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particul ar, therapeutic glycoproteins produced in yeast may trigger an
unwant ed 80 20m4nEr7r esponse i n hi gher eukaryotes, in paPCiraErkew/oarsieral s and
humans, |eading to a | ow therapeutic value of therapeutic proteins produced
in yeast and the like. The inpact of glycosylation on secretion, stability,
| mmunogeni city and activity of several therapeutic proteins has been
observed for several inportant therapeutic classes, including, blood
factors, anticoagul ants, thrombolytics, antibodies, hornones, stinu- 35

| ating factors and cytokines, for exanple, regulatory proteins of the
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40 activity" with a relaxed specifity to the glycan structure of the LLOtoO
be flippaN0i2810098ET7bl e. This novel LLO flippase advant af€dEPRIADTSdNS a
genetic engi neering of the glycosylation process that takes place at the
menbrane of an intracellular organelle, in particular at the ER nenbrane.
WO 2010/ 049177PCT/ EP2009/ 007816 According to the first aspect of the

I nvention there is provided a novel LLO flippase activity with rel axed
specifity which is useful as a valuable tool for the nodification and
control of glycosylation in a host cell. In preferred enbodi ments, this
nodi fication of the host cell is conbined with at | east one or nore genetic
nodi fi cati onsSOUMMARY I0F THE INVENTIOMCcess of the LLO structures at the
cytosolic side of the nmenbrane and/or at the |unenal side of the organelle
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5(Th). The invention also concerns honol ogous or artificial structures

rel at ed tWO@P1dePiNed from said POT which function to bPCREPAWIGO7SRPOT
activity in the cell. In a particular aspect of the invention the cell is
further nodified to lack or to have suppressed, dimnished, or depleted one
or nore Gol gi-localized mannosyl transferase activities. 10The cells of the
i nvention preferably conprises one or nore nucleic acid nol ecul es that code
for one or nore, in particular heterol ogous and reconbi nant, gl ycoproteins
and is capabl e of producing the glycoprotein or conpositions of one or nore
t hereof . The invention also provides the nethod or process to produce said
gl ycopr ot ei n Accopdiing tpthet festraspeotpafthé inventiovhibesd is pgrivddeded Imodelild Qpflippasei | y
char act er i zedadgtivity th rélaged Speuifity whinhois disefyl héa valuable foohfor shep madifidatibnand
used to produgamd téritrol by glgpssyiation.in dltvst tele v pasfereddsempodimedss this modifica-

gl ycopr ot ei nstiorfbfthierhogfitéli ie Wodibineavwith gt leastpsr & Mmomkoggresic tradificatibmeadf ar e
producigdl e or thar suildingdsreesksbof thBe Loektruddiiret et the1eposdliersidel b tieemembrane

according to hffor at\ed funfohabiile bf the ofganels (seaFeglire ny.r al umenal concentrati on
of Mani to Man3 type LLO in conparison to an unm)dified wild type strain of

the 20 host ¢ ime tthé‘ééJ tfun'fﬂe! nib?neidr\ﬁiﬂ?aé-ed by

at Ieast 5% .

par 7l a %y?&fé’mg’g' e w%%g%ﬁi%a Q{V"%ﬁ o B o
3

celd t o i X i son
to an Jt'Jdnrmdl fs'%égé h&/egg i srt‘?:- ia%' 80 Scmg%f

R 6’
gl yf:osyl ation zin uctyire E%kﬁ ﬁ‘ /2%9 r rih §8 %reécr')t{fégr by
g;r t ﬁgﬁlt a? @byﬁg{‘ égg % %g d?% ?or%%g/g o m)r e.

I n connectlon"\?f‘?ﬂ ut nut ant strau ns, ie. strau ns having a

nodi fied glyso- sylation in the ER in partlcul ar a a nodi fi ed pat hway
such niR ant " st aiPFaferred agract Oétﬁ‘ef'P%Q!‘t'aﬁctB?&PHgs @3*‘?%@08'?!%51 |36 Ok P%‘fec an
i ncreased gr ofWRPressed. dininighedsor deplpted ope ppEIRER @reanalienef ERyeqajized glycosyl
conpari son t ofr@RFe/are aetvitiEs, Knerkc\der manReayt transferape achiviliasa And éPaticulg owt h
rate in ER knicRXRfgss inptead heleralegpusi glycasyitrapieesenyctivities angh othey engyyes| 5o,
20% 25% 309pecrssarydonhybridar cemplerd-alnensylaian of rrafeins- by at | east 100%
200% 500% 700% 1000% 1500% 2000% or nore. 35A particul ar aspect of the
i nvent 2on r el bt @secandaaspestodfdhes thvehtonf therepia peovided a cell thet isInadifibdn aliéreac

aci d nol ecul etiveyopih adgliton tb Edrmpriseser. expressfdnepprasare arganetiengr ER-ladaéized

i nvention is eodifietieand whpatticalanmbetessdogoat, blemsacahaey! traasferasei(ON actidties n
and at | east oite d etzxkdzpecifity foregjyeamcstruichuresito bertraasfetrédifram Dby theeprand i s
menbr ane bountkin. Theafticulapahe activitly wf shetr OThtarteansfer Maed GIoNADR| Man2G[Thidc?, of
flippipg a 400MNAN3GIcBINGR DlydshrsliGeuieicid, high. IVparicliaNAbE astivityadflsueh DT to

l'i pi d-1inked gbhgfesmanhaicNAe2 aManzCIcHAGR NI Mas3GichAcT blypant sguctared is high.
ManlG cNAc2, WanEi§ coted, thy tdvan 3kige'NAssanst that tMare GleNwe2, Man3GloNAL2,Coi nt 0
the lumenal svi@3cicNpeRdvilbganfistetredSaiat 1ddsO20%, ppr2st 209, belebstodd% eahd
according to phgerblyNdsast 899, idpadmbstrprbfefrebielt edast 9B of the nascent proteins.
2010/ 049177PCThERSP Ay W FrRerpharitteriZBe in thutihel c@N chmptis& onecoraher Aurier
expressi on caagigtrhéledilés dodiRg & oligesadcharyE ¥Bn<TeakO aIcity! BRarhtieppab @ that
activity in atHeehétivitf Wot Prfereafidily Crdrafer@ SNEINMEnTICNAE2 tdrd eirbieANbliteis adiso t 0
the use of sai8pddiOof traRéfasing dgesRIASNAEs! dthérOiah IGIE3MANIBIENAER, preferably

ol i gosacchar ybﬁg@@&émeé@ hidihdg) 176 vnannssRaEHLEY, ekt prefelablyC AANS GINRACRT €S
such agsin pamdnRBIcNACR, BF MbRZCRNAGE lttgasgﬁ@t@hﬁMUre baABSkE tRS eell BCharaetert O
use of any onge@fin i theehdtRitpREOGHY B8ndiersidIEIMANREIENAER {004 pEdigin BUPRLEEG ON
of a gl ycopr otghabl®lof ffeRFRP HahsRANGOsIRYokSEIREriGaLC Bthal YD GRI3RIaAGICNARS!
aspects of thgrdrerdBRt bRjbshEiliBed hadlnGCaPPIE InNihndse hasRedYMERAGINAER! S
conpri sing t hgrmoGicNARD t MRNBBIRACRONMBREGICRALS WRMSERINAJZE RIREBIEINARD, Of
sai d_glycopr ohin?EIcNAYD RarBBIENALD MandGlcRACE)! HhostSprefdrabifie MRy SIENARD,

provides a cebar@BIdRL. §ﬁd/br Mﬁlﬁlikélbﬁﬂcﬂbﬁﬁll‘b'ieﬁﬁs LLO flippase activity that
i s capabl e of eff|C|ent[y flipping lipid-linked all oligosaccharides

onona; 87ae, BB ghilcallE 00 SFads R AR T LREeL BT MRS IS £t of e
umenal side @ og typ% of gﬂ\gs%bg agtlwty in the form of a single protein unit. In
a more particular embodiment the the derived from a protozoan organism, i.e. a

45 protozoan OT (POT). The cell of this aspect is preferably further characterized in

5



In a particular aspect thereof the cell is further characterized in that
sai d LLOWDi2p10i8pHSe is active in efficiently flipping PCHER2000QREH6

ol i gosacchari des selected fromthe group consisting of Mani G cNAc2,

Man2d cNAc2, and Man3G cNAc2. In a preferred aspect thereof the cell is
further characterized in that said LLO flippase activity is conferred by
the expression of one or nore of nucleic acid nolecules, selected fromthe
group consisting of: 20a)nucleic acid nol ecul es conprising or consisting of
t he sequence of one or nore of: SEQID NO 1, SEQID NO 3, SEQID NGO 5,
SEQIDNG 7, SEQID NG 9, SEQID NO 11, SEQID NGO 13, SEQ ID NGO 15,
and SEQ | D NQhaflgrotdziagn bliydsaccieityl taRierdseNGtivid3s dei@d fprmidioxa@asraEgondi NO;
27, and SEQ | g)Qeistnariibimpjon¢lm); ¢ eabindniauhfactured.|), bashmanié brazdiepsis yLbgm no
aci d, conpri sieighmhbmsia sMexiearze (Lohx)oheisbmaniar dormlvaniSEQ),| LeidiEnaria JBiyanaridisNG;
4, SEQ I D NO (1), &&E8hhahid@ropica G TripdNosorh8, crisEQTED) aNad. TARandSie@d brusel  14;
SEQ | DNO 16 amp. BiQirlvenin alb8;cobééens Roidologads oBafificial Bfeuctdres refated @ IO

26, SEQ | D NOHerdRd frontls SO TOVNEN futitiorftachrit@ @bbuieRIDE attvity ratheasell s,
anal ogues or derivatives of the nucleic acid nolecule of a) or b). A cell

of one of theypy Sﬁl@t aQEeQ‘?%? ?ne@ nftHé LBRls fﬁhﬁér@ﬁ&&%ﬁé&ﬁﬂlabl@ of rb'ﬂ‘ﬁa\]:eiqe

|ntraceIIuIar ] | of
one of the pr 'rﬁ"?r'gﬁ miy be urt er ogrr]rgdr?%c te I|L||d§(q'e I n t nnosylheaﬁgel I
35conpri ses a east one nucleic acid encodlng a heterologous
I co r ot ei erabl X es t

E)g 1¥ur er Chgﬂ 8 zt anqvlen P'peE S"}% il |§e§ %E%?r 8?? n Ce' F ‘.@S
pressed, dim %gf@f’ rycy tﬂg@gpﬁ ? %‘Pﬂa{) EFgell
of this as- 3 b 8T6°fﬁ8€‘P 'Er g& trr-‘{
characteri zed h‘?\ InvegY °"1 ﬂ'é°|§f?"i & Meteeg P BIOSESS °spr8é%95 I Phat
its activity 8 lyForrpie &%‘?{Qp‘?ﬁ't g WNETSie eome 8 é%BH%?PT" ﬁ” r}‘Fan
mannos&d r esi dGeka¢eording &s Ry t|op§s REQYIR FF% P"

H'P BYR' & Yc Brojgin E°'f‘9?;% LLO

ol i gosacchar i HWENYAM SSRGS @Eéqt%%sa"dl\/ﬁrpé”
flippase is cHensathatareeigduciblg of aeg produceddyyithe el eighe f’l"?B‘tﬂ"ng li pi d-1i nked
ol i gosacchari des having less than 5 man-nose residues is less than its
activity for The pglisascbidingtolthe kwentisini exbibits @h dndreasedwittaiursenal nonrsestration
resi dues, wheptEMan1Iteddan3ntype ¢ LOeissconparnisdrOoty a2 0tnodified wilddyne plirain [of theed

ol i gosagchar i Hest deivinariedss, intralom&natsomosriratiesiislinerased bpet legst $%ppefd, when
conpared to tHh8%ad0UnR5%, 300 i40%, 50Re 7084, ioy @9%c mhare ipadicular bl b leash H03%,
resi - 10dues. 20004, 680%, 300%hil G0Q%&r 15000, 2008%parcnoies Tpe ekl thalsl gxhfbits tanen-
char act er i zedcteasedh atycosyatival dfficiency ik womipansdn toLarannmodifiedwilddype stfdin obr
rftl honol oguéwe hdsieettelnl partiguldreglfcosylation Shiaceased, iia gdrticnlar fiat Mah® besdd 1 s
| acki ngs or i sstiastureg, by pt lgase5%e d0%]i16%6)i200ke @566, 308k 40%,d50%6.£70%, 0n8@%pf
ER-1 ocal i zed ¢lore papticular dy it deass € 00%, 200%i 8009 F00%N¢0@%, 1500%, 20008 pect

i s preferabl ynfaset her characterized in that the ER-1ocalized gl ycosyl
transferase is a mannosyl transferase. The cell may be further

characteri zed m eorwé%ﬁoﬁ Whn R kndcR ouBRita sPhing Se NAMiHsthaviHRPA ARAMEd glyso-

di m ni shed or g E rEihHe ERE iPpariBliIS: #bigFRodi f?é‘(ﬁbétﬁ\ﬁgy |suBh erdtartks@dins if modi-

monosagghari d‘ﬁe Lyl Mrdink tBRAS Snvaftior ekhii® an increased growth rate and/or a reduced
temperature sensitivity in comparison to unmodified ER knock out mutant strains. In
particular, growth rate in ER knock out mutant strains is increased by at least 5%,
10%, 15%, 20%, 25%, 30%, 40%, 50%, 70%, or 90%, more particular by at least
100%, 200%, 500%, 700%, 1000%, 1500%, 2000% or more.

35 A particular aspect of the invention relates to an isolated LLO flippase and to iso-
lated nucleic acid molecules encoding said flippase. The flippase according to the
invention is a protein which comprises at least one transmembrane-domain and at
least one localization sequence for an intracellular membrane and is membrane
bound. The flippase is further characterized in being capable of flipping a

40 Man1GIcNAc2, Man2GIlcNAc2, or Man3GIcNAc2 structure of a lipid-linked oligosac-
charide across a membrane e.g. flipping said Man1GIcNAc2, Man2GIcNAc2, or
Man3GIcNAc2 structure from the cytosolic into the lumenal side of said organelle.
Said LLO flippase can be isolated according to the methods described further herein



20The cell may be further characterized in that the cell is lacking or is
havi ng swwo 2pregesed, di m ni shed or depleted Al gll-type RCTiBPRAOY/HOTISE6 cel | of

this aspect is preferably further characterized in that the cell is a
knock-out mutant of the gene algl 1 or algll honol ogues. The cell nmay be
further characterized in that the cell is lacking or is having sup- 25

pressed, di m nished or depleted Al gll-type activity and is further | acking
or is having suppressed, dinnished or depleted one or nore |ipid-Iinked
nonosaccharide (LLM flippase type activities. The cell of this aspect is
preferably further characterized in that the cell is a knock-out nutant of
t he gene al gl bdlowr Thé friventidrofunthegretatestadam expnession cassette gmdes veabali fog theor

| i pi d-11inked sxpressiercofahe fippadd Adtivity inppeetie 30activity. The cell may be
further characterized in that the cell is lacking or is having suppressed,
di m ni shed or pgemdr a@@buﬂrga%e&tmﬁtﬁ@wéhwn Adlstei 18 the!lusb &f éaﬂ)CISl'_Oth;SHases
having a supp t%‘fesr r‘#'cE?nB#n wﬁh a08igbSicRAarpitaisierdes vﬁfht feVaxey s dbifyqsl | of
this aspect | tét ¥ sticH Ta"i‘%t;ﬁ' fo ?ﬁl@o&f&fh Rarndibrase PO

knock- out nut 513\98’5@0 @&Is be@rdifg 90 tHe Qgﬁ’to‘ﬁ%?ﬁﬁ tloﬁld? or
al g3 honol ogus co f%lrp on E{)rtn Frglné: G‘ér@ﬁl&%ﬁﬂ tﬁ aats L€ offled 1S
| acking or is in t?ES @hePé’ oftHd Vity

and is furthep, r?tﬁz 1 éw%ﬁgﬁo@%%% 44 glygbﬁpﬁz%' ceI | r depFete

bet a- D- mannosyl "transterase e activrt of th| s aspect
is preferably further charact r|ze in that the i 40k u

mut ant 16f ¢ he é"ﬁBa’é B 11 8 1St papect the e osf e'%r?n%g celfpgagiied to
honol ogues. Lf@???’ é 7(96 f m@@”fh g yiRidrin ?‘hép oli-

char act er i zeng??CP gffdes rompsising;fom 4 4p;3, aB’l’osiesreﬁ'QU‘?%Hm?JBf)F@tﬁ%ll? side to

di mi ni shed or WHW@P%’&'%‘@I?W'W@%H?WW? leThe cell of this aspect is
preferably further characterized in that the cell is a knock-out nutant of
al g2 or al g2 hoawadipulas aspatidhered theegellie further icbaraglesizedt incthat eaid iLhOr fiet t he
cel | cthprisepasmis astivaun eflinientlyifippirg tividdinked pigosacahiarides seleeted jwanthehar yi
transf er ase agtaupicopsistirigaefddanrdGlehbaca, Man2&icNAe2, ard MandglcNAc2.preferential |y
transfers G c3Man9A@ cNAc2 to a protein but is also capable of transferring
ol i gosacchari (tfea préfered taspact therddbithe @ell N\ thep cRaratiebized pl thgbsaid ¢lar figes
having 1 to 9pasdacmhatyiesoifeasd byaRé axprisibaldf oneiniéiecdiruitleic 26d mole-
Man2G cNAc2, glled/BeléatedNASM thedgraup toiisidting dior e particular, the cell is
characterized in that the activity not only transfers d c3Man9G cNAc2 to a

proteipybut is als Capﬁt?a@ac%o%ew b eté ptngh redonkiREn bi #RSSEBAd des

O

mannose re5|d
Man5G cNAc2,

preferably, c2, an /or
cell of the precedlng aspect is preferably further characterized in that
t he prgto- zoan olbgosaccaary tra ferase.aqg|V| iS. seIe t ed frontthe

group édnsi sting o '{bgt' 98 ct & Ang , gthe
Lt t 3Ap- t ype S g
activity. The ﬂpn g i }\l ki ng
or is having pfet Qr 2Po¥™ | zed

mannosyl tran ngiﬁﬂdty The ceII of one or m)re of the preceding
aspects is particul arI y characterized in that 25 the Golgi-Ilocalized
mannos$P transferask isfragmeniseyaranien anlogiesupr @@ngatyﬁsmg e nuweia -adhe
activity and meeaeofrmonbsyl transferase famly, in particular Mnl-type
activity, Min2-type activity, Mmn4-type activity, Mnb-type activity,
Mhn9-type act iAvcdllyof ohb ol thet prpeedivtg aspeicts, mayde krthel charpetedzed inithat thelimgracel |
of this aspectelgarorgirasiials thefendoplasmaticaretiadleni(ZRY in that the cell is a
knock-out nutant of at |east one gene of:

A cell of one of the preceding claims may be further characterized in that the cell

35 comprises at least one nucleic acid encoding a heterologous (glyco)protein and
preferably expresses that (glyco)protein.

other than @ g/%p 35 NGS5, ﬂng.tf?@g%Q
; 17,

The cell may be further characterized in that the cell is lacking or is having sup-
pressed, diminished or depleted Rft1-type LLO flippase activity. The cell of this as-



30 ochl, mmnl, mn2, mn4, mmn5, mn9, mnl0, mnll and/or the honol ogues

t her eof . WHaOWal4p176f one or nore of the precedi ng aspecPETIER2QA0078¢&l ar | y
characterized in that the Golgi-localized mannosyl transferase is selected
fromthe group consisting of the Ktr nmannosyl transferase famly, in
particular Ktrl-type activity, Ktr2-type activity, 35 Ktr3-type activity,
Ktr5-type activity, Ktr6-type activity, and Ktr7-type activity. The cell of
this aspect is preferably further characterized in that the cell is a
knock-out nutant of at |east one gene of: ktrl, ktr2, ktr3, ktr4, ktrb5,
ktr6, ktr7 and/or the honol ogues thereof. The cell of one or nore of the
precedi ng asppedtds peferably ifurthenchgractesized trethatzthe Rftl-tyhad LOAppdse is charac-

Gol gi - | ocal i ziedizedimntbayits activitg farfiyging pid-thiedt didosaasharides hpvinggessotignst i ng
of the Van namanfyde tgsiiues ds &s thamiitsyactivity foniflipping tipid-isked- oligosacotiaridest y
and Vrg4-typewnls binvarinose Tésidwss!l Moné particslag aRitt-type LhOcflippasbliy charatteszed
charactgri zedin that feactivitg feefiipping lipiddinked ofigdsasthaides dbviag léssathin Gnmagene
of : van 1, vr gdseredides isiesd thamlicadtisityt foe flipping liplinked oligosaccharides with 5
2010/ 049177 PCHaRRZR0 PsifUE8 L Whéken Clebd" Mibaty fesBribaediony 20%5pe60%| SO bfier abl y
further charagiedi &%sétﬂ:hbh@és hB@ing aéds than! Rakant@se residudn araGeing flipped

suppressed, djyAtRic&MpSredrto #ePhpbast dYMpid-linkee oRfdshwdHayides\dith S rhaviriodse resi-
| acki ngy or isgh@ving a suppressed, dinnished or depleted Mn5-type

aﬁtIVI ty. Thg cel | of the precedi ng aspect is preferably further
characteri ze or
2. horol ogu%%(g 5\5& rE&J%r%d Eﬂla/% gﬂaqgljéb %rtﬁgtltcggttag%fnz gttgg e'HéW%be
furthegI cgara 8 that %e ceII I's Tac | or is haV| ng a sup-
presse i m ni shed or de |l eted, Ochl-t t|v t th IS ect
is pref- erabll9ercgl pay b %E‘ﬁ?%tcé‘?faf?d'zg‘ﬁ i 5 actqgg a?rll?‘\ gyn lﬂ’p' >P
nut ant of t hePigsaed.ciminige e °f' cplize ‘[1"&? E

char acf2ri zedaftyitiggat he gell e&rh's é%ﬁﬁ"é!’ss pefesakly (5‘1’rt rcﬂa"éﬁt ¢ tf"aih R-
het er ol ogous §aiaes dycosytransieraseds Adnannepy tidgsferaseer er abI y selected from
t he group consisting of: mannosyl (al pha-1,3-)-glycoprotein
bet a- 1, 2- N- ac&hg|cgll weays berifurghertaharectarized én 115t tha icgl Immhlosyqf is having sup-
(al pha- 1, 6-) - gtesseqramaisheld etr adeplefed\bre ot miorg afCEBdtmahy&d lipiddirKes merosac-
(G1TI1); bet achardenthbMd fiipbasd gadivitiest ei n 4- bet a- N- acet yl gl ucosam nyl
transferase (G1TlI1); 20mannosyl (al pha-1,3-)-glycoprotein

bet a- 1p¢4- N- aC%é'd&ilUﬁéﬁB&f&Yﬁeﬂdh&Fﬁﬂ@fz@&@n (K2 The/)cell N raeRiny lor is having sup-
(al pha-1, 6-) - gtessedr Aintiishededradehididg aad MLgpsl aBHAYTTAE! cell rainhit eispeet i¢ GrafV) ;
mannosy!l (al pRasbly RrtheOthEFaRER iR thaltAe sektisNr REKYUD migars dtHEygene alg?1
transferase 23t GgiYhbmologues.

The cell may be further characterized in that the cell is lacking or is having sup-
25 pressed, diminished or depleted Alg11-type activity and is further lacking or is hav-

ing suppressed, diminished or depleted one or more lipid-linked monosaccharide

(LLM) flippase type activities. The cell of this aspect is preferably further character-

ized in that the cell is a knock-out mutant of the gene alg71 or alg11 homologues

and of one or more genes coding for lipid-linked monosaccharide (LLM) flippase
30 activity.

The cell may be further characterized in that the cell is lacking or is having sup-

pressed, diminished or depleted Alg11-type activity and is further lacking or is hav-

ing a suppressed, diminished or depleted Alg3-type activity. The cell of this aspect is

preferably further characterized in that the cell is a knock-out mutant of the gene
35 alg11 or alg11 homologues and of alg3 or alg3 homologues.

The cell may be further characterized in that the cell is lacking or is having sup-
pressed, diminished or depleted Alg11-type activity and is further lacking or is hav-
ing suppressed, diminished or depleted beta-D-mannosyl transferase or DPM1-type
activity. The cell of this aspect is preferably further characterized in that the cell is a

40 knock-out mutant of the gene alg?1 or alg71 homologues and of dpm1 or dpm1
homologues.



bet a- N-acetyl gl ucosam nyl gl ycopepti de beta-1, 4-gal actosyl transferase
(Gl T); aWVeRA10#IEY fucosyl transferase (FucT); bet a- gaPQ&EF3004407816

al pha-2, 6-sialyl transferase (ST); UDP-N acetyl gl ucosam ne 2-epi nerase
(NeuC); 30sialic acid synthase (NeuB); CMP-Neu5Ac synt het ase;

N- acyl neur am nat e- 9- phosphat e synt hase; N acyl neuram nat e- 9- phosphat ase;
UDP- N- acet yl gl ucosam ne transporter; 35UDP-gal actose transporter;
GDP-fucose transporter; CWMP-sialic acid transporter; nucleotide

di phoshat ases; GDP-D- nannose 4, 6-dehydr at ase; and

40CDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi nmer ase- 4-reduct ase. The cell may be
further char athecelt edhyi e furthier characielized i that ¢t eell kriacking onis havikgasywt i C
cel | s incl udi prgséed)dahinishéd sr depletbd Alig-typel ketivtgt Tie cel dfshis mepeddisprefera-
manmal i an cel blg furtiemchaaeterized mrtbat the @ell isce khsck-olutant of alg2 or alg2 homo-
2010/ 049177PAb4adx2009/ 007816 In a third aspect, the invention provides an
I sol ated nucleic acid nolecule or a plurality thereof capable of coding

for or gonferthdigelt gy 55%%%95@ teRSdd M'tﬁé(t tﬁé ce ram%cwelcrst

aspect of theaéuﬁ“ﬁﬁ‘&éétﬂ& céd%gafdm %a%i &H el if R4t d
e

I

mol ecul e is cfa rg&,(,g(mf Srdlehil ﬂ”&ﬁrl? ‘%ro or e
of the 5nucl e} & %n Fa‘éé%ﬁﬁe?r@l ﬁ'&;léﬁlﬁ‘a %
aspects of th@l c\ﬁgﬂ&éiﬁ%‘w o§398§&u E?’e‘? Bbl Mgtf%fc ﬁ§2 an

expr esgj on cagy ﬁ character-

[ t n.
char act ;P?Zgggﬁ’gﬁ'& e &sﬁf»}g%@sp&%ﬁﬂﬁa’%@%ﬁ“ e bz GE“%FZE 52°
c

10j unction wi aﬁj s&8dhafides 'hd h& t%cb rg%gse Irggdues (IOI
promoter and QHZSGIGNAC2, Man3GIcNAC2, MandGIcNAC2 Man5GIcNAC2, Man6GIcNAC2.
15 Man7GlcNAc2, Man8GIcNAc2 Man9GIcNAc2), most preferably, Man1GIicNAc2,
Man2GIcNAc2, and/or Man3GIcNAc2 to a protein.

The cell of the preceding aspect is preferably further characterized in that the proto-

zoan oligosaccharyl transferase activity is selected from the group consisting of:

TbStt3Bp-type activity, TbStt3Cp-type activity, LmStt3Ap-type activity, LmStt3Bp-
20 type activity, and LmStt3Dp-type activity.

The cell may be further characterized in that the cell is lacking or is having sup-
pressed, diminished or depleted one or more Golgi-localized mannosyl transferase
activity.

The cell of one or more of the preceding aspects is particularly characterized in that

25 the Golgi-localized mannosyi transferase is selected from the group consisting of:
Och1-type activity and the Mnn mannosyi transferase family, in particular Mnn1-type
activity, Mnn2-type activity, Mnn4-type activity, Mnn5-type activity, Mnn9-type activ-
ity, Mnn10-type activity, and Mnn11-type activity. The cell of this aspect is preferably
further characterized in that the cell is a knock-out mutant of at least one gene of:

30 och1, mnn1, mnn2, mnn4, mnn5, mnn9, mnn10, mnn11 and/or the homologues
thereof.

The cell of one or more of the preceding aspects is particularly characterized in that
the Golgi-localized mannosyl transferase is selected from the group consisting of the
Ktr mannosy! transferase family, in particular Ktr1-type activity, Ktr2-type activity,

35 Ktr3-type activity, Ktr5-type activity, Ktr6-type activity, and Ktr7-type activity. The cell
of this aspect is preferably further characterized in that the cell is a knock-out mutant
of at least one gene of: kir1, kir2, kir3, kir4, kir5, ktr6, ktr7 and/or the homologues
thereof.

The cell of one or more of the preceding aspects is particularly characterized in that
40 the Golgi-localized mannosyl transferase is selected from the group consisting of the
Van mannosyl transferase family, in particular Van1-type activity and Vrg4-type ac-
tivity. The cell of this aspect is preferably further characterized in that the cell is a
knock-out mutant of at least one gene of: van1, vrg4 and/or the homologues thereof.

9



cleic acid nolecules coding for a termnator. In a preferred aspect

t hereof , WHeOW¥PEEsi on cassette, is further conpri si ngPCHEPRYIMHDT8E6 copi es
of a nucleic acid nolecule coding for oligosaccharyl transferase activity
as characterized in one of the preceding aspects of the invention. 15In a
fifth aspect, the invention provides a vector for the transformation of a
eu- karyotic host cell, the vector is conprising one or nore selected from
copies of one of the nucleic acid nolecules as characterized in one of the
precedi ng aspects of the invention and one or nore copies of the expression
cassette as characterized in one of the preceding aspects of the invention.
20l n a si xt h Fispesltof dneeprécedans aspectis preferablydunther febdratterizedim thatdbecell sn of
a cell that imckipgor s ltningya eagmbssedplintitishesyort deptsted MhnRitypedadtivitk and is

ol i gosacchar i fleeniagking opisWaning @ sudprsdsed/irdinishbdo? deplete VAN BGHgpAativisy.y can
structure in ThecéiNdfiths prddeting aspeetne pieferabig dyrtes kharacterizdd intthatrthe tcbiis

met hod gonpri gikAgciabut! m@aht bfitRe Yen® (¥n20dr:mnn2 homologiigsaaref of thie rygne menmsel |
with at | easto,omgnsamubggés or structure coding for LLO flippase 25activity
selected fromthe group of: nucleic acid nolecul es as characterized in one

of the precedipg .af R tb% ﬁhhep&dr&\,{@%'d%’thé?)iﬂé ?ér? IsO8cIGRS B Ist BsvirdSa sup-

ggsregféfg' ;gdg e@sé’dnedl nis Eaﬁ Jr'de ﬁ] @cPE‘F rgezc%t e Srgen\bfgﬁltggei c.gr@ pref-
|nvent|(|]d) P’v '@fe{cﬁ '28 t@ eto efpr ess? u% P%%ppfase act |03,|]1t?/r
encoded” by tha cons? or structure In a preferred aspect ther eof
the construct_furt es for oli cchar transf erase actr vr t

that the cell? F’% Cﬁl m@yt g ?re‘g?rqﬁ_% 3 gh %QE ?e ?? &olgr-
35saccharyl t [PSR4E °88?‘|‘§(?'t79'”1§n‘2{ '?(‘?‘h RrEfesably pelg Ctﬁ?i £PBY ¢ ed

aspect of one *@rgrﬁweortﬂs 'PBE"pr ecedi ng aspects the met hod is further
conprising the step(s) of dimnishing or depleti n? in the cell at |east one
enzyme activit ymashesyl &ipifa-ba)tdiesograteip beta-1,24Nsacetylglucosaminyt transferase
2010/ 029 177PCT/ EB?UN9/ 007816 Alg2-type activity; Al gll-type activity;
Alg3-type acti vivappogyPldipitay h6-)eghtcopiatsin betael  BIN-pealylgikedsaming trgssiewsar i de
(LLM flippase-t@pBl)activity. In a seventh aspect, the invention provides
an isol ated cel betar1,a-rrpirmosyHglypopmmireé-fo,etat—NaiceslmmosammVl transtgrass e of
synt hesi zi ng | i gBuFillj;nked ol i gosacchari des having a ManlGd cNAc2,
Man2d eiNAc2, or mdandsil (V21 G )yahymopsitein betar B4iNracatylgincosacenyl transfeasganel | e
and transferringGaTi¥);gl ycan structure to a nascent protein expressed in
that 10cel |, chatanab®yl (aphth-i 6-)tdiytoptdiein betal1,69N-peatylgiocdsasiny! transfecasey
produced accor di®gTV¥)p the nmethod of one of the preceding aspects of the
invention. |In aanabgy (alptsp e 6t)-glydoprdtein @eta- ha-N>acatylglesosamimyl tradsferaset he
producps on of a(@hwpprotein or a glycoprotein-conposition, conprising the
step(s) of: provetiNacetyiicosamingrglycopeptiledveta-of4-gdiactgeybrantfergsa @Pat) s of
the invention; alpha (1,6)fucosyl transferase (FucT);
beta-galactoside alpha-2,6-sialyl transferase (ST);
UDP-N-acetylglucosamine 2-epimerase (NeuC);
30 sialic acid synthase (NeuB);
CMP-Neu5Ac synthetase;
N-acylneuraminate-9-phosphate synthase;
N-acylneuraminate-9-phosphatase;
UDP-N-acetylglucosamine transporter;
35 UDP-galactose transporter;
GDP-fucose transporter;
CMP-sialic acid transporter;
nucleotide diphoshatases;
GDP-D-mannose 4,6-dehydratase; and
40 GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase.

The cell may be further characterized in that the cell is selected from: lower eu-
karyotic cells including fungal cells and higher eukaryotic cells including mammalian
cells, plant cells, and insect cells.
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15cul turing the cell in a culture nmediumunder conditions that allow the
product i dMO@P1KHRLTGl ycopr ot ei n or gl ycopr ot ei n- conposi t PER/EPRVSADB1Eel | ;
and, if necessary, isolating the glycoprotein or glycoprotein-conposition
fromsaid cell and/or said culture nedium In a ninth aspect, the
I nvention provides a kit or kit-of-parts for producing glycopro- 20tein,
conprising: the cell according to one of the precedi ng aspects of the

i nvention and culture nediumfor culturing the cell so as to confer the
production of the glycoprotein. In a tenth aspect, the invention
provi des glycoprotein or glycoprotein conposition, 25characterized in that
the glycan stinathirdespédiethediveation provides af idol2ea nidigidacilyisiealid 6NN idral-

G cNAC2Man3G m\iveraof @apbible Biodiey €N SokfeRrRgithé ILCMppas6 BERAYRE 2FhaRIE2,
30Gal 2GLcNAc 2iyba #3he At 2bpsct oftedfvemtios. IVa FB\agpdet BRFddfNBe nucleic acid

Gal 2GLcNAC3MamdiecabAs Shbierckiizes in fhat tHicmoreGaliz SiebAa 2N 3k sNAfrte of the

NeuAc2@al 2GLchngeid/aBRIGheRIGGES us chbieief2Ed ik 1€ bAhaMRasdi i §CHEIiRI.
35NeuAc2@Gl 2G)giNAs3MAN3G cNAc2Fuc- bi secting, G cNAcSManS cNAc?2,

Gal 3d al Ac3Man3d cNAc2, Gal 3GlcNAc3Man3d cNAc2Fuc,

2010004517l @g%;g&@g ws%%ldawg%%;ssag%ﬁg@r o o

provides a ho§1to|e% le ’asscj?l fac erég;‘m ”S'rr: ec e 0 np P the
SpeoPg; | pothel ggﬂgap s %0% et
'S;§| Iewlgﬁ{:o n%/t%ﬁ g produm bl e by the cel |

gl ycoprotein,

according to one of the p recedln% asp ects of t he invention,
In a preferred aspect thereo the expression cassette, is further comprlsmg one or

more copies of a nucleic acid molecule coding for oligosaccharyl transferase activity
as characterized in one of the preceding aspects of the invention.

15 In a fifth aspect, the invention provides a vector for the transformation of a eu-
karyotic host cell, the vector is comprising one or more selected from: copies of one
of the nucleic acid molecules as characterized in one of the preceding aspects of the
invention and one or more copies of the expression cassette as characterized in one
of the preceding aspects of the invention.

20 In a sixth aspect, the invention provides a method for the production of a cell that is
specifically capable of the synthesis of lipid-linked oligosaccharides having a
Man1GIcNAc2, Man2GIcNAc2, or Man3GIcNAc2 glycan structure in the intracellular
organelle endoplasmatic reticulum, the method comprising at least the step(s) of:

transforming the cell with at least one construct or structure coding for LLO flippase
25 activity selected from the group of:

nucleic acid molecules as characterized in one of the preceding aspects of the
invention;
expression cassettes as characterized in one of the preceding aspects of the in-
vention; and

30 vectors as characterized in one of the preceding aspects of the invention,

such that the cell is able to express LLO flippase activity encoded by that construct
or structure.

In a preferred aspect thereof, the construct further codes for oligosacchary! trans-
ferase activity, such that the cell is able to express LLO flippase activity and oligo-
35 saccharyl transferase activity encoded by that structure.

In a preferred aspect of one or more of the preceding aspects the method is further
comprising the step(s) of diminishing or depleting in the cell at least one enzyme
activity selected from the group of:
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gl ycoproteins, producible by the method according to one of the preceding
as- 10pectWogP1de177nvent i on; and gl ycopr ot ei ns accor di n§CTEPRII/008m¢ h
aspect of the invention. A preferred aspect thereof is a glycoprotein
conposition, conprising two or nore of the glycoproteins according to the
tenth aspect. A preferred aspect thereof is a reconbinant protein
or a plurality thereof. A preferred 15aspect thereof is a therapeutically
active protein or a plurality thereof. A preferred aspect thereof is an

i mmunogl obulin or a plurality of immunoglobulins. In a thirteenth aspect,
the invention provides a pharnmaceutical conposition, conprising: one or
more of the gl yAigpaydecadiiviy; one of the precedi ng aspects of the invention
and preferably Akg1hegstactiviey; phar maceutically acceptable carrier or

adj uvant. 20l n AlgBayd sawity) aspect, the invention provides a nethod of
treating a d|soopnn4y@ahdwﬁwuﬁﬂatable by adm ni stration of one or nore of

the gl ygoprotei Iﬂﬁd-ﬁrﬁke@l%&ﬁ&‘dabd:t@ﬁu&e Qf LMY ¥ippsisefsecadility. he precedi ng aspects,
conprising the step(s) of: admnistering to a subject the gl ycoprot ein or

conposi tion ag éjEeVe im%%étb%% E% cRné %nsi%% Fe‘atceli %ré (&l h&rddk IRt OF
i s suspected [ E% 5? Z‘?'
d lufar

25coprotein o

pr gfgn;d ingggngfg;;zlgrgamr sYenr 8& ectﬁ&;? in that

g?l | pr ?e[? ct';aéllygg% cega %ﬂ}‘ ing to the
(¥ anspor for s @ §"°§aiﬁo§°§*§sege%eg g rfés R :

transporters Phs 30 for the production
of manmmalian, e.g., human therapeutic glycoproteins. The process provides
an engi neer ed'“tﬂb?‘qupe%f'@Hn‘@é\tﬂ%ér qyides a metbeg ferdhe RrRdutignyefia gligopro-
desi rabl e gent{ns9" 3 glyeRRrRiginGemROpitienytomnrising thestertderf:s with nodifi ed

i pid-l1inked oligosaccharides are created or selected. N-glycans nade in

t he engi neer ed prosidinged ¢eall deaording thvione GF theArecedivigasPectsiat the iaveshtion;

Man3G cNAc2 core structure which 35may then be nodified further by

het er olmgous exguiRsing e il P8 eulire MMd¥dure DANERDNdIBoRs that allow the production of

gl ycosyl - t r ansf peamrdproiig af glyEcbroeP-dddisosiod inSdid esli; dages, to yield human-
WO 2010/ 049177PCT/ EP2009/ 007816 i ke gl ycopr ot ei ns. For the producti on of

t herapeutic prog h I s in
whi ch any desir m |s%|a‘ﬁﬁ§ trﬁrg'ga&n@ cg)grottﬁ? gpﬁgg&ﬁ{mﬁg@ssald[ erw se
defi ned herei n, Ssci ent| IC an technl cal terms used in connection 5 with

t he present vent {.on sh e.the at. are_.co nl. nder st ood
by thoge of o 'Qk aiﬁa" ItJ“T' HWFﬂtéma'?er ?%?Qﬁ%e‘?’ k}}Lﬂ%'Ip@% f?ftrmé) 'réeé‘)"?é’cﬁ’m'r ed
by conflext, s Hbﬁ?'g M$89'ms shall include pluralities and plural terms shall
i ncl ude the singul ar. The methods and techniques of the present invention
are generally p Pﬁ@”ﬁé@rgﬂﬂgﬁ?ﬂnﬁl@thépmd'@ﬁtaﬁmsﬁ ofthe fryestioeand known in the
art. Cenerally, nonenclatures 10 used in connection with, and techni ques of
bi ochemi stry, esultyrenimediym fooicetturingrthermell selasub @onfer Meogpductiooromlﬂ'ne)glggy,
genetics and prpbteim and nucleic acid chem stry and hybri di zati on descri bed
herein are those well known and commonly used in the art. The net hods and

t echni ques of |ntd€erfth @8FELE, thRVIBVENLEN pré\edededPdopkdtiinRAT diyopReiA CoripBsiish,t O

convendg onal ¢rirfQszedah that Hevdlydan StidBtupds thareds & saReEd f in various 15
general and nore speC|f| c references that are cited and di scussed

t hr oughout the @ INAGAti on unl ess otherw se indicated. See, e.g.,
Sanbr ook et al. %EMQ% QR ng: A Laboratory Manual, 2d ed., Cold Spring
Har bor Labor ato ENACSHS % epﬂ]giiar bor, N.Y. (1989) Ausubel et al.
Current Protoco I Greene Publ i shing Associ at es (1992,
and Suppl enent s c%capgc 20 Lane Anti bodies: A Laboratory
Manual ~Col d Spr&hg Hse%n Col d Spring Harbor, N.Y.

(1990); Int rodu& P en E. Taylor, Kurt Dri ckaner,

. c

Oxford Univ. Pr I

Bi ochem cal Cor'qgL§ RE. ﬁf Kfe'mgg]aé é% \séﬁa?gé@gj%‘f?

\F;glot ?1@3;9\7/? 1 NS c3M g Secpgm stry: Section A Pr ot ei ns
GIcNAc3Man3GIcNAcZ
Gal3GIcNAc3Man3GIcNAc2,

Gal3GIcNAc3Man3GicNAc2Fuc,
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25 CRC Press; Essentials of dycobiology, Cold Spring Harbor Laboratory
Press (19906)010fiag17monencl at ures used in connecti on w t hpcamp2admotsabor at ory
procedures and techni ques of, biochem stry and nol ecul ar bi ol ogy descri bed
herein are those well known and comonly used in the art. Provision of
novel LLO flippases 30In the context of the present invention, a "LLO
flippase activity" or "flippase" is de- fined as the function of

transl ocating lipid-linked, particularly dolichol |inked, oligosaccharides
(LLO that are bound to the nmenbrane of an intracellul ar organelle,
primarily at the cytosolic side of the nenbrane, fromthe cytosolic side

t hrough t he nenNeaneSGaIBGINAt3Mah3GieNAt2,sinde of the organelle. In

particul ar, theNeoAt3GH3GNAL3AaNIGIgNAC2F . i S the endopl asmatic reticul um
(ER). This process of translocation of the LLOis being characterized as

"T1ipping". | hdvRhi] 4§ TROMERBN prbfied b hBBIEGR, ssddifichlly cdpabledsrgnbed to
the ER Wit hoHEciE%Fﬁé‘bP&ﬁéégonﬁe CBToldiEor Afploteh BbripBLREn 26 thitBagAzecnd

"flipping" al hiige action for supporting another
oot ent i ] fn%‘ésserﬁ?%%%‘:?’f‘ﬁg WO out 111 ppase BCLivity. 401t has

surprisingly peen und that .novel LLQ flippase re i sol l e and
functional i nPrhaetgp{;@&sW%& %86”"(?&5%%8@"@?38 g@yeqopfotﬁﬂ,dse{%gﬁoaﬁcﬁﬁy are able to
conpensate for a decrease or |ack of endogengus LLO fljppase activit uch
as for exanpl e @heonspieins; pipdugible; by the celFacqorlingrn ene ‘i’ftthﬁﬂée%ﬁ'ﬂﬁlaﬁg?cﬁéptj
been found t hat the inyentienj ppase activity according to the invention is able
to function in an altered glycosyl ation cascade. 45Said alterations

conpri se t he geglycegroinsapbducibienby theametssl adverdiiiy treae ahtheoprecegingl-abti nked
ol i gosagchar i depettavf the ihemtiommlangosacchari des such as for exanple LLO WO
2010/ 049177PCT/ EP2009/ 007816 conprising | ess than 5 mannose residues. Such

LLO structures glygoptoteis bchiingXboEntraddest sTtRslimosstionr 1 1i pped in a
wild-type cell. I't has been surprisingly found that the novel LLO flippase

Is efficient|y g;}(é*eirr\é@ dsPedtith&HBbiNE o .Ifﬂo’g'r#téiﬂlﬁé% %%j}l&ﬁ&%ﬁrﬁ?l b %S of ATERE bfi NT
| ess than 5 | F1e CRAC : g F/an% cNAc2,
Man3d cNAc2, or Sﬂ,g%x@% (%g,éorgl'(rgg(t)cgs ettheHrfa%h%r'ane of an intracellul ar
organel l e. The novel LLO fli se exhihits high actitivity in flippin

i pi d- i nked ngs%gge@ﬁfa?qtggg& FT%‘!WH%%%H i ﬂﬁﬁiﬁ%’"? ) thesas; 4 oRpORH
actitivoty in3pPFhietectis Aiheranentically AR RIQtaln A 7 BLILEIGIRAIEOS ng

Man4d cNAc2; it exhibits high actitivity in flipping |lipid-linked

ol i gosacchar i Aepreterieg@ispedt ¢heaveefisar ipmanogiebulin ior Bipjusaldy pf immunog|opylins.
actitivity in flipping lipid-linked oligosaccharides conpri sing

Man3G cNAc2; iin aetkiniebhthsaspiett, lthehingbntiont provides & pharfnbceyicalgcdmpositioni nérd

ol i gosacchar i @esingoonerarsnharg ofthefBycoblifstéin ohionk efthe précedimgiaspedis ghthadatvent vi ty
in flipping | itiph@nd prdfedblylat asborahshantiaseutioalty acsepigbletoairdr oNAdjgvarthe novel
LLO flippase is found to exhibit a "relaxed" specifity in respect to the

ol i gosggchar yln §ibiHdertreadprcl the inldRH prdvidiist A1Riethodl sFhieBiind 8 dRRrddWRsl i§ O
the theory, tR@afadldhy a@hinfdtiation 3% oHE %Enl&ﬁé%f fhd §lyB&proteirsCaH @mpdeitiohs- OF
flippase concenB%yiitite bRine SHecddirg aficls, cbﬁ@ﬁ%@ihé)éteﬁ(xgbh%_amwﬁemg fos for
a certain congOuae e d%ﬁ?tg@iﬁ of BolBodificH 8P BEdFBe®absVE) iR @5k shibsject is

connection W f«&idd ok~ &E Peﬁ&témﬂgnﬁgéas@ftreatdm S%Hbrﬁiﬁié%tibr’i BNHAOHly-
acti vi ?g as e%gb ﬁgré &)sqon'gransport IS assessed Yy assessli ng t he net

flux of the specific nolecule or 20 structure to be transporter over a

bi ol ogi cal baryd-er .fc-hll LadSnriAsn pped” over or through the
menbr ane of apéﬁ'F%@%%?Tm§ e I%.IN\f%QTIrée'* flux is calculated in
particular fromthe intake rate and the outflow rate. It fs foucrfim{eaa . the
net flux may H&edupeantivention primamy relates dohogfcellp bayipe dpqrifigd linig-| rE"” of
the transport &@saghardesawhisl maybgmodifigd fupther pyheterologouspxprassion, pia sehel pe
specific for &ieasyirnsierases. SBQ?U@“SES"‘QVEraédt"@arﬁ@s'@?;ﬁ?ﬁsﬁ9cﬁetcémeo’?°sfﬁr? d.
W t houBOwi shi fgf the rsedusiamaf memmalianhegr. uman therapguticcglycanrgteing, The proc-

cal cul ated by S§8PEQVIHEs Fyengiecaipd hast oofl Whitbeasbraters 1oB@ress andntarmst 8nY nt o
the LLO presertesisable gene(s) typhedin alycasyltions Hest celisswith anegifigddlinigylinked pli-
nunber by t he goseeghagdes dre cratedhpessledtedrdhalyeans Pads Brthg ppaipegied hastfels

i ncor por at ed ihave a Neni GloNAR Manaelchiécy, andier ME@@_\CNﬁ?%sc@’eaEW‘i}'i‘r whigh ' pe
det er nidfed usiMRy then-bermpdifieq further; Ry h%‘le&ngﬂéreXBB?éﬁ'EF ©1 one, of Mare £ e of
Rit1-type t he %@t BYFeSyHransferases. (suoaf rANINQASTE 2 aRenaesidasesr o Yidd fiugian- put
is found to be low, if any, for LLOw th Manld cNAc2 structure. LLO
flippase of Rftl-type thus exhibits hi3gh specifity for flipping Man5G cNAc2
structures. In contrast, in the novel LLO flippase according the invention
the activity to flip LLOw th ManlG cNAc2 structure is high and the 35
activity to flip LLOw th Man2A cNAc2 or Man3G cNAc2 structure is al so

1 1 7~ r 1" o o . -, .



WO 2010/ 049177PCT/ EP2009/ 007816 bitol. Positive colonies may then be
further aN@I29WEdI17m respect to their tenperature sensit PCTBP2eH0ISHEi r
ability to glycosyl ate expressed proteins. The present invention al so
relates to an isolated nucleic acid or pluralty thereof encoding a novel
LLO fli ppase pol ypeptide having a novel LLO flippase activity, a vec5 tor
I ncl uding the isolated nucleic acid, and a cell conprising this vector. In
a particul ar enbodi nent the invention provides an "artificial" novel LLO
flippase activity, which is a transcript of tic2'. The "artificial" gene
flc2' is derived fromthe flc2 gene (synonynous nane: YALO53W | ocated on
yeast chr onosikeegijcoppateins. FOOhe prodddidh lof therapeticoptoteiran this methddsmay be
putative FAD adapted s endinedrivrll linés irowhich 2@y desirédglydsyldfiBn rstrobtuses mag e
functions to pwaPed. FAD into the ER The endogenous Flc2- protein does not
function as a flippase and does not transport LLOGs. The "artificial" tic2

is primrily eﬂ% e%{ntg&a@é%%ﬁ %fc.em.fchanthe%nﬁ.eéulteﬁﬁgugéu:ﬁ, &nnkbch 1S
listed SEQ I .gt%s‘e &ghs Er%s findSaRt afd EHROANRINHershReS
45900 0 4722 ro@asﬁs i \%l):u}f Flo2s Birhwisd (BuibazyPEie aci ds

}[M::iﬁgnéﬁb?gg g@gr ?ﬁ?&? Iﬁf@'\ﬁgga %;lni;e lFmi}@hQIP c(fihd j}i@l Egcat ed
rﬁ»ﬁ

|_L

acids from a s% c.so o‘&%'\ﬂén“ .r} n% S
SeE ) i s i ﬂg
the full 'engndc J%J' d,c sa Pdfyézse h'kRo 2
all. Mre par? ﬂ 2 gN " gFf
afflnltytot éq cﬂr\frtc% gﬁ\éZ% a pﬁ

rate. }£e mv@?ﬁ "ﬁ% "88% ea%qv di c\)'ﬁ ucts
that ehtode a¥ fef PB re %Sg?e&l ?rg (f' k ;
derived from Wée'f'tl S(Pfc aml(); Pk F ec'I"'I 02
and const ruct @r Sloype: ﬁtéh

i nvention is (89 SRS ?r §8 gta dr ﬂ erﬁ qc @Q '°I'
particul arly °8¥t?% ees “b s?ﬂc' 4 HP '?“ﬁ% a[rlmg ?ﬂf\/
LLO fl #hpase P?T%Af‘mﬂ?ﬁso 'l-?q ratggl pra The
i nvent ors sur gPIRY RGrRPrs Bund 199 Intr P?tiq“ P ‘YCQ %‘?fb p Y'% I"t:an
be construed F'C‘éﬁ?"@era qrd fniv-fpriess (4903); GQPH”SE’& ?Fym?e

intracel | ul ar tﬂc emiga QHEH | reghndd, Rdif; driandegok of t'qmﬁoP'PF?éns

organel | e | um¥fl | 1% Bressindardhaopiaf Bt'?f@eﬂ'k!ﬁ}'é(l SEE@”M\l feins V!4l {94
that i25pri maPnggé Reess: dessentiale of; ﬁly&OP'eHOQXeGO@p§er'$9 tH rP?r alofatory tFsesthe
gl ycan struct (Y999 f Thenronpenolafureg aised iheRpngetian With, gnddpe (3Roraiply RIBEEdvEES
"proof of pri ABd feemiues g Rieehemisier adch mojaclizg bjolgay; deseilbed bereingre;those
ficial" genesWsHkpeweapdaemmesldisgein the@m rom f1c2, further "artificial”
genes or gene 35 constructs that code for LLO flippase activity of
anal ogous f unProvisien ofnovebld Q\HibR3SES| y provi ded by the skilled person,
sinply by pursuing the screening nethod as descri bed herein below The
i nvent Bon, al fretheatdniextt wf the presentdintenton, aild@Q tippaspeadiviy st ‘flippase’tihide- ar e
based, and i nfiped as dhe functior lofitranslodating flipid-lipked. rartieutarlyodalinhal | lioked, ddigeodi ng
for Ritl or Rkadshad@es ydd)athai aiet houra tor ihegmembranet dsfearl ir@atéliygrasrgaradie) vi ty
in a cell, inppaatilycatltike cposminesidecafl thg rmemabirane drane tHe eytesolic Ridelthiosigh thes ent
i n hi gh concentensirames ahy tovdlye bimenat side of dises iocganelle. rlh tparticalad, thve antsadedular
produces suchorgankele is O e2dbpladrhatlc rHCTIURRER) TS péddess of translocation of the
LLO is being characterized as “flipping”. In a preferred embodiment, the flippase
activity is targeted to the ER. Without whishing to be bound the theory, the terms
“flippase” and “flipping” also refer to a supportive action for supporting another po-
tential flippase protein to bring about flippase activity.

40 It has surprisingly been found that novel LLO flippases are isolatable and functional
in a glycosylation cascade of a cell, and that they are able to compensate for a de-
crease or lack of endogenous LLO flippase activity such as for example the Rft1
type activity. Furthermore, it has surprisingly been found that a LLO flippase activity
according to the invention is able to function in an altered glycosylation cascade.

