l%/a‘i?ffm&é%sy ipidis-

Lipos8@e&idlvebit ik RInRATRM QbilNak flenIRhid! 1iRBRER siclEB Enclude, but are
ysosomal sul fatase enzynes of the invention can be

not litgtied i yridanecdlar setieey a}nd\maltliaansﬂlbp bpldt\@sxy:les Phéiposomes. Such

sit can.incl.ude vehi.
vesicl B BRI AV o PR RO PERE G e TR AR T cShbouncs,
such d@@fﬂ}ésﬁlﬁﬁ@ﬁblﬁtﬂﬁfe%ho}é?ﬁatﬂicﬁa&@ ) lphdéfHagdy18dridepOm

erature 00190] Unit dosage forns of the

phosphatigydehgiol wmﬁ,aﬂpaseoeﬁﬁw tipidhegangliesiddsosc f usingogtaidard
techmg{lesr ?tﬁ:thags tﬁ&@d@é@ﬁo@%ﬁﬂd\%.:}diggwl?]ﬁgmsﬁ& Lﬁgoa]% ﬁl!Sl )gucﬁ ’vesn%qes or

uspensi ons ma erern e dosage uni
liposofras nmyanfpised tdt elsipsan fysbsorhd BhiFstagoslzines tradaketul@ty and to

. S oSi t or contains a, predeterm ned ampunt of a
delivef JSBRBRAl U PR KRCR 19 s S AEIR g eiaEleateia ysosomal

sulfatage Bhiyahd ¥f inkRdst nfl9S9R9Del0hiTPed ind Qicggsdleﬁﬁ)n%ee e U.?. Patent
i ntravenous adm nistration may CORpri Y 8080me

No. 5486.p4b)ase enzyme as a solution in sterile water,

normal saline or another pharnmaceutically acceptable
[001 9%}ar rA@rmu{e&ﬁ“ hatfinibimtjpnakdtidtlates tselysdsomal s QEREBhzyme
ata‘§%%FZ ynmes of the inventjon can be conbi ned_ as

CompftSHéondEn NG SEEIRAT Drefesahty, Ableast aytsideraditle Ypedrbee barrier,
may b@sdiP rﬁeﬁ%ﬂ%@% flal Yu1BE&E EB%P{: &xg;FJsﬁt 1Sis adih rft‘fl Caﬁ

or excipi ent’s accor ing to conv armaceu
perlphcmﬂﬂpomndlmq"etaébhmtrqmuswbe by aandiaercathdier.ubmtajigular and

ent de varie of forns dependi ng
intracagiid &P&? B atfeSriin Wswéﬁaﬁ%&aﬁswza&e. SoBPORGPDS ey be

adminReRIosAllRé1 @Bion8H - suc}PaVSEihtréﬁen@&feﬁﬂ? %ﬁ@éutﬁﬂe@ﬁsl%‘ di ng
i ntravenous). In preparing the |ysosonal sulfatase

lnﬁmﬂéﬁw%ﬁbtdﬁwes@ﬂkﬁhéﬂﬁ@ﬁndﬁaﬁmﬂﬁsagemﬁ@pnmoanynxmeB&mnnﬁmed
with ogé graxlnope n%a%gceu{meﬁ?y acfs?))c%lﬁ% ca IleT gllugﬁ (%%)(Scflglegﬁy |C gv 2f| ng

oo T S S A, e TR
specifie UpRENBAINHata8d enthhe, MBdeRPItybI @J@%)fmﬁfon%aa[nﬁ'tﬁé %sééfﬁmlhty of

as starches, sugars, mcrocrystalline cellul ose
the subjpqt de piels effertanbickrtedgloaesss f@ a §iubr Iysesvns silifatasereszyme are

readﬂ)gclieﬁergng ; egé¥ H%I o%@ srfitl? g}atrﬂg)%}étlr?}zgzl ale\lfalﬁ%%ék L he s & 181113% &)91{ gcl)t
limiteds1f ﬁos&&@@j@h&sarﬂ%ahﬂﬁﬂoﬁhﬁhc Wisk&snidngs cﬁ)ﬁhhéied in patients, in test

animals and in vitro.

[00199] Dosages to be administered may also depend on individual needs, on the desired
effect, the particular lysosomal sulfatase enzyme used, and on the chosen route of

administration. Dosages of a lysosomal sulfatase enzyme range from about 0.2 pmol/kg to
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oral preparations being preferred over the liquid
preparations. [00192] Wth respect to transder nal

WO ouvms199f admi ni stration, methods for transdeP@®EIUS2009/031276
adninistration of drugs are disclosed in Rem ngton's

aboutgaar i?gfrclag E?S% 7t h2 }E)dxi@gfgg o %&Gepwgn :ﬂg:ﬂ%deﬁt@?wmarly
prefe@@d @d&@ges&ﬁﬁg@fr&ﬁ@f;ﬁﬂélﬂ@ {5280 %nfo@/kgt M{@ﬁﬁiﬁ(r&?' debd VA iNe

of the |ysosomal sul fatase enzynes of the invention.
lysosquagl shlatags evsmgnay tml@\ﬁh@l@namo %@btqat@Q@nns/ﬂmamcéwrregmlomges

ey & PSR Lol AR5 lS, SRERBALER BB TR TR 01
10 mgleg i mearsy dag@edmm; be agRiehdtdBySforRakm V\Bmﬁd not 8 Zinfikdion, the

595, and 6, 261, 595, each of ichis
PamCPH& 5@82&%& seliagsereapperibe farm ofithe pharmagqufical @omgsition, the route

of adrﬁﬂgﬁﬁp&? létnh gf?éuél% FLEERE ththg P%g{rﬂg% E)%ssb’n%asf gﬁ?at%% enzyme.

vant s, carrl e

| ] able ver har mace t
1002080 TR B e Bl e R NG atbg%épﬁtaw
prophgiradtldi)aﬁcf dihgigtiagrat sntidndn laﬁinﬁeﬂs aﬂdi Hﬁﬁ@&lrﬁgﬂ@glﬁﬂﬁlﬁ)ans Lysosomal
stabilizers, wetting agents and the like, are also

sulfatgss ehreyBesaney shavapleiieeial pegrougtiongn éé‘élﬁu’@f tiggyes; ePreferred
medm?ﬁfﬂﬁﬁéﬁonstfgredla RELEE si 1%&4\ éatfﬁs&aﬁl% rrpos¥ ?&{H?t(i)c% éss&g%tfcé with a

but a e not ons su
target fooganaf ahterestgetgal lungd, dpyec &idnepaspiseher al (i ncl udi ng
subcut aneous, intranuscul ar, and intravenous),

[0020pul rENRALY;] eém&abdﬁﬁn@uﬁéﬁﬁ |thd tedaghéttiof)variey oTASBdrent disease
dn1n|strat|on al t hough the nost suitable route in
cond1tg;m§ érix i g@hodiimentsy ulay iptgrest isrihe we of dhasubieghmethods in

disease %81?({1{1&3’5 Vglflc:ﬁ% Q?ys%g&géltsh%s &42 &g%ﬁgmmﬁ%té H%ﬁ! been

nature of t e active Ingre route
previoaslyiidénsitfiedt buo mn mhmhtth@ly@ﬁsmlmaa maifaitwereamﬂ@ issnot @tﬂlﬁtcﬁﬁtely

sosomal sul fatase enzyne conp05|t|ons be
delivefsgio s BT 3t RS nCRAPFANGHE PSRRI ShSREFRTY erapeutic

result. pﬁﬁ@@s’h@ﬁ 1RYs AN sBffath &nIBhBOGS: L 1 #2300s bf‘;grroﬁﬁcﬁé betive

har macy. [00195] Becausé of el r ease
hlghlyadmphosylafaﬁ |lmsoma1tﬂuhcatssa¢1aymap sarl lzsused po estente theeherapeutic

nost dva us dosa nit formin which case
efficacyqndg %ﬁ%?%ﬁg%%?‘%§¥e 5Prme P§ﬂ§W§68Hﬂmﬁﬁsly enpl oyed.
mno%f esired, tablets nay be coated by standard aqueous

STRERED eapide ﬁﬁ?ms appensHFiRbotagfae b a siib) erd pspeiated
with ahﬁﬂﬁﬁﬁ%h oSHIRESEA sﬁﬁ%txg@edzgm% h&%&hﬁg ?P&gxcé%ﬁﬁélh%m{ of
onveni en e

of course, be varied and et ween
acqulraigoxmse@sep @roention of abiserse @ﬂbmegmppmg ott ﬂeeemmggtfhb pedgression

.the unit S0SO sulfa se._enzy
of 2 il i el O S R FaHE S A0 B e s cgiion
afflictia B GRIsI4t, IhRee hielra®dt GARALN T u&’édrlﬁla HROMBLARES 1Bfer to at least a
veS|cIes or incorporated into cells. Vesicles are

reductignde Fhetm%mffyé? ofe D@I@mﬁkﬂrm anyenpigmadsgcisio evithahe pathdloglcal
r ent | Ldic SONMES S
Condlt%ggrb%g‘c%q e?“%er?f gu arsayerm 0 t%’raélﬁl & a“g?fis?cé%tfﬁé a\?@?‘(@} e/gs Siich,
treatmeértGllisodgeluddstsit@ittons where the pathological condition, or at least symptoms
associated therewith, are completely inhibited, e.g., prevented from happening, or stopped,
e.g., terminated, such that the host no longer suffers from the pathological condition, or at

least no longer suffers from the symptoms that characterize the pathological condition.
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not limted to, unilanellar vesicles and nultilanellar
lipid vesicles or |iposones. Such vesicles and

wo eposoryes nmay be made froma wi de range of |ipitTuUS2009/031276
phosphol i pi d conpounds such as phosphati dyl chol i ne,

0s hatldl ha ser
100208[ RIS of nis e p AR LR S ing © e subjeptypethods.
Gener@af gﬁdlﬂﬁistieﬁe @tammawmm gnﬁhﬁm@h d WieghheshiREms 81dGRe@Broadly to
t hose described in, e.g., US. Patent No. 4,394, 448.
descrigg ergapisgiseyiagh gie wmb@ﬁeﬁﬁé@ss mypaliay stdndios dgrdirs eapivore (e.g.,

I | I t
dous | ARAR Bl AL, P96, BRI Y B8 PR3 s,
chimpangesaind Gontkeod) dal n*raab/ea&edmﬁenas kheslessneill etuhahase
enzyme of interest may al so be achi eved using

[oozoep c &M@ﬁw Red QI8 d&cﬁbad the hvelBé:€ i Mehe MaylBEmIfeleadily

[O route of admnistration that dilutes the
underasty@bgwh tg‘a fallemasgredergeeeo desniodlevinorxamples, whishimroode
exem}g%xg/g)g{;%?(gg rf]‘(g}{)tg{: Exfogp!:tyon %%é%gagg}f éﬂl gfrggxrﬁ;t}lp SP%sghorylated
lysosdny:8 eslfutade eniayhad arietheinnyid tho rpasichi cﬁﬁykﬁor&dmtcﬁmgé eiseddes.

ripheral ]y, t preferably intravenously

The eg@?raﬁsa%re 85%’?& ef ﬁl“ﬁ‘iﬁ%tf"ﬁjﬂh‘&ﬂsﬁ% onfindriye 5@&?@9@"@ t limit the

oPIRFréLASINAERIFR! if AnySaL Uy HX%%{E@B A4 ft@%ﬁ’s%? SRS with
SCOpegonpg;srltlorﬂls rr%ay1 engdn?nlsfered ocar? © © 42y wi
respeqt égnwnladr yseds(axg‘n aamuntst rcaperatires)eal. ), put @uboaxpaumaenml grror and

.or intramuscul a ne aspect, |ysosomal sulfatase

dewaté%’z%}?%mc% Y& {)%%%0 efc)’&dm nistered with one or nore

pharmaceutically acceptable carrier, diluent or

exci pient. [00198] Those of skill will readily

appreci ate that dose levels can vary as a function of

the specific |ysosomal BEYWMMPEES enzyne, the severity

of the synptonms and the susceptibility of the subject

to side effects. PreferE¥daMBEEdes for a given

| ysosomal sul fatase enzyne are readily determ nabl e by

t NMAMMAKIAN [EXPRERSIONtVIRG TORSIFOR HUMANSUEFATASE
MODIFMING FgCTOR INGUMFi) AAD HOMAOSN-ACEANVISCGARANCTOSAMINE-

phar macoki neti c asssISMEATASENGWENSY i n patients, in
test animals and in vitro. [00199] Dosages to be

[002081d MTIhE SbREEGE WaY toddohOnete BRATh Ain dagfegm@hu a&ct&@ Qﬁﬁopﬁﬁke for
the desired effect, the particular |ysosonal f at ase

produ@pg y)@éahjg agnsiegied @cﬂ stad equaoyBeUIE ok actige lysosomal sulfatase enzymes
wnhuﬁﬁﬁk@iﬁﬂ&ﬁh&&ﬂﬂmﬁqgﬂﬂﬁs of a |lysosomal sulfatase

om about 0.2 pnol/kg toabout 20

0020%%&3“1 RGP ETARRS Pl BPER L GRS e

States 2a@HDAf)}klg:ah@n R08. ngrabm@ombw ridlitMRInYdatedRH39e3003f and US
&sosonal sul f at ase en%%ﬁf nag be in the range of
2004/(@2@%5 dubloptongatedYovispbres.r 494 desy géyhrﬁayar%erm in¢ngporated by

o L
mammniadian efprasieedchy cDNY4 @xanphen, @adstul, CAQr whichicbsthing Ithe human
CMV terﬂx%ncer—promoter and a multiple cloning site. Efficient transcript termination was
ensured by the presence of the bovine growth hormone polyadenylation sequence. The
selection marker was a zeocin resistance gene under the control of the EM-7 promoter and

SV40 early polyadenylation sequence. The resultant plasmid was designated pcDNA4
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particul ar | ysosomal sulfatase enzyne, the formof the
phar maceuti cal conposition, the route of

wa@odimond®ps ati on, and the site of action of thePCT/US2009/031276
parti cul ar Iysosomal sul fatase enzynme. [00200] The

suME PR PS8R RRRYIRS S IR TL R bl o o

NO:2j m;ememﬂe&nown i@ Rigit $ and Mg re 2padshbétiveBr i n humans.
Lysosonal sul fatase enzynes nmay show pre erenti al

[00202F C UMl [afli1anh Rulal N gelydalddiSaHEse-c BuBE e @A Ies) &?NA (see
i ndi cations for diagnostic uses include, for exanple

Tomatgnr ¢lorftip¢/ieon Ba@rém: iR e@onwrnuh @I(%)r@ét%ér g1 ).ofhich encodes a

522 euI;Irli]}ltoearc1e olé;fepﬁg% His gud%?g eh% no acl(i1 ﬂéhﬁlff’gé&%fﬁeﬁﬁs %@918(? nlto the
mamn‘a{aafah%kyre@sﬁoxdl/écfuﬁf}ﬁﬂN (@1@&@5@) GO don@iSs thé RuGeR CAMV enhancer-
enbodi nent s, lfartl cular interest is the use of the

promaserjrdet e el slobiBinzonand s ondilhesing site. Eficien

osomal sul f at as esired acgtivity has
wanse SR Sl et SRS R BB IR TR e RE hef o
polyadelyfabib R SQUeAZY MEhel s31e006n AEAGHAlE hYhesiRlEiv @h@ﬁ)hbﬁaﬁslf&ase gene
target site, area or conpartnent to produce a ful

that cagrey apeiat Bription & dgseeiss enpyam aificiopgy thsqmwnua)i@b@@ﬂwr was
t
e EHRARR YIS hey SBLR) oA By PRSI Ltesgnara

pCIN éAz yﬂhesmnan beleLNS @dlytnucleﬂtlrmm@@(} e N8y apgislypeptide (SEQ 1D
ef fi cacy and therapeut ex of the |ysosonal

NO:AsTRCESYC by Figsee 211 %rgé'af ﬁerfﬁqucgvalﬁam to

encompass a\M\( beneficial outcone to ’eléljﬁ
[00208]5 s Joiiagreereiie expaeRvioni leYalael DAY aa |% nighffold/matrix

I
atach B S8 OB LIS IR LEAD oS, R0 e
clonedsih@pihe SEPMF 1 ael/@ASINRexpiréseioppdghddsi on of a di sease or
an anelioration of the synptons associated with the
[00209}i S BAFRRCSUMMIFY ivald naddlelbycdi gedeing Pe 1 heBsSK, X Eilled MAR (Selexis)

anmelioration or benefit is used in a broad sense to

with Bagyttlrand §linell) ang shenainpesting theaplepsed V& Rfrggmiant néo peDHA4
SUMPHa({i%éEFetd%ﬁhggﬂ and Hﬁtom associated with the

con tion being treated, such as

o TR PO B BRIy Ve

(SelexRR i@l I9@HTRANCRPAIth r&Rovedthe BIGHPE@SE, SMTREPMBerting the SUMF1
associ ated therewith, are con‘gl etely inhibited, )?b .
a

gene, whigh tis selcased FORapPRRAASUMF 1 Ydfﬁ@éfépﬂ witly HindIII and

term nated, such that the host no | onger suffers from
[0021%]he Wdlﬁoqmcmlad@bﬁ digestorg, BMA RS UMl with &nied agéSpeI to remove

ers fr t he t characterize
the SUML 815 et SRR a0k, DART &ty "grBtem BEIN 44 by
digestish i@tielamg Spepat abl e accordi ng to the subj ect
nmet hods. Generally such hosts are "nmanmal s" or

[0021 ZA M pRBAR 3, wadthSIE  (RESEink STE s 8RR o HERE (*Mﬁzf{@' kY 4b®GFP

escri be organi sns ‘which are within the cl ass
(SelexwﬁwmtthladIH el XlokiIrig ranhey edhel B8 Pegnn) and tieen(iesagting ﬂh@gkALNS

o D BT D R M0

enbodi ments, the hosts wl|l be
OOZQTJ rréﬁ% ?ulI lengthrmlman Cgb ALNS ¢DNA ‘was also cloned into the mammalian

expression vector pcDNA4 (Invitrogen, Carlsbad, CA). pCDNA4 SUMF1 was digested with
HindIII and Xbal to remove the SUMF1 ¢cDNA, and pCIN 4A was digested with HindIII and
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[ 00204] Havi ng now general ly described the invention,
the sane may be nore readily understood through the
wo odoboing reference to the foll owi ng exanpl espCTIBN9/031276
provi de exenplary protocols for the production, and
ur i,f.i cat f [ | 0 SO
ot QL TR T B0, e LY BRSO SR RRE PP

into tﬂem@smm{/e@dmmgm/@tmm@gﬁent Thrae exsanilt@asai @ wak Hesi@thted
for illustrative purposes only, and are not intended

PCDN6644wnt the scope of the present invention in any
Efforts have been nade to ensure accuracy with

00214]es 2 Fetnteer it SALANSdsape iythe pATdLAR BMAGpE REDNAE;4A

error and devi at i
expreletgiortho QT eReP L R Ruatirae Eapriateiiaet fom New
EnglaMB’MMHsANhEZ?RBEﬁﬁA@k pYEGERGc o aklbibhaspdd FATASE
MODI FYI NG FACTOR 1 (SUI\/Fl ) AND HUVAN

0021&3‘# AGHRE XL ACTIRAMINETo &ssRUlEA éﬁﬁurﬁ%@&%@h&@%@&hﬂ&%-

jective was to construct manmmal i an expressi on
sulfatase é@éw Sapm@pmtﬁhmeﬁ‘lgme Prodddiig eixpressedisis y 522 amino acid

f. |
potypdglR St A s Y BB TRt e opBPnify i LRTRS
polypép@M@ h&ec{e%&@@] prépeocesdel (preagtdy) oHpsr thelbh Iaving a molecular

nodi fying factor 1 (SUVFI) cDNA (see United States
weightpof; abriit iﬁé@ kPat JlbaptwééSA 2be o570 35Hbie apppiifientd ehthe

precurgcﬁtoer fmg ﬁ%eésrsg(ggwgolgg?ﬁﬁgﬂ%ﬁﬁég geﬁﬁ;%lr tﬁ’)?t%b% the full-

1engthl(MDNs Podipeptidyy haeh&anenaecrtad tb thfbnﬁﬁItglycﬁie}(FGIWﬁyCdmfatase
encodes a 374 am no acid p0|é@rptld ., was cloned into

modifyiRg fapipmbea(SUAME B gh daslversoree bévl NDNAdcay phgdtenmogision 325 of the
fully pg&%LS%Q@AL #Slyg?,bt?& &%Gﬁfﬁ q& ﬁ[ﬁ\l? g%ﬁfhe%eents of about 40 kDa

nhancer and a nur
and 198€D4. cTlesst G'A(IENS péptﬂles herj mnﬁaby Q%Mﬂlﬁdﬁl‘idg’eefétvb&}entth@cysteine
presence of t

vine_growt h hornone pal adenylatlon
(C) resddiiss éh%ﬂtwﬂﬁéi éﬂ@é?% 6 e IAPrORESCACAL R POBR! e o e are
two caggx'i‘i@alw @]ﬁf(e& gﬁ bRkt of RRitkM 179 EH&T@%’PM bl 1§'V41gcessed

ear | tlon sequence The resul tant P

GALN&zmlmtlgmaBB@fmsﬂMﬂ%mannﬁm7 (RPN ), SuMpising 2 mannose-6-

cIe I de EQ | and eptide (SEQ ID
phos}’*%%%f §8§q %geé@g(fg?@ %D‘g&%%t plgg%oand Figure 2,
respectively. [00207] The fuII-Iength human
N- acetyl gal act osam ne-6-sul fatase (GALNS) cDNA (see

Tomat su et ah, Bi ochem BHw&pys Res. Conmun.
181(2):677-683, 1991), EMiMRLdHodes a 522 anino acid

ol y tide includin 26 ami no acid signal peptide,
(J%é§ éEghédNEﬁ QQ-Eé(H%hEﬁﬂNQH%I\ESEMmT/@@E MOBPAFNING
FACTIGR ANBUMYK 1) ANDCHUMANINsCERY LaabACMNYSAMINE-6-SULFATASE
enhancer pr onot er (GALNS)

[00216] The objective was to develop cell lines capable of producing active lysosomal

sulfatase enzymes with improved phosphorylation levels.

[00217]  G71 cells (Rockford K. Draper) were derived directly from CHO-K1 (ATCC
CCL-61). The G71 cell line is a temperature-sensitive mutant of CHO-K1 with respect to
acidification of the endosomes, which has been observed to yield differences in total protein

secretion and phosphorylation on mannose residues for several enzymes at elevated
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linked to the rabbit b-globin IVS2 intron and a
multiple cloning site. Efficient transcript

W evoiopeabd on was ensured by the presence of theCbhUsiong031276
grow h hornone pol yadenyl ati on sequence. The sel ection

mar ke S a 0 [ h hot | e.l hat
empe RS LR85 3, NP P PRMGL RIS 358, BRI e
Cell. BHI 190{@NeY07-118, sdgagnuat ed marker was further

handi capped with the weak HSV-tk pronoter. The

S ' b@r
002t e B 428 PETRE Ry hup T RUGRR:
suppldnSi@2d WitND 54) fedquERe@am, arreMsgiowming) gbntguyeindindnehphotericin.
Figure 4, respectively. [00208] To increase the

[0021 X PriRSAiodNedsty abso el HdVEFor pacteia¥rDiuctio s atht alishr &G 7 Xcells
attachnment region (MAR) elenents (see Mernod et al,
were pue-gdapbed Enter-freg ciputhoeadiugasmgd saegol fat adaphag suNmrage-

deren 8, G SRR AR b AT AR P oo
(Sinacotd & adBamddl. Biogcliaidis(3)nd-237e000)sesitlting it the seeheased
eGSRy AR SRS oKL eyt oot B
stably)'}g%%fe&% h&fesc B in XéﬂéF%%E% Radpe&d ©%kin-Wek grddh_ﬁ HhddiyAd

al to renove the gene, and then inSerting the
outhn@UNMN nggenee! abhi ch was rel eased from pcDNA4 SUVFI by
digestion wth HindlIl and Xbal. [0021 1] BMAR 4A was
[00220fad@abyyd dorgbisihiicig oBMAR USRS UMIR] anBimimaa @A IS98lexp@ssion vectors

oS5 AL sBFSRSeb0PT FERA A R o, o

k |
PMARSUMI s BUEAIRAR, el P et g A MIREECIPY protocol as

describyidt try $6lerds inito &7dS Xbldd grownrie noiee niveiEEFIpdenetedwith Antibiotic-
. then insertj e GALNS gene, which. rel eased.from

Antimyeqiig Sknggp 40 e e Sirep PR é‘ig.AIP%éﬁT_?‘]m B,

Cellgrﬁq efxfaﬁ'éﬁec'tglﬁg%‘bﬁ Mggg&%"ﬁﬁ% Hagiual ﬁ)dn%r%%g%@ﬁl%nted

e manmal 1 an expr I on vector pcDNA4 nvitrog
with 5@ay-irshibated ©91.bopENEnSUAY, JTRHES, 2i0g egi®ds4ust (A GHSohiific) and
and Xbal to renove the SUVFI cDNA and pCI N 4A was
200 pgfmgegeasin UnyiHoggmdindiclened Rydimitiag idgstien @ Yhwelbnlakgs in the same

erowif Rplhupy, RN R el Pl s AR iR S

clonesveg e bdragiedplsagrindnwase cgsirgnatied, PLIIMAbr4étivd QA2ZNH (see

The integrity of the GALNS gene in the pCIN 4A, BVAR |
Exampgled Vo corulanprodigrast it alra bt by hailinbeiraypisedpyye activity

r . I .
cLIS LS OB A0 TR 00 5 0TRSO 0Bt RO o
of 4 dayapped.

