WO 20041096978PCT/11.2004/000181 PRODUCTION OF HIGH MANNOSE PROTEINS EINS IN

- PLANT CULTURE Field of the Invention The present invention relates to transformed host cells
for the protfeaeiH#8#4ih Smannose proteins and a method and system f8¢BrHddeii4HEse proteins,
particularly in plant culture. Background of the Invention 10Gaucher's disease is the most prevalent
lysosomal storageRdisirdanoNOFaHSEHM AN IR SEIRR gatiS dNrHANEhTOMasMEe 1 q21-931)
resulting in deficiency of glucocerebrosidase, also known as glucosylceramidase, which is a
membrane-bound lysosomal enzyme that catalyzes the hydrolysis of the glycosphingolipid
glucocerebigdige fpdUsesulienamide, GlcCer) to glucose and ceramide. Gaucher disease is caused by

point 15 mutatiqons in the hGCD (human glucocerehrosi e% ene (GBA), which result.i
accumulation o?@]ﬁ@é?sfjﬁitﬁ%vﬁ/% %%ﬁ’?e%%f tﬁg{:ar%sg %%‘gls. tgc gq%rggéteér%s CStorage %{;ﬁ}@caned

Gaucher eelisyaee fortanlsrutides, sptbed and bememiarrowdiitieg ssweigtededhs)igalsyrgotpms include
severe heﬁat?%m%nomegaly, anemia, thrombocytopenia and skeletal deterioration. 90The gene

encoding & ECp was first sequenced in 1985 (6) The protein 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
oligosaccBanteronaih s hdncliRiden identified (7), hGCD from placenta contains 7% carbohydrate,

20% g which is ef {hg highmannasg bpe (8, Blachemical anciglie.digsied muagenesip sjudies
have provided an itial map of regions ana residues ||}rl1por At 10 fo%ing, Activator in?eractlgn, and
active sitetlooatesiy®).genetitmdnbodglalentahbG®ED WithyAdwdinninickadentyietdingiamrcasiatofenzyme)
30 results | increebsed learance ﬁgd uptake rates by rat liver cell .vxitlth.a concor}itant 'ncg%ase in

e doi il SR R

hepatic er%zyma IC activity (F&%%?sh et " f§8% iochim. Biop

glycan-magifisshplacentabhGE sieirrenticuked cgsas thethp el greng ot thlegMéGcerebroside

rznou?;” 096 78F ‘g{g@&%ﬁ&ﬁéo%‘?ééggf?@n@e%t gfagg%cpa%ﬁeqi%_rea%gﬁérBéPs(:e%%En{gaczlm?Qed sogye'g‘i%'gﬁ“ed

genesis studies have provided amrinitial map of regions and residues important to' folding,

actividtor imetdction ianthactiEite(lorationdiGracs dradidadkeBigeChdmB269: 2283 22911(1894)].
accumulation of GlcCer in the lysosomes of macrophages. The characteristic storage cells,
called Gaucher cells, are found in liver, spleen and bone marrow. The associated clinical
symptoms include severe hepatosplenomegaly, anemia, thrombocytopenia and skeletal
deterioration.

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

25 been identified (7). hGCD from placenta contains 7% carbohydrate, 20% of which is of the
high-mannose type (8). Biochemical and site-directed mutagenesis studies have provided
an initial 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)

30 results in increased clearance and uptake rates by rat liver cells with a concomitant 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
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There are three different types of Gaucher disease, each determined by the level of 5 hGC activity.
The major cells affected by the disease are the macrophages, which are highly enlarged due to
GlcCer ac®fmiiitit?Zhd are thus referred to as "Gaucher cells". Thg%é&rﬁﬂ%ﬁﬁ%ﬂsdf a defect in
GCD as the primary cause of Gaucher's disease led to the development of enzyme replacement
therapy dseatiheshsdutiouthare gyifeasthidiisbeddeall eDé Davdirfiettbunyestadsihatudiskaberent of the

missing lysgeameLenzyme i exagshous Ploaall, %ﬁ(tﬁgaé%'i]ﬂ%g‘@&m% Miableagproach to

treatment of lysosomal storage diseases [Fed Proc. 23:10 Since that time, various

studies haé @ﬁb’@é‘@fi@@@ﬁﬁ@%W@%@Ia&eﬁi@hﬁh@m@ﬁ%@ﬁb@lﬁn@ﬁ@@ﬁpr treating various
lysosomal storagg JiSeasgs.d ﬁ%@r%ﬁﬁ#ﬁ@seﬁf BaS e Qﬁg&éh&\ﬁ? Xﬁmﬁﬂ%\@%ﬁa&e@é%fwe !
glucocer dase

Gaucher disease, who were treated with'exogenous enzyme (13- ebros , prepared from

placénta (GéretaeyMY b, adve Felerifieciedomibimandiycpserazythe Jacraghgetlifideich are
glucocerehrpgidase daried IremAtial SOMESS e Y AR eieinuith E@%%%@B%PXQE%‘G chains. This

protein does not target the phagocytic cells in the body and 20 is therefore of limited therapeutic

value. In developitgitsetéisaient tHersslerd icaldher sheiseayey wrte ohinareiryar disrripded
carbohydate,chaingighaiitoserabinaidasp e RaaUSRIAYY £§'E0H%9a9é4ﬁ€a£ﬁﬁé‘ég%}tmﬁe different
u

glycosidases. This glycosidase tredtment results in a glyCoprotein whose terminal Sugars consist of
mannose’i&ibtfes. Since phagocytes have mannose receptors that recognize glycoproteins and

glygepeptides 25awisheligesaschatida ehaingihatisiminalednmanRose esidyes s cariohydrate

remodeling of glucocerebrosidase has improved the targeting of the enzyme to these cells [Furbish et

al., Bioch&eBigphydickaisaly sastive (pogayle mighs ibgicateirberdarpigR@osipatisatpieys af crucial role

in hGCD REHVIMaIRESEIOsQIdEeRINCaRY LR ggh@@)(%ﬁssed in cell lines using either tunicamycin
(S19 cells) or 30 point mutations abolishing all glycosylation sites (both Sf9 and COS-1 cells), results

in complete loss 8IS HIE.avERRys Ifdestibih Sepeshrdsscamne, wuilasemasuigraybe inactive.

Further r i iedigaieddhesignificancs, Qf %é@ﬂﬁuﬁ&lg Y4810 Sites PO success has
2004/096978PCT/I1L2004/000181 for protein activity. In addition to the role of glycosylation in the

actdal proesth &BaWH), ¥l cidividvalalyplodbre dle fmpehec ofitanse, gibanvseguéisetednadifications
that faciliate-specific it fég—"@@&sf&lasrgém%mﬁayar&f@%eﬁxagﬁc{&moaf‘é%ﬁ% 'pg gdfgetion to

include only mannose containing g ycan sequences. 5The human GCD enzyme contains 4
glycosy|aii6aréite se5ABPPDARTH{E STeE Eecdmbinantly produced enzyme (Cerezymem) . differs from

the placental engyme dferedasetMiinspasiion 23 whars.Anaraininghas RerRRuRsHWied with a

histidine. Furthermore, the oligosaccharide composition differs between the recombinant and the

placentalf&E SHEROIE T TR RRS IS i plinstoan a9 Jakest s rheeariirecrlisidtdis iz e

20 is therefore of limited therapeutic value. In developing the current therapy for Gaucher's
disease, the terminal sugars on the carbohydrate chains of glucocerebrosidase are
sequentially removed by treatment with three different glycosidases. This slycosidase
treatment results in a glycoprotein whose terminal sugars consist of mannose residues.
Since phagocytes have mannose receptors that recognize glycoproteins and glycopeptides

25 with oligosacchanide chains that terminate in mannose residues, the carbohydrate
remodeling of glucocerebrosidase has improved the targeting of the enzyme to these celis
[Furbish ef al., Biochem. Biophys. Acta 673:425, (1981)].

As indicated herein, glycosylation plays a crucial role in hGCD activity, therefore
deglycosylation of hGCD expressed in cell lines using either tunicamycin (Sf9 cells) or

30 point mutations abolishing all glycosylation sites (both $f and COS-1 cells), results in
complete loss of enzymatic activity, In addition, hGCD expressed in E. coli was found to

be inactive. Further research indicated the significance of the various glycosylation sites
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10 latter retains one high mannose chain. As mentioned above, both types of GCDs are treated with
three different glycosidases (neuraminidase, galactosidase, and P-N acetylglucosaminidase) to
expose teMHEAGses, which enables targeting of phagocytic cells. RoHEM%ERUHERI preparation
comprising the recombinantly produced enzyme is described in US 5,549,892. It should be noted that
all referefwcgs onentiotietyakn hédainn 1bitteorplerafegdyoyseiarencatasatiullpsatiottikiyethe  One
drawbacléoass%%?tﬁd wirtcpdg%(i%{tin lysosom I.enz%[ne replacement th [apy trea%gu?n% isltp?t the in vivo
bioactivity ot the eani(yr‘%e IS UNdes %ﬁ/ I%%, aéz.}és. CAls&" BT TOW ulf)lt% 1e, feduce atarélghlnéb (o]
lysosomegeoifibedspecifitieeils e phyvthedutbdtptet ésracaemeatatddlednibiioshogt futetidoltin vivo

half-life iri'n%:ﬁ'fd%’%% ome%b%glé/lo% ggﬁnma' r éjI{a\év%a%Iée%f the existing GCD recombinant enzymes is their
expense, Whic Zan %ﬁfoe a heavy e fic BUrdenRdn health care systems. The high cost of these

recofnbinant enTymédsinesulSEidnepom plext pusifiéatibngndatiool, ated tielralatiaiydardgehamounts of
the therapeutic required for, existing treatments. There.s therefore, an yrgent need.to reduce the cost
of 60D S B B e e e e et st
Proteins (Gersdasaidgcntipakiios e wherw tradiigity hroduced subsamedatiath or batkdinal

expressi ms. In.th st decade a new expressjon system has been developed.inplants. This
methodo%}é?/y §{feﬁ‘§§e§ Ag\}égro Igz‘%é?%%na,%g acgfjelﬁgscl:té%%bq%e{? %?ir%s%‘r‘?r?a zfﬁr?g 1§ rr%%ﬁagén BR?A} Ir%olecules
(T-DNA) pirteettiel (k42 gernlbaferdueite thers3icebatael Sivaphtitysbidmtzoducirng denestbr tnass

progtljlctiqgt H) g{ ﬂ:nlqi epti tlz(if methodol i comjng. increask opular as an
alternative‘tgrot%% e%%ress%n%s%/ggisr% ?“vé%’ﬁ‘ﬁ‘ﬁ%@%té%ﬁc %ﬁ%@ﬁ%ﬁ%%%@ e %%?éﬁ post
translationéh mddifcatdfses nglyesdstasehalterseiplessiogadysisndssglantdievid exgrdssion
systems ili se modifications. known to be crucial for protein expression.and activity. One of
the majogggge%ﬁ%{gé%%tv%%eﬁ%ég%ﬁﬁgg and nﬂgﬁ?spr(‘ﬁ%%e%ér%ggssié%%%/&%rﬁ iﬂk’fg%{: i5tion of
protein sogkr sidepbiramsewind au dppithieorb diffigresiogs tire biesymtiatitlpathwiaysd Glyoasylation was
shown to4h profoun n activity, foldin iljity,,solubility, susceptibility tq proteases,
blood Cle%%%\é%g C}a{tlg gﬁdgé%%g%?c p%tégl %F(%%Po tee?rlllgg e%rﬁlcé?%rnef/l %érsoflé?ﬁ’tf)g%e uc i%%‘%we%fants should
takéJnto worgideriztidry teéepaientiall fathifieafions ndrplant glycosylation. Protein glycosylation is divided
into two categories; N-li and O-linked 10 modifications (2)., The two types differ in amino acid to
which the glyca?lﬁ]rﬁollgeré%%g(tta% Yed %egl\v-]ﬂfrgkgél Satrl'ggat!l%s&%ég?% %Ilﬁees%%%‘éﬁ’fe White DSTAREd are
attachediteaSuemr i¥ fihak iguesvive ddohitionithel gl anzsegusnoes fabhchtype dh darsiugrgiie
distinguighing, features ;Of the . »iIN-linked glycgsylation.is the more ahundant, and its effect on
protein functioéu @é\é been exten |v}(=a/ ??&?ﬁ%‘%f’%ﬁ%kﬁ%%g ?‘%,I%r? W’?Fé ‘3%1%? ha%guarsér%réiatively
scarce, atduewdaiisth randtiothistduaitabibel regardihgl tHify iaffeetansprateins. Summary of the Invention

20 Another major drawback of the existing GCD recombinant enzymes is their

expense, which can place a heavy economic burden on health care systerhs. The high cost

of these recombinant enzymes results from a complex purification protocol, and the

relatively large amounts of the therapeutic required for existing treatments. There is

therefore, an urgent need to reduce the cost of GCD so that this life saving therapy can be
25  provided to all who require it more affordably.

Proteins for pharmaceutical use have been traditionally produced in mammalian or
bacterial expression systems. In the past decade a new expression system has been
developed in plants. This methodology utilizes Agrobacterium, a bacteria capable of
inserting single stranded DNA molecules (T-DNA) into the plant genome. Due to the

30 relative simplicity of introducing genes for mass production of proteins and peptides, this

methodology is becoming increasingly popular as an alternative protein expression system

(1).



20The background art does not teach or suggest a device, system or method for selectively producing
glycosylated proteins in plant culture. The background art also does not teach or suggest such a
device, sySt€mog#/A6Add for producing high mannose proteins in plant cBEIr&E-2PREBEBground art
also does not teach or suggest a device, system or method for producing proteins in plant culture

through the endupiaspistetistdund(BERodibedienbatkamuntsalh alsadpesnoetdgashptanggest such

a device, system or method for producing proteins in plant cylture.through the endoplasmic reticulum
(R wiiB ) SRS (B CIGr IS Fre AR R P A S A PG Sich

device, systes oppedind fanproctiging Preteinstie phafircuiffuieiygdsiig e Eusigarddoany-pass the
Golgi body. 30The present invention overcomes these disadyantages. of the.backgroynd art by
oroviding AL BIEES B BFERA NSHBASrBIH UL LS tberh S8 R A C B Sparticularly
proteins kiavingheehighbnanmostglycosyiatiahlysdatphionadlyianch WQave a profound effect
2004/096978PCT/1L2004/000181 preferahly targetin nd/or otherwise manjpulating processing of
o protSi i ar R A BRI Wt BT 1 N e e B broven That
such targgithgeaises poespratedisitotbinpadsite @oigihosy anctithekebyntgketaigHhddedised

[ Id pbe noted that the term 5 "plant culture”

glycosylation, particularl Egyg_h mannose glycasylatipn. It shou

as used H%ﬁ%ﬁgﬂ?ﬁfﬂ&?é@é t%@%#&% (g?ﬁbo\é%Hfégﬁ%}h%%@g%té%ticalIy engineered plant cell that
is grown in cultuPectine giknetidatingingedngdabyiaptianallyche paisanedined ansie-Rilef¢rably, the
culture features cells t not assembled.to form a.complete plant,.such that at least one biological
struljzbure 6P é%s‘ng?’i? r?ogjr?je%éeeﬁ}v (o) %ﬁaﬁ%ﬁd%%?gb ,‘%1&00%?@ ﬁgﬁy%ﬁﬁﬂrwlﬁfﬁrﬁiw of
different tpehaf plantNLOdelsakzuipieiedabl\Aeresiiuee, featieres impattice lan dyinel ob danteell. 1t
should be_noted.that optionally plant cultures featuring a,particular type of plant cell may be originally
derived froth &Pt 4Tt %@ga{‘g?gnttﬂ?péigcépsﬁ&ﬁﬂ&# Saglfé‘?.&’ typerl%?%fawgﬂgﬁsgfﬁ%gﬂ HP&wn
accordingdshany. thfelef sudabeculutihgdngibos sfcidingd tione itk doaeulturerfar asolid
surface (such .as a plastic culturing vessel or 15 plate for .example) or in suspension The invention
further rePBE o GHLKITA BAI FREDGHETOY STl SHEPBFIURLABR of By EaI LR high
marijoserysosdabheny wme RSy transgen s plable oglzjdattichdarhfearmt selisinivlore particularly,
the invention relates to host cells, particularly transgenic suspended carrot cells, vectors and methods
for high yield expression and 20 production of biologically active high mannose Glucocerebrosidase
(GCD). The invention further provides for compositions and methods for the treatment of lysosomal
storage diseases.  The present invention is also of a device, system and method for providing
sufficient quantities of biologically active lysosomal enzymes, and particularly, human 25 GCD, to

deficient GalismEBlre ¢f elsedhirweition is also of host cells comprising new vector compositions that

allow. for efficient.praduction of genes encoding lysosomal enzymes, such as GCD. . The present
inve\ﬁrlaion there]%r@egg?\?%gg‘fgﬁg@fgl ﬂ%sea%lig BnOrafEl &% EhigIdGY @%P@gug%p proteins
having padietiaclglycodytatipnlveqsytembpisisuchmaddfieculiure. The background art also does

not teach or suggest such a device, system or method for producing high mannose proteins
in plant culture. The background art also does not teach or suggest a device, system or
method for producing proteins in plant culture through the endoplasmic reticulum (ER).

25 The background art also does not teach or suggest such a device, system or method for
producing proteins in plant culture through the endoplasmic reticulum (ER) while by-
passing the Golgi body. The background art also does not teach or suggest such a device,
system or method for producing proteins in plant culture by using an ER signal to by-pass
the Golgi body.

30 The present invention overcomes these disadvantages of the background art by
providing a device, system and method for producing glycosylated proteins in plant

culture, particularly proteins having a high mannose glycosylation, while optionally and
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30high mannose glycosylation of lysosomal enzymes such as GCD for example. The present invention
is able to solve this long felt need by using plant cell culture. WO 2004/096978PCT/IL2004/000181
In order to\fx298+/¢368/4in the present invention, a brief explanation is noW eFAVHEHBPHRE biosynthetic
pathway of high-mannose proteins. The basic biosynthesis pathway of high-mannose and complex
N-linked gtyGanisyistighige daadarcathenoig renkkatcal RISV IEL BB JIFGHINE En#bplasmic

Reticulurg 4 BEANSIRREL 341e dhieRn BPE iRk AURNChoL iRld SRl i Apecilic Asn

residue on the protein by the oligoSaccharyl transferase. The precursor is subsequently modified in

the. ER bByrghoasidases tharmf ofeint i BypertictheaGolghhedinase 1oy hddigh thadpdsd structures,
m"ﬁf tt,?%l?fﬁ@ GRS 8&&%&1@&9%{@&%‘%@{ besymagifications.afithe ahicanisgauencgdo complex
ybri

ctures 10 occur in the Golgi. Such madifications include removal of one of the four
manfAose" piasitl gekusy samanedoksariBdnsldentisn &frenokl ErEgAHIn CISMhiPd TeuESTIIRBUAI of the
two addit esidyEs DY Alnannesidase thagddiinn efdassiygisosaiingand
optionallyg%gﬁ%%ggtrg%%& Xy o(igggﬁ%\%ucose residues may %e addedéﬁ)\ yiel plaﬁrﬂ:'ibs'i’\ﬁ eci%%yN-linked
glycans. pfteratirstierristesioniy Rty iibe sultoresatures edihplekaprotsRugchivsiedn be further

processed g the adgition of terminalfycose,and gaasese ftihemedificationsmay.take place

during the glycoprotein transport. Several approaches are currently used in the background art to

control ar¥ptsiistiprendimigkeeaiiylathsn alrenBanferwnierphucbtsighifiEnedeiheh Ot 8articularly in
Co”l%arisé’éh&?QHP}HE?&%BHQH@%%r@Fé&%&ré@%dﬂé?ﬁg&Bﬁt%@@%ﬁeﬁﬁm&i@@ti%ﬁlﬂ%CHot%Q

glycosylation or the removal of chosg/?latiqn sites from the peptide chain is one strategy. However, this
approachtesinoriiunelty st ebeere featuing donisrierap srpa i etk sk Rsu PEBE I oduction

of specifig&@g&pﬁgﬂ{gﬁ;@ggﬁ@ﬁr&g@%%& Agaip Eﬁlﬁ?@&ﬁ?a‘:h is difficult and may also have

detrimental effects on the plant cells themsSelves. The present invention overcomes these deficiencies

of the backgrouRéicarlapb eefiprivarHs B URIAGFARTER Kignal hing/of By BlIeKHisEe sihcfom the ER
to the Golginady. yithoukishing 19 he-niierBiAainale hyRpthesisisice.mah Rapngse structure

of lysosomal enzymes is preferred, if secretion can be blocked and the protein can be maintained in
the ER, nplitally exaoptihigiusens®e structures are obtained without the need for remodeling.

30As indicated ahQvig, QIQLAITSHRITRAHED Y AH16 SRHPMEMBIATS: P RHFSLRAS MO e

endoplasmic reticulum. The necessary transport signal for this step is represented by a signal
sequencecht B RRtEARINAFEYRI Bithenmlast &/sareBal cifemnsiyNainge fagessRls plant root,

particularly carrot cells. More particularly, the invention relates to host cells, particularly
transgenic suspended carrot cells, vectors and methods for high yield expression and
20  production of biologically active high mannose Glucocerebrosidase (GCD). The invention
further provides for compositions and methods for the treatment of lysosomal storage
diseases.
The present invention is also of a device, system and method for providing
sufficient quantities of biologically active lysosomal enzymes, and particularly, human
25  GCD, to deficient cells. The present invention is also of host cells comprising new vector
compositions that allow for efficient production of genes encoding lysosomal enzymes,
such as GCD.
The present invention therefore solves a long-felt need for an economically viable
technology to produce proteins having particular glycosylation requirements, such as the
30 high mannose glycosylation of lysosomal enzymes such as GCD for example. The present

invention is able to solve this long felt need by using plant cell culture,



WO 2004/096978PCT/1L2004/000181 soon as this signal peptide has fulfilled its function, which is to
insert the precursor protein attached to it into the endoplasmic reticulum, it is split off proteolytically
from the preGLEEOpFiRin. By virtue of its specific function, this type of sidtdipaplideeEguence has
been conserved to a high degree during evolution in all living cells, irrespective of Swhether they are

bacteria, yeasts fuRgleATMAHAEP B %in 1HMANUPIRNERENRIAS. AviicBrate naeisd 19tadhe

endoplasmic reticulum by virtue of the signal peptide do not reside in the ER, but are transported from
the endoptEdriledretictierhi s e etis gakhtezoptifish FamRiSgoiF the tbe §rir thiosarlelis. One

class of sychhalting signaladasdistiatisrasides e signaiaihal 1sile amibs, Lrtenpiakpart of 10
the precuridsor prgttein [I@guhaus Sand Rogég?gg, (1998) Plan%t ol. Biol. %%27-144 . Proteins containing

both an NeHsHIREESIE Y PEsHEcORFNE S ibh domesi Brbene 58S drentéihal

vacualar iargefing:SigBalase fuRealeRieRP AN CRMPIex Jlysans. Whichisalashad trdagm in the
Golgi [Lerouge et al., (1998) Plant Mol. Biol. 38:31-48]. The nature of such C- terminal sorting signals

can vary Wrjhrigdapsersheioh Aransicaris bt BIsopEpTide TRRSRIEAEIbBRedEat BniltedRedibn of
tobacco basicshifiasanwhicknis 2 marualacpraisindhalRolAsivacuelaaraating LapiidesAn

example faor a vacuplar protein containing a C-terminal targeting signal and complex glycans is the
phaseolinS§i8lHde ProfERs o RFBEIRe &2 88 M AYerio et al., (1998) Plant Cell 10:1031-1042; Frigerio et

al., (2001) Plant &ethd3:d08hlidad. SOMhe paeadisusmthatin alhgukarypliageis @eralagproteins

pass via the ER and the Galgi before se@gestering in the vacuole as their final destination.

Surpfisingl§thetraRfsrSiteed prcht PaBHEsREUmsHECBIE: dRMAVENREPBFoalidBE APrhrBsMRsRd high
mannose @6 R.Adyani3aRRRsIYS MaEReGas OGS RS, HC g 8 alagiagly agfve and

therefore no further steps were needed for its activation. Without wishing to be limited by a 25 single

hypothesisytt widitpap paannpsg desidises d?ryancﬁrraxmgsiéawtﬁmédé@mﬁd&mpm@@inqagimigeprodgced
o oS D 9D IS M ORBYAITROAAD IIARCHA) FACNESIOGEIT AP Seored

high mannose glycosyfation. Optionally; any type of mechanism which'is capablé tglproguaé}e high

mannose figedsyiatiokedrigisdivg Afgryipetonsiechbridmetortt frass tetiBalgictapexused in
accqrija”?@%’g%%ﬁ?%%%@%iﬂ%’&“bﬂ%cég)eé”v?aﬁtﬁfé I3BRGL, e Perlerﬁl%gj ﬁg(:%”tion elates ko, host cell
gh I l’)Tﬁ ma

. i ¢ aly 41aC10se
producing a mannose recombinant protein of interest. This ce y e transfofimed of transfected
with a recBbisianp Aidichiierackitmislecplece doodhthaglyotgirvsfirrarsgbdr with an expression WO
2004/006975P CTALAPOUPBAIEL e ar FampUsias e el scifmales s, uchyayclae acld
molecule comprises a first nucleic acid sequence encoding the protein of interest opera Eily Inked to a
second niERfEnaglticesy]aiepitare pbuding:l vAcubidr targetinyiSicpnal deistitsicEheditsutarbleic acid
sequence, be-anrtiopally further ablyd ‘ ' uglel id sequence.encoding an ER 5
(endoplascr%ing%!raeticoylum) tar%eting sfgr%gf%%pﬁgégrdﬁ}gﬁ%@tvé#b%t% %rgv%%rﬁéj!r? {l%é gﬁ}&gg{éﬁgﬂd in that
the BbteiBlpfaptEESt & phedigaral by ahalredisifatidnghiks drann sy ltptdio oimiT fre dvesttoaimyf the

invention may Rea BIKAYALL L RIOKANPYE SEllutura) {i@f@iﬁ@. %bgéi’&*g&s%y hogt sl gf dbe

invention is a prokaryotic cell, preferably, a 10 bacterial cell, most prefera n Agrobacterium
tunzefaci&fo@enul iade st erdansed fepdapifectingbtiygretepeetpising hostyoells destnbédbelow.

in anothey ielaied embaimeni- a0 aek el el umnusaian ey Be.a sulanaliceel. preferably. a

plant cell, and most preferably, a plant root cell selecte the group consisting o grobactedunt
rihzogenes transf8emBsoBt eetcriedarysnceyirgertnst, deficiencies of the background art

25  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 enzymes is preferred, if secretion can be blocked and the protein can
be maintained in the ER, naturally occurring high mannose structures are obtained without

the need for remodeling. |
30 As indicated above, proteins transported via the endomembrane system first pass
into the endoplasmic reticulum. The necessary transport signal for this step is represented

by a signal sequence at the N-terminal end of the molecule, the so-called signal peptide. As
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15horseradish cell and carrot cell. In a preferred embodiment, the plant root cell is a carrot cell. It
should be noted that the transformed carrot cells of the invention are grown in suspension. As
mentionedvabavetapgd thescribed in the Examples, these cells were transfiad. 20uotlies 1
Agrobacterium tunzefaciens cells. 20In another embodiment, the recombinant nucleic acid molecule

compriseghwithin:thehast pefipfdhesmyentan:compisesqaibisknudieieradid sraunbseragading a
lysosomal enzyme that is in operable linkage with a second nu Ieiﬁﬁacid secguence encoding a
chiti

vacuolar Bi&6AgiSighdife phitesadpRidaHomrigsictdsa rRSEeRIERY FFREV A olar signal

peptide hagthesaminsiagidzsedvrrcerassdeneted Mndoh) tRNOp2 oThRRE fisidusiricacid
sequence may be optionally further linked in an operable [ink%%ia@/ii}h a third nucleic acid sequence

encoding E EfERTISHTEEMIE et ARSSFy SHHEES RATRED UBEOEEDFSEEFIND: 1. In one

embgdimemisithe firgomiinaetinUseicsasiddnalasiale sopiafised within the host cell of the invention

further comprises a promoter that is functional in plant cells. Thijs gromoter should be operaply linked
to the recombindiFS0ORSILRIREE S @ﬁﬁd?ﬁer?ed lﬂt%ﬁk?h%ﬁgfﬁ%ﬂ{gﬁﬁ Hig é’c‘Bﬁﬁ{bﬁiﬁ) nt nucleic

acid molegileimay poiianaly fusheegompriseeanropehabiyelinkseshiarmington wiickntioplaiarably
functional in_plant W%Z 04/096978PCT/1L2004/000181 ceg],[s. The rgcombirlant ucl?ic acid
molecule SEHRUINEHEPHE] DR AP EB R AR SRl &P LBR R BT3B G &l P tegulatory

elements qnd/os:saleetaiiR oakessrdtihattid Banotegiihafifiaseidegulateraemaatpancodperably
linked to the recombinant molecule. 5In a preferred_embodiment, the.hjgh mannose protein of interest
oroatioed'By REFHORE GER D L aH GBI AGG 55 DA HEROGE G ol Beibsed

mannose denmifiabrestdugsN-terduch ighinapossapratainimanhe thecardipihimanetiaiupieferred
embodiment, a lysosamal enzyme selected from the group consisting of glucocerebrosidase (GCD),
i 10 S ERESE R DR B S TN SRR R A G B PR B ek
agalactosiglas@citcecgighrositlaseoks-[Liduigridase, WYON)ape:stfabhsBidl-I&ONoEiaseeand

sialidase. In a preferred embodiment, the lysosomal enzyme may be the h cocergbrosidase
(GCD). HEFSAREHESOTHEE CIRE B HICED A o oSO LBt human

GChaunless athemaseinsdisnatesd 5As previeysly cestiibes bsatichiginasdiseasa, ithevnasiprevalent
lysosomal storage disorder, is caused by point mutations in the hG %Da(human lucocerebrosidase)

gene (GBRYHRicHTe<GH i#F atTHRlHatiBHEE I RSEBH T the W68 PhAcrapiifed e
identificatiymafiagD defisigney asiheipsinanscatlseohpRUChBEsHiSease Ipshiadiie slevglopment of

cnayme et ety go icrbelt oy e SRSt BRI B e
{2001) Plant Cell 13:1109-1126.1.

20 The paradigm is that in all eukaryotic cells vacuolar proteins pass via the ER and
the Golgi before sequestering in the vacuole as their final destination. Surprisingly, the
transformed plant root cells of the present invention produced an unexpected high mannose
GCD. Advantageously, this high mannose product was found to be biologically active and
therefore no further steps were needed for its activation. Without wishing to be limited by a

25  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 glycosylation, including any type of
mechanism to by-pass the Golgi, may be used in accordance with the present invention.

30 In a first aspect, the present invention 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
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Therefore, according to other preferred embodiments of the present invention, suitably glycosylated
hCrCD is preferably provided by controlling the expression of hGCD in plant cell culture, optionally and
more prefavablydyppiosiding an ER signal and/or otherwise by optionally Rt rotd/ Mrefrably blocking
transportation to the Golgi. 25 Optionally and preferably, the hGCD has at least one oligosaccharide

chain comuprising, AR SXPO3ES MaBRosEY ssitks or dha lipriBle Rt RERvEINICRRhHRaveREs disease.

Still further, In a particular embodiment, this preferred host cell is transformed or transfected by a

recombirsteiciRIE saiernes erendinghion RIAKER S5METEEsRT R Bl Ht dmbrscrshiedtififower
Mosaic Vigs <ai.estering suathane ierninatenl Agrabpsiedunhamelasians anddTddytlabacco

Mosaic Virus) omega translational enhancer element. According to a preferred embodiment, this

recombiriaiit hadeloasiy ey opuapbo§orebtoTaibtom el ¥ T6RIEHRE CBMPRE A nucleic
acid seqy %%&a@%b{hﬁﬁgd BAdYSER IRNR: 13 BodIRREOdsSs athigh mavngse GCD having
o

the amino acid sequence substantially as denoted by SEQ ID NO: 14, . It should be appreciated

that the preseaicixashiohatihsar pieiviabetereshi s expueddw VBe & B RIS

moleculeggngoding a biologically active lysosomal enzyme. In one preferred embodiment, the
expression vector of the invention comprises a nucleic acid molecule encoding a biologically active

high mannose hikg&RgIcibeEanbiBgaERR MBCPs) 2 prRTAHI CTIEAsaHe dkpression vector

comprises a 10qyclgiciacombinantauRiaicarisk melasainmish haviag e retleiereigdiseguence
substantially as denoted by SEQ ID NO: 13. In a second aspect, the present inventi %elates toa
r

recofhbirkast #igh sehrireS e piGtehlp ASaderb B e R JLrREICHTh &Sy EReRseal AHréie

embodimg@cyﬂ%ﬂﬂggrm@m@Qmelg&@@jq,lgg{gally active 15 high mannose lysosomal
enzyme selected from the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase,

hexosaminidasdicNbse PEAGHIE ERbeAIRIER sch Tiodeo R BV BERILERY fifié fGSidase,
a-'—-idufoeéﬂﬁg%eﬂa%@ﬁaﬁﬁmf@&ﬁ?%n@w npsidass angsialidrsedieslprafarablyhthisdysosomal

enzyme may be human glucocerebrosidase (GCD). 20Still further, the inventior} provides f?r a
recombinﬁ?ﬁsﬁﬁlﬁgiﬁgﬁgﬁ%@%‘ﬂﬁﬁ rihzogenes transformed root cell, celery cell, gmger cell,

15  horseradish cell and carrot cell.

In a preferred embodiment, the plant root cell is a carrot cell. It should be noted that
the transformed carrot cells of the invention are grown in suspension. As mentioned above
and described in the Examples, these cells were transformed with the Agrobacterium
tumefaciens cells.

20 In another embodiment, the recombinant nucleic acid molecule comprised within
the 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
vacuolar targeting signal peptide derived from the basic tobacco chitinase A gene. This
vacuolar signal peptide has the amino acid sequence as denoted by SEQ ID NO: 2. The

25  first nucleic acid sequence may be optionally further linked in an operable linkage with a
third nucleic acid sequence encoding an ER (endoplasmic .reticulum) targeting signal
peptide as denoted by SEQ ID NO: 1. In one embodiment, the recombinant nucleic acid
molecule 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 the recombinant

30 molecule of the invention.

In another embodiment, this recombinant nucleic acid molecule may optionally

further comprise an operably linked terminator which is preferably functional in plant

8



mannose lysosomal enzyme having at least one oligosaccharide chain comprising an exposed
mannose residue. According to a preferred embodiment, the recombinant lysosomal enzyme of
the inventidgipcambing® a mannose receptor on a target cell in a target sRETPr2¢e+akM18this 25site
may be within a subject suffering from a lysosomal storage disease. It should be noted that the
recombingelilslyStsomabahname maseincrerisenobitinity 6o ke targaiccelnin camparisofurdibrthe
corresponding affinity. of a naturally occurring lysosomal enzyme for the target caelEIP!l. In a specific
bt IR QB G R TGRS A Re LRSS L P SIe6IHe SUbReEY. 30in
preferrediertoattinbentothé tegoinsinactlissosoriahenzyme opayably Selested Hienrdherdiesn consisting
of glucocerebrosidase (GCD), acid sphingomyelinase, WO 2004/096978PCT/1L2004/000181
hexosam?r’fi%%{’él €?CC-N-acetylgalactosaminidise,acidIipase,a—galactosidase, glucocerebrosidase,
a-L-iduronidasejidunonéie slibaiastmammahadsidasearcsnldese: Mositaaiepadtyctdidredembinant

Iysosomahloenzl(}/qrﬁe thlucoce .ebroadi%i é%%ﬁ)). In a thlrﬂqgng?ctﬁht]hgamventlon relates to a method of

producing Xh 0 r%anneoIs%"':én6?(131teﬂ?r%.y gli)]la, &' e USRI SARSS plf?sglé}élcf%ee steps of:

(a) preparénguastuitsideef recombinant host cells transformed or transfected with a recombinant nucleic

acid molecules encpding a recombinant protein of interest or with .an expressjon yecgtor comprising the
recombinant uSRiE AUH0 TORCEReR QBT o HECEIRE AP PO e SR AR Eg G (B under
conditionspemmitiling the e xgpressiomod thhe protgincokierain die:lQdvesticelisiprodGCEheqdotein in a

high| lated. form; ( ing th in fram the cells and harvesting the cells from th
cutife PYBUBRATAC 1 And () PTG e pOR AP BB BY aiTabld Bt Bricaion

method. galaACeRISHBg fuacREperteldambedimentoitahiosikelinsedhirtais methadisstagdost cell of
the invention. 15In another preferred embodjment, the high mannose protein produced by the method

of the inv@tioiehiyoe'a BiolseiERy SEtRRSMIGHIM ith d5RIgerdorraTBaz%e Pning Akt one

oligosacchagisie £baiienm NERITE aniexeesedMABHRsEARsIND, rGTIS frGeMbinaRiBAZYMe can
bind to a mannose receé)tor ona target cell in a target site. More particufarly, the recombinant enzyme
; N

produced"BS}%%fﬁfé%ﬁS rSFqﬁg)m GCD unless otherwise indicated.

is As previously described, Gaucher’s disease, the most prevalent lysosomal storage
disorder, is caused by point mutations in the hGCD (human glucocerebrosidase) gene
' (GBA), which result in accumulation of GlcCer in the lysosomes of macrophages. The
identification of GCD deficiency as the primary cause of Gaucher’s disease led to the
development of enzyme replacement therapy as a therapeutic st'rategy for this disorder.

