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HOST CELLS FI ELD OF THE | NVENTI ON The invention relates to the field of

gl ycopr otwonoprioaust i on and protein glycosylation 5 engCcm@&Peoingoions
eukaryotes, specifically the producti ®on of human-Iike conplex or hybrid

gl ycosyl ated proteins in | ower eukaryotes such as yeasts. The invention
further relates to glycosylation nodified eukaryotic host cells capabl e of
produci ng gl ycosyl ation optim zed proteins that are particularly useful as
i mrunogl obul i ns and ot her therapeutic proteins for humans. The invention
also relates to engineered eu- 10 karyotic, in particular non-human cells
capabl e of producing glycoproteins having glycan structures simlar to

gl ycoproteins produced in human cells. Accordingly, the invention further
rel ates to pHPRONEDGLMCRSWATIONOGIPRQIFINSINHQASELEAS novel
conpositions thereof that are producible by said cells. BACKGROUND OF THE
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The possibility of producing heterol ogous and/or reconbinant proteins in
host cells 40 has revolutionized the treatnent of patients with a variety
of differwotodisemses. Mst therapeutic proteins need t@ChErPamdiobioed by t he
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by the provision of a novel genetically nodified host cell. This cell is
primarily char- 5 acterized in that it is lacking or is having suppressed,
di m ni shesoan1idspi4et ed ER-1 ocal i zed gl ycosyl transferaseCampeaiiiod®s4 in
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ER-| ocal i zed al pha-1, 2-mannosyl transferase activity, nore particul ar,
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a further object to provide a glycoprotein with a defined glycan structure, such as in
40 particular a human-like or hybrid or complex glycan structure, and novel composi-
tions thereof, that are producible by said means and methods. A particular object of
the invention is the provision of N-glycosylated proteins and in particular immu-



the cell expresses or overexpresses heterol ogous mannosyl (al pha-1, 3-)-

gl ycoprotein beta-1, 2-N-acetyl gl ucosam nyl transferase (Gnil) activity.
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nodi fi ed host 15cell for the producti én of heterol ogous and/ or reconbi nant
gl ycosyl ated proteins, the cell having at |east the foll ow ng

characteristics: - the cell is lacking or is depleted of ER-localized
al pha-1, 2- mannosyl transferase activity, in particular is depleted of algll
and/ or al gl1 honol ogues or a knock out mutant thereof; 20- the cell is
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t hat :155- t heAegsirding 4o hapaktiawtar@mhoglindens| of thedineénti@ol the cklb safuithedackimhar is, 3
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25 More particular, the cell expresses, overexpresses one or more nucleic acid mole-
cules coding for or exhibits mannosyl (alpha-1,3-)-glycoprotein beta-1,2-N-acetyl-
glucosaminy! transferase (GnTl), i.e. GIcNAc transferase 1. More particular the cell
expresses or overexpresses at least one nucleic acid molecule coding for GnTl or a
catalytic domain thereof, for example the heterologous gene mgat / and/or homo-

30 logues of mgat |.

In a particular variant thereof, the cell further expresses, overexpresses at least one
or more nucleic acid molecules coding for or exhibits mannosyl (alpha-1,6-)-
glycoprotein beta-1,2-N-acetylglucosaminyl transferase (GnTll), i.e. GlcNAc trans-
ferase 2. More particular the cell further expresses or overexpresses at least one

35 nucleic acid molecule coding for GnTIl or a catalytic domain thereof, for example the
heterologous gene mgat // and/or homologues of mgat II.

In a particular variant thereof, the cell further expresses, overexpresses one or more
nucleic acid molecules coding for or exhibits beta-N-acetylglucosaminyl glycopep-
tide beta-1,4-galactosy! transferase (GalT), i.e. Gal-transferase. More particular the
40 cell further expresses or overexpresses at least one nucleic acid molecule coding for



15The cell may be further characterized in that the cell expresses one or
nore further CGol gi-localized heterol ogous enzyne or catalytic domain
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30N- acy| neur &A9#/4{ andophrrapraves ShBidellsle: N-acyl neur ani nat e- 9- phosphat ase;
UDP- N- acet yl gl ucosam ne transporter; UDP-gal actose transporter; GDP-fucose
t ransport er; IlsgTRMbodiment thereds primatiy prowvded agenetisailyl maodifieddmsheelforthe
GDP- D- mennos Qroqi,ugtiqfe@fymtqpbpg@ys and/or recombinant glycosylated proteins, the cell having
GDP- 4-5ket o- 6atleastytheiotigwingsehaBadengticerer ase- 4- r educt ase. WO

2011/ 134643PCT/ EP2011/ 002094 7 In particul ar enbodi nents the present

i nvention seeks t theavell & bikingroesedepleteld EryR udatizedl alphas , 2varanassyll aaas-
activity in the cédrhse activity piargaricularis tgeted|df aigs! 11 srclornaglg tthormelbgues @gous
enzynme activity of kBotigbut rmoht theceadil pha- 1, 2- mannosi dase or honol ogues
thereof. In a particular enbodinent the cell is |acking any heterol ogous
nman- 5nosi dase -actie/tdllis Iddking ¢ras tegleiedrof ER-lodalizel %Ii@g{ bhbsphafCibABosnY
mannogi dase acti vigtytolipldl @IsHd-mahfody ttaRsferasBas@miter inZ artitiat A HeplbteldSof
selected from | oweRs3 fidkeH G hém6IBhLSs or ANeAdedicdOmutid Hersdt &%a i N
particul ar yeast, and hi gher eukaryotic cells, including mammalian cells,
plant cells, and iNSeel cxpldsses lof dvefdkbldiets FeRF6bgONE HRarindsAT @iphdeds
method for the prgfdghiofdin Bgtaa1,QWS&étﬁélfulﬂsaminyl transferase (GnTl) activity.

In an alternative embodiment, there is primarily provided a genetically modified host
15 cell for the production of heterologous and/or recombinant glycosylated proteins, the
cell having at least the following characteristics:

- the cell is lacking or is depleted of ER-localized alpha-1,2-mannosyl trans-
ferase activity, in particular is depleted of alg77 and/or alg71 homologues or
a knock out mutant thereof;

20 - the cell is lacking or is depleted of ER-localized beta-D-mannosy! transferase
activity, in particular is depleted of dpm1 and/or dpm1 homologues or a
knock out mutant thereof; and

- the cell expresses or overexpresses heterologous mannosyl (alpha-1,3-)-
glycoprotein beta-1,2-N-acetylglucosaminyl transferase (GnTl) activity.

25 In another alternative embodiment there is primarily provided a genetically modified
host cell for the production of heterologous and/or recombinant glycosylated pro-
teins, the cell having at least the following characteristics:

- the cell is lacking or is depleted of ER-localized alpha-1,2-mannosyl trans-
ferase activity, in particular is depleted of alg771 and/or alg71 homologues or
30 a knock out mutant thereof;

- the cell is lacking or is depleted of ER-localized lipid linked monosaccharide
(LLM) flippase activity, in particular is depleted of one or more genes encod-
ing LLM flippase activity or a knock out mutant thereof; and



10 nodified cell, the method conprising at | east the step(s) of:

di mnishing or depleting in the cell ER-localized al pha-1, 2- mannosyl
transf er 280 2atfi3vé48y (Al g 11); that is produci ng a knockComp2otaoew4sto al gl
1 and/or algll honol ogues; and the step(s) of dimnishing or depleting in
the cell ER-localized dolichyl phosphate-mannose glycolipid al pha- mannosyl
transferase activity (Alg 3); that is producing a knock-out nmu- 15 tant to
al g3 and/ or al g3 honol ogues. Accordingly, there is in particular provided a
Aal gl | Aal g3 knock out nutant strain. In alternative enbodi ments of this
aspect there is provided a nethod for the produc- tion of a/geneti cally
nodified cell, th metrod conprising at |east the step(s) of: - mni shing
or depleting in tHe C&l EXISSPe} Qf (VB RIESASS feéer?ﬂﬁaw&mampaﬂs(ﬁ&has@ dctiv-
20 ity (Alg 11);: ON§PProtein ‘6‘&ub?rﬁ\ba%?t%ﬂ'HEQs%fﬂmy'r‘r’iif‘éfﬁfastedGé‘lT@Iaciv'H/nd/ or

al gl I honol ogues; and the step(s) of one or both of: dimnishing or

depl eting i n ReTe eRtticERr eatbediments betee!l Df g irveption isafusther alaractetized iny
(Dpni), thatt3 producing a knock-out nutant to dpm and/or dpn

honol ogues, or dimnishing or depleting in the cell ER-localized LLM
flippése acti vi-t ythereadids daokiigyor is bepletedsofiGlgidodalized alphp+r1od ndedosy! trabs-

Aal gl | Adpm  knockfesase activiintin partellar amd/f @r ranAdlogioldguel ddpldtep palewckdat k out
mutant strain. In nore particular enbodi nents the nmethod further conprises

the step(s) Abdeeribed-inimdrentetair hélepl Bsidwahi inddntios @lsb greligés hraldszed
al pha- 1, 3 nmanrasyto braausé euals enciiifiedvddily. AdVERo Weschibtt ini iofer RALIC heginabe-
addi ti onal K o0 kheo ltiventisrodls® PrévidedvnkbthaBsl/afl réand ot the3ftoBGEh Al Whkosy-

Accordi ng t Olatdd protaTho i tashicelld Benellias the QWiceglated phateink Prdbdliced dsB&@lhgout
nmut ant strai to tAalig@Aadgl | Amnl . In the respective alternative enbodi nent

there is provided in part| cular a Aal gl | Adpml knock out nutant strain

and/or a Aal ghé chi-Mal/lbeRDARE dHARSH el iMHaAflexhibitdidtredsd eRfﬁ b@%l’_o flip-
enbodi ment t hedeeadtivith erHeetdiosk th%rﬁé?ﬁ&ul&oégﬂébtslgaroﬁf ract ﬁf’é&sln

form ng the ggliheWef @\Feréf‘fﬁéésn bk ¢ 0P R s€ Coa' ng
het er ol ogous mannosyl (al pha-1, 3-)-glycoprotein

bet a- % 2-N- a‘i}ﬁé Xélgmé %%‘%[Thﬂé(# ct{arrgﬁérflz%r a5 % %ﬂ_ g pr!—:‘s e eSUCh ”}aﬁher
ot e @faf%g i ekl G g

formng the ce east on nucl e| c acid nol ecul e COdI ng for

het I
bet a1, oo\ acle] ”a”” ﬁrfg §Zopis g%j%’“@ ) peseresn(@r T e
cell is abl eczég ao c&g&gg&e 1 4Naes ‘ osa  transferase

A
Forther comm e E%Yﬁéa/ e paysseer e et B Ace V@B%?*W(t%’%@f?%?f tood
ecu

ol'yeopept | de Banacey! e kB fort iR LA A3 cedh B BRIV EERF 1 hat  ne

glycopeptide
cel | LS abl e %%ﬁ S or QVer ex said activity. 5In a further

enboél ment th%' t@cc?ﬁéf ﬂg'&s ?'@Isgf(l 'fcsrep %Qi the step(s) of:transformng
r

the cell wt hb t 'yl I'e codi ng for an heterol ogous

and/ or reconbvq%n'\f t quﬁ "g 'e%'U‘Séqsieaf &u gl ycosyl ation, such that
the cell is &Ig, %{}Waeg‘ ver express said protein. In nore
part |38ul ar e ude further steps of di m nishing

| oor “depl et i ng_e ac W@"H%;T? ‘15883{1%% {@ncl and/ or Gol gi -l ocali zed mannosyl
transferase aﬁbb ra 'n%g

ety glucosamlne transporter;
UDP-galactose transporter,
GDP-fucose transporter;
35 CMP-sialic acid transporter;
nucleotide diphosphatase;
GDP-D-mannose 4,6-dehydratase; and
GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase.

In a particular embodiment, this group of Golgi-localized heterologous enzymes may
40 further include UDP-glucose 4-epimerase or UDP-galactose 4-epimerase-



In nore particul ar enbodi ments the nethod may include further steps of
transform ing the cell with one or nore nucleic acid nol ecul es coding for
at | east woeofumstdaer het er ol ogous gl ycosyl transferase &CTiRPRet/00®a€h t hat

the cell is able to express or 15over&xpress said at |east one further
activity. In a particular aspect, the invention provides a transfornmant
host cell, specifically capable of producing one or nore of the

gl ycoprotein or glycoprotein conmpositions, in particular a reconbi nant
protein, as characterized herein. As described in nore detail herein bel ow,
the invention al so provides host cells which may be further ge- 20
netically nodified to obtain particular strains that are specifically
capabl e of ploRRIESHE eMBAFIMERtH the Presenkinventfongiapks 49 pyeid dhg pesensrsofdnyh
particul ar gPGEERYNSB dage getivitydn dhg pelpmarg @artisylan theoeell is ladking anyr t her
char act er i zeBCERIPIPUS $72YME ARl i L0l Isalized salbha-h2onaerosidase erfshoropre
het er ol ogous!°9HE? BIee B PariiRvlaheabedimentthe aed is lacking gy helpselagoustman. The
met hods and ReXFRSe 4tV JaPariputas vpdant fhe eallds Fcking@ny snargiosidase actpagy.
erol ogous and/or reconbinant proteins of interest are well known in the
art. The cel Thefcell li fyrthee ehptaetarizad ipthatdl sbsejeatednfroms dewemeukaryatioreells,
nucl ei ¢ aci dingyrisgufusgat kelfs, do drartiadaroyrasbr ambrhégher reykaryotic udedls, including
het er ol ogousMaRuNaiancedd il gatis, agH yrsept eallei ns and i s capabl e of producing
the gl ycoprotein or conpositions of one or nore thereof. The invention
al so provi deb & Hertmart depecothepr @cpswided rethuziefos ahel pgdductipn of ai geretically
30g! y1eopr ot einedifiedpel,i the omthatheoreprisitdat Isesthibel siep(g) raf-naimidishindher dedietingz ed
in that the inghé celt ER-bralget raiphant,@marorsyisramstarasteactizitg (Alg eid );tthatps edice
t he gl ycopr otlgiimg aTkreck-outniutant tal @97 pasdiodak) 1d] horogpogics: aad the dtdpls) of
particul ar gdliyéwghiog er depletnpi the cals ERtbedlizad eolichytipitogpheteohamricdseylyaaduced
by the cell ipfd alhbainmarewsyldransferase activity I(Algad)p &t i pragiuciag e kitocktdi® mu-
i nvertéi on prient thes/gd arelldroalgd domolwgups. oflcootdiogly othese @l ingmarti@fprmbaEded ar a
gl ycopr ot ei nAglgipdalg8 koock aomoutarstistgirt he st ep(s) of: providing a cell
according to the invention; WD 2011/134643PCT/ EP2011/002094 9 if
necessary, imal@inatige eftbodinyérPopinal Sspett BeKCIOprSlidddIa FRIMRBIor tHprba@M sai d
cel | and/or & of £gkheticallyrBdidified dell, efrHéthb® CoMmpRERG at 1Mt tHAVABLEPHF: di-
provides a kininighing<br deietparih $hd esll PR ASEHGZW0alPhy-Q FAKRGSY traReTBiasS by~ St he
cel | 2accor di ing(Alg® 10nehanfis ploausing @adobgoasmeshttotdig NEnd/BVERY ¥ ABmBRYusd!! ture
medi um for cand thel stgp(shef eak lor HotHASS: ldimiBRAMGT ort dpIdINGdH Ghé @Bl &R-foBSized
gl ycopr ot ei nbeta-D-mahhesyil aasferaze #tisiey @mv1)desat dpiodQtinh @kMIck-out mutant
"subst ant i al foyopm1 edndirCbiping Bthelogids2 ot @nfiisting WACAdiiidg ANBeOBell BRL€OT ,
whi ch is capatdieedf LievicOigpage aictioignf Atdordiggif theret wp@h | RiiduRpagRvRel! ¥ity
in the ER Thalgi mgpmbi RNodkl GLo niitamt e and/bs® haled 19M fipphsd Riddkalut YnuRur €
nucl ei ¢ aci danbdtexiul e or a functional anal og thereof, which is capable of
encodi ng or conferring heterol ogous glycosyl transferase activity in the
cel I, in parihirfteasartitiR entbobimBrEaRe FRkHoPRAnS! &&ﬁ&ise@%h&'&%ﬁg Rediff el n.
15In a furt hetingspagsletitd the CeMCoRfiIddafedfishs 13 r}ﬁSRrPcEs%ﬁéﬁgf ';s activit
gl ycopr ot ei nMHMO&at _istﬂu@ﬂucih@aﬁ%ﬁBhiSh’il%ﬁo&-B@t"rﬂUEh&? by SRR R
gl ycapr ot ei maresIpgsdst h@BordHaAoARISCIHBRAMER, AL id Povided GADaRtcLAE U cR! the
gl ycopr ot ei noiarfueat @¢bRdAkIgBRRRASARINTOIE tHY respective alternative embodiment

there is provided in particular a Aalg171Adpm1 knock out mutant strain and/or a

Aalg11 LLM flippase knock out mutant strain.

In a further embodiment thereof the method further comprises the step(s) of: trans-
35 forming the cell with at least one nucleic acid molecule coding for heterologous

mannosyl  (alpha-1,3-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase

(GnTI) activity, such that the cell is able to express or overexpress said activity.

In a further embodiment thereof the method further comprises the step(s) of: trans-

forming the cell with at least one nucleic acid molecule coding for heterologous
40 mannosyl (alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase

(GnTll) activity, such that the cell is able to express or overexpress said activity.



Man3Ad cNAc2 20Mand4d cNAc2 Man5G cNAc2, G cNAcMan3d cNAc?2,

G cNAcMan4d@ cNAc2, G cNAcMan5d cNAc2, 25G cNAc2Man3d cNAc2,

G cNAc3VawBGhtiNAe®3bi secting Gall G cNAc2Man3d cNAc2, GRLCI/EP2011/002094

G cNAc2Man3d cNAc2Fuc, Gall G cNAc3MaB3d cNAc2- bi secting, 30Gal |

G cNAc3Man3GLcNAc2Fuc- bi secting, Gal 2GLcNAc2Man3d cNAc2,

Gal 2G1LcNAc2Man3d cNAc2Fuc, Gal 2G1cNAc3Man3d cNAc2- bi sect i ng,

Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting, WD 2011/ 134643PCT/ EP2011/ 002094 10
NeuAcl Gal 2GLcNAc2Man3GLcNAc2, NeuAcl Gal 2G1lcNAc2Man3d cNAc2Fuc, NeuAcl
Gal 2GLcNAc3Man3GLcNAc2- bi secti ng, NeuAcl

Gal 2GLcNAc3Man3GLlcNAc2Fuc- bi secting, 5NeuAc2Gal 2GlcNAc2Man3G cNAc?2,
NeuAc2Gal 2&@»@%@@@%@@%@%@2@@9@ torthRneeMRASRS RASR(B) dfeliansig,
NeuAc2Gal 2GlLieNnn8 @ g€l withabieget aiesustaihacid mateeuiessadimdpe Rleplogqyedieta-

G cNAc3Man3AN@RbigluspMirgl gusesretifecPeiRr4alactosyl transferase (GalT) activity,
such that the cell is able to express or overexpress said activity.

5 In a further embodiment thereof the method further comprises the step(s)
of.transforming the cell with at least one nucleic acid molecule coding for an het-
erologous and/or recombinant protein as the substrate for glycosylation, such that
the cell is able to express or overexpress said protein.

In more particular embodiments the method may include further steps of diminishing
10 or depleting in the cell ER-localized and/or Golgi-localized mannosy! transferase
activity or activity.

In more particular embodiments the method may include further steps of transform-

ing the cell with one or more nucleic acid molecules coding for at least one further

heterologous glycosyl transferase activity, such that the cell is able to express or
15 overexpress said at least one further activity.

In a particular aspect, the invention provides a transformant host cell, specifically
capable of producing one or more of the glycoprotein or glycoprotein compositions,
in particular a recombinant protein, as characterized herein. As described in more
detail herein below, the invention also provides host cells which may be further ge-
20 netically modified to obtain particular strains that are specifically capable of produc-
ing a particular variant of glycosylated proteins with particular glycosylation pattern.
The cell of the invention is thus further characterized in that it is modified to express
or produce at least one heterologous and/or recombinant protein as substrate for
glycosylation. The methods and means for producing cells for the production of het-
25 erologous and/or recombinant proteins of interest are well known in the art. The cell
of the invention thus preferably comprises one or more nucleic acid molecules that
code for one or more, in particular heterologous and/or recombinant, glycoproteins
and is capable of producing the glycoprotein or compositions of one or more thereof.

The invention also provides the method or process to produce said glycoprotein or
30 glycoprotein composition, wherein the method is primarily characterized in that the
cell according the invention is provided and used to produce the glycoprotein.

The invention also provides glycoproteins, and in particular glycoprotein composi-
tions, that are producible or are produced by the cell of the invention.

In a particular aspect, the invention provides a method for the production of a glyco-
35 protein or a glycoprotein-composition, comprising the step(s) of:

providing a cell according to the invention;

culturing the cell in a culture medium under conditions that allow the production of
the glycoprotein or glycoprotein-composition in said cell; and,



Gal 2G1lcNAc3Man3GLcNAc2, Gal 2GLcNAc3Man3GlcNAc2Fuc, Gal 3GlcNAc3Man3d cNAc2,
15Gal 3GLcNAc3Man3d cNAc2Fuc, NeuAcl Gal 3GLcNAc3Man3d cNAc2, NeuAcl

Gal 3GlcNAsBANBGI@BIAC2Fuc, NeuAc2Gal 3GLcNAc3Man3Ad cNAC2 PCT/EP2011/002094
NeuAc2Gal 3GLcNAc3Man3A cNAc2Fuc, 20Ne#iAc3CGal 3GLcNAc3Man3GlcNAc2, and
NeuAc3Gal 3GLcNAc3Man3GLlcNAc2Fuc. The invention is not limted to the
production of glycoproteins with the above identified glycosylation
structure. In a further aspect, the invention provides a,
particularly reconbi nant, glycoprotein, 25selected from glycoproteins,
produci ble by the cell according to one of the preceding aspects of the

i nvention, glycoproteins, producible by the nmethod according to one of the
precedi ng as pe%ﬂ§°%ﬁ5?%@q'§weﬁb? GCORIEPIB OB ERP G HEPARLDBY M §aldordihe
above identifi @f/asAe cultie MediYRyvention. A preferred aspect thereof is a
gl ycoprotein conposition, conprising two or nore of the glycoproteins

accor di ng t olntahfusthgs peract. the giventon rr@vidspeddt or kisrokparts for Predusingndlycopwp
2011/ 134643P€EM. EPPQNSNG02094 11 nant protein or a plurality thereof. A
preferred aspect thereof is a therapeutically active protein or a plurality
t hereoef. A pr ethercet dcesgimgtto tohe g tife precattiing aspeatsgf diseiinvent@n andpl ural ity of

i mmunogl obul i ns. The desired glycan structure, in particular one or nore of
t he above i dengilfuré€ehedliuni@or cUituting &% cdiBdo BetdE@FENtheProdtionr)f td §lyc®f the
(reconbi nant) pmoedigi ns produced, nore particular at 60%or nore, 70% or
nore, 80% or nore, or 90% or nore of the proteins. In a further

aspect, the TRyGREhh A58 BrdlffestarPRBRIBICGULIERAntaMTRGR hu8Bic LRIMbleg|iBY:

one or nore of 5 iR tghCMRIGY BkfeoP wifBRistdaphbR d'érc8dingSr 2oRRFNy Rit1-1/p8
i nvenpi on  1f,a04 MghenaRt ¥rat | east one pharmaceutical l'y acceptabl'e

carrier or adjuvant. In yet a further aspect, the invention provides a

met hod of tr?ﬁé Iven ndélggrppo%)’idetshﬁ isb tetdrc?rag ﬁ'\ti@f}p Bgr%' ALkl c'icpﬂo%fcuclgne or
more of the glyansg %‘%%i%gg‘é LR itk WSardbieCdtertodifB ¢t (Bhreriiy REEfs! N9
ooy ot o nibte Ul randRise ectliy AL BUD ITRLRG AP BHRSE R Gar
gl ycoprotel njof i FQ) HELHbedShePGRCr | bed "above, erern e subject Ts
suffering from “or Ts suspect ed 0, a disease treatable by adm nistration
e B T A R BB T SR L D BN
i pi d-1i nkedliq]in pagicu:g? a recombinant ngcoprotein or a glycoprotein cor&%&sn ion, charac-

P terized in that the glycan structure of the glycoprotein are selected from one or more
of:

Man3GIcNAc?2
20 Man4GIcNAc2
Man5GIcNAc2,

GlcNAcMan3GIcNAc2,
GIlcNAcMan4GIcNAc2,
GIcNAcMan5GIcNAc2,

25 GlcNAc2Man3GIcNAc2,
GIcNAc3Man3GIcNAc2-bisecting

Gal1GlcNAc2Man3GIcNAc2,
Gal1GIlcNAc2Man3GIcNAc2Fuc,
Gal1GIcNAc3Man3GIcNAc2-bisecting,

30 Gal1GIcNAc3Man3GIlcNAc2Fuc-bisecting,

Gal2GIcNAc2Man3GIcNAc2,
Gal2GIcNAc2Man3GIcNAc2Fuc,
Gal2GIcNAc3Man3GIcNAc2-bisecting,
Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,



gosacchari des which may be nodified further by heterol ogous expression of a
set of 20 glycosyl transferases and sugar transporters to becone

host - st r aWo=0f1om34d4Be producti on of mammal i an, e.g., humRQTiEPRO1A[0E2004 C

gl ycoproteins. The process provides amW engi neered host cell which can be
used to express and target any desirable gene(s) involved in glycosylation.
Host cells with nodified |ipid-linked oligosaccharides are created or

sel ected. N-glycans nmade in the engi neered host cells primarily show a 25
Man3Gd cNAc2 core structure which may then be nodified further by

het er ol ogous expressi on of one or nore enzynes, e.g., glycosyl transferases
and sugar transporters, to yield human-1ike gl ycoproteins. For the

producti on of Nﬁ%%ﬁ%ﬂﬁ@'&NﬁngéP%@CNﬁﬁ?s met hod may be adapted to engi neer
cell lines in NE¥AH IGNECEMandPeNASIT YR i on structure may be obtai ned
(tailored gl yceYAGGaMFIcNAGBMardHENAGADISEEd s it may be found t hat

addi ti onal mane¥ Qa2 Gl caMan3GlehiAcak yehigest@s. i n t he Gol gi apparatus by
mannosyl transferases, which may result in Man4d cNAc2 and Man5G cNAc2
strucbures on NewAGAGAIZGIGNACAMEndEIcNAG2r educe t he anpunt of the undesired
Man4G cNAC2 antiewAg?sEI2BladAcBMandGlgNés2Fdie i nventi on provi des neasures to
avoi d this. | nNeuAn2&dab?GletiAadiMendClsNAchdiseptingnti on, the cell is 35 thus
further nodi fiNeuA2Gak&IcHACBMan3GisNAgpwabisedingdi i ni shed, or depl et ed one
or nore Golgi-localized glycosyl transferase activities, in particular
mannosyl transGeENAs8MaaBGicNAces, and in particular to express instead

het er ol ogous gl ycosyltransferase activities and other enzynes necessary for
hybriig or conptgnGNNABMERBRGENAYR, of proteins. The primary gl ycoprotein

resul ting froncERGNABMABORMNACFULS subject 40to further glycosylation at
the Golgi. The further major aspect of the present inven- tionis a

modi fication of;bhgNAUMAarBesagh @ ycosyl ation. Mdification of ER based WO
2011/ 134643PCT, QBM&WQ,@%& Fueosyl ation and nodification of the
a

CGol gi - based gl ycosyl ation go nd in hand to provide a system of conbined

nodi fi cations. ESE, 3 'arn blér\ilKEez,t he sinple deletion of two ER-localized
enzynes is conggltgﬁ; ,\mzé el é%ﬁ?&%ﬁﬁe“ ng of the Colgi part of the
gl ycoSyl ati on pathway (especially the heterol ogous expression of glycosyl
trans- 5 ferases q d I ?\i IUI o% epj ogenous mannosyl transferases at the
Gol gi). The p?é%\mé 'ﬁ§ 8§ PR3GIG F%@r contrast to previous teachings of
the prior art, 1GNP FINARADY | at ed gl ycans are obtained by

trimm ng/ cl eavage of hi ghmannose (e.g. Man8G cNAc2 or Man9Gd cNAc2) or

hyper mannosy| aV@# '6N%3M§F3é'ch|gﬁ¥)l ogous or heterol ogous mannosi dase
activities in NeAGCHUPIRNAGAYARIGICNARRIHG of the gl ycosyl ation pathway (ER
Golgi). The cells according to the invention exhibit an increased

ER-i d6r al unenaNewmn3¢atiGlaNAodMan3®GlaNAc2ygel LLO i n conpari son to an

unnodi fi ed wi | NeuAq¥&aIGlaNAcIMand@IcNds2Fwel | . I n particul ar, intral unenal
concentration is increased by at least 5% 10% 15% 20% 25% 30% 40%
50% 70% orTidMyertivhds pat timited & theypradudtieast glooSmten%th thibatd¥e%dent00%
1000% 1500%edixd¥ylatiom®tdstursi th respect to wild type cell. Mor

particular, 85%or nore, 90% or nore, 95% or nore of the ER-produced
glycans in tjhe filfef besbhant ivhliombrovitfes B PArtIcRAlY rEQIMISASH, glycoprotein,

i denbifi catidyectéd fromnzynme activities and genes descri bed heréein in connec-
tion with the present invention are primarily naned according to their
respective 2 KA [ Si ipents
of the i nvent ?fﬁﬁ?%%ﬁ%ﬁ@g?ﬁm%'ES"g%*ﬁ%%%'f oo GRGI S0 e AR SPROE N 2
invention is not [imtéd thereto. Mdifications according to the invention
may be applied to haomol ogous structures.in other cells or cell |ines

eadi ng o t hegggﬁég‘}gpﬁeﬁftﬁag'ﬁfeg?ve et Ferne nbe o 415 BieoRERi s
exanpl es. The R3S P'e eH‘é’?g%?P’iaE able to identify respective activities
present 25 in other organisps, including prokaryotes, higher fungi and

ot her® eukar yot H¥COPESIgRS BEcOrginadp the aRavedentiipd aspacd obibgirestion,

het er ol ogous enzyme activities are strains of Saccharonyces, Pichia,

Yarrow a, Schiriesetaspashiheseof iKRanoprajeip SOMBOpIterR dompsisinGwai atanorg e
sim|ar. Badée ghisopwiein®greasdiagdadris arpesirA erefeiied aspert thereefiie g, regprabimay,
for exanple, design corresponding PCR priners or use genes or 30 gene
fragnents encodi ng such enzynes as a probe to identify honol ogues in DNA
and/or AA libraries of the target organism Alternatively, one may be able
to conpl enent particular phenotypes in related organisns. Alternatively, if
the entire genom c sequence of a particular fungus of interest is known,
one may identify such genes sinply by searching publicly available DNA 35
dat abases, which are available from several sources such as NCBI, Sw ssprot

o - . o



WO 2011/ 134643PCT/ EP2011/ 002094 13 Unl ess ot herw se defined herein,
scientific and technical terns used in connection with the present

i nventi orwehalli3kase t he neani ngs that are commonly undecstered 1log20vhose of
ordinary skill in the art. Further, urless otherw se required by context,
singular terns shall include pluralities and plural terns shall include the
singular. 5 The nethods and techni ques of the present invention are
general ly perforned according to conventional methods well known in the
art. CGenerally, nonenclatures used in connection with, and techni ques of

bi ochem stry, enzynol ogy, nolecular and cellular biology, m crobiology,
genetics and protein and nucI eic acid chem stry and hybridi zati on descri bed
herein are tTRY¥EIHEIN OighBIMFRIIBNGSE b RISjE TRLsHERt theeedf {92 dherapeisalyddods
and techni qui€ RSPtaimer g PREIIY thergrlirt ipsFiCrEpd asract eresf ipar iprvaac/aReB i ng
to conventi omBIUraEY AUEENYROGIOBKER AN in the art and as described in various
general and nore specific references that are cited and di scussed

t hr oughout t hee gesirdralyeapetiuctusetin partisulas 9ge of marevo thej ahive ddentifiedsglauc-e. g. |
Sanbr 8ok et tWires, Mayeksipaseq atrtha gnajaity gbtheatresommaniaproteios éd)dUC@blfﬁDFSprl ng
Har bor LaborRarteylamateds or m®oreol e Jhmaerg, BRiBIMONR, §t 99%oBINore/rfdimelo-et

al ., CurrenttePsot ocols in Ml ecul ar Biol ogy, G eene Publishing Associ ates
(1992, and Suppl enments to 2002); Harlow and Lane Anti bodies: A Laboratory
Manual Col d I8Bpa furtheHaspest, thebioveritonyprévidssa pBalrdacguticalgcdrisgdsiion, donYpris-
(1990); I ntrioduate onmbre @ tie glycoprotpn of\ine efehe RrecEdingaspettardf tHer incdedioer ,

Oxf ond Uni v. ait preterald9 @8leas\Vind phamgibosutieatyaeepableadgrrightortadjuvghion 20

