Modi fyi ng G ycoprotein Production in Plants FI ELD OF | NVENTI ON

[ 0001] The present invention relates to nethods for nodifying

gl ycoprotein production in plants. The present invention al so

provi des pY@p08/1%i#40h nodi fi ed gl ycoprotei n producti on. PEKCKEREUNIZOOF
THE | NVENTI ON [ 0002] 1nununogl obulins (1gGs) are conpl ex

heteronmul tinmeric proteins with characteristic affinity for specific
anti geni ¢ count er paMMedifyingGlyosprotein Prodiiotien inMantse i sol ation
of 1gG producing cell lines, and the advent of technol ogies for 1gG
directed evolution and nol ecul ar engi neering have profoundly inpacted
their evolHIELEHOEINYENHON beutics and in the general life science
mar ket . Therapeuti c nonocl onal |1gG (nonocl onal anti bodi es, mAbs)

domi nat e t{igo1quthe PrlsedtBivettioPlclat@\o ARthodd fok hdAITRNLS Elcaednt | - cancer
drugs and hundreds of new candi dates are current|ly under research and
clinical deedicipminmniartsrThergyessuidavastionalye proxisies plaats withgnodifird annual
mar ket denand fogr. ¥ sct[o%nges froma few grans (diagnostics), a few
ki | ograns HPToT0K ny 0O up to one or several hundreds of kil ograns
(bi o-defense, anti-cancer, anti-infectious, anti-inflanmmatory).

[ 0003] Al tBACKGEKDONDOF THE INVENHEHON i || their preferred production
host at comercial scale, it is generally accepted that for mAbs to

reach thei Il i ct .on |ife i , pati ve
producti o t 'M“r};ﬁg\?%ul% (@g;%h%t\?é;? %@%ﬁ,ﬁagén{ﬁzﬁeéﬁfﬁr%{nggﬁ required
for these guidcurisi Afigityfol sppaificlaitigeitdoahipaitfofedibas ndrired. Toby, | di ng
and mai ntenance costs are extrenely high and steadily increasjng, and
their val i @atineisolainne! lggmraducing C?Ji Besy @ %adaswgé}/lmb@?ﬁf@élgﬁar s
follow n r i: q@es, the

sel ecti o% %@%U@g{;%dﬁg&vﬁﬁh c%ep%g%‘lregﬂgfi%gﬁtg a “‘é’&tSr oductivity
remai ns a oobitioy anbidtHeoapautizs asdighe fimerap hifedaenieanarksts Teargpetitiat  woul d

decrease the upst cost,s (higher vyi Si er technol ogi es and
o v aot r ucnapeagnal BEaGR R A fhdles b SpntialPhe et pidee i o5
capaci ty, Mm-infBafRaioryshd d¥6-@béck BRlgs brPKedteds b hdvi dandiduRl ke Yuaddly
safety features of current cell culture systens are likely to have a
si gni f i candndepysararchomdichaicalalpaslopmens fordmpiangd opinyel applicatiess- I8¢ t he
life scien [ , t ; nts are
sui tabl e h%gltugﬁfl%rﬁéttdﬁglta%(%) %ﬁlgﬁfég?ﬁ%geg se\ggﬁg{gggsﬁae@vgr ot ei ns
whi ch hav ekitagrareniantiogxin)aa typ cnenei on séviefad hewiredsef kildgrams @ao-defense,
Koprowski 2005; Ma et, al .., 2005, _Yusibow et al., 2006 for recent

revi ews) . W‘ﬁ%"’nﬁg&/@“ﬁ‘@%‘f“ oﬂfﬁlﬁ’élgaﬁ“ﬁ’a’é’fébl e transgenic plant |ines at
yields up to 200 ng/ kg fresh weight (FW, and through transient

expr essi on[(aL3Y Aldasugh CH célDeuliratp sDthEM ptdfatddyproductiadDRR) at G ritch et
al . (2006) report exPr_essi on | evels of 200-300 ng/li_g of | eaf weight
for an | gGrommeniabsfales jtisepnaaally Atrapisd thablor myybe & teaflbligh fithismaednor a

mul ti-vir uﬂr_el?ﬁléﬁgen};f AIRdE @Iterﬁme?&iugﬁoﬁﬁﬁma&qugéhexpelgﬁa@&,fagHQ:

manmal i an gl ycosylation process differ.” The later steps o
Ngl ycosy!| afactities requiserinfiet thase aidthites amdoit ¢8ily mgdilatet dswaleatheis buidding

(beta-1, 4gal act.ose, al pha-1, 6fucqse. ) and term nal. siali.c.aci.d ..

oot dues s BLBBBtePPREHE ey Bieh R Aef il Felhind B Gliflason

al , Thi coseydee GMHE st Dlydieds Qs @veragddfahrie FatCloBEWing @dnstiitiedds Evand the
1311, 2xyl ose (al pha-1, 4fucose and beta-1 {[ose) resi dues are added.

2X
Al pha- 1, 3f abistevelapmarg stagesy theselegiianag CHSheall lings S aggepiblpcieldsandopes
of some pl u%hlitﬁrr dlris a &J&ﬁg &nd 1“6?1%L| PhRSss Ak ?R}Hﬁétg)ﬁrsgﬂerﬂ%mn?lﬁ& Iy
i mmunogeni € and their occurrence on therapeutic proteins, Including
ant i bodi esdegeasnthesipstesim oS8 QiheT lyeeldsdsimipleo recimiolegi¢sDiat ideguertaes)t o

the pept! dbRr b ERaIG P BerddBbIf et SR nEBRE R A beon
used to praghsdRicBilitpRubkty sy baét9 teatite dTROm¥¢IcaIs MRk e sRitk aRAkKIUST NY

have a significant impact on the development of mAbs and vaccines for the life

H

science market, at every development stages.
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species, since they interfere with key devel opnental events such as
pollen formation or seed set. RNA -induced specific degradation of

MRNA may not be stable over tine, and it may not applicable to a

| ar ge spedY? HWFET1449 ant - based platforns used for the pPEbHGATNHMIGY
t herapeutics since it has been reported to be sensitive to

envi ronnent al ctors. . [.0008 03/ 078637 di scl oses the use of hunan
gal act osy KéP4h bRgs it v %9? Eemriugrn of BADHIGSEYSRL Rder preteing
gal act ose w6 nhve aﬁre%{ @ﬂﬁlic&ﬂo\xﬁ #1¥e ﬁgiér%?&éé RO aRd K%bgvslfci%ﬁs;tlﬁﬁ get ng

of its activity to the ¢Cis Golgi through the use o usion wth the

t r ans menb rRRO0GOYesIo Vet ala 2006 b yécentanvitwes)aliAbs davd heen piodutddeén addi t i on

of term na | act ose, a a decrease in N-gl ycans . ' l,ant
apecii1c. FoLRHBERRRLR ind LTEIES by 20 Mo Ry YEReBR TN ol bl
plants W tfniérd Bk SreWntab st up i BEMBRiE FM (Kddkéeia, 2602) Sitittietal.
significant but variable decrease in glycans containing fucose and
xyl ose. [ 618} reppié expressionrevsls q§f20g—39%pﬁicg,cﬁlqaf Wright for an IgG, with one
N-acet yl gl ' f@oﬂl}l‘f@l e | 33 | to

pr oduce acg‘?{g%ct egﬁl(é cNac 7 & cat 3?&%98%;@&%&% Vil BsealiE

Nacet yl gl egpessimnsybtemasnf erase ifi (GhT-Bl; EC 2.4.1.144).

I ntroduction of this enzyne into plants has been described (Rouwendal

| ., | ant ' aNnT-1 11 i sed ' i th
ol % ROTSLERBE il BRhRa SR GOTH R P ERRIARES BERTAD
SUMVARY  Olglytbiyldtidh EiNhafathali@0ddll addBl,pELaeR¢E, d1bfedoké Matak BARlRsé,0

nmet hods of nodi fyi ng %_bycop_rot_ei,n production in_plants. The present
i nvent i on 2had.q5ucess b eimipg! sialie a¢d msifues soppPlrs ehcateitlPYsV it i on.

0011] It ' ' tq OV | ' t hod
[ ] ylzﬁltsaﬁl, 1aEfke, 9?1,3?11&85& G[Bé’tg-ﬂ ’jégiia%tb%l’ glﬁ?ﬁé !lgflgg%%i({r%fﬁ)%?gmﬁ 0

for nodifying glycoprotein productio ere Is
provi ded Ifié2aylosexatphedleifecoseamt tetar],Bxylesehiesidusstarcialdsé A lpha-d ,3fukose

| Si ti 1- 1077 of .S D NO 1 1-Gal T; Fi 5d),
o orpr | P AN Ebe aR b Ra E R e ST oL 056 o
100% i dentrididhe¥hiteRohdi@eréiisdi@diall i REmdnckerfié afd thSEQrduiReMNée chiheraSeutic

determ ned using the follow ng paraneters: Program bl astn;

Dat abase: Preteingipdeding gitibpdips sundesgeg.conpl exi ty; Ali gnment: pai rwi se;
Wrd size: 11, wherein the nucleotide sequence encodes a protein that
modi fies gbywPSht addiftoh &fa RDBL SEqieReedb theW-§eRSihal of a peptide is typically

used to ensure retrieval of the peptide from the Golgi back to the ER. This approach

has been used to produce a non-fucosylated and non-xylosylated antibody using
agroinfiltration of tobacco leaves (Sriraman et al., 2004). However, the added KDEL
peptide is potentially immunogenic, and this approach has limited applicability to the

production of therapeutic proteins.

[0007] Control of al,3fucose (alpha-1,3fucose) and B1,2xylose (beta-1,2xylose)
addition has also been attained by modifying expression of fucosyltransferase and
xylosyltransferase. Mutants lacking the capacity to add al,3fucose and B1,2xylose on
complex glycans have been produced in a moss (Physcomitrella patens;, Koprivova et
al., 2004) and Arabidopsis thaliana (Strasser et al., 2004). Partial inhibition of plant
fucosyltransferase and xylosyltransferase expression has also been achieved by
expression of interfering RNAs (RNAitargeted to al,3fucosyltransferase and
B1,2xylosyltransferase genes in Lemna minor (Cox et al., 2006). However complete

inhibition of these enzymatic activities have deleterious effects on several plant
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[0013] Also provided is a nucleic acid having a nucl eoti de sequence
(B) conprising a first nucleic acid sequence conprising nucleotides
5-1198 of SEQID NO 14 (Gl T), or conprising a sequence that

exhi bits YOREBYMN" 80% to 100% i dentity with the nucl BeTTaa¥sBl1pgg
of SEQ ID NO 14, as determ ned using the fol |l ow ng paraneters:

Program bl astn; Database: nr; Expec filter: |ow conplexity;

Al i gnment SPESESysHics dhey\gipiderswit key ﬂcv tah eeris spel arpofigr fasmatiofe o
sequence e otein
of it or ef g RNNIIRELCR iBincTREald R SABPR KT bR PhiCoRt

i nked wi ttmeaatsletmawlnwtwpp!mableaca&rmmcﬁmmfﬁasémmﬁ)rmsﬁseddm a

| ast t . Th t t .d ib
Do o SRR bbb o R BRI P R ERS o e
1- 1641 of phfdnNGhabfaceNI1l-GnT-111), or conprising a nucl eotide

sequence that exhibits from about 80%to 100%identity with the
nucl eotides 1-1641of SE NGO 26, as_deternmi ned using the follow ng

par anet er iGOGIBﬂ e 8H07803 géjﬁ?losfﬁb%tkﬁfs‘g hupan gaigctesylirangferass orcatalyze oy
conpl exi t e ﬁhitﬁﬂ%?&hnuﬁ?ﬁfﬂ‘%ﬁ?ctos\%ﬁgl@ b& kant]%?(c e ﬁr&sfoﬂ% GalT,

nucl eoti de sequence encodes protein ycosy ation of
a prot ei naod targetieg eSits acp@(bﬁ@]tbeﬁd:lsﬁiotmﬂ'a'onghelje i cﬁarﬁmﬁrﬂwxﬂl tei d havi ng

a nucl eoti de sequenc a first uenc

onpr | 51 ng RTRTABETE DT St G p s e 5 et of s

conpri si NgaRce@nd ARl tin nglifdaﬁﬁfbéﬁﬁglblaﬁﬂéﬁb&lﬂc 1QYeSised disy Badken the
nucl eotides 1-1460 of SEQ ID NO 16, as determ ned using the

fol | owi ng cpalr AR ePrsedipg Higseptanty Wik plentspantaisings reﬁnmblm&ﬁ regigied
filter: | wherein
the first @gug%kgg?%vagﬁ%%gﬁggﬂér% eaéyg&%érq%lfugﬂ g‘%j&l fies

gl ycosylation of a protein of interest, the first nucI eic acid

sequence é@&%ﬂ‘hv ettachineptlaf d bmat I- émm%ﬁcbtﬁabttﬁbmmdﬁml‘b’m uesirive to

conprisin last9 The present

i nventi on%ga e%?lg%ﬁg (‘t%o ?Seﬂtg%?;g%eaichsﬁkﬁ’ ég conprising a
CTS dommi racajdgmcmeﬁwngisnfemam (CAT-1IT; BCsE. 21 488). fIﬂtS@ﬂlcﬁ@a emigtal ytic
dormai n of beta-1, 4gal act osyltransferase and co r| Si ngl sequence SEQ

ID NO 18 SPafRe o RientuRasbesdnserhed (Bpuvgindal apa DlpRis e¥pERsea by
the nucl eqigmdg e oéﬁ@\tlﬁamgpwmtﬁeggwéeats&%mawﬁet@o pl ant ,
a plant cell, or seed conprisin he rid proteln as just

descri bed.GlitAerasidues. al so provided a plant, a plant cell, or a seed
conprising the nucleic acid conprising the nucl eoti de sequence SEQ I D
NGO 17. [0018] The present invention includes a hybrid protein
GNT1-GnT-111, conprising a CTS domain of N acetyl gl ucosam nyl
transferase fused to a catal ytic domain of

Nacet yl gl SI1BSNARYIOF kB BXWENTDIDN and conprising the amino acid
sequence SEQ I D NGO 20. The am no acid sequence of SEQ | D NO 21 may be
encoded b I

ot ovi ded 001tR TRE B8 i Bad GRS fo MERale DR mg Bl Fpffion
prot ei n adn plasts. d’hspﬂ’esdiiﬁdweﬂﬂ'tﬁirﬁolﬁoﬁﬂ&@lmmiﬂdﬁddﬁe@h@ﬁéprotamm ant
cell, or a seed conprising the nucleic acid conprising the nucl eotide
sequence “F'EP’NO 26. [0019] According to the present invention
there is provided a nethod (1) for synthesizing a protein of interest
conpri si NGOGNPIES &h Bigjedtiok FeNnvenRbid pré¥id@ard M prd R nRfthdd 18} ABdifyick

nucl eoti de sequence encodlng a first nucl eotide sequence encoding a
hybri d prcﬁliéioﬁfmw PR in PlaAsyr i sing a CTS domai n of

N acet yl gI ucosam nyl transferase (GNT1l) fused to a catal ytic donain
of bet a- 1,14gp) qﬁtﬁ%@/b&tﬁ@é B&tﬁ%ua@?é abd cthat g fduEl%Bnd%% Rakd @ﬁ _
sequence operatlvely i nked w t ir atory region at is
active i n comgriping neclectides &IQWQ\@N@H (d'ﬁ‘J'Eleﬁi@HhEgufecﬁd),emcodi ng

comprising a nucleotide sequence that exhibits from about 80% to 100% identity with

the nucleotides 1-1077 of SEQ ID NO:17, as determined using the following
_3.



[ 0022] The present invention also provides a nethod (1) or (2) as
descri bed above, wherein a third nucl eoti de sequence i s expressed
within the plant, the third nucl eoti de sequence encodi hg a suppressor
of sil encMy2W0 1348 atively linked with a third regula?’W?AF@§§BW9
that is active in the plant. The third nucl eoti de sequence encoding a
suppressor of silencing may be, for exanple HcPro, TEV -pl/TIC Pro,
BYV- p21, TESAmSars; ProgromoplastmRatghase: mppExpee, 10piitarplowconmlesity) | |

BScV- p16, - SRR ) < g%%&h GVA- p10.
The third }g‘;[ sue-t'sppem i@%@%ﬁ%@ﬁ%@%@%’%@%?o yccg%?lgo%%%rmt er.

[ 0023] Theprpresisthat madifiesglycosylgionwif desoteinpl andreexpr essi on system f or
driving the expression of a protein of interest in a plant, wherein

For armo OPHEA B GGl SRR BT e A L bbb
fiicosyl at gt nieWi®sid fghce ebmpdif mickoaass A1 B A8EQ NOVUateN:),

N-glycans. Alternatively, the protein of interest may conprise a
nodi fi ed gPRLOBPYAg seaushee thatexhiffieiranaboy SOf 91180 % iflentiswith the

fucosyl ate PR flC ; .
resi dues, %ﬁﬁ%ﬁxﬂﬁ%#?%ﬂgﬁggéasegnéégggisy agﬁg%gqﬁﬁ¥¢ﬁg¥' %%ﬁkﬁ¥&
term nal gBlogai blastwapalabasaddeBxichall; fidtei ldve conplexitye dlighthan: or

el imnation.of fucogylation and xylosyl ation of the protein of

it er oot | RS SRR SHe b B it Bl reut oo sbpactiedtn o
Wi | d-type pbaifies gly@ighlion bt RORELIMinteRYCHd RO FRE AYIIEE feid sdbhed (3)
for synthesizing a protein of interest with a nodified

N- gl ycosyl epcrasivelrigked with @ seaond nugieic eeid sxgyersesiomgrising ABAS.0rpl ant, a
portion of AR, pl ant cell, a nucleotide sequence encoding a
first nucl%%??£e S ‘ﬁgﬁ%@ encodi ng a hybrid protein, GN\NT1-G1T-M
conprising a CTS domain of N-acetyl glucosam nyl transferase (GNT1)
fused to al093#}aThe presedioimesnion flessbestaiugleitcaasbimvingl at malestider eqeence |

GnT-111), the.first | eoti i | i nked .with
irst regureiaipaisleBie ke ot SEQTAG 28 ML A graoFPetbb Ry
nucl eot i demsehtiae SRubive i eebidrdrh ebdiit 80RItH 106% iidéng1yasith tht he second

nucl eoti de sequence é{)erati vely linked with a second regul atory
regi on t hapugledtides 1- liOF]SEﬁéDﬂ%/(aﬂéa, asglggramed uyinews follpwingparameiersand

second nuc j q o) ' 1R Qi rest

conpri si ng g MUSEHPRAGRS: ATESKIL IRHEE G CERbBKY: Rughlbtl °) 06,
The first paiovientWond sizedlewhaeiatict nuckosdesenuence eloedes aeosmgh@nce as
descri bed abque th 3 may.be. .transiently expressed in the

pl ant, or Fﬁgéwﬁéggﬁggg?%éq@w@%ﬁ}@EE%H$LFurthernDre, the first
regulatory region is nay be a first tissue-specific pronoter, and the

second r eg{00aspAlkodegribed isa nacleReoidthaving 3Waclefelzi skiuenft @prging aEach
of the firﬁhﬁand sqund ti ssue-specific pronoters

b
ol ast ocycalishMAGAATIA FEueRss SEMPRAHEB AR 1960 of SKQL FRONOF L) (Gridy
synt hesi zi ), & qnhiind aQfqdeRleah st frth;th?t asﬁgol%flbg% s @l XGMSHe at i on

profile conprising, cO-expressing wthin ant, a portion of a
pl ant, or augtatides ta#60 of SEQUED BioX 16des daterubnndersing dledioHgwing fprmasteters:

| eotid ' hybr i ' 1-Gal T i si
N Cre o PR St DB 1 ReEhh Remo Pl Feprely o &
catal ytic gairmisé) Wordaedeal, whabiachobyl duchRis{cad RgencEatchiies 4 fibtefn that

nucl eoti de seguence oPeratively_Iinked with a first regulatory region
that is acfiogeies glycpsylagpn pt 2 prateinelgptrasty hediss nueleicagidspguenehcodi ng

pet a- 1. 49abackaRK) ikl $4E86nd pIARAEANIUE QOld:HRg 333585

operatively l1nkéed with a second regulatory regqi I's active in
t he pl ant, plstdcyaninpregioteuc| eoti de sequence for encoding the protein
of interest, the third nucleotide sequence operatively linked wwth a

third regu l[(ﬂ)tlgf ¥ndif 95' A4 ﬁrm&ed asplﬁlﬁf 5 ﬁﬁgntl c@ll,tct}%. sgéda&tmpr%ﬂg the nucleotide

sequence of (A), (B), (C) or (D) as described above.
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[ 0029] The first nucl eotide sequence, the second nucl eoti de sequence
and the third nucl eotide sequence as described in the nethod (5)
above, may be transiently expressed in the plant, or the¥

may be
stably expYR3WgH44¥yrt hernore, the first, second and tHf "ﬁ@‘é@f@ﬂlé‘qtgory
region is may be tissue-specific pronoters. For exanple, each of the

ti - ifi ters may be a.pl i . [0030
Accor di noltia 1t T TRTRUBLoHIBE Hsp BEtrimdp BIaoHs BRBTREN 0T er oot iay
t her ef or e%(ke?ﬁ?rﬁv 3 ?§d&:ﬁaihiosﬁ-ael:@_lg??&guinihﬂaﬁan&@ﬁke fkoCBRTteliit are

known to ed in hypersensitivity Teactions, or be otherw se
i nvol ved domaihloébgeiidgalngasyltiansferassang comprisingrephaneh 8BQ AL NO:18.

CO- expressin | yco- engi ne s alon A L e .el n of

i nterest, ﬁhﬁg”ﬁ!'ﬂia‘s‘ﬁr%%'%me %ﬁ%@fﬁr oductt g(;cn&l(‘): eéirhyte@esml%%%ﬁ%geni C
protein t hapeNeSEh WEND: U Utk ivhlk provided apland atpaaecqll, ard see 0031] As
described herein, a sinplified_ expression systens fa roducti on

I i . S r the
of a prot ePmpEHng the Byhuisk Proteingg just desgrigde hherg %P‘Bﬁedsﬂz%‘?’grﬁﬂﬁv be
used, howgyer RIS LiaRBmpRSHs MelciSbRlsEquence SE
t ransf or mng%iﬁgﬁaé%gtcgﬁéhgﬁe p?%lg{g%t& i n?/]gntﬁg%nei sct heresf%uregmnotQ
limted t@N@bLEI ent expression systens. [0032] By using transient
co-expression, the system described herein avoids the |engthy

duct i i d th l.egt i : i .
bl ycoong: LEIsbIRe pRRSy I RRRaS L SbREGSRI N LA M LBl
l'i nes (e. @CTSAnd@serN-aedyipchRaltiet raR@Rie fudetl tah snalgikodothsain bEN-

concurrent problens often encountered wth nmutant or glyco- i neered
plants, i ActEgRgossminyitansiersss [} pod %FPW%P%EFHE‘PPBH,“@’@%?? %'%S&% Bakker

et al 20080:379Tid #fhb 'uf-m s&g@ﬁ&%ﬂ@:aqm_azlxoal?&&%ﬁ)e:ené&ed%%{ei bed
a o) h

herei n, co-expression o rotein interestt with a nodifying
chi neri ¢ mudedtidgataencsSEQ I NEY:26. aBrerhisdlsp@revidedat plant, aplay gelt.icon

kinetics or yields. [.0033].,The.transient.exp. i Q . rj bed
er el n_yi arcomepRiag LieyorL pRFed pERR R PEERE | Mo S BNR5R
anti body pant kdll, 894 et @bmbesihg the @sdleivatig Rbmpasseadnogedtide sequence
accunul ation | evel reported for any antibody in plants with other
expr essi orPESYHY BR26. i ncl udi ng nul ti-virus based systems and
transgenic plants. [0034] The approach described herein, for exanple
i nvol Vi ng (68X a8 biathg@b tHedrekeinteatidn iEls prRidedh s (USRE W th

stably transforned plants.” Wil e exhibiting nmany advantages descri bed
above, t hisynthesjzing # pretdin ofjpteras ¢Ampsiing X plesiing win @ plnbars poitian aft enrs .

[ 0035] This ' ' : f e
1t bat o TRIleofe o LB AR RO R BR
[0036] ThemeteMNGNIUHEATS @aiprisiag adfTS duendimuiNtacayiglicodamiret oamsfarasee
apPAT et e o] oM G, oS A el B RS, TP de O

nucleotide sequence operatively linked with a first regulatory region that is active in

the plant, and a second nucleotide sequence for encoding the protein of interest, the
second nucleotide sequence operatively linked with a second regulatory region that is
active in the plant, and expressing the first and second nucleotide sequences to

synthesize a protein of interest comprising glycans with modified N-glycosylation.

{0020] The first nucleotide sequence and the second nucleotide sequence as described
above, may be transiently expressed in the plant, or they may be stably expressed.
Furthermore, the first regulatory region is may be a first tissue-specific promoter, and
the second regulatory region is a second tissue-specific promoter. Each of the first

and second tissue-specific promoters may be a plastocycanin promoter.
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[0037] Figure 1A shows a pl astocyani n-based cassette assenbl ed for
C5-1 expression. R610 conprises a nucl eoti de sequence encodi ng C5-1
LC and C5-1 HC-1CDEL; R612 conprises a nucl eotide sequence encodi ng
C5-1 LC aftPe815148 C5-1 LC. C5-1 light chain codi ng 8elGaHW#901Es. 1
| TC. C5-1 heavy chain codi ng sequence. Figure 1B shows the nucl eotide
sequence for the plastocyanin prompter and 5 R (SEQ.I D NO 23)., the
transcri pl9BA] Thepiesent yeqtionglsgprey SB@@O%@H%HW t'rsg’f@l ARG ‘gt art
codon is g i B sSedribel W6ve (IABBY ), SBbieHfing BRIEN 6infeRlst t he
pl astocyalrllilﬂn 'qggglegﬁg%tjer r%;ér%lat or (§EQ I'D !\k) 24)e, thg stop codon is
under | i nedhay be@Aasiibody i the pRoteinoisnterct isan atibedy, ten these@®d1 ant i body

in | eaves of NB%OH ana beg@{l}aﬁ; an(g i nEi ltrated with 18. andueRItISC%Z
(pl ast ocy BHFRCHSESEAEBTE SR e PLUR T ILGTogPoTPIES QP PHETIES sed

CO- expr es A0 Bp@htive PRIk Sth aGbgBith§RediRU2 AIaRE B actiein\ed plag, #desent ed
correspond to the nean accunul ation | evel and standard_devi ation

obt ai ned fndectidescaenenditoppativaly brked vithawegulptont regiga £B shat g active
e e . . 1o
N b T e e s

accunul at iaafibody. ke rggalasorpfegiynrimmay bandlastacycanin promdtdry atdabe pl ant s.

Fi gure 3A shows inunupnoblotting with a peroxi dase-conj ugated

goat - ant i TRy reRieR 3B may bga PERoFyRMD PE‘?IBWF’bI ants infiltrated with
R612 (for secretion, lanes 1) or with R610 (for ER-retention, |anes
2). C: 1G60229 O prRsii®iveh@dn ARG liiarﬂﬁdésgﬁiaeth&d aner () 368scritedaledt, as a
control for electrophoretic nmobility; C2: 12 jig of total proteins
ext r act ed Whezgin nugleptide waeanco issramsssed &hin thg plant the thipauckegtidg g of

commer ci al . LN ché a%@gg&%ﬂ\ﬁgﬁe%mggé @%Qadvel Jt%k&d Qi it al
protein effg%gke% ro -tnfrltrat I OMas S enpty vector).
Fi gur e 3B rsfudmeryaegiow ihiayisiaotimerio kiegiidnit.nGhenhirl naclpaide seqase enomjingat ed
human 1g@, on extracts fro lLants infiltr i R6 f.or
Cocreti on SupBiser o igncing TR b 10 ccropRiier b A ET P HCPER BTG o opg
of controlTESy h1Ruicv-cedchveny B pds) rey M oUeS-811,BScvIAB/ETVC2: 75

jig of total proteins extracted fromnock-infiltrated biomass (enpty

vector). [HG4GLREV G2, GBYhp\fs HbY-RifaCidiVspIstordnY Apdeli Ehe s tissued
frompl ants I EEI %H°%I%gaym§%g’§£%°?&é%§éo% or secretion, lanes 1) or

R610 (for ER'te Ion, A shows SDS- PACGE of crude
extracts and purified antibodies perfornmed in non-reduci ng

condi t i ons{00H jdiheeretBntsinentiobPSvidAGEplaht gapresfidpresystem fobduiNiagthper f or ned
under reducing .conditions Figure 4C.sho act,i vity | nobl otting of
bur i1 e cPRH BCh pERRbo TRt i Pt et e nof e cRbiR®

1 9@ . Fi gW RodiBed BRWSsymti6n FRRedm. S} eRimBl0 e THIBANE SntérBst Gndy@bmipaie
purified C5-1 from di gferent infiltration batches, C

2.5 f
commer ci al refuge fecopyjaed. xglagniated oz dobh, fuceyydnied and Xaloéﬂﬁtt"ﬁlsd‘ﬂ'gggﬁﬂg-

Sty A At : . f
exanpl on op TR e phcboin B ey Mo tbfiptice SUBePgh ERIERANARY

ver si ons oWhereinaind pretein ldsshasgsed syosglaei cor boBNTicaSTI8ted Gidxgospted of

N- acet yl gl ucqs- ami ransferase. | | T- . _catalyti.c domain - 10 -
of human (@ilgaﬁawﬁ% f‘}"&‘??é‘?ad:?_ lisyiagon 1 %&gt¥%ﬁf_ adlose may
(31, 4gal ackosMkd ranzhatas & redubGdt & HBiSReMST fubdssylitioh @Rt 1yieyRaarence
(SEQ ID NO. 14) for Gal T (UDP-Gal : bet ad eNac beta .