20 However, glycosylation plays a crucial role in hGCD activity and uptake to target cells.

Therefore, according to other preferred embodiments of the present invention,
suitably glycosylated hGCD is preferably provided by controlling the expression of hGCD
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.

25 Optionally and preferably, the hGCD has at least one oligosaccharide chain
comprising an exposed mannose residue for the treatment or prevention of Gaucher's
disease. [.

Still further, in a particular embodiment, this preferred host cell is transformed or
transfected by a recombinant nucleic acid molecule which further comprises an **S

30 promoter from Cauliflower Mosaic Virus, an octopine synthase terminator of
Agrobacterium z‘umefdciens and TMV (Tobacco Mosaic Virus) omega translational

enhancer element. According to a preferred embodiment, this recombinant nucleic acid
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20 has increased affinity for the target cell, in comparison with the corresponding affinity of a naturally
occurring lysosomal enzyme to the target cell. Accordingly, the target cell at the target site may be
Kupffer ceW ihiaAite7df the subject. In a specific embodiment, this P$oE8RAH4E¥2Y e may be
selected from the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase,
hexosamjpilasge adpetcacalyigrlaciasininjdises aclskiipstaty asgéddactedibpSE@lizdéerebrosidase,
a-L-iduronidase, iduronate sulfatase, a- npsidase and sialid%g,l%. Most prefer bt%f/ﬁﬁmlis I;é§osomal

e ho

enzyme i) BCGRfco iR o ST CED). iR 18 &P préfeired Sg%%éa?m%lrgﬁ st cell used by

the methed RiéheingrOtimm W@ylke a plant root cell selected from the group consisting of
Agrobacterium rihzogenes, 30 transformed.root cell, celer%/ %?II ggge (%ﬁrll horser edis geélnand carrot

cell. Most preferdbRiaHe p‘Pﬁntaﬁ%?%@i??z 5L Y CRIPS SR D Eitarkr Roted that in the
methed ofiprisvantiendhe apstonmed hekticasd celdeantegronoingsuspevisipnalll avige
2004/096978PCT/1L2004/000181 In a further aspect, the present invention relates to a method for
treating al}éi?éjﬁﬁﬁlrfd\?ﬁ‘?ﬁ%sosomal storage disease using exogenous recombinant lysosomal enzyme,
comprising: (a) provigingddiecomptrairhbiolayicaltyrastive farcofdf sosamehimyyarenpisefied from

transformed plant root cells, and capable of efficiently targeting cells 5 abnormally defigi in the
lysosomalt %mé%is?@é%%lﬁina Bfg’?ggicaallygé%tll |%C%%ryzyr%%&ﬁeas %nx%gosergat%ﬁﬁ%naﬁﬁg%ﬁnose

residues gm:appesdest dligosarubyarittesieandy(b)iasdnpirifberin geariiasape uticadly effeptisesamount of
the recombinant biologjcally active.lysosomal gnzyme to the subject. In a preferr g‘q&@ent, the
recolrﬂbinaﬂ‘f}ﬁ’iﬁhrﬁ’fgf%{w?giyélggg af&fizyme tised %{}1 ﬁe%ﬁ&?%&%%t %@él\?er%ﬁ%%?n y be produced
by the 10kgis! el thedimeeadion SEXREDaRLY, 1his host cell is a carrot cell. In another preferred
embodiment, the lysosomal enzyme,used by the method of the invention be. 3.high mannose
enzyme comprismgaastei%‘?i‘g 3ﬁ%¥(§rijggﬁgﬁ%ﬁdgvc%éﬁnhxg@?ﬁ%se{ﬂ exposet Ip%ﬁr%%é re5|dug§. This
recombingréteizyroucai Bintdbmtnadhobse ieeapion.on a target cell in a target site within a subject.
More preferably, this recomhinant 15lysosgmal.enzyme has increased affini r fget cells, in
comparison with'ha 8’6%‘&%%}33%% g'?}r/?ﬁltyto"fS }1§§tf}éaa%03%éﬁ§f;%18 g}%é%grr?a%{gr%z%;tr%ﬁé%t e target cell.
More spegifisalinthrdyisosamal enzymeseseddyithe thethodptthsisive faiurpiserseidasted from

the group consisting of glucocerebrosidase (GCD), acid ingomyelinase, hexosaminjdase,
a-N-acetylG4iRotoddhiRBRE R Hi4s ?)é@gggggé fsit: “3?%5’[?1 il 3mm1§158 A g

océrebrosidase, a- -|3ur8’nidase,
iduronate sulfalase; Avdannesidass Rideididase; Rrelembly ithishse somaenzymensosidase

gIucocereﬂﬁi%?i?iis&?l‘%%si preferably, this lysosomal enzyme may be human glicocerebrosidase
(GCD).

20 Still further, the invention provides for a recombinant biologically active high
mannose lysosomal enzyme having at least one oligosaccharide chamn comprising an
exposed mannose residue.

According to a preferred embodiment, the recombinant lysosomal enzyme of the
invention can bind to a mannose receptor on a target cell in a target site. Preferably, this

25  site may be within a subject suffering from a lysosomal storage disease.

It should be noted that the recombinant lysosomal enzyme has increased afiinity 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 target cell at the target
site may be a Kupffer cell in the liver of the subject.

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

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

10



According to a preferred embodiment, the method of the invention is therefore intended for the
treatment of a lysosornal storage disease, particularly Gaucher's disease. In such case the target cell
at the targ@tsx@498¢2He a Kupffer cell in the liver of the 25subject. THRCHVeéHtfher provides
for a pharmaceutical composition for the treatment of a lysosomal storage disease comprising as an
active ingredigata@gembinaaibietegiealyt aetivieibigh mannaike lyspsemal enzymeasidietined by the
invention. The composition of the invention may optionall% further comiprise pharmaceutically

acceptablB'SOGRTGRRS darsict-bridkenmidate: Iduipngis EnibSHIRERL Al oiAfSion of the

invention is intenged B}Ef&%ﬁfﬁrmer@é@ﬁ%h@@%&%&ﬁ%ﬁ,@y@g@m&ﬁ@m@mmﬁbIy
comprise as an effective WO 2004/096978PCT/1L2004/000181 ingredient a biologically active high
mannose humanigh8PEd rRIpRsSidasNSEST sdaiesifed ByethedRiehtrsdvcing & hishiatigserurther

relates to the dseQl-aarombinan hiclogically activadighmanessrysgsonral sngwpaint the
invention in the manufacture of a medicament for the Streatment or prevention of a lysosomal storage

disease. MdPFpaticerampinainhaiestdls ragsiaesd ehdrasistedsth aecordig dBtologically

active lysgspsamREaRE MRS iR biolesisallv-activeRidhomanaese suman slusaaeigbrosidase (GCD),
as defined by the invention. According to the present invention, there is provided a host cell producing

a high 10 ABIAESEE feecrRIIARHANoMIHECoRISH SRS S sely F ettt e Hesaing thes b ¥ hant

protein ang.& signsl faecapsingithe seaamiinanhprateind@:Be Rirdusethagd Righwnarmeseprotein.
Preferablﬁ‘iﬁ)':é e polynucleotide comprises a first nucleic acid sequence_encoding the protein of interest

opertbly MeREASE PRASHEER BRSECECI dckjgRbcramostirtgh Sighal BeSRaEcT ORISR signal
peptide compRrigRsRAKERI@RFRIREMIG redicuie tasoatingd prignripePtidear¢Braths e
polynuclegﬁiﬁd&g{tj&[{? g; Sctglrjn c?%?zsaaséggglenggg& ?}Sir?ﬂcation method.
According to a preferred embodiment, the host cell used by this method is the host
cell of the invention.

15 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 a target
site. More particularly, the recombinant enzyme produced by the method of the invention

20 has increased affimity for the target cell, in comparison with the corresponding affinity of a
naturally occurring lysosomal 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, o-N-

25  acetylgalactosaminidise, acid lipase, a-galactosidase, glucocerebrosidase, o-L-iduronidase,
iduronate sulfatase, o-mannosidase and sialidase. Most preferably, this lysosomal enzyme
may be giucocerebrosidase (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 Agrobacterium rihzogenes

30 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 in the
method of the invention, the transformed host carrot cells are grown in suspension.
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sequence for encoding a vacuolar targeting signal peptide. Preferably, the signal causes the
recombinant protein to be targeted to the ER. More preferably, the signal comprises a signal peptide
for causingMbeaEddhaidinant protein to be targeted to the ER. Most preferBbR/tAg oM mticleotide
comprises a nucleic acid 20segment for encoding the signal peptide. Optionally and preferably, the

signal causes thg rgcambinanproteindie Lyt nassniie GalgésRieionabhndifersigaghgamptises a signal
peptide for causing the recombinant protein to not be targeted to th .Go{giI More %eferablg, the
polynucleBHHBE JMPIREY aRidkic SERPSRgMERt BIO8RRE Mg THESTRR periee s BKBally and

preferably;dhehast: cell isanidppe piraceukaryatitangiaalisokatiweticorsll. O priaralhsl teezprakaryotic
cellis a bacteﬁé | cell, prefeF;%bly gn robacteriu tum(ffacie[ﬁ ceél. Pgef.erablyt, thet.eukar 1otic cellis a
plant cell. IHBRE D rE RSP a BN HRE BN PEEN 499 hISRit 08P LeliPEBRELEd fFOM Thegrdlip thhsisting of
Agmbactefiupttiflzoghiierstansfalmel seotedll coeleny. calhigingemsgishorsetagisiilgelaivd carrot
cell. Most 30preferably, the plant roof cell is a carrot cell. Pref, E?b the recombinant
ponnucIeBWé“&?Pﬁf)ré%’é’sﬁ irE AL ARG S fUEHEE @ﬁc%@?ﬁécﬁe Brgfé%c%%ﬁ?ee?ésat@éms in
operable liglsiitieageqongdnyelgicaiicifecghenaamddtD 200406 RERETY 11id0RLAB0b8dvencoding a

vacuolar targeting, signal peptide deriyed fram the basic tpbacco chitinase A gene, which vacuolar
signal pedﬁﬁf@?{ﬁ% the“ahins a S%L%%%Cﬁsadgﬁ%?&f y @\Iﬂeﬁtﬁ)%ﬁjw Combn}%ng% 3

STein the firdt nucleic
acid sequeneedsedptinnally fuiher apedablyilinkeetiioddhite nuvaieimacithpdgusndeceddndihg an ER

(endgplasmic retjculym) targeting, signal 5peptide as denoted by SEQ ID NO: 1.  More preferably,
the r]e(gonggfﬁtaﬁﬂp%ﬁ%ﬁ} %%%lﬁ’@‘l%?ﬁ?gr%gm%?lssg%%cﬁr&?‘r%%?%ya eiE functional in plant cells, wherein
the promoter is dpesahhetipkefertedhentechndnaht inaleeutd. enzymblosidbgféralbiy;ithé o€ combinant

polynucleotide further comprijses a terminator 10that is functiopal in plant cells, wherein the terminator
s oporabi A e o RO AT TRETCELRA™ ORI o o EA 2 e AR

recombina
polynucleatidiaoptionglbsddrinenamnn prsdseadiitionalceoitral; promatinguaridnde golatonyraiements

and/or selrectable marlgcgrsé Whgr.ein the g?%%ééa\%%{xi r?Iaemgntst_ag/iocigerrae %@PK% L Stc% tc?oem rbelggﬁpbinant
molecule. TSBIEIPABI#e RigH TR Protein 1a i mannosa giyeoprotein iaving
15 lysosomal enzyme has increased affinity for these target cells, in comparison with the
corresponding affinity of a naturally occurring lysosomal enzyme to the target cell.

More specifically, the lysosomal enzyme used by the method of the invention may
be selected from the group «consisting of glucocerebrosidase (GCD), acid
sphingomyelinase, hexosaminidase, —o-N-acetylgalactosaminidise, acid lipase, o-

20  galactosidase, glucocerebrosidase, a-L-iduronidase, iduronate suifatase, oi-mannosidase or
sialidase. Preferably, this lysosomal enzyme is glucocerebrosidase (GCD).

According to a preferred embodiment, the method of the invention is therefore
intended for the treatment of a lysosomal storage disease, particularly Gaucher's disease.

In such case the target cell at the target site may be a Kupffer cell in the liver of the

25  subject.

The invention further provides for a pharmaceutical composition for the treatment
of a lysosomal storage disease comprising as an active ingredient a recombinant
biologically active high mannose lysosomal enzyme as defined by the invention. The
composition of the invention may optionally further comprise pharmaceutically acceptable

30 dilluent, carrier or excipient,

In a specific embodiment, the composition of the invention is intended for the

treatment of Gaucher's disease. Such composition may preferably comprise as an effective
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glycosylation with at least one exposed mannose residue. More preferably, the high mannose protein
isa biologicag active high mannose lysosomal enzyme selected from theé:l]rrgug) gao&)%ifsting of
glucocereﬁfg &%‘é@%ﬁD), acid sphingomyelinase, hexosaminidase, a-N: ce%yf]gaiactosaminidise,
acid lipase, a-galactosidase, glucocerebrgsjdase, a-L- 20iduronidase, iduronate sulfatase,
a-mannoSaEieth ¢ shRPBEN oS Eretiahly MIPERISo SHMAT e RIIRRSTEWPsitareg (i€ePRrebtosidase
(GCD). Paefpeatdly tHeariedatlogomprises the amino acid sequence substantially as denoted by SEQ 1D
NO: 8, encoded by the nucleic acid seg(lgjence as denoted by SEQ ID NO: 7. More preferably, the cell

is transformed oFraHERIERSH SHATASE FEESRRBMARE PscotiyhdcroBtiieast RittrgirdipredstoR¥ector

comprisingathe M ejestimavbichrmecembinanpahmhuciaetideduiahercomprises amadaShremoter from
Cauliflower Mosaic Virus, an octogl;’r;1 S ntha,;e termin)gxtor of Al}g:[robacteriwn tumefaciens, and the

regufator}y SHERTEH O RV SIURP (P55 8 TBaL R TRers Y RIS G IaFR 1Bt st aHER <kigtfent, and
having theRusiemRadie'segueace substantially as denoted by SEQ ID NO: 13 encoding GCD having

30the amino acid sequence substantially, as denoted by SEQ ID NO: 14. _ According to_ preferred
embodiments, th&F&T ?}‘ggvig@ﬁ EIP %ﬁ%ﬂ%gﬁflﬁ?g ASHIABEL SPAIERT profi el Hsife 1565E cell

describethighenamd 200 IKELEBRENEd42Q0I00 048 fine PHeTarablvetighigh mannose protein is a
biologically active high mannopse lysosomal enzyme selected from the group consisting of
glucocerebrosid‘ég%o%g]aﬁjt)‘? ﬁ?&gﬁmtgg’ﬂﬁ%ﬁﬂ?ﬁ ?rﬁéﬁdggﬁﬂﬂ‘ﬁ{és@?gg&ef&@ﬂﬂﬁ’&%@té}%i nidi se,
acid tipaseaagaacasisisiangyeorticiasiiaser oc-hbdgiunenicnse, ddusanatersyltatassbinant
a-mannosidase 5and sialiiigse. More preferably,.the Igsosomal enzglra%is huma[’]ggrlucocerebrosidase
(GCD). PrOARRSYSHTR SHHET Frafdited BB UlRaRt P BY B rRs AP ivEd Aot el a1femided a

recombinaiatdiologiefitybactive highmaeonse &mﬁﬁé@h@iﬁyfﬁ@miB@@%&@@h@@n@ﬂ@@@a%hafide
chain comprisin .ar;gecig)osed mang&s&&gsidue. 10According to still other preferred embodiments,
i

there is proviIISE S B RSP B i S B s AT R i P R hSRAR Y SRy ARaog IS &hdlvity and a
second pestinieha@inibiosareal g yairiactbvibybrite i ERO(HRN.gisINg iR BeeonE-pariion to be
PSS tanal Peptide. Hrehably, e Bolyaclocte et comprees & Jmd nbole aga 0%
sequence for encoding a vacuolar targeting signal peptide.
Preferably, the signal causes the recombinant protein to be targeted to the ER.
More preferably, the signal comprises a signal peptide for causing the recombinant protein
to be targeted to the ER. Most preferably, the polynucleotide comprises a nucleic acid
20 segment for encoding the signal peptide.
Optionally and preferably, the signal causes the recombinant protein to by-pass the
Golgr.  Preferably, the signal comprises a signal peptide for causing the recombinant
protem to not be targeted to the Golgi. More preferably, the polynucleotide comprises a
nucleic acid segment for encoding the signal peptide.
25 Optionally and preferably, the host cell is any one of a eukaryotic and a prokaryotic
cell.  Optionally, the prokaryotic cell is a bacterial cell, preferably an Agrobacterium
fumefaciens cell. Preferably, the eukaryotic céll is a plant cell. More preferably, the plant
cell is a plant root cell selected from the group consisting of Agrobacterium rihzogenes
transformed root cell, celery cell, ginger cell, horseradish cell and carrot celll Most
30 preferably, the plant root cell is a carrot cell.

Preferably, the recombinant polynucleotide comprises a first nucleic acid sequence

encoding the protein of interest that is in operable link with a second nucleic acid sequence
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15Preferably, the lysosomal enzyme comprises a protein for the treatment or prevention of Gaucher's
disease. More preferably, the protein comprises hGCD. Preferably, the first portion comprises a
plant cell BRotasgetisgg signal peptide. More preferably, the recombinant ergyvnie@ambind to a
mannose receptor on a target cell 20 in a target site within a subject suffering from a lysosomal

storage disgagmdVioshprelarablyeihe weoombipaat lysasemabeanzienbabias: ineased:afirity for the
target cell, in co rison with the corresponding affinity of a.naturally occyrring lysosomal enzyme for
the targetSeB: AE5 MG BIEHSIEER) PR EcBHh AT GO LRI LNRE Fo e 25 group
consisting\gi gl coberghrosidase (i) aad dsphingomyelitaaty faxdsampigsbelinked to a
a-N-acetylgalactosaminidise, acid lipase, a-galactgsidase, glucocerebrosidase, oc-Liduronidase,
uronate THatHELc S, Ak TSAIFASE SP I BT B FodERHE Y bl ERbyme s
glucacerepspisidase @) bAadpraferably, the target cell at the target site is a Kupffer cell in the liver

f the 30subject, WO 2004/096978PCT/1L2004/Q00181 ., According to still other preferred
gmbsdimseuntjsefh]e\?gr%%%o?ﬁﬁ%%’5 eCoMmDl gﬁ%trﬁaci}’wg%ﬂ%@% %ﬁ@?&fn? BUGEE ﬂﬁ%ﬁlgﬁefrct&ﬁtculture.

Preferably; tfeqioteindegtiuescisplahtsignabpeptisiettaritargetistdyalploiéindathedcBnbinantMore
preferably, the qlant signal peptide comprises a peptide for targetir_lg the 5Sprotein to the ER in a root
plant cell %llﬂ}t?ﬁ%?l\/lost preferably, the root plant cell culture comprises carrot cells. According to
yet other preferrsfbembethinisintstbaerecismiriauidegodynacloibinafi ihigh coapreee hGobiprotein,
proqlécedt'g]ap l?sntf%%gt%%}lg % plant cells, wherein the terminator is operably linked to the

recombinant molecule.

Also most preferably, the recombinant polynucleotide optionally further comprises

additional control, promoting and regulatory elements and/or selectable markers, wherein

the regulatory elements are operably linked to the recombinant molecule.

15 Preferably, the high mannose protein is a high mannose glycoprotein having
glycosylation with at least one exposed mannose residue. More preferably, the high
mannose protein is a biclogically active high mannose lysosomal enzyme selected from the
group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase,
a-N-acetylgalactosaminidise, acid lipase, o-galactosidase, glucocerebrosidase, o-L-

20  iduronidase, iduronaie sulfatase, oi-mannosidase and sialidase

Most preferably, the lysosomal enzyme is human glucocerebrosidase (GCD).

Preferably, the GCD comprises the amino acid sequence substantially as denoted by
SEQ ID NO: 8, encoded by the nucleic acid sequence as denoted by SEQ ID NO: 7.

More preferably, the cell is transformed or transfected with a recombinant

25  polynucleotide or with an expression vector comprising the molecule, which recombinant
polynucleotide further comprises an *°S promoter from Cauliflower Mosaic Virus, an
octopine synthase terminator of Agrobacterium tumefaciens, and the regulatory 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

30 the amino acid sequence substantially as denoted by SEQ ID NO: 14,

Accerding to preferred embodiments, there is provided a recombinant high

mannose protein produced by the host cell described above.
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According to still other preferred embodiments there is provided use of a plant cell 10culture for
producing a high mannose protein. According to other preferred embodiments there is provided a
method of wr@dewsingsa’kigh mannose protein comprising: preparing a cultegg/afyegabiiant host cells
transformed or transfected with a recombinant polynucleotide encoding for a recombinant protein;

culturing the hospggdrebifureisngghcangitions pesrsitting thetéxprgadion atihe iproieimmovberein the
host cells produce, the protein in a highly mannosylated form. Preferably, the h ell cylture is
Cultured 1V EORBRRTOR R S AL, CERRER ST 26 BB PG die ondi
According;aigthesRipfared pambogiments, the/methetlisipettommaddivih theddostigaleas previously
described. Preferably, the high mannose protein is a hiologically active 20 high mannose lysosomal
enzyme heRlfgestiessst SHESRTOSAtERSd&- End eBidishsiHE LR Bk pBd&HATRarMIBRIASSIARRE. More

prefeeably, the;regombinant enzyme binds to a mannose receptor on a target cell in a target site. Most
preferably, the recombinant enzyme has increased affinity for the target cell, in comparison with the

corresponding afffisity Breserltir 5 ISR RRGERAEaS h AFBRR FNS 6eTREr BatdaedSiC DS Preferably, the
lysosomal enzyme.is selectedl fram the.group canvighingqf gteaeersbrasidasendat Dhasids

sphingomyelinase, hexosaminidase, a-Nacetylgalactosaminidise, acid lipase, a-galactosidase,
glucocerePiosiRbe accombimmoRidomierbnAdiEa sl dramanisiaael arrentidasds 28 More

preferabMegfg%xwf%%@ka%a@%Hmwﬁ;ﬁ%@r%@me@%&@q&m@referably, the target cell at
the target site is Kupffer cell in the liver of the subject. WO 2004/096978PCT/11,2004/000181

Preféfably, the hdseerling dopmith pos cRirkarsd i &erheiing it sy ros R dsnietis b rAGroBR R~ uUm
rihzogenes; trapsfoisngsiingt solirseleriaelhaingesisall possaradishiselhand carskegibiare

preferably, the plant root cell is a carrot cell. 5SMost preferably, the transformed host carrot cells are
grown in SHEhdsAsomalnBREIRm GEEH dhe fipTeRRFER e FINSHE Sits e i BFéRRdEY Bmethod for

treating a subiacthaningisesemalisiolaga isaRSBILRING SXAE MM resAMiRaN: lysasamal enzyme,
comprising: providing a recombinant biologically active form of lysosomal enzyme purified from
transform&#IaRt F68Eells, and capable of efficiently 10 targeting cells abnormally deficient in the

lysoggmal enzymg heteindhe frembinanthiglodicallyactive ensie Ras gxpesatiarminal
mannose residues on appended oligosaccharides; and administering a therapeutically effective
amount oﬁﬁé%ﬁ%ﬁr&@%ﬁ%éi&%@ﬁ?aetive lysosomal enzyme to the subject. This method may

optionally be perfguneg-withiauhosteal apsiaifEaieinms previous described.
Preferably, the first portion comprises a plant cell ER targeting signal peptide.
More preferably, the recombinant enzyme can bind to a mannose receptor on a target cell
20 in a target site within a subject suffermg from a lysosomal storage disease. Most
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.
Also most preferably, the recombinant lysosomal enzyme is selected from the
25  group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosamindase,
a-N-acetylgalactosaminidise, acid [ipase, o-galactosidase, glucocerebrosidase, on-L-
iduronidase, iduronate sulfatase, o-mannosidase or sialidase,
Preferably, the recombinant lysosomal enzyme 1s glucocerebrosidase (GCD).
Also preferably, the target cell at the target site is a Kupffer cell in the liver of the

30 subject.
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15Preferably, the recombinant enzyme can bind to a mannose receptor on a target cell in a target site
within a subject. More preferably, the recombinant lysosomal enzyme has increased affinity for the
target cell vocompastsen with the corresponding affinity of a naturally ocaeinglgsogomnsal enzyme to
the target cell. Most preferably, the lysosomal enzyme is selected from the group consisting of

glucocerebrosidage ¢&R) @ Gd120sahinermyglinassdhexesaniridasaodriRce Hariagiagaminidise,

acid lipase, agalactosidase, glucocerebrosidase, a-L-iduronidase, iduronate sulfatase, a-rnannosidase

or sialidadBeih GRS praterhulPtHEsr B AL Sl HiuTs g|B?é%@%r6%?da%ee@é%5vfes Also most

preferablysithe JysasealsiespgedisensernstéaatcherBrlisease. Also most preferably, the target cell at
the target site is a Kupffer cell in the liver of the subject. 25 According to still other preferred

embodiments thef81& BrEFERSY a BfiabiicSIEeh REIHDH SHORTST tie RABHIRERE JPERRIESsHfial storage

disease coropfisingihs &R agtyedngpesiendpdgeambinant bielegiballyiactve: hiah anpesgdysosomal
enzyme as described above, which composition optionally further comprises pharmaceutically

acceptablECGIRGSHR C2RPlet<0s excipient. Preferably, the lysosomal storage disease is Gaucher's

30disease. Morexuaiatablyo e teearphifanid wsasamabenzieneispdvidanicalbsastivehighh mannose
human glucocer(aﬁ%ésgif)ase (GCD}?. WO, 2004/096978PCT/112004/000181 According to still other
preferred SYSS (REFETS Brodiged heiae gt 48E8mbinant biologically active high mannose

lysosomal enzyrmeas diagapbal atireprsfdfredeanidasivne ehamedicamedtiershe paatrmant or
prevéewtion@ﬁf%erl lysosomal storage. disease. Preferably, the disease is Gaucher's disease More

preférably TE BiHBIRLHS A Arle RABOSE SMsF8nzyme is a biologically active high mannose human

glucocerebrosidase¢@GR)o othdherdfivertiombudiberdtirtheredesestigeion Heenbang planefallowing
figures, whig@g@‘re illustrative o% and do not limit the scope of the inyention which is also defined by
the apperfteledalRiE PE BRI B SHPRIOHS! the TERAIIRE @ HF fnPEntRSATO MR eRsEhted, by way

of examplemsfyrméth seferance:td thighagcorspdmAnE SHRWIARS M efeiiiAd Fig W ectfmbihant
protein; culturing the host cell culture under conditions permitting the expression of the

15 protein, wherein the host cells produce the protein in a highly mannosylated form.

Preferably, the host cell culture is cultured in suspension. More preferably, the
method further comprises purifying the protein. '

According to other preferred embodiments, the method is performed with the host
cell as previously described, Preferably, the high mannose protein is a biclogically active

20-  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 recombinant enzyme has
increased affimity for the target cell, in comparison with the corresponding affinity of a
naturally occurring lysosomal enzyme to the target cell,

25 Preferably, the lysosomal enzyme is selected from the group consisting of
glucocerebrosidase  (GCD), acid  sphingomyelinase,  hexosaminidase, -N-
acetylgalactosaminidise, acid lipase, c-galactosidase, glucocerebrosidase, o-L-iduronidase,
iduronate sulfatase, o-mannosidase and sialidase,

More preferably, the lysosomal enzyme is glucocerebrosidase (GCD). Most

30 preferably, the target cell at the target site is Kupffer cell in the liver of the subject.
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IA shows the resulting expression cassette comprising 35S promoter from Cauliflower Mosaic Virus,
TMV (Tobacco Mosaic Virus)-omega translational enhancer element, ER targeting signal, the human
GCD sequencaiaisaaenoted by SEQ ID NO: 7), vacuolar signal and octepin@.symtiassterminator
sequence from Agrobamer um 20 tumefaciens. IB shows a schematic map of pGreenll plasmid

backbone.  FigurgAshenspbesiemnloprnahsis ebiheidaimnstarmedeslpediimasifg anti
hGCD specific antibody. Standard Cerezyme (lane 1) was used as a positive control, 25untransformed

callus wad §TS8a4e fih Atk ot STl Dso\ bans e lefstinn i SREEShrburgaish fslles 3-8.

Figure 3Ar3Ccshawssthe first step of purification of rhGCD on a strong cation exchange resin
(Macro-Prep high-S support, Bio-Rad), packed in a )CK coleggnn 30 (2.6x20cm). The column was
integrated with aHARPIEEFHE dhe@iArAm &-lHam BHAkRHEia Biotech) that allows conductivity

monitpring, pH and@ksarbansy @b 2eAmEltion efthe sHEGPuashtaisecwath equilibration buffer
containing 600mM NaCl. WO 2004/0%978PCT/1L2004/08018é Fig. 3A represents a standard run of

this purification SSFPTFHE HQc A OtHe SEFHETiRTIRIMA R FASRTOItBIRU 45 éh ZDRRPAHRGity assay,

as shown:hyiirg 3B, aubgkiibasvadibitiosenry saigactivern tikmeluioadneal) wemmphaled. Fig 3C
shows coomassie-blue stain of elution fractions assayed foy activity. 5Figures 3D-3F show

correspor¥iAEP BRIpReZ S For AgRIRESBA-IEDIRS: the' SEUBREEBIUHNOS 2l o RRVEATR ™ s REWs the
final purifigatiessiemetthe pacasbinant H&EIBreREA Hydraphehieinteractiambasion ESikigely Toyopearl

e I s st e s B o S hma, e e Soteagiiatod with an
AKT p”méggyg%rﬁe s abnormally de V8080 ZyIne,
biologically active enzyme has exposed terminal mannose residues on appended
oligosaccharides; and administering a therapeutically effective amount of the recombinant
biologically active lysosomal enzyme to the subject. This method may optionally be
performed with any host cell and/or protein as previous described.

15 Preferably, the recombinant enzyme can bind to a mannose receptor on a target 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 lysosomal
enzyme is selected from the group comsisting of glucocerebrosidase (GCD), acid

20  sphingomyelinase, hexosaminidase, o~N-acetylgalactosaminidise, acid lipase, o~
galactosidase, glucocerebrosidase, c-L-iduronidase, iduronate sulfatase, o-mannosidase or
siahidase. Also most preferably, the lysosomal enzyme 1s glucocerebrosidase {(GCD).

Also most preferably, the lysosomal storage disease is Gaucher's disease. Also
most preferably, the target cell at the target site is a Kupffer cell in the liver of the subject.

25 According to still other preferred embodiments there is provided a pharmaceutical
composition for the treatment of a lysosomal storage disease comprising as an active
ingredient a recombinant biologically active high mannose lysosomal enzyme as described
above, which composition optionally further comprises pharmaceutically acceptable
dilluent, carrier or excipient. Preferably, the lysosomal storage disease is Gaucher's

30  disease. More preferably, the recombinant lysosomal enzyme is a biologically active high

mannose human glucocerebrosidase (GCD).
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10 (Arnersham Pharmacia Biotech) that allows conductivity monitoring, pH and absorbency at 280nm.
The GCD glution om the previous column was loaded at 6m21/min f ) ing with
equilibratiﬂ%%a%%%%#the UV absorbance reach the baseline. The puregéw%ggoﬁﬁge% by 10mM
citric buffer containing 50% ethanol. Fig 4A represents a standard run of this purification step. 15Fig
413 shows the ffactiofisgdiiestdt aihangreferren tnbedersmioiieiedbyrevidghehactisityodssay. Fig 4C
shows cogmassie-lug stain gl eluion fRstionsAsSaYS-RhACIMEIQUE.8 ShowaRsYity of
recombin%%%@%#f%ﬁﬁ%%a%tgke bymp%eritonﬁégol% a%mgcrophagjbég}s?n(l:igureSCSAQ%YVC), while Figure 5D
shows a e sternfbittst o€ comiriicamepo G DhadeerdegtteRHEPRESORt fhvehitjeromal Fitjage 6 shows
comparaliyg gy copyiial SUHEl igenler KAGRAGPOAINGL NARHRTLIENIAD ARfbEAoT
CerezymeTm. Figure 7 shows glycosylation structures for rGCD according to the present
inveritionadBRiguisGetims adaimopl NsglyEarbisisesiistiondtractUied forr@amecdsiahiy to the

present i(%yﬁ&té bepo%égggé:l @@gﬂiption of the Invention Proteins for pharmaceutical use have
been traditionally pro ucecfln mammalian or 30bacterial expression systems. In the past few years a

promising new ehlpsréssiniiosysidnteviisthstudasripedis. ihedandied Ferdaliesingpfienyesf udtucing new
genes angl pofential for, WY Q094 03648t Tobh20PAd HART AL MAEPEeANs iR RLRIPIGINS and

peptides, 'molecular pharming' is becoming increasingly popular as a protein expression system.
appended clams.

10
Brief Description of the Figures
The invention is herein described, by way of example only, with reference to the
accompanying drawings, wherein:
15 Figure 1A-1B

1A shows the resulting expression cassette comprising S promoter from
Cauliflower Mosaic Virus, TMV (Tobacco Mosaic Virus) omega translational enhancer
element, ER targeting signal, the human GCD sequence (also denoted by SEQ ID NO: 7),
vacuolar signal and octopine synthase terminator sequence from Agrobacterium

20 tumefaciens.

IB shows a schematic map of pGreenl] plasmid backbone.

Figure 2 shows Western blot analysis of hGCD transformed cell extracts using anti
hGCD specific antibody. Standard Cerezyme (lane 1) was used as a positive control,
25  untransformed callus was used as negative control (lane 2), various selected callt exiracts

are shown in lanes 3-8,

Figure 3A-3C shows the first step of purification of thGCD on a strong cation

exchange resin (Macro-Prep high-S support, Bio-Rad), packed in a XK column

30 (2.6x20cm). The column was integrated with an AKTA prime system (Amersham
Pharmacia Biotech) that allows conductivity monitoring, pH and absorbency at 280nm.

Elution of the rh-GCD was obtained with eguilibration buffer containing 600mM NaCl.
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One of the major differences between mammalian and plant protein expression system is the variation
of protein glycosylation sequences, caused by the differences in 5 biosynthetic pathways.

Glycosylativo was®hown to have a profound effect on activity, folding, staieilitiz. 20kiisityi susceptibility
to proteases, blood clearance rate and antigenic potential of proteins. Hence, any protein production in

plants shogldstakedruenensitei@iiomihepaiealfamndicatpnsiof pharbalyeapdation:kataehydrate
moiety is one of the most common post-translational mo?ti%‘)icati&%of J%ONproteins. Protein
glycosylafith TEERBRYIRTRS thio SEMEGB RS R IARAY 4R TOTRKEY Fithe B a1y JUBSifEM M E%ino acid to

which thecglygasigitivis Ataghedsivpisiain widipksdamE araciiedviocAsniasidues svhilefO-linked
are attachid to Ser or Thr residues. In addition, the glycan sequences of each type bears unique
distinguisfiig ﬁﬁ@%ﬁﬁ?% RBELN-linked glycosylation is the more abundant, and its effect on

protefns has beangleexEnsihlyrsttiess Qriinieg gisansoofintherihand ane refafivalycsadrce, and
less information is available regarding their influence on proteins. The majority of data available on
protein gly& tion in plants focuses on N-linked, rather than 0-linked glycans. The present invention
describes hereirrgplant expressisnssyistefmdanadionic0 dransgehic plantbiiis: WiciDasa preferably
root cells, optionally and preferably gr. in ension, This expression system.is particularly
esigned TSVGREAUI BISRTCAENT 1 bl REn RGO A HAeh ot | SRR GHTP-hiBR i ose"
includes glysosytatiansh s atleasthaecekpasechm anopseete sidie ad haK TA apfiist aspest, the
present invention relages to a hgst cell.producing a high 25 mannose recﬁina t protein of interest.
bl R g R s e e e A e
preferablyarz ERdargatingSignel:deptigecAkemathe lyreviadditohaily, ihe reedadbinasipraiein
features a.signal that cayses the protein to, by-pass the. Golgj. The signal preferably enables the
rocombindl STGHeI (SR 2 TR LGB U oLSAAIOR CRofE BRERHR5) FEkaFA e ch
glycosgladﬂth&,@mel (erml L&hﬁ@é@f@bmwwigﬁiliwfél&f &Rabamgl g cﬂlobyéamgssing the ?olgi- Ads -
escribed in greater detail herein, such a signal is preferably implemented as a signal peptide, whic
more preferably ?ﬂﬁﬁ’ﬁ%‘ b%eé?riﬁeaﬁﬁ?gﬂgéﬂh%&s B'ﬂﬁi‘g?@fi}‘éﬁ‘??'more preferably WO
2004#096978PCHyd 1R 0Rv002 G thinighv bngideriihg the protin eadsadantse Hesighal peptide
as part of the protein. It should be noted that the signal may optionally be a targeting signal, a retention
signal, anaﬁ%ﬁ?’aﬁé@'b -pass) signal, or any combination thereof; or any other type of signal capable
g (by-pass) sig y y yp g p
of providing the @gsiedivgh coannese-blyeasyintidesitacituaiony\itbarddwishiag /e, be limited by a

single hypothesis,.it woyld ear that the use of an ER targeting signal with.the recombinant protein
being produced i ‘%‘t‘éﬁﬁwﬁ?@ﬁﬁﬁ&%& &5@%%\98}%%&@@3@&5% B e %6@?%?&% nce to

retain the dssisetaaigh(Manrese ghChsyiailerrigptosiallyhany typecafamethanismeahighinsscapable to
prodyce high mannose glycosylation,.including any type of mechanism to by-pass the Golgi, may 10
be %I)ed i 8?88@%%%@%§fﬁ??§éﬂ¥ﬁ€\9&ﬁnon. ER targeting signal peptides are well known in the
art; they are N-tefigiralcsignadpeptigesaOptignedly/atysyitablerERitargeiy sigoalipgptidgumay be
used with the present inven '%ﬁl‘ﬂ] § host cel| according to the present invention may optionally be
transformBd’s rg\ﬂ%’g@%aﬂ(gp 3?1 ﬁfl?/zﬁﬁ‘alor transiently) with a recombinant nucleic acid molecule

Figare 7 shows glycosylation structures for rGCD according to the present
invention.
25 Figure 8 shows additional N-glycan glycosylation structures for rtGCD according to

the present invention.

