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PRODUCTION OF HIGH MANNOSE PROTEINS IN PLANT CULTURE

Field of the Invention ’
The present invention relates to transformed host cells for the production of high
mannose proteins and.a method and 'system for producing these proteins, particularly i

plant culture.

Background of the Invention :
Gaucher’s disease is the most prevalent lysosomal storage disorder. ~IEh'is*caused by
a recessive genetic disorder  (chromosome 1 q21-q31) resulting in deﬁéienqy of
gluccccrebrosidase also known as glucosylceramidase, which is a ‘membrane‘bound .
lysosomal enzyme; that catalyzes the hydrolysis of the glycosphingolipid glucocerebr031de
(glucosyiceratmde ‘GleCer) to glucose and ceramxde Gaucher disease is caused by point’
mutations in the RGCD (human. glucacerebromdase) gene (GBA), which result in
accumulation of GlcCer in the lysoseines of macrophages. The characteristic storage célls,
called Gaucher cells, are found in liver, spleen and bone marrow. The-assoctated clinical
symptoms include severe hepatosplenomegaly, anemia; thrombocytopetia and skeletal |
deterioration. , ' .
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. Th‘q;_,mature hGCD
contains five N~gly<:@syla£ion::;uni‘no-'acid CONSensus 'sequencés (Asn-X-Sei/Thr). Four of

these sites are no;méﬁy glycésylaiedm Glycosylation of the first site is essential for the

‘production of active protein. Both high-mannose and complex oligosaccharide chains ‘have.

been identiﬁgd (7). hGCD from placenta contains 7% carbohydrate, 20% of which-is of the:

high-mannose -type . (8). Biochemical and site-directed mutagenesis stadies have provided

- an initial map of regions and residues.important to folding, activator interaction; and active

site. iocatmn {9). e

Treatment of - plaoental hGCD with heuraminidase (vielding an- asra{o emme).‘l:_’
resuits m mcreased ciearance and uptalce rates by rat fiver cells with'a a conconiitant 1ncrease., B o
llﬂ hepatic, enzymatic actmty (Furbxsh et al, 1981, Biochim. Blophys Acta 673 425-434) :' .
This glycan-modified placental HGC. is - currently: used“as a'therapeutic agent in the |
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treatment of Gaucher's disease. Biochemical and site-directed mutagenesis studies have
provided an initial map of regions and residues important to folding, activator interaction,
and active site location [Grace et al., J. Biol. Chem. 269.:2283-2291 (1994)].

There are three different types of Gaucher disease, each determined by the level of

hGC. activity. The major cells affected by the disease are the macfophages, which are

highly enlarged due to GlcCer accumulation, and are thus referred to as “Gaucher cells”.
The identification of a defect in GCD as the primary cause of Gaucher’s disease ied

to the development of enzyme replacement therapy as a therapeutic strategy for this

disorder. . |
De Duve first suggested that replacement of the missing lysosomal Snzyme with

exdgenous biologically active enzyme might. be a. viable approach 1o treatment of

. lysosomal storage diseases [Fed Prog. 23:1045 (1 964)].

Since that time, variods studies have . suggested that enzyme repiacement therapy

may be. beneficial for treating various:lysosomal sterage diseases. The best success has’

been . shown with individuals with. type [ Gaucher disease, who were treated  with
exogenous -enzyme (B-glucocerebrosidase), prepared from placenta (Ceredase™) or, more
recently, recombinantly (Cerezyme™). ' )

Unmodified glucacerebr031dase derived from:-natural sources is a glycoprotein with
four carbohydrate chains. This protein does not target the phagocytic cells in the body and
is therefore of limited therapeutic value: In deyelopmg the current therapy for’ &auchex‘s

disease, . the terminal sugars on the carbohydrate chains of glucocerebrosidase. are

scquentially ‘removed. by treatment. with three different -glycosidases. - This glycos'idase;
treatment results in a glycoprotein whose terminali -sﬁgars consist of mannose residues.
Since phagocytes have mannose receptors that recogmze glyco;amtems and giycopeptides _

with. oligosaccharide '.chains that terminate in -mannose res1éues the'- carbohydrate'

remodeling -of glucocerebrogidase has improved the targeﬁug of the. enzyme to thése cells
[Furbish ef al., Biochem. Biophys. Acta 673:425, (1981)}:
As indicated herein, glycosylation plays a cmc:al role in hGCD actxvxty, therefore

deglycosylation of hGCD expressed in cell lmes usmg exther tumcamycm*(Sj‘? ceiis) or L
point mutations abolishing all glycosylation sites. (both S]‘? and- COS 1 celis) result"";mb

complete loss-of enzymatic. activity.. addition, hGCD expressed m E. coli' was found to

be inactive. Further research mdxcated the: ssgmﬁcance of tha vatiotis glycosyiatmn sxtes ‘
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for protein activity. In addition to the role of glycosylation in the actual protein activity, the
commercially produced enzyme contains glycan sequence modifications that facilitate
specific drug delivery. The glycosylated proteins are remodeled following extraction to

include only mannose containing glycan sequences.

The human GCD enzyme contains 4 gljcosylation sites and 22 lysines. The_
recombinantly produced enzyme i(CerezymeT'“) .differs from the placental enzyme

(Ceredase™) in position 495 where an arginine has been substituted with a histidine.
Furthermore, the oligosaccharide composition differs between the recombinant and the

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

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

with thrge different glycosidases (neuraminidase, - galactosidase; and P-N acetyl-

glucosaminidase) to expose terminal mannoses, which enables targeting of phagocj/tic;

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

described in US 5,549,892. 1t should be noted that all references mentioned are hereby, "

incorporated by reference as if fully set forth herein.’
One drawback associated with existing lysosomal enzyme replacement therapy

treatment is that the in vivo bioactivity of the enzyme is undesirably low, e.g. because of

- low uptake, reduced targeting to lysosomes of the specific cells where the substrate is

accumulated, and a short functional in vivo half-life in the lysosomes.
Another major. drawback of the existing GCD .recombinant enzymes is their
expense, which can place a heavy economic burden on health care systems: The high cost

of these recombinant enzymes results from a cemplex purification protocol; and the

relatively. large - amounts of the therapeuti‘(:‘ required for eﬁcis‘ting treatment's‘-- Theré is‘.:

therefore, .an urgent need to reduce the cost of GCD so that this Tife savmg therapy can be

.pravlded to alf who require it more affordably.

Proteins for pharmaceutical use have been traditionally produced. in maidmalian or

bactenai expression- systems. In the past: decade a new expression system has been - -
developed m plaﬂis. " This methodology. utilizes- Agfob§bteﬁum; “a *hactéria capﬁ‘i;‘ié“"ﬁf—? SO |
inserting single stranded DNA. molecules (T-DNA) into the plant genome. Die: o the

relative simplicity of introducing genes for. mass production of proteins and pepfides, this - =~

methodology is becoming increasingly popular as an alteinative protein éxpz‘éssioﬁféif‘éfém; .
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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 pathwéys. Glycosylation was shown to have a profound effect
on activity, folding, stability, solubility, susceptibility to proteases, blood clearance rate’

and antigenic potential..of proteins. Hence, any protein production in plants should ‘take
mto consideration the potential ramifications of plant glycosylation.

Protein glycosylation is divided into two categories: N»-lmked ~and Q-linked

modifications (2). The- two . types differ in amino acid to which the gtydan moiety. 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 typé bears unique diét’-inguisfﬁiig
features. Of the two types, N-tinked glycosylation is the more abundant, and-its effect on

protein fanction has been extensively studied. O-linked glycans, on the other hand: are’

relatively scarce, and less information is available regarding their:affect on proteins.

Summary _
_‘The. background "art does not teach or suggest a demce system " or- me’thod for
selecx:vely producing glycasylated proteins m plant culture, “The backgmuna art also does

not teach or suggest such a device, syster or- method for producing hzgh mannose protems.

~ 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 endoplasnnc réticulum- (ER)
The baokground art also does not teach or suggest: such a devzce systcm or method fair-

pmdumng p*otems in plant -culture through the endoplamuc reticuium’ (’ER} while by~

passing the Golgi bady -The. backgmund art also does not teach or suggést such-a ‘dévice; |
system-or method -for - preducmg protems in p!ant culture by usmg an ER szgnai 0’ by—pass'

theGoigtbedy EE T SR A T R

The present chsclosure overcomes these dlsadvantages of the background art by

pmv:dmg adevice, system qand -method: for.. producmg glycosylated protems i plazrt’i S
culture, particularly proteins, having a high mannose glycosylation, while optionally and
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preferably targeting (and/or Gtilxerwise manipulating processing of) such proteine 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 high mannose glycosylation. It should be noted that the term
“plant culture” as used herein includes any type of transgenic and/or otherwise gene-ticéliy'

engmeered plant cell that is grown in culture. The genetic engmeermg may optionally be

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

a complete plant, such that at least one bmlogzeai structure .of a plant is nof present.

. Optionally and preferably, the culture may feature a ﬁlurality of different types of plant

cells, but preferably the culture features a particular type of plant cell. Tt should be noted
that optionally plant cultures featuring a particular type of plant. cell maywbe originally

) derived from a phurality of different types of such plant cells.

The plant cells may be-grown accordmg to any type. of surtable culturing method

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

plate for example) or in suspension.

The disclosure further relates to vectofs and methods for expression and production
of enzymatically active high manmnose lysosomal enzymes usmg transgemc plant root,
particularly carrot ceIIs More particularly, the disclosure relates to host cells, parhcuiarly
transgenic suspended carmt ceHs vectors and methods for high yleld expressmn arzd
produetlon of biologically actwe high mannose Glucocerebromdase (GCD) The disclosure
further prov:des for compesmons and methods for the treatment of iygesemal storage
diseases. »

The present dxselosure is also of a device, system and method for prov1d1ng

suﬁiexent quantmes of bxolog;cally active Iyscsomal enzymes and partieldarly, human

GCD, to deﬁ01ent cells. The present dlsclosule is also of host cells compnsmg new vector

'composztzons that aliow for efficient productxon of genes. encodmg iysosomai enzymes
_ such as- GCf.)

The present dlsclosure therefore solves a 10ng~fe1t need for an eeonormcally wable
techneiogy to produce protéeins havmg par’acular giyeosylauon reqmrements such as the-_;_
high mannose glycosyiatxon of iysosomal enzymes sueh as GC}J fcr exampie *i"he present

dzscIosure is able to solve this iong felt need by using piant cell cultuz‘e
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In order to further explain the present disclosure, 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 precuisos from a dofichol lipid carrier to a specific Asn residue on thé protein -

by the oligosaccharyl transferase. The precursor is suﬁsecm_enﬂy modified in the. ER;bjf '

glycosidases I and I and a hypothetical mannosidase to yield the high mannose structures,
similar to the process occurring in inammals. ‘
-Further modifications of the glycan sequence to complex and hybnd structures

occur in the Gaigx Such modifications include removal of one of the four mannose

‘residues by o-mannosidase I, addition of an N—acetyiglucosanune residie, removal of ihe
two additional mannose residuc‘s‘ by a~mannosidése H, addition of N-ﬁceijllolubdsa:ﬁﬁe '
and optionally, at this stage, xyiose and fucose residues may be added to yield plant
$pecific N-linked g&ycans “After the transfer of xylose and fucose to the core, complex type"

N-glycans can be further processed via the addition of termmal ﬁlcose and galactosc

‘ Fuﬁher modifications may take place during the’ glvconrotem tramno .

Several approaches are mrmnﬂy used in the hackground art to contmi and tazlor

protein glycosylation in’ plants all of which have sxgmﬁcant deﬁcmacxes, partzcularly m'

oompanson to the present disclosure. Gross mod1ﬁcat10ns such as compiete mhlbmon of

‘glycosylation or the removai of giycosyiaﬂon sites from the peptxde chain 13 one stmtegy ,
However, this approach can result in strucmrai ‘defects. An additional approach mvolves,

knock-out and introduction of SpeCIﬁC- carbohydrate processmg enzZymes. Agam, this
appmach 1S diﬁicult and may also have demmental e&‘ects on tbﬁ plant cells ﬁhemelves N |

The present disclosure overcomes these deﬁmenmes of the background art

approaches by usmg an'ER signal andfor by bioclcmg secretxon ﬁom f:he ER to the Golgl' |

" structure of lysosomai enzymes is preferred if secretion can be biocked and the ptotem PEARTUE

‘ be mamtamed in the ER, naml‘aﬂy occumng hxgh mannose. smcmras are obtamed whout | \

the need for rmoddmg

As mdicated abow: protems transported via the cndomembraue system ﬁrst passv c

by a signal sequence at the N»,termma{ end of the molecule, the.se-pailed _sxgr,lal peptuie. As . o



soon as this signal peptide has fulfilled its function, which 1s to msert the precursor protein
attached to it into the emdoplasmic reticulum, it i1s spliit 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 e‘ndoplasﬁ:ic‘
reticulam to the Golgi 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 pep‘ade for inserfion mto the “ndoplasmzc reticulum
and a C-terminal vacuolar targeting signal are expected o contain complex glycans, which
is attached Atolthe,m- in the Golgi [Lerouge et al., (1998) Plant Mol. Biol. 38:31-48]. The
nature of such C- terminal sorting signals can vary very widely. US 6,054,637 éescribes;
-peptide fragments obtained from the region of tobicco basic chitinase, which is.2 vacuolar .
protein that act as vacuolar targeting peptides. An example for a va;;ﬁolar protein
containing a C-terminal Atameting sisznél and complex glycans is the phaseolin storage
protein from bean seeds [Frigerio et al., (1998) Plant Cell 10103 1-1042; Frigerio et al,
{ZOGl)Plant Cell 13:1109-1126.]. |
The paradigm 1s that in-all eukaryotic cells vacuolar proteins pass via thﬂ ER. znd
the Golgi. bqfere sequestering in the vacuole as their final destination. Surprisingly, the -
transformed plant root cells of the present discIosure produced an unexpected high mannose
GED. Advantaoeously, this h;gh mannose product was found to be bxologcaﬁy active: and
therefore no further steps ‘were, needed for its activation. Witﬁout wxsbmg t0 be limited. by a -
.single hypothesis, 1t would -appear that the use of an ER signal with the recombmant
protem being preducedm, piant cell culture -was able to overcome-'transpoﬁatmn to the
. Golgi, and hence to retain the desired high mannose glycosylation, Qpﬁaﬁaﬂy,.aﬁy typeaf
~mechanism which i3 .capable to p;edt;csa high mannese glycosylation, including any- type.of ‘

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



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 Jeast 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‘
glucocerebrosidase protein as defined above.

In a third aspect, there is provided a pharmaceutical composition comprising the human
glucocerebrosidase protein as defined above and a pharmaceutically acceptable carrier.

In a fourth aspect, there is provided a plant cell expressing the human glucocerebrosidase protein
as defined above.

In a fifth aspect, there is provided a method of producing a human glucocerebrosidase protein
comprising: preparing a culture of plant cells 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 ghicocerebrosidase protein which comprises the
amino acid sequence set forth in SEQ ID NO: 8, wherein said human glucocerebrosidase protein is
glyc&sylaied 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 is provided a plant cell expressing the human glucocerebrosidase protein
as defined above.

In a ninth 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 embodiment, the present disclosure relates to a host cell producing a high

mannose recombinant protein of mterest. This-cell may{be@ransfar&iéd or. traﬁg,fécted w:th |

a recombinant nucleic acid molecule- encoding -a.protein of interest or-with.an-expression
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vector comprising the nucleic acid molecule. Such nucleic acid molecule comprises a first

nucleic acid sequence encoding the protein of interest operably linked to a second nucleic

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

may be optionally further operably linked to.a third nucleic acid sequence encoding an ER

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

charabterized in that the protein of irterest is produced by the cell in a highly mannosylatédi L

*form.

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

In one embodiment, the host cell of the disclosure is a prokaryotic cell, preferably,
bacterial cell, most preferably, an Agrobacterium rz:mqfaczens cell. These cells 4re used for
mfectmg the prcferred plant host cells described below.

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

cell, preferably, a plant cell, and ‘most preferably, a ‘plant root c&ll selectéd from the group

consisting of Agrobacterium rihzogenes transfonned root cell, ‘celery cell, ginger cell,”

horseradish cell and carrot cell:

Ina preferred embodiment, the plant root cell is a carrot cell. Tt should be noted that
the transformed carrot cells of the disclosure are grown in suspension. As mentioned above
and described in the Examples, these cells were transfonned with the Agrobacterium
tumgfaczens cells. ' ’

In another embodiment, the recordbinant aucleic' acid molecule ‘comprised within

the host cell of the disclosure, comprises a first nucleic acid sequence encoding a lysosomal

enzyme that is in operable linkage with a second: nucleic -acid sequénce encoding a

vacuolar targe‘ﬁng'si"gnaﬁ peptide derived from the basic "téﬁaccc; chitinase A g‘ene‘ ‘T{‘hxs

vacuolar signal peptide has the amino acid: sequence ds dencted by SEQ T NO: 2. The
ﬁrst nucleic acid sequence may be optionally-further Hoked i in-an Gperable hnkage with a

third nucleic acid sequence encoding an ER {cndop’iasmlc xetieuium} -targeting 31gna1

'pepttde as. denoted by SBQ ID-NO: 1" Inone embbdzmeni “the recambmant fucleic: ‘acid.

molecule compnsed within the host cell of the d;sclosure further compnses a promoter that

is functional-in plant’ cells: This promater shcuid Be opera%iy lmked to ‘the ‘recombindnt

molecuie of the disclosure,

In ‘another embodxment, this- reoembma.nt Tucléic” amd moiecuie may optxonaﬁy

,'ﬁxrther comprise an operably: Tinked- tesmnator Which is preferably functional -in plaﬁt

.
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cells. The recombinant nucleic acid molecule of the disclosure may optionally further
comprise additional control, promoting and regulatory clements and/or selectable markers,
It should be noted that these regulatory elements are operably linked to the recombinant
molecule. ‘ | o
In a preferred embodiment, the high mannose protein of interest produced ‘2'331 the o
host cell of the disclosure may be a high mannose gls.zcopmtein having exposed mannose
terminal residues. .
Such high mannose protein may be according to another preferred embodiment, a

lysosomal enzyme selected from the group consisting of glucocerebrosidase (GCD), acid

- sphingomyelinase, = hexosaminidase, —o-N-acetylgalactosamimidise, acid- lipase, o

galactosidase, glucocerebrosidase, a-L-iduronidase, iduronate. sulfatase; o-mannosidase

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

glircocerebrasidase (GCD). Hereinafter recombinant GED, 1GCD, rhGCD all refer to
various forms of recombinant human GCD unless- otherwise indicated. '

* .As previously described, Gaucher’s disease, the most prevalert lysosomal storage
disorder, is caused by point mutations in the hGCD (human glucocsrebrosidase) - getie
(GBA), which result in accumulation of GleCer in the lysosomes of macrophages. The
.identification of GCD deficiency as the primary cause of Gaucher’ s disease led. to: the

deveiopment of enzyme replacement therapy as a therapeutic strategy for this dlsorder

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

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

suiiébly glycosylated hGCD is preferably provided by controlling the -expression of hGCD

»in plant ,ceil- cuiture- eptionaily- and more preferably‘by-- providing an ER signal and/or .

+otherwise by optxona}ly and more preferably blocking transportatmn to the: Golgi.

