PRODUCTION OF HIGH MANNOSE PROTEINS IN PLANT CULTURE Field of the Invention

The present invention relates to transformed host cells for the production of high 5Smannose proteins
and a method and system for producing these proteins, particularly in plant culture. Background of the
Invention Gaughersidisense is the most prevalent lysosomal storage disorglef;itig,gamsed 10 by a
recessive genetic disorder (chromosome 1 gq21-g31) resulting in deficiency of glucocerebrosidase, also
known as glucosylceramidase, which is a membrane-bound lysosomal enzyme that catalyzes the
hydrolysis of the glyc [ ipid gl osi ucosylceramide, GleCer) to glucose and
ceramide. Gaucher dﬁgggggcﬂ&ﬁe%%ﬁégﬁg&mﬁgég ﬁ%ﬁg %@é@%ﬁ%&ﬁf glucocerebrosidase)
gene (GBA), 15 which result in accumulationc@f iGIeGer in the lysosomes of macrophages. The
characterisﬁi&;@%qﬂr‘ e gells, Eg%lﬁled Gaucher cells, are found in liver, spleen and bone marrow. The
associated clinical symptoms include severe hepatosplenomegaly, anemia, thrombocytopenia and
skeletal deterioratiéw. FTHergererrvodittgeh tmamGC Dol as first BelgudncpehindifB85:(6)iTihe protein 20
consists of #37-8ing esidaeryecisam.a SARmar PrcReRtide,dhe matue GCH, contains five
N-glycosylation amino acid consensus sequences (AS%-X-SE rf. FOur of these sifes’are normally
glycosylateﬂ?@liléﬁéﬁ'ilation of the first site is essential for the production of active protein. Both
high-mannose and complex oligosaccharide chains have been identified (7). hGCD from placenta
contains 7‘1%3ﬂ%%rﬁbohydrate 20% of 25 which is of the high-mannose type (8). Biochemical and
site-directe 5%%@%@?&3@“3% provided an initial map of regions and residues important to
folding, activator iteraetioniianseastive sitedoeation(Nscsombreatmentrhplacental AGED with
neura{@iniqgsg %i{%gsip an as. glgiseg%xm results in i?c%ased clearance and uptake rates by rat liver
cells with a Concomitant 30 increase in hepatie BRZmatte &ty EEUBISn stal188Y | Biochim.
Biophys. Agar6%3chaBida+). dihisiglyeanametiified plasentakhGishclirrentlyised-ascatherapeutic
agent in th n ucher:s di .Bigchemical and site-directed mutagenesis WO
2008/1327 é%g{lﬁ/gflzte(?b; /OOOE%‘C 2%%%?%%%&%%@5%8%‘/ an inttial trErI%p o Fé’é orﬁ%ggﬁ ’fjesidues
important & ¥eMHgLmetiatsiIvelsetimidant aCivetsitduoration [Gravelet @hydhdBidls@lem.
269:2283- -ditfe, ler.di . each determined by the level
50f hGC ac%?&é&%%ﬁgyrﬁgj%{fﬁ%%%iﬁ&i%ryq{%%ggﬁgﬁ aar%gt%?ec %n%%%gﬁag e%?gvgh@ﬁ; highly
enlarged diBi8 GTEHErBCREFHINAREAT afll SHeGRUS RetbtrddsaseGaliomeerophagrs. idBiification of a

defect in Ghil2-asthaprmapy calsecaficrushens: diseasededindthg development.af eagyme
replacement thera% as a therﬁgptgutic trate%;y for this disorder, 10Another well characterized
a

iysosomal %F&g&gve i Oarsagcrnlagf W%ﬁ @é{gg_%w:lude severe hepamSpienamegaly, anemia,
thrombocyiopenia and skeletal deterioration.

The gene encoding human GCD was first sequenced in 1985 (6) The protein

20 consists of 497 amino acids derived from a 536-mer pro-peptide. The mature hGCD

contains five N-glycosylation amino acid consensus sequences {(Asn-X-Ser/Thr). Four

of these sites are normally glycosylated. Glycosylation of the first site is essential for

the production of active protein. Both high-mannose and complex oligosaccharide

chains have been identified (7). hGCD from placenta contains 7% carbohydrate, 20% of

25 which is of the high-mannose type (8). Biochemical and site-directed mutagenesis

studies have provided an initiai map of regions and residues important to folding,
activator interaction, and active site location (9).

Treatment of placental hGCD with neuraminidase (yielding an asialo enzyme)

results in increased clearance and uptake rates by rat liver cells with a concomitant

30 increase in hepatic enzymatic activity (Furbish et al., 1981, Biochim. Biophys. Acta

673:425-434). This glycan-modified placental hGC is currently used as a therapeutic

agent in the treatment of Gaucher's disease. Biochemical and site-directed mutagenesis



disease is an X-linked lysosomal storage disease that is caused by deficient activity of lysosomal
enzyme a-galactosidase A (a-Gal A). Patients with classic Fabry disease typically have a-Gal A activity
of less than Q\%% and, 3f%%n3 demonstrate the full spectrum of symptoms, including severe pain in the
extremities (acroparéesthesias), hypohidrosis, 15 comeal and lenticular chaffges. Xighesions
(angiokeratoma), renal failure, cardiovascular disease, pulmonary failure, neurological symptoms and
stroke. in atypical Fabry disease, individuals with rgsidual enzyme activity demonstrate symptoms later
in life, and thedsyriptemsrareissuallyidimites 4o gpq&tﬁ@lge%grggs@&eglm%% r@ﬂqn}jge%%iﬁns in female
carriers varxc%e?tl .btecause of random X-chromgsome 20inactivation. Although carrlersgéommonly
remain asymptomatie hroughothdife ianlabristritsadiniéat sy pioi s hemafehi28Ad severe as
those of affégted rgdes. De Duve first suggested that replacement of the missing lysosomal
enzyme with exoggnous | Qi%og\i%a‘ ac}ive gnzg(r,ge might be a viable approach to treatment of
lysosomal storage diseases [Fed Broc. 2371045 (TY643]. “ scatirzas it e addtiotis studles have
suggested tHar&nzymetyeplacemient thierafy mayyombeneficial-fonbreating yatious lyspspmal storage
diseases. T hown with individuals with. t | Gaycher disease, who were
treated withmgggi%%ﬁ%gﬁ%}?e g%%u%%@é?‘%ﬁ%’ﬁd%%% ,r%rglg %Fé%&%%iﬁ%%c@ﬁ?&%&ﬁ‘éﬁase(tm)) or,
more recently, recdinbifaitiya@ererprieften)) S0Unmaodifiedrglucoserebfasidase derivedfrom natural
sources IS aglycopratemn wi j ing.. This protein does not target.the phagocytic
cells in the hody and is?ﬁ%gfeygf&%nﬁge% ?ﬁg%ggﬁﬁﬁfa%&‘e‘” %1 %gn\?ié?gblfnlgc li“e‘?“i?:ér’re{ﬁt%ﬂ%rapy for
WO 2008/13574%PCT/112008/000576 3 Gaucher's disease, the terminal sugars on the carbohydrate
chains(of glucocerehnnsidase arersaaHentialb:semavas by:tieatmentwith three. different glycosidases.
This glycos'gsggs% treatrggﬁpg%g Its in a glycoprotein whose terminal sugars consist of mannose
residues. Since phagocyte SRSt rage fiorematdesyizd by gisoisrotainisiand!
glycopeptideswiti:oigpsacchavitie ehains thatdenainale inmannoseresidues,the garhohydrate
remodelin ot&)Hc%ceLebr %dase has improved the0 targeting of the enzyme to these cells [Furbish et
al., BiochemP BiOphYa < Actd?s 732455 198 #57. than 186 fndiodiers draremtraly dosfidtior phays a crucial
role in hG@Dswmﬁmst“ﬁ@iﬁmgd@@%qﬁdﬂﬁ@ﬂ}@fﬂ:ﬁ%@ti@%%@ﬁ%ﬁéﬁh@?&@%ﬁ)@lﬂﬂ?%i&her

ot

tunicggyci Py 10 cells) or point mutations abolishing all glycosylation sites ,5/9 &nd COS-]
cells), resu%ﬁﬁaéo%nitzg ols‘f’sB %f el ARt ggﬁQ/itQ.“thﬁﬂdi?@%‘?f@@@f’ére%@ﬁ inawgil was found

to be inactivediPuathelaredsanch, ipdicated théasignifinancewfithe vaniausglyeasylation sitgs for protein

activity. In gdditign:1.the. role of glycosviation in the actual protein.actjvity, the commercially produced
enzyme con?gns égl cﬁgﬁgé%é&ﬁxﬁgﬁg%ﬁ}g%ﬁsuﬁ?g{l %gé’ﬁﬁgféné‘b’é AT @ eiiPrthe
}

glycosylatétipriteifs anrs iémcriig sl owinguelirdotiondadnctede anfyvmanaase comirining Oy/can

sequencesaanifelRGMMaNGLR: engyne Goptains 4;glycosylation sites an 22 lysines. The
reco%)inantlg produced enzyme (Cerezyme m)é’di?@%ﬁ%&%ﬁ“ﬁé’&é@%ﬁ?ﬁl ggm%r%én fﬁ%?éedase(tm)) in
positfon 495 WHEH B HIBHR FaE BesARmsslTiEaitha hiadiné 20PugthetniGrethey

oligosacchiride:samnositian gifiprshebweendhe secemblaantand the plagenial GCD as the former
has more fucosegans I}I}Ealf}gylé%ucos mine residues while the latter retains one high mannose chain.
th typ

As mentioned above, b6 SEESPEC D dralaeaisnt Whiththreissinadremappt esivaseyith
(nguramin%aseygalés&tésj;ﬁi%ﬁ; and R-bhagelty|nghicosaminidase iR @4PPSE teiminglmannoses,
which enafies dAraSting R RRRYREVHS: proc. 23:1045 (1964)],

25 Since that time, various studies have suggested that enzyme replacement therapy

may be beneficial for treating various lysosomal storage diseases. The best success has
been shown with individuals with type 1 Gaucher disease, who were treated with
exogenous enzyme (B-glucocerebrosidase), prepared from placenta (Ceredase™) or,
more recently, recombinantly (Cerezyme ™).

30 Unmodified glucocerebrosidase derived from natural sources is a glycoprotein
with fopr carbohydrate chains. This protein does not target the phagocytic cells in the

body and is therefore of limited therapeutic value. In developing the current therapy for



25cells. A pharmaceutical preparation comprising the recombinantly produced enzyme is described in
US 5,549,892. It should be noted that all references mentioned are hereby incorporated by reference
as if fully set&%tgb};%gg '943Recombinant a-Galactosidase A for enzyme replacement therapy has been
produced in insect (s g% cells (see US 7,011,831) in human fibroblasts (seeJ%306}89&:884) and in
plant cells (see US 6,846,968). Clinical trials with recombinant a-Gal A (agalsidase beta [Fabrazyme]:
Genzyme Corporation, Cambridge, Mass; agalsidage WO 20081132743 PCT/11,2008/000576 4 alfa
[Replagal]: ThicBatpratien, Eambridge.Masskhave ks RerPENsd. and both drugs have been
approved fo&fgl|nS|ecal!m:u§iei . Onegt; wback associated with existing lysosornal’ enzyme 7%placement
therapy treatment 1S hud fihe TARIVE b Actilify BFthe Whzyhests diffssirantyyiowidese, bdbause of low
uptake, reduéedsitgetingaadysosantes of thespagifinseliswheredhe substiate is aceymulated, and a
short functiqﬂglgggsgivgﬁlg%@_j}je i@ighg %’ 0Somes. Another major drawback of the existing GCD
recombinant enzymes is their expense, Which can %fﬁ%e AHERVY etohdifiic biifdencondsesith care
systems_ TEEHigIPEoRT oidimdse repbrdwbinaint eizymes sy ks memaaempigx-nurification protocol,

and the 10 gefativelylarag.ameunts f she therapeutic required for existing treatments. There is
therefore, an_urgent need t?ll’r%duce the cost%?%ggg C%Cg%ar??hgigsﬁfgaéémﬁﬁ’i’ﬁér@ﬁ;}%&?ﬁi”ﬁé provided to

all who req@it&'ft fBrE e HRsIges [Frkitkinsbr plahmacBititakusethave:hesn tradifonally

produced in mammalia{aii@&t@&%%ﬂ%?)@{}%@ IQK)SYS . l@ g;eﬂ st decad W expression system
has been 15 developed in plants. This metf%odolog)t/ﬁjgtgiﬁzes Aa?gaga%cggriﬁ%%a{? @ctg?%v@ﬁpable of

e
inserting single s??%%%ﬁﬂ&ﬁ%l@éﬁ%@kﬁgmﬁqﬁ?ﬁtéﬁﬁﬁﬁ plasit gemomié:Dueitaitheirelaive simplicity
of intrblucingigenesdor massiprodustis of @ﬂ%@@@@%&?@ﬁ%%ﬁé%@%@&%@’ ci;%};?s coming
20 '

increasinglyeggl%uggrc%% a{é tgligggla ive ?prote_in expression system (I). hile post transiational
modifications do not exist in bactarial eXprESsTEH ekteh adpitnt dertEl eppression Systdins do
facilitate these Motiicationsnkeown Foitie:crussiakior petaiscepression.and agtivity-Qne of the major
differencesglg)fgg\@ en ammalia I%nd lant protein ression system is the variation of protein sugar
side chains, causediby the diffel}engérglar? %‘l’%gyr? & |c%ﬁ%?hWar§7§. 1By st e SRotm to 25 have

a profound“EHEERBASEI¥HY f5|dirg cotalitity ol ubility- st seepiilailiyriaiproieasesshleagd clearance

rate asd antiggmicanesentiah ofprotains,HeRce sanYy pLotein prpduction in plants should take into
consideration th%é)t_ential,ramificationg of plant gTycogygﬁbrﬁﬂﬁr Lﬁ%oa;}/%tggymé?ﬂ% dffided into two

categories FEIARSE S iliaKksH2SE 9 SeiifcAtsnaniz ymmeotwootyp s ifiércimamninemagid to which the

glycan moiety is dttachedds cipinkedaceatashed toASRIREINIRRWhlg 9Jinked are attached to Ser
or Thr resig&%%épnaggition, he(?y/can sequences ofrrgach:type bears unique 3isffn‘g’uis ing, features.
M

nd its BHECtEn ProtBIR (inthieiMas heisthdramanficamiretatilelysoarce, and less

Of the two types, aq
) in position 495 where an arginine has been substituted with a histidine.

on protein§&eredase

20 Furthermore, the oligosaccharide composition differs between the recombinant and the

placental GCD as the former has more fucose and N-acetyl-glucosamine residues while

the latter retains one high mannose chain. As mentioned above, both types of GCDs are

treated with three different glycosidases {(neuraminidase, galactosidase, and P-N acetvl-

glucosaminidase) to expose terminal mannoses, which enables targeting of phagocy:tic

25  cells. A pharmaceutical preparation comprising the recombinantly produced enzyme is

described in US 5,549,892, It should be noted that all references mentioned are hereby
incorporated by reference as if fully set forth herein.

Recombinant a-Galactosidase A for enzyme replacement therapy has been

produced in insect (sf9) cells (see US 7,01 1,831) in human fibroblasts (see US

30 6,395,884) and in plant celis (see US 6,846,968). Clinical trials with recombinant a-Gal

A (agalsidase beta [Fabrazyme}: Genzyme Corporation, Cambridge, Mass; agalsidase



N -linked glycosylation is the more abundant., extensiveiy studied. O-linked glycans, on the information
is available regarding their affect Summary of the invention In a first aspect, there is provided a
pharmaceutiggbcgw&%ggn comprising a human a-galactosidase protein having a molecular weight of
48.6 kDa, as determined by mass spectrometry, said a-galactosidase proteircirammdenihigns
characterized by a-galactosidase catalytic activity and being contiguously linked to a C-terminal KDEL
amino acid sequence, and a pharmaceutically acceptable carrier. In a second aspect, there is provided
the use of théif?hﬁiﬁp&@u!:iﬁ@oﬁt@mﬁﬁﬁﬂ@@ﬁﬁ&ﬁ@@@%f%@gengégr%gﬁg%{g of.a C{’qi??)%itilcament for
the treatmen&ﬁﬁgggg‘%'geg sgaps!% Jna.sut {%%'353 The background art does not teach or suggest a
device, system or method fo seleéitively proéu‘éfﬁg glycosylated proteins in plant culture. The
background an alsé’tdeesnbethachoisuggest suthiedevieansysiem:ar method.for, praducing high
mannose preteingdn plantcylture. The background art also does pot teach or suggest a device,
system or m%%gg#%r%?gﬁgg%n%%?gtei‘rﬁ%{fﬁ vy:%’ér?tpé%itﬁ?@’tﬁﬁoﬁdﬁ*iﬁﬁ@r&ﬁg’oﬁ’ﬁsFn?c efietfumt (ER). The
background 4t 186 HosdlHetdeas s ighestsuch af devigecsystemonmethad fapareducing proteins

in plant culture:thiough theiendeplasmic relicylun (ER)while by:passing the Golgi body. The
background an also does not teach or suggest such agg%/igiefhgf&é)r%oglf’?‘nethod for producing proteins

in plant culture by @ﬂ%‘%n@ﬁ’%iﬂ%ﬁ@ﬁﬁéﬁé thesGelgi 68y ecombirbhe pregent disalesure
overcomes thesesdisabianiages:of thadeckaranngatby.proyiding.a device s System ggd method for
producing g%q}gs I%teesg 1%rotegls in plant culture., particularly proteins having a high manrtose
glycosvlation, whilé Gptichany SR prereraBiF Gy tametstreriicsimanipulatngprbeessing of)
such proteinsiitelani£R sigrabiWithdut Wwishingde b@;ﬂ&é&%@k@iﬁ@%@é@r@é’tﬂ%@?%&.Ssabe“eved that

such targetipg calises the proteins to by-pass the Golgi body and thereby to retain the desired
glycosylation, partichlgrly%ixé%%%gn{ﬁorseélgﬁ/%%%ﬁﬁfié) NEShSuHEHO R inn & asemy pant culture”

as used herBirPiariderts aHydpecatimansyeniefamdddiotherwise genetically engineered plant cell that
is grown in culturep;Hhe. genelif£Rainearing may optionally he permanent or transient. Preferably, the
culture features cells that are?not assembled to?%‘??%%%o%ﬁé%‘%@n@%%‘ﬁh‘ﬁtfﬁﬂ%‘ﬁ%{‘%‘he biological
structure of ¥ BRI FFPRTEiRhEYSBIoN AllyEmpkpraferably, the culpoeesinay feafuea pugality of
differetit typas,abplanicelis:hutpreferablydhe cultue fe ures @ articular type of plant cell. It should
be noted thlat gRtionaléILé%Iant cultures featurin%}pa particu}fi::\é’r_typ(é%%)i?éLrl)lri%inzfl %éiﬁ)g %aayck"i%%rlfgﬁially derived
from a plurality of giff f‘tﬁ?ﬁ‘é‘%dopg\&”éﬁfﬁrm%éué?@f\%) Te Praptans|ismeayeb&grawrbhaccording to
any type ofrslitableioyltsiing rethathngluding In netiipiteddaoryiuse.on spldsurface (such as a
plastic cultqg@g{%qgggfhgéé‘p@tgeg% exam Cle) ar in suspension. The disclosure fu ther felates to
vectors and methods for @xpression S ANGOR Y AP HER BT high sanpisEEilysosomal
enzymes ushiEdhsgenic plant root, particularly carrot cells. More particularly, the disclosure relates
to hostecells, Partigylarly transgemnis sysp carrot cells, vectars and methods for high yield
expression and production of biologfcqllyz%%%% ligh mann8ge Eititolerdticitiaseriesey and
a-galactositasek: fRe drdisd werrardir providedddrdbmpobitionaahiflenbthodsden taesreatment of

lysosomal stacagersisgangs: exprdBRPIeseNtiselosHie i%fa 0 of a.dev, system and method for
providing sufficient.quantities of biologically active ysosomal%ﬁzilnrﬁgg, gﬁf rﬁg{fﬁ&rﬁ)ﬂw{?%man GCD

and a-galactdSiFaga A LR B S FTRES 19Fe ST eI deBisuraristaisondfhosicaligaaniprising new
vector compesitionnithaballowfor-eéiciantpaduetion of 9enes.ensod omal enzymes, such as
GCDand g-galactosidase. A. fect The present disclosct?frge the%g?ore%o_lyggéyg ﬁ’i’éﬁfse!r&" need for an
econdmically viabl8 technolSgy 1o SPoditd Broteiisaiiag Baricalabgijcosyratipibisguitements, such
as the higPmemmoseélglytobyiation ofiysesemaenzymessuer anemD arda- galasigsidase A for

example. Thepresentdisglosure is,able to solve this long felt need by using plant'cell culture. In
order to fu-%};wer explain the psre%i‘ﬁr:ﬁ%%‘io‘é’ﬁ%‘iﬂg%g%ﬁ% f&ﬁéfﬁiﬁ“i@ & diisg ef tHanbiosynthetic

pathway oﬁhi@%ﬁfﬁﬁﬁose proteins. The basic biosynthesis pathway of high-mannose and complex
N-linked glycans i ighl arymes. Biosynthesis begins in the Endoplasmic
Reticylum (ER) with ﬁg %ﬁgﬁﬁ%%‘% ghgyg]ﬁ/%%dr?%ﬁegérg%o? from Oré%ﬁkl:-ﬁé iR cide forkeshecific Asn
residtie on MR BB HY thelsiiguedeeraiffransteraise. e precirsoriis siksequently modified in the
ER by glycosidasges Landifianda QMQ&EB@%@M%QQ%Q?Q%%% yeld the hi%Q&Q%@QQS structures,
similar to tg[e 3l ocessé?e%curring in. mammals. Further modifications of the g‘fycarji s&tuence to
complex and h§76rilff5§ Sturds SO thee cYFas ERusisgicafions indlyee bemovatigh.ene of the
four mannose residues by a-mannosidase |, addition of an N-acetyigluc,osarnine residue, removal of
the two additional mannose residues by a-rnannosida.se Il, addition of N-



7 acetylglucosarnine and optionall3r, at this stage, xvlose and fucose residues may be added to yield
plant specific N-linked glycarts. After the transfer of xylose and fucose to the core, complex type
N-glycans can be further processed via the addition of terminal fucose and galactose, Further
modifications may take place during the glycoprotein transport. Several approaches are currently
used in the background art to control and tailor protein giyeosylation in plants, all of which have
significant.deficiencies, particularly in comparisoa to the present disclosure. Gross modifications, such
as compl SEETREHRER SraRED<Yiahemer thecrehotiaked elyersyiation sites from qﬁ)%_ge%jde chain is

. . . g & - W AL Gt .
one strategy. zlﬂoeym&%ntBﬁt@ﬁpﬁ%&ﬂQgrggégt@jQégg%%al defects. An additional approach involves
knock-ou'gﬂ nd ,intr(%)dyction‘of specific carbohydrate proc“ess?Hﬁ“eﬁz%ﬁ’@éﬁ%@é‘i’ﬁﬁhj@ap’pfoach is
difficult and may &8 A yelifieTial e oritesplant celsAhemselesin, ., LR present
disclosureowereames these deficiencies of the background an approaches by using an ER signal
and/or by blocking secretion from the ER to the Golgi body. Without wishing to be limited by a single
hypothesis, since a high mannose structure of lysosomal enzym-s is preferred, if secretion can be
blocked dridrtvaprofain:dandsignaintained in the ER, naturally occurring high mannose structures are
obtained withoutI the need for remodeling. As indicated above, proteins transported via the
endomembrant syStER S padérintortiveidndeplasmicteticuluom Theineces Wi HaRsRgILsignal for
this step is zeppresenteddayiarsignalssequence at the N-terrninal end of the mo eculé, the so-called
signal pe;;]tj)qgmgésr aggn%tast IS %%nal peptide has fulfilled Es function, which is to insert the precursor
protein attached to It Mto héteh brasAfiereteum neis splittoffrerotealytically fram dhe precursor
protein. BYNfrubcofdtssheoitiofunction, his. tipe Rf signal papti e sequen ebhas been conserved to a
high degrgﬁgy{grgg@yeqmg%pﬂpg living cells, irrespective of whether they ar& Bacterasyakts, fungi,
animals or plants. Many plant proteins WiHiHcars: itk robanteahesi ertloplasmicitetighlurn by virtue
of the signal peEﬂiaée&@lﬁio%tsmstd@¢mth@mgb&tma%msﬁ@Hﬁ&hﬁ&%&ﬁ%z%%%&'}%‘ﬁ@%caﬁe“C“i“m e
Golgi ande¢otinueiFafficki : olgi to.the vacuyoles, One class of such sorting Signals for this
traffic residtgs are signalsKtﬁgﬁ@gi%gageﬁ%g@dﬁﬁgf% P Srare Brectiabr Proteisifisahaus and
Rogers,?i §8) Plant "viol. Biol. 38:127-144]. Proteins containing both an N-terminal signal peptide
for ins Mon into the endoplasmic reticulum and a C-terminal vacuoku- targeting signal are expected to
contain complex glvcans, which is attached to them in the Ciolgi [Leroutte et al., ( 1998) Plant Mol.
Biol, 38:31-48]. The nature of such C- terminal sorting signals can vary very widely. US 6,054,637
describes peptide fraktments obtained from the region of tobacco basic chitinase, which is a vacuolar
protein that act as vacuolar targeting peptides. An example for a vacuolar protein containing a
C-telininal targeting signal and complex glyeans is the phase.--olin storage protein from bean seeds
Friger" et al., (1998) Plant Cell le:1031-1042; Frigerio el al., PC/OpPlant Cell 1:1109-1126.1. The
paradigm is that in all eultaryoric cells vacuolar proteins pass via the ER and the Golgi before
sequestering in the vacuole as the final destination. Surprisingly, the transformed plant root cells of the
present disclosure produced an unexpected high mannose GCD and a-calactosidase A.
Advantageously, this high marmose product was found to be biologically active and therefore no
further steps were needed for its activation Without wishing to be limited by a single hypothesis, it
would appear that the use of an ER signal with the recombinant protein being produced in plant cell
culture was able to overcome transportation to the Golgi, and hence to retain the desired high
mannose glycosylation. Optionally, any type of mechanism which is capable to produce high mannose
Mycosylation, including any type of mechanism to by-pass the Golgi, may be used in accordance with
the present disclosure. In one embodiment, the present disclosure relates to a host cell producing a
high mannose recombinant protein of interest. This cell may be transformed or transfected with a
recombinant nucleic acid molecule encoding a protein of interest or with an expression vector
comprising the nucleic acid molecule. Such nucleic acid molecule comprises a first nucleic acid
sequence encoding the protein of interest operably linked to a second nucleic acid sequence encoding
a vacuolar targeting signal peptide. The first nucleic acid sequence may be optionally further operably
linked to a third nucleic acid sequence encoding an ER (endoplasmic reticulum) targeting signal
peptide. The host cell of the disclosure is characterized in that the protein of interest is produced by
the cell in a highly mannosylated form.



The host cell of the disclosure may be a eukaryotic or prokaryotic cell. 9 In one embodiment, the
host cell of the disclosure is a prokaryotic cell, preferably, a bacterial cell, most preferably, an
Agrohacteriurn tumelaciens cell. These cells are used for infecting the preferred plant host cells
described below. In another preferred embodiment, the host cell of the disclosure may be a
eukaryotic cell, preferably, a plant cell, and most preferably, a plant root cell selected from the group
consisting of Agyo J j nes transformed root cell, celery cell, ginger cell, horseradish cell
and carrot cel|. . ?ﬁtg‘%%g%gﬁ%ég%fn a2 e PlaHeesst celkis @ cayraisall, hsheidhe noted
that the tranStSHME ﬁﬁ%%%gbmldiwlpmgr&%%p ADisHsP ,iaogu'. As mentioned above and
described im&ge;ﬁxa&m%@%%%ggﬁ gvgégigréangfol!tied with the W;r)%’ac é:ﬁ%’?ﬁ”ﬁérﬁétféé?@ns cells.
In another embadiment, the recombinant nucieiCaERImIeIthe ¢ donprisdanithinthe.host cell of the
disclosure, Compris8sEFirStititteid britksbguenteangeding.a d¥5esQal enzyme that is in operable
linkage wittFersecondmueleicacisaguance encoding a vacuolar targeting é‘?@%‘“ﬁﬁl peptitiéderived from
the basic tohage ch&%?se@fgene. This vacuolar sli% dﬁﬁéﬁﬁgﬁﬁ%@émﬁommnce as
denoted by SEQ 2. Thie ?ﬁ%%ﬁﬂé@@ﬁcﬁisseqummaycbeoe%m%kyJllxuglhgr linked in an
operable lifkége wittrastiicd foucheiciasich SEAMSRCE, €N gggngugn ER (endopiasmic reticufiirn) targeting
signal pept}gﬁcMe@%ﬁqN%pSE“ ID NO: 1. In one embodiment tHB rssnimandniekeideacid
molecule comprised within the ho FEBitofth & Wise s furthebcomprisgs:e RIQANQLRL that is
functional 1if5taft SelissThishpromater sheuldhe.apgrably linked to the recombinant molecule of the
disclosure by usidg @pgmggﬁgp@@gém%%,é%%icpmbinant rucleic acil Mokt raycstonally further
comprise an operably linked terminator whicl 18 B@érably functional in plant cells. The recombinant
nucleic acid molecuf Wrﬁ@ﬂwmmm@@ﬂmm&g@% com@rij]se additional control, promoting

and regulatenyidiementsiandiossglegiable. markers. It shoul P’ roted Wlietread aébtilatory elements
are operalamtmked 0 t?e recombinant moﬁ

molecule. n"A &%e@%‘fﬁﬁé@ﬁﬁdemmashigl‘pmﬂnose
protein of interest’ %ré%lu%@d%‘?‘ﬁi%s h%@ﬂé@ll%ﬁkheaﬂiaal@sy@&mmasmgg nnose lycoprotein
having exptéedhhaarmsedeaming @Qﬁgﬂ%mﬂpﬁﬂa‘?{}n@ t!] mnan',nose ’proteing&h_ay be'a rding to
another prsfesed emhpdiment, a lysosomal enzyme sef O Mhsyrbupsoinsistitiy of
glucocerebrosidase (C' éjlf)), ET ﬁﬁﬁéWélhﬁé@éﬁ*@xd&@nﬁé@i@ﬁ,wWﬁ%@@&y{QQﬁi%ﬁL%S&minidise,
acid Iipas@f%‘?“@%%ﬁﬁéiﬂasa;ogdmaﬁgky@gig@sgo@gmg&ggoni 1se, iduronate sulfatas_c,“
a-mannosiiaseanghsiall éé%l’w 2 ﬁ{eferred embodiment, the ysb%’ it E“ﬁi&?‘rﬁ}é&’rﬁavﬁé the human
glucocerchrosidase (GCD) or a’(zaTaclo SRS ER chvFisiaite firdoribirant: GG HRCRFhGCD all
refer to vafidls ot of fecgierbinarimumaniGCRhyniess ofhepwise indicated. Henceforth A-gal, A-gal
A. recom@@naﬂiﬁaﬂl{;&ﬂ@éﬁ{%aap]@lﬁrgggrtﬂgﬂ\{sari%us forms of recombfnant ﬁﬁrﬁgﬁ Q%M%sidase A
[Genban%}&qg&aﬁioﬁr’] numbers NM000169 (co%rln"éqééldﬁéﬁﬁé} aﬁ@%@%@i@mﬁn@ agig sequence)]
unless otherwise indieSteg et OAé‘Eé‘\WﬁusﬂvEdmmeﬂmQaughﬁf&%gaé%tge most prevalent
Iysosoméﬁ@@!ﬁgétdiﬁmde:rp&qa@@qqﬂ QQ&H%HA?P&QQQ% in the hGCD (human g%uc‘%%é’i%brosidase)
gene (G13# ywhigh r?ullitoin CCUEM&UOH of Glean-In fhgﬁgﬂgmééiﬁ%mpﬁammﬂhe
identification of GCD deticiency AXREfimRanenastiot Gaychensdisaasgiled 1ithe development of
enzyme %ﬁ%@@ﬁ#@ﬁt%@a@y a&&ﬂﬁﬁgaﬂ@tﬂ{g@gafgg&f&r ghg; disprder. However, glycosylation plays

)
| . e amcu?art T pi
a crucia ity and uptalce to target cells. YPe o) plant cell. I
bf@lﬂd%@%&giazggy %@on&fﬂ? Sllam culturges featuring 2 particular type of plant cel]
g I o T [+ [l

may be originally derived from a plurality of different types of such plant cellg



Therefore, according to other preferred embodiments of the present disclosure, suitably olycosylated
hGCD or a-galactosida_se A is preferably provided by controlling the expression of hGCD or
ha-galactosidase A in plant cell culture, optionally and more Preferably by providing an ER signal
and/or otherwise by optionally and more preferably blocking transportation to the Golgi. Optionally
and preferably, the hGCD or a-rialactosidase A has at least one olioosaccharide chain comprising an
exposed mannose residue for the treatment or prevention of Craucher's disease. Still further, in a
pa_rticular embodm@qﬂami%mgf%@dbheo%tr cell is ﬁansformed or trgnsfected by a re_combinant nu_cleic
acid mole%% which further comprises an o83 Mﬁﬁ%@@fr@n@ammgf Mgg@;gfev&m&h%l@ octopine
synthase termi td’?‘%‘f%&&?}écwLlhnhadletfadﬁﬂ%@ﬂ@nﬂyl\éo(ﬂ' hacco Mosaic Virus) omega
translatiomﬂimhgn@wse&wﬁg.fyé%iqg tgra preferred emboﬁm%ﬁ%ﬁh@%o"lﬁﬁnﬁh@mcleic acid
molecule comprises the nucleic acid se u"éncénssﬁb?(%fﬁﬁi%'ﬂy as denoted by SEQ ID NO: (GCD), acid
sphingomyeiinas&%ﬁ@@mamrﬁm mayRe hHm\gg}:tgpycgcgrebr_ sidase (GCD). iduronidase,
iduronate gtilfatagg, arma ’]ﬂa?%a e %ngvsiaii_gase. Most preferaBi§t s ala |ipasessanc 2 -amtactosidase,
gincocereQra%§idase, a-L- Still ur?hér, five %i@%sﬁ@bﬁ*@@id@@a‘ma} reﬁ@yﬂmpqmlgjoipdgliscoaelr%active high
mannose ﬁ)ysosro(’r?{alpéﬁﬂ)ﬁféy hékfitg mlleasklt@ﬂepmﬁggﬁagpnggidgsgg%gecomPrising an exposed
mannose feSienierly tahggonding.ég.aduieferes embodiment, the recombinart 1y8o&¥natinzyme of
the disclogysg.Gaf, bing to a mannose receptor on'a farg&T0&T ifrd targdosite fRrefigrablyethis site may
be within a subject su?fjer%a(%%%’% 95okiswesistdragetisenge, mannbsshey|d be noted that the
recombin%ﬂ%@é@rﬁ&%ﬁazmézﬁb@sfﬁ{nq@gsgg(%gmg for.the target cell, in companson #ith the
correspoaﬁm&fﬁ@i%p{r@a{]@gg{? )@?ccurring Iysoso_marll enzyme ‘f&i‘ethéé%r@‘éﬂewrim}a speécific
embodiment, the target cell at the r%%’t“%%éﬁ?fﬁ?%@sﬁwwpffer cell in the liver of the subject. Ina
preferred embo%ﬁeﬁﬁ% édmbinait hisesemal &RZYMe.may, he %elected from the group consisting
of glucocergbiosidasetGe D) QQQ,(%BEP gg%%lig}?se, 12 héXOSaﬁ'?m method for providing
dase,a—lﬁ;@gﬁ%ga&qcatlosaminidise,abm ipase, a-galatiodilasezahesocemehrasidase, gql;iguronidase,
iduronate sulfatzse, a-mannosidasé ofieiitiaselsMast m@t@ﬁabiiécﬁyﬁ-éegog?sbinafnhl sasomal enzyme
is stlucoEETaBio8RIase Cer compbanetRerngmbadiment, th? disclosure refatoes 83{;1 isthod of
producirtg]@bjg@;ggmﬁe&ﬂ%eip. A%cordin ly, the method of ﬁ‘féeafsdl’é%‘iﬁ‘él@omqﬂ'riméhe steps of:
(a) preparing a culture of rec mbinait HosE CElland snetdtesitesetransfected with a recombinant nucleic
acid molecules%’ﬁcﬁﬁﬁﬁ?‘jﬁa fiéssbrmbinahtrproteingl interes) ravith an expression vector comprising the
recombiviablenugtaio Rei , i 12[ ' [i i Eg Bty
reid molgeiles: (h) gulturing these host cell cultur bréPaféersipidly (a) under

conditiog&gegsmi tingige expression of the prot&in AwhesEifae lbstaelsiproduge thg.protein in a
highly mannosylate }n‘i‘?a(’?:‘jc}%cé@émﬁlglQtienPwtéjmag@m;hglgﬁl}l%g@gcharve%f the cells from the
culture ibideidae (&);fandxahypurifying HP&;&&OE@];V‘; gf step (c).by a suitap)lea Spr f)‘ilﬁifﬂfation method.

. . sure : :
According 8 qu{@g@qpcwtggdlment, the host cell used By¥Hfs iPetpivd isithenosticalked the
disclosure. In another preferred embodiment, the high mannose protein produced by the
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method of the disclosure may be a biologically active high mannose lysosomal enzyme having at least
one oligosaccharide chain comprising an exposed mannose residue. This recombinant enzyme
can bind to a mannose receptor on a target cell in a target site. More patrticularly, the recombinant
enzyme produced by the method of the disclosure has increased affinity for the target cell, in
comparison with the corresponding affinity of a naturalist occurring lysosomal enzyme to the target
cell. Accordingly, target cell at the target site may7be Kupffer cell in the liver of the subject. Ina
specific embagimedz4Rig Y, me may be selected from the group consisting of
glucrocereabg{gnsédasen GCD)?%?%%%%%%#&%& é‘fﬂ%ekﬁ%ﬁ?ﬁiﬁidh§$;cadﬂra§e,&)€g§{@§10§§minidise,
acid lipase, s-gatadt giB%?%%@M@M@rM@@FQH@@é&ﬁigﬁn X
and sialiddse cMasigreferably, }lnig;_{;@%%magggg me may be Iu_509ere§6r5§i e{E&DY or an
a-galactosidase A. . Jn another referrqﬁlem odimeft thesHostcsit usddiby tasnathed of the
disclosure may be a 1% St Yot i Ié@f*@&iﬁ@mmhegayomic%@gtimﬁgq robaaerium rihzogenes
transformé&@#eticell, celery cell, ginger cell, horseradish cell and carrot réeﬁ“ f:ngggfaber@ferably, the
plant root cell is a.carot celléclzghouzjd be particularly noted that in the method of the disclosure, the
transformed host carrot Cells ate grovit T étispeasionhinbadstbenembadiment, the present disclosure
relates topé%iﬁéﬁwlﬁfé&atihg;ﬂmmnbmmegﬂbgﬁgssqnﬁ%gtO{age disease using ex0genous
recombinaphpsRsal Nz erg{ed,comprising: (a) providiRg a fecombiaRt Sictagisaliriactive form of
ivsosomaj enzyme purified from Hanssiraespiamti foaicallsyand canpkle of efficiently targeting cells
abnormafff} aBfeRRtA9e %mﬁémﬁyﬁr&:@ﬁi&r&pg@gi% biologically ag:tR?e enzyme has

?te suIE’;ase, a-mannosidase

exposed demainaHARBAOSE FESIAYES.On appended olig‘osacc'hquciggé“; and' ol Wdtintsteting a
therapeuitgl%%ljlyﬂegtge amourh of the recombinant Biolbgicanieetive isbsormakepaumg to the
subject, in a pr"‘esf 8 é?ﬂb&&ﬁn@ﬁf?%ﬁenonﬁtﬁpaaﬁﬂ&ig@mm& I;6§8§ersnalgegz me used by the
method dfgiie. disclysiedmay heieiaduced hy foe host cell of the disclosure. Brefardis this host cell
isa carr%&ggdves In another preferred embodlmentﬁhé’%%ﬁf@ﬁzméhﬂsédnbyéhg method of
the disclosure may be a high mannose enzyme comprising at least one oligosaccharide chain having
an exposed manno$keresighedi Jdsgie inant.enzyme can bind to a marinas:: receptor on a target
cell ir, a4apat-sitepyithin a aﬁu@fg%héoqr%@%g‘%igﬁﬁe %&%ﬁ%%%‘?ﬁﬁfﬁ%?%@smﬂaﬁenzyme has
increased affinity for thesge target it €6|§’?‘p%lﬁ§é$ﬁlwﬁhcthéceoﬁr@3rt@mﬁgg@{ﬁgi@(oggjia naturally

By Enzyimadotthbddiget-aety M%ggqﬂjﬁ%@gyﬁthell /sosomal enzymé used by the
methodmﬁﬂersli@pjgmgpgle‘\)@ngglgct%dfjroT the group con§|siinsg’l of g%o%ﬁéef’é%‘%@@ﬁ@ase (GOD),
acid sphin In%g.ligase hexosa’minidas%, ei'—%ac‘étﬁgﬁ?’a\%{b%‘wrﬁﬂihﬂi@éieﬁdﬂdiﬁ@gnﬁggﬁactosidase,
giucocerebrosi égéfubqq_%ﬁf%ﬁaa%?mmnmemiﬂgaha@en@;ﬁggg@gﬁ@gﬁg or sialidase. Preferably, this
Iysosonﬁﬁenzymexiscgfm:ﬁ&ﬁfﬂa[ggda,se (GOD). According to a pre"fan%té"’doé jdiment, the
method of the di g@%{g% iasbtherefore intended for the treatment of a lysosomal storage disease,
particularly Gaucher's disease: pmt?h“édfﬂ%ﬁ%@@h‘éaahge:tndellnaﬁmﬁﬁ@@%{ﬂt%glag be a Kupffer cell
in the |i7&¢ o%é@@@é@tniﬁhemﬁsclaﬁurmrtaggdgg%}gﬂ(? for a rphagmace&tica! compoaition for the
treatmeat:eba e e30snal-S1Pra %‘%Egga e comprising as an%ctlvélﬁ'?ﬁlreafénibasreﬁé@mbmant
biologically active high mannose fySosomat e asaddinethbyrtheciit disclositg; Jihe composition
of the a%ggﬂﬁﬁ%’?ﬁaﬂ%mmhwlﬁlﬁwﬁmﬂ@&mﬁﬁeh%?«E!‘ﬂﬁQS‘{Ecgﬂ%gcceghable_ dilluent, carrier or

e ' on, wiich is to inse
excipieht. precursor protein attached to it into the -

proteolvtically from the

occurrin ﬁ/%os g

endoplasmic reliculum, it ig spiit off

‘ . precursor protein. By virtue of g specific function, this type of
signal peptide sequence has been conserved o a high degree during cvol tion i V‘L
living cells, irrespective of whether they are bacteria, veasts”fun"i animals Ou H;n in all
Many plant proteins, which are inserted into the endonlasn';ic reticui r pbint&';.

of the signal pepiide do not reside in the ER. byt are fransm; riad fro:; e Zm SE'mehle
reticulum to the Golgi and continue trafficking from theAGoIcri to the “;naop asmic
class of such sorting signals for this traffic resides are sionalz‘ that r\;S?;:UOIeZ Cne
rerminal part of the precursor protein [Neuhaus and Rogers, (1998) Plant I\C;ixt E;ij



In a specific embodiment the composition of the disclosure is intended for the treatment of Gaucher's
disease. Such composition may preferably comprise as an effective ingredient a biologically active
high mannose human glucocerebrosidase (GCD), as defined by the disclosure. The disclosure
further relates to the use inannose lysosomal enzyme of the disclosure in treatment or prevention of a
lysosomal storage may be Gaucher's disease Accordingly, this biologically active lysososomal
enzyme is a biologically active high thannose human glucocerebrosidase (GCD), as defined by the
disclosure.33.12A¢g d}g,rlj eto the present disclosui, there is provided a host cell producing a high
mannose recombinarnit pro ein, W%%@@wl%uaﬂaﬂﬂes%gpg (Ehefrecombinant protein and a
signal for cCERISiAG e regembinantproteindghe, produced as a high marmotE PrRBIR I Fsferably, the
. . . . ; actol: e . , . -
polynucleoide-gomprises 5|Iasx'gsnuclelp acid sequence efficddifig e pwteinof infgrest opgrably linked
to a secong nucleic acid seqﬁ'encéﬁgﬁt?dﬁiﬁ@ﬂﬁ}@@malt'ﬁnﬂptlﬂQhQ@H%aflﬂx,rth(? signal peptide comprises
an ER (en g}ﬂ%ﬁ'ﬁicaéﬁc@]&ﬁﬁ}ft&]ﬁmg&%ﬁ%‘%k‘ Bﬁgg&i%@.,Ereferablyfthe”ﬁéﬁ'}ﬁﬁcﬁ:%e ide TdRher
comprisesvadbird nyelgiesasid seguence for encoding a VAGUBfar tavgetingrsigmal peptide,
Preferably, the si%nal causes the fecombmant prataipnte bentargetedioibe LR, More preferably, the
signal comphses. igharpiehtide forcoabisingoibe, rggembinant protein to be targeted t§'ti2 ER. Most
preferablyamepelinucieatide.comprises a nucleic acid segment fof ertssting thesignalspeptide.
Optionallyé%g r@rgf%rably, the signal causes e réchntsinamt [EOe N to Qgﬁgp%&hgogoigi. Preferably,

the signar'c"omprlsestga%kl‘é?“r’é’llﬁeﬁﬂﬁ@tfqmmjsiﬁgﬁg@g&g@%@ﬁm& pratein to not be targeted to the
Golgi. Mc@éfbl?éféﬁébtyDMemgg@§gtiQe8 mprises a hucleic acfd 88gthéht fdPeht8ding the signal
peptide. Optignally.and preferably, tﬁe?ﬁoét‘%‘éiiI%léhi‘ﬁéh%%f &@eukaryotic and a prokaryotic cell.
Optionally, the prokaryotie eefl {5%a'p teHebvelicpreferably.an bacieriurn tymefaciens cell.
Preferablfj® theslikeiyoticostkisaplantcell, Mgre Preferably, the p ant'cei 19h Pk ret cell selected
from the g,ré;]gﬁ,&q&si%@?ogg 0 20(18/132743PETHI208/01y576015 Agrebacterium.rihzogenes
transformed root cell, celery %ceif,oﬁi G Eant %@Irb@vadﬁﬁbﬁ&eéh%ﬂdrﬁégg&g@ﬂ. Most preferably, the plant
root cell TGS Gtcelpnd o-Eriefesaldhs-the WQQ&Pt POI nneieotide con%%rises a first nucleic acid
sequendewiicasling mglgép}ﬁi@ %]‘C'{ptgrest, thatis in BpetfsagreYITﬁﬁWWWanplmmieiﬁ,@cid sequence
encodin%gvva.cmlag targeting jsigna‘f p(—?BﬁdQ‘ﬁféﬁ\’@d ﬁmﬁmtﬁerbggﬁstqp@{gcge%g% e 'AJ gene, which
vacuole | Signalpepiiteshathimatmine teigheeayence,as genoted by SEQ ID NO: “whigrein the first
nucleic @sid:seqienceris optianaliv.fyther, operably linked 10" g&%‘i’?bsnﬂd’é?éléowmuhace encoding
an ER (epdoplasmic reticulurn) targeting SIgRAT HEBt deviein dnite hhyiSEQ IR M@ 1.1 PMore
preferably, the recom‘bﬁé’ﬁ’FEﬂWd@émiﬁmiﬂmh@rt@@mﬂsﬁem Rromoter that is functional in plant
cells, whéFemateopy aheteyispperakiy jinkged to the recombinant molegdfe? ™ the fgssegreferably, the
recomtpiﬂﬂmcgq{y,qy%%%idsg fyrther comprises afe%ﬁﬂﬁé‘fo%ﬂi@mnwdnlalimqaﬁmgqus, wherein the
terminator is operably linked to & Bieeointiniine majesye o f meA¥SQ; 3L preferably, the
recombifeagit Pelyruciedtice aptionallyftber.comprises additional control, promidtitig &hd regulatory

5C

elements andfgar.ge markers, wherein the rengfl’ﬁTB‘?y elements are operably linked to the
recombinant moIecﬁ%&%@%&%ﬁ%@ﬁ@??ﬁ%ﬁeq;ﬂnoie{teni@@dﬂ't%h@ﬁg nose glycoprotein having
glycosyla |0%3Wﬁ‘f%f?é5§?@f@@kpo§wm:np§g residuy IF/,Lore referaﬁly, t%e high marinose protein
isa bim@@i@aﬂe;camb{@amg,hhmgignﬁg %%?gpmaLenz .megsye ectet ?F8ﬁf‘ﬁ¢e<¥jré¥@p%mtststing of
glucog%ggsrsolgir(i:iasng éGCD), acid sphingomy&firase: @samiﬂidaﬂéirﬂe%ﬁcﬁty&@la%osaminidise,
acid lipase, a-galact éia%@é’?‘%@Jbeae:ebm&idﬁsemﬂalcﬂgur@{}igasedii{guronate sulfatase,
u-mafifitsidasesaficsialitasedlost preferably, the | isosomal eﬁ;ynrﬁle ®ritith P glaewiserebrosidase
(GCDY a seRygferably, the GCD comprises t e aminy &se glemcessubstastially,as genoted by SEQ
Il NO: 8, encoded by e‘nf&%ﬁ%&i&%ﬂ@@@mdﬁﬂ@ﬁ&@@ﬁgap NO:-7. More preferably, the
cell iSRSTORiSett ormanshested st grgcampinant e erepeptae. The first

sequence e = Operabdly linked to a third nucl

enc Ciin.: p = = okl p""’p —a "-t

y

highly mannosylated form. "

The host cell of the disclosure may be a eukaryatic or prokaryotic cell



30 polynucleotide or with an expression vector comprising the molecule, which recombinant
polynucleotide further comprises an 35S promoter from Cauliflower Mosaic Virus, an octopine
synthase terminator of Agrobacterium tumefaciens, and the 16 reg.ulatory element is the TMV
(Tobacco Mosaic Virus) omega translational enhancer element, and having the nucleic acid sequence
substantially as denoted by SEQ ID NO: 13 encoding GCD having the amino acid seduen-e
substantially as denoted by SEQ ID NOs: 14 or 15. According to preferred embodiments, there is
provided a recombinant high mannose protein pgduced by the host cell described above.
Preferably, the high manngse protein is a biologically active high mannose lysosomal enzyme selected
from the group conSi&ting8egitese dsidase (GOD) acid s@ibmg;grgy@;tt@s}gr'g[e%oagmir}ildase,
a-N-acetyltgétzattosarrinidisd, agid Hm@%g@}g&&qs%aég,o%l%cgperebrosidajse, a-(lz-ldu(?%riidase,
iduronate:slfatase, a;rnan o%ig%se gnd sialidase. More pre erélﬁ’fy,“fﬁ’éffffé%oﬁ% erigyme is human
g,lucocerebrosida_se (GC%‘%“ ccoraing qé"@fﬁ@?ﬁréﬁﬂhdé@@m&)bdimnts of the present disclosure,
there is provide&“aat‘}%%%mf‘i‘%ﬁﬁﬁtﬂéim@j@aﬂwa@timh'ggtgtrr@,gﬁngﬁsedjgsgissgmal enzyme having at least