Detailed Descrintion of the Invention

Proteins for pharmaceutical use have been traditionally produced in mammalian or
30  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 potential for
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15 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,
optionally angl pefeselsly operably linked to a second nucleic acid sequeneencodingastacuolar
targeting signal peptide. It should be noted that as used herein, the term "operably” linked does not
necessarily refer vsical lin - 2he fush . io1acidhseauenee may,eRsiqnally preferably
further be%%%r?ﬁ@%@d% %r?ﬁ%;%%nﬁi?lﬁﬁc ég? %é}é{lﬁi&%ee e codir}lfé%gn ER (eng%pﬁasmlc eticulum)
targeting signdkpeptigenTnehpsstell sistgminvention is characterized in that the protein of interest is
produced by the el ineaform that ielides atleast-ang fxpaser MANBRRE [ESIdNe LI preferably a
highlyMiannosyIatﬁd orm.gzﬁag&e?ﬂs", "host cells” ore."recombinant hostheIIs"E%are t.ererr%%séq
interchangesibly ke tbin viristiondef siooidithslsiwehlatmmSseRendist GAlFeS e thardiliteansabjiect cells but
10 Ihes Progey, SR AR ANRL IOIPAYBL AN K8l gRSARUS S arriabIBRIHEAIRDS RNARAY 0
succeeding generatioh due {6 eitiver utation or environmental influences, such progeny may not, in
fact, be idéndice, tethidipasehtbddly, buscartibilitinttupretosrnirt prd sdepansetiitie 3o detaiigeissed
herein. "Hostqlli asusediatensslars celisubich sankadecambinaplicansionmediiin naked
DNA or expression vectors constructed using recombinant DNA techniques. As used herein, the term
"transfectiotmsideratisntitecintiodtistimiicatinns eicpvosbuogybeies78PCTAL2004/000181 acid, e.g.,
naked DNA or an-eARRessinn Yerlnr iininAasp iRl CaliR iy NHGRic AcIdimpd RIGHQSNE.y apster.

"Transformation”, as used herein, fefers to a process in which a cell's genotype is changed as a result
Hﬂé‘%‘iil

of thE)cellpfataiptaRectiieeliparpias BNA BYIRMAREN Y forabserTipte Nherkethanrsrid Wsresses a
recombinapt frm. ofsthe, desitad pIotein, Rnltishouldkeanprsciated that a,Aprertgsistansger other

selectable marker is intended in part to facilitate thé selection of the transformants. Additionally, the

presence kaaitdeltdbie Markensidueh adideu§rbeisthiee Aimtsdniay3se Of uklr ingtisiisingn
contaminafiogUiCRQIaRSIB {M MU0 L B.EH U AT FUAR AR KU @l (he

transformed host cell would be 6btained by culturing the cells'under conditions which are 10required

for the indbcedyphendtipked stisosglation Rhgdraareebubdve, td HosEes 9B PIREIAVERLBREMay be

ransiected or ARSIy Auelein skl molecule, Anisesferaiinle \SmnuRleioagid” efers

to polynucleotides such as deoxyribonucleic acid (DNA), and, where appropriate, ribonucleic acid

(RNA). Thafiemesieholilcestdeblie ieatetingotherinafitacascaquirifitits, Hital8giontn e ifdbr RNA or
DNA made frompugleatide; analeds,ands as anrticakiefe theremhpginent beinadesoripgdy

single-stranded (such as sense or antisense) and double-stranded polynucleotides. In yet another
embodimegir<aus. host cell of the invention may be transfected or transformed with an expression

vector comprising-he Secombinalk HCIAIL AARMALRGHIS, 20anEXPISRSIRRV erlREs " psdisest herein,
encompass vectors such as plasmids, viruses, bacteriophage, integratable DNA fragments, and other

vehidles, wiiieenamianhecitegitithmist DRI Ay shtsito theagalin sl graie HASeRpré8sion
vectors arg typically seif-replicaling DA RNAfeRaiy dssaniainipe thadesiredeans or is

fragments, and operably linked genetic control elements that are recognized in a suitable host cell and
25 effect bighraaaionsenimscisirée geresTimdeacingfomarnnehdnshedsaphrsiessrbae dd&xpression

within a sujaple; Rost. Fener lnihe ganglic control elements can include a prokaryotic promoter

system or a eukaryotic promoter expression control system. Such system typically includes a
transcriptional proftier anithasPritop RESFIBtBIRPEOMEkIRei LR tPAss b ERd R rPEbN

enhancersto.clevate-thaieval pIRNARRIERSONPARREIHRNCRIhALBREQRER A Suitakle fibosome

binding site, RNA splice junctions, sequences that terminate transcription and translation and so forth.

ExpressiohiReétsdonlasaiy ceitainmh 58w JreriiitcativhenbieiiehlE tRe Jettdrigcragicaaal
independently:af thg RESLERIy or additionally, the recombinant protein features a signal that causes

the protein to by-pass the Golgi. The signal preferably enables the recombinant protein to
feature high mannose glycosylation, more preferably by retaining such glycosylation, and
30  most preferably by targeting the ER andfor by by-passing the Golgi. As described in
greater detail herein, such a signal is preferably implemented as a signal peptide, which

more preferably forms part of the protein sequence, optionally and more preferably
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WO 2004/096978PCT/11.2004/000181  Plasmids are the most commonly used form of vector but
other formgyaf Megipkswhich serves an equivalent function and which areporhbesemackaown in the art
are suitable for use herein. See, e.g., Pouwels et al. Cloning Vectors: a Laboratory Manual (1985 and

supplements), Elsevier, N.Y.; and Radriqu tors Surve Molecular Clonin
Vectors a8l H&Y PSRRI HE Fimégs%ﬁ %é(g@%%%n%?vﬁ%f? e %&i@@ﬁ%‘?@mg ’
referenceshoulth @@Iﬂ@t&ﬂ sachneedtors mytwptmagdum iéﬁlgemfg: @gm,sa/\ﬂmehtmse Sapabia of
providing henot ection in transformed, cells. The ka,( otjtc and_.euka yotlcb\{lral
expressio \95&8? %ﬁ‘é aal GA58Y E8H I&%B?‘i‘h oypep eg 0 Eh&pﬁr%éﬁlio‘fﬁ% ion are
also conteshpiateding th&%ﬁ@almg}thﬁamomrghaysbﬁta}genecahplant vector (as described with regard
to the Examples I:ﬁﬂ‘? Alt rnatlvi)% the Ior maél tlon be S ec c for roq cek In one
preferred embod e #Ifﬂge antic 315’8 euskaryo |c or ABRSRa R R 1P 151N a

specific embadERenightnpesiee vohthieeinwentitnas: @nmtekabyntg:metlppeéfer@tdm cebaotarial cell,

most preferably, an Agrobacterium tumefaciens cell. T ese cells are used for jpfectin referred
plant host%%ﬁlgtégst@n%%r%oémrmw 4HY (e gor )f)(i}efg et & €§ Illr%eﬁ? thé d[e o%s & ishh]% ventlon

may be amxﬁtﬂf@gy@?d@eﬂian&feramyoﬁamarm;e{bg&ndfmmshamrab{r;chaqotaaphbmmeﬁcshie&zted from
20the group consistin bacterlu thzo enes transfor lant root cel C .cell, ginger cell,
horseradi Be’ﬂl%fm? %ﬁ%ﬁ@@[ ation, ing ‘5 %’8 é’r%%ggl%%cﬂar{ﬁglﬁanty rgo%c Eﬂ%&rroﬁell It
shoulgl bebmddhﬁtd&@ﬁﬂanséowhbdmm@'smlIm@éﬁhmln\lélhtmrgam&mmahm@mbemmmeﬁ\s
mentione bovea desc ibed in.the Exa Ies the ecel were ransformeQeV\ﬁtlQ %a

Agrobact r’ﬁ’r?g}l} e?&tm S _tfeﬁ%n ﬁ%lnpep ?8?5% SRR SRR Rant

nucleic acikmolegiles ms&ﬁa‘mécﬂwﬁfemmgeﬂenmg&mtmmg the host cells of the invention may be

further modified %?grdlr%%lto methods kn whn to thgse skilled in the zfrt to1 dgé remave, or, otherW|se

modify peptide s ?¥e e?‘lcécc§%1%lf8r gr?a EE)Bélptl &8 ié)élvzrﬁnga oInc easetr(%tg1 ¢ ogrr]xa% e

targeting ofa36fbe @k gressadelydpsomal enaysitatijoudth therplantbardomechiicane dsystéenulBor

exampp e, 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, optionally 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. The first

20  mucleic acid sequence may optionally and preferably further be operably linked to a third
nucleic acid .sequence encoding an ER (endoplasmic reticulum) targeting signal peptide.
The host 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 mannose residue, but is preferably a
highly' mannosylated form,

25 “Cells”, “host cells” or “recombinant host cells” are terms used interchangeably
herein. It is understood that such terms refer not only to the particular subject cells but to
the progeny or potential progeny of such a cell. Because certain modifications may occur
in succeeding generation due to either mutation or environmental influences, such progeny
may not, in fact, be identical to the parent cell, but are still included within the scope of the

30 term as used herein. "Host cell” as used herein refers to cells which can be recombinantly
transformed with naked DNA or expression vectors constructed using recombinant DNA

techniques. As used herein, the term “transfection” means the introduction of a nucleic
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but not by way of limitation, the expression construct can be specifically engineered to WO
2004/096978PCT/11,2004/000181 targét the lysosomal enzyme for secretion, or vacuolar localization,
or retentionvim ther/esndoplasmic reticulum (ER)  In one embodiment, theeexpiessiorwvsctor or
recombinant nucleic acid molecule, can be engineered to .incorporate a nucleotide sequence that

encodes a sjgnal targetin 5 lysosomal enzyme to the pl e. Eqrexampl not by way
of Iimitati%(ﬁffth%%éc%gg%?ngg t u%%/e?’él a%’far%s%l%cu\fgcé%rm b’lrﬁgeag %ﬁﬁfné%uec ﬁ%stg te éﬁlﬁe% ?rl?\llention,
comprisesiafitstingeleicacifse Tencéoenetdiriy & lysabbangine neipiic thaiomesperatietinkage with
a second nycleic acid sequence encoding a vacuolar.target] gi @%k Qﬁi ye ff&@the basic
tobacco cﬁ?ﬁiﬁa%eél%%yé)gn%.Qﬁﬁf}sg?/(géﬁoa[arrg gfgﬁn%?%%pﬂﬁéz "‘%21 h%(lg ami%go acl i%g)ée%ce as’denoted by
SEQ ED NQ; 2r Thenfirist tucteiosbuitisboplbagmenay becopribially fomhef tikéinedprojserable linkage
with a third nucleic acid,sequence encqdi n ER (endoplasmigc. ref )i [ | eptide as
f i9nah pep

denoted by SE tlﬂlﬂ’gﬁf.e (Iqanp Bhe %r%‘gg](ﬁ{r;geoﬁrﬁ%ﬁgséggg?n%%ﬂ%qqle(ji:({:&ggd %h;g%({%ﬁéﬁ comprised
within therhgaticet dhtha:irenticaléottbercddothp risesiprototédditionsfinsiiormemasard cells. This
15promoter should be.operably linked tq th omhin echle of the.d O minakiRg term
"operabIysﬁ%ﬁg%&lﬁsnbasﬂéedghse%%a ocrﬁg’iu i%eg%?r%ﬁgigaﬁﬁﬁ?ftﬁ#ﬂ%cgac@d seq uel%c IS 083}‘5%&/ %n ked with
a secondmigoheigaiise foen ceultpdyith eifirshn ueibicadddsquebedhisipase dadturtumetidisal
relationship with the second.nucleic,aci .INS (] inked t

& RPIRHIARREIARY linked to a
coding sgapétjnéé%é“ﬁ%rié’%{?S?%lo eorlﬁa fgctgq%%z%?%%ggﬁéé%r%%é:(&eg)l([ﬁes%gn of the coding sequence.
Optithallyeanoqer ée thblindopedaibignbtkets BI¥wequences are contiguous (e.g. physically linked) and,
where necessarg [0 i pa%%'g-cglglngo@gt%ﬂ@ (FhESHIEARAA R AR I ERDNA
sequence and a regulatory sequence(s) are connected in such a way asto permit gene expression
when thetappfopriedevriibleculdsi¢eadid tratsuriptibnabatieatty, photisims) arslbenstltor gy égulatory
25sequenceg(s). In_another embodi is ' ugleic.agl 'E}ﬂ'iﬁfé“ﬁﬁgﬁ’ly Rptionally
further co}%ﬁef r?%lgig%tlggsers%k&/ %n%ﬁ%%&%%&%é?wgfgm@%%ﬂy ?uneggg%al in plant cellg. The
recombinagit (FeA). aclderislecuibef thedinventiotersep dpacneliidurhereoalpriseaad@igional control,
prompting.and regylatory.el sangd/ rkers. 30It should be natedihat these
requntory DM S T et R AR R K et
2004/096948@ Clerad a0 4/606gt8trandRedaiwiorpelementthantsaysbe wsdd dowhie-eipressdion
constructs ipcludleCRr moters which may be either heterologous or homologous to the plant cell. The

polyfnclédudes. > - :

promoter maYy e a plant promoter or a non-plant promoter which is capable of driving high levels
transcription of diinietchaederoebintjshant, cétis st ptires. o mlieniivg exahplegoiplia: of

transformed with an expression vector comprising the recombinant nucleic acid molecule.
20  “Expression Vectors”, as used herein, encompass vectors such as plasmids, viruses,
bacteriophage, integratable DNA fragments, and other vehicles, which enable the
integration of DNA. fragments into the genome of the host. Expression vectors are typically
self-replicating DNA or RNA constructs containing the desired gene or its fragments, and
operably linked genetic control elements that are recognized in a suitable host cell and
25  effect expression of the desired genes. These control elements are capable of effecting
expression within a suitable host. Generally, the genetic control elements can include a
prokaryotic promoter system or a eukaryotic promoter expression control system. Such
system typically includes a transcriptional promoter, an optional operator to control the
onset of transcription, transcription enhancers to elevate the level of RNA expression, a
30  sequence that encodes a suitable ribosome binding site, RNA splice junctions, sequences
that terminate transcription and translation and so forth. Expression vectors usually contain

an origin of replication that allows the vector to replicate independently of the host cell
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5 promoters that may be used effectively in practicing the invention include cauliflower mosaic virus
(CaMV) 355, rbcS, the promoter for the chlorophyll alb binding protein, Adhl, NOS and H11vIO2, or
modifications ossde@risatsves thereof. The promoter may be either constitutierar. mocuaibiel For example,
and not by way of limitation, an inducible promoter can be a promoter that promotes expression or

increased epr%ﬁﬂﬁ&dﬁgf $ !Mé‘%ﬁBéP%i&Qn&ﬁé%@@dW??}ﬁ%dﬁeéﬁﬂ%ﬂ%ﬁé}%%%%%&ene

activation (MGA) of the plant, plant tissue or plant cell. The expression vectors used for
transfectibidr semsforminguiveltiistunsiivniané mbwhtiorecan HERMHtdRaNnBdif@ActSrding to

methods knawp g, thase,sidlieddpethe artig, spliance; OrqpHEZ & BaLRLolqouR ARl BXREESSION in

plants and plant cells. Such 15 modifications include but are not limited to mutating DNA regulatory

elementd 188hcrehsenmoments).sEERGES IF 15 aned Ihedsioiein Srahtesdst. Veclprsn praserric!
embedimant. he NgBMANeSe R eLaItel TSI S RrRAUFS S BIeNORI LRI  PH4RE IDNRAtgR may be a

high mannose glycoprotein having at least one exposed mannose residue (at least one terminal
mannosel&sRIalcPbsisEntigHefaffose protein may be according to another preferred embodiment,
a lysosomal enzyme selected from the group consisting of glucgcerebrosidase (GCD), acid

sphingomyelinae SRStk aPHiM d5SETa - Rl Yy Ig A4 iHSANPSAIES, S0%F IIHASE. Y5atartBi e,
glucocergprogigiasshrhipiercnlidana. i uranaisridiaiaseTRemManprpidrag aid sialidass ¢ed he term

"lysosomal enzyme", as used herein with respect to any such enzyme and_product produced in a plant

expressioH Yy SRR SRECHBEA B th&pivehibh o S0 e debinsimabmsaptias e RLesm a

tranﬁgen;g\;@;ﬁmxpgﬂgfgg@@mg@gﬂgﬁ sequence encoding a human or animal lysosomal enzyme, a
modified human or animal lysosomal enzyme, or a fragment, derivative or modification of such

enzyme. Usefulapediign himase 20 renanimativsasemalesnmniesdegiibelwitiaregaet limiked to
human or animal lysosomal enzymes having one or several naturally qccurring or artificially introduced
amino adi SRR OBIe QLTS 4G LbLRHRIOREY WREPSBEABSBE AP IO NG5 000181

Soluble lysosomal enzymes share in#}iﬁjlrl?ste S %f bios%{gtr%[%ﬁis.with secreto% proteins, i.e., synthesis
on the ribosome SAGIRY AL RERSHHITARsTEhAPHePTt 8B SRR RE FoUSARERS Blasmic

reticulumptciR)yrapspprt into the lumen of the ER where the signal peptide is cleaved, and addition of
oligpsaccharides to specific asparagine 5 residues (N-linked), followed by further modifications of the
ot proteinih ThoTSBHr e AIE ol (130 Rl PlaCif RRRIERE, SSRCHEH o 7 103
(19?6_)]. ﬁhﬁd}hﬂhﬁ,n kesaot_i@ﬂma@id?lﬁaﬂdes mb@&gp rmp}[ﬁg?bzarsamd@ﬁmgﬁm ?Elllas’mem ?y'
contain highmannose residues. The proteins undergo further processing in a post-ER, pre-Golgi
compartFUR AT HUCCTIg S e Era o R AR TG B Bhospate (Vb 10 P)
oligosaccharidetdepeittientmefrinkaesnbbd0j g dsadeharicstinde pendenimeeognitiorbsignal for
lysosomal localized enzymes [Kornfeld & Mellman, Ann. Rev. Cell Biol., 5:483-525 (1989); Kaplan et
o o N AR R oG A 670 P Bl SCRE T e RGP Tk RO LR resuits in
the Tindinigeafithe enzyininto -6 beceptons (PR dheseshionrd ehaymes refhaieldnythelicell, are
eventually. gacka ed into 1‘5 ﬂys?io es, and %ﬁre thus segregated from proteins targeted for secretion
Bile el

or to the &S biAR p%?é’ltrg embodiment, the lysosomal enzyme may be the human
glucocerebrosidase {fafzl}d embodiment, the plant root cell is a carrot cell. It should be noted that

the transformed carrot cells of the invention are grown in suspension. As mentioned above
and described in the Examples, these cells were iransformed with the Agrobacterium
25 tumefaciens cells of the invention.

The expression vectors or recombinant nucleic acid molecules used for iransfecting
or transforming the host cells of the invention may be further modified according to
methods known to those skilled in the art to add, remove, or otherwise modify peptide
signal sequences to alter signal peptide cleavage or to increase or change the targeting of

30  the expressed lysosomal enzyme through the plant endomembrane system. For example,

but not by way of limitation, the expression construct can be specifically engineered to
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Still further, in a particular embodiment, this preferred host cell is_transformed or 20 transfected by a
recombinant nucleic acid molecule which further comprises an 355 promoter from Cauliflower Mosaic
Virus, pref&@aiy+hgadtiy the nucleic acid sequence as denoted by SEQ IECRIE: 2904 dtbpine
synthase terminator of Agrobacterium tuniefaciens, preferably, having the nucleic acid sequence as
denoted by SE @dDyNRorhal ancyh Vi(T cbaetionylesaiadislis) lonwbigaitransiatieratienhander element.
Accordin%?(tqo%% referred 25 eﬁ]{% diment, this recombinant nucleic acid molecule comprises the
nucleic aci %5@795@ iafly as denoted by SEQ ID NO: 13 and encodes a high mannose GCD
having the amirna agi¢l sgguensasulbstarpaliyias denotedrbye@SEQIENNIcldc acid theleoulld be
appreciated that the present invention furtheLé%rﬁ) ides for an e>§press'on vector, mglrisir%gea nucleic

0
acid mol &A1 TERATS Y IMEGIEa S ctivRs R e (éarg ' 6ne preferred

Os?ﬂgﬁi}lcc?s%l?ysosomal enzyme.
embedimesysehikiesaspast (thenexlnassiatuvkctbooicthenplveatiomooimpriges & nintleigacithenolecule

encoding a biologically active high mannose human WO 2004/096978PCT/112004/000181
glucocerHTRBRIAEY (BEI5)° AR H09pOIEEGTAHLAN0H00NE,

s %?@%THPSS ewxglpénsstlon vec%or comprises a recombinant
nucleic acignmaleculeiwhiahchavingdhequisteicacidisgouénoscsutstantiatiytie denotEkbylSEQ ID NO:
13. According to a specific embodiment, a preferred expression vegtar, utilizes the pGREEN Il plasmid
as descritfitis HEBIRSRATY I‘é%éi’ﬁﬁl%cf 9%?115:&&%%3%1%@"%8 g%ft H é‘g%n%lnp%%e%%%ides for an
expressioRassattacompbiags withindhehgixpressiogeuectBhidescriblkd algoek peptida dzetiend aspect,

the present.invention relates to a recombinant hi , e protein, produced by the host cell of the
inveP ion®TH ﬁféqesr?%‘(ﬁegﬁ?bagaffﬁ?éjﬁf t%@%ﬁrﬁa&ﬁggﬁ&%ﬁ r%uézyl/gceaglﬁi%ﬁ%%lggﬁy] g(}:’tlgv% 10 high
mannoseolysosimafietizynimkeledtedidramethblgrénpagonsigting ahgilicosdesbrasitiasq@ED), acid

e e MR s e e e
preferablyjhis Iysoseenahbodiynest may bedubiamghicdderetidosidesel¢GCD)rit& hetbarnhebiologically
et LR R e e G T L
natdral sypsinate; sicaildralpgribioniainthetihsrhstdteof theleorte sptrdimegfiionan or animal
ek e e W B A
comprisingqriexpesedmian inkededitluesecond nucleic acid sequence when the first nucleic acid
sequence is placed in a functional relationship with the second nucleic acid sequence. For
instance, a promoter is operably linked to a coding sequence if the promoter affects the
20  transcription or expression of the coding sequence. Optionally and preferably, operably
linked DNA sequences are contiguous (e.g. physically linked) and, where necessary to join
two protein-coding regions, in the same reading frame. Thus, a DNA sequence and a
regulatory sequence(s) are connected in such a way as to permit gene expression when the
appropriate molecules (e.g., transcriptional activator proteins) are bound to the regulatory
25  sequence(s).

In another embodiment, this recombinant nucleic acid molecule may optionally
further comprise an operably linked terminator which is preferably functional in plant
cells. The recombinant nucleic acid molecule of the invention may optionally forther
comprise additional control, promoting and regulatory elements and/gr selectable markers.

30 It should be noted that these regulatory elements are operably linked to the recombinant

molecule.

24



According to a preferred embodiment, the recombinant lysosomal enzyme of the invention can bind to
a mannose receptor on a target cell in a target site. Preferably, this 25site may be within a subject
suffering flSM2404/688G8nal storage disease. Optionally and more prefBfaiili2¢tENE¢dimbinant
lysosomal enzyme has increased affinity for the target cell, in comparison with the corresponding

affinity of a naturglhnResMITngHsesamal angyae fosdneitarget erirdssidspesiieambasiment, the
target cell at the target site may be a Kupffer cell in the liver of the s bjelct. SOg a preferred
embodimBIRIMPErFeBIHbIARAD f IS MSICENSEATS RIRPE AR s %H&%ji UPEBHIRRIRG of

9|U0009r61§5§)39é3§91(1§tq9&n§%¥ sRhiNgeMYaling&en oWO2R0H9 WHTRE G (k2004100 0:31s

hexosaminidase,a-N-acetylgalacto saminidi se,acidlipase,a-galactosidase, glucocerebrosidase,
RS B N PSRBT

a-L-idurofaRssEipRR o A dakprhesereeridigdiasle fitfsse WoS Hrésrapl hRl REBmbinant
lysospma)enzying isalugagerebisidasR (el ) phanthicth @specintheriny antivd s edatisido.er method of
producing a high mannose 5 protein, Accordingly’, the method of the invention compris e steps of
(a) prepafﬁiﬁ%ccﬂﬁﬁﬁé%@@oﬁw%iﬁ%% (BSPEINS 5?&?&%@%%P?ﬁ&ﬁls%g:\%émgﬂg&fgﬁam nucleic
acid moleguigs gacadingionA fecnmainant praieivatisierestof it gr@xpresaian vecihaomprising

the recombinant nucleic acid molecules; (k) culturing the host cell. culture prepared by step (a) in
suspensiSHHEEFEoORdHEYR rnt G TR 2BfeRidy Sf%é’ﬁ‘é‘ﬂtﬁo’i‘nﬁ h%%—b“%f%ﬂgﬁ%’}’ﬁ%%érem the

host cellsrpdce theReedeimin phighicinapresidates fPriae) hanvestiog the tells/tmanthle culture
provided in (a) and recoyvering the protein from the cells; and.((%g. U.R'%j%%the %ote'in of s#e (c) by a
CuitdBle pFBTH D UIESHER TREHRBRE 2LCrBRONENGALaTs SRRy Ttod (ERoROME R BFbtEI nay be
producedibyRianbaelisaccording to the present invention by culturing in a device described with

regard to US 15 Patent No, 6,391,638, issued on May .21 2002 and herebhy incorporate reference
as if fully set fortheFERCEISRATREIEFOIE |f8ﬁﬁ§j“b‘ih%%18%|@ﬁﬁ%@BB‘H%&XEQWFﬁ? eﬁé\ﬂ%@gre

described;yithiiegasd 1 theikiSnrrsenbaititicationdantite didaiods MGSH fo Ghbd BRINGHDE/ICE,
SYSTEM AND METHOD" by one of the present inventors and owned in coanion wi t\tﬁ’ resent
|

applicatioA iR GRIENE rBh P RHERRS RS ERP I PEfePERR S SR SFIAR BoRBIR AR EIEh Shd was filed

on the samgday.asthadlrsaniapplicationited tAmartitdapEndregridiiiisexampldforsseovering
and purification of a high. mannose pélotein of interest produced by the method of the invention may be

found in tREBIUHEFESRADIS PR R REFITY 6T Shat a recombinant h-GCD produced by the
invention was ungxpegtechy deuimd iabiermat mghbraneef fhettiansfarmadicarsdteall$pihe

host cell of the invention may be a high mannose glycoprotein having at least one exposed
mannose residue (at least one terminal mannose re_sidue).

20 Such high mannose protein may be according to another preferred embodiment, a
lysosomal enzyme selected from the group consisting of glucocerebrosidase (GCD), acid
sphingomyefinase, hexosaminidase, a-N-acetylgalactosaminidise, acid lipase, o-
galactosidase, glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, o-mannosidase
and sialidase

25 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 a
recombinant peptide expressed in a transgenic plant cell from a nucleotide sequence
encoding a human or animal lysosomal enzyme, a modified human or animai lysosomal
enzyme, or a fragment, derivative or modification of such enzyme. Useful modified human

30 or animal lysosomal enzymes include but are not limited to human or animal lysosomal
enzymes having one or several naturally occurring or artificially introduced amino acid

additions, deletions and/or substitutions.
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25 the invention and not secreted to the medium. The soluble rh-GCD may be separated from cell
debris and other insoluble component according to means known in the art such as filtration or
precipitatiomoPoo£mwample, following a freeze-thaw cycle, the cells underga breakegearsd release of
intracellular soluble proteins, whereas the h-GCD remains bound to insoluble membrane debris. This

soluble and insouipeybianE e XE 145N dRKkosnisatind Uesolledioton was

removed thus simplifying’the purification. The membrane bound h-GCD can then be dissolved by
mechanical@ignspiion iynHenreseibe thesama dirdiopnt Protbakaminabitizrabnertidattaliting

oxication (§AGEDThe YR 2AAAIARGSRECHEH-AS00I0RRLEH SalUle RRRYTE AR e purifed

using chromatography techniques, such as cation exchangé and hydrophobic interaction

chromatogtaptigreblaantidsDiarielgaiet epdprsdiiitibrofh eheosissieuidey Andsassiperfpatiiiirocess the
h-GCP id‘?&tii&%’eé‘igkfiiigk’%@ a0 eRayReacyitycamPaidRle MRS dRY.ANG Rk MOLE ioehamical

assays. Including t limited to detecting hydrolysis of the enzyme's substrate or a substrate

analogue 28PSHvdy ficey| Fsicre gareldetidphdmsis BaalyBisdserinitdAdiddical B¢l stBesdth as
ELISA angl \Westay Pieéharidé%%ﬁrgy@oﬁﬂg?e&!%ﬁ%&@g smhadimentetis hagtasl Usedibnitts method

comprises the host cell of the invention. 10In anothe:é%eferred embodiment, the high mannose protein
produced Igtesenaeiddcsf thbanperians Mageroa biblshieanyetnge High Anthidse NRdEdMal enzyme

having at |east Hn6eQligRaacharide RN COMRBISIAL AREXPRASEM RARROSEI GBI iBate (MILHS

recombinant enzyme can bind to a mannose receptor on a target cell in a target site. More particularly,

the rEtomBireligasagshmadproensedamsyond widepd b tRevliRriaerprits-HSRsaASEE SeLaBMIg for the
target cellgig, cORRATSBRWIN iB& correRoNdIRg /BRI ET & NofkIAln OoGHTImGlySesanbenzyme to

the target cell. Accordingly, the target cell at the target site may be Kupffer cell in the liver of the

subject. If & 8petific @AnSodiFraintiis RlsoBepsalbtbydieithay the Y ctedem the/gidup Bonsisting
of 9'ucoceg?e%%%ﬁr@ﬁ@w%@@ﬁmo%@ﬁ%liG@g»ﬁtsh&xwmﬁaﬂﬁ%sef R0 acatvigalpsiosaminidise,

acid lipase, a-galactosidase, glucocerebrosidase, a-L-iduronidase, iduronate sulfatase, a-mannosidase

and sialidaseenmsstiRForablipsenpeRisb sorales feymia iay o eglustareptetidassiesebinto  |n
anotpier p'i%%ﬁ%ﬁﬁ’e@”&Bgdaiflé%ﬂ&st@@%{l%é@%%ﬁ?gx%mﬂ? nethed o the.inysntipnsnay beadhlant root

cell selectéd from the group consisting of Agrobacterium rihzogenes 25 transformed root cell, celery
cell, gingemeelr#stseradish cell and carrot cell. Most preferably, the plant root cell is a carrot cell. It

should be particylarly ngteghthat thgyansiormedhBost cRIOLFCUR ARITAND IHSUSRENHARan 1IN 2

further aspect, the present invention relates to a method for treating a subject, preferably a mammalian
subject, h&ReCREbEMatestbrale disease by using exogenous 30 recombinant lysosomal enzyme.

Still farther, in a particular embodiment, this preferred host cell is transtormed or
20 transfected by a recombinant nucleic acid molecule which further comprises an g
promoter from Cauliflower Mosaic Virus, preferably, having the nucleic acid sequence as
denoted by SEQ ID NO: 9, an octopine synthase terminator of Agrobacterium tumefaciens,
preferably, 'héving the nucleic acid sequence as denoted by SEQ ID NO: 12 and TMV
(Tobacco Mosaic Virus) omega translational enhancer element. According to a preferred
25  embodiment, this recombinant nucleic acid molecule comprises the nucleic acid sequence
substantially as denoted by SEQ ID NO: 13 and encodes a high mannose GCD having the
amino acid sequence substantially as denoted by SEQ 1D NO: 14,
It should be appreciated that the present invention further provides for an
expression vector comprising a nucleic acid molecule encoding a biologically active high
30  mennose lysosomal enzyme.
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
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WO 2004/096978PCT/11,2004/000181 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 stepssmand materials may vary somewhat It is also to be undetsteombdivatdisa terminology
used herein is used for the purpose of describing particular embodiments only and not intended 5to be

limiting si f.t et | ion, wll Al e n ims,and
equivalengg1 t égf%g@%%%%?rcr&%ﬁgﬁt t?l‘tl[é@ gpﬁgqlﬁcgi%n%a?ﬁ%gpt}k%gdc%#g%p%{vﬁcﬁg%gw?%%@gﬁhg context
requires otterbisanthaidlerdatedmplisete arfdovahitionshsustrlgls eathprigsscamebstotieBmprising”, will

be Undersiaaide iRy hednalysio sl INeYRLALSIEM OBANP O blategels: o iapm but ot the

exclusion of any other integer or step or group o gers or steps. It must be noted that, as used

in this speeiffeaticiizen dthpEPPENGS olermnsaadeseskddu dbddetiaviag Fxamall the” include plural
referents U”'eSSz‘itho%%ﬁ‘tSQEﬁﬁlﬁéﬁxﬂé%?tﬂ%P‘iﬂ@fYM'%ﬁon gricidelowing examples, atg Lepresentative

of techniques employed by the inventors'in carrying out aspects of the present invention. It should be
appreciateonthassdHiahitede czpressRnitederafesestesplatyeof preferred embodiments for the practice

of the invention, fhgse.of skill dn. the get. JRlghtal tis fr espdisclosurgmuilh irapgnize thgtnumerous

modifications can be made wi houtrcégaartlng from the spirit and intended scope of the invention.
25ExamplestEirpuaiiveatdrpiocbotires! piaaermysaedrs 30CE-T - Was constructed from plasmid CE

obtained from Pﬁ(ﬂf%& rred embodime Y NI nAER BRI RERY AP NNV EIBREI2#Ry (k294)]. Plasmid

e
CE was digested with Sall. . _
10 high mannose lysosomal enzyme selected from the group consisting of glucocerebrosidase

(GCD), acid sphingomyelinase, hexosaminidase, a-N-acetylgalactosaminidise, acid lipase,
o-galactosidase, glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, c-mannosidase
and sialidase. Most preferably, this lysosomal enzyme may be human glucocerebrosidase
(GCD).

15 The term "biologically active" is used herein with respect to any recombinant
lysosomal enzyme produced in a plant expression system to mean that the recombinant
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 detectable
levels.

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

According to a preferred embodiment, the recombinant lysosomal enzyme of the
invention can bind to a mannose recepior on a target cell in a target site. Preferably, this

25  site may be within a subject suffering from a lysosomal storage disease.

Optionally and more preferably, the recombinant iysosomal enzyme has increased
affinity for the target cell, in comparison with the corresponding affinity of & naturally
occurring lysosomal enzyme for the target cell. In a specific embodiment, the target cell at
the target site may be a Kupffer cell in the liver of the subject.

