1 Reconbi nant N-gl ycosyl ated proteins fromprocaryotic cells The present
invention relates to reconbi nant N-glycosyl ated proteins, conprising one or
nore introduced N-glycosylated optim zed am no aci d consensus sequence(s),
nucl eic acids encoding these proteins as well as correspondi ng vectors and
host cells. In addition, the present |nvent|on is directed to the use of
said proteins, nucleic acids, vectors 'and host cells for preparing

medi canents. Furthernore, t he present invention provides nethods for
produci ng sai d proteins. Background of the invention Wnked protein

gl ycosylation is an essential and conserved process occurring in the

endopl asm ¢ reticulum of eukarotic organisns. It is inportant for protein
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(2004). Roles of N-linked glycans in the endopl asmc reticulum Annu. Rev.
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phar maceut’l sy on patterns. inrecent years it
was denonsirouﬁmineitnadswrbeo:nmmglsaid proteinsood- bor ne pat hogen Canpyl obact er
jejuni, can also N-glycosylate its proteins (Szymanski, et al. (1999).

Evi dence for a system of general protein glycosylation in Canpyl obacter
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Protein glycosylation has a profound infiuence on the antigenicity, the stability and the
half-life of a protein. In addition, glycosylation can assist the purification of proteins by
chromatography, e.g. affinity chromatography with lectin ligands bound to a solid phase
interacting with glycosylated moieties of the protein. it is therefore established practice to
produce many glycosylated proteins recombinantly in eukaryotic cells to provide
biologically and pharmaceutically useful glycosylation patterns.

Only within recent years it was demonstrated that a bacterium, the food-borne pathogen
Campylobacter jejuni, can also N-glycosylate its proteins (Szymanski, et al. (1999).
Evidence for a system of general protein glycosylation in Campylobacter jejuni. Mol.
Microbiol. 32, 1022-1030). The machinery required for glycosylation is encoded by 12
genes that are clustered in the so-called pgf locus. Disruption of N-gylcosylation affects
invasion and pathogenesis of C. jejuni but is not lethal as in most eukaryotic organisms
(Burda P. and M. Aebi, (1999). The dolichol pathway of N-linked glycosylation. Biochim
Biophys Acta 1426(2):239-57). It is possible to reconstitute the N-glycosylation of C.
jejuni proteins by recombinantly expressing the pgl/ locus and acceptor glycoprotein in E.



Eur opean Patent Application No. 03 702 276.1 (European Patent 1 481 057),
an earlier invention of the present inventors, teaches a procaryotic
organisminto which is introduced a nucleic acid encoding for (i) specific
gl ycosyl transferases for the assenbly of an oligosaccharide on a lipid
carrier, (i1) a reconbinant target protern conprrsrng a consensus sequence
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defined by the type of the specific glycosyltransferases. Even though the

presence qf EB@a%ﬁ&\é’Ht Aﬂaﬂrhaﬁd?ﬁmé ajd AiD S5 BNFUSe TEOAERCEABN0SY), B B4mém does
al l ow for tlﬁe N- gl P/cosy ation of reconbinant target proteins in pr(i%car yotic

or gani sms iBYRAYEN seghe ieesent JOSaKERalSACheY dh PIERCEC (TFaRET B0 whighefSuni |
the N- gly Bl DfucHic 888RnkadiSs forRi %b@érﬂ‘hsg!yéosﬂfrh@ﬁeﬂaﬁ@é for eeeadsemblie

obj ect of t present invention IS to &rovr proteins as well as neans and

net hods qurarpp@mem’r@n@e@ﬁ % fiRje SaAEerh )/ﬁrrgcemblaﬁﬂtrtﬁrgféar%rlrircerf@ﬁwg for
N-gl yCOSV'&hb%uf%Q@ﬁu&?c@ RE. x REPEUGRSHeInX eérps@ammmoe&ﬂea&téﬁmuﬁevamo
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activity o rotelns her object is t rovi si on host
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pr esent i %Y)gei}-éﬁgc@sgmlahge%éégace In a first aspect t he pr esent i nvention

provi des a reco nt N-glycosylated protein, conprising one or nore of
the foll ow ng N-glycosyl at ed optim zed amno acid sequence(s): DE - X - N

~Z - SIT, e
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sequence(s) (optimzed Consensus seq uenceéi into proteins | eads to
prot ei ns wdixgosyatione’ spp ddrgelpraieingliy edryinelfiganty t he ol i gosaccharyl
transferase (OST, OTase) from Canpyl obacter spp., preferably C jej uni, in
these introduced positions. The term"partial amno acid seq uence(t as it
i s used i Ahembiashat brpresent ineptioads ta provide proteins as well as means and methods

for producing such proteins having an optimized efficiency for N-glycosylation that can be
produced in procaryotic organisms in vivo. Another object of the present invention aims
at the more efficient introduction of N-glycans into recombinant proteins for modifying
antigenicity, stability, biclogical, prophylactic and/or therapeutic activity of said proteins.
A further object is the provision of a host cell that efficiently displays recombinant N-
glycosylated proteins of the present invention on its surface.

In a first aspect the present invention provides a recombinant N-glycosylated protein,
comprising one or more of the following N-giycosylated optimized amino acid
sequence(s).