[00221] 202 G71S clones were generated and screened for active GALNS: 86 clones co-
transfected with pcDNA4 SUMF1 plus pCIN 4A, 65 clones co-transfected with BMAR
SUMF1 plus BMAR 4A, and 51 clones co-transfected with PMAR SUMF1 plus PMAR 4A.
Clones were initially selected on the basis of high levels of active GALNS from the 96-well
tissue culture plates (Figure 6A). GALNS activity was measured using an enzyme capture
activity ELISA and represented in ng/mL (y-axis). The x-axis shows the three co-
transfection conditions used for SUMF1 and GALNS expression: hCMV promoter without
MAR, hCMYV promoter with MAR, and SV40 promoter with MAR. Each bar represents a
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[00215] The structure of the fully processed form of
human N-acetyl gal act osam ne-6- sul fatase (GALNS) is

wale@ootwes i n Figure 5. GALNS is expressed as aPGRPS2009/031276
am no acid polypeptide with a 26 am no acid signha

. [ . .am i . I ide. .
31nglePc§(prt¢el t%:“m TEEENG R ve ﬁg)?u?gbo%g@ezlo&%élgye\g%lf %I\olgra?&%\%l?%o ft8lf 1 eﬁ%g 96-

secrete S ap pr SS

well ctdizoRchand Agr A dahecsitrans@tgty 19tloaboat daptHRd kDais figure.
In active GALNS, the cysteine residue at position 53

[00222f the MEReHESRE CRLRY kR FISedoANS: PRUKR et dr8&ictivity
£ r% GgLNS

(corresponding to position 79 of the fulllength '
analygpo(Kigeyst 6Bje DhyscHelen prodneerityedas oeagareklon pylcglidley med obtained

. (FQE | fat di i ng, fact.or .1 UVEI). J.n.th
by disfigh s GX LR ARVRE Bty %des?‘fye%%f BB e SIS Db She
fourthf dalyl(96 d Qb tlagle, TheSBhdsiwge s NP GALNS
ourt pegt(?dgél?fgﬁﬁn??ﬁc%\ﬁggqutéﬁ% I?Da and 19 skDaf3 aTﬁgﬁt

using @AENS eGP actiiy BldSAda pejeel/day SxrexisH ePasitivggentrols consisted
tej i.dues at i i 282
of AT R 18 RSP o NP pREH TP R0«

singleatanet Wativa MOYILS wablptddukedib gh ¢ DO LM dAdries b iohBSmar@inally above
ositions 178 and 397 of the fully processed GALNS
the baglﬁﬁrS}‘ﬂ@p? ithe2s3BY-s- phosphor yl at ed mannose 7 ( BPM7),
conpri sing 2 mannose-6- phosphate residues, has been
[00223]ouritnabrsingf craes bitha¥r-weH sagor andekApPPR ANt GHIESSTEL L

. . - I
s 5, ROPTERRF3 ML A S R
produdtGAyNS)G11802di&l ad benphjcé ad ci:o‘ﬁ&amﬁ&tilbﬁ ofl eﬂ;ﬁ'bslaibrcxl&lfctors without
l I f [ [ sul f at ase
MAR gliiiiss THee At Dy MO SHREH et cidpres demopapyed fast
o . I .

o LA RN o B ARSEL DL B0 A GAERL v
GALNSetpe thet higlesss prodinging @MAR @it clofiesCHIO- ufl tovl tlhfold spembe deer CHO

idification of t endosones, which has been
A an@%&ﬂ#é‘é‘oﬁ?%sﬁc&% %fpféf"@ﬁ‘&tés intotal protein
| ati on on mannose resi dues for

o O R L 6 RS S5
T e e

entire Gfbtatiehlveaswiene imhe prakbmech fdbtiBéction BiaWhiztdbdk ar 200 pg/mL and

Ul t raCHO nmedi um suppl emented with 2.5% fetal calf .
neomysgy 300 2| ThearPhaS gamesaimgiH dones arfdired ér Tcflasks were split

) ] . T i f lines for pr [
os o OETEEhiTR 12 R LR YRl Ul DO Ty B s o
8L2243 e N Rinnfa £82 Dmdvshhk ereditiie URHGRD2M ple@ivde ProditioAdaidiindtand

nchor agedependent, serum dependent manmalian cells to
5% PR, g Hanaiptly agke diPRdieUs (< ka1 Gro % HiBbyr Bnce suspension cultures

were established, adherent cells were discarded, and weaning from FBS was initiated. When
the growth rate returned to > 0.5 (1/day) for 3 passages and the viability was > 95%, the FBS
concentration was reduced by 50%. The cells were left at any given FBS concentration for a
minimum of 3 passages. Once adapted to growth in 2.5% FBS, the cells were taken directly
into serum-free media. Cells were banked in fresh media with 10% (v/v) DMSO. A trial
thaw was tested to insure that the cells survived the freeze process. Two GALNS expressing
G718 clones from the BMAR 4A + BMAR SUMF]1 transfection, clones 4 and 5 took

approximately 15 passages for adaptation to serum-free suspension culture. A GALNS
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(Sinacore et al., MIl. Biotechnol. 15(3):249-257,

2000), resulting in the serumfree suspension culture
waodapbecel | [ine, G/1S. Alternatively, adherroit/UR009/031276

ceI |s, after being stably transfected as descri bed

expresm @%%GSP%{%IQ% %((::aB‘IQ%\ %el_ﬁl\%g?e %fz\lede géli?ﬁ\%ecalon 8(% was zfc[so isolated

and a@@m toatiuangeotultte human SUI\/FI and human GALNS
expression vectors (Exanple 1), either pcDNA4 SUMFI

002251 u SPa‘i’t@M% NG b vati BNAST (BUMh aP S USIBVRR %an%AEM@%&?% ibn vectors

R 4A, were transfected follow ng the
(Exampleﬁb acbdoh4 aFMIdspins heBNsy4-$8| wxicgranafeoteEiits EHIS| slls basically

s e e o o TR Rl e L ol e,
GALNY EQREQINCIShes 282 'G5 AR RGhEET Ehil @30 Gelk %Q)tﬁi and adapted to

Transfectant pool's weré grovvn in U traCHO

serum( i@mdysesisionuufherheniceldy o ddscBBodgpbiore.adi at ed f et aI
bovi ne serum (FBS, JRH), 200 ng/nL 418 (AG
Scientific) and 200 ng/ nL Zeocin (Invitrogen), and
cloned by limting dilution in 96-well plates in the
same growt h nmedium d epeaormwt hipwas noni tored by Cel |
Screen (I nnovatis) imaging. Al clones were screened

LARCE-STAERDUETORY OFEGAES UﬂmyLﬁht%mEssmc\ﬁUMAN N-

GALNS ( 32 1BaRISA EYDS AMINELASURFOGESE VG,
cal cul ated by dividing enzyne capture activity LI SA

[oozzfégr @%Cﬂ% {V\Aé F&’m@é’sufeeérlzgﬂllr % fcglMll 8] the f%g%ﬁmﬁoz

ter) per over a p days.
GXprG@?lE&umf:mri\éscWhgelagtemmbédsmwss GAENS). Saunafté mepension

t f. 4 SU
o S P L S A s oA SR R
cultur@MARardd.scABAnd aske&kb@PsiSachPe GHANK BEARE PbdftiBYAR SUMFI

pl us PMAR 4A. Clones were initially sel ected on the

[OOZZﬂaS 'S“‘I’nc%fad%%tgtl?orl R\ehdn ?If c 6 eﬂﬁ%ﬁé}l%&k&@lﬁt% J?(?xlx\l?hlr the

ti ssue culture plates Flg re acti
G71S hesisoll dde,uswagdandedrizatprodepbu ceuldbt idund in EMASAE ami}eactor

represented i / e X-axis_shows the
Operat?‘ﬁ gﬁ‘coflam erclrtqi Ix}g%%&éf?aﬁﬁ% ﬂ%"éﬁgr%tter @F)f\ymh%ﬂ’dmoculum

lumEHLMR X LSS ERTD REGIRE BE b¥d ORI b
Voumprom)tser WIK?E?] MARC; andlsv%%tpro X\%er Wlnt MI&S %nhammanon

and expaditing ﬁmednosloagf nglesiat | Biggré 7 showhide sdepeticiof &VAVE
ul at n

bloreagtgp sev\@ I 'Pl&ci %1 %ragxcﬁ%ggﬁ 1&?&\/}?{,8{)11 thdgct?lattl anltggg celeonltorts the medla

volumeé @ thedag bedbRemfaldeShe Mangs oBfifR BicSRE aV@stinght fed and harvest
figure. [00222 The hi ghest actl\%e GALJNS pgyr]todum ng

rates (ETRSEN diedssiked EOlERSs &M tieck0 lobagi et P iig 3lsaprattipdlied fo the desired
set- po&lﬁ)ggﬁ) ﬁ%@% iPalcLY. CFdCI t 'tH«ls%%g productivity was measured

ay an ai ned by dividing the GALNS
o022y 5 eSS L o TRl Rl B

the 1 [53¢AQ. CRlelcsltiiledtkwad A6t ©heORE! Wah&edeHAYEE dpefatiGiNeitation of
the WAVE bag is a throughput of 3 vessel volumes a day (VV/day). In order to prevent any
inactivation of material, the target cell specific perfusion rate (CSPR) was 0.3 nl/cell/day,
resulting in an average residence time of eight hours for the GALNS enzymes. Therefore, the
cell density in the bag was maintained at approximately 10-12 x10° cells/mL. The growth
rate for GALNS expressing G71S clones 4 and 5 was 0.16 and 0.20, respectively. Bleeds to

maintain target cell density were done directly from the bag.
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usi ng an enzynme capture activity ELISA in pg/cell/day

(y-axis). Positive controls consisted of GALNS
wexppesedng BHK and CHO cl ones (BioMarin). EachCT/US2009/031276

vertical bar represents a single clone. Active GALNS

N ut on
002245 BIREEERE FENE 0 rEBRugySE 5 R Ra R e
enzym‘dtmmeﬁwby sirige (BQN\@ hhd perRes yaRen dhatayofeatibid il B. This was
say denmonstrated that co-transfection of expression

acconyieh gt ey Wi ks afdanoE SYator wiwed pHs0 &I ratp byffer mixed

I o
 n ST, 07 AR SRR 0l

to dovBiMaRaSIhbdesging. t TlansfoeGHeN &émlngé}mﬁsdldnﬁls dthnldasdveraged titers
pool. generati on, i,d cl rowt h, d ability to
of ab %&J%%/[ﬂg?@mw?ﬂa d o Pieare Bl FEO AN e
ghes roduci ng PMAR 4A cl ones, and UIE7) to a 10-fold
100230 e b roN TR RACHAS CBRROAR. Qseﬁésc 40K R TR T30, were

mmﬂaﬁ\ilg%gﬁgxgg 1rt1 gggetz%céseea;ﬁgﬁa}s%ﬁogéﬁ %%?A é?ngg otrgiﬁétion.

protocol outlined in Sinacore et aI I\/bI Bi ot echnol .
15(3):249-257, 2000. The entire adapt ation was done in

h f both [ [ 200
i S B G2 0
v ST BN LSy L B0
medi um ARd T EREAGTOSAMINEASULFATASE (GALNS) m.

shaker with the JRH 302M nedi um g)r oduction medi um
[0023Y g Fygyppdnkedygnmayospipapt assgysdEkES A9 veerp develansd to measure

GALI\(SUéﬁzgﬁ]%ncélt@a{: ﬁ@%d %@ﬁy%ﬁp%‘% 3 éwﬁeglé e§<g¥]¥gglgg human

est abl 1 shed rent ce wer e |scar

SUM Resandi brugn an M iR Sa lete sanmint icadudtitas’\@ALNSE. growt h rat e
returned to > 0.5 (lI/day) for 3 passages and the

Enzynvé @lptliird dctivaly E1183% the FBS concentration was reduced
by 50% The cells were left at any given FBS

[0023H0NABBhAIOEphRE ad@ivIIy BTSN SbasdrRABS FARSy @@E@LNS enzyme in
adapted to ovvthln 5% FBS, the cells vveretae

solid phiasee Ealloyvingithe capiumpy areentnEdilANS gesicl fis angibed pborkngldo ian ELISA
late fresh media with 10% (v/v) DVMBO. A trial thaw was
p "tested to insure that the cells survived the freeze

100238 Bl o PO BE e ol Qrrgama o N GO g 55

grams PR PXIGEH ©bYy ni5oﬂ?e5§ﬁ%§ (HBrH s @Egnaatd'd%‘,[ 1O &% Hﬂﬁlfv%ﬁﬁne of

suspension culture. A GALNSexpressing clone fromthe
1000 rpl; DﬂAﬂCIGUWhe pHus bei@lesh 24 and G ftleat iﬁlw ssta@Bizewdls cainptetely coat

ated d ed to ser f Iture
one 96380 B 0u: WlF FEDEE b v R Al Rl ARG b oo o
one tulﬁeX@QQﬁS) @uff@@ @195 ABXasrhe Buffer fDNAI BilMtibn Blubter): 1x Acidic
PBS. g 4-4A, were transfected into G71S cell s basicall

4ds6e1 30N A BHBS Acxaped Bt g/ with mesisianid. Buffer B (Wash
Bufferg.ll@ﬁ'rﬁMzﬁﬂAc WOH§%dT\LQern—ZS(f lag%ts{eS s p§|6.5 with acetic acid. Buffer

C (Substrate Buffer): 25 mM Sodium Acetate, | mM NaCl, 0.5 mg/mL desalted BSA and
0.01% sodium azide, adjusted to pH 4.0 with glacial acetic acid. Buffer D (B-Galactosidase
Buffer): 300 mM sodium phosphate dibasic, 0.1 mg/ml BSA, 0.01% sodium azide and 0.01%
Tween-20, adjusted to pH 7.2 with phosphoric acid. Buffer E (Stop Buffer): 350 mM glycine
and 440 mM carbonate buffer, adjusted to pH 10.7 with 6 M NaOH.
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GALNS expressing clones, C2, C5, C7, dO d 1 and
C30, were isolated and adapted to serumfree

waaEpemepon cul ture basically as described aboR€&T/US2009/031276
EXAMPLE 111 LARGE- SCALE CULTURE OF G71S CELL LINES

s R R TSR AR SUEEATASE. o i

purifiga¥ @&H@Eﬂu@(ﬂ IfanDmgSh ﬁ)t%&eﬁ‘l -0nay eYRIEERIAY ALGEis %19 ul) are
N-acety | gal act osani ne- 6-sul fat ase (GALNS).. Serumfree

storedgy s%fbﬁsfpbwef:hmﬁ upecashiafbid (aF o< supsiralg (elid: 440 MW): 100 mM
stock g%})%)ég DY Wgt%,a QHMr %l%'}/'il’c chbaqgcr{asu(ljasF t%'\lsac 4G _V eSaAEmge to 12

red ge-scal e and"assesse

pgmﬂeﬁzgﬂﬁaﬂypdap&mgs [00227] Since adaptation to
serumfree suspension culture was relatively quick for

[00234]he £% oo asihd ‘éﬁﬂlJGAUﬁg antibodi@ V\gﬂﬁ@'a@@&éﬂ%&ﬁorp ELISA plate

productlon could be done in a bi oreact or operat ed
(Nalgfr/Nup@ fﬁtmafmnahmer FH&-5AMB Shismoatrd tvath aiti-Ovid. Nfy aatbedy ata

final p]:jc|> %fr(ll cgal | Inglt% 1ono ﬁ}lénlg étbﬁo%fcgr ci ﬁé}?%%ge ¢l ?18{; n, ﬁnaw one 19 uLb
aliquo€, @ﬁmdﬂ@t(n@@e@ma x@otdili fige theo REOgY c;fqumn Whnsfer all 19 pL into
material. Figure 7 shows the schematic of WAVE

12 mme&lef&’étAer%@ﬂgsrouméwnagﬁ@m BRbARUT inte gyepdryeirdallowed by

plate I?%gﬁ%gy@g{} @eeltvge?ﬁ‘ium hlg r{iﬁﬂﬂ' cthgﬁﬁ%gaﬂ)% tgf Q\L)e\ggljle%te alld incubate

at 4°C a)djamght n getnbee figtehind radnmuﬁsmnﬁbtms wlash theiphitaibg flob&ing with
ed .vol u b he pH is al so

Bufferdndngs 65 BIOEKeb Geei B0 S ut b it Bkt 8 1By e fhdben cover

the pldt@%ﬁf heghadhia 7o h %Iblaﬁ* ]?[r%ggliﬂi[th&) @iteg bk Bhri é'(p@étm standard
expr essin clones 4 and 5 was produce

and testhemmleﬁ (mbwnS)wang uﬂhet bloek gep:vihs stamlar@ ontdilutdd iedBuiffer B to the

. t he runs. The erati [ Li It tio f the E b
high e S8 e iRE g0 ghe & e B2Binel bl i Bon ey Bem g Mueed fr-fora)

in row® BA@Tont 006N Rte. ANdhel HN &BURAbIaBR (05, ﬂlﬂtjﬂm\ﬁﬂ @Illgﬂl%) First,
tar&et cell specific perfusion rate (CSPR) was

prepargp éLqu@@?anﬂé@twll ﬁtnlg?&rrg/rah laB@ffagB rldsn dbhl@fesmah%rf@ﬁ in the

Buffergieﬁﬂtot;{;? }l%lrli]o %%(P ulﬁ)t @n%l ihzeac nggg]r}g %lgd %Ther g)f o %letg‘%; :ﬁ{er the

block st€p, Bhiffek B6is @&bﬁtﬁédTLBm'ﬁr@AENSV&nByrhét;@néﬂz@ﬂ aﬁr‘d\teM&amples to anti-
expressing G/1S clones 4 and 5 was 0.16 and O.

GALNSgabibedy-J@dthe Blaéf‘eﬂ§h 180 phi Wiglhpithe seripdly dilarqd sa@qigtdt and test
sampldhfh dngIEIEhéHté)e ?o'v}ér tfhg ?ﬁgé gr?dpi&%goea{t@ﬁzﬁgd; f@‘ﬁhﬁ%@%@@e GALNS

was ‘adj uste ween
inhibitomst wlash the @M@/hﬁﬂb@dlag wwhquffer S'hoecEAMNS hdd GALNS substrate
be stable Thi s

reviously been s
(st g PreaiscP 5y Tl s 1961 901 G bt oo P OBt e v epared
no mofehthh Phs@dicine Ql‘sé)r HiRudBELRIUTEARDS bidck NG [ i}t@)O mM) to 1 mM
harvest com ng off the reactor. The adjusted harves
in Buffer (i d_oadd 08 tubrpeed v@tl 4G vpr the iplatoadbinosiateard 70€ dereXsmitg . Add B-
The two GALNS expressing G/1S clones 4 and 5 aver aged
Galact@qlgzg,p &second reaction): add 50 (L of 12 pg/ml B-galactosidase in Buffer D to each
well. Cover the plate and incubate at 37°C for 15 min. Stop reaction: add 100 pL of Buffer
E (stop buffer) to each well to ionize released 4MU. Transfer to fluoroplate: transfer (8
wells at a time) 200 pL of the 250 puL from each well of the ELISA plate to a black untreated
flat-bottom microtiter plate (Fluoroplate, Costar #3915). Read fluorescence: read the plate in
a Gemini plate reader (Molecular Devices Corporation) using the SOFTmax PRO program

(366 nm excitation, 446 nm emission, 435 nm cutof¥).
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of about 4.2 ng/L with an associ ated specific
productivity of about 1.25 pg/cell/day. [00230] The

W@2NBI®epr essi ng G71S clones, C2, C5, C6, C7,PCd/052009/031276
1 and C30, were simlarly cultured in | arge-scal e and

d for active GALNS enzyne production. EXAMPLE
GAL&?/%%@%URENENF OF THE CONCENTRATI ON AND ACTIVITY OF

oo REILEICTOA N S ERTASE coin (90238

cultu@%&ﬁdhﬁ@ﬁéﬂi thedi B3t Whiger SRHIRISERNCRAER A iR @ddssay.
activity fromthe Gr1S cl ones co-expressing human

osSFE 080 P el oo o5ap PP BB AT, s
grammWaﬁC@&pt Urlemb.atf |dv+1myz&l_QI8}\H3©aﬁlﬁn edd Dih&l,8abiavirtay velume of

oo ST B0 AR bl o ag e centing b
one 9@@1%10%2@%3 %Jnth‘ofﬁ (ﬁer wRYf Gﬁﬁteﬁ9&@6pﬁﬁa@QL&§ £r§fb})dy mto one

di ssol ve 3. . gr anms
tube (9D InL Hblﬂ”fedB ( ééijoc(kmng Brffey, arldmahladutmn Bamsrt)ol ><aac1dlc PBS,

0.05% [ Rl AT TS kot vl o LR il Rheckit Sl o Bp By 5

Buffeﬁ)n eo@&m@abpm dapdak EwaMehJIOl&Qus!'iéd RYH W@'vluth Qdelnbl €id1 Buffer F
an anti-GALNS anti body into one tube (12 nli).

(Stop &Hf%@r 21§ fb@szSA @%@k “Kﬁ@l Bﬂg 1 mbyed 1%@@&04@{1 309 - MilliQ

Buffer): Ix Acidic PBS, 0.05% Tween-20 and 2% BSA,

adjusted to pH 6.5 with acetic acid. Buffer Bw (Wash

o ke O8N, 0500 L £ A o

purlﬁa;sfrmsa@ﬁt UH DO tRal pkotviNagli7 r@g/ﬁam@m d&ﬁ@ldt@@ 9BSA are
d Q.01% sodi um azi de, adjusted to pH 4
storedgt a4 6l OBGRLFRE HE4 %ﬁchBEiRPeﬁow%edGéﬂt%m@mm (RIVAH): the

ot UL 0 TR PP ot kg ATy, o

at -20tOfdR ldnd-tidest h TMIB A Fubstras Kt (B £ 1 78- 1(0‘6t7§>p
Buffer): 350 mM gl yci ne and 440 nmM car bonate buffer,

2
00239]d1 %E%gol\ltls (Blgga%{gﬁ%%ﬁ§/ Qnﬁ%Mﬁgﬂgg{lQ@aﬁ ?Bgfgatgil ELISA plate

(Nalg@{Nechfrmreatmr@l guhief # d@-F05olBS$ esragaied ImtltmmE{SAIﬁ\Iﬁ aiubody ata

{
final By GG el 7 5 Tah it PG Ds O GsoHTe BaDSkfergthaw one 19 4L
aliquoBupmtvrale (( edd) & a ﬁﬂ&o%ﬂmﬁ%a@o pavleet @6 lflqﬁifde pahRded 4 19 uL into

wat er and stored at 40C b | act osi dase (Si gna
12 mLfBHEy A. dMixyigoraysly byngy ersionnthgupsusrinto ayesesyoir.doligwed by

plate lkﬁ i @é)oﬁ{% oé&%%}l) ggng r@gtl-ch%'\lglp%ﬂ&l. b(%j\yer Ehe Iﬂl"tt%ta%d ifdubate

at 37°C (convection lncubator) for 2 hr. Do not use a hot block. Remove unbound anti-

water

GALNS antibody: wash the plate by flooding with Buffer BY, three times. Block: block the
plate with Buffer B (320 pL per well), then cover the plate and incubate at 37°C for 1 hr.
Prepare dilution series of purified GALNS standard and test samples (unknowns) during
block step: the standard is diluted in Buffer B to the high end of the linear range of the assay
(40 ng/mL in Row A), then serially diluted (2-fold) in rows B-G on a 96-well plate. Lane H
is buffer blank (i.e., no GALNS enzyme). First, prepare 500 uL of a concentration at 40
ng/mL in Buffer B. Then, dilute serial 2-fold in the Buffer B (250 pL into 250 pL) until
reaching 0.625 ng/mL. Remove blocking buffer: after the block step, Buffer B is discarded.
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(Nal ge/ Nunc International, Fisher # 12-565-135) is
coated with anti-GALNS anti body at a final protein
wa@oemgempat i on of 5 ng/nL in Buffer A To prepPCBUSIWS031276
solution, thaw one 19 niL aliquot, spin br| efly (10
Bind (‘?‘x?xg%\ls% ?ml s?afggr%qnﬁlt%sggﬁél%ig oai,nltl %\ ti'bﬁ#%lf('qbad the plate with
100 uw\gﬂr @ﬁiﬁé yerbﬂ{llyld'lM&:desltagﬂarcl ahﬁnesp @Mﬁpllem(rﬁn an ﬂ@ﬁﬁm&@l Cover the
pl ate | oadi ng

plate 415k inguuIFAAIC Birets o astayal Derditp by flBodinl wicRgaeas ", three

imes SO NER 80k FRIRAE, HORRIURI SR AR A
spin bBbﬂ? kio éycpﬁqka infit@odthaifRgid db1Bef theliqiBd( $RRitd 4] PBY L into 11.9 mL
wel then cover the plate and i ncubate at 370C for 1

BuffehB. an@wammtslyamdcﬂt tiei tobe memixePonf inpoirdstived a@GAlaNIS 100 pL per well

i 8 SRS PR BSE PRI REhe R BB wash
the plﬁ@ @y Flooling Wile@fter B aBreRftinidie m AbstrhB p{%ém-thé AnffQWbstrate
then serially dlluted(2-fo in rows on a

soluh@sbmmn@ﬂ atral of §pkutipiniBswihflf drmb |oéﬁklu{1pn e\ Paye i@Ar¢§Srvoir

and aGLENED i o1t BTN Pt BT FEPAE bl effpe a 37°C
for 15trH1% Budf @1utBn %Qetfé‘—l?_' RLAR0HIHO, 4 éo'lut[cﬁﬁﬁfb‘ @&r%gr and add

ng/ m.. Renove bl ocking buffer: after the bl ock

100 uBpkf well Bithshelinsittzahdwenk! pBiettdr. GpNSngp 2y mex.sReatdA# 50: aierdll plate in
t est san‘pl es to anti- GALNS anti body: |oad the plate

the plgfF {42570 ni/wel | of the serially diluted standard and
test samples (run in duplicate). Cover the plate and

GAL}Y‘%‘&E%J%“%H”@?@@JF or 1 hr. Renove GALNS inhibitors:

t he ate flooding with Buffer Bw, three
[00249 méféle %’SN %arﬁgftltb/aiﬁ@y(mcrasgltes theamzymaYe agtivilyaf SALNS in
Solutloqﬂ%@ ?@*@Segé&w%& lution for | oading 100 B’LI 5;5;

no nDre an 1 hour before use).

ool Ay R e Br R TR oot s o) diget L orE.

dissolVE b aiICacRtic 3di€, 6.95 ¢30dilthMacetkd 283 6@ Rat0D HBS? 50% Tween-20
(second reacti on) add 50 nL of 12 m

and |Gyl seb e saice nIBMABR DO, enfé@fb nggm PH Eber- D fievith 0.1 M
NaOHgllg gate%&gﬂﬂ%slsgﬁé’ln?agf é‘%& E%gg)tclo%f) cefl ac1 1§ the 8§Ip ﬁr ea?tr Itl?agl 4.05.