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

from the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase,
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WO 2004/1196978PCT/1L21104/000181  The Sall cohesive end was made blunt-ended using the
large fragment of DNA polymerase I. Then the plasmid was digested with Pstl and ligated to a DNA
fragment c8@IRIOIMIESER targeting signal from the basic endochitinase §eha2Atabidbiisis thaliana]
ATGAAGACTAATCTTTTTCTCTTTCTCATCTTTTCA SCTTCTCCTATCATTATCCTCGGCCGAATTC,
and vacuglar targeting. signal from obaceachitinaseA: GAZET T TIART CGALAGIATG digested with
Smal and Pstl. 10pGREENII - obtained from Dr. P. Mullineaux [Roger P. Heliens et al., (2000)

Plant MoklBiocet2819d8s2]nHxplessishfroinime pEREENT YeBtoRnsidaptremsialidpshe 35S promoter
from Cauliflowey Masaic:Vis, the %%%&%%%@%%%M&%F@%M% %mg&?extéﬁ&?é?aﬂ‘o)é‘fé@m‘f"”cer
element and the octopine syr¥fhase terminator sequence from Agrobacterium tumefaciens. 15 cDNA
hGCD - obtainelth frothi AT ¢Ackessicmiis. 65696)0GORRJECSPPrib:taEbdbEZ Zgarmia3 Homo
sapiens] ni; iniﬂ lucosi £ % AFigrlglucogerebrosidasel. Inserd 20leng 220y Tissue:
fibro |a5[8\r(/\)%§§ cé%f.%ééggn"sﬁﬁhatct?on o} express?on p%sﬁlﬁ Fk‘ﬁ‘rhe&'cDNA%C%din'gq{fagr&rlf%}%D AQFTC clone
number 65696) wiaseanpifient Using ¢hiks fornsi nsCagraTiFcdcobcceaaroun Bigad the

reverse: 526 (T CAGATCTTBGEGATRRGACA % HMAH Tg Ruiles FCRANA prodst was

digested with endonucleases EcoRl and Bglll (see recognition sequences underlined in the primers)
and ligatedtiposig inberresdinbineattordieiving dnresiorsbsio bt audatin g - heliesi <y gHIE same

enaymes, [e exfteSeian easseltaas eutaad i fom e ierediale veaionand igated ino

the binargt/) ctor pGRE using restriction enzymes Smal and 30 Xbal, forming the final expression
vecidr. Kananopeineotesistarseiistbo hfetred byrodunipting profeindiive Aipy YHamsesslesibieirsbtained

Logetner WIS RAREE NS HANIO ird DR Rtng RIPRAIONARBSRLG I8P ARMaRY Flo. 1A

WO 200 L2004/000181  The resulting plasmid was sequenced to ensure correct
in-frame fubipnmt (Hemighas dsigwnfofisiwng sby ashtabde pisiersprTiBesi gt orstied: 5

CTCAGAAGACGAGARBRR 3rcaRhiye Be PEIABIAn ShAARE GO GRATEET P Rant cels

according to the present invention by culturing in a device described with regard to US

15  Patent No. 6,391,638, issued on May 21 2002 and hereby incorporated by reference as if
fully set forth herein. Conditions for culturing plant cells in suspension with this device are
described with regard to the US patent application entitled “CELL/TISSUE 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

20 set forth herein and which was filed on the same day as the present application.

' A particular and non limiting example for recovering and purification of a high
mannose protein of interest produced by the method of the invention may be found in the
following Examples. The Examples show that a recombinant h-GCD produced by the
invention was unexpectedly bound to internal membrane of the transformed carrot cells of

25  the invention and not secreted to the medium. The soluble rh-GCD may be separated from
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, the cells undergo
breakage and release of intracellular soluble proteins, whereas the h-GCD remains bound
to insoluble membrane debris. This soluble and insoluble membrane debris mixture was

30  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 detergent, protease inhibitors and neutralizing oxidation reagent. The
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5 Establishment of carrot callus and cell suspension cultures Establishment of carrot callus and cell

suspension cultures we preformed as described previously by Torres K.C. (Tissue culture techniques
for horticuMiOck 4196938 111, 169). 10Transformation of carrot cells and iS6latiba0s+ tHd&Tormed cells.
Transformation of carrot cells was preformed using Agrobacterium transformation by an adaptation of

& method geseioes) Areyiay s RiftelBufmic a0d BullantdlaphPeloAiRRd: 2621980 brCell

growing in liquid media were used throughout the process instead of calli. Incubation andﬁg?rowth times

were adaptelrrge trandfohydsohdieelRismeBafurbunURSBARSY CALBBActeEiNe réEaR&ormed with
the pGREED:ILNEELOr Y SlS%Q&Bf%ﬁ@%x/%?EfBﬂ@?b&@gth@ﬂé@r@@ﬁid%rﬂit§,1%%'ﬁil,l Methpds Mol.

Biol. 55:63-72] and then selected using 30 mg/ml paromomycine antibiotic. Carrot cells were

transfornisd WiEYmE repitteramhe derRFeEd S B0 PhMTEdIpEREMiBHh yEAEs aFbisies Wliquid
media. 2%&QE§%H‘%°&§€@&%§FQW&%1?§J§%?@E@%ﬁ%&%@@{%ﬁt%ﬁ £xwessindhighleveisgf GCD

14 days following transformation, cells from culturé were plated on solid media at dilution of 3%
packed celyetunmaide thel releriaaprrT R PRl mSiHai BT eteErlorralises e #dRfidSal calli

reached 1:2 em.in.diapeter, the cells were homogenized in 25 SDS sample buffer and the resulting
protein extracts were separated on SDS-PAGE [Laemmli U., (1970) Nature 227:680-685] and
transferred to nifteeetingstoraaimrane grssiaetnie dottiedbussd o ifironebahfieRIBRPN203C
From Amgyshaip Life,Bgiencehadiestern blot for detection of GCD was performed using polyclonal anti
hGCD antibodies (described herein below). Calli expressing significant levels of GCD were

30ekPanded andrtraprifesteBr eegisivETTPORED M dbia hiths ERABN5E pREREGH! pRERFSEB NN i analysis.
WO 2004409697 8F Gl 1 RR8A0PRIB 1 IRrepsiatior afPalyslonat RNtReAISs lysodriciogiams

recombinant GCD (CerezymeTM) were suspended in 3 ml complete Freund's adjuvant and injected to
each of theviapBitisastanr elisntareatiicrabevsiai TR st st ISP Hie rabbits were bled

about 10 days afigf; the hagaiek RieaienareR AN ahantvesk 1Bt alsHatl dbeiantibedy titer
began to drop. After removal of the ) i .
site. More particularly, the recombinant enzyme produced by the method of the invention

15 has increased affinity for the target cell, in comparison with the corresponding affinity of a
naturally occurring lysosomal 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, o.-N-

20  acetylgalactosaminidise, acid lipase, o-galactosidase, glucocerebrosidase, a-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 Agrobacterium rihzogenes

25 transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell. Most
preferably, the plant root cell is a carrot cell. Tt 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 mammalian subject, having lysosomal storage disease by using exogenous

30 recombinant lysosomal enzyme.
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clot the serum was divided into aliquots and stored at -20C. Upscale culture growth in a bioreactor An
about Icm (in diameter) callus. of genetically modified carrot cells containing 10 the rh-GCD gene was
plated ontevidusashigerand Skoog (MS) 9cm diameter agar medium platepeamtaoingehdgril MSD
medium (Duchefa), 9.9mg/1 thiamin HCI (Duchefa), 0.5mg folic acid (Sigma) 0.5mg/1 biotin (Duchefa),

0.8g/1 Casein h ' ifa). /L. and h - ' P : f
14 days a0 250, B B R s

ture was prepared by sub-culturing the transfor

MSD Iiqummmmmmﬁ@k@oﬁm@m{mmiﬁméi@@%h@?ﬁi@mm@ammﬁ@ﬁ%s is well
known in (e %Jﬁgs;#gfgq ongellsnuet guliivated in eROMIJSHERMGNE": f%éwé ingrolume

starts with 25m1 an ys Increases to 50m1) at 25C with shaking spee rpm.

Subsequéwntisindellisedtdve WW@WQﬁﬁiﬁ‘@a@é@EwﬂﬂiEﬂ@mﬁéW#Wﬁd@ﬁﬂmw@f peoriEiegdesiume up to
300md ”qgeoretﬂ%i?ﬁge?al?gé‘ﬁig %@égggf WQ%?Q&E&PE%%&SH%&H'Q&@%M HERsee ﬁ@%&é%m

containing 4L MSD um, was obtained by addition of 400m1 suspension cells detived from two 1L
Erlenmeyeeinarwkequvilistedidmoseven days. After week of cultivation at 25C with 1Lpm airflow,
MDS medium was added up to 10L and the cultivation continued under the same conditions. After

additional five days of cultivation, most of the cells were harvested and collected by 25passing the cell
media through 80pranghomtetbittreppediiitiinivassdbecitmsuvbinl tedpackedeselfrakenes store at

-70C.  Ehper delails of the.bigreactor deyice-may, be found with yegard @ b patent . -
6,391,638, issued on May 21 2002 and previously incorporated by reference. 30 Protein purification

In ordfer t6 seperatsthevii ddiundersinothoinsplitihe GCmifibebn Belkd ARELT BN MPCAHIA00g wet
weight cells i\m%gléﬁa%’%ﬁe oligyies By ceptrifugationPhing WL (ARG HiihaRA/0p0181

thawed cells at 17000xg for 20min at 4C. The insoluble materials and intact cells were washed by
re-susperff®a. in 100m1 washing buffer (20mM sodium phosphate pH 7.2, 20mM EDTA), and then
precipitated by centrifugation at 17000g for 20min at 4C. The rhGCD (recombinant human GCD) was
extracted and solubilized by homogenization of the 5 pellet in 200m1 extraction buffer (20mM sodium

phosphate pH 712, RashIEEDTA, thaiMap MBH, iR0RIMsasedisitaackniaiy puignagséiypsriblidone
(PVRP), 1M T Fand 136 Tﬁﬁﬁﬂ'éﬁ%io%eT’h%Eﬂﬁéogﬁ{}é‘iter%%ﬁ&eﬂrﬁ%kﬂ{éf%%@m'%}%H@Ofn

temperature and clarified by centrifugation at 17000xg for 20min at 4C. The pellet was discarded and
the pH of tiddedeifrarasewas adjusted to pH 5.5 by addition of concentrated citric acid. 10Turbidity
generated after pH adjustment was clarified by centrifugation under the same

The following examples are representative of techniques employed by the mventors

in carrying out aspects of the present invention. It should be appreciated that while these

20 techniques are exemplary 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.
25 Examples
Experimental procedures:

Plasmid vectors
30 * CE-T - Was constructed from plasmid CE obtained from Prof. Galili
[United States Patent 5,367, //0 November 22, (1994)].
Plasmid CE was digested with Sall.

30



conditions described above. Further purification was performed by chromatography columns
procedure as follows: 200m1 of clarified medium were loaded on 20m1 strong cation exchange resin
(Macro-Preyshigh@&aupport,. Bio-Rad) equilibrated in 25mM sodium citrake biffewpbb®s, 15 packed
in a )CK column (2.6x20cm). The column was integrated with an AKTA (prime system (Amersham

Pharmacia Biotech allowed t nitor th nductivity, pk C 2 Alhe
sample was Ioaifehg a@%tocrﬁo%ﬁ%}i‘ﬁ? g e?‘v)\\/%sr 51 %C@gfﬁyﬁ?rﬁl%%sk%vwgﬁg%ﬁ?%gzgﬁﬁé)e?gti8n u fér (25mM
sodium cipratenbraferip A )tk foswmidevols1@gebtadinvaitiPeV atssbgstettyoreabiésl fhezhase line.
Pre-elution of the.rh-GC f d yvith eguilibratio taining: 2 - | and the
elution was %ﬁ%a%éd%tf%%ﬁ%%t%n%%&erf\g%lﬁltglgﬁ négé?éo% %ﬁéﬁ%é%%gﬁ (%I)@é%’g%%ring the
run were hahiterd FBGE G E Badvi, BESA GHA TlgEsI &hBHINgEdkzymatic activity (in the elution

peak).were pool qu&q%%dr I | B)i er tain % %%?9 I asqgl H adjusted
to 6.0 with NaOI—ef. ample c%%?%%ﬁfgﬁ@c W§S applied (ﬁqﬁ?hg%gng)agd%z K%olu Fgll
(1.6x20cnfopackadievith chitndsof fie SAhe TESH A4S T hé brdvicube dligeficd hatesimid thié column
was equilipsr{ilte with 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 eluted from the column by elution
buffer (20mM citrate buffer pH 6.0, 5% ethanol and 1M NaC1). The fractions of the absorbent peak in
the elution step were 30pooled and applied on a third column. The final purification step was
performed on a xx column (1.6x20cm) packed with 8m1 hydrophobic interaction resin (TSK gel,

Toydpearl Phenyl-65pGREE30 -Coipinet fionvi. 2odduiosevs Hrer 2 dtdlonct 8l rediRtas
equilbrated in 1 iy NGBS, TSl 416:5,0 sOUNIR0RA SHhaRokie & GReuRionReahipm (he

previous column was at 6m1/min followed by washing with equilibration buffer until the UV
absorbenbretizhih® pesedites. (e pardiborr Wissalut¥iusy tonTVditiEhates dpramingB0%

ethanol. pogier A HISA LRI RABIINEIN LARIEN SAUKE Ao, IR Saponations

in cell extracts and fractions were assaye e mg%%(cg)g(ﬁz)f Lowry/Bradford (Blocl?ad protein assay)
[Bradford Adrpavaty Biocwenfa(iad6) 72:248] using a bovine serum albumin standard (fraction V
Sigma). Alternatively, concentration of 10homogenous protein samples was determined by absorption
at 280 nm, Img/m1=1.4 0.D280. Purity was determined.by 280/260nm ratio. GCD enzyme activity
assay Enzymatic activity of GCD 15glucopyranoside (Sigma) as a substrate.

cDINA
hGCD - obtained from ATCC (Accession No. 65696), GC-2.2 [GCS-2kb; lambda-
EZZ-gamma3 Homo sapiens] containing glucosidase beta acid [glucocerebrosidase]. Insert

20 lengths (kb): 2.20; Tissue: fibroblast WI-38 cell.

Construction of expression plasmid
The cDNA coding for hGCD (ATTC clone number 65696) was amplified using the
forward: 57 CAGAATTCGCCCGCCCCTGCA 3°  and the reverse. 5
25 CTCAGATCTTGGCGATGCCACA 3’ primers. The purified PCR DNA product was
digested with endonucleases EcoRI and BgllI (see recognition sequences underlined in the
primers) and ligated into an intermediate vector having an expression cassette E-T digested
with the same enzymes. The expression cassette was cut and eluted from the intermediate
vector and ligated into the binary vector pGREENII using resiriction enzymes Smal and
30  Xbal, forming the final expression vector. Kanamycine resistance is conferred by the
NPTII gene driven by the nos promoter obtained together with the pGREEN vector (Fig.
1B). The resulting expression cassette is presented by Fig. [A,
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" buffer pH=6, 4mM 13-mercaptoethanol, was dete,wined using p-nitrophenyl-fl-D- Assay buffer
contained a@mbbphgsphate-citrate 1.3mM EDTA, 0.15% Triton X-100, 0.225%% 2sedigmgaurocholate.
Assay was preformed in 96 well ELISA plates, 0-50 microliter of sample were incubated with 250
microliter assay buffer and substrat$ was added to final concentration o&%rgrll\éleé he reaction was

C [
incubated at 37C 16r ‘EEHHAS PRBSTY (28 CRMEHiTENIR: SREB) ForfhEiton Y 88 6y &%orbance
at 405nmgiAhgerbanes at 4RENNolasinonitkedaiis0 apthairthe efid pdll. Afigii@enin, 6 microliter
of 5N NaOH were added to each w nd ahsorbance at 405 nm J ' rence
standard %&éﬁé@@é\&ﬁ%ﬁ%ﬁg@ga UE@% }%eq%gmlféa%eorhgrﬁra%on%%?é%@l%ﬁééﬁed
samples [Friedman etal., (1999) Blood, 93(9):2807-16], 25 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 proteins in the gel were reduced with |IOrnM DTT and modified with 200 mM 30
iodoacetamigelinklamibprarmeniaiiubicatheliaespeheigepleces were treated with 50% acetonitrile in

10 mM ammaonjum bicarbonate to remove, the, stain from the proteins followin drying-the gel
picces. THSBATER p oge Wb G A2 O DO A GoR SIBE 4. S0 dor o1
acetonitrilgriRid0sm by aremsriuc bitsnbondtereoatriningsdbobofidutay trppsip pei Shmpfe). The gel
pieces were incubated overnight at 37C and the resulting peptides were recovered with 60%

acetonitrile with 0.1% trifluoroacetate. = The tryptic peptides were resolved by reverse-phase
chropatograpihandidnepodraivelinet disofutapibires {&Ned 8almicrometer ID) home-filled with

porous R.2 (Persepective). The peptides were eluted using a.80-min linear gradi 17 lfn§ [9,95%
acetonitrile with %%-Jg% R1eE iéogcf’dp i%gwgﬁecrevg\? fiow Pate’o %85&“% t%]ﬂ%n?ﬁ%}g ?&Sﬁ%c@m t eopolumn
was electigsprayigdtntonnsf ipntiapdnissripdoironeley (V0@ ddnBet)amdIandkb) BoB&nC Ay Mass
spectrometry was eréor iﬂle ;l[ge ositive ion mo}ge using repetitively nth MS scan followed by
collision ||§&L%%’SQO($S ]c?gt% )%ﬁ]ﬁ’g‘%}&tlﬁlg iﬁ%encil?or‘{" seﬁe%%g% fporr% Nlllg%rs T r%%%sr%. The
mass spegtiametsy cdla washatimparedae simulatedvwpratedysisiafid Cibstfrthatiprotéinstin the
NR-NCBI 1Qlat ase usir%t Se%;;e tstg;%va‘{re J.tr%pl (%%% 3'%%%&3”1%’}3@% cﬁv,\\]/eaC h;n%;on and
Finnkyan, S8 BRSNS SR TSR As " Ce g en el on Peptide Sequencer
494A  electroporation [den Dulk-Ra, A. and Hooykaas, P.J. (1995) Methods Mol. Biol. 55:63-72]
and then selected using 30 mg/ml paromomycine antibiotic. Carrot cells were transformed
with Agrobacteria and selected using 60 mg/ml of paromomycine antibiotics in liquid
media.
20 ‘
Screening of transformed carrot cells for isolation of calli expressing high levels of GCD
14 days following transformation, cells from culture were plated on solid media at
dilution of 3% packed cell volume for the formation of calli from individual clusters of
cells. When individual calli reached 1-2 cm in diameter, the cells were homogenized in
25  SDS sample buffer and the resulting protein extracts were separated on SDS-PAGE
[Laemmli U, (1970) Nature 227:680-685] and transferred to nitrocellulose membrane
(hybond C nitrocellulose, 0.45 micron. Catalog No: RPN203C From Amersham Life
Science). Western blot for detection of GCD was performed using polyclonal anti hGCD
antibodies (described herein below). Calli expressing significant levels of GCD were

30  expanded and transferred to growth in liquid media for scale up, protein purification and

analysis.
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(Perkin Elmer) according to manufacture instructions. GCD Uptake of peritoneal macrophages
Targeting and uptake of GCD to macrophages is known to be mediated by the 20

Mannose/Nracstulgideasmine receptor and can be determined using thiogkytakdsrelieitad peritoneal
macrophages obtained from mice, as described by Stahl P. and Gordon S. [J. Cell Biol. (1982)

a(iP C57-B6) were injected intraperitoneally with 2.5 ml of 2.4%
r

93(0:49-561- Bri fI%, icg}gfm ehﬁgo 3
Bacto-thib G @B REBRIR NG FEIY8EE IDifco Cat. No. 0363-17-2). After 4-5 days, treated mice
were sacrificed By esreadistecatibm@s GHUNNE pertordd) cesitysrsmadaditn Bhokpbataebuffered
saline. Cglls were pglleted by, centrifygation (1000xg 10, mip) . ed M (Beit
Haemek,lei Irseruane%Scon]t%\f%?rﬁga%f%}?gﬁa%g)lf%gg&ur%g%v(egiIsrgvbi/ge%\lf% tﬁg%gggtgﬁiﬁtgf%%&gcﬂ&%v%ﬁn 96-well
tissue cuitjetplateteanddinsabiatethat 3G sAftercdf sninhiies | Actasdiitretitecklissivengiorsished out

three times using PBS, and the adherent. ronhages: [ e ' , In culture
med%um 8%%%?&&28%% 186 éﬁg%ﬁ?%?%%%ﬁé%%r%qﬁ;ﬁé) fﬁé‘;%ﬁo{gﬁfgﬁ migciﬁgé?ﬁnn%%%%gﬁicroliter
final voluchs, tirethenah sencivated presdipesfyshsomdahd?(€-10, 5 mg/m1). After incubation, medium
containing 36 WO 2004/096978PCT/1L2004/000181 excess rG-CD was removed, and cells were
washed three times with PBS and then lysed with lysis buffer (10mM Tris pH=7.3, IrnM MgC12, 0.5%
NP-40 arldpprate asdiimbipitord) T hdbaaeitiof rGCD taken up by the cells was determined by

subjecting the cell lysates.ta in.vitro glycosi assa i b .
CONSTRUCTION SPoy PR UL EREEEE °§Sg¥“g¢%%§§5%§r§%f§ ot %c%%%rguction of an
exehiplanhexprésaiopeptasasiplaise driiovihrrshmd aalthscoB g e § dre (wpiianeker degditm  The
cDNA codjng for hGCD T aber lifi ingh Y
CAGAATF#%% &‘5’%‘@“8% @ggg d@ (@l%%;‘%% n@fcj‘%{%ag@( H% 1,\% g‘i&){ﬁaﬁéﬁih@g\%%%:%smg
CTCAGATGTIGH-GHAT GOaRChosn Ao bennté By CEOM Iydds2epinels), 35EHe g fied PCR
DNA product, was digest ith e ucleases EcoRI I (se gnition sequences
underline%ﬂgn ?lremr()}rlllfgﬁ'eir"s%%\g ' E&ﬁ%ﬁt%agﬁsir‘ﬁ%?r%‘é’é@?ﬁ K/I%e%tc(l)arﬁga%i%%g@gh expression cassette CE-T
digested with th&samsienzytheslt@E-FingimiesE R1agetiniusignahtiKanicEnsd REus IS SSAEA

P oS s Y P RD e 3RS R BRI 4 APosIIRIBRk N
acid), as is well known in the art. The suspension cells were cultivated in 250ml
Erlenmeyer flask (working volume starts with 25ml and after 7 days increases to 50ml) 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.

20 Inoculum of the small bio-reactor (10L) {see W098/13469] containing 4L MSD medium,
was obtained by addition of 400ml suspension cells derived from two 1L Erenmeyer that
were cultivated for seven days. After week of cultivation at 25°C with 1Lpm airflow, MDS
medium was added up to 10L and the cultivation continued under the same conditions.
After additional five days of cultivation, most of the cells were harvested and collected by

25  passing the cell media through 80u net. The extra medium was squeezed out and the
packed cell cake was store at -70°C.

Further details of the bioreactor device may be found with regard to US Patent No.

6,391,638, issued on May 21 2002 and previously incorporated by reference.

30 Protein purification

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

containing about 100g wet weight cells was thawed, followed by centrifugation of the
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20 from Tobacco chitinase A: DLLVDTM* (also denoted by SEQ ID NO: 4).  The expression
cassette was cut and eluted from the intermediate vector and ligated into the binary vector pGREENII
using restrgtion@neymes Smal and Xbal, forming the final expression veetoriKananycine resistance
is conferred by the NPTII gene driven by the nos promoter together with the pGREEN vector (Fig. 1B).

The resulfing exprsesion facassetes presenied Dy Eig . FReRUIA0 flasmif e seauenced

to ensure Conect in-frame of the signals using owing sequencing primers:  Primer from
the 5' 35Svpsiveri obgr 1B CHEABAAGCACDAGASEE O3t $aWevotediby SBOspbaB) /dnd the 3'

terminatoy:.5' GGCCATCGT. 1 30denote : 6 ified cloned
hGCD C%%m%?qﬁﬁeﬁngea@gg%no éf@%%%bgﬁgﬁg%a%é%ggﬁo 6%?8%%%%%%%4%%5%81
EXAMPLECD TRANSHORMATID NGOP)GrR ROBGELLS ANDECR BF RINGEORIPRANSEORMED

CELLS EXPRES G.rhGCD. 5Thi ribe ' t

ceIIslsacc(?:Jref:}lilﬁir_}:g;1 oélmn%rg}géﬁ%ﬁ{llebrﬁ%%?@g}ﬁigeg%ﬁ%ﬁ @@%gmﬂ%mwﬁﬁgmmgﬁ?

Ezleslalg S\)/;/gsmdﬂ“ﬁrrﬁénhﬂa}/l AgrdbectBdumdgapsiionmdiolymsrdidenib B \PrEvicusM By Waertb|Eand Bulka
ibid.], Geneti odified t.cell re,pl rashj

medium AR s T T AR, e from

arising cailavifiré bested:fdngatimessibPo6pGCbriiOwesie A GIdtenptlisisvirsinipemdedaD iamtibody,

e e RSmPRLIRSRIER Ine BNda (Rodillye oy andcisinahnataARIAmET ol
(negative‘control). e various callitested, one callus (number 22) was selected for scale-up growth
and1roteivpndific atimerd 67 kB AV eBterdibionenasyssridarified dy fotiingigation under the same

conditions described above.

Further purification was performed by chromatography columns procedure as
follows: 200ml of clarified medium were loaded on 20ml strong cation exchange resin
(Macro-Prep high-S support, Bio-Rad) equilibrated in 25mM sodium citrate buffer pH 5.5,

15 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 Joaded at 20ml/min, afterwards the column was
washed with equilibration buffer (25mM sodium citrate buffer pH 5.5) at flow rate of
12ml/min untit UV absorbency reached the base line. Pre-elution of the rh-GCD was

20 performed with equilibration buffer containing 200mM NaCl and the elution was obtained
with equilibration buffer containing 600mM NaCl. Fractions collected during the run were
monitored by enzyme activity assay, and tubes 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 NaOH. Sample containing the rh-GCD was applied on the second

25 XK column (1.6x20cm) packed with 10mi of the same resin as in the previous column.
The resin in this column was equilibrate with 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 eluted from the column by elution buffer (20mM citrate buffer pH 6.0,
5% ethanol and 1M NaCl). The fractions of the absorbent peak in the elution siep were

30  pooled and applied on a third column.

The final purification step was performed on a XK column (1.6x20cm) packed with

8mi hydrophobic interaction resin (TSK gel, Toyopearl Phenyl-650C, Tosoh Corp.). The

34



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 38GREWISTFE SDS gels consist of a stacking gel and a resolviR§TEIipdB8bTHance with
Laemmli, UK 1970, Cleavage of structural proteins 20 during assembly of the head of bacteriphage
T4, Natuig 3?6, 8801685 Lhe compositionel thedesolvig elsamas asfobowse!1 2%eaciiamide
(Bio-Rad), 4 microliters of TEMED (N,N,N,N-tetramethy et%ﬂediaé]%pe; Sdi ma catalo nlﬂmber
T9281) pBiFiOMAoSE GITBJRRIBIE BOTSCOER 3745 iHET B 8 B ARG A RnTESITRS SeFlulfate
(APS), 0.4%@F N0y @ik ammeniuypsssstibate waes dseldrelnis dirtextasee vadicalsfarters for

the 25 polymerization. About 20 minutes after the initiation of polymerization, the stacking gel (3%
acrylamid¥, 0194 S, bIos RN RITELR 02 £ %‘.‘8}@.‘1&?&@ gtr?gég]%iéra%h ers of TEMED per 5m1 of

stacking gel solution) was poured above the resolving gel, and a 12 or 18 space comb was inserted to
create the wells for samples. The anode and cathode chambers were filled with identical buffer

solution: Pler8argiiein e/ AL GREHINGEYS (Biorad, catalog number 161-0772), pH 8.1 The
antigen-containipgtaatesatonasitaatadowithxd:Scyolnd & afteample toadiygdnffere( 3Rnhbghicerol
(Sigma catalog number G9012), 9% SDS, 15 ml mer. oethanol (Sigma cat upk 8 WO
2004/096978PEHALBEB 46084 M@%)ﬁsiﬁiﬁ:ﬁﬁfftﬁg1{“6?@5%‘?@86%2%%%%%?{3 ophenol
blue, all vigianepeind Q8- sauplie batids)datfie tHemixBipgnwas\thenatiedte d atcbaf@itor & minutes

and loaded onto the stacking gel. The electrophoresis was perfarmed at gpom temperature for a
suithBle tHREPRRGYS sPERIEEX SATRRE 580 ﬁi?ﬁp?iw&“ n?ér aal&%é)[to g qﬁg(y)ql%&e 0 volts

it &rrent sriréng
followed lgy ®5; G8:fvalslBAaR MY fosgpisnh katoy 9 cm in size. The antigens were then
transferred to nitrocellulose (Schleicher and Schuell, Dassel).  Protein transfer was performed
substantially as described herein. The gel was located, together with the adjacent nitrocellulose,
between W@gt@;ﬁpﬁ,@dﬂ}&ﬂj}t@ﬁg@pﬂ, 10 conductive, 0.5 cm-thick foamed material and wire

electrodes which conduct the c,ur_rentgk;fy way of platinum electrodes. The filter. r%@ﬁfrahth— fgamed
material and theti@EeE 026 EFe takdHtRorotifhiy (GHITPAS feruﬁlﬁﬁerﬁ%P R8T Biorad,

catajeg nymesryelsRiE7dsighldeds t0stinreateithimathanttacchwiated BOfI (@0fkphaethsnal). The
transfer was performed at 100 volts for 90 minutes at 4 After the transfer, free binding, sites on the
nitrocellulP¥eeivard an ialdd Panar e Ri0E ARG Wlmmu%ég é%rﬁgfﬁﬁlg},iﬁjod r;g ﬂ]?l%/stairy
America) ;g 196rd a2t 62igriaCateRkmed) dilotedwitit pis pheis, boffer {Riediabderaen,
catalog number 30435). The blot strips were incubated with an antibody (dilution, 1:6500.in phosphate
PR SoPIRelr B

buffer corfBlMigH Y5 dPGHEDREte. 198 THREEH Yodsses Y B pq B Atter

incubatiopyiththaiantispdymiine blet wasiwashed thedistesforitCedsh casinlProthutegpaith PBS
(phosphate buffered sodium phosphate huffer ( iedai)l deHaen, cg{glo{g n mb%r%3043%5%}5The blot
-+ stripwerd fieRsRduBRBHI ARG 1 SSISHRS 1P HTURA S (itaBIR &XSREAIS ditibody (Goat anti

ry anti

rabbit (whgle melgeiie) KRR (Sigrsaibatet 424N Adibiomi; 30@Qdrobisffer COntERORY wetedry milk
(Dairy America), and 0.1% 25 Tween 20 (Sigma Cat P1379) diluted with pﬂo%ghate Quﬁ?réRiedel
deHaen, é46aHJhEABer e A88)50aTRMITAVIA G e SPWAEh B LEE L AT WiIth PEST e Blot strips

were staingdwitk&tel devainmer reaganisi(AsngishamKBMaA0%ions of GCD in the tested
samples [Friedman et al., {1999) Blood, 93(9):2807-16].
25 "
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
proteins in the gel were reduced with 10mM DTT and modified with 100 mM
30 iodoacetamide in 10mM ammonium bicarbonate. The gel pieces were treated with 50%
acetonitrile in 10 mM ammonium bicarbonate to remove the stain from the protems

following by drying the gel pieces. The dried gel pieces were rehydrated with 10%
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After immersing the blots in the ECL reagents the blots were exposed to X-ray film FUJI Super RX
18x24 , andl@leuslopedswith FUJI-ANATOMIX developer and fixer 30(FURCT/fib2egt#BCRTU 1 out of
2). The bands featuring proteins that were bound by the antibody became visible after this treatment.

WO 2004/096978PCT/11L.2004/000181 Upscale culture %r%vthg%gi%r$actors . Surs en?ﬁié)n cultures
of callus 25WEHE Sothi BN RG B PRRE PR RRIRS ™ B fiqid RS S8R Swere

cultivatedineshakingds Heneeiabitasks;amiihtainb vedumeé viassuffiaiepefadesccetating tiesbioreactor

(as described in Experimental 5 procedures). The genetically modified transgenic carrot cells can be
cuItivated‘@%?%&ﬁfﬁ?rﬁﬁﬁ%@c‘@ﬁmgl’%s? r@é‘%ﬁ%ﬁned in cycling of 5 to 7 days (data not shown). At

the seventh cultivation day, when the amount of rh-GCD production in carrot cell is at the peak, cells
were harvested by passing of cylture through 100mesh nets. It should be noted that cells may be
harvested by m s*ﬁé’rﬁ’a%ﬁ?‘?ﬁflaﬁa\”(?%%ﬁﬁ%‘éeﬁ| 5ﬁ8ﬁe§eép§m?fﬁ}é% fon. qap%z he I[1:)§(:]l§eﬁld3’:'((:}§I1I cake,
which proyigle 4 namiteri dafsaltawificasion of o GRibr sembremaDeneity e ddledevstbredatfreR2ing
temperature. EXAMPL 15PURIFICATI F RECONBINANT ACTIVE HGCDL PR IN FROM
TRANSF OIS ek T BEITE etk SIRHAPE f CD B e Haroimiad Satrot coll

was founddehgirupdioineraaimandianesaf ihaerlisrnst abbsetratealio The haadivrom
Mechanically cell disruption leaves the rGCD hound to insoluble membra@g,lgg s datagot shown).
rGCD 20Masham dieSof/RaTQsmtey Rl R A% JRMTEAR ARASS SRFSIOT HSM PREEHY otffer

insolyple s@PORSNdaIN G eabiR Ny B WS Hdhar poriiedivsing chodmatograghstiteetiniques,
including cation exchangile and hydr0|]o_h‘obic_; interaction chrom tolg?rgp y.columns, as.described in

Experime I ¥rd a4 omkedra&r ol /MRS Hhsafiaiaro ORI AP HET el Bell cake

25 containing-aRogbH008 Wet welghiee ishwasibaypedsdokowetkfayweantiiugaton @i 08y for
20min at 4C. The insoluble materials and inta%t cells were washed by,re-sus%ension iqé.t%ﬁOOml

washing HERECTBRAIsEHRMT SO SpRSRS IR o MM MEE SHA I E5ieaae s, eiNiffugation at
17000g fory 28Rt A& aldictracdmasraniiaciechand Soivhilizedday hewgiogenization of the pellet in
200m| extraction_buffer (20mM sodi%a%hosph_ate pH 7.2, 30 Z%mM DT@, ]énM PMSF, %grmM
ascdrbic acid, 3. 88 BMRAY BN dBHE BT PY ARAUSFI198 FRiK- 160 (8igmayS - The
homogen@@mmag%g@f&%nm@ﬂ@gmmmﬁm@nd clarified by centrifugation at 17000g for

20min at 4C. The pellet was

GCD Uptake of peritoneal macrophages
Targeting and uptake of GCD to macrophages is known to be mediated 'by the
20  Mannose/N-acetylglucosmine receptor and can be determined using thioglycolate-elicited
peritoneal macrophages obtained ﬁ"om mice, as described by Stahl P. and Gordon §. [1.
Cell Biol. (1982) 93(1):49-56].- Briefly, mice (female, strain C57-B6) were injected
intraperitoneally 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
25 and the peritoneal cavity rinsed with phosphate buffered saline. Cells were pelleted by
centrifugation (1000xg 10 min) and were resuspended in DMEM (Beit Haemek, Israel)
containing  10%  fetal  calf serum.  Cells were then  plated at
1-2x10° celliwell 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
30 were incubated for 90 main at 37°C, in culture medium containing specified quantities of
thGCD, ranging from O to 40 micrograms in 200 microliter final volume, in the absence
and presence of yeast mannan (2-10, 5 mg/ml). After incubation, medium containing
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WO 2004/096978PCT/112004/000181 discarded and the pH of the supernatant was adjusted to pH
5.5 by addition of concentrated citric acid. Turbidity generated after pH adjustment was clarified by
centrifugation wngerstit® same conditions described above. Further purifiaEibiaied/ fedirmed by
chromatography columns as follows: in a 5 first stage, 200m1 of clarified extract were loaded on 20m1
strong cation ex e resin (Macro-Prep;high-S support.; Big- ilirated jn,25nuM sodium
Citrate DTGB B i e s s B S e e o e R AT
prime systén Aineedearii Rkt s alBiGt8 chnfa Mty et 3 Mignitd rtvepcotrdsrciivityitptd) and
absorbe at 280nm. T le lpaded at 20 in, .af I I washed
it equTEIA e e e bLNe SR D e e ST A
absorbenzyvigagipehitiedasealines. Rserdlediopogbthe rh-GCD was performed with equilibration buffer
containing 200mM NaC1 and the elution was obtained with equilibration buffer containing 600mM
NacClI. Fractions collected during the run were monitored by enzyme activity assay, and tubes
exhibiting enzymatic activity (in the elution 15 peak) were pooled. Pooled samples were diluted (1:5)
in water containing 5% ethanol and pH adjuste%m%#aOH. Fig. 3A represents a standard
run of this purification stage. The fractions colle e run were monitored by enzyme activity
assay, as shown by Fig. 3B, 0@NGI BUSAd0E S ASMUbN fractions assayed for

511 B( f PSR BEON
activity. 20Elution fractions, contain e ie ( 20cm)
packed with loaf‘flé)atét%aerggem%ee%%esilr% gaéﬁfn{??éggﬁé?}%éu% C%Hum%@@ﬁ%% c%r%%ﬁﬂ%ﬁ@dr% g%élge. The

resihdin thistbohgard wabeckxalipbaebieloith 2OmiIve dttaile buffer pH 6.0 containing 5% ethanol. Following
the sample load [ iliarat ted from
the column by ﬂ%r?%%ff%%%%ﬁ%@% &@%%%QF%@F%%%%ggﬁ%gg%ﬂgg 3D
represent®avstdndard AGANERIE GUIRCGHSICSTRGE AT Be (rdstidasoteddutedEduHngNRe turfgdere
monitored,hy. ,aE&i?' } %@W i a i a@Jnagsie blue stain
of eIutionqﬁ%éfgl‘(g)%gégs%saye T‘Xc‘)é;%"ésﬁ%%y. The ractlons%é?ﬁ% z;(b%%r%igﬁ%ggﬁy isr:??hée eluitigﬁ g‘)ep were
pooled andiaypplied on a 30 third column, for a third purification stage. The third purification stage was
perfogmed on a L - R?.ﬁh ith: Ic '%ﬁeﬁ! gel,
Toyg%earl Phen?&%%gﬁ#}ogggg%?% e i%%ﬁﬁ%éﬁﬂggg ﬁl{ﬁldg)%rtﬁgl\%%g%rate bu?fgr-ﬁfWO
2004/096GE8 RS TR0 40000835 phd:dinshiairtirg Binetaned. Tiwed e lnion pouidiesem the
previous I imin. follpyye InG Vi iliprati ffer: untilithe UV
Bbsorbans R e b, ot poiining 50%
ethanol, IR |t getin st el YIROEIGHIFLARSIdrE S S5 B sttalsdadt rote b ibehiS A riie a6l Btage. The
fractions %E%%dbasic endochitinase gene [Arabidopsis thaliana), and vacuolar targeting signal

20  from Tobacco chitinase A: DLLVDTM?* (also denoted by SEQ ID NO: 4).