. . . .. . ] SIre i Iy .
one M|g@$&@dmaudceiqhglﬁ@gn}pr&s@gn@r&gﬁpgnsaeq }r&?nn%ger residue. ccorcﬁ%g fo &till other
preferredigmbgdiments, there.is provided arecom RaRtrEwEn, totskisimg adlirstponion having
signal peptide actﬁ/itypan SRk ﬁS’Fﬂé‘l‘FﬁﬁWg N/sosomal enzpme-activity e fé@é@pnbn causing
the secof‘&iip%?ﬁéh%%@md&ssed indcptanteell with at least one oligosaccharide chain comprising
an exposed magmose £esigy . Preferably, the lysosomal enzyme comprises a protein for the
treatmeqﬂaqrtgget\{aelrf%n of Ggffgﬁleﬁié%is?]eﬁaggnf\/l%or %lﬁfé]fé?efblii‘,“tﬁqufbtbim%wmmise&aﬁle-CD. In
another ernbodient, the-Ty<848hial eyt dorprises:a preteinfartheirgatment or preyention of
Fabry di§1§ﬁ’§e.qubréq5?ei®mbiy, tthe proteinieomprises Qéggiavggggidase ]A ) Preferaebq/ , the first
portion comprses:aRiassll, ER fargeting signal peptide. More pre %?5[9?3’7‘,’?% Pébnikinant enzyme
can bind to a marmose recegtor_ on a target cell in a target site within a subject suffering from a
lysosomal storangeaa?géeésé frefeliblyethe ecombinast: Iygggo%h%grré%rga%iQicreased affinity

o

for the tafgét belhomceb rplarisiamowit) 5&%&g5§g§ﬁgpgﬁggiaffirgt¥ of a naturally occuf’rﬁna lysosomal WO
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2008/1&%@@@5&@%5@{9@ 000576 17 enzyme for the target cefi: THE g4t can be a fibroblast,
macrophage, and the Re%4 v%ﬁi%shzﬂa?ﬁﬁﬁam%ﬁﬁé%?e@éﬁmmsss&tﬁmm@@k@&@gb%@g& combinant

lysosorrfdl ¥ iEd e tacerad ingr she! peBERINERNSIStNg. of. dl gagce{eé)rosidase (GCE)), acid

IC 1obacco chitinase A

sphlng@éﬂbfeilﬁ%seac%mm'g&%ede has the amino acid Sequence as denoted by SEQ ID

N . 'ic N4 5 p Y i
11 b im { 1

= =] .
g p\up & as wI}{}t»d E)S/ S;a(} ID NO 1 i“ ne TTi ““w!“ Eh.,
5 3

3

further comprises a promoter that is functional in plant cells. Th

operabl is promoter should be

v tinked to the recombinant molecule of the disclosure

in another embodiment, this recombinant nucleic ac

id molecule m :
further comprise an operably ay optionally

linked terminator which is preferabi
The recombinant nucleic acid molecule of the discl

wsure may optionally  furt
o . o ) Y Iurther
omprise additional control, promoting  and regulatory el

o y functional in plant

ements  and/or selectable
markers. It should be noted that these regulatory elements

' are operably H X
recombinant molecyle. Y nked o e

In a preferred embodiment, the high mannose protein of int

host cel} erest produced by the

of the disclosure may be a high mannose glycoprotein h

| | aving exrvosed ms
terminal residues. - e



5et-N-acetylgalaciosarninidise, acid lipase, a-galactosidase, glucocerebrosidase, alL iduronidase,
iduronate sulfatase, a-mannosidase or sialidase. Preferably, the recombinant lysosomal enzyme is
glucocerebrosida_se (GCD). Also preferably, the target cell at the target site is a Kupffer cell in the
liver of the subject, OAccording to still other preferred embodiments there is provided a recombinant
high mannose protein, produced in plant cell culture. Preferably, the protein features a plant signal
peptide for targeting a protein to the ER. More preferably, the plant signal peptide comprises a
peptide for targetirggg@gi rotein to the ER in a root plant cell culture. Most preferably, the root plant cell
culture 15comprises car r&éﬂ?ﬁﬂﬁ\%ﬁﬁ?@i{ﬁgﬁ@yyﬁ aﬂ&efd;aﬁ%f%rggo%xrgbodi ents there is provided a
recombinarit ’%ﬁﬂ@é&%ﬂ%ﬁ@@ﬁ&&&@l@ﬁpﬁi&j&se A protein, proﬁu%@gmeﬁlﬁm@@imumre.
According te-stilpierpreferred embodiments theré %ﬁ?’tﬁ%ﬁ%@ﬂs@@m@t&e&%&!&&!ﬁwﬁ for
producing a high mannose protei S ORBE g %Ntbﬁtp[@gggga%mbodiments there is provided a
method of g&%ﬁﬁ%ﬁ%%ﬁ@&m&ﬂmwo&e@_&g&priging: preparing 4 cufitiréf résprabinant host
cells trans&aﬂng@gg@gag&,}sfﬁectg  with a récqmblnanf] %ﬁ;ﬁtﬁ‘é‘@@ﬂ@f@ aﬂﬁldiegci%%ﬁ%%?dngbjnant protein;
culturing tg? host cell (;ultur‘;p ut ﬂ@?dﬁmﬂ@ﬁ@p!ermmw%%vsign of the protein, wherein the
host cells r)r%%ﬁE@?ﬁ@ﬁ#@@diﬁ@ﬁadﬂgh@@m%leat dform. - Prefétabhy, the mostoell culture is
cultured inigaspensiopsMare pégg%ra , the method fut W@ﬁ%@?ﬁbrmpmmmﬁgﬁeﬁin.
According tg. gatrpc%r preferred embodim&Hts, ﬂferﬁﬁ@thﬂivdliﬁmq{i@ﬁa?ze@ﬁ‘ﬁh &h%host cell as previously
described. Pre erab@?hziﬁ’g%Mﬂmhnﬁggpﬁgtg@%&gi%)ﬁp ically 30 activerhi“j‘ﬁ MShRGEe lysosomal
enzyme Hwingsa@kaasbp%%gmg%uar[de chain comprislﬁﬁéaéﬁ’/é%sédéﬁgahans@f@sggue. More
preferablw%gg&gwbi ant enzyme blnrg‘sﬂio‘l&‘?ﬁé’ﬁﬁ%ﬁ@sﬁeeemwng&@ t@g&%ﬁgll in a target site. Most
preferably, the 58 ALE SR PCGTAL2008/000576, 18 recombinant enzyme hadisreased affinity
for the ta’r@%ﬁ@éﬁ,— in comparison with the corresponding affflrcfljty %‘ﬁ&%ﬁﬁjfa{{?%aamtﬂﬂgibysosomal
enzyme to the g@ggﬁg&ell. Preferably, the Eysosomal enzyme is selected from the group consisting
of gIucocerebrogidase(lggg),gb?&?ﬁﬁ%g@myéﬁﬁaseﬁlg@ggsa{mniglas_e,aN- 5acetylgalactosaminidise,
acid Iipa%@f%’@3Fé‘€ft‘éf§idaseu@me@qﬁfﬁb§9§igﬁn§% %%g?%gggase?sitd@rrdeﬁ’é{%u Famoena-mannosidase
and Slalm%(GBA), which result in accumulation of GleCe {human glumcsrebrosidase}
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More preferably, the lysosomal enzyme is glucocerebrosidase (GCD) or ugalactosidase A. Most
preferably, the target cell at the target site is a fibroblast or a Kupffer cell in the liver of the subject.
10Preferably, the host cell is a plant root cell selected from the group consisting of Agrobacierium
rihzogenes transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell. Inanother
embodiment, the host cell is a tobacco cell. More preferably, the plant root cell is a carrot cell. Most
preferably, the transfoinied host carrot cells are grown in suspension. 15According to still other
preferred q@%ggignenés there is provided a methpd for treating a subject having lysosomal storage
disease using exogenous tjélgsHﬁﬁ%l%@dﬁﬁﬁh@ﬂﬁmmiﬁ@mﬂﬂs&eggm&yi&jg&a%treﬁqmbinant
biologicallj@stivétiofifi@ilysasomabenzyme purified from transformed plant root ceWs,}’arg*‘l%j capable of
efficiently targeting ¢gllg ahnormally deficient in the lysosomal enzyme, wherein the recombinant 20
biologically active enzyme has BXposed tdfthirea mikirbsdiselbiduesfonapnepdad, oligosaccharides;
and adminiStEFHeP4 fieteipettivaliinefiective: ameunt,afithe feco inant Ei%ogically active lysosomal
enzyme tdthesubjeatyFhis method may optionally be perfOrme%]W?m %n)} Rerelly adver protein as
previous describ?nd. IF:ereferably, the recombinant enzyme can bind to a mannose receptor on a target
25 cell in a target site mﬂﬁfﬁ”ﬁ‘%L?B]E%‘ﬁ”l\ﬂ@ireﬂpfreé&mbdmth@&emﬂ‘lQ'Hga@gj:yggg!%orpal enzyme has
increased"3ffifity farithertaigatieelkritoaamparisge, Wil the corresponding affinity ot a natdrally
occurring éylmgpgﬁlogﬁ%gp l_J)he tarfget cell. Most pre éyrab&fy,lff‘?e Ip%‘soﬁﬁélll@?ﬁ?yrﬂeumraelected from
the group consisting of gluc Cerebfbs 5@'@%@@%aéid%pfﬁn@ﬂynyﬁimgsaeﬂ@&m@ggse,
a-N-acety|§afictosdtimsidisaudeid 80bpases:a-galaglosidage, glucocereprosidase, a-L-iciuronidase,
iduronatessifai@secasubdMmannoidase o g‘iaé'dase'Also most preter sBIy2tiayEsdbimaicenzyme is
glucocerebrosidfse (GCD). Also most pré era k@t%%@ébéﬁrﬁﬁl%‘t&age disease is Gaucher's disease
Also most prefefaBlf B titbediswmat e parget siiecissa-Kupffercell in the liver of the subject.  In
another embodimenteithrsiarage Higeass 5. frabpys disease,the lysosoma en2yiik i galactosiciase
A and the targ%cgl&g g firoblast, Acqorcﬁng fo ssﬁif’ﬁ'fﬁ%r preferred embodiments there is
provided a pharmaceu ica cS%%ﬁ?Sﬁtfdhthél'@émemm gﬂg%gﬁg@l slorage pi;s.qa e comprising as
an activéifteedieht arevembinayibhielogicaly.actiye high mannose lvsosomal enzyime-as described
above, which.compasition os%ig% lly further compiriS‘ésepha?{r)n cg{ﬁicﬁlwlhcéém'a%iegdiwent, carrier or
excipient. Preferably?%éé lysos rﬁal stidge iséesenisGaseher wdisaase,;Mae preferably, the
recombift&fit Bpdesoramisizymensa bj@g&ipaﬂy@ﬁggg)glgg”marmose human glucocerebrosidase
(GCD). gdwgﬁfg&ggdg%%g%ﬁgllsother preferred embodiments theré Y ¥rdviiesidaecuseare.a recombinant
biologically active mannose-rich 1/80sSHiararairsasidb strlhbdaahaye; et manufacture of a
medicatlﬁé‘?ﬁoféﬁltﬁmaMTitﬁ)htnfamq_ﬂﬂ@éb%%Jé@%Qm@?@rage disease. Preferably: the disease is
Gaucher's dis%ﬁ?ﬁu%%retl%%ﬁ% blly, the biologically active Tysososomal enzyme is a biologically active
high mannose human glucocere e} i8%’.%\3%%B)ﬁecomwnaanb’thegiemp@am%hthe disease is Fabr -'s
diseasemaaﬁﬂoﬁ?eiﬁSF@&ééW@’éﬁ%@WS’@gmﬂw&b@méﬁ@\%;@@gzgﬂ@,ﬁosid se A. The disclosure will be
further digserbeskamtbedaand of the following figures, which are MuStaiveCSHIFHAE @8 not limit the
scope of the %[28(',9 I%rmetgvérlnch }s also defined by the appended claims. Brief Description of the Figures
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The invention is herein described, by way of example only, with reference to the accompanying
drawings, wherein: WO 2008/132743 PCT/1L2008/000576 20 Figure IA-1B IA shows the resulting
expression cassette comprising 355 promoter from Cauliflower Mosaic Virus, TMV (Tobacco IViosaie
Virus) omega translational enhancer  element, ER targeting signal, the human GCD sequence (also
denoted by SEQ ID NO: 57), vacuolar signal and octopine synthase terminator sequence from
Agrobaderhem tuniefaciens, IB shows a schematic map of pGreerdl plasmid backbone. Figure 2
shows Weg@y&ﬁ{gh&g@ysis of hGCD‘transformgéIQCell extracts using  anti inGCD specific antibody.
Standard Cerczyme (lane 1) W “Wéﬂ%ﬁtmm&i&conta@muntr;%gormedu callus was used as
negative céh’tﬁaém‘abﬁ@sz:)mrdpxgs&g}gﬁltgg&qgiu%% %%ts :%re shown in lanes 3-8 acmﬁl&ﬁ?‘é 3A-3C
shows the first stgp, gf Erggjach tion of rhGCD on a strond ¢3fith Exehangadesio(MaczesPrep high-S
support, Bio-Rad), packed” i ei&%%ﬁlﬂ%ﬁﬂ(@mmmpsﬁh%&%%m was integrated with an AKTA
prime systéfirfmersham 15 Pharmacia Biotech) that allows conductivity Fﬁ”é}ﬁﬁ%%ﬁ?xﬂﬁ%nd
absorbency at ZE?IQQ;Q' Elution of the rh-GCD was obtained with equilibration buffer containing 600mM
NaCl. Fig 3A represemts 5"Safiasrs rndot- this-prrification.stgp, The fractions collected during the run
were monft&Ped mbeeymetattivity assRYaasshown by Fig 38}8 an ftdﬁt‘)}%‘gge%(ﬁiﬁlﬂﬁ@@ﬁzm&ﬂc activity
(in the elutioncpigakhwsipaoled £ig 3C shows 20coomassSieyriemstainot elutianfractions, assayed
for activitxéi d Fﬂiﬂ ures 3D-3F show corre%%f?ﬁﬁ‘m’g”@mphﬁas for figures 3A-3C but for the second
column. Fig IATA?@CF@H&/\%WMJMMﬁbﬁ@%i@%?ﬁ%&%%ﬁg recombinant hGCD on a hydrophobic
interactiorw nesini (T i @@J&;EE&%YQQE?H;@?EQY{?%O?, Tosoh Cwéfn,),Tﬁﬁgc%&q@%ﬁ‘ﬁ?lé}m‘}@:@miumn
(2.6x20cgggp;;g§ olumn was integrated with an ARTABrithe-systens (Ametsham Pharmacia Biotech)
that allows con uéti@ﬂ? H&Wﬁﬁﬁ??ﬁ*ﬁ@m adas@%ﬁf@c&@tgggggg{hnT&et‘%CD elution pool from the
previous'tblirnasts toatied ah6mdimin followed by washing with equilibratidh butfer il the UV
absorbagggégqp&ﬁr}gnb%s&lined he pure GCDWas &TatEG BYAF O nivmsitfio beffereoptaining 50%
ethanol. 30Fig 4A represents a stahddrd suhcotthis Pornifitation ster.viadd9,A8 shows the fractions
collecte &'t the pordinativers manitered hy.epzyme E)a&g%{jctgrassay_ €d¥n(a)l and (q)
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WO 2008/132743PC171L2008/000576 21 Fig 4C shows coomassie-blue stain of elution fractions
assayed for activity. Figure 5 shows activity of recombinant hGCD following uptake by peritoneal
macrophages (Figures 5A-5C), while Figure 5D shows a Western blot of recombinant GCD according
to the present invention. Figure 6 shows comparative glycosylation structures for rGCD according
to the present invention and that of Cerezymen4. Figure 7 shows glycosylation structures for rGCD
according to the present invention. Figure 8a-8d shows additional N-glycan glycosylation
structures fQr rOCD 10according to the present inf\&ntion. Figures 9a-96 show the antigenic and
eiectrophorgﬁ Std&Hitity r phrfidehreconabinans Buman GCD of the present invention and a commercial
human GCD{Geteaymadesappinant! r duced in mar'n%ﬁ}ﬁ%ﬁl@qw?@éﬂslaﬂmnS@(kSﬂ?agﬂomassie

S

blue stained SDS-PAGE analysis of the p 3‘?5‘3?5%&&%@@%@@@@ the, 15, invention (lanes 1 and 2,5
and 10 ug, of prot(;llil?ﬂz,t %%E}egﬁ%wﬁﬁdf@ermym&mﬁmgg@sqgs 4.5 J;%Lcligbfgsf%] ‘protein, respectively).
Fig. 9b is QWV%&té‘fFPmmaamahy@s of: SRSPAGE separated recom‘gina(ﬁq Kot eemtganes | and 2, 50
and 10 ng-saspeghively) pf the present invention Eorﬁﬁg?g?j {51He YommersiabGerezyme, () enzyme.
SDS-PAGEseparated proteins Wéré“ﬁ%ﬁ%‘ﬁ%ﬁfb%ﬁﬂ@@dﬂhﬂl@ﬁ@@% 3rand.4, 501and 100 ng 20
antigen, reSBEETVERR, apeFimmuhotietected using 2,90lyglc nal a ti-GCD antibody afdr e
peroxidasereonjsgatedigoal antxrabbit HRP secondary a_n%b% . NBfdaey consistency=of size and
immune reactivity between the plant re(":o%at}iﬁéﬁ?@@@bﬁth@mmﬁﬁ@h{ny&m&i&gﬁpd the
mammaliancell {@ﬁj@%ﬁ%ﬁéﬁ@h@m@m&zg&m&@ogﬂw olecular Weight“s_tgngard’ markers:;
25FiguresitOaidabnare sehemalic iengsentations of the gf;%h:haﬁ stilgtifEs srifesrendnbinant human
GCD of thepresent invention, Fig. : 0a shows e Tas & st aammjorglycam stiugiire analysis of the
GCD, indicating all stf %t“u?%st%a‘*{’l’iéﬁlfétatw;er&mmmtgrgggggnggtHg’]LCLnenzyme' array digests and
MALIN. Retentioiy timenef &Iﬂgmgqglac?lg}g s is compared to the retention TMELGFE stabard partial
hydrolysjs,of.30de tg%n ﬁ%vin_g a laddero gldé%lé%dmﬂﬂée(@tsp)loﬁiga b showsthe glyGan structures of
the mammalian-cell (CHOj prepafeahinzhmeotCenezymen), bgfore and after the in-Vitro WO
2008/132743 PE 008100657 G:R2madificaion process. Note the predominance of the xylose and
exposedimaBos AHEARIdGSin ngggnggcombfnant ur_ﬁgﬁaééﬁifﬁ?‘%hésﬂ?eh:enhmmhm;of Figure 11
isa HP&%g}zolng%?phange chromatograpﬁ)f‘}“é}ﬁ‘aﬁ/%?@@fmhe gycan prefie.ehe regombinant human GED
of the present Tiv&htEn;StRsafing ahecsensistant andreprodycible glycan structure of recombinant
human B&Bdrormdepichdo Dateh; .;; Figure 12 is a Icinetic anajlaﬁs‘r witig thenidlentizal catalytic
kineticg. £harac tergﬂcr of both recombinanﬁ{fﬂ‘ﬁt\éﬁG‘E‘@‘Ef%H@ﬁm@anéqﬁ@&;g@ngl§l§g and the
mammalian-cggﬂafk stﬁfgﬁﬁr@%zéﬁfyrh@(@mmyam(@&q@g@sqgrsqggrgs . Recombinant human GCD
of the iRVEREBREant Gerezyrnelpbidia fagkwere ssa teo[ using CE- TN &1ckdis (5 imin, 37 C) in
MES bisfige ey pH 5.5). Michaelis-Mentén kifet ?ﬁ\%"s%ﬁ%ﬂ?@h@h&gﬂa@ﬁ@g@rism
software. Data are means of two independent experiments; Figures 13A and 13B arc plots of the
relsults of Molégﬁfﬁrsﬂ‘%(éf@hﬂlartwyﬁmmg@gﬁﬁgﬁg&g]@m_@t rg-%%l (1%?.%2%% expressed in tobacco
plantsrfagube 1sfahowsoly molecular weight as determine del it '8 described herein.
Figure, %Enshows molecular weight as détéTiea 1y rabssspebttametey (MAEDI-Tof). Note the
prominent peaR {BRakts) @W@@Im@amorw&@%ﬁ@éﬁ%&'\r@{x\{ig&gaﬂgeﬂhumaﬁ’agafaCtOSidase A
galactosidase, glucoce SN ., . - acid  lipase, -
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Figures l14A and 14B are a PAGE analysis and amino acid sequence of human 20 recombinant
a-galactosidase A expressed in tobacco plants. Figure 14A shows two distinct bands of human
recombinant a-galactosidase A, corresponding to 62 kDa and 47.6 kDa, resolved in the PAGE. Figure
14B shows the amino acid sequence derived from each of the two bands (labeled "Upper band" and
"Lower band"). The portion of the polypeptides available for sequencing in each band is indicated in
red. Regions 25 unable to provide sequence data (possibly masked by glycan structures) are
indicated in black. Note the complete agreement bf sequenced regions between upper and lower
bands, indigﬁtipg%xifle?})ical polypeptides with possible distinctions in glycan structure; Figure 15 is
photograph of a Westaff W?H@W@lW?Mmreaﬁivtt}yti%&]gm@%@%gmsziggnt a-galactosidase A
expressed Hﬁ%@b@@@ﬁ@&%ﬁﬁ@t@@%y@g&w@;@r@x?;Oi Etn%traacco plants eﬁpressing either the human
a-galactosidase A;I{agg%&%go é&go\éacuoleﬁ(agal-vac,. Tfne vac") or human a-galactosidase with ER
retention sii%r%%éa-_gal- DEL, Iane_%ﬁt ?%8@2%‘&%&{ ohePAGEs hlotiedante Nifrocgllulose, and
reacted wit 'lﬁoﬁtS/?fé‘??ﬂ‘fﬁDéW?%QOMQﬁ%ﬁ;&@;@Hti-n@a}gaﬁgg&g'd‘g\se A antibody (against
amino acidd’82642@otdiuman agalastoidase),and visualized with Hé sedBRE antibady. Note the
strong, spegifipyeactian.in I%h gllé%el-vac“and a—ga?’-k\gEIE‘aéﬁ?BFésé“é’H‘ﬂPotéimowhﬁmmeiein extracted
from transgenic control pla ts? Y W&s unrcactive; SFigures I6A and 16B are graphs representing
kinetic analysis opﬂzeatﬁﬁﬂféuﬁrofpébﬁes@ﬁtbmmaanhequml;gi]naantrgc- alactosidase expressed in plants_
Figure I6Aﬁ3nadwchaei«i&ahlleﬁ®ﬂl@|%?qg@"ﬁ%@f&?upfl:ag} expresse%nhun%lan {8 8HTh At g hlgictosidase
A and com}@l@igg@tlIyopv}g,ggt?llgoﬁec?mbinant a-ga actosmfgge”l{”ﬁ’r@ﬁ%ffﬁti@ﬁ& FiglicenkHB i5rathe
Lineweaver-Burke plot of the enzymnie f‘{\’ﬁ‘éqﬁ‘&ahémfé@efrdm&kguw@@%éﬁgﬁggg 10.Km.and Vmax
(detailed iR PABf ARG Gleerrindicates plant-expressed human recombinant a-galactosidage; black
indicates Fabrazymeraingplugngigal eplagal. Note the close correspondence in enzyme Kinetics
between plant:expres e%ljﬁalﬁna?}ggﬁ%?ﬁg?né)ﬁt %—é%ﬁgﬁ%ﬁéé‘éza’m thexcomimgiceinllyavailable
preparations; Figures L7A &f U 1R st SaFaphas ok SR8 H AG B showing the stability of IS human
recombinant a—g%?ﬁ@t@@@@%mm@&%ﬁd%&@%&&sap@agg dofltemperaturés: Human recombinant
a-galactosidase expiesseddnRlagts (Plant a-Gal) and comméré?ﬁi tiihRarsvesmbisant
a-galactgsidase I%e;alagﬁ%l) were incubated attteRilisstiertainperatinas fir %M@gﬂgctivity buffer
(Figure I'7A) or cell'm (ﬁ‘?@lﬁ@lﬁ‘ﬁs)ﬁ@pmatﬁﬂmt%géq%ﬁbgndralésualized as described herein;
20Figuréngrissa phutogpheabWesier Riol analysis of fibroblast cell VEAtEShawmdigptake and
retentiogrgfogtggti%%;%gied ?uman recombinant a-galREtosiaserih Fabryfiloioblagis, lanes "Plant
aGalA" are fibroblast lysate frotfl fiGRatPFably lagalictosidasendefigient). fibroblasts incubated with
plant expressas %E}ﬁf&hﬂm@mb{hm%mg@lm%%sjﬁ% hours, washed and IySe§ Rightmost lane is
Fabrazymi()u2binheiveenare ;F‘%B{?&g'agr\g%i_ght ladders;” “OTRIiGiTeAI R epfoposR-HPLC profile
showin ks of characteristic glycan struc FELY o tdsehematiesaithe Qysans themselves.
Detaile esncur‘ip‘t‘i“oﬁcﬁjf%Fféi?ﬁ%ﬁ%ﬂn@@ﬁ@eim&tm%%%%ustgggl use have been traditionally
produced in nfammaetiign:es basterial gxpression s stems. In the ﬁa%t ?éW%ars a promising new
expresgmes?g%rp %@s ound in plants. Due to.({he Pétativassiapticiby ofintreclucing raw genes and
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potential for mass production of proteins and peptides, 'molecular pharming' is becoming increasingly
popular as a protein expression system. One of the major differences between mammalian and
plant protein‘géoé&%ﬂ' N fsystem is the variation of protein glycosylation sequences, caused by the
differences in |osynﬁ'1etic pathways. Glycosylation was shown to have afpriofbatid/effert on activity,
folding, stability, solubility, susceptibility to proteases, blood clearance rate and antigenic potential of
proteins. Hence, any protein production in plants should take into consideration the potential
ramificationg @fqplant glyeosyiation. s Thisiswedkillustrated QMgge @ﬁicg&lggé %@ﬁp%mgg%g&previous
attempts to 1E%£r duce k%g!ro ically activ mam}mgéi‘an proteins in piants. For example, US Patent No.
5,929,304, (& RAYITET Ut o%??%éﬁ?%%%g’isa%g theeprstde st tsblacco plants, of a human
a-L-iduronase (IDW#efantla glucoeerehisbsittaseihGOyohy-inserienef themelevantdwnay lysosomal
enzyme coding sequences intp an expression cassefte for binary plasmid for A. tumefaciens-
mediated trg%ﬁgf%rrl?naff%g 6%‘%;%% crgt[%%r?ts#gg%&gitigml% ( }eﬁ?gﬁ%%ﬁétgli | SF R oA ALIFRan
lysosorhal proteiteprotuctioncititheatramsyénicplanisy anchthesdedectidmiotdatalytictactvity in the
recombinarBioleBAAANANGIL ARG RISt ERIRIRS dclased And e rsosomal

enzyme compositions remained unsuitable for therape applications, presuma%?&%[e ué 6 the
absence of HaKtratEYghceslation of tHsTsroidin e dutipiscpid ntdnabiitis oithapalypeptides to
20interact effisieptly with.heir targetcolls/fissug thougha SPesificegeRiOER (GRIRohyrate moiety
is one of the most common post-translational modifications of proteins. Protein glycosylation is divided
into two catbySHES N2RREE A D-RERELE FHEetREpestdifer IN&mino acid to which the glycan moity
is attached on proidite MdinkedyaraeaitachesioAsslresidues Whilgd-linked ake.affiached:to Ser or 25
Thr residue&ialtn adc itio‘né thle %chfsmtse ences of eaﬁ:h type bears unique dist%r{%uishin features. Of
the two types Nlinked gicodyidtidh iSThe moradbURt At ARt e REEESH photEifis Rabeen
extensivelyrstwdibth=0tlinkied:gtycans, on other hand are relatively scarce, and less information is
available regardin icingl n proteins. The.majqrity. of data available on protein glycosylation
in plants focuses g’}%ﬁaﬁ%ﬁﬁﬁ% :g%gt néin%%l-l[ﬁ gi %‘fjéce%}‘sg.e gm% he %rﬁé)giesﬁ% %%%ﬁ‘ﬁ%% escribes
herein a pldhtlexpréssigmal stemitusedion warsgetic ptantioelts, whighrabéyprafierdbly rbet cells,
optionglly ajd Rrefesablyarown WO 2008/132743PCT/11,2008/000576 25 in suspension. This
expression system is particularly designed for efficient production of a high mannose protein of

interest. The term*Higjh AhnBEEe RN dd&e g iREE BT RNy et smiexabsetirignnose
residue.  cohfiiBein Adinstaspeskuiic presemhinvention (elaies Wembest sel/producinga high
mannose recorigbinan% roteig ofjnc}ecgrest_Pr ferably, the reco _birlant protein features an ER
(endoplasm%al?e?lréuI‘G’m‘%%‘i’é A pEECR oFe BYater AbTy T BRYal &t g ightl SaptdE Riternatively
or additionatly}#hderecombinant protein features a signal that causes the protein to by-pass the Golgi.
The sigpal prefer les the.recombinant protein to feature high mannose, glycosylation, more
preferig}gly by 10 rafé%gf?%%g?suiﬁ gﬁi %og?) gtrllgﬁfn nd most %rg%%g}a %“gﬁf’t%ﬁg%ﬁ%%r%%ﬁ ‘g{ﬁ%/or by
bypassing ﬁiéw’gﬁi% ‘déhoﬁtﬁédﬂrﬁ@ﬁeﬁ%@ﬁﬁét%%@@ﬁin{%ﬂbﬁa Sigmalrs:prefdrably iiriplemented as
a signal pemggﬁomg&aw@5@5%@95{1@5@@@@%@9&{5}%&595%&%%%@%%@&% fpg, more

preferably through engineering the protéin to also feature the signal peptide as part of the protein. It
should be riBted¥HPhELIGHEPfaf il 5 BptRiTaRr padastardéiing sigRal a retdngom siipess.an

avoidance (Ry-nassheigRal, opankcqmpinationtheree!, or any Othﬁﬁéﬁ@e of signal;capable of

providing the desired high mannose glycosylation structure. Without wishing to be limited by a
singlefypathEsisrifRsifasappdartHEiest s P ar ER! falsetinguighedidish thé setdarsinant protein
being produced inyalang cel-20 culitiie wasAPle 00V ErGOmE, aSRerationda.the;&elgi, and hence to

retain the desired high mannose glycosylation. Optionally, any type of mechanism which is capable to
produce high marhi aﬁfﬁc%@% CORYItaMG AR AP E B nrodRarFsIPEs B ablass graaswslgi, may be -
used in acagrdanperwith tite preseatinventicslek Riarggting-signal Reptides;are melidnown in the art
they are N-termingl| signal EegtildeshOpti nally an%% 25suitable ER targeting signal peptide may be
used with the predafirRSHISR- " TA Kt APRERERTH o THBSHESE VAR ehtiErPRAY BHtionally be
transftirmedadyireisfdte dh{pevitianantlyxandiiotransient yWowith Gne cambinahicnlacleic:agid molecule
encoding a protein of interest or with an,expression vectQr comprising the nucleic acigd molecule. Such
nucleic aciégﬁﬁ)oeggb & grﬁgﬁg%ggdtﬁrﬁpﬁﬁél%%n Cic Ssaénql% 5%%%%6%58 §6#§e‘“ﬁ‘r’8 g\lgo%%‘fnterest,
optionally andysreferapijopperatiptakeditossesornd ndpteitzacidise quengeddncoding atvacuolar
targeting signal peptide. It should be noted that as used herein, the term ‘operably" linked does not
necessarily refer to physical linkage. 26



The first nucleic acid sequence may optionally and preferably further be operably linked to a third
nucleic acid sequence encoding an ER (endoplasmic reticulum) targeting signal peptide. in one
embodiment, the cell of the invention is characterized in that the protein of interest is produced by the
cell in a form that includes at least one exposed 5 mannose residue, but is preferably a highly
rnannosylated form. In a more preferred embodiment, the cell of the protein of interest is produced by
the cell in a form that includes an exposed mannose and at least one xylose residue, in yet a more
preferred ee&@gﬂ{g}?@empg f?rt pt%at further includés an exposed mannose and at least one fucose
residue. In a most preferréé embo Wr@‘fﬁé%?ofeﬁmécpme&g;%&éh@a%il ina §orm 10that includes
an exposed 1idfito3e] e the(hi2)orylose sesidue d a core a-(1,3) fucose redlduancer cells”,
"host celIs"nré‘;:gmg&t@ggt@ggﬁcglﬁ[s; are terms use |n?tear13:lhae{ﬁ§%“'a%$?¢féﬁeﬁm #HS undexstood that
such terms, refer not only to the |5’aﬁi’cLﬁﬁ?g&j@&%@@%mﬁaﬁﬁaimggﬁn&eg&%tgnt'éaLl ﬁ;%%eny of such
a cell. Becaug® céftai modifications may 15 occur in succeeding generation uets'e mutation or
environmental infhieegs. Sch progeny may.not, in fact, be identical to the parent cell, but are still
included within the scope of gh%%i%%ogse rt%éy ‘HEfh. teet iorphosteell assed herein refers to cells
which can be transtoriBd At Fhkehb A erExpression yegiors constructed using recombinant DNA
techniques. As u%mmg,i%wgiﬁn&;gﬁggec%ggf means the""20 introduction of a nucleic acid, e.g.,
naked DN@Sggcﬁ.Hag%essiorl vector, intoar upfé?ﬂ celfs Bip}ﬂml@aaidimeﬂiggggnggggsyansfer.
"Transformation”, as Used et rérers to=agurogessimishich A gells. genotype is changed as a result
of the celltief aprakenfeiogeneus QA eLRNA, and, for example, the 'E'ra%é‘?%?ﬁ?e expresses a
recombinant form.of the desired protein. It shouftt ﬂ%’i%ﬁﬁ?&ﬁﬁwdiﬂim, axdraigipasistance or other
selectable marker is intended i pafFH6: feicilitaite dhidselection,of the, transformants. Additionally, the
presenceaafiéﬁgé@@mble marker, such as drug resistance marker may e of @&%%%g
contaminating rpjgho rrg%ni r}nsrgor multiplying in the culture medium. Such a pure culture of the
transformed host cell would Be"8b 5?%%%’9 guttaringsthencells upder,30cQ %Lo hich are required
for the induced PRERdBaIe stburyivakred enbsdndligated above, the host cell%é of theifention may be
transfecteeraitansiormed yith a nuclel'g acid mo!écule. R’éeffgéal??é?‘éim thertésm "nucleic acid" refers
WO 2008/132743 PCT/IL20.08?(’)%}8§'78 ot etides: sushragslegxyriponucleic atcid (DNA),
and, where a%‘b‘fé)b‘ﬁﬁf'écﬁk}%%@i@io acitotRNA)ard bedems,should also be tndersto0d t0 include, as
. . i 3 SC re .
equivalents, anﬁdmgmm@qghgq;%%gg_@é\lﬁé 1ade from nucleotlae andfdys, and, as applicable to the
embodirFl%@éiRegégﬂdleschibed, single-stran ed”(gﬁ’&i‘%@é?eﬁé@@tmmm@)r@é}qlg%gg-stranded
polynueleotides. T et AABtAERiom bevinesizthe goliaf the:lpuentign may be transfected or
transforh?é’&lﬁ/iihsawmbmi@ﬂ NOGHRE COMPESIN Cgp{e recom,binar%% nucléic &4 Bédfte. "Expression
Vectorspras-4eadherein, gﬁ?c\ﬂ%ﬁ)aats%?édors syé% as PISEHIRS rrrseendacteii@phage, integratable
DNA fragments, and other vehicles, Wehabieskoctheiintegration AL, NA fragments into the
genom& 6PIREHSSE Expression vectors are typically self-replicating DNA or RNA ¢onstructs
containing therdesiem gene %&%IB% rgents,marld operably linked genetic control elements that are
recogn};lg Jgt.% sugl?%e host cell an eT?engTéYpr‘é‘?ﬁBF%fﬁtherdesiredrggmswjgmggtcgptrol elements
are capable of etféct C@ﬁb‘?‘é’éﬁé’ﬁwithin a suitable host. Generally, the genetic control elements 15
can include_ afrirgkarymiﬁbggqmpﬁ%tgﬁmﬁgs%seggg otic promoter expression control system. Such
system typically mg%gesé a transcriptional promoter, an optional operator to control the onset of
transcription, transcrlﬁiioﬁngﬂ?ﬂﬁﬂbe@etdﬁémtheﬂ@mkotmi@gorgssiop 1, @ sequence that encodes
a suitdbf&rsasemeimdingsitbRNAssplice junctions, sequences that terminaté ¥aHcription and
translation angso fa! pression 20vectors usually contain an origin of replication that allows the
vector to rep 'cate%r%%ggndﬁeﬂ@r%ﬁﬁecwlééﬂ.ﬂ"gﬁidétas'ldﬁﬁls@re the most commonly used form of
vector but othEF TS &isEstoremibicheepsan eauivalentfunction and which are, or become,
knowiinrtherefiabey suitahle, fagse: herein. See, e.9., POuwels ST Peotiiy\esntins:. a Laboratory
Manual ] ~HEYme can bind to a Mannese recepior
2l " . DLOT On & target
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25 (1985 and supplements), Elsevier, N.Y.; and Rodriquez, et al. (eds.) Vectors: a Survey of Molecular
Cloning Vectors and their Uses, Buttersworth, Boston, Mass (1988), which are incorporated herein by
reference. In&gr}gég}jjsuch vectors contain, in addition, specific genes which are capable of

providing phenotypic d&fdttion in transformed cells. The use of prokaryotic raa/8Qeskanyatic viral
expression vectors to express the genes coding for the polypeptides of the present invention are also
contemplated. WO 2008/132743 PCT/IL2008/000576 28 Optionally, the vector may be a general
plant vector ¢asydestsine withregardip EQ@&WQ&%@%%&@%E yely, the vector rg;gg optionally
be specific f%ghgggt}lcells, In one preferred embodiment, he cell of the invehtion may be a
eukaryotic or prokaryotic Cet Sin 56pE&ic embodiment, the cell of the invention is a prokaryotic cell,

preferably, a bactefizgdcelh:mpstipreferably ranAgrobactedum.tumefaciens call. These cells are used
for infecting g}]& referred giﬁf%@&%‘%&%d s__g:n&eéi@p)elow. In another fgreferred embodiment, the cell
n aeukaryotic O EsTerably -4 PlarkiEaROBHE ivS prersvapiyidasslant root cell

of the invention may be a §ryo IC

selected fromthectgeelipioensistitig-of-AgrabasierivmJihzygenas transformed plaat ropt cell, celery
cell, ginger ¢e II,@gc)%geeral hSQ %t%ll and carrot cell. . In a preferred embodiment, the plant root cell is a

carrot cell. It Should bé noted Thar thetrarsiSANEN ¢4 ot nkdFthe invention are grown in
suspension. As m&nﬁ@ﬁdmﬂmm@mrﬁpﬁﬂdmm&@m@mlgﬁlddghﬁgogggtgég@(@@gﬁsformed with

the 15Agrobacter ym. t clens,cells of the.invention .The expression vectors or recombinant
nucleic acid moIecuIes%z%%%fﬁahﬁs%&%gc% ?a%ﬁ%f%ﬁ%%ﬁ%g RostRENRS otliHE ivdhtisrmay be

further mod%é‘é&%@rding to methods known to those skilled in the art to add, remove, or otherwise

modify peptide signalseauencesio aliersignal peplide. cleavage or to increase or 20 change the
targeting of the expressed Tysosomal engyme through the p a%%ag%éé eMbFarfe SRR example,

but not by WHSPOT RIS GHO 1HE- Bxprassion cowstra adhise Spefcifivhtlytenginesreiidmtarget the

lysosomal eftzyngfar sesiatien. @r eyl desalizatiomyor retention in the endoplasmic reticuium
(ER). In one embq\g!iment, gz)e i}){(pression vector or recombinant nucleic acid molecule, 25 can be

engineered to incorporats S Hiltle St eBttientbRRi bneoaBg sssigRanideg Bting ivsitgstisomal
enzyme to tetplant vachislén keseennple; pad el byiwayefdimitatian -the Fesembinant pucleic acid
molecpde C%ﬁ}%ﬁ&% yl\ggp(;pctég% host cell of the invention, comprises a first nucleic acid sequence
encoding a lysosomal enzyme that is in operable Linkage with a second nucleic acid sequence

encoding a vacuotagaerdjetiriy sigreh@0peitided denbet frans therbasisriabaace ehitinase.A gene. This
vacuolar signal-RERILE HGCD or g-galactosidase A protein, produced in plant cell culture.

According to still other preferred smbodiments there is provided use of a plant
cell culture for producing a high mannose protein.
20 According to other preferred embodiments there is provided a method of
producing a high mannose proiein comprising: preparing a culture of recombinant host
cells transformed or transfected with a recombinant polynucleotide encoding for a
recombinant protein; culturing the host cell culture under conditions permitting the
expression of the protein, wherein the host cells produce the protein in a highly
25  mannosylated form.
Preferably, the host cell culture is cultured in suspension. More preferably, the
method further comprises purifying the protein.
According to other proferred embodiments, the method is performed with the
host cell as previously described. Preferably, the high mannose protein is a biologically
30 active high mannose lysosomal enzyme having at least one oligosaccharide chain
comprising an exposed mannose residue. More preferably, the recombinant enzyme

binds to a mannose receptor on a target cell in a target site.  Most preferably, the



has the amino acid sequence as denoted by SEQ ID NO: 2. The first nucleic acid WO
20081132743PCT/1L2008/000576 29 sequence may be optionally further linked in an operable
linkage with Wrﬂ %‘f;deic acid sequence encoding an ER (endoplasmic reticulum) targeting signal
peptide as denotéd y%ﬁé ID NO: I. In one embodiment, the recombinant w@ﬁ%@@ggm}gcule
comprised within the host cell of the invention further comprises a promoter that is functional in plant
cells. This promoter should be operably linked to th%eﬁ recombinant molecule of the invention. The
term "operalghs kg is herein for indicati t a first nucleic acid sequence is operably linked
with a second r?ucleic%c?ai%s?gljbugélgcén\?\?ﬁaésﬁ h%liml?%y n%’aé‘?ﬁ; SHErs SGlkeicecm priceed it fimctional
relationship WHFFRESRHAd At IRIE agidrséyuencenkoyinstantend; BOMQerds Perably linked to a
coding sequence iffthe-promot ription,or expression of the coding sequence.
Optionally and preferably, g“pé?&?ﬁ%@%%\%ﬁqd%nsc?é%c%ﬁﬁée égﬁfigih%u@‘(lé?g?B%X?%ﬁ%lyﬁﬁnked) and,
where nece %mgﬁ@i?ﬁf%%ro@@%dingqéé*gioﬁﬁ}imgﬂmy@ﬁmmeadieggfmm@dg@gs, a, BNA
sequenge aneka regiiato nc are connected in such a way as to permit 15gene expression
when the appr(?p/)r%gite mcﬁgﬁiﬁgg&%e.gg.c,(?rar{g)c&n%tio%éf%éﬁ%’é’t‘%ﬁot&%?%%ﬁﬁfﬁasﬁe thekegulatory
sequence(sjdUronifignisterainbodiment: thisresammbinadtsaugleis. acid molecule may optionally
further comprise apjgperablyli reqi hich is preferably functional in plant cells. The
recombinant nucleic aci mofggig{?qufg trr%[%r?\l/gé%g,o%nﬁg]ﬁ/go‘psti KiIRFFTREH 998 dSiprise@ndditional
control, pro%?gfﬁﬁﬁsﬁ?ﬁ@ré‘gulmy@@ﬁﬁ@ﬁts Hridiveseledtalemanersilt shauid benoted that these
regulatory eleméatsare.aperallydinked. 9 the recombinant molecule. Regulatory elements that
may bﬁ}used in thg efeprgssiohr%ﬁgnst\rucets' include promoters which may be either heterologous or
homologous to the piant eell *FHESoErbihdtermiay!se hsslantegromotse erarpensplantpegmoter which
is capable efdribingehigh lekelgdranseriptioned adinked | Seguence in &&r&zcgé? and E:lgc%tv%xe
Non-limiting:@qggm%ng%%giliarﬁtngrorgoters that may be used ef _ectivély I prac |bing% € invention
include cauliflower mosaic Virus (CarMVyREEIT5ES Hsd prbrebtisrasersehtdrophyll a/b binding protein,
Adlil, NOS and FIM@z2 roefmebificatiorisnordedivatives:shereef; The 30promoter may be either
constitutive or indygi I not.hy way of limjtation, an inducible promoter can be a
promoter that pro%%’%gfg(%r?gi%g%ggag 60 ?f&ﬁ%ﬁ%ﬁ ﬁ%&ﬂrﬁﬁéﬁﬁfb@%‘?@%qmreased
expression of the ffS0sdiRarentjné:auslebtive! sequeticeattahmechpricalgene.aslivation (MGA) of
the plant, plaatiigsyesokiptant L8y 1 X lon,vectors used for transfecting or transforming
the host cells oft%l invention can “e?}astg-%gi%i@aﬁa%&%%di led according 1o FBtHS S KHBRAYY those skilled
in 5 the aﬁ}isbeseonrﬁ%m%%z?SWSpﬁﬂi%‘ﬂéférBfSﬁ!ﬁi&%ggéﬁé@@&@bh%q@ﬁa@a&d@&ﬁtﬁeﬂﬁ. Such
modificatiohysdpeiudedyarenot imites e.nmuating ry.elements tq increase promoter
strength ortépgg'!%ébmﬁﬁ%%%m oE int(frest. . Ina pr%%@rﬁ%%%%d%ﬁe%%%ﬁ% ﬁ%?? ﬁ%iﬁﬁ%se protein of
interest prodiced by the hos AN %H%‘?HVEHWIHSW%WS@WmmMMg at least
one 10 expoietionlinroseaesidum{abisask pnedetminalMannesed esidue)s g anothiegmbodiment, in
the glycop@@gaggggg&&ve%%n h&\ﬁlimlg St 1(xg%reateg than 75%) of the mannose residues are terminal,
exposed mannose residues. Such high mannode &%ﬁ@ﬁ% 'Be i Hingteranbtivdr pheferred

embodimefitomb s disingicelly ymievselpsteitbrmtyengrau precnsising ohalusaserehigsidasc

(GCD),  optionally be performed with any host cell and/or protein as previous described.

Preferably, the recombi ind t
¥, binant enzyme can bind o a mannose receptor on a target

05 H H M e 3
25 cell in a target site within a subject.  More preferably, the recombinant lysosomal

enzyme has increased affinity for the target cell, in comparison with the corresponding

affinity of a naturally occurring lysosomal enzyme to the target cell. Most preferably

the fysosomal enzyme is selected from the group consisting of glucocerebrosidase

(GCD), acid sphingomyelinase, hexosaminidase, o-IN-acetylgalactosaminidise, acid

lipase, o-galactosidase, glucocerebrosidase, a-~L-iduronidase, iduronate sulfatase. o
k]



15acid sphingomyelinase, hexosaminidase, a-N-acetylgalactosaminidise, acid lipase, a-
galactosidase, glucocerebrosidase, a-L-iduronidase, iduronate sulfatase, a-mannosidase and sialidase
The term "lysosomal enzyme", as used herein with respect to any such enzyme and product produced
in a plant expression system described by the invention, refers to 20 a recombinant peptide
expressed in a transgenie plant cell from a nucleotide sequence encoding a human or animal
lysosomal enzyme, a modified human or animal lysosomal enzyme, or a fragment, derivative or
modificatio%%g&qgnz me. [Useful modified huh¥an or animal lysosomal enzymes include but are not
limited to human or animal f/&0%otal eﬁ’i’iﬁné‘?%&viﬁge&rewyﬁsaﬁeraﬂmaéblfﬁéﬂy Qgeuering qr artificially
introduced2Basirdrasithadditions, deletions and/or substitutions. Soluble lysosomal enzymes
share initial step biosynthesis with secretory proteins, i.e., synthesis on the ribosome, binding of
the N-terminal siggi‘ﬁ% ﬁl}’?é&pg)\{i e 6‘%@3%&5@96?% U e Adoptasmitaretietiums(aR), thansport into the
lumen of tFRVERPYTEre thEsigmad peptide iscleawadsiand addition.of oligosaccharides to specific 30
asparagineurgsigdues (N-linked), followed by further modifications of the nascen br‘dtéﬂ% fAthe Golgi
apparatus [von Figura and Hasilik, Annu. Rev. Biochem. 55:167-193 (1986)]. The N-linked
oIigosaccharide%%%@%@?ﬁ%ﬁ@dﬁewe amdaget@i@@g@eguisa@@@ WQce e - ;
2008/132243R6 THE2008/000576:31, Ay 690t igﬂﬂigh-rgﬁnnose residues. ThS proteingtindergo
further processing in a.post-ER, pre-Golgi cor‘ﬁparfmesn? OfftHe cis-Golgi to form either an N-linked
mannose 6- phosPHAE V-8 PFoligsehehariiedehententondtinked-M-6:P provided
ofigosacchizaideindependentsecognition.signalfor lysosomal Io$all_i_zwed enzymes EK.orrifeld &Liman,
Ann. Rev, Cell E,g; !I‘.F,a 5;&(%%535 1989); Kaplan et aI.,_Pro“c.Nrarf ) /ﬁx&ﬂ%ﬁ‘éﬁﬁﬁﬁ%@?ﬂp@z@ag??)l. The
presence of the M-6-P Tecognition” SIGHAIPE8HIR agisBinding of tielenzymesto MeBsBgeceptors
(MPR). TH&B&T50uad ésszyimes remain im&@cqﬁb@;&g\(ﬁgu% : (prga%aggu%n&tp Ix'sosomes, and are
thus segW&%ﬂ%g}ggé@ge&ﬁpﬁ@r secretion or to the plasma membrane- T8 &preferred
embodiment, the lysosoinal énzyme mayﬂbe“ﬁ’igcﬁuﬁﬁai’f‘@m&%eré’m&m‘s,et(GG%xlﬂurnan
ct-galactS¥ichiSedisease Stilkduetiver, msapartiovlarembedimgnt tbis preferred host cell is transformed
or transfegtaghbya r;gg%lgg@%rgc%gl%ghagd mole%ule which further comprises a%sgggxﬁpomoter from
Cauliflower Mosaic Virus, preferably, kaving %S%ué"lg’i%na‘éi‘dc‘é%‘fj‘%%@afé @s(denhoted by SEQ ID NO:
9, an octopine ngtgté}rﬁﬁﬂla%?%fmgmqbt@mwmme%i@b@&ﬁé%’ «aying Ct)?eﬁnucleic acid
sequenceasrdenaies diyfiz 0 RN rldand TMV,(Tobacco Mosaic Virus) omega translational
enhancey element é?ecofdiﬁ to a preferred e%%%ci%%sﬁf}l iSYe@BhitinaRtHidatbasidimolecule
comprises the nucleic acid SEGUERE sibmtiariantienptertby S EQID Nl apshgacodes a high
20mann8¥EasT ivavingytheadtnoanid sequencaisibstantially, ascdenoted b¥_S,EQ ID NOs: 14 or 15.
. . . : i 52 1V, e oo ;
It shoulcggﬁ\@pgg%g@g%gnmat?t@ v%réesggt invention further provides for Al expreisitEtor
comprising a nucleic acid molecule en‘coa%nggéof)‘i’(%%?é%@élIyaé’éﬁ?/e high mamoose lysosemal enzyme.
25in on@%@ﬁ%‘@%ﬁbﬁ&ﬁ@ﬁﬁ—of the aspect, the expression vector of the invention comprises a
nucleic acid moleggeneosing.a,biglagically. active high mannose human glucocerebrosidase (GCD).
Preferably, this preferred express%ﬁk\%gggé%arﬁpﬁ%%@ 4 POETiRakhDWEIE aity mwleeule which
having thé nudieié Jeid sEdtiéAlee Reiatartially as denoted by SEQ ID NO: 13. According to a specific
embodiment, aT30 prefenied @XPRSSIQR,.Ve ailizes the pGREEN Il plasmid as described by the
following, Example I In another e bodimén?%ﬁeé ?Zn%n %nf}?ﬁi'gE &Slpfsdiipvintofigomprises a
nucleic acid molecule enc%‘%@" BiIBTRARYactRRs Righerdisrinase hiirtan WO 2008/132743
PCT/1.¥0870%576 the appended claims.