D/E-X-N-Z-8, (optimized consensus sequence)

wherein X and Z may be any natural amino acid except Pro, and wherein at least one of
said N-glycosylated partial amine acid sequence(s) is introduced.



invention will also be referred to as "opti m zed consensus sequence(s)"
The optim zed consensus sequence is N-glycosylated by the oligosaccharyl
transferase (OST,I MM | Orase) from Canpyl obacter spp., preferably C
jejuni, much nore efficiently than the regular consensus sequence "N - X -
S/T" known in the prior art. In general the term"” reconbi nant
N-gl ycosyl ated protein" refers to an hete ol ogous or, oli tide
produced ihwas gB@risipgly foynsipahigdn scﬂep C@B%f %’Ota}‘f@ ?ﬁ%‘%@‘?i aci d
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that one or nore of the optim zed consensus sequence(s) DE - X - N- Z -
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introduced recombinantly into said host cell.

In accordance with the internationally accepted one letter code for amino acids the
abbreviations D, E, N, S and T denote aspartic acid, glutamic acid, asparagine, serine,
and threonine, respectively. Proteins according to the invention differ from natural or prior
art proteins in that one or more of the optimized consensus sequence(s) D/E - X -N-Z -
SIT isfare introduced and N-glycosylated. Hence, the proteins of the present invention
differ from the naturally occurring C. jejuni proteins which aiso contain the optimized
consensus sequence but do not comprise any additional (introduced) optimized

CONsSensus sequences.

The introduction of the optimized consensus sequence can be accomplished by the
addition, deletion andfor substitution of one or more amino acids. The addition, deletion
andfor substitution of one or more amino acids for the purpose of introducing the
optimized consensus sequence can be accomplished by chemical synthetic strategies



with high efficiency and in any procaryotic host conprising a functional
pgl operon from Canpyl obacter spp., preferably C. jejuni. Preferred
alternative Olases from Canpyl obacter spp. for practicing the aspects and
enbodi nents of the present invention are Canpyl obacter coli and

Campyl obacter lari (see Szymanski, C. M, and Wen B. W (2005) Protein

gl ycosyl ation in bacterial nucosal pathogens. Rev. Mcro . 3. 225-
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envi ronnment. The term "functional pgl operon from Canpyl obacter spp.,
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an operon as a sin Par transcri tIOI’IIG}.‘F uni t term ner el y requires t he
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For exanpléd mwom%drabwestfvequéewaefree bﬁt!{ﬁt‘? gagd nto e@ﬁﬁ@ﬁéﬁrﬂ@nﬁw@'ﬁwned in
genom ¢ DA AR He R kakMdrnsito @ne host cell. For the purpose of

ef ficiency, al?('? ?s pﬁj%rerred'hﬁ%at al | conponents of the functional pgl
operon are regulated and expressed sinultaneously. It is inportant to
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originate from Canpyl obacCter spp., preferabl j uni hat the one or

more  spelq fofer tg the gusiee phinudiais adds ercnging the $anciighal r@b@qaagcfml transferase

ol i gosaccigrasds &ncang ch@ﬁrsrpber pref@¥bip’ cguéjah;e Jddoﬁhé her Taré Q&Jclﬂcor be
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target protein having one or nore optimzed consensus sequences by the

OTase. HeR@wng prRosEPeceRtigHzast amiRa acid sequence(s): D/E - XN - Z - S/T by the OTase.
It to be understood that the term “functional pg/ operon from Campylobacter spp.,

preferably C. jejuni' in the context of this invention does not necessarily refer to an
operon as a singular transcriptional unit. The term merely requires the presence of the
functional components for N-glycosylation of the recombinant protein in one host cell.
These components may be transcribed as one or more separate mRNAs and may be
regulated together or separately. For example, the term also encompasses functional
components positioned in genomic DNA and plasmid(s) in one host cell. For the purpose
of efficiency, it is preferred that all components of the functional pgl operon are regulated
and expressed simultaneously.

It is important to realize that only the functional oligosaccharyl transferase (OTase)
should originate from Campylobacter spp., preferably C. jejuni, and that the one or more
specific glycosyltransferases capable of assembling an oligosaccharide on a lipid carrier
may originate from the host cell or be introduced recombinantly into said host cell, the
only functiona!l limitation being that the oligosaccharide assembled by said



host cell conprising specific glycosyltransferases naturally and/or

i ncapacitating specific glycosyltransferases naturally present in said
host as well as the introduction of heterol ogous specific
glycosyltransferases will enable those skilled in the art to vary the
N-gl ycans bound to the optim zed N—glycosylatlon consensus site in the
proteins of the present invention. As A result of the above, theigfesent
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present invertion can 0 ant a increasing their antigenicity,

i ncr easi ngerebaritinventidsi.| ity, affecting their biological activity, prolonging
their biological half- life and/or sinplifying their purification. The
optim zed consensus sequence nmay include any amno acid exce proline in
posi ti on( shs X rasmit . thetagoverthe naesenhinvaatioaceragdes for rﬁ'ﬁmdi\’!%!agﬁdﬁﬁdﬂ’fb%?s@'
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derivativ | ow the optimzed consensus
sequence tmdamaualngumtbwll\&gbdarbpatme t@“althOIOQNét ehaimaceyical prd pgifieatiaton and
rare am n%efé(&lsds are preferred for X and Z. X and Z nay be the sane or
di fferent is noted that X and Z may differ for each optim zed consensus
sequence in a protein according to the present invention. The N-glycan

bound to t,
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proteins of the present invention can be of advantage for increasing their antigenicity,
increasing their stability, affecting their biological activity, prolonging their biological haif-

life and/or simplifying their purification.