Optionally and. preferah!y, the hGCD has at. least ome oltgosaccharxde cham- o

~comprising an exposed mannose residue for the ftrea,tmen_t-m prevention of Gaucher‘s :
. ¢ : =

dlsease

Stﬂi ﬁmher ina. pam;;ular embodiment this - preferred host cell is transfmnnad or';

transfected by a recombinant nucleic acid. mo[ecuie which. fun:her compnses an.; S

promoter frem “Cauliflower . MOS&lC «Virus, an OCtmee synthase: termmator of

Agrobacz‘erzm 2zzmefac1ens and TMV (Tobacco Mosalc mes) omega transiatmnaiﬁ-

enhancer element. According to a preferfed embodiment, t’hxs recombmaut nucleic aGd.
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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 ID NO: 14.

1t should be appreciated that the present disclosure further provides for an

. expression- vectér comprising a nucleic acid molecule encoding a biologically active

Iysosomal enzyme. ‘ ‘

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

nucleic. recombinant nucleic acid molecule’ which having the nucleic aeid sequence

-substantially as denoted by SEQ ID NO: 13.

In a second embodiment, the present disclosure relates to a recombinant high mannose

protein produced by the host cell of the disclosure.

In a preferred embodiment, this high mannose protein may be a biologically active
high mannose iysosoma{ enzyme selected from the group consisting of glucocerebromdase
(GCD), acxd sphmgomyelmase hexosaminidase, a~N-acetylgalactosaminidise, acid lipase,

o&gaiactosxdase, glucocerebrosidase, a-I-iduronidase, iduronate sulfatase, ‘o~mannosidise

and sialidase. Most preferably, this lysosomal 'enzyr;ze may be human glucocerebrosidase .

(GCD).
Still further, the disclosure provides for a recombinant bio]égically active high
mannose lysosomal. rénzyrrie' ‘having at least -one 'oiigosaccharide chainf%bmprismg an
exposed mannose residue, ' | B
:According to ‘a preferred. embodiment, the recombinant "Iyscisﬁtﬁa?‘ ét‘izymé of the

disclosure can bind to a mannose receptor on a target cell in a target site. Preferably, this

-gite may be within a subject suffering from a iysoscmal starage diseasé.

4t should: be noted that the recombinant lysosomal enzyme-has intreased affinity for

the target cell, in comparison with the corres}aonﬂing affinity of a naturally aocdrrhg '

“lysosomal enzyme: for-the target cell. In a specific embodzment the target-cell ‘at the target-

site may. beaKupﬁ’er cell in the fiver of the subject. ~ ~ ~ ~ = . 7 L oLadiad
‘In 2 prefmed embodunent, the recombinant lysosomal engyme’ may be Select ed

: ﬁom the group consxstmg of gkucocerebmmdase (GCD) acid - sphmgemyelmase -

10
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hexosaminidase, a-N-acetylgalactosaminidise, acid fipase, a-galactosidase,
glucocerebrosidase, o-L-iduronidase, iduronate suifatase, ¢~-mannosidase or sialidase.
Most preferably, this recombinant lysosomal enzyme is glucocerebrosidase (GCD).

In a third embodiment, the disclosure relates to a method of producing a high mannose

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

culture of recombinant host cells transformed or transfected with a recombinant nucﬁeiq:
acid molecules encoding 2 recombinant protéin of interest or with an expression vector
comprising the recombinant nucleic acid mo[ecu!'es; (b) culturing these host cell culture
prepared by step (a) under conditions perrr&tﬁng the expression of the protein, wherein the
host cells produce the proteiit in a hlghiy mannosylated form; (¢) recovenng the protein
from the cells and harvesting'the cells from the culture provided-in (a); and (d) purifying

+ “the protein of step (¢} by a suvitable protein purification miethod.

According to a preférred embodiment, the host céll used by this'method is the Host
cell of the disclosure.
In another preferred embodiment, the high mannosé  protein- produced by the
method of the disclosure may be a biologically active high mannose lysosomal enzyme
having at least one oligosaccharide chain C“I""upﬂ&us an exposed nianniose xf:bidwa

This recombinant enzyme can bind to a mannose fgceptor on a target ¢ell in‘a target
site. More particularly, the recombinant enzyme produced by the method of the disclosure
has increased affinity for the target cell, in comparison with the cnweéponding. affinity of a

paturally occurring lyéosomaj enzyme to the target cell.- Accordingly, ;the;;i%i"rget cell at the

‘target site may be Kupffertceil in the iver of the subject. . .

.. In a specific embodiment, this lysosomal eﬁiyﬁze-maﬁr be-selected from the group

. congsisting: of . glacocerebrosidase (GCD), acid _-sphhxgomyeiinase; hexosaminidase, o-N-

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

idaronate sulfatase, o-mannosidase and sialidase: Most preferably, ‘this fysosoinal enzyme.

-+ -may be glucocerebrsidase (GCD):

o

In another preferred embodiment, the host cell used by the method of the disclosure

gy be a plant root cel! selected from’ the grcup conssstmg of- Agrobactenum :'zhzagmes' _
transformed root 0611 celery cell, pinger cell, herseradzsk celt aiid - carret “eells M ost-
f .pretérably-,-;the plant root cell is a carrot cell. It shc’uki be -pamcu{ady snote,d-' that in the

method of the disclosure, the transformed host carrot cells are grown in suspension.
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In a further embodiment, the present disclosure relates to a method for treating a subject
having lysosomal storage disease using exogenous recombinant lysosomal enzyme,
comprising: (a) providing a recombinant biologically active form of lysosomal enzyme

purified from transformed plant root cells, and capable of efficiently targeting cells

abnormally deficient in the iysasomai enzyme. This recombinant biologically active

enzyme has exposed termunal mannose residues om appended oligosaccharides; and v{b')“‘

administering a therapeutically effective. amount. of the recombinant biologically active
Iysosomal enzyme to the subject. In a preferred embodiment, the recombinant high

mannose lysosomal enzyme used by the method of the disclosure may be produced by the

host cell of the disclosure. Preferably, this host cell is a carrot cell.

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

disclosure 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

lysosomal enzyme has increased affinity for thesé- target éeﬂ,s, in comparison with the
corresponding affinity .of a naturally occurring lysosomal enzyme to the ;afget cell.

More specifically, the lysosomal enzyme used by the method of the disclosure may
be. selected l&om' the group consisting. of glucocerebrosidase (GCD), acid

sphingomyelinase, hexosaminidase, ~o~N-acetylgalactosaminidise, - acid - lipase, o-

- galactosidase, glacocerebrosidase, a-L-iduronidase, iduronate sulfatase, o-mannosidase-or

siafidase. Preferably, this-fysosomal enzyme is glucocerebrosidase (GCD), «

According to a preferred embodiment, the method of the disclosure is therefore
intended for the treatment of 2 lysosomal stamge diseasé, particularly Gaucher's disease.

In such case the target cell at the target site may be 2 Kupffer cell.in the liver-of the

-subject. .

The disclosure further provides for a pharmaceutical composition for the treatment

of a lysosomal storage discase comprising as an acfive ingredient & recombinant =~

biologically active high mannose lysosomal enzyme as defined by the disclosure. The

composition of the disclosure may be optionally further comprise pharmaceutically acceptable

_ difluent, carrier or excipient. .. ... ..

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

- treatment of Gaucher's disease. Such composition may. preferably compﬁé& as~ari’_gjﬁg_ct';vé
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ingredient a biologically active high mannose human glucocerebrosidase (GCD), as
defined by the disclosure. ‘

The disclosure further relates to the use of a recombinant biologically active high
mannose lysosomal enzyme of the disclosure 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 lysososomal enzyme is a bwlog:cally active
high mannose human glucocerebrosidase (GCD), as defined by the disclosure.

According to the present disclosure, there is provided a host cell producing a high
mannose recombinant protem, comprising a polynucleotide encoding the recombinant
protein and a signal for causing the recombinant protein to be produced as a hzgh mannose
protein. Preferably,.the polynucleotide comprises a first mucleic acid sequence encoding
the protein.of interest operably. linked to a second nucleic acid sequence ericoding 2 sxgnai
peptide, Optsonaily, the signal peptide comprises an ER (endoplasnnc reticulum) targeting:
signai peptxde. Preferab!y, the polynucleotide further comprises a third mucleic 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 2 signal peptide for causiné the recOmbinant profein
to be targeted to the ER. Most preferably, the polynucieotide comprises-a nucleic acid
segment for encoding the signal peptide.

Optionally and preferably, the signal causes the recombinant pmtem to by-pass the
Golgi. . Preferably, the signal comprises.a -signal peptide -for causing the recombinant

. protein to not be targetad to. the Golgi., More preferably, the polymucleotide campnses a
| nucleic aczd segment for encodmg the mgnal peptlde

~ Optionally and preferably the ‘host cell is any one of 2 euka:yotic and-a- grokaryauq
cell. 0pt10nally, the prokaryatic cell is a hactenal cell,. preferably .an Agrobacterium
tumeﬁmzens cell. Preferably, the eukaryotzc cell isa piant cell. More preferab}y, the plant
ceii is -, plant root ceII selected. from the group- canslstmg of Agrobacterium rz}zzogenesl‘.
tmnsfarmed root ceﬂ celery celi gmger cell, horseradxsh cell and carrot cell.. Most ‘_
preferabiy, the piant oot cellis acan*ot cell ‘ ' :
Preferably, the recombmant polynucleotide compnses a ﬁrst nucleic- acxd sequenceuz

enoadmg the protein of i mterest that is.in operabie Jink Wxth 2 second. nuclem acid sequence» .

13
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encoding 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 the ﬁrst nucleic -acid sequence is optionally further operably finked to a
third nucleic acid sequence encoding an ER (endoplasmic reticulum) targetmg sxgna
peptide as denoted by SEQ ID NO: 1.

More preferably, the recombinant polynucleotide further comprises a promoter that

is functional in plant cells, wherein the promoter is operably linked to the recombinant

molecule.

Most preferably, the recombinant polynucleotide further comprises a terminator
that is functional in plant cells, wherein the terminator is eperably linked to the
recombinant molecule.

‘Also.most preferably, the recombinant. polynucleotide optionally fiirther comprises

additional control, promoting and regulatory elements and/or ‘selectable markers, - whérein

the regulatory elements are operably finked to the recombinant molecule.
Preferably, the high mannose protein is a high- mannose glycoprotein having

glycosylation with at least one exposed mannose residue. Wore ‘preférably, the- high

mannose protéin is a biologically active high mannose lysosomal. enzyme seiected from the

group consisting of glucocerebrosidase (GCD), acid sphingomyelinase, hexosaminidase,

o-N-acetylgalactosaminidise, acid lipase, o-galactosidase, glucocerebrosidase, oL+

iduronidase, iduronate sulfatase, a-mannosidase and sialidase

. Most preferably, the lysosomal enzyme is-human gIﬂébderé%rosid’aéé-(@CD}'

Preferably, the GCD comprises the amino acid sequence substanttaliy as-denoted by :
- SEQID NO: 8, encoded by the nucleic acid sequence as denoted by SEQID NO: 7.
More preferably, the cell is transformed or ' transfected with a ~recombinﬁﬁf .

polynucleotide or with an expressmn vector comptising the moiecuie which recombmant‘

polynucieotide furthér comprises an g S promoter from Cauliflower MquiC ‘J;ms an

octopine synthase terminator -of Agrobacteriiim zfum@"aczens and the regulatory clement'is
the TMV (Tobacco Mosaic Virus) ‘omega translational’ enhancer element and hang the s
nucleic acid sequence subs:antzai{y as denoted by SEQ ID “IG“ 13 encodmg GC’D havmg |
“the amino acid sequence substantially as denoted by SEQID NO 14 = ' B

- According: to préferred ‘embodimetits, there is prowded a recambmant high._-.-l

MANNose protein produced by the host cei descrzbed above. 7

14
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Preferably, the high mannose protein is a biologically active high mannose
Iysosomal enzyme selected from the group consisting of glucocerebrosidase (GCD), acid

sphingomyelinase, hexosaminidase, o-N-acetylgalactosaminidise, acid lipase, &-

galactosidase, glucocerebrosidase, «-L-iduronidase, iduromate sulfatase, a-mannosidase

and sialidase.
More preferably, the lysosomal enzyme is human glucocerebrosidase (GCD).
According 1o other preferred embodiments of the present disclosure, there is

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

“least one oligosaccharide chain comprising an exposed mannose residug.

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

protein; comprising a first portion having signal peptide activity and a second portion
rﬂ'«jﬁaving lysosomal enzyme activity, the first portion causing the second portion to be

processed in a plant cell with at least one oligosaccharide chain comprising ad exposed

mannose res;due

Preferably, the lysosomal enzyme compnses a protem for the treatment or

prevention of Gaucher's disease.

‘More preferably, the protein comprises hGCD.
. ‘Preferably, the first portion comprises a plant - cell. }':‘.R targeting sxgnal peptide.

Mare preferably, the recombinant enzyme can bind to 2 ThannGsé receptor.on-a target cell

.in .a target ‘site within. 2 subject suﬁé‘ring’ from a iysbsomal storage disease, Most
~preferably, the -recombinant lysosomal enzyme has increased affinity for the target-cell, in’ B
- comparison with the corresponding affinity of a maturally occurring lysosomal enzyme for

* the target cell.

25 ~
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Also most preferably, the recombmant iysosomal enzyme is selected frcm ‘the

_group-.consisting: of glucocerebmmdase (GCD), acid sphingomyelinase, hexcsanumdase

a—N-acetngalamtosamxdzse acid lipase, cz-gaiactosndas ghicocerebrosidase, E: o
uiuronldase 1duronate sulfatase, ez—mannos;dase or-sialidase:

Preferably, the recombinant lysosomal enzyme-is glucocerebrosxdase (GCD)

Also preferabiy, the target cell.at the target site ss a Kupffer. cell in the fiver of the‘ 57
subject. . - T ‘ SRR R IR
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According to still other preferred embodiments there i1s provided a recombinant
high mannose protein, produced in plant cell culture. Preferably, the protein features 2
plant signal peptide for targeting a protein to the ER.

More prefefably, the plant signal peptide comprises a peptide for targeting the

protein to the ER in a root plant cell culture. Most preferably, the root plant cell culture

comprises carrot cells, \ ‘

According to yet other preferred embodiments there is provided a recombinant ﬁigh
mannose hGCD protein, produced in plant cell culture.

According to still other preferred embodiments there 1s provided use of a plant cell
culture for producmg a high mannose protein. o o

According to other preferred embodiments there is provided a methed .of producing
a2 high mannose protein comprising: preparing ‘a culture of recombipant host cells
transformed or transfected Witﬂ”-a recombinant . polynucieotide encoding for a recombirnant
protein; culturmg the host cell culture under condxtmns pérmitting the expression of the

protein, wherem the host cells produce-the protemn. ina 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 [s performed with the host
cell as previously described. Preferably, the high mannose‘prdtein 1s a-biblogically active
high mannose lysosomal- enzyme having at least one oligosaccharide chain comprising an

exposed mannese. residue.. | More preferably, the recombinant enzyme bind§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 comesponding affinity of a
nammﬂy occurring lysosomal enzyme to-the target céll. . ' '
Preferably, the lysosomal -enzyme. 1§ selected from the group: - cans;stmg of

glucocerebrosidase . (GCD), -, acid spmpgemye:smase hexosaminidase;, o N-

acetylgalactosaminidise, acid lipase, a~gaiact051dase giucogerebmmdase ochwiduromdase
iduronate sulfatase; o“mannosidase and snahdase ‘

More. preferably; the Iysoscmal eﬁzyme i5 - glucocerebrosidase - (GCD) Mo'st‘

preferably, the target cefl at the target site is Kupffer cell in the liver of the subject EUEEEE :

16
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Preferably, the host cell is a plant root cell selected from the group consisting of
Agrobacterium rz’hzoéerzes transformed root cell, celcr},} cell, ginger cell, horseradish cell
and carrot cell.

More preferably, the plant root celi is a carrot cell.

Most preferably, the transformed host carrot cells are grbwn i1 suspension.

According to still other preferred embodiments there is provided a method for

treating a subject having lysosomal storage disease using exogenous recombinant

_lysosomal enzyme, comprising: providing a recombinant biologically active form of

tysosomal euzynie purified from transformed plant root cells, and capable of efﬁcientiy
targeting cells abnormally deficient in the lysosomal enzyme, wherein the recombinant

biologically active enzyme has exposed terminal mannose residues fm - appended.

-oligosaccharides; and administering a therapeutically effective amount of the recombinant

biologically active Iysosomal emzyme to the subject. This method. may Gptlonaﬁy be
performed with any host cell and/or protein as prevsous described. -

Preferably, the rep@mbmant enzyme can bind {0 a mannose receptor, on a target celt
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 cefl. Most. preferably, the- Iysosomal

enzyme is selected from' the group consisting of glucocerebrosxdase (GCD) acnd
splnngomyelmase, hexosaminidase, o-N-acetylgalactosaminidise, 4cid lipase; - o~
galactosidase, glucocérebmsidase, ot-L-iduronidase, iduronate - sulfatase, o;g:jiarénbs‘idése or
sialidase. Also most preferably, the lysosomal enzyme 1s ,glucocerebrosidésé (GCD).
. Also ‘most preferabiy,. ‘the lysosomal stgrage,disease is Gaucher's disease. Also
most preferably, the target cell at the target site is a Kupffer cell in the liver of thé-:'sabj‘e'&t n
Accordmg to still other preferred embodxments there is prcmded a phannaceutzcai

composition for the treatment of a lysosomal storage disease comprising -as an. a,ctwe '

. ingredient a recombinant biologically active high mannose lysosomal enzyme as descnbed S
above, ‘which composition - optzonaliy further - compnses pharmaceutzcaliy acceg;tabie‘ = .
dilluent, carrier or e:&cxpxent Preferabiy the 1ysosoma] storage - disease is Gauchef,s ‘

.'dxsease More preferabiy, the recombmant lysosomal. enzyme is. a hxoiogxcaliy actzve hxgh_‘

mannose human glucocerebrosidase (GCD)

17
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According to still other prefered 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 human .

glucocerebromdase (GCD).

The disclosure will be further described on the hand of the following figures, which
are illustrative only and do not limit the scope of the disclosure which is also defined by the

appended claims.

Bnef Descrlptwn of the Figures

. The invention is herein descnbed, by way of example only, with reference 10 the'

'accompanymg drawings, wherein:

Figure 1A-1B

1A shows the resulting expression cassette comprising *°S promofer’ from

* Cauliflower Mosaic “Virus, TMV (Tobacco Mosaic Virus) omega translationat énhancer
‘elément; ER targeting signal, the human GCD sequence (also denoted by’ SEQ E}NO 4}
vacuolar signal: and octopine synthasé terminator sequence from" Agrobacfer.rum“

tumefaciens. .
- 18 shows a schematic miap of pGreenll plasmid beckbone.