45 Said alterations comprise the generation and flipping across the ER membrane of
lipid-linked oligosaccharides having less oligosaccharides such as for example LLO
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In a preferred enbodi nent the LLO flippase activity is enbodied in one or
nor e pr otEPROBY4PY7Gt ei n-| i ke structures, such as nul ti - BRTEPRGANAET6 t er s.
According to the invention, there is provided an isolated or "substantially
pure” nucleic acid nolecule or a functional anal og thereof, which is
capabl e of encoding or 5 conferring the flippase activity as characterized
her ei nabove. In preferred enbodi nents the nucleic acid nolecule is sel ected
fromone or nore of the nucleic acid nol ecules as characterized herein

bel ow. The terns "pol ynucl eotide” or "nucleic acid nolecule” refer to a

pol ymeric formof nucleotides of at |east 10 bases in length. The term

i ncl udes DNA ¢orhmisifigeiess thag.5 madnasBNasiduesy Suohil&Oostrustunesharei usudiyXotpnet RNA
nmol ecul es ( e. gominamtiyproducadndrifigped imRbINiId-tgse oall It has beemkogssiogly BdhdahatRNA
cont ai ni ng nothengdvel BLOMipaset is defficierdly cartive o fiippixigi fipdd-limkedr oligosaharides
bonds, or bottomprsingiuekei ¢harci 8 ewannbee i mesidyest ool paticwlar coiah VBNACDN.
For insgg ance, Mah2GRNACR] MasBEIaNASZ) d?eMar4BIENAGY, aarnds the shembranesdframndieal,
tripl e-strandgsiiulafurgdngik eTRe .nopelr LA flippade Lxhibits tHigh dettivitp im mipperd, ligiad r -
15 pinned, ciifket! dligosdtcharided dmbriRfIgEMaRSBICNABR! it @Rhibils) BigheddtitivityCin LSS
singl e and dogihg fipiatinRedleRdsaédnariaés éaWprisiiy Ma4GIBNAGS; itéxhitite rghaattitiaty v
pure” nucl ei Cmaﬂibﬁingrhp@hﬁk@d%l@@&é&ﬂaﬁ&s@coméﬁhnr@“Man@%NﬂcZa itexttsltsP Sl mer )
| S onejghi ch high SABlignhi fipding ﬁsieaihﬁé@énéds@e&r@nh% c6Riphisthg MABEINMY: 5t t hat
natural |y acceimsy shlh%@l@t AdtiBviBO iy MHIBPIRGT Rilinked oligdtakeHamides Osdmptirge! |

€. g., ribosonpan2@RNABE! aRFexhitits 1il AR HEchtivRE HBPSIRG lidtiliAkedbIgdsadchbides
natural |y assgghatdith 1; ?Gtchr&eﬁ‘hé%ea B P HPpBE iS*fdufd Qb dxRlbiGerRbdde
that (1) has mf}me%/ t Jmmd@&saea%éfm%krw uRC W flipsegenVi ronment, (2) is

not associ ate or -a portion a po ynucl eot'i de in which t he

"isol afed pol ceot Ig o sfo tur JifP ny dto
a pol yhucl eot?:,d\ g fo pg bolipd Pq hﬁ‘etﬁg fﬁ t‘%}ﬁ by Sg?%i'g%%oeb%?

occur in natufgtar ﬂr F‘fﬂpaF%SP%“teﬁs k) % E‘ Ead‘steﬁo %ﬂ%gp?‘;&
el ogs "or oA a@owefaaﬁar B ?rﬁaec' lﬂ?&hei iy % ngb%nﬂ,de
ﬁgﬁergl ogousp g %gg ?gg ¥? gn]oé FS

(5‘%?%9 hﬁ%d ° "éPf’"' yapise fiPpe

the nutfeic aE ‘H“UF B@)‘WP@'&W ngr glg%gf Fh'i\? § 3 qu
rgig“"' riJuH'& enous

physical |y re dNeaPA0e oL I'YaH

nucleic acid & é”t ‘?1 aB t

herein if a h@? PB?Wgﬁﬂmi sfp éhe moleg ﬂéﬁ%‘g“ﬁe E’t

adj acent to tfyle M 8 Hrl’}c‘r%” o actjvity %H% eqific WP éHPC'to

t he en%genou@“ﬁﬁ&t’%"r@"%"&t ok tipeet dVithaut Wishig; toy eb%‘k‘ tR &g §ﬁ° 'PH?%e

endogenous nudftvity may; ke §%€f¢|@tﬁ é’ys‘?t?@'%ﬂ‘@ é’}ee%!m@% W%ﬁm%t eled man-

non- nati ve prBeRs B0 dhey ki REesenh opethe pytapiasmalip side of the kR oA fliiding said

reconbi nat i on?UmB?r byibe tetel moyt efipbelledmannqpen ereferakly &3HRanAose  iNgorAGan

cel I, such thgated itatheddO. rﬁd@rreaﬁlvaw@ﬁé&%ﬁka?ﬁs%wt may be dleterpinedgising

woul d #dw becHificialsyasiglessFopexainele. intLLCs fligpaser oft Rftl-tpe hexactivity ia fiR b of

the sequencesWithdanpleNAged gtregturgiis;high, Aub it Feund tacheslovs ibary, felokk® detted
"i sol ated" ifMan1GENAsAtdiustirenhlQrdlinrepe of iIRSHstypeh Shusdexhikits igh spegiiity felccur

to the correspionaoldanftaichife? seueures. I eraWask in the novel LhRcippase @@e@%&ous

codi ng_sequenth® invertionsthe eackivity' tostp 4463 with Man1 Glehihez pleuckyre] im dught angh the

del eti &n or aagbititto fipt lQ waithiMan2sdeNAeR oraMan3GIeNAL? ptructareys alqsyhlafmrﬂw

i nt er vent i on. nevel L1 9dlirrase ancertlien ¢hepvertionlexbibits activitis whishrig lese seecifiq te a

i nt egrat ed i neertain plysan stayqturehthysexhyhits atre@xe@t%ﬂQﬁS@@w&e%ﬂlpeaseaaqtmbn eic

45acid construct present as an epi sone. Mreover, an "isolated nucleic

acid" can be A\M@"E(PI@TU@MIW?F’GPPEIEZ\G%P@QV@f@%B@P&YﬂYl%PPV'Wr@éh%fNVéﬂher

cel lul ar mat efipmmayde iselatedaintd prefejredraxample fgem yaast celislibyways e Helaeryed by

reconb#hant t eupespeescreen (HGES) anoutlingdjinfdetadl inthecansiosed exgnplesiria shert &

ot her cheni carell inhehick thenerdegenousyit® dippaseihas heen inartimated sucheast for pxam-

i nventi on conpler ayeasicteli @myinigd deleiaudidbe dét porsl Maybe psedinsa HeS$. Seil ng

for the LLO f keljspnaetheotbedrangformad with apgenbaic BNAdIbtasY)isweln as agenomit yeashect

t he nucl ei ¢ abiNA livarycexpsessedifionaa highacopy tilasmie queinasfor example YeR352, also

| ocal i #&ti on samyind asetectableomerker. Callsdhagingta defectamiireaglycasgigtionsascade will

preferred enmbpidveethypeglyapsylaedigrotgingsanchbaveyincigaped tempenaigte aswell ag os-

conferred by tedicesepsitivlyi decotingiye selectedr eellsfobtaingc incthecligSHvaredasted for

sel ected fr onthe1r0abllrmtq griow inthelabasinee of ar ogmats $t9blh§er§ﬂcf¢aﬁ@r§txamgle(ﬁort he

sequence of one or nore of: SEQID NO 1, SEQID NGO 3, SEQID NO 5, SEQ

IDNO 7, SEQID NO 9, SEQ ID NO 1115 SEQIDNQ 13, SEQ ID NO 15; and

SEQ ID NO 17; nucleic acid nolecules that code for a poly am no acid

conprising or consisting of the sequence of one or nore of: SEQ ID NO 2,

SEQID NG 4, SEQID




15 NO 6, SEQIDNO 8, SEQID NO 10, SEQID NO 12, SEQ ID NG 14; SEQ

| D NO 16W02AH/8E}7| D NO 18; nucleic acid nol ecul es cBeBHAEPIIAHOTHI6

consi sting of the sequence of one or nore of: SEQ ID NO 21, SEQ ID NO 23,
SEQ ID NO 25, SEQID NGO 27, and SEQ ID NO 29, particularly when fused to
one or nore nucleic acid nolecules 20 that code for an ER | ocalization
signal, preferably selected fromone of SEQ ID NO 19 and nucl eoti de
sequences coding for poly am no acid sequences conprising the HDEL noti f
and/ or the Kicxx motif; nucleic acid nolecules coding for a poly am no
acid conprising or consisting of the sequence of one or nore of: SEQ ID NO
22, SEQ | D NObita?4RPosiive doldnis map thenthe fakhed ahdNGed 28 respact tBHGRiIt {enij@ratore,
particul arly §ensithity afdtheiriabilitohosylateuxprdsbed potding at i on si gnal s,
preferably selected fromone of SEQ ID NO 20 and poly am no acid sequences

??gg :r{;] j[ 29 E/Q?Eé_' cgeﬂﬁh{é ntidA Y€ re‘jﬁze gﬁg‘foﬁ@d iucéﬁ{t‘gmd o& Fsa;’;lu\;altyﬂt&here;){%,an-
\ 0 LAORYGas i c-
nucl ei G; 30aci Ehrrlﬂglﬁﬁitaé isoffl ﬁuélé mgﬁ é«g&f tﬁi%tvbt‘ﬂo” Ofy

i nvention. The term “fragnmen as use ereln refer segrrent of a

p0l ynuc! oot O e %ts T 50 ?ﬁmgn . iﬁ%@"@@@%% B org;B@as
{iast

| east four, i

| east ei ght, 8?'? Z? “a e o'°°3 c1'|° § Stff’d ome, Libag

| east 18, at L:( 5.'-h i#’ $cripp s %\P“ a@‘é EA ranaspor‘tc-g Fploc {ze{d

at leadl 60, m@@ Fangsand, functions; toy fnpagk E Lséqtd

85, at | east gioteip dogs notdungtion gg a(jpp%p@nd Haes B%tttfad‘égmf LP¥ngth. The term
"del etion” as used herein refers to variants of nucl eoti de sequence where

one, two, thr&be "artificial” fic2/ds psimarilysadetiuncateshversionrf ficRefhe ull seppenaezof 14,

15, 16, 17, 182’ isNBtedSEQODNO7P(FigEeEd)andoawessntoyeast clzmm@pmﬁuh basrs de

segnment s (of #6800to 4722, Thelteswscrifd Of flaReyields si prgtain ofldb2taming aoids twhich

nucl eot de sequeprises fohe ceroplete’ tianimeérobrana slooairdand acfifth rercated transmeem-ant s

of nucl eot i debspgudoncain (BECE IRDMND 2 iigure sBIe The dlrterminal el amino aeigs from

ei ght, nine, amino ddgs 442 tol452 drginats frofrGthe lcionirigBproédyre.olUre@pgndédinfittReot i de

segnment s (of textheN-teonimahfuagnessitioflEER, arableatbcthpensataderdacking flippasecdativt | de

sequence. Addity iroa Arftf insutarst sitaing wheeeasdtbeffulb lemgtinBlc2 dtaélé doed not exhibitdiipst ood

that ip0the ppadenctmity ahall.akbe pdrtituiar, roFle2nitippaseneas fondd fto eahibibrasgrean

particul ar by affidity to the Man1dtiuetureoandfippsithedantostecture beahigtestea franmeshi ft

i s avoi ded, by adding or deleting a nunber of nuceotides which is three or

an integer 10MHEtilveinBor RRIVRIRS. selBRil taHifidialagahédbegert cordfratiethatténdéaed
herein, primpplef LS fippadefadcd Rl thet lhaéntiéheTﬁéser%UélﬁbérWea'fﬂin% #e fic2
(anal og) to NZEAE. ah! parR&fat! fragiaemtslds 2BAHERIA AcPUSAL bonshub@Sofadie 6MAoRs off
nucl eobi des, Yyse fraghfenOsrBG6Hd&Y. ThBIIRRNAGH IsSnot AmRBA SH sk <8 §€Thed
pucker - Shapedw%ﬂt‘id?ﬁé‘or%@ﬁﬁrparﬁétﬂé}@r"aﬁifﬂé%ﬁ Mes HR QENE | BASAICtRTHAL BRIALIP thef OUT
15 nucl eobasegqqydi |28 typRYfuReibRaRPYasO hdr&ﬁ‘ér‘?ze@' ARy Gé’scnbé!cﬁ"hﬁﬁéulu yTde
anal ogue nucl sRBAGRS s g| y RIRI G Qﬁfflcfah"rlg diandhiod Siehs o cofia_anc
base stacki nggprapPh sw | HG H.fy MEAIRRY e oA inkAt &Iy h- al |

four cggon bagg eue d € gﬁté’f pE 3O Qﬁ‘eu@ﬂ HURedf bRMind he
g][ Oge[);'r '?isyOfs E Bit & velﬁ.‘l‘. flid ﬁétsécﬁ?m%r%) acé |i'e%t ﬁ\l %g%léirt&)t ure
showi ng a dupF C@?ﬂpl ﬁe‘?{ h gﬁct ogLé gkg (E

]}rzz)ﬁnS%)Ni\A'zgng%ﬁ fh‘ee seconda q g{ém Ia pgqv#égg‘lhreﬁ‘ Ih;err's rﬁy%n#ormco?nér{iy
' fi cna genes or gene 3 denvBd From er art nal" genes or gene

35 constructs that code for LLO flippase actuwty of analogous functionality can be easily
provided by the skilled person, simply by pursuing the screening method as de-

scribed herein below.

The invention, alternatively or in addition, provides gene constructs that are based,
and in particular include, the rft1 gene or an polynucleotide coding for Rft1 or Rft1-

40 type activity to bring about the LLO flippase activity in a cell, in particular a geneti-
cally modified cell where Rft1 is present in high concentration by way of overexpres-
sion of rft1, and means to produces such cells.
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A preferred enbodinment is an isolated nucleic acid nolecule or a plurality
t her eof tW@t201040488ected from (a) the nucleic acid nol EUELI008407816
characteri zed above and (b) 25 nucleic acid nol ecul es that hybridize under
hi ghly stringent conditions to the conplenent of the nucleic acid nol ecul es
of (a). H ghly stringent conditions are commonly defined as equivalent to
hybri di zation in 6X sodium chloride/sodiumcitrate (SSC) at 45C, foll owed
by a wash in 0.2 XSSC, 0.1% SDS at 65C. Preferred variants of that
enbodi ment are isolated nucleic acid nol ecul es that corn-30 prise or

consi st of a sequence that is at |east 80%identical to any of the nucleic
aci d sequencem dlprefariddeemibattiraent. thé\wLOEppdase atlivitatis enbsdige il éner @freore dro- a
pepti de sequewireonproein-kker taictures, BucH &8 multicunit tiangparters. pepti de sequence to
be transported to and retained in the ER Such ER | ocalization sequences
are often fOouRgedrdin rt&fu?é inFeht/oRt tl'{e‘?é isd&o@tﬂgd LHN§I14t88 o PsubdtankRly siteERu-

| ocal i zati on gpic'4 e!cgfé orsé ?U?ﬁ |§na‘?raﬁa 13y ré@fl ﬁ/hfcﬂ i Qﬁﬁ@olé'éf bh@dﬁlﬁdqort he

art, fof exa h %h il térizeli Hefsindovk N preférigeaBddie ER
protei n” MWS1 (URELREl o s‘?ai.d .eagd it Ghe Bl s T hideic La%6) - A
preferred ER L1eé% | ﬂg@ 90 e present Invention Is
pepti de HDEL E% peptlde sequence, found in the

C-term nus of nunber prqte ns, ctgI as_.Aa ?0 retenlt i on/ retr|feval

si gnal for thg pg& éﬁ% € or7nu G ag 9948 refes | ﬁﬁ HDEL
ekt in b it ¢

fgglrjggfogdgr '?r gg@f‘ﬂ'ﬁl\ﬁr S 3‘.‘@&?'% g fs eoltf at us.

WO 2010/ 04917 f %Ph ining REn-0 gaé ?R,l YeciR 9Fovi de

ER | ocal i zat i BPM™ (‘9 @k'gﬁ‘f“{f"e | boggd 6I°r ucl ' on

several endogedltRdiematiamhi aniesiares. eﬁhﬁsnuc'ﬁ‘ﬁ € 'QQéﬁTStB%‘dﬁF’eg

gcideeaneRe &
ei ther on thestkandsd, tinlesptranded. SPaqu%lefﬁ%tW“& “P@ %ﬂ#%v@anm@emha"-
post - EF® conpaPinRghtcircsanporin arpadipckadeenformration the tem pglvdesi ingle apd dovde
t ool s and nmeaP§ strgpdedhiornpef PNAa- tion or genetic engineering of suitable
host cells (see below) and to confer altered and nore suitable
N- gl ycosyl at i An “isolatérfitorc'slbstart@tly pdreigiugleid beid eori polyiusieotiden (g.gle @dnaiRNA,
expressi on cabbdidt orea ovixed dalymedr) Enarie winieh gsubktantally separatdbfren mtier cetulanf
t he novel LLOcérhporpadse theat naturally accomipanytteenatvedpaymucieotidin its aatatal dvogot i ¢
host ced |, coogl eg. Miposomes)patpnerases)iaad gehonicaseqierides withavhéchcit eaiaturally
nol ecul es as assuciatdd: IMhectdrm lembeaceshe nocleic aicid arcpalyraetpotioe that 1f1)t hees beest or
can be oper abtemdvedkesn it naturallypyceasing rengicsrinnent, (R uent @asodiited avitaldllyagr aone
or nore of sapértioh@f aipolynticidotiad mosiers ther ‘sofates polynudieatide] isfedindin natdrl, at
| east one of : (3)us bperativaly tinkeal te cUpsipnLeieolide WMich iDisBbliskedatodn Nattreiar (4ci d
nol ecupges encacés@otact@rininaik®r . 15As used herein, a "pronoter"” refers to a
DNA sequence that enables a gene to be transcribed. The pronoter is

recogni zed byTﬁ?é\erraphyélE{eass»soVéah% LE&RNIn fkdrbRdeeR fcampmahPbi BBned DNA
pronot er cont fhRged chbif %Mﬁ’ﬂﬁé‘sééﬂaﬁo yrucRiotid€ anBBYS br HoiyPEkledtidy andlégd S

i nvol ved in tn'%t EF‘é’&Hiobeﬁ R4 by eYéFSIB&é@ss VatehL MW eS CiOUIBREE d6ey)

al so include | rily RYUFE That tH¥Y ‘gﬁ‘v PoliHuciERtife §& EShDe@haPheif hat
can bej ?20 boy y ically PdrRd d?ﬁrfg nlétlvé ifohMBAt &6k In@&m 8cd ér?d BH&lS | i ke
a set OF tranjGLbiRlefis ﬁ&ﬁ&rlﬁ q%&“%r' 4 BedrR&y |§‘df§i rei §H¥S
(hence the na rdgﬁd’ijsgg S(Fé %le%@ ?fls n In RrdijPLgiacdnt @Bt thid'e S

end of a codi BHch O nubieid dtic Sedife é Penc?‘”

éﬁdﬂl%
can be, e.g. Al ol il 8 Sordhslr rb‘?trﬂée %@de?ioh e o
the ge g 25A c ‘iécf‘ 33;%? nb,ﬁl &anl be Sids ﬁ:‘i
AT *‘% e
n anoter o TS0 's% T S i

I if

promot gg 1S ach aﬁn' ttrhgcﬁflc%'ilﬁ@h%'{ 'nfat floc top('* ?i 8 il the
pronot &F s a |nlguac Lgm Ls 08 e 2[
i nventi on cont. i \
acid nol ecul € r{d ee'

ic iid Mes,

r g {.mvorr Hnuce.hmai%c

two tines, r° 'f‘%%?' h {% ?/5# L L SLH &ig tg?ggr% gSped
' elc

200 11 gps. 50 % oh §§ gr; eg,{%f?@ u8|eEOrTar)J §1

ci ?u
when com 357pare ress on d% enous prono
where the host cell is PIChIa pastorls SU|tabIe pronoters incl ude, but are
not limted to, aoxl, aox2, das, gap,17pex8, yptl, 01, and p40; where the
host cell is Saccharomyces cerevisiae suitable pronoters include, but are
not limted to, gall, mating factor a, cyc-/, pgkl, adh2, adh, tef, gpd,
met 25, gallL, galS, ctrl, ctr3, and cup 1. Were the host cell, for



40 exanple, is a manmalian cell, suitable pronoters include, but are not
limted t\WOCKMW/048N40, actin pronoter, rps2l, Rous sar coRETIHPRUS/0Bh® e

| arge genone | ong term nal repeats (RSV), netallothionein, thym dine kinase
or interferon gene pronoter. WD 2010/049177PCT/ EP2009/ 007816 A
"termnator" or 3' termnation sequences are able to the stop codon of a
structural gene which function to stabilize the nRNA transcription product
of the gene to which the sequence is operably linked, such as sequences
which elicit polyadenylation. 3' term nation sequences can be obtained from
Pichia or other nethylotrophic yeast or 5 other yeasts or higher fungi or
ot her eukar yosubstantiginfreesf otbeaplidar mbteral lor supstantiatin Sre@’ oftcaitaienmediom
sequences useywhén fgrodiided pyagicomeinaht téehniguesent subgtantialtyn freecofudbemical
term nati on spgedeRersSorfotifanchbmicayuthegedtemicell) sgethesizdd. s4 gene and fldl
gene. According to the invention, there is also provided a vector for the

transformatio rrﬁa@oﬁg) fﬁﬂb‘?m}egr n E@ﬂdern&rﬁlfﬂ%ré 8t IAEUILY déTREed foaPhes of

one of 4 he nugh gty SSivi) I e Srefered cRiRdndHtts BMalisper ©
copi es of theygxpl §ne dereés 8PP Rmsnia%ms.glrﬁspt or"
as used her e| ? ﬂaﬁ @r?rb Ic acid ecu e capabl e
transporti ng ano %er nucl ei c acl it has been Irnked One type of
vector is a refer a crrc oop
into which 5_’5 ’&g"}fﬁ"o‘ﬂ‘\ﬁg #h@ﬂ STt by

i ncl ude cosni expERssion;of PnQQme?B nycleicag H)r? é?m yeast
"artificial" chronosones (YAC Anot her type of vector is aviral vector,
wher ei 10 addi t i onal NEM@C ules\copwrising £ c@npiping ehtbe\seauenceepiophe or

(di scussed in nbose gBISEQ [BélQ)vU) SEQ IR MG 3y SEQHENE: &, SEIR NG, #BColkbrous
replication in MOh8sSEIPINOnt b SRQ thNOnd§, SEQ 1P NQ: d§uertiSER.IR.NOyEGt or s

20 having an origin of replication which functions in the host cell). Qher
vectors can be i nt ageleit adidi mbleculesthaecadefooh palyhamsino aeildlcompaising ror comkistt i on
into the host cgig of theegqlichcehusfronkyormegrei ofaSEQ 181 NOY2WSEQ IDhHOhds SEQelibe.
Moreoves, certaNO: @, SE€r IDeNOY8CcSEQIDNE. 1R SE 1 NO: d2 r SEQIIDYNG:Het; SEQY BB si on
of genes to whi alD: t1BeandSEQAPNG@L18/el y |inked. Such vectors are referred to
herein as "reconbi nant expression vectors" (or 25sinply, "expression

vectors”). The VeCBQElércojcd é%ﬁf’e?»%?nﬁn@\ﬁ@r&' Onskfie] 8f MRl sequeRdeabore or

sel ectabl e mar kﬁ{ ISR SECHS ‘%ﬁ EQSiEFR 05§§ S 1b'NO:Wk SEPICPRES ! sy ces
cerevisiae or | uI§ AROF LG oﬁ&%r%r&sﬁ&réueaeﬁfﬁ%@é@éﬁ
\r/]vlhrsghp?racl geshg %OdtQ"for?(e dnsér |°|5re%¢ @el@@t%ﬁ(?fdng ofié %ﬂsgg'fhe

Pi chi a pastori slpHg gg angH g%itr rth%?d@nﬁ%ﬁ t?B use %c?méorrpi e(r:r%ntoPr chi a

pastoris ura3 o rru ants, respectrvely 'O her sel ect abI e marker genes

whi ch function in Pichia atorrsrncf | ZeoR. ene e,
bl astisidin r esr f‘gﬁ&a ecalﬁa CPWBH)&%C%P? QP % S"P g‘%é&? 'a&g
i nvention can aI
The veéPors can? E '@n % fyw’ﬁ g&mnb% n?ﬂ
bacteria, as vveI"POr% Rile E‘&S'Q gd’ﬁ%fﬁ & Ct ?m&‘% i f

ext r achr onosomaPONeAMING gequengeg CAMPLSIng fhe, RPN ‘PFb 8|%'§°'t' he
selection is codPdrred by auxot hrophi c narkers. Exanples of bacteri al

sel ect abl e marker genes include anpicillin resistance (amp"), tetracycline
resi stance (ten; n&egpents, veriants, apalogres or dsiialivascefthe @bpye ileptifiegarcaieci n
resi st @dce (zeoRyidgeelesulesiitenterringrthe bhoé!lm@sﬁraewtdééthee@f?@&?n ve nmeans for
direct genetic integration. The nucl eoti de sequence according to the

i nvention, enqbditegn tfregnpentt &3 osddohdreinergiers s @acseigmeat ofed polyaycldatidp! Brage
either in an indrtgtan haee teetinal (3 o 31- ends} @hdoainterealvasiétons( Gandratys fag-
replicating cinighté af a pbiyantiedtidel will @gratildagefour dn paticgenatrlabstyfive natlleak? sixe-
WO 2010/ 04917 aPlebisEBRM /20 (8481 6ight, ait leasaninangeldastet) et demst 02, attlebstakd, ah
first izgsert ahd=t Dbllat leagrodntat leastsH), et lezlst 85 ratndast 40catdeasiio, at ieastdd] at

i nsertabl e DNAedst 8gN&tNeast Toe af leastt752atlleasic80) it icasteds, b lleasDBB) drrat dpashti80 ar e
each about 20Qrmoeé anicicdtsed i Iéryiigt h and have nucl eoti de sequences which
are honol ogous to portions of the genom c DNA of the species to

The term “deletion” as used herein refers to variants of nucleotide sequence where
one, two, three, four, five, six, seven, eight, nine, ten, 11, 12, 13, 14, 15, 16, 17, 18,
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5 be transfornmed. A nucl eotide sequence containing a structural gene of

I nt erest WOROEXPPESsion is inserted in this vector betweEh/EPRINDT8E¢ and
second insertable DNA fragnments whether before or after the marker gene.
Integrative vectors can be linearized prior to yeast transformation to
facilitate the integration of the nucleotide sequence of interest into the
host cell genone. 10The invention also provides a poly am no acid nol ecul e,
in particular a protein, or a plurality thereof, that is capable of
flipping of lipid-linked, truncated or conplete precursor oligosaccharides
(LLO, in particular Manld cNAc2, Man2d cNAc2 and/or Man3G cNAc2. The terns
" pol yam noaci ¢9,narl Z8cpdlgiucleotidy segrhente (ofatad drphoreaiutiectides)use thissing or de-

I nt er changeablejedsfrs teamucksdtide epdueteel i nked chai n of ami no aci ds,

regardl ess 150f |ength or post-translational nodification. In a particular

and pref err edrReReR “FBGtio?! ad (di HEERrERRS tol AfiaAR! it bIBofid B JueRse Where
substanti al | y,Gong ShieeOfou five@siEstveh N@GhtC AESteh0f 1, 1pang MeTiEaqe 1goqgai n 4
(TW4) 0{ Fl €219 Q4 ? TRICRIRYS s é?ﬁté o é‘r‘nﬁ@le&t'ib“ers?gite add&d%r fused
particul ar ang'{pL &8kt Bg,gé 'a Hitibh' saIE i HR ?or PRIl Ses or

substantial ly con5| sts of a agrrent at co transrrenbrane

thereor . The i é%éép;é g@ﬁ.p&rfe?rg YAt ‘?%ﬁfﬁa 3%@%5@@ érf'ﬁtggﬁem
I"é’

that codes fof P? €0t BREN

functi onal st?I ytal‘ﬁi 'Qgr‘?o“ r?éfﬁe%ngﬁ “@éﬁ%‘?l 36&”" Integer
substatti al | ymé’ erest a fragnent that 25 codes for transmenbrane domain
2 (TMB) of Flc2' or a honol ogous functional structure thereof. In a
particul ar aniﬁh?)t%rné'ranéleg@e'r'tmdan@m ashegedatereinhrimaile taiers te sapmppurds that
subst ant i al | yasostgchirallycsiméar (aagieghto naturally: egesrings RNy anes RbNAD Nupleiccrsisi ns 1
to 2 (TML-2) afe ¢hay® ofonuciedtidas | whjchuard aooposedadf threeuparts: @ phespeate back

anot her enbodbormita puckersifaped ipentose sugarceithempbosseer daoxyilipseaand end of four
consi sts of aniécleehases. A0 analgue mayekavieoanyt ofathese aiteredetypisaty the analegue
(TM2-4) of FI oacleahases iconfer,cayeany othac thingsadiffetent base @atring randf basgratackirigecul e
may conpri se propgetiest suchias unjvecsal bases, ahich dangpairewith alhfour cantesbdses, while

t r ansnenbr anetheéqimisphae-sUdd)baskbdrecatialagues affectdtherpgopertiesi nttheahain, suahuast ur e

t hereof. | n aPNar{Retersson Bndtoali Ceystal tdtreictiod of thgartip keléadraplemeptans peptide
subst agti al | ynGdeic carsd gRNA)bDligonier aghoeirtg & ouplexetdplex netwdrk.ash Ame r@hrean Soc.
domai ns 1 to 20@5TWéb 3;1271(5)F1422130) tha decondavyGtractlitenof whichldiffdrs winificently
thereof. |n afromiENA eavidadayrfanh o tripler ¢4 tripldstramdee belixg. conpri ses or
substantially consists of a fragnent that codes for trans-nenbrane donai ns

2 to 3 (TM2-3n aéfeFrba?emwd.rﬁemthqg&Hedfrw&eﬁd 283 mSEsIE b B DIiBRY @Réreoft01 N
a primary aspatis ddicet &Pré(maE ) e AGdIélc aBidInbleaileCad BhardteRitR) &ovETahg (9f the
above- o4 dent i hi,Qéic"ARid mbieclid thé?cq{}SFlﬂlh@hﬁd&%lgM?Qtran;@m édrﬂ&noné‘?&tﬂe‘”‘é‘drﬁ'—d' ng
11c2' . In a pprient 8ftRTAMEIEREM mbecélé@@my %igsstﬁﬁ t'c%hﬂiﬂoﬁH afeScom-
consi sting of rioR ééfﬁhee%ee@nvém t8'h Bﬁ&.@ate lin hictide @ th.hQ 4

SEQ 1D N 6, (S JLENE e ) 6 xSHEQ0! 3, MBS A45°GEQ | D NO. 14;
SEQ ID NO 16 and SEQ | . V\D 2010/ 049177PCT/ EP2009/ 007816 | n

anot her pfefer»ce%g{eea*vr &tth 44 ;ﬁaﬁ 718
Ty ;@ e i

preferably sef%%l{ée'ﬁeﬁ nSEQ I D NO 20 and poly am no acid sequences
conprising the 5HDEL and KI <xx nmotif. In apot her referred enbodi nent the
poly ami no acf\d “Rollecalipatignsignaf r%@ﬁ’eﬁ’ta Peptide eieR, direcisa proteR dayy
more of the ab@vBIShRaRtide isgauancg i’ e trnspoked @EF’ Fipiged im thesBRegich ER

" anal og and ‘ogalizalign searenses preftenfp dsm,péqtgmsltl'ﬁat rdeRnLinetipnds the &R
vari and® t hat ERelpcalidation or ‘setentiqro signagcaradvaigble torthasg,skilad ipithe art, for ex-
10Vari ants wi 8P, ihe first 21 aminoscisk iepidyes, ohthe S. KefevisgeER HE&’:‘P'BMNSrh(MaFU-
particul ar, n8gt ﬂfm"eBtQ‘ﬁ;ﬁ‘i'"@’ﬁéY Letters 30,1381-11 8- 1998} A praferzed ER\lggalizalj
nine, ten, 125ignalfopgse ipshe presentsnvention irpeptide HRRISER IRNOaAT hdha
substitutions Pem'qecfcﬂﬁlsl.@'ﬂ%tf‘?w ig s Ertermingmof 3 umberefyeasiprateinshacts as a
substi #Qt i on &Stetioa/ratiera sianal farghe &b {RrirarniEMBQ 7| 81 3-8h8r tRESKrRrotainss |
Conservative #iBsan HRELoYRIUPAeS atre baymsk PY RuesYrsantkaund rerertero(grdep)ngnd
groups: vali néhen enter a retrograde transport pathway for return to the ER from the Golgi appa-

ratus.
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15 al ani ne and gl ycine; |eucine, valine, and isoleucine; aspartic acid and
gl ut am c \¥OI2d10/ME815&r agi ne and gl utam ne; serine, cystei RET/ERAWPIONB2ONI ne;

| ysine and argi nine; and phenyl al ani ne and tyrosi ne. The non-pol ar

hydr ophobi ¢ ami no aci ds i nclude al ani ne, |eucine, isoleucine, valine,
proline, phenyl al anine, tryptophan and nethi oni ne. The pol ar neutral am no
acids include glycine, serine, threonine, cysteine, tyrosine, as- 20

par agi ne and gl utam ne. The positively charged (basic) am no acids include
arginine, lysine and histidine. The negatively charged (acidic) am no acids
I nclude aspartic acid, and glutamc acid. By contrast, a non-conservative
substi tution Alteraativelystal KKkt sequeihce man provide &R hcalixatiom ¢ideksonwt Cels Biall ar
charact eri st i t&1:3TheTiiomotifizi present bA ssvdraiceHdoganserER Agenibraiidproteive Mhison
exhi bits or cssfuence aam lbe ptosdrit igithésen &wd NV ot XC-REmikhas of ithe grofeih @ind.is Iré- | S
particul arly geasdfdmrd gtER copfpaneheptpabl e of flipping of Iipid-Iinked,
truncated or conplete precursor olrgosaccharrdes (LLO), in particular Mni

G cNAcZ Man2g, o \frbligdtoold SFU RRahd i thdRidBcaC the
bQ??Qﬁtst e "M é’“e%ﬁ?‘“ *?‘%i; b* 'eahé*@ssur%ﬁa%@% dOLraterd |

t he person skrrqu3 g e \r{’?’ out vms Ing to be bound to the theory, a
Pnvent | on mayNSaRIRS a@efé?s}%?rt“e% ds?%"@ aﬁﬁw%%“eé & °°“Sr'a gy’ 02,
t hat |s expreg1 F@Pﬁs'gﬁ‘rcp P%e?_ ¥I3Fg e"é BQ‘?Vﬁg t he

cell t¥a Iabl 85'"9 A MYE| P'eﬁ NYe'e'g
[ 3H] - mannose, ”lﬁséér Qfaﬁ‘ﬁ E??’HE)° -‘ﬁ b6 nuc %ﬂ%ﬁ CEé’ﬁ rCE: 8 ure

(1 abel i ng); a?RFrP )SI" K§ ‘i'h RIBPRIRYL €ONtroh 8P RENES: sa

ol i gosacchar i Ef‘ép%‘%ﬁP rpolgeules, ar B’ﬁfe%ﬂﬁB%”Fté’BeW'gHaﬁ_E@g onesgf) I “CFl%rﬁé‘P\Qd LLO
nmay be isol at Bglegules £aeedinga Pramelet 3d nycipi¢ aed aelgrylesencading gdermieate n. The
ol i gosacchari de content of the [3H]-nmannose | abeled LLOs may be anal yzed by
appr oplat e defstsedherein, Rotsorsoter! refers tor a &Arpequenas thal paebles @egang todeg.
MALDI - 40 TORramscribed. hhghpronmedarus aetagnired hyhRNAspaymenake, Whish Gen imitiafgsase
activity may tamacripiorc N proheterdobiairdea BNA sequgneehthatismithier boéundhditecpbut ed

[ 3H] - mannose omis involved lin_ thepeemiément) of RNA pojyntgrases Aepromoterdequéncelvan BRoand

di vi di ng sai dinnludéeentanceheegiarisd! whicbare are ¢r3prereeniarseoi DOl that @dedel nt 0
the LLED A cebdéundowithcprpteins(namefyl thepramg-dclicy factoss, ceudhdike agdef obtnarstcriptionur e
wi | | accunul afaetors)ito phhanvedrdnksEiptibn levelsaofigedep (hencatheuriamie)vre algefielustepase
accordi ng to Theenmareet,iwhileitgpigailg iat theeh' endeif acdoeithgwbgion, 84D also be separate
2010/ 049177 PCFémRProMotsd 584 Gerice@nidasanibg, a glveamSelriadideehion olis yereor 3 té thepped
and bei ng f urtduing regitinfof ¢tk ganenannosyl transferases in the ER lunmen. In

w ld-type cells a LLO having a Man5G cNAc2 structure is the substrate of

the LLE3 f1i ppAs&raiHg o a% Br‘é%eﬁﬁmrsnft RBhioter it ippstamBly tHE!ehubyddus Prd-s
expressing a ik -of the fe)ah o p rbeﬁ%%QarﬂBcr dimEFt QM GRnE Brlrlé RigRBsY nlrhfemhi ch

are further ppagRREREc Bréf&%bﬁ/'léh'ds th ol radMie88of 1R 2NBIMB[hhéiFed SrhbatihERtE-
Wiereas cel | siHeagdriend oif a IAY toISY AurBérchshid. ThE phdrbbibt h2Pasea h%t&"cg gsrfor
structyye bei gih rlérsﬁé“rfanﬁﬂﬁ SEfR ﬁw%u&r € ;%Fn% raRfBaFuc'ErI %rﬁmtk Sc-ER
i ndicating a reg-. ththé indétlo He'?Qa fere eés%r?o MGl

e rﬂe ol Pt m@d (io
having a d c3 ‘?rm qgrmésl \Qg esI doPiAe
activity or s%gé (fere @ﬁg,a éﬂnq&g I

dus prormét OPE fi&st'cal s

Reconstituti ng %%Sﬁéﬁf(&% ur £§ c%fb‘:e a "ﬁga t@ eQ dlfa O 15
flippase such ML $ c%
flippases all ‘i é%rgq bl
si de. e LL e ar Eg LLO
flippase. By % é
on the surfacgrrﬂ ta ﬁ’%s ar elofrﬁﬁ\{rr\%ofﬁ}'eavr ng a naI cNAc
fromthe surface of the vesicle. By quantifying the anount of radioactivity
present in Endo H treated [3H -nmannose in the lunmen of the vesicles versus
25 wherein the less radioactivity is ®Meterm ned, the |ess active or
specific a LLO flippase is for a certain LLO The specificity or activity

exanpl e a rfty rohrmkrrpyfpaﬁ lar vm&@rree P@h&hy.stat&mww& )
I.e. a block %ed?ﬁé)% éf%ﬂe&
S.

Such v cl espé’&%éit pH-:?fé 'mor&g'lr es n‘?

46 eerg céll gs§ac¥:ﬂ fo g‘s\é"e vrsr W LLO
R ag%
abeling [3H] 5, S%f , 99 §8t¥% ﬂnﬁ Pfl @rses
aC“V' es '”8%?3%)2 P‘% rjé?s ”b Sr Evd0 ?e% MoC

%“ rL.'nB

resi due on the DOl i choI I I pid and thereby renoving the radr oact I ve | abel
not Endo H treated vesicles the anount of flipping can then be cal cul at ed;
of a LLO flippase for certain types of LLO varying in their



ol i gosaccharide structure may be determ ned by using cells |acking or

havi ng a WO-2050&4P177n at | east one of the cytoplasm c maRAEPROVNOATEE er ases.
For exanple, cells 30 having a defect in the Al g2-type activity wll
produce LLO havi ng Manld cNAc2 or Man2G cNAc2 structures; whereas cells

| acki ng or having a defect in Algll- and optionally Alg3-type activity wll
generate LLO having a Man3G cNAc2 structure. Such nutant cells or
reconstituted ER nmenbrane vesicles thereof may be used for neasuring and
determning the activity and specificity of a newy isolated LLO flip-
35pase. For a flippase further described in detail herein, a flippase
activity or spérrhinatdryon 3 teramsationdelid@ericeg até allp as theastdp codon dftenstructurhless
speci fic or bgéenecwhitl funetioprcstabilzelthe nfRNA ranstribligh probudtios thd garerta whixhe

ol i gosacchar i fheSsequerice ibdperablydinkba, lsudfiae Nbgdersdes WHidH @licit\Woiadenyldtion. 3'
Manl- 3G cNAC 2tefrhindfibrv §suedcds ddBdbisttifed froMpRidFaNdter efethyléirdghit3fdaciNAc 2
struct g e. Byothenjeartd or Ribiferdisty F Bhes eblkéaycﬁtlcl RgaHEMEExavtiples ofi Pickiapbscul ar
the Rit1-typetopgh té'rr‘hh‘ratrdﬂﬁ§e Acdd @R forfthe pRRGEe 8thé PrdsenOihvertiefiindisdet ¥
for LLO havi ngrivinahéA sé¥edce raérhwéo dMeNg4d GRS Bis4 fené aRd Hi1 erh@rl y, the

flippase of the |nvent|on drsplays reIatrve to the en ogenous tl an

:\/gxig gaAige;}\ o%rng e 9 5er \?é@ér fotth@tr3HERBrrAStion of a
2010/ 049177PC]] orﬁ r?g?;d e uc'e'c E’e Poto
%nt s,

t he nascent pé"f rgétnr conserved I N
I ncl udi ng yeast, ﬁﬁ (e anrnals and humans. Therefore the cells
of the inventjon as descr bes in detail  above rinciple be type
of eu- 5Skaryof @t %rar | Vet | aﬂruﬁ INSRIP '%Wgttpc%%ItP nr%l?r eﬁC'%mof%?ﬁ'ebut
al so plant cef3rable ofdeansperting a ??Pern'ﬂfﬁ?éq acid 1 which it hashesa dinked. Onedyr&,efdi ng
to the i nventY&ROr i @ ‘plasmisohich refersde a drgular daybye $trﬂreemm%loaprréem nant
vect or thas begdflilional Bfcsraments Sy hailignted; rﬂeersrmww&rdes%m'% stespl
i ntended to r@ificialoehremogormes (BAChHand yeart aprtifeipl cbromasomes (YAC) Apgther
progeny of subyRe phvecterds . virgkbyastosewhereinadditiopali @ d‘%é@gfﬁﬁ@tsﬂw kecliaated ipto
succeedi ng gethervital gasome ddiseussed fire more datail hglayy). EaTAIPERIOR are camableceices,
such progeny agtpnempeus replication, inigehosi cetl inta|whieh they aseirtraduged (e.9hwectarse
still 2Ghcl udeBaving an ariginef senbpa,ﬂoefwhltzrefunemqns inthet hasepel). Qthepyedotseasibe. A
r econbi nant hiptagrated interthie grnome ofsoest eell wran intsedustion inte the hpsbeal, and 8@l t ur e
or may be a ctherebyireplcatassaldeg with the hostigegomes Maeeayer, sedaini preferrgthyedtsrst er m
"cel|" or "hoste capdble gfdlitetting theeexnressian pHgenss to mwdickr thieygrrasoperatively
gl ycopr ot ei n linkedr Suchyvecters|dre irefeaedto bérein asreednobinarit @xpeesgion aactots” fer a
het er o2bgous gmplyofexprassion vestordp or i s introduced/transfected. Such cells
I ncl ude both prokaryotic cells, which are used for propagation of
vect or s/ pl asniTee veétors efutharpredent irsehfion preferablp coneirearseibctableo mharkenigenet he
host cell is Bxampesbf sichcsistemsInelties el Sacchbonbebs cérevislas & Budhetipdstons
preferably i npeytgeheaftich arlyl bd L tootomylbmeaionBS FidHis straifie] raeCs dede-
preferably ravisigePrehis phbtoris aeyAgarRoniige hytbecdddSto dmpamet Righih pasd n
nor e pgef er r ebrigdirg autdnts, oe HROPichiB PasLhit ukds 4l Rl @nés, aMichivby BeUsed 1B t ed
to, CHO cel | seormpleRidht Pidhpadibld liraB emadéHRuRA, re&ifé‘ét@éﬂ' | otheNSEletbles |
SP2/ 0 cel l's, marker genes which function in Pichia pastoris include the zeo® gene, the g418%
gene, blastisidin resistance gene, and the like.

The vectors of the present invention can also include an autonomous replication
35 sequence (ARS). The vectors can also contain selectable marker genes which func-

tion in bacteria, as well as sequences responsible for replication and extrachromo-

somal maintenance in bacteria. In alternative embodiments the selection is con-

ferred by auxothrophic markers. Examples of bacterial selectable marker genes in-

clude ampicillin resistance (amp’), tetracycline resistance (tet), neomycin resis-
40 tance, hygromycin resistance and zeocin resistance (zeo®) genes.

The invention also provides respective means for direct genetic integration. The
nucleotide sequence according to the invention, encoding the protein to be ex-
pressed in a cell may be placed either in an integrative vector or in a replicative vec-
tor (such as a replicating circular plasmid). Integrative vectors generally include se-
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HEK293 cells, HEK293EBNA cells, PER C6 cells, COS cells, 3T3 cells, YB2
cells, 25VPebH/B@R17T’s, and Vero cells. In preferred vari EQTEPRMS/06BI¢ | s
selected from DHFR - deficient CHO cells, such as dhfr-CHO (Proc. Natl.
Acad. Sci. USA, Vol. 77, p. 4216- 4220, 1980) and CHO K-1 (Proc. Natl.
Acad. Sci. USA, Vol. 60, p. 1275, 1968). In other preferred

enbodi nents, the host cell is an anphibian cell. Preferably, the cell is
selected from but not limted to, Xenopus |aevis oocytes (Nature, Vol.
291, p. 30358-360, 1981). In other preferred enbodi nents, the host cell is
an insect cell. Preferably, the cell is selected from but not limted to,
Sf9, Sf2l, angalifrdrrarigad alefesndes aff ait it arfstdnsartabie DNAcfragnsdnt celsklectable
plant cell. Pmatesgehy, andg seedid insertatle ON2dfragrment. Thé firsdlantisetcoredlinsent-

cel I's deri vedatble @NAFagineadaare 2aals 4boutt 200 raciEsttiéinIomnitaahd lhave autieotde or
the noss Physg&jieht&d Wﬁlcﬁ%i'@l‘i@moﬂib@@s?to%dl@saﬁ%&g@wmlam\m oftaé epedies to
producifig pol yoeRhifdeked. 3 AutBtideCsetilehtd e6htainmg A 6tréclliral gendofcintar€sitiby
most pref err egyfaduish REIRbérted MEthROPcteraddtwesn thel M¥LENE BEEINdOhédrabRl DNALOwer
eukaryotic Cefrbémé‘ﬁt‘é%@tﬁ& Hefork I diter el inikel Gehe! dBteghitive 3B 6toROEarl bénihed
to, uni- cell ghled ﬁﬂﬂrttbcﬂaémr@rﬁsfor?dﬂiﬁoﬁ'tb JaEnheUne fintegiatioR g fthé AltKotide

sel ect ed frongedilenBl 8f PRRret Hea Bl Kkt 88 gerpfdar omyces sp., Saccharonycodes
sp., Saccharonycopsis sp , Schlzosaccharonyces sp., Zygosaccharonyces sp.

ORI o R wgﬂ&ﬁ%oa%a% owearomces
pr ef efdii? Ser{%% t’"ﬂe Qf eé’gff" %’D i3 ? i
L i 'ge i

| ucknowense, °(§ WE‘ - g? 'iC 2 nd/or
Arxul a sp. In rP%{ INPAU? (P{% '
|8t rgha

-hinke h i regar
bfjt cggi%laln?l tsg gthor Pﬂgﬁfﬁgt'ogﬁ?ﬁﬁﬁgﬁef Lr(%(l eﬁs Prlé)lf ﬁgi{?uzgpolqjm(?gfas P.

quercuum P. robert5| I P. sa|t0| P. si |VeStI’ISI P. strasburgen5|s

finl andi ca, PIn @ merisuigpiand prefeired ga1badiment pf thepinventiae, the. melgeyle ﬁem@r@%ns
P. salictaria®r pubsjaaite@mmsms ofi # feagmentthay esdefer transraerphiare domain 4
atlantica, C. (OeidileRore homo;m@ys furctional sirutyre theregf. 4 adpatticutar and pre-
fermentati, Clerieduerabodiment theraeti thanmalecule comprisessar sabstantiefly sansisteicfas, C,
utifis20S. bafragment that eedes\for tra@sm@nbwngmnws 10 delTH3d)cefi Fic2 o a ho-
fermentati, Smolagays funstiorsl strettuiesthersof.r osei ; Sacchar omycodes | udwi gi i,
Sacchar onycopsi s capsul aris; Schi zosaccharonyces ponbe, Schi zosaccharonyces
oct osporus, Zypesnsietuie amgycesmrisepor sihstatigitys earsishiod @y cagnent | thatscodes for
Zygosacchar onyragsmérabpank ; dofadin owi(AIMA ) 8| BIE2’ cer, a Hiomsatogdus fubktoral strilGtureha,

Kl uyver oy cesthgpeof. Thé mldledaleraay aReeompride onsubstamtially donsizanfla fragment that
cameusas A. ¢l ayddsisr transnidmibrené démain/R (TMI)F FicA orei homdlogdhis fuRdtidhsiatat,
Fusari um gr anture Wnerebf S ai panioueiednat préfer@dcenisadirénmhéresf, ahse tnokscuketomas
Arxul a adeni npHegsdtsubsiatiallgebhsists a€ kifiagmBht that ataies fdritRpamemdedrieddmainy |
enzynme activi4ite® @A -BesTesc20 86 & hohRfbgoas Rindtichl stredterertherebp I Bndthéd @f- 1

and 2 20 are BadRénfawpsst B oidchrRi doniirs risubstantitfly | dabistsi oF 4 Magieast S.
cerevishae. ThutTtbd a5t tRfTsFRMbrenéBbMaing zow)m(uimzrﬁiaen&z \o7 aaﬁ@mulbgb&s

present in ot keictiowdlaffiigtife théresf udi ng prokaryot es anpl es of alternative
sources are strains of Saccharorryces Pichia, Aspergillus, Candida, and

simlar. Baseg 9,% rﬂﬁﬁl%géﬁ sUHAAMa BN EAHERY of aPfhdniéttSRat i
ei t her desi 9”9&5&:@5 e alef og,cg@n 5| % 'tr[]QtuFeUCh
onzyes as f’*% Bl e/e,ns Srdof sef o iy
or gani § fra gntrmé't c?de@ PtrEﬁsrﬁé’rﬂP aﬁgdem ffM1-3) of
phenot ypes ' anc (?10 L8 Wctional structure thereof. In another embodlment thereof,

the molecule comprises or substantially consists of a fragment that codes for trans-
membrane domains 2 to 3 (TM2-3) of Fic2’ or a homologous functional structure
thereof.

40 In a primary aspect, the poly amino acid is a transcript of one or more of the above-
identified "artificial” constructs derived from fic2’ and including fic2’. In a preferred
embodiment the transcript is comprising or is consisting of the sequence of one or
more of: SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8, SEQ ID NO:
10, SEQ ID NO: 12, SEQ ID NO: 14; SEQ ID NO: 16 and SEQ ID NO: 18.
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Alternatively, if the entire genom c sequence of a particular fungus of

I nt erest WO 2kmanam77one may i dentify such genes sinply byCsaxeabiontgipublicly
avai | abl e DNA 30 dat abases, which are available from several sources such
as NCBI, Swi ssprot etc. For exanple, by searching a given genon c seguence
or data base with a known gene fromS. cerevisiae, one can identify genes
of high honology in such a genone, which with a high degree of certainty
encodes a gene that has a simlar or identical activity. For exanple,

honol ogues to known mannosyl transferases fromS. 35 cerevisiae in P.
pastoris have been identified using either one of these approaches; these
genes have si m amothdriprefeired enibodipsert she tramdcviptisicontphisingen mosgrisiting of tfe
proteins in SsefiRhed ofbiecomnoret dTUSEQNBINO:QZE, SEQID NBYy 26 eSEQ¢D N 26aSEQUI at e
the gl ycosyl ajp a: 28! bad SEQ I NG, Giided toranaBR |oddigationusignes, prefenatsly sed ar

gl ycosyl at i onjepeidl ey one loh SECEIENCEOVAG ol amirfo adie selmrees amprising irred
enbodi nent s, HoeELhetkio& hotifs fur- 40 ther nodified or genetically

engi neered to lack or to be dimnished or depleted in an (endogenous) LLO

fli t )
ot S R S S e S

ey o helte ST el %@t@%tﬁ@ s e,

produ0| ng thi g cont
t herefore reI e ca yéen |néere S where at | east one

endogenous enzyne act|V|t I S Iack or |s e|n ect| e due one or
nore ne@ns, ﬁ@%’it‘éﬂ"tf‘rsb'ﬁg@ F@%" rﬂpg éfﬂ’%? 5‘9 more
anti sense conflanestwas ige. Q%rl YP a% eé‘t £ ?%{?81 of
transcripti onor éhfneervatve ampR asid pypstifulions. '°bf°°f‘ l"ﬁtq ity

means. These &i08d\asi the isybstitution of %‘@r%‘B‘ﬁ%ﬁ?lq °éé"? eh’dlﬂéélﬁn' fC 'SF'G 1CS) 1y
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the transcri ppolan neutealcaemmo atide inglede: Olypinef sefeacthkeriie, GYstgineotyEsing, gsven
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pepti de produced by a host cell refers to any nucleic acid or pol ypeptide
(e.qg., aWpaNwEpPri7havi ng N-gl ycosyl ation activity) thaPCTEPAYO/0HBIé ved

froma cell of the sane spe- 40 cies as the host cell. Accordingly, as
used herein, "honol ogous” nucleic acids, or proteins, are those that occur
in, or are produced by, a cell of the sanme species as the host cell. Mre

particular, the term "heterol ogous" as used herein wth reference to
nucleic acid and a particular host cell refers to any nucleic acid that
does not occur in (and WD 2010/049177PCT/ EP2009/ 007816 cannot be obtai ned
from that particular cell as found in nature. Thus, a

nonnat ur al | y- blo® havihg@ Man3GIitNAEZ sttudtre 49 flippéle badl béidg hathee intdifleddyufan-0 a

host cell onceosjyntarnefémd in theER lundmost cell. It is inportant to note that
non-natural l y-occurring nucleic acids can contain nucleic acid subsequences

or fragments I‘?\fwrlﬁf-&?bg &I LD T’rgvrn a%‘ﬁﬁ@@NAé’ﬁtrﬁtﬁe iSQHQ dub&rR@bHRE LLO

provi ded t hat gihhes N heé§fd?(€ h@'@% fhe WY1 9€eS WiRd-t lerr@Qé %fu &"

exanpl g a nug n%'lﬁr wilDbr6§ m%fr lﬁHé'n L&)%ﬁb‘ﬁ r@f

ﬁgtgﬁg[gzghgnﬁﬁ’aﬁ hé\ﬁ%@j’fc 0 mggﬂg rla” 8%&&6}8& %t 'hzt

e S SR “r% gl W rrr .
ti h

virus d¢. 9. h‘é%gﬁ"fé blo@%%y??dﬂh Sroc sr r?Pﬁ?et u'ré;n lEﬁn@m podoes

acid. It fol I@%}'/sﬁt{%gll geﬁ%%%'ci? frent s produced by PCR or restrrctlon

on- nat L?:fryggeﬁg@ﬁ%a@ 15 g Wt? ol %fvrteeed %teégﬁ%cr 45100
cont ai ng a

15cul es not ’j; nsr %\;{98% ?5 qeospefn&é\%:g@n q t%
DNA new L
R r" o W i
u

an enti rg chrgﬁoﬂ3 ang 'r]t%dh% y@ % Lpsmé’M then be

het er o | ogous @%?de\ i \M"EEH‘ ﬁ’ée a@ 8¢ ttregtl%g@ \egigles

OISO e k. o Bk ﬁwﬁmﬁ&rq mii@%ﬁrﬁ%e@ﬁk' "0
e

ER-1 ocal i zed 'FFEWH ytpe(t%
i nvention sup 8r '° e 1APel fePne thaysurface qfitle, vesicle By quaetifyiRg thg amouptef s
| acki ng one od $ROt 4 Ende H EgatSf’ @'FUemEPf‘QSSdatt%%l 'W"g%@&ﬂ%&‘ifﬂshem S

pat hmnlgzs bysvw% Hefeated Megicies hengmoyn %é'mprwaar thef depralsuiptad;
enzy havi ng SrefhiheJeSs radipactivitysia detarminady the, less agtiver i sracifisst bkOdfip-
man- nose resi is fQ5 Ffpapta Hh'-'-sQructures such as for exanple a LLO having a
Mani - 3GLcNAg2 structure. referred enbodi ment the cell is
specifically %%F%?Féftf'%roré‘é‘i“’ét&%dlt yﬁ@wegorferteo txepeﬁafgééﬁ%vagrrgy dbthéirei n
with a Mani Gll9QBRecheride, siructerednay be determined bytysing "§&9§g9aqr Mingrad&sssi ng
at the Col gi .fechimableash ons af ther etorizamaimanosy Heanstarasess Fepexamplearels
desi gni® or savWRg adlefest &y therlg?-SupeAqkuitt Wil Prafyceddh@ haying Mard GIecNAC2 or
Man2GLcNAc2 sMANE@IGNACS strugiyres; M\erq%rqqﬂérlﬁ&pc@rs having ardsfeddeMatlg and t he
Gol gi . 351 n apifionally Hiasktype agtiviiybwili gRnerate 8pying & Maed EM&QI%”W@E‘? .gned
or selected teudyputantesls;er rgconstitied ERrmemprane desicigs theraofmag bp dised for
structure sui MEBPEINGoINd datemmuining ithe: activitnend speeiticily fianapwly isotatedsbQiflic-I n a
prefer¥ed aspR%e.-t he host cell of the invention which is nodified to
express the above-identified novel LLO flippase activity is further
nodi fi ed or georea flippbby furthgr deddribeddn eldtdilchdreink a rilippase activityoorespglificiosis!
t ransf er ase ameasurey hbdngflippese adtiviththat i3tlesscsidcificar basigallyaln-specifib dor flip-
princi pal i depingdipidridkéd lesempnrdseraligosaenharitieseird. hiaviag acviah R3@icalAc2stiuc-
control gl ycotsyd, avherain arMan1R3@RNACE Wtacture i asMaat GRNAcRf Mah2GIcNBcator
and/ or4d n Man3GlcNAc2 structure. By contrast, the endogenous LLO flippase activity, in par-
ticular the Rft1-type activity, has the highest flippase activity or specificity for LLO
having Man5GIcNAc2, followed by Man3GIcNAc2. More particularly, the flippase of
the invention displays relative to the endogenous Rft1 an inverted specificity for
LLO, being highest for small LLO such as Man1GIcNAc2 and smallest for
45 Man5GIcNAc2.

24



WO 2010/ 049177PCT/ EP2009/ 007816 the intracellular organelle. The provision
of the ho®020®/d4907 the invention which is nodified to eXpEPI@IONESL6
above-identified novel LLO flippase activity with rel axed specifity and

t hus capable of flipping | owmannose, in particular Manl-3, glycan
structures to the lunen, enables the selective control of glycosylation and
makes it 5possible to provide particularly the follow ng inproved

enbodi ments. The ER-1ocalized gl ycosyl transferase activity to be
knocked-out, dimnished or depleted in the host cell preferably is a
mannosyl transferase (see Table 1). In preferred enbodi nents of the host
cell one or nehiabM hestgels Alg3-, and Al gll-type activity is knocked-out,

di m ni shed or depleted. In nore preferred variants these 10 enbodi nents are

further |acki *f‘ %nﬁéreoidfhg‘ 1NicS ReheHasesm! bR Afth@ R @»rh@ﬁw @oMderved in all
bet a- D- mannosy %@ M lﬂpﬁ\t@“afnlrf{éli Yanﬁ%rﬂdrﬁ' thérefdf€dne cells
monosacchari d ||oh é‘scﬂﬁéé may i prinepRl be @y QY B ¥ii-

tra_nsf ase aﬁi{éi{ (; g%‘ﬁ hg‘% er'du m#éellgwbefun %F%Isﬂ%t ML insect
|cﬁ

41'\

dO|ICh - phos nosy ransferas 1. 83 dol i chol - phosphat e
mannose synt hase osphate mannosy| transferase

mannosyl phosphagdol i c nt h osyl ph I | choI h AI g2
al pha- 1, 3- nan g ?t ‘ier‘ ﬁ%c ?'@93%@*92'“2@ on, ge? "S% (?syl
trans- ferasef€co bman vector has been introduced. ers suc

are intended to refer not only to the partlcular subject ceII but to the progeny of such

10 a cell. Because certain modifications may occur in succeeding generations due to
either mutation or environmental influences, such progeny may not, in fact, be
identical to the parent cell, but are still included within the scope of the term “host
cell” as used herein. A recombinant host cell may be an isolated cell or cell line
grown in culture or may be a cell which resides in a living tissue or organism. The

15 term "cell" or "host cell" used for the production of a heterologous glycoprotein refers
to a cell into which a nucleic acid, e.g. encoding a heterologous glycoprotein, can be
or is introduced/transfected. Such cells include both prokaryotic cells, which are
used for propagation of vectors/plasmids, and eukaryotic cells.

In preferred embodiments, the host cell is a mammalian cell. Preferably, the cell is
20 selected from, preferably immortalized, cell lines of hybridoma cells, myeloma cells,
preferably rat myeloma cells and mouse myeloma cells, or human cells.

In more preferred variants thereof the cell is selected from, but not limited to, CHO
cells, in particular CHO K-1 and CHO DG44, BHK cells, NSO cells, SP2/0 cells,
HEK293 cells, HEK293EBNA cells, PER.C6 cells, COS cells, 3T3 cells, YB2 cells,
25 Hela cells, and Vero cells. In preferred variants the cell is selected from DHFR -
deficient CHO cells, such as dhfrCHO (Proc. Natl. Acad. Sci. USA, Vol. 77, p. 4216-
4220, 1980) and CHO K-1 (Proc. Natl. Acad. Sci. USA, Vol. 60, p. 1275, 1968).

In other preferred embodiments, the host cell is an amphibian cell. Preferably, the
cell is selected from, but not limited to, Xenopus laevis oocytes (Nature, Vol. 291, p.
30 358-360, 1981).

in other preferred embodiments, the host cell is an insect cell. Preferably, the cell is
selected from, but not limited to, Sf9, Sf21, and Tn5.

in other preferred embodiments, the host cell is a plant cell. Preferably, the cell is
selected from, but not limited to, cells derived from Nicotiana tabacum, the acquatic

35 plant Lemna minor or the moss Physcomitrella patens. These cells are known as a
system for producing polypeptides, and may be cultured aiso as calli.

