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SYSTEM AND METHOD FOR THE PRODUCTION OF RECOMBINANT GLYCOSYLATED PROTEINS IN A
PROKARYOTIC HOST
20

Field of Invention
The present invention relates to an expression system and a method for the
production of recombinant human and/or animal and/or plant and/or prokaryotic
25 and/or fungal glycoproteins. Such glycoproteins may serve as nutrition or
medical drugs for human or animals or plants because of their identical structure

to the glycoproteins normally produced in these organisms.

30 Technical Background
Glycosylation constitutes one of the most important of all post-translational pro-
tein madifications in eukaryotic cells and may have numerous effects on function,

structure, physical properties and targeting of particular proteins. Generally, the



5 serine or threonine (O glycosidic bond) residue. The N-linked protein

gl ycosylation is by far the nost conmon protein nodifica- tion f JuMarch£006
eukaryotes. The conpl ex gl ycosyl ation process starts at the cyto- plasmc
face of wbesengepl asmatic reticulum (ER) with the assenbl pCoiCroa/ooiisgo 10
saccharide on the lipid carrier dolichylpyrophosphate [Burda, P. and Aebi,
M (1999) The dolichol pathway of N-_Ii' nked gl ycosyl ati on. Bi ochi m Bi ophys
Acta, 1426, 239-257]: 2 N-acetyl glucosam ne and 5 mannose resi dues are
attached to this lipid in a stepw se fashion. The lipid |inked
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transported to the Gol gi apparatus where further trimmng and addition of

sugar before.t hey are d to their final .destinations
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( 1999)tides sRIHd @l @Jl@ﬁrya:eéﬁqhecﬁdhﬂ)‘lex%ﬂy@mbtﬂw prgekaetots babig ay@-y Press,
Col d Spring Harbor, New York]. Wiereas the LLO synthesi ghl y
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degree of diversity wth respect he structure of the N-Ii nked ol i go-
sacchd1i9983 Theodatickal pattgreof Melirdadoglyessy | #uim.-aBioghipn Bigpfy/s Acta,

1426, 239-257]: 2 N-acetylglucosamine and 5 mannose residues are attached to
this lipid in a stepwise fashion. The lipid linked oligosaccharide (LLO) is then
flipped into the lumen of the ER, where by addition of 4 mannose and 3 glucose

15 residues full length LLO is obtained. In the central reaction of the process, this
oligosaccharide is transferred to selected asparagine residues of newly synthe-
sized polypeptides. This reaction is catalyzed by the oligosaccharyl transferase
(OTase) in the lumen of the ER. The OTase is a complex of at least 8 subunits
and this enzyme is responsible for the formation of the N-glycosidic bond. While

20 still in the ER, three glucose and one mannose residue are quickly removed from
the oligosaccharide of the glycoprotein. Glycoproteins are then transported to the
Golgi apparatus where further trimming and addition of sugar moieties occurs
before they are targeted to their final destinations {Varki, A., Cummings, R
Esko, J., Freeze, H., Hart, G. and Marth, 1. (1999) Essentials of Glycobiology.

25 Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York]. Whereas
the LLO synthesis is a highly conserved process in eukaryotic cells, the modifica-
tions in the Golgi are not only species specific but also cell-type specific and lead
to a high degree of diversity with respect to the structure of the N-linked oligo-
saccharides.

30



Prior art The production of human proteins in a variety of heter?éggggﬁooé
expressi on sys- tens has becone an inportant technique to genera