. Figure 2 shows Western blot analysis of hGCD transformed cell éktracts asing arii -
, hGCD- speclﬂc antibody Standard Cerezyme (lane ‘1) was used as-a pesxtave tontiol, )

untransformed callus was used as negative control (Eane 2), various seiected {:alﬁ extracts

are snaw-t i lames :,,g

.

thure 3A—3C shows the ﬁrst step of punﬁcatwn of tHGCD on 2 strong catlen_ | '
exchange esin. (i\/Iacro~Prep htgh—s siippoit, ° B;o—Rad), paciced in e KK.¢ l‘u'nin S
{2 6x20cm) “The “column “was:. mtegrated thh an AK‘I‘A pnme system (Amersham

Phannacm ontech) that aliows conductmty momtonng, pH’ and abserbeﬂcy at 280:1111
Elution of the rb-GCD was obtained with equitibration buffer containing 600mM NaCi.
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Fig 3A represents a standard run of this purification step. The fractions collected during the
run were monitored by enzyme activity assay, as shown by Fig 3B, and tubes exhibiting
enzymatic activity (in the elution peak) were pooled. Fig 3C shows coomassie-blue stain of
elution fractions assayed for activity. ’

Figurés 3D-3F show corresponding graphs as for figures 3A-3C but for the second _
column. ] '

Figure 4A-C : shows the final purification step of the recombinant hGCD on &
hydrophobic interaction resin (TSK gel, Toyopearl Phenyl-650C, Tosoh Corp.), packed in
a XK column (2.6x20cm). The column was integrated with an AKTA prime system
(Amersham Pharmacia Biotech) that allows conductivity monitoring, pH and absorbency
at 280nm. The GCD elution pool from. the previous column was Ioadgd at 6mi/min
followed by washing with equilibration buffer until the UV absorbance reach the baseline.
The pure GCD was eluted by I.QmM citric buffer containing 50% ethanol.

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

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

activity assay.

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

Figure 5 shows activity of recombinant hGCD followmg uptake by peritoneal
macrophages (Figures 5A-5C), while Figure 5D-shows a Western blot of recombinant
GCD according to tﬁe‘ present invention. '

Figure 6 shows compé,rative glycasylation structures for rGCD ageording to the
present invention and that of Cerezyme™. . |

Figure 7 shows glycosylation structures for tGCD according -to the present

Figure 8 shows adfimonal Nwlycdn glyccsyiatlon structures for rGCD accordmg to

the present invention.

‘ ,Detaded Descrig_;on of the Invent:on L A

Proteins for phaﬁnaaeutwai use have been traditxonally produceci in mammai:an or
.bactenial expresswn systems. In the past few years$ a: prormsmg new. expressmn system was‘ o

found in plants. Due to the reiatzve slmpimzty of mtr@ducmg new genes aud potentlal for '
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"ER. (endoplasmic reticulum) signal peptide, more preferably an ER ta argeting’ “signa al

smass production of proteins and peptides, ‘molecular pharming' is becoming increasingly
popular as a protein expression systen.
One of the major differences between mammalian and plant protein expression

system is the variation of protein glycosylation sequences, caused by the differences in

biosynthetic pathways. Glycosylation was shown to have a profound effect on activity, .

‘félding, stability, solubility, susceptibility to proteases, blood clearance rate and antigenic

potential of proteins. Hence, any protein production in plants should take into
consideration the potential ramifications of plant glycosylation.
| Carbohydrate moiety is one of the most comimon post-transtational mcdiﬁcatiom of
protems Protein glycosylation is divided into two categories: N-linked and O-finked. The
two types differ in amino acid to which the glycan: moxty is attached on proteln N-linked
are attached to Asn resxdues;_whtle O-linked are attached to Ser or Thr residues. In
addition, the glycan- S'equencésh'of each type bears unique distinguishing features. Of the
two types, N-linked glycosylation is the more abundant, and its effect on proteins has been
extensively studied. O-linked glycans, on other hand are refatively scarce; and less
information is available 1"egarding their influence on proteins. The majority of - data
available on protein glycosylation in plants focuses on N-linked, rather than O-linked
glycans.
The present invention describes herein a plant expression system based on

transgenic plant cells, which are preferably root Cells, opticnally and preferably grown in

suspension. . This expression system is particularly designed for efficient’ production of a.

high mannose protein of interest. The term “high mannose” includes glycosylation having
at least one exposed mannose residue. | o

Thus, in a first aspect, the present invention relates to a host cell produgiﬁg" ‘a High .-

‘mansiose recombinant protein of interest. Preferably, the fecombiznant ‘g)mtein fealires an

peptide. Alternatively or additxcmaﬂy, the recombinant protgin features a signal that causes

the pmtem to by-pass the Golgi. The s:gnai preferabiy ‘enables the recombmant yr@texn 10
feature: high mannose- giymsylatmn mcre‘ ‘preferably by retaxmng such glycosy{ataon, and

.most preferab!y by targetmg the ER andfor by by~passmg the GQng As described m S

more preferably forms part of the pmtem sequence, optionally and more prefe:ably
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through engineering the protein to also feature the signal peptide as part of the protein. It
should be noted that the signal may optionally be a targeting signal, a reteﬁtion signal, an
avoidance (by-pass) sigrzai or any combination thereof, or any other type of signal capable
of prowdmg the desired high mannose glycosylation structure.

Without wishing to be limited by a single hypothesis, it would appear that the use.

of an ER targeting signal with the recombinant protein being pmduced_m plant cell culture

- was able to overcome transportation to the Golgi, and hence to retain the desired ~higﬁ

mannose glycosylation. Optionally, any type of mechanism which is capable to produce
high mannose glycosylation, including any type of mechanism fo by-pass the Golgi,” may
be used in accordance with the present invention. ER targeting’ signal peptides are well

known in the art; they are N-terminal signal peptides. Optionally any suitable ER targeting

. signal peptide may be used with the present invention.

A host cell according to the present invention may optionally be transformed. or
transfected (permanently and/or transiently) with a recombinant mucleic acid moleculé
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 encodmg the .
protein of interest, opixoﬁa!ly and preferably operably linked to a second nucleic aCld
sequence encoding-a vacuolar targeting signal peptide. It should be noted ‘that as used

herein, . the term “operably” finked does not necessarily refer to-physical linkage, The first

nucleic acid sequence may optionally and preferably further be operably linked to a third
-nucleic acid .sequence encoding an ER (endoplasmic reticulum) targeting: signal :pepi‘?d&
. The host cell of the. inveption‘ is' characterized in that the protein of 'intereét-is pzoduqed‘by'
the cell in a form that incﬁudés at least one exposed mannose residue, but is preferably. a

- highly' mannosylated form. .-

“Cells”, “host cells™ or “recombinant host cells” are terms used interchangeably -

‘herein. It is understood that such terms refer not only tothe particular subject cells but: to
- the progeny or potential progeny of such a-cell. Because ceitain .modiﬁcationsv-may ogeur
in succeeding generation due to either mutation or envirdnmental: inﬂueﬁces— 'such-pfogény i
*_-may not, in fact; be identical to the; parent cell, but are: stﬂl inclided Wxﬂnn the scopé ofithe
- term as used herein, "Host cell” as used: herein refers to, c&ils which: can be reoombmanﬁy'gf'isy o :
transformed with naked DNA or expresszon veotars constmcted usmg secnmbmant DNA‘:" -

techniques. As used herein, the terrn “transfection”, means the mtroductmn of a nucieic’ S
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acid, e.g., naked DNA or an expression vector, into a recipient cells by nucleic acid-
mediated gene transfer. “Transformation”, as used herein, refers to a process in which a
cell’s genotype is chaaged as a result of the cellular uptake of exogenous DNA or RNA,

and, for example, the transformed cell expresses a recombinant form of the desired protein.

It should be appreciated that a drug resistanice or other selectable marker is intended

in part to facilitate the selection of the transformants. Additiénaﬁy, the presence of a

selectable marker, such as drug resistance marker may be of use in keeping coritaminating
microorganisms from multiplying in the culture medium. Such a pure culture of the
transformed host cell would be obtained by culturing the cells under conditions which are
required for the induced phenotype's survival. - e

As imdicated above, the host cells of the invention may be transfected or
transformed with a nucleic acid v_me!ecule. As used herein, the term “nucleic acid” refers to

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

.acid (RNA). The terms should also be understood to include, as equivalents, analogs of

either RNA or IDNA made from nucleotide analogs, -and, as applicable to the embodiment

'being-;.déscribedi‘ single-stranded . (such as sense: or antisense) and double-stranded

" polynucleotides.

In yet another embodiment, the host cell of the inveniion may be transfected or
transformed with an expression vector comprising the recombinant nucleic acid molecule,
“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

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 &
enerally;’h ‘

-prokaryotic. promioter system. or a eukaryotic promoter - expression control system. Such

system typically includes ‘a. transcriptional promoter; an optional operator {o .contrél the

; '-:bnsét.-intrariscﬁﬁtich;; t%aﬁécﬁption'éﬁhamérs to ‘elevate thedevel of RNA exptessio;g" a
‘sequence ‘that -encodes'a ‘suitable ‘ribosonte :'biridi'gxg site, RINA-splice junctions, _'s‘equérices
that temﬁnate"iragsdﬁpﬁon and translation.and: 50 forth. Expression vectors ~u$uallytgant‘ajﬁ o

- an origin of replication that ailows.the vector to replicate independently of the host'cell; -
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Plasmids are the most commonty used form of vector but other forms of vectors
which serves an equivalent function and which are, or become, known in the art are
suitable for use herein. See, e.g., Pouwels et al. Cloning Vectors: a Laboratory Manual
(1985 and . supplements), Elsevier, N.Y.; and Rodriquez, et al. {eds.) Vectors: a Survey of
Molecular Cloning Vectors and their Uses, Buttersworth, Boston, Mass (1988), Whiéh are -

incorporated herein by reference.

In general, such vectors contain, in addition, specific genes which arebapabié of
providing phenotypic selection in transformed cells. The use of prokatyotic and eukaryo’ﬁé
viral expression vectors to express the genes coding for the polypeptides of the pr‘es‘éi'ﬁ'

invention are also contemplated.

[

Optxonaily, the vector may be a general plant vector (as descnbed \mth regard to the

' ‘Examples below). Aitematweiy, the vector may optionally be Spemﬁc for root cells.

In one preferred embodiment, the host cell of the invention m&y be,a-eukaryoﬁé or-
prokaryotic cell.
In a specific embodiment, the host cell of the invention is a pmkarymm cell

preferably, a -bacterial cell, most preferably, an Agrobacteriurm tumefaciens cell. These

cells are used for. infecting the preferred plant host cells-described below.

In another preferred embodiment, the host cell. of the invention may. be an

eukaryotic celf, preferably, a plant cell, and most preferably, a plant root'ceii selected '-fro,m _

_the group consisting of Agrobacz‘erz'um rihzogenes transformed plant root gell, c&ierj{ cell,

gmger cell, horseradish cell and carrot cell. -

.In a preferred embodiment, the pfzmt root cell is a.carrot cell. It shouid be.noted that

the transformed carmt cells of the invention are grown in suspension, A,s menuoned abovc
B and described in the Examples, these cells were transfonned with the Agwbactenum '

‘ 'iumefaczens cells of the invention..

. The. expressxon vectors or recombmant nucleic acid molecules used for. iransiectmg '

:_or transformmg the host cells - of the. invention may bes further modaﬁed accm'dmg to -

o ._,methods known to, those slcdled in the art to: add, remove, or ether\mse deifY pephde, '

.:sxgnai sequences fo aiter slgnal peptxde Gieavage or to increase or change the f:argetmg of
‘the expressed lysosomal enzyme through the plant endomembrane system For, example IR

‘but not by way of limitation, the expression construct can be specifically engmeered 1q
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target the lysosomal enzyme for secretion, or vacuolar localization, or retention in the
endoplasmic reticutum (ER).
In one embodiment, the expression vector or recombinant nucleic acid molecule,

can be engineered to incorporate a nucleotide sequence that encodes a signal targeting the

fysosomal enzyme to the plant vacuole. For example, and not by way of limitation, the

recombinant nucleic acid molecule comprised within the host cell of the mvention,

comprises a first nucleic acid sequence encoding a lysosomal enzyme that is in operéble
i‘inkége with 2 second nucleic acid séquence encoding a vacuolar targeting signal peptide
ée_rived from the basic tobacco chilinase A gene.‘ This vacuolar signal peptide has the
émino acid seqi;ence as denoted by SEQ ID NO: 2. The first nuciéic acid se};uence may be

optionally further linked in an operable linkage with a third . nucielc acid seéquence

'encodmg an ER (endoplasrmc retmulum) targeting signal peptide as éenoted by S]ZQ D

NO: 1. In one embod;ment the recombinant nucleic acid molecule comprlsed 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 molecule of the invention.

The term “‘operably linked” is used herein for indicating that a:first nucleic acid.

sequence is operably linked with a second 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

transcription or expression of the coding sequence. Optionally and preferably, operably

-linked DNA sequences are contiguous (e.g. physically linked) and, where nétessary 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 permif gene expression when the

'apympnate molecules (e.g., transcnpuonai activator proteins) are bound to the reguiatory -

| zsequence.(s)

In an other embodiment, this recombinant aucleic. acid molecule may optiondlly
¥

‘ﬁzrther compnse an operably linked terminater ‘which 1s preferably furictional in plant
-'cells.- The recombinant nucleic acid molecule of the invention. may opt:onaily“ﬁxrther'
comiptise additional control, promoting and regulatory elemeénts andfot selectable mriarkers,

dt shouid be- noted that these. régulatory elements are. eperably hnked to"the recombinant

molecule
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Regulatory elements that may be used in the expression constructs include
promoters which may be either heterologous or homologous to the plant cell. The promoter
may be a plant promoter or a non-plant promoter which is capable of driving high levels
transcription of a linked sequence in plant cells and plants. Non-limiting examples of plant
promoters that may be used effectively in practicing the nvention include cauliﬂoiver"
mosaic virus (CaMV) *°S, theS, the promoter for the chiorophyll a/b binding protein, Ath '
NOS and HMG2, or modifications or derivatives thereof -The promoter may be enher
constitutive or inducible. For example, and not by way of limitation, an inducible promoter

can be a promoter that promotes expression or increased expression of the lysosomal

- enzyme nucleotide sequence after mechanical gene activation (MGA) -of the plant, plant

wr

tissue or plant cell.

Thevexp:‘esé:zon.vecto;s used for transfecting or transforming the hgst cells of the
invention can. be additionally modified according to methods known to those skilled in the
art to enhance or optimize heterologous gene expression in plants and plant cells. Such
modifications include but are not limited .té mutating DNA regulatory elements to increase
promoter strength or to alter the protein of interest. » -

In a preferred embodiment, the high mannose protein of interest produced by the

host cell of the in¥ention may be a high mannose glycoprotein having at least one exposed

mannose residue {af least one terminal mannose residue).

Such high mannose protein may be according to another preferred em’oodfxmgnt, a

lysosomal enzyme selected from the.group coasisiing of glucocerebrasidase (GCD), acid

sphingomyelinase, -ﬂhexos'anﬂnidasé, - o-N-acetylgalactosaminidise, acid lipase, o-

7 galactosidase, glucocerebrosidase, a-f~iduromdase, iduronate sulfatase, o-mannosidase

. and sialidase

 The termi “lysosomal etizyme; as used herein-with respect to é.ny such enzyme and

- product produced in a plant-expression system described by the invention, ‘refers 10 a

fecombinant peptide expressed inm a transgenic plant cel-i‘-'fmm a micleotide sequence

~ encoding -a human oranifrial. lysosomal enzyme, -2 ‘modified - human. or animal Iysosomal

:-'-;-enzyme oria fragment denvatwe or-modification” of such enzyme: Useful modified humar; ‘

or amimal lysosomal enzymes include but are not fimited to humian or’ ‘atimal, iysosomal

- enzymes-having one or several naluraiiy OCCUITIng OF arttﬁaaliy miroduced #mino. ac;d

E iaddﬂ:zons deietmns and/or substimtlons
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- .expressmn- vecter comprising & nucleic acid. molecule encoding a biologically: aq:.twe-;hi;gh
30 : .

Soluble lysosomal enzymes share initial steps of biosynthesis with secretory

proteins, i.e., synthesis on the ribosome, binding of the N-terminal signal peptide to the

- surface of the rough epdoplasmic reticulum (ER), transport into the lumen of the FR where

the signal peptide is cleaved, and addition of oligosaccharides to specific asparagine

residues (N~linked), followed by further modifications of the nascent protein in the Golgi
apparatus [von Figura and Hasilik, Annu. Rev. Biochem. 55:167-193 (1986)]. The N-

linked oligosaccharides can be complex, diverse and heterogeneous, and may contain high-
mannose residues. The proteins undergo further processing in a post-ER, pre-Golgi
compartment and i the cis-Golgi to form either an N-linked mannose 6-phesphate (M-6-
P) oligosaccharide-dependent or N-tinked M-6-P oligosaccharide-independent recognition
signal for lysosomal localized enzymes [Kornfeld & Mellman,  Ann. Rev. Cell Biol,

5:483-525 (1989); Kaplan et al., Proc. 'Naﬂ. Acad.. Sci. USA 74:2026 (1977)]. The

presence of the M-6-P recognition signal results i the binding of the’ er‘;zymé to M-6-P
receptors (MPR). These bound enzymes remain in the cell, -are eventually packaged into
lysasomes, and are thus segregated from proteins targeted for secretion or to the plasma
membrane. |

In a preferred -embodiment, the lysosomal enzyme may be -the human
giuCOCerebrcsidase (GCD).

Still further, in a particular embodiment, this preferred host cell is transformed or

transfected by a recombinant nucleic acid molecule which fiirther comprises an >°$

- promoter from Cauliflower Mosaic Visus, preferably, having the nucleic abid sequence as

denoted by SEQ ID NO: 9, an octopine synthase terminator of Agrobacterium tuinefd@iem,

preferably, having the. nucleic acid sequence as denoted by SEQ ID.NO: 12.and- TMV

(Tobacco Mosaic Virus) omega translational enhancer element. According to:a’ -pfcf‘crred

embodiment, this recombinant nuciezc acid molecule compnses the nucleic acid sequence '

-,_L

aubss ntiaily as denoted by Swgg ID NO: 13 and encodes a high mannoese GCD having the
2MUNO acid sequence substantially as denoted by SEQ ID NO: 14. o
Jt. should be appreciated :that the present invention further provides: for an

mannose lysosomal enzyme.

JIn one preferred‘ embodiment of the aspect, the expression vector of the invention

Py

comprises a nucleic acid molecule encoding a biclogically active. high: miannose-hufnan - -~
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glucocerebrosidase (GUD). Preferably, this preferred expression vector comprises a
recombinant nucleic acid molecule which having the nucleic acid sequence substantially as
denoted by SEQ ID NO: 13. According to a specific embodiment, a preferred expression
vector utilizes the pGREEN II plasmid as described by the following Example 1.

It should be further noted, that the invention provides for an expression cassette”

comprised within the expression vector described above.

In a second aspect, the present invention relates to a recombinant high mannose

protein produced by the host cell of the invention.

In a preferred embodiment, this high mannose protein may be a biologically active

..liigh mannose lysosomal enzyme selected from the group cbnsisting of glucocerebrosidase

{GCD), acid sphingomyelinase, hexosaminidase, o-N-acetylgalactosaminidise, acid lipase,

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

and sualidase. Most preferably,. this lysosomal enzyme may be human glucocerebrosidase

(GCD).