Bi ochem cal Corp. Freehold, N.J.; Handbook of Biochem stry: Section A

Prot ei ns Vol inlyk946ufin d3pests theHanshion lorefiddd # aleemBdSé theating & disstdér tRaokei ns
Vol 11 1976 t&¥tafileassadriinmeationos ofé obimutedf shed ghycosroteinsSer Eargpdsridperof
Laboratory Psgser mhdBI8Y the Precatmieagderis) cemphisiagl thesteprRN o€ tdddiinisletifg tagd t he
| abor at ory psupgat e §lyadstotet b terpssitidn adHesdiesl Sbbye, antkreml the wupjectis ol ogy
descrbed hesHeringfon, pse sadpuetdd tonawiscass teatapiby admaistidlioh o thdt lgly- The
present i nvecyprétain &l cdtsitiongenet | cal | y engi neered cells where at | east
one endogenous enzyne activity is lacking or is being ineffective due one

or nore nmeanggTAREECDESCRIPTICNIDRBHS INVERYIONVEr si on, suppression by
anti sense constructs, suppression by deletion, suppreSS|on on the | evel of

t t

transcr i pti o Asa@é%%%r%n Pty ﬁi{ r?ftstof L%gﬁ%%ou 4 gggg P egi\olpeans

cont ext of t v, %

eBE i

gene or trang ééé Atloﬂrﬁ% q%f{ h 8 : ldol ng c%handes o

concentratlo atreﬂso‘? écY y\,&ﬂ ﬁfg I (h dn ged by

{gfggtaggg;' htnéce.cme S8le str recvrvgd@ rg 91e .eg gl ven

in the yeast » % %d out
;ZSE i €e$1n9§ ﬁwh egﬁcgf@%é)h ost

tra s fo

by anyone of h rr% g r
Met hods in % 3 Il@f:} ct, the c 0| ce
or gani sm may | n encec} 'b e avai’l a%y Ity of good transformation and

gene |srupt|on technl ues for g}ucth . f several tran ferases h ve to
L ag

be kifbcked ol B R gqlay %s' 4
5 el il t‘ et \ fh w L
Egrif'nran.es i at%te %ag a Mé":; Btz t'gt %ge e
the e°tuhﬁ%%? ﬁ At ne or
ggali/ 134643 SS YEQSY Q <l:t| t@st A a ua? e;r:ac:; otﬁe .

s in Jcbgé 'LIF S 55 t ro rarg gns’- for
3);25‘3' I(iorl gx tacn o] r%nz %éc 'for y tid F 3 e? I\f?Sy ges

[ u 32}3 R hre é‘&otcgn of

a trgpsf or m fﬁrt%} i

C
mar ker with ailé 'l? | S Ce Ct? ?or &hat
have |ntegra edt e con ruc ggé%gb%asteﬁu@y rupte ?é ar e
After isolation of the transformants, and the|r characterization, one may
counter select in a second round for those that are resistant to 5 FOA
Col onies that are able to survive on plates containing 5 FOA have | ost the
ura3 marker again through a crossover event involving the repeats nentioned
earlier. This approach thus allows for the 10 repeated use of the sane
marker and facilitates the disruption of multiple genes w thout requiring
addi ti onal markers As used herein, the term Wl|d type ‘as applied to a

Y v o o,



25 introduced into the host cell. It is inportant to note that
non-natural |l y-occurring nucleic acids can contain nucleic acid subsequences
or fragnmewbD00f13m48!| ei ¢ aci d sequences that are found i RCH&PRIIE/OMOYI ded
that the nucleic acid as a whol e doesI2not exist in nature. For exanple, a
nucl eic acid nol ecul e containing a genom ¢ DNA sequence within an
expression vector is non-naturally-occurring nucleic acid, and 30 thus is
het er ol ogous to a host cell once introduced into the host cell, since that
nucleic acid nolecule as a whole (genom ¢ DNA plus vector DNA) does not

exi st in nature. Thus, any vector, autononDust replicating plasmd, or

virus (e.g., retrovirus, de V|ru Eﬁrges Vi rus S avx/nole does
not exist i nﬂ%‘rﬁ%ﬁslg};%;é‘s?” gﬂﬁ?r@b iep 0[ 6h I ﬁ?’cﬁéﬁ'%‘gﬁ?tﬁﬁcﬂﬁ’r'ﬁl Hl%ﬁéoac
acid. It fol t etste
restriction ¥edbRdesall ePF\é'B?%PO’Q ﬁ‘ 5VW€SF"@9 &b @@fgécﬂ’aftcpfbe
non- nat ur al | e WPY'?W Pﬂ}EY"@Y (,(eﬁ%‘?cd? 'éet? MR XPpregsion oh gysesy! %‘?%cul es
not f8und i nSARESANd qgletignsef ¢nd OESW%“st 'Wéf‘”%ﬁ¥ tr rL‘RfF'@FES gtihe B'Ht)al ¢ REE-

pr onot er Seq@ﬁ%@ MPH%F ol Comra% t%rﬁ’&%’dﬁ‘ﬁ R ltr %’; ’q; :\gge ofe%gﬁ:
A e
natural |l y-oc I | e,
an edPire ch'?"SPr'ﬁs‘ggbe ¥‘6‘?Sé{{aé'8“fpﬁ'§?ﬁ%§é(fog§| %ayeast X i's an heterol ogous

nucleic acid wth respect to a cell of yeast Y once that chronosone is ,
i ntroduced i i cells@ascprdytg tpéb@tnvvntlowhmtm|m9weae¢§fﬁﬂmlgmfnemganma5 The
terms "pol ynirs eoMpadtyrs LEQ i Icem@atzdndtongy] eempdified é‘ﬂ'értyFtQ)Staa of %*Fﬁsh@% form
of nucl eot i de&d H\‘p%It'CL!'%faﬂ‘ttfaMn%é@nqerﬁ‘trp%?m*ﬁhncrwdt@r?ﬁ'??fél (ol 9 /DNARY,

mol ecul es (246, 22HONBO%r 4Q6n8ftec 7870, 9y ARtheMore paINpUlanEy RNRaRD| kI 9% e. g. |,
TRNA18r  synt PRA% 7 @8%) T00E%:&5G0%,s2 ggﬁ“%? Wit resPer® Wit trengeilg Mor

non- nat ur al PAMLFE: PEY APy 90YEomBAe PYaer Mateciihe EFyBIodeceshakieansgn

bot h. The nul¥pénedifid kpst sell &€ ofMandtyPdpol ogi cal conformation. For

i nstance, the nucleic acid can be single-stranded, doubl e-stranded,

tri pl e- st r anfdercgasyudentifipaton, plenkyhé actildtidsl @ctgerwsdm;:rithﬁchlnmh'mdn connec-

hai r - pi nned, tian wdhlthe present nnvenpanl|ave keichacignhamedtdcoordinphte theimmeispedtivdes

si ngl2e and deens lecgs iratingeyakb SneerefisBRAAItHQN emisadimertd"of dhe Trsebldramiayal | y
pure" nucl ei eongeirdyeast gells; i padEuial 5. (cerayisjaca theRentitivAisonot dimiieddtierstd. y ner )
i s one whi chMpdificatloss agcerdingyto ke avantenh mayphe applad todlomdiegousstrponesstis t hat
nat ur al | y acetbempeaily or kell lresi leadipg ty theclapnt éftbst as intersleddouthel présestly gakh,
e.g., ribosowekingmiampiesadbe, skilad pgesoors ebledq idemtifysrespediivedactivitiest present

nat ural | y asipmthertasganishe ingduding phokacyetesa hiphet &ingi ard other eyaryaies |Eatri-de
that (1) hasplpeehaltessnatyewelsiand sowices fonheierelbdousceymeiactjvitess arectranstof ( 2)

i s not assocPaachdromydesaPlchigy Yariowta, i Sahizoacchpuinyynes! Kiyverdenyicas whspsEngit-he

"i sol at ed pdignGandida,iatsl' simglaf. Basgdian hermaolpgies (a@origst bpewmenzywhstid astived t o
a pol ynucl ectigsdenghingy for eixamplst, desigkecbriespondima iR priorerg 4y udeegenastoroccur
in ndbure. TIrnetfeagments eheediny sathsenayaestas aipebeita idertiéy boroelogees eddNdi nant
or cloned DNad@r ARdibraries,of dhetargal brgapignt Wétsinatidelpodna nalydest able tarsahogs,

or pol ynucl erleingdet patti¢utersrhenatypas & ieladédoigenisimg. synt hesi zed by het er ol ogous
systens. However, "isolated" does not necessarily require that the nucleic
acid or pol yhWtshatoelyddf the erdsergdmedchihasqudnsel df dearticplay Sureplsl §f inerested from
its native eknownoromenhay kaentifynstamn genesasimpind by esearchinguplidicly aildbls dapience

i n the genonintabbases, whighrars mvaitabie fomdsevesdisatireds shetr as NGB, Swsprot etc.

het er ol ogousFarezxaerpde Ky searching segjuemgendrhiatseqaemazt omadta rkask ywithdp &eewh t o

t hi s endogengere fnorol 8i cerawisides eneleandderntify peeeedf hidghawendlogyirt hecheadggenous
nucl ei ¢ aci chawguetncke witbu highhddgrédief eantaietyg sincoded atdens thatdeaeacisilanwe! ei ¢
aci d seguenddentzabadtwitedor Bxampie, bbmelcanps  krmwmonamadsyvieansferasdsfirorsejuence
can be substedreniside {rePgpastbys havebegoidentified asingneitheo nije bbthesb @appaaches;
pronot er of thesegenemhaveesiBllagémetiensofo geresnavolvel in, the uoénridsgtatidri ot pgene
has an al t ertethsax Sr esrsvisiaepattbusntheirtdetetige neaywirubsediovnirepgdate the glykaedyed”
because it ilsticepstten edPfpasiorst orl ang sthes durgusiwithhetm e qios datidhpdthwaysur al | y
flank it. A nucleic acid is also considered "isolated" if it contains any
nodi fi cations that do not naturally occur to the correspondi ng nucleic acid
in a genone. For instance, an endogenous codi ng sequence i s considered 35
"isolated” if it contains an insertion, deletion or a point nutation
introduced "artificially", e.g., by human intervention. An "isol ated

nucl eic acid" also includes a nucleic acid integrated into a host cell
chronosone at a heterol ogous site, a nucleic acid construct present as an
epi sonme. Moreover, an "isolated nucleic acid" can be substantially free of
ot her cellular material, or substantl aI I y free of cuI ture rredl um 40 when
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16 rially arranged sequences of at |east a first insertable DNA fragnent, a
sel ect abl e marker gene, and a second insertable DNA fragnent. The first and
second i nsenbHbI3ec4BNA fragnments are each about 200 nucl @cTiE®esiliopobengt h
and have nucl eoti de sequences whi ch aBe honol ogous to portions of the
genom c DNA of the species to 5 be transfornmed. A nucleotide sequence
containing a structural gene of interest for expression is inserted in this
vector between the first and second insertable DNA fragnments whet her before
or after the marker gene. Integrative vectors can be linearized prior to
yeast transformation to facilitate the integration of the nucleotide
sequence of i nterest into the host cell Penone. 10As used herein, a

" pronot er" rlé'f' g5 ofherwiseydsfingd, herin soieatiieAR® teehnical tarest yserdn conmeieN bed.
The pronot erW'i "é tr}ee%"@@ﬁ”tz'@tﬂerﬁ?”mﬂ” pEre g BaningAitedt arpsemMmenRly 4pdeystood
transcripti of rﬁ b rsiBary ot i the agt iuRhee dinkgssothensise eeauired by a9ptent
directly by, S'BQU'? sterms gl dnglvre plrglities @nd Rivel tesms el Jaslyer thes singwlar.
pronofer seq%ﬂ@ hols %@CFWSP%@ therp& PR iNYERPD R6e 9enpialn PaTIMsHeacor
mor e regi onsCBFINBNA ctq’i‘é{?”t@&ﬁ methods wejlkeowp ih ther aiteSraereunrangendiaiares
trans-acting Wc'f‘o?%”“eﬁ{fﬁh "“I'tf‘kéné teghniqyiest ofbigehianystng remzyoigy) Mmaleetiance
transcriptiofd eglifa big %ﬁér{@'y e IERRLIGR AN ProRin 2g@ Meiclejcuagid chemisty
enhancer,, V\/rﬁ'ldehﬂ?glzéﬁwl‘ esgribed diegein grgjthese &’e@d‘d‘PWQ ndgrogmoriy Hsed sdhpe
separ@te froft ehitigues ef tha present invgn oraarq genaralyi perfasgedn of
a gene or 3 a§egr "'Pﬂamc‘"cﬁﬂ"ﬁg msthags wellkngwR dn thepatanst as Agsqiges invasioss ent
i nventi on th%ergf%r%lde’rmfes PR reigeycasyiba ﬁ@o@@ﬁ’oﬂ&d gissussest troughoytibe gene.
In a preferr%rﬂ %BGF'H%P”N%E efeervisedndigatad gbe G RAMBEICK At 35 Madekhi ch
pref erabl y lg% E‘% ghtial #d &Hot% ré‘ﬂe'ﬁ?@&r d3bea@tare direshe
gene ¥s on a r?gar'iﬁ‘h‘b 188N usupsbetn "@l“t ¢ds in Meleey'an Bigbus
pr onot er . 93( [5%{ fugishing: ésfﬂc'att?ﬁe( 8na@<é§UPe'eal @t?QQPc)l Hariey andt er .

I n anot her L ’Pttmélﬂsaf‘ k,%gqr%{ Mag %rQﬂ'ﬁ)tS@F'nQ $aghpri Langeatpryed fﬁ%n%‘?'@r A
particul ar p 'é’?rbg q)o'rttrﬁgu?tm?‘etﬁtGUHOQi@HQ)érMa‘drﬁeB\FerEVbYe Yiton of
one or nore COPPEE xf F’ES é%(?Qfls nWOQBlﬁ‘BEP” EHZW%W‘WQH Weahiagtaent s,
t he Al ecul '9 hj%&'ﬂ g?ré’x % Nulp Hangabeok @b Riogheatistry: sxpctjon ArEeoteing
times, 20 ti § (¥rEE'EP esg,ogangleek °ff®‘€?hFWﬁ§§’ ton AnRoteinpyel #1988, and
nost prefer r ggso sﬁﬁﬁ’t@'? i 9feSVgpiiniogyr Fold Springtdarbep Lapprakeryi Biess r om
endogenous pf ’Wg BT MSeQbrNNEREPTWER. 2nd the;labesatory Brosadyres; s,
sui tabl e pr tecaninyes Al 'OOBGW'%{Wea%meqCFHaf Otplegy, degsiiped Agien aEPdg‘OS@ap
pex8 Syptl, Weldnownangeammapkised MNR@Et cel | is Saccharomyces cerevi si ae
sui tabl e pronoters include, but are not limted to, %al |, mating factor a,
cyc-/, pgkl, Thedpiesentdrventien relgiss, to igenetically anginegrgr Se swhere attleast canceneup 1.
Where the ho¥gepeaus enzygne agy”éﬁaﬁﬁk'ég of & beingmineRpstive dusl one gunegbneans,
pronoters i rRelestRd fram: suppeessisn by IVEESPT, SUINRSSISIVLED antisense ¢ansituttersupr ps21,
Rous sar conmeProssiers by slelsiien &H‘g?é HaTOAR theleyel of thansaliptiasp SHPRrEERIVPN the
met aP? ot hi orleY& of i ﬁ’iaéIP%@nﬂl beyemgans. ihese @lf%weﬂéﬂ‘@W@rf@n%lpérsonﬁkI"ed in

"t er mi nat or "M@lecyar biglogy nkatthe sosiexefibe preseat npertiondoy the tetno gknorie-out” or
transcri pti ofnefk-eut myfasy refersutcapotielivt kipekceutisyatemsowhereinsthataeneas teame nRNA
transcri pti Gi¥riptisdpd Present pealyeand Rastialinesk- ph@ﬂy@qtﬁewb@errstmmmryranr nked,
such as sequisfiEkls stii RFBseNtikut 1S SN 26 & ittier Gangentgatione refpestivedn socthakenees
can Be obt aiGeBaiderabin effedtisexertedbhiahe rarseyipontoprelt yeast or other yeasts
or higher fungi or other eukaryotic organi sns. Exanples of Pichia pastoris
3' tern natilde gegtiemelfegengskifogk-olts; ohbe agiint target géne keqyrree hadeen de-
2011/ 134643 RaTiiesd 03 B/ WeRestablished deghniqueentthe yeastadnddengarmolaatlamiriology
sequences fraommimdtyaand cgrehe capied aye e anyuredofgadisaryrakilfih die g feg. Fsec& di ng
t o t he i nverRatbsteinsh@©@1) Klethiods ipEnpinttdelya vole 94 rp.f261). i éact, theshaicerat a on of
a eukar yot i dasbergaoisi mag depnfiusneed bnthecvaitaildy obgoastraisfomatioh ahthgeneic! ei ¢
aci d nol e- Siisruptorcteshaigtes forestichbmhestolf severabitransfiecasesfiars tofbet kreocked
expressi on cadswethedadavdbeacdereloped Hiadaow Toretheaepedted eserdf naskers eftr
herein is i rexempéad the URAR markera taseneétialy ietiminsites alllundesipehiid enddgenous
t ransport i ngransteréser onotiesienzywedadivityvrgfeted to ihaseimeEis [techreqlie Tne begpe of
vect 6 is a refinesshy dthersuput hasiedliyripvaleesathei useudfatwadmpebtedsDNAnsbede D&, | oop
into which flaokiaddi cownerl sedptablegnethes Teypriseendegeft thed. maykeeis vssfilan she
i nclude cosm ds, bacterial "artificial" chronbsones (BAC) and yeast
"artificial" chronmosones (YAC). Another type of vector is a viral vector,
wherein additional DNA segnents nmay be ligated into the viral genone
(discussed in nore detail below). Certain vectors are capabl e of autononous
replication in a host cell into which they are introduced (e.g., vectors
15 having an origin of replication which functions in the host cell). O her
vectors can be |ntegrated |nto the ‘genone of a host ceII upon |ntroduct|on
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20si nply, "expression vectors"). The vectors of the present invention may
contain a sel ectable marker gene. Exanples of such systens include the
Sacchar omyoesiiceu@si si ae or Pichia pastoris his4 gene werCtleremy/obmoused to
conpl enent his4 Pichia strains, or the S. cerevisiae or Pichia pastoris
arg4 gene which may be used to conplenent Pichia pastoris arg 25 nutants,
or the Pichia pastoris ura3 and adel genes, which may be used to conpl enent
Pichia pastoris ura3 or adel nutants, respectively. O her sel ectable marker
genes which function in Pichia pastoris include the zeoR gene, the g418R
gene, blastisidin resistance gene, and the |like. Maps of typical vectors
useabl e according to the invention are schematically depicted in figures 9
and 10. 30Thebpeauestselsctionof Ypasfarpantsonexampieai ¥gass the¢radidissn suc2,

aut ononous r@&pi& ki PnskRUe eRES MAREE. UsPHe FoE EXBMBlee 4RIy BeriseAas a

sel ect abl e nRPIEF i eRBLe Rt SRICEUML P dirapsiomaants tha hayg integratedsa sapsieistes
responsi bl e BYBfanklg thedrd masr] valkidreetienrris GREIMMHITak S8ieeS & transioareris) a.

I n al Pernatitfat BavoHIeHAY hReonsirget anshhave thyprdisruigdde dargst aerm Hifter
markers. Exafp/pRn 8t thedransfarayantse pad thay ehaiagtrizatiganene gy counfer elget in

anpi ci | 1in r@&spendnound iepdnose that pec-trsistant to 85104 drplenies thaf are\aljenje sur-

resi stance, WYRPBARIER CPRGUAKAEO ARV Ostthe wadinarkacadqin dyrygty 8rEess- A
"host cel | " QMEEEVRAtARYA\INg e 'eReAA MBWonedearfiers fhisAPPErace|thysealioysforcthp |

i nt o '&hi ch arepPeRi§HDISSarl theetarag markey, and faclitales the disfyntipniefsmultilg genes

i ntroduced ofithput reng aqdiianalinAEsEs  DNA nol ecul e has been integrated (e.g.
chronmosomal integration). It should 40 be understood that such terns are

i ntended to Aetieed hewrirning targ twid-tyee'tascapriied da ) rusieic abid dsurolypeptideere-
progeny of sf@thtos pegleic apdiskolyrantige thatodéurs imtor énrrogugedory: uespentively,
succeedi ng grhelogidabarganisen avthet binlagioalierganism existeimviatargnent al i nf | uences,
such WO 2011/ 134643PCT/ EP2011/ 002094 18 progeny nmay not, in fact, be

i dentibcal t oThehterpdheterologdus, ablappligdherkein to a nodleid edidwintahhost tckk os aqady- of

t he t er m " hgsptidelprddumsd by echdstcell referé to eaypninieiaatidio siolypepliden@yy. b pan

i sol at ed celteinomavire N-dlyaosylgtiawactivityciiat isrreot aleriveed/ fro s celebf thetsaete spesi des
in a |living diessasdhehost geiniAenordifydy, tasr usedcedréifh, thonidlogdust elukléeicusads, fopr t he
producti on giroteirsetare those tiodtagoursingby aeprrot@iend yefassedl df thasamklspecie® aghi ch
a nuebei c achdhost apll. encodi ng a het erol ogous gl ycoprotein, can be or is

I ntroduced/transfected. Such cells include both prokaryotic cells, which

are used formpreopagadiannhftervechiaedldyoasnaslssedhdrem kathyRtdrensetd Bucléid
particul ar esgxpdhdranisfticlldrendepséll fférs tb anP nDBIBIBAdicthat Bbés nbthodtaf ind@hg, the
cell is 10 aehecbedotitaiosy fpsref eiabbarticurarocdinbs Zednd 6&ldatlrengsusUs mats
hybri doma ceddtsrallyrweduphimy AEIES acfdol coNsiapred to bathetetlogtBs fLh hstadedl omeslse
nyel egw cel liftroduceluntarthe élokScell. It i¥ ampardrd td Meteetat hbe-nefirallylsccE@ing e d
from but nddleit iagidsemntcantdiriouelelc! fid blibsequénddidl dirfrdghients &f audkiCacldRed4,
BHK cel |'s, Nffences tiat aEBPRUAd Grehatsire piokidea tietlths nudtlEiK22 R’ &Bhlivhor! dses AdER C6
cells, COS caidtdn ndfideCEbl 8xanYP2, aatlckic Heliameletlls, coatithnind & YerddmieadNig. | n
particul ar viquande withida arelkkpressiselveciorts howmafdrkiiR-oodafring! mubleiCdeldcahd s,
suchzas dhf rthGde Hletogoattd a Hzadell Sade intdbducedahto thé,hadt céll tfrcd 224t,nul 980)
and CHO K- 1 djéf¢ @cid NealdculeAsnd. wHzté (gddofic YNA phi8, veletor IBNA) dd&HBdt. exist in 1 N
ot her enbodimaturesThid)@anhesttor, &lutorioncarlyaspiiabihgplaselid, .or Rired & @bleyrovitde cel |
i s sel ect ed ddepovirdsyibr Rerpet vitiid)anatta3, a WasloPdes haessist ivaskites doeitisred.to Vol .
291, p. 358-@HMon-n2Arall9Stiurring natlery acditipfbiloRs tisat geRemitoDNAGRIgMdnts Bid-

i nsegt cel | .duceefbgrROR \or rédtactivonl éndopudebsctrestmichbas welltasrdINAS Hiet @hsido,
Sf9, Sf21, amdd Tbe don-wdthely-esbathgentisic 4die siesttheekbkisi 5s deparart morl | .
Preferably, duks moglfdundinpatueeted from but not limted to, cells derived
from N cotiana tabacum the acquatic plant 25Lemna m nor or the noss

Physcomi trelif gisBabfiwes thAhaAE ntblelcSadid @oMtBRMY 2DrémEtes sed R UndPEAHERL NY
pol ypept i desideadtéoly sequéntel (/£ A Qr @8néaicl DNA) it 4H ShSideRtre LAgNt S,
the best celih raturd iEOVENRUIGAYYBEIrRnG Hutleic- 88T ACMIEAY AciL tHelid HaftFSRL di Ng
to the i nvenddcamingnahsieheteibiogdiR 18O phitiBiibeell For éRhGBle dhaintirdTbhrbiioe! | U-
some isolated from a cell of yeast X is an heterologous nucleic acid with respect to a
cell of yeast Y once that chromosome is introduced into a cell of yeast Y.



lar, and filanmentous fungi, preferably selected from Pichia sp. Candi da
sp. Sac- 30 charonyces sp., Saccharomycodes sp., Saccharomycopsis sp.,
Schi zosacwbanume@s sp., Zygosaccharomyces sp. Yarrow aPSp/EP2Hans®pul a sp. ,
Kl uyveromyces sp., Trichoderma sp, AsBergillus sp., and Fusarium sp. and
M/cet eae, preferably selected from Ascomycetes, in particular Chysosporium
| ucknowense, and Basi di onycetes, in particular Coniphora sp. as well as
Arxul a sp. 35In nore preferred variants thereof the cell is selected from
but not limted to: P. pas- tons, P. P. stiptis, P. nethanolica, P. bovis,
P. canadensis, P. fernentans, P. nenbranaefaci ens, P. pseudopol ynorpha, P.
quercuum P._robertsii, P. saitoi, P. sftvestrisi, P. strasburgensis; P.
finl andi ca, Bhe terBralrepyRLsigotide” qfoBYElpiaacidomolgsyie irefer toa RAuPei Brdredns,
P. salictariBuclentidgaef atilaast 10 bgppswrlpnath; The krreninsludes DAMpRIOlECHles (9.

40at | ant i ca, CRNA5rgRRaMIG or eyntariissldA) apd RVA, prolpcules, (el alRAYROT gynthetic
fermentati, BNAxragswell aganalegs efdANASr RNA tRFIBIeg hop:natE abrugiRotide pBRAISYS. C.
uti/i §;, S. bagmARtye interpugleqasidg Bendsgor betpy Do nralsieseisbean pimany tapolpgh 19
bi sporus, S.Cc/<IBfermakien. Fey insianegning nuclee godiganibe sigglepgiranded, dpublgsse
Sacchar ony cogteandeddiiigpistrarded h LB plsp rastialiypdoyblestrandgdyi braaglet ahajfry ces
ponbe, Schi zPE8BRD HAEH: & dn gRasiqsked sonfeyprtione: R e e iidgs single and dou-
Zygosacchar ofpetanded forgs ofpPh¥sacchar omyces rouxii; Yarrowia |ipolytica,
Hansenul a pol ynor- 5 pha, Kluyveronyces sp., Trichodernma reseei., A

ni dul1ans, A. Acdisdiated orAsubstastially pure'chugleie @sid o pelynigieatids (e.9n. amiRiey., A
oryzae, A VvEN& oo oixedmaumenis gneawhich isrputaiaitially serarated ftampothgngellular
Neur ospor a ceersgenents thalt Inatisalphagdompeay therinativea palynygieqiget ingisl ratural host
embodi ment s cé¢le egel ibosrmiebi palymerfages laad gepdinid sefiUBRCEsawithiwhichdios yetwrallyi on
processi ng. &Rogiatet tTheutesm enaraces a mycieics agid lee Polynugiaetidectnial/ (Hyhasdieear ri ng
gly- 15l ci cogmeveddrom iita naturaliycedcarringegiydgnmento (2)iis nohasseriatgewh gl osBed or
depl et ed i n pordoref b, palynugleetide in whichyhe risdlated wolymuelgetids infounddn aptuier e
genes codi ng(3) ds operativeininkas t9ca polynyclectide whigheitis oot linkedde in patbtee@r (9D such
knock- out nudegs rRotPccERNGRiE®syl ation. In a variant there is provided a
algl 1 depleted or Aalgl 1 knock-out mutant strain which is further | acking
or i s havi ngTbepgmeSsadtedtialsoncahbel used dre pifeteade dmeeambinarg orldoned DNA

dol i chyl - phosplagdse chetically spnthesiyéd polansdientids eanajqus, ac polynugleotide awtdgscul ar
i s al so depl eiaedreobiolagicathc &yrdhesizadt pntetémiogdpsisystamsorodever, hentatbdodees. | n
anot her var i asttneichssarily eqpirethal ¢tk aucktig acidloglpolyndeedtetecsd daschAbéd)Bamitspif

/ knock- out nbéemphysicaily nembveshfrors ifsuratine envierknang. foor instahee iangersioppressed,
di m ni shed onudeiplaeidesttqoarcein th® gendmebflan prglaedmis iieseedt molated” hetel) if a
flippase typbetactiogdusi ssquencea(i.ei, callsequerce Bt ab swot deqtlietiy dadjaceat kadbls- out
mut ant for oaedagenoos eudeiteacid sdquencepis plageddadjacsnd do ok epdegsinans decligicL M
fli ppase act adidtsgquénceanucti thet tet expeessam efrthistdneiogenauspruplaiciadd segligicel,
mnl depl et e altergkhl Byl Waynofiexamplek a owh-native ptonsstensenushice Isan def substiteted

| acki ng or i ¢.gawyngomologres sechmbinatian) shedheomatiep|psoredtenrad argemer e the

dol i cloyl - phoggimabe obahamdneimehithatitbia geee hse at pieredopipressiopdattern. This
particul ar i gerd wouldaphetendno “isoldted decause itrist separated frapmat leastisome gpihie
honol ogues. bsequenoeh ¢nataiatenahntfianie ity & nagkeic tacit s also poosideked “dsadated’l if itmnl
depl et ed or Aartgihs laasmmedifications that rdet rottnaduralhi ocamhite khe sorfeapohding Indglkicng or
i s havi ng supgdessedenadingi fpsirstaroe, depndbgenausecastingrseeuericgi id-donaikieed
nmonosaacchar i tisoldtetM)if fil icoptasns tappaseadiony idejetioni or Pamoint umatation mtreduced

depl et ed or arfificially-, cig., tythumarf mterverdioor ABCisolatedyaneeicasl’ raisd mcludes a

|'i pi d-1i nkednudeiosatichtegrated (rte B)host cqlibcsenasame at § heteielogeysnsitey a nucleic

gl ycopr ot ei nacidsohstrug presamt abiagosriearharMorepvem ah e saiséechpyéleictagidatcanthe ER
may be subj estbstantially frieerof githeross/iukar intateral, oheubtangialnfed«f cultyyednediidw i n
nor e et ai | . wibe produtest byajesonssmantt teohnighes, pere sebstantig/gntree rofi sherigal
provi si on of presarsoraonbthet ¢hedycdlowhehshewidally synthesizedf t he Gol gi - based

gl ycosylation in the host cell of the 35 invention. Mdification of
ER-based gl yTasyhaintion sso gesdiddsbrdpedtivenneartefai dirdeegenetih owegratimh. The

nmodi fi cati onnodledtite §&du@incbasedrdig tohyd drivieatioraserdedingi thedprioteimdo eedet-ai |
herei n, go hprd@sédirnanel mahibe plavedrditheninachiatey egiee wsttpr priova wescadive nac-y

gl ycogr ot ei neorvsilidh doa~eplivatse cioduargiashhid)) dhtegativd vettofsogenerdlly incedd se-
substrate for the subsequent nodified glycosylation in the Golgi. 40ln
preferred enbodi nents the host cell is further nodified or genetically

engi neer ed



to lack or be dimnished or depleted in one nore, at |east two nore,
preferably at |least three nore, at |east four nore or at |east five nore
Gol gi - | ocwDi2zanEd3wadnosyl WO 2011/ 134643PCT/ EP2011/ 00209<TAP201n A0PLr ases.
Al t hough the invention is primarily diérected to N-glycosylation, it also
optionally foresees the dimnishing or depletion of one or nore mannosyl
transferases of the 0-glycosylation pathway. It has been found that
mannosyl transferases of the 0-glycosylation pathway nay exhibit sone
transferase activity also in 5the N-glycosylation pathway. The mannosyl
transferases are preferably selected from Table 1 and honol ogues t hereof.
Accordingly, particular variants of the cell of the invention nmay be a

knockout nut WY a5ranged |sequencssen’ flleast @ st ibgetathenDNdt freamsat. anseiectablpins,
mn6, ktr6, HAKE 98nH18Ndd§§COnReertakie PN fragment. Jing firstpadrseqongd aNsefnt 4,
ktri, ktr2, 39 INAyagpepts arg.eash appytzz00 nypleotidesyin lgpgth andghaveenydnairegues
t her eof . I—bnﬁﬂquﬁ?-f%s winict are, oMAgBEH Y ParioAse he pepenaicNA ohthessnesiesited
gene Pani | y.PeriansiaRmatt i% Rusleotfis sqquenee gontaintnged strieyeal 9gne ofaresstor | n a
first vari arﬁx%?ssé%‘ﬁ'gdﬁ?g\‘ iRt thisngator; ketweer, theatrsh apd |s§eend, ngertabia PNA

depl eted or agmaatywhe orer ART Wi BRTKEs 9gne JIntegrativetectyrs gaR wedie- out
mutant for JE@NEed |RRior 12 y5as: ansfurmatignito (aciitate; hegiptRaration ¢f the nucleotide

Aal g36, algl1KMACHRINErRR) NP theRpsk celligenameant strain which is al so

depl eted or a knock-out nutant for hoot In another variant there is
provi'dled a A8 gSBhherenanRIordelsr'eetals tr altiiR keauancathalinenablesad genmitachei s

al so depl et dirnseriked fdekpremotenis daeognizednbih RNA polumeraser whiahi then initieiee | s
provi ded a AmnggwRirH1MpramoteIaentainga N srstienerithatig aither ound dirggtlydd, i s

al so depl et df i®invalved @ hegeruitmentnef RNA paymenans. A promgter sraueneg famalse her e
i s provided ‘BClude gBHRNGEN FemieNs. depicht @ e Rhowke dagionsiArNA tthati ganwbéch i s
al so18lepl et RPUBA vathiiekisdnemely: Hiet transracing Gactarp, muHeh hike a etraf dranseriptiee i s
provi ded a AarigBALe gnhanesrirengentiondevals ofigeper (rance tig aamesinragenentlisier. i s

al so depl et etheoepnhankaio swile txpicaly t the Srengrie) ¢adirg, regipnakan Bise beasaparate t her e
i s provided feem apropptes afYENCAAN ICaRd]S, et RroNtrivaigdRgiON Of maeaator St todhe

whi ch is al s@digpgegice®f die @enNeénock- out nutant for mmn8/ anpl. In anothe r
variant there is provided a Aal g36algll1Amnl depl eted or knock-out mutant
strakd whi chAdcerding to theppresent ioverdiok ive kromutemistpaeferdbdy thenerfdogeno@nprtoher
vari ant t herreotes opthevgeted Im afubtsBrikd/ epidodimendt the geakasl oara kigbodopy utumbet ant
strai n whi chplasmidivduchdereferakly ieadsdo a3@rekpreskionuln anetremtpréferredrembodiniemt

anot her var ithetgendas eniaslow cepydedmberAplagBitl dhg Pidumiet nimpbe acdtktennldgoos k- out
mut ant st r ai momhiechini & pattisadadeiant dtb @romotien sck conatitutive amombter. Inrambther | n
anot Ber var i paniculdteragiantsther prordeter & dmingBginlegdromoterl Adesstiatl@dpromokanaek - out
mut ant st r aiqerging trhthesnegrdion depfess aul overespreasiok obane putrene coémes oithé/rur e2.

| n anot her @it acid momcele. dn mrefeirdd cerabodBBerial tigcmbptulaie)nd aemxptesdedr
knock- out miwartimes, radne prefaried § tiaeso 10dphest, &9 times Khowles o0 totesn200 or
mt 2. | n andinmes; S0Qrtinees, 10Rtimess apd owesd epdefarréch 2§86 ,ca hgdré Armeslwbleplcemed or
knocRe out mpased tosexpaessianhirarn endogérmus gephetee dF oo exampieowkemuthe inostaetll i$ or

mt 3. | n andtiéfda pastoriansuitabler promoters dvdluited bat el @ dinzitegltb Aaowl aded| éeased or
knock- out mgagntoex8.rgith, i, cand g4Gi| wherddpée dioeticell isaSaddhakeropdesorerevisigant
for mt 4. | rsudablepsomoters maludehkuteare sioplinitaddiod gal 1 Aaiati@e falay &l Aperd Loglepl et ed
or knock- outadigdt aih, tet gad nmetdSc hallsgalSscirtiepiBeardicar 1. AVheredke bast aalitfant f or
ktr1351n ancxaeples/dsiaamammalian tell, puiatldguomotass (®Baeg bulians hotibpited éal or
knock- out mEM¥t S¥40.catinendropter,gpa? s Rade saetopth brusggamoeklaget gemotreniong or

kt r2. | n andeminaivigpeatst (RANEr eetallofhiondinl ethymidiee §iBesd gt iMarierbndgguiecpred or
knock- 45outmetat.ant strain which is also depleted or a knock-out nutant for
ktr3. In another variant there is provided a Aal g3Llal gl1Amnl depl eted or
knock- out maA datmisatodior 3' Wimdtstibh 584 6erRE B BR18 14 AP 4he ranmdoription 6f &l so
depl et ed or struktueal kgemet whigh gahctioar tokétadilizd theam®INre travigdriptioh groduce of she

provi ded a Aghg36, ahigh tAersetjudeqd & eperablykimbed - suwdh Bdlitsgqlersdesanvmichlich 1 s
al so depl et galyadeaylitivoc B @uhinatib@séqdedcek tarbbe bbtahreat fran Aicia andtheheee i s
provi ded a Abylgisddhid gedasfonnthed gpasts edhighekinagikorathernaukarnyotis brganisnvwhiexh i1 s
al so depl et exingies of Bickiaalstonist3’ tanmaratioh eequencds usefuldiootheqirastaeiciitiie preere i s
provi ded a Aal g36, algll1Amnl depl eted or knock-out mutant strain which is
al so depl eted or a knock-out mutant for vanl. In another variant there is
provi ded a Aal g36, algl1Amnl depl eted or knockout nutant strain which is

al so depl eted or a knock-out mutant for yurl. In a first variant of another
enbodi nent the invention there is provided a 10 Aal g36algll depl eted or
knock-out mutant strain which is also depleted or a knockout mutant for
ochl. In another variant there is provided a Aal g3Aal g11 depleted or
knock-out mutant strain which is also depleted or a knock-out nmutant for

o e - e AN 1 N~ Y ] .




