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While post translational modifications do not exist in bacterial expression systems,
plant derived expression systems do facilitate these modifications known to be crucial for

protein expression and activity. One of the major differences between mammalian and

-plant protein expression system is the variation of protein sugar side chains, caused by the
" differences in biosynthetic pathways. Glycosylation was shown to have a profound effect

on activity, folding, stability, solubility, susceptibility to profeases, blood clearance rate

and antigenic potential. of proteins. Hence, any proteint production in plants should “take
mnto consxdemﬁon the petenual ramifications of plant plycosylation.
Protein glycosylation is divided info two categories: N-Imked and O-linked

modifications (2). The two . types differ in amino acid to which the giycan moiely . is.
_ attached to ~ N-linked are attached to Asn residues, while O-linked are attached to Ser or

Thr residues.. In- addition, the glycan sequences of each type bears unique dis’t‘inguisﬁiﬁg
features. Of the two types, N-finked: glycosylation is the more abusidant, and-its effect on

protein function has been extensively studied. O-linked slycans, on the other hand’ are’

velatively scarce, and less mformation is available regarding their-affect on proteins.

Summary of-the-Invention

_The. background “art does not teach Or ‘suggest 2 devace system’” or- method for

selecnvely producing glycasylated proteins m plant culture.  The baskgroma“ art also f‘oes

not teach or suggest such a devige, system or method for producing hxgh mannose -prctems

in plant cuiture The bagkeround drt-also does not teach or suggest-a. device, syStem or
' method, for producing proteins: in plant. culture through the endoplammc réficutum- (ER)

The backgruund art also does not teach or suggest- such a device, system or method for

prodacmg protems in plant -culture through the endoplasmm reticulum’ (ER} while by«

passing the Golgi bady The. backgreund art also doe?s nof teach or suggést such: a ‘dévice; :
system.or method {or - preducmg protems in plant cultare 'by usmg an ER sxgnai to byupass'

the Golgi body, . - - .

The present mw&dhclogm ¢ overcomes these dlsadvantages of the background art by

providing :a device, system and -miethod: for producing: glycosylated protems i plant"_ S

culture particutarly proiems ha,vmg a high mannose glycosylation, whﬂe cptmnaliy and
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preferably targeting (and/or otherwise manipulating processing of) such pmtein's with an
ER signal. Without wishing to be limited by a single hypothests, it is believed that such
targeting causes the proteins to by-pass the Golgi body and thereby to retain the desired
glycosylation, particularly hi'gh mamnose glycosylation. It should be noted that the term
“plant culture” as used herem nciudes any type of transgenic and/or otherwise gene’ticéliyll

engineered plant cell that is grown in culture. The genetic engineering may optionally be

permanent or transient. Preferably, the culture features cells that are not assembled to form

a complete plant, such that at least one biolegfcal structure .of a plant is not present.

. Optionally and preferably, the culture may feature a piura[ity of different types of plant

cells, but preferably the culture features a particular type of plant cell ¥t s&ould be noted

that cptionally plant cultures featuring a particular type of plant cell may be orxgmally
) derived from a piuralxty of different types of such plant cells.

The plant cells may be-grown accordmg to any type. caf smtable cuitur;ng method

includmg but not limited to, culture on a solid surface (such as a plastic culturing vessel or-

plate for example) or in suspension.

The inventiondisclosure further relafes to vectors and methods fer expression and production
of enzymatically active high mannose Iysesomal enzymes" 'usiﬁg fcranégerﬁc plant root,
particularly carrot ceiis More partlcularly, the imventiondisclosure relates to host cells, pamcularly
transgenic suspended carrot ceils vcctors and methods for high yield expressmn and
productlon of biologically aetwe high mannose Glucocerebrosidase (GCD) The isventiondisclosure
further provxdes for compas:tmns and methods for the treatment of ly@osemal storage
diseases. _ ‘ Lo

The present inventiondisclosure is also of a devzoe system and method for prowchng
suﬁiclent quantmes of - baolog:caiiy active lysosmmﬁ CNZymes, and paxticularly, human

GCD, 10 deﬁcxent cells. The present ﬂﬂ%ﬁ%ﬂdﬂelomm is also of host cells comprising new vector

'composﬁ;ions that allow for efficient pmduc,tmn of genes. encow_d_x_ng iyso_ser_nai ‘enzsme.sq
 such asGCD ' ' |