Brief Description of the Figureg
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accompanying drawings, wherain:



32 a-galactosidase (a-gal-A). Preferably, this preferred expression vector comprises a recombinant
nucleic acid molecule which having the nucleic acid sequence substantially as denoted by SEQ ID NO:
17 or 19. Acc&rgin{% to a agecific embodiment, a preferred expression vector utilizes the pICH19170
plasaiid as descri ﬁlﬁff" e following Example 5a. It should be further @@tﬁ&m@(mﬁ%vention
provides for an expression cassette comprised within the expression vector described above. Ina
second aspect, the present invention relates to a re%(())mbinant high mannose protein produced by the
host cell of the invep;:%gg,gEE 10In@ preferred embodiment, this high mannose protein may be a
biologically active high mannose lysosomal enzyme selected from the group consisting of
glucocerebrosidasel%e@@Wfaéfﬁ?smiﬁéommljmas?e;rhmmi@&aﬁgsi@\laﬁe&ﬁtg}g@gtggp%%rpﬁinidise, acid
lipase, a-galacigsiuase, \gluscerehropidasey g;Liduranidase, iduronate sulfatase, a-mannosidase and
sialidasc. Mo?t prefer: b%, this 15lysosomal enzyme may be HinmaR i coseldisedisas¢aCD).

The term "bi6log %’%H?‘é U eErhefeimminm respestwoany (ecombipant lysosomal gpzyme
produced in dplemtielpregsian-sysiem to,mean combinant lyspsomal enzymevis"able to
hydrolyze eimgjre‘fhcewgg@tural substrate, égr an %a%(%ﬁgg §¥{ @fﬁ%e% %elﬂ%}ét 5?@1ofjﬁ{gbéﬁffé§ﬁbnding
human or anima nysoé'omal enzyme, at 20detectable levels. Still further, the invention provides for
a recombinant biolbBigaiy activie:mannese-sichdysaapmalanzyme,naving at least one oligosaccharide
chain comprising mannose residue. According to a preferred embodiment, the
recombinant Iysggﬂrrégflpe%s%‘gso%}tﬁzc ?ﬁ?&éﬁﬁggﬁ’%ﬁﬁfbﬁ‘ﬁébq@ Hndnnoseé redeptorcanaitarget cell in a
target site. FFETeaiby, fiigcsite m@iﬁ'%’wﬁmmﬂubjmkw@egia&fr%yggggwés&orhai%%disease.
Optionelly anshimorenrefe 4t combinant lysosomal enzyme has increase inity for the
target cell, in comparison \i;ﬁt%%ﬁe_@%g%egyﬁié)nu i%%g&aﬁi}n 5 of a el sciningayscsbwiat enzyme for
the target c6f 1 HBPS A BMBLEAERAT, e 30target cell at the target site may be a Kupffer cell in the
liver of the subjectFigurelrs a-prefgred embodi t ombinant | omal enzyme may be
selected fro% %t%?%%rlou _consisting,_of gIu%ﬁgggﬁéz%@éﬁfﬂé%ﬁéﬂﬁg%Ffﬁ?@ﬁn%@é’;ﬂ WO
2008/13274 & 68%@%% g high-S support, Bio-Rad), packed in a XK column
hexqsamiqi@’a@é_&cm)aé“étg/_lga]a@i@s&minﬂ@e&@@%%g@ﬁo&ipﬁg% FKg)#ﬁJ&Og:{greb_r sidase,
a—L-|dygonlqlﬂgﬁnégw(ﬁ?&teec@u&attaﬁ% a-manposidase or sialidase. Most prefera T{Hig P8ombinant
lysosornal enzyme is glucoeerebrosidase {GEDY6r Biiiaessiakistnd absortienaythirdsaspect, the

invention ré?élf%@”c@%@ﬁé%@@@f\pﬂ@dxb@h@aw&ghd@anﬁﬁsﬁs@miﬁ&‘.C@%%gi%%? ihe w%hod of the
cells tran

. : . : ; 1.
invention cemprisesthe stepsQf:(@) PrgRgving a culture of recombinant hos sformed or
transfected with a recombinant nucleic acid m% ecules SRcSbd f6rix rhepnisiiretdiotsia of interest

or with an SXprEBsISF RIS O8RS A7IRErect mbinasn ucleib@gid wnolgsules; 4 euliuring the host
cell 10 cultietpriepasedypyastemda)in SusPensian,Hpde ditions permitting the expression of the
high g@nngﬁg Hparsotig_i Iu\évhelfeint e host cells produce ttég%p%?ot‘eﬁﬁ%rﬁn a ﬂﬁa‘#ﬂ Rarrosated form; (c)
harvesting the calls from e UIfIPE PR diAakennhasr wdoreoveting the protein from the cells; and (d)
purifying the protéigiotstep-(t) birassuiiablpqiaiging {j{gcggiqgm%,t&%g.slégetigr%ayg and preferably,
the recombinant pretgip may be produced by plant cells according to the pre Sent inv%rm%n by
culturing in a device described with regard to US Patent No. 6,391,638, issued on May 21 2002 and
hereby incorporaféesy 4étérermbe as théullysaniofiratierainaGangitions fo; cultypingplant cells in
suspensionywipibisdevics.a5e deseried with p%ard f0 g%é us 6patent-é'p“ lication entitied
"CELJTISSUE &5 Toyopearl Fhenyl-650C, Tosoh Corp.), packed

i a XK column (2.6x20cm). The column was integrated with an AKTA pritne system

(Amersham Pharmacia Biotech) that allows conductivity monitoring
absorbency at 280nm. The GCD elution pool

6ml/min foll

pH and
from the previous column was loaded at
owed by washing with equilibration buffer unti] the UV absorbance reach

the baseline. The pure GCIY was eluted by 10mM citric buffer containing 50% ethanol

30 Fig 4A represents a standard run of this purification step.

Fig 4B shows the fractions collected during the run that were monitored by
enzyme aclivity assay.



20 CULTURING DEVICE, SYSTEM AND METHOD" by one of the present inventors and owned in
common with the present application, which is hereby incorporated by reference as if fully set forth
herein and W&}&@Yggs gﬁg on the same day as the present application. According to a further aspect
of an embodiment of the invention, the 25 recombinant protein can be expréssadimsamaole plant, or a
part thereof. Accordingly, the method of the invention comprises the steps of: (a) transforming or
transfecting a plant or plant cells with a recombinang;nucleic acid molecules encoding for a
recombinant proteipgfint ] R i omprising the, recombinant nucleic acid
molecules; (b) grovﬁ%gdggqﬁgﬁg‘%%%g %ﬁég}%@iﬁfdggﬁﬁ %ra %%?SS%Q %‘}fgpa(r}éa%”y%}fép (a) under
conditions permittin§ & ekFresSic B ine TriaprBsEREh proteifelwhereinthéplanpostisiproduce the
protein in mannosylaied forahavingsexpasa and ierstinal manngse tesidies; e harvesting the
plants or tissgy&%frqmt e WQ 2008/132743PCT/1L2008/000576 34 plant or plant tissues provided in
(a) and recovering tHE BP&t&IH ST IAE EBIfSS4Hd (d) purifying the protein of step (c) by a suitable
protein purification Fethod shvenothesembediment diihedpventionstransformation of the,plants with
';Z(e: (;/ri(t:)ti(r)\; Eﬁ@@}l& i'ﬁ@?n EBQQQ |%Qgt%?g:grtgzp}é bﬁ?r!é_ followed by selection of plants expressing the _
protein of interest, and propagation of the selected transgenic plants, before harvesting
and recovering thelrggombinhntpreteinsiietinsfotming plafts ahplant-tissiias (Hclkipgsbut not limited
to callus, imfpatue,embryo, pollen, seed, shoot apex parts in culture as well as in planta) with
recombinant expression vectors, for constitutive or conditional expression of desired mammalian
polypeptide, is welFKB i in®the it/ Tordkdbsathpleghysing a binanyiplasmiddeoraA. futnetatiens-
mediated transfermationeftebagcaplants (as described in US Patent No: 5,763,748), using an
co-integrated vectqr, or using a mobilization vector. A particular and non limiting example for
recovering and pu%%%‘éii?éngﬁr PhithR ¥hdhnodd groteirnet interaseprstiscedenithemethidibdf the

invention maschbaxioumd indantieCbllowving braaples.chhsExamplesshew thal atgcairainant h-GCD
produced b)ﬁ]égieein\r/nesnt&% was unexpt ctedl;c/i bo%nd to internal membrane of the transformed carrot
invention a

cells of the nd N6t Secrated Yo THE HiEdidh MATEiah & HGesH may e S8pirdted from cell
debris and éthemissisiublescowmipoheit advoftiingrtd yrieanss #eoplann theiastsushas filtratien or
precipitation,, Far&sxample.,;followi r - cle, 70 the cells undergo breakage and release
of intracellular sotlub% roteins, W’f?g?ggsﬁé%%%%%%gﬁ%eg&%@ o%@gfﬁ LfierhiBPARE debris. This
soluble anda$dlublatthembEare debrissanxinivas wefbcertriligetrabidthesplisid §AGtion was
removed thes\simplifying-theRmifisation.-the cremiprane; bound BGER (?_%g fhen iS)Sc?J{VEd by

e
mechanical isrugtion in the presence of a mild detergent%{)rotease inhibitrs anc l?é‘ég%eu ralizing
oxidation re Xt T SEI0RE SRS TIay ecRirtRer i freazugin PoprarmiograpAedhniques, such
as cation exeharnget andthiydrephe ikinierasiomichiomategraphyscolugng, ByringrhggGR production
in the Qjo-rea%gggg narg@dgt@&g}%fif'c%ntjgn proces gh?_ -GCD ider}tit , yield, puritgéjanq enzyme activity can
be defermined by onhe or More biochemical assays. TRabdiRG Bttt #Hited 1o T&Redm g 3onydrolysis

of the enzy e Etisstratsugrad gbstrate-sidodiRy SR6rpalyacritatiidenel elecisoghberesis analysis

and immungpgjgglaqtﬁalmﬁréup&a&%l§§‘9&q %Fséﬁég%?%%%g%%%%zgme activity, antigenic

character, biological activity and glycan® WO 2008/13 CoFOTRERGT
recombinarifBf8tiis@8Lpes seamrwlisiegiantdiahd pkiattissuesnas (ascripedsi thaféllowing

Examples, gandeaiassessed:bvione i eare biochemical assays, including but not limited to detecting
hydro%sis of the enzyme's substrate or a substrate analogue, SDS-polyacrylanaide gel electrophoresis

analy&is, immunolbitEah Aty Lls Ect Xaetis SeomRenipiste el Bist, digearranabysis b5 §iycosidase
enzymes ang-chismatogiaphyGCD Accaedjestaraipretaned erpbogimentdhehostsellused by this
method com) risesl the host (i‘,ell of the inv ngorb o '
najor giycan structure analysis of the GCD, indicating all structures and their relative
amounts based on HPLC, enzyme array digests and MALDL Retention fime of
individual glycans is compared to the retention times of a standard partial hydrolysis of
30 dextran giving a ladder of glucose units (GU). Fig. 10b shows the glycan structures of

the mammalian-cell (CHO) prepared enzyme (Cerezyme®), before and afier the in-vitro



In another preferred embodiment, the high mannose protein produced by the 10method of the
invention may be a biologically active high mannose lysosomal enzyme having at least one
oI|gosacchar|q,§00&%r)lgq7%nsmg an exposed mannose residue. This recombinant enzyme can

bind to a mannose receptor on a target cell in a target site. More particularlypmi%mgég%nt enzyme
produced by the method of the invention has increased affinity for the target cell, in comparison with

the corresponding 15affinity of a naturally occurring lysosomal enzyme to the target cell. Accordingly,
gll 14'n the IiV{er of the subject. In a specific

the target Ce|hﬂidﬂﬁé@égeﬁlﬂé%s@am%&%{%}ﬁ%§ 3] ﬁgeggg&%q%&%ﬁwﬁdgmmbrosidase

embodiment, this lysosomal enzyme may be se ected from
(GCD), acid $pHify6HiyRikaEs FekasrintaseCal N doetylgatactosaminidise, acid lipase,

a-galactosidase, gludgeerebresidase,dsk-20idyronidase, iduronate sulfatase, a-mannosidase and
sialidase. Mosf preferably, this %ysosomal enzyméegmay%&%%ﬂé‘iOée?‘ze"l HLIJ%Sé? s‘é@(@f‘?ﬁ‘}_pmﬁifﬂ another

preferred embodiment. the Adst LBt SEd by tHsenmetsod oftheinyentionimay:be-aspiant topt cell
selected¥romeredyrobip gb@s&ﬁﬁg@ﬁé@f@@@ﬁ%ﬁﬁb{ﬁtri&ﬁé%e@%tf%nstgg{&ef root cell, celery cell,
|

ginger cell, horseragjggrgelf f\nd carrat cell. 25Most preferably, the plant roo et i€ carrot cell. It

should he particularly noted that the AR o EAFostiCsHBE cllifs adergrolrcinesyisperision:s  In a
further aspectiareprigsent imubntiomrelatesione:mathod fondreatinga %ﬂyﬁgﬁaﬂgﬁg aply g mammalian
S

subject, havipglysesomal sterage disease by using exogenous recombinant lysosomal enzyme.
30Disclosed and describeﬁ is tb%é %ﬁ"ﬁ%:%g%ig Eﬁ’gﬁﬁ@r‘iﬁ@éﬁ?fﬁ?ﬁ%%ﬁ?ﬁ?ﬁ{e@%@m@wﬂculw

examples, pfoE&s Q’(@E%,gﬁnﬁl%ﬁtéﬁfiﬁbmisntbgéddzgm@awqmgprov%eésaggp&%ag%pag%jals may
vary sorbewhas Dtis@lsq 1o.hg, understogd that the terminolo 20081132743
PCT/1L2008/000576 36 used herein_is5 used for &%g%ﬂ%%gem %%’d\é\gﬁb%g pattnkF-&fApBEIments only
and not intend&d  FESinitHg7&thadtrr Seopblsfithiroresertinventinnavilkbedismited,only,by the
appended claidapsadeheeprivalentssthereof 5Throughout this specification and the claims which follow,

unless the context ﬁ?%’ﬂe? otherwise, the word "comprise”, and variations such as "comprises" and
r

"comprising”, will be tinde &éo%%ﬁ%l?%@%ﬁs?@ﬁ orulstateilinteger oV stelp angreupaf integers
or steps butiiotthecesalusion of arycatkirintegamnesstan.Of@eUp ghintegers or PP must he
noted that, qﬁomga}q‘;gi& §8§8‘f{%%ﬁ9n” ggd thf pended claims, the s_inguf' I forms "4 "¥3n" and "the"
include plural referents unless the Contentcearly Hitenas dtatirdderein. Figure 138 shows

molecular weight as determined by mass spectrometry (MALDI-Tof). Note the

prominent peak {on MS} at 48.6 kil corresponding to the MW of native human o
galactosidase A;
Figures 14A and 14B are a PAGE analysis and amino acid sequence of human
20 recombinant a-galactosidase A expressed in tobacco plants. Figure 14A shows two
distinct bands of human recombinant a-galaciosidase A, corresponding to 62 kDa and
47.6 kDa, resolved in the PAGE. F igure 148 shows the amino acid sequence derived
from each of the two bands (labeied “Upper band” and “Lower band™). The portion of
the polypeptides available for sequencing in each band is indicated in red. Regions
25 unable to provide sequence data (possibly masked by glycan structures) are indicated in
black. Note the complete agreement of sequenced regions between upper and lower
bands, indicating identical polypeptides with pessible distinctions in glycan structure;
Figure 15 is photograph of a Western blot showing immunoreactivity of human
recombinant g-galactosidase A expressed in tobacco plants. Protein extracted from
30 tobacco plants expressing either the human u-galactosidase A targeted to the vacuole (o~
gal-vac, lane “vac™) or human o-galactosidase with ER retention signal (o-gal-KDEL,

lane “KDEL”) was separated on PAGE, blotted onto nitrocetlulose, and reacted with



The following examples are representative of techniques employed _by the inver_1tors in carrying out
aspects of the present invention. It should be appreciatled that 15Wh||g these techmqqes are exemplary
of preferred %bzoﬂ%igments for the practice of the inven.t!on,' those of skill in the grt, in light of_ the )
present disclosure, \A}iﬁzljééognize that numerous modlflcatlons_ can be mad@@ﬂ]mauoﬂﬁm_amng from the
spirit and intended scope of the invention. 20Examples Experlmen_tgl proce_dures: Plasmid yectors
CE-T - Was constructed from plasmid CF, obtained from Prof. Galili 25 [United States Patent

: i i ith Sall, all cohesive end was made
giiﬁiélggeﬁ%}ﬁ%nm%ﬁﬂ&ﬁ%ghgﬁﬁ%@z @§§Z§§%¥%%%%%e3p%%n%d ?/%a%lﬁ%ﬁ%%té’d with Psi’
and ligated t%azﬁg(l\ﬂ&f"ﬁ%rﬁ%tm”%ﬁm tﬁ@é@%@éﬁﬁ@@@ﬂalfﬂ@mfﬂﬁe,ﬂa@mg endoichitinase gene

Arabidopsis=3@ithaliatiad AZSAAGACIAATICTEITIGICITTCTCATCITTICA WO
[2008/13274§PCT/IL2008/000576 ?7 C 1Q1I;CCTATCATTATCT%TCGGCCGRAﬁ% and Vacuolar
targeting signal from =T obaces ChitiAEEE A G KFCHT IR TCGATACTATG digested with Smal and

Pstl. 5 pGREENHigwbtaired tnein B8 RrdVigipRauxiRege:B. 1&@&@1%@&5% (%@O&,ﬁ%@t MoI.IBio.
romoter from Cauliflower

Vosaio VS T 10 LLaRhcec HOLaHS Vi armis VENETaRtnie B himcbieféni b B he
octopine syhttelse isrimito réequengeifromiaag robactesil utum efosiehisad0CDRA o sidase

A and commercially available recombinant o-galactosidase A preparations. Figure 16B

15 & Lineweaver-Burke plot of the enzyme kinetics derived from F ipure 164, showing

10 Em and Vmax (detailed in table inset). Green indicates plant-expressed human
recombinant o-galactosidase; black indicates Fabrazyme and blue indicatss Replagal.
Note the close correspondence in enzyme kinetics between plant-expressed human
recombinant e-galactosidase and the commercially availabie preparations;

Figures 17A and 17B are photographs of SDS-PAGE showing the stability of

15 human recombinant g-galactosidase expressed in plants in a range of temperatures.
Human recombinant a-galactosidase expressed in plants (Plant a-Gal) and commercial
human recombinant o-galactosidase (Replagal) were incubated at the indicated
temperatures for 2 hours in activity buffer (Figure 17A) or cell media (Figure 17B),
separated on SDS-PAGE, and visualized as described herein;

20 Figure 18 is a photograph of Western blot analysis of fibroblast ceil lysate
showing uptake and retention of plant-expressed human recombinant a~galactosidase in
Fabry fibroblasis. Lanes “Plant aGalA™ are fibroblast lysate from human Fabry (a-
galactosidase-deficient) fibroblasts incubated with plant expressed human recombinant
o-galactosidase for 2 hours, washed and lysed. Rightmost lane is Fabrazyme®,

25  inbetween are molecular weight ladders;

Figure 19 is a plot of NP-HPLC profile showing peaks of characteristic glycan

structures, and the schematics of the glycans themselves.

Detailed Description of the Invention

30 Proteins for pharmaceutical use have been traditionally produced in mammalian
or bacterial expression systems. In the past few Years a promising new expression

system was found in plants. Due to the relative simplicity of introducing new genes and



hGCD - obtained from ATCC (Accession No. 65696), GC-2.2 [GCS-2kb; lambda-EZZ-gamma3 Homo
sapiens] containing glucosidase beta acid [glueocerebrosidase]. Insert lengths (kb): 2.20; Tissue:
fibroblast Wl‘%% c{e}ll.}%S Construction of expression plasntid The cDNA coding for hGCD (ATTC
clone number %%ﬁ Wa&amplified using the forward: 5' CAGAATTCGCCGOGLLS a6 3" and the
reverse: 5 CTCAGATCTTGGCGATGCCACA 3' primers. The purified PCR DNA product was 20
digested with endonucleases EcoRI and Bglll (see fecognition sequences underlined in the primers)
and ligated ipta-apdntgrmediate vegtar having an. expression cassette E-T digested with the same
enzymes. The expression cassgtte Wals cut arfgﬁe &Etledaf?(ajnf) fa fhite SIS cBtFaHE ligated into
the binary vetiT HEREERIA g redaictionerizynmes Smiahandotbal, forming the final expression
vector. Kartamycingresistanagp28ganeredihy the, NETIL gene driven by the nos promoter obtained
together with the pGREEN vector (Fig. | B). The resulting expfggsﬁgﬁl%%gggﬁ%t? I predERtEt by Fig. IA.
The resulting’pia8hifd e @ LaiUb AcatP to e RS (e Yot ee s frante. fusion dfthie sighialssing the
following sedieeig:primersays’ SE5RKmAlRrBCTCAGAGACCABAGARE 3, and the 3
terminator: 3 30 CA@QE%%((BGS%C TCGTGC 3'. WO 2008/132743 PCT/11,200 ) 38 .
Establishmerit of Earrot Cafus and Colt stESERLBH Uil iR Eatablidheréne shumeot watiusrdnd cell

suspen_sion euipAes wéqmt@omm&dtamsdé@ﬁfﬂ&gdn@rpmmﬂ;slyfbau'gggtgﬁl &tﬁﬁﬁé{ﬂ% cylture techniques
for hortlculag&ggggrégfr& HL':; %g%}jt%%gsfggggt%ng gp %a&rggégglg}and isolation of transformed cells.

Transformation of carrot cells was preformed usin P &nsformation by an adaptation of a
method described prévieusty! [Weiteled LS. Grddittaik. Plant Sei-61:253-262:(1989)iGells growing

in liquicbmediamvere.ised L8 fhrqughaut the process instead of oath. Incubation and growth times
were adapted for transfo%mat%on of cells in quugilog ﬁl%ﬁ%m@?g Qy?’; GroBREE8ITa WeretFahSrmed with

the pGREER: IFVecor By e fop éFasn frbnDuikirg sas e rdoykaaspRcbatto¥RrMetiods Mol.
Biol. 55:63-72}anchthen saleatad using.30Ra04 paLomQmy, i ibiotic. Carrot cel ere
transformedr e"f’&haA robacrgfria and sele(?ted us:%uGO 15mg/rf%g§f%g%@hg%f/%?ﬁglgﬁtﬂ)%ﬁ%s in liquid

media. Screening of I ARSOFASY AT ¢aNs 107 b IEtibAE eIt e essimgshighcievets GHGCD 14

days followiigaumpbiorialion: oel aomEUtuser e-RIHGhORROUE TSt 2ALALIION of 30/
packegkcell yolume for theformation o{ allijr?]%inqwidual clusters of cells. When in ividual calli
‘ WSS RBNMGSERTE PRI S B PRivpieb iftféhea frarsrenissulting

reached 1-2 cm In diameter, tﬁe celidivers
protein extratdward Sepktatidror SDEYPABE[aemhaliddartb#0) prature 227:680:6854.and

transferred fg:pitroggllulgse.membrane ( nd C nitrocellulose, 0.45 micron. Catalog No: RPN203C
From Amers%am Life 25 g%enég? \?er%%stgg%’l\g%%%dgora acétg%?ioﬁ TPEED 4 PerfGrRBLFIEAY polyclonal

anti hGCD HititiBeie S1ESE b or HersiBeiowprEealliexpressingadignificans levelsuefaEBrwere
expanded and.taBsiRuesaisroutivin Jianishmeria (BscRlS WR.pIRleln Rurification and analysis. 30
Prepag&l tlor%n%]; agtl% ';cri]grlzt yn&?t?zdtlfx%?r target cells/tissue though ific re :
gh a speciiic receptor.
Carbohydrate moiety is one of the most common post-transiational
modifications of proteins. Protein glycosylation is divided into two categories: N-linked
and O-linked. The two types differ in amino acid to which the glycan moity is attached
on protein - N-linked are attached to Asn residues, while O-linked are attached to Ser or
25 Thrresidues. In addition, the glycan sequences of each type bears unique distinguishing
features. Of the two types, N-linked glycosylation is the more abundant, and its effect
on proteins has been extensively studied. G-linked glycans, on other hand are relatively
scarce, and less information is available regarding their influence on proteins. The
majority of data available on protein glycosylation in plants focuses on N-linked, rather
30 than O-linked glvcans.
The present invention describes herein a plant expression system based on

transgenic plant cells, which are preferably root cells, optionally and preferably grown



75 micrograms recombinant GCD (CerezymeTM) were suspended in 3 ml complete Freund's adjuvant
and injected to each of two rabbits. Each rabbit was given a WO 2008/132743PCT/IL2008/000576 39
booster injection after two weeks. The rabbits were bled about 10 days after the booster injection and
again at one WESKMEH s until the antibody titer began to drop. After rempyakoidhepglatihe serum
was divided into aliquots and stored at -20C. 5Upscale culture growth in a hioreactor An about Icm
(in diameter) callus of genetically modified carrot cglls containing the rh-GCD gene was plated onto

Murashige apds cm diameter agar medium 1[ te,cantaining 4,4gr/1 MSD medium
(Duchefa), 9.9mgl/l th%ﬁi?é%%%ﬁ%%ﬁfﬁaﬁ?atgglmg 7 |éc§éigd?f§%6ﬁi§)eé.gc}ﬁ@fi‘%?&ﬁtﬁ”m%ﬁ‘é’%), 0.8g4

Casein hydr8fisatésh Giisieraprstsiar 8ot ehd Hormonésizitrdu{Sigaiape Ehesqalusswasgrown for 14

days at 25C havingS4SRANSION: ced:chltuIg was Regpared by sub-culturing the transformed callus in a
MSD liquid mediur‘%(Mucashi e & Skoog (1962) containing 0.2 mg/l 2,4- dicloroacetic acid), as is well

known in the art. ThBSUShENSBERIE WRt e eIV atEHHH 15 98 0m b Erlemmeyepfiaskgwosking volume
starts with 25iph anshafter 2daysiinereases10,.50md).at 2@%%%@%@%@8&%91?%60{ A

Subsequentl_ga%%lscalél%ﬁe yolume was increased to IL Erlenmeyer by addition of working volume up to
300m1 under the same conaitBRe U Bt FrERa ile-raarer roh [seeiR 0oaLB460]
containing @mIDem'eiéium}twast@biaineddhj;tiadditj@Ehefré&ﬁlﬂbhﬁﬂﬁ@%‘&&mfc%ﬁlﬁsd%}%ﬁgiﬁom two IL

20 Erlenmeygy; that were culfivated for seven days. After week of cultivation at 25C with 1Lpm airflow,
fvIDS medium was added &p tog?CcE and the é%?ti(]éa(ﬁ h contiifusih dertreRantacdbidifisns. After

additional fiverBiapeaticuttivations nfestof thelettmwere hainvestadiand agllectedibuimassing the cell

media throughB0s:neknT e &xiraMmediym was squeezed out and the packed cell cake was store at
-70C. 25Further, details of the bBiForeiactor device may be ogﬁ&%ﬁl?ég%}fﬁd%%lﬁg‘%& No. 6,391,638,

issued on M&JSE 360281 previdtisw/ank drperetisd dsiadfbrerioe sRuteir puiificatioftbirder to
separate thénmpkgigpifom .ihQiélﬂap|}jﬁ£ﬁc@9@hi@@4§8r§%§@§§ol§ofﬁﬁﬂ£%&mgo?qggt 1909 wet weight
cells was thgwgg Gi;ol#%t(ved %{ ce}rtrifugatio,n of the thawed cells at 17000xg for 2 min at 4C. The
insoluble matenals an A IRET SRS (B Hels R pieReiHH: i DOYST pashinfrasufter (20mM
sodium phodphsiEghIpieMO RA08/ 307 43R647 1k _2008/0805/§A0RAMM ERTA) nand then
precipjtgtedopg&g‘ﬂg;igégaa%p at 13991919 J% %ggmn at 4C. The rh-GCD (recombinant human GCD) was
extracted and solubilized 35 %o'r%ofenlzatlon O the' Pllle ™2 B0RIC & EPaktion Berfdr {DBMIM sodium
phosphate FRPIRAOEYAMEETE, AMMIRMSE: 20nddscorie acigra:Bgnpahyy ipalypysrolidone
(PVPP), 5 naMdsD I 206 1%, LiitRax:100). The homogenate was then shaken for 30min at room
temperature and clarified by centrifl;gati_on at 17000xg for 20min at 4C. The pellet was discarded and
the pH of the supetnBGifitWslinsfastedimiish b5 natidhion dkeion dentralte drgitric GeidthE urbidity
generated aftenpih a‘m{tuat@&elﬂgwg&eﬁijﬁeﬂ@yeg@iagjﬂdgggmégg%g{nggrgggggd?{ﬁiz'glirgnwsdﬁiescribed
above, OFurther purification was performed by chromatography columns procedure as Tollows: 200m1
el cu‘r.e tpwasagf 1G vcc% TATS ';é{ : é&lp‘y b ; :
of clarified medium wére 10atéd SiPoST RHGHY e Aibh EIparige Resps to retain the desired
high mannose giycosylation. Optionally, any type of mechanism which is capable to
produce high mannose glycosylation, including any type of mechanism to by-pass the
Golgi, may be used in accordance with the present invention. ER targeting signal
peptides are well known. in the art; they are N-terminal signal peptides, Optionally any
25 suitabie ER targeting signal peptide may be used with the present invention.
A host cell according to the present invention may optionally be transformed or
transfected (permanently and/or transiently} with a recombinant nucleic acid molecule
encoding a protein of interest or with an expression vector comprising the nucleic acid
molecule. Such nucleic acid molecule comprises a first nucleic acid sequence encoding
30 the protein of interest, opticnally and preferably operably linked to a second nucleic

acid sequence encoding a vacuolar targeting signal peptide. It should be noted that as

used herein, the term “operably” linked does not necessarily refer to physical linkage.



(Macro-Prep high-S support, Bio-Rad) equilibrated in 25m1V1 sodium citrate buffer pH 5.5, packed in
a XK column (2.6x20cm). The column was integrated with an AKTA (prime system (Amersham
Pharmacia Bi@t&g%}éh;t 4gsllowed to monitor the conductivity, 15 pH and absorbency at 280nm. The
sample was loade it 5(7)m1/min, afterwards the column was washed with equilibraigndassfer (25mM
sodium citrate buffer pH 5.5) at flow rate of 12m1/rnin until UV absorbency reached the base line.
Pre-elution of the rhGCD was performed with equiliggation buffer containing 200mM NaCl and the
elution was obtrined with-rouHAL| inng 600m Cl. Fractions collected 20 during
the run were monitared by enz%%%g%ﬁg%sg%@%%g%%% r%%ﬁ%?iréé‘-‘ oAl SRk e the
elution peak)t%grgﬁgo%ﬁ?%éﬁé Livples werstiutd (R Skinlwydentontdining 5% ethanol and pH
adjusted to GsQuwithhdNeOH [ Sample.somainingthen-GGE lied,on the second XK column
(1.6x20cm) par%%%end v ith 10!‘?1 of the same resin aé?éﬁ%ﬁf%ﬁ% égbﬁﬁirﬁrai’.m‘? & e lin A i column
was equilibrate with 25" SGinE diFRCBLfErBH<6 D ‘Cohtamingsvkethimal: Relowingthessample load
the colufn waswasheddvith theieguilibration: buffierand the QER was elyted from the column by
elution buffer.(20mM Citrate g%f%r.%j G.Qé.S%fe,thanol and 1M NaCl). The fra_ctiongo% the absorbent
peak in the elution step’were pocled and applied 8 & thitdPEiiRH. Botrecrarpurfticatibat step was
performed off&lSdgsconftipPetbRRO0N) packediwith Bk hyerophekic interastian Lesin(LSK gel,
Toyopearl Phenyk606 ) resin was equilibrated in 10mM citrate buffer pH 6.0
containing 5% WO 2008[%%%8%?%@%%@173% 576 T1ESHTanBi e B! At pSErtFem the
previous col(iffif\adIGatied & Bririm hotiomwe. Bhavashingiwith@guilibratien:buffer uptikthe DV
absorb&ht reghithe.baseling: BQ@%MQ was el mM citric buffer containing 50% ethanol,
pooled and d?t%%d at-20C. 5 Determination o p%?tfir%} ggﬁ%}éﬁ ria}igi%ﬁesm%(‘\l:’?g ein %%rﬁc%??géﬁons in cell
extracts and fractions were assayed by the method of Lowry/Bradford (Bio Rad protein assay)
[Bradford, M., Anal Bidishefo(19T6Y $2:248kusing a9 \ing:serm.aAlbyumin siandard (fraction V
Sigma), Altq{%wek)(,-scongeg%gg% ?f h%imo enous protein sam?ﬁ%es was determlnedgfﬁy aﬁ)sorption at
280 rim, mg/m1=1.4 0.D280° Burity was detemifaar Bl 28 B0 ratic BT D st yavits dutivity assay
Enzymatic detibiypoiscoDwasdétemiredsusingqrnittophanyhol3Ralisonyanoside; (Sigma) as a

substrate. Assay huffercantaingd. 60 hosphate- 15 citrate buffer p14=6, 4mM p-mercaptoethartol,
1.3mM EDTA, 0.15% Triton %-Eloo, 0 .81}[2@%)0 %og?&‘?ﬁ AU oTA R Keaay s Hiarsrrieaurhos well

EL1SA platE5?8B0Hcrslitdr HAdabiprenisn inchbatedmithii2be: mickalitesassay bufferaad substrate

was added tedjaabCanceniralionefi4mi, The Jpaclion was fsubated,at 37C fO{ 60min. Product

(p-nitropher%l;. pNg%lfgrmation was detected by absorbance at AOSH: B0 ABLBIHAHCa 105 run was

monitored at t=0' akd At tHEBHITPETEY HerEt R4 ficrolirsrion SNcMa® Lahwexseaddessto each well

and absorbameenatr06 hivivas-monitered agai Referengge W?F%:?H%%%&?S?%gd i“Btﬁz’;‘ra”e" was
used tmquagiitate concentrations of. GCD in mgdt%s&e/g samples [Friedman a al (1 &g)s ood,

a nucieic acid, e.g., n. Or an expression vector, into a recipient

93(9):2807-16]. 25 Kinetic studies:

cells by nucieic acid-mediated gene transfer. “Transformation”, as used herein, refers to
a process in which a cell’s genotype is changed as a result of the cellular uptake of
exogenous DNA or RNA, and, for example, the transformed cell cXpresses a
recombinant form of the desired protein.

25 It shouid be appreciated that a drug resistance or other selectable marker is
intended in part to facilitate the selection of the transformants. Additionally, the
presence of a selectable marker, such as drug resistance marker may be of use in
keeping contaminating microorganisms from multiptying in the culmre medium. Such a
pure cuiture of the transformed host cell would be obtained by culturing the cells under

3¢ conditions which are required for the induced phenotype's survival, |

As mdicated above, the host cells of the invention may be transfected or

{rans 1 i I i i i
formed with a nucleic acid molecule. As used herein, the term “nucleic acid” refers



For kinetic studies, GCD activity was assayed as described by hereinabove with some modifications,
using a fluorescent short-acyl-chain analogue of glucosylceramide, N46- [(7-n tro benzo-2-0 xa-1,3 -di
azol-4-y aming hexanoy erythro-glucosylsphingosine 30(C6-NBD-D-erythro-GlcCer). Co-NBD-01cCer

. ’, X - - -
was synthesﬁzae%?gg}gﬁé E‘Vlatlon of gluco sy | sp hi ngosi PCT/IL2008/000576

neusingsuccinimidyl6-7-nitrobenzo-2-oxa-1,3-diazol-4-y1) aminohexanoate as described by
Schwarzmann and Sandhoff (1987). The assay was, WO 20081132743 PCT/IL2008/000576 42

performed usingddy2:g-6f @ither, Gerezy, 1 QG invention in a final volume of 200 RI
MES buffe;\}g ogmg(l, pH é.5). (:onc:entrg%%%]sﬁgfFl %é%&%%‘%) @g@an%“e‘% IOV 0. 2BPIBPIHE M.

Reactions wePS ISt td piSeead for Bimitsats phydfdaiwereestoppesdydadditionet:1.5sml of
chloroform/methanalif] @b} RriosiRextrastign g%agg[y,g@&{ltggsgggégg%%ggéipidg.GBiochemicaI

analyses: In, e!gB;EB}EOg' sjs and Q’l Ss spectrometry analysis The stained protein bands’id the gel were
cut with a cléan razor blad ald e TEHroteis 1 gl Werkrdaueisd Witke10mMDET and modified
with 100 mlMtiodoacetdmiidelinstanibi aoimerivasficarbonate. The gel pieces were treated with 50%

acetonitrile in 10 myl opium bicarbonate to remove the stain from the proteins following by drying
ammonm bisarbonate fo.reove pr

the gel pieces. The dried gel pieces were rehydrats T095 SHEBriAle s 1ormfcsdhimonium

bicarbonate &tfarmiag atdut:®. 1gigrypsin peridssampleifhatge-piosesweredngukatechovernight at

37C and thegsuiting-peplides,were recovered with 60% acetonitrile with 0.1% trifluoroacetate.
The tryptic peptides Weréqfégsolved by reOgrse-Sﬁlagéwérﬁr%i?ﬁg%pgar‘sasp‘ﬁﬁf SR CIX BoB i Rised silica

capillaries (JEWES GB6iEvBRa6fe i YRGS ditrportus R (Rer sepebtiveyhFhe:paptides were
elutedigsingte: BaspiniinesrigkadinatatRIa M5 % 20AeRIPVHIIR Wil Q1% acelic acid in water at flow
rate of aboyt 1 ué{ in. g-h%egglquld from the column was electrosprayed into an |on-ter_ap mass
spectrometer( Q Tl SR aa s CAY AVERIS Spieromain e s pdvsorattin theipositive ion
?ode usingfmpammeizimﬁbbﬁil&?cmmI@wed@r;ﬁﬁtiﬁ%%nmyﬁ%@ Q@?%ngﬁ%&g DLqtbe rr(;ost
ominant i ted.fr e first MS scan. The mass spectrometry data was 25compared to
simulated gr%?gél%ﬁsigsg%ﬁ?f%%ﬁng ?ﬁséoﬁrg{éﬁ\es[%ﬁs ﬁﬁ%%@isﬁé%%ééi%ﬁﬂ’éstﬁ@ %’&%Eﬁst software

[J. Eng and°f. e¥iseéinsUnivrsssity of Miss hingitohland EirheganySar Jeselic contheamiagderminal of
e SRR e S A S g e
system. Such system typically includes a transcriptional promoter, an optional operator
to conirol the onset of transcription, transcription enhancers to elevate the level of RNA
expression, a sequence that encodes a suitable ribosome binding site, RNA splice
Junctions, sequences that terminate transcription and translation and so forth, Expression
20 wvectors usually contain an origin of replication that allows the vector fo replicafe
independently of the host cell.
Plasmids are the most commonly used form of vector but other forms of vectors
which serves an equivalent function and which are, or become, known in the art are
suitable for use herein. See, e.g., Pouwels et al. Cloning Vectors: a Laboratory Manual
25 (1985 and suppiements), Elsevier, N.Y.: and Rodriquez, ¢t al. (eds.) Vectors: a Survey
of Molecular Cloning Vectors and their Uses, Buttersworth, Boston, Mass (1988),

which are incorporated herein by reference.

In general, such vectors contain, in addition, specific genes which are capable of
providing phenotypic selection in transformed cells. The use of prokaryotic and
30 eukaryotic viral expression vectors to express the genes coding for the palypeptides of

the present invention are also contemplated.



Targeting and uptake of GCD to macrophages is known to be mediated by the
Mannose/N-acetylglucosmine receptor and can be determined using thioglycolateelicited peritoneal
macrophages $ta_ined from mice, as described by Stahl P. and 5 Gordon S. p. Cell Biol. (1982)
93(1):49-561. |§ﬁ?ff/ }ﬁ%@;(female, strain C57-B6) were injected intraperitongall \9&% /&Fg»_ml of 2.4%
Bacto-thioglycolate medium w/o dextrose (Difco Cat. No, 0363-17-2). After 4-5 dyéLys, reated mice
were sacrificed by cervical dislocation and the peritgneal cavity rinsed with phosphate buffered saline.
Celts were pelleted | ' 00xg.10 min) and were resuspended in DMEM 10 (Beit
Haemek, Isragl) gorﬁgitr%ﬁ%n ’(;I%’go@;g%gsé(%a i %&?‘8‘52%?@%% YReWpiatelywribedxv0b cadet in 96-well
tissue culturet%lgt’é@%?f Prdomatet! aravies after 9eminutesomaradherepL selisyere waghed out
three times using PFS, and the adherent macrog?ages were incubated for 90 mm at 37(@:,‘|‘n culture
medium containing Spatifdd GUE RS SrrRGCD: rigifgHramy Bnicod 0-miCHROr ams:iY 200, microliter
final 15 volupresdrytiie edisence and presence of yeast mannan (2-10,5 mg/ml). After incubation,
mediumscontaining.excess rGCD was removed, and cells were washed three times with PBS and then
lysed with lysis buffer {10mM Tris DAL 504 ik MGE DS, thevsnmtian andzprateaseinhibifers). The
activity of rGCEakén updsietie cellsnvas @emfﬁﬁéwdrbxwl&?%%%g%l lysates l;o |ézLn vitro
glycosidase @@aég@%g@wgg%éﬁ%%% 20 EXAMPLE | CONSTRUCTIO %){f’ﬁkﬁl $&ioN
PLASMID This Example describes the ckgﬁst?i?éfféﬁ%ﬁ&Hséi?éﬁﬁﬂﬁﬁ)}?@mession plasmid, used with
regard to the Exampl8&Beioweimémerdettibont, fﬂh&ﬁD&fAkﬁO@%f@nQQ%«Pa('%;!gg%&{%ne number
65696) wasatnphified Msingthe forward; 5' AATT( CQC‘(‘BCCCCTGC”A‘S' (also denoted by SEQ
ID NO: 3) and tﬁg revers!’g: 5'%%?:%3’&"?‘%%‘% ?f&?i\"‘f CCACRBIISE Herstsei by SEQED NO: 4)
primers. Th& BURTEY PERe SNASréatiet ivas digested with-éndenugleases Ec9RLand, 30Bglll (see
recognition seguendéhundediordn 1he primers) and ligated into an intermediate vector having an
expression cassetée CE-%dig(Ested with the same enzymes. CE-T includes ER targeting signal
MKTNLFLE@I’%IFSL L S ESSREF ARy 1A Hettbtalrny 'St oI DiNOuatfrost. theshasic endeghitinase gene
[Arabidopsi§thaliatahsandiwbcanlarctargeting sigosk o o chitinase A; DELVDTM* (also
denoted by SEQ 'Qnﬁ'ode@;%&? expr ssjon cassette wé%%gt anége uted from fhserﬁﬁfgf?ﬁéﬁiate vector
and 5 ligated into the binary vectdt pGREERTIEInghesricab ergymee SivmbahdwXitalsHerming the
final e&%re%ﬁ%&ﬁﬁf«@mﬁy@mq@@sﬂarneedsai@naterred by the NPTI1 gene driven by the nos
promoter togetherpyiththe RGRE ctor (Fig. 1B). The resulting expression cassette is presented
by Fig. 1A. The %ﬁlﬁ%ﬁlpi%r%% was Eécé%alﬁ];%%%% B Greedrrantionalsse issibrfaf he
10signals S e IRwiRL Seqtisadingmimenss of \Beimetdasm tey5h3TSHIGMOLaN:S)
CTCAGAAEACGAGH Glafhbd3 | (lse, dsnated by: ID NO: 5), and the 3' terminator: 5'
CAAAGCGGGCATCGTGC 3' (also denotg%%%yp%geg% I%“6:Ei B)" Z‘rﬁgfg/éﬁfﬁ@a%aﬁ@ahﬁ@@ coding
sequence is denoted By SEETD RGYeTe XA MBI ESBIRANSEORMABON @F GARROT.CELLS AND
SCREENINGIHORITRANSFORMEDIGE LS EXRRESING rGCD. thmuThhisg%x_ample describes
an exemplggy method f rgrfa{%%gorpln ) carrot cells 70according to fjhe' pr‘e:sen%lnvt tléﬂ‘f“als used in the
Examples below.  Transformation of2ar6t Cdlisfadperrsrmédinytingmbtctenumdansformation
as describé%%@@l?%%ﬁﬂiﬁm@lg andinBera (1989 pid il’sg’ﬁiﬁ?a,ti%%r%oﬁﬂggc caurot cells were
plated onte Muashige aag.nkood gM[iS()na}QQ{mr%%dlurp with antibiotics for selection of transformants. As
shown by Fig, 2, extracts re‘pareci from arising CalP S8\fdrd ta&an(Ftlexpression of GCD by Western
blot analysis usin‘éx ani @}lﬁ‘ﬁﬂbﬁdﬁm@mwwmm&e@@%&zﬁ@g@g&ﬁqﬁ%Igag%'tive control)
and estractsrobsenctrapsioim et SellsApegative control), Of th@ various calli tested, one callus (number

22) was s%%%c]?d for scale-up growth and protein Bﬁﬁﬁ“&% 151, ThieUradtsrh Brsehtisustrarmed as

follows. sosomal enzyme to the plant vacuole. For exatmple, and not by way of limitation,
the recombinant nucleic acid molecule comprised within the host celi of the invention
comprises a first nucleic acid sequence encoding a lysosomal enzyme that is in Operabie:
iinkage with a second nucleic acid sequence encoding a vacuolar targeting signal

30

peptide derived from the basic tobacco chitinase A gene. This vacuolar signal peptide
g .

has the amino acid sequence as denoted by SEQ ID NO: 2. The first nucleic acid



For this assay, proteins from the obtained sample were separated in SDS polyacrylamide gel
electrophoresis and transferred to nitrocellulose. For this purpose, SDS polyacrylamide gels were
prepared as (9&5023%; j;I'sré%SDS gels consist of a stacking WO 2008/132743PCT/IL2008/000576 45 gel
and a resolving gel (in Aédordance with Laemmli, UK 1970, Cleavage of stracturabaroteirssduring
assembly of the head of bacteriphage T4, Nature 227, 680-685). The composition of the resolving gels
was as follows: 12% acrylamide (Bio-Rad), 4 micrajgers of TEIVIED
gNloN/ 1\1',1Tstﬁgmamdeﬁk}y5ewtqmgﬂ@miﬂgﬂ§§gm&g§ﬁlgg Bﬁgggag ér%g 8{1}.% er 10 1n8£§lecl solutipn,
.1% SDS, %ZnSci ngM Igﬁ;HO, pgl 8.8 and_ammonium persulfate (APS), ).1%. and ammonium
persulfate were used in this Contextas ed THHRLSEH 1875 Feluthe etyrrerizitioh. pADGSt 26 minutes

after the initiétion:6ftpalyifietization] the stackinggel(a%eRCHamigeR 1% SDS; 126, mivi Tris-HCI, pH
6.8,0.1% A 5 micraliters,.of TEMED per 5m1 of stacking gel solution) was poured above the
resolving ge?%%g %%2% E)%I%L t%%ggggc%%bﬂévﬁis@iﬁ SHEE 0 el AR Toreaifisiedial iThe anode
and catRode'8ivaifiiers weie fitle With identicet bufferisatutipnaliisighsing pyffercantaining SDS
(Biorad, catalgg.aumhend61:0442), PH 8.3. The antigen-containing material was treated with 0.5
volume of sample loading buffer (30m1 15 glycerol (Sigma catalog number G9012), 9% SDS, 15 ml
mercaptoethanol (Si§riaTe aterettittinkedI6286y 1875 fo/liftisaFhE hpH: 618 500] sicsoliters

bromophenetdluesealt watimes RalAA0ml.sample belfen..and the mixtute was then heated at 100 C

for 5 minuteas nd loaded onto the stacking gel. The electr :%%oress was peﬁ‘tb?rlﬁg dat room
temperaturé Tor &°8UiABIe TirRE 58S, 2 OF6F &%ath prdaam Bt mintite shusimg endomsténit ruriecut strength

of 50-70 voktsefelioweHdyidks66:minab 32200 Meltfor oglg.ef 13 ch&ﬁﬁ% 195176, Lhe antigens were
then transfered Otig;f)n{nfii ,@ggll%lg%,te Schleicher and Schuell, Dassel).  Protein fransfer was performed
substantiallé as described heraim >THE'GS WAZT6estan, ToHured Retrearsugidetemlisseillose,

between Whetsrabiy. 3 MMHltémREd fapAr sepreuetive; ehhgmoick foamed naterial ang yvire

electrodes which gonduct the current by way of platinum electrodes. The filter paper, the foamed
material and the nitrocell’glosje f/ver%}s%rélt(%g %ﬁg?d%é?ﬁyi/ﬂ\?v%tﬁ“fr RSP EHEFVE EBtster o Biorad,

catalog nurib¥é $6UETRFIaM e dlattmesanitheaiet han obanst watersauffer (20%smethangl)). The

transfes wasspe b iHashat.haQ volts fon 30 minutes at 4. 30After the transfer, free binding sites on the
nitrocellulose were saturated, at 4 Cpr lcs))ir/egr-ni ht with bl%g%{égf%au gﬁpfborﬁzia{?ﬁ'lcﬁlgaf% %Wr‘fﬂ Dairy

America), a8 U184 \NE5 SeigHosy a4 1. 2008/000576 46 Tween 20 (Sigma Cat P1379) diluted

with phosphate bufen¢RiadehBetiaen: Gataleadishes %Qé@@-amer&ﬂ%ﬁﬁg%a‘g?f%r i%‘c%%ated with an
antibody (d{u igg,c%%gsggeigxphosrgplat? biyféer containing 1% dry milk and 0.1% Tw: _ennfil as above, pH
7.5) at 37 or houp s operably linked terminator which is preferably functional in plant _

cells. The recombinant nucleic acid molecule of the invention may opticnally further

20 comprise additional control, promoting and regulatory elements and/or selectable

markers. It should be noted that these regulatory elements are operably linked to the
recombinant molecule.