The fih@iRbZ@ntreli@ased 19MUInM radisfaeid, 5. rﬁMLB@ﬂﬁﬂlx adetite tIransNacCl,

wells at a tine) 200 nL of the 250 nL from each
0.1% foefﬁffn- andx0 E’@sssézum 4141 GrosPIT BBR TerPFYatosdL PE, dissolve 13.9 ¢
| I
Nt A0 S0 0L AED MO ED QPR D (FE) 22, e v
concequambe 13 ¥ddeM NiBI. Ktop Bmff&e@ﬂjeﬁ)r@dr PBr ditsodvy) 203 igrpdyclideeand

o SRR TorS3h B oenne
(rm: Ay ERSHGSS A SoRESDUS i 1O LIS SIANTRy ). 25

pg/mlsputRilesosithibdig H0savidVdPepH Munoassay. [00237] Buffers.
Buffer A (Carbonate Buffer): dissolve 3.09 grans

[0024259F N&2LEB angl18-88-6S: 100mM in H,O (Toronto Research Chemicals Cat. #
M334480). p-Galactosidase: Sigma G-4155. 4-methylumbelliferone (4MU standard): Sigma
M-1381 (10 mM stock in DMSO).

[00243]  Protocol. Perform serial dilutions of the GALNS enzyme. For purified and
formulated GALNS (~1.5mg/ml), dilute samples 1:10,000 in low protein adhesion
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grams OFNaHCO in 900 nmL of de-ionized (D) H O then
add DI H2Oto a final volunme of 1000 nL. Check that

wo b@opHvs between 9.4 and 9.6, then filter-steCT/UB269/031276
To conpl etely coat one 96-well mcroplate with 100 nL

micro?grgtri éubmg)(bgée%c enti 15 (?afgﬂ?@%% h('}?lﬁ%ﬁ%g f e,rpr{oggo 1:9"Crial
dilutiSer |PE?dce Db Wil i D B 5 &5 proein deddh €9RRI1I atO S theeea 189,

and 2% BSA, adjusted to pH 6.5 wth acetic acid.
pipettBU P gk @ﬁ%W& lsarBplef é¥ow serdly it OAQ dawd the @E%(A G on 96-well

en- 20 ted 5. wWith acetic._.acid. fe
platesy RETaEPs i M1 S Sigh s Bl FYspananiep 051 S o ALne/mL.
Use t1f saf ¥ rb2a@tt @F%AE%%% U s @it @Grvel BRIE10 mM 4MU stock in
Reagent s. Anti - G anti body: rabbit polyclonal
DMS@nt i®Wodil¥ds Seg 4|M6tsmnda1@ quuwve Hyi aldifg Yhpbk ef G0uM AMU in the first

o B U g Ly R e
o n TSR CELSHAOTNAIORY S BB o

uL of; a]mll (EX pDIJ: eadlall dildZéhsrif GALNS @hd; ARU st2edd rthep@ pliofBubstrate in

A Substrate Kit (BioRad #172-1067). [00239]
AB. IPF‘&B&:%H” %.fwoazﬁm t@@mr%a%%w% ﬂt@rféﬂ%teaff@n the substrate)

quenchlyﬂkﬁﬁ%% ?gchgaélgl's&a?é)hg :sgctoggg{;\ﬁ dgg {bPHQ&m% %bg&]_ﬁgi %‘a@mtomdase

(dilutépighhodyidade stodkitbal Rral ¢h PGEO MERRpKAE inbibiRfGALNS/ il the
in Buffer A Torq? ﬂarethls solution, thaw one 19 nL
increagg 1@1@)@180 §f|9pﬁth§ ENG reactios e e rgsublingindF sawmt inj th@getlmm pH

ansfer, a
range B 0" BB PGt Bisiod Rarls R 3gaar Tonkiegeleased
4MU gy ﬁ@(ﬁﬁg YOO LiL of 9Bl qied FRY5P EﬁM%O'oﬁ%‘-»@Ql 13085 dthy ﬂ§{€ reader.
) using a nmulti-channel pipettor. Cover the plate
Enzymmmbt:vng ehlatlations A7E°Ccamik4.Dibaffei)nt ubmeqrrmolfMUZelhased/mm
not use a hot bl ock. Renove unbound anti -

actwltam iBe M Uimshmi hapegitist B@tlwy ﬂ%.%%mﬁneu?mm po¥centration
calcul%_xﬁli}[ eﬁsé éﬁ? IOIP%%‘%%(CIG@[' 09 ]%Itjg 6?@81‘“ 90@ %fg ?rgaxﬁce((})’rgg at

en cover and i nc
280nn8)70C for 1 hr Prepare dilution series of purified
GALNS standard and test sanples (unknowns) during
bl ock step: the standard is diluted in Buffer Bto the
hi gh end of the |linear range of the assay (40 ng/niL in
Row A), then serially dixyvag€%-fold) in rows B-G on
a 96-well plate. Lane His buffer blank {i.e., no

PURKIFYE AATONBF HOMAN NPA@EQ%&??A@TGE INE-6-SULFATASE

concentration at 40 ng/
serial 2-fold in the Buf ?250m_|nto 250 m_)

nt i .r / Dye: bl
lo02447; The bRRECN LY @%éﬁal@%l%%ﬂ‘?%@%g%gg§r§§ae% B s
acetyl@iwmmﬁ@ﬂdﬂfﬁaﬁﬂd}AL(NS) sy @andfectadGi71 CAllINS -expressing
ant i body: | oad the gl ate with 100 niL/well of the

humang 3/ MHT L 4pd dumg S SN a ritpaF aroacnidss biogessior e4liyre ganditions, and
actwe@!}dﬂ[ﬁ}@@{; &%’@ﬁlﬁéﬁr&ha&%eﬁr}%d ngubate at 370C for 1

late I00|ng wi th Buffer Bw,
0024§]hr ‘i?quzd Chromatography Apparatus. Amersham Pharmacia Biotech AKTA

explorer 900 system, utilizing Unicorn control software.

[00246]  Protein Analytical Methods. Standard procedures were followed for SDS-PAGE,
Coomassie Blue staining (B101-02-COOM), Western blotting and Bradford protein assays.
The purification runs were assessed by yield of activity, and the purity of the GALNS product
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times. Bind detecting anti body conjugate: thaw one

aliquot (120 nL) of antibody RIVAH, spin briefly (10
wae@p/opr9a mcrocentrifuge to collect the |i qupdr/us2009/031276

Dilute all 120 nL into 11.9 nL Buffer B and vi gorously

was a%s% eeﬁtvmtuhffy %Eﬁst lgft\ﬁ'Et H h@o@r?uuc%stgl nt ﬁ%(g?eg%eﬁglg{ppgﬁes ‘é%svcgilected by
Westdrh Bld@ﬂu@g &1@1& aMcGhAMNS @itleEQCPf(Qém 36ndBntrati s s méasifed using
the plate by flooding with Buffer Bw_ , three tines.

a Braciyel Wbt pabe: Th @ﬁlaﬁlarfﬁwe o tgafinad pp flechtid LY protesm ey
meaSLKba(wgzg]@ realireen S &él %ﬁgf ‘tib&];tq ngntrgf 19fpgSol ution

our |nto reservoli er well with

hanne Q Cover and
10024712 TR boRPI08 8RR e R FE B B R e o034 and
Fractdgel OF H&N:d;i (BQRrsit KRaA0FOO4080444%)0 reservoir and add 100
nmL per well with the rmultichannel pipettor. Tap gently

[0024%2 XL NSy NG A0iiviFy Bk e R iRl BorlsD 'Ith@ & R RE&pE &R L ivity was
NS Specific Activity Assay [00240] The %A

determsiped hfing 2 goeil Viupsesesnd agbsﬁe@%meélytumbeélm&wm S&AL (4-MU-6-S-

GALG T A S Gasa T BueRied ey it BB Ta Gt §Ffisin affion of

B-galRWsidESis nbtdstdrl R eButhiioh PBIGAII0E wil-thl-th@guﬂ@gate%15§é€rbéﬁ1 time
1.74 nL acetic acid, 0.75 g sodium acetate, 233.6 ng

to relengadhe fiporpscant R0 qseEsmens i thade using offlubséssane lpmte reader.
azide into M11iQ HO and adjust the pHto 4.0 +/ -
[00249] 5 Anil ©InGQGlesaltvh Ne@kininf(BiRBARH W dqedibratbdwitB. e@ﬁlhhmﬂlon buffer

(EQB Y W NG e L MRt 59 e i) S0 iRl s o ugfers” Three
(3) mBB oﬁpli'ff\ﬁeﬁc@}\ﬂmse(@%t—a? ﬁlg/l%wgade(@aﬁ{e{%ﬂ_é’\@f%ﬁm%g c@ﬁ‘ﬂm eluted
01% sodi um azi de. Phosphate Buffer (PB): for IL PB,

and ccdiest@é livé mi3algugtsNa eRole mawbn@l ug g EREHPE bR ¢ancentration
was czl(\:l/(l(:)ur%%tgg%l Hﬁgo ’theaexgmc USt p Hdﬁ%&%s QJF%Z‘SJ ? 68 fAB?orRance

Units &t 288,nng)i. Ssol ve 26 29 gI yC| ne and 46.6 g SOdI um
carbonate in M111Q H2O and adjust the pHto 10.6

[oozsw t hbeléagd Gz?ﬁﬂ@ysa%ﬁﬁefs%ré é‘@)aury(éi'uh%% ANk @@Lm@%ﬁk? B, 50

final act osi dase Buf
mM NZ@PWQII li‘iLMlNag&il pld ds1 Qdsmgind BOGMINaBSA pr{:k7w25 desalted before

wins 0GP PR 85 08 RSV EAR L T8 et

t BHaR
equlh@?tgﬁrrgwﬁrﬂﬁhgﬁzg OHEHMJIZ %gﬂgg %lleindlt%%@\lﬁ Q%A%J% 5 P?)‘gt{eg%% in the

first roPepf dlom grefaimbinding iohweld plafe, taméﬂ@sam)emyn@GAws samples

were é%e;trtﬁa gggﬁ}al[{d 1%%81%“\){413 4& (?VDB Pgtv%qlﬁplateg)ngllow JL ofdeB was pipetted into
the 1as§gizgggH§v nm&{oﬁ%ﬁﬂbfﬂfetml%mt ﬂaﬁgéoﬁtyéﬂaségﬂ i€9bh B%&Lc%g%lﬁ:]imear

containing DB, prior to 1:1 Seri al I'ut1 ons
range P®|3ac200agmid. Tgfe seBeipno@diew gsretfoimedfangirapgrid thwedtdndard curve
with 4% &hSumbAirSnd (0) [ %a M-1381, 10 mM stock in DMSO). 50 L of the
100 pL serial dilutions of GALNS and 4MU were transferred to a new 96-well fluorescent
plate (black bottom plate). 50 pL of 2 mM 4MU-Galactose-6S (in milliQ H,O) was added to
the samples to be assayed, and incubated at 37°C for 30 minutes. This first reaction was
quenched, and a second reaction was initiated by adding 50 pL of B-Galactosidase (Sigma G-
4155, stock diluted to 12 pg/mL in 300 mM NaP1i, pH 7.2), and incubated at 37°C for 15

minutes. Released 4MU was ionized by adding 100 uL of stop buffer (Glycine/Carbonate,
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pi pette 100 nL of GALNS sanple. Now serially dilute
(1:1) down the plate (A-G on 96-well plates). No

wg amplog19ps added to well H (bl ank) The |inear PEmys2009/031276
this assay is 1 75 ng/niL Use the same procedure for

r|n the 4 da curve. Dl ut 0 4

pH 1 QPP Pt A B TG alty SRR 5s By
emlssﬂﬁldié'(bgm@o NMUni0ts ®PinedVad Mdnion 40N @ rdiéds8d/niE! dnzyrhb @Ehvny is given

serially dilute. Add 50 nL of the substrate diluted’in
in umAB4M2J/mM/ﬂMJa®BthMHV6ﬁS| givddB) ool dNB Al thg, all at 37°C in pH
40D %uorescent pl ate. Pre-incubate substrate for 10 mn

1§ 37C. Add 50 niL of the 100 niL serial dilutions of

and 4MJ standards to the 50 nL of substrate in

10025,1-\13 ff K dlysiicaiaen BrocessorA 8ot RyAfiqatinn gradepssinciuded e virafiltration

(UF) é{t&ﬁﬁ)‘ﬁ%@veﬁ Iy aSjJ!:Sl@ng $&Flﬁ%t§(ﬁx§)r§é&§ trate), quench the

I'rst reaction an second reaction by adding

0025¢ s }ﬁawm?”ﬁ' e BN TE et Tnf e %ﬁ&f%gghﬁaflf’k@d
L ncrease % so stops the GALNS reaction.

H
100255 4 t‘ﬂlﬁr@ﬁﬁﬁﬁog Héw tb?]blprf‘écwpmafﬁm pes P%@@trafsd 520X by

uuraﬁhreg@h%roqgaggé%ﬁ sdREHR R d)eS second reaction for 15
m n at I oni ze rel ease 4NU by addi ng 100 niL of

[OOZS%E’a éeﬁﬂg%%&ﬁgst%(égn%ﬁtrgé \Mﬁrg cftclr%?z{t%rl%cﬁgfyd%blﬁh \%aﬁ adjusted to

I ons
pH 4. Zwithiplif £c5ust buﬁfelua‘ll 15 M mAc ALK 0% hierasedE b Brat € hid/ ittile

= Y [ L f t ty = I
ﬁhmeﬂﬁg%%?HW%@Q%EEHQQFﬁéggﬁéﬁkgpgg?gxlcglcurg?lon use
extinction coefficient of GAL g? = 1.708
[00253h s g BHHe ecrbiress GafaspBlOHNF Eb@MgHES PRl PFCAGK DNagioaded
onto a{ﬁ%@%‘ @%@X@%ﬁ%@@ﬂﬁ@ ‘?L&r 'v:él— a't:‘ e%bélhl\@i 1 ‘Table 1 and

ectlve was torobtain a quan ity
FigurePAr econbi nant human hbcetylgalactosan1ne- 6- sul f at ase
(GALNS). Stably transfected G771 cells co-expressing

hunman Smleanmlh@@phm%mﬂo@rmmag&l ph
bi oreactor culture conditions, and active LN§ enzyne

was pu%eﬁled froowhe cel |l medi um [ OBdfel L|qU|d

oA T A A N R B AT N AT

sof t wauwoad [ 00246] Protein Mqirydiuom,addmabidhoqbéﬂ Sifdteckar d

Procagiliep et e o ety bl oSt HhtphalD SRR NCT H1F 4 5

Ol Cll III II¥1 \L)J.UJ. ve oo oTTT

or ot V#he&says. | The Jur?@ﬂﬂéﬁpﬁﬁ@@hﬁ%ﬁmﬁ%é0§§§é§§3dﬂ@§0
yi el dlgdioract i vifty 8 and ZohaMpadkeiatd/plisphdi€, 16BLNG NaCl pH 7.0

D pr St ed ;e ?f"b“?ﬁe%ﬁgﬁawEPHOﬂﬁfvai#E CLpH 7.0

bl oSariitigatiosi ng |an4anf i - GALNS ant(. bddyaORy @eionr
conceptdaidon Wassneasured using 0,0

Storage 3 20% ETOH
*CV: column volumes. Flow rate =92 ¢cm hr™'

[00256] 5. Fractogel SE Hi-Cap: the eluate from the Blue Sepharose column was adjusted
to pH 4.3 and loaded onto a Fractogel SE Hi-Cap column and the GALNS protein was eluted
as shown in Table 2 and Figure 9B.

Table 2: Fractogel SE Hi-Cap Chromatography

Step Cv* Buffer
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a Bradford protein assay. The concentration of the

final purified GALNS protein was neasured by A280
wore@ss®pent using an extinction coefficient oPCLUFDB9/031276

[ 00247] Chromat ography Resi ns. Bl ue Sepharose 6 FF (CGE

l-Aat HANCDAN nda L f"nn

Liaal-+-beara
rcdar otreartcT, Ut 'H‘OUUO"!'U) allu l_l abl UUCI QI_ LI |

(MVerR KgaAl F¥H40894449). [00248] Gy e

Batilisidtgn Det ersni nat i ons20 me a@wa@hsm@uef 5EmAC Nadil tpH 4.3

AT Ry L unbl 111 of D SRS EUT ey P Re AN 11 v

specific actiwvi ty nccn\/ Lnvol \/pc at Ih reaction,

wh@faeh i add| tidn of b- g2 mdM esitdepbosiphateedEsdaNaCAfIES.0

' n%@ﬁ@' on pf §3ALNS W t4y hﬂ?a&?ﬁéﬂgﬁ@p@&t@oﬁo ﬁﬂ\/‘f?fat?jﬁ-l 5.5

Aacao tiha £l v aceon
LI IIC LU I CI AaAS T L Tt

maHBg8i ng A 2Puor €4 é@wé@etateézﬂ@swiéa élﬁ%SPGM?élﬁgl‘i@@ pH 5.5

Kégsxadrwcﬂgl col wm ((Bi o- BAAMvRSatospItatsed nYMTNhCI pH 5.5
A e I R S T I S P

rﬁamblfzatmjﬂf e GALNS (0.5 - 2 n@.5N)Na@id, 0.6aded ont o

ﬁeggl&gﬁgllgl ng gcoljum, eluted and coll q@k&d in 4 nC

taln
e

nnnnn ot t.oct
<

AT 1 quul D Tl P )\ vy AT Oll C C o C C UUCQ uo' LI |||\4 Pl Ul
coPEEEr at i bon as| cal cul at ed usi ng ?ﬁé’ BOH nct i on

CHEVE talumntyodfmGAIRNSY (atd =nifdrdm 1. 708 Absor bance

Units at 280 nm. [00250] Desalted GALNS sanpl es were
[00253fer ikl YADNK wi@din(in Iheldluats wak kolidcedtl Bufriion§tidh, dBGardMg the

NaOAc, 1mM NaCd, pH 4.0 + 0.5 ng/nL BSA). The BSA
pre-elaifQucshonldlsr askpqst- éﬁ‘tla’éf@re usi ng by | oadi ng 50 ng/ n_

BSA stock (no nore than 5% CV) onto a &5 col um
(00258} ewi dural b the@ha!ttfeﬂow tbmeaicwlgE@EiH@Cf’s}D@olnmnMaSt he

conce&?aﬁg#)ggltr%hr ngsterlg;gtslte[r) & eg?%tl’e% aE?he first row of

Fotern B 4% he serially

oozsﬁ P gga%fedp@%px%%g\%gi kiR 031 NaOAc, 1

mM NRHPRO, @Q)OS%‘PwE&ﬁsd)%ﬂsWe” (H. The top end of the
l'inear range of thi's assay is 200 ng/nL, and the

()026(!;)]'e pfebﬂ{bzl‘i 5 idsS S%ablht%g)(? tlﬂzﬂ{xl;g'} forggﬁatg@ 1iﬁ)§cpéﬁﬂwse\vwonitored

or prepar e sta ard rve Wt

at 4°C4nde10%y] asnbfahtiidresfaime 6)4 Mohing SngiraliddolSEfthe TN IS siraglks at the
in DVBO . 50 nL of .the 100 nL serlal di lutions of
respecaimglpgf?aur&wu%ﬁr@m HEs PPERY. @ayess af fiergngempleswere quickly

thawet&hﬁj gﬁc erbat }gtge??x(ebac’ff}g%)( ?1%5%39%;81\}\%2 %‘é‘%l % s{ﬁ%w? ha% the purified

GALNSW @5b1¢ ot £€ @glsa)€ovend etiod b@) Rcht ddasBOG s o th%(formulatlon
m nutes. This first reaction was quenched, and a

buffersecond reaction was initiated by adding 50 nL of
b- Gal act osi dase (Sigma G 4155, stock diluted to 12
[0026y/ Firsi RudbauiomNaRiss Rptis. Z)ﬂ,blea?r@lq“wdb@amfébaapn 3iztls for three

Rel eas 4 |on| zed by addi ng, 100
prepary o o? A B3 GG B AN BERADE SEF a6beici il
biorca@bAt BEitWela€ cit@agtcd msﬁﬁiw\@' SDRIROGE S BOhbdlt 859, in@adQEes.
(excitation 355 nm

Table 3: Human N-Acetylgalactosamine-6-Sulfatase (GALNS) Purification Yields from
G718 Clone 4 from WAVE Reactor

Yield
Steps Prep 1 Prep 2 Prep 3 Average Std Dev
UF N/A 100 100 100 0
Blue Sepharose 6 FF 93 103 101 99 5.3
SE Hi-Cap 90 87 90 89 1.7
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em ssion 460 nm. 1 Unit is defined as 1 mmol 4MJ
rel eased/ mn, enzyne activity is given in mol
waRadgbndrws nL, and specific activity is given iPCHIB81009/031276
AMJ mn/ng, all at 370C in pH 4.0 buffer. [00251]
First Purification Process. A first purification
process included an ultrafiltration (UF) step foll owed

100263 ) Prigret v St BT Balbe SIS afotain saarviod b Bluc
Sepha%&fd PRt Flobt &{r&gatork%ﬁ??dllo%vedtﬂyt@?fﬁré&%g%i 53%(&@ the

bi oreactor materiall was concentr ed 1
chromatagrathiyl tlihatgelrwartistoingh vath30okasSarkloe dﬂft}mmmltla@ALNS antibody

e SRR By e BTSSP RSBl
the se@éliddSt arPBbi Lval dn £i-Mk osPihtdse@hbiat arfth@Hﬂ/ The GALNS

tenperature and sterile filtered before | oading on a
protelgma%armwh@mbg@lqscg ag rvmlghﬁ 0062550 kDapinfd> S8 HY, gsesigent with

expecr Slee é)f Y s(ecre}elg1 ptrlél % ceﬁsed r%gt!l S?ré d UF % %@yéaﬁ_@]s@mg the 26

onto a

aminofctt ﬁblﬂu&\&gnﬂp@f)ﬁ@e add SE@Mkinrg tH@bﬂe@vaﬁge aRer fdsgiones 23A.
Tabl e 1: Bl ue Sepharose 6 Fast Fl ow Chromat ography

[00263CV-N-GBh 4T ¥RYAPRSizakdPWTh@NetermPds 6MhB puliBOZBRALNS protein
ractogel SE Hi -Cap: the eluate fromthe Blue

was detemhas®beLEGVISnT hadb tegeninad sesicnes s M@Paﬂdwh@é@edesponds to

the pré)d?étgd ﬂlﬁt@\l\rﬁf@lg ?F {heggcr'él[eg%%\%ngl é%ﬁa lrz]zc ﬁgt%‘a e a@g residue

signal 'f)abthdi: (RompirechOmeharSE AHNSGe¢ yheptidBE R@Hheds iy Figdire AQind Migure
vol unes. Flow rate = 150 cm hr [00257] The GALNS

5). proteln in the eluate was collected by fractionation,
di scarding the pre-elution shoul der and post-elution
0026‘ﬂa| |Secqngg 28] caeon Brovahs. Lﬁﬁﬁmndmhéﬁezhtummomssamctuded an

mtraﬁ 31% g@%ﬁltraﬁ n and )‘&?erl OWW?%Iyt %O Q%lé%t&gl 8?%61@60(3655'

o0s22SE b SRE T FR o Bl PR S S R

ultraﬁﬁ%@ﬂ’ﬂ&@iltrzﬁiﬂnﬁh@ugfl Q02691 saptrBh nidnbratdipgss. sSt abi ity

of the final fornulated purified GALNS was noni t or ed

OOZﬁ@]t 4C WQS dﬁ)\%t Afie @ﬁ%&éﬂﬁﬁtb Blo%ac{dr tQ'yal gﬁﬁfﬁﬁ%O%hs

al |qu tS (0] sanp es at res ectiv
adjust¢<bt|wpé{’ &bt lWldepH Atjuselntfer gl.75 Ivél\iaﬁ)lAm‘t pH 420)i o v@ins temperature and

serie 6@%‘?& an%%%i@ Hrloreni D B i Suithe that t he
0026‘§J 3 Fractogel EMD SE Hi-Cap: the pH 4.5 adjusted UF/DF (20X) was loaded onto
a Fractogel EMD SE Hi-Cap column, washed sequentially with 10 mM acetate/phosphate, 50
mM NaCl, pH 4.5 and 10 mM acetate/phosphate, 50 mM NaCl, pH 5.0, and the GALNS
protein was eluted with 10 mM acetate/phosphate, 140 mM NaCl, pH 5.0.