1, 4- gal act e pratein ef intgress vhpo FymRasd tgshejsame protein of interest produced in a

betal, 4-g 1 asnferase I), the ATG start site is underli ned;

t he transarrwlgﬂgtr@%éll@%mi nis underlined and in italics; the sequence
in bold corresponds to the catalytic domain of hunman betalL4Gl T; the
FLAG epi t off92#sThepredeat inesntiofiprpyidess b @stwd<3 ) loesyathiesiging giptbteinglience

SEQO ID NO 15) f{ Gal. - Gal, ;. bet | sl . bet 1, 4-. .
o et oson rrdnt piasatifed NP RuaDR bR € b bR e etiiioe MBS ase

plant, a portion of a plant, or a plant cell, a nucleotide sequence encoding a first

nucleotide sequence encoding a hybrid protein, GNT1-GnT-III, comprising a CTS
-



[0042] Figure 6 shows a profile of extracts obtained fromplants
expressing C5-1 and either stained for protein, or subj ect to Wéstern
anal ysis. _To anel shows a Coonmsi e stained PAC;E gel .

the top paffé E“ hIKE af f nodet ection using Erythrina cri g?H&éf-‘]“*‘m"“”
agglutinin (ECA) which specifically binds 131, 4gal actose. Third panel

fromthe top sh ern bIo ant 3f ucase

ant i bodi e&© &ﬁrﬁ’%@i@f":‘?%ﬁ W@&é’%‘ls I(@Mf) @gﬁ?é:cgﬁﬁ‘? Hgmam of N-
ti-131,

N oo L v e R L e i SO

C5-1 co- eXipkedwishya fijrst Feguirory egion thatiyrnaioe 87 the plang paird @Q@D&JC@@MEBQ
0043] F | {
gl y sosy e fade BFYEaE il et (TRRESDAE AT dea e SABIT 0\ 19

of C5-1 i spbatiedy fMMwmegﬂabmlmmasumtﬁ@an tm:fplzhit raat eg-

plants with a range_ of nstructs. ycosyl ati on of the gl ycopeptide
was det er FrREFILE %ﬁfsé Sreﬁ?‘?dd'wcl?ﬁu‘&ﬁ %B %/t9émﬂilqsi_zea Pejtgin Oh putgress y| t s

wer e obt ai-Beg:iink @r QARSI N-£i5&s19fo é/:rbﬁ}é.r e 7A shows
MALDI - TOF nmass spectronetry of the tfyptic glycopeptide foll ow ng

expression of R612 (C5-1; see Figure 1). Fi gure 7B shows MALDI - TOF
mass spectlP&ailhg ﬁéﬁ’f nueleotide geruenceging dhesepnnidducieetidespiusgeenssiessibedn of

C5 1 (R61 | ure

Fi gur &boR Eellcd 4 ipsy et e f el o Wiy 6 bl
gI ycopept iedlprefsatl] Bw&mgnmpmeﬁsstwgutaiorﬁl&gbn(ﬁﬁﬁ? be 8 €igst Essgurspecﬁic) with
GNTIGal T (R621, s Fi ure 7C-insert, corresponds to the
mh. 2650- (?5% F‘éf'&éﬁ&?ﬁgb?gz‘ i f5RCPBY UITBGSRsEIcHEURoiER Eseh t he
mai n conpl i
G cNAc Ivan?Gﬁéﬁzﬁdggo%g%lg%ﬁﬁﬁmgm%}&%% N&ﬂﬁ/%%%aéll romgter' :
G cNAc2Man3GIcNAc2; E: Man6GlcNAc. 2; F: Gal G cNAcMan3( Xyl ) d eNAc2; G
G cNAc Man3 882N aso prpyided srapctvec@) fossynthesimer proteinaf imaesivige  J-

Ve eNAcs i NG R s B PR R e ion e

i nvent i on of elpdng r b planeédhiod sudlantidesetjubyiergealingcofisomeleotify @dugice on i n
pl ant s. The ese i.nventi I provi.des nfs with nodified

gl ycopr ot éeinﬁ ’ldc?ﬁm"?OQHIg? (EI"’EE PresEne a%hgéjﬁ?ﬂ 'scri bes a

pl ant eth@@t?lgﬁﬁoﬁ&iﬁﬁ&@i‘aﬁﬁémﬁ(GNﬂg filsBE tPXRARR! RfhaR ofbef)l Ot €1 N Of

interest in a plant he expression system described, a protein
of inter e51t48i&&ﬂﬁﬁ9ﬁ1§‘ﬁfﬁ&f%‘éerﬁﬁﬂmﬂtbﬁﬁ@t Wﬂa&mmncgamr@mly linked withapl e

with redu I P r osyl at ed and
Xyl osyl at gggt k@ﬁ{%&% %%mae(%g&?étlg?h%g%m ? ? ‘gornﬁa C}gét d}%e%ueﬁ?eot ei n of
i nt er est mn@mgbangl,&gﬂmﬂos‘yltmﬂsfgiay@ dﬁaydeadnﬂmnclﬁaideeequeﬁ&yoﬂ@ﬁatﬁﬁyal ned,

vvherelntrl g‘ﬁ |nIa coslat xyl osyl ation, or _ both, and
conpri ses 1 BIe<aH AREYLATN FIEAR it F9VF UPE Pl b bim Beelestieci n,

modul at i onegfenBOfk eﬁdoﬁﬁ;?'ﬂ@éﬁr@i&ﬁi offﬂil@iegt' R iR RrclebQdie &ﬁ@éﬁ@% , the

addition of term nal actose results in a reduction of tfucosylation
and xyl osWPatailbﬁlY bﬂkqdh@lﬂea(@ﬂrésgg@latpm@m that isiantierie site plindrand xcanpl e

the protei t i se less than 10% fucosyl ati.on,-

1 a1 et e R so O 88 i e RS e bR SRR At 08 ar o
fucoyl at edniafest coyprising tg@dins with the stodiffedN-Biedsylaasy pdtileon and

xylosyl ation (i.e. less than 5% of the Ngyl can residues are

fucoyl at ec{ ﬁi]ﬂ l.0S at ed | ess th% 1% f ucosyl ati on and
Xyl osyl at i 1G0T S Aiclectide seaiefes N A seppd uieptieseaeacs anclsyribed
and xyl os ya%b@cd@i) xﬁafycwtﬁﬁﬁuﬁtlﬁxﬁr&&da@%tpi&%ﬁhey %g% Qﬂaﬁ@%fa})&f'sﬂl dues

are fucoyl ated and xyl osyated, fromabout 0.5 t0 about 1.59 t'he
N-gl ycan riashemmose, shefinsi reayintaryeggion i myy hmfémtsttﬁsu%wcfnﬁgmmnarm 7 to

32 Ce)gt c é rrgar eggc?%ﬂ?ﬁ“mg?/r%gl&r} E)Fi %%e%&ﬁft;s?\%{%} es [9 ¥p rodu Sc %mg[l #ytgoﬁi%flé e'([j ype

and second tzssue~spec1ﬁc promoters may be a plastocycanin promoter.




[0046] A non-limting exanple of a protein of interest to be
expressed includes a conplex protein such as an anti body. Expression
of such a conplex protein within an agroinfiltrated plant, for
exanpl e Nt ﬂ%ﬂ"@ent hani ana, produced |evels of prot BFHCAZGRANLY
1.5 g/ kg FW (approx. 25% TSP). Average |levels of 558 and 757

ng/kg/FWwere attained for, the secrete ER- r tai.ned forns. of the
protei n ofC02gt E?%@PSEHP@%@@?M“%W@@%& sﬁ%a%r)? fEimple

provided, yfhig vﬁ%W£§ﬁﬁﬁNl%?%%§ylﬂ%% RERIBLAREAY, ciBxsinB 9lthin AL

| evel of expression threef hi gher than for an antibody produced
usi ng a nplani, apprties of a glawi, ena pbﬂ@%s@ﬂ@ﬂ@?@%ﬁ&%@@ﬂ@d@ﬁ stal

2006) . [00471 The i act of. the differen ypi cal
manmal i an RE}]??’EIS gg,clug cieoeﬁlc lg%md protein @ﬁTlf%nvieﬁP C(E)ljﬂ? rggﬂlél'rﬁ

aj br concern’sur t he

concept Oliomainte NPAR Hudosdminietapfetise CLSN'DI)Cfdstdtt(b @eatalwedamaw of ¥nce

of plant- speC|f|c glycans may_contribute to shorten the half-life of
a pl ant - maersylphugeseminyitransisese IbG IsHD dhefirsbpudlapside seqmency pReTglividans
provoke hiﬂg%ﬁﬂ%hﬂs\(%ftgélffogife?ioﬂrlﬁat 1sna A {nahd lant PO4BAd J&feoﬂﬁ sence
of core al, 3tucose an 0se on ¢ yco pr ns made 1n plants is
per cei ved segencereagoding H{fayetg]ghiCbﬁlﬂTgEylbgnsfme ﬁlh,dhlssiem;n@mctehe@e are al so
found on sone I ant .all | n addition W docu t hat
the r ey araigpiepanr SR i e et et ool B e e TG |

1 9Gs f r omaediPusRl dusleoidd deqhdieé R Shicolipgheprotei dfinterdsd @ainife of the
system descri bed herein is the capacity to acconplish nodul ati on of
post-tr ansmakp«ptyiwr:q%@n Jreedively disked with 2 fhasdgegulateny segiomiBaiis egive in
addition IR f
Fucosy! at DAt SReAFAORE o JoLsitlich bR BLIh A SIhPR B o
protein prsgmthm ap‘tolﬁm\nif lrderestpompiising plycais twdthnbd modifipd Ntgipcosdatione of
fucsol yl ati on nay be reduced whil e increasing the anmount of

gal at osyl &9%fk, agai n when conpared to the sane protein produced in a
wi | d-type plant. [0049] The nodul ation in the anobunt of fucosylation,
xyl osyl at i[pe299IThe Fikdhodydtide lséqmencfwmeba:odehmlmtmeee@smgnaﬂw thitd t abl e

nmet hod, for exarrpl e using antli - gha 1. 3fucose anti bodi es, to detect
t he preseﬁ%‘élegtll decsguaneasiesarived futhe prtiodi(® abRYAs A3 ibg Hansiently

(fucosyl af[ sed%"ﬂl ¢ 3lnt, oP B ma )BX 25 eﬁﬂte s@@d ﬁﬁle}rﬁorg%@ﬁfst second
xyl osyl at i o or the“présenc sence o ose speci f

i mmunosi gnaalishlrd‘ ®\gulaanpgien 1saaa)sbu1muﬂ speéifig prcmrﬁars Al*‘qre:ﬁmaplﬂ,\ﬁeblypf

MALDI - TOF pBsSs s ctronetr dto determne the N
gl ycosyl at"HBHSSB? gq’qqu: Ry rﬁr“i')%eqer? pg‘?s WYFHRRBROGE the protein, as
shown in Figure 7. Oher nethod to determ ne the N-glycan proflle of

a protein [003(I]Qf‘idcbﬂlﬁhg(16 ﬂidiﬁetbdsdst(kkdﬂibk@mtaq;rmaiﬁ ob intakst layitherdéfoe art
may al so be used. [0Q5 &escrl bed in nore detail hel

vacuum basdr atawe# hlsft wski.aa they larle glveags that arg kagn ahetav QLD e f or
the pr Odug{dlggl@ermtw?ty%agﬁﬁisnoMC dﬂf&@fs@ﬂvolvfe@'in ﬁ%?#ﬁic?esﬁﬂoﬂn%ﬁqu in

terns of ntity ual 1ty and reproduci bil passage to a
scal abl e iackomhplished bmcq-@@m@hggwcabnmmrmzm amgdvit tho progfin off ans

o Iy an ot PaE Ak MR STDL L dald MR PEEINAG 1o

materi al s ﬁr@ﬂuc@ﬂhﬁﬂ;ﬁﬁhewlﬁéjgﬁpmrﬁ,hl n extrenely short time frames and
for the supply of a licens product with a market size up to

kil ograns [..year |bod|es wer e ai ne fro
i Pt oo ofB0h Yol et p st R0 RS on TR CELF ZB Ci
However, ifmolefn éﬁn@ﬁs%%ra&%&@i@mtéﬂ sé&?sy@@ﬁﬂﬁﬂﬁ)qug@ 'hbﬁ'}@@rhﬁé e| n nmay

al so apply to plants that are stably transforned

Post - t r ansrthpds maadlsqerised with sabledrapsimasyionaystases. e prosent invgntion
limting ex e?étﬁ{e%’&tﬁlfmt&{@’?a%%% P;%s&éﬂ% msaNd cO-expression of a

suppressor 0 encin limted to HcPro, from



- 14- (PVX-p25), pll of Potato virus M (PVvMpl 1), pll of Potato
virus S (PVS-pll), pl6 of Blueberry scorch virus, (BScV -pl6), p23 of
Ctrus tristexa virus (CTV-p23), p24 of G apevine |leafrol|-associated
virus-2, NQRR/1944924) p10 of Grapevine virus A ( GVATQHEA2003004138

G apevine virus B (GVB-pl4), pl0 of Heracleumlatent virus (HLV-pl0),
or pl6 of Garlic common_ | atent virus (GCLV—(Pl6 . ,[her ef Of &1 2

suppr essof0032] By pepg fransient en-expressigndhegysien e?ﬁ%peggf:rleﬁévﬂdﬁ, °BYV- p21,

TBSV p19, - g - £ EMStitkdnt oBS636: P16,
CTV- p23, @%\W@B% t&%ﬂ?ﬁ %ﬁ?‘pﬁe\iﬂgﬁ{g’f&g&c’v bl oor GVA p10, may be
co- expr es segingtangmydentt lzies frek thGahibseq@hiMisGad farenGr fined (e.g. as

GNT1-GnT-111,. o nbj i.on thereq to furth ensur [ l;evel s
of protei HesﬁPBﬁ{R%a?‘g‘geﬁ%Ht QS%P%%% %gﬁenfﬁg%&rigr?ztgg ?’%&s sred; ng
of purifi ¢gmRhRSMGE §lybs-erbikRebdytiniy id feanSofgRédveH LS pollearpraduone, t he
presence of various contam nants of | ow abundance. These fragnents
appear t ostrd sprBakker et & 1280 D@nd Aiskilisy (Baisar elAl-n 200y Andescripgd Resgin,

cont ai ned at | east ' . Vi t (Figure 3B).
The i dent F?S?x%rﬁ%fmc?uéa%%ﬁ)l@ég 5’? ﬁ%‘?*g*g\ﬁ@‘th rnel{xgﬁg%c éggﬁ{n%i&r%uﬂgﬁts present in
pl ant ext zakbwseinsfrst had & effet dthpeduaios &inetick drryiebdsnmal i an cel |
production systens. Therefore, a purification train typically used

for th ification.of th i t.i badi . i h ,
BT iy A0 Bt bt piatGeip Rt gRP RO s S BRI (700
the regul 3t Rh¥sa0LN6H 18sh &Mitﬁaﬂﬁb@dy?dakﬁ@grmhraereapﬁuhiv@immc{eamgs] The

present invention provides a nethod for the synthesis of aﬂg}raot ei n of
i nterest e #dcamplation levelpenortsd forapy aritody i Raits with QPETEFPESHBR f i ed

gl ycosyl at i Qn - e, [ VeSS 0seRiENifRsS Ng the protein
of inter eSSP’&%P%%&%%mgﬂﬁvdgﬁtggggéggég%uenf:egggni(?%i ng

bet a- 1. 4gal actosyltransferase (Gl T, SEQ ID NO 14), for exarr’ELe, but
not |im t €6034] Trerppoadinle@aib® hereinhforaxangde nvakying\eapressaqmoffGalfror

anot her soyr. al so.bhe used. The. catal yii ORBY.: : or
exanpl e mfg?lsgmgnaf 0 by f@%is%gh gg%v F@W?{gfﬂn%b @‘%e%ﬁ‘é’@é%ﬁ

Fi gure 5b, 3d9antAks deRtib&teshoRd Shis k6 is SEQnildNOrarikient prasisequence
in Figure 5d) may also be fused to a CTS domain (i.e. the cytoplasnc
tail, tran®sembrane domai n, stemregion) of N-acetyl gl ucosam nyl
transferase (GNT1l; for exanple, conprising nucleotides 34-87 of SEQ
ID NG 17 [oﬁagurrﬁs Mmﬁ%@f B#RGALhich 428 nStHeBRs @Y desE@SHIITeAUROBPhE Si Ng
am no acids 12-29 of SEQ ID NO 18 (Figure 5e), to produce a

GNT1- Gal T inyéntiod- enzyne, and the hybrid enzyne may be co-expressed
with the protein of interest. Also included is the co-expression of

the protei !ﬂﬁﬂﬁﬁ’ @.p@ 1\@% Wﬂq got i de sequence encodi ng
Nacet yl gl u@i(){;ﬁa:.ﬁ] ny rasrll erage ?I?} i n? Bil; SEQID NO 16; Figure

5j), for exanple but not limted to mammalian GhT-111 or human
GnT-111, G9036) These anmd ashérdeatwoveishe invention|val becomeseere apppignt fropdhe y. a

CTS of | AT RIPTARATTAR T M ISPEE R Bate ool sl oBRER | O,

[0054] Alternate nmethods for anchoring the nucleotide sequence
encodi ng GHI0B7EglIrE, 1 Aosholv&a lplaswecy:@al-Taséd cassavt assembled fordsS-1 expease.

Sequences) ROTREOTIFEb MLelGSPR SRHEToR FBTUOIE 1l R ot By aee ko2
bi osynt hesigmpligds SxMBlid: é@%&anﬂ@éncbaiﬁg ed L abdes-CHE.d5-glasgsildase
I, CTS of glucosidase IL CTS of nmannosi dase |, CTS of mannosj dase CTS

of bet a, 1, gyl chyintcpding pequeneseCS-CHE:6F5- hhestvy chain pedinghspanence shiguied Be
The catal ytj ¢ nai p_ of . PeLuTkREEoPot h
endopl asm éhor“ésﬁg% Iﬁ‘llctﬂen%%fl %?%L%I}Cgﬁgrstg%@gsﬁc@g Mi’? tﬁned;t%'lag of gFt[Jeg ogi ase |,
CTS of gl uclspshase tdahscripiidh @irt siwrissisiwdiais dold, ardiBe oénsimpinm st dadmm it | |
CTS of bet %ﬁ&érlzir);c%l. Sl7¥g|1;[rer ?é Qﬁo%se eS I?ticleco-tlgge sOJqugrllcg Ianr’l‘.he plastocyanin 3' UTR

and terminator (SEQ ID NO:24), the stop codon is underlined.
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conprising reduced | evels of fucoslylation, while still conprising
xyl osyl at ed and gal actosyl ated proteins is desired, then unnDdified
(native) GalT naéébe co-expressed with the protein of interest.

a
protein of"? A’ conprising nodified glycosylation EST({;N‘E’WWB*”
bi secting G nAc residues is desired, then unnodified (native)

GnT-111, b d th th t t t.. As f
SKIT1 i D8] diare hev s pRURIAE! BF CF S0y Rt eh s Sh Gptinte aci o
Sequence[%ggﬁ? r&%ﬁﬂﬁ&ﬁd%&%@ aHORB f@lsao@anmaseuexﬁads%nor anT-111

enzynme Theretore, there is provid a nucl eot1 de sequence
conpri si ngssettes) edthi o @gthout coEBERsHEN ﬁg@p@sn@f silgnqimgNaPregtie)valugs

conprising a nycl eotid ence t hat .exh 100%
i dentity &Fﬁeﬂ egﬁgfr?‘?agﬁ“gt(?st?%@gmﬁacimﬁ tflmslglé? f’{‘f?f\%[ [117 \%Hé’r‘ g%f{ %(ﬁe

nucl eot i dgorf AHERERUANEARRR 3plaTtolsfiinge) bicd memitdnens cgl iydioigydlat i on of

a protein of interest. The sequence nay | ant optim zed. There is

al so provmﬁbﬁltlp%b%ichﬂﬁ@féﬁﬁf?’ﬁ@a?@q’@éﬂw 21§th§)corrpr| ses a nucleic acid
sequence conpri sing nucl eotides 1-1224 of SEQID NGO 14 (Gl T), or
conpri sin e%mbb;h{a § oP 05 ARRMIMEANS IR ed@RU drdent i ty
with the ﬁ)@?‘f ?&Sg;‘sﬁﬁ&l? 51 of SEQ FySl NO 14, VI\AI‘IIEI’EI n1 the nucleic acid
sequence syningelemd aapuor- mﬁhratddaﬂmm; cﬁlgﬁfe dAghgwesymunoblattingrwith $r ot ei n

Cdent 1ty PUOHBRBAATHEACCETRg Y e RdP iR o sf G S pR AN
bl astn; DajalkEse (foﬂ§e.crdﬁl§ﬁ61§ﬁes 19or ith R610 (fbﬂRmio&;daﬁqs 2) m.n g}m@t
pairw se; Wrd size: %E057] There is also fg’}' d an. am.no acid

sequence afscwefﬁlélrlflﬁﬂﬁlﬂg Sigmay269y lqadrras %%ﬂmlm ﬁ?t@f’g‘ér)mc or SEQ
ID NO 15 F 15 gh& acid
havi ng nu&%%#ggé ngg%gfn%% rg%p@%@?%r%ég[%ﬁm'gﬁ&c?élgg h%?g%%ﬁ%ﬁk SE%

NO: 26 ( G\FéctdB sl 10018 aficonarepsial siurpedg@liligon N@é@qureé@eﬂtmwf

exhi bits f m about. 80%to 100% i t 1-1641
of SEQ | D! Pé‘éem\ﬁﬁ'é?cé‘? cfrﬂgmﬁ]ﬁgffﬂfr% %%5%81 démg cvgag sdfe\lngr otein
that nodi fhgess AliviePshalobRinfwith Pp@bdldse @bnjlgitey iRmian Igtma OR @RIRIAC €
may be plant optim zed. There is also _provided is_a nucleqtide

sequence fiegt Pléiéﬁmﬁﬂ@é@ withh B6 1 %ifer S&@FH"% &% e R OdfoR R

nucl eoti d dfldm I 1- 1460
of SEQ ID %ﬁﬁﬁ%ﬁﬁ%ﬁ%@ QE’ |i¥ﬁgga@§ééﬁggfr{%e thgL %@#ﬁé@éﬁﬁgﬁﬁ about
80% t o 10Q99T)dEnt7chne oﬁ,mtiﬂ préteinn ectaeet fnesmadRinfifrateddfiorSBE(@EIPING. 26
(or nucl eot i gﬁs 1- 1460 of SEQ ID NG 16), wherein the nucleic acid
sequence &fdBdes a protein that nodifies - 17- glycosylation of a
protein of interest. The sequence may be plant optim zed. The
sequence l[otmq Figtrd $sldﬁfs€af1m1ﬂ§mh ofsintibodidseputifibd ﬁm@mmnﬁmmdmmh

P bl Dat ab £ilt | t
AL | ghient SHBRTRGRBT srgipns s 1 of S ERER-TRETIgR B P IBUE énse
encodes a @8{5 §- #ﬁl@é of Al dxBrSctP bR eabhufiddRb pérfotfiell &l Abrof

F gl? ere

i nterest. I's al so disclosed an am no aci d sequence as
set forth rectucagcgonmu@ RogurSNF sha@rsISDS-PAGE qmﬁgbmt@adlmrﬂognwb 19

(GnT-111 060 protein

of inter es‘in ﬁﬁéml’?’)ecgﬂ{hgf’?ls %gfl?y?eét(ggﬁowégﬁtgvﬁ ?&Xbl?ﬁ T ng %&gegl n of

i nterest CRMPGi& fReformst wittes @bylamysbgtlgm I(Jnmn 1@ anPigere 4@sshdwsar i bed

herein), is di fferent fromtﬁat of the N-glycan pr]f(t)fl I eqqu t he

protein ofcom@emgfcmt@au@@a%w %H“Bﬁﬁ%gél o tgues it ralano y of

gl ycosyl at AR ol ISR dif SRS GOl (SeHEMI289C10h8LdQIE cBfitrd]OT €

t han one ycan of the protein of interest, or the bisecting of

A nAc. Forfoeslectmipboretihmobiligt. ei n of | nt er est may exhi bit reduced

xyl osyl ati on, reduced fucosyl ation, or both reduced xyl osyl ati on and

reduced f he

protein o'fj[%B 2| %A éﬁo‘”? rr%gks}é %On $ﬂ§m#-ﬁn%é€&§sgaéﬁsgén%ﬁgfgﬁount of
native (R622) and hybnd (R621) versions of galactosyltransferase expression. GNTI-

CTS: CTS domain of N-acetylglucos-aminyltransferase I, GalT-Cat: catalytic domain
-10-



[0061] By "reduced xylosylation", or "reduced fucosylation" of a
protein of interest, it is nmeant that the anount of xyl osyl at| on,
fucosyl ati on, or bot h xylosylation and fucosylation, of N cans

det ect abl FOH¥HEEHr ot ein of interest is less than 108¢HS 2 Hw1139
anount xyl osyl ati on, fucosyl ation, or both, that is detectable on the

protein of int er t when oduced w.t hi | d-type plant, and where
t he prot el‘?fhﬂfnat‘ ggzggc[tosly aP Bqa%gi\gﬂ%&ﬁgﬁé\lﬂ%‘@n%l osyl ation or

fucosyl at lmm o FactdSfIREIEFRAE. F@hx@%B@@wﬁﬁ%u@i@&?&% déﬁée &P Qo the
protein of erest may conprise |ess than 5% of t% ycan residues

that are fl:ﬂd@I%ﬁ@?ﬂaﬂb%ﬁbﬂﬂagbetbdﬂkgaiacmﬂtrmwas:b%pb@emtwe INbegy can

oyt osyat edt - aneapeRrie bRt & ol b ST PR,

resi dues tdvataiis@ndatifaipdldan aalids e Btk in Bold Ok @p6isds toThy chtelyuc
fucoyl at ed and x tyI osyated, fromabout 0.5 to about 1.5% of the

Ngl ycan redg Wf%%ﬂ%%@%&Q?leﬁ@éﬁlﬁ FrepwiCabovtthe. 7 to
about 1.0 fo nd

Xyl osyat ed&ﬂ%gﬁbg% ueare ?olxﬁ)tglt}% g%@}g@ﬁﬁ) b§t%té%%dg§%&g%%duced in
a wld- typ@lqntoayuraanﬁman]olygsptshdv\hcta-ﬂ 4Fga};mtoe§;ltiﬁsxﬁ¢rdse7i) Thy using the

nmet hods descrl bed herein, .a pr f terest roduced that
oxhi byt 5. SARSRAPES GryBbaIERbRd fidihiblest e 3ok R Bolieorapan

interest Wolhe ¢d Rﬂioﬁﬁh?@ﬂu)haﬁfﬂgﬁl aettqbtte Ifw@&ﬂtoﬁé i iPIRR. ¥ dues
has been produced when the protein of interest is co-expressed with

GNT1- Gal 15D pmqvpy thermycleptige geguence (SEQ I piQ: dabotﬁN'aIleBttbfr ATEfstartgiter est
denonstr at a ygQsyl ati on
pat torn o st edd R h thdiitind ABLEE Tofs IhoBIREbd ARV BRDY 2o
wi t h eit heseqGamcd urbol@ﬁﬂesﬁmﬂitt(&eeatﬂmd@ﬁaﬂ Af Kumdn-terad @Ga)T; tieor

le Fi 7A, sh th | at file of f
orot i n of PGP SR TULT Biflys S g o gt sciospre (RGADRRG: ei n *
of interesis)cPENTICST. ﬁ:@‘tﬁﬁﬁheﬁﬂ){rbt%&rﬁhﬁ@:wz% drdaedsyd aleed kS gues

(peaks H and J, respectively, Figure 7A) ese residues are reduced

or absent snﬁmce inebakd eredspongs tq th@ extalytic damaip oblxpmandistad 4@atTh tigal T

( F' gure 7 Mﬁﬁm}{ ifaticd! é’ # hfe urcggﬁcgeus% udhLE oto ¢ﬁ§ Mg a1 peak
as wel n I ncrease i ga ac osylated residues In

of i nteres (cytowmmlctaﬂetansmsmbrinmﬂerha1ﬁsateh fegtom) pEI&Jaﬁetﬁglqud&nuFd gur e

7B). Co- f h I T I
"o a o R roRe e B SER), Baed 36 pvuadt aminnge f ot deiian 196 °
xyl osyl at egggy nb Noeosy Irpd e sHeRGWIES mﬁcﬁé@aﬁi 9%'1.1@11&9‘:‘ Uﬁﬁft!‘.&t)m éﬁtﬁ' an

increase in gal actosyl ated residues ure 7C).
Ther ef or e, Il N@: 3 eFigure ﬁlﬁh@*ﬁﬂlenmmowxdcﬁe@eacmﬁt%HGm\mt(ﬁBa m of

synt hesi zi p g;& dlf ion
conpri si ngﬂg‘prﬁ H n ﬁS% %%ég‘?r%ra.w&%“gﬁwr?ﬁc gnﬁﬁgseqée@
encodi ng anfgmreﬁK siu@’sﬂtetanﬁﬁo seid| sepeee 9N GAoING EQUITENO: 19).

bet a- 1, 4gal act osyl transf erase (Gal T, the fi rst nucl eoti de sequence

operati vel hare tory r hat is active in the

pl ant, ancl9 28 Es Srhev s Rl Sty 9fR BTG PRE I Gt bR of
Interest, iy ﬁ@ﬁ@@ﬂn?&&i&xﬁ%'s&ﬁeéﬁﬂ%&@ﬁ aaa%@t TYShahel §hﬂﬁ'§9 wWth a

r egul atory region that is active in the plant, growng the plant, and
expr essi ngCodreasid stainedPiGE gelo r&&cmndd‘rmthed@ mq%nwe sffinodatyctivhesinge a
e L s TR e e
second s eq%keﬁpﬁo;ﬁ i Blgbvis W e 1Ea Rt anz@tsm Wk @601, QD dlibbdied. he
addition of beta-1,4 gal actose on maturing glycans of. the protein of

interest, BAGTRBYNCl g Weptern Blos pyalysts using msa;ﬂlaéylps@t specific entibedien, of
the gl ycangepf. dshﬁe){}ﬁ %:ﬂo&f Rb Kedsics, Fupk -atmhlate&gw@t et hod

the degree of gal ac tioh o rotern erest m
GalT; R612+R621 C5-1 co-expressed w1th GNTl—Gal'I‘.