The expression cassette was cut and eluted from the intermediate vector and ligated

into the binary vector pGREENII using restriction enzymes Smal and Xbal, forming the
final expression vector. Kanamycine resistance is confefred by the NPTII gene driven by
the nos promoter together with the pGREEN vector (Fig. 1B). The resulting expression
25 cassette is presented by Fig. 1A.
The resulting plasmid was sequenced to ensure correct in-frame fusion of the
signals using the following sequencing primers:
Primer from the 5° 35S promoter: 5° CTCAGAAGACCAGAGGGC 37 (also
denoted by SEQ ID NO: 5), and the 37 terminator: 5 CAAAGCGGCCATCGTGC 37 (also
30  denoted by SEQ ID NO: 6). The verified cloned hGCD coding sequence is denoted by
SEQ ID NO: 7. |
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during the run were monitored by enzyme activity assay .(Fig. 4B), and Fig. 4C shows coomassie-blue
stain of el assayed for activity. In a batch purification processed,
rGCD progg)r\%éa{%%ggﬁﬁed to a level greater than 95%; if only the first angﬂ;fﬁ? oiE fg%@g’%@% performed,
purity is achieved at 10a level of about 80% (results not shown). Biochemical analysis To validate
the identity of purified rhGCD, Mass-Spec Mass-Spec (MSMS) analysis was preformed. Results
obtained showed 49% coverage of protein smgm}j.j@t 15matched the predicted amino acid
sequence, based on the DNA of he exreSS| sette, |nclud|n 1.the leader peptide and targeting
sequences. Upta RERAMALA AEREES Do mméﬁagdetermme

whether the rhGCD produ%wgmk@gg@mg@mgm@wﬁ@g and can undergo uptake by
target cells, and _thus be useful for treatment of Gauchers disease, e ability. of the rhG 5t0 bind to

and Be taken up%w@&@ﬁkagfeess En &R SRERRHYTS Singcfdpithgedls mediated

by the Manposriblaceiylptecosamingitian/GieNAe) mﬁ@f&wsambaan be determined using
thioglycolateelicited peritoneal macrophages. As sh wn b GCD. underg es uptake by cells at

a 25high level. FGIRESRAREWE FAtERe 35 LIRS (13’1e Eé’o‘té(ﬁ? FELEHE  HEBHPTRANMNRH with

regard toqeaninan geageniratian. [Wurawae@&ﬁn@m mkfezaqcc@epaﬁamig Imﬁmnthaﬁetezyrnew
(this prepar tion was p epared 800/ urlty onIy he |rst andt ird sta s of the ication
process dESErBEHE BBS) . OB ?é aﬁﬂ ib’l‘? Fletdl than

Ceregymediddtian 6113;@1&%@4@@ wigssheepatsditg, gzeakexraﬂm &g%eatﬁiwwmmg thittessirges of the
PO S o R D My WAt Bt g i S0 D antibody, and

were compared to Cerezyme standard (positive control) and extracts of non-transformed

cells (negative control). Of the various calli tested, one callus (number 22) was selected for
scale-up growth and protein purification.
15 The Western blot was performed as follows.

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 follows. The SDS gels consist of a stacking gel and 2
resolving gel (in accordance with Laemmli, UK 1970, Cleavage of structural proteins

20  during 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 microliters of TEMED
(N,N,N',N'-tetramethylethylenediamine; Sigma catalog number T9281) per 10ml of gel
solution, 0.1% SDS, 375 mM Tris-HCL, pH 8.8 and ammonium persulfate (APS), 0.1%.
TEMED and ammonium persulfate were used in this context as free radical starters for the

25  polymerization. About 20 minutes after the initiation of polymerization, the stacking gel
(3% acrylamide, 0.1% SDS, 126 mM Tris-HCL pH 6.8, 0.1% APS and 5 microliters of
TEMED per 5ml of stacking gel solution) was poured above the resolving gel, and a 12 or

18 space comb was inserted to create the wells for samples.

The anode and cathode chambers were filled with identical buffer solution: Tris
30 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 glycerol
(Sigma catalog number GS012), 9% SDS, 15 ml mercaptoethanol (Sigma catalog number
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With regard to Figure 5C, clearly the percent of specific activity from total activity, inhibited by 4mg/m1
mannan, is higher for the GCD of the present invention (rGCD or recombinant human GCD) than for
the currentyauaialske Broduct in the market as follows: GCD (CB-mix|, wRICH B2t/ §GCD of the
present invention) - 75% Cerezyme - 65%  Furthermore, as shown by the figures, addition of

mannan gleariinhisd IR GEP DY, BGCRIS MrORFERBANAR PRI Al Banaan. the

binding of rtGCD was inhibited by 50%. These results show that even without remodeling of glycan
structured habprgeckpfiens atddilg putee frontheahsrsrrhad! 08rrbt Bl evienarddeadpiake to

target ma&ggpﬁ%gsqagg}&sg%gcifically through Man/G1cNAc receptors, Moreover, this recombinant
rhGCD is enzymaticallyactive.  Figure 5D shows that the rhGCD is also recognized by an anti-GCD

antibody in a Wegtern hiossREDwaler i he Preiria Accargingda:the RresrmInVaRligE; Juhile GCD
15standard (shown at 5, 10 and 25 ng per lane) is commercially purchased GCD (CerezymeO).

ExARPLEyeoRie - ESaynpes 1HIE 2SoRHaThatenal sheas Pheloraivr] tofelavasbbe Durification
procedurgyas-iesteshageorainorte gkﬁnem@ tBXicQlaoy testinpheratasels (Rridasse-factasstry on

Single Dose Acute Toxicity Testing for Pharmaceuticals, Center for Drug Evaluation and Research
(CDER) P aitfggetosgdSaipichisanda>cigel Artally ICH M3(M) Non-clinical Safety Studies for the

Conduct of HumaRdfalinigaliTrials fon BirsrnaceutisaltGRMER/ G (2860 hatmodificatign MoV 16

2000). Mice were injected as follows. An initial dose of 1.8 mg/kg_(clinical dose) was followed by doses

of 9 and 1&cAtgfkdoaRheny thdhpirtateardncriidesscheeer ¥ hrkmaaany MYL BAtE SRS receiving
rGCip (in ghliguigicarder featurinasariMmsiiats buiferido0 b NaGhith0dPaitwess 88:&o ethanol)

according to the present invention, 30 and another six mice for being treated with the carrier alone as

a control BYotpY PhEAtREIFETRERs o b SIS rBRREA dhg Soamedvmadeaialiandi she nitisreBiatie mice
died priorerithessrhedriesLenihanasisalieneafdhernice showad snraigeisrntfifasts fom

treatment{.)wl’ difuted 10 times with methanol and water buffer (20% methanol)). The transfer was
perﬁ)m;ed at 100 volts for 90 minutes at 4°C.
15 After the transfer, free binding sites on the nitrocellulose were saturated, at 4 °C
over-mght with blocking buffer contaming 1% dry milk (Dairy America), and 0.1% Tween
20 (Sigma Cat P1379) diluted with phosphate buffer (Riedel deHaen, catalog number
30435). The blot strips were incubated with an antibody (dilution, 1:6500 in phosphate
buffer containing 1% dry milk and 0.1% Tween 20 as above, pH 7.5) at 37 °C for 1 hour.
20 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 deHaen,
catalog number 30435)). The blot strips were then incubated, at room temperature for 1 h,
with a suitable secondary antibody (Goat anti rabbit (whole molecule) HRP (Sigma cat #
A-4914)), dilution 1:3000 in buffer containing 1% dry milk {Dairy America), and 0.1%
25  Tween 20 (Sigma Cat P1379) diluted with phosphate buffer (Riedel deHaen, catalog
number 30435)). After having been washed several times with PBS, the blot strips were
stained with ECL developer reagents (Amersham RPN 2209).
After immersing the blots in the ECL reagents the blots were exposed to X-ray
film FUM Super RX 18x24 , and developed with FUII-ANATOMIX developer and fixer
30 (FUI-X fix cat# FIXRTU 1 out of 2). The bands featuring proteins that were bound by the

antibody became visible after this treatment.
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WO 2004/096978PCT/1L2004/000181 No gross pathological findings and/or changes in body weight
were found in any of the mice EXAMPLE 5 5GLYCOSYLATION ANALYSIS Analysis of glycan
structures wi@sent/@aaBCD produced as described with regard to the preRIGUB B was
performed. As described in greater detail below, results indicate that the majority of glycans contain
terminal manno re%iéiue as well as_hi Jpannose structures. Advantageously, this high mannose
product was foufz%7 6'be Zz 14 g?ggffina%{%vg, ét}rolagtherefore no further steps were needed for its
activation.  TResmlowinguietepds walesud2dwerdetbiiied tye ylycobyiktip métrucsivensidhe
recombinant hGCD produced.accordi xamples gi t@y B [ ]fl tg%m haride
linkages T%arrHBcS)thn N- %%ud %?yé%%;(%éi}g‘aﬁe%r%r%%ﬁve%%yiﬁs%\égﬁg]%y r(‘%ysé/ ar?ga -k}%}gt?r(%%ggy. This
method estimateswhe |mkagentyferofitheutsink ydravegdecthe (Spaistidabadd itheEgeomraintal
mongsaccharide compgsition of.a glycaprptein. Based on prior.knoyiledge and also the rafios between
vario%ss ﬁéﬁ%%%%%eﬁg:m‘& ?gelgrl\%ag%d% r%ﬁé%sug%%nsslgt%ngoty%%s of glycans on th@iy@ggr%n. This
informationdsthmpordacditbastishate teeoptissidlénglychmestfuctarésipre daie otthboproteid. tAnother

method feaiuisd gliagaasahally c,analel> ShilR LENERTEPBHIHONA AR SANY MARD! TOF MS

were performe owing digestion of aliquots of the sampleS with trypsin and peptide N-glycosidase
F (PNGager) ardlpareretiylasioh bf tesgigedne:iThiesthietgbd! osebl nsteethshralddbisolss N-linked

carbohydigles fiam ey enzxuiatioally disaied abveapiptein Ihe massenat e dysananauiations i

the isolated glycan mix are determin heir masses are compared with those of Known structures
25frbin dathbapeskadddellighkef thdiphornsedicEhatite omispekition analisoThelplofgddadistructures

are basechﬁlﬁg %E?e'i?f g%e&s%&tégrbpﬁgﬁemg f 4 grgt%lépe organism. Another method included
analyzing the (%—g ycah population followingTeductive elimination of the tryptic and PNGase F treated
glycopeptides, desalting and permethylation. 0-glycans are not released by PNGase F, therefore,
glycans remaining 30linked to peptides are most likely O-linked glycans. These glycans are then

released by reductive elimination and their mass analyzed.
EXAMPLE 3

15 PURIFICATION OF RECOMBINANT ACTIVE HGCD PROTEIN FROM
TRANSFORMED CARROT CELLS

Recombinant h-GCD expressed in transformed carrot cells was found to be bound

to internal membranes of the cells and not secreted to the medium. Mechanically cell

disruption leaves the rGCD bound to insoluble membrane debris (data not shown). rGCD

20 was then dissolved using mild detergents, and separated from cell debris and other

insoluble components. The soluble enzyme was further purified using chromatography

techniques, including cation exchange and hydrophobic interaction chromatography
columns as described in Experimental procedures.

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

25  containing about 100g wet weight cells was thawed, followed by centrifugation at 17000xg

for 20min at 4°C. The insoluble materials and intact cells were washed by re-suspension in

100ml washing buffer (20mM sodium phosphate pH 7.2, 20mM EDTA), and precipitated

by centrifugation at 17000g for 20min at 4°C. The rGCD was extracted and solubilized by

homogenization of the pellet in 200ml extraction buffer (20mM sodium phosphate pH 7.2,

30 20mM EDTA, 1mM PMSFE, 20mM ascorbic acid,'3.8g polyvinylpolypyrrolidone (PVEP),

ImM DTT, 1% Trton-x-100 (Sigma)). The homogenate was shaken for 30min at room

temperature and clarified by centrifugation at 17000g for 20min at 4'C. The pellet was
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Monosaccharide composition analysis (summarized below) revealed a characteristic distribution of

- hexoses, hexosamines and pentoses characteristic of plant glycosylation. The ratios between GicNac
and Mannwgise 2euggestihat characteristic N-linked structures are the preduifibzetglypeast population.
5Mass Spectrometric analysis of the N-glycans from hGCD produced as described above indicates

that the predominant N-glycan ulation has the monogsacchayi ompgpsition.Pent. deoxyHex.Hex3
HexNACH NATEJELIE HILf ot SHBATAREre A BT kT o BRI AL B e
Chromat@@iapbywmﬁﬁ@tggmeﬂr@d(aﬁfm,aﬁﬁ&tpﬁéﬁmﬁ&srdbﬁfmwmsﬁ@mmwen@etry
(FAB-MS% and Dela %d.Extrcia_ctloLE%aﬁ?x Assisted Laser Desorption lonisation-Time of Flight
Mass-Spe%?r%ar%]gtFﬁ EORE AT §?’. For oligosacchailide analysis, the N-glycan population was

analysed by FABuviBel paifichiidh Di:aE QlridSriall dwingrdigestanapby aliduots ofstiellsamplesawith
papuion e o SN ot I L S R o e b T BN e sean
glycopeptibiésddsaftihggnidspproretBitaiied) equilibriied mAtosdceibnidectinkadedfopBoibN- and
OOy 0 e, S IR S REENETAL
follows (Tasterd ) MrabiehimPPbaluctcaefBietech)niliatb@lowed to monitor the conductivity, pH and
absorbency at 280nm. The sample was loaded at 20ml/min, afterwards the column was

10 washed with equilibration buffer (25mM sodium citrate buffer pH 5.5) at flow rate of
12Zml/min until UV absorbency reached the base line. Pre-elution 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 during the run were
monitored by enzyme activity assay, and tubes exhibiting enzymatic activity (in the elution

15 peak) were pooled. Pooled samples were diluted (1:5) in water containing 5% ethanol and
pH adjusted to 6.0 with NaOH.

Fig. 3A represents a standard run of this purification stage. The fractions collected
during the run were monitored by enzyme activity assay, as shown by Fig. 3B, and Fig. 3C
shows coomassie-blue stain of elution fractions assayed for activity.

20 Elution fractions containing the rGCD was applied on a second XK column
(1.6x20cm) packed with 10ml of the same resin as in the previous column, for a second
purification stage. The resin in this column was equilibrated with 20mM citrate buffer pH
6.0 containing 5% ethanol. Following the sample load the column was washed with the
equilibration buffer and the rGCD was eluted from the column by elution buffer (20mM

25 citrate bufler pH 6.0, 5% ethanol and 1M NaCl). Fig. 3D represents a standard run of this
purification stage. The fractions collected during the run were monitored by enzyme
activity assay, as shown by Fig. 3E, and Fig. 3F shows a coomassie-blue stain of elution
fractions assayed for activity.

The fractions of the absorbent peak in the elution step were pooled and applied on a

30 third column, for a third purification stage. The third purification stage was performed on a

XX column (1.6x20cm) packed with 8ml hydrophobic interaction resin (TSK gel,
Toyopear] Phenyl-650C, Tosoh Corp.). The resin was equilibrated in 10mM citrate buffer
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The samples were stored between -10 and -30C until required. 5 Protein chemistry Dialysis of intact
samples Qng M@l {s@Rtaining Iml of protein at a stated concentration of O@rpgi/podywassinjected into a
Slide-A-Lyzer dialysis cassette (10lcDa molecular weight cutoff) and 10dialysed at 4C over a period of
24 hours against water, the water being changed 3 times. Following dialysis the sample was removed

form the dd$sefiecantiiBBrScatbrRRbsiktgidESR s iBtiane Rael SERRDIE fBreiRyssaelBmtdEScreening

15The diglyzrd, dyephitisadispsarie wassgauspendedinmemy srmrmonhinRlcarpopatedhndter adjusted
to pH 8.4 with 10% ag. ammonia and digested with 1PCK treated trypsin for 4 hours at 37C according

to SOPs BHstednrBbosiitne B diBh rSYATirARs Y pl Qe FEch Ruieg omiainingo B sor 2

minutes feligwed Rivlvorhitisalien .20@arbohydrate chemistry Peptide N-Glycosidase A Digestion
The tryptically cleaved peptide/glycopeptide mixtures from the glycoprotein sample was treated with

the efizyme pepfitie KigiFRESRIESE ARBRIES 88Ot ErRHeifiain D sRes e limioprslisdes7C for 15
hours. Theraactpg waswaipPpeshiyrieere g activity assay.(Fig. 4B), and Fig. 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

10 alevel of about 80% (results not shown).

Biochemical analysis
To validate the identity of purified rhGCD, Mass-Spec Mass-Spec (MSMS)
analysis was preformed. Results obtamed showed 49% coverage of protein sequence that
15 matched the predicted amino acid sequence, based on the DNA of the expression cassette,

including the leader peptide and targeting sequences.

Uptake and activity of recombinant hGCD in peritoneal macrophages
To determine whether the rhGCD produced in carrot has been correctly
20  glycosylated and can undergo uptake by target cells, andAthus be useful for treatment of
Gaucher's disease, the ability of the rhGCD to bind to and be taken up by macrophages
was next assayed. Targeting of rhGCD to macrophages is mediated by the Mannose/N-
acetylghucosamine (Man/GlcNAc) receptor and can be determined using thioglycoiate-
elicited perrtoneal macrophages. As shown by Fig. 5, rGCD undergoes uptake by cells at a
25  high level. Figure SA shows uptake by cells of rGCD according to the present invention
with regard to mannan concentration.

Figure 5A shows uptake at comparable levels with Cerezyme™ (this preparation
was prepared to 80% purity with only the first and third stages of the purification process
described above).

30 Figures 5B and 5C show that rGCD uptake is at a higher level than Cerezyme™, as
this preparation was prepared to greater than 95% purity with all three stages of the

purification process described above.
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The resulting products were purified using a C18 Sep-Pak cartridge. Reductive elimination WO
2004/096978PCT/1L2004/000181  The Sep-Pak fraction containing poential 0-link lycopeptides
was dissoVEHAI4 &8 {fion of 10mg/m1 sodium borohydride in 0.05M so |§%§%§’/9 rlo@(‘i' 1(g‘lgnd incubated
at 45C for 16 hours. The reaction was terminated by the addition of glacial acetic acid. SDesalting of
reductively elimin&tgurasatdrial Pgsathiy dshly Dowescbdafsiesdip ederivaiicaetording to SOP B022.

The samaleae a3 11 0. GaA 10 SIASSRACHTS f 51426, 4ERR AR The colcted

fraction was hilised. 1 thvlation of refeased carbohydrates N-lin carbohydrates

eluting in@ECBYpragcandiaichnsep Pak fidetdordhel oterilinpueiiaklePHiguans tbtoasdeby reductive

e"minati%@%@%ﬁ@ﬁﬁ&ﬂ%m %ﬁgpﬁﬂgé@%@%@%@ﬁ%ﬂaﬁmi?@ﬂ@d%@ﬂéocedure

(SOP B018). A portion ot the permethylated N- n mixture was analysed AB-MS and
MALDBI-TOPFSMS 15and the remainder was subjected to linkage analysis. Linkage Analysis of the

N-linked Carbolilaie: Recvalisation 89 Hespermetviatad oivcansamblamiies dhained following

tryptic and PNGase A digestion or reductive elimination were hydrolysed (2M TFA, 2 hours at 120C)
and redueéd @ddibmtborsieutstisengeaBmienin DRl of meprksthe loofngepfipéraldraasOP B025),
The boragﬁﬁﬁg&g%@yg'the decomposition of the borodeuteride was removed by 3

These results show that even without remodeling of glycan structures, rhGCD

10 expressed and purified from transformed carrot cells can undergo uptake to target

macrophage cells specifically through Man/GlcNAc receptors, Moreover, this recombinant
thGCD is enzymatically active.

Figure 5D shows that the thGCD is also recognized by an anti-GCD antibody in a

Western blot; rGCD refers to the protein according to the present invention, while GCD

15  standard (shown at 5, 10 and 25 ng per lane) is commercially purchased GCD

{Cerezyme®).
EXAMPLE 4
TOXICOLOGY TESTING
20 The material obtained according to the above purification procedure was tested

according to standard toxicology testing protocols (Guidance for Industry on Single Dose
Acute Toxicity Testing for Pharmaceuticals, Center for Drug Evaluation and Research
(CDER) PT 1 (61 FR 43934, August 26, 1996) and by ICH M3(M) Non-clinical Safety
Studies for the Conduct of Human Clinical Trials for Pharmaceuticals CPMP/ICH/286/95
25  modification, Nov 16 2000).
Mice were injected as follows. An mitial dose of 1.8 mg/kg (clinical dose) was
followed by doses of 9 and 18 mg/kg. Testing groups included six mice (ICR CD-1; 3
males and 3 females) for receiving rGCD (in a liquid carrier featuring 25 mM citrate
buffer, 150 mM NaCl, 0.01% Tween 80, 5% ethanol) according to the present invention,
30  and another six mice for being treated with the carrier alone as a control group. The mice
were then observed for 14 days and were euthanized. None of the mice died prior to the

scheduled euthanasia. None of the mice showed any significant effects from treatment.
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25additions of a mixture of methanol in glacial acetic acid (90:10) followed by lyophilisation. The
samples were then acetylated using acetic anhydride (1 hour at 100C). The acetylated samples were
purified byEQtr484{B1 Ao chloroform. The partially methylated alditol acetBte<¥Hifd/M&if examined by
gas chromatography/mass spectrometry (GC/MS). Standard mixtures of partially methylated alditol
acetates fRALARANKIMBESAIF0:diHE Y REEHSEHIRRME cendiinms weastbifidich Ghrpaography/Mass
Spectrometry (GC/MS) WO 2004/ 96978PCT/1I.2004/000181 An aliquot (1ul) of the derivatised
carbohydi#fé&-samples dissolved in hexane, were analysed by GC/MS using a Perkin Elmer
Turbomass Gold mass spectrometer with an Autosystem XL gas chromatograph and a Dell data
system under the following conditions: 5 Gas Chromatography Column.DB5 Injection:On-column
10Injector Temperature: 40C Programmm% 40C then 70t/minute to 100C, held at 100C

for 14minute, then 8C/minute to 29¢G  Yioalyyelcha90Giior §smnutes. Carrier Gas: Helium 15Mass
Spectrometry lonisation Voltage:70eV

10

15

20

25

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 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.

The following methods were used to determine the glycosylation structure of the
recombinant hGCD produced according to the Examples given above. Briefly, the
monosaccharide Iinkages for both N- and O-glycans were determined by using a hydrolysis
and GC-MS strategy. This method estimates the linkage type of the carbohydrates to the
peptide and the general monosaccharide composition of a glycoprotein. Based on prior
knowledge and also the ratios between various monosaccharides, this method may suggest
the types of glycans on the glycoprotein. This information is important to estimate the
possible glycan structures present on the protein.

Another method featured oligosaccharide analysis of the N-glycan population.
FAB-MS and MALDI-TOF MS were performed, following digestion of aliquots of the
samples with trypsin and peptide N-glycosidase F (PNGaseF) and permethylation of the
glycans. This method is used to detach and isolate N-linked carbohydrates from the
enzymatically digested glycoprotein. The masses of the glycan populations in the isolated
glycan mix are determined and their masses are compared with those of known structures
from databases and in light of the monosaccharide composition analysis. The proposed
structures are based also on the glycosylation patterns of the source organism.

Another method included analyzing the O-glycan population following reductive
elimination of the tryptic and PNGase F treated glycopeptides, desalting and
permethylation. O-glycans are not released by PNGase F, therefore, glycans remaining
linked to peptides are most likely O-linked glycans. These glycans are then released by

reductive elimination and their mass analyzed.
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/Acquisition Mode:Scanning Mass Range: 35-450 Daltons 20MS Resolution:Unit Sugar analysis
of intact glucocerebrosidase Derivatisation 25 An aliquot equivalent to 500ug of glucocerebrosidase
was lyophifiseati##P$&i%g of Arabitol as internal standard. This was then etHHR8RE¥818Vernight at
80C and dried under nitrogen. Released monosaccharides were re-N-acetylated using a solution of

methanol, pyrld'n&ﬁe&&@ﬁ%@%wsﬂﬁoﬁ@ﬁgmﬂgmmm BRI PR GRVErted to their
30trimethylsilyl (TMS) derivatives accordin SOP B023. The TMS derivatives were reduced in

volume uRMERFRFSGEIHIdasiva PINSRITHF é?%%%ﬁ%%ﬁsfﬁl?a%ﬁﬂtﬁ%%oﬁ%@amples were
then allowgd de.eqiilibrate atidSonesaighi:ublankivaniaieing 40k k8l rabitalantia standard

monosaccharide mixture containlng 10i.tg each of Fucose, Xylose, Mannose, Galactose, Glucose,
N- acetyld&géfbggﬁﬁfﬁéesﬁfﬁé%?ﬂéq BT Ry é’é’@ﬂﬁ]?é’l?&mmlc acid and Arabitol were prepared in

paralkel. The TMgfe s&@&%&%@Haml@wm@mgwcmﬂmmﬂgpwéﬁ%%Mé@metry
(GCIMS). 5 Gas Liqui Chromatoegqraphy/Mass Spectrometry (GC/MS) An aliquot (iW) of the

derivatisetP exeHpfigatadhahhp R HeERal thHERmRORIEE YD AAR I SPBYEEMIE tising a Perkin

Elmer Tugeipass &okd asskReeroneiesmithcan Autosystem XL gas chromatograph and a Dell data
system under the following conditions: Gas Chromatography 15Column:DB5

Materials and Methods

10 Analysis was performed using a combination of Gas Chromatography-Mass
Spectrometry (GC-MS), Fast Atom Bombardment-Mass Spectrometry (FAB-MS) and
Delayed Extraction-Matrix Assisted Laser Desorption Tonisation-Time of Flight Mass-
Spectrometry (DE-MALDI-TOF MS).

Tor oligosaccharide analysis, the N-glycan population was analysed by FAB-MS

15 and MALDI-TOF MS following digestion of aliquots of the samples with trypsin and
peptide N-glvcosidase F (PNGaseF) and permethylation of the glycans. The O-glycan
population was analysed following reductive elimination of the tryptic and PNGase F
treated glycopeptides, desalting and permethylation.

The monosaccharide linkages for both N- and O-glycans were determined using a

20 hydrolysis, derivatisation GC-MS strategy.

EXPERIMENTAL DESCRIPTION

Sample
25
The sample vials were received were given the unique sample numbers as
follows {Table 1): »
Table 1
30
Product reference
number
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Injection:On-column Injector Temperature: 40C Programme:. 1 minute at 90C then 25t/minute to
140C, 5Chpimuigsdeoga@C, finally 10t/minute to 300C and held at 300C fopbminstasodd@arrier Gas:
Helium Mass Spectrometry 25lonisation Voltage:70eV Acquisition Mode: Scanning Mass Range:
50-620 Daltons MS Resolution: Unit 30 Delayed Extraction Matyi i ser Desorption
lonisation Mass SpectidintArsr WAL 5w hhes caatafidh Bombatdment-Mass Spectrometry
(FAB-MS) WO 2004/0969 (8R{mHitla004/00048q  MALDI-TOF rgagssspegtrometry was performed
using a Voyager STR Biospectrometry Research Station LaseriDesorption Mass Spectrometer
coupled with Delayed EXHEHGAIEIEY! 8 Smefiiidy paethylated gl?@ A wefe redissolved in
methanol:water (80:20) apghanadyseGMsi0geITAt:eE2F0-dihydroxylergoic\acid. Bradylcinin,
Angiotensin and ACTHwere used as-external calibrants. 10Positi Atom Bombardment
mass spectrometric analyses were carried out on M-Scan's VG AutoSpecE mass spectrometer
operating at Vacc = 8kV for 4500 mass range at full sensitivity with a resolution of approximately 2500.

A Caesium lon Gun was used to generate spectra operating at 30kV Spectra were recorded on a VAX
data system 3100 M76 LiSrigrepfis&striared patween -10 and -30°C until required.

5  Protein chemisiry

Dialysis of intact samples

One vial (containing 1ml of protein at a stated concentration of 0.8mg/ml) was
injected into a Shde-A-Lyzer dialysis cassette (10kDa molecular weight cutoff) and
10 dialysed at 4°C 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.

Trypsin digestion of the intact samples for oligosaccharide screening

15 The dialysed, lyophilised sample was resuspended in 50mM ammonium
bicarbonate buffer adjusted to pH 8.4 with 10% aq. ammonia and digested with TPCK
treated trypsin for 4 hours at 37°C according to SOPs BO01 and B003. The reaction was
terminated by placing in a heating block at 95°C for 2 minutes followed by lyophilisation.

20 Carbohvdrate chemistry

Peptide N-Glycasidase A Digestion

The tryptically cleaved peptide/glycopeptide mixtures from the glycoprotein
sample was treated with the enzyme peptide N-glycosidase A (PNGaseA) in ammonium
25 . acetate buffer, pH 5.5 at 37°C for 15 hours. The reaction was stopped by freeze-drying,
The resulting products were purified using a C;3 Sep-Pak cartridge.

Reductive elimination
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Dried permethylated glycans were dissolved in methanol and loaded onto a target previously smeared
with 2-4p1 of thioglycerol as matrix prior to insertion into the source RESULTS AND DISCUSSION 20

TNIS sugatV @A &lucocerebrosidase N-linked oligosaccharide scrd&mifig2fhEdiitdt glycoprotein
was subjected to dialysis followed by trypsin digestion and 25the lyophilised products were digested

using PNGase ArgacthepsRyrifigd 1 aine:RikiS sRRnmak iRty *pepaalic Reidiiotinkes)

oligosaccharide containing) fraction was permethylated and FAB mass spectra were obtained using a
I

portion oftieldier afid Smsimbediensaetiviadeir MASMrsergadhrLgriteAnd icabried BLMALDI-TOF
mass spegtrtwsre OhbaiRetiisindoncmorahihe desivatisedipligospsrbalides in.gligh mass range
for 30molecular ions. Analysis of N-glycans from glucocerebrosidase WO
2004/096978PCT/IL2004/000181 Table 1 lists the predominant fragment ions present in the FAB
spectta amﬂ;mlggtﬁgf&g%tp‘rm;ﬂﬁﬁm&/mé@h@ectra. The molecular ion region (shown in
Appendix Ill) contains a predominant signal at m/z 1505.8 (congistent with an g\a/I+Na] 5quasimolecular
ion for a structurE FAHE HRSHANEEIHTH PEA BEERUPRACHS I PR PR fad e $8ls intense

quasimolessiasdans mese R daieetactieasisieptaminESRIE X881 Righ MROBaRG sluctures. The
high mannose structures detected range in size from Hex5.HexNAc2 at m/z 1579.8 to Hexs.HexNAc2

at m/z 2188910 draplalsefhnals are produced from less extensively processed N-glycans such as
m/z 1331.7 (consistent with

10 Permethvlation of reieased_ carbohvdrates

N-linked carbohydrates eluting in the 5% aq. acetic acid Sep-Pak fraction and
potential O-iinked glycans released by reductive elimination, were permethylated using the
sodium hydroxide (NaOH)/methyl iodide (Mel) procedure (SOP B018). A portion of the
permethylated N-linked glycan mixture was analysed by FAB-MS and MALDI-TOF MS

15  and the remainder was subjected to linkage analysis.

Linkage Analysis of the N-linked Carbohvdrate

Derivatisation

20
The permethylated glycan sample mixtures obtained following tryptic and PNGase

A digestion or reductive elimination were hydrolysed (2M TFA, 2 hours at 120°C) and
reduced (sodium boreodeuteride (NaBDy) in 2M NH,0H, 2 hours at room temperature, SOP
B025), The borate produced on the decomposition of the borodeuteride was removed by 3

25  additions of a mixture of methanol in glacial acetic acid (90:10) followed by lyophilisation.
The samples were then acetylated using acetic anhydride (1 hour at 100°C). The acetylated
samples were purified by extraction into chloroform. The partially methylated alditol
acetates were then examined by gas chromatography/mass spectrometry (GC/MS).
Standard mixtures of partially methylated aldito! acetates and a blank were also run under

303  the same conditions.

Gas Liguid ChromatozraphvfMass Spectrometry (GC/MS)
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10an [M+Na]4 quasimolecular ion_for a structure having the composition Pent.Hex3.HexNAc?2) or from
larger N-glycans for example m/z 1751.0 (consistent with an [M-frNar quasimolecular ion for a
structure HAGREHREIMposition Pent.deoxyHex.Hex3.HexNAc3), m/z 2FGTAHHEI8H: with an
[M+Na]+ quasimolecular ion for a structure having the composition Pent.deoxyHex2.Hex4.HexNAc4)
and m/z 152753.6 (consistent with an [M+Na] quasimolecular ion for a structure having the
composition Pent.deoxyHex3.Hex5.HexNAc4). The FAB mass spectrum provides information

regarding antenAaesktrt(red of thietdeni vied radimtipiretn stanlsw sl s gidiesmhevspectrum (data
not showi, S1aRal5 uerpeeianieAIRMbIRRNRKASE (L B ARAANIBRMAGAat /2 260) as

non-reducing 20terminal monosaccharides in the N-glycans. Table 2: Masses observed in the
permethyfatetsesientifl of G Icuosesisrapitensea(fesh daie systampereD s iisnmep TiRE and Peptide
N-glycosidase A digestion 25 Low Mass 219 Hex+ 228 HexNAc+ (- methanol) 260

Gas Chromatography

Column: DB5
Injection: On-column
10 Injector Temperature: 40°C

Programme: | minute at 40°C then 70°C/minute to 100°C, held at 100°C for 1
minute, then 8°C/minute to 290°C, finally held at 290°C for 5 minutes.

Carrier Gas:  Helium

15 Mass Spectrometry

Ionisation Voltage: 70eV

Acquisition Mode:  Scanning

Mass Range: 35-450 Daltons
20 MS Resolution: Unit

Sugar analysis of intact glucocerebrosidase

Derivatisation

25
An aliguot equivalent to 500pg of glucocerebrosidase was lyophilised with 10ug of
Arabitol as %ntémai standard. This was then methanolysed overnight at 80°C and dried
under nitrogen, Released monosaccharides were re-N-acetylated using a solution of
methanol, pyridine and acetic anhydride, dried under nitrogen again and converted to their
30  trimethylsily! (TMS) derivatives according to SOP B023. The TMS derivatives were
reduced in volume under nitrogen, dissolved in 2mi of hexane and sonicated for 3 minutes.