[00268] 5. Zn-chelating Sepharose FF: the eluate from the Fractogel EMD SE Hi-Cap
column was adjusted to 500 mM NaCl, pH 7.0 and loaded onto a Zn-chelating Sepharose FF
(Zn-IMAC) column, washed with 10 mM acetate/phosphate, 125 mM NaCl, 10 mM
imidazole, pH 7.0, and the GALNS protein was eluted with 10 mM acetate/phosphate, 125
mM NaCl, 90 mM imidazole, pH 7.0.
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GALNS was stable at 4C and -700C over a period of up

to at least 79 days in the fornulation buffer. [00261]
wWo-200809P04 i ficati on Process Results. Table 3 shOmES100®031276

purification yields for three preparations of GALNS

00263 6t BCRUEET o RBl o Gen bt ntie S e aTiopsy
contal tﬁﬁ@m petah %E a%@%bﬂ 1) ﬁlli|3 TRYESw plehle u?acthfﬂw?i%d then

cet al act osam ne-6-Sul f atase (GALNS) Purification
adJUSfWél bﬂs a¢Ata7pBohatse2 ¥ Na6mpWAVE. React or [ 00262J

Figure 9 shows an SDS- PAGE of the GALNS protein
[0027Qkp87r aT(e/@qur Bajyl B : @efjbl‘arpﬁsmjﬁstﬁh@uaﬁlfmm the Zn- chelatmg

ra f o] |.owed a E Hi-
Sephafiie St gr aptiy. oiee 2 & B EhAOH elenoniate aith 10
mM agétét@/pﬁbﬁ)fhbﬁe oM ARt p@g-wsaﬁ@met@ﬂZN@ﬁrgﬁm wad Qlitel RRth 10 mM
Western blots, the anti-GALNS rabbit anti body was
acetatgfphesphetet &7 M 5060, pHRA4. t he secondary anti body was an

anti - al kal i ne phosphat ase rabbit anti body. The GALNS
[0027 D otSeifndl A5 /HR: &pmmﬁomheﬁuy@eaMng?ﬂwS@M elbte 6hskDaa-

ere e B T e o RS St Tt DR e

[0027|%‘]|ag g'lo?rggig?zﬁ@ &Hggﬁqéaééi}ggr'@%%gw% ?nal ag?glt i de, and
NaOAI&II@Am P8y QA 6! Al 794, 080N ngg “bn@ o % t ne

purified GALNS protein was déterm ne

t POPP. I
TR M P TN
protenh pmldumjjl frdre (ZA SatomeaCai dsuspaistnecudtugiisibrepept il the second

ti de sequences in

npare the hu L ol ype
Puﬂﬁépaw@%ssaﬁ&ﬂﬁf %P%%}n'\%p W%@W (Peir PHerEaeY Ay mature or
PO o Bl 4 B o B B> S RST  Hbprogptage of
the preguBot tdromaf tb@GlAth‘&enzymepmMsst 89°0@28&prniined by SDS- Caplllary
{Strafl Ltration (UF/ DF): the bioreactor material was
gel eleCplORTSt ed 20X by ultraf Itration/diaf Itration
t hrough a 30 kD Sartocon nmenbrane at [ 00266]

Table 4, w.nsnMmgmlg%lwoweéﬁw%as%&b@& Beconere foraG71S
(UF/ DF (20X)) was adj ust€tbnedCpH 4.5 wi th pH adj ust
buffer (1.75 MNaQAc, pH 4 0) at roomtenperature an
sterile filterdaoprss Step | oadi ng on a Fr Recwgey (BWD S
Hi t Cap col um. [pbD&&jrkt 3. Fractogel |[EMD SE bb- Cap: t
pH 4.5 adfastogel SIFHDE ap ZOX)mmas | oaded ont ogg
Fract ogel EMpzShNC-€aBmaol umm, washed sequgatially

=1l
(9]

T A LA PLEVEPRASRAGLE: SO THNICT, TR ¢ 8
140\ NaCl., p..%!amn )
Overall 70

[00274]  Figure 10 shows an SDS-PAGE of the GALNS enzyme separated by
unltrafiltration/diafiltration (UF/DF), Fractogel SE Hi-CAP chromatography, Zn-chelatng
Sepharose FF chromatography and ToyoPearl Butyl 650M chromatography. The gels were
stained with Coomassie Blue (top left), anti-GALNS antibody (top right), anti-Cathepsin L
(bottom left) and anti-CHO proteins (CHOP, bottom right). For the Western blots, the anti-
GALNS rabbit polyclonal antibody was diluted to 1:5000, and the secondary antibody was an
anti-rabbit AP conjugate; the anti-Cathepsin L goat polyclonal antibody was diluted to
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[00268] 5. Zn-chel ati ng Sepharose FF: the eluate from
the Fractogel EMD SE Hi - Cap col umm was adjusted to 500
wokeoBad994 pH 7.0 and | oaded onto a Zn-chel at i NnBCT/US2009/031276

Sephar ose FF (Zn-MAC) col unn washed with 10 niV

t / ht 125 mv nmM i m dazo] e, pH
11003 G RO ko Bt s L B, 481 ieht-CHOP
rabbit c&irﬁl @Ihﬂﬁ)gb aata@ ,dllﬂl%a t(BTM 1986 and 96e Mﬂldﬂr a0l %y v an anti-

[ 00269] : ust: the el uate from
rabbltZﬁRB et agatﬁngs;épmmr@@reGﬁ ngpme bonemapiangnt nwéeo@la_ Ngight of
~55- 6Brk?§aeolnns SPAa((Jd]‘E C?%Ej%ge it eHor3pr§ce{sgedl%rrﬁi/$FbY\Lﬁ\?§ enzyme have

I'nactivation an hen a ust

apparm eidt@lphasghabe32kbh hiaCLl 9 bk 6n 8D PAGTO] 7.
ToyoPear| Butyl 650M the | ow pH adjusted eluate from

[00275Ne SRk lopliRap: DR PPoleks. %MLW&ZWQC\{% pRRRd using a
a ToyoPear!| Butyl 650M col um, washed with

purifiggtien arag) {haoizasteee moplifiadNeath 2 spﬂﬂd@rdOram &l Ttahltg i}AIBXls“eactor

narve R B D Fhobnd hgod pnd bt o RS POl i o fboRlte-
Sephahf!s@ CI}_SMEEP @kthn Buhy k160 M R4t ren e $al L@:xl'a"s re?cf)érj 15&1}:%%1%9{% or
dia-filtered in 20 mM acetate, 1nM phosphat e,

concensated upie 56 by pb@fmza}twmo AediSiton. oletfeptporqaﬁomdama\dS

|ated.d n.10 nmM
neces R P ARl TIE 4O Rkl S Qg e NE So b pr et g sy
follow8a bgPheiUrchhoatd aﬁoﬁa@g@pﬁyfm Hbt yeld kakH cgerfl g%ﬁx@é’\@AtU}%
recovery for GALNS protein produced from G71S clone C2

Using;SE Bi-6i egﬁgxa&rgr%nmaa Rdcpeieat (s thgsTndpwisereaa porification
columﬂ&’fés{ﬂ't&ﬁh'a@c@ﬁﬁ(ﬁ Sifictttn Xce%% Mﬂ?the%‘h @ftfﬁ%l %k&'ﬁ%l

ursor a re or cessed
si gmﬁbmgb/t 1hmr()vedasn<hﬁhe oteraB % AlSNS edscewanynﬁde&y:d c3nRRabl Gom to

Th t of t ecursor form of the GALNS
~22% K- S PABE A s NS e (RRRFishipe S@sne%lbi 91 the precursor
form, &%l FifhR0%)! M&rﬁﬁh&i byl@RIR® &romﬂﬂgﬁ&%l\éﬁs r%% estlm?ted at >

N- Acét yl gal act osam ne 6- Sul f at ase
95%, @f1B: Pl GALNYO@Z4ine Fergained 41@bls hmfwmiatiﬁ@ﬂéuﬁ'éﬁ:’ér ofore than

enz epar at ed by
79 dayﬁﬁ??‘%ﬁ#@f y?ﬁ/@l afiltration (UF/ DF), Fractogel SE
omato raphy, Zn-chel at nﬂ Sephar ose FF
a

Tableg“lfT gﬁfg& I%apgl'grﬁ; &ylg’«b@gp%adp‘neé]ﬁy @so(pALNS) Purification Train
O . L RSt Wo@f‘; ,gq-";ggsa ©
aATTL N ATTO \'l] \
a

AY
uc Cak h ol ft) a nti- )m‘plnq
CHOP, 2hot t oy ri ght ) UFH§X)t he” Weslt ern bl YF€15Xhe anti}
ALNS rabbit |pol ycipblith$ Adptst body was dipHu.&ddjwst
5000,4 and tlhe BbedwhurysahFFbody wBiieaBepamiose 6 &bbi t
P conjiigat e;| the amdephabbepsin |L goat spoliychgpnal
Nt1body was |diphkhAGchRtostdPlsund T Ne SRRANIREY

ntibo Was [an antg;; gq@ ppRP conjugate; and the

JIl‘hls m optional.

-~

QJQJ)>I—‘G)"QJUJ

[00276]  Summary of Second Purification Process. The GALNS enzyme was also purified
using a second purification train (see Table 6). The overall GALNS recovery was about 70%
and the purity of the GALNS enzyme (including both precursor and mature or processed
forms, see Figure 10), as determined by C4-RP chromatography, was roughly estimated to be
about 97%.
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rabbit pol yclonal antibody was diluted to 1:1000, and
t he secondary anti body was an antirabbit HRP

waeompugebe. The precursor GALNS enzynme has an BQPESINY/031276
nol ecul ar wei ght of -55-60 kDa on SDS-PAGE, and the

ture or ocessed fo f GAL e ne ) )
Tl o2 Shobnd BEET A cer P Csp i bsnratng (N N ugification
SDS- PAGE. [00275] Sunmmary TofairFi rst Purification
Process. The-GALNS enzype-waspurified-using a
ourification trad®Pthat | had beckfosesified ffom a
standard train (sée Table 5). Bif%fleédctor harvest
material was 0.2 Pm steril e fUFtEr @dXand kept at 4C

before | oadi

ng ongo the

col um. The

fiTteged bi

b1 eact oJF ARicepl @ wa

S

D

| oaded dire

tTy o —conc

19% b

ML eHetasilB Sk

y

ultrafiltra

o1

Ldal T OT]

Bl ue-ptbephatjose capture

ei t her

cation

3§AEQ%UIIII

AN R T ol a Wk J
AU LS . |

faWaVoXalal
\JCQQQ

train was ne e Ry m

purificatior bl aphy

fol | oned by Phenyﬁ Sephar ase Eﬁ@bﬂﬁ@ﬂﬁranhv di d not

yield sufficiently pure GALNS. Using SE H|-Cap

chromat ography as a replacenent for the two downstream
[0027’ﬁu r iTheseatss e icdtatetist thequbtoeds descaib2d ehidvlarfnr preparing

rificatio ocess, with the pu
S SO uR R AR STt S et RECoUPaPdestions  laree
quant1f1@§6{‘4ﬁ§1ﬂ¥ 'pﬁﬁﬁ@@&@ﬂm% ngé;bdcdl&ﬁﬁltthé’ sdcrQi @-prggeé%é@(g)ré%%ébr) form
uri he "GALNS enz consi sting essentially
of hunggn Nﬁéetp}gGK?GMQmmﬁcﬁ silfatase (éA@MSé 9), as determ ned by
CA- RP chromat ography, was roughly estinated at > 95%
and the purified GALNS enzyne remai ned stable in
formul ation buffer for nore than 79 days at both 4C
and at -700C. Tabl e 5: ERAMPLIRIVEN
N- Acet yl gal aet osam ne- 6- Sul fatase (GALNS) Purification
CHARAGTERIZA FIGNAPF iPU TR EONEIUM A SOR 760G E YA LATTOSAMINE-6-
Second Purificati onsPLPRAIRSE (GALRHNS enzynme was al so
purified using a second purification train (see Table
[00276) - Tﬁe@ﬁ\e%nq%les ﬁ%@h@ BreEAUSEY. W@%S@QQ%Z%IQ%@)%% &B&er levels
purity of the GALNS enzyme (i ncluding both precur3sor
of hlgkamnnmemhesmmrjﬁatouet@s@ﬁ rfopgdnie, answerafge gurrenaﬂta)l cebdine, and a

comesSFRRY 5% B EAc s SR an 5ef ec

lysosofNaP6ieaydsg ah ek 1 fe€orBbikithahrasen- ﬁéé‘t’tl%ﬁhct&bfnhlﬁb-%aéuﬂ@ﬁse

Train [00277] T ese assays indicate at the protocols
(GALM%BmWI%@b@hﬁWI ﬁ@mhow@oné@mghamnmy%@lmchandes as
f t
defined Hé% ! @) féé{%‘g%&ié&‘fé A Phld %g%%ﬁz'&‘?bgﬁéd Phfhe 6,537,785,
which eln ayn@Emprise mampmtdl@bsatchhar&&e,r@ﬁ edhipitenpy Kigk sasmeose
sor) form of human
Igalactosanine-6-su|fatase ( GALNS) .

recom

ecur
ollgoszfq_cg 7
[00279]

enzyme, one of skill in the art can use exoglycosidase sequencing of released

To determine levels of unphosphorylated high-mannose on a lysosomal sulfatase

oligosaccharides ("FACE sequencing"), to pinpoint the percentages of unphosphorylated
high-mannose oligosaccharide chains. On a normal lot-release FACE profiling gel,
unphosphorylated high mannose co-migrates with particular complex oligosaccharides (e.g.,
oligomannose 6 and fully sialylated biantennary complex). Unphosphorylated high mannose

is then differentiated from the other oligosaccharides by enzymatic sequencing.

75



EXAMPLE VI CHARACTEMZATI ON OF PURI FI ED HUMAN

N- ACETYLGALACTOSAM NE- 6- SULFATASE ( GALNS) [00278] The
wW@Zm9oel94 | i nes produce proteins (e.g., |ysosopel/Us2009/031276

enzynes) mﬁth greater |evels of high-nmannose

oo2s0 SRR 20 803, S L0 A BYSH R0 TS

N- ace%@?&@&aﬁ)ﬁlyé @%@@atﬁ‘ée@[@ﬂm@ﬁ %@pr‘égéeﬂ P$ 8GEHENHEHRibiA increased
ysosomal sul fatase enzyme (e.g., reconbinant hunan

phOSphprataélpy,l tgalleaf@t oganinese-6- @asﬁlaitfa@ééli)@mhs)%Osmnif@amnzyme
was d&F gh | e\\gveel Ofthebel:nszg oszﬁ))hlot&){%%m%qo %&Q«Sﬁ&% tso? &MtPR)

& R5ri4 derithe erein, 1's conp

[0023?53‘?%9%‘5&%1‘?‘%%%3%@8&%%%? @(Z)tre&sg%pllnﬁﬁs ce?ls anctl purified, was
analyz‘éh ibgIRBEGDE L ‘A%ste(%}ﬁib&gjﬂlkilé bleiRbphohd e F W@E}%S by

ol i gosacchari des To determ ne 1levels of
chromatwghapbpleo MP&tS@@harpgmremn Adsd AJrE aysters osasrpalyasildnaida gel

h
eﬁmé’@&{?éﬁ é? ﬁeaaasqge rqélﬁlétéflé’e%f’d éetc-gtg?éeg tchlc%::asgﬁlty Bee etx @%@éaccﬁan €3 Seleased

from §§3®%ﬂﬁ§ﬂn@ 19T he rdl@l\/l@|lﬂ@ﬁ)élfj/toﬁth\@oWn@@ﬂﬂb@eg'ﬁ&sqﬂlosphate (O7P) band
osphoryl at ed hi gh- mannose o osacchari de chai ns,

onF Aagbe el IEdctioaherssis 1ROGKE %ﬁlgf il igp) gl the percent activity
retainééf;c?{]t? R{[‘ﬂpﬁé@&rﬁﬁeﬂhﬂ@r an}% oSy ”kﬂ(ﬁé‘)‘ qglﬂ Bh 1998) give

ol i osacc ar i
reliable Irﬂl@mmﬂfqﬁ@sﬁh(ﬁpmubm ldvyl raholt af mdndm ant ennar y
conpl ex). Unphosphoryl ated hi gh mannose is then

[00282}i f fSpeqpt akas. ﬁmempédaﬂc adthety lré@asisain Alimaes- by
enzymati c sequencin 00280] To determine if t

acetylgalaqtesaadng-gsukaam (GHHNAL wWarddepyned ywngs smﬂéﬂéﬁ?ﬂﬁﬁq@amubs&aw
4~methé§1r1];%gell\lfer§leé gég%g?ﬁﬂlﬁfs exg %t 35/"’%]c YA hl(s?%’gs?h)e specific

ressed its |ncr

activit?%g&&%mea@msm@ msm{omﬁm@@(mﬁ@ Bmphosphat e

on the lysosomal sul fatase enzynme was

et to
R e e e L S R G et R S
deternfefNdNST@NZ1y seRumE S [phesk eid 20 nw s/ i feraedr] Iz ed tddoyihrd 6. [Zqzﬁln PES filter,
was anaI%zed by fl uorescence assi sted carboh dra

and 4 gileafithopherstailized haom seHE Wis RETBTRESE AR 50‘??11 culture flask
for 1 h'}fﬁf%t%%p@%ﬁ oF grrﬁo%glé}g Pﬂ‘@%% Y LA TpURE% 7.4 +0.1). 0.4 mLof

yacryl am ect rophoresi s t& separate,
desaltcﬂﬂ,l pati fiédyGG AANS @ahg/lnm pmﬁdfleAéMSewa:sadﬁsﬁlted into PBS using Bio-RAD

100G g %Sé%‘%%‘?é%ﬁ%‘? 15 Tt a5 PR NOGe o7 BES-SpRBS eataining
03 88 P AT RO AR P .17

and 26 letuad) ned addedt th SOVRR. obwemoh p@Eed @QBet50ahM, NED Aches $t+ y50 mM

e BT i SR 05 TR g e o

measu§9§@/3fLI‘@S é?zty‘n’{é d¥ivityhe specific activity of
reconbi nant "human Nacet yl gal act osani ne-

[00284] The GALNS enzyme activity was measured using the enzyme capture activity
ELISA. By extrapolating the exponential decay curve of % residual GALNS enzyme
activity, the ex vivo serum half-life of the purified GALNS was estimated to be 217 hours.

[00285]  Uptake into Synoviocytes (Chrondrocytes). The ability of GALNS to be taken up

into synoviocytes (chrondrocytes) was determined.
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6-sul fatase (GALNS) was determ ned using a snall
fluorescent substrate 4-nethylunbelliferyl-6-S-GAL

W@ 0 Bab4 6S) at 37C. Using this assay, the speCi/UBm09/031276
activity of the purified GALNS was 165 mmi ol / m n/ ny

00286, 5 ARSI SR SR i
F12 ﬁwwrrgs? RmeCSh g%g(éﬁ Ap22)verREsHel | TRE aﬁa}hestnéh%fi e of three

hrough a 0.2 mm S'filter, and 4 mL. o ilter

samplss eaqiiresed 1Aurriplsies uRhepiyifpdeG AhSTaplesianda GARSS reference
were gt ol e B e € ochur RS Shop ey B R0 0Py RN stocks.
uptak%@ﬁ@tli&ne&rryé%%f Gine N AN d TBfePn P Webd Iﬁﬁ?{g\%s%%l uM

esalted into PBS using Bi o- RAD 10DG co
rhASRByidedS td. tpiekepaseayi dibehafleADhDivEEMsie? ui LogluanBBS+ 0.5 mg/mL

contr.ol . cont ai ni 0.5 /L BSA. 100 sanpl es were .
BSA) e HiP ot (3T BB i oG cRES (el creg bfther SgHigly diluted
to 5, 2759 . 204 260 Roung b. 13N @gqgﬁaltt@o%@@ dTuti9hs GUEREN "lkﬂéf%&rvth

(B, 50 mM NaOAc, pH 5.6 + 150 mM Nad + 0.5 ng/ nL BSA
medivm Go00thesl Tweidigep of Sanfplesschaadmestes mad asptiradiC1 umlt pf either

r.ea for. Surin enzynme activity. [0 The
UAD (TR ok A TR RS sHRRERPB A el o5g oK MRy el
and incapdtet! ®radiouws dt B 78 IS 0BYC@Xint dR@dratTHR Giptdk€ medium was

exponential decay curve of %residual GALNS enzyne

aspiraggds filjing\gach ¢ish ¢ completenspsy ant saqiLwell wapfingedeonge ithi legL PBS.

e S A EL L 3 BB B o
(0.25%ALNS11/@. b’@ Rlake (Megiateoh @ 5500V, bt 250353026 hrpendetic Wies)
st SR O T
tubes (FBMb&toB N0 CTI'lJ‘tr%%‘h% dlhenga%'c%é lvefl SRES: aéla\?\g?xfﬂ@ile%ﬁ' at low

of uptake ‘of thr sanples requires 4 x 1
speed ph anesofiifed4 @iy ipfri fod 3@ADNSs s ditpl tegpsandlassas@sbtbi$ completely, the
erence were d dtol I n acPBS/ BSA. (acidic

cell pRERE Bt IS, b SHTERE MRSt BELBP TG REPS once. 200

uL of dbll Whistu e g@m JooiMAY N 288 e5H 3N - DAL TRAFEX WO Bwas added
grepared: 50.5 nm. (1 mMMrhASB) into 5 niL uptake
1o eac

subay (il pelats WerARsuspvEdddb y2puisa-vortaxuteahiasdimesQ Adter

[l BSA),, resulting in 10 nM GAl S es_and .
resusr PR AR B WP s el S8R, B afffrsagirecy
.5,.,1.2 0,62, 0.31 and 0.16 nM by serial two-fold
10028 RE SFE ySHe AT FREC RGP 'RRRPRIE RO CHE TS et when
thawedl SR NysaRE WM rtxBO RIFREWLRS aNPSisBRIOTA reHeriat MndQfien

ei ther UAD (bl ank) or serial dilutions of GALNS

spun ig #rphissofoge atelfidimne 3 leniouzd det’( © nelet the fnsglubkaydaterial. The

i hcubat ed f 4. hougs.at, 3 in 0% i ngubat,or .
superrg i3 E b Qrly RN Eon Rt S ashod i PR oS EREG L Then
GALNSJMVQK QBRY Svas petfoacho\@k sup@satinths 8te 0RLFoiM dilutibiileurve

PBS. The PBS was aspirated and the chondrocytes were

(serialdepdeletiubpnausiaiting abl ni andrgpdyigrt BOPAM) is usually performed
which brackets the expected K,puke fairly evenly on both sides. The molarity of the starting

samples is calculated by using the protein-only molecular weight.

[00288] The purified GALNS had a Kd for uptake into synoviocytes, based on single-site
ligand binding, of 4.9 nM.

