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| PRODUCTI ON OF HI GH MANNCSE PROTEINS I N PLANT CULTURE -Field of the

| nvention a The present invention relates to transformed host cells for the
production of high 5 mannose proteins and. a nmethod and system for

produci ng these proteins, particularly in plant culture. Background of the
I nvention 10 Gaucher's d| sease is the nost preval ent |ysosonal storage

~ di sorder. - | t PRODGUEEAN O HIGHSISIENOESE JRTEBNSI N HLANT CETREone 1

~Q21-q31) resulting in deficiency of glucocerebrosidase, also known as

gl ucosyl cerani dase, which is a nenbrane=bound |ysosonal enzyne that
cat al yzegld bethelindediignsi s of the gl ycosphingolipid gl ucocerebroside

“(glucosyl ceramide, @cCer) to glucose and ceram de. Gaucher disease is

caused by poihe¢ Plesgltnim’%&tloarfglat% tphtéarﬁ@weéﬁmshﬁeHngouéb@ erolbetiwi dﬁbig)l gene
GB f S0sQ
ﬁrac%phé\l%h&&eﬁié&hﬁadrngc eri S r%"géo‘géf? cmg TL‘JIE uscl? ‘cé’g‘ﬂp’sm are

found i plahi atdare. spl een and bone marrow The assom ated clinical synptons
i ncl ude severe hepat ospl enonegal y, anem a; thronbocytopeni a and skel et al

- deterioration. 20 The gene. encodi ng human GCD was first sequenced . in 1985

(6) The -protein consists of .497 am no acids derived. froma 536-ner

“pro-peptide. The, mature hGCD contains five N-glycosylation anino. acid -

consensBackgrqued ot the(Wsartiesber / Thr) . Four of these S|tes are normal |y

eg osyl at ed | at.i nof the first site is essential .for the
HEeY T on” opue’s atsde Bt RomgrmvatentdFrosapHoteian g0 bi s caused by

ol | gosagChRakdsie ehalties m\#@erZ%d%ﬁﬁsmﬁ@ni' fqnpgpg )res@%w %h 23 ta

contains 7% car bohydrat e, 20% of which is of NNOS et
Bi ochengloedcesgbeosidase- dlsoekm«mh nast gensdeaamidast, ewhlwhve; ar memﬂmile-lﬁundl nitial

mag oftre |onFFand r§-? S#el? ort nt to é Id| gg{gﬁ&;gol}/@:@u%érerrggtéon
and -ac id
neur ani @@aﬁc&ﬁhﬂkd(ﬂlﬂ:@]‘t@@u@b& ﬁ‘aﬂi Mélan%lde %uf:ﬁe?tﬂﬁe%se lsMoaubddCHF géﬁf]

clearance and uptake . rates” by rat liver cells with a concom t-aht )
i ndSeaswutatigns Heptei BGERY yiimman abrpﬂmr@l;r%l#mebl ghe €GBA), wHdB resuli achi m

5 Py B 3 P T S sl It 2,
called Gaucher cells, are found in liver, spleen and bone marrow. The-associated clinical
symptoms include severe hepatosplenomegaly, anemia; thrombocytopenia and. skeletal
deterioration.. - , | .

20 The gene encoding- human GCD was first sequericed in 1985 (6) T-ll'é‘.prdfein'
consists. of 497 amino acids derived. from a 536-mer pro-peptide. The. mature hGCD
contains five N—glycoéylaiionﬁminoradid consensus .sequ'encés (Asn—X#Sér‘/‘I‘ hr). Four of
these sites are nofmi;lly glycésylaied. -Glycosylation of the first site is ‘essential -for the

‘production of active .'p,rotgin...B_oth- high-mannose and complex oligosaccharide c_haitls fhakié-

25 been identified (7). hGCD from ;llacenta contéjns 7% cﬁrbohydrate, 20% of wh_ich'-i"s of the'

high—man_r‘loseatypc:(S), Biochemical and site-directed mulagenes'is studies: have ‘provided

- an initial map of regions and residues‘in-npojrtant to folding, racti'v'atorl interaction, and- active
site. locatlon ). L R | .

Treatment of - placental hGCD with neuraminidase (yielding an- as;alo enzyme).‘i'z

30 results in mcreascd Clearance and uptake rates by rat liver-cells with a concomitant mcrease N “

| 'm hepatic. enzymatlc actmty (Furblsh et al.; 1981, Biochim. Biophys. Acta 673 425-434) :‘. L

This glycan-modified place‘r;tal" hGC. is -currently used ‘:as a’therapeutic agent i the: |
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treatnment of Gaucher's di sease. Biochem cal and site-directed nutagenesis
studi es have provided an initial map of regions and residues inportant to
fol ding, activator interaction, and active site location [Gace et al., J.
Bi ol . Chem_ 269:2283-2291 (1994)] _ There are three different types of
Gaucher di sease, each deternined by the level of 5 hGC. activity. The

maj or f e are t crophages, which are highly
enl ar gggé%ﬁgﬁt %Pga‘ﬁ Jr%aé:g%ﬁ% ‘F‘[mcﬁlnﬁmgrggngﬁﬁgeﬁi dNERZeagsts stuskes” @awcher
cel | s" provided dentititl map iod megacf)nsaar@e:feeﬁhed finfSEetan8 %o tﬁﬁlﬁing +dﬁ%%r ?'f{g‘faﬁ‘é‘}?‘;

py as

Gaucher’ 3&{4 sease] led to the devel opnent of enzyne r acenen

a t her PEGFFITE &t arER {fgpceratiak, J. BialoChem, zqsmw Eiﬁ?/le(IBMEt suggest ed t hat
| t th bi ol |1
hetive engynaert aR a2tifitely HARCOR Ga R TRt oh ASngd by ucloomar
st of agdGff swetisiss '[Ftemaferrocdls 2:er1:£éﬁ5by 106 HideaseShRC thet ‘%&Obﬁf{% ﬁ’ﬂfcbo s .

enéfi ci al

"studi gs hav e hat enzyne repl acenent therapy
. for trzlaqh]%aﬁ%’g?#gag &T §g‘:&ieﬁ ﬁﬁqunﬂ{l%?%é"‘igﬂ@éhﬁ%@feﬂﬁdéo be§Galmhech" has 15

b h i ‘
een shown iHeidémicys &P@Md&\’femn rOSI %H@g%bca%ggpﬁéﬁh? m%%d\fﬁgr&%elgé gat ©

wi t h exogenous enzyrre ucocer

(Cer edd@ ¥y dsveloppient o emeymé yeplacmendi thaniplyyas( SehempaRe hratklApdi ;e

. gl ucogggﬁ%}om dase derived fromnatural sources is a glycoprotein wth
four carbohydrate chains. This protein does not target the phagocytlc cells

i n1@ he body DenDuve GirktSsulged ¢ Vvalue.
devel opi ng the er r entsﬁgﬁertgti)?iﬁ ﬁéiabéarﬂ%:rﬁg& @Qﬁﬁﬁ&g@b oscfrﬂaé W’Hf"ﬁ?ﬁ‘fthsugar S
on t hee’é‘ég‘eﬂ&‘ﬁ/d%’%k)@% Waiagtiveo fengyme omight Ubo si. ddstte adppro8ROME Hdagthla LEMOVed

P)r/e;{ res uﬁ%iék J&a‘%ﬁl[@%‘g%er ez# ﬁgﬁ%gg%ﬁﬁfsn'snarhgﬁgglr chzlng?:te of

mannose res Baticesthat Hin8,CearidRl 2GRN ﬁ@ehﬂig%eff@ﬁ"fﬂﬁe rﬁgﬁg &%ﬁ%%g'feﬁ tﬂE g ecognl z€.

gl ycoprote":1 ng g ﬂl ycopeptides 25 wt sacc
t er m n%fE eneHetAh B etreatisi dusioys tlyﬂesmaalbsﬂoyageamaeaséserlmée!idsﬂgu&fgss has

- gluco b a‘gﬁfp r e t|n f the enzyme to these cel l's
[ Fur b%}eﬁe%WH 'vma ﬂd)ﬁtfyg' 4‘%5333‘% 1¥bg1yiere ‘tregteds withdi cat ed -

her ei mxugbmsqdzme Qﬂ*ghloﬁﬁéreﬁrdéfd‘dﬁ‘é)abrefa%elﬁl %%hsx beSI ﬂg(@.ﬁt{ a¥e"‘“ hfegrg{,%gl ]

degl yeos tion expr egsedi n, ce
(SH9 C@F%/‘Et} 'c'ﬁcomgﬁ’aﬁg G@efm I'bns abol i Shl ng all,gl ycosyl at | on sites (both

, $J9 and CQSni ggﬂl te | 0s of enzynmatic activity, In
addi ti on, hGCDOQingCi:g%uecgg Oglaée' de&ve 8 533 SPB“’%@ a ghygeRrpigin withr t her

' researfenr raibiplsarad chiies Ttgnpidteinrioes bt fafiget (RY pRASBCyid! SO S HRMW Y a?ndt es

20 is therefore of limited therapeutrc value: In deve’lopmg the current therapy foi Gaucher's
disease, . the terminal sugars on .the carbohydrate - chains - of glucocérébrosidase: ‘are
sequentially ‘removed by treatment. with three different - ‘glycosidases. - This glycosrdase;
treatment results in a glycoprotein whose terminal: sug&rs consist of mannose resrdues .
Since phagocytes have. mannose receptors ‘that rec’egmze glycoprotems and glycopeptides l,
25  with. oligosaccharide chains that terminate in .imatinose. resrdues the carbohydrate ‘
remodeling -of glucocerebrosidase has improved the targetmg of the enzyme to thése cells
[Furbish ez al,, Biochem. Biophys. Acta 673:425, (1981)].. :
As indicated herein, glycosylation plays a crucral role in hGCD actmty therefore
deglycosylation of hGCD expressed .in. cell lmes usmg elther tumcamycm (.Sj‘? ceﬂs) ar

30 .pomt mutations abolishing all £glycosylation sites. (bOth Sﬁ’ and COS I ceﬁs) results m ” :

complete loss .of enzymatic. activity.. . In addition, hGCD eXpressed m E. coli’ Was found to

“be inactive. Further research 1nd1cated the: sxgmﬁcance of the various- glycosylatron srtes :
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2 for protein activity. In addition to the role of glycosylation in the
actual protein activity, the comercially produced enzyne contains glycan
sequence nodifications that facilitate specific drug delivery. The

gl ycosyl ated proteins are renmpdel ed following extraction to include only
mannose cont ai ni ng gl ycan sequences. 5 The human GCD enzyne contains 4

gl ycosyfoatrr@aingictieity. dn dddiion ys theawle dhaycosybatioh imdetacirapprodiein edtietyz yire

- | ff f h I
105 whesaoielfy iBiloats 8ind cBuBEE, bput Hes HRLRRRRS. Do PR o,

e

_the ol Iﬂmﬁﬁcdlﬁgldeﬁv&?rm‘ﬁél dlyceBylaletif grioSeie bie edinddefed’ RMSWRI 32 ARd ﬁohe

pl acental GCD as the f.orner has nore fucose and N-acetyl - glucosam ne
r esi dueBclife PEliftﬁll\‘f’élﬂ‘.w3 qoataang glyearl spueneeshi gh nmannose chain. As nenti oned

b bot h
?ng\é‘fam (r)n da?éch ga act 0S| cf%’gné rc%%tt Eﬂsl\lwcgyt]: ﬁ'rlt?cfehugict)éssa P%%%%COSI ;S)gze
t ermi na:iecmalmant@s prothicel en@fmlmeS((IeaegmeTﬂ}J mﬁenh&gﬁﬂythcc pl&éhia$ . edryme

. pharmac aIm;jJrepar ation ﬁcwr@ﬁfbm ng the reconbinantly produced enzyne is
t

~descri S 4N pglieg 49

&Pda‘lgé“%théﬂ el Subgiiuted retle gc BistitaRt | oned

are herﬁhﬂlerﬁliérd RO rd\%@&%%%ndgycornﬁfcﬁftmc Riffs bbtoledh ! the Sr@&)ril&ﬁ%tﬁ ﬂ]%r ﬁ{e . One

dr awback associ ated exl sting ysosoma enz me replacenen
t r eat meplacantal (G(AP as e formeni v thoreddtose dnd Ié#acetlybglanmme &sldﬁébeﬁzhﬁeiﬂiey | ow,

cell0s vilHa s wsien Bedss ohif ok ieaBafsd siiredbuhbimes o RGIROMEINeRIRa vo
hal f -1 i%Rhi thrededifitips Ogﬁéesﬁﬁeﬁnméﬁ%mﬁﬁiaﬁ’é AR, Ofa 4he: IQX'a%ngg GCD

r econmbi nant en%%ges is their expense, whi ch ¢an pl ace’a eavy econ
bur den @ncch‘mm Safe esy@ﬂeetmmmall'hnammg‘ts cwlith enﬁbles hegeting: of npliagaditiic
and the : relatjvely,

f f t t |
ar o atnths PR EHCPapaPE st T, e-QRupiy TP uaeHe PR o | .

“t her ef %@cmbe@ﬁnqﬂgmw@ed HOsHoRRUBE nb&el 826 bil YL fefdRREO mbhad neli i ﬂelr%gbl

savi ng therapy can be 25 provided to all who require it nore arf
Pr dei 5cqrapra rrkeeance exif fallyeschfvrgh bereim. tradi tional |y produced in

manmmal i an 0l rial_expression ste In the past; decade a new
expr essi on sysfi %lé’lgkbiesé e v‘&ﬂg eéktﬁéé &%%mal r@?ﬁB%?rﬁg'g‘erW| lizes
Agr obkttegatment ie taahe w &v@&ﬁ@d‘&n@ltﬁfof thé) SEnhe B \&idBGH 8! ffo'iaa raetheMe of
rmlecules (T-DNA) into the plant genone. Due to:the.30 relative sinplicity

of i nt rigWUBRARE. Jetssdrigrectinade lpsasames i frthefspprifie sics whea: theeptbistiats, ist hi s
et hOanlc&S&Mulht%db&faoth& mﬂ&[o%%‘ﬁbﬁ%é’hsﬁPﬂfé'lﬁ‘ftheaﬁso% mh ! ernative protein

- expression sy

20 Another major drawback of the existing .GCD recombinant - eiizymes " is thelr
expense, which can place a heavy economic burden on health care systems: The high. cost
of these recombinant enzymes results- from a complex purification pr_bto',col;' and tﬁe‘
relatively large - amounts of the therapeuti‘c - required for ekis‘ting treatments: There 1s
therefore ‘an urgent need to reduce the cost of GCD so that this- life sawng therapy can be
25 . ‘pm\nded to ali who require it more affordably. . '
|  Proteins for pharmaceutical use have been traditionally produced in mammaliad or |
bactena] expre_'ssiqn- systems. In the past: decade a new expression system - has’ been e
developed in planfs. ' This methodology. utilizes Agroba‘hterium; ‘a *bactéria capab‘.le-“"-'()"f% S |
; inserting single stranded DNA molecules (T-DNA) into the plant genome. Dueé. to the |
30 relative simplicity of. introducing genes for. mass production of proteins and. peptldes i’hlSj S |

methodo!ogy is becommg 1ncreasmgiy popular as an altefnative protein expressson systém: a

: (1)



M 3 While post translational nodifications do not exist .in bacterial
expressi on systens, plant derived expression systens do facilitate these
nodi fications known to be crucial for protein expression and activity. One
of the major differences between mammal i an and plant protein expression
systemis the variation of protein sugar side chains, caused by the 5

di fferences | tJ c pat d ycosyl.atjion was shown to have a
profound eff ecflp p%§1y atﬂot“ a&%gﬁ‘fb“s dq g8t pxigh/in bastasisl F¥prgssion systems,

susceptplimt| deriyed @ @gi@a Pl ntigenic potential, -
of proteins. Hgnc)ép[reany fﬁ?ﬂé. nQEg%gﬂu%f}%ﬁ&?%Jﬁfcﬁn? %ﬁﬁ'&ggﬁli’g“’?a?rf?b

consi ddFateiy ﬁxPrﬁé“%taéﬁtEtC&VltY afngi Qfatheomm;oof dlﬁbmtesgbmsﬂlmdugﬂlaan ein
gl ycos LAt o, t cate N-Iinked and O-1inked 10
nmodi |é fi giéllfglﬁ @Sﬂr%%%ds r}ﬁo VH3Y ﬁl PrOAFH ABsagcside theinshiasised hp tigd ydan .
moi &t y.di eren@t;tsa thet thm (3 i,d :
bhegnthetic Eg 0GB MAGC NRY shOWAS K68 BiSRun @‘"e#@% s

O-linked are.at t or Thr residues.

sequend¥s? ‘iff"‘t@a%(ﬁg‘f‘ﬁpé tapdity, ssolphilifue sescspiibiliy sh prtgeasﬁae;abluoe Scleadnck Nl WO

types, abd!dnfe. st he more abundant, .and its effect on’
pr ot ei 0 fudrrll?f’lé‘[g%%hggﬁ eéﬁﬂ&g enIsllteve G I8 RIGFRY PrRguictinn dgy R alvepdd gaket he

ot her Hndonsideratidy theqioadritiblamniBeAions of PR 9sssyialbRr mtion is available
regardi ng their. af ect on proteins. Summary of {he I nvention 20 The -

background affte , &ysylatiom, df V‘@Gg@’é@t tvgo d@@i‘BgEmGSs)Nthﬂhed)randEUﬂmdceﬁor

select mudificagsd Nth r | NS :d.n nt cuIt re. The
| backgroundarat al Q doeés;]w‘g teaﬁE oi?l %{i}gé’eg?d t?pl‘i&‘éd’d Siycans yuaiely, igr

net hoda egr{@ddﬁflmgeﬁlagﬁtammm@ Axhatddng, while -BRked M ddabhed 1B er or,

backgr es n teach or suggest a device, systemor hod
for, p?%{gg%mdr"?&s pﬁ’of“i‘ﬁﬁ%“w g glycaat Se%@ncteﬁuﬂé' qaih dypshbedre mmpiepizaﬁnghﬁtnn |

-retlcmaujfbiliﬁ)thezta,T oes no ach qr. su est such
a devi ce, syst em or M @3@?, %&c%{ﬁﬁt%g By Blogs @ W‘%P%\rﬁ“d s -
t hr ougﬁmtt% fanetiop| h@rrbcﬁnr eﬁensﬁ&ly rstdi). @klldked BlycaRESSh ik rqﬂhgl arQOdy
Thegs %@%@F@%g‘;@rt qsonfdoes not teach or suggest such a devi ce, system
or e dadileRy infoppyion 15 avaikbly reaarding their efost angprotgican ER si gnal
to by =pass the CGolgi body, 30 The present invention . overcones these:

di sadvant ages of the' background art by providing a device, system

and, net hod for produ0|ngglycosylated proteins in plant culture,
particularly proteins. having a high nmannose glycosylation, while

optionally and" 4
Summary of the Invention

20 ~The- background "art does not teach or suggest a dewce system or- method for

selectlvely producing glycosylated protems in plant culture. The background art also does
not teach or suggest such a device, system or method for producing Iugh 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 endoplasrmc réticuium- (ER)
25  The background art also does not teach or suggest - such a dev1ce system or method for
producing proteins in plant -culture through the endoptasmtc reticulum’ (ER} while by—
passing the Golgi body -The background ar¢ also does not teach or suggést such a dévice,

system.or method for. pmducmg protems in"plant culture by usmg an ER ‘signal to by-pass o
, theGolgibody. . o Lo e ar
30 The .present. mventlon ‘overcomes these: dlsadvantages of ‘thie’ background aif’ by o .':”-?f
providing - a " device, system and -miethod: for producmg glycosylated protems i plant o

cu]ture particularly proteins having a high mannose glycosylation, Whlle optionally and
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preferably targeting (and/or otherw se mani pul ati ng processing of) such
proteins with an ER signal. Wthout wishing to be linmted by a single
hypot hesis, it is believed that such targeting causes the proteins to
by- pass the Gol gi body and thereby to retain the desired glycosylation,

particul arly. high manno cosylati.o It shoul.d be noted that the term5
"pl ant Rl atgetings Gad ﬁ)é et ctnaeeglaaﬂ% OEEsBE of} sdgRmfansapii gin

- otherw g gsanet pphduy mfstnngmelbe%ﬁl%t o @@iné?@'hﬁ( sthedis, 118 isIBbPed fhaf WhdHUT €.

The geneétic engineering nay optionally be - per Tanent ‘or transi ent .
Pr ef er atakgeting Iveuss | theipeotbuatia byspase Hies Golgahody and dheraby torinbieid the desirah  a

© oL 5 B LA, RO o UL 1 B PR o

of dj f fejanteuliRess Qlfsedp Ihesin heasd ks typl tofRF@kedmbhat/bhethertitd penctiealyur es a
particul'ar type of plant cell. It should be noted that optionally plant .

cul tur eene‘treatedrnlﬂg celiphat isqipwn in pplurss ”ﬁhfag@neueeﬁlﬂglnﬁerwga@ae rOthDWétyl Be

col | &g B e, orPlebh, o Gl KRARR-ChaRR P4 Rl e BigBaad R ™

i ncl udi @Gokiplet@lank,i ichethat @t 1€ast Uﬂé%t@lﬂgﬁaﬁ iriictufl6f aCHlaftSl4Chotagresent! asti c
culturing vessel or 15 plate for exanple) i'n_suspension. The |nvention

' furt her Optienally and proferabiy, sthe gl way eqture Mﬂlﬂre&@ mnﬁmc@f plant of

vx

TR b Gkt {8, {Healy &eesh%f,geegngt i f@ettegg% shae e AofegP! ant

roo partic carro ce InVenton relates
to hostthaebpeonaﬁyrplamud:tﬁudrgs fehmggemammmp@peleﬂ Iﬂartratﬂ mylbe ongiadlgr s and

met hods _f or i el d expression an roduction of biologically active -
hi gh naﬁiﬁW§‘e?r®gU&é'é‘éﬁl'é35P5§‘ﬁ8‘§§eWP@:%gmdm nf tion further provides for
conposi tion 'gﬂb ases.
The present ST% ﬁ?‘?%an@ﬁgajépé glt &fn ta&ﬁﬁgﬁg% systb,é%ﬁgggt I%hﬁwgrm%ﬁé)@l di ng
suffici mciudmg ot nod letmtexl tdicoltagi arad bylibatrtace (hychomanplhstenayEsg vessel or
parti cul ar QCD, .to deficient cells. The present invention is

al s ofplﬁ'ﬁg‘gr??‘ém e)QB%F?SEF‘FfQO%eW vect or conpositions that allow for
ef ficient proguetéabnohr@enNet&Neofdticids hié ﬂﬁa@i’f@is feP &y s°$smn éidctlfl'oﬁéctﬁg) The

present i nvention therefore solves a long-felt need for an economcally
vi abl e off egtymaliodly acsiver bxghceamctscdymomblengyrpeﬂ tursmgl mmsgbxycqﬂgdtaatomn

ey PR oS R Stond Prc i B OB Brroh R oo e et RS ER e
thi's | opghsgelid sa§RAdEY ddfioh el aRicts! dndcﬂieiﬂﬂdg for h1gh yield expressmn and

20 - productxon of btologtcally active hlgh mannose Glucocerebromdase (GCD) The mventton

further prowdes for COInpOSltIOHS and methods for the treatment of lyeosomaj storage
diseases. _ _
' The present invention is also’ of a devn:e system and method for - prov:dmg'
sufﬁctent quantmes of blo!ogtcally active Iysosoma! enzymes and pajtieularly, human
25 GCD, to deficient cells. T he present invention is also of host ceils compﬂsmg new. vector. '
‘composmoqs that allow for efficient procluctlon of genes. encotit_ng Iysosomal enzyme.s,
| euchasGCD | | ‘ “ _- ' 7 _ .
- The present mventmn therefore solves a 1ong-felt ‘eneed for an economlcally v1ab1e
technology -to produce protems havmg partlcular glycosylatlon requ:rements such as the- ._
© 30 high mannose glycosylatlon of lysosomal enzymes such as GCD for exampie The present

mventton is able to solve this long felt. need by usmg piant cell culture



5 1n order to further explain the present invention, a brief explanation is
now provided of the biosynthetic pathway of high-mannose proteins. The
basi ¢ bi osynthesis pathway of high-mannose and conplex N-linked glycans is

hi ghly conserved anong all eukaryotes. Biosynthesis begins in the
Endopl asmi ¢ Reticulum (ER) with the transfer of 5-the glycan precursor from
a dolichol lipid carrier to a specific Asn residue on the protein by the

ol i gosacchar ¥t rfeinée dhether e’i’[bie!ﬂptlmcpresmt iryestids es| Ug el | ekppRsidi & nbg, t he
mannosi dase to yi el

ER by. shel@se nd a ot heti cal

hi gh rraﬁlg)lo,}s{:%gsdt)fuct Elro e@qg&m W\‘t WY (f h% “EPB‘&%?SE“’(S%‘EMTIF% Basia bipaynthdsis
Fur t her patbetay iof cigionmnabset HRI BOMERR NIAKEDN ¢ych ybrid

structures 10 qccur in Stehe ol g . Such nog‘ﬁtcl ;gsaﬁ)g}r% %@PQH raEWB%eﬂn of -ﬁ'f,

one of ¥ - B\‘BW%‘?@S beedeeethe lﬁndaphammoRehIaéHnl(EP@dﬁm inurRfstaned\ ace
tyl ¢ ucgg the L Wo addi tj onal mannose residues by 1
a- mannobsg'ly ?ﬁdgﬁll{rg&rg% |on o?l% QL@FW%CSS%FR% AT ondhe protein this  ©
st age Hmsehgmdcdhﬂgtbstmneﬁsasd UEhe Wedorad dpd NilsP hfic

N nkeq éf S'N?*ﬁ er the transferﬁrwcof ;yl oseSégga futrg)ggietaghttﬁéﬁﬁg

conpl exb ‘3’5 i)‘é‘élﬁsa 'E)ﬁ%?tfﬁélcﬂum!ﬁ@ﬁldptteo@eﬂslédhe h@htﬂﬁnﬁ@hdtttﬂcﬁ&e@f

term nadlmﬂmgqgeﬁf&egqjc%ﬁﬁgz maﬁH+ Qer nodi fi cati ons may take place during
the"gl ycoprotei n transport everal approaches are currently used in the

backgr ound dtrthes modificaionaraf thai gigean pigponteLlasERRM Hd ﬁgbrid" shh@nfs, all

|qnp |fxc deficiencies, particularly arison othe
pr dsent™ nis\é'ﬁttlﬁ%%g g‘écthrrﬁ’(?idt Ceté?qsoﬁ@lu@utﬁffl% @5nt7mevé then lt‘mbl mamipsef 20

gl Yy COS Wbsiduedbvod-th val I sites fromthe peptide chain
i s one strat egy; H%)}\ﬁlg\%ig?% phﬁdsgftggpéfg%fj# Itﬁé]ggqupuqenreé Pocepul dfchect s.

An -additwioardli b d f
n -additwoosdlitierapmemnbsd rasitluee by &ne.ﬁiﬁueatsean aHH‘ihBRgt#C 1280y ‘10&%60' hc

car bohydr at e. pr&ges& ng enzynes. Again, thi's "~ approa G may
al so hZ0¢ Wltoppile Atathisspget Sylgfﬁ: amé fpd:casntresldhe:s A QHARS o -ﬁéﬁi plaggent

i nvent i L] f th back round art:
approagﬁ&éﬁﬁoglum ngl Q%E%ﬁm g cg’sp:y&;egp @k‘iqéi@ %ﬂ@r(@mmﬂfpiamypme ER

t o1bhe Neglygins Godpe ﬁMhﬁOPfOC\%S%H“ﬁQ the aB8itlon bt Relmier Fucish gapg gai%?t hesis,
erer

si nce %Hh% n{gﬁnose structure of |ysosonmal .enzynmes i's pr
secr et  SHAEARC cﬁtoﬁé%tﬁwlﬁw%n@t@ ﬁlyewrotduetrampoﬂal ned in the ER

natural Iy ogewdrhl 5, obt'ai ned wi.t hout ‘the need
for renodeling. S0 TA O?E%lg%g?lg? ?%‘r g?%gﬁ r%fﬁé%&ﬁ’t“é‘d andatatlere

| endoneRisitein estesosyletion iin planggsall of whxch ntxee tipRiRRAT MRS dr@s r&}ﬁ&lﬂrﬂrm The

necessg&xpanrsggstg t S|S%nal for this step is. represente

1€ pre nt mmvention. Gross modlﬁcatlons such as complete mhxbxtron of
20 ‘glycosylation or the’ removal of glycosylanon sites from the peptlde chain i 13 one strategy
~ However, this approach can result in stmctural defects. An additional approach mvolves,
knock-out and introduction of Spe(:Iﬁc carbohydrate processmg enzymes. Agam this
approach is dlﬂicult and may also have detnmental effects s on the plant ceIIs themselves
| The present - lIlVCIltIOII ‘overcomes these ' deﬁc:encles of the background .art |
25 | approaches by usmg an'ER signal and/or by blockmg secretlon from the ER to the Golgr B
N body. Without w15hmg to be limited by a smgle hypothe51s since a lugh mannose :
structure of [ysosomal enzymes is preferred if secretion can be blocked and the protem can
. be mamtamed in the’ ER, naturally occurrmg hxgh mannose. stmctures are obtamed mthout |
theneed forremodehng o | ‘ S ST
30 - - U As indicated abOVe protems transported via the endomembrane system lﬁrst pass ‘ e
into the endoplasmzc retlcu!um The necessary transport SIgnai for ti:us step is. represented " :'.

-by a signal sequence at the N-terminal end of the molecule, the so-called signal pephde As .
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-culture was able, to overcone transportation

t he. | ,
et i FraengBem tean teginnasse it AR AEIEN Cabl T Sm1 70 dreng 5 alor

by a signal sequence at the N-term nal end of the nolecule, the so-called
signal peptide. As 6 soon as this signal peptide has fulfilled its
function, which is to insert the precursor protein attached to-it-into the
endoplasmc reticulum it is split off proteolytically fromthe precursor
protein. By virtue of its specific function, this type of signal peptide
sequenseon hathihegeal peplids has dulfiled ith ifignetioagwhichds 19 Wgere dhs) BrepusBOS protan

living cells, irLr egtive of et her they e g e +hd ungi,
i &tiggned i i ARG SoRtaop® PARUWIRE, 1Sy ol o ATLELY Al B and

endopl gssuesor girbeti. By Hiytuei gftitkespkifict fuacisdgribis tppp ol dignalopepoitle seqiedee i n t he
ER, but are transported fromthe endoplasmc r ettgul um Io the &l gi .and
cont i nes egt £PRSIVRY for a g degsse glunps quelitPACIAe Uvingyfslly | igwpegive glich

SOrti ng.,si . i f£j c: r.esi signals that reside -on the,
C—térm%\%t&ggll}e? aggﬁﬁ%giaﬁg%%é%l §3§ﬁ%a?%t§% %\ﬁ[sNeuhaus and Rogers, (1998)

~ Plant Ml . Bilaly. pia@: frafeinkdwhich Rroimensd into theaémioplpsiot fetiamui-byerirtiinafl

i gnal tide for, ipsertion.into, t dopl asni i_cul d.a ..
& Do rithe Riepse e S gk s B o it ot aRtson e B 4, efintaie
gl ycanﬁr/gﬁie’é{fméﬁtﬂo theSGalbl At &fhihle HARNINR AR (ROGBIg [d-B1e0B8018! Oie-clasé 4P98)

Pl ant Iol. 38:31-48]. The nature of such C termnal sorting signals

can varsyclvesryingisigahly for 8 625 4c8d% atesignalsabat e5dpeptihel €-formipalepart of

bt ai f th ' f t basi it ' |
o 8Bt e piseotsey b 18R o8 RGERren s LM Fiou S E TrtGHE Lo o
pr ot ei RonRAMMAbMLh R-enhiBANifRl peplide Frigssition Mto aR6 eR@ePMsRic SiMGRAS | S

the phaseolin storage protein frombean seeds [Frigerio et al., (1998)
Pl ant @eflla Goernomd vagudar tErgetjag isgnelt arg lexpecteth® §orbpin womplsx| glycans, vdgchl 126. ] .

20 The.par.adi i,s that, i l:1 - eukaryot i c v | &y t.el ASS Vi a
the  ERia AR db iy it Pl ILERSBE IS A0 Bt B i 850, R D
dest i NghhRe of SUEW O- Sbighil; softhy sibhad sheovaBdvaY atidelyOUtS 60k4 $3Dideidbepr esent
i nvention produced an unexpected hi gh mannose GCD, Advantageously, this
hi 4 mn@g@ﬁwm%pbmgdff@mdwt weisa o tebargodusicychibrese aviadtis 2 ¥aekelibr e no
further fe e for. its. .vat i Q /.t hou 1 Shj . .
be, |'i mﬁ“%%‘“bgﬁ aévg{g' %‘Jiqﬁrgggoqﬁyg%gﬁie&ﬁ £ eﬁ’tﬁ%éts \;\a%dul 3‘6 gar@(g)li tﬁa%%q%? lﬁggpuré%mof an

. BR si gatainig a Cherdiiaglonibietiapt sigiil olrddi Sorplien gelpransl s atle iphawoﬁigtsﬁmgd

' I, and hence to,

mechaniy i ' | produce hi gh mannose gl 3kosyl ati on, including
any tyéggmg@lﬂrrgg é%?@%ptlgzﬁgl pass the Golgi, nmay be used in :accordanceith

t heepr esent Thevienddigm i86hak o all faukstyotis peltt yadubler presmstpasnvarthe &R asl at es

912 DR G bR A TEARROE GO BR haBES S Bl 1
- . transformed plant root cells of the present invention produced an unexpected high mannose
GCD. Advantageously, this high manﬁ_ose product was found to be biologically active-and
therefofjc‘ no further steps wel:e.rieedéd for its activation. Without wishing t0 be limited by a L
25  single hypothesis, it would-appear that the use of anﬁ,ER signal _';\.ﬁvith-_the_ rcc_ombirianf
o protei'n' being producec;l,in plaﬁt cell culture was able to ovércqrhe-'tfansboftation to the
.., ‘Golgi, and hence to retain the desited high mannose glycosylation. Optionally, any fypé_rdf R
_mechanism which is capable to g;éduce, high mannose glycosylation, includ-ing._a'x_-ny- type-of
. mechanism fo by-pass the Golgi, -may,',ﬁe used.in ac_é:qr,_dai}_de.withrthe p;ésent inv.e.ntioﬁ.-; b b
.30 In a first aspect, the present iﬁventi_on ré:lates to a host-' cellproducmga}ugh "
mannose recombinant protein of interest. This-cell may."_e_=tran.sforxﬁéd o_r: fraﬁéfected WIth -_

a recombinant nucleic, acid molecule- encdditigﬁ-,a-;.proteir;_G‘f interest or-with.an-expression

7




a reconbi nant nucleic, acid nolecule encoding a.protein of interest or with

an expression 7 vector conprising the nucleic acid nolecule. Such nucleic

aci'd

of interest operably linked to a second nucleic

nol ecul e conprises a first nucleic acid sequence encodi ng the protein
aci d sequence encoding a

vacuol ar targeting signal peptide. The first nucleic acid sequence my be
opt i onal |

further e linked to a ird.nucleic acid sequence
encodi ng térrl c@ﬁ%&(’%ﬁg‘% g@%"“ﬁ‘dr‘@??ﬁ‘d? usHch t%l-l‘:geé‘i Arig melawde G@@pgseéel firfhe host

cel | ofputler idw e n_of . nt rest S
producclelclzll by the%l%%&gdﬁﬁi@ﬁ%hﬁg%&%ﬁegﬁé 'F Blpqinkﬁ“(ﬁtt&ﬁ %?O“gerl‘lceé(f t he
aa

i nvent 26 seayense eacedingn yatu

host

rgptink sigyadtrieptide [ The firet mrtvicahodeqiente t he

oot e Sy SLofdSal PKERL Blkray JoREd KL YBHL BudSh urid s erca et BR These
cel$s (adoptiseit froticulinlf eﬁgeﬁr%btsggap "Rb6Ad eFhe! RS LS fo;%le' RndfRg ibed
e I nen

bel ow. | n anot her quferr
t

be a

pl ant Qe
ri hzogenes transformed root cell; celery ceII gi nger cell, 15 horseradish

cel l

carrot cell It should be noted t
i nvention al[‘éoﬁ‘?

acid

a second nu

pept i

. signal peptid

25 fi

t he host cell

e GRafpgigtzed ind

cell .selected fromthe group consisting of Agrobacteruun:

the I AVENt ion may
|the pras¢ia cfbligrestds pl’(aimped: by Ihe calidr rudsghiyp nahessyhked. a N

and camhelllost&lelloftm:lﬁvenﬁbﬁlrﬁsz@(ie% tigsp rok’aﬂ/g)tlglc@ﬁ“ root cell is a

the trans

et aohediment s gt sell obthednenntiva muetbermerdiagyuic

carrot cells of the

odiment, Sircbnst 6¢ll ofderuvantionéve piuiweyotiandil Qasferahﬂ;edl in the

Ex I e Al cterium aci ens -
oS, Baelill S 10 prelUahe, M ARRIR s ok RO KB Saly Wenst L Ban o

conpr i Bdebtingtthe preferied pheams hog eblls desciied befowent i on,
sequence en Odlrgf% a,lysosomal enzyne that is in operable |inkage with

conprises a first nucleic

| ar

-

. P

dé’elﬂ%l’réﬂ!l%glg; Vot BELDAT o QPAEEALCRIRISS GO e B o 'i"he:-

am no acrd sequ &né

r eensksting eifcAgrobdcisrguenboganss rensBgdinieaaneddty cdiur Jel'é,%l ceft,n gﬁl@eﬂ Belf

abl e with a ird nucleic aci'd sequence encodin
gﬁ:loplugg?ﬁa@@?g‘%l%w ‘E‘?lljgetl ng signal peptide as denot ed by SEQ

vvlth|

i s fundbeittasaiormed casretrrells of ticlisvenfiba mpgmmt irsusfaiiod. A nepabadd abdvinked to

I n one emwpf téﬁﬁoﬁﬁn&ﬁ%ﬁ%la‘fl@%t led Garfify 8 oell. Iggtgo@?g g‘ﬂfﬁ& i

n the host cell of the nti1on et conpri

the r%%”’%é&ﬁﬂéd i th%x%ﬁl% es, fesé hc%llé Qa\r/e?-g ttlra%r?lfonned with the Agrobacierium

20

25

30

tumefaciens cells.
In another embodiment, the recomibinant nuclelc acid molecule comprised within
the host cell of the invention, comprises a first nucleic ‘acid sequence encodmg a lysosomal

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

n

| D NO.
i sed
Tt hat

vacuolar- targeting signal peptide derived from the’bas“ic tobacco chitinase A gene. This

vacuolar signal .peptide. has . the amino acid: sequence as denoted by SEQ I NO: 2. The |

first nucleic acid sequence may be optionally- further Imked n an’ operable lmkage ‘with a
third nucleic acid sequence encoding an ER (endoplasmlc reticulum) -targeting mgnal
‘peptide as denoted by SEQ ID NO: 1.- In-one -_embodiment,é ‘the recombmantnucletc-'amd_

mole‘cule"comp‘rise‘d within the host cell-of the invention ﬁlrthe'r' comprises @ promoter that

is functional -in" plant cells.. This promofer should be operably Imked to ‘the rccombmant N

molecule of the invention..

In ‘another embodlment, this- recombmant ‘nuscléic: acid’ molecule may optxonally . I

fﬁxrther comprise an operably : finked - terminator wluch is" preferably functional ‘in ‘plant

8



a In- another enbodinent, this reconbi nant nucl eic acid-nol ecul e may
optionally further conprise an operably: linked term nator which is
preferably functional in :plant 8 cells. The reconbinant nucleic acid

nol ecul e of the invention nmay optionally further conprise additional
control, pronoting and regulatory el enents and/or selectable markers. It
shoul d #¥5ndtedrecambinanie guct ‘P‘ég@ﬂ%ﬂ‘@ﬁlw@ é?feﬁ'@sméfﬁfél%pé\ﬂﬁmwwm!bk&m&eo t he

protei reais UREHCoortol br i 854 FRuRRBGTCRRh: al05 METRERRRSR, .

&11:-?-

gy

hi gh nehndeaddgieysopd ahati ﬂheﬂ‘ea\agﬂﬂgtcﬁy( plaeatdTarRNeEeablj @iledn@! the eadddtigant Such

hi gh nannPse protein may be according to another preferred enbodi ment, a

| ysoson®Pe ‘H?yme sel ected fromthe group consisting of glucocerebrosi dase

( acid yul (o} '

aGI(\:I-@acet yl gal a%tpggg%mﬁlfgg%%lhﬁgﬁﬁ rﬂ%ﬁp%g%ld}g gg a?c?teglt%eﬂéj roduced by the

gI ucocehasbrcels ioff dhe inveation chaydre a Aigh machase rgy@psetbihataasg, emeMrme)modase
:v-and sialjidase. In a preferred enbodi ment, the |ysosomal enzyne nay be

"t he, hunfSH™og) T ﬁﬁ’@'&%grebro& dase (GCD). Hereinafter reconbinant GCD, rGCD,

rhGCD al | red@ih high nYAhbRUSrof G Ty e 5&,69{1[!3% e ahoth feﬁ%@ i Ogoﬁlz@[r@,tber W se

i ndi cated. 15 As previ ouslé descri bed er's d| sease,
preval émsospwaMe slepteagomdis cgrdiar comssstmguﬁegiuwepbrmdm(@@Dmnmid n the

hurran cocer ebr osi da n GB whi ch.result .in _accunul ati on
of B PR TYHERES o BBEBI e Or GNGEY ERES S 1 | it JRath | G

defici e%égzyct@s?da%@e g%bé@éﬁfoﬁazﬂée &Lx@rﬁﬁﬂﬁﬁe Siddk ?es%uilﬁﬁ?s to? bR osidase |

devel opirent of enzyne replacenkent t as a era eutit Srra egy

. this dizr delidas20 Iii-lcn/\@vﬁ“er,recgleytm@ﬂyﬂl@tl the tseysEna atzyﬁleainaj? MeCthel Ruki4aD

T 7

‘act t and et r cells Ther ef ore, accordi to other
pr e:‘ \élrr SHE‘FI? 4%5:&)65 gﬁ@rw%ﬁ@mrﬁ%mﬁ 66D, @ﬁ@a&&@l&bfﬁfw 8 ed
hGCD I f hGCD i
| i a%eéfcrraﬁ dfréab%irﬁﬁfﬂm%y us dmhésg%% <R %é@;ogrgvi Himg .

Plant. cell. culture; optiona nore prefera
si gdal and/ oks pmvmusw d@cb!;edo}ﬁauomatsl Jiscase, termognrmeéeilalblysobintt ktdrgge
transportation to t

25 Optignally.and. preferably, the hGCD has
at. | ed8tode 1HIRYS al% ﬂ?ﬁF’i d@“teﬂ%‘?snm g‘l?nbf}%g? Rg‘”& asuehratidasel éesi due
oM, St LI, o i
transf dﬁqﬁ@c@xon of GCD deficiency as the primary cause of Gaucher’s. disease led. to the

development of enzyme replacement therapy as a therapeutic strategy for this dlsorder;
20 -However, glycosylation plays a crucial role in hGCD activity and uptake to target cells.
_ "-'I‘-,herefor-:e, -according to other preferred embodiments . of. the pr.gsﬁent mvention,
suifébl_y glycosylated hGCD is preferably provided by controlling the expression of hGCD
+in plant . cell c‘ulture; optionally and more preferably by.providing an ER signal and!or ,
- otherwise by optionally and more preferably blockirig transportation to the Golgi.- | . :
25 Optionally and. preferably, the hGCD has at. least one ohgosaccharlde cham A
' .compnsmg an exposed mannose residue for the treatment -or prevention. of Gaucher's
' _}:‘,.,;__,dlsease _ S _ r , e _'
_ Stlﬁ ﬁmher in a particular embodiment,: this - preferred host.cell-is transfenned or' - -
.:,;,~ltransfected by a recombmant nucleic acid- melecu[e which:, ﬁlrther comprises an..’ S- o
30 .promoter ﬁom ~Cauliflower . Mosa.xc ~Virus, an octopme synthase tenmnator of
__;Agv‘obactenwn tumefacrens and TMV (Tobacco -Mosaic .-Vlrus) omega translataenai; o

enhancer element. According to a preferred embodiment, tlus recombinant nucleic acxd.
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,transfected by a reconbi nant nucleic acid nol ecul e which,, further
conprises an 3eS 30 pronoter from. Cauliflower.... Msaic Virus, an

oct opi ne- synthase term nator of Agxobacteriurn. tunmefaciens and TW
(Tobacco. -Mosaic Virus) omega translational enhancer el enent. .According
to a preferred enbodi nent, this reconbi nant nucleic acid 9 nolecule
conprises the nucleic_acid sequence substantia]l s denoted by SEQ I D NO
13 and“_@%&@&é’?m&“ﬁ‘?sgtﬁeﬂﬁ Ho$&! PG H Stﬁﬂtéaqié(rﬁ%rfg’“a B’Ys%ﬁfa _c]éTOZ 13
subst aniqalhdodds a d.?%:rp&.%n&\é D |}9ng theA andido BORU LSRR R faaE st hat
the present i1nvention further provideS for an 5 expression vector

conpr i siengteal byuSIEQID MOi t.nol ecul e encodi ng a biologically active

| ysosonmal e ne. one pr.eferre nbodi nent, the e ession,vector of the -
ventton oo P e aRfited” LG (SRopttr iyl RS B Ber e I nact | ve

hi ghy megppsgiolui@Ror SbipRESE ebRseRaagd ( eRculdPeRERHRD Y bicidisall SRk €d
expressi on vector conprises a 10 nucl ei c reconbi nant nucl ei ¢ acid nol ecul e
whi ch higsesomal ereymec| ei ¢ aci d sequence -substantially as denoted by SEQ ID

NO 13 _ In second .aspect. the present invention relates to a reconbi nant
hi gh mannos 21" B‘?eoP'éefWegifg%ocfférBe%y tl%eh%xﬂ%sffonc‘é%clt&o?f ﬁﬁemiv%n\;lé:’rrl‘t FOBPPISFY 2

pr ef er r agigabadidmenblechidi Sendbdifig "B N@RfogEAllyei BetiRY higha Mamiosdi Gahdan
active 15" high_mannose |ysosormal enzyne selected fromthe group

_consi st8lHgrasTebEsitase f@HPb sPrshaably, dap) prefrel sphrasyomy wcioragemprises a

hexgpany, -é?@sl%gorﬁ‘ﬁil}txﬁcﬁﬁdégazlc%t SIBhE" HhiG: P%i‘lg |:hin.§1§ cic i@ eGiRs! dase,
gl ucocerebr osi'dase, a-L-iduroni dase, 1duronate. Sulfatasé, a-nennosi dase
and si adubstasgallyhbglengie@beSBQIIN NOhil3. | ysosomal enzyne may be hunman o
gl ucocerebrosidase (GCD). 20 Still, further; the invention provides for a

reconbi nant Wi dIseendaAspsctathe; Rresent dhventian falates| tpsd senvbinaah MghemABRASRg at .,

| east o&gte%blg)(agref rrjéggset%%gpthgqm%iﬁhng an exposed mannose resi due.