-11-



the first hybrid, and second, nucleotide sequences to synthesize a
protein of interest conprising nodified N-glycosylation.
Co-expression of the first hybrid sequence encodi ng GNT1- GalT al ong
with the ¥@eHF13dHuence encodi ng the protein of inter BST/CABIBPRIEY n
the addition of beta-1,4 gal actose on maturing glycans of the protein
of interest, thereby reducing the fucosylation and xyl os¥l ation of

t he gl ycalf943kFigwre 75hove -TOF masssypecametiy i dsieraning Neglyregilaionof

fucosyl at i xyl o ' , ggqu?or Lol Ayt 0.5 to
about 5% Otgtﬁéfr?%tiﬁ ﬁﬁéé’@%dt@e?ﬁ?% abou S H O ’tlgjej amaﬁlsio%en conpar ed
to the prmi@tiBndbenthabfdrasiripgecidiitmedipiangs with alrangpef qohstntctst st does
not express GNT1- Ga% T. l[y0066' An a(%ditiongj%t alternate nethad is

provi ded BWERHBHOBYE the BYSORTPHASYSS dRlFTaTST B SHPAHION AT RREANNF ¢

modi fi ed Pir@b/ QRSN ArALuAE weRAlbt 4G NGPnE ¥ RuBHShiMeralibd. NBigurd 7AlsBBks Or @
portion of a plant, in a transient mannér, a nucleotide sequence
encodi ng MALDETORyisss spectramhasondf dee typtio glycepephideigllpyingramressignof t he

first hybgi eot Lde sequenc er ati /e i atory
regron 1 nEE 7 LELRS b B ERREHE BN ERL TR b hnd) 880 2105
for encodimgid glgco@éﬁideifam&mg aipeeseish of Cha (RETHNede FiguteDlohg vadquence
operatively linked with a regulatory_region that is active in the

pl ant, anaatisefsaE &Re%g, saedigure 3} Eigue d6obmes MadilhQHmas saeriqmety o
synt hesi z . 2] Efat : o P dibe gynhation.
o extpr eo B Bl e o o e e g
with the SNTGT@GOEHeeFgnedli Fguteii-psat.sonespbndsio teanfe 265&2810 s i n

the additi f beta-1,4 gal t U | of -t t ei
of i nt er o SRAEERERGY e ReRIEh G i e Arsgur o i T o By PRl o © "
the gl ycansmeiRe1Dolapf @B AT GicheMesiGIcNAL,; B MualGlcNnlg Glegr ee of

fucosyl ation, xylosylation, or both, may be reduced from about 0.5 to
about 5% GaGkNaeMabgileNdcsDx GledbhyaMangglcfcs FeMandSieNAw En conpar ed

to the pr i f int r oduced,..n i.l.d:type plant that does
not expr egia?%%c&f'*%ﬁﬁg’ @p~o °§¢6V§E§‘%§Aﬁa9€i nvol ve transiently
CO- eXpr esgRgA }@ﬁ@blﬁﬁlﬂq?ﬁ%ﬁb@cg(ﬁ iGl@I&@Miﬁ{(X@l)(be)@bIﬁM_:%

e

co-expressing the first and second nucl eoti de sequence. [0067]
present i &GN AzMaos@eNdcdds MansGlatAes; dhidVanaGlcdAvat e et hod
(Method E) for synthesizing a protein of interest wth nodified

N- gl ycosyl,atd ISy oviding a plant conprising a nucl eotide
sequence ﬁt‘gﬁﬁﬁgﬁa slérds]?qg@ eoti de sequence encodi ng human

bet a- 1, 4gal act osyl transferase (Gl T), the first nucl eotide sequence
oper at i vel[§044] Mhe grastrtt invantiegnelatets o ymetheds fonmolifying glyeaprdteis i n t he

pl ant, a secpond nucleotide sequence .for, encoding the.nrotein of

hter est, HHBRCRLBRI, o Al et dss BELr robt B th o
regul at or ygly&g}ogg}nb@aﬁcﬂog_ active in the plant, and a third nucl eoti de
sequence encodi ng a suppressor of gene silencing, for exanple HcPro,
the third nucleotide sequence_operatiyely |linked w t{; glar_eg | at ory
regi on t hdf04 Taepresentiipyeption dasciifes 2 BraghAREFSEIAR SY5IHhICr A9RBE B¥pr essi ng
the first,..Secandor ARbreldVffifteftuGh 8 Qldnf eWHE ECAORSsibiDsyR MR LESIHEE, 2
protein of interest conprising glycans wth nodified N-glycosyl ation.
The co- expressi dintakstichmpfising & nodified ptysosiation paAterGAprexamplegvill t h t he

second sequence .encqdi h ot ei f i rest i

i 11 on dPaR Al Aylor aBh 3 Sl ooy bt el Bty
interest, Bdudtaind rafuetingyldwolkincssytt@iticompesidg X yodifiet gtyicosylatibnt he
glycans of the protein of Interest, when conpared vmthyﬁh.e protein of

i nter est praggECEYY Reabtined. wherainthgRrofsiAeksheosYlaiins *HgtY I &iopr ¥ el T.
The degr ee gfcoﬂ@g%gﬁé@st@& EffoQaibR e FitiRhRbR, Rldeldibed Betbin MY ddPRion

i ncreased when o the~ampbunt of gal actosyl ation of the
pr ot ei n of ofipusteiraskatipyad thod g ations sfong A aghpley the adiisian of teeminglgatacipst

results in a reduction of fucosylation and xylosylation of the expressed protein of

D

interest, for example the protein of interest may comprise less than 10% fucosylation
-12-



[ 0069] Therefore, the present invention provides a nethod (Method G
of synthesizing a protein of interest with nodified N-glycosylation
conprising, providing a plant conprising a nucl eotide sequence
encodi ng V9 pH&A51Ac| eot i de sequence encodi ng PCT/CA2008/001139
N-acetyl gl ucosam nlyl transferase (GnT-111), the first nucleotide
sequence operatively linked with a regPIatory_region that is active

in the pl afhdxyipsfladonséedas thanci08% ef the Nsgylees mesiduppire duroglated gnd he
teinof , .

P ke (RIS REDE el 0 ISP PEBE R 0GR A,

t he pl ant, gyicw resigires aeifagyltaked ahd xglosyard),dess diad 1%ufikeytatide askquences

to synthesize a protein of ipterest co i sing nodifie
N- gl ycosyl ’étﬁ?%’ﬁ’:“g?ﬁﬁssé&“e%ﬁ&élgigﬁwr? é’cff“ie c g&?ﬁ‘é‘i‘géﬂ_@m’ng
ChT- 111 al peg pbidild, 1t BAb&RSINSE REALANGE r&fedhB g do eig@%ﬁ’& 2¥18syaied,

interest, results in the addition of beta-1,4-lin

Nacet yl gl utomahoutd.J tglahaw )l . 5% of dle dsglyeanisesiduct prefechylatadrand aylobyatedct i ng

G nAc) on uri n h netein of .interest. thereby
Ceduct ng 1 Tsdh o o5 8 20 b AF R APRELIE et bR BRI of ¢ he
prot ei n of xylodyatee sihenwb@pare® txhe e€ind srofebtoffteiest plodiced MitLN @G type
produced in a wild-type plant that does not express GhT-111. The
sequence ePl@RldihBFoteHiof intereskmaxthersioss Roprpdiiced Sigh rield and fack ghisemsi n of
interest (&eCANILIBYNERbdERsHS ; LES] cond
nucl eoti de seqji‘}g%ce r?ay bréﬁltsr aﬂgfégﬁﬁnf/’ %&g?ﬁfgﬁxg&%‘ﬁﬁ;&%ﬁ%a@e ﬁ%ﬁces
are transiwsattiops.expressed, a third nucl eoti de sequence encoding a
suppressor of gene silencing, for exanple HcPro, operatively |inked
with a reg eaql. RV and
the v st  0BE0RYoh SN, AEkKe bl oF b W WeleSRa dfliRg

synt hesi zecangieopretein sich anireantibodyCc ARpedssion of swokl b boapleg byotas Within 2an.

[ 0070] The present invention alsQ provides an alternate method .

(Met hod 1- a&@%‘m@& o5 %@H@lﬂdﬁa PR b erRiaae-gERdugsd KVl eh RTplgin
N-gl ycosyl pbiiify 9% PV tbprdX. 059 HPY. AvRh@NEveFOORNsE Sha %m
hybri d nucl eotﬂigd_e s%grguen?%péncodi ngihg_ fivrs?ﬂhv brid protg%?rr?yg codi ng
a CTS donmwarcgftainedifos thel sgireled sadhERyetatned frse pbidhe pfa®iT of infegesed to t he

catal ytic i f T- D, (N l.al itnl vl transferase;

G- G 1 FRPREs P o g ot SR P R AT ek R R 86 e

oper at i vel ybthinekfed ambidtibody, rae putlaif @k pregst@i thnefoliitHighies thad forua ahfibddye

pl ant, and a second nucl eoti de sequence for encoding the protein of
interest, PIRAUEAUSNG 2 MLIXBET GRPSEBLRIFEHOR pystent @@1@3 et i@ -wi th a
regul atory region that is active in the plant, grow ng the plant, and
expr essi ng[goae] The isipakt )b tediiff@bike YocRRA plantEieRlitd afiBilignses to
synthesize a protein of interest conprising nodified N glycosylation.

Co- expr essgyposyhatipmbastiepnsg majpp eoneemeyuevndingtie eqficerf obnms plarts for|

along with u i 1 t e j t
esurts i n PR REPRAARR TRESARRA b ERGRIR ot bR o

(G nAc) r eshiatigr thethalffide of 4 plaltedadegmotemen (Heibdmdtstromm, G thAc thegamenat ur i ng
gl ycans of ]Itxhe %rotgi E!@}%f i nterest .maturing glycans of the protein of
interest, EHEFEBIPPEHBECREYHEYAEACHN BPPERSand xyl osyl ation of the
glycans of the protein of interest. For exanple, the degree of
fucosyl at i [ASKYhoOs¥dentd dfitoreqrl, 3adde aliﬂfm,h?ldsedw 8§ 6o-ploffinsalietin 0. 5 to
about 5% or fromabouyt 0.5 to about 2% of the anpunt when conpared

to the proP@Nt iorereeed g s reeylatay criiengs by i industgyse tsy arn aliogendses
not expr es g, Nidnt@drobdd In I&Iﬁti&ﬁ%‘i@?&fd@&%féq{ca?na%% B\l })féoréf' rst

nucl eoti de sequence), the protein o nterest (secon eot | de
sequence) , fuspseheren ol ifdudose whichmbukidedoehdrio dgGofénd €H R crllsneidl inaryasbe

transientIXD%tpr d, L the seguenges are transjently express a
third nucl €0t daec‘a?g el rgﬁgglgis g""‘é %%SBE c@&%’? lscgjﬁe ‘Qa@ﬁétyéP ?@H&Pﬁg*,
modulation of post-transiational modifications, for example, the concomitant addition

of terminal galactose and reduction or inhibition of fucosylation and xylosylation
- 13-



[0075] In the cases where nucl eoti de sequences are co-expressed
within the plant, each of the desired nucl eoti de sequences nmay be
introduced into the plant using standard transfornmation techni ques,

transi ent WO @81Y¢at i on techni ques, two or nore than PRECHIMREMT9
each expressing one or nore of the desired nucl eotide sequences nmay

be crossed to obtain a plant that cog-expresses the required
conbi nat i Grhesfcoppaled & ﬁhééa‘%féﬁfﬁé‘ﬁbﬁ%,g‘l‘@? nya 885&?%&% %afe“taﬁﬁd&%‘?/e

techni queg g@é’oftfﬁcsgf}fgﬁiogﬁrgy bg%du?miean&ﬁm@%oﬁiﬁ Bf easbSMuticRy be
carried oUteUSI ng a“stably transforned plant expressing a séguence
encodi ng &gdid whENfimpGeetTp tH@asaifie prodeiENTtiuGal il 2 valdTtype plantGNT1- GnTI | |,
GNT1l-Git-111 and Git-Bl, or a conbination thereof. [0076] Therefore,

t he prese i nt i al so..provi des duci ng
ol ot OTEGe offlafy ] RGPS edtphiel s NEhAR o By RIGK
protei n ofpayh@e@frhinkd tdingd@eishitable Me@bd, Fossxanmpleaning khii-alphedl (Bdetose
conprises, providing a plant that exprefsﬁes one .Qr. nore than one

first nuchedhddis. odgeeribereraprTysese ¢ TPRHTMBINS8PH Gal T and
GNTL- Gal Ty B0diaRRY. BRPARG 12 I%e BitibORECI PRI GRuRGRRRCE. |0
order to produce the protein of iInterest, either a"second nucleotide
sequence @nsetheng absencemf aylesaspetificimenessigrials, fonexaeple @g shiawront he

pl at form pl.ant _using stan ni ques invol vi i r e
t ransf or rrg'Jt‘g"'cS‘T‘l,é' élte‘gf“é‘f? ’mﬂlp}iﬁgf’bﬁgw&%‘?ﬁw nla%glsé&e]%odﬁ?fmme
nucl eot i dgnsSRGHRBGRatioR pRIfE Qﬁﬁﬁdte&mﬂamidm e @btein) asdhoivh tieFigate
pr oduced coggt{li ses glycans wth nodified ll\fl_éq%l ycosyl ati qn, t he
pl ant exprie$athergnethed (pidetgrming thed¥elygan Feflsch @Prqien OF BIEROVPE h a

second pl 1R SheSEGR I%Hﬁ:' gj.i de sequence and in
this manng’?&fz#ﬁ%ﬁ?ﬁéﬁﬁsﬁ?ln@g}%st %?ao ucelg conprises glycans with
nmodi fied N-glycosylation. The protein of interest may be extracted
from the DRG] Asalestribed iteworealdtailtbhiows p yacyium-ased #ar tiprpsysiga

i solated and purified usi t andar 0Q-7 he
oresent i rvEERLAP i B BRI TR Rt ety R Bt w3
pl ant t hatanfiBydye tdtme df @santityp udlityoaod rémodicitaliyyr Tiskmbdagatoaf scalalle ot ei n
of interest with nodified N-glycosylation. This thOdI? coggréses,
provi di ng iafilieten teppelosy,aflpws ks thegmpdustionof gramoh his gatipqdy ppr day

nucl eot | d%.\{??f?i Yshafk g&%ﬁl RictBdrmlids the (RBE suckPhndid ex@EssRalshstée Forl | |
and GNTI - -1, a expressing the one or nore nucleotide sequence.
| n order tthe produdtiva of natqpiatstfer dlingsal (rialsevithin exteimelyeshor timedemes and

nucl eoti de. sequence gncodi t he pr i I ntene S A d
Mto the poaiearmgp e i dE RTh fabed find () B Blrales phiichE G
stabl e tr ansiie/diEbbdie wée obtainds fromtinfilrard iavesdfieon singladffinite second
nucl eoti de sequence i s exgressed so that the protein of integgﬁt

e

produced cORpRAQEaPhiF FERNHOWRYER IHsde s Wilentqpd hat dhp mgthasds desgri

pl ant expr ' j 16 180k BB AANGBARed S crossed with a
second pl aﬁ%&gyggggﬁggig t he second "nucl eoti de sequence and in
this manner the protein of interest produced conprises glycans with

][mdi fi ﬁd h%@ﬁyh%yﬁmsmwionwﬂpﬁi&ﬂéﬁlﬁ (BFGP)mey kesinvotusd ipodhing act ed
5ol at ea_atrptipRPf iR 2 alf P BrRhe O« BT SRR S

present i nyenipldbualds imiedw Helodrom tHequtatdeinisad midy bé osedpo calmtsravy a
pl ant that may b sed as | at f or or the production, of protein
of interest®Py 191%&""\“?@61 ‘%—“%P%’B% Scm.“gffﬁ{)est aﬁ'e][%ﬁgh Pél { ses,
providi ng ﬁlspgi‘é%s b ibn@XPLE SRA KnOWE irPhe BR R fBRBe @R8 af ddséibed herein
nucl eotide sequence encoding Gal T, GNT1l-Gl T, | T and GNT1- GalT,
GnT- 111, GniCHib4 etah 20GRTV irgingy. 346:7- Lisrwhicttis siormarateshherein b eferenggy for
expressing_the. .o . n]htq}_ il I ) X uce
the protei ﬁxaé?pl? nl?él(raéls"g},%&gtlot er %ghgg?(r)%@%#g%ﬁgg ivgné‘géglgfuce%%%’%\ggodi ng
p21, p19 of Tomato bushy stunt virus (TBSV p19), capsid protein of Tomato crinkle

virus (TCV -CP), 2b of Cucumber mosaic virus; CMV-2b), p25 of Potato virus X
- 14 -



[0080] In order to optim ze the expression of the foreign sequence
within a plant, the nucl eotide sequence, which may be a wild type or
synthetic sequence nmay be used or altered as required so that the
correspondYOYPoFiIde®i n, for exanple Gal T, GNT1-GalT, GnACT/{p2008/001139
GNT1- GnT- 111, the protein of interest, or a conbination thereof, is
produced at a | evel higher than would be produced when encoded by the

un- modi f i EVXwedeal] eiPosagysneM PYYM-PELaph) & Polate virus SEYorrile B

consi dere G C ' :

opt i zedof Db Rorch Y SRR el BiIEh VBTN RT 028
80% i dent bof Grapetine lchftolivaisdcihgp eirse2 UEDRaY -a240,q11 6 o Grapdvids vimgs A,
sequence conparison techni ques, fo | e t.not limted to BLAST
(avai | abl éGYﬁrR)‘t?éﬂPléé’Eé&fPﬁ?mEéfFWgé @?gﬁﬁ)’ﬁgﬁﬁﬁgF@?lgﬂf!ﬂqt?“‘ V¥ so

cont enpl agﬁﬂvtﬂi@s, of p POSEG e Q5mMeh fatRPSisQGA N p RBAURAERrERCOdi Ng the
protein of iInterest, or derivatives thereof, that exhibit useful

bi ol ogi cabupprepardf isdeicingofor exaamd¢ Hebrot ThYt-pl/HERredBY ¥ -radt TBEY pd9,

ti j i t i . 8 t
AHEI o e Rt ip e oh NIRRT Cop R e b e
GNT1- Gal TpgNIdB Epl4) I}[LV-éﬁD,CG@LWplE@ﬂ GV Afp I0NHney BSto-edphasddutdrgivitaci d
sequence may be exam ned and the coding region nodified to optim ze

for expr esihesGabF. GINEl-GeHe G -5 GM1d; O Ihgr a copbiatinytberedfniol ar t o
that outli . . . W ts 15:677-681;
1996) . uA ;@g&@%@%@gﬁ@ﬁg%@hﬂé ﬁ@%‘ﬂ@’@?ﬁ@?&é genes of

di cotyl edonous plants is avail able from several sources including
Mirray et [8052] The€osmasiis sRiming ¢f7putified p88ucts pRGYcedmying enyiente,
sequence optim. zation rrarP¥ al so.i ncl ude tt he redggoti q]}r,;lg&)f cadon tandem
repeats, CHECEITIRYP s Prespnce,Qf ypriqus Spptpmihants oL low qoadance 100 o
repeat ed FR@HRMS Gpidan@|béGrdtict RG] ad dllepaahilandneCAKINEcRiRER ned

using, for exanple, Leto 1.0 (Entel echon, Germany). [0082] Therefore,
t he presentast onedighiag shosmnduyi theactiyityhloh gigyre $Bbf Theyidentigsangd; qyantity gk ot ei n
of intere i - fd | QRn : ¥ 18 oBYvne of
t he above%%%%%%ga@%%ﬁgﬁﬁs%%g@ﬁ% %’%%dn on‘é@g?ﬂ%{%@gja{) glrl]ésg r?e ofegt he
nucl eot i dén smqueatier celhgroduanign &akehys. GEkfage| alpuriGadtion|thain pITdlyGsdd | | |
the protein of interest, or a comhination thereqf, arg. optimzed for
xpr o5t o0 e BUHGHES of BEBRfuE A IR & HOREXBE AT PR P R
pertains tRcimpé)alily Beldd @B bud9lréquired bRthee&hiat ricfeb A adproteigligot i de
sequence engodlgr])g églﬁl'e GNTE G[ZI 'Ig GnT}-aI I I%JG\I% Tllll,qur a

conbi nat i dherapeatiense, each operatively linked with a regulatory region
that is active in the plant. The plant, plant cell, or seed may

further coppsdse re%&ﬁ%;\fénﬁeg@rs%ie éﬁ%%ﬁﬁ;ﬁﬁ@ﬁﬁém Beind nor e

than one of a’'protein of I est, the seco eoti de sequence
oper at i veliptetasinkigtin phantsribat @re dmeractetiteslras baeng e owdified ghybsytatioy patéega.on

ti ithin the plant. The fi. |.eot | t d
ucl oot | a6 sdetBR YA amRreryies e dict PLErSEh A ONE BN AG R B ooond
nucl eot i desegRANCAEBdingBNa1tEREOE IRdferdsE BGalTOSEQ XD INE: $4)0fr vhdnthile) t he

plant, plant cell or plant seed. [0084] By "operatively linked" it is
neant t hatbut Ret Isaitad;te nagmmalian Gaho o5yl thowpye &altfrpaenptheror
indirectly i oAl e AlihQn or
nodul at i onsog%egfg'% XI@‘EE‘% %Sgg'l Igﬁé ga?‘ﬂgtﬁzl Jr#{ebgr}a%@%lﬁ%%f Q%a%@rl at'l V%Pii/égl i nked
sequences My 1194f afiSEEXENNDel 4, beld segqlicadedn Figyrepfto benuwedeotibest238n10s2ac t

with the o ively |inked sequences. A transcriptional. regulatory
Fegi on anc ik TRt ol ssahpss e Fletieay By 2BP b fisfikied WhFPTEAe Le
sequences g gythplichik et nfefbRRE B 0staR rdRomOf M dcely[ghRS6ntiRYll on of
t he sequence of interest to be nediated or nbdul ated by the
t ranscri ptirasatgrase €T Litfor sxamply. eemprising nucleotides 34-87 of SEQ ID NO:17;

Figure 5d) and encoding the amino acid sequence comprising amino acids 12-29 of

SEQ ID NO: 18 (Figure 5e), to produce a GNT1-GalT hybrid enzyme, and the hybrid
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[0085] By the term"portion of a plant”, it is nmeant any part derived
froma plant, including the entire plant, tissue obtained fromthe

pl ant for exarrpl e but not limted to the | eaves, the | eaves and stem
t he root s W@ HWS&E#%] portion including the | eaves, st BaI’GA08/001139
optionally the floral portion of the pl ant, cells or protopl asts
obtained fromthe plant. [0086 theterm plant matter", it is
meant any SREfTES MaY DG} IR FRPER ST ‘é‘eﬁFOA‘i‘tﬂOftﬂF“‘é‘Pﬁ ﬁ&?ﬂ‘&lu%%té%?ﬂtrl se an
entire pl - | E . Pl ant
matter mat)a/eQ %ﬁ%‘%’fiﬁe{ﬁl Rer ac& Tﬁfes?ﬂé{ gfa&it%?%gw%ot}fg%%%%[&te#‘?ggﬁlbﬂI ar

pl ant Conmaglgtﬁpsaknlnbdn&hnfmasséﬂi((ﬂn'ﬁﬁl rSEQ B ND 1¥; &iguse 5jp foraeexample

conbi nat i reof Furt her, t tte L.se plants, plant
cells, ti B"t ’équd %P’&még@ﬁ 9?‘]1‘%&“5& %@Pﬂgﬁt (gﬁﬁmbf’@é’%‘erﬁ?‘ﬁ?ﬁspl ant
| eaves, Stxﬁisﬁalsofttetustd A8ftisnay, AGRY At 18/8ril BRAyRRS (SEQIBNYO 2B t er

may conprise a plant or portion thereof whi'ch has not be subjected to

any procedSgurg 54}, eqraprisigibe 615 of GNT faseddo EotlBimpayealdetused andrie pl ant
mat eri al rr(% t?) gtibhect ed to mnimal processing steps as defined

bel ow, or ?rée‘tl % rous processing, including partial or substanti al
protein purification using techniques commonly known within the art

i ncl udi ng, [0bS4] Aleinate methods tbr)mtchomgamegucaqsﬂmydg sejuemic reaqiirga3alT and t he

mat Ler -1 GROBAAIRGIT 5 BR o POl L, BT 8 P LT RLpr of oi

of i nteresgpphi &tth leﬁdoBPaEﬁn [ AktidulRH Eétéﬂtr“og sécﬂeﬂée@j dleimm mtpr&éﬁlr act,
honpbgenat e, fractlon of plant honobgenate or the ke. Parti al

purificati mmlnwnd*bgwwmetemmnsyn@emtforlaxampleétut @t éinstledt ptthe §TI0&nt

cel lul ar structur ke a { []S] | ubl e
pl ant conpBhERtiese a(ﬁ‘ﬁg lb?{ agc %1%?\% onpo %éﬁs[elo(;}#gﬂ}{ g% i
separ at ed €D$ obbed4]D, Eﬁylsymwdsnfwéasé lcmstcﬁdiphm tiﬂtcdsﬁnﬁmfém@atths Batalytic
filtration or .a conbination thereof. In this regard, proteins

secret ed viamimok G T anayralsode fuged to %KPPEH (beth eadonlasis refifulumes

coul d be rg ﬁ:g{lﬁyseg{?érﬁksﬂetﬂe b':%‘g;@ RIS Halch4gRkL nﬁéfrﬁ% tion, or

ti ssues cou e extracted un e? pressure by passage throug roIIers

or gri ndi ngamwsidhse I| CK® of maswpsidesed], 6ITS oftherad, Zxylshitrapfotase CTS e - 29
fromw tgligt? # e e trg&el | ul ar space. M nimal processing could al so

i nvol ve praP AZH95A% {A& extracts of soluble proteins, since

t hese preparati ons woul d have negligi bl e contam nation from secondary

pl ant pr odWoss]. THelitsé b4 hyﬁ’ﬂdrmmiite gthecasmirBihgRyGNTY-@aVE, o gi¢dENE1-

extraction_of soluble protein from| eaves, followed _hy preci p| tatl on

with any sHPT-A¥seaueage Posa%éﬂwﬁétah@aéowaly of el qeCpgrilein dhefiznColel

macer at i on; @R Wiefs SXYy rségés' il @oxh?lgfré Njggcah%d%ﬁﬁm& odchS. Wil use of

t he extract [ 0088] The nt mat the formof plant materi al
or tissue wamhingdo be bdungd bct@ltqovjesmtiezttmr@ Gaibpetitity alaecaplyatage ofglyeen may

be adm ni st ered. as part r Ierrent al t h ot her
Poods or - BRENED i ablc i adifbR ha T ABRSET ML gty elieied of

concent r at geult B theefieiést @mbltmroeﬂﬁ:esymtoﬁtaﬁ@ktlbty%uoﬁ of ﬂh&@iﬂt@iﬂ%aﬁ' ong
with other materials, ingredients, or pharnmaceuti cal eXCI-EIéentS as

requi r ed. We@éy}herwmt take Blaceviihiatlscplun oy imilagly. spquestering (aT-HE agtivity
protein of . ﬁ%@ﬂ;‘?&agef@g 6?% ﬁafﬁr@toﬁ%%é&%uh% eSHRLEE b 9{?&%& e an

ani mal or human I et ependi ng upon e nee nd t he
si tuation. obuetaﬁnleaﬂphmnosdte ppcrdmtea btscn‘tmg ﬁiim*tce atd mbatlamnbdefﬁmem t he

| b h N
U 1 eq, Rt ot ey iBion o plop S bt tiRusiould i o 1
nmay be progueedithin ufl fiif! FetixapleOihe gﬂﬂetﬁdf PheResP AR HS co- Ewrésb&tm e,

if the protein is orally adm nistered, the plant tissue
harvest ed aRybrifi engyme gomprising oCTHdomuinfused to @Gakﬂvétab&m\sﬂe@@@dfon ssue

may be drigd Bl 8T GdrP ARSI Fighles 30 50 8 G TN AR dBlbiefh t 0 9raze
example GNT1-GnT-1I (SEQ ID NO:26; Figure 5h). If a protein of interest
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[0091] Gaff-FLAG or GNT1-Gal T-FLAG (i.e. Gal T or GNT1l-Gal T tagged at
its CGtermnus wwth a FLAG epitope to allow i munodetection of the
reconbi nant protein in transformants) were introduced into plants.
Vest er n- bMIR 28#H11449i s, using anti-FLAG anti body, may bRCUSAHI/H1139
denonstrate that the appropriate protein is present in the
transforned cells. [00921 An "anal ogue" or "derivative" includes any
subst i t ut FHURPTisRE redycsH levels ob Bgpelylation whilp atithepsmsisingdelosatgd aek

encodi ng o i

(nucl eoti g%lé&%sggﬁ ?ﬁé@eggsé@ﬁdb&%ﬁ)%lﬁgﬁig%lnﬂeg r‘%%fa‘gg gé@ég}éperesﬁdgur e
5b), or GNith{Ggdte{nnfittersti dibsprated: of ifkérstofonPhting BidiBled glycosntmidhng
bol d sequence. Fi gure . 5d provided {hat the sequence encodes a
protein tﬁ%{flprﬁfﬂlﬁgql_eé@,‘g %W@?ﬁé"ﬁﬁ S‘F‘_Eﬂi’ Q‘GEZS‘T‘HB%EE%WPUH%&?’?H‘%Z t he
gl ycosyl atiapBe Bé-0f prbRedlvith RSSO RrerkR! Bk 8L oMRANNGXPLERSAD 1N @
plant, for exanple reducing the fucosylation, xylosylation, or both,
of gl ycansppstciatha pland oplimizod nigitie acié sequenceinmayrbeaissdrtg prdece

gal act osy i t rat ei i nt erest when conpared to the

gl ycosl yl g .%‘ﬁ‘ﬂ%‘?{’ﬁ‘}aﬂ%@?ﬁ{%gﬂb‘?{é{%ﬁzﬁ“%f i nterest produced in a
plant, in the absence of ectopically expressed Gal T (SEQ I D NO 14)
or GNT1- GHIOB6] Bes@efbia, tHeXelid provided aexelagide stdquend imprising ncdeeidedy- t he

seqguence a er m nal I ose during N-g|ycan maturation.
Der i vat | vg@‘?ﬁzﬁ KEabis %ﬁ‘d&?%ﬁ%@@ff R C%P‘&%H’él?&%@? egpmeaiey
exhi bit  geaAkiar frdrh abou® 90116 €00% dentlyWith Be PGSR AFHF, fnce, for

exanpl e from about 80-100% sequence’identify, or from about 80, 82,
84, 86, 8dO:IH whemrin tha nugdentide Sequendunialisnt ptoin Batjmedifies glganylrtign nmay

be determ f ot BLAST al gori.t hm (Gett hank: . .