Regulatory clements that may be used in the expression constructs include

promoters which may be either heterologous or homologous to the plant cell. The

25 promoter may be a plant promoter or a non-plant promoter which is capable of driving

high levels transcription of a linked sequence in plant cells and plants. Non-limiting

examples of plant promoters that may be used effectively in practicing the invention

include cauliflower mosaic virus (CaMV) *°S, rbe$, the promoter for the chiorophyll a/by

binding protein, Adhl, NOS and HMG2Z, or modifications or derivatives thereof. The

30 promoter may be either constitutive or inducible. For exémpic, and not by way of

limitation, an inducible promoter can be a promoter that promotes expression or



After incubation with the antibody, the blot was washed three times for in each case 10 minutes with
PBS (phosphate buffered sodium phosphate buffer (Riedel deliaen, catalog number 30435)). The blot
strips were th&}%iq}c%bated, at room temperature for 1 h, with a suitable secondary antibody (Goat anti
rabbit (whole molze&fllég)zﬁﬁiP (Sigma cat # A-4914)), dilution 1:3000 in buffepcoriaining;i¥edry 10 milk
()Dairy America), and 0.1% Tween 20 (Sigma Cat P1379) diluted with phosphate buffer (Riedel
deHaen, catalog number 30435)). After having beep,washed several times with PBS, the blot strips
were stained;yithh &G L developer reagants @r{g?rs am RPN, 2209). After immersing the blots in the
ECL reagents the blptsﬁre exposed tog) 15 X-ray #%HEUHI{%??&G@‘% RSAYEE542 A "aeshapised with
FUJI-ANAT GV aevaignd MHna fikeihemiams e ixicatsuE X R kalit of 2). The bands featuring proteins
that were bound bythe-apiibary hesame.dginle afierthis freaiment. Upscale culture growth in
bioreactors %O§u spension cultures of callus 22 were ovbtaiér:ed E)d;wsqéfgn-ncﬂ l%i%ggm&f Fr‘gE Sfoiffed callus in
a liquid mediJRT CENSWete HthAtaE imendian g H felacyenfidsks, umtitotalivelumewassufficient
for inoculatingetie bioeehsios (@seserbad indxparimental.gocedyres), The ;eretc)PE ically modified
transeenic cg[rot x%%lclﬁffé%?obe g:ugl&jv et%d over Qi%s and cell harvest can be obtained in"Cycling of 5
to 7 days (data not shown). At 25 fiie SedEnth ctiftiedish Baiz iR ithaamaimy sism@EB production
in carrot cell'isgethepeakscelisngydrerhaniestéd pyopassing@fsulture through 100mesh nets. It should
be noted that cellsygg I@@_, %&\/g ed.by means known in the art such as filtration or centrifugation.
The packed cell cake,)éi/high proﬁggcsﬁ%%mmafeﬁﬁ%q%bn}aﬁﬂﬁ?f%gf%ﬁ%f)ﬁ?9‘@"@% TePHYfRO GertBity, can be
stored at freB¥ih§HRripePatiresn Vo 2008132 743RET112008/0006FGAFEXAMPLESS one
PURIFICATIIN QF REGOMBINANT @'Igé\ég %ﬁg%{?RQ EIN FROM TRA SFOR{NIED CARROT
CELLS Recombinant h-(_E-CéQ{:'ex!oressé%l1 in transformed c}{a:‘r%-otH EES a8 h 0 bl SH8fd to internal
membranes I RENS dhifdt EeRrEtsite thbenedinhenMies hamiciliveael disruptiv leaes the rGCD
bound to insoirhtemernhkanedelis (aiaplshannkrAG R, was then dissolved using mild

detergents, and se%pai\i{?e%égrom cell debris and other insoluble components. The soluble enzyme was
further purified usifig ¢ BUTEPhY RIS RRIDEING canbateschiafiyecdrinbydiophiobic

interaction ehiviatogtaphyrcolsrosasdesaibebin @%E%@%@%ﬁ&?@%ﬁﬁ&ﬁs@r f.1Q, separate
the mggium, frgm the insoluble G%D, frozen cell cake containing about 100g wet weight cells was
thawed, followed by Centrifugation 3%%66%&5% SoNifF s ieelapksaminitiore Avderipdseard intact cells

were washemibytreidsusponsionrhd00md, washingduiiar (2AmM.sodinm-phosphate RH.7.2, 20mM
EDTA), 15 a%ta%ig{%%i%itated by centrifugation at 170009 for 20min at 4C. The rGCD was extracted and

solubilized by homogenization of the pellet in 200m1 extraction buffer (20mM sodium phosphate pH
7.2, 20mM EDTA, FhnMrPMEHe20mMancoebcacit 38 Rolyviny:ipely Ry 1ey) Ldong,(B\VP P), ImM

DTT, 1% Tritenx-10Q: (Sigmad ; omogenate was shaken for 30min at room temperature and
clarified by cenltg:rifugatilc?x:l 20 at;flégae igéﬂ%gpifésffﬁ?\ngty qen cécﬁlg)ﬁgt%%égedi%%%@& &F@TEE pH of the

superfdtant FAS aBERIE a0 igF SiBrbyetditioukgonicariatee IcfiimacisL.clatbiditegengrated after

pH adjustmenbwas slaified by-sentifugationunder the same conditions described above. Further
purification was performed by chroma%oggraphy c%%mﬁs‘a zlf'lls,oca1 WS- ih & ffrrs?‘ns!f%‘e?' SR of clarified
extract wer8 Toadedbr? JHET StoAETEAlSR eXxchafideFéwinoDSuMaaraPrep hight Snedifpart, Bio-Rad)

equiibratedim2brsaiuny cikaieibufisantl SGupackedin Axisolimn (5 8xeacm), The column
was Integraled witn. an rime system mershnarn armacia blotec at allowed 1o monitor
tegrated with an AKTA tem (Amersharn Ph Biotech) that allgweeto monit

the conductivity. pH and abSotbaRe BE S8GRKT e Ugiiplecfas TsatearafideHlintindadtérwards the
columi wasiwashed withteoy|ldriationsbutfer @BaMisegium citrate buffer pEl 5.5) at

Soluble lysosomal enzymes share initial steps of biosynthesis with secretory
proteins, i.e., synthesis on the ribosome, binding of the N-terminal signal peptide to the
surface of the rough endoplasmic reticulum (ER), transport into the lumen of the ER
where the signal peptide is cleaved, and addition of oligosaccharides to specific

30 asparagine residues (N-linked), followed by further modifications of the nascent protein
in the Golgi apparatus [von Figura and Hasilik, Annu. Rev. Biochem, 55:167-193

(1986)]. The N-linked oligosaccharides can be complex, diverse and heterogensous, and



30 flow rate of 12m1/min until UV absorbency reached the base line. Pre-elution of the rhGCD was
performed with equilibration buffer containing 200mM NaC1 and the elution was obtained with
equilibration @%‘g@@%ﬁgmg 600mM NaCl. Fractions collected WO 20(18/132743

PCT/IL2008/00 uring the run were monitored by enzyme activity a&8ai}.afid/ealrss exhibiting
enzymatic activity (in the elution peak) were pooled. Pooled samples were diluted (1:5) in water
containing 5% ethanol and pH adjusted to 6.0 with{yaOH. Fig. 3A represents a standard run of this
purification stageschbgnfrastionsacellectad dur manitared by enzyme activity assay, as
shown by Fi%.ﬁ3B, and é?gg.ﬁsc shows coor;é]éasms?eg- Ifteéilgtga%ﬁc{%@ﬁgu%%%%ﬁ%%or%ma'g’%ianygéj ?cs)gr' activity.

5

Elution fractiohs EEntating THRETEE Was apjsied 618! sedora Xdkr colbimmiedx20om} sacked with

10m1 of the gamesesifhas-in the: previons iceluspaniena secang pusification %%%%%al&%{%gin in this
column wasieggiggre;[?d with Zt,OmMﬁ%e buffer 10 pH 6.0 containing 5% ethanol. Fo fowing the
sample load tHhe COfUThn WaE WASHEE Wit the eI ratirstrer ane theraEd &dd<iuad from the
column by elutionReufféi={RBraivf Gitiatesbaffarcpbi;6i0:B% ethanokand ANINAGH, Eig. 3[3 represents a
standard rum phiis purficat on stage The.fracti ns collegted during the run were monitored by enzyme
activity assay, as sh@?vng y%lglg .pig)%%%%ed(%% .eg‘gjgrsl%\lf\%oa%%%gé%? }-B?ﬁ'éigtﬁfﬁiﬁlafl@mﬁ&g fractions
assayed for @etivigyme o TheéFartisnrof theisdibentipeak imtyeelutionsicp wereqpoaked and
applied on a.thitd,.9 FlealeR Ladhird purfication stage, The third purification stage was performed on a
XK column (1.6x20§ylm) pazi: ed WitrgSml hydrophobig1 ff%[g%é% aﬁ%%éﬁﬂx?%%%%ﬁ% 35652%5
Phenyl-650E 13558y PR PesimbER @ quilibrated in 10mM 20 citrate buffer pH 6.0 containing

5% ethanol. The GED: eprion-peOLFeRkHeArevieus,solummn was joaded ar 6ml/min followed by
washing with equilibration buffer until the UV absorbance reached the baseline. The pure GCD was

e
eluted by IO?Ir‘I"IéTl’%?fﬁ Biiftet St eih i 898 dnatisiopdaédand stored at -20C. Fig. 4A
represents a standiid funhef, thisapiificatiorstagrmihe fractiams2bealiected during theun were

monitored by enz vity assay (Fig, 4B), and Fig_ 4C shows coomassie-blue stain of elution
fractions assrayreaﬁ%]rcetg%éilfj\;ft% mcmﬁf{% %t%‘ﬁc)lﬁﬁ?iﬁ%{i IsF g il Wsteeprocediss, #6Ch protein

was purifiedteractevélogreatel flvare O5%satcoviiy th efirstand, thirdmstage sanei peciarsagasiurity is

achieved ata Igvel.of ghout. (rgsults ngt shown), WOQO,20081132743PCT/IL2008/000576 49
Biochemicall analygis qBOTo%%?%a@%eg ’|dée)§nt%?( purified TG COM 4SS pé@’l\ﬂ%@%’%ﬁ‘& (MSMS)
analysis wa&BfésithedrRewbits etantclshonel 405 soverageofiproteintsegienta Mat matched

the predicterhaminovacicseauencasheses:an she ANASLIN SxaIEssion 2qassete, inguding the

leader peptide and targeting sequences.. Characterization and Sequencing of pr ' To further
characteriz&tHe BERTProtTERA MR an & BT BIAMG OB BEtHe Thvanlishlc o MGSD Was solubilized
using TritomEa0zdfi theypresentsahanigniiosideni apdparifieco hpmegengity Ly.catign 10

exchagge and hydro ic chromatography (Fig. 9a). Amino-acid sequencing of the plant produced
e e B b 61 e TocHan deicnatiati HOR ATe e orSBtitrce YRGS NO: 15)

of the invehtio
correspondd§tsthatoof the human GCD (Swiss Prot PO4062, protein ID AAA35873), and includes two

e ror - e G R NARUR R (HeoiANater i3 it ARSI PRt Le oG rom the
expresston vector comprising a nucleic acid molecule encoding a biologically active
high mannose lysosomal enzyme.

25 In one preferred embodiment of the aspect, the expression vector of the
invention comprises a nucleic acid molecule encoding a biologically active high
mannose human glucocerebrosidase (GCDY). Preferably, this preferred expression vector
comprises a recombinant nucleic acid molecule which having the nucleic acid sequence
substantially as denoted by SEQ ID NO: 13. According to a specific embodiment, a

3G preferred expression vector utilizes the pGREEN II plasmid as described by the

following Example 1. In another embodiment of the invention, the expression vector

comprises a nucleic acid molecule encoding a biologically active high mannose human



15peptide, and an additional 7 amino acids at the C-terminus (designated 497-503) derived from the
vacuolar targeting signal. Immunodetection of the purified plant produced human recombinant
GCD of the invention with anti-GCD polyclonal antibody was performed by Western blotting of the

SDS-PAGE séparatél pibtein, along with Cerezyme 0 protein (Fig. 9b), contipgingRoaptigenic identity

of the plant produced and CHO-produced proteins. Enzymatic activity of recombinant IRGCD: The
activity of plant produced human recombinant GCI% of the present invention was compared to that of
Cerezyme(r)lmggﬁg@g%r scent Ieg r.analogue. Figyre 12 25 shows that similar specific activities
were obtained, with \Trim \?a!uge%‘é%'o.ﬁ?f%%m%no é%—t%g L B BTHE Tol A& rifinFégepTotein for
prGCD and B39 b6 iBr st andesivhildr leminalbie s 6207 0id KMfardhadlGR;ofithe invention

and 15.2 th 4 8kMdonCerezymel))- Fhus,hese Kinetic studies show that.the activity of the plant
produced human recombinant GCD of the resent in\%’*‘lttlécair“;Eg ig)g%ffé?rt%gﬁ?ﬂ%%é HEBHO expressed

enzyme. WOZEUET35724% PETAE2008/000578!56 Whtakeland sctivityedf recambinaptmhGCD in
peritonéal ntacraphages To determine whether the rhGCD produced in carrot has been correctly

glycosylated and can ug%eé%%ﬁake by target cells, and thus be useful for treatment of Gaucher's
disease, the ability T e 9 Biriddottittd e BiRRYCHPBY Bt fophagepBssivas nextiassayed.

Targeting of*h@CBdte/ thactbphagessisimediaterfyithe s¥lapnose/Nacetylglucosamine

(Man/G1cNACc) regeptor an cagglgfetgetermined using thioglyeolateelicited peritoneal macrophages.

As shown by Fig. 5, TGCD undergoes tptake B CiiRlaraigiviavaramgiie shighowsnaptake by cells
of rGCD acEbtdifigriedie preséntirniention withmegakehto mannan concentration. JOFigure 5A shows

uptakegat compargple levelswith GerezymeTM (this preparation was prepared to 80% purity with only
the first and third st_agge% of the purification bréﬁggeélsg e?g?fggsaﬁa%rg%?. may bejg pidosralie 5C show

that rGCD FtaKe 1l FATGRER dvatapranl CarerymeTMstas tiisrpreparatiomweas:preparestto greater

than 95% paitiky: it @liithige s agep of the.5purification process described.above. With regard
to Figure 5C, clearly the p(_er-cerri(t of specific activiil)y(%r('i’ant)(%%Iﬂgsc?ivitj,1 ?ﬁﬁ?ﬁ%ﬁ%%mgﬂﬁﬁhannan, is

higher for tAEPEEBGHaEEtskEnt invishtidinisG CD-griretasithinant humen<6GHhan far the currently

available p[@@@gﬁd&@qmﬁgaﬁ{@@/&s:&ﬁg nn({():B-mix%‘v{\_ih(iS?Qéthe rGCD of the present invention) -

[
75% 20 Cerezyme - 65%.Furthermore, as s own%ij/aﬁ'uee gures,1 f Gt B PR clgéﬁ'lyinhibited

bindirg of FESCIYBY e wBRsnRY behesrmmatioroofi2highidief (Halman, the binding of reiCD was inhibited

by 50%. These reprdtsshowithasRyeD withutitemogeling of glvcan structures, rhGCD  expressed
and purified from transformed carrot cells can Uindergo upt?—nk(gl lto ar ﬁect{J macropHAgE diIs

specifically THTOUGR FERTESL RNASFICE AT MBRIGTE P thiS e smbirrantrh GE Beisbaymatically
active. lysosomal enzyme is able to hydrolyze either the natural substrate, or an analogue or
synthetic substrate of the corresponding human or animal lysosomal enzyme, at
20 detectable levels.

Still further, the invention provides for a recombinant biologically active
mannose-rich lysosomal epzyme having at least one oligosaccharide chain comprising
an exposed mannose residue.

According to a preferred embodiment, the recombinant tysosomal enzyme of the

25 invention can bind to a mannose receptor on a target cell in a target site. Preferably, this
site may be within a subject suffering from a lysosomal storage disease.

Optionally and more preferably, the recombinant lysosomal enzyme has
increased affinity for the target cell, in comparison with the corresponding affinity of a
naturally occurring lysosomal enzyme for the target cell. In a specific embodiment, the

30 target cell at the target site may be a Kupifer cell in the liver of thé subject.

In a preferred embodiment, the recombinant lysosomal enzyme may be selected

from the group comsisting of glucocerebrosidase (GCD), acid sphingomyelinase,



Figure 5D shows that the rhGCD is also recognized by an anti-GCD antibody in a Western blot; rGCD
refers to the protein according to the present invention, while GCD standard (shown at 5, 10 and

25 ng per Iar@)gj?@%%%rcially purchased GCD 30(Cerezymeg). WO
2008/132743P } 81000576 51 EXAMPLE 4 TOXICOLOGY TESTINGCT/iL2énmgderial

obtained according to the above purification procedure was tested according to standard toxicology
testing protocols (Guidance for Industry on Single 5, Dose Acute Toxicity Testing for Pharmaceuticals,

=

Center for Dgug Evallation an Rese h (CDER).PT.1 (61 FR 43934, August 26, 1996) and by ICH
M3(M) Non-clinical Safety Stug?es %8? tﬁzg& Slr% A S marttfnicPiifals 16 BHaEtascals

CPMP/ICH/286/95 ivdifidation; Noluk6:2000)dMise:werefinjectadhas folpws: Anipitigldose of L8
ma/kg (clinical dosgj was, .10 fallowed by doses of 9 np 18 mg/kg. Testing groups included six mice
(1CR CD-I; 3 males gnd%ﬁ{feriﬁal{'l 5) for rgggﬁ\}lgﬁaaf& ok (in} ”&%ﬁ?&%ﬁ?ri& RLfHRG 28 Reitrate
buffer, 150 Wﬁh@ﬁ“@?@@@mﬁ-%, 5% ethanol) according to the present invention, and another

six micg for being freatgd ywith the gariera : trol group.. The mice were then observed for
14 days and were euthani,ze(?? 15In anothe?gt%%q%%e(ﬁ%ém ggfﬁﬁjogrﬁ Bione "o %%%WD in
multiples of T%%8r 26riEeleRidnethad chitheardestasomisiicy)were gMeripkGRIEGR-1c) mice.

The animalsyBupesgroupnBimaesandis iemateslereseived ihe.drugintrayenously in a 10 mi/kg

volume. Both.toxicity studies revealed no obvious treatment-related adverse reactions, no- 20 gross

S G RARG IR B AUy RTgHEHH PRYSHTo B AERSEi dentcits abserged@ven at the

pathologica?‘ﬁn ings
highest dosesatdministerietheFiirthesmaiserhlope samples iaken.fromanimals,ig the high-ggse group,
which had heen administered with 10-fold the clinical dose, were tested for hematology and clinical
chemistry. All héﬁ%%%&g aﬁﬁﬁ%ﬁﬁfi Al CHERTTSHS \VATIES SBFL R SRRTAT HaE 3B Shp%adition! the animals
treated witttheiabhaBuyse wereisubjbeted toihistapathtlogiealexandinatien:ofithe livesspleen and
kidney, and;thers-yersina,Macro, o micto, histopathological findings. EXAMPLES GLYCOSYLATION
ANALYSIS 30Ansé?liysis of gly’qa@structurer% pgr%gs)%r%%ngr %r%‘gﬁuggdpégvé‘% iBettwiPregard to
the previou& EXaRpte SV REFerfdrTe diAsaliss crbed! Innyréfieg ditajiibeinnor step (c) by a

suitable protein purification method.
15 Optionally and preferably, the recombinant protein may be produced by plant
cells according to the present invention by cuituring in a device described with regard to
US Patent No. 6,391,638, issued on May 21 2002 and hereby incorporated by reference
as if fully set forth herein. Conditions for culturing piant cells in suspension with this
device are described with regard to the US patent application entitled “CELL/TISSUE
20 CULTURING DEVICE, SYSTEM AND METHOD™ by one of the present inventors
and owned in common with the present application, which is fiereby incorporated by
reference as if fully set forth herein and which was filed on the same day as the present
application.
According to a further aspect of an embodiment of the invention, the
25  recombinant protein can be expressed in a whole plant, or a part thereof. Accordingly,
the method of the invention comprises the steps of: (a) transforming or transfecting a
plant or plant cells with a recombinant nucleic acid molecules encoding for a
recombinant protein of interest or with an expression vector comprising the recombinant
nucleic acid molecules; (b) growing the transformed or transfected plant or celis
30 prepared by step (a) under conditions permitting the expression of the mannose-rich
protein, wherein the plant cells produce the protein in mannosylated form having

exposed and terminal mannose residues; (c) harvesting the plants or fissues from the



results indicate that the majority of glycans contain terminal mannose residues as well WO
2008/132743 PCT/11.2008/000576 52 as high mannose structures. Advantageously, this high
mannose product was found to be biologically active, and therefore no further steps were needed for

its activation.” © mf’ﬁ/é%féwing methods were used to determine the glycosyationstiugie of the
recombinant lIGCD produced according to the Examples given above. Briefly, the 5 monosaccharide
linkages for both N- and 0-glyeans were determinegl4by using a hydrolysis and GC-Ms strategy. This

method estipatas;the Jinkagg.Ly, e hydrates to the peptide and the general
monosacch%e Qgrlgr%positioneo a éﬁéé%6%%?%%53%%‘%%%&5? KRR dieratie SRl tAedr&dios between

various monBEAEdhafifeBrais siettod mdy suggestthe typesofiglycansanibe. glycopipigin. 10This

infonrnation ds-kbpRitantdo @stimatg e possinle glycan structures present on the protein. Another
method featured oIi%_osaccharide analysis of the N- chan%g u%?%r‘ff lé}&%ﬁ\/l‘ée%fﬂﬁ WMAEPETOF MS

were perfortiad folI6WiRy digestioh ¢Palifudtsiorse samslestinith fypsimane:peptide Niglycosidase
F (PNGaseFRanchpesmpthylationeithe 3 gly sochis method.is; used to detach and.isolate
N-linked car}pa%g&lrgteas érom the enzymatically %igéggted glycoypg%gtle%?%ﬁseg%%éggasn%f egoﬁiycan .
populations in the iSolated gl CARIY AFEFatEHHEa aMd tHermusss rHretcompanedawith those of
known strudiarésdrambdatabaises-dnd dallightafthe:menesaceharde.comprsiiop. gﬁh}(gilsﬁ The

nis

proposed strygtires a&%lp%ged also. an the glycosylat ion patterns of the source organism. 20 Another
method included analyzing the 6%’?9‘%%’”5%853 |§}é%iffo%ﬂﬁfsﬁi%éﬁ\9§3éﬁin§%d%ﬁ%%ﬁé fyptic and

PNGase F ti¢atEirgiespeptidesi desatihqand: gérmpshylafion: Osglyennsaie notkeleasgd by

PNGase F, {herefresglyeans.remaining linked to peptides are most likely O-linked glycans. These
glycans are then releaségd by rg%rl?ctive eliminatilé)nfé%h%g ‘geﬁﬁé%gdatﬁ%k%ﬁ?g%ﬁ%' tharide

compositior? &RHiy&i< EStbReed BurswNevbafdd 48 shaimgteristicndigtibudtion of hexases,
hexosaminesmangipentases:gharacteristic of plant glycosylation. The ratios between GleNac and
Mannose, suggeskthat characteristic N-linked structures are the predominant glycan population.
Mass Spectrometrit ERERRTE BTNy REH S1rewRe foOP-pretuecadhs Biitestmbethdbone indicates

that the pretleminanpiisglycdinpopulptianubas sherBoRISHE AN COMPASIION e found i
Pent.qgoxy{ﬂg&%%&hH%xxNaéc?. \%9 %)08/1 2743PCT/112008/000576 53 Materials and Methods
Analysis was performed Using a combiration of SR CHfomEEPaB tdsS SPeptedhtet YGC-MS),

Fast Atom Wmemwasgwgmem(%téﬁ&) angnbelayed Extractian:MatixAssisted Laser
Desorptlondamséé'%'T%z‘?Jf ng@tr%l?’égc%eted to the medium. The soluble rh-GCD may be

separated {rom cell debris and other insoluble component according to means known in
the art such as filtration or precipitation. For Example, following a freeze-thaw cycle,
20 the cells undergo breakage and release of intracellular soluble proteins, whereas the h-
GCD remains bound to insoluble membrane debris. This soluble and msclubie
membrane debris mixture was next centrifuged and the soluble fraction was removed
thus simplifying the purification. The membrane bound h-GCD can then be dissolved
by mechanical disruption in the presence of a mild defergent, protease inhibitors and
25  npeutralizing oxidation reagent. The soluble enzyme may be further purified using
chromatography techniques, such as cation exchange and hydrophobic interaction
chromatography columns. During rh-GCD production in the bio-reactor and the
purification process the h-GCD identity, vield, purity and enzyme activity can be
determined 53} one or more biochemical assays. Including but not limited to detecting
30 hydrolysis of the enzyme’s substrate or 2 substrate analogue, SDS-polyacrylamide gel
electrophoresis analysis and immunological analyses such as ELISA and Western blot.

Yield, purity, enzyme activity, antigenic character, biological activity and glycan



[ [ is, the N-glycan population was
5 Spectrometry (DE-MALDETOF MS), For ollgosacch_arlde an_aIyS|s, t ) _
anaFI)ysed by FXL%-MS and MALDI-TOF MS following digestion of aliquots of the samples with trypsln
and peptide N-gl C%§.idase F (PNGaseF) and permethylation of the glycans. The 0-glycan population
S"%I CO8713274

was analyse

owing f&luctive elimination of the tryptic and PINGase F lifitreatasgiycopeptides,

[ [ ide i for both N- and 0-glycons were
desalting and permethylation. The monosaccharide linkages |
determined using a hydrolysis, derivatisation GC-Mg strategy. EXPERIMENTAL DESCRIPTION

llows (Table

15Sample Thetiamplecuiatanuere-irsaivadwesalyeminepiaue %@Bﬂ%é‘ﬁ@?%%%%é%%| of

1): Table 1 Pro?uc reference number Glucocerebrosidase. Four tubes contain
’ i ihe t%ﬁ ;6,

sample each ata’s e0'6%9

0.01% TweendB@i62998 ribha:samplesaverasired hetwaons 10,3nd -39 unti

GF

5

containing | ml of protein at a state

UBRESN{FAtORF oF I BTG ML iPrR5MMNRO9ToCtrateaButferspH6.0,
re uirggfr(@roteln

218 .
H concentration of

[ ialysi [ ne vial
chemistry D Xﬁ;gﬁ%‘: I@E.g}p% ﬁ‘]gy amzigeo gel e}%cgmphomsm analysis, immunoclogical analyses
0.8mg/ml) was

&

ot

10

15

20

30

such as ELISA and Western biot, glycan analysis by glycosidase enzymes and
chromatography.

According to a preferred embodiment, the host cell used by this method
comprises the host cell of the invention.

in another preferred embodiment, the high mannose protein produced by the
method of the invention may be a biologically active high mannose lysosomal enzyme
having at least one oligosaccharide chain comprising an exposed mannose residue.

This recombinant enzyme can bind to a mannose receptor on a target cell in g
target site. More particularly, the recombinant enzyme produced by the method of the
invention has increased affinity for the target cell, in comparison with the corresponding
affinity of a naturally occurring lyscsomal enzyme to the target cell. Accordingly, the
target cell at the target site may be Kupffer cell in the liver of the subject.

In a specific embodiment, this lysosomal enzyme may be selected from the
group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase,
a-N-acetylgalactosaminidise, acid lipase, «-galactosidase, glucocerebrosidase, o-L-
iduronidase, iduronate sulfatase, o-mannosidase and sialidase. Most preferably, this
lysosomal enzyme may be glucocerebrosidase (GCD).

In another preferred embodiment, the host cell used by the method of the
invention may be a plant root cell selected from the group consisting of Agrobacierium
rihzogenes transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell.
Most preferably, the plant root cell is a carrot cell. It should be particularly noted that
the transformed host carrot cells are grown in suspension.

In a further aspect, the present invention relates to a method for treating a
subject, preferably a mammatian subject, having Iysosomal storage disease by using
exogenous recombinant fysosomal enzyme.

Disclosed and described, it is to be understood that this invention is not limited
to the particular examples, process steps, and materials disclosed herein as such process

steps and materials may vary somewhat. It is also to be understood that the terminology



injected into a Slide-A-Lyzer dialysis cassette (101cDa molecular weight cutoff) and WO 2008/132743
PCT/11.2008/000576 54 dialysed at 4C over a period of 24 hours against water, the water being
changed 3 times. Following dialysis the sample was removed form the cassette and lyophilised. rynsin

digestion of tREAMEE ithles for oligosaccharide screenin ) The dialyg%/ixg&[y)&ﬁog% ()sample
was resuspended in 50rral/4/1 ammonium bicarbonate buffer adjusted to pH 8.4 with 10% aq.
ammonia and digested with TPCK treated trypsin for 4 hours at 37C according to SOPs 8001 and

13003. The igagtiQn-as L%g@i%t d by placing i gitgating block at 95C for 2 minutes followed by
lyophitisation. 10 Carbohydrate ch%eﬁr:rﬁ%t%ﬂge%%a%s‘ﬁl RrcHaitase e Dhgditients T tryptieally cleaved

peptide/gchﬁﬁ%’iﬁfééﬂﬁtﬁi‘%@ﬁ@mt@ympMéHmaﬁr@amﬂl%%ﬁrgﬁqe&\@{gﬁtg&%%ﬁg%me peptide

N-glycosidase: AxRheasein. nammeniym acetate buffer, pH 5.5 at 37C for 15 hours. he reaction
was stopped by freeze-drying. The resulting pro&ucts were purified using a Cis Sep-Pak cartridge.

Reductive elimination 20The Sep-Pak fraction containing potential O-linked glycopeptides was

dissolvéd in a solulibrafitamelimlsedivm horahyglidg, in 0.09M sodjum hydroxide and incubated at
45C for 16 %I) ﬁri?,és‘l'% geactiont%\{vas terrqignated_byﬁthe a%féﬁ‘ﬁo%’%é?hg@ﬁé‘r"- &Eticady. P8Edalting of
reductively eliminated material™ “@E‘gal‘fﬁfﬁﬁﬁé‘ﬁﬁg Bovexitisads wasipesformagacsording to SOP
8022. The s‘iézﬁmIEiWaS’loaﬂbﬁeonﬁaéhﬁ)@@Imﬂl@@dtgéu{&q&g&g m1.0f 9% ag. acetic acid. The
collected fr%ggggpgzmﬁ%g%h{i)ﬁsgg.s O@erm thylation of 1released %{%a.r S& tﬁgriar% “Nirfitesy o
carbohydrates éluting iR the 5% A, Acatic! %ﬁ@@ﬁﬂﬁﬁéﬁﬁﬁt%ﬁ@aﬁ@mﬁ@t&mm&a@d'mgm;gI(y;'_cans
released by tégtiétiicElimination, were permethylated using

j L o .
& It must be noted that, as used in this specification and the appended claims. the

Sin £, 27 E14 2% &4 LR
gular forms “a”, “an” and “the” include plural referents unless the content clearly

dictates otherwise.

The following examples are representative of technigues employed by the

Inventors i carrying out aspects of the present invention. It shouid be appreciated that

15 while these techniques are exempiary of preferred embodiments for the practice of the

invention, those of skill in the art, in light of the present disclosure, will recognize that

numerous modifications can be made without departing from the spirit and intended
scope of the invention.

20 Examples

Experimental procedures:

Plasmid veciors

*
CE-T -~ Was constructed from p!asmid CE obtained from Prof. Galili

[United States Patent 5,367,770 November 22, (199411,
Plasmid CE was digested with SalL.

The Sall cohesive end was made blunt-ended using the large fragment of DNA

polymerase 1. Then the plasmid was digested with Pst] and ligated to a DNA fragment

coding for the ER targeting signal from the basic endochitinase pene [ Arabidopsis

30 thaliana ] ATGAAGACTAATCTTT?TCTCTTTCTCATCTTTTCA



WO 2008/132743PCT/IL2008/000576 55 the sodium hydroxide (NaOH)/methyl iodide (Mel) procedure
(SOP B018). A portion of the permethylateci N-linked glycan mixture was analysed by FAR-MS and
MALD1- TOF_MS and the remainder was subjected to linkage analysis. Linkage Analysis of the
N-linked Car%ﬁﬁﬁ?g@%@riya tisa lion The permethylated glycan samplermixtueasebiained
following tryptic and PNGasc A digestion or reductive elimination were hydrolysed (2M TEA, 2 hours at
10 120C) and reduced (sodium borodeuteride (Na§P4) in 2M N14401-1, 2 hours at room temperature,

SOP 13025). The ' e borodeuteride was removed by 3
additions of a mixtm@rﬁﬁﬁgﬁyﬁﬁgﬁgﬁ%ﬁg%@%ﬁﬁ"f%%v‘\“/’%‘alB&ﬁ"l)f@ﬁ%ﬁﬂﬁﬁtﬁf}mif he samples
were then al&Wiatabrmgsate Ankydiids (T hotTAtLA0EY. The@erpiatad,.samples were purified
by extractioritto 15 chloroform. The partially methylated alditol acetates were then examined by gas
chromatography/mass spectrometry (GUMS). Standard mixtures of partially methylated alditol

acetates and a blank were also run under the same conditions. Gas Liquid Chromatography/Mass
Spectrometry (GC/MS)aaAmaliqusii4RQ efthexdesivatised garbehydrate samples dissolved in
é’g“é%&’ it g a%‘tf‘%ﬂ%@er with an

hexane, were analyse MS using a Perkin Elmer Turbo mass spe
Autosystem XL gag%%go%g%f%p%ﬁé%é%@l datareyEtemitt et thefRBRNg lEonditions: Gas

Chromatogregsiiy §@ohumin: DBS injeation: GoecalummbyectlTamReralure: 49G:P g?é%]%&%?e:hl lrc?inute
inally held at

at 40C theny£ QG migpjte fo :!190%% held.at 100C for 1 minute, then 8C/minute to 290C,
290C for 5 minutes. 30Carrier as?aﬁsei%d?ﬁ‘a' ?ﬁ%%@?ﬁ’f%@ipéﬁﬁ/éi}?o%m%m%mss
Spectromet?’g}rmmafm sequence from Agrobacterium tumefaciens.

10
cDNA
hGCD - obtained from ATCC (Accession No. 65696), GC-2.2 [GCS-2kb;
lambda-EZZ-gamma3  Homo sapiens]  containing  glucosidase  beta  acid
' [glucocerebrosidase]. Insert lengths (kb): 2.20; Tissue: fibroblast WI-38 cell.
i5
Construction of expression plasmid
The cDNA coding for hGCD (ATTC clone number 65696) was amplified using
the forward: 5 CAGAATTCGCCCGCCCCTGCA 3° and  the reverse: 5
CTCAGATCTTGGCGATGCCACA 37 primers. The purified PCR DNA product was
26 digested with endonucleases EcoRI and Belll (see recognition sequences underlined in
the primers) and ligated into an intermediate vector having an expression cassetie BT
digested with the same enzymes. The expression cassette was cut and eluied from the
intermediate vector and ligated into the binary vector pGREENI] using restriction
enzymes Smal and Xbal, forming the final expression vector. Kanamycine resistance is
25 conferred by the NPTII gene driven by the nos promoter obtained together with the
pGREEN vector (Fig. 1B). The resulting expression casseite is presented by Fig. 1A.
The resulting plasmid was sequenced 10 ensure correct in-frame fusion of the
signals using the following sequencing primers: 5° 359 promoter: 5’
CTCAGAAGACCAGAGGGC 3, and the ¥ terminator: 5
36 CAAAGCGGCCATCGTGC 3.



lonisation Voltage:70eV Acquisition Mode:Scanning Mass Range: 35-450 Dalions MS Resolution:Unit
Sugar analysis of intact glucocercbrosidase Derivajsatjon An aliquot equivalent to 500pg of .
glucocerebre%;e was lyophilised with IOug 10 of Arabitol as internal standard. This was then

008/ ﬁ%?é}{a , . :
methanolysed overn@ 80C and dried under nitrogen. Released monosagshayigde Yuer

. , . ) . . : §/ nfﬁ .
re-N-acetylated using a solution of methanol, pyridine and acetic anhydride, dried under nitrogen again
and converted to their trimethylsilyl (TMS) derivatives according to SOP B023, The TMS derivatives

dis olg{ed i%EZmol of hexane and sonicated for 3 15 minutes.

were reduceg:ip;yRlme, MAer Diffogen
The samples were then’allfweﬁ?oeeggﬁigﬁa &% HEPSTEHigrtimrpiank containing 10ug of Arabitol and

a standard nmoHOSSREAfGE ?ﬁmbFél?b»@mwmiq:@i]sﬁ)&;‘:t@aﬁ@ﬁ%@lfnlfrgg%pé¥$%%ghgsagg§3%%ﬁ%alactose,
an

Glucose, N-mmgﬁ@@p%@eg@cﬁy[%%cg imine, N-acetylneuraminic aci rabitol were
prepared in &)@gllel. The TMS derivatives were then te%??ﬁ‘lf?%& by gustirwemetagraphy/idss
v 50

spectrometr (GC/MS). Gas Liquid Chromatography/Mass Spectrometry (GC/IVES) An
aliquot €1 til) of the derivatised carbohydrate sample dissolved in hexane, 25was analysed by GC/MS
rbonjass Gold mass spectrometer with an Autosystem XL gas chromatograph

using a Perkg Eiper Tubojass Gold mass spec
and a Dell data sg;tem ‘GRFEF REf SISt ciopietion of GasBaraatagraphy Column:DB5
30Injection:On-colémnsfjectosil eamperaiuse: 406 WE,20 8/132743 PCT/IL2008/000576 57

%n }0““%% 25562 finHii sttt to 300C

Programme; ], mipyte.at 90C then 25t/minyte to 140C, 5C/minute
and field at 300C for 5 rhin‘ﬁt%ns.ag|a ey Bt shessbspectrometyy Ionisation Yoliage: 70eV

Bulka, K. Plant Sei. 61:253-262 (1989)]. Cells growing in liquid mediz were used
10 throughout the process instead of calli. Incubation and growth Ei.mes were adapteduf;r
transformation of cells in liquid culture, Briefly, Agrobacteria were transformed with
the pGREEN 11 vector by electroporation [den Dulk-Ra, A. and Hooykaas, P.J. ( 1963)
Methods Mol. Biol. 55:63-72) and then selected using 30 mg/mi paromomycine
antibiotic. Carrot cells were transformed with Agrobacreria and selected using 60

15 mg/miof paromomycine antibiotics in liquid media.

iz;emﬂg of transformed carror cells Jfor isolation of call expressing high levels of

14 days following transformation, cells from culture were plated on solid media

20 at dilution of 3% packed cell volume for the formation of calli from individua! clusters
of cells. When individual calli reached -2 e in diameter, the cells were homogenizec;

in SDS sample buffer and the resulting protein extracts were separated on SDS—PAC‘}E
[Laemmli U, ( 1970) Nature 227:680-685] and transferred (o nitrocellulose membrane
{hybond C ni&ocei}uios& 0.45 micron. Catalog No: RPN203C From Amersham I ig;

25  Bcience). Western blot for detection of GCD wag performed wusing polyclonal ;‘:i
hGCD antibodies (described herein below). Call expressing signiﬁcajit:svefs of G(:;)

were expanded and transferred io growth in liquid media for scale up, pmte}in

purification and analvsis,

30 Preparation of polyclonal antibodies
75 micrograms recombinant GCD (Cerezyme™) were suspended in 3 mi

complete Freund’s adjuvant and injected to each of two rabbits. Each rabbit was given a



Acquisition Mode:Scanning Mass Range: 50-620 Daltons MS Resolution:Unit 10 Delayed Extraction
Matrix Assisted Laser Desorption lonisation Mass Spectrometry (DE-MALDI-MS) and Fast Atom
Bombardme%—%g%% Sspectrometry IFAB-MS) MALDI-TOF mass spectrometry was performed using a
Voyager STR 15BI0 %)&gfﬁometry Research Station Laser-Desorption MassiBpesisosmetes goupled with
Delayed Extraction (DE). Dried permethylated glycans were redissolved in methanol:water (80:20) and
analysed using a matrix of 2,5-dihydroxybertzoic agigd. Bradykinin, Angiotensin and ACTH were used
as external talistanis-20R0sitévedaneast nt mass spectrometric analyses were
carried out gn.M:Scan's VG. AutoSpecE mgﬁﬁﬁgﬁoﬁﬁ%ﬁ%&%&%ﬁ%é@% 98PH500 mass
range at full sensitivity with* 5 rasBiGigRest Hffstekinatelho 500 bAIC siesilrptanGan wasmused to

generate spectarspeTatingat 80Ky, SpRGtERIEHESAIRN.ONA YAX data system 3100 M76 using

Opus software. 25Dried permethylated glycans were dissolved in methanol and loaded onto a target
previously smeared with 2-4ul of thioglycerol as matrix prior to insertion into the source. Ina
second’set &fglyéosylationcanatysis zsimitar-methods were used to determine the glycosylation

patterns, and to idgntify the, maier glycosylated products 30produced by the carrot cell suspension
culture of the present invention!&n gixﬁ'l?/%%%fffgﬁ%ﬁ p%%?ﬁ@@ﬁﬁ@%ﬁﬁ@%@@b?%@%@mglogy Center

of the Natiolf&l Higtifite E5PBiSESChinIdgy(B M Gasidre UniveTkily; BeerShebaslstagl) 19, WO

2008/1327 43Rt/ 200800056 58 de _rr@% glycan structure and relative amounts using
sequential dj g%%%lpfvﬁh variousle?c;%%%?sidasesf%l%éup alf@&p ﬁ%ar%ﬁ%%f@ié%%%n were run

on SDS-PA - LIRS BEnEFilAS eatodt ane intubatEhotith pither PNGase: f9r with trypsin

followkd by(Ph@aseiio yelaase theNslinked: gly; . lycans were fluoreseently labeled with
anthranilamjge-(2AB) and run on normal phase Hg?_%?m{hﬁégeyéiu%m&fﬁsg%?%ffﬁb}éﬁé@ﬁl%am pool was

achieved by sequential digestion with various exoglycosidases followed by HPLC analysis. Retention

times of individuabghycanswer cdmpated (edhose of austandargd pattial hydrolysate of dextran giving
a ladder of glygese HQ@&%(%%E?LPHQ' Ie%%%l cans were further puéf)ifiec_l éirﬁ‘gggiﬁg g?g‘éa&PBVﬁIALDI mass
spectrometry. Exoglycosidases Used: Bovine kitiney tiedSitisevdigaste 8.5 andl_2:8-core fucose,

Prozyme), Jatkseaticraithosidase (rémoves te26>Mhmanpeseo R ERaYME). Yo monas

i

bet a]l,?-xyt!ﬁjﬁﬁi%igﬁﬂ?:%?%asl} 2 XMase op%@ft 1 em‘va?I of-linked mannose, Caei |ocHem). Bovine
testes -galagtosidase (gé]yd_rolyses( _non-regdm%fﬁgtté?%r{sngﬂ%’ ABthard after 7 days increases to
mi) at 25°C with shaking speed of 60rpm. Subsequently, cell culture volume was
increased to 1L Erlenmeyer by addition of working volume up to 300ml under the same

conditions. Inoculum of the small bio-reactor (10L) fsee W(98/13469] containing 41

MSD medium, was obtained by addition of 400m]| suspension cells derived from two 1L

20 Erlenmeyer that were cultivated for seven days. After week of cultivation at 25°C with

1Lpm airflow, MDS medium was added up fo 10L and the cultivation continued under

the same conditions. After additional five days of cultivation, most of the cells were

harvested and collected by passing the cell media through 80p net. The extra medium

was squeezed out and the packed cel!f cake was store at -70%¢.

Further details of the bioreactor device may be found with regard 1o US Patent

No. 6,391,638, issued on May 21 2002 and previously incorporated by reference.

Frotein purification

In order to separate the medium from the insoluble GCD, frozen cell cake

30 containing about 100g wet weight cells was thawed, foliowed by centrifugation of the

thawed cells at 17000xg for 20min at 4°C. The insoluble materials and intact cells were

washed by re-suspension in 100mi washing buffer (20mM sodium phosphate pH 7.2



15and _ 1-4 linkages, Prozyme), Streptococcus pneumoniae hexosaminidase (digest 1- 2,3,4,6
GalNAc and GIcNAc, Prozyme). Glycosylation was further analyzed by M-Scan (Berkshire, England)
using gas chg%@d%&gg%qjhg mass spectrometry (GC-MS), fast atom bombardment-mass spectrometry
(FAB-MS), and delaye @xtraction-matrix assisted laser desorption ionizatiarcrtimmafdight
mass-spectrometry (DE-MAL:D[- 20 TOF MS). For oligosaccharide determination, the N-glycan
population was analyzed by EAB-MS and MALD1-JOE MS, following digestion of samples with trypsin
and PNGase¢wurngpesneatyiat ; -glycans w alyzed following reductive
elimination or[]ltgg? tié%an PIiﬁlé(ile?agsrg}%&li%]tﬁr\aet%i%/ezgdg grl%/%%lgle%ﬁﬁ §S?E§§§§§%ééaﬁ%@%é? |aién. 25The
similarity of the- Egl/ éfﬁ?hﬁ“&ﬁfé}'é?ﬁﬁbﬁ@ﬂ@s‘@ﬁo@@@@%a&ém&]yhédﬁ@ytk}igkbﬁﬁ{é@ﬁmm anion
exchange chiorhatpgiiaphy withpulsed-ampe, tri ion (HPAEC-PAD, a Dionex method)
following diggstign \l{\/}g@\{}r%an}d PNGase %ﬁqﬁ%ﬁgf?}}o}%ﬁ%ﬁﬁgs%%i%rgﬁeg'?or‘?&maccharides
released from glycoprotein ’tﬁg‘ﬁ%p%“%@@fcd@ﬁ%négﬂgaiim’@iwﬁmkt@m@ymm@mm@mlpﬁtch of
prGCD > Thid BOpidEEdurk [fertnitsichromatogrambic.camparison, of g@g%%ag}c ide patterns in a
qualitative qgﬁ&g&%@é@cm{a ey, WO 08/132743PCT/IL2008/00057¢ 5 SULTEAND
DISCUSSION TMS sugar analysis of GlucotdEhtSSitaLre fakdereigosabeidndebereening  The
intact glycofieteitedandubratbd 46 dhalysis-fatiowed:ay tﬁgﬁ@ﬁe@ig&%@@?gﬁq}@gd}mgﬁg|igﬁd products

were digest&gié@ﬂgtgd\lggﬁe@@ndfg purified using a Cg Sep-Pak. The 5% erg. acetic acid
(N-linked oliQosaccharidc containing) r§é9|o '%‘&%‘E%érgﬁ ShylStf AR enB rasd gieetrawere

obtained using & pEtith Brgidaenicadisligosisctibeitiebina low mass range for fragment ions and

DE-MALD1-TOF maskespretrawere otained, Using, rtion of the derivatised otigosaccharicies in a
high mass %%l{g@ge for molecular ions. A?g\!alysis of N?g vggﬁhqsatﬁﬁ%%iyugg BbroiekEe 25 Table 1

lists the predominant FRGMERIGHE prednt Hemdmis! spettral s mcieklanions praseat in the
MALD1 spébtrardFheminigicslanjpumegirHahown ifL2ApReasia)) sontain r%grbe#ggminam signal at

rniz 1505.85(§0ng,(i:%3eé1t wziit%gn %\{HNa%guasmolecular ion for a structure having't Eéﬁposition
Pent.deoxyllex TTex3. HekNACS). K¥argE s eds intsnse Humsittolatuarddnsitiere alka detected
consistent {teobtex (@mihmitanese sBustseshIne el Mannase ?ﬁ%u&%{%&gﬁ%ecwd range in
size frgm Ii%‘sgﬁgx‘i};@t’qge%@% 13698 12 fiex8.1-%exl_\lA02 20 atm/z 2193.0. The comp¥éx signals are
produced from less extensively proces'sec&1 ?\Iéi%% s"éictradeth fﬁgﬂfm-’ééoﬁ%méﬁﬁwithﬁan [M+Nar

quasimoleEAlPYB RS Sashasciits havilirtherconfposifinnRenuiex3iHexNAg) BHroR) lgrger

N-glycans frrexaspe Mz qliénd.0:( ' ith_ an [M-1-Nar quasimolecular ion for a structure
having the composition Pent%deoxylﬁggé%@%% xrlf\iﬁ&t}g%ﬁi tthr?/%af 7%1.91 teamieten b afr 25

quasimolecUrat iiH BT BT Kaviibrivet brifusition Pegt WeoxyHex2] BlexdEexNAc4) and m/z

2753.6 (comsistamtinith ani{Mias quas MAleEaRON 0" ayeliyge haying fhe corposition

Pentzcbeoxgtﬁ%% It-fl%x?.l-lexNAc%. The FAB mass spectrum prowaeé RtorRSEGH regarding

antennae structures by %O\Vﬁfﬁaf‘b WOl eBY iGHETA tha B thassaegiod ofuhe spedtrigimg(data not
shown). W@2008/182743 ROTHLRORS/GRA5 4680 pooled. Pooled sampies were diluted (1:5)

in water containing 5% ethanol and pH adjusted to 6.0 with NaQH. Sample containing
the rh-GCD was applied on the second XK column (1.6x20cm) packed with 10m! of the

same resin as in the previous column. The resin in this column was equilibrate with

25 20mM citrate buffer pH 6.0 containing 5% ethanol. Following the sample load the
column was washed with the equilibration buffer and the GCD was elui;ed from the
columm by elution buffer (20mM citrate buffer pH 6.0, 5% ethanol and 1M NaCl). The
fractions of the absorbent peak in the elution step were pooled and applied on a third
column.

30 The final purification step was performed on a XK column (1.6x20cm) packed
with 8ml hydrophobic interaction resin {(TSK gel, Toyopearl Pheny!-650C, Tosoh

Corp.). The resin was equilibrated in 10mM citrate buffer pH 6.0 containing 5%



[ i ifyi NAc (at nth 260) as non- reducing
Signals were detected identifying hexose (at m/z 219) and Hex _
tergminal monosaccharides in the N-glycans. Table 2: Masses observed in the permethylated spectra of

iti [ [ i d Peptide N-glycosidase A
Giticocerebrqsidase (reference number 62996) following Tryptic an . :
digestion d%%ﬁ\%n%??’ UA'919 Hex* 228 HexNAc f (- methanol) 260 HexNAetHighdasss1032.4

Pent.1-{ex3.HexNAct 1171.5 Hex3.HexNAc20Me + Nat 1299.6 Elimination of fucose from ink 1505.8

41
ethanol. The GCD elution pool from the previous column was loaded at 6ml/min

followed by washing with equilibration buffer untit the UV absorbent reach the
baseline. The pure GCL was eluted by 10mM citric buffer containing 50% ethanol,

pooled and stored at -20°C.

()

ﬁm‘ermé’mafmﬁ of profein concentration )
Profein concentrations in cell extracts and fractions were assayed by the met'ﬁoé |
- of Lowry/Bradford (Bic Rad protein assay) [Bradford, M., Anal. Biocherm. (1976}
72:248] using & bovine serums albumin standard {fraction V Sigma). Alternatively,
concentration of homogenous profein samples was determined by absorption at 280 nm,

o Img/mi=1.4 0.y Purity was determined by 280/260nm ratio.