Accordi‘ng to I nent, e reconbi nant |ysosomal enzyne of
the inventila peferiidnenticdirmentpthicobigh meampteo prasinaniabe atbiclepicallynaaiviar get
site. Preferably, this 25 site may be wthin a subject _suffering.froma

| ysios ontigh &%P%%éymsg@a's@W? sekefet dron dhen g Gonaling f Flueeserasidase

ySOSOngdc§ %ﬁ?%@%gﬁ%@@%ﬁ%ﬁ RidaYe, &_&w%agg%lggg%@kée, abill fpaapari son

with the cofresp of a natura
: o-galactosidase, glucocerebrosidase, o-L-iduronidase, iduronate suifatase, o-mannosidase

and sialidase. Most preferably, this -.lysosomal“enzyxhe may be human glucocerebrosidase .
(GCD).
20 Still further, the invention provides for a 'recomBinaﬁt, biologically active high
| mannose lysosomal enzyme ‘having at least one oligosaccharide chainrf'?ébmprismg an
exposed mannose residue.
:Acéording to a preferred. embadiment, the recombinant "lyso‘sorﬁa'l‘ éﬁzym'é of the
invention can bind to a mannose receptor on a tagget cell in' a target site: Fréferably, this:
25 - site may be within a subject suffering from a ljrsbsoihal storage disease. |
. 1t should:be noted that the recombinant lysosérhal-enzjﬂne—-has increased: affinity for
the target celi, in comparison with the cqrresi:onding affinity of a naturally occirrihg "
“lysosomal enzyme-for the target. cell. In a specific 'embodiment', thé target cefl at the target
site ay be a‘Kﬁpﬁ‘er'-beH m the liver of the subject. ' ’ Lo
30 . . In ar-preferred-'embodi_rﬁeng the recombinant lysosomal enzyme iy be s;ele_(;{"ed e

. from the group = consisting of glucocerebrosidase - (GCD), acid ° spﬁihgci-myéliﬁé%e,,

10
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| ysosomal enzyne for the target cell. In a specific enbodi nent, the target
cell at the target site naybe a Kupffer cell in the liver -of the subject.
30 In a preferred enbodi nent, the reconbi nant |ysosomal enzyne may be
selected fromthe group consisting of glucocerebrosidase (GCD), acid

sphi ngoi nyel i nase, 10 hexosam ni dase, a-N-acetyl gal act osam ni di se, acid

| i pase, hexgumindassi daseN-acghigalcsoahindiselas e acld- |- ligageoni desgalactasisfasmat e

B

gk

Pt

i nvention relyb8$rdierably i 1echitindf QRHEI R cRz)MOB gHRDAISR osidasR(BICTHN-

Accordingly, the nethod of the invention conprises the steps of (a)
preparing a, Tewl thirdeaspéctr dhedntrinhantrelas tto gemethod rafrpdeing a dight manedsect ed
w th_a reconbi,nant.. nuclei c ,agi l.ecul.es encodin reconbj nant .protein
of |1 it ertEe o (ATl 1, Bl T ataboT e Mk SehE SPdeLARPHRE S ' "
nucl ei C caRinG S0ke6mbRgAt Kddt el trdhdfBEnddnGS afbsded lith £ WddodibhanPhe@aiced by
step (a) under conditions permtting the expression of the protein, wherein
the 10 Heisk melerylss gnesdingea tracompvinang ipsotein of HiteyRstyornwih ey eXpression ofesor ( c)
recoveri . | 0pe | I hapveshh | .5 £ t he
cul tur e.cgg‘#’ h\gﬁ%%@i&%o& %ﬁaﬁgﬁ)ﬁ&%‘g)&g&uﬁ% ]Je?/:p%a, &{)he p{fl@gééﬁgo Ogisf %l}o c{l@)u]eby a
sui t abl ereraeddehynstppl (d) fundat conditions pothittgane dkmgssion of the pieieinedhehode ment ,

t he host cell usgéi by this nmethod is the host cel I(éSf the invention. 15 In
anottfer hostlesddls mseduckitbeiipratain nth Bighivgmasaosiated formt &) fecqyierar diaipinfernhe

net hod g, y i TRY, - kol ogi e -hirgh . nRnnose:d ysosonal
enzyme fouh o Cell SPA MR A1F B KPRl BENE ) A RE AR S
mannosée thepiothiect stép &) by a auipibhagioten pyrificatamnigttiod. t 0 a mannose receptor on
atarget cell in a target site. Myre particularly, the reconbinant enzyne
produced. by tH&ordig i9ct prsferradeembprupent othe hogt seoh by s arethad s ihe Gostor ~ t he
target G&lilofieineRiRAri son with the corresponding. -affinity of a naturally
occurring l'ysosomal enzynme to the target cell: ‘Accordingly, the target cell
at tihe - t ar gds aother nayfelred Kemgfddengrgelthe ihght Imenhéseepraséint pedusadbpecthe | n a

cbnel ot g ot Tt et i i 558 et SpATEGURF iy M ediind °1P

hexosar t4giins dessst ofie BligosacthafdEinakiD@Indstis RN cRpSlicd Sdanfbidkebiiase,
a- gal act osi dase, gl ucocerebrosidase, a-L-iduronidasg, iduronate sulfatase,
a- mannosi das dhirrgcarbiting sszyme\sotbipd tf @ mabhase redeptor| opspticgticell inemtayged  nay

be gl uc%ﬁgrﬁglr'eo;%rgglﬁ%ly(, %e }écombinant enzyme prodliced-by-the ‘method of the invention

20 has increased affinity for the target cell, in comparison with the correéponding affinity of a
naturally océun‘ing lysosomal enzyme to the target cell. Accordingly, the ,:Ea"’rget cell -at tﬁe
target site may be Kupffer.cell in the liver of the subject. '
.. In a specific embodiment, this lysosomal EnZym-e-majr'be‘-selec't,edcﬁ'om the group.
= -consistinig: of . glucocérebrosidase (GCD), acid ;sphhlgomyélinase,'_ hexosaminidase, o-N-
25 acety!galactosémixﬁdise, acid lipase, o-galactosidase, gluoocareﬁrosidaSe, a~bidﬁronidase,
' .idﬁronate sulfatase, o-mannosidase and sialidase: Most preferably, ‘this lysosomal en_z‘.ym'e‘
- ~may be glucocerebrosidase {(GCD). o oo |
Tn another pteferred embodiment, the host cell j._rse?& by. the method of _tﬁe‘-i[iVéntidﬁ
“sindy be a plant root cell selected from' the group consisting ‘of Agrobactériim rz‘h;z"éggﬁes: _
30 transformed root cell, celery cell, ginger cell, horseradish cell- aiid - carrot "cell. Most
- -‘-pféféféb‘!ﬁ ‘the plant root cell is a carrot cell. It ':'sh:o.uli_j bepartlcularlynoted that in the
*meéthed of t-he irivention, the transformed host carrot cells are-grown iri sﬁ"épehs’ioh;-’ e

i1




I n another preferred enbodi ment, the host cell used by the nethod of the

I nvention may be a plant root cell selected from the group consisting

~of Agrobacteriumri hzogenes 30 transforned root cell, celery cell, ginger
cell, horseradish cell and carrot cell. Mst 'preferably; the plant root
cell is a carrot cell. It -should be particularly noted that in the nethod
of the inven&ﬁo the transfornmed host carrot cells are grown in

suspensi on I pspechdfic gegsept nvetionypelatento p Methed &1 trestiag essubisch
met hod §Rlind neRkodal @t&r;ggoggéengs@ 2%§l%éxts§a§&ﬁatemlﬁa&? BESRARE HDLRG

exogenous reconbi nant conprising: (a) providinhg’a
r ecombi eramprisirigo | (e} ipoatidipg ac téopeblimann tmblogy:slbjs eotve domy e lypasoichl edzyinfeom

transf d | e .of t IIs 5 ™
abnor PR dolPE] P PRITh St BRbreEorBgnEae otk te@%a%tfyﬁ&%éerb{l%rcéﬁs cal Ty

actisve afiém taeﬁct@mp% Qﬁe %‘Eé@oﬂ?&l BRRRS CTHi StedbMbinaik %r;trleg active
ol i gosacchari des; mnistering a therapeutically effective amount

of the ¢m@ﬁﬂiaﬁaﬁwo$ﬁdotm@hlmqnnaaq |resedue|sy@b§9mdeérmsgmaqcbamdee swbj(ect . | n

a preferred di nment re i nant manno e 0sQNA zyme used
by the & "‘%WR 1 fr l?%‘/‘éﬁﬁtyoﬁ ??gt; b%m?)li“gdgé é“"f%stﬁ %“‘8‘& [ potte t he

I nvent I@sbsol?faﬁfeﬁiﬁm Yo #HRi suth@s! Iﬁeiﬁpt‘e{%n%dcémb@&mﬁﬁt | the té&oﬁiﬁﬁiahte'tu h
preferred enbodi nent, the Iysosonal enzynme_ used by t he met hod of the

i nvent i BANIREY ¥sesomalicgryme Hrsk By diey prethodofpihie Snyretian mayabs praduced by the
ol '1%56‘19&%%1 &iﬁh@iﬁ%ﬁhonhﬂ’éfé‘&b@ th?@‘l?&s%%&t ﬂaa”%%? f:ﬁfs' due. This reconbinant

enzyme can ptor on cell in a“target site

withinas ubjnembthewtpr&erpeceémbadthmt tthé @sbﬁﬁﬂaﬁmﬂﬁﬂé uddd by sRSAEMbI ep@ee has

i ncreased affini tg for, these target cells, in conparison with the
cor r espBKetiRg TBHT Paiat Kigh mamnopx eumang 90!@ea§mg|aﬁdeqsy§agmbapsa@nlzapds afieint he

target gells arb@:ﬁ@ose@ﬂﬁ&dxi 8 ?’{::J%Je HHifis r%%?%tﬁ%%!p eg:%ﬁé Sl?md QX § NGaBLnod of

t he invention na fromt |ng

gl ucoc areedzptmsmdasa?gtﬁt(@ﬂ?)m aagiget sxﬁepdirlthgafmﬁjdcﬂahrﬁ)re Ipeaferabi ﬂtlsjﬂa’&ﬁmbmant
a- N-acet ctosam ni di se, acid.li ase
gallzct olgg/‘ﬁgg‘é e'@yt‘]l’:”nh%gr nsFessed Aty far ﬁbﬁt“ﬁr (5%‘%8‘&%“3 I FRgEEen é’ﬂﬂ’f thease,

gl Hgggerer%rgi@l g{gsﬂ%%co g%%@%@céﬁéeb%é% éﬁgety{@ the met hod

of the i nvenvibenspesificdily; efiolysosamm endyrde fused bheh& redtodeol thefnmaenhyﬁ esgmal
st orag di s§ articularly Gauchez. s

t t
el | e SRR H3E | bt a RS ChI e Yoy (06D} haodas
Sub] ectopi QB SR | O O ek Bl RUARBSEV Al BRROSI. O

for the t r eat nent
- 20 - galactosidase, glucocerebrosxdase a-L-iduronidase, iduronate sulfatase, ot-mannosrdase ‘or

sialidase. Preferably, this lysosomal enzyme is glucocerebrosidase (GCD).
According to a preferred embodiment, the method of the invention is therefore -
intended for the treatment of a lysosomal storage disease, particularly Gaucher's disease.
_ In such case the target cell at the target site may be a Kupffer cell.in the liver-of the
25 - sub_]ect

‘The invention further provides for a pharmaceutical composition for the treatment

of a lysosomal storage disease comprising as an acfive. ingredient a .recombimant '

rbi‘ol'ogical!y active high mannose -lysosomal: enzyme as defined by the invention. The -~
. composxtlon of the invention may optionally further comprise pharmaceutically acceptahle :
30 _ dllluent carrier or- excxpxent - _ - s
. Ina speclﬁc embodxmeut .the .composition of the mventlon 18 mtended for the"'" -' |

', tr_eatment of Gaucher's disease. Such composition may. preferably compn.se as Aan_.eﬁe‘ct;ve -

i2
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of a lysosomal storage di sease conprising as an active. ingredient a
reconbi nant biologically active high mannose | ysosomal enzyne as defined
by the invention. The conposition of the invention may optionally further
conpri se pharnmaceutically acceptable 30 dilluent, carrier or excipient.

In a specifjc enbodiment,.. the conposition of the invention is intended
for, thagrediens srebiplogcaln sk ' Hghlimemose wuwsn ebiwpogrihiosidaseayGEDYf esabl y

s conpri s?e %?tﬁéln@&l e 12 i ngredient a biologically active high mannose
ucocere

31_3

human g FOsl0ase (GCD), as defined by the invention. The invention
further rel alfes iventibe fiusieer ablates teahebidaita Reombd@asBbiblbeRblly MEHR Bigh

‘mannose Iysosomal enzynme of the_invention in the manufacture of a

~ medi canBREMSSr Ytq%ema'sertzre&wfethr Ifention e Hie Banyrctgry 9%amenanenbﬁagee

ot

di SEQs _etre%@{eﬁt B?- spt[ &H{I@I{ |0¥ %Bl'ﬂql §E‘:§% dr@@z&eb o%ﬂ]%t%? l_l[airlér gu(g‘agllsgﬁl cal I y

Accordingly, thi dgical y actlve 13/sososona
active rriaygh(]mdmn'sdrshman gl ucocer ebrosi dase (GCD), as defined by the

I nvention. ent.invention, there js prOV|ded a host

cel | produci %5‘: 8’h ﬂ(‘lid"ﬁlﬁgiﬁa e e ERSRsoal sergRIENts % bialegicaliygacaive

pol ynUCh@ﬁ%ﬁﬁo@Wﬁﬁ%%&Béﬁg@g@@gl(@@ﬁ) apﬂéﬁrf:ﬂ 'EyQHQm@erﬁlogrnal for causing

t he reconbi nant protein to be produced “as a high mannose ~ protein. :

Preferably,. A-C?Crfémﬁdbyther@rﬁomtr ifeentionpthieseis profmdeeta st ell prafatislg sekigknce
i.nt er est o er abl nkced to second nucl e| c acid

f
ceqlbnctantd fUGhGioghC ot EERpaRRE o pliurigrde fucadendpe peqeant
conpri sp@tein aflRa (s@adloelr 28FirE the rédoulbiditht bAStERLb B3 p]=édt§:|e@ aéh h%rortnaﬁlﬁxse

Preferably, the nucl eotide further conprises a third nucl®ic acid
sequencRrofaf. ePrt l;tgtb@ palyoelentide nogprisesga iifqmclqjepb!ﬂcmquamefeabedlhg t he

I t nt to,b d to the
oo er a rsrhe&srgerer SRR oREP kb Mool el 660 FemoBenSreng B enEnal
r econbi pepiide prOithally, te: $6nd pegiRle@buippiséd i ER (e%’(ﬁllasﬂ{r@fr&lcﬁlﬁ l?%ﬁﬂ%

pol ynucl.eoti de co rises- a nucleic acid 20 segnent for enco

sighal e | Reetident Peﬁ%rrt'rﬂy thengolymedleqtigis| furthen ecosipgised acﬂulsiesuelﬁe acid

reconbl%ggéncgrfglt ngle%?vggu(ﬁﬁﬁgrgauﬁm%%b ﬁ%pmfr eferably, the signal

conprises.a signal p 0 [€conbi nant protein to not be

t ar get ed t 0. PrieforaliBp| thie. signub icgusps el Fedhibinakh @rareiny 16k Q@r?eﬂ:ﬁ @O llilﬁesa 4
tionally an

nucl ei I d for encodi ng the signal. peptide
pr ef er p‘leffégﬂgsti’e Signpl qompaises ‘bﬁ'éﬂ%lfpeﬁgé‘tl ﬁ%’r%ﬁmﬁ tlam@cambm@mrwrm c
fo be targeted to the ER. Most preferably, the polynucleotide comprises a nucleic acid
20 segment for encoding the signal peptide.
Optionally. and preferably, the signal causes the recombinant protein: to by-pass the
Golgi. . Preferably, the signal comprises-. a ‘signal peptide for causing the recombinant
. protem to not be targeted to. the Golgi.. More preferably, the polynucleotide compnses a
nucleic acrd segmerlt for encodmg the signal peptrde ‘ _
25 . Optionally and preferably, the host cell is any one of a- eukaryotic anda- prokaryotic_
cell. Optloeally, the prokaryotic cell is a bacterral cell, preferably an Agrobacterium
tumefaczens cell. Preferably, the eukaryotre cell isa piant cell. More preferably, the plant
cell is a, plant root eell selected. from the group- consrstmg of Agrobacterium rzizzogenes:' ._
transformed root cell celery cell gmger celi horseradish cell ‘and carrot cell. Mos_tr-
. | 30 preferably, the plant root celiisa carrot cell. ' |
' Preferably, the recombmant polynucleotrde eompnses a ﬁrst nueleic acrd sequence- |

encodmg the protein of i interest that is.in operable fink vmth a second nuclerc acid sequence
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cell. Optionally, the prokaryotic cell is a bacterial cell, preferably an
Agr obacterium tunefaciens cell. Preferably, the eukaryotic. cell is a
plant cell; Mre preferably,. the plant cell is a plant root cell selected
fromthe group consisting of Agrobacteriumrilzzogenes transforned root
cell, celery.. cell, ginger cell, . horseradish cell and. carrot cell-.

PR Sl S e

reconbi nant pol ynucl eot'| S I'rst nucleic a difgse A
encodi rggnehehishotasiolaobighaltpeptde hahadie imidonadpseqihes hi Bénoted By amegpnd
nucl ei E}\T@C d st% uenge 13 e@codi.ﬂ% a vacuol ar, targeting signal peptide
derived Pr 6m Y RE R AR Brst Jugleroacih Sequree snortdy Tirthemonesahly lmked itgmal
pept i dehi@snddisc A Qedfel SHERE SndRRAS NO 2. wherein
the first nucleic aci d(ﬁ{séggeugjﬁce is%gpj?il{og‘gﬁfl‘jggfﬁ%ﬁt E%rgu!)l@lréﬁg%qu 68 to a.
thi Pd rigelide s danioteds®id@dP Maicbdi ng an ER (endopl asmi ¢ reticul um

Lhe r econbi MR Bl Bh B it REDRGORPHIBaS pRBRbERA Rpmolerthat

f unct i gnainctioRalpinapliniCedllsS whhe! Bhd) ptdheotlF WTBh&bly SRR Y kOBl o the
reconbi nant  nol ecul e. Mbst preferaBIy, t he reconbi nant polynucleo "He
furt hemQlefWe-i ses a termnator 10 that is functional in plant cells,

wherein the ) is O ably linked.to.th reconbi nant nol ecul e.

Al so nost prh;elget?g%ret;?gl}/’héwr Ee)egé?}g‘lﬂﬁlgnp‘? YB'{W‘WI °H FOIPsEh Al 1SR her
coifri slest isaddndiionsialin ol edlls, PRETeILI Bk 3BGniAAGH | At eﬁéfafﬁge'ﬂa&fds b

sel ect abl e .nar ker s, erein the regulatory elenents are operably linked to

the relSHRRAR C¥®ul e. 15 Preferably, the high nmannose protein is a high

mannose gl yoat ' 1:00.¢ . tign with.at l.ea ne exposed |

mannose resi ﬁfe%ﬁ/{bpre&%%@, etrhggjr:%rg@ﬁ%& |ngu%ﬁ%QQL‘B?%@Q‘I%FF?‘F"SC%“P“SGS

bi ol ogidditibyal aohirek prombting and sexulasHsEBRbnS EWTR SREAGIEHAfAN WL e 97 OUP
| ucocer ebrosi dase (GCD), acid sphingonyel I nase,

S
EZQ?S Ziﬁeﬁ‘r%a%séwr? elemuts agg 99?@@!1%&{11&(1 tarthe resogbnastinglecilsase,

"a- gal act osi I C I.das - L- 2Q.i,duroni dase, iduronate
su%?at ase, g?&ngrr?% ’s:&ggs@@gn %Og?li‘%g%eglh s%qﬁé%f"éﬁ"%ls?,gﬁk"‘r?é’“i’tﬁg‘o YRS
enzyneglysodylaten withcackagbowsietpeed (Gaiose fREigher abiore é;,a%réggp ®LNREH Ses
~the am no acid sequence, sub tantviﬁghly as. denoted by EQIDNO 8,
encodeTHPPRLTREE &i %blﬁlﬂgﬂ’ag)é efbrscich magapsst lsspsppabEmyID Setocteq. frovbrihe

pr ef er gk, cidRifL!f hiicddeRBRRIABLGRID) AP SHRLE bl nelkSSQNBnant
' a-N-acetylgalactosaminidise, acid lipase, o-galactosidase, glucocerebrosidase, o-L+
20 iduronidase, iduronate sglfatase, o-mannosidase and sialidase
o Most preferably, the lysosomal enzymeis-hu'r.nanglﬂt";bc’_erébro_sidaéé':é@CD);
Preferably, the GCD comprises the amino acid sequence substantially as denoted by -
 SEQ ID NO: 8, encoded by the nucleic acid sequence as denoted by SEQ ID NO:7. -
More preferably, the cell is transformied ortransfected with a ‘ré(i&rnﬁiﬁzi‘r‘if --

25 polynucleotide or with an expression veCto;r‘comprisi.ng the 'n’i'c"il‘éculé,- which reét:)mbinaﬁf'
polynucleotide further compﬁs‘es an **S promoter from Cauﬁﬂower Mosalc ' ifims, an
octopine synthase terminator of Agrobacteriiim tumefaciens, and the regulatory element is’
the TMV' (Tobacco Mesaic Virus) ‘omiega translational enhancer element, ‘and having the e
nucleic acid sequence subétantiaily as denoted by SEQ ID N(S:‘?’}‘S‘ éﬁébdiii:g GED. havmg |

30 ' the amino acid sequence substantially as denoted by SEQ ID NO- 14; T prvy

| < According to préferred embodiments, thers is ’pfdv'idé‘d' ‘:ét;:l:' recombmant ﬁ'igh

mannose protein produced by the host cell described above, 7 - e e
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b
L

~conpri’s

‘sequencé subs

© sphi sgondlsidag®, hexosam ni dase, a-N-acetyl gal act osam ni di se, acl

/25 polynucleotide or with an expression vector conprising the nol ecul e,
/which reconbi nant pol ynucl eotide further conprises an 35S pronoter from
4 Cauliflower Msaic Virus, an octopine synthase term nator of Agrobacteriwn

tuniefaciers and the regulatory elenment is the TMW/ (Tobacco Msaic Virus)
onega transl a%';éﬁ%?r}'f‘ Iyenpancer el ement, 'and having the nucleic acid
1

yradugfengtradshyprer® 11D NGiobgieale ogitng @ehDrhayidag 30
t he anm niysesothl SREHAN i, al as_ denot by SEQ ID NO~ 14:
Accor di ngst o preferr e%ﬂ%%@ﬁ% gg,rl"%(%8%Slﬁ%§'gp§dogh‘é§8m§r%@tﬁ@mﬁﬁﬁ?@)1 atilgh -

.mannose FBESNYliaseluc bekdsyminhiasd) oSt WakkbtyBaseidshahi@hove, .14 Preferably,

t he high ﬂq%nno%g prﬁ‘;tcei nis a biologically active hig et se'PP§sosonal
enzyme s&l Ser et siticpsrectgesidase.c enkiiduongast idlitorone selRrosi C@%{%ﬁﬁ&@@%e acid
] aci-d I'Tpase, "

a- gal act osi gﬁse, gl ucocer ebrosi dase, a-L-iduronidase, iduronate sulfatase,
a- mannosi das MoB pmfirablye iedgsgomMuryRE & Rirah 30 nzyme is
hurman gl ucocey ebr gosi dase ( GCD) . Aé%%rdi ng to %?%“Iéc?leeglfée/sf%rs?g@bgﬁ’bodi ments
of the preserft“PHiEtIPofther peelerred emhasmerssl of tiec prdsenamiveliiol Ogicralil ¥
active hprgAd&BRRANARSEmbYSQS | - Y. havi,ng at ‘| east one ol i gosaccharide
chai n conpri sing an@exp[gsggﬁj %ﬁ%sagﬁ}’%gv%g{’an’l‘@s% @i genzgme t hdvingouher
prfef er r'W%Mi&mbaritthhaielcbmpﬁﬁiﬁgdhd@ﬁpc_%eﬂ %%H@ég bue P gt,ei n, corrp[]i sing
a fligst porti Vi al peptide activity and a second portion avi ng
| ysosomal enfglbr@r%@é F‘g@ll,%aleﬁé’r?fg'ff%‘i epthodingants; dhetienty firbeidsé GORYoRBIkAON O -
be propaseiad comprisingladftst G8HonMhi | east . one ol i gosacchari de chain
conpri;.__s'b-n‘g ag expose%) man o‘sveon\rl\iéas‘lnnd%gﬁgfgfaﬁf: ‘%r Q‘H}‘VY ‘!‘H’eﬂ%@#bmfﬁomnzyne

ing dysopensl engyme hestivitgathee fitst Obortinh Q85hj Ofe eclili Hofitore s izease.
Mor e prglto@g&g{% at@g:tpg ﬁt ein g?rrprl ses hGCD. Preferably, Py d’&rt-l on
conprises a plant Cary cel wl'ak least pRg olipgsrsrhasidet dhdin, coﬂvbﬂiﬁng%ﬁfe@{a@?&hy, the
reconbi mamosengydde. can bind to a mannose receptor on a target "cell 20 in,
a t][asrget site within a subject suffering froma |ysosonal storage di sease:
Most™ . . pref e?@fﬂrﬁb,ly,t e sosmminil nemdymey SofPAHBSs: ANZ¥ERinN S, itﬂgrf?%fs[%d— affinity
for thep,e%;ﬁiggtofq%}c E”jsn. conparison with the correspondi ng a R ?rof a
naturally occurring Pyséiésg?f&l' enzyne for the target cell.

‘More preferably, the protein comprises hGCD.
- ‘Preferably,

_ the first portion comprises -a plant - cell ER targeting signal peptide,
More preferably, the recombinant enzyme can bind to 4 mannose receptor. o.n' a target céll

20 .in .a target site within. g subject sufféring’ from a lysosomal ‘storage disease. Most

. -preferably, the recombinant lysosomal enzyme has increased affinity for the target-
“ comparison with the corresponding affinity of a naturally “

* the target cell,

cell, in
occuiting lysosomal enzyme for -
Also most preferably, the recombinant lysosomal enzyme is selected fr‘o'n-i'A‘ the’
group. consisting: of glucecerebrosidase (GCD), acid sphingomyelinase “hexosaminidase,

a—N—agetngalactosanﬁnidise, acid lipase, oc-galac.:tc)sidasel

25 -

o ' i glucocerebrosidase, il
1durcnidase, iduronate sulfatase, oi-mannosidase orsialidase.- |

Preferably, the recombinant lysosomal enzyme is glicocerebrosidase {(GCD).. i -
Also preferably, | |

L the target cell at the target site is a Kupffer. cell in-the liver of th'e‘. o
30 subject. . ' | o
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Al so nost preferably, the reconbinant |ysosomal enzyne is selected from
the' 25 group,. consisting of glucocerebrosidase (GCD), acid

sphi ngonyel i nase, hexosam ni dase, a-N-acetyl gal actosanuni di se, acid

| i pase,. a-gal actosi dase, gl ucocerebrosidase, aLL- iduronidase, iduronate
sul fatase, a-mannosi dase or sialidase. Preferably, the reconbinant 1y

: | | b f bl t t
cel | at ¢ ne AP 4 wall R Rshrred ompamhienty (e B DA § Recompraing ect
15 Accqigh RendddeSirblein, Prb@iceBig ! Ra e esiRee MEteferddhe I Be inRolRfnONLARE 2 -

reconbi nant.  hi gh mannose protein, produced in plant cell culture.
Pr ef er ifny sigtHl @eptidst for rrpesgurrotean tpthadiR si gnal peptide for tar getl ng a

ER f h I
oLt EL 1 Wi TP P a0, oG B Rk 2 °

cul § ur erotMasio the e Ir&ot lilhhﬁ defiQdultifeniVide pkefeiablyll kiR roo® PRkt E&ﬁcﬁﬁfré ot
cells. According to yet other preferred enbodi nents there is provided a

reconbl“fﬁﬁlﬁfls%cgﬁmﬁﬂénose hGCD protein, produced in plant cell cul ture

According t | r S I Prayl g of a

pl ant cell %lcgbtdﬁl}'% ur;gé?f0 g?& g);e% 6%?%1%%)&%1 gﬁ' q?'r%rr? n[ggé&ﬁdr mﬁemﬂg%g g‘ﬁg to

ot her m@hﬁﬂdiﬂ&ﬁrﬁwﬁimm@c&d’mrﬁaﬂts:elpcnﬁimrded a nmet hod of producing a high

mannose protein ¢o ia &g par.in .culture of reconbi nant host cells
ewqe

t r ansf or med AsFOxdingn rreg qui t5 dpfire poPipisted awse iofia plant sall ng:
fojga Egﬁ,%‘%%;jumg qughr}nang,ggégylt&g t he host cell culture under
e

conditions permtt expression of the 15 pr-otein, wherein the host’
cells.pr oduc’e:t:hﬂhrpgmt(ﬁher prafeered iegiboyinemtntieyd atpedvitied mmelﬂlicﬁf 6f piolycing he
host cel ﬁ;lture S cultured i n suspension. More preferably, the nmethod

furthef HBRpMARRASe profqly | SRPRASIIEH JUEPHIDSAAC SYIIIRGO deenmmiupang  hast rqeliy
enbodi BB Smdd 6 a[FE\R{?&Qe% edr {.{395%8&1‘9.‘ ﬁ&yﬁme&ﬁﬁtenc&g%l% lfglsa Péc%}!rlb?ﬁﬁk Y e

descri bed. Prefer mannose protein 1s a ogi calTy ac
20 hi gmtamnnuigmﬂgyﬂmslmmk;elbnulym‘e undei ngmhtxoﬂuepsmmmg thki egpreasiohafithe chain

risi n an, ex&oaﬁﬂ glr‘mse resj due. r.ef er abl t he reconbi nant
Eij BRI the APS & s pradsst ?meela a; ly mapposylted fogpget site.
'l\/b t, f t f the .
S pr € eP?éﬁeﬂébl g heGd| @}%%mfﬁe@% subﬁlﬁfsg;?f | ﬁ/.lldt'i‘% ﬁo‘%‘fkﬁaﬁlﬁ Qe ' NE

. tar get cell, in corrparl son wit e correspondi ng hat ur al | y
B occurrm@dd)fgdb@mmmmmwmfymgﬂmpmwlget cel | .

According to other preferred embodiments, the method -is performed with the host

-

cell-as previously described. Preferably, the high mannose‘prdtein 18 a-bio_logically active
20-  high mannose lysosomal-enzyme having at least one oligosaccharide chain comprising an
o exposed mannese residue.. | More preferably, the recombinant enzyme bindé*to a mannose
~ receptor on a target cell in a‘.targe't site. Most preferably, the recombinant. enzyme has
increased affinity for the target cell, in comparison with the corresponding affinity 6f a
naturally occurring lysosomal enzyme tothe target cell. . R |
25 ) Preferably, the lysosomal enzyme. is."selected from the group: consxstmg of
' glucocerebrosidase .. (GCD), - . acid - sphmgomyelmase - hexosaminidase; o-N-
acetylgalactosaminidise, acid lipase, a-galactosidase,. glucogerebromdase oc—L—lduromdase
xduronate sulfatase, a-mannosidase and s:ahdase
More. preferably; the lysosomal enzyme is - glucocerebrosidase * (GCD) Most -
‘30 preferably, the target cell at the target sité is Kupffer cell in the liver of the subject e ,ﬂ o
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25 Preferably, the |ysosomal enzynme. is selected fromthe group: consisting

of glucocerebrosidase .. (GCD), acid sphingonyelinase, hexosam ni dase; a-N
acetyl gal act osam ni di se, acid |ipase, a-gal aetosidase,. gl ucoperebrosidase,
.a-L-iduroni dase, iduronate sulfatase; a-mannosi dase and si al i dase. More.

, preferably,. the | ysosomal enzyneis. glucocerebrosi dase(GCD), Mxst 30

preferably, Ristrabdfghe heat pellis a plent a?cgeqellsﬁeleé*tqugwﬁhﬁ SFOUTREQnSISHOE 196 | i ver

| Of the 3 ey,%w&ammzﬁ; L%%P&fo&m& r88 Lelf eeeie goghgé}tcerioﬁsrs [%hish 3:%1#38: ed

# "

omth roup COI’ISIS robac erluvvn es ttranstorne
ceI I Ca&idarayroceéll gi nger cell horseradl sh ceI | and carrot cell. Mre
pr ef erabl y, the pI ant .root cel I I S carr ot 5- Most preferably, the
t r ansf or ned M@S"tp’@&ﬁ'ﬁf theplagt YQPEC‘E}&SWFE‘FW Eégpenm on. According to still

ot her  preferyg Qﬁ@g% ﬁaﬁsﬂﬁﬁﬁd ingstWaPk 4t Re BRIAPR siffensiont F €Al ng a_

subject havi ng storage di sease using exogenous Tteconbi nant ‘
| ysosonal e nﬁwmdmg dnpstllls ottgr gncfemEdI i emgpaalimenso rthémantprbvided gi matliog fcti ve

f f el from transf t cell d
Capabl d=AhET 5 SR DT | PO R s (GBS, JaT ey CHERTaF e At

| ysoson@éos@ﬂﬁvrazym@%&h ridif® pRAAITRE NANfecombRbAIbEASiVAIIRChIMNE EStEYBF has

exposed”term nal mannose residues, on appended oligosaccharides; and

adni ni slmspwgl anzyhver ap@fm ﬁam {raesformend p nhmtn@eﬂé;r anch gapableo b iefiantly

opti ettt el APapfy B Y e oot RS HERBE mister PR SR

descri bﬁdlogﬂ;én;Pr &tiet akhymd Nes egpsral nwhngmzymnam rbéitbst @na Na/gpnﬂfm@a
receptor_on a target cell in atarget. site within a subject re
pref er amgpsaqch@deé,ceﬂ%adrmtstqn}ag@ mf’eéﬂ?%ﬁh‘eﬁfff-‘&g"e aweu@ta@Je@e aesamphinaptf or

Lhe L 2riiBbafieh) ackifl SRTRALLSERIE' R e 6Lt oS RGN Kl g&o%nyaperabl y

nat ur al SOSOI’TB. nzyrre t target C

the | ysmsfonmbd u@hwmost&esah@'@t prbtéin @gptdvowgrdesaibeansi sting of
gl ucocer ebrosi dase (GCD), acid 20 sphi ngonyel i nase, hexosami ni dase,

a- NPacet yl gditgteradaihe rqyp@bmaabrwmemaﬂd%@ 10 a ganpesee¢epiT sk arget cell
gl UCOC%%%%%& AR Gith Jrsr,rllﬂégtont\ﬂ)qé &B@O fecaiﬁbi‘n%ﬁ@rﬁr&soﬁl é{kg Iflgse or
SO sonma cocC

si al i dase nost prefeéerably, enzyme rebrosi dase
(GCD) . iAtreasedoatfinipy édrethabiayget tcbi, inyecﬁﬂpm‘mbnSWIDh ag@codespea&eg lafi@yucher ' s
di sease:

Kupf f er“a@gﬁ y. Pﬁg’corﬁ’tég ﬂsgfﬂ?e"{‘ ?‘lt“%@“‘;é Egj é %%t gék &g‘t&%h{}gﬁ%‘%[yg%t& IS%’SE‘B‘!E er.
prefer re%@yrﬁ@bgd 's&@&&& &bgr end sgrB{i]?Vbcﬂf%Qtrﬁo pbﬁrémé&ereb%tdase (GCD) acrd
20 sphmgomyelmase hexosaminidase, —o-N-acetylgalactosaminidise, acid lipase; *o- .
galactosidase, glucocérebmsidase,_ oc—L—iduronidase, iduronate- sulfatase, -q;maﬁnbs.idﬁse or
sialidase. Also most preferably, the Iysosomal enzyme is _glucocerebrosidzisé {GCD).
- Also ‘most preferably,- ‘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-_subjeét.‘-. }
25 © . . According to still other preferred embodiments there is provided a phannaceutlcal
compositiorn for the treatment of ﬁ lysosomal storzige disease cor'npﬁ'sing’ as ana,ctwe |
: irlgredient a recombinant biologically active high mannose lysosomal enzyme as deé_ériﬁed TR -
above, “which composition - optio‘nally. further ‘-compris?és pharma;ceutiéa[-ly .acceptablé' L
-illyent, ~carrier or excipient Preferably the lysosomai storage - disease iz Gauchex‘s- '
730- disease. More preferably, the recombinant lysosomal. enzyme is- a brologlcally actlve hrgh

mannose hurnan glucocerebrosrdase (GCD)
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conposition for the treatnent of a |ysosomal storage di sease conprising as

an . a,ctive ingredient a reconbinant biologically active high nannose

| ysosomal enzynme as described above, which conposition '"optionally.

further, conprises pharnmaceutically, acceptable dilluent, carrier or

excipient. Preferably,, the |lysosonal storage .disease:,is Gaucher's 30

di sease. Mre preferably, the reconbi nant Iysosonal enzyne is a

bi ol ogi cal | >Accaecimg/éo hst@lh othyn prelsaed embodigenis dbereelrpoiidad ah¢ @SD)f 47 .

Accordl ferred enbodi ne e i's . pravided the use of -
r econ%lntrl\‘%rll%tt bm §/"%al(§:li f’vrgarfﬂo ?‘lqmﬁ n%gleéq%ngsaosng‘? Bh?ﬁﬁ'éo Vs 10

descrl

preven

(e

figure

i ti ch | efjned by th ded _c| . .10 Brief -
Doscr 1 pti on 9 YRR SO 6 teiben dRbersionn e WoR  helEdoming gty wigh of
%r@mhxtfatwetd}ﬂ;F &&Pﬁ& %Phﬁa{% th€Sco Qﬁ?ﬂ@ YA SRS, dé’fﬂ%ﬁ %g %%S

Descri
exanpl
Fi gure
pr onot

t ransl
sezﬁen
a sche
anal ysi
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sel ect
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hikel uaxlaafaetum Rf at xlﬂedlmﬁi Fot iccrredtnnirof ipeaeeiin b5 l%é&@(()jtﬁii%rﬁg@t or
e | Sease 1S

Gaucherdisgass; s@é%féfab%ﬂée ﬂwﬁ%rlawch@wed@wﬁogweﬁ pyef@'ablm theebivlogieallis os orral
| b d
a%“ﬁ‘ééi 2%/ ?gg%@w%%e furt%]gl’\n@g Cri egl onth uc?ﬂ%‘%{r}‘? :ggllp%fsfow ng

tjion of _a | ysosonal storage disease. Preferably

gluosherebrosialpe: (GCDxtrative only and do not limt the scope of.the

| A-1B I A shows the resulting xpressmn cassette conpris

@ppéndedcla@aul i f| ower Mosaic Virus, TW (Tobacco Msaic Vi rus) onega

ational enhancer elenent; ER targeti ng signal, the human GCD

ce (al so denoted by SEQ U) NO 7), vacuolar signal and octopi ne

synt hagyidrayditAption oﬁﬁm’ﬁ'lﬁ_ili_?esf rom Agrobacterium 20 tunefaciens. 1-B shows"
een pl asm d backbone. Figure 2 shows Western bl ot

mati c map of pG
i s of m@wmhamsfhﬁmdewabed dytwayctfexasplegondy) twith. lefSEEAce pe dief | C

d St andad‘cri z%me (lane 1) was used asa positive control, 25
W CRA PRI ER as negative control (lane 2), various
ed calli extracts are shown in |anes 3-8: Figure 3A=3C shows the

step of purification of rhGCD on a strong cation
Figure 1A-1B ‘ ‘

‘1A shows the resulting expression cassette comprising »°S promotér  from

Cauliflower Mosaic "Virus, TMV (Tobacco Mosaic Virus) omega translational enhancer

‘element; ER targeting signal, the human GCD sequenée (also denoted by SEQ ID NO: D,

) 20

vacyolar signal ‘and octopine synthase terminator sequence from' Agrobacterium

tumefaciens.

1B shows a ‘schematic map of pGreenll plasmid backbone. -

- Figure 2 shows Western blot analysis of hGCD transformed céll éxtracts using anti ~ .

| hGCDfs-péciﬁc antibodjr; Standard. Cerezyme (lanie ‘1) was- used' as-a p‘GSiﬁVé conirol,

25 -

30

untransformed callus was used as negative control ([ane 2), vadous selected calli extracts

are shown in lanes 3—8

.

Frgure 3A—3C shows the ﬂrst step of. punﬁcatlon of ThGCD on a strong catlon_ N

exchange resin (Macro-Prep h1gh—S suppoit, Blo—Rad) packed in ‘a2 XK. column_ -

Pharmacxa B:otech) that allows conductmty momtonng, pH and abserbency at ZSGnm |

Elution of the th-GCD was obtained with equilibration buffer containing 600m_M NaCl.

18
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exchange resin (Macro-Prep high-S support; Bio-Rad) ; packed in a XK col
am 30 (2,6x20cm.: The 'colum was integrated with an AKTA prine system
(Amer sfiam Pharmaci a Bi otech) that allows conductivity nonitoring, pH and
absorbency at 280nm Elution of the rh-GCD was obtained with equilibration
buffer containing 600mV NaCl 38 Fig 3A re nts a standard run of this
puri fi cHE Hh r@%‘”%ﬁ?“ts‘ﬂﬁaﬁqa&e Nr’(ﬁfsth@dﬁulf‘@&%téﬁl %‘EPr fragtions epllecied duregiheor ed

" by enzypp aetd }ﬂom{m? ﬂzﬁesjaﬂw{y Qgsag &% 3Bwrang P’ig’ BBS afiX %ﬁ%‘stéxﬂﬁxtmg

enzymatic activity (In the el ut 1 on peak) were pool ed. Fig

~ coomassemsybiatie astidtyn(iothe ehtidn prak} waot paried. £36 3G etiows lcoamassw-iniye stﬁmF@fgur es
» 3D 3F show carrespondin hs as for figures 3A-3C but for the second
col umm. “EPgY é"tlf’ﬂséssaygcﬁggéa‘t?‘ﬂg final purification step of the reconbinant -

hGCB on a hpgheRaREE. dx%%&%b&@ldgegiaghi gﬁ&r@%ﬁr&s@@@ﬂﬁﬁ IfoPeRYEsA50C,
Tosoh Corp:.),” packed in a XK colum 6x2Ccm . The colum was integrated

W th anCGleﬂA prine system 10 (Arrersham Phar maci a Bi otech) that all ows

: conduct|V|ty noni t,Qri.ng n sor ben tion pool
from the pr ouég‘c |- umﬂl glgagepdmgﬁ té‘#ﬁ/g%b &83'(%{2%%@@"%& ?n'bavvl th

equi | i bapdrbptiobiaiink&activn! rebin (SK L&, THF6PcaATHRNYIGION, tiagold EHe.), PackedTine pur e

GCD was %ﬁl ufﬂg::l by 10mM ci trl(gisbu%Mer mt ai ni ng 50% et hanol . )Flrpsl 4A

r epr es ett3Ka calugRderek20am).oThe healurp rway degratedswp . aﬂ_LsﬂﬁT@ PBNE [Hy§iemt he
f i ‘
ra | O{}?ﬂ%&@nﬁ‘i‘hﬁﬂn&% !Bn&ect,}g %;%PQIJVO@EO vngp Prlotnﬁf)ﬁ'% a%liledrﬂaya%?orb@& ivity

assay. Shows™ COoOITassI ue starn ns assayed for

activity Beguthe The SBODS eltioh Vpdal Hbmr ﬂteop‘mvmstcdm wad lda\demgltlmﬁlﬁhﬁ by
peritoneal macrophages, (Fi gures 5A-5 whil e_Fi ure 5D shows. a Western

- bl ot of follggsddynapshmgwitceprilibegen |bH§e'f sntﬂlrfbeH‘é sarbanegarachohe baselinee 6
‘sh t di toth
o ovant THopaEGH MR b b Shid ol SSptaing SR REAEL 1 19 01 bt on

structures fBig #G{:Hi)rﬁeﬁtsedtzﬁgaidxuhhﬁtmsesxeﬁttatxomsteent| on. 25 Fi gure 8 shows
addl tional N'gl,,é] éfe:osyl ation structures for_ rGCD. t he

accordip
preésent i nvehid fedgtipps eqliepier &H"Bg the fun thatapereRonitored gY enzyme
- activity assay. B
~ Fig 4C shows coomassie-blue stain of elution fractions assaycd for activity..
Figure 5 shows activity of recombmant hGCD followmg uptake by peritoneal
macrophages (Figures 5A-5C), while Figure 5D shows a Western blot of recombinant
20 GCD accordiag to the present invention. ' .
Figu_r.e 6 shows cemperative glycasylation structures for rGCD according to the
present invention and that of Cerezymem. : o | _
Figure 7 shows glycosylation structures Vfor TGCD according -t the pre‘sent'
mventlon | , :
25 Figure 8 shows additional N-olycan glycosylat[on structures for rGCD accordmg to

the present invention.