15 provi ded a Aal g3Aal g11 depl eted

depl et ed

provi ded WOAal1gB3&&3gll depl eted or

depl et ed
provi ded
depl et ed

is provided a Aal g36algll depl eted

depl et ed
provi ded
depl et ed
provi ded
depl et ed
provi ded
depl et ed
provi ded
depl efed
provi ded
depl et ed
provi ded
depl et ed
provi ded
depl ebed
provi ded

or knock-out mutant strain which is al so
mn3. I n another variant there is

knock- out nutant str &CH/ERR0131902084 al so
mi5. I n another variant there is
knock-out mutant strain which is al so
mn6/ ktr6. I n another 20 variant there
or knock-out mutant strain which is al so
mn8/ anpl. In another variant there is
knock-out nmutant strain which is al so

or a knock-out nutant for

or a knock-out nutant for
a Aal g36algll depl eted or
or a knock-out nutant for

or a knock-out nutant for
a Aal g36algll depl eted or

or a knock- out mut ant for nmn9. I n another variant there is

a 15et Q{B’G& s tefBipation RedHarces fromuthen?oxdt 9een AfAi9ehei 8is4) so
or SeNERN lﬂeﬁﬁutant for 25 mn10. In another variant there is

a AalgSAaIgll depl eted or knock-out nmutant strain which is also

or Acdording iathe invardian, there imalspiprovigecha yeeler foy e Wansfermatienoba

a redkgaymiic dost eRipremptsiog ore Ot Ronricopies ahenss ofrthe muglgiccarid molg-so
or evleh obaragigrizedi@lave fof rongnerimire: 2opies ohrtbe IRxpregaionagassettre@e i s
a Aehagaderiagt abodepl et ed or knock-out nutant strain which is also
or a 30 knock-out nutant for rmt2. In another variant there is

a Abhe)B5al ykttodeps etsed tereiknioditenddd toutedert tosarraicteiovbcidhmolscadé so
or capeblecdf-tansportibganother nuei¢id acidrio suhidhhithas/beeralittketl h@ne tyipe of

a Aaci36aadilasnie) whiekl referskin @cdircalat douthlastrasdedaDNAWborcimta whighso
or additivoak DDAt segments may berligated.| Qthaneédters imaludarbsinhisr eagtsrial

a Aaftifersdl/ cfiromodepes(BACHand ryeast- adificialit @momesoraes (WACK Arnotheal so

35 depl et ed type af kemdarkis awirahvachor! whereirkadditionehDNAGEgerentsamagbe ligatedénto s

provi ded
depl et ed
provitded
depl et ed
provi ded
depl et ed
provi ded
depl eved
provi ded
depl et ed
provi ded

a Aheghd| gégdmé (dieplsseddn omork et maldwmentain sectaisnareftaphblesofal so
or autkmoro&wstephitdteomt infa hostt aell. intionwhinlo ttieyr angaintradwcedhi@erge, vestors

a AsdvwirRpan gidin dé pepditatibrowhikim fuoictions inrthé Anst celly. Dthenectdrs ican Bk so

or iatdgnated indoithengereomie dfoar hédtcdll upon mtrotbaionvstoitbe hostivel eandsare

a Ahegdyaiplichtateaibeg adthdhe kinstcgerouote. iMdreoner stertaim pdervdd egctors al so
or arekcapableoof dirattany tHeoexpression |ofi gemes Herwhiah ithey ardrexperatigely

a Aalkgd63dcfl tedlensl ae ecfeced kmbeteimas “‘rendmhinast exgirassidn edrtors” @rso
or simiplyo tdxporsisiomuegtars™.or ktr5. In another variant there is

a Aal g3Aal g11 depl eted or knock-out nutant strain which is also
Or Ph&estkrsfithepietght invéntldnrMay tontainod belectablei radiket Herie Hxam-

a Aslbg3f badrodystelnpirrieie the SdaokdomitedterediSiabaintPidis pastoMbhsh 1 s

al so depl et eger@y whick Rekbe® Usedntd edthplé@entviaind Pichinstediod, e they 8t cevelistabesre i s

provi ded
depl eed
22 Tabl e

a ArlcaidArdstdris agiel gdredwhich kNAC lse aiskd uitcaniplerhérdti Picki gdstdrl axyso
or mutanes lor ahd ProMiaphstbs upB dnd addd géHkEl] Waith4B R behiz2atd/c@ar094
1: gleimeht Plehil pasestisnras o6 ydie 1t matasitse respestivei® thersslid adiblSynaekey nous

or systemat i gerieaehiofI0d6dn iDahidhialppkierid inchudenine sgd” denan tieay 4188 gehlg dids-
al pha- 1, 6- matiEidie Yesistapts HendsandYths0ika\\Mdps lof ay el -vbctrsrasedtsy lactsraingfter ase
YEROOlW Mhn2theliplealio? arssuhematicallyadepictechipdigiRis@Lay 10TP1, CRvV4, LDB8
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The vectors of the present invention can also include an autonomous replication
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-
tance, hygromycin resistance and zeocin resistance (zeo®) genes.

A “host cell” according to the invention, is intended to relate to a cell into which a
recombinant vector (e.g. expression vector) has been introduced or a linear recom-
binant DNA molecule has been integrated (e.g. chromosomal integration). It should
be understood that such terms are intended to refer not only to the particular subject
cell but to the progeny of such a cell. Because certain modifications may occur in
succeeding generations due to either mutation or environmental influences, such



wvnn5 al phal, 2- mannosyl transferase YJL186W Whn6 (Ktr6) mannosyl phosphate
transferase YPLO53C Min8 (Anpl) al pha-1,6 mannosyl transferase YELO36C Min9
Subuni t oVO2000i3¢443mannosyl transferase YPLO50C Mhnl0 Sebu#iPR018/0020940! gi
mannosyl transferase YDR245W BED1l, 38C2, REC41 Minll Subunit of a Col gi
mannosyl transferase YJL183W Mit1l (Kre2) al pha-1, 2-mannosyl transferase
YDR483W Wnt 2 al pha- 1, 3- mannosyl transferase YG.257C Wnt 3

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 term "cell" or "host cell" used for the production of a het-

5 erologous glycoprotein refers to a cell into which a nucleic acid, e.g. encoding a het-
erologous 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 particular embodiments, the host cell is a mammalian cell. In variants, the cell is

10 selected from, preferably immortalized, cell lines such as hybridoma cells, myeloma
cells, for example, rat myeloma cells and mouse myeloma cells, or human cells. In
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,
HEK293-EBNA cells, PER.C6 cells, COS cells, 3T3 cells, YB2 cells, HeLa cells, and

15 Vero cells. In particular 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 embodiments, the host cell is an amphibian cell. Preferably, the cell is se-
lected from, but not limited to, Xenopus laevis oocytes (Nature, Vol. 291, p. 358-360,
20 1981).

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

In other 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 plant

25 Lemna minor or the moss Physcomitrella patens. These cells are known as a sys-
tem for producing polypeptides, and may be cultured also as calli.

In preferred embodiments, the host cell is a lower eukaryotic cell. Lower eukaryotic
cells according to the invention include, but are not limited to, unicellular, multicellu-
lar, and filamentous fungi, preferably selected from: Pichia sp. Candida sp. Sac-

30 charomyces sp., Saccharomycodes sp., Saccharomycopsis sp., Schizosaccharo-
myces sp., Zygosaccharomyces sp. Yarrowia sp., Hansenula sp., Kluyveromyces
sp., Trichoderma sp, Aspergillus sp., and Fusarium sp. and Myceteae, preferably
selected from Ascomycetes, in particular Chysosporium lucknowense, and Basidio-
mycetes, in particular Coniphora sp. as well as Arxula sp.

35 in more preferred variants thereof the cell is selected from, but not limited to: P. pas-
toris, P. stiptis, P. methanolica, P. bovis, P. canadensis, P. fermentans, P. mem-
branaefaciens, P. pseudopolymorpha, P. quercuum, P. robertsii, P. saitoi, P. silves-
trisi, P. strasburgensis; P. finlandica, P. trehalophila, P. koclamae, P. opuntiae, P.
thermotolerans, P. salictaria, P. guercuum, P. pijperi; C. albicans, C. amphixiae, C.

40 atlantica, C. corydalis, C. dosseyi, C. fructus, C. glabrata, C. fermentati, C. krusei, C.
lusitaniae, C. maltosa, C. membranifaciens, C. utilis; S. bayanus, S. cerevisiae, S.



al pha-1, 3- mannosyl transferase YIL0O14W Mht4 al pha-1, 3- mannosyl transferase
YNROS59W Kt r 1 al pha- 1, 2- mannosyl t ransf erase YORO99W Kt r2 Mannosyl

transf er 280 2¥lRO&MYV Kt r 3 Put ati ve al pha-1, 2- mannosyl tr 03EPREIH2BR205W
Kir4 Putative mannosyl transferase YBRI9OW Ktr5 Putative mannosyl
transferase YNLO29C Ktr7 Putative mannosyl transferase YILO85C Vanl
Conmponent of the mannan pol ynerase | YM.115C

bisporus, S. delbrueckii, S. fermentati, S. fragilis, S. mellis, S. rosei; Saccharomy-
codes ludwigii, Saccharomycopsis capsularis; Schizosaccharomyces pombe,
Schizosaccharomyces octosporus, Zygosaccharomyces bisporus, Zygosaccharo-
myces mellis, Zygosaccharomyces rouxii; Yarrowia lipolytica, Hansenula polymor-
5 pha, Kluyveromyces sp., Trichoderma reseei., A. nidulans, A. candidus, A. carneus,
A. clavatus, A. fumigatus , A. niger, A. oryzae, A. versicolor, Fusarium gramineum,
Fusarium venenatum, and Neurospora crassa as well as Arxula adeninivorans.

In particular embodiments the cell exhibits a further modified ER-based glycosyla-
tion processing. More particular, one or more further enzyme activity conferring gly-
10 cosylation, in particular manosylation in the ER are dimished or depleted in the cell,
in particular by knock-out mutation of one or more genes coding for that enzyme
activity. The invention is not limited to such knock-out mutants of ER-glycosylation.

In a variant there is provided a alg11 depleted or Aalg71 knock-out mutant strain
which is further lacking or is having suppressed, diminished or depleted one or more

15 dolichyl-phosphate beta-D-mannosyl transferase type activity, in particular is also
depleted or a knock-out mutant for dom? and/or dpm1 homologues. In another
variant there is provided a alg3 alg71 depleted or Aalg3Aalg?1knock-out mutant
strain which is further lacking or is having suppressed, diminished or depleted one
or more lipid-linked monosaccharide (LLM) flippase type activities in particular is

20 also depleted or a knock-out mutant for one or more genes coding for lipid-linked
monosaccharide (LLM) flippase activity.

In an alternative variant there is provided a alg71, mnn1 depleted or Aalg?11Amnn1
knock-out mutant strain which is further lacking or is having suppressed, diminished
or depleted one or more dolichyl-phosphate beta-D-mannosyl transferase type activ-
25 ity, in particular is also depleted or a knock-out mutant for dom7 and/or dom1 homo-
logues. In another alternative variant there is provided a alg71, mnn1 depleted or
Aalg11Amnniknock-out mutant strain which is further lacking or is having sup-
pressed, diminished or depleted one or more lipid-linked monosaccharide (LLM)
flippase type activities in particular is also depleted or a knock-out mutant for one or
30 more genes coding for lipid-linked monosaccharide (LLM) flippase activity.

The primary glycoprotein resulting from oligosaccharyl transferase activity at the ER
may be subject to further glycosylation at the Golgi as described below in more de-
tail. The further major aspect of the present invention is the provision of means and
methods for the modification of the Golgi-based glycosylation in the host cell of the

35 invention. Modification of ER-based glycosylation as described in more detail here-
inabove and modification of the Golgi-based glycosylation as described in more de-
tail herein, go hand in hand. This invention advantageously provides primary glyco-
proteins with low-mannose glycan structure which form the ideal substrate for the
subsequent modified glycosylation in the Golgi.

40 In preferred embodiments the host cell is further modified or genetically engineered
to lack or be diminished or depleted in one more, at least two more, preferably at
least three more, at least four more or at least five more Golgi-localized mannosy!



Yuri Col gi mannosyl transferase YJL139C The cell of the invention may be
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parti cul avowntihism4Bhe Col gi. The invention provi des a celli/Erapabbm®oof the
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may be genetically further nodified in the Golgi glycosylation pathway that
allow the cell to carry out a sequence of 10 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 subst ant iransferaseeMithesgh the invealion s aimartho diie@edie PNsalveamyiatipmehelso
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5G cNAc2Man3Bedkaly2osYRtORAEMA3G cNAC2- bi secting Gal |l G cNAC2Man3G cNAC2,
Gall G cNAc2Man3G cNAc2Fuc, Gall G cNAc3Man3G cNAc2- bi secting, 10Gal |

G cNAc3Man3d kmsapRasyl Bianstarasey, areaireleiansaireted GramAa@Rle 1 and homologues

Gal 2GlcNAc2Mhesal Agtordingly, [@itiqdarciasivenfli@ celheDthisiineantiopngnay be a knock-

Gal 2Gl1cNAc3Mut3GItentef Ztigashpre genegeleatsdiframe ociGhl RGLORBE2 Nam B NAC &16,
NeuAcl Gal 2GnoRacatin 3AINAYRFGc Mg hANt 1IGKIEECTINACBNE) 3G NACR Miies k63 i ng,
NeuAdP Gal 2GtfehaddVkiBraNA@RRueH biandcthe ipmaleayss AeiepGitemelogrgs3aise Mac 2,

clude other members of the same or a related gene family. The invention is not lim-
ited to these knock-out variants.

In a first variant of an embodiment there is provided a Aalg3Aalg11Amnn1 depleted
or knock-out mutant strain which is also depleted or a knock-out mutant for och1. In
15 another variant there is provided a Aalg3Aalg11Amnn1 depleted or knock-out mu-
tant strain which is also depleted or a knock-out mutant for hoc7. In another variant
there is provided a Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is
also depleted or a knock-out mutant for mnn2. In another variant there is provided a
Aalg3halg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
20 knock-out mutant for mnn3. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnnS. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnné6/kitr6. In another variant there is provided a
25 Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnn8/anpi1. In another variant there is provided a
Aalg3halg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnn9. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
30 knock-out mutant for mnn10. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnn11. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnt1/kre2. In another variant there is provided a
35 Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnt2. In another variant there is provided a
Aalg3Aalg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnt3. In another variant there is provided a
Aalg3halg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
40 knock-out mutant for mnt4. In another variant there is provided a
Aalg3halg11Amnn1 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for ktr1. In another variant there is provided a Aalg3Aalg11Amnni
depleted or knock-out mutant strain which is also depleted or a knock-out mutant for
ktr2. In another variant there is provided a Aalg3Aalg11Amnn1 depleted or knock-
45 out mutant strain which is also depleted or a knock-out mutant for ktr3. In another
variant there is provided a Aalg3Aalg11Amnn1 depleted or knock-out mutant strain



20NeuAc2CGal 2GLcNAc2Man3G cNAc2Fuc, NeuAc2Gal 2GLcNAc3Man3d cNAc2- bi sect i ng,
NeuAc2Gal 2GLcNAc3Man3d cNAc2Fuc- bi secti ng, A cNAc3Man3d cNAc2, Gl |

G cNAC3VawBGhriNBea3 25Gal | G cNAc3Man3GLlcNAc2Fuc, Gal 2Gehcivap3ihndmehe NAc?2,
Gl 2GLlcNAc3Man3d cNAc2Fuc, Gal 3GLcNAc3Man3d cNAc?2,

Gal 3GLcNAc3Man3d cNAc2Fuc, 30NeuAcl Gal 3GlcNAc3Man3d cNAc2, NeuAcl

Gal 3G1lcNAc3Man3d cNAc2Fuc, NeuAc2Gal 3G1LcNAc3Man3GLlcNAc?2,

NeuAc2Gal 3GlcNAc3Man3Ad cNAc2Fuc, NeuAc3Gal 3GLcNAc3Man3Gd cNAc2, and
35NeuAc3Gal 3G1cNAc3Man3G cNAc2Fuc. More particul ar enbodi nents include
reconbi nant gl ycoproteins conprising one or nore of glycan structure
selected from G cNAcMan3-53 cNAc2, G cNAc2Man3d cNAc?2

40G cNAc3ManBlich ighelso BeBletad ¢fgp Rackaut Natantier3eid Ngrother variant there is pro-
Gal 2GLcNAc 2 Méfetrchaig iy 1 10z Genategvelnaack 1k Mutang stfaimyhich is also de-
Gal 2GLcNAC3MIAEG eNA: kpaek-gits Brutam gfor Zéide mcanatinercranant 2REE36 Pravided 2
NeUAC2Cal 2G1AAERDAEABEaRAdsPlgted oNinoslyou) mutesh SEET VDS BisdRRIte or a
NeuAc2Gal Zammﬁw@m&c%ﬂ%ge@thﬁr variant there is provided a Aalg3Aalg11Amnni
eUAC2Gal 2GLcoAgRistRe 98 Enecput idan s wh h iszplenAeRIptasaY L KpRSH-out mutant for

Gal 3GLcNAC3VEHBIGITE Ripgther ma@@mmemﬁs@acm(emw 1Amnn1 depleted or knock-
out mutant strain which is also depleted or a knock-out mutant for yur1.

In a first variant of another embodiment the invention there is provided a
10 Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted or a knock-
out mutant for och1. In another variant there is provided a Aalg3Aalg11 depleted or
knock-out mutant strain which is also depleted or a knock-out mutant for hoc1. In
another variant there is provided a Aalg3Aalg11 depleted or knock-out mutant strain
which is also depleted or a knock-out mutant for mnn2. In another variant there is
15 provided a Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted
or a knock-out mutant for mnn3. In another variant there is provided a Aalg3Aalg11
depleted or knock-out mutant strain which is also depleted or a knock-out mutant for
mnn5. In another variant there is provided a Aalg3Aalg11 depleted or knock-out
mutant strain which is also depleted or a knock-out mutant for mnn6/ktr6. In another
20 variant there is provided a Aalg3Aalg11 depleted or knock-out mutant strain which is
also depleted or a knock-out mutant for mnn8/anp1. In another variant there is pro-
vided a Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for mnn9. In another variant there is provided a Aalg3Aalg11 de-
pleted or knock-out mutant strain which is also depleted or a knock-out mutant for
25 mnn10. In another variant there is provided a Aalg3Aalg11 depleted or knock-out
mutant strain which is also depleted or a knock-out mutant for mnn11. In another
variant there is provided a Aalg3Aalg11depleted or knock-out mutant strain which is
also depleted or a knock-out mutant for mnt1/kre2. In another variant there is pro-
vided a Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted or a
30 knock-out mutant for mnt2. In another variant there is provided a Aalg3Aalg11 de-
pleted or knock-out mutant strain which is also depleted or a knock-out mutant for
mnt3. In another variant there is provided a Aalg3Aalg11 depleted or knock-out mu-
tant strain which is also depleted or a knock-out mutant for mnt4. In another variant
there is provided a Aalg3Aalg11 depleted or knock-out mutant strain which is also
35 depleted or a knock-out mutant for kir1. In another variant there is provided a
Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted or a knock-
out mutant for ktr2. In another variant there is provided a Aalg3Aalg11 depleted or
knock-out mutant strain which is also depleted or a knock-out mutant for ktr3. In
another variant there is provided a Aalg3Aalg11 depleted or knock-out mutant strain
40 which is also depleted or a knock-out mutant for ktr4. In another variant there is pro-
vided a Aalg3Aalg11 depleted or knock-out mutant strain which is also depleted or a
knock-out mutant for ktr5. In another variant there is provided a Aalg3Aalg11 de-
pleted or knock-out mutant strain which is also depleted or a knock-out mutant for
ktr7. In another variant there is provided a Aalg3Aalg11 depleted or knock-out mu-
45 tant strain which is also depleted or a knock-out mutant for van1. In another variant
there is provided a Aalg3Aalg11 depleted or knock-out mutant strain which is also
depleted or a knock-out mutant for yurf.
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The cell of the invention may be further genetically engineered to alter the glycosyla-
tion cascade, in particular within the Golgi. The invention provides a cell capable of
the production of a glycoprotein or glycoprotein composition that exhibit a certain
type of N-glycan structure such as, for example, a human-like glycan structure in a
cell other than a human cell. Accordingly, such cell may be genetically further modi-
fied 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 glycoproteins more
similar, if not substantially identical, to their human counterparts. Embodiments in-
clude, but are not limited to, recombinant glycoproteins comprising one or more of
glycan structure selected from:



Golgi 2.4.1.101 G cNAc transferase 1, al pha-1, 3-mannosyl gl ycoprotein

bet a- 12- Nacet yl gl ucosam nyl transferase Mgatl GnhTlIl mannosyl (al pha-1, 6-)-
gl ycopr otwOreotaet3ae43, 2- N-acetyl gl ucosam nyl transfer asePGoIEFR012/042094 143

G cNAc transferase 2, N-acetyl glucosa’ nyl transferase 11,

UDPA cNAc: mannosi de al pha-1-6 acetyl gl ucosam nyl transferase, Al pha-1, 6-
mannosyl - gl ycoprotein 2-beta-N acetyl gl ucosam nyl transferase Mgat2 GaTl ||
bet a- 1, 4- mannosyl - gl ycoprotein 4-beta-N acetyl gl ucosan nyl transferase
Golgi 2.4.1.144 G cNAc transferase 3, Nacetyl glucosam nyl transferase |11
Myat 3 GnTIV mannosyl (al pha-1,3-)- glycoprotein beta-1, 4-

N-acetyl gl ucosam nyl transferase Golgi 2.4.1.145 A cNAc transferase 4,
N-acet yl gl ucosMﬁP%éCNﬁCansf erase |V, Al phal, 3-mannosyl - gl ycoprotein

4- bet a- I\lacetyl%{?[lgm@%lﬁcgyl transferase, isozynmes A and B Myat4 GnTV
an5GIcNAC2;

GlcNAcMan3-5GIcNAc2,

5 GIcNAc2Man3GIcNAc2,
GlcNAc3Man3GIcNAc2-bisecting
Gal1GlcNAc2Man3GIcNAc2,
Gal1GlcNAc2Man3GIcNAc2Fuc,
Gal1GIcNAc3Man3GIcNAc2-bisecting,

10 Gal1GIcNAc3Man3GIcNAc2Fuc-bisecting,
Gal2GIcNAc2Man3GIcNAc2,
Gal2GIcNAc2Man3GIcNAc2Fuc,
Gal2GIcNAc3Man3GIcNAc2-bisecting,
Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,

15 NeuAc1Gal2GIcNAc2ZMan3GIcNAc2,
NeuAc1Gal2GIcNAc2Man3GIcNAc2Fuc,
NeuAc1Gal2GlcNAc3Man3GIcNAc2-bisecting,
NeuAc1Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,
NeuAc2Gal2GIcNAc2Man3GIcNAc2,

20 NeuAc2Gal2GIcNAc2Man3GIcNAc2Fuc,
NeuAc2Gal2GIcNAc3Man3GIcNAc2-bisecting,
NeuAc2Gal2GIcNAc3Man3GIlcNAc2Fuc-bisecting,
GlIcNAc3Man3GIcNACc2,
Gal1GIlcNAc3Man3GIcNAc2,

25 Gal1GIlcNAc3Man3GIcNAc2Fuc,
Gal2GIcNAc3Man3GIcNAc2,
Gal2GIcNAc3Man3GIcNAc2Fuc,
Gal3GIcNAc3Man3GIcNAc2,
Gal3GIcNAc3Man3GIcNAc2F uc,

30 NeuAc1Gal3GIcNAc3Man3GIcNACc2,
NeuAc1Gal3GIcNAc3Man3GIcNAc2Fuc,
NeuAc2Gal3GIcNAc3Man3GIcNAc2,
NeuAc2Gal3GIcNAc3Man3GIicNAc2Fuc,
NeuAc3Gal3GIcNAc3Man3GIcNAc2, and

35 NeuAc3Gal3GIcNAc3Man3GIcNAcZFuc.

More particular embodiments include recombinant glycoproteins comprising one or
more of glycan structure selected from:

GlcNAcMan3-5GIcNAc2,
GlcNAc2Man3GIcNAc2,

40 GIcNAc3Man3GIcNAc2-bisecting
Gal2GIcNAc2Man3GIcNAc2,
Gal2GIlcNAc2Man3GIcNAc2Fuc,
Gal2GIcNAc3Man3GIcNAc2-bisecting,
Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,

45 NeuAc2Gal2GIcNAc2Man3GIcNAc2,
NeuAc2Gal2GIcNAc2Man3GIcNAc2Fuc,



mannosyl (al pha-1,6)- glycoprotein beta-1,6- N-acetyl-glucosam nyl
transferase Golgi 2.4.1.155 G cNAc transferase 5, N-acetyl glucosam nyl
transf er 280 2v11/18k@Ral, 6- mannosyl - gl ycopr ot ei n 6- bet a- NRCEBPR@ILO62984M ny|
transferase Mgat5 GnhTVI al pha-1, 6- mamddosyl - gl ycoprotein 4-beta-N

acetyl gl ucosam nyl transferase Golgi 2.4.1.201 G cNAc transferase 6,
N-acetyl gl ucosam nyl transferase VI Mgat6 Gal T beta-N

acet yl gl ucosam nyl gl yc opeptide beta-1,4- gal actosyl transferase Gol gi
2.4.1.38 Gl -Transferase 8, UDP-Gal transferase B4gal T1 FucT al pha (1, 6)
fucosyl transferase Golgi 2.4.1.68 Fuc-transferase 8, CGDP-Fuc transferase

Fut8 WO 2011/&3&;@‘5??& %O%N% :9& %ﬂ\cz -bisecting,

euAc2Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting,
GlcNAc3Man3GIcNACc2,
Gal3GIcNAc3Man3GIcNAc2,

5 Gal3GIcNAc3Man3GIcNAc2Fuc,
NeuAc3Gal3GlcNAc3Man3GIcNAc2, and
NeuAc3Gal3GIcNAc3Man3GicNAc2Fuc.

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

10 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-

15 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

20 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

25 ‘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 2, 3, and 4.

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

30 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.
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Table 2: Heterologous glycosyl transferases, transporters and associated enzymes

Name [Function/enzymatic |primary |E.C. Synonymous name(s) (Gene
activity Location name
GnTl |mannosyl (alpha-1,3-)- |Golgi 2.4.1.101 |GIcNAc transferase 1, |Mgat1
glycoprotein beta-1,2- alpha-1,3-mannosyl-
N-acetyiglucosaminyl glycoprotein beta-1,2-N-
transferase acetylglucosaminyl
transferase
GnTIl {mannosyl (alpha-1,6-)- |Golgi 2.4.1.143 | GIcNAc transferase 2, |Mgat2
glycoprotein beta-1,2- N-acetylglucosaminyl
N-acetylglucosaminyl transferase Hl, UDP-
transferase GlcNAc:mannoside
alpha-1-6
acetylglucosaminyl
transferase, Alpha-1,6-
mannosyl-glycoprotein
2-beta-N-
acetylglucosaminyl
transferase
GnTlll | beta-1,4-mannosyl- Golgi 2.4.1.144 | GIcNAc transferase 3, [Mgat3
glycoprotein 4-beta-N- N-acetylglucosaminyl
acetylglucosaminyl transferase ||
transferase
GnTIV |mannosyl (alpha-1,3-)- [Golgi 2.4.1.145 | GicNAc transferase 4, |Mgat4
glycoprotein beta-1,4- N-acetylglucosaminyl
N-acetylglucosaminyl transferase |V, Alpha-
transferase 1,3-mannosyl-
glycoprotein 4-beta-N-
acetylglucosaminyl
transferase, isozymes A
and B
GnTV |mannosyl (alpha-1,6)- |Golgi 2.4.1.155 |GlcNAc transferase 5, |Mgat5
glycoprotein beta-1,6- N-acetylglucosaminyl
N-acetyl-glucosaminyl transferase V, Alpha-
transferase 1,6-mannosyl-
glycoprotein 6-beta-N-
acetylglucosaminyl
transferase
GnTVI |alpha-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 2.4.1.38 |Gal-Transferase 8, B4galT1
acetylglucosaminylglyc UDP-Gal transferase
opeptide beta-1,4-
galactosyl transferase
FucT |alpha (1,6) fucosyl Golgi 24168 |Fuc-transferase 8, Fut8
transferase GDP-Fuc transferase




N- acyl neur am nat e- 9- phosphat e synt hase
3.1.3.29
UDP- Gal - twanspot@s Gol gi

phosphat ase

2.5.1.57
UDP- G cNac transporter
S1c35A2 (GDP-fucose transpoPCEMEP2011/002094

ol gi

N- acyl neur am nat e- 9-
S1c35A3
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ST beta-galactoside alpha- | Golgi 2.4.99.1 |Sialyltransferase, CMP- | ST6gal1
2 6-sialyl transferase N-acetylneuraminate-
beta-galactosamide-
alpha-2,6-sialyl trans-
ferase,
UDP-N- Cytosol 5.1.3.14 |UDP-GicNAc-2- NeuC
acetylglucosamine 2 epimerase
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 Golgi SIc35A3
transporter
UDP-Gal-transporter Golgi SIc35A2
GDP-fucose Golgi Sic35C1
transporter
CMP-sialic acid Golgi Sic35A1
transporter
nucleotide Golgi
diphoshatases
GDP-D-mannose 4,6- |[Cytosol [4.2.1.47 Gmds
dehydratase
GDP-4-keto-6-deoxy- |Cytosol [1.1.1.271 [GDP L-fucose Tsta3
D-mannose-3,5- synthase, FX protein
epimerase-4-reductase
Gal10 |UDP-glucose 4- Cytosol }5.1.3.2 UDP-galactose 4- SPBPB2
epimerase epimerase, GalE B2.12¢
Uge1 |UDP-glucose 4- Cytosol |5.1.3.2 UDP-galactose 4- SPBC36
epimerase epimerase 5.14c
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The primary goal of this genetic engineering effort is to produce 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 the DNA sequence information available, 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.