The optimized consensus sequence may include any amino acid except proline in
position(s) X and Z. The term “any amino acids” is meant to encompass common and
rare natural amino acids as well as synthetic amino acid derivatives and analbgs that will
still allow the optimized consensus sequence to be N-glycosylated by the OTase.
Naturally occurring common and rare aminc acids are preferred for X and Z. X and Z
may be the same or different. |

It is noted that X and Z may differ for each optimized consensus sequence in a protein

according to the present invention.

The N-glycan bound to the optimized consensus sequence will be determined by the
specific glycosyltransferases and their interaction when assembling the oligosaccharide
on a lipid carrier for transfer by the OTase. Those skilled in the art can design the N-



via an N-glycosidic |linkage. Preferably, the N-glycans transferred by the
Olase are assenbled on an undecaprenol - pyrophosphate |i pi d-anchor that is
present in the cytoplasm c nmenbrane of gram negative or positive bacteria.
They are involved in the synthesis of 0 antigen, 0 polysaccharide and
pepti doglycan (Bugg, T. D., and Brandish, P. E. (1994) From pepti dogl ycan
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provi des f reco nant roteins wherein either the protein and/or fhe

N- gl ycan( €)7.i ©9( &16) Q15dr arp;élﬁhrg,eélm grsangriee Obrapgngnaiesared vapantsnegot The
introductignunly 3 h&&iig AP diing hig&styRaAsBF8by GARYEiRehses affecting the

polysaccharide structure.

In a further preferred embodiment the recombinant protein of the present invention

comprises two or more different N-glycans.

For example, different N-glycans on the same protein can prepared by controliing the
timing of the expression of specific glycosyltransferases using early or late promoters or
introducing factors for starting, silencing, enhancing and/or reducing the promoter activity
of individual specific glycosyltransferases. Suitable promoters and factors governing their
activity are available to those in the art routinely and will not be discussed further.

There is no limitation on the origin of the recombinant protein of the invention. Preferably
said protein is derived from mammalian, bacterial, viral, fungal or plant proteins. More
preferably, the protein is derived from mammalian, most preferably human proteins. For
preparing antigenic recombinant proteins according to the invention, preferably for use



consensus sequence can nodify or even introduce therapeutic and/or
prophylactic activity in a protein. In a nore preferred enbodinent it is
the protein and/or the N glycan(s) that is (are) imunogenically active.
In this case the introduced N- glycosylation(s) nmay have a nodifying effect
on the proteins biological activity and/or i ntroduce new antigenic sites
and/ or may mask the protein to evade de radlqg steps and/or increase, the

hal f-1i f e. aTARIVECOBIPBNAIAAIN YRSSINEs nikisdiretered i é@mfewmb@ﬁm RRtednis deaved

ef ficientlyohargplisd g@altopﬁmgg[t&gtemrrenbr ane and/or surface of host cells,
preferably bacteria, nmore préferably gram negative bacteria. For assisting

the surface display and/or outer membrane |ocalisation it is preferred

that the r@CQMyHRGN brdpsiPL iebRbi Irr&é?@ th@vF?ra&érﬁﬁnwnbhe;sroae@@rférsee%oaib,rlaﬁast
one pol ypepti de sequence capab targeting said reconbinant protein to

the outer Praisifisrapscarriher theairoteinaridierdho M-y GRes)ds (are) therapeeticay gndfor
g1 am negatiyenpAsEAN| #e! ind rfoBleldyeel STRagt gmabotifigcd RETRGNBRY P! oi 1

of the invention Is’one, wherelin sal targeting polypeptid nce is
sel ect ed feapseRNS BRANEPCE NA8i BPHifyg Obfevel jetreducs; t@ﬁ@apeuwépﬂﬂlaéﬁrqnbd@pwel

, Karla, ebc?v ?Zé ;ﬂ‘g%gwa’tn N friore g@e%lé%odﬁ]éﬁt :tZiQQﬁ? p%@ﬂaéndl&eﬁ%' gases

Chem Rev 1 out rane proteins (revi
V\er ner us, glvca”éﬂid“’@Ea'ﬁl arg) fmomogﬂlféﬁﬂﬁcﬁﬁb’leodﬂcéﬂls agasei MHWF@U%}? N-

surface-e I 5@5‘,1, 5)PAS) Paléa ﬁb@‘gﬁrﬂ;Eﬁ’éctW!he%@@?ﬁ%a?ﬂpnc&o&h@@ ahdsMi )

preferably se cte fro the grou onsistin | engt’h protein
or the si gntmdqsemawdastlg@mcammanﬂmmy mask dire praeipAc evadendegradisigustens out er
menbr ane pg&p(ﬁlrﬁ %sreQH% Fairf@l i, preferably OmS, OmC, OwpA, OorF, PhoE,

LanB, Lpp usi on prote| n for surface display technol ogy, see
Franci sco, Ear hart, and Ceorgiou, G 1992. Transport and

Broc nall %9%%‘“@?&%3%% éggeé%‘?’éﬁmﬁ%i%?%@ Y EEERRORE Suer! !
Pseudonnnd@ela’érﬁﬂglanﬁéq syrfacg ofi hodrealis. pegierably hagterisy é@@ﬁtpfﬁmm GG~
rel ates t%egatr\}é%é‘dt‘fﬂaaﬁbrdaé&‘ﬁﬁggiﬁé%uﬁacé Sﬁﬁﬁv'aﬂmm%%%%ﬁ%q@éﬁéﬁ%n i the

i nvention referab sald nutleic acid

pr ef er abl ys Arefees wel e DRIOMBIBRt APteNeafAbe yIvanimaAutTeecanprises pbleestaned nay
conpri se tRfLSEHLCRESy ei%t 6 abRy o?%%eﬁﬁé)ts%'id‘ r@é'&?'nbuhé’htaﬂ@{eﬁrl 3 thOt LIREr

sequences such as re sequenc . pronoters, enhancers, stop
codons, stm@gmbraneaceer eglicu é%@faﬁﬁfﬂﬁrﬂé@i Rf%fefé@é}’tﬁ anagn- Wﬂf‘tléﬁbﬁ@g@i%n of the
r ecombi nant protein via the nentioned regulatory sequences, etc. The term