_‘Qetalled Descngtion of the Inventlo e ‘g‘g; . : .
Protems for phaﬂnaceutlcal use have been tradltlonaﬂy produoed in marnmallan or
30 .bacterial expressmn systems. In the past few years a- prormsmg new expressmn system was' LT

. found in plaats. Due to the relatwe s:mphclty of. mtroducmg new genes and potentxal for ‘
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Proteins for pharmaceutical use have been traditionally: . produced, in

mammal i an or 30 bacterial expression systens. In the past few years a
pronusnmg new expression systemwas found in plants. Due to the relative
sinmplicity of. introducing new genes and potential for 19 mass production

of proteins and peptides, 'nolecular pharm ng is becomng increasingly

popul ar as a protein expression system One of the mmjor differences between
manmal | FRSAREPPICHAR Gfrsoteins adppepsides imolegalee pharminghés Yegomang owrabingtyot ei n

gl ycosyl.ati y the differences in 5 biosynthetic

pat hvvay?.%%%ﬁ:osel g‘??%’?ﬁ\?\%@?ﬁ%\%ﬁ'to have a profound effect on activity,.

fol di ng, stalirei of thesajajdri diffesencesubergpbhn hidmmylidnoand pla@apeSteindEQREssion .
cl-earance rate and antigenic potential of proteins. Hence, any protein
product FEEER IS $he Ypgatan of grateiRslysasylation seausases: carsed Hy et differeates in
raméi cgiyl : ati LehY.&S. one of .t he s
m)stff co%ﬁﬂgﬁg P %ﬁgﬁﬁgﬁgﬁklﬁﬂodﬁgﬁ %l%rgggmg?@tawugbeﬁ%g OBty

gl ycosy Fadingnstabilityi, wolibifity, isceptibilityatoepaitéases, blbodf ¢ledrateantt £d hitlReic The

two typest ﬁitffer._.in anm nqQ.acid to which theugl,. can npity is attached on

pr ot ei nPoteRfigl 9 cproteips, tangehaay ¢ BrojEn Pt yRlapts cheyld i gakeaieto

at t achedordstichitionShe pifenfifl Shiliiestions'or philflhbtaBiashie 9 ycan sequences of ‘each

t ype bears uni gue distinguishing featpure : the two types, N-Iinked :
gl ycosyl at i ofraibohydratempstiniswnd afithe most donsnef petitraostatiomat miodifichésnshgfen 15

extgnsi yel tydied. . O | i nked gl ns, on other.h .are rel atively scarce,
an esé'%t%é‘rl\ "qurr gm{%e | §1¥°?S§"aé\93i'? gﬁ%ﬁrlgfé'aml @tegﬂﬁsfﬁ?lﬁif’géﬁ&@%ﬂkeﬂf ins.
The maj awe typesldifftatin amtrpadidhd WhRA thS BlyRhd GOSYdcREd B prdtef| - ARt midegeuses
on N-linked, rather than O-Iinked | yéans. The present invention describes
“her ei n #Fephtiached tpr st iresidusy,s while @i bare alachedriog8eri or [Thantesidedsl In whi ch
are prefer cells. optional nd_pref er abl. FOWn.in suspension.
Thi s?ex%ﬁé@ %)/ﬂr%é S ‘e‘“rﬁcﬂ%énﬁ%ﬁ??f E‘Eﬂ%a{ﬁé?%&%@f)%%% ‘?‘85“}/%‘?5!"}“& ﬁ@ﬂ‘t‘“’%r&f&@?i on of
a  hi ghtweanypes eNliReE R coyldtibh & @ietmors HBUASE ahhiiemﬂ%eﬂwgﬁigliﬁgﬂg&s%%ﬁ
. u

glycosyl ati on having at |east one exposed mannose residu , Ina
firlst agperstivelt widigde s@riinked\alyransn opepthiee hand are hodativelyl beaprepdanel hegs a

hi gh. IR0S:H inant.-protein of interest.. Preferahly, the,
r econbi 'ﬁ‘g’rf E‘S’?‘gt‘gi %&?g}g? u&gg'tdg’r% QE% (“5%&8%? SEPEOIRY | @E]? dﬂfl"éﬁg I‘i’gl dafant i de,
nore prakdadblon protER plac@stitiog isi gaat foneRs icheN-INKe8! pathé &la¥ Ollinked

additiorlall , the reconbinant protein features a signal that causes the
pr ot ei BYEPy- pass the Golgi. The signal preferably enabl es the reconbi nant

~ protein 10 The present invention describes herein a plant expression system based on’

20  transgenic piant cells, which are preferably root cells, optionally and preferably grown in
sus'pension. ‘This expression system is patticularly ﬂesi‘gnéd for efficient’ ;;Lr?bduCt'ion of a.
high mannose protein of interest. The term “high mannose” includes glycosylation “ha'\}iﬁ.g'.l
atleast one exposed mannose residue. : | | o
| Thus, in a.. first aspect, the present invention relates to a host cell produciﬁg”"ﬁ‘ Hi.gh.'
25 ‘maniose recombinant protein of: interest. Preferably, the teconibiriant protein features an
ER (endoplasmic reticulum) signal peptide, more preferably an ER targétihg"‘sighal |
peptide. Alternatively or additionally, the recombinant protein features a- signal that ca'use._sl
~the protein to by-pass the Golgi: The signal j)referaljlyfenﬁbles' the fécdmbiﬁéht"-ﬁféféid o
lf'eatﬁrelhig‘hl'maﬁne'ser-gly(;osylatitjn, mére"pfefe'rably by ‘fét&inihg‘- such .'leéosylﬁtiom and .
30 B ‘most preferably by targeting: the ER: and/or by by-passmg the ‘Golgi. Asdescribed e
- gréater detail hercin, -such asigial s preférably impleménted 45 a signal peptide, Which
more preferably forms part of the profein sequence, optionally and‘ more prefexfably
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- peptide as cBart of the prote

7 capabl e

feature hi gh mannosegl ycosyl ation, nore preferably by 'r.etaining such:

gl ycosyl ation; and 30 m)st preferably by targeting the ER and/or by '

by- passi ng the Gol gi. As '"described in greater detail herein, such a

signal is preferably inplenmented as a signal peptide, which nore

preferably forms part of the protein sequence, optionally and nore

prefer aﬂiryuglﬂéhguﬁrenug Ithecprgteie ey hla@ fetajmeph@t;ignai feptidd sopdreaf threeproten. sitgnal

llwg | d be oted t hat the. si naL may

ot onatiguEe ofed: Gt 106 EseuRAY OptioRuyar f GRSl oo SHTe

(by-pas CORy ¥ bE RfanfdvhePk Rl edpadiegnal
a%@é[%?g%y ng%gigﬁ%l % red tﬁ%%ﬁ%ﬁﬁoée glgcosylgﬁ’%ﬁlﬂstrucﬂ ure. 5

W t hout oﬁ\pmlvldnggﬂhedbsirddltmgttmahrtweglysos;@ﬁtmnmgw‘@m s, it would appear that

th ER t t i gnalwit.h t mhj ¢
 prodbeed in S?‘awta"é‘é e P LSBT AR BRHEIBLIRAR: e

Gol gi P ettiﬂg i’%nﬁl Wﬁhtﬁ e re@&%bfnﬁﬂ‘: rogin bgg%l pesiRcel Cplam @'lllcﬁnure

Optlonal any ype of mechani sm wh I S cap e to produce h. nannose
gl ycosymswhe td- pedrading gransportajign t@fthﬁ&wgma@ﬁw hegogjo petain thﬁede@wg highpgy 10

b d d
pept deB PSS el dhicf? G0 s, of HEFhuREn sl & A8kbR%0TBTe, o

Opt i onahigh @Ahose @@@g}qatm ihghid agy tPegoBinedepisind bﬁ-}baﬁﬁhﬂ%ﬁgﬂ\nmﬂy t he
present invention. A host cell according to the present invention nmay

opt 1®nabe yisedhén apcondanse vath dre preyesh drveation (Fﬁ‘emﬁéwgt fignal fepe eStqraﬁgq"ent l'y)
with a n t

"ot or os KGP T PRNr HEY Bt Rani Rt bt @‘%ﬂﬂ%‘%ﬁ%ﬁ%‘&%@%&mg

mol ecul g naﬂqfébnﬂwmhjebeu%dl\ﬁtmﬂieqmeﬁeﬁt woemionses a first nucleic acid

‘‘sequence encodl ng the . rotein of interest, %EI onal Ig and Br;eferabl y

operably Ii nl("eboﬁoceél e ‘Hu e Preset igverdion fark QP

t ar get [ et thab Hﬁéj fhe
term oglglrls;f%‘% (PQ&ﬁ &g'ogbs&ﬁgp&#gigg%@aﬁygﬂgf er 1?%ﬁphyy ((::adlaﬁ{ ?drﬁzbacge The

firgs 2@nevdideehqpretimn of juestcer mith npbxmsdldryvmﬁct perepasiag the hunlexhewmdbe

bly 1inked to a third | d di
(endop Jsiecale Supk ubep i BBleFG CouPRRE A FEpATAE. forEHEEE FEPTOBS he

- inventi %tlei%. Ghakaeke’d sﬂaqyuaﬁd@}ef&lasny%&érmﬁ fked b ex §8toddSnilQgucRd by

the cell 1n a ormtha I ncludes at | east one exposed nannose residue, but
i s pref aeqishge eacodmghlw&umamtasgﬁltmgengﬁabmvtl% TGehionkt be mitssk thee s gsed or

B L )
but 250 hAGicPIRD @é@])ﬁeﬁée ﬁ% @plibdily Pindgseferatly Suier %e,cﬁﬁl"dbly Balgsume derd ai n
modi fi cations nmay. occur '
-nucleic acid .sequence encodmg an ER (endoplasmic reticulum) targeting. signal’ peptlde
. The host cell of the 1 mventnon is characterized in that the protein.of interest is produced- by
the cell m a form that includes -at least one _expoéed mannose residue, but is preferably. a
_highly’'mannosylated form. - 7 . | ‘ _
25 . “Cells” , “host cells™ or “recombinant host cells” -are. terms used interChangeﬁb]y"' '
‘herein. It is understood that such terms refer not only to-the particular subject: cells but'fd‘
;- the progeny or potential: progeny .of such a-celf. Because certain mod:ﬁcat:ons ‘may occur :
in succeeding generatlcm dllﬂ to either mutation or envxronmental mﬂuences such progeny -
| - may not,-in fact; be identical to the: parent cell, but are: stﬂl included Wlthm the scope of the o o
30- -term -as used herein. “Host cell” as .used: herein refers t0, celis which: can be recombmanﬂy'-_l'-f';;:‘l.‘7 ) ‘:' |

transformed with naked DNA or expressxon vectars oonstructed usmg recombmant DNA':"

| techniques. As used herein, .the term “transfection”. means the mtroductmn of a nuciexc' S

21




I n succeedi ng generation due to either nutation or .
envi rdnnent aHnf | uences, . such progeny may not, in fact; be identical to
the; parent cell,: but are: still included within the scope ofthe 30 term
as used herein. "Host cell"”, as .used; herein refers to: cells which can be
reconbi nantly transfornmed wi th naked DNA or expression vectors constructed
u5| ng reconbi nant DNA techniques. As, used herein, the term

"t r ansfasut, i om; nahehRENA e amterpeston onrciof, mtmmr@lmentzqellacbydnucaeng acidiaked

DNA : t t l.s |
medi at éﬁ\@d@%ﬁ@%?ﬁeih‘é\%ﬁr“‘ﬁr@#g%w& { Bt e i ropgtsdn ke 4
processeelits MAbGipeds chsd %SQ%Q&IVBP tﬁéc&lﬁﬁiﬂg@@al@sofaexbggﬁﬁds ONALbeRsRY ular

upt ake of eXxogenous NA, and, for exanple, the transforned cell -
expr essad, for esyopibi the mansf@mmdo&felltdxered@s iarreepmbigaiform of the dokioed probmn.

appreC| at ed Eﬁq‘ﬁlfg l?(ﬁ%as?%a ‘%ﬁglr}?s‘#h%% 0§%It tsagétg 1matrk IS’B%{&# nded %,

art to f trans or man t he

pr esenGa girt fo faahiag #l slevrokess tifeUeinsisrnthinug Aaxﬁmsﬁaapc&mgféﬁ@ﬁcenaﬁf abe of
use in keeping contam nating mnicroorganisns frommultiplying in the

cul t ur eselestablgrmarkgg iugh p%ﬁ@gcr@mstan@c @ﬁﬂqeﬁ@laYt‘?ea‘Pfs‘#S@rlﬁé@erg cogantinaiwgl d be

192? a![ Rgﬂllcpoéugmﬁeno ype In!éfvtj\[}% %&@g}s S(;W:'hggv rgt%u}t%ré utlth[;’ggl S

of the trmmfmnhe«bhosteqelihaoum ibansbitaiaddebly euﬁltuﬁrrgamefaeﬂsfraddw dondBionsieMhedtcaraci d
the term nuclelc acid" refers to-

nol | As
poI1 ﬁﬂég‘é‘ﬂfqd(fggﬁ‘aed'&‘ﬁ‘r gégWISEBﬁEYﬂ]eI c acid (DNA), and, whére
appropr! al e Ad RABHED Citfove, 3d DdsTMRlly  Jf Ihd ShPBNBACHaY B SRafifeciigst 00d

to include, as equival ents, anal ogs of. e from
nucl eottra:hefoanad wgdh, a mndeic a&damlbcutﬁbﬂlsanied ltekmmembmchm‘émiclendowdﬂg rdf@scoi bed,

si ngl e- st rande such as sense or .antis oubl e- st randed
pol ynudi® i’ﬁ’f‘&ﬁ%@d |SHCR 8% a%?ﬂf‘ﬁ%ﬁ‘“%éﬂf‘ r@ﬁﬂ taﬁgu Yibete apgroprae, ﬂk’@“ﬁ‘%‘?ﬁ ntion.
may be J{ANetATt a8 Qbmd gmfi{e @dﬂdé&t&ﬂ %&%&%@'%C tﬁ%l&{ts SRR Sifng the

r econbi nan nucl eic acid "Expressi on ors
heréi n,eitbercBhgass DNt thads fmmtnuelsotpdeammm -and, raaapphcdbbactoethlemnﬂmgnnent

integr-tabl DNA fra n and, ot her vehicles i ch enabl e the
|t egr e doTrRh PREGTUFIRGSS nOBC He demomSTo PR lo80 B sEd
vect orspoqaﬁ@c[@ymégal ly self-replicating DNA or RNA constructs containing

the desired gene or its fragments, and operably |inked genetic control
el enents t hdn y§ anpiber gmbadichent) the st edll of e intveniadn nzaydbe zramefecrted:tor

oS Bhed DG S HPRRLAE ro kBRI 15EMABAG
conbr OFERbRERGH SVEREsT Nad UAed Sherein, -encompass vectors such as- plasmids, viruses,
bacteﬁo;)hage, 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 fragméﬁts,.and
" operably linked genetic control elements that are recognized in a- suitable’ host cell and
25 effect expression-of the desired genes. -These-control clements are ‘capable- of effecting
e&pression within -a- suitable host. =Generally;~'?-the:"genétic :control elgm'ents can include a
-prokaryotic. -pro;ﬁo’ter:systémv- or .a eukaryotic promoter- ‘eﬁgp_ression control system. Such
system typically includes ‘a. transcriptional prdmotet;'an optional operator to .contr:é} the
| "onset of transcription;. ti“aﬁs'cﬁptinn'éﬁhanoérs to- elevate the level of RNA expression, a. .
30 ‘sequence thai -.encodesa-.é'su'it"abie*'ﬁbdso_mé :Biﬁding site, RNA-‘-éplice junctions, _'sequétic:‘e§ ks
o %hét -tenhinraté:trapsdﬁp_t‘ibn? and translation.-and 50 fd_rth."Expreééion Vectors -u$uallyi'c6i1t-aiﬁ -

- an origin of replication that allows the vector to replicate independently of the host:cell: - |
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prokaryotic pronoter. system or a eukaryotic pronoter egression control
system Such systemtypically includes a transcriptional pronoter; an
optional operator to control the .onset of transcription,. transcription
enhancers to'elevate the level of RNA expression, a 30 sequence that
encodes a suitable ribosone binding site, RNA spl I ce junctions, sequences
that term naRiesmtdaﬁm: thqompﬁinccmuomly aned forimoaf vegtar §et @thpt FormEafresstiron

‘vectors usu contaln ar.i I|c alloms t he vector to
repl i ca"t’fgJ i n ep n&eﬁwnﬁalﬁlﬁ ?’ﬁ’%ﬁc%‘ are,al%'l g asm deogpanthe 3t afe

_ commonl spitatsie dof QkeThefein/ E5de0k. gbupo@téw bt t:.tor(ttemﬂg Veatdor & Labbiatdly MANAS an
equi val ent function and whi ch are, or becone, known in_the art are

sui t abl(@9%dand;seprierments), Biswier, Ny ; mﬁ)&ﬁé‘[‘%“eét e*aqj (eéﬁéﬁt%@f&/@c&éﬂ‘@’ of

.. Labgqr at ; d r.Lguez,

o3 bk Rlningd Y80S EA BURTIRT R R U oo, Ml ORI WRA AT
Uses, Buotdrpomtedriiccin Bgséforencdbss (1988), which are |ncorporated herei n by
reference. In general, such vectors contain, in addi tion, specific-genes
whi ch are Caﬁaéﬂnerabfsucﬁr@étdﬂs R@ntAie ﬁtphmnen,ss;ieexﬁblgmes whichade fcapavkdotel | s.
The use of_ prokaryotic and eukaryotlc vi ral expre55|on vectors to- express
t he gerfdgvidwginhgrdiypic selechon ymppasierasdgelly. neheprss o prokarypticrapd mxkemow e al so

conte t S
Gesor: Bt ERere i 880t eq bARRE HenPodifls T SREAMDRIAR o BEIEAET
myDoptmmmabhwdxﬂscsaﬁneﬁtpmeﬁor root cells. In one preferred embodi ment, the
host cell of the invention may be aeukaryotic or prokaryotlc cell- 15_In a
speci fic enhogtidimily, the Rectbhy bE &lgencral plakti@clon (& ddseribedSwith tégﬂlﬂ%ltﬂé ic
cell, referably, a bacterial cell, nost preferably, an Agrobaeterium

hi nzef elgﬁampiesw Idw). Thigerpativelye thesveatos mayeptipoally berspedific fay roblecelis.ef er r ed

pl ant host cells described. below. I n another preferred enbodi nent, the host
cel | of the nronergrefemedembodingemt, the hastywiliof the Hvenfiorefey &6 Iayeukarﬁomi ant

cell, an rmst referably, a plant root cell selected from 20 . the group
co_nsi st _%‘P fllobact eri um ri hzogenes transformed. pl ant root cell; celery
- g8l 1, ginges spekific HBRBLER! i 684! cANESE GRE rtﬁ’sFenﬁS\lllss a r(ﬁtaﬂfoﬁf:ecr ied

-~ enbodi nent, the plant root.cell 1s a. carrot cel I't shoul d . be.. noted that

t he .t maefsfablyred baeteridt callp|mest qtrefetvéiyl, meﬁgrmc&rr@ng tmq;faatmssedlpélﬁss@n,
T ONCE S M SR C T SN
invention 1In another preferred embodiment, the host cell. of the invention may be - ah
: eukaryotic cell, preferably, a plant cell, and most preferably, a plant root cell selected from o
20  the group consisting of Agrobacterzum rihzogenes transformed. plant. root gell, -celery, cell,
gmger cell, horseradish cell- and carrot cell. o |
In a preferred embodiment, the plant root cell is a.carrot cell. It should be.noted that
j._.the transformed carrot cells of the invention are grown in suspension, A,s mentxoned above
. and described in the Examples, these cells were transfonned with the Agobactenum o
- 25 _Iumefaczens cells of the invention..
. . The, expressmn vectors or: recombinant nucleic-acid molecules used for transfectmg '
:_or transformmg the host cells - of the. invention may bes further modaﬁed accordmg to
| :'f_‘\_hmethods known to. those slcllled in the art to: add, remove, or othemnse med:fy peptxde '
_ }mgnal sequences to alter sxgnal peptide. cleavage or to ingrease-or change the targetmg of ,
30 the expressed lysosomal enzyme through the plant endornembrane system For example S

‘but not by way of limitation, the expression construct can be’ specnﬁcally engmeered to
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The. expression. vectors or reconbinant nucleic acid nolecul es used for
transfecting .or, transform ng. the host cells of the. invention nmay be,
further nodified- according. to nethods known to. those skilled in the art
to add, renove, or otherw se norhfy:peptide signal sequences to alter,
signal peptide.cleavage or to increase or change the targeting of 30 the

ot o R TEPS AT B ePaiban oF LAE G RETERBR o abDee b

speci f i @rloplaseigienagn@drERy. 23 target the |ysosomal enzyme for secretion,
or vacuol ar |ocalization, or retention in the endoplasmc reticulum (ER)_
In one enbodimBmt embpdimenprtbe sixpigssien tveetos rofr eembinaanaudkic lasidcmalsicale,

nmol ecul can.: i-neer to.i Lpor at e t.i de sequence t hat
encodesgagl1 i?f:l %%é%%{egr g‘e'P?Oan Sgﬁeea HB&%% TXolt:: Fn%n{zﬂé%'%%g 9 ﬁé‘gﬂf%atﬁfgﬁ,&% G@q e.
For Sexalypdsemabeazymes td yharpinO{aduold. tRri ék@mpld) andesRn®) RaRtofMutifidc, akd d
nol ecul e conprised within the host cell of .the invention, conprises a

first nigepmbiRancycleisqudd cmolerulsdromgpasedy sidghhe dinsy meellt phtthe sinventioper abl e | .'

| i nkage. . i id n i viacuol.ar takgeting
i gnal’ Saitge d BEEARTGPLEM LB e RBHNENE BBRSRA, By G608 B0l
vacuol dinkageath papiandendelsc adié séquonbe Recatingl asequelac eargaingeiit pepiideSEQ | D
NO 2. TJhe first 'U(i?{ﬁ?jc gcid sequence may -be. optionally further linked in
an operdsived |fromdlie BapichioRagan; shitinase | A gengcTiiss ¥evehe csigish psptidey han ter

( engop! asii . . . . . . NO.
P R hcidienEc 3 oAU b R IO, RaPh B BAiEIR L ahormily O
wi t hi n eftenato Jurthes| linlofd tieni opemableolinkaget lnéth @aothird seslei peidmedqendenat | s
functional .in.plant cells. This 1 ronpt er, shoul d, be gperably -linked to
the recORBRRE ﬁ% (eidprtasric ﬁ@uwseﬁf%wg %@5‘ Peptide ah denaied) by i TP i s

used hewel N. i@Tonk NGiHRLLAA, zh*a%g@nﬁimtnmé abil @ﬁigé?b%%b?ﬁ&f iR a0l Y

|l inked with a second nucleic acid sequence when I'rst "nuclelc acid
sequendwst selbdiidiednvention furter icomptisasel promunehihpt isifuictionel iaqdan e dhesi ¢

i WF i nst ; ter i ly.linked t di |
2eddendu ORI ishl broebhiRed I e decsitinay Siatr-pHs dhheERIPRs ol on of t he
codi ng ‘sequengeterfPtdpendly Yinkhie BNEEERRLY ’fapi}ﬁﬁ@alﬁh% thhd RARe Shlis Ggmences

are contiguous (e. gbi gﬂgsi cally l'inked) and, where necessary to join two
pr ot ei ricaustca e eragildn dnkediwithe sseomsl musded agjd fseqummce Whes thafiBNAudeiqueidce and

ocpr oose et i BOKENE) oo FRRGRLEIME B SGechal e ot PEMER B Vet or

pr ot ei risgtaree alpomdtcr ds toperabBomkat abYa c88ing 6eyestes (6 the promoter affects the
20  tramscription er expression of the coding sequence. Optionally and preferably, operably
| Jinked DNA sequences are.contigmus (e.g. physically linked) and, where Iié‘ééssafy Y] joli'n
fwo protein-coding regions, in the same reading frame. Thus, a DNA' sequence and-a
regulatory sequence(s) are connected in such a’ way as to permit gene expreésion when the

'app"ropria.te-mol-ecules‘ (e.‘g-,.transcripticjnél- activator proteins) are bound to the regulatory |
25 "-sequ;érice'(s). | ' | |
In another embodiment, this recombinant nucleic acid molecule may optidﬁélijr

farther- comprise an operably linked - terminator ‘which is preferably furictional in plant
‘-'cells‘.i ‘The recombinant nucleic acid molecule of the invention.may optionaily fiirther
-c'ompﬁ:s'e- additional control, promoting and regulatory elements and/or selectable markers.

30 1t 'Shfi:}'ﬂl’d"bé-’-hétéd that these regulatory e‘lements' are- eperably Iink'éd to the recombindnt

molecule. -
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I n anot her enbodi nent, this reconbi nant nucleic acid nol.ecul e may
optionally further conprise an operably linked term nator which is
preferably functional in plant cells. The reconbi nant nucleic acid

nol ecul e of the invention. may optionally farther conprise additional
control, pronoti ng and regul atory el ements_and/or sel ectable markers. 30 It
shoul d be noRegnl pioat dlereasts thyumayoby wesednintt ea\?‘@f%ﬁ‘eﬁaﬁwtnﬂpﬁﬁk@&h@@ t he

T ecorrbl |
expr ess on co{r%ls%{’ r uc){r'gy P%% t@?ﬂ%@e?&l% gar@%?%?h%t@%@?ﬁ;ﬁ% er oF%gous
. or honphagdssa plant penptandr £ﬁbﬂl—plﬂﬁh©r¢]ﬂ@tﬂDtﬁéﬁch iveppibde af ghiaing pglobmeBr or a

non-pl ant pronoter which is capable of drivin h.levels transcription
of a |i HReWREeR eha dinked jsauence dr plaat sells ﬂ;ﬂdamﬁfg %‘?‘Tll}r’i‘?ﬂgt? s of

plang - GrhQBR @40 nid)bo T8 BRcURRY B HRRLLKE! the iRvaidiinbinad cabifdvirent i on
I ncl’'ude® cau | ower nDsalc VI Trus 57 rbcS, the pronoter for the
chl or opmpilsic airfs: CaMVh & SprieSeite, prénhbte,r forN(BS chhdonﬂymfb bmdmgdlrémmaﬂldhhs or

deri vat t . The onot er [ nstit | ve uci bl-e.
For exajhﬁ‘é EM 9\‘15‘@""’6‘10“% n&%‘t"f‘%‘ﬁs tii‘ﬁreoﬂdﬁ&) 9 BIE"pFh Ol? e'& # be a
pr ondt egoddp@itive R TRhRBIEFBE SR8 A dod by aAFesk BNPARSS b mdgﬁlbteqﬁahmsorml

10 enzyne nucl eotide. sequence after mechanical gene activation (MGA) of
the pl amn bplaptometes $hae mampteamxpwmbn qrh@cwdesrsnr@wq;e@f dhe Lssepmdlor

t f ect t f th | | h
LR CRhORD ML S el Rhe e etbahE MG RTIRE pPRE . e
art to .ﬁgﬁﬁg@gg[agfc@]pti m ze het er ol ogous gene expreSS| on in pI ants and pl ant

cells. Such 15 nodifications include but are not |imted to nutating DNA
regul atory eMbensHpisssion- wmrealged forr M@ﬂﬂgﬂféﬁ@ﬁfﬁ)f@m& wedIQSéﬁel{Sh@f a\eot ein

nt or oo bR Gab i p Bt P B g Hpclbdlh FRARCRCoREST IR Rl e .

gl ycopr Qﬁtetbnermaudeﬂ@r apud:ea&fetemag@mgaﬁdexpmmmaﬁ plass due p(latt de&ﬁstucﬁne
term nal mannose residue). 20 Such_ high mannosgn[érotel n may be according to

another “’&dgﬁéﬁ*?@dﬂ‘éﬁ%mtrﬁﬁ fpot kmited, E%%F?é!“"m gdatosy. clegienisdm ! I89€25°gr oup
consi s H)Hﬂla(ﬁgr ﬁéeﬁgﬁ?&fts th{:}%h? gfoﬁ:enﬁ %ﬁ?)teraﬂc id sphingonyelinase,

hexosa acet osamni dise, acid |ipase, a- gal actosi dase,
gl ucocer ebr o&i dgseferrad Iembddtmnt dhs tighi sianmnatpeoteinl dfintaest prodeceddsi dese

and si al i das 5 The tern "lysosonmal enz " as.used herein with respect
to any Q%H;eﬁ ﬁ:% f,lﬂpeﬂlg?mlon may ge a ilgh mannos gE{coprotem ﬁav(gng atle st one expose Ep

mannose residue (at least one terminal mannose residue}.

20 Such high mannose protein may be according to another preferred embodnment a
lysosomal enzyme selected from the.group consisting of glucocerebr031dase (GCD), acid
sphingomyelinase, .hexosarmmdase, - o-N-acetylgalactosaminidise, acid lipase, o-

" galactosidase, glucocerebrosidase, -o-L~iduronidase, iduronate: sulfatase, ‘a—marmos-id;zse
. and sialidase . _
25 . The term “lysosomal enzyme"; as used herein with respect to any such enzyme and
- product produced in a plant expression system -described by the invention, ‘refers 1o a
fecombinant peptide expiessed in a transgenic plant c‘el.i'-'from a'nﬁdéotide sequén’cé
" encoding-a human or animal. lysosemal enzyme, a’ modlﬁed human or animal lysosomal '
-:-=-;.-enzyme or: a fragment denvat:ve or.modification of such enzyme Useful modified human. o

30 or animal lysosomal’ enzymes: mclude but are not limited to humian or’ ‘aimal lysosoma}- -

| " enzymes: havmg one or several naturally -ocCuITing. oF artificially mtroduced amino. acu:!_ |

' ‘--'-addltlons deletlons and/or substitutions.
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product produeced in a plant expression system described by the invention,
refers to a reconbi nant peptide expressed in a transgenic plant cell:

from a nucleotide sequence encoding a human or aninmal |ysosomal enzyne, a

nodi fied human or ani mal |ysosomal enzyne, or a fragnent, derivative or
nodi fication of such enzyne. Useful nodified human 30 or ani mal , |ysosonal

enzynes inc(#)cli@g gl are pot limted to human or rh sosomal enzynes
havi ng one G Y SASOMAt (FRZYRES SRaEr MiiHY StePar PF f ‘%ﬁyﬁ'ihlew i With ospgederyami no.
aci d  aflddetrisONg,, sﬂﬂ‘h@éﬂ BASHERHo8mS B 1ln Wt @RSN-téranird! Silaf p%{?t?cfés%nﬁle

enzymes share I Ni ste{)s of bi osynt Is wmth secret elns, i.e.,
synt heshgagnofi the rwgiwmhmp wmtiqgumf@hetmh@ertrmt@aﬂheémrgﬂabf the iR dheteo t he

R R e

ol | gosaesdAki(HeRnled) SRAGWEH %yafﬁﬁﬁéraﬂbﬂﬁicﬁnérﬁ%ﬂﬂx@%aﬁ;&ni lpﬂ!‘teﬁl)m th@\Gdpyed by

further nodifications of the nascent protein in the Golgi apparatus [von .
Fi gur a apprraigsivonikFigwnnend RipsilikBifombe Revs Biodrenl 9B [4089) (198Mk The N-nked
ol i gos de an .be ool Iex diverse_a et er oge
i ane - MR O e RRfiee T el el AR SRS G B Pt
post - Eanpber Cedidlies. ohep fdtaﬁgltunaeﬂgd rﬁn&m pidee %lm t0-poSLBR 81 grL€fol &N
N-1inked mannose 6-phosphate (M6 10 P), oI| osacchari de- dependent ofr

N- | i nksamppgmpnicadyimstie Gabolss 19 Aorapeit kg imansase GiphasphateoM-6-

s 1057 B aRa) AR PUIERF or SR b %ﬁ’% R e ind o ser58fio 7) )

The peiznsnde d;fso$d1ﬂa1Mtﬁal&eﬂee&gﬂ1e‘sI{(KbrﬁfeM1aﬂc Mefithai S Anfl. e WEadiBa@L,of the

enzyme to M6- tors (MPR). These bound enzynes remain in the cel I,

are ' evéliturd? ﬁl?ﬁﬁg lan; gt @1 Brogs Nadmedcada fet a8 A H&smgédrl%aﬂea‘hﬁr om

prot ei g I n =Rl erred
P oo PReabRtOgt it K06 1 BELENEAN sthal Reshit® PP PRS0 hd 8 T

( GCD) . ré&tepidrs {(MPR)e Thesenbour@aéizyaics aemambiacherell,- a:temvenmalei padkeded aab Cel |
's}ira sformed or 20 transfect ed by a reconbi nant nucleic acid nol ecul e

h PEPIARTS. @Bidrs B seaTogsisd i RSPt RS T SEFiGHaR ore dhe PiFmas,
preferﬁ{yrﬁbrart&aw ng the nucleic acid sequence as denoted by SEQ ID NO 9,
~an octopi ne synthase term nator of Agrobacteriumtunrefaciens, preferably,

havi ng t he iﬁmclaelmeflamedl @ﬂdpndnmtasthdeltgcmmmy é8z@nk DmayO; be Zliﬂe handn TW

(Tobacc&& IS)jmega transl ati onal enhancer eI errent Accordl ng to a
QCEre I'OS

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

20  transfecied by a recombinant nucleic ‘acid molecule which fiirther comprises an *°S
- promoter from Cauliflower Mosaic Virus, preferably, having the nucleie aGid Seque'nce as
denoted by SEQ ID NO:-9, an octopine synthase terminator of Agrobacterium tumefaciens,
preferably, heving the nucleic acid sequence as denoted by -SEQ ID.NO:, 12..and: TMV .
(Tobacco Mosaic Virus) omega translational enhancer element. Aeoording t0: -5 pfeferrea
25  embodiment, this recombinant nucleic acid molecule comprises the nucleic acid sequence -
substantlally as denoted by SEQ ID NO: 13, and encodes a ]ugh mannese GCD having the;
-amino acid sequence substantially as denoted by SEQ ID NO: 14.
It. should be .appreciated :that the present invention .ﬁjrﬂier proVidesrj-.'-'fof'l-é-_ez"l- ‘
.. expression vector comprising a nucleic: acid. molecule -encoding a. -biolqgically:act;ive-a:high :
30 " mannose lysosomal enzyme. ‘ . -‘ |

_In one preferred ‘embodiment of the aspect, the expression vejc_toﬁr-_':-;df' the hiVé'g_t'io'n

comprises a nucleic acid molecule encoding a biologically ac_tive._highg mannose- hunan. S
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25 enbodi nent, this reconbi nant nucleic acid nol ecul e conprises. the

nucl eic acid sequence substantially as denoted by SEQ,]D. NO 13. and
encodes, a high mannose GCD having the am no acid sequence substantially
as denoted by SEQ ID NG 14. It should be appreciated that the. present

i nvention further provides for "an expression vector conprising a nucleic;
acid. @Dmf@f@!ﬂ?@dl (Y °Rbi Brofyrldnl Ithisaprafereed (Fxgressign veghmmosempyisass enal

enzyme. b RASAELSI L67 £ARSH TRAL 100 NG, 15REE! o LIBeRXRL B3TOR, vECT O

of the i ecu

active ﬂ&r@kbdﬁ@ﬂﬂﬁezeﬂhmnﬁ 2ecot GO € b @becifit (éﬁﬁedl(n@ﬁ{))a pﬁf@fearadplrassmhhu S
" preferred expression vector conprises a reconblﬂfnt nucl ei ¢ acid nol ecul e

whi ch hessaigtiines the oCREENH; Rlesgud; pedrseriberby Histfrlgwips fxamgledot ed by SEQ | D
NO 3. A t
0 1 pes § et By fuREGLl® uBTRACRon BriitsChot B GEPLERY Alfrertt0C1 07

| t shoutcdnglmsetﬂmmhettherempre:k;o:tx?mtortdlasmbnﬁahbvmn provi des for an expression

cassette {Tprl sed within the expression v ctor descri.bed %f%h In a
second aspect?, @ (SREPTdr BBEH: thenpresinit dRventirsglates 0,2 Feromhyiath Mg nnos e

protein &[&gpﬁﬁqcﬁmgm € Bl 681He iffentibg. |nvent|on In a preferred

enbodl mannose protein may be a biologically active 10 high
mannose | ysolonptefenal eabathet dus highrmatnesgporpnaoasbe aitnglogitally active

3 MRS S O R R e oo PR NS LG Fans DT SRS RS s

gl ucoce, 0 ERbASSid ase
and si a @%gjs)e C%Nb@n%mkeydel%%l %&%ﬁdﬁggﬁﬁg@%ﬁg y%e may. i Hﬁg 2&%&@

gl ucocesghlaomisidase ghidaCEkbrodidask) eI éduronidasa) idgionaiel spifate, Vce—malnaomda&aé
herein with respect to any reconbinant |ysosonal enzyne. produced in a

pl ant et aalidagy Mosy ﬁrﬁfemblmaw lyspspmeh engyseco sy rb&nhumqryglygmbr@ﬂéa}ﬁﬁe is
abl e tQ Lolyze either the natural substrate, or an anal ogue or ‘

synt hetttc slibstrate of the correspondi ng human or ani mal |ysosonal enzyne,
at et ect abl The lta@wel"Biologitalby idctivd"uist hieed hetein iwitle néspest @y auy desorhitinara
reconbi nant bgolo gically active high nannose |ysoso

mal v,
| east ol&PsoMal SRAEM BIadleed: Han Ml (REPTESHIRY Sypfemaig, Bieay t?ﬂtatﬁﬁde@fglag? ue
ACCOf di Beoshfiaf eREFAE S G6le SBPRAIATA eithdiCiHeCAATRY rgaastmté y§osR Mahiogh& Yoy of

synthetic substrate of the corresponding human or animal lysosomai enzyme, at detectable _
levels. _
20. Still further, the :invention provides for a recombinant biologically active -‘high-
| Mannose lysosomal enzyme having at least one oligosaccharide 'chain:"c'ompti_siﬁg an
-exposcd mannose residue.
© According to a. preferred embodlment the recombinaft. lysosomai enzyme of” the
mventlon can bind to a mannose receptor.on a target cell in a target site. Preferably, this -
25 site may be within a subject suffenng from a lysosomal storage disease. .
| . Optionally and more preferably, the recombinant iysosemal enzyme- has. 1ncreased
‘afﬁmty for- the: target cell,.in comparison wtth the. correspondmg affinity -of a naturally |
-‘.,occumng lysosomal enzyme for the target cell Ina speciﬁc embodiment, the target cell: at:, '
.- thetarget Slf.e may be.a Kupffer- cell in the liver of the subject. :
30 . Ina preferred embodlment the- recornbmant lysosomal -enzyme may be-. selected, _ :“-.-..7 .

"-from the group - conswtmg of glucocerebros:dase (GCD) amd‘,.sphmgamyehnase; '
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I nvention .can bind to a mannose receptor: on a target cell in a target
site. Preferably, this 25 site nmaybe within a subject suffering froma
| ysosomal storage disease. Optionally and nore preferably, the reconbi nant

| ysosonmal enzyne has increased affinity for the. target cell,. in.
conmparison with the. corresponding. affinity of a naturally occurring
| ysosomal enzynme for the target cell. In a specific enbodiment, the target

cel | hexqsﬁéﬂftl@ﬁﬁget st agpiylgalectasauipitlise, cel 4cid n t ligase; veroughlabfmexdasebj ect.
30 In erred e t.he reconbi nant ) enz me may be

sel ect ggl %‘e?ﬁoflﬂgse (‘S‘?‘b‘ﬂlﬁ ma%ﬁ‘?s'idé‘f‘?‘ﬁbe%’# atflsﬁdﬁgg’%ﬂ%ﬁ‘ Fé?é§’é‘ 1aseCD) , aci d
sphi ngonyel Mg ref&%b@eﬁmsarﬂhﬂaﬁ% scoRoma b%@éié&}c@&% %85 cid

| i pase, a- galact05|dase gl ucocere rosi dase, a-L- |duron onat e
sul f at ase, wreihiTd sispes e ther inséraion datktes tobs tmthcsf ef atﬂdjapmgm mglhaﬁ@:meeant

Iys sonal Heoc brosi dase v .In at aspect, the
ot PRHeifa i uding” she Befiod o Ol IBtRIPA GOmARP I ot Gpnabemmg a

Accor diadgley  oft feeomBinBR0hOE delhe trafifBRhiBr Qeﬂpfebtes&vmhe RLERSint Afleic.

preparing a ‘culture of reconbinant host cells transformed or transfected

with aa¢iddeniesulesencadio doica recambmanbpmtmneg letnmsblomglth@m exprassiontyectant

| t h
PecombCobint dhEbodtinitta, ki BBl ety T Ry FRE s ChoR el e e
pr epar petphiedsiyestef 4)) inNsuspeaBionSinddr WosEGomOpeHitia @&h@@k@k&ﬁdmsf ttichigh

ex ression of the high_ 10 mannose protein, wherein the st* celI's produce

} pr BaBRGse; pEolgIy, "‘dﬁf‘?ﬂ therhest eslis e@@dhwprotem)m adighly mangoyleed@irts f r om

t h h {ein fromth d
(o pofd Rl Robthe AL SFOVAK) ) A Bt Sl b i porBdbe o °"¢
net hodcell©piddaidd plsifyizdhe bﬂftﬁﬁ@bbﬁép (£)&y .4 an0bk profdin @Jrﬁtoenan HRyhdd¥e produced

by plant cells accordin the present i-nvention by culturing in a device

descri bed wPpHopallyd- mrsgeeély, he whln%prqe@%%eepwcb@aédw TMWHQl 2002
and he{;&g}’mh??&&ﬂ@ Fa?ésgrﬂ Ve tl%{'le(;yeé\ﬁﬁlrﬁl% infa fgbiLy 28kt Hm peéegjagivc? U o

Conditions. for culfturing plant c n suspensi on” W

dekcr i PadntiNbh 6300868, issuddhsn Lﬁypﬂt 2002 amphmea;t iR0rpnatel g teleeEilde/ak I HSSUE
CULTURL NG | CE, .SYSTEM AND ME é one of the present inventors and :
owned FHfY 5§ FFith qqq@‘“ﬁf‘%@lirﬂ““aﬁ& plagt rells in gpspepsion “ﬁ@r%;ﬂﬁ%@@rﬁpor at ed

by 1 ef SEEREE Fihirbedrittd Yhe B p3f hBPIAOR bRl SRS LA ik

sane day as the present appli‘catio parti c ng exarrpl e
for reBE&@EEngﬁﬁéﬁfEEMuAND d\ﬁEII‘HO]D‘f by baglof tharpresmt eheirs ot owhet ast

Bampl G B iR, YT bBgRERHARToROGES P BetASaes %s‘y’l'flﬁii“v "
20 set forth hereln and which was ﬁled on the same day as the present apphcatlon
_ mannose .protem of interest produced by the method Qf the invention may be found:in the
folldﬁing Examples. The Examples show that a recombinant h-GCD produced by ‘th_e'

' inyention was unexpectedly bound to internal membrane of the transformed carrot 'éell-s.'ef
25 the invention and not secreted to the medium. The soluble th-GCD may be :'separated'.frem'
cell debris and other insoluble coxﬁp.onent-according to .means known in the art such as
filtration or precipitation. For‘-Example; fol—loﬁ}ingi a freez%-thaw cycle, the cells undergo
‘breakage and releés'e-of intracellufar ,so_luble proteins, '_Whéfeas the .h-_:GCD remains ‘b'ouﬁ& '
to insoluble membrane debris. This seluble.and insoluble: fnémbrane‘-GEbﬁs ixture v&as: o
30  next-centrifuged and. the soluble fraction ,wlas-rerﬁ'oveei tﬁﬁs)éiﬁrpﬁfﬁng 'the' fp{z.ll’iﬁcatiorin. ek :
The: membrane bound h-GCD can then be 'dissolifed'.‘:by Vi-medﬁanicai',distgptiﬂn in "the

presence of a mild detergent, protease inhibitors and neutralizing oxidation fcagent. The
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i nvention was unexpectedly bound to internal nenbrane of- the transforned
carrot cells of 25 the invention and not.. secreted to the nedium The
sol ubl e rh-GCD. naybe separated from cell debris and other insoluble
conponent according to neans known in the art such as filtration or
precipitation. For Exanple; followng a freeze.-thaw cycle, the cells

under goolubleeaizame, magntie rﬁgltlmasmrtﬁhdmstngadﬁbmioﬁfap@lﬂltmtpﬁomhms caliper eas
‘ to insol uble This .sol

t b
| ncol USTERERD Ao TP el co B AR b g chBal HREET Lo ¢
fract i gRodVasion eBESot-BASor ﬁidnaalag)ﬁweﬂlémproawsltm BaGCONdenty &/idI@ iR €

bound h-GCD can then be dissol ve . mechani.cal disruption in the
pr esen@@dcﬁﬂzﬂﬂmapf@/lﬂ’etta@rl{fe@ﬁtemm@ﬁ b&wem hinpse peheaenl passys. dneluding but

t d
- O S AR P00k P BUOMES SRS LGP 08 0
inter aqidlﬁnqadmﬂaagepgreaﬁbyhdreém anslysiPuind NgnmdmolEgiral pmalysest sueh asnELI&A

bi o-reactor and the purification process the h-GCD identity, yield, purity
and enApgdeVegenpiqty can be deternined by one or nore biochenical assays

ubstrate ornoulf 1o aelEfad BrlSHRERL e Y QHIRLEF s BRAERELTRTES e

anal ysithe hod celnofithe inghiien. anal yses such as ELISA and V\éstern bl ot

Accor di ng t a preferred enbodi pent, the host cell u b t

oo sog " dncardoier pistarredy SRR G HER: BaPsE BRTaR DPLysh, By the

enbodi [ '?ﬁ’a?e r d thvh Rinoset dnPPm

i nvent F%ér%ﬁ%%yt&?gg@é&%nﬂ?rgg aF?yaog?tié%@ﬂ% %kﬁﬁ'gnan%l})se Igg%s%rgrg:ingelnzynee

havi ng tmvlngesawastmme olitpgodmcdh ahiid eonipaking @ mgmossd ngnaosegpdeged mannose
resi due. Thi,§.reconpi nant enzyne ngn bind to ma{g)nose rec«gg tznr on a, target
cell in a t jbfecompinant qpzymae gan by JPé’r’F’?““qsﬁéecF 5 98 ArRet ALY AR duced
by the yiet ke PhrticlRry, Wb RMbindR dadPme PREARRES Byahé nbiod J)pﬂhetlﬁ'@nhaﬁ get

cell, in comparison with the corresponding affinity of a naturally
ocdr r ihag mongbﬂﬁilmtmﬁ@yhha tanget bell, timcgeparsn| withtheorogionpending sfEnibaefet cel I

t the ¢ t sit Kupf f el | | ft biegt T
Spect e EnBourhie Dedreel ebmsin 68 ogded ohl wio"Bhyl v bt thegPoi‘.p
consi sighipgr e Iﬁém@,ﬁfﬁ%?rcemrﬁﬂx%%vémhe sasibdl, Sphl ngonyel i nase,

hexosam ni dase, a- 20 acetyl gal actosaniinidise, acid lip
a- gal act osi dasaaSpeglfigc@@md@nmis this desosorgal) enzpme Swydbe sl e?t%iﬁ@ﬁ’af}@ EQHP at ase; |

o ERa T 3L BiRloRe AR tasd RBTDY] Soff IPigorhiiase, ¥RASAMRiGRRIWIR- i

20 - acetylgalactosaniinidise, acid lipase, o-galactosidase, glucocerebrosidase, 'oc-L-idurO-ﬁidaS'e,

a
b

iduronate sulfatase, o-mannosidase and sialidase. Most preferably, thiS"ly§:650mal*;eHZWe
may be glucocerebromdase (GCD)
- In another preferred cmbodlment the host cell used by the method of the' mven’uon
may be a plant root cell sel.ccted from the group consisting of Agrobacterium rzhzogene.;'
-25  transformed root cell, celery cell, ginger cell, horseradish cell and carrot ¢ell. Most
preferably, the plant root cell is a camrot ceil It should be partlcuiariy noted that the o
. transformed host carrot cells are grown in suspension.

In a further aspect, the present invention relates fo a method for treatmg a subject "

preferably a mammalian subject,_ having lysosomal storage disease by usmg exogencus:. ‘:"’:_‘ : '

30 . recombinant lysosomat’ enzyme
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I n another preferred enbodi nent, the host cell used by the nmethod of the
invention may be a plant root cell selected fromthe group consisting of

Agrobacteriumribzogenes 25 transforned root cell, celery cell, ginger
cell, horseradish cell and carrot cell. Mst preferably, the plant root
cell is a carrot cell. It should be particularly noted that the

transforned host carrot cells are grown in suspension. In a further aspect,

the present Picleptd and descabess it s ta eounvsstoest that His invgntiorsisbjoe itited to

prefer . ' ' havi ng |- i sease by using -
exogengtﬁé)bagb&%eco%ﬁ %%ﬁ’? g%eégéfggﬁaﬁ%denﬁ f/rr'r&eﬁ ngg%ds%tr%é égg‘éﬂ’dpfas%% rsf%?éd, it
i s to bedumderislsanay vdratsomebdiai. My @Nkisonoite walerskood thad theoterhliBiddg dsegul ar

exanpl es, .process_steps, and paterjals disclosed herein as such process
st eps e*sﬁﬁ%lﬁ Aateed for dhapyrress 9f desrabmg particulas egbediments,anly sad mat bdendedat t he
t er g NQL ViSRS sink | Rl ﬁ%dp : : i) rticul ar
enbodi nent sl onl g sglgghgéogt&ﬁ?gn ecfegéntttgn%ggw %ﬂfﬁ%gﬁ‘gg‘ﬁyﬂ@eﬂg@g@%“ds “the-
pr esentclaimsand equvatenis theeedfi mit ed only by the. appended  clainms and |

equi val ents thereof Throughout this. specification and the clains which
follow, unless the context requires otherw se, the word "conprise”, and
variations spgBugout GRRPERER iGN Gnd fhe SRR WhldiOtolloW, iniks MBURRRpOd to
inply the inclusion of a 'stated integer or step or group .of integers or

st eps lraquirest otheewissclthsiwordof“campriet”heand viadgiemsosudt @p Gongirgeyd ahd

i nt.egers 0or . .SLeRSy .|t ) e noted . that, .as used i.n this 'specification
and 07 he 2o RpriuRbie R g nderstand o TRl g s ot Rited tododior g onsraup ©

i ncl udesfthidgét of 8feps Bttt ¥ 8&Rusidieof a9 BHRA intédP B kikp Aot FSnRE LS LW Se.
The follow ng exanples are representative of techni ques enpl oyed by the

i nvent ##8Ps. in carrying out aspects of the present invention. It should be
appreci ated that while these: 20, techniques are: exenplary of preferred
enbodi nents for the practice of the invention,., those of . skill . in

the.; art, iI0phisgibe mhed BRitPaLaSM il HSEbRETcRioNVahd the SHRBAEE Blathidtthe
nunerous nodifications can be made w thout departing fromthe spirit and
i nf@ndesihesiespforss “ghe “an’novtht s, ineBidexplnsl aeferaip anjese thakcontenic edartes

PI ast nr g yechQleSwise.