nchi . nl mnhf]ﬁré)g%l} ‘?:%ﬁt-ep S n Ifﬁfglf? © MY en%”ﬂé’?éﬁfz?&pi&%ﬁﬁtaéﬁoy?weggr am
bl ast n; Datahaketidevequdnep et cabfiriss 4 inteic disegaemek exmpisingd | gnnent
pai rw se; rd. size; 1%}). Anal ogs, or derivatives thereof, also

i ncl ude t ReReotidat-d234 fSEQI MRk KL (Gally; onrpEwriging @ seavgnge that exhibisnt
hybri di zag| fargie @ SER:iMBEH s -l 1,10l Ingth.1 & oni ng
(A Laborafrg{?{/h bﬁ/anual {)"%?:gﬁ&%‘é?/?’?% Har 6%%“?3%0%%?8#@#6%@ I‘S

387- 389, wheristhbaicleieacidseqients)encdio8® pro@in thenmodfied glgaisgation of a

Mol ecul ar _Bi ol ogy, Vol.. 1, G een Publishing.Associates, lpc,., .and
John W I ef Sk iaghiterssh The Seginie gy beplait opbhissd thie SPauctice ainyis | ne
Gal T ( SEQadteinhihdldbing fNRSTIbwizaIphr dnfeindss: IHpo S 1R hstS TOHEDAGE Sir; BR& H e d
herein, provided that the sequence encodes a protein that nodifies
the gl ycoS¥itralavpermplenity; Aligpmentipaipiseh Word sige:ddest , for exanpl e
reduci ng the fucosylation, xylosylation, or both, of glycans of the

protei n ofppsn] Th&sis alsy didEEEAP ARG WBA BRGNS lf?&ﬂ s Iﬁsﬁlﬁ otein
a rori

of interest en - 31 - conpared to the glycoslylation e of
t he pr ot e(GNS1-Gaht:diiguse Sy och R B NO: (1A €GallbsEigure 50f. Gal T (SEQ I D
NG 14) or GNT1-GI1T (SEQ ID NGO 17). For exanple the protein encoded

by the se ) N3l : . i.ng N-al yvcan

mat ur at i owgﬁ@}e’li{gﬁp@@%@ %)Iﬁfecméﬁ%clllnd g%lffgncrglg% n‘ge;%ﬁ'iwgfez%(?ril%lﬁmgondi tions
may be hybudlebtidas 1-064 Wit SEQUII MO Z0{GNDI-GhE;IITY, of congaizplpe dudleotidd
limted to, a ma- 32P] dATP | abel ] ed probe for 16-20 hrs at 65C in
7% SDS, | ﬁ‘?\ﬁ“ﬁ%&%ﬂ@“ﬁ’.‘%ﬁ#\&?mﬁé&}“ ‘W’ 9 lé’fB‘?qﬂSFﬂtMHhﬁsﬁ%@ﬁm% 146465C i n
5% SDS, 1gMEQTH MO ekt nubldic acll stQiendDer@hdl fa?)%t&ﬁ%gat méd}@ﬁa_h' ng
at 65C in 1% SDS, 1nM EDTA 40nmM Na2HPO4, pH 7.2 for 30 mn. VAshi ng

in this bebrewlaiay obepiotsieefingrass Thedeownirankygbeniad opfiDed]There is

Sinmlarl pnvent j ' des. nodi ficati.on to th
nuc! cot i 85 BERIASELhd SHBE Ll et WiBS P R GE O ekl 1
domai n of cémnpriding nuckeotiddy B2 @641 Bf SEFPHONCGRNGZON; or Ridoided]-{4st t he

sequence e rotein that nodifies, or _when fused to a CST of
GnT-111 Wgﬁﬁ&i@bﬁ?ﬁ@ gt mv}“&aﬁsﬁmﬁ?@zﬁq Shibits fomadedi 8%t 10A%er est

identity with the nucleotides 232-1641 of SEQ ID NO:26 (or nucleotides 1-1460 of

SEQ ID NO:16), wherein the nucleic acid sequence encodes a protein that modifies
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produced in the absence of GhT-111(SEQ I D NGO 16) or OGNT1-GnT-111 (SEQ
I D NO 26). An exanpl e of one such stringent hybridization conditions
may be hybridization with a suitable probe, for exanple but not
linited t V0 PEIM 32P) dATP | abel | ed probe for 16-20 REVaf28EM1IH 79
SDS, 1mM EDTA, 0.5M Na2HPO4, pH 7.2. Foll owed by washing at 65C in 5%

SDS, | mM EDTA 40mM Na2HPO4, _pH 7.2 for 30 min fol| owed by washi ng at
55C. i ' 1 BB RIOE BFR ST A PHGISHHOTIE SegHenot ay b BIoG GPLRZeAdht g i n
this buffqemaye i@é‘qtftfﬂ%fe%ﬁin%@uiiﬁ?ﬂi@%l%ﬁh@ﬁ@&ﬁ&ers{ﬂggrﬂn:

y

tn;
"regul atorg region" “regul ator ement” of "pronote- |t§?éss meant a
portion ofDathebein Expeal 10yfilies:dbwicomplexityigilignmenty pairwips tWerdm of t he

i ' i whi ch be . [ f eith
o e o s T SRR o oS PR i BB S g

i n oper at iofa paR&iAGF Altdrésd, or operatively linked, with a gene of
interest, this may result in expression of the gene of interest. A
regul atory nt . e capabl e, of di ati ng organ specificity, or
control li 48849355%5%@%9 g‘FCIWBf"éﬁ‘EBT"eﬂCI APNSE S S\‘?%\‘?’F‘BH? W[Péﬁlt?ét ory
region” i nGNIdeSnRULTRLEE 58! SIS B NOARGRTANDE eggf_ms_nt s exhibiting
a basal pronoter activity, elenents that are Inducible in response to
an external stinulus, elenments that nediate pronoter activity such as
negati ve rEeAN] &yompedifiedradyeosylasiont phnproripef inteeest ibishunantethat the N-

"Regul at or | o ' SQ | I nts that are
act v 1 ol el Bl of Be R ol ke Ry o e W B BBl Bt ¢ et
nmodul at e geaeplexsrdessibed harein)) indiffercantsdm thiao obthe Nnglydah arstiié bfxhé onal
enhancers, tranzl. ational,. an trarﬁcri ti onaldaréqeagir essqrs, upstream
acti vat i ng"LEG P8 HuEEst PraycsdiRRAidiype ant X0 PRPhlyRosylatnBal  of
these | at tigdlud) SIRAESe BRY dRSedkOMAInE br RIoRth APbne! Pychh 6f GO gfo% bE£9! on.
[0095] In the context of this disclosure, the term"regul atory

el ement " dnteresteguitha biseiing of . tRop exaatples thegiretein af antereganpyenbibitof

DNA, usual . al eam (5! o the codin equence of
a struct urfg‘%lucaé;g%l?%ﬁtﬁoghr\é@%ﬁﬁg rﬁt)ép %h{nr?él’ %xbr?#)efséﬁ“’c%{\ xglf’sﬁeﬁ@"%ﬂ%fe% “%egi on
by provi difagpsylator. exlogmitivelynthe dF-glibA ppsfily 0Etha peotei 6f Bierddt M@y bé act or s
required for _{Er nscription to start gé Partl'cu_l ar site. However, it
is to be URRME e BameRatsodhdhe ImepLekalis 08 YatiRTie BsTeasedetided wi t hi n
I ntrons, prtiéﬁai}f?f the Qﬁoﬁnﬁ%ﬁ)@ﬁ@tid@ﬁc%ﬁﬂioﬁ%%&bhﬁte‘?e&ugecf. hﬁdc{it?cgﬂhﬁt' on

of expression of a coding’region of i'nterest. An exanple o

r egul at or yisred&inAe may bpprodiatd and tis migereswciogid tedwtion of thRddfount of

pol yner as r.Qf-her transcriptional factors to ensure initiation at a
parti cul a&ugqsylg&?nsangx ?bgﬁlé{lgFOfetﬁeéﬁth' Mbst, but not all, eukaryotic
pronoter el enents contain a TATA box, a conserved nucleic acid
sequence d08Gi] iByetledutedaddosyiiiog’, anttedurydrhidosyiation’c bnirb®e dfagereRaitr

usual | y si.tuat e%%a? r oxi mat el 5. base fili I's upstream of a
transcri pt'f Baf ﬁ’&tanéq“ﬂa‘?f XXYOﬁY 3115} 3}0051 pBrRr DoBpesyledonadas al
pronot er &€ Rtion, oE NPAREhPERedMle 18 Ffb‘téiﬁ gf ih%?e59§s I%sﬁﬁﬁﬁ‘ﬁ)? PN, as

<3
wel | as other regulatory elements (as [isted above at nodify gene

expr essi orfhe OYE KyTHdatinafusosylation. i bothpidat ip fleteesahl¢ ant e prateigiodHns,

i ncl udi . el I d, indugi bl
const it uti sl Tiodlofs SRNE RTERREptalt MRS SR are b P st P co.

or cont rolisolatbd; add vhereesylos glhtichgTassylaiondh detedEnal, Wisiethe kirge control ,
is activated ‘\?,gnt in certajn organs or tissues of an or%@n at specific

times duriRgh ; o EX¥ARIEyHRsRTOtSn RfHnterestpayFomprisy lesg than Y wEtheN- sonme
regul at or Ygl*c%ﬂ kQfed ﬂﬁ@m@ﬁﬁoﬂ;ﬁ\é&l R Db, R9YLaS 86 JFRY N- ylcan

preferentially be active wthin cértain organs or tissues at”specific
devel opnerresifiues deigeishle phthe pretginaf dderbe naybe feoylated, xjdosgateq mehdth) | y

regul at ed r asal Jeyel in other organs .or tissues
i thi n e nea B 03 M 2B s 3G tobirdbe sl R e SF0Y
of interest may be fucoylated and xylosyated, from about 0.5 to about 1.5% of the N-

glycan residues are fucoylated and xylosyated, or from about 0.7 to about 1.0 % of the
_18 -



[0098] A constitutive regulatory region directs the expression of a
gene throughout the various parts of a plant and continuously
throughoutwcgl ant devel opnent. Exanples of known constitutive

regul at or WRPEHERIY i ncl ude pronpters associated with PhECEIRRNIEE
transcript. (COdell et al., 1985, Nature, 313: 810-812), the rice

actin 1 et al, 1991 lant Cell, 3. 1155-1165), actin 2 (An et
"1 go6 N peesidues - tidoylicitHng Sigpsape wher g th 9 49 PRI ch | s
i ncor por abemitdiek floduddM ih & Welapselantand tri osephosphate isonerase 1
(Xu et. al., 1994, Plant Physiol. 106: 459-467) genes, the mmize

ubiquitin 1 gene (Corneé_o et al, 1993, Plant Ml . Biol. 29: 637-646),
t he Arabi M&gi 4s givguinthigiras &and % by esieg the msthads flesetibed hereig aprotpinant

Mol . Bi ol .¢209. - fobace. ] itiation
Fact or 4ACHEREeT Tk 42 PRl L PGSR R AHbE BB Bt 5
The t er m ‘txaomple,iatproteinasf imerestswth inemeblogitaliys undetecrabledsat od Ayldsadi cat e
that a gene. under .control qf .the constitutive regulatory region is
expr essed r§f$¢%@s§§%prpg%ﬁ when gﬂelpr@%‘Pl&f%@% Is cl?lﬁ"pfeﬁ%fi_"flw_eggg}fe is
expr essed GalT. avwi 8- TEM&flREs of 8h lé%iﬁo)wﬁﬁa FGh SAAIAEHR: JeRldnattdi@ndc R

abundance is often observed. [00 The one or nore than one
nucl eot i deraieigobineasesy vith angsii ycopylgtiamtpiatienmeay beebtained edsethei n any

sui tabl e ' (o]# t l.eotide seqyence,
o const r Betan ob Rt W3Sk eARAAR Gt ot BT SFort Bk RS H4rC:

sui tabl e lio@ikat)i Fol exdmpldigurana, siewslhdgly@eyliton @Refile b spipe 61 HPS

i ncl udi ng al fal }a, canol a, Prassica spp.,, maize, N cotiana spp.,

al fal fa, PHEPG IR E’Ffﬁ?ss?%‘é‘,m'ﬁ&t“:’ﬂdr%"el’la%toﬂ@éafﬂtelvvﬁ%late}‘esba_r | ey,
sunf | over coRABses QdvieRil xylbQRHAPInE R PGk s%&ﬁ@%!ﬁlsrﬁ?éﬂdﬁ \ %g&g'vgly,
constructs of the present” 1 nvention” can Pur ther conprise '

unt r ans| atfégirg &Y. drheserregdduasnatre mdgled peabsemgilen thegfretein of dntérbsttis gor t i on

of a gene conprisi NA S t that contains a palyadenyl atipon
i gnal - and BRPRS ME BT it OF) Fhityrape. ERpARPO TR BRIbE A s
pr ocessi ngpeak FYan evetsp e fiieast in PRlactpSIHQTREARH HR pfotdnaF inkgesysual | y
characterized by effecting the addition of polyadenylic acid tracks

to the 3' voRAcoFxRpwedidaGsFleees rks CHOKy HigureyiBit Corexpicspion of thy e
comonly LagoaRE WithtNPr-8sANe &Rk N ' form
5' AATAAA—pS' a:at %%%%#: \II%I’I ations a@é@%?ﬂﬁ%@ﬂ%&gﬁe %ﬂgtgis g@%@#@%f t he
chi meri ¢ gehatinglesschat 1% cysyited el forasykrd residien{seoRigaVGinsat)j ncl ude
further enhancers, either translation o ranscripti on enhancers, as
may be re&ﬂ?%ﬁ‘.‘mﬁ%ﬁg&@ﬁﬂ%’iﬂé Tepl ‘éqsgﬂ?gg;ﬁ%‘fféﬁnom to persons
skilled in the art, and can include the ATGinitiation codon and

adj acent $@0[3¢ Theasforel e preveht idtvdntion p@aes AtethodeMethopPase W th the

r eadi ng fr%gﬁ of the codi sequence to_ensure translation of the
entire sedERTEHING HRFPHE NdRteTestyith mgdifigd Noglcosyation fomppFiag.3' regi ons
are the 3'prdvidils5 plaREGniRRink" ' ’ s

pol yadenylpzrat ilonés?gnal n%? Iﬂgra g%?%?&%%ﬁ%?tg tﬁ?oﬁﬁ%%g%sgg%??c pl asm d
genes, suékaugsceraneodingbimanchetay hit grdatosyNessferesedBadndhpfishhudpetids such
as the so n.star rotein gen and th mal |. subunit of the

ri bul ose- %Q Pceb?pgﬁaagglﬁﬁ eéi%lg} %r E@?‘t&%’fe?é’g%ﬁ%fsé&ﬁjc Pl mddo) To
aih d in i deedonllinaelédtide sefuehdefosénebdiBgl thelpadibin ©€ tévest,itheseeOistucldslie Of
this

sequence operatively linked with a regulatory region that is active in the plant,
growing the plant, and expressing the first and second nucleotide sequences to
synthesize a protein of interest comprising modified N-glycosylation. The co-
expression of the first sequence encoding GalT along with the second sequence
encoding the protein of interest, results in the addition of beta-1,4 galactose on

maturing glycans of the protein of interest, thereby reducing fucoslylation,
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i nvention may be further manipulated to include plant selectable
mar kers. Useful selectable markers include enzynes that provide for

resi stance to chem cals such as an antibiotic for exarrgl e,
gent anyci WORYEH A ci n, kanamycin, or herbicides such 3ST/CA2008/001139
phosphi not hryci n, gl yphosate, chlorosul furon, and the I|ike.

Sinilarly, i di ng f ducti.on_of d
dent i 11 abFHOSIFER, B bt LG 2y ens i he Prauein OF Besey) ReHhFBBAL) thiso,
| uni nescengghod Hﬁme?ﬁe bﬂlﬁl&cﬁfs?‘lﬁﬁm%f tﬁfmteﬁpaf iREredSRsy bd G132 AhaP

consi dered part of is Tnvention are transgenic pldnts, plant cells

or seeds cenmrsred;tagheramouateigelacosyjeting of dregreteintof dfterest propiueskint
i nvent i On'W%—Eﬁ%éfan?{hat#o%gg&%&S} >f,hol e plants fromplant cells are
I'h art. 1Tn g

g
ess N
al so known enerar, ?]r ansformed plant cells are

cultured in an appropriate nedium which may contain selective agents
such as anii0obdjod inethodihaiseproeided (Methed Bpfok eyishesizinglagrotein@f iragredti t at e

i dentification qf. transforyed plant .cells. Once callus forns, shoot
for mati on with mpgifise é@@#&ﬁé@g%&%ﬁr@w@mﬁﬁéﬂg&wﬁ% 31108 o pposfien of 2
hor nones | PaRCHAN EhsieR thdnBr, K REMEo R hREScetntodifEs BROMICRLAANST erred
to rooting nmediumfor regeneration of plants. The plants may then be

used to estegircs pnqodipgthnmay betgd fgplactogyiisansterast €GalTy IEQ s 14r  usi ng

i : ' i T i |so.b
boner at ed TEPRERR UMM EROM TRt PRy Tl S 2 Bty Begpn
el ement s othat ik actjveés thatplann \aed b sedndryclEtide sdiRence T sneshivg thb pfoddh Ng

region of interest for expression within a range of host organi sns
that are aNeRgESkhesesand muslgotidssraisncegiperaiiyely liskad withy wawlpiony regiga h

organi sns Gk 4elfe iDiHe phin® aﬁ@k;r{gr&s@ing% firSe Aa3BloRd nP&%{?idggéHﬁ&\?%g goa”d

dicots, for exanple but not limted"to corn, cerea ants t,
bar | ey, oatynthegigo? pratein efipterddt congirsing ghysansswitbmadificd Maglycopgation.

alfalfa, p t to 0 I nsen and Arahi dopsi s, ,[00105] Met hods for
Stabl et r R bR sloPOR v R RPRaR R fiofuth i aead aiuis
est abl i sheghcbding te pagtbinai thtdBAWASII® 1018 a@ditiGKbf Betd- 114 biiGct@delon The

met hod of obtaining transformed and regenerated plants is not
critical t®2UABe Bews Rt thepyspiniob Hterphohae)Bpducingfiessbiationi on" it is

meant the (fb&Ta88EGrbbh, b BESKEdns OF 1@ SRELiL Of interest. Furthermore, the degree
of galactosylation of the protein of interest may be increased when compared to the
amount of galactosylation of the protein of interest produced in a wild-type plant that
does not express GalT. The step of expressing may involve transiently co-expressing
the first and second nucleotide sequence, or stably co-expressing the first and second

nucleotide sequence.

[0065] The present invention also provides an alternate method (Method C) of
synthesizing a protein of interest with modified N-glycosylation comprising,
providing a plant comprising a first hybrid nucleotide sequence encoding a first hybrid
protein comprising a CTS domain of N-acetylglucosaminyl transferase (GNT1) fused
to the catalytic domain of GalT (human beta-1.4galactosyltransferase; GNT1-GalT;
SEQ ID NO:17; Figure 5d), the first hybrid nucleotide sequence operatively linked
with a regulatory region that is active in the plant, and a second nucleotide sequence
for encoding the protein of interest, the second nucleotide sequence operatively linked

with a regulatory region that is active in the plant, growing the plant, and expressing
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i nformation (nucl eotide sequence) that is nmani fested genotypically,
phenotypically, or both. The interspecific transfer of genetic
information froma chineric construct to a host may be heritabl e and

the transPQ2B¥1Y&etic i nformation considered stabl e, POFCAHE001139
transfer may be transient and the transfer of genetic information is

not inheritaple. [.Q01Q7] Th resent invention further includes a
sui tabl e \;%ec%ﬁr?hy@b §|l"f?§8fc‘ﬁ’éﬁeﬂgerﬁ9ﬂ?"éfciscfﬂ§ﬂt{3ﬁ§{z°§lﬁr‘i’t§}ﬁl"§“¥?§?s‘use
With eit h%n@ﬁﬁﬁ%&o@{ﬁe& NI e Pati&k PE G 8 rRion o8 tHe T st h}ﬁﬁdﬂ &gﬁgﬁbc

information may De al so provided within one or nore
const r uct .enfating=GHIFHIGAIT along with the sdeondsggenceenendinglihn grateip obingrirest of

i nterest nay.be introduc i n onstruct., and a ond nucl eoti de
sequence & F]%l(l)t 3ihg® 3‘5(%?%} %ﬁﬁlﬂ%ggﬁﬁ%ﬁcpp&éiwsa%ﬁ PIgie ‘P%Je

protei n ofinfertbethesby E’@Mcihgtﬂeﬁhéd@ﬁdﬁ@ﬂaddﬁyﬂﬁylati&ﬂfﬁﬁ@él?caﬁé)ﬂﬁdlé uct.
These nucl eotj de sequences may then be co- exgressed wthin a plant.

However, &roteisofinterest. Fengamplenthe degrae plfyeosylatian qylendatiaanedithg bot h
the protei i ti t { £ ation
prof 1 o of PG EalcPd o B 0416 B 50 br iR bR e WBp R MERTEE. e
nucl eot i demeguenmeompated t¢ hepratsie ofinféress prodecpddn a evildan plait gt a

first nuclgic acid s ncodi ng the protein of interest

operati vel e??ﬁféﬂmpgﬂgfgﬁﬁpgter or regulatory region, and a second
sequence conprising a second nucl eic acid sequence encodi ng the
protein tedse1odi dddRnilte@hteenaldddit bvided aHethed DY forRgnRéspligi H of
interest, the second sequence Ively l'inked to a pronoter or

oper at
regul at or )Pr?t%ﬁingterFﬁO‘i@‘SP'Eyﬁ”%ﬁ%@ﬁﬂé@E’édhat involves prpagssing Mathintawo or
nore than i q : . t me
Fime wi ¢ AR od B Boh b B RS o R BB B ke AR oy ™
However , tfiret hybod eadléatide sememecesodirge@NT 01GabE tlediseybead natleaidact | y

the sanme tine. Rather h or e nucl epti de seguences are
expr ossed TR aHael J0Fed Wb & FoiAsns G DAt TS AHBYBeGk Etidhce t o
interact. se@ndexalephd seiiRfcdfofbRboding il proRRl dfiinfsred! e Q¥hPhidiagd t he
protein of interest may be expressed either before or during the

peri od whefaueree pregatively ligked witle p sagulajosy esgingbat dgactive intthe plantdirtd cat i on
of the gly, - Al § ' ' . The two
of tror e t IERRKAE 18 fdnd B0l Sl RoluflegbdibE Bimd AL PUBRSE 1Sy

t ransi ent cerpricisg mudifedN-glyposphtore Chexpremsionrof terfastdgbitid fegeacar e

i ntroduced w t.hi t at_ about the sane ti nder .conditions
hat bot h oEeiB NI T8 Bbhe B B SSiendieaiiireeydra e pR B oM pi ant
conpr i si Ngn@ASt, edsultdif tddRRhiol Beta A ABIMRSe of RantXg FRESsbPtheIRGLENCE
encoding the protein that nodifies the glycosylation profile of the

protei n ofofiipeisstetherebyepdueiag the Aweosyptinnend aylopdatianyaf ths gysahsofghe i n a
stable ma AT n it [ e praotein of
nter ot o oteiiel Fi Rl e i BPAGLARE RSN

modi fi es tihay oyl rgpdursy Fratn aboutpl. Hfoi dbeutdi%,tda €ropr aboei 5 af abotd 2% & themay be
expressed within, a desired h_igssue_, Oguri ng a desired stage of

devel opmerff™°Ugf WP?’%°°8}P§F§§% PTOHER} Ob STTRY FEAdHCadn A ryReRiw K
pronot er, @R§nétRRpREGRTOTRIT, SBAURHT 2Rt )}19?01‘95 Qirﬁicﬂtljﬁéo-

interest may be expressed under simlar conditi'ons and In the sane
tissue, texprestingthe figgt andeeconibiustsoridesequense e sgblyce-eapressingribs S .