LT
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mannosy| (WDpha/1B4@3) - gl ycoprot ei n beta- 1, 2- Nacet yl gl ucogaminrg1100206f er ase
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mannosyl (al pha-1, 6-)-gl ycoprotein beta-12-Nacetyl gl ucosam nyl transferase
(GTIl) 32

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.

The invention thus further concerns a host cell according to the invention as de-
scribed herein which is further genetically engineered or modified to express at least
one preferably heterologous enzyme or catalytic domain thereof, said enzyme or

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

mannosyl(alpha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase
(GnTI);
mannosyl(alpha-1,6-)-glycoprotein beta-1,2-N-acetylglucosaminyl transferase

35 (GnTII;
beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyl transferase or N-
acetylglucosaminyl! transferase 1l (GnTIII),
mannosyl! (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase or
N-acetylglucosaminyl transferase IV (GnTIV);,

40 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-acetylglucosaminy! transferase Vi
(GnTVI);
beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase or galac-

45 tosyl 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 further supported by the activity of one or more of
the following: UDP-GIcNAc transferase; UDP-GIcNac transporter; UDP-galactosyl

5 transferase, UDP-galactose transporter; GDP-fucosyl transferase; GDP-fucose
transporter; CMP-sialyl transferase CMP-sialic acid transporter; and nucleotide di-
phoshatases.

In another variant, these enzyme activities are further supported by the activity of
one or more of the following: UDP-GIcNAc transferase; UDP-GlcNac transporter;

10 UDP-galactosyl transferase, UDP-galactose transporter; GDP-fucosy! transferase;
GDP-fucose transporter; CMP-sialyl transferase CMP-sialic acid transporter; nucleo-
tide diphoshatases, GDP-D-mannose 4,6-dehydratase, and GDP-4-keto-deoxy-D-
mannose-3,5-epimerase-4-reductase.

In another variant, these enzyme activities are further supported by the activity of
15 one or more of the following: UDP-GIcNAc transferase; UDP-GlcNac transporter;

UDP-galactosyl transferase, UDP-galactose transporter; GDP-fucosy! transferase;

GDP-fucose transporter; CMP-sialyl transferase CMP-sialic acid transporter; nucleo-

tide diphoshatases, GDP-D-mannose 4,6-dehydratase, GDP-4-keto-deoxy-D-

mannose-3,5-epimerase-4-reductase, UDP-glucose 4-epimerase, and UDP-
20 galactose 4- epimerase.

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 intracellular membrane or
organelle is the Golgi.

25 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.

30 Embodiments for the synthesis of GIcNAcMan3-5GIcNAc2 structures

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTlI
type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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

In a particular embodiment the cell expresses f the following genes: mgat? and
slc35A3 and/or homologues thereof.
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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
specifically designed to produce glycoproteins with this glycan structure. The inven-
tion thus also concerns a, preferably isolated, glycoprotein having this structure,
5 which is preferably producible or actually 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 GIcNAc2Man3GIcNAc?2 structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI

10 type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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

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

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

In a particular embodiment the cell expresses two or more of one of the following
genes: mgat1, mgat2, and slc35A3 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, which 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 actually 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 a preferred embodiment the modified host cell not only exhibits, preferably het-

erologous, enzyme activity for Golgi-based processing that is selected from GnTl

type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
30 heterologous, enzyme activity that is selected from:

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
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fol | ow ng engyimgethacédivities will have to be engineered into the expression

host. In parallel a nunber of host genes involved in undesired

gl ycosyl ation EgBEliiings W e S)aesishriec 406N 212RBBIdNARDE e L TDOdI ment s

a subset of genes, at Teast w0 genes (al so narrea ||- Drary) encodi ng
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expressi on of hunan or ani ch | ation enzy el di ng
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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, b4galt1, slc35a2 and slc35a3 and/or
30 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, which is specifically designed to produce glycoproteins with
this glycan structure. The invention thus also concerns a, preferably isolated, glyco-
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or ol 11 ed 1t o ODE g5 PamacriethBe APY, byt &SP SRR ey

catal ytic domain thereof, said enzyne or 30catal ytic domain_thereof is
represent ed | nCOEhP=Bamosg 4.6-gdehydratasg tyre geidfityr Bppyrticwar pdemdertyneotidt-he
group of Col gi SH#Wded het erol ogous enzynes consi sting of:

mannosyl (al pha-1, 3-)-gl ycoprotei n beta-1, 2- N-acetyl gl ucosam nyl transferase
(GnTl); GDP-4-ketvetrdeexy-Dah@imwse; 365-ppigieyasgpt-tedrictase type activity, in par-

bet a- 1, 2- N- acetigula aitstadtypeytranscaptsf er ase 35(CGnTl 1) ;

bet a- 1, 4- mannosyl - gl ycoprotei n 4-bet a-N-acetyl gl ucosam nyl transferase or
Nacet2pl gl ucosaGDPHucbsanahspoaeetypé lac(i@y Tinldarticuraran®isy3C 1-type transcript; and

(al pha-1, 3-)-glycoprotein beta-1, 4-Nacetyl gl ucosam nyl transferase or
N-acet yl gl ucosgphayi 6f fLR08}I eFanSRrasé ﬁc@a T tYpe admgninQsariicular a Fut8-type tran-
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@[ ér%‘bé&? edYem eflfco

transferase ylog ohocessing associated enzyme activities.

25 In a preferred variant of this embodiment the cell expresses one or more of one of
the following genes: mgat1, mgat2, sic35a3, mgat3, b4galt1, slc35a2, gmds, tsta3,
slc35¢1 and fut8; and/or homologues thereof.

This cell is particularly capable of producing N-glycan  with
Gal2GIcNAc2Man3GIicNAc2Fuc structure. The invention thus also concerns a host
30 cell or a plurality thereof, that is specifically designed to produce glycoproteins with
this glycan structure. The invention thus also concerns a, preferably isolated, glyco-
protein having this structure, which is preferably producible or actually produced by
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al pha (1,8P20ucisgeaB transferase or fucosyl transferase @EUEPR(11/002094

bet a- gal act osi de al pha-2, 6-sialyl trafisferase or sialyl transferase (ST)
These enzyne activities may be further supported by the activity of one or
nore of the follow ng: UDP-G cNAc transferase; UDP-G cNac transporter;

UDP- gal act osyl 5 transferase, UDP-gal actose transporter; GDP-fucosyl
transferase; CGDP-fucose transporter; CMP-sialyl transferase CMP-sialic acid
transporter; and nucl eoti de di phoshatases. In another variant, these enzyne
activities are further ported by the activity of one or nore of the

fol | owi ng: UDBS- @8 'ri"reaﬁ aisapEovidgsra metheson RrafessJPE Bakingghat glycopro-
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nodi f i cation. odrrets C .
strucbures I “ﬁ ylale ﬁ@awwhﬂm an@%ea?ﬁ e Roe danFrere ATy in
exhi bits, prefB‘? ylar 2 BAAAIL- YRGS JENSEIRHAN acti vi ty for Golgi-based
processing that is selected from GhTl type activity, articular_ a
Myat 1-t ype traHBE rQ%@Cto?ﬁﬁra%ﬂ@HeEUHﬁ@Pg‘@yd” R3Fticuiar é‘b?'?ﬁfgzt’@%["@@%@t enzyne
activity that is selected from 35UDP-N acetyl gl ucosam ne transporter type
activity, i ninparmostuireferred SIolasiBenty bis tael reoopripes at \gast all of or exclusively
2011/ 134643 POEsERR bf @R26i0g agFociated eoainhe agtiviligst i cul arly capabl e of
produci ng N-glycan with G cNAcMan3-5G cNAc2 structures. The invention thus
al so 200ncer nk a phradsired ehdiarrof shipletmbadintent tiee celbéxprésdesi aesqraapfel afadrieyof
desi gned t o fheodieinglgenepr oigat snyat?hmghi3s siBFadnbKlalttcand alc3%82 ami@nt i on
t hus al so conheresibgues thereaffer ably i1 sol ated, gl ycoprotein having this
structure, 5which is preferably producible or actually produced by this
cell. The inyggti cienal S§ particularly capable of producing N-glycan  with
Gal2GIcNAc3Man3GIcNAc2-bisecting structure. The invention thus also concerns a
25 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 actually pro-
duced by this cell. The invention also provides a method or process for making that
glycoprotein by using this cell.

30 Embodiments for the synthesis of a Gal2GIcNAc3Man3GIlcNAc2Fuc-bisecting
structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI



provi des a method or process for making that glycoprotein by using this
cell. Enbodinents for the synthesis of a G cNAc2Man3d cNAc2 structure In a
pref erredwonbodisn@dt t he nodified host cell not only exI[RCHiIEP2011{0029Der abl y
het - erol ogous, enzyne activity for @dl gi-based processing that is selected
fromGnTl 10type activity, in particular a Myatl-type transcript, but also
conprise a, preferably heterol ogous, enzyne activity that is selected from
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
Slc35A3-type transcript; and mannosy|

(al pha-1,6-)-glycoprotein beta-12-N-acetyl gl ucosam nyl transferase
15(&GnTIl), in particular a at2-type transcript. In a nore preferred
enbodi ment , WRE SchEl; it pApicHEES Mofiehyes anger . Ryt 3Asq CRPYRS 9 PIRETRPI gi
processi ng alkeleroiogosy. nryeeackvity et ssslected f E;P“EJartl cul ar embodi nent the
cell expresses two or nore of one of the foll ow ng genes: npatl

and s1c35A3 andPBrN1acatylotpesamineeiransportentyne Achty, in pagigrlar @u$|é3$/§/3ng/§9abl e
of produci ng Nrepsgopfy with A cNAc2Man3d cNAc2 structure. The invention thus
al so concerns a host cell or a plurality thereof, which is specifically
desi gred t o prodosesyl(bipbagr®)-glyospratdil thets1gHY-@aetyBlucosamingl Taesferasent i on
t hus al so conc@n®l)an partelar abVgatl dydeattadceripft ycoprotein having this
structure, which is preferably producible or actually produced by this

cel . The invepéthom-a=mpodipilyevpesina matdeesiNodcepyigloessantioyl makdangfetdsat

gl ycoprotein b?\GlA INeh partisuleed Mgat3rypdtramsdrpt.f or the synthesis of a

G cNAc3Man3d cNAc2-bi secting In a preferred enbodi nent the nodified host
cell not only Sé‘telr\bbtséty Rfceée%ﬁa?i %{Iy&%eptl@é BeRUPUS al RATY TBaRGEIASE LBl

Gol gipbased prpcess A alt1typSlrs from GhTl” type activity, in

parti cuI ar a I\/gatl type transcrl pt, but also conprise a, preferably

30het er ol 0gous,, C e .

UDP- N- acet yl gl ucl? %2%%?%%% t&%%gsp { Qﬁ& aICt‘T\'e@allcr; 1(:?) I%E/"(f(_}?]ilafr a|0€§r~1ﬂ:35'6\2 tyg S trgp scriet;

Sl c35A3-type trans 1/1 46 3PCT/ EP2011/ 0

bet a- 1, 4- manno %é %’HRSSY{%HE KrRLasR, \c’l%ee?fi 'V&Vu@og%'ﬁfﬁﬁrl ??@Wg?'&pgstéan'
(GnTIII), in p& Plcui ar a Myat 3-type transcript. In a nore preferred

enbodi ment, thi s cell conprises at least all of or exclusivel z/tl t hese ol gi

processi ng assE&8Pafgtobragey-Bunannospaiko-epimerase-4-reductase type activity, in par-
15 ticular a Tsta3-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, mgat3, slc35a3, b4galt1, sic35a2, gmds, tsta3,
slc35¢c1 and fut8 and/or homologues thereof.

This  cell is particularly  capable of  producing N-glycan  with
25 Gal2GIcNAc3Man3GIcNAc2Fuc-bisecting structure. The invention thus also con-

cerns a host cell or a plurality thereof, which is specifically designed to produce gly-

coproteins with this glycan structure. The invention thus also concerns a, preferably

isolated, glycoprotein having this structure, which is preferably producible or actually

produced by this cell. The invention also provides a method or process for making
30 that glycoprotein by using this cell.



5In a preferred variant of this enbodinment the cell expresses one or nore
of one of the follow ng genes: ngatl , ngat2, ngat3, and s1c35A3 and/ or
honol oguesotzheyded43 This cell is particularly capabl e ofPCpmEpdUaionyIN- gl ycan
wi th G cNAc3Man3d cNAc2- bisecting st4ucture. The invention thus al so
concerns a host cell or a plurality thereof, which is specifically designed
to produce glycoproteins wth this glycan 10 structure. The invention thus
al so concerns a, preferably isolated, glycoprotein having this structure,
which is preferably producible or actually produced by this cell. The
invention also provides a nmethod or process for meking that gl ycopr otein by
using this ceII Enbodi nents for the synt heS| s of a Gal 2G1cNAC?2 n3GI CcNAc2
structure 15| nEdbpeiatents Lathesypihesisal & NeuAccGal2GlaNAgeManiG o
exhi bits, pr ef&ﬁ%bly het - er ol ogous, enzyrre activity for ol gi - based
processing that is selected from GTI type activity, in particular a

Myat 1- t ype t inamoeefepsed embodineny the mndified kost gebhet ablh/yexh@ﬂtéyr @Ief%@hhé hebnzyne
activity thagrologoys| enzyee ety for Golgi-based progessing Heattiy sglegtedstaem fenTl
transpgorter bppectvity, v particuier saMgaticyae transtripdsng-alsp eopetisaiAs eraigrably
mannosyl (al pheterol@opsgenzyalsr antiEitnthsbiseeiectediramget yl gl ucosani nyl transferase
(G1TIl), in particular a Myat2-type transcript; beta-N acetyl gl ucosam nyl

gl ycopept i de beDR-N-atetylylamisesyie tramapsfter ype dctity;, )in particulaarat SicBdA3-type
Bd4gal t 1-t ype ttramscipt;pt; and 25UDP- gal act ose transporter type activity, in
particular a Sl c35A2-type transcript. In a nost preferred enbodi nent, this
cel I conpri sesmahnbg@alphal 1 69Glyebpritdin Uieteh - mlaesglgaﬂogammyocmasfagase
assocjpat ed enzyewripCihipartiduts .a Mgat2-type tearfscepter red variant of this

enbodi nent the cell expresses one or nore of one of the follow ng genes:

ngat| , ngat 2,y EN%cet BeRbEdmin ﬁé?&%@gtlﬁ@e@;ﬁcﬁéﬁﬁcﬁgﬂﬁ&hS\%%B%r@aﬂgUlﬁs

thereof. ThiscglhkisRas |4 gﬂna{ylpgq,%ggmp@ofprodum ngN- gl ycanwi t
Gal 2G1lcNAc2Man3d cNAc2 structure. The invention thus al so concerns a host

cell or a Pl urghpldy %Qgégﬁgnsa?n gfgaeﬁcmcwmuu 28834020 oL FaREAfHCE

gl ycoproteins W cture I nvention al'so” concer ns

having this Ztﬁ qizﬁaec‘i'ém?ﬁ Hihec2 GREPL PGP I01 ) BIBF AL sl 997 s BRuced

by th| s cell H(/entl on al so provides a net hod or process for making
t hat gl ycoprotein by using this cell, Enbodinents for the smnt hesis of a

Gal 261CNAC2Nang@&%g]y@ugspmqj;@plmerase (NeuC), in particular a NeuC-type tran-
script;

sialic acid synthase (NeuB), in particular a NeuB-type transcript;
CMP-Neu5Ac synthetase, in particular a NeuA/Cmas-type transcript; and
20 CMP-sialic acid transporter, in particular a Slc35A1-type transcript.

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

25 acid synthase activity, more particular the modified host cell not only exhibits, pref-
erably heterologous, enzyme activity for Golgi-based processing that is selected
from GnTI type activity, in particular a Mgat1-type transcript, but also comprise a,
preferably heterologous, enzyme activity that is selected from:

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

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



5In a preferred enbodi ment the nodified host cell not only exhibits,
preferably het- erol ogous, enzyne activity for Col gi -based processing that
i s sel ect®O 2PHOR@ATI type activity, in particular a MECTEPRPA/00208hscri pt,
but al so conprise a, preferably heter¥l ogous, enzyne activity that is
selected from UDP- N- acet yl gl ucosam ne transporter type
activity, in particular a SIc35A3-type 10transcript; mannosyl

(al pha-1, 6-)-glycoprotein beta-1, 2-Nacetyl gl ucosam nyl transferase
(&G1TIl), in particular a Mat2-type transcript; and

bet a- N-acetyl gl ucosam nyl gl ycopepti de beta-1, 4-gal actosyl transferase
(Garr) , in particular a Bdgaltl-type transcript; 15UDP-gal actose _
transporter ty&%ta.' '?FVE@&‘CO?E”E #9'?&398&'&?%?'63"59@'3@9@@ tiangiesase; (GalT). in
GDP- D mannose  RTECHRIR BAGRILISHPEF3aSEti vity, in particul ar a Grds-type
transcript; GDP-4-keto-6-deoxy-D-mannose- 3, 5- epi ner ase-4-reduct ase type
activity, in pdPPreardesetrangpraret type activiliisiomapgiculap @ @r85AZype transaippor t er
type activity, in particular a Sl c35Cl-type transcript; and al pha (1, 6)

f ucosyl transfletagalackaside) alphpe, Grsiaiw ittapsferasep@T) TuparticalaFat STéggahetype
transéript. |ntranseopt preferred enbodi nent, this cell conprises at |east
all of or exclusively these Gol gi processing associ ated enzyne activities.
251 n a pref er reDPvddacatylgluosamire 2ebiotirasn (NI, aephrtieNar @SISQSC-Bpe tedn-nor e
of one of the $awipt;owi ng genes: ngatl, ngat2, slc35a3, ngat3, b4galtl,
slc35a2, gnds, tsta3, slc35cl and fut8; and/or honol ogues thereof.

Thi scel I'i spar t NGdlReleaRABlERpAIEEyRGRE8! ycanwi th

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

host 30 cell %-a%élﬂleb'rraﬁ{iﬁ%}t&gt-&%sgﬁgtasé-hat is specifically designed to

produce glycoproteins wwth this ycan structure. The invention thus al so

concerns a, pr rably, isolated, .gl ycoprotein, having this structure, which
i's pﬁéf erably g&%&@%’%ﬁcesygkhe;ﬁéuérfl?%‘ﬁ%ﬁ%roqjgg masv@)oe transcript; and
2011/ 134643PCTé§ 2011/ 002094 40 this cell. The invention also provides a
met hod or proce¥E-$3ic aRAIrARSROAEE IfPFEBHALR SIGISHY-tYRS FRNSCHP cel | .
Enbodi nents for the synthesis of a Gal 2GLcNAc3Man3d cNAc2- bi secting
structure 51IA & frerfeead amradimenit thineelsainpriess Ablsastell lof wotexdusiyely
exhi bits, prteees gploypresessieg aswnginied eraymemactiyitiesvi ty for Col gi - based
processing that is selected from GiTl type activity, in particular a
Myat 1-t ype tlnanpreferpd, variant af these enbodsesrds ther adfllexpbdsgeb @herod Inago ws onenzyne
activbty thaf the felldveng exbnesiomgat?, mgat2, slc35a3) gt acait9hap, utheatyi meiC,
transport er neude sedbaviang neuf/paag; iactloahomolsfoSbmardofpe 10t ranscri pt;
mannosyl (al pha-1, 6-)-gl ycoprotein beta-1, 2-N-acetyl gl ucosam nyl transferase
(GnTI), inTasticellar i@ Mpattdulaylpe toapasieri pBf; producing  N-glycan  with
bet a- 1, 4- marMasy02GI2GIORNAOLIRERAIGIBRAS2 Ntraétate/ | THeli 0SRIBNNALS aHESESHRAR a
host cell or a plurality thereof, which is specifically designed to produce glycopro-
20 teins with this glycan structure. The invention thus also concerns a, preferably iso-
lated, glycoprotein having this structure, which is preferably producible or actually
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 NeuAc2Gal2GIcNAc3Man3GIcNAc2-
25 bisecting structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI
type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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



(&GTlHI1), in particular a Mjat3-type transcript.

15bet a- N- acet yl gl ucosam nyl gl ycopepti de beta-1, 4-gal actosyl transferase
(Gl T), iwoparwisesaBar a B4galtl-type transcript; and UDPcgairaiioemo4
transporter type activity, in particufdar a Sl c35A2-type transcript. In a
nost preferred enbodi nent, this cell conprises at least all of or

excl usively these Gol gi processing associ ated enzyne activities. 20ln a
preferred variant of this enbodiment the cell expresses one or nore of one
of the follow ng genes: ngatl , ngat2, ngat3, slc35a3, b4galtl , and
slc35a2; and/or honol ogues thereof.

Thi scel l'i sparticul arl ycapabl eof produci ngN-gl ycanwi t h .

Gal 2GLcNAc 3Van@eneesxialrhasled-olygorrotair t Lgneéa._-1 Prb-acatyghtcosaminyus trangfgrase
concerns a 25 (Grodb), in@earticylar a Mgat2dyne jansgepteof , that is specifically
designed to produce glycoproteins with this glycan structure. The invention
t hus al so concketas!,&mapnesyghisbprotainl at dehetarNyamstyigitedsantinay i ng trahsferase
structure, whi@nTlH), prpdricudnl oy MgatSatypée bleesaipt;act ual | y produced by this
cell. The invention al so provides a nethod or process for naking that

gl ycopr ot ei n byetd<N-8eetylBiLgossrhinyl 9topepdderdatast Bayalddissys randieiss (GhITY |,

Gal 2GlcNAc3Mania@aetiti? B4dits agpe ranseriptict ure WO

2011/ 134643PCT/ EP2011/ 002094 41 type activity, in particular a Matl-type

transcript, buypplefadesdirasdoner @F@faemp,l ¥ JRRICRIP laCSIe3sA2-§PE YraRscipti Vi ty
that is selected from UDP-N acetyl gl ucosam ne transporter type activity,

i ticul I - I P I - - tei
bet a1, 2- N aceb SR eAotide BEnk 28 Sl MoneRPRRNAT IpHBRup: 3 FTebaRaRECt €1 "
Myat 2-t ype tranés(crlI ﬁ

bet a- 1, 4- manno - gl ycopr ot ei n4- bet a- N- acet vl cosam nylt
(nTPi) i paPr R AR aRAT A g BTy AT (Yo T Bl b R H2fan-
bet a- N- acet yl gf‘fﬂ%sam’ nyl gl ycopeptide beta-1, 4-gal actosyl transferase

(Gl T) , 10in particular a Bd4galtl-type tran cri&te; UDP-%aI act ose
eletpe ¢

transporter typaliaRed synthass 'tif‘(PﬁR§P'aéa PP Pranscri pt ;
GDP- D- mannose 4, 6-dehydratase type activity, in particular a Grds-type
transcript; CMP-Neu5Ac synthetase, in particular a NeuA/Cmas-type transcript; and

GDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi nerase-4-reductase type activity, in
par - 15ti cul ar @MPs$ialds agigh rahs@ontecrin phrtic@PafSlcSsdd -typatrapsoripbr t ype
activity, in particular a Slc35Cl-type transcript; and
15 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 activity, more particular the modified host cell not only exhibits, pref-

20 erably heterologous, enzyme activity for Golgi-based processing that is selected
from GnTI type activity, in particular a Mgat1-type transcript, but also comprise a,
preferably heterologous, enzyme activity that is selected from:

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

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

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

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

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



al pha (1,6) fucosyl transferase (FucT) type activity, in particular a

Fut 8-type transcript. In a nost preferred enbodinent, this cell
conpri seswatoligiasd43al | of or exclusively 20t hese Gol gi PCOEPIGI1002094

associ ated enzyne activities. In a préferred variant of this enbodi nent the
cell expresses one or nore of one of the foll ow ng genes: ngatl, nygat2,
ngat 3, slc35a3, b4dgaltl, slc35a2, gnds, tsta3, slc35cl and fut8 and/or
honol ogues t hereof. Thiscellisparticularlycapabl eof produci ngN- gl ycanwith 25
Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting structure. The invention thus al so
concerns a host cell or a plurality t hereof, which is specifically designed
to produce gl ycoprot eins wt | ycan structure The invention thus

al so concer ns getagalackasids ?'pf@@I @iﬁ'@g 'gNSeEAsE oS 'n'“ha%'ﬁ‘ﬁa’i Ri 3Teaal ilypeir e,
which is pref eV%lb?CS)Ptpr oduci bl e or actually produced by this cell. The
invention also provides a nmethod or process for making 30that glycoprotein
by using this YEPHN-acgl@ghgpsamawc2epaRrar (Nay@o ropatigdaEaeliGrivivestrdror t he
synthesi s of asd@tiAc2Gal 2GlcNAc2Man3G cNAc2 structure In a preferred

enbodi ment the nodified host cell not only exhibits, preferably het-

erol ogous, enzMreeylaeuiamibatefBphdSphgie-dyathade;pr ocessing that is selected from
GnTl 5type activity, in particular a Myatl-type transcript, but also

conprise a, prﬁf&pmbbbénhﬁéter@bm@ust,as@nzyrre acti vi ty that is selected from
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a

Sl c35A3-type tEMRSAELsKa synthetase, in partuE‘[ﬁéV‘Qﬁ%hA@nﬁ%@t‘yﬂae Gahs@py.cRrotein

bet a- 1, 2- N-acet yl gl ucosam nyl transferase 10(GnT , In partl cular a

Myat 2-type tr t. C

beta- 1, 4 gal aiﬁosy%%%%ihgn PeF o pRERRE RS .Aa% PRI 1 1 ype
transcrlpt alactose transporter type activit icu

Sic3san- typent? ferred embo o tmétcsﬁgérm%#hée a1 Bt o oy
transPerase 9(‘|p ?'E@Pé?océ?t%q'%%Yﬂe Wi'e$5t r anscri pt ;

UDP- N- acet yl gI ucosam ne 2-epinmerase (NeuC), in particular a NeuC-t yp
transcript; Ina Pfefefé@‘h}’@f@“é@f thes rﬂ"l"ﬁ%‘é“ VNE cell @XPFRTSES AN MOREUIBNEy p
transcript; @MvbeNelomeg ﬁgﬁ‘?ﬁef"&’;’ . mgat3, a?’?? 9243 NeAGRIErsls 369y estbgal,
transcript; B¢euL 7GeRPsis @néérﬁélchn%ﬁ‘ﬁsEW/%’FOF“?'ﬁglﬂﬁﬁrthP@‘j’far a Sl c35A1-type
transcript. In a nost preferred enbodinment, this cell conprises at |east

all of or exthiasi welly tiesea@autarlypr msbieng efssopriodteng endNrglycarct i withi es.

I n ansal t er ndeuAe2Ga2 GaNACBMan3GicNAcRdisesting | stuichiost Tbel inventienbthius also

N- acyl neur ancereeensda hpstosgliaitaeplusalityitaseech iwhidh scspenidioalyndesigreddo pnedyshat ase
activity i nsglgeaproteinsi with thig §lysen ctregturehade iawentiont hus atsoecqrmetriscail pref-t he
nmodi fi ed hosérabllisolated, glytgpretein bavieg this efrestate, whivbt ie motfetpblysproducibiesr
activity foradckohllyiprodeest py thisesll. Adetinventipg atsel providels arroethel Pr progees for
acti\oty, i nmpkingittaiigifcoprotgjaby usipgdhisicathscri pt, but al so conprise a,
preferably heterol ogous, enzyne activity that is selected from

UDP- N- acet yl gl Bensdimants for dresgonhesis dfae @d2GaI2GIcNAC2an3GIcNAeRF
S1c35A3-type 3§uatarecri pt;

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTlI

25 type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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

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

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



WO 2011/ 134643PCT/ EP2011/ 002094 43 bet a- N-acet yl gl ucosam nyl gl ycopepti de
beta-1, 4-gal actosyl transferase (Gl T), in particular a B4dgaltl-type
transcri pvo 20DP3g@Bact ose transporter type activity, i nPpamPReuiosznda
S1c35A2-type transcript; 49et a- gal act osi de al pha-2, 6-sialyl
transferase (ST), in particular a STégall-type 5transcript;

UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuCtype
transcript; N-acyl neuram nat e-9- phosphat e synt hase;

N- acyl neur am nat e- 9- phosphat ase; 10CMP- Neu5Ac synthetase, in particular a
NeuA/ Cras-type transcri pt and CWP-sialic acid transporter in particular a

Sl c35A1-type transcript. In nost preferred enbodi nent, this cell
conpri ses at |léQEtgaéﬂqt0§?rtf%ﬂSP85E%f| tMB‘? FRIY-tiheadicear @rS"iﬂ%@et%‘? H@”%‘Eé'%cr at ed
enzyne activities. In a preferred variant of these enbodi nents the

cel | expressesCGBReD-oranmgpe 4-dehysratges typecadtivity, oni rajtiéares Gmesstype tragat 2,

sl c35a3, b4galsctipt; s1c35a2, st6gall, neuC, neuB, slc35al, and neuC/ cnms;
and/ or honol ogues t hereof.

Thi scel | i spar t GDBIakétpcageddy dohanodseB/5gdpigkerasamaradactase type activity, in par-
NeuAc2Gal 2Glc NauRvRIEG 3 ypedrapseniptt ure. The invention thus al so concerns a
host cell or a plurality thereof, which is specifically designed to produce
gl ycopro- 20 GBPracyde tharispbrerdlye activity i phHicelar a1Bc3sOmetppé aanddigs al so
concerns a, preferably isolated, glycoprotein having this structure, which
| s preferabl y gerdlchPheod) traﬁéfeaésbxpemciweegaw tiRipBrieSla o FUEG./gRURRL i on
al so provides geripet hod or “process for making th gl'ycoprotein by using
this cell. Enbodi nents for the synt hesr s of a

NeuAc2@al 2Glc r f

i man  nebd WE K GEha SRLARFIERRCAREUSIT f byl &' SFdgEfh-ype

het erol ogous, enzy acti vr ty for Golgi- based processr ng that is selected
from GnTl typ trvrt artr ul ar nscri pt, but_al so
comprise a, prd %ﬁF%&{ce? S 1T Brda: o NEUCBE A ¢ om
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sialic acid synthase (NeuB), in particular a NeuB-type transcript;
CMP-Neu5Ac synthetase, in particular a NeuA/Cmas-type transcript; and
15 CMP-sialic acid transporter, in particular a SIc35A1-type transcript.

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

20 acid synthase activity, more particular the modified host cell not only exhibits, pref-
erably heterologous, enzyme activity for Golgi-based processing that is selected
from GnTI type activity, in particular a Mgat1-type transcript, but also comprise a,
preferably heterologous, enzyme activity that is selected from:

UDP-N-acetylglucosamine transporter type activity, in particular a SIc35A3-type
25 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;

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



mannosyl (al pha-1, 6-)-gl ycoprotein beta-1, 2- N-acetyl gl ucosam nyl transferase
(G1TIl), in particular a Myat2-type transcript;

bet a- 1, 4-warnnosphe4gl ycopr ot ei n4- bet a- N- acet yl gl ucosam nyCtreresfieonse
(&GTII1), in particular a Mjat 3-type 47ranscri pt; 5beta- 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; beta-gal actoside al pha-2,6-sialyl
transferase (ST), in particular a STégall-type transcript;

10UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuCtype
tran- script; sialic acid nt hase (NeuB), in particular a NeuB-type
transcript; u\ﬁDﬂe@wwﬂ%@ﬂawraﬁaﬁe dye Petivitar inapaBeaCAEEMESHPe tran-
transcript; an®reiP-sialic acid transporter, in particular a Slc35Al-type
transcript. 151n a nost preferred enbodi ment, this cell conprises at |east
all of or excl G@Pvekgtotﬁwéswy@nganmse@é&epin@rms@mmmeey;zq,/acaivax;tim pat-i es.