"nucl ei ¢ acid encodi ng a reconbi nant_ ) ) o o
In a preferred embodiment the recombinant protein of the invention is one, wherein said

targeting polypeptide sequence is selected from the group consisting of type Il signal
peptides (Paetzel, M., Karla, A., Strynadka, N.C., and Dalbey, R.E. 2002. Signal
peptidases. Chem Rev 102: 4549-4580.) or outer membrane proteins (reviewed in
Wernerus, H., and Stahl, S. 2004. Biotechnological applications for surface-engineered
bacteria. Biotechnol Appl Biochem 40; 209-228.imx2)), preferably selected from the group
consisting of the fult {ength protein or the signal peptides of OmpH1 from C. jejuni, JipA
from C. jejuni, outer membrane proteins from E. coli, preferably OmpS, OmpC, OmpA,
OprF, Phok, LamB, Lpp'OmpA (a fusion protein for surface display technology, see
Francisco, J.A., Earhart, C.F., and Georgiou, G. 1892. Transport and anchoring of beta-
lactamase to the external surface of Escherichia coli. Proc Natl Acad Sci U S A 89: 2713-
2717.), and the Inp protein from Pseudomonas aeruginosa.

In a different aspect, the present invention refates to a nucleic acid encoding a
recombinant protein according to the invention. Preferably, said nucleic acid is @ mRNA,
a DNA or a PNA, more preferably a mRNA or a DNA, most preferably a DNA. The



protein according to the invention" is directed to a nucleic acid
conprising said coding sequence and optionally any further nucleic acid
sequences regardl ess of the sequence information as |ong as the nucleic
acid is capable of producing the reconbinant protein of the invention in a
host cell containing a functional pgl gper on from Canpyl obacter spp.,
preferably C. jejuni. Mre preferably, "the present invention ﬁﬂOVldes

i sol ated AwalejuAdid may CompsReithe 5RIUPECHFRIABIST SHNROLER 8N B AGHIERR Other
pref er abl 3@%{%@ géh 8s RIgTEre sedneed, @y forarfibteld) enBareRs, §RPT0EsMs) tanf

known i ndu constitutive prokaryotic pronoters, nore preferably
the t et r a®pePRTRIDEIESTRAUIredHR requisle MERXPMSSIFASINe feRRMBIRRTAPIEN BHEnot er |

lac- , 11 GaeniBRch ?ﬁ&ula@érﬁr&hgéﬁce@B@ﬁeYKe térm (RRYD acﬂ%ﬁ@ﬂ@h@%%c@ﬁ@lh&htn

expression in Escherichia coli. Opin Biotechnaol 10, 411-42
Bi | | man- J@capie, aqeprd(rrggtga)ﬁe invegiers s idisacted to adiusiaiaagd 5emPrisas Sﬁgcq‘?gkngchl a

coli. Currg ? ?tclfpﬁaﬁlﬂg aby 8 POAeit- auds@q@eﬁ’&%ﬁéﬁér)ﬂlejst Bkt% sBHGArREC
use

aci ds can 8 vaccl nation. Furthernore, another aspect of the
present | fnfermation as éingtasshe oueleingsid ixeanablefprodiicing the resgatisiaat Rieted ¥nd/ or

a vector wﬁogﬁm ih @ d3E cBI E5RAhing BERAR: pgmﬁeﬁoh%n%am&?fobé&éﬂ sppS  not

limting as as it acconmo a functiona operon from C. jejuni
and one orprefenabhf Gigltei Moaﬁ:p@sere@nuth@pwentrlémnﬁénwdqsa$%@d prdP@ifigds) of

the pr ese@pg%ﬁ&‘é%@%'oﬁga;ab ,fnﬁéc?&f 5?6{}% Fr"e‘féré?]l iu:%(e@rte‘éaﬁrbfr%ﬂeﬁsélé@éd fi6hl S,

nore pref nost se selected fromthe group
consi sti ngwa)gmsmmsmﬂ af sapwn utdalmbgel @lma@@@sﬂttﬂlyg prokapgtigoifempiers gpore

Shigel |l a I .
pr ef er abl ;’F%scﬁﬁéc I'a coﬁé p'%ﬁgjrteér @r%e er afnii 3 Oﬁ%%(g tp@?tﬁllrcgllatripréﬁngt% Ia({/\Bl 10,
CLMR4, BL2Ic-, SOMb tam rSUMPrs KRangysnFet1989), Regombnant=arieie <pPrRFSIRD| iNnked

protein gl ti V) anphi | as&par e ctures
in Escheri éﬂﬁ%&% |CBIPPF"\!l(l)jI(':'hC%ﬁgrH EB%EE@DI Zb qui‘-42'1p%¥%%§ 301% 3]-32&‘@9['5 ai no,

C., Catr euEmpreBSlon b bactetia otheﬁrtmru&sd@ﬂcma cofiaCHEfaRiptBiotgchnol Waﬁ%rﬁ%“) M A,
Fel dman, rpeﬁ%ﬁ;bl'inke%u&@@%@dg %%e@'sé& drd g BHcchBiig changeabl e

mechani sm; nked o I gosacchari des. EMBO Journal 25,
967-976) and S. enterica strains SL3261 (Sal nonella enterica sv.