[ 00109] Theanggg&hﬁq%ﬁgﬁ%s%%ngé.efsent i nvention can be introduced into

pl ant cell's using S, R plasmds, plant virus vectors,
direct DNA transformation, mcro-injection, electroporation, etc. For
revi ews of[08¢i Thegudsentdurestisredsd povidesanpidditional alternate method (Methed E)

for synthesizing a protein of interest with modified N-glycosylation comprising,
providing a plant comprising a nucleotide sequence encoding a first nucleotide

sequence encoding human beta-1,4galactosyltransferase (GalT), the first nucleotide
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val ue- addeHcBioothgchird giclegtide S&gﬁ@ﬁ% opggvebylinked with a gegutainsi reginn thast h
feed and f i e but
not limte Q‘?o{r%@ct)hvw 1Elilact or gr owt ﬁrs?%&u}llgtagé Es?ltlra nﬂflc{)ﬂg S&i{@%{;
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I orbor regprpiionof e Mt Sl Bk et ofing ST pdrg Wit B Secab etendr o
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maturing glycans of the protein of interest, thereby reducing the fucosylation and

xylosylation of the glycans of the protein of interest. The degree of galactosylation of
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may be expressed in any suitable plant host which is either _
t ransf or ned or conprises the nucl eoti de sequences, or nucleic acid

nDIecuIes enetic constructs, or vectors of the pre ent
i nventi on. (B(% 118 of suitable host s include, but _ ar ePEEARERYI LY
to, - 40 - Arabidopsis, agrlcultural crops including for exanple

Cn oL, ErBE R B My B bR AB SR B A i B O
cotton. | cgawb]sﬁsndﬁmme }heam df inefedt edhRkd inl A w16 pe pRAPhAIIREIRW,
synthesis of a groteln of interest, for exanple but not limted to an

anti body, %&8ress Gglily kxaressvien ¢f theithiad geqpenen ansedinga suppressas efiglsacing a

plant co- eéﬁ?ﬁr@ﬁ%l 1& &ftﬁ?é'ga@ko-gyltr%sf@!e ahd @%lpIotel!nloﬂdté}gstOf[he gapuefnces
Sequence SEQ | D"Sequenc

expressing may mvolve transiently co-expressing the first and second nucleotide

sequence, or stably co-expressing the first and second nucleotide sequence.

[0069] Therefore, the present invention provides a method (Method G) of
synthesizing a protein of interest with modified N-glycosylation comprising,
providing a plant comprising a nucleotide sequence encoding a first nucleotide
sequence encoding N-acetylglucosaminlyltransferase (GnT-11), the first nucleotide
sequence operatively linked with a regulatory region that is active in the plant, and a
second nucleotide sequence for encoding the protein of interest, the second nucleotide
sequence operatively linked with a regulatory region that is active in the plant,
growing the plant, and expressing the first and second nucleotide sequences to
synthesize a protein of interest comprising modified N-glycosylation. The co-
expression of the first sequence encoding GnT-IIl along with the second sequence
encoding the protein of interest, results in the addition of beta-1,4-linked N-
acetylglucosamine (GlnAc) residues to beta-linked mannose (bisecting GlnAc) on
maturing glycans of the protein of interest, thereby reducing fucoslylation,
xylosylation, or both, of the glycans of the protein of interest, when compared to the
protein of interest produced in a wild-type plant that does not express GnT-IIl. The
sequence encoding GnT-III (first nucleotide sequence), the protein of interest (second
nucleotide sequence), or both the first and second nucleotide sequence may be
transiently expressed. If the sequences are transiently expressed, a third nucleotide
sequence encoding a suppressor of gene silencing, for example HcPro, operatively
linked with a regulatory region active in the plant, may also be used and the first,
second, and third nucleotide sequences expressed to synthesize a protein of interest

comprising modified glycosylation.

[0070] The present invention also provides an alternate method (Method H) of
synthesizing a protein of interest with modified N-glycosylation comprising,

providing a plant comprising a first hybrid nucleotide sequence encoding a first hybrid
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SEQID NGO NO Xmal-pPlas.c 1 GNT1-GalT (nucl eotide sequence) 17
Sacl - ATG pPIl ass

WO 2008/151440 PCT/CA2008/001139

protein encoding a CTS domain of N-acetylglucosaminyl transferase (GNT1) fused to
the catalytic domain of GnT-III (N-acetylglucosaminlyltransferase; GNT1-GnT-III
SEQ ID NO:20), the first hybrid nucleotide sequence operatively linked with a
regulatory region that is active in the plant, and a second nucleotide sequence for
encoding the protein of interest, the second nucleotide sequence operatively linked
with a regulatory region that is active in the plant, growing the plant, and expressing
the first hybrid, and second, nucleotide sequences to synthesize a protein of interest
comprising modified N-glycosylation. Co-expression of the first hybrid sequence
encoding GNT1-GnT-III along with the second sequence encoding the protein of
interest results in the addition of beta-1,4-linked N-acetylglucosamine (GlnAc)
residues to beta-linked mannose (bisecting GInAc) on maturing glycans of the protein
of interest maturing glycans of the protein of interest, thereby reducing the
fucosylation and xylosylation of the glycans of the protein of interest. For example,
the degree of fucosylation, xylosylation, or both, may be reduced from about 0.5 to
about 5%, or from about 0.5 to about 2%, of the amount when compared to the protein
of interest produced in a wild-type plant that does not express GNT1-GnT-III. The
sequence encoding GNT1-GnT-III (first nucleotide sequence), the protein of interest
(second nucleotide sequence), or both the first and second nucleotide sequence may be
transiently expressed. If the sequences are transiently expressed, a third nucleotide
sequence encoding a suppressor of gene silencing, for example HePro, operatively
linked with a regulatory region active in the plant, may also be used and the first,
second, and third nucleotide sequences expressed to synthesize the protein of interest

comprising modified glycosylation.

[0071] Additional modifications to the nucleotide sequence encoding the protein of
interest may be made to ensure high yield. For example, the second sequence
encoding the protein of interest may also be fused to a sequence encoding a sequence
active in retaining the protein within the endoplasmic reticulum (ER), for example but
not limited to, a KDEL (Lys-Asp-Glu-Leu ) sequence, or other known FR retention
sequences for example HDEL, or KKSS.

[0072] Also, when complex protein of interest are produced, the second nucleotide

sequence, used in any of Methods A-H as described above, may encode more than one
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2 GNT1-GIl T amino acid 18 Sacl-PlasTer.c 3 GhT-I111 amno acid 19
EcoRlI -Pl asTers 4 GNT1-GhT-111 amno acid

WO 2008/151440 PCT/CA2008/001139

peptide or domain of the complex protein. For example, in the case where the protein
of interest is an antibody, the second nucleotide sequence may comprise two second
nucleotide sequences, 2A and 2B, each encoding a portion of the antibody, for
example nucleotide 2A may encode a light chain and a sequence 2B encodes a heavy
chain of the antibody. Non-limiting examples of such constructs are provided in
Figure 1, where construct each of R216 and R610 comprise two second nucleotide
sequences 2A, encoding C5-1 LC (the light chain of C5-1) operatively linked to a
regulatory region active in a plant, for example, but not limited to the plastocyanin
promoter and 2B encoding the heavy chain of C5-1 (C5-1 HC) operatively linked to a
regulatory region active in a plant, for example, but not limited to the plastocyanin
promoter comprising nucleotides 556-999 of Figure 1b or SEQ ID NO:23; US
7,125,978, which is incorporated herein by reference). As shown in Figure 1, and
with reference to R610, a KDEL sequence may be fused to the c-terminal region of
one of the peptides 2A or 2B, for example which is not to be considered limiting, the
KDEL sequence may be fused to the heavy chain of the antibody to ensure that the
antibody is retained with the ER.

[0073] Each protein encoded by the second nucleotide sequence may be glycosylated.

[0074] The protein of interest so produced by any one of the Methods A-H of may be
recovered from the plant. Furthermore, the protein of interest may be partially

purified of purified using standard techniques as would be known to one of skill in the

art.

[0075] In the cases where nucleotide sequences are co-expressed within the plant,
each of the desired nucleotide sequences may be introduced into the plant using
standard transformation techniques, transient transformation techniques, two or more
than two plants, each expressing one or more of the desired nucleotide sequences may
be crossed to obtain a plant that co-expresses the required combination of nucleotide
sequences, or a combination of the above techniques may be combined. For example,
transient expression may be carried out using a stably transformed plant expressing a
sequence encoding GalT, GNT1-GalT, GalT and GNT1-GalT, GnT-IlI, GNT1-GnT-
T, GNT1-Gnt-1I1 and Gnt-IIT, or a combination thereof.
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20 Pl ast0-443c 5 CTS donmain of 21 GNT1(nucl eotide) Plas+LC-051.r
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{0076] Therefore, the present invention also provides a method (Method 1) for
producing a plant that may be used as a platform for the production of a protein of
interest with modified N-glycosylation. This method comprises, providing a plant that
expresses one or more than one first nucleotide sequence encoding GalT, GNT1-GalT,
or both GalT and GNT1-GalT, and expressing the one or more nucleotide sequence.
In order to produce the protein of interest, either a second nucleotide sequence
encoding the protein of interest is introduced into the platform plant using standard
techniques involving either stable transformation, or transient transformation, and the
second nucleotide sequence is expressed so that the protein of interest produced
comprises glycans with modified N-glycosylation, or the plant expressing the first
nucleotide sequence is crossed with a second plant that expresses the second
nucleotide sequence and in this manner the protein of interest produced comprises
glycans with modified N-glycosylation. The protein of interest may be extracted from
the plant, and if desired, the protein of interest may be isolated and purified using

standard methods.

[0077] Therefore, the present invention also provides a method (Method I) for
producing a plant that may be used as a platform for the production of a protein of
interest with modified N-glycosylation. This method comprises, providing a plant that
expresses one or more than one first nucleotide sequence encoding GnT-III, GNT1-
GnT-MI, or both GnT-III and GNT1-GNT-III, and expressing the one or more
nucleotide sequence. In order to produce the protein of interest, either a second
nucleotide sequence encoding the protein of interest is introduced into the platform
plant using standard techniques involving either stable transformation, or transient
transformation, and the second nucleotide sequence is expressed so that the protein of
interest produced comprises glycans with modified N-glycosylation, or the plant
expressing the first nucleotide sequence is crossed with a second plant that expresses
the second nucleotide sequence and in this manner the protein of interest produced
comprises glycans with modified N-glycosylation. The protein of interest may be
extracted from the plant, and if desired, the protein of interest may be isolated and

purified using standard methods.
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[0078] Therefore, the present invention also provides a method (Method K) for
producing a plant that may be used as a platform for the production of a protein of
interest with modified N-glycosylation. This method comprises, providing a plant that
expresses one or more than one first nucleotide sequence encoding GalT, GNT1-GalT,
GalT and GNT1-GalT, GnT-IlI, GNT1-GnT-III, GnT-II and GNT1-GNT-III, or a
combination thereof, and expressing the one or more nucleotide sequence. In order to
produce the protein of interest, either a second nucleotide sequence encoding the
protein of interest is introduced into the platform plant using standard techniques
involving either stable transformation, or transient transformation, and the second
nucleotide sequence is expressed so that the protein of interest produced Comprises
glycans with modified N-glycosylation, or the plant expressing the first nucleotide
sequence is crossed with a second plant that expresses the second nucleotide sequence
and in this manner the protein of interest produced comprises glycans with modified
N-glycosylation. The protein of interest may be extracted from the plant, and if

desired, the protein of interest may be isolated and purified using standard methods.

[0079] The nucleotide sequences encoding GalT, GNT1-GalT, GnT-III, GNT1-GnT-
111, the protein of interest, or a combination thereof may be codon optimized to
increase the level of expression within the plant. By codon optimization it is meant
the selection of appropriate DNA nucleotides for the synthesis of oligonucleotide
building blocks, and their subsequent enzymatic assembly, of a structural gene or

fragment thereof in order to approach codon usage within plants.

[0080] In order to optimize the expression of the foreign sequence within a plant, the
nucleotide sequence, which may be a wild type or synthetic sequence may be used or
altered as required so that the corresponding protein, for example GalT, GNT1-GalT,
GnT-I, GNT1-GnT-III, the protein of interest, or a combination thereof, is produced
at a Jevel higher than would be produced when encoded by the un-modified nucleotide
sequence. For example, which is not to be considered limiting, the sequence may be a
synthetic sequence, optimized for codon usage within a plant, comprising at least
about 80% identity with the wild type sequence, as determined using sequence
comparison techniques for example but not limited to BLAST (available through

GenBarlk; using default parameters). It is also contemplated that fragments or portions
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of the sequence encoding the protein of interest, or derivatives thereof, that exhibit
useful biological properties, for example but not limited to antigenic properties, may

be expressed within plant tissues.

[0081] In order to maximize expression levels and transgene protein production of
GalT, GNT1-GalT, GnT-III, GNT1-GnT-I, and a protein of interest, the nucleic acid
sequence may be examined and the coding region modified to optimize for expression
of the gene in plants, using a procedure similar to that outlined by Sardana et al. (Plant
Cell Reports 15:677-681; 1996). A table of codon usage from highly expressed genes
of dicotyledonous plants is available from several sources including Murray et al.
(Nuc Acids Res. 17:477-498; 1989). Furthermore, sequence optimization may also
include the reduction of codon tandem repeats, the elimination of cryptic splice sites,
the reduction of repeated sequence (including inverted repeats) and can be determined

using, for example, Leto 1.0 (Entelechon, Germany).

[0082] Therefore, the present invention provides a method (L) of synthesizing a
protein of interest with modified N-glycosylation, as described in any one of the above
methods (Methed A-K), wherein one or more than one of the nucleotide sequence
encoding GalT, GNT1-GalT, GnT-HI, GNT1-GnT-H|, the protein of interest, or a

combination thereof, are optimized for expression in a plant.

[0083] Furthermore, the present invention pertains to a plant, a plant cell, or a seed,
comprising a nucleotide sequence encoding GalT, GNT1-GalT, GnT-III, GNT1-GnT-
I, or a combination thereof, each operatively linked with a regulatory region that is
active in the plant. The plant, plant cell, or seed may further comprise a second
nucleotide sequence encoding one or more than one of a protein of interest, the second
nucleotide sequence operatively linked to one or more than one second regulatory
region active within the plant. The first nucleotide sequence, the second nucleotide
sequence, or both the nucleotide sequence and the second nucleotide sequence, may

be codon optimized for expression within the plant, plant cell or plant seed.

[0084] By "operatively linked" it is meant that the particular sequences interact either
directly or indirectly to carry out an intended function, such as mediation or

modulation of gene expression. The interaction of operatively linked sequences may,
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for example, be mediated by proteins that interact with the operatively linked
sequences. A transcriptional regulatory region and a sequence of interest are operably
linked when the sequences are functionally connected so as to permit transcription of
the sequence of interest to be mediated or modulated by the transcriptional regulatory

region.

[0085] By the term "portion of a plant", it is meant any part derived from a plant,
including the entire plant, tissue obtained from the plant for example but not limited to
the leaves, the leaves and stem, the roots, the aerial portion including the leaves, stem

and optionally the floral portion of the plant, cells or protoplasts obtained from the
plant.

[0086] By the term "plant matter”, it is meant any material derived from a plant. Plant
matter may comprise an entire plant, tissue, cells, or any fraction thereof. Further,
plant matter may comprise intracellular plant components, extraceltular plant
components, liquid or solid extracts of plants, or a combination thereof. Further, plant
matter may comprise plants, plant cells, tissue, a liquid extract, or a combination
thereof, from plant leaves, stems, fruit, roots or a combination thereof. Plant matter
may comprise a plant or portion thereof which has not be subjected to any processing
steps. However, it is also contemplated that the plant material may be subjected to
minimal processing steps as defined below, or more rigorous processing, including
partial or substantial protein purification using techniques commonly known within

the art including, but not limited to chromatography, electrophoresis and the like.

[0087] By the term "minimal processing” it is meant plant matter, for example, a plant
or portion thereof comprising a protein of interest which is partially purified to yield a
plant extract, homogenate, fraction of plant homogenate or the like. Partial
purification may comprise, but is not limited to disrupting plant cellular structures
thereby creating a composition comprising soluble plant components, and insoluble
plant components which may be separated for example, but not limited to, by
centrifugation, filtration or a combination thereof. In this regard, proteins secreted
within the extracellular space of leaf or other tissues could be readily obtained using
vacuum or centrifugal extraction, or tissues could be extracted under pressure by

passage through rollers or grinding or the like to squeeze or liberate the protein free
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from within the extracellular space. Minimal processing could also involve
preparation of crude extracts of soluble proteins, since these preparations would have
negligible contamination from secondary plant products. Further, minimal processing
may involve aqueous extraction of soluble protein from leaves, followed by
precipitation with any suitable salt. Other methods may include large scale

maceration and juice extraction in order to permit the direct use of the extract.

[0088] The plant matter, in the form of plant material or tissue may be orally
delivered to a subject. The plant matter may be administered as part of a dietary
supplement, along with other foods, or encapsulated. The plant matter or tissue may
also be concentrated to improve or increase palatability, or provided along with other

materials, ingredients, or pharmaceutical excipients, as required.

[0089] It is contemplated that a plant comprising the protein of interest may be
administered to a subject, for example an animal or human, in a variety of ways
depending upon the need and the situation. For example, the protein of interest
obtained from the plant may be extracted prior to its use in either a crude, partially
purified, or purified form. If the protein is to be purified, then it may be produced in
either edible or non-edible plants. Furthermore, if the protein is orally administered,
the plant tissue may be harvested and directly feed to the subject, or the harvested
tissue may be dried prior to feeding, or an animal may be permitted to graze on the
plant with no prior harvest taking place. It is also considered within the scope of this
invention for the harvested plant tissues to be provided as a food supplement within
animal feed. If the plant tissue is being feed to an animal with little or not further

processing it is preferred that the plant tissue being administered is edible.

[0090] As described in more detail in the Examples, GalT, GNT1-GalT, and the
protein of interest were introduced into plants in a transient manner. Immunological
analysis, using appropriate antibodies, demonstrated that a protein of MW, 150 kDa
was present in the transformed cells (Figures 2, 3A and 3B). Furthermore GalT or
GNT1-GalT was detectable in extracts obtained from plants expressing either
construct, and altered N glycosylation of a protein of interest was observed when
GNT1-GalT was expressed in the plant (Figure 6). Therefore, recombinantly

expressed GlaT, or GNT1-GalT is biologically active in planta.
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[0091] GalT-FLAG or GNT1-GalT-FLAG (i.e. GalT or GNT1-GalT tagged at its C-
terminus with a FLAG epitope to allow immunodetection of the recombinant protein
in transformants) were introduced into plants. Western-blot analysis, using anti-
FLAG antibody, may be used to demonstrate that the appropriate protein is present in

the transformed cells.

[0092] An “analogue” or “derivative” includes any substitution, deletion, or addition
to the nucleotide sequence encoding GalT (SEQ ID NO:14), the catalytic domain of
GalT (nucleotides 368-1198 of SEQ ID NO:14; encoding bold sequence Figure 5b), or
GNT1-GalT (nucleotides 248- 1077 of SEQ ID NO:17; encoding bold sequence
Figure 5d), provided that the sequence encodes a protein that modifies, or when fused
to a CST of GalT modifies, the glycosylation profile of a protein of interest when
expressed in a plant, for example reducing the fucosylation, xylosylation, or both, of
glycans of the protein of interest, or increasing the galactosylation of the protein of
interest when compared to the glycoslylation profile of the protein of interest
produced in a plant, in the absence of ectopically expressed GalT (SEQ ID NO:14) or
GNT1-GalT (SEQ ID NO:17). For example the protein encoded by the sequence may
add a terminal galactose during N-glycan maturation. Derivatives, and analogues of
mucleic acid sequences typically exhibit greater than 80% identity with, a nucleic acid
sequence, for example from about 80-100% sequence identify, or from about 80, 82,
84, 86, 88, 90, 92, 94, 96, 98, 100% identity. Sequence identity, may be determined
by use of the BLAST algorithm (GenBank: ncbi.nlm.nih.gov/cgi- bin/BLASTY), using
default parameters (Program: blastn; Database: nr; Expect 10; filter: low complexity;
Alignment: pairwise; Word size:11). Analogs, or derivatives thereof, also include
those nucleotide sequences that hybridize under stringent hybridization conditions
(see Maniatis et al., in Molecular Cloning (A Laboratory Manual), Cold Spring
Harbor Laboratory, 1982, p. 387-389, or Ausubel, et al. (eds), 1989, Current
Protacols in Molecular Biology, Vol. 1, Green Publishing Associates, Inc., and John
Wiley & Sons, Inc., New York, at p. 2.10.3) to any one of the GalT (SEQ ID NO:14),
GNATI1-GalT (SEQ ID NO:18) sequences described herein, provided that the
sequence encodes a protein that modifies the glycosylation profile of a protein of
interest, for example reducing the fucosylation, xylosylation, or both, of glycans of the
protein of interest, or increasing the galactosylation of the protein of interest when
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compared to the glycoslylation profile of the protein of interest produced in the
absence of GalT (SEQ ID NO:14) or GNT1-GalT (SEQ ID NO:17). For example the
protein encoded by the sequence may add a terminal galactose during N-glycan
maturation. An example of one such stringent hybridization conditions may be
hybridization with a suitable probe, for example but not limited to, a [gama-""P]dATP
labelled probe for 16-20 hrs at 65C in 7% SDS, 1mM EDTA, 0.5M Na,HPOQ,, pH 7.2.
Followed by washing at 65C in 5% SDS, 1mM EDTA 40mM Na,HPQ,, pH 7.2 for
30 min followed by washing at 65C in 1% SDS, 1mM EDTA 40mM Na,HPOQ;, pH
7.2 for 30 min. Washing in this buffer may be repeated to reduce background.

{0093] Similarly, the present invention includes modification to the nucleotide
sequence encoding GnT-1II (SEQ ID NO:16), the catalytic domain of GnT-1II, or
GNT1-GnT-II (SEQ ID NO:20) , provided that the sequence encodes a protein that
modifies, or when fused to a CST of GnT-III modifies, the glycosylation profile of a
protein of interest when expressed in a plant, for example bisecting GlnAc and
reducing the fucosylation, xylosylation, or both, of glycans of the protein of interest,
when compared to the glycoslylation profile of the protein of interest produced in a
plant, in the absence of ectopically expressed GnT-III (SEQ ID NO:16) or GNT1-
GnT-III (SEQ ID NO:26). Derivatives, and analogues of nucleic acid sequences
typically exhibit greater than 80% identity with, a nucleic acid sequence, for example
from about 80-100% sequence identify, or from about 80, 82, 84, 86, 88, 90, 92, 94,
96, 98, 100% identity. Sequence identity, may be determined by use of the BLAST
algorithm (GenBank: ncbinlm.nih.gov/cgi- bio/BLAST/), using default parameters
(Program: blastn; Database: nr; Expect 10; filter: low complexity; Alignment:
pairwise; Word size:11). Analogs, or derivatives thereof, also include those
nucleotide sequences that hybridize under stringent hybridization conditions (see
Maniatis et al., in Molecular Cloning (A Laboratory Manual), Cold Spring Harbor
Laboratory, 1982, p. 387-389, or Ausubel, et al. (eds), 1989, Current Protocols in
Molecular Biology, Vol. 1, Green Publishing Associates, Inc., and John Wiley &
Sons, Inc., New York, at p. 2.10.3) to any one of the GnT-TII (SEQ 1D NO:16,
GNATI1-GnT-HI (SEQ ID NO:26) sequences described herein, provided that the
sequence encodes a protein that modifies the glycosylation profile of a protein of
interest when compared to the glycoslylation profile of the protein of interest
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NO:26). An example of one such stringent hybridization conditions may be
hybridization with a suitable probe, for example but not limited to, a [gama->*P]dATP
labelled probe for 16-20 hrs at 65C in 7% SDS, 1mM EDTA, 0.5M Na,HPO,, pH 7.2.
Followed by washing at 65C in 5% SDS, 1mM EDTA 40mM Na,HPO,, pH 7.2 for
30 min followed by washing at 65C in 1% SDS, 1mM EDTA 40mM Na,HPO,, rH
7.2 for 30 min. Washing in this buffer may be repeated to reduce background.

[0094] By “regulatory region” “regulatory element” or “promoter” it is meant a
portion of nucleic acid typically, but not always, upstream of the protein coding region
of a gene, which may be comprised of either DNA or RNA, or both DNA and RNA.
When a regulatory region is active, and in operative association, or operatively linked,
with a gene of interest, this may result in expression of the gene of interest. A
regulatory element may be capable of mediating organ specificity, or controlling
developmental or temporal gene activation. A “regulatory region” includes promoter
elements, core promoter elements exhibiting a basal promoter activity, elements that
are inducible in response to an external stimulus, elements that mediate promoter
activity such as negative regulatory elements or transcriptional enhancers. “Regulatory
region”, as used herein, also includes elements that are active following transcription,
for example, regulatory elements that modulate gene expression such as translational
and transcriptional enhancers, translational and transcriptional repressors, upstream
activating sequences, and mRINA instability determinants. Several of these latter

elements may be located proximal to the coding region,

[0095] In the context of this disclosure, the term "regulatory element” or “regulatory
region” typically refers to a sequence of DNA, usuaily, but not always, upstream (5°)
to the coding sequence of a structural gene, which controls the expression of the
coding region by providing the recognition for RNA polymerase and/or other factors
required for transcription to start at a particular site. However, it is to be understood
that other nucleotide sequences, located within introns, or 3 of the sequence may also
contribute to the regulation of expression of a coding region of interest. An example
of a regulatory element that provides for the recognition for RNA polymerase or other

transcriptional factors to ensure initiation at a particular site is a promoter element.
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5' - TTACGAATTCTCCTTCCTAATTGGTGTACTATCALTTATCAAAGEGGA- 3" SEQ | D NO 4
Pl ast 0-443c: SEQ ID NO 5 5' - GTATTAGTANI TAGAATTTGGTGIC-3' SEQ ID NO 5

Pl as+LC 051 [ ID NO 6 5'- ATCTGAGGTGTGAAAACCAL 1.
1CTCTCAAG%Q}E'§S/§§%3 IDNO 6 LG-051.c: SEQIDNO7 5 A qpsnn sy

| CACACCTCAGATACTI GG-3' SEQ I D NGO 7 LC-051XhoSacs: SEQ ID NO 8

S - ATATGA%E%%WM%I&%QI&%@%&m 2 TATA g)oxlyglcgnscrved

nucleic acid sequence comprised of adenosine and thymidine nucleotide base pairs
usually situated approximately 25 base pairs upstream of a transcriptional start site.

A promoter element comprises a basal promoter element, responsible for the initiation
of transcription, as well as other regulatory elements (as listed above) that modify

gene expression.

[0096] There are several types of regulatory regions, including those that are
developmentally regulated, inducible or constitutive. A regulatory region that is
developmentally regulated, or controls the differential expression of a gene under its
control, is activated within certain organs or tissues of an organ at specific times
during the development of that organ or tissue. However, some regulatory regions
that are developmentally regulated may preferentially be active within certain organs
or tissues at specific developmental stages, they may also be active in a
developmentally regulated manner, or at a basal level in other organs or tissues within
the plant as well. Examples of tissue-specific regulatory regions, for example see-
spectfic a regulatory region, include the napin promoter, and the cruciferin promoter
(Rask et al., 1998, J. Plant Physiol. 152: 595-599; Bilodeau et al., 1994, Plant Cell 14;
125-130). Anexample of a leaf-specific promoter includes the plastocyanin promoter

(US 7,125,978, which is incorporated herein by reference; SEQ ID NO:23; Figure 1b).

[0097] An inducible regulatory region is one that is capable of directly or indirectly
activating transcription of one or more DNA sequences or genes in response to an
inducer. In the absence of an inducer the DNA sequences or genes will not be
transcribed. Typically the protein factor that binds specifically to an inducible
regulatory region to activate transcription may be present in an inactive form, which is
then directly or indirectly converted to the active form by the inducer. However, the
protein factor may also be absent. The inducer can be a chemical agent such as a
protein, metabolite, growth regulator, herbicide or phenolic compound or a
physiological stress imposed directly by heat, cold, salt, or toxic elements or indirectly
through the action of a pathogen or disease agent such as a virus. A plant cell
containing an inducible regulatory region may be exposed to an inducer by externally

applying the inducer to the cell or plant such as by spraying, watering, heating or
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the foll ow ng
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inserted into the sane sites of ronoPl asto to crea

pCAMBI AF' [genes ¢Brandstatter, L. and Kieber, JJ ,1998, Plant Cell 10, 1009-1019; Kakimoto, T.,
1996, Science 274, 982-985; which are incorporated by reference) and the auxin
inducible element, DR5 {(Ulmasov, T., et al., 1997, Plant Cell 9, 1963-1971; which is

incorporated by reference).

[0098] A constitutive regulatory region directs the expression of a gene throughout
the various parts of a plant and continuously throughout plant development.
Examples of known constitutive regulatory elements include promoters associated
with the CaMV 358 transcript. (Odell et al., 1985, Nature, 313: 810-812), the rice
actin 1 (Zhang et al, 1991, Plant Cell, 3: 1155-1165), actin 2 (An et al., 1996, Plant J.,
10: 107-121), or tms 2 (U.S. 5,428,147, which is incorporated herein by reference),
and triosephosphate isomerase 1 (Xu et. al., 1994, Plant Physiol. 106: 459-467) genes,
the maize ubiquitin 1 gene (Cornejo et al, 1993, Plant Mol. Biol. 29: 637-646), the
Arabidopsis ubiquitin 1 and 6 genes (Holtorf et al, 1995, Plant Mol. Biol. 29: 637-
646), and the tobacco translational initiation factor 4A gene (Mandel et al, 1995 Plant
Moi. Biol. 29: 995-1004). The term "constitutive” as used herein does not necessarily
indicate that a gene under control of the constitutive regulatory region is expressed at
the same level in all cell types, but that the gene is expressed in a wide range of cell

types even though variation in abundance is often observed.