In currently most preferred embodiments, the host cell is a lower eukaryotic cell.
Lower eukaryotic cells according to the invention include, but are not limited to, uni-
cellular, multicellular, and filamentous fungi, preferably selected from: Pichia sp.
40 Candida sp. Saccharomyces sp., Saccharomycodes sp., Saccharomycopsis sp.,
Schizosaccharomyces sp., Zygosaccharomyces sp. Yarrowia sp., Hansenula sp.,
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2.4.1.- YNLO48L Al1lg3 dolichyl - phosphat e- mannose- gl ycolipid al pha- mannosyl
transf er 240 2010404917130 Al gC I n a particul ar enbodi nent, PCREPR@INOBae | is a
mutant that is |acking Alg2-type activity. 15 More particularly, the cell

i s a knock-out nutant of the gene al g2 and/or al g2 honol ogues. The host
cell is specifically capable of synthesizing LLOs with Mani G cNAc2 and
Man2A cNAc2 structure. The invention also concerns nethods for producing

this cell. In another particular enbodi nent, the host cell is a nutant that
is lacking Al gll-type 20 activity. Mre particularly, the cell is a
knock-out mutant of the gene algll and/or honol ogues thereof. The cell is

specifically Kapahrbmyocds sy.ntlinesodeirmg 3o, QAspetgiluybsiB CandNAwsaribm 6G1L ahAdy-and
Man7G cNAC2 s¢eteias, Ulpefeldablya seleztert rfesh v Astamycetaser #ofpartidutarh @Hysasgoriums a
mut ant that i gckrovkengg, dnek Basididrgjdetés) reparticular Conigtioda 8p.| dspiel-ds Arikefd sp.

nonosaccharide (LLM flippase activity. Mre particularly, the cell is a
knock- 25 out b refatree%na S{H otu?ét@léqu sQ@E@B%HﬁSuFﬁtﬁﬂlﬁﬂEdW(ﬁ’ pbhg one
/5a eise;ﬁ! Gtk iSs, (B ldfnentdrdP S nem-

b8

:—&n‘o
Q)

Or IDr & genessg
activity. Thep ggfab u@ cudt PN RSHeAS AP, gra{]&apl lMeé-L
with a Man3d g @ cpng‘( (glg,gage t/
producing thi t°h ler /c g ? a8 eéred
variant there fantl ﬁ dé ? §s Vi ¢c
il jype ach) s‘{é g%? %p E E ' t&@ﬁ;fgtsv' ty.
re particu 0
and/ or honol o %r‘u 5 e%klﬁfa}'n o tlo(galbgﬁl &Eer c(?w i ;Jc
speci fi cal Iy szl a yc J?ﬂg;‘l]n é/ gylg e NACZ
structure. ﬁ?f@ﬁ "t{ f%s ; 8%@%3 yBree i Zf?]
anot her part | Jat VoS YRk 19 03'” h %P Or
Alg3 t%e act yvl%j\’@y &I’ e ?C{ r?it’ﬁ%eeét?argm I fl of
gene al g3 andfo t R} eﬁ/g 8r é’ﬁargt%gfﬁ"flf@%‘f 't he
host cell is 5 '?ﬁﬂ”ght' 'teﬂa "T?"f’ mSp%’ SR AL e gty and
Al gll-type activity. Nbre parti cul arI Y, the cell is a knock out nutant of
both genes, aHgst celisilas ft1-typeiflippaseactivitol ogues t hereof. This cell is
specifically capabl e of synt hesi zing LLOwith a Man3d cNAc2 structure. The
i nventi on al sAll eanyree astiviteshardsgdnes descrihedi hegeit land refefred té in Patdéset mad 2
vari angs of t bhe admedc acdundiag te theiroespediiveligape taeys irhthehyemst Setdrevisiaé.urhe 15
t her nodi fi edskiledypasbn dsilable nprioniderrespdativé actvitias presehtnin rotsérearganisms,
depl et ed i n aincludagt prokaryéies gExdnosled bf elternative coytcesrae sfreina o Sactharothy-. The
i nvention al sees;oRickianAspetdings Candidar ahdcsimjat hBasedebh . hdriodbgies |dnsongst
expressi ng PCRn&weri ievizynyatic scivples] bise mayt either Aegign tHCGRIpemeys pr edecgemss or
enbodi pent of gehefragiventsiemdoding 3LEts ehzynidscasepiobes 0 entify wmolddepireDdiAabl y
het er ol ogous, liradéoof tediaiget drganisgn Fitentatively, dreamay ee abie to( ddiiplemenidigar- The
ol i gosacchar ylicdlaragrehetypesin relatedddrganismb. transferase. It is a nenbrane
protein or protein conplex that transfers the oligosaccharides of the LLO
to the nascenmterrngt.@ém if e \éht'ir@% %.&gta@nte%fq GANBARCHIAS B SHEHSL W € Of
a LLOwll bﬁ)ﬁ f Sha §esks Snply By RBARANE SubMsavhifible BRIACT
the prejei n whheBadds i é} mgﬁébh from several sources such as NCBI, Swissprot etc.
For example, by searching a given genomic sequence or data base with a known
gene from S. cerevisiae, one can identify genes of high homology in such a ge-
nome, which with a high degree of certainty encodes a gene that has a similar or
identical activity. For example, homologues to known mannosyl transferases from S.
35 . cerevisiae in P. pastoris have been identified using either one of these approaches;
these genes have similar functions to genes involved in the mannosylation of pro-
teins in S. cerevisiae and thus their deletion may be used to manipulate the glycosy-
lation pattern in P. pastoris or any other fungus with similar glycosylation pathways.

In preferred variants of the above-characterized embodiments, the host cell is fur-
40 ther modified or genetically engineered to lack or to be diminished or depleted in an
(endogenous) LLO flippase activity, in particular of the Rft1 type, by e.g. way of
knocking-out rft1 and/or rft1 homologues. More particular, the cell is a knock-out
mutant to the gene rft1. The invention also concerns methods for producing this cell.
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25 lated. The reaction catalyzed by OT is the central step in the N-Iinked
gl ycosyl avoanigpapitmay. The yeast and vertebrate OTs ar ePCOMPR@®R/007816

het er o- ol i goneri c proteins consisting of seven or eight subunits (GCstl1p,
Ost 2p, Ost 3p/ Gst6p, Ost4dp, GCst5p, Stt3p, Wplp, and Swplp in yeast;

ri bophorin I, DAD 1, N33/1AP, OST4, Stt3A/Stt3B, Ost48, and 30 ribophorin
Il in mamualian cells). In contrast to the multi-protein conplex of yeast
or vertebrates the genone of protozoan organi sms posses 2 to 4 subunits,
except for Trypanosoma sp. and Lei shmania sp which conprise only the
catalytic Stt3 subunit, of which three or four conplete paral ogues are
encoded. The Ph@przestin@ntion fresibr itlatds taeheticatp efdibBered célfsawisert mo@atthe
yeast and ver pedeaddyeBus Bniydd ScthRE® latking Yr &bag mdectivefdtietsie or more
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typical to thgifdd iRmdidRiarMbidlodyyPe cell. An endogenous ol i gosaccharyl

transferase may thus be highly speC|f|ed to transfer a LLO having a 40
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es &%%?Fs aryI
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rans ase, a vl -
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Gst2, Gst3 wpl Stt3p), may have low activity for such
| ow- mannose LLO. For exarrpl e yeast Ol (see Figure 1) is expected to have

| ow activity e CLQ?@P'P]Q(/QW{:? 'mqk oufse RAES 2 glieniajacheene fRaVeare Rag been de-
Man4G cNAC2 ofermingdascmel-establinbed teehnianer iR doe YoRss H‘PHEU@Q?' prlagyla pidlegkt he
theory, the pf@Bmuniy, @ﬁééaﬁpeéﬁﬂwé?%hﬁ apyqngcaf edinriy pkillin Hiearbles seadti vity
may i nffose a Ratfetqmsﬂmgﬁbl\/@t sdhln legits ¥al- 494,17 2B1)e Imiggk thg ¢hoigecof a

gl ycosyl ation hestorganism giayde influencediby theravgilahildywohgenddsrnstarpationsandgengs cent
prot ei ns t akedigfupgen éﬂchmuys If¢l'n$UtCéoB hastef severahtrapsferases have e badmoegkasect |

t he i nvent i onotthmsthagdsthave qgeo\ﬂeaelgp%&abra"@mrf@r thewepdatediuss opmarkersaiiory

het er ol ogous, exAmplestiecBAY Imarkers $p crequentialiyetiminateralt undesirablecendogersysr ess-
10 i ng2r ovetrelxqjereseiqngathﬁieerwmm@ivw refarsee torbatefin. ethie teghnisuerhasl heen

het er ol ogous tsfingd acathers \Hut tbasinalfyeinvglees thehesecof voprepeated PNA Isequenseb .
accordi ng to flankinghaeounten sellactehle matker. nktei prebgnaer ofi the akrker isruseful imthgi f i ed
or geneti cal | sukseguerdcetattion ot rpnsfermants; fonpxansple oineyeast therwal3,nuisk,fsued, or
pref erabl y hegét&l goos shide iggosaandyabg |usedaherf examsple agtadvingy benhseshas @

char ac2®r i zedmiarker haensure the selection afcetramsformants that haveaintegratad at qoastshiatr

A c3Man9d cNABR flanking fneatred mabker with siirectyepegiabhe maly first seletidor frangformants

ol i gosacchar i that havérintegrated 6k cONBINGGanNAERe thue dEragidéd thel tanyet geckhaAfteres
having 1 to Yisoiationséthedsandtormantspand tivedtf dnaeduitgrizafidan bGe aNc@&unkdrrs@ct IMAC 2,
and/ or Man3d aNéacéhd muad flordhesenthat are resistant Wwo5'HOA. Conies\thaltareabler tovsudes a
host cad| w t hivatonl mates containtitg 65'60A havedlost thg asat ofamker| againathsdughas eross-
activity that oestlevbntiavalvilg tHearpelts nmi2dtismeeledriidry Thio apprdachdihiié allews for yhees of
gl ycan struct repeatedousecot thensdnes hextkdraaridhfacilitatdsethe. dismuptier of eulitiple genesh
activity is refteouteequiing@dditionabaarkefsT- | i ke activity" or "POT activity".
single unit OT In a particular enbodi nent, a protozoan oligosaccharyl
transferase (RILked heRi the! k&tRvialt bb‘f‘eas' plie@ td'@Hucler! dcidbr pOGpd tiuenE on,
that exdi bit srfQRsh ﬂﬁélé@'a‘énda&td dl)&é(o pliGe thAPbERS InEbF isHod R¥d 'E?“r'&@éé‘ctnvely,
structures, 1§ bﬂ%dléé?'d g?ﬁ"nls'?{?‘é‘s1 avca'\@rﬁgr%ﬁlﬂ&%% Analke 3G €

preferred variants, |s a honol ogue of the Stt3 subunlt of yeast

ol i - gosaccharyl franRsfera 02880 4 Mt LG 3Te8f odh & Phgzoan
sel ected fro f« r 8u§ed|rf§/® Pl w%c?acac.ﬁ%'mméi%t«aiwg aéd?

Trypanosora S -glycosylatlon activity) that is not derived from a cell of the same spe-

40 C|es as the host cell. Accordingly, as used herein, "homologous" nucleic acids, or
proteins, are those that occur in, or are produced by, a cell of the same species as
the host cell.

More particular, the term "heterologous” as used herein with reference to nucleic
acid and a particular host cell refers to any nucleic acid that does not occur in (and
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30 tozoan is preferably selected from but not Iimted to: Toxopl asna
gondii ( ™P,20108148tTrani a maj or (Ln); Lei shmani a i nf ant umpCILIEP2000@)shérani a
braziliensis (Lb), Leishmania nexicana (Lnx), Leishnmania donovani (Ld),

Lei shmani a guyanensis (Lg), Leishmania tropica (Lt), Trypanosona cruzi
(Tc), and Trypanosoma brucei (Tbh),In particular enbodinents the POT is

sel ected fromone or nore of the 35 paralogues: TbStt3Bp and TbhStt3Cp of
Trypanosoma brucei; LiStt3-1, LiStt3-2, and LiStt3-3 of Leishmania
infantum LbStt3-1, LbStt3-2, and LbStt3-3 of Leishmania braziliensis; and
LnStt 3A, LnBtt3B, LnBtt3C, and Lnttt 3D of Lei shmania maj or, and of

honol ogous st gartotinoes obtamedoffom) that nedrficidarecdtioas fauntd rheafot Thussel eobed
from one or npatarail-ocdlirbhg BBeleiaradidlib Sohsidsredto be yptenalsgeus tbralemst celhonke
40LnSt t 3Ap, Limbbtidde infothe LHESE &M isfimpertaritndinote thaj aon-nathelly-oeeurtingnut hus
al so concer nsclgichitids &Rl tortdif PubieiRtadidslidsequéntestor fragineats eforuleicsadd see or
nore nugl ei ¢ gaértes WM AP Rlindan Ratdfe plavided thdt@e nUdiéic pEidrastewhblerdoes not
expressing thgyxi§Gh @dtufdOFol ekemplet aVidcleidrayid bfioldcule RAAGRINGYIS JEnomid OINA
endogenous i NssRMABE twithfh b @xBRIsSioh We\t%r¢ehnbﬁlﬁaﬁtﬁéllywcburnﬁ@aiulcleh,eacﬁdpérﬁﬁsed
in. The pronmdjggk i¢BERYoISGIUD aPbs? ¢BN BNEY RESHRRAIAt0QAE hekt ¢BII Siné® Biak Auof
the nucleic aglf Jm4 ile ad\@ wibIO/( i DN 5108 QR8(cP DR G fRs 0BR te s irs UCh
as ADH, Tef Oﬁat@P@ﬁmé’ vesr dutdn s@&@blﬁ%ﬁh@ﬂla%lf N uin® (eROTretrblifs,
activi ty i n yagslovirlkd &h@F DQQhMWH&QtdoEQﬁom iEARAR 9 dohdierBPlo  OF
POT-11i ke acti Bétntsn tREyAocRLhaCRIRke y&r@qr fo wﬁga@ e [IS’NRfﬁ%bﬁthbé préads
to overexpersgy tf BCR& Strictior® fTS 4 Geli'a8 CBNAsSare consrd-

re
n-nattraliy'dechitif %§$ d FES the) ettt B serhote M. 00,

times, 100 ti

or rmre&tr mes w%%rqgcorrpaﬁerﬁmfo expressr on from a | ow copy nunber pI asm d or
fromsingle co y ch ? mte&rat gn The&orom)ter for ex
POT or POTIr SR {qlgws %U’é [ S8
copy nunber pb ﬁt"ﬁod"ﬁ) R élqs‘(?eEB'H “n%rﬁin HE
t hese cells. L"LN?WFR)&“%’EHM" CEB' gducle 'Cs

nodi fi ed or Qﬁ‘ét"\"%%f:?a/ H@%@QQ%‘&F Wo%tpae F'Ia feéa'{"

fol | owthg a " EOMBIRIIqted para el °'Vﬁ€5tc,’b' Q% 1‘7 'cfP‘H “1 \F%?Pecﬁocﬁt
refers to a h6eloleasty apgecthal drapesqme a"tf%}d” I0K? @ oBlf olXPAPYEsi zi ng LLOs
havi ng 15| ow mnnose gI ycan structures and transfer the I_ow mannose gl ycans
to one or nor gogheatls )OsaUZE0 anarng £ is: (1)
nodi fied to synt hesr ze in an | nt racel I uI ar organel I e LLGs having | ow
mannose gl ycamhatfiipgdser &scordify parthée dalentionVsopsdrts\Ngovth Mund2 Sabilitc®hen ex-
Man3G cNAC2;  aesxe8®lim siaanti cellp dadkirgiibre obynomd\enafmé reatititieyg ob tHe BR-lbeed one
20 orgasel | e- gheah isyatdesiapatindy ¢ §abypwalyadeenstc enginesting| yn partticwadene pked
nonosacchar i dendrbldMeybs PRGIAG rAsnrbRgICtranstsltadie betivity thatreosfed eraasfer ofindin- (i)

further nodifingge tresi@Xdd RS§lyédh etodaee Usiichedsefoplexgmpie al LLgpacinhad Yan1-
transferase, wWoiNAREHRIWSe a rel axed substrate specificity towards
| ow- mannose gl ycan structures to be transferred to the nascent protein, in

particul ar as |ﬁ8 ferred BRI Gn’?e‘?rt Heece‘ﬁ'-?:p§ e8I Besiddddriskietfedad 95&14@&@@%8
OT, whegein the £xg e;ﬂfﬁ PRe mspgraH %ﬂ?%ﬁ%&b@éﬂrtabrl(eef&sﬁfﬂﬁ@rss@yéo%ylﬁ-

pr ot ozoan ol | ﬁ?? af{ha rase

ansrt er

I'n particul ar enmpodi nent
ol i gosaccharyl h exhrbrts a rel axed substrate specrfrcrty

t ds | t t t f t

TR A
[

accordi ng to tg%; A RFBFPSSg aioé]ep%?grl ogue Lnttt3A of Lei shmanr a nmaj or or

a honol ogous structure thereof. In another particular enbodi nent, the POT

to be 8Rpr esséuaaether/enefeésesreéewwm ttmeelhe@ee@qq"v desigred Agselertedhio syn-
i nvention is thRsiaean d1aseen alyaopraigingrith a Man3GIcNAc2 structure suitable for further

glycosylation processing at the Golgi.

over expr essed e\épt

esa

In a preferred aspect the host cell of the invention which is modified to express the
above-identified novel LLO flippase activity is further modified or genetically engi-
40 neered to lacking one or more glycosyl! transferase activity localized at the intracellu-
lar organelle. The principal idea behind these preferred embodiments is to diminish
and control glycosylation, and in particular mannosylation, of the LLO at and/or in
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35 Lei shmani a maj or or a honol ogous structure thereof. |In another

parti cul avoefitdgaPrEnt, the POT to be expressed or over - 8pELISHOTM6 t he
host cell according to the invention is the paral ogue LnStt3C of Lei shnmani a
maj or or a honol ogous structure thereof. In another particul ar enbodi nent,
the POT to be expressed or over-expressed in the host cell according to the
invention is the paral ogue LntStt3D of 40Lei shmani a maj or or a honol ogous
structure thereof. In another particular enbodi nent, the POT to be
expressed or over-expressed in the host cell according to the invention is
t he paral ogue LbStt3-1 of Leishmania bra- WD 2010/049177PCT/ EP2009/ 007816
ziliensis or thehntradeligian srgenelle: t Theeprolisioeodf. thad thesPEEll efkiheaseantionrwhich is

over - expr essephodifiet te dxprdssctak | abwag-identified aovel d.Lax flippasp activit$t wish Pelaxed

Lei shmani a br spadfiteasd thas capdbieralf dippirg w-mahnose, til @agtichlar IMardr)t gigcan
particul ar enftasturesto tHehamepTehabldicthe seleetivedortrol of/ glyessylatiers aad makes fite

host ced | accpsstivigtd grovibie panicaiatly the folfoviifpinipevedl ergbadlimb@st 3- 3 of

Lei shmani a braziliensis or a honol ogous structure thereof. In another

particul ar e”’?ﬁ’&'E@l@Eahz@ §1yR68y) tRAnSRrREBFEAR 1Y kDEREG- Sﬁpﬂﬁﬁﬁﬁﬁed Br b

host cell accgp d”ﬂ th@ Ho élf‘ f%ﬂ%réﬂ id 8 rﬁ%o@?irﬁ"ér%%iﬁs L .In pre-

Lei shmani a in %96& ﬂQ‘P\H ééllrb'r?é BF $nord OF AR 2-, R fg11-typ

particular e gq d%,pﬁ%ﬁa% H nR; é‘r ré é@%ﬁéhté Qhé&ée
ﬂ1etn efuh reBElhﬂé‘ of Sre-dinki @h

Eg?tsh(r:ranl aaf(r:\ F s fgd 9f g%orzmee 0fe or
over - expresse% @b %lﬁ}vntﬁvﬁfl&%‘i pa 12(%%% th p'?icf?g 'gé'u ogéﬁgﬁé’rfo%
ant’u or a

Lei shmania in | ogous structure thereof. In yet anot her

particul ar enjodi m_sE ,, the POT to be (?x ressed or over-expressed in the
host cel | ac&@&ﬂ?ﬁfiﬂmm%%gia%
Trypanosonma 1¥ameudEunadiona honol ogous st [&eNWEs 1 SE0BYIOUS fAMS ot her

particul ar enbhodingnt, the POL to bhe exp kefsed of over- expressed in the
host cell acdBPMIngdelshylrhosphatabetaDi s {hé 188 a|dljckol-Phesrhate mannose
Trypanosoma Rrucei |[Banposybiransief@se structure thefyothasen anot her parti cul ar
enmbodi nent, tlhe POT to be expressed or oyer - expr gdefiekpliphosphatenmannesy| |
according to|the invention is the paral ogue TbSt [teDsterase; ypanosoma br ugei
20or a honol gqgous dqtructure thereof. In particul emarnasyiehesafodolighok sys-
invention, there igq provided an expressi pn cassefthas&r a functional angl og
t hereof for tlhe expression of one or nor¢ POT haphagnasylpbosphedidalibkalr af e
specificity tlowardg | ow mannose glycan structuresysth@seas in particular one
or nore of thalg2bo\elpbhd;RhotaanosyettaiOT. Thd.lexpr e6GLEBSCcassette is 25
conprising one or mnferasecopi es of one of the nucl eic acid nol ecul es cod| ng
for an ol i godagphargipharanafaanesetracss ng|2.el1axed|sNlbetsLat e specificity
t owar ds | owrgnnose |gdrygean structures, selected ffomthe above-identifed
POT. In a par AU caomw_@msphé}grmnoséhwg 2 1. 102l sigcpr ovi ded a vector for

the transforration |glycqipRi4phaAdnfodPst tel |, cofprising one or nore copies
of a the nucllei c ad rggfgage 30 cul e coding for ohe or nmore of the POT as

e

charagfer: zeﬁ above. The nuclei c aci d sequences |1 n the vector can be
gpe;gl ynugpe?n }ggngm@g;ééﬁ %'eame%g% go% %quﬁgﬁﬁhafégc%gmg g{"’éﬁe
: e| c a es
.Ilp]oe§t C cn a a wg
22‘52"'&% ""Tte?%%ﬁ A‘ﬁgﬁecﬁ H%eEﬁAg %éwﬁ "ﬁ\%a"g & 033%4“ % RO e

preferred enb&?flpr[r% Tesent inventi on provi des a transgenl c nut ant

cell expressing the paral ogue Lnttt 3D of Lei shmani a mﬁ%or or..a honol o ous
structure t heteanotherpagtiuiaremedipentthe hast qoflds 8 Hrutanidhatigiapking Algidd

the ceP? in a2arWiyciere padicyarly, Ithe&ﬁlbt'%érknﬁﬁ??ﬁ"c'ﬂ}’@f‘t ohihegane: #lgf bagpd/or
LnStt3D i s exppegiagyes thenef. cEg celh iggpepifi bles ©f SNthesiziag okl rwith
preferred enb®HENSEINAG HanbGIeNAG ang diand straqheren i 3 prgfeeredpvarieat 3
of Lei shmani athsiregfi thedhest selbis aamptanb thahisacking B@htﬁ'@"i%eeﬁ‘)’ﬁ'v'tyl #nda lipid-

particul ar yafiRked monosaccharide (LLM) flippase activity. More particularly, the cell is a knock-
25 out mutant of both, alg?1 and/or homologues thereof and the one or more genes
encoding a lipid-linked monosaccharide (LLM) flippase activity. The cell is specifi-
cally capable of synthesizing primarily LLO with a Man3GIcNAc2 structure. The in-

vention also concerns methods for producing this cell.
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WO 2010/ 049177PCT/ EP2009/ 007816 ant thereof LbStt3-3 is expressed in the
cell in awWDaMPi7vect or. I n another particul ar vari anPCTHASR&S00T8HG t 3- 3
is expressed in the cell in a high copy vector. In another preferred
enbodi ment, the cell provided expresses the paral ogue LbStt 3- 1 of
Lei shmani a braziliensis or a honol ogous structure thereof. In a particul ar
van-5ant thereof LbStt3-1 is expressed in the cell in a high copy vector.
In anot her preferred enbodi nent, the cell provided expresses the paral ogue
LiStt3- 2 of Leishmania infantum or a honol ogous structure thereof. In a
particular variant thereof LiStt3-2 is expressed in the cell in a | ow copy
vect or. Innanotiier pnefefed variant theresf, hethodt caling a mitantctbat is ferokingdeth, an
expresses t heAlgan-aypegactivity ahb St baB-mahhypd mansieraser(OEdt1)ypeaadtivitpl Maeus
structure theparti€ulary) tiie pell isiackiozk-out riuddnit té betheyeined bdlly1 B&nd/sr isormslegsssd i n
the cell in aahd ghmecipg/or @empiogubs theréofaming bell ispspetificallytapable &f Bpmthesiz-he

cel I prpvi dedingxpriraasp L LD vithas AMaGIcNA tsklciafe. TTHED #VRARITE albUEicenis a
honol ogous Stméﬂiouwortdﬁ@dtﬁﬁg thisite particul ar variant thereof TbStt3Cis
expressed in the cell in a high copy vector. 15In a particul ar enbodi ment

of the conposjit seast
Alg2-type act} 51&0§NM § Er:%%h'mé%q?z%;&olg&gﬂult& Iagrgutght)thhtslf) gﬁ |§§ o ¢
parti cul arI Yy o Rgéfe a r‘?trthﬁ

honol o fsm f l@lt

ol b o e S
acti vi {] es och;?nPgﬁf’%? ;i gf#'yg i aﬁ"sm A EIE
C

20ln a partlc lL’[gtant

that (i) is Iw‘é X y%?é;% ¥ ﬁ 5 expresse

over - expresse Bﬂ‘g’éi"{‘%} pne % 8[1 §th g EPH ceII (|) is a knock out
mut ant of algl 1 and/or aI 1 honol o ues, and ||$ resses one_ or_nore
of the above- |{Nde&iaredeprip %féf'? PPPYSs hargﬁegzeﬁir%mg q"@a ténﬁ\?o“‘?ﬁéﬁ?" is; fyE

i nvent 1%n pr otesodifiednercgensiically engineesed 19 {ack orin diminished or gleplietechifpptogues
expressing t hiea Qﬁ%@'9\5‘0%"6?@g@’kﬂpsléra'&?f%?@cﬁﬁiyo?he inyentional$q eQnegrns

vari ant t her eBethogsferqroducingdhiscelied in a | ow copy vector. In anot her
preferred enbodi nent, this nmutant cell expresses the paral ogue LbStt 3-3 of
Lei shmani a br Hestl delis ekpressimg BOFaactivity:] compsite emdier eof LbStt3-3 is
expressed in a |low copy vector. In a particular variant thereof LbStt3-3 is
expressed i n A gapeuRRprefefrb@embbarnetiion wRNinléntiod relates b R éﬁpraﬁéldswdﬁafor
produciing t heprefdrably hetdrblogods, Re/op Mddifiddl @igosadragiyMeahsiefasé N@OSOBPOM) ! e
system the cghé oligosacéiandianéBrdse (4 i glyody@&lhsteragt. It RASineRBrahe pro@dr &y pe
activity and No@emcbmatéxaﬁéﬂ taris¥ers %@oﬁd%hc&%ﬂﬂ@&ﬁtﬁe%_@tﬁhe%éé}ﬂ%ﬁ& POT
activity. MorgiPanWiep tefls thd GIE3MANIGIINACR SruehiRs lof AU OTWHIARE trasfdrridn,

al g3 and al gl add afiaéred t8h AERadher! eRsr) hesigwd of ﬂt@obretemwﬁ%ﬁrvﬂ%e u?e‘é nﬁne or

more 0js the apgee The§Bidtioheatds dQﬁtG)V'lstﬂhésoenirﬁl si‘eﬁanethSrN-
i nvention progigaya knock-out” mutant of both, alg3 and al gll and/ or any

honol ogues thereof, expressing the paral ogue LnBtt3D of Le| shmanl a ITB.J or

In a particul hbix r f |
g yééé(s:a% Je%%ﬁr%?%:'r tré %P p% ‘Réfé ﬁ%‘zné R § %RB.&A’

I n anot her pr

LbStt3-3 of Lgl f
;ﬁsﬁ, g +h es '}’9'25"%@ ?;n@? ! é:f& 3%-7%6 gacg@mé 0

T b E ? % i eptf C of
25{8?3232% re ,t Pl et St ooy
arct e IQ?tlﬂh ﬁ%g%% st oo i g Egan% at?ﬁae[ e
that (1 5) is | &8’ re leg%a&ﬂ ”%ps i ty and a lipid-Ilinked
nonosacchari de 5 | ppase activity, and (ii) expresses or

over - expresseW'tlb@I"‘ ‘HE'F 'th bel\kﬂ‘@dﬁartb‘f’ ¢hBosY. 1 an endpgepeyy oligopagahagy! kB k - out
nut ant of bot fgrageymay bghig led tp §13B5TEE A 44 O With 8 HiohaRanidse disABISEYEres of
one or nore gB’fﬁ%éh%HEéﬁtﬁ"P@ ta “I‘? Rdof thekw Wﬁﬁd@ﬁcﬁﬂzﬁ”pﬂ@f{%ﬁ igpgachriyle
activit andﬁg‘ﬁ raéﬁpl"@séhu%n e ohightyr esrstifiedle typbiarsierdeht HePedarng a
activif§es PloNAe2atistuse e dharBosteeth aaeerding tg thednvgntign managsyla-

tion is suppressed in the ER and the modified cell predomlnantly produces LLO hav-
ing Man1-3 GIcNAc2 structures. An endogenous oligosaccharyl transferase, such as
yeast dolichyl-diphosphooligosaccharide-protein glycotransferase (subunits: Wbp1,
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10cells. In yet another particul ar enbodi mrent of the conposite system the
cell is VOO H9YRat (i) is |acking at |east both, A gPCTBPRWIABTSI&Ity and
a beta- D mannosyl transferase (DPML)-type activity, and (ii) expresses or
over - expresses POl activity. More particularly, the cell (i) is a knock-out
mut ant of both,a/g/1 and/or dpm and/or 15honol ogues thereof, and (ii)
expresses one or nore of the above-identified POT activities. The invention
al so concerns nethods for producing these cells. Wthout whishing to be
bound to the theory, in preferred variants, no knock-out nmu- tation for the
endogenous OT is required. In a preferred variant, however, endoge- nous OT
i S not presenDstd[ Ot OXF,SOst4] Ostﬂ1®§@|$wp1r°~(81@rp9jltﬂ§§! Yiaver v hibtivitg for Quehded
20 where one lew-marrdsefLLOFof eRampRN §e4kt T BedIgHeUs iSExsatiettd Bavadl IBw
knocked- out . adiiviey RF ELOGVINGNMATTGICNASE MapRGEENAR2 MarBBIENASR MANRGIdNRSt  one
subunit of ther MBASGIERAYS s@liét g@%avwihaww.shrngrtsf&rs&m ® thelthedrfdnbreea-t he
group @onsi stén@ 6f endd§erdus Sy bg&chgﬁl #hnsférabeRcti rﬂé& intdsala rdtS lifing
Swplp, and Sttep and hay dHiLGE & bBHleHERRTUhTRE bIyEEHS) I cahéao% Kine& khePirandpatt ant
of genes wopl ofagnsdrindse §RcaiEAbMREceHR BFGtSIRE fa‘R@ ?dEQ V@i‘?rh iteB®ates] it atlan. 2

knock out mutant of t he génes ost/ and ost 2 a parti c ar var| ant t he
host cell is St 3 he host ce ast
strain YGB43 lﬂ & JsBEct me P’Ne% %the eﬁ\}) ovyi % 8p§€o dg%
allele(Spiri g c a Sra ﬁf“%’ﬁ%%k out
- LLO1f [ ppasI 9. h % o‘i‘o r%{ﬁr Ok he

i nvention pr 9385% . eé%ﬁqs re 'ﬁ qrgw 2 % lnveﬁtlon

synt hesi zi ng ‘f Eg q,l| rﬁgrqﬁg ENANTLIEF KL SIREPSS He

| oW nennose ﬁg ? 3106 ?'H R $r 2igesarchavt HP%s‘ceI | ;
the cell is: ﬁt‘? F’B?%U"O bP W@N'%YLLOS
havi ng' ow ? s F ‘?' ?;t P'ﬁo F??gp%qc%;g%a %QP:E‘S k%;‘g
Man2d cNAc2 o | C out
at |east one rés'pB?,%l i l‘?ﬁﬁf?fg ﬁagﬁgl‘cé'f‘&ge Man2GlsNAsAa) ar

i pi d-1i nked i’ﬂagnm the ipneation pyidgs adiost ¢qll 33
detail_ (ii) ﬁﬁﬂ] cmee 'BC sgcehang |tra|_r]§@r¢qq Actiyity thatiexpibity ayrelaxedt| axed

speci f3%;i ty tstPeCLfl'EX/\’QY"BEdSI% rRBiRRSOf dIvean Slruglessy tothedranstasied t thenprotein.
detail; and W\Basteusrosushagivity spetsrreddo netein @s i POTrlike agtivitynea ROTE @ctiv
express an ol PgodRdle At QT transferase, which exhibits a rel axed substrate
specificity towards | ow mannose gl ycan structures to be transferred to the
nascent pr ot dhra waitichlap eatoediaigny, a pretoprant digosacchhivl) transfetaae YPOT) anpfer ase
(POT), nore paded fouluse in el east edll bf the inventiabothat exhibitsi dopdidB@ble Sctivithéore i s
provi d@d an exqnsésEng owemaprsseestorctumed, linparticalar Mand GiaNAd2e MaoRGioiAcRhe ex-
pressi on of bdan3GlcNAchovel LLO flippase activity as characterized above,
and an oligosaccharyl transferase having relaxed substrate specificity

towards | owraAnAGe eEad validits the PO TS G hdiolb§dl of tHE SRSRIUBESIt BfyeagfsiRt t e
I's conprisi ngyo¥aecHAryl Rinefefatel ¢fsa Protd20an O ddifeultié Of & Srofzbsh SBILEIEY iRk,
codi ng for thsutmey fhitéd-fo: ToxbpiasRase., B6lshbhig PS éh'ﬂ#r?ﬁérﬁfsbﬁr@%pal?ﬁé/ %ro—and
one OragNor e GRS |90§>ré?é}ﬁbl9f sdidfed Hohe! Sut a5t dinfidlae oy f‘o‘ioﬁ? )
ol i gosacchar yl e Shase (1Y | GsHnRrX SHtamtRs Lr)at@ezsm%% 'b?éz%én&@"@g
| ow- mannose i i§aaria rm@&darnas%m*y h éi8hri5flia fon® E;ﬁ eﬂsi@
particul ar vaLgprntediedrRP troplcBqL8, 1T9yahesbrP4 %de‘ij )a aHSC'FI%aJoQ Iéhﬁ'rucel
transformati oTb).In particular embodiments the POT is selected from one or more of the
35 paralogues: TbStt3Bp and TbStt3Cp of Trypanosoma brucei; LiStt3-1, LiStt3-2, and
LiStt3-3 of Leishmania infantum; LbStt3-1, LbStt3-2, and LbStt3-3 of Leishmania
braziliensis; and LmStt3A, LmStt3B, LmStt3C, and LmStt3D of Leishmania major,
and of homologous structures thereof. In another embodiment the POT is selected
from one or more of: TbStt3Bp and TbStt3Cp of Trypanosoma brucei, and
40 LmStt3Ap, LmStt3Bp, and LmStt3Dp of Leishmania major.

The invention thus also concerns a host cell according to the invention that com-
prises one or more nucleic acids encoding, one or more of POT. The promoter for
expressing the POT or POT-like activity may be an endogenous promoter, endoge-
nous in respect to the cell in which the activity shall be expressed in. The promoter
45 may confer an overexpression of one or more copies of the nucleic acid molecule.
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15 of a eukaryotic host cell, conprising one or nore copies of one of the
nucl ei ¢ WPPIMWYHRLTGl es characterized above or one or noPETEBRIRHITAG t he
expressi on cassette as characterized above. The nucleic acid sequences in
the vector can be operably linked to an expression control sequence.
Preferably, one or nore of said nucleic acid nolecules are present in
conjunction with at |east one of: nucleic acid nole- 20 cules encoding a
pronot er and nucl ei ¢ acid nol ecul es encoding a term nator. The pronoter for
expressing the POT activity may be ADH, Tef or GPD, for exanple, on a high
copy nunber plasm d. A preferred enbodi nent for a vector conferring
novel LLO fl i ProasteraGluck idsyARHATE@r GPDIray Ye tuded foIOHE exPldssioh AFOTI&d in
Figure 14. ThROTuYikE aelivityen gesstan aréferrdd embeaithedbtheyeRB@ntiliNPtheOTAS Used
herein, the tprOmMIikdactivigds oh@migh@dpy nuRbeOplashrRINPRAE! Breféfaby dtdddSto over-
conpri si ng t hexpefs¥ire \re prefstHRINSrRbadiments 2the (nvitEeUIdds NS ovélexpréidstd iy fheg,r ed
furthers vari ambfe ?Mé?fé@i%ﬁiﬂ%snﬂbft%&sefioomﬁ% 500 e 100 8rRed, 'RORALS 500
flc2' which cqfies MO00QMRsOBndBhckt pFber PDORBL mbrTRinES when!dfndatédto ex-

nmol ecule. In &e@ﬁéﬁ freml @fomﬁédi) 4 Ue"rr%@n'r?@oreﬁ&ﬁg %p?f:hrrom%sbﬂ‘c’iﬁﬂf ?5‘ the
ol ecul e CO”ptidrﬁ?ﬁe‘b?orﬁbl@ﬁfoﬁ@kbr@kérb{%‘ﬂmﬁbﬁ P@T ke afcﬁﬂw(é%l 2 3 aal for

transnmembr anegglpratidrathple! bth fer Ia APl ogous structure
thereof. In a particul ar and pre err i ment thereof, the nol ecule

e
conprigses or t 0 t hat codes for
trans- @enbran@%ﬁ%r%ﬂ'r?}s‘ CO%ge%'?ls{%e%mJSofsr t’—rf’? rn%fheae ﬁ%‘ﬁol ogous functi onal
structure 35t hereof. The nol ecuI e conprise or substantially consist of
a fragnment t hat LA Wt —£Q ARV EP¥S8Bhmin 1 (TML) of Flc2' or a
honol ogous functi onal structure ther eof . The nol ecule may al so conprise or
subst ant i al | yTheoinsestiorofrevidesagnmedifiechar genetically cenginearesivbodtr celle winhaisn 2
(TMB) of FI c2emoed in therfolaygogis “Compositersylstest’r Tibe cdMpositeesysteen @bthe invera
particul ar artibnpreésre to achastrbeltiwhisht istspecificelly dapablew!f sgnthesiziognbt Os daving
subst aift i al | ylogenanrsise gijcan $trumturesitant Heansfendbs I6wmannass ghrbnaite odermi ns 1
to 2 (TML-2) robrefiasentqrotaink @xplessgalis thisoell;itiemed!l ist ructure thereof. In
anot her enbodi nent thereof, the nolecul e conprises or substantially

consists of a f(r)agrm&amed/\lib2@%%&&8%@0&5&’8&9%% Sidiet hads ARAMY ToV-
transnenbrane dagmidie Jiycan stiuthied) iPfpdicttar MandG boaRaditNALS el
structure ther eain3GIBRAGD! KeohBlisHRY il PEPURR z %\Pgﬁkﬁ’&tki | 4ot 429855t DheOf @
fragmempt that C&Qﬁﬁ?ell’é%catlliéd‘ﬁfﬁhﬁ@sy@'ﬂ%n%m%brh SptyBAIyOA Jifi Q%lﬁ%@g)o‘%osac-

honol ogous fUnCéHaﬂBé‘kLL%ﬁ)rfthéé%s@e&&%@‘?tfererdfhrﬁorféad ddicyh@’ ©
t hereof, the nol ecul e corrprl ses or substantiall consr sts of a fragrrent

that codes for ' o] t Flc2'
honol ogous fun n%ﬂa? s '. ic 'eg fBaeQSres ?éxé ee I ﬁg Sﬁ@?r@&fl t he
nol ecul e conpri Ogtru% 3 g} d e e ro r'rtr?Wta shg}rv 'E%’HE’ $ef or
tr ans-ggenbr ane gs i Qa % Y3 SR Mnal
struct ure 10th to, %t f 3[%' r?é‘qu’ Foligad c f’ée

eter o S ‘gt& rr% fera S t ‘:1‘
the cell is a %}r ﬂ L% ?Tégst ﬂl&??w qS\?FW(rr)
expresses noveI pas}e activity according to the invention; and (iii)
expresses POl actrvrty More particul arl¥1 the cell (i) is a knock-out
mut ant of al dP PANGURT SnkPEimelito sgeligesagenayl kapsfemseswhich %hlbﬁ%@eret%ed
nucl ei¢c acid WBFE@SI58§°'86Wft8W?rdﬁd°VK‘E'@“PP$?)§|é(§%" getatures o beylangferred to the
expres¥es ond"agFentdiateny is @ rotazadR oligRsAcE AN drapeferaset (PATY.In a patisulap em-
particul ar erRfSimerinthe RAE te be exprepradsercavesguprgpsarhindhe hesteell ageerding to
mol ecul es derth &yeptigfhisthe paralogye datidAld-eishaagia majeppea hemalogous shrcer r i ng
a novel LLO ftHienthaeeof dlptanpthey particulas smbediment thatPOT He becaxprassed o over- one
or more nucl eXeressed inilecBentae! @seording tortheninvention isathe asapguseimSE3BISv e,
conf erdi ng LGS E@/4riamanologayssstisisture r@reqfemr grothar |partisylaalembodi
synt hesi zi ng Mew thet FOVHe bejexnmssed atovRIeXmesset P the hast ealleaccardting to the
t ransf erri ng B¥an§oR i hetnaralogus bMBKIC oh Leishpariarmajaher 4 homelopous strusture
concerns net HBereof on preberc PAGiCyIAT embediment.nthenBeto heetxpresstdeabodément ,
the cell is £XRasaAd in e hest)cell accerdinnrg the inveatian B3thalpgraloguepkem&tBD\dft v;
(ii) éRpressdLishaasia maorer a ppaolegaus stiuctyre Mraresfdi ng to the invention; and
(ii1) expresses POT activity. More particularly, the cell (i) is a
knock- out nutlaranotifer glagicutar ambodimenit gthe PO no lbeexpsesséd ioy osspexpsssseddme or
mor e nucl ei ¢ tae hdstmell @cadrdingdo tiecinventign lid Befdaralpascl BRU3-V bt Agisramahid bia-)
expresses one or nore of the above-identified POT activity. In a nore
particul ar enbodi nent, the cell exprek®ses 30 one or nore nucleic acid
nol ecul es derived from 11c2', as descri bed above in nore detail, conferring
a novel LLO flippase activity. In another variant, the cell expresses one
or nore nucI eic acr d nol ecuI es derlved from rftI as descrr bed above
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according to the invention; and (iii) expresses POl activity. Mre

parti cul avbypiodae1740 cell (i) is a knock-out nutant of IpoTiEP2@0®878a60d al gl

1, or any honol ogues thereof; (ii) expresses one or nore nucleic acid

nol ecul es conferring LLO flippase activity; and (iii) expresses one or nore

of the above-identified POT activity. In a nore particular enbodi nent, the

cell expresses one or nore nucleic acid nolecules derived fromflc2', as

descri bed above in nore detail, conferring a novel LLO flippase activity.

I n 45anot her variant, the cell expresses one or nore nucleic acid nol ecul es

derived from WO 2010/049177PCT/ EP2009/ 007816 rftl, as described above,

conferring LLgNiédsisppras Bomologuug ytructimesherebf. The RPEekpressdd gr avepekpressed

synt hesi zi ng inlLtRe Wobkhcell ivay AlSoddAha patraloguielksSttsA2! of tevslhaeniaibnagilfeaisid or a

structure to RormeiBgeus stRuchirgitiieredt. pr aficthérquarinularmboeinmerdcibeROTItp beekhi s

i nvention expprss&s drhévepaxplesgatt in rthé t 1St cdellLadcokdimpita thigj invention & the

particu ar vaparaiigué LbBe3-3Wf Lbi3biniadia brazikonelses adbmadogouk stucto@theeof.or . I n

anot her preferred enbodi ment, this nmutant cell expresses the paral ogue

LbStt3-3 of Lgy shutRér faribid LiS8Hinnt, e POTOIS b Bktbs e bradlerldRpreaséd in

LbStt3-3 is eg%fﬁ‘&s%%gu 5&& g6 ‘fﬁH’bﬁv&ﬂ%% thd aaaéréguarmstreer oP L8/sBiaR@ in-

enbodi ment, -t b aémor‘ﬁSo o efr@&ﬁr%sthE p@ﬁ{)ﬁo@'%&ggiéﬁ@nﬁ%uﬁgﬁt fC of
r

Trypanosorre b be! dkph e's S th A& t@the liRva 3 fid s 10
expresged in ﬁ'lehé)b%g § Lel ﬁf?r f I grsirue If’énﬂfi:? dfor

g{,l ?ggfr ?%at h((?:g '|l C&&E&e@ éﬁ%y als ?oecl‘?l r&fréﬁog"ue
lipid-Iinked ﬁ sac eélrl 'E PI ppa c [ v ? A ex- _15 presses
POT activity. Prﬁfﬁsténaﬁm%'fE' i %ré"‘rcc"&?olrageteﬁre élg ”%eeé‘édz%” g%?férér- psedin
both, algll afft® hﬁstws §t9 Be dnyentionyi gh Q’Pé,ﬂ?:?? "’h

i pi d- 13 nked RE$858E @B BQQLLSLMUWFP pherer dEtQ'\ﬂtqeﬁ G arﬂ
more nucl ei ¢ BOTdokS @@rssed OpaYSaxpigsed B the ingpiesl aseqrdipgdo edHY)e 'Pm
expresses oneths Pafalpaue TbewiB ob/ yBaRRSOrddHYesi Péa hP@P"’Q@W W‘f Jure|thergo
particul ar enBBefhaeparticylacermbodimenty thasBRJ tgrke @rPressed %mﬁ'éwr%&ﬁee in the

mol ecul es der hegtcell aeparding 2o thedgvendion is thePagieaue Tost3Gf Turamosome SAGSE 1 i ng
a noveROLLO f Prapaselogets ﬂflﬂ%ﬁUfeAhQré?fnat ively or in addition, the cell
expresses one or nore nucleic acid nol ecul es derived from rftI, as

descri bed aboWeparticuidreembodimeht® of thepipesrdioacthiers is provides arf expressioncasaetteel |
accordi ng to bhasfudionavaraiogpthesqd farsthe exptessipacloogwe mar&HBDhaving a re-

Lei shmani a majaxed substeatp apecificitystowasdsi Iawtmarimse@ycbrrs&ruemresssmklpasemsmj- in a
| ow copy vect ticulad bnamptrhae ¢frthé esboee-charaoterirexhPOTL Hihe empressionceddsette is
expresgges t hecpmpasing vee ldp Btdrd-cdpies df @nslufdime audleiazicid mokcsles kcndiag for an
particul ar vabligs¥acthmyle dfansfefise3-having esiaress sabstrate aspenificity ptowaeds dow- | n
yet anot her pheinabseglycarbstelictores, seldeterl fram &t aboeblidentifedd®BEs t he par al ogue
30 TbStt3B or TbStt3C of Trypanosone brucei. In particular variants thereof

ToStt 3B or Tb§ L3HartichipXBFSRIREreb) tieriBIs6 PRWIALACH PéctorfOE tHetyRafdr@Atién SO
concerns met hgglg & RhryBHORSE IcBE donitRing&ireSor ndte Topib lof hShé RESEIE e thile-
capabl §;0f SyRLRESIdHGGr Bhb Brirhdré dilthd WOThad cMraetsisd Sovel THE huEigicadtst
transferring §E rﬂes ‘M:fh‘ér\}’e&d? cén %%P&blﬁfrﬂ&a@'t@ an EXBresEBRRbhiPd sehEéhce.
concerns met h‘iﬂf ﬂ(yy RInaGhoe &Y qad ﬁ@élérc aoid Hlohé%hle@%?é 'Eb?éseﬁf Bf &nj gﬁﬂtlon
embodi ment, t i, Cal\Eadt n@ Fr@é"ércta A mblebulb$ ehéddind 8 pRémbieR8hd PRERIC acid

Al gll-type aCtn‘rdié&N & @ n%’?”ﬂ'@/ﬂroﬁw[)@??Jr@xﬁ%%srﬁ&%h’d%&ﬁvr% yity;
(i) expresses, P&%&Smﬁ@ b lathy, rﬁé‘é‘p%@h{b‘ér Rshie i nvention;” and

(i) expresses actrvrty I\/bre partrcu Y, the ceII (i) is a
Kk k- out tant of bat d
expr esses S‘n‘g?{!} ; re%?q ﬂ:: a“ At g@@ % oLy (1)
activity; an

i i I Qﬂtﬁ% ex ow.
ﬁﬁc: \e/: cyaC| 3 r‘fBP\é(‘fﬁ(F S '?j %ch% rf\qaggnt theolrgo{jlerg%{t:?é ?7 d' r?o?e" e

det ai | #0conf e NAYCPYNRAI™ LLO f1i ppase activity. Alternativel y or in
addltlon the cell expresses one or nore nucleic acid nDIecuIes derr %
fromrftl , adn@eothgepiefariederabasimentcibacel Pray eEI?@?’ﬁSF@)‘i@é’a ’Fﬂeg tt
preferred nut ahef k%rhm%eer%r/'ﬁgs'fer?mqu%ﬁ R iheiot e & ?5'5? a6'gue
LnStt 3D of Leishmania nmajor. In a particular WO

2010/ 049177PCT/ EP2009/ 007816 variant thereof LnStt3D is expressed in a |ow
copy vector. In another preferred ensdi nent, this nutant cell expresses

t he paral ogue LbStt3-3 of Leishmania braziliensis. In a particular variant
thereof LbStt3-3 is expressed in a |ow copy vector. In yet another
preferred enbodl rrent thi s nut ant ceII _expresses. the paral ogue 5 ThStt 3B or
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nous OT subunits are knocked-out. In preferred variants conprising yeast
cel | s saiNWoO2010/aK7 one subunit of the endogenous ol i gof&&dR2¢09[007816
transferase is selected fromthe group consisting of: Wplp, stip, Ost2p,
Ost 3p, Ost4p, Ost5p, Ost6p, Swplp, and Stt3p. In a preferred enbodi nent the
cell is a knock out mutant of genes wbpl 15and stt3. In another preferred
enbodi nent the cell is a knock out nutant of the genes ost/ and ost2. In
further enbodi ments of the invention, any one of the cells described above
may further conprise at |east one nucleic acid encoding a heterol ogous

gl ycoprotein. The pronoter for expressing a heterol ogous glycoprotein. may
be an endogenantshgreof LIESit3D tscaxpressdd gethecsll ima las gapyt vector t Ineanothier pamicwhi ch
the activity RhaadandtheeqfilbSHa@ is expressealrio theecelipn afhighr @pyerttodi nent t he
pronoter is a heterol ogous pronoter, an inducible or constitutive pronoter

that confers mrbrisrwé@é&émbo@ifneﬂﬂQh@eembﬂd@d)ex;ﬁésséfs thd) pardlbgleiLesag d
nol ecul e. The$ey ¢ 8lshmanlahranféisis 634 hMm@l%Eé@sl Strhur Xhérees i b MartRUIarRaf! Y

LLO wi td a MapdrtRreefNAEH3sT fs%b#&s@e@l?ﬂhé"célﬂﬁu #high B8pySctbrst ructure to
25sai d heterol ogous protein. Wt out whi sh| ng to be bound to the theory,

t he above- spegi
produce | ow é’éz’geflﬁ hegéF tcme eg%%élf]hg %% jﬁ%‘i%ﬁnﬁ%ch
are then atta l I &
found that ad e{qo(g ﬁa&(grees%%‘n §’e<l;1'|ne 8ch8 r' 30 wards in the

CGol gi apparatus by mannosyl transferases, which result in Man4Qd cNAc2
and Man5Qd cNAlfQY%tt?’iﬂ!’ﬁ%%@%’ﬁdtﬁ@b?ﬁ"@?@ﬁ dhe call @F‘Mﬁ;dt BXAressee dhe maralegient of
the undsi r ed TRBHSRSCE Nip@anaspmavhrisel eNAGPMOladeEs siructure therqoh, /B a pajficular
provi des neasvar@nt thereaf JpgttBRissexpressed ininesal! ife2 BIGPEOPY VeHY- del et i on of one
or nore of the genes encoding Col gi-localized mannosyl transferases in any
one of the celn yet3dmdtherhprefemednembodiment) dise ceb @covideddexpressealibe garalibgue
present i nvenThs#3C of iTrypahesama dniceast athomolagous siruttoeectherepd lofa particyar or
art, wherein daint deréof ToSHAO dsgXmméssedgh theanedl irma dighlabay nectohy

trimm ng/ cl eavage of hi gh-mannose (e.g. Man8d cNAc2 or Man 9G cNAc2) or
hyper mgginosyl ff 8 haetlch@e efTbdRInETIt B tHOEBH SEERE SySteml) et 18 GPMEItaMBEHAD $i) base
activities. | pcRingatlclst A2%Pe é’dﬁbﬂd'aﬁﬁgi I)etx RsBELECHer-eResidsPOT Bbtfvity.
concerns cel | jiokd1BhrtieQaPthe ¥ '{/@.% Phoek oBE Mkt BRB %'n /ss %rﬁﬁlé@be@r no
mannosi dase aghk Yil) lexprisséd bne o o?@éﬂﬁ@‘l\%\kzl@ﬂfﬁa 6THE fve Rt

wi th nodi fi edafsgleghcdrhd Mefus #6r PduckiifinRidefrary gl ycoprot ein resulti ng from
ol i gosaccharyl transferase activity at” the ER may be subject to further

g'ycosgésa“on 1?h F ogﬁneq\?%fEHebgoqnngﬁgngét@m”%e céiﬁ 4 Rldant X (.%%L-”her
£

mej or aspect : S el P8vr P&Q 8
g Bt 1ty i i i
net hods for tﬁ yf h(?aﬁeﬁj |%? éé%;; §§H %'tleE\%fgé?Eted

?re(ﬁ;iartl
°g 8?6 8?’% éprg ‘elf;%rr?%ﬂe?gg'gﬁ 8 8fa 0 ? QEnEﬁg” arﬁdé?]r
anig.
I L% tQr. n r.pre-
subsequent no E%pr t%e i BYP’ ?ﬁ%}ﬁ Bﬂ%ﬂkl ng
Gol gi -1 ocal i z Y
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host cell of Vegor. Il‘R/%R ftiguiar %arfa%.ﬁo i O%EE% (?OW copy ve‘jWe ﬁ$ the

|nvent|on also concerns me or producmg ese C S

cell of the i
in nore detai

gl ycos%%/at [ on
This i fiventi off

| ow- mannose g %Hlagyar 0 ﬁ'ﬁ&

In another particular embodiment of the composite system, the cell is a mutant that
(i) is lacking at least both, Alg3-type activity and Alg11-type activity, and (ii) ex-
presses or over-expresses POT activity. More particularly, the cell (i) is a knock-out
mutant of both, alg3 and alg71 and/or any homologues thereof, and (ii) expresses
35 one or more of the above-identified POT activities. In a preferred embodiment, the
invention provides a knock-out mutant of both, alg3 and alg11 and/or any homo-
logues thereof, expressing the paralogue LmStt3D of Leishmania major. In a par-
ticular variant thereof LmStt3D is expressed in a low copy vector. In another pre-
ferred embodiment, this mutant cell expresses the paralogue LbStt3-3 of Leishma-
40 nia braziliensis. In a particular variant thereof LbStt3-3 is expressed in a low copy
vector. In yet another preferred embodiment, this mutant cell expresses the
paralogue TbStt3B or TbS#3C of Trypanosoma brucei. In particular variants thereof
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cally engineered to | ack or be dimnished or depleted in one or nore, at

| east twowopoeimasebly at | east three, at |east four or atThPasb/disye of

Gol gi -1 ocal i zed mannosyl 15 transferases. The mannosyl transferases are
preferably selected from OCchlp, Mnlp, Mn2p, Mn4p, Mn5p, Mn9p, MInlOp,
and Minllp, and honol ogues thereof (see Table 2). The cell is preferably a
knock-out nmutant of at | east one of the genes selected fromthe group
consisting of ochl, mnl, mn2, mn4, mmn5, mn9, mnl0, and mMmnll gene and
honol ogues t hereof. Honol ogues al so i nclude 200t her menbers of the sane or
a related gene famly. Table 2: CGolgi-localized mannosyl transferases Nane
Function EC NppHesB &Y TESHIT i expREEEd iR igh kBhAveotér: Wﬁ@ﬂﬂéb{ﬁontélé’éléérﬁ:éﬂrﬁe
2.4.1. 232 YG Qdffods MHprodidian e’Scéﬁgnnosyl transferase 2.4.1.- YEROO1W Mhn2
al phal, 2- mannosyl transferase 2.4.1.- YBROL5C, TTP1, CRV4, LDB8 Mhn4

regulator of mRONAN ARRIRY Zhbokinit bPHES@mposite system, the cell is a mutant that

(i) is lacking at least both, Alg11-type activity and a lipid-linked monosaccharide
5 (LLM) flippase activity, and (ii) expresses or over-expresses POT activity. More par-

ticularly, the cell (i) is a knock-out mutant of both,alg71 and/or alg?1 homologues

thereof and the homologues of one or more genes encoding a lipid-linked monosac-

charide (LLM) flippase activity, and (ii) expresses one or more of the above-

identified POT activities. The invention also concerns methods for producing these
10 cells.

In yet another particular embodiment of the composite system, the cell is a mutant
that (i) is lacking at least both, Alg11-type activity and a beta-D-mannosyl trans-
ferase (DPM1)-type activity, and (ii) expresses or over-expresses POT activity. More
particularly, the cell (i) is a knock-out mutant of both,alg?71 and/or dpm1 and/or

15 homologues thereof, and (ii) expresses one or more of the above-identified POT
activities. The invention also concerns methods for producing these cells.

Without whishing to be bound to the theory, in preferred variants, no knock-out mu-
tation for the endogenous OT is required. In a preferred variant, however, endoge-
nous OT is not present or suppressed in the cell. Accordingly, a cell is provided
20 where one or more of the genes encoding endogenous OT subunits are knocked-
out. In preferred variants comprising yeast cells said at least one subunit of the en-
dogenous oligosaccharyl transferase is selected from the group consisting of:
Wbp1p, Ost1p, Ost2p, Ost3p, Ostdp, Ost5p, Ost6p, Swpip, and Stt3p. In a pre-
ferred embodiment the cell is a knock out mutant of genes wbp7 and stt3. In another
25 preferred embodiment the cell is a knock out mutant of the genes ost? and ost2.

In a particular variant, the host cell is a mutant for Stt3p, more particular the host cell
is yeast strain YG543, which has a temperature-sensitive phenotype of the stt3-7
allele (Spirig et al. Mol. Gen. Genet. 256, p. 628-637, 1997).

LLM knock out — LLO flippase — POT composite system

30 According to another aspect, the invention provides a host cell, which is specifically
capable of synthesizing LLOs having low-mannose glycan structures and transfer
the low-mannose glycans to one or more nascent proteins expressed in this cell; the
cell is:

(i) modified to synthesize in an intracellular organelle LLOs having low-

35 mannose glycan structures, in particular Man1GIcNAc2, Man2GIcNAc2 or
Man3GIcNAc2; accomplished in particular by way knocking out at least one or-
ganelle-localized mannosyl transferase and optionally a lipid-linked monosaccha-
ride (LLM) flippase as described herein in more detail;

(i) modified to express a novel LLO flippase activity with relaxed specificity to-
40 wards low-mannose LLOs as described herein in more detail; and
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2.4.1.- YKL201C Mhn5 al phal, 2- mannosyl transferase 2.4.1.- YJL186W Min6
mannosy| pNO2pHWAMeL77r ansf erase 2. 4. 1. - KTR6, YPLO53C NMhn&8CAIEFRIDIBIérannosyl
transferase conplex 2.4.1.- ANP1 Mhn9 Subunit of a Gol gi nmannosyl
transferase conplex 2.4.1.- YPLO50C Mnl0 Subunit of a Gol gi mannosyl
transferase conplex 2.4.1.- YDR245W BED1, SLC2, REC41 Mhnll Subunit of a
Gol gi mannosyl transferase conpl ex

(i) further modified to express an oligosaccharyl transferase, which exhibits a
relaxed substrate specificity towards low-mannose glycan structures to be trans-
ferred to the nascent protein which preferably is a protozoan oligosaccharyl trans-
ferase (POT), more particular, selected from the above-identifed POT.