The samples were then allowed to equilibrate at 4°C overnight. A blank containing 10ug of
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flexNAc+ WO 2004/096978PCT/11,2004/000181 High Mass 1032.4 PentHex3.HexNAct 1171.5 -
Hex3.HexMArzhMashAlat 1299.6 Elimination of fucose from m/z 1505.8 $83miG004/000181
PentHex3.HexNAc20Me + Nat 1345.6 deoxyHex.Hex3.HexNAc20Me + Nat 1505.7
Pent.deoxyHex.Hex3.HeAc20Me + Nat

10

15

20

25

30

Arabitol and a standard monosaccharide mixture containing 10ug each of Fucose, Xylose,
Marnnose, Galactose, Glucose, N-acetylgalactosamine, N-acetylglucosamine, N-
acetylneuraminic acid and Arabitol were prepared in parallel. The TMS derivatives were

then examined by gas chromatography/mass spectrometry (GC/MS).

Gas Liquid Chromatography/Mass Spectrometry
GC/MS

An aliquot (1) of the derivatised carbohydrate sample dissolved in hexane, was
analysed by GC/MS using a Perkin Elmer Turbomass Gold mass spectrometer with an

Autosystem XL gas chromatograph and a Dell data system under the following conditions:

Gas Chromatography

Column: DB5

Injection: On-column

Injector Temperature: 40°C

Programme: 1 minute at 90°C then 25°C/minute to 140°C, 5°C/minute to 220°C,
finally 10°C/minute to 300°C and held at 300°C for 5 minutes.

Carrier Gas: Helium

Mass Spectrometry

Ionisation Voltage:  70eV
Acquisition Mode:  Scanning
Mass Range: 50-620 Daltons
MS Resolution: Unit

Delaved Extraction Matrix Assisted Laser Desorption fonisation Vass Spectrometry

(DE-MALDI-MS) and Fast Atom Bombardment-Mass Spectrometry (FAB-MS)
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1579.8 Hex3.He'Ac20Me + Nat 1709.9 Pent.deoxyHex.Hex4.HeAc20Me + Nat 1750.9
Pent.deoxyHex.Hex3.HexNAc30Me 4- Nat 1783,9 Hex6.H xNAc20Me + Nat 1989.0
Hex7.HexNACZOM Wat 1997.0 Pent.deoxyHex.Hex3.HexNAc40Me -|-MayRGA/ORIF assigned
2099.0 Not assigned 2130.0

MALDI-TOF mass spectrometry was performed using a Voyager STR
Biospectrometry Research Station Laser-Desorption Mass Spectrometer coupled with

Delayed Extraction (DE).

Dried permethylated glycans were redissolved in methanol:water (80:20) and
analysed using a matrix of 2,5-dihydroxybenzoic acid. Bradykinin, Angiotensin and ACTH

were used as external calibrants,

10 Positive Ton Fast Atom Bombardment mass specirometric analyses were carried out
on M-Scan's VG AutoSpecE mass spectrometer operating at Vacc = 8kV for 4500 mass
range at full sensitivity with a resolution of approximately 2500. A Caesium Ion Gun was
used to generatqﬁgpﬁect_ra__pperating at 30kV. Spectra were recorded on a VAX data system
3100 M76 using Cpu_s sgﬁﬁ,&re.

15

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

previously smeared with 2-4ui of thioglycerol as matrix prior to insertion into the source.

RESULTS AND DISCUSSION

20

TMS sugar analysis of Glucocerebrosidase

N-linked oligosaccharide screening

The intact glycoprotein was subjected to dialysis followed by trypsin digestion and
25  the lyophilised products were digested using PNGase A and then purified using a C;5 Sep-
Pak. The 5% aq. acetic acid (N-linked ohigosaccharide containing) fraction was
permethylated and FAB mass spectra were obtained using a portion of the derivatised
ofigosaccharide 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

30  molecular ions.

Analvsis of N-¢lvcans from slucocerebrosidase
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Pent.deoxyHex2.Hex4.HexNAc30Me + Nat 2193.1 Hexs.HexNAc20Me + Nat 2375.2 Pent.
deoxyHex2.Hex4.HexNAc40Me + Nat 2753.4 Pent.deoxyHex3.Hex5.HexNAc40Me + Nat All masses
in column Bite2afa/#PENBisotopic unless otherwise stated. The mass numiB¥IE/ haipidioasiate directly to
the raw data as the software often assigns mass numbers 13 to C Isotope peaks particularly for
masses above 1700Da. Linkage analysis of N-glycans from Glucocerebrosidase Linkage analysis
was performed on the N-linked carbohydrates released following PNGase A digestion, Sep-Pak
purification and peatttettifiatibn predomineshijiametromepoenhinds EAE settvitindome impurity

peaks origialing, A e e HANSIRGALAISNLS: & ORRNSRN.AL S relsnion e, and the spectra with

standard mixtures allowed provisional assignments of the sugar contalhing pea‘t’%lﬂstedjn Table 3.
5Table 3:Rérsadontinestiinhe veadoushatihkadahmmyzadsiadidesnsistent with an [M+Na]

5 quasimolecular ion for a structure having the composition Pent. deoxyHex Hexs HexNAcy).
A range of less intense quasimolecular jons were also detected consistent with complex
and high mannose structures. The high mannose structures detected range in size from
Hexs HexNAc; at m/z 1579.8 to Hexs.HexNAc, at m/z 2193.0. The complex signals are
produced from less extensively processed N-glycans such as m/z 1331.7 (consistent with

10 an [M+Na] quasimolecular ion for a structure having the composition
Pent Hexs HexNAc,) or from larger N-glycans for example m/z 1751.0 (consistent with an
[M+Na]" quasimolecular ion for a structure having the composition
Pent.deoxyHex Hex; HexNAcz), m/z 2375 4 (consistent with an [M+Na]™ quasimolecular
ion for a structure having the composition Pent. deoxyHex; Hexs. HexNAcy) and m/z

15 2753.6 (consistent with an [M+Na]" quasimolecular ion for a structure having the
composition Pent.deoxyHexs Hexs HexNAc,).

The FAB mass spectrum provides information regarding antennae structures by

virtual of fragment ions in the low mass region of the spectrum (data not shown). Signals
were detected identifying hexose (at m/z 219) and HexNAc (at m/z 260) as non-reducing

20 terminal monosaccharides in the N-glycans.

Table2: Masses observed in the permethylated spectra of Glucocerebresidase
(veference number 62996) following Tryptic and Peptide N-glycosidase A
digestion

25

Low Mass
219 | Hex"
228 | HexNAc™ (- methanol)
260 HexNAc”
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detected as their partially methylated alditol acetates in the GC-MS analysis of Glucocerebrosidase
(reference number 62996) following Tryptic and Peptide Nglycosidase A digestion 10 4-linked

16.73 GlcMAC2B840linked 17.59 GIcNAC PCT/IL.2004/000181
High Mass

1032.4 Pent Hex; HexNAc"
1171.5 Hex; HexNAc,OMe + Na*
1299.6 Elimination of fucose from m/z 1505.8
13316 Pent.Hexs HexNAc,OMe + Na™
13456 deoxyHex Hexs HexNAc,OMe + Na”
1505.7 Pent. deoxyHex Hex; HexNAc;OMe + Na™
1579.8 Hex;. HexNAc;OMe + Na'
1709.9 Pent.deoxyHex. Hex: HexNAc,OMe + Na™
1750.9 Pent.deoxyHex Hexs HexNAc;OMe + Na™
1783.9 Hexs HexNAc,OMe + Na'
1989.0 | Hex; HexNAc;OMe + Na'
1997.0 Pent deoxyHex Hexs. HexNAc,OMe + Na*
2027.0 . Not assigned
2099.0 Not assigned
2130.0 Pent deoxyHex, Hexs HexNAcsOMe + Na*
2193.1 Hexg HexNAc,OMe + Na™
23752 Pent.deoxyHex, Hexy HexNAc,OMe + Na™
2753.4 Pent deoxyHexs Hexs. HexNAc,OMe + Na”

All masses in column one are monoisotopic unless otherwise stated, The mass
numbers may not relate directly o 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 Glacocerebrosidase
Linkage analysis was performed on the N-linked carbohydrates released following
PNGase A digestion, Sep-Pak purification and permethylation.
10

52



4.3 0-linked oligosaccharide screening 5Reductive elimination was carried out on the 60% 2-propanol
fraction (potential O- linked glycopeptide fraction) from the Sep-Pak purification of Glucocerebrosidase
following tsypsinvatiekPINGase A digestions. The sample was desalted fol[BGAVId e EDN of the
reaction and, after borate removal, was permethylated. FAB mass spectra were obtained using a
portion of the degvalied OUGRRAFERAKEIS BUQMARINBHRNEB IR TRUREBLBNR A% om
DE-MALDI-TOF mas_sﬁs%ectra wereE obtained using a portion og%gﬂe d}érivatised,oligoﬂsgaccharides ina
high masshedrievitisinpleeetaisidremneisigriitheontsstam imhabthpsserice witb stardarglycans were
observed {dgiaaokphanilobitkageanabiineteabanns damakacaiehinsidasedes Linkage
analysis was carried out on the products of reductive elimination after permethylation. No signals
consistent with the presence of typical O-linked glycans were observed (data not shown). Figure 6

shows some exepgplary. olycap StNigHEesAS S FATRATARIDINERMHBER A20htaingd from CHO

(Chinese hamstérovary) cells, which are mammalian cells (CerezymeTM) and the GCD of the present

invention deénsf edavtienpatdhomethBaisdaldi Jfapeiates in tagrolMequnairid Ybtain exposed
mannose ¢qgidEs I GRISEYPRTM Py SAREATh SHA TAINRRRITARINIORR $pige Rre directly
obtained for the GCD obtained from plant cells according to the present invention, without requiring
25further shenvipdritoh digestiemnple with glycosylases.  Figure 7 represents the main glycan
structure found in rGCD. Figure 7 shows proposed structures of a) the predominant oligosaccharide
population found on hGC expressed in carrot cell suspension (1505.7m/z); b) typical N-linked core; c)
Fucd8ylated 54

" Terminal
10.41
Xylose”
Terminal
10.84
Fucose
Terminal _
12.29 {(major)
Mannose
Terminal
12.55
(ralactose
2-hnked
13.40
Mannose
d-dinked
13.58
Glucose
2,6-linked
14.91
Mannose
3,6-linked :
15.08
Mannose
2,3,6-linked
15.87
Mannose
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. WO 2004/096978PCT/1L2004/000181 plant N-linked core. N-linked glycans are coupled to the protein
via-Aspargig angdsyedgh the reducing end of the GlcNac (GN) residue g fighhhagg of the
diagrams. N plant glycosylation patterns, Fucose residues may be part of the core structure, bound to
the first GlcNac using.an.alpha(l-3)-glycasidic. bond while mamm@ﬁtructures typically use the
5alpha(1-6) glycosidic bond. 4Fﬁ§i€ﬁés 8A-8D show all polsiigle structdres for the N-glycans detected
on the rGCD proteinjaccordiggqAhe presgnt invention. he dominat glycan structure that was
identified is the core glycan structure found in most plant glycoprateins fiom pea, rice, maize and other
edible plants. This sttucture 16 c¢oheits a lcore xylose resi eaS well ag a core alpha-(1,3)-fucose.
Work done by Bardor et al (33).8ws that 50% of nonallergﬁ: glaood donprs have specific antibodies
for core xylose in thejr_sera, and 25% have!specific antibodies to core alpha-(1,3)-fucose.. However it
is still to be studied whether such antibodies might introduce limitations to the use of plant-derived
biopharmaceutical glycoproteins. 15The minor glycan populations of the hGCD produced as described
above were mainly high mannose structures Hex4HexNAc2 to Hex8HexNAc2. Among the complex
structures exhibited structures such as Pent.deoxyHex2.Hex4.HexNAc3 and

Pent.dEOXYHEX34!'§e&!E|1 XNAR o REDLEKSHeXNAG2 was detected in smaller proportions. 20The _
major tgrmlnal _monm&mﬁé&mﬁmﬂw e or Galactosg) and N- acetylhexosamine, which
IS consistent W't%@%%gﬂﬁ?ﬁ&ﬁ%ﬁ&%&?Slﬁ%‘ﬁct‘ﬂrg%_%%”ﬂp%ﬁ%%}’ PAOGES BHO- GRIIAIRX

structures. With regar ed oligosaccharide screening, no signals that are consistent with

typical 0-llisked glmamti@r’érw@@a\fé@n@@@qg—l?ﬁbwndﬁoat@aﬁft@hé@me@*@ﬁi%ﬁnked
olaosacepais, sHitaldase RN B At A SRLEDRM e dnard gisonylacion of GED from
other cell systems, including native GCD and recombinant GCD produced in mammalian culture
systems. Howevepniaftie reortunaehaits boriposition siyrarscemibisttast Wik Arabinose were

detected S mnoRRNHPAIWILLLLROEL Wi RreRARLIYERiaN R thalk RS NAGP Rigtein N- 30glycan

composition analysis sho tha mayjority of the N-glycans terminate with
10 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 1ons. No signals

consistent with the presence of O-linked glycans were observed (data not shown).

Linkage Analvsis of O-glveans from glucocerebrosidase

15
Linkage analysis was carried out on the products of reductive elimination after
permethylation. No signals consistent with the presence of typical O-knked glycans were
observed (data not shown).
Figure 6 shows some exemplary glycan structures as a comparison between GCD
20  obtained from CHO (Chinese hamster ovary) cells, which are mammalian cells
(Cerezyme™) and the GCD of the present invention, from carrot cells. As shown,
remodeling of these structures is required to obtain exposed mannose restdues for
Cerezyme™. By contrast, such exposed mannose residues are directly obtained for the
GCD obtained from plant cells according to the present invention, without requiring
25  further manipulation, for example with glycosylases.
Figure 7 represents the main glycan structure found in rGCD. Figure 7 shows
proposed structures of’ 2) the predominant oligosaccharide population found on hGC

expressed in carrot cell suspension (1505, 7m/z); b} typical N-linked core; ¢) Fucosylated
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mannose residues. This agrees with the requirement for mannose terminating N-glycans assisting the
uptake of therapeutic hGCD by the macrophage mannose receptor. However, WO
2004/0969¥8R@H#2084/000181 neither native GCD nor recombinant GEDIgigdicetd ikimammalian
cells is high mannose. Therefore, the present invention overcomes a significant drawback of

commercigll ced hG oteli WhICh is that he r ! ified t rminate with
mannoseX 2352?@ wiail co{heci\grlc{mie{lng grg%aﬁléeacrieacso ?sén i %ﬁ%&%&ﬂﬁ %nar ENT WITH
THE PRBSENE[unghHr Oitie GlclNhe (r@bbnﬁs:chmbmmearng'bmgﬂth@degstd\ﬂp@mesent

invention a@refer rglppgse gc%ungl S%uqégco g{jaat/%g P cﬁtﬁhgc%rr%ds%%ﬂx goglaﬁ C II Laure which is
Losom ig

10prefer enzyme for example mannose glycosy Tated proteln
AccordlngiloIﬁneterrgchempbdlmbhgyhewm bbred pratdenmerochaben s stucin gyioctily pseskat invention is
swtagle f%][%%g@:%t gf al osodnal -associated disease, such as a lysosomal storage disease for
exanmiple d oﬂrea ment optionally and preferably comprises. (a) providing a 15 recombinant
biologically activiégores $Ahgsbsoomahepeysideptmiicadsdon tharifelyaed priertedatrcdlts; GO capable of

efficiently t%rg %Q&&% a{% t?lérré?gg ﬂ@f@&ﬁ} 0 the lysosomal enzyme. This recombinant biologically
m

active en yme as exp ed inal mannose residues on appended oligosaccharides; and (b)
administering a tFerdpeutios] Ighe:fﬂscﬁtvecamd&mt vhtidastbrdbirthatchbiolgliewllytastives lfsosbmal

enzyme, of r{a‘l@ﬁ? é‘lgrﬁo{?ﬁ)&gﬂp 9,he g%égga%% e me‘i‘% é@@ﬁ?ﬁ%e%ﬁg‘%%%?@t’ the

recombinant hi man ysosom enzym invention may be produced
by thé hostm@llm@fathel‘mvehmrre?mﬂabﬁﬁﬂthﬁsmmdéﬂhs-élcﬁrf@@wlI Work Bynenbanfierslisin subject”

or "mammal " IS 0 i uman,
bovine, en%gllﬁl ﬂznﬁﬁyéﬁg&?aﬁﬁ; su 'E&CE%P% ofcst@%%éfeaera $ﬁ%ﬁaﬁgﬁg%ﬁeﬁg@&%ﬁiﬁggld be
noted thaK]zﬁm@enrﬂl@rmmtd a@é irstadpsciinetivhations ov afievidpion(da-patrsiodloaiessndition

andlor ong gy M SUTplemS Uisel SHtng e s conion SRRIPNRRIRG NG Seesls b such a

condition. In another pre odiment, t e lysosomal enzyme use e 30
invention pheay- d@‘ﬁdﬁi@mpianmewéﬂal)gh@mn‘ipmsmg at least one oligosaccharide chain having an

expgged mannogg Jesidye gcé%l'ﬁ hﬁ%ﬁe pre eragﬁ{} |s re EL IR HQAMANQPRLIRESALL on a target cell

In a target site within a SU Inant
mainly high mannose structures Hex4HexNA02 to HeXSHexNACZ. Among the complex

structures exhibited structures such as Pent.deoxyHexZ Hex4 HexNAc3 and
'Pent.deoxyHex3.HexS.HexNAc3. Pent.Hex3 HexNAcZ was detected in smaller
proportions.

20 The major terminal monosaccharides are hexose (Mannose or Galactose) and N-
acetythexosamine, which is consistent with the presence of high mannose structures and
partially processed complex structures. |

With regard to O-linked oligosaccharide screening, no signals that are consistent
with typical O-linked glycans were observed. GCD is known in the art to not have O-

25 linked oligosaccharides, such that these results are consistent with the known glycosylation
of GCD from other cell systems, inchuding native GCD and recombinant GCD produced in
mammalian culture systems. However, in the monosaccharide compesition, signals
consistent with Arabinose were detected.

An important point with regard to the present invention is that the hGCD protein N-

30 glycan composition analysis showed that the majority of the N-glycans terminate with
mannose residues. This agrees with the requirement for mannose terminating N-glycans

assisting the uptake of therapeutic hGCD by the macrophage mannose receptor. However,
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WO 2004/096978PCT/1L2004/000181 lysosomal enzyme has increased affinity for these target cell, in
comparisoitduihesearesponding affinity of a naturally occurring lysosop@amnymedesihe target cell.
Therefore, each dose is dependent on the effective targeting of cells abnormally deficient in GCD and
each dose of such for GCD is sybsta g%% less, thap;the dose of n%)ij L%é\ occurring GCD that
would ot A EE B AT SE P G AP 6 BRI e e O™ According
to preferr%&@i&@dtﬁ@pﬁ&@ﬁtﬁﬁ@mmfmwmﬁm sthefpteitisisulkatfedomnibritigatment of
lysosomal stqra ses, such the p nt invention also.c rises a methad for treating such
diseases. &9@8@%&1@%?&8@1&%&8@ &3& ﬁ?ﬁﬁé’%ﬁf@%&%r’"ﬁ&l t?o %5 PSR the result of
defects inngenescangadingiinwymesdiv bredk:cowstglyablipiaborpolysaccharide waste products

within the lysosomes of cells. The enzymatic products, e.g., sugars and lipids, are then recycled into
new products. Each of these disorders results from an inherited autosomal or X-linked recessive trait
which affects the levels of enzymes in the Iysmsgml@emerally there is no biological or 15 functional
activity of the affected enzyp . _ of affec s. In such diseases the
deficiency in enzyme functottfeate SSSTA o) 0h Wpld or carbohydrate
substrate in Iysoﬁbmmmmbeimnpﬂmmotﬂyoémdtwaﬂyrdmgsm;gtl&sa)mfsmgazwﬁuneﬁqaﬁ’ethﬁmath The
genetic etiology, clinical. nnc tations, molecular bio and pos |b|||t S0S | storage
diseases 78" gé g‘ilead ﬁl‘iug %@? %F%é’ﬁ%eﬂfétpﬁéélggd WQ §%%1e8’31‘:&? Bisis of
Inheiited pPriskeasddy %ﬂwokoma%iﬁyaw fdtlle;(i&@&)]and/oEfxﬁi@lDh@sxmbbesglsemmasé@qa@aedlseases (and
their associated eflcrﬁntz g clu ut arehnot limited to Fab])éédlse se%i‘ alactogldase)
Farber disease (C&Fami e?ra eé‘§8“ d5ter rgg?a%gé ega%cﬁ ?&%E?s
(13-ga|acmskéasex)waawﬁas:laaa%lels?easeeéﬂfiam@s?adniyﬂdma ezttt Rickadisemst as a

(sphingo ellnas§ Schingdler di ease N -acetylgalactosaminidase), Hunter syndrome

(iduronat 720 gﬁﬁ‘\gf Eoé’)a%| %WE Sﬁ%(? ﬁlucuronldase) Hurler and Hurler/Scheie syndromes

(iduronidase), aﬁdndz Geditisdndfilipeagyiagr aspedmidnnagde GafhashatedpasspofierprGadiabes disease is
the most com )¥t mal ﬁtoraﬁe déseasel humans with the 3 hlghest freg %@/ ncountered in
S boutso 4 &

the AShkel 8%?1 wish 6’0%% Ofﬁ%ﬁszé’%ﬁe"%ﬁ* Rite 8¢ Afiicted with
this diseamt@mhpwﬂlcaﬁdblel-hﬂmﬁﬁmey 2 R0npd 4414 BN [nlaky clhfitdiscashsdgsttafiom a
def|C|ency| ucosi: rebro&dase WO 004/ 96978PCT/1L20r$4/000181 hGCD;

glucosylcera aseg Tt B?éﬁc SES T aRHEEURGTARB Y tREPeRY nji%rgngﬂloéﬂ%ﬁle
glucocermmnmde dn E@muﬂlendbgmehaﬁ@eitsegf ihe ﬁ@nedmmiwkee}mé&mddn@ﬁ vesidting in
S|gn|f|cant skeletal Ponpllcatlo S suc Obonﬁ marrow ans n and bone deterioration, and also

hypersplenlsm tnepa%omega%m S %)Ct}:y Hlaacalﬁfgnﬁa 5881 ﬁj%mom%llc tlgﬂmlf&%l%wskl
(199238) ibidonheesiiydbe dimnBial. Rﬁssﬂﬁeﬁ’ 712147 (19823 embodiment, the 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
25  preferably, a human subject.

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.

In another preferred embodiment, the ysosomal enzyme used by the method of the

30 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 mannose

receptor on a target cell in a target site within a subject. More preferably, this recombinant
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More specifically, the lysosomal enzyme used by the method of the invention may be selected from
the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase,
cc-N-acetylgalzastossmiidise, acid lipase, a- 10 galactosidase, glucocereb€dgitiziga;ogtittiduronidase,
iduronate sulfatase, a-mannosidase or sialidase. Preferably, where the treated disease is Gaucher's
disease, the lysosomal enzyme.used by the method of the.inyention is glucacerebrosidase (GCD).
T protell SF e EALATE ok i S L B ot E e B SR hu
accordingtorasmathdingaspBeitef tife resentlipventioninthelsispreVidedyand Stphtemtcgeiticall.
compositipp which inelides. 3 anaclive ngredient therepl A.prpisin. and 3 parmacenlical
acceptable carrier’ As Used herein a pharmaceu ical compasition” refers to a prep%ra%on of one or
more of the GCivendgradidots désodbddriverditEhch abstardrdmisissatht pribteitosevith rathesilghemical

componenis, siich asdrediional drigsphxsidloaiealy.sullabls sails AndGECRISNIS. Thg,purpose of
a pharmacelﬁlcaﬁz composition s to facilitate administration of a protein or cell to an organism.
Pharmacéttieptedrmisitions of the present invention may be manufactured by processes well known
in the art, e.g., b e i xing. dissolvi 1 g, frages: in vigating,
emulsiying, oo L a e B iR the
term "phdiendbeuticaliyeat ceptdiptesonmsrroappr odiech g, asreuthed ryhageresyndfitiverfiedezibor a state

uticallyeacontid proes orshage bor a stat
animals, SO TS P B e ey g correr

and!'pharmecditidalydsccoptableamsathiercart infefehangeatiypaaset edidg eferyrocartimpeekd 30carrier
or a dilue t ot gnificant iritatio 0 ' of. abrega e
piotogioal Sat i oo cort el o T e A0 LA T B0t PR R
2004/0968VPEIIY 1200400088 SugarsT hedtdmdscarricitrefershal ddiluent, pujduelst Eaxbipient, or
vehicle with. whigh ‘i‘&%@%@ﬂfsu%c R aa‘%{“zﬁ@ﬁr%d oS0 Rarmacey 1%8" FRILIBLS GG efile liquids,
such as water ancPons, including ﬂwse 0 petroﬁeum, animal, vegetable or synthetic origin, such as
peanut oih,f&f»ybe@n dﬁyﬁfinefatwrs_%aiméfmjl Bidstheclikeevaidy, isfa:meifemedwawécas wrhen the
Phasmaceyical,campasifon s adminisieted nitayenausly Saline soluiensa0d Aguegus,Aextrose and
glycerol solutions can also be employed as liquid carriers, particularly for injectable solutions. Suitable
pharmacduticatkxdiptests itheludefisianch, glucozentadiostiosucresesgelatimgmadty¢icesftour, chalk,
silica gel, [ t i, gly S tal ' fol ' im_ mi cerol,
propylenec,§e %{%géﬁl%a@tﬁeﬁg et ?égg?g%\%tég%ﬁ%%’@e%%%%%%t%ﬂ%#%%%ﬁ%%%?a ’aeg%ll%(@r%{ain minor

amounts efwsetginger @nnsifyitg ieniand dpribufferisepae miioThesslttrapositifirtatansiake the

form of sqlyti I L e ' Sy e ped- e
formulati(OH#étl’(%a)&nltq‘ﬁlatrzgﬁf[i?l(?gS§ T%ﬂelsggrgr%g%l ioarﬁ%% Pgseogfgﬁﬁﬁgg)géggsdf%\ggpéiﬁtggﬁ?ﬁﬁﬁ%rg& %%ial binders
and2arrietsabudtraserigipberite T Bridstrpotitatioh MatemtiuSasit & iahdereidaistese, STich s
pharmacepticay m@%ﬂpg@@gﬁaaose, starch, magnesium stearate, sodium saccharine,

rbon '

cellulose, magnesium ca te, etC. Examples of suitable pharmaceutical carriers are described in
"Remington's PHarammdeunédySuiemebstipde. viseMertiandubticcosmpusitd risiidiegoanaimas)

therapeu Effective am te f_rgatf i ified far f§r ith itable
amount otiﬁcé}:lur)éiergso ag ?%%@Bﬂﬁggfttﬁhe?@? fglr%a%ﬁgr pé%té%%%%l‘t%%ép t’g&%%e%% t?ﬁ]%lq%gﬁormulation
should be(suithbte dmethe Nphdeairahvinisteatidh. gatdbrsidahie (Ergeletoidest), rdfeysStelan inert
substance;added 0,3 phalmacey '9%%8%@%9?5“ ”d%’e“s’étg?r}ﬂ% %‘Ex‘%‘teﬁgﬁ‘é’@esﬁﬁn"’dﬁ‘& agimipistration of
the active ingredients. Examples, Withou Qimita ion, of ek |;§1|en intiude caldium carboha e, calcium
phosphatéy.-N-acetylgalactosaminidase), Hunter syndrome (iduronate-2-sulfatase), Sly syndrome
(B-glucuronidase), Hurler and Hurler/Scheie syndromes (iduronidase), and I-Cell/San
Filipo syndrome (mannose 6-phosphate transporter).
Gaucher disease is the most common lysosomal storage disease in humans, with the
30 highest frequency encountered in the Ashkenazi Jewish population. About 5,000 to 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
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25 various sugars and types of starch, cellulose derivatives, gelatin, vegetable oils and polyethylene
glycols. Further techniques for formulatiori and administration of active ingredients may be found in
"Remingtowe Rwamweicéutical Sciences," Mack Publishing Co., Easton, PR Takexteéditidhl which is
incorporated herein by reference as if fully set forth herein. 30The pharmaceutical compositions herein

describeqpyrRIsae08RIFSRIY e13RlIdiof 98l RNASA CATTIRISLEEXGIRIRIN S ERMRISHeE such
carriers or excipients include, but are WO 2004/096978PCT/IL2004/000181 not limited to, calcium

carbonateuRskEGm PrRsHRRE sidsr dosrstigrendethchiel cells| b LBedBPRAIIEY oge | aflsemadolymers
such as pRlyethygng gl s nificanuiialie ias Rl AMINSHAUOHBRRYMGE SxamplGsinciude oral,

rectal, transmucosal, transdermal, intestinal or parenteral deIiverig, including intramuscular,

5subcutaRettd EREgRF M eI AP iRseassnasnwWespato mesaliic EHOBhesttRReae MRREBIRA ravenous,
intrageritgngal ciANasRh O MUBORARr Niestions:d . Rharmageutical eapnpesitions. forusein

accordance with the present invention thus may be formulated in conventional manner using one or
more pha@ﬁgg&]tically acceptable carriers comprising excipients and auxiliaries, which facilitate

processing of thgaelivg Liibaedints dpisRieraratianswhishucamiediced mbapmacsHtiaally. Proper
formulation is dependent upon the route of administration chosen.  For injection, the active

ingredient$ of tHEGHFendiiimaibe BAMRIaIsERRIcs BIFISRE EREE Iy [H IR sidically
compatible Buffers,shicitas HaRkssAlNIRD, Ri&%fé%ét?igéig&o%rﬁﬁy(ﬁ@ogi%@i‘dsa"ﬂft[ﬁ&?ffe&for
r

transmucosal administration, 15penetrants are used in"the formulation. Such pene ants are generally
knowh in gakeiasidaseoplorareigmpisiasaion: iidwotiviasagiditients caliatessprionainefstmeleted through

administrat] t C r ' otein aceqrding, to,t r inventio ch as GCD
for exam p%%ﬁqﬁf?é ﬁ?%%%ﬁe%}%r%s?géa?g%%% t@égégﬁr%%aet%g%&? éo%%?r# ngﬁtﬁyé%%/ﬂfg%nég}}? iénts and/or
the cells withl hvahn acstid alfylacoepitibleic ghiersenblidsitopen({HCIdthe art. Such carriers enable the

active ingredientfh%f H}Stgxe&t i%t%rggek?r@lgleantt?{gnagan be used to produce a pharmaceutical
composition. Thus, according to another aspect of the present invention there is provided a

15 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 protetn, with other chemical components such as traditional drugs,
physiologically suitable carriers and excipients. The purpose of a pharmaceutical

20 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, eg, by means of conventional mixing, dissolving, granulating,
dragee-making, levigating, emulsifying, encapsulating, entrapping or Iyophilizing
Processes.

25 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 U.S.
Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more
particularly in humans. Hereinafter, the phrases "physiologically suitable carrier”" and
"pharmaceuticaily acceptable carrier” are interchangeably used and refer to an approved

30 carrier or a diluent that does not cause significant irritation to an organism and does not

abrogate the biological activity and properties of the administered conjugate.
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tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions, and the like, for oral
ingestion ymepatigrt®harmacological preparations for oral use can be marie ssagoaisolid excipient,
optionally grinding the resulting mixture, and processing the mixture of granules, after adding suitable
auxiiaries if desiig, o, ORIgIN IALiets O dragRe oleR ARPUIRHIE S ClPlRNis Aty inpaigular. filers
such as sugars, including lactose, sucrose, mannitol; or sarbitof; ceflulose preéparations such as, for
example {imaipenstanshaduliemt starcAytic@btarcirepotatocstereh, el dtnstgtle tragdsamthl methyl
cellulose roxypropylmethyl- 0 ium carbometh lgse, lor physiologically
acceptable %%I)g/ﬁecrgg guné %%Xgégégéy%€§§% one mmlféggé?%%? %ﬁs?l%?e%gr{é%i%%%eﬁ@ﬁmay be
added, sueinas eilpssthaadgblpiityilpyirotitene, adanditaldibic Sttconasaltfasrdotsuch as sodium
algingte. WQ 20OHASEATERCT/ 12004000153, Diaage sokes ARDAUIED wilsyliable coatings
For this purpose, concentrated sugar solutions may%e used which may optionally contain gum arabic,
talc, poly&dmgPpyrrdtidonss carboporeel poltitmdenanglgisol, hearsmmatieskide, lipgdersoieions and
suitable ygaNEAOVRNS ALt tmptess Bugrtuln.hpiameais A hg Addsgio g p tablets or

dragee coatings for identification or to characterize different combinations of active Ingredient doses.

Pharmacgiutiest. ciarisssitiomsoshicisledm bealisetosraflpuinchbdik pedisaficchpsedagmsideratgelatin as
well as s I e of i and a tigkzer, SuUc C orpitol; The
LR s L R SR bl s i SN A
bind€rs stigteasarehesd iillsrldantbhsushinas ttleroifvasrassiomn stsacamseamminptionaliy;sstébilizers. In
soft cap Ve.i dj y ' d us ed | ' liquids, s as fatty
o, T T G 1 S M i LA CaRalan s SRy
formulatihsforiossiuidrniniswapmishbutdnbbsipnddsalses qultsbkaperitse phosers o afed-

adminstialiae kamenRUAcAlROmnatan. g amRastansIRHRIRh oI abIRRSL of
I or adm active

lozenges formulated in conventional manner. inistration by inhalation, t

ingredieméti‘oﬁfaééia@@bﬁdwglﬁ)?mé m@é@ﬁtﬂmmoﬁiawm@ﬂklmmmm rnh@idn of an
aergsol saaﬂxapaeegrﬁa%%ﬁprysapngﬁﬁay&ﬁ%qu%%ﬁgg grghilizar with,ihe yse.of 3 suitale propellant,

e.g., 20 dichlorodifluoromethane, trichlorofluoromethane, dichlord-tetrafltioroethane or carbon dioxide.
In the cas&®hE.pROSHUNzeweleadwn| ciildosagegntsinmchdelstiernsive Ebymrisvidif gatvlive to
deliver a metered amaunl CAPSUCR ARG LR r"iﬁ&ﬁiﬁ s 196 &E%Ei%&eé&&f&gﬁ‘hﬁgeizownsmﬂator
may be formulated containing a powder mix of the active ingredient and a suitable p wder base such
as chtosM@ﬁ@taﬁ@@hZ@Fh@éém gredreats deberipsutivelyiniay beformilatethéaprptaienteral

B R 6 M AU AIRCHOR AL U IUSIAR FOOPUIAATS L I oy be
presented in unit’dosage form, e.g., in ampoules or in multidose containers with optionally, an added

pres@rvafive Tole oRoXiEASREYhE siispesisionsT kolimiondat penasions indaplerfagtieous
vehicles, ane. maycaniain fofnulatory agents such as

Herein the term "excipient" refers to an inert substance added to a pharmaceutical
composition to further facilitate processes and administration of the active ingredients.
Examples, without limitation, of excipients include calcium carbonate, calcium phosphate,

25  various sugars and types of starch, cellulose derivatives, gelatin, vegetable oils and
polyethylene glycols.

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,

30 The pharmaceutical compositions heremn described may also comprise suitable solid

or gel phase carriers or excipients. Examples of such carriers or excipients include, but are
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30suspending, stabilizing and/or dispersing agents. ~ Pharmaceutical compositions for parenteral
administration include aqueous solutions of the active preparation in water-soluble form. Additionally,
suspensioRoftREIW® 2004/096978PC 171L.2004/000181 active ingredvérivslid ity ¢ ¥depared as
appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles include fatty oils such as
sesame q{l 1OF3M0 ic f ci [S h as ethyl.oleate, triglycerides or liposo . Aqueous
injection sSsplens?&%h%%géﬁtgﬁbg%%?aﬁ?gg% ?é?\glr%lgﬁgaggr tﬂ%s\\//%ggggssﬁysoatrfﬁgssﬁ%ﬁgléﬁ%?on, such
as sodiurdesieznergeietinioé olyser serditel poigerttyianc@ptiottally, the suspension may also contain
suitable stabilizers. gents hidrle.i r he solubility of the actiye ingredjents tp allow for the
preparation of h%%@gg)né%ﬁ%%te% sg%rt%%r%é% EtzoPn a) f)%fet:egéd eexr%% \I(/§:im1egr%tf,{1 fe c(:)(gafrgporseﬁf(a)llf‘] is
formulatedarsmecosdan tensitbrnmitinetesbuad e spassatphbrmelcenticahdodipo sitioammdapted for
intraenous AdDISaion hA. 19 (mAY helngs.TyRically. Rhamacetioal composiions for.
intravenous administration are solution's int sterile isotonic aqueous buffer. eneraﬁy, {he Ingredients
are supplieidesines ssepaanteiionralnirbdiegbtheminagnit eiusaepsidosm, for example, as a dry lyophilized
powder or WaterPf}tiqun%g f%t(?nl @Bg m@c@ .sealed ¢q tai‘g ch as_an.ampoeule or sachette
indicating the quantity o%g%}%/e agggt.1 W{Here t ebégr%%%ogfﬁ%%?s tbfb%ehligrgg?%%%{eerté nbtyl?‘llﬁfusion, it
can be digperisethmiaedinfusionaptttalcoataitngistecie phanoraqautivaberticklyvateematdaline.