Typhi nuri Fﬂ}tllre?ﬁno@ & BF’Per ag o§ ﬁ’fae prEQint §lvantich FolatedRfla ﬁbé’@éﬁ 'comBridng 4981,

Aromati c- depende none phinuriumare non-virulent and effectlve
as |ive vaudeinasid aglerra vedar mrdzrw)o the|esent (regnigihdinedypepf kast egll gy .

Typhi mur i yo g bng 88/ KafthMbdstes 8lfunctidnalBigPbperbh @@ &78junlifliidieti480)
Ao R g #étbno 38 s 8lfuncidnalop P [RInFarErere
more nucleic acids coding for recombinant target protein(s) of the present invention.

Preferred host cells are prokaryotic host cells, more preferably bacteria, most preferably
those selected from the group consisting of Escherichia ssp., Campylobacter ssp.,
Salmoneiia ssp., Shigelfa ssp., Helicobacter ssp., Pseudomonas ssp., Bacillus ssp.,
preferably Escherichia coli, more preferably E. coli strains Top10, W3110, CLM24, BL21,
SCM6 and SCM7 (Feldman et al., (2005). Engineering N-linked protein glycosylation with
diverse O antigen lipopolysaccharide structures in Escherichia coli. Proc. Natl. Acad. Sci.
U S A 102, 3016-3021; Alaimo, C., Catrein, L, Morf, L., Marolda, C. L., Cailewaert, N.,
Valvano, M. A., Feldman, M. F., Aebi, M. (2006). Two distinct but interchangeabie
mechanisms for flipping of lipid-linked oligosaccharides. EMBO Journal 25, 967-976) and
S. enterica strains SL3261 (Salmonella enterica sv. Typhimurium LT2 (delta) aroA, see
Hoiseth, S.K., and Stocker, B.A. 1981, Aromatic-dependent Salmonella typhimurium are
non-virulent and effective as live vaccines. Nature 291:238-239), SL3749 (Salmoneifa
enterica sv. Typhimurium LT2 waal., see Kaniuk et al., J. Biol. Chem. 279: 36470-36480)
and SL3261Aawaal.

{mk3]



In a nore preferred enbodi nent the host cell according to the invention is
one that is wuseful for the targeting to the outer nenbrane and/or surface
di spl ay of reconbinant proteins according to the invention, preferably
one, wherein said host cell is a reconbinant gram negative bacterium
having: i) a genotype conprising nucl eqti de sequences encoding for a) at

| east one natural or reconbi nant specific glycosyltransferase for t he

assenbl y df adnorsifregfesed emaerigenbinedion Gall geefing & hegdyvention sa0e ot nat ur al
or reconbi pagy fd?rtr%‘l‘él‘déﬂ % @b'oﬂ%’?méb{é aﬁdl@r@fr@b@ﬁi@pia{( Gf@sembham

Campyl obacter spp., uni, c) | east onhe reconbi nant
protein aq:lf@ﬁeﬂismg:cmrémgn@tnmvmlp@,rpre r@ﬂm%mﬂe&e'ﬁﬁa@éwﬁt CHli§ £ her

conpri si NG é?\rlf‘glﬁ ygé}ﬁaggétmq;gc{éjﬁm md i) a phenotype conprising a

r econbi nant protein according to the invention that is
| ocat ed i) agdm@VPWMMQWquOWECQﬁertcﬁélngff%(m negative bacterium

The host cel | 195 1648 oADAE 8 B AcloRBiHant SodirE R alvarsh e ebr o he

group consistin scherichlia ss ct'er ssp., Shigella ssp,
Hel i cobact er s@psermiﬂof@s@@dmha@d%@pa llplS&BWﬁhel | a ssp., preferably E.

coli, more pre’foféﬂgés}f 05? &Rl o@t@@%en&@%&goﬂ%ﬂé@sa&k ﬂtrarﬁ#e?éee SCv6 and

SCM/, and S. enteéerica ralins and "SL3261Awaal. (see
Hoi seth, S.K., (@faseSfromikeampynbacterssn., prafasably Celeibpendent Sal nonel | a

! ! 29
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| nvesti gation Mﬂheheompmmmetmedmlmem gnd n the |ipopol ysaccharide core
accept or fu?é (;))Plah%@é (%?n;ﬂ{srr\?; é‘r‘é}:b&ﬁﬂ%ni - ey@éf?ﬂ‘ﬁro%ﬁ E&Eb‘?dilh?‘to tWéaL i | ' gase”

is not th er m'nan acceto Icity. J Biol Chem 2

36470- 364 &0entionthaBis denatas ipaatier 9E@Qﬂﬁe@ﬂﬁ§b@net0ﬁ§1e;ﬂfé@é1ﬁgaﬂ%ent i on may
have a thglr @ {{Llc or prophylactic activity by thensel ves and/or due to

t he introduce gl ycosyl ation sites, they can be used for the preparation
of a nmedi cament. The type of protei n for practicing the invention is not

limted a'ﬁj\e (SFOQF&%\?}T 8f ﬁ"\i a%ro% lentt ﬁe%rbf[’éoﬂ éé?é\:t@d’?rﬁmﬁﬁe gﬁﬁp dobdistiryl Pha,

TNFal pha, I ns es, viral and bacteri aI
prot ei ns fOibrESVmcd?lﬂalS‘p‘fbn q:ameyfqbaqt@r @ﬁp.pﬁﬁfgéffansssﬁ’ucﬁe@é’bﬁﬁ:f@ﬂ 86 0AMl4c) ,