. The following: examples-are- representative of techniques _employ’ed by the inventors

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

20.  techniques are.exemplary of preferred embodiments for the practice of the.invention,, those
of skill in the art, in light of the present disclosure, will. recegnize_'fiﬁat numerous

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

'in&eqtigp‘ ‘
]Eix'peﬁ:ﬁéhtal procedl'nl‘es:' T g_-_‘ :
$30 ) E - CE;T.—WaS coﬁstructed.from plas‘mid.Cﬁ-qhtqiﬁ:ec__i_ﬁqm_Ergff{;ﬁf@ilil_-i.‘“ ) _

~ {United States Patent 5,367,110 November 22, (1994)]. _ | _- o
Plasmid CE was digested with Sall. ' '
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30 * CE-T - Was constructed fromplasmd CE obtained fronProf C lilt
[United States Patent 5,367,110 Novenber 22, (1994)]. Plasm d CE was
digested with Sall. . 30 The Sall cohesive end was nade bl unt-ended using
the large fragment of DNA polynerise |. Then the plasnmid was digested with
- Pstl and ligated to a DNA fragment coding for the ER targeting signal from
t he basi ¢ enfibeSalli cvhssivgend WasAnadd dhpsiesded: g dlealdrge fragment of DNA

- ATGAAGACTAATCTT CTCITTCTCATCTITTTCA 5 CIT aJ T1C, d
vacuol 2POYRFIges i{néhﬁg} Hisaplesmid ppsrdisgsted v@nﬁ;? q%aI“éA‘P(ﬁ %CT,%\[I]'G
. di gest eghdiid FoSTR E@@%ﬂ@@ﬁﬁé s1éﬂgla;froﬂﬁﬁv.EMaklc erRRLRLASE Eér@n'[ Dirablio fszs

Mul | i neaux | Roger P. | ens . Plant Ml Bio. 42:819-832].
Expr essthotiaha bmHGMGAG?EEN"@ITWMQECHEF@WT@mTéHCP@y t he 35S pronoter

e PGB AT B s

- term nafyeiS FAbARE Cctifitist AJGHECTETTAGTICHERTACTATG dliéesﬁdaNAuthhm -and
obt ai ned from ATCC (Accession No.. 65696), GC-2.2-[GCs-2kb;' | ambda-

EzZ- gar®$B Horp sapi ens] cont ai ni ng gl ucosi dase beta acid

[ gl ucocerebrosi dase]. Insert 20 lengths (kb): 2.20; Tissue: fibroblast
W-38 cell. Construction of expression plasmd The cDNA codi ng for hGCD
(ATTC cl one nunber 65696) was anplified using the forvvard 5

CAGAATTCGCCCGOCCCTGCA 3', and the reverse CJ\}g:A TGCCACA 3
‘prifers. The'. pROREENI poRiasd %%QEC?VM%‘“@F%J@‘J%@& %Qg)és EcoRl
and Bgl | L(seg aﬁ@ﬁrﬂ?@s&)! 583644911 FBdresiBl Afdoh MR GREENE veewrméamﬂfeq
|igated into an 1 nternediate vector having an e§’<pre33|on cassette

E- T, di ges tied35Svpkdmdtbe finanmCagiifioyree Modie Véxpy the STMIV CBabaetd bosais Ys)and
el uted .fromthe jnternediate vector and ligated into.the bi narﬁéﬁgector ;
PGREENI $megd Hgslationsl eohasisr @Wﬁbgnw&@ct%ae SYIENARE APTIHRALOR - SRUEME FPHal
expres ine resistance is conferred by the NPTII gene
dri ven‘!l% bﬁgféﬁg@%}rﬁ%mt er obt ai ned t oget her with the pGREEN vector (Fig_
1B)15 The resulting expression cassette is .presented by Fig. IA

~cDNA
hGCD - obtained from ATCC (Accessxon No. 65696) GC-22 [GCS-Zkb la.mbda—
EZZ—gamma3 Homo sapiens) containing glucosidase beta acid [glucocerebromdase]. Insert
20  lengths (kb): 2.20; Tissue: fibroblast WI-38 cell.

' .Construcaon of expression plasmid .
The cDNA. coding for hGCD (ATTC clone: number 65696) was amphﬁed usmg the
- forward: 5% CAGAATTCGCCCGCCCCTGCA. . d the . reverse: 5"‘ _

25 - CTCAGATCITGGCGATGCCACA 3° primers: The purlﬁed PCR DNA -product - was ]
digested with endonucleases EcoRI and- BglII (see recognition sequences-underlmed in the |
pnmers) and hgated info an intermediate vector havmg an expressmn casse,tte E-T dlgested '
with the. same enzymes The -expression cassette was- cut and eluted ﬁ'om the: mtermedxate
‘vector and llgated into- the binary vector. pGREENII usmg restnct:on enzjies SmaI and. _

3Q . Xbal, forming the final expression vector. Kanamycme resnstance 18- conferrcd by the .
NPTII gene driven by the nos promoter obtained together with the pGREEN vector (Flg
1B). The resulting expression cassette is presented by Fig. 1A.
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31 . The resulting plasm d was sequenced to ensure correct in-franme fusion
of the signals using the follow ng sequencing priners: 5 35S pronoter: 5
CTCAGAAGACCAGAGEEC 3', and the 3' termnator: 5 CAAAGCGECCATCGTGC 3'. 5
Est abl i shnent of carrot callus and cell suspension cultures Establishnment
of carrot callus and cell suspension cultures we prefornmed as descri bed
previ ously %hTorres K.C. (Tissue culture techniques for horticular crops,
p.p. 111, 16 el@esnltmsplaﬁm wan sefluenaed db emiutes Carrdctl pefrané dusiof of the
transfcgégﬁﬁ t% ﬁ%@rnat on of carrot .cel] eforned. usin
Agr obacteriunr ttans PoHe bﬁaﬁW“gH%ptBFFﬁﬁ;of a hdGOBEEET |
pr evi OL(STEABNAGQIGIZA(EAGG@QJQS Buidkfhe K. teRhafatorSGt CA&AG@%%@@KI{:%%’(%] -
Cells ggomnng in liquid nmedia were used t hroughout the process instead of
calli. ¥ncubation and growth tinmes were adapted for transformation of cells
5 liquid culture. Briefly, Agrobacteria were transforned with the = - .

p EN Il vector by electroporation [den Dulk-Ra, A and Hooykaas, P.J."
(1995) Eatblisdsnddsof clirot callus aidcél fuspensiok veliuesl ect ed using 30 ng/

par onomyci ne antibjotic. %frrot cells were transformed with Agrobacteria
and selTeRFREIETNGT 681Ry Faus cAndpeslo sRpRTIOR: cHiteren; We insdformed iy diesrribeddi a.
20 Scr f I| reSS|ng

i g | el QAP by GRS s filhe REhiiGucetor haRIGAE RS 0. 63 18X T e
wer e plated on"solid. nedia at dilution of 3@6packed cell volume for the

calli fromin cIu ters of When i ndi vi dual

: for n o vi dyal
call @?&'ﬁ‘ Qgrgl ?”(?frl"?ﬂ"’ﬁ"r"'gir‘r\é’f'gl‘“’l‘f of L '(Kﬁ‘r"%‘: m)genl zed-in 25

SDSsanpl e b I n
Sl [ LHAR Ao\, LOR A oD bR S P USRA R EL PR PR Bl

ni t r océhl ail abptateninianmeethol ylesmitied Graviauslydduitele,08 €, afd Ballej B Piant Sai al ogNo
t for detection. of GCD

- RPN203C a Life . Sci nce . V‘ést ern bl
was pertlo f%%%fﬁ@ﬂ 1991&*1 BFAVNE 40 (I RS HETD Saeb STOHBAHE 56 PLORS o
bel o) “infeald b ENAI BREbAHSA bR mes 8| RaptelfoCHaniBlfaH) G@apded and
transferred to growth inliquid nmedia for scal e up, protern<ptritication and
andpbysiiguiddguliure. Brefly, Agrobacteria were transformed with the pGREEN II vector by
electroporation {den Dulk-Ra, A. and Hooykaas, P.J. (1995) Methods Mol. Biol. 55:63-72]
and then selected using 30 mg/ml paromomycine antibiotic. Carrot cells were transformed
thh Agrobacteria and selected using 60 mg/ml of paromomycine antibiotics in hquxd

media.

Screening of transformed carrot cells for isolation of calli expressing Itigl'ih}‘ll'évels of GCD
14 days following tranéformation, cells from culture were plated onysq.lid,media‘ at
. dilution of 3% packed cell volume for the forjnﬁfibﬁ of (':éllfi‘frd'm indiﬁﬂu-ai:?clusters of
cells. When individual-calli reached"1-2 cm in diameter, the ‘cells were homégeﬁEZéd"?in'
25 SDS'sample buffer and -thé-'restilfing protein extracts were Separated-.lori 'SPS-PAGE
[Laemmli ‘H.,-(1970) Nature 227 '680¢685]'5.aﬂd transferred 'to“'nifroCeHuiéée'me'mbrane _
'."-r(hybond € nitrocellulose, 0.45-'micron. Catalog-No:" RPg\TZO?:C From. Amersham Life .
: Sclence) Westem ‘blot for detection of GCD .was perfoﬂned usmg polyclonal anti hGCD
* antibodies  (described “herein. below) Calli- exptessing’ 31gn1ﬁcant Tevels.-of : GCD were |

© 30 expanded and transferred 1o growth in hquld medla for- scale up, protem punﬁcatlon and : o -

e

- “analysis:
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* cal Pus

Preparation of pol ycl onal anti bodies 75 m crograns reconbi nant GCD
- (CerezynmeTM were suspended in 3 ml conplete Freund' s adjuvant and
injected to each of two rabbits. Each rabbit was given a booster injection
after two weeks. The rabbits were bl ed about 10 days after the booster
injection 5 and again at one week intervals until the antibody titer began
t o dr opPrepénagoniof polyalonat andfwdias| ot t he serum was divided into aliquots and
- stored at -Z%C -Upscal e culbtur QWD T arll or eact or A(ﬂ-aﬁ)m{t 1CT in
di ameter) cal”) BETRFags feqambitanl GiddiFreaeg, oV EaiPeendehingd Ml fomPIHe t he
r h- GCD menel’ yagjuRhm! £ @cRdMer ahi der) dabbiie OBadiMRbbR i s0piode h PoolGAr
medi um_ plate containiing 4. 4gr A MSD nmedi um'(Duchefa), 9.9ng/ 1 thianm n HC
( Duchefiaipctian sy twiooweeksadhel rahps gveay bipdsshgut 18] dsys Afteribe hepstyr infeclign |
Casein rolisate. i , r 1.: Sal-4 D j- . The.
RSB e gt B a8 e AR ITROGE AR ol TR 2

by sub-dtetl thelsérag widitideh st osligpdtscald susret at 820°C15 MSD | i qui d nmedium:
(Murashi ge & Skoog (1962) containing 0.2 ng/l 2,4-dicloroacetic acid), as
is well known in the art. The suspension cells were cultivated in 2501
Erlen I j tarts with 25nml and after 7 days

i ncr egg%gsrcfx% L%z%{%fgl{'hhgg&\b%'?ﬂagﬁaki ng speed of 60rpm Subsequently, cell
cul ture vol une abast 1émiredaseter) calllls offgdnetiomlyemobificdddirbi odliscdonvuinikg Ng

vol ume up to,;.300m under. the_sane _condjtjons. | nogul um of the. snall

bi d0r el 51?-%@ PG Wad PVMM@A@@M&%Q H‘ﬂ%g &M%S/é@n APEIRA 2828 dBIR aj ned

by addi ; i i r el t hat
b€ rhogtaérﬁl% 4 Mﬁgﬁ%aﬁuﬁﬁqm&hgﬁs o Sghofir AR RICH ﬁ?ﬁ%@gﬁgﬁ%

were cultivated for seven days. er week of cultivatio 1" Lpm
ai r f | oviplieveSd. (Fipdiad it weg! bidte Dughef), 0 Sg/ldbabeint ydraishtei PatifansugantPgplied

under the sane cqonditjons. f t addi tional fjve da f cultivation;-
nost ;ofaf‘ﬁwgr@%??sgz'%pr@?gfﬁ?)vgg?ﬁfg{“éms&?ﬁ"@g?re{f{ %Vs?fj%%’ sing the cell nedia
through 80115 agtnsiockNEeIEXiifuRe mglﬁésepta\t\@@ by SUE AR thefthstdified RAMKEH %el !

cake was store at -70C.  Further ail s-of the hioreactor device naybe
f oudd WEPR legdruedionUBMRastegy SNSkoos ,(3942)66tainegued gl Bdrdribregsic and

i Ly i d by ref . 30 Protei i ficati | der t
D epar st Dnd® rBarglh FIGM (haoF b G5 s sobh eap | iltipfed b B30 g
about |1§@1n¥&?ér Bk gRorkial WVoluRsSsthRs vl 2 Sl dravwetbr b d 68 Mdrédsiort samf) et t he

o .

33 thaweqd cells at 17000x? for 20mn at 4C. The insol'uble materialsS and
‘i nt act 25eC|withelaking speed of 60rpm. Subsequently, cell culture volume was increased. to 1L

Erlenmeyer by addition of working volume up to 300ml under. the same condi'tibus.
20  Inoculum of the small bio-reactor (10L) tse.c W0O98/13469] containing 4L MSD medium,

: was obtamned by addition:of 400ml suspension ce[lsrde_rived from two IL Erlenmeyer that
were cultivated for seven days.- After week of cultivation at 25°C with ILpm airflow, MDS
-'médium' was added up to 10L and the cultivation continued under the same conditions.

~ After additional lﬁve' days of cultivation,; most of ‘the cells were harvested and collected by
25  passing the cell m_é:dia through 80p nét. The extra mediuth was squeézed out and the
packed cell cake was store at —70°C. _
Further details' of the bioreactor device:may be found with regard to Us Patent No. -

 6,391,638; issued on May 21 2002 and prcvio_uély:- incorpor%.ted by reference. -

30"  Protein purificafion ' _ _ R i
~ “In order ‘to sepirate the medidfn_'ﬁfofn'-‘-thé-' *’iriétil'lubi'é:-'GCD,‘“;ffiizfén Cell cake v
containing about 100g et weight cells was. thawed, followed- by -céntrifugation of the
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washed by re-suspension in 100m washi ng buffer (20mM sodi um phosphate pH
7.2, 20mM EDTA), and then precipitated by centrifugation at 17000g for
20m n at 4C. The rh- GCD (reconbi nant human GCD) was extracted and

sol ubili zed by honogeni zation of the 5 pellet in 200ml extraction buffer
(20mMM sodi um phosphate pH 7.2, 20nmM EDTA, 1mM PMSF, 20mM ascorbic acid,
3.8g pal yvi \rl%ilgol éﬁgr'roL'@done_(PVPda, 1mM DTTand 1% Triton-x-100)_ The
hormoge d fhd A0&kgIten 2Ppn alofi(n diheripetivile mréermluand mbntt cellawetd ed by

ot of e, O e sudfeliQ dn' Roud BBt 1ty DGR B A e T et o

ci t ri c28mMIEDI)Temdihen precipitaed dyadnafftestion-at ddPesy feen0mes 422Camhéired by
condi tions de above. Further

centri tion under. the ri be "
purifi @ﬂf&wc E‘“ﬁ%‘r }F‘HF%W Wr%ﬁ%@&r%ﬁ’h%fj@@hﬁ‘ Bepseaizpiom of the| | ows:

. 200 p&ifet Gh 20D I WnaRe rﬁlﬁaflﬂﬂn : ' \C resin
(I\/aO%roPlé]Drettap hi lfrrlﬂ %gtsrﬁag%grt, Bim(;)- Rad eqrgﬁhiggé%%ez %%W@Q%Wat € .
buf f er PYSI5 . 20mM Saspasbleeatid,n3 . 8g ydlyvatyipobypy2rolidr@OdyPP)T HenM oD T anda $% -

i ntegrat.ed Wi.lh. AKTA (prime system ( Arer sham Phar naci a Bi ot ech) that -
al | omei“f%‘"’ﬁﬂﬁ?’r ofi fhamo 125 %‘} SBFJQ%{hrTﬁ“ 3@%& BeAeYM dempgaiie ande

sanpl ecMafied BpdestrialcaOniat I 70D 9 r gy th
equi li (t;)ratfiaoﬁ?buf Ferga( 25mvi sod?%%i??ﬁ?%%@f%@%%%m og\}%rjg%@e of

12m / nPH ohthe sipeampsant brascgdjnssed e H 155 hysadditione of cPneentrhteti @tmicodcid he

r hs -20 perf d W h.equilibration. bhuffer centaining 200mMV NaCl and
© hiS o THRSARC s BRI B TR B, PRty B cltfisd b, PRz o o hierc bEORG Ny
Fr act i emgfitt@ls/desdrideddbdveng the run were nonitored by enzyne activity -

assay; and tubes exhibiting enzymatic activity (in the elution peak) were-
pool ed. PooFeidherapwificatioe reasdipedemaed bysyhiomategaaphy colnmas rpnagediss eashanol

.and ] 0460 . wWth NaOH . S | e tai ni ng the.rh-GCD was
aop i ipgB! BORE of s Yhdhn I 109088 o8 A0 Srdhithionrerchiner tsa

t he--. s@Viecrod5ep hivh-$ Buppdet, Bi@Ra@) squiktiratdd in 25R@M k6&iA dittatk BuffelC MW -Was
equilibrate with 20nMcitrate buffer pH 6.0 containing. 5% ethanol.

FolY owparled e asXkpfeump (F$xehan) dihgneolwma Wassintagrated withhen T A (brimei on

buffer,, ) . Qm,t I lLution, buff omV -
citrat gsgﬁg%@%rsﬁgg 2 fj _gémggfog?%lgﬁg%t %ﬁ’d& q%dﬁ@ﬁqr &ﬁeco ?‘%‘t‘"ﬁ%n@ﬁo"%‘%t'he
- absor banbrieaek at 280ira. Theltsa@pleSkvap loded at IDnflih e SR @ndrdipdk i @imam vaast hi rd
col umm. ‘I;lh_ , f'iénal., urification step was perfornmed on. a XK. colum (1
- ax00me e FailRoB iy 42 SpMo M Pireis HERTTOR 53) AL @PSKIEEIof

- Toyopepghi/Rine Qi @"i@%bsoTQéf&?--r@Q&Bd) the e 1i? Pre-elution of the th-GCD was
20 performed with equilibration buffer containing 200mM NaCt and the elution was obtained

with equilibration buffer vcontairﬁng'VGOOmM NaCl.- Fractions collected. diiring the run were
monitored by enzyme activity é.ssay,- and tubes exhibiting enzymatic activity (in the elution
peak) were pooled. Pooled samples were diluted (1:5) in water containing 5% ethahol and - '
pH adjusted to 6.0 with NaOH. Sample-containing the rh-GCD was applied: on. the se(‘;’ptid |
25 XK -column (I-._6k200m,) packed with 10ml of the same resin as in the previous cblu’m_r_a.
The resin in this column was equilibrate with 20mM citrate buffer pH 6.0 contéining, 5%
ethanol. Following the sample. load the column was washed ﬁth_tﬁe-'cqurilibgatioﬁ buffer -
- .and the GCD was.i:luted.it‘rqm_t_hq-cdlurnn by elution bqﬁér (20mM citrate buffer pH 6.0,
5% ethanol and 1M NaCl). The fractions of the absorbent peak in the elution step were
.30 'pooled and applied on a third column. | e e e
B . _.Thé, final purification step was performed on a XK .column (1.6x206m)..p§qkéd- with
8ml hydfophobig;i_nteract_iqq resin (TSK :gel, Toyopearl Phenyl-650C, Tosoh C(_),rp‘_)‘,,fI""hé. :
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resin was equilibrated in 10mMcitrate buffer pH 6.0 containing 5% et hanol .
The GCD elution pool fromthe previous colum was | oaded at 6m /min

foll owed by washing with equilibration buffer until the UV absorbent reach
t he baseline. The pure GCD was el uted by 10rr1\/| citric buffer 'containing

50% et hanol , pooled and stored at -20 ‘erm nat i _92, Lpr ote
concent s Was Pﬂ‘ﬂﬁ@?ﬁddﬁn’é@m[r%@@n@“ff% R,Iélq EQRRQIES S Longf ‘F’f%cﬁ‘%@%r e

- assaye lgﬁ(ﬂ{ ES l@&ﬁ?ﬂg%&w% 248@{1%@1 fogdé@hpﬁtﬁﬁﬂmpfdﬂb@eﬂ t@sé [w@ftl"i‘df ord,

M, Ana usi ng a bovi ne serum al andard
_(fract |a;mﬂibrﬁugnh)ﬁemimbthmﬂmdjswbenomaehtthtabasgvhn@fﬂmqnmorﬁ@éwwsehpﬂd)t ein

" as dotet NSy oy sebRRREpTePeet ey h el P ECkay Enzymatie

actisvity of GCD was determ ned using p- nitrophenyl p- D 15 gl ucopyr anosi de

(Sigma) as a substrate. Assay buffer contained 60nM phosphate-citrate-

buf f er pmﬁnummpafmmammemfm 1. 3mM EDTA, 0.15% Triton X- 100, 0. 125%

~sodi um t aur Iate S ref ornmed,i te 0
mcroliter o %‘5&81’%6%358 ‘“ﬁccﬁ aféract\ﬁnaf’% ﬁ%‘gggnrﬁ\/\%ljgﬁg%ag%\b o mgthf)&é’? and -
substrawwbws e dBi® Hadngbteit astagn{Baliod, M., Ambl Brmerreqm 72vs]

i ncubat ed at %7C ng*GOr% nrﬁblgs oduct? %p 20 nltrophen | ;. pNP) foG(r?matl on was

det ect edsing a Hevier semeealiumyosafdardbEatioanyt §1§f‘a)4@§ﬁfﬁa“ﬁﬂ§: TRIAPALEHER O& t t

e ac t fl(%]rg%e(ﬁl %330 r eg.l n ?Le&' }gqosmldlrgﬁe@g %ﬁgﬁ taglg’(g-gtl%{ ae.l?nl\ﬁé&a%‘é Aa?%.ﬁ g a£ 8

curve a@m&:d’witywaf&éth@inned/\l@szamﬁdﬁmmmﬂaanti tate concentrations of. GCD in
the tested sanples [Friedman et al., (1999) Blood, 93(9):2807-16]. 25
‘Bi ochemi cal analyses: In gel proteolysis and mass spectronetry analysis The

“st ai ned n.the gel were cut with a clean razor bl ade and t he
prot ei ngcﬁ%g'%zﬁg'@ga% ’]ﬁ ¥ educed with 10nM DTT and nodified with 100 mM 30

i odoacet am dBniyat ﬁOtharimDmﬂmﬂﬁ[aar\bmaﬂeterﬁlﬂmed gelang e pastropheaylifi-Pat ed

with 50% acetontrile.in_10 nM ammoni mblc bonate r he stain from
t helJor ogkireryragaside g iy aipupstate: hgssaa @S’fgﬁ S@@Pte-%raé‘e es

wer e T eRyst-akAds Makd 0 Hercirocthanol, 1.3mM EDTA, 0. .15% Triton X-100, 0.125%
sodium taurocholate. Assay was preformed in 96 well ELISA piates 0-50 rmcrohter of
sample were incubated with 250 microliter assay buffer and substrate was added to final
concentration of 4mM. The reaction was mcubated at 37°C for 60mm Product (p—

20 -mtrophenyl pNP) formatlon was detected by absorbance at 405nm Absorbance at 405nm
| was monitored at =0 and at the end point. After 60 min, 6 mlcrohter of SN NaOH were
.added to each well and absorbance at 405 nm was momtored agam Reference standard-
curve assayed in parallel was used fo quantitate concentratlons of GCD in the tested
" samples [Friedman et al., (1999) Blood, 93(9):2807-16].
- ) AT )
chhemzcal analyses
In gel prateolyszs and mass spectrometry mmb)srs ‘ L
. The stamed protem bands in the gel were cut wnh a clean razor blade and the ‘
. .llprotems imn the gel were reduced with IOmM DTT and modlﬁed w:th 100 mM 8
30 - | 1odoacetam1de m IOmM ammomum btcarbonate The gel pxeces were treaied w1th 50%‘ | _
' _.acetomtrile m 10 rnM ammomum bxcarbonate to remove the stam from the protexns" S

.foliowmg by drymg the oel pneces T he dried gel pleces Were rehydrated mth 10%
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acetonitrile in 10 mM ammoni um bi car bonate containing about 0. 1 g trypsin
per sanple. The gel pieces were incubated overnight at 37C and the
resulting peptides were recovered wth 60% acetonitrile with 0.1%
trifluoroacetate. The tryptic peptides were resolved by reverse-phase
chromat ography on 0.1 X 300- mmfused silica capillaries (J&W 100
m croneter |D) honme-filled with porous R2 (Persepective)- The peptides
vver e elaseraitok mgﬁOanBrDamrﬂumbaarbghadl @ntaiohg bdud B5%g agRi0pért gabdpRe Wi t h
.1% acetic.,acid in water flow rate _of about 1 pl/mn, The liquid from
t he col ll%ﬁwg‘%l&éecéff wekerigepe FHel a3 7o mnd rtlsf—'pwﬁ%lglsg $piledes ovase sgcoyered)

Fi nneg 0 Shfometry was perforned in the positive
aRith &% a;l:gtollﬁ’ﬁli% ﬁrlf/lﬁ? i/&l\ﬁﬁ?fn%'%g ate .

i on node usi ng repet an followed by collision induces
di ssociation (CID) of the nost dominant ion selected fromthe first MS

sca The ectro dat a s conpared to sinul ate roteol ysis and

CD of thenﬁf‘aﬁmgc neﬁgl FR-IRROBTE datallparss Pg%%erf&f?fﬁét‘%@aldnégg Ob#ire 1J.

Eng andygd; ﬁl@lleﬁlrcau@a okt sl MeshihBabeft danﬂaf'heﬂsgmg R0 é&%% -5%5 The
equence

am no term nal of protein was sequenced on Pept |
( Per ki r(PElsnmcylve)céﬁwdpepgldBm weaa idiuted urseng as§0-mdt ilioes. g@ERnURE ak ¢o Af5%

o' be. rEdioatal VAP De Tafcﬁ%l#]ﬁﬁw%&daﬁﬁé%l‘e RN QB b R P
rrom mce ogin S8 ACHALABMAER) S Ru Gt RPe R (D PGS 985 o
e S s,
st o on g e o
R O VB0 SRR YukiE

- phosphate buffered saline. wer e centr 00xg
10 m n)pratediyes aed r‘BEusﬁ)&ﬁdEdtelm 1®WNGBIHWIB@ ubitig disd Pequestnicdiviirag 10%

fetal r at ed 1 /well in 96-well
ti ssueﬁlﬁqmgleésﬁgﬁﬁs 8&@@? elgmﬁgl“blgla@go?ﬁﬁnut es, Inon adher ent
celflss wer e VERNgHingWerhiRhE 8f itheGgoteii Has RBRuerRBd &nh@eﬁmest&glenea%mages

30 were incubated for 90 nun at 37C, in culture medium containing specified
quant i t@e@nmﬁimmhwdmmgnmgxfmmzmmnw mcrogranms in 200 microliter
final volunme, in the absence and presence of yeast nmannan (2-10, 5 ng/nm).
Aft er |ncubat|on medi um containing . 36 excess rGCD was rem)ved and

cell s vgrp Mﬁ&k@@fﬁem(ﬁﬁgatmsaﬂua%& PBS and then |ysed
' Targeting and uptake of GCD to macrophages is known to be mediated‘by the

20 "MannosefN-acetylglucosnune receptor and can be detérmined using thloglycolate-ehclted
pcntonea] macrophages obtained from mice, as described by Stahl P. and Gordon S. [I
“Cell. Biol. (1982) 93(1):49-56}.- Bneﬂy, rruce (femnale, stram C57-B6) were mjected
mtrapentoncally with 2.5 ml of 2. 4%, Bacto-thxoglycolate medium wlo dextrose (leco
Cat. No. 0363-17-2). After 4-5 days, treated mice were sacnﬁced by cervwal dnslocation
25 and the peritoneal cavity rinsed with phosphate buffered saline. Cells wer_e pelleted by
cen‘triﬁjgation (1000xg 10 min) and were resuspehded in DMEM (Beit Haemiek, Israél)
comtaining  10% fetal . calf ‘serum, Cells o were  then ‘i)la‘.ted at
1 2x10 celllwell m 96-Well tissue. culture plates and mcubated at 37°C ‘After 90 minutes,
| non—adherent cells were- washed out three tlmes using PBS and the adherent macrophages ] '
: _'30" " were mcubated for 90 mm at 37°C, in culture medium ccntaunmg spec:lﬁed quanhtles of .
rhGCD rangmg fmm G to 40 rmcrograms m 200 rmcrohter ﬁnal volume m the absence |
and presence ‘of yeast ‘mantan (2-10, 5 mg/ml) After mcubatlon mcdlum contammg L
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with lysis buffer (10nM Tris pH=73, 1nmM MyCl2, 0.5% NP-40 and protease
inhibitors)- The activity of rGCD taken up by the cells was determ ned by
subjecting the cell lysates to .5 in vitro glycosidase assay as descri bed
above. 5 EXAMPLE 1 CONSTRUCTI ON OF EXPRESSI ON PLASM D Thi s Exanpl e
describes the construction of an exenplary expression plasmd, used 10
with regacds tGmeaExaﬂ@dedsaﬂnﬁbﬂw wiré wanhed dieeaitimes Wieh PENAngadimgstor hGCD

" ((AATTC cl-ane nu 696)  was a I|f|ed u3|n forward: 5'
CAGAATT deéﬂf@’f |P§B %} h@ﬁq&? ang pegfepse inhébitoasder se:

R S b 0 AN A RS

Bol Il i w&e gijema@asetassayasedqwbcéabmderl ined in the priners) and ligated .

i nt osan i nternedi ate vector having an expression cassette CE-T di gested
with’the sane enzymes. CE-T includes ER targeting signal

MKTNLFLFLI FSLLLSLSSAEA (al so denoted bySEQ ID NO. 3) fromthe basic
endochi tinase gene [Arabidopsis thaliana], and- vacuolar targeting-signal"
20 from Tobacco chitinase A DLLVDTWdenot ed by SEQ ID NO 4). The
expressi on cassette wa : (e te vector and
ligated into the binar Bmﬁv é‘g é 2 &*ﬁ"gg.ld\,@&&"‘gp o enzynmes Smal and

Xbal , form nghishExan _Pidldéscﬂmrtﬁé s;bfmneéﬁsﬁ @:fan'@ﬁ&ﬁﬂﬂﬁﬂ rds8idh HlaBRRE vk
conferred by the NPTU gene driven by the nos -prormter together ‘'wth the

pGREEN \Yéf(‘i‘tfégaf@mBle%iﬂplﬂlbéloﬂegumrwt@kpre55| on 25 . cassette is

ted b d t t
ot ame. f us e SONA pdty i itCo TrE AR E%Wes e&%ﬁw‘%ﬁé”éﬁé
Priner faromrd: e GAG m@mcocccc:réuﬁ EYARACEAGHSSEQ B Na! ﬁ)oancplenot ed
by. SEQII) NO .5), and the 3'. termnator; 5' eteu ATGGTGC '3' (al so

30 denothedfergse: s%&T@AMTG%‘&%GCEM éf &ﬂ@ddm by SEQ HYy N@q%)ance
i S. dethfﬁQrsby SEQ ID NO 7. 37 EXAMPLE 2

15 The purified PCR DNA product was dlgested with endo‘uucléases'EcoRI and Bgll]
-(see recognition sequences underlined in the primers) and ligated into an fntekmediate
vector having an expression cassette CE-T digested with-the saine en'z-ymes.‘CE—T includés
ER targeting signal MKTNLFLELIFSLLLSLSSAEA -(aiso dencted by SEQ TP NO: 3)
from' the basic endochitinase gene [Arabidopsis thalianal, -and--'~vaco01ar-'targeting"signél
20 from Tobacco chitinase A: DLLVDTM* (also denoted by SEQ ID NO: 4).
' The expression casseite was cut and eluted from the intermediate véétor and iigatéd
into the binary vector pGREENII using restriction enzymes Smal- and Xbal, forming the
final expression vector. Kanamycine resistance is confefred by the NPTH gene driveri by
the nos. promoter together with the pGREEN vector (F:g IB) The resultmg expressmn :
25  casseite is presented by Fig. 1A. B ' ‘ ' :

| The resulting plasmid was sequenced to ensure correct in-frame- fusmn of the
. signals using the followmg sequencing. primers; 3 ' -

| Primer from the 5' 35S promoter: -5 CTCAGMGACCAGA%GC 3% (also
.. denoted by SEQID NO 5), and the 3” termipator: 5" CAAAGCGGCCATCGTGC 3’ (also
30 denoted by SEQ D NO 6). The venﬁed cioned hGCD codmg sequence is. denoted by
' ,'_SEQ ID NO: 7. |



TRANSFORMATI ON OF CARROT CELLS AND SCREENI NG FOR TRANSEORMED CELLS
EXPRESSI NG rhGCD 5 This Exanpl e descri bes an exenplary nethod for
transformng carrot cells according to the present invention, as used in

t he Exanpl es bel ow. Transformation of carrot cells was perforned by _
Agrobacteriumtransformati on as described previously by [Wirtel e and Bul ka
(1989) ibid.]. CGenetically nodified carrot cells were plated onto

Mur ashi ge and Skoog (MS) agar nmediumw th antibiotics for 10 sel ection of

transformants. As shown by Fig. , ts prepared from arising calli -
were tested for expression of M@ern bl ot anal ysis using anti hGCD -
anti body, artRANSFORMIEION P CARRONMEELEAND SORISENING K¥OR! rol ) and
extracts of non-transforne celTs (negative control). O € various calli "™
tested, one callus TRANBFORMERCEELISSEXPRESHING ras€hp gr owt h -and g
protein puridi.call stern bl ot perfqr as follows. For . .
thigs assay, FIfpl)]lrso'iﬁéglani}lef :d%ﬁ%%%v%bte%w gar%a \A&Z)d\/\g#re??g afeq © rr'iOtSIﬁéus- ST
pol yacaydoading eo ¢! predeacinvanivn] ssised anthetBangierbekav.t o nitrocel | ul ose. For

t hi s purpose, : ?DS .pol ¥acryl amde gels were. prepared as follows. -The SDS
gel s consi strformation pf carolgealls Fips. perfqraed | by ggmgwewm tepnsiormatinreasn t h

Laemm | : ; ral r e N - i - enbly of

tho. heachonrebacr ot B a5l plu Moty gy By Bantialy MAGBEF BN ot

t he reedlsviver ghital wat Murbstligownd . Skiiddp @ASY | apai deedibh owiladhiibibtiod ¢ool i ters
of . TEN (N, N, N N-tetranet hyl et hyl enedi ami ne; Sigma catal og nunber T9281) .
petl | g‘ﬁ?"."é‘!‘ %Letlr ansfosmgpts o As %9‘1’%%3- 3y sxtgagtsrprepasd) fromarging eaffigwarfoni um -
per sul ARS). % VG2 BB L f At e, 1 [ hi s
Cont ext 8 {of Gbresdion U GEDIbY PR BT BN AL RS LEHe BTy fhd o
m nut ewerf caemparké to rldrézymecostamfarg fpositbrel aattiobnand berstack howtragdbrmdd3 %o
acrylarnjde, 0.1% SD! MM . Tris-HCI, pH 6.8 . 0.1% APS and 5 m croliters
of TEK%E?B%%"‘:@WO%‘FO ke Ygrigns callpfestedofie ialles Sutrptear 22 axs selected 4o vi ng.
gel , agdiduftéroih ad8 pARERSuABERIoKAS inserted to create the wells for. :
sanpl es. The“anode and cathode chanbers were filled with identical™ buffer -
solat i on . Tr Fhe Vastagh hlok mas peffomiedesibliows.ng SDS ( Bi or ad, cat al og nunber

161-0772), pH 8,3. The ant| i ni i al : ith 0.5
rolume o) BEL R, skt PR frony e el Pl oy e RrArL S PRe:
0012) W%@a&d&@a raecgs%m i g ahdiferted @MMHSURIRE. FOHHRL" purpSeMERS0) |

i pre

187.5 Tris-HC, pH 500 microliters bronophenol blue, all” volunes
per polyacrylamide gels were. prepared as follows. The SDS gels consist of a stacking gel and-a

resolving gel (in accordance with Laemmli, UK 1970, Cleavage of structural protéins
20  during assembly of the head of bacteriphage T4, -Nature\ZZ_?.,;6.80—685.)_-:'-1‘he compo;s'ition'fofj |
the resolving gels was as follows: 12% acrylamide (Bio-Rad)i 4 microlitérs of TEMED
(N,N,N'N'-tetramethylethylenediamine; Sigma catalog number T9281) per. 10ml of - gel
solution, 0.1% SDS, 375 mM Tris:HC, pH 8.8 and ammonium persulfate (APS),-0.1%. -
. TEMED and ammonium persulfate were used in this context as free radical starters-for- the
25 polymerization, About 20 minutes after the initiation of polymerization, the:‘rstaékihg.- gél'
(3% acrylarnide, 0.1% SDS, 126 mM Tris-HC, pH 6.8, 0.1% APS-and 5 microliters of
: TEMED per Sml of stacking gel solution) was poured above the resolving gel; and a'12:ar -
18 space comb was inserted to create the wells for samples. ° | R
- The ariode and cathode chambers were filled with identical ‘buffer ‘solution: “Tris -
30 glyéine buffer coitdining SDS (Bidrad; atalog number 161-0772), pH 83: The dnfigen- . i
_ containing mater'ial was treated with 0.5 volume of sample loading buﬂ”er(iiﬂmlgiycerol - _ |
- {Sigma catalog number G9012), 9% SDS, 15 ml mercaptoethanol (Sigma catalog number - '
38 B



100 m sanple buffer), and the m xture was then heated at 100 C for 5

m nutes and | oaded onto the stacking gel. The el ectrophoresis was
performed at roomtenperature for a suitable tinme period, 5 for exanple
45-60 m nutes using a constant current strength of 50-70 volts foll owed by
45- 60 mn at 180-200 Volt for gels of 13 by 9 cmin size. The antigens
wer e t hef6260rn8¥ SrmbH Tris-H1G)) pHack| 00 mi;:eol(t&sl‘hremnb&mh hbieSelh relumes Img sel )

s 1 okl BhSaririg B ihe Pt cysab bondd BB Kok e g ISt nann 3

MM fil t&‘itoﬁﬁé’&&ekmglgel conductive, 0.5 cmthick foamed nmaterial and wire

¢ el ectrodes which cohRduct the current by way of platinumelectrodes. The

Cfilt |

{hor oughi - s HUEeORRIGE B Fhtctnd M ibOR ApbRREL bl 9SBitallEiopaKsl
0775 f dfdrtekadpléGS]t:GOmmumsmhinggtdoasteﬂal tcfamnbnt/\at@ugtlbuﬁ 570 gg@%otb%edrwlﬂiﬁ} The
transt er_ was ertor ts or Ut es at te ’
T anst o60 Tt gt PE-a0e MRt a2 of 181 irinatr! Thoatiasts &t fep A4
over - n'wﬁtfw&aﬂ]o@la@@mmemdfﬁhugg@e@ ng 1% dry nmilk (Dairy Anerica),

and 0. 1% Tween Sigma Cat Pl uted w tgvéghosphate buffer (R edel
deHaen, cat Biodgn nmm&:r wast)%ﬁ’pﬂnﬁhéumtmtlaﬁw#spsle edirseibatlde gelt tvaan

ant i bod di,| uti hat fer | % I k and
0" 106 Tolbeticsotba it i Bp agndenl ARERRS e, Bkl SRR AR il ol €1
Witipt h&:ﬁiﬂhﬁ@@ys chibficR! Bim¥B anannafd Wifedledtict®s wigEh con®RE thecastent 10
mnutes with S (phosphat e buffered sodi um phosphate buffer (Riedel.

deHaen, by say axf @gatn?umbécpct@dae iy filten @amﬁfof hesfopmpd maggrial apd the mgoglivloge  at
oo+ TR Rk ploRhedy i Mol RO SR B Blors AL OB !

buf f er gpnt aiikied d 013y WithlekhahboaddywheE biffe) (.‘ZOWIﬂheﬂlaﬂx&Q)? FhEweakfe? Ot Si gna
at P1379) diluted with phosphate buffer (Riedel deHaen, catalog number

30435) ) perAgrmsd ah 500 ﬁ@tStf@e&lp oestestdeGeral tinmes with PBS, the blot strips
g, oL AR DR SBUSLORL EE  REDEBNRRR, £
film FUdizersug:}arvREh Bl8xade aﬂmerdseuem@mmmuﬂtmalmﬂaw ded 6) 16@&mveamd
that werd (e Cay AL ditrbony: sbemheie,pufls dosiel detbne tiloa ot * 5o
Upscal e3g44sh Urfie Bl Widis' Reld! BERARIORL an antibody (dilution, 1:6500 in phosphet'e '
buffer containing 1% dry milk and 0.1% Tween 20 as above, pH 7.5) at 37 °C for 1 hour.
20 - After incubation with the antibody, the blot was washed three times for in each case .
10 minutes with. PBS -‘(phesphafe buffered sodium phosphate buffer (Riedel deHaen,
catalog number 30435)). The blot strips were then incubated, at room temperature for 1,
* with a suitable secondar"y antibody (Geat‘anti rabbit (whole inollecule) HRP (Sigm_a"ea; #
“A-4914)), dilution-1:3000-in buffer containing 1% dry milk (Dairy America), and 0.1%
25 “Tween 20 (Slgma ‘Cat P1379) ‘diluted thh phosphate buffer (Riedel deHaen, catalog‘
number - 30435)) After having been washed several times with PBS, the’ blot strlps were
*stmned with ECL developer reagents (Amersham RPN 2209) | S
© Afteri immeérsing the blots i in the ECL reagents the ‘blots Y were exposcd to X—ray‘ o
. . film FUJL Super RX' 18x24 , ‘and developed with’ FUH-ANATOMIX developer and fixer
30 -(FUH-X fix: calth. F]XRTU 1 out.of 2). The bands featunng protems that were bound by the o

~‘antibody became visible a&er th:s treatment



Suspension cultures of callus 22 were obtained by sub-culturing of
transfornmed callus in aliquid nedium Cells were cultivated in shaking
Erl enmeyer. flasks, until total volunme was sufficient for inoculating the
bi oreactor (as described in Experinental. 5 procedures). The genetically
nodi fied transgenic carrot cells can be cultivated over. nonths, and cell
harvest can be obtained in cycling of 5 to 7 days (data not shown). At the,
sevent h cul t [psadloeulday grawvdnn bReeamorsnt of rh- GCD production in carrot

cell is at t eak, cells were rvested by passipng of culture through

100nesh net s.g&lﬁl'\’te Rssl?fb lﬁ’l“ﬁ“ifé ot ¥gs rb?h’éﬁ"“‘c é’gfaé‘}/%sy 5881‘?& of tmpsipEand

known | eallubn ar Kquidi bt ChlY AieORIRGaEe ™ hilaR Hrtimetd FHES AARK Sdfe! !
- 0

cake, which provides the material for purification of"
honogerédepe wan wélidersr & inochlatingi thg bempastert (ae. deREIMAL b Fxborimental

PURIzFI | NA ACT]. HGCD PROTEI N, F TRANSF?R VED CARROT |
CELLS. C@é&%ﬁé%%cgﬁp r[r(*aosdslélelc?1 i FROSBENS fRPRE A $88t bR epylivatedh oveUnd

to be haantis, nd defittarvest capbdsamsd o cidifig ©Fls! o PAsysTahaSRE SHSRD). Al fnd he
medi um Mechanically cell disruptionleaves the rGCD bound to I'nsoluble
menbr arfs VYA Guevatiga 1y sther kisvamountceDri G GR sprodustiondinseaator el s ian gheni | d

deterg , - rom:cel k. debrjs a t her I psol ubl e :
componanty R SEMALRERE ty REAE ol R b BB B arts it afpdtE gty
- techni ghetscells medyunt hyyvesied by nesaah angen i thd i@ sOEN 8O Filtrdtioh raehéBikation.
chrlgrra;ﬁ% szh%éi cﬁg@ugﬂﬁs as, described in Experinental .procedures.”. In order
to ep ag i ¢ies rehich herovides | thel aatzal - faro purifieasion. of del€D 26
cont ai g : ' s thawed,, followed by :
centri ?ﬁ%ﬁwé#ﬁ%&g at}ffgﬁﬁ%rtéﬁ;éﬁmﬂ%’? The insoluble material s and

i ntact cells were washed by re-suspension in, 100 washing buffer (20nmM

sodi um phosphate pH 7 2, 260rVEDTA), and precipitated, by centrifugation
-at 17000g.for 20m n, at 4C. The rGCD was, extracted and: s6l ubilized by

honogeni zation of the pellet in ZEg%%gﬁif@ct ion buffer (20ni M sodium |
phosphate pH, 7.2 30 20mM EDTA, | , 20mMM ascorbic. acid, 3.89

pollyvi nyl pﬁMﬁMﬁWMBMD@M’MG@MO@EWM) . The
honbgenat e was shaken forr' 300102 oom, temperature and clarified by
centrifugation at 17000g 13 2B CARROL CELLS . \was 40 di scarded and
the pH of t RecsmbRaeh-ACDWaBraasiduntiemhsfRmBl Brdt R¥d ,g% ' fro bo
concentrated citric acid. \%ﬁieglgygﬁtﬁiﬁglgner a{i{ed a%'?élr“ p "g(gﬁlasttghtgh ounds

cl ari f tedntsynat anerpbrrogfacf dhe gellbeand not secreted to the mediwm. Mechanically cell

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

I

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

: inspluble components. The solltuble enzyme was further purified- using ‘cl'fmmatography
feqhniqucs, including cation exchange and hydrophobic -interaction chr_omatogr_aphy
‘columns as described in Experimental procedures.. 7 _ L ‘

. - In order to separate the medium from the insoluble G‘CD,,‘; frozen -.,.c‘el-l_‘.cake:
25  coutaining about 100g wet weight cells was thawed, fqﬂowéd by cgntriﬁ;ggtion at 17000xg
for 20min at 4°C The insoluble materials and intact cells were Waéhpd by fe—suSpen.sioﬁ m
100ml washing buffer (20mM sod_iu_m-phqspha,_tc‘.pH 72, ZsOmM EDTA) andpreclpxtated -
by centrifugation at 17000g for 20min at 4°C. The rGCD was extracted and solubilized by
'_hqmqgcnizatigr_l of the. pellet in ZQOIf_ﬂ eigtractiqp.buﬂ‘@r (ZOnM_stiuﬁ; pﬁos.pha‘;epﬁf-i:.i;; g
30 20mM EDTA, 1mM PMSF, 20mM ascorbic.acid, 3.8¢ polyvinylpolypyrrolidone (PVEP), .~ "

~ 1mM DTT, 1% Triton-x-100 (Sigma)). The homogenate was shaken:for 30mm atfoom - g

temperature and clariﬁed‘ by centrifugation at 17000g for 20min at 4°C. "l;he peﬂet was B .
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the sane conditions described above. Further purification was perfornmed by
chromat ogr aphy colums as follows: in a 5 first stage, 200nmlL of clarified
extract -were | oaded on ZOn' strong cati on exchange resin (Macro-Prep
hi gh-S support, Bio-Rad) equilibrated in 25mM sodiumcitrate buffer pH
5:5, packed in a XK colum (2.6x2Ccm. The columm. was integrated with an

AKTA prdistardes st el l()H\ME faahtwak ad ﬁmﬂes IDH 5 bay aaliliewed chenitedor the
* conductivity; pH and bsor bency at 28 nm The san'ﬁ)eée was | oaded at

20m / niGatnic gfcide riwspidty tgﬁeer@f@rlm’ﬂ‘w \Rék adjostireph amsvilatHied o Fentiieitem wadef er
~(25mM %ﬂgkﬂms&ﬁmgﬁg %&;8& e0-5) at flowrate of 12ni/mn until W

: absorbency reac age l1he. Pre-elution of the rh-GCD was per f or med
~with equili tihﬁtueorpuhﬁéa‘tm W perforinrg B}G)Q;[’dwdrﬂlﬁﬁ‘graphﬁl chlene! 44t followyam a
., obtained wth e ui Ilbratl{ﬁgn buffer contalini ﬁ 600nmM NaCl . Fractions -
1

col Pectliat s 7 Omh of clftisg rartarioRE e 0adot Proflrg Srong: Sajion,crsbangy fe%l’f‘\d -
t ubes e(mcmhprc%gpg dﬁ?h&:&, dﬂfbtRé/d)tééleHbPatE@‘?n o5 MM Sliidm cﬂ?ﬂghuf‘f\&r ol eg- |

Pool ed sanpl es "wefe wat er . cont al nl ng 5% et hanol
adj ust geeckasl 81 8 XKt dohMaOH?2. @@m)BA"heecpﬂesmanS ategrated awith anPAKT At iimme

rificat on St a efra cte dur he run were _ponitored
By ey e AT i, EiSacR SRR i eyl 4n man sht Conduimgn qid and
coomas Sdbﬁm’eé at %OthfT&I bg.éﬁéﬂ@ vfrz{sal%ﬂé?f‘ at 20RDUES if&rrw%%' thé tcxsunﬁpw% ution

fractions confaining the r was ap on a. second XK colum
(1, l@xzmwﬁe%adﬂedqwmrhthro bz fFest (?cSlmd\d s:aimnr@traw bnaffr rpHt hSeS)o eeflbousite ofurm

cai 11 AR ot OYrRisaRepdl %Bed IFe 5SS R’ Rettufiaf e Botdiemans

Fol | owigegforhétE with ngabiitibladiad Hulfer eohtbEThe@O0MRSNEC! ¥hd thel dhtionSHib bbthinad | on
buffer and the rGD was eluted fromthe colum. by elution buffer (20mM 25

ci t r at evifuequakibrafipnebuffer sopiaiting 6P OraMgNaChy H\ﬂa@icyls qcllgcteds mlm@ﬁresumveera |
t and
oL ander ety L G635 90 hA08Tll ARRTRSH) [T lE

Fi 5. Jealohwes. ;moiedoﬁﬁa&alsemblesIWesé dilwted @1:58 linlwadt cohtantid oVSetBsRYRd foOr
activit The fracti ons of -t he absorbent peak in the elutionstep were -

pool ed:Pih#fasied 1RO SAteNaGY. | third colum, for a third purification stage.