5 , there is provided an expression cassette or a functional analog thereof for the ex-
pression of both, the novel LLO flippase activity as characterized above, and an
oligosaccharyl transferase having relaxed substrate specificity towards low-
mannose glycan structures such as POT. The expression cassette is comprising
one or more copies of one of the nucleic acid molecules coding for the novel LLO

10 flippase activity as characterized above, and one or more copies of one of the nu-
cleic acid molecules coding for a oligosaccharyl transferase having relaxed sub-
strate specificity towards low-mannose glycan structures such as POT as character-
ized above.

In a particular variant thereof, there is also provided a vector for the transformation

15 of a eukaryotic host cell, comprising one or more copies of one of the nucleic acid
molecules characterized above or one or more copies of the expression cassette as
characterized above. The nucleic acid sequences in the vector can be operably
linked to an expression control sequence. Preferably, one or more of said nucleic
acid molecules are present in conjunction with at least one of: nucleic acid mole-

20 cules encoding a promoter and nucleic acid molecules encoding a terminator. The
promoter for expressing the POT activity may be ADH, Tef or GPD, for example, on
a high copy number plasmid.

A preferred embodiment for a vector conferring novel LLO flippase activity and POT
activity to a host cell is depicted in Figure 14. The nucleotide sequence is provided
25 in SEQ ID NO: 32.

As used herein, the term “derived from flc2’ “ also encompasses molecules compris-
ing the complete sequence of fic2’ (SEQ ID NO: 1) and in preferred further variants
encompasses molecules comprising or more fragments of flc2’ which code for one
or more transmembrane domains of the Fic2 molecule. In a particular and preferred
30 embodiment of the invention, the molecule comprises or substantially consists of a
fragment that codes for transmembrane domain 4 (TM4) of Fic2’ or a homologous
functional structure thereof. In a particular and preferred embodiment thereof, the
molecule comprises or substantially consists of a fragment that codes for trans-
membrane domains 3 to 4 (TM3-4) of Flc2’' or a homologous functional structure
35 thereof.

The molecule may comprise or substantially consist of a fragment that codes for
transmembrane domain 1 (TM1) of Fic2' or a homologous functional structure
thereof. The molecule may also comprise or substantially consist of a fragment that
codes for transmembrane domain 2 (TM3) of Flc2’' or a homologous functional struc-
40 ture thereof. In a particular and preferred embodiment thereof, the molecule com-
prises or substantially consists of a fragment that codes for transmembrane domains
1 to 2 (TM1-2) of Flc2’ or a homologous functional structure thereof. In another em-
bodiment thereof, the molecule comprises or substantially consists of a fragment
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2.4.1.- YJL183W WD 2010/ 049177PCT/ EP2009/ 007816 Ktr1l

Al pha- 1, 2v0Ad891707r ansf erase 2. 4. 1. - YORO99W Kt r 2 Mann@€YIEPRHSHIBI@S e
2.4.1.- YKRO61WKtr3 Putative al pha-1,2- mannosyltransferase 2.4.1. -
YBR205W Kt r4 Put ative mannosyltransferase 2.4.1.- YBRI9OWKtr5 Putative
mannosyl transferase 2.4.1. - YNLO29C

that codes for transmembrane domains 2 to 4 (TM2-4) of Flc2' or a homologous
functional structure thereof.

The molecule may comprise or substantially consist of a fragment that codes for

transmembrane domain 3 (TM3) of Fic2’ or a homologous functional structure
5 thereof. In a particular embodiment thereof, the molecule comprises or substantially

consists of a fragment that codes for transmembrane domains 1 to 3 (TM1-3) of

Flc2' or a homologous functional structure thereof. In another embodiment thereof,

the molecule comprises or substantially consists of a fragment that codes for trans-

membrane domains 2 to 3 (TM2-3) of Flc2’ or a homologous functional structure
10 thereof.

In a particular embodiment of the composite system, the cell is a mutant that (j) is
lacking at least Alg2-type activity; (ii) expresses novel LLO flippase activity accord-
ing to the invention; and (iii) expresses POT activity. More particularly, the cell (i) is
a knock-out mutant of alg2 and/or alg2 homologues; (ii) expresses one or more

15 nucleic acid molecules conferring LLO flippase activity; and (iii) expresses one or
more of the above-identified POT activity. In a more particular embodiment, the cell
expresses one or more nucleic acid molecules derived from fic2’, as described
above in more detail, conferring a novel LLO flippase activity. In another variant, the
cell expresses one or more nucleic acid molecules derived from rft1, as described

20 above, conferring LLO flippase activity. This cell is specifically capable of synthesiz-
ing LLO with Man1GIcNAc2 and Man2GIcNAc2 structures and transferring said
structure to a nascent protein. The invention also concerns methods for producing
this cell.

In another preferred embodiment, the cell is a mutant that (i) is lacking at least

25 Alg11-type activity; (ii) expresses novel LLO flippase activity according to the inven-
tion; and (iii) expresses POT activity. More particularly, the cell (i) is a knock-out
mutant of alg71 and/or alg?71 homologues; (ii) expresses one or more nucleic acid
molecules conferring LLO flippase activity; and (i) expresses one or more of the
above-identified POT activity. In a more particular embodiment, the cell expresses

30 one or more nucleic acid molecules derived from flc2’, as described above in more
detail, conferring a novel LLO flippase activity. In another variant, the cell expresses
one or more nucleic acid molecules derived from rft1, as described above, confer-
ring LLO flippase activity. This cell is specifically capable of synthesizing LLO with
Man3GIcNAc, Man6GIcNAc2, Man7GlcNAc2 and/or Man8GIcNAc2 structure and

35 transferring said structure to a nascent protein. The invention also concerns meth-
ods for producing this cell.

In a most preferred embodiment, the cell is a mutant that (i) is lacking at least both,
Alg3-type activity and Alg11-type activity; (ii) expresses novel LLO flippase activity
according to the invention; and (iii) expresses POT activity. More particularly, the
40 cell (i) is a knock-out mutant of both, a/g3 and alg?1, or any homologues thereof; (ii)
expresses one or more nucleic acid molecules conferring LLO flippase activity; and
(iii) expresses one or more of the above-identified POT activity. In a more particular
embodiment, the cell expresses one or more nucleic acid molecules derived from
fic2’, as described above in more detail, conferring a novel LLO flippase activity. In
45 another variant, the cell expresses one or more nucleic acid molecules derived from

37



Ktr6 Probabl e mannosyl phosphate transferase 2.4.1.- YPLO53C (Mn6) Ktr7
Put ati ve wanragbtrimansf erase 2. 4. 1. - YILO85C Vanl Conp@Q&mP2¢p/0018¢6 mannan
pol ymerase I  YML115C Vrg4 CGol gi GDP-rmannose transporter YG.225W The cell
may be a knock-out mutant of at |east one gene of: ochl, or mnl, mmn2,
mn4, mn5, mn9, mnl0, mnll and/or the honol ogues thereof. The cell may
al so be a knock-out nutant of at |east one gene of: ktrl, ktr2, ktr3, ktr4,
ktr5, ktr6, 5ktr7 and/or the honol ogues thereof. The cell may al so be a
knock-out mutant of at |east one gene of: vanl, vrg4 and/or the honol ogues
thereof. In a preferred enbodi nent, the cell of the invention, and in
particul ar thgt1ahevdescribed above, conferring LLO flippase activity. This cell is specifically
capable of synthesizing LLO with a Man3GIcNAc2 structure and transferring said
structure to a nascent protein. A preferred mutant cell according to this invention
expresses the paralogue LmStt3D of Leishmania major. In a particular variant
5 thereof LmStt3D is expressed in a low copy vector. In another preferred embodi-
ment, this mutant cell expresses the paralogue LbStt3-3 of Leishmania braziliensis.
In a particular variant thereof LbStt3-3 is expressed in a low copy vector. In yet an-
other preferred embodiment, this mutant cell expresses the paralogue TbStt3B or
TbStt3C of Trypanosoma brucei. In particular variants thereof TbStt3B or TbStt3C is
10 expressed in a high copy vector. The invention also concerns methods for producing
these cells.

In another preferred embodiment, the cell is a mutant that (i) is lacking at least both,
Alg11-type activity and a lipid-linked monosaccharide (LLM) flippase activity; (i) ex-
15 presses novel LLO flippase activity according to the invention; and (iii) expresses
POT activity. More particularly, the cell (i) is a knock-out mutant of both, alg71
and/or homologues thereof and the one or more genes encoding a lipid-linked
monosaccharide (LLM) flippase activity; (ii) expresses one or more nucleic acid
molecules conferring LLO flippase activity; and (iii) expresses one or more of the
20 above-identified POT activity. In a more particular embodiment, the cell expresses
one or more nucleic acid molecules derived from flc2’, as described above in more
detail, conferring a novel LLO flippase activity. Alternatively or in addition, the cell
expresses one or more nucleic acid molecules derived from rft1, as described
above, conferring LLO flippase activity. A preferred mutant cell according to this
25 invention expresses the paralogue LmStt3D of Leishmania major. In a particular
variant thereof LmStt3D is expressed in a low copy vector. In another preferred em-
bodiment, this mutant cell expresses the paralogue LbStt3-3 of Leishmania bra-
ziliensis. In a particular variant thereof LbStt3-3 is expressed in a low copy vector. In
yet another preferred embodiment, this mutant cell expresses the paralogue
30 TbStt3B or TbStt3C of Trypanosoma brucei. In particular variants thereof TbStt3B or
TbStt3C is expressed in a high copy vector. The invention also concerns methods
for producing these cells. This cell is specifically capable of synthesizing primarily
LLO with a Man3GIcNAc2 structure and transferring said structure to a nascent pro-
tein. The invention also concerns methods for producing this cell.

35 In yet another preferred embodiment, the cell is a mutant that (i) is lacking at least
both, Alg11-type activity and a beta-D-mannosyl transferase (DPM1)-type activity;
(i) expresses novel LLO flippase activity according to the invention; and (i) ex-
presses POT activity. More particularly, the cell (i) is a knock-out mutant of both,
alg11 and/or dom1 and/or homologues thereof; (ii) expresses one or more nucleic
40 acid molecules conferring LLO flippase activity; and (iii) expresses one or more of
the above-identified POT activity.- In a more particular embodiment, the cell ex-
presses one or more nucleic acid molecules derived from fic2’, as described above
in more detail, conferring a novel LLO flippase activity. Alternatively or in addition,
the cell expresses one or more nucleic acid molecules derived from rft1, as de-
45 scribed above, conferring LLO flippase activity. A preferred mutant cell according to
this invention expresses the paralogue LmStt3D of Leishmania major. In a particular
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Without whishing to be bound to the theory, the above-specified knock-out deletion
strains should only enable to produce low-mannose LLO, in particular
Man3GIcNAc2, on or in the ER which are then attached to the protein in the ER. In
some conditions it may be found that additional mannose residues are added after-
30 wards in the Golgi apparatus by mannosyl transferases, which may result in
Man4GIcNAc2 and Man5GIcNAc2 structures on the protein. In order to reduce the
amount of the undesired Man4GIcNAc2 and Man5GIcNAc2 structures, the invention
provides measures to avoid this. A preferred measure is the deletion of one or more
of the genes encoding Golgi-localized mannosyl transferases in any one of the cells
35 of the invention as described in detail above.

The present invention is in clear contrast to previous teachings of the prior ar,
wherein desired hypomannosylated glycans are obtained by trimming/cleavage of
high-mannose (e.g. Man8GIcNAc2 or Man 9GIcNAc2) or hypermannosylated glyco-
forms using homologous or heterologous mannosidase activities. In a preferred em-

40 bodiment the present invention thus concerns celis that do not exhibit an effective
mannosidase activity or no mannosidase activity at all.
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30 structures in a cell other than a human cell. Accordingly, such cell
will furtWer20Wd4¥ietically nodified in the Gol gi glycoS¢TEPRYYpEIOWay
that allow the cell to carry out a sequence of enzymatic reactions, which
m m c the processing of glycoproteins in e.g. humans. Reconbi nant proteins
expressed in these engineered cells yield glycoproteins nore simlar, if
not substantially identical, to their human counterparts. |If 35 | ower
eukaryotic cells are used as exenplified above, which ordinarily produce
hi ghmannose contai ning N-glycans, said cells are nodified to produce
N- gl ycans such_as Man3Gd cNAc2 or Man5Gd cNAc2 or other structures al ong
human gl ycosyKat i ofAphaHv@yannddyitfansiceabec|adi-nenf¥OR08SWIde, but _are n
limted to, (EERNMDIMaRhogitieneferayec! NS con@.4.4i-ng PKRABIWOre of gl ycan
structure selRgE€d|Pitative APFA-gSACVEN3- 50 [AAG2Z, AYBRI0EWMRN3A CNAC2,

G cNAc3Man3d| cNAc 2 mbﬁg&gyu%sﬁ?és%chAcZNanSGl cNAc2, WO

2010/ 049177 PORI EP20BGLARY RERn St re V18 §-C NASEHRIDOW

Gal 2GLlcNAC 3VaRaE Tl 3 T T VeT3 | Fuc-bi Secting,
NeUAC2Gal 2G1 A S o rpAalivs matnogyranste "'*‘E:lz ﬂ'ﬂ_bzr Mt%gg‘mﬁéﬁr—/
NeuAc2Gal 2Glg % Q YE B

—+

Y

s <. D oot g,
euAc2Gal 2Glc] BISRSS C e bi centin e NAE SN RAGH e NAS S
Gal 3GlcNAC3M tiv P%E@Qﬁi’?&ﬁﬁ E O i Mo

NeuAc3Gal 3GLcNAC3N N3G cNAC? and NeuAc3Gal 3G1LcNAcINMBR3G cNAcREUe—As—ysed

herei n G cNaGVaR! N Gemponent et tedpamnan Gal [is gal apfWsE5Cuc is fucose, |and
NeuAc is N agetyl ngP@¥He@se lacid or sialif acid s used herein_in

preferred em|ViBbodGelghGDPamangesgcan strugtures | RERLI2Wse in their gllycan
structures unl ess tiiangpodeence of fucose (Fuc) islspecifically exenpliflied.

According to the present invention this is preferably achi eved by

engi neering ampé @ell friyast 4 RAockfold Inldantof \ahiezist breecBeraeoft abh, @nzyme, mnn2,

activities thainnar gmhs, MRASShhRdD, enriti1gandrorNBs Boinlogued theedaflr The cell may

characteri sti gis8foedd XAEGR-SUt GhuRantasf dt MERK oRe lgeny OF 68r1, kin2, Nar3; k&9, ktrs; kirey
fungal gells g#FBnd®r ¥RARGHologuisIhbreon Mekadehthay Astbe eethdek-oanGiutEe bf By

host cel I's whieabt EregetiesofimAT Alga Gater BetHomdloges\Whdresr. gener at e gl ycan
structures which are not recognlzed by enzynmes creating the high nannose

type, which aje,seleeh Ent! thel B fotlﬂE' ti6f t drd Y pathelfa theeab -
conditions pres aﬁ: I_E en ﬂfr%g ‘aikt tnI:anéf’ n ﬁ} f eﬁ?é?e_

activity is d ﬂth&l rar?rig@gt'%ﬁ érﬂ&ﬂ ﬂ grf%t' mal

act i vi ﬁ is a rexd 9-;7 ESyste &‘tﬂ&

d
ong e e ookl S ﬁ?,?%% @i@%@s@@@og%ﬁéﬁsteﬁe
i nvention al sB2 %8ﬁ%er ns the I ntegration of one

In a preferred embodiment, the cell of the invention, and in particular the above-

identified composite system, is lacking at least alpha-1,3-mannosyl transferase ac-
15 tivity conferred by the mnn1 gene or the homologues thereof. more particular a

knock-out mutant to at least mnn1 or its homologues. This cell may also lack one or

more of the above characterized mannosyl transferase activities, and in particular is

a knock-out mutant of one or more of these genes coding for this mannosyl trans-

ferase activities, in particular selected from one or more of mnn9, mnn$ , van1 and
20 its homologues.

In a preferred embodiment the cell is a mutant that is lacking at least Alg11-type
activity, and Mnn1-type activity. More particularly, said cell is a knock-out mutant of
at least: alg71 and mnn1. A preferred embodiment thereof is a mutant cell, prefera-
bly a yeast cell, that is a composite system, which is

25 (i)  modified to express at least one of the novel LLO flippase activities, in par-
ticular encoded by one or more of the nucleic acid molecules as identified herein,
and which is a knock-out mutant to alg71 or its homologues,

(i)  aknock-out mutant to at least mnn1 or its homologues, and
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or nore heterol ogous enzyne activities in the Golgi that are capabl e of
pr oduci ngveQoT4Mef- | | ke" N-glycans. In preferred enbodPEEAIP009{0AE16
i nvention provides genetically engineered cells which conprise in the Gol gi
at | east one heterol ogous glycosyl transferase activity and/ or one or nore
gl ycosyl transferase activity associated activity selected fromthe group
of activities listed in Tables 3, 4, and 5. Human-1li ke glycosylation is
primarily characterized by "conplex" N-glycan structures 35 containing
N acetyl gl usosam ne, gal act ose, fucose and/or N acetyl neuram nic acid.
O her sialic acids Iike N-glycolylneuramnic acid present in N-glycans from
ot her manmal s | gl@ fuRtABit éXprégses abswsrexprossesra ienast dhe of thpabbed characterized
ol i gosaccharyl PpOTkrEaE, hhdaitberativélpbt i dedision, al pha- 1- 3 gal actose is
typical for rodents but absent in human cells. Table 3: Heterol ogous
gl ycosyl transf gigs herté@@%%&%?%ger@?&eés%%%'I@Js?gnéﬂfzt}ﬁg%oweﬁargé@ﬁiédon /
enzymatic actiV[fy JLRGILT ON Nunmber 'Synonynous nane(s) Gene, exenplary
%'{IO/ gagnosylcrr( all'pha-/ ;3-)- CGolgi 2.4.1.101 A oNAc transferase 1, Mgatl WO
49177PCT{ EP2009/ 00781 | yco F i n._beta- 2; tyl Nyl

i is spe e arfly LLO %ﬁg n".lfﬁmz.
cransiSrase (pbnk oot SRR e o LR

concerns methods for producing this cell.

In a preferred embodiment the cell is a mutant that is lacking at least Alg3-type ac-
tivity, Alg11-type activity, and Mnn1-type activity. More particularly, said cell is a

10 knock-out mutant of at least: alg11, alg3 and mnn1. A preferred embodiment thereof
is a mutant cell, preferably a yeast cell, that is a composite system, which is

()  modified to express at least one of the novel LLO flippase activities, in par-
ticular encoded by one or more of the nucleic acid molecules as identified herein,
and which is a knock-out mutant to alg3 and al/g71 or their homologues,

15 (i)  aknock-out mutant to at least mnn1 or its homologues, and

(iila) further expresses or overexpresses at least one of the above characterized
POT activity, and, alternatively or in addition,

(iiib) further expresses or overexpresses at least one of the above characterized
LLO activity

20 This cell is specifically capable of synthesizing primarily LLO with a Man3GIcNAc2,
Man6GIicNAc2, Man7GIcNAc2, or Man8GIcNAc2 structure and transferring said
structure to a nascent protein. The invention also concerns methods for producing
this cell.

In another preferred embodiment the cell is a mutant that is lacking at least Alg11-
25 type activity, DPM1-type activity, and Mnn1-type activity. More particularly, said cell

is a knock-out mutant of at least: alg71, dpm1, and mnn1. A preferred embodiment

thereof is a mutant cell, preferably a yeast cell, that is a composite system, which is

()  modified to express at least one of the novel LLO flippase activities, in par-

ticular encoded by one or more of the nucleic acid molecules as identified herein,
30 and which is a knock-out mutant to dom1 and alg71 or their homologues,

(i)  aknock-out mutant to at least mnn1 or its homologues, and

(ilia) further expresses or overexpresses at least one of the above characterized
POT activity, and, alternatively or in addition,

(iiib) further expresses or overexpresses at least one of the above characterized
35 LLO activity
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Gnl- 11 mannosyl (al pha-1,6-)- glycoprotein beta-1,2-N acetyl gl ucosam nyl
transf er awe 2@lgp172. 4. 1. 143 G cNAc transferase 2, N acetrgirgireaosarsiay|
transferase |1, UDPG cNAc: mannosi de al pha-1-6 acetyl gl ucosam nyl
transferase, Al pha-1, 6-nmannosyl -glycoprotein 2-beta-Nacetyl gl ucosam nyl
transferase Mgat2 GnT1l1l1l beta-1, 4- mannosyl - gl ycoprotein 4-beta-N
acetyl gl ucosam nyl transferase Golgi 2.4.1.144 G cNAc transferase 3,
N-acetyl gl ucosam nyl transferase 111 Mgat3 GhTIV mannosyl (al pha-1, 3-)-
gl ycoprotein beta-1,4-N acetyl glucosam nyl transferase Golgi 2.4.1.145
G cNAc transferase 4, N-acetyl gl ucosam nyl transferase 1V,
Al phal, 3- mannpsyarticgrysrnipsdiments, thebe talisNapedss| ayl averexpress ydnetaranare evuales,
i sozymes A angci® méledulesCadriveasirom ¢’ asldebaibed Gbpve ¢ yroog detadl] corfertriag I 6- N-
acetyl - gl ucosasienyLO flippadecactivity. Glteghatively or in addition, the cell expresses one or

more nucleic acid molecules derived from rft1, as described above, conferring LLO

5 flippase activity.

In particular embodiments thereof, these cells express or overexpress the paralogue
LmStt3D of Leishmania major. In a particular variant thereof LmStt3D is expressed
in a low copy vector. In another preferred embodiment, this mutant cell expresses
the paralogue LbStt3-3 of Leishmania braziliensis. In a particular variant thereof

10 LbStt3-3 is expressed in a low copy vector. In yet another preferred embodiment,
this mutant cell expresses the paralogue TbStt3B or TbStt3C of Trypanosoma
brucei. In particular variants thereof TbStt3B or TbS#t3C is expressed in a high copy
vector. The invention also concerns methods for producing these cells.

In particular embodiments thereof, these cells are also a knock-out mutant of en-
15 dogenous OT activity, in particular by knock-out of ost? and ost2 and/or wbp1 and
stt3 and/or the respective homologues thereof.

Specific control of Golgi-based glycosylation by expression of heterologous gly-
cosyl transferases

As described in more detail herein below preferred embodiments of the nucleic acid

20 molecule or the poly amino acid molecule of the invention is used to produce modi-
fied host cell specified to produce glycoproteins or glycoprotein compositions as
characterized in the following.

The cell of the invention may be further genetically engineered to alter the glycosyla-
tion cascade within the Golgi, which differs significantly between different eukaryo-

25 tes and thus, the glycoproteins differ in their glycan structure depending on the cell
type they have been expressed in and isolated from. For example, lower eukaryotes
ordinarily produce high-mannose containing N-glycans. Accordingly, another object
of the invention is to provide a cell useful for and method able to produce a glyco-
protein having a certain type of N-glycan structure such as e.g. a human glycan

30 structures in a cell other than a human cell. Accordingly, such cell will further be
genetically modified in the Golgi glycosylation pathway that allow the cell to carry out
a sequence of enzymatic reactions, which mimic the processing of glycoproteins in
e.g. humans. Recombinant proteins expressed in these engineered cells yield gly-
coproteins more similar, if not substantially identical, to their human counterparts. If

35 lower eukaryotic cells are used as exemplified above, which ordinarily produce high-
mannose containing N-glycans, said cells are modified to produce N-glycans such
as Man3GIcNAc2 or Man5GIcNAc2 or other structures along human glycosylation
pathways. Preferred embodiments include, but are not limited to, recombinant gly-
coproteins comprising one or more of glycan structure selected from:

40 GIcNAcMan3-5GIcNAc2,
GlcNAc2Man3GIcNAc2,
GlcNAc3Man3GIcNAc2-bisecting
Gal2GIcNAc2Man3GIcNAc2,
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2.4.1.155 A cNAc transferase 5, N-acetyl glucosam nyl transferase V,
Al phal, 6-wanawd#h177gl ycopr ot ei n 6- bet a- Nacet yl gl ucosam REII/EPREMSHIBIGS e
Myat 5 GnTVI al pha-1, 6- mannosyl - gl ycoprotei n 4-beta-N acetyl gl ucosam nyl
transferase CGolgi 2.4.1.201 G cNAc transferase 6, N acetyl gl ucosam nyl
transferase VI Mjat6 Gal T beta-N acetyl gl ucosam nyl gl yco peptide beta-1, 4-
gal actosyl transferase Golgi 2.4.1.38 @Gl -Transferase 8, - UDP- Gal
transferase B4gal T1 FucT al pha (1,6) fucosyltrans- ferase Golgi 2.4.1.68
Fuc-transferase 8, GDP-Fuc transferase Fut8 ST beta-gal actosi de al pha-
2, 6-sialyltransferase

Gal2GIcNAc2Man3GIecNAc2Fuc,

Gal2GIlcNAc3Man3GIcNAc2-bisecting,

Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,

NeuAc2Gal2GIcNAc2Man3GIcNAc2,

5 NeuAc2Gal2GIcNAc2Man3GIcNAc2Fuc,
NeuAc2Gal2GIcNAc3Man3GIcNAc2-bisecting,
euAc2Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,

GlcNAc3Man3GIcNAc2,
Gal3GlcNAc3Man3GIcNAc2,

10 Gal3GIcNAc3Man3GIcNAc2Fuc,
NeuAc3Gal3GIcNAc3Man3GIcNAc2, and
NeuAc3Gal3GIcNAc3Man3GIcNAc2Fuc.

As used herein GlcNAc is N-acetylglucosamine, Gal is galactose, Fuc is fucose, and
NeuAc is N-acetylneuraminic acid or sialic acid. As used herein, in preferred em-

15 bodiments all glycan structures lack fucose in their glycan structures unless the
presence of fucose (Fuc) is specifically exemplified.

According to the present invention this is preferably achieved by engineering and/or
selection of strains which lack certain enzyme activities that create undesirable high
mannose type structures characteristic of glycoproteins of lower eukaryotes, in par-

20 ticular fungal cells such as yeasts. This is preferably achieved by engineering host
cells which express heterologous activities which generate glycan structures which
are not recognized by enzymes creating the high mannose type, which are selected
either to have optimal activity under the conditions present in the lower eukaryotic
cell such as a fungi where activity is desired, or which are targeted to an organelle

25 where optimal activity is achieved, and combinations thereof wherein the genetically
engineered eukaryote expresses multiple heterologous enzymes required to pro-
duce "human-like" glycoproteins.

In preferred embodiments the present invention also concerns the integration of one
or more heterologous enzyme activities in the Golgi that are capable of producing

30 “human-like” N-glycans. In preferred embodiments, the invention provides geneti-
cally engineered cells which comprise in the Golgi at least one heterologous glyco-
syl transferase activity and/or one or more glycosyl transferase activity associated
activity selected from the group of activities listed in Tables 3, 4, and 5.

Human-like glycosylation is primarily characterized by “complex” N-glycan structures

35 containing N-acetylglusosamine, galactose, fucose and/or N-acetylneuraminic acid.
Other sialic acids like N-glycolylneuraminic acid present in N-glycans from other
mammals like hamster are absent in humans. Also special oligosaccharyl linkages
like terminally bound alpha-1-3 galactose is typical for rodents but absent in human
cells.

Table 3: Heterologous glycosyl transferases, transporters and associated enzymes

Name |Function/enzymatic Location (EC Synonymous Gene,
activity Number |name(s) exempla
GnTl |mannosyl (alpha-1,3-)- | Golgi 2.4.1.101 | GlcNAc transferase 1, {Mgat1
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Golgi 2.4.99.1 Sialyltransferase, CVMP-N
acet yl nelWadWdu@lBet a- gal act osam de- al pha- 2, 6- si al yl t r 263HP2¢04HE7816T6gal |
UDP- N- acetyl gl ucosam ne 2- Cytosol 5.1.3.14 UDP-d cNAc-2- epi nerase NeuC

WO 2010/ 049177PCT/ EP2009/ 007816 epi nmer ase sialic acid synthase
Cyt osol
glycoprotein beta-1,2-N- alpha-1,3-mannosyl-
acetylglucosaminyl glycoprotein beta-1,2-
transferase N-acetylglucosaminyl
transferase
GnTIl | mannosyl (alpha-1,6-)- |[Golgi 2.4.1.143 | GlcNAc transferase 2, | Mgat2
glycoprotein beta-1,2-N- N-acetylglucosaminyl
acetylglucosaminyl transferase |l, UDP-
transferase GlcNAc:mannoside
alpha-1-6
acetylglucosaminyl
transferase, Alpha-
1,6-mannosyl-
glycoprotein 2-beta-N-
acetylglucosaminyl
transferase
GnTHI |beta-1,4-mannosyl- Golgi 2.4.1.144 [ GlcNAc transferase 3, |Mgat3
glycoprotein 4-beta-N- N-acetylglucosaminyl
acetylglucosaminyl transferase Il|
transferase
GnTIV |mannosyl (alpha-1,3-)- [Golgi 2.4.1.145 [ GIcNAc transferase 4, | Mgatd
glycoprotein beta-1,4-N- N-acetylglucosaminyl
acetylglucosaminyl transferase 1V, Alpha-
transferase 1,3-mannosyl-
glycoprotein 4-beta-N-
acetylglucosaminyl
transferase, isozymes
Aand B
GnTV |mannosyl (alpha-1,6-)- [Golgi 2.4.1.155 |GIcNAc transferase 5, | Mgat5
glycoprotein beta-1,6-N- N-acetylglucosaminyl
acetyl-glucosaminyl transferase V, Alpha-
transferase 1,6-mannosyl-
glycoprotein 6-beta-N-
acetylglucosaminyl
transferase
GnTVI jalpha-1,6-mannosyl- Golgi 2.4.1.201 | GlcNAc transferase 6, | Mgat6
glycoprotein 4-beta-N- N-acetylglucosaminyl
acetylglucosaminyl transferase VI
transferase
GalT [beta-N- Golgi 2.41.38 |[Gal-Transferase 8, B4galT1
acetylglucosaminylglyco UDP-Gal transferase
peptide beta-1,4-
galactosyl transferase
FucT |alpha (1,6) fucosyltrans- |Golgi 2.4.1.68 |Fuc-transferase 8, Fut8
ferase GDP-Fuc transferase
ST beta-galactoside alpha- |Golgi 2.499.1 [Sialyltransferase, ST6gal1
2,6-sialyl transferase CMP-N-
acetylneuraminate-
beta-galactosamide-
alpha-2,6-sialyl trans-
ferase,
UDP-N- Cytosol [5.1.3.14 |UDP-GIicNAc-2- NeuC
acetylglucosamine 2- epimerase

45




NeuB CMP- NeuNAc synt hetase Cytosol 2.7.7.43 Cmas NeuA
N acyl nelWwadW4ueL’9- phosphate synthase 2.5.1.57 N- REYIERUWOAMISh@at e- O-
phosphat ase 3.1.3.29 UDP- G cNac transporter Colgi

epimerase
sialic acid synthase Cytosol NeuB
CMP-NeuNAc Cytosol (2.7.7.43 Cmas
synthetase NeuA
N-acylneuraminate-9- 2.5.1.57
phosphate synthase
N-acylneuraminate-9- 3.1.3.29
phosphatase
UDP-GlcNac transporter |Golgi SIc35A3
UDP-Gal-transporter Golgi Slc35A2
GDP-fucose transporter | Golgi Sic35C1
CMP-sialic acid Golgi Slc35A1
transporter
nucleotide Golgi
diphoshatases ,
GDP-D-mannose 4,6- Cytosol [4.2.1.47 Gmds
dehydratase

GDP-4-keto-6-deoxy-D- |Cytosol [1.1.1.271 [GDP L-fucose Tsta3
mannose-3,5-epimerase- synthase, FX protein
4-reductase
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The primary goal of this genetic engineering effort is to produces robust protein pro-
duction strains that are able to perform proteins with defined, human-like glycan
structures in an industrial fermentation process. The integration of multiple genes
into the host (e.g., fungal) chromosome involves careful planning. The engineered
strain will most likely have to be transformed with a range of different genes, and
these genes will have to be transformed in a stable fashion to ensure that the
desired activity is maintained throughout the fermentation process. Any combination
of the enzyme activities will have to be engineered into the protein expression host
cell.

With DNA sequence information, the skilled worker can clone DNA molecules
encoding GnT activities Using standard techniques well-known to those of skill in the
art, nucleic acid molecules encoding one or more GnT (or encoding catalytically
active fragments thereof) may be inserted into appropriate expression vectors under
the transcriptional control of promoters and other expression control sequences
capable of driving transcription in a selected host cell of the invention, e.g., a fungal
host such as Pichia sp., Kluyveromyces sp., Saccharomyces sp., Yarrowia sp. and
Aspergillus sp., as described herein, such that one or more of these mammalian
GnT enzymes may be actively expressed in a host cell of choice for production of a
human-like complex glycoprotein.

The engineered strains will be stably transformed with different glycosylation related
genes to ensure that the desired activity is maintained throughout the fermentation
process. Any combination of the following enzyme activities will have to be engi-
neered into the expression host. In parallel a number of host genes involved in un-
desired glycosylation reactions will have to be deleted.

In preferred embodiments a subset of genes, at least two genes (also named li-
brary), encoding heterologous glycosylation enzymes are transformed into the host
organism, causing at first a genetically mixed population. Transformants having the
desired glycosylation phenotypes are then selected from the mixed population. In a
preferred embodiment, the host organism is a lower eukaryote and the host glycosy-
lation pathway is modified by the stable expression of one or more human or animal
glycosylation enzymes, yielding N-glycans similar or identical to human glycan struc-
tures. In an especially preferred embodiment, the subset of genes or “DNA library”
include genetic constructs encoding fusions of glycosylation enzymes with targeting
sequences for various cellular loci involved in glycosylation especially the ER, cis
Golgi, medial Golgi, or trans Golgi.

In some cases the DNA library may be assembled directly from existing or wild-type
genes. In a preferred embodiment however the DNA library is assembled from the
fusion of two or more sub-libraries. By the in-frame ligation of the sub-libraries, it is
possible to create a large number of novel genetic constructs encoding useful tar-
geted glycosylation activities. For example, one useful sub-library includes DNA
sequences encoding any combination of the enzymes and enzymatic activities set
forth hereinafter.

54

+

c



gal actosylation -5.45ct .- E.o c 01li _03 0COCIL- =4-,. co 4- u) 15).a c?A
a) 20 Z Iw0Q@010/049177as 0O co w, - a)... a) ,, a Jo la cc) PET/EP7009/005816 Cl) C
i 2 -5." u) a) c

Preferably, the enzymes are of human origin, although other eukaryotic or also pro-

caryotic enzymes, more particular mammalian, protozoan, plant, bacterial or fungal

enzymes are also useful. In a preferred embodiment, genes are truncated to give

fragments encoding the catalytic domains of the enzymes. By removing endogenous

5 targeting sequences, the enzymes may then be redirected and expressed in other

cellular loci. The choice of such catalytic domains may be guided by the knowledge

of the particular environment in which the catalytic domain is subsequently to be

active. Another useful sub-library includes DNA sequences encoding signal peptides

that result in localization of a protein to a particular locus within the ER, Golgi, or

10 trans Golgi network. These signal sequences may be selected from the host organ-

ism as well as from other related or unrelated organisms. Membrane-bound proteins

of the ER or Golgi typically may include, for example, N-terminal sequences encod-

ing a cytosolic tail (ct), a transmembrane domain (tmd), and a stem region (sr). The

ct, tmd, and sr sequences are sufficient individually or in combination to anchor pro-

15 teins to the inner (lumenal) membrane of the organelle. Accordingly, a preferred

embodiment of the sub-library of signal sequences includes ct, tmd, and/or sr se-

quences from these proteins. In some cases it is desirable to provide the sub-library

with varying lengths of sr sequence. This may be accomplished by PCR using prim-

ers that bind to the 5' end of the DNA encoding the cytosolic region and employing a

20 series of opposing primers that bind to various parts of the stem region. Still other
useful sources of signal sequences include retrieval signal peptides.

In addition to the open reading frame sequences, it is generally preferable to provide
each library construct with such promoters, transcription terminators, enhancers,
ribosome binding sites, and other functional sequences as may be necessary to

25 ensure effective transcription and translation of the genes upon transformation into
the host organism.

According to this, the invention thus further concerns the host cell according to the
invention as described herein with is further genetically engineered or modified to
express at least one preferably heterologous enzyme or catalytic domain thereof,

30 said enzyme or catalytic domain thereof is represented in tables 3, 4 , and 5 and is
preferably selected from the group of Golgi-based heterologous enzymes consisting
of:

mannosyl! (alpha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase or N-
acetylglucosaminyl transferase | (GnTI);
35 mannosy! (alpha-1,6-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase or N-
acetylglucosaminyl transferase Il (GnTll);
beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyl transferase or N-
acetylglucosaminyl transferase Il (GnTlll),
mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase or N-
40 acetylglucosaminyl transferase IV (GnTIV),
mannosy! (alpha-1,6-)-glycoprotein beta-1,6-N-acetyl-glucosaminyl transferase or N-
acetylglucosaminyl transferase V (GnTV); alpha-1,6-mannosyl-glycoprotein 4-beta-
N-acetylglucosaminyl transferase or N-acetylglucosaminyl transferase VI (GnTVI);
beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyi transferase or galacto-
45 syl transferase (GalT);
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alpha (1,6) fucosyl transferase or fucosyl transferase (FucT); beta-galactoside al-
pha-2,6-sialyl transferase or sialyl transferase (ST)

These enzyme activities may be furhter supported by the activity of one or more of
the following: UDP-GIcNAc transferase; UDP-GlcNac transporter; UDP-galactosyl
transferase, UDP-galactose transporter; GDP-fucosyl transferase; GDP-fucose
transporter, CMP-sialyl transferase CMP-sialic acid transporter; and nucleotide di-
phoshatases.

It goes without saying that said at least one enzyme or catalytic domain described
herein preferably comprises at least a localization sequence for an intracellular
membrane or organelle. In the preferred embodiments the intraceliular membrane or
organelle is the Golgi.

In preferred variants thereof, N-acetylglucosaminyl transferase V (GnTV) and/or N-
acetylglucosaminyl transferase VI (GnTVI) are not present or are lacking in the
modified cell. In these variants the modifications catalyzed by one or both of these
two enzyme activities are not required or excluded from the Golgi-based modifica-
tion.

Embodiments for the synthesis of GIcNAcMan3-5GIcNAc2 structures

In a preferred embodiment the modified host cell exhibits, preferably heterologous,
enzyme activity for Golgi-based processing that is selected from:

mannosyi(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript.

This cell may also comprise a, preferably heterologous, enzyme activity that is se-
lected from:

UDP-N-acetylglucosamine transporter type activity, in particular a Sic35A3-type
transcript.

In a most preferred embodiment, this cell comprises at least both of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1 and slc35A3
and/or homologues thereof.

This cell is particularly capable of producing N-glycan with GIcNAcMan3-5GIcNAc2
structures. The invention thus also concerns a host cell or a plurality thereof, that is
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specifically designed to produce glycoproteins with this glycan structure. The inven-
tion thus also concerns a, preferably isolated, glycoprotein having this structure,
which is preferably producible or actuallly produced by this cell. The invention also
provides a method or process for making that glycoprotein by using this cell.

5 Embodiments for the synthesis of a GIcNAc2Man3GIcNAc2 structure

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript;

10 UDP-N-acetylglucosamine transporter type activity, in particular a SIc35A3-type
transcript; and

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTIl), in particular a Mgat2-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
15 these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, and s/c35A3
and/or homologues thereof.

20 This cell is particularly capable of producing N-glycan with GicNAc2Man3GIcNAc2
structure. The invention thus also concerns a host cell or a plurality thereof, that is
specifically designed to produce glycoproteins with this glycan structure. The inven-
tion thus also concerns a, preferably isolated, glycoprotein having this structure,
which is preferably producible or actuallly produced by this cell. The invention also

25 provides a method or process for making that glycoprotein by using this cell.

Embodiments for the synthesis of a GIcNAc3Man3GIcNAc2-bisecting

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
30 (GnTI) type activity, in particular a Mgat1-type transcript;

UDP-N-acetylglucosamine transporter type activity, in particular a Sic35A3-type
transcript;

57



ccOit-LcOcWwW.) a -5a 0a aa 1,- oC "0-0L- CDOCD.

C ETin CW®ip100421721. 12 A - CD- - >. 0>6 1CD CC .ff t7PLT/ER200900716 U,

-5,

SS

10

15

20

25

30

0) z00) 0z) EEEco (lI) 0 cE)cu 00 EE CUE co

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTIl), in particular a Mgat2-type transcript; and

beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminy! transferase (GnTlIl)
, in particular a Mgat3-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, mgat3, and sic35A3
and/or homologues thereof.

This cell is particularly capable of producing N-glycan with GicNAc2Man3GIcNAc2-
bisecting structure. The invention thus also concerns a host cell or a plurality
thereof, that is specifically designed to produce glycoproteins with this glycan struc-
ture. The invention thus also concerns a, preferably isolated, glycoprotein having
this structure, which is preferably producible or actuallly produced by this cell. The
invention also provides a method or process for making that glycoprotein by using
this cell.

Embodiments for the synthesis of a Gal2GIcNAc2Man3GIcNAc2 structure

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript;

UDP-N-acetylglucosamine transporter type activity, in particular a Slc35A3-type
transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTIl), in particular a Mgat2-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript; and

UDP-galactose transporter type activity, in particular a SIc35A2-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.
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In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, mgat3, b4galt1, and slc35a2
and/or homologues thereof.

This cell is particularly capable of producing N-glycan  with
Gal2GIcNAc2Man3GIcNAc2 structure. The invention thus also concerns a host cell
or a plurality thereof, that is specifically designed to produce glycoproteins with this
glycan structure. The invention thus also concerns a, preferably isolated, glycopro-
tein having this structure, which is preferably producible or actuallly produced by this
cell. The invention also provides a method or process for making that glycoprotein
by using this cell.

Embodiments for the synthesis of a Gal2GIcNAc2Man3GIcNAc2Fuc structure

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTl) type activity, in particular a Mgat1-type transcript;

UDP-N-acetylglucosamine transporter type activity, in particular a SIc35A3-type
transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI), in particular a Mgat2-type transcript; and

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript;

UDP-galactose transporter type activity, in particular a Sic35A2-type transcript;

GDP-D-mannose 4,6-dehydratase type activity, in particular a Gmds-type tran-
script;

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

GDP-fucose transporter type activity, in particular a Slc35C1-type transcript; and

alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
script.
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WD 2010/ 049177PCT/ EP2009/ 007816 "I E 0 () 53 WO

2010/ 049 WORO/BPIO09/ 007816 The primary goal of this g&a&EPEHGTISAeeri ng
effort is to produces robust protein production strains that are able to
performproteins with defined, human-Ilike glycan structures in an
industrial fernentation process. The integration of nultiple genes into the
host (e.g., fungal) chronosone involves careful planning. The engi neered 5
strain will nost likely have to be transforned with a range of different
genes, and these genes will have to be transforned in a stable fashion to
ensure that the desired activity is maintai ned throughout the fermentation
process. Any poaimsstpreferred entbddimmentnthisacéli gorhprisesvat!lbastalieoftar eelusively
engi neer ed i nfhesé tBbIg‘PFﬂic@bﬁn{éﬁo@&ﬁédﬁhzbmtacﬁﬁﬁés. 10Wth DNA sequence
information, the skilled worker can cl one DNA nol ecul es encoding G1T
activities Using Shandalslidnt shMidIEraBodirieht th8 XM ekBres§S6ndbr Mbtd bf drie éhe
art, nucleic ﬁ\%'fglcm? §§ LS encoding one or nore GhT (or encodi ng

catal ytically active agnents thereof) may be inserted into appropriate

expressj on vectors,under, t transcriptipna t I ot her
expressi on cont fnglms3@5@15@353%5"@2%53%93’?0?}085?%igﬁlngdst Psganfﬁg@?%{fé{ﬁd @ﬂéﬂa
sel ected host cell of the invention, e.g., a fungal host such as Pichia
sp., Kl uyver offjdeshapologuasibergponyces sp., Yarrowi a sp. and Aspergillus
sp., as described herein, such that one or nore of these mamualian G1T
enzynes may b@&hiact icedll y iexprpagetdrlyn xahae calfl @rodusingce Nalycpnodwdthi on
of a human-| i Gal2GicAc2Man3Giapxa2Feac stru@0in 8 heripyeméien dlissalsaiconcems @ hpst
stabl y transf cgliheda piurdlitylthiefenf cthit iglspecifigdiiatdesignead tapraducse glsoproteins svithe
that the desi thiglgigean stricguresTmainértionabus also cgients & herefeeatieisolatedy glyco-
process. Any pdlhhatingthioktridteref ahlchué peeferably peodactbiesort actsallyi prodieedebyt o be
engi neer ed i ntris tdle TaX rveatoroalsb psdvidesra metrald oz lprecess fidranalddg that glycepmes

i nvol ved in ugieby usilg liyegisyl ation reactions will have to be deleted. 25In
preferred enbodi nents a subset of genes, at |east two genes (al so named Ii -
brary), encodi ngnitetientone e Snttesk\fatGapGleNAysMan3GieNAc2hisbetingestrucnt o
the hosg organi ge causing at first a genetically m xed popul ation.
Transformants having the desired glycosyl ati on phenotypes are then sel ected

from the mixed, pARMEADIAEved BriboRinidrethe SnQIMRdhER el dxhbItSOpFef@BBIRMetM i S
a | ower eukar )éFHI@go%Q,d;pr?})ﬁe?‘é%ﬁ%ty&l)b'ée@ébaseﬁ%r&?ésbﬁa tRAidYayctedfromdi 11 ed by

the stabl e expression one or nore human or anifmal gl ycosyl ation enzynes,

yi el ding N-glycans siml|ar of.i i h Jat an
especi al |y pref %@nﬁgs&?‘k’%@ﬂ%’ﬁ?g’%@?& tg f;jé}e't '%%t.|§@?°%WI ﬁgﬁﬁfé’&

i ncl ude geneti c (@3HIPEAWVY L RERYRYS ddfgts VEJDsSyl ation enzynes with
targeting sequences for various_cellular loci involved in Ig/%?qs?}élé\gti on
especi 8Py the BRP-Nragetylghigogaminectiansporte ype ashvityy tha"@ﬁﬂ%i : P& ases
the DNA |ibraryta8SciBt assenbled directly fromexisting or wld-type genes.
In a preferred enbodi nent however the DNA |library is assenbled fromthe
fusi on of two omanppsyl@iphati,6-glyceprotelly tbieta-1,3-N-pegtwglucesanioyl dransfrsase
sub-libraries, (&nTH, pgsstidulas atMgat2 dypedranstreptge nunber of novel genetic
constructs encoding useful tar- 40 geted glycosylation activities. For
exanpl e, one usgbtsd 1 3iMarinobyldjipcopritdin desetd Noacatylacusamirghracifagsa(SnTiil)
conbi nagi on of ghﬁp@fwémmggxﬁﬂfgymh@, activities set forth hereinafter.
WO 2010/ 049177PCT/ EP2009/ 007816

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl! transferase (GalT) ,
in particular a B4galt1-type transcript; and

UDP-galactose transporter type activity, in particular a Sic35A2-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
30 these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:
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Preferably, the enzynes are of human origin, although other eukaryotic or

al so procuPROtVEI¥AzZymes, nore particul ar mammal i an, pr 8CHEFANW/0pT8aNt |,
bacterial or fungal enzynmes are also useful. In a preferred enbodi nent,
genes are truncated to give fragnents encoding the catal ytic domains of the
enzynmes. By renoving endogenous 5 targeting sequences, the enzynes may then
be redirected and expressed in other cellular loci. The choice of such
catal yti c domai ns may be gui ded by the know edge of the particul ar
environment in which the catalytic domain is subsequently to be active.

Anot her useful sub-library includes DNA sequences encodi ng signal peptides
that result in inge# mgatd, ewyats, ske3pa3)bagaitt, ana sfeds42 cul ar | ocus within the
ER, Golgi, or 10 trans CGol gi network. These signal sequences may be

sel ected frorré,gd)grmb qﬁé@gp as well as fromother related or unrelated
organi snms. Menbr ane- boun protelns of the ER or CGolgi typically may

i ncl ude, for anpl e N-ter m e uenc enc d| n to ai ct
a transnenbr Eﬁ i q Pr?el?ﬁ G%C‘F g'lytc?ré gﬂt& )
l\{//}c - q ?n

sequences ar e

| ﬁlo S 2lseid Fogny 2 15
teins to the | ﬁﬂ ﬁ 3‘9@?? pf&é’ﬂ%‘?g e"g
preferred enbl Eih G SHH E[?o ieHP Aely %te
tnd, and/or s9 yg Qlt@ %V"?%_ B =4 8@’ {Qﬁcﬂ*‘i é’ﬁ?rabl e
to provide th8uesd l§r %‘;Wen ?ngmé S? ﬁé“ °‘§;Pr BrOgERHOE MakiNadhatay be
acconpl i shed s'ycw,?éeu [$ef€d: t hat bind to the 5° end of the DNA
encodi n A i

that bl : IR AC g
of signal sequed&& Urenc| ude retrieval si gnal pepti des. In addition to the
open reading frane sequences, it is generally preferable to provide each

| i brary const lnuanothgen prefersd pmbndjtr@ns the moqiied ast eall texhibitpaprefesably het-
enhancers, r|br@mmsstﬁnzmnnn@cs\nwsrGdgeb@eu@rocfeasmg that isl selestpecfieres as may be
necessary to 25ensure effective transcription and translation of the genes
upon transf or maiannodyl{kiphat1e3-Rgigtoprstgimni beta-12-dbdctylgudasatiny, tidneferase

i nventison thus {GuTigpe activitgrinpaiticalaha MgatBlype a@asdript:ng to the invention as
described herein with is further genetically engineered or nodified to
express at |eas I n
Cher cof , 30 oa ey ghieBgntns U gRa e RORATEn Horfahd 3 Spa o Te

t abl es 3 4, and 5 and is preferably selected fromthe group of Col gl based

het er ol ogous en mann r
et 3, 2. acet gfaﬁe@&fgﬁg 4 gii@é% B0 Betr A AR chaguti nansierss
transfer ase | N PEHEHRLE a( yBﬁ rans %Pf gI ycopr ot ein

beta-1, 2- N-acet | gl ucosam n transferase or acetyl gl ucosa

transf&ase || %@ﬁ T 4-jnanpesy. 9W°@'ﬁ¥9’ﬂ16‘?9@-'§1a§?€§¥|@|"{99§@rﬁ'“yl transferase (G"T”')
4-bet a- N- acet y| gnReBsHlar aMoat3-uperteansetor Nacet yl gl ucosami nyl transfer ase
L1 (GTlll); mannosyl (al pha-1,3-)-glycoprotein

bet a- 1, 4- N- acet 9¢tg+N:eeeivlgiun9$annin)dmi)foapalst@eobetm%gajagtbgll uransferdasey(GalT) ,
transferase |V ih@aricdjar arBdgad $yype(tednsbrapt;l, 6-) - gl ycoprot ei n

bet a- 1, 6- N-acetyl - gl ucosam nyl transferase or Nacetyl gl ucosam nyl
transferase V (ODP\WQalacidsetpankpbrtérapsesstivitg liry parac@area 8Ic35A2-type transcript;

4- bet aN- acet yl gl ucosam nyl transferase or N acetyl glucosam nyl transferase
VI (Gul); bet ) i

ranst o ase of - qoapt o ghe ORI DL R IF rofcdel <aRs A i
2010/ 049177PCT/ EP2009/ 007816

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

GDP-fucose transporter type activity, in particular a SIc35C1-type transcript; and

30 alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
script.
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al pha (1,6) fucosyl transferase or fucosyl transferase (FucT);

bet a- gal NWO38IMHEIH pha- 2, 6-si al yl transferase or sialyl PCAFPRYOAQLBIE ST)
These enzyne activities may be furhter supported by the activity of one or
nore of the follow ng: UDP-A cNAc transferase; UDP-Qd cNac transporter;

UDP- gal actosyl 5 transferase, UDP-gal actose transporter; CGDP-fucosyl
transferase; CGDP-fucose transporter; CWP-sialyl transferase CMP-sialic acid
transporter; and nucl eotide di phoshatases. It goes w thout saying that said
at | east one enzyne or catalytic domain described herein preferably
conprises at least a |localization sequence for an intracellular 10menbrane
or organel | e.Inla nidst ppefefred reatbodimienti thisntell ¢dmeprises ratdedst wllaof oresxolugivelyor
organel I e i s thbse Golgyiprocessiny adsetiated enayianictvitigser eof , N-acetyl gl ucosami nyl
transferase V (GhTV) and/or N acetyl gl ucosam nyl transferase VI (G1TVI)
are not presejl, pleféted vataht BOthisNerhbSyiMBAY the @4l %bressdsord6rSRoNér GHel &t t he
modi fi cati onsynead iRl .one or both of these 15two enzyne activities are
not required or excluded fromthe CGol gi-based nodifica- tion. Enbodi nents

for the synthesj f C - 2, St tyures | erre

enbodi %nt t he 'H@ﬂﬁf Wga%gﬁwﬁgécg%iw?ﬁ?’@,3035%#8%‘381 {}ta??e%séqoadlgﬂ'gt,a enzynme
activity for Col gi-based processing that is selected from

20mannosy! ( al #iHerhomalogyes tieef ei n bet a- 1, 2- N- acet yl gl ucosani nyl
transferase (G1Tl) type activity, in particular a Mjatl-type transcript.
This cell mayThisso cethnpris se particpiady er abpabléret of ol pymiusingenzyglycat i withy
that is sel ecGel2GIaNAN3Man3GlcNAc2FudJbBedtingc strudtuye udbe dnvendion rthus @atsot eon-t ype
activity, in gmEnsadobbeelior @ maaity-therpef, ikt iscapecificaily. designed tmprtodpeedlgco-ed
enbodi téent , t proteinsewith dlisnglyicae stratturee adie ihedrtionfthus ales conserme lay ptdferablyCGol gi
processi ng asisolatedf gtyceproteire havihg this istractuden whiobr ie fpeeferdblyw prodacibleadr ddhi-s
enbodi ment t halllplodueedivyethisaselloTite inventionealsyl provided nidiisod arl grovdss dorgaales:
30ngat| and sihg HaAGlyaoprotein by osihg thieeelk her eof .