[00289] Mannose-6-Phosphate (M6P) Receptor Plate Binding Assay. The ability of
GALNS to bind to the mannose-6-phosphate (M6P) receptor was determined in a plate
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(0.25% Trypsin/ 0.1% EDTA (Medi atech 25-053-Cl, |ot
25053025)) per well. After detachnent fromthe plate,

wo b@oohondr ocyt es were aliquoted into prechil | BdFOR2002631276
Eppendorf tubes (30 tubes total). The trypS| ni zed

chondr tes we 00J.ed and t hen eII
bindinGgRR (HNGIOHET BRSO HO0RIT BTG FIcs WiChedy L Mifereceptor,
The cddtdPlafds \WR$e RadHel Ak RE waMoatiell or R&sk Blitfe&V B ETBYA.05%
rinsed with 1nl PBS, repeating the m crofuge and

Tweemgpi anétnoospesstf@ﬁ@n@ng was bpoked wih 200 L/ Wei pEblpeififigand dilution

SO t 6 1% Tr i t,on
buffer*g?%))}’5 erce a%ﬁﬁ Cﬁotte#gb/ﬁpél!_élét@ P-'iate? }ve{esm%braéed for 1 hour at

room feﬁﬁdéﬁdﬂ@’@cdRm") bMuﬂﬂé ﬂﬁ’s M@at S, @it @Ammss&npyéﬁ (ces 2 mg/mL
resuspension, the cell lysis mxtures were stored

storedgy 4G ﬁt W@qks)_ \ggreghjute@rto éﬁ @M, 7D, pad Qhey sexllz(}bggi;ﬂted-pﬁéhlutlon

bllfferc(r aﬁs?er r e %@rl%wﬁéﬁppﬁawgmw %#{/@a?é‘g TN%?OGHL)

down w0 t2eXd® 3, O 626,03 ped d. lanM v Bsidak® pmadsivebreratastiddakith &itlas
e at Krpm for 10

above,aztnd?ﬂlesu%J @%p]rgéecslrv?f’fgg ﬁB?@eﬁ}é}t@ theqyel s-pﬁéiupmart]eu .gtelsO() nL/well

and 1n§ﬁ%%d11aﬁ(§\ﬁta§ R%E rﬁurﬁféﬁﬂﬁflﬁ&{bggoﬁ Qe X 185 Q:tﬁ/?t? sﬁf)st}alt’cb@%
and the | et was di scarded. Then GALNS acfivit

preparad bayli I\Aasg f) émhlo bﬁéﬁ 160 niMes Ss gy eatoset AVl Usstock (smvmnr}bgl(h £20°C)
di | on curve eri t wo- foId i_lutions starting

imo s i i SRS B 0 £6V#RA DAy gétalamfb%l@flf Jpiraapird washed

twice W‘ﬁh ‘WBQE A6KRL 8nd h@) £ RAGle8dubitRiak S {dkd hid ﬁ)‘é@AEN@r&pemﬁc

sides. The nolarity of the starting sanples Is
acthltya?aS@b@tredleby usi ng the protein-only nol ecul ar wei ght.
[00288] The purified GALNS had a Kd for uptake into
[00296)y ndssirectiit essay ras el fied @Amgl Sehal 4 Ed forganding tntheM6P edceptor,
0289 nn Phosphat e (M5P) Recept or
basedppé‘tnélvl 1&?81‘%8 é\égg r§)Mhe ability of GALNS to bind to
nmannose- phosphateél\/BP) receptor was determ

ed
00291}n Mcmnafée@fﬁlem@f@a@é@@) qeeRier 6R{ie:! ﬁqng’wgblTﬁﬁlahglty of GALNS

o SRR LA BT R CSRERL iy pi
assay. WaAMGIbtdckgtor (ONBnn TBS preplrddafdr Thwaamuliturarid 1r[$01i18@(§i&l fM@P

bi ndi ng was bl ocked with 200 ni/well of bl ocking
receptef; Wijt ﬁr%‘ﬁ Pl?ﬁﬁfﬁ@}?el( %@Eﬂmﬁrﬁéﬁ}é"éc‘é&ﬁéﬁ 51 das Y %Crt“’aﬁeétfesm (Bio-

RAD KfMR185) andd g,@*csﬁnie@sﬁfe Mgc% ? rg.d 6P rgas]slzor% L{nfa@%s

ten‘perature Durin step UI'I
equilitEMeNS/i hakfiodsm ©olﬁmes zcwgbmqusimmm T 0EX ovid2 PBS pH 6.0

contaiffig GobH [-8EFOBEY BB o (L 20 i eesage | ries $1d
0.0224304% 1§83 %%’f“‘f??‘fﬂ”%lﬁé2%9%@”*}%&%@%&@“&“@}9@%%@”%8 loaded

onto thNGMEE ded&ptolﬂ c¥Brmsat atﬁmv\eratam{) tinLuhied 1GhMNad SBaSI'IIN @ $vas washed
ensed into the wells in du/pllcate at

off therﬁQ}‘Wé‘I‘ Wl nd GhelibRda ﬂP"‘h’@Lﬁ o2 el /npyy Boynd ﬁiAsLNS was eluted

off th DT A PR oI FREEr Bl SR B Ra iR v -

glycerSiHagphdi& 1004 Tiwaedd2@), 5 mﬁlﬂﬁﬁhnoseﬂé—phosphate and 0.02% NaNj3) gradient
(10 CV), followed by 2 CV of 100% EL. The column was re-equilibrated with 3 CV of EQ.

[00292] Using the GALNS ELISA, the percent of purified GALNS that bound to the M6P

receptor was determined to be 56%.
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into 5 nL DB, and prewarned in a 37C water bath. After

i ncubation, plates were washed twice with WB as above,
w@r@990941L. di | uted substrate was added and t heCTZEENS9/031276

specific activi ty was determ ned [00290] Using the

10029555 it NPl ik BRNOR BPC B8 PSR 2 T
deternhiQ® ﬂ&lﬂavd‘ﬂaﬂ RSB RoR-Fhlasphat itioVBR)G RN S pthe IN-Gakdddarbohydrate
Bi nding. The ability of GALNS to bind to the

proﬁlwﬂwth@g(éaleﬂxgﬁ%swtd@s w@m%@é@m&d%ﬁm%@@fwﬂ&yy. n a
electr(g)(?llo M gé H?ﬁgﬁﬁ&ﬁ% B MOP 1,65, 7?@{2?‘%%%1999 The

e nanu acturer s instru
methodesepPNGaweE td cleamcRepangihobelinlsd digosatinirides.t fike clehwdn
s NHS ac ated resin 0- RAD Affi-Cel. 15
Ohgosa?fgami%'a Wbt K agzed "iﬁt_é ELT‘N@SQ%@X@e@Iédp Rylied WaGio

spin c81%h&f¥8 rt\ﬁ’ﬂévee%bés cgfeatﬂ%g 8\%1?19(1 ]fﬁlOgégl)éHm lwléﬁr&?go%%aﬁées were

equi |1 bration buffer aci’di ¢ PBS,
separapaindleitoiphgreBeatiy dmdgjeylcesrubpﬂmsmhat cmanﬁﬁe):’éﬁxslﬂ'gvéed\dm CE

hosphate and 0.02% NaN3) at a flow rate
SOftwa(S?(glg ﬁfsﬁﬁf?{o?ﬁ my of purified GALNS (per 200 m) was
d onto the MoP re tor colum at a flow_rate of
100294 15 i erio e RSrRS NP WetB Gk s e G AR mono-

|
phospﬂ\ﬁrgﬁtejd%gr}ﬁo% 6 BaPA6)BnkllsPifc a@ﬁ%oﬁfalﬁngép%!s%dﬁanwggtrl]nﬁed

was eluted off the colum usin 100%
GALNSuWwErer0. §Enol/avildénzyPBS). 09 ko n®] enrynad zmdrrgat BeteMable, respectively.

I h 5% T 20, 5.
The el 5L EPINRR BRI ns ramind 15507 RakeSiriiodn 20 v

I 1 by 2 CV of 100% EL. Th [ ur .
(00293]. &Wﬁg isoac " oSG orQThg 529 olte hig-Rbgephorylated
mannc?g‘bg"ﬁgﬁ-@%ﬁgo§a@§ha?ﬁ@§§xmheqf}AEN@@ds%te%% ity O]geg%]ge (Asn)

P receptor was determned to be 56% |
residud aff falsitOni I8 seastdinketbgl yeoralayesi to HﬂMCaEht Aan yemdue at position 397

N T - W C T A

type s gsbohydrate profile of the total ol i gosacchari des on
the GALNS was determi ned by capillary el ectrophoresis

[0029@%2 x%%%:tfté gjggl z‘i/n Alypm tr@tone HO& wagagw 0 ed t& determine

5-51 e met hod used
whetheyl thamm%hach@ne rability td Uai@dtcdjqngo fat UigémLc}é"EP D'NME grade
cl eave olfégg)gaccharl des were isol ated and .derivati zed

hydroxyapite AYSPaEOn YAy PEeppied @ad eoHidbEed 18 S ¢ oluemL
BSA, Ilfﬂfi’ zfg@}’gi'ﬁf%féﬁ%% 8 a Ji‘%d&’i&ig'sf) g%%anﬂsg@rv@a%%@%eﬁm DBS, pH

osacchari es wer

7.4. Tht eegarte@h;wms adh ifiyaladaticgrakisn 90 seoxiaitd 1Y niail whak eetially
MDQ CE software (32 Karat Ver. 7.0). [00294]

diluted RIINGS A0S BOR TS AL G ) e e O pifcs. i ik pratIah Hted
GALNEABRS ok B o REORPRERIRAM B ERANGSA O (VG

dSIaIC acl gosaccnaril
PVDF pl@w pro®eh bmdmg, 22 pum pore size). 50 pL of the hydroxyapatite suspension was

added to the wells of the filter plate containing the serially diluted GALNS and incubated for

1 hour at 37°C with mild shaking. The plate was subjected to vacuum filtration.

[00297] The vacuum filter supernatants were analyzed by either HPLC or GALNS enzyme
activity as described above. The purified GALNS had a Kd for hydroxyapatite of 3-4.0 pM.
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GALNS were 0.58 nol/nole enzyne, 0.08 nol/nmol enzyne

and not detectable, respectively. The percent of GALNS
WEe@beP1984 cont ai ni ng BPM7 was estimated to be POR@S2009/031276

[00295] Bis 7 digosaccharide Characterization. The

o0 10 R B L B TR b

produdSHagoaginabsul ARG efiAShed Wtk gh@Sintdua R of a8tiwasn N &1 e&Ersion of
gl ycosylated to BPM/. The Asn residue at position 397

the aciig sifpotysiine raxdee §l Yosymaigrcino(H8BNY, but was found to
be predom nantly ol i gomannoset ype sugars. [00296]

[0029%)y driaxdeagating & tHf furifiddyrecobihmtysosenienHatandelzywage.g., human

vel oped.to _determ her the L. t he

N-ace TR PGt oA RO X oRE TES ENGK g G4 S cells

exhibilyHERXNARRE dtRon( BleQnfAR) o SUSRERDL VT VRS RERPAERE réfilie to FGly
equilibrated in DBS + 50 ng/nL BSA, pH 7.4. The

on thepuurifiel dgbohNSulfathseenzaodiway BGrmgled. BSA, was
desalted in DBS, pH 7.4. The desalted GALNS, at a

[00300] nab4 e demtariatii Ghe pércagppicoxitivat £4. yp2canytofversi@sof the active

. serially diluted .in DBS + 50 ng/nL BSA, pH 7.4 in a i
site cyginge(CyShtvateane 5o dug Cofformpdslyens &Y @Wmﬂtﬁq EA L nas determined

nan [ Jqt L e
R A R AL P PR RS R
respechivelypmdicgiizgdhat SbunR0%foftthepdryftdaxx BNStis irearsatsipe iisd. OFGly)
was added to the wells of the filter plate containing
form. { he seri ally diluted GALNS and incubated for 1 hour at
37C with mld shaking. The plate was subjected to
[00301)5 c sy -+ Tablegrshopgazummary ef thgchwiasterization of recombinant
t . .
AL L o7 1S a2 e PRy s Bh DR gl M (g agarion
of recdraldinant KGAENE expabsadyia it StodorefCBeedlsO mM [ 00298] The
Gr71S cell line expressing human sul fatase nodi fying
TabRCH: @hakadtSkidAtion oF HEHRANIAS B0 toSdthinRIASRIfAAZY (BALNS)
wi t h hi gher amounts of activation (i.e., conversion of
the active site chradacpd fromfi8 Glenca- f or myl gl yci ne
(EQy)). [00299] To determine if the purified
r econbi nant |Assay 6iatdgosyl f at ase enzyne (eGALNSunman

N} Spedifit gatieicy: osaivitperigsnblaase (|GALNS))I65 U/mg
COSpRfie SRt A vEYMrbteinn Gr1S celll s exhy bit/mg
|
a
|

PLAGIRACARY valion, The amount of[ coRver & i8R (Hed) |

_‘Siz‘é% gé@ cysteirmne residue ;Udgtafgmﬁﬁé‘?ﬁh @é%ﬁe?f
APRIATRADTIY Ao Crp e porcont activati on‘jml} urs
p:DJPBal]fP: ¢§Wﬂ¢£‘?c‘éﬁt¢§n of the active silte r‘yqt4@€?ﬂM (CQys)
cySpekaelipedilasite Ca- f or nyl gl ycine ((FQy). S nMhe GALNS
wabptiet ePsteotdasthy LC/ M5 (TFA). The |TI ¢/ 10008 fikr  Cys,
F

i

a

CPyodactivifsl y were 39, 1840 and 183, respeglicetldy
i pgtitgat i ng that about 90% of the purifieds GMHE 1S in

"VMEPLR&Eplot PErte Biridin) T0rm 2.4 M
M6P Receptor Column Binding: % Bound 56%
MG6P Content by CE: % of Total Carbohydrate 29%
M6P Content: mol M6P/mol GALNS 0.58
Sialic Acid Content be CE 1%
Hydroxyapatite Affinity 4 uM
Activation: % FGly 90%

Table 8: Characterization of Human N-Acetylgalactosamine-6-Sulfatase (GALNS)
Produced from G71S Clone C2
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[00301] Summary. Table 7 shows a summary of the

characterization of reconbi nant GALNS expressed in
w@Imgoglvene 4 cells. Table 8 shows a summary oPCT/H82009/031276

characterization of recombi nant GALNS expressed |n

G7 abl-a.. 7 f"l-\nrn z.a%t

1+S—etone—CE2-—cetH rapr-€—7 actert+z ' of
Hu§§r~igefe%yﬁ§§Ké%ﬁ@ggﬁinﬂ Sul-f-at-ase-{ QE@
Pr SUSHY XS |YRE™ Table 8 Char A4 @M% at i on
of| Huiiahy N4ARRt v| gal act osani ne- 6- Su| f at ase 9TALNS)
Pr ¢ducledSEC€om G71S d one C2[ 00302] [Thekekbetwinalimer)
dermmsiter Aiteotlbas t he purified reconpi nant hymam GALNS
hasrigr hi gh T evel of activation, and iy ghgreueloss ®ited)
METNIER R BRI R EiGaiROS pIoT yI at i o
chPtER e LI

o) N

C)

' e
Y]
35
—nd
s
F"'U
__C_

(i
phe '
|ncreased Ievel of hlgh nannose resi dues on such

sosomal sul fatase enzynes | eads to increased uptake
{0030% tHesaveRultsrlcominsisate hoaRREriVied rePmAKENANDMACHALNY has a high

evel e R R - SRBRO T R YR P TR P B4BS) ThHs: 0715

cells ddpﬁx@i@esmﬁ StaceITd@nkodouii Bul fatase enzyme (i.e., GALNS) efficiently
N- acet %blactosan1ne 6-sul fatase (GALNS) by |ysosones
produgst aqiyp ém E}F%H]&?f&ﬂﬁdééfsoéﬁ@a{ Hifatase ERpyncef Thgapngased level of

high x?ﬁﬂ%?éjﬁ%m on e ocy%&%ﬁg%ﬁg&gﬁ%ﬁégﬁ%@ 1e\é3@sstoq¥@1jeﬁ's%h %gtake by the

MPR ducadpol ysacchari dosis Type |Va (MPS |Va, Morquio
Syndronme) have reduced GALNS activity and exhibit
| ysosomal accunul ation of KS. An in vitro nodel of MPS
| Va was established using chondrocytes isolated from
iliac crest biopsies ofxaMPEEWVa patient. Primary
chondrocytes, however, de-differentiate and | ose their
chondppqutier Al AEIVERLY EFF REc@Mmme BESMANNLUT €
C%@MYE@M&:@@AWNES@S § 16 ANRSINeRIORQUIO

differentiation tﬁﬂéN ocyt
i solated from an a patlen esignat ed NQCH
r [ i.n d t resen
100303157 TE St e Db Pl o | oG BUERER B G

by lysésﬁhﬂﬂ @If D { i o Chondrbe veindrthe h@ﬁ@%m&g35 MegriB€keratan sulfate
ulture nedi um was changed tw ce per week for the

(KS“GMFﬁTW§WWﬁ“%%k experinents, from6 to 15 weeks. These
cul ture conditions induced expression of the

[00304h o hdipndipedephiematalipets aiid Mnﬁqp@mﬁmhandqms Toreclden@dds$ [Va,
Mcrqugc? Fg&drgﬁggﬁﬁzgl%?gdu%gg %I% y Vé 3’ an exhlbltrlgziso%grlngpaccumulatlon of

KS. An in vitro model of MPS IVa was established using chondrocytes isolated from iliac

crest biopsies of a MPS IVa patient. Primary chondrocytes, however, de-differentiate and
lose their chondrocyte characteristics in culture. Thus, culture conditions were established to

induce chondrocyte differentiation in vitro.

[00305] Chondrocytes isolated from an MPS IVa patient, designated MQCH, were
cultured in alginate beads in the presence of IGF-1, TGF-§, transferrin, insulin and ascorbic
acid (Chondrocyte Growth Medium, Lonza #CC-3225). The culture medium was changed
twice per week for the duration of the experiments, from 6 to 15 weeks. These culture

conditions induced expression of the chondrocyte phenotype and differentiation. These
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9), collagen Il, collagen X <cartilage oligoneric
matri x protein and aggregan nRNA, as neasured by

w@ oot i ve RT- PCR anal ysi s usi ng RNA i sol at dTI/U81909/031276
cul tures of I\/QCH cells. These cul tured MJCH ceIIs al so

MOCH GRS RER e T bt SR T RRL e v-bor o sor
9), cotiggdnsiI amug&l }at@ehu@s ongmd»@@hhtﬁ@Iplr&einrhnaraggrewiﬁRNA as

culture were trypsinized, cytospun onto gl ass slides,
measyrpg By Ar#NtEBtedikP CRntnal s Asme RN A iselgied fmm elturereafiMgCH

cells. tﬂ%g&@ﬁ hiFedf I[I%gﬂsdzglgc; glgb%ﬂ%d%&@b&ﬁqlayfﬂ l’&%% as

primary and s con an an
anti bod

003058 [e %r)qn%a& anrﬁgcioga)(x/ga% é)terfrgnﬂ{]ﬁadq \)Dacl%? {m %{%@&Qﬁ? cells accumulated
KS. TIesVIEXtH vé&ls)in af i8ewddR hlufelérs tHibsiRl Y ed1dpis bal las}s< éhdes

intracel lul ar staining, consistent W t h | ysosona
fixed ab%,c@mpa%ﬁdofrpze{l ooB0ORE. Toiterdhermignide whlds Wete rpirdrite@and stained

using, a%ﬁ?i'ﬂpérg f&HHM%% Csoéﬂ gxtp ﬁS&%gnleoéﬁl %w%emlcon) and

sosones and grade
an Alml-488(Ilgfdet1) &Wtddrgblabaitﬁﬁbbwttahuﬂ&ﬂynMspﬁﬁﬁﬁ@l NRtMQ-CH cells
human GALNS t per. week for 9 weeks. GALNS upt ake
dlsplaé{ﬁfapws?wé? HUrag Al arvaéaa@nﬁe%lalﬁ@at wifh é@ﬁf%@dlK%ﬁ‘&uMW
mary anti bodi es used were: (a) an anti- GALNS

100307 51 gy whethermeisdgecamanar hamen CLYGHS sl be taken up by
MQC@‘?&%?% ng& ﬁgo%%{%)aﬁg ?eglra?é ﬁﬁsa r6rD J\xr/]e(()e%mqﬁ c,ncft%l O\rﬂvgs ﬁlcubated

with 18N -rdao%lﬂ’ﬂﬂanp bluyieh GAAINSIOticd 9éiyweékl'16r S @\&ﬁklﬁ &BX&LNS uptake and
anti bodi es used were: Al exa-488 (green) conjugated

KS clegranop Stfreepdirebbieeqntogn niesapasyor ha Rmarsaghodiss gsekwere: (2)
an antQGAﬁE[I@S( %b%ﬁ%og clonaPahtibh gy gn(‘? b %&&%gﬁgf BRI 881 ¥1@mbrane

detect anti-LAMP-1 anti bo preparations
Proteindr (& AdBi) etbnoplonmantibody, 0o (ﬁ)anmnﬁd(@ﬁdahpclmlcahtlmcm ang an

T E e T o
conjudR&] MRBEANER ddleEMNGAT RS LE fnMRSHNEBbAISS, OllJQQQXa 555 or -594

exposure of MQJYCH to reconbi nant human GALNS
(red) C@nm%ﬁted@fltlbqﬁwsa@ aleteal anti- KM adeloydiess é‘qufDoﬂDQ]%paratmns were

GALNS
moun(E b o8 G R DA TR SER Ree 1 vt L) oA

100308} o TR be?qﬁﬁﬁetwnmﬂ@né&gﬁiééma&%?ﬂwﬁwslwsa@e

markef IROSIPLT, s %%Hr{/&i in ARLRRAYIdIM 8a1s) 1§ ekBosure of MQCH
untreat ed MQCH cel I's had no detectable GALNS e zyme or

to recaaghinsitthymantieklels, thioarouved dfdntraceluledKSorasgleametesl. wi t h
10 nM GALNS had significant GALNS enzyne and activity.
[00309abICAIANS GAlakISwaS z}yscrme@slp‘bdj nsingh IBALNE iengyrMXiddture ELISA and a

GALNFEeE e 4R, e el 4o b 0 Hy e B <beY g Rgsbfuman

chonch@%wfﬁ (NHKC), which express GALNS, were used as a posmve control. As shown in
Tables 9 and 10, untreated MQCH cells had no detectable GALNS enzyme or activity,
whereas MCQH cells treated for 9 weeks with 10 nM GALNS had significant GALNS

enzyme and activity.

Table 9: GALNS Enzyme Capture ELISA Using MQCH Cells

MQCH Cells NHKC
No treatment N.D.2 0.12°
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"Not detected; GALNS activity/ng antigen [00310] These
results denonstrate that purified reconbi nant human

W@200M8919%4 t aken up by Morqui o chondrocyt es i nt BCT/US2009/031276
| ysosomes and can degrade |ysosomal KS in vitro. These

Mor-gqut-o—echondroeytes—are—useful—as—anin—vHt+o
efficacy nodel to test INQ§Ibfsllssul fat ase elMifKEs,

[ i ¢h degradg, KS. EXAVMPLE VIT1 TTVITY
@iﬂ %Prwggmm LYSOSOVAL ENZYMES TO DE

NAYIREtecBUBSTIRBAESY Mtk e BASERIASSAY | N VI TRO
[00311] Cell-based in vitro assays were devel oped to

measurkahiee0:aGANMNS Bpedific acoivity Aandy Using ™M QUI0 Ceilial

enzynes e g lysosomal sulfatase enzynes, to
degrade nat ur al substraMQCHQQﬁgZ] The enzymm]'(@
activty—of—reconbi-nrant—hurman—t+ysoesonal cuu.yun:o,

NogeaBwal sul fatase enzymed;Di's typically rrea%ﬂﬁed by

I tro assay qusi ng an aftificrial
09 GALKSTol G te (qpp Xanple 4 for GALNS)
I—MVE eCt@ﬂh&éﬁWn@“&@l’/pgﬁﬁ%%aSur ed i s dependent on

size of the artificial substrate, i.e., nunmber of
[0031 %nd@@&wawlrwnwwe that padded fegwnbmhet famrapre AR iy itakgn up
ron h not ekl ec
by Mdr ulg%ﬁg’ﬁﬁr? slnigﬁ) %&é%ﬂvg ﬁ'«? g?aﬁie 1%50F?m?1 18% ‘ér\?i Ihsse
MoquaS SHMdﬂ@@Sesn@é uicdilersiantin vﬂﬁﬁdﬁ”ﬂéﬁcy&hd}d&e fo feftdydoss@sDdmtatase
enzynme's ability to cleave natural substrates, or its
CNZYmgp %“Fli’ 9s HOLOE: vakehdegadedtd target cell's and |ocalize
to |l ysosones. [00313] A cell-based in vitro assay was
devel oped to nmeasure the activity of two reconbi nant
human | ysosomal enzynes, al pha-L-iduronidase (1DU) and
aryl sul fatase B ( ARSBEXAMRIdgVAtle t heir natural
substrates, i.e., intracellular dermatan sulfate (DS)-
ACTIYdhYaO RiRIGCOMBIN ANGSHUDSANONY SOSOMAL BENZAY MBS BOEGRADE
I dUNATCRALI SUBSTRAIENINeCYILJaBASEI ASSAY DV (17RO
di saccharide units.[00314] ARSB-deficient GW05 19
[0031 HumarlIfiabedmasd assald errdeh Elobélphimdginte (RVEI V39 bfhebdBIbinant
fibroblast cells were cultured to confluency in
human lysegemal g1zyss, e-anlyseswaat sylfalse snpenes, irpdagrademagiral substrates.
ost-confluency for 3-6 weeks to allow for
[0031Zc c dhacanmapicaltivitg ehicedmbinant IDGan[IPp@8ABAl enzymes, e.g., lysosomal

fl GVvDO5 91 cells were then .. .
sulftagd SRR i S AR RGeS e Rkl ol s
ﬂuorogelﬁ)c nMstrﬂé (de€ Bxabiplaa tiohGABRNS) DHo(2bem e, enzyme activity measured

respectively, for 4-5 da%/ Untreated and | ysosonal
is depeélérsmaqnéé@ S‘é’ﬁ 29?’9@%@%@1@@ HEH, sewBpberpfyeenasechpgdegnits. In
addltlo%h gleceﬁ 18 Ln%ggﬂ'cﬁci ik e&%&[}@g @qu}{q?n&qgfg%&ﬁ% of the

t he ce a S was neasure erm ni e

situation in vivo. Thus, the cell-free in vitro assay does not take into account either the
lysosomal enzyme’s ability to cleave natural substrates, or its ability to be taken up into target

cells and localize to lysosomes.