T ol PAA I ] agﬁdapgg«%[ggf {4 pE Hﬁ&%g%g% ThE SpiThe hpsédm

packed with ob| cin Ion fesin
Phenyl -cﬁlﬁﬁg:ihemmohereomqmt))redl'ﬂqeerrzgmemcm espay,| dstshatvacbyl Fig. lthMnddﬁxg rsat.e

0,
B;erl‘“e(r)&g oS Ftﬁhw‘asmH &: 04)?!23%2%'{1 r<])I‘f gl%hgn/%rg}:t?oang%lssayed %orce;lcc:t[?v%r ution pool from the

20 Elution fractions- containing the rGCD was applied on a second XK column
{1,6x20cm) packed with 10ml of the same resin as in the prekus co]umn, for a second
- purification stage. The resin in this column was equilibrated with 20mM citrate buffer- pH
6.0 cqntainirig 5% ethanol. Fbllowing.-;the.sa:nﬂe load the column was washed with thé
. __équilibrat;ion buffer and the rGCD was eluted from the column by elution buffer JCZOﬁlM
25 -_ciirate buffer pH 6.0, '5_%7 ethanol and 1M NaCl). Fig. 3D represents a standard run df:this' |
purification stage. The fractions coflected during the run were monitored 'by. enzyme
, ;,actnvxty assay, as shown by F1g 3E, and Fig. 3F shows a. coomassne—blue stain of eiutlon.
. fractions assayed : for activity. " R ' , |
: ~ _The fract:ons of the absorbent peak in the elution step were pooicd and apphed ona '
30 third column, for a-third purification stage. The third purlﬁcatlon stage was perfonned ona i -
_.XK co!umn (L 6x200m) packed with Sml hydrophoblc -interaction. restn (TSK gel _

Toyopear[ Phenyl—65_0C, Tosoh Corp.). The resin was -ethbrated in 10mM .gxtratc,buﬁ'e_r‘ |
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| oaded at 6nVmin foll owed by washing with equilibration buffer until the W
absorbance reached the baseline. The pure GCD was €luted by 10mMcitric
buf fer containing 50% ethanol, pooled and stored at -20C. 5 Fig. 4A
represents a standard run of this purification stage. The fractions
collected . ', during the run were nonitored by enzynme activity assay;
(Fig. 4B), and Fig. 4C shows. coonassie-blue stain of elution fractions

assay eI @.0 aintaiihy 5% ettiwndl. DB GO dififi6R tpooh idin €&d bfevidi@t colffhi® was
processed, rGCD protein was purified to a level qgreater than 95% if only

the fireadedrat qmiini foflayed by rveashmer withwquiligrationybulier ypwi deddV mbsorbanc | evel

of abo () ts . | QC 1.C L: alidate

Cdent teeed RGP0} RIRDCD S A°RRACRE 1ORROERR el Bops G 102

pr ef or ntithnoRgwolcdanditaedad2et@wed 49% coverage of protein sequence that
cid sequence, based on the DNA of the

15 natched the predicted amn
expPessi on cggsg‘{*tféf’ms‘?“f;ﬁ:? ﬁﬁpﬁ%ﬁ%tfﬁé Af sBigeurpiepioni¥ess d hedragdonnerliseigdences.

Upt ake [RVIR S f [ i jof. ages, o

dot or i AL i el® moRERRP o) Ry DL e L RIS AC 8,

gl ycosoatmassiedhbie stamofielasrgibaativna kesapsd faragatitscel | s, and t hus be usef ul
foe treatnment of = Gaucher's disease,., the ability of the rhGCD to bind to
and. be takgfq wfﬂym%@a%agsglﬁaﬁagwwxmae@a JECH RFferi was BFSiEd&zD. t o
Macr 0phaQe prdater TRAN 4% dirllivi e A MNAIRLMNsREE Eﬁégﬁ%ﬁﬁ&g lrﬁ:u(f:llﬁ{ ig %E‘ﬁ@éeq &NAC)

receptor . and can be determ ned using thioglycal at e- peritoneal :

mad® opledges of Abous §8% (rbsultFingt sSEBWRYGCD under goes' ;' Upt ake by cells at. a 25
hi gh |l evel. Figure 5A shows. uptake by cells of rGCD according to the
present invention .w.th regard to mannan concentration: Figure 5A , shows.
upt ake at cpBaHeARbE drAlRiss W th CerezyneTM (this preparation was prepared
to 80%purity with only'the first and third stages of the I
purificati onfpruliéds thgeblentityeof apuifigyl. ThGCD30MEsgyEpes Md3-Sped (MEMSHow

t hat ke | hi gher. L evel, than, Qer TN as . t hi rati

wne. pr SEAVHE VS reDudbe IR ShuaRi o J AR BF¥oER ph ot Rpingeateabe fhe -

punsfi eadtbien e eaiiGedaniid Rt s@jvene, td2ed/bd the BB 6F i}@,&hﬂ:@&i@n ehssetfd early
In

the percent of specific activity fromtotal activity, ibited by 4ng/ m
mannan ingluding thedeadep peptide agbirrettingnieqperssant i nventi on S '

Uptake and activity of recombinant hGCD in peritoneal macrophages
_ To determine whether -the. thGCD  produced .in carrot has been- cbri"ectly
20, glycosylated and. can.undergo uptake by target cells, and.thus be useful for treatfnent of
Gaucher’s disease, the ability. of the thGCD to bind to and. be taken up*'l;;ffmacrdﬁhages
was. next assayed. Targeting “of thGCD. to maciophages is mediated by' the Mafinose/N-
acetylglucosamine. (Man/GlcNAc) receptor -and can be determined using thibglymlé{e-
elicited peritoneal macrophages- As shown by Fig.-5, rGCD undergoes-uptake BY‘c'éils a"t'_‘a.
- 25 high level Figu_fe 5A shqws-.ﬁptakg by cells of rGCD according to the 'ﬁresént;-'invehtidn =
-with regard to mannaﬁ concentration. o a |
Figure 5A»sh0w-s‘uptia.ke at’ comparable levels with Céfezymém (this’ f)répiiréitibn |
was prepared to 80% purity wﬁh only the first and third stages. of the puﬁﬁcationf’-ﬁrééeéé' T
.described above). - . w0 = | S _
30 - . Figures 5B-and:5C ,.ghaw'fthﬁt fGCD uptake is at émghér;iéirel than-Cerézying™, as
this preparation was,-pfepar'ed.s'to#fgreatef thar 95% purity. with all three stagés of the
purification process desoribed sbove. - . 1 ool -
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(rGCD or reconbi nant human GCD) than for the currently avail abl e product in
the market as follows: GCD (CB-mixl, which is the rGCD of the present

i nvention) - 75% Cerezyne 5 -65% Furthernore, as shown by the figures,
addition of manna clearly inhibited binding of rGCD by the cells. At

trat 2nmg/ m __of t he bi ndi hibited b
ES%E%Z‘; ?3@% f%g%mnm" R S BRI ORI GRSt r Lot ur os.
r hGCD iBX can undergo
upt ake ato tar get %ﬁm%mﬁgggﬁdcngﬁﬁslég%efé{ qhr ou£eﬁl{ %15@1 _
recept dr@CDMIrremninﬁart himan €dbihana bibr the hﬁiﬁf&tlysweﬂWemﬁoﬂnal ih yhaamhnkee :

Figure 5 hov Lthe rh ni zed. by an. anti-G CD
2t bods TIPYE GRS FePrmist oo il FETat o B8 BN gPurbion adath GErP ¢ he
pr egent_égn)gention while GCD 15 standard (shown at 5,-10 and 25 ng per

| ane) -is comrercially purchased. GCD (Cerezyme(r)). EXAMPLE 4 TOXI COLOGY
TESTI NG . (Flmlherrrmteeas shovobbuithretigiwes additiog efonathen givavy qﬂubxtefdl wadingn.

pr ocedur, accor t oxi c tes rotocol s
U aattactay vy BBl Ancahgn oA b et o rrbas

Phar maGgibikedctys soﬂ,Qenter for Drug Eval uati on and Research: (CDER) PT 1 (61
FR: 43934, st 26, 1996) and by ICH M3(M Non-clinical Safety., Studies
for the Condﬂt;e’ée aesuldg rﬂﬁ“’dthaﬁl%faﬂ witheytsremadeling ofeal v staloglres rthGCD

CcP II 9 | fi 6 0 njecte

f ol %%%dm daﬁur oggB g &géfopql?(d N’((%g ?‘ncieggl(%)ﬂ %@%? 5+ g

dos es Qﬁacr@p}ﬁgd cdll mﬁgalinmughmmmAb Redepetasl IﬁﬂoXedVe@th@ Irbdcaidant 3 __
mal es and 3 fermales) for receiving rGCD.(in a liquid canerifeaturing 25 nmM
citraté G%eéazynl%wamqnm 0. 01% Tween 80, 5% et hanol ) according to the
present inv 0, A t he
carrier, alon %Jrgg? gl%(% F’ﬂ?: Iihgﬁﬁ)% %Flﬁglrgﬁgél%d B? gaﬁng éé sa:n(rgi\l?)‘é%} p’ogl

days amemmdaletutrﬁﬂn zefdzs ﬂislonhe ;ﬁbtetmecdmdmg th ¢tk preselit mﬁenhbe, whibe G| ed

eut hanasi g. e of the mice showed any nificant effects from treatment.
§deZQW8YIb@t ! fae%h

43180 gt _ K madngs BHdPSr rf@e%ﬂmwewély Wéﬁcﬂﬁie We & f ound
in any ebrdRee@ ce o
EXAMPLE 4
TOXICOLOGY TESTING
20 . The material obtained accordmg.to the above purification procedure was tested:

according to standard toxicology testing protocols (Guidance for Industry on Single Dose..
Acute Toxicity Testing for Pharmaceuticals, Center for Drug Evaluation anel Research: . _
(CDER) PT 1 (61 FR 43934, August 26, 1996) and by ICH M3(M) Non-clinical Safety ..
Studies for the Conduct of Human Clinical Trials for Phannaceuticals CPMP[ICH/ZSG/QS o
25  modification, Nov 16 2000). | - A RN .
| Mice were injected as follows. An 1mt1al dose of 1.8 mg/kg (chmcal dose) was
~ followed by doses of.9 and 18 mg/kg. Testing groups included six mice (ICR CD-1;3
-, males and 3 females) for receiving rGCD.(in a liquid camer‘@featunng 25 mM. cltrate A
buffer, 150 mM NaCl 0.01% Tween 80, 5% ethanol) according to the present mventlon, ';'- o
30 and another six mice for ‘being treated with the carrier alone as 2 control: group.. 'I‘he mxce_-f .
- were then observed for 14 days and were euthanized: None of the mice; dled prxor to the o ':_ 

scheduled euthanasia. None of the mice showed any significant effects from treatment. |
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EXAMPLE 5 5 GLYCOSYLATI ON ANALYSI S Anal ysis of glycan structures present on
r GCD produced as described with regard. to the prévious Exanpl es was
performed. As described in greater detail below, results indicate that the
majority of glycans contain term nal nmannose residues as well as high
mannose structures. Advantageously, this high nmannose product was found to
be 10 biologically active, and therefore no further steps were needed for
its act¥wgtasspathFlogichbfin MSmdmmmS webedyuweight weddbeidiiniy bhthe
glycosylatlon structure of the reconbinant hGCD produced accordlng to the
Exanpl é¥°Gi ven above. Briefly; the nonosaccharide |inkages for both N- and
O glycans were determ ned by using a hydrolysis and GC-Ms strategy. This
nmet hod estimtes the |inkage type of the carbohydrates to the 15 peptide
and the general nonosaccharide coEaMPL#hSof a gl ycoprotein. Based on

pri know edge and al soﬁg e us nonosaccharides, this
god may suggest the t o(ﬁé‘:&f‘;\{r Yot %if.gsggycoprot ein. This : .

'nf or mat i on AsalysiEPSY $198dn dtfucAiikd Phdsent! SHErGOEB pidauEedIhy 88R6LS ﬁ&f.% d
present on the protein. Another nethod featured oligosaecharide analysis of

the N-dpybaPrpopud Bxroples w paBovsdads m[ﬂ?edrm:gmmmedeéanbelﬁwr mesthjis
fol | ow: t upts of the esvmthtr sin apd peptide
N-gl ycolg':rlgi aésgﬁ% ﬂ(hg&r@ %) OH gc%nér ne'%%ltgfrfngﬁ GPRreeRs re&r:lé AAS VeRrASShigRt hod
is use(ihatm’.loﬂ:etsaﬁbtmw A&@drﬁdg%oh&lﬂ ithilf ehigh 2 @Ry pbdduct roM thend to be

enz mat | cal‘lé% ested gl ycopr otein. The nmasses of the gl ycan popul ati ons
he biclpgi ’é’d’c iyt \ed terelerepefigiher pigpswgremagded &irits paeionar e conpar ed

Wl t h those . gf e@mnggﬂéﬂ%ﬁw& E?@J {oodl’%é}ﬁ’ﬁr?é)&é?ggggﬁ%t}oﬁlcs[twg&e gitélebas ed

nonosacchar i e conposSition ana pr oG

al 50 omeddnebiginy hGED ﬁﬁddﬂ&dpﬁbbﬁlﬁn‘gstoahe ERempl benabevd)i Biefly it her ‘met hod
t he 0-gl ycan popul ation follow ng reduct’i ve

i ncl uded anal
celim ﬁéﬁ‘!oéq‘?c\é ‘P‘%E‘kﬁgiﬁrﬁ)i both Nt aodrelyopny Wees datergligaddyapsingrcydrelesal ti ng

and Feich Y PN e ef ore,

gl ycagghr erralx/%slﬂn%&%’ q;h%ke ?%e%fep t&ﬁhg'hﬂicf%ﬁﬁg ?k’ﬁ | I?é%%%ﬁﬁg'ﬂe%lg gI ycans.
These gbyhxhermdahegedm sirlos@shatideycontppaitioni ofe: gydoprdtainl Based calpfidrhei r mass

- anal yzed 43 ari.de conposition analysis (surmarl zed  bel ow)

reveal gﬂo‘éfle gh ‘ﬁ%ﬁ‘éﬁ}esr?ﬁ‘?ﬁ RECWEST WATIOUS MasosHEherides, thisanetbedimak sugasat

pent oS gge @Bé’é’ @Félﬁfah§ bh @hecglydygﬁmsm Fhi% Qﬁ%ﬁﬁdrpi@ 1m3-&%anrt 3 LQfindieheen G cNac

and Mannose, suggest that racteristic
pos&ble glycan structures present on the protein.

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

20  FAB-MS and MALDI-TOF MS were performed, following digestion of" allquots of the
samples with trypsin and peptide N-glycosidase F (PNGaseF) and permethyla:tlon ofthe
glycans. This method is used to detach and isolate N-linked carbohydrates from the
enzymatlcally dzgested glycoprotem The masses of the glycan populations in the 1solated B
glycan mix are determined and their masses are compared with those of known structures

25  from databases and in hght of the monosaccharide composition anaiysns The proposed
structures are based afso on the glycosylatlon patterns of the sotirce orgamsm ‘

© Another- method included analyzmg the O-glycan pogulatxon followmg reductxve &

,ehmmatmn of the tryptic and PNGase F treated glycopepttdes desaltmg and b
_ - permethylation: O—giycans aré not released by PNGase F, thierefore, glycans remammg
' 30 tinkedto peptldes dré most likely O—lmked glycans 'I‘hese glycans are then released by

reduciive elimination and thCll’ miass analyzed

£



| i nked structures are the predom nant gl ycan popul ation.:- 5 Mass
Spectronetric analysis of the N-glycans from hGCD produced as descri bed
above indicates that the predom nant N-glycan popul ati on has the
nonosacchari de conposition Pent. deoxyHex.Hex3. HexNAc2. Materials and
Met hods 10 Anal ysis was performed using a conbination of Gas

Chr omat ogr apiynbfassharidp e6inposiidl snhalysts (Mhnaftzst beldvo)neBeatbbs dnent - Mass
© Spectronetry(FAB-MS) and Del ayed Extraction-Matrix Assi sted Laser
Desor ptiharrciesisiic disirdmtop pEbexoses, hemsamines andspenipes FRUAGIeNsHS ofilant - TOF vS) .

. For oli [ lg{%;y ' N gl ¥ RO L @k MBS, Y§ed by

FAB- M5 @gﬁgﬁg&ﬁw&ﬁ% - %&nf%?ﬁgwaggﬁﬁggsf%ﬁof al 1 quc();'?egl}gtl ﬂtahe sanpl-es
Wi t h t riytped stractdres pepthie geedinghant gcalapeplatiddNGaseF) and pernet hyl ation of

t he gl ycans._ The_, 0-gl ycan ul ati s _apal ﬁgﬁépfol oW, Ng .reducti ve

el nat | on MESy HselpYstar R pResedd el Sins BaIR P pRoliRt rageib a1 ng
and per Rt byt nat the pfzeamﬁﬁma%ly&ﬁ Poplage fad ©& nRHoBaddhagftd O gl ycans'
were determned using a 20, hydrolysis, derivatisation GC-Ms strategy.
EXPERI MemipaisitioE Sert. dagNex BenpHexDBcZhe sanpl e vials were received were
given the unique sanple nunbers as, follows (Table 1): Table I 30 Product
reference nunber 45 d ucocerebrosidase. Four tubes containing 62995 1m
of sanmeiepiakhndMa&hsdsat ed 62996 concentration of 0.8ng/m in 25nmM 62997

Citrate Buffer pH6.0, 0.01% Tween 80 62998 The sanpl es weré stored between
-10%nd - 30CG\uysy waspaifaredd ugupe speibiatine of Gap {-hromatography-Mass .

Spectrometry (GC-MS), Fast Atom Bombardment-Mass Spectrometry (FAB-MS) and
Delayed Extraction-Matrix Assisted Lase_r Desorption Ionis'aﬁon-‘l‘ime of Flight Mass-
Spectrometry (DE-MALDIL-TOF MS). - .
- For oligosaéchaﬁde analysis, the N—glycan population was analysed by FAB-MS -
15 and MALDLTOF MS following digestion of aliquofs of the samples with trypsin and
peptide N-glycosidase F (PNGaseF) and permethylaﬁon'of the glycans. The O-giycan
~ population was analysed following reductive elimination of the tryptic and PNGase F
treated glycopeptides, desalting and permethylation. o |
The monosaccharide linkages for both N- and O-glycans were determinied using a

20.  hydrolysis, derivatisation GC-MS strategy.

EXPERIMENTAL DESCRIPFION

Sample

25 ‘

The sample vials were received were given-the unique sample 'm_xmbeljs;r;_zis_}- g

_follows (Table 1): -' ROTICN C |

I_@_b_lg_l ) ' . e ) | , ‘ . o | e “
% R 7‘ c e I
) “Product | veference

number 0 o

‘ 45




Dialysis of intact sanples One vial (containing Irril of-protein at a
stated concentration of 0.8ng(tl) was injected into a Slide-A-Lyzer

di al ysis cassette (10kDa nol ecul ar weight cutoif) and 10 dial ysed at 4C
over a period of 24 hours against water, the water being changed 3 tines.
Fol I ow ng di al ysis the sanple was renmoved formthe cassette and

| yophilised. Trypsin digestion of the intact sanples for oligosaccharide
screeni ng 15 The | @iladogsrbiosidaspioli sibds sanghingwas 6295spehded i n 566M
anunoni um bica onat.e b ffer adjusted to pH 8§ 4 with 10pb ag. ammoni a and
digested with TP OF BmRlgeahhaisitedyr 4 hours| at 94H8 ackording to SOPs
BOO and B003. T eoﬁ&ﬂﬁaﬁ&ﬂoﬂm&ngmlmmd by pl agsgigy 1 nj a heating bl ock
at 95C for 2 mnytes foll owed by~ |l yopluhsation.}f .20 Carbphydrate chem stry
Pepti de N-G ycosi fatsate BubegpHd6 000 0THeTweypdd cal |l y élﬁ%ved
pepti de/ gl ycopeptttenbeturestom-the—ghyeoprotern—sanpte was treated with -
the enzynme peptide N-glycosi dase A (PNCTaseA) in amonium 25 . acet ate
buffer, pH 5.5 at 37C for 15 hours. The reaction was stopped

byfreeze drying. The resulting products were pur|f| ed using a Cl$- Sep Pak
cartridge. Reduct¥hesasplesivese stored: betygeenind 0 Sad- T8 untihoiived. cont ai ni ng
potential O Iinked glycopeptides was dissofved in a solution of 10ng/ n

sodi um bor ohydride in 005M sodi um hydroxi de and i ncubated at 45C for 16
houfs. Protein ehahisay was terninated by the addition of glacial acetic acid.

5 Desalting of reductively elimnated material Desalting usi ng Dowex beads
was perforrred accordi ng to SOP B022_ The sanple was |oaded onto the col um

and el uted g 6% @Sq acetic acid. The collected fraction was
| yophi | i sed n of rel eased carbohydrates N 1inked. :
car bohydr at &ee/ha] t(ccmjjalmng il o5 protein abs sthied odatchtiBEDn BRY 8fiieARl waR and
potentLaI OJ i nkgﬂ glycans rel eased b reductl ve elimnation, were

per met HPSiehintaa Phee-tileyzer dighsis samgite O0kBe molsaily weighautaBdnde (el )

P 2 o iy Pal 0 B bl 2Rl %ﬁ'ﬁ%“p"?‘(&"ﬁ’ﬁ@ﬁ? e L ilieter vas
é;PJb g(r:];ifglr!(;t:n:glciaﬂsmghe aamlblywas :exhwﬂda"@en Beadaysetts apd Iﬁdpﬂlhkéd i nked

Trypsin digestion of the intact samples for olisosacchaiide screening

15 The dialysed, lyophilised sample was'--reSusbended'-in 50mM aﬁfﬁotﬁﬁfﬁ' -
bicarbonate buffer adjusted to pH 8.4 with 10% ag. ammonia and digested- ’Wlth TPCK
treated trypsin for 4 hours at 37°C according to SOPs B001 and B003. The reactlon was
terminated by placing in a heating block at 95°C for 2: mhinutes followsd by lyophlhsatlon

20 Carbéhydrate.chemistrv

Peptxde N—Glycos:dase A Digéstion

| The tryptlcaliy cleaved peptnde!glycopeptlde chturengrem the glycoprotem
' sample was treated with the enzyme peptide N—glycomdase A (PNGaseA) in ammomum
25 .acetate buffer, pH 5.5 at 37°C for.15 hours. The reaction was stopped by ﬁ'eeze—drymg
- 'I'he resultmg products were purlﬁed usmg a C;g Sep-Pak cartndge

Red-uctive eliminatioi < <

4



I Spect r oRs#

Derivatisation 20 The pernethyl ated gl ycan sanpl e m xtures obtai ned

followng tryptic-and PNGase A digestion or reductive elimnation were
hydrol ysed (2M TFA, .2 hours at 120C) and reduced (sodi um borodeuteride
(NaBD4) in 2M NHAOH 2 hours at roomtenperature; SOP B025). The borate
produced on the deconposition of the borodeuteride was, renove.d.by 3 25

addi ti ons of Tae SepPuk eaecﬁombamg pbﬁnaéimlakecegiwdpepmsdava(s%sémd fol | owed
- by lyophilisation. | es were, then.acety] ated using acetic

anhydr i a&olgjiomeh O rag/mi@@beyx bomy eéetnw %Meﬁodel deexigppnd ﬁ?ﬁlﬂhaﬁdeﬂi by
- extract 8w T6ABIOTRE Rlliol BEs RARIL A 1y JIELRNGH ShiRIA Lk pqoet at e

wer e then exam ned by.gas chr onat ograp s spectronetry
Standard m xtures ofpartially nmethylated alditol acetates and a bI ankwer e -
also rup u der 30 the same condltlons . Gas Liquid Chromat ography/ Mass.
L Ry agctivoly natedmaterial | ) of the derivatised car bohydrate
sanpl es di sspieyﬁmlg N aRex b%%vas?@ﬁbbfﬁ&fjac%r B8 B0 27 1ﬁ f El mer
Tur bormass Gol d mass spectroneter W an Autosystem XL gas c togr aph
and a Delab iqadcthowsh@mlmnd and ehitediwingowilng Sdoadi acebmacid SThe coﬂaﬂed
Chr omat nm I njection: On-colum 10 | nj ector Tenperat ure:
40C Pr 08% ffﬁ’e‘x @?ﬁﬁwg at 40C then 70C/minute to 100C, “held at 100C for |
m nute, then 8C mnute to 290C, finally held at 290C for 5 mnutes. Carrier -
Gas: Helium 15 Mass Spect rometry lonisation Voltage: 70eV Acquisition
ModH? SParmethylationpf r pd cagbolyglya®a| t ons 20 M5 Resol ution; -Unit

Sugar . anal ySNshlﬁ(fed cg}b%ﬁydrgéeg %l%?ggr ?nbtlhg %Jyd qs %cetpeécuy §£p P f‘r Qtlon and
potential O-linked glycans released by reductive ehrmnat:on were pennethy[a,ted using the .
sodium hydroxide (NaQOH)/methyl iodide (MeI) procedure (SOP B018). A portion of the .
permethylated N-linked glycan mixture was anaiysed by FAB-MS and MALDI-TOF MS

15., and the remainder was subjected to linkage analysis.

- Linkage Analysis of the N-linked Carbohydrate

Derivatisation

20
The permethylated glycan sample mixtures obtained following tryptic-and PNGase

A digestion or reductive elimination were hyd;eiyse;_i (2M TFA, 2 hours at 120°C).and - - B
reduced (sodium borodeuteride {NaBDy) in 2M NH,OH, 2 hours at room temperatufe, SOP o
B025). The borate produced on the decomposition of the borodeuteride ‘wae,;geino‘{ed_by 3
25  additions of a mixture of methanol in glacial acetic acid (90:10) followed by lyophilisation. - S

The samples were then acetylated using acetic anhydride(1 hour at 100°C). The aeetylated .

samples were punﬁed by extraction into chioroform, The parnally methylated aiditol |

| acetates were then exarmned by £as chromatography/mass spectrometry (GC/MS)
Standard m:xtures of partlally methylated a]dltol acetates and a blank were also un under

.30  the same COIldlthﬂS

. Gas Liquid Chromatography/Mass Spectrometry (GOMS) - ... . o
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25 An aliquot equivalent to 500g of glucocerebrosidase was |yophilised with
104g of Arabitol as internal standards This was then inethanol ysed

overni ght at 806C and dried under nitrogen Rel eased nonosacchari des were.
re N-acetylated using a solution of nmethanol, pyridine and acetic
anhydride; dried under nitrogen again and converted to their 30
trimethylsilyl (TMS) derivatives according to SOP B023. The TMS derivatives
were reduced in volume under nitrogen, dissolved in 2m of hexane and,
sonicated for 3 mnutes. The sanples were then allowed to equilibrate at
4C over ni ght Analigoliikuly oftheiderivajised garbohydsgicapmples disselied m istane avee

nonosac FOR AT 84,60 ach Nhnnose
Gal act ogdew !Eﬁgﬁ% ose, “NEHE6t e?r%' é;@?rlg'grrlﬁo 0!51{@ g’FCJE%E%ﬁf Weth ag

acet y| nautoaystéth XIagdsthadifatégraph bl a RN ﬂaﬁ{:@@@hﬁﬂhdeﬂ thiesfolbivRlg: colihﬁmws
derivatives were then exam ned by gas chromat ography/ nass spectronet ry

(GC/MB). 5 Gas Liquid Chromatography/ Mass Spectrometry (G MS) An aliquot
(I [it) of t Rt dis %car bohydrat e sanmpl e di ssol ved i n hexane, was 10
anal ysed by u erkin El mer Turbomass Gol d nass spectroneter with
an Aut osystem XL gas chronatograph and a Dell data system under the
follow ng co tions: _Gas Chromatography 15 Colum: DB5 Injection:.

n- col um EIP &or TePBérature 40C Programme: 1 minute at 90C then

25C/ m nute tglgcﬁgg: 5(‘()%1 to 220C, finally 10C mnute to 300C and hel d
at 300C for. 5 mnutes. 20 Carrier Gas: Helium Mass Spectronetry 25

| oniGsat i on Vijeckglempptative: 4¢°Gui si ti on Mode: Scanning Mass ‘Range: 50-620

Dal ton M5 Resol HEhON: | Wiiite 340°C ther 70°C/minute to 100°C,“held at 100°C for 1

minute, then 8°C/minute to 290°C,. finally held at 290°C for 5 minutes.

Carrer Gas: - Helium-

15 Mass Spectrometry

Ionisation Voltage: 70eV
Acquisition Mode: Scanhing
Mass Range: 35-450 Daltons

- 20 MS Resolution: Unit

Sugar aunalysis of intact plicocerebrosidase

Derivatisation -~ -

25 ,
~ An aliquot equivalent t6 500jig of g-lueacerebra_sidase:_ixras ‘lydﬁﬁﬂiséd-‘ﬁdth T0ugof
Arabitol as intetnal staridard: This was then methanolysed overright a‘t‘:‘éi)""C and driéd ©
* under nitrogen. Released monosacchandes were; re~N~acety1ated usmg d solution of
methanol, pyridine and acetic anhydnde dned under nitfogen aga.m “and converted 10 thelr '
30 tnmethyisﬁyl {(TMS) derivatives according to SOP B023 The TMS denvatwes were
" reduced in volume under mtrogen dissolved in 2ml of hexane and somcated for 3 mmutes

The samples were thien alIGWed to. equﬂxbrate at4°C ovem:ght Ablank contalmng 10ug of
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Del ayed Extraction Matrix Assisted Laser Desorption |onisation Mss
Spectronetry (DE-MALDI - MS) and Fast At om Bonbar dnent - Mass Spectronetry
(FAB 11gS) 49 MALDI - TOF mass spectronetry was performed using a Voyager STR
Bi ospectronetry Research Station Laser-Desorption Mass Spectroneter coupled
with. Delayed Extraction (DE). 5 Dried pernethylated gl ycans were

r edi ssolaysidl And'R sHaARH nYkoSicchBRicdfikn B dont@ihdley DR ddsh agp&oe@,txymepf
- 2, 5-di hydroxybenzoi ¢ acid. Bradykinin, Angiotensin and ACTH were used as
ext er naManabsd) Gatrcsose 1GluPos] Ni-acetyl gatadFemmink, din®@giducdamite, Mass
spectronetric anal.yse re.cayried out .on M Scan' Aut oSpecE nmass
- Shect r ofe PSRBT R ARLIE e ahted Rstelihade TMS et vRL e

sensi ti m&kxwﬁd%yr@awﬂawgr@ymgggé&mm@(@Mﬁ)A Caesi um I on Gun was-
used to generate spectra operating at 30kV. Spectra were recorded on a VAX
dat & system 3100 M/6 using Opus software. 15 Dried pernethyl ated gl ycans
were di a(gl \Aled.d' hrrgt Q&noﬁ{ 12 Isogdgcrotgtto a target previously sneared
wth 2- . o insertion into the source.
RESULTS AND RGBEMEY ON 20 TMS sugar anal ysis of G ucocer ebrosi dase

N-I'i nked ol i gosacchari de screening The intact glycoprotein was subjected to
dialysis followed by trypsin digestion and 25 the |yophilised products
were di gest edy s ﬁao?‘?] . it i j -_Pak. The
5%aq. acetic. acilqgg'( ﬁl—w i nkeécoiﬁ‘%{]vlgtgi%éggécagﬁ}g& ?%gee%é&r?%@%c}%e)d% ?lgc ?’o‘ﬁg\/\as
_per n@et hyhaysed baGCALBusing s PeghacElngeriirborndis iolé thassipegtrametepwithan of the

derivatised oligosaccharide in a l ss range for fragnent iqns and -

DE- MAL DRSS - SARElPRatogeph Bp e sty H“‘%‘ﬁrﬂﬂ*? foloBtzmadient vat | sed
ol i gosacchari-des in a high nmass range for 30 nol ecular ions. Analysis of
N-glycans from gl ucocerebrosi dase 50

Gas Chromatography
15 Column: DB5
Injection:. On-column:

Injector Temperature: 40°C _ _
Programme: 1 minute at 90°C then 25°C/minute to 140°C, S"’C/mimlite to 220°C,
finally 10°C/minute to 300°C and held at 300°C for'5 minutes. .
20 Carrier Gas: Helium

Mass Spectromei_:m

25 | -'Ionisati_on Voit;igelz‘r ‘_:70¢%V
| Acﬁuisi_tion lM'ode: ‘_“,Sc.azming. B
h Mass .Rar.lgé: 50—620 lw)_'aiil:pn‘s L
‘7 M'S_Restq.lutfipq:”_; _ Umt h

T

] o ‘Delayed Extraction Matrix Assis’téd Laser Desorption ioni'séﬁc_in"Mass Spectrometry "
{DE-MALDI-MS) and Fast Atom 'Bomba(q.mce_n_tha‘ss Spectrometry (FAEel\{[S)if - -
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Table I lists the predom nant fragnent ions present in the FAB spectra and
nol ecul ar ions present in the MALAI spectra. The nol ecul ar ion region
(shown in Appendix Il1) contains a predom nant signal at mz 1505.8
(consistent with an [ MtNa]+ 5 quasi nol ecular ion for a structure having the
conposi ti on Pent.deoxyHex. Hex3. HexNAc/ 2). A range of |ess intense
quasi nol ecul ar ions were al so detected consistent with conplex and high
mannose structures. The high mannose structures detected range in size from

Hex5_HexNAc 1579. 8 to Hexs.HexNAc/2 at.m z 2193.0Q., The conpl ex ’
signal s ar eﬁ%ﬁﬁ’?&@%m@mw%%ﬁ@kwﬁe?m%&@e% QHagﬁrrngycans such as nfz

1331. 7365%@&&&5&&} R¥chith SHHAN AsMDNRLorpANR MY SpEsthetb O Wiyt ruct ure
havi ng the conposition Pent. Hex3. HexNAEZ) or fromlarger Nglycans for
exanpl ®elayed Exgacton(@FH)si stent with an [ MNa] + quasi nol ecular ion.for a
st r#ct ure having the conposition Pent.deoxyHex. Hex3. HexNAc3), mz 2375.4
(conhsistent with an [ MtNa] ~' quasi nol ecular ion for, a structure having -
Uhe COMPOSI 1 JRRENIRRNIFKS Weieheligsdiptrth dHaribl 4vakdt (8398) fhd consi st ent
with an [lvl+Na]'+ quaSi nol’ecular ion for a structure having the ;

conpos erdped Rewmg adeury EL3-dbydBorheNivd peidTRedFkBimdngiapeot andnAETBY i des
inforn%teiréjgseﬁe ar ei ng a[ntertmae structures by virtual of fragnment ions in
t he | ow hass regi onaof? {bﬁaél SSpectrum (data not shown). Signals were
.detected identifying hexose (at mlz 219) and HexNAc (at nmlz 260) as
non-reducing 20 term nal nonosaccharides in the N-glycans.” Table 2:
Mal&es obsePeailive fonFast AspmBompardaent sprse spestigmetiqeisbspeyessiagigdeout

1o S S AP VR SO e

di gestion

4 <r z; rddgelat full sthsitivity, WK a k&oldtidn of apprdxidately 2500. AXCaesim Yori Gan whs f

/z6/~:s wS -ya5 S~ La "'<r~~/,'.."\hbde .#S$3~lErlt~tt-s"s': r? . i
rc/t : bied tp generale spectya opsrating/at 3pkY: Spectrasvereirggorded orya VAXghtagsiens 5-
SY7~| SGr il V=l F~a l...,~ :~n:f. /:An" kizCs</.azkrb .wTI' ~ "rdr~ ~
. < /EEW§N§55¥¥£ﬁéﬁgfﬂaz?§%~ mes. ;;,wWC ::: F,~l,<:<"".n" r~": e, ,:< ~
"1 ,"~li~.:fi.:bp ?

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

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

RESULTS AND DISCUSSION

20

TMS sugar analysis of Glucocerebrosidase

N-linked oligosaccharide screening

_ The mtact glycoprotein was subjected to dialysis followed by trypsin digestion 'add
25 - the lyophilised products were digested using PNGase A and then purified using aCug Sep-
Pak. The 5% aq. acetic.acid {N-linked oligosacchazidfz containing) f_ract‘io'nVWéS
- permethylated and FAB mass spectra were obtained using é‘%‘)éﬁidﬁ of the derivatised ,
" oligosaccharide in a low mass range for fragment ions and DE—MAL]%)I—TOF‘rﬁafss“'spe‘ct_ra .
A-w_ere obtained using a portion of the derivatised oligosaccharides in a ‘high mass range for I.

30" molecular ions.

Analysis of' N-glycans from glucocerebrosidase -
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cu>: . ckF~xl a%?~~ Low Mass 219 Hex+ 228 HexNAc (- nethanol) 260 HexNAc+
‘51 Hi gh Mass 1032.4 Pent. Hex3. HexNAc+ 1171:5 Hex3. HexNAc20wve + Na 1299.6
El i m nati on of fucose fromm z 1505.8 1331.6 Pent. Hex3. HexNAcC2OWe + Na+
1345. 6 deoxyHex. Hex3. HexNAc2Owve+Na+ 1505. 7

Pent . deoxyHex. Hex3. HexNA020Me+Na+ 1579. 8 Hexs. HexNAc20Owe +Na+ 1709.9

Pent . deoxyHex. Hex4. HexNAc20Owve + Ne 1750.9 Pent . deoxyHex. Hex3. HexNAc3Owe
-+ Na 1783.9 Hex6. HexNAc20OMe + Na 1989. 0 Hex2. HexNAc2Owe + Nat , 1997.0
Pent . deoxy HexI d4texBliste shrumeerionsnant Ragmem0oms @resst indbs Féfepeaddsmd Not

assi gne . Q Pent. de X4. NAC + 2193 Hexs. HexNAc20Owe
- o Ne s st lo i seo P IRIEY VRO RSl N NIy B slptsonT
Pent . dexppdaia T sSntiiax NAcACMuiant ddit at AV 1508S@BndifteMOlIZL EM%NQTG
nonoi sot opi.c unl ess ot herwi se stated. The nass _nunbers may not rel ate
di r eét | yiupgmplesulapigndax astaistyrp dagpg thegomposition Pealsdegnytiontios Hembbesd to
13C i sot 4 L : 7 -l.i nkage analysis
of N Ovéanmep BEfeSe AR fllspld ol fort g 21s8 ABkE b EB0Hen Sl QARG "0 ne
N- | i nkecind highahytobosd stschate dbe tighahdnavsagructures detected range in size from

Hexs_HexNAcz at m/z 1579.8 to Hexg HexNAgc, at m/z2193.0. The coinplex signals are

produced from less extensively pfocessec_l N-glycans such as m/z 133 1.7 (consistent with
| I‘O ~ an [M—}-Na]" quasiinolecular ion for a structure haviﬁg the composiﬁo__n_ .
. Pent.Hex; HexNAG,) or from 'larger_N—egéans for example m/z 1751.0 (consistent with an
[M+Na]" quasimolecular ion for a structure having the composition |
Pent.deoxyHex Hex; HexNAcs), m/z 23754 (consistent ;Nith an -[1\'14-1\7._5]-+ quasimolecuiaf
ion for a structure ha\ﬁhg the cdmpositior_tPehtdem{&Hexz .Hem.HékNAc.q) and m/z |
15 2753.6 (consistent with an M+Na]" quasimolecular ion for a structure having the
composition Pent.deoxyHexs Hexs HexNAC).
' 'The FAB mass Spéctruin provides infoﬂﬁatioﬁ regarding a_nfennae structures by
virtual of fragment ipns in the fow mass region of the spectruin _(dzita not shown). Signals
were detected ideﬁtii?ing hexose (at m/z219) and HétN Ac (at m/z 260_) as non-reducing

20  terminal monosaccharides in the N-glycans. _

Table2: Masses observed in the permethylated spectra of Glucocerebrosidase

- (reference number 62996) followihgTrjﬁ‘tié}ﬁd Péﬁtidé N—gzlycosidasé A

digestion

25

B T e
228 7 | i HexN. AC+ (- mothano l) -
260 a } 7 HexNAG'
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PNGase A digestion, Sep-Pak purification and pernethylation. 10 52 A
conpl ex chromat ogram was obtai ned with some inpurity peaks originating from
the derivatising reagents. Conparison of the retention tinme and the spectra
with standard m xtures allowed provisional assignnents of the sugar

contai ning peaks listed in Table 3. 5 Table 3: Retention tinmes of the
variously |inked pongsaccharides detected as their partially nethylated

al di tol acetfat EEgh Maske [3C- M5 anal ysis of d ucocerebrosi dase ef erence
nunber 6299¢)—feollowi-ng-Tryptic and Peptide N glycasidase A digestion 10
<zF~t . NS et ent(a| A8 HAy | s G~a~3~ fi sh-Bent.Hexs HexNAc”
T Y R Mr 91 bse Tel mi nal 1084
Fucose Ter: mqnal 123129 6npj or)  Namngssaahaldhindse ﬁgmﬁﬁ/z SRkt os B 2-11i nked
13.40 Manndse-4-linked f13 58 _ .
1331.6 Pent Hex; HexNAc,OMe + Na* |
/ ' " 1345.6 deoxyHex. Hexs. BexNAc,0Me + Na©
| 1505.7 | ~ Pent.deoxyHex Hex;. HexNAc,OMe + Na
1579.8 Hex; HexNAC,0Me + Na'
- 1709.9 Pent. deoxyHex Hem HexNAc;zOMe +Na
17509 | Pent. deoxyHex Hex;. HexNAcgoMe-!-Na
17839 | Hexs. HexNACQOMe+Na |
19890 | . Hexs HoNAG,OMe +Na®
B T1997.0 | | -Pent deoxyHex. Hex3 HexNAc4OMe + Na
__'.2627.0 | o | ‘ Not assrgned
2099.0 | — - Not assrgned o L
2130.0 Pent. deoxyHexz HeX4 HexNA03OMe + Na
21951 | Hexe HexNAC,OMe + Na©
23752 Pent deoxyHex,. Hex,. HexNAc40Me + Na
2753.4 Pent.deoxyHexg.Hex5.HexNAc4QM¢: +, Ng, :

All masses it column one are monorsotoplc unless otherwise stated. The mass .
: numbers may not relate chrectly to the raw data as the soﬂware eften assigns J mass. numbers '

to BCi 1sotepe peaks partlculariy for masses above 1700Da

_ Linkage 'a‘-l_.ia'lvsisnf N-glycans from Gluéoér‘éifeb’to"sidﬁsé— ‘
Lmkage analysrs was pexformed on the N~lmked carbohydrates released followmg
o PNGase A-digestion, Sep-Pak punﬁcatron and permethiylation. '
10-
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G ucose 2,6-1inked 14.91 Mannose 3, 6-1inked 15.08 Mannose . 2, 3;6-1inked
15.87 ' WMannose . 53 4-linked 16.73 G cNAc 3,4-linked 17.59 GcNAc 4.3

O linked oligosaccharide screening 5 Reductive elimnation was carried out
on the 60% 2- propanol fraction (potential O- l|linked glycopeptide fraction)
fromthe Sep-Pak purification of ucocerebrosidase followng trypsin and

PNGase A di g@asdoniié: chidifatsaamnl @ad\esiaicles dhithedme dinpady pgakd srigiatiakifiym of the
- reaction and, .after borate, renoval, was pernethyl ated. FAB nmass spectra

ver e obthgidsametipis raaenisot pinparisen af ke weéantion dimealddhe spesta avitrtandaidy a | ow
., mass CPImEtE:!%Q GdwLd Oér@%%iﬁﬁﬂ%;él eeﬁpgf%s%ggbgﬁf}g%g’s‘@%gﬁ RREG i PaniEs ©

obtained using a p 0 erivat arrdes 1n a high
mass range for nol ecular ions. No signals consistent with the presence of.
O-1inked gl ycans were observed, (data not shown) Li nkage Anal ysi's-of '

O glycans frdabledicoceRelsnyiop dites ﬁfﬁhEWﬁRiﬁggyég?gFélé‘f‘E‘ <chagidet ed out on
the pro ' e ' we&iahes | . signal s
consi st gﬁf{&t:%d?% t{'ﬁgﬂgiﬁea\s‘gnrgghg*ﬂ%%ﬁgtgﬁg%}&ﬁeﬁElgg gl ycgﬁb%ﬁe{mgbser ved
(dat a nGlucherebyosidisg (referoncmumben 299%6) dolpiveing Tgyptiaand PeptidaMes as a

conmpari son hetween. GCD
rrp. : glycos?(?aseA Higestmn

10 .