reconbi nant proteins for research purposes as well as pharnaceuti cal

appl i catw@®dsordeg71 S generally recog 5 nized that there ispoo/aQHU3/061B3al
expression system avail able for production. Fur- thernore, the selection of
a cell type for expression of heteroloogous proteins de- pends on many
factors. These include criteria such as cell growth characteristics,
expression |levels, intracellular or extracellular expression, and bi ol ogical
activity of the protein of interest as well as its intended use. But one of
the nost inpor 10 tant criteria tdMWer 8bhsidered is whether a protein needs
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b ¢ heddne i T nta 8o &n e B b PEBDERd Mol BUR SRR b RoBU i co. unabl e
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features, hypotonia, coagul ation disorders, and i mmunodefi ci ency.
15  In mammalian glycoproteins, the majority of N-glycans are of the complex type,
i.e. they consist of a pentasaccharide core of two N-acetylglucosamine and three
~mannose residues. This core is the remaining structure of the oligosaccharide
that was originally transferred from dolichylpyrophosphate to proteins. In the
Golgi it is further modified with antennae comprising additional N-acetylglucosa-
20 mine, galactose, sialic acid and often fucose residues. An enormous diversity of
impressively complex oligosaccharide structures is thereby possible. The impor-
tance of the complex N-glycans and the essential role of these structures are
shown with experiments using knock-out mice unable to synthesize these com-
plex-type N-glycans. These mice die before birth. Recently the congenital disor-
25 der of glycosylation (CDG) has been described in humans. This is a group of con-
genital multi-systemic diseases characterized by deficiency in the generation of
N-glycans. These disorders are manifested by a wide variety of clinical features,
such as disorders of the nervous system development, psychomotor retardation,
dysmorphic features, hypotonia, coagulation disorders, and immunodeficiency.
30 The broad spectrum of features reflects the critical role of N-glycoproteins during
embryonic development, differentiation, and maintenance of cell functions and

emphasizes the importance of the correct oligosaccharide structure.
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30 The broad spectrum of features reflects the critical role of
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mai nt enance of cell functions and enphasizes the inportance of the correct
ol i gosacglassjdesst ructure. 7 March 2006 WO 03/ 074687 -4 PEUICERGY@®03IH3 Since
the majority of therapeutically relevant proteins are glycosylated in their
natural forms, they should also be glygasylated as reconbinant proteins in
order to get the correct biological activity. Thus, nonitoring of the

gl ycosyl ation pattern in quality control of reconmbinant proteins to assure

product safety, efficiency and 5 consistency has becone increasingly
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above, the synthesis of the LLO and the transfer of the oli 20 gosaccharide
to pol MBEhtk-dd9oP% I'&Sqqéﬁn@ ag ?g‘érdtr}}?e%’ﬁ%{'ﬁﬁg‘ﬁﬂi‘# reePmOinAtIYEeS,  wher eas

furt hesrREMSCEH DBoANLE 18DH, 06, 109-194) orCRRGal Bell MSRIGFd VA Y be-

Zeng, S. and Berger, E.G. (1999) The yeast expression system for recombinant
glycosyitransferases. Glycoconjugate Journal, 16, 125-139. or Maras, M., van

15 Die, 1., Contreras, R. and van den Hondel, C.A. (1999) Filamentous fungi as pro-
duction organisms for glycoproteins of bio-medical interest. Glycoconjugate Jour-
nal, 16, 99-107]. These cell lines have all the capability to glycosylate proteins,
but they exhibit major differences in the production of recombinant glycopro-
teins. As mentioned above, the synthesis of the LLO and the transfer of the oli-

20 gosaccharide to polypeptides is a highly conserved mechanism in all eukaryotes,
whereas further processing and trimming of the N-glycans in the Golgi vary be-
tween organisms and cell type. Therefore, the final structure of the recombinant
glycoprotein is defined by the production cell used. CHO cells are the mammalian
cell lines commonly used for the expression of recombinant glycoproteins. They

25 are able to synthesize complex type N-glycans, but some human tissue-specific
terminal sugar residues are not synthesized by these cells since they do not ex-
press the proper glycosyltransferases. Therefore, the host cell lines must be im-
proved by genetic engineering with the introduction of these glycosyltransfer-
ases.

30
Insect cells [see also WO 00/52135] are also widely used to produce recombinant
proteins, as they can synthesize large quantities of a protein of interest when

infected with powerful baculovirus-based gene expression vectors, and they can
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modifications such as protein glycosylation. In contrast to animal cells, fungi do
not further trim the oligosaccharide in the Golgi but instead elongate it directly by
the addition of mannose residues to form mannanes with up to 200 mannose

15  units. Some glycoproteins escape these maodifications and their maturation is
more limited, yielding short core type oligosaccharides with up to 13 mannose

residues.

These three examples of N-glycosylation in eukaryotes emphasize the differences
20 inthe structure of N-glycans. The implication on the function reveals that exact
analysis of the structure is essential. Significant advances in carbohydrate struc-
tural analyses have been achieved during the past years. Especially in mass
spectrometry (on-line ESI;MS, nanospray tandem mass spectrometry (ESI-
MS/MS) and improved MALDI/TOF techniques), very sensitive instrumentation

25 for glycosylation analysis has been made available.