AcrA (G 033Zg émm%y@sg (éa:%ﬁ&ra) sspD' &Bfe‘?édlyaEt e ran&r@%v&f%?auy Eh%lﬁét%zﬂsom n,

P. aerugi nosa exopr ot ew and_having introduced
t herei n t Tepdpt Wﬁﬁ@dquN@"rycﬁi@S}I m (ﬁﬂﬁs‘éﬁMus and S. enterica strains SL3261,

SL3749 and SL3261Awaal. (see Hoiseth, SK., and Stocker, B.A. 1981. Aromatic-
dependent Salmonella typhimurium are non-virulent and effective as live vaccines.
Nature 291: 238-239), SL3749 (Kaniuk, N.A., Vinogradov, E., and Whitfield, C. 2004.
Investigation of the structural requirements in the lipopolysaccharide core acceptor for
ligation of O antigens in the genus Sa/monella: Waal. "ligase" is not the sole determinant
of acceptor specificity. J Biol Chem 279: 36470-36480). (mk4}

Because preferred proteins of the present invention may have a therapeutic or
prophylactic activity by themselves and/or due to the introduced N-glycosylation sites,
they can be used for the preparation of a medicament. The type of protein for practicing
the invention is not limited and, therefore, proteins of the invention such as EPO, IFN-
alpha, TNFalpha, IgG, IgM, IgA, interleukins, cytokines, viral and bacterial proteins for
vaccination like C. jejuni proteins such as HisJ (Cj0734c), AcrA (Cj0367c), OmpH1
(Cj0982c), Diphteria toxin (CRM197), Cholera toxin, P. aeruginosa exoprotein, to name
just a few, and having introduced therein the optimized N-glycosylated consensus
sequence are useful for preparing a medicament (Wyszynska, A., Raczko, A., Lis, M.,
and Jagusztyn-Krynicka, E. K. (2004). Oral immunization of chickens with avirulent



sequence are useful for preparing a nedicanment (Wszynska, A., Raczko, A,
Lis, M, and Jagusztyn-Krynicka, E. K (2004). Oal inmunization of
chickens with avirulent 10 Salnonella vaccine strain carrying C. jejuni
72Dz/ 92 cj aA gene elicits specific hunoral immune response associated with
protection against challenge with wild-type Canpylobacter. Vaccine 22,
1379-1389). In addition, the nucleic. ad? ds_and/ or vectors according to the
i nvent i on Salmoapkvacsiteustrainp camiing: Cp jaiiyi 72DR48 GAA denmBVHa PRRRITIC BYBeSt abl v
for use |NngRRe (REEARE MRS wift BARbcR! lagBRSOAHaNEdeD Wilke wimggi i on.
preferably one that” has a phenot ype onprising an N-glycosyl at ed

r econbi nantamppyeraateroyagdng 2%0@?%116$9)t hat is located in and/or on the
outer menbrane of a bacterium preferably a gram negative bacterium nore
preferably one of the above-listed gram negative bacteria, is particularly
usef ul f orin addiioprtbp aveieic asidsfangd/onuestersranserdingde dheinwgiioatrs alsa upefokfer n of

the i t| i : i i } t f th
{ner apeut 1 R BREPGHER o ad Bt TRECEINID e B BFENEMIE | ' Necd t her eof.

In a nore preferred enbodi nent the present invention relates to the use of

a nucleic ' L, DG L0 i t4]
preparati orﬂ(g%g v%r‘,a%g@% Eg%é&?@ﬁg t@(ﬁg{g ﬁkg%ggeﬁtﬁaggﬁgrfh%p%%ﬁéngce:rt??“(’:?e

vacci nat i congirisimgsarhjNeglycdsylatesetecombingot praseiafefrtbeligvanjion desteistipeatethyn The
host cel | f 1 j.n j ' i i.d g ; ' t

pr ot ei ns ;arnglorpéa}fﬁec uﬁgé {ng%ggéeﬁ%’@%{g? g‘&ﬁg@ai’ %%%’gggﬂﬁiﬁ%%lggﬁgge It:' ﬁfg'

di spl ayed mbrgl prefesatihaomaiofthe tabbveslisted grambonagative|bacieriasie partislatin esefdlfor
cell's sur ' i.bl e by inmmune cells, in particular their
hydr ophi | itﬁéﬁfe&%%'gﬁ??gaﬂeﬁﬁtﬁﬁ?gﬁse the host cells have the added effect of
an adjuvant, that, if alive, may even replicate to sone extent and anplify

its vacci i t . %Qisﬂ: I . W]
medi cal asl\hp}gﬁf:a't':is?épf(")zgfJ bﬁ’ﬁ%saptﬁviﬁiﬁéﬁ%ng&l%% enﬁg}%eséeéér}éﬂﬁ ﬁﬁ%hﬁg@? H%EFI .
Anot her aderthe #psapsdutic hadiosprophyladtis Viansiatianat atsobjecioeineed thereddr epar i ng

medi canents, preferably vaccines, is that they induce |IgA antibodies due
to the cellular conponent. Preferably, said host cells are used according

to the i nveathee preferretdmbbdigientihepnesanbiniventioniralates tatiierkse, of gmetigicasid) a

mammel , - a LAY vedtd ARordiflHoNRe iNRERLSS fordRY IREpaPhtioR U Riddichrhent for the
therapeutic and/or prophyiactic vaccination of a subject in need thereof, preferably by
gene therapy.