The present sventtondisclosure therefore solves a 10ng~felt need for an econoxmcally vmble
technology to produce proieins havxng parhmﬂar* giycosylation reqmrements such as the-”
high mannose glycnsyiatxou of Iysosemai enzymes such as GCD fﬁ}!' exampie The present

m’vﬂeﬁe}eﬁdmc]omre is able to soIve this long felt need by using plant cell culture
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In order to further explain the present invenondisclosure, a brief explanation is now
provided of the biosynthetic pathway of high-mannose proteins. The basic biosynthesis
pathway of high-mannose and complex N-linked glycans is highly conserved among all

eukaryotes. Biosynthesis begins in the Endoplasmic Reticulum (ER) with the transfer of
the glycan precuisor from a dolichol lipid carrier to a specific Asn residue on thé protein .

by the oligosaccharyl transferase. The precursor is subsequently modified in the. ‘ER;_by“f l

glycosidases Y and II and a hypothetical mannosidase to yield the high mannosé structures,
similar o the process occurring in mammals.

-Further modifications of the glycan sequence to complex and 'hjib'dd‘s‘tmctﬁ%és

ocour in the Golgi. Such modifications include removal of one of the four manhose
| ‘résidues by o-mannosidase’ I, addition of an N~acéfylglucosanﬁné residire, removal of the

two addifional mannose resid.ués' by a—mamosi&ase M, addition of Néiée’tyléluobsa&xiﬁé '
and opﬁonaliy, at this stage, xyiose and .ﬁzcose residues may be added to yield plant

specific N-tinked glycans “After the transfer of xylose and fucose to the core, complax type»‘

N-glycans czn be further processed via the addition of terzmnal ﬁmose and galactase

. Funher modifications may take place during the giycoprotem transport

Several approaches are currently used in the backgrounci art to contmi and taﬂor

protem glycosylation in planf:s all of which have sxgmﬁcant deﬁcxeno!es paﬁzculariy m'

compatison to the present ﬂweﬁﬂeﬂdlqclmule Gross modzﬁcatzons such as complete mhx‘omon of

‘slycosylation or the’ removai of giyccsylaaon sites from the pept;de cham rs {me strategy :

Hewever, this approach can result in srructura} defects. ﬁm additional appmach mvolvesu

knock-out and introduction of spectﬁc catbohydrate processmg enz;mes Agam, thxs
appmach is dzﬁcult and may also have demmental effects on the pia:at cells themseives )

The present inventiondisclosure overcomes these deﬁc:1enmes of the background art

approaches by usmg an' BR signal andf'ar by blocicmg s&creﬁon from the ER to the Golgz' o
"body.  Without Wishmg 1:0 be limited by a smgie hypotheszs since a hlgh mamaose :

structure of iysosomai enzymes is prefe:red if secretion can be blocked and the proiem can |
be mamtameti in theER, naturaiiy occumng ingh MAIOSE: stmcmres a.re obtmned wﬁhout | o

the need for remodeimg

" As indicated abo% protems traxwported via the andomembrane system ﬁrst pass_ o
mtn the endoplasmm retlcu!um The necessary transport s1gnal for thzs step i represented-
by a signal sequence at the N-terminal end of the molecule, thevsa—‘caﬂed signal peptide. As.

8



soon as this signal peptide has fulfilled its function, which is to msert the precursor protein
attached to it into the emdopiasmic reticulum, it is split off proteolytically from the
precursor protein. By virtue of its specific function, this type of signal peptide sequence
has been conserved to a high degree during evolution in all living cells, irrespective of
whether they are bacteria, yeasts, fungi, animals or plants. :

Many plant proteins, which are inserted into the endoplasmic reticulum by virtue of
the signal peptide do not reside in the ER, but are transported from the endoplasfnic'
reticulum to the Golgl and continue trafficking from the Golgi to the vacuoles. One class of
such sorting signals for this traffic resides are signals that reside on the C-terminal part of
the precursor protein [Neuhaus and Rogers, (1998) Plant Mol. Biol. 38:127- 144} ‘Proteins
containing both an N-terminal signal pepﬁde for msertion mto the endopiasmxc reticulum
and a C-terminal vacuolar targeting signal are expected fo contain complex glycans, which
is att;mhed —'EQ-tth. in the-Golgi [Lerouge et al, (1998} Plant Mol. Biol. 38:31-48]. The
nature of such C- terminal soriing signals can vary very widely. US 6,054,637 describes;
-peptide fragments obtained from the region of tobicco basic chitinase, whichis.a vacuolar :
pratemn that act.as vacuolar fargeting peptides. An example for a Vaculoiar protemn
oontainihg a C-terminal fargeting signal and complex .giycans 1s the phaseoiin storage |
_prétein from bean seeds {ane;m‘e‘t al., {1998) Plant Cell 10:1031-1042; Frigerio et al,
(2001) Plant Cell 13:1109-1126 1. :