Problems in prior art
The importance of a highly defined oligosaccharide structure on recombinant gly-
30  coproteins contrasts sharply to the inability of presently used biotechnological
processes to generate glycoproteins. This is due to the fact that the structure of
a protein-linked oligosaccharide is determined directly by the cell type used and

all of the eukaryotic production systems exhibit this specificity. It might be possi-
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tein only gets modified with its original N-glycan if the heterologous system ex-
presses the same enzymes of the N-glycosylation pathway as in its origin. Oth-
erwise host cells must be adapted by genetic engineering of the glycosylation

15 pathway in the Golgi (Fig. 1B), and this represents the major drawback of human

cell lines in the expression of recombinant glycoproteins.

The difficulties of the production of recombinant proteins in insect cells with the
help of the baculoviruses expression system are the following: Baculoviruses es-
20 sentially have a lytic infection mode, i.e. when the product is harvested, a large
proportion of the host cells is lysed and releases degradative enzymes. In addi-
tion, the protein synthesis is maximal near death of infected cells and it is possi-
ble that thé overall processing of the protein is suboptimal at that time. Particu-
larly proteins.destined for the plasma membrane or for secretion are affected by
25 the depletion of components of the post-translational machinery of the secretory
pathway. Furthermore, large scale insect cell culture offers particular challenges
to the biotechnologist due to the higher oxygen consumption and higher shear
sensitivity of the cells as compared to mammalian cells. Like in mammalian cells,
the major drawback in the heterologous expression of glycoproteins resides in
30 the different structure of the N-glycan as described before. Especially the lack of
terminal sialic acid residues is detrimental, because these sugars play important

roles in glycoprotein biology.
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metabolic machinery capable to obtain protein glycosylation is introduced into
this bacterium. It is therefore an object of the invention to provide an expression
15 system with which recombinant proteins, in particular N-glycosylated proteins are

producible.

This object of the invention is reached - according to a first aspect - by the com-
bination of features of independent claim 1, wherein a system is proposed for the
20  production of recombinant human, human-like, or animal, or plant, or fungal, or
bacterial N-glycosylated target proteins, the system comprising a prokaryotic or-
ganism into which is introduced a genetic information encoding for a metabolic
apparatus capable of carrying out the requested N-glycosylation of the target
protein. The system according to the invention is characterized in that said pro-
25 karyotic organism also contains the genetic information required for the expres-

sion of one or more recombinant target proteins.

This object of the invention is reached - according to a second aspect - by the
combination of features of independent claim 4, wherein a method is proposed
30 for producing recombinant human, human-like, or animal, or plant, or fungal, or
bacterial N-glycosylated target proteins, the system comprising a prbkaryotic or-
ganism into which is introduced a genetic information encoding for a metabolic

apparatus capable of carrying out the requested N-glycosylation of the target
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As mentioned before, recombinant glycoproteins to date have to be produced in
less suited eukaryotes. But although the first steps in the synthesis of N-

15 glycoproteins are highly conserved in all organisms the further trimming and
processing differs quite significantly between eukaryotes. Therefore the N-
glycans of recombinant glycoproteins depend on the glycosylation genes present

in the expression system used.

20 This could give rise to production of recombinant glycoproteins where the N-

glycans differ in their structure compared to the original one.

In contrast, the introduction of a genetic information encoding for a metabolic

apparatus capable of carrying out the requested glycosylation of the protein, e.g.
25 an operon, into an organism that normally does not glycosylate proteins offers

the opportunity to manipulate the structure of the N-glycan by introducing spe-

cific glycosyltransferases.