[0099] The one or more than one nucleotide sequence of the present invention may be
expressed in any suitable plant host that is transformed by the nucleotide sequence, or
constructs, or vectors of the present invention. Examples of suitable hosts include, but

are not limited to, agricultural crops including alfalfa, canola, Brassica spp., maize,
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[00118] Pl asm ds R 610 and R 612 were prepared so as to contain a C5-1
light- and a C5-1 heavy-chain codi ng sequences under the plastocyanin

promoter Qf, ?\{0{%@41&% as tandem constructs; R 610 was deﬁ{r@:@%&"é/&]ﬂgl ow

retention in of the assenbled IgG and conpri sed sequeénce
fused to the end of the heavy chain of C5-1, and R 612 was desi gned

to all ow ; &S cassettes
was perf ofﬁggﬁﬁss a@%@ﬁlﬂ%@é ﬁg%%n%b%ﬁlg%eégérrl ed by

Dar veau estunﬂbwer(&m%)ton.To assenbl e the Ilght chain codi ng sequences
downstream of the plastocyanin pronoter, a first step consisted in

anplifyin f|r 443 base a rs of the alfalfa plastocyanin
pr onot er @ﬂ eot| S OBEB-G8G © Fneﬁc ’I’% CICBI‘%?m%IE:%&F@IWtZ‘%‘)mH%CH bed
by D Aouseanetm}a& cotipiBeRa untfanbREdé %Son WRI3C {intthsiafed WA RfcBcholigirei n by
reference) downstream of the initial ATG by PCR using pCAMBI APl ast o

as t enpl RV & §58e FATITERERDYA Hement that contaipy aBelyadengatiqnsiznal D
0D Shoa el 8 B D R A PSR, 051
codi ng s eeppesien.wilse ;mﬁdanmﬁnohls@ﬁa}fls osnafly alsarraonbrnémﬁﬂa“fdcapp&e( Khoudi
et al., 1agd% 2011 of pglygc{eny ic ac1 t?aeck]; ?ol Llh §‘4 en% or}l o rrn?l&NA Precursor.
Polyadenylation signals are commonly recognized by the presence of homology to the
canonical form 5° AATAAA-3’ aithough variations are not uncommon. One or more
of the chimeric genetic constructs of the present invention can also include further
enhancers, either translation or transcription enhancers, as may be required. These
enhancer regions are well known to persons skilled in the art, and can include the
ATG initiation codon and adjacent sequences. The initiation codon must be in phase
with the reading frame of the coding sequence to ensure translation of the entire

sequence.

{00101] Non-limiting examples of suitable 3’ regions are the 3’ transcribed
non-translated regions containing a polyadenylation signal of Agrobacterium tumor
inducing (Ti) plasmid genes, such as the nopaline synthase (Nos gene) and plant genes
such as the soybean storage protein genes and the small subunit of the ribulose-1, 5-

bisphosphate carboxylase (ssSRUBISCO) gene.

[00102} To aid in identification of transformed plant cells, the constructs of this
invention may be further manipulated to include plant selectable markers. Useful
selectable markers include enzymes that provide for resistance to chemicals such as an
antibiotic for example, gentamycin, hygromycin, kanamycin, or herbicides such as
phosphinothrycin, glyphosate, chlorosulfuren, and the like. Similarly, enzymes
providing for production of a compound identifiable by colour change such as GUS

(beta-glucuronidase), or luminescence, such as luciferase or GFP, may be used.

(00103} Also considered part of this invention are transgenic plants, plant cells

or seeds containing the chimeric gene construct of the present invention. Methods of
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LCG-051.c (SEQID NGO 7) and LC-051XhoSac.r. (SEQ ID NG 8; overlap is
underlined). [00121] The two anplification products obtained were

m xed tog j.used as tenplate in a third PCR reag}.l |
primers P&Q?@"—sﬁ%éﬂsm ID NO.5) and LC-05Dat 0Sacs (s&é@gﬂ@‘@?@
The overl ap between prinmers Plas+LC-051.r (SEQ I D NO 6) and :_C- 0f51.(r:]
(SEQ I D | fe] ' S y of the
anpl i fi cg%%%‘e%ﬁ’?o%‘ﬁié Ei’ utrsiﬁlr?éé élﬁ‘é&t@ﬁ% ‘lfrggg‘ég@@?%’tﬁ'%ér%g fgact ted
product r esubfoinngl flameelishee fuliurad iPaiRapeaniatoneding, ehigk atagdombihh Drain

and Sacl and |igated i CAMBI APl asto digested with Dralll and Sad to
gener at e 6?‘5%%33‘3%%}‘.0{} F’g ﬂ%‘*ﬁé"%‘?&%ﬁ?&cgﬁgi TRaTkes? pTg ysedg dsilitatenwa s

fused to RAATFHEHWAYE FabPSTleB IMnt &IN! BLEL dalIgh RABE shbt f hibh YA the

443 bp upstreamof the initial ATG of plastocyanin, nuc eot I des
556- 999 ofen¢qtiraged by ehnploSia@ thepROPRIglke, pldny hfi@RnesinrgeqBabBiaARkaswd as

I it h I i ' L . Pl ast o-443c | 1 5)
hnd” Pt s+ Hps e A5 iish i RRPte T Bfing mosiun P i bn B b T3] The
product ofpidnfiemsy the@bé ikl So Weibisiiepastivaenaarngifet fidin seellfbrRidgCR
reaction using_ priners Plasto-443c (SEQ ID NG 5) and HC-051XhoSac.r

(SEQ | D NG#essayve propasptiondeahniqyes: (biggenic plasts grnyelsq kagepprated pridiont  and
Sad and |igatedaleRuRGAVBI APl ast o between the Dralla and Sad sites.
The resulting plasmd was naned R541. [00124] A KDEL tag was added in
C-terminal of the heavy chain codi ng sequence by PCR-anplification

wi th pri mdPel0d] ast o ThegeuieoRCelEDengrBhe aresenti@ysitikbEDay Bmdie)comb{BEQ | D

NG 12) usi l,asn. d as tenpl ate... The resulting fra nt was
i oot ed Wi SETRTHols RS By SREB sy tyn S nop gt Tt
pCAMBI API asiefable toctednkfogmixions ofl tehnehtxpression. Such organisms include, but are
not limited to plants, both monocots and dicots, for example but not limited to corn,
cereal plants, wheat, barley, oat, Nicotiana spp, Brassica spp, soybean, bean, pea,

alfalfa, potato, tomato, ginseng, and Arabidopsis.

[00105] Methods for stable transformation, and regeneration of these organisms
are established in the art and known to one of skill in the art. The method of obtaining

transformed and regenerated plants is not critical to the present invention.

[00106] By “transformation” it is meant the interspecific transfer of genetic
information (nucleotide sequence) that is manifested genotypically, phenotypically, or
both. The interspecific transfer of genetic information from a chimeric construct to a
host may be heritable and the transfer of genetic information considered stable, or the

transfer may be transient and the transfer of genetic information is not inheritable.

[00107] The present invention further includes a suitable vector comprising the
chimeric construct suitable for use with either stable or transient expression systems.
The genetic information may be also provided within one or more than one construct.
For example, a nucleotide sequence encoding a protein of interest may be introduced
in one construct, and a second nucleotide sequence encoding a protein that modifies
glycosylation of the protein of interest may be introduced using a separate construct.

These nucleotide sequences may then be co-expressed within a plant, However, a

-37.



[ 00125] Assenbly of |ight- and heavy chain expression cassettes on the
sane binary plasmd was perforned as follows: R541 and R550 were

di gest ed ﬁ‘(‘%g‘{“ﬁq‘ﬂ“’ - 45 - Dblunted, digested with Hi ?g{,/kléi(@%{w?h

|l igated i ndBl and Smal sites of R540 to creaté _
KDEL) and R612 (without |ICDEL; see Figure 1). R621 and R622 (Figure

5a)- dig ) W . ITSEQ
10 no 27 SRR IR SRS B AR B ey
Rgal TFl agtBe profteaxtaDmisdifi28 gEbeska%ﬂﬁfﬂ%ﬁfEﬁﬁf%c@@'@MﬁBET
GIAGICGCAC % 3' SE %NO 28 i FGNT SEQ I D
NO 29 5' -'Rf *Fééﬁ&% @Wﬁ@f cpmpgige afirsgpequenseng 29
comprising a first nucleic acid sequence encoding the protein of interest operatively
linked to a promoter or regulatory region, and a second sequence comprising a second
nucleic acid sequence encoding the protein that modifies the glycosylation profile of
the protein of interest, the second sequence operatively linked to a promoter or

regulatory region.

[00108] By “co-expressed” it is meant that two or more than two nucleotide
sequences are expressed at about the same time within the plant, and within the same
tissue of the plant. However, the nucleotide sequences need not be expressed at
exactly the same time. Rather, the two or more nucleotide sequences are expressed in
a manner such that the encoded products have a chance to interact. For example, the
protein that modifies glycosylation of the protein of interest may be expressed either
before or during the period when the protein of interest is expressed so that
modification of the glycosylation of the protein of interest takes place. The two or
more than two nucleotide sequences can be co-expressed using a transient expression
system, where the two or more sequences are introduced within the plant at about the
same time under conditions that both sequences are expressed. Alternatively, a
platform plant comprising one of the nucleotide sequences, for example the sequence
encoding the protein that modifies the glycosylation profile of the protein of interest,
may be transformed, either transiently or in a stable manner, with an additional
sequence encoding the protein of interest. In this case, the sequence encoding the
protein that modifies the glycosylation profile of the protein of interest may be
expressed within a desired tissue, during a desired stage of development, or its
expression may be induced using an inducible promoter, and the additional sequence
encoding the protein of interest may be expressed under similar conditions and in the

same tissue, to ensure that the nucleotide sequences are co-expressed.

[00109] The constructs of the present invention can be introduced into plant
cells using Ti plasmids, Ri plasmids, plant virus vectors, direct DNA transformation,

micro-injection, electroporation, etc. For reviews of such techniques see for example
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RGNTSpe SEQ I D NO 30 5' - CGGGATCCACTAGTCTGACGCTTCALL1GITCTTC- 3" SEQ I D
NO 30 Fgal TSpe SEQ I D NO 25 5' - GGACTAGIGCACTGI CGCTGCCCGCCTGC- 3!
SEQ I D NG, 6] Plasmds for Gal T and GNTI Gal T ex

assenbl ed ‘?%’%L’p %ﬁTI 121 (Pagny et al., 2003). The hu Péﬁéﬁin‘ﬂ&ndﬁ‘%rg
J3(1,4)-gal actosyltransferase (hGal T) gene (UDP gal act ose

f1 - N-acet WalueasaaiwLie®ach er A% 1.22)
was isolated from pUC119 ﬁ%;al T %\?ﬁel e g;@&%}«fﬁ%@c&%ﬁﬁ?%ﬁé %

di gesti onNeaf Yerk \H[IemeZl#é&tlr%&): Getek@n:an&CbtcyhﬂaherIeag&mwoms

| oned i BLTL22 Lting. in plasmd
DBLT! 2210 QA ER- (RS 2 Yo i et Sl ot den whanses . tn Plongt ¢ e
codi ng 1 egrakbdlym PLREY DT Defhids @H%ﬁﬁalﬂn etk Ebﬁl@ay&ﬁ)(e&ﬂdxddison

RGal TFl agStu (SEQ ID NO 28) for anplification. R622" was
produced BYesty. bangreans hids Lﬂﬂémﬂéﬁlﬁﬁ%w@ﬁl @thcrdn@thglsbmi@dqﬂimetct or

| 3LTI 1214 f |
(G ) oo PPea Shiakt e b6 ofifospiobd Bebh st chol SR e 8RR G.°
anpl : fied rﬂg?roRﬁjacmm mj;crbﬂsrejebtl]ei abﬂgwl?&c\gmsaggﬁﬁ%ﬁi&goatiﬁ;g@& fgﬁ <
1 ate al , n an e
(SED T i Wlang ot Al Genenitt: SO0 001 Ssheis cbtl ol fiepg
cl oned i nbogpEEM1E, MG, eruercﬁegtéﬁ(@lah?§aémb8§ UL gm‘?’?%ﬁh&% Led

with Apal and BanH , and ligated into pBLII221, produci’ng a p asmd
named pBLH #Pheogmp] Gehes. TaB&i391 19871 &ilein nt @S, NaGad 22 7d0198Thed by

25 and RSB fipEoe Brody b 86| (Siget PP 1S | o
ol oned in Im Dﬁ?gg?wéﬁmupshm@ﬂﬂ?@ ST aggenipuas hen
creating Biolegyr{Welpshachqnd AV pigsbagippdsi, 2sepdenir Pezss Inond 88%)i gest ed
S0 ébﬁlczwf%@ﬁﬁhahﬁ%%%&gﬂfﬁ% e %ﬁés%g oSG D o0
tho bi nar yJnaco8ey LpBumiLopmnofsoti T2 il M, dﬂ@§43\7§483 262 66 ePhtt Nos.

confirmt t ni ds dto
transf or mq§3 P @§§§ %%au%%t ﬁ@f&@?@s{]t&c &tim i gg%\bg; 4%%#% 108,
USA) by elfﬂmme;am avbHsnd bRAYSN7 85) Giladdebn 3, 1992, (alﬁ&&)hlalsaraﬂerabﬁene
Pul ser apparatus (Biorad, Hercules, CA, USA) as for E. CO|I
transf or nﬁqomrftwwre&mpp El ectroporation of bacteria, In "Genetic
Engi neering”, Volune 12, Plenum Press, New York, 1990, J.K Setl ow
eds.). TheodNDROT i t Ws@bscRbéd Wlow t&ﬁﬁ&aﬁ'eﬁﬂéss%{rﬁétﬂédsw eG9& for med by

restriction mapping. [00128] An HcPro construct was preépared as
descri bed €kpre fansijugsy ofghe present invention (see Liu and Lomonossoff, 2002,

Journal of Virological Methods, 105:343-348; which is incorporated herein by
reference). Alternatively, a vacuum-based transient expression method, as described
by Kapila et al. (1997, which is incorporated herein by reference) may be used. These
methods may include, for example, but are not limited to, a method of Agro-
inoculation or Agro-infiltration, however, other transient methods may also be used as
noted above. With either Agro-inoculation or Agro-infiltration, a mixture of
Agrobacteria comprising the desired nucleic acid enter the intercellular spaces of a
tissue, for example the leaves, aerial portion of the plant (including stem, leaves and
flower), other portion of the plant (stem, root, flower), or the whole plant. After
crossing the epidermis the Agrobacteria infect and transfer t-DNA copies into the

cells. The t-DNA is episomally transcribed and the mRNA translated, leading to the
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(2002). Exanple 2: Preparation of plant biomass, inoculum
amnfiltration, and harvesting [00129] Ni coti ana bent ham ana pl ants

wer e gromgvé_%éamfﬁ&ds in flats filled with a comrerci a{,%ﬂggooﬂﬁﬁ?rg .

substrat e. e’plants were allowed to grow in the greenhouse
16/ 8 photoperiod and a tenperature regi me of 25C day/20C night. Three

weeks aft i I adi Vi r | .C Loy
' anapl anpigiiaon e el deshiSles My Blto Ay HoRe R HHE R o1 - PiVAL
addi ti onalinswkeaksnutiadeis tidagiestane envi ronnment al condi ti ons.

[ 00130] Agrobacteria strains R612, R610, .R621, R622 or 35SHcPro were
grown in medi ym.supplenented with 10 "TIM .. P

2[ N- nor ph@?q{ﬁﬁ et ha %s%ﬁ“?8h%er95t479&nl%’{:‘pﬁse@w@§)’ of iggprest)pr Colfzig

acet osyri REasteef iRtereRd/ ilskAdaaniyl dend AdcléRidd AbdiEn@ oCRRBRESb thhfts 045. 6
until they reached an 0OD600 gyé?\/(%en 0.6 and QPL'G. Agr oglgctﬁerl um
suspensi o b&espEcseasvithin ajed opshisme farseanapid a plast SPheselierng are used

008 L, 630 TR O AR R Bl v i
to, a gene or coding region whose product is a protein of interest. Examples of a
protein of interest include, for example but not limited to, an industrial enzyme, a
protein supplement, a nutraceutical, a value-added product, or a fragment thereof for
feed, food, or both feed and food use, a pharmaceutically active protein, for example
but not limited to growth factors, growth regulators, antibodies, antigens, and
fragments thereof, or their derivatives useful for immunization or vaccination and the
like. Additional proteins of interest may include, but are not limited to, interleukins,
for example one or more than one of IL-1 to IL-24, IL.-26 and [L.-27, cytokines,
Erythropoietin (EPO), insulin, G-CSF, GM-CSF, hPG-CSF, M-CSF or combinations
thereof, interferons, for example, interferon-alpha, interferon-beta, interferon-gama,
blood clotting factors, for example, Factor VIII, Factor IX, or tPA hGH, receptors,
receptor agonists, antibodies, neuropolypeptides, insulin, vaccines, growth factors for
example but not limited to epidermal growth factor, keratinocyte growth factor,
transformation growth factor, growth regulators, antigens, autoantigens, fragments

thereof, or combinations thereof.

[00112] If the nucleotide sequence of interest encodes a product that is directly
or indirectly toxic to the plant, then by using the method of the present invention, such
toxicity may be reduced throughout the plant by selectively expressing the gene of
interest within a desired tissue or at a desired stage of plant development. In addition,
the limited period of expression resulting from transient expression may reduce the

effect when producing a toxic product in the plant.

[00113] The coding region of interest or the nucleotide sequence of interest
may be expressed in any suitable plant host which is either transformed or comprises
the nucleotide sequences, or nucleic acid molecules, or genetic constructs, or vectors

of the present invention. Examples of suitable hosts include, but are not limited to,
-40-



Lonmonossof f (2002, Journal of Virological Mthods, 105:343-348)).

[ 00132] For vacuuminfiltration, A tunefaciens suspensions were
centrifug spended in the infiltration nmedium an

overni ght 'a 2@%%{ the day of infiltration, culture bg?@h‘g@%&%"%”
diluted in 2.5 culture volunes and all owed to warm before use. Wole
pl ants of ,N i.ana . 1.an i,d Ntk
bacteri al Agﬂbg%}é}ﬁlssi 1l&?lnﬂfr§%%l rn?ctll‘:ﬂgxliﬁefog%3 al %éhglgfgt e'éagﬁgsrﬁg"ﬁﬁﬁl et a
vacuum of NZébtidh pp) affaifa, Povaion ginkedl] woal 6w, riog) sogbeanowhess Getlen,
infiltration, plants were returned to the greenhouse for a 4-5 day

i ncubat i oﬁ“‘ﬁ@r“l‘%&“ﬁﬁ‘?‘?‘%“' harvest. Leaf sanpling and total protein
extraction [00133] Fol | owi ng incubation, the aerial part of plants was
har vest ed godlrm]zen als d&Prled if Mésd@dail MlRe HiaBHRS baR, sPRRERLES 1 nto
1.5 or 7.5 g sub-sanples. Total soluble proteins were extracted by

honpgeni ziprajeip PHinjaresb fyr exampledwbnetdifpited toan atibedy (S L sHidd podified
terial i . 5 ' : 5 1%
Tri ton x. 15gei et Ealbrofied il sty sifier Gatr o G

chynostatin. After honogenization, the slurries were centrifuged at
20, 000 g fLdstin2 Of saqnerats:42C and these clarified crude extracts
(supernatant) kept for analyses. The total protein content of
clarified grude extracts wa r man by the Bradf or, ay
(Bi o- Rad, le—@‘?‘ugﬁ‘fees, CA) usi ﬁsﬁﬁosi nese 'fele?] eym al bum n as s%ﬁ‘gl%rsef erence
standard. Exanple 3: Protei rN@nal ysis, |xamunobl otti ngNand ELI SA
[00134] C5-1 is an anti-human nmurine 1gG therefore detection and

guantificatjo n be perforped thr ither .its characteristic
affinity tg"ﬁg’ﬁgﬁs'f’g& (actilvity bl 1'§P1t‘hb(§2“‘?1‘f‘§’df3ni noreactivity
to anti-nouse 1gGs. [00135] Proteins skdigmed)otal crude extracts or
purified anti body were separated

Sacl-ATG-pPlas.r 2 GNT1-GalT amino acid 18

Sacl-PlasTer.c 3 GnT-III amino acid 19

EcoRI-PlasTer.r 4 GNT1-GnT-1 amino 20
acid

Plasto-443c 5 CTS domain of 21
GNT1(nucleotide)

Plas+L.C-C51.r 6 CTS domain of 22
GNT1{amino acid)

LC-C5l.c 7 Plastocyanin promoter 23
and 5’"UTR

LC-C51XhoSac.r 8 Plastocyanin 3° UTR and 24
terminator

Plas+HC-C51.r 9 FgalTSpe 25
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by SDS- PAGE and either stained with Coomassie Blue R-250 or G 250 or
- 48 - electrotransferred onto pol yvinyl ene difluoride nenbranes
(Roche Di LGS, Corporation, |Indianapolis, IN for

i mmunodet g’%‘??@%& % or to i mmunobl otti ng, the nenbranegc%‘ﬁéaﬂgp(gé 9ed
with 5% skimm |k and 0.1% Tween-20 in Tris-buffered saline (TBS-T)
for 16-18h g¢ 463G [00136] hr ypunobl oéNiTg\gthyla_m per f or mege by incubation
with the follow ng anti bodi es: a peroxi dase-conj ugat ed goat
anti-nouse 1gG (H+L) anti body (Jacks(aclkonieghoResearch, West G ove,
PA, Cat# 115-035-146) (0.04 trg/ml in 2% skimmlk in TBS-T), a

per oxi dase- } human G anti po (Ganmunex(r) Bayer Corp.,

El khart, | r\%ie?{#%%gﬁﬁ in Zh/gski mm¥k in TBS T) or a%ol ycl onal
goat anti-nouse 1gG anti body (heavy chain specific) (Sigm-Aldrich,
St-Louis, NBP-GOKPELGSHcBLr i n12% ski nRgaITKagsuTBS-T) . A28

per oxi dase- conj ugat ed donkey anti-goat |1gG antibody (Jackson

I rrununoResgar ch Q. 04, gi g/ in 2%skimmlk in TBS- was used as
a secondary %‘f‘i%&‘%’?‘#&‘? mang&anes ti:@ ed with the heg%/y

chai n-specific antibody. |Imunoreactive conpl exes were detected by
chem | ur ni nedTé(meleotids)g | umismol as ROBTSpbstrate (RochBg D agnostics
Cor poration). Horseradi sh peroxi dase-enzyne conjugation of human |gG
ant i body rried out by ing the EZ-Link Plus(r) Activated

Per oxi dasﬁ%ﬁ?ﬁﬁlﬁc‘l%#‘ki t (E’?er ce, Rockford, IL). ELISA quantitative
assay [00137]Multiwell plates (Inmulon 2HB, ThernoLab System
Franklin, MyT-HeGRckoadesdd W & 2.5 pg/ M of goat anti-nouse anti body
specific to IgGl heavy chain (Sigma MB770) in 50 nM carbonate buffer
(pH 9.0) at 42C for 16-18h. Multiwell plates were then bl ocked
through a I h incubation in 1% casein in phosphate-buffered saline
(PBS) (Pierce Biotechnology, Rockford, I1l) at 37C. A standard curve
was gener aEegipled h di lutions of a purified nouse IgGl control (Sigma
MB269). When perform ng the i munoassays, all dilutions (control and

sanpl es) re pecforne |? a plant extract obtained fromplant tissue
infiltratgg&%@e—%% I oL grpression casspries ROL) ROAI(Kigureoka). ROZ1 ipd 1 |

ef fect be pk2 'WF%}_@SB) Pl ates were incubated with protein sanples and
standard curve diTutions for Ih at 37 2C. After three washes wth

0. 1% Tween- 20 in PBS gPBS_-T ,, the plates were incubated with a

per oxi dasel9®bklugat &Ml manipulations wase dene|ugias @enaryl malequiss Biplqgy. 04 pg/ m

i n bl ocki ng &8RN AN antkk search 115-035-146) for |h at
57 20 ThePeneps itk R RIS
R610, R612 (Figure la)

1L ARSSE A%V L IR 2 RTEIFO RS ), 3 Las

[00116] Oligonucleotide primers used are presented below:
Xmal-pPlas.c: SEQ ID NO:1

3'-AGTTCCCCGGGCTGGTATATTTATATGTTGTC-3’ SEQ ID NO:1
Sacl-ATG-pPlas.r: SEQ ID NO:2

5’-AATAGAGCTCCATTTTCTCTCAAGATGATTAATTAATTAATTAGTC-3’
SEQID NO :2

Sacl-PlasTer.c;: SEQ ID NO:3
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repeated and the plates were incubated with a 3,3,

5,5 -Tetranet hyl benzi dine (TMB) Sure Bl ue peroxi dase substrate (KPL,

Gai t her sb ..Jhe reaction was stopped by addi ng he
absorbanc§‘r{‘3\/;21{5)%?5%]gftlu at 450 nm Each sanpl e was assayed{)gﬁﬁﬁqngmq&%te
and the concentrations were interpolated in the |inear portion of the

standard gu A al YoM cec I AT A ison of
C5-1 fr omgréé?A@@&aﬁT?nvoi \;qe ta(El ng ??292%%@2&%1%’&% »

bent ham as@Q(@MNB:350g), addi ng 20 mM sodi um phosphate, 150 mM NaCl
and 2 inMsodiumneta-bisulfite at pH 5.8-6.0 and bl ending using a
commer ci al bl end or.. 2- 3.1 roomtenperature. Insoluble fibres
wer e renmoved M%@é‘ﬁ ?E{ﬂ]gt%l%ﬁ on Mracloth T' A (Cal bi ochem San
Di ego, CA) and 10 rnM phenyl met hanesul phonyl fluoride (PMSF) was
added t o FHETACGAATE TATETERTAATTGETG TN TSTECATTOAPEAASSGGGA-Wi th 1
M HC1 and clarified by centrifugation at 18 000 g for 15 min at 2-8C.
The cIariSE@éDéY@érnatant was adjusted to pH 8.0 -1- 0.1 with 2 M
TRIS, clarified again by centrifugation at 18 000 g for 15 mn at
2-8C, and filtpaad-Qcsayarieas 0.8 and 0.2 Inn nenbranes (Pall

Cor poration, Canada). The filtered material was concentrated by
tangential flow filtration using a 100 |IrDa nol ecul ar wei ght cut-off
ultrafil t5’a@?6mﬁ@‘ﬁ#%mﬁf\mlﬁm‘3é55@épi%5ar ea (GE Heal thcare
Bi osci ences, Canada) to reduce the volume of the clarified materi al

by 5 to 10-fol Je.cEaAnc s 88.csanpl e was then applied to a 5Smm x
Pes L S0

5 cmcolum (1 I'nE une) of reconbi nant protein GSepharose

Fast Flow (Sigma-Aldrich, St-Louis, MO Cat. # P4691). The colum was
washed wi ShARCTBAGBICECANMCEATETTARETRASGATIG 31 SBRIPRECS pH 7. 5.
The anti body was eluted with 100nM d yci ne pH 2.9-3.0, and

i mredi ately br . Ftﬁpj < PH by collection into tubes containing
cal cul ated vol EFT%;JSI(S#'CS TEI@JS? HCL pH 7.5. The pool ed fractions of

el uted anti body were centrifuged at 21 000 for 15 mn at 2-8C and
stored at Sl—MGGHﬂCA@&CQECﬁ.GAEEA@TT@Gﬁ’ﬁE%aD N7 the affinity

col um was cl eaned and stored according to manufacturer's

i nstructions. I@C§ﬁﬁo&%@%9§?ﬁ%rﬁ9?i c media could be reused for
several purificatrons wthout~signiticant nodification of
purification performances (up to 10 cycles tested). Exanple 5:

N- G ycosy SatNTaT GG CT COADYeATACIToRTTUTAOEBAA0TIBSEQ ID

[ 00139] Satjqz#_ s conmprising C5-1 (50 jig) were run on 15% SDS/ PAGE.
Heavy and ‘ght chains were reveal ed with Coomassi e blue and the
protein band corresponding to the heavy chain was excised and cut
into small fragneeHE-CHLAREPIBNME$e washed 3 tinmes wwth 600 pL of a
solution of 0.1M NH4HCO3 / CH3CN (1/1) for 15 minutes each tinme and

Ar1ed 5. CAAGGTCCACACCCAAGCCATTTICTCTCAAGATG-3 SEQ ID NO:9

HC-C51.c: SEQ ID NO:10
5'-ATGGCTTGGGTGTGGACCTTGC-3’ SEQ ID NO:10

HC-C51XhoSac.r: SEQ ID NO:11
5"-ATAAGAGCTCCTCGAGTCATTTACCAGGAGAGTGGG-3" SEQ ID NO:11

HC-C51KDEL(Sacl).r: SEQ ID NO:12
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[ 00140] Reduction of disulfide bridges occurred by incubation of the
gel fragnents in 600 pL of a solution of 0.1M DTT in 0.1M NH4HCO3, at

56C for 4 ' 3.« Al kyl ation was carried out by addi 9& a
solution o th@g}&g@é% am de 55 mMin 0.1M NH4HCOB, at rog%rr/t%en%g)lg%@{fre

for 30 m nutes. Supernatants were di scarded and pol yacryl am de

SR ol RO R GATIRG S
[00141] Pro e‘ﬁ?s vvefgge hen |gestédaftm ’? Méppt r?l ga)
in 600 pL ND:I2 0O5M NHAHCO3, at 37C for 16 h. Two hundred pL of CH3CN
wer e added and the supernatant was collected. CGel fragnents were then

wash ' 14.h 20 f.0,1M NHAHCO3, . then wth 200 pL CH3CN again
and 11 nal | PO 200MRTrS ceging RoRATIIS)n SRR &rsraP R Py o d

b b | ' arrie
pool ed andcdntamlp ipsiRam ah@ 9&&3&@%%%%%%@ gﬁcﬁf’é;.ﬂs ap Fﬁ%gki?ﬁa%@@aﬁﬁ

out on a Cl18 reverse-phase colum wth near “gradi ent
of CH3CN i gererBherplasiecysria promter (WE Pat. 3126888, exhicn idcpmpptuitdd Iretn bynd

I db - TQhr Voyager - Pro | - TOF instrunment
onal¥ed b hD) TS O Bral a0 B L, MR LCE Lok et
spect ra weokgonetléatdepeiicrs XMel frois. EGEY MoeOay as sﬁfm-bﬁas.gg%gw ng

al pha- cyang- 4- hydr oxyci nnam ¢ _aci d (Si gma-Al drich) as natri anpl e
6: pQJan%/i f &Ea@ n Tof Tesplbing pplificagion ssodpetses digestad with Kol jand Saod entl

Ni coti ana gﬂéd}g ﬁi‘]ﬁ‘ﬁhﬁm- 0014 X ¥\Q§ the strong
pl ast ocyan?n- bas{eg expr essi Oﬁfg%@%%%&c&ﬁ%mé?iﬁge &‘gg’é%%rﬁ% ation
of a full ypGAMEBIAIRdmbBIEstor Renitaoly the 3§§mwa&eoindttlhmﬁgagtg?bf @ed heavy
chai n of - a_nmurine.anti-human, | h L et el 1 wer e
assenbl edcglﬁgtf’?ﬁ%r%e o) équrr%tct’ §‘ug§%q§? ﬁéé&d’&lﬁbﬁ%b@%&%?ﬁﬁ‘ﬁed
promot er  afiém%ifalidnd i DNACLsERANS IS Wingdithetd: 30K&astel D(SEPID
pl astocyanin 3' untransl ated and _ )
NO:3) and EcoRI-PlasTer.r, (SEQ ID NO:4) and the product was digested with Sacl
and EcoRI before being inserted into the same sites of pPCAMBIA-PromoPlasto to

create pPCAMBIAPIasto.