The host cells of the invention displaying said N-glycosylated recombinant proteins are
particularly usefu! for preparing 'vaccines, because the displayed N-glycosyiated proteins
are abundantly present on the host cell’s surface and well accessible by immune cells, in
particular their hydrophilic N-glycans, and because the host cells have the added effect
of an adjuvant, that, if alive, may even replicate to some extent and amplify its
vaccination effects.

Preferably, the host cell for practicing the medical aspects of this invention is an
attenuated aor killed host cell.

Another advantage of the use of the inventive host cells for preparing medicaments,
preferably vaccines, is that they induce IgA antibodies due to the cellular component.

Preferably, said host cells are used according to the invention for inducing IgA antibodies
in an animal, preferably a mammal, a rodent, ovine, equine, canine, bavine or a human.



It is preferred that said subject in need of vaccination is avian,
mammal i an or fish, preferably manmalian, nore preferably a nmammual sel ected
fromthe group consisting of <cattle, sheep, equines, dogs, cats, and
humans, nost preferably humans. Fow s are also preferred. A further aspect
of the present invention relates to a pharmaceutical conposition,

conprising at |east one protein, at | edst one nucl ei ¢ acid, a |east one
vector and/or at |east one host cell according to the invention. The

prepar at i gNjsOprefdeHdC AR RERI sWHpRNh Ficad dﬂ\QicehaﬁorOi‘s bas, mednhsallarpmeffeh ably
attenuated or killed host cells, and t ar ati_on

conpri si ngrefacaby; vameagan, dﬁ?fﬁd%’e@@@fycﬁ’ gwa al 6E'ﬁ8tef’ﬁ@frh 959@ C‘W&PP”Q(?\OVW\ in

the art. ThRIePSRRPY a§iAss, 3658 TRts! 8id hitRahd, Medst pRAEEBG BUinEAS|Fosdresisol on
and the rmde and details of its admnistration will, depend on the protein,

the host ®&#Predthe nucleic acid and/or the vector errpl oyed. In a preferred
enbodi ment, the pharmaceutical conposition of the invention corrpri ses a

pharmaceutical |y acceptabl e excipient, diluent and/ or ad] ? nt . % resent
P vent | on A U1eHASPPEY Ob i AIORECLUVREIAN EBBLPL P BREBRSGA iAo iahe; - one

of the f °|cbﬁiﬁh§‘iﬁg at idast oh€ GRItBhNANkafl dHethtlei® ab854 i€t bne @etuchrd/or &ci d
and/ or a reconbl nant vector bei ng/ encodi n /ex ressing a reconbi nant

protei n ad¥ast ANy hest cak aCﬁP@ﬁ'@nﬁo e ehverdin r‘i’& P{qp)a%i'oﬂh@(r MEESameR) | y

accept abl %oﬁ‘??)ﬁélﬁg gj?btein‘g' bruRBst @nsl/ ereferéﬂy Lﬁ(@ﬁhate&%rtl@l@deh@ﬁwews edidSthe
di l uents and uvants are well-known in the art. An excipient or

di | uent nﬁpermﬁat@nﬁmqsilcam&%omr@msmupiiewceﬂsmw VEFIOHPIIPNGHlETERY 98 as a

vehicl e ok r!EﬁQ@vHﬁﬂiﬁér att. hﬁmea&bbé(rﬁtuémgérféﬂrheefﬁr theOneal Pha@idbeDfRday cokipdditionn t he
art inthe field of preparin nposi tions can readily sel ect hostc% oper

form and ﬁBGéh%fmS&rﬁﬂﬁ’l @qtaf!&t qd'ﬁ 45’8?5@%‘6@*&‘?@ wil, gerendhen Fig RPEl. aWe

char act er iyfd hisSei@hbiecill RAJIBF BRUGLIP BRRIEd, the disease or condition to be
treated, the stage of the disease or condition, and other rel evant

ci rcunstances (Rem ngton's Pharnmaceutical Sciences, Mack Publi shing Co.

(1990)) . Thg pRireped binBbdimAd tﬁ'@éﬂﬁrﬁa@éuttblﬁoﬁ{p@@iﬁaﬁ @ﬂﬂwb@rﬂldﬂﬁorﬂﬁ&ﬁ;ﬂis@b lae
di l uent or excipient are determ ned I%IJP solubility and chem cal

proper t i eSN@IMadgutiGAiyARREPENG DRIt ndanadlaNsei ect ed, the chosen
route of adm nistration, and standard phar maceutical practice. The
phar maceutical preparation mae%/ be adapted for oral,. parenteral  or tch cal

use and mae PERSERLIRYPNIONAreddesdor A BNYFIqceHICE FOPRRsitiog SoMprising 5t legst
capsul es, of YRPOBIIdWARd,€8) =5 PbdtmitAiant Igtotein, a host cell, a nucleic acid andor a

recombinant vector being/encoding/expressing a recombinant protein according to the
present invention, and (i) a pharmaceutically acceptable excipient, diluent and/or

adjuvant.