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. -

Sull 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 10 a preferred embediment, the recombinant. lysosomal- enzyme of the

invention can bind to a mannose receptor.on a target cell in a target site. Preferably; this

-site may be within a subject suffering from a lysosomal storage disease:

. Optionally and more preferabiy, the recombinant iysosomai enzyme has. mcreased

aﬂimty for the  target cell, in comparison mth the -corresponding  affinity -of a namrally
. occuiring lysosomal enzyme for the target cell Ina speczf ic embodiment, the target cellat,
- the: target, sxte may be -a Kupffer-cellin the liver of the subject. - _

cInas preferfed embodiment,. the- recombmant lysosomal -enzyme may be- seiected, ey '

fmm fhc group. conszstmg of giucocerebrosrdase (GCD) acid .. sphmgomyeimase‘ |

27



10

15

20

25

30,

hexosaminidase, o~N-acetylgalactosaminidise, acid lipase, a-galactosidase,
glucocerebrosidase, o-L-iduronidase, iduronate sulfatase, c-mannosidase or sialidase.

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

In a third aspect, the invention relates to a method of producing a high mannose

protein. Accordingly, the method of the il\vention'comi)dses the steps of: (a) preparing a

culture of recombinant host cells transformed or transfected with a recombinant nucleic.

acid molecules encoding for a recombinant protein of interest or with an expression vector
comprising the recombinant nucleic acid molecules; (b) culturing the host - cell culture
prepared by step (2) in suspension under conditions permitting the expression of the high

mannose protein, wherein the host cells produce the protein in 2 highly mannosylated 'ﬁ_anﬁ;

" (¢} harvesting the cells from the culture provided in (&) and recovering the protein from the

cells; and (d) purifying the protein of step (c) by a suitable protein purification method.
Optionaily a.nd--preferabij;., the recombinant protein may be produced byﬂ plant cells

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

Patent No. 6,391,638, issued on May 21 2002 and hereby incorporated by reference as if

fully set forth herein. Conditions. for culturing 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
set for_f;b herein and which-was filed on the same day as the present application.

A particular and non limiting example: for recovering and purificafion of a-high

. mannose protein of interest produced by the method of the invention may be found-in the

feiioﬁng Examples. The Examples show that a recombinant h-GCD -produced by 'thé

* invention was unexpectedly bound to internal membrasie of the transformed carrot cells of

the invention and not secreted to the medium. The sohible th-GCD. may be :'separated'.frbm"

cell debris and other insoluble component according to means known in the art such as

filtration or. precipitation. For‘Example‘; foﬂeu}ing'- a ﬁe'ez%—tﬁaw cycle, the cells undergo

‘breakage and release -of intracellular .so_luble proteins, _.Whéfeas the h{G_CD remains bound -

to insoluble membrane debris. This soluble.and insoluble: miembrane . debris ‘mixture v}'as - i
next-centrifuged and . the soluble fraction .v}as rerffoveé thus. éi}npfiﬁwiﬁg: the purification. N
The: membrane bound h-GCD can then be "dissol'vedl'-.by ‘imeéhanicaizdis‘rggptién in 'th'el -

presence of a mild detergent, protease inhibitors and neutralizing oxidation reagent. The =~ = .~
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soluble enzyme may be further purified using chromatography techniques, such as cation
exchange and hydrophobic interaction chromatography columns. Durng rh-GCD
production in the bio-reactor and the purification process the h-GCD identity, yield, purity
and enzyme activify can be determined by one or more biochemical assays. Including but
not limited to detecting hydrolysis of the enzyme’s substrate or a substrate analogue, SDS-
polyacrylamide gel electrophorems analysm and iramunological anaiyses such as ELISAA
and Western blot.

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

In another preferred embodiment, the hzgh mannose protein produced by the
method of the mventron may be a biologically active high mannose- iysosomal enzyme

“having at least one okgosaccharnde chain comprising an exposed mannose residue.

‘This recombinant enzyme can bind to a mannose receptor on a target cell in'.é target
site. More particularly, the recombinant enzyme produced by the method of the invention
has increased affinity for the target cell, in comparison with the corresponding a.fﬁmty 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 giucqcerebroéidase {GCD), acid sphingomyelinase, hexesaminidase;” CX?-N"
- acetylgalactosaniinidise, acid lipase, o-galactosidase, gj{ucocerebrosidasq? ‘a-L-iduronidase,
iduronate sulfatase; o-mannosidase and sialidase. Most preferably, this"%y‘s{:é'somai";en‘zyme
may be glucocerebros:dase {GCD). ‘
- In another preferred embodzmert the host cell used by the method of the mventzon‘ l

may be a plant root cell selepted from the group cansisting of dgrobacterium rzhzogenes'

transformed root cell, celery cell, ginger cell, horseradish cell and cdrrot cell. Most

preferably, the plant root cell is a carrot ceii {t should be partlcuiarly 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 subjeét‘ SRR

preferably a mammalian subject having iysosama[ starage disease by usmg exogenous': :',:; :

recombinant fysosomal’ enzyme
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Disclosed and described, it is to be understood that this invention is not limited to
the particular examples, process steps, and materials diselosed herein as such process steps
and materials may vary somewhat. It is also to be understood that the terminology used

herein is used for the purpose of describing particular embodiments only and not intended

to be limiting sirice the scope of the present invention will be limited only by the appended . -

claims and equivalents thereof.

Throughout this specification and the claims which follow, unless the context
requires otherwise, the word “comprise”, and variafions such as “comprises” .and

“comprising”, will be understood to imply the inclusion of a stated intéger or step or group

.of integers or steps but not the exclusion of any other integer or step or group of integers or

ﬁteps. .

Tt must be noted that, as used-in this specification -and the appended claims, the

L, 43

_ singular forms “a”, “an” and “the” include plural referents unless the- content -cléarly

dictates otherwise.

- The following examples-are- representative of tecliniques empioYed by the inventors
in carrying out aspects of the present invention. It should be appreciated that while these
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. {ecognize,'fZﬁat numerous

modifications can be made without departing from the spirit and intended scope of the -

’in%iegtigp‘
ll?;:;mmpie'fs‘;
E.}'x'pe'ri:ﬁ;ﬁtal procedixa;ff:si e &A'
L Plasmidwetors, o e
* a CE;TfVéas coﬁstructed-from plasmid CEobtamedfmumf(}a{ﬂi ) R

 [United States Patent 5,367,410 November 22, (1994)]. -

Plasmid CE was digested with Sall.
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The Sall cohesive end was made blunt-ended using the large fragment of DNA
poiy:ﬁerase I. Then the plasmid was digested with Pstl and ligated to a DNA fragment
coding for the ER targeting signal from the basic endochitinase gene [ Arabidopsis
thatiana ] ATGAAGACTAATCTTTTTCTCTTTCTCATCTTTTCA -

CTTCTCCTATCATTATCCTCGGCCGAATTC, and vacuolar fargeting signal
from Tobacco chitinase A: GATCTTTTAGTCGATACTATG digested with Smal and
Pstl. '

*  pGREENII - obtained from Dr. P. Mullineaux [Roger P. Hellens et ak., (2000).

Plant Mol. Bio. 42:819-832]. Expression from the pGREEN il vector is controlled
by the 35S promoter from Caufiflower Mosaic Virus, the TMV (Tobacco Mosaic Virus)
omega translational enhancer element and the octoéinc 'synthas¢ termimator- sequence from

Agrobacterium tumefaciens.

cDNA . . S -
hGCD — obtained from ATCC (Accession No. 65696}, GC«-Z..‘Z»[GCSQ};I};‘ iambda—

EZZ-gamma3 Homo sapiens| containing glucosidase beta acid {ghucocerebrosidase]. Insert

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

-Consiruczzon of expression plasmid

The cDNA coding for hGCD (ATTC clone number 65696) was amphﬁed usmg the
forward: 5> CAGAATTCGCCCGCCCCTGCA. - d the .. reverse: 5" _

CTCAGATCTITGGCGATGCCACA 3°  primers. 'lhe puriﬁed PCR DNA product was :

digested with endonucleases EcoRI and: Bglll, (see .rccogmtion Sequences'underhmd.-m the
primers) and Itgated into an intermediate vector having an expressxen cassqtte B-T d{gested‘

with- the. same enzymes. The - .expressiorn cassette was- cut and eiuted ﬁ'om the- mtermedgate

‘vector and hgated into- the binary vector: pGREENH usmg restnctlon ‘enzynes Smal and.

. Xbal, forming the final expression vector. Kanamycme .,rt;s;s,;anca,xs,,g;onfemeé ,b}{:_.the.

NPTH gene driven by the nos promoter dbtained tdgether with ,ﬁl’é’b pGREEN vé,‘c;i(xff-{Eig,» RS
1B). The resulting expression cassette is presented by Fig. 1A, ‘ |
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The resulting plasmid was sequenced to emsure correct in-frame fusion ‘of the
signals using the following sequencing primers: = 5 358  promoter: 5
CTCAGAAGACCAGAGGGC 3°, and the 3” terminator: 5° CAAAGCGGCCATCGTGC
3’

Establishsment 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 horticular crops, p.p. 111, 169 ).

Transﬂvrmatwn of carrot cells and isolation of tramformed cells:
Transformation of carrot cells was prefonned using Agrobactenum transformation

by an adaptation of a method described previously [Wurtele, E.S. and Bulka, K. Plant Sci.

61:253-262 (1989)]." Cells growing in liquid media were used throughout the process

instead of calli. Incubation and growth times were adapted for transforimation of cells in’

liquid culture. Brefly, Agrobacteria were transformed with the pGREEN II vector by
electroporation {den Dulk-Ra, A. and Hooykaas, P.J. (1995) Methods Mol. Biol. 55_:63—’_)2]
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.

Screening of transformed carrot cells for isolation of calli expressing Iz-ig!i'_?iévels of GCD

14 days following transformation, cells from culture were plated onsolid. media at

- dilution of 3% packed cell volume for the fozjnat’fiﬁﬁ of t'salifi‘ﬁdm indiﬁduaiifciusters of
cells. When individual- calli reached1-2 cm in ‘diémeﬁér, ‘the ‘cells were homégeﬁi'zéd?in‘
SDS" sample buffer and - the resuliing protein extracts wer¢ separated .on SDS-PAGE
[Laemmli ., (1970) Nature '227:680:685] and transferred to nitroceflulose’ membrane

"*'(hybénd" ¢ mitrocellulose, 0.45. micron. Catalog No:" RP;‘JZ%C‘ Fram Amérs‘ham' Life

- Séience). Westem ‘blot for detection of GCD was perfenned using” polyclonal anti hGCD

: ant:bodles {desmbed ‘herein. below) Ca!lz expremng srgmﬁcant leveis of GCD were

‘ -i=analy51s

3
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Preparation of polyclonal antibodies

75 micrograms recombinant GCD (Cerezyme' ') were suspended in 3 ml comf)lete
Freund’s adjuvant and injected to each of two rabbits. Each rabbit was given a booster
injection after two weeks. The rabbits were bled abéut 10 days after the booster injection
and again at one week intervals until the antibody titer began to drop. After removal ';)f the

clot the serum was divided into aliquots and stored at -20°C.

Upscale culture growth in a bioreactor

An about lcm (in diameter) callus of genetically modified carrot cells containing
the th-GCD gene was plated onto Murashige and Skoog (MS) 9cm diameter agar medium
plate containing 4.4gr/l MSD medium (Duchefa), 9.9mg/l thiamin-HCI (Dughefa), 0.5mg
folic acid (Sigma) _OLSmg/l biotin (Duchefa), 0.8g/l Casein hydrolisate. (Ducifa), sugar 30g/l
and hormones 2-4 D (Sigma). The.callus was grown for 14 days at 25°C.

Suspension cell culture was prepa’red by, sub-culturing the transformed callus in &
MSD fiquid medium (Murashige & Skoog (1962) containing 0.2 mg/l 2,4-dicloroacetic
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 ncreases to 50ml)-at
25°C with shaking speed of 60rpm. Subsequently, cell culture vo'iamev was increased to 1L
Erlenmeyer by addition of ﬁforidng volume up to 300mi under. the same conﬁi‘tibns.
Inocutum -of the small bio-reactor (101} [see WO98/13469] containing 4L MSD medium,
was obtained by addition-of 400ml suspension cells‘-de;ived from two 1L Erlenmeyer that

were cultivated for seven days. After week of cultivation at 25°C with ['Lpm airflow, MDS

‘mediunr was added up to 10L and the cultivation continued under the same conditions.

After additional five days of cu{ﬁyat;dn;; most. of ‘the cells were harvested and -coliecte& by
passing the cell mﬁ:éia through 80y net. The extra mediurh was squeézed out and .éﬁe
packed cell cake was store at —7 o°C.

Further detailsof the bioreactor device: may be found with régard to Us Patent No.
6,391,638; issued on May 21 2002 and prev:ously mcorporated by reference.

Profein purification

“In order ‘to’ separate the mediun from the msaiuble GCI} fmzen cell cake R

contammg about IOGg wet-weight cells was thawed, followed by centnﬁxgatmn of the
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thawed cells 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 then precipitated by centrifugation at 17000g for 20min at 4°C. The rh-

GCD (recombinant human GCD) was extracted and solubilized by homogenization of the -
peilet in 200ml extraction buffer (20mM sodium phosphate pH 7.2, 20mM EDTA, 1mM
PMSF, 20mM ascorbic acid, 3.8g polyvinylpolypyrrolidone (PVPP), 1mM DTT and 1%

Triton-x-100). The homogenate was then shaken for 30min at room temperature and

clarified by centrifugation at 17000xg for 20min at 4°C. The pellet was discarded and the

" pH of the supernatant was. adjusted to pH 5.5 by addition of concentratéd citric acid.

Turbidity generated after pH adjustment was clarified by centnfugatmn uncier the same
conditions described above. ‘
Further purification was: performed by chromatography columns. procedure ‘as

follows: 200mi of clarified me»dkimn were loaded on 20ml strong cation exchange resin

(Macro-Prep high-S support, Bio-Rad) equilibrated in 25mM sodium citrate buffer pH 5.5,
packed in a XK column (2.6x20cm). The column was integrated with-an AKTA (prime

system (Amersham Pharmacia Biotech) that allowed to monitor the conductivity, pH and -

absorbency at 280nm. The sample was loaded at 20ml/min, afterwards the column was

washed with equilibration buffer 25mM: sodium citrate buffer pH 5.5) at flow rate of

12mi/min until UV absorbeﬁcyvféached- the base line. Pre-elution of the th-GCD was
performed. with equilibration buffer containing 200mM NaCl arid the elution was obtained

with equilibration buffer «centai:ﬁngtéaomri 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 NaOFL Sample containmng the rh-GCD was applied: on. the se(;grid |

KK column (1.6x20cm} packed with 10ml of the same resin as in the previous gdiunm.

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 ‘cqu'i{ib_;a,tiori 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 step were”

pooled and applied on a third column . .
The final ‘purification ‘step was performed on.a XK.column (1. éxz()cm) packed w1th

8ml hydrophobxg;;mterac:m tesin (TSK :gel, Toyepearl Phenyl-650C, Tosoh Cq_}:p.)ﬁ,‘]ﬁfhe- :
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resin 'was equilibrated in 10mM citrate buffer pH 6.0~cont'aining 5% ethanol. The GCD
elution pool from the previous column was loaded at 6ml/min followed by washing with
equ'iﬁbration buffer unti] the UV absorbent reach the baseline. The pure GCD was eluted
by 10mM citric buffer containing 50% ethanol, pooled and stored at -20°C.

Determination of protein concentration _ ‘
Protein concentrations in cell extracts and fractions were assayed by the- methodlef '
Lowry/Bradford (Bio Rad protein assay) [Bradford, M., Anal. Biochem. (1976) 72:248]

using a bovine serum albumin standard (fraction V Sigma). Alternatively, concentration of

- homogenous pfotein samples was determined by absorption: at 280 nm, lvmglm1=l(4

(28

0O.Dagp. Purity was determined by 280/260nm ratio.

GCD engyme activity assay o o ‘
 Enzymatic activity of GCD was 'd'etemzineci using pﬁnitro;;lieﬁyl-:ﬁ.—l)— :
glucopyranoside (Sigma) as a subsirate. Assay buffer containedﬂ 60mM phosbhate-éifrzﬁe
buffer pH=6, 4mM B«mercaptoethanol 1.3mM EDTA, 0.15% Triton X-100, 0.125%
sodium taurocholate. Assay was preformed in 96 well ELISA piaies 0 50 microliter of

sample were incubated with 250 microliter assay buffer and subsirate was added to final

concentration of 4mM. The reaction was mcubated at 37&(3 for 60rnxn Product (p—
'mtropheny! pNP) foz’matfon was detected by absorbance at 405nm Absorbance at 4050m
‘was monitored at t=0 and at the end point. After 60 min, 6 mlcrohter of SN NaOH were

added to each well and absorbance at 405 nn was momtored agam Reference standard-

| curve assayed in paraﬂel was used 10 quantitate concentratlons of GCD n the tested
. sampies [Fnedman et al. (1999) Blood, 93(9):2807-1 6]

chkemwal anaiyses ,
fn gel pratealyms arnd mass .spectr ometry analfy&’s

The stamed protem bands in the gel were cut Wlth 2 ciean razor biade and the ‘

. protems in the gel were. reduced with IOmM DTT and modzﬁed thh IOG mM
30 -

- acetomtrzie m 10 mM ammomum bicarbonate to remove the stam fmm the protezm' '

xodcacetamtde m IGmM ammomum blca;bonate 'I‘he gel pzeces were lreai:ed w:th 50%' '

-follo‘mng by drymg the crel pteces The dr;ed ge! p1eces were rehydrated w;th 1(1%
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acetonitrile in 10 mM ammonium bicarbonate containing about 0.1 pg trypsin per sample.
The gel pieces were incubated overnight at 37°C and the resulting peptides were recovered

with 60% acetonitrile with 0.1% triflucroacetate.

The tryptic peptides were resolved by reverse—phase chromatography on 0.1 X 300- .
mm fused silica capillaries (J&W, 100 micrometer ID) home-filled with porous R2.

(I’ersepestlvc)- The peptides were eluted using a 80-min linear gradient of 5 to 95%
acetonitrile with 0.1% acetic acid in water at flow rate of about 1 pl/min. The quuid from
the colmmn was electrosprayed into an ion-trap mass spectrorﬁeter (LCQ, Finnegan 'Sén
Jose, CA) Mass spectrometry was performed in the pos:txve ion mode usmg repetxt:ve!y

full MS scan followed by colfision induces dissociation (CID) of the most dammant ion

selected from the first MS scai. The mass specirometry data was compared to simulated

proteolysxs and CID of the protems in the NR-NCBI database w,mg the Sequest software
{3. Bng and J. Yates, Umvers:ty of Wasbmgton and anegan San Josc]

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

 (Perkin Elmer) according to manufacture instructioris.