Embodiments for the synthesis of a NeuAc2Gal2GIcNAc2Man3GIcNAc2 struc-
15 ture

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(aipha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript;

20 UDP-N-acetylglucosamine transporter type activity, in particular a Sic35A3-type
transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTHl), in particular a Mgat2-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
25 in particular a B4galt1-type transcript;

UDP-galactose transporter type activity, in particular a Sic35A2-type transcript;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
30 script;

sialic acid synthase (NeuB), in particular a NeuB-type transcript;

62



This cell is particularly capable of producing N-glycan with

G cNACVErOBEMMAT2 structures. The invention thus al soPEEEPRIAHIBIMOSE
cell or a plurality thereof, that is WD 2010/049177PCT/ EP2009/ 007816
specifically designed to produce glycoproteins with this glycan structure.
The invention thus also concerns a, preferably isolated, glycoprotein
having this structure, which is preferably producible or actuallly produced
by this cell. The invention also provides a nethod or process for making
that glycoprotein by using this cell. 5Enbodi nents for the synthesis of a
G cNAC2Man3d cNAc2 structure In another preferred enbodi nent the nodified
host cel |l exhi bCMP-NpusXesyatiefadee ingranticutay asSic2biytype &ransoript; and or

Gol gi - based processing that is selected from

mannosy! (al pha- gnip-diakl ¥GPREMPRHEr, RESAiduIF INSGATHABLsOsascAp t ransf er ase
(G1Tl) type activity, in particular a Mjatl-type transcript;

S1c350 {ype. [L @1@ A i %fsvﬁ.t Pl b gy

beta-1, 2-N-ac samn ans erase ( in partlcular a

Myat 2-t ype transcrl nt, thi el |
conpri s®s at |rb%[gglteép¢tlv5fva59ntég&rpg rgglﬁ%{ %’§ S nﬁ i lnae§
associ at ed enBYefPhate sypthasaand IN'ia%Y EAT8 9'&939 ‘1’Ws’n Bff ﬂ‘%t% t he
cel | expr essedCids¥nthaseasiivity; mgrraPficylgicthe & 'exhibj era

and s1c35A3 aReteeiogaysoPrryesactings 86@0'92931%%”9%93 '” éhﬁié? seleqie '§/‘ capabl e
of producing N-glycan with G cNAc2Man3A cNAc2 structure. The invention thus
al so concer ns amaoposyi@lphadr3-xglytenraleirt y betaet, 2dN-acetyiglucosamimd citransterase

desi gnedl t o pr o(BiwH) tyby @otivityf iaipagtionlar b Mdat t-typeyteamacriptyr uct ure. The i nvention
thus al so concerns a, preferably isolated, glycoprotein having this

structure, whi clypPsNRIcefyRjlRbimpleatdrzbbiter 9pe activitg) inl yarficutslus SIE3BR3types
cell. The invenyaRstript; SO 25provi des a nethod or process for making that

gl ycoprotein by usi ng this cell. Enbodinents for the synthesis of a

G cNAC3Man3GLe m i, “@Gﬁ{ Béﬁf?érh?gcé?ﬂgﬂ%&&‘?ﬁi@yltﬁ?ar{éﬁ%éé ed

host cell exhlb nzyne  activit
Gol gi - based pro e@gp 1SS gﬂa?i‘éér}ﬁt

mannosyl (al pha rotein beta-1 luc inyl t ferase
30(GnT¥ type aé?ﬁ%&\??@%ggp rppxlu@&(‘ropgpﬂgg%%tatK,%éalgptgﬁgstﬁnsfe?{ase (G|
UDP- N- acet yI gl utfoRaHs dyqeet,r RSEBRE activity, in particular a
Sl c35A3-type transcript; WO 2010/ 049177PCT/ EP2009/ 007816
mannosy! (al pha- YD&>- galg«ptya@tsaraﬁp@rtﬁr tyee activity.-innpagisular aSIFESEA3YR/ransedmMst er ase
(&G1TIl), in particular a Mat2-type transcript; and
beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal-type
transcript;

20 UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

N-acylneuraminate-9-phosphate synthase;

N-acylneuraminate-9-phosphatase;

CMP-Neu5Ac synthetase, in particular a SIc35A1-type transcript; and
25 CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of these embodiments the cell expresses one or more of one
of the following genes:
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bet a- 1, 4- mannosyl - gl ycoprot ei n 4-bet a- N-acetyl gl ucosam nyl transferase
(GnTIT) WO2f1046PY77cul ar a Myat 3-type transcript. 51 n aPRbSFP2E0EIBA¢ ed
enbodi ment, this cell conprises at least all of or exclusively these ol gi
processi ng associ ated enzyne activities. In a preferred variant of this
enbodi nent the cell expresses one or nore of one of the follow ng genes:
ngat!| , ngat2, ngat3, and s1c35A3 10and/or honol ogues thereof. This cell is
particul arly capabl e of producing N-glycan with G cNAc2Man3d cNAc2-

bi secting structure. The invention thus also concerns a host cell or a
plurality thereof, that is specifically designed to produce glycoproteins
wi th this glycamgatl wegasesicI3es, ibdgelnt,i skkB3alustégalp neoGc@enB, alc3Ppatefadabl y
i sol at ed, gl ycopsuB/emashaving 15 this structure, which is preferably
produci ble or actuallly produced by this cell. The invention also provides

a met hod or pg,qwg,s%nﬁ@gg JBkKhétdof hat gl ycoprotein by using this cell.
Enbodi nents for the syn heS| s of a Gal 2G1cNAc2Man3d cNAc2 structure

0, 2gother prste" ﬁ*ém it UEPEF g“'gd Bl e 5l
o ot Iﬁ %is

selected fro

beta-1, 2-N-ac e[r? n gt%BEOd\'fF? |yc?9{otems
par t1 cul ar a mms?iomt R@é st by et
type act|V|ty \'Tr 3’? ° eora
25mannosyl (al Iné‘? f°ﬁ' %%9 groyldss ﬁ-’ﬁﬁt P?PQP{?(?S%%W Hlﬂk'ng that
transf & ase ( Hr9,e' @Lﬁ roa I\/gat2 type transcript;

bet a- N-acet yl gl ' / 24 ] 4-gal / nsferase

(GlT) , in par ; . S
transporter typ8=g 7 n parti cuI ar a Sl 035A2 type transcrl pt. 30In a
nost preferred enbodi rrent this cell conprises at |east all of or

excl usivel y t Hegeotten greferrast smbpdignent dha: madifiedehos) mell xhibits + Preferablyyhet-
2010/ 049177 PCEVoRRRO8 HrepTe B6tivity for Geloikasedpracessinathasis seigotedtiignidi ment t he
cell expresses one or nore of one of the foll ow ng genes: ngatl, nygat 2,
ngat 3, 194gal t 1 maancsyiaipBad3-poldtaprotetnobeguk23-N-aetygiticosaminyl transferase

5Thi scel | i spart (Galfiptypy aetpvith] in phpicakbv aiMsEit-tipg tansdript
Gal 2G1lcNAc2Man3d cNAc2 structure. The invention thus al so concerns a host

cell or a plur abwaIa%sfy@%osérhﬁ\b trahspOesr & abiivity dRspicfbrt £ SRB8ASEDe

gl ycoproteins WhhdiBi:s "dl ycan structure. The invéntion thus also concerns
a, preferably isolated, glycoprotein having this structure, which is

o §EeLZ§'v.yd22°§H§gng§§ hgq;f?g% ggr%e%gé%sg LRty d B Rating hSrdrBiePEe' O

rtch pe

beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyl transferase (GnTIlI)
, in particular a Mgat3-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript;

25 UDP-galactose transporter type activity, in particular a Slc35A2-type transcript;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

30 sialic acid synthase (NeuB), in particular a NeuB-type transcript;

CMP-Neu5Ac synthetase, in particular a SIc35A1-type transcript; and
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by using this cell. Enbodinments for the synthesis of a

Gal 2G1LcNAYONAHBEPUNAC2Fuc structure I n anot her pref err e®CEFPOUONETHM6 t he
nodi fied host cell exhibits, preferably heterol ogous, enzyme activity for
Gol gi - based processing that is selected from
15mannosyl (al pha-1, 3-)-gl ycoprotein beta-1, 2-N-acetyl gl ucosam nyl
transferase (GnTl) type activity, in particular a Mgatl-type transcript;
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl c35A3-type transcript; mannosyl (al pha-1, 6-)-gl ycoprotein
beta-1, 2- N-acetyl gl ucosam nyl transferase 20(G1Tll), in particular a
Myat 2-t ype tr anSKP-gilic amititrdrespartéy; ancedrjdutdr achesAiCmak-typeytcansenpti de
beta-1, 4-gal actosyl transferase (Gl T) , in particular a B4galtl-type
transcript; UgPs gidstpréteRed 'eMbOBMANR! thisy 88 SsthprisebYat 164bt AT dfi drldx@lusiely

Sl C35A2-type {hbad1Bbldi Bfocessing associated éA2fmEdEmifiase 4, 6- dehydrat ase type
ra s-type tran25scri pt;

activity, in particdla Gid

GDP- 4- ket 0- 6- deoXxy. - - en] - A~ - L Vi [
. KalterndtiRE Vv t § ,{h@&ﬁﬁefhc{s‘? AL idits N BE) AU diinbie-o-! N

par e o BRI R R e .

e ;ﬁ%ﬁ‘yy ﬁ;&@‘gﬁ Gidii e ok @%} fifebly

tran30scri pt. CIRB' 2 S THT? YER? 6'5 B?Jc’? oqeﬁsggm)agtus ?ﬁjee %dr %’ﬁ

enbodi nent, this cell conprises at |east all of or exclusively thefse ol gi

processi ng assotRAReY(@RBgHS-helsqnretelds . beta-Ta2-pragebylqlucrsaminyhnttransieranes

enbodi ment t he @NT) ¥R petdirdn padicalar adaat blyre fanssrickhe f ol | owi ng genes:

S5ngat| , ngat2, slc35a3, ngat3, bdgaltl , slc35a2, gmds, tsta3, sic35cl and

fut8 amd/ or hondDENasetylghcosdmine transporter type activity, in particular a Slc35A3-type

Thi scel | i sparti tahszriptycapabl eof pr oduci ngN- gl ycanwi t h

Gal 2GLcNAc2Man3d cNAc2Fuc structure. The invention thus al so concerns a

host cell or a HJaHﬁ@ddi(Eu’)héh,eG’-FQI&codr&étn | BetaPEENCAdHI§IMcstaniigyne drangfepdseduce
~n

gl ycopr ot ei ns wWdATI30n batu@l ¥ MyatStypedtans&@ipt; The i nvention thus al so
concerns a, pretrerably isolated, glycoprotein having this structure, which

s prefer abl v pLAUCh Blngty AFEHALIdY 4 BenCGRS B coBb RGP nsrels [ | O
ohet pigrt et S B LB P Rl G

| 2G cNA NAC 2- bi i
Gal2Gc C3Mam3tca;éLtg-N-gcet)l?llgFu(cazgéalrrrnllﬂylSgthgc%%%gttlc]“tlar geta-1,4—galactosyl transferase (GalT) ,

in particular a B4galt1-type transcript;

UDP-galactose transporter type activity, in particular a Slc35A2-type transcript;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
20 transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

N-acylneuraminate-9-phosphate synthase;
N-acyineuraminate-9-phosphatase;

25 CMP-Neu5Ac synthetase, in particular a Sic35A1-type transcript; and
CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of these embodiments the cell expresses one or more of one
30 of the following genes:
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I n anot her preferred enbodi nent the nodified host cell exhibits, preferably
het - er ol¥@30Y/04&17Zyne activity for Gol gi -based processPRE/EPRHO/0DBIce] ect ed
from mannosyl (al pha-1, 3-)-gl ycoprotein beta-1, 2- N acetyl gl ucosam nyl
transferase (G1Tl) type activity, in particular a Matl-type transcript;
20UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
S1c35A3-type transcript; mannosyl (al pha-1, 6-)-glycoprotein

bet a- 1, 2- N-acetyl gl ucosam nyl transferase (GTIIl), in particular a

Myat 2-type transcript; bet a- 1, 4- mannosyl - gl ycoprotei n

4- bet a- N-acet yl gl ucosam nyl transferase (GTlIIIl) 25, in particular a

Myat 3-t ype tr ansgatipimgat®tste38a3 cragyi3gb4gaild asic 8542, gtégatipepuCdeeuB, sic35a1,

bet a- 1, 4- gal act asyhedG/amaserase (GalT) , in particular a B4galtl-type
transcript; and UDP-gal actose transporter type activity, in particular a

Sl c35A2-type S4Redmdldgues thereof. | N a nost preferred enbodiment, this cell
conprises at least all of or exclusively 30these Gol gi processing

associ ated en IVI pr d v r| t hi di t the
cell e resseﬂfﬂI¥ @%%I; §Wm % éi‘ ? e %% fﬂi?lfs Tlﬁst'ﬂ
2010/ 0 177P . nd
s1c35a2 and/ o? raht e edf |s SpecJF A ésrg o produc

Thi Il Iy rodtﬂ vg rbahtéth ? v(%q n kus also concerns a, pref-
G SCheni g %3’}; S %1 t R e et o
gl 8’ ”6‘? BY =\ "t %?‘”Pﬁ%’t P2 QFER T PAPIYS for

-
rﬂr_,

concerns a E

desi gn¥d to p'i’"('i1 018 adlgi)’EBBrP TPHESIP r}‘rs't" s glycan structure The invention

t hus al so concepn ) ) '

structure, whicH j y -

cell. The invent Iso provrdes a nethod or process for naklng that

gl ycoprotein by using this cell. 10Enbodi nents for the S)ént hesis of a

Gal 2GLcNAC3ValBanethec prefritast sebpdiment the, sogified| hosh el texhibits.eprefarably het-

enmbodi ment  t herolageus.i engyme Sctivityifer @alai-pased proneesieg that is setactaddfTagous, enzyme

activity for Col gi-based processing that is selected from

mannosid (al pha- hasrosyl(blpha;3}-glycodretem 1betalN 2:didoetyidiucasaminyhy ltransfersseer ase

15(GnTl) type a@nN)tyge activitpan particllar aMddybtype trapscript,anscri pt ;

UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

S1c35A3-type trepPaN.aBbtylgiucosamine transporter type activity, in particular a Sic35A3-type
transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
20 (GnTll), in particular a Mgat2-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript;

UDP-galactose transporter type activity, in particular a Slc35A2-type transcript;

GDP-D-mannose 4,6-dehydratase type activity, in particular a Gmds-type tran-
25 script;

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

GDP-fucose transporter type activity, in particular a Sic35C1-type transcript;

alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
30 script;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;
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mannosyl (al pha-1, 6-)-gl ycoprotein beta-1, 2- N-acetyl gl ucosam nyl transferase

(GCnTI), WO2pHVa4PI@l ar a Mgat 2-type transcri pt; PCT/EP2009/007816

20bet a- 1, 4- mannosyl - gl ycoprotei n 4-bet a- N-acetyl gl ucosanm nyl transferase
(&GTIHIl) , in particular a Myat3-type transcript. beta-N acetyl gl ucosam nyl
gl ycopepti de beta-1, 4-gal actosyl transferase (Gl T) , in particular a

B4galt 1-type transcript; UDP-gal actose transporter type activity, in
particul ar a S1c35A2-type transcript; 25GP-D mannose 4, 6-dehydrat ase type
activity, in particular a Gms-type tran- script;

GDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi nerase-4-reductase type activity, in
particul ar a TsUDP-N-apetylgluzosarhingt2-esilerdsecORaC),ranpiulatra NgpC-tasd tram-t y,
in particul ar asdpg35Cl-type transcript; and 30al pha (1,6) fucosyl
transferase (FucT) type activity, in particular a Fut8-type tran- script.

WO 2010/ 049177PGIFER a(ﬁ)%t%gqmu?ﬂsi,?egpﬁa;,arg ﬁg@gqug tpjﬁ‘g%trrent this cell

conpri ses at | east exc y these Gol'gi processing associ ated

enzyme activiti erred. va ant od| nent. the cell
expresses one o&ﬁ?ﬁ'&@u%} h"ectﬁset Wen \ﬂoﬁﬁéé&eﬂége rg%cgp angrgatZ ngat 3,
$1c¢3533, b4dgaltl 51035a2 gnds tsta3 sl ¢35c1 and fut8 and/or honol ogues
t hereof® Thi scePMPspialia ?%Vﬁfﬂ%&?&tabé[bP@ﬁ%?f(ﬁjNE'#N&maérty@aﬁwstcﬁpt

Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting structure. The invention thus al so con-
cerns a host behimast mefpirad antiogdirérdr thixf celt bernprisessatdeastiatladfl gr elechisiyelyd t o
produce gl ycothe$é Goigipeicessing assaclatex epzyoeractivitiesct ure. The i nvention thus

al so concerns a, preferably isolated, glycoprotein having this structure,
which is pref gprabhierpatve watidtehsreof telrabditiod fost deicchitité N-ByindiRhhinatdle

i nvention al SEhﬁpﬁHied@ﬁtr%sér%hBWa neRf ARiRER-J-PiosphkiabE abthdty iBstsa@Bf §aIRI N by
using {hi s cehéid synthase acitivit grﬂaﬂéﬁthé B Mbaified Rbstall exMibits preferably
NeuAc2Gal 2G ¢ %K@b% Q’%ﬁé a%h%t&%%hl!@ﬁbééédad?@éé%&hgI@Iﬁéﬁs%él&ﬂe@ﬁ@lﬁ I ment

t he nodi fied host ceII exhi bits, pre erab y hetero ogous, enzynme activity

for Col gi -based fpﬂg 1t y ec tyl lucosaminyl tr%nsfera
mannosyl (al pha- | t'y t% R)éga 11 gq ¥ rg’ ucosam'nyl Transterase
Vi ty, v n

(GnTl) type act script;

UDP-N-acetylglucosamine transporter type activity, in particular a Sic35A3-type
15 transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTII), in particular a Mgat2-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript;

20 UDP-galactose transporter type activity, in particular a SIc35A2-type transcript;

GDP-D-mannose 4,6-dehydratase type activity, in particular a Gmds-type tran-
script;

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

25 GDP-fucose transporter type activity, in particular a Sic35C1-type transcript;

alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
script;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;
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20UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl c35A3- tWYP0tWEpAEEr i pt ; mannosyl (al pha- 1, 6-) - gl ycopr ot &Ch/EP2009/007816

bet a- 1, 2- N-acetyl gl ucosam nyl transferase (GTIIl), in particular a

Myat 2-type transcri pt; bet a- N-acetyl gl ucosam nyl gl ycopepti de
bet a- 1, 4-gal actosyl transferase (Gl T) , 25in particular a B4galtl-type
transcript; UDP-gal actose transporter type activity, in particular a
S1c35A2-type transcript; beta-gal actosi de al pha-2,6-sialyl transferase
(ST), in particular a STégall-type transcript;

UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuC-type
tran30scri pt; sUBP:N-asetydlusysdrhias 2-¢pimeB)se (Neufhribipadicatara NeuBG-typeptran-
transcript; Wcpt0/ 049177PCT/ EP2009/ 007816 CMP- Neu5Ac synt hetase, in
particular a Sl c35A1-type transcript; and CMP-sialic acid transporter, in

particular a NeN'%(c%ﬁraWrﬁ%ﬁeUﬁi&%ﬁﬁét@Eynthé’seﬁ‘ nost preferred embodi ment,
this cell conprises at |east all of or exclusively these Golgi processing

associ ated enzy activit. ternative variant thereof, the

nodi fi ed host CQEﬁCV@%'aB‘? ’E%&%@@% Fri‘rée}a?éam nat e- 9- phosphate synt hase and
N-acyl neur am nat e- 9- phosphat ase activity in ialic,acid synthase
acitivity, nore Wrwp@ﬁcasfynm%aqeh@ RABYG qféog'ﬁgéﬂ"ﬁ’@? 3?85‘?5@?9 pref erabl y
het er ol ogous, enzyne activity for Col gi-based processing that is selected
from CMiasialiesadid tansparter, i particufarepNenA/Cmas-type transcript.

bet a- 1, 2- N-acetyl gl ucosam nyl transferase 10(G1h-11) type activity, in
particul ar a Myatrost\efetreatsodihent DR belacempiliggsuatdeasti alleoft oraeschusivelyr

type activitythek® GoRdi pratiebsifig assdciabér endyprigeactivitigscr i pt ;
mannosyl (al pha-1, 6 glycoprot ein beta-1, 2-Nacetyl gl ucosam nyl transferase

(GTll), inp 5' %@B?ﬂﬂ@é@%mtb'b iﬂ%?té%cet%&sre%sé\k 8R&EbY dldisasm ny!
glycopirptlde sy trans erase (GalT) , in particular a
Bdgal t 1-type anscrl p gal act ose transporter type activity, in

| |
L L S O A BRI 0 R s
20UDP- N- acet I gf’ﬁ‘é cEi {REuC), in particular a NeuC type

tran- script; Nac Ineuram nate 9- phosphat e synt hase;
and/or homologues thereof.

This cell is particularly capable of producing N-glycan  with
15 NeuAc2Gal2GIcNAc2Man3GIcNAc2Fuc structure. The invention thus also concerns

a host cell or a plurality thereof, that is specifically designed to produce glycopro-

teins with this glycan structure. The invention thus also concerns a, preferably iso-

lated, glycoprotein having this structure, which is preferably producible or actuallly

produced by this cell. The invention also provides a method or process for making
20 that glycoprotein by using this cell.

Embodiments for the synthesis of a NeuAc2Gal2GIcNAc3Man3GIcNAc2Fuc-
bisecting structure

In another preferred embodiment the modified host cell exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from:

25 mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript;

UDP-N-acetylglucosamine transporter type activity, in particular a Slc35A3-type
transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
30 (GnTIl), in particular a Mgat2-type transcript;
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N- acyl neur am nat e- 9- phosphat ase; CMP- Neu5Ac synt hetase, in
particul aWORABNWBESBEAL-type transcript; and 25CVP-si al i ¢ RCTEPRINASTSDE t er, i n
particul ar a NeuA/ Cras-type transcript. In a nost preferred enbodi nent,
this cell conprises at least all of or exclusively these Gol gi processing
associ ated enzyne activities. In a preferred variant of these enbodi nents
the cell expresses one or nore of one of the follow ng genes: WO

2010/ 049177PCT/ EP2009/ 007816 ngatl, ngat2, slc35a3, b4galtl , slc35a2,
st6gall, neuC, neuB, sic35al, and neuC cnmas and/or honol ogues t hereof.

Thi scel l'i sparti cul arl ycapabl eof produci ngN-gl ycanwith 5

NeuAc2Gal 2Glc NAsstdnBfaanhBsyRglytoprotein -befbid-acatylghicosaminplusansfesasec(@rddli)ns a
host cell or a phyagiculay atuigat®bype ttanatript;s specifically designed to produce
gl ycoproteins with this glycan structure. The invention thus al so concerns

a, preferably iggha. séetyrgiuxséw. |IyEop |dagoét£U1S4 §éléét6§y#rtl%nsfé’r"ﬁs%|‘(GaFr)
preferably proercgEalahc%(?Q yoetrdrseipiced by thris cel he invention
al so prOV|des a or process for maki ng that 109choprote|n by using

this c Enbo for, t e AC cNAc2-
bi secti g str ucﬂpﬁgga\tl?ld%s tﬁ{\g‘ﬁovg%/r ‘pe Ct@'tfﬁ%gm g&ﬁbg& W\ % g’@ cel |
exhi bits, preferably het- erol ogous, enzyne activity for i - based
processi ng t hat GP§- éé‘l‘%ﬁ‘@é@l 48-¢ Ydi@ﬁ%ﬁlﬁ@@?"(“&'%ﬂ’épfn@ubar G| ? SH¥RE AN

bet a- 1, 2- N- acet §¢"Btiucosami nyl transferase (GhTl) type activity, in

parti cuI ar a Mgat1-type transcript; UDP-N acetyl gl ucosanm ne transporter
type activity, OChDPpéketociitienxydD-8lanBsge33 Sygpimenaaerdeaedyatase type activity, in par-
mannosyl (al pha- ticuar)a T8tg3-typedtaaseriphet a- 1, 2- N- acet yl gl ucosam nyl transferase
20(GnTll), in particular a Mjat2-type transcript;

bet a- 14gt- mannosgbrougsepiatispbierdyiichdiviy, ae panib@hiis SRIBT Meypeltramssiigy ase
(GTIll) , in particular a at 3-type transcript; beta-N acetyl gl ucosam nyl

gl ycopepti de begg ;(14 Bgi%lcgﬁﬁugéxéfertagérﬂsu&r) ?}fd;ensc@l'#ynn partiGuIfRs Fhféqygé trI 1

Bd4galt1-type tr l'act'ose ter type activi
particular a Slc -type transcript; beta-gal actoside al pha-2,6-sialyl

transferase ST r ST60all-t anscri :
Ubo. M. aeat vl o1 ubeta ff@szd cHphEr T REaEe e i EamBiiena \aTeov e
transcript; 30sf ﬁlsi C8Phci d synt hase (NeuB) in particular a NeuB-type

transcri pt; . .
15 UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-

script;

sialic acid synthase (NeuB), in particular a NeuB-type transcript;
CMP-Neu5Ac synthetase, in particular a SIc35A1-type transcript; and
CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

20 In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In an alternative variant thereof, the modified host cell exhibits N-acylneuraminate-9-

phosphate synthase and N-acylneuraminate-9-phosphatase activity instead of sialic

acid synthase acitivity, more particular the the modified host cell exhibits, preferably
25 heterologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTI) type activity, in particular a Mgat1-type transcript;

UDP-N-acetylglucosamine transporter type activity, in particular a Slc35A3-type
transcript;
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CMP- Neu5Ac synthetase, in particular a Sl c35A1-type transcript; and WO
2010/ 0491WORCIYEPZO09/ 007816 CMP-si alic acid transport ePCTIER2(2/0078¢0] ar a
NeuA/ Cras-type transcript. 1In a nost preferred enbodi ment, this cell
conprises at least all of or exclusively these Gol gi processing associ ated
enzyne activities. In an alternative variant thereof, the nodified host
cell exhibits N acyl neuram nate-9- 5 phosphate synthase and

N- acyl neur am nat e- 9- phosphat ase activity instead of sialic acid synthase
acitivity, nore particular the the nodified host cell exhibits, preferably
het er ol ogous, enzyne activity for Col gi-based processing that is selected
from mannosyl (saphesylalipha-18-ygiocoppdteinn betast, 2-N2adstygladoshminyt o smsfeydse
transferase (GW@&TM)Mﬁ@aﬂ@nlbvamagatz-rypéa:rahsalpl ar a Mat1l-type transcript;
10UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl c35A3-type tr gc“ %nnﬂ%f%éfﬂrﬁ@nrpﬁ'%efbﬁ a):e@l%&@?érﬁﬁ'\?l'tfhnsferase (GnTIIY

beta-1, 2- N-acet s e in particular
Myat 2-t ype transc aHﬁ;BPj‘E‘ 3Np"é'} n@&ﬂﬁ_l 4 mannosyl gl ycoprotein

R e L

beta14galactl5‘ "in particular a B4galtl-type
transcript; UDP- act ose transporter type activity, articul ar

Sl c35A2-type trH ogaleﬁtese transporter type,agtiyity, 4 am'%?mslfﬁé&%riweéf%‘ﬁ%n%
transferase (ST), in particular a STégall-type 20transcript;

UDP- N- acet yl gl uGofaDimanridse [, rdelaysieatadée type, adtinityy dn tpiadickar aaGm{Lyneypen-
transcript; N-asgriptteur am nat e- 9- phosphat e synt hase;

N- acyl neur am nat e- 9- phosphat ase; 25CWMP- Neu5Ac synthetase, in particular a

Sl c35A{g type tr apch kBio-6-886ky@harinabd-8, 56 iflelasaasieaiidtase typd apwity inpanr a

NeuA/ Cres- type {iEdarssTétRs-typetrahstipte preferred embodi ment, this cell
conprises at least all of or exclusively these Gol gi processing associ ated

enzyme activitligsp gcoce transgbﬂgﬁtgﬁ’%g%tﬁlﬁ\?,hep¥@lHﬂ§P£ 8%5&1-22@ t%@ﬁ'bt,”e”t s the

cell expresses e or rmre OW ng gen

201070491 77PCT/ EIFF))%Q (2? u%géy? transferase (FucT) type activity, in particular a Fut8-type tran-

script;

15 beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

N-acylneuraminate-9-phosphate synthase;

20 N-acylneuraminate-9-phosphatase;
CMP-Neu5Ac synthetase, in particular a Slc35A1-type transcript; and
CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

25 In a preferred variant of these embodiments the cell expresses one or more of one
of the following genes:

mgat1, mgat2, slc35a3, b4galt1, mgat3, slc35a2, gmds, tsta3, slc35c1, futs,
st6égal1, neuC, neuB, sic35a1, and neuC/cmas
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ngatl, ngat2, slc35a3, ngat3, b4galtl, slc35a2, sté6gall, neuC, neuB,

sl c35al , WARIHEYY'Enas and/ or honol ogues t her eof . PCT/EP2009/007816

Thi scel l'i sparti cul arl ycapabl eof produci ngN-gl ycanwith 5

NeuAc2Gal 2GLcNAc2Man3d cNAc2- bi secting structure. The invention thus al so
concerns a host cell or a plurality thereof, that is specifically designed
to produce glycoproteins with this glycan structure. The invention thus

al so concerns a, preferably isolated, glycoprotein having this structure,
which is preferably producible or actuallly produced by this cell. The

I nvention al so provides a nethod or process for 10making that glycoprotein
by using thi samd?bd hontoibpubisreeresf. f or the synthesis of a

NeuAc2Gal 2GLcNAc2Man3GLcNAc2Fuc structure I n anot her preferred enbodi nent

the modified pggt cRll eqxhi lbthﬁ:ulaHi} ef gy Nek- SFrlURMBUS NYWEYA® Jfthi Vity
]:ng'arcfgl)glyl ?leﬁ uRéM{?I 550&?2)3%%1?51& ﬁi%;ﬁéiacilﬁ glruch;fregThe |nvent|on hus also

s34 ho l ralit gl roduce
transfease ( A ofeRSwifF s/ biyan Studidie! The! .ﬁJenao f:lgaesn SO pleR!
UDP- N-acetyl g %pat'é@ lE(@(Sb? [t Fdvi tﬁ’if‘s Qe ét\¥hlcﬁ % Pcfdu@lble or
et a1, 2 N aciy @ﬁﬁaﬁ cad A g gy PF‘%‘?"% SRS cih% g
Myat 2-t ype tr@nsc %ﬁ%gb% %eg ﬂ’{ ucosam nyl gl ycopept i de
peta 1. 1 gal act gﬁ%pd,ge%wog ;gmﬁh%) 'O}FG;WA&,%&AM@&C@SM% t1-type
2(1:? ;3\5/;6\12(1ltype grr anc?tﬁglr El;e‘f%{r Pgl m gﬂ nh cell exﬂ%qupre eratﬁyth%Pe
GDP- 4- ket 0- 6- g%@?“f}%?&wﬁs ‘QtVEf %?'Hb‘?%??@—%@%ﬁ gthatis sefaptedfamyity, in
particular a Tsta3-type transcript; CGDP-fucose transporter type activity,
in particul ar amgheawtalphges- i—glamctem beta-1,2-N-acetylglu¢qsaminyl , djansigsassy|
transf erase (Fut@nTi}ype aslivityinparticular ngatthpartraaso;rM8 type tran- 30script;
bet a- gal act osi de al pha-2, 6-sialyl transferase (ST), in particular a
ST6gall-type trgDPeiapetylgildbsaaihe/ e paidrGypecRNRY, B0tdular a Slc35A3-type

15 transcript;

mannosyl{alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
(GnTIl), in particular a Mgat2-type transcript; and

mannosyl(alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl trans-
ferase(GnTIV), in particular a Mgat4-type transcript.

20 In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, mgat4, and sIc35A3
25 and/or homologues thereof.

This cell is particularly capable of producing N-glycan with GIcNAc3Man3GIcNAc2
structure. The invention thus also concerns a host cell or a plurality thereof, that is
specifically designed to produce glycoproteins with this glycan structure. The inven-
tion thus also concerns a, preferably isolated, glycoprotein having this structure,
30 which is preferably producible or actuallly produced by this cell. The invention also
provides a method or process for making that glycoprotein by using this cell.
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UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuC-type
transcri pwo 28i0dl4p1y7aci d synt hase (NeuB), in particul ar RCREPBIOVPHTE16
transcri pt; CVMP- Neu5Ac synthetase, in particular a Sl c35A1-type
transcript; and 5CMP-sialic acid transporter, in particular a

NeuA/ Cras-type transcript. In a nost preferred enbodi nent, this cell
conprises at least all of or exclusively these Gol gi processing associated
enzyme activities. In an alternative variant thereof, the nodified host
cell exhibits N acyl neurani nat e-9- phosphate synthase and

N- acyl neur am nat e- 9- phosphat ase activity instead of sialic 10acid synthase
acitivity, noreEppobintemsior tHecsyhihesisodafG#3GoNALt3Men3GIeNAcDsthiscturar ef er abl y
het er ol ogous, enzyne activity for Col gi-based processing that is selected

from mannosy|q{ gh@thar prefented bbOBIFENE e Rfddiel. Kosthcaf ehhloits Uprterabip tet-
transferase ( ﬁ}y oub YetyMelachiifyfor G&?P@ésreb%éé%siﬁg Mo tslsdiadsd fréanscri pt;

UDP- N- acetyl g am ne transporter type activity, in particular a
S1c35A3-type 15transcri

ota- 1 2- N acet 0@ P'_,_pnsltal NBath P2N. Sef B&gst ;illjatFanasferase
ST e

Myat 2-t'ype tran

beta-1, 4-gal actosyl transferase (Gl T) , in particular a B4dgalt1l-type
transcript; 20UBPPoitasetyisiucosamingdanseprtantyee aetivity; inypanticylar tsf"@éﬁéﬂyp&
S1c35A2-type trHARENPHt ; GDP- D-mannose 4, 6-dehydratase type activity, in
particular a Gws-type transcript;

GDP- 4- ket 0- 6- demanpn@syi(aiphasiet-pglycapotenr abetadl, - dtacatylglacesapanydcttransfeyase n
particul ar a Ts{@3FIt)yipeatticalas aMigzt2-type@ARsénptiose transporter type activity,
in particular a SIc35Cl-type transcript; alpha (1,6) fucosyl transferase
(FucT) 14 ype act indnh¥sylta hBﬂr,i_?-)-Elybéﬂro@irFUt 8bétaPe4 N-adesdluedsaminyl trans-
bet a- gal act osi deradREAT ,,ﬁ\r}@bg Miar B ‘98%%“""5?“ in particular a
ST6égall-type transcript; 2010/ 049177 / EP2009/ 007816

UBP- N- acet yl gl “Bifﬁ@a@& n%)'é i gs! % ﬁg«ﬁe bét?-1p4%g£|EEtBLWtra%sM?é’s% 2!
.\ - 3 90 hase; ’
t’\i:g;ﬂ];m am n:ﬁy-%ﬁ%{']%sp% ai‘g‘g‘! éﬂ?ﬁ tﬁ%’i‘%:/nsyntshet ase, in particular a

Sl c35A1-type transcript; and e . .
yp ubD -galgctose transporter type activity, in particular a SIc35A2-type transcript.

15 In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, maga4, sic35a3, b4galt1 and slc35a2
20 and/or homologues thereof.

This cell is particularly capable of producing N-glycan with Gal3-
GIcNAc3Man3GIcNAc2 structure. The invention thus also concerns a host cell or a
plurality thereof, that is specifically designed to produce glycoproteins with this gly-
can structure. The invention thus also concerns a, preferably isolated, glycoprotein

25 having this structure, which is preferably producible or actuallly produced by this
cell. The invention also provides a method or process for making that glycoprotein
by using this cell.

Embodiments for the synthesis of a Gal3GIcNAc3Man3GIcNAc2Fuc structure

In another preferred embodiment the modified host cell exhibits, preferably het-
30 erologous, enzyme activity for Golgi-based processing that is selected from:

72



CWP-sialic acid transporter, in particular a NeuA/Chmas-type transcript. In
a nost preEdefreddIgibodi nent, this cell conprises at | ea®CTAIPROGHN0TSA6

excl usively these Gol gi processing associ ated enzyne activities.

In a preferred variant of these enbodi nents the cell expresses one or nore
of one 10of the follow ng genes: ngatl, ngat2, slc35a3, b4dgaltl, slc35a2,
gnds, tsta3, slc35cl, fut8, st6gall, neuC, neuB, slc35al, and neuC cmas
and/ or honol ogues t hereof.

Thi scel l'i sparti cul arl ycapabl eof produci ngN-gl ycanwi th 15

NeuAc2Gal 2GLcNAc2Man3GlcNAc2Fuc structure. The invention thus al so concerns
a host cell or maphosyihiphy-1{3pgigcdproteinat beta-spdeadetylglid¢osatirsil grienistecase
produce gl ycopr?ﬂlmpé\etﬁwtyhnfpagicyleaa Myjat Lstybetranschipe | nvention thus al so
concerns a, preterably isolated, glycoprotein having this structure, which

I's preferably pUBﬁ"N'a élgl Rlcodsrhing! thdnép ot dinse detiity iR farb@idr-a SRS5ABRL | ON
al so provides a, QR |9 process for makihg 20t hat gl ycoprotein by using
this cell. Enbodi nen $ for the synthesis of a

NeuAc2Gal 2G cNAc3Man Cbl sectl ng tr r
embodi ent t he Y@HF %Yga'% g %Ay é §?' ?-h#%&%élﬂccﬁs@ﬁﬁ 'Wgr& ogéeﬁéssr
enzyne activity )(';Blpa 'CB BE raﬂa { i's sel ected from
25mannosyl (al pha-1, 3-) - P rotein beta-1 N-acetyl | ucosam nyl
transferase (GnTENNG épaéﬂb 1-glyconrptefar t i Eﬂﬁé'r» é)g&“?%?ﬁ@'ﬁyll ans&@Mp ;
UDP- N- acet yl gl utesesatentM).rianapistiaea Msga&etyaettnawqrwt, in particular a

Sl ¢c35A3-type transcript; mannosyl (al pha-1, 6-)-gl ycoprotein
bet a- 1, 2- N- acet yétgmraostalgiunyd;aminyirgdi@paatﬂiesmta*lﬁ-galactbayl geansieragea(Galr) ,
Myat 2- type t r angpdridular aViBAg2t1 QypetednscmetTancP2009/ 007816

bet a- 1, 4- mannosyl - gl ycoprot ei n 4-bet a- N-acetyl gl ucosani nyl transferase

(GTHET) -, in pabp. Qélééiéseatr&%@bﬁertt\j@@aétfvﬂfﬁ@bhrﬁbulab@Sﬂ:f&BAMﬁieWﬁsumsam nyl

gl ycopepti de beta- 1, 4-gal act osyl transferase (Gal T) , in particular a

Bd4galt1-type tr t; A -
particular a 51?’?%9 rﬁé/'})néé ranggﬂr‘f&%t%%gwe lﬁ«f ah)bg Z‘ﬁb@ﬂ attgseeltrt%pe
activity, in pa éular aijstypetranscrlpt
GDP4ket06deox-Dnan ose-3,5-¢ 4-red ct e activity, in
particular a Ts 3%?3 E? %‘P?‘s)’c[? ”l?miﬁf 9"38@&?@ aﬂéﬁ%ﬁ)%a{: \ity: Q(‘Rqrw ty,
in parf¥cul ar atigflaraeatagyyne t falné ript; alpha (1,6) fucosyl transferase
(FucT) type activity, in particular a Fut8-type transcript;

GDP-fucose transporter type activity, in particular a SIc35C1-type transcript; and

alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
script.

In a most preferred embodiment, this cell comprises at least all of or exclusively
20 these Golgi processing associated enzyme activities.

In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes:

mgat1, mgat2, maga4, slc35a3, b4galt1, slc35a2, gmds, tsta3, slc35¢1 and fut8
and/or homologues thereof.

25 This cell is particularly capable of producing N-glycan with Gail3-
GIcNAc3Man3GIlcNAc2Fuc structure. The invention thus also concerns a host cell or
a plurality thereof, that is specifically designed to produce glycoproteins with this
glycan structure. The invention thus also concerns a, preferably isolated, glycopro-
tein having this structure, which is preferably producible or actuallly produced by this

30 cell. The invention also provides a method or process for making that glycoprotein
by using this cell.
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bet a- gal act osi de al pha-2, 6-sialyl transferase (ST), in particular a
ST6gall- tWPeVIWHAKGEri pt; 15UDP- N- acet yl gl ucosam ne 2- epPREFRIMIONBIC) , in
particular a NeuC-type tran- script; sialic acid synthase (NeuB), in
particular a NeuB-type transcript; CMP-Neu5Ac synthetase, in particular a
Sl c35A1-type transcript; and CMP-sialic acid transporter, in particular a
NeuA/ Cnas-type transcript. 20ln a nost preferred enbodi nent, this cell
conprises at least all of or exclusively these Gol gi processing associated
enzyne activities. In an alternative variant thereof, the nodified host
cell exhibits Nacyl neuram nate-9- phosphate synthase and

N- acyl neur am naEebOdinlentiibathesynthesis of b WeuAs3GalGGltiNATBMan8GEMAD2 stru¢-hase
acitivity, noretgparticular the the nodified host cell exhibits, preferably
25het er ol ogous, enzyne activity for ol gi-based processing that is sel ected

from mannosy|y ghdthér prefoneddbiBBBirehEte RRIHed, Hoshlcalf &ibis, Usreferaly Het-
transterase (&idblgbub Yy acilitYor GlgPEseti phicRLsifg Wislscloehsl fémnscr i pt

UDP- N- acetyl g am ne transporter type activity, in particular a

S1c35A3-type transcript. 177pCT/ EPLD 7 :
mannosyl (al pha- @aéﬁ?s-yg%gg%M\:%dg'g&%pgéf%-&%N%ﬁiﬁﬁﬁﬂ%ggm%yItr%nfe'faerrlgs erase
(GnTI1), in par Pl ype &t -p?a}gg sa y 'B?;r '

beta-1, 4- mannosgl - %ycopr otein 4-beta-N aceé‘%ll | ucosam nyl t rgpgfﬁgase
(&TI11) , in pHPPritacaiclicogainine iianspertelfyrs Apivity, in particular a Slc35A3-type

Sbet a- N- acet yl giraess8Bti nyl gl ycopepti de beta- 1, 4-gal act osyl transferase
(GalT) , in particular a Bd4galtl-type transcript; UDP-gal actose transporter
type activity, manpesyl(aipbbe6-hgigtarBstal t bete-1 2-hhacstylglucosaminyD- transtesase

4, 6- dehydr at ase(Gny§ib, iagarticutay a Nigatd-typeit@nbeript,a Ghrds-type transcri pt;

10GDP- 4- ket 0- 6- deoxy- D- mrannose- 3, 5- epi ner ase- 4-reduct ase type activity, in
par- ticular a rhah émﬂancapgrgéwbt;eir@ﬂ betaoise N-dcebaglacdsamiryy pe aahsvity,
in particular afph A0 ViR pakticala P 8 Mdat4-type transcript;

beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT) ,
in particular a B4galt1-type transcript;

15 UDP-galactose transporter type activity, in particular a Sic35A2-type transcript;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

20 sialic acid synthase (NeuB), in particular a NeuB-type transcript;
CMP-Neu5Ac synthetase, in particular a Slc35A1-type transcript; and
CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

25 In an alternative variant thereof, the modified host cell exhibits N-acylneuraminate-9-
phosphate synthase and N-acylneuraminate-9-phosphatase activity instead of sialic
acid synthase acitivity, more particular the the modified host cell exhibits, preferably
heterologous, enzyme activity for Golgi-based processing that is selected from:

mannosyl(alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
30 (GnTI) type activity, in particular a Mgat1-type transcript;
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al pha (1,6) fucosyl transferase (FucT) type activity, in particular a

Fut 8-t ypeWOr28HgBP17t | 15bet a- gal act osi de al pha- 2, 6- si al PCTHPANSNEBIGe ( ST),
in particular a ST6gall-type transcript; UDP- N-acetyl gl ucosam ne

2-epi nerase (NeuC), in particular a NeuC-type transcript;

N- acyl neur am nat e- 9- phosphat e synt hase; 20N acyl neur am nat e- 9- phosphat ase;
CWMP- NeubAc synthetase, in particular a Sl c35A1l-type transcript; and
CWP-sialic acid transporter, in particular a NeuA/Chas-type transcript. In
a nost preferred enbodinent, this cell conprises at |least all of or
exclusively these Gol gi processing associ ated enzyne activities. 25In a
preferred vari aoDPeN-atétgighicesdmide tmnsporten dypmee httivity, pin geasticsilan ree SloB5Adtypeof
one of the follwaisedptgenes: npatl, ngat2, slc35a3, b4galtl, ngat3, slc35a2,
gnds, tsta3, slc35cl, fut8, st6gall, neuC, neuB, slc35al, and neuC/ cmas WO

2010/.049177PCT/ I%BRIQ&% QIQK§-J| ﬁ%ﬁrot@ﬂmb@tﬁwe@hﬁ&ﬂﬁ@ﬂcosammyl transferase
uc-

Thiscel l'i sparti qu?] NEET TN apHHBE RaRs@Hpy:canwi t
NeuAc2Gal 2GlcNACZMan3 cNAcZF I secti ng structure. The invention thus

al so concerns a_host lit fic
designed to pro 68% %ﬁ@g § %%E;L‘Q %?c écrémsqllrjcﬁo(?? fﬁ@ Thgljahy

i nvention thus ( B |cu ﬁy 8 zﬁ’gd gl ycoprot ei n havi ng
this structure, mhlch is referably produ0|ble or actuallly rodu

this cell. The Pﬁ@é\"r??‘ﬂ)‘lggpgﬁﬁ jpy\alyropertidechatad . ‘bgalﬁ?tB%ér@"F GFaske 't hat
gl ycoprotein by'nLF?ﬁrﬁ*Rj"%fm%g@Bl‘ﬁYPeEFﬁﬁ‘éG”Fﬁents for the synthesis of a

G cNAc3Man3G cNAc2 structure 10l n anot her preferred enbodi nent the nodified
host cell exhi bUDP-gglactdsertedrisporterttypecaddivityy dupartieutanarSlc36A2-tipeytranseript;

CGol gi - based processing that is selected from

mannosyg ( al pha- Betd-gatdttasideralph£R6-418lRtrdnsferbb e ¢Sy Irgpartiogana nBiTegalangleer ase
(GnTl) type act{pyhdeyipt;in particular a Myatl-type transcript,

UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl c35A3-type 15 A \ 1 g ym y .

bet a- 1, 2- N—acettJ u%oélgfsﬁ ggn%%eb’%?%e(@f'bl)'h ggﬁ @SPC type tran

Myat 2- type trand¢. pt and

N-acylneuraminate-9-phosphate synthase;

15 N-acylneuraminate-9-phosphatase;
CMP-Neu5Ac synthetase, in particular a Sic35A1-type transcript; and
CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.

In a most preferred embodiment, this cell comprises at least all of or exclusively
these Golgi processing associated enzyme activities.

20 In a preferred variant of these embodiments the cell expresses one or more of one
of the following genes:

mgat1, mgat2, slc35a3, b4galt1, mgat4, slc35a2, stégal1, neuC, neuB, sic35af,
and neuC/cmas

and/or homologues thereof.

25 This cell is particularly capable of producing N-glycan  with
NeuAc3Gal3GicNAc3Man3GIcNAc2 structure. The invention thus also concerns a
host cell or a plurality thereof, that is specifically designed to produce glycoproteins
with this glycan structure. The invention thus also concerns a, preferably isolated,
glycoprotein having this structure, which is preferably producible or actuallly pro-

30 duced by this cell. The invention also provides a method or process for making that
glycoprotein by using this cell.
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mannosyl (al pha-1, 3-)-gl ycoprot ei nbeta-1, 4- N acetyl gl ucosam nyl trans-
ferase( GWOW10/d4p17par ti cul ar a Mjat 4-type transcri pt. 20CH/ER200980078p¢ ef er r ed
enbodi ment, this cell conprises at least all of or exclusively these ol gi
processi ng associ ated enzyne activities. In a preferred variant of this
enbodi nent the cell expresses one or nore of one of the follow ng genes:
ngatl, ngat2, ngat4, and s1c35A3 25and/ or honol ogues thereof. This cell is
particul arly capable of producing N-glycan with G cNAc3Man3G cNAc2
structure. The invention thus also concerns a host cell or a plurality
thereof, that is specifically designed to produce glycoproteins with this
gl ycan struct ur Embdbiiments/fonthe®ynthesis ofih Neudo8GeIBGicNAc3ManBBIcAllcgFucs ol at ed,
gl ycoprot ei n haytrirgurehi s structure, 30which is preferably producible or

actuallly pr oduced by this cell. The invention also provides a nmethod or
process for H&hé kf&#ébcembeauﬁieﬂt liWe Hﬁidﬁﬁd%s% c‘éﬁ"éxmb.t referably het-
2010/ 049177PC3‘,1 § @t,\ﬁyﬁ gig eﬁ?& Mb?} lextéd frém:

Gal SGlcNACSI\/an ruct e I n anoth pre Frre errbodl ment the

mi fi e host cel| exgl b3 UGLALARLY DBt 2\PI o SARHT *rlelee

ol gi - based pro | !
nmannosy! (al pha- ﬂ}y’df‘é’ia icHiRf 8 MaasT-YPE MaPST it ucosani nyl transferase

5(GnTl) type act i VI ty, in particular a atl type transcri pt

UDP- N- acet yl gl uld@?d}haﬁetylgmﬁgwn@érampmeratm afkuty. 'ﬂrpaﬁ%ﬁtﬂqrc% Blg3543-type

Sl c35A3-type trHaREFiPHt ; mannosyl (al pha- 1, 6-)-gl ycoprotein

beta-1, 2- N-acetyl gl ucosam nyl transferase (GiT1l1l), in particular a

Myat 2-t ype tr ansanngdyj(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase

10mannosyl (al pheGATIB; ihpaticalap adMgathypedrahserip- acet yl gl ucosam nyl t r ans-

ferase(GnhTIV), in particular a Mjat4-type transcript;

beta- N-acetyl gl HaAraBvhadl A F-R6RbEMH bet Beth.1i4-8RARE) §6ﬂsah'ﬁrwﬂ$f EtARE

(GIT) , in par féréé@(@hﬂ%’)%ﬁa Utar & t4 fyﬁ@%r%héd? t: an UDP-gaI act ose

transporter type activi ty, In partl c S1c35A2-type transcript. 15In a

nost  pref erred r

excl usively the é@a f %B%?n%n %ﬁgﬁ 8‘g}gehz élnéé&g{s:)(lq}éns%fras% QGaIQ

preferred vari aftP% egr?b Y cel | expresses one or nore of one

f the foll 4

gndt sié%gazoémogﬁﬁ)% '%ﬂ%ﬁ w;,@gr@rﬁgﬁr;%gqtlwty rT1!\Jpart|cular g §|c353£? ?ansgrf' altl
GDP-D-mannose 4,6-dehydratase type activity, in particular a Gmds-type tran-
script;

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

20 GDP-fucose transporter type activity, in particular a Slc35C1-type transcript;

alpha (1,6) fucosyi transferase (FucT) type activity, in particular a Fut8-type tran-
script;

beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

25 UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

sialic acid synthase (NeuB), in particular a NeuB-type transcript;
CMP-Neu5Ac synthetase, in particular a SIc35A1-type transcript; and

CMP-sialic acid transporter, in particular a NeuA/Cmas-type transcript.
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This cell is particularly capable of producing N-glycan with Gal3-

G cNAC3IVIWORAWNALZ7st ruct ure. The invention thus al so cBaTHPAYWIAITSOSt cel
or a plurality thereof, that is specifically designed to produce

gl ycoproteins with this glycan structure. The invention thus al so concerns
a, preferably isolated, glycoprotein 25 having this structure, which is
preferably producible or actuallly produced by this cell. The invention

al so provides a nethod or process for nmaking that glycoprotein by using
this cell. Enbodinents for the synthesis of a Gal 3GLcNAc3Man3G cNAc2Fuc
structure I n anot her preferred enbodi nent the nodified host cel
exhibits, prefeaahbst greferré@antodunert, thisnzeiNtorapiisesi atyledsiraliGofl @i eXxchsadly

processi ng t hiesk Sofdt pAstessing asdvciatéderzyie/ 240 tigs/ PCT/ EP2009/ 007816
mannosyl (al pha-1, 3-)-gl ycoprotei n beta-1,2-N-acetyl gl ucosam nyl transferase

(GnTl) type agiiy él éfnaﬂv@ vgﬁéﬁt tﬁéfﬂeafr th% &/B&}ﬁéd It\é’s?%eli &S N-BEyIneuraminate-9-
UDP- \- acet yl 9 aRaN-A haﬂaQe Qéﬁ\}i ClHét@éd 8f sialic
S1c35A3: type ogfthh acn nHB?ey é'fath sze%'b i%& ABSt e thL referably
Rgt ?21type transcr | ackili 8bRRba b smb@héﬁsréélééf Gfror:
mannosyl (al pha-1, 3- éy? Eg&opré)i‘ nbeta- 1 Iulcosam.n ttr an
ferase(GTI V), $ (p Far' -)-g rate{ E ;{ g.ucosamln ransferase
bet a- N- acet yl gl g’b'gbwpﬁﬂ: tivity, 18 53 L‘R“|36I@ yPe 98¢t osyl transferase
(Garr) , 10in particular a B4dgaltl-type transcrlpt and UDP- gal act ose
transport er typ@%Nfa;cetyigluqorsarpmettramparrteratym astivity. inyprtiguarna SlG36A3-type
GDP- D- Mannose 4frgnsheiptdr at ase type activity, in particular a Grds-type
transcri pt;

GDP- 4- ket 0- 6- demayinbsyialphasies-pglycoroteir adbetadt, 2-dlacdtyiglacosamenycttransfeyase n

par-15t| cul ar a(d'ﬁ't|g3mtmutgrramgmz.p}petGaEeripﬂcose transporter type
activity, in particular a Sl c35Cl-type transcript; and al pha (1,6) fucosyl

transferase (Fu t rei MVNS C aBk-
In a nost pref an-Qn b % f fyh%g%fg}.ﬁa {ypggﬂ,rﬁa%?gé’?g%%?{ﬁ aquil oft or

excl usi vely 20t ese I gi” ceSS|ng associ ated enzyne activities. In a

preferr d varia f thi errbodlma A f one
of the ol | owi 53%\@ etv%'gf iyl @;@p@sﬂcﬁ% e T EoEBEET PGt 5500
gmds, tsta3, A ?uq SOR%G | ogues ther eof 25Th| s cell is
particul arly ca abl e of produm ng ycan Wt ¢NAc3NVan3GlcNAc2Fuc
structure. The sgelaeiAse m@,spartgbtvewetyﬁwgn aaﬁleglﬁreé'q356?-t>épeptmsa"r?tty
thereof, that is specifically designed to produce glycoproteins with this
gl ycan st ruct ur &DPrRemamnaset4,6-dehydratage dypecactivily.nip partiqutasia Gassytype gt ed,
gl ycoprotei n haecn, t his structure, which is preferably producible or
actuallly produced by this 30cell. The invention also provides a nethod or
procesgofor makigmp-#heto-gldE68pPDMarindse-3,5-epimerase-4-reductase type activity, in par-
ticular a Tsta3-type transcript;

GDP-fucose transporter type activity, in particular a Slc35C1-type transcript,

alpha (1,6) fucosyl transferase (FucT) type activity, in particular a Fut8-type tran-
script;

25 beta-galactoside alpha-2,6-sialyl transferase (ST), in particular a ST6gal1-type
transcript;

UDP-N-acetylglucosamine 2-epimerase (NeuC), in particular a NeuC-type tran-
script;

N-acylneuraminate-9-phosphate synthase;

30 N-acylneuraminate-9-phosphatase;
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by using this cell. WD 2010/049177PCT/ EP2009/ 007816 Enbodi ments for the
synt hesi sSWOR20H/0M&1TAC 3Gal 3GLcNAc3Man3d cNAc2 struct ure | RCAFFRINM00T31@f er r ed
enbodi ment the nodified host cell exhibits, preferably het- erol ogous,
enzynme activity for Col gi -based processing that is selected from
5mannosyl (al pha-1, 3-)-gl ycoprotein beta-1, 2- N-acetyl gl ucosam ny
transferase (GnTl) type activity, in particular a Mgatl-type transcript;
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
S1c35A3-type transcript; mannosyl (al pha-1, 6-)-gl ycoprotein
beta-1, 2- N-acetyl gl ucosam nyl transferase 10(G1Tl1l), in particular a
Myat 2-t ype tranSMmHA-Neu5Ac synthetase, in particular a SIc35A1-type transcript; and
mannosyl (al pha- 1, 3-) - gl ycoprot ei nbeta-1, 4-N-acetyl gl ucosam nyl trans-

ferase(GhTIV), CcMmH&Akd & ﬁféns%owgﬁtirﬂpérﬁ&ﬂarté RBSA/Cnflis-type transcript.
bet a- N-acetyl gI ucosam nyl gl ycopeptide beta-1,4-gal actosyl transferase

(GalT) , in p et%réé%%l\tgojd JiR€ilid 3LP E&h gj? UDEst 9l &Cct:roéﬁluswely
1 1 1
breflgsgglragos é?ééﬂsgs? #ra%’%erases'g Y ol o &

STégall-type transcrl pt; UDP-N-acet | ucosa ne nmer ase

particllar a Nleﬁ@qu whed Varans of V}?Fe é@gpgpqrﬁs "seﬁﬂ'[pqﬁﬁ%%mﬁlgéﬂfre %’f one’
particul ar a Retigfel G9&1®Scri pt; CMP- Neu5Ac synt hetase, in particular a
Sl c35A1-type transcript; and CMP-sialic acid transporter, in particular a
NeuA/ Cmas-t ype mgamscmg@tQ slo35a@3, nbdgaltpr afgat4, esic35aBo gmdsntstad, hslg3asd| Ifuts,
conpri ses at | eatgaH| hewl®, newBes/cB3ad; ard petCremas Gol gi processi ng associ at ed
enzynme activities. 25In an alternative variant thereof, the nodified host

cel | exhi bi t s afHRENbMEIBHEEY hatedf.9- phosphate synthase and
N- acyl neur am nat e- 9- phosphat ase act I Vi ty i nstead of sialic acid synthase

acitividy, mORf; paréé"cul ar the gd hagt Gebd I bNL pr ef\gtrabl y
het er ol'ogous, N%nz\%a@é ’EL aéff@r U G K e

from

ot 2 oA i 'yéggﬁ? v e o
particul ar g|§c§68?ot ihH&ving' tR‘s str i

p oducible allly
15 produced by this cell. The invention also provides a method or process for making
that glycoprotein by using this cell.

Method or process for making a glycoprotein

The invention also provides a method or process for making a glycoprotein by using
any one of the host cell according to the invention. Without wishing to be bound to
20 the theory, a cell according to the invention is capable of producing high amounts of
a N-Glycan with a Man1GIcNac2, Man2GIcNac2 or Man3GIcNac2 structure on said
glycoprotein. The glycoprotein may be a homologous or a heterologous protein. Ac-
cordingly, any one of the host cells as outlined above preferably comprise at least
one nucleic acid encoding a heterologous glycoprotein. Homologous proteins pri-
25 marily refers to proteins from the host cell itself, whereas proteins encoded by “for-
eign”, cloned genes are heterologous proteins of the host cell. More particular, any
nucleic acid encoding a heterologous protein according to the invention can be
codon-optimized for expression in the host cell of interest. For example, a nucleic
acid encoding a POT activity of Trypanosoma brucei can be codon-optimized for
30 expression in a yeast cell such as Saccharomyces cerevisiae.

The host cell according to the invention is capable of producing complex N-linked
oligosaccharides and hybrid oligosaccharides. Branched complex N-glycans have
been implicated in the physiological activity of therapeutic proteins, such as human
erythropoietin (hEPO). Human EPO having bi-antennary structures has been shown

35 to have a low activity, whereas hEPO having tetra-antennary structures resuilted in
slower clearance from the bloodstream and thus in higher activity (Misaizu T ef al.
(1995) Blood December 1;86(1 1):4097-104).
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UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

S1c35A3- tWypeotwepsEr i pt; mannosyl (al pha- 1, 6-) - gl ycopr ot &Ch/EP2009/007816

bet a- 1, 2- N-acetyl gl ucosam nyl transferase (GTIIl), in particular a

Myat 2-type transcri pt;

5mannosyl (al pha-1, 3-)-gl ycopr ot ei nbet a- 1, 4- N-acetyl gl ucosam nyl t r ans-
ferase(GhTIV), in particular a Mjat4-type transcript;

bet a- N-acet yl gl ucosam nyl gl ycopepti de beta-1, 4-gal act osyl transferase

(Gl T) , in particular a B4dgaltl-type transcript; UDP-gal actose transporter
type activity, in particular a S1c35A2-type transcript; 10Obeta-gal actosi de
al pha- 2, 6- si ah\lycanaswsitiere seeanSan, oligosgarhtiide baundatoST Gyatéib- ¢oygeHighamarer i pt ;
UDP- N- acet y| gheseostaictunes gortginmsresthary Bemi&hnoses whareas glijcan strubleieS- ¢onsist-
transcript; NngQyimwily ehmanheseSbutopplocdre estgnd lessehan 5 mannose moieties are

15N- acyl neur agwaandie Riveapkauctars, £yPMbesGIBNasy Mdre tpastizular raspasetiihersimr - a
Sl c35A%g t ype theaBas glpéan” dndglGddprotemP irsferClocart Nainked loligdsacearidar &igGner a
NeuA/ Cmas- t ypat isaBf&dheBtby bR aeparagrnem-et: ﬁ@ﬁr@o&ﬁ‘iﬁﬁd”rﬁ%ﬁe td bhsaspaldgine
conprises at @k ctlal pdWpeplideNehyEanschavet NEsEMER phtapactbafde bereas Mun3at ed
enzyme activi ercﬁxcz%Qhéh"arefér@foeﬁméﬁﬁoséareenref@fs tb R Eos & HMdiNRN réfeiisite N-el |
expresses onea&itylMBIcNAR refi?§ tO N-4de8)IdIGtdsawinty. RRJ\Rahs AHRY Wwith Tegiett te fe35a3,
bagal t}g nyat fumBdicct BRehches Eftdrinae) EdthprisiRibRriph@PaRthrs @1l, fessed artgalRnd/ or
honol ogues t he&epthat %FeTEa&éoe{d {hePABAIGEIHNAES YRRMAD! QP& REQEUR. NBlyBAnsCavewWi t h

NeuAc3Gal 3Gl t‘ﬁéﬁ%?édéhéd cEksq.tuéhvse &.ORigh Mknndke Corplsesms a
host cell or I)Ic\Sfotr réfsent%r@brybés brdtaﬁlvwcme&he@%dsaeef.ermlduce
gl ycoprotei nsq ﬁrﬁﬁ élr\!@’prdt@iﬂsthH?r mr&ﬂrrr«erns
a, pref rab'y h% B{’Qﬁ‘é arabreu%rrroﬂser

prefer Iy pr ucr b r act ua ro- uced by this cell. The |nvent|on

of a NeuAc3Gaf on each termin
ce I-type spec ic ree generzf pes of N-glycan structures could be de-

fined: (1) High-mannose glycans, which contain mainly mannoses within their exten-

20 sion sequences and also as terminating moiety. (2) Complex glycans in contrast are
composed of different hexoses. In humans they often contain N-acatylnauraminic
acid as terminal hexose. And (3) hybrid glycans contain both, polymannosylic and
complex extension sequences within one single glycan.

o0 oY CescagRigd % wrr%% bR T
exose

A “complex” type N-glycan typically has at least one GIcNAc attached to the 1,3

25 mannose arm and at least one GIcNAc attached to the 1,6 mannose arm of a “tri-
mannose” core. The “trimannose core” is the pentasaccharide core having a Man3
structure. Complex N-glycans may also have galactose (“Gal’) residues that are
optionally modified with sialic acid or derivatives (“NeuAc”, where “Neu” refers to
neuraminic acid and “Ac” refers to acetyl). Complex N-glycans may also have in-

30 trachain substitutions comprising “bisecting” GIcNAc and core fucose (“Fuc”). A “hy-
brid” N-glycan has at least one GicNAc on the terminal of the 1,3 mannose arm of
the trimannose core and zero or more mannoses on the 1,6 mannose arm of the
trimannose core.

A further aspect of the invention is a process for making a glycoprotein with a low
35 mannose glycan structure or a glycoprotein-composition comprising one or more
glycoproteins having low mannose glycan structure.