[00313] A cell-based in vitro assay was developed to measure the activity of two
recombinant human lysosomal enzymes, alpha-L-iduronidase (IDU) and arylsulfatase B
(ARSB), to degrade their natural substrates, i.e., intracellular dermatan sulfate (DS)-
containing substrates. DS contains variably sulfated iduronic acid B (1-3) — N-acetyl-

galactosamine f (1-4) disaccharide units.
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residual DS content of the cells by: (1) lysing the
cells; (2) specifically digesting DScontaining

waaisompes i nto di sacchari des using chondroi t PET/BBI009/031276
| yase (EC 4.2.2.4) in the cell lysate; (3) labeling DS

003) 528 B R AL TR LA Bt o

humaflifisamtRacd Beseré ulfired RYcon@ihdyah ) 22061 Eplates, and the cultures were
_ el ectrophoresis, CZE); and SS) detecting the | abel ed
maintpged padeendrangi 0130 greckpip qllgwelor pergnnidalion af ontease BrleeDS.
LIF). Such nmethods are described, for exanple, in
[00313] ndldsticatilugnt G861 Y opbdtESP S cAls2u@e RetsekpoRMIOT sataraing doses

' . .B 730:129- 1 .
of reco P B B3P T BTG P lempial D BHBRALYG 125 AR respectivly, for
4-5 da29: BRBeatdd Okl Igg@é@ﬁia-l sQ10Q&E Ehzyadkeatdd c8NOMSehAB ested, lysed and
percent degradation of DS using GWO0519 cells treated
centrifijgeth ARSB, as deternined by measuring the ampunt of
di sacchari de containi ng Nacetyl gal act osam ne-
[00314} sUlysascana] 48y santioitani the)cellWyrhats was mdasunpd bgldaienamtng the

) [ harj de., SimJl.ar .resul t re ahtained usi
residughpy sORCRaT A S lsbot) ke Tbce e ol Ses i A fer ety
contaibpgl)bARER ihtd BsdcehdrdBasdty bondrdifi® ABS AMse {RT 62N 4) in the cell

degradati on was cal cul ated by measuring the area under
lysate (3@ labglingDéfdisaseharides wéthadhpr¢sgent doe ée8-ed-amne-aeridone, AMAC);

- i . e )
e R R e N o R
detectingahe tabelgéDLdikdcshirides (@1p., be taabindacdd fhisiEsteARSBIFNSGuch

DU, which are then localized to | ysosones, where the
methogg, @ﬁﬁ&&éﬂffbﬁéa lor et indamallir e, Fieorleer i arso-247, 2007, and
3 innGionig ~e i -
Lanaf L0008k e TN e R R AEL A TLER e o
29:3093-#1Q6, 2g08)n this cel | -based assay. GMOL391 cells were
cultured in 12-well plates. At 4 weeks
[0031PostRabdnt1 strG)the pérecitlelsidiviimeo fXP asieg GMO0sADicelStreated with
concentratjons of | rom0.8 nMto 25 nM_ for 6 or

DU, f )
ARSBpgs ggermyncddey mepspsinedie yaewnt of disasceardmepntriniegdbed as
ot ESSELREH AR0MR (MR 8] ROl RGP R e

Similag xgseltts weret qbtEhBI1 &g GM11S9atel® twaeddswiploEdUconf | uency
wer e exposed to various concentrations of IDU from
0. 0Irdhe 01:2DepMetibarof DSley ARSBEINl a CyBBaced WEVRrPASHT ed
and processed as described above hi this experinent, a

known anpunt ofgeér Célser nal |st angmyods®aeRacchari de,
A cNAc- 6)S, was i i nto the | tesato|control
5880, oceasilng Cabearifilid £

for reconvery durl Ag processilng Eigure 11,
a dose dependent decrease in the anogat of DS
subst r at gewas—observed i the DO treated—GvioL391

cells. [[00321] 1 n“ sinilar |dose fi na?nq exper i nent,
GW05 19 cells at 53 weeks past-confl yency

6 89

*Percent degradation was calculated by measuring the area under the curve of
the 4S disaccharide detected in the CZE-LIF scan in lysates from ARSB-
treated as compared to untreated cells

[00318] The above assay indicated that target cells take up recombinant human ARSB and
IDU, which are then localized to lysosomes, where they degrade their natural substrate,

intracellular DS.
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wer e exposed to various concentrations of ARSB, from

0.001 to 0.06 nM for 5 days. Cell l|lysates were
w@e@paswes and processed as descri bed above. | nP€TUS2009/031276

experinment, a known anmount of an internal standard

nosaccharj.de, G.cNAc-6S S I ked i.ntg the cell. .
0031 F R B wsiar PPy B PR Bt recdBpfifiatia at whieh
IDU t=Bewes iatt Irh@ineen s cdl-Base asapeient3odeeneas dultutdd8n 12-well

amount of DS substrate was observed in the .
platespARSE- W ¢ekaped-cavioary. helceks WprE3pgged Ao galigusisagentiaions of IDU,

[ egd- t S tivity of, a
rom YR SROLPEERN. 10 ANSRARE P TRAHE IR b 6
described slegeadeUivs deadrniradd roubsbdcaine, rate Jgniting Beloackehiul ar
keratan sul fate (KS)-containing substrates. [00323]

[00328ALNSadeddnaidend fiMiFtlckSdrisetGRIOEYY T LRt 3w dRS Fst-RESTuency
in Exanpl e 7 above and treated with reconbi nant human

were GyRPHY ta tvarioysrcongenitions e iDU, fece A¥Htte OMQDY, fel2days. Cell lysates

v ERTAF TS S I AT b1
internall st:gds@asharshabbsrid ) iGcKEc diSs aac Bsikedli@so thEkell Kiates to control for

di sacchari des were | abel ed with AVAC, separated by CZE
recoveri JURg BIOCEYIgy /13 ovadn ddgiteild ey dagsglpaendspt gusrease in the

amoufHoF BRCNBEL-HE ras BHENAErin BRI KRR AGBEHN AL e, was

spi ked into the ce | ysates as internal standard to

ontrol.. f. I ' ] unt s
005205 500 g5 ECRYERY U LB REOOSE) L TERBNBAL Syl
were dgpbscditc MACES corcantragasls fedlR SRNGorh et ab ®.0whiM| foed daes Cell

corrected by the anount, of A cNAc6S recovered. Table

lysates yergpseRarqdandpapeesid gelsraatat iaBavcofln s g¥paignamaknown amount
of an 1?1%3? stah &Rl SfhndkdcLn NG N8 a8t \%gﬂgﬂ% iR e Babfysatss to

he anmount of the two characteristi
controll fg aemwmivary dieisg Padiessid®: ADslpivet indfigofe KS ahlps&GAdidBdén dacrease in

Cel | - ed In Vitro Assa | 65 3 cNA | - GkNAC6S 1
the anpe o TRRSHSITHS W7 BBETTES ARG HEHIES GMEAD ol cont
degradation was cal cul ated by neasuring the area under
[0032%]he Actftivased i wigo aatas Sragdexplend tamacasic.t eqUAes Sf a recombinant

' - i f :
R PSR LSS0 Bl LA A i o
intracedldjan &tiateg shitfatet(K8)-aomainimgeibstrdtes. cur ve of the spi ke

control A cNAc6S [00324] The above assay indicated

[00323]hatGAlaN$dtfideht MQICAK eellsprdre colirtd andesbiibadin @AlaNshle 7 above
which is then | ocalized to | ysosones, where GAL
&

and tregiedradiegerniingat yvman GAbSSator 10mM.aAdier tiraimersMQCH cell
lysates[a\g%? \%/)?étpﬁgg%hraledb: eﬁ{??ﬁ’?ﬁ‘t Kﬁx%{r’#g%sge I@?@@@Sj f)?%gchtd'}@ikstdg%n larger
KS oligosaccharides into KS disaccharides. The KS disaccharides were labeled with AMAC,
separated by CZE and detected by LIF, as described above for DS disaccharides. GlcNAc-
6S, a KS monosaccharide, was spiked into the cell lysates as internal standard to control for
recovery during processing. The amounts of two characteristic KS disaccharides, Gal6S-
GIcNAc6S and Gal-GIcNAc6S were measured, and the data obtained was corrected by the
amount of GIcNAc6S recovered. Table 12 shows the percent degradation of KS using
MQCH cells treated with GALNS, as determined by measuring the amount of the two

characteristic KS disaccharides.
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| ysosomal enzynes, ARSB, | DU and GALNS, to degrade
their natural substrates can be neasured and

wQ@oaandped in cell-based in vitro assays. |t BéDuUbmOLE31276
appreci ated t hat thi S ceI | based in vitro assay can be

or - dohls Py Rbufiad SCRRAR LS T Eah Rbed e o

W deé varlety of Teqond T el enzynes, EXANVPLE
| X DELI VERY OF RECOVBI kﬂﬁ# iﬁ%@iﬁ\f& Gal-GIeNAc6S
hGALACTOSAM|NE- 6- SWEFATASE (GALNS) TO,§RECI FI C

n .
TI-SSUES rnn':')m The—abi-li ty of —reconmbiinant—-human

TTOLTTO A\"aRE =g

b@aMe@&Llj@l act osanijne- 6- sul88 ase (GALNS), ex@lessed

' AbRatdent 8L r§de@1‘39 vRldchichiRébd 8 Q&uﬂﬁé el &Pl Rr ARG & the
281 c%%té% MJGIQNA%§§ Gl é‘t% Met&E-‘f‘ﬁ E&a'neiﬁg%’ %E from
J? nted § nrlre(li ’?0 iy %reaf) 1@ g f:s anR q,dﬁ'l(s #or i€ area
[ ég/ tAé it "o
S

UrYsd e%ﬂ Eeg‘g ‘5&0 tE‘Hé‘ﬁ% stl c phenotype of

ol gt oss e L (S AR Wkl
whichG@HHehl |89 2éd @ 19&@09@9 %M@mmm adBdedtiRGaNRA dubMphy e,

| arynx and nasal septun) and cornéa, and it is thesé
intracelidandes t hat exhibit keratan sul fate accurul ation in

MPS | VA patients. Thus, for
[00325} adeteydlpaheac roshsilerseiftater ftiadt abfeac(ti@&y NEygcowtbiraint meman

tysoscfu sfnfines. ARsE ol en Al Qe EAiarii ) seSines sre be

meas@éPMdyuRhALE! Bf cellBAGePANESo adshes. e MIulY BE ¥$Hre GRLMRR this cell-
| arynx and nose. To | ook at these specific tissues,

based vihvigrle 2532y qeb O Irspdviziseadiaed togticasarcgetisjuatelyitheadfivoly ofiother
cent GALNS wa nvest i

iysosomdt SHERTERbeE dal el ea i AR B S oo R R e Smes.
mce: (1) human GALNS conj ugat ed with Al exa 488 and
(2) unconjugated human GALNS. The conjugation of human
GALNS to Al exa 488 vvasE% erforned using Mol ecul ar
Probes Al exa Fluor 488EXAMPEEAXe | abeling kit (A-
10254). The mal ei mi de con ation chem stry resulted

DR RY 0T S ORI EOADTHEMANN AL E T 558] ATH GBAMINE-6-

that the fS@bFé@@éﬁ (GALNG) T OSPECAFEC fIIB8UNSt h upt ake
of GALNS, an inmmunocytochem stry experinment was done

[0032¢lsi Age @biliﬁm‘f’em@yhmamdwmw (aﬁafmahcmmnts%mlfata&e (GALNS),

e ass used to c t
expre BB (et BaRERLRESEs HE duiEgLb Sa Ot RSt aliesdinner
associ@ed GENEeRRRY of CRlIISS WB6Litd AEhRA@HoMidtH rrﬁi%'—\b@ SRARMIE.

for 4 hours wth a subsequent chase with

0032'ﬁ L‘Uhg Wy g%% ﬁ%@ﬁic(dlﬁ%utﬁ&{ otk eRAM %lfa?éqglvéseﬁe WES &Q&\é{%ﬁstlc
t hat exa 488 conjugation did interfére wt
phenotypk bﬁmomy@kéiarﬁpga depd BVa (RS IVAe oe MargeibSgniidnfeo rKeratan

sulfate%pnnian%und n carfﬂager:] 80mts ’\cl)%e%?g\gth p Qt%s,%’é ﬁeﬁ% %vse, larynx and

nasal septum) and cornea, and it is these tissues that exhibit keratan sulfate accumulation in
MPS IV A patients. Thus, for N-acetylgalactosamine-6-sulfatase (GALNS), which is
deficient in MPS IVA or Morquio Syndrome, it is important to show delivery of the GALNS
enzyme to the growth plate of long bones, the heart valve, cornea, larynx and nose. To look
at these specific tissues, which are poorly vascularized targets, delivery of a fluorescent

GALNS was investigated in mice.
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measured by antigen ELI SA of the cell |ysate rather
than enzyne activity because the | abeling inactivated
wo b@oemwysre. The Kd of the unconjugated and copPgTgsi0ee031276
GALNS enzymss were determ ned to be about equal.
he .fl uore

0 te e the.stabil.i
10032500 Fd it SRS RS DR hE el b G HRETT i nan
GALXKS ki‘@\éugz[féﬂlﬂrﬂﬁtﬁﬂbiﬁ 4B QA (INEdhHgatee huand GODNIIahedonjugation
was perfornmed. The primary anti body used for the

of hurgaa GALAGS Waféleaa ARoPar perrpedivsingdMalseilaigioRe Algpibiuor 488 Cs

malei e Rfehe St (- EORETTEh T B s o TRl Rd R 0 1

labeling ox@seapatiusi ng Met aMor ph sof t war e. Deconvol ution of
the i mage stacks was required to neasure

[00329P- | eanfi#g@tth@nhé Nublgsat tafagrsot GitertiR wilteu dﬁﬁl&ﬁ@“@ﬁm@ an
out-of -plane Iight. The deconvol uti on was done usin

1mmunmywb9m5/twmmmpmrwaﬁu dongupingcilgred synavagcatagd Ad§ G CRL-
1532 OSSR ool PRI L MORLER HlbR B AL (S

conjudt¢hGAILINSYGADEE- AES @PALNSedls 39y e Cetlh e/efAbibafedBBith GALNS
mat eri al . The observed increase in sensitivity was

enzymeofof fdopsiwitl § suhseduenechase vl & 1ﬁW1ON§@§B/(IE&)EfOIb%b%§g The
result?ﬁl%d%ﬁlthe dﬁ\f&gﬁéé fT nga%ogrdrﬁ & 1htferf% e\ZVl(&lA%&IElI r%ae@%. Figure

, I nmunostal Nl Ng

13 shdwd ﬁhH E:ﬁdnaydh B\ focGing NSV AL VB! 188| axid GACUD@SASSS The uptake was
Ly sotracker or anot her enzyrre that localizes in the

measqr%*e»é PadIperat sl viyssthes diearcnaype astbaty Rscans e
I the ALNR: REN
R R L TR L T A RO B
enzynted veene détermangd geleaabboseualn ne- 4- sul fatase (rhASB), a
| ysosonmal enzyne, did show sone co-localization with

[0033@ALNS. {333] thEkebahpyethe Xperdsomin ta; @ltoWadGANALS enzyme was
GALNS- A488 enzyne is taken up by cells and |ocalizes
incorpoatechigtq %@%ﬁ@mwﬁta&% Bouipoatseisd dad pmERied GALNS was

erforHieQdTﬁE Egmﬁy 1H'Rﬁ¥Y1§éﬁofor H%Q%%ﬁlill dy ngotg \SII@ r?glflgg% glzté-GALNS

wer e conducte rst ot st

rabbit @A@baugy/ k g)coi:mzlnttﬁtlcbrnbiéb fup/afl. i Alltmegdsaldre vakie offa InatixraIIR|E2

Bal b/c mce, fallowed by a second study with multiple
Wldeﬁe@)epﬂﬂu@@ﬁ?f‘@ﬁ gugpagope yeiRe Mejalogmh sphivwagg- Kigeqonvelydon gf the
1mage§€fcﬁs Whs Hf@]&ﬁr@é to%leg{nce &)‘ lﬁ}@al ZI&@A ?1 dxéseaiﬂﬁ Jsazkueeto :I:ﬁ resence of

escr | e experi ment I7ans for the Frrst an
out-ofggaerichst Tink éa:,ont?(ﬁspﬁctfvm/éd)r;e usMﬁoQﬁantE%ﬂeDbmﬂ t@alalization

Desi.gn of First PRil ot tg‘%T e]14 erinment al
SOftW%&?‘g%aE}TGO%’c?& i RERpd feersies Ol AladrithYst pil ot

the heart, the Ilver and the tibialfenur joint

[00331Aer é%ﬁ ANYRSpEANEE Sowed faidn goohovislap witthuepditat /as prplified

over tlg{]’%Aiﬁf‘Boﬂ%gsfnlé%lal.t i fiRaNtd iddPGsKi rg&?%tlvft{; ﬁ/aL W&o the primary
and the secondary antibody both being polyclonal.

[00332] To determine if the GALNS enzyme was targeted to the lysosome,
immunostaining of the cultured synoviocytes with Molecular Probes Lysotracker or another
enzyme that localizes in the lysosome was performed. Lysotracker appeared to show some
overlap with the GALNS-488 enzyme; however, the staining wasn’t uniform. A 2 hr chase
with recombinant human N-acetylgalactose amine-4-sulfatase (thASB), a lysosomal enzyme,

did show some co-localization with GALNS.

87



the bone wth quadricep and sol eus were harvested at 2
hour, 4 hour and 8 hour tinme points. For both studies,

wo b@olermps , ki dney, and |iver were imrersion fP&EUSI009/031276
4% par af or mal dehyde (PFA) for 4 days, paraffi n

[0033?[:2 ?ﬂldfea??av% E)gpnemsﬁegll S S gﬁ%{i ﬁ]léat g}é&mgj&@gness ke%ounpeby cells

and 1dcHIR% 36 O [fdos6she] thdd¥n BEAsSOH By, b1§’<ﬁ§t@1|bﬁ!1$ﬂ £ivo.
paraf fin enbedded, and sectioned to 7 mmthickness.

[00334P033GL, ;; m%ﬁmés Wde SR REI A8 Bkt Bil&cs&x?dij« mscaesﬁﬂ‘gé Qose (10
acqulr ed on a Zeiss | aser scanni ng conf ocal
mg/kgyibotussgjepieon iAdhe tahlevcanel ysingl Baibtcheick) fofowpd bpt ssmmdystudy

ocal. stack ui.red for
witn R ETGL G iRy BRer A oD B N MR T nomin Batorc
mice. aNAB 1Y $8 Snd TwBleCRNf RE@beshabktisRmRll §1a06 F& tRE Attt hdsdc8hd
the grom h plate and used for volunetric analysis. In
studiesyespseldiet st udy, one confocal stack/sanple for heart
val ve, kidney and liver was acquiredand used for
vol unet ri clabal ysExperimentabRéogabf EiraCRidtsHtnygy e f or
grow h plate and zone of rest cartilage (zrc) were
acqui red gncupised f|oTotdD| QritTintke Boiat Y Dd4shr TBBoht The
congl uspBRTInt@M t he gqonfocal m croscopy i nmagi ng
st udi G%A\EN§'A48%) T Was| possi i e 1o derect )

f1 ug ERGEEEd A %Esl MY Vo (+2‘ 2 ”S,.i: (jl_'lill ey speci
€t t ﬁ ocar t A—WaS—

na) nl o

I(f/lgcen ua?selfé?strd.e pre{ee ce—of “GALNS was-denbnstrated
in the sinusoidal cell inthe liver; (5) in the heart,
the GALNS enzynme was present in the septum and the
atrium butTabde ¥4: xnerimentpl DesigmatSedoad Stydy i si bl e at
the level of the heart valve, where it was nore deeply
di sGravput ed afliogal [ndiht Mphe Poinjtec# ihoriime(Mina{ Sthrel'ime Point
fEBSIControlbi a|j unct|i on, the GALNS enzyme was presentlin
PBISﬁj}[z'gl@tﬁftﬁJll zedy pdrt of phe bone (epi physi's)| as well
BAIINIE ATRET OW. JSALNS was3present Tn UHe growmh pirate.

UﬂY etfehq] GAIL:N'SU dléy, kﬂLIV%Vde at unuam o N the 3

nnnnnn Ko <t neo one-—aoflraoc
Ul Co UI l. T C I COL IIU LUI C \UI UTTCo AW | T CO v T
gﬁ&!ﬂ?ﬁfgéé?’ oY ‘335‘3!“: at—the begilnning-of the 1
proliferative zone, and reappeared abundantly in the
ossification zone at the end of the growmh plate.

[0033531| t Ao d@hﬁr@i mifat sy, th@ h@ﬁm ithd fxer ané theuhid/ mirgoisf erstharvested

at 2 ho r a”%i‘bi hgurgt} oaégl{rr:] di S bl Istgg Shd> Cf?yrgﬁsléea%ythgﬁ%cibsey t‘ile liver, and

the boﬁ&lmimrqyta@iceb hed colefiowale HZ(hE‘eléKé& Q0P Yol BGoagarkt 81Bb 8 Sime points.
le 15; Biodistribution of GALNS in M cg'pé{ 00338] For

For boéle%téﬁ’é%t@e hagh, kidngy. aH divERY eredmmarepn figed %W@&wmehyde

e e 0N 8 90 PR VB 3480 SR 108, i

the md&bl@hﬂ the sepaifd dti®d was ihmeAldNSixaalihist, BRAI 98I MaysResdaldiSed,
in the first pilot study indicated that a dilution of

paraffin:enggddegs anpssctancd or7 pmihighnest.gnal to noise ratio.
This result was confirmed in the secondstudy. The
[00336]e rrﬁlinmgasg)f shha @AiN[ﬁbAéS&) myetskedeateraag@yuingd oy adii dshady

di | ut : 100 and a .. .
scanning confjocaq mlcroscope F%r %e analysis in the first pilot study, one confocal stack per

c

Y

sample was acquired for the heart valve and liver and used for volumetric analysis. Two
confocal stacks/sample were acquired for the growth plate and used for volumetric analysis.

In the second study, one confocal stack/sample for heart valve, kidney and liver was acquired
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secondary anti body dilution of 1:1000. [00339] Signa
for Balb/c mce dosed with GALNS had a signal above

W@ on0el994i . e., PBSCys dosed m ce) when stai nePCTMIE1909/031276
the protein Gpurified anti-GALNS antibody To confirm

t n.the I oneg,
and ugel3or di e RaS EUTR b RS tmToL At BRET Betzpne of
rest cdrANBE (4rS) RerBREHEFed B usy® RS 9TRMetTOgndlyiRges showed
overl|l ap between the anti-LAMPI and anti - GALNS

(00330t IRALESusibAIEALthOBod Bl rﬂla%sc%]%lyl\ﬁ%agﬂ Hﬁlé‘é@&are (1) 1t was

| ocalized in the |ysosone. Overa the t
possib¢ trodestctiflneres¢entiGAANS irhidvo; GALING steinaldhivast Stplemﬁtc |(@h$em® of
ul.ari zat.i on arized

backep Bt @ KRRFA Rl 80k Bpmet Sunond PR SEAITS Wb

demongtRtiA M dmusbitial &diLdi(BS1iGe@nDN st fatiRark e BAIEN 682 afe was
GALNS at the sites of keratan sulfate accurul ation in

presenytyi dgiseptayridddhe atrispe hut morcHamertgntlel ws slogdp visyble at the level

oo L SRR E R TR Y ) v

femur YISOREALN, Shit GATASE c NEMES prbdit GRhDEFhGRENT pal of the bone
LYSOSOVAL SULFATASE EI\IZYI\/E ACTIVITY 0034113 The
(epiphypiph @s gveafas HEemAERY VEARDGHY S RSP HOOG ISERVER PlsraMore
f
P B SR AR LB T Pl B B e T e o
reservg GALINGE), premenm a ehazlm‘giiminmwf the pfcylscost)vm:torsudtﬁda’emared

abund it Seialite 20 FURLIR e romif bl Kl R BRgea o
quantiPpibiefchi@d1atiob BEECFGAHHIB %E]Ect[blrhg&ﬁe kocoag il ssethddabaslay a

enzynes can be expressed and purlfled basi cal |y
broadegelesiriontiog. tlpbhel helsvsdesyanhiye®fitee einfocgt misrogspdy suegies
Studiegnown in the art. [00343] Several nouse nodel s of

iuman | ysosonal sul fatase enzyne defici ency have been

(D) (aryr S sBon iR TSR o7 o

Nat | . Acad.—Sci.—USA - 93:14821-14826_ 1996)
NUcoponEaccharrﬂ@aks type Vi (hﬁfb&ﬂ&aﬁﬁn
Mar ot eau

=al ndronme—arytsut-fatase—B—defi¢i enc
(Evers e Bgﬂetp@%¢ﬂ khtlk Al od col USA 93-82 4-82{§,
1996) , NUcoponQa@@hanh@9®hc type IIYEMPS 1) or
Hunt er syndrone (1 z-sulfata deficiency)
(Muenzer -et—at- é%?ﬁgggﬁfW t—Supp ?€54¢\4°“) 98- 99,
2002; Cardone et alCrowiRlalgy) CbnetYC%S 1225- 1236,
2006), Muges&l ysacchari dosi g type Ilia (MPS Ilia) or
Sanf | i ppo—A—sSyndro (sujfanmdasefhgparan-
N-sul fatase deficie 9‘%“"]]!55 aumi k et 4PS @ ycohi ol ogy
9(1 2): 1389-1 396, 19%%yrMicopol ysatehari dosi s type
| Va (MPSTVa) or Nborqu syndr one
(Nacet yl gal-actosanine é&mﬁn Yes
Liver

Hepatocyte No
Sinusoidal Cell Yes

[00338] For secondary staining, the initial step was optimization of the GALNS primary
antibody. Various tissues were stained with dilutions of 1:100 to 1:400 with the protein G-
purified anti-GALNS rabbit antibody. Results in the first pilot study indicated that a dilution

of 1:100 was optimal for a high signal to noise ratio. This result was confirmed in the second
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6-sul f at ase deficiency) (Tomatsu et al, Hum Mbl.
CGenet. 12:3349- 3358, 2003), and Multiple Sulfatase
wDedwodwecy (MSD) (sul fatase nodifying factor BCT/US2009/031276
defici ency) (Settenbre et aI Proc. Natl. Acad. ScL
04. 450 f .
study. eorﬁm}“é% 31%15? F?‘”%‘:‘W%? .a@ylrf@msgnﬁ ‘g]ll‘“%‘&ﬂf PR gad a
secon@r fmnﬁm@yﬁm(uwaﬁawhgb@lcosam ne- 6-sul fatase
i ciency) has yet to be described. [00344] Muse

[0033§Pd631§na@fforf}3mﬁ/e rhi¥S Q8QURYitSUWT N PSRl aeﬁéﬂdiﬁb&fef doBir8NGY., PBS-

can be used to assess the feasibility of enzyne
Cys dossgInaicermelmn sthinedapyth (c}ERﬂf))tearsGamé@dgnﬁfﬁALNS antibgdy. To

AT TR O e RN A
with J@RaIL AN21 3348083 EI&XM?’@ Q33 nhave feaysRbees. a@h@m@%'eb'sghowed

enzyme activity and display increased urinar

overlagltpbsarthnonl-yAME] (ENEE) GALNS antiberlissi indisaliteshet thn@ALNS
enzymr%zut\?{kﬁ[)?z{el}zgtﬁ]m fhe%%'ogﬁg and accurrul ation of GAGs in

I Ssues’ and organs, liver, Kkidney,

0034@2'L @%ialﬂ,l o ttvdéaoz% ﬁzzv'to”s‘uﬁgoneg{cr?t%gﬁa‘g@g@vs %ic}cfé{tgﬁﬁionﬂg finked to
vascuRBPAToMAL & t 1he $ncts SA%hLRFQE Westibs édieaiR WitR® fldbeS@8esignal. More

Anot her MPS | Va nouse nodel was devel oped t hat
imporarfy ¢be sy digh dpmaettialethp prespncemiB NG ahthnsitat efdkeratan sulfate

I; e 76 '1
sccury MR o S1 R SR BT (SR S P08y Jart e
2005). In GALNS'n(hC79SnC76S)sl u m ce, which have no
detect abl e GALNS enzynme activity, urinary GAG
excretion is increased, mulate in multiple
ti ssues i ncludi ng vi s@%&maég brai n, cornea,
bone ament and _bone_ narrow, ésosomal st or ag
EF&M*JOS O RECOMBINANE BUMAN N-A6HI GG A AMINE-6-
SUIRATARE. (GNP AR OJIHER 1Y $@PMLARSYIRFA SE ENZYMES IN
GRMNSDIHH CIBSHIN E)YSHQS (vl S KA TASENZYMInAGHERETY
observed in GAINS ' mce. However, like the GAINS 1
[0034H1 c & he GEENSON (He@ZOBNIGEBIS) dlosphwirgleted biuman Iykosghaysulfatase
normalitie C|at e hu
enzymis § b6 VRS, Aok B SRR 798 YA Sy Costhfetise
(GALNSRGn hficd dBfRdnt Gl Sosbhil afifa@&t effynddliitiits taf AdviaQlatedf
reconbi nant human GALNS on increased urihary GAGs and

cc I F .
003423] %E rﬂ&é@%&aﬁﬁ@ G'A}N‘&h ?rottélﬁ %é;?@xsk&f_)i?;‘/(giel s rﬁ%?é afé\fg\‘ﬁﬁed.