‘GCD Uptake of pentoneafl macrophages

Targeting and uptake of GCD to macrcphages is known fo be medxated by. the

“MmmosefNﬂcetylglucosnune receptor and can be determined using thmglycolate-ehmted

parztonea} macrcphagcs obtained from mice, as described by Stahl P. and Gardo;z S {J

“Cell. Biol. (1982) 93(1):49-56].- Bneﬂy, mlce (female, stram C57-B6) were mjected

mtrapentoneally with 2.5 mi of 2. 4%, Bacto~thxogiycoiate medium W/ dextrose (DifCO
Cat. No. 0363-17-2). After 4-5 days, treated mice were sacrificed by cervwa} dxslocataon

and the perntoneal cavity rinsed with phosphate buffered saline. Cells were pelleted by

cen’triﬁ;gation (1000xg 10 min) and were resuspeh&ed in DMEM (Beit Haemiek, Israel)

coutzumng 10% fetaf -~ Galf serum. Cells '+ were  then “blated at

: I-leOs cei!lweii in. 96-we12 tissue culture plates and mcubated at 3‘?°C ‘After 90 minutes; |
| non-adherent celis were- washed out three umes using PBS and the adherent macrophages ) ’ _
“ were mcubated for 90 mm ‘at 37°C, ia cuiture méedium ccmta.mmg speczﬁed quantatnes of
rhGCD rangmg fmm 0 to 40 rmcrograms in 2(}0 xmcrohter ﬁnal vohxme m the absence |

and presence “of yeast ‘mannan (2-10, 5 mg/ml). After mcubatxon medtum contammg o
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excess rGCD was removed, and cells were washed three times with PBS and then lysed
with lysis buffer (10mM Tris pH=7.3, ImM MgCly, 0.5% NP-40 and protease inhibitors).
The activity of rGCD taken up by the cells was determined by subjecting the cell lysates to

in vitro glycosidase assay as described above.

EXAMPLE 1
CONSTRUCTION OF EXPRESSION PLASMID

This Example describes the construction of an exemplary expression plasmid,
used with regard to the Examples below, in more detail.

The cDNA coding for hGCD (ATTC clone number 65696) was amplified using the
forward: 5° CAGAATTCGCCCGCCCCTGCA 3’ (also denoted by SEQ ID NO: 3) and
the reverse: 5’/ CTCAGATCTTGGCGATGCCACA 3’ (also denoted by SEQ ID NO: 4)
primers.

The purified PCR DNA product was digested with endonucleases EcoR1 and BgllI
(see recognition sequences underlined in the primers) and ligated into an intermediate
vector having an expression cassette CE-T digested with the same enzymes. CE-T includes
ER targeting signal MKTNLFLFLIFSLLLSLSSAEF (also denoted by SEQ ID NO: 1)
from the basic endochitinase gene [Arabidopsis thaliana], and vacuolar targeting signal
from Tobacco chitinase A: DLLVDTM?* (also denoted by SEQ ID NO: 2).

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 conferred by the NPTII gene driven by -
the nos promoter together with the pGREEN vector (Fig. 1B). The resulting expression
cassette is presented by Fig. 1A.

The resulting plasmid was sequenced to ensure correct in-frame fusion of the
signals using the following sequencing primers:

Primer from the 5° 35S promoter: 5° CTCAGAAGACCAGAGGGC 3’ (also
denoted by SEQ ID NO: 5), and the 3’ terminator: 5 CAAAGCGGCCATCGTGC 3’ (also
denoted by SEQ ID NO: 6). The verified cloned hGCD coding sequence is denoted by
SEQ IDNO: 7.
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EXAMPLE 2
TRANSFORMATION OF CARROT CELLS AND SCREENING FOR
TRANSFORMED CELLS EXPRESSING rhGCD

This Example describes an exemplary method for transforming carrot cells

- according to the present invention, as used in the Examples below.

Transformation of carrat cells was performed by Agrobacterium transformation as
described previously by [Wurtele and Bulka (1989) ibid]. Genetically modified carrot
cells were plated onto Murashige and Skoog (MS) agar medmum with “antibiotics for
selection of transformants. As shown by Fig. 2, extracts prepared from. a;riéi&g;:alli were
tested for expression of GCD by Western blot.'analysis usiag anti hRGCD 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.

The Western blot was performed as foﬂows

- For this assay, proteins from. the obtained sample were. sepamted 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-a
resolving gel (in accordance with Laemmii, UK 1970, Cleavage of structural protéins' '
during assembly of the head of bacteriphage T4, Namrezz’i,. 680-685).-The composition of |

the resolving gels was as follows: 12% acrylamide (Bio-Rad), 4 microlitéis of TEMED

(N, NN N*-tetramethylethylenediamine; Sigma catalog number T9281) per. 10ml of gel
solution, 0.1% SDS, 375 mM Tris-HCI, pH 8.8 and ammonium persulfate (APS), 0:1%. -

. TEMED -and. ammonium pérsulfate were used in this context as free radical’ starfers: for: the:

polymerization. About 20 minutes after the initiation of polymenzatwn the- staciqng -gel

‘ (3% acryla{mue 0.1% SDS, 126 mM Tris-HCL, pH 5 8, 0.1% APS and. 5 microliters of
- TEMED per Swl of stacking gel solutaon) was poured above-the- resoivmg gei and a/d2: or 3

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

- The anode and cathode chambers were: ﬁiled with zdentxcai buff‘er soiutzen Tns[

glycine buffer oontaimng SDS (Biorad, catalog fiumber 161-07?2) pH 83 'I‘he anﬁgen» '.‘:"E:::j:

containing matenal was treated with 0.5 volume of sample loading buffer (3Gmi g[ycefc)l ‘

{Sigma catalog number G9012), 9% SDS, 15 ml mercaptoethanol {ngma catalog number _ L
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M6250), 187.5 mM Tris-HCI, pH 6.8, 500 microliters bromophenol blue, all volumes per
100 ml sample buffer), and the mixture was then heated at 100 °C for 5 minutes and loaded
onto the stacking gel.

The electrophoresis was performed at room temperature for a suitable time period, .
for example 45-60 minutes &sing a constant current strength of 50-70 volts followed by 45-

60 min at 180-200 Volt for gels of 13 by 9 cm in size. The antigens- were then transferred-

o nitrocellulose (Schieicker and Schuell, Dassel).

Protein transfer was, perfox‘med substantially as described herein. The gel was

located, toéether with the adjacent nitrocellulose, between Whatmann 3 MM filter papér,

* Gonductive, 0.5 cm-thick foamed material and wire electrodes which condugt the current

by way of platinum electrodes. The filter paper, the foamed material and the nitroceﬂuloAs:e _
‘were soaked thoroughly with transfer buffer (TG buffer from Biorad, catalog number 161~
0771, diiuted‘ 10 times with methanol and water buffer (20% methanof)j. The transfer was
performed at 100 volts for 90 minutes at-4°C. | o
After the transfer, free bmdmg sites on the mtrocelluiose were saturated; at 4 °C
over-night wﬁh blocking buffer oontammg 1%. dry-mﬂk (Dalry America), and 0.1% Tween
20 (Sigma Cat x:'1379) ‘diluted -with phosphate buffer (Riedel -def Haen, catalog number
30435). The blot strips were incubated with an antibody (dilution, 1:6500 in phosphate

“puffer containing 1% dry milk and 0.1% Tween 20 as above, pH 7.5) at 37 °C for 1 hour.- ‘

- After inicubation with the antibody, the blot was washed three times for in each case

10 minutes with PBS ‘(;’)'hésphat"e buffered sodium phosphate buffer (Riedel deHaen,

catalog number 30435)). The blot strips were then incubated, at room temperature for 1'H,
“with a suitable secondar'y antibody (Goat anti rabbit (whole molecule) HRP (Sigma cat #

“A-4914)), dilation” 1:3000 in. buffer coatalmng 1% dry milk (Dairy America), and 0.1%
“Tween 20 (S:gma Cat P1379) ‘dituted” thh phosphate buffer (Riedel deHaen, cataiog‘

nuiber 3043 5)): After having been washed severa¥ times with PRS, the ‘blot strips were
“§fained with ECL dévéloper reagents (Amersham RPN 2209)

* After immeérsing - the- blots in thie ECL feagants the ‘blots < Were exposed to pray‘ o
. ilm FUIL Super RX 18x24 ", ‘and ‘developed with FUJI—ANA‘I‘OMIX deve[oper and ﬁxer v'

(FUJ’I X ﬁx cat# FIXRTU. 1 out-of 2). The bands featurmg protems that were bound by the ‘ o

~antibody’ became visible a&er this treatment
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Upscale culture growth in bioreactors -
Suspenston cultures of callus 22 were obtained by sub-culturing of transformed

callus in a liquid medium. Cells were cultivated in shaking Erlenmeyer flasks, vntil total

volume was sufficient for inoculating the bioreactor (as described in Experimental
procedures).. The genetically modified transgenic camot cells can be cultivated over.
months, and cell barvest can be obtained in cycling of 5 t§ 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 culture through 100mesh nets. It should be noted

that cells may be harvested by means known in the art such as filtration or centrifugation.

The packed cell cake, which provides the material for punﬁcatton of h-GCD - to

: homogeneﬂy, can be stored at freezing temperatuie. -

EXAMPLE 3
PURIFICATION OF RECOMBINANT ACTIVE HGCD PROTEIN FROM
TRANSFORMED CARROT CELLS.

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

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

was then. dxssolveé using mild detergents, and separated from - cell debns and other

- ipsoluble components. The sofubie enzyme was further purified- using c"lromatograp‘ly

techmques including cation exchange and hydrophobxc _interaction chromatography

' ce'iumns as described in Experimental procedures..

In order fo separate the medium from the. mso!uble GCD ﬁ“ozen .cell. cake:

goutaining about 100g Wet weight cells was thawed, foﬁowed by cenmﬁxgatlon at 17000xg

for 20min at 4“(3 The insoluble maferials and intact cells were washed by re-suSpenswn in

100mi washing buffer (20mM sodium phosphate pH 7.2, ZOOmM EDTA), and. precrp:tated, '

by centnﬁlgatnon at 17000g for ZOrmu at 4°C. The rGCD was extracted and soiubx tzed by
‘homogemzatxon of the. pellet in 200ml cxtractton buffer (20mM sedmm phosphate PE. 7.2, e
ZOmM EDTA, tmM PMSF, 20mM ascorblc acid, 3.8¢ po!ywnylpolypyrrehdone (PVPP) - T
4 1mM DTT 1% Tﬂton—x~100 (Slc,ma)) The homogenate was shaken: for 30mm ai mam_" ,. -
temperature and clarified by centrifigation at 17000g for 20min at 4°C. The pellet was
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= ﬁactions assayed for activity. -

discarded and the pH of the supematant was adjusted to pH 5.5 by addition of concentrated
citric acid. Turbidity generated after pH adjustment was clarified by centrifugation under
the same conditions described above. '
Further pufiﬁc;ation was performed by chromatography columns as follows: in a
first stage, 200ml of clarified exiract were loaded on 20md strong cation exchangé re.sift-.
(Macro-Prep high-S support, Bio-Rad) equilibrated in 25mM sodium citrate buffer pH 5.5,
packed in a XK column (2.6x20cm). The coI.umn: was integrated with an AKTA pr.i"me'
system (Amersham Pharmacia Biotech) that allowed to monitor the conductivity, pH and
absorbency at 280nm. The sample was loaded at 20ml/min, aftervéards the column wds
washed with equilibration buffer (25mM sodmum citrate buffer pH 5.5) 4t _flow rate of
12ml/min until UV absorbency reached the baseA line. Pre-elution of thé th-GCD was
performed with equilibration buffer containing 200mM NaCl and the elution was obtained

: xxrith;equilibratioh 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 NaOIHL

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.

Elution fractions- containing the rGCD was applied- on a. second XK' column

(1.6x20cm) packed with 10ml of the same resin as in the prévious column, for a second

- purification stage. The resin in this column was equilibrated with 20mM citrate buffer- pH

6.0 cqntainirig 5% ethanol. Ebliowing. the. samia[e load ‘the coluimn was washed with the

.equilibration buffer and the rGCD was eluted from the column by elution buffer (ZOmM

citrate buffer pH 6.0, 5% ethanol and. 1M NaCl). Fig. 3D represents a standard run o't“,thi_s" '

purification stage, The fractions collected during the mn were ‘monitored by enzyime

. .:_ar,thty assay, as shown by I‘1g 3E, and Fig. 3F shows a. coomassxe«b!ue stain af elution

.The fractzons ofithe absorbent peak in the elution- step were pooled and apphed ona

. third coiumn, for a third purification stage. The. third punﬁcatxon stage was performed oma i

XK. column (1.6x20cm) packed with 8mi hydrophoblc -interaction. resm (TSK gei. .
Toyopeaai Phenyl—SSGC Tosoh Corp.). The resin was equzixbrated in 10mM cxtraﬁe buﬂ‘erv
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‘a level of about 80% (results not-shown).

pH 6.0 containing 5% ethanol. The GCD elution pool from the previous column was
loaded at 6ml/min followed by washing with equilibration buffer until the UV absorbance
reached the baseline. ‘The pure GCD was eluted by 10mM citric buffer containing 50%
ethanol, pooled and stored at -20°C. ) _

Fig. 4A represents a standard run of this purification stage. The fractions collected . -
during the run were momtored by enzyme activity assay {Fig. 4B), and Fig 4C showsf

-coomassie-blue stain of elution fractions assayed for activity.

In a batch purification of cells that were processed, rGCD protein was purified 16 a

level greater than 95%; if only the first and third stages are performed, purity is achieved at

e

Biochemical analysis .

To validate the idemit}_r. of ‘purified thGCD, Mass-Spec ‘Mass-Spec (MSMS)
analysis was preformed. Results obtained showed 49% coverage of protein sézquenc‘e:~tha£~
matched the predicted amino acid sequence, based on the DNA of the e‘xpressi‘oﬁ cassette,

including the leader peptide and targeting sequences.

Uptake and activity-of recombinant hGCD in peritoneal macrophages - -

To determine whether the. thGCD  produced ‘in carrot “has been éor’rectly
glycosylated and. can undergo uptake by target cells, and thus 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 thGCD. to macrophages is mediated by the Mainose/N-
acetylglucosamine. (Man/GlcNAc) receptor -and" can be determined using thibglycoléie~

elicited peritoneal macrophages: As shown by Fig.5, rtGCD undergdes"ui}take'i)y’délls ata
‘high level F;gure 54 shows uptake by cells of rGCD according to the present-invention

with regard to mannan concentration

Figure 5A -shows uptake at’ comparab[e levels with Cerezymem (this’ preparatxon |

was prepared to 80% punty with oniy the first and third stages of the punﬁcatmn prccess' S
described above).- . : g ~ R

Figures SB -and: SC siww that fGCD uptake 15 at s higher level than Ce:rez;,imeml as- : -

this preparation was prepared ‘o greater than 95% purtty with all three stages of the‘ '

purzﬁcataon proceas deseribed above. -
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With regard to Figure 5C, clearly the percent of specific activity from total
activity, inhibited by 4mg/ml mannan, is higher for the GCD of the present invention

(rGCD or recombinant human GCD) than for the currently available product in the market

as follows: GCD (CB-mix1, which is the rGCD of the present invention) — 75% Cerezyme ‘
— 65%. ) '

Furthermore, as shown by the figures, addition of mannan clearly inhibited binding:
of 1GCD by the cells. At concentration of 2mg/mt of mannan, the binding of tGCD Was
inhibited by 50%. | |

These results show that even without remodeling of glycan struchires, thGCD
expressed and purified from transformed. carrot cells can undergo uptake to. target
macrophage cells specifically through Man/GlcNAc receptors. Moreover, thi; lrecomb;inant
rhGCD 15 enzymatically active. ‘

Figure 5D shows that the thGCD s also recogmzed by an anti«GCD antibody 1 a
Western blot; rGCD refers to the protein according to the present invention, while GCD
standard (shown at 5, 10 and 25 ng per Iaﬁe) is commercially purchased GCD
(Cerezyme®). | |

EXAMPLE 4
TOXICOLOGY TESTING

. The material obtained accqrdmg»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 Bvaluation an;i Research |
{(CDER)PT 1 (61 FR. 43 934, August 26, I996) and by ICH M3(M) Non-clinical Saféfy' -
Studies for the Conduct. of Human Clinical Trials for Phannaceutzcals CFMP!ICH/ZS&SISJS L
modlﬁcaimn, Nov 16 2&00) ‘

Mice were injected as follows. An 1mt:ai dose of 1.8 mg/kg (chmcal dose) vids:

~ Tollowed 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 camer’?i‘eamnng 25 mM. citrate - IR
buffer, 150 mMN"aCl 0.01% Tween 80, 5% ethanoi) accordmg to the present mventxon, ‘;3 L |

and another SIX rmce for ‘being treated with the carrieralone.as 2 controi Zroup-. The m:ce:-\}' .

- were then observed for 14 days and were euthanized. . None of the mice; dxed pnor to the 2z ?:'

scheduled euthanasia. None of the mice showed any significant effects from treatmeizt. |
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No gross pathologicat findings and/or changes in body weight were found in any of the

mice.

EXAMPLE S
GLYCOSYLATION ANALYSIS

Analysis of glycan structures present on rGCD produced as described with regard.

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

indicate that the majority of glycans contain terminal mannose residues as well as higix
mannose stmctures Advantageously, this hligh' mannosé product’ ‘was found to be
blologtcaily active, and therefore no further steps were needed for its activatior”

* The following methods were used 1o determine the giycosyiatton structure of the

recombmant‘ hGCD produced according to the Examples given above. Bdeﬂy,“the

monosacchande linkages for both N- and O-glycans were deterlmned by using a hiydrolysis

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 A
possible glycan structures present on the protei.

Another method featured oligosaccharide analysis of the N-glycan population.

FAB-MS and MALDI-TOF MS were performed followmg digestmn of" ahquots of the

‘‘‘‘‘

glycans. Thls‘ method is used to detach and isolate N-linked carbohydrates from the
enzyr'ﬁati'caﬂy digested gij'fcdpfotein' The masses of the glycan populations in the \ié‘O['éte'd :
glycan mix are determined and their masses are compared with those of known structures

from databases and in light of the monosaccharide comgosz’uon analysis. The pr0posed

. structivies are based dlso on the glycosylation patterns of the source mgamsm ‘

© Another. methoci included ana§yzmg the O-glycan. Pomllatxon ‘tolt me ot educ txve e

,ehmmatmn of the txypﬁc and PNGase Freated glycopept&des desaltmg and bl o /

.........

linked to peptides-aré: most hkeiy O Imked glycans 'I‘hese glycans are then released by S {f I

reduciive ehmmation and their mass analyzed
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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 GlcNac and Maanose, suggest that characteristic N-

finked structures are the predominant glycan population. .
Mass Spectrometric analysis of the N-glycans from hGCD produced as described
above indicates that the predominant N-glycan population has the monosaccharide

composition Pent.deoxyHex Hex3 HexINAc2.

Matenals and Methods

Analysrs was performed using a combination of (as Chmmatography Mass
Spectrometry (GC-MS), Fast Atom Bombardment-Mass Spectrometry (FAB-MS) and
Delayed Extraction-Matrix Assisted Laser I}esorption Iomsat10n~'f1me of Flight Mass-

'Spectrometry (DF ~-MALDI-TOF MS)

For ohgosacchande analyszs the N-—g!ycan population was analysed by FAB-MS -
and MALDI~TQF MS following dlgestion of ahq;:ots of the samples with trypsin and
peptide N-glycosidase ¥ (PNGaseF) and permethyiaﬁon‘of the glycans. The O-glycan
population was analysed following reductive elimination of the tryptic and PNGase ¥
treated glycopeptides, desalting and pennethyiatien. o

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

hydrolysis, derivatisation GC-MS strategy.