The paradigm 1s that in all eukaryoiic cells vacuolar proteins pass via iﬁe ER and
the Golgi. before sequestering in-the vacuole as their final destination. Surprisingly, the -
transformed plant root cells of the present gl_isgi_g__s_;_lre'mveﬂ{—ieﬁ produced an unexpect.ed high mannose |
GED. Advantageously, this }ugh mannose product was found to be biologically active: and
thcrefore no further steps were. needed for its. activation. Without Wzshmg to. be Jimited by-2- -
.single hypqthes:s,. it would. appear that the use of an ER sxgnairwzth .the recombmant
 protein being pmduceéi;in, plant cell cufture was able io ovércqrﬁe‘t'rans%)ortation to the
. ‘Golgi, and hence to retain the desired high mannose glycosylation, OPﬂQﬁaily;;any fypé1rdf E
_ mecha:ﬁsm which is capabie to g:édu_ce: high mannese glycosylation, including.any t&pe;of '

mechanism to by-pass the Golgi, may be used in accordance with the present disclosurcisvention.



In a first aspect, there is provided a human glucocerebrosidase protein which comprises the amino

acid sequence as set forth in SEQ ID NO: 8, wherein said human glucocerebrosidase protein is

glycosylated and comprises at least one exposed mannose, at least one fucose residue having an alpha (1-3)

glycosidic bond and at least one xylose, and is linked at its C terminus to a vacuolar targeting signal

peptide as set forth in SEQ ID NO: 2.

In a second aspect, there is provided an isolated nucleic acid sequence encoding the human

glicocerebrosidase protein as defined above.

In a third aspect, there i3 provided a pharmaceutical composition comprising the human

glucocerebrosidase protein as defined above and a phanmaceutically acceptable carrier.

In a fourth aspect, there is provided a plant cell expressing the human glucocerebrosidase protein

as defined above,

In a fitth aspect, there is provided a method of producing a human glucocerebrosidase protein

comprising: preparing a culture of plant celis as defined above; and culturing said cell culture under

conditions permitting the expression of said protein.

In a sixth aspect, there is provided a human glucocerebrosidase protein which comprises the

amino acid sequence set forth in SEQ ID NO: 8, wherein said human glucocerebrosidase protein is

glvcosylated and comprises at least one exposed mannose, at least one fucose having an alpha (1-3)

glycosidic bond and at least one xylose, and is linked at its C terminus to a vacuolar targeting signal

peptide as set forth in SEQ ID NO: 2, wherein said linkage is defined by the respective amino acid

coordinates of SEQ ID NO: 14,

In a seventh aspect, there is provided a pharmaceutical composition comprising the human

glucocerebrosidase protein as defined above and a pharmaceutically acceptable carrier,

In an eighth aspect, there 1s provided a plant cell expressing the human glucocerebrosidase protein

as defined above.

In a nintk aspect, there is provided the use of the glucocerebrosidase protein as defined above, in

the manufacture of a medicament for the treatment or prevention of Gaucher’s disease.

In a first embodimentaspeet, the present dﬂClOQUTSiﬁ%ﬂ%ﬁ relates to a host cell producmg 3 h1gh

maanose recombinant protam of mterast This-cell may’ be. tramformed or. transfect@d w1th

a rewombmant nucleic, acid moiecuie encodmg . protem of 1 mterest of- thh an- expressmm
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vector comprising the nucleic acid molecule. Such nucleic acid molecule comprises a first
nuceic acid sequence encoding the protein of interest operably linked to a second nucleic

acid sequence encoding a vacuolar tﬁrgeting signal peptide. The first nucleic acid sequence

may be optionally further operably linked to.a third mcleic acid sequence encodmg an ER

(endoplasmic reticulum) targeting signal peptide. The host cell of the inventendisclosure is

charabterized in that the protein of interest is produced by the cell in a highly mannosyiatéd}“ o

“form.