Other gﬂcvmlbmneelkdryan kyswsamah sfatdsnj Jeazc}tm@n@n (bn expssell @ad puxﬁﬁ
basica&%%%r ag gcpx)ne oﬁs %Icé esdl}gje?%%%i yﬁéc?c%gl)zreg P\?{Q&J@%

ontrol throug weeks of age,. and then
003435 .SF’rCfreléawssan Qﬁwae YSOSQHAN %ﬁ%ﬁataé%en@merﬁéﬁf:@ncy have been

descnl?éealf enr%lr:ﬁdﬁr%d Rg@&@gg&?g%%g%&g&&%?éﬁ @gf?[g)fgrry%lfgﬁsé & deficiency),
(Hess @arietProd Na@34e&+B 368 USZC}}BSI)4SZPdt4B@6 d@&é}alMlmoanﬁymhzﬁrdosm type
VI (MB& \}ﬁr L9 a?otée{ui aen?y isysndpo ! &rﬁe tﬂfatase%egefr mency) (Evers et al., Proc.
Natl. Acad. Sci. USA 93:8214-8219, 1996), Mucopolysaccharidosis type 1T (MPS II) or
Hunter syndrome (iduronate-2-sulfatase deficiency) (Muenzer ef al., Acta Paediatr. Suppl.
91(439):98-99, 2002; Cardone et al., Hum. Mol. Genet. 15:1225-1236, 20006),
Mucopolysaccharidosis type Il1a (MPS Illa) or Sanfilippo A syndrome (sulfamidase/heparan-

N-sulfatase deficiency) (Bhaumik et al., Glycobiology 9(12):1389-1396, 1999),

90



(Tomatsu et al, Hum Mbdl. Genet. 12:3349-3358,

2003) . [00346] Using the GALNS 1 or GALNS'n(hC79S nCrfi
w@p008lon9pd ce, the reconbi nant human GALNS of tP€T/US2009/031276

invention is expected to denonstrate the ability to

Muco&&accﬂarf_ﬁlﬁs&s nﬁ{a?’@m\?gg 3’5&891,0 5% é})ﬂ}ﬂ%ccu | at i on of

acetyl?ﬁlauesaneame@lfata@@eaﬁdlérgﬁﬁﬁr&na@ﬁﬁezbz@ nefumaMo@vwer(eS)m :3349-
sosomal storage in nultiple ti ssues; and (4) bone

3358 élé@?v)a@ei N{U@ﬁﬂﬂﬂﬁ}ﬂf%@ Reffceacy SMSTDdawbitergmeod (imiagar NS
deﬁm%ﬁcfy? @’e?t%&'bgea Pp%auwugfaﬁgze ngf & t i Srt?%r g?l,t%o%"“ ASfouse

I enc

modelRSfOﬂucd}d@l}}sacoﬁGﬁdbsmSQpe USAMDS THS0&-Skptilippo BAYAYrome (N-
Because SUVF| display frequent nortality early in

acetylgfupgsanyipg- écstllfeﬁ% (gql%qﬁlé@eh%yebto\/hetc}?swé@énb| nant human
GALNS is initiated earlier than that described above

[00344P" NAN:NSh dded &fehun{aqqgfb%mgpéullﬁ%@ anglhﬁz‘:(ﬁa% [BSy KIPMused to

in the art, the effec of other reconmbi nant hunman
assess|the Geibdity sﬁtlfzaftra:geplemm sherapye(ERTa ray h sndahafageatng lysosomal

storagg &YSP(%\#F% 3‘;03?655%31%&[?@&1%@3{@ QU %E%E%ALNS mice; Tomatsu et al.,

Hum. NoaAC&ENk AI2LB3A9 23T B E2(0)3$ HAvedioAfact € GANKES i tibfly and
mouse nodels of MLD (AM 1 mce; Hess et al, Proc.

displayarareaseg pignargelycosamioas yepgs ;[sz@ e., kgoBin suhfptg aygl chondroitin-6-

sulfat%Aﬁ% Eé%%%?ﬁm%m?? Eltxlprer t?s%aes 4 or%ﬁﬁa " §%‘ré pey, spleen,

heart, atain, Home nidlow fE@nattiladd: TH22A54 1286 mi2d@6hot, MR&\Ielrlcﬁiplay skeletal
(Bhaum k et al, cobi ol.ogy 9(12):1389-1396, 1999
abnonaﬁléﬂq@ee* BVt hgeeémneet s ?1%11 MPBl¥g mqyge model was

N i —

mouseTYRENS&G AIOR " IORET 6 S iNDRANE) at ORe: OT HERmL VEOSEMAL. 14:3321-
ATA s EE)C E W TH

3335, @ %éﬁé ég%ﬁ@ g@l@uWS;eMeze @E@LWbQH@ZW

act1v1t§Y1§%%lA(§% &Tﬁsgl@Mgé@%A@Q§é]c%}ndﬂ{mmﬁﬁfp'l@ms§es including

mani festing a clinical phénot ype of | ysosomal
viscerglgir gaas lweing poryae bdeé, |lxgamnnty4nd§1mh nzesrovn lysasdrealtséorage is marked

e R

GALMS'@ pratenemt mﬁd@:@i’r@@ﬁffe&“@rﬁ Hohh@ogeﬁ@féfﬁﬁﬂteﬂ R C(A%Myﬂﬁtce | Heywever,
Su at ase

human N-acet al a ¢
like (hg e TR sies NS Pay Sl pacsatouat dalop ket ebméhtles
RIACEs D] ﬁéS)slu
L ENTLEERS, T ) e i o
used t@twustigagt thouffedt of tdmageraieh ef taabmbihahheirhan GALNS on increased

urinary GAGs and accumulation of GAGs in the tissues.

[00345]  Four week old GALNS", GALNS™™"C7%5mC769slu o1 \yild-type mice are given
weekly intravenous injections (n = at least 6 or 8 per group) of various doses of recombinant
human GALNS (e.g., 0.1, 0.3, 1, 3, 10 mg/kg) or a vehicle control through 16-20 weeks of
age, and then sacrificed for histological examination. Urine is collected from mice and
urinary GAG excretion is determined as described (Tomatsu et al., Hum. Mol. Genet.
12:3349-3358, 2003). Pathological examination of various tissues is performed as described

(Tomatsu et al., Hum. Mol. Genet. 12:3349-3358, 2003).
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| ysosones as mani fested by varyi ng degrees of

functional inpairnment or worsening health status
W(asimomimpaed vvith a particular |ysosomal storagkCT/US2009/031276

di sease. the MPS | Va patientsmani fest sone

[0034§i0ng[1sf1:£% h @?ﬁ{? S {;14? @0ded At T X%cfes%%rréco%%b%éjm Gudnd

cumul ation
GALNK YEDS aﬂiﬂeﬂﬁ&h Cxp et ) denibristrete BheoQMliQTto WEdube, (1)’\411tu|ihry GAG
varyi ng degrees of functional inpairnment. [00350]
excretpref Bragpyuladery 9%A|Céve yltaple Lgpies.teaf: eusqeﬁalere@alsi lam, cornea,
f
bone, ﬁg&g%{% Iﬂg %E{iéﬁﬁ@aﬁ 29%?$m§1§,{tjce%&§§?ﬁﬁﬁé%s€e% lﬁr?d @ B¥ne
storagtysosomal sul f at ase enzynme in their tissues. Patients
with less than 10% preferably less than 5% nore

[0034PF efBicabfeyt dfasSonitlAdht 2UrARE AVRS iRk estizhRl &f aBlonsé 8%del of
than 1% of the |ysosonal enzyme activity in an

Multipje freHolpsceDpfori ey IHPSUMIE Bige; ablteniandilddtres. ¥ef Acad.
-
Sci. UEA%%H %B%a?ﬁf QOb?)ge Coﬁ%%l{jg%? ¢ 6%?19 ?8@& Hb%nqtlﬁosi%hty early in
life, 11@aitﬂoﬁanbf t&eie}ﬁﬁﬁ:ﬁ@d’fﬂi resathbiatiddRnenaZyAENSdS Invidtyd befiert@an that
during and_ after therapy. [00351] Efficacy is
descr‘%*éj(fé%o ¥ I AL Ve 8¥ERi ng t he percent age reduction in
rinary excretion of the substrate, i.

0034@ y dodamingaypsasdares kaagn n@ﬁheteﬁe thw@"fﬁetsrﬁeﬂoﬂzm récgmipsant human
T S
lysosoﬁp% ¥1g?alt%\é% %%1%] F %%#ﬁ Suf ﬁa fgtgg b 1cfupo %f Q g@ltef%%se
sulfanﬁﬂzeememsaneusalﬁtaseymﬁl Nemylglucemdnevemﬂtawdé Qfe inevaigeted in
[ atients suffering fromthe

d
mousq Pedioar LU aei g HEgri dhet Tiei Srily dcflcber UPA 9311487114826,
1996)t1¢7ff§at asspé‘f g0, Retos et BRIARY WALy Sherky3850MRlg219, 1996),

e enzyne. A greater than 25% reduction,
MPS Iﬁ)(zdfemam ﬁegal@ateeal ﬂh'am Bolo(fepetid 5i13R5- 1236 ék)ﬁﬁ)eMRﬁ}Hﬁ

(Bhau @E}g o a é?%fﬁf( %§%3§En@?{§ a&%%ﬁ(@% str%gea Settembre

et al., PP&' Whguﬂ&aaSSEze%Qﬂ%ﬁ 4506143¢1 W?%[OO%Z] Efficacy can
al so be determ ned according to the reduced signs and

synpt ons of pathol ogy associated with the |ysosonal
storage di sease. Effi cacy can be determ ned by tissue
bi opsy and exam nati ong #E(s";}& nd/ or |ysosones to
deternm ne the extent by have been reduced

TRE y IS TYPE
N

di f R %W&@Etﬂ%%
ACETYEAR A CTASAMENH- Q:%UEFM Lo &MW&MDS@TE@&LXMOMAL

changes in body maSYLFAABE ESYZ¥MIear ance, and the

like). [00353] A pharnmaceutical conposition conprising

[00349] e c bivbianaatietts mam (EAINS, cloyget plegetypernf Fe®nedshiatageknzyme

deficicftle S Do PP By BB St eP P R ATRHR v

or MoRR&S SRfesth ¢ ate 0amRIittd RenYmé hpldcBvmentth&dpy with the

i ntravenously.
recombinant enzyme, i.e., human N-acetylgalactosamine-6-sulfatase (GALNS). All patients

suffering from a lysosomal sulfatase enzyme deficiency manifest some clinical evidence of
excessive or harmful visceral and soft tissue accumulation of storage material in their
lysosomes as manifested by varying degrees of functional impairment or worsening health

status associated with a particular lysosomal storage disease. All the MPS IVa patients
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[ 00354] The basic design of an initial clinical study
to investigate the effect of adm nistration of
wo e@ooiopant human GALNS to MPS | Va patients i PODUSH89/031276
an open | abel, dose escal ation safety/efficacy study
.An which . es o ar .
i PSPt e f%@”%%%%@d%nwﬂ gilgy andor
accumdmt@h\@lglycb@zmﬁ&gmm i fiothe bRJodlor Mtihatwigvary@gkdeYrees of
enzyne injections. [00355] For MPS |Va patients,
functipfal jippaiymeny. detern1ned by measuring, for exanple,
decreased blood or urinary GAG which is likely to be
{00356bs dhelethbly, ethiymeveekls aof mBRTqred nca pasetswidingdroea lysosomal
ests of ,cardi a nonary and/ or not.or .function,
sulfag i fRiicy T oOHmDBE absrRe o tedir oHtiRes b digpsomal
sulfat8 @hAFmSHahet aksuehapgRnanih Rks BRAY ogzr Ey&tfé}a 8%% MhdrS5%, more
likely to be observed within years of

preferghly hess yhagABo pred suananeistpseiaradulses thin f Brofdbe Lzsbsogtml [gzyme
aCtIVItgeltl AP BIH2RL 59 ngfngaq %Sl?} L& Irerrsequab% C&%ldflfﬁg ?or tregtghetné Wéth the

ermning e by~ freasuring tne per

appropredél Blsbimal @ultﬂitasrebaahyyxﬁé\@a@a%@t bOvIRYR td ﬂﬂezmlbe&;’eﬁia]nent s
A variety of endurance tests may be enpl oyed,

lysosonipd ﬁleiéqt%ﬁ@ PEYmeReplydChite: %tngfa@ﬁ af%ﬁhﬁ@py on, wal k
tests (distance walked in 6 or 12 m nutes), stair
[00351:]| i rﬁiﬁqwaw? ﬂ@tetps@ﬂedrbh oreayuringribe p@pmﬁmry@c@gp il Btiggry excretion

of the su ?rtgg ogh b%lly %%911]9(%1}?{%r gbg&punc ost)}(._:\?gscl'.‘ﬂ%ﬁ?e en@m%ﬁ(over time.

The uxﬁlha@yVBA([} 06358h phenty aufgRe b b@}’kb&rﬂﬂdarfg@w@lzyme deficiency
treatment for extended periods of tine,

are coppateg 4@ NomRal epereHen lyels gnd/pplezsigyn Wéeaﬁe}g]é@gx@ﬁtﬁ puffering from the
same @E&Bﬁﬁf“sﬁfaﬁ%@ ﬁ@ﬂé&é}f& nzqn&y'o} vegtih Eieesgﬁ% I]ﬁ)hgent before therapy

sosonmal sul atase enzyne activity
with ther lgsdsethabsul ft e enzﬁnie uA| gn@tetrhhanﬁai% mzlhxcmﬁn , bhefepbBs@niter than

50% rwglggg%: 1(9) gé%rgﬁg} %ﬁg@l % f(%np‘%gré tgmgrg]?}b Xatg the l)ysosomal
sulfat%@ﬁi}%?éﬁ)é alvamy Mﬂgfo%suM%QH@ﬂvY&ﬁpg F@f)é)rg@% helappe 11

or Hunter syndrone, Micopol ysacchari dosi

(0035 yp%ff”%* SYBiR0 bt B Rinc PAR kT RO, B NEK Qs and sympioms of
pathol@ysgmdcﬂmtﬁé witithe pebysed G’fw;xge;ihﬁalse tﬁéﬂﬁie?dmmbMaSteﬁM&)ed by

. A d ti e at ase

tissue %@PF)&%&%@W%%; Orf%g‘? vipé@glsm de clqrpingfae grispiyewhich
GAGsth*aee bESAeBhRA tﬂew%b%eﬁ@é cénlé Ms@&@s IRV AP YE Determined by

onprise a specific | ysosomal sulfatase enzyme
functlc[r(a()@{s@s]sméots whichousy baabgtarivagr Mithectivhée.pr Ba‘demr(bphm or difficulty

. | ysosonal qu t ase nzy s .aryl sul fatase, A, Fo

in ung b RSB S g Brrbrses i ot afeise

endurahibé, fcRbRES 1@Bmaé58h@g}ytl &@bﬁ@&&@:e BindhBé¢ 1ig®t hods
|nvoIV|ng MPS 11, the preferred | ysosomal sul fatase

[00358NZWhatSaceutical composition comprising recombinant human GALNS,
expressed in G718 cells and purified, and formulated according to procedures known in the
art. It is preferred to administer the pharmaceutical compositions of the invention

intravenously.

[00354] The basic design of an initial clinical study to investigate the effect of
administration of recombinant human GALNS to MPS IVa patients involves an open label,

dose escalation safety/efficacy study in which various doses of enzyme are administered
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i duronat e- 2-sul fatase. For nethods involving MPS 1A,

the preferred | ysosonmal sulfatase enzyne is
wagdobamogase/ hepar an- N-sul f at ase. For net hods PET/OB20091031276

MPS HID, the preferred Iysosomal sul fat ase enzyne is

intrav @SR HERROE BFiced Mkl B Gkl il wODRE RO wVebiay

enzynf¥igfeetiptisgal act osam ne- - suI fat ase. Fornet hods
involving MSD, the preferred |ysosomal sulfatase

[0035'§\{n Z)R MIsS VA 1?3316}5 {s0&d %Eé}ﬁ’é ARl b %llé‘a%xﬁﬁge forl A9 ?I -

umer ous nodi fications and variations of thé inven
decreaasd Blovd pontihary A Gewhicbvelikdly tsha eltsewed exdmpivesksarfdER T,

. ex ted to occu tho e skil e art. .. .
mereagaiRaHG0RT 2GR P]efle T o pfr bt Fadioh whichds tikely o
be obsBPREREAHAN 6loAtHEH FHRAY |aﬂd/@?sl@le'%§1@;%a@gbstah@/of B(\/(Q%r‘o% WA is
'S CLAIMED: 1. A reconbi nant human | ysosonal™ sul f at ase
likely enby/phscoredpyidiingeaarf Ract i ve fragnent, nutant,
vari ant or derivative thereof produced in a END3
[00356: 0 rerémay]G@tG Um:agnr@upit@&i@ useflul fayrestdbhishieg anvappréperagodqse
erel[f ENDS .CO gtation. r&ug Ci—!gcel Id of i
regimegh, A5 H&il g Ortdr‘? e e ’F%‘é}% & MY NERE “Rifgnrecuction m
unna@q}ﬁ@@@@g@m@wﬂﬁh@ factor 1 (SUMFI ), and wherein said
reconbi nant | ysosonal sulfatase enzyne or biol ogicall y

Clia t r.
0035ﬂas Aa@%rlfe&)ﬁgfré;r{lﬂigrang%‘ %eggtr}l%%ﬁ %rﬁﬁl%a% ugﬁﬁdn‘{%fdr\eé\%aéﬁlﬂﬁ £8hot for

hmltatpmka mﬂmeyﬂs ddistance Ralkdhm ¢ ecbhivimdes), sheun@lrmlb (sosqraiminute), and

at as nme ar .hi.olo al act f r agnent
pulmepiiy ARy Mg S G iRt G LRETR Geram),
pulmom?rfﬁﬁalogqpvcr ggwnbpl, eragmﬁwj)ysosonal suI fat ase enzyne is
selected fromthe group consisting of arylsulfatase A

0035§]AR§6) youlg¥t SaHchRtA8Er iR ent FHULQDREE T gr}l_ﬁiél JEHRS Browth

, ~sul'fam dase/ heparl n- N-sul f at ase
(helghl\)-raa,}ebqnmdwmdsam ne-sul fatase (G6S) and
N-acetyl gal act osam ne-6-sul fatase (GALNS). 3. A
[00359]ec ihbilysasimdl yraapd\isaedsydsgaliacd edBricfieiencysivllyatansl sulfatase
) enzyne or hiologically active fragment,

enzwgﬁﬁ%my g etregled B PTRYSRIEY élSWBéle‘e@Fthﬁ%ﬁiﬁé% gresgntanvention
are: M B3 ofRHP lL%HfJHy@ttr Sﬂgfl} Cfgxf [§ %lﬁ}g}s&cﬁérlcﬁ)@ﬁ té@%up%\ﬂ) or

ereof, wherern ntati on
Marotwk#La«xry geadionad, Meopblys@oharedosrsesisel (Maaliporrtauntteriynarome,

MucoHo ga asg nodi fﬁﬁ% &Eal%gggﬁrggé) a&r%&v(\?her ein said

Mucop_'li_)%s'a&ﬁﬁahﬁé‘sls gﬁ@ 184 (1ek IH@)’&I Sﬁﬁl?ﬁ@iﬂ%&ﬁbﬁn@é ion. 4.

enzynme of any one of clains wherei n said
Mucorelp3cdenpghesrient &Y & GWPngabo@@w A smld@@rq vaMuMaale Sulfatase
vative

Deﬁm%:tyl,gg/%ﬁ?) SFoFr) reoGéx]igfosamg st%ratge 9186% grﬁxf: ecsﬁg)érba\% yﬁ) Ot“é‘ﬁ sulfatase
enzymE 8@Nédhdstise a specific lysosomal sulfatase enzyme.