Where thg ion is admini injestion, an le. of sterile water for jnjection or saline
can be p(o%ﬁz%éjgg’%gtéﬁ;g i%]%%%%{r%%%/ay gélﬁiséd%%%}f%g g%%%ig{roaq[%%%}%hof 5 %rﬁ%ggeeutical
comipositiogsdittie irveprigretntsefbichutate dcassed ythahor @disedtiforPsehdrmadetiic adly

acceptabbeegalg%li]@% _t%o%%{ggpgﬁ%ﬂ}g&%qpﬁﬁggg as those derived from hydrochloric,

phosphoric, acetic, oxalic, tartaric acids, etc., and those formed with cations such as those derived
from sodium, potasshiedtiamriderigiivecagsietienteict hy drosidies, isopbepamintedtietylemine,
2-ethylamingieihangl.hisfiine, Pagain 816,27 Agtive ingredients,of thepresentjpuention may
also be formulated in rectal compositions such as suppositories or reténtion enemas, using; e.g.,
conventighaksuppesittigrbasesphusielagicdcealivattbndentheF gly teristescosal Thnphstrameeutical

Eapled e e BB B L R RS e, oo
phosphate, varidigs etidanisisiehios, tellettse i&jgrhlﬁmtewgélatbptmwﬁrﬂmmtsﬂltihrca%pdIyethylene
glycols. sdministration of the whole cells producing a protein according to the present invention,
such as GCD for example. The active ingredients can also be formulated by combining the
active ingredients and/or the cells with pharmaceutically acceptable carriers well known in
20 the art. Such carriers enable the active ingredients of the invention to be formulated as
tablets, pills, dragees, capsules, liquids, gels, syrups, shurries, suspensions, and the like, for
oral ingestion by a patient. Pharmacological preparations for oral use can be made using a
solid excipient, optionally grinding the redulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries if desired, to obtain tablets or dragee cores.

25 Suitable excipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, wheat
starch, rice starch, potato starch, gelatin, gu'm tragacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carbomethylcellulose; and/or physiologically
acceptable polymers such as polyvinylpyrrolidone (PVP). If desired, disintegrating agents

30 may be added, such as cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt

thereof such as sodium alginate,
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WO 2004/096978PCT/1L2004/000181 The topical route is optionally performed, and is assisted by
a topical carrier. The topical carrier is one which is generally suited for topical active ingredient
administratian2amdoiseisdes any such materials known in the art. The topiE&ldaaee+#888lkected so as to
provide the composition in the desired form, e.g., as a liquid or non-liquid carrier, lotion, 5 cream,
paste, gel, powder, ointment, solvent, liguid.diluent, drops.and the like, and may be comprised of a
material of eitht-:cﬁrs htGirall) Dot r{avé(#egyymﬁ t%%a&i)&ﬁngﬁ)"iafg Ss‘sgf(l)t{a:ﬁ,g]élggm/? AWELHed carrier
does not aciyerselytaffectihe activedgentiomuhesptamplynentsasf thentopigtakforiaulatiprimahd which is
stable Witela ct to all,companents of topical formulation. Examples of suitaple topical carriers
for use h Pérﬁ]&ﬁ](%ﬁjedecﬁje\?aq%g ,ealcé%nlgﬁs %%I%Jtﬁ@rc Crﬁbn??)%(%u&ggﬁl}%@%I?/aecnq(%?rg acﬁétrri néj ?’ﬁéral oil,
silicone, peitdisuntgetiy, sahelins fattyohcils mirgetableyeiisiBacalensewaes; haddbellikettRreferred
formtglatiocgﬁggrgin re colorl er aintments, liquids, lotions, creams and gels. Oingments are
semisolid prepare{rti(gaﬁag,é\%vhcl?:ﬁ‘t:}lgéeg %ﬁpiégﬁéjt%gg%ano%rp%otrgﬁ 3 Fﬁegrz ?‘[5d %%%rgp pg?r‘g e%?ﬂ%]érig/gr;ives. The
specific onstivemgradientodoscssed, as will be appreciated by those skilled in the art, is one that will
provide for optinﬂm g&i&ﬁ-&grg%@gﬁtg&gver nd, preferably, will provide for other desired
characteristics as wé%, e.g.l, emolliency or t’h(\ﬁxﬁ@. %ép v%ﬁhug? ecr’rgg?’r’ié?é{ %?eevgﬁ%gs % %%?ment base
should betadsto§tadisinnaninithtngethdsedad eapititéngnale edplaiad indRepliusttdrr ThetSaience and
Practice ol ZG 3L Aol Milehiant A it MAPK EHBISRIDG s ol AL RRGGS AR32 1104
ointment bases may .be grouped'in four classes: oléaginous bases; emulsi iab & Dases: emulsion
basé8; andihdiberssioblestasiese Gaalgiiousiomtrienhby Sebinehis epfbr axatople nvagetabte oils, fats

obtained imals, isQlid:- hiydrocarbong. obtained fram petroleum. Emulsifiable ointment
bases, alsff%)Q %]r?g%:vrglﬁ gé a Qgﬁi”‘z‘ io%r%gr%%gbazféa,s%%nt%ﬁas E‘E?Ttﬂ%}au?)rlgl E%\?/?/alf]egr S%S”?ﬁcmé}é, 6r example,
hydroxystésiived fatesisnbydrd us |anibiratiduysroptiiliep &tblatily). Emd siersimtrenighakes are

either watersinaik (YW/ ulsigns gk.oil-in-water (0/W) emulsians, and include, for example, cetyl
r@ﬁ;ﬁ&(g S ’ , Cely

alcohol, g&f%/[c}éry mqn(%%'earate,ﬁl)lano |ﬁ?%&}idsg%§%%%§%g 4 P%féﬁiér%e Wa%eﬂr-gcgmg %’Ugﬁtrﬁ)ern Bazses are

prepared ffornisoniethylemddgipcoldwhgeasyintphofectiachasightpagai 2deietsmegomay be 30made to

Remington: Thegeignee and,Practi Pharm for-further information. Lotio re
preparations to be app%ea to tﬁeﬁ‘gﬁgﬁﬁﬁffaﬁg v%f?@ggts rlfgtllsorfl %(fa é{r% ﬂ)}%icfgﬁg}Iia%i(t:fi%r}ls%er%riliquid
preparatidprenigepdiivhussid pestolestioetlidimmehe active WO 2004/096978PCT/11,2004/000181
agent, are presquingAlE:AbAISONGLARREL HENSAE ekt suspensions.of sollds, and may
comprise a liquid oily emulsion of the oil-in-water type. Lotions are preferred f5Fmulations herein for
treating langeehbayy erbas, Becaussrsitie delsentldpplyintpamoierflatdosohgpositipres¢nistganerally
necessary. that the insoluble erin a loy ingly 5 divided..Lotions will typically. contain
suspendinrg agen?sr to produc%l%ett%r ispéﬁrqéﬁilﬁ?s %@%vet egsl\ﬂ %:t%/% ﬁ]g%%lb\gﬁtﬁjg gﬁtﬁxfér?&alizing and
holdiflg tHEcakanpdidgeramstbantactvoilpthluskivmetpnemedishteiuiote/lsodiefmoaroxyarbthylcellulose,
or the likeyioyia CrEAMS captaiing the.seiseiedactye Meradias aie A3 kv gt yiscous
liquid or semisolid emulsions, either oil-in-water or WAter-in-oil. Cream bases are water- 1 washable,
and contdifPadiBg phabe ndstvigisifisreterddarmayeie duappiiasent lertidghasé, agspgebrmetimes called

the nternal AP S iAGeETNANRIESA o SRR ANA B Al uch AR e or sean

alcohol; the aqueous phase usually, although not necessa phase In volume, and
generally-léﬁﬁéﬁ% AarhatblstPTdashutsifimhiasdactesmefotardiation, as explained in Remington,

Sup§a, is generafya 1apaniqpic. AIRNIC,CARQRIC %rePeEHp*}Hé?”%é UEAGANYed for parenteral
administration, e.g., by bolus injection or continuous infusion. Formulations for injection
may be presented in unit dosage form, e.g., in ampoules or in multidose containers with
optionally, an added preservative. The compositions may be suspensions, solutions or
emulsions in oily or aqueous vehicles, and may contain formulatory agents such as

30 suspending, stabilizing and/or dispersing agents.
Pharmaceutical compositions for parenteral administration include aqueous

solutions of the active preparation in water-soluble form. Additionally, suspensions of the
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Gel formulations are preferred for application to the scalp. As will be appreciated by those working in
the field ofy{@pieal gsdivg ingredients formulation, gels are semisolid, suspgagian-dypespuatems.
Single-phase gels contain organic macromolecules distributed substantially uniformly throughout the
carrier liquid, which is typically aqueous, but also, 20preferably, contain an alcohol and, optionally, an
oil.  VASBYS MBS KRBIVAOPIBESS kifedPPraRE ARt GHlRyTHECHRIU SIS AStARS topReRRYFmulations

of the invspygﬁtmg%@meleveiQ&Ygéﬂfﬁdmaa! beiiised tasolubilizaeesipinagitanoegients

substances. Other optional additives include skin permeation enhancers, opacifiers, anti-oxidants,

gelling ageHiEs HHdkehtByhAglaHs, StabisaresHTdinsames. 2B PPROYS IR SF A HSRIISINE UM He present
invention spay alsq kg delivereddn hrskin using.conveptionaldesmakiva Patchessosadtigies, wherein

the active ingredients composition is contained within a laminated structure, that serves as a drug

delivéry devheE el amdBHaw 15 skl H dashar stRriarellthdhsci P FRERIITBM 86 ripwisHion is

containedsifk f|a%eshiff e SE AR s HRHERIIREL A2 URPEIRAGKNG Iaveicheiarinaiad SQiRiCture may
contain a single reservair, or it may contain multiple reservoirs. In one embodiment, the reservoir

comprisedPa sIymesatRaR B et rRiEdst aiNfiaEseptable contact adhesive material that serves
o aff the systerp tp foersiin curinaunsive WORAYORBST8RGHIRADAIOARUncroents
S

delivery. Examples of suitable skin contact adhesive materials include, but are naot limited.to,

polyethy| RN BIPSRERER &8, PPIEBRRAYIEAESOBBRAPY Atbeipb it et AT IREC T he
partiquIarteomwoo@ﬁh%@swp&%l@ﬁt%wﬂ{&@%m eBniResRasHE U atfivedogsesiantstehigle, etc.,
i.e., the adhesive must be compatible with all 5 components of the active ingredients-containing

compositithi. 2HERALIVEIERE deatRPifgretreHEs RtRaIfTRgalRnSF GRS titasbBRtESive are

present ag;gRpatpeA8d Bishnedargeshyrii mftfﬂﬁﬁééVﬁ)ﬁﬁﬂﬁf}YéE&grﬁ@%f%%r\&?f MneRiARthis case,
may be either a polymeric matrix as described above, or it may be a liquid or hydrogel reservoir, or

may take RSHAS O SIS CE FPRECBYRKNY flemstirrlycsrainhspatainmictclar 88 48RAWS Bher surface

of the devjgendubctipnemsth@dripanyistrugtuighelement ofihelaminateshsipdsibae angupreyides the
device with much of jts flexibility. The material selected for the backing material should be selected so

thatliPis sHUBIBISHARS PpEiHETbId 53R PE ctivasHGrE it S AR IaR POtHEr CBABEREHETBE the active

ingredienissQRiBNINGICOTRONARR. JNYSREC YR RHROhE S fiRYi £ amRanRents thyquabihie upper
surface of the device. The backing layer may be either occlusive or non-occlusive, depending on

whether iftfs HBEREE Hatthe KB 5 HeeRyRRA8 SUURTREaR itehrh Ry dhodrgrediRtBacking is

preferablynage phachest @ fimataapaferably flexible elastomeric material. Examples of polymers
that are suitable for the backing layer include polyethylene, polypropylene, and polyesters 20During

storage and priof 16 BE&F RASRHFHH SBRITN L indt RS N8 MmEY A b A S5 BAbPTo use, this
layegds reqieveeHtEOmHAmeaNiselR exRepttie hasalriiface:theresieitheithenagtivedagradients

reservoir gr a separate contact adhesjve layer, sq that the system may. be affixed to the skin. The

release IIB? $hBTRIe FRRHRY O ADIRT S c RIR IPRTEEH S R e PERSi AT EATIfe At it AaR S198Rich
devices nfaynh faktcaigshysing conmeRionalieciriguesdikRo watHi denadmtab exampieinncasting a
fluid admixture of adhesive, active ingredients and vehicle onto the backin lgé?r, followed by

laminationSF hY FERSALES [HIEPT SMABIRE tHIPHEERNR MstireEY Hoaaelt Bt e PERSASE liner,

followed kydamination of the backing layer. Alternatively, the active ingredients reservoir may be

prepared in the absence of active 30ingredients or excipient, and then Joaded bly "soaking" in an active
ingr%éiients/vehi@fge active ingredients of the present mnventton may also be formufated 1n reCtal

compositions such as suppositories or reteniion 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 ge! phase carriers or excipients. Examples of such carriers or excipients include,

30  but are not limited to, calcium carbonate, calcium phosphate, various sugars, starches,

cellulose derivatives, gelatin and polymers such as polyethylene glycols.
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mixture. WO 2004/096978PCT/112004/000181 As with the topical formulations of the invention, the
active ingredients composition contained within the active ingredients reservoirs of these laminated
system . MEY eortadvasnumber of components. In some cases, the active’{figibdieHtstitdy be
delivered "neat," i.e., in the absence of additional liquid. In most cases, however, the 5 active
ingredients will he dissolved, dispers d ons nded. in a,suitabl armaceuti .acc table
vehicle, typlcallyt/)ﬁa] sc’)&f@/ﬂca 58! S&%e?%%%ﬁoﬁ?gﬁ%e%ﬁn ay %S% present?] ﬁ%fﬁ?% "BreseVatives,
stabilizerspperfactants, iﬁﬂd&th’éﬂ{ﬂ'els gelteshld)ukimairﬁotetzbmaﬁ tﬁtﬁima@mdfemaﬁmmﬂtmoﬁuch as a
high mannose lysgsomal enzym referabl m|n istered to th atlent |n nan efectlve

45 fuctide ﬁe ) ke 10 é

%Dé{ SH Own BICP 3,1'}'161" i5 S
amount. S use reln ective amoun mea an amo necessary O ve a selected

result. Foprexatnple; mﬁemmzmmmmmﬁ)m@gslamm éxﬁlthé mmvemnikinuidayahé:sdlaoied for being
usef%I for the trea %T?p%t Pf é)rs%'i?z ’£§5?ru og(f grll§ela85§ ciﬂuen r&wacsti%ggﬂ ?@epos %%Irs% ?gtgble for

use in coRtext of &s&nt INvention Ine comp ons whierei ctive mgre
containec-imranisxhodint effeotaleofl Sifieenchieva ithe dotenae cpsyptistcMogrspdrificedbenadal,
therapeutl E%I}r?%p {gc{tl\{ﬁ mey Cp eans an amour%to acti ve in gttnhnt eagtectlve to rev ‘{S}t’ alleviate or

ameliorate sy torns of disease o(r:anflo on O%ﬁe SUNIVAT Of Yhe su ecte belnvetre%?ed 1etermlnatlon

of a theraqzreupcaéhytsaﬁéﬁtn/e:am:btfnmlﬂebwvmhm ‘nﬁﬁzchapatnhiy wﬁtthomeskl techincthepartergspecially in
light of th%fdgltal ed déﬁl&surletﬁ)orow d he ein. .20 . F%ﬁ active in ent use d in the lm&ethods of

es Of guita 1ca carrl €]
the invention, %h erapeutically effec amoun ose BEA bees ma e |n|t|aﬁyrfrom ac?tmty

assafs inveaiimaldcFlordexamptehe dosetcan be ganmukatednts, agimatimodetstd achiesicamsirculating
concentr}ugn !ear}lge é??t '[}1%%'1%?5 lg;h[ ICaIé1 S d@éer;g%ned gagtal%/a! assa s&S aHEOﬁ]CIt Igmd

therapeutic efficacy o he active ingr Ldients deseribed herein'can be 25datermined y S andard
pharmacdltitat gt doevkirtistn bxparime otabdnim aldoregs diyt detesniqinds thet S 0carachthmd D5()
(lethal do S causing death in 50 % of the tested animals) for a subject active ingredient. The data
obtained ffom these activity assays and animal studies can be used in formulating a range of dosage

for use in humanOkbmextamp ssctherdideptigaliy effectivect asestgpiitablebioe freatpentlat genetic
disolrgjersoccﬁgr%eetroleum 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 characterisiics as 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
20 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 ointment bases include, for example,
vegetable oils, fats obtained from animals, and semisolid hydrocarbons obtained from
petroleum. Emulsifiable ointment bases, also known as absorbent ointment bases, ‘contain
25 little or no water and include, for example, hydroxystearin sulfate, anhydrous lanolin and
hydrophilic petrolatum. Emulsion ointment bases are either water-in-oil (W/Q) emulsions
or oil-in-water (O/W) emulsions, and include, for example, cetyl alcohol, glyceryl
monostearate, lanolin and stearic acid. Preferred water-soluble ointment bases are
prepared from polyethylene glycols of varying molecular weight; again, reference may be

30 made to Remington: The Science and Practice of Pharmacy for further information.

Lotions are preparations to be applied to the skin surface without friction, and are

typically liquid or semiliquid preparations, in which solid particles, including the active
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30determined from the experiments with animal models of these diseases. = The dosage may vary

dependin%{gg&)m%(g%age form employed and the route of administratiq-iilizgg (hhg £xact
formulation, route of administration and dosage can be 66 WO 2004/096978PCT/1L2004/000181

chosen by the individual physician in view of the patient's condition. (See e.g., Fingl, et al., 1975, in
"The PhafgfitolsgEssuss orTse cipdutikel bats. Lotgns arepssalijesuprennoandlimbssarnday be

adjusted ipdividyally;{o W%th}%eﬁ Rlggramigusls Qkths.agHve ety Q,iChLaJﬁo?Hffg}-l?%é?efF@ntai” the

modulating éffects, termed 5minimal effective concentration (IVIEC). The MEC will vary for each

preparatiépidetiony Bpirinany edatinatedorémaneldarivsalcddhs casepdsupdyintenvarean also be
determineghiysinge MEC YalusRieperalons may, aplionallbe admsisreddisina 2 faginen. which

maintains plasma levels above the MEC for 10-90 % of the time, preferable between 30-90"% and
mostpreféradfd 50-0burs. 1! DapseRviee)biiaspendiig weticsppinsiven et ot dieceaanion to be
treated, dgsingcanalsphesesitgleaiminstation.of.a %lewiﬁgl%sscﬁ@@s;gbﬂm Aeecibed, |

w

hereinabove, with course of treatment lasting from several days to several' weeks or until cure is
effected dPeliTkinuUtien Bethd@illake wdiwicatinayagthylcettdasgolitadiet the present invention may,

if desired, be preseated ip:R.RA0K Gk AiSR8RACL HRNIGE: SHRARS.AD FDARPRIAVE i, Wiichdnay

contain one or more unit dosage forms containing the active ingredient. The pack may, for example,
comprise e Ir SrRIfRMReNas Bt R-Basetaher psielonddp drisemdeaies ey HET-
accqmpanigdhdnaiuclinpafonagminsitatione AR RACkRr ISRARIAE 'PR%AIST e aregmpanied by a

notice associated with the container in a form prescribed by a governmental agency regulating the

manufactBl®, trassmes eled s mintatic ABasehiseersielyisemnesed O OP RN By th&HYency of
the form qf dhiRFOmBPSIORSOY man, A1 VelesiRary R minisEalion.SUChRalice ok sxamRle, may be

of labeling approved by the U.S. Food and Drug Administration for prescription drugs or of an

approved5F&atiEtlin<ateeds riiso 8 GHE Co i priiMg art A tRAS SFETE GRS tAchiHVEsiaBh forfSulated in a

compatiblg,phanmase uficakearmgimanalso he %%@&j'im%@ﬁ%&a&%ﬁ?r@e&%@iﬁ% and
labeled for treatment of an indicated condition. As used herein, the term "modulate” includes
substanti AR bIERHESIRAHRTE O S RNRRIIR G iR B ression of a disease, substantially

ameliorating clinisal syFPIAMAOL2 disearegorondilianogris etanliplpreyeRlng ihe:apearance of

clinical symptoms of a disease or condition. A "maodulator” therefore includes an agent which may

modulate % dResss¥BKEgndibh S bipirebesrapesredions Arnrgos s mRemiseitiNG

suspension-type systems. Single-phase gels contain organic macromolecules distributed
substantially uniformly throughout the carrier liquid, which is typically aqueous, but also,

20 preferably, contain an alcoho! and, optionally, an oil.

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 enhancers,
opactfiers, anti-oxidants, gelling agents, thickening agents, stabilizers, and the like.

25 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 structure, that serves as a drug delivery device
to be affixed to the skin. In such a structure, the active ingredients composition is
coﬁtained in a layer, or "reservoir", underlying an upper backing layer. The laminated

30 structure may contain a single reservoir, or it may contain multiple reservoirs. In one
embodiment, the reservoir comprises a polymeric matrix of a pharmaceutically acceptable

contact adhesive material that serves to affix the system to the skin dunng active
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SEQ ID NO: 1 Amino acid sequence of the Signal Peptide ER: 5 MKTNLFLFLIFSLLLSLSSAEF SEQ
ID NO: 2 10Amino acid sequence of the Vacuolar targeting signal from Tobacco chitinase A:
DLLVDTMwaERQHANG83 Nucleic acid sequence of the Forward primer: caguatiigesogracctgca SEQ
ID NO: 4 Nucleic acid sequence of the Reverse primer: 25ctcagatcttggcgatgccaca SEQ ID NO: 5
Nucleic a%grgcﬁgrlzj’gndce%\(/)gr;he]%?;.gtvn\lx%feds porTu%ga%%n;éigec%?}%cgrggﬂgstgfre: gloateriais 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., i.e., the adhesive must be compatible with all

5 components of the active ingredients-containing composition. Alternatively, the active
ingredients-containing reservoir and skin contact adhesive are present as separate and
distinct 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.

10 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 material
should be selected so that it is substantially impermeable to the active ingredients and to
any other components of the active ingredients-containing composition, thus preventing

15 loss of any components through the upper surface of the device. The backing layer may be
either occlusive or non-ocelusive, 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 suitable
for the backing layer include polyethylene, polypropylene, and polyesters.

20 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 surface
thereof, either the active ingredients reservoir or a separate contact adhesive layer, so that
the system may be affixed to the skin. The release liner should be made from an active
ingredients/vehicle impermeable material.

25 Such devices may be fabricated using conventional techniques, known in the art,
for example by casting a fluid admixture of adhesive, active ingredients and vehicle onto
the backing layer, followed by lamination of the release liner. Similarly, the adhesive
mixture may be cast onto the release liner, followed by lamination of the backing layer.
Alternatively, the active ingredients reservoir may be prepared in the absence of active

30  ingredients or excipient, and then loaded by "soaking" in an active ingredients/vehicle

mixture.
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ctcagaagaccagagggct WO 2004/096978PCT/1L2004/000181 SEQ ID NO: 6 Nucleic acid sequence of
the backward primer from the terminator: Scaaagcggccatcgtgc SEQ ID NO: 7 Nucleic acid
sequence wicheolamgrs GCD cDNA used for the 10 constructs of the invaitioH.geddeagictgcatccct
aaaagcttcg gctacagctc ggtggtgtgt gtctgcaatg ccacatactg tgactccttt gaccccccga cctttcctge ccttggtacc

ttcagccgcet atgagagtac.acgeagtgga cgacggatge agetgagtat ggggeccate caggctaate acacgggeac 15
aggcctgcta ctgac%%tg%%gc%’é%gag acgaggﬂé%%gm aglga 59 %%%flg%d)ggg%g%gc@gfalgcdﬁ?g«%%t&g
ctctcaacatosottgsiciy teatacedtgritiaadbatit fotanitaatctnytanttct oty aadydage laafeggatat sasatcatcc

O A e R g e
agcccctggieR@edicaecacid kgguichagpasraatgfag dggighdiggdadygogit acatenapggaceagiecggaga
5 active ingredients 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
lysosomal enzyme, is preferably administered to the patient in need in an effective amount.
10 As used herein, “effective amount” means an amount necessary to achieve a selected
resuit. 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 effective
15  to achieve the intended purpose. More specifically, a therapeutically effective amountmm
means an amount of active ingredient effective 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 disclosure provided herein.
20 For any active ingredient used in the methods of the invention, the therapeutically
effective amount or dose can be estimated mitially from activity assays in animals. For

example, a dose can be formulated in animal models to achieve a circulating concentration

range that includes the ICsq as determined by activity assays.

Toxicity and therapeutic efficacy of the active ingredients described herein can be
25  determined by standard pharmaceutical procedures in experirpentai animals, e.g., by

determining the IC5p 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 studies can be used in formulating a range of dosage for use in human. For
example, therapeutically effective doses suitable for treatment of genetic disorders can be

30 determined from the experiments with animal models of these diseases.
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
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catctaccac cagacctggg ccagatactt tgtgaagttc ctggatgcct atgctgagca caagttacag ttctgggcag tgacagctga
aaatgagcct tctgetgggc tgttgagtgg ataccccttc cagtgcectgg gettcacccc tgaacatcag cgagacttca ttgcccgtga
cctaggtcctEOcHtegtsd8cagtact ca ccacaatgtc cgcctactca tgctggatga ccadtsgibtigrétdetgeticc
actgggcaaa ggtggtactg 25 acagacccag aagcagctaa atatgttcat ggcattgctg tacattggta cctggacttt

clagelcoag eeaPRyTRas SRRRIPIAA ARRCACoRResiccrena soatainels Hocetoand pgdeclol!

gggctccaag ticigggage agagigigeyg gctaggcetee tgggatcgag ggatgcagta cagccacaye a c’a%cac‘ga
acctcctgta g¢atgtd gl dhetyractosaeidipscet 1gecepganc tcChabgoly gacccaattg g,gtgcgtaac

Mgtogaca oleccaitsl 10'aRRKAISAR9ARI0ATA SN A6AR. 20 AERMGEERIC BlaceACE lgne apt cagcaalc

attcctgagg gctcccagay agtggggctg gttgecagic agaagaacga cctggacgcea grggcact catcccga
tggctctgctaftthtgatbye WO 041096 978 RATienD 004100048 1 tigcreeddeiingteffettad cgareigbetc

naceatoas gemiadnel alodanlian entagRR! Clacciaae B AACACBRHAcE AIRRRRIRGAR0 SSEQ ID

NO: 8 Glucocerebrosidase amino acid sequence A IPK
CVCNATYEDSHD PPatipaled fiF® whole animal data.

Dosage intervals can also be determined using the MEC value. Preparations may
optionally be administered using a regimen, which maintains plasma levels above the MEC
for 10-90 % of the time, preferable between 30-90 % and most preferably 50-90 %.

10 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 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 accompanied
by instructions for admunistration. The pack or dispenser may also be accompanied by a
notice associated with the container in a form prescribed by a 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 veterinary
administration. Such notice, for example, may be of labeling approved by the U.S. Food
and Drug Administration for prescription drugs or of an approved product insert.
Compositions comprising an active ingredient of the invention formulated in a compatible
pharmaceutical carrier may aiso be prepared, placed in an appropriate container, and
labeled for treatment of an indicated condition,

As used herein, the term "modulate” includes substantially inhibiting, slowing or

15 reversing the progression of a disease, substantially ameliorating clinical symptoms of a
disease or condition, or substantially preventing the appearénce of clmical symptoms of a
disease or condition. A "modulator” therefore includes an agent which may modulate a

disease or condition.
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10RYESTRSGRRMELSMGPIQANHT GTGLLLTLQPEQKFQKVKGFGGA
MTDAAALNILALSPPAQNLLLKS YFSEEGVRLLMLNDQRLLLPHWAKYV
LTDPEAAROHGIAMFBNYLDFLAPAKA 15 TLGETHRLFPNTMLFAS EABVGSKEWEV181
SVRLGSWDRGMQYSHSIITNLLYHVV WTDWNLALNPEGGPNWVRNFVDSPII

DITKDTFYKQPMFYHLGHFSKFIPEGS §E§W§M@LMHPDGSAVV 20

VVLNRSSKDVPLTIKDPAVGFLETISPG YSIH SEQ ID NO: 9 2535S Promoter nucleic acid
sequence Ttttcacaaagggtaatatcgggaaacctccteggattccattgcccagctatctgtcacttcatcg

aaaggacagtaga OAF9eLslogtectacaaatgccatcattgcgataaaggaaaggctategttca
agatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcgtggaaaaagaaga 30

cgttccaaccacgtchicaiay eadd iseatonitgatatotcSigtgd dtadidy dtiacgcacaat
cccagtatccttcgcaagacccttcctctatataaggaagttcatttcatttggagaggac WO
20047096978PCT/1L2004/000181 SEQ ID NO: 10 Nucleic acid sequence encoding the ER signal
peptide 5atgaaghtkdatdRitbticiHOLAlcBEHEMEIE ctatcattatcctcggecgaattc SEQ ID NO: 11

SEQ ID NO: 2
10 Amino acid seguence of the Vacuolar targeting signal from Tobacco

chitinase A:
DLLVDTM

15
SEQ ID NO: 3

Nucleic acid sequence of the Forward primer:

cagaaticgccegeeccetgea
20

SEQ ID NO: 4

Nucleic acid sequence of the Reverse primer;

25 ctcagatcttggegatgecaca

SEQID NO: 5
Nucleic acid sequence of the forward primer from the 358 promoter:
30

ctcagaagaccagagggcet
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Nucleic acid sequence encoding the vacuolar targeting sequence 10 gatcttttagtcgatactatg SEQ ID NO:
12 15Nucleic acid sequence of the terminator

taatttcatgatemiigitgtane cettgcaatgcagggcectagggctatgaAtaaagttaatgt PCT/IL2004/0660181
gtgaatgtgtgaatgtgtgattgtgacctgaagggatcacgactataatcgtttataataaacaaagactttg
tcccaaaaacccccccccecngcaga 20 SEQ ID NO: 13 Nucleic acid sequence of the expression cassette of
the invention 25 ttttcacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcg
aaaggacagtagaddelggit f¥Rigetcctacaaatgcecatcattgcgataaaggaaaggctategttca

AgalgCCtClaCCg AR AR 3O AIRCE S AREBE ORI ACBIRENISIRARRIREYR minator:

cgttccaaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaat 30
cccactatccttcgcaagaccatcctctatataaggaagttcatttcataggagaggacaggcttcttgag
atcctgcaacaattac&&&gg.%g AcARatapcaaacaacattacaattactatttacaattacagtcga
gggatccaaggagatataacaatgaagacraatctttttctctttctcatcttttcacttctcctatcattatce 71 WO
2004/096978PCT/1L2004/000181
tcggccgaattcgeccgeccctgeatccctaaaagatcggctacagetcggtggtgtgtgtctgcaatgec
acatactgtgactcctttgaccccccgacctttcctgeccttggtaccttcagccgcetatgagagtacacgea

gtgggcgacggatg§Eset§ag¥dygdgcccatccaggctaatcacacgggcacaggcctgctactgac
cctgcagecagaacRgaagiic ¢ Agaaagigaagaoaiitogrgogosrla CRIBIOHINECE%d for the

10 constructs of the invention

geeegecce ctgeatecet aaaagetteg getacagete ggtggtgtet

gtctgeaatg ccacatactg tgactecettt gacccecega cetttectge cettggtace ttcageceget
atgagagtac acgcagiggg cgacggatlgg agetgagtat ggggcccalc caggetaatc acacgggeac

15 aggcctgeta ctgaccetge agecagaaca gaagticcag aaagtgaagg gatttggagg ggecatgaca
gatgctgetg ctctcaacat ccttgecctg teacccectg cccaaaattt getacttaaa  tegtacttct
ctgaagaagg aatcggatat aacatcatce gggtacccat ggecagetgt gactictcea tecgeaccta
cacctatgca gacacccctg atgatttcca gttgecacaac ttcagectcc cagaggaaga taccaagctc
aagataccce tgattcaccg agcecctgeag tiggeccage gteccgttte actecttgee ageccectgga

20 catcacccac tiggctcaag accaatggag cggigaatgg gaaggggtca ctcaagggac ageccggaga
catctaccac cagacctggg ccagatactt tgtgaagitc ciggatgect atgcigagea caagttacag
ttctgggeag igacagetga aaatgagect tetgetggge tgtigagige atacccectte cagigecetgg
gcttcaccee tgaacatcag cgagacitca tigeccegtga cctaggteet accctegeca acagtactca
ccacaatgte cgectactca tgefggatga ccaacgettg ctgetgecee actgggeaaa ggtggtactg -

25 acagacccag aagcagctaa atatgticat ggeattgetg tacattggta cctggacttt ciggctccag
ccaaagecac cctaggggag acacaccgee tgttccccaa caccaigete tttgectcag aggectgtgt
gggeteccaag tictgggage agagtgtgeg getaggetee tgggatcgag ggatgeagta cagecacage
atcatcacga acctccigta ccatgiggtc ggctggaccg actggaacct tgecctgaac cccgaaggag
gacccaattg ggtgegtaac tttgtegaca gteccatcat tgtagacatc accaaggaca cgttttacaa

30 acagcccatg ttctaccacc fttggecactt cageaagttc aticctgagg gctcccagag agtggggetg
gtigccagtc agaagaacga cctggacgea glggeactga tgeatccega tggetetget gtigtggteg
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5 aacatccttgccctgtcaccccctgcccaaaatttgctacttaaa tcgTacttctctgaagaaggaatcgga
tataacatcaigggmgiasgsaiggccagcetgtgacttctecatccgcacctacacctatgcagacacgeqlyy 2004/000181
gatgatttccagttgcacaacttcagcctcccagaggaagataccaagctcaagatacce cctgattcaccg
agccctgceagttggeccagcegteecgtttcactccttgccageccctggacatcacccacttggctcaagac

caatggagtiffRRaE6E0 GG Racc &R 83 EgccE afetaddatctlgadctgigagnitce  tggagacaat

cagataciigioRaaCigRIes HIOGlIRoRRRANlRAATREIIOBsR0'gaCag iganaa

tgagccttctgctgggcigttgagtggataccecttccagtgectgggcettcaccecetgaacatcagegagac
ttcattgcccgtgacctaggtectaccetcgecaacagtactcaccacaatgtccgectactcatgetggatg
accaacgcttgctgctgceccactgggcaaaggtggtactgacagacccagaagcagctaaatatgttcat ggeat
tgctgtacattggtacctggactttctggctccagccaaagccaccctaggggagacacaccgect 15
gttcctcaacaccatgBitidgt &d&ig8ggcctgtgtgggcetccaagtictgggageagagtgtgeggceta

ggctectgggatcoagqaigcRUAGRATLIEANTRIAG IGRRYRAHERIGkaCC atgtggteggcty

gaccgactggaaccttgccctgaaccccgaag,gaggacccaattgggtgcgtaactttgtcgacagtccca
tcattgtagacatcaccaaggacacgttt tacaaacagcccatgttctaccaccttggccacttcagcaagt

tcattcctgagggctcgcagagagioggeciggiiggcagicpgaagaaggasctggacgcagtggeactg 20
atgcatcccgatggctctgcetgttgtggtcgtgctaaaccgctectctaaggatgtgectcttaccatcaagg

atcctgctgtgggctté€etygagadaatctfadctdgclactecitdacatdiadetdigycadicdecaad F S
atct %agtcgatactﬁtg{[;iaﬁft@t t tgéttt@}tq@t%gc%g%?atg%a c@taigggcé%g_@ %I H T
c

taaagttaatgtgtgaatgtgtgaatgtgtgattgtgacctgaaggga acgac aatcgtttatd
aacaaagactttgtcﬁhaiéa@adﬁccbcdac?icfhgdagé’ 2B SEQKIDING: 14 Ainikofacild seqdensde of the

IPKSFOY SO VAN PCBSRDPATED 72 Wh So4iteeb Mol odadbodiss
ALGTFSRYESTRSGRRMEESKIGRIQAN. TIG'II‘@LLLN.QPE@I@EQKEK(&FBGAMW AKYV
CHAFSLPERDTIK] PLHRATORAGRE. 5L IASPATSP K TNEAVNEKGSL G K A
QPGEDIYHQIWARY FVKELRAYAEHKLIQ TV\MVIAENEPSACELLJSGCYF’F@LQFKPE W B
QSVRLGSWDRGMOQYSHSIITNLLYHVYV
GWTDWNLALNPEGGPNWVRNFVDSPII
VDITKDTFYKQPMFYHLGHFSKFIPEGS
QRVGLVASQKNDLDAVALMHPDGSAVYV
20 VVLNRSSKDVPLTIKDPAVGFLETISPG
YSIHTYLWHRDAOQ

SEQ ID NO: 9

25 355 Promoter nucleic acid sequence

Tittcacaaagggtaatatcgggaaacctecteggatteceatigeccagetatetgteactteateg
aaaggacagtagaaaaggaaggtggctectacaaatgecatcatigegataaaggaaaggctategttca
agatgccictaccgacagtggicccaaagatggacceccacccacgaggaacatcgtggaaaaagaaga

30 cgttccaaccacgicitcaaageaagtggatigatgtgatatctccactgacgtaagggatgacgcacaat
cccactatccttegeaagaccecticetetatataaggaagttcattteattiggagaggac
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QRDFIARDLGPTLANSTHHNVRLLML 10 DDQRLLLPHWAKVVLTDPEAAKYVHGI
AVHWYLDFLAPAKATLGETHRLFPNTM FASEACVGSKFWEQSVRLGSWDRGMQ

Y SHSHTNBOVZMAEWFDWNLALNPEGG NWVRNFVDSPIIVDITKDTFYRGIEMCY/6)181
HLGHFSKFIPEGSQRVGLVASQKNDLD AVALMHPDGSAVVVVLNRSSKDVPLTIK
PAVGFLETISPGYSIHTYLWHRQDLLV TM 20 250ther Embodiments It is to be understood that
while the invention has been described in conjunction with the detailed description thereof, the
foregoing descrif#i BON¥ERddPto illustrate and not limit the scope of the invention, which is defined
by the scope of t i &ﬂ_ig ifications are within the
scope of the follm%ggﬁ%%?sg?, IEEC®<§)IIZE()‘):IO4 6%%%?7%;8 /%tgi A?%(l) 1 J@%%FERENCES 1. Ma, J. K.
C., Drake, P.M.W., and Christou, P. (2003) Nature reviews 4, 794-805 2. Lerouge, P.,

a5, 5545 3 Loct R B EHIORo g e S AT S e B o v o

Genet. 21, 377-441

SEQ ID NO: 11

Nucleic acid sequence encoding the vacuolar targeting sequence

10
gatcttttagicgatactatg
SEQ ID NO: 12
15 Nucleic acid sequence of the terminator
taatttcaigatctgttttgttgtaticecttgeaatgecagggectagggetatgaAtaaagitaatgt
gtgaatgtgtgaaigtgtgatigtgacctgaagggatcacgactataategttitataataaacaaagactitg
tcccaaaaaccecceceeengeaga
20
SEQ ID NO: 13
Nucleic acid sequence of the expression cassette of the invention
25

ttttcacaaagggtaatatcgggaaacctecteggattecattgeccagetatetgtecacticateg
anaggacagtagaaaaggaaggiggctectacaaatgecatcattgegataaaggaaaggetategitea
agatgcctctaccgacagtggtecccaaagatggacceccacceacgaggaacategiggaaaaagaaga
cgttccaaccacgicticaaageaagtggatigatgtgatatciccactgacgtaagggatgacgeacaat

30 cccactatccttCgcaagaccct‘{cctctatataaggaagttcatttcatttggagaggacaggcttcttgag
atccttcaacaattaccaacaacaacaaacaacaaacaacattacaattactatitacaattacagtcga

gggatccaaggagatataacaatgaagactaatctttitcictitcteatettticactictectateattatec
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5. Grabowski, G. A., and Hopkin, R. J. (2003) Annual Review of Genonucs and Human Genetics 4,
403-436 106.Sorge, J. W., C.,Westwood, B., Beutler, E. (1985) Proc Nall Acad Sc USA. 82,
7289-7293V0 Be#weEsman, A., Grace, M., loannou, Y., and GrabowskiPET1998)4008%s|. Chem, 268,
14861-14866 8. Grace, M., Grabowski, GA. (1990) Biochein Biophys Res Commun 168, 771-777

159. GfaCnggcdgawm%t;dég@@@@g‘dﬁbdéta%@l@&iﬁg@mﬁg@m@ﬁg@bgm&@t@gdéa%d Biol.
Chem. 269, 2283-2291 10.Barton, N de R.O. Dambrqc%a J.M. D| BISCE‘%IE A.M., Doppelt,

S.H., Hill %%a%‘i%é}ﬁt%ﬁt%ﬁ?&f%aﬁ KEgCeCtt ARG E S NAERGE Med. 324,

1464- 147@@@&@45@@@@@%%@@6’5@ ﬁ@m&c%c%%%@t@&@c@%@@@@agémg@@@%ﬁﬁ T.K,
McKee, M. A., Parker, C., Schiffmann, R H|II S C and Brad§j 0. (1995) Ann Intern Med 122,

33-39 12 LGRS ARCIBHAR! %@6 2SR gnggRstgstctc

Weingeb, aa@ﬂwtt@;scﬁeégcr@é@@cdt%edéaa@at&g&@mfya&fém&magaagaargggaz@gga
Rosenbloom, BE., Scott, C.R., Wappner, R.S. Zlmran A. (2002) Am J Med 113, 112-119 14.