GCD enzyme activity assay
Enzymatic activity of GCD was determined using p-nitrophenyl-B-D-
glucopyranoside (Sigma) as a substraie. Assay buffer contained 60mM phosphate-
15 citrate buffer pH=6, 4mM ﬁ-me;captoethanoi, 13mM EDTA, 0.15% Triton X-EOO,“
0.125% sodium taurocholate. Assay was preformed in 96 well ELISA plates, G-50
microliter of sample were incubated with 250 microliter assay buffer and substrate was
added to final concentration of 4mM. The reaction was incubated at 37°C for 60min.
- Product (p-nitrophenyl; pNP) formation was detected by absorbance at 405nm.
20 Absorbance at 403nm was monitored at +=0 and at the end point. Afier 60 min, 6
microliter of 5N NaOH were added to cach well and absorbance at 405 nm was
monitored again. Reference standard curve assayed in parallel, was used to quaniitate
concentrations of GCD in the tested samples [Friedman er aol, ( 1999y Blood,
93(9):2807-161.
25

Kinetic studies:

For kinetic studies, GCD activity was assayed as described by hercinabove with some
modifications, using a fluorescent short-acyl-chain analogue of glucosylceramide, N-[6-
[{7-nitrobenzo-2-oxa-1 3-diazol -4-ylyaminoJhexanoyl}-D erythro-glucosylsphingosine
30 (C6-NBD-D-erythro-GleCer).  Ce-NBD-GlcCer was synthesized by N-acylation of
glucosylsphingosine  using succinimidyl 6—7-niirobenzo»2—oxa~i,3—diazoi—4—yi)

aminohexanoate as described by Schwarzmann and Sandhoff (1987). The assay was



j ldex.14ex3.1-lexNAe20Me + Nat 1505.7
nt.Hex3.1-jexNAc20Me + Nat 1345.6 deoxy
éii%gezinex.Hex?i.HexNAcZOMe + Nat 1579.8 HeHexNAc20Me + Nat 17|\?9£91I7:>§lrg.deoxyl
Iex.Hex4.HexNA020Me + Nat 1750.9 Pent.deoxyHex.Hext.HexNAc30Me + Na

-F Na 1997M PCT/IL20D8/00057
HexNACZOWE Ri4E 1989.0 Hex7.HexNAe20Me -F _
I%’le?l)t(?ngoex);Hex.Hext.HexNAc4OMe + Nat 2027.0 Not assigned 2099.0 Not assigne %%’6

Pent.deoxyHex2.Hex4.HexNAc30Me + Nat 2193.142
performed using 0.2 pg of either Cerezyme® or plant GCD of the invention in a final

volume of 200 pl MES buffer {50 mM, pH 5.5). Concentrations of Co-NBD-CGleCer
ranged from 0.25 1o 100 uM. Reactions were ailowed to proceed for 5 min at 37 %C. and
were stopped by addition of 1.5 ml of chioroform/methanol (1.2, v/v) prior o extraction

5 and analysis of the fluorescent lipids.

Biochemical analyses:
In gel proteolysis and mass spectrometry analysis
The stained protein bands in the gel were cut with a clean razor blade and the
10 proteins in the gel were reduced with 10mM DTT and modified with 100 mM
iodoacetamide in 10mM ammonium bicarbonate. The pel pieces were treated with 50%
acetonitrile in 10 mM ammonium bicarbonate to remove the stain from the proteing
foliowing by drying the gel pieces. The dried gel pieces were rehydrated with 10%
acetonitrile in 10 mM ammonium bicarbonate containing about 0.1 pg trypsin per
15 sample. The gel pieces were incubated overnight at 37°C and the resulting peptides were
recovered with 60% acetonitrile with 0.1% trifluoroacetate.
The tryptic peptides were resolved by reverse-phase chromatography on 0.1 X
300-mm fused silica capillaries (J&W, 100 micrometer ID} home-filled with porous R2
(Persepective). The peptides were eluted using a 80-min linear gradient of 5 to 95%
20 acetonitrile with 0.1% acetic acid in water at flow rate of about | pl/min. The liquid
from the cojumn was electrosprayed into an ton-irap mass spectrometer (LCQ,
Finnegan, San Jose, CA). Mass spectromeiry was performed in the positive ion mode
using repetitively full MS scan followed by coilision induces dissoeiation {CID) of the
most dominant ion selected from the first MS scan. The mass spectrometry data was
25 compared to simulated proteolysis and CID of the proteins in the NR-NCBI database
using the Sequest software [J. Eng and J. Yates, University of Washington and
Finnegan, San Jose].
The amino terminal of the protein was sequenced on Peptide Sequencer 4944
{(Perkin Elmer) according to manufacture instructions.

30



Hex8-HexNAc20Me + Na' Pent.deoxyliex2.Hex4.HexNAcaOMe + Nat 2375.2 WO
2008/132743PCT/1L2008/000576 61 All masses in column one are monoisotopic unless
otherwise stated. The mass numbers may not relate directly to the raw data as the software often
assigns mass numbers to "C isotope peaks particularly for masses above 1700Da. 5 Linkage analysis
of N-glycans from Glucocerebrosidase Linkage analysis was performed on the N-linked

carbohydr ased following PNGase A digestion, Sep-Pak purification and perrnethylation. A
complex c%e?r#gg)é‘?sge 0&5@%%?%@58%@?’28 impurity peaks originating 10 from the derivatising

reagents. Compafiaege o ghenfetentiendinidan d-thexspebtrgewithistandard iaixiudeseallowedprovisional

assignments of the sugar containing peaks listed in Table 3. Table 3:Retention times of the variously
e B RaRTErl Lyt Rt Astreb R

linked monoSaCeRardaS TEHTEtTE: asﬁ%ceﬁtgérﬁa
analysis ofdGluedcesebrositiasecfraiesence hiunbeér 629963 follewingsEryptieiand Reptde:Mglycosidase

A digestion W 2L I2 A h R T MR OBIPPORISH2 pdi MR ManngRe de8T @Nrees
were injected infraperitoneally with 2.5 ml of 2.4% Bacto-thioglycolate medium w/o
dextrose (Difco Cat. No. 0363-17-2). After 4-5 days, treated mice were sacrificed by
cervical dislocation and the peritoneal cavity rinsed with phosphate buffered saline.
Cells were pelleted by centrifugation (1000xg 10 min) and were resuspended in DMEM

10 (Beit Haemek, Israel) containing 10% fetal calf serum. Cells were then plated at
1-2x10° cell/well in 96-well tissue culture plates and incubated at 37°C. After 90
minutes, non-adherent cells were washed out three times using PBS, and the adherent
macrophages were incubated for 90 min at 37°C, in culture medium confaining
specified quantities of thGCD, ranging from 0 to 40 micrograms in 200 microliter final

15 volume, in the absence and presence of yeast mannan (2-10, 5 mg/ml). After incubation.
medium containing excess rGCD was removed, and cells were washed three times with
PBS and then lysed with lysis buffer (10mM Tris pH=7.3, 1ImM MgCl,, 0.5% NP-40
and protease inhibitors). The activity of rGCD taken up by the cells was determined by

subjecting the cell lysates to in virro glycosidase assay as described above,

20
EXAMPLE 1
CONSTRUCTION OF EXPRESSION PLASMID
This Example describes the construction of an exemplary expression plasmid,
used with regard to the Examples below, in more detail.
25 The ¢cDNA coding for hGCP (ATTC clone number 65696) was amplified using

the forward: 57 CAGAATTCGCCCGCCCCTGLA 37 (also denoted by SEQ 1D NO: 3)
and the reverse: 57 CTCAGATCTTGGCGATGCCACA 37 (also denoted by SEQ ID
NO: 4) primers.
The purified PCR DNA product was digested with endonucleases EcoRI and
30 Bglll (see recognition sequences underiined in the primers) and ligated into an
intermediate vector having an expression cassette CE-T digested with the same

enzymes. CE-T includes ER targeting signal MKTNLFLFLIFSLLLSLSSAEF (also



2,6-linked Mannosel14.91 3,6-linked Mannosel15.08 2,3.6-linked Mannose 4-| iniced
GleNAc 3,4-linked GleNAc

44
denoted by SEQ ID NO: 1) from the basic endochitinase gene [Arabidopsis thalionaj,

and vacuolar targeting signal from Tobacco chitinase A: DLLVITM* (also denoted by
SEQ ID NO: 4).
The expression cassette was cut and eluted from the intermediate vector and
5 ligated into the binary vector pGREENII using restriction enzymes Smal and Xbal,
forming the final expression vector. Kanamycine resistance is conferred by the NPTI
gene driven by the nos promoter together with the pGREEN vector {Fig. 1B). The
resulting expression cassette is presented by Fig. 1A.
The resulting plasmid was sequenced to ensure correct in-frame fusion of the
10 signals using the following sequencing primers:
Primer from the 57 3585 promoter: 5° CTCAGAAGACCAGAGGGC 37 (also
denoted by SEQ ID NG: 5), and the 3° terminator: 57 CAAAGCGGCCATCGTGC 37
(also denoted by SEQ ID NO: 6). The verified cloned hGCD coding sequence is
denoted by SEQ ID NQ: 7.

EXAMPLE 2
TRANSFORMATION OF CARROT CELLS AND SCREENING FOR
TRANSFORMED CELLS EXPRESSING rbhGCD

This Example describes an exemplary method for transforming carrot cells

20 according to the present invention, as used in the Examples below.
Transformation of carrot cells was performed by Agrobacterium transformation
as described previously by [Wurtele and Bulka (1989) ibid.]. Genetically modified
carrot celis were plated onto Murashige and Skoog (MS) agar medium with antibiotics

for selection of transformants. As shown by Fig. 2, extracts prepared from arising calli

o
L H

were tested for expression of GCD by Western blot analysis using anti hGCI antibody,
and were compared to Cerezyme standard (positive control) and extracts of non-
transformed cells (negative control). Of the various calii tested. one callus (number 22)
was selected for scale-up growth and protein purification.

The Western blot was performed as follows.

For this assay, proteins from the obtained sample were separated in SDY
polyacrylamide gel electrophoresis and transferred to nitrocellulose, For this purpose,

SDS polyacrylamide gels were prepared as follows. The SDS gels consist of @ stacking



-li ligosaccharide screening Reductive elimination was carri.e.d out on the 60% 2-prop_anol
?rsct?o“nm((ggtgn'gal 0-linked glycopeptide fraction) from the Sep-Pak purlflcatlon of Gluc_ocilrebroofstlr(]jsse
5following try@ in and PNGase A digestions. The sample was desalted following ternjlnawlon
reaction and, a ez?%éjl%@‘zremoval, was pennethylated. FAB mass spectra wemmﬂ%m@a%lfglaTOF
portion of the derivatised oligosaccharide in a low mass range for frggment ions anql DE-_I\/Iﬁ -
mass spectra were obtained usinga  portion of t[{]je derivatised oligosaccharides in a high mass

i [ i h the presence of 0-linked glycans were observed
range for malaciarions g, 10sianals consistent with the p. : A !
(data not sh%wn)‘. Liankage %a ys]gs of 8-9%‘%aﬁsw romaﬁf&emb%f:[jg%rlc%%’a%ea"a ¢ of | SReigerhnalysis

was carried Qfﬂf‘?&?ﬁﬂ%{%aﬁﬁﬁ‘%f’ redl @mi%@iﬁiﬁaﬁmﬂﬁ@&(ﬁwe‘:ﬁiﬁm @%ggn@% consistent
e s s e S et 00 M0,
comparison b&tw S&R GE{S%W%%%ﬁ%ﬁ@wm@éﬂiméi@mmwwmwmgmmmammalIan
cells 5  TS281) per 10ml of gel solution, 0.1% SDS, 375 mM Tris-HCI, pH 8.8 and ammonium

persulfate (AP}, 0.1%. TEMED and ammonium persulfate were used in this context as

free radical starters for the polymerization. About 70 minutes after the initiation of

polymerization, the stacking gel (3% acrylamide, 0.1% SDS, 126 mM Tiris—HCL pH 6.8,

0.1% APS and 5 microliters of TEMED per Sml of stacking gel solution) was poured

10 above the resolving pel, and a 12 or 18 space comb was inseried to create the wells for

samples.

The anode and cathode chambers were filled with identical buffer solution: Tris
glycine buffer containing SDS (Biorad, catalog number 161-0772), pH 8.3. The antigen-
containing material was treated with 0.5 volume of sample loading buffer (30mi

15 glycerol (Sigma catalog number G9012), 9% SDS, 15 ml mercaptoethanol (Sigma
catalog number M6250), 187.5 mM Tris-HCL, pH 6.8, 500 microliters bromophenol
blue, all volumes per 100 m] sample buffer), and the mixture was then heated at 100 °C

for 5 minutes and loaded onto the stacking gel.

The electrophoresis was performed at room temperature for a suitable time period,

20 for example 45-60 minutes using a constant current strength of 50-70 volts followed by

45-60 min at 180-200 Volt for gels of 13 by 9 cm in size. The antigens were then
transferred to nitrocellulose (Schieicher and Schuell, Dassel).

Protein transfer was performed substantially as described herein. The gel was

located, together with the adjacent nitroceiluiose, between Whatmann 3 MM filter

current by way of platinum electrodes. The filter paper, the foamed material and the
nitroceliulose were soaked thoroughly with transfer buffer (TG buffer from Biorad,
catalog number 161-0771, diluted 10 times with methano!l and water buffer (20%
'm&thanol)). The transfer was performed at 100 volts for 90 minutes at 4°C.

36 After the transfer, free binding sites on the nitrocellulose were saturated, at 4 °C

over-night with blocking buffer containing 1% dry milk (Dairy America), and 0.1%



(,CerezymeTM) and the GCD of the present invention, from carrot cells, As shown, remodeling of
these structures is required to obtain exposed manaose residues for 5 CerezyrneTM. By contrast,
such exposec{\)vrgazra{)]Egisse2 _;[esidues are directly obtained for the GCD obtained from plant cells according
to the present invention; Without requiring further manipulation, for example with g ¥RRIVASES

Figure 7 represents the main glycan structure found in rGCD. Figure 7 shows proposed structures of:
a) the predominant oligosaccharide population four}g on hGC expressed in carrot cell suspension
(1505.7m/z);y)dpizal M-linked,care; fhF £0S lat lant N-linked core. N-linked glyeans are coupled
to the protein vi .s%ar%ine and through}t e rggu‘gﬁlhg Eéhr?ﬁpﬁfﬁebﬁf?@f\l%?@wi?@@ma?@ﬁ}dge right
hand of the did8rame’ N-Blahbgbcssytition patiernss®dosse residuiesanayibaipartof he core
structure, borird;inathé first GleNag using q!g@a&%— g}g /C sidic hond, while 15Smammalian
structures typically, yse the alpha(1-6 glycéggidic bongs. 9 I?ibvﬁ?xe}sggﬁ-sﬁ%%\ﬁ%lféé%iﬁp’e structures
for the N-glycans ée%ec%ed on the rGCD protein according to the present invention. The dominant
glycan structure théewas itleritifiediis the sars,alycan stgciiye found in most plant glycoproteins from
pea, rice, maize apd,other edib) q@%ts 'ghis 20 structure cor]:i'g%’n%eg %5?3 %W%% Peditias well as a
core alpha-(1,3)4'ucose. Work done y(@ Pt drEsyeehewkumapbogsiefmandtergichieod donors
have specifi‘é‘f ffibodrasifar @fgliebxy_ld’séfiﬁ)l)hei?}_ﬁe&ﬂoﬁ&@%@‘@l@@/qﬁe(ﬂ@%%qtiquitesr tgx core
alpha(1,3)-fueesgarizowsyver |ﬁ|sv§ft{|!sl to Qelé l|fdled whether such antibodies mlg%f iftroduce limitations
to the use of plant-derived biopharmaceutica %I)Sfé%’ﬁ\gg@'in%?tﬁ%@ﬁﬁe(@i%rﬂ@lﬁycmﬁpibﬁwwmns of the
hGCD prodiitETris desdribewapove e idin)yhighomarmmse;stipiures HgxatexNAE? to
Hex8HexNAGZ: AmRRg e AMBIEX SHICIES igted structyres suchas,
Pent.deoxyglu%z.l—?g% 11exNAc3 and Paént.deg?%(}l?q—l i%ﬁlfeg Fﬁéi@ﬂé@?%ﬁﬁ%@%é&ﬂ%cz was
detected in Smalle %oﬁ%ﬁ%@ﬁﬁ@&]aj’éﬂéﬁrrﬂ%ftﬁonh%acehahﬁ@csg@m hexese {annose or

Galactose)@nchh&iﬂnﬁmemmiﬁgpyvmgg %mﬁqma\@ presence of high mannose

ith the
structures Wg@"y processed complex structures. WO &;6%571%5%%‘}%{_ Bffon576 64
With regard to O-linked oligosaccharide screening, no signals that are consistent with typical O-linked
glycans were observed. G@Dédsiknowsiia gh@mggqmgkp@f@,Qé%gﬁig%gQ%OtS%Charides, uch that

thesejresulig g {ﬁg{‘]%l ! ith own glycosylation of GCD from ot \er ‘cﬁ'}eeﬁeswgfﬁ ,t‘i’ncluding
native GCD an%jerecoméky)t%rZag:’r'lXt\I,J éégg Egé‘ ﬁ‘cgfbdir&?ﬁﬁlﬁﬁﬁ%ﬂﬁﬁi‘cﬁﬁmeﬁé‘ﬁ@féﬁkﬂﬂmwepe&n the

monosaccRafideedhigdstidin sighalb<dttisistent with Arabinese vers feteaiRg, AR Jmportant point
with regard:4ed0@ pPresent iavenian is mg{}}gegﬁg D protein N-glycan composition analysis showed

that the majority of the N-glycans terminate with rnannodsFelidues. This agrees with the requirement

for rnannose terminating, N- 10glycans assisting the uptake of therapeutic hGCD by the macrophage
mannose receptdrpkdawever.Reifiernatiye Gl nor recombinant GCD produced in mammalian cells

IS i
20 Suspension cultures of callus 22 were obtained by sub-culturing of transformed

callus in a liquid medium. Cells were cultivated in shaking Erlenmeyer flasks, until total
olume was sufficient for inoculating the bioreactor (as described in Experimental

procedures). The genetically modified transgenic carrot cells can be cultivated over

months, and cell harvest can be obtained in cycling of 5 to 7 days (data not shown). At

25 the seventh cultivation day, when the amount of th-GCD production in carrot cell is at

the peak, cells were harvested by passing of culture through 100mesh nets. It should be
noted that cells may be harvested by means known in the art such as
centrifugation. The packed cell

ltration or

cake, which provides the material for purification of h-

GCD to homogengity, can be stored at freezing temperature.

30



high mannose. Therefore, the present invention overcomes a significant drawback of commercially
produced hGCD proteins, which is that these proteins are modified to terminate with mannose sugars,
unlike the protein produced as described above. 15 Further glycosylation analysis was performed on
a purified hufhartEEEBhant glucocerebrosidase prepared in plant cells. &tygasyiatianrinas analyzed
(Glycobiology Center of the National Institute for Biotechnology (Ben Gurion University, Beer Sheba,
Israel) to determine glycan structure and the glycalpyquantitative ratio using sequential digestion with
various exoglycosidases (see Methods, above) %/ﬁtg Eagalysis, it was 20 found that the N-linked
glycans have a main core of two GleNAc residties and-a-1-4 linked mannose, attached to two
additional manASSBLELABON OE RECUMIB edes CTHe additiomatmesidues foungsare shown in
Fig. | Oa, which presents all struciyras.ane, iogikelative ams ased upon TIPLC, enzyme array
digests and MALD]. Fig. 106 shows the glycan stru ' - ' neto before and after in vitro
enzymatic processSitP D5 RIEt&Abl- Bnalarsstitie glyednistedctares of thevGE Boofthesimention
revealed thabxa0% atdhaighsansweis mannese-ichReaing expesedsferminal mannpse residues
(Fig. 10a), \évg]egﬁgs in 0th? case {g %%ez%me(r), manrtose residues are expose onﬁ?aﬁe?’ a complex
in-vitro procedure (g Toby. Theabrinalt Yidaniidhs e oembrine dabdatiordsithelsorestructure
found in maStglycepreicinsipuified irom peial deerBAmaize andatheredibleplants, This structure
contains a gg{&,-(gﬁ&lﬁ%)sg residue as well as a core . -(1,3)-fucose (Fig. 10a). The DE-MALDI-MS
data contained no signals cons ;s('fgel%?t\slx'/itk\?%piggﬁs)-{)ﬁ'uk%‘?fﬁﬂfca%? FEHHET araRERs ofreeglyean
profiles for tHEWWODATE/ 18IFIGRE 1 ZL1:R008/08057 6:656GD:0f thedpyertion ghiaiped.from different
produggion @@@gﬁg@ﬂ@ﬁp@g@%g%%&@ﬁ; to. asses the batch-to-batch reproducibility of the CiCD
produced in the carrot cell system. As pres{éqtied“ in i?x‘ﬂilgnr.m’ aEt %}%%mﬁtion of glycans on plant GCD of
the invention is hiBhISW@bI‘GdE@?H@%éﬁﬁ/é@ﬁ%ﬁé@n@mm&&ammQNIQJ&%.{@
BIOLOGICAkuAG b a9ALACTRIRASI N BLANT.CELLS, Hyrjon a-galactasidase A, the

lesion in th -gnke Iyzﬁosomal storage disorder 10Fabry disease, has been seq&enceoa%nd cloned.
In order to tést witether é%’éf’éc“tcgsidég‘é IRSSIHPAR Bt e eaddntictusdl s andoerpsbaddadn plant cells,
vectors inciustingsthe huibaniagalégiasidasef s H&ﬁiﬁ@%ﬁ&&%ﬁé@rgﬁt%@m'@ﬁﬁ doplasmic
reticulgm WEEE,EXP ﬁ%sé%cgin e&[{%ceus, and19§¢§pc tide sequence, iologfcal activity and glycan
structure of the plaht-derived. recombinant humar 225ataedeidase oy argardratsdHuman
u-galactosidseoN eligrésbioheetorszatieotars denteiningd-2onan agalagtesidlass Arpdipg sequence
and an N-tgymigal Rectinase leader peplide (SEQ; | ). o i
16-MALKTQ{.LWS%%%%FV???%%TSCSG),%%Ith%rg?é?%g ?ﬁk}?m%gfgl‘é‘daﬁwf@iﬁ @ tthe blent
endoplasniie YU RETD darret6hy BYstehiniver®EdnstrkictSuidiwe- tifereribeanstrusts were cloned,
with differéniGdatminaksequences 20mdesigngd t j ranslated protein in a specific cellular
com@?rtme{l} %&e onstruct (a-gal-vac, SEQ Ing!N%)l?l %gi%gg%é%l g%%tcetﬁn{fﬁ%ﬁr\iléigﬁ%%r targeting
signal (DLEVD géﬂé’? 'B”N%ﬁ:%?d@%‘?g‘??é‘&ifa}iaﬁér%ﬁmdoﬁﬁ@swm frorsutivenERtoMine plant
vacuole, viligreatheotsin isredained.oA sacendLenstivet@iolitREL SEQID NP 19) lacked the

C-terminal,y Ing- signal, and.contained a C-terminal ER 25retention sequence (KDEL,
SEQ ID No%%’ii%%iﬁg%gg %B%Tf%&i\?r‘é??ggfr%é‘?ﬂéﬂ%%’r Shrgeresitiopiglasatkad abe ER where the

protein is retainet{sEs RaysneuaivdoprrialotExperinaniakBeanys Mok, Noe326;pp. 1463-1472,
1995, ancane!oh R90T EASER ) YOR0RHAE2743 BT 1120081000570 ¢

strong cation exchange resin
25 (Macro-Prep high-S support, Bio-Rad) equilibrated in 25mM sodium citrate buffer ph

5.5, packed in a XK column (2.6x20cm}. The column was integrated with an AKTA
prime system (Amersham Pharmacia Biotech) that allowed to monitor the conductivity,
pH and absorbency at 280nm. The sample was loaded at 20ml/min, afterwards the
column was washed with equilibration buffer (25mM sodium citrate buffer pH 5.5) at
30 flow rate of 12ml/min untl UV absorbency reached the base line. Pre-clution of the rh-
GCD was performed with equilibration buffer containing 200mM NaCl and the elution

was obtained with equilibration buffer containing 600mM NaCl. Fractions collected



apple pectinase leader (SEQ ID NO:16) (MAL,KTQLLWSFVVVFVVSFSTTSCSG), mature
alpha-galactosidase sequence (SEQ ID NO:24) and a vacuolar retention signal (SEQ ID NO: 4). The
synthetic gen § surrounded by restriction sites to facilitate sub-cloning. The gene was cloned

using NCO1 an ﬁfﬁ%ﬂﬁﬂﬁ’to a vector developed by ICON genetics (Halle, Garmany) o Qt‘@gsient
expression in Nicotiana benthamiama plants. The a-gal-KDEL clone: For constructing t%é clone with
the C-terminal ER retention signal, the yam-Aar 104§ignal was replaced with an ER retention signal by

adding a phaspigrydated linkes (SEQ.IR NOs; 21 and 22) to replace the Bg111- Hindlll fragment. The
phosphorylated linker codes for the ER retention Sighal ézﬁa‘ﬂ% 2Ry éfds ebmpatibleitiith the ends

generated by the BHoyiTEd B hnaIHiRaIBERBE borled. Pooled samples were diluted (1:5)

pl
15GATCTTAGTGACALGEACGAGLTCTGATAA (SEQIDNQ:21) AATCACTCT TCC
TGCTCGAGACTAT TTGGA (SEQIDNO:22) Sac | To produce 832551-KDEL construct, the
a-gal-vac construct (SEQ INEH & Simdarigastent witks Byltifand-Hingittand:ligated yith the above

linker. InsertiofrofthéuZlinkerwasarenifigddbisastigtion with, Sacl, The resultant construct was then
cloned into flag |GON-vgctor as described he_reir??s_}for tr%nsienf e%/pﬁr%gsa iof i N bR thgmidma.
Transient expression system in RIS RtRRIGRLHA of e utiory faliseofsskant Virahaedters was chosen in

this case as an altehéaivdrio B ansReniceptants; atowing fppthe rapid, high | transient

. . . . .
expression of Rreteins iy tﬂl? The protein of interest is expressed from %%ﬁ%ng
duplicated viral romgper such as tﬁégr c8fa¥h§r%%’é"1% ré’ﬁ‘ﬁ-@%ﬁbfﬁ?c%%#ﬁ%@{é@mhea§“95tzemcr@ij@s on

transient afiifEaton Yagroinfection) iof wirakvieotors:sielyeresio.a @Eﬁ@ﬁ@%l@%ﬁpﬁ%ﬁg%' In
NA virus cDNA are transferred as T- KA from
T G

agroirifectigities30cplant-iupciignal.piar :
agrobacterjym intc% %Ia;]t cglls. Theﬂ@ﬁéﬁ%%s]&ﬁénop IF-tAh G S Yumarats nisibgitatighactive viral

RNAs that can TAitats 88T Fabficatitsh twoSEi08ras 2 8petb008/0006#61 7 Hhisapaiaach allows

the rapid as$émylyiant expression of swaysQfnipiel iants.. Thjs approach is not only very
versatile b%@lgp[g{ovid milligram quantitigs of prot?nﬁ%ﬁ?ﬂs?gfgv% Wﬁ?%éﬁé‘fééﬁ% of whole

olants- S %)urx 1cationstage. The fractions collected during the run were monitored by
cnizyme activity assay, as shown by Fig. 3E, and Fig. 3F shows a coomassie-blue stain
15 ofelution fractions assayed for activity.

The fractions of the absorbent peak in the elution step were pooled and applied
on a third column, for a third purification stage. The third purification stage was
performed on a XK column (1.6x20cm) packed with 8mi hydrophobic interaction resin
(TSK gel, Toyopear! Phenyi-650C, Tosoh Corp.). The resin was equilibrated in 10mM

20 citraie buffer pH 6.0 centaining 5% ethanol. The GCD elution pool from the previous

commn was ioaded at 6ml/min followed by washing with equilibration buffer until the

UV absorbance reached the baseline. T he pure GCD was eluted by 10mM citric buffer
containing 50% ethanol, pooled and stored at -20°C.

Fig. 4A represents a standard run of this purification stage. The fractions

25 collected during the run were monitored by enzyme activity éssa;y (Fig. 4B), and Fic

4C shows coomassie-blue stain of elution fractions assayed for activity

In a batch purification of cells that were processed, rGCD protein was purified to
a level greater than 95%; if only the first and third stages are performed, purity is
achieved at a level of about 80% {results not shown).
30
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N. Benthamiana plants are germinated and grown in commercial mix soil (Givaat Ada, IL)
supplemented with granular slow release fertilizer (Scott Marysville, OH) under a long day (16h light /
8h dark) light regime (5011E) at 24'C-25C, For the transient expression a -; vector recombination
system develd] %i’W-*”i@QPCON genetics (Weinbergweg, Germany) was used-ag desgsies (Gleba et
al., Vaccine 23 2042-2048, 2005) one of the vectors was inserted with a-galactosidase cDNA and the
two other vectors containing genes for construction of the whole viral repiicon (RdRp and Integrase),
thus generating th@g&gg;&%]%g%%% viral RNA t_hat can injtiate §elf replication 1_5Agrobacteria were
transformed with a-galactosidase vectors containing plasmids using electroporation (2500V, 5msec)
[den Dulk-Ra, A. an8l HMobiikadss PitigesyMethitds Ml BlolMaE:68re2]MRkantswererinfiliated with
Agrobacteria:conainikg the3 1O ' m;infilfration with standard methods known in
the art. Briefly, N. bﬁg&gmiuna“Plﬁﬁegﬂé%v%%%%% %\gf@%eerde %r%‘ﬂ%réf’é‘ﬁ%%"l FSfYG EifEetal 20plant
organs into a B0 UspRdisth At We sl aesering vasulim chambir. & 1:8haryacuum was
applied¥or Laminuteintolowethby-aduickratuinde.almasnigric pressure. Plants were returned to the
greenhouse for additional 5-7 days under the same conditions. 25Protein purification: Tobacco
leaves were frozen and thereafter ground with a mortar and pestle. The ground leaves were
resuspended in ex{iaterrioéncaniaieing ROMMT s COMN DT A2 URMASEOER, 25id JmMDTT
IMMPMSF pld#,2ina.4.1 yolyme to weight :?%9 Thereatfter, cells were disrupted and homogenized.
The suspension was further 30 homogenized Sing A Kife %ﬁ%@%z‘é‘?ﬁ'ﬁﬁ@*&@ﬁ%s&egsion was
passed throtigiia miéfb-flutbecett disvaptorandithesres tidgprepar adianwas sentifuged, The pellet

was discardediansbtigSHpeDAANL Was itea ith.ammonium sulfate and centrifuged. The WO
2008/132743 PCT/112008/000576 68 pellet'%gg\gtﬁg}r%ﬁisr%a rve%%-‘%ﬁ?&%% PSRN IBH 6) and the

solution waR AR SRSiREE18 BEPS Bingah i fiyefitharid ilreted d@tm M) The filratemas loaded on

an hydroph@qimhd@(%@omqh@mamgﬁ@@?m@mﬂ angd i ere pool d loaded
on a cation ex ,GQW%M l#(égraghy column. Elutzgle_d frfé%%%gg%v?e%é@%ggr‘é’i and B%&.@;g/%ed for
catalytic ac?lwg/ estern %%? gP¢ e et Herharrrddo(iontfihes-axatiastosidase

molecules frismgtraindfcrmel-toaoedipnlanisbyusingRohvclapal @Q@%@@Sggg%@?ggﬂbogy 10
r

Protein; trar&g&g[d@/%@%f%g&qgﬁsyl?gtr%ntiall . %ﬁi“g&%ﬂibed herein, Briefly, transfe ront the gel to
nitrocellulose was performed at 100 VOIS for G tesipines WesemisdARsias imsbrot was blocked

with blockiﬁﬁ”ﬁdﬁ%f”{i’%@ryﬁmﬂ@@.ffi%aT.ween 20 (Sigma Cat P1379) in phosphate buffer). Blots were

then immune deteﬁgqmg%gﬁtm\gim ARt washed, and reacted with a suitable secondary
antibody 15(¥Jiackson-,Labs HRP conju atedléGcE3 a%érﬁf%%%%%t%&?@%ﬁ%%?@%@ﬁﬂaé\félﬁped with ECL

developer FESEEIE TRV HanProol  préivgbutorapkography st feryislalizatiomDetermination
of active aafaLISiHaspaLNEYBRtein, along with Cerezyme ® protein (Fig. 9b), confirming

20 antigenic identity of the plant produced and CHO-produced proteins.

Enzymatic activity of recombinant hGOD-

The activity of plant produced human recombinant GCD of the present invention

was compared to that of Cerezymee, using a flucrescent GleCer analogue. Figure 12

25  shows that similar specific activities were obtained, with Vmax values of 0.47 1 0 08
Kmol C6-NBD-ceramide formed/min/mg protein for prGCD and 043 + 0.06 for

Cerezymes, and similar Km values (20.7 £ 0.7 KM for the GCD of the invention and

15.2 £ 4.8 KM for Cerezymea). Thus, these kinetic studies show that the activity of the
plant produced human recombinant GCD of the present invention is similar to that of
30 the CHO expressed enzyme.



20The level of active plant a-galactosidase A was determined against a calibration curve of the
activity of the commercial a-galactosidave Fabruzytne (Genzyme, Cambridge, Mass) plotted for the
concentratio%%:r)}z%e of 200-12_5 ng/ml. Activity was determined using

p-nitrophenyl-a- -ﬁgfg@éﬁ-yranoside (Sigma) as a hydrolysis substrate. Assayuffgs caatained 20
rnM citric acid 30mM sodium phosphate 0.1 % 25 BSA and 0.67 % ethanol at pH 4.6. Assay was
performed in 96 well EL1SA plates (Greiner if 6550 &,96W), 50 microliter of sample were incubated
with 150 micrglitgr-assay-Ruffer And 30,microliter substrate was added to final concentration of 8mM.
The reaction mixture was in(gﬁbg%dogg%?&”?o}f%@ﬁfﬁ?gﬁ%“ P@%Wﬁfgfgﬂﬁ%ﬁed against the calibration
results. Product (p-hitrGptremcpNPytiermitionhWiai datecteck by abserbanee 30.at 40201,
Absorbance @iy 45tanvas manitred &t tx:x0 apd,at the end point. After 90 min, 100 microliter of 1.98
M Sodium cgﬂbongte g/.gre added tg%%aclé ?Vell%‘glg hSOr %n%‘%oﬁ%d%ﬁ?%@h%w @gain. WO
2008/13274 3BT 2658760089 6 B0 Kirielie Shifids o bindTe detdrminethe kmathegengentration of
p-nitrophenyzpNex(Sigmed. wasevared indhe rangg,of 1000,0.M to 45000.uM. Reaction mixtures
containing 2{%&9@%@ ag{-}g}aﬁl@of?jgis%’e and varying cgn"cehgtrgaffqoxr?g%?%%e@uggt (ERIFERE Allowed to
react for 5 time’ periods rang G HONTBSE Fo8Temadsar 37 Crtansnehotion samplesiwere quenched
with saturatedessdinsicarsbnateandgbe Absorhanes ofithe paptiopRgnl prodyct was g%ected at 430
ram Biochemical,2nalyses %Q{Hy(pgﬁkdl jestion §())a&/tprégtem bands from PAGE was e ected Yy the Smoler
Proteomics Center (Technion, Haifa, ﬁ.%.%”riélﬁ MhebiaHaPhrbtel parmading the el wewercut with a
clean razor Bi4d& dhtihasrsteinsrimithe gatwerededuced with | OmM DTT and modified with 1200 mM
iodoacetamide in :QmM ammonium,bicarbonate. The gel pieces were treated with 50% acetonitrile in
10 mM ammonium bicarbonate to rBiS removéH aéégt?gifﬂg %gnwf (pff%iﬁ?%lfé@w@%éﬁyim the gel
pieces. The@ﬁe@%ﬁe‘@&%@r%“F&Hymﬁte@fﬂMthhto%amtblﬁiﬁﬁidiesifzhgj!éé miMRMmARmR,Ricarbonate
containing abautOdbdtgiedpsipper sample. The gel pieces were incubated overnight at 37C and the
resulting peptideslyveure r ovegred‘with 60% acetonitrile with 0.1% trifluoroacetate. 20The tryptic
peptides were resolv&d by réUErse PRI EEHIGMBtgIRlsHy ore0ighe300mhafused siigarcapillaries
(J&W, 100 #itrerpeteribyhomeriited it PRIDUS @gn(lj’@y{;sﬁgggyigg : '[;H%%&ptsides were eluted using
a 80-mjn Ii@gﬁtﬁggﬁghe 9f 2 EI% 95% g%gtortitrile with 0.1% acetic acid in Water af flow’ of about 1

gUrnin. The liquid from the co Umn Was Si‘éectrosprayed into an ion-trap mass spectrometer (LTO

Orbitrap, 75 Walth¥ith MayrdasEispectiomelsyrivaspedounedsin fRosltingjon mode ysing

repetitivelyaful, MS sean.followegd by ¢ollision induces dissociation (CID) of the most dominant ion
selected frI?E the first MS s%%vn. 1%e n%%asgﬂgg’eicstroil%%? Yoty Sinisratriensifutatia proteolysis

and CID o g&&fefﬁ%‘%ﬁ*fﬁ@%F&UN!@BI@@ﬁbahmu&inghﬂwe@eﬁugs&@ﬁmargf[,h@p%a&g J. Yates,
University ofWeshingionanc 39rnnegan, SANJosel. he amino terminal of the protein was
sequg@ceﬁon %%Ptide gq/%encer 494A (Perkin Eﬁner)r(a}gcgdf) ir%etgr?ﬁﬁﬁdfﬁ’(?ﬁﬁ@%ét%&{tions. WO
2008/1327 %r?? ?1”[2?%8' 7B MALBRWVF O the figures, addition of mannan clearly

H_lfllbl[ﬁ!(l binding of rGCD by the cells. At concentration of 2mg/ml of mannarn, the
binding of r*GCD was inhibited by 50%.

These results show that even without remodeling of glycan structures, thGCD
fas) ey S2% -

expressed and purified from transformed carrot cells can undergo uptake to tarpet

25  macrophage celis specifically through Man/GleNAe receplors.

recombinant rhGCD is enzymatically active.

Moreover, this

Figure 5D shows that the rhGCD is also recognized by an anti-GCD antibody in
a Western blot; rGCD refers to the protein according to the present invention, while
GCD standard (shown at 5, 10 and 25 ng per

lane) is commercially purchased GCD
30 (Cerezyme®).



MALDI-TOF mass spectrometry was performed using a MALDI TOF TOF 4700 (Applied Biosysterns)
according to methods known in the art in Srnoler Proteomics Center (Technion, Haifa, IL). 5 Gel
Filtration: Gel filtration chromatography separates proteins on the basis of size. Molecules move
through poro‘ﬁ?ﬁ@%g‘?zﬂfﬁusing into the beads when smaller molecules diffuse/ fusthgnintothe pores of
the beads and therefore move through the space more slowly, 10 while larger molecules enter less
or not at all and thus move through the space mor%lquickly. Both molecular weight and three
dimensional shape contribute to the degree - E Iant a-gatactosidase samples were
resuspended in analysis buffer (50mM SodiurrrPhosphate pE1=6.0 ) the flow rate was 0.5m1/rnin and
100 pg of sample were lowded onto the ‘@b CT.SKIESIT 2000, Tosoh Bioscience ,San Francisco,
CA) a-galactosidasepiake in Jibroblasts... . ing and uptake of a-galactosidase was tested on
human fibroblasts, originatin from%%sf}fcgg%lgf{g; (qgét?g?ﬁ)‘f&mjg 9%%8F§%Tfim§ti‘fﬁﬁe¥?q§%robIasts
were culturéd ¥ BVE fifn {(CdEobE546sSigniay suplldmeritedanith 120%6:FBS; 5mMgik- 20
Glutamine, Bont MEU E@gieitﬁt&'féﬂﬁz'@oM%MM@M@@&%&CQ;@H&O% 5 WEM agle non
essential alﬁil&% a&g@%@nﬁn? Z TI en-Strep solution, all supplementsfrom %E}OPOQI%% Indusries
(Bcit Haemek, 1. Cells wete incubatetfwit 360 iyt plant 49§ alaretobid 468 AR(PB Sisupplemented
with 12 9% PESfot dafivs; fhediavaohetanonysadol 20l Pigrahateufier pH.6,8,0,1.%, Triton+

Protease inhihitersZosagkial dgm .P-271 4) twQq cycles of freeze-thawing). 20 ul o?samples were
loaded on 12 % SOS gels an anﬁfi%gg”by%égé}rﬁ{%‘lotting (see above). SDS-P,4GE: Sodium

Dodecy! Sulfate-PlifacHrrinits Gt Efeltrophdresistial dSDS-PAGR)sepHRles Qoteins, primarily by
their miplecalapweight desaddition, this chnique provides .a large amount of information about the
purity and cor’p osition of proteins. The_{:}_r%}:?I(Gi’(:uIar!siJt Wgﬁ?ﬁéﬁ I yﬁi é%h%d ﬁﬁ%@fﬁtéﬁﬁ%ﬁﬂ@‘paﬂem of a-
galactosidd®& Préltich Erairsiodbacesprams ek Gxantined bySDSRAGE analysis:\We
20081132 MBRE TR OABIOBLLS 7 6 b using,Laomassig Brilliant, blue staining, according to standard
gel separag@yegtrgtocolg. Briefly, the SDS gels consist of a staﬁglg};né%é{éﬁ%%)g&n%% ?é%??l@fing gel
(12%). Running buér WS e/ $BSTse B3 bringiHgrstrergjberetrivisamercaptoethanol, p11 6.8.
5Results: groupigiife 184 swed: 188: shevrschecharagierzatinnof melgsylar weight of plant-derived

recombinant a-gajagiosida xpressed gnd produced in tobacco plants by the method of the instant
invention by gel filtration (F%lgl(%&Xf a{qr:?g ﬁ%%%%p&ﬂ%r%ﬂ%ﬁ??ﬁ E?E"%D‘I‘ﬁ@ﬁi&@@%péétrémetry profile

shows thafth&eltitiatheof irdaniomdioutal weiglitointOiplpnt-expiessad fegalagiosigagg.consists of
several popHiaiignm:in hedange of48:,621(Da since alpha Gal is a non-covalent dirtier the energy of
the MALD] TOF. causes thﬁ%%ss‘%ciati%n gﬁ‘%ne (?lnfr}r\%refq ’ﬁ?&e}ﬁ’%%g‘h% LeThigaREtidPeight reflects
407 amino acrféé(govr%‘fﬁl?ting 46.3 kDa and the addition of the glycan structures for the remaining

molecular weightBMass:spiectiamelns caMims 1eiproteinjs48,6/kRa..and 15 these results are well
in tthangth%gthetﬁm lecula Wei%gt of native human agalactosi ase%gggﬁﬁsgieﬁﬁlé’fsrﬁg gel filtration

calibration curve Showe the MotsEtidiweighecotteEpohatiiets me raemsonliiméeciitieanain peak of
plant a-gafdiRisidase (18 4 highdsisize: 56 kD SUaIRSIRG-AIMERThe Yerv.small peak at 20.403
min corresponds, %:Q%q{%gl ;&)Gtsgeggg&i!pr%%(?&%ﬂ% to a monomer (43.27 kDa). Since the gel

een admumustered with 10-fold the clinical

dose, were tested for hematology and clinical chemistry. All hematology and clinical

chemistry valqes were In normal ranges. In addition, the animals treated with the high
25 dose were subjected to histopathological examination of the liver, spleen and kidney

and there were no macro or micro histopathological findings.

EXAMPLES
GLYCOSYLATION ANALYSIS

30 Analysis of glycan structures present on rGCD produced as described with

regard to the previous Examples was performed. As described in greater detail below

results indicate that the majority of glycans contain terminal mannose residues as well



20filtration analysis is conducted at mild conditions it enables observing the protein at its dimer form.
Resolution of the recombinant a-galactosidase by PAGE analysis revealed two main bands (Fig. 14A),
suggesting aw fezrence in glycosylation of the mature recombinant enzyme. Sequencing of the
isolated bands fréf{PAGE indicated that this 25 was indeed the case, as the-tegions gf.he
polypeptide available for sequencing (i.e. not masked by glycans), although not located identically in
the two bands, displayed 100% identity where oveglrzapping (see Fig. 14B, sequenced portions in red).
Fig 14B (Lov&grhlpgfpg)agggg/gss mplete,sequence’identification of a deglycosylated a-galactosidase
[deglycosylation was effecte‘(?slﬂ%sgl%rgst%%vamsleaﬁe @f&‘f'nékﬂ;s 'F‘I’%‘s‘@&%iéﬁée@ihdkr@d%diﬁam% previously
identified se%‘ﬁ %@@Wﬂ%q&éﬁb@sfmimt&sﬁqnae@ﬁ&@s\@i@al«%tfg,rsgggggg&gg following glycan
removal. Black sequensgs.ndicateas.yetunidentified sequences, Native glycosylation sites are
depicted in ;/peCIIOVéhighlig_ht. The C terminal’ W@é%%gﬁg%%@ﬁéﬁﬂi’m@@%ﬁﬁ 72 €DEL was
verified using ah antt K DEL dnissisGartarGnez i CA): Takenlagether, hese resylts, shqw the
a-galactosideseprateir @xprassed by thg methogs,ofthe present invention. is identical to the expected
cloned Seq'ié?@% .IQSPgallr%t-E[)épreésed human recombiﬁa?%’%a;%%ggtrgs%éi’mg%?ﬂié’é’ni‘é%ﬂﬁ idlentical to
native recomibinant a-gatac sldgstrateesey Her wstifichtion mhthe Suitabilily ofthe constiucts of the
invention forsurdtecexpressiopgiiddman lYSOSOMal.eNzymes,inplant recombinant s stems was
provided b&gy&gy&gigetg%@& %fn the_PIa t-expressed a-galactosidase on A WEStEPA bt M0 Fig. 15
shows that polypeptides expressédfin tob 28 pightsaBmalssthitive sged-vaalane Yvae))sand

a-gal-K DEE(aAE KDy ébnsm@titsdn@h;deﬁggeﬂ@&{wt};g@%ﬁiﬁgy%@@?' J%C%gg%%%ggybody raised
againss them@gyﬁm@@k@@g@&%ﬁ&% fgsrgih ggt\g\@en amino acids 326 an of native human
a-galactosidase. Control plants, transformed with ﬁ?ﬁﬁgﬁé gé’?@'ﬁtm@%m@wmwa]w
immune-reB&i%&-bands. 15 Kinetic analysis of recombinant a-galactosidase: In order to evaluate

the suitability of planiiexprRssed Auman 18 inant agalactosidase, purified recombinant
a—galactosé_d@eﬁ}}rﬁ(é]}éobacco ﬁlantsuwas su jec{%? rtlg ine ?csgn%%%, i feinPaRd Wax values were
determined. Figs. AR IO b ters Kirrtioaedt fetomibinani-argalactasidase frad symbols)
compared sathbsevitheorpenesaialiy AvailRbie recombi man a-galactosidases Fabrazyme 0
(blacﬂgsyn&qigég}lgnﬂ@erglatﬁaé C. (blue symbols). Calculation ng?{ﬂe nf %@Wgﬁgﬁﬂﬁm the
recombinant a-galactosidase oﬁﬁ‘é‘%ﬁ&ﬁrﬁ%ﬁ?ﬁ%‘@‘ét@@fﬂé@aﬂdi@kpde@%dﬁm&ERoﬂﬁ&yefy similar
Km and Vitaxpaliesisteligcasthelyoopmestcial BRzYmes.shaying a iigher 25 Vmax and lower K_rn than
Replagal @Om%g@ﬂtgﬁ}yﬂ%&nd.slightly igher KmS than Faagﬁg%?/nmgogﬁ},{%a{@aﬁﬁgt curate

ine

expression and processing of the polypeptide i thETBTaT 2EhePeaalytovibtiviogesuftaisievior clinical
applicatiofi€ I8 itabrsharndexplighs od zhumn@a@&ﬁﬁﬁ%iﬁﬁﬁoﬁtﬁiﬁ%?% wide range of 30
i

temperatuesiosed siuergdes iRfugher.evaluate the recombinant human a-galactosidase expressed and
purigﬁd from plants %%cording to oneaemboﬁiﬁr%élrﬁcgﬁ o TRHRSRS etdbrigwreaewion.

2008 13274_13PC’:i‘;“?ﬁ 0BSI600 5B hEIybepiitatasiange iiemperamies (¢ £49.37.C) was
tested. FigBudZAiandoI7&e tryptic and PNGase F treated glycopeptides

desalting and
permethylation. O

-glycans are not released by PNGase F, therefore, glycans remainine
f=]

linked to peptides are most likely O-tinked glvcans. These glycans are then released by

reductive elimination and their mass analyzed

25 M p 2 ¥ o il

- T . .
haracteristic distribution of hexoses, hexosamines and peutoses characteristic of plant

glycosylation. The ratios between (leNac and Mannose, suggest that characteristic N
linked structures are the predominant glycan population.