The host cell of the nventiondisclosure may be eukaryotic or prokaryotic cell.

In one embodiment, the host cell of the invenstendisclosure is a prokaryotic cell, preferably, a
bacterial cell, most preferably, an Agrobacierium fumefaciens cell. These cells dre used for
infecting the prefetred plant host cells described below. o

| In another preferred embodiment, the host cell of the mventiendisclosure may be eukaryotic

cell, preferably, a plant céll, an'ci"mcst preferably, a ‘plant root &l selectéd from the group

consisting of Agrobacterium rikzogenes transformed root cell, ‘celery cell, ginger cell,”

'ho:saradisﬁ' cell and carrot celi:

In a.pneferréd embodiment, the plant root cell is a-cairot cell. It should be noted that

the transformed carrot cells of the ssveatiendisciogure are grown in suspension. As mentioned above

and described in the Examples, thes» cells were transformed with the Adgrobacterium

'fumgfac:em cells.

In another embodiment, the recordbinant nicleic’ acid molecule compnsed within

the host cell of the imventioadisclosure, comprises a first nucieic acid seguence enwdmg & lysosomal

_ ‘enzyme that is in ‘operable linkage with a second: nucleic acid sequénce encoding a
vacuolar tﬁrgeﬁng'si"gnal peptide derived from the ‘basic yobacco chitinase A gene. This .
vacuolar signal peptide has-the amino acidfsquéﬁdf_a"ﬁs derioted by SEQ ID NO: 2. The |
first nucleic acid sequence may be optionally fusther 1ipliad' inan operable 'Iinkage with a
third nucieic‘acid sequence- encoding an ER (eﬂdbpiasﬁﬁé'.rEticulum) -targeting sigﬁai.
‘peptide as. denoted by SEQ 1D NO: 1. Tn-one em’bbdmant ‘the recambmant fmcleic-acid.

molecule compnsed within the host cell of the %ﬂ’veﬂ-‘éi{-}ﬁél%dobuz‘e further comprises a promoter that

is functional in plant cells: This proraéier should fie aperaﬁly hnked te ‘the ‘Tecombindht

molecule of the mventiendisclosure.

Ia ‘another embediment this. rcoambmant ‘prucléis amd moiecule may optmnalily .

'further comprisé an opefably. Tinked ferminator wlnch i preferably furnctional .in - piant _

8



e

10

15

20 .

25

cells. The recombinant nucleic acid molecule of the #ventendisclosure may optionally further
comprise additional control, promoting and regulatory elements and/or seleciable markers.
It should be noted that these regulatory elements are operably linked to the recombinant

molecule.

In a preferred embodiment, the high mannose protein of interest produced by i'he‘_ L

host cell of the inventisndisciosure may be a high mannose glycoprotein having exposed mannose
terminal residues. ' '
Such high mannose proten may be according to another preferred embodiment, a

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; o-mannosidase

and .sialidase. In a preferred embodiment, the lysosomal enzyme may be the human

gIUchrebrosidase (GCD). Hercinafter recombinant GCD, tGCD, rhGCD -all refer to
various forms.of recombinant human GCD unless otherwise indicated. '

©As-previously described, Gaucher’s disease, the most prevalent lysosomal storage
disorder, is caused by point mutations in the hGCD A(hu;nan'glucc}cérebmsidas’e)-gene
{GBA), which result in accumulation of GicCer 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 strategy for this dlSGI’dGI

“However, glycosylation plays a crucial role in hRGCD activity and uptake to-target. cells.

Therefore, according to other preferred embodiments of the present inventendisclosure,

smtably glycosylated hGCD is preferably provided by controlling. the -expression of hGCD

i plant.cell culture, optionally and more ‘p_rafergbly by providing an ER sxgnai a.ndr’gr ‘
< otherwise by opti(mally and more preferably blocking transportation to the Golgi. ) ‘
Optionally and. preferabiy, the BGCD has at least ome oixgosaochandc cham ol

compnsmg an exposed mannose residue for the treatment -or prevention. of Ganchex‘s
dlsease

St;ﬁ further SUIEE pamcular embadamant, this « preferrad host cell 15 h‘ansfannad er

transfected by a recombmant nuciexc acld mo[ectﬂe which:, ﬁirthe:r compnses an S
pmmoter fmm - Cauliflower . Mosmc Vs, an- octopme ‘synthase. termxnator of

Agrabacrenum mmqfaczens and TMV (Tobacc-o Mesalc \fims) omega transiatwaa}i- S -

_ephancer element. According fo a preferred embodiment, thls recombinant nucicic aid.