[00118] Plasmids R 610 and R 612 were prepared so as to contain a C5-1 light-
and a C5-1 heavy-chain coding sequences under the plastocyanin promoter of alfalfa
as tandem constructs; R 610 was designed to allow retention in the ER of the
assembled IgG and comprised KDEL sequence fused to the end of the heavy chain of
C5-1, and R 612 was designed to allow secretion.

[00119] The assembly of C5-1 expression cassettes was performed using a
PCR-mediated ligation method described by Darveau et al. (1995). To assemble the
light chain coding sequences downstrearn of the plastocyanin promoter, a first step
consisted in amplifying the first 443 base pairs (bp) of the alfalfa plastocyanin
promoter (nucleotides 556-999 of Figure 1b or SEQ ID NO:23) described by D’ Aoust
et al. (US Pat. 7,125,978, which is incorporated herein by reference) downstream of
the initial ATG by PCR using pCAMBIAPIasto as template and the following

primers:

Plasto-443c (SEQ ID NO:5) and Plas+LC-C51.r (SEQ ID NO:6; overlap is

underlined, above).




transcription term nati on sequences on the sane T-DNA segnent of a
pCanbi a binary plasmd as presented in figure 1. [00144]1In both the

R612 and R@lfeexRiHssi on cassettes (see Exanple 1), thgekigibe/dhso
heavy chai n codi ng sequences contained the native signal peptide from

C5-1 (Khoudi et al. 1999), but in R610 the codi ng sequence of a | CDEL

pepti de ed at -4 ef: H : . N1 : in
roverent | aPTRL asedRERais BE P YRhin S ol ek PERThulglel ok
[ 00145] Fol plasanit pGiAled 3 -&ampa (K owdi epa., AD8D) twith firineansthe foltwhvigd prémests i n
Agrobacterium tumefaciens (AG.1l), every leaf of three Nicotiana

bent ham ana pl r Wnge~infil d wit s Lerium .
strains transf g‘r%é%@%a@é‘@e’aé“@é&ﬁﬁﬁ@%mﬁﬁﬁ lﬁmga‘?v& B K

gr eenhouseyRRAREY). ons for 6 days before analysis as described in
Exanpl e 2. Followi ng the incubation period, the | eaves of each plant
(approxi matel y 20g of biomass) were frozen, ground, and the frozen
powder vvas[oﬂi'l%xlléd t o hedyocerhiicaisnpdnet ebtainad warerpiged WAsther apd used

SUb- SATD! e Ghorby T SUAPPURE ok G i HABL N SET BINOR g ant

see Exanpl e in uantified in total 'protein
extracts fLOra4XbhSzantPE IDWNGIS).depreidpi belvedn primensdast hERES 1aySEQ

(ELI SA) usj a_pol.ycl onal ti.-nmouse | gGl heavy, chaip for
capture anhfﬂop@raa#@a@ ¢ aﬁ@d’})dfﬁ mﬂﬁﬁ?{s%_ﬁf‘glg#ﬁé} £) for
det ection ﬁ&ﬁbl%ﬁﬂﬁ'a&fﬁﬁcaﬁoﬁ A6 Aerisd @¥hiddtediBh Mhe dssembled
agroinfiltration of R612 |led to the accunul ation of 106

f
ant i body pprdia) restlting Som the hudPCReastionrs dimsied pah el o Sadkand e
ti bod . ot ally
FD0 109 Lo Rl in AN AR A SRLES S D 6 2T SRR RS10,

shown to limt the expression of transgenes in agroinfiltrated
Ni coti ana HOME2am arihefleant chamrddingatquenceexgsifesd toplagdcyanis mpsireasss or

of silencing from.the potatq.virus HcPro) count er.gc he

opect T cBgvialsdy vemen By Rl e s ba ekl LR BEAGTC of 55g)

co-i nfil tr plaiteEyalin, Aitldd6lES 56399 bf UGEuré HRSEG EMNES:23)! by PEOAhe VWas
tested for its efficiency at increasing expression of C5-1. T%'ue

co- expr essPeAMBHARESD as temptge wvithithenfollewing primerseased anti body

accurul ation levels by 5.3-fold and 3.6-fold, respectively, conpared

to these observeghsigudsResHH 168 NS sPind BREMHC IR & IR IS /&1 6% veilag © Pr 0,

underlined above).

[00123] The product of these reactions were mixed and assembled in a third
PCR reaction using primers Plasto-443¢ (SEQ ID NO:5) and HC-C51XhoSac.r (SEQ
ID NQ:11). The resulting fragment was digested with Dralll and Sacl and ligated in
pCAMBIAPIasto between the Dralll and Sacl sites. The resulting plasmid was named
R541.

[00124] A KDEL tag was added in C-terminal of the heavy chain coding
sequence by PCR-amplification with primers Plasto-443c (SEQ ID NO:8) and HC-
C51KDEL (Sacl).r (SEQ ID NO:12) using plasmid R541 as a template. The resulting
fragment was digested with Dralll and Sacl cloned into the same sites of
pCAMBIAPIasto, creating plasmid R550.

{00125} Assembly of light- and heavy chain expression cassettes on the same

binary plasmid was performed as follows: R541 and R550 were digested with EcoR],
-45.



pl ast ocyani n-control |l ed C5-1 expression reached average val ues of 558
nmg/ kg FWw thR612, and 757 ng/ kg FWw th R610 (Figure 2). Mxinmum
Co-1 expr LR kEYe! S exceeded 1.5 g/ kg FW(25% of to

pr ot ei ns)e‘?ﬁ so'{r]ria1 extracts formboth R612- and R610- inﬁllcﬁ?ug?l@h?”

| eaves. [00148]1n order to assess the scalability of an

agroinfilt L.Qn,. [ ' t - thhﬂ%l .

quanti fi edgﬁgkﬁb‘?ﬂﬁ%gedgg@a@@g%yi&gﬁ @a&eﬁigrﬁ Pg%ﬁ%ﬁr oce S(r%g]ag %gtgégs%{%m
Kapi | a et aleate®6I0 (¥ith KDBLhiasd R612 @4thoht KBBES Je8Tiguse 1)t he aerial part
of whole plants were vacuuminfiltrated with R612 + HcPro or R610 +
HcPro and r rn to.the greephouse f.or 6 days before harvest. In an
effort to ?éim@g%(glwgﬂ-??@%%osgmlaﬁrﬁ sedgpre B’ei“’éf“‘aé’-ﬂ ®al e
production system batches of approximately 250 g | ots of

| eaves/ petioles fromseveral plants were frozen, ground into an
honogeneous sanple, and 3 sub-sanples of 7.5 grans of material per
bat ch were col | E8tldSEQD N3 sis. As shown by ELI SA quantificati on,

Ro1o and FEITAT OAPERAXAGATCRIGPSredRaGoode Ry MR o

Characteri 28:2Dn of the anti body produced [00149] Protein bl ot
anal yses (see Exanple 3) were used to reveal the level of assenbly
and fragnentation of the C5-1 IgGin plants producing the secreted

(R612) and ER- rgbg;’pwg%sﬁz@ﬂ;@)mfm% of the protein, follow ng both

syringe- and vacuumintiltration experinments. A Western bl ot probed
with a H t SpekaGRGEaTAEd ATAGAITET R CGIRA TGRS TAGECRHAE i r st used

to highlig ) f i f,anti body fragnents
i ndependenﬁ%/ﬁgfc‘?ééi@(ﬁpgﬁﬁg?ﬁ?@&@'lzsrml ecule. As shown in
figure 3A, all protein extracts contained fragnments of simlar

nol ecul ar sizes_and in simlar relative abundance, irrespective of
t he subcel | ul ar FGRYGREQRAY N8t egy or infiltration method used. In

cach case, 53 ATRICHARFOACKIPMGRONTSORARANGTPrGE 1 8Bl BGo A | ody

at about 150 IcDa, was reveale at” "about 135
| cDa and about 100 | cDa, showi ng that the antibody accunul ated mainly

inits fully as d 21 2). Interestingly, fragnents of
simlar elect rowﬁecgf%@%ymre al so present in the control
1 gGL puri f iseddGEATECACTATEI A TERCGESTCATIMG IR 3, K ayNGiNB269) ,

suggesting that the fragnentati ons produced in plants and mamral i an
cell lines were simlar and probably resulted from comon proteol ytic

- B3 - activiti L i lts were al so obtained with an
siinsph SEbab 62

anti - nouse heav rc anti body for the detection. [00150] To
test the i d&BROGASTAGTGIACTGTOGAYGCCAGIGIRGC 3t BEQID NO: 35he extracts,
an

[00126] Plasmids for GalT and GNTIGalT expression were assembled from
pBLTI121 (Pagny et al., 2003). The human B(1,4)-galactosyltransferase (hGalT) gene
(UDP galactose: B-N-acetylglucosaminide: B(1,4)-galactosyltransferase; EC 2.4.1.22)
was isolated from pUC19-hGalT (Watzele et al.,1991) with EcoRI digestion, After
klenow treatment, the 1.2-kb hGalT fragment was cloned into pBLTI221 at Sma I
sites, resulting in plasmid pBLTI221hGaiT. A flag tag was then fused to the C-
terminal end of the coding region by PCR using primers FGalT (SEQ ID NO: 27) and
RGalTFlagStu (SEQ ID NO: 28) for amplification. R622 was then produced by
cloning this Xbal-Stul fragment into the binary vector pBLTI121. The first 77 a.a.

from N-acetylglucosaminyltransferase I (GNTI) corresponding to the transmembrane
46 -



activity blot was used, in which the blotted proteins are probed with
a peroxi daseconjugated human 1g@, the antigen of C5-1. The identity
of a fullyegsmerdlgd anti body of about 150 kDa band can POBCRERE 1 o
Figure 3B. Furthernore, the fragnentation pattern observeg t he
Western blots, with the exception of a 100 kDa band (see Figure 3A)

bound byt hidln Wk @hlekh by PERAIeThON, fnlil DA BB Nk oo
not cont ai ten‘tlec Satasseeefi ab 1$99) antl FENISEQ NDo09), and RGNESpedSBQIIBt ,  at

least inp of di ner of heav chal ns, nt er pedi at e of anti body
assenbl y. ﬁﬁl B PS“““’% BT 1P‘? Progpgt 33 gﬁﬂ clorgft B REEMaE Yestprof

the purifiggi de adiighe bRGhR el WA WP AR Bathix], hehidfihiohe

bi omass using a sing e Protein af fi n|t chronat 6gr aphi ¢ step and

t he producpBbBRA, rmf@ﬂumlg mwdmmmnmq Skt cEbytip demaip of The

Coonmassi e a.maj or band at
120105 i b HE "?aﬁé’g&‘“fer aé?ﬁg*{] lg?%a?‘?{%ﬁ‘a&t@%‘hé%%ﬁ% %H’ﬁ?i

r epr esent SFGRITSpé (BHQ BY KO0 25) 4@ RypalTHldgSeh (SEQIECKO! PR)DatAinsBpeBaar et ed
and ER-retained fornms, and the contents in contam nants are identical

for both foRukgitesin §and 31 and: respecsivalyadhe SpelRyidiall fagmant wanley s s,

probed wit Ry

origin of togeﬁgfoﬁ%ontiaﬁlﬂggﬂ%m %gts &psgg?'% te%h%r ac onsh?gata
not shown) GNOAGeT. Fisallc pBY TR ENTIGORET whsndigesegdovithpXoad uad Stubisohting
detected a and ab t 5 orr nds to, t he
nol ecul ar %W&FP 9 é‘lﬁseg‘ﬂﬁﬁic% egﬁm%#@s dﬁ%& wasipgRfiugeds g,
| ane 2). befclbﬁﬁgm@f}agﬂibr@im&b@bﬁﬁrfﬂ%cwrﬁsﬂ'rﬂml body showed a_hi gher
el ectrophoretic nobility than the heavy chain of the apoplastic

ant i body (F@ggre 4B, |l ane 3) which is interpreted as the conbi ned
resul ts of [0k i onahll Flemw%fﬁf?ﬂb‘e%ﬂéféc%@%&mdﬂ@%ﬁﬂtﬁﬁte copgructs.

C-term nus th ent| on
T i o e A R s g e
bound t o hivfeasssasg®A 2@§8dljmbmlmgaﬁilwg(ﬁcfmmdNgﬂ]nﬁtz%lgmusm@()

" these. {Fusieh el bl (ol HERERE T4 oFh 138 o8 Frbrrmition

cont r ast ed(WiS. Doweg El@ﬁtubdira@chi &fi baewrid, TR "G éretie Bneiédrag?, V‘iﬂ'@hé/ﬁ S,
where the 100 IcDa band did not bind to human - 54 - | gG s

hypot hesi z EEnERAress; Neve ¥ otk d9%hd &n Sedaw wdsp. dbninessitef ﬁﬂrfhmﬂ@m‘f

m grating %ﬁr t was too |ow for detection
with this g%atlés\%g?rg o'?le%rgﬁttﬁg#qtsﬂgﬁ?éﬁ%nent m grating at 100kDa
consisted of two different nol ecul es, one being heavy chain diners
(wi t hout FE®I28Ind t han Bichereogsnchivag mgi)aémiasgbmlbﬂd\m Magnittey etorhs .

[ 00152] The %Oﬁ odu0| bility of this system for antibody production was
assessed w a side-by-side conparison of purified products from 2
different infiltration batches and 3 distinct purification lots from

each bat chExdthgle CoPreparaticnyifplane bioRls:; ReGHuaNadryisfikracbn, tahé harvesting

purification |ots showed the presence of identical bands in all lots,
and in hi gmdh&]' m | a&lcgt?én%tger\{t%a%%%g%?an& we(re gl%%efrom geeds in flats filled

with a commercial peat moss substrate. The plants were allowed to grow in the

greenhouse under a 16/8 photoperiod and a temperature regime of 25°C day/20°C
night. Three weeks after seeding, individual plantlets were picked out, transplanted in
pots and left to grow in the greenhouse for three additional weeks under the same

environmental conditions.

[00130] Agrobacteria strains R612, R610, R621, R622 or 355SHcPro were

grown in a YEB medium supplemented with 10 mM 2-[N-morpholino]ethanesulfonic
-47-



Exanple 9: Mdification of anti body N-al ycosylation by co-expression
of a human gl actosyltransferase [00153]To investigate whet her
transient‘gﬁiﬁgﬁgrﬁ§ion coul d be used to control glyC°§¥hﬁBhﬂﬁmﬂRw
nascent protéelrns during transient expression, plastocyanin expression
cassettes conprising the native human P1, 4gal act osyl transferase

(Gl T) were. red. | | .qu R621
conpri sed a&aqoqﬂéit ?@@géﬁ%&n’g‘gﬁﬁ? Egg%&? gl?%gc%@ﬁgg%ﬂ?

N- acet yl gl daetesritiinpHs Gruatbthey Rached @NOD G DB dnlilgurapréifcierdize CTS
domai n of N acetyl gl ucosam %}/I transferase (GN TI) _was sel ected as
menbr ane SHERFBHABEVEE cotithged befpre useand rosuspendedin infiliratienmedigm (L0 5t an
early sta Rl8Y AN nthesis in the ER and the cisCol gi
appar at us §8a| ﬁte-Jorngupas g Hesll%?j', 2006). Wthout wi shing to be
limted by theory, sequestering GalT activity at an early stage of
protei n a0t on rPamingesinfiltratipn wasipiridroad af deparibed & diwand on

mat uratin I fficj Fnhi bt i,0 . ation and
xyl osyl at ?Ld(%n%@%&ifeég@r’ Z".’“'Jﬁ‘ﬁie"(fg’t‘ 'E??) écta?{kj%thggﬁﬁgpse'g%%-? #‘i ltrated in
plants with C5-1. [00154] Ni coti ana bent ham ana plant were infiltrated

(see Exanpliol®)] w t FoRédkdwhsefitmtied Al omvfaientSuspgnsions were centrifuged,
R612+R621( GNT1Gal r.Re12+R622 (Gal T) in the presence of HcPro.
Figure 6 gﬁﬁﬁgﬁ%ﬁgﬁfﬁw@%@}%ﬂ%&ﬁ%ﬁg@@e@?vw t%%r‘fn‘fqrb e % t hese
bi oness  sapRitRSen, [BRdre Bhichdsard@ &ithad in@s afituthldhds B dMowao Sl mat ed
by affiriodetection with the Etythrina cristagal |ae@aﬁggl utinin (ECA)

whi ch spechefore a5¢. yWholaatanpof Medriaeae bawhanfignawere plagel upsisledawadn dise was

det ect ed £5- . Ei gu - 5 .

Gal act osyl g i3 B BLAPARH @GS e Bod b Vi 8P20-49 B o
W th R5 12fRé2in(KeloWingsytingeodr vatinim iditation, flamd were setiinkdtoRfd 2+R621
(GNT1&1T, Figure 6). stern bl ot perforped using anti-al, 3fucose
ant i bodi esng%‘g‘Q‘éﬁega”fﬁ' (Slé‘W“&{I]l?"(S‘HnBF“‘?C{f@t‘iIH%IV%an on the control C5-1

expressed w t hout
Leaf sampling and total protein extraction

[00133] Following incubation, the aerial part of plants was harvested, frozen at
-809C, crushed into pieces and separated into 1.5 or 7.5 g sub-samples. Total soluble
proteins were exiracted by homogenizing (Polytron) each sub-sample of frozen-
crushed plant material in 3 volumes of cold 50 mM Tris pH 7.4, 0.15 M NaCl, 0.1%
Triton X-100, 1 mM phenylmethanesuifony! fluoride and 10 pM chymostatin. After
homogenization, the slurries were centrifuged at 20,000 g for 20 min at 4C and these
clarified crude extracts (supernatant) kept for analyses. The total protein content of
clarified crude extracts was determined by the Bradford assay (Bio-Rad, Hercules,

CA) using bovine serum albumin as the reference standard.

Example 3: Protein analysis, Immunoblotting and ELISA

[00134] C5-1 is an anti-human murine IgG therefore detection and
quantification can be performed through either its characteristic affinity to human

IgGs (activity blots) or by its immunoreactivity to anti-mouse IgGs.

[00135] Proteins from total crude extracts or purified antibody were separated

by SDS-PAGE and either stained with Coomassie Blue R-250 or G-250 or
-48 -



gal act osyl transferase. Fucosylation of the N-glycan was not detected
on the anti body co-expressed with GNTIGal T, irrespectively of the
agroinfil do@is iRt hod, whereas co-expression with t Pekdo¥SocsRb T
di d not Ig%(git%} &et ectabl e reduction in fixosylation (r)?ctﬁe ant ?ESody
(Figure 6). Simlar results were obtained with anti-01, 2xyl ose

specific tl ' ' : -

xyl ose- sp%geic ?@fg{sﬁa‘r%%gtﬁg’ﬁ%@%ﬂe @Pﬁgﬁ%é%@%%@g%q?ﬁ&%?@ T and

t hei r presEiperatidie hdidmagolisplN) dor-iaxpmedaadioni Rrivr Gaimmiriobipttig, k.

[ 00156] Coonmassi e stained gels for direct visual estinmates. of

ful | y- ass dRBREENS gusre Hackeneutbarnsmmit e 19 Tvesp 20 e pfares med on
t he sane nAE RS- 1 ts data, the antibody expression system
as descri be reach’g)s%f/i%ejllsc}gattgfclj g,/ kg fresh weight with over 85%

of the product consisti ngmof_ full-size tetranmeric |1gG of about 150
kDa in crU@el¥kt r actmmupodang warpeitpamed byingbatiok Wit thedpllowiagat t he

C-term nal .he ¥ chai : i _ i ase
ant | body 258bediftSe PEREREIRNNET (ORI HRES BOTHTY RibotPUIEHS

anti body flrmmnoRese@ehgWeliairisvd, @Al Tat#HRS(S611b) (0w ia2% sk @)k
Wth the e_x%res ion sy_steem drascri Eed her ei n ?éh gloglg?ltignqsof a KDEL
pepti de t gt #&foeawomaﬁer@&wgésd urga i Cetp @agaua@@ &7 €%ten t he

HcPro sup }ﬁﬁéplep(fO | i MaSm : i ;e en
t he yi el dg%f C5-1 |hﬁtléf’1(§pgir%ggnce ggharpb%%%gg%&lgd%aféﬁﬁgﬂl iRt

si gni f i canigGyantibatlydbehvirkbain bepifio) (fgmardddtichoStlamiss Q) (D2A ¢ighg. in

observed |7 ok BT BRI R BEoRRR e hokaluiod N elBRETE e

and secr et @gtkbe WEn@oRefrcRi0. B0 elymW\er X5 ki fithillc &l TBR TP wd€usadds a

rel ati ve abundance._ [00158] C5-1 was separated on preparative HPLC and
the N gl ycsfergrantibodyrfos memprapesttreated withghehravy ehaigperifieprtibodro | D
NO 13) Oflnﬁﬁin% WAS, MALDK RSN Qﬁ@ﬁ] hown
in figure 7A, vvﬁen éd?%{%ggg%rdessedbg%ne, |t%§9ﬁﬁgflycanh%%ogﬁ tallltéi on
wer e mai nl spbstegte @ewhe Beighysticobiperatibmr Hersetadish petoxidaseesngymensi st i ng
of fucosyl ated and | osyl ate | i gosaccharides a r sor

otabl o - sEnieali e RndR G amihery yBO SRSl b s s TRGLKRE" of

non- mat ur eA&R=faFRIdxidas@tarfipation KitiFHera& Riakrofd, and Man-9, can be
related to a fraction of proteins "en-route" as previously reported

for plant-derived antibody produced by transient expression
(Sriraman, gﬁ@‘&l"?’,’”’?’@(ﬁ*ﬁ‘? y

[00137] Multiwell plates (Immulon 2HB, ThermoLab System, Franklin, MA)
were coated with 2.5 pg/ml of goat anti-mouse antibody specific to IgG1 heavy chain
(Sigma M8770) in 50 mM carbonate buffer (pH 9.0) at 4°C for 16-18h. Multiwell
plates were then blocked through a 1h incubation in 1% casein in phosphate-buffered
saline (PBS) (Pierce Biotechnology, Rockford, II) at 37C. A standard curve was
generated with dilutions of a purified mouse IgG1 control (Sigma M9269). When
performing the immunoassays, all dilutions (control and samples) were performed in a
plant extract obtained from plant tissue infiltrated and incubated with a mock
inoculum so that any matrix effect be eliminated. Plates were incubated with protein
samples and standard curve dilutions for 1h at 37 °C. After three washes with 0.1%
Tween-20 in PBS (PBS-T), the plates were incubated with a peroxidase-conjugated
goat anti-mouse IgG (H+L) antibody (0.04 pg/ml in blocking solution) (Jackson

ImmunoResearch 115-035-146) for 1h at 37 2C. The washes with PBS-T were
-49.



[ 00159] Co- expression of the antibody C5-1 with native Gal T resulted
in a significant nodification of the N-glycan structure although ions
corr espondishak/Psilpiggh- mannose-type N-gl ycans renai ned ﬁ@H@Qﬂ‘)ﬂﬁmmgjﬂe
mai n conpl ex foucosyl ated and xyl osylated N-glycan (1) disappeared and
new partially gal actosyl ated ol i gosacchari des were detected, sone of

t hem harb ' =sheai fiLC . at |

ext ens; on ap? aRbE PR A e RE S IR RS SO R R B AR Five)
denonst r aSert Blhaperoxidaveprisstiaied KPhf Giitheisbutgt MU reaction was stopped

131, 4gal actosyl tr erase resylted in an efficient glyco-engi neering
of the i heddins IR IEAT R hsotbings veniorha: 450wk SRdk bl B v ¢
GNTI Gal Ty giptiedle adPME bércstraend whre SRaipalaledn th2 1iBirHRridies Med! Ycan
popul ation was significantly different 'than that of GlT/C5-1. As

shown i n ffagdarécw®e. gal act osyl at ed and non-gal act osyl ated hybri ds
(Gal GLcNAcMan5GLecNAc2 (K), and Gal GLcNAcMan5GLecNAc2 (G, were present

t oget her wi T T LS: fhgpmannose N-glycans. Wthout wishing to be
bound by b e’. %(I)Lf‘"“g{s)i zed by Bakker et al. (2006),

G cNAcMan5GLcNAc2(0) and Man5GlcNAc2(B) nay be fragnents derived from
degr adat i §®0138] t he Rydifidationcafl Gi-¢ NaoMeasBitei i obyd exkiigfenzen eaves of

ThaC ot t el Bp i hiBOTohe) SEREACHER uior Biottied AN el Rl | 1o
from pl antpgMisBdiwki idta-biseIfBy Riphes.8 6. emaweadEY L ER h ToMmpRiE bRrREESsS ed

transiently with C5-1 contained no traces (<99% of glycans harboring
t he pl ant Zsh@ Ftireom femgretatyec Inspluble fibgas weseremguerhbisa eqatse fidiratigaon

conpl ete | §lcald . u i | ' achi eved
Gur g ¢ r ACaclid &) (CAlbithein S8 B 020 AR TN B AR,

| ncor por atfRdrity(PMSE v addedt0 Gledirdtb eTHRIR 68 twak BYRAE] ©PHMAS Hoeen
descri bed with re&ard to one or npre enbodi nents. However, it wll be

appar ent t"8tpeMsBGkandidlarified by gentrideatian & kP0G Fidfarin 2bt-8\farthat i ons
and nmodi f icealr@ AperRPinP FadREG M b BAU 0 daPRLAh AM TR ddied GERELYT the
?@nﬁ% the’cl ai ns.