. 10.41
Xylose-
" Terminal
e - 10.84
Fucose
Terminal .
. . ~12.29 (major)
Mannose
Terminal '
= 12.55
Galactose
2-hnked 2
13.40
Mannose ‘ "
4-linked g
13.58
Glucose
2,6-linked i
. 14.91
M:annose - .
A 1508
Mannose o
~2,3,6-linked S
: . 15.87
.- Mannose
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20 obt ai ned from CHO (Chi nese hanster ovary) cells, which are mammual i an
cells: (CerezymeTM and the GCD of the present invention, from carrot
cells. As shown, renodeling of these structures is required to obtain
exposed mannose residues for Cerezynm&m By contrast, such exposed nmannose
residues are directly obtained, for the GCD obtained fromplant cells:
according to the_present invention, wthout requiring 25 further

mani pul ation, fpr exanpldelinietih of ycosylases. Figure 7 fepresents the main
gl ycan structurg found in rGCD. [Figure 7; shbtwé3 propobed structures of a)
t he predom nant j ol i go@%rr de jpopul ation found on fi3C expressed in

carrot cell sus mnmrj‘ﬁgﬁe My bj—typrcalNTinkedj core, c) Fucosylated
54 plant N-linkged core. ’N-T1nked| gl ycans arejcespled tp the protein ”
vi a- Aspar gi ne apd t hrGiodfic t he rieduci ng end of the GlcNac (GN) residue on -
the right. hand | N.pl.a | atlonl patterns, Fucose -
resi dues nay be part of the core structure bound to the first dcNac
using an al pha(1-3) glycosidic bond, while mamalian structures typically

use the 5- alpha(1l-6) gl ycosr dic bond Fi gures 8A-8D show al | possible
structures for the N-glycans detected on the rGCD protein according to the
present inventiogn, The dom nant gI ycan structure that was identified is the
core glycan 480 charid 2 nt gl ycoproteins frompea, rice,

mai ze and ot her edible plants. This structure 10 contains a coreée Xyl ose
resPdue as wé¢ductve dlrmca@rawmnﬂ Qyi-ciubo §6% Iprdapadohigactipn Bootduial €- al .

33 t 50 d f, ti bodi
for contieq phBbeehide Bhal) Harth S bAGRnibRR s o e B i ptiliices. (o cor e
al pha- (fbllewink 4E/sia-and ﬁ@r@asem dibbstiofis. StHel sam Iéxb& @etsmadet@ﬂm her such

anti bodi es mght introduce |.imtationsto the use of plant-derived
bi ophartemRiBetiancef theyrepetigr ik fier bo;rgtemeovﬂl,rms @qrw@@twlmbm messs of the

C L bed: a ove nnos struct ures
o e BRAEHE B R E p AR S el er el e TR SR Bk i e ©
st ngct uakse Y GhagasntRen andCEEJMM TOR thabiespgée 3 wak€lobtained using a portion
‘ Pent.deox Hex3. Hex5. HexNAc3 Pent . Hex3. HexNAc2 was detected in smaller

pr opor taféhrderp@tisadolisgpaschardienimanhisharmes paen 5014 raelscgprdons MosEstalannose or
Gal act Qa6 dis@hdnith ¢ t%&ﬁ{eééh@@éf’éjﬂ( EIP’MH Cbrk SH&Q0S @Eﬁmot‘éhovpnt he presence
r ures an rally

of hi gh mannose st processe Fex Sstructures.

Linkage Analysis of O-glycans from glucocerebrosidase '

15
- Linkage analysis was carried out on the products of reduct:ve ehrrunatton after
permethylation. No signals consistent with the presence of typxcal O—hnked glycans were
observed (data not shown). o
Figure 6 shows some exemplary glycan structures as a oor_ii;i;a_rison botweéu GCD
20  obtained from CHO (Chinese hamster ovary) cells, which aré riiatrunalian cells
(Cerezyme™) and the GCD of the present invention, from carrot cells As showo,
remodeling of these 'étructures is required to obtain c:_tpoSed th;irtn,os_e residues for
Cerezyme™. By contrast, such exposed mannose'reéidues grc dlrectly obtaiue::'d for the:
‘GCD obtained from plant cells.according to the present mvenhon, w1thout reqmnng
25  further mampulatlon, for example with glycosylases ; o
| Figure 7 represents the main glycan structure: found mn rGCD Flgure 7 shows =
proposed structures of a) the predormnant oltgosacchartde populatlon found on hGC

expressed in carrot celi suspensnon (1505. 7m/z) b) typlcal N- imked core; c) Fucosylated
: 54



Wth regard to O linked oligosaccharide screening, no signals that are
consistent with typical Olinked glycans were observed. GCD is known in
the art to not have O= 25 |inked oligosaccharides, such that these results
are consistent with the known glycosylation of GCD from ot her cell
systens,. including native GCD and reconbi nant GCD produced in mamualian
culture lautsrﬁmﬁsed HreeNginked plytdie ar@aRpRecidahe gevtaovpositargne afd GRGhgh
con5|stent wi th Arabi nose were detected. An Inr?am_d nt point with regard to

| the predemeducmgendialiihg @101%31(GNBéesrft9@mrﬁhéf@ilh ohegigarams mbsdi ti on
. analysi g grgﬁ b&?ﬁrﬁ& HocOB [RLinte rtﬁgy‘ & OF @b XSQ%E@éanﬁB&td"fhtelﬁrst
es ues. .

n'annose I'S agrees wt requi renent or mannose

t er m naGldatuging aantpha@dss) sivéasglid lbmxdumhak enaaimdliae sapautds ¢yl oy thehe
macr ophgge mas se receptor. However, 55 neither native GCD nor reconbi nant
GCD Yor oS, ﬁyﬁaﬁﬁ’éflbioﬁﬁjr cells is hi gh mannose. Therefore, the present

| nvent i on OVEEGRTRS. 80 SHOfialpbale SrAURS Kothe SORRRARI Rlddled A MEVGED | hGCD

proteins, which ist protel ns are nodifred to termnate with
rrannosep@l;@aa@ordmg k& thetpnesept iovagitionpr oduced as descri bed above. 5 EXAMPLE 6

Tocording t oTbt Ao FnaE A R b et SRRl BR BpreliiRtad GyPhaL G
gl ycosyinahest ]ﬂéiﬁt gyéb;%t%ﬂidqﬁﬂntia\éaanéé ahdiz& ahd o@&drtdanﬂe wﬂtsc T hisSstruckre

preferably a lysosonal enzyne for exanpl e, and/or a rnannose

gl ydbsyéamians a ﬁ@tﬁt Ej’lﬂse ragidue d$ wgll s aprose élﬂhédlébr@msm 10§k ﬁemeebﬂnBardm

t I
Pt oar noReA S S8 05 2078 ot BefdlFsmi HRELhold BRl Shkelie AUREE T &rs, ge
di seaSexyiede tﬁXl@dTi’P:ie,@a, ﬁh@s%hm etifit bRRiddRRttoQRI apad-twpﬂﬂow efigwatiry
conprises: (a) providing a 15 reconbl naht_ bi ol ogi cally active form of

| ysosondlis éWkMepﬂﬁlﬁfilﬁd @@ether ewelt aniivofliss raighpingieduce Bmitaidenst i, thgse @dpabl e
of effi Ily deficient in the |ysosomal -
enzyrre F&sén&%(l(j:o Eﬂéﬂr%t%e‘gt 4%6&3)?%6{%%“% enzyne has exposed term nal
manygpse resThhme@ Igl}@m)p@ldﬂﬁmﬁlls of et pro@red andeschpedshuvaivedrer i ng a

t her apeut | cal effective anmount of the reconbinant biologically active
| ysoson@pmly Wawseéwgarﬁﬁ&&xﬁﬂsméez é‘b#ﬁ?@%{?%&‘@né&% SOTREXsubj ect .
In a pr gd ,ﬁ,;ﬁg@ i) qtab&agt B 4 Eddysosonal . -enzyme
used by&t bl ofS erFTSnS\t}g}\%se%ér?\l ma (aexpr}g%uce th host cel | of
the i nvPRait] nemyfﬁxéﬂwéH{ngAdjL 9e1htd$®c3déd::dNAtsz was:éertamied [Iednhalier
proporiions. ' _
20 . The major terminal monosaccharides are hexose (Mannose or Galactose) and N~ -

acetylhexosamine, which is consistent with the presence of l high mannose strugctiires-and
partially processed complex structures. | ‘
‘With regard to O-linked 6lig05accha1ide scieening, no signals that are coris‘i‘étent |
with typical O-linked glycans were observed. GCD is known in the art to not have O-
"25  linked oligosaccharides, such that these results are consistent with the known: glycosylatlon
-of GCD from other cell systems, mcludmg native GCD and recombinant GCD produced in
. marﬁmé]ian culture systems. However, in the monosacchanide compesition, _.sighals.: : .
o consistent with Arabinose were detected. ) _ _ | _
An important point with regard to the present invention is that the hGCD pfbteih'N;{ -
30 . glycan composition analysis showed that the majority of the N-glycans termmate with
mannose residues.  This agrees with the requ:rement for mannose terminating N—glycans o

assisting the upt_ake of therapeutic hGCD by the macrophage mannose recep_to_r_ However,
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By "mammal i an subject” or "mammalian patient” is neant any manmmal for which
gene therapy is, desired, including human, bovine, equine, canine; and
feline subjects, nost 25 preferably, a human subject.. It should be noted
that the term"treatnment also includes anelioration or alleviation of a
pat hol ogi cal condition and/ or one or nore synptons t)iereof;.curing such
acondltlon reventing the genesis of such a condition. In another

~ pref er msHh %frf'éﬁ'éﬁ E’EQ nog W@Omblg'@ﬁcﬁﬁD fe‘ndu}wé i G@Gﬂﬂﬁl}ﬂ cHb isbighoghonbset he 30

i nventi b S nme co ast one

ol i gosélf:ﬂcg hari H@e%@eﬂbxnﬁ%@%ﬂ 0%5§ e 33@" %r'fe bﬁ%“s?ﬁ‘i?é“mﬁfma&yr econbi nant
enzyme praduced RGCD protéind]Biliclsie that eh@R pPstem8 ArembdiR& to Rhlnatdwith @ t ar get
site within -a-subjeéect. Mre. preferably, this reconbinant .56 . |ysosonal

enzyme “l’\aé’é‘f’?eﬁé‘lgéfés\é%llk&fth‘i’Hﬁoﬁ%mpmdllch‘é@%d%&ﬂbﬁa%?l in conparison with the
corgespondi ng affinity of a naturally occurring Iysosonal enzynme to the
target cell. Therefore, each dose is dependent on the effective targeting
of cells abnormally deficient irEXARPRLE ¢ach dose of such formof GCDis

substantially |ess ihgn the dose af naturall 5 occurr| ng GCD that ‘woul d
ot herw se be adm ni P ) FA NEIQNt he t her apeutic

ef fect. Aqq,gr,@b&gbh tPh&kEH T ,géérgo Hﬁﬂf find n n, the
protein is suitable ' ?%rﬁl?he tpr?g%t manf%yco @s(gst%ng’fesgé o?%‘é“"&. é%a%% such
t hat - t- Weﬂpﬂe@emtsumablgnglyomsylﬂeb prateinp piaised byeahpidntf o&ll toifiatel rxglnahlqh

di 7§ases orral S ora&g di seas s are a_group of 10 over 40 di sorders

el DgiRpp £on Gappl egéﬂfygréhbqbdpﬁ@%ﬁg%%wmfom%ak down
glycollpldg[c@lqll REEIAH ficells.
Theenpymat e R PRR A LR RRE AENTE Bl prOficl SESHIED BT o
new pr @Cﬁﬁemtslﬂvﬂam isofuitablecte toiagwenteo arlgsasbinal-dssociated disdass;i suel Aud osonal
or X-f ked fl%ess e trait which affects the |evels of. enzymes in the
| ysos onEOSPRH SOLFgS diseasr.fos eramplg. b o ogi caI or 15 functional activity of
the af fect edheNAMIBE oM einenl!dpFioRRE by @ﬁrami %Bfn pt&d ('Sm é’xh&‘ng In.
such di seases the deficiency in enzy tlon crea es a gressrve
sy$? enrecombingat biolagically actips foror OEkysdwhwU eeyenes ploriiedefremitrankfsmsd plat i N

The gerd Ale aY sugtRL rcipt BErES, R Greormaiofegelmam fre 6‘8“9%& a
possi bieh ofhi$ hecdSiRsR Bilolcpi MY s ! 20 et
al . [Scr%y?/%er et1 aIc eds. n“i'ilr?e@fq\/etigbﬁtﬁg ﬁ%ﬁgﬁﬁg&&gagﬂgﬁ% r‘hérﬁdirted

‘Di seasEesidngs opgappendgsl Ohgqsach.@%ﬁzv aHdR(b) (atlgo@ytering ‘a therapeutically effectlve

amount of the recombinant biologically active Iysosomal enzyme, or of composition

20 compnsing the same to the subject. In a preferred embodiment, the ‘recqmbinant high
mannose Iysosomal enzyme used by the method of the invention may be produced by the
host cell of the invention. Preferably, this host cell is a carrot cell.

By “mammalian subject” or “mammalian paﬁent” is meant any imammal .for which ‘l

A gene therapy is desired, inchiding human, bovme equilne, canine, and feline: subjects most‘ |

25  preferably, a human subject. 2

| It should be noted that the term “‘treatment”’ also includes amelioration or alleviation

of a pathological. condition and/or one or- more’ symptoms thereof, x:unng such a condntlon, '
or preventmg the genes:s of siich a condition. ) o
-In another preferred embodlment the lysosomal enzyme used by the ‘method of the
30  invention may be a high mannose: enzyme comiprising: at least one: ohgosaccharlde cham B o

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 prefer_ably, Ihls recombmant o
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Exanpl es of |ysosonal storage diseases (and their associ:ated deficient
enzynmes) include but are not limted to Fabry di sease. ((x-gal actosi dase),
Far ber di sease (ceram dase), Gaucher disease (glucocerebrosidase), G 1.
gangl i osi dosis ((3-gal actosi dase), Tay-Sachs 25 di sease

(13- hexosam ni dase), N emann-Pi ck di sease (sphingonyelinase),. Schindler

di seasey N easrhy IHaal; 1/ thddd affet UMALP R i i
(1 dur ong?((es-%IZH-asul fat ashgg,l S@gﬁﬁ?gﬁr@g) (Iié?_fl gl ug. ur oni dasfenf,anﬂl}r Iwét;1 telllﬁd
Hur | er / Gahespendyg dilimeys of | d matmaliaseyyurtagdlysososial /e8ayme Fiol itheo tagetdcelte

6- ph te t ter).. her _di is t t
e eonEnetef eBaf iBst SRR o e BT S W il abSorply gERGER
encount gredp 4hdtdach As5kenNah NS A9 R ksiaqfallyAB&Uhar (st Af hfu

people in the United States are afflicted with this disease [ G abowski,
Adv.5 Hegeurish 6CD that vawid otterwie 3)d adndaistared indp Seniles mamer (e athiom de
defici e@l%yapi i i(géﬁ,é%ggerebrosi dase 57 (hGCD; gl uco§yl ceram dase). This
defi ci ency Fe&de 16 "an accumul ation of the enzynme's substrate, -

gl ucocer ebr ogkcéliding Ro pedfereed @abeditdesisi dFlihe present @iveirtion, the erotif iOWitablRl een
and liver, resulting in significant skeletal conplications_ such as bone

mar r ow Ok JhRsTEimendo! blysesomal eitorgeatdissasesa sachn thigh thy Raesept inentign also

(55355 "Bftes bIAATRORX' AR Sugh O Es Witglorh i IR AT HLRELLRD el onek

speld fioar|40 dishdetsywhichrmé tlenzesnht ofsdufedry id penayednbodingfentyifies thaebidakn may

be sel egcted from.the group consisting of, gl ucocerebrosi dase (GCD), _acid
sphi ngd?%l? ehvrolivid . Bobpohaite avasts Rﬁoo@ee&sywﬁma&obfaﬁomeai %fe?elzﬁc iTpe

| i pase, < S| I | | dl ' £, 1.6 nat e
Ul at 20y AL 85 S MRS O B OR td AR GRORRRE Bl

di seasethese Gmonleer results Semsegn tilteritads asimsmihale nz Jrlinkdds eekesdive tiag whichod of

the inveption, i ucqcer ebr osi dase, (GCD). The otein of the present.
i nvent i%??cﬁsahh%ie‘%geﬁ‘?teﬂzﬁ?‘%% de et?'ﬁ ’y&%spwége%fqe&fﬁfyf tg?fﬁp&i‘s Pei 'b‘ﬁﬁ’gileﬂ_ &or
accer di fifcddhafBAG offBBSRkcRl dnemdy RSER cell YA ERRs LRGeS irﬁflﬁaﬁﬂéd a

.15 pharmaceuti cal Conposition whicth i ncludes, as an active I ngredi ent

t h?r eofln sugr aligsases afhe d@@ﬁarqxa@elmizmb- Biockqt aiptatesc ar [pregressis ystaniner ei n
P FRESHRSR TR ORbb B SR f Bl S0 2 P B PR S O
Wi th otdaaking 16 68lor&@MNMRABEN 208 WeiiASTHe' adlictit Gfidlogy! WHfical RRYEsALsd cal |y
suitable carriers and excipients. The purpose of a pharmaceutical 20.
conposimlspripsbiolsy faadi Hqsﬁigitﬁé{ afl thenysaspenal sierase disepsastase Wetniled & Seriveran
Or G{N! St [Scriver et al. eds., The Metabolic and Molecular Basis-of Inherited Disease, _7'*‘. Ed;—,'
Vol. I, McGraw Hill, (1995)]. | | ‘ o
Examples of lysosomal storage diseases ,(and-. their associated «deﬁbient enzymes)
inélude_ but are not fimited to-Fabry disease {ct-galactosidase), Farber diéease (ceramida;se)', :
Gaucher disease (glucocerebrosidase), Gmi. gangliosidosis. (B—galactosidase); T-ay.—:Sachs-‘ '
25  disease (B-hexosaminidase), Niemann-Pick disease (sphiﬂgamyelinase)_',_i.Sc_fﬁndler disease
| (a.-N-acetylgalactosaminidase), Hunter syndrome ‘(iduronate-z-sﬁlfétase), -Sly syndrome
= '-A(B—gluguronidasé), Hurler and -HurlerlScheie syndromes -'(i.ciuronic_lase), -and ‘:'I-_Gell/Saﬁ-'
Filipo syndrome (marmd'se 6-phosphate fransporter). . - : | P
Gaucher disease is the most common lysoso’rﬂal stofage disease in humansvnth e )
30 -'highest:,ﬁequency encountered in the Ashkenazi '.Tewish'p_’c_‘a_pulatié'n, ‘About 5‘;b00 to 10;000 .
| _ people in the United Staies are afflicted with this disease Z[Gfabo;wslﬁ, “Adv. Bumi’ Genet: .
21:377-441(1993)]. Gaucher disease results from a. deﬁciencj in glucoccrebrasidagé'
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Phar maceuti cal conpositions of the present invention nmay. be manufactured by
processes well kpown in the art, e.g., by neans of conventional m xing,

di ssol ving, granul ating, dragee-nmaking,.: l|evigating, -enulsifying,
encapsul ating, entrapping or lyophilizing processes. 25 1n a ..preferred
enbodi nent, the term "pharmaceutically acceptable"” lneans approved by a
regul atory agency of the.Federal or a state governnent or listed in the

U.S. lmhﬁamgglp@alo@rma@e}l ’glﬁflefeﬁbieﬁcy tadgnb mdqq@bfmumwnﬁi @;ef@.&puh g @ in

ani mal s and npre articularly 1 n humans. reinafter, the. phrases

" physi SPBYES ﬁ'ﬁ?"%@i‘%‘i’f‘e.m cf&%l?tr’@?ﬂdothe&ﬁ’dcelge a?"ﬁgagﬁt mampyy splesepadibl e

carri enivefl @silfhE i€ RRRARAR Mcingd cﬁﬂ@icgﬁéﬁf stch a&%&@p&g&&s& sg,agsé; [i.ey or a
?I can : to an &

di l uent that does not™ cause si gni Irritation .: rgani and - "~

‘does : rhomne dgmriogation, ahé abodiypeisplehisag hiepdtomegaty. thpmapeytopesia Odnehlie and \
adnini stered conjugate. 58 The term carrier’ refers to a _diluent . .
2 tantte ST GGy ol BTt Lo bioe (Gek gl Res 15177217

adm ni ggegBY. Such pharnaceutical carriers can be sterile liquids, such as
wat er and oils, includi ng those of petroleum animal, vegetable or - _
synt heti ¢ orYlgraispesifispllyadhe fisasnmal sinkyme oydsebynthei thethad o thd invedtionsaspme oi |

and the li t | S referred carrier.b en _t.he .phar tical ‘
corrpos?ﬁte i o%&?%éﬁgd%rorq} stt%? ggr i r§9%§%| yof S&Y‘?cﬂ%er%%fjﬂﬁ?%ng&%ﬁgl Bifbous
dext r othiaQ@tngélmw,_ol heéx@bkathinilase, C 28-asGrylpalaBIoRARNREk e2S alci«ﬂui@ageaf ryers,

particularly for injectable solutions. Suitable pharnmaceutical eXcipients
i n¢P udgakectosigdase, -gaocersbrosidasy, eskridstonidase  idgehatt isalfatam), bi-mefueRidatd ovr ,
chal k, si.lica | ., sodium stearate, glycerol nonostearate, talc, sodium
ohlor | alidesE; BEPfembln Fhete tiﬁ pated gliseags 5 fgaushier’s direpse | the hyosamabenzemhanol -
‘and t hggséd KPthe HEhEPEP@S ity APRNe -3 . contain mnor anounts
of- vvetfsi nié;:‘f}ore emul sifyi ﬁ%degg%’}]itsél or %%ﬁ‘?%(?dr:\%fagents. These ]
conposi t i ondheaproteienft the presaminindentioh Wainobes usalisp @psdueBsa phifilastital
tablets gl%i lh% ‘,iﬁ\?su' es,.. Eowder , _sustained- rel ease fornulations and the
i ke. TREPEIHBYsTHIbACREingdo pBOET aPett of dheipiessslh dnsicaton therais pFovdesd t i onal
bi 1sler phaithostidal 5ifp@sidh Afich ThAMasCh KPfivOilredill THLBbS Q'brGBIh G Ude 15.
standard carriers such as pharnmaceutical grades of mannitol,” T'actose,

st ar ch pharmpegitics| apaepibleacatien, dodisadhsmic hd'phamacadicalibaspositiond refiuim

~ carbonat e; .. EX | es of suitable .pharngceutical, carriers are .
descri g%cii Pﬁe%&%gﬁ\“not BF &F ﬁﬂ%ﬁﬁﬁé{ftcalﬁ f“if%‘(g %%Wegshesﬁvb ,‘hﬁlﬁ“‘a NHFR 3.2 Such
CONpos rddogibinant | broten! akith 2ofheeT el C abhpofint€ Gkl ea@”ﬂ?&ﬂ]ﬁoﬁ?{l eHHgﬁ,D it of

.protein, preferably in purified form. together with a suitab
carri ePhysolagically spitehle dearriers 20 fencipidnts. pAidipepurpdss mfshr phirancedicshe

Pagd en}:om-;l;&?tiérp figu kc?t %agfﬁtﬁg Ogérgim%?ra ngil t0 lae ]Irg{éir;[» hc?r ‘cell to an organism.

" Pharmaceutical compositions of the present invention may be manufacturé‘a%by-prdcessés'
well known in the art, e.g., by means of conventional mixing, dissolving, granulating,
d_régee»making, - levigating, -emulsifying, encapsulating, entrapping or ‘lyoplﬁliziﬁg
processes. | S B

25 - In’a preferred- embodiment, the term - “pharmaceutically ~acceptable” "meéans
| approved by a regulatory agency. of the Federal or a state govcmr‘neht or liét_e'd mthe US.
Pharmacopeia or other generaily recognized pharmacopeia: for use-in animals,: and - more
particularly in humans. Hereinéftér, ‘the .phr—ase‘s-""-phy_s.iologildaﬂ—'yfSuitabIe. carrier"and
“.phaﬁnaeqﬁ_tica!ly .acceptable -carrier” are-interchangeably wsed and refer to ar.z'--lapprové‘d S
30 _ §arr_iye_r' o{__-azfdiluent that does not causé"signiﬁcan_t--irrfitaﬁpn_:to; ﬁnl_-organism. and‘idbasnh& | o

abrqg’gtc"tﬁe biological activity and .pmper:lzié_s of the administered 'conjii'gaté. o
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node of admnistration. Herein the term"excipient"” refers to. an. inert
subst ance added to. a pharmaceutical conposition to further facilitate
processes and adm nistration of the active ingredients. Exanples, wthout
limtation, of excipients include calciumcarbonate, calcium phosphate, 25
various sugars and types of starch; cellulose derivatives, gelatin,

veget abl e oi ke terir@NdridpOtef@t Iﬁ(YIaQﬁI@eﬁlI %apkant, &ﬁﬁlé‘rﬁroﬂ@éﬁﬁl@ AHBSHHIEH the
forrrul ation and_administration of active ingredients may: be found in

" Remi ngtherPsutth & administered| Swdi phareaceutivak RAFEH| fahbegtatde liqEdst seh A,

I d- h f.ful
< sot 1 or vfFiahd s, gy Mere PRALERNA, Sl RlB SCORIPHY Rl bletiba Ty

al so copganit eilssiybak eil, sminechl il s@ﬁImepbﬁlSﬁd(mé ﬂlkerWaOeFr 1©X%ChRieRil Scartieranpl es
of such arriers or excipients i nc| ude, but are . hot limted to,

cal i untesht Hsng %ma%t@ﬂu?ﬁ%gmalﬁ@dwwﬁeﬁi’smg&m@sﬁah%@un%|qnm ose
deri vatjj@sus Ufdxitbbd! A0 g %Megom}h%h ! Rl ﬁ?}»%fi%é’clﬂ[?q ém&?b' e
I nc e o0

routes of adm nistration for exanple, rec
~ t ransmupastedlarly rfangojectalle sqluttcmsi iSmithbler plmunammndl exte;bxentertylcludm@tanch ng
i ntramuscul ar 5 subcut aneﬁus and, i ntranedul | .a ect,| ona’i as well as

i nt r at HERETSe: Y SPRORS EFIET: Rl Nice; HOPG, sSi 8¢ls sepivmy siearate,
i nt r anagigderolOmohSisARE Utal, sbBBLERIOATe, mrdimﬁ%tw, e fO%?yM@rg?yonr use

i n accor dance with the présent invention thus
cod@entwmaletmﬁhémd theilikg. 'Bhﬂacmnpwﬂtlm phdesired; exat |atsaldoyxtmmmahioantsaﬁr riers

d i f litat f th
o e 5 AR Rt A ol heetls, i il o7 Lag 8L the
phar macfeghi 6ﬁ|sbﬁlt101?§ Oﬂﬁkgerfsﬂfnﬁu lefulsfh, It%ble@!,e Hﬁﬂk@' e&dpslBE Npberk, Ob'tﬁs‘?mﬁ’éd-
admi ni stration chosen i nj ection, the active i ngred| ent s of

i nvent i fleastnforpwlationsandttbel hikn ib@@oumosmnmanmformn@t@t azblawupposztory,

h I buf.f h
S0 ot onth G GO BRA R BT SihyForBiveshlts DR buibon e Pekik,  on

15 ipe neit:[rﬁﬂatds camfwsmﬂ asphdimataiioall aenof Suahitgle MetdsNGrd Sdagaasiml | y
known in the art. For oral administration, the active i ngredl ents can be

opt i onaitfasateoFadiney %CWI*’GUQEIIUI%W%WIHM gatbenate, helowiigpaples | dfssugedduci ng
L e LA
i ngr ediMatis. Sudh aompbsitiond Irvﬂl Mﬂthmm&reﬁqmautallgaéﬂ‘eﬁi% ﬁﬁ:@&ﬂbb{étf@qj"rbteﬁi; s wel |
known Ipreferably in purified form, together with a suitable amount of carrier so as to. provide.the
20 form for proper administration to the patient. The formulation should be suitable for the
. mode of administration. “ , _ | ‘ _

Herein the term "excnpxent" refers to.an. inert substance added to a pharmaceutical
composition. to’ further facilitate prpcess_es_ ax_l,d .administration of the active mgredlents.
Examples, ,withpg_‘t_ _Iinyitatién,_ of excipients include calcium carbon_atej, .qaléium phosphaté,

25 various sugars and types of starch, cellulose derivatives, ‘gelatin, vegetable oils. and o
polyethylene glycois E 7 ‘ | | | ' ‘- _

Further techmques for formulatlon and adnumstratlon of active mgredlents maybe:

| found in “Remlngton S Pharmaceutlcal Scmnces ” Mack Publlshmg Co., Easton, PA; Iatest{-
'_ edxtton whlch is mcorporated herem by reference as if ﬁxlly sef forth herem _ : |
. | 30 'I‘he pharmaceutlcal comp031t10ns herein descnbed may also. cempnse su1tabie sohd?" S

or gel phase carners or excuplents Examples.of such Carticers or exmplents mclude but are-j_
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20 the art. Such carriers enable the active ingredients of the invention to

be formulated as tablets, pil

| s, dragees, capsules, liquids, gels, syrups,

slurries, suspensions, and the like, for oral ingestion by a patient.
Phar macol ogi cal preparations for oral use can be nmade using a solid
excipient, optionally grinding the resulting m xture, and processing the
m xture of granules, after adding suitable auxiliaries if desired, to
obt ai nnbtlhketed toy celcmgeeaborse, Glicihui prRpkatexeirjpiug Higaral Sarchéks, RRIMAlLSY ar ,

fillel‘§SUCh assugars, incl udi
cel | ul 6§

ng | actose, sucrose, mannitol, or sorbitol;

Viiey fekiin gad pelymersich pp polygthiisne slygelsze starch, wheat starch,

rice starchigagbet Qo [gf,a&ﬁhigg'gﬁnmgfggy riﬂga%ﬁcd&,l gfrél@a@ &4 | woge.

hydr oxypr opyl net hyl - ce ose;

bonet hy ose; and/ or

ghy_si ogmgzrp@dsgd, acsd prirea) ém;esiinggmrs [_ﬂtﬂtt)ltBraiz éj@ﬁif(;xy,i n'%dhmiﬁg Oihirdm{ig;u(kdﬁgP) o If
esired,, disintegratin nts. 30, may be _added, .such as cross-|inke
pol yvi ﬁk}tfc“{)agﬂ’af“bﬁ r‘fétm%“‘%gﬁ?ry iglectns; %ﬁ @egc“}sd‘"g?thﬁc"gafi{r%tt‘HE?‘@@F‘%‘H’&]' as .

sodi uniatGeAdlsCint@ferRbALE Anie A28, &' RtrRbQY4rdgdotinsh suitabl e coatings.  For
t hi s purpose, concentrated sugar solutions may be used which may

optional | y &Fdameacautrahcomposidonstfar ose podcpeidapce withrthe lpreemteinvatiohaped  gel |
titani.um.di oxi de,. | acquer sol uti ons an Sui t%gje '
ded to

pol yet %

e. gl ly: T -
or gani AT BRpRA in spyEHof mangs ising 26¢ F raois phammitevicelly agooptable
the. ScirietLtompisiay a6iBichRAbAd Afixilifties] APREA thGRateOProtessiity RMAGERIS 2€
different conbinations of active ingredient doses. . Pharmaceuti cal
cohosingredhents Wi dinerasations whichd candie| ysed iphatnoateuiiudly- Rropeardpsubleson isade of

gel at i Qeﬁ%ﬁd&ﬁ'dpgﬁﬁﬁ&%ue %fisatedgﬂ&g‘f%goouz%ﬁéw made of gelatin and a plasticizer,

such a yce or sor

it capsules may contain the active

i ngr edi ent s Fon irjebtiox] theeachife Wgkddidrid bPtheSHENRE haChOfBmulidadarRussish as
starches; lubricants such as-talc qr magnesi um. .Stearate and, optionally,

st abi | PolBtians, | prefegably dnpphyseddogieally.” campaiitide | bitffess!i ok sasrdjank’s solusswl ved or

suspen FO SbGAP! 6 | AL Ehicaf UG R gatty.oils, biquid paraffin, -or
i qui d of 3£¢1‘*§ﬁ“§§e8@|ﬂy@'§‘f’§°§*ﬁaﬁ 2% tabﬁ’c‘i%r‘?521 stEdi Fﬁagsé?%%ﬁ%ly afEnRaa Al |

f otrul pénetrastsfans usmddh theefdrinilagén aSudbpenbioattdateeharallpEAGAS inStHe habl e for the
chosen rout %Vfdm' nistration. 15 For buccal. adm ni stration, the

conposi ti on§®

pdpRimsiration, fthe aetive ingxedients cyr be ppiaavllip formulated thequgd i n

-conven i pnaka BN Bfthe Wiie %ﬁ%%c%&{n%&' ﬁgteﬁy aéctgpc‘ll”}lrlé‘éoini?llg g)fésggt AGLYE

I ngredients for use accor

presen n-are conveniently

del i vesuwsl as 3G dorfexamplf Hre @tvorgtediqutasanigsenfoahilatd byrombimndtessur i zed
pack or -a mebué.i zer gyl t r%l t he use Rf a sujtable propellant, e;qg.
actlvemgre ents and/or the

cells with p

armaceutically aGCeptagpe carriers well known in

20  the art. Such caiers enable the active ingredients- of the invention to be formulated as

tablets, pills, dragees, capsules, liquids, gels, syrups, slurries, suspensions, andthe Iike, for

oral ingestion by a patient. Pharmacological preparations for oral usé can be made using a

solid excipient, optionally grinding the resulting mixture,.and processing the riixture of

granules, after adding suitable auxiliaries if desired, to obtain tablets or drage¢cores.

25 Suitable excipients are, in particular, fillers such-as sugars, incliding lactose, sucrose,

- mannitol, or sorbitol; cellulose preparations such as, for example, maize starch, whedt

~ starch, rice starch, potato starch, géiatin,'-fgl;m'tragacanth;"ﬁiethjrl célliilose,'

hydroxypropylmethyl-cellulose; sodiuni carbormethyleéllilose; and/or physiologically

acceptable polymers such aslpdiy\'riﬁylpyﬁolidoxié (PVP). Tdesired, disintegrating agerits

- 30 maybe added, such as cross-linked

" thereof such as sodium alginate.

polyvinyl pyrrolidone, agar, or alginic Eabii:'lf.-'b'f a-salt
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20 di chl orodi fl uoromet hane, trichl orofl uoronet hane,

di chl oro-tetrafl uoroethane or carbon dioxide. In the case of a pressurized
"aerosol, the dosage unit 'nay be' determined by providing a valve, to
deliver a netered anobunt. Capsules and cartridges of, e.g,, gelatin for

use in an inhaler or insufflator, may. be fornul ated containing a powder

m x of the aPtdgee coiasgire direvidedanithauiatilé abhngsovitarthi @éc&,[@@ml—% ose or

starch. 25 Th@ active ingredi 518 descrij bed herei n may’ formulated for
par ent P87 SelHONS By e Peed 8’%& mgy qpsiepally coptag; 2R, af%i?rlc clale ipabryinl

i nf usi %ﬁonaeﬁma%dmsgélow@thng@té PoolPHafnP BI60E G Ul flosaee

: form e.’g., in anpoul es or

added muetgbzlc waginie solverh er colvpu sinkinmes MByeshafssors plgnﬁnt@ sy Sohddell @0 SheT
erruIS|on oi | r..aqu hi cl es: an in formnul atory agents
such actabist' & df¥erd cREiS B0 Feohfieonan o BREBrEr ey combinadons of

Phar nac;eﬁt;eﬁg}emmggést ions:. for par ent eral adm nistration include aqueous
sol utions of_the active preparation in water-soluble form Additionally,

suspensi ons Rparmpgeutica 1comndsifions, nhiehlicentle need tmllprieipiadea;tushsﬁta@pmﬁwl ate

oily i Spensi;ans ui ophi i c, sol v or. vehicl es
i ncl ud(raHl ? {’P ﬁsgssg@ Ogeg‘%?t@b‘éqpls“le%ﬁ' g tﬁ?{aﬁ gtat asticizgls sudstser s
such aSB‘ﬁieWhrmb&atoe T&xéltﬂlthﬁe Chyshafes Giay! dOROSR MRSactid 'it%%tﬁedtﬂne.fd%ﬂﬂ e
susBenS|on contai n substances, which increase the viscosity o¥ t he

ensVigh %“%ru%ﬁhé’é lactaric, birglersarush)ap riarplys; bibricents §ech gotely goinagesidext r an.

Opti on t 0, | s t table stabilizers qr agents
whi ch %lrtt‘lt:a)r[aetgsiefﬂt -zBﬁQtﬁ)ubéll? § r“’a ﬁh%&g c?ap Qulef glr o 85 Wetedients) )74 Obef or the
pr epar afissolvedforhsugpénded oinc aﬁﬂabmt thx@aO' Suth QRSfattyNois, MgBfdepa8tine EEPQﬂhi?!E nt,

on is fornulated in accordance with routine procedures as a

th t
ph:r ﬁgﬁ’g‘fselﬂy ne eS| tinopdditinms istabilizers -may rheyadisds Alnformeletiontsi fon ordld t o
 human adniilfiion sAHAH B8l NosaBUALARGE 15 (R LnG RS T

adninistration are., sol Ut s in € 150t ont e .
Gehgral |y, thee lnut:galeddmnnsfaabe, sheppbingdsitiend ey sakpathat i Of t4H1e br
togeth e form for exanple, as a.dry Iyophilized powder or
wat er ﬁ?zéeé'g%sgﬁ ‘i’eat"gc?lhveﬁt“i’f@llﬁﬁﬁwdal |y seal ed container such as an

anpoul e or Iﬁﬁ@dﬁﬁﬁl@tr&tﬂﬁ' ﬁf‘ltxﬁlﬁ%tlohhgleqbfﬁ%' ugrédﬁen?slcgdrv@sea%%&éhm%e{h% the

- conposition is to be 15 adm ni stere by I nf spensed with
an | nf WEeS6Rt Byention are woaveriiengly sdalivered in phea forec efih aedosolr 8y prbwtativh

| t d tered b le of
cter i doh PR 5h D meBufieh w156 dssr b rasiebl Piseelhac.  C

| ngo edidehlodifluoromethane, - trichlorofluoromethane, -dichloro-tetrafluoroethane or carbon

dioxide. In the case of a pressurized acrosel, the dosage unit ‘may be"'determihed by
~ providing a valve. to deliver a metered amount. Capstiles and cartridges-of, e.g.; gelatin for
- use.n an mhaler or insufflator may be formulated ‘containing a powder mix of the’ actlve-
mgredlent and a suitable powder base such as lactose or starch. |
25 . . The active ingredients - described herein may “be formulated for ﬁdteméﬂ ‘
-administration, e.g., by bolus. injection or continuous infusioxt  Formulations fOr"ttljéctioﬁ B
_may be presented in unit dosage form, e.g., in ampeules or in-multidose containers. w1th'7: |
: optionally, an - added preservatlve The composmons may be- suSpensmns soiutlons or-
e emulstons n. oﬂy or aqueous vehicles,. -and : may .contain fonnulatery agents such as
30 suspendmg, :itablhzmg and/or dispersmg agents. _ T
' Pharmaceutlcal composmons for. parénteral admlmstratlon mclude aqueousa':".