EXPERIMENTAL DESCRIPTION

Sample

The sample vials were received were given-the unique S@Eiﬁ, numbers as
follows (Table 1: ; S

Tablel .

Product ' | reference

pumber i oy

4f5
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.acetate buffer, pH 5.5 at 37°C for 15 hours. The'reaction was stOpped by freeze—drymg

Glucoccrebrosiéase, Four tubes containing 62995 )

{ 1ml of sample each at a stated 62996
concentration of 0.8mg/ml in 25mM 62997 .
Citrate Buffer pH6.0, 0.01% Tween 80 62998

" The samples were stored between -10 and -30°C unitil required.
Protein chemistry

Dialysis of intact samples

One vial {containing 1mi of protein at a stated concentiation of 0.8mg/ml) was
injected into a Slide-A-Lyzer diaiysis casseite (10kDa molécular weight cétoﬁ) and” |
dialysed at 4°C over a pen'bd of 24 hours against water, the water ﬁeing .changed 3 times.

Following dialysis the sample was removed form the ’czi‘ssjett'é and Iyophilised.
Trypsin digestion of the intact samples for oligosaccharide sdteefﬁ'xig o
The dialysed, ly()phili's'ed sampie was re%u-spended' i SGI‘rM aﬁ&ﬁozﬁﬁiﬁ- S

treated trypsin for 4 hours at 37°C according to SOPs B00O1 and B0G3. The z‘eadc;on was
terminated by placing in a heating block at 95°C for %.Imnutes followsd by 1yoph;hsatxon-. -

Carbohvdrate chemistry

?emn%eN«G!wesndaseA Digeéstion '

| The txyptxcaiiy cleaved peptide/glycopeptxde mixturesdrotn the glycopmtem
sample- was treated with the enzyme peptide Naglycomdase A (PNGaseA) in ammomum |

| The resuiﬁng pmducts were punﬁed usmg a C;g SepwPak cartndge ‘ o o e a

Reductive elimination:
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The Sep-Pak fraction containing potential O-linked glycopeptides was dissolved in
a solution of 10mg/m{ sodium borohydride in 0.05M sodiuni hydroxide and incubated at

45°C for 16 hours. The reaction was terminated by the addition of glacial acetic acid.

Desalting of reductively eliminated material

Desalting using Dowex beads was performed according to SOP B022. The sample
was loaded onto the column and eluted using 4l of 5% aq. acetic acid. The collected

fraction was lyophilised.

Permethylation of released carhohydrates

i3

- N-linked carbohydrates eluting in the 5% aq. acetic acid Sep-Pak fraction and
potential O-linked glycans released by reductive elinﬁnétion, were pennethyiated using the.
sodium hydroide (NaOH)/methyl iodide (Mel) procedure (SOP BO1S). A portion of the
permethylated N-limked glycan mixture was anaiysed by FAB-MS and MALDL-TOF MS

and the remainder was subjected to linkage analysis.

1 inkaose Analyeis of the N-linked Carbohydrate

Derivatisation

The permethylated glycan sample mixtures obtained faiiowing tryptic.and PNGase
A digestion or reductive elimination were hyd;blysed (2M TFA, 2 hours at 120°C).and - -
reduced (sodium borodeuteride (NaBD,) in 2M NEHLOH, 2 hours at room temperatire, SOP

B025). The borate produced on the dcccmpositio_n of the borodeuteride »wa:s_',.‘gginqygad. by 3.

additions of a mixture of methanol in glacial acetic acid (90:10) fo Howed by Iyophilisation. -~

The samples werg then acetylated using acetic anbydride.(1 hour at 100°C). The acetylated

samples were punﬁed by extraction. into chloroform; ‘The pamally methyiated aldltol

acetates were then exarmned by gas chmmatography!mass spectrometry (GCIMS)
Standard mxxmres of, parttai!y methylated aiditoi acetates and. 2 biank were alsc un under

the same condxtmns

- Gas Liquid .Ch;cmé:tdaréﬁi‘;v@(a'ss_ Sppctﬁqmetw_{ﬁ}(?@isx; st e Da
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An aliquot (1pl) of the derivatised carbbhyérate 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;

Gas Chromatography

Colums: DB5
Injection: On-column
Injector Temperature: 40°C R

Programme: 1 minute at 40°C.then 70°C/minute to. 100°C teld at 100°C for 1
minute, vthen 8°C/minute to 290"_(3, finally held at 290°C for 5 minutes.

Camer Gas: - Heliom-

Mass Spectrometry

Ionisation Voltage: 70eV
Acquisition Mode: Scanfﬁng
Mass Range: 35-450 Daltons
MS Resolution: Unit

Sugar analysis of intact glicocerebrosidase

Perivatisation

. An aliquot equivalent to 500g of glucocerebrosidase was lyophilised with 10pg of
Arabitol as internal" standard: THis wals thén iﬁéfhéub[yséd bx&efriighf-af 8(}"0 and dried -

© under nitrogen. Released moncsacehandes were: re«N-acetyIa’ced usmg a solution of

methanol,- pyﬁdme and-acetic anhydrnde dned under nitfogen agam “and converted 0 thenr '

trtmethylsxiyl {(TMS) derivatives according to SOP BO23. The TMS denvatlves Were

rcduceci in volume une{er mtrogen dtssoived in 2ml of hexane and somcateci for 3 mmutes

The samples were thien aHOWed to. ethbrat& at'4°C overmght A blanlc contamlr;g 10;13 of i
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Axabitol and a standard monosaccharide mixture containing 10pg each of Fucose, Xylose,
Mannose, 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 Specirometry
GC/MS

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

Autosystem X1. gas chromatograph and a Dell data system under the following conditions:

Gas Chromatography

Column: DB5
Injection:. On-colamn:
Injector Temperature: 40°C

Programme: 1 minute at 90°C then 25°C/minute to 140"0 S°C/rxm1ute t0 220°C,

finally 10°C/minute to 300°C and held at 300°C for'S minutes.. .

Carrier Gas: Helium

Mass Spectrometry c e , AN

| Tonisation Vo,ita-gé:‘A | A'E’Oe:V
Acqmsxtmn Mode: Scannmg '
Mass Range 50~620 Daimns L
MS R&soiutzon e Unit

" Delaved Extraction Matrix Assisted Laser Desorption Igni'séﬁtjn"Mass beééﬁr_om'é{ﬁ "

(DE-MALDI-MS) and Fast Atom Bombardment-Mass Specirometry (FAB-MS)
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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.

Positive Ton Fast Atom Bombardment mass specirometrnc analyséS' weré carried out
on M-Scan's VG AutoSpecE mass spectrometer operating at Vacc = SkV for 4500 mass
range at full sensitivity with a resolution of approximately 2500. A Caesium Ion Gun was
used to generate spectra Pperatir;g at 30kV. Spectra were recorded on a VAX.data system
3100 M76 using (};m,s saﬁﬁare. '

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

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

RESULTS AND DISCUSSION

TMS sugar analysis of Glucocerebrasidase

N-inked oligosaccharide screening

The intact giycoprotem was subjected to dialysis followed by trypsin d;gestzon and

- the lyophilised produots were digested using PNGase A and then punﬁed usmg a Cyg Sep-

Pak. The 5% aqg. acetic. acid {(N-linked ohgosacchamde contammg) fraction was

- permethylated and FAB mass spectra were obtained using a’ f:ortxon of the denvat:scd
* oligosaccharide in a low mass range for fragment ons and DE~MALDI~TOF mass spectra -

| were obtamed usmg a portion of the derivatised oligosaccharides in a hwrh mass range for

moiecuiar 1ons

Analy Sls of N-glycans from 'gfl'ui:dééi‘ehfé"sﬁdﬁéé o
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Table 1 lists the ‘predominant fragment ions present in the FAB spectra and
molecular ions present in the MALDI spectra. The molecular 1on region (shown in
Appendix II) coat'air{s a predominant signal at m/z 1505.8 (consistent with an [M+Na]"
quasimolecular ion for a structure having the composition Pent.deoxyHex Hex; .HexNA%}.
A range of less intense quasimolecular ions were also detected consistent with complex
and high mannose structures. The high mannose stractures detected range in size from
I-IestHexNAf;z at m/z 1579.8 to Hex;;-HexNAcg at m/z2193.0. The coinpiex signals are
produéed from less extensively processed N-glycans such as m/z 13_3 1.7 {consistent with

an [M+Na]" quasimolecular ion for a structure having the composition

3

. Pent. HeX3.HeXNAog) or from -Earger N~glyé&ns for example m/z 1751.0 (coﬁsistent with an

[M+Nal" quasimolecular ion for a structure having the composmon
Pent.deoxyHex Hexs. HexNAcg) m/z 23 75 4 (comxstent with an {M+Na] quasxmoleoular
ion for a structure hawng the composition Pent. deoxyHexz Hexs. He;d\lAm) and m/z
2753.6 (consistent with an {M-?Na}- quasunolecular ion for a structure having the
oompos:tion Pent.deoxyHexs. Hexs HexNAm)

‘The FAB mass syectmm provides mo*maﬁon regarding a'xtermae structures by
virtual of fragment ions in the low mass region of the spectrum (data not shown). Signals
were detected 1dent1fymg hexose (at m/z 219) and HexNAc (at m/z 260) as non—reducmg

terminal menosaccharides in the N-glycans..

Table2: Masses observed in thc permethy!atcd spectra of Giucocez ebrossdase

* (reference number 62996) follawmg Tryptxc :md I’eptade N—giycosndase A

digestion

228 | HexNAC (- methanol)
260 . o HexNAc
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. Linkage analysis of N-glycans from Gigt:oégéifeﬁm‘sidg_s_é '

High Mass A
1032.4 Pent. Hexs HexNAc*
117125 Hex; HexNAc;OMe + Na™ £
1299.6 Elitination of fucose from m/z 1505 8 )
13316  Pent Hex; HexNAc,OMe + Na© L
13456 | deoxyHex Hexs HexNAc,OMe + Na* :
1505.7 | _ Pent.deoxyHex Hex; HexNAc;OMe + Na
1579.8 - ' Hexs. HeXNAchMe +Na* BN
- 1709.9 Pent. deoxyHex Heu HexNAogOMe + Na o) )
1_750.9- ‘ ‘ Pent. deoxyHex Hex:; He)d‘lA(;gOMe + Na -
17839 | Heng HexNAC,OMe + Na© |
19890 | " How HoxNAGOMe +Na™ |
‘ . 1997.0 I | Pent deoxyHex Hexg HeXNAC4OMe + Na ll
l. | -2627.0 ‘ | o Not assxgned
TT2099.0 . T Not assxgned _ A ‘
2130.0 Pent. aeoxynexz HeX4 Hext\sAcguMe + Na*:‘ :
20991 | HewHoNAqOMe+Na
23752 Pént-deoxyl—lexz-ﬂém;ﬁexN AcOMe + Na%',,
27534 Pent.dgoxyﬂexs .Hezﬁs.HexN A040Mé: + N"af ‘, »

Aﬂ masses i coiumn one are mOIlO!SOtOp[C unless otherwise stated The mass

' numbers may not reiate dzrectly to the raw data as the soﬁware oﬁen assigns ) mass. numbers '

to B¢ iSOtOpe peaks particularfy for masses above ITOﬂDa

Lmkage anaiyms was performed on the N«lmked carbohydrates released foliowmg

PNGase A-digestion; Sep-Pak purification and permethiylation.
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A complex chromatogram was obtained with some impurity peaks originating from
the derivatising reagents. Comparison of the retention time and the spectra with standard

mixtures alfowed provisional assignments of the sugar containing peaks listed in Table 3.

Table 3: Retention times of the variously linked monosaccharides
detected as their partially methylatéd alditol acetates in the GC-MS analysis of
Glucocerebrosidase (reference number 62996) following Tryptic and Peptide N-
glycosidase A digestion

. 10.41
Xylose"
" Terminal
o - 10.84
Fucose
Terminal .
: : 12.29 (major)
Mannose
Terminal ‘
- 12.55
Galactose
2-linked o
13.40
Mannose ‘ -
4-Jinked o
13.58
Glucose
2,6-tnked .
e 14.91
Mannose - .-
. 3,6-linked . .
. o 1508
Mannose e e i IR
| " 2,3;6-linked S IV
B o to 1 T 1587 B
oo b .. . Mannose
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- further manipulation, for example with glycosyiases

4-hinked
16.73
GlcNAc
© 3 ,4‘-1i1’iked t e
17.59 . -
GlcNAc

4.3 QO-linked oliposaccharide screening

Reductive elimination was carried out on the 60% 2-propanol fraction {potential O-
hinked glycopeptide fractlon) from the Sep~i3ak punﬁcatlon of. Glucocerebrosidase
following trypsin and }?NGase A dxgestlons 'I'he sample was desalted foliovmng
termination of the reactzen a.nd aﬁer borate removal was permethylated FAB mass
spectra were obtained using a pomon of the df:m/atzsed olxgosacchanée 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 moiecu‘iaf ions. No signals

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

Linkage Analysis of O-glycans from glucocerebrosidase

Linkage analysis was carried out on the products of reducttve ehr.nmat;on after
permethylation. No signals consistent with the presence of typxcai Owlmked glycans were
observed (data not shown), ‘

Figure 6 shows some exempfai_‘y glycan structures as a quﬁgﬁson between GCD
obtained from CHO (Chinese hamster ovary) cells, which are ﬁia&malim cells: |
(Cerezyme™) and the GCD of the present mvention, from carrot celis As shc'})wﬁ,
remodeling of these structures is required to obtain exposed r‘h_’;iﬁnose residues for

. . LS. LT « o
Cerezyme™. By contrast, such exposed mannose remdues are ditectly obtamed for the:

‘GCD obtained from plant cells.according to the present mvennon, thhout requmng

Figure 7 represents the main glycan structure: found fhl rGCD quure 7 shows .
proposed structures Of a) the p{ed()mmant ohg@sa.cchande popu%atloﬁ found on hGC

expressed in carrot celi suspensmn (1505. 7m/z} b) typzcal N~im§<ed core; c) Fucosytated
54
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plant N-linked core. N-finked glycans are coupled to the protein via-Aspargine and through
the reducing end of the GlcNac (GN) residue on the right band of the diagrams. N plant
glycosylation patterns, Fucose residues may be part of the core structure, bound to the first
GlcNac using an a[pha;(}%) ghycosidic bond, while marmalian structures typically use the
alpha(1-6) glycosidic bond. '

Figures 8A~8D show all posmble structures for the N-glycans detected on the rGCD ;l
protein according to the present invention.

The dominant glycan structure that was identified is the core glycan structure found
in most plant glycoproteins from pea, rice, maize and other edible plants. This structure
contains a corée xylose residue as well as a core élpha~(l,3)—ﬁlcose. ‘Work doge by Bardor-

et al (33) shows that 50% of nonallergic blood donors have specific antibodies for core ‘

xylose in their sera, and 25% have specific antibodies to core alpha-(1,3)-fucose.. However

it is still to be studied whether such antibodies might introduce limitations to the use of
plant-derived biopharmaceutical glycoproteins: A |

The munor giycén populations of the BGCD produced as described above were
mainly high mannose stmcturés Hexd4HexNAc2 to Hex8HexNAc2. Among the complex-

structures exhibited structures such as Pent.deoxyHex2 Hex4 HexINA¢3 and

Pent deoxyHex3 Hex5 HexNAc3. Pent. Hex3 HexNAc2 was deteét_edin stnaller

proportions.

- The major terminal monosaccharides are hexose (Mannose or Galactose) and N~ -
acetythexosamine, which is consistent with the presence Gf high mannose Stgju"o"aires- and
partially processed complex structures.

With regard o O-linked o!igoéacchaﬁde scteening, no signals that dre con’s‘i‘étmt

. with typical O-linked giycans were observed. GCD is known in the art to not have O- .
25

linked oligosaccharides, such that these results are consistent with the known: giycosylatlon

-of GCD from other cell systems,. mciudmg native GCD and recombinant GCD prodisced in

) mammahan culture -systemns. However, in the monosaccharide composition, s1gnals

Y
consistent with Arabmose were detected.

Ani mportant point with regard to the present invention is'that- the hGCD protem N~

. glycan composition analysis showed that the majority of the N-glycans termmate with

mannose residues. . This agrees with the requit ement formannose terminating’ N—glyoans

ass;stmg the uptake of thcrapauﬂc hGCD by, the macrophage mannose receptor Howevex
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neither native GCD nor recombinant GCD produced in mammalian cefls is high mannose.
Therefore, the present invention overcomes a significant drawback of commercially
-j)roduced hGCD proteins, which is that these proteins are modified to terminate with

mannose sugars, unlike the protein produced as described above.

EXAMPLE ¢
TREATMENT WITH THE PRESENT INVENTION

The recombinant protein produced according to the present invention preferably

- comprises a suitably glycosylated protein produced by a plaht cefl culture, which is

preferably a iyscasomal enzyme for example, and/or 2 high mannose glycosylatedd protein.”
Accordmg to preferred embodiments: herem the protein pmduced according to the

present invention is suitable for treatment of 4 lysosoma[~assooxated disease; suchas a

ysosomal storage disease for example.

The method of treatment optionally and preferably. comprises: - (a) -providing a
recombinant btologically active form of lysosomal enzyme purified. from transformed piant
root cells, and: capable of efficiently iargetmg cells abnormally deficient in the lysosomal
enzyme. This recombinant - biologically active enzyme has expased terminal mantiose
residues on appended oligosaccharides; and (b) administering -a tﬁerapeutmaﬁy effective
amount of the recombinant biologically active lysosomal enzyme, or of compasition
comprising: the same to the subject. In a preferred embodiment, the recombinant high
mannose lysosomal enzyme used by the method of the invention may be preduced by the

host cefl of the invention. Preferably, this host cell is a carrot cell.

By “mammalian subject” or “mammalian. paﬁgnt” is meant a.n;i‘."ma'ttun’zlv»fa‘r which'.'

gene therapy is desired, i-nciudihg human, ‘bovine, equine, canine, and feline s‘itibjé::ts, most

preferably, a human subject.

“

It should be noted that the term “tre ‘enf ‘also includes amelioration or alleviation

of a pathological condition and/or one or-more’ symptoms tglerea{ w;mg such & cc)m.‘mtmn1 -

or- preventmg the genes;s of stich a Cﬁﬁdlfiﬂn

-In another preferred embodlm@nt the lysosomal enzyine-used by the methocf of the

invention may be a high mannose:enzyme comprising at least one oligosaccharide.chain

having an exposed mannose residue. This recombinant enzyme can bind to.‘a ‘mannose

receptor on a farget cefl in a.target site within a-subject. More preferably, this recombinant - :

" 56
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lysosomal enzyme has increased affinity for these target cell, in comparison with the
corresponding affinity of a naturally occurring lysosomal enzyme to the target cell
Therefore, each dosq is dependent on the effective targeting of cells abnormally deficient
in GCD and each dose of such form of GCD is substantially less than the dose of naturally
occurring GCD that would otherwise be administered in & stmilar manner to achieve the
therapeutic effect. ‘
According to preferred embodiments of the present invention, the protein is suitable
far the treatment of lysosomal storage diseases, such that the present invention also
comprises a method for treating such diseases. Lysosomal storage diseases are a group of
over 40 disorders which are the result of defects m genes encbding enzymes that break

down glycolipid or polysaccharide waste products within the lysosomes of cells. The

© enzymatic products, e.g., sugars and.lipids, are then recycled mto new products. Each-of

these disorders results from an inherited autosomal or X-linked recessive trait which
affects the levels of enzymes in the lysosome. Generally, there is no biological or

functional activity of the affected enzymes in the cells and tissues of affected individuals.