[00360] For methods involving MLD, the preferred lysosomal sulfatase enzyme is
arylsulfatase A. For methods involving MPS VI, the preferred lysosomal sulfatase enzyme is
arylsulfatse B. For methods involving MPS II, the preferred lysosomal sulfatase enzyme is
iduronate-2-sulfatase. For methods involving MPS IIIA, the preferred lysosomal sulfatase
enzyme is sulfamidase/heparan-N-sulfatase. For methods involving MPS IIID, the preferred
lysosomal sulfatase enzyme is N-acetylglucosamine-6-sulfatase. For methods involving MPS

IVA, the preferred lysosomal sulfatase enzyme is N-acetylgalactosamine-6-sulfatase. For
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human | ysosomal sul fatase enzyne or biologically
active fragnent, nutant, variant or derivative

W0 b@weofo94 conpri sing the steps of: (a) cul turiPQI/aS2009/031276
Chinese Hanster Ovary (CHO) -derived END3

R R T N TR R —

6-sulf@hseeXxpressi ng said active highly phosphoryl at ed
reconbi nant human | ysosomal sul fatase enzyne or
bi ol ogi cal | yactive fragnmen&s+#utant, variant or
derivative thereof in said END3 conpl ementation group
10036 EE! INRfier88Y h¥iicfors Nl SRfiatidn b BISRAL Y 855608 the above
I an expressi on vector capa expr essi ng
illustrateeoxbmpas tardxpacted td cﬁc&uamethnmbldljedng thicaant. o@oﬂse({ﬁldltllﬂo)qu such
or biologically activye fragnen mut ant, variant or
limitafyeri 35 2PPYAS 11 HERRBICE C?&Pagmb%%w FrthE AVFHOYr oup
cell or derivative thereof; (d) transfecting said END3
conpl enmentati on group cell or derivative thereof with
said first and second expression vectors; (e)
selecting and cloning of a transfectant of said END3
conpl ementati on group cell or derivative thereof that
expressses said active highly phosphoryl ated
reconbi nant human | ysosonal sul fatase enzyne or
bi ol ogi cally active fragnment, nutant, variant or
derivative thereof; and (f) optimzing a cell culture
process nmethod for manufacturing said highly
phosphoryl ated reconbi nant human | ysosonal sulfatase
enzyme or biologically active fragnent, nutant,
variant or derivative thereof, wherein the reconbi nant
human | ysosomal sul fatase enzyne is selected fromthe
group consisting of arylsulfatase A (ARSA),
aryl sul fatase B (ARSB), iduronate-2- sulfatase (IDS),
sul f am dase/ hepari n- N-sul f at ase (SGSH),
N- acetyl gl ucosam ne-sul fatase (G6S) and
N- acet yl gal act osam ne-6-sul fatase (GALNS). 6. The
met hod of claim5, wherein said first and second
expression vectors are transfected into said END3
conpl enentati on group cell or derivative thereof in
step (d) sinultaneously. 7. The nethod of claimb5,
wherein said first and second expression vectors are
transfected into said END3 conpl enentati on group cel
or derivative thereof in step (d) sequentially.
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8. The nmethod of any one of clains 5 to 7, wherein the
END3 conpl enentati on group CHO cell or derivative
wWo bh@veef9is a G/l cell line or G/1 derivati ve. POI/USW09/031276
active highly phosphoryl ated reconbi nant human
| ysosomal sul fatase enzynme or biologically active
fragnment, nutant, variant or derivative thereof
VVH}QGH%G&@GNH§the nmet hod of any one of clains 5 to 8. 10.
A pharmaceuti cal conposition conprising the |ysosonal
sul f at dse eryigaembimany nmegi lysisppabyt fajpse pragreerbiologically
activerﬁ‘geg%tm, d&gﬁtaﬂgria% ord(%{rfv é}%[ Hl%retorf‘ g{o%géei(f)lfrl a%l@b@cgm%?e%entation
oné& or 'nore pharnmaceutically acceptable carrrers,
group@IH OB $r Aériexiet fedifSwhérdin sAidENDO dofmplenn@dioi gdeup@HO cell
active highly phosphoryl ated reconbi nant  human
or derwﬁax%tfvr@g esersarFcARbBraLyapeblataepmedifymgdgstar b(SUMFL),
o .
and wHEBlAGEREbHpRah s RRTRR e PR or HOBLERMy Rtive fragment
mutans,tvapiantofr.defigdtietthtraof g adhighlemelsd ablavmioar ardvahigh level of
éCHﬁ%:derived END3 conpl enentation group cell or
Phosphyidlighi ve thereof; (b) preparing a first manmalian
expressi on vector capable of expressing said active
hi ghl y 2phos ghetatbatb@tnt B&ARDIyRSE¥m A HieRaseRRNIObr biologically
bi ol ogically active fragnment, nutant, variant or
activedeagmeat, midanther gt orsdeirvaby ethesef ebglainENDgherein said recombinant
lysoso%?aﬂﬁl%ﬁgﬁteﬁ%%gi g?elé%dciﬁ%nll tﬁ)er%gl? / 'ca/n%ski\rllg o% Qr is%?fgtasé %)(ARSA),
preparing a second mahmal | an expr éssi on“vector capabl'e
arylsulfhtaexX B ARSIB) gidueoartl-ndfitash (IMES), sufzhdlasmhepmth-Nysutfitase
factor 1 (SUMFI) or biologically actjve fragnent,
(SGSH Mapetylghirpamingsulpéase (GS ek NeepteabgiopaBine- (o fatase
(GALﬁ@&d END3 conpl enentation group cell or derivative
thereof; (d) transfecting said END3 conpl enentation
group cell or derivative thereof with said first and
second3expr dsstanbivagthonsn N-ejetglghlectbsangineddesudfatine (GALNS)

enzynigr Diclp SRR GAET vaSeRe Bsn s GoTaL Sthfo Brpifked by a
END3HogiH1dmaRasnhabyp eteslcd p&mbivian thBdaB RV HeAENS@END3

biol'ogically active fragnment, nutant, variant or
compldmeitgtaen gwup Kdt@etl ondeivatiye thetrdofexpragsearaseimbinant human

[ OCESS. od I uf gcturi.ng .sai d _act i hi
sulfardgh SEEPGTAGE [QIMTER B St iR AR Qe bn) Rulaf By has a
high 18t biv&tivh@agHand a hiphtlawnd] ofgméfaaﬁyla@ionder i vative
thereof. 12. The nethod of claim 11, wherein said

first and second expression vectors are transfected
into s&i d ERBBERZYRISIERBKORE POl ©athergn said END3

Complglﬁéliltyl%ﬂ gx%uf) R§IG QL1 bfderivative thereof is a G71 cell line or G71 derivative.

5. A method for producing an active highly phosphorylated recombinant
human lysosomal sulfatase enzyme or biologically active fragment, mutant, variant or
derivative thereof, comprising the steps of:

(a) culturing a Chinese Hamster Ovary (CHO)-derived END3
complementation group cell or derivative thereof;

(b) preparing a first mammalian expression vector capable of expressing said

active highly phosphorylated recombinant human lysosomal sulfatase enzyme or biologically
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step (d) sinmultaneously. 13. The nethod of claim 11,
wherein said first and second expression vectors are

wo ec@nsimwes ed i nto said END3 conpl enent ati on gr BUPUSENN$/031276
or derivative thereof in step (d) sequentially.14. The

: t hod, of any one of 11 to 13 ein the D3
ac‘lveggﬁ%&eghé%‘{% it hgt %ﬁf}?f V%%‘FTCO%I” HE ﬁ@%i“&%’pﬁﬁﬁ?‘%m grotp
cell of &eridaf/eltheRbF, | ine or Gr71 derivative. 15. A highly

active highly phosphoryl ated reconbi nant human

Nacet y(Qarepetias ampenad rgansmphit GecseigANREPT epapleew fgrpressing

ceon R LY GESL VRS ACTEIY | SUAAT o TR v, amen
mutan@fvaeib@i dreledi tattve tllékeoﬂtﬁ sail BB ramelehicnaltion @rppsietliooderivative

conpri sing the reconbi nant hunman Nacetyl gal act osani ne-
thereog. sy| f at ase ( GALNS) enzynme or biologically active

fr a_gmegkfg'tr H%j’i‘e sa‘i/cﬁﬁ %tco léjrﬁédt%’tf%tn HGupd &qfﬁxq{enggtwe thereof

claim ar mac tica accepta

with seidrfrrstemd se@hdduaexptessmn veoteispi ent s. 17 A reconbi nant
human N-acet aI act osanj. ne- 6fsulfag g i\] LNS) .enz
or bio %é?‘&% TRYRS Rt HARS SR £ EN et URIETG Ation

group PR bEQE i 45iI0E Hierefo@rtha& eRAbiNGk @iFathive qatghguﬁ}tcgphagmwcpm a
| ysosomal storage disease that is caused by o

recompgwocimandyssomabswétise icarye prbiglagyalbanse fvﬂ’g@Te@r,nnutant

nzynme ;or biologically active nutant,
Varlan%‘%r&g%vethgléero?ﬁ\/a ive thereof: (a) has a purity of at

| east epoplimRAie asclballvEdnpiaechs byetaoiaathefaBlud@g said highly
stai ni ng when subj ected to SDS- PAGE under nan-reducing
phosplesiittad rspRMbipgt hﬁla@ndysqS@ﬁgk sufBst CYOMCCH INAPSIFYRY #tive
tion 53 to
ﬁagm‘lége‘?“géré% ﬁ’éﬁq%oggé V@Rh&gﬁd (c) is N-linked
gl yc oswharteﬁﬂthau‘edoh@xmp huagn t}eos'oasal duiégasatenpyae id weitsted from

178 and .397 erein t t 5 % O
the groy{py C@aﬁ*é%%%ar%a ifstase a?{ééﬁéé APy %ééﬁﬂédlfregfrta-&e
sulfatRL (I@SS)' §dlﬁﬁnéa%g/h@gﬁlrpNssum&§@£§2§S@I)a§\ﬁgcetﬂ ucé@ﬂﬁn%llétase
enzyme of claim1 wherein t | 'ySosondl “st or age
(G6S)dhnd dhasetylgalMicopohy-saoth@ass (OALSS).ype | Va (MPS |Va) or
Morqui o A syndrome. 19. The GALNS enzyme of claim 17,

whereip the or di sea S | tiple .

ST ot Bse " ombd BRERTDF BR STHBCRRER Bk Sl s Gyrggoion
vectord dre tYRETeicn ifith 8ai@HNNS3 @amymeﬁ&ﬁah stoupQkll @r aBfi@tive A eof in

of about 55-60 kDa that is at | east about 75% of the

step (d) sgpiaBcpisht. ei ns

7. The method of claim 5, wherein said first and second expression
vectors are transfected into said END3 complementation group cell or derivative thereof in

step (d) sequentially.

8. The method of any one of claims 5 to 7, wherein the END3

complementation group CHO cell or derivative thereof is a G71 cell line or G71 derivative.

9. An active highly phosphorylated recombinant human lysosomal
sulfatase enzyme or biologically active fragment, mutant, variant or derivative thereof

produced by the method of any one of claims 5 to 8.
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as determ ned by Coomassi e Bl ue staining when

subj ected to SDS- PAGE under reducing conditions. 21.
wWabh@I@MbEs enzyme of claim 17, wherein the GALNSI/ER29E31276

consi sts essentially of a single band of about 55-60

kDa as,det erm,ned by .Cqoonassi.e Bl ue when
subj ectla ¢ o R RS SRR ol Ry Bh M s sptaggee
enzynfBdrislo @kally @it M@gmety BivR&dt, Wiifhedd REviti@thareof of claim 9 and
def|C|ency of a | ysosonal sul f at ase enzyme conpri sing
one orggpierithgrretcenically agerptablipfatiersi diluysaiscr gkCipnts. | ysosomal
sul fatase enzyne a therapeutically effective anmount of

sai d | Y$OS oﬁetﬁb’é ?(ﬂ §&c§§m{ivm%§% Qﬁ;ﬁ@k(ﬁ&%@ﬁ recombinant

| ysosomal s atase enzyneis a rec
human Nsastigdlacsashmateas-eulénaser@AdiN D) olzpgk cablojoget iywetive fragment,

ey S A e o e o
cel | oy %uﬂﬁ‘fﬂg"@@hfﬁ@séﬁ%@c@f ngﬁ} (CHtH- Bk heeNgd3 ¢l ai m

22, wherein said |lysosomal sulfatase enzyne defici ency
cmnpmsmsguengMptﬁbnrdemgw@ﬁmﬁménS|st|ng of N@tachronat|c

(L(I\e/ggod wﬁg gl{}i gdgl(a ﬁ,@gxg%g%gﬁg %relctgg gzlxp%blteyoq expressmg said

active g@%dﬁ%ﬁ@@%d 1@6sthBinhitfinan G VPSSIdrbifbgibhMBt Rtive fragment,
syndr one NUcoponsacchar|d03|s tyge Ilia (MPS Ilia)

mutang rvasaqul* Kdepyrsiva thsjerfrsoiveble farceisdi VB3 cematanrasitiontgyqup cell or

p |'Hd) or Sanfilippo D syndrone, and
(hnvakggg%o ysaccharidosis type IVa (MPS |Va) or Mrquio A

syndr o prepdring heccortl heahoilidl aprasgdn vehier @plbls aif éxpressmg
| ysosonal sulfatasg enzyme defjciency .i.s
1

recommﬁa&h%n%& saffpidromedifpng Tactorel (RSOMEH) @rrl%%lpgwgﬂbactwe ‘ragment,
mutant G Héﬁ@he%ﬁﬁ@%rgdﬁﬁﬁﬁﬁe Fct}%tald' %P%B%Qta‘f‘foh &h cell or

eficiency In one or nore ysoso atase en
derivagoerhercsiing admi ni stering to a subject haV|ng a

deficiency in said. sosonal sy ase.
nzy el FopEr B TEPR o BRIt TR o dervative thereot

wuhs&§q9ﬂnma§&hnh%mw&ﬁ%ﬁw@aaégalactosanlne 6-sul fatase
(GALNS) enzyne or biologically active fragment,

mut ant (¢) vededtmgtand ploailsrg ozt transfectot eHmeEEMwmpb@maltation

group aq_ﬂ)e(ge[rlvétg\gﬁ tﬁgrreggﬁuo ?gse%gst sa onia/g rhgg&\’?\é]%lgc}sh@%rgla?ed recombinant
humaﬂ’@]ﬁl@l%ﬂﬂ@o%ﬁé&l D IRk f8l eag enlhBeashnt & dWvhiw ®ereof: and

Sul f at ase De |C|enc(m% . 27. The nethod of any one
of cl aifheptepizing axgll émrﬁcqsmeéngéowﬁwféﬁéﬁnmm@ﬁctwe

highly #h@ifho @'%%?éggp%@nagfélher%%bﬁzﬁg‘?;ﬂ%gfog#c% 1fac %ﬂe f?z?gglent, mutant,

variansetjegiethtiwuhéeof. ng from Micopol ysacchari dosis type | Va
(MPS IVa) or Nbrquio A syndrone, or Miltiple Sulfatase
Defi ci gnc

12. y '{’he method of claim 11, wherein said first and second expression

vectors are transfected into said END3 complementation group cell or derivative thereof in

step (d) simultaneously.

13.  The method of claim 11, wherein said first and second expression
vectors are transfected into said END3 complementation group cell or derivative thereof in

step (d) sequentially.
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conprising admnistering to the subject a
therapeutically effective anobunt of a purified,

wo e@oopiopant human N-acet yl gal act osam ne- 6- sul PEL/ASH09/031276
(GALNS) enzyne or bi oI ogically active nutant, variant

or der| ati wher e sal or. ,

o ol ogibar 1 J e bl E U nan bR SERARE {1 S SRhRoinctpe END3
compleRRAREDA gfod d'w@ call BHAEA YAt titkedfeas G7aRENNINOBPGAS derivative.

determ ned by Coomassi e Bl ue staining when subj ected

to SDS- PAGE under ngn-reduci ng conditions; (b) has at
| east About AJUShly 3RV Bighhy RhPsRIeEYlatpd resombinass human A

ooty R P B P B B b PR G e e mutene
varianposddrivatige théBod pebdd8at bw\ﬁne medthodad f dngasie odlbliths 5086 bF.

the oli gormnnose chains attached to the asparagi ne
are hi.s-phosphoryl at ed.

resi du osition 17
e oy BalihuBa cairaplinn PHaPEYRS fercobiatt human N-
acetylgaaaétsga&rnge Brsgﬁat%e%dA@Ngy eIRARWr®ido S¥NH QIR e B30medtBrutant,

claim 28, wherein the subjéect ‘is sufféring
variang ﬂbdﬁrl\vsmve thereofhiclaion hbdndpnedraihares:cutipaheicaentitde carriers,
dﬂuengAre gnzyne consi sts of a major band of about 55-60
TH ThEITs at | east about 75%of the visible pr ot ei ns
as determ ned by Coonmassi e Bl ue staining when
subj ected t A rS2mmi?AGE huArdamnN -aeaﬂﬂghlagommdéi&@mﬁtasé%&}ALNS)

The et hod. of claim 28, wherein the GA
enzw&ﬁév@?%mékvsaéﬂw g}t\t%ﬂto\faﬂan%?rr@grléatb%ﬁfaer@Pf %8&@@5@3@9% a

v i
iR R Ty TS L M) B0y i

deficighay ENBGd OV & vetratisaid @AbNP eGEne et bioldgnallgariiveadutant,
. £ro Grl otélea Eerivative t hereof, wherein the END3
varan %‘E%“éfﬁ%% i8h group CHO cell line conprises: (a) an
expr eS%a)q&s \A%hghﬁ@%%@%ﬁ@@%% dbleRMed B ((RbASSsic Blue
modi fyi ng factor ( SUVFI ) ; (b) an expression

stainingeghanrsupiseted to §E§r&;ﬁﬁ§nmdmeﬁy@0§ ovralitienst f at ase
t.h .
Cur 1t ST R G DR ST RS B B pting 3 o
C, foﬁ{glgpmhssm@@; as8 A (ARSA), arylsul fatase B (ARSB),
ur onat e- 2-sul f at ase( | DS),

sul f anfcd sélinkphglynedyaed zﬁtahgsse)a(ag@l-ﬂpsidues at positions 178 and

| | £ S d :
397, RS RLSRE LB b USRIl e e
remduﬁ{%sﬁﬁmhsmlé\-&)h@ipmfﬂ&t@dCHO cell line of claim33,
erein

18. The GALNS enzyme of claim 17, wherein the lysosomal storage
disease is Mucopolysaccharidosis type [Va (MPS IVa) or Morquio A syndrome.

19.  The GALNS enzyme of claim 17, wherein the lysosomal storage

disease is Multiple Sulfatase Deficiency.

20.  The GALNS enzyme of claim 17, wherein the GALNS enzyme
consists of a major band of about 55-60 kDa that is at least about 75% of the visible proteins
as determined by Coomassie Blue staining when subjected to SDS-PAGE under reducing

conditions.
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the END3 conpl enentation group CHO cell line conprises
t he expression vector for reconbi nant human

wok@embygal act osam ne- 6-sul fat ase (GALNS). 35pCTig2009/031276
END3 conpl enentati on group CHO cell line of claim 34,

vvherel the NI Ierrent l.on, group . line
expr es 5 ?’3&@% %&? Aaht “ﬁﬁﬁ%?%}gé%&shsfémyme

consi STSh@SM o9 ﬁ@in@[%htnatolf‘@ﬂotg SOLHY) KO sCRKdrndihddEh YO odth@is1® Blue
34, vvhere| n the END3 conpl enentation group CHO cell

staining yber @%t@é@@@&%@ﬁlﬁéiegf‘féuﬁm%@mdlgtmmg of clone 4,

clone 5, clone C6, clone C2, clone C5, clone O, clone

d QO chone G, Laads Frle%ﬁ% %Ig ecfguffeyﬂ NP3 de@%ency ofa

conpl enent at| on group I ne o clarm
lysoscmi[EEb selifatadehenz END8opriphe pémiradterdry tgrthmp:b@d&mm&eld dfisme
|.ement at i

lysosogg}l |sul|(tlzpt%§%§gyrg$ gﬁl;ﬁ?%&%tl%greé UY‘ﬁ%m@NEt)@ sai lysoso Cl_{oulfatase
enzynfcO WRERITE @1ysOdbni Qﬁll@atgégnﬁﬁms idd ﬁ@or‘nﬁmﬁm 15/%somal

growth in suspension. 39. A nethod for measuring the
sulfatase enxpnig ofiowgree Bp Atti vearagnirntvamuthyis vaomhbr énppiree thereof

proaul i B P B B T b0 PhERicn BT el of S pihyt heror

enzyme under conditions in which natural substrat es
for the3lysuge mthoawmnmgwmleai &id (yb&so@mntsa@tthga@nzyme

the cell with the |ysosons| z S|n t he
deficigne|is selerfeddliiem ige giolp ﬁ@mé%lnl% of %@é@@@ﬁawz fﬁ@lphiz’ ()ILD),
Muco B L B T B 1308 bl e
Mucog@ysacetipeidosig titped] @V[HBIII)@Ir iHyosa ceinadmd esluedpdlysaccharidosis type
I Il '
s o} B shaltom A sribberaribamnPesehdpde bpRghe furs ma or
Sanﬁl{p%@@ §FdsRd, |an@ M%ﬁ@%&%ﬁé&ﬁﬁrs t%BjIV(zHM}ﬁ@I\%)'Hr Ni&Guio A

e activity of the [ysosonal enzyme to degrade
syndrava¢.ur al substrates by conparing (i) the anount of
| abel ed smal | oli gosacchari des from ceI l's

t ' ' t
aount 251 1 SeMEiog RRRATRe SBGE Y e siiBpse gneyme
deﬁmeﬁ}@ym:mtsawtaeﬁm@blomgyh&%ﬁﬁorml enzyms wherein a
reduction in (h)(i) as conpared to (h)(||) i ndi cat es

t he act|V|ty of the |ysosonal enz t o degrade.
nat ur a5 ubStmeihed of RRinERdy sREPRALF GREe fiaFate Bpt is associated

with a"(‘f@ﬁ&%b& el 830 W@l)so%% ¥iathst ﬁzﬂéé? §9m1smg administering to a

subject having a deficiency in said one or more lysosomal sulfatase enzymes a therapeutically
effective amount of recombinant human N-acetylgalactosamine-6-sulfatase (GALNS)
enzyme or biologically active fragment, mutant, variant or derivative thereof produced by a

CHO-derived END3 complementation group cell or a derivative thereof.

26.  The method of claim 25, wherein the lysosomal storage disease is

Multiple Sulfatase Deficiency (MSD).

27. The method of any one of claims 22 to 26, wherein the END3

complementation group CHO cell or derivative thereof is a G71 cell line or G71 derivative.
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sul fatase enzyne sel ected fromthe group consisting of

aryl sul fatase B (ARSB), iduronate-2- sulfatase (I1DS),
wagadobamogase/ hepari n- N-sul f at ase ( SGSH), PCT/US2009/031276

N—acetylglucosanine sul fatase (G6S) and

N- ac et %gal Fﬁ%‘ﬂgl O?S%aet}né %Sﬂ%he§§T‘§f§661§§:gc?m é/mc]g)g?lggagchandosw

met hod
type 198 zws 1Va) GAMYBquid A syhldeomie toh 0L eple SuBbisSBefibRIyEIMISD),

the | ysosomal enzyne is a-Liduronidase (IDU).

comprising administering to theé subject a therapeutically effective amount of a purified,
recombinant human N-acetylgalactosamine-6-sulfatase (GALNS) enzyme or biologically
active mutant, variant or derivative thereof, wherein said GALNS or biologically active
mutant, variant or derivative thereof:

(a) has a purity of at least about 90% as determined by Coomassie Blue
staining when subjected to SDS-PAGE under non-reducing conditions;

(b) has at least about 90% conversion of the cysteine residue at position 53 to
Cq-formylglycine (FGly); and

(c) is N-linked glycosylated at the asparagine residues at positions 178 and

397, wherein at least about 50% of the oligomannose chains attached to the asparagine

residue at position 178 are bis-phosphorylated.

29.  The method of claim 28, wherein the subject is suffering from MPS
IVa or Morquio A syndrome.

30.  The method of claim 28, wherein the subject is suffering from MSD.

31.  The method of claim 28, wherein the GALNS enzyme consists of a
major band of about 55-60 kDa that is at least about 75% of the visible proteins as
determined by Coomassie Blue staining when subjected to SDS-PAGE under reducing

conditions.

32. The method of claim 28, wherein the GALNS enzyme consists
essentially of a single band of about 55-60 kDa as determined by Coomassie Blue staining

when subjected to SDS-PAGE under reducing conditions.

33.  An END3 complementation group CHO cell line derived from G71 or
a derivative thereof, wherein the END3 complementation group CHO cell line comprises:

(a) an expression vector for recombinant human sulfatase modifying factor 1
(SUMF1); and

(b) an expression vector for a recombinant human lysosomal sulfatase
enzyme, wherein the recombinant human lysosomal sulfatase enzyme is selected from the

group consisting of arylsulfatase A (ARSA), arylsulfatase B (ARSB), iduronate-2-sulfatase
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(IDS), sulfamidase/heparin-N-sulfatase (SGSH), N-acetylglucosamine-sulfatase (G6S) and
N-acetylgalactosamine-6-sulfatase (GALNS).

34, The END3 complementation group CHO cell line of claim 33, wherein
the END3 complementation group CHO cell line comprises the expression vector for

recombinant human N-acetylgalactosamine-6-sulfatase (GALNS).

35.  The END3 complementation group CHO cell line of claim 34, wherein
the END3 complementation group CHO cell line expresses and secretes recombinant human

GALNS.

36.  The END3 complementation group CHO cell line of claim 34, wherein
the END3 complementation group CHO cell line is selected from the group consisting of
clone 4, clone 5, clone C6, clone C2, clone C35, clone C7, clone C10, clone C11 and clone

C30.

37.  The END3 complementation group CHO cell line of claim 34, wherein
the END3 complementation group CHO cell line is clone C2.

38.  The END3 complementation group CHO cell line of claim 34, wherein
the END3 complementation group CHO cell line is adapted to growth in suspension.

39. A method for measuring the activity of a recombinant human
lysosomal enzyme to degrade natural substrates, comprising;:

(a) culturing an isolated human cell deficient in the lysosomal enzyme under
conditions in which natural substrates for the lysosomal enzyme accumulate;

(b) contacting the cell with the lysosomal enzyme;

(c) lysing the cell;

(d) adding to the cell lysate an enzyme that (i) is specific for natural substrates
and (i1) cleaves small oligosaccharides from the natural substrates;

(e) labeling the small oligosaccharides with a detectable moiety;

(f) optionally separating the labeled small oligosaccharides;

(g) detecting the labeled small oligosaccharides; and

(h) determining the activity of the lysosomal enzyme to degrade natural

substrates by comparing (i) the amount of labeled small oligosaccharides from cells contacted
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with the lysosomal enzyme with (ii) the amount of labeled small oligosaccharides from cells
not contacted with the lysosomal enzyme,
wherein a reduction in (h)(i) as compared to (h)(i1) indicates the activity of the

lysosomal enzyme to degrade natural substrates.

40.  The method of claim 39, wherein the lysosomal enzyme is a lysosomal
sulfatase enzyme selected from the group consisting of arylsulfatase B (ARSB), iduronate-2-
sulfatase (IDS), sulfamidase/heparin-N-sulfatase (SGSH), N-acetylglucosamine-sulfatase
(G6S) and N-acetylgalactosamine-6-sulfatase (GALNS).

41.  The method of claim 40, wherein the lysosomal sulfatase enzyme is

GALNS.

42.  The method of claim 39, wherein the lysosomal enzyme is o-L-

iduronidase (IDU).
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