30 Brief description of the Drawings
Some of the problems known from prior art as well as the method according to

the invention are explained in more detail referring to schematic drawings that
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Advant ages over prior art Since E. coli is easier to handle and to grow and
its genetics are very well known, 10_the production of human, human-1ike,
animal or plant or fungal or bacterial gly- coproteins in E coli is a

br eakt hrough i n bi otechnol ogy. As nentioned before, reconbi nant

gl ycoproteins to date have to be produced in |ess suited eukaryotes. But

al t hougretéxendplarst estbediments oethsyimviestios ant aveItghierudacthtenagon: Beni ghl y
conserved in_all, o .gani@gs t he furtheé. trjﬁrrm' ng z\nd Processi ng differs

qui e SCORF OF PEeleCyOD AT P EaRAT DYEBYON THAFE 5 BWLM gl ycans  of
reconbigani gl ycems alpressidieBERSEoPRbInBAL Glyr6erotemisi iAred@rpstaR] a4Ritkas i N t he
expression systemused. 20 This could give rise to production of reconbi nant

gl ycopr ot ei ns whEige e Rboyk e @xpaessiasy of A targsat glkeqnreteiPe@@8npared to the
original one. |ncgconty as Wl ' ; W al g
encgdi ng for a ng‘pégoqi cgh%%ggﬁgtghé%gﬁg’?ﬁ?@ggéf %érr%h‘a&géwaﬁﬁﬁéet@]uested

gl ycosyl ati on of the proweiys,ndéhg.Gdlgi;an operon, into an organi smthat

normal Iy does not glycosylate proteins offers the opportunity to manipul ate
the structure of the N-glycan by introducing spe- cific

gl ycosyigransf er s Eschéridiia @blidxpeesdiin oystemn, twieh Bhewixpeesstsnref afret he
probl enms” known fromprior art as well as the nethod according to the

|
i nvention are expPAINRRNG targel Rrajeinpnd the Ktrodustion ofcheRBEINE HNCRRi ngs t hat
7 Nprch 2006 VWO Q%-84A63%nRaY £dd8RdiRg 483 he Snvention; and in

Fig. 3 the legend for the signs representing individual elements of the oli-
gosaccharides residues of the glycoproteins in Fig. 1 and Fig. 2.

15
Description of the Invention

Figure 1 shows the expression of recombinant glycoproteins in eukaryotic ex-
pression systems. Figure 1A shows the expression of a target glycoprotein,
wherein the assembly of the lipid linked oligosaccharide (LLO; step I) and the

20 transfer of the oligosaccharide to the protein by means of an OTase (step II) is a
highly conserved process in the Endoplasmatic Reticulum (ER). In contrast, the
modifications in the Golgi are cell type specific (step III). |

Figure 1B again shows the expression of a target glycoprotein, wherein the as-
25 sembly of the lipid linked oligosaccharide (LLO; step I) and the transfer of the
oligosaccharide to the protein by means of a OTase (step II) is a highly con-
served process in the ER. In addition, an attempt to carry out genetic engineer-
ing of existing glycosylation pathways in the Golgi is shown. To produce a recom-
binant protein with a specific structure in eukaryotic cells, the host cells have to
30 be adapted by genetic engineering of this glycosylation pathway in the Golgi. "X"-
signs mark deletions required to exclude undesired pathways. "Asn" indicates an

asparagine, "PP" a pyrophosphate, and "SO," a sulfate group.



are exenpl ary enbodi nents of the invention and are not intended to narrow
the scope of protection of the present invention. There is shom7M‘irqhi7é).()61
t he expression of reconbinant glycoproteins in eukaryotes, whereas _Fig. 1A
shows t HWOMHETH8Ei on of a target glycoprotein, and 5 Fig. PER/CEHBHOFenet i
engi neering of existing glycosylation path- ways in the Golgi; 10 15 Fig. 2
the Escherichia coli expression systemgwth the expression of a re-

conbi nant target protein and the introduction of a specific glyco- sylation
pat hway according to the invention; and in Fig. 3 the |l egend for the signs

representing individual elenments of the oil- rgosacchari.des resi dues of the
gl ycopPBetrefigyresnlA-pgd 1B ahewrthgt the epprassios 9fotheofeGoRabingRE REPIGHN IS gure 1
shows the. r i f i j i 4 ad Pression
Syt ot T el e R EEER) A in e BRI o BE pldtefty e B ittt e

t he aspnolthg BN (dtée 116 )piTthel expianatidn gbtecsigas irdpréden@ingsthepindjvidual t he 20

t f f the oli har.i d .t h Whn b f or t
115 selermentgiar fhe oG8t HHGs o vER e (o T IR 1 et | cul um (ER) . | n
cograst, the nodifications in the Golgi are cell type specific (step II1I).