.9
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molecule comprises the nucleic acid sequence substantially as denoted by SEQ I NO: 13
and encodes a high mannose GCD having the aminc acid sequence substantially as
denoted by SEQ ID NO: 14.

It should be appreciated that the present #ventendisciosure further provides for an

expression Vector comprising a nucleic acid molecule encoding a biologically active

iysosomal enzyme. o

In one preferred embodiment, the expression vector of the inveationdisclosure comprises a
aucleic acid molecule encoding a biologically active high mannose human
glucocerebrosidase (GCD). Preferably, this preferred expression vector comprises a

nucleic  recombinant nucleic acid melecule’ which having the nucleic asid sequence

-sabstanﬁéﬂy as denoted by SEQ D NG: 13

In a second aspeetembodiment, the present sevestiondisclosure relates to a recombinant high mannose

protein produced by the host cell of the inventiendisclosure.

In a preferred embodiment, this high mannose protein fna'j’v be a biologically active

high mannose lysosomal enzyme selected from the group consisting of giucocerebrosidase

AGCD), -acid sp'hiﬁgomyeﬁnﬁse,- hexosaminidase, o-N-acetyigalactosaminidise, acid Iipase,l

a-galactosidase, glucocerebrosidase, o-L-iduronidase, idoronate sulfatase, ‘a«—mannosi’dase

‘and sialidase. Most preferably, this -lysosomal enzyme may be human glucocerebraszdase .

(GCD). |
Siill further, the fwventiendisclaosure pfovides fora recombinant biologically active high

mannose lysesomal. vnzyﬁ»e ‘having at least one eiigesacchafide cbawice'npnsmg an

exposed mannose residue, | '
Acoordmg 10 ‘a preferre,d embodiment, the recombinant iysoscma! cnzyme of the

sventiendisclosure can bind to a mannose receptor on a target cell in a target site. Preferably, thxs

- site may be within a subject suffering from a iysesomai storage diseasé.

- §t should:be noted that the recombinant lysosomal -enzyme has increased affinity for

the target cell, in comparison with the co:respcnﬂing affinity of a naturally cccdrrihg i

“lysosomal enzyme: for the target cell. Tit a specific embodunent the target cell at the target-

site. may bea Kupﬁ‘er cell in the Hver of the subject.

. In a preferred embodiment, the recombinant lysosomal enzyme imdy be'éelegsf*éd

: ﬁ‘om the g'foup.‘ cbnsisﬁng of "glucocerebrosidase - (GCB}; acid - spﬁiﬁgéiﬁ}‘f‘éii’ﬁ%e,,
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hexosaminidase, q~N-acetylgaiactosanﬁnidise, acid fipase, a-galactosidase,
glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, a-mannosidase or sialidase.

Most preferably, this recombinant lysosomal enzyme is glucocerebrosidase (GCDY).

In a third espeetembodiment, the isventiondisclosure relates to a method of producing a high mannose

protein. Accordingly, the method of the inventieadisclosure comprises the steps of: (a) preparing a

culture of recombinant host cells transformed or transfected with a recombinant nucvieic_-‘
acid molecules encoding a recombinant protéin of interest or with an expression vettor
comprising the recombinant nucleic acid molecuies; (b} culturing these host cell culture
prepared by step (a) under conditions pexmitﬁng the expression of the profein, wherein the
host cells produce the proteint in a hlgh[y mannosylated form; {¢) recovenng the protein
from the cells and harvesting the cells from the culture provided in (a); and (d) purifying

: 'thie protein of step (¢} by a suitable protein purification miethod.

According to a preferred embodiment, the host -céll used by this'method is the Host
cell of the nvestiondiscigsure. .