Mass Spectrometric analysis of the N-glycans from hGCD produced as

30 described above indicates that the predominant N-glycan population has the

monosaccharide composition Pent.deoxyHex. Hex3.HexNAe?



show that the plant-expressed recombinant human a-galactosidase (Plant a-Gal) did not undergo any
alteration in electrophoretic mobility, and was as stable as, if not more stable than commercially
available recombinant a-galactosidase from mammalian cells 5 (Replaualt), at all temperatures tested.
The stability St S Binant agalactosidase was evident whether incubgteg inagiiyibs huffer (Fig.
17A) or cell mediafl buffer (Fig. 178). = Recombinant plant-expressed a-galactosidase is actively
taken up in human 10 fibroblasts: To determin_%whether the recombinant a-galactosidase

produced intabacsco %Eﬁ%%r%o uptake by target cCells, and thus be useful for treatment of Fabry
y Of the Teco

disease, the abili inant human a-galactosidase to bind to and be taken up by fibroblasts
was next assayed APY EhoWHSINERiG 8 dreisom Mnmaiwiaﬁtwmcﬁﬁ)gﬂg@i%%_m%e by cells
(lanes "plang e AL ection af alpha Gal in 20 ul of samples taken from fibroblast
lysate run to %gtéh@ebﬁhwﬁ%p%%ﬁaﬁ%%ﬁ}kﬁérgg r%ag%i% Yfih“%zsaq‘l SCEAPHIA A5 arer (Replagal,
first lane fronFtRETiIGHEY i tstesin dresinisicdetiar Weight:markeisaddersne of F1i Fhegasesults show
that even Wﬁb@&ﬁdm@t@ﬂ@ﬁﬂg@gglmmﬁmgwres, 20recombinant a-galactosidase expressed and
purified from tran 0irm?f‘d tobaccq plants can undergo uptake to target a-galactosidase- deficient

€0

fibroblast cells. Mor8ovas TRE PARERBIHARE alifalieiysimBenis einy waticallysad tiver Ghyaan profile of
plant-expressédviatariinantiinaova-galaetosidase i 25ARalysis Qﬂﬁgg%ﬁﬁq%ureg present on
i |

human a-g idase produce scribed with regard to the previous Exam 25 WAS performed.
As describglaﬁ%grgft%%d%%agl Se o@j; ref %?ﬁ%lgb i%‘i‘c%?@?ﬁ%’ﬂﬁ@%ﬁfo% S eppeanscbhidinterminal
mannose ré¥iiies s welbas igh imdmnoge stiucturesi Advantageousiy thisnighmannose product

was fqund to-be biglogically;active, and therefore no further steps were needed 30for its activation.
When the PAGE-se“paraE&t%éd band iden |ﬁgg§ %%IWSF% lr‘?l%q%‘alactosidase was sequenced following

trypsin digest, fIu&F%%@é‘?ﬂq%éhﬁ@d@ff@%@@%@nd@h%&ﬁh@%@l@ﬁ@@%ﬂ@&%&ﬁﬁ%l&%@ﬂwooow6
74 digestion w@w@@glygﬁsggg&%wﬁ%ég}: and JBH, followed by HPLC, a characteristic
pattern of glycosylation is discerned (Fig. 19, 87 minutes). Glycan structures having exposed mannose
predominate, Monosaccharide composition analysis (see Fig. 19) revealed a distribution of 5 hexoses,
hexosaminEX Bhd ferfingsesichargciristic@fplant glycosylation. The ratios between GleNlac and
Manngpse, suggest that.characteristic N-linked structures are the predominant glycan population.
EXAMPLE 6 10T ENT WITH TILE PRESENT INVENTION The recombinant protein
produced according to tHépseseit invention prefesabhecompsises aapitaliv glyaasylaed protein
produced by a plant cellag%%qwﬂl?iacig e/jg]preferably a lysosomal enzyme for example, and/or a high
mannose glycosylated

Table 1
Product reference
npumber
Glucocerebrosidase. Four tubes containing 62995
Iml of sample each at a stated 62996
concentration of 0.8mg/ml in 25mM 62997
Citrate Buffer pH6.0, 0.01% Tween 20 62998
20
The samples were stored between -10 and -30°C unti] required.
Protein chemistry
Dialvsis of intact samples
25

One vial (containing Iml! of protein at a stated concentration of 0.8mg/ml) was

injected into a Slide-A-Lyzer dialysis cassette (10kDa molecular weight cutoff) and



protein. 15According to preferred embodiments herein, the protein produced according to the present
invention is suitable for treatment of a lysosomal-associated disease, such as a lysosomal storage
disease for ex%mple. The method of treatment optionally and preferably comprises: (a) providing a
recombinant blo?oﬁ’l%%ﬂffﬁgtive form of lysosomal enzyme purified from tranﬁfgrmf 20 plant root
cells, and capable of efficiently targeting cells abnormally deficient in the lysosoma "é’ﬁfz‘%‘/ﬂ?gf This
recombinant biologically active enzyme has exposet% terminal manrtose residues on appended
oligosacchariglggsis » inistering a therapeutically effective amount of the recombinant
biologically acti\f}é %ﬂ%ﬁ%{fﬁgﬁgé gfig(r%’f %ﬁ%%ﬁié%ﬁ%%ﬁg%e@méaw@ew@&m In a
preferred embBd éﬂ’t?'fﬁégzﬁﬁéﬁc@mmmég%ammmﬂ&ﬂ lysasamal enzyme lfseqlt?/t e method of
the invention may be produced by the host cell of the invention. Preferably,nt(?w <HOS & is a carrot

cell. By Er‘p lian subject" or "mammalian patient" is meant any mammal for which gene
A Ho - L -‘! el 3 . .

therapy is desired; ircitehhg-Huiatai s ot leqinelicanine;and feling;subjects, most preferably, a
human subject. 30ITshodild henotesthatihe. "treatrﬁms amelioration or alleviation
of a pathologjgal,condition anc or?(%e orér%o%é%_y?np‘fgrsnsr HERBK Hirig SHrala eonditiomor
preventing the genesis of sucH & ¢6hdisH. S oitin081 327 48RGTA Li0OBRRASIHH B In another
preferred enisaidiiientsithitysbsamal erzymesiseg by dhamsthed of the invention may be a high
marmose enzyme,caMprising.at least one oligosaccharide g}gain haéiwr%)e %\]?1 g%ﬁ(ﬁ%‘é‘(ﬁlﬂﬁaﬁﬁ‘bsc residue.
This recombinant enzyme can bindto’a AfAHRbsE tekeptoP it a farget cellina targelsite;yithin a
subject. Mo#@“ﬁé*’éﬁﬁﬁw, this 5 recombinant lysosomal enzyme has increased affinity for these target
cell, inteomparison with the corresponding affinity of a naturally occurring lysosomal enzyme to the
target cell, each dose is dependent on the effective targeting of cells abnormally deficient in
GCD and eaé¢h¥E5& BHedsmishmof GCD is substantially less than the dose of naturally occurring
GCD that would otherwise be administered in a similar manner to achieve the therapeutic effect.
According t@r&égr&g emb ) e present invention, the protein is suitable for the treatment
of lysosomat storagedisediadssdchigratitte present invention also comprises a method for treating
such diseases. LyEosamplisitisage sise aLe. up. of over 40 disorders which are the result of
defecis in g;ggl%%qp&csolgiggﬁ?n%mﬁs 15?@‘%%%&%%@?{ g‘fyénoiﬁﬁ'ilé%r‘%%s%écﬁla’ﬁ@é?mme products
within the lysosomcs of cefls. TR 5%&%’%&@)@2@%@@&&1@9@&@@?ixﬁéﬁxm%&ﬁ?ycled into
new produéfSAnbr Gt ineke. tisorddrssesylisfremrap QQQ:?{&?QV éjg%som(%org-linked recessive trait
which affectsdhelgygls,afengymes in L éysosome. General ,t%u_arepigeno bi Fﬁ&%&%ﬁlﬂjnctional
activity of the affected enzymes in the cefi€ BitaarSueSor b atredtad.individuals. In such diseases
the deficiency in enzyme function creates a progressive systemic deposition of lipid or carbohydrate
substrate iR¢gs@EOIERIELGEUS, IN the body, eventually causing loss of organ function and death. The
geneije etiology, ﬂi‘r%gal manifestations, molecular biology and possibility of the lysosomal storage
diseases are detailé ﬁ?§&ﬁ\f%€§l9%@ﬁmmmd§c}ﬁhﬁd&|gt%%m Mglegulay, 25Basis of
Inherited DiseaselufitnEet, MihdlmMGGIRW, HilL (1993} ., [Examples of lysosoma storage diseases
(and their ASSRY C}eq %@&%Fnt egnzymes) include but are not i f\éid "deF%{Br)hHi%@%é and
(a-galactosidase), Farber di A e H4%%) Gaeherdiseasehghieasrrgbrosidass), Gm'
gangliosidissisc(Biralactosidase), Tay-Sachs disease (B-hcxosarninidase), Niemann-Pick disease
30(sphingomyelinase), Schindler disease (a.-N-acetylgalactosaminidase), Hunter syndrome
(idurgnatc-2-sulfatase), Sly syndrome (f3-glucuronidase), Hurler and WO 2008/132743
PCTH12088/0bb87ef reductively eliminated materiaj

Desalting using Dowex beads was performed according o SOP B022. The

sample was loaded onto the column and eluted using 4ml of 5% aq. acetic acid. The

coliected fraction was | yophilised.

30 Permethviation of released carbohvdrates

N-linked carbohydrates eluting in the 5% aq. acetic acid Sep-Pak fraction and

potential O-linked glycans released by reductive elimination, were permethylated using



76 Hurler/Scheie syndromes (iduronidase), and I-Cell/San Filipo syndrome (marmose 6- phosphate
transporter). Gaucher disease is the most common lysosomal storage disease in humans, with the .
highest frequency encountered in the Ashkenazi Jewish population. About 5,000 to 10,000 people in
the United Stﬁ&g%%%ﬁﬁéted with this disease [Grabowski, Adv. Hum, (Jeneiz2i:3daddkb9993)].
Gaucher disease results from a deficiency in glucocerebrosidase (hGCD; glucosylcerarnidase). This
deficiency leads to an accumulation of the enzym%'s substrate, glucocerebroside,in reticuloendothelial
cells of the - lee lver, resulting in significant skeletal complications such as 10
bone marro?v%elggglr%o%y %ﬁg lg%gté% gg{g@%ﬁ?g Oéﬁ% éﬁﬁgﬁ%%?%ﬁi@?ﬁl%gﬁéﬁém@amon
thrombocytdpehfapamethidataidNding:co miptieationsu rahowski,LO93 yibisl; e, Preg; GJin. Biol. Res.
95:177-217 : : ifically, the lyspsomal enzyme used by the method of the invention
may be selec%%g%?%fﬁlfhi}elgl g%%%%%gﬁs‘%ﬁr%b&?cg%dz%c%%ﬁ%m%%CD), acid 15 sphingomyelinase,
hexosaminidase, a-N-acetylgalactosaminidise, acid lipase, agalactosidase, glucocerebrosidase,
a-L-iduronidasg.suranaie spifalaseanarngsidass ol sialidase. Preferably, where the treated
disease is Gaucher's disease, the Tysosomal enzyme used by the method of the invention is
glucocerebrosidase (GCD). The protein of the present invention can be used to produce a

itign. Thus, according to another aspect of the present invention there is

pharmaceutical 9@ eampesi
provided a pharmaf%%utical C n which includes, as an active ingredient thereof, a protein and a

ositi
pharmaceutical accept%%fgsé%%%?%é}(%éﬁd Tareih &1pharmatatited] Eomposition'stafessdo a
preparationdf‘@rre dr ripreiof the adtiveingiediants descHbecihatein, sHoh-as.a regombinant protein,
with other cf%%go%c%gg lsguchas 251t itig_&%%drugs, hysiologically suitable carriers and
excipiertts. The purpose o ag armaceutical Compostion 46 1 FAGIR: rrifietatirrefa protein or
cell to an ofAABAYPhaTRacBGasAl cBmpasitions iohthedaresantinyentiommayhg manufactured by
processes wetddawiad e at .90y, f conventional mixing, dissolving, granulating,
dragee-makiri:ﬁ%, levigatin ,ermuil)si?yingy,_ grr?cggggﬂ%t%?g% énﬁﬁtauﬁﬁiﬁ Z@F%ﬂ?&dﬁilﬁiﬁ?&%?@@@%ses. In
a preferred®SHhBAGHRE A trederin yoRaiadeutitallyacpeptable  ineanseppsoved.byamrgulatory
agency of thehfxeiiRral aba stategevernmentplisted.| WO 2008/13274PCT/IL2008/000576 77
U.S. If;j"narrg ogieia or.Qther gengg?ly recogn%ed‘phakﬁréggogg% ourrﬁlseéﬁﬁya%’ﬁrﬁaaﬁg?ﬁﬁﬁt?nore
particularlyin Rurmans. e rBiiatEr, B ipiricde sl sisrsateallyuittiie camsiredntly’pharmaceutically

acceptablecbamiets@nplintershangeahiyrssed anitysies 0 a5 ApPIOVEE.SaLLer 8f a diluept that does not

e
cause signjf Jrptation to an organism.and 5does not abrogate the biologica aﬁlwﬁa} and properties
of the adrrr#ﬁ%%g%g{%}%.ﬁég%.atesgaﬁ'%é"rgg RO YR A st siRE, eaidivians, excipient, or vehicle
with which the therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and oils, ingjuding E;Qgp,ggg Jeum, 751'5_:‘_:_{{- origin, such as peanut oil,
soybean oil, mineral oll; SESame oilanc ke Waterts-apreterred-~t8-carrier when the
phar%%ceutical cOfhpBEHToN ik lagiihistisrdiired venonsly: Saliam silutionsiand agyeaus, dextrose and
glycerol solstionsganal Q@ml@g%g Sl riers, particularly for injectable solutions. Suitable
pharmace‘l{:dgial e c?%en?sbinclude starch, agggfeg?éé&fgﬁ%%?gsse&éﬁa St TiEBSHbur, chalk,
silica gel, Sodiith SEERYE ettt TerBatesink 2 e, Bobidatechisrdeyditedskionaitikeglycerol, 15
propylenesgidcdnwater, ethanol and the like. The composition, if desired, can also contain minor
amounts of WettiQ;%SO&ﬁ[)n{Illjé%fng agents, or pH buffering agents. These compositions can take the
form of solutionsmvn?-é%, ;emulsion, tablets, pills, capsules, powders, sustained-release
formtilations andGhietike. Thelgdinposition can be formulated as a suppository, with traditional binders
and carriers suclyn?e%ﬁgg!ycerig)%gé 20 Oral formulation can include standard carriers such as
pharmaceutical grades of mannlto?, I[!zglj%ltlose, starch, magnesium stearate, sodium saccharine,
cellulose, magnesitfiPtassmatretdOkamples of suitable pharmaceutical carriers are described in
"Remington’s Phagpaggutical; Sgi "y, . in. Such ositions will contain a
therapeutically effective a%hoylr?tﬁ é??h&:‘ﬁpﬁgtgﬁ%}{rﬁ}gfﬁlﬁy%aorﬁ%@%@rl?ﬁi,dz%tb%ﬁ%é?fv\lith a suitable
amount of carrieP88'%s 5ol tHE terAfd0F gropldr hdrhini2telivfota thenpatient. The formulation

shodid be suitabtadestaasmodrialy, '




administration. Herein the term "exc pient" refers to an inert substance added to a pharmaceutical
composition to further facilitate processes and administration of the 30 active ingredients. Examples,
without limitation, of excipients include calcium carbonate, calcium phosphate, various sugars and
types of starc%’,%%‘fﬂ?l’é ‘erivatives, gelatin, vegetable oils and polyethyleng(%t)ﬁ%%8 /MY(}Q’; .
2008/132743 PCT/1L2008/000576 78 Further techniques for formulation and administration of active
ingredients may be found in "Remington’'s Pharmaceutical Sciences," Mack Publishing Co., Easton,
PA, latest edition, whichd é!Ifcrggrol%)eotrated herein by réference as if fully set forth herein. The
pharmaceutical compositio described may also comprise suitable 5solid or gel phase carriers
or excipicnts. Exarﬁ@é@@@%ﬁf@ﬁtwier§®m€xcipients include, but are not limited to, calcium

carbonate, calciumﬁgggig%qg&g%g%i:ousssc% ars, starche_s, ce_IIquse derivatives, gel_atin and polymers
such as polyethylene glycols. Suitable routes 6f administration may, for example, include oral, rectal,
transmucosal, tran&HT #Meiitestinkilobparenteral delivery, including intramuscular, 10subcutaneous
and intramedullarynnjections;as.well as intrathecal, direct intraventricular, intravenous, intraperitoneal,
intranasal, or intraocular injections. Pharmaceutical compositions for use in accordance with the
present invention thus may be formulated in conventional manner using one or more pharmaceutically
acceptable carriersredmpRSINGAXGIRIENtSADHapdliaries, which facilitate processing of 15the active
ingredients into pra,rqt‘iwoqr‘é%_ ich, can be used pharmaceutically. Proper formulation is dependent

upon the route of SISt Al chosen. For injection, the active ingredients of the invention may be

formulated in aquéous solutionsypeafarabiy, o of ghucocerebrosidase was iyophilised with 10ug

10 of Arabitol as internal standard. This was then methanolysed overnight at 86°C and

dried under nitrogen. Released monesaccharides were re-N-acetylated using a solution
of methanol, pyridine and acetic anhydride, dried under nitrogen again and converted to
their trimethylsilyl {TMS) derivatives according to SOP B023. The TMS derivatives
w-ere reduced in velume under nitrogen, dissolved in 2ml of hexane and sonicated for 3
15 minutes. The samples were then allowed to equilibrate at 4°C overnight. A blank
containing 10ug of Arabito] and a standard monosaccharide mixture containing 10ug
each of Fucose, Xylose, Mannose, Galactose, Glucose, N-acetylgalactosamine, N-
acetylglucosamine, N-acetylneuraminic acid and Arabitol were prepared in paraﬂel.’The

TMS derivatives were then examined b
: ¥ gas chromatography/mass spect try
20 {GC/MS). B

Gas Liguid Chromatesraphv/Mass Spectrometry
GOMSY

An aliquot (1pl) of the derivatised carbohydrate sample dissoived in hexane

25 was analysed by GC/MS using a Perkin Elmer Turbomass Gold mass spectrometer with
an Autosystem X[ gag chromatograph and a Dell data system under the following
conditions:

Gas Chromatography

Column: DB3

30 Injection: On-column

Injector Temperature: 40°C



solution, Ringer's solution, 20administration penetrants are known in the art. For oral administration,
the active ingredients can be optionally formulated through administration of the whole cells producing
a protein according to the present  invention, such as GCD or a-galactosidase for example. The
active mgred?ﬂg%’ﬁﬁs&@é 25be formulated by combining the active mgred%gﬂ%%&pg(cells with
pharmaceutically acceptable carriers well known in the art. Such carriers enable the active mgredlents
of the invention to be formulated as tablets, pills, dra ees, capsules, liquids, gels, syrups, slurries,
suspensions, and t oral ingesti t. Pharmacological preparations for oral use
can be made usmg!ae[f0 sg‘ﬁgﬁgiup?en g%’og%o |fféﬁ»#ﬁ d“t‘ﬁé‘-?égdlﬁ%%:nﬁ@mnah‘:dmrocessmg the
mixture of granulesi%ter Berlling Eitabrerauxiiants ihdesied, Jovebtpjp dablgie.or dragee cores.
Suitable excipientscaggicincparticular, fillers such as sugars, including lactose, sucrose, mannitol WO
2008/132743PCT/112008/000576 79 or sorbitol; cellulose preparations such as, for example, maize
starch, wheat starch, rice starch, potato starch, gelatin, gum tragacanth, methyl cellulose,
hydroxypropylmettitteslilesessegium carbomethylcellulose; and/or physiologically acceptable
polymers such as Pol}/vma/ rrolldone?(0 VP). If desired, disintegrating agents may he added, such as
cross-linked polyvmﬁ pyrr8 “aga Syalglnlc acid or a salt thereof such as sodium alginate.
Dragee cores are &w@ad)wm&wtab%ﬁgﬂﬂggs For this purpose, concentrated sugar solutions may
be used which ma; ti c arabic, talc, polyvinyl pyrrolidone, carbopol gel,
polyethylene glycoﬁl(f%%akg%%%loﬁd%alé%c% &F solutions and 10 suitable organic solvents or solvent
mixtures. Dyestuff¥iisigpheists may Bénédded to the tablets or dragee coatings for identification or to
charatterize different combinations of active ingredient doses. Pharmaceutical compositions,
which can ¢ used oraIIy, mclude push f|t capsules made of gelatin as well as soft, sealed capsules

et e 3‘ AEEL 4 1 Glyer 1 Gtaop gerihitdb kiR ipH kfilcapsules may contain

made of gett
the active ifg égcte glngers S ch asstarches Iubrlcants such

as talc or JResium trate and, A freapoutedsirabsetrasasigtedients may
be dlssolvrgg-vr?ns-p}ended in swtable liquids, such as fatty 0|Is liquid paraffln or I|qU|d polyethylene
glycols. In additioijAtdbilizes maysb@@ég@gmg%lk,;ggn}g.gﬁggggdf%sgﬁal adn{}nlstratlon ltshould be in

dosages sg}g@ég&p&ﬁg I}% enr L#e of administration. For buccaf a mlnlgtar%?foé

composmons may ta osreﬁ%r% BIEH 62%8??%&1@§m%m@nnmabmamﬁ For

administrati M?dlﬁlaféﬂﬁ-ﬁm #AB)active ingredients for use according to the

Dried permethylated glycans were redissolved in methanol:water (80 20} and

analysed using a matrix of 2 o-dihydroxybenzoic acid. Bradykinin, Angiotensin and
ACTH were used as external calibrants.

2 it < |
0 Positive lon Fast Atom Bombardment mass spectrometric analyses were carried

out on M-Scan's VG AutoSpecE mass spectrometer operating at Vace = 8kV for 4500
mass range at full sensitivity with a resolution of approximately 2500. A Caesium Ion

Gun was used to generate Specira operating at 30kV. Spectra were recorded on a VAX
data system 3100 M76 using Opus software.

25 Dried permethylated glycans were dissolved in methanol and loaded onto a

target previously smeared with 2-4pl of thioglycerol as matrix prior to insertion into the
source,
In a second set of glycosylation analysis, similar methods were used to
determine the glycosylation patterns, and to identify the major glycosylated products
30 produced by the carrot cell suspension culture of the present invention:
Glycosylation patterns were analyzed by the Glycobiclogy Center of the
National Institute for Biotechnology (Ben Gurion University, Beer Sheba, Israel) to



25 present invention are conveniently delivered in the fowl of an aerosol spray presentation from a
pressurized pack or a nebulizer with the use of a suitable propellant, e.g., dichlorodifluoromethane,
trichlorofluorﬁgbeghane diehloro-tetrafluorocthane or carbon dioxide. In the case of a pressurized
aerosol, the osaﬁgg&%ﬁ7ﬁay be determined by providing a valve to deliver gmaterad amopnt.
Capsules and cartridges of, e.g., gelatin 30for use in an inhaler or insufflator may be formulated
containing a powder mix of the active ingredient ang, a suitable powder base such as lactose or starch.
WO 2008/132:443:R 7 scribed herein may be formulated for parenteral injection
or continuous inf sforgng or%%%%%%%?%ﬁ%l%% osage Torms &g sepepiipoiigaséeiriiiiticiose containers
with optionaﬁif%a' QifEapreSer i< IR comprositionsimayihe; 55&@9@@@9@%}@@%@%‘&3 r emulsions
in oily or aqueous Mehigles,.and may,gontain for tory,agents h as suspending, stabilizing and/or
dispersing a%%nts. {I;E?rr‘g ceutical céﬁm%oasEirg%ug%g%%p%%%%irigfjééyrﬁﬁfﬁ?aﬁorPFn@fﬂHeUé/@a@ous
solutions of the actve’pr i Gri Wesesr 16 1ol kerhal sad ditiGinallylysuspeasions affhe active
ingrediénts &nb@ld@ievril:baaﬁ&dra&x@pwmiﬁs%ﬁéiwm%%ﬂém&%ggiﬁpgclO Suitable fipophilic solvents
or vehicles includesfeat%&i‘;s §u§% a§ esgtme oil, or synthetic Tatty acids esters such as ethyl oleate,
triglycerides or liposomes, Aquedt aﬁﬁ M ispe sieR e thiay sbintaimsulsiadies;whigimincrease the
viscosity of ﬂﬁé%sé%ﬁmaﬁwh&aﬁ)maﬁﬂﬂiﬁaﬁwﬁﬂ%@%&@'H.!Q@r?fieﬁzort%%glsOrfd%)étrv%g' (?ptionally,
the suspeng%ég@)&v@@%&%gﬁ%@ %Ji{ggég spbilizers or agents which increase the €6l fity 150f the
active ingredients to allow for the preparation of HigATy Eareditrately ssiutibdsxiran yvmpreferred

embodimentftf eoipeRsitioniis forriulatedtin ateoydanceamth roul neprasedures,as.a
pharmﬁceummgmgg@gtigp@gg%@@for i@)iérﬂ yenou Eggzjmini;é‘ration_to human beinags_éffy?&fcally,
pharmaceu&%clal Qgr;gositionslfor intravenous administration re S8iifforie fRcsterité iasidaic aqueous
buffer. Gensr&fifS 20 thathgrlediepts fiesuditietreithdnde pasatelyonmixed q,?g%p&r in ynit dosage
form, for exarpteasse, dnoierhilizedRowsler.arwater. free.concentrate in a hermetically sealed
container Sé.‘i%g} as an r%{])oile or sachette indisc.aﬁng’t }éf);g)usén?lst(f/ Ji %}Sﬁ%aéé%lt’?ﬂ?%@hﬁe
composition Is to b ddHini i%#%%‘ﬁ%?ﬁﬁ%i&?}@ﬂ%iﬁé dispensed with an infusion bottle containing
sterile pharmaceLﬁicaﬂrgr&dawgmﬁ@ﬁssaﬁé’tem&m%[ﬁs@%&gﬂm%m%?gtst %ggdm'é”‘“efed by injection, an

ampquje 05&&@“'92;@@%@@ jjection or saline can he provided so e mé‘? ifits-niay be mixed

prior to administration. The P& SUSTIRSAICCH MRSt HAe i sveniion: datipbe farmulated as
neutral or Safi il PAarmdceisitatly Beospiahlesplts ipgiisie wkgSﬁlIQ{éP%ﬂa‘igfz%ﬁggogg_SUCh as
,an 0

those derivadframhydrochlrig, sphoric, acetic, oxalic, tartaric acids, etc. se formed
with cations such as those é%rivé%hf(réotgﬁ %%Sdﬁ?fﬁ)%aot?%gﬁ’&%%ﬁ%@ﬁ@@éﬁcﬁ%;%ﬁd@droxides,

isopropyla%?ﬁé, m&ﬁﬁgfﬁ%%thﬁaﬁmfﬁmaﬁﬁﬁiﬁﬂﬁl@jn%lﬁro@@ﬂ'}@de@mwgonwrﬁatriX
2008/132748ked [kkZ00&/0R94 6 & zation - time of flight mass-spectrometry (DE-MALDI-
26 TOF MS). For oligosaccharide determination, the N-gl
FAB-MS and MALDI-TOF MS, fol

PNGase A, and permethylation

ycan population was analyzed by
lowing digestion of samples with trypsin and
of the glycans, O-glycans were analyzed following
reductive elimination of the tryptic and PNGase A-treated glycopeptides, desal

permethylation.

ting and

25 The similarity of the N-glycans in different baiches of prGCD was analvzed by
high performance anion exchange chromatography with puised amperomeiric df;tection
(HPAEC-PAD, a Dionex method) following digestion with trypsin and PNGase A, o
obtain chromatographic profiles for oligosaccharides released from glycoproteins for

. the purpose of demonstrating consistency from batch to batch of prGCD. This

procedure permits chromatographic comparison of oligosaccharide pattems in a

qualitative and quantitative manner.



The active ingredients of the present invention may also be formulated in rectal compositions such as
suppositories or retention enemas, using, e.g., conventional suppository bases such as cocoa butter or
other glycerides. The pharmaceutical compositions herein described may also comprise suitable
solid of gel pﬁ%@@”@%’ﬁﬁ%@%r excipients. Examples of such carriers or excipientgingliadgepyt are not
limited to, calcium carbonate, calcium phosphate, various sugars, starches, cellulose derivatives,
gelatin and polymers such as polyethylene glycoI359 The topical route is optionally performed, and
is assisted m%@lﬁﬁiﬁgg '- al carrier is"one which is generally suited for topical active

ingredient 10 administration and mciudes any such materials known in the art. The topical carrier is
selected so-&& daanseempasitorrahthedasired form, e.g., as a liquid or non-liquid carrier,

lotion, crearmmg,@%@g deraointment, ?olvent, liquid diluent, drops and the like, and may be

comprised of a material of either naturally"oCcurring or synthetic origin. It is essential, clearly, that the

selected carrier dobis: niekadviersghs&afiect he.active agent of, 5%‘” ompanents of the topical

formulastion anglwg]ic}*hi stable with respect to all compon%nts oj?t Sdt%ﬁriggfj 6?%5%%35’; Examples of
e b st

suitablé topical ca or u FaTrTiFE ek Shrses i OGRS arceothérmontdiad osganic solvents,
glycerin, mifier&kpifsilitbns petralestn jelly (lanalisg Eﬁt@b@é‘d%ﬂ&g@r}ﬁgkﬂiﬁg% arabens, waxes, and

. . . - fl WWa
the Like. Preferred formulati herein are colorless, odorless 20ointments, liqui s,(fotlons, creams
and gels. ﬁé Oin%ments aregggﬁ?hﬁ%o id” %?%iﬁaé%q’%ﬁg}

3eAsiRg f/preany phediervpasmsliatum or other
petroleum @&BVERESTIThe splecifivointmenthasestadae ivsednaswillhg appregiated.by those skilled in
the art, is ogedhatwill pravide: far: opti ctive.ingredients delivery, and, preferably, will provide for
other quensirgc% characteriE%%Ii‘,lféfs%kéP &\E/)v%ﬁ]&gbgg Og\rgwgglﬁ‘gﬁg??uosr“ %ﬁglﬁﬁé".l%@%ﬂ?ﬁé%?@ﬁrﬁ?@% or vehicles,
an ointmentBESLERRIRE BEriiER; stable, nonirritating and nonsensitizing. As explained in Remington:
The Science and Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co., 1995), at pages
1399-1404Aoir}t S n four classes: oleaginous bases; emulsifiable bases;
emulsion basas- Entwatersasniiem glecocenelnavidage30 ointment bases include, for example,
vegetable oils, fafsbhtainkstfranm prigais:andiaeaiseli:ydragarbgns, obtained from Ef%ro'e”m-
Emulsifiab[,go%ghma?% bas§s also krl%lwn absorbent ointment bases, contain fittfe 6r'6 water and
include, for example, WJ SU08/1%3 §'g@%ﬁ%@@?@dﬁ@@B@Wﬁrdwmﬁn éuiifers, anhydrous
lanoli®andiyardphiib petﬂeiam&daﬂﬁimm&i@maﬂrﬂ%p@yg@ggggt%t@mpégitm@ emulsions or
oil-in-wate ions,.and in¢lude, for example, cetyl alcohol, glyceryl monostearaie, lanolin
and stearigg g%}%bF%%%ed vviéﬁpter-so uble oﬁwtmeﬁ?g%a%ées are'1répared #5m potgetagirnsglycols of
varying moletflsrsEight i agelifevsferondernnay be lmadedosR qmingion: e Seanse ang Practice of
Phaiiilacy fkdtishenintermation, o o] reparations to be applied to the skin surface without
friction, ang are tg?igally liquid or sem%tlgﬁ p(fggg?rla?ﬁ)%g? in v%%‘f?usr%{i)dp%?rt F@E,q}?ﬁ’iﬁ?ﬁﬁg the active
eSS T WeterBraldotior brase Hetdhuirecusually sudivehsidiseiiaansalids, and may

agent, are presen

compfise atliglicZoly.eniilision:nbkhe DininswalglbiRe 4 otians e preferred formulations herein for

treating la ody areas, bec f the ease of applying a more flul con?’pgrs{fﬁgsﬁ? s generally
necessarﬁf&%ﬁé‘fﬁ%oﬁbrf’e'?zm%agﬁg’ ?n gﬁ%ﬂﬁ‘ﬁ“ﬁe"‘ﬂ I%[\giﬁ@ﬁﬂ.]ﬁdﬂ@ﬁélwmqymcm dontain
suspendirfiFagemtdity ipm thice beftesidispeesions-asiwel @@p@iv@ggqg@gpﬁ%ﬁf&ggq{ localizing and
holding th@xmgi\{g@q@@tling@&asci%vi\gtrgt@?%kg,Ezgﬂﬁe ylcellulose,sodium car oxymeﬁ}ylcellulose, or
the like. Creams containing the selected ACHVE'T GreGiEHIS aIES R KABVIFY il tiseiriscous liquid
or semisoflBV & GBS EndTcH-dratert briBter fiRsoil ACIR @R bases: Ak waterwaghaple, and
contzin amaiphipse.@ngaulsifier and an agueous Qbr‘?%%rlhe %Qrgyil phase, also sometimes called
the "internal” phase, is generally comprise(f of petrolatum and a{i?attSPalcﬁ’Hol SGERPag ¢ely| or stearyl
alcohol; tﬁ%‘gﬁg%ﬁﬁﬁﬁ%ﬂ%ﬂ%%ih@@éh mét nétedsarilyoesicendsihi oilphagern yolume, and
generally @entaisiahvmectant. Thgemulgifier ina.cream formulation, as explained in Remington,
supra, is g%rgt%glllr;\/g@{nor%gnic niqnic, cationic g%%r%[ﬁ%hoter?ﬁa‘éﬁlﬁacta’ﬁ ° 25 G¥RYHBtions are

icati

preferred for apB i Q{fﬁ& §5§6.Cﬂs will be appreciated by those working in the field of topical

active' ingredienﬂ?hfoFmﬁatjm., gelamre p@m@@igﬁgﬁa%g%mrgg%ﬁgﬁ%% &gﬂglel;e% ayse gelg contain
orgagic m@qﬁgm&y?%%%g{s}ggu%d tfslutlstantlally uniformly throughout the carrier fqu ; WhICh is
typically aqueous, bufalso, preterably, ontdifi*ard tBhsf dhel, epticwaliam oi; $@wayious additives,
known to those skilled in the art, may be included in the topical formulations of the invention. For
example, solvents may be used to solubilize certain active ingredients substances. Other optional
additives include skin permeation




83 enhancers, opacifiers, anti-oxidants, gelling agents, thickening agents, stabilizers, and the like.
The topical compositions of the present invention may also be delivered to the skin using conventional
dermal-type patches or articles, wherein the active ingredients composition is contained within a
Laminated structdre’ fﬁét%erves as a drug delivery device to be affixed to the-gkimik shsha structure,
the active ingredients composition is contained in a layer, or "reservoir”, underlying an upper backing
layer. The laminated structure may contain a smgl%(geservow or it may contain multiple reservoirs. in
one embodi bidhe: eric maty] of a pharmaceutically 10 acceptable
contact adhgs%ie matéﬁglgﬁtﬁg!t{ds%gt%geﬁ}%gf? IE rrn.ft}ogi< ﬁpﬁ%ﬁﬁt@’a@t"%@@yﬁéﬁém@nts delivery.
Examplcs of%%%W&b%&%%ﬁ%Mﬂmﬁ@ inclugle, but are not limited to, polyethylenes,
polysiloxanes, polyisobutylenes, polyacrylates, polyurethanes, and the like. The particular polymeric
adhesive.selected will depend on the particular active ingredients, vehicle, etc., i.e., the adhesive must

ledyithidlissempenenis @fg&{p@g@&ﬁ@g&@gﬂ@&g@%|n&}%um&gosmon Alternatively,

the active mgredm&ts&gontammﬂgﬂg;e rvoir and skin contact adhesive are presen “agé é’éﬁarate and
distinct layers, with the adhesive TR

Vit Bl vaRE Y piniinierd Retide Asehmejdasceither a

% _‘!j

polymeric matrix a@ieeﬂsertbed above orit may be a liquid or hydrogel reservoir, or may take some

other form. 20Thgt
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of those skilled in the art, especially in light of the detailed disclosure provided herein. 30For any active
ingredient used in the methods of the invention, the therapeutically effective amount or dose can be
estimated initially from activity assays WO 2008/132743PCTI1L2008/000576 85 in animals. For
example, a db8e ¥ Bé*formulated in animal models to achieve a circulatingTnmeestkation range that
includes the 1050 as determined by activity assays. Toxicity and therapeutic efficacy of the active
ingredients described herein can be determined by, standard pharmaceutical procedures in ,
experimental ani o i 10 B ing death in 50 %
of the tested ani activity assays and
animal studies c3
therapeutically et rmined from the
experiments wit ng upon the
dosage form employed and the route of administration utilized. The exact formulation, route of
administration and can be chosen by the individual sician in.view of the patient's condition.
(See e.g., Fingl, ef&L giloﬁ%g%%ﬁilncg e P %err?%cio %ng%sé)\lg éééig% c?%lg‘lS & %ifﬁcga;teéh%ep’?ﬁ?sbosage
amount and“iTERTRITAE Y e ralifastittdHdivid tadlyats grtwide plasmivibelavels afthaaatise moiety
which are sylfigientéomainiain iheinpdulatingeffects termed thepyinimal effective concentration
(MEC). The MEC will vary for each preparation, but may optionally be estimated from whole animal
data. 5 Dosage intervals can also be determined using the MEC value. Preparations may
optionally he.a inist‘ ‘maintains plasma levels above the 20MEC for
10-90 % of e tine. profarable-betnesn SBLon 805 R PRBEIGS#sTerably 50-90 070. Depending on
the severity and réspomsivenésssofithe ceniitinnitoohe dieated;esing:aam alsade aisingle
administrati g [ele compositiop described hereipabove, with course of treatment lasting
from severé? %ﬁiisgé%&%%aﬁﬁ%fg%%’ ?ﬁﬁl% ?g%ae%‘?éic%gg ?ra}ﬁ%h%wﬁfb‘ﬁ“-of the disease state is
achieved. Corhsesifishscbiameprasant mvertondnayhitdesirethbispreseniatkinifack or
disperser dayicensushas:an FRAARPOYRLIL ISR MAYSONIAIRne, of ore unit dagage forms
containing the active ingredient. The pack may, for example, comprise meta{] or 6Icasat|(‘:”?0|l, such as a
blister packaH& P Mk Gregigensd pasvriansl dptrnseatcofipaniaibsomnsiniatipnsddol adininistration.
The pack drdisplersser may also be accompanied by a notice associated with the container in a form
prescribed by a WO 2008/132743PCT/112008/000576 86 governmental agency regulating the
manufacture, use or sale of pharmaceuticals, which notice is reflective of approval by the agency of

the form of the cafisbésitions oRbtm@smoneierinanhadmipisiialionatuehhstisaJoexpmple, may be
of labgjing @&%Q\@g b%lthe U.S. Food and.Drug Administration for prescription drugs_or of an
approved product 5Sins§ﬁ. dgrﬁ?)lg%i%%%yé%%%%gr?sif?}%g}gﬁcaeéﬁfg i%%ﬁié&?%@%&%ﬁ&g formulated in
a compatitfieearntheetides Confieemaynalod e Grgsarédiplaogdinyan appibprhgtaieoNtainer, and

labeled fordrealinent af #gdagigated condition.
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As used herein, the term "modulate” includes substantially inhibiting, slowing or reversing the
progression of a disease, substantially ameliorating clinical symptoms of a 10 disease or condition, or
substantially preventing the appearance of clinical symptoms of a disease or condition. A "modulator”
therefore incléﬁgg@ﬁ/éﬁ%?t which may modulate a disease or condition. Otggé g%dimeﬂnts Itis to
be understood that while the invention has been described in conjunction 15wit S ety
description thereof, the foregoing description is intended to illustrate and not limit the scope of the
invention, which is defin anpsﬁ?ded claims. Other aspects, advantages, and

modifications are withinjthe scope &ritREEtbllow in'g claims. WO 2008/13277&EPCT/IL2008/000576 87
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4.3 O-finked olivosaccharide sereening

Reductive elimination was carried out on the 60% 2-propanol fraction (potential

O-linked glycopeptide fraction) from the Sep-Pak purification of Glucocerebrosidase

5 following trypsin and PNGase A digestions, The sample was desalted following
termination of the reaction and, after borate removal, was permethylated. FAR mas:
Spectra were obtained using a portion of the derivatised oligosaccharide in a low mass
range for fragment ions and DE-MALDI-TOF mass Spectra were obtained using a
portion of the derivatised oligosaccharides in a high mass range for molecular ions. No

10 sipn nsiste ith t i
signals consistent with the presence of O-linked glycans were observed (data not

shown).

Linkage Analvsis of O-elveans from glucocerebrosidase

Li “ . .
inkage analysis was carried out on the products of reductive elimination afier

15 i i i
permethylation. No signals consistent with the presence of typical O-linked glycans

were observed (data not shown).



12. Pastores, G. M., Sibille, A.R., Grabowski, G.A. (1993) Blood 82, 408-416. 13. Weinreb, N. J.,

i G, Rosenbloom, B.F.,
J, Andersson, H.C., Kaplan, P, Kolodny, E.H., Mistry, P, Pastores,__ ,
Soutt o ner, R.S., Zimran, A. (2002) Am Jitled 113, 112-119 14. Bijsterbosch, M. K., Donker,

Scott, C.R., \Va . _
W, van de B}%'({) %%Wely, S. van Berkel, T.J., Aerts, JM. (1996) Eur J Biachamm@dih:344-349 15.

Friedman, B., Vaddi, K., Preston, C., Mahon, E., Cataldo, J. R., and McPherson, J. M. (1999) Blood

[ : Biochim Biophys Acta
- . Furbish, F. S., Steer, C.J., Ksett,.N.L., Barranger, J.A. ( 981) _ :
075 406450 e 5%?5 88 17.Doebber, T., Wu, M., Bugianesi, R.,

b
gﬁ'p?pzoSr_:M. V\F/S)rE%E%Fiié%é;%%%fz%%%%gg% and SHERYES (1982 FPBRSFCRePRIPET, 2193-2199

18,Dwek, R.A: BB TNRTPAEOE I harisioN 0(2002)diaturisk iews dn6B:A i@ Neuhaus, J.
M.. Rogers, (G098 lant MolBiok38; 167-d44:20:)gle, £ a0d Sall G (2091) Plant Physio
125, 115-118 21. Hellens, R., Edwards, EA., Leyland, N.R., ean, % u‘ln ‘UX, M .. _) arf
Mol Biol 42, 81663222 Wiirtele! &8 Biilkes K ¢doBoy Piaint Seic6a] %&@f& ﬁ;‘;‘?&ﬁz \[}2{1‘/526‘257’ g
Hooykahs, PachieatyMbthosimbiol fial Ko Zﬁgﬁﬂﬁ%@géfg@é%% o HEHS Cell Biot
680-685 25{%@%%{9’1‘11&'? %—&1&7&%} équl Eclggrd?ng to the present invention, without requiring
93, 49-56 further manipulation, for example with glycosylases.
Figure 7 represents the main glycan structure found in rGOD. Figure 7 shows
proposed structures of a) the predominant oligosaccharide population found on hGC
10 expressed in carrot cell suspension  (1505.7m/z); b) typical N-linked core; c)
Fucosylated plant N-linked core. N-linked givcans are coupled to the protein via-
Aspargine and through the reducing end of the GleNac (GN) residue on the right hand
of the diagrams. N plant glycosylation patterns, Fucose residues may be part of the core
structure, bound to the first GlcNac using an alpha(1-3) glycosidic bond, while
15 mammalian structures typically use the alpha(1-6) glycosidic bond.
Figures 8A-8D show all possible structures for the N-glycans detected on the
rGCD protein according to the present invention.
The dominant giycan structure that was identified is the core glycan structure
found in most plant glycoproteins from pea, rice, maize and other edible plants. This
20 structure contains a core xylose residue as well as a core aipha-(1,3)-fucose. Work done
by Bardor et al (33) shows that 50% of nonallergic blood donors have specific
antibodies for core xylose in their sera, and 25% have specific antibodies to core alpha-
{1,3)-fucose.. However it is still to be studied whéther such antibodies might introduce
limitations to the use of plant-derived biopharmaceutical glycoproteins.
25 The minor glycan populations of the hGCD produced as described above were
mainly high mannose structures Hex4HexNAc? to Hex8HexNAc2. Among the complex
structures  exhibited structures such as Pent.deoxyHex2.Hex4. HexNAc3  and
Pent.deoxyHex3.Hex 5. HexNAc3. Pent.Hex3.HexNAc2 was detected in smaller
proportions.
30 The major terminal monosaccharides are hexose {(Mannose or Galactose) and N-

acetylhexosamine, which is consistent with the presence of high mannose structures and

partially processed complex structures.
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composition %ﬁhwﬁﬁé?ﬁb%“m%ﬁi&%mdﬁmgidhfmwmd)téﬁ@ﬁmsimgm@i%glaﬁw@mt&%%ﬁ kna, as
determined byiimassispestiomelty, sgid.a-gajaciasidase protein being further characterized by
a—galactosida]se ca}ialytic a}_ﬁcti\@t and being cgntiguousli(ufl%ﬁké?to"%“ég-st‘g%iﬁ“’a\ﬁ(_’fﬁ?Elg_‘%%o acid
sequence, and & Phrtaetifidiracctpapmd catiers 2nTheiphantaceiticakeompasitianof claim 1,
whereinisaid:@-gajachsiease protainduithel.eomprsesthe amino acid sequence:
SHlNPTGT%‘l?%LEtNTM%HI\ggLK lacated at the C-términus portion of %‘a%‘pré‘i‘é?ﬁ)?aéfhﬁ%ie

a ion

pharmaceutical composition of QA T o B ierBIRss aiers dutatadsidase protein is immunologically

reactive with a rabbit polystenapeintibathyrsgisedagrinstthe pobmentidefiagme nﬁ%ttﬁg?:{th between
position

amino acids,32f.and 429 of native human, a-galactosidase. 4. A pharmaceutical co
comprising a hgﬁgfman a-galactosidase’ sbir’“";on&%‘gce {BRsAG fHa aiinelatie Seglrepoe terminate

SN M A o et g A
e B e acmeanpece ot
carrier. 5. THYSHEhrsEEtRiEAN CofmpbLitonToforiman: Wil shic-a-aalagiasidase pratein having
high mannose. Therefore, the present invention o?ercomes a significant drawback of
commercially produced hGCD proteins, which is that these proteins are modified to
terminate with mannose sugars, unlike the protein produced as described above,
15 Further glycosylation analysis was performed on & purified human recombinant
glucocerebrosidase prepared in plant cells. Glycosylation was analyzed (Glycobiology
Center of the National Institute for Biotechnology (Ben Gurion University, Beer Sheba,
Israel) to determine glycan structure and the glycan quantitative ratio using sequential
digestion with various exoglycosidases {see Methods, above). In this analysis, it was
20 found that the N-linked glycans have a main core of two GleNAc residues and a 1-4
linked mannose, attached to two additional mannose residues in _1-3 and _1-6 linkages.
The additional residues found are shown in F ig. 10a, which presents all structures and
their relative amounts hased upon HPLC, enzyme array digests and MALDI. F ig. 10b
shows the glycan structure of Cerezymes before and after in vizro enzymatic processing,
25 Notably, analysis of the glycan structures of the GCD of the invention revealed that
>80% of the glycans were mannese-rich, bearing exposed, terminal mannose residues
(Fig. 10a), whereas in the case of Cerezymee, mannose residues are exposed only afier
a complex in-vitro procedure (Fig. 10b). The dominant glycan in the GCD of the
invention is the core structure found in most glycoproteins purified from pea, rice,
36 maize and other edible plants. This structure contains a core _-(1,2)-xylose residue as
well as a core —(1,3)-fucose (Fig. 10a}. The DE-MALDI-MS data contained no signals
consistent with typical O-linked glycans. Further analysis of the glycan profiles for the



a molecular weight of 48.6 kDa, as determined by mass spectrometry. 6. The pharmaceutical
composition of claim 4 or 5, wherein said a-galactosidase protein is immunologically reactive with a
rabbit polyclo%?)! ;g@r(}gbod%/ raised against the polypeptide fragment as set forth between amino acids
326 and 429 of hative Kiifan a-aalactosidase. 7. A pharmaceutical compasitipn segpiisiag a human
a-galactosidase protein, wherein said a-galactosidase is immunologically reactive with a rabbit

polyclonal antibody raised against the polypeptide f1"gagment as set forth between amino acids 326 and
rotein being further characterized by

429 of nativesheman i said u-galactosidase
a-aalactosidase catastﬁ?ggt{i{sﬂﬁt!g %ﬁgﬁgf 8%1n§§l{%3{slfyqfﬁagﬂn@ab€f§f&§n%| e acid
sequence, dha° BHEFRTIRE (el abehteloGantidity 90 1Be T phadmaceltigal composition of claim
7, wherein saidea:galagtasidagedrptein ha r weight of 48.6 kDa, as determined by mass
spectrometry. 9,E The Qggarmaceuticaj %om%o%%ﬁlggy %:%é?r% og&c %ﬁe%ir?@ﬁfd%%lﬁ&%dase
protein comprises He BRTHo SeRrsatie it sSHNPROTVLLOL.IENTMQMSLK. located at the
C-termihus portion of said protein. 10. The pharmaceutical composition of any one of claims 1-9,
wherein said a-gatactosidase protein comprises at least one exposed ma.nnose residue. 11. The
pharmaceutical composition of claim 10, wh&&ihs Sidihdnan lysosomal protein further comprises at
IESRRES HE shaIDACEUHcabqamPQsIton of Spie iy whetels, spidhuman

lysosomal protein is further comprises at least core a-(1,2) xylose and at least one core a-(1,3)
fucose. 13. The pharmaceutical composition of 2 Bne of claim2, wherein said human a-
galactosidase proftéifiaswslakedmtodibroblastson I tise-ofthe: phassaseylical.compgsition of any
one of ¢laimgklyI3siokthgmar a icament for.the treatment of Fabry's disease in a
subject. <%OS>5.IP§O}TALI)%1 ﬁ%gg g%%%% ,@Htj&giggﬁ%al??n‘;}%%é%ﬁeiﬁ YEHUENEEEISTIRG

uitanle for therapeutic use can be produced in plant cells, vectors including the

human a-galactosidase A coding sequence targeted to the plant endoplasmic reticulum

were expressed in plant cells, and polypeptide sequence, biological activity and glycan
structure of the plant-derived, recombinant human a-galactosidase A was evaluated.

i5 Human a-galactesidase A expression vectors: Veclors containing Human g-

galactosidase A coding sequence and an N-terminal apple pectinas‘e leader peptide

(SEQ ID NO: 16-MALKTQLLWSFVVVFVVSEST TSCSG), for targeting the

transated protein to the plant endoplasmic reticulum (ER) secrelory system, were

constructed. Twe different constructs were cloned, with different C-terminal sequences

20 designed to sustain the transiated protein in a2 specific cellular compartment. COne

construct (e-gai-vac, SEQ ID NO: 17) contained a C-terminal vacuolar targeting signal

(DLLVDTM, SEQ ID NO: 4) designed for transport of the protein from the ER to the

plant vacuole, where the protein is retained. A second construct {u-gal-KDEL, SEQ ID

| NO: 19} lacked the C-terminal vacuolar targeting signal, and contained a C-terminal ER

25 retention sequence (KDEL, SEQ 1D NO:23) designed to aljow retrograde transport from

Vthe cis-Golgi back to the FR where the protein is retained (see Rayon et al. Journal of

Experimental Botany, Vol. 49, No. 326, pp. 14634472, 1998; and Evron et al. 2007

FASEB ).

34 The g-gal-vac clone:

The human a-gal coding sequence was artificially synthesized by GENEART
AG. (Regensbury; Germany)(SEQ 1D NO:17). The o-gal-vac sequence includes the
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apple pectinase leader (SEQ ID NO:16) (MALKTQLLWSFVVVFVVSFSTTSCSG)s

mature aipha-galactosidase sequence (SEQ ID NO:24) and a vacuolar retention signal
(SEQ I3 NO: 4). The synthetic gene is surrounded by restriction sites to facilitate sub-
cloning.

The gene was cloned using NCOI and Hindl1i, into a vector developed by ICON

genetics (Halle, Germany) for transient expression in Nicotiona benthamioma plants.

The ¢-pal-KDEL clone:

For constructing the clone with the C-terminal ER retention signal, the vacuolar

signal was replaced with an ER refention signal by adding a phosphorylated lnker (SEQ
I WOs: 21 and 22) 1o replace the Belll- Hinglll fragment. The phosphorylated linker
codes for the ER refention signal and has sticky ends compatibie with the ends
generated by the enzymes Belll and Hind!l:

S E K i & L * 4

GATCTTAGTGAGAAGGACGAGCTCTGATA& {SEQID NQO: 21)
AATCACTCT TCC TGCTCGAGACTATTTCGA (SEQ ID NO:22)

Sac |
To produce the g-pal-KDEL construct, the g-gal-vac construst (SEQ ID NO:a7
was digested with BgllT and Hindlil and ligated with the above linker. Insertion of the
linker was verified by restriction with Sacl. The resultant construct was then cloned

into the ICON vector as described herein, for transient expression in NV, benthamiame.

Transient expression svsiem in N benthamiona

The use of plant viral vectors was chosen in this case as an alternative o
tfansgenic plants, allowing for the rapid, high level transient expression of proteins in
whole plants,

The protein of interest is expressed from a strong duplicated viral promoter such
as the coat protein sub-genomic promoter. The system relies on transient amplification
(agroinfection) of viral vectors delivered to a plant by agrebacterium. In agroinfection a
plant functional promoter and RNA virus cDNA are transferred as T-DNA from
agrobacterium into plant cells. The T-DNA is transcribed in-plania to generate

biologically active viral RNAs that can initiate self replication
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This approach allows the rapid assembly and expression of arrays of proteins

variants. This approach is not only very versatile but also provides milligram quantities

of proteins in just a few days.

3 Transfection of whole plants-
N. Benthamiana plants are germinated and grown in commercial mix soil
{Givaat Ada, IL) supplemented with granular slow release fertilizer {Scott Marysville,
OH) under a long day (16h light / & dark) light regime (50uE) at 24°C.25°C.
For the transient expression a 3 vector recombigation system developed by

10 ICON genetics (Weinbergweg, Germany) was used as described (Gleba et al., Vaccine
23 2042-2048, 2005) one of the vectors was inserted with a-galaciosidase cDNA and
the two other vectors comtaining genes for construction of the whole viral replicon
{RdRp and Integrase), thus generating the biologically active viral RNA that can initiate
self replication )

I5 Agrobacteria were transformed with a-galactosidase vectors containing plasmids
using electroporation (2500V, Smsec) [den Dulk-Ra, A. and Hooykaas, PJ. (1995)
Methods Mol. Biol. 55:63-72]. Plants were infiltrated with Agrobacteria containing the
3 ICON plasmids by vacuum infiltration with standard methods known in the art.
Briefly, N. benthamiona Plants, 5-6 week old were infiltrated by immersing all aeria)

20 plant organs into a bacterial suspension and were placed in a vacuum chamber. A -G8
bar vacuum was applied for | minute, followed by a quick return to atmospheric
pressure. Plants were returned to the greenhouse for additional 5-7 days under the same

conditions,

25 Protein parification:

Tobacce leaves were frozen and thereafter ground with a mortar and pestle. The
ground leaves were resuspended in extraction buffer containing 20mMTris 20mM
EDTA, 20mM ascorbic acid ImMDTT, imMPMSF pH 7.2 in a 1:1 volume o weight
ratio. Thereafter, cells were disrupted and homogenized. The suspension was further

30 homogenized using a knife homogenizer. The cell suspension was passed through a
micro-fluid cell disruptor and the resulting preparation was centrifuged. The pellet was

discarded and the supernatant was treated with ammonium sulfate and centrifuged. The
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pellet was then dissolved in citrate buffer (20mM pH 6) and the solution was further

acidified to pH 5.5, centrifuged, and filtered (0.45 uM). The filtrate was loaded on an
hydrophobic interaction chromatography column and ecluted fractions were pooled and
loaded on a cation exchange chromatography column, Eluted fractions were pooled and

5 analyzed for catalytic activity

Western Blotting:
Western biot was performed to identify the a-galactosidase molecuies from
transformed tobaces plants by using polyclonal rabbit ang u-gal A antibody.