, solutlons of the active preparation in water-soluble form. Addittonally, suspensmns of the
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may be m xed prior to adm nistration. The pharmaceuti cal: conpositions of
the invention can be fornulated as neutral or 20 salt forns.
Pharmaceutically acceptable salts include those forned with ani ons such as
t hose derived from hydrochloric,. phosphoric, acetic, oxalic, tartaric
acids, etc., and those forned wth cations such as those derived from
sodi um potassi um- ammoni um calcium ferric hydroxides, isopropylam ne,
triet hyFdyd Hgredrents mdyabd poepetddaam khppiopsibiedbite injprtmnainpensidkC. Sd®able The

ti i -ed] s, of .t t vent i | be f | at ed
Tect o DBRECLANE: of velifés, BB et PiF et B Al onetena fitouseisy.
e.g., esleankh amathyi_&lé@ﬁapﬁiglﬁeﬁd&a&eﬁpo%ﬁl%.a%cﬁ%%gje@ggér?Euesgérrlrs%lﬂ:rfl%

gl ycerides, The pharmaceutical conpositions herein
conpr i §entaiy; sustances; owhigh : ingrease trh adwosity rafethe ewspendomi erhsas Examm es of

i KCi-Di i | 0..but t limted to, | ci i
B o St fidetft IR SBinhol B ubtEin. Spiahan” Lk Mohesion ey plyp segain
der i vatiitabl, stafelizdrs or agedtsPOhitiRicEeas Che SAubiflyYSH Y heRR: BbYARMS m@ﬁl]o{he

topical. route is optionally perfornmed, and is assisted by a topical

carrie ‘.’rigﬁgrep?@ﬂ%afméglb’rcpéﬁ;eﬂﬂétedﬁ@h\mn%h is generally suited for topical
activeingrggiae‘;f@‘fléﬂ' ' ation: and inegludes .any.such materjals known in
the art. The togi <a cgiglrﬁg’&e!?{e%‘gntggl eo_cq'peotf%lsoél as ﬁfrg}/u_l%?(g\}? cf’é:c?‘ﬁlé“%_l’?ﬁ ition
i n t herede peeretioresas @ pharmasutical corHpekisn aduptdd v iflrRRfdusSdmihiitdily 5
crﬁczm cgﬁste b%6| OmFﬁé(’ ol ntment, solvent, |iquid diluent, drops and the
i KE,  KhdORas Bimesc xpirille hammageytiseb coapogtions foreimimauenns |adginisteatiani ng or
synt hehteCsdMiticisNin tbrileSisSo gL d r 1h he sel ected cartier does -
not adversely affect the act i%/u%g‘aser?tﬁif%? o%(rﬁéérlﬂ’ag%%rﬁ%{gﬁ?@s &¥¢ chePliedoi cal

f or mul eithessepasatalyvr mwixed togdthyl ie unittdosags frat ;ﬁbloeﬁrﬂplé;w&?ﬂygp}ﬁﬁ)jedt he
topi cal . fornul at.i op. EX | es . of suitable topical carriers for use herein

f | at a
i ncl udBOWE™: O WPV e SrcsMEts ing dermpstically sealrdosangaierguich es e kmpals, or
gl ycer jaghettd nadiddting! k b SONEE roj el LYo | lin. fatt cirds,
veget abl e_e oils l Sgl?abfgngiu%tﬁ?miﬁesﬁcag%d%cﬁg Il Eé‘lﬁ the, g&é??sgﬁaonf Jr n%ﬂ g)tei- ons
hekei nadmigisteerc by apisiond or ¢amsbe dispensedt with| g itifdsion Ibottico Bontaialn@agrsrirnd
gels. Qi . re.semsolid. preparations, which are _typically based on
pet r ol @%%9£‘§ai%‘%‘{%‘é’?teb8f Pg}“&u & teatqmpasiioprs adpinistered byiifleséon, base
to be apasdpous obisterildRafpBsERjRLSS or Qmirk%g%égﬂgbiggﬁ_sb%éthﬁegﬁr%edilaﬁtsone

that will provide for optinmum active ingredien ivery,

“pr ef erBBY §e migied |prigr gy adintsisatian. her desired characteristics -as well, e.g.,-
emol i ency ffe pharmaceutical -compositions of the invention can be formulated as neutral or
20 salt forms. Pharmaceutically acceptable salts include those forrﬁed"-with anions’ such as
_t_hoge__dcﬁVed' from-hydrochloric, phosphoric, acetic, oxalic, tartaric acids, btc, and those
formed with cations such as those derived from. sodium, potassium, ammoniom, cal.c"iUm,
- fersic. hydro_)dde.s, isopropylamine, tﬁgthylémine, 2~ethylarrﬁ-no?ethanol, Inistidiﬁe, -pfocaine;
ete. B
25 Lo The active ingrediehts_ of the present invention may-also be formulated in rectal
| qompggitibﬁs_ such as suppositories or retention - enemas, using, e.g., cofiventional
suppository bases such as cocoa bu&er-or other glycerides. | B
- The . phapmaceutical -compos.iﬁons herein described may also COm;ifise"suitablé‘ :
Sgl‘idqu .gel phase “carriers -or rexcipients.'- Examples of such carriers or excipients iﬁCIuti'é',‘- :
§ 30_ ~ but are not limited to, calcium carbonate, calcium: phoéphat'e, vaﬁous ”s-'iigéfs;f‘.-sféircﬁes’,

celtulose derivatives, gelatin and.polymers»'such' as polyefhyiene glycols.
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.the like: As with other carriers or vehicles, an ointnent base should be
inert, stable, nonirritating and nonsensitizing. As. explained in

Rem ngt on: The Science and Practice of 20 Pharnmacy, 19th Ed. (Easton, Pa.:
Mack Publishing Co., 1995), at pages 1399-1404, ointnent bases nay be
grouped in four classes: ol eagi nous bases; enulsifiable . bases; enulsion
bases; and ViBlieetopsal duteishisienally(perfiginedusdisnssiged bpasepichineliete, THer

) exarrpl vegetable oils, fats g’gt ai ned from: animls, and senisolid

hydr oc aPBERASCBHE S Mag Wikehis graerally sutied fantogicel 2ihive RaredipgadngaisEation) so.
. known %dqhaeaéa%& LR WERMalsD8R%% inCRR .n'rhe?ﬁ) idal EhiSieP is & cmt&f %@&d

I ncl ude, for exanpl e, -hydroxysteann sulfate, anhydrous | ano I n an
hydr opmrbwde phe¢ conpasitmn iErthé desred donhegt, abasleqsfld ar eomiitpind rcawddretotion; oi |
(W I .n-wat er f or

" exa cread’ém@ﬁs%ag%oﬂ%‘i"dergﬂ?e’éW1 Solmtro[équgf@‘l Sdr‘%%ﬁ%\dl tﬁdé{kgcaglaéﬁqy R aci d:

Pr ef er r RApIIEE® lof SOMURHE 6F BEHER HarPARLScASng BF @ﬁﬁﬁ@p& ofigiRM P Q4 \éE‘sfeHthene
gl ycol's of varying mol ecul ar wei ght: again, reference may be made to

Rem ngt@desl ﬂﬁbats@ueeml@t@nsmadm&emfadvhesﬁhaaﬁeqt dihe f 4ative ragent mﬁomthest i on.

i ot onoa BF B R fofndpR Ry ok Bt B TsRdeh RERY BhrSiditsun cn

solid pdrghecbpial forabldong E)d&ﬁlp&@tdhﬁ/ﬁutaﬁ{é topREP BirrieR R Ris8 IRRLin Iifkiddarat er
or al cohol base. Lotions are usually suspensions of solids, and may

corldr i sweatgr, | plgehals dinﬁyoféwﬁmwml%fergw ofolvenis, vgyeering ypiaeral wil, ovikcoaee

-PL? Rl T 11, JEES' R vedebllS W, HafiBehO Weafle e BROBES )
t hat t ﬁ&efen&dlfuinhmtlmk herein are a:oloﬂtassp ﬂdbﬂesfs o tagnts, ld:[ttidsdﬁﬁionbcﬁrédiﬁ\ﬁaﬂ@ 'l

typi calgl%s contai n suspendi ng agents to produce better dispersions as well
as acti I ngredi ents useful  for |ocalizing.and. holding the active agent I n

“contact wit houﬁfﬁl nt gigg seﬁs&ldh%féﬁﬁﬁﬁbﬁse l\Jvl'HJ;tp ik Iﬁf? rfggseg %et'l‘da

car boxymnet hyl ce Creans co Tactive
i ngrﬁeduﬁh:trspmurradeﬂmtnm | Thet dpecific tointiriescipass to Ibeqmdj a@r\mﬂamappfelcﬁted
“enul si e|t r..oi]-in-water, or ter-ﬁr}qml . Cream_bases are _water- 10

was habl hg t18ithe &t ijane that vall previde frqntimum éﬁﬁ’eéﬂg@%@éd@"ﬁf{&se The
oi l. p%ﬁepreférﬁlﬂy SQHPE){'O%’:{% i%?ldtlf‘e‘ij cfegr?ed bﬁﬁrﬁ'&t%ﬁcs Rb: . fls &ﬁ&ﬁé&g%

corrprl sed of petrolatumand a fatty al cohol such as- or st
al coholthe tlike: équ‘efﬁhwtwamclsu@ Wehicled, t 4o ogitmentniase slneuklsbannéry stableeceds

R T MRS S TN DT T U
ot e gt ) o,
appr ec.cmtg@nt bases pmay be grouped in pfgur classes: oleagmous basespemu]sﬁiable bases;
emulsion bases; and watepsolub_le bases. Oleaginous ointment bases include, for example,
vegetable oils, fats obtained-from -animals, and semisolid hydrocarbbﬁs.” obtaihgd fmfm ‘
‘petr;oleum.- Emulsifiable ointment bases, also known as absorbent -bintfﬁent '6‘&563,"'q6fhté3in-'
25 little-or no water arid‘ include, -‘for'exeampie"-hYdfoxyStearin' sulfate; anhydrous laho‘lin and
hydrophilic petrolatum. Emulsion ointment bases-are either water-in-oil (W/0) emulsxons
~or . oil-in-water _(Q/W)- emulsions, and-‘include, for example cetyl alcohal, g!yceryl o
_monestearate, -lanolin. and -stearic -acid: - “Preferred - Water—soluble omtment bases are_;
.a;;;;prepared from polyethylene glyco[s of varymg melecular welght agairi;’ reference may Be
30 . madeto Remington: The Smence and Practice of Pharmacy for further mformatlon ol
Lotmns are preparatmns to be applied- to the skir surface without: fnctxon land are' 3

typlcally hqmd or- sermhqmd preparations, -in whlch solid particles; mcludmg the active
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by those working in the field of topical active ingredients fornulation;
gel s.are sem solid, suspension-type systens. Single-phase gels contain
organi ¢ macronol ecul es distributed substantially uniformy throughout the
carrier liquid, which is typically aqueous, but also, 20 preferably,
contain an al cohol and, optionally, an oil. Various additives, known-to
those skilled in t?e art,.-m e hQCIudej'in t he fopical. formul ations of
the i nA&iET 8 PTESH lamphes of hoPobias. FayoreargaEerily Ysressians of selidserndai n
aCt 1 ve hagcombARt 3 hyhaldC RN ef @R LPARlEALly LY Pt LBl
pernmeation enhancers, opacifiers, anti-oxidants, "gelling agents,

t hi ckerfPrgulagemt kerein fabirkitingr lorgeabetlyt weas,i beeaueSofTihe ehspbf applyiagp@sid i ons
of the e J-nvention may al so be delivered -,to the,skin using
convent Uit SFpostio °® i etadaly deSsary vt uESinSilnip abler o Selotipo e fncly

i ngsedidivided. Lotipesivil %ichgy EOithidl ARPeMitd bferfs i@@d&%@@w&t A MbEs ad at
serves as_a drug_delivery device to .be affixed to the skin. Tn such a -

st ruct (¥ 33 #EVE sparpdients wpfaldios heeslicivarasi haldingithe adbietagentih camtat igher, or
-"reser vl kgin élé]gglléh.%ic g?%hs Qxﬁr@ﬁ%@c&ﬁpﬁ&%&%ﬁ%ﬁs%ofﬁi%ﬁl am nated 30 :

I . :
structure nay contarn a glereserv lf‘?aun mul tiple

reservoirs. Cmanseonteimi@diheaslecteti NRtive iRGaHNEES are, GRRNOWIER Hie RAL YIBSIC
mat ri x l.Of da rEhar. ceutically acceptable contact adhesive material. that
ser ves {8994 FSMuUEGi epulsions.t Bthen olldpiwater of iwajeraiatail Cresn hasey endi wates:

delpver : of sui t: ski- At act A | v terials include, but .
o Pl Rl S S e 8 Un A L BB TR T e

pol yacmisoaoestimepoiliedribe Natwesal" phabef isegenitally chh@ripar of pettAsMBLANIE A
adhesiéf: ﬁell ected will depend on the particular active ingredients,
vehi cl &coBpl, such’ ag “cetyl, orsigaryl \aloqhobt tise adyapns inbase wisuallyal althosgk omdsonent s
of the paedsk | 3G | @At L,y o] It ] nati vel t active -
i ngredi ent s#?d‘nt aiéﬁnlgeroég %%?Pn‘éd}ngmgklgﬁ@?(?h%% C‘%&%i %@“Q’FS%B%?@]& as

- separ arsubifipr inda serearot fdrelation, wit éxpldisedidh eRémimgtong esdpyd NB. pherdlRS@r voir
Wmlfh’ in this.case, .mag be ejther - pol ymeric matrix as descri bed above,
or ‘7t RBYOBS YU9TE fPHOYY OhomPagferic sudatadi v or may take Some other form
10 The backidey fdaW@ition , ' | { as Hhe, upper. @ surface
of the. ey o KIS ab S PRfurt RS AepReatll () BMES A3l e URE G

| ami nabedheserwierkingeinghe fiskoof thpical ahievelmgratients formmiltionpfelistase bérasolid | i ty.

Rt T e TR L YR T L
et SOmATE et ASBAG! LB, SARESN TS 4
detl ceprefgrablpsontayan elgeliol pag, apsionally, an oil. oo S S
Various additives, known to-those skilled in the art,‘-xm'a‘y be includéﬁ‘;‘;in.the tbpiéal
formulations of the invention. "For example, solvents may be used to’ solubilize certairi
active in'grédients,sub_stance_s__ Other optional additives include skin permeati(.}n enhancers;
opacifiers, anti-oxidants, gelling agents, thickening agents, stabilizers, and the like.. |
25 " The topical compositions of the prcs.ent_‘i:nventipn‘may-,a_!sawbe deliVeredvto the-skin
using, -cqnventional dermal~typé ‘patdhes, or "articles, -wherein the -active ingredienfs
‘ cg;;iposition.is.gontaingd w1thm a laminated structure, that serves as'-a"dmg delivery device
: to_..be affixed to ‘the skin. In. such a strﬁcture, the active irigrediénts comp.ositibn -'-3is.‘ '7
contained mn a layer, or "reservoir", --undeﬂyihg. an, uppér.ri.,back-i'ng.: layer.. The lamiﬁjat-‘eﬂ;-' '
| 30 structure {nqy_co_n_ta_ilé al':si_nglf_; reservoir; or. it may :contaiﬂ:multipl'e. Teservoirs: Inone B
: eﬂ}bgdim?plt,h‘thg.(eservoir comprises a polymeric matrix of 4 pharmaceutlcaliy .ac&ébtéﬁi_é o

contact  adhesive material. that. serves -to affix the system to the. skin. during : active -
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ei ther occlusive or non-occlusive, depending on whether it is desired that
the skin beconme hydrated during active ingredients delivery. The backing
is preferably made of a sheet or filmof a preferably flexible.elastoneric
material. Exanples of polynmers that are suitable for the backing | ayer

i ncl ude pol yet hyl ene, pol ypropyl ene, and pol yesters. 20 During storage and

prior tmgreientst debivergmi DahptbssdfNunbble linnsdntute adiestvel RASRalk iRde. but are
I medi atel y .pr use, .this layer is renoved fromthe device to expose

i Qr to.
t he basft dF‘l‘the tq, he PRIFFLIYIERgsh o r Palpsloxaresi v ePalvisotadylenass rmdwrcwdates,or a
. separ at g,|6a8ih | affi.xed,to the
ski n. el rel ggiseﬁﬁpﬁ%rlll%hggggﬁgwﬁ&r o8 eo%haglrt]é%{tc‘l ?‘g&e&gyﬁglfgﬁﬁeé‘ﬂto& he&hi cl e

i nper nemglimlma@weahcreﬂsn@ucdfmdevetces’i eqaﬂﬁebﬂlhes‘v@d)mwabed:oﬁgjaﬂﬂeqwﬂygnt i onal
techni ques, known. i.n the art for exanple by casting a fluid adm xture of

" adhesi VETHEER O iy peiFeeMgkedignis-conipninge cfppesition.  Aligrmptivaly, nidel anfive,

f ol | owelaRyich8TABAAL resRfvehiNind ARAIEntabi Aesive! 41 @{l% 5! RgaadhGve

m xture nmay, be cast onto the release 'lll ner, o | owe am fat fon-of the

bac Ki ngdlﬁiay:ta layers with élﬂenaihemot yaderh@glﬁmuremrvmgméd:hent ﬂu.rr e@serns) be seher
repared i e ab e of active 30 or excipient, and then

Ioaded %@‘g‘m{%{é it o3G0 G 3R0XE, P Ay ‘é%g i‘ﬂ'x‘f‘érﬂféwém LESERVEIT, BEMAE Wi t h

the topiak@borhostived @Emons of the invention, the active ingredients

conposition contai ned within the active ingredients reservoirs of these

| ank®hat ed syKicehickingylayerc ththese laminatebewhivh mm;oatethesup]ber ‘miofee ofsths, the

b f
06 1 - AR 4T Bl B EERER o il ol o SR i 1
be di sshé wedice dmlpemeedofotts FlesARGe dhé natefisl lie@&lt@d PREIRRE S rﬁcfi"rla't%f%
gel. O her conpone Ich may

accept abl e veh | e, cally sol vent or

be presAyld be Wichﬁq l’)r@getrwvbmaﬂxmnﬁm@blesto ibaractive algml,lemdnd be |ike.
It sho t nvention a high -
mnmoodd, 3@@%‘2@%‘?‘“‘%&% of 210k Tedeent Epl AL oRRns R 1B slereatie

nedd i dosmfehf eotmpueenanthriigh théﬁpp?& suﬁﬁcb bftheidavice € The Ghém ﬁ?&%ﬂ& péreans
an am)u%ti1 nec?ssa to achieve_ a selected result. For exarrge an effectlve
amount e HESHRIB dopiashlugive. depending oo whetheryit edesired ghat dbie sign bb@:rrn@

usef ul thffatdd@ AL O?HJ tical
conposi c?ns slfjrlﬂlg;b l e fore%érggléﬁw xbg&kl?ﬂ{ﬂ %ep rgfe?aeﬂgi%md gﬂ% 4 hel ude
conpos |ﬁlmo¢fsa wreterebly - flekiblenclhstumerio gustekiat nESaIaples wmo@rmgi thil 228 s@pabint
effectiye 5.to chle |ntended ose. Mire specifically, a

ther apdih hRe S BT il pifstpiens. polyplopyRas and polsesters. Y

20 During storage and . prier to use, the laminated structure -includes a release liner.

')

Immediately prior to. use, this layer is removed from the device to expose the basal surface
thereof, either the active ingredients reservoir or a separate contact adhesive layer, so that
the system may be affixed to the skin. The release liner. should be made from ‘an active
_ -ingredient_s/vehiele impermeable material.
25 . Such devices niay'be fabricated using conventional techniques, _i{novlrn in the art,
for example by casting a fluid .admixture of adhesive active ingredients- and vehicle onto
q..:the backmg layer, followed by 1armnat10n ‘of the release liner. Slrmlarly, the. adhesive
m:xture may be cast onto the release Imer followed by. lammatlon of the backing, layer N
:-_.;:Altematwely, the actwe mgredients reservmr may. be prepared - the. -absence. of. active_

30 .’mgredaents or exolpxent and then loaded by soak;ng" in an actlve mgredlents/vehlcle

mlxture

&5



means an anount of active ingredient effective : to prevent, alleviate or
aneliorate synptons of disease or prolong the survival of the subject
being treated. Determ nation of a therapeutically effective amount: is well
within the capability of those skilled in the art, especially in |ight
ofthe detailed disclosure provided herein. 20 . For, any.active ingredient
used in the nethods of the invention, the therapeutically effective anpbunt
or dose can. Abewdsi ithBt esitahi Fdrabulafiohs OBF okl Wivieltios $RY Sadiik@NidERlBentE O
exanpl e, a dose can be faornulated in animal nodels to achieve a circulating
concent FAPPEHION, GoRjaingd syithin sha, adivet ingrelents reserveaiss of thesedatinatedt systetry .
assays. |1t | fica f e acti.ve ingredients

Goser; bSAY rioplt £ b bORBbbier | R calets o BIR MR RS b

' pr oceddelasredn“reaptiiieneint tk wsimal of, addifonal Diguidde U@ b1 dagest RBwkéRO.tANd t he
LD5Q (Il ethal. dose causing . death in 500f the tested aninals;afor a subj ect
act ive FHYFdEsTE Ptsm'zl Yratissolynda diseersed omstsregdedhin # whitaplaphapecamigallani nal
st udi es 14003 (=" a f fOr: .0 human. For
oxanpl o PR SRR, PP LAY SO g2 O o PRRAls Pl I PSR et
di sor dewmsludepraservagcesgdgabilindrs) esdrihetants tand the fiee.i nents with ani mal nodel s of

t hese di seasgs., The,dosa y.vary dependi ng upon the dosage form enpl oyed
and the rout %’Pung(li’& ?ﬁtg‘?rtggﬁi e Bét?‘Fz%‘ﬂa‘eTHE’e’é%btsuFBrfﬁuﬁ glomanpgsr e of
adm ni siysadolanedRshed 5 A@feratd ini®&ed 0)YE sndi. Vi si.Ci an
In vi ewlslof .theepari entﬁg éonggiat [ ci)lél. (Ségh?gﬁleg%frlng%d lgghfpgwefﬁg%,ﬁhi n .
"THE PhAs msedlbstiealeiBstive agfoulie mepmuti astiounChectsspry 1) acllewngescloreadit and

interv vhe_adi ysted individual | rovide .pl asimg | evels of the
act i veﬁ%ﬁgtggmﬁ’?%@i%r & SeEPinG agpuy ooﬁg?fgtcﬁmoflﬁgn rﬂfggﬂea‘ﬁ'i"ﬁﬁméf- Paxtle
~ termed de@ted fBr Bding ﬁ@éﬁxl%f&fét_tféé?m&ﬁ%@ﬁ’l‘}%@éﬂnﬁl@t&r’%@ﬁseé@@.e MEC wi || vary for
e

each preparation, but may optionally be estimat from whol e ani mal dat a.
Dosage i nt erRh@rsagamical] eampnsitipes enithbie dou sisegn. ttheteNEGE thd pecseRr mpaitidn ons

iqnal d usi g I egi whi ch nai nt-ai |
avel S8 teBRRAR M RlpligCocSs At Rt A Sopidiief dpied BRI SACAD%00 o6
and5nosio jpuhifverthbl itca@ed Puiposd0 DRRERPEdIGc), b BeSPYOidally Mtive amount

responsi veness of the condition to be 'treated, dosing T¢Can also be a

si ngl e THEATS N tFBPY nobfackve | iggredishe effscéonpes braven, daeided hmelamabove,

with c f kA | ast. N, ral days to.several weeks or

unti | (%glr:@ﬁ?ngg %éfélg%tggg%r&i I%Q%%%'!’Vgi;&fgtﬁ xg 'ﬁﬁgeﬁ'fﬂgé'%t eagqa‘;t e i s achieved.

CorTEosi ti onsDetkrmbinatiqi ef e therhpuutiodliyosiattiye adoulleRi weltwidddh MeQapiiRg dMm a
ack or L. : e . , ' ‘ A

P those skilled in the art, especially in light of the detailed disclosure provided herein.

20 . For any active ingredient used in the méth‘ods of the invention, the therapeutically
effective amount or dese can be estimated initially from activity assays mamma]s For -
example, a dose can be formulated in animal models to-achieve a circulating ‘concentration
rahge that includes fhe ICSO,as.‘determined by activity assays. .

Toxicity and therapeutic efficacy of the active ihé;rédiéﬁt—é described h'eféififcaﬂ".ije ‘

25  determined by -standard pharmaceutical procedures in "iékperir'[riental 'ani_inﬁlé;':'é.g., by
determining the ICsq and. the LDsp (lethal dose ‘causing death in 50 % of the tésted

~ -animals) for a subject active ingredient. The 'détéijéﬁfé}hed;'ﬁ’ox-n tﬁéSe_. actmtyassays and
animal shidiés ‘can be used in fénquléi%iﬁg a }ange‘"bf Hqsagé for use in human For

example, therapetically effectivé doses suitable for treat‘fr_x:érifvéf _ééziet‘ic‘ d:sorders canbe o

30 deteriiried from the experiments with animal models of thése diseases.

" The dosage may vary depending upon the dosage form employed and the’r&i-t;::"-af._ o R

administration utilized. The exact formulation, route of administration and dosage can be
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* regul at il\r‘;gsthe manuf acture, use or sale o

&

di spenser device, such as an FDA approved kit, which may.contain one or

nore unit dosage forns containing the active ingrédient. The pack may,

for.exanple, conprise nmetal or plastic foil, such as a blister pack. The

pack or dispenser device nmay be acconpanied by instructions for

admi ni stration. The pack or dispenser may al so be acconpanied by a notice

associ atchgsenityltht heliG@M dhittdiad A Aeds Q{ffiwpa%f&ﬂ B&:eHidon. fes%Oé/_ gm%teqla%_ agency
phar maceut i cal s, “Wwhi notice is

ref | ect ilPé5.0n "ThpBhasmatolpgicaliasia gé Abyrapkutids®, Elorlnp.0F. t he conpositions or

h teLi ] N - Lon., Such noti f I be of
bl i ng approal BpoBRE Feh AL gR o hGSuPE b it dormieTin g levels

prescri pfithn acdi@gmolty Shichnard MR Bl Qdinehin kRS Biddulatif® TRESE L {eARASd the
conprising an actjve ingredient of the invention fornmulated i'n a -conpatible

** phar frac &utimeh plieciive icepceptrption OMEG depdEEdwilhya: Ser sash arepapitioopbitatay

cont ai nety: I . f an indicated condition. As used
%Pﬂ% tlgbe ARG ﬁ%ﬁ[wﬁcﬂ%?{l}gﬁ%aﬁ '

her ei n, rm “nmodul ate S Substantially inhibiting, slow ng of
15 reversi ng Ddsegpimegrvas shmnrlsofte deteisiaed esinghe MAC wildey PRoRIARING rhd)d

clinical s tons  of .a | sease or condition, aor substantially preventing
t he appé’ﬁ?é%@ci’(?fad&“i“ﬁf:@glusg'ﬁr?pfegfﬁelbfwlﬂ("h slegdyaerlasoe vels mbove tha MEC

" modul afg10-001¢1 &f QE GnleNSlelas o & odi Sease or
condition. 20... 67 LI§ ISIG S%%E%%Eg%%{%ﬂ@??&g‘%%gggo'°’sequence of
thel®i gnal Péjspeuingen thebsekatitiand FispbiitdrSk:SHMEE cofifion B Dtrezted OddAiignO-

aci d sequence ,of the, Vacuofar.targetjn i gnal from Tobacco :chitinase A
DLLVDTIEth ABSES 3 hggs A0miREftion o S1ve seliaR compostting deseriked hepinsheve,

.with‘-c(mrse of treatment lasting from several days to several weeks or until cure is effected
or diminution of the disease state is achieved. A |
Compositions of the present invention may, if desired, be presented inra pack or
dispenser device; such as an FDA approved kit,‘ which may contain one or more unit.
' dosage forms containing the active ingredient. The pack may, for.example, comprise metal
or plastic foil, such as a blister pack. The pack or dispenser device may be accompanied
by mstructions for administration. The pack or dispenser may also be accor’npénied by a
notice associated with the container in a form prescribed by a governmental agency
regulating the manufacture, use or sale of pharmaceuticals, which nofice is feﬂective of
approval by the agency of the form of the compositions or human or veterinary
administration. Such notice, for example, may be of labeling approved by the U.S. Fbod
and Drug Administration for prescriptioxi drugs or of an apprbvéd -pri.)'d_uc't. insert.
Compositions comprising an active ingredieht of the invention formulated in a cﬁmpatib,le -
.pharmaceutical carrier may also be prepared, placed in an appropriate container, and.
| _ labeled for treatment of an indicated condition. - N |
As used hefe.‘:__i.n,' the term "modulate” includes substantially inhibiting, slowing or
15 - reversing the progression of 'a disease, substantially ameﬁoratin'g clinical symptoms of a
disease or condition, or- substantially preventing the appearance of chmcal symptoms ofé
" diséasé or condition. A “modulator” therefore includes an agent wluch may modulate a _A "
disease or condition. | ST
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cagaat tcgcccgecccctgca 20 SEQ ID NO 4 Nucleic acid sequence of the Reverse
prinmer: 25 ctcagatcttggcgatgccaca. SEQ ID NO 5 Nucleic acid sequence of
the forward priner fromthe 35S pronoter: 30 ctcagaagaccagagggct 68 SEQ I D
NO 6 Nucl eic acid sequence of the backward prinmer fromthe termnator: 5
caaagcggccatcgtgc SEQ ID NO 7 Nucl eic acid sequence of the human GCD cDNA
used for the 10 constructs of the invention gcccgccc ctgcatccct aaaagcttcg
gct acagctc ggtggtgtgt, gt ct gcaatJYEQIEERCBIIFSIINGEccttt gacccceccga
cctttcctgec ccttggtacc ttcagccgect atgagagtac acgcagtggg cgacggat gg
agct gagt at . ggggcccat ¢ caggct aatc acacgggcac 15 aggcctgcta ctgaccctgce
agccagaaca OsE@ IDCRO:aRagt gaagg gatttggagg ggccat gaca gatgctgctg
ctctcaacat ccttgccctg tcaccccctg cccaaaattt gctacttaaa tcgtacttct
ct gaagaagg aAPHPgAciE sesrwmnes efcthey Gigoat Reptigedd§et gt gacttctcca
tccgcaccta cacctatgca gacacccctg atgatttcca gttgcacaac. ttcagectce
cagdggaaga taccaagctc aagatacccc tgattcaccg agccctgcag ttggcccagce
gtccecgtttc amtli{LBEELBRKEESpDg8AZEF cat cacccac ttggct caag accaat ggag |
cggt gaat gg gaaggggt ca ct caagggac agcccggaga catctaccac cagacctggg ’
ccagatactt tgtgaagttc ctggatgcct atgctgagca caagttacag "ttctgggcag
t gacagct ga aaat gagcct tctgctgggce tgttgagtgg ataccccttc cagtgectgg.
gcttcacccc tgaacatcag cgagacttca. ttgcccgtga cctaggtcct accctcgceca
acagtactca SEQCHI!INDE 2cgcctactca tgetggatga ccaacgcttg ctgctgecce
act gggcaaa ggt ggt act_g 25 acagacccag aagcagctaa atatgttcat ggcattgctg
t ad8t't ggt a .ABERggAEdt sequanst of dhe Vogunatpic targedingy giyge] froac Tobaeco
tgttccccclgigi c%%c tgctc tttgcctcag aggcctgtgt gggctccaag ttctgggagce

geg ge

agagt gt jgct cc. t gggat cgag ggat gcagt a cagccacagc
DLLVDTM
15
. 'SEQ ID NO: 3
Nucleic acid sequence of the Forward primer;
cagaattcgeccgeccetgea
20" o
SEQID NO:4 .
Nucleic acid SeqdeﬁCc of the Rcﬁcféé ﬁrifn—e_f: _
25 ' cteagatcttggegatgccaca
&
SEQNo:s
'Nucleic acid sequence of the forward primer from the 358 promoter: -~

ctcagaagaccagagggct
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at catcacga acctcctgta ccatgtggtc ggctggaccg actggaacct t:gccctgaac
cccgaaggag, gacccaattg . ggtgcgtaac tttgtcgaca gtcc. catcat
tgtagacatc.: accaaggaca cgttttacaa 30 acagcccatg..ttctaccacc ttggecgett.
cagcaagttc. attcct gagg gct cccagagagt ggggctg gttgccagtc agaagaacga

cct ggacgca gtggcactga tgcatcccga tggetctget:.gttgtggtcg 69 tgctaaaccg
ctcctctaag gatgtgcctc ttaccatcaa ggatcctgct gtgggcttcc tggagacaat

* ctcacctggc tact t{c acacctacct gtggcatcgc cag ¢c. 5 SEQID NO 8
d ucocer ebr ogﬁéi@ gﬁ%

VCV
AT X CD ﬁu%l&c acPdEe'aLd%rﬁeLonhE Saém%d%rm{%ﬁrgnﬁlﬁa%&ﬁ#bg k i X‘
A ? H

I Q
| L
K V
A

< <T>»ZT

g

|V
| T

E A

GWTDWNLA.L NI
KDTFYKQPI\/FYHLG—IFSKFI PE
SAVYVZ20 V. V'LNRSSKDV

acid sequence ARPCI PKSFGYSSYV
N H
LSPPAQNLLLKSYFSEEGVRLLMLNDQ RLL L?
V L T D PEAAKYVHG AV H W YLDFLAPAKA 15 'L GETHRL FPNT ML "
C PUERCILENGHE® SVRL GSWDRGMQYSHSI | TNLLY
EGGPNWVRNFVDSPI I

P
&S QRVGLVASQKNDLDAVALMH DG
PL'TI KDPAVGFLETI SPG

C
G
L
w
H

YSI HTYLVHRQ 55%#5@5 . " 35S Prompter nucleic acid sequence
tTyg

Tttt cacaaagg

aaacct cctcggattccattgcccagcetatctgtcacttcatcg -

aaaggacagt agRaRAIeaagH 854 e AL AR BEC A eidiD qgaTRac0 8@ a995] afrIthea

agat gcct ct accgacagt ggt cccaaagat ggacccccacccacgaggaacat cgt ggaaaaagaaga 30
. egt Ir cacousirgicts vt dbagouentignat t gat gt gat at ct ccact gacgt aagggat gacgcacaat
cccactatccttcgcaagacccttcctctatataaggaagttcatttcatttggagaggac 70

IS

20

25

30

geeegeee ctgeateect aaaageticg getacagetc ggtggigtgt
gictgecaatg ccacatactg tgactecttt gaccceeega cctttcctg’é ccttgg{acc ttcagecgcet

atgagagtac acgcagtggg cgacggalgg agctgagtat. ggggeccate caggcetaatc aca‘égggcac

aggectgeta ctgaccectge agecagaaca gaagticcag aaagtgaagg gatttggage ggccatgaca
~ gatgctgetg  ctctcaacat ccttgeectg  fcaccceectg cccaaaattt gctacttaaa tegtacttct

ctgaagaagg aatcggatat aacatcatcc gggtacccat ggceceagetgt gacticteca tccgcaccté
cacctatgca gacacccctg atgatttcca gttgcacaac ticagectce cagaggaaga: taccaagctc
aagatacccc tgattcaccg agccctgeag ttggeccage gicecgtifc actectigee agcc'cctgga
catcacccac ttggctcaag accaatggag cggtgaatgg gaaggggica clcaagggac agcccggaga
catctaccac cagacctggg ccagatactt tgtgaagttc ctggatgeet atgﬁtgagca caagttacag
ttctgggcag tgacagcetga aaatgagect tetgetggge tgttgagtgg ataccectte ca_gtgcctgg-

gcttcaccee  tgaacatcag cgagacttca tigecegiga cctaggtect accctcgeca acagtactcé

‘ccacaatgtc cgectactca tgetggatga ccaacgcttg ctgctgecee actgggeaaa ggtggtactg -

acagacccag aagcagctaa afafgttcat ggeattgetg tacaftggta .cctggacttt ctggctccag

ccaaageceac cctaggggag acacaccgec tgttccccaa caccatgctc tttgcctcag aggcctgtgt
‘gggctecaag ttctgggagc agagtgtgeg getaggetee tgggategag ggatgcagta cagccacagc .
_ atcatcacga acctcctgta ccatgtggtc ggctggaccg aciggaacct. tgccctgaac cccgaaggagf 3

gacccaattg . ggtgegtaac tttgtcgaca ﬂgthcat‘cat_ tgtagacatc . Aaccaaggag;_a‘ cgttttacaa ‘
acagcecatg ttctaccace ttggecactt cageaagtic - attectgagg getcecagag. agtggegots

¢ gttgecagtc agaagaacga cciggacgea gtggeactga tgeatcecga _“tggctctgct_-j-__-g'ttgtg_gtég-‘:_“ '
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SEQ I D NO 10 Nucleic acid sequence encoding the ER signal peptide 5

at gaagactaatctttttctctttctcatcttttcacttctc ctatcatfatcctcggccgaattc SEQ ID
NO 11 Nucleic acid sequence encodi ng the vacuol ar targeting sequence 10
gatcttttagtcgatactatg . SEQ ID NO 12 15 Nucl eic acid sequence of the

t erm nat or

taatttcatgatctgttttgttgtattcccttgcaat gcagggcct agggct at gaAt aaagtt aat gt

?t gaat diggtapatags gmlgatmt@taga%tgeggggattam%cﬁat [ﬁgatgmtgcgt gegmm&aat%@?%tatgat )
cccaaa acccccc cc a ucl ei ¢ aci d sequence o e '
exlires ?@Ff%&:&?g@ﬁgcpqﬁpgﬁﬁ?%catggc cag

ttttcacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcg
aaaggacagt agaaaaggaaggt ggct cct acaaat gccat cat t gcgat aaaggaaaggct at cgtt ca
agat gcct ct accgacagt ggt cccaaagat ggacccccacccacgaggaacat cgt ggaaaaagaaga

cgttccaacca @ ﬁ@g&aagtggattgatgtgatatctccactgacgtaagggatgacgcacaat 30 .-
cccact atccttc%é a’éé; cctctat at aaggaagttcatttcatttggagaggacaggcttcttgag. -

at cct t caacagihAGRARERASS %WQ@@?&?\E&@E@M tactatttacaattacagtcga

gggat ccaaggagat at aacaat gaagact aatctttttctctticteatctttteacttctectatcattatee -
;71

t cggccgaat t cgeccegeeect gecat ccct agaaget t ctacagct cggt ggt gt gt gt ct gcaat gcc
acat act gt gaclgglgt ?’t 3§§ % g{:gé ]ét ct%cég%t gt acctt cagccgct at gagagt acacgca
gt gggcgacggat ggagehgagt ¢t g9guqeCat GCgggst pairc aCaegggeagagycigct act gac

cct gcagccagaacagaagt t ccagaaagt gaagggat t t ggaggggccat gacagat gctgctgctctc 5 .
aadft cctt gcdR Yt EaSc At R g8cCaddaRt MydE alct Saddt GgFadt Q:t&tlgaﬁga‘aggaat cgga

gat gat t t coaght bobodad: toahob: o dadnggakodt Ao haghtkabodt docberuar t caccy
agccct gcagt gogCepge gh CACcqt iy cpgt GEt %cpgﬁ_ﬁct@gﬁcq} Gagegacst ggct caagac
YFSEEGVRLLMLND QRLLLPHWAKYV
VLTDPEAAKYVHGIAVHWYLDFLAPAEKA
5 TLGETHRLFPNTMLFAS EACVGSKFWE
 OSVRLGSWDRGMQYSHSIITNLLYHVYV
GWTDWNLALNPEGGPNWYVRNEVDSPII
VDITKDTFYKQPMFYHLGHFSKFIPEGS
" . QRVGLVASQKNDLDAVALMHPDGSAVY
20 .VVLNRSSKDVPLTIKDPAVGFLETISPG.‘
"YSIHTYLWHRQ |

SEQIDNO:9 -

rg8s0 35 Promoter niicleic acid sequence”

_ Ttttcacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcg
ey -‘""-?'5aaaggacagtagaaaaggaaggtggctcctacaaatgccatcattgcgataaaggaaaggctatcgttca
S ‘a.gatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcgtggaaaaagaaga

303" :::-7cgttccaaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaat
e cccactatccttcgcaagacccttcctctatataaggaagttcatttcatttggagaggac A
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caat ggagcggt gaat gggaaggggt cact caagggacagcccggagacat ct accaccagacct gggc 10
cagat acttt gt gaagtt cct ggat gcct at gct gagcacaagt t acagt't ct gggcagt gacagct gaaaa

t gagccttct gct ggget gt t gagt ggat acccctt ccagt gcct ggget t cacccct gaacat cagcgagac
ttca.ttgcccgt gacct aggt cct accct cgccaacagt act caccacaat gt ccgect act cat gct ggatg
accaacgctt gct gct gccccact gggcaaaggt ggt act gacagacccagaagcagct aaat at gt t cat
ggcatt gct gt acat t ggt acct ggacttt ct ggct ccagccaaagccaccct aggggagacacaccgect 15
- gttccccaacaccatgctctttgect cagaggect gt gt ggget ccaagt t ct gggagcagagt gt gcggcet a

ggct cct gggat SFQYdaNgeatdacagccacagcat cat cacgaacct cct gt accat gt ggt cggct g
gaccgact ggaagct t gccct.,gaaccccgaaggaggacccaat.t gagt t aaci ttgtcgacagtccca
‘tcattgt agaca%&%&%@%ﬁ%&&c@éﬁg %%P%i%&@? gccact t cagcaagt
tcattcct gagggct cccagagagt ggggct ggt t gccagt cagaagaacgacct ggacgcagt ggcactg 20
at gcat cccgat ggct ct gct gt t gt ggt cgt gct aaaccgct cct ct aaggat gt gcct ct t accat caagg
" at ccf gct gt gggtgdagiaigagatiattctitatrat gy ticact ttactatusdtaticateggyicggatitcgccaag
atcttttagtcgatactatgtaatttcatgatctgttttgttgtattcccttgcaat gcagggcct agggctatg
a- : -
At aaagt t aat gt gt gaat gt gt gaat gt gt gat t gt gacct gaagggat cacgact at aat cgttt at aat a
aacaaagacttt gt cccaaaaacccccccccecngcaga 25 SEQ .ID NO 14 Amino acid
sequence of , SEQIDeHmrblhant protein of the invention 30 MKTNLF. L F

LI,F.SLL LS,.S:AEFARP KSFYS G\ .. A TYCD. S. , . FDPPTFP
72 ALGT Fk’slqizﬂ? geid SEqueacs qugedipg es"%ﬁ‘t? V\{Xﬁﬁ%‘ﬂg Sﬂq*f“féc? GLLLT

QtﬁEQKFQKVKGFGGAMT DAAAL NI ALSPPAQ
NLLLKSYFSEEG G Y NI IRVPMASCDEF S| RTYTYADTPDDFQSL
HNF S L P EaktBttagitgatctatp L | HRAL QL AQRP VSLLASPWTS
PTWLKTNGAVNGKGSLKG PFFWAVTAENEPSAGLLSGY
NSTHHNVRLLML

PFQCLGFTPEHQRDFI ARDLGPTLA
10 DDQRLLLPHWAKWLTDPEAAKY, . VHG ‘ :

SEQ ID NO: 12

15 Nucleic acid sequence of the terminafor

'taatttcatgatctgttttgtt'g'tattcccttgcaatg‘cagggcctag'gg(:tatg'eﬂtaaagttaatgt
' 'gtgaatgtgtgaatg_tgtgat-tgtgacctgaagggatcacgacta'taatcgtttataataaacaaagattttg

fcccagaaacceeceeceengeaga -

SEQ ID NO: 13

* Nucleic acid sequence of the éxpression cassétte of the iivention

25
ttttcacaaagggtaatatcgggaaacctcctcggattccattgcccagctatctgtcacttcatcg _
aaaggacagtagaaaaggaaggtggctcctacaaatgccatcattgcgataaaggaaaggctatcgttca o
agatgcctctaccgacagtggtcccaaagatggacccccacccacgaggaacatcgtggaaaaagaaga )
o cgttccaaccacgtcttcaaagcaagtggattgatgtgatatctccactgacgtaagggatgacgcacaat
30 eccactatccttcgcaagacc':cttcctctatafaaggaagtt_cattteat'ttggagaggacagg(:tt‘ettgagﬂ.f“
atecttcaa(iaattac‘caecaacaacaaécaacaaa(iaa_l'cattdcaattactaﬁtaéaa{ftaeagtcga :

gggatccaa’ggagatataaciaatgaagactaét(;tttttetetttctcdfc ttttcactietectateattatee
o ' _
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is to be understood

t@%ﬂéﬂﬁﬁeﬁgiﬂ{ﬁc %t'g%?qéqgﬁégé’ g R A S PRe g R Ra B Bt Red by

ca |ons are WItEI n he scogg(%&%&?gﬁ%gﬁcﬁggﬁgl r%g gﬁt%gac

REFEREm@Eg:agpcamacagaagtt@:agaa@tgaaggg&angagggg@hat@oagatgctgcﬂgrﬁa}c Nat ur e
4, 794-80 L
CHis ﬁ\fﬁ‘a&%ﬁﬁ Cccig%acc%ﬁﬁ%aba%aﬁﬁ ?taél E@@@?C?ﬂtgﬂegﬂ&gﬁf@gges

31-48

C
G abowski, G (19 AdvHuM

- Hopki n
403-43

tatascatb8focgBsbacdch? %@@tﬁc‘tﬂ:t@b&ﬂcc@@ﬁc@t%ca@z&k@éac%eccct

, 377-44175. G abows

gamgautcc(mtg;acamtta:hg%&meagaggmmamaagattaaganmoc@gatncascg
6 10

Acad S@E %F%&ag?%g%%%@gt?ﬁ%%fa\%s?gg%mtg&@cateageecmggctpaagﬁeu

G abows%%?\eg%g %%éé&%é?%%%ﬁb%{%ph %é %o%’ﬁ.u%’%%éc t%‘%%g%ga%@%ﬁc G ace,

and G
M 10 Ne

(1994)
Danbr o

15

mta«ttgtgahgfttnki@gatgcctammagmmmtac@gttcm@wtga@a
69, 22 3-2291 10. Barton , Brady, R O

er n.
igggcc t(R;zlg ég@%igg@ ;AcWctt%@gp@tgggcﬁcacccctgaacatcagcgagac
ttcattgecegigacctaggicctaceetegecaacagtactcaccacaatgtecgectactecatgetggatg

accaacg(_:ttgctgctgccccactgggcaaaggtggtactgacagacccagaagcégct’aaatatgttcat '

ggcattgcigtacattggtacciggactttctggetccagecaaagecaccetaggggagacacacegect
_gttccccaacaccetgctctttgcctcagaggcctg'tgtgggctcCaagttctgggagcagagtgtgcggcta
ggctcctgggatcgagggatgcagtacagccacagcatcatcacgaaccthtgtaccatgtggtcggctg

gaccgactg-gaaccttgccc_t-gaaccccgaaggaggacccaattgggtgcgtaactttgtcgacagtccca

tcattgtagacatcaccaaggacacgttitacaaacagcccatgttctaccaccttggecacttcageaagt |

20

tcattccigagggctecccagagaglgggpctggttgecagtcagaagaacgacctggacgeagtggeactg
atgcatcccgatggctctgctgttgtggtcgtgctaaaccgctcctctaaggatgtgcctctggccatcaagg
atcctgctgtgggcttcctggagacaatctcacctggctactccattcacacctaectgtggcatcgccaag

| atcttttagtcgatactatgtaatttcatgatctgttttg_ttgtattcccttgcaathagggccta'gggctatga

25

Ataaagi:.taatgtgtgaatgtgtgaat.gtgtgattgtgecctgaagggatcacgac-tataatcgtitataata ,

aacaaagacttigtcccaaaaacceccececceengeaga

.,Ff .

~SEQ ID NO: 14

Amm_o aad sequence of the recombmant protem of:the invention .

MKTNLFLFLIFSLLLSLSSAEFARPC

 IPKSFGYSSVVCVCNATYCDSFDPPTFP

72
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75 WHAT IS CLAIMED IS: 1. An isolated nucleic acid sequence encoding a

P §ySOSQERI R L 8tk PRIYY. SRRCHSHRS Y (AobBNRe 0, ufid £ERNRl Vacuolar

targeting signal and an N-ternina asm ¢’ reti cul umsrrgnal pepti de.
2. An 2sol aletugecl.cCabanes-Mashaern dd, Raond CnHisehdutersdind, \s GS @hordl 1t ei n

being.conti guousl vy, | d .C-term nal endoplasmc reticulumretention
Si g{]nal and %%il-{]@tgh?‘é ”%&%ﬁﬂ%@wﬁ&“‘ﬁeti culum signal peptide. 3. An- .
i sol atgd nugkgirc @giggzg@g%e@ggﬁ@pggﬁg 1871men. | ysosomal protein being
contiguously linked to"a CGterm nal vacCuol ar targeting signal and an

N-t er nftnal  Geslwoyska §mi(19939 vdide dlummGene2l, ¥Bpe4lde, wherein said human

| ysosopal p el N l.ycocer epr.osi e. 4. An_isolated nucleic acid
sequenzcs}:r'zl en%oﬁvﬁhaﬁéhﬁﬁ‘dl %pggrb |f§r”g’ﬁf4ﬁ’m‘8’é@ﬁ’§ewc‘# THIEESERF | i nked to a -
C-term nal gheaplGseiiss 4 qosagbum retention signal and an N-term nal
endoplasm c reticul um signal peptide, wherein said human | ysosomal protein

i sl0a gf-ucoc8preasi bW e &sestvoody B. sBeutten . (1888 Rroadiad degliSridS4®2pdi ng a
hunan | ysosgag|_ R0t ein being contiguously linked to a Cterm nal vacuol ar
targeting si gna? and an N-terminal endoplasmc reticulumsignal peptide,

wher ei it sai BefpFmsmby, YOSGraRk, I, doghribu, ¥ 2and GFBBwakids! akicasidgee. 6. An
i sol ated nucl ei c. aci d sequence encodi ng a human | ysosormal protein being
cont i guous| $PEHReSe 14861314856 er i nal endopl asmi ¢ reticul umretention signal

A0 s B\ BT, GAIRMAESERC 1580} Bl eh B8Pl SR it YBE T ¢ U
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protein is a human a-gal actosidase. 7. The isolated nucleic acid of any of
clains 1, 3 and 5, wherein said vacuolar targeting signal is a basic

t obacco chitinase A gene vacuolar targeting signal. 76 8. The isolated
nucl eic acid of cI aim?7, wherein said vacuolar targeting signal is as set
forthln SEQID 2. 9. The isolated nucleic acid of any of clains 1-7,

wher ei n1%ai d 06‘?%;5[ a ¥y, M.y Bugianasy R sPenpiporp dfs iFuebishs FaBagangdrokt h i n SEQ
~IDNO 1 10. BH?S: 9*18‘ Sech "Iuﬂs%bg{aﬁiﬁ? lenfD%7 F19513088 1, 3, and 6-8,

wherein said osona nprises an af no acid sequence as

. set forth i nDﬁEQRm,mtte& T, PrﬁkteFJMQIZEdzadnmiN:I(M@)MWe%w@WI,CﬁS cl ai ns
1, 3, and 6- % wherein said nucI eic acid sequence is as set forth in SEQ
ID NO 7. 1275The isolated nucleic acid of any of clainms 1, 3 and 6-10,

;. Wherel nsal dNeMELS) 8138 bgers 0 ARO0E) /e BEBio] 95 7L ISEQ 1D NOL 18, 13,

The ‘i sol ated -nucleic atid any of “clalins 1- er conprising a
pr onot e20f un¥italenal, and Galilarfg. (@@(Dl)s"l«tmta‘ﬂgcralﬂtlﬁohm [181inked to said nucleic

acid s en 1 i u cid laim “said

pr onot e eqﬁle%%'édk' Ea E%u#igf iﬁgpgl\?@'?mﬁ ?8@1 "%%i’i\%%m Ence.
~15. The |solm@,dmgl gicgyecid of any of clains 1-14, further conprising a
transcriptionally |inked term nator sequence functi onal in plant cells. 16.