B|Jsterbo§8§a%%caé%%twcgﬁﬁg§€%ﬁcm ggﬁtwg%wtgcg%cg@@pcf%tgg%g%cwc&tg96) Eur J
Biochem 23734848t tgcacaacttcagecteccagaggaagataccaagetcaagataccectgatteaccg

agccctgeagtiggeccagegtceegtttcactecttgecagecectggacatcacceacttggetcaagac
caatggagceggigaatgggaaggggtcactcaagggacageccggagacatctaccaccagacctggge
10 cagatacttigtgaagttcetggaligectatgetgageacaagttacagtictgggeagtgacagetgaaaa
tgagecttctgetgegetgtigagiggataccecttcecagtgectgggcticaccectgaacatcagegagac
ttcattgecegtgacctaggtectaccetegecaacagtactcaccacaatgtecgectacteatgetggate
accaacgcttgctgetgecccactgggeaaaggtggtactgacagacccagaageagetaaatatgtteat
ggcattgctgtacattggtacctggactttctggctccagccaaagccaccctaggggagacacaccgcct
15  gttcceccaacaccatgeictttgecicagaggectgtgtggeciccaagtictgggageagagtgtgeggeta
ggetectgggatcgagggatgeagtacagecacageatcatcacgaaccicetgtaccatgtggteggetg
gaccgactggaacctigeectgaacceegaaggaggacccaattgggtgegtaacttigtegacagitceca
tcatigtagacatcaccaaggacacgttttacaaacageccatgitctaccacctiggecacttcageaagt
tcaticctgagggctcecagagagtgggoctggitgecagtcagaagaacgacctggacgeagtggeactg
20 atgcatcccgatggetetgetgttgtggtegtgetaaacegetectetaaggatgtgectcttaccatecaagg
atcctgetgtggecticetggagacaatctcacctggetactecattcacacctacctgtggcategecaag
afctittagtcgatactatgtaatticatgatctgtttigtigtattcectigeaatgecagggectagggetatga
Ataaagttaatgtgtgaatgigtgaatgigtgatigigacctgaaggegatcacgactataategtttataata
aacaaagactttgtceccaaaaaccecceeceengeaga
25

SEQ ID NO: 14

Amino acid sequence of the recombinant protein of the invention

30
MKTNLFLFLIFSLLLSLSSAEFARPC

IPKSFGYSSVVCVCNATYCDSEFDPPTEP
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15. Friedman, B., Vaddi, K., Preston, C., Mahon, E., Cataldo, J. R., and McPherson, J. 30M. (1999)
Blood 93, 2807-2816 16. Furbish, F. S., Steer, C.J., Krett, N.L., Barranger, J.A. (1981) Biochim
Biophys Aeta 6#8;0426%34 WO 2004/096978PCT/112004/000181 17. DBebheti R OMAFL M.,
Bugianesi, R., Ponpipom, M., Furbish, F., Barranger, J., Brady, R., and Shen, T. (1982) J. Riot Chenz.
257, 2193:2199G18T Dvek, R AY, Butt8rsT THD.SPIatt, i R., KitzEhahn NNM20B2PNatdpe feviéws 1, 65-

(2001) PIEH I 351135118 2L 191EnE AR, B, En VL dG1ia N . Bt &, bulinezu
P.M. (2000) Rlant Mol Bit 421810-83522. Wunelg, & S., BulkakK.4198B) Blant Sci@1] 283-262 10
R SR A DR W S e G AR P
(1983) J GeliBigj 98, 49-66 27ETakasaldl, &, Mukray, @, Eutbish, K..ABrady) R., Baranger J., and
Kobata, Avlg(lgsi)‘kBsmlPC\hftr’%‘ 285 9P1%1%]2-%0%{1% NGAVNGKGSLKG
QPGDIYHQTWARYFVKFLDAYAEHXKL Q
FWAVTAENEPSAGLLSGYPFQCLGFTPE
HQRDFIARDLGPTLANSTHHNVRLLML
1’ DDQRLLLPHWAKVVLTDPEAAXKYVHGI
AVHWYLDFLAPAKATLGETHRLFPNTM
LFASEACVGSKFWEQSVRLGSWDRGMOQ
YSHSIITNLLYHVVGWTDWNLALNPEGG
PNWVYVRNFVDSPIIVDITKDTFYKQPMPFY
15 HLGHFSKFIPEGSQRVGLVASQKNDLD
AVALMHPDGSAVVVVLNRSSKDVPLTIK
DPAVGFLETISPGYSIHTYLWHROQDILLYV

DTM
20
25 Other Embodiments
It is to be understood that while the inveniion has been described in conjunction
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.
30
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28. Lerouge, P., Cabanes-Macheteau, M., Rayon, C., Fitchette-Laine, A. C., Gomord, V., and Faye, L.
(1998)Plan/Ma Biol. 38, 31-48 29. Frigerio, L., Pastres, A., Prada, A., and Vitale, A. (2001) Plant Cell
13, 1109- 9640/ %%8rio, L., de Virgilio, M., Prada, A., Faoro, F. and Vit A-H$88 Bt cell 2010,
1031-1042 31. Hadling-ton IL, D. J. (2000) Curr Opin Plant Biol. 3, 461-468. 32. Okamoto, T.,
Shimada, T., HagraiBmENUES, 1., Nishimura, M., and Minamikawa, T. (2003) Plant Physiol. 132,
1892-1900 33. Bardor, M., Faveeuw, C., Fitchette, A.-C., Gilbert, D., Galas, L., Trottein, F., Faye, 25L.,
and Lerouge, P. (2003) Glycobiology 13, 427-434 WHAT IS CLAIMED IS: 1. A host cell
producing a highvmanitose, reegirainahvipr aielirClagsmpliSing eOpplymueteatidere dcGdingihe

ecombingnt et g Selieysaushe f ceonbrani oo pbomedusdasg ot
sequgence enpod}iﬁl@,smd MEM@friMelﬁbbB&,r_ablyﬂinked toa s_eco_nd nucleit_: acid sequence
(ondopladmic 1B thHgER AT B AR oS Y AL coll of olaim 5. wherein said
polyr_1uc|e¢€)tide flﬂ}thjﬁms}mp}iiieS%)bdtﬂf Waﬁdﬁequw for encodin_g a vacuolz_alr targeting signal
peride s 5 Tagshl € hTEn s Jol coven e seyplton g 0 b e
recombinant protginde beravgeted®d-tis ER. 7The cell of claim 6, wherein said polynucleotide
Coni%riseﬁs)'a nucé%ir%e, I W, C. Westwood, B., Beutler, E. (1985) Proc Natl Acad Sci USA. 82,
7289-7293
7. Berg-Fussman, A., Grace, M., loannou, Y., and Grabowski, G. (1993} J. Biol.
Chem. 268, 14861-14866
8. Grace, M., Grabowski, GA. (1990) Biochem Biophys Res Commun 168, 771-777
15 9. Grace, M., Newman, X., Schemker, V., Berg-Fussman, A., and Grabowski, G.
(1994) J. Biol, Chem. 269, 2283-2291 |
10. Barton, N. W, Brady, R.O., Dambrosia, J.M., Di Bisceglie, A.M., Doppeit, S.H.,
Hill, S.C., Mankin, H.J., Murray, G.J, Parker, R.1., Argoff, CE,, et al (1991) N
Engl J Med 324, 1464-1470
20 11 Grabowski, G. A., Barton, N. W, Pastores, G., Dambrosia, I. M., Banerjee, T. K,
McKee, M. A, Parker, C., Schiffmann, R., Hill, S. C, and Brady, R. O. (1995) 4nn
Intern Med 122, 33-39
12. Pastores, G. M., Sibille, A.R., Grabowski, G.A. (1993) Blood 82, 408-416,
13, Weinreb, N. J., Charrow, J, Andersson, H.C, Kaplan, P, Kolodny, B H., Mistry, P,
25 Pastores, G,‘Rosenbfoom, B.E., Scott, CR., Wappner, R.S,, Zimran, A. (2002) Am
JMed 113, 112-119
14. Bijsterbosch, M. K., Donker, W, van de Bilt, H, van Weely, S, van Berkel, T.J |
Aerts, IM. (1996) Eur J Biochem 237, 344-349
15. Friedman, B., Vaddi, K., Preston, C., Mahon, ., Cataldo, J. R., and McPherson, J.
30 M. (1999} Blood 93, 2807-2816
16.  Furbish, F. 8, Steer, C.I, Krett, N.L., Barranger, I.A. (1981) Biochim Biophys Acta
673, 425-434
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acid segment for encoding said signal peptide. 8. The cell of claim 1 or any of claims 3-7, wherein
said signal causes the recombinant protein to by-pass the Golgi. 9. The cell of claim 8, wherein
said signamcormpriseszssignal peptide for causing the recombinant proteif€d/HapEdigeted to the
Golgi. WO 2004/096978PCT/1L2004/000181 10. The cell of claim 9, wherein said polynucleotide

comprise$ A nucigdeteEd seamen fopesieasin R Sad:§igal, paptilebish, FLIBdhmpasycell according to
claim 1, wherein said host cell is anﬁ a eukaré%téic and agﬁrokaréotic cell. 12. The host cell

one g |

according to claiftia; Rhéhsir &id (ARt I8 batidrial Zait ! referably an Agrobacterium
turnefacierss cellpwekl 8. Eheswostcell BCOuEing 1a Claimnkn Werin2yakkerkasyelic ¢celijs a plant
cell. 14. The host cell according to claim 13, wherein said plant cell is a plant root cell selected
from the group C?J%sisting of Agrobacterium rihzogenes transformed root cell, celery cell, ginger cell,

horseradish, cell Biaghaasrot BellRogedsd T Thevosh calhaggerding $8,claimi 44, wherein said plant root cell

isacarrofcell. _ . 16.Theh Il accordjng to claim 15, wherei |d recombinant polynucleotide

comprisegé first\ﬁﬁf’éféig'aﬁﬂﬁ?géa(@ge cgzé{ﬁig%ﬁ%’z @%?Ztﬁ%’oﬁgﬂffeést that is in operable link with a

second nagleic agiiaagBerEenantoding asdandlat fargingSigndlipeptde derigeddy@htine basic

tobacco chitinamﬁﬁr}\ which v%cuolar signal peptide has the amino acid sequence as denoted by
rei

SEQ ID NO: 2, s‘gﬁdgfﬂr%'tg% cleic acid sequence is optionally further operably linked to a third
nucleic agg. sequeneele maimnuka, KR (Brsdoitasmiereticoisvsargeting signal peptide as denoted by

i) corrise S SRARER that KORGTorl i LR E AL QA gmer s operably ket
to said regembinasymadicCulie. (YIDPHaARO678RAT/ 153005000181 18. The host cell according
i plant cits, whETEH AT h D R U A aad recombinant molecute.
26. Stahl, P. G. S. (1982) J Cell Biol 93, 49-56
27. Takasaki, S., Murray, G., Furbish, F., Brady, R, Barranger, J, and Kobata, A
15 (1984) J. Biol Chem. 259, 10112-10117
28. Lerouge, P., Cabanes-Macheteau, M., Rayon, C., Fitchette-Laine, A. C., Gomord,
V., and Faye, L. (1998) Plant Mol. Biol. 38,6 31-48
29 Frigerio, L, Pastres, A, Prada, A_, and Vitale, A. (2001) Plant Cell 13, 1109-1126
30. Frigerio, L., de Virgilio, M., Prada, A., Faoro, ¥., and Vitale, A. (1998) Plant Cell
20 10, 1031-1042
31. Hadlington JL, D. J. (2000) Curr Opin Plant Biol. 3, 461-468.
32. Okamoto, T., Shimada, T., Hara-Nishimura, 1., Nishimura, M., and Minamikawa,
T. (2003) Plant Physiol. 132, 1892-1900
33.  Bardor, M., Faveeuw, C., Fitchette, A.-C., Gilbert, D, Galas, L., Trottein, F_, Faye,
25 L., and Lerouge, P. (2003) Glycobiology 13, 427-434
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19. The host cell according to claim 18, wherein said recombinant polynucleotide optionally farther
comprises additional control, promoting and regulatory elements and/or selectable markers, wherein
said regula¥srenaeIns are operably linked to said recombinant moleculBCTAL20GMHE host cell
according to claim 19, wherein said high mannose protein is a high mannose glycoprotein having
glycosylation W'tl‘\‘/\?fﬂ@f‘%o&i gmgﬁgq nannose residue. 21. The host cell according to claim 20,
wherein said high mannose protein is a biologically active high mannose lysosomal enzyme selected
from the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase,

hexosaminidase,a-N- acLetngaI ctggg{n%ﬁlsr%gg 1Iﬁgas&e éﬁé laciasidase, gl %%%Ee é(ﬂgse

a-L-iduronidase, iduronate sulfatase, cc-mannosidase an lidase 22. T ost'cell aécording to
claim 21, wherelnwmm%m@w@h@ym@% mmnggF@@o@@bb@@u@faﬁ@(@@@pdzamﬁo&rcell

according to clai 2 r G (Eggppglgg | Segiens tantially as denoted
by SEQ ID NO: 8 r&er%cgv e%l %)(?D e%%c%?g a10|d sequgafgéeéas enoted by SE Q%%lg(l% : 7. 24.The host

cell according to claim 23, wherein said cell is transformed or transfected with a recombinant

polynucleotice or with 2 exprasgion e OFSAMPTBINg.SRIC MAIBELGWHIED ERGOMIBaNts

polynucleotide further comprises an 35S promoter from Cauliflower Mosaic Virus, an octopine
synthase termmat@ﬁfélfc Agjfolrsusarenapfistasichsrelnt el pegyesh ey hbnlveisime Fog Tobacco

Mosaic Virus) o : ﬂ@@gﬁ@é@ﬁ@g& %1'?@%\? ggﬁggaving the nucleic acid sequence
0

substantially as ED NO: 1 enc CD having the amino acid sequence
substantially as denoted by SEQ ID NO: 14.

3. The cell of claim 2, wherein said signal peptide comprises an ER

(endoplasmic reticulum) targeting signai peptide.

4. The cell of claim 3, wherein said polynucleotide further comprises a

third nucleic acid sequence for encoding a vacuolar targeting signal peptide.

5. The cell of claim 1, wherein said signal causes the recombinant

protein to be targeted to the ER.

6. The cell of claim 5, wherein said signal comprises a signal peptide

for causing the recombinant protein to be targeted to the ER.

7. The cell of claim 6, wherein said polynucleotide comprises a nucleic

acid segment for encoding said signal peptide.

8. The cell of claim 1 or any of claims 3-7, wherein said signal causes

the recombinant protein to by-pass the Golgi.

9. The cell of claim 8, wherein said signal comprises a signal peptide

for causing the recombinant protein to not be targeted to the Golgt.
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25. A recombinant high mannose protein produced by the host cell according to any one of claims Ito

24. Z%égﬁg%cg%?}ginam high mannose protein according to claim 2 (\//%{ﬁ,i‘pﬁgéqsl?igh mannose

protein is a gically active high mannose lysosomal enzyme selected from the group consisting of
glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase, a-N-acetylgalactosaminidise,
acid lipase, agalactosidése, gllsoedtatireltnte vardarddigasaukrtfamonpfarssenadeinosidase

and sialidase. aci@zegggéi%%og%pém &ggtgg}lgp&gﬁggg to claim 26, wherein said lysosomal enzyme

is human glucocerebr 28."A recombinant biologically active high mannose
lysosomal enzyme having at least one oligosaccharide chain comprising an exposed mannose
residue. 29. A recombinant protein, comprising a first portion having signal peptide activity and
a second portion having lysosomal enzyme activity, said first portion causing said second portion to be

processed in a plant céllwith hichetiowd afieprdieg tarttient Hai o ssih e ethisssy aignnose
residue. (%Oa éﬁh&%’éﬁ@%@%&%@h&%&%@ﬂ?m said lysosomal enzyme comprises a protein for

the treatment or prevention of Gaucher's disease, 31.The protein of claims 29 or 30, wherein said
protein comprises hGCD. WO 2004/096978PCT/IL2004/000181 32.The protein of any of claims

20-31, wherein said firstportiaf, cuRRiSA &cBIANES) BR{A19eHAG SINalPSRIde oo & The

recombinant lysosomal enzyme according to claini 29, wherein said recombinant enzyme can bind to
a mannose receptacisnial estyerderbivaetadgee sie s asitgias selfering from a lysosomal storage
disease. 34. The recombinant lysosomal enzyme according to claim 33, wherein said recombinant
lysosomal enzyme has increased affinity for said target cell, in comparison with the corresponding
affinity of a naturally odéurringllysbsshealleasegritoiosdiinalgetvbelpin sagsukpe pEgsRlbihant
lysosomal enzymge accgrding to claim 34, wherein said recombinant lysosomal enzyme is selected
from the group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase,
a-Nacetylgalactosaminidise, acid lipase, a-galactosidase, glucocerebrosidase, cc-Liduronidase,

‘Ol'“_f oneee Sﬂ'fatase, a-mannosiflags 9rsipldasaisthaacebineridsesomal edrusRgeording to
claim 35, wherein
root cell selected from the group consisting of Agrobacterium rihzogenes

transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell.

15.  The host cell according to claim 14, wherein said plant root cell 1s a

carrot cell.

16.  The host cell according to claim 15, wherein said recombinant
polynucleotide comprises a first nucleic acid sequence encoding said protein of
interest that is in operable link with a second nucleic acid sequence encodmg a
vacuolar targeting signal peptide derived from the basic tobacco chitinase A gene,
which vacuolar signal peptide has the amino acid sequence as denoted by SEQ ID
NO: 2, wherein said first nucleic acid sequence is optionally further operably linked
to a third nucleic acid sequence encoding an ER {(endoplasmic reticulum) targeting

signal peptide as denoted by SEQ ID NO: 1.

17.  The host cell according to claim 16, wherein said recombinant
polynucleotide further comprises a promoter that is functional in plant cells,

wherein said promoter is operably linked to said recombinant molecule.
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said recomb nant lysosomal enzyme is glucocerebrosidase (GCD). 37. The recombinant
lysosomal enzyme according to claim 36, wherein said target cell at the target site is a Kupffer cell in
the liver ofVs&iadosubjeets 38. A recombinant high mannose protein, prédicégdlgmfirtell culture.
39. The recombinant high mannose protein of claim 38, comprising a plant signal peptide for targeting
a protein to the ER. 40. The protein of claim 39, wherein said plant signal peptide comprises a
peptide for targeting said protein to the ER in a root plant cell culture. 80 WO
20041096978PCML200%4/000181 host 4xlThecprditmintof elaim 40, \Wiieisin swid reesopibiedell culture

comprises canal d8licor £>aiBEABAPANLNOhMARIASC B G RAREUHPrRURRA epant cel

culture. 43."Use of a p culture for producing a high mannose protein. 44. A method of
producing a higvhessiness protéitosinonsiably linkpdapasiithracentbirandirelesiibinant host cells
transformed or transfected with a recombinant polynucleotide encoding for a recombinant protein;
culturing said host cell culture under conditions permitting the expression of said protein, wherein said
host cells produce said Proteifitin &osgHiglimessredipntee fdaim 18, whegnTersdnisgesebsrefaim 44,

g::]feriigiﬁaid host Gl Gulivie I§ sitiRs 1 3HSPRAIRRs4C kg sastheshabe alm AR ther
P . regulatory elements and/or selectable markers, wherein said regulatory elements are

operably linked to said recombinant molecule.

- 20. The host cell according to claim 19, wherein said high mannose
protein is a high mannose glycoprotein having glycosylation with at least one

exposed mannose residue.

21.  The host cell according to claim 20, wherein said high mannose
protein is a biologicaily active high mannose lysosomal enzyme selected from the
group consisting of glucocerebrosidase (GCD), acid sphingomyelinase,
hexosaminidase, o-N-acetylgalactosaminidise, acid lipase, «-galactosidase,
glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, o-mannosidase and

sialidase

22.  The host cell according to claim 21, wherein said lysosomal enzyme

is human glucocerebrosidase (GCD).

23.  The host cell according to claim 22, wherein said GCD comprises
the amino acid sequence substantially as denoted by SEQ ID NO: 8, encoded by the
nucleic acid sequence as denoted by SEQ ID NO: 7.

24, The host cell according to claim 23, wherein said cell is transformed
or transfected with a recombinant polynucleotide or with an expression vector
comprising said molecule, which recombinant polynucleotide further comprises an

3 promoter from Cauliflower Mosaic Virus, an octopine synthase terminator of
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purifying said protein 47. The method according to claim 45, wherein said host cell is as defined
by any one of claims 1 to 15. 48. The method according to any one of claims 46 or 47, wherein

said high Mah§$@%6Pa%ein is a biologically active high mannose lysosom&Farikyfiéalig at least one
oligosaccharide chain comprising an exposed mannose residue. 49. The method according to

claim 48, whereiipsaigvecambinaerenznetings te:gumainosereaepiorien ENBVIELr siRitin a target
site. WO 2004/096978PCT/11,2004/000181 0. The methaod ar}c%c rding to claim 49, wherein said
recombinant enRREh T HidrHEEE SRR RS SRIEAFGE LR ¢ S&r‘f it & &dtrEsponding

alffinity of a Eat@@[%%ff@ﬂﬁ@gﬂﬁfﬂﬁm&leeﬁwl tg;afaidmarget déllencodm. CEEE)frheoﬁngil tae%ording to
claim 50, wherein said lysosomal enzyme is selected fr ;%% onsisting of glucocerebrosidase
(GCD), acid spfﬁﬁﬁ&ﬁﬁgiﬁ%)&nﬁ%ﬂ%ﬁﬁﬁ%‘%%gﬁ?ﬂtﬁgg %@é&g‘nﬁ%dise, acid lipase,

agalactosidase, glucocerebrosidase, a-L-iduronidase, iduronate sulfatase, mannosidase and sialidase.
52. The method molecule acc rdingg%%.claim SJH, wherein said I%/

isosomal epnzyme is
glucocerebrosidase (G?éD).f @?ﬂ‘étﬁ'& &@B}%‘?ﬁgﬁlb%%’in%’ r@?%ﬂ%%n%%i&?ﬁtrg%elﬁcell at the
target site is Kupéterdial v the bverdiddidssukjeet. 54The method according to claim 53, wherein said
host cell is a plant root cell selected from the group consisting of Agrobacterium rihzogenes
transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell. 55. The method
according to claim 54, yhereimigaickplautiitiant deghismeanat qaliiein 4o6orfine; methddmcesyding to

claim 55, wherein, said tr Sé?r ed host carrot cells are grown in suspension. ?7.Amqthod for
treating a subje&rl}f‘fé?}fhéaai%s %‘E}%?S&é%‘?&é?s% %é%‘ﬁqé”é\%@% %\l’.?&ggo%ﬁ%ﬁt K?ggglcl%al enzyme,
comprising: (a)psawigie gedaednfhinanhbiglogicatynsistivg fof nglofdysedomalsaz(GEDyrified from
transformed plant root cells, and %apable, i o oo
sphingomyelinase, hexosaminidase, o-N-acetylgalactosaminidise, acid lipase, o-
galactosidase, ghicocerebrosidase, c-L-iduronidase, iduronate sulfatase, o-

mannosidase and sialidase.

27. The recombinant protein according to claim 26, wherein said

lysosomal enzyme is human glucocerebrosidase (GCD).

28. A recombinant biologically active high mannose lysosomal enzyme

having at least one oligosaccharide chain comprising an exposed mannose residue.

29. A recombinant protein, comprising a first portion having signal peptide
activity and a second portion having lysosomal enzyme activity, said first portion causing
said second portion to be processed in a plant cell with at least one oligosaccharide chain

comprising an exposed mannose residue.

30.  The protein of claim 29, wherein said lysosomal enzyme comprises a

protein for the treatment or prevention of Gaucher's disease.

31.  The protein of clairs 29 or 30, wherein said protein comprises hGCD.
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of efficiently targeting cells abnormally deficient in said lysosomal enzyme, wherein the recombinant
biologically active enzyme has exposed terminal mannose residues on appended oligosaccharides;
and (b)adrngigtedingpersherapeutically effective amount of said recombinaifft bidl8iceii Hetive
lysosomal enzyme to said subject. 58. The method according to claim 57, wherein said host cell is

as defined by any of s st of 2RPuFBEMeRed ACCRKdiAG 0 PAIR BENSIsIn ald host cells
a carrot cell 50. The method accor ing to claim 59, wherein said lysoSomal enzyme is a high
mannosepbmz yelebd mpgising sgiebstisite oligosaccharide chain having an exposed mannose residue.
61.The method according to claim 60, wherein said recombinant enzyme can bind to a mannose
receptor on a target cell in a target site within a subject. 62. The method according to claim 61,
wherein said recombinant lysosomal enzyme has increased affinity for said target cell, in comparison

with the Co”espond_ings%ﬁi”“_yrﬁé AR P RIS OS AR A E0RMmE P Sal Woskerll, 63
The method according to claim 62, wherein said lysosomal enzyme is selected from the group
consisting of glustterebrdsidasentGCOYeabiddphingompskngsepivexosataisilas, in a target
a-N-acetylgalactasaminidissacld linase,AgalacRaiase lucarersiigsidase, a-L-iduronidase,
iduronate sulfatase, émannos'§ase or sia%?(ijgase. i 64. The rﬁée:ﬁod according to claim 63, wherein
said lysosomal enzyme is glucocerebrosidase (GCD). WO 2004/096978PCT/IL2004/00018 65.

The method according g claif&4uistein-salddysspenal slerage diseae daiacheg dipease.

66. The method according to claim 65, wherein said target'cell at the target site is a Kupffer cell in the

liver of said subjiéi. recombinant lysosomal enzyme has increased affinity for said target cell, in
comparison with the corresponding affinity of a naturally occurring lysosomal

enzyme for said target cell.

35. The recombinant lysosomal enzyme according to claim 34, wherein
said recombinant lysosomal enzyme is selected from the group comsisting of
glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase, o-N-
acetylgalactosaminidise, acid lipase, o-gelactosidase, glucocerebrosidase, o-L-

iduronidase, iduronate sulfatase, ci-mannosidase or sialidase.

36.  The recombinant iysosomal enzyme according to claim 35, wherein

said recombinant lysosomal enzyme is glucocerebrosidase (GCD).

37.  The recombinant lysosomal enzyme according to claim 36, wherein

said target cell at the target site is a Kupffer cell in the liver of said subject.
38. A recombinant high mannose protein, produced in plant cell culture.

39.  The recombinant high mannose protein of claim 38, comprising a

plant signal peptide for targeting a protein to the ER.

40.  The protein of claim 39, wherein said plant signal peptide comprises

a peptide for targeting said protemn to the ER in a root plant cell culture.
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67. A pharmaceutical composition for the treatment of a lysosomal storage disease comprising as an
active ingredient a recombinant biologically active high mannose lysosomal enzyme as defined by any
one of claiwie 28@ewtsich composition optionally further comprises phariEb@LidaldpEsteptable
dilluent, carrier or excipient, 68. The composition according to claim 67, wherein said lysosomal
storage disease is Gaucher's disease. 69. The composition according to claim 68, wherein said
recombinant lysosomal enzyme is a biologically active high mannose human glucocerebrosidase
(GCD). 70. Use of 4lrecombmaneisivlogicalgiractife mighrpraniigber iogdmil etizywibizs defined
by any one of clad'gﬁ%@égl%aligbg%lmanufacture of a medicament for the treatment or prevention of a
lysosomal storage disease. 71. The use according to claim 70, wherein said disease is Gaucher's
disease. 72. The use according to claim 71, wherein said biologically active lysososomal enzyme

Is a biologically active high magneseiman g AERIRRERIEES (GER) produced in plant cell

culture.
43.  Use of a plant cell culture for producing a high mannose protein.

44. A method of producing a high mannose protein comprising:
preparing a culture of recombinant host cells transformed or
transfected with a recombinant polynucleotide encoding for a recombinant
protein;
culturing said host cell culture under conditions permitting the
expression of said protein, wherein said host cells produce said protein in a

highly mannosylated form.

45, The method of claim 44, wherein said host cell culture is cultured in

suspension,

46.  The method of claim 45, further comprising:
purifying said protein.

47.  The method according to claim 45, wherein said host cell is as

defined by any one of claims 1 to 15.

48.  The method according to any one of claims 46 or 47, wherein said
high mannose protein is a biologically active high mannose lysosomal enzyme

having at least one oligosaccharide chain comprising an exposed mannose residue.

49.  The method according to claim 48, wherein said recombinant

enzyme binds to a mannose receptor on a target cell in a target site.
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50.  The method according to claim 49, wherein said recombinant
enzyme has increased affinity for said target cell, in comparison with the

corresponding affinity of a naturally occurring lysosomal enzyme to said target cell.

51.  The method according to claim 50, wherein said lysosomal enzyme
is selected from the group consisting of glucocerebrosidase (GCD), acid
sphingomyelinase, hexosaminidase, «-N-acetylgalactosaminidise, acid lipase, o-
galactosidase, glucocerebrosidase, o-L-iduromidase, iduronate sulfatase, o

mannosidase and sialidase.

52, The method molecule according to claim 51, wherein said lysosomal

enzyme is glucocerebrosidase (GCD).

53.  The method according to claim 52, wherein said target cell at the

target site 1s Kupfter cell in the iver of said subject.

54.  The method according to claim 53, wherein said host cell is a plant
root cell selected from the group consisting of Agrobacterium rihzogenes

transformed root cell, celery cell, ginger cell, horseradish cell and carrot cell,

55, The method according to claim 54, wherein said plant root cell is a

carrot cell.

56.  The method according to claim 55, wherein said transformed host

carrot cells are grown in suspension.

57. A method for treating a subject having lysosomal storage disease

using exogenous recombinant lysosomal enzyme, comprising;
(a) providing a rtecombinant biologically active form of
lysosomal enzyme purified from transformed plant root cells, and capable

of efficiently targeting cells abnormally deficient in said lysosomal enzyme,
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wherein the recombinant biologically active enzyme has exposed terminal
mannose residues on appended oligosaccharides; and
(b) administering a therapeutically effective amount of said

recombinant biologically active lysosomal enzyme to said subject.

58.  The method according to claim 57, wherein said host cell is as

defined by any of claims 1-24.

59,  The method according to claim 58, wherein said host cell is a carrot

cell. .

60. The method according to claim 59, wherein said lysosomal enzyme
is a high mannose enzyme comprising at least one oligosaccharide chain having an

exposed mannose residue.

61.  The method according to claim 60, wherein said recombinant
enzyme can bind to a mannose receptor on a target cell in a target site within a

subject.

62.  The method according to claim 61, wherein said recombinant
lysosomal enzyme has increased affinity for said target cell, in comparison with the

corresponding affinity of a naturally occurring lysosomal enzyme to said target cell.

63.  The method according to claim 62, wherein said lysosomal enzyme
is selected from the group consisting of glucocerebrosidase (GCD), acid
sphingomyelinase, hexosaminidase, o-N-acetylgalactosaminidise, acid lipase, o-
galactosidase, glucocerebrosidase, «-L-iduronidase, iduronate sulfatase, o-

mannosidase or sialidase.

64,  The method according to claim 63, wherein said lysosomal enzyme

is glucocerebrosidase (GCD).
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65.  The method according to claim 64, wherein said lysosomal storage

disease 1s Gaucher's disease.

66.  The method according to claim 65, wherein said target cell at the

target site is a Kupffer cell in the liver of said subject.

67. A pharmaceutical composition for the treatment of a lysosomal
storage disease comprising as an active ingredient a recombinant biologically active
high mannose lysosomal enzyme as defined by any one of claims 25-42, which
composition optionally further comprises pharmaceutically acceptable dilluent,

carrier or excipient,

68.  The composition according to claim 67, wherein said lysosomal

storage disease is Gaucher's disease.

69, The composition according to claim 68, wherein said recombinant
[ysosomal enzyme is a biologically active high mannose human glucocerebrosidase
(GCD).

70. Use of a recombinant biologically active high mannose lysosomal
enzyme as defined by any one of claims 25-42, in the manufacture of a medicament

for the treatment or prevention of a lysosomal storage disease.

71.  The use according to claim 70, wherein said disease is Gaucher's

disease,
72. The use according to claim 71, wherein said biologically active

lysososomal enzyme is a biologically active high mannose human

glucocerebrosidase (GCD).
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