I n an al t er nat fiouarnadafsta®typeltemsofipt; t he nodi fied host cell exhibits

N- acyl neur am nat e- 9- phosphat e synt hase and N acyl neur ani nat e- 9- phosphat ase
activity i nst egdPofucsdertrarspanectypsy Bttt sinpatticviar v, SICBBC! -ype tiadsdrpt;, t he

nodi fied host cell not only exhibits, pref- 20 erably heterol ogous, enzyme
activity for @lb%(béﬁﬁ:@oﬂﬂ %ﬁ§f‘él’eﬂ;@ (Fb@f) thSe §éﬂ\ﬁi§;t|ﬁq;aftfd&mr@ﬂdt81t)}ﬁéetran-
activity, in pghjpt-cul ar a 'Matl-type tranScript, but also conprise a,
preferably heterologous, enzyne activi ty that is sel ected from

UDP- N- acet yl gl Y u }
S1c35A3- type t F2R: ﬁggc“% o, BRRBRA Sl YRRarRis (s 1 BaBiod 8ot ype

bet a- 1, 2- N-ace ng Cosam nyl transferase (GnTII) in particul ar a

Myat 2- type tra ri
bet a2, 4 rrannoQEF PRSP RIS AR BRSP4 LD BAEHIT £rYRG bPssen-
(&TII1), in paftrcul ar al\/gatStypetranscrlpt

bet a- N-acetyl gl ucosani nyl cope tide beta-1, 4-gal actosyl transferase
(GalT), in SOpﬂracqu'ﬁPEi’fm‘ﬁatBZ%B'l‘qu elesynthas@scri pt; UDP- gal act ose
transporter type activity, in particular a S1c35A2-type transcript; WD
2011/ 134643 PCTNERIDeUr00URateAH-Alpsphatase;

CMP-Neu5Ac synthetase, in particular a NeuA/Cmas-type transcript; and
15 CMP-sialic acid transporter, in particular a SIc35A1-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: mgat1, mgat2, slc35a3, b4galt1, slc35a2, gmds, tsta3,

20 slc35c1, fut8, st6égall, neuC, neuB, sic35a1, and neuC/cmas; and/or homologues
thereof.
This  cell is  particularly capable of  producing N-glycan  with

NeuAc2Gal2GIlcNAc2Man3GIcNAc2Fuc structure. The invention thus also concerns
a host cell or a plurality thereof, which is specifically designed to produce glycopro-

25 teins with this glycan structure. The invention thus also concerns a, preferably iso-
lated, glycoprotein having this structure, which is preferably producible or actually
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 NeuAc2Gal2GIcNAc3Man3GIcNAc2Fuc-
30 bisecting structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI



bet a- gal act osi de al pha-2, 6-sialyl transferase (ST), in particular a STégall
-type transcript; UDP-N acetyl gl ucosam ne 2-epi nerase (NeuC), in particular
a NeuC-t ywe wrians@si pt ; 5N-acyl neur ani nat e- 9- phosphat e Py¢miEPaGIe/002094

N- acyl neur am nat e- 9- phosphat ase; CMP-48euS5Ac synt hetase, in particular a
NeuA/ Cras-type transcript; and CMP-sialic acid transporter, in particular a
Sl ¢c35A1-type transcript. In a nost preferred enbodinent, this
cell conprises at least all of or exclusively 10these 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: ngatl, ngat?2,
slc35a3, npat3, b4galtl slc35a2, stegall, neuC, neuB, slc35al, and
neuCknas: an@pgracﬁw%prb@ag@u[aﬁ_@r M@pt_i—type transcript, but also comprise a, preferably

Thi scel | i spaP@tPrARRUEyRERYES 35V Bt Batigisslpdtes {inwi t h 15

NeuAc2Gal 2GLcNAc3Man3GLlcNAc2- bi secting structure. The invention thus al so
concerns a hostUDPeN1acetylgiugesamitle trgnsphertype agtivityh in padisaler fai SlaBPA3-typei gned
to produce gl ytapcopkins with this glycan structure. The invention thus

al so concerns a, preferably isolated, glycoprotein having this structure,
whi chsi s pr ef emahhysyf(aiptiaci,®)-glyoopratdiualdeya- pRreadhacetyighycos iyt e triansfétaze

i nvention al so(GTaN, idparturaeivdgatdtyne tearasssdptf or 20nmaki ng t hat gl ycoprotein
by using this cell. Enbodinments for the synthesis of a

NeuAc2Gal 2GLcNs&g Mo A{anm by Biyeepitdi Ct UnehekdNGadeiidiBEdsaehigfTbodiaRererdsie
nodi fi ed host gedtinnet patitVaexMgbtI§pe Raségipabl y het - erol ogous, enzyme
activity for Col gi-based processing that is selected from GhTl 25type
activity, inp [N 1o LRt i i

oref ani y et %ﬁ%&ﬁéﬁgg%ﬁ% bR o QM o n AR BB

UDP- N- acet yl gl ucosam ne ?ran ggrter type activity, in particular a

S1c35A3-type t chlpt mnnasyl.(al phas - - gl ein
et a1, 2- 1 acel DT s avporraier arila SRl RS b LaRSy R
Mpat 2-type transcript; WO 2011/ 134643PCT/ EP2011/ 002094 46 UDP- gal act ose
transporter tygg%agt’?%mf’?? ‘}'%'dﬁé}‘ "AIaSF 4YPS 2ty s RoPAN dak A {HRdsTpe; tran-
GDP- D- mannose ,r@-tvdehydrat ase type activity, in particular a Grds-type
transcript; . o
GDP- 4- ket 0- 6- dEBLy4-KeiodhAe®- B nmans|osas BsRIMerasedtitedvstasefyre aetivityiin par-i n
par- 15ticul ar HeuldtaBstagtepettransserti pt ;. GDP-fucose transporter type
activity, in particular a Slc35Cl-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;

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;

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

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
30 acid synthase activity, more particular the modified host cell not only exhibits, pref-



al pha (1,6) fucosyl transferase (FucT) type activity, in particular a

Fut 8-type transcript; bet a- gal act osi de al pha-2, 6-sialyl
transf er a8e 208TiB4643n parti cul ar a ST6gall-type 10t r anscPCPIEP2011/002094

UDP- N- acet yl gl ucosam ne 2-epi nerase (4%uC), in particular a NeuCtype
transcript; sialic acid synthase (NeuB), in particular a NeuB-type
transcript; CMP-NeubAc synthetase, in particular a NeuA/ Cmas-type
transcript; and 15CVP-sialic acid transporter, in particular a Sl c35A1l-type
transcript. In a nost preferred enbodinment, this cell conprises at |east
all of or exclusively these Colgi processing associated enzyne activities.
In an al ternat ve varl ant thereof, the nodified host cell exhibits

N-acyl neur a ‘?éﬂ%‘é‘ h&P&Ymas AchYYelor {3piakbased mrpgansing that is selected

i nat e- 9- phos |a\9 Yity, i’hg?@ﬁﬂabﬁ Mgatl itype Banseriptl bs aiseaeranriiseiasi ty,
nore particub®& er? ¥ hRisPIPIRS. RoRIMe astivith Biat frsledtsdhiremt s, " preferabl y
het er ol ogous, enzyne activity for ol gi -based processing that is selected
from GnTl typeU@E’thapwlglumsmmeu ‘cansperter ypatartiviypén padingler apdic3iAd-tyakso
conpr Pse a, prfé?l"&ﬁCaB‘Iy het er ol ogous, enzyne activity that is selected from
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
S1c35A3-t ype 2B anaosyt{aipps-1,6vpglyosprofedt pibetal 1,8-N-agétylgheosdraingl  transferase
bet a- 1, 2- N- ace{GrTdl) Lic paditulay b MgaRsfpertesascl@n Tl 1), in particular a

Myat 2-type transcript; beta-N acetyl gl ucosam nyl gl ycopeptide

bet a- 1, 4- gal acteaayl4-kizansdyeoasepioteh T) . 4idetPRIddetididdosamfgal t kahitbRse

transcrl pt; 30(ldaﬁﬂg)alna¢‘ér@aﬂarta"mg§@qyp@fraﬁwp, tactivity, in particular a
S1c35A2-type transcript; WO 2011/134643PCT EP2011/ 002094 47 GDP- D- mannose

4, 6- dghydr at as r
GDP jgketo 6 &téﬁ%ﬁgb'”%%?;“Z‘%Eéﬁ?b&?@ge@%a ?e c?%tzs%ﬁ?r ?Fﬁgefgg%tg |(§|B{T))/,m| n

particul ar st a3- type ranscript; GDP fucose transporter type activity,

in particul ar D§|g[%:l2’£?t|;srcla tYus Bﬁ&r}zﬁ% Eaahnty gh ?)Qﬁlcgl% g)SlcéJﬁ%.[-type ¥r593%§|LF rase

(FucT) type ac Vi Preul NSCrl

bet a- gal act osi pha 2 6 I tran ferase ST) | articular a
ST6gall-type tﬁg@e?ﬁ ps‘i(ﬁﬁ %ﬂf’é%téﬁ?/ngq%e%fa 'Heoait'%‘ﬂ)&n%%%s'tyﬂ&}@”f in
particular a type tran- script; N-acyl neurani nate-9-phosphate

synt hase; .
15 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-
script;

20 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;

25 N-acylneuraminate-9-phosphatase;
CMP-NeubAc synthetase, in particular a NeuA/Cmas-type transcript; and
CMP-sialic acid transporter, in particular a Slc35A1-type transcript.

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



N- acyl neur am nat e- 9- phosphat ase; CMP- Neu5Ac synt hetase, in
particul ar a NeuA/ Chmas-type transcript; and 15CVMP-sialic acid transporter,
in parti cwbani1zi3g4e35A1-type transcript. In a nost prefecragaroompsaent ,
this cell conprises at least all of o 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: ngatl, ngat?2,
slc35a3, bdgaltl, slc35a2, gnmds, tsta3, 20slc35cl, fut8, st6égall, neuC,
neuB, sl c35al, and neuC crmas; and/or honol ogues t hereof.

Thi scel l'i sparti cul arl ycapabl eof produci ngN- gl ycanwi t h

NeuAc2Gal 2GLcNAc2Man3GLcNAc2Fuc structure. The invention thus al so concerns
a host cel | byagreferedvamant oh ghassrembgdimants dhe pelt pxpresses,Pnged MAEL iBe
produce gl yc8his Tollgwing aaneg: t/RIRM; &19atscHFsaady béoale. mMFRE iSIPRRL FH% hus
al so concer n&ta3 $h38pbr Wi SO, 1S, T§UPc 815707 i IR GigMasi A hR®Ryr e,
which is prefogEgdiherenfoduci bl e or actually produced by this cell. The

i nvention al so provides a nethod or process for naking that glycoprotein by
usingsthis c&his. cell is partigeidstydi neanablef or ot hepwgheingsi N-gfycan  with
NeuAc2Gal 2GlL biknacAGaI2GlaNas Mand SOINARE uthigestinausitupture. TRgoinvention thus also
2011/ 134643 PCImdeRz0a hoseaioar aipluraliyetheradf \Wwhigh is spesiicallcdesioned togueducey pe
transcript, blycoprbtsinscwitipithis @lycanptefctrablje veatias thysriso epneairs acpiel ty
that is sel eetabty isplatad, ghyroproteirhyyigh tlois SiHFtee. twhighsisdireterally peodgeibievert v,

i n patot i cul apctyaliylp@8nged hythis cakhsihe ipventoReaisoriPVidad ghaethod-or iPsess ferot ei n
bet a- 1, 2- N- aoekingghatcadecopratgin byrusingtbiseed. (GhTI 1), in particular a

Myat 2-type transcri pt;

bet a- 1, 4- mannoEmbodiyearap foittke syhthediisoN: GOANALSHanEGEAAc\dinctmsT er ase
(&GTlHIl), in particular a Mjat3-type transcript;

bet a- N- acet ylghyserast umbdiefpeptrholefidte hést ket -r@loalyt ©@ayitst prsferbbly ame-
(GlT), in 1@paéddueUknsynie BéGatly!fbr GHNR-taked $eddeBsing WhA- ig alefisttars fom GnTl
transgorter typaeadiiy, VihtpartidularRaMdatiitype tanstiGaidBat Alye &ohiphiss o, ippéferably

GDP- D- nenNnos BeteriogtRiRy dhainds Sctivitp ehal & delédied from: particul ar a Grds-type
transcript;

GDP- 4- ket 0- 6- e/ NDITRII 0SS amine §BhEFINRP Byt AQRHE LIATRAMARE R6Id3¥ABYype N

par- transcript;

mannosyl(alpha-1,6-)-glycoprotein  beta-1,2-N-acetylglucosaminyl transferase
20 (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.

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 this embodiment the cell expresses one or more of one of
the following genes: mgat1, mgat2, mgat4, and slc35A3; 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, which is
30 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 actually produced by this cell. The invention also
provides a method or process for making that glycoprotein by using this cell.



15ticular a Tsta3-type transcript; GDP-fucose transporter type activity, in
particular a Sl c35Cl-type transcript; alpha (1,6) fucosyl transferase
(FucT) twwe artiswi4By, in particular a Fut8-type transcriPpT/EP2011/002094

bet a- gal act osi de al pha-2, 6-sialyl trafisferase (ST), in particular a
ST6gall-type 20transcript; UDP-N acetyl gl ucosam ne 2-epinerase (NeuC), in
particular a NeuC-type transcript; sialic acid synthase (NeuB), in
particular a Neu B-type transcript; CMP-NeuS5Ac synthetase, in particular a
NeuA/ Cras-type transcript; and 25CVMP-sialic acid transporter, in particular
a Sl c35A1-type transcript. In a nost preferred enbodi nent, this cell
conprises at least all of or exclusively these Gol gi _processi n;; associ at ed
enzyne acti vi t £@@odiments fop thensvithesisefta éé’3G£GNAﬁ3MaWI3§£%VﬁC2 ststusedi f i ed
host cell exhibits N-acyl neuram nate-9- phosphate synthase and

N- acyl neur aninnatpeeferrgth esiiodinagrd the moaodiftegd hast cethdobbnlyiexhibits 3gratsrably yet-hase
activity, noemwlqgausi endyare attyityddi Giokgitbhsst proskssimpthadris pelertedbirers, Gpilef -
WO 2011/ 1346Y9BPETtiER2 (1 PACTRRO A NQatirtybe yrahetript.obWgalss comprisame, awtféerablyy f or
CGol gi 5based heterdegsiusgendyate ddtivibelhat isesglefctesifradm Tl t ype activity, in
particular a Mgatl-type transcript, but also conprise a, preferably

het er ol ogous, ©DPyN®mcatylglwosgmineatransporet gpeedttibityonn particular a SIc35A3-type

UDP- N- acet yl gl wamszeipi;ne transporter type activity, in particular a

Sl c35A3-type 5transcript; mannosyl (al pha-1, 6-)-gl ycoprotein

bet a- 1, 2- N- acefinhabsinaphal 1e)-glycapates asRtd- 62T abetyiglude8amingH| @ansferase

Myat 2- t ype tra@seri)phiparticular a Mgat2-type transcript;
bet a- 1, 4- mannosyl - gl ycopr ot ei n4- bet a- N-acet yl gl ucosam nyl transf er ase

(GTlpl), in p%ﬁﬂ&%}@ ha- 1'\@- % Uifeil I HAREH '49(!4acet5§llucosamlnlyl transferase

| obet'a- N-acety u|a L9enbs&t actosyl’ transferase
(Gll), in par I cul ar transc I'pt; UDP-gal act ose transporter

8 thyor o SR Pu&%%an’%‘m% 35%@;@@? SbBhy R
15GDP- 4- ket o- 6 n%?l' Oégegag A P ase- 4- r educt ase type activity, in

ar- ticular t e transcri
P U E’ ?factg e transporter tyBe 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; and/or
homologues thereof.

20 This cell is particularly capable of producing N-glycan with Gal3-
GlcNAc3Man3GIcNAc2 structure. The invention thus also concerns a host cell or a
plurality thereof, which 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 actually produced by this

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

Embodiments for the synthesis of a Gal3GIcNAc3Man3GIlcNAc2Fuc structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI

30 type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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



GDP-fucose transporter type activity, in particular a Sl c35Cl-type
transcript; alpha (1,6) fucosyl transferase (FucT) type activity, in

parti cul avoaoHul3848ype transcript; 20beta-gal act osi de alpphaEP2916/08i004 y1
transferase (ST), in particular a ST6gall-type transcript;

UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuCtype
transcript; N acyl neuram nat e-9-phosphate synt hase;

25N- acyl neur am nat e- 9- phosphat ase; CMP- Neu5Ac synthetase, in particular a
NeuA/ Cras-type transcript; and CMP-sialic acid transporter, in particular a
Sl c35A1-type transcript. In a nost preferred enbodi nent, this cell
conprises at |east all of or exclusively these Col gi processing associ ated
enzyne activi t m@gnosy\dajritet] §3abueoprtpieppetail. adb Y'glgcq’??"%i”ﬂrg'ﬁé‘ffﬁwe

vari ant of the€ETdhiib@arisntas agatddyne teaseerises one or nore of one of the
foll ow ng genes: ngatl, ngat2, slc35a3, b4galtl, ngat3, slc35a2, gnds,
tsta3, sl c35clmahoed)(aphegal-l-glyaeprGleimeuB betd-t39%acetylgtlicnear@inghas; tramsd/ or
honol ogues t hefeeaxe(GBTIV) sio garticsjaa atMgaif-dydetcansatipte of pr oduci ngN- gl ycanwi t h
NeuAc2Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting structure. The invention thus

al so eoncerns pethasbcétglglucosarainpl glycpeptidd theta-cpf-galabtiosyl tiahsfepesei (Gathy) iny
desi gned to prpstic@acs Bagatolype fiangdriph drdi s gl ycan structure. The invention
thus al so concerns a, preferably isolated, glycoprotein having this

structure, whi gpplgaisdtedeiratpbritr QPE LN, RpahtRamk vaditysAU-QeE &afsdipt;t hi s
cell. The invention al so provides a nethod or process for naking that

gl ycoprotein b St i | i faor t ; e )
G cNAc3Man3d ¢ gbgﬁarrjli@ltsgr‘ggldﬁh%lggirggget?%%éue\jﬁg’o@i ner{?lmtgilgeén}ggls glpeegtr?ﬁnost
cell not only éxhi'bits, preferably het- erol ogous, enzyme activity for

ol gi - based pr in at_ 15 sel ect fromGnT)l 15type . activity, in
par 1 Gutar o VIR EASAE DR TR EER s sh BB thHE ittty -
het er ol ogous, Vr?e EERGUARIRY i s sel ected from
UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
S1c35A3-type t PRTsRIFPSR transporter type actifity iR AU S1IC356!-YPg tARsHiPht A n
beta-1, 2- N-acetyl gl ucosam nyl transferase 20(GrTll), in particular a
Myat 2- t ype t r adlpba (b} fugasy! transferase (FucT) type activity, in particular a Fut8-type tran-
mannosyl (al phasaips-) - gl ycopr ot ei nbet a- 1, 4- N-acet yl gl ucosani nyl trans-
ferase(GnTIV), in particular a Mjat4-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, slc35a3, b4galt1, slc35a2, gmds, tsta3,
slc35¢1 and fut8; and/or homologues thereof.

20 This cell is particularly capable of producing N-glycan with Gal3-
GIlcNAc3Man3GIcNAc2Fuc structure. The invention thus also concerns a host cell or
a plurality thereof, which 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 actually produced by this

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

Embodiments for the synthesis of a NeuAc3Gal3GIcNAc3Man3GIcNAc2 struc-
ture

In a preferred embodiment the modified host cell not only exhibits, preferably het-

30 erologous, enzyme activity for Golgi-based processing that is selected from GnTl
type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:



In a nost preferred enbodinent, this cell conprises at |least all of or

excl usively these Gol gi processing associated enzyne activities. 25ln a

pr ef er r edwoaniiarstessf thi s enbodi ment the cell expressesPpPom&EPerilmoes of one
of the follow ng genes: ngatl, ngat2,53ngat4, and sl c35A3; and/or honol ogues
thereof. This cell is particularly capable of producing N-glycan with

G cNAc3Man3d cNAc2 structure. The invention thus al so concerns a host cel
or a plurality thereof, which is 30 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 actually produced by this cell. The invention also
provi des a netHBE- ‘\Jnac‘ﬁtb’k%@é%a"ﬂtﬁ‘ﬁ tﬁ%ﬂ@Pﬁ@th tyae 3§F"96’0|ﬂ‘r pRdicHapy YSIFAP-VRE s
cell. WO 2011¥asedRt3PCT/ EP2011/ 002094 51 Enbodi ments for the synthesis of

a Gal 3GLcNAc3Man3d cNAc2 structure In a preferred enbodi nent the nodified
host cell not mahyosykaiphatlsh-)-plyedrreteirl y bista-1,2d¥-atetylglusosaminyinetracsferasey f or
ol gi - based pr@uddisiimgarticatar pdgat?-tpedbnisediph GnTI type activity, in
particular a Mgat1l-type transcript, but also conprise a, preferably

5het es 0l ogous, manosykalphai1y3-j-glytbabteirs s elbetat £d-N-aostylglucosaminyl trans-

UDP- N- acet yl gl fecazet@mTI¥) tin padipolat aMdaypeypadtangedpt, in particular a
S1c35A3-type transcript; mannosyl (al pha-1, 6-)-glycoprotein

bet a- 1, 2- N- ac eath-H-H6gRIcHHEmihjIopestiR t(e@ﬂ'd dalaétBs P &ahéferdsanGalT), in

Myat 2- t ype tr apufidllata Bg@é'lﬁ Qéifb(@dr@ha 1,3-)-glycoprotein

beta-1, 4-N-acetyl gl ucosam ny transferase (G1TIV), in particular a

Myat 4-type t ra@ﬁﬁﬂa@ﬁc’toééet é’hswb %g% %tﬂlﬁ?ﬁﬁggﬂl’)éblag%ar X B4zgftranscn

bet a- 1, 4- gal act os transterase rticu

S casfe: fype (emeREP R g ?6?%%&%% aPbRasThub hehibuars FFtodati e °

ri t

conpri ses at Ieast Bt | of or excl usivel y these ol gi proce55| ng associ at ed
enzyme activitj ref erred_variant of this errbodl men e cell
expresses one ldsaf%ta@etéf'ﬁ YGREABINE; 41EPMAT? Yelerartigyag p '\t]?i'ﬁta]fy?? fAa4,
s1c35a3, b4gal ¥IPhnd sic35a2; and/ or honol ogues thereof 20This cell is
particul arly capabl e of produ0| N-glycan with Gal3- G cNAc3Man3GlcNAc2
structure. Thesialipasid ﬂb’ﬁhqweaBgdn éé’iﬁ'é@'ﬁh% NguRdyre Fanscrit a plurality
thereof, which is specifically designed to produce glycoproteins with this
gl ycan struct uCkKP-N&ubAasyatitetane, irhparticliarea Newd/Enmas-type preesaipiilang i sol at ed,
gl ycoprotein having this structure, which is preferably producible or
actual 'y producee-ditictdtictrageperter, il particilseatic3bArltge tparaetiples a nmet hod or
process for making that glycoprotein

In a most preferred embodiment, this cell comprises at Ieast all of or exclusively

these Golgi processing associated enzyme activities.

In an alternative variant thereof, the modified host cell exhibits N-acylneuraminate-9-
20 phosphate synthase and N-acylneuraminate-9-phosphatase activity instead of sialic

acid synthase activity, more particular 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;

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

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

mannosyl(alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl trans-
30 ferase(GnTIV), in particular a Mgat4-type transcript;



by using this cell. Enbodinments for the synthesis of a

Gal 3GLcNAc3Man3d cNAc2Fuc structure In a preferred enbodi nent the nodified
host cel IWOab116I3k6a3exhi bits, preferably heterol ogous, emgymEP2@a0N20P4y for
CGol gi - based processing that is select®d from GiTlI 30type activity, in
particular a Mgatl-type transcript, but also conprise a, preferably
het er ol ogous, enzyne activity that is selected from WO

2011/ 134643PCT/ EP2011/ 002094 52 mannosyl (al pha-1, 6-)-glycoprotein

beta- 1, 2- N-acetyl gl ucosam nyl transferase (G1TIl), in particular a

Myat 2-type transcri pt;

mannosyl (al pha-1, 3-) - gll ycopr ot ei nheta-1, 4- N-acetyl gl ucosam nyl trans-
ferase( GnTI V), P3tA-Nyare v'smcaﬁafamx}%%wpﬁet&e ketan]d-paiggtosyl transferase (GalT), in
Sbet a- N- acet y| BAtieHaPAGRIt gVhe 8B Ple bet a- 1, 4- gal act osyl transfer ase
(Gall), in particular a B4galtl-type transcript; and UDP-gal actose
transporter tygBPsaalacipsaitranspoper type artiuty dn paggelar atSleibA2-tyne rangaript;

GDP- D- mannose 4, 6- dehydratase type activity, in particular a Gils-type
transcri pt; 10GE-galdctisidesalipbarly6-Balyhtmaosiersd3e5SADi imepartieuldr nellegaitsypeype
activbkty, in pansctiptul ar a Tsta3-type transcript; GDP-fucose transporter
type activity, in particular a Sl c35Cl-type transcript; and al pha (1, 6)
fucosyl transfeDrSg-acEtyylicobimmeaZiepmidrise (NeUBdl ir partidiilad aFuéR-typeetran-
transcript. 154dtipgh nost preferred enbodiment, this cell conprises at |east
all of or exclusively these Gol gi processing associ ated enzyne activities.

I'n a preferredyyRyindlianfhatey-shRpRE@ SJRiNaséhe cell expresses one or nore of
one of the follow ng genes: ngatl, ngat2, magad4, slc35a3, bdgaltl, slc35a2,

gnds, tsta3, S“%%E?’éu'%ﬁqgétgﬁbh& qé@é?.horml ogues thereof. 20This cell is

particul arly capa cin ycan with Gl3-

G cNAc3Man3Glc uc_structuyre. .The .inventio hus, al so concerns a host
cel | 1By o pl ur aHPRye e aoinelans inprrc B N RS e TSR oduce

gl ycoproteins with this glycan structure. The invention thus al so concerns
a, preferably ?W’ﬂ?'@oﬁc"gtrﬂiﬁﬂ"ﬁf-éﬁ‘ RaisyAN 19904 1dYR] ERRACEPt whi ch i s

preferably producible or actually produced by this 25cell. The invention
al so provi de a mest oefeged mrokastiseto thisrekil tgmprises gt \eashrttodion exglusigelsig
this cell. these Golgiprocessing associated enzyme activities.

In a preferred variant of these embodiments the cell expresses one or more of one
15 of the following genes: mgat1, mgat2, slc35a3, b4galt1, mgat4, sic35a2, stégall,
neuC, neuB, slc35a1, and neuC/cmas; and/or homologues thereof.

This  cell is particularly  capable of  producing N-glycan  with
NeuAc3Gal3GIcNAc3Man3GIcNAc2 structure. The invention thus also concerns a
host cell or a plurality thereof, which is specifically designed to produce glycopro-

20 teins with this glycan structure. The invention thus also concerns a, preferably iso-
lated, glycoprotein having this structure, which is preferably producible or actually
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 NeuAc3Gal3GIcNAc3Man3GIcNAc2Fuc
25 structure

In a preferred embodiment the modified host cell not only exhibits, preferably het-
erologous, enzyme activity for Golgi-based processing that is selected from GnTI
type activity, in particular a Mgat1-type transcript, but also comprise a, preferably
heterologous, enzyme activity that is selected from:

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



Enbodi ments for the synthesis of a NeuAc3Gal 3GLcNAc3Man3dE cNAc2 structure
In a preferred enbodi nent the nodified host cell not only exhibits,

pr ef er ablwohet1/138@3er ol ogous, enzyne activity for Col gi Poagpdoiprommessi ng
that is selected from GTl type actiVisty, in particular a Matl-type
transcript, but also conprise a, preferably heterol ogous, enzyne activity
that is selected from WD 2011/134643PCT/ EP2011/ 002094 53

UDP- N- acet yl gl ucosam ne transporter type activity, in particular a
S1c35A3-type transcript; mannosyl (al pha-1, 6-)-glycoprotein

beta-1, 2-N-acetyl gl ucosam nyl transferase (GTIl), in particular a

Myat 2-type transcri pt; , _

smannosyl (al phEaanesy(@phadl-glyeppistain.- beta-\iZNl-aestyiglusesainvhy frapsfpwese
ferase(GnTl V), (GH'DaPpRgieuisr adMagjatvee Yasctirtanscr i pt ;

bet a- N-acet yl gl ucosam nﬁl g B/copepti de beta-1, 4-'\?al actosyl transferase
(Gal T), in parmeoesy a@hadgi)-olvcoprptein r andeta- pé:N-acptylghicasarioyl t r atiaport er
type activity, ferasefantiMiun aartigust edMgardtypedransaficr i pt ; 10bet a- gal act osi de
al pha-2, 6-sialyl transferase (ST), in particular a ST6gall-type transcript;
UDP- Nsacet yl gl betes\acetglgRicogpamieylagycopbitite) beta+1,4ogalbctosy| anansfeNseQSalipen
transcri pt; siparticulaca B4gsiti-typsérapdizipB), in particul ar a NeuB-type
transcript; 15CMP- Neu5Ac synthetase, in particular a NeuA/ Cnas-type
transcript; andDEMRisdtedd arpofiet typo aBMWity Sh pattituRABLSI€38/2 type BaRSHIPE- t ype
transcript. In a nost preferred enbodinent, this cell conprises at |east
al I of_or excl gpipuSlniardes o Eabalarafaee 475d BoAGSPAChaHiEHaCHLYRES APkl tdrl1 €.
In an al ternat{yg¢variant thereof, the nodified host Cell —exhibits

N-acyl neur ami nate-'9- 20 phosphate synthase and

N- acyl neur am nate- 91 phas as ¢ L Yisty 1 d, lalic acid. sy ase
er by oo SRR S LR B

het er ol ogous, enhzynme actiVity foOr ol gi -based processing that is selected

from mannosyl (al pha-1, 3-)-gl ycoprotein beta-1, 2- | ucosam nyl
{ranst orase { TP UEoRTalsPBUL: §5e HRIM B peticHlar 2 SIpac VipEensaiter i pt
25UDP- N- acet yl gl ucosam ne transporter t_E/pe activity, in particular a

Sl c35A3-type t?'ﬁh%é%ﬁbf“@%ﬁﬁ%’];ﬁsél (FHal)1tyre nctiyity.cbpagiceias a Futd-type tran-
bet a- 1, 2- N- ace®§fIP§l ucosami nyl transferase (GnTll), in particular a

Myat 2-type transcri pt;
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;

sialic acid synthase (NeuB), in particular a NeuB-type transcript;
20 CMP-Neu5Ac synthetase, in particular a NeuA/Cmas-type transcript; and
CMP-sialic acid transporter, in particular a SIc35A1-type transcript.

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-

25 phosphate synthase and N-acylneuraminate-9-phosphatase activity instead of sialic
acid synthase activity, more particular the modified host cell not only exhibits, pref-
erably heterologous, enzyme activity for Golgi-based processing that is selected
from GnTI type activity, in particular a Mgat1-type transcript, but also comprise a,
preferably heterologous, enzyme activity that is selected from:

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



WO 2011/ 134643PCT/ EP2011/ 002094 54 bet a- N-acetyl gl ucosam nyl gl ycopeptide
beta-1, 4-gal actosyl transferase (Gl T), in particular a B4dgaltl-type
transcri pyvp 20DPA3g@aBact ose transporter type activity, i npparrauloezosa
S1c35A2-type transcript; Yvet a- gal act osi de al pha-2, 6-sialyl
transferase (ST), in particular a STégall-type 5transcript;

UDP- N- acet yl gl ucosam ne 2-epi nerase (NeuC), in particular a NeuCtype
transcript; N-acyl neuram nat e-9- phosphat e synt hase;

N- acyl neur am nat e- 9- phosphat ase; 10CMP- Neu5Ac synthetase, in particular a
NeuA/ Cras-type transcript; and CMP-sialic acid transporter, in particular a
Sl c35A1-type transcript. In a nost preferred enbodinent, this cell
conprises at | @aQBO%KP'pBﬁ-106-)-5%19@@?%| petard2eN-aselyiolysesrmiy| néansfemseat ed
enzyne activi t {@&ll). in particylag adfgatetyredranseiivtnt of these embodi ments the
cell expresses one or nore of one 15o0f the foll ow ng genes: ngatl , ngat 2,
slc35a3, b4gal mannosyifatpha-1s3-¢-gygoprotaigdieta- 1 dehr@cetyigliBosamipgba transfarase
neuC/ cnmas; and{@TI¥bmbpatjoesr 2 Maatbtype transcript;

Thi scel l'i sparti cul arl ycapabl eof produci ngN- gl ycanwi t h

NeuAc 3Gal 3Glc NAet3dNtad<t}ighaogamsinglugtyaopeptideneetar1vegalactosy vassferszse (Galmgenns a
host cell or apgticwlala Bgaltietypetransdripth i s specifically designed to produce
gl ycopro- 20 teins with this glycan structure. The invention thus al so
concerns a, prebergdrdtodcswaripeter @Faa@ﬂams),t iRipartitalr BB IEIBAD-§bE Hahstrpt; Whi ch
is preferably producible or actually produced by this cell. The invention
al so provides e 1 | ngtiha teel e i g
This cell o O g T 8O RS AR ' Ginls Bt i
NeuAc3Gal BGlcNAcgl\’/anBG CcNAc2Fuc 25structure In a preferred enbodi ment the

nmodi f.i.ed host I 1 bit erably, he | Qgous.,. enz
ot ey o PR R I e B ML AR PR S 1
activity, in par"% cular aﬂ)ﬁgaat “t'Ype transcript, but also conprise a,
referably het | ogous, enzyne actiyity that s selected from = WO
D011/ 134643PCTRB AT SEY e ARV I oepivalat 235356 (vBp tapesrit
beta-1, 2- N-acetyl gl ucosam nyl transferase (GnTll), in particular a
Myat 2- t ype tr aiBba (bf) fucosyl 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 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.