Figure 113 again shows the expression of a target glycoprotein, wherein the
as- 25 senbly of the lipid linked oligosaccharide (LLO step I) and the

t ransf 1 he i i } : (step I'l)
o g haE o HIABRE UFELBR bith LibqtC ologERarEL Snidtdafi 0120 1
out geeekanyotingelheprquiresgtief taderisgi afdhighly cosyplak) essqrdiat\wagswapsand Gol gi i s
shown. ,To prpduce.a r.eco bi nant pratein with a specifi ructure in
cukar yEYS NGRS paseiflydnfe e iR 2ha BADRY bsdhs bradhBigh &) Thidsintt
enfj negid edketih this @Iysesynateps, tal taNaying s bbeaifetdy theintred @imnmar k
del etions required to exclude unde?i red paL,hwa S, iAsn irhdi cates an

of specific components of tlfl1e glycosylation mac 1ner¥ that lead to the desired

glycoprotein (Fig. 2).

15  Since all the basic components (monosaccharides) required for the éssembly of
oligosaccharides are present in E. coli cells, the above mentioned solution re-

quires the introduction:

a) of specific glycosyltransferases for the assembly of the oligosaccharide on a
20 lipid carrier, and
b) an OTase that covalently links this oligosaccharide to specific residues of the

desired protein.

This solution offers the possibility to design the oligosaccharide structure by the
25 expression of specific glycosyltranferases and does not affect vital functions of

the production cell.

Figure 2 shows the Escherichia coli expression system according to the invention
with the expression of a recombinant target protein (step Ib), which then is in-
30 troduced to the glycoprotein synthesis (step IIb). To obtain a specific glycopro-
tein in E. coli, specific glycosyltransferases for the assembly of the lipid-linked
oligosaccharide (LLO"; step I) are introduced into the host. The OTase covalently

links this oligosaccharide to specific residues of the desired protein (step II).



asparagi ne, "PP" a pyrophosphate, and "S04" a sulfate group. 7 March 2006 WO
03/ 074687 PCT/ CH03/ 00153 -10 Both figures 1A and 1B show t hat the/ ¥phad8fon
of the reconbinant protein is carried out outside the ER (step Ib) and that
this tarya03079683i n then is inported into the ER (step | IRJT/CHA300153

expl anation of the signs representing the individual elenents of the

ol i gosacchari des derives fromthe Iegp?g_in Fig. 3. 5 To obtain a

reconbi nant gl ycoprotein with a specifiC oligosaccharide structure in
eukaryotic cells requires the tailoring of highly conplex, essenti al

pat hways and this mght possibly interfere with the viability of the
production cell. This is not 10 the case in the E. coli system Here, the
tailoring is obtained by the introduction of specific conponents of the

gl ycosyl ati on machinery that lead to the desired glycoprotein (Fig. 2). 15

Si nce ghl arldtBePagempt OO BRGSSacCABAAE 2813 bttashed &g theeaibsiret pddteiassendl y
of ol!gosaccharldes are present in E. co/i cells, the above nentioned

sol ut | @ descrigad ieigue 3 mander exrdanged usindspdiiereet gligesepharidassa ases
or ot NS BSAEADIYa %fnfgnfatf?:' BB A I WadshGlin thBE the FhhidHized D) an
a I nks t ]

OTage t coval ent I's oligosaccharide to specitic residues of the
desi r ednploep-N-acetiidlacesdminidaseoffretosA) i dssirbbectey protapgirgnaehe

ol i gosaccharide structure by the 25 expressi f _specific

ol yeos FPuLipasE b Slapsasaiarid o APeBiblehes P Paf conbriGed  caumemoauct i on
cel | . MnGHAN-3cetymEcoipeCiRits Nk a TelakaCNDr S5, M. SK&Ie M, asealivig to the
invention wth the expression of a reconbinant target protein (step |Ib),

whi ch tarméinTal@Qiawas&t(ﬂQQQae'iynttlae&iﬁ@f @WGU&P@@@M%W‘%BEW%@D@HSIN-b) . To
obygi n A1 80hbbsScBL¥ERR Ring immobilized endo-B-N-acetylglucosaminidase A.

Biochemical and Biophysical Research Communications, 267, 134-138]. Thus the
invention gives the possibility to produce a glycoprotein in E. coli and then, in a
second step, to modify the oligosaccharide that is covalently linked to the protein
by exchanging it with a different oligosaccharide of defined structure with thz

15 immobilized Endo-A in vitro.