~In such diseases the deficiency in enzyme function creates a progressive systemic

deposition of upid or carbohydrate substrate in lysosomes in cells in the body, even stually

_causmg Ioss of organ function and death. The genetic enoiegy, chmcal manifestations, .

molecular biology and possibility of the lysosomal storage diseases are detafled fi:% Scnver
et al. [Scriver et al. eds., The Metabolic and Molecular Basis-of Inherited Disease, 7" Ed:,
Vol. II, McGraw Hill, (1995)]. .
Examples of Iysosomal storage diseases (and their associated deﬁcxeni enzymes)
in‘éiuae_ but are not I,mntea- to-Fabry disease. {a-galactosidase), Farber disease {céraﬁada‘se); :
Gaucher disease (glucocerebrosidase), Gmi. gangliosidosis. (B-galactosidase), '{‘-ay‘.-:Saché. '
‘disease {B-hexosaminidase), Niemamn-Pick disease (sphirigemyelinase)* Schindler disease

(e -N-acetylgalactosaminidase), Huyte*r syndrome (idur P«Z-suifafzse‘s -Sly syndrome

e

= {B-ghacur Omdase) Hurler and - Hurierischexe synciromes (lciurcmdase) and 1-Cell/San

Eilipo syndrome (marmose 6~phosphate transporter). .

Gauchcr disease is the most common Eysosemai ster&ge disedse in Humaris;’ W:tiz e -

-mghest;_freqﬁency encountered in the Ashkenazi Jewishi pg_pulat_ton.l ‘About 5,000 to 1’0,00'(}‘ b
- people in the United States are affficted with this disease [Grabowskd, Adv. Huri Genet:

21:377-441(1993)]. . Gaucher disease results from a. deficiency in glucocgzrebmsidasé'
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(hGCD; glucosylceramidase). This deficiency leads to an accumulation of the enzyme's
substrate, glucocerebroside, in reticuloendothelial cells of the bone marrow, spleen and

liver, resulting in significant skeletal complications such as bone marrow expassion and

bone deterioration, and also hypersplenism, hepatomegaly, thrombocytopenia, anemia and

lung complications [Grabowski, (1993) ibid.; Lee, Prog. Chn. Biol. Res. 95:177-217

(1982)}.

More “specifically, the iysosamal enzyme used by the method of the invention may

be selected from the group coumsisting of glucocerebrosidase (GCD), acid
sphingomyelinase, - hexosaminidase, —o-N-acetylgalactosaminidise, acid * lipase, o-

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

sialidase. Preferably, where. the treated disease is Gaucher's disease, the lysosomal enzyme

used by the method of the i mventmn is glucocerebrosidase (GCD).

The protein -of ‘the present invention can be used to préduce a pharmaceufical

composition. Thus, according to another aspect of the present invention there is provided a

pharmaceutical composition which includes, as.an active ingredient thereof, a protein and'a

* pharmaceutical acceptable carrier. As used herein a “pharmaceutical composition® refers

to a preparation of one or more of the active ingredients described heréin, such as a

recombinant protein, with other chemical components sach a$ traditional drugs,

physiologically suitable carriers and excipients. The purpose of a i}ﬁarxﬁaéeuﬁcai

composition is to. facilitate administration of a protein or ‘cell to an organism.

' Pharmaceutical compositions of the present invention may be manufacturéd by processés

well known in the art, eg., by méans of conventional mixing, disSolving, granulating,

,dfagee—making,. o levigating, -emulsifying, encapsulating, entrapping or ‘[yéplﬁlizhig

processes.

In-a  preferred- embodiment, the ‘term - “pharmaceutically acceptable® “ineans -

approved by a regulatory agency. of the Federal or a state govetniment or listed in the U.S.

Phamacepeta or other generaily- fecogmzed pharmacopexau for ‘use-in animals, and-more

' particularly in humans. Heremafter ‘the .phrases "phys;olegmaﬂy suitable . carrier*: and
pharmaceuﬁcaﬂy acceptable carrier” are: interchangeably used and- refer to an- approveé, -

_ camer ora difuent that does 1ot cause’ mgmﬁcant 1mtatmn to.an. orgamsm and does not e

abmgate the biological activity aad propemes of the admuustefed con;ugate

58
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The term “carrier” refers to a diluent, adjuvant, excipient, or vehicle with which the
therapeutic is administered. Such pharmaceutical carriers can be sterile liquids, such as
water and oils, including those of petroleum, animal, vegetable or synthetic origin, such as
peanut oil, soybean E)ii, mineral oil, sesame oil and the like. Water is a preferred carrier
when the pharmaceutical compositioh is administered intravenously. Saline solutions and
aqueous dextrose and glycerol solutions can also be employed as liquid carriers,
parficularly for injectable sclutions. Suitable pharmaceutical excipients include stafch,.
glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate,

glycerol monostearate, talc, sodium chioride, dried skim milk, glycerol, propylene; glycol,

‘water, ethanol and the like. The composition, if desired, can also contain minor amo@ts, of

wetting or emulsifying agents, or pH buffering agents. These compositions can take the
form .of solutions; suspensions, em@[sion, tablets, pills, capsules, powders,. stistained-
release formulaﬁo_ﬁs and -'the like. The composition can be formulated as a suppository;
witﬁ traditioaai binders and carriers such as txiglyé;e{ides. Oral formulation can include’
standard carriers such as phiirmaceutical grades of rriannito{ lactose starch, magnesium
siearate, sodium saccharine, cellulose, magnasmm carbonate; etc. Examples of - suitable
pharmaceutical camers are described in “Remmgmns Pharmaceutical Sczences“ by E: W
Martin. Such_cmnpqsxt;onsl will contain a therapeutically effective amount .of the protein,
preferably in purified form, together with a suitable ameunt of carrier so as to, provide.the
form for proper administration fo the patient. Fhe formulation should be suitable for the
mode of administration. I

Heremn the term exczpzent" refers to.an. inert substance added to a pharmaceutical
composition to further facilitate procpsses. &z;d .administration of the active mgrec}aents.

Examples, without limitation, of excipients include calcium carbonate, calcium phosphate,

- various sugars and types of starch, cellulose derivatives, -gelatin, vegetable oils- and

polyethylene glycols

Further i:echmques for formulatmn and’ adnumstratlon of, active mgredlents may. be;.:

‘ found in “Reimngion § Pharmaceuttcal SGlﬁﬁCBS ? Mack Pubhs‘hmg Co Easton, PA; iatesi{-, -
. ._ .edmonv wl'uch 18 mcerparated herein by reference as if fuﬂy sef forth herem '
™ ‘

The pharmaceutlcai cqmpos;tmns herein descnbed may a!so oompnse smtabie schd@" |

or gel phase camers or exmplents Examples.of such carriers or exczplents mciude but arej.
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not limited to, calcium carbonate, calcium phosphate, various sugars, starches, ceflulose
derivatives, gelatin and polymers such as polyethylene glycols.

Suitable routes of administration may, for example, include oral, rectal

transmucosal, transdermal, intestinal or parenteral delivery, including intramuscular,
subcutaneous and intramedullary injections as well as infrathecal, direct intraventricular,
mtravenous, intrapentoneal, intranasal, or infraccular injections.
A Pharniaceutical compositions for use in accordance with the present invention thus
may be formulated in conventional manner using one or more pharmaceutically acceptable
carriers comiprising excipients and auxiliaries, which facilitate processing of the active
ingredients into preparations which, can’ be used pharmaceuticaliy Proper formulation is
dependent upon thie route of adiinistration chosen.

For injection, the active ingredients of the'l‘nveﬂtion'niay be formulated in aquéfjﬁs' :
sohations, preferably i 'physio\logically co‘mpatibié; buffers such as Hank’s solzitién,
Ringer’s solution, or physiological saline bﬁﬂ‘e‘r  For transmucosal administration,
penetrauts are used in the formulation. Such penetrants are generaﬁy known in the art.

For oral administration, the active ingredients can be optionally formulated through
administration of the whole cells 'producmg a protein according to the present invention,
sﬁch as GCD for.example. The active ingredients can also be formulated by combining the
active ingredients and/or the cells u}i-th pharmaceutically acceptable carriers well icrio'wn‘ in
the art. Such caitiers enable the dctive mgredients of the invention to be fo:mulated as
tablets, pills, dragees, capsules, liquids, gels, syraps, slurries, suspensions, anifl the like, for
oi“ai‘ingestio& by a patient. Pharmacological preparations for oral usé can be made using a
solid-excipient, optionally grinding the resulting ‘mixture, and processing the rixturé of
granules, after adding suitable auxiliaries if desired, to obtain tablets or firagéé'cbreg‘s." S

Suitable excipients are, in particular, fillers suchi-as sugars, including lactose, suctose,

- manmuitol, or sorbitoi cellulose preparaticns sucn as, for example, mazze atarch, wneat ‘

" starch, rice starch; potato starch, geiatm gum ‘tragacanth, meghyl ceiluiose

hydroxypropyhnethy!—celluiose ' sodium caﬁ)omethylceliuiose ‘and/or physmiogwaiiy
acceptabie polymers such as poiywnyipmohdone (PV.E’} i desxrecL dzsmtegratmg agents
may be added, such as cross~11nked polyvmyl ywohdone agar or algtmc acid or . salt _

' thereof such as sodzum algmate
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s emulszons in oﬁy or aqueous vehicles, and * may -contain formuiatery agents such aﬁ" :

Dragee cores are provided with suitable coatings. For this purpose, concenirated
sugar solutions may be used which may optionally contain gum arabic, talc, polyvinyl

pyrrolidone, carbopol gel, polyethylene glycol, titantum dioxide, lacquer solutions and

-suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to the.

tablets or dragee coatings for identification or to charactérize different combinations of -
active ingredient doses:.

Pharmaceutical compcsmons which can be used orally, mclude push-fit cap*sules
made of gelatin as well as scﬁ sealed capsules made of gelatin and a- piastxmzer such. as

glycerol or sorbitol. The push—ﬁt capsules may contain the active ingredients in admlxmre

. with filler such as lactose, binders such as starches; tubricants such as tal¢ or magnesmm

-stearate and, optionally, stabilizers. In soft capsules, the. active: ifigredients may be

dissolved or suspended in suitable liquids, such as. fatty oils, liquid paraffin, -or Tigoid
polyethylene glycols. In addition, stabilizers- may be added. All formuilations for -oral
administfation should be in dosages suitable for the chosen route of administration. '

For buccal administration, the compésitidns may take the form of tabléts “or
lozenges formulated in conventional manner. ‘ ‘ ‘ |

For administration by inhalation, the active ingredients for use” aeoordwa 1o the
present invention are conveniently delivered in the form of an acrosof spray presentatxgn :
from. a pressurized pack or a nebulizer with the use. of a surtable ‘pmpellant, eg.,
dichlorodifluoromethane, trichlorofluoromethane, -dichloro-tetrafluoroethane or carbon .

dioxide. In the case of a pressurized aerosol, the dosage unit ‘may . be™deterniitied by

- providing a yaive'tb.,dleﬁver a metered amount. Capsules and cartridges of, e.g:; gelatiy for

use in an inhaler or insufflator may be formulated containing-a powder mix of the active

.ingredient and a suitable powder base such as lactose or starch.

- The active ingredients ' described herein may “be formulated for parenterai A

.«adnumstmtxon, e.g., by bolus injection or continuous mﬁlsmn ~ Formulations for infection
 may be presented in unit dosage form; e.g., in’ ampoules: 01 in-multidose containers: mth :

: aptionally, an . added prcservatlve The composﬁ;ans may be suspensxons solutxons or.

: snspendmg, siab;hzmg dnd/or dzspersmg agents.

Pha;maceuncai composﬁ:l@ns for. parenterai admunstratmn mciude aqueous-'b'

, seiutxons of the active preparation in water-soluble form. Addltwnaﬂy, suspenswns of the '
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active ingredients may be prepared as appropriate oily injection suspensions. Suitable
lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic fatty acids
esters such as ethyl cleate, triglycerides or liposomes. Aqueous injection suspensions may

contain substances, which increase the viscosity of the suspension, such as sodium

- carboxymethyl cellulose, sorbitol or dextran. Optionally, the suspension may also contain

suitable stabilizers or agents which increase the solubility of the active mgredients to allow .

for the preparation of highly concentrated sofutions. ‘

In a preferred embodiment, the composition is formulated in accordance with
routine procedures-as a pharmaceutical composition adapted for iutravenous administration
o :hun;ag, beings. Typically, pharmaceutical compositions for intravenous administration
are .,\sgollutiqns in sterile isotonic aqueous buffer. Generally, the ix‘x’gre&ients are -supplied
eiﬂte_; separately or mixed togethier in-unit dosage form, for example, as a dry Iydptﬁiized

S .
powder ar water free concentrate in a hermetically sealed container such as an ampoule or

sachette indicating. the quantity of active agent. Where the ‘ composition i§ to be )

administered by infusion, it can be dispensed with an infusion bottle containing sterile
pharmaceniical grade water or saline. Where the composition is administered by in}ecﬁon,
an ampoule of sterile water for injection or saline can be provided so that the ingredients
may be mixed prior to administration.

The phafmac.eutical compositions of the invention can be formulated ‘as neutral or
salt- forms. Pharmaceutically acceptable salts include those formed with anions’ such as
thosteﬂdeﬁx'feqi‘ from hydrochloric, phosphoric, acetic; oxalic, tartaric acids; ’atc and those

formed with cations such as those derived from sodium, potassium, ammoniom, calcium,

- fersic. hydroxides, isopropylamine, trigthyiémine, 2-ethylargino etﬁfmgi, histidit‘ie, “procaine;

etc.

. The active mgredients of the present invention may-also- be formudated in rectal
compositions such’ as suppositories or retenlion enemas, using, e.g., conventional

suppository bases such as cocoa buiter-or other glycerides.

.. The . pharmaceutical ‘compositions herein"described may also complise suifablé

so!id'of gel.phase carriers-or excipients. Examples of such carriers OF excipiéilts include; -

but are not limited to, calcium carbonate, calcium phosphate variots stigars; s(.arcbes

cellulose denvatwes gelatin and polymers such as polycthyiene glycois
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topical carrier is one which is generally suited for topical active ingredient administration

and includes any such materials known in the art. The topical carrier is selected so as fo

provide the composition in the desired form, e.g., as a liquid or non-liquid carrier, ioﬂon :
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cream, paste, gel, powder, ointment, 'soivent, liquxd diluent, drops and the like, and miay be.-

. comprised of a material of either naturally occurring or synthetic origin. It is essent‘ial-,;

clearly, that the selected carrier dces not édverseiy affect the active agent or other
components of the topical formulation, and which is stable with respect to all components

of the topical formulation. Exaroples of suitable topical carriers for use herein inchide

water, alcobols and. other nontoxic organic solvents, -glycerin, fmineral oil, siicone,

-petrolenm jelly, lanolin, fatty acids, vegetable oils, parabens, waxes, and the like.

Preferred formulations herein are colorless, odotless ointments, liquids, lotions, creams and -

gels.

Ointments are semisolid preparations, which are typically based on petrolatum or
other petroleum derivatives. The Specific ointiment base to be used; as will be appreciated
by-those skilled in the art, is one that will pravide for optimum-active ingredients delivery,

and, preferably, will provide for other desired characteristics as well, e.g., emcllién‘gy or

the like: As with other carriers or ‘vehicles, an ointment: base ‘should be inert, stable,

nonirvitating and nonsensitizing. As. explained in Remington: The Science and Practice of
Pharmacy, 19th Ed. (Easton, Pa.: Mack Publishing Co., 19.95'), at pages 1399-1404,
ointment bases may be grouped in four. classes: oleaginous bases; -émiflsifiable - bases;
emulsion bases; and Water»soluble bases. Oleaginous ointment bases include, for example,

vegetable oils, fats obtained-from 'animals; and semisolid hydrecarbmis"‘obtaihéé ff;éih

petroleum. Emulsifiable oistment bases, also- kiown as absoibent -ointment bases, contain’

little-or no water axid-inciude- for example, hydroxystearin sulfate; anhydrous I'a:ﬁo‘lin and

hydrophﬂlc petrolatum. Emulsion ointment bases are either water-in-oil (W/0) emuiswns

~or.. oil-in~water. (O/W)- emulsions, and:-include, for example cetyl alcohoi glyceryl o

. monostearate; -lanolin. and -stearic -dcid:- Preferred - waterusoluble omtment bases axe,;‘

« prepared. from polyethylene glyc@ls of varyzng molecular wexght agam, reference may be e

made to Remington: The Scze.nce and Practlce of Pharmacy for further information.

Lot;ems are preparatxons to be applied: to the skirr surface withouit: ﬁ'xctlon and are‘ L

typlcaﬂy kqujd or. sem:hquxd ‘préparations, -1n whrch solid -particles; mcludmg the active
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agent, are present in a water or alcohol base. Lotions are usually suspensions of solids, and
may comprise a liquid oily emulsion of the oil-in-water type. Lotions are preferred

formulations herem for treating large body areas, because of the ease of applying a more

fluid composition. It is generally necessary that the insoluble matter in a lotion be finely
divided. Lotions will typically contain suspending agents to produce better dispersions as

well as active ingredients useful for localizing and holding the active agent in contact With .

the skin, e.g., methylcellulose, sodium carboxymethylcellulose, or the like.

Creams containing the selected active ingredients are, as known in the art, viscous
liquid or semisofid emulsions, either oil-in-water or water-in-oil. Crearm ~ba§eg are water-
washable, and contain an oil phase, ‘an'e'mul‘siﬁe,r and an aqueous phase. The oil phase,

also sometimes called the “internal” phase, is generally comprised of =pétrolaturr§and a fatty

alcohol such as cetyl or stearyl alcohol; the aqueous phase usually, - although. Hot

necessaridy, exceeds the oil phaise in volume, and generally contains a humectant. The
emuisifier in a cream formulation, as exp!éiued _in Remington, supra, is. generally a
DORIONIC, ANIONIC, cationic or amphoteric surfactant.