25 In a preferred variant of these embodiments the cell expresses one or more of one
of the following genes: mgat1, mgat2, sic35a3, b4galt1, mgat4, sic35a2, gmds,
tsta3, slc35c1, fut8, stégall, neuC, neuB, sic35a1, and neuC/cmas; and/or homo-
logues thereof.

This  cell is particularly  capable of  producing N-glycan  with
30 NeuAc3Gal2GIcNAc3Man3GIicNAc2Fuc structure. The invention thus also concerns



mannosyl (al pha-1, 3-)-gl ycoprot ei nbeta-1, 4- N acetyl gl ucosam nyl trans-
ferase(GnTIV), in particular a Mjat4-type transcript;
5bet a- N- awoetgigisu@esamnm nyl gl ycopepti de bet a- 1, 4- gal act esylEpeoiansioes ase
(Gl T), in particular a B4galtl-type %ranscript; UDP-gal actose transporter
type activity, in particular a S1c35A2-type transcript; GDP-D nmannose
4, 6-dehydratase type activity, in particular a Grds-type transcript;
| 0GDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi ner ase- 4-reduct ase type activity, in
par- ticular a Tsta3-type transcript; GDP-fucose transporter type activity,
in particular a SIc35Cl-type transcript; alpha (1,6) fucosyl transferase
(FucT) type activity, in particular a Fut8-type transcript;
15bet a- gal ac®fepdee0 phalbsality Wergaf1which iissrackisally d9igngdntoRIpdyeed! ¥roPER-
ST6gall-t ypeteinsanitl i glycamsirNetyrs tegnyREen thyfealse EaNeRiPe S PIERIARY iSG-n
particul ar alakgi@xoppeoteip 1ying; this steycirecwhich ds HyeferpbbePoREtBE, o gftually
particul ar aPREyEed Phdhis cehsthe ipventmnale REYisiEs & thast Asrocess famakiedl ar a
NeuA/ €nas- t y{hat gveerreteinphy vsingithiseelsi al i ¢ acid transporter, in particular a
Sl c35A1-type transcript. In a nost preferred enbodi nent, this cell
conpri ses at Theiyentior als poavidesd methodl or prorese faonaking p@lkeopiatejn &y ssdgat ed
enzyme act i vany ese of thedrpshrellsrangording toathe anventiore tifout wighineitdi he beursdotot
cel | exhi bi t theNbe@y| acelt apdanding t@the ingenting épernablesyimradiseingihigh amounts of
N- acyl neur ani MaBéycan whitbyianiGlshack strugturg anrssidegiicarroteinaiThe ghsperotsimiMads e
activioty, nobe agmelegous on & deteselpgousdpriotein. Axsprdingly, anyl gneesthpinost cells
pref erabl y has eutlined@boyve angferably coinpriss at dgastongi nusieie acigr ecedisigng hehat i s
sel ect ed fr oefo@gPUstgfyrepEieiny Homolageup pretengl riimarilyviefers- toy petainsafroay thet
but al so conpestxelldtselfr wheread Ipyothias encpdrfbby , foeaigry neloaed igenes, arenheterato-
sel ect ed frogeus potetslaf the Heai3rediTMeFR particwar @9y ngeeic acid encoding a heterolo-
mannd$yl (al paeusipretein gessdipg & thierinyratian tan beicaden-opigniged urexakession ineer ase
(GnTI1), in pestidel of intergstvirar exampple, a maplesragid encoding a murine GnTl activity of
nmannosy! (al ptMduslmessulgs)yeeadreotasion-apsiprized, far RKRII[IGN I AKRRAA S §UCh 3ahat-er ase
(GhTIV), in pearoinyo¢seeravingat 4-type transcript; 5Sbeta-N-acetyl gl ucosani nyl
gl ycopepti de beta-1, 4-gal actosyl transferase (Gl T), in particular a
B4gal t 1-t ypeThe dosiceelbagcording to the invention is capable of producing complex N-linked
20 oligosaccharides and hybrid oligosaccharides. Branched complex N-glycans have
been implicated in the physiological activity of therapeutic proteins, such as human
erythropoietin (hREPO). Human EPO having bi-antennary structures has been shown
to have a low activity, whereas hEPO having tetra-antennary structures resulted in
slower clearance from the bloodstream and thus in higher activity (Misaizu T et al.
25 (1995) Blood 86(11):4097-104).

A glycan structure means an oligosaccharide bound to a protein core. High man-
nose structures contain more than 5 mannoses whereas glycan structures consist-
ing primarily of mannose but only to an extend of 5 or less mannose moieties are
low mannose glycan structures, i.e. Man3-5GIcNac2. More particular, as used
30 herein, the term “glycan” or “glycoprotein” refers to an N-linked oligosaccharide, e.g.,
one that is attached by an asparagine-N-acetylglucosamine linkage to an aspar-
agine residue of a polypeptide. N-glycans have a common pentasaccharide core of
Man3GIcNAc2 (“Man” refers to mannose; “Glc” refers to glucose; and “NAc” refers
to N-acetyl; GIcNAc refers to N-acetylglucosamine). N-glycans differ with respect to
35 the number of branches (antennae) comprising peripheral sugars (e.g., fucose and
sialic acid) that are added to the Man3GIcNAc2 (“Man3”) core structure. N-glycans
are classified according to their branched constituents (e.g., high mannose, complex
or hybrid). A glycoform represents a glycosylated protein which carries a specific N-
glycan. Therefore, glycoforms represent glycosylated proteins carrying different N-
40 glycans. A “high mannose” type N-glycan has five or more mannose residues.

Common to all classes of N-glycans is the core structure Man3GIcNac2. The core
structure is followed by an extension sequence on each branch, terminated by a
cell-type specific hexose. Three general types of N-glycan structures could be de-



UDP- gal act ose transporter type activity, in particular a S1c35A2-type
transcri pt; GDP-D-mannose 4, 6-dehydratase type activity, in particular a
Grds- t ypewOnangcuddpt ; PCT/EP2011/002094

| 0GDP- 4- ket 0- 6- deoxy- D- mrannose- 3, 5- epi8ner ase- 4-reduct ase type activity, in
par- ticular a Tsta3-type transcript; GDP-fucose transporter type activity,
In particular a SIc35Cl-type transcript; al pha (1,6) fucosyl transferase
(FucT) type activity, in particular a Fut8-type transcript;

15bet a- gal act osi de al pha-2, 6-sialyl transferase (ST), in particular a
ST6gall-type transcript; UDP-N acetyl gl ucosam ne 2-epinerase (NeuC), in
particular a NeuC-type transcript; N-acyl neuram nate-9-phosphate synthase;
20N- acyl neur@ﬁﬁdhé‘t)é'}l'ghﬂﬂ%‘ﬁﬁ%%[%r;‘sv aEheaMaie maily Fanaeses WiNip e e§r a
Sl c35A1- t ypeSion 8A3¥SNCHE and FoaresN Rpting Beie - 2aremalex&lycans e tiasidrar a
NeuA/ Cmas- t yBRMReseR st tq'_'fﬁr?,"tl hexgsepand prEtesyasss. dRhomans they pitrscqdain N-
conpri ses at a¢edygauraminipAcigrassieEming| $4gay. Anb6d hubligiglyspae E8PP AR -at ed
enzymé act i vineneesyliosnd compier BipeRIeNHINasRAUSICeHhWERINGSo ANHRENES OF A€l |
expresses on@l®prafshe of one of the followi ng genes: ngatl, ngat2, slc35a3,
b4gal t1, ngat4, slc35a2, gnds, tsta3, slc35cl, fut8, st6gall, neuC, neuB,
sl c35al, andAreomplernypeaNdlynanhiypiohlbghes at leasktone GlylitAc attached to the 1,3
2011/ 134643POahaEgsE0art @0dGY4easY ope KFshAe @ltachad ta the dr@manposearmeof a Whi ch

i s speci fi camapneresicgreediheo timarnase agrs/ds hrepentasaaghatide pere hfvingasm Man3
structour e. Téteudtyree Gompiex Auglyednsomap ridsar havea galactoser(Ebaly) iesislugs diat are

gl ycopr ot ei noptinatyy masificdswithy sialie eacidpl derivatives €Neual!, ywharedbiebbrefersrto
actual | y proteweeniny acidi anc éda” refeie to goetil) i Gamales N-gheens awyaalpethayel inor
process for taghainyséstitiutiogs gemprigingi bisesfing'sBlediActang ease fucosad’Rugveht Mon

al so provi debridi Mrotysan hes ablenstoge fFeNnakn ige terginat opthsr &B3rmagnassiang efny
one df the histirig@nngsecersr achgenocort mers masrrsesren et hunanpasei 3G eothee
bound to t hetrimasoege carecel | according to the invention is capabl e of
produci ng high anounts of a NNdycan with Man3d cNac2 structure on said

gl ycopr ot ei nA fiiltikerghspeofpofotheiinvendipn i@ drecessHommiakigg Les glycoprotedt witibladgeus
protein. Accovadhosf glycam\stranirebor tahglybarsdtetetdrspagionutdmpresingalooe eor more

pr ef erabl y colypopreteirat hdvegsbwanannose lggicen atudurencodi ng a het er ol ogous

gl ycoprotein. Honol ogous proteins primarily refers to proteins fromthe
host gel | it pehfprefehreteafibsdibbai the proemtlagl abyhetdrologbds proteinoned greferedar e
het er ol ogousygHpt ehdreofothet teldRgbus @hdteinNbracrepaimbinatt proteiany preferretl @ngici d
encodi ng a hps@mehPof thd nveatien RrPEEhpostMansti i gomprising ah MeasblogousCari/dre
codon- opt i M 7RGmbiHaneYHEESBteMtHA id frodhiest orgebludiile ibyttes esll of fherinexdoml e, a
nucl ei ¢ aci dwhBea ki) campusitiore complis@e bi Mgh Yiedd of Mioptsein/ hs)ngC anglhjn
codompsopt i M gwektlirerof RIGH3EIGNAR i N a yeast cell such as Saccharomyces
cerevisiae. The host cell according to the invention is capabl e of

produci ng comal @mbhdrt M&din" 2R bIBGSRC Slofin ol HaterBvgbiidl protein” are used
ol i gosacchar jigenarigeaBiy B def? B! £¥ohbeptideansichay Brd¥Resd ibyetembdnt DNAhe
physi ol ogi cajechRiLY, WhePlintJAREAMGUDNA dPEOdiRg e pSiysdptias id1inBied into a suit-
eryt hropoi et bpe (3RS HEZRR WHIG RaN kg Jakd a0 traRSIBMY aShdst ebMteproiace feen

shown,t 0 havgerdIQY¥RDrbiéiH. YrhaRefrRAsoIjHeBid Ve xpledset fRmaatHRE8lbYous nu-
structures rggjeldffl in slower clearance fromthe bl oodstream and thus in

hi gher activity (Msaizu T et al. 25(1995) Bl ood 86(11):4097-104).

in a preferred variant there is provided a process for making a glycoprotein with a
Man3GIcNAc2 glycan structure or a glycoprotein-composition comprising at least
one glycoprotein with a Man3GIcNAc2 glycan structure. In another preferred variant
35 there is also provided a process for making a human-like glycoprotein with a
Man4GIcNAc2 glycan structure or a glycoprotein-composition comprising at least
one glycoprotein with a Man4GIcNAc2 glycan structure. In another preferred variant
there is also provided a process for making a human-like glycoprotein with a
Man5GIcNAc2 glycan structure or a glycoprotein-composition comprising at least
40 one glycoprotein with a Man5GIcNAc2 glycan structure.




A glycan structure neans an oligosaccharide bound to a protein core. Hi gh
man- nose structures contain nore than 5 mannoses whereas gl ycan structures
consi sti nyopniwmmeui4By of mannose but only to an extend ofPCH/ErROl@8®ISMBNNOSE
noi eties are | ow mannose gl ycan structures, i.e. Man3-5G cNac2. Mre
particular, as used 30 herein, the term"glycan" or "glycoprotein"” refers
to an N-linked oligosaccharide, e.g., one that is attached by an
aspar agi ne- N-acet yl gl ucosam ne |inkage to an asparagi ne resi due of a
pol ypeptide. N-glycans have a conmon pentasacchari de core of Man3G cNAc2
("Man" refers to mannose; "Ac" refers to glucose; and "NAc" refers to
N-acetyl; G cNAc refers to N-acetyl gl ucosam ne). N-glycans differ with
respect to BBe PISepuAYBRISE aileast Mefolaripe aleack ravisipy ofs mytant eelpacoord-
sugars (e. g.ingftadhssiavemions whichdugherdyanstpimed te bagaeable of prasiupBEGCeNAE 2
("Man3") coreardtpreleinupleintaxeyl 9gakdhPelos- A ¢allda cattereddn mgprieferalliliguid
branched conguliure gradiun @ng.preferaly Hagrigwaditieasrthatallew aiynpestdyefembly s4of or m
repre§ents aP@jt Jrosyaduickien gt seidi HlYGaRr&aIncelr 9lyeapreteinpeampositiqnginytharcell. If
Theref ore, QNSRS nECqUE 9@@&1%’%9%{@*6 /PTa@¥epRsetginesampesiionynay bgiisglatednt N-
40gl ycans. Afm’ﬁii;Thj el @ saig paltuge %ﬂ Hhesisplatien iy prearablinpereseed us-
resi dues. Cofforethedsand peass kot iNNP@Blicans is the core structure
Man3Gd cNac2. The core structure is followed by an extension sequence on
each branch, Themnventairealsbprevidss) hew glyeoyptegisf ard ¢mmpasition$Hhereof)ahinhadret ypes
of Nl ycan producblercssare prddiiceed byéhe cad op 0iethdd34ata Ry ©RPe Irived @) B4ch8
fined: (1) Hahpositioneswe firtheankaragierizdd inmomgirisingeglydap cosnstosdgresiselectedt hei r
ext ensi on sefjeroMdaSGleNAc, ddardssIcAed, mat iMan36ieNAGR, p(efprablyna Mar3gloNAeds i n
contrast ar estomiyres e aivediidrf wag Aschprvde sompdsitionschasagarized inrcompniging t hey
of t en cont ai glydérc etrydturesrseigateéd: fram MandGichiAe reald Mags®EicNALE, wlichhmay bd
gl ycdfs cont priodugest due fodlighersnamessiation ofsaid ManpGiehAcy pereinttbe Sotgi
sequences wi thin one "antenna" or nole- cule branch. A "conplex" type
N- gl ycan t ypincakfeyrebasmipddimentstonens ribreNdid glytarc biedktiire it IpeesknBintheroose ar m
and at | east pasittonGh @NAIm@rit @€ beldastor0Cher hofe, Meate posferrad at lRbste60% b more,
mannose" corevenliere prefereath68% aranere, iesert hore @ndfasad F0% bdmoen revehavdreg a
Man3 | o str upretereed S@Ypdremold, gvien ansrenprgfeatesloddta Ve gateacives endreGakfelred
resi does t ha®5%roe nape most prgfemeditd De% on 100%s ilteddes veithodt sayirttethiay athier sub-
(" NeuAc", whstarcesNend bygfreducts thateareagammen ae isdclarptlotéiic Compdsitichst areamet yl ) .
Conpl ex N- gl gladets fromythat salchiatien.i int & acdshipreferds tenibwdinoers  asivaly all dycan
"bi secting" shuckes pnctluzed ebyf theosHl ¢xhibitcd )Man3GléyAed dtrudtbigl yic anothas ped-
| east one G feNad embbhbiendrer basiedilyofallt bigcdfpdnsreprodseedaroy diie 1&dlihexhibitmannose
cor e 2and zerdan4GlebliAe2 madivo addardGltMAc stbuateranose arm of the tri mannose
core. A further aspect of the invention is a process for making a
gl ycopr ot ei nAyRe redult Bt BN endlifitaton, Sdy 86dcHbed Beretabove in more detail, a
gl ycopr ot ei ngigespeRin EafyifPEBMbRIXBY aBNRelPhs HYbAd N-YI9EasOhRI BbtalM@pieNThkow
mannose gl ycaicspréteslbompriéd lglycan Biredtercs @dicefBacEirEIU: nbhieniRidbei n s an
het erol ogous protein. In a preferred variant thereof the heterol ogous
protein is a rgepidicRaRh protein. A preferred enbodi ment of the invention
i's aajgonpositiganddRNALS conprising an heterol ogous and/ or reconbi nant
gl ycoprotei n tQghsirNAcgduced or produci ble by the cell of the invention,
wherein the conposition conprises a high yield of glycoprotein having a
gl ycan 25struc AR RfanYBRAASNAC2 " Reconbi nant protein", "heterol ogous
protein" and "gfé RRdeHN A0t ei n” are used interchangeably to refer to a
pol ypepti de whi( Ac@laﬂ%@?ﬁ%‘i by reconbi nant DNA techni ques, wherein
general |y, DNA"encodi ng the polypeptide is inserted into a suitable
expressi on vec ich_Ls j.n.turn used to transforma host cell to produce
t he 3Bheterol oﬁ%‘é\ggvgﬁbﬁﬂ%ﬁat is, the polypeptide is expressed froma
het er ol ogous nu- cleic acid. S

GlcNAc3Man3GIcNAc2-bisecting

Gal1GIcNAc2Man3GIcNAc2,
Gal1GIcNAcZMan3GIcNAc2Fuc,



In a preferred variant there is provided a process for nmaking a

gl ycoprotein with a Man3d cNAc2 gl ycan structure or a

gl ycopr otwDretionsp@si ti on conpri sing at | east one gl ycopPOT&PR01AM003994

Man3d cNAc2 gl ycan structure. In anotdter preferred variant 35 there is al so
provi ded a process for making a human-1like glycoprotein with a Man4d cNAc2
gl ycan structure or a glycoprotein-conposition conprising at |east one

gl ycoprotein with a Man4d cNAc2 gl ycan structure. In another preferred
variant there is also provided a process for making a human-1i ke

gl ycoprotein with a Man53 cNAc2 gl ycan structure or a

gl ycoprot ei n-conposition conprising at | east 40one gl ycoprotein with a
Man5G cNAc2 gl ggﬁr@'@l%%?d\ﬂ%n .'CNW'EGETI”E34643PCT/ EP2011/ 002094 59 The
process conpri S8 GleNAeHdanIGieNAedRusHrisRstiB.ep: Provi sion of a nutant cell
according to the invention, which further transforned to be capabl e of
produci n a r ecoaGieNAcIMatIBIleNsE2,i nterest, e.g. EPO or 1gG The cell is
cultured in a prGichidtIMan3gicNACAAucur e nmedi um and pref erably under

condi 6i ons t haGaRGlgVAciManisiichdhed-bisadting, sup- 5 port the production of

sai d gl ycopr ot Gal2GieNAtIManBGicAecRFserHeasting.on in the cell. |If necessary,
required said glycoprotein or glycoprotein conposition may be isolated from
said cell and/ NeuAedGhl2GlcNAceMaeAGWNACZhe | sol ation is preferably perforned
usi ng net hods BeBdACEGISGlchAwaMan3GlotlAzlEFuc, The i nvention al so provi des new
gl ycopr ot ei ns BedActBAIRSIcNATBMahBEIahNAc2-biddctihg,are 10 produci ble or are
produced by t hNeokt1Gal2GlchAcBMEs3GmNNcAFagbisectige | nventi on. Such
conpositions are further characterized in conprising glycan core structures
sel ected from NBOREIGHPGRNARMAGECNARE2, and Man3Ad cNAc2, preferably a
Man3G cNAc2 st NeGASZEGal2GRAACRNRABGRHINARRFu@! SO provi de conpositions
characterized NBuREZDAIRSINABMERBBICNACRDisHcRg Sel ected from Man4G@ cNAc2 and

Man5G cNAC2, WReGRcT@E20RNIRBVRABGRMARZBUE Bisbetidgher mannosyl ation of said
Man3G cNAc2 core in the Golgi. In preferred enbodi nents one or nore said

gl ycag struct UsRNALIRIFSEMNAL the conposition in an amount of at |east 40%
or nore, nore preferred at | east 50% or nore, even nore preferred 60% or

nore, even nor r ALY re, even nore preferred 80% or nore,
even nore pref Eraﬂgé %ﬁﬁzns%%gﬁ‘cgﬁ/o%n nore preferred 20 95% or nore, nost
Gl SoNooinan el iacr

preferred to 9 goes wt hout saying that other substances and
by-products that _are co ”Un;! 0 such protein conpositions are excluded from
that cal cul ati gﬁ'z%ll?k‘éz a’l@?ﬁg{ﬁfd enmbodi nent basically all glycan
structures pro ale&icNyes ¢ ®bit a Man3d cNAc2 structure. In another
preferred enbodi nent basically all glycofornms produced by the cell exhibit
a 25Man4G cNAcSaGieNAcIMandBlelAsc2 structure. As the result of the

Gol gi - modi fi caBrBEIcNACIMa3GIghfcEaicei nabove in nore detail, a gl ycoprotein
carrying conplexes as well as hybrid N-glycans are obtai nable. The

gl ycopr ot ei ns deupei1Ga3glcNradManBGiENAcds sel ected from but not limted to:
Man3Gd cNAc2 30NewAd GNRG RNl BiBn3 atNACc2Bue, NACMan3G cNAC?2,

G cNAcMan4d@ cNAc2, G cNAcMan5d cNAc2, 353G cNAc2Man3d cNAc2,

G cNAC3Man3G cNAGRe1Ga18CGIcNAG 3BahBGENAYAC 2Man3G cNAc2, Gal |

G cNAs2Man3Ad cNAGRE2Gal3GIcNAc3Man3GIcNAc2Fuc,

NeuAc3Gal3GIcNAc3Man3GIcNAc2, and
NeuAc3Gal3GIcNAc3Man3GIcNAc2Fuc.

Particular embodiments include:

GlcNAcMan3GicNAc2,

30 GlcNAcMan4GIcNAc2,
GlcNAcMan5GIcNAc2,
GlcNAc2Man3GIcNACc2,
GIcNAc3Man3GIcNAc2-bisecting
Gal2GIcNAc2Man3GIcNACc2,



WO 2011/ 134643PCT/ EP2011/ 002094 60 Gall G cNAc3Man3d cNAc2- bi secting, Gall
G cNAc3Man3d cNAc2Fuc- bi secti ng, Gal 2GLcNAc2Man3d cNAc2,

Gal 2GLcNAYONBNBGHEBIAC2Fuc, 5Gal 2G1LcNAc3Man3G cNAC2- bi se®CIrmE®2011/002094

Gal 2GLcNAc3Man3d cNAc2Fuc- bi sect i ng, dleuAcl Gal 2GLcNAc2Man3d cNAc2, NeuAcl
Gal 2G1lcNAc2Man3d cNAc2Fuc, NeuAcl Gal 2GLcNAc3Man3d cNAc2- bi secti ng,

| oNeuAcl Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting, NeuAc2Gal 2GLcNAc2Man3d cNAc?2,
NeuAc2Gal 2GLcNAc2Man3d cNAc2Fuc, NeuAc2Gal 2GLcNAc3Man3d cNAc2- bi sect i ng,
NeuAc2Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting, 153 cNAc3Man3d cNAc2, Gl l

G cNAc3Man3d cNAc2, Gall QA cNAc3Man3d cNAc2Fuc, Gal 2GLcNAc3Man3d cNAc2,
Gal 2G1LcNAc3Man3d cNAc2Fuc, 20Gal 3GLcNAc3Man3d cNAc?2,

Gal 3GlcNAC3ManS&2 RN ¢aMan3@eMAs2Rys 3G1cNAC3Man3G cNAC2, NeuAcl

Gal 3GLcNAC3MVan3e2GptiAEIMan3Elehidot=piseelingNAC 3Man3G cNAC2,

25NeuAc2Gal 3&@@%@%@@%%@”%&%@ 3GlcNAc3Man3G cNAc2, and
NeuAc3Gal SGlcNNESW@ Men3BleNACRul ar embodi nent s i ncl ude:

G cNAEMaN3G cNNEYAC %Z%ICM&@M&M@!MEUCG cNAcMan5G cNAc2,

G cNAC2Man3G ¢ NaEAc2GalreleNAosNand SlgNAS2Hisesting.ng
NeuAc2Gal2GIcNAc3Man3GIcNAc2Fuc- blsectlng,

GicNAc3Man3GIcNAc2,
Gal3GIcNAc3Man3GIcNACc2,

10 Gal3GIcNAc3Man3GIcNAc2Fuc,
NeuAc3Gal3GIcNAc3Man3GicNAc2, 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

15 about 40% or more, more preferred at least about 50% or more, even more pre-
ferred about 60% or more, even more preferred about 70% or more, even more pre-
ferred 80% or more, even more preferred about 90% 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

20 compositions are excluded from that calculation. In a most preferred embodiment
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-
25 tion of one particular glycan structure in the glycoprotein is at least about 20% or

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-
30 teins.

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-
35 ble of producing two or more different at the same time, which results in “mixtures”
of glycoproteins of different structure. This also refers to intermediate forms of gly-
cosylation. It must be noted that in most preferred variants of the invention the host
cell provides to an essential extend, mainly or even purely (more than 90%, prefera-
bly more than 95%, most preferred 99% or more), one particular glycan structure.

40 In another preferred embodiment, two or more different host cells of the invention
that preferably are co-cultivated to produce two or more different N-glycan struc-
tures, which results in “mixtures” of glycoproteins of different structure.



Gal 2GLcNAc2Man3d cNAc2, WD 2011/ 134643PCT/ EP2011/ 002094 61

Gal 2G1LcNAc2Man3d cNAc2Fuc, Gal 2G1cNAc3Man3d cNAc2- bi sect i ng,

Gal 2GLcNAYBNBNBAGI@BIAC 2Fuc- bi sect i ng, NeuAc2Gal 2GLlcNAc2Mra3EPeNADR2094
5NeuAc2Gal 2G1cNAc2Man3d cNAc2Fuc, NeuRrc2CGal 2GLcNAc3Man3GLlcNAc2- bi secti ng,
NeuAc2Gal 2GLcNAc3Man3d cNAc2Fuc- bi secting, G cNAc3Man3GLcNAc2,

Gal 3GLcNAc3Man3d cNAc2, 10Gal 3GLcNAc3Man3d cNAc2Fuc,

NeuAc3Gal 3GLcNAc3Man3A cNAc2, and NeuAc3Gal 3GLcNAc3Man3d cNAc2Fuc. In
preferred enbodi nents one or nore of the above-identified glycan structures
Is present in the glycoprotein or glycoprotein conposition in an anount of
at least 15 about 40% or nore, nore preferred at |east about 50% or _nore,
even nore pr EBEEMERtalipd stitaveder Nighican analyaisipelddes: & ¢ r edABLBRISM® R4y
nore, even nBN& Be9rdrplieg Blosygems). ata apalyss SRBfaS PIIPrRBE 18iNgoSor
nore, even nBEAEREN® LY safiwate Ghrlied BiesyetemshgAdditionah restbedsal Yelya al |
gl ycopr ot ei ndnalysis 4ordude, € BoynashpPAgrantRily 6 reMALBLTARIER). dHeh-BiESY8duct s
that &re confftd PBroﬁl?é‘PQ'EP'b\t GIFLC)20N eYmabehasshevessed BRARSSRIHOR eERaNgSt

cal cul at i on. ChAMAtegsarhyy (&g -« MIBIPURRSH AMPEFAMEHS jdeiadtign ayhengalyeas)sr #ieendts
that are proldted #d wik Yhsabseranceiorifiuergsqorss if GHYE@RRi HPtarRHRPBeMiRe of
t he above-i de®ief¥i ed gl ycan structures. In sone enbodi nents, the

N-gl ycosyl ation formof the glycoprotein according to the invention can be
honogenous oA mefesed embadingentderagenonbinantimpzunogiobulin suehas npdeG, predue-i on
of orn@ parti big by thel salleaf the nventiere comprisieg YN-glyeair ot @algGlaNAp2MagdSicNAsgut
20% or nor e, stalture. 30% or nore, about 40% or nore, nore preferred at | east
about 50% or nore, even nore preferred about 60% or nore, even nore
preferred abAnbthédpreferrem embodingentnivra regoedbémant chud®rh &rythmopeetire rtenERG), e
preferred abptodu€ibls asy niee,ceiveri rine einpesticsy, r edmabising dyée oN-giycans aofd
nost pr ef er r BduAEBG a1BGEINACGMacdBIaNAc2Bue stngcturer ef err ed enbodi nents of the

i nvention are novel glycoprotein conpositions that are produced or are
produgi bl e by pregerhasémesdienexinediiyédigotains torylydoprein cbnigositions can, but

gl ycopr ot ei nfedd nbf)®edibodRdl ftthé et E8IKCANpRtdrtsd ginBsdiméhtdhdit glydophd-ng to
be bound to {d bhgREYproteih BoMpesiesHsEart T heBE ot db AirtHet Pufied@din Bel | of
the inventi ORodtSce@PAs us8® hBletn, the REMIILiSHIBR ! V6T to®nbléliuld, &r &Nfragherithe
same tinme, WHepdbfl WhichthasibeenrBepatdtes or plrifdyenrdnaionenef folidxampRipro-
strucipure. Thifs 8t Sther afaflirally-Ocdumiig] BRIUgRIEE of Drgani® imaboies Wwiagh eaturdlly nust
be not ed t hahcddinpapgtit. Aypicany, @@ ivalatearyiyiopfotéih @rigieepiotéln coR@okiasi of ikl
provi des to mle@fohedtnsftute®Xdt Gstibt 60%, BY Welght, @1 €He totl edoledunssyr of thd16am® e
preferably nmpy#ptdparatdnVe.gNEDs, Bf Bletbiat thoRRUdedrof M SIme By iRaT $draple aFor

gl ycan strucexdriple48h Nscited i@icoproréinrdonstiteet oileante0s, visy weighDro? tik tdtalr ent
host el | s oprotdig in BRBparatiort Basarpplel BT Sy embedeerts|dn welaRd dlpcapiaeice
two or nore phithe @rspdratdnddonerts Sft 4tUedsti76%, atlebstoa e seH dtSedsh 9898, kY Wekmt, of
gl ycopr ot ei ngf tak téthf mekenlits 9t theGladiettype W Bfébafatidd643PCT/ EP2011/ 002094 62

The genetically engineered host cells can be used in methods to produce novel gly-
coprotein or compositions thereof that are therapeutically active.