In a preferred embodiment the protein is an heterologous protein. In a preferred
variant thereof the heterologous protein is a recombinant protein. A preferred em-
bodiment of the invention is a composition that is comprising an heterologous and/or

40 recombinant glycoprotein that is produced or producible by the cell of the invention,
wherein the composition comprises a high yield of glycoprotein havrng a glycan
structure of Man1-3GIcNAc2
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I n anot her preferred enbodi nent the nodified host cell exhibits, preferably
het - er ol¥@30Y/04&17Zyne activity for Gol gi -based processPRE/EPRHO/0DBIce] ect ed
from 5mannosyl (al pha-1, 3-)-gl ycoprotein beta-1, 2- N acetyl gl ucosan ny
transferase (G1Tl) type activity, in particular a Matl-type transcript;
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl ¢c35A3-type transcript; mannosyl (al pha-1, 6-)-gl ycoprotein

bet a- 1, 2- N-acetyl gl ucosam nyl transferase 10(GTII), in particular a

Myat 2-type transcri pt;

mannosyl (al pha-1, 3-)-gl ycoprot ei nbeta-1, 4- N acetyl gl ucosam nyl trans-

f er ase( GTl V) "Recombirant protein”, dhélgatabouy peoteintasd I'heterologous protein” are used

bet a- N- acet y| gterciesgehbly lto gefer epapidiybeptied avhichdis gabduredshyl recombinbet BYA

(Gl T) , in prichhiquésiwherdidgahdrally, INA ncodigrthe polypopilde-ig alsated o a suit-
transporter tie explessioh WectonwhRthtis ifust usedbarmaRirinyg Rosdtrcah s pioduce the

CGDP- D- mannos ehélteﬁrlétfbl&}éCb’rétbiﬁsﬂ?hémmth@%lypeétwe i$ Bxrasdddcidrara letémodgoty pe-
transcript; CBRichuclet 0- 6- deoxy- D- mannose- 3, 5- epi ner ase- 4-r educt ase type
activity, in particular a Tsta3-type transcript; 20GDP-fucose transporter

type activity ag,éaeﬁéa ew.ém tﬁ’er§||§ RivikiebP Srohéé’é“f%? rmmnﬁggwfepr%ﬂewg}v&gosy'

r
g_ergga%al ?gégs%?%‘ éﬂogh gﬁ ﬁ,ﬁ?gf‘ est&t% h%nBt%F r‘é d\ga/éganr: -
re

particu 3
part i cul ar %“‘%S ﬁere .g1a| e'" g a
Sl c35A1-type r a
Neud/ Cmas- typBEﬂ %ﬁpmpf) ||%n P” D) %é an1
preferred enb o '|
t hese l‘il gi g %V an L ? 6rP§é(S%f8 3
vari ant ther e@i’% H@aﬂt-lém_g apfﬂ %e a% %’8{2 ﬁg—‘\’é Is I
hosphat
gi aisgoca € Synstructure nanothgﬁ}prefg}?reg varla%&t ere |s als prc;[w ed a process ma |ncé d of
human-like glycoprotein with a Man5GIcNAc2 glycan structure or a glycoproteln-
20 composition comprising at least one glycoprotein with a Man5GIcNAc2 glycan struc-

ture.

The process comprises at least the following step: Provision of a mutant cell accord-
ing to the invention. The cell is cultured in a preferably liquid culture medium and
preferably under conditions that allow or most preferably support the production of

25 said glycoprotein or glycoprotein composition in the cell. If necessary, required said
glycoprotein or glycoprotein composition may be isolated from said cell and/or said
culture medium. The isolation is preferably performed using methods and means
known in the art.

The invention also provides new glycoproteins and compositions thereof, which are

30 producible or are produced by the cells or methods according to the invention. Such
compositions are further characterized in comprising glycan core structures selected
from Man1GIcNAc2, Man2GIcNAc2, and Man3GIcNAc2, preferably a Man3GIcNAc2
structure. The invention may also provide compositions characterized in comprising
glycan structures selected from Man4GlcNAc2 and Man5GIcNAc2, which may be

35 produced due to further mannosylation of a Man1GIcNAc2, Man2GIcNAc2 or
Man3GIcNAc2 core in the Golgi.

In preferred embodiments one or more said glycan structure is present in the com-
position in an amount of at least 40% or more, more preferred at least 50% or more,
even more preferred 60% or more, even more preferred 70% or more, even more
40 preferred 80% or more, even more preferred 90% or more, even more preferred
95% or more, most preferred to 99% or 100%. It goes without saying that other sub-
stances and by-products that are common to such protein compositions are ex-
cluded from that calculation. In a most preferred embodiment basically all glycan
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5acid synthase acitivity, nore particular the the nodified host cell

exhi bi t s, WORBfAHAYTyY het er ol ogous, enzyne activity for @OIFEP2HWIHETB16
processing that is selected from mannosyl (al pha-1, 3-)-glycoprotein

bet a- 1, 2- N-acetyl gl ucosam nyl transferase (G1Tl) type activity, in
particular a Mgat1-type transcri pt; UDP- N- acet yl gl ucosam ne
transporter type activity, in particular a S1c35A3-type 10transcri pt;
mannosyl (al pha-1, 6-)-gl ycoprotei n beta-1, 2- N-acetyl gl ucosam nyl transferase
(&G1TIl), in particular a Mat2-type transcript;

mannosyl (al pha-1, 3-)-gl ycoprot ei nbeta-1, 4- N acetyl gl ucosam nyl trans-

f erase( G1Tl V) strudturpa ipradided byahd/yetl exhipitea MaaBSINABG? ;structure. In another pre-
15bet a- N- acet fehrgduembadiniant ipdsyeatipesit | glgcdi@ha- bretiugad aby abgl cell saxhibdr ase
(&I T) , in peahiGKNAL2 anBbgaMahsSOIINAGZ siusturé.pt ; UDP- gal act ose transporter
type activity, in particular a Sl c35A2-type transcript; GDP-D nmannose

4, 6- dehydr at agg ﬁeype%uﬂ%tf'twé Bbigi-ibdRiRhfidrt 4k HesaritdiiserbinBbove’ A6l dltail, a
20GDP- 4 ket o- gy 9—& i Ssnpler a8 WellBisasBrid N-§IbiHsAsE doraeathS LThe diy- i N
par- ticul ar aP lsé eér%t'rl.ﬁgture@aef, ﬁ%?ﬂ PGt RRite&to: L ype activity,

I n particul ar nscri pt 1,6) fucosyl transferase
(FucT) type actb aHB cgul ar a Fut 8- type transcrl pt;

25bet a- gal act 0SK ?\l Skt ansferase (ST), in particular a
ST69a1 type tr% ll‘ﬁ’ &t %I ucosam ne 2-epi nmerase (NeuC), in
parti c ar 2Fuc N-acyl neur am nat e- 9- phosphat e

synt hase; 30N— a se
2010/ 049177PCT/

Sl c35A1-type tr gefi
NeuA/ Crs- t ype 7
A

het ase, in particular a
35 eu \C %‘ggﬁéﬁd&c‘iﬁnatnba STZEE{:” ar a
%8? |C 2\ ‘étén .ol gi processing associ ated

§° -
hg @cc &3 \9 n"fc ?ectt'ﬂgse enbodi nrents the cell
c3Man3GIcNAc2

corrpn% s at |ef§
enzynme activiti

f?‘ &
expresses one oejﬁgg\l

GaI3GIcNAc3ManBGIcNACZi=uc,
20 NeuAc3Gal3GIlcNAc3Man3GIcNAc2, and
NeuAc3Gal3GIcNAc3Man3GIcNAc2Fuc.

In preferred embodiments one or more of the above-identified glycan structures is
present in the glycoprotein or glycoprotein composition in an amount of at least
about 40% or more, more preferred at least about 50% or more, even more pre-

25 ferred about 60% or more, even more preferred about 70% or more, even more pre-
ferred 80% or more, even more preferred about 80% or more, even more preferred
about 95% or more, and most preferred 99% to all glycoproteins. It goes without
saying that other substances and by-products that are common to such protein
compositions are excluded from that calculation. In a most preferred embodiment

30 basically all glycoproteins that are produced by the host cell of the invention exhibit
one or more of the above-identified glycan structures.

In some embodiments, the N-glycosylation form of the glycoprotein according to the
invention can be homogenous or substantially homogenous. In particular, the frac-
tion of one particular glycan structure in the glycoprotein is at least about 20% or

35 more, about 30% or more, about 40% or more, more preferred at least about 50% or
more, even more preferred about 60% or more, even more preferred about 70% or
more, even more preferred 80% or more, even more preferred about 90% or more,
even more preferred about 95% or more, and most preferred 99% to all glycopro-
teins.

40 Preferred embodiments of the invention are novel glycoprotein compositions that are
produced or are producible by the host cells exhibiting at two or more different gly-
coproteins of the above-identified glycan structures. Without wishing to be bound to
the theory, in a preferred embodiment a particular host cell of the invention is capa-
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of the follow ng genes: ngatl, ngat2, slc35a3, b4gaftl, ngat4, slc35a2,
gnds, tst&0208/@36¢1, fut8, st6gall, neuC, neuB, sl c35aPCTARANOUBIE MS
and/ or honol ogues t hereof.

10Thi scel I i sparticul arl ycapabl eof produci ngN-gl ycanwi t h

NeuAc3Gal 2GLcNAc2Man3d cNAc2Fuc structure. The invention thus al so concerns
a host cell or a plurality thereof, that is specifically designed to
produce gl ycoproteins with this glycan structure. The invention thus al so
concerns a, preferably isolated, glycoprotein having this structure, which
is preferably producible or actuallly 15produced by this cell. The
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25 mannose arm and at | east one A cNAc attached to the 1,6 nmannose arm of a
"tri mannd¥e20WIHRL77The "tri mannose core" is the pent asa®CHEPRYS/06WBIEe havi ng
a Man3 structure. Conplex N-glycans nay al so have gal actose ("Gl ")
residues that are optionally nodified with sialic acid or derivatives

(" NeuAc", where "Neu" refers to neuramnic acid and "Ac" refers to acetyl).
Conmpl ex N-glycans may al so have in- 30 trachain substitutions conprising
"bi secting” G cNAc and core fucose ("Fuc"). A "hybrid" N-glycan has at

| east one G cNAc on the termnal of the 1,3 nannose armof the trinmannose
core and zero or nore mannoses on the 1,6 mannose arm of the trimannose
core. A f antigearbirding dragmientshihereod,endrmones,sgrawth dacters, Btimulatitg fagters,

gl ycopr ot ei n whérhokindspan dytokines seorg|pacinlasly r regulatoey proteins of the TFN-family,

gl ycopr ot ei n- ggtmosaiétiro (EPONP yosadatroping, drnmumoglolliine o raiutocyte-naoriopbageow
mannose gl ycagolshy-stirhulaking fadtoss, [teffe@ones] apatemdymest Mbsdterefeoee iglycopsroteins

het er ol mgous pr glyebproteim composifieris' @ Seledtaa tfrom esrgtiodoretinhERO)0 linerberen-
protein is a [dsHarbinteaetorPibetad iterferan-[ghmiiad dinteiferdrofdniega), aid graaulooptent i on
i s a conposit CF, tetdr VI, faeoPIX, Huitandtrofe@i € 8610816 UGE asebptor [diphajehambimant

gl ycoprotein hhuabglbsurmecdw@eql FHb ¥l @wltﬁomstehawymtsb afeatthy@sinrinteibitdron,
wherein the cuomend pioféﬂﬁal rBivifarior! growih BomToPRIreleasing fedtormana

gl ycansgt r uct Hegn of f RdebiA NAGflost - 2AR5BIBA BAdCAREHB] BRRAA Faber-8 1 yeloid

" Reconbi nant BFdQEﬁr'tdt inhiREHE KGO0 USstBEbRIGBrIn 2 BlicoRREROSHAS UgalBEBEstEN "
are used '”tebfﬁgﬁﬁ%abélﬂhé@ iduPbrRtiade® BetBaD: BRBlosA8s¢h iseky- blEcayididec esethy
reconbi nant D&y dsGaiHi aégée%etavmra?-rnesuesé@r Han-fdébkﬁd%%ﬁvlétﬁtafdéé Banyagpt i de
is inserted 'fthse;%Slé\ O\ 8RR R MinidRisk 0 hs iyl do%aﬂnmrddéénrddnﬁﬂt&téﬁ-
transfoem a hQgfyt alb fue |HQ‘N acetf] ﬁ&ﬁsrfé’rlag JOH&talh Qhﬁbﬂmrd-ggé‘t hiy&u- t he
pol ypept i de i 5 i %t]ﬁq%ﬂh@srgb% OGS AMAHEE BHsBhotidhsferiieetRid ed

vari ant there p [ | c -
Man3d cNAc?2 gt' ra}e 58%ﬁruc urrﬁg?éd%?)ﬁﬁrﬁ %hprot et?‘%egtgnp%s??r]gétﬂgn#? EPﬁ%mat

| east one gl ycopro S%I nwth a I\/anBGI cNAc2 glycan structure In anot her
preferred varlan 10 hg k t5rov dﬁd a roce h @ org oteln
wi t h a, ManZGI ' grved PLDE inventen i F‘c’i'{‘ ﬁ’%?& Yf’" p

conpri ¢¥ng at g{eéﬁgt” Y Erb ?JtF@FnWWt?H ?j f

I n anot her pr ‘é‘? % NSy HEF%’T War,glyep ?tSW? A5y |e

gl ycoprotei n {aNROSE i ‘c’:'é’ﬁeg L ECHVE pé?teQ IS pr erably pro ”C

gl ycopr ot ei n- Ptﬂﬁ'i?o%qch&ﬂrdmrrﬁrtresﬁ’ §eUdnYeatd}- one gl ycoprotein with a

ManlG cNAc2 gly- 15 can structure. In another preferred variant there is

al so provi dedAsprefesied embiogimend khargofas an iramunegtebulin e g piusely af immuynoglobu-
Man4G eNAc2 gligs sinotharreefgrred embaedignent dpgreefds n ody of antikegnsPmePsitiomt

| east one gl ycompusiag onaior tmare vk theGaNaddeniified ammeineglebuling. The,tesmofimap-
preferred var inagiobulimdreferss taahry Mplepuiedthat Haprapcemsinoranid gegueange Lyh\ires of | ke
gl ycopr ot ei n wihidh ibspesifSallydintarattswilic am aptigancandrwhesein any ichaiop pbiheinplecuds
conposi ti on coapteirsa fupctienally aperatimg:regioncd @naEnsibedywariable regies Mauding wWithy can
struct @de. Theuplinitatos, emypatusally ogcurtiegiot redombinaint toannraf suckep: meleewle sueh of

a nmutant cel | aachoneric omurhanizdtbantibpdiesi. dys. uskideharein| "imsunaglobuliny meansg a
preferably |i guteinoambichicensisisliofionarmd nmre fretypbpldesressentiadiy éncodadsby Batmal | ow
or nost pref emarloglobulpgerte. fThe ipmodagibbuin of the? presemtdn\gnticm prefierably encom-

gl ycoprot ei n pasgessactive fragmentsepreferably fraigmemte ssmpsising eogior mdresglyebsylation

gl ycopmbt ei n @ite.gThec agtivetfesigmentnmean tfiagmentsyofemtibedy bavind &m antigeai-ahtibedy

and/ or said cuéddtioe astutyand iMtlade E@b)2| fab'iFabpFefandabtomipearftévmed usi ng

met hods and neans known in the art. The invention al so provides new

gl ycoprotei ns m@nsfmpgféférrémémbb&rreﬁt is. 3VBh&ifnaRE6ticHP comPEkitdnowRichis 86r8-
produced by t hgisinglohg of moi@bhBE SolRGARY Sh&8r indrd drahé BEGVRLideMtifieSdhdoprotein
conposi tions gk ﬁ&f)lid?élﬁ -6 @rﬁérerabéeamg NthE& GRESh NBndl oY GABreCOR BieSabiovet ur es
sel ectgg from;ddug Areseh S DrotBindaddBRittd EdARentidhebRS 8Phibré of
Man3G cNAC2 Sttﬁé‘QIBéVeQdefnrﬁl@d iMERGJISBUIIHR AT thRe MVERONC BRPESE b MBEe of the
charact er i zed goBy&RIRfified BetitBY GRBordingUMEURGENIBR! FGieREsdarp B MpBGbRNES and

Man5G cNAc2, %B%Bsrﬂ@b( flhe? TompFSsL SE R alUSnd BhéeraEE@(fcaﬂWBB&%Yéb?é camiePr @
ManlG cNAc2, Mangk&GhceNAc2 or Man3G cNAc2 core in the Go
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In preferred enbodi nents one or nore said glycan structure is present in
the com WOWtW@MTTN an anmount of at | east 40% or nore, PROER2WOOIBIF ed at

| east 50% or nore, even nore preferred 60% or nore, even nore preferred 70%
or nore, even nore 40 preferred 80% or nore, even nore preferred 90% or
nore, even nore preferred 95% or nore, nost preferred to 99% or 100% It
goes wi thout saying that other substances and by-products that are comon
to such protein conpositions are excluded fromthat calculation. In a nost
preferred enbodi nent basically all glycan WD 2010/049177PCT/ EP2009/ 007816
structures produced by the cell exhibit a Man3GLcNAc2 structure. |In another
preferred enbbhl ghyobproteinscaf the iavdntigh yoaofker fsmplateduineghdomatéidicale¢omposivi bi t
a Man4G cNAc 2tiansd/These cenpbéitiondAataystommpriser én addition to oke dhéher aboNet sulf- t he
Col gi - nodi f i csthhess, agshattaacs.tibally dueeptablebexeipiant, cavrier, Hefferj stabidiser or other

5gl ycopr ot ei nmaterialsi wagll lknowpl toxhase sudlldd inshégir SuchNngleyiaBrshoakiebeohdratonizbl e.
The glys coprsidshivuldrottesereglithans efficaticdfithe acthel ingredidnf. Thspréuige mattire
limted to: GfahéehiiesobaheNAvateriaChnalidiepdid 3td\NAaR of administration, e.g. oral,

G cNAC3Man3G iptiagehods S egtahdslis1 8CaliBsalandbas, Maasil infd@dscular, intraperitoneal or
Gal 2GLcNAc2Mapateh edes2Fuc, Gal 2GLcNAc3Man3G cNAc2- bi sect i ng,

Gal 2G1cNAc3Man3d cNAc2Fuc- bi sect i ng, NeuAc2Gal 2GLcNAc2Man3G cNAc2,
NeuAc2Gal 2Gic @%ga? e SBCERR Vggf sheSE&k N,
NeuAc2(al 2GLchid dCer fhe or an adju-

Gal 3Glc
20NeuAc3G;I33 ’or% %ﬁ , }m gjgd m UChljap
preferred errbg fn ﬁ)tﬁloﬂ ge)RFosgDJr ot %hgr%%vgolut &its ¢ éﬁc éh(ét

glycol, propylene glycol or polyethylene glycol may be included. For mtravenous
15 cutaneous or subcutaneous injection, or injection at the site of affliction, the active

ingredient will be in the form of a parenterally acceptable aqueous solution which is

pyrogen-free and has suitable pH, isotonicity and stability. Those of relevant skill in

the art are well able to prepare suitable solutions using, for example, isotonic vehi-

cles. Preservatives, stabilizers, buffers, antioxidants and/or other additives may be
20 included, as required.

Whether it is a polypeptide, peptide, or nucleic acid molecule, other pharmaceuti-
cally useful compound according to the present invention that is to be given to an
individual, administration is preferably in a "prophylactically effective amount” or a
"therapeutically effective amount” (as the case may be, although prophylaxis may be

25 considered therapy), this being sufficient to show benefit to the individual. The actual
amount administered, and rate and time-course of administration, will depend on the
nature and severity of what is being treated. Prescription of treatment, e.g. decisions
on dosage etc, is within the responsibility of general practitioners and other medical
doctors, and typically takes account of the disorder to be treated, the condition of the

30 individual patient, the site of delivery, the method of administration and other factors
known to practitioners.

In another aspect, the invention provides a method of treating a disorder treatable
by administration of one or more of the above-identified glycoproteins or composi-
tions thereof, the method comprising the step(s) of: administering to a subject the
35 glycoprotein or composition as described above, wherein the subject is suffering
from, or is suspected to, a disease treatable by administration of that glycoprotein or
composition. In a preferred embodiment, the method also includes the steps of (a)
providing a subject and/or (b) determining whether the subject is suffering from a
disease treatable by administration of said glycoprotein or composition. The subject
40 can be mammal such as a human. The disorder can be, for example, a cancer, an
immunological disorder, an inflammatory condition or a metabolic disorder.

According to the invention, there is also provided a kit or kit-of-parts for producing a
glycoprotein, the kit is comprising at least: one or more host cells according to the

84



present in the glycoprotein or glycoprotein conposition in an anmount of at

| east aboliO 240940177 nore, nore preferred at | east about BOYEFRO0E816 even
nore pre- 25 ferred about 60% or nore, even nore preferred about 70% or
nore, even nore preferred 80% or nore, even nore preferred about 90% or
nore, even nore preferred about 95% or nore, and nost preferred 99%to al

gl ycoproteins. It goes w thout saying that other substances and by-products
that are common to such protein conpositions are excluded fromthat
calculation. In a nost preferred enbodi nent 30basically all glycoproteins
that are produced by the host cell of the invention exhibit one or nore of

t he ‘above-i depbédtioRd ﬁ BapHblie!6f Proficing theS RIEBmBIFAAE bidkeHh, Sand. préferably a
N- gl ycosyl at i Gl fOmBhR @ulﬁjnﬁ%‘ﬂﬂ{ S31RdoTasA6 PREHIcBthe RcbBinbAYSBleiroN Can be

honbgenous or substanti al genous. In particular, the frac- tion of
one particula gl ycoprotein is at |east about 20%
or 35 nore, @Egbmoﬁbﬁows%g% % or nore, nore preferred at | east
about 50% or nore, even nore preferred about 60% or nore ven nore
preferred aboblgunsepiclst schemalin repseeentationaf biasyaipeliopidilinked qligasa
preferried abolide 849 Pathwaydn yeastnlli@ pinthesis is initiated gbthe Qiter, MeMpraNg o

most pref er r eBRoYPAN gengratiogl of ManoGI@IARZ (MR) piresteres (e L I5dlivRas atodhe

i nvent i on ar elumencaandghe ¢ bprsyntbiepis doeprpriptedohe pliggsagaharide isdirnsterisd ta e
produci bl e byprotein hpte @EI(PSTexhi biting at two or nore different gly-
coproteins of the above-identified glycan structures. Wthout w shing to be
bound to the Figaas 3 depiotseHPLE tracescof [BHbmdhnese:labeled lipid-diokexd ollgosacahafidesof

t he i ny@nti onfrom Aaptr mutidt 204iAs QMG 136N QFigEFR2DA0 A00 2RigBAalgd 1ofiutpntosttaiisng
two or nore diYGe363)iFigiretdB), sliowing theegenetatioh of adan3GIENAC2struaiure SM3pin

gl ycoprot ei nsygi3ggfferent structure. This also refers to internediate
forms of glycosylation. It nmust be noted that in nost preferred variants of

the inventiong ?En QRbicEEHPLEI tPated &5F [319)- rﬁﬁhrﬁ)%éﬂéﬁéléﬂ pRYdifnsked Bigdbaccha- even
purely (more jifadg Fh/zxa??? nRltant shing (V&5 B6b) lgite %8A) rraﬁa NAHRI19dnGake or
rore) - 1gne pashiRdlve ey i 051 W £ 0y ANGLRST MuhSARNAE AP RSLERR
two or nore j%ﬁé ; éNx‘éﬁ Sin Qhe t agi E&ﬁﬁér‘trﬁ@ntt {32 MaRBEICRIARD! 4T &hd

5

co-cul tivat ed nor e ferent N-glycan structures, which
results in "mxtures g ycoprote| ns of different structure
| nstrunent at i nswt a y|
PRISMr) 377 fﬁN{i Q.E%W M%n %? CDel‘l 9! er ‘s°t' gd%%
per f or ed u5| " W rot f p %]h
Addi t i hal ik 68@1 lI'ﬁ?it e
(e.g., NALDI - %“ﬁé‘ r‘% P‘?tg reoS
phase, revers g @ it &? d
anperometric §EY ﬁ X "7'
absor bance or SP?‘HU%%% %b& Qlfé‘ EEniY Eélml\fan EB 8 Pl miz
pr ef er RRd enbdalﬁM‘i‘t and aé”\’-’e gMHL 4rey fll'"H&r ex-
produci bl e by tgndeddnthe %‘P%‘W@’F’Iaﬁﬂ?ﬁ °cM apd MY i sing N-gl ycan of
Gal 2GLcNAc2Man3G cNAc2 structure. 20Another nore preferred enbodinment is a
reconbi nant hiigue Al for nheleptideussROpncas drading| fded wr fragmeats) thereof Ak
i nvention, cofe iaslimy acler sequenges hriBe dranserinke JePAfcIERAlSAization Senebitic
structure. printed underlined, the transmembrane domains are printed in bold letters):

30 Figure 5A shows the nucleotide sequence encoding Fic2’ (SEQ ID NO: 1); Figure

5B shows the amino acid sequence of the Flc2’ transcript (SEQ ID NO: 2);

Figure 5C shows the nucleotide sequence coding for the ER localization signal

and for the transmembrane domains (TM) 1 to 3 of the coding region of flc2’

(TM1-3) (SEQ ID NO: 3); Figure 5D shows the amino acid sequence of the tran-
35 script of the nucleotide sequence of Figure 5C (SEQ ID NO: 4);

Figure 5E shows the nucleotide sequence coding for the ER localization signal
and for the transmembrane domains (TM) 1 to 2 of the coding region of flc2’
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In preferred enbodi nents the gl ycoproteins or glycoprotein conpositions

can, but weediowmapl177be i solated fromthe host cells. |In pCEEPREIQDOTSI6

enbodi ments the glycopro- 25 teins or glycoprotein conpositions can, but
need not, be further purified fromthe host cells. As used herein, the term
"isolated" refers to a nolecule, or a fragnment thereof, that has been
separated or purified fromconponents, for exanple, proteins or other

nat ural |l y-occurring biological or organic nolecules, which naturally
acconpany it. Typically, an isolated glycoprotein or glycoprotein
conposition of the inven- 30 tion constitutes at |east 60% by weight, of
the total nol ecrives2pfSEQ D NDTES)! Figerei SF shawsetharantin®acid sequencé Wit trare

total nol ecul essdipt bfithe patEotideRquBnce SfFIgUre SERBEQaRaNP] &); an i sol at ed
gl ycoprotein constitutes at |east 60% by weight, of the total protein in a

preparation or ﬁ m%' 9@ s'h8w§<2n@ nﬁabawenﬁauénc@&d.% AURE ER HEARARSESgnaIN t he

preparation c0n§ s}n% 'i'an%58{8 ghs [(FR5 2 694%f e %dlh&e?’éélpr?%%ﬂc y
wei ght, g of 35”‘ E'?[E E §|%Ws tfh)épa%lh@ Eidi¥eqiétce ‘Pﬁbtr
geneti caIIy eng 08 ﬁﬁ g 8 0 pro uce novel
gl ycoprotein or c rrp05| |ons reof tRat are t erapeutl cally active.

gh‘% aelll {.Odéceq or

Pr ef d gl t t
are produci bl o HFUE 5 Sorse %yc‘ﬁ%oﬁgglsgﬂﬁo%gs g elel e
enbodi ments in-@ d ?&89'89§eg° ot 7ic

| t i o
anti coagul ant's IBYIS, iy SeqpRREeeb o R0 7316
ant i geH’gbl ndi ngsqrwég%ﬁﬂ%ﬁq“eﬂ?ﬁ d%‘é’e (QF ﬁg?&:fg stimul ating
factors, chenokines, and cytokines, nore parti cuI arly, regul atory proteins
of the TFI\I—faFrlgw;e Sleslquerﬂapmuelephde(mpnceg@ws@ﬁ@nhm)thﬁ@ndpmnmé@mwﬁrﬁs
gr anul ocyt e- nfie? (PEQAJE N |6dhthe undearliad pagtisraidentifies thenstart tedahmes, and
enzynes. Most preferred glycoproteins 5 or glycoprotein conpositions are
sel ect ed fronFigarey BArdupidtstai spditidChssalyndfewildetyps-dtaim bahparedttorAnt anuthbet aj |
i nterferon-[ gawamms carryihg it e EMPBORLtor RN WeaRET Doy tRIs2SExprésuidropladtid |
factor14 X, hugnFrRY! Bhth fow $6hsiéts &ofl g Eerificlintion of #epmalcatddastrain. Plasmid
i munogl obul i Beme KItZ@an EsthpleehOfhe RAMdelstion N Figure BB/ dBpiEts alir€spetlivedsi n
i nhi bitor, | Ghpdtimflasuhydf Wilgtybe Qidirflesripdredtenhly 1 anltait straihe\Wiure 6C de-

hor none- r el eapicala ragiaefive 8Pottind) aBE & Wild WpeOstrami ebBbaredA0 A AIG2-AtrhiRant
vascul ar endogﬁmhg al gﬁgr owt hﬁ? a'i{?orﬁz nyel E}?S progenitor i nhlal;?t ory

factor-1, osteoprotegerin, glucocerebrosidase, galactocerebr05|dase

al pha- Ly i duropjdasera 6k g iaadl ok éé@ég o &3 utHﬁP§f Garrying either the
bet aheXosam ni & el f S g&@é % tg)*asm'p 1 G dhaRoraio bthe 25e
B, aryl iSu: f at 'transmembrane domains 3
aispﬁrtyl gl uco 3@4 1T SI n ?d‘ a conSIsts ofa senal dilution of
alpna-g “Cosa{ﬂel | a E r%Fny Js ZmQSFI%o A&tetion. In con-

phosont s ansi ?ﬁfTi%@%po %”5%@ &?zosghé ﬁ@%@?ﬁiea“

phosph ransf §?§?
t hi oest er ase, t
the inventionF& % reconbl nant therapeutl caI ly active prot ein 20 or a
plurality of such protejins whi S .conprisin oneo nor
above- i dent i f FE4reY§aspictstae ﬁ%g'YF?ﬁy}?A'Pf‘Péﬁ?rQPg 0 E‘iVHE’?WS\)’ie %rr?'"
above-i dent i f A&H iEins r%r%egtie{rlm grety émt EYERYS8) | ¥ P QEtPR/e
protei AQis pr EYLEEMESSION Of ¥t Ipiapdf)c? fliPrRase) Bard FeRTERENNS fully glversyisted
i nventi on. ePY) Pbd hypagieanylated foema i GRY afe i'%'ﬁi’ﬁﬁ?gl”ﬁ'bu?vl % ot @pd -4.
plurality of YFRERSJPRIsEENts 4q original plape Kientiiaddn dhg BESSbodi ment thereof s
an anti body or anti body-conposition conprising one or nore of the
above-i dent i f Figire fdepisty IIBLC itrases ahi@Hi-mannoseriabeled llipiddinked oligotacahatidesany
mol ecul e t hat froes Adt? envtand straing: SégyoeBée Asft1 utantestefinsapareying emphevedtocal |y
i nteragss w t WEpB52rFiggrerBBinkifthinmtaitrstraimg cangingsRitl expressiml eanstractc bigues n a
functional | y 8feddtf mgtantsfraims cHrrying el ieprbgsiomconrsduet. r egi on i ncl udi ng,
with- 30 out limtation, any naturally occurring or reconbi nant form of
such a nol ECU|FQ;|ﬁél9fHe®&:t§h1eW©éul& 6fra RUBREDsyRtom b cabakypeptidade Yisedildigsei n,
"1 munogl obul bRAargBaRR 12 Nitettejcastditaint E&PRyFIgsdithePhin @RMtYPlasmide YEPBSDEPL | des
essential |y eppeamds foy ordtexpressisrodfdied’ ot Rfefippase | munogl obul i n of the
present invention preferably enconpasses active fragnents, preferably
fragments conprising one or nore glycosylation 35 site. The active
fragnents nean fragnents of antibody having an antigen-anti body reaction
activity, and include F(ab')2, Fab', #ab, Fv, and reconbi nant Fv. Yet
anot her preferred enbodi nent is a pharnaceutical conposition which is com
prising one or nore of the follow ng: one or nore of the above-identified
glycoproteln or glycoproteln conp05|t|on accordlng t he |nvent|on ~one or

o o S T . .




WO 2010/ 049177PCT/ EP2009/ 007816 The gl ycoproteins of the invention can be

f or mul at edlOi2n10gar7TMaceut i cal conposi ti ons. These conposPCILARP009M978¢ONPri Se,
in addition to one of the above substances, a pharnaceutically acceptable
excipient, carrier, buffer, stabiliser or other materials well known to
those skilled in the art. Such materials should be non-toxic 5 and shoul d
not interfere wwth the efficacy of the active ingredient. The precise
nature of the carrier or other material may depend on the route of

adm nistration, e.g. oral, intravenous, cutaneous or subcutaneous, nasal,

I ntramuscul ar, intraperitoneal or patch routes. Pharmaceutical conpositions

for oral adm pjggtd %H%c@&ﬁe Dfostdin bt r&uits ﬁﬁBSNJGS/coﬂﬂ%ﬁonJc@ cH®boxpeptitishe d
form A tabl e*( (BPY) af& beee1 8-girthahés aerrrsfeeéses g@f)smgﬁ 4&jger\Radt (Y& 50d) srvant .
Li qui d phar ”aﬁr%tﬁdt éést%mesiém@%%@?r d YG1 863 Uiiig3nald 1Y espredsing Flc2such

as vvater pet figh 13@3 ere MRS Oh S OFILS fligPa38 Rl LMStID). BanBs Reprb S
oil. Physiolo rﬁfe\ fa 52% %GQP@PY?)%HWT%SQ@ 9l foffiS 6RBPYCaSChefy on
or ¢l ycoI S sug ol ropylene g ycol or pol yethylene glycol
may be include |ntravenous 15 cut aneous or subcutaneous i njection,

or injection t

the formof a éftFeg Z#’éoﬁe'? Oftggclil P@a thg %t | ve hn%e\/\ﬁl enh )M1l’ mgt%nt

pyrogen-free § a{n Elvt' l gsry foﬁ'ﬁ%%{g(%

rel evant ski | F'OM’ ?'?)d FB ?.l ég'v sg@'t 4y 'g

usi ng, "¢ or exaﬁ%hépoq 3@8?’61’4?9 |Q§I arlgrn;g Wity ek -2, 'zers, buffers,

antioxi dants and/or other additives may be 20| ncl uded, as requi red. \Wet her

it is a polypEjgureld? depists alschesnatieuepeasentabiony ofraIpsefaired compesite system ac-

phar maceut i cacorgingsteftoe Irwerrtmufnd Nalinked giviegsyiaiontie ajd@‘égfeﬁ?ttkanf%rﬂsl exemphat i s

to be given t fiechfori yeastyilnlotire dathifi Hiessynthasisnofi the ipidfliokedofigasaceharides oc-
"prophyl act i catrisyoretheazytaplasmicrsigdetof the ER; thehsyriipesist isdaitiated dyftbe transfenabunt "

(as thescase physpheie adsidusagh goliohdyhaRSesSIragnd ¢he Bligasaschiside ddaneenisgy) ,

thi s bei ng sutdnded et theccambeutive rastion of several innddsacdbaride ansferasasadn #heount

adni ni st er ed, cygnplasmtce anttl lwmeeak osids e obf thednERi dinaliyt i leadingd Ité  Heigdnkedn

t he nature an®lc3Man9IGigNALR. Wipid-linked@icBianI@alNAcR séves as ispbsteate &dr the en-

treat nent, e. dogetemuissndtisulumitd@astaigesacchasyloantplex(Csheomplep) itsihiei donmtppsof

gener abo pr act ité ispstemsalghandalgét gemss araldetbtert (@afy 1 1addig8)esating in thekesera-

account of t héonloslipidiinkddoMbre3GIcHAE2 T hetremathinylirdrisferasds drbatilBPresemtdn ¥hedual

patient, the sél ;owkeverehre maytivetdrethedipludihked GichAc2Man3adubsinatand novéidL O

factors knownflippags actdrtiingnerthe ihventiont(RrRR’') asylea tprotbhean ogostcamanpransdes a

met hod of tr efdrasey(ROTILeBhARIat mgat S8hEP) dmg aded Ninsdrr altarmative fentodinoent e e of

t he aboye-i degkhératich of HsidMmkedemMas3GIENACRTBOSINfertddoysthieletioh  of idpa Tngenkepd

conpri si ng t henesprRBO)of Mhicragenienatas @pidHigkédmanncsd &cthet dytopkisngt gidef teei n

or conpositi oFEramefdPaid (DRMADOYVEn anb@atveembedidehi tetgeneratioh fotlipidgdinkedm

or is suspect ¢fhnBGICNAGY is eRbferieteil thil deidtionasirtheinsdriogadabaried fiippase, which

gl ycoprotei n @ipps an® edlidHoRnked manusefiator he ERDGHemesteriskh eLipigibiost mlano

i ncl udgg the &b@@ger@és b Abnér o tHdi ER) IiinsiUIBEREE oRgusattharfirarfifsrasds. I Ednbi-

whet her the swuhii@ftwitrs the!f 41§17 NBufationn sucli 8e88IE WilRAtadD eréducedipidilinkédt i on

of said glycomaeidNAYL. READASAHL fon. usdersnsidrasds, 4ippase mﬂﬂa&mbom@ ofis a

human. The di $g¥ gkeist O8hcdidpled rid %&féﬁk@nthés@é@@tﬂfctur@@até@ﬂﬂféd AYreal
di sorder, an inflammatory condition or a rret abolic disorder. According to

tlhecionve[“e | ong %J?&% dbBicR! (AQ nBEIGNALLhafiehid of d prkfehrellenfiibldledt W¥ioPeaPisl No.
alycoprgtel . s %3%@&%3%%%@5«5

007816 |nvent|on that are

capabl e of pr UCIn the prote| nd refer uItu
medi um for cul f %F\g e EUC A (ﬂ %@%‘R @@
DESCRI PTI ON G|—= °Iﬁxﬁ[ﬁ5§'oﬁl P T esent at | on of

bi osynthetic lipid-Ilinked oligosaccha- r| de QLLO pat hvvay in yeast. LLO
synt hesi s is ifigure tAederiets ahechemate f?ﬁiﬁ%ﬁ”éﬁi@nd?f henlsungated yrspiog e Afansn of
Man5G cNAc2 ( MEBSmbyapedomens t ked) ofdhe yeast e aratein.origwe 1 5k depisisna speitinthe

LLO syHPhesi s assayofdfidtradtantrsieaing ¢a%wwc@m@r theeemplyveaios {\e G ledr the vetors
protein by thdorgv mrgssmn of Flc2' (oe Flc2*) or of truncated elements (TMD1-2, TMD1-3,
TMD3-4) or individual transmembrane domains 1, 3, or 4 (TMD1, TMD3, TMD4) of
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Figure 2 depicts HPLC traces of [31-1]-mannose-|abeled |ipid-Iinked

ol i gosacowmanoes9w@ from Aalgl 1 nutant strains (YGL36BLT(EPR¢067824), and
Aal gadal gl 1 mutant strains (YGL363) (Figure 2B), showi ng the generation of
a Man3d cNAc2 structure (M3) in YGL363. Figure 3 depicts HPLC traces of

[ 31- 1] - mannose- | abel ed protein-linked oligosaccha- rides fromAalgl 1

mut ant strains (YGL365) (Figure 3A), and Aalgadalgl 1 nutant 15 strains
(YGL363) (Figure 3B). The ER synthesized Man3A cNAc2 LLO structure (M3) is
further extended in the Golgi conmpartnment to Man4d cNAc2 (M4) and

Man5G cNAc2 (Mb). Figure 4 depicts MALD - TOF M5 spectra of 2-AB-1| abel ed

N- gl ycans i soFle2’edriincated: elementd Wit rtcinsmesmbrarendembids t 3/ @ed s (BVMDS-4) \&hd
(Figure 4A), wadsphembrané domaint4 @IMDB4)20e shodsl cmmplémentrdeletiBh of Rfttl to simi-

Aal gadal gl 1 ppievets ad fullilesgth YEREGandriérgbriane 4GmainEhe to Wyli Rigute#5C Nepictsc an

peaks are anngeaieedts SENGBlyddglaties Pe chtbogypeptitase Y €0PYS émtArfD niutent yeast
structure is FREP@eEECRY) drwaunbatedaleysich BE FRAMEHAPHSIAE DA )transmetbeaneadel t he
respective i ngiafiah el FETREIC2RTMDRN"BSRIs RpAIsenitig fully ghRbsylatesr(mePv) dvid, at
further ex- tgads 4(P|c§*1¢|v@zl) GloneaREdniBiEtheitah&Mgly2BsyIdfon defidieney ibPAMd | i st
the nugd eoti d%um?%gﬁa,ﬁgcodl ng Flc2' or fragments thereof or the am no
BE o "R Hll1o4 BEgkc3fe RIS B0 \IBTRL eofta Egs%‘* ers)
S0 gur e 54 Sf L?gat g ca§ ge s
Fi gure 5B sho (t° g
2); Figure 5C o [ on
2 o S8 srqp ;ﬁiﬁ&% o] 3@ &%f i3 c%g*,gﬁ
' e of
the tran- 35s yp& ‘Bﬁ‘?é" %?%5?‘?‘8 ns '_13 i th4);
Fi gure 5E sho D", ieqmety %c‘b S
of flc2 ID NO 5); Figure 5F
shows t he am no aci d sequence of the transcri pt of the nucl eoti de sequence
for the ER |o@mndsatlsqta1e@fr redlalghtimutant stiging (¥R LIRONGAMYIRI GBPE vﬁfrtqrfw&)z to
4 of the codi @gmr@gﬂé\m the pfaspud for overexpression of Rft1 (oe Rft1) (Figure 17B), or Fic2’
Man3GlcNac2 (Man3, M3), Man5GIcNac2 (Man5, M5), Man6GIcNac2 (Man6, M6),
25 and Man7GlcNac2 (Man7, M7). M2 and M3 oligosaccharides are located on the
cated on the lumenal side of the ER membrane (lumenal). The relative amounts of
cytoplasmic versus lumenal LLO species is indicative for flippase activities of the

Man3G oNAC2 t gtrdifi daryinderAerQGry emptysplasmaiduves.),(dvBplasmitie 29r. oerexpressidrect

nMz 251215 Mipyraficasylated fddns’ oVBPYThe incated! DoelexpresdiBn lof @ambmenibrdme i s

acid sequences of the transcripts thereof. (ER | ocal i zat i on si gnal | s

of fic (TI\/Il Hég%ﬁg

si gnal and fo B,@H 3?9 ll:%g%% i I? 18‘3%%@5 &R dﬂt’ﬁg ':7-' %l on

of Fig2®e 5E FigEes DARE dgpict HP4Gr tacss ofHallkmaReosedabeled ilinig-ligked, elgesagondi ng
(oe Fic2*)(Figure 17C). The LLO species detected are Man2GIcNac2 (Man2, M2),
cytoplasmic side of the ER membrane (cytopl.), M5 to M7 oligosaccharides are lo-
expressed proteins.

30 Figure 18A depicts a growth assay of Aalg?11Aalg3 mutant yeast strain carrying the
empty vector (v. c.), plasmids for overexpression of Rft1 (oe Rft1) or Fic2' (oe Flc2*).
Figure 18B depicts a spotting assay of the respective cells. The growth assay and
spotting assay show the capability of the overexpression of either Fic2' or Rft1 to
improve growth of the Aalg11A4alg3 mutant yeast strain. Figure 18C depicts the re-

35 sults of N-Glycosylation of carboxypeptidase Y (CPY) in Aalg11Aalg3 mutant yeast
strain carrying either an empty plasmid (v. c.), or plasmids for overexpression of Rft1
(oe Rft1) or Flc2’ (oe Fic2*). Bands that represent fully glycosylated (mCPY) and
hypoglycosylated forms of CPY are indicated. Overexpression of Rft1 or Flc2’ im-
proves N-glycosylation of CPY.

40 Figure 19A depicts a growth assay of Aalg71 mutant yeast strain carrying the empty
vector (v. ¢.), plasmids for overexpression of Rft1 (oe Rft1) or Flc2' (oe Fic2*). Fig-
ure 19B depicts a spotting assay of the respective cells. The growth assay and spot-
ting assay show the capability of the overexpression of either Fic2’' or Rft1 to im-
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5(TMB-4) (SEQ ID NO 7); Figure 5H shows the am no acid sequence of the
tran- scrwptoyfo491ié nucl eoti de sequence of Figure 5G ( SEQIIED2NIO00BL6 Fi gure
51 shows the nucl eoti de sequence coding for the ER | ocalization signal and
for the transmenbrane domains (TM 3 to 4 of the coding region of f/c2
(TMB-4) (SEQ ID NO 9); Figure 5K shows the am no acid sequence of the
tran- 10script of the nucleotide sequence of Figure 51 (SEQ ID NO 10);

Fi gure 5L shows the nucl eotide sequence representing the endogenous
pronoter of flc2' (SEQID NGO 61), the underlined portion identifies the
start codon. Figure 6A depicts a spotting assay of wild type strain
conpared to Apfové gravithrof thet Aalg hs mutemt yeas) steain hEigutehtOCedepiigts thectesults ¢fN-1 ( oe
RFT1) or FI c2Glyessyiationi efrcapbaxypeptidase Y((@GPY)lin 2Ag)g1 1Eaatant geast strainstasryolg a
serial dil uti eithepfantdrpty pksted € cs) bapRsSMidsaeMovkrbxprassidr o2Rftt foe Rftpore ment
the Rft1l del eFic2mo8; FIE2*)UB#hds Bhaterepdsentafulle glyesdylated émOPY) and agseglycoby-wi | d
type stgain crmRfest6f GRYdE iRdicatet. Sverixpressibh pfr Rft5Gr (iR’ dinproves N-
respective spgiytodymtionopgPyf wild type strain conpared to Lal g2-1 nutant
strains. 20Figures 7A and B depict spotting assays of Arftl nutant strains

carrying eithey FehﬁoR %C Pemafi trdpr Férﬁztm & 62 sfyﬁﬂ"t%?rlﬁsal Mo NG
% EEI (%'fada'fﬁy s cdnéetitive 39- OF

b
Eal vt o ol
consi sjs of a ﬁ t ﬁ|s'rﬂ&bﬁ f& uéésﬁﬂb?ﬁf&@ 3% | c21
can corrpl erren s e %I o [’Osf%cn&??lg ha I’vﬂs he 2tl bp@o&?{l full

Ienght Flc2 (R

b bout

F{ggge%g‘*deg, gP‘f"% A%a ‘@Sy 1%% zm I°%n§tﬁ’%%°3% g &
yeast ra| n ﬁ tur b fo‘?'i(}i’ es in
(BYE(FJ)I:s),Sre’ rese f rg)l r FIPP% e %f }O{TPB%SG f
Cg:]( are Pndl c L'E f 'Zl %‘iﬁﬁ F

fr n
cl one identi fF L\Q&?S%Of B %J %L?i? resenté)fl
[ 3H] - rrannose- ﬁr‘?uk‘@ P 8§ Hea ‘?"Eﬁn Ic 1)
strainé® Fi gu g
Figure 8B Ar ) E?? E)q_ -;%’;% $ EN rFQFF ot gure
8C. Arftl nut éH&'"dﬁ"F%% ﬂ%‘ 6&’?4“{;@& E 8 Asiefaiive '“Cf—‘?agq 9&?
depicts the ré%%ﬂ'?%'ne‘Fatésl‘\P ngatiLisartipncf Mant ype
or Aal gadal gl M1yt Alge- yeast strains carryl ng e| ther an enpty plasmd
(YEp352), or plasmds for overexpression of Flc2', or Rfitl flippase. WD
2010/ 0&‘9177PCFIQEFQ@@A/@@W&LB\GFFGQUtSeOle Glegsisylation nb caboxypentidasstY (GBY) ins of
a N-d ycosyl atlalg!1ahutent yeset/ erlistdadsing vectoGPigy ouergxpression of Flc2’ (oe Flc2*) or
bet a- 1, 3- gl uc armezdanraligesanchary| (rawsfanape iROTee PATE apd4Be combination obFlcdut ant
yeast strai nsaNGPIHh(qertib?1& PQINdBywissepreseatingtidly glycysyéated 69CPYyamd by
flippase, LnBSpogiosylatechformendfi RYiara ioficated 2 Fighta2) Badepicis dhe nesults ®f Mands
repre-30 Glycosylation of carboxypeptidase Y (CPY) in Aalg11Aalg3 mutant yeast cells carry-

ing vectors for overexpression of Flc2* (oe Flc2*), POT (oe POT) and the combina-

tion of Fic2' and POT (oe Fic2* & POT). Bands representing fully glycosylated

(mCPY) and hypogiycosylated forms of CPY are indicated. Coexpression of POT

and Flc2’ suppresses the hypoglycosylation phenotype to a higher degree in both,

35 Aalg11 and Aalg11Aalg3 yeast strains.

Figures 22AB depict MALDI-TOF MS spectra of 2-AB-labeled N-glycans isolated
from cell wall proteins from Aalg3 Aalg11 yeast mutant strains (Figure 22A) and cell
wall proteins from Aalg11Aalg3Amnn1 yeast mutant strains (Figure 22B). The indi-
vidual N-glycan peaks are annotated above the respective peaks, being
40 Man3GIcNAc2 (M3) to Man6GIcNAc2 (M6). In addition to Mannose each indicated
structure contains two additional Gn residues. The peaks at m/z 1053 represent M3,
at m/z 1215 M4, at m/z 1377 M5 and at m/z 15639 M6. The ER synthesized
Man3GIcNAc2 LLO structure is further extended in the Golgi compartment to
Man4GIcNAc2, Man5GIcNAc2 and very small amounts of Man6GIcNAc2. Deletion

89



5 senting fully glycosylated (M CPY) and hypogl ycosyl ated forns of CPY and
Gaslp ar eVPRAIWAPEA. Figure 11 depicts the N-d ycosyl at PER/ERR009/007816
carboxypeptidase Y in Aal gll nmutant strains carrying either an enpty vector
(e.v., YEp352), or plasmds for overexpres- sion of Flc2', POT, or Flc2
and POT Bands representing fully glycosyl ated (nCPY) 10and

hypogl ycosyl ated forns of CPY are indicated wwth -1, -2, -3 and -4. Figure
12 depicts a schematic representation of a preferred corrposi te system
according to the invention for N linked glycosylation in a | ower eukaryote,
as exenplified for yeast. In nore detail, the synthesis of the |ipid-Iinked
ol i gosacchar i ofemnot partallpabdiisbes pragessingiof ER syntitdsizedeMam3GItiNAcE ginudterei s 1 S
initiated by aheevealeddl e stfongTe¢lstionlofiMansd eaklinthe Golgicbmparthefty Sec59p
and the oligosaccharide donor is extended by the consecutive action of

sever al mnosgggh@N@@Ll@m@ferases on the cytoplasmc and | unenal side of
the ER finally Ieading to Iipid-linked G c3Man94d cNAc2. Li pid-1inked

d c3Man9d t t
ol i gosg chérNﬁfag gs;%ﬁg %%é’ﬁ@ F*%? éllgfg'?e;&'dg@gqﬁ%ﬁ%%%@‘?@%%f SRt o

al g11 dgenes '@smti ng in the generatlon of

l'ipid-Ilinked I\/an3GI e rempining transferases are_still present in
the cel | howblBATCITEGTAMAGARC L GHAR m €

BEJGEGT Hid ACIHIOG ot
A novel LLO fAG&&%EA%%GA@ G GAGHAG P@ﬁ A TALTCEHEGCS T T(ﬁ%%n
ol i gosacchar yBGTdH: TETARRAACS TR AN TGEEAATHAACGGE an
alternative eﬁE@ﬁﬂ?@W@ﬁ@G § mQﬁAT TMTAQ HTAERBE GARR DTG s
confert®d by ARECIACGACHAGH M.\T QIGAMBGHA CAS e EFACE
lipid-li nked TARRGEACTRAMETEGH %Wrﬁ@ﬁ%m@ C&A
an al ter nat i vECORIddCREACEHRAGE &TQG%GEBATT TETCATIRIC MAGARACRAGATI s
conferred by GMQPJQ%ﬁdfCQAﬁG%AMQﬁﬁQG T FGCPPACACCARTERAGATIAS t he
dol i chol - | i nkEEAGPEASAAGTAS QTEN GRT GHEATACGRE ECAGRATGACACGGANKECGABA- 30
nose stfves aCAGRGCTGEGECTRETERCCAGGCTATAT EQACTAYOSHICMGCACAGTRGAAALARS. I n
conbi nati on WAARTARECHGALTGRCACAN GUCECITATETCAGSGITETGESI GTACTUASCCTC
li pi d-1inked ABGEETICNIGGTCTEIGATERCTIACTIGAGICCAGNSCIGECACATTIGREIECARIt 1),
conponent s of ACRECATESICATSIG TAGANADAGINC CARAATCTFAGBTAEEACEGCAATEATBGE ar e
printed in gr ETCTCAAGGGTTICGACECAT TEIIRACGERT GRATGCAGAATIEGCANTSRT a
pr ef er2eed enbCEATRGGEATCAPCARKHPCAABETICAMGOUARNAGA VHIIEGHTECSICTAGETACE NO
31). Figure 1GGBGACTAATRETOICTEMATE TGIGBTAGOTAACAACSAQBECETGEACAT
enbodi ent, a TASTCIBCARMAACGTGCIATLICIAT CBCATCRTCTIAGAZATTACABEDTTGANO
32). Fi gur e15B8ACONTATT ASACGETEL GEATEFTCTACHCOACTT GTGABAAGGATCEARGOAASI on
Flc2' (trans- TTRGHCAGECIAGATECTCGTGE TAAGAGGT ATGAAAGAGTRGOTFATT TEAr e15B
depi ct35 a sSpoTAAMATACGAGETAN CTAANTTCT TATTGACCSGPATRGTAT T YT TRC RATTICITAG e
enpty vector TATTTGTAGITGITGS TCICTONMTGATNT TOMATAABGGEGCTATOGGAARI TATAACH] c2*)
or of truncat AdGAGSrAGAATANMBARAGAFAC T, COMBFFO)TTBCAATATAGIBAAGAACTG
t ransnmenbr aneGBGBAGTATTABCARAGECALCBTTTINERGATMKGTATCAYVEGCCTTCCCTCA
2010/ 049177PCAGERZCICTICTE BT GATRIGGGANTTIACT CAIGSTECAACTC TOCAGEGATEIGY ane
domai ngp 3 andTéTTEMISCHBGPAGTAATATTROVGATEGANTT TC PAGABGTBEASOT GEANGBBGCAO
conpl ement defreCAAGEFARIt L to simlar levels as full |ength
Fl c2' (=transnmenbrane domains 1 to 4). Figurel5C depicts the results of

N G ycosyl atl SRof K6r PRSI fesi éﬁfl{éqde’ﬁcé‘ﬁf hgz'rrwgamsmeast 5 strains

carrying either an enpty or plasm f or overexpre35| on of

Flc2' (oe Hal necat.ed. \er A (9 G ephrane
domain 4 of F '\Ef NI C% S+ P 0 M va .’_ F
(nCPY) _and hy ) [ SLEXDLESS, of
t r ansnehbr ane 1‘". ?‘3\ i on
deficiency in L EA(caul ts
of a N-dycos -’tf '
strains carry ﬁ ¥” F
3000- YGSIEETS (oe

overexg‘%essi o]
Fl c2) ands R& pogl ycosyl at ed
forms of CPY 15 are indicated. Overexpression of FI 02 cannot conpl enment the
hypogl ycosyl ati on phenot ype observed upon deletion of Rftl. Figure 16B
depicts a gromh assay of Arftlcells carrying the enpty vector (v. c.),

pl asm ds for overexpression of Rftl (oe Ritl), Flc2* (oe Flc2*) or the Flc2.
The grow h assay confirnms the capability of Flc2* and the inability of full
|l ength Flc2 to conplenent Rft1l defect9 20Fi gures 17ABC depict HPLC traces
of [3H]-mannose-| abel ed |ipid-1inked oligosac- charides isolated from Aal gl
1 mutant strains (YGL365) carrying enpty vector (v. c.) (Figure 17A), the
pI asmd for overexpressmn of thl (oe thl) (F| gure 17B) or Flc2' (oe

o~ — A — e\ o, M. A 7~ 7~



25 and Man7d cNac2 (Man7, M7). M2 and M3 ol i gosaccharides are | ocated on

t he cyt opva2m004817de of the ER nenbrane (cytopl.), M t 8CHEP2009/007816

ol i gosaccharides are |ocated on the |unenal side of the ER nenbrane
(lunmenal ). The relative anounts of cytoplasm c versus |unenal LLO species
I's indicative for flippase activities of the expressed proteins. 30Fi gure
18A depicts a gromh assay of Aalgl | Aal g3 nutant yeast strain carrying the
enpty vector (v. c.), plasmds for overexpression of Rftl (oe Rftl) or
Flc2' (oe Flc2*). Figure 18B depicts a spotting assay of the respective
cells. The growth assay and spotting assay show the capability of the

over expr essi 0BEQfIDeNOh & rebles2ntsothe Mutlkotide sequUenee codinyiibr e ERSodizationl

Aal g3 mut ant gigee tandtforathe tranb@emdrakR(ddieins M) N e 8 of thedcdilildt regidh of flc2’
N- G ycosyl ati @m1e8) car boxypeptidase Y (CPY) in Aalgl |Aalg3 rrut ant yeast

strain carrying either an enpty plasmd (v. c.), or plasmds for

over expressi oRT@ht W@Aﬁ@ﬂﬁ&&ém@%ﬁﬁ% é%‘RéTé?ébese”t

full
orer expt a5 cacg L G A B e e e

T5A dopi ot 5 auSeRM B CIPTIC] ABBICREAY

18 enpty
vector (1. o Ao ClEC AR G (e
TACG \AGTCT A TTA |
o et R o
growth of the Aﬁ °3=f-t. St Al Bl i ts of
NG ycosyl ati o (faSe ‘.‘ Stldin
carrying eith ﬁ g AL s h ..Lis on of
T e Tk
an A SN 10 A RO UM A (0 e
f Rft1l Fi \9 Ve NV Tt ¢ AGS 3 2
gcherr;[atigrrep g > b) ?g 2'53; I "é | 52 $la
tenperature SEHS g. AR ézﬁ W Iid GETAGA
di tions of Qf‘ ‘v: . G GEAMHEAA GG TCCAT
Man2G 4NAc2 1 ERALSCI BN T GRGAT GRIGIAGRGALHAEAATT REGAL g2
activity, whieACLA Tl AGK’\QQWJ&Q%T GTACACECAGTTIGTS G%T&%Cﬁan
ML. The resi dUHACREABECAAGATIATEGTS HSCTATAG GTHGERIART RGEEgul ar

LLO synt hesi sTAREAHTGHCEIATR. EA1 T bEGAECAETAHIIIS TNAJT TATIETIEE.