10 Protein wansfer was performed substantially as described herein, Briefly,
transfer from the gel to nitrocellulose was performed at 100 volts for 90 minutes at 4°C.
After the transfer, the blot was blocked with blocking buffer (1% dry milk, 0.1% Tween
20 (Sigma Cat P1379) in phosphaie buffer). Blots were then immune detected by
incubation with antibody, washed, and reacted with 2 suitable secondary antibody

15 (Jackson-Labs HRP conjugated Goat anti Rabbit Ab). Blots v;fefe then developed with
ECL developer reagents (Amersham RPN 2209), and autoradiography used for

visualization.

Desermination of active a-galactosidase enzyme:

20 The level of active plant a-galactosidase A was determined against a calibration
curve of the activity of the commercial a-galactosidase Fabrazyme (Genzyme,
Cambridge, Mass) plotted for the concentration range of 200-12.5 ng/ml. Activity was
determined using pnnitrophenyi—m-D~ga§actopyranoside {Sigma) as a hydrolysis
substrate.  Assay buffer contained 20 mM citric acid 30mM sodium phosphate .1 %

25  BSA and 067 % ethano! at pH 4.6, Assay was performed in 26 well ELISA plates
(Greiner # 655061 96W), 50 microliter of sample were incubated with 150 microliter
assay buffer and 30 microliter substrate was added to final concentration of 8mM. The
reaction mixture was incubated at 37°C for 90 min. and results were plotted against the
calibration results. Product (p-nitrophenyl; pNP) formation was detected by absorbance

30 at 405nm. Absorbance at 405nm was monitored at =0 and at the end point. After 90
migt, 100 microliter of 1.98 M Sodium carbonate were added to each well and

absorbance at 405 nm was monitored again.
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Kinevir studies:

To determine the Km, the concentration of p-nitrophenyl; pNP (Sigma) was
varied in the range of 1000 uM to 45000 uM. Reaction mixtures containing 25 ng/ml.
of g-galactosidase and varying concentrations of the subsirate were allowed to react for

5 time periods ranging from 5 to 105 minutes at 37 °C. The reaciion samples were
quenched with saturated sodium carbonate and the absorbasce of the p-nitrophenol

product was detected at 430 nm.

Biochemical analyses

16 Tryptic digestion of protein bands from PAGE was effected by the Smoler
Proteomics Center (Technion, Haifa, IL). Briefly, the stained protein bands in the pel
were cut with a clean razor blade and the proteins in the gel were reduced with 10mM
DTT and modified with 100 mM iodoacetamide in 10mM ammoniurm bicarbonate. The
gel pieces were treated with 50% acetonitrile in 10 mM ammonium bicarbonate to

15 remove the stain from the proteins following b;/ drying the gel pieces. The dried gel
piecces were rehydrated with 10% acetonitrile in 10 mM ammonium bicarbonate
containing about 0.1 g trypsin per sample. The gel pieces were incubated overnight at
37°C and the resulting peptides were recovered with 60% acctonitrile with 0.1%
iriffuoroacetate.

20 The tryptic peptides were resolved by reverse-phase chromatography on 0.1 X
300-mm fused silica capillaries (J&W, 100 micrometer ID) home-filled with porous R2
(Persepective). The peptides were eluted using a §0-min linear gradient of 5 to 95%
acetonitrile with 0.1% acetic acid in water at flow rate of about | pl/min. The liguid

from the column was electrosprayed into an ion-trap mass spectrometer (LTQ Orbitrap,

b2
tn

Waltham, MA). Mass spectrometry was performed in the positive ion mode using
repetitively full MS scan followed by collision induces dissociation (CID) of the most
dominant ion selecied from the first MS scan. The mass spectrometry data was
compared to simulated proteolysis and CID of the proteins in the NR-NCBI database
using the Sequest software [J. Eng and J. Yates, University of Washington and
30 Finnegan, San Jose].

The amino terminal of the protein was sequenced on Peptide Sequencer 494A

(Perkin Elmer) according to manufacture instructions.



<223>Vacuolar targeting signal from Tobacco chitinase A Zggo>2223és§irll_§g l;terta \r{gl [')A\I\SJR Thr Net 15
gy - <
> 3 <211> 21 <212> DNA <213> Atrtificial sequence < .
;I?glc?nucleotide <400> 3 cagaattcgc ccgecectge a2l <210> 4 <211> 22 <212> DNA <213> Artificial

sequence WO 2008/132743 BCTAL2008/00057
70
MALDETOF:
MALDI-TOF mass spectrometry was performed using a MALDI TOF TOE
4700 {Applied Biosystersy according 1o methods known in the art in Smojer
Proteomics Center (Technion, Haifa, IL}.
5

Gel Filtration:

(el filtration chromatography separates proteins on the basis of size. Molecules
move through porous beads, diffusing into the beads when smaller molecules diffuse
further into the pores of the beads and therefore move through the space more slowly,

10 while larger molecules enter less or not at all and thus move through the space more
quickly. Both molecular weight and three dimensional shape contribute 1o the degree of
retention. Plant a-galactosidase samples were resuspended in analysis buffer (50mM
Sodium Phosphate | pli=6.0 } the flow rate was 0.5ml/min and 100 ug of sample were
lowded onto the Column (-TSK Gel- 2000, Tosoh Bioscience -San Francisco, CA)

15 -
u-galactosidase uptake in fibroblasts:

Targeting and uptake of a-galactosidase was tested on human fibroblasts
originating from Fabry Patienis {Cat. ID GMU02775 Cornell Institute). Fibrobiasts were
cultured in DMEM medium {cal. D5546, Sigma} supplemented with 12 % FBS, 5ml L-

20 Glutamine, 5 ml MEM Eagle vitamin solution 10 m! MEM amine acid solution 5 m]
MEM Eagie non essential amino acid solution and 5 ml Pen-Strep solution, all
supplements from Biological Indusries (Beit Haemek, IL). Cells were incubated with
300 ug/ml plant o-galactosidase A in PRS supplemented with 12 % FRS for 4 hrs, then
washed and lysed { 20 mM Phosphate buffer pH 6.8, 0.1 % Triton+ Protease inhibitors

25 cocktail (Sigma P-2714), by two cycles of freeze-thawing). 20 ul of samples were

loaded on 12 % SDS gels and analyzed by Western blotting (see above).

SDS-PAGE:  Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) separates proteins primarily by their molecular welght. In addition, this

30 technique provides a large amount of information about tﬁe purity and composition of
proteins.  The molecular weight identity and the protein impurity pattern of q-

galactosidase produced from tobacco plants were examined by SDS-PAGE analysis
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using Coomassie Brilliant blue staining, according 1o standard gel separation protocols.

Briefly, the SDS gels consist of a stacking gel (3%) and a resolving gel (12%). Running
buffer was Tris/SDS, pH 8.3, loading buffer glyeerol-Tris-mercaptoethanol, pH 6.8

5 Resulis:

Figure 13A and 13B shows the characterization of ‘molecular weight of plant-
derived recombinant a-galactosidase, expressed and produced in tobacco plants by the
method of the instant invention by gel filtration (Fig. 13A}) and mass spectrometry {Fig.
13B}. The mass specirometry profile shows that the estimate of the molecular weight of

10 plant-expressed o-galactosidase consists of several populaticns in the range of 48.
52KDa. Since alpha Gal is a non-covalent dimer the energy of the MALDI-TOF causes
the dissociation of the dimer to the monomers. This molecular weight reflects 407
amino acids contributing 46.3 kDa and the addition of the glycan structures for the
remaining molecular weight. Mass spectrometry confirms the protein is 48.6 kDa, and

i5  these results arc: well in the range of the molecular weight of native human o-
galactosidase (about 51 kDa). The gel filtration calibration curve shows the molecular
weight corresponding to the retention time of the main peak of plant o-galactosidase
(18.41 min.) is 76.56 kDa, suggesting a dimer. The very small peak at 20.403 min
corresponds according to the calibration curve to a monomer {43.27 kDa). Since the gel

20 filtration analysis is conducted at mild conditions it enables observing the protein at its
dimer form.

Resolution of the recombinant a-galactosidase by PAGE analysis revealed two
main bands (Fig. 14A), suggesting a difference in glycosylation of the mature
recombinant enzyme. Sequencing of the isolated bands from PAGE indicated that this

25 was indeed the case, as the regions of the polypeptide available for sequencing (i.e. not
masked by glycans), although not located identically in the two bands, displayed 100%
identity where overlapping (sec Fig. 14B, sequenced portions in red). Fig 14B (Lower
band) shows a complete sequence identification of a deglycosylated a-galactosidase
|deglycosylation was effected using PNGase F (Sigma)]. The sequences in red indicate

30 previously identified sequences. Green sequences indicate sequences available to
sequencing following glyean removal. Black sequences indicate as yet unidentified

sequences. Native glycosylation sites are depicted in yellow highlight. The C terminal
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KDEL was verified using an anti KDEL antibody (Santa Cruz, CA). Taken together,

these results show the a- -galactosidase protein expressed by the methods of the present

invention is identical to the expected cloned sequence,

5 Plont-expressed human recombinant a-galactosidase is antigenically ideniical to
native recombinant a-galactosidase:

Further verification of the suitability of the constructs of the invention for
accurate expression of human lysosomal enzymes in plant recombinant systems was
pravided by immune detection of the plant-expressed a-galaciosidase on a W estern blot.

10 Fig. 15 shows that polypeptides expressed in tobacco planis from both the a-gal-vac
(lane “vac"} and w-gal-KDEL (lane “KDEL") construets included a fraction detected by
rabbit polyclonal antibody raised against the polypeptide fragment as set forth between
amino acids 326 and 429 of native human o-galactosidase. Control plants, transformed
V.v’il'h GFP (lane "GFP™"), failed to produce any immune-reactive bands.

i3
Kinelic analysis of recombinant a-galactosidase:

In order to evaluate the suitability of plant-expressed human recombinant o-
galactosidase, purified recombinant a-galactosidase from tobacco plants was subjected
fo kinetic analysis, and Km and Vmax values were determined. Figs. 16A and 16B

20 show the kinetics of recombinant a-galactosidase {red symbols} compared 1o those of
commescially available recombinant human a-galactosidases Fabrazyme ® {biack
symbols) and Replagal ®. (blue symbols). Calculation of the Km and Vmax show that
the recombinant e-galactosidase of the invention, targeted to and expressed in the ER,
has very similar Km and Vmax parameiers as the commercial enzymes, having a higher

25 Vmax and lower Km than Replagal ®, and a greater V max and stightly higher Km than
Fabrazyme ®, indicating accurate expression and processing of the polypeptide in the

plant, and catalytic activity suitable for clinical applications.

Recombinant plant-expressed humar a-galaciesidase is stable in a wide renge of
30 temperatures:
In order to further evaluate the recombinant human a-galactosidase expressed

and purified from plants according to one embodiment of the invention, stability of the
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polypeptide at a range of temperatures (4 °C to 37 °C) was tested. Figs. 17A and 17B

show that the plant-expressed recombinant humagn g-galactosidase (Plant 5-Gal) did not
undergo any alteration in electrophoretic mobility, and was as stable as, if not more
stable than commercially available recombinant a-galactosidase from maramaiian cells
5  (Replagal®), at all temperatures iested. The stability of the recombinant o
galactosidase was evident whether incubated in activity buffer (Fig. 17A) or cell media-

buffer (Fig. 17B).

ﬁeeomﬁm@m plant-expressed  o-galpctosidose fs actively taken wp in human
10 fibrobiasts:

To determine whether the recombinant o-galactosidase produced in tobacco can
undergo uptake by target cells, and thus be useful for treatment of Fabry disease, the
ability of the recombinant human e-galactosidase to bind to and be taken up by
fibroblasts was next assayed.. As shown in Fig. 18, recombinant a-galactosidase

15 undergoes uptake by cells (Janes “plant aGalA” show immunodetection of aipha Gal in
20 ul of samples taken from fibroblast lysate run together with 20ng of the commercial
recombinant alpha Gal run as a standard (Replagal, first lane from the right). In
between are molecular weight marker ladders,

These results show that even without remodeling of glyean structures,

20 recombinant ¢-galactosidase expressed and purified from transformed tobacco plants
can undergo uptake to target a-galactosidase- deficient fibroblast cells. Moreover, the

recombinant a-galactosidase is enzymatically active,

- Glycan profile of plant-expressed recombinant human a-galaciosidase;

25 Analysis of glycan structures present on human a-galactosidase produced as
described with regard to the previous Examples was performed. As described in greater
detail below, results indicate that the majority of glycans contain terminal mannose
residues as well as high mannose structures. Advantageously, this high mannose
product was found to be biologically active, and therefore no further steps were needed

30 for its activation.

When the PAGE-separated band identified as human o-galactosidase was

sequenced following trypsin digest, fluorescent labeting of glycans and sequential
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digestion with exoglycosidases BKF, JBM, XYL and JBH, followed by HPLC, a

characteristic pattern of glycosylation is discerned (Fig. 19, 87 minutes). Glyean
siructures having exposed mannose predominate,

Monosaccharide composition analysis (see Fig. 19} revealed a distribution of

5  hexoses, hexosamines and pentoses characteristic of plant glycosylation. The ratios

between GicNac and Mannose, suggest that characieristic N-linked structures are the

predominant glyean population.

EXAMPLE 6
He FREATMENT WITH THE PRESENT INVENTION

The recombinant protzsin produced according to the present invention preferably

comprises a suitably glycosylated protein produced by a plant cell culture, which is
preferably a lysosomal enzyme for example, and/or & high mannose glycosylated
- protein.

15 According to preferred embodiments herein, the protein produced according to
the present invention is suitable for treatment of a lysosomal-associated disease, such as
a lysosomal storage disease for examplie.

The method of treatment optionally and preferably comprises: (a) providing a

recombinant biologically active form of lysosomal enzyme purified from transformed

20 plant root cells, and capable of efficiently targeting cells abnormally deficient in the
lysosomal enzyme. This recombinant biologically active enzyme has exposed terminal
mannose residues on appended oligosaccharides; and (b) administering a therapeutically
effective amount of the recombinant biologically active lysosomal enzyme, or of
composition comprising the same to the subject. In a preferred embodiment, the

25 recombinant high mannose lysosomal enzyme used by the method of the invention may
be produced by the host cell of the invention. Preferably, this host cell is a carrot cell.

By “mammalian subject” or “mammalian patient” is meant any mammal for
which gene therapy is desired, including human, bovine, equine, canine, and feline
subjects, most preferably, a human subject.

30 It should be noted that the term “treatment” also includes amelioration or
alleviation of a pathological condition and/or one or more symptoms thereof, curing

such a condition, or preventing the genesis of such a condition.



aggggtcact caagggacag 600 cmcggagaca tctaccacca gacctgggcc agatactttg tgaaattcct ggatgcctat 660
gctgagcaca agttacagtt ctgggcagtg acagctgaaa atgagccttc tgctqggetg 720 ttgagtggat accccttcca
gtgoctgggc ttcaccoctg aacatcagcg agacttcatt 780 gcccgtgacc tagsatcctac cctcgeccaac agtactcacc

acaatgtccg cBracitity2743  POT/IL2008/000576

75
In another preferred embodiment, the lysosomal enzyme used by the method of

the invention may be a high mannose enzyme comprising at least one oligosaccharide
chain having an exposed mannose residue. This recombinant enzyme can bind to a
mannase receptor on a target cell in a target site within a subject. More preferably, this
5  recombinant lysosomal enzyme has increased affinity for these target cell, in
comparison with the corresponding affinity of 2 naturally occurring lysosomal enzyme
to the target cell. Therefore, each dose is dependent on the sffective targeting of cells
abnormally deficient in GCD and each dose of such form of GCD is substantially less
than the dose of naturally oceurring GCD that would otherwise be administered it a
16 similar manner to achieve the therapeutic effect.

According to preferred embodiments of the present invention, the protein is
suitable for the treatment of lysosomal storage diseases, such that the present invention
also comprises a method for treating such diseases. Lysosomal storage diseases are a
group of over 40 disorders which are the result of defects in genes encoding enzymes
15 that break down glycolipid or polysaccharide waste preducts within the lysosomes of
cells. The enzymatic products, e.g., sugars and lipids, are then recycled info new
products. Fach of these disorders results from an inherited autosomal or X-linked
recessive trait which affects the levels of enzymes in the lysosome. Generally, there is
no biological or functional activity of the affected enzymes in the cells and tissues of
20 affected individuals. In such diseases the deficiency in enzyme function creates a
progressive systemic deposition of lipid or carbohydrate substrate in lysesomes in cells
in the body, eventually causing loss of organ function and death. The genetic etiology,
clinical manifestations, molecular biology and possibility of the lysosomal storage
6iseases are detailed in Scriver et al. {Scriver et al. eds., The Metabolic and Molecular

Basis of Inherited Disease, 71 Ed., Vol. If, McGraw Hill, (1995)].

R
Lh

Examples of lysosomal storage diseases (and their associated deficient ENZYIES)
include but are not limited to Fabry disease (c-galactosidase), Farber disease
{ceramidase), Gaucher disease (glucocerebrosidase), G, gangliosidosis {B-
galactosidase), Tay-Sachs disease (B-hexosaminidase), Niemann-Pick disease

30 (sphingomyelinase), Schindler disease {o.-N-acetylgalactosaminidase), Hunter

syndrome (iduronate-2-sulfatase), Sly syndrome (B-glucuronidase), Hurler and
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Hurler/Scheie syndromes (iduronidase), and I-Cell/San Filipo syndrome (mannose 6-

phosphate transporter).
Gaucher disease is the most comumon lvsosomal storage disease in humans, with
the highest frequency encountered in the Ashkenazi Jewish population. About 5,000 i
5 10,000 people in the United States are afflicted with this disease {Grabowski, Adv.
Hum. Genet. 21:377-441(1993)]. Gaucher disease results from a deficiency in
glucocerebrosidase  (hGCD: glucosylceramidase). This deficiency leads to an
accurnulation of the enzyme's substrate, glucocerebroside, in reticuloendotheiial cells of
the bone marrow, spieen and liver, resulting in significant skeletal complications such as
10 bone marrow expansion and bone deterioration, and alsc hypersplenism, hepatomegaly,
thrombocytopenia, anemia and lung complications [Grabowski, (1993} ibid.; Lee, Prog.
Clin. Biol. Res. 95:177-217 (1982)1.
More specifically, the lysosomal enzyme used by the method of the invention
may be selected from the group consisting of glucocerebrosidase (GCD), acid
15 sphingomyelinase, hexosaminidase, a-N-acetylgalactosaminidise, acid lipase, -
galactosidase, glucocerebrosidase, a-L-iduronidase, iduronate sulfatase, o-mannosidase
or sialidase. Preferably, where the treated disease is Gaucher's diseas.s, the lysosomal
enzyme used by the method of the invention is glucocerebrosidase (GCD).
The protein of the present invention can be used to produce a pharmaceutical
20 composition. Thus, according to another aspect of the present invention there is
provided a pharmaceutical composition which includes, as an active ingredient thereof,
a protein and a pharmaceutical acceptable carrier. As used herein a "pharmaceutical
composition” refers to a preparation of one or more of the active ingredients described
herein, such as a recombinant protein, with other chemical components such as
25 traditional drugs, physiologically suitable carriers and excipients. The purpose of z
pharmaceutical composition is to facilitate administration of a protein or cell to an
organism. Pharmaceutical compositions of the present invention may be manufactured
by processes well known in the art, e.g., by means of conventional mixing, dissolving,
granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping or
30 lyophilizing processes.
In a preferred embodiment, the term “pharmaceutically acceptable” means

approved by a regulatory agency of the Federal or a state government or listed in the
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U.5. Pharmacopeia or other generaily recognized pharmacopeia for use in animals, and

more particularly in humans. Hereinafter, the phrases "physiologically suitable carrier”

and "pharmaceutically acceptable carrier” are inierchangeably used and refer o an

approved carrier or a dituent that does not cause significant irritation to an organisin and

5 does not abrogate the biological activity and properties of the administered conjugate.

The term "carrier” refers to a diluent, adjuvant, excipient, or vehicle with which

the therapeutic is administered. Such pharmaceutical carriers can be stetile liquids, such

as water and oils, including those of petroleum, animal, vegetable or synthetic origin,

such as peanut oil, soybean oil, mineral oil, sesame oil and the like. Water s a preferred

10 carrier when the pharmaceutical composition is admimistered infravenously. Saline

solutions and aqueous dextrose and glycerol solutions can also be employed as liquid

carriers, particularly for injectable solutions. Suitable pharmaceutical excipients include

starch, ghicose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium

stearate, glycerol monostearate, tale, sodium chloride, dried skim milk, glycerol,

15 propylene, glycol, water, ethanol and the like. The composition, if desired, can also

contain minor amounts of wetting or emulsifying agents, or pH buffering agents. These

compositions can take the form of solutions, suspensions, emulsion, tablets, pills,

capsﬁies, powders, sustained-release formulations and the like. The composition can be

formulated as a suppository, with traditional binders and carriers such as triglycerides.

20 Oral formulation can include standard carriers such as pharmaceutical grades of

mannitol, lactose, starch, magnesium stearate, sodium saccharine, cellulose, magnesium

carbonate, etc. Examples of suitable pharmaceutical carriers are described in

"Remington's Pharmaceutical Sciences” by E. W. Martin. Such compositions will

contain a therapeutically effective amount of the protein, preferably in purified form,

25 together with a suitable amount of camier so as to provide the form for proper

administration to the patient. The formulation should be suitable for the mode of
administration.

Herein the term ‘“excipient® refers to an inert substance added to a

pharmaceutical composition to further facilitate processes and administration of the

30 active ingredients. Examples, without limitation, of excipients include calcium

c'arbonates calcium phosphate, various sugars and types of starch, cellulose derivatives,

gelatin, vegetable oils and polyethylene glycols.
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Further techniques for formulation and administration of active ingredients may

be found in “Remington’s Pharmaceutical Sciences,” Mack Publishing Co., Easton, PA,
latest edition, which is Incorporated herein by reference as if fully set forth herein.

The pharmaceutical compositions herein describad may also comprise suitable

5 solid or gel phase carriers or excipients. Examples of such carriers Or excipients
include, but are not limited to, caicium carbonate, calcium phosphate, various sugars,
starches, cellulose derivatives, gelatin and polymers such as polyethylene glycols.

suitable routes of administration may, for example, include oral, recial,

transmucosal, transdermal, intestinal or parenteral delivery, including intramuscular,

16 subcutaneous and intramedullary mjections as well as intrathecal, direct intraventricular,
intravencus, intraperitoneal, infranasal, or intraocular injections,

Pharmaceutical compositions for use in accordance with the present invention
thus may be formulated in conventional manner using one or more pharmaceutically
acceptable carriers comprising excipients and auxiliaries, which facilitate processing of

15 the active ingredients into preparations which, can be used pharmaceutically. Proper
formulation is dependent upon the route of administration chosen,

For injection, the active ingredients of the invention may be formulated in
aqueous solutions, preferably in physioiogically compatible buffers such as Hank’s
solution, Ringer’s solution, or physiological saline buffer. For transmucosal

20 administration, penetrants are used in the formulation. Such penetrants are generally
known in the art.

For oral administration, the active ingredients can be opticnally formulated
through administration of the whole cells producing a protein according to the present
invention, such as GCD or a-galactosidase for example. The active ingredients can also

25 be formulated by combining the active ingredients and/or the cells with
pharmaceutically acceptable carriers wel known in the art. Such carriers enable the
active ingredients of the invention to be formulated as tablets, pills, dragees, capsules,
liquids, gels, syrups, slurries, suspensions, and the like, for oral ingestion by a patient.
Pharmacological preparations for oral use car be made using a solid excipient,

30 optionally grinding the resulting mixture, and processing the mixture of granules, after
adding suitable auxiliaries if desired, to obtain tablets or dragee cores. Suitable

excipients are, in particular, filiers such as sugars, including lactose, SuCrose, mannitol,
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starch, potato starch, gelatin, gum tragacanth, methyi cellulose, hydroxypropyimethyl-
cellulose, sodium carbomethylceltulose; and/or physiclogically acceptable polymers
such as polyvinyipyrrolidone (PVP). If desired, disintegrating agents may be added,
5 such as cross-linked polyvinyi pyrrolidone, agar, or alginic acid or a salt thereof such as

sodium alginate.

Diragee cores are provided with suitable coatings. For this purposé, concentrated
sugar solutions may be used which may optionally contain gum arabic, talc, polyviny!
pyrrolidone, carbopol gel, polvethylene glyeal, titanium dioxide, lacquer solutions and

10 suitable organic solvents or solvent mixtures, Diyestuffs or pigmenis may be added to
the tablets or dragee coatings for identification or to characterize different combinations
of active ingredient doses.

Pharmaceutical compositions, which can be used orally, include push-fit
caps.uies made of gelatin as well as soft, sealed capsules made of gelatin and a

15 plasticizer, such as glycerol or sorbitol. The push-fit capéuies may contain the active
ingredients in admixture with filler such as lactose, binders such as starches, lubricants
such as talc or magnesium stearate and, optionally, stabilizers. In soft capsuies, the
active ingredients may be dissolved or suspended in suitable liquids, such as fatty oils,
liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be added.

20 Al formulations for oral administration should be in dosages suitable for the chosen
route of administration,.

For buccal administration, the compositions may take the form of tablets or
lozenges formulated in conventiona! manner.

For administration by inhalation, the active ingredients for use according to the

25 present invention are conveniently delivered in the form of an aerosol spray presentation
from a pressurized pack or a nebulizer with the use of g suitable propeltant, e.g.,
dichiorodifluoromethane, trichlorofluoromethane, dichloro-tetrafluoroethane or carbon
dioxide. In the case of a pressurized acrosol, the dosage unit may be determined by
providing a valve to deliver a metered amount. Capsules and cartridges of, e.g., gelatin

3¢ for use in an inhaler or insuffiator may be formulated containing a powder mix of the

active ingredient and a suitable powder base such as lactose or starch.
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containers with optionally, an added preservative.  The compositions may be

5 suspensions, solutions or emulsions in oily or agueous vehicles, and may contain
formulatory agents such as suspending, stabilizing and/or dispersing agents.

Pharmaceutical compositions for parenteral administration include agueous
solutions of the active preparation in water-soluble form. Additionally, suspensions of
the active ingredients may be prepared as appropriate oily imjection suspensions.

[0 Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic
fatty acids esters such as ethyl oleate, triglycerides or liposomes. Aqueous mjeﬁcmon
suspensions may contain substances, which increase the viscosity of the suspension,
such as sodium carboxymethy! cellulose, sorbitol or dextran.  Optionally, the
suspension may also contain suitable stabilizers or agents which increase the solubiiity

15 of the active ingredients to allow for the preparation of highly concentrated solutiom

In a preferred embodiment, the composition is formulated in accordance with
routine procedures as a pharmaceutical composition adapted for intravenous
administration to  human beings. Typically, pharmaceutical compositions  for
intravenous administration are solutions in sterile isotonic agueous buffer, Generally,

20 the ingredients are supplied either separately or mixed together in unit dosage form, for
exampile, as a dry Iyophilized powder or water free concentrate in a hermetically sealed
contamner such as an ampouie or sachette indicating the quantity of active agent. Where
the composition is to be administered by infusion, it can he dispensed with an infusion
bottle containing sterile pharmaceutical grade water or saline. Where the mmposxtmn

25 administered by injection, an ampoule of sterile water for injection or saline can be
provided so that the ingredients may be mixed prior to administration.

The pharmaceutical compositions of the invention can be formulated as neutral
ot salt forms. Pha.rmacetiticaiiy acceptable salts include those formed with anions such
as those derived from hydrochlotic, phospharic, acetic, oxalic, tartaric acids, etc., and

30 those formed with cations such as these derived from sodium, potassium, ammonium,
calcium, ferric hydroxides, isopropylamine, tristhylamine, Z2-ethylamino ethanol,

histidine, procaine, etc,
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compositions such as suppositeries or retention onemas, using, £.g., conventional

suppository bases such as cocoa butter or other glycerides.
The pharmaceutical compositions herein described may also comprise suitable
5 solid of gel phase carriers or excipients. Examples of such carriers or excipients
include, but are not limited to, calcium carbonate, calcium phosphate, various sugars,
starches, cellulose derivatives, gelatin and polymers such as polyethyiene glycols.

The topical route is optionally performed, and is assisied by a topical carrier.
The topical carrier is one which is generally suited for topical active ingredient

10 administration and includes any such materials known in the art. The topical carrier is
selected so as to provide the composition in the desired form, €.g., a5 a liquid or non-
liquid carrier, lotion, cream, paste, gel, powder, cintment, solvent, liquid diluent, drops
and the like, and may be comprised of a material of either naturally occurring or
synthetic origin. It is essential, clearly, that the selected carrier does not adversely

[5  affect the active agent or other components of the topical .fermulation, and which is
stable with respect to all components of the topical formulation. Examples of suitable
topical carriers for use herein include water, alcohols and other nontoxic organic
solvents, glycerin, mineral oil, silicone, petroleum jelly, lanolin, fatty acids, vegetable
oils, parabens, waxes, and the like. Preferred formulations herein are colorless, odorless

20 oiniments, liquids, lotions, creams and gels.

Oiniments are semisolid preparations, which are typically based on petrolatum
or other petroleum derivatives. The specific ointment base to be used, as will be
appreciated by those skilled in the art, is one that will provide for optimum active
ingredients delivery, and, preferably, will provide for other desired characteristics as

25 well, e.g., emolliency or the like. As with other carriers or vehicles, an ointment base
should be inert, stable, nonirritating and nonsensitizing. As explained in Remington:

- The Science and Practice of Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co.,
1995), at pages 1399-1404, ointment bases may be grouped in four classes: oleaginous
bases; emulsifiable bases; emulsion bases; and water-soluble bases. Oleaginous

30 ointment bases include, for exampié, vegetable oils, fats obtained from animals, and
semisolid hydrocarbons obtained from petrojeum. Emulsifiable ointment bases, also

known as absorbent ointment bases, contain little or no water and include, for example,



<400> 9 ttttcacaaa gggtaatatc gggaaacctc ctcggattcc attgoccagc tatctgtcac60 tt_catcgaaa ggatcagtf:aga
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t<c%;2act)actat gQ?t@ﬁ%>biyfs<ﬁi>ei@?f<2’ﬁgwl<2%9}Ar@ﬁmia[mquﬁn©ﬁ_ﬁ2~2\%?e$2@3m}}l ucleic acid

sequence OﬁMéSkgmbﬂﬂﬁ&ﬁﬂdﬂf@ﬁﬁ@@%@&}%@@ﬁ%ﬁo%v glyceryl monostearate, lanolin and

stearic acid. Preferred water-soluble ointrment bases are prepared from polyethyiene

5 glycols of varying molecular weight; again, reference may be made to Remington: The
Science and Practice of Pharmacy for further information,

Lotions are preparations io be applied to the skin surface without friction, and
are typically liquid or semiliquid preparations, in which solid particles, including the
active agent, are present in & water or alcohio) base. Totions are usually suspensions of

10 solids, and may comprise a liquid oiiy'emuiséon of the oil-in-water type. Lotions are
preferred formulations herein for treating large body areas, because of the ease of
applying a more fluid composition. It is generally necessary that the insoiuble matter in
a lotion be finely divided. Lotions wili typically contain suspending agents to produce
better dispersions as well as active ingredients useful for localizing and holding the

I5 active agent in contact with the ;;ki.n, €.g., methylceliulose, sodium
carboxymethylcellulose, or the like.

Creams containing the selected active ingredients are, as known in the art,
viscous liquid or semisolid emulsions, either oil-in-water or water-in-oif, Cream bases
are water-washable, and contain an oil phase, an emulsifier and an agueous phase. The

20 oil phase, also sometimes called the "infernal" phase, is generally comprised of
petrolatum and a fatty alcohol such as cetyl or stearyl alcohol; the aqueous phase
usually, although not necessarily, exceeds the oil phase in volume, and generally
contains a humectant. The emuisifier in a cream formulation, as explained in
Remington, supra, is generally a nonionic, anionic, cationic or amphoteric surfactant,

25 Gel formulations are preferred for application to the scalp. As will be
appreciated by those working in the field of topical active ingredients formulation, gels
are  semisolid, suspension-type systems. Single-phase gels contain organic
macromolecules distributed substantially uniformily throughout the carrier liquid, which
is typically agueous, but also, preferably, contain an alcoho] and, optionally, an oil.

39 Various additives, known to those skilled in the art, may be included in the
topical formulations of the invention. For example, solvents may be used to solubilize

certain active ingredients substances. Other optional additives include skin permeation
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or t <400> 13 ttttcacaaa gggtaatatc gggaaacctc ctcggattcc
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enhancers, opacifiers, anti-oxidants, gelling agents, thickening agents, stabilizers, and
the like.
The topical compositions of the present invention may also be delivered to the
skin vsing conventional dermal-type patches or articles, wherein the active ingredients
5 composition is contained within a lamninated structure, that serves as a drug delivery
device io be affixed to the skin. In such a structure, the active ingredients composition
Is contained in a layer, or "reservoir", underlying an upper backing layer. The
laminated structure may contain a single reservoir, or it may contain multiple reservoirs,
In one embodiment, the reservoir comprises a polymeric matrix of a pharmaceutically

10 acceptable contact adhesive material that serves to affix the system to the skin during
active ingredients delivery. Examples of suitable skin contact adhesive materials
include, but are not limited to, polyethylenes, polysiloxanes, polyisobutylenes,
polyacrylates, polyurethanes, and the like. The particular polymeric adhesive selected
will depend on the particular active ingredients, vehicle, etc, ie., the adhesive must be

I5  compatible with all compon.cnts of the active ingredients-containing composition.
Alternatively, the active ingredients-containing reservoir and skin contact adhesive are
present as separate and distinet layers, with the adhesive underlying the reservoir which,
in this case, may be either a polymeric matrix as described above, or it may be a liquid
or hydrogel reservoir, or may take some other form.

20 The backing layer in these laminates, which serves as the upper surface of the
device, functions as the primary structural element of the laminated structure and
provides the device with much of its flexibility. The material selected for the backing
maierial should be selected so that it is substantially impermeable fo the active
ingredients and to any other components of the active ingredients-containing

25 composition, thus preventing loss of any components through the upper surface of the
device. The backing layer may be either occlusive or non-occlusive, depending on
whether it is desired that the skin become hydrated during active ingredients delivery.
The backing is preferably made of a sheet or film of a preferably flexible elastomeric
material. Examples of polymers that are suifable for the backing layver include

30 pelyethylene, polypropylene, and poiyesters.

During storage and prior to use, the laminated structure includes a release liner.

Immediately prior to use, this layer is removed from the device to expose the basal



attgcccagc tatotgtcac 60 ttcatcgaaa ggacagtaga aaaggaaggt ggctcctaca aatgccatca ttgcgat{'alac';:ﬂl ;gg
ggaaaggcta tcgttcaaga tgcctctace gacagtggtc ccaaagatgg acccccacce 180 acgaggaaca tcgtgg

t cttcaaagca agtggattga 290 tgtgatatct ccactgacgt
agaagacgtt C%@@%ectiasc/ 2743 g S PCTE/IL2008/000576

84
surface thereof, either the active ingredients reservoir or a separate contact adhesive

layer, so that the system may be affixed io the skin. The release liner should be made
from an active ingredients/vehicle impermeable material,

Such devices may be fabricated using conventional techniques, known in the art,

5 for example by casting a fluid admixture of adhesive, active ingredients and vehicle
onto the backing layer, followed by lamination of the release Hner. Similarly, the
adhesive mixture may be cast onio the release liner, followed by lamination of the
backing layer. Alternatively, the active ingredients reservoir may be prepared in the
absence of active ingredients or excipient, and then foaded by "seaking™ in an active

10 ingredients/vehicle mixture.

As with the topical formulations of the invention, the active ingredients
composition contained within the active ingredients reservoirs of these laminated
system may contain a number of components. In some cases, the active ingredients may
be delivered "neat," i.e., in the absence of additional liquid. In most cases, however, the

15 active ingred}ents will be dissolved, dispersed or suspended in a suitable
pharmaceutically acceptable vehicle, typically a solvent or gel. Other components,
which may be present, include preservatives, stabilizers, surfactants, and the like.

It should be noted that the protein of the invention, such as a high mannose
Iysosomal enzyme, is preferably administered to the patient in need in an effective

20 amount. As used herein, “effective amount” means an amount necessary 1o achieve a
selected result. For example, an effective amount of the composition of the invention
may be selected for being useful for the treatment of a lysosomal storage disease.

Pharmaceutical compositions suitable for use in context of the present invention

include compositions wherein the active ingredients are contained in an amount

25 effective to achieve the intended purpose. More specifically, a therapeutically effective
amount means an amount of active mgmd;ent cifective to prevent, alleviate or
ameliorate symptoms of disease or prolong the survival of the subject being treated.

Determination of a therapeutically effective amount is well within the capability
of those skilled in the art, especially in light of the detailed disciosure provided herein.

30 For any active ingredient used in the methods of the invention, the

therapeutically effective amount or dose can be estimated initially from activity assays
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in animals. For example, a dose can be formulated in animal models to achieve a

circulating concentration range that includes the IC5q as determined by activity assays.

Toxicity and therapeutic efficacy of the active mgredients described herein can
be determined by standard pharmaceutical procedures in experimental animals, e.g., by

5 determining the IC50 and the LDsg (lethal dose causing death in 50 % of the tested

animals} for a subject active ingredient. The data obtained from these activity assays
and animal swdies can be used in formulating a range of dosage for use in human. For
cxample, therapeutically effective doses suitable for treatment of genetic disorders can
be determined from the experiments with animal models of these discases.
10 The dosage may vary depending upon the dosage form employed and the route
of administration utilized. The exact formulation, route of administration and dosage
can be chosen by the individual physician in view of the patient's condition. (See e.g.,
Fingl, et al., 1975, in "The Pharmacological Basis of Therapeutics®, Ch. 1 p.1).
Dosage amount and interval may be adjusted individually to provide plasma
15 levels of the active moiety which are sufficient to maintain the modulating effects,
termed the minimal effective concentration (MEC). The MEC will vary for each
preparation, but may optionally be estimated from whole animal data,

Prasage intervals can also be determined using the MEC value. Preparations may
optionally be administered using a regimen, which maintains plasma levels above the

20 MEC for 10-90 % of the time, preferable between 30-90 % and most preferably 50-90
Y.

Depending on the severity and responsiveness of the condition to be treated,
dosing can also be a single administration of a slow release composition described
hereinabove, with course of treatment lasting from several days to several weeks or until

25 cure is effected or diminution of the disease state is achieved,

Compositions of the present invention may, if desired, be presented in a pack or
dispenser device, such as an FDA approved kit, which may contain one or more unit
dosage forms containing the active ingredient. The pack may, for example, comprise
metal or plastic foil, such as a blister pack. The pack or dispenser device may be

30 accompanied by instructions for administration. The pack or dispenser may also be

accompanied by a notice associated with the container in s form prescribed by a
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governmental agency regulating the manufacture, use or sale of pharmaceuticals, which

notice is reflective of approval by the agency of the form of the compositions or human
or velerinary administration. Such notice, for example, may be of labeling approved by
the U.5. Food and Drug Administration for prescription drugs or of an approved product
5 insert. Compositions comprising an active ingredient of the invention formulated in a2
compatible pharmaceutical carrier may also be prepared, placed in an appropriate
container, and labeled for treatment of an indicated condition.
As used herein, the term "modulate” includes substantially inhibiting, stowing or
reversing the progression of a disease, substantially amelicrating clinical symptoms of a
10 disease or condition, or substantially preventing the appearance of clinical symptoms of
a disease or condition. A "modulator” therefore includes an ageni which may modulate
a disease or condition.

Other Embodiments

It is to be understood that while the invention has been described in conjunction
15 with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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<210> 14 <211> 526 <212> PRT <213> Atrtificial sequence <220> <223> High mannose human
glucocereb os d e (GCP) <400> 14 Met Lys Thr Asn Leu Phe Leu Phe Leo lle Phe Sec Leo Leta Leo
Ser 51015 Leo Ser Ser Ala Glu Phe Ala Arg Pro Gys lle Pro Lys Ser Phe Gly 202530 Tyr Ser Sec Val
Val Cys Val Cys Aso Ala Thr Tyr Cys Asp Sec Phe 354045 Asp Pro Pro Thr Phe Pro Ala Leo_ Gly Thr
Phe Ser Arg Tyr Glu Ser 505560 Thr Arg Ser Gly Arg Arg Met Glu Leo Se_r Met Gly Pro lle Gin _Ala
6570753801 Asn His Thr Gly Thr Sly Leo Leo Leo Thr Leo Gin Pro Glu Gin Lys 859095 Phe Gin Lys
Vai Lys Gly PLc Gly Gly Ala Met Thr Asp Ala Ala Ala 00105110 Leo Asn lle Leo Ada Leo Ser Pro Pro
Ala Gin Asn Leo Leo Lou Lys 115120125 Ser Tyr Phe Ser Gin Glu Sly lle Gly Tyr Asn lle lle Arg Val
Pro 15013314048t e iSedr ©yemaspifhe Seprilonarg Fholyr TheddldASHTNEN having a

molecular weight of 48.6 kDa, as determined by mass spectrometry, said o-galactosidase
protein being further characterized by a-galactosidase catalytic activity and being conti guously

linked to a C-terminal KDEL amino acid sequence, and a pharmaceutically acceptable carrier.

2. The pharmaceutical composition of claim 1, wherein said a-galactosidase protein further
comprises the amino acid sequence: SHINPTGTVLLOLENTMOMSLK. located at the (.

terminus portion of said protein.

3. The pharmaceutical composition of claim 1 or 2, wherein said a-galactosidase protein is
immunologically reactive with a rabbit polyclonal antibody raised against the polypeptide

fragment as set forth between amino acids 326 and 429 of native human a-galactosidase.

4. A pharmaceutical composition comprising a human a-galactosidase protein comprising
the amino acid sequence: SHINPTGTVLLOQLENTMQMSLK located at the C-terminus
portion of said protein, said o-galactosidase protein being further characterized by o-
galactosidase catalytic activity and being contiguously linked to a C-terminal KDEL amino

acid sequence, and a pharmaceutically acceptable carrier.

5. The pharmaceutical composition of claim 4, wherein said o-galactosidase protein having

a molecular weight of 48.6 kDa, as determined by mass spectrometry,

6. The pharmaceutical composition of claim 4 or 5, wherein said a-galactosidase protein is
immunologically reactive with a rabbit polvclonal antibody raised against the polypeptide

fragment as set forth between amino acids 326 and 429 of native human a-galactosidase.

7. A pharmaceutical composition comprising a human a-galactosidase protein, wherein said
a-galactosidase is immunologically reactive with a rabbit polyclonal antibody raised against
the polypeptide fragment as set forth between amino acids 326 and 479 of native human o-
galactosidase, said o-galactosidase protein being further characterized by o-galactosidase
catalytic activity and being contiguously linked to a C-terminal KDEL amino acid sequence,

and a pharmaceutically acceptabie carrier.



[ [ [ iu Glu Asp Thr 165170175 Lys
145150155160 Pro Asp Asp Phe Gin Leo His Asn Ph(_a Ser inu Pro Giu
Leo Lys lle Pro Leo lle His Arg Ala Leo Gin Leo Ala Gin Arg 180185190 Pro Val Ser Leo Inu Ala Ser
Pro Trp Thr Ser Pro Thr Trp Leo Lys 195200205 F#r Asn Gly Ala Val Asn Gly Lys Gly Ser Leo Lys Gly
Gin Pro Gly 210215220 Asp lle Tyr His Gin Thr Trp Ala Arg Tyr Phe Val Lys ['he Leo Asp

lu Asn 245250255 Glu Pro
225230235240 rAIa Iu His L s Leo.Gjn Phe Trp Ala Val Thr Ala G
Ser A%a Glyﬁl_%ﬁ_%gg Yize 'Icyrnﬁ)r% RE & r‘rfé% { e8/kshy Petné 5ood JaiesHasP rocGiim HissGin Are

Asp PlkfélqréilﬁjaNArQhAef)éLSe@my amaﬁﬁamamﬁws@geﬁl%ﬁ%ﬁer Thr His His Asn Val Arg Leo
Leo Met Leo Asp 290295300 Asp Gin Arg Leo Leo Leo Pro His Trp Ala Lys Val Val Leo Thr Asp
305310315320 Pro Glu Ala Ala Lys Tyr Val His Gly lle Ala Val His Trp Tyr Leo 325330335 Asp PLC

Leo Ala Prélal@iarsiAta FlonL eonGlysGim THr disArg de, 3403453504 4. galactosidase protein
comprises the amino acid sequence: SHINPTGTVLLOLENTMQMSLK located at the C-

terminus portion of said protein.

10, The pharmaceutical composition of any one of claims 1-9, wherein said ¢-galactosidase

protein comprises at least one exposed mannose residue.

1. The pharmaceutical composition of claim 10, wherein said human lysosomal protein

further comprises at least one xylose residue.

12.  The pharmaceutical composition of claim 13, wherein said human lysosomal protein is

further comprises at least one core a-(1,2) xylose and at least one core 0-(1,3) fucose.

13. The pharmaceutical composition of any one of claim 1-12, wherein said human o-

galactosidase protein has uptake into fibroblasts.

14, Use of the pharmaceutical composition of any one of claims 1-13 for the manufacture of

a medicament for the treatment of Fabry's disease in a subject.