In another preferred embodiment, the high mannosé- proteiri- produced by the
method of the inventiendisclosure may be a biologically active high mannase lysosornal enzyme
havmg at least one oligosaccharide chain compnsmg 4n exposed miannose 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 m@eﬁ&eﬁgggl_w

- has increased affinmity for the target cell, in comparison with‘the-cbrreéponding affinity of a

naturally oc:éu:ring lyéosoma] enzyme to the target cell.- Accordingly, the '.-j;a"rget celf at the

-target site may be Kupffer. cell in the Tiver of the subject. . .

. In 2 specific embodiment, this lysosomal éhiyme-may ‘be-selected from the group.

% consisting: of . glucocerebrosidase (GCD), acid ;sphmgameﬁnase;-, hexosaminidase, o-N-

acetylgalactosaminidise, acid lipase, a-galactosidase, glucocerebrosidase, o-L-iduronidase,

' .i‘diironate 'suif&t&se,"oc-maﬂnésidase and sialidase: Most preferably, ‘this lysosomal enzyme
‘-may be glucocerebrosidase (GED): ~  © + o T s | e

o

In another preferred embodiment, the hos‘{ cell used by the method of the inventiendisclosure

- gy be a plant root cell selected -from’ the group consmmg of Agrabacxenum rzkzegenesl .

$ 30

transformed root ceii celery cell, ginger cell, hersemdssh ‘cell and {:arrmt cell Most
f pref‘erably, the plant root cell is & carrot cell. T sh(}ald be “particularly noted that in the

method of the inventiondisclosure, the transformed host carrot cells are grown in suspension.

i
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_ diltuent, carrier or excipient. .. ...

In a further aspestembodiment, the présent mventiondisclosure relates to a method for treating a subject
having lysosomal storage disease using exogenous Tecombinant lysosomal ehzyme,
comprising: {a) providing a recombinant biologically active form of lysosomal enzyme
purified from transformed plant root cells, and capable of efficiently targetmc cells
abnormally deficient in the lysosomai enzyme. This recombinant b:oiagxcally active - - .
enzyme has exposed terminal mannose residues on appended oligosaccharides; and {b)” |
administering' a therapeutically effective: amount. of the recombinant biolagically active
Iysosomal enzyme fo the subject. In a preferred embodiment, the recombinant high
manr.ms-e lysosomal enzyme used by the method of the inventiendisclosure may be produceé by the
host cell of the inventisndisclosure. Preferably, this host cell is a carrot cell,

In another preferred émbodiment, the lysosomal enzyme used by the method of the
imventiendisclosure may be a high mannose enzyme comprising at least 6113 oligosaccharide chain |
having an exposed . mannose résidue. This recombinant enzyme can bind to 2 mannose
receptor on a target cell in a target site within a subje{:t. More preferably,-this recombmant
Iysosomal enzyme has .increased affinity for these target cel[s in companson wn:h the
corresponding affinity of a naturafly occurring lysosomal enzyme to the target cell.

More spec1ﬁca11y, the lysosomal enzyme used by the method of the #ventiondisclosure may

be. selected ﬁom tbe group consisting. 'of ghlucocerebrosidase (GCD), acid

sphingomyelinase, hexosaininidase, —o~N-acetylgalactosaminidise, acid - lipase,: -

- galactosidase, glucocerebrosidase, a-L-idurpnidase, iduronate sulfatase, a-mannosidase-or

.sialidase. Preferably, this lysosomal enzyme is glucocersbrosidase (GCDY. »

According to a preferred embodiment, the method of the inventiondisclosure is therefore

intended for the treatment of a lysosomal étorage disease, parﬁcuiady Gaucher's disease,

In sach case the target cell at’ the target site may be @ Kupffer cell.in the tiver of the

- subject.

The mventendisclosure further provides for a pharmaceutical composition for the treatment
of a lysosomal storage disease comprising as an acive ingredient a recombinant
biologically active high mannose lysosomal enzyme as defined by the wventendisclosure. The o

composition of the isseatiendisclosure may be optionally further comprise pharmaceuiically acceptable

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

treatment of Gaucher's disease. Such composition may. preferably compti_sé- as-an effective

iz
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ingredient a biologically active high mannose human glucocerebrosidase (GCD), as
defined by the inventiondisclosure. ‘

The inventtendisclosure further relates fo the use of a recombinant biologically active high
mannose lysosomal enzyme of the inventiendisclosure in the manufacture of a medicament for the
treatment or prevention of a lysosomal storage disease. More particularly, such d‘isease'-‘-
may be Gaucher's disease. . :

Accordingly, this biologically active iysososomai enzyme is a bzoiogwally a:ctzve'}
high mannose human glucocerebrosidase (GCD), as defined by the snventiendisclosure.