The i sot4at ed teEec SadiulkagK. W%P@:ﬂf ¢infel, 253862 wherein sai d isol ated

Ci d pt y. dditio oper abl y
i ﬁked c%nt rd H%?gar%m i’ r% T%Eu@ggg}tygﬁoﬂgﬁ%@?é Zh%é 5’113 @I ect abl e
mar ker s24.17. Lidmmﬂnslsblle,t(qgl?(v)umt@leeeﬁ@wglzm gsbaggm 15, wherein said term nator
is an octopine synthase ternnator of Agrobacterium tunefaciens, and the

regul at®ty BradffcM M{(h76hidual Bigshers G224 Vi rus) omega -transl ati onal
erhancese ) SRl p 075 (gl PHELRSIER Soron U, copatle of erpresaien 1o
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20. The cell of claim 19, reconbinantly producing said human | ysosonal
enzyne. 21. The cell of any of clains 19 and 20, wherein said human

| ysosomal protein is reconbinantly produced so as to have at | east one

xyl ose and at | east one exposed mannose residue. 22. The cell of any of
claims 19-21, WAL IS SAAIMBD IS:s a plant cell. 23. The cell of claim 22,
wherein said plant cell is a plant root cell selected fromthe group

consi sting of Agrobacteriumrihzogenes transforned root cell, celery cell,
gi nger cell, hbrser é@llsqiat@éhucfalndcmeqmnccemodlm hﬁim lyedsomat protein m 23,
wherein s I car,r ot of, claim 19, wherein
ther el 1 28k EhAlLSEL kol £RUE o Sk B bR S5 S S
protein C@ﬁﬂﬁpﬂz&hﬂgreﬁbulhﬁﬁ@gnamp@tml ose residue and at |east one exposed
mannose residue. 27. A human |ysosonal protein conprising at |east one
exposed mannose residue and at | east one fucose residue having an al pha
(1-3) glycosidipc bo Y0598 ein of cla further
conprising at %east Mé?loéﬁ %g{i‘)@g@%g@ | 8% 'R enCOdm%naqé% aﬁ’f%‘%‘f %ff’ge&%m dic
bond.  29. bdihg contipmoudly Siakeh®l a Qrtednghdal eafloslbdhidréfouli kétBRionCHEIRI hed Ng at

| east one xyl ose resi due 78.30. The human |ysosomal protein of any of

cl ai ns 26"9“?3 teppBplegndorlasmic F%’&}Bﬁ’&lna]d?ﬁf}ﬁ% i's a glucocerebrosidase. 31.
The human | ysosomal protein of any of clainms 26-29, wherein said |ysosonal
enzyme i s an a-gal actosi dase. 32. The human | ysosomal protein of any of
clai m 26-29, wher ei Answilated tuniein atijsepened efodingiahunfand@sisb@dbpistein | | nked

to a C-te m nal vac n ignal. 33. The human | sosomal protein
of any of bl Foptizeo 'fgyflwfréftegﬂrﬁ %r&amﬁ wa%@ﬂﬁqt@rgs%%@a&@e@év -fegmunal

cont i guougldéplabmicetbticRuth Sich ﬁfﬁ@r%ﬁ GG & tlﬁm yEé!ﬁ an
N-term nal eﬁdo I asnl1 c reticul Si gnar peptl‘ir1 gl f Oﬁh%@%\ af;g%sorral
prot ei n ogluedcgtabr@Blassvher ei n sai d vacuol ar

4. An isolated nucleic acid sequence encoding a human lysosomal protein
being contiguously linked to a C-terminal endoplasmic reticulum retention signal and
an N-terminal endoplasmic reticulum signal peptide, wherein said human lysosomal

protein is a glucocerebrosidase.

5. An isolated nucleic acid sequence encoding a human lysosomal protein
being contiguously linked to a C-terminal vacuolar targeting signal and an N-terminal
endoplasmic reticulum signal peptide, wherein said human lysosomal protein is a

human a-galactosidase.

6. An isolated nucleic acid sequence encoding a human lysosomal protein
being contiguously linked to a C-terminal endoplasmic reticulum retention signal and
an N-terminal endoplasmic reticulum signal peptide, wherein said buman lysosomal

protein is a human o-galactosidase.

7. The isolated nucleic acid of any of claims 1, 3 and 5, wherein said

vacuolar targeting signal is a basic tobacco chitinase A gene vacuolar targeting signal.

76



targeting signal is a basic tobacco chitinase A gene vacuol ar targeting
signal. 35. The human | ysosonmal protein of claim34, wherein said vacuol ar
targeting signal is as set forth in SEQID NGO 2. 36. The human | ysosonal
protein of any of clains 33-35, wherein said endoplasmc reticulum signal

peptide is as 8et fOhé hsoldledSEE1$iD aA oflclaidd 7, Wherelit FBA vhMEREQRBtiRE Ot ei n of
claim 30, wherein said human | ucocer ebr osi dase conprises an am no acid

sequence $&1%dsassst foathig SEEIOBNG 8. 38. The human | ysosomal protein of
any of clains 26 to 37, wherein said |ysosomal protein having a biological
activity.. 39. The human | ysosomal protein of any of clainms 26 to 38,
wherein said 9iol ofhealbolacti widlyici acidpbéikeny rf oclamey dphagdsreidOsaidThe human

| ysosonal ofein of gny of clains 26 to_38, wherein said biological
activity ?rgfoBhf’i';‘f‘Fa"tePE‘ﬁH%tsi‘%ath‘ 6 19135 setrfosthy iy SESLIANG Aot ei n of cl ai m 39,
having an increased affinity for said nmacrophages, in conparison with the
corresponding affinity of a naturally occurring |ysosomal protein to said
macr ophages. 410. A ‘Pharsohteluttictead acid miasy toif chimo Aps,i &idndy8) Whereinnsaind

| ysosonal rofein of any of clains 26- 41 .and a pharmaceutically

accept abl }é“rg iﬁs‘éﬁp.maj@.mq%lnpqogwsﬁsem LA F?‘B‘ﬁn%oﬁ‘ﬁﬁqt g?rﬁb “h%l@n%

| ysosomal Nk gt ein conprising at | east one xyl ose residue and at | east one
exposed mannose residue. 44. A plant cell preparation conprising a hunman

| ysosomal protein conprising at | east one exposed nmannose residue and at

. | east one fucose regl du avi an.al.pha (1-3 | ycosi djc bond. 45. The

pl ant cel | prg%aramenlsglftegl%c 4§cfldf°6ra{1%8%°](?3ﬁi?1 g’lar?aé{) ‘fvggg][n f ucose
resi due havldigadd sejuphice it is Sot feky BOSEQID N, 46. The pl ant cel |
preparation of claimd44, farther conprising at | east one xylose residue.

‘47. The plant cell preparation of any of clains 43-46, wherein said

| ysosonmal protgin i : cocer - dase. alhe.pl ant. cel
preparation ofﬁény Fg!?ealg gféﬁgm i%%ﬁ\%ﬁ%ﬁ)g?% Sar Sdl’ﬁﬁ%lng?f)’y‘g@%rglﬁla aldpr otein
conpr i seswelei@adidocquendt is agse fireh ASERIDMNDL13.in SEQ ID NO 8.

13, The isolated nucleic acid of any of claims 1- 12, further comprising a
promoter functional in plant cells transcriptionally linked to said nucleic acid

~ sequence.

14. The 1solated nucleic acid of claim 13, wherein said promoter sequence

is a Cauliflower Mosaic Virus S-35 promoter sequence.

15, The isolated nucleic acid of any of claims 1-14, further comprising a

- transcriptionally linked terminator sequence functional in plant cells.

16.  The isolated nucleic acid of any of claims 1-15, wherein said isolated
nucleic acid sequence optionally further comprises additional operably linked control,

promoting and regulatory elements and/or selectable markers.
17. The isolated nucleic acid of claim 15, wherein said terminator is an

octopine synthase terminator of Agrobacterium tumefaciens, and the regulatory

element is the TMV (Tobacco Mosaic Virus) omega translational enhancer element.
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49. The plant cell preparation of any of clains 43-46, wherein said

| ysosonmal protein is a human a-gal act osi dase. 50. The plant cell
preparation of any of clainms 43-49, wherein said hunan |ysosonal protein
is contiguously linked to a C-term nal vacuol ar targeting signal 80 51. The
pl ant cel |l préddar atA omaddic amjd ofonstractnsaphBics Of wipeession &mid phanracell

| ysosomal _protein is tiguousl i nked.to C-term nal vacuol ar targeting
signal a pﬁ'ﬁmﬁ-%%}sﬂ%%ff’gln tﬁj’&fb?ﬂl‘igj‘;ﬁ%yqfé:llql’é‘ﬁﬁdfﬁ-signal peptide. 52. The

pl ant cell preparation of claimb51, wherein said vacuolar targeting signal
is a basic tobacco chitinase A gene vacuol ar targeting signal. 53. The

pl ant cel | prdPar atd oell edmprisingiheucletvercal corstat of akzirol|18r t argeting  si gnal
is as set forth in SEQID NGO 2. 54. The plant cell preparation of any of
clainms 43- 53, wherein said endoplasmc reticulumsignal peptide is as set

forth in SEQ 120. NOThE. ceBiSf cldifh Pd,d8borfishintBy Soatdhd eAd HunRANyRkomh@i B
43-54, wherein said human |ysosomal protein having at | east” one exposed

mannose r*88YMl&e conprises a dominant fraction of said | ysosomal protein,

d byqli ' . h tical it
Comr a1 ng.t halpl anteesn 85 ot b REGDSREY Big SOTRR D osdRe o

phar macegtoteinl i Yedatiipndh| podidetlis@as t& havAaRhd Qe Glyldae @€d Gt RistPordey SOSoMal
protein conprising: preparing a culture of reconbinant cells transforned or

t r ansf ecCEBOSK PROAPTS refited. e ¢ aci d construct of claim 18; and cul turing
said cell culture under conditions permtting the expression of said
protein, wherein said cells produce said protein having at |east one xyl ose
residue. 58. ZTRe ndhhkodl of ay @l claifig, 1 9vitie idiereis sdidi celbisla platttculle is cul tured
in suspension. 59. The method of claim58, further conprising: purifying
said protein. 60. The nethod according to claim57, wherein said cell is as

defined by - any. onepebelrbflihn 33: wRcinShicthant T WFbAAFAEER Sidat 0 ©f aim

59, wherein said | ysosonal protel
from the group consisting of Agrobacterium rihzogenes transformed root cell, celery

cell, ginger cell, horseradish cell and carrot cell.
24.  The cell of claim 23, wherein said pIanf cell is a carrot cell.

25.  The cell of claim 19, wherein said cell is an Agrobacterium

tumefaciens cell,

26. A human lysosomal protein comprising at least one xylose residue and

at least one exposed mannose residue.

27. A human lysosomal protein comprising at least one exposed mannose

residue and at least one fucose residue having an alpha (1-3) glycosidic bond.

28.  The human lysosomal protein of claim 26, further comprising at least

one fucose residue having an alpha (1-3) glycosidic bond.

290. The human lysosomal protein of claim 27, further comprising at least

one xylose residue,
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binds to a mannose receptor on a nmacrophage. 62. The nethod according to
claim57, wherein said | ysosomal protein has increased affinity for said
macr ophage, in conparison with the corresponding affinity of a naturally
occurring |l ysosonal protein to said nacrophage. 63. Use of a biologically
active | ysoson#l. eriEyarbuagn dysbsoea frptcimypf ang of aflaimlsaG¥B9,38hetdin said t he
manuf act ur e of rredl came[itggfor thg‘?treat ment or prevention of a |ysosonal

st or age '§@8§’§ ergymeta SlICRcEebresidass, 63, wherein said | ysosomal enzyme has

increased affinity for macrophage cells, in conparison wth the
corresponding affinity of a naturally occurring |ysosomal enzyne to said
macr ophage celdls. 6B Mmandgosmedrudten 06 asy af mldtis Uh2A, evhersiai idi sease

i s Gauch dj sease 82 i NCE LI STING <110> Protalix Ltd. <120>
PRODUCT! %ﬁmﬁil YRR S R I N PLANT CULTURE <130> <160> 14 <170>
Patentln version 3.3 <210> 1 <211> 22 <212> PRT <213> Artificial sequence
<220> <223> ER signal peptide <400> 1 Met Lys Thr Asn Leu Phe Leu Phe Leu
Il e Phe Sex Lel¢- Ledrh_ﬁ'eg lysps@naloprogein (06 ingeot geim 629G whepkia 201 <210> 2

human lysosomal protein is contiguously linked to a C-terminal vacuolar targeting

signal,

33.  The human lysosomal protein of any of claim 26-29, wherein said
human lysosomal protein is contiguously linked to a C-terminal vacuolar targeting

signal and an N-terminal endoplasmic reticulum signal peptide.

34.  The human lysosomal protein of claim 33, wherein -said vacuolar

targeting signal is a basic tobacco chitinase A gene vacuolar targeting signal.

35.  The human lysosomal protein of claim 34, wherein said vacuolar

targeting signal is as set forth in SEQ ID NO: 2.

36.  The human lysosomal protein of any of claims 33-35, wherein said

endoplasmic reticulum signal peptide is as set forth in SEQ ID NO: 1.

37.  The human lysosomal protein of claim 30, wherein said human

glucocerebrosidase comprises an amino acid sequence as set forth in SEQ ID NO: 8.

38. 'The human lysosomal protein of any of claims 26 to 37, wherein said

lysosomal protein having a biological activity..

39.  The human lysosomal protein of any of claims 26 to 38, wherein said

biological activity is uptake into macrophages.

40.  The human lysosomal protein of any of claims 26 to 38, wherein said

biological activity is enzymatic activity.
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<211> 7 <212> PRT <213>, Artificial sequence <220> <223> Vacuol ar
targeting signal from Tobacco chitinase A <400> 2 Asp Leu Leu Val Asp Thr
Met 15 <210> 3 <211> 21 <212> DNA <213> Artificial sequence <220>
<223> Single strand DNA ol i gonucl eotide <400> 3 cagaattcgc ccgcccctgce a-
21 <210> 4 <211> 22 <212> DNA <213> Artificial sequence <220> <223>

Si ngl e strand ol gonucl eoti de. <400> 4 ctcagatctt ggcgatgcca ca 22
<210> 5 <211>‘1§Is;IA <J‘2]i% SENR‘@?I%@“AP P 3% E'&ﬁe%@%ew%z gitg foB> 5 ngl e

strand DNAid nh@esphab@0tih d@mpafiS8ly with the corresponding affinity of a naturally

occutring lysosomal protein to said macrophages.

42. A pharmaceutical composition comprising the human lysosomal

protein of any of claims 26- 41 and a pharmaceutically acceptable carrier.

43. A plant cell preparation comprising a human lysosomal protein

comprising at least one xylose residue and at least one exposed mannose residue.
44, A plant cell preparation comprising a human lysosomal protein
‘comprising at least one exposed mannose residue and at least one fucose residue

‘having an alpha (1-3) glycosidic bond.

45. The plant cell preparation of claim 43, further comprising at least one

fucose residue having an alpha (1-3) glycosidic bond.

46.  The plant cell preparation of claim 44, further comprising at least one

xylose residue.

47.  The plant cell preparation of any of claims 43-46, wherein said

lysosomal protein is a human glucocerebrosidase.

48.  The plant cell preparation of any of claims 43-47, wherein said human'

lysosomal protein comprises an amino acid sequence as set forth in SEQ ID NO: 8.

49.  The plant cell preparation of any of claims 43-46, wherein said

lysosomal protein is 2 human a-galactosidase.

50.  The plant cell preparation of any of claims 43-49, wherein said human

lysosomal protein is contiguously linked to a C-terminal vacuolar targeting signal
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ct cagaagac cagagggct 19 <210> 6 <211> 17 <212> DNA <213> Artifici al
sequence <220> <223> Single strand DNA ol i gonucl eotide <400> 6 caaagcggcc
atcgtgc 17 <210> 7 <211> 1491 <212> DNA <213> Hono sapiens <400> 7
gcccgeccct gcatccctaa aagcttcgge tacagcetcgg tggtgtgtgt ctgcaatgecc 60
acat act gt g actsct t tjs et el gagarstivh OF LEE 6t3cItairﬁkgilﬁ§0,t\irhé?§ﬁ@ﬁﬂq{Lﬂiani§8
gagagt acac gcagt gg gg_acggatgqg _ctgagtatgg ggcccat cca ggct aat cac
acgggcacaypentljrokst isganagioys Sm@@ i EalgEmiagt Yasealghtirseing akegalgand2 40
tttggagg%ﬁT@%Q%&%ﬁ%&ﬁW&%ﬁﬁgﬁﬁﬁﬁhﬁﬁﬁgﬁﬂg & ttgccctgtc accccctgee 300
caaaatttgc tacttaaatc gtacttctct gaaga aa tcggatataa catcatccgg 360
gtacccatgg ccagctgtga cttctccatc cgcacctaca cctatgcaga cacccctgat 420 .
gatttccagt tgcacaacgit cagcctccca gaggaagata ccaagctcaa gatacccctg 480
attcaccgag cc gcaéﬁ?fé@%GE @5@@“88&@?9 o1t whereH il vEPeler isstigs 40

t cacccacttendnkloRsdchLaRLMERAc A hIaatadaa ligaft caagggacag 600
cccggagacsa tctaccacca agacct gggcc %{gngt actttga%ggg%tlg%gt ggat gcct at 660

gct gagcaca agttacagtt ctgggcagtg acagctgaaa atgagccttc tgctgggetg 720
ttgagt ggat acggetteca gtgce ggc ttcacccctqg, aacatcagcg agacttcatt 780
gccegt.gacce taggtccﬁi@1%%?85@3%%@”%8?ngéﬁﬁgzaWEQFﬁk%%g“%%SQEFE&Wﬁ@84O
ct ggat gaGfnapis 4§ k&t d&ith HCSBMGEONRG; 4.999caaagg tggtact gac agacccagaa 900
gcagctaaat atgttcatgg cattgctgta cattggtacc tggactttct ggctccagcc 960

aaagccaccc taggggagac acaccgcctg ttccccaaca. ccatgectctt tgcctcagag 1020
goctgt gty gelgoaaghl §hAI9AP5ADaARLA' SPAS JrAGRECFE 95993 ERRP 1080

éndoplasmic reticulum signal peptide is as set forth in SEQ ID NO: 1.

55.  The plant cell preparation of any of claims 43-54, wherein said human
lysosomal protein having at least one exposed mannose residue comprises a dominant

fraction of said lysosomal protein, as measured by linkage analysis.

56. A pharmaceutical composition comprising the plant cell preparation of

any of claims 43 to 55 and a pharmaceutically acceptable carrier.

57. A method of producing a lysosomal protein comprising:

preparing a culture of recombinant cells transformed or transfected with the
nucleic acid construct of claim 18; and

culturing said cell culture under conditions permitting the expression of said

protein, wherein said cells produce said protein having at least one xylose residue.

58. The method of claim 57, wherein said cell culture is cultured in

suspension.

59.  The method of claim 58, further comprising;
purifying said protein.

60. The method ac_cording to claim 57, wherein said cell is as defined b_y

any one of claims 21- 25,
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at gcagt aca gccacagcat catcacgaac ctcctgtacc atgtggtcgg ctggaccgac 1140

t ggaaccttg ccctgaaccc cgaaggagga cccaattggg tgcgtaactt tgtcgacagt 1200

cccatcattg tagacatcac caaggacacg ttttacaaacagcccatgtt ctaccacctt 1260

ggccacttca gcaagttcat tcctgagggc tcccagagag tggggctggt tgccagtcag 1320

aagaacgacc tggacgcagt ggcactgatg catcccgatg gctctgectgt.tgtggtcgtg 1380 3

ctaaaccgct cctcgtaag t ctctt accat caagg_atcctgctgt gggcttcctg, 1440
{gqothe Rl s

gagacaat ct cac

<211; 335bmggg€,2a>mgﬁ%sgggcg tol"QHQnﬁ%RJp&ge <400> 8 Ala Arg Pro Cys Ile Pro

Lys
Cys
Arg
Pro
Pro
Thr
Asn
Leu
Val
Al a

Asp
Tyr
Ile
du

Asp Ala Ala Ala Leu Asn Ile Leu Ala

Leu
Net
Val
Val

‘ggc pecqeding de slamg P9, gyberemgiaid, Iyposomal pretein> g

Ay Tyr Ser r Val Val 1510 15 Val Cys Asn Ala Thr Tyr
Ser Phe Asp Pro Pro Thr the Pro 20 25 30 Ala Leu Ay Thr Phe Ser
A u Se T|I 35.40. 45 tGuLoqul\/EtGy
G n a2 aon The R aeR agpqpdi g8 efagfg *gpwheregsaid lygoseaal PrAEitRAS | ou @ n
Gnireayd&l ﬂﬂﬁtﬁd’i shﬁdﬁné@bpﬂa%@ ﬁdmg%soﬁ%@ﬂ%%on@fﬁm@ a%ﬁﬁtf‘l a 'VEt

eu 85 90 95 Ser Pro Pro A

Leflp natvrally scqsring lysogonm] peteittaisail macbpbage05 110 Ay Val Arg Leu
Leu Asn Asp @ n Arg Leu Lau Leu Pro H's 115 120 125 Trp Al a Lys
Leu Thr Asp Pro u Ala Ala Lys Tyr Val H's 130 135 140 Gy lle

Hi s Trgs. Tyr Ukesf Abfldteallyeattift ysBsdind chziné afdefined by any one

of claims 38-41, in the manufacture of a medicament for the treatment or prevention

~ of a lysosomal storage disease.

64.  The use of claim 63, wherein said lysosomal enzyme has increased

affinity for macrophage cells, in comparison with the corresponding affinity of a

| natt_lrally occurring lysosomal enzyme to said macrophage cells.

65.  The use according to claim 63, wherein said disease is Gaucher's

disease.
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145
Phe
Val
“1le
. Asn

. Phe
Phe
Phe
Lys
Al a
Thr
Pro

150
Al a
Arg
Ile
Len
Val
Tyr
Ile
Asn
Val
Ile
Ay

155
165
Leu
Thr
Al a
Asp
Lys
Pr-o
Asp
Val
Lys
Tyr

<211> 336

160
170

Thr Leu Ay GQu Thr H's Arg Leu Phe Pro Asn Thr Met Leu
175 Ser Qu Ala Cys Val Ay Ser Lys Phe Trp AQu G n Ser

180 185 190 Gy Ser Trp Asp Arg Gy Net Gn Tyr Ser H s Ser

Asn
Leu
‘Ser

Gn

du

Leu

Val

Asp

Sec

195 200 205 Leu Lein Tyr His Val Val Ay Trp Thr Asp Trp
Asn 210 215 220 Pro Qu Gy Gy Pro Asn Trp Val Arg Asn
Pro Ile 225 230 235 24004 1le Val Asp Ile Thr Lys Asp Thr
Pro Met Phe Tyr 245 2&0m@bbistiics Leu Ay Hi s Phe Ser Lys
Gy<§]%; gogalAr d.oval 260 265 270 Ay Leu Val Ala Ser Gn
Asp Al'a Val a Leu Met 275 280 285 His Pro Asp Ay Ser
Val <178t BSPUCAOY OBeyciI@NnoEl sroPg0s 295800uitisp Val Pro Leu
Pro.A,a Val Ay Phe Leu Gn Thr 305 310 315 320 1Ile Sex
Ile H's Thr Tyr Leu Trp Hs Arg Gn 325 330 335 <210> 9

<212> DNA'®213> Caulifl ower nosaic virus <400> 9 ttttcacaaa
gggt.aat at c gggaaacctkcroct eggakd ehsahtsgeccage tatctgtcac 60 ttcatcgaaa
ggacagt aga aaaggaaggf ggctcctaca aatgccatca ttgcgataaa 120 ggaaaggcta
tcgttcaaga tgcctct aqglgaéagt ggtc ccaaagat gg acccccaccc 180

<212> PRT
<213> Artificial sequence

<220>
<223> ER signal peptide

<400> 1

Met Lys Thr Asn Leu Phe Leu Phe Leu Ile Phe Ser Leu Leu Leu Ser
1 5 10 15

Leu Ser Ser Ala Glu Phe
20

<210> 2

<211> 7

<212> PRT

<213> Artificial sequence

<220> .
<223> vVacuolar targeting signal from Tobacco chitinase A

<400> 2

Asp Leu Leu Val Asp Thr Met
1 5

<210> 3

<zli> 21

<212> DNA

<213> BArtificial sequence

C<220>
<223> Single strand DMA c¢ligonucleotide )

<400> 3 )
cagaattege ccgeceoctge a ‘ 21

<210> 4

<211> 22

<212> DHA

<213> Artificial sequence

<220>
<223> Single strand DNA oligonucleotide

<400> 4 -
- cteagatctt ggcgatgeoca ca o ) 22

<210> 5

<211> 19

<212> DNA

<213> Artificial sequence



2.

acgaggaaca tcgt ggaaaa agaagacgtt ccaaccacgt cttcaaagca agtggattga 240
t gt gat at ct ccact gacgt. aagggat gac gcacaatccc actatccttc gcaagaccct 300

tcctctatat aaggaagttc atttcatttg gagaggac 338

'<213> Artificial

ER si gnal

pepti de

sequence

<210> 10 <211> 66

<212> DNA

<220> <223> Nucl ei ¢ acid sequence encodi ng the
<400> 10 atgaagacta atctttttct ctttctcatc ttttcacttc
<212> DNA <213>

tcctatcatt atcctcggcc 60 gaattc -
<220> <223> Nucl eic aci d sequence encoding the

Artificial

<211> 167

sequence of the Agrobeeteri umtunefaci ens term nator

msc_feature <222> TI62* (PP <223> n is a,

sequence
vacuol ar targeting

<212>

<400> 11

0 L5, 08

<210> 6
<211> 17
<212> DHA
<213>

<220>
<223>

<400> 6
caaagcggee

<210> 7
<21i>
<212>
<213>

DNA
<400> 7

gecegeeaet
acatactgtyg
gagagfacac
'écgggcacag
tttggagggyg
caaaatttge
gtacccatgy
gattteccagi
attcaccgag
tcacccactt
cccggagaca
gctgageaca
ttgagtggat
gcccgtgécc
ctggatgacc
gcagétaaat
aaagccacec
gectgtgtgg

atgcagtaca

tggaacctty

cocatcattg
ggccacttea

aagaacgacc

ategtge

1491

Homo sapiens

gcatcectaa
actecctttga
gcagtgggcy
gcctgetact
ccatgacaga
tacttaaate
ccagetgtga
tgcacaactt
ccctgeagtt
ggctcaagac
tctaccacca
agttacagtt
accectteca
taggtcctac
aacgctitget
atgttecatgg
taggggagac
gcteccaagtt
gccacageat
cecoetgaaceo
tagacateac
gcaagttcat

tggacgcagt

66

A o0l
I ClI

%aéu

Artificial sequence

aagcttegge
cocecegace
acggatggag
gaccctgeag
tgctgetget
gtacttetet
cttetecate

cagcctecca

ggcccagegt

caatggageyg
gaccégggcé
ctgggcagtyg
gtgcctggge
cetegecaac
gctgecccac
cattgctgta
acaccgectyg
ctgggagcag
catcacgaac

cgaaggagga

‘caaggacacyg

tectgaggge

ggcactgatyg

crt

cleotid

<210> 11 <211> 21

§&qiehce <220>

Single strand DNA cligonucleotide

tacagctcegg
tttcectgeeco
ctgagtatgy
ccagaacaga
ctecaacatcoc
gaagaaggaa
cgcacctaca
gaggaagata
cccgtttcac
gtgaatggga
agatactttg
acagctgaaa
ttcaccectg
agtactcacc
tgggcaaagg
cattggtacc
ttececccaaca
agtgtgegge
ctcetgtace
ccecaattggy
ttttacaaac
tcccagagag

-catecegatyg

C,

g, or

tggtgtgtgt
ttggtacctt
ggcccatceca
agttccagaa
ttgececctgte
teggatataa
cctatgeaga
ccaagctecaa
tcecttygoeag
aggggtcact
tgaagttcct
atgagccttce
aacatcagceg
acaatgtccg
fggtactgac

tggactttct

ccatgctett

taggctcctg

atgtggtcgg

tgegtaactt

‘agcecatgtt

tggggctggt

gototgetgt.

ttag tcgatactat g 21

<210> 12

<223> Nucleic acid

<220> <221>

t <400> 17

17
ctgcaatgce 60
cagccgctat 120
ggctaatcac 180
agtgaaggga 240
accecctgea 300
catcatcegg 360
cac@cctgat 420
gatacceoctyg " 480
ceoectggaca 540
-caagggacaq 600
ggatgcctat. 660
tgctgggety 720
agacttcatt 760
'cctactcatg 840
agacccagaa 900
ggctecagec 960
tgcctcagag 1020
ggatcgaggy 1080
ctggaccgac 1140
tgtcgacagtr 1200
ctaccacctt = 1260
tgccagtcag 1320
tgtgg#cgtg. -1380




taatttcatg atctgttttg ttgtattccc ttgcaatgca gggcctaggg ctatgaataa 60
agttaat gt g tgaat gt gt g aat gt gtgat tgtgacctga agggatcacg actataatcg 120

tttataataa acaaagactt tgtcccaaaa acccccccce
2186 <212> DNA <213> Artificial sequence

sequence encodi ng hi gh mannose hunan
.mst feature <222> (2181)..(2181)

ttttcacaaa
tt cat cgaaa
ggaaaggct a
acgaggaaca
t gt gat at ct
tcctctatat
aat t accaac
gggat ccaag

<223% n

tcgttcaaga tgcctctacc gacagtggtc
t cgt ggaaag, aggagacgtt ccaaccacgt
ccact gacgbi@agggat gac gcacaat ccc
aaggaagt t€¢lat tkratt t g gagaggacag
aacaacaaat3alYeaCHEE attacaatta
gagat at aagoatgaagact aatctttttc

‘ctcctatcat tatcctcg aattcgce cgcccct geca
-.agct cggt gg tgtgtgtc%%ag%h%ﬁéggé%’faé?@f@a%e

gtaccttcag ccgctat gag agtacacgca
ccat ccaggg; taal 63260 H9G3C399ES
t ccagaaagt gaagggattt ggaggggcea
ccctgtcacc ccctgeccaa aatttgcetac
gat at aacata Al €6399bR ££GAL JACER
at gcagacac ccciigatgat ttccagetgc
agct caagat acccctgatt caccgagccc

Met Glu Leu Ser Met Gly Pro Ile Gln
50 55

cctgecccttg
agt at ggggc
gaacagaagt
~aacatccttg
gaaggaat cg
~acct acacct
~ gaagat acca

Gin

Leu I.eu Leu Thr Leun Fro Glu Gin

65 : 70

Phe Gly Gly Ala Met Thr Asp Ala ala

85

Ser Pro Pro Ala Gln Asn Leu Leu Leu
100 105

Gly Val Arg Leu Leu Met Leu Asn Asp

115 120
Trp Ala Lys Val Val Leu Thr Asp Pro
130 135

Gly Ile Ala Val His Trp Tyr Leu Asp

145 150

Thr Leu Gly Glu Thr His Arg Leu Phe.

: 165

Ser Glu Ala Cys Val Gly Ser Lys Phe
180 185

Gly Ser Trp Asp Arg Gly Met Gln Tyr

195 200
Leu Leu Tyr His Val Val Gly Trp Thr
210 215
Pro Glu Gly Gly Pro Asn Trp Val Arg

225 230

cngcaga 167

isa ¢, g, or t

%Qcta c%cgatqgcgat aaa

acccccaccc
agt ggatt ga
gcaagaccct
atccttcaac
ttacagt cga

ccaaagat gg
cttcaaagca
actatccttc.
gcttcttgag
ctatttacaa
tctttctcat cttttcactt
t ccct aaaag cttcggctac
For R é%fc%‘*g Bedpatittt
gtgggcgacg gatggagctg
L9GL 261086 Lcetacageca
tgacagat gc sbgctgctctc
ttaaatcgta cttctctgaa
Qetgl GRCL & eGal6CaC
acaacttcag cctcccagag
t gcagttggc ccagcgtccc

Ala Asn His Thr Gly Thx Gly
60

Lys Phe Gln Lys Val Lys Gly
75 ‘ 80

Ala Leu Asn Ile Leu Ala Leu

90 95

Lys Ser Tyr Phe Ser Glu Glu -

110
Gln Arg Leu Leu Len Pro His
125
Glu Ala Ala Lys Tyr Val His
140

Phe Leu Ala Pro Ala Lys Ala
155 - 160

Pro Asn Thr Met Leu Phe Rla

176 175

Trp Glu Gln Ser Val Arg Leu

190
Ser His Ser Ile Ile Thr Asn
205
Asp Trp Asn Leu Ala Leu Asn
220
Asn Phe Val Asp Ser Pro Ile

235 - 240

0
1%%0
240
300
360
420
480
540
600
660
720
780
840
900
960
1020

<210> 13 <211>
<220> <223> nucleic acid

gl ucocer ebrosi dase (GCD) <220>
<400> 13
gggt aat attaggyeaaacctaesse ttgggatticecalcige eoagrtdtalsgtt gi-eac 160

ggacagt aga,222002204%..99¢1.66Laca. A3l g¢

<221>



gtttcactcc
aat gggaagg
tactttgtga
gct gaaaat g
acccct gaac
actcaccaca
gcaaaggt gg
t ggt acct gg
cccaacacca
gtgcggct ag
ctgtaccatg
~aattgggtgc

- tacaaacagc.

cagagagtgg
cccgat ggct
at caaggat c
_ tacctgtggc
.tgtattccct
atgt gt gat t
gt cccaaaaa
S Artificial
- (GCD)
Ser

<400> 14 Met Lys Thr Asrf?teu Phe Leu PHe Leu |l e PRé Ser
- 1510 15 Leu Ser Set Ala Qu Ph
"dy 20 25 30

ttgccagccc ctggacatca
ggt cact caa gggacagccc
agttcctgga tgcctatgct
agccttctge tgggetgttg

cccacttggc tcaagaccaa tggagcggtg
ggagacat ct accaccagac ctgggccaga

agt ggatacc ccttccagtg cctgggcttc
at cagcgaga cttcattgcc cgtgacctag gtcctaccct cgccaacagt
at gt ccgcct actcatgctg gat gacc#ac gecttgetget geccccact gg
tactgacagﬁﬁd@ééqa&@Qﬁ;gﬂta@aﬁaﬁgegytaﬁggea#>ngﬁg@acat
actttctggc tccagccaad gccaccctag §fgagacaca ccdgéttgttc
tgctctttge ctcagaggec tgtgtggget ccaagttctg ggagcagagt
gctcctgggﬁjﬁﬁgﬁgbﬁgﬁﬁeéé@fﬁc%ﬁ@ég56@@6&%%5?7ggdﬁ%ﬁﬁctc
t ggt cggct g gaccgactgg aaccttgccc tgaaccccga aggaggaccce
gtaactttgf cgacagtccc afcatt tag acat caccaa g_acacg;tt
ccatgttcta’ccacer t'§ge” c?éncf’fscgﬁé‘ P 5yt tedtt &g gdﬁ‘gﬁct cc
ggct ggtt gc cagt cagaag aacgacct gg acgcagt ggc act gat gcat
ctgctgttof, g9l GOt 96ta, AACLICLe 6L ¢haaggat gt geqlettlacc
ctgctgtggg chiécctggag acamdsct cac ctggctsactC cattcacacc
atcgccaaga tcttttagtc gatactatgt aatttcatga tctgttttgt
t gcaat gcag,gar 6iAGNGE: ol 9aakaaa, d.tAalel ol Jaatgkat ga
gt gacct gawsgggat cacga otat aat cgt ttatiaat aaa. caaagaot tt
ccccceccecc ngcaga 2186 <210> 14 <211> 526

gagcacaagt tacagttctg ggcagtgaca

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

<212> PRT <213>

sequence 1€2202-<A23yr Eb: gl MEnRs e -hidan @lsuGeeel ebr osi dase

<210> 9

<211> 338
<212> DNA
<213> Cauliflower mosaic virus

<400> 9

ttttcacaaa gggtaatatc gggaaacctc ctcggattcc attgoccage tatctgtcac

ttecatcgaaa ggacagtaga aaaggaaggbt ggctcctaca aatgcocatca ttgegataaa

géaaaggcta tegttcaaga tgectctacce gacagtggtc ccaaagatgg acccccacce

acgaggaaca tcgtggaaaa agaagacgtt ccaaccacgt cttcaaagca agtggattga

tgtgatatct ccactgacgt aagggatgac gcacaatcec actatcctic geaagacect

tectetatat aaggaagttc atttecatttg gagaggac

<210>
<211>
<212>
<213>

10

66

DNA

Artificial sequence

. <220> .
<223> HNucleic acid sequence encoding the ER signal peptide

<400> 10 ]

_atgaagacta atcttfttct ctttcteate ttttcacttc tcctatcatt atccteggec

gaatte

<210>
<211>
<212>
<213>

11

21

DNA

Artificial sequence

C <220
<223>

<400> 11 -
gatcttttag tcgatactat g

<210> 12
<211> 167
<212> DNA

Nucleic acid sequence encoding the vacuolar targeting sequence

Leu Leu Lou
e Ala Arg Pro Cys Ile Pro Lys Ser Phe

60
iZO
180
240
300

338

60

66

21



Tyr

Ser

Ser Val

Asp Pro Pro Thr

Val

95 Phe @ n Lys Val

110
120
130
Thr
Au
Leu
Pro
Leu
Tyr
Adn

.Leu
Adn

Thr

Lou Asn

125 Ser Tyr

Ile Leu Ala Leu Ser

Cys Val
Phe Pro Ala Leu Ay Thr
Thr Arg Set Gy Arg Arg Net G u Leu Ser
"80 Asn His Thr Ay Thr Gy Lou Leu Lou Thr

Cys Asn Ala Thr Tyr Cys Asp Ser
Phe Ser Arg Tyr
Mt Gy Prolle Gn Ala.
Leu Gn Pro Qu Gn Lys '
Lys Ay Phe Ay Ay Ala Met Thr Asp Ala Ala Ala 100 105
Pro Pro ®sla G n Asn Leu Leu Leu Lys

Phe.

du Ser

35 40 45
50 55 60
70 75

85 90

65

PhezSer affliticGikeldeycel le Ay Tyr Asn Ile Ile Arg Val

135 140 Net Ala_Ser Cys Asp Phe Ser

- 145 150 155 16Qx;
ASp

Thr
Adn
Trp
Lys Ay
Phe Val
Phe Trp
Ser Ay
Arg Asp

Al a

165
Arg
Leu
Gn
Lys

5%

115
Pro

Ile Arg Thr Tyr Thr Tyr Al a Asp

250 QuASE ASPs RAG G thebib:dths . ASH cBRR.S8L LethPr0 G u

170 175 Lys Len Lys Ile Pro Leu Ile H's Arg Ala Lea G n
Pro Trp Thr Set

18Q,285 190 Pro Val
Lys <2#95m20Qe@k2 Thr Asn Ay Al a Val
210 2052220 Asp Ile Tyr Hs Gn Thr Trp Ala Arg
Asp > 225730 235 240 Ala Tyr Ala Gu H s Lys Leu

Pro
Phe

Ser

Lou Leu

Al a Ser

Ala Val Tt M a du Asn 245 250 255 du Pro Set Ala G
Pro "PHE G S LH G E Yoo 268 205 IO PIE “FHF Pt AW Hi s

Tyr
Phe

<220>

tttataataa aceaagactt tgtcccaaaa acccccccoce cngcaga

<210>
<211>
<212>
<213>

13

DNA

<223>

2186

Artificial seguence

glucocerebrosidase {GCD)

<220>
<221>
<222>
<223>

<400> 13
ttttcacaaa

tteatogaaa
ggaaaggcta
ac¢gaggaaca
tgtgatatct
tccetectatat
aattaccaac
gggatccaag
ctectateat
agctcggtgy
cctgecaottg

agtatggggce

gaacagaagt

aacatccttg
gaaggaatcg
acctacacct

gaagatacca

gtttcactce

aatgggaagg

misc_feature
(2181)..(2181)
n is a,

Cr 4,

or

gggtaatatc gggazaccte ctcggattce attgeccage

ggacagtaga
tcgttcaaga
tcgtggaaaa
ccactgacgt
aaggaagtte
aacaacaaac
gagatataac
tatcctegge
tgtgtgtctg
gtaccttcag

ccatccagge

‘tccagaaagt

cectgteace
gatataacat
atgcagacacg
agctcaagat
ttgccageco

ggtcactcaa

aaaggaaggt ggctcctaca aatgecatcea

tgcctctacc
agaagacgtt

aagggatgac

atttcatttg

aacaaacaac
aatgaagact
cgaattcgee
caatgccaca
ccygctatgag
taatcacacg
gaagggattt
coctgoocaa
catccgggta
ccctgatgat
acccetgatt

ctggacatca

gggacagcoe

gacagtggtc‘
ccaaccacght
gcacaatccc
gagaggacay
attacaatta
aatcttttte
cgcecctgea
tactgtgact
agtacacgca
ggcacaggcc
ggaggggceca
aatttgctac
cccatggoca
ttceagttge
caccgagceoeg
cccactfggc

ggagacatct

ccaaagatygg

clttcaaagea

actatccttce .

gcttettgag
ctatttacaa
tcttteteat
tccctaaaaqg
cctttgacee
gtgggegacy
tgctaétgac
tgacagatgc
ttaaatcgta
gctgtgactt
acaacttcag
tgcagttgge
tcéagaccaa

accaccagac

] ‘ | e a@dtaatedfggtgéﬁptgﬁ:@ Hata:gygat Pro6gac24H aggB&Gacz 8btataatcg

nucleic acid sequence encoding high mannose human

tatctgtcac

ttgcgataaa

acccocacec
agtggattga
gcaagaccct
atectteaac
ttacagtcga
cttttecactt
ctfcggctac

ceegacettt

gatggagctyg

cctgcagcéa
tgctgctete
cttctétgéa
ctecatecge
cctocecagag
ccagegtece
tggagéggtg

ctgggccaga

120

167

60 -

120
180
240
300
360
420
480
540
600
660

720

780
- 840

900

960
1020
1080

1140

Asn Ay Lys Gy Ser

Leu .



Thr

Leu
Ser Lys

Ay Mt @n '..

Leu Ala Asn Ser Thr
Asp G n Arg Leu Leu Lea Pro H's Trp Ala Lys Val
315 320 Pro Gu Ala Ala Lys Tyr Val
325 330 335 Asp Phe Leu Ala Pro Ala Lys Ala Thr
340 345 350 Phe Pro Asn Thr
355 360 365 Phe Trp Au A n Ser gval
370 375 380

tacttigtga
gctgaaaatyg
acccctgaac
actcaccaca

gcaaaggtgyg

. tggtacctgg

cceaacacaa
gtgcggetag
ctgtaccatyg
aattgggtge
tacaaacagc
cagagagtgg
ccegatgget
atcaaggatc
tacctgtgge
tgtattcoct
atgtgtgatt
gtecccaaaaa
<210> 14

<211> 526
<212> PRT
<213>

<220>
<223>

<400> 14

Met Lys Thr Asn

1

Leu

Tyr Ser

35

Asp Pro Pro Thr

50

H s H s Asn Val

agttectgga
agcettetge
atcagegaga
atgtcegect
tactgacaga
actttectgge
fgctctttgc
gctectggga
tggtcggety
gtaactttgt
cecatgttcta
ggetggtige
ctgctgttgt
ctgctgtggy
atcgcecaaga
tgcaatgcag
gtgacctgaa

ccoccocece

Leu
: 5

20

Ser Val Val Cys

Phe

Phe

tgcctatget
tgggctgtty
cttcattgee
actcatgctg
cccagaagea
toccagccaaa
ctcagaggcc
tcgagggatyg
gaccgactgy
cgacagtcce
ccaccttggc
cagtcagaag
ggtcgtgcta
cttectggayg
tettttagte
ggcctagggc

gggatcacga

ngcaga

Artificial sequence

Leu Phe

Ser Ser Ala Glu Phe Ala Arg

Val Cys

40

Pro Ala Leu Gly Thr

55

Thr Arg Ser Gly Arg Arg Met Glu

65

Asn His

T0

8%

Thr Gly Thr Gly Leu Leu

gagcacaagt
agtggatacc
cgtgacctag
gatgaccaac
gctaaatatg
gccaccctag
tgtgtgggct
cagtacagcc
aaccttgece
atcattgtag
cacttcagca
aacgacctyg
aéccgctcct
acaatctcac
gatactatgt
tatgaataaa

ctataatecgt

Ile
10

Leu Fhe

Ile

Pro Cys

Asn Ala Thr

Fhe

Len Ser Met

75

Leu Thr Leu

Val
Hs Ay Ile Ala Val

Leu Gy
Met Leu Phe Ala Ser Au Ala Cys
Arg Leu Ay

tacagttcetg
ccttccagtyg
gtectaccect
gettgetgct
ttecatggeat
gggagacaca
ccaagttctyg
acagcatcat
tgaaccecga
acatcaccaa
agttcattec
acgcagtgge
ctaaggatgt
ctggctacte
aatttcatga
gttaatgtgt

ttataataaa

High mannose human glucocerebrosidase (GCD)

Hs Trp
G u Thr

Ser Trp
ggcagtgaca
cctgggette
cgecaacagt
gececcactgy
tgctgtacat
cegeetgtte
ggagcagagt
cacgaaccetce
aggaggaccce
ggacacgttt
tgagggctece
actgatgcat
gectettace
cattcacace
tctgttttgt

gaatgtgtga

-.caaagacttt

Ser Leu Leu Leu Ser

Pro Lys Serx

30

Tyr Cys Asp Ser

43

15

Phe Gly

FPhe.

Ser Arg Tyr Glu Ser

60

Gly Pro Ile Gln Ala.

80

Gln Pro Glu Gln Lys

Arg Leu Leu Met LeuAsp 290 295 300
Leu Thr Asp 305 310

Tyr Leu
Hs Arg
Val Ay
Asp Arg
1200
1260
1320
1380
1440
ISOC
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

2186



Phe

Leu
Ser
Met
145
Pro

Lys

Pro

Thr

Asp
225
Ala
Glu
the

Thr

Asp
305

Pro

Asp

' Phe

Phe

Gln
Asn
Tyr
130
Ala
Asp
Leu
val
Asn
210
Ile
Tyr
Pro
Thr
Len
290
Gln
Glu
Phe

Fro

Trp
370

Lys
Ile
115
Phe
Ser
Asp
Lys
Ser
195
Gly
Tyx
Ala
Sex
Pro
275
Ala
Arg
Ala
Leu
Asn

355

Glu

Val

100

Leu

Ser

Cys

Phe

Ile

180

Leu

Ala

His

Glu

Ala

260

Glu

Asn

Leu

Ala

Ala

340

Thr

Gln

Lys
Ala
Glu
Asp
Gln
165
Pro
Leu
Val
Gln
His
245
Gly
His
Ser
Leu
Lys
325
Fro

Met

Ber

Gly

Leu

Glu

Fhe

150

Leu

Leu

Ala

Asn

Thr

230

Lys

Leu

Gln

Thr

Leu

310

Tyr

Ala

Len

Val

Phe

Ser

Gly

135

Ser

His

Ile

Ser

Gly

215

Trp
Leu
Leu
Arg
His
295
Pro
Val
Lys

Phe

Arg
375

Gly

Pro

120

Ile

Ile

Asn

His

Pro

200

Lys

Ala

Gln

Ser

Asp

. 280

His

His

His

Ala

Ala

360

Leu

Gly

105

Fro

Gly

Arg

Phe

Arg

185

Trp

Gly

Arg

Phe

Gly

265

Phe

Asn

Trp

Gly

Thr

345

Ser

Gly

Ala

Ala

Tyr

Thr

Ser

170

Ala

Thr

Ser

Tyr

Trp

250

Tyr

Ile

Vai.

ala

Ile

330

Leu

Glu

Ser’

Met

Gln

‘Asn

Tyx
155

Leu

Leu

Ser

Leu

Phe

235

Ala

Pro

Ala

Arg

Lys

315

Ala

Gly

Ala

Trp

Thr

Asn

Ile

140

Thr

Pro

Gln

Pro

Lys

220

Val

Val

Phe

Arg

Leu
300

Val

val

Glu

Cys

Asp
380

Asp

Leu

125

Ile

Tyr

Glu

Leu

Thr

205

Gly

Lys

Thr

Gln

Asp

285

Leu

Val

His

Thr

val

365

Arg

Ala

110

Leu

Arg

Ala

Glu

Ala

190

Trp

Gln

Phe

Ala

Cys

270

Leun

Met

‘Leu

Trp
His
350

Gly

Gly

Ala

Leu

Val

Asp

Asp

175

Gln

Leu

Pro

Leu

Glu

255

Leu

Gly.

Leu
Thr
Tyr
335
Arg
Ser

Met

Ala
Lys
Pro
Thr
160
Thr
Arg
Lys
Gly
Asp
240
Asn

Gly

Fro

"Bsp

Asp

320

Leu’

Leu

‘Lys

Gln