30 Preferred glycoproteins or glycoprotein compositions that are produced or are pro-
ducible by the host cells according the above identified preferred embodiments in-
clude, but are not limited to, blood factors, anticoagulants, thrombolytics, antibodies,
antigen-binding fragments thereof, hormones, growth factors, stimulating factors,
chemokines, and cytokines, more particularly, regulatory proteins of the TFN-family,

35 erythropoietin (EPQO), gonadotropins, immunoglobulins, granulocyte-macrophage
colony-stimulating factors, interferons, and enzymes. Most preferred glycoproteins
or glycoprotein compositions are selected from: erythropoietin (EPO), interferon-
[alpha], interferon-[beta), interferon-[gamma]), interferon-{omega), and granulocyte-
CSF, factor VIIi, factor IX, human protein C, soluble IgE receptor [alpha]-chain, im-

40 munoglobuline-G (IgG), Fab of IgG, IgM, urokinase, chymase, urea trypsin inhibitor,
IGF-binding protein, epidermal growth factor, growth hormone-releasing factor, an-
nexin V fusion protein, angiostatin, vascular endothelial growth factor-2, myeloid



I nstrumentation suitable for N-glycan analysis includes, e.g., the ABI

PRI SMr) 377 DNA sequencer (Applied Biosystens). Data anal ysis can be

per f or mredwo0ngi34&3g. , GENESCAN(r) 3.1 software (Appli e®dCBIEPIYIII0€208) .
Addi ti onal nethods of N-glycan anal ysi3s i nclude, e.g., mass spectronetry
(e.g., MALDI-TOF- MS), high-pressure 5 liquid chromatography (HPLC) on

nor mal phase, reversed phase and i on exchange chromatography (e.g., with
pul sed anperonetric detecti on when glycans are not | abeled and with UV
absorbance or fluorescence if glycans are appropriately | abel ed). A
preferred enbodi nent is a reconbi nant innunoglobulin such as an 1gG produc
10 ible by the cell of the invention, corrpr|5|299 g can, of

Gal 2GLcNAC2 MRTPIENNAEDIRIORY, deelPe]. ARlGPRIETsBY &yeog @%’6%‘? 9%'%“ ere‘
reconbi nant RiP§EASEr 'H'?%bd‘@{’PWdﬁehu@P Dl{gﬁ?&?&%ﬁe B%mé

i nvention, cBﬁ’fﬂS?Eﬂ'rH l%? H’?S%fa' Tiduess|de

structure. 185§ fe Aigidas eg '%lt’%? 'B'tda e
conpoSi ti Onssm@f;ft]aseoualp%g@c%qmmgg- ?6?‘:! rags F"’l§ heta-fsdl ‘t‘c au-
preferred en{%kﬁﬂ ”’?"g% A% A'pPa St 8 ie 58n§°'9an
but need not 'p"’l§§ Fﬁ'PtQ‘?é?m'ﬁ f$ @%Wﬂ"i%@ teass sca slﬁ’s da VRAPF- ¢ he
term"isol attﬁ!f" IRaSFers to a nolecule, or a fragnment thereof, which has been
separated or purified fromconmponents, for exanple, pro- 20 tejns or other
nat ur al | y- océnethengmbpdinsgt @éﬂhedﬁv%ﬁ'gmﬁ 2 repombnAnd dherapeuisalinadiiva prgtein
accompany it or Byplucality pf siehirseteinsew oFARSING ehe RryepT Of g, above-
conposi tion tdfentl glyoeniotelns. @bﬁ@ﬁﬁctﬂaf 8 cawtee%ﬁsha\em/qanb%b%ﬂ tifieyfow-he
total nol ecumasnese giiearsstfnctyrgpthe thegansutically activenproteinis Pretsraitly Piodciblst al
nmol ecul es of by He erlirascorging tord %P@éﬁm '@VGT'FJQF‘ exanpl e, an isol ated

gl ycoprotein constitutes at |east 60% by weight, of the total 25 protein
in a prepar afipefeced ®arudanentthereofds em'wdiunegivbulinama' plotadityeaf imgmpoogpbi-ei n
in the prepalint iAwtensefetred amtadirmeatshergdfis ant ahtdxsly @EHtibody-eampesition 99%
by wei ght, otompesibgae aroh@eulfdke abovdidestified imppenogiebaling. dipertatm Gimmarhe
genetical | y sogjobdie eeferota anginalecda thzd haseah aminteatiddssauengs byl witthienolv el

gl ycopr ot ei nwbichdtospeeiicaliyonteradie wib fantantigernard wheneirpanyt ¢hains of the molasule
30Preferred gbnteinpr tuneiiormallp opgiajiog pegiereofrarcantipody varatde régen ackdipgoditied or
are poo- ducbpbt lenitationhenhosturallg| desuriog @r desagnbinant doov ef sukina infdlentlepsudher r ed
enbodi nent s aschimric uburaagizetbantibadiesedAs osedhereih, f'mnuneglokuin| owapsileant s,
t hr onbol yt i cgroteintwhichd cerssistardf iope reronorgi palydeptider assentialiy eadoded dynames,
growt h f act omsinoglobuiinl génend hedmnuneglobulimefithe psgseahiveptiankpratesablyrgneom-
particul ar | y passegudctivefragmpeotsepreferally fragmepts-domprising oresorengrelalyspeyi@tidnn
(EPO)25 gonadsite.dffienactive rfragnuayts melan feagmentm ol @dipody maving inagrdigen-antibody

col ony- st i nuresction attaty oars] inciute F{ah)@nEab' arab, EnMzgnrrecombyanphef er r ed

gl ycoproteins or glycoprotein conpositions are selected from

eryt hr opoi et ivat 6RitGps pidiéresd emdbdibainpixad phamhaseudca reorpetsiibn which is com-

i nt erf er on- [ gAsIAGbne ionhiré ef he-folueey: ahe oantre bithel aboyé-tdeBified gigtaproteinl |,
factor | X, hormgiycppiteihtofpositibmildceordily thec mpéntion] ainehar] nohaiiaf,thé rabovet0
munogieobul i netertifidd) fdcontbiriand fthdrggeuticgivbteirr aédondisg the nveatien, aneeer mpgpsfi n

i nhi bitor, | (e dbovdiia¢ntifiediremunogpbaleravebrdirgohe inveatiomrandgmevdrimore of the

hor none- r el eabovigideatfiedr antibvidgxdceoMirfgu teoimventoneilihnecasganysorabpplicablasthe ar
endot hel i al gompbsitibradirter Zonyieto atl leaéDo2é phah3atA8EM Y/ e pthble0CH 084016 3
progenitor iabjubddtory factor-1, osteoprotegerin, glucocerebrosidase,

gal act ocer ebr osi dase, al pha-L-iduroni dase, beta-D- gal actosi dase,

bet a- g ucosi gaggyRPrABIAS BF AR Mvdatieh chethe- farmBlarasindgisRmaceutical composi-

al pha- L- f ucogbglaStnesar Mérﬁb'éi:t%r%sﬁlaﬁ comiptiseUlrf atiaieén Ao one of the above sub-

al pha- N- act ex{habaicd pRamdtedficlly aReamAabI¥3tipRs udriirdBafer, brYligeaseotRer 5
sul fatase, ahpftéridd WedkABWAIE end¥easialeylit transt e tematesibR-dhogldisonemiokise,
hyal ur oni das@nd @8h&la nbt MREHS WitA3Ke efit@dieof the HEtBmi iRgréaat. The precise nature
phosphpt r ansbefs@arriéCortbthéMagRriatdag depsrandrtl freeroutDél AuPYMELbtioNa 2y, oral,

t hi oest er asent@RAERGIRS | ditdheodd torl suRDtaPEELS) hdsaRSAtramosiuNg irapedionealt orof

t he |nventlogakﬁr@ﬂggconblnant therapeutically active protein 10 or a
plurality of such proteins which is conprising one or nore of the
above-identified glycoproteins, in particular glycoproteins having an
above-identified | owmrannose glycan structure. The therapeutically active
protein is preferably producible by the cell according to the present
invention. A preferred enbodi nent thereof is an inmunoglobulin or a
plurality of immunoglobu- 15 lins. Another preferred enbodi nent thereof is
an anti body or anti body-conposition conprising one or nore of the
above-identified i munogl obulins. The term "inmmnogl obulin” refers to any
nDIecuIe that has an anlno aC|d ‘sequence by V|rtue of mhlch |t speC|f|caIIy

e Y 1 .



or gl ycoprotein-conposition according the invention, one or nore of the
above- 30 identified reconbi nant therapeutic protein according the

i nventi orwoana/Bue4aor e of the above-identified i munogl eblEPR01A®EP4i Ng t he
invention, and one or nore of the abode-identified antibody according the
invention. If necessary or applicable, the conposition further conprises at
| east one pharmaceutically acceptable carrier or adjuvant. 35The

gl ycoproteins of the invention can be fornulated in pharnaceutical conposi-
tions. These conpositions may conprise, in addition to one of the above
substances, a pharmaceutically acceptable excipient, carrier, buffer,
stabilizer or other materials well known to those skilled in the art. Such
mat eri al s shBOaENasEUliGHh COBRPEIISNTHOE REA REMHBIratinR SiavdheinipbIRt. (RBSWE fRMcy of
the active ifgrediais formhA tablet may iRgludg a sehid sarriensueh A 9glatipe ohPRedIU-

mat eri al mayVa¥peAdidgharnaceyisebcyrresitionaigenerly diflude g liagidgarisruch@énous,
cut aneous or WaighcRAtIHYsANIMELY vegetablepilss Slinefal ol of § ictalnBaysiejpaipalt ¢ h
route§. WO SANE/SchAion3pextress20r 2theD saudagde PalyfiAm 8 YO SYBnpdSIVISHEs f or
oral adni ni s9yeQli BIPPMgpeHRIYGah of é}ﬂ!y@fﬁy'eé‘&p%'_t’l‘lxé,m?ib\hﬂéﬁc'ﬁ‘i’eq-i!: G IBLrAYENRYS. A
tabl et may i AEPOIRRUSOTSBIbCHIARSPYS ByecdinRherdsiegiqnaet he e of A4y i activequi d
phar maceut i c/Br &4l be dhthefara oh p|RArerHeNali aceertalig PAURQLS §OBIOR YHHChyiS

wat er, petroP¥aaen-Hae fad hae skigllepbl dsatenigty andeakility oil hoss ofsielavARk $k¢! 19 | .
Physi'8l ogi calhezrsare well ablefpiRspParg skitakie solyfions WHRa.SaE EXAIPP'ECISSONG YeHH or
gl ycol s suchcgs RiergMatiesysiabdizersy PylisseArtiqyidants ang/onethee aASIESe™aY PEol
may be i ncl uflelydesqgis ieAviFed enous, cut aneous or subcut aneous i nj ection, or
injection at the site of affliction, the active ingredient will be in the
form of a paWhetherdl isya aolvepetids. ®eptide QiNUsisiuacidmelacWe, ethepphymasett-ce
and has sui t edllyeusshl doswognd @cegrdingdtosthaipreseny inveniinnethet is t9l ke aivendkianl i n
lo theé art aindivigeial, agntieistratiqn ispereterahly imb| “eropbylacticaty efferting, amewnteRaapl e,
i sot oni ¢ vehita¢repeutipaliy effeciive warpuntt(@ad e case snayh, éheughaprop@dumay bend/ or
ot her addi ti eensideagd therany! thigdeingsufiicieniite slpw VWéftf!ﬁé?thi?t'nq"%!daa'pBrT;/E@ gli de,
peptide, or AmOHelasnipisteret|asduntie ansttivee-cpuiae ehadninistraten.|will deegnd otBrpound
accor di ng t onathee grdseuerity ofwehatisbeingtieated. Rigseriptign wé irepinent &g desidansdual |
adni ré0st r at i of dpgags ereisaythin the rgsp iy Pheenesall rgctitionerst andecthpipnadicalor a
"t her apeut i cepgtorseamadtypioally takes accoynast thadlisosdas torh§ tigatedatherrongition of the
prophyl axi s imdividyel patiest.dbe stie ohdeliygpy) the method of agministrationénd atherdagars
benefit to tkeowmidiprpetilignersThe act ual anount admi nistered, and rate and

ti me-course of adm nistration, will depend on the nature and severity of
what is bei nbp amatb¢reakpekr, élse invention poivides eanethod, ofdreatindecilisordrs tregtable
dosags etc, by adimidistrativheofreeepomsbte ofi thy abbveratentitied plyacproteinsner sorapasi-ot her
medi cal doct terss, thersbft thei roethoyl doalkpeisingdbe step(if oft Bdmitiistennieto a subject theat ed,
t he conditi oglyodprotein bndbmipdsitibn @at desctibed bbow, twheséindibei subject is kefferinghod
of admi ni st r fibmpor iarstspedied td, actiseasekreatable by pdministiatiomef that glcenmoteineer
aspect, the tompogition Ipagvwetteedemiddindntothe metodrajsaingluses dlee stepeaf &l e 25
by acdiwi ni st r ptovisingod suhEcbendior ¢b)odeteinainiab ovisthetethe isubisdt il suftepinptfesimma or
conposi t i onsdiskasectéatabledyratnhiodtretiorpef sichglycomroteirep edmpdsiticad iheisglpjeeti ng
to a subj ect carhbe gharsmpl suahi as arhuoampdbe disordedsad dec farexd mpls \Becansaeagi n

t he subj ect insmendlégicalniisdrdernan oflamenatorypeodition poa metaialiediserdareat abl e by
adm ni stration of that glycoprotein or conposition. In a preferred

enbodi ment, Abeortmdghe theinsontion: thede s albe paivizled =okit ¢aRit-8Ppaptscfer piodgciag a

subj et and/ giycdprpteiitttes Ritné begmphsiadiat Idabte opalyreadrei o st nélfscadcogdifig tmniha

di sease tr eainebhtonhyhaidire riaphtsiataf prodicirgathe rgtorobipamtt moteirg randoprpfesatily an.
The subj ect caturdemetiummedr calteingthe @ehsoas to fioduck terrdesmiiaantpeotefror
exanpl e, a cancer, an inmunol ogi cal disorder, an inflammtory condition or
a netabolic geserRIpTiOMOROTIIE MRAWINGE 1 nvention, there is also provided a
kit or kit-of-parts for producing a 35 glycoprotein, the kit is conprising
at |east: onggpfe m%Sicr%;égcﬁe% f RERREAANG bPoibERALNEARId- ke digbsRERa-
capabjse of pf; ! 2y G, DRO sy RIHEGRTDinitRRSH BIRE SRR nferfib HL ot

medi um for c : Bi : _
BESchy v on B o RS e oA RS e Db TS il b ek

representation of biosynthetic lipid-linked oligosacchad40ride (LLO pathway
in yeast. LLO synthesis is initiated at the outer nmenbrane of the ER, upon
generation of Man5G cNAc2 (Mb) structure, the LLOis flipped into the ER
WO 2011/ 134643PCT/ EP2011/ 002094 65



| umen and the LLO synthesis is conpleted. The oligosaccharide is
transferred to the protein by the O (OST). Figure 2 depicts MALDI - TOF M5
spectra ovo20B3k@bel ed N-gl ycans isolated fromcell walPCTHEPeAIGI0HI94 r om
wild type cells (Fig. 2A), from Aal g3i5al g1 1 yeast nutant 5 strain (Fig.
2B) and from Aal gl | Aal gael mnl yeast nutant strain (Fig. 2C). The

i ndi vidual N-glycan peaks are annotated above the respective peaks, being
Man3G cNAc2 (M3) to Manl3d cNAc2 (ML3). In addition to Mannose each

i ndi cated structure contains two additional G cNAc (G1) residues. These
additional G cNAc residues are the both proximal G cNAcs of the eukaryotic
N-glycan core |o structure. The peaks at mlz 1053 represent M3, at mlz
1215 M4, at Wnlwh%l-@rﬁynmesmlﬁ compipted Thwégmcg'yaﬂmgirzeﬂewa%mhéNAcz
LLO st ruct ur Brotgin PathePEI(§ET) and Aal gl | Aal g3Amnl strain is further
extended in the Golgi conpartnment to Man4d cNAc2, Man5G cNAc2 and very
smal | anount Eigofe Rdep@Ets NALDI-TIHT MS speatfa @fhéA@dabeleﬂd‘bdiyn@scbb@ted el i zed
MANL1 gene paeeli will protefsatohi wittk typer edllssdin 2ANf fieR darg3ded 74eybash mB.GngNAC 2
structur e i nstraie (Kigl 3B) and frereddled1H3/g34venst yeasy musanicstiaim (Fag. 2N BB dNAC2
peak in Aal gdividadlgd&glynan speakisn.arg-i gunatated depdvst she/AteBpediOe WBakpedbeing of
per met hyl at etlan3gloNAzas(MI dbavled! 3GloNAc2I(M13klIh gsiddioni tesMBanoerelaagl indi-

1Lal ga6mmnl eatedi structure ydontpins dweri agidiinoald GHiNAG €Gn) reallu@s TIThesss iagditionaler
the control GfcNAgeregiduastare éhé redtic piixémaabicNAce rabttiee eukailybtic Weglgcameereed
for 1P hour sstiwatire2¥he peaks ek m/z185y repiasert M& @t (nWizgl 218 BY14 aatdmEOB 7M.
3C). The nonamncthdcaicedz cthadr M6.clihe uFR ¢yithesiza) Man3Glehdwr dil @euciuneiuiot i on
of Kre2- GnTl Agigdldig1Aduidt AajaalAgigddronat stipin isffurther 2xtendediin the Cidgi icom-

r epr esent i ngp@todkic 110hnap4EoBAcand ManbRisiNAvBn4andGnvery csimalli agodatgi t9fonal
G cNAc resi - M2BBGIsNARR gDetetian @é thec genavengidinpdBolgblosplizedr NI gemenpartiglyat ed
N- gl yiéans i saelisbed foreneseiod| ofvialR| sypthesized Man3ricMAcey Istrpeturss instheaGrlgt @sr yi ng
pl asni d encotfivagledr & ten Btropa seductignde Man8Gishiftc2obealf it HelgidilalasdsunT

i nduci bl e GA#tsaipronoter. Cells were induced for 24 hours with 2% gal act ose
and grown at 26C (Fig. 4B). The non-induced con- 30 trol culture (Fig. 4A)
was grown atFig6fe 3 Idedictst MALDOTOFGATI spectrh aé pachakthyletedl Njgakiss sblatddzfrah 1417
and nlz of lédlwak pratsiestfiany AdicNdaLiSANBINIGitdd) cannygingIptadAdd. eanddifdhiD-
carryiong addGhirbfusionGnadNAther aitrdlief thEigalaceose inkymitde SAVBLADbMBEF. CBlssparet r a
of per net hyl mtieced\fogl1y danes wistoR%t galadtoserande gltownedt|260€ ¢Figi BB) amd B Aa(Fid.
1.11al1g3 straCh T ngnimglupbdsontioleadinde riGigKIBAR wWasTgroivn- at 36°Gsi lodudiiod of
Mhn2- GhTl | f Kss2e@nTingieldst dulitooat pedksobt triie of dMAT taoslemindfidBB1 eefibdbdntibg
pronot er. ThéloNaciMadd¢edViSpand dbiciat1Mame (@GnWé)r carstiredaddifiorad GleMAw tasen

(Fi g.2s5A). Gdld.s were induced for 36 hours wth 2% gal actose. |nduction of
Kre2- GnTl fusion and Min2-GnTll fusion yields additional peaks at nfz of
1417, at m zFiarble dapidtsaMANDETOF MEGshett R lof pemidthgated eN-glangisslataictromes

G cNac1Man3 ¢40nWR) paiéingt 6ohmC NAYg 1 Maag3 clcaioariging plaemia asrebeig Nrgh-y3nam fu-
structure G sibhcadEtBe cERZHBY tHdgdactdsd indudle BHLY drddfafst PCEilve@lidduied094
66 Figure 6 fbeRdHosrdMtIRYT §Eadlbse pAS gidwrht ZE2CIIFId)IBAL Bitk NorgIndQedts con-

i sol aped frompicsiitlrendid. 42 MRl growhr362Ql 1I9ddARh 3 HENTY yief) adiiitibnal peaks

Aal gl1Aal g3Aamnmd/z( bf 0141GBandt hilk N6f Cl@RN Y teplesdntingi GloNacorliang (Grev3)Gaht

fusi on and MaRRAGNIVah4f(GaMan carrgleg atiditor0 BI¢NACc @Eidube gal act ose induci bl e
GAL1- 10 pronot er Cells were induced for 24 5 hours with 2% gal act ose.

I nduction of F| R25 @ picts MALBNTYFeMESs e toF eaﬁqhetﬁﬁadédao Rcdnfsolb8ilfrom
representi ngcdiNgalf proeif fridhidh Y6 §l§¥h§.% 6& 2Bl - ericaikg Kab2-dra af- 1371
(MB) ,350f 137&06 MY, meh2-ERTR (&6 und dHtro Adse MabciBle GAEZ19D 1661
(Gn2MB) are PRl The moﬁahcﬂﬂe%aioa?r&rm% vﬁéré ?q'aFVe@ dl bdfb iR@@tioAtFigl BART
1597 (Mb) i scaiid RBE MdLESHFR BEASOFE QWA 39 JalAHR . ?r@u%%_ﬂ BHKR2(GATPILSToR
Vestern bl ot ;@nflwsicnmf fu@@n%&@bgétlérﬂl ealht Ao e Ol hi\al/8 36 shac! |
extracts (Figy, /B) 185 Rpredeating CPeGRbrid UshRre dGIcNaeMIERE @ nMAO and

di ffepent gabrMARIMahA(BRMA) An@tIETBSRHIEX NG Sarpstrlictent BleNASINIsn N 2M3I)duced
with gal acto?:egofgy 0, 2 and 4 hours. Cell extracts were probed wth

anti-Flag an ody in order to detect Flag-tagged Kre2-GnTlI. 15Figure 8
depicts Western bl ot analysis of Aal glliAal g3 and Aal gl1Aal g3Amnl cel
extracts expressing Kre2-GTl fusion and Mhn2- GnT1l1l fusion under control of
t he gal actose i nduci bl e pronoter GAL1-10. Cells were induced with

gal act ose. Sanpl es were harvested after 0, 2, 4 and 20 hours. Cell extracts
were probed wth anti-Flag antibody in order to detect Flag-tagged

Kre2- GhTl fusion and Min2-GnaTl 1 fusion.



20Fi gures 9 and 10 depict vector maps of vectors for expression of

het er ol ogous gl y- cosyltransferases. Expression of Kre2-G1Tl is driven by
Gal | prom¥0ep1(Bigdre 9). Coexpression of of Kre2-GnTl ROA/EVROIZOGITLL i s
under control of bidirectional Gall -660 pronoter. Expression of both genes
i s induci ble by gal actose. Figure 11 depicts vector maps of vectors
for expression of heterol ogous gal actosyl 25 transferase. Expression of
vhn2- Gl T and Mn2-G110-Gl T is driven by a gal act ose-induci bl e Gal
pronoter. Figure 12 depicts Western bl ot analysis expression of hGhTl and
hGnT11l under the control of gal actose inducible pronDter GAL1-10

inlgllLal g3 double nutant cells and expression of h@GIT or Gal10-hGI T

under cont roﬂQHf—@QER'C&aMﬁ‘éPBJQF Meuznesira of sermstoyiaed N-ofycans iseleted am
doubl e nut anfelc ¥WR|l Protels komeda/adidaasi (Rig aﬁrﬁ)u%éa@dﬂéa{%ﬂﬁgnm Fi%eiBmedi a
suppl ement edS¥RNY CABAING pi‘?ﬁ”ﬁi’t%‘lc°d'aﬂd<rﬁ%®”5ééf-‘wrt Ang Mnnr Ge BT fesionsBndRur s .

| munobl ot afgi GPELTel efrthe galactase ingyGible GALds H%@é‘?%‘t{ Gief's weesinduggdfor 24

gl ycosyl t rah%Lfrét"‘&@@s/" galacioge clagegtion pf M@z Q’Hir | fusion '%Wﬁ adrliignal peak atre/z

gl ycosyl trafisi8hlacpiesrating the esmplanN-glyEam cé efeaks aldeor)
35Fi gure 13 ae%? MAoh1 STerMen of @Pr@ﬂ%f ‘p@( £ S {%’él'\"ﬂa@ cairg/z of

i sol ated frof® 1e( nZM8P) ars Bresents '6f4%1 C?;g i GellithmPeak 3himyz of

expr essi ng h&H ¢ ﬁ%@]?’q@nglms*%%%ﬁsrswwwnt'ﬂ%urép% rase fromS. ponbe
(GAL10- Gl T; _A) and of LI al Aal0l yeast nutant strain expressing hGnTl,
hGnTIP, and higdIer ( BydepiTtre \%ﬁ?t&iﬂd@éﬂt Rlygign gbe dlelgHd@/Ehnditat &dd) atsode t he
respective péakd]AagsAmnviesGesrads (FinsYBuexrsestings eZNErD! fusen.undar eefdi ti on
to mannose eHehofi e difeeant galastasgr ieddeibleiramoteme (BRbs mnaxGAk). QalislavereGn)
resi duesof t induestkwitly galaptose faryd @ransiot bouss r et entiactsTwere prgbed with anti-Flag

2011/ 134643Patjbery g1adeorodeted Flagtagged Kregd-&nTh71. 7 represent M3, at nfz
1375.8 M4, at mz of 1579.9 Mb, and at nfz 1784 M6. The peaks at mz 1661.8
repr eésent GnRigBre 8depicts Wegerdblobahalysie pf Asignit Aay8 laed Aaigl Aaig3davriaiNg)l and
at mz 2070. extrasty egmassiGKeERBWE] fusigquard Mhn@epn Tt susiorr esdgrtconfrowbiothe cel |
ELI SA of Aal g@aetbgd ihdyeibkt prdowlErésAlLt-ahtCells wese lirglussd mith @alttdsec SampleShe
Aal g36algll wersbhavesiedaftesOraisand 20 dionrsn§ed eptracts exdre prgbasicyith amti-Flag

cont ai ni ng parttodds érer tondkiedt flag-agged Kse G OF fuGom land Mhr@AGh T fusionGn Tl ,
GnTll, and Gal T without or with the Gall0 epi nerase were used as indicated.
In two strepEiquiedi ahedRarepithdectoninaph of va&adk, fonegpréssibmdtinedraieddus gier e
used expr esstarglttansleradedT Ekpasiofsdf KréPCnTardded KyDGaf pridenoter (Figureoyl

i ncubat ed onCyexgrédsid)of rof Kre@ZiGHT - &P MioR-GWTIN i DAdéT ebmtryl | ¢it idirectighaln.
Figure 15 degal1ct0 pibhidterT SkprisBsicmotbsth gehed Randloffe bplalaedstt gl ycans
isolated fromcell wall proteins of Aalg3dal gll yeast nutant strain with

enpty vect or giglve 1ﬁ8€|p|9tfs VAR 3Lk ek RS for @!ﬁr@@&oﬁ'fof ﬁét@rcﬁ%&%ﬁlé&os@@ﬂ

hGnTlk, and fdrab { ExgrB&iGPbMNAS S dIT @R Mn206EA olEAT 19 dfedn by W disuit
enzyne treat {RBlinduBible 83H WokldterlS bet a- gal actosidase treatment” at” 37C (C).

The two peaks representing potent| al presence of galactose (at mz 1621.6

d mz 1783 di th
Sgak répreseF Jrell g f'%r\% E%gﬁ%{?e{%;%%%%ﬁ%?ﬁe e ciTﬁéETnu ﬁéretﬁ',gsenc:

of term nal
spectyra of t gf)ér"[ﬁ‘A % taﬂlé{ &3% w o aﬂs
foin? B s ol 5

g alg3 @ essl rent gl?b%ﬁ) yl
(B-D). The C %%Séé 3 'nﬁdcht’é'd u fn@gg@f‘ Aﬂlgt hfg gy S S—-

(non-reduci ng Flllé‘qhaé r
represents |ons containrn reducl ng gar u |t 25F| gure 17 dep| cts t he

SR Pl °“%§ ceigdy i S aﬁ fem
gene under t‘ﬁ%‘? r|° NS 5 X reés TP agged
AP and a pl ag PO} %S mEnoh

Gggl . Cel | sy?/\")é raf?. gé ss

a ltlon usi ng
P bl to ? lg.{\ Q e atf’lfc r cgln ams he
Do oo on°2?~°.4i> g<£'a asqg Bﬁ%%%fﬂ SRR re, The 1

anti body (a-His) inmmunobloting (Il ower Ieft panel) Secr et ed AP fron1150 n
batch culture was purified using affinity chromatography and the fractions
anal yzed usi ng SDS- PAGE and silver staining (right panel). 35 AP was
eluted from Ni - NTA colum at an i m dazole concentration of 100 mml /I (L =
| oad; FT = flow through; W= wash at 10 nmol/1 im dazole; 1 to 6 = eluted
fractions at 100 nol/1i m dazol e).



Figure 18 depicts MALDI - TOF MS spectra of pernethylated N-glycans rel eased
frompurified acid phosphatase of Aal g3Lal gl1 yeast nmutant strain
expr essi Nyoa0i1di3464d phosphat ase and GhTl and GnhTl 1 undePCtmPRe10/0029P4 a
gal act ose i nduci ble pronoter. A) non-4nduced control culture, B)
gal act ose-i nduced culture of Lal g36algll yeast nutant strain expressing
GnTl and G1TIl in addition to acid phosphatase (AP). M4 WD
2011/ 134643PCT/ EP2011/ 002094 68 and Mb i ndi cate Man4GLcNAc2 and Man5G cNAc?2
N-gl ycan structures, respectively. The conplex target structure
G cNAc2Man3d cNAc2 is detected at an mlz of 1662.16 (indicated as Gi2M3) in
Figure 18B but is absent in Figure 18A. 5EXAMPLES 1. Ceneration of dal g3
dal gl 1 straPekpr Bgt11d. 7aepIaseshMS. pba Ag7T B M aha/z o8 JPAR 8dMP.rand at
wil d-type celz 1838 Thegeaks B&mfznliegr%fqpﬁﬁe@f Ga2M3rabm1£40-2 eptldireR-ng
the S. cereviespaeiinesSnMAerGalPrM3; agd pt MR & 0 arapresent galz Gn2M3.
ade2- 201/ ade2- 201 ura3-52/ura3-52 hi s36200/ hi s36200 o tyrl/+ |ys2-801/+
Li al g11: : H SBigule {hdepigtsrairesulicdf avidle eelr BIdSARSrAn/gl?Aaigtt yepst doultle anutant
Lal g13% hapl otelissysied & GLARstiadeRe 2@ig3daid-15doubies BB2OTY sta@iry tantaiAing3gmptyhe
Aal g11 hapl ovetter (vath onasntainingdplasmidsdonmidyGblet expressiauifaG bl a8t GhiEPrade2-
101 hi s36200Gnyk5 Grgill and &3 B Hjthoqtis withsthe Gaht epiplecase wereaisad (EbiTdidaledide2-
201/ ade2- 201Inuwae3stetamicic -bagkdros 8] 82Mt0di$ (e} 2069 2y ymuged /celld wegSusdd &3 15
Lal g11: : H S3prepsina$SraipoP ol lhaed Gand(Q 2and 88 G roé tht eallerarstinowbatéonly atitbs
cont d@oni ng 1stneptavidisditRP not withvthethietinylatérblebtitpl oi d Lal g3Lal g11 doubl e nut ant
strain (MATa ade2-101 ura3-52 his36200 |ys2-801 Aal g3::H S3 Aal g1l1:: H S3).
2. Cener at i oRigafe d8ldgbltcsdMAGRI-AOMMS spaiitra ofithard-ABtlaeeled NaglydddNlisblaeds was
del eted i n ygastcelmall-protpims ot Waky 345533 QastahatgnestRERwiIN ethpty vetllorqdntamidni Ng
the S. cerevofshalg3hh/53Myeastaaatahe strdih@xprassihg a3 ral | vGnTW SarciombGalMegithaheh t he
Aal g3 del et i epimzraisal frofhs 8e paimde )Ga0-CGalds svithgut bezyme tieatragit @) andisuithThe
resultsi ng di bétaighltosddasevasatiriean as (37° 0l @) efThandot pdakadepreseatint poeatiad. A
hapl oi d str apmreserse wf gldotisk (@ahmil/zatgR 106 ghddelz2t 78h8) Wisapsedredt aftdr bEs
del eti ons wegaaétosithsy treemient nidtday, BERpaaialemsesentidd Thre2Md as i/ ct4ed.ehgpl oi d
doubl e nut anincstasad, rcoAtitng8gdl thendresarscet dféerndnal gakadtosetdn thaNg@@edbhgll doubl e
mut ant strain (MATa ade2-101 ura3-52 hi s38200 |ys2-801 Aal g3::H S3
Aal g11: : Hl S3figurehee rdepittd MEIMS RIARDILTEIF Spettdast HBEQPdimatythta N-frkbaafs were
di ssegted. Ac fothe AslgPI La/gBiddlbleSthliinh sERtexdpPdsathgahEntiha®e hdalrgt(apns
al g11, al g3, amdéf thardal 8608 nisht tshaind@lppédsHySh@ETIERGHT N Nerd woai r med
by PCR 30ana{Bp).SThe3charspterstid RRicOfadréfié\containg 8rtas@Rall (Mok@édicing end)
3. 1Expr essi osudair uRiggrare iGbithted by B, C, and D. The Y fragment represents ions containing
HumanGnTI ( hQmélrydmsnosgdr Galtpha- 1, 3-) - gl ycopr ot ei nbet a- 1, 2- N-
acetyl gl ucosam nyl transferase, is a nedial Golgi enzyne which is essenti al
for the 35 sypLRE HeBlctd WY rfbuner GOPRIRALAN OF Wedftted oM PhOpHIRRBOSE type
N-gl ycans. SR GIRIT IGHTH dhd XPETHE sthiR W2SRERERARe® With & Sla&hiaaRgingY 2
singl e exon. Gele GRASH (RE ToRlroPsF BPDESBIdRr SHHARIRSHIC drinanRifs-a
transmenbr angggeaMAm ah@ bl AUGHiDYAR 0foF YalRtbse liRINHNIETRKPres¥iBh OF drgeihBer
are responsi @ﬁ?ll.f ©éI1st WEGrBRATIN minimal media and expression was induced by addition
30 of galactose. Expression of GnTl and GnTll was verified using Western blot using
anti-Flag antibody (a-Flag) (upper left panel). Expression of His-tagged acid phos-
phatase (AP) was verified using anti-His antibody (a-His) immunobloting (lower left
panel). Secreted AP from 150 ml batch culture was purified using affinity chromatog-
raphy and the fractions analyzed using SDS-PAGE and silver staining (right panel).
35 AP was eluted from Ni-NTA column at an imidazole concentration of 100 mmol/l (L=
load; Fr = flow through; W = wash at 10 mmol/l imidazole; 1 to 6 = eluted fractions at
100 mol/l imidazole).