8 Phe Trp Glu Gin Ser. Val Arg Leu Sly Ser Trp Asp Arg Sly Net Gin 370375380 Tyr Ser His Sec The
lle Thr Asn Leu Leu Tyr His Val. Val Sly Trp 385390395400 Thr Asp Trp Asn Leu Ala Leu Asn Pro Glu
Sly sly Pro Asn Trp Val 405410415 Arg Asn Phe Val Asp Ser Pro lle lle Val Asp lle Thr Lys Asp Thr
420425430 Phe Tyr Lys Gin Pro Net Phe Tyr His Lau Sly His Phe Ser Lys Phe 435440445 lle Pro Giu
Shy Sec Gin Arg Val Sly Leu Val Ala Ser Gin Lys Asn 450455460 Asp Leu Asp Ala Vol Ala Leu Met
His Pro Asp Sly Ser Ala Val Val 465470475480 Vil Val Leu Asn Arg Sec Sec Lys Asp Val Pro Leo Thr
lle Lys Asp 485490495 Pro Ala Val Sly Ph&FE3GI Thille Ser Pro Sly Tyr Ser lie His 500505510 Thr
Tyr Leo Trpiklis Ara:sin Asp Leu Leo Val Asp Thr Me 51552052 <210> 15 <211> 506 <212> PRT
<213> Artificial SEfttérice,£220> <223> Processed plant produced human recombinant GOD prorein

Bartfeld, Daniel

Hashmueli, Shavon

Lewkowicz, Avala
<120>» PRODUCTION OF HIGH MANNDOSE PROTEINS IN PLANT CULTURE
<130> 43186
<360> 24

<170> Patentin version 3.5

<210 1
<211> 22
<Z12> PRT

€213» hArtificial seguence

<220>
«223> ER signal peptide

<400> 1
Met Lys Thr Asn Leu Phe L.eu Phe Leu Ile Phe Ser Leu Leu Leuw Ser

1 5 10 15

Lew Ser Ser Ala Glu FPhe

20
<21i0» 2
<211> 7
<212> PRT

<Z13> Artificial sequence

<Z220>
<223> Vacuclar targeting signal from Tobacce chitinase A

<40g> 2

Asp Leu Leu Val Asp Thr Met
1 5

<210» 3

<211> 21

<212> DNA

<Z13> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 3

cagaattege ccgeoocctagr a 21
<210> 4

<211> 22

<212> DNA

<Z13> Artificial seguence

<220>
<223> Single strand DNA oligonucleotide

<400> 4
ctcagatctt ggogatgoca ca 22



<400> 15 Giu Phe Ala Ara Pro Cys lle Pro Lys Ser Phe Sly Tyr Ser Ser Val 151015 Val Cys Val Cys
Asn Ala Thr Tyr Cys Asp Ser Phe Asp Pro Pro Thr 202530 Phe Pro Ala Leo Sly Thr Phe Sec Arg Tyr
Glu Sac Thr Arg Sec Sly 354045 Arg Arg Met Glu Leo Ser Met Sly Pro lle GIn Ala Asn His Thr Sly
505560 Thr Sly Lao Leu Leo Thr Leo Sin Pro Glu Sin Lys Phe Gin Lys Val 65707580 9 859095 Ala
Len Ser Pro Pro Ala Gin Asn Leu Len Len Lys Ser Tyr Phe Ser 100105110 Glu Gin Gly lle Gly Tyr Asn
lle lle Are Vol Pro Met Ala Ser Cys 115120125 Asp Phe Ser lle Arg Thr Tyr Thr Tyr Ala Asp Thr Pro
Asp Asp Phe, 130135140 Gin Leo His Asn Phe Ser Len Pro Gin Gin Asp Thr Lys Len Lys lle
145150155%60 Pre Len lle His Arg Ala Len Gin Leo Ala Gin Arg Pro Vol Ser Len 165170175 Len Ala

Ser Pro Trﬁﬁ[ﬁﬁ' §§?iEircanmé;I;mCLen Lys Thr Asn Gly Ala

220>
2

2
23> Ssingle strand DWNA oligonucleotide

MM

<400> 5
ctcagaagac cagagggot 1g

<210> 6

<2il> 17

<212> DNA

<2i3> Artificial seguence

<Z20>
<223> Single strand DNA oligonucleotide

<400> 6
caaageggec ategtge 17

<210» 7

<211l> 1481

<212> [DHA

<213> Homo sapiens

<400> 7

qcngCCCCt geatecctas zageticgge tacagotogg tggbgtgtgt ctgoaatgoco &0
acatactgtg actcecttigs ccorccogace tticotgece ttggtacott cagoogobat 120
gagagtacac gcaghtgggcg acggatggag ctgagtatgyg ggccﬁatcca ggctaatcac 180
acgggcacag goctgetact gaccctgeay ccagaacags agticcagaa agtuaaggga 240
tttggagggg ccatgacaga tgetgetget ctcaacatee ttgeocctgte acccootgeoo 3C0
caaaatttgce tacttaaatc gtacttctét gaagaaggaa toggatataa catcatcogg 360
gtacccatygyg ccagotgtga cttotecate cgeacctaca ccotatgecaga cacccoctgat 420
gatttecagt tgcacaactt cagcctecra gaggaagata coaagotcaa gataccocotyg 480
attcaccgag coctgeagtt ggeccagegt cecgtttcac tocktgecag cooctggaca 40
tcacccactt ggctcaagac caatggagey gtgaatggga aggggtcact caagggacag 600
cocoggagaca totaccaccs gacctgggoc agatactttqg tgaagttoct ggatgoctat 660
gctgageaca agttacagtt ctgggcagtg acageotgaaa atgageoctte tgetgggetg T20
ttgagtggat acccctioce gtygcctggyge ttcacccoctg macatcagey agacitcatt 780
géccgtgacc taggrcoctac cotegocaac agtacteace aceatgtccg cctactcatg 840
ctggatgacc aacgettgot getgoococac tgggoaaagg tgghactgac agacccagaa 300
geagotasal atgttcatgg cattgotgta catiggtace tggacttict ggotecageo 560
a2agocacce taggggagac acaccgecoty tlocccaaca ccatgotott tgoctcagag 1020
geetglgtgg getccaagtt ctgggageag agtgtgogge taggotectyg ggatcgangyg 1080
atgcagtaca gcocacagoat catcacgaac ctectgtace atgtggtogg ctggaccgac 1140
tggaaccttg coctgaacec cgaaggagga cocaattggy tgogtaactt tgtcgacagt 1200

coccatcatty tagacatcac caaggacacy ttttacaaac agcccatgtlt ctaccacott 1260



180185190 Val Asn Gly Lys Gly Ser Leo Lys Gly Gin Pro Gly Asp lle Tyr His 195200205 Gin Thr Trp
Ala Arg Tyr Phe Val Lys Phe Leo Asp Ala Tyr Ala Gin 210215220 His Lys Len Gin Phe Trp Ala Val Thr
Ala Gin Asn Gin Pro Ser Ala 225230235240 Gly Len Len Ser Gly Tyr Pro Phe Gin Cys Len Gly Phe
Thr Pro Gin 245250255 His Gin Arg Asp PLc Tie Ala Arg Asp Leo Gly Pro Thr Len Ala Asn 260265270
Ser Thr His His A n Val Arg Len Len Met Len Asp Asp Gin Arg Len 275280285 Len Len Pro His Trp
Ala Lys Val Val Len Thr Asp Pro Gin Ala Ala 290295300 Lys Tyr Vol His Gly lle Ala Vol His Trp Tyr
Len Asp Phe-kenAla:305310315320:RrorAla: s AlasIhr deen: Gly«&im Thr MistArg Leo Phe Pro Aso

Thr 325330335 Met Len PLc Ala Ser. Gin Ala Cys Val Gly Ser. Lys.Phe Trp Glu Gin 340345350 Ser Val
Arg Len Gly Ser Trp Asp Arg Gly Met Gin Tyr Ser His Ser 355360365 10

ctaaaccgot cototaagge Cgtgoctott accatcaagg atcctgotgt gggottoctg 14449

gagacaatct cacctyggcta ctccattcac acctacctgt ggeatogooa o 1451



370375380 Leo Ala Len Asn Pro Glu Sly Sly Pro Asn Trp Val Acq Asn Phe Val 385390395400 Asp
Ser Pro lle lle Val Asp Tie TSr Lys Asp Thr Phe Tyr Lys Gin 405410415 Pro Met Phe Tyr His Leu Sly
His Phe Ser Lys Phe lie Pro Glu Sly 420425430 Ser Gin Arg Val Sly Lou Pal Ala Sec Gin Lys Asn Asp
Leu Asp Ala 435440445 Val Ala Leu Net His Pro Asp Sly Ser Ala Val Val Val Val. Leu Asn 450455460
Ara Ser Sec Lys Asp Val Pro Leu Thr lie Lys Asp Pc{o Ala Val Sly 465470475480 Phe Leu Sin Thr lle
Sec Pro Sly Tyr Bar lle His Thr Tyr Leu Trp 485490495 His Arg Gin Asp Leo Leu Val Asp Thr Net
500505 <210> 16 <211> 26 <212> PAT <213> Artificial sequence <220> <223> Apple pectinase
leader peptide <400> 16 |l agagatagtg aagggagact tcaagcagat cctcagaggt ttccacatgg tattagacag360
ctcgecaatt ataticactc caagggcectt aagttgggga tatacgctga tgtaggaaac420

<212» PRT
<Z13>  Homo sapiens

5
<400> B
Ala Arg Pro Cys lile Pro Lys Ser Phe Gly Tyr Ser Ser Val val Cvys
2 5 10 15
1G
Val Cys Ast Ala Thr Tyr Cys Asp Ser Phe Asp Pro Pro Thr Phe Pro
20 25 30
15
hla Leuw Giy Thr Phe Ser Arg Tyr Glu Ser Thr Arg Ser Gily Arg Arg
35 40 45
20 Met Glu Leu Ser Met Gly Pro Ile Gin Ala Asn His Thr Gly Thr Gily
50 55 50
Leu Leu Ieu Thy Leu GIn Pro Giu Gln Lys Phe Gln Lys Val Lys Gly
25 s 70 75 80
Phe Gly Gly Bla Met Thr Asp Ala Alas Rla Leu Asn Ils Leuw Rla Leu
30 g5 30 95
Ser Pro Pro Ala Gin Asn Leu lLeu Leu Lys Ser Tyr Phe Ser Glu Glu
100 143 110
35
Gly Iie Giy Tyr Asn Ile Ile Arg Val Pro Met Ala 32r Cys Asp Phe
118 120 125
40 Ser Ile Arg Thr Tyr Thr Tyr Ala Asp Thr FPro &sp Asp Phe Gln Leu

130 135 147



aaaacctgtg ctggatttcc tggttccttc ggctattacg atattgacgc acaaaccttt480 gctgattggg gagttgacct ccttaaattc
gatggctgtt actgtgattc acttgagaat540 ctcgccgacg gttataagca catgfcfctc getttgaaca ggactggaag
gaghatagtc600 tactcctgtg autggccact ttacatgtgg cctttccaga agccaaacta cactgagatt660 aggcagtatt
gcaaccactg gcgtaatttt gccgatatcg acgattottg gaagtccatc720 aagagcattc tggattggac atccttcaat
caggaaagga ttgtggatgt tgctggacct780 ggtggatgga atgatcctga catattggtg atagggaact ttggtctctc
atggaatcag640 caaattaccc aaatggcact ctaggetatt afggctgcac cactottcat gtctaacgac900 ctcaggcata
tottacctca agcaaaggca ttgctgcaag acaaagacgt cattgccatt960 aaccaggacc ctcttgagaa gcaaggttat
caacttcgto Iaag?gcg%ﬁﬂtaaeétﬁgaag@mz@t@@“g@ﬂgfag&ciéattgfcfgg &c?tt%c?ttgg gctgttgcca tgattaatag
gcaagaaatciOSO ggtggcccaa gaagttatac aatcgctgtt gcaagtottg gaaaaggtgt cgcttgtaat1140 cctgcctatt
tcattactca gctcctgcct glgaaaagaa agttggggtt, ctatgaqtggslzoo acttcaagac tcaggagcca tattaaccct
accggaacag ftcttctcca actggagaacl260 accatgcaaa tgtccctcaa: agatcttctg gtggacacca tgtgal305 <210>
18 <2}1> 430 <212> PRT <213> Artificial sequence <220> <223> Alpha-gal-vac polypeptide <400>
18 Met Alaskeadys T hr.Gla-Lea bearTsp.Ser-Phe:-\ial \ial Val PhexVal 1.51015 Val Ser Phe Set Thr
Thr Sec Cys Sec Gly 6lu Phe Lea Asp A$h Gly 202530 Led‘Ala Arg Thr Pro Thr Met Gly Trp Lea His
Trp G}|%J Arg Phe Met 354045

Gly Lys Gly Ser Leu Lys Gly Gln Pro Gly Asp Ile Tyr His Gln Thr
185 200 2055

Trp Bla Arg Tyr Phe Val Lys Phe Leu Asp Ala Tyr Ala Giu His Lys
20 2ic 215 220

Lew Gln Phe Trp Ala Val Thr Ala Glu Asn Glu Pro Sexr Ala Gly Leu

. 2259 230 235 240
25
Leu Ser Gly Tyr Pro Phe Gln Cys Leuw Gly Pne Thr Pro Gin His Gln
245 250 235
Arg Asp Phe Iie Ala Brg Asp Leu Gly Pro Thr Leu RAla Asn Ser Thr
260 265 270
35 His His Asn Val Arg Leu Leu Met Leu Asp Asp &ln Arg Leu Leu Leu
275 2890 285
Pro His Trp Ala Lys Val Val Leu Thr Asp Fro Glu Ata Ala Lys Tyr
40 290 295 300
val His Gly Ile Ala Val His Trp Tyr Leu Asp Phe Leu Ala Pro Ala
. 305 310 315 320
45
Lys Bla Thr Leu Gly Giu Thr His Arg Leu Phe Pro Asn Thr Met Leu
325 330 335
50
Phe Ala Ser Giu Ala Cys Val Gly Ser Lys Phe Trp Glu Gin Ser Val
340 345 350
55 Arg Lewn Gly Ser Trp Asp Arg Gly Mebt Gln Tyr 3Ser His 3er Ile Tie
355 360 365
Thr Asn Leu Leu Tyr His val Vel Gly Trp Thr Asp Trp Asn Leu Ala
60 370 378 380
Leu Bsn Pro Glu Gly Gly Pro Asn Trp Val Arg Asn Phe Val Asp Ser
_ 385 380 385 400
65
2ro 1ie Ile Val Asp Ile Thr Lys Asp Thr Phe Tyr Lys Gin Pro Met
405 410 4315

Phe Tyr His Leu Giy His Phe Sezr Lyg Phe Iie Pro Glu Gly Ser Gln
420 425 430



Cys Asn Lea Asp Cys Gin Glu Glu Pro Asp Sec Cys lie Sec Glu Lys 505560 Lea Phe Met Glu Net Ala
Glu Lea Met Val Ser Glu Gly Trp Lys Asp 65707580 Ala Gly Tyr Glu Tyr Lea Cys lle Asp Asp Cys Trp
Met Ala Pro Gin 859095 Arg Asp Sec Glu Gly Arg Lea GIn Ala Asp Pro Gin Afg Phe Pro His
100105110 12 Gly lle Arg Gin Len Ala Asn Tyr Val His Ser Lys sly Len Lys Len 115120125 Gly Ile Tyr
Ala Asp Val Gly Asn Lys Thr Cys Ala Gly Phe Pro Gly 130135140 Ser Phe Gly Tyr Tyr Asp lle Asp Ala
Gin Thr Phe Ala Asp Trp Gly 145150155160 Val Aép Lau Len Lys Phe Asp Gly Cys Tyr Cys Asp Ser
Len Glu Asn 165170175 Len Ala Asp Gly Tyr Lys His Met Ser Len Ala Len Asa Arg Thr Gly
18018519merané?£gIIéeva1aTW6é¢rG“ S Gin Frp*Pro-terrd yrMet Trp PrO Phe 195200205 Gin Lys Pro
Asn Ty Thr Gin lle Arg Gin Tyr Cys Asn His Trp Arg 210215220 Asn Phe Ala Asp lle Asp Asp Ser Trp
Lys Ser Ilejj?a)u(sw§er,lle Len

© His Pro Asp Gly Ser Ala Val val val Val fLeu Asn Arg Ser

450 455 460

Ser Lys Asp Val Pro Leu Thr Ile Lys Asp FPro Ala Val Gly Phe Leu

465 Z70 475 480
}5 Glu Thr Tile S5er Pro Gly Tyvr Ser Ile His Thr Tvr Leu Trp His Arg

485 480 485

Gln

497

<Zi0» O

<21l> 338

<212> DNA

<213» Cauliflower nmosailc wirus

<400> O

ttttcacaaa gggtaatatc gggaadcctco cteggattce attgceccagoe tatcigtcac 50
ttcatcgaas ggacagtaga aaaggaaggt ggcitcctaca satgccatca ttgcgataaa 120
ggaaaggeta togttcaaga tgoctctaco gacagbggtc ccasagatgo accoocacco 184
acgaggaaca Togtggaaaa agaagacgLt ccaaccacgt cticaaagcas adtggattyga 240
tgtgatatct ccactgacgt aagggatgac geacaatcooe actatccottce geaagaccoct 300
tecctotatat aaggaagitc atttcatitto gagaggac 338
<210> 10

<21l> &6

<212> DNA

<213» Artificial ssguence

<2Z0>
<223>» Nucleic acid sequence enceding the ER signal peptide

<400> 10

atgaagacta atctittter ctttetcato Cittcactte toctatcatt atcctoggoo o0
gaattc &e
<2i0> 11

<2ll=> 21

<Zi2> DNA

<2313» Brtificial sequence

<223% Hucleilc acid seguence enceding the wacuoclar fargeting seguence

<400> 11
gatcttitag tcegatactat g 21



225230235240 Asp Trp Thr 8cr Phe Asn Gin Gin Arg lle Val Asp Val Ala Gly Pro 245250255 Gly Gly
Trp Asa Asp Pro Asp Met Len Val lle Gly Asa Phe Gly Lan 260265270 Ser Trp Asn Gin Gin Val Thr
Gin Met Ala Len Trp Ala lle Met Ala 275280285 Ala Pro Leu the Met Ser Asn Asp Len Arg His lle Ser
Pro Gin Ala 290295300 Lys Ala Len Len Gin Asp Lys Asp Val lle Ala lle Asn Gin Asp Pro
305310315320 Len Gly Lys Gin Gly Tyr Gin Leu Arg Gin Gly Asp Asn Phe Gin Val 325330335 Trp Gin
Arg Pro Len Ser Gly Len Ala Trp Ala Val Ala Met Ife Asa 340345350 Arg Gin Gin lle Gly Gly Pro Arg
Ser Tyr Thr lle Ala Val Ala Ser 355360365 Len Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe lle Thr
Gin Len 37@??;538@ 13 Arg Set His lle Asn Pro Thr Gly Thr Val Leu 405410 Thm Met Gin Met Set Leo
Lys Asp Lea 1560 Yal 420425

<213> RArtificial sequence

<220>
<223> Wucleic acid sequence of the Agrobactervium tumefaciens terminator

<Z220>
<Z21> misc_feature
<Z2Z>  {L16Z)..{(162)

<Z23> m is a, ¢, g, or t

<400> 12

taatticatg atctgttitg trgtattoec tigomatgca gggoctagagg ctatgaataa 60
agbttaatgty tgaatgtytg aasbtgtotgat tgtgacciga agggatcacy actataaicy 120
trtataataa acasagactt fgtoccaaaa acoCoCCoos ongcaga 167
<210> 13

<211> 2186

<212> DHA

<2i3> Artificial sequence

<220>
<Z223> nucleic acid sequence encoding high mannose human
glucocerebrosidase (GCD)

<220>

<221> misc_feature

<222>  {2181)..(2181)
<223> n is a, ¢, g, or t

<4G0> %

ttttcacaia gogtaatatc gyggaasccto cteggattoc attgeccage tatctgtoac 60
ttcatcgaaa ggacagtaga asaggaaggt ggctoctaca aatgccatca ttgcgataza 120
ggaaaqgeta togitcaagea tgcctctaco gacagtggbc ccaaagatgg accoocaccocs N:1¢]
acgaggaaca togtyggasaaa agaagacgtt ccaaccacgt cttcaaagea agtggattga 240
tgtgatatet ccactgacgt asaggygatgac goacaatccc actatoctic gcaagacoct 300
tectetatat aaggaagtte atttcatttyg gagaggacag gottottgag atcottcaac 350
aattaccaac aacaacaaac aaCaaacaac attacaatta ctatttacaa ttacagtcga 420
gggatccaag gagatataac aatgsagact aatcttbtte tottictoat cttttcactt 280
cicetatcat tatcctogge cgaatiogo Cgoeoclhyca tooctaaaag cttcggotac 540
agoteggtyg tgtgtgteotg caatgecaca tactgtgact ceotttgacco cocgaccttt 600
cctgeecttg gtacctitcag ccgctatgag agtacacgoa ghgggogacy gatggagctyg 660
agtatgyggyge ccatccagge taatcacacg ggcacaggce tgcotactgac cctgcagoca 720
gaacagaagt tccagaaagt gaagggatti gygaggggcca tgacagatge tgotgototc T80
aacatocttg coctgtecace coctgcoecaa aatttgotac ttaaatogta . cttctctgaa B40
gaaggaatcg gatataacat catccgggta cocatggeca gotgtgactt ctoccatcoge 800

acctacacct atgeagacac coctgatgat ttccagttge acaacttcag cctcccagag 560



<210>19 Leu Gin Leo Glu Asn 415 Asp Thr Met 430 <211>1308 <212>DNA
sequence <220> <223>Alpha-gal-KDEL expression construct
4]

gaagatacca agetcaagat accoctgatt caccgageooe tgcagttuage ccagogtoee 1020
gtttcactee ttgecageoe ctggacatca cocactbgge tcaagaccaa tggagogagtyg 1080
aatgggaagyg ggtcactcas gygacagooc ggagacatct accaccagac ctygggocaga 1140
tacttbgtgs agttoctgge tgcctatgol gageacaagt tacagttotg gocagtgaca 1200
getgaaaaty agecttotge Lggootgtty agtggatace cottocagtyg cctgggebto 1260
acccrigaac atcagogaga cticattgec cghtgacctag gtoctacocot cgeoraacagt 1320
actcaccaca atgtccgeot actcatgotg gatgaccaac gotigeotget gooocactay 1380
gcaaaggtgg tactgacaga coccagaagea gotaaatatg thoatggeat fgotgtacat 1449
tggtacctgg actitobgge tocagocaaa gocaccctag gggagacaca cecgeetygtte 1500
cccaacacea tgetobttge cteagaggoe tgtgtgggot coaagttctyg guagcoagagt 1560
gtgeggotay gotootygyga togagggaty cagtacagoe acagoatcalb Cacgaacotc 1820
ctgtaccallg tggtogyctg gaccgactgg aaccttgeooe tgaaccoega aggaggacco 1680
aattgggtge gtaactbttgb cgacagtcoc atcattgtag acatcaccaa ggacacgtth 1740
tacaascage ccatgitcta ccaccttgge cacttcagoa agticattce tgagggotec 1800
cagagagtgg ggotggitge cagtcagaag aacgacctgy acgoagtggoe actgatgoat 1860
cccgatgget ctgotgtigt gygtogtgota aaccgetect chaagygatgt goctottace 1820
atcaaggatc ctqolgtggyg cttoctggag acaatetcac chggotacte caticacace 1880
tacctgtgge ztogocasga tottttagte gatactatght aatttcatga tetgttitgt 2040
tgtattcoct tgcaatgcag goectaggyc tatgaatasa gttaatgtgt gaatgtgtga 2100
atgtgtgatt gtgacctgaa gggatcacga ctataategt ttataataaa caaagacttt 2160
ghoccaaaaa coococooces ngoaga 2186
<Z10> 14

<2ii> 526

<212> PRT

<213> Artificial seguence

<220>

<223> High mannose human glucocerebrosidase {(GCD)

<400> 14
Mat Lys Thr
i

Leu S5er Ser

Tyr Ser Ser
35

Lsp Pro Pro

Thr Arg Ser
65

Asn Leu Ph

Ala Glu Ph
20

e Leu Phe

e Ala Arg

Val Val Cys Val Cys

Thr Phe Px

Gly ARrg Ar
10

406

c Ala Leu
55

g Met Glu

Leu Ile
' 10

Fro Cys
Asn Ala

Gly Thr

Leu Ser

Phe

Ile

Thr

Phe

Met
75

Ser Leu Leu

Pro Lys Ser
30

Tyr Cys Asp
45

Ser Arg Tyr
60

Gly Pro Ile

Leu

15

Phe

Ser

Glu

Gln

Ser

Gly

Phe

Ser

Ala
80

<213>Akrtificial



<400>19 gtcgacgcaa ccatggctut taagactcaa ttgctctggt ctttcgttgt tgtgrtcgtg 60 gtctectttt caacaactag
ttgatccagu gaattccttg ataatggatt ggccaggaca 120 ccaactatgg gatggctgca ttgggagcegt tttatgtgta
accttgactg ccaagaagag 180 cctgattctt gcatctcaga gaagctottt atggaaatgg ctgagctgat ggtttctgaa 240
ggctggaaag acgcaggtta tgagtatttg tgcatcgacg attgctggat ggctccacag

Asn His Thr Gly Thr Gly Levu Leu Lew Thr Leu Gln Pro Glu Gln Lys
85 30 95

o]
=23
[

Ala Met Thr Asp Ale Bla Ala

Gln Lys Val Lys Giy Phe Gly C
1 L0

106G

Leu Asn Ile Leu Ala Leu Ser Pro Pro Ala Gln Asn Leu Leu Leu Lys
115 iza . 125

Ser Tyr Phe Ser Glu Glu Gly Ile Gly Tyr Asn Ile Ile Arg Val Fro
130 135 140

Met Ala Ser Cys Asp Phe Ser Ile Arg Thr Tyr Thr Tyr Ala Asp Thr
145 150 15% 160

Pro Asp Asp Phe Gln Leu His Asn Phe Ser Leu Pro Glu Glu Asp Thr
165 170 175

Lys Leu Lys Ile Pro Leu Ile His Arg Ala Leu GLn Leu Ala Glm Arg
180 igs 180

FPro val Ser Leu Leu Ala Ser Pro Trp Thr Ser Pro Thr Trp Leu Lys
195 200 203

Thr ARsn Gly Ala Val Asn Gly Lys Gly Ser Leu Lys Gly Gln Pro Gly
210 215 220

Asp Ile Tyr His Gln Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu Asp
225 230 235 240

Ala Tyr Ala Glu His Lys Leu Gln Phe Trp Ala Val Thr Ala Glu Asn
245 250 255

Glu Pro Ser Ala Gly Leu Leu Ser Gly Tyr Pro Phe Gln Cys Leu Gly
260 265 270

Phe Thr Pro Glu His Gln Arg Asp Phe Ile Ala Arg Asp Leu Gly Pro
2735 280 285

Thr Leu Ala Asn Ser Thr His His Asn Val Arg Leu Leu Met Leu Asp
290 : 295 360

Asp Gln Arg Leu Leu Leu Pro His Trp &la Lys Val val Leu Thr ASD
300 310 315 320

Pro Glu Ala Ala Lys Tyr Val His Gly Tle Ala val His Trp Tyr Leu
325 330 335

Asp Phe Leu Ala Pro Ala Lys Ala Thr Leu Gly Gle Thr His Arg Leu
340 345 350

Phe Pro Asn Thr Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser Lys
353 160 365



300 agagatagtg aagggagact tcaagcagat cctcagaggt ttccacatgg tattagacag 360 ctcgccaatt atgttcactc
caagggcctt aagttgggga tatacgctga tgtaggaaac 420 aaaacctgtg ctggatttcc tggttccttc ggctattacg
atattgacgc acaaaccttt 480 gctgattagg gagttgacct ccttaaattc gatgactatt actgtgattc acttgagaat 540
ctcgccgacg gttataagca catatctctc getttgaaca ggactggaag gagcatagtc 600

Phe Trp Glu Glpn Ser val Arg Leu Gly Ser Trp Asp Arg Gly Met Gln
370 375 380

Tyr Ser His Ser Ile Ile Thr Asn Leu Leu Tyr His Val Val Gly Trp
385 380 345 400

Thr Asp Trp Asn Leu Ala Levu Asn Pro Glu Gly Gly Pro Asn Trp Val
405 410 415

Arg Asn Phe Val Asp Ser Pro Ile Ile Val Asp Tle Thr Lys Asp Thr
420 425 430

Phe Tyr Lys Gln Pro Met Phe Tyr His Leu Gly His Phe Ser Lys Phe
438 440 445

Ile Pro Glu Gly Ser Gln Arg Val Gly Leu Val Ala Ser Gin Lys Asn
450 455 460

Asp Leu Asp Ala Val Ala Leu Met His Pro Asp Sly Ser Ala val val
465 470 475 486

Val val Leu Asn Arg Ser Ser Lys Asp Val Pro Len Thr Ile Lys Asp
485 490 495

Pro Ala Val Gly Phe Leu Glu Thr Ile Ser Pro Gly Tyr Ser Ile His
500 505 510

Thr Tyr Leu Trp His Arg Gln Asp Leu Leu Val Asp Thr Met

515 520 523
<Z210> 15
<211> 506
<212> PRT

<213> Artificial sequence

<220
<223> Processed plant produced human recombinant GCD protein

<400> 15
Glu Phe Ala Arg Pro Cys Ile Pro Lys Ser Phe Gly Tyr Ser Ser Val

1 5 10 15

Val Cys Val Cys Asn Ala Thr Tyr Cys Bhsp Ser Phe Asp Pro Pro Thr
5 30

Phe Pro Ala Leu Gly Thr Phe SBer Arg Tyr Glu Ser Thr Arg Ser Giy
35 40 43

Arg Ary Met CGlu Leu Ser Met Gly Pro Ile Gln Ala Asn His Thr Giy
53 60

Thr Gly Leu Leu Leu Thr Leu Gln Pro Glu Gin Lys Phe Gln Lys Val
€5 70 75 80

Lys Gly Phe Gly Gly Ala Met Thr Asp Ala Ala Ala Leu Bsn Ile Leu



tactcctgtg aatggccact ttacatgtgg cotttccaga agccaaacta cactgagatt 660 aggcagtatt gcaaccactg
gcgtaatttt gccgatatcg acgattottg gaagtccatc 720 aagagcattc tggattggac atccttcaat caggaaagga
ttgtggatgt tgctggacct 780 ggtggatgga atgatcctga catgttggtg atagggaact ttgatctctc atggaatcag 840
caagttaccc aaatggcact ctgggctatt atggctgcac cactcttcat gtctaacgac 900 ctcaggcata tctcacctca
agcaaaggca ttgctgcaag

9
8BS 90 a5

Ala Leuw Ser Pro Pro Ala Gin Asn Leu Leu Len Lys Ser Tyvr Phe Ser
100 105 1iQ

Glu Glu Gly Tle Gly Tyr Asn Tie Tle Arg vVal Pro Met Ala Ser Cys
1 120 149

Aép Phe Ber Ile Arg Thr Tyr Thr Tyr Ala Asp Thr Pro Asp Asp Phe
130 135 140

Gln Leu His Asn Phe Ser Leu Pro Glu Glu Asp Thr Lys Leu Lys Ile
145 150 i35 160

Pro Lew Tle His Arg Ala Leu Gla Leu Ala Gln Arg Pro Val Ser Leu
165 170 175

Leu Ala Ser Pro Trp %hr Ser Pro Thr Trp Leu Lys Thr Asn Gly Ala
180 185 1848

Val Asn Gly Lys Gly Ser Leu Lys Gly Gin Pro Gly Asp Ile Tyr His
195 200 205

Gin Thr Trp Ala Arg Tyr Phe Val Lys Phe Leu Asp Ala Tyr Ala Glu
2140 215 220

His Lys Leu Gln Phe Trp Ala val Thr Ala Glu Asn Glu Pro Ser Ala
225 230 235 240

Gly Leu Leu Ser Gly Tyr Pro Phe Gla Cys Leu Gly Phe Thr Pro Glu
245 250 255

Bis Gln Arg Asp Phe Ile Alas Arg Asp Leu Gly Pro Thr Leu Ala Asn
260 265 2790

Ser Thr His His Asn Val Arg Leu Leu Met Leu Asp Asp Gln Arg Leu
275 280 285

Len Lew Pro His Trp Ala Lys Val Val Leu Thr Asp Pro Glu Alz Ala
290 295 300

Lys Tyr Val His Gly Ile Ala Val His Trp Tyr Leu Lsp Phe Leu Ala
303 310 315 326

Pro Ala Lys Ala Thr Leu Gly Glu Thr His Arg Leu Phe Pro Asn Thr
325 330 335

Met Leu Phe Ala Ser Glu Ala Cys Val Gly Ser Lys Phe Trp Glu Gln
340 345 3590

Ser Val Arg Leu Gly Ser Trp Asp Arg Gly Met Gln Tyr Ser His Ser
355 360 365

Ile Ile Thr Asn Leu Leu Tyr His val val Gly Trp Thr Aso Trp Asn



acaaagacgt cattgccatt 960 aaccaggacc ctattgagaa gcaaggttat caacttcgtc aaggcgataa ctttgaagtg 1020
tgggagagac cattgtctgg acttgcttgg gctgttgcca tgattaatag gcaagaaatc 1080 ggtggcccaa gaagttatac
aatcgctgtt gcaagtcttg gaaaaggtgt cgcttgtaat 1140 cctgcctgtt tcattactca gctoctgcct gtgaaaagaa
agttguggtt ctatgaatgg 1200 acttcaagac tcaggagcca tattaaccct accggaacag

10
370 375 18O

Leu Ala Leu Rsn Pro Glu Gly Gly Pro Asn Trp Val Arg Asn Phe val
385 390 395 400

hsp Ser Pro Ile Ile Val Asp Tle Thr Lys Asp Thr Phe Tyr Lys Zln
403 410 415

Pro Met Phe Tyr His Leu Gly His Phe Ser Lys Phe Ile Pro Glu Gly
420 425 430

Ser Gln Arg Val Gly Leu Val Ala Ser Gln Lys Asn Asp Leu Asp Ala
435 440 445

Gly Ser Ala Val val val val Leu Asn
450

Yal Rhla Leu Met His Pro
450

R
o1 ote
RE L]

Arg Ser Ser Lys Asp Val Pro Leu Thr Ile Lys Asp Pro Ala Val Gly
465 470 475 480

Phe Leu Giu Thr Ile Ser Pro Gly Tyr Ser Ile His Thr Tyr Leu Trp
485 480 495

His Arg Gln Asp Leu Leu Val Asp Thry Met -
500 505

<210> 16
<211> 26
<212> PRT

<213> Artificial sequence

<220>
<ZZ3» Apple pectinase leader peptide

<400> 16
Met Ala Leu Lys Thr Gln Leu Leu Trp Ser Phe Val Val val Phe Val

1 5 10 15

Val Ser Phe Ser Thr Thr Ser Cys Ser Gly

20 25
<2i0> 17
<211 1305
<Z1Z2>» DNA
<213> rtificial seguence
<220>

<223» Alpha-gal-vac expression construct

< .
gzig:cgi;a ccatggetot taagactcaa tigetctggt ctttogtigt tgtghtogty 60
gtctoctttt caacaactag ttgotocogga gaattoctig ataatggatt ggccaggaca 120
ccaactatgg gatggetgea ttgggagoegt tttatgtgta acctigactg ccaagaagag 180
coctgattett goatctcaga gaagetettt atggaaatgy ctgagotgat ggtttctgaa 240

ggctygaaay acgcagglta tgagtattig tgeatcgacg atigotyggat ggotocacag 300



ttattctcca actggagaac 1260 accatgcaaa tatccatcaa agatcttagt gagaaggacg agctctga 1308 <210> 20
<211> 435 <212> PAT <213> Artificial sequence <220> <223> Alpha-gal-KDEL polypeptide 14 Val
Asp Ala Thr Met Ala Leo Lys Thr Gin Len Len Trp Sea Phe Val 151015 Val. Val Phe Val Val Ser Phe
Ser Thr Thr Set Cys-Ser Gly Gin Phe 202530 Len Asp Asn Gly Len Ala Arg Thr Pro Thr Met Gly Trp
Len His Trp 354045 Glu Arg Phe Met Cys Asn Len Asp Cys Gin Gin Glu Pro Asp Ser Cys 505560 lle
Ser Giu Lys Len Phe Met Gin Met Ala Gin Len Mét Val Ser Gin 657075BO Gly Trp Lys Asp Ala Gly

Tyr Glu TyFEEH G HeASHASHCPTIFBTIOP5 ttocecatay tattagacag 380
ctegecaatt atgttcacto caagggectt aagtitgggga tatacgetge Lgtgggaaac 420
aagacctglty ctggatitce tgghtcobte ggotattacy atattgacge acaaaccitt 480
getgattggg gagttgacet cottasaltte gabggotgtt actgtgattc acttgagaat 540
ctegocgacy gttataagea catqletcte getttgaaca ggactggaag gageatagbo 600
taectcctgty aatggocact ttacatghgy coiticcaga agocaaacta cactgagatt 660
aggcagtatt graaccactg gogtaeatttt gecgatatcyg acgattetbtg gaagtocate T20
aagageatie tggattggac atoctteaat caggaasagga Ligigeatgl tgotagacot TBO
ggtggatgga atgatcctga catgbttggtyg atagggaact tigygbtctcte atggaatcag 640
caagttacce aaatggcact ctgggetatt atggotgeocac cactcttcat gtctaacgac SO0
cteagycata tetcacctca ageaaaggea ttgotgoaag acaaagacgt cattgeoeatt 960
aaccaggacce ctctigggaa geasaggitat caacttcygtc aaggegataa ctttgaagtg 1020
tgggagagac cattgtctgg acttgeoctitgg getgttgecs tgattsatag gcaagaaatc 1080
ggtggececaa gaagttatac aategetgtl geoaagtottg gaasagghbgt cgottgtaat 1140
cctgectght tecattactca goteoectgect gtgaadagsa agtiggggtt ctatgaatgg 1200
acttcaagac bcaggagoca tattaaccct accggaacag ttcttctcca actggagaac 1260
accatgeaaa bgtoccteaa agatcetteotg gtggacacca tgtga 1305
<210> 18§
<211> 43D
<212>  PBRT
<213> Artificial sequence
<220>
<223> BRipha-gal-vac polypeptide
<400G> 1§

Met Ala Leu Lys Thr Gln Leu Leu Trp Ser Phe Val Val Val Phe Val

1 3 10 15

Val Ser Phe Ser Thr Thr Ser Cys Ser Gly Glu Phe Leu Asp Asn Gly
20 25 30

Leu Ala Arg Thr Pro Thr Met Gly Trp Leu His Trp Glu Arg Phe Met

35 40 45
Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys Ile Ser Glu Lys
50 55 &0

Leun Phe Met Glu Met Ala Glu Leu Metr Val Ser Glu Gly Trp Lys Asp

65 70 75 B0

Ala Gly Tyr Glu Tyr Leu Cys Ile Asp Asp Cys Trp Met Ala Pro Gln

83 L 95

Arg Asp Ser Glu Gly Arg Leu Gln Bla Asp Pro Gln Arg Phe Pro His

100 105 110



Met Ala Pro Gin Arg Asp Ser Glu Gly Arg Len Gin Ala Asp Pro Gin 100105110 Arg Phe Pro His Gly lle
Arg Gin Len Ala Asn Tyr Val His Ser Lys 115120125 Gly Len Lys Len Gly lle Tyr Ala Asp Val Gly Asn
Lys Thr Lye Ala 130135140 Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp lle Asp Ala Gin Thr Phe
145150155160 Ala Asp Trp Gly Val Asp Len Len Lys Phe Asp Gly Cys Tyr Cys Asp 165170175 Sea
Len Glu Asn Len Ala Asp Gly Tyr Lys His Met Ser Len Ala Len 160185190 Asn Arg Thr Gly Arg Ser lle
Val Tyr Ser Cys Glu Trp Pro Len Tyr 195200205 Met Trp Pro Phe Gin Lys Pro Asn Tyr Thr Gin lle Arg
Gin Tyr Cyg 210215220 Ass His Trn. Arg Asn Phe Ala Asp lle Asp Asp Ser Trp Lys Ser lle
225230235240 st?Ser e Len Asp Iﬁbp thr Ser Phe Ash Gin Gin ﬁrg lle Val Ask 245250255 Val Ala
Gly Pro Gly Gly Trp Asn Asp Pro Asp Met Len Val lle Gly 260265270 15 Ala lle Met Ala Ala Pro Len
Phe Met SerA;S?E] Aspxi_aegsgé\ﬁgﬂ—tliglben Lys Thr Cys Bla Gly Phe Pro Gly

140

Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gin Thr Phe Ala Asp Trp Gly
145 150 153 160

Val Zsp Leu Leu Lys Phe Asp Gly Cys Tyr Cys Asp Ser Leu Glu Asn
165 1760 175

Leu BRla Asp Gly Tyr Lys His Met Ser Leu Ala Leu Bsn Arg Thr Gly
180 185 190

Arg Ser fle Val Tyr Ser Cys Giliu Wrp Pro Leu Tyr Met Trp Pro Phe
195 200 205

Gln Lys Pro Asn Tyr Ther Glu Ile Arg Gln Tyr Cys Asp His Trp Arg
210 215 220

Asn Phe Rlz Asp Ile Asp Asp Ser Trp Lys Ser Ile Lys Ser Ilg Leu
225 230 235 240

Asp Trp Thr Ser Phe Asn Gln Glu Arg Ile Val Asp Val Ala Gly Pro
245 250 255

Gly Gly Trp Asn Asp Pro Asp Met Leu Val Ile Gly Asn Phe Gly Leu
260 265 270

Ser Trp Asn Gln Gln Val Thr Gln Met Ala Len Trp Ala Ile Met Ala
275 289 285

Ala Pro Leu Phe Met Ser Asp 2sp Leu Brg His Ile Ser Pro Gln Ala
280 295 300

Lys Ala Leu Leu Gln Asp Lys Asp Val Ile Ala Ile Asn Gln Asp Pro
305 310 315 320

Leu Gly Lys Gln Gly Tyr Gln Leu Arg Gin Gly Asp Asn Phe Glu Val
325 330 335

Trp Glu Arg Pro Leu Ser Gly Leu Ala Trp Ala Val 2la Met Ile Asnp
340 345 350

Arg Gln Glu Ile Gly Gly Pro Arg Ser Tyr Thr Ile Ala Val Ala Ser
355 360 385

Leu Gly Lys Gly Vval Ala Cys Asn Pro Ala Cys Phe Ile Thr Gln Leu
370 375 380

Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp Thr Ser Arg Leu
385 390 395 400



290295300 Ser Pro Gin Ala Lys Ala Leo Leo Gin Asp Lys Asp Val lle Ala Lie 305310315320 Asn Gin
Asp Pro Leo Gly Lys Gin Gly Tyr Gin Leu Arg Gin Gly Asp 325330325 Asn Phe Glu Val Trp Gin Arg
Pro Leo Ser Gly Leo Ala Trp Ala Val 340345350 Ala Met lle Asn Arg Gin Gin lle Gly Giy Pro Arg Ser
Tyr Thr lle 355360365 Ala Val Ala Ser Leo Sly Lys Gly V'l Ala Cys Aso Pro Ala Cys Phe 370375380

lle Thr Gin Len Leo Pro Val Lys Arg Lys Leo Gly Phe Tyr Gin Trp 385390395400 Thr Ser Arg Len Arg
Ser His lle Asn Pro Thr Gly Thr Val Len Len 405410415 Gin Len Gin Asn Thr Met Gin Met Ser Len Lys
> 21 <211> 30 <212> DNA <213> Artificial

Asp Len Ser Gin Lys 420425430, AAsp ﬂ@&%‘i 430,5210¢ sn :
sequence <2920> <223> Strnge stran(]*] DNA:o: |gcnucreot|de <220> <221> misc_feature <223>5
phosphorylated

Thy Met Gln Met Ser Leu Lys Asp Leu Leu Val Asp Thr Met

420G 425 430

210> 1%

<211z 1308

<212> DNA

<213> Artificial seguence

<220
<223> Alpha-gal-RDEL expression construct

;igg;cgiia ccatggotcet taagactceaa ttgcoctcoctggt ctbtogttgt tgtgttogtg 56
gtecteoctttt caacaactaq thgotocgga gaattoottg étaatggatt ggocaggaca 120
ceaactatygg gatggetgea ttgggagegh tttatgtgta accttgacto ccaagaagag 188
cectgattctt geatctcaga gaagototit atggaaatgg ctgagotgat ggtttctgaa 240
ggctggaaag acgeaggtta tgagtatttg tgeategacg attgetggat ggotocacag 300
agagattagtg aasgggagact tcaagcagalt cctecagagygt ttecacatgg tattagacag 360
ctecgocaatt atgttcacte caagggectt aagttgggga tatacgotga tgtgygaaac 420
aaaaccigtg ctggatttoo tggttcottco ggcéattacg atatigacge acaaaccttt 480
geegattggg gagttgaccet cottasatte gatggotgbi actgtgatte acttgagaat 540
cteogocgacy gttataagea catgictote getttgaaca ggactggaag gageatagto 600
tactcoctgtg aatggccact ttacatgtgg coctttcocaga agcocaaacta cactgagatt 660
aggcagtatt gcaaccactg gogtaatttt gcocgatatcg acgattoettg gaaghbccatce JZ0
Sagagrattc fggatiggas ancoticaat ¢aggaaagyas tigtggatgt tgcoctoggacot 780
gutgyatgga atgatoctgs catghtggty atagggasct ttggtctotc atggaatcocag B840
caagtlacce aaatggeact ctgggotatt atggotgeac cactettcat gtotaacgac 00
cteaggrata tchcacctca agoaaaggra ttgetgeaag acaaagacgt catbtgocatt 960
aaccaggacc ctottgggaa geaaggbtal caacttcgtc aaggegataa ctttgaagtg i020
tgggagagac cattgtctgg acttgottgg gotgttgeca tgattaatag gcaagaaatc 1080
gogtggooroaa gaagttatas aategeratt geaagbotig gaasaggtot cgottgtaat 1140
cetgeotgtt tcattactca gotcctgoect gtyaaaagaa agtigguutt ctatgaatyg 1200
acttcaagac tcaggagceca tattaaccct accggaacag ticttctcca actggagaac 1260
accatgcaaa tgtecctcaa agatctiagt gagaaggacy agototga 1308
<210> 20

<211> 435

<212>» PRT

<213> Artificial sequence

<220>
<Z23» Alpha-gal-KDEL polypeptide

<400> 20



<400> 21 gatcttagtg agaaggacga gctctgataa30 <210> 22 <211> 30 <212> DNA <213> Atrtificial
sequence <220> <223> Single strand DNA oligonucleotide <220> <221> misc_feature <223> 5'_ N
phosphorylated 16 agctttatca gagctcgtcc ttctcactaa30 <210> 23 <211> 4 <212> PRT <213> Artificial
sequence <220> <223> ER retention signal peptide <400> 23 Lys Asp Glu Leo 1 <210> 24 <211> 397
<212> PRT <213> Atrtificial sequence <220> <223> Mature alpha-galacrosidase sequence <400> 24
Glu the Leo Asp Asn Sly Leu Ala Arg Thr Pro Thr Met Sly Try Leo 151015

Val Asp Ala Thr Met Ala Leu Lys Thr Gln Leu Leu Trp Ser Phe Val
1 5 10 i5

Val Val Phe Val Val Ser Phe Ser Thr Thr Ser Cys Ser Gly Glu Phe
20 25 30

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

Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp Ser Cys
50 55 50

Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val Ser Glu
65 70 75 80

Gly Trp Lys Asp Ala Gly Tyr Giu Tyr Leu Cys Tle Asp Asp Cys Trp
85 G0 °5

Met Ala Pro Gln Arg Asp Ser Glu Gly Arg Leu Glin Ala Asp Pro Gln
100 105 110

Arg Phe Pro His Gly Ile Rrg Glm Leu Ala Asn Tyr Val His Ser Lys
115 1290 125

Gly Leu Lys Leu Gly Ile Tyr Ala Asp Val Gly &sn Lys Thr Cys Ala
130 133 140

‘Gly Phe Pro Gly Ser Phe Gly Tyr Tyr Asp Ile Asp Ala Gin Thr Phe
145 150 1558 160

Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gily Cys Tyr Cys Asp
169 170 175

Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu Ala Leu
180 i85 190

Asn Arg Thr Gly Arg Ser Tle Val Tyr Ser Cvs Glu Trp Pro Leu Tyr
185 200 205

Met Trp Fro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln Tyr Cys
210 215 220

&sn His Trp Arg Asn Phe Ala Asp Ile Bhsp Asp Ser Trp Lys Ser Ile
225 230 235 240

Lys Ser Ile Leu Asp Trp Thr Ser Phe Asn Gln Glu Arg Iie Val Asp
245 250 255

Val Ala Gly Pro Gly Giy Trp Asn Asp Pro Asp Met Leu val Ile Gly
260 285 278

Ast Phe Gly Leu Ser Trp Asn Gln Gln Val Thr Gin Met Ala Leu Trp
275 280 285



His Trp Glu Arg the Met Cys Asn Leo Asp Cys Gin Glu Glu Pro Asp 202530 Sex Cys lle Sec Glu Lys
Leo the Met Glu Met Ala Glu Leo Met Val 354045 Sec Glu Sly Trp Lys Asp Ala Sly Tyr Glu Tyr Leo
Cys lle Asp Asp 505560 Cys Try Met Ala Pro Gin Ary Asp Sec Giu Sly Arg Lou Gin Ala Asp 65707580
Pro Gin Arg the Pro His Sly lle Arg Gin Leo Ala Aso Tyr Val His 859095 Sec Lys Sly Leo Lys Leo Sly
lle Tyr Ala Asp Val Sly Asn Lys Thr 100105110 Cys Ala Sly the Pro Sly Set the Sly Tyr Tyr Asp lle Asp
Alia Sin 115120125 Thr the Ala Asp Trp Sly Val Asp Leo Leo Lys the Asp Sly Cys Tyr 130135140 Cys
Asp Sec Leo %lg @gn}g!.ﬂeglf\la As %I E%r Lys His Met S%c Leo 145150155160 Ala Leo Asn Arg Thr
Shy Ars Ser llesval Tyr'ser Gys gu rp Pro 165178075 '&d Tyr Met Trp Pro Phe Gin Lys Pro Asn Tyr
Thr Giu lle Arg Sin 17 180185190 Tyr Cys Asn His Trp Arg Asn Phe Ala Asp lle Asp Asp Set Trp Lys

Ser Pro Gln Ala Lys Ala Leu Leu Gln Asp Lys Asp Val lle Ala Tle
305 310 315 © 320

Asn Gin Asp Pro Leu Gly Lvs Gln Gly Tyr Gln Leu Arg Gln Gly Asp
325 330 335

Asn Phe Glu Val Trp Gluw Arg Pro Leu Ser Gly Leu Ala Trp 2la Val
340 345 350

Alz Met Ile Bsn Arg Gln Giu Ile Gly Gly Pro Arg Ser Tyr Thr ITle
35h 360 365

Ala Val Ala Ser Leu Gly Lys Gly Val Ala Cys Asn Pro Ala Cys Phe
370 375 380

Ile Thr Gin Leu Leu Pro Val Lys Arg Lys Leu Gly Phe Tyr Glu Trp
385 396 385 450

Thr Ser Arg Leu Arg Ser His Ile Asn Pro Thr Gly Thr Val Leu Leu
4085 410 415

Gln Leu Glu Asn Thr Met (ln Met Sar Leu Lys Asp Leu Ser Gilu Lys
420 425 430

Asp Glu Leun
435

<210» 21
<211» 30
<212> DHA

<213> Artificial seguence

<220>
<223> 3Single strand DONA oligonucleotide

<220>
<221> misc_ feature
<223» 5' phosphorylated

<400> 21
gatcttagtg agaaggacga gcotctgataa 30

<210> 22

<21i> 30

<212> DNA

<213> Artificial sequence

<Z220>
<223> single strand DNA c¢ligonucleotide

<E220>
<221> misc feature
<223> 5' phosphorylated

<400> 22



195200205 Set lle Lye Sc 210 Asp Trp Th 215 es Phe Asn Gin Gin Arg lle 220 Val Asp Val Ala Gly
Pro Gly Gly Trp Asn Asp Pro Asp Met Leo Val 225230235240 lle Gly Asn Phe Gly Leo Set Trp Asia
Gin Gin Val Thr Gin Met Ala 245250255 Leo Trp Ala lle Met Ala Ala Pro Leo Phe Met Set Ass Asp Leo
Arg 260265270 His lle Set Pro Gin Ala Lys Ala Leu Lao Gin Asp Lys Asp Val llm 275280285 Ala I1m
Asn Gin Asp Pro Leo Gly Lys Gin Giy Tyr Gin Leo Arg Gin 290295300 Gly Asp Asn Phe Gin Val Trp
Gin Arg Pro Leo Set Gly Leo Ala Trp 305310315320 Ala Val Ala Met lle Asn Arg Gin Gin lle Gly Gly
Pro Are Set®T{*325330335 Thi tle=Ata*Val Ala Ser Leo Gly Lys Gly Val Alax€ys Asn Pro Ala
340345350 Cys Phe lle Thr Gin Leo Leo Pro Val Lys Arg Lys Leo Gly Phe Tyr 355360365 Gip Trp Thr
Set. Arg Leg Afg Ser His Ile Asn Pro Thr Gly Thr Val 370375380

<212> paT
<2L13» Artificial sequence

<Z20>
<223» ER retention signal peptide

<400> 23

Lys Asp Glu Leu
1

<210> 24
<211> 397
<2L2>  PRT

<213%>» Artificial szeguence

<220>
<223> Mature alpha-galactosidase sequence

<400> 24
Glu Phe Leu Asp Asn Gly Leu Ala Arg Thr Pro Thr Met Glv Trp Leu
1 5 10 i5

His Trp Glu Arg Phe Met Cys Asn Leu Asp Cys Gln Glu Glu Pro Asp
20 25 30

Ser Cys Ile Ser Glu Lys Leu Phe Met Glu Met Ala Glu Leu Met Val
35 40 45

Ser Glu Gly Trp Lys Asp Ala Gly Tyr Glau Tyr Leu Cys Ile Asp Asp
50 55 60

Cys Trp Met Ala Pro Glm Arg Asp Ser Glu Gly Arg Leu Giln Ala Asp
65 10 75 80

Pro Gln Arg Phe Pro His Gly Ile Arg Gln Leu Ala Asn Tyr Val His
85 90 95

Ser Lys Gly Leu Lys Leu Gly Ile Tyr Ala Asp val Gly Asn Lys Thr
100 103 116

Cys Ala G Phe Fro Gily Ser Ph

ol
L5

Gly Tyr Tyr Asp Ile Bsp Ala GLln
125

o
i

Thr Phe Ala Asp Trp Gly Val Asp Leu Leu Lys Phe Asp Gly Cys Tyr
130 135 140

Cys Asp Ser Leu Glu Asn Leu Ala Asp Gly Tyr Lys His Met Ser Leu
145 1586 155 160

Ala Leu Asn Arg Thr Gly Arg Ser Ile Val Tyr Ser Cys Glu Trp Pro
i65 170 175

Leu Tyr Met Trp Pro Phe Gln Lys Pro Asn Tyr Thr Glu Ile Arg Gln



Leo Leo Gin Leo Gin Asn Thr Met Gin Met Set Leo Lys 385390395

Tyr

Ser

Yal

225

Ile

Leu

His

Bhla

Gly

305

Ala

Thr

Cys

Gia

Leun
385

Cys

B b
PN
L v

Asp

Trg

Ile

Ile

290

Asp

Val

Ile

Phe

Trp

370

Lea

Bsni

185

Lys

val

Asn

bla

3er

275

Asn

Asn

Ala

Ala

Iie

355

Thr

Giln

180

His

Sex

Ala

Phe

Iie

260

Pro

Gln

Phe

Met

val

340

Thr

Trp

Tle

Gly

Mef

Gln

Asp

Glu

Ile

325

Ala

Gin

Arg

Glu

Pro

230

Leu

Ala

Ala

Pro

val

310

Ser

Leu

Leu

hsn
390

Asn

Sar

Bla

Leu

295

Trp

Arg

Leu

Leun

Arg

375

Thr

Phe
200

Gly

Pro

Ala

280

Gly

Glu

Gln

Gly

Pro

360

Ser

Ala

Thr

Trp

Asn

L.esu

265

Leu

Lys

Arg

Giu

Lys

345

Val

His

Gln

Asp

Asn

Gin

250

Phe

Leu

Gin

Ile

330

Gly

Lys

Iie

Ile

Asp

235

Gln

Met

Gln

Gly

Lay

315

Gly

Val

Arg

Asn

Ser
395

17

Asp

Asn

220

Pro

Val

Ser

Asp

Tyr

300

Y

fai

G

Ala

Liys

Pro
380

Gln ¢

Asp

Asm

Lys
288

Gin

r Gly

Pro

Cys
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