According to the present inventiendisciosure, there is provided a host cell producing a high
mannose recombinant protein, comprising a polymucleotide encoding the recombinarnt
protein and a signal for causing the recombinant protsin to be produced as 2 hxgh mamdsé
protein. Preferably,.the polynucleotide comprises a first nucleic acid sequence encodinig
the protein.of intefest operably. linked to a second nucleic acid sequence encoding 2 szgnai
peptide. Optmnally, the signal peptide comprises an ER (endoplasm&c reticulum) targeting -
signal peptxde. Preferabiy, the polynucleotide further comprises a third nucleic acid

‘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 causiné the recombinant protein
to be targeted to the BR. Most preferably, the polynucleotide comprises-a nucleic acid
segment for encoding the signal peptide.

Optionally. and preferably, the Signal canses the. recombinant protem to-by-pass the
Golgi. . Preferably, the signal comprises-a -signal peptide -for causing the recombinant

. protein to not be targeted to. the Golgl., More preferahiy, the polynucleotide compnsas a
| nucleic acid segment for encodmg the szgnal peptide.

- Optionally and pmferably, the host cell is any one 0f 3 eukaiyotxc anda prokaryﬁtzc‘
cell. Gptlonaliy, the prokaryotic cell is 2 I}acterzal celi preferabiy an Agrobacterium
mme;fac:em ce!l Preferahiy, the eukaryoﬁc cel! isa piant cell, More preferabiy, the -plant
ceii 13 A, @Iant raot oeﬂ selected: from the group- cansnstmg of Agrobacilerium erazogenes")

trausform@d root celj ceiery ceil gmger ceil, horsefadxsh cell and carrot cell.. Most-f{

‘ preﬁarabiy, the piant root eellis a carrot cell

Preferably, the recombmant poiynuclemtde compnses 4 ﬁrst nucleic acid . seqnence ;

encodmg the protein of i mterest that 1s.In operable fink mth 4 second. nucleic acid sequence '

. 1



10

15

20

25

30

Preferably, the high manmnose protein is a biologically active high mannose
lysosomal enzyme selected from the group consisting of glucocerebrostdase (GCD), acid

sphingomyelinase, hexosamimdase, o-N-acetylgalactosamimdise, acid lipase, -

galactosidase, glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, o-mannosidase

and stalidase. |
More preferably, the lysosomal enzyme is human glucocerebrosidase (GCD).

According to other preferred embodiments of the present inveationdisclosure, there is

provided a recombinant biologically active high mannose lysosomal enzyme having -at

“least one oligosaccharide chain corprising an exposed mannose residue.

According to siill other preferred embodiments, there is provided a recombinant

protein; comprising a first portion having signal peptide ‘activity and a second portion
-‘-"-jﬁaving lysosomal enzyme activity, the first portion causing the second portion.fo be

processed in a plant cell with at least one oligosaccharide chain comprising an exposed
mannose residue.

Preferably, the lysosomal enzyme comprises a protein for the treatment or

‘prevention of Gancher's disease.

‘More preferably, the protein comprises hGCD.
. ‘Preferably, the first portion comprises a piant - cell. ER targeting’ szgnai peptide.

More preferably, the recombinant enzyme can bind to 4 ma;:mse receptor on ' target cell
.in .2 target site within. a subject sufféring‘ from a iysésemal -storage disease. Mﬁé’é
.preferably, the recombinant lysosomal enzyme has increased affinfty for thé tar’get-ciélf n
*comparison with the corresponding affinity of a naturally occurring ljrsoé;amai enzyme for

" the target cell. ' _
Also most preferably, the recomhmant lysosomal énzyme is selected fmm “the

> .group. consisting of glucecerebrosidase (GCDY), acid sphmgomyeﬁnase, he:;osanumdase,

&—N—acerylga}actosanﬁnidisa acid iipase . o-galactosidase, glucoccrebrosidase, auTL-

v zduromdase xduronate sulfatase, et—mannomdase or sialidase.-

Preferably, the recombmant lysosomal enzyme-is glucocerebrosndase (GCD)

Also prqferabiy, the target cell-at the target site is a Kupffer. cell - the fiver o'f th‘e' RN
subject. | :
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According to still other preferred embodiments there is provided the use of a
recombinant biologically active high mannose lysosomal enzyme as described ‘above, in

the manufacture of a medicament for the treatment or prevention of a lysosomal storage

disease. Preferably, the disease is Gaucher's disease. More preferably, the biologically

active ~lysososomal enzyme 15 a biologically active high mannose buman

gluoocerebrosndase (GCD).