The invention encompasses the production of glycosylated glycoproteins. There
are many benefits derived from the glycosylation of such target proteins. Such
benefits include, but are not limited fo, increased in vivo circulatory half life of a
20 protein; increased yields of recombinant proteins; increased biological activ’ity of
the protein including, but not limited to, enzyme activity, receptor activity, bind-
ing capacity; altered antigenicity; improved therapeutic properties; increased
capacities as a vaccine or a diagnostic tool, and the like. Examples of mammalian
glycoproteins that can be produced with this inventidn and that can serve as me-
25 dicaments for humans, animals or plants, include but are not limited to, erythro-
poietin, transferrin, interferons, immunoglobulines, interleukins, plasminogen,
and thyrotropin. Also prokaryotic and/or fungal glycoproteins can be produced
with the invention and can serve as medicaments for humans, animals and
plants, e.g. glycoproteins from C. jejuni and from fungi. Further applications for
30 glycoproteins produced with this invention include, but are not limited to, indus-

trial enzymes, functional food, cosmetics, packaging materials, and textiles.



tein in E. coli, specific glycosyltransferases for the assembly of the
lipid-linked oligosaccharide (LLO'"; step |I) are introduced into 1 Marghzj06
The OTase covalently links this oligosaccharide to specific residues of the
desi red WPOIBBT468 step 11). 7 March 2006 WO 031074687 PCTPCHIZIWGOLES -11 In
anot her attenpt, the oligosaccharide, that is attached to the desired
protein as described in Figure 2, can-pe exchanged using a different

ol i gosaccharide as a 5 substrate in aenzymatic reaction in vitro. It was
shown that the inmmobilized endo-p-Nacetyl glucosam nidase (Endo-A) from
Art hrobacter protophormae could transfer an oligosaccharide to

ri bonucl ease B that contained a covalently |inked N-acetyl glucosam ne
[Fujita, K, Tanaka, N., Sano, M, Kato, |., Asada, Y. and Takegawa, K
(2000) Synthesis of neogl ycoenzynmes w th hongogenous N 10 |i nked

ol i gosaccharides using i mobilizexaniplent N-acetyl gl ucosam ni dase A

Bi ochenmi cal and hysj cal Research. Co n catl 267,. 134-138 Thus the
mventT'@‘F‘uP@‘Fi?é% "i“ﬁ’é"F% é??ﬁq PR yhe fingingy fhat & a@my%é?g?él‘%]uﬂh EIRVri and

h ﬁ.vé%&eﬁuﬁi ep%dheesrrﬁ%wr&%soIum@ﬁ@cméaﬁwsekﬁMh P& sQVgdent |y

I|n ed to the protein anging it wth a different oli %gsaccharl de of
def i nebawt intsrducedwherC. tfﬂﬂlfﬂfgﬂnﬂmMlelZ@d\Cmd@quoﬁWﬁeumfolntQ' cofivent i on

enconpas. e nmany
benef i i'%g g?"}'gse'(ﬁ‘p rom'%'leg&oﬁycosy éog{"%?e%ﬁgﬁ&? [;é)ttgeg %ereofg;l ns. St%lSJ
benefllbg snbhetqimntb/uanduagarmunlmngﬂemwmmeth@dgaaedpemn/oﬁlﬁ fejupiieat ory hal f
life o protein; inc eas I el ds, of re nbi nant creased

bi ol 0giRdnS FAEPaFTG YCONHERDTBEIER ANLPLAN Y S BUa NP IRALID & enzyne
acfg Vi éofi. Thes Rizuiedantthei prvdubtior of 'sBGcnﬁéﬂPﬁQl’Wesﬁéﬁe%F R@lrpaakdtﬁﬁﬂaéi ty;

i nproved therapeutic properties; increased capacities as a vaccine or a

di agnosarding isoihe iananting (eq £1d-RstpPed avd Miramventied glalWays 8681ths that can
be proméfﬁ&hsw&ﬁ tl?b%klll‘é\ﬁ rs8hs 2y, Méaﬁ.naﬂ@o(?@{m%rﬂg PR MRcite 1dkGRERat s for

humans, aninmals or plants, | ncl ude 'but are eryt hro-

glycosylatlon specuf ic antibodies to the heterologously produced AcrA protein [Mi-
chael Wacker et al. (2002) N-linked glycosylation in Campylobacter jejuni and its

15  functional transfer into E. coli (SCIENCE, Vol 298: 1790-1793]. In addition, the
structure of the oligosaccharide linked to AcrA was verified by mass spectros-
copy. Next it was shown, that the oligosaccharide was only transferred to the &-
amino group of the asparagine within the consensus sequence Asn-X-Ser/Thr
where X can be any amino acid except Pro [Gavel, Y. and Von Heijne, G. (1990).