.
i nvention as defined In
centrifugation at 18 000 g for 15 min at 2-8°C, and filtered on sequential 0.8 and 0.2

pum membranes (Pall Corporation, Canada). The filtered material was concentrated by
tangential flow filtration using a 100 kDa molecular weight cut-off ultrafiltration
membrane of 0.2 ft* of effective area (GE Healthcare Biosciences, Canada) to reduce
the volume of the clarified material by 5 to 10-fold. The concentrated sample was then
applied to a Smm x 5 cm column (1 mL column volume) of recombinant protein G-
Sepharose Fast Flow {Sigma-Aldrich, St-Louis, MO, Cat. # P4691). The column was
washed with 5 column volumes of 20 mM TRIS-HC], 150mM NaCl pH 7.5. The
antibody was eluted with 100mM Glycine pH 2.9-3.0, and immediately brought to
neutral pH by collection into tubes containing calculated volumes of 1 M TRIS-HC1
pH 7.5. The pooled fractions of eluted antibody were centrifuged at 21 000 g for 15
min at 2-8°C and stored at -80°C until analysis. After purification, the affinity column
was cleaned and stored according to manufacturer’s instructions. The same
chromatographic media could be reused for several purifications without significant

modification of purification performances (up to 10 cycles tested).
Example 5: N-Glycosylation analysis
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[00140] Reduction of disulfide bridges occurred by incubation of the gel
fragments in 600 pL of a solution of 0.1M DTT in 0.1M NH4HCOQ3, at 56°C for 45
minutes. Alkylation was carried out by adding 600 pL of a solution of iodoacetamide
55 mM in 0.1M NH4HCO3, at room temperature for 30 minutes. Supernatants were
discarded and polyacrylamide fragments were washed once again in NH4HCO3 0.1M

/ CH3CN (1/1).

[00141] Proteins were then digested with 7.5 pg of trypsin (Promega) in 600 uL
of 0.05M NH4HCO3, at 37°C for 16 h. Two hundred pL. of CH3CN were added and
the supernatant was collected. Gel fragments were then washed with with 200 pL of
0.1M NH4HCO3, then with 200 pL CH3CN again and finally with 200 pL formic

acid 5%. All supernatants were pooled and lyophilised.

[00142] Peptide separation by HPLC was carried out on a C18 reverse-phase
column (4.5x250 mm) with a linear gradient of CH3CN in TFA 0.1%. Fractions were
collected and lyophilised and analysed by MALDI-TOF-MS on a Voyager DE-Pro
MALDI-TOF instrument (Applied Biosystems, USA) equipped with a 337-nm
nitrogen laser. Mass spectra were performed in the reflector delayed extraction mode

using alpha-cyano-4-hydroxycinnamic acid (Sigma-Aldrich} as matrix.

Example 6: Quantification of transient IgG expression in agroinfiltrated Nicotiana

benthamiagng leaves.

[00143] To test the whether the strong plastocyanin-based expression cassettes
could drive high accumulation of a fully assembled IgG, the coding sequences of the
light and heavy chain of C5-1, a murine anti-human IgG (Khoudi et el 1997) were
assembled in tandem constructs downstream of the plastocyanin promoter and 5’

untranslated sequences, and flanked with the plastocyanin 3* untranslated and
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anti body in the aquatic plant Lemma minor. Nat. BiotechnoL 24,
1591- 1597 (2006). [00168] D Aoust, M A et al. Efficient and reliable
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Germany (2004). [00169] Darveau, A., Pelletier, A & Perreault, J.
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77-85 (1995). [00170] El mayan, T. & Vaucheret, H “Expression of single

copi es of @prhﬁ@iwmﬁﬁ%@cﬁwﬁhransgene can be silenced
post-transcri ptionally. Plant J. 9, 787-797 (1996) [ 00171] Fi scher,

R et al Y ds I r t tein
expr essi on[ I'n pl an'rﬂsﬂl ct)]?e(ra% 12 a?fh%p?@:g; %tges (%Jf?)‘%ﬁﬁ 11’8'@
light and heavy cham coding sequences contamed the native signal peptide from C5- 1
(Khoudi et al. 1999), but in R610 the coding sequence of a KDEL peptide was added
at the C-terminal of the heavy chain to restrain movement of the assembled IgG to the

Golgi apparatus.

[00145] Following the cloning steps and the transfer of plasmids in
Agrobacterium tumefaciens (AGL1), every leaf of three Nicotiana benthamiana plants
were syringe-infiltrated with Agrobacterium strains transformed with plasmids R612
or R610, and incubated in greenhouse conditions for 6 days before analysis as
described in Example 2. Following the incubation period, the leaves of each plant
(approximately 20g of biomass) were frozen, ground, and the frozen powder was
mixed to produce an homogenous sample from which 2 sub-samples of 1.5 grams
were taKen for extraction (from each plant; see Example 3). The content in C5-1 was
quantified in total protein extracts from each sample by an enzyme-linked
immunosorbent assay (ELISA) using a polyclonal goat anti-mouse IgG1 heavy chain
for capture and a peroxidase-conjugated goat anti-mouse IgG (H+L) for detection (see

Example 3) .

[00146] As shown in figure 2, agroinfiltration of R612 led to the accumulation
of 106 mg of antibody per kg of fresh weight, while the ER-retained form of the
antibody (R610) reached 211 mg/kg FW in the same conditions.

[00147] Because post-transcriptional gene silencing (PTGS) has been shown to
limit the expression of transgenes in agroinfiltrated Nicotiana benthamiana plants and
that co-expression of a suppressor of silencing from the potato virus Y (HcPro)
counteracted the specific degradation of transgene mRNAs (Brigneti et al., 1998), co-
infiltration of an HcPro construct (Hamilton et al., 2002) was tested for its efficiency
at increasing expression of C5-1. The co-expression of R612 and R610 with HcPro
increased antibody accumulation levels by 5.3-fold and 3.6-fold, respectively,

compared to these observed in the absence of HcPro. In the presence of HcPro,
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system, the accumulation of C5-1 was quantified following a vacuum infiltration
procedure adapted from Kapila et al. (1997). In this series of experiments, the aerial

part of whole plants were vacuum-infiltrated with R612 + HcPro or R610 + HePro

and returned to the greenhouse for 6 days before harvest. In an effort to provide data
which are representative of a large-scale production system, batches of approximately
250 g lots of leaves/petioles from several plants were frozen, ground into an
homogeneous sample, and 3 sub-samples of 7.5 grams of material per batch were
collected for analysis. As shown by ELISA quantification, average C5-1 accumulation
levels reached 238 and 328 mg /kg FW for R612 and R610 infiltrations respectively
(Figure 2).

Example 7: Characterization of the antibodv produced

[0G149] Protein blot analyses (see Example 3) were used to reveal the level of
assembly and fragmentation of the C5-1 IgG in plants producing the secreted (R612)
and ER-retained (R610) forms of the protein, following both syringe- and vacuum-
infiltration experiments. A Western blot probed with a H+L peroxidase-conjugated
goat anti-mouse IgG was first used to highlight the presence of a maximum of
antibody fragments independently of their origin on the C5-1 molecule. As shown in
figure 3A, all protein extracts contained fragments of similar molecular sizes and in
similar relative abundance, irrespective of the subcellular targeting strategy or
infiltration method used. In each case, a major band (>85%} corresponding to the
complete antibody at about 150 kDa, was revealed, with two minor bands at about135
kDa and about100 kDa, showing that the antibody accumulated mainly in its fully
assembled form (H,L;). Interestingly, fragments of similar electrophoretic mobility
were also present in the control IgG1 purified from a murine tumor cell line (MOPC-
21; Sigma #M9269), suggesting that the fragmentations produced in plants and

mammalian cell lines were similar and probably resulted from common proteolytic
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(2000) . [ aodbxdy Fofthedstedion& W Il mitzer, L. Storage of E:onpetent cells
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conjugated human IgG1, the antigen of C5-1. The identity of a fully-assembled

antibody of about150 kDa band can be seen in Figure 3B. Furthermore, the
fragmentation pattern observed in the Western blots, with the exception of a 100 kDa
band (see Figure 3A) are visible on the activity blot (Figure 3B). Without wishing to
be bound by theory, this result suggests that the 100kDA fragment does not contain
the Fab regions of the C5-1 antibody, and may consist, at least in part, of dimers of

heavy chains, an intermediate of antibody assembly.

Example 8: Antibody purification and characterisation of the purified product

{00151} The antibody was purified from the biomass using a single Protein G
affinity chromatographic step and the product obtained was analyzed by SDS-PAGE
(see Example 4). The Coomassie stained gel presented in figure 4a shows a major
band at 150 kDa in the eluate fraction from the Protein G. This band represents more
than 85% of the purified product in both the secreted and ER-retained forms, and the
contents in contaminants are identical for both forms (figure 4A, lanes 4 and 5). A
Western blot analysis, probed with a polyclonal anti-mouse IgG, has shown the
murine IgG origin of the major contaminant in the purified C5-1 fractions (data not
shown). Under reducing conditions, two major products were detected at about 26
kDa and about 55 kDa which corresponds to the molecular weight of light and heavy
chains, respectively (Figure 4B, lane 2). The heavy chain of the ER-retained antibody
showed a higher electrophoretic mobility than the heavy chain of the apoplastic
antibody (Figure 4B, lane 3) which is interpreted as the combined results of additional
KDEL amino acids being present at the C-terminus and of differences in N-
glycosylation due to the retention in the ER. Figure 4C shows that the purified
antibodies (150 kDa) bound to human IgG1, as did contaminating fragments of 75, 90,
100, and 120 kDa , highlighting the presence of at least one Fab segment in these
fragments. The presence of Fab in the 100 kDa fragment contrasted with the result

obtained from crude extract analysis, where the 100 kDa band did not bind to human
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heavy chain dimers (without Fab) and the other containing antigen-binding regions.

[00152] The reproducibility of this system for antibody production was
assessed with a side-by-side comparison of purified products from 2 different
infiltration batches and 3 distinct purification lots from each batch. The Coomassie-
stained SDS-PAGE analysis of the purification lots showed the presence of identical
bands in all lots, and in highly similar relative abundance (figure 4D).

Example 9: Modification of antibody N-glycosylation by co-expression of a human

glactosyltransferase
[00153] To investigate whether transient co-expression could be used to control

glycosylation of nascent proteins during transient expression, plastocyanin expression
cassettes comprising the native human B1,4galactosyltransferase (GalT) were
prepared. R622 comprised GalT (Figure 5B), and R621 comprised GalT catalytic
domain fused to the CTS domain of N-acetylglucosaminyl transferase (GNTI,;
GNT1GalT (Figure 5A). The CTS domain of N-acetylglucosaminyl transferase
(GNTI) was selected as membrane anchorage for human GalT catalytic domain as
GNT1 acts at an early stage of complex N-glycan synthesis in the ER and the cis-
Golgi apparatus (Saint-Jore-Dupas et al., 2006). Without wishing to be limited by
theory, sequestering GalT activity at an early stage of protein maturation may result in
addition of p1,4galatose on maturating glycans and efficient inhibition of fucosylation

and xylosylation of the core. These constructs were co-infiltrated in plants with C5-1.

[00154] Nicotiana benthamiana plant were infiltrated (see Example 2) with
R612 (secreted form of C5-1), R612+R621(GNT1GalT) or R612+R622 (GalT) in the
presence of HcPro, Figure 6 shows an immunological analysis of C5-1 purified from

these biomass samples.

[00155] Galactosylation of the antibody was estimated by affinodetection with
the Erythrina cristagali agglutinin (ECA) which specifically binds B1,4galactose, As

expected, no galactose was detected when C5-1 was expressed alone (R612; Figure
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pl ant - speci fic i nmunogeni ¢ N-glycans. Plant Biotechnol. J. 2, 517-523
(2004). [00186] Khoudi, H. et al. Production of a diagnostic
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64, 135-143 (1999). [00187]Liu, L & Lononossoff, G P. Agroinfection
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pat hway i & expressed with GNTIGaIT, irrespectively of the agroinfiltration method, whereas
co-expression with the native GalT did not lead to detectable reduction in fucosylation
of the antibody (Figure 6). Similar results were obtained with anti-B1,2xylose specific
antibodies which showed the complete absence of xylose-specific immunosignals on
C5-1 co-expressed with GNTIGaIT and their presence when C5-1 was co-expressed
with GalT (Figure 6).

[00156] Coomassie stained gels for direct visual estimates of fully-assembled
IgG, and Western and activity blots were performed on the same extracts. Based on
this data, the antibody expression system as described reaches yields of 1.5 g/kg fresh
weight with over 85% of the product consisting of full-size tetrameric IgG of about
150 kDa in crude extracts.

[00157] The addition of a KDEL peptide at the C-terminal of the heavy chain
has been used previously to increase antibody accumulation (2-10X) by mediating the
refrieval of the antibody from the Golgi back to the ER (Schillberg et al., 2003). With
the expression system described herein, the addition of a KDEL peptide to the heavy
chain of C5-1 doubled the yield of C5-1 when the HcPro suppressor of silencing was
not used. The difference between the yield of C5-1 in the presence or absence of
KDEL was significantly reduced when HePro was used to reduce silencing. ER-
retention did not influence product quality since the fragments observed in the crude
extracts from plants producing the ER-retained and secreted forms of the antibody

were identical in size and relative abundance.

[00158] C5-1 was separated on preparative HPLC and the N-glycan profile of
the tryptic glycopeptide EEQFNSTFR (SEQ ID NO:13) of C5-1 was analyzed by

MALDI-TOF mass spectrometry. As shown in figure 7A, when C5-1 was expressed
alone, its N-glycan population were mainly represented by complex forms, including

ions consisting of fucosylated and xylosylated oligosaccharides as observed for stable
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(2006) . (Sriraman, et al., 2004).

[00159] Co-expression of the antibody C5-1 with native GalT resulted in a
significant modification of the N-glycan structure although ions corresponding to
high-mannose-type N-glycans remained abundant. The main complex fucosylated and
xylosylated N-glycan (J) disappeared and new partially galactosylated
oligosaccharides were detected, some of them harbouring both plant-specific
maturations and galactose extension such as GalGleNAcMan;(Xy)GleNAc; (Figure
7B). This demonstrated that co-expression of C5-1 with human
B1,4galactosyltransferase resulted in an efficient glyco-engineering of the plant-

derived antibody.

[00160] The co-expression of C5-1 with GNTIGaIT yielded a purified C5-1
preparation in which the N-glycan population was significantly different than that of
GalT/C5-1. As shown in figure 7C, galactosylated and non-galactosylated hybrids
(GalGleNAcMansGleNAc; (K), and GalGleNAcMansGlcNAc; (G), were present
together with immature oligomannose N-glycans. Without wishing to be bound by
theory, as hypothesized by Bakker et al. (2006), GleNAcMansGlcNAc, (G) and
Man;GlcNAc; (B) may be fragments derived from degradation of the hybrid
GalGlcNAcMansGlcNAc; by endogenous glycosidases rather than intermediates of
mature N-glycan formation. The effect of the GNT1 membrane anchorage was
striking; C5-1 purified from plants in which the synthetic enzyme GNT1GalT was co-
expressed transiently with C3-1 contained no traces (<99%) of glycans harboring the
plant-specific al,3fucose or p1,2xylose, demonstrating that complete modification of

fucosylation and xylosylation was achieved during transient co-expression.
[00161] All citations are hereby incorporated by reference.

[00162} The present invention has been described with regard to one or more

embodiments. However, it will be apparent to persons skilled in the art that a number
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7. The nethod of claim6, wherein the third tissue-specific pronoter
is a plastocycanin pronoter, oft a 35S pronoter. 8. The method of
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pl ant, the third nucl eoti de sequence encodi ng a suppressor of
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14. A nucleic acid conprising a first nucleic acid sequence
conprising SEQID NGO 14 (Gl T), or conprising a sequence that is
from aboutWw@esna4400% simlar with SEQ I D NO 14, as #et/eapiosedi139
using the foll ow ng paranmeters: Program blastn; Database: in; Expect
10; filter: |ow conpl exi tg/ Alignnment: pairw se; Wrd size:!!,

wherei n tWHAT ISCLAIMER §S:aci d sequence encodes a protein that

nodi fies glycosylation of a protein of interest, the fi rst nucl ei c
acid seq C i ; ' equence
conpr si rg SN @k diheinbesile s iR Bl R ey aShitiar 11 0°3
prot ei n gfrofiletcempssinglicbiexpressiy »fntlﬁnialpl}@t ypogichaf B@l’anpl’oﬂﬁ plaﬁt cell, a

t t | t
ol ant  cel Tielsg RSRIARES SHepainE SAETH eI Sheeake cagefiat FUeidedERnce.
encodi ng @GNy cBimptigth$a CEEbmam &ﬁ-acety(%lﬁéds&h%ﬂ?ﬁsﬁ%m@ﬁm a

CTS domai n of N—acetyl gl ucosam nyl transferase ( fused to a
cat al yt i dugpgrinisatelytijdemain pf mt&éégdmtnwwmmsef@aﬁ) thelf"u@@ualemktc)

the firstg | i n

regul at ory o7 %?%‘r?ﬁaﬁqﬁ%&g%ﬁh \9/2? S|rt%é’c"(u Ka?o% ol lﬂﬁ%ﬁ%lacgw% & F‘.B’%ﬂ‘

nucl eot i omdaeqmﬂmeclemhhdbq@né&fer aricotiag theQiroteintF iatst, thlecegd ond

nucl eot i de ls g ence 0 eratlvF linked with a second_regul atory

regi on t HECePUdeseapense pperathelyinked with g gecond sseylagary regipmthat ig 3gtige and
second nuglROshH CanRREURPEeRInd e BYP aﬁlﬁs%b&ﬁ ﬁc%@&@gegu@&es 0 &f{u?eifz
conprising glycans with the nodified N-glycosylati ?[6
The et hodprofeiceidntarestsomphising ighycarsevith ﬁlsmomﬁcﬂébglwdeylsmmﬁb and t he
second nucl eoti des sequence are transiently expressed in the plant. .
L7 The eirhOthoadl it 1 widtlE R At Rb IS EIEL B0F hcagAuence and
t he second nucl eoti des sequence are s resse e pl ant .

18. A nucﬂueieond&msdquemme Hans@pnﬁuetlﬁexsecdmsthaplmﬂ of SEQ I D NO 26
(GNT1-GnT-111), or conpri SI ng a nucl eoti de sequence that exhibits

from abo % 1009% i eot i des 1641 of SEQ ID
NG 26, e JHP R LR St ahertt A0 AR B et % 6 5P bl st
Dat abase: nueleptidizspeqiendddire ﬁtalblyeipreds bgxity;, Al gnr’rent

pai _rwi se; Wrd size:!!, wherein the nucleic acid encodes a protein

e o0 SRR Sl PPt SR S PRGOS Bot | dos
1- 1460 oﬁmﬁeer labd M sd€bnid alér}):e lsagmaﬁgﬁesaemeﬂ @rlhat is

fromabout 80%to 100% simlar W t t he nucl eoti des 1460 of SEQ I D
NO 16, as _det erm ned using the follow ng paraneters: Program

bl ast n; Dhtlasaedhodgf clapm dewherqip ther fursk yssue-spsgifie grasnasssiis § plagipeygeniant :
pai rw se; er e r e
encodes a rg?%?eﬁ%? ﬁ%% gom‘%gé}f %Igssgc‘%nﬁgggédfl %?lfgﬁﬁllo "g"r%(r:‘%@m n&gﬁﬁ;

i nt er est, profwetef,ior 358 podnaiter. aci d sequence operatively linked with a
second nuclelc aci d sequence conprising a plastocyanin pronoter.

A et hod tfa%e?lye%o'a ' fah'ﬂg @hé%xg %u‘d nucleo%t e%eglg%l}?\éml%lﬁxp}?ﬁ%ﬁé“{w%ﬂf’

N-gl ycosyl'ation profilTe Conprising, CO-expr

portion oflaa, qhbﬁritd,nmteoﬁdqade@diﬁnc@ﬁicbdmga@h{fﬂr&@&ﬂdﬁ@ﬂé&ﬁﬁig%@ﬁnﬂncom ng a
first nucletl uence en0|n a hybrid protein, GN Tl-GlT,
conpri si <o "'HB Fﬂpﬁ?tlﬁyé%§W$&é@%WW1°q 5egiqn fhet EtiYeaNT 1)

the plant.

7. The method of claim 6, wherein the third tissue-specific promoter is a plastocycanin

promoter, ort a 355 promoter.

8. The method of claim 5, wherein a third nucleotide sequence is expressed within the
plant, the third nucleotide sequence encoding a suppressor of silencing, the third
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- 65 - fused to a catalytic domain of beta-1, 4gal actosyl transferase
(Gl T), the first nucleotide sequence operatively linked with a first
regul at or YW@ &Ypdri4that is active in the plant, a seconBCHGARISHHG1ER
sequence encodi ng beta-1, 4gal act osyl transferase, the second

nucl eoti de sequence operatively linked with a second regul atory

egi on t hateleaUag seqicRre,operafitely iaked Wik fefhisd Fognfetprigrtcadhatdeaction lence
for encodipgifdpe protein of interest, the third nucleotide sequence
operatively linked with a third regulatory region that is active in
the plant, and co-expressing the first, second and third nucleotide
sequences 9t'913§9¢ih<?fb%ff) cJamgg, 81 the B¥ird;tissuerspeeific preprotes iisvyplgstyayearsn wi t h
t he nodi f| I |.at profile. 21. A nethod for synthesizing a
protein o?ﬁﬁhﬁ%§%§§§$%4ﬂ$%%@ﬁodified N-gl ycosyl ation profile
conprising, co-expressing wthin a plant, a portion of a plant, or a
pl ant cel 19. Brenmethasoificthém dewheminaheprowiti ofgntarebt is st amiboliy @hiatfzen
sequence encoding a hybrid protein, GNT1-GnhT-111, conprising a CTS
domai n of Nt %¢& 1 glucosam nyl transferase (GNT1) fused to a

catal ytic dormain of Nacetyl gl ucosam nyltransferase ifi (G1T-111),

the first 1nuteamthalicof st d0oRhagia tiat sev@idhublettibeichbe @hchding the
regul atory region that is_active in the plant, a second nucleotide

sequence BYLHHPHYIREE AT BAMAIIAG Paopencs 28y aresatively linkpdwib eond
nucl eot i d?egﬁ_ﬁfﬁfff(}gfon%maﬁs \A&lvl)é if {HRKRE Whi QﬁlacrI%ﬁEIQ@ ueR@UEAL OrY

region that is active in the plant, and a t nucleoti de’sequence
f or encodppayativiely lnked wiith agégulatoryregion 21 that ishcti intel pdatt, ahd dxequence

codpprgattisty fnked sith safgiaerresion t indlel et e dsequen
the ot ant o Mgt bl i g BuPiod s v nicl cot e

sequences to synthesize a protein of interest conprising glycans with
t he nodi f i2dhisngdtyoiosylaihiidwisreih ithearegul&ary régiby DAiica plagbSicinin

GNT1-Gal T, conpri si g 2 CTS domai ﬁ,of N-acet yl gl ucosam nyl

t ransf er a8®™M efﬂ“ittg EBUALY 17810 2HdH@ piastgeycanin promoter.

bet a- 1, 4gal act osyl transferase, the hybrid protein conprising sequence
SEQ I D NQ[B.lﬁnucléBaci&xcﬁtMﬁﬁdiﬁ’% SEQ IR IND: BNIUNENGalTh! or cofpREihghNg @ CTS

domai n of Nacetyl gl ucosam gﬁ/ _transferase fused to a cata éti c domain
of Nacet yPyflertids stAuagqethat s3hibitsisem phout 89Fdo A0Rfeiidengyovidh SEQdRpr i si ng
an am no ggj.fh, SIalef-N | | . .ol a
seed corrp?‘}?jsig-lnggtgﬁe nucﬁgﬁﬁf@gé%gﬁ%é’ngf&% al m&%i%‘%g&%&gsﬁ ant ,
pl ant cel Expest 1G fdesdog oopplesity; ghlighmemupdinvise; Béord eigad hoeheadin deai m 14.
ggduéngggg%?le‘%ﬂgg‘%ﬂ“%%el ehcddes gprso?gnclj that rr;rchrhlﬁtseg Qgcés;]lgtignug aep%tle%eo

interest.

14. A nucleic acid comprising a first nucleic acid sequence comprising SEQ ID NO:14
(GalT), or comprising a sequence that is from about 80% to 100% similar with SEQ
ID NO:14, as determined using the following parameters: Program: blastn; Database:
nr; Expect 10; filter: low complexity; Alignment: pairwise; Word size:11, wherein the
first nucleic acid sequence encodes a protein that modifies glycosylation of a protein
of interest, the first nucleic acid sequence operatively linked with a second nucleic

acid sequence comprising a plastocyanin promoter.

15. A method for synthesizing a protein of interest with a modified N-glycosylation
profile comprising, co-expressing within a plant, a portion of a plant, or a plant cell, a

nucleic acid comprising a first nucleotide sequence encoding a hybrid protein (GNT1-
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27. A plant, plant cell, or a seed conprising the nucl eotides
sequences of claim19. 28. A plant, plant cell, or a seed conprising
t he hybri dvpeobesiaswof claim 23. 29. A plant, plant cel pCT/OA2mS/8@ED
conprising the hybrid protein of claim 24.

GnT-III) and comprising a CTS domain of N-acetylglucosaminyl transferase (GNT1)
fused to a catalytic domain of N-acetylglucosaminyltransferase I (GnT-1II), the first
nucleotide sequence operatively linked with a first regulatory region that is active in
the plant, and a second nucleotide sequence encoding the protein of interest, the
second nucleotide sequence operatively linked with a second regulatory region that is
active in the plant, and co-expressing the first and second nucleotide sequences to

synthesize a protein of interest comprising glycans with the modified N-glycosylation

profile.

16. The method of claim 15, wherein the first nucleotide sequence and the second

nucleotides sequence are transiently expressed in the plant.

17. The method of claim 15, wherein the first nucleotide sequence and the second

nucleotides sequence are stably expressed in the plant.

18. A nucleic acid comprising nucleotides 1-1641 of SEQ ID NO:26 (GNT1-GnT-IID),
or comprising a nucleotide sequence that exhibits from about 80% to 100% identity
with the nucleotides 1-1641 of SEQ ID NO:26, as determined using the following
parameters: Program: blastn; Database: nr; Expect 10; filter: low complexity;
Alignment: pairwise; Word size:11, wherein the nucleic acid encodes a protein that

modifies glycosylation of a protein of interest.

19. A nucleic acid comprising a first nucleic acid sequence comprising nucleotides 1-
1460 of SEQ ID NO:16 (GnT-III), or comprising a sequence that is from about 80% to
100% similar with the nucleotides 1-1460 of SEQ ID NO:16, as determined using the
following parameters: Program: blastn; Database: nr; Expect 10; filter: low
complexity; Alignment: pairwise; Word size:11, wherein the first nucleic acid
sequence encodes a protein that modifies glycosylation of a protein of interest, the
first nucleic acid sequence operatively linked with a second nugleic acid sequence

comprising a plastocyanin promoter.

20. A method for synthesizing a protein of interest with a modified N-glycosylation
profile comprising, co-expressing within a plant, a portion of a plant, or a plant cell, a
nucleotide sequence encoding a first nucleotide sequence encoding a hybrid protein,

GNT1-GalT, comprising a CTS domain of N-acetylglucosaminyl transferase (GNT1)
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fused to a catalytic domain of beta-1,4galactosyltransferase (GalT), the first nucleotide
sequence operatively linked with a first regulatory region that is active in the plant, a
second nucleotide sequence encoding beta-1,4galactosyltransferase, the second
nucleotide sequence operatively linked with a second regulatory region that is active
in the plant, and a third nucleotide sequence for encoding the protein of interest, the
third nucleotide sequence operatively linked with a third regulatory region that is
active in the plant, and co-expressing the first, second and third nucleotide sequences
to synthesize a protein of interest comprising glycans with the modified N-

glycosylation profile.

21. A method for synthesizing a protein of interest with a modified N-glycosylation
profile comprising, co-expressing within a plant, a portion of a plant, or a plant cell, a
nucleotide sequence encoding a first nucleotide sequence encoding a hybrid protein,
GNT1-GnT-1II, comprising a CTS domain of N-acetylglucosaminyl transferase
(GNT1) fused to a catalytic domain of N-acetylglucosaminyltransferase I (GnT-1II),
the first nucleotide sequence operatively linked with a first regulatory region that is
active in the plant, a second nucleotide sequence encoding N-
acetylglucosaminyltransferase HI, the second nucleotide sequence operatively linked
with a second regulatory region that is active in the plant, and a third nucleotide
sequence for encoding the protein of interest, the third nucleotide sequence
operatively linked with a third regulatory region that is active in the plant, and co-
expressing the first, second and third nucleotide sequences to synthesize a protein of

interest comprising glycans with the modified N-glycosylation profile.

22. A hybrid protein GNT1-GalT, comprising a CTS domain of N-acetylglucosaminyl
transferase fused to a catalytic domain of beta-1,4galactosyltransferase, the hybrid

protein comprising sequence SEQ ID NO:18.

23. A hybrid protein GNT1-GnT-IIL, comprising a CTS domain of N-
acetylglucosaminyl transferase fused to a catalytic domain of N-
acetylglucosaminyltransferase III, the hybrid protein comprising an amino acid

sequence SEQ ID NO:20.

24. A plant, plant cell, or a seed comprising the nucleotide sequence of claim 13.
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25. A plant, plant cell, or a seed comprising the nucleotide sequence of claim 14,
26. A plant, plant cell, or a seed comprising the nucleotides sequences of claim 18.
27. A plant, plant cell, or a seed comprising the nucleotides sequences of claim 19.
28. A plant, plant cell, or a seed comprising the hybrid protein of claim 23.

29. A plant, plant cell, or a seed comprising the hybrid protein of claim 24.
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