The #=ventondisclosure will be further described on the hand of the following figures, which

are illustrative only and do not limit the scope of the inventisndisclosure which is also defined by the

appended claims.

Br;ef Descrxptwn of the Flgures

. The invention is herein descnbed, by way of example only, with. refe:rence to the"

'accompanynng drawings, wherein:

Figure 1A-1B

‘1A shows the resulting expression cassette comprising *°S promoter from

- Caulifiower Mosaic ‘Virus, TMV (Tobacco Mosaic Virus) omega translationat enhancer
‘element; ER targeting signal, the human GCD sequence {also denoted by SEQ ID NO: D,

vacuolar signal’ ‘and octopine synthdse terminator sequencé from' Agrobacterium

turnefaciens.

- 1B shows a'schematic map of pGreenl) plasmid backbone ’

- Figure 2 shows Western blot analysis of hGCD transformed cél -tracts tsing anti
' BGCD specific antibody. Standard Cerezyme ‘(l'aﬁe 1) was used as-a péﬁﬁifé control, '

untransformed calius was used as pegative control (lane 2), various seiected calli extracts

are sha‘wn in lanes 3-8

2

thure BA—-BC shows the ﬁrst step of. punﬁcahen of THGCD on a strong catienA | . |
exchange Tesin. (Macm-—Prep iugh»S stippoit, Bm—Rad) packed in 8 XK. column‘ e
-(2,6x26cm) “The“column wis:. mtegraied w:t.h an AKTA pnme system (Amersham -

?harmacxa Blotech) that aﬁows coaductmty momtormg, pH’ ‘dnd absm‘bency at ZSGnm
Elution of the ri-GCD was obtained with equilibration buffer. containing Gi}OmM NaCl.

18



9. The isolated nucleic acid sequence of claim 8, comprising the nucleic

acid sequence as set forth in SEQ ID NO: 7.

10.  The isolated nucleic acid sequence of claim 8, ..compn'sing the nucleic

acid sequence as set forth in SEQ 1D NO: 13.

1. A pharmaceutical  composition  comprising the  human
glucocerebrosidase protein of any of claims 1 to 7 and a pharmaceutically acceptable

cartier.

12. A plant cell expressing the human glucocerebrosidase protein of any of

claims 1 to 7.

13. The plant cell of claim 12, wherein the plant cell is a carrot cell.

i4.  The plant cell of claim 12, wherein the main glycan structure of said
glucocerebrosidase protein produced by said plant cell comprises exposed mannose,

as measured by linkage analysis.

15. The plant cell of any one of claims 12-14, wherein said plant cell is

Iyophilized.
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1648, A method of producing a human glucocerebrosidase protein
comprising:

preparing a culture of plant cells of any of claims 12 to 14; and

culturing said cell culture under conditions permitting the expression of said

protein.
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‘ 1749, The method of claim 1648, wherein said cell culture is cultured in

suspension.

! 1526, The method of claim 174%, further comprising:
purifying said protein.
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1921, A human glucocerebrosidase protein which comprises the amino acid
sequence set forth in SEQ ID NO: 8, wherein said human glucocerebrosidase protein
is glycosylated and comprises at least one exposed mannose, at least onc fucose
having an alpha (1-3) glycosidic bond and at least one xylose, and is linked at its C
terminus to a vacuolar targeting signal peptide as set forth in SEQ ID NO: 2, wherein

said linkage is defined by the respective amino acid coordinates of SEQ ID NO: 14.

2022, A pharmaceutical  composition  comprising  the  human

glucocerebrosidase protein of claim 1924 and a pharmaceutically acceptable carrier,

2123, A plant cell expressing the human glucocerebrosidase protein of claim

192+,
2224 Use of the glucocerebrosidase protein as defined by any one of claims
1 to 7 and 192+, in the manufacture of a medicament for the treatment or prevention

of Gaucher's disease.
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