20 Sequence differences between glycosylated and non-glycosylated Asn-X-Thr/Ser
acceptor sites: implications for protein engineering. Protein Eng, 3, 433-442].
When the consensus sequence was mutated, the oligosaccharide was not trans-
ferred to the protein anymore. Therefore, it was verified ~ always using methods
known to skilled persons - that the OTase of C. jejuni recognized the same con-

25 sensus sequence as the OTase of eukaryotes and archaea and transferred the
oligosaccharide by the same proposed mechanism to the protein [Wacker, M
Linton, D., Hitchen, P.G., Nita-Lazar, M., Haslam, S.M., North, S.J., Panico, M.,
Morris, H.R., Dell, A., Wren, B.W. and Aebi, M. (2002). N-linked glycosylation in
Campylobacter jejuni and its functional transfer into E. coli. Science, 298: 1790-

30 1793).



poletin, transferrin, interferons, imunoglobulines, interleukins

pl asm nogen, and thyrotropin. Al so prokaryotic and/or fungal g|9é%$¢b%¥ﬁns
can be produced wth the invention and can serve as nedi canments for hunans,
ani mal swamoB/o@kgmt s, e.g. glycoproteins fromC. jejuni anpct/cemshorsgi .
Further applications for 30 gl ycoproteins produced with this invention
include, but are not limted to, indus;,trial enzynes, functional food,
cosnetics, packaging materials, and té&%iles. 7 March 2006 WD 03/ 074687
PCT/ CHO3/ 00153 -12 Exanple 1 The present invention bases on the finding,

t hat Canpyl obacterjejuni, a gram 5 negative bacterium produces

gl ycopspeaiinglyddsyl iransfgrastshanid okgosaccharyldegnsfieraskawilizad todyaresti-t he C.

j ejuni _gene cadi ng Acr | ycoprotein, into E. coli., This results in

| e exiAaany g % 68 SEpTalENBHE X Spariiet suab s giveaSyCirapSter)
Subseqaatdpe qtigureels altli dligos BELHEOWHaREePESES, ardkVeh FrorRfarEhaé) uni  en-
coding a) specific glycosyltransferases and b) an Olase was introduced into
E. 10 coli. This resulted in the production of specifically glycosylated
Acr A protein ac- cording to the invention (see Fig. 2, steps | and Il), as
verified - always using nethods known to skilled persons - by the binding
of a highly specific lectin and glycosylation specific antibodies to the
het er ol ogously produced AcrA protein [M- chael Wacker et al. (2002)
N-1inked glycosylation in Canpyl obacter jejuni and its 15 functi onal
transfer into E. coli (SC ENCE, Vol 298: 1790-1793]. In addition, the
structure of the oligosaccharide linked to AcrA was verified by nass
spectros- copy. Next it was shown, that the oligosaccharide was only
transferred to the s- am no group of the asparagine within the consensus
sequence Asn-X-Ser/Thr where X can be any ami no acid except Pro [ Gavel, Y.
and Von Heijne, G (1990). 20 Sequence differences between glycosyl ated and
non- gl ycosyl at ed Asn- X-Thr/ Ser acceptor sites: inplications for protein
engi neering. Protein Eng, 3, 433-442].