Gel formulations are preferred for application to the scalp. As will be appreciéﬁed
by those working in the field of topical active -ingredients formulation; gels:are éemisolid,

suspension-type systems. Single-phase gels confain organic macromolecules distributed

.substantlaﬁy uniformly threughout the carrier liquid, which is. typically aqueous, but also

preferabiy, contain an alcohol and, opilonally, an oil, ' _ .
Vanous addztives, known to-those skilled in the art, may be includeél?in.the .tépiéal
formulations of the invention. For example, -solvents may be used to solubilize certain
active ingrédients_substanceé- Other optional additives include skin permeation enilancers;
opacifiers, anti-oxidants, gelling agents, thickening agents, stabilizers, and the like.. ‘
o "Tiqe topical compositions of the presentfi:nventipn‘may‘.aisq-:ba. delivered-to the-skin
using conventional d;:glza!~typé pat ches or “articles, - wherein the .agz-«ixm izigrediéaf's

cozﬁposiﬁon.is.qontainad within a ‘Ianux;at.ed stracture, that serves as-a drug delivery device

1o be -affixed 1o the skin. In such a structure, the active ingredients composition ~'~3is..'
co:itzﬁned in a layer, or “reservoir®, underlying an. uppér :backing layer.: The iazmnated '
structure may. contam a. smgle reservoir; ofr.it may contain- multiple reservmrs Iﬁ-"‘érie’l
embodzment the reservoir comprises a polymerzc matrix of a pharmaceutlcaliy acccptabie “

contact' adhesive material. that. serves -fo affix the system to-the. skin. :dunﬁgs‘acﬂveu

&4
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ingredients delivery. Examples of suitable skin contact adhestve materials include, but are

not fimited to, polyethylenes, polysiloxanes, polyisobutylenes, polyacrylates,

polyurethanes, and the like. The particular polymeric adhesive selected will depend on the

particular active ihgr.edients, vehicle, etc, ie, the adhesive must be compatible with-all.
components of the active ingredients-containing composition. Altematively, the active
ingredients-containing teservoir and skin contact adhesive are present as separate a'nki_ :
distinct layers, with the adhesive underlying the reservoir which, in this case, may be e’iiﬁer

a polymeric matrix as described above, or it may be a liquid or hydrogel reservoir, or may

take some other form.

‘The backing layer in these laminates, which serves as the upper sprface of the

device, functions as the primary structural element of the laminated structure and provides

the device with much of #ts flexibility. The material selected for the backing materal

should be selected so that it is substantially impermeable to the actiVe‘irégredients and to

any other components of the active ingredienis-containing composifion, thus preventing"
loss of any components through the upper surface c;f the device. The backing layer may be
either occlusive or non-occlusive, depending on whether it is-desired that the skin become
hydrated during active ingredients-delivery. The backing is preferably made of a sheet or
film of a preferably-flexible elastomeric material. Examples of. polymers that are suitable
for the backing layer include polyethylene, polypropylene, and polyesters.

.Durix_zg storage and.prior to uvse, the laminated structure includes a release liner.
1mmediateijr prior to use, this layer is removed from the device o 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

-ingredientsfvehiclé impez’meab!e material.

Such devices may ‘be. fabricated using conventional fechniques, lmown i the art,

fer example by casting a fluid admixture of adhesrve active ingredients- and vehicle onto

w.:.the bacinng iayef followed by lammanon of the reIease tiner. Smuiariy, the. adhestve.

mzxture may be cast onto the release imer foliewed by 1ammatmn of the backing, 1ayer B
Aitematzvely, the actwe mgredients reservoxr may. be prepaxed m- the absence. of. active
mgredzents or excxplent and then Ioaded by “soaking" in an actwe mgredzents/vehmle

mlxtare .
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animal: stidiés can be used in formulatmg a range of dosage f@r use in human For B

As with the topical formulations of the invention, the active ingredients
composition contained within the active ingredients reservous of these laminated system

may contain a number of components. In some cases, the active ingredients may be -

A

defivered “neat," 1e., in the absence of additional liquid. In most cases, however, the
active ingredients will be dissolved, dispersed or suspended in a suitable pharmaceuticaiiy-
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 mnvention, such as a high mannose
lysosomal enzyme, is preferably administered to the patient in peed in an effective amount.
As used herein, “effective amount” means an' amount niecessaty to achieve a selected ‘

result. For example, an effective amount of the composition of the invention may be

-selected for being useful for the treatment of a lysosomal storage disease.

Pharmaceutical oomposmons suitable for use in .context: of the present mvention

include compositions wherein the active ingrédients are contained in an amount effective

e ey

to achieve the. intended purpose. More specifically, a therapeutically effective amount

. means an amount of  active ingredient effective ‘to prevent, alléviate or améliorate

symptoms of disease or prolong the survival of the subject being treated.
Determination of a therapeutically effective amount is well within the. capab:ixty of
those skilled in the art, especially in. i:ght of the detailed disclosure provided herein. ‘ A
For. any .active ingredient used in the methods of the invention, the therapeutlcaily
ﬁ“‘ective amount o1 dose can be estimated initiatly i from activity assays i’ ammcns For
example a dose. can be formulated in animal models to achxeve a cireulating concentratnon
ranga that inchudes the ICsg.as determined by activity assays. A
Toxicity and therapeutic efficacy of the active iﬁg‘rédiéﬁt’é described hersin can be |
determined by standard pharmaceutical procedures in"‘}"ékperimehtai animals, e.g., by

determining the ICsg and the LDsq (lethal dose’ causmg death in 50 % of ihe tested

animals) for a subject active ingredient. The data obtamed from these activxty assays and

example, therapeuttcaily effective doses suitable for treatment of genetic d1sorders can be o

determinéd from the expenments with animal models of thése- dzseases

" The dosage may vary depending upon the dosage form employed and the mute of .
administration utilized. The exact formulation, route of adminisiration and dosage can be

. &6
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chosen by the individual physician in view of the patient's condition. (See e.g_, Fingl, et al.,
1975, in “The Pharmacological Basis of Therapeutics”, Ch. 1 p.1).

Dosage amount and interval may be adjusted individually to provide plasma levels
of the active moiéty‘wkﬁch are sufficient to maintain the modulating effects, termed the.
minimal effective concentration (MEC). The MEC will vary for each preparation, bﬁt may -
optionally be estimated from whole animal data. | |

Dosage mtervals can also be determined using the MEC value. Preparations may
optionally be édministered 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 %.

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 ts 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 ingref}ient. 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 administration. The pack or dispenser may also be accompanied by a
potice associated with the container in a form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticafs, which notice is reflective -of
approval by the agency of the form of the compositions or human or veterinary
admunistration. Such potice, for example, may be of labeling approved hy the U.S: Food

and Drug Administration for prescnptmn drugs or of an approved pzodua insert.

Compositions comprising an active mgredzent of the invention formulated in a compatible -
pharmaceutzcai carrier may also be prepared, placed in an appropriate container, and.

' , Libeied for treatment of an indicated condition.

As used herem the term “modulate” includes substantially inhibiting, slowing of
reversing the progression of a dxsease substantially ameﬁoratmg chmcai symptc;ms of a

disease or condmon or subsiant:aiiy preventmg the appearance of clm:ca! symptoms of a

© diséase or condmon A’ "odulator” therefore mciudes an agent whmh ma modulate a
g y L

disease or condition.

67



10

15

20 -

25

SEQUENCE LISTING

SEQ ID NO:.1
Amino acid sequence of the Signal Peptide ER:

METNLFLFLIFSLLLSLSSAEF

SEQ ID NO: 2

Amino acid sequence of the Vacuolar ts;cgetmg sxgnal frova Tobacco
chifinase A:

DLLVDTM

CSEQID NG 3
Nucleic acid sequence of the Forward primer:
cagaattcgeecgeeectgea

- SEQIDNO'4'

Nuciezc aczd sequen(:f: of the Reverse pr;mer' ,

‘cieagatcttggesatgccaca

SEQIDNO:5

: ﬂa:f»Nuclem ac1d sequence of the farwarci pnmer from the 353 prgmotey o

ctcagaagaccagagggcet
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SEQID NO: 6

Nucleic acid sequence of the backward primer from the terminator:

caadgeggecategige .

SEQ ID NO: 7

Nucleic acid sequence of the human GCD <DNA used for the
constructs of the invention -

geeegeec ctgeateect aaaagetieg getacagete ggtggtgtat

gtctgeaatg ccacatactg tgactccttt gaccccécga cctttcctgé ccttggiacc ticagecget
atgagagtac acgcagtggg cgacggatgg agctgagtat‘ ggggcc‘{:atc caggctaatc acaégggcac
aggectgeta ctgaccetge agecagaaca gaagttccag aaagtgaagg gattiggagg ggcecatgaca
gatgctgetg  ctetcaacat  ccttgeectg  teaccecctg cccaaaattt gctacttaaa  tegtacttct

Actgaa'gaagg aaicggatat aacatcatcc gggtacccat ggecageigt gacttcteca tccgeaccta

cacctatgea gacaccectg atgatttcca gtigeacaac ticagectce cagaggaaga taccaagctc
aagataccce tgattcaccg agcccetgeag  ttggeccage gteeegttic actecttgee agcc'cctgga
catcacccac ttggetcaag accaatggag cggigaatgg gaaggggtea clcaagggac ageecggaga
catctaccac cagacciggg ccagatactt igtgaagitc ctggatgeet atgév,tgagca caagttacag
ttctgggeag {gacagetga aaatgagect totgetggge tgtigagtgg ataccectic ca_gtgcctgg'
gettcaccee tgaacatéag cgagécttca tigeeegiga cctaggtect acectegeca acagtéctc‘;é

‘ccacaatgtc cgectactca tgetggatga ccaacgettg ctgetgecee actgggeaaa ggtggtactg :

acagacccag aagcagetaa atatgticat ggcattgctg tacattggta cctggacttt clggcetccag

ccaaagecac colaggggag acacaccgee i‘gmc*‘cz,aa caccatgete rtrgcacag aggcr‘tgtgt

gggctecaag trctgggagc agagigtgeg getaggetee igggatcgag ggatgecagta cagccacagc -
aicatcacga acctcctgta ccatgtggtc ggctggaccg actggaacct. tgccctgaac cccgaaggagf .

gacccaattg.. ggtgcgtaac tttgtcgaca gtcccatcat tgtagacatc accaaggaca cgttttacaa ‘
acagceeatg . ttctaccacc ttggcca,cu cagcaagttc aftcetgagg: gcicccagag agtggggctg »

‘ gttgecagic agaagaacga cciggacgea gtggeactga tgca.tcccga tggctctgct gttgtggtcgf

&9



tgc,taaaccg ctecictaag gatgitgecte ttaccatcaa ggatcctgct glggectice tggagacaat
ctecacctgge tactceattc acacctacct gtggeatege cag

5 SEQ ID NO: 8

GIucocerebrOSidase amino acid sequence

ARPCIPKSFGYSSVV
CVCNATYCDSFDPPTFPALGTES
10 RYESTRSGRRMELSMGPIQANHT
GTGLLLTLQPEQKFQKVKGFGGA
"MTDAAALNILALSPPAQNLLLEKS
YFSEEGVRLLMLND QRLLLPHWAKYV
VLTDPEAAKYVHGIAVHWYLDFLAPAKA
5 TLGETHRLFPNTMLFAS EACVGSKFWE
 QSVRLGSWDRGMOQYSHSIITNLLYHYVYV
GWTDWNLALNPEGGPNWVRNFVD SPII
VDITKDTFYKQPMFYHLGHFSKFIPEGS
QRVGLVASQKNDLDAVALMHEHPDGSAVYV
200 V-VLNRSSKDVPLTIKDPAVGFLETISPG
:YSIHTYLWHRQ |

 'SEQIDNO: 9 - . |
F85 e 883 Promoter nicleic acid sequence

! ’I‘tttcacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcact’ecatcg
eyt aaaggacagtagaaaﬁggaaggtggctcctacaaatgccatcattgcgataaaggaaaggetatcgttca

. e 'agatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcg‘cggaaaaagaaga
- 30 cgttccaatcacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaat

S ccactatccttcgcaagacccttcctctatataaggaagttcatttcatttggagaggac
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S aaaggaca,gtagaaaaggaaggtggcicciacaaatgccatcattgcgataaaggaaaggctatcgttca S

. 30'.

SEQ ID NO: 10

Nucleic acid sequence encoding the ER signal peptide

atgaagactaatctttitctettictecatettticacttcte ctatcattatecteggecgaatte
CSEQ ID NO: 11

Nucleic acid sequence encoding the vacuolar targeting sequence .

e

gatctittagicgatactatg .

SEQ ID NO: 12

Nucleic acid sequence of the terminator

taatttcatgatctgttitgttgtaticecttgcaatgeagggectaggactatgaAtasagttaatst

| gtgaatgtgtgaatgtgtgatigtgacctgadgggatcacgactataategtttataataaacaaagactttg

tcecagaaacceecceeecngeaga -

SEQ ID NO: 13

' Nucleic acid sequénccvof‘_theb expression ‘cdssétte of the invention
*i:i:ttcacaaagggtaatatcgggaaacctcctcgga‘ctccattgcccagcmtc‘tgtcacttcaicg ‘
agatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcgtggaaaaagaaga

cgttccaaccacgtcttcaaagcaagtgga.ttgatgtgatatctccactgacgtaagggatgacgcacaat
cccactatccttcgcaaga{,ccttcctctatataaggaagticatttcatttggagaggacaggcttcttgag

- atcctﬁcaac&attaccaacaacaacaaaeaacaaacaacattacaaﬁtactatitacaattacagtcga ,

gggatccaagga_gatataacaatgaagaetaaiﬁcttttté:tct*cmtcéifcttttcaéttetcéfatcéftatcé; :
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tgggccgaattcgcccgccectgcatccctaaaagcttcggctacagctcgg’cggtgtgtgtctgcaatgcc
acatactgigactectitgaccececgacctttcctgecctiggtaccticageegetatgagagtacacgea
gtgggegacggatgegagetgagtatggggeccatccaggetaatcacacgggcacaggectgetactgac
cctgeagecagaacagaagticeagaaagtgaagggatttggaggggecatgacagatgetgetgetcte
aacatcctigecctgteacceceetgeccaaaatttgetacttaaateglacticictgaagaaggaategga
tataacatcatccgggtacccatggccagctgtgacttctccatccgcag:ctacacctatgcagacacccpf -
gatg,atttcca'gttgcacaacttcagcctcccagaggaagataccaﬁgctcaagatacccctgattcacCg
agc{;ctgcagttggcccagcgtcccgtttcactccttgccagcccctggacatcacccactt-gg.ctcaagac
caatggagceggigaatgggaaggggtcactcaagggacageccggagacatctaccaccagacctgggc
cagatactttgtgaagttcctggatgcctatgctgagcacaagttacagttctgggcagtgac&gctgaaaa
tgagccttctgctgggctgttgégtggataccccttccagtgcctgggcttcaéa@ctgaacatcagcgagac
ttcattgeecgtgacctaggtectaccetcgecaacagtactcaccacaatgtecgectacteatgetggatg
accaacgcttgctgctgccccactgégcaaaggtggtactgacagacccagaagcagct’aaatatgttcat '
ggcattgctgtacattggtacctggactttctggctccagccaaagccaccctéggggagacaéaccgcct “
gttccccaacaccatgetetttgectcagaggcctgtgtegectceaagttctgggageagagtgtgeggeta
ggctcctgggatcgagggatgcagtacagccécagcatcatcacgaacct(ﬁctg‘caccatgtggtcggctg
gacg:gactggaaccttgccct-gaaccccgaaggaggaccéa&ttgggtgegta.actttgt‘cgacagtccca

Jdcattgtagacatcaccaaggacacgtittacaaacageccatgtictaccaccttggecacticageaagt :

tcattcctgagggceteccagagagiggggetggttgecagicagaagaacgaccetiggacgtagtggeactg
atgcatcccgatggctctgctgttg’cggtcgtgctaaaccgctcctctaaggatgtgcctctggccatcaagg
atcctgctgtgggcttcctggagacaatctcacctggctacteca‘ctcacacctaéctgtggcatcgccaag

| afcttttagtcgatactatgtaaﬁtcataatctgttttgttgtattcccttgcaatgcagggcctagggctatga

Ataaagttaatgtgigaatgi.gtgaatgtgtgattgtgacctgaagggatcacgactataatcgtttataata :

aacaaagactttgtcccaaaaaccccccccccngcaga

SEQIDN@ 14 " o

Ammo acid. sequence of the recambmant protem of the invention. .

" .\}1’; 4:,.__" o

MKTNLFLFLIFSLLLSLSSAFFARPC

'_1PKSFGYSSVVCVCNATYCDSFD??TFP
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LGTFSRYESTRSGRRMELSMGPI QAN
TGTGLLLTLOPEOKFOQKVKGFGGAMT
AAALNILALSPPAQNLLLEKSYFSEEGIG
NIIRVPMASCDFSIRTYTYADTPDDFQ
HNFSLPEEDTXLEKI PLIHRALOQLAGQRTP
SLLASPWTSPTWLKTNGAVNGKGSLEKG
PGD'IYHQTWARYFVKFLDAYAEHKL:Q'
WAVTAENEPSAGLLSGYPFQCLGFTPE
QRDFIARDLGPTLANSTHHNVRLLML
DOQRLLLPHWAKVVLTDPEAAKYVHOGI
VHWYLDFLAPAKATLGETHRLFPNTM
FASEACVGSEFWEQSVRLGSWDRGMQ
SHSIITNLLYHVVGWTDWNLALNPEGG
NWVRNFVDSPIIVDITKDTFYKQPMEY
LGH‘F‘SK,FIPE-(}SQR}\?GI.,V-ASQ"'K:ND.LD
VALMHPDG'sAvvv.vL'.N;R'-Ss-xS-K-DVPLT‘IK
PAVGFLETISPGYSIHTYLWHROQDLLYV
T M

AR Oi"her'E'rfxbbdizﬁents' ‘

e |

Ii is to be undersicod that while th & mvention E‘

as been described in COE{}LQCEH}H ‘

with-the detailed descrlptlon lhereof the' foregomg descrxptlon is mtended to illusstrate and”

not limit the scope of the invention, wiuch is deﬁned by fhe scope of the appended claims: o

| Gther aspects advaatages and fhodificatidns ave within the scope of the foligwmg claxms
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WHAT IS CLAIMED IS:

1. A human glucoc;erebrosidase 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.

2. The human glucocerebrosidase protein of claim 1, consisting
essentially of the amino acid sequence as set forth in SEQ ID NO: 8 linked at its C
terminus to the vacuolar targeting signal peptide as set forth in SEQ ID NO: 2.

3. The human glucocerebrosidase protein of claim 1 or 2, wherein said
human glucocerebrosidase protein is linked at its N-terminal to an endoplasmic

reticulum signal peptide.

4. The human glucocerebrosidase protein of claim 3, wherein said

endoplasmic reticulum signal peptide is as set forth in SEQ ID NO: 1.

5. The human glucocerebrosidase protein of claim 4, comprising the

amino acid sequence as set forth in SEQ ID NO: 14,

6. The human glucocerebrosidase protein of any of claims 1 to 5, having
an increased affinity for, and uptake into macrophages, in comparison with the
corresponding affinity and uptake of a recombinant buman glucocerebrosidase

produced in mammalian cells, and having glucocerebrosidase catalytic activity.

7. The human glucocerebrosidase protein of any of claims 1 to 6, wherein
said glucocerebrosidase protein is an isolated protein.

8. An isolated nucleic acid sequence encoding the human

glucocerebrosidase protein of claim 1.
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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, comprising the nucleic

acid sequence as set forth in SEQ ID NO: 13.

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

carrier,

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

claims I to 7.
13.  The plant cell of claim 12, wherein the plant cell is a carrot cell.

14. 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.

16. 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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17. The method of claim 16, wherein said cell culture is cultured in

suspension.

18.  The method of claim 17, further comprising:
purifying said protein.
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19. 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 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.

20. A pharmaceutical  composition  comprising the  human

glucocerebrosidase protein of claim 19 and a pharmaceutically acceptable carrier.

21. A plant cell expressing the human glucocerebrosidase protein of claim

19.
22, Use of the glucocerebrosidase protein as defined by any one of claims

1 to 7 and 19, in the manufacture of a medicament for the treatment or prevention of

Gaucher's disease.
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