Fl i ppi ng of I\iﬁ BhE MGET GlieRICd S TdIMETTdI CITTAABTARyat i on reacti ons

catal yzed by Alg2. If ML and M2 structures becone flipped into the 15 ER

| umen, 2% hese SEQUBDINO et rapreseots the prmirseadid sequelnsé phthe ERlocalization signal and
Mannosyl t r anf thedmesmembtdne deRdins@M)antd 3aofdic20(TM1-8Bhgat ed further. Finally
t he ol igosaccharides fromthe different LLO donors are transferred onto the
Asn resi dues MIFLNTFARGULIOFSY C3G TARSSDENDFERASAKMEQTESIAf TAMONSQOFASEF gur e
20B depi ct' s aDYRREPBNNTVIEDIDATETLRGNYTVKAEL L REPKVIOKTEDECELBQWISLBPLEE
expect ed peakaGREIVIESFAVIEISINROE PGVAY TIPRR DMaNZSAVKENOYRFEZPOAL VQAILS

hi gh- ngnnose REKIVOTKYAAVIPRABEISBOGYL T SGMIBYREY SANSRHINGNSISMYZFQNBAFEM ON
the peak i nt emgvSrRPRAANAT GNEQIWSMEIBUTNFMAKFDWIYERaNEISNWVARKDY dual
structures cagVaKRABMASESIYNFDTIEDBSDLY TTBEKBRSR YISAKML/IFRSERVA YLANIERAL €S

that flippi ngsREFMIGRERM pRLEPINR/SNERKI on reaction of ManlG cNAc2 (ML) by
Al g2. 25Figure 21A depicts the results of N-Qycosylation of

car boxypept i dasg | 6P FEs énnwegnfg.je ¥&ARheE BbhiRg § af{h\é' &G fOr
oueroxg e 03%& st m il SR il R

representing gI ycosyl at ed (nCPY) and hypogl ycosyl at ed forms of CPY

are indicated Q i tsnt e BOGI Iat| n_of
car boxypept| %‘% F% 9 Qectors
for overexpr

Fl c2' and P el EﬁTﬁ)g; Q@@%HCPY)
and h glyc

Fl c2' suppre S ggggﬁgg@:?@ cI5| éﬁcd- THAGH
both, 35Aal g11*GR "HS Qfé%? MGEAD - TOF
M5 spectra of 2- AB-I abeI ed N-glycans isol ated from ceI | wall proteins from
4al g3 Aal g1l1 yeast nutant strains (Figure 22A) and cell wall proteins from
Aal glldal g3dmnl yeast nutant strains (Figure 22B). The individual N-glycan
peaks are annotated above the respectdive peaks, being 40 Man3d cNAc2 (M3)
to Man6G cNAc2 (MB). In addition to Mannose each indicated structure

contains two additional Gh residues. The peaks at mz 1053 represent M, at
mz 1215 I\m at rﬂz 1377 NB and at rﬂz 1539 NB The ER synt hesi zed
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WO 2010/ 049177PCT/ EP2009/ 007816 of mmnl partially abolishes processing of
ER synt he¥D28H/INBIT3G cNAC2 structure as reveal ed by t he PETAFAYI0EWBUCt | on of
Man5 peak in the Gol gi conpartment. SEQUENCE LI STI NG SEQID NO 1
represents the nucl eoti de sequence coding for fic2', whichis atrun 5
cated fragnment of the gene flc2 (Figure 5A).
ATGATCTTCCTAAACACCTTCGCAAGGTGCCTTTTAACGTGTTTCGTACTGTGC

AGCGGTACAGCACGT TCCTCTGACACAAACGACACTACTCCGGCGTCTGCAAA
GCATTTGCAGACCACTTCTTTATTGACGT GTATGGACAATTCGCAATTAACGEC
ATCATTCTTTGATGTGAAATTTTACCCCGATAATAATACTGTTATCTTTGATATTG 10
ACCCTACGACGACTHECE CAATCCGUCTIT ARG TGLESBELHTATGAUG TBATGTCCACACAGGTGAT
TACGGACT GAAAGT GBATCATAREATTACICAXGCAATGICCCGEBEATNGATAACACCATTCCAGATTT
TCCCTTTCCCCCCEAACIGEACAACTAS CIGN G TAGCATAAGCACAB AATGACACGGAATTCGAAA
CGAATCATCCAT TETCHMETB 3T TESTCRCEABET TATECLAAGTAACSTAAAGACAGTGCAAACA
GGACCCACAAGT ARAEPAGGTEELCAREEC B VS CECOTRPSACACEVBTCEBTGTACTTACCTC
CTCCGCTGECT T@W@TGWWWCTCACAHGCGTCCA

AAGTATGCGGCCT, 1S, SAKAKKTTASCTATCACTGCAATGATGGG
AGGGTTTGIGTCT %%T@MGW@RWW@G

ACTCCATCTCATTGITCATATACTTCCAAAATCTAGCTATCACTGCAATGATGEG

TGTCTCAAGGGTT T, O ?OQI
: % e alization signal and

CCATGGGTATCAT, o f)’;‘% : 3 R

GGCCACTAATGGT G ] I

&%TTTA@A : G Y e SLLTCMDNSQLTASFF

TTACTCAGCCAAGRY REYERH ¥ FDLESLGQVSLSPLS

TAATATTGAGCT MMERMAYWSERIMET P KREE Y HFELDYGVRY VAXARNBTFEE TPLACVQAILS

TATTTGTAGTTGTRRI G MEHO G AT P X MBS TN PMEX RATAGTHARNSISLFIYFQNLAITAM
AAGAGCEAGAAT A SRR AAAYECAAT TTCTTCCAATATAGGAAGAACT G
GGGGAGTATTATCAAAGGCACCCTTTTCAGATTATCTATCATCGCCTTCCCTCA

AGT TTCTCTTCTGEEQAIDT NCGGArEPTEReCBOhEELCRAITC T SBMBCSADHBY foBlhe ER localization

TGT TGAT GCGGT Asigaa T TTAICINEATADEAECOTARAGAEI OSSAUNT EAGCE A eT Githoy e hiaB GHIG21 D
NO 2 represe(fM2#he anmi no acid sequence of Flc2' (Figure 5B). M FLNTFARCL
LTCFVLCSGTARSSDTNDTTPASAKH LQTTSLLTCVDNSQ LTASFF DVKFYPDNNTVI F D

DATTTLNGNVTVKAFSATERTISOUTAARCACSEENCARB GTS CS T AFACOMYPTIME TRSFGITBEF PG
| AYTI  RPL DAQVRSGSETEAC AGERCSTRIQETEXSACAC NERA EBACRI TS TCCAACTCCATCTC

| AAl SGVGVL T SCRYBETEEAFAAL TS SINAAATIO TAGEE AT T BENARERTB A VEVE fRRAMEME |
NTNFMXKI  FDWEQATIESADOONTINEBYES d G SN ERAGEMSRESPI N EANTEGTCCATGGGTA

L DDSDL YT TSEKDPENYBAKIT ACHARES TTAATGOAAMN GATFFT PNEAFT GG YRECTACAGBYEAE TAA
FFKALLEV'—TRAR'I'G@'WTGG*fﬁ@d:I'AACAAGGACGTCTTGTCCATTAGTGTGCA
40RLSI pAFPQVShRAWAETEY NS ARSI CeR T AB TSR AMMATTTTGACACCATTTTA
2010/ 049177 PCEANERPRE OB ABEFGTROATE AT TSTE ABARSSATE CARG ONATEAE TARGC
sequence codi pRAGNTTIAYCETETPARGAGETATAGHANBAG RTACTPAT I EGETARTAT TR NE
domai ns (TM AT TNATIE 199G B3RS PATRETE T ERT TG CITCCTATTTGTAG
ATCATCTTCCT AMMAPE B eF AT IFTTENMANCBEId E ST S ERAST TCT TACAAGAGCAAG

ACCCGTHACACKRATATTEARABKE AL RO ARTATC EHCEART ATAGCAAGAACTGGGGGAGTAT
CCATTTCCAGACCRGT, %U& < %A%Aﬁ%ﬁ& OREFFECCTCAAGTTTCTCTT

ATCATTCTTTGAT *-’3137 G4 __ CEATTGTTGTTGATGCG
ACGCTACGACGA fere e etlnis oy ("’iy (/&AGE;CATGCAAGCTAG
TACGGACTGAAA AAGA ATTTA e

TCCCTTT TGT CATGT CACA localizati | and
CGAAT TCCATT ocalization signal an
GTA

CTCCGCTGGCTTGTGTCCAGGCTATCTTGAGTAACGGGAAGA
AAGTATGCGGCCTW@@WW%&F@N‘-féTAMMGVSRVF’P'A
AGGGTTTGTGTCTAAAATETRYA YR Y S OAANKDVLSISVQKRAISM
AUMTUMTT@$WMWWW§N@WR%MN'ELSNFFLTG'VF
TGTCTCAAGGGT TEERAdOAMR I OO EAARAR IWTGA AT R TC@XRKNBGSIIKGTLFRLSHAFPQV
CCAT G AT CAT SRR Y B RANNYRNAGKHPPERFSAEREASACGTACA
GGCCACTAATGGTGTCTCAAATGTTGTGGTAGCTAACAAGGACGTCTTGTCCAT 20
TAGTGTGCAAAAACGT GCTATCTCTATGGCATCG CTAGTGATTACAATTTTGA
CACCATTTTAGACGATTCGGATCTGTACACCACT TCTGAGAAGGAT CCAAGCAA
TTACTCAGCCAAGATTCTCGTGT TAAGAGGTATAGAAAGAGT TGCTTATTTGGC
TAATATTGAGCTATCTAATTTCTI TTTGACCGGTATRG G I 11111 CTATTCTTCC
TATTTGTAGTTGTCG CTUTTGATTTI Cl TTAAGTAG 25SEQ ID NO 4 represents the anino
aci d sequence of the ER | ocalization signal and




t he transnmenbrane domains (TM 1 to 3 of Flc2' (TML-3) M
FLNTFARCLWOPCPWEHET ARSSDTNDT TPASAKHLQTTSLLTCM DNSQL TASFRCDWIRRYPOMNETSY/I F DI
DATTTLNGNVTVKAELLTYGLKVLDKTF DLCSLGQVSLSPLS AG RI DVMSTQVI ESSI TKQFPA AYTI
PDLDAQVRWAYAONDTEFETPLACVQAL LS 30 NGKTVQTKYAAWPI AAlI SGVGVLTSGFVSVI GYSATAAH
I ASNS | SLFI YFQ N LAI TAM MGVSRVPPI AAAWTONFOABME | NTN FMQ Ki
FDWYVQATNGVSNVWANKDVLS | SVQKRAI SMASSSDYN FDTI  LDDSDLYTTSEKDPSNYSAKI LVLRG
ERVAYLAN | EL SNFFLTGA VFFLFFLFWWVSLI FFK SEQ ID NO 5 represents the
nucl eoti de sequence coding for the ER localization 35 signal and for the
transnmenbrane domains (TM 1 to 2 of the coding region of flc2' (TM 1-2)
ATGATCT TCCTAASERQDT NOGCRARRIESEOETIRE TARECTET Se@EReeedBg for the ER localization
AGCGGTACAGCCACSHnalGhd Fortha rSESOICT BCALA the coding region of flc2’
GCATTTGCAGACCHM3I- QY TTATTGACGT GTATGGACAATTCGCAATTAACGEC 40
ATCATTCTTTGATGT GAAATTTTACCCCGATAATAATACTGITATCTTTGATATTG

ACGCT ACGACGACKRIEG M TP BAT AT T RGBS & BTG TGTTTCGTACTGTGC

TACGGAGT GAAAGA %CW@MA@&AAWCCGGTAHGTG

2010/ 049177P TATI'TGTAG1TGTCGTCTCTI'TGA'ITITCTTTAAGGCGCT

TCGCTTMCCCCCTA ‘gg&. ah ': EARCATATACNAAGKEACTTCCAATTTCTTCCAA

CGAATCATCCATTAREAAE «‘ S8e¢e ee’ Wé@@?@%ﬁﬂCAGAWATCTATC

SPAPES * vy

O A u; CRRE '& 4 :}% o ATTTACTCAGGTCAAC
oo 3 161 gﬁ%@‘b CGATCCTCTAGAG

AA% = :” eu } _‘tme- OGSTETACT TACET

ern > g
AGGGTTTGTGTCTG 3 ST AR ' "’ CCTCACATTGOGTCCA

ACTCCATCTCATT AGCTATCA GCAATGA lization S
TGTCTCAAGGGTT%%M %@F acid sequen %“8 izaligh slanal ¢
the amino aci @"SHNGIEANSTEGOrANRARMAING, %ﬂ‘f giFle? nd 10 the
t ransmenbr ane domai ns lto 2 of Flc2' (TML-2
FLNTFARCLLTCFMWWF&%D%WW D%EW&B%@ DRV DI
DATTTL WVMMMMW@!@M@S&MPWEFﬁggNﬁWAWI
PDL DAQVRWAYAGNDIBREESTORNAS LS
NGKTVQTKYAAWP| AAI SGVGVLTSGFVSVI GYSATAAHI ASNSI SLFI YFQNLAI TAM
15MGVSRVPPI AASFQINIENQ: 1D idfteséntsahe @aeindtidet sezjuancd eadingl for Slee| ERnloealizatibmg
for the ER | ogghbidtid fortheitnemembehreadonidie (T ahefthaboding rehioresfiis2((TM1) 2 to
4 of the coding region of flc2'" (TM-4)
ATGATCTTCCT AAAGAATERGEANAA CAEATTA AARRESTASEFARTAACETER TTCGTACTGTGC

S 656 FA SRR T T GAEACRAACBAENETAC TCCGGCGTCTGCAAA

ATTGTT TATA TP NERA S TATEE ACARTTCGCAATTAACGGC
GGTTCCACCCATT CEATAAT RRFAATGTTATCTTTGATATTG
TCATCAATACAAAG e A TS FASACBCTGAGCTGCTTACT
TCGTGTCTCAAAT @] S PRI APT A TEAT @B TTGGGCCAAGTA
AAAA%T & RACATEFC T Y CCACACAGGTGAT
GACGAT TCHe EACTEAEACACCATTOCAGATTT
%ﬁgﬂﬂﬁ N er:e : y §GGAATTCGAAA

ATECCERGE F CAGTGCAAACA
TTGICGICTCTTT -.TI GTACTTACCTC

AATATT 1
TATCAAE@A GITTCTCTT

CTGECGATTTGGGAATTT, GCGATTGTTGTTGAT
GTAGTAATATTA W %g;%@e ER |OCa|IzatIgEélan|
8 represents taﬁgﬂéﬁﬁr?ﬂ?"?é‘i‘qa%%ﬂ%ﬂ'@ RIM2al | zat| on signal and 35

t he transnmenbrane donai ns 2 to 4 of Flc2l (TM-4
FLNTFARCL L TCFMIESSTARREHET T&BSSW RA*B PWMDW FF
FOMSMGE | NTNIENMBEY RDNINTOWMZOIIATG/RNNGNMRY | FEGRLSRMBL

L DDSDL $3 TSEKDPSNRIBAKIS TAN IRSSITHRRAFIAN lﬁ’DEQ/SQVRWGI mNDTEFETPLACVQAlLS
FLFFLFW//SLI FINGETVRTH RAMWMREAISIGYEHRISGIBEVIGYEGTLE RLSI | AFPQV

40SLLAI VEFTQVNSPAI WDAW LL | DPLESTCRHAS WO 2010/ 049177PCT/ EP2009/ 007816
SEQ ID NO 9 rSHG ¢B3&N0:S13 hepresentsctbe inlelestidp seqpenced doding farthe IR EBalization

| ocal i zati on signabandfiodtHetransinenibranesdemdin §Td) 21 ofithe eediad k§giéh ofdic2’ GM2) he
coding region of tlc2' (TM3-4)
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ATGATCTTCCTAAACACCT TCGCAAGGTGCCTTTTAACGTGTTTCGTACTGTIGC 5
AGCGGTACAYCACIOO#IICT CTGACACAAACGACTTCTTTTTGACCGGTATTGI G PCI/EPR0G9/007816
CTATTCTTCCTATTTGTAGTTGTCGTCTCTTTGATTTTCTTTAAGGCGCT

ATTGGAAGT TCTTACAAGAGCAAGAATATTGAAAGAGACTTCCAATTTCTTCCAA

TATAGGAAGAACT GGGGGAGTATTATCAAAGGCACCCTTTTCAGATTATCTATC
ATCGCCTTCCCTCAAGTTTCTCTI CTGECGATTTGGGAATTTACTCAGGTCAAC
10TCTCCAGCGATTGTTGT TGATGCGGTAGTAATATTACTGATCGATCCTCTAGAG
TCGACCTGCAGGCATGCAAGCTAG SEQ I D NO. 10 represents the amino acid sequence
of the ER localization signal and the transnenbrane domains (TM 3 to 4 of
FI c21( TMB- 4) ATGATEMTECNARARACCTTIOGOSASERSSICINDHAATG NEFLFFEFAGTETEL
FFKALLEVL 15TARBRGGHEIASBCAEGTRRMNGT GACAGENAGCBASIATTGCGTCCAACTCCATCTC

| AFPQVSLLAI VERTTBNEEATXVASYTUCARAATOFABETARIORE RECAATCGAUCGGIT G EHRT@AAGt s t he
nucl eoti de seGEANCEACCLATTIGOTGCRSEHKR GGAGTAGAt i on signal and for the
transnenbrane domain (TM 1 of the coding region of fic2'" (TM)

ATGA‘TCETCCTA'A@%Q@-NF : SEid tHel AnireT Sdid Eeeied GF dhe &R localization signal
AGOGGTACAGCA oM TADCLEED EAIS AN
GCATTTGCAGACCACTTCTTTATTGACGFGTAT T TAACGGEC

ATCATTCTTTGAT,

ReSiscy e Sl e —
TACGGACTGAAA GGATAAGACTTTTGATTTATGI TCCTTGGGCCAAGTA 25

TCGCTTTCCCCCCTAAGT GCTGGGCGTATTGATG CATGT CCACACAGGTGAT
CGAATCATCCATTREGARNRA 17 rerresenta thacnticloqtide saayersecgoping for the ER localization
GGACGCHCAAGT Asignat pndsfesdhatracssearoiiang demenddii Srof tsngeding region of fic2’ (TM3)
CTCCGCT GGCTTGT GTCCAGGCTATCTTGAGT AACGEGAAGACAGT GCAAACA

AAGT AT GCGGCCTATGATATTGOTAARNS COCAAGETGOCITMMACALRSTGTTTCGTACTGTGC
30AGCGTTTGT GTAGCRRIALNSTACRIA AT CREACAC AGACGAGTFI TdIan CACORG AT TRTGC d
sequence of tMETERCHARICTECCONT BIGHETEEGACGAETCTANSAI TN EMETAAGAAG (TM) 1
of Flc2' (TML) M FLNTFARCLLTCFVLCSGTARSSDTNDT TPASAKHLQTTSLL TCVDNSQLTASFF

DVKFYPDNNTVI FEERADIIONGE e MEM%TN&WE%WMSEE& localization signal

35ACR! DYNSTOVbiie s ichbY e AR TS BUNRT T IBPL ACVQA LS
NCKTVQTKYAAWP] AAI SGVGVLTSGFVSVI GYS SEQ I D NO 13 represents the nucl eotide

sequence codi ARV menbr ane
domain (TM Z%Lﬁ?@dﬁ%ﬁ\&%%ﬁﬁﬁwﬁgpﬁs IRE "{7\D£F SLPPR
2010/ 049177P P20 7816
: R i eAKgNcercoring for the ER Iocallzatlon

ATTGITCATATACTTCCAAAATCTAGCTATCACT GCAATGATGEGT GT
GGTTCCACCCATTGE%@@CEE@M%%E@%EEAQ@T% %%%T@W’H%GMPEQT% d
sequend® of tABOSETACABCARGTOICGT CAROALGRS SACRSTdAdCAGITATCTM) 2
of Flc2' (TI\/IZ TWQG@OHQQ@&% RETHENBCRHS SIGCSAAIT MG EEABEIR/PPI A
AAWT QSARECATTEE hEd SEATSQGRTAGEAL AT TRCECHTicHAd CEd@ Ty f or
the ER | ocal i ﬁd\G A@@TQ%G TEEAABKIAG ansmenbr ane domain (TM 3 of the
codi ng region of flc2' (TM)

SEQ ID NO: 18 represents the amino acid sequence of the ER localization signal

25 and the transmembrane domain (TM) 4 of Fic2’ (TM4)

MIFLNTFARCLLTCFVLCSGTARSSDTNDGTLFRLSIIAFPQVSLLAIWEFTQVNSPAI
VVDAWVILLIDPLESTCRHAS

SEQ ID NO: 19 represents the nucleotide sequence coding for the ER localization
signal of the coding region of flc2”.

30 ATGATCTTCCTAAACACCTTCGCAAGGTGCCTTTTAACGTGTTTCGTACTGTGC
AGCGGTACAGCACGTTCC

SEQ ID NO: 20 represents the amino acid sequence of the ER localization signal of
Flc2’:
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ATGATCTTCCTAAACACCTTCGCAAGGTGCCTTTTAACGTGT TTCGTACTGIGC

CTATTCTI CCTATTI GTAGTI GTCGTCTCTTTGATTTTCTTTAAGTAG SEQ I D NO 16
represents the am no acid sequence of the ER | ocalization signal 15and the
transnmenbrane domain (TM 3 of Flc2' (TM)

M FLNTFARCLLTCFVLCSGTARSSDTNDFFLTG VFFLFFLFWWSLI FFK SEQ | D NO 17
represents the nucl eoti de sequence coding for the ER | ocalization signal
and for the transnmenbrane domain (TM 4 of the coding region of flc2' (TM4)
ATGATCTTCCTAAACACCTTCGCAAGGTGCCTTTTAACGTGTTTCGTACTGTIGC 20

ACCGGT ACAGCACUIFLMNIFARG\CACFYACSBIBRACCCT TTTCAGATTATCT
ATCATCGCCTTCCCTCAAGT TTCTCTTCTGECGATTTGEGAATTTACTCAGGTC

AACTCTCCA ARE ALERGAEAS he& Wedifg for a first transmem-
GAGTCGACC‘I%%% %g(TW SEQ I D %% 18 rep?esent s the am no
t he

aci d sequence o Iocallzétion signal 25and the transnenbrane domain

(TM 4 of Flc2

M FLNTFARCL LT%%WW&W&%E%EPﬁX&WTCAGGGWGT

WDAW L4 DPLES ¥ 19 represents the nucl eoti de sequence coding
for the ER | ocalization signal of the coding region of flc2':

30ATGATCTI CCTRRAJRNOT GarepessnistheraminecasiGisausnract efist trasmemrarscdecTTec
SEQ I D NO 20meipefddeh{EMide ami no acid sequence of the ER | ocalization
signal of Flc2': WD 2010/049177PCT/ EP2009/ 007816 M FLNTFARCLLTCFVLCSGTARS
SEQ I D NO 21AWRIAARGNGVLTRGRYSYIESX | de sequence coding for a first
transmenbrane domain of flc2' (TM 1)

GCCTGGCCCATTCEEEDANOT 84\ phéskrtd IR hicib bt Séatveiel dddirlg fobh GRETRANFARIATEMC SEQ
I D NG 1@2 1 eppam8omdier @21 (Tm3ci d sequence of a first transmenbrane
domai n of Flc2' (TML): AWPI AAI SGVGVLTSGFVSVI GY SEQ ID NGO 23

oD esents | 2%f@éﬂ?&?&ﬁéW@Aﬁﬂh@ﬁééﬁ%&ﬁﬁ%@%@@f@
TR MR AT ALLRRIGRS e

ATTGCGT CCAACT

CAATGATGGGT GT CTCAAGGGT TQCACCCATTGCTGOOGCGTG SEQ | D NO 24 represents t he
anino acid seg&ShiNG: %4 @B%ﬁﬁtsttp%ﬁm?@r?@q%?ﬁ?i #%Fqupggpanéwgbrane
151 ASNSI SLFI YRemeiR of SaaIdRIPPI AMAW SEQ | D NO. 25 represents the nucl eoti de

sequence coding for a third transnmenbrane domain of flc2' (TM3)
15 IASNSISLFIYFQNLAITAMMGVSRVPPIAAAW

SEQ ID NO: 25 represents the nucleotide sequence coding for a third transmem-
brane domain of fic2’ (TM3)

TTCTTTTTGACCGGTATTGTGTTTTTTCTATTCTTCCTATTTGTAGTTGTCGTCTC
TTTGATTTTCTTT

20 SEQ ID NO: 26 represents the amino acid sequence of a third transmembrane do-
main of Flc2' (TM3)

FFLTGIVFFLFFLFVWVVSLIFF

SEQ ID NO: 27 represents the nucleotide sequence coding for a forth transmem-
brane domain of fic2’ (TM4)

25 GGCACCCTTTTCAGATTATCTATCATCGCCTTCCCTCAAGTTTCTCTTCTGGCG
ATTTGG

SEQ ID NO: 28 represents the amino acid sequence of a forth transmembrane do-
main of Flc2’ (TM4)

GTLFRLSIIAFPQVSLLAIW
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TTC Hi | t GACCGGTATTGIG I 1 1111 CTATTCTTCCTATTTGTAGITGTCGTCTC TTTGATTTTCTTT
20SEQ | D WQ200@4PEfpr esents the am no aci d sequence of aPCHIEPAI00/0ATI6eNbr ane
do- main of Flc2' (TM3) FFLTA VFFLFFLFVWWVSLI FF SEQ | D NO 27 represents

t he nucl eoti de sequence coding for a forth transnmenbrane domain of flc2
(TWM4) 25G G CAC CCTTTTCAGATTATCTATCATCGCCTTCCCTCAAGITTCTCTTCTGECG ATTTGG
SEQ ID NO 28 represents the am no acid sequence of a forth transnmenbrane
domai n of Flc2' (TM4) GILFRLSI | AFPQVSLLAIW WO 2010/ 049177PCT/ EP2009/ 007816
SEQ I D NO 29 represents the nucl eoti de sequence coding for a fifth
transnmenbrane domain of flc2' (TWVb) GIAGTAATATTACTGAT SEQ I D NG
30 repr esent SSEQelDaNON@9aeprbseaguBs ariciebtide Bedudnce rcadingefobadifth tamshem-n of
Flc2' (TMb): hWiaheldoda@ dficQTMB) represents the nucl eoti de sequence of

Fl c2' expression plasm d YEp352FIc2' (Figure 13) with a Flc2' expression

cassette conpgraGidagTACYaaonoter (1..399), tic2' (400..1722) with
potential stop codon (1753 1758) 1OSEQ | D NO 32 represents the

nucl eoti de se rrStt a f
(Fi gur e 14) cgg'% Iﬁﬁ_ﬁ\l% g\/l tg@g it gé.'g‘l%oanc ‘533 ﬁéﬁ,&rh ﬁsa?%émeﬁhbp%c‘gg
prormt (400 1722), after the STOP codon there is the
CyC1 term nator 6904. . 7155) and further conprising a POT Lntstt3D
expressi on ca¥¥bid e corrpri sing, in reverse direction, Lnttt3D
ORF(conpl ement) 15(7192..9762) and the strong constitutive GPD pronoter
(conpl enent) SE@SID NOD4BI5)epresEGtsothel miaectibe i sequengiet ofalficZr expiess@RCp!psroidot er .
SEQ | D NO 33YEppsare (Riguree! 3) wdthed Flcdeexpeepsinnceasselté ngmprising the AGS progue
LbStt3-1 of Lmotanthri99),lcazZin00.c172RpwittSEGential BKOp cddomn E4158s€4fi&3. t he ami no
acid sequence of LbStt3-1. 20SEQ I D NO 35 represents the nucl eotide
sequengg codi ggaf A NAHe3PFEFHSEMS the nucleotide sequence of LmStt3D and Flc2' co-
expression plasmid pAX306f (Figure 14) comprising a Flc2' expression cassette
comprising the ACS promoter (1..399), flc2’ ORF (400..1722), after the STOP codon
there is the CYC1 terminator (6904..7155) and further comprising a POT LmStt3D
expression cassette comprising, in reverse direction, LmStt3D ORF(complement)
15 (7192..9762) and the strong constituive GPD promoter (complement)
(9781..10435); ATG of LmStt3D is right after the GPD promoter.

SEQ ID NO: 33 represents the nucleotide sequence coding for the paralogue
LbStt3-1 of Leishmania braziliensis.

SEQ ID NO: 34 represents the amino acid sequence of LbStt3-1.

20 SEQ ID NO: 35 represents the nucleotide sequence coding for the paralogue
LbStt3-2 of Leishmania braziliensis.

SEQ ID NO: 36 represents the amino acid sequence of LbStt3-2.

SEQ ID NO: 37 represents the nucleotide sequence coding for the paralogue
LbStt3-3 of Leishmania braziliensis.

25 SEQ ID NO: 38 represents the amino acid sequence of LbStt3-3.

SEQ ID NO: 39 represents the nucleotide sequence coding for the paralogue LiStt3-
1 of Leishmania infantum.

SEQ ID NO: 40 represents the amino acid sequence of LiStt3-1.

SEQ ID NO: 41 represents the nucleotide sequence coding for the paralogue LiStt3-
30 2 of Leishmania infantum.

SEQ ID NO: 42 represents the amino acid sequence of LiStt3-2.
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LbStt3-2 of Leishmania braziliensis. SEQID NO 36 represents the am no

aci d seqUNEOCe1gHITBStt 3-2. SEQ I D NO 37 represents thePREiglPa@0I0BIE&equence
coding for the paral ogue LbStt3-3 of Leishmania braziliensis. 25SEQ | D NG
38 represents the am no acid sequence of LbStt3-3. SEQ ID NO 39 represents
t he nucl eoti de sequence coding for the paralogue LiStt3- 1 of Leishmania
infantum SEQ ID NO 40 represents the am no acid sequence of LiStt3-1.

SEQ I D NO 41 represents the nucl eotide sequence coding for the paral ogue
Li Stt3- 302 of Leishmania infantum SEQ ID NO 42 represents the amno acid
sequence of LiStt3-2. WD 2010/049177PCT/ EP2009/ 007816 SEQ I D NGO 43
represent s t hBEQUDINO1t43epsmentsithe nodeotitg sequeridescodimgdbothe atal@ued-iStB3-of

Lei shmani a i n$ ahtLeishmab ih@ni@d. 44 represents the amino aci d sequence of

Li Stt 3-3. SEQ I D NO 45 represents the nucl eoti de sequence codi ng

for the paral Qeeqofvwﬁtzt é%tenﬂs%ébﬁ%ﬁd@é%éncmm@-w 46 represents
the amno acid sequence LnStt3A. SE 47 represents the nucleotide

sequence codi g ALRAIRINE thaBhlcrRiid h bP 1dddeNC
o oo gent = ) ﬁii%g e aue%@fz“zﬁd?ff*%%?ﬁe ﬁ?%f@oﬂ?e“?ﬁ?i y

Lei shmani a maj or. (g NGO 50 represents the am d sequence of
Lnstt3C. SEQ PENEN 14§@;9F%$§8§§tt§e?ﬂ‘én°rﬁﬁﬁ%%ﬂ@8%eg H‘éﬁ% coding for the
paral ogue LnStt3D of Lei shmania major. 15SEQ ID NO 52 represents the am no
acid sequenceSBRQ IDNO3B7 BE®seMisNbe BE-leatige espamence iseding dpedhe daralegygence
codi ng for thempBtBBlobdwéeshTaBiaBaoof Trypanosone brucei. SEQ ID NO 54
represents the am no acid sequence of TbStt3A SEQ I D NO 55

represents thgeEQUEl MOt 48IRpFERURITEE amifb aid §&quehbeoplanstt3Biue 20TbSt t 3B of
Trypanosone brucei .

10 SEQ ID NO: 49 represents the nucleotide sequence coding for the paralogue
LmStt3C of Leishmania major.

SEQ ID NO: 50 represents the amino acid sequence of LmStt3C.

SEQ ID NO: 51 represents the nucleotide sequence coding for the paralogue
LmSt3D of Leishmania major.

15 SEQ ID NO: 52 represents the amino acid sequence of LmStt3D.

SEQ ID NO: 53 represents the nucleotide sequence coding for the paralogue
TbSHt3A of Trypanosoma brucei.

SEQ ID NO: 54 represents the amino acid sequence of TbStt3A.

SEQ ID NO: 55 represents the nucleotide sequence coding for the paralogue
20 ThStt3B of Trypanosoma brucei.

SEQ ID NO: 56 represents the amino acid sequence of TbStt3B.

SEQ ID NO: 57 represents the nucleotide sequence coding for the paralogue
TbStt3C of Trypanosoma brucei.

SEQ ID NO: 58 represents the amino acid sequence of TbStt3C.

25 SEQ ID NO: 59 represents the nucleotide sequence coding for the paralogue TbStt3
of Trypanosoma cruzi.

SEQ ID NO: 60 represents the amino acid sequence of TbSHt3.
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SEQ I D NO 56 represents the am no acid sequence of ThStt3B. SEQ ID NGO 57
r epr esentWoRRW/HA eot i de sequence codi ng for the paral 8§REPTHWIHIBG of
Trypanosone brucei. SEQ ID NO 58 represents the am no acid sequence of
ThStt3C. 25SEQ ID NO 59 represents the nucl eoti de sequence coding for the
par al ogue TbhStt3 of Trypanosone cruzi. SEQ ID NO 60 represents the am no
aci d sequence of TbhStt3. WD 2010/049177PCT/ EP2009/ 007816 SEQ I D NO 61
represents the nucl eoti de sequence of the endogenous pronoter el enment of
flc2' . Exanpl e 1: Production of dycoproteins with Man3G cNAc2
structure 51. 1Yeast nedium and nmethods All strains were grown on YPD nedi um
unl ess ot her wBEQ KX NCe®1 Bpresents thd hiidlentide sequenee éthenendd@@nbus Bronmuiters
YCNL (Arftl),el¥mbd6aF ficdal g3Aal g11), YGL365 (Aal gll), and YGL830 (al g2-1)
were grown in medi um suppl enmented with 1M sorbitol unless otherw se stated.
101.2Strain construction The entire A gll open reading frame was replaced
in S5328X5S330 by int egratl on of a PCR product cont ai ni ng the S. cerevisiae
H S3 | ocus. T ansfrmed ast St sYel> l;h/deZ 201
ur a3- 52/ ur a3- 522H SBieras SOt T+ Adt O ' was
sporul ated and tetrads wer e d| ssect ed to obt ain a 15 Aal gll hapl oi d, YG1361
(MATa ale2- 201-1ur aXeast madiumand meihde1: - HI S3), which was mated with Y48
(MATa Aal g3:: H S3 ade2-101 hi s3A200 IysZ 801 ura3-52). The resulting

di ploid YGL36al slvaims wereagropn 201Y R oedhon unlesSotherwisegtated. BiraiB AUS LI WasA200

| ys2- 801/ + Aalghtairtddrd¥REAL: Staibs/ YCNAasAdhhr VGABGI (AalgSfalgpt)at ¥G1365

cont ai ni ng 1MZg i)t ard YG1830 Gilg?-t)hweragpdwi th mediamratpyiei@sted WHTIMseed- 101
20 ur a3-52 hi gB6RIess dihkrylide stekle83) and YGL363 ( MATa ade2-101 ura3-52

hi s3A200 | ys2-801 Aal g3::H S3 Aalgll::HI S3). A Arftl strain was generated

by repk@ci ng gizt 1 gesl cdhstfuciohll S3 cassette in a diploid strain,
sporul ation of the resulting diploid heterozygous strain and sel ection of

tZQgr (r)'?z:]lqt 'eg,?gné‘%}\f?ﬂed,q/ g‘“) ? t}?{aﬁﬁt Sff' n?é Wa o II;; sl%%% §S§3@g%t%rg§§[%;§m
/
ant i body agai 7 T 3.5é/ A 900 ke
: wgiacahzaa ui s‘g A
ex _ )
il m@ &f %@%ﬂg fghoa) dagh

W th a absor ayﬁz

medi um cont a|

Li pi d-1inked é% d Fa\%

ol i gosaccharl

ol i gos%$char|

f 1 owt AY ough N : - g t&é

counts in the 3%% E’ %L

sanple is thegﬁ(}%t" 5 (jgb SP IIJH %

purified fromSE¥&Yg° “Hﬁ"%a ?eé?ct'P eIrFﬁ P '6"1"1‘5

Protein of the debris pellet was soI ubilized (10 mn at 100C) in O.
1.3 Protein analysis

Qﬁfs%% ST
“&:T aefggggg

IS

ég é was

IOI’]

%m”;&

25 Protein extraction and western analysis were performed as described. The antibody
against CPY was diluted 3,000-fold.

1.4  Lipid- and protein-linked oligosaccharide analysis

Lipid-linked oligosaccharides were labeled, extracted and analyzed as described. In
brief, yeast cells (50ml culture with an absorbance at 546nm of 1) were grown in
30 YPD and incubated in medium containing [3H]-mannose before lyses with organic
solvents. Lipid-linked oligosaccharide was extracted using organic solvents and oli-
gosaccharides were released by mild acid hydrolysis. The released oligosaccha-
rides were analyzed by HPLC using an NH2-column with flow-through counting. The
number of counts per minute divided by total counts in the run were conted. The
35 percentage of total signal in a sample is the average using two measurements. N-
linked oligosaccharide was purified from cell debris after lipid-linked oligosaccharide
extraction. Protein of the debris pellet was solubilized (10 min at 100°C) in 0.2 ml
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WD 2010/ 049177PCT/ EP2009/ 007816 1% SDS, 50mmol/1 Tris-HC, 1%
6- mer capt\WOZAMEP1L77Aft er centrifugation (2 mn at 15, O0GGYI/EPA@EOABI@ant was
suppl emented to 1% (v/v) NP40 in 0.25ml and protein-linked oligosaccharides
were digested off using PNGaseF (2 units, overnight at 37 C). Proteins were
precipitated with 0.75 m ethanol and sanples were spun for 520 m n at
15, 000g. The supernatant was dried and resuspended in 0.2 m 70: 30
acetonitrile:water, 0.1 m of which was anal yzed by HPLC as above. 1.5
MALDI - TOF- M5 For anal ysis of N-glycans fromcell wall proteins, cells were
broken in 10 mmol /I Tris using gl ass beads and the insoluble cell wall
fracti ons was19espsesommofl Tris-HEr 190 B-méRaptasihaol 2 Aitehtentrifagation (2ohinlatUr ea,
2% SDS 50 g dodq)i supefdtaht Q/a%ra:pb@nrsmu b PETvAVANPADahI Z5eanddprfoteni-Tded
in the identi mﬂdedbélfgbeéccﬁeme%l Werd digestetodf Lsing deNGade (2 uhis, dvenmighit att 37C
under Vi gor ousy shafiofins WER Srbipitial lwithr @28 inrethddl 6ad sambrd Wte spun for
centrifgigati ogg ahifl &t NS 000FUIThé REpeRhiaAt wasdied drd é@ug d ifNGACHIP 70:30
RPLENS2B6VE:

N-gl ycan wer eaéétbRikelatey o NinBf witkh WA aHSIy 24 Hy in a buffer
contain- 15 ing [x denaturation buffer, 50 nmol/1 phosphate buffer, pH7.5,

and 1% NP- 40. |y urified via C18 and Carbon col ums and t he
el uate cont ai P\%g @‘%‘EE wﬁ/@ﬁs evaporated. N-glycans were Iabel ed wth

our 111 ed 1 ol beAnabsAl sl%ﬁ?%,{éqf'e\gwaﬁ e s n\gﬁ%&’r?@%n' FRICHS b
(Bruker Dal toH?'E%gaﬁéleQ ?‘Q i ‘efyee 'Br? écafi)
operat & in r NG 2hk th FﬂS{ﬂ%a 7AH‘° Yreas g mmol 68 RES-08nd !

1. 6H gh copy BUppAlyiasien wwasesrfermded inithR 'E%Vakabfﬁ?reg%'ﬁ?'”@gr%bﬁm?
genom ¢ |ibr aﬂ?aqeiﬁ'ﬁ@lf}’bﬂ hour at 37°C godsr Vigasaus shaking- &‘Pt‘ieﬁl‘@’ ' @?}tﬂﬁ%t
yeast chromosePHectedipX qentifugation And thevesyltieg eelletwp

1986), was transfornmed via electroporation into 1x109 YNCl (Arftl ) ceI | s
and transf or nirglgcanewere seleasddcovernighti atidTaC usingdi luph RNGasel KMirsa buffern¢ontainki ng
uraci | 1mt 25CingChodendturatiori buffiern 6568 mwaold phesphedie bofferg pbiitsh abg 1% NP-40. N-
replica-pl ati giycans Wéb punitle ABE 18 arkBCarbdh eolpowms tand ¢he eluatel catainn@ thierd: at
33C on YPD angly¥atisSevaparatet e Sitgiykans rwérkelabeladiwitht 2-anunshemzemidegamdvfinalyf
Arftl at 33, porifexddusingCcarbbe coluaariMassOspeblita @f pardiieaNegycahqrepayation werer
partial supprasqiied witigean $atafiee MALDIETORF MS {BrgkdéroDaltonjosa B lldnhién adwlitaes-ed
for plasm d ampld) fri paditivenioh iddecand opérateidrin Pffetor Recde: @nenl/zplangeiofl 800er e
re-transf or redo@owas aflagdretior their ability to support growh of strain
Arftl at 33, 35 and 37C on YPD. 64 C.tes were further analyzed for their

ability to i rrprsoveHg@ecdﬂ,ly%ggﬁ)égggrsggehn Arftl cells. Selected high copy
suppressor plasm ds were sequenced with ML3 (GITA AAA CGA CGG CCA GI) and

gwggglx ggﬁf?éﬁ%ﬁy@%%mﬁﬁ g%?st 8 r @gg (Stag Tgr 8 ng
spot - 4 I ng a@% f 3%& h int qaep 15‘ % lIs

g %ggg. R.Stngt %a@' e own

%’? 80
S oA e gﬁ%& it fgg?;,%g YED T
| ncubated for teilltfad ? r .e(g?agﬁy %ppq% grovﬁh %,%1 a § 35 and 37a°nC The pi‘gmld

30 DNA of colonies showing full or partial suppression were isolated by extracting total
yeast DNA and used for plasmid amplification in E.coli strain DH5a. Recovered
plasmids were re-transformed and tested for their ability to support growth of strain
Arft1 at 33, 35 and 37°C on YPD. 64 C.tes were further analyzed for their ability to
improve the glycosylation in Arft1 cells. Selected high copy suppressor plasmids

35 were sequenced with M13 (GTA AAA CGA CGG CCA GT) and M13rev (GAG CGG
ATA ACA ATT) primers.

over ni ght and? t
cell densitie

1.7  Spotting assay

To evaluate growth of yeast strains or yeast mutant strains such as e.g. Arft1,
Aalg11 or Aalg2 mutant strains expressing Rft1 or Flc2' or fragments thereof spot-
40 ting assays of such yeast strains were performed. Strains were grown overnight and
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G owth assays in liquid nmedia were perfornmed as follows, precultures,

i nocul at eMORPIH48173i ngl e col ony, were grown for 48 hour $CIAPZOHOELS nedi a
| acking Uracil for 5 plasm d mai ntenance and supplenmented with 1 nol/1
sorbitol. Cell density was neasured at 600 nm For the growth assays 25 ml
of the identical nedia were inoculated with equal amounts of cells reaching
a starting cell density of 0.05. Cells were grown for 48 hours on a
rotatory shaker at 200 rpmat 23C or 30C. Cell density was neasured at the
indicated tinme points. 101.8Ceneration of Man3Gd cNAc2 structure

Li pid-1inked oligosaccharides (LLO represent the substrate for

ol i gosacchar ydulturesredjested to équal bell dercitiglsaSerial dilates ovelrel pia(eeR)nto taganplatesr i ng
t he assenbl edarsltparpldtes inbebatspfor Hw indicated tetoperaturdshand\B ddyscosyl at i on
consensus sequence. The build up of the LLOis a sequential process, in

whi ch sugars Growih agbapsahauid8RbiadRsrer Serfifed Gdaeilows? prétultiesgmeeiiaedLL O
structure. Thgitdatsdi€dolRay WeE droln Fotead-hEurS I BENABSH méduslmmghs.%cu For
Figuregl. By |§§Fﬁw RRIRIRIACE | shdt E@Wﬁérﬁérﬂé@%m 9MnbinesdiBitdi. Calll fnsty We
structures Came r&?%?e@é*ﬁﬁh FoP YiRD§Weh B szswnfiof e tilHtEaWh 84h Wikré Gh-De
bound to the &h édwnh al Bmblits o@rcen‘s%%cﬁ. PEIHR rb'éu’&bﬁé& &Woﬂ@éf&p
play a major [ st 8 &f‘zts%dré’oh'a r8€at& Eh#e%aﬁgéél L€23°C20 Y %@&ér?d

a

renoval of AI h n successf ul

pr event ed Ie I'ng mal nl'y to t he generat| n of I\/anGGI cNAc2 and Man?GI cNAc2
structyres (F ure~2A)...1n the invention a Man3d cNAc2
structUre can ge ﬁ'?%f@g‘?rk%ﬂw?fﬂﬁﬂ@&%?t%&?c side of the ER and then
flipped into the ER |l unmen, where it serves as substrate for the ER-|unen

| ocat ed t r anskipiddigked om%ew.nde%w)gsg sem dhe-pubptrateciar aligpsperpapyhgans-

i ntroducti on terasena the endoplagimisdsticulym (ER).itrgsierrinagtherassembled suogpto the

i dentified to3spasaging asistief theoNglcasylationgansersiisiigasenaeh &he builhue of the
substrate. El kR itad BeguestialRressnotwhigh sy a&q@wmagtlw@ sugandenas ats added

B- branth but thibepgrewingcldQfstrugtaren(Thejetaiednpatbway foi the diLeysynihesis fsode-t he
formati on of sdribed-inFigure. 1. ﬁVere@mym spedfigt tiansferasest fremrthe ieebrtailored L@ i s
provi ded | ackstrustuses hambegererated. t ype and Al gllp-type of activities. The

i nvented host cell thus produces nmainly and preferably only | ow mannose,
and in parti cmvertoftinave folal; Aithbwtamshisg talsé bo@si todlse trevaakie in thiyy prezesspl e,
by [ 3H1- mannoge preterisiAgamast Mgl G pragfa hajpgraid intthe blildus bf the tLilOestryetupeluced
(Fi gurm 2B) . By tarfeetdaiemobvalndfeslgdlp grsamtitais dietbe (ANb@nchah kaiccesshillp e

[ 3H1- mannose prabehteddedding dhainiEad ek igenéragoriaf QRMBCIINAC2S Al ManIGIINAL2L ur e
bi gger than MaRatdredl@gcigureUta)simed hest dehah tHehiavéwmtioh YCMBA3BIENALZ efludtiret dad

Il al g1l strai be 6YritBelifed3dh theldytdsolic Eidetofitife BRSaridUhém Bipped) #ite.eHeCER2@HeniSi Ng
MALDI - TOF M5 @heré- iBsdradechs bubstrate ylorNBe iER|uied idchrRan Gandieradd. MoRbeerns
(Figurgs 4). | Rig8BRNthE &Rbyrhe citalydiny ise Mﬁea&ctwﬁ%r ﬁ1e3d'(1 ajhhnese mhtéﬁ the B-
conprising ei %Bc@@al@?ﬁ@eﬂﬂﬁé@&ﬁpl%?%‘ 8l fole Mokt Qéé%srﬂ te the flip NE@Z at
the reduci ng giifdtates Emmﬁﬁeﬁ of RGB! ot Dy rb\VbrFt th rEétlo% &ttﬁé"aﬂbrﬁﬁém Nt

ey %z%@%@ ;g%azs.ai i %ﬁ ftmwgﬁ'

I'n themfal gB_d nd a

b![gge{ racti Hgé? I% g) n d \LO

structures wa ur )

show that in gv °$ <§(%r%b\§%2 nBLRR gb% (?s pro uce |n t e R and

transferred to pro is struc- ture is nodified further |n

the Gol gi appgr at.us; 1 9H su ssor screen dent ficatjon

novel flippase® % h‘l’éﬁdzﬁ @%ﬁ %%/ @\ﬁ'cg }.& (%3 l' ?erred
pr

v a stru
and ef 1 ci ent thenLl-glycans () uce ﬁ,/ﬁ? ra gure ?ftype

This structure was further characterized using MALDI-TOF MS of 2-AB labeled N-
glycans isolated from cell wall proteins (Figure 4). In contrast to wildtype yeast
where an array of glycans comprising eight and more hexose residues in additions
40 to the GlcNAc2 at the reducing end are present (Figure 4A), in the Aalg11 strain
mainly N-glycans comprising 5 to 9 hexoses in additions to the GIcNAc2 at the re-
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10l n order to identify genes able to conpensate for the |oss of the
essent i alWR2OW/HHIE- tion a HCSS was perfornedin a Arft PCEEPAIH/00781genom ¢
yeast DNA |ibrary was expressed fromthe high copy plasm d Yep352 in the
mutant strain. Transformants were selected on minimal nmediumwth 1 nol/1
Sorbitol lacking uracil at 25C. G own transformants were tested for growh
by replica-plating on YPD and 15 YPDS at 33C. The positive col onies
(growing at 33C on YPD and YPDS) were tested for their ability to support
grom h of Arftl at 33, 35 and 37C. 64 C.tes were further analyzed for their
ability to inprove the glycosylation in Al-ft/ cells. One of the clones
contai ned a 3dudingendihavé esnsdetected (Figeref4B)2ingre AalgiBiak) 1 strbinZa sinall flac-oded
on the yeast tdir eMWasBGIcNAC [ra/zt 1058 ahdd bitRyes fractioncd MarkdiGieNAGR (e 1RICSS 20

screen conpri sesMaASGRNASS(9/2 18744 6tRictares Was dbtécted (Pigatdgene including its
native promoter. The sequence of the FIc2' expression pl asm’ d (YEp352FI c2')

is given in Foguoh ¢ha g t%fNE{o?’é %Léhé’ndemhé} 3195/ trE*nC2
i's depigted 'ﬁlaﬁé I‘éNﬁc ye-

j:gtid Réf@n‘ré'd
conprising 4 ﬁ;?érBrﬁ &fl@ﬂ‘artﬁe ,g %dﬁ transne rane rral n.

C-termnal 11 amno ac romamn s25442to 452 orlglnatefromthe

cl oni ng procegure. ure 5B). The flc2' ce and its pronoter
are present edSjg Fﬁégrc PY; SYRRGIROE SEEFN —4 def%?%ﬂi'f’aﬁ{“ﬂ@iﬂ'p%?ﬂ Ss A spotting
assay of Arftl, Aalgll or alg2-1 nutant strains carrying either Ritl or

FI c21 expr essAdIONFRRYAUPPIRSSOTRATea) (?&Ss)cépl%eviéraeprﬁ\;ﬁﬁegéﬂ‘dcﬁﬁ%en?lﬁ@'@rat es.
The 30 pl at ethegefestiomefgraedioviding 3 desied pliemdtype, 30 C, or 31.5 C,
respectively as indicated). Overexpression of Flc2' results in inproved
growt h1f a Alnfdrdlerto idertifyl Jersisrablento atinggeinagterfor the losdani the edseatial Rftti fuac-

gr owmt h phenot tigrea +#CS evaspicefotmexdin ai Arfté spraips & gemoRid fedsFIDNA lisrafy wasnex-6B) .
Over expr essi opres§edrad theshigle copsplbsmid Yep3spirothedn@aststdainof a al g2-1 strain,
whil e overexpression of Rftl does not |ead to inproved growh (Figure

356C) . The Aargpdphdddts Weré kae&bé %Qﬁlﬁm‘?’al W\ém!d( with ”ipr%mtSHrSito‘? RItRinG ¥ &eil

phenotype anda3eft Brélgd BShsiormanes %sv%b IXtir 6@?!’9%?\‘3 by
expr esgd on of YEbSZat 33° @DT%QWSQGQ%ZIBREQ (5'%%9 LP93EL 6n s ﬁé'\qu f wéreC2'
strongly inprues hPfed dpiiky toP8ipBt Yrowth dfE# P Lf 88 3Bt BPEIEASC } ere
tenperature SRRKEE fdif2éd gr‘tﬂéﬂ: Soilty B impr \r/é % yc%sﬁ?&tntlh DorASSRY of Arftl

mut ant strains carryl ng an expressi on p asm en-" codi ng transrrenbrane

ﬁg%“slm eom X “awm%?e sy%g%z‘orééf@?% 2t thg o
[ ncuba%(fd for §

Fl c2' t r anSqie "?fér&ﬂsﬁg Eﬁ P%R/\’fh
while cells e é 'F‘ne ¢ e’fﬁgeﬁﬂn B
(Figures 7A a ?rt PEP9 sﬁgtéen[cg A 'sf %o' ' Uy

restore glyco cagﬁ tg n f’4 amino acids comprisi complete and a“fift
r nca transmem rane omaln he C-terminal 11 amino acids from amino acids
25 442 to 452 originate from the cloning procedure. (Figure 5B). The fic2’ gene se-
quence and its promoter are presented in Figure 5 (Figure 5L).

1.10 Mutant host cells

A spotting assay of Arft1, Aalg11 or alg2-1 mutant strains carrying either Rft1 or

Flc2’ expression plasmid was performed. Cells were spotted onto YPD plates. The
30 plates were incubated for 3 days at 37 C, 30 C, or 31.5 C, respectively as indicated).

Overexpression of Flc2' results in improved growth of a Arft1 or Aalg11 strain, dis-

playing an identical or similar growth phenotype as the mutant strain expressing Rft1

(Figures 6A and 6B). Overexpression of Fic2' also results in improved growth of a

alg2-1 strain, while overexpression of Rft1 does not lead to inproved growth (Figure
35 6C).

The Aalg34alg11 strain displays a highly temperature sensitive phenotype and
growth defects. These defects can be strongly attenuated by expression of Fic2'.
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Arftl strain. WIldtype yeast strain and a Arftl carrying either an enpty
pl asm d (WEE8B2HI173r pl asm ds for overexpression of RftPCI/ERRAYIBITBR6 wer e
grown in SD-ura nedia (synthetic dextrose medium | acking uracil) . Total
sol ubl e proteins were separated on SDS- PAGE gel s and anal yzed by

I mmunobl otting using an anti-CPY anti- 15 body. Overexpression of Flc2'
restores N-glycosyl ati on of carboxypeptidase CPY in a Arftl strain to
simlar |evels as observed upon overexpression of Rftl as reveal ed by

i mmunobl otting (Figure 7C). To investigate the effect of Flc2' on the LLO
synt hesi s, 3H-mannose | abeling of Arft/ cells carrying Flc2' expression
construct (Fi Bxpressi&) ofiels2’ mtnohgly inprovés theqgrowtil belaliol obihestrialnsarcinedyéasg
enpty vect or {ffiep&operatirgsessitdMy (BigdreA8B)| cells carrying Rft1l expression
construct (Figure 8B) were used. Cells were labeled first with

[ 3H| - mannose. FknedOs 3pGHRY bRy oren! FtfRERENS eamu anlekpredsieapldsaiid By- aci d
hydrol ysi s” péﬁdlﬁq BensHhemBIARE WeRthinsss PSEGRBNOTH) E&%sﬁfeﬂftirérﬁ:sd%ams 3
[3H] - m%ﬁnose &f¢|&i@sEhPlM N@tmo mag%r@hﬁsm@ele wérel 4538bd Q3 adeskribaaase
cel I's accumul tﬁ/ &wseat verz%@sé.mhsasrﬁénsmb doffaids-O
synthesis i's Dal LEAICH §tat R Rk .aezg %&mtsom ihBfeas¥d QRivARM C

ide of th t
NENSGl cNAC2 | s ERE SRR Tanen e T S*‘%J"B%ﬁ?f TS A 20

synt hesi s and eads to the accurrul ation of GI c3|\/anQGI cNAc2 (F| gure 8B)
Upon expr essi n of Flc ertI eIJs f [ IS lrestp d besi
NAn5G Eaca af diiogor g @é W e
Overal | this 1 sr 8 r%' ﬁ% %csarg axn
yeast cells. rﬁd?@ Bsi Q—Hr

i nproved fi nal“eé’ (PY'E;PFR "HQS%F‘ H‘é" @ﬁg;%f'@z‘?")a ?SA’ eopfg er'ﬂsl re P%nts

reachi ng appr B% ¥ appu fing 4 '”9@(‘5& b
control®strai °‘EVT<'9¥|3 essjoq Qf(frl& F% N-glycosylay %P e%
full -1 ength Fﬁﬁﬂaﬁ%ﬂalﬁ 3¢ simjlaplavelsias qhserveruppa SueTEXpIER 8'&9 RAT@Rd&e etdl
strain: no gr BWmMMERRHY @U'éﬂré:r'ﬂ“r?gpétt ive to the control of the Arftl strain
was det ectabl e. Endogenous full length Flc2 cannot conpl enent the ?r owt h
defi ci enci es &b invebligats thezgffect ehfie2 opitenLidd sRithasisr3H-mapnosenpbealing ®f §rftiwt h
and | ed to hi géllsrcafryinglFleg)ekprabsiorbonstrants(Figure 8G) was perfargiedodys sondfol Adtlgl 1
(Fi gure20 19A) eells caalyipgdshply vectoirYgrda (ERuwye B4 andt Adl0 cells aam@ng Bt expréds+t o
t he corr espondiongoostniat Figoeer 88) wgreouded. €eis weps taheled. firshwitih §3Hierhggnose.
strai n expr es$ligosagthdrided*werapeleasel froowthie llpid 8&%er by acidvbydrolysibe pusfigdor
control, over engaasigzethusing RIRLC. (Tks RG] prafilesnofi [Ald]-masrosef ladglet LLO sHowv
Aal g3dal g11 at R0the/ dx48ader BT furleBORd AIpPES 6ellsLacenmutate Man56ichiAeg {Figoreof
Fl c2* pHmpr ove8AprThis lindigatés! that ehatliL e syrdhédie is baltenr aftemtheodtep waalyeegriyssi on
of Rft1 resul agd1pronahe icytopamic sifle 6flfel ERfsimad na eldlecdienis iprgsept addlich €9n
Tabl e 6 sumuflipzthetMan3GIsNAtZ indd then ERgIumen h Pecsictings rithf ory plesimid restones LLO
over expr essi ngyrifédis andfliedls, tof thk |ackemgiatior bt Blc3ManaGioNAYg (Fivlire 8B).yUparct or
(control) (n. éxpression oflEE2rin Anftneslis Mixping ie d¢storédlzind besides MamdGIcNACi also
pl asm do Ar f t 1GIc3Man9GIcNAc2 accumulated in the cells (Figure 8C). Overall this data indicates

that Fic2’ functions as an flippase in Arft1 yeast cells.

Expression of Fic2' and/or Rft1 in a Arft1 mutant strain improved final cell densities
of the cultures after 48 to similar extents reaching approximately three times higher
cell densities relative to the control strain (Table 6). In contrast to Filc2’, overexpres-
35 sion of full-length Flc2 did not compensate for flippase knock out in the Arft1 strain:
no growth improvement relative to the control of the Arft1 strain was detectable. En-
dogenous full length Flc2 cannot complement the growth deficiencies of Arft1 strain.