Figure 18 depicts MALDI-TOF MS spectra of permethylated N-glycans released
from purified acid phosphatase of Aalg3Aalg11 yeast mutant strain expressing acid
40 phosphatase and GnT! and GnTll under control of a galactose inducible promoter.
A) non-induced control culture, B) galactose-induced culture of Aalg3Aalg11 yeast
mutant strain expressing GnTl and GnTll in addition to acid phosphatase (AP). M4



WO 2011/ 134643PCT/ EP2011/ 002094 69 | ocalization and protein interactions. A
|large C-termnal catalytic domain is located in the Golgi lunen. In order
to expreswotha/t3@i¥3l in S. cerevisiae we cloned the hGhPCTiRR2@ 1N00Y4 COpY
nunber plasm d under the inducible GAM8s and GAL1 pronoters, with a FLAG tag
at 5 the Ctermnus (figure 9). For proper localization of the enzyne to
the Golgi the Nterm nal transnmenbrane and stem donain of the yeast Kre2p
was fused to the catalytically active domain of the hGaTl vyi el ding
Kre2-GnTl fusion protein. The yeast Kre2p is a typical type 11
transnmenbrane protein localized to the early Golgi wth mannosyl
transferase activity. 10Both, the Aalgl 1 Aal g3 doubl e nut ant and Aalgl 1
Aal gadmnl t PPGINGS ridieaie MPF%@'ﬁg%r@dt MaRsE 5?%98 WQYFaPh ‘F? Eer? ‘5 fi ng
pl asmi d. Thettglpressasppler targe siugbire GeNAGYangE '%%@

i nmunobl ot i n§S@m3P Yadisatadiasd>naMe)-mEieara B Buys eRrelie Figpre ’38A2 Expr essi on
of human G1TlIl 15The product of the human GhTlIl is a Golgi enzyne

catal yzing the addition of the second al pha-1, 2-1inked GLcNAc to the

al phasl, 6- naBX68FLEfhe enzyne has the typical glycosyl transferase domains:
a short N-term nal cytoplasm c domain, a hydrophobic non-cl eavabl e

si gnal - anchon. donGeneratioh of Aaly8rAalgtd steaihal yti ¢ domai n. The codi ng region
of this gene is intronless. 20To | ocalize the hGhTll to the Golgi, the

N-term nal traeSEMRiFD ARG 1268krS tedbintp fraime @hs rBslay@p st wibage valRs 683281 xt 0
the catal yti eghby b@%té%@tlé@ﬁﬁb PO plod@ctiontalding tre) i cigeddiag H% 3 btds.fei on
protein. Theragiting SR QMAT 0 tateRCall/ddeRe0¥ luraBagpaira Bi52anie 3200/Ms 31 200

| ocal jozed toyihe @a,'_onm/Gohgfgm KIS 7B NRES ¥hotulASs faptareraas twere tdissektedotoder

t 0 co- expr esgpiali aKifgt CRAbloidustHn (AT aNIB2-28VTLda3HSP Bis3020@ Viak)j1deHISE. 25
i nduci bl e GAh?ﬂae@%gﬂ RAMT® B BiINWREs KRGl With @ Au/ghstedip YMATalellg DIHIS Fiade 2-
(figure 10). 10henK8s20051)d2-80151 283628 Thenedultinglediplblie seraint (MATok tahe2-GAL1
pronot er and 2bhade£20k | UrAes2/lira8-520Nhisa 200/nisBA2GAL 1Ps PBOTBL eNalgBOKIS3
Kre2-{anTl andaMim2+I$3H¥#) wad bsérQntely MEichadyicte Gistedtad 0aIMBD platg doantaied.
The Lal gl 1 A 93slpebivromst esthinathe haplol AdigBabgldArdvublet muflne stinagMA Ta
strai ns wer e adgf 1b1 ansd-62 ARGAROO0 lysbise1 HaaprHiSEnamdil vg/39).e2- Gn Tl fusi on and
Mhn2- GaT11l. The co-expression of the Kre2-GhTl and Mhn2-GhT11l fusion

protei ns was conf igeiethtih b ARG R\ RId I Aniind thh IeSmUﬁdrﬁQtl%ml -Fl ag ani body
(Figure 8). 4 MALDI - TOF M5 For analysi s of gl ycans fromcell wall
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overnji ght at 7C u gdl @ﬁiﬁ n.a buffe[ ont
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Aalg3 ‘HIS3 Aalg11::HIS3). The resulting diploid straln was sporulated and tetrads
were dissected. A haploid triple mutant strain containing all three deletions alg717,
alg3, and mnn1 was selected and the deletions were further confirmed by PCR

30 analysis.
3. Expression of GIcNAc Transferases in yeast
31 Expression of human GnTI

Human GnTlI  (hGnTl), mannosyl (alpha-1,3-)-glycoprotein  beta-1,2-N-
acetylglucosaminyl transferase, is a medial Golgi enzyme which is essential for the
35 synthesis of hybrid and complex N-glycans from high mannose type N-glycans. The
human GnTl is a type |l transmembrane protein encoded by a single exon. The
hGnT! consists of an N-terminal cytoplasmic tail and a transmembrane domain fol-
lowed by a so called stem domain, which together are responsible for the proper



5 N-glycans were purified via Cl18 and Carbon colums and the eluate
containing the N glycans evaporated. N-glycans were | abeled with

2- am nobewnoanmds4@s per- et hyl at ed. Mass spectra of puripCirae2ngb3pean
preparation were acquired using an Autofl ex MALDI - TOF M5 (Bruker Daltonics,
Fal | anden, Switzerland) in positive ion node and operated in reflector

node. An niz range of 800 - 3000 was neasured 10(figures 2 to 6). 5. Gowth
conditions for expression of GhTlI and GhTlIl The Aal gllAal g3 doubl e nut ant
and Lial g11, 8al g36mmnl triple nmutant strains carry- ing the plasmd

encodi ng Kre2-GnTl and Nhn2 GnTII were grown in synthetic mni- nmal medium
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the yeast CGolgi, transnmenbrane 30 and stem domains of S. cerevisiae Mn2p
were fused tB8. 2 heExptedlsidn 6bhlimaa@riNe domain of hGl T. Min2p is a type 11
Gol gi nmenbrane protein with mannosyl transferase activity which herein is
used 4501 propgé pk@firt b7 &d Amah drive BQ@ Boldi RnkiRe @atdzind tHOHMiforPbf the
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GAL 10 gene is included. Stemand transnmenbrane domai ns of the Min2p were
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and anal yzed by I\/ALDI -TOF M5 anal ysis. The M profl | e confirnmed the
transfer of ®ne aMALDIWIfeMSses onto the G cNAc2Man3G cNAc2 gl ycan
structure, respectively (Figure 13). To confirmthe presence of term nal

gal act ose t oF treantahysisaofdV-giyoass fromxaed eal)preteing edilac@iveivBikehln 16 mvhollldrisel |
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trometry analysis on the purified N-Iinked glycans were enpl oyed. a)Whol e
cell ELISA using CA.2 lectin A whole cell ELISA was performnmed using

bi oti nyl avedoG@32648ectin. CA.2 is a gal ac- tose bi ndi ngPCamPRO110b2Y4 bi nds
bet a- gal act osi des such as | actose. Briefly, cells carry- 20 ing enpty
vector or plasm ds expressing hGhTl and hGaTll, or hGaTl, hGiT1ll, and h@GIl T
with or without the Gall epinerase were grown to 0D600 of 1 in m ni mal

medi um containing 1 nol/lsorbitol (20 mM in shake flasks). Cells were then
diluted to 0D600 of 0.5 and the nedi um was exchanged with the gal actose
contai ning m ninmal nmedi um for gal act ose-i nduci ng expression of the
transferases and grown for 24 25 to 36 hours till 0D600 of 1 was reached.
A vol une cor fRasstHARAg {| hayr Bt 3 "9 undgbrigorays shakingellhe ol wallfrardigh s@sand
washed with PHiscteghygenydugation andiipe resading elistarasiied in B9 simel{ Ni4&PTa 2,
added at a final concentration of 3 pg/nmL on a rotary wheel for 1 hour at
4C. Cel | s weNeglyrasheeretreieasedvoverni@Bsablif Ceusingahail PhiGidsatfeth avbuffer contain-

st r ept avi di ningIRX denatufdtionl bufiencedtrmoellophosphate pyfier, pdr7.8, Aodin YatNRA4). 30
Cel | s swer e t Neglyagas tveate owiitied viat$ P8sl Garbioarcolumhspend theerludta conteinh® theo1/ 1
citrate phospraitcanbuévaporaied. 4N2glycass| weigs frbetsdowith (2-8mindbepaamigel b) peer e

di stributed mettokatesd|Masgs spestraf ofrpurifieg IN-glican peeparationevere . acqDibe using an
measur ed wi t Autgfiex MALNAXT R B gArukab Patenics; Falandess Switeértans!) dnl@psitivee®npl  of
freshly prepaodd and opeTSed i feflectoymacdek ifmemizcranga ©f 860 i-t 0Wwas imegsutednet i ¢
ELI SAowi t h HBueasR B)S" of 35 the program Soft Max Pro 4.8 (Mol ecul ar
Devices) at 405 nmfor 30 mnutes (Figure 14). The assay was val i dated by
di fferent ne@ati vGrowth conditiofd fofléxprdssibhef @riTdandGnHI n carrying enpty
vector with gal actose induction; (2) the strain containing hGhTl, hGTII,

and hGl T wi th@ub/ggak\a@ta%ebrenﬁu@ht and Aad1A@Yy3ARn NepHRE thérﬁ?@tﬁétFtQhérr)f or
the ELI SA asmgithé Brskiid @HESHISPRESDEHTI art NIRh2IG T8l WreViRbRn iim eyHAéRIMPIR| Y
with 405treptr@vméurmxﬂﬁ8krh furddat(SBLUf) thmiddiogtdhayé at 26FG RCdd OD60YRMOIN of
2011/1534643PECTT P80 100888 contdiRed Xoeeaffiviabel8ad AfmbiN@ofsitol. TehX WedsS &eRd
GhTl, GnTll, ina0eed3By) éxéhangihglthe Giedidm t@Sh-Cralddhtaming 284 Yaraczk ambos@ol/l

i nductr on vveg@bué]cgm@wnq@marmcétgd timescel Il s carrying onl y enpty vector

or cells expressing only hGhTl and hGnaTll. b) beta- Gl act osi dase treat nent

5To further gnal ygep,ter;g,@pgfmeqﬂﬁham@gpﬁes on G cNAc2Man3 N-1inked glycan

struc- tures, the cell wal ycans were treat ed with beta gal act osi dase
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t he non-reducing end. Analysis of al I the fragnentation ions fromthe

parental glycans confirmed the expected N-linked glycan structures on the
cell wall proteins isolated fromthe double mutant strain (Figure 16).



From ELI SA assay, beta-gal actosi dase treatnent, and M5/ M5 anal ysis of the
N- 35 glycans we concl uded that gal actose was transferred onto the

N1 nked wbyorarns4aB t he Aal gl 1 Aal g3 doubl e nutant str acm/EPgolaopr0essi ng

t he human G cNActransferases and humanl gal act osyl transferase. WO

2011/ 134643PCT/ EP2011/ 002094 73 7. Expression and purification of

N- gl ycosyl ated protein The endogenous yeast acid phosphatase (AP) was used
as a nodel protein to test conplex glycosylation. The Aal gl | Aal g3 doubl e
mut ant strain carrying the plasm d encodi ng Kre2-G1Tl and Kre2-GhT11l under
the control of the bidirectional galactose 5 inducible pronoter Gall-10
strain was transformed with a plasmd carrying the _pho5 gene encodi ng AP
under the coflf3BIWas trapsioppemitey thexplpemi freoding. henid ﬁﬁglfiﬁﬂ'b“f‘@@ B8 AP.
Precul tures ®&-d-1§r Blamater- i piasMid geratainsat aiYfiihe 9enermerenote ssUltiBhon
source. Cel | Str3ie M@scBen dapefermed wdtAtthe NGghk PoRPEA Orizalt senidising plapmissh
nmedi a and exPitl&st2 ggae matkeed B EXRIESSIONS AT BENTbNG) TA 2Ad & GT WHB aRddi um
A nond 10 iWﬂ'_ﬂl‘%‘édh%ﬁﬁ’imeﬁsec’tl?'f’ﬂW‘@’%\/&%”ftﬁ?“éﬂn?yi"ﬁmﬁé ipharalydarsingantiFiae used
for precul t uPRodgstiPUieR)AP from 150 ni batch culture was purified using
affinity chromatography. The cul ture supernatant was cleared by

centri f ugat i brorder tbXr@@OYhetter this argymernvasactyad wag, calljwalk Mdinked J@osatrol/ 1
NaCl, 10 nmogdridesraf dhese siraimowe® ietassed from the qeM v@aliproteiins B pbGesednen-was
passed over ayme.-NEA reduatios@nddlkiiationCihayaiere eytified. -Thelld-lipkest gliicagist Werg

buf f e0 cont apermeindated and Bhalyredby MAL 7 MS analysil e mrofilensonfirmedyr i s,
pH 8. 0. The teltansfeinf ongsAnsdwai hexoses eolouthe GloNAedManrifzicNA? glycam stiud-f er .
Fractions of tutefespesticele(fige@ W@t h a buffer containing 300 nmol/1 NaCl, 100
mmol/1 i m dazole and 20 nmmol/1 Tris, pH 8.0. The fractions were anal yzed
usi ng SDSPAGEo axodfirgm Ithves presteaceiof dernid 0 ghlgateses tovbe ehe eddddised hexase(yonf i ed
AP usi ng PNGasdNAc2MapBy tlarsswinge eep lELISA ading3GIR ELBN, gRYa gpagfic tlieaeahecatr bon
col umtmas. Pur thiei tedniNaigd ataciose ye e defregaletthyidasecenzand amh(3) zadtiens nags 8pedtg an
Aut of | ex MALDbmEDFahBygiBonkiee pDileddiinssd ghadananaes emPlayeder | and) . WO
2011/ 134643PCT/ EP2011/ 002094 74 Cains: 1.A cell nodified to a)

havi ng suppr agsedwthblécel ELESA asirdePGeReectiR- | ocal i zed al pha- 1, 2- mannosyl|
transferase activity and ER-l1ocalized dolichyl phosphate-mannose glycolipid

al - 5Spha- manAQHMie EEIPEBISAN #SS pBFsAnEd MsindBibtinyhte §OBISSRER RS Rla §AEE
nucl ei ¢ aci digaRlfding s il bFers tiété‘?él%&@%ﬂ@?‘ééc#ﬁé)’é@oé&[ priefifleiid Eadpmai n
theregf, sel ﬁ’lﬁté?'ﬁlptk BB BR BREMidS M rE&iny RGATI HdYISEGRTIPLGIHENTI_hGnTIi, and
bet a- 1, 2- N- ag8hpt @t 6PSARbINIhe (EANG TRiRSBsd Wold hrAfd to/ D600 %f iR HfFfrhalOf
claiml, whigRqjush BortSRMG-OMbl/INBEHEHN (R mi RESHERE ASsIA) Lehis A Aenldittddltd
honol ogues ap@heab B3 0251 dA@ the hiddidn? WRL AR ed: Wil tHeChAla@bsd BEntSihingRini-
precedi ng cl glaMhediuff foP@alaRIRESSRIdHY Sfeior & tRe tnsfElRkS affigloviidk Ul €
codi ng for aiNgg HoRILHP GO YT s FRIcREY LA G oflR@icBrb sy, tos@lsest g from
mannosyl (al pigod. . the GELCRRE PhRicRtddCART Washdd @e PHL JarREAR diicture was
transferase f&Jbh WithdibtHylated CGL2, added at a final concentration of 3 ug/mL on a ro-
tary wheel for 1 hour at 4°C. Cells were washed twice with PBS buffer, and incu-
bated with streptavidin-HRP at a final concentration of 1 pg/mL for 1 hour at 4°C.

30 Cells were then washed twice with PBS buffer and pelleted in 1ml 70 mmol/l citrate
phosphate buffer pH 4.2. Cell suspensions (150 pl per well) were distributed in 96
well plates for triplicate measurements. OD600 was measured with SpectraMax
Plus384 (Molecular Devices) before adding 50 ul of freshly prepared 4x ABTS
buffer. Vmax kinetics was monitored using “Kinetic ELISA with HRP and ABTS” of

35 the program SoftMax Pro 4.8 (Molecular Devices) at 405 nm for 30 minutes (Figure
14). The assay was validated by different negative controls: (1) The double mutant
strain carrying empty vector with galactose induction; (2) the strain containing
hGnTI, hGnTIil, and hGalT without galactose induction, and (3) two negative controls
for the ELISA assay (background controls) in which cells were incubated only with

40 streptavidin-HRP but not with the biotinylated lectin.



154. The cell of one of the preceding clains, further expressing one or nore
nu- cleic acid nolecule coding for a heterol ogous enzyne or catalytic
domai n t Woeofl/13¢@Bect ed from bet a- N-acet yl gl ucosam nyl PgirgEPepe©diode
bet a- 1, 4-gal actosyl transferase (Gll®) activity. 5. The cells of one of
the preceding clains further nodified to having sup- 20pressed, di m nished
or depleted Gol gi-localized al pha-1, 3-mannosyl transferase activity. 6.
The cell of claimb5, which is a knock-out nutant of the gene nmmnl and/ or
mnl honol ogues. 7. The cell of one of the preceding clainms, characterized
in that the cell is fur- 25ther lacking or is having suppressed, di m nished
or depleted one or nore further Gol gi-|ocalized_mannosyl transferase
activity. srhaNmaxgajuessof theycefisexpmssing G UnGek! AN GaTACHH. @pTH. 08t one
gene sel ect e§at0daR!f Afte g8\astose irdustiomyers incisagad comparerinshe fellsaryngs,
ktr6, mmng, SMpEMPYYREOTRIPESS exRIRasing aply YONYY @3d hGRTH. mt3, mt4, ktr1,
ktr2, ktr3, ktr4, ktr5, ktr7, 30van 1, and yurl, and any honol ogues
thereof. WOPP011beR4GaRBPWNidIsEAtredto®E04 75 9. The cell of one of the
preceding clains, characterized in that the cell expresses one or nore
further Gol gile lfartiadrianatyzbahe mdlitigoal hexngsaren GicNAat2Martd N-lidkediglychr streof
sel ect ed fr oturéd)ahgreelipvatioNgilysina gvedé treated with beta-galactosidase enzyme which
bet a- 1, 4- manhgylyzel petapt, 6t ahd bétd e bdinkbgeeaiyd glsoclostadti hplt sioars tremathe
5(GnTlI1); nfmshveylinkégépha- 1, 3-)-gl ycoprotei n beta-1, 4- N acetyl gl ucosam nyl
transferase (G1TIV); mannosyl (al pha-1,6-)-glycoprotein
bet a- 1, 6- N- acel Yl NQipgadioiybsdcchasde’r wee (laub¥) ; frddnBaseiYall proteins by
(al pha- 1, 6-) paiGAEeHT 8h8inE BRBStich, 4ftBr %Hﬂbﬂdrgbhw@&ggtiﬂykhéyfﬁér%f Iab&IeE with
(G V1) al phang Ine) puriie@ NbiytaRNGERS MER ifdubatel; wille betadiiatbéddsdeenzyme
al pha- 2, 6- si af ¥t s\@nsgRY I6e cebwall Nlikeb-gheahy Wetel apagradisy Rnepi-Teraas
(NeuC); 15si ghalgsifiCTHE MBNARENER CHMIRRd tRVRErNGID AE tesiiiNaN gbRAGRSse upon enzy-
matic treatment (Figure 15). Moreover, the peak at m/z 1459 representing
15 GlcNAc2Man3 was increased upon enzymatic treatment, indicating the removal of
galactose from GalGlcNAc2Man3 and Gal2GIcNAc2Man3 glycans.

c) Tandem mass spectrometry of the N-linked glycans

Cell wall N-linked oligosaccharides of the strains expressing hGnTl, hGnTll, and
hGalT were further analyzed by tandem mass spectrometry analysis. Tandem mass

20 spectrometry known as MS/MS involves multiple steps of mass spectrometry selec-
tion, with some form of fragmentation occurring in between the stages. The MS/MS
spectra of the cell wall N-linked oligosaccharides were obtained using collision in-
duced decomposition (CID).

Fragmentation of the permethylated cell wall N-glycans of Aalg11Aalg3 double mu-

25 tant strain confirmed the expected sugar structures when hGnTl and hGnTIl were
expressed. The characteristic D-ion for the GIcNAc was detected at m/z 676 and
also at m/z 260 (Figure 16A). MALDI-MS/MS analysis of permethylated N-glycans
isolated form Aalg11Aalg3 double mutant strain expressing hGnTl, hGnTIl, and
hGalT (Figure 16B-D), revealed the presence of the characteristic fragmentation

30 ions for LacNAc with m/z 486 and m/z 260. The ion fragment at m/z 260 repre-
sented a hexose at the non-reducing end. Analysis of all the fragmentation ions from
the parental glycans confirmed the expected N-linked glycan structures on the cell
wall proteins isolated from the double mutant strain (Figure 16).

From ELISA assay, beta-galactosidase treatment, and MS/MS analysis of the N-

35 glycans we concluded that galactose was transferred onto the N-linked glycans of
the Aalg11Aalg3 double mutant strain by expressing the human GIcNAc-
transferases and human galactosyl! transferase.



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; 20UDP-gal actose transporter;
GDP- f ucoswotznamsp@st er; CVMP-sialic acid transporter; nueCE®P2aa/002094
di phosphat ase; GDP-D-nannose 4, 6- dehyd¥r at ase; and
25CGDP- 4- ket 0- 6- deoxy- D- mannose- 3, 5- epi ner ase-4-reductase. 10. The cell of
one of clains 1 to 8, characterized in that the cell expresses one or nore
further Gol gi-Ilocalized heterol ogous enzyne or catal ytic domain thereof
sel ected fromthe group consisting of:
bet a- 1, 4- mannosyl - gl ycoprot ei n 4-bet a- N-acetyl gl ucosam nyl transferase
30(&nTII1); pannosyl (al pha-1, 3@ gl ycoprotein .
bet a- 1, 4- N- alet y| GXRESSiAN 204 PUFiEAatien akN-glysemylated preteiny |
(al pha-1,6-)-glycoprotein beta-1, 6-Nacetyl gl ucosam nyl transferase (G1TV);
35mannosyl ( &hgkadagehoys yeg@Esicbprésphbiasa{(APYwWRE ased gt ¢l mods) prdteipl to test
t ransf erase ¢@nAex glycasylation The)Adlgitided3 doubtes fretant straifucar)ying the plasmid
bet a- gal act oenepdling Igte2-GnH-andaKne2-Gnhgider shaecgriyp) of tembidirentiensllgglastassani ne
2- epi frer ase (Mecidle; pranstesIGatl-A8 istraywashtransiqrned Byith ThRsédSaxcying therpoase;
N- acyl neur angeng encedint dhunderstpatdeatrel ofNGEDy promatemexmiessity phGdeminalye;
UDP- N- acet y| YisttepgethfRePtacultigps mese groadlUinmigiaishotedizecantainisg di4 eaffinose as
carbon source. Cells were collected by centrifugation and resuspended in fresh me-
dia and expression was induced by addition of 2% galactose to the medium. A non-
10 induced control culture was grown in the identical media as used for precultures.
Secreted AP from 150 ml batch culture was purified using affinity chromatography.
The culture supernatant was cleared by centrifugation at 15'000g 4°C for 15 minutes
and was adjusted to 300 mmol/l NaCl, 10 mmol/l imidazole and 20 mmol/l Tris, pH
8.0. The supernatant was passed over a Ni-NTA agarose column (Qiagen) equili-
15 brated with a buffer containing 300 mmol/l NaCl, 10 mmol/l imidazole and 20 mmol/l
Tris, pH 8.0. The column was washed with 10 column volumes equilibration buffer.
Fractions of 1 ml were eluted with a buffer containing 300 mmol/l NaCl, 100 mmol/I
imidazole and 20 mmol/l Tris, pH 8.0. The fractions were analyzed using SDS-
PAGE and silver staining.

20 N-glycans were released from purified AP using PNGaseF. N-glycans were purified
using C18 and graphitized carbon columns. Purified N-glycans were permethylated
and analyzed using using an Autoflex MALDI-TOF MS (Bruker Daltonics, Fallanden,
Switzerland).



WO 2011/ 134643PCT/ EP2011/ 002094 76 CGDP-fucose transporter; CMP-sialic acid
transporter; nucl eotide di phosphatase; GDP-D mannose 4, 6- dehydr at ase;

5GDP- 4- kew0-2611di8e0d49 - D- mannose- 3, 5- epi mer ase- 4- r educt ase pCamP201DPRoYP4COSE

4- epi merase / UDP-gal act ose 4-epinerade. 11.The cell of any one of the
precedi ng clains, characterized in that the cell is selected from | ower
eukaryotic cells, including fungal cells, and higher eukaryotic cells

i ncluding mammal i an cells, plant cells, and insect cells. 1012. The cell of
any one of the preceding clains, characterized in that the cell is further
nodi fied to express or produce at |east one heterol ogous and/ or reconbi nant
protein as substrate for glycosylation. 13. A nethod for the production of
a host cell capable of inproved glycosylation of proteins, conprising at

| east the st&fgimst: 15- diminishing or depleting in the cell ER-localized

al pha- 1, 2- mannosyl transferase activity (Algll-type); - dimnishing or
depl eting i n1t he édaldl nideifienictal i zed dol i chyl phosphat e- mannose gl ycoli pid
al pha- mannosyl transferase activity (Alg3-type); - transform ng

the cell with af haas§ sOpsresstd, Qirtinidhed onBéREtel € RC-RER G Qphd € Rah@ridsyl
20gous mannosytrapgibida-aktidity asd EFeRCARUNddNehA-phodphita ¢edntoge WhRSRY Ay

transs ferase f;gfﬁ{a)nnaggu|t,\éhgﬁéras<élgdﬂv.mghdthe cell 1s able to express or
overexpress sald activity. 14. The nethod of claim 13, further conprising

the step(s) ofji 8) expressing one or fd¥e 'ﬁhél@fcnél:lcpﬁmo%%meeédd% foP atHiferbRbbus en-
Gol gi -1 ocal i zegd, AL PRA- datdyHENGEH Y% ttﬁ@r@éf SALEEAS Froff TmM¥hhdsyl MaIphhi1 355
The nethod of @o;%}é?rﬁ BetdBr, é-&-s&et Giuc éérn&. irah QRIS GRS tdeGvift ep(s) of: -

transformng the cell wth at |east one nu ei ¢ acid nol ecule codi ng for

h | |
veta 3 0N adgih TR RN 1 tel XAyt of e geres 440" " e

cell 1's able o expre expr ess”sai
3. The cell of one of the preceding claims, further expressing one or more nu-
cleic acid molecule coding for a heterologous enzyme or catalytic domain thereof,
selected from mannosyl (alpha-1,6-)-glycoprotein beta-1,2-N-acetylglucosaminyl
transferase (GnTIl) activity.

|vity.

15 4, The cell of one of the preceding claims, further expressing one or more nu-
cleic acid molecule coding for a heterologous enzyme or catalytic domain thereof,
selected from beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl trans-
ferase (GalT) activity.

5. The cells of one of the preceding claims further modified to having sup-
20 pressed, diminished or depleted Golgi-localized alpha-1,3-mannosyl transferase
activity.

6. The cell of claim 5, which is a knock-out mutant of the gene mnn?1 and/or
mnn1 homologues.

7. The cell of one of the preceding claims, characterized in that the cell is fur-
25 ther lacking or is having suppressed, diminished or depleted one or more further
Golgi-localized mannosyl transferase activity.

8. The cell of claim 7, being a knock-out mutant of at least one gene selected

from the group consisting of: och1, hoc1, mnn2, mnn5, mnn6, ktr6, mnn8, anp1,

mnn9, mnn10, mnn11, mnt1, kre2, mnt2, mnt3, mnt4, ktr1, ktr2, ktr3, ktr4, ktr5, ktr7,
30 van1, and yur1, and any homologues thereof.



16. The method of one of clains 13 to 15, further conprising the step(s)

of: - transformng the cell with at |east one nucleic acid nol ecul e codi ng
for het eriDagous4d3dt a- N- acet yl gl ucosam nyl gl ycopept i de POEER201,1402984 act osyl
transferase (Gl T) activity, such thats the cell is able to express or

overexpress said activity. WD 2011/134643PCT/ EP2011/ 002094 77 17. The

nmet hod of one of clains 13 to 16, further conprising the step(s) of: -
transformng the cell with at | east one nucleic acid nol ecul e coding for
het er ol ogous reconbi nant protein as the substrate for glycosylation, such

that the cell is abl e to express or overexpress said protein. 518. An
i sol ated host cel & I ura g thy the produm bl e accordi ngr}ft he net hod
of one of cl Qetcﬁ 9 t,& 1c m$ heN3rRGBIiASS Bnthgt the cell ex-

gl ycopr ot ei an?rss AP %Tte %69 19cplzgd %WQQQPﬁge”FW@es‘ireﬁ?(@yt'co@'
provi ding a E@nt %‘Sﬁg‘&%?ﬂ'?ﬁﬁd?@% PURFAISIRNG of o 12 or claim 18:

10cul turing the cell in a culture nmediumunder conditions that allow the
production of béla- ‘ﬁﬁmpéyieg'woerotg'nﬁcbﬁsa@%@qqﬁyl@lyﬁ?ﬁﬁnmylérranﬁfﬁr%sgu d cell;

and, i5f necess&P9T)sol ating the gl ycoprotein or glycoprotein conposition
fromsaid cell ”@ﬁdP‘éw @ahaﬂ%u)r@'m@r%mhm 1,490- acmqulqcosam"w Bengierase a

gl ycoprot ei n ofSoTlY&opr ot ei n conposition, conprisin 15a cell according to
any one of cl ammnqsw éalafza d6-kglkrapratgin betat 1 SolNagelighcesaminybiransieres® i ng t he
cell so as to ¥\ the production of the g r‘Uﬁcoprotel n. 21. An isolated

gl ycolr ot ei n omagay%ﬁ'masﬂ& crgrpseteindieta-pAdthasplylatucosapinybtiersierBye t he
cel I, accordintf one of clainms_1 to 12 or claim 18. 2022. A

phar maceut i cal 2B b§ tucesy! trapeigrassi(Rgcbhe gl ycoprotein or glycoprotein
conposi tion ack %tlacﬂaf'ﬁftqscbd%P'ﬁh%zﬁts'a%tf%ﬂsﬁ’fé%2/ SOne pharnmaceutically

accept abl e car MPErNwmcelytgluspgamine 2-epimerase (NeuC);
sialic acid synthase (NeuB);

CMP-Neu5Ac synthetase;
N-acylneuraminate-9-phosphate synthase;
N-acylneuraminate-9-phosphatase;
UDP-N-acetylglucosamine transporter,
20 UDP-galactose transporter;
GDP-fucose transporter;
CMP-sialic acid transporter;
nucleotide diphosphatase;
GDP-D-mannose 4,6-dehydratase; and
25 GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase.

10. The cell of one of claims 1 to 8, characterized in that the cell expresses one
or more further Golgi-localized heterologous enzyme or catalytic domain thereof
selected from the group consisting of:

beta-1,4-mannosyl-glycoprotein 4-beta-N-acetylglucosaminyl transferase

30 (GnTHIY,
mannosy! (alpha-1,3-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase
(GnTIV);
mannosyl! (alpha-1,6-)-glycoprotein beta-1,6-N-acetylglucosaminyl transferase
(GnTV),

35 mannosyl (alpha-1,6-)-glycoprotein beta-1,4-N-acetylglucosaminyl transferase
(GnTVI);
alpha (1,6) fucosy! transferase (FucT);
beta-galactoside alpha-2,6-sialyl transferase (ST);
UDP-N-acetylglucosamine 2-epimerase (NeuC);

40 sialic acid synthase (NeuB);
CMP-NeuSAc synthetase;
N-acylneuraminate-9-phosphate synthase;
N-acylneuraminate-9-phosphatase;
UDP-N-acetylglucosamine transporter;

45 UDP-galactose transporter,;
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GDP-fucose transporter;

CMP-sialic acid transporter;

nucleotide diphosphatase;

GDP-D-mannose 4,6-dehydratase;
GDP-4-keto-6-deoxy-D-mannose-3,5-epimerase-4-reductase; and
UDP-glucose 4-epimerase / UDP-galactose 4-epimerase.

11. The cell of any one of the preceding claims, characterized in that the cell is
selected from: lower eukaryotic cells, including fungal cells, and higher eukaryotic
cells including mammalian cells, plant cells, and insect cells.

12. The cell of any one of the preceding claims, characterized in that the cell is
further modified to express or produce at least one heterologous and/or recombinant
protein as substrate for glycosylation.

13. A method for the production of a host cell capable of improved glycosylation
of proteins, comprising at least the steps of:

- diminishing or depleting in the cell ER-localized alpha-1,2-mannosyl transferase
activity (Alg11-type);

- diminishing or depleting in the cell ER-localized dolichyl phosphate-mannose
glycolipid alpha-mannosyl transferase activity (Alg3-type);

- transforming the cell with at least one nucleic acid molecule coding for heterolo-
gous mannosyl (alpha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyl trans-
ferase (GnTl) activity, such that the cell is able to express or overexpress said
activity.

14. The method of claim 13, further comprising the step(s) of:

- diminishing or depleting in the cell Golgi-localized alpha-1,3 mannosyl trans-
ferase activity (Mnn1);

15. The method of one of claims 13 to 14, further comprising the step(s) of:

- transforming the cell with at least one nucleic acid molecule coding for heterolo-
gous mannosyl (alpha-1,6-)-glycoprotein beta-1,2-N-acetylglucosaminyl trans-
ferase (GnTIl) activity, such that the cell is able to express or overexpress said
activity.

16. The method of one of claims 13 to 15, further comprising the step(s) of:
- transforming the cell with at least one nucleic acid molecule coding for heterolo-

gous beta-N-acetylglucosaminyl glycopeptide beta-1,4-galactosyl transferase
(GalT) activity, such that the cell is able to express or overexpress said activity.
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17. The method of one of claims 13 to 16, further comprising the step(s) of:

- transforming the cell with at least one nucleic acid molecule coding for heterolo-
gous recombinant protein as the substrate for glycosylation, such that the cell is
able to express or overexpress said protein.

18. An isolated host cell or a plurality thereof, producible according the method
of one of claims 13 to 17.

19. A method for the production of a glycoprotein or a glycoprotein composition,
comprising the step(s) of:

providing a cell according to one of claims 1 to 12 or claim 18;

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.

20. A kit for producing a glycoprotein or glycoprotein composition, comprising:
a cell according to any one of claims 1 to 12 or claim 18, and

culture medium for culturing the cell so as to confer the production of the glyco-
protein.

21. An isolated glycoprotein or glycoprotein composition, producible or produced
by the cell, according to any one of claims 1 to 12 or claim 18.

22. A pharmaceutical composition, comprising the glycoprotein or glycoprotein
composition according to claim 21 and at least one pharmaceutically acceptable
carrier or adjuvant.