When t he consensus sequence was nutated, the oligosaccharide was not trans-
ferred to the protein anynore. Therefore, it was verified - al waysMasihid06
met hods known to skilled persons - that the Olase of C. jejuni recognized
t he sane con 25 sensus sequence as the OTlase of eukaryotes and archaea and
transferred the oligosaccharide by the sanme proposed nmechanismto the
protein [Wacker, M, Linton, D, Htchen, P.G, Nta-Lazar, M, Haslam

S M, North, S.J., Panico, M, Mrris, HR, Dell, A, Wen, B.W and Aebi,
M (2002). N-Ilinked glycosylation in Canpylobacterjejuni and its functional
transfer into E. coll. Science, 298: 1790- 30 1793]. 7 March 2006 WO

03/ 074687 PCT/ C1103/00153 -13 Specifkﬁag$¥cosyl transferases and

ol i gosaccharyl transferases utilized 10 geneti- cally nodify E. coli can be
of prokaryotic or eukaryotic origin as glycosyl transfer- ases are

ubi qui teous and ol i gosaccharyl transferases are known from archaea. 7 March
2006 -14 O &iprecaryaliscengamism intogwhictnisiintroduged @ neclein aeidieneodingdeorei ¢

ol 1 gosacchaPide_ SRECTERRAereghsiERases B iie EsRRRuy i ot Bydisictnarich; of”
proteins conpri sanipidicapfrensus sequence Asn-X-Ser (Thr), wherein X can be

any am no acid except Pro, and c) an Olase of C jejuni that covalently
li nks the ob) goseoelarnaee sgcambinant target preleinsucompiseida GeMsensusne or

nore target protegj 2 r Oty r ' cl al erein
sai d procaryoti cgégg%né% %ﬁhsﬁ %ﬁgﬁi g’?\‘?gg@o* ?:_aﬂ @Bh@%ﬂfno g&dné)%ce&n
Pro, and _
c) an OTase of C. jejuni that covalently links the oligosacchande of a)

to the consensus sequence of the one or more target proteins of b).

2. The procaryotic organism of claim 1, wherein said procaryotic organism is
Escherichia coli.

3. The procaryotic organism of claim 1 or 2, wherein the procaryotic organism
produces N-glycanes with a specific structure which is defined by the type of
the specific glycosyltransferases.

4. A method of producing recombinant N-glycosylated target proteins, the

method comprising the introduction of genetic information encoding for

a) specific glycosyltransferases for the assembly of an oligosaccharide on
a lipid carrier, '

b) one or more recombinant target proteins comprising a consensus
sequence Asn-X-Ser(Thr), wherein X can be any amino acid except
Pro, and

c) an OTase of C. jejuni that covalently links the oligosaccharide of a)
to the consensus sequence of the one or more target proteins of b)

into a procaryotic organism.

5. The method of claim 4, wherein said procaryotic organism is Escherichia coli.



3. The procaryotic organismof claim1l or 2, wherein the procaryotic
organi sm produces N-glycanes with a speC|f|c structure which is Tddafched§0by
the type of the specific glycosyltransferases. A nethod of producing
recombi nant N-gl ycosyl ated target proteins, the nethod conprising the

i ntroduction of genetic information encoding for a) specific

gl ycosyl transferases for the assenbly an ol i gosaccharide on a lipid
carrier, b) one or nore reconbi nant taré%t proteins conprising a consensus
sequence Asn-X-Ser(Thr), wherein X can be any am no acid except Pro, and c)
an Orase of C. jejuni that covalently links the oligosaccharide of a) to

the co ensus, el a
procaryotic or ggﬁ’]{maa%g%iallhﬂﬁ '?)ﬁ vﬁfer???{:ﬁal %S%fecféé S P |k|Sj)rdo"'cda}("r%/@t ic
organi smi s dghgedrgs witha spécific $triveruse witih is défineditsy m@g@ of the gpétificor S,
wherein the pr ocaryoti c organi smproduces N- glycanes with a specific

struct ure walygesyitranpsfermsesoy the type of the specific
gl ycosyl transferases. 7. Use of a procaryotic organi smof any one of clains
1 to 3 for the production of reconbinant N-glycosylated target proteins. 8.

The use of asu 674 pr&B@fy@hB o\iﬁaﬁlsﬁf 6Fahy BhieCof ] Sinfd artblsfcﬁ&ﬁ@e;sﬂdau&.oﬁ%f'
e

9. The use of claim7 or rein the procaryotic organi sm produces N
gl ycanes wi ﬁecmptanthglmqsutatadéamt@mﬁemsief| ned by the type of the
specific glycosyltransferases.

8. The use of claim 7, wherein said procaryotic organism is Escherichia coli.

9. The use of claim 7 or 8, wherein the procaryotic organism produces N-
glycanes with a specific structure which is defined by the type of the specific

glycosylti'ansferases.