Expression of Rft1 or Flc2’ improved growth and led to higher final optical cell densi-
ties after 48 hours of Aalg11 (Figure 19A) and Aalg3Aalg11 (Figure 18A) mutant
40 strains compared to the corresponding control carrying only empty plasmid. in the
Aalg11 strain expression of Flc2* improved growth by 33% relative to the vector
control, overexpression of Rft1 resulted in an increase of 49%. In the Aalg3Aalg11
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dai g11 dal g11 dal g3 enmpty vector 3.75 2.44 1.49 Fla* 11.70 3.63 2.30 Ritl
10. 20 3. 2%020894H7¢2 2. 60 n.d. n.d. 1.11 Flipping and PERAFPR@O/067T816

Man3Gd cNAc2 structure The effect of overexpression of Flc2' on the

N-gl ycosyl ation efficiency of car- 10 boxypeptidase Y (CPY) was anal yzed in
t he Aal g36.9101 strain. WIdtype yeast strain and a Aal gadalgl 1 carrying
either an enpty plasm d (YEp352), or plasm ds for overexpression of Flc2',
or Rftl were grown in SD-ura nedia. Total soluble proteins were separated
on SDS- PAGE gel s and anal yzed by i nmunobl otting using an anti-CPY anti body
(Figure 9). Inwld type cells CPY is conpletely glycosylated in- 15
dependent on ilganeesinxRpressionof Pt2'Riripioved gréwth' by S40huslative te ienestir son-of
Flc2' or Rt Lirbinolerbgpresdict of IRfST fresiilfed infahdvedadehsf 79l indimgl el demsitf (TEB as
reveal ed by agghift of CPY to a higher nolecular weight (Figure 9). 1.12
Specificity assay for flippases in alg2-1 strain

Table 6 summarize the results of the growth assays of yeast strains overexpressing
5 Rft1, Fic2', full-length Fic2 or carrying and empty vector (control) (n.d. = not deter-
mined/measured).

Table 6:
mutant strain
plasmid Arft1 Aalg11 Aalg11 Aalg3
empty vector 3.75 2.44 1.49
Flc2* 11.70 3.63 2.30
Rft1 10.20 3.24 2.59
Fic2 2.60 n.d. n.d.

1.11  Flipping and transfer of Man3GIcNAc2 structure

The effect of overexpression of Flc2' on the N-glycosylation efficiency of car-

10 boxypeptidase Y (CPY) was analyzed in the Aalg3Aalg11 strain. Wildtype yeast
strain and a Aalg3Aalg11 carrying either an empty plasmid (YEp352), or plasmids
for overexpression of Fic2’', or Rft1 were grown in SD~ura media. Total soluble pro-
teins were separated on SDS-PAGE gels and analyzed by immunoblotting using an
anti-CPY antibody (Figure 9). In wild type cells CPY is completely glycosylated in-

15 dependent on the overexpression of Rft1 or Fic2'. However, expression of Flc2’ or
Rft1 in Aalg3Aalg11 strain improved the glycosylation of CPY as revealed by a shift
of CPY to a higher molecular weight (Figure 9).

1.12 Specificity assay for flippases in alg2-1 strain

To establish activity and specificity of Flc2’ towards short LLO a yeast strain carrying

20 a temperature sensitive Alg2 protein was selected. Due to lower Alg2 activity, this
strain mainly accumulates Man1GIcNAc2 (M1) and Man2GIcNAc2 (M2) structures.
However the residual enzyme activity leads to the generation of the regular yeast
LLO being Glc3Man9GIcNAc2. If M1 or M2 are flipped into the ER lumen these two
LLO species are no substrates for the lumenal Mannosyltransferases involved in the

25 Alg pathway. M1 or M2 as well as Gic3Man9GIcNAc2 are transferred onto the pro-
tein. The Glc3Man9GIcNACc2 structures are further processed in the ER as well as in
the Golgi apparatus giving rise to the NLO species comprising 8 to 14 Mannose
residues. Alg2_1 strain was transformed with Fic2' and Rft1 expression vectors as
well as with the empty vector control. The strains were grown to an A600 of 1 and

30 the cells were harvested. Celi wall proteins were isolated, reduced, alkylated, and
the N-glycans were liberated using PNGase F. N-glycans were purified, permethy-
lated and analyzed by MALDI-TOF MS in the range from m/z of 700 to 4000.
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To establish activity and specificity of Flc2' towards short LLO a yeast
strain caWPRIHWYP4207a tenperature sensitive Alg2 protei nPOAEPINBET82E. Due
to | ower Alg2 activity, this strain mainly accunmul ates Manld cNAc2 (ML) and
Man24d cNAc2 (M2) structures. However the residual enzyne activity leads to
the generation of the regular yeast LLO being d c3Man9G cNAc2. If ML or M
are flipped into the ER lunen these two LLO species are no substrates for
t he lunenal Mannosyltransferases involved in the 25 Alg pathway. ML or M2
as well as dc3Man9G cNAc2 are transferred onto the protein. The

G c3Man9d cNAc2 structures are further processed in the ER as well as in

t he Gol gi appReaksusf ghei axpecieske sizest b NWL, OM2b eanide thec dvigh-manngpe8 stroctlires
Mannose resi dMas8GlalnZ2 to Mand4BGicNAs2 t(M8rte T4 arkreidetectddci’ MAld- FDE Spec-
expressi on vega.oBasedonthiel peak intehsitiéshef NbQtspevies relativecatiundanceshaf tbe iiradi-ns
wer e grown t ovialal AGQ6turds vierervdicafatédi A etdtive invegasehiaiMiest M2 .spéiés inditiates
protei s wer ethasflippihg @f tHeed giractures! doyiimdtes! eloagationfuatdlyzgt byaxig2 \Expeession

l'i berated usi ofFIENGERE®R the abbughyiatiorsof88!5% B M1fstitigiurde Imedritas e dtradtdres
anal yzed by N&ﬂm&éﬁ@ 1477%Nénd 283% fd N wlal Nefly@aHe inothé dlgR-1 in ex-

2010/ 049177PCleEERO BRA & é8Hind erkemstl ve&er @aprched sizes of M, M2 and the
hi gh- mannosecgtrucgures Nﬁ%chAczﬂ?o I\/an%GI%g?IACZ (MB to ML4) were

det ngt ;dg ;gu%ﬁg gjg%s(g;r%gfr%%ﬁe rﬁigﬁd;igmds&% FIRGVCBILOB] ! fig2-FisubinQuapect es

V were' ca
rel ative incrédsél grPFlkEdésrpdecig] e?ﬁr%*lg%ét{%rg 5 that flipping of these

structures dorln' qa%:s el ongation catal yzed by Alg2. Expression of Flc2' |ed
to the accunmu on of 88. 5% of Mlstructures—Ilncontrast—Mb-strugtures
contributed only |74 7% and-78 7%tp the total MYt ' 2-1
strain expressi ngNBlycanspesiesyi ng| emphEYeater eeRit! (T, geFjg2’

Table 7 summari zéMthe relative abuf@Ance of N--Ycans (B8B83 n alg2{1 strain
over-10 expressi MMRit1 or Flc2* of184rryving eh®ty vectdriOTahle 7] nutant
strain N-d ycan spftioddi4npty vect p2.1oeRft| o0eF8.62' ML 719§ 74.7 8§.5 M
19.1 21.7 10.9

1.13 Specificity assay for flippases in Aalg11 strain

To establish activity and specificity of Fic2' towards Man3GlcNac2 (M3) structures a
Aalg11 yeast strain was selected. The use of this strain allows determining the rela-

15 tive abundances of LLO structures on the cytoplasmic and lumenal side of the ER
membrane. Due to the inactivation of the alg77 gene LLO synthesis on the cyto-
plasmic side only proceeds to the level of M3. This structure, if flipped into the ER
lumen, becomes further modified by Alg3 and the following mannosyltransferases
leading to the generation of M7. Labeling of cells with 3H-mannose allows to quan-

20 tify the relative abundances of the different LLO species using HPLC. If flipping is
inefficient, cytoplasmic LLO species accumulate on the cytoplasmic side of the ER
membrane, in contrast the relative amounts of lumenal LLO decreases.

Expression of Fic2' and Rft1 in Aalg?1 strain decreases the relative contribution of

cytoplamic LLO species to the total amount of LLO (Figures 17A, 17B, 17C), thereby
25 increasing the lumenal LLO species from approximately 43% in the control strain to

approximately 70% in both strains overexpressing Fic2’ or Rft1 (Table 8).

Table 8 summarizes the relative abundance (%) of different LLO species in Aalg11
strain overexpressing Rft1 or Fic2* or carrying empty vector. LLO species are as-
signed to either cytoplasmic or lumenal group.

30 Table 8:
mutant strain
LLO species empty vector oeRft1 oeFlc2’
Cytoplasmic LLO 43.5 28.5 31.0
Lumenal LLO 56.5 71.5 69.0
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strain over exggﬁs‘?ri ﬁ'gf%f t 18 fra Fl g:tﬁ;lSoan%a r %zrré er te ve t?nr'beéfflr@ geci es

o e e e el T e T R B R g D

stral n1d_ Spgy W{D‘lé- I\l%e omparison of an N-glycan spectra from a Aa g@l\a%ﬁ and’
the triple mutant reveals the reduction of the peak at m/z = 1377 representing a M5
structure. These data show that by elimination of mnn1 gene, the modification of the
NLO in the Golgi apparatus can be abolished. Figure 22 depicts the MALDI-TOF MS
spectra of 2-AB-labeled N-glycans isolated from cell wall proteins from Aalg3 Aalg11

15 yeast mutant strains (Figure 22A) and cell wall proteins from Aalg11A4alg3Amnn1

yeast mutant strains (Figure 22B).

Example 2: Composite system for glycosylation

2.1 Expression of novel LLO and protozoan oligosacharyl transferase in yeast
mutant strains

20 In a preferred embodiment a composite system for glycosylation of proteins in par-
ticular in yeast, is provided which comprises at least three entities: (i) the generation
of lipid-linked Man3GIcNAc2 as precursor for the oligosaccharyl transferase; (ii) a
flippase e.g. (Fic2’), and (iii) the protozoan oligosaccharlytransferase (POT), which
exhibits a relaxed substrate specificity.

25 In order to combine the two heterologous proteins, the flippase and POT a vector
was constructed comprising both parts

To that end, the protozoan oligosaccharyl transferase (LmStt3D) under the control of
the GPD promoter and cyc1 terminator was inserted in the vector containing Flc2’ in
such a manner that the genes are transcribed in opposite directions. Plasmid carry-

30 ing either LmStt3D, Fic2’ or both enzymes were transformed into wild type yeast
(YG1509) or yeast cells lacking either alg11 (YG1365) or alg11 and alg3 (YG1363),
and the N-glycosylation of CPY and Gas1p was analyzed using Western blot (Figure
10).

In the control strain without deletions of ER located oligosaccharyltranferase CPY
35 mobility is identical upon expression of either Flc2’ or LmStt3D or both, Flc2’ and
LmStt3D. In the yeast strain YG1365 which lacks alg771 and produces a lipid-linked
GlcNAc2Man5 or YG1363 which lacks alg?71 and alg3 and produces lipid-linked
GIcNAc2Man3 coexpression of Fic2’ and LmStt3D shifts CPY to a higher molecular
weight relative to cells expressing either Fic2' or LmStt3D alone, indicating a more
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was crossed with a Aal g3 deletion strain. The diploid het- erozygous Aal g3
Amml strain was sporul ated and hapl oid spores tested for the absence of
Aal g3 and nmmnl genes. Doubl e knockout strains were tested by PCR 5 anal ysis
for the absence of al g3 and mmnl genes. The sel ected Aal g3Anmm1l strain was
further crossed with a Aal g3Aal gl1 strain, the resulting strains was

sporul ated and the tetrads were anal yzed for strains |acking al g3, a/gll
and mmnl genes. G ycoprofiles of double and triple nmutants were anal yzed as
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reduction of fidis greakinglin fhei Golgi abparatuspr esenting a Mb structure. These
data show that by elimnation of nMmnl gene, the nodification of the NLO in

the Golgi app @Je 63%% %{%Qéubﬁbﬁﬁlc i rrﬁs@éb Qﬁl?hec j oSy 1M ffidiERCyVE
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Ien”bgg;ist nt.a gﬁe % tI,. ly% @e b?? r&a{sc’éeﬂg eﬁhérrbv gcu' ar
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generation of n|gl gf E eﬁaryl

transferase; .| 1°1°P tﬁ I§§ 33%9913 863""?‘{153{0 Sb(gﬁ(l)ézoan

ol i gosaccharl lé[ﬁsf rase (POT) whi ch exhibits a rel axed substrate

specificity. 25In order to conbine the two heterolo ous I%rot%P t.he
a

ec or

flippad® and POhesomrosie sysiemwnich ischenaticatpshevm ‘alg3 and

alg11 genes are deleted resulting in the generation o I|p|d Imk nBGIcNAc2
The remaining transferases are still present in the cell, but are inactive on a lipid-
linked ManzGIcNAc, substrate. In a first approach, a novel flippase (such as e.g.
Flc2') is added. Secondly a protozoan oligosaccharyltranferase (POT, such as

20 Leishmania major Stt3D) is added. Alternatives for the generation of lipid-linked
Man3GIcNAc2 would be the deletion of dpm7 gene, the product of which generates
lipid-linked mannose on the cytoplasmic side of the ER membrane or the deletion of
the monosaccharide flippase, which flipps the dolichol-linked mannose into the ER
lumen. Lipid-linked mannose serves a donor for the ER lumen located oligosac-

25 charyltransferases. In combination with the Aalg71 mutation such a cell would also
produce lipid-linked Man3GIcNAc2. The redundant non used transferases, flippase
(Rft1), components of the yeast Ost complex and the non-synthesized structures are
depicted in grey.

2.2 Expression of protozoan oligosacharyl transferase in yeast mutant strains

30 A composite system for glycosylation of proteins in particular in yeast, is provided
which comprises at least two entities: (i) the generation of lipid-linked Man3GIcNAc2
as precursor for the oligosaccharyl transferase and (ii) the expression of one or
more paralogues of protozoan oligosaccharlytransferases (POT), which exhibit a
relaxed substrate specificity.

35 A vector was constructed comprising POT. L. major possesses four Stt3 paralogous
being LmStt3A to LmStt3D; L. braziliensis and L. infantum possess each three dif-
ferent Stt3 paralogues named Lb3_1 to Lb3_3, and Li3_1 to Li3_3, respectively. All
respective POT genes were included on low copy number plasmids as well as on
high copy number plasmids. In addition, POT genes for the paralogues TbStt3_B

40 and TbStt3_C of Trypanosoma brucei were in cluded in high copy number plasmids.
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The individual POT paral ogues were expressed in nodified Aalgl 1 nutant
yeast st ngonsiocadi7Aal gadal gl 1 nutant yeast strains in pairgé000Rey
pal sm ds were introduced. Cell extracts of all strains were prepared and
anal yzed by a CPY specific antibody. Conparison of results of
N-gl ycosyl ation efficiency reveals that effects of 5 individual POT can
differ in the different nutant strains, indicating different preferences of
the different POT for the LLO substrate. Expression of POT from | ow copy
nunber plasm ds was nore effective in inproving N-glycosylation than the
expression from high copy nunber plasmds, indicating that proper
expression |levels are crucial and can be optim zed. 10To establish a
N- gl ycosyl ati@pjmgore: a group of Western CPY blots (n=2 to 5) were
anal yzed and N grycosyl ation efficiency scored fromO (no additional
effect) to 3 (large additional effect) in conparison to the unnodified
Aal gl 1 and Aal gadalcgll mbdiﬁ:edkgreapnedshplul-hgkgd:olag,ogmdharic(ﬂje;qmm fnpmaselaiatimv byh
sunmmi n oi nt f the in erinents an I vidin tota roug
t he nu?rbgr oftiﬁglﬁectao?P'Sr? ew'ﬂ?@ﬁ}‘g ‘O L§‘é°’ﬁ%' MA0GST PSS 8 GPAREDI e
9: POT pl asrri@f &.Memsjyfnppmgn_meomphmg Qomnms@smsdiuéala@ams Rapstié g Jeki-
erStt3|%2.25 ?ﬁ'} EéOlLbSt bStt3-3 3 2 Li tté",-l

ciently pplng LO comprising mannose I'ESI ues, from the cytosolic side to the

lumenal side of an intracellular organelle.

2. The cell of claim 1, characterized in that said LLO flippase is active in flipping
lipid-linked oligosaccharides selected from the group consisting of Man1GIcNAc2,
Man2GIcNAc2, and Man3GIcNAc2.

10 3. The cell of one of the preceding claims, wherein said LLO flippase activity is
conferred by the expression of one or more of nucleic acid molecules, selected from
the group consisting of:

a) nucleic acid molecules, comprising the sequence of one or more of:

SEQ ID NO: 1, SEQ ID NO: 3, SEQ ID NO: 5, SEQ ID NO: 7, SEQ ID NO: 9, SEQ

15 ID NO: 11, SEQ ID NO: 13, SEQ ID NO: 15, and SEQ ID NO: 17; SEQ ID NO: 21,
SEQ ID NO: 23, SEQ ID NO: 25, SEQ ID NO: 27, and SEQ ID NO: 29;

b) nucleic acid molecules, coding for a poly amino acid, comprising the

sequence of one or more of: SEQ ID NO: 2, SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID

NO: 8, SEQ ID NO: 10, SEQ ID NO: 12, SEQ ID NO: 14; SEQ ID NO 16 and SEQ

20 ID NO: 18; SEQ ID NO: 22, SEQ ID NO: 24, SEQ ID NO: 26, SEQ ID NO: 28, and
SEQ ID NO: 30; and

c) fragments, variants, analogues or derivatives of the nucleic acid
molecules of a) or b).

4, The cell of one of the preceding claims, wherein the intracellular organelle is
25 the endoplasmatic reticulum (ER).
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5. The cell of one of the preceding claims, characterized in that the cell com-
prises at least one nucleic acid encoding a heterologous (glyco)protein and ex-

presses that (glyco)protein.

6. The cell of one of the preceding claims, characterized in that the cell is lack-
ing or is having suppressed, diminished or depleted Rft1-type LLO flippase activity,
wherein the Rft1-type LLO flippase activity is characterized in that its activity flipping
for lipid-linked oligosaccharides having 1 to 3 mannose residues is less than its ac-

tivity for flipping lipid-linked oligosaccharides with 5 mannose residues.

7. The cell of claim 6, wherein the cell is a knock-out mutant of the gene rft1 or
rft1 homologues.

8. The cell of one of the preceding claims, characterized in that the cell is lack-
ing or is having suppressed, diminished or depleted one or more of ER-localized
glycosyl transferase activities.

9. The cell of claim 8, characterized in that the ER-localized glycosyitransferase
is a mannosyl transferase.

10. The cell of one of the preceding claims characterized in that the cell is lack-
ing or is having suppressed, diminished or depleted one or more of ER-localized
lipid-linked monosaccharide (LLM) flippase activities.

11.  The cell of one of the preceding claims, characterized in that the cell is tack-
ing or is having a suppressed, diminished or depleted Alg11-type activity.

12.  The cell of claim 11, wherein the cell is a knock-out mutant of the gene alg11
or alg11 homologues.

13.  The cell of one of the preceding claims, characterized in that the cell is lack-
ing or is having suppressed, diminished or depleted Alg11-type activity and is further
lacking or is having suppressed, diminished or depleted one or more lipid-linked
monosaccharide (LLM) flippase type activities.
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i pid-linked oligosaccharide (LLO flippase activity that is capabl e of
efficiently flipping LLO conprising 1 mannose residue, is capable of
efficiently flipping LLO conprising 2 mannose residues and is capabl e of
effi- 5ciently flipping LLO conprising 3 mannose residues, fromthe
cytosolic side to the lunenal side of an intracellul ar organelle.

14.  The cell of claim 13, wherein the cell is a knock-out mutant of the gene alg11
or alg11 homologues and of one or more genes coding for lipid-linked monosaccha-
ride (LLM) flippase activity.

15.  The cell of one of the preceding claims, characterized in that the cell is lack-
5 ing or is having suppressed, diminished or depleted Alg11-type activity and is further
lacking or is having a suppressed, diminished or depleted Alg3-type activity.

16.  The cell of claim 16, wherein the cell is a knock-out mutant of the gene alg71
or alg11 homologues and of alg3 or alg3 homologues.

17.  The cell of one of the preceding claims, characterized in that the cell is lack-

10 ing or is having suppressed, diminished or depleted Alg11-type activity and is further
lacking or is having a suppressed, diminished or depleted beta-D-mannosyltrans-
ferase or DPM1-type activity.

18.  The cell of claim 17, wherein the cell is a knock-out mutant of the gene alg11
or alg11 homologues and of dpm1 or dpm1 homologues.

15 19.  The cell of any one of the preceding claims, characterized in that the cell is
lacking or is having suppressed, diminished or depleted Alg2-type activity.

20.  The cell of claim 19, wherein the cell is a knock-out mutant of alg2 or alg2
homologues.

21.  The cell of one of the preceding claims, characterized in that the cell com-

20 prises one or more nucleic acid molecules coding for oligosaccharyl transferase
activity, characterized in that it is capable of transferring oligosaccharides other than
Glc3Man9GIcNAc2 to a protein.

22. The cell of claim 21, characterized in that the oligosaccharyl transferase ac-

tivity is a protozoan oligosaccharyl transferase (POT) activity.
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2. The cell of claim1, characterized in that said LLO flippase is active
in flippiWE 20104481L771 nked ol i gosacchari des sel ect ed fr omPCREPZISOH7816

consi sting of Manld cNAc2, Man2d cNAc2, and Man3d cNAc2. 103. The cel | of
one of the preceding clains, wherein said LLO flippase activity is
conferred by the expression of one or nore of nucleic acid nolecul es,

sel ected fromthe group consisting of: a) nucleic acid nol ecul es,
conprising the sequence of one or nore of: SEQID NO 1, SEQID NO 3, SEQ
IDNO 5, SEQIDNO 7, SEQID NO 9, SEQ 151D NO 11, SEQ ID NO 13, SEQ
ID NO 15, and SEQ ID NO 17; SEQ ID NO 21, SEQID NO 23, SEQ ID NG 25,
SEQ I D NO 2723.andTiEQell Bf blaim 22; characterizdy) imthat 9'rotomahdolngokamchhqs tranedi ng

(o 3 PO R B it BTG B e P b o
12, SEQ | D NQelélﬁnarSEQ:férDuMQLl;lQe?smaﬁﬁ%r%ﬁih&»d)QLb}&e/s‘ﬁﬁ@nidﬂw%ar%'z(,LnﬁﬁQ ID

NO 24, SEQ I D NO 30; ,and, Qfra nt

vari ants, ana#?!ﬁﬁ!@%”’@rdod'QY?We(f-V)vése’sg’fnaf’f?egW?S%?’ﬁ%)Q)r deimasa 9"’6?%

b). 4. Tdﬂe cel I, %gnmé)@;ru},t(%)pbfep,?ggmoma%rg@e, (Mherein the intracellular
organell e is 25the endoplasmatic reticulum (ER). WO

2010/ 049177PCT/ EP2009/ 007816 5. The cell of one of the preceding clains,
characteri zed24.n tTbe celhef odairlnl23colnma¢tsézﬁddn thas st protezoan oligoiseceiand trengodi ng

a heterol ogou te| ! he
cell of one o% é%’exgt%t@e a?rr?sﬁ?(m §§°q§’t é&'@%@gl %fcﬁ- )r?agt g%ﬁeﬂ’ ce??'\mg

| ack- 5 i ng oTb$#3Cmiypag a:tmwr e EmStt3ApHtypeni adtieity, o LmBi#3Bpttyue Radtivity,y madLLO
flippase actiyi wherein the Rftl-type LLO flippase activity is

chat nator | s oot MRtSRATHe ety T ty flipping for Iipid-Iinked

ol i gosaccharides having 1 to 3 nmannose residues is less than its activity

for flipping bkpidrhé BJ,‘I?G*dPJlMQ!?&Séﬁé‘raétéhﬁ%ﬁn\fhét%épmaﬁﬁSlld&ﬁtd\k’ﬂﬂtrang The
cell of claim6, wherein the cell is a knock-out nutant of gene tftl or

10rft1 honol ofsiiese. actiyityTiseselested d‘forarf@eogmphecoaﬁ@awqﬁgTem%/pe activity,
characteri ZedTbgné@ﬂ}pgt Beivp! LmSRoARR! By, LrﬁSﬁ‘@HJtﬂ)‘é SR, CERSHC-type

di m ni shed or depl et’ed one or nore ER-1 ocal i zed cosg transf erase
activities. actlwty, and LmStt3D-type activity; LiStt3-1-type actlwty, LiStt3-2-ty
LiStt3-3-type activity; LbStt3-1-type activity, LbStt3-2-type activity, and LbStt3-3-type

15 activity.

pe activity, and

26. A cell modified to express oligosaccharyl transferase activity that is capable
of efficiently transferring oligosaccharides, comprising 3 mannose residues, 4 man-

nose residues and/or 5§ mannose residues, to a protein.

27.  The cell of claim 26, characterized in that the oligosaccharyl transferase ac-

20 tivity is a single unit protozoan-type oligosaccharyl transferase (POT).

28. The celi of claim 27, characterized in that protozoan oligosaccharyl trans-

ferase activity is derived from Toxoplasma gondii (Tg), Leishmania

major (Lm); Leishmania infantum (Li), Leishmania braziliensis (Lb), Leishmania

mexicana (Lmx), Leishmania donovani (Ld), Leishmania guyanensis (Lg), Leishma-
25 nia tropica (Lt), Trypanosoma cruzi (Tc), or Trypanosoma brucei (Tb).

29.  The cell of claim 28, characterized in that the protozoan oligosaccharyl! trans-
ferase activity is selected from the group consisting of: TbStt3Bp-type activity,
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9. The cell of claim8, characterized in that the ER-localized

gl ycosyl tWanefigaxy@ 15i s a mannosyl transferase. 10. TRETHEFRI09HH78dhe of
the preceding clainms characterized in that the cell is lacking or is having
suppressed, dimnished or depleted one or nore of ER-localized |ipid-Iinked
nonosaccharide (LLM flippase activities. 11. The cell of one of the

preceding clainms, characterized in that the cell is lack- 20ing or is
havi ng a suppressed, dim nished or depleted Al gll-type activity. 12. The
cell of claim1l, wherein the cell is a knock-out nutant of the gene al gll

or algl 1 honol ogues. 13. The cell of one of the preceding clains,
charact eri zedTb$tt3Cmtype hacthdly| LsiShaspitype oactivity, hawiSi3Bpdpper esctividy, and

di m ni shed or d Al gll-type activity and is further 25l acking or is
havi ng suppr es@gﬁgsﬁ\fﬁerﬁcgwé’d or depl eted one or nore Iipid-Iinked

nonosaccharide (LLM flippase type activities. WO

2010/ 049177PC34, EPZ?Q@&QO&% ﬁch%ﬁ@teﬁiﬂd ln‘ﬂﬁat%@bﬁ%}o%an Wsﬁbdha?ﬁ@raﬁf—' I is

a knock-out nutant of gene al | g11 honol ogues and of one or nore
genes codi ng fesass |astl\em iSnR@ectﬁ%rfmdeﬁagrpae qcmemmg |of: Ba§63%r@tneva9twty. 15.

The celd of Oﬁ*ss&g]c ijb% Q&tﬁﬁ,ﬁdunstt%k ﬂ}éﬁsactfa sﬁmfp@ aa.vrtmms{a@cwe s

| ack- 51 ng or resse imnls 'et ed Al
activity and astlvitmrarmekmsaalﬂttmy astivite LHSN3- fhgyr@ G‘PIMW é-sﬁ%z-tmenﬁﬁlvéhe@dor

depl o 0 03185564 iy i D08 s Bl A B LSt DR | 1

al g3 honol oguestivity.17. The cell of one of the precedi ng cl ai ns,
characterized in that the cell is lack- 10ing or is having suppressed,

di m ni shed or epl ted act|V|t fur . a S
havi ng a supp?gsse he gp OﬂPEﬁé% mﬂ@ﬁl‘@t%}d%ﬂfﬂ[&& qﬁaf?& '5§§/I' ﬁ?ﬁsl%ef’%'s? or
DPML-t ype act Ia‘ék'hy or islfavingstippRisbed® fdifiinhBY &r depiétes ®hs of Fre 6f ER-Ictafized
knock-out mutant of the gene al gll or al gll honol ogues and of dpnil or dpnﬂ

horol ogues. 19'19°3Vh63’2>$é¢r?s%?°t9[ﬂ?50ne of the preceding clainms, characterized
in that the cell is

32. The cell of claim 31, characterized in that the ER-localized glycosyltrans-

ferase is a mannosyl transferase.

33.  The cell of one of claims 26 to 32, further characterized in that the cell is
15 lacking or is having suppressed, diminished or depleted one or more of ER-localized

lipid-linked monosaccharide (LLM) flippase activities.

34. The cell of one of claims 26 to 33, further characterized in that the cell is
lacking or is having a suppressed, diminished or depleted Aig11-type activity.

35. The cell of claim 34, wherein the cell is a knock-out mutant of the gene alg71
20 or alg11 homologues.

36. The cell of one of claims 26 to 35, further characterized in that the cell is
lacking or is having suppressed, diminished or depleted Alg11-type activity and is
further lacking or is having suppressed, diminished or depleted one or more lipid-
linked monosaccharide (LLM) flippase type activities.
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| acki ng or is having suppressed, dimnished or depleted Al g2-type activity.
20. The cwDI2owFo4e17ai m 19, wherein the cell is a knock- oRrCTHRREN0078M6 al g2 or
al g2 honol ogues. 21. The cell of one of the preceding clains,
characterized in that the cell corn- 20prises one or nore nucleic acid

nol ecul es coding for oligosaccharyl transferase activity, characterized in
that it is capable of transferring oligosaccharides other than

G c3Man9G@ cNAc2 to a protein. 22. The cell of claim?21, characterized in
that the oligosaccharyl transferase ac- tivity is a protozoan

ol i gosaccharyl transferase (POT) activity. WO 2010/049177PCT/ EP2009/ 007816
23. The cel |l B8T. cl @hercalof otdiaras; wbereirethei cell ishakngokeadub rasant of theaene gty |

e (Lo o Skt hiobied i For St SRR SR iR el
Lei shmani a Mekde anm)fippase atitghmani a donovani (Ld), Lei shmania guyanensis

(Lg), Leishmania tropica (Lt), 5Trypanosoma cruzi (Tc), or Trypanosoma
brucei (Th). 24. The cell of claim 23, characterized in that the protozoan

ol i gosacchar yB8t r arfée qedirafsmeaftglaimsy26 to 36| fudhescherastarizad inthal she 6dlsisst i ng

f: TbStt 3Bp- td WhdiMa o Y ki RAR- £ A¥: fvity,
Lntt t 3§b- t ype%@iﬁ ? \?’?t‘%/}ﬁbgﬁ SEE@%%%%" E@'g%hgﬁﬂ é?%lﬁétedﬁgg{ % %:C)élllpiﬁl g’?a E:SI aim
23, char act er furthér lanking at isthagingrasuppressed [dingipished hadspleted Alg3-type petivty.
activity is selected fromthe group consisting of: TbStt3B-type activity,

ThStt3C-type tivity; t 3A-fype activi nSt t 3B-t tivity

LnSt t 3Gt ype 8 vi {‘%Fe'tgﬁct'{"ﬁ‘gac ef%&‘e&’?i'?(%? kQ?"t"L‘?Lgf‘?“gg@-“? ge0ed iy,

Li Stt 3-2-t ypeopsfyir ¥ hbimologés dndbftalgBort g®h@fibloyidsy; LbStt3-1-type activity,
LbStt 3-2-type activity, and LbStt3-3-type 15activity. 26. A cell nodified
to express oligosaccharyl transferase activity that is capabl e of _
efficiently tdA@nsf diheicall ofl angoefadlaimar2tites39,durther earartgized imdRat the selifes, 4

- ' . . i ' L | of
Claim 35, charkiPerds Soviio FRBGREEed SphAIsAB of QefeRiOAG) Rupe vl anf R | 0}
i's a single uhirthepriackingaor- tiy pravirig goswppieassd, tiministash ase depietey. bead)- The

cell of clai no%%n%?etrggéf&r%dfl -t%aéctiglépt ozoan ol i gosaccharyl trans-

ferase activity 1S derived from Toxoplasme gondii (Tg), Leishmani a major
(Lm); Leishmania infantum (LO Lei shrmania braziliensis (Lb), Leishmania

rLrE_Xi ﬁana (Lmx}a. LeiTregaInbRcisaaD/ iherdin-the, callgd § RABEK-Gut Ghiitavitesn Sesgenedig 11
ei shma-
or alg11 homologues and of dpm1 or dom1 homologues.

15 42, The cell of one of claims 26 to 41, further characterized in that the cell exhib-
its Rft1-type LLO flippase activity.

43.  The cell of claim 42 overexpressing Rft1-type activity as compared to a wild
type cell.

44.  The cell of one of the preceding claims, characterized in that the cell is lack-
20 ing or is having suppressed, diminished or depleted one or more Golgi-localized

mannosyl transferase activity.

45.  The cell of claim 44, characterized in that the Golgi-localized mannosyl trans-

ferase activity is selected from the group consisting of

Och1-type activity, Mnn1-type activity, Mnn2-type activity, Mnn4-type activity, Mnn5-
25 type activity, Mnn9-type activity, Mnn10-type activity, and Mnn11-type activity.
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25nia tropica (Lt), Trypanosoma cruzi (Tc), or Trypanosoma brucei (Tb).

29. The cwDI20wfo4e17a8i m 28, characterized in that the proPOTER2009/007816

ol i gosaccharyl trans- ferase activity is selected fromthe group consisting
of : TbStt3Bp-type activity, W 2010/ 049177PCT/ EP2009/ 007816 TbStt 3Cp-type
activity, LnBtt3Ap-type activity, LnBStt3Bp-type activity, and LnfStt3Dp-type
activity. 30. The cell of claim28, characterized in that the protozoan

ol i gosaccharyl trans- ferase activity is selected fromthe group consisting
of : TbStt3B-type activity, 5 TbStt3Ctype activity; LnStt3A-type activity,
LnStt 3B-type activity, LnStt3Ctype activity, and LnStt3D-type activity;

Li Stt3-1-type4dct i Vhe gell bf ShinB42- wiyereinathe icell tis/a kanck-butShttanBet atpeastainevi t y;

LbStt 3-1-type actiyi LbStt 3-2-type activity, and LbStt 3-3-t activity.
31 The cel | 9PasRPed (p Gishib e hsieingfy o5 oA BT MRS, BP0 e
cell is 10l ackinngo,annn#, BAY hodolsyidy theésedl, di m ni shed or depl eted one or

nore of ER-localized glycosyl transferase activities. 32. The cell of

claim31, characterized in that the ER-localized glycosyltrans- ferase is a
mannosyl tran4f.er adke celBaf onpraf claim|44p chayaetedzedcin Ahatshe eelt is 1acking Qrris Ray-

annosyl tr andd Adetzecndhating !
Gi i ni shedt or "AgSPBEEeFL AfFshed S deHAEEMIR 1 ne JURY 70 T Pkea

nonosaccharide (LLM flippase activities. 34. The cell of one of clains 26

to 33, furtheagcharheter ofzhiimiaT, Whaieir the ceiid a kisodkautk mugant bof ihe deawinmm1a
suppressed, di m'/”ui shed or dqgl eted Algll-type activity. 35. The cell of
clai m 34, whefRPAr PHRMINIMOIQAUESY nock-out nutant of the gene algl 1 200r
al gl 1 honol ogues. 36. The cell of one of clains 26 to 35, further

characteri zedygn t .Sl 20C Ki o deSi i i -
di m ni shed or4%[epl Z?éegélgﬁf géi%l-(%fydé)azma%f F(‘/‘iﬂ??@g’f\é ‘P?@Jﬁ?ﬁi’?gﬁim I%rh a\ils

havi ng suppr egstippigisaéchidghipighed ovidgnieted Pcbirdypsractivitye | i pi d-1i nked
nonosaccharide (LLM flippase type activities. WD
2010/ 0?09177PCE6.EP29R<99 /chPZP cjfa6|m 49, wherein the cell is a knock-out mutant of the gene och1

or och1 homologues.

51.  The cell of one of the preceding claims, characterized in that the cell ex-
presses one or more Golgi-localized heterologous enzyme or catalytic domain
thereof selected from the group consisting of:

15 mannosyl (alpha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase
(GnTI);
mannosyl (alpha-1,6-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase
(GnTII);
beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyl transferase

20 (GnTIl),
mannosyl (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase
(GnTIV);
mannosyl (alpha-1,6-)-glycoprotein beta-1,6-N-acetylglucosaminyl transferase
(GnTV);

25 mannosyl (alpha-1,6-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase
(GnTVI);
beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase (GalT);
alpha (1,6) fucosyl transferase (FucT);
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37. The cell of claim36, wherein the cell is a knock-out nutant of the
gene al giwoanical4gr? honol ogues and of one or nore genesPCOAdPINOTS16

| i pid-l1inked nonosaccharide (LLM flippase activity. 38. The cell of one
of claims 26 to 37, further characterized in that the cell is 5lacking or

i s having suppressed, dimnished or depleted Algll-type activity and is
further lacking or is having a suppressed, dimnished or depleted Al g3-type
activity. 39. The cell of claim38, wherein the cell is a knock-out nutant
of the gene algll or al gll honol ogues and of al g3 or al g3 honol ogues. 40.
The cell of one of clains 26 to 39, further characterized in that the cell

i s 10l acki ng orbéta-gafactositlesalptia-2,Sestalyl tdnsferasel{8d), or depl eted Al gll-type

activity and is her cki n i S _havi suppressed, dimnished or
depl et ed bet a- DHb#r’% ttylg Q?@ﬁ'&gg %ﬂ’mm?@?f@ activity. 41. The cell of
cl ai m 40, wher egandét@d §ﬁ{t|hageS(N@quock out nutant of the gene algll or algll

honol ogues and of dlﬁml or le honol ogues. 1542. The cell of one of clains
26 to 41, furtheMPNEWRGHINERFS n that the cel |l exhib- its Ritl-type LLO

flippase activi Nyacylnéaraniﬁ'éie@?ﬂosﬁﬁaté|s?htﬁbé’e2 overexpressing Rftl-type
activity as conparéd to a wl e ce 44. The cell of one of the

precedi ng cl ai 'acﬁﬁéﬂﬁ?&'ﬁﬁtﬁﬁe@qsﬁh@tﬁ%ﬁ the cell is lack- 20ing or is
havi ng suppr essggp. ﬁja@b@bﬁn%ga,ﬁfneq,%&gr&;ﬂ one or nore CGol gi-localized

mannosyl transferase activit he cell of claim44, characterized in

that the Gol gi- UQEagalacé@s%taamgw trans-

feraseactivityi gppl @ Hg,groupconm stingof Cchl-type activity,
Mhnl-type activity, l%n e activity, Mn4- type activity, ©Mn5- 25type

activi 1§/, Mn9- CY|Fesialka acid trynsnvrtano type activity, and Minll-type activity.
nucleotide diphoshatases;
GDP-D-mannose 4,6-dehydratase; and

GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase.

52.  The cell of any one of the preceding claims, characterized in that the cell is
15 selected from: lower eukaryotic cells including fungal cells and higher eukaryotic
cells including mammalian cells and mammalian cell lines, plant cells, and insect

cells.

53.  Anisolated nucleic acid molecule or plurality thereof, capable of coding for or
conferring the LLO flippase activity as characterized in claim 1 or 2.

20 54. The nucleic acid molecule of claim 53, characterized in that the molecule is

selected from one or more of the nucleic acid molecules as characterized in claim 3.

55.  An expression cassette for the expression in a eukaryotic host cell, compris-
ing one or more copies of one of the nucleic acid molecules of claim 53 or 54, in
conjunction with at least one of. nucleic acid molecules coding for a promoter and

25 nucleic acid molecules coding for a terminator.

56.  The expression cassette of claim 55, further comprising one or more copies
of a nucleic acid molecule coding for oligosaccharyl transferase activity as charac-

terized in one of claims 21 to 25.
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WO 2010/ 049177PCT/ EP2009/ 007816 46. The cell of claim 45, wherein the cel
is a knocWOg0t0/HPit7ant of at | east one gene sel ected froRCTHR2¢OH0316

consi sting of: ochl, mnl, mmn2, mn4, mn5, mmn9, mnl0, nmnll, and

honol ogues thereof. 47. The cell of one of claim44, characterized in that
the cell is lacking or is hay- 5ing suppressed, dimnished or depleted
Minl-type activity. 48. The cell of claim47, wherein the cell is a
knock-out mutant of the gene nmmnl and/or of mmnl honol ogues. 49. The cel

of one of claim44, characterized in that the cell is lacking or is having
suppressed, dimnished or depleted Cchl-type activity. 1050. The cell of

cl aim 49, wheb5zi n Ahectoelfdr the tnnkﬁoanktianuof aretiearyotof hdsheelgemmpmising ane awchl

honol ogues. 51. The cell, of o di [0 cterized in
Chat the. cel | Mol Easies ot 8he,RE ferhudste aBl e Ik Bt SaiP ma L3S BT S E oy e
or catalytic dr@mapuéskwme@éx;ﬁeémw%sémaﬁdwm 8§ @rfs. consi sting of:
15mannosyl (al pha-1, 3-)- glycoprotein beta-1, 2- N-acet yl gl ucosam nyl

transferase (GnTI) mannosyl (al pha-1, 6-)-glycoprotein
bet a- 1, 2- N- ac®8.y| gf ueetbedrfarthe prqﬂwg\mafs%cel s specifically capable of the syn-

ggt a % l;mnggﬁﬁ.g ;@I&Wﬁe&%@g&é Qﬁeé o) ?&hﬁ:&@?&%@ Q¥éart SARRIBIAR

bet a- 1, 4- Nac@tryc@llutacommeﬂg/bfthameﬁfm@r(gmerswp s)@kinnosy!
(al pha-1,6-)-gl ycoprotein beta-1, 6-N acetyl gl ucosam nyl transferase (G1TV);

Zomenos) ok el OBLA o Bt S AT SRR AL e

bet a- 1, 4- gal agétivity belbétad forvtRe grdupaafr ) ; al pha (1, 6) fucosyl transferase
(FucT); WD 2010/ 049177PCT/ EP2009/ 007816 bet a- gal act osi de

al pha- 2, 6-si al yl transferase SST) UDP- N- acet yl gl ucosam ne 2-epi nerase
(NeuQ): sialic Bésleic agidimeleculgnefigim S8\ apr-KMeuS5Ac synt het ase;

10 expression cassettes of claim 55 or 56; and
vectors of claim 57,

such that the cell is able to express LLO flippase activity encoded by that construct

or structure.

59.  The method of claim 58, wherein said construct or structure further codes for
15 oligosaccharyl transferase activity and is selected from the group of:

expression cassettes of claim 56 and

vectors comprising one or more copies of the expression cassette of claim 57,

such that the cell is able to express LLO flippase activity and oligosaccharyl trans-

ferase activity encoded by that construct or structure.
20 60. The method of claim 58 or 59, further comprising the step(s) of

diminishing or depleting in the cell at least one enzyme activity selected from the

group of:

Alg2-type activity;
Alg11-type activity;
25 Alg3-type activity;
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5N acyl neur am nat e- 9- phosphat e synt hase; N acyl neuram nat e- 9- phosphat ase;
UDP- N- aceWvol2glieeyam ne transporter; UDP-gal act ose tran®p®MPees/oEsPs f ucose
transporter; 10CMP-sialic acid transporter; nucl eotide di phoshat ases;

GDP- D- mannose 4, 6- dehydr at ase; and

GDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi ner ase-4-reductase. 52. The cell of any

one of the preceding clains, characterized in that the cell is 15 sel ected
from |ower eukaryotic cells including fungal cells and hi gher eukaryotic
cells including manmalian cells and mammualian cell lines, plant cells, and

insect cells. 53. An isolated nucleic acid nolecule or plurality thereof,
capabl e of codi DBMAeypeactviypifamdri ng the LLO flippase activity as

characterized in m1 or 5 nucl nmol ecul e of cl ai m 53,
characterized |'|‘P'(§:h'§i dt'ﬂ%”%ﬁ?@@dﬁ%ﬁr@?@@éﬁ @%?%W?yone or more of the
nucl eic acid nol ecul es as characterized in claim3. 55. An expression

cassette for gfe eKlPﬁ@o‘?a?terbe'llrbraa %mfé‘léy ?ﬁé[r %ﬂﬁgéciﬁ%ﬂb ’caﬁgﬂgrdfssryng%glzﬁ’ﬁe or

nore copi es of one of the nucleic acl

conj uncti on whiRidrlinited caligpsangbarides havingi @ Jdart GloNAe dan26dehc oanclépr
pronot & and l&éﬂﬁ'@l‘cﬁA 2 cgn g&ﬁ% %HQRtgH%ﬂuIBPErganéI%réﬂd’\%r&?ernn%ﬁre %’é
expressi on cassette o rt risen of a
nucl ei c acid ear stclmtle'edoca n@,scbot pl@tellgesiareem il that e&llsbharastenm lnvuhalythes

a2, £ A g T 0o e

one or nore copies of one of the nucleic acid nolecules of claim53 or 54

and/ or one orgRDr eAGRRhES fobfthd PRABUDINETH GIfcopPRERtdrer Qifcdpratbiin ompakitie -
58. A nethod for the roductl?n of a cell that is specifically capable of

the syn- 5t heS9BPISINg Hestep®®lol i gosacchari des having a Man3G cNAc2 gl ycan
structure in an intracellular organelle of that cell, conprising the

step(s)p of: providing a cell according to one of claims 1 to 52 or claim 61;

culturing the cell in a culture medium under conditions that allow the production of
the glycoprotein or glycoprotein composition in said cell; and,

if necessary, isolating the glycoprotein or glycoprotein composition from said cell
and/or said culture medium.

15 63.  AKit for producing a glycoprotein or glycoprotein composition, comprising:
a cell according to any one of claims 1 to 52 or claim 61, and

culture medium for culturing the cell so as to confer the production of the glyco-
protein.

64. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
20 produce glycoproteins having a GIcNAcMan3-5GIcNAc2 structure.

65. A glycoprotein having a GlcNAcMan3-5GIcNAc2 glycan structure, produced
by the cell of claim 45.

66. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a GIcNAc2Man3GIcNAc2 structure.
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transformng the cell with at |east one construct or structure coding for
LLO fli ppaeeconaupwirity sel ected fromthe group of: nucl eircTaPR@90018¢€ Ul es of
cl ai m53 or 54; 10expression cassettes of claimb55 or 56; and vectors of
claim57, such that the cell is able to express LLO flippase activity
encoded by that construct or structure. 59. The nethod of claim 58,
wherein said construct or structure further codes for 15oligosaccharyl
transferase activity and is selected fromthe group of: expression
cassettes of claim56 and vectors conprising one or nore copies of the
expression cassette of claim57, such that the cell is able to express LLO
flippase acti@rty Arglycmb'rcg@'eahaaimgrayGIdNA{ﬂMaﬂBGk:NMQtg'lyxianystmctlmd,eprobycetdhat
construct or ét&@gt r g . The nethod of claimb58 or 59, further

conpri sing t he¥ ”§f 'm ni shing or depleting in the cell at Ieast one
enzynme activity selected fromthe group of: Al g2-type activity

Al gll-type acggyvi tx,ceﬁﬁ&&&ngY&Sn@Sf ¢dinds4 to 5&%&9&19{ @14%%/%&? 958&89&1 {07816

DPML-type activity; and | i nked nonosacchari d |ppase type
activity. 61ProdHCe Q'G!P%Rf@fé'f@&ab/'n@ra @chAgfﬁManQ@cNA@beectlngpwaﬂ|5t;ra1= uge.
capabl e of synthesi zi ng I i p| d-1inked ol igosaccharides having a Manld cNAc2,

Man2d 2 / NAC 2 |l
or ganeld - andodr andr QiR A, § HERRr Mt AL BnddouarCrai e
expressed in phaucetby thewehbhichiaréged in that the cell is producible

according the nethod of one of clains 58 to 60. 62. A nmethod for the

production of a glycoprotein or a glycoprotein conposition onpr|S|n t he
step(s) of: 180r ovAsehgceordiapito ape &f daints 1 to Ther @aime hispgcitically dssigasd B ai m

61; cul turingpidageé fybodr@teﬁﬂs%l\/ﬁwgraeGQ@éidNﬂcgmﬁﬁGﬁzﬂﬂgﬁ%;|y95§sttrt|ﬂﬁ&rea| | ow t he

producti on of the gfycoprotein or glycoprotein conposiftion in said cell;
and, if necessary, isolating the glycoprotein or glycoprotein conp05|t|on
from sai d cel F1andAoglycprateiouthdvingea re@al2@leNAEZM3n3ClkNAc2 giycpn stiuctiureg pro-

gl ycop%)t ein 8{!08% B/yctggrcg gl aai%%osi tion, conprising:

72. A composition of glycoproteins having a Gal2GIcNAc2Man3GIcNAc2 or
GalGIlcNAc2Man3GIcNAc2 structure, produced by the one or more of cells of claim
70.

73. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
15 produce glycoproteins having a Gal2GlcNAc2Man3GIcNAc2Fuc glycan structure.

74. A glycoprotein having a Gal2GIcNAc2Man3GIcNAc2Fuc glycan structure,
produced by the cell of claim 73.

75. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a Gal2GIcNAc3Man3GIcNAc2-bisecting glycan struc-
20 ture.

76. A glycoprotein having a Gal2GIcNAc3Man3GIlcNAc2-bisecting glycan struc-
ture, produced by the cell of claim 75.

77. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting glycan
25 structure.
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a cell according to any one of clains 1 to 52 or claim®6l, and culture
medi um f avocalof49i7ig t he cell so as to confer the produ®CIraR2eP/0078¢6

gl ycoprotein. 64. A cell according to one of clainms 1 to 52 or claim®6l,
specifically designed to 20produce gl ycoproteins having a

G cNAcMan3-5G cNAc2 structure. 65. A glycoprotein having a

G cNAcMan3- 53 cNAc2 gl ycan structure, produced by the cell of claim45.

66. A cell according to one of clains 1 to 52 or claim®6l, specifically
designed to produce gl ycoproteins having a G cNAc2Man3G cNAc2 structure.
WO 2010/ 049177PCT/ EP2009/ 007816 67. A gl ycoprotein having a

G cNAc2Man3d E&IACZAgegcnmnotew hawlugea Gal2@iebAd3Man3GleNAe2Ruceiisetting nglfdan  68.
A cell accordin 0 on 0 or claim®6l, specifically

desi gned to p?tﬂ‘g:ﬂgﬁ @P@‘éﬁ?ﬁ‘rb&tﬁ? el ¢ ‘it'ﬁ'W a G cNAc3Man3G cNAc2- bi sect i ng

gl ycan structure. 569. A glycoprotein having a G cNAc3Man3d cNAc2- bi secti ng
gl yean structpge, RIBfldeafiRy té be 6ElikinAl1 (o 53 & Géim 617 dpedicly edight i NG

to one of clalns Claim ecifically designed to produce

gl ycopr ot ei nspmwmg!ysomtemlbw@gzlaaNguz.{)@%&GlgM@aﬂa @M@& gl_ycarvxstruw(

gl ycoprgptein @?é/l ng a Gal 2G1cNAc2Man3G cNAc2 gl ycan structure, pro- 10duced
by the cell of claim70. 72. A conposition of glycoproteins having a

Gal 2GLcNAc2Man3d cNAc2 or Gal G cNAc2Man3d cNAc2 structure, produced by the
one or nore 080.ceIASglyxfopcdte|hnhaKﬁhg a7|9euA&2¢£lZGldﬂA¢2Mﬁn&£l¢NAmglyoén gtra¢-ns 1
to 52 or claimb61, |f|caII ed to 15produce gl ycoproteins having
a Gal 2GlcNAc 2 &9 ?Pfﬁ%e@‘?%zf ucture. 74. A glycoprotein having a
Gal 2GLcNAc2Man3d cNAc2Fuc gl ycan structure produced by the cell of claim

/3. 75. gycelh cgﬁ SLESHHIRG td Bn@BEcIFimst B B orlcidifh &1 sBEcifidaft) BeSidned to
specifically designe
produce glycoprotelns having a NeuAc2Gal2GIcNAc2Man3GIcNAc2Fuc glycan

10 structure.

82. A glycoprotein having a NeuAc2Gal2GIcNAc2Man3GIicNAc2Fuc glycan
structure, produced by the cell of claim 81.

83. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a NeuAc2Gal2GIcNAc3Man3GIcNAc2-bisecting gly-
15 can structure.

84. A glycoprotein having a NeuAc2Gal2GIcNAc3Man3GIcNAc2-bisecting gly-
can structure, produced by the cell of claim 83.

85. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a NeuAc2Gal2GIcNAc3Man3GlcNAc2Fuc-bisecting
20 glycan structure.

86. A glycoprotein having a NeuAc2Gal2GIcNAc3Man3GIlcNAc2Fuc-bisecting
glycan structure, produced by the cell of claim 85.

87. A cell according to one of claims 1 to 52 or claim 61, specifically designed to
produce glycoproteins having a GlcNAc3Man3GIcNAc2 glycan structure.
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produce gl ycoproteins having a Gal 2GLcNAc3Man3d cNAc2- bi secting gl ycan

st ruc20t We.201018917A gl ycoprotei n havi ng a Gal 2GLcNAc3VaRETEPRIEPAOBilGect | ng
gl ycan struc- ture, produced by the cell of claim75. 77. A cell
according to one of clains 1 to 52 or claim®6l, specifically designed to
produce gl ycoproteins having a Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting gl ycan
25structure. WO 2010/ 049177PCT/ EP2009/ 007816 78. A glycoprotein having a
Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting gl ycan structure, produced by the cell
of claim77. 79. A cell according to one of clains 1 to 52 or claim61,
specifically designed to produce gl ycoproteins having a

NeuAc2Gal 2Glcd8c 2Marghfcoprdbein hgling aan GIINACSManBEIcNARQ. glytal steeturet srodudedvi ng
a NeuAc2@Gal 2 c@{AcZ!XBEé(H cNAc2 glycan structure, produced by the cell of

cl ai m 79. Y 8¢ CEACLEPYM Stcording to one of claims 1 to 52 or claim 61,
specifically designed to produce gl ycoproteins having a

NeuAc2Gal ZGchCZI\@r@@E&gAﬁﬁ e r ; | N
havi ng a NeuAc2Gal ZGlcNAcé_ gSG? %ﬁgﬁﬂn%og{oyég%%%pu%f%P%&I%p%ggﬁg%ﬁ t he
cell of cl ai npr@duce glycopgdeina hawing afzal3GIsNAg3Man3BleNAE2 glyaamstructure. 52 or
claim 61, specifically designed to produce glycoproteins having a

NeuAc2Gal 2GLcNAc3Man3d cNAc2- bi sect i | y15¢an ructure. 84. A

gl ycoprlot ei n %gvi ?@ ﬁyWWA?Q@V@&%MEﬁé@@@Q%Q%QS’F% s{jpetuce, pro-
structure, preeiedasy thy célhef diemlggof cl ai m 83. 85. A cell according to
one of clainms 1 to 52 or claim®6l, specifically designed to produce

gl ycoproteins_having a NeuAc2Gal 2G1cNAc3Man3G cNAc2Fuc- bi secting 20gl ycan
structure. 8%l. A Ryicet agrasding to Ars Phejaips 1 to 52 or claim 61, specifically designed to

NeuAc2@al 2Glc e 2FHe- Dl [ IWTerel )y t he
cell of clai n%ggwg&%%e I H%é@o??ﬁ%%ﬂtggﬁl cl)ér@ag'?‘é%\f' ai méqAﬁnggg&gsgg aim
61, specificalus designed to produce gl ycoproteins having a

G cNAc3Man3d cNAc2 gl ycan structure. WD 2010/ 049177PCT/ EP2009/ 007816 88.
A gl ycgprotei g, having a G cNAc3Van3d c | yc r re,. produced by
the celY of ngo[i m )éﬁycogg:_te&pfgé/mg 3&%%%%%°®§@m“%g@¥w 5')/9%{1 §BUGr
claim®61l, spemré,ipa@ddcyd@?mgmcbfh@irﬁmduce gl ycoproteins having a

Gal 3GLcNAc3Man3d cNAc2 gl ycan structure. 590. A gl ycoprotein having a

Gal 3GLcNAc3Man3GLlcNAc2 gl ycan structure, pro- duced by the cell of claim
89. 91. A cel | 9%ccoh@elhgceanding éo eme ef elaims titorq? gxlam G, spesifically dpsigned toal | y

designed tO produce glycoproteins having a NeuAc3Gal3GIcNAc3Man3GIcNAC2Fuc glycan

structure.

15 94. A glycoprotein having a NeuAc3Gal3GIicNAc3Man3GicNAc2Fuc glycan
structure, produced by the cell of claim 93.

95.  Anisolated glycoprotein or a plurality thereof, selected from one or more of:

glycoproteins, producible by the cell according to any one of claims 1 to 52 or
claim 61;

20 glycoproteins, producible by the method according to claim 62; and

glycoproteins of any one of claims 63, 67, 69, 71, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92, and 94.

96. A glycoprotein composition, comprising two or more different glycoproteins
according to claim 95.
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produce gl ycoproteins having a NeuAc3Gal 3GLcNAc3Man3d cNAc2 gl ycan

st ruct ur evOROBP4A 7G| ycopr ot ei n havi ng a NeuAc3Gal 3G cNACSTVERI@ONAEY gl ycan
struc- ture, produced by the cell of claim91. 93. A cell according to one
of claimse 1 to 52 or claim®6l, specifically designed to produce

gl ycoprotei ns having a NeuAc3Gal 3GLcNAc3Man3d cNAc2Fuc gl ycan structure.
1594. A gl ycoprotein having a NeuAc3Gl 3GLcNAc3Man3d cNAc2Fuc gl ycan
structure, produced by the cell of claim93. 95. An isolated glycoprotein
or a plurality thereof, selected fromone or nore of: glycoproteins,

produci ble by the cell according to any one of clains 1 to 52 or claim61;
20gl ycopr ot ei 9B, pA oelcomtidhant biyerbpeuticatlyhaddiva pesteidlionc plorafityahereof, ;acasvding

gl ycopr ot ei ns ol arye gb of clainms 63, 67, 69, 71, 72, 74, 76, 78, 80, 82,
84, 86, 88, clgye 35,01 96. A gl ycoprotein conposition, conprising two
or nore di ffer ent gl ycopr ot eins according to claim95. WO

2010/ 049177PCdg EP2 &b - ' active
protein or aqﬁ uraﬂl?t%rqgﬁereéjf"ﬁz’ég?&L{rﬁﬁﬁg@{%@%{:g@]ﬁgg(pglrg%g&u%%. An

i mrunogl obulin or a plurality thereof according to claim96 or 97. 99. A
phar maceut i ca®9. compthtmaneutlwmpnipsisitig\,cummpmisingtuhe arfméreeof ghey gypombRings Sor
gl ycoprotei n conposi tions or, more of clains 9 0.98 an | east
one phat maceuf gg?q%;otgg\cg%{\%qﬁc{@néafrqngrordporzgd?fﬁggms_ % gﬁ)gg aﬂgg‘?qﬁ%%r%\eel n
or gl ycopr ot epiareacpatiRally ssteptabRy elietior agjdvant. one of clains 95 to 99, for
use in the therapeutic treatnment of a condition treatable by

adm ni strationt hat gI ycoprotein or conposition. 10101. Method of treating a
di sorder treal ¥blAglisopseiingr stycaprotain eampnfitiop; chasaeterized:in englof elaimsdiitons or
conposi tions gd GN&eq tﬁ@tﬁ@ra% ulﬂ @édﬁeﬁtsoftaocoﬂgmoﬁﬂ@&rab@Hglga&rnﬁ\ ds?ﬁaﬁ@r(tﬁét of:
adm ni stering t'o a subject t ycoprotein or co n

above, wherei gly@omotglmb}r@omppsm@mfferl ng from or is suspected to, a disease
treatabl e by 15adm ni stration of that glycoprotein or conposition.

10 101. Method of treating a disorder treatable by administration of one or more of the
glycoproteins or compositions of one or more of claims 95 to 99, comprising the
step(s) of:

administering to a subject the glycoprotein or composition as described above,
wherein the subject is suffering from, or is suspected to, a disease treatable by
15 administration of that glycoprotein or composition.
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