Suitable excipients, diluents and/or adjuvants are well-known in the art. An excipient or
diluent may be a solid, semi-salid or liquid material which may serve as a vehicle or
medium for the active ingredient. One of ordinary skill in the art in the field of preparing
compositions can readily select the proper form and mode of administration depending
upon the particular characteristics of the product selected, the disease or condition to be
treated, the stage of the disease or condition, and other relevant circumstances
(Remington’s Pharmaceutical Sciences, Mack Publishing Co. (1990)). The proportion
and nature of the pharmaceutically acceptable diluent or excipient are determined by the
solubility and chemical properties of the pharmaceutically active compound selected, the
chosen route of administration, and standard pharmaceutical practice. The
pharmaceutical preparation may be adapted for oral, parenteral or topical use and may
be administered to the patient in the form of tablets, capsules, suppositories, solution,



suspensions, or the like. The pharnmaceutically active conpounds of the
present invention, while effective thenselves, can be fornul ated and

adm nistered in the formof their pharmaceutically acceptable salts, such
as acid addition salts or base addition salts, for purposes of stability,
conveni ence of crystallization, increaﬁgd solubility, and the Iike A
further aspect of the &resent inventiofi is directed to a neth

produci ng SYSPEMRES. Q1 PeolkA. all RhABRaseHECallK oRRYVE STHPAURES <F e&? B'fesﬁﬁlt

provi di ng lﬁvén%s@rmme%cwe%@mmegorcaﬁ %bm@e@éﬁ&saw@ﬁsx@m@rmelf@rﬁn of
conprising nuclelic acids codi n% i) a functional operon. from

Canpy| obadbeif prasmaceyicalierasspipb Saj“%jslh'ﬁh as gpig adgition ﬁﬁ'g‘l Fpepe 8ddtians@ihi nant

target prohehRpSREREs@bNg, %ﬁeﬁi’en@@é&r@talﬁﬂéﬁon fsr@réﬁé’d%@ldﬂﬂ@' s lieg ed
optim zed am no aci d consensus sequence(s): DE-X-N-Z-S/ T, wherein X and Z

may be any natural am no acid except Pro, and wherein at |east one of said
N-gly COSV'A@F%ePQé%e'& Eﬁﬂeﬁﬁa%t HeAi OB MBS tS gw&ng&é&)prb@cmgmmced

and b) culturing the reco nant or%anlsmln a manner suitable for the
product i orgheasylaed grojeios \CoRPrsing die sters ¢far get protein(s). Preferably, the

target pr C}{)ﬁﬂr?ﬁgﬁ? Oé‘?e&:fmﬂiﬁ“ﬂ\t a&?gé(rﬁsrﬁeﬁférférgﬁﬁ & PRONERIONE HrgdHidh, e&:d?ﬁpnsmgh

according “Tnvention eferred method of the invention
f unct i onalnugigic asisisrcedingfeim Canpy!| obact er spp., preferably C jejuni,

conprises nucl ﬁyq@&bqghﬁ‘?@ghﬂﬁahﬁhwmﬁﬁmr@ t ofdfAa6ly 0 Rdiamay | ¢ obact er

spp., preferab reconbi nant and/ or nat ural specific
gl ycosyl t r ansf Braiéaast enciecomlingy tatast Pl gpMPrisiaEdna bngrecs teej uni , and/ or

1i1) recombi namu?@@g glréb%gféféﬂop'iuﬁ%d@rﬁn@h&’&%b{éénrsé‘é@écﬂ s&g): f rom speci es

ot her than Canpyl o for the assenb an o gosaccharlde on a
lipid carrier to be transferred to the target protein by the Orlase.
Moreover, in a preferred enbodi mgfE _theypresgnt invention relates to a

met hod for preparing a host cell according to the invention conprising the
steps of: 13 i) providing a gramnegative bacterium

wherein X and Z may be any natural amino acid except Pro, and wherein  at
least one of said N-glycosylated optimized amino acid consensus sequence(s} is
introduced, and

b) cuituring the recombinant organism in 2 manner suitable for the production and N-

glycosylation of the target protein(s).

Preferably, the target protein is one of the above described recombinant proteins
according to the invention.

in a preferred method of the invention, the functional pg/ operon from Campylobacter
spp., preferably C. jejuni, comprises nucleic acids coding for
i} recombinant OTase from Campylobacter spp., preferably C. jejuni, and
if) recombinant and/or natural specific glycosyltransferases from
Campylobacter spp., preferably C. jejuni, andfor
i) recombinant and/or natura! specific glycosyltransferases from species
other than Campylobacter spp.,
for the assembly of an oligosaccharide on a fipid carrier to be transferred to the target
protein by the OTase.

Moreover, in a preferred embodiment the present invention relates to a method for

preparing a host cell according to the invention comprising the steps of:



ii) introducing into said bacteriumat |east one nucl eotide sequence
encoding for a) at | east one reconbi nant specific glycosyltransferase for
the assenbly of an oligosaccharide on a |lipid carrier, and/or b) at |east
‘one reconbi nant ol igosaccharyl transferase (Olase) from Canpyl obacter
spp., preferably C. jejuni, and/or c) at |east one reconbinant protein
conprising one or nore of the follow nb‘} N- gl ycosyl ated optim zed am no
aci d consenyosidogReranaEgplivapIteiult,Z-S/ T, wherein X and Z may be any

nat ur al m)iﬁ?rgéﬁéuq? &ﬁ:ﬁ badt&iun? Ble ¥ Fh8 inlcidbtidet@Ylen@ ¥ coiliing &ird

N-gl ycosy amno acl d consensus sequence(s) is introduced,
and iii) cultusm) agamnde beoombinantsrasificlglysosylteansferaedor BeGsBRRABINET an

N- gl ycosyl at ed oﬁéo%ra?érﬂrﬁggﬁg Irﬁf&yca?rhﬁ Aipdeot i de sequence of c) is |ocated

in and/or on the %ﬁam negative bacterium For
practicing the bbaﬁémpeelremmwwt aligoveschanbtransieiass (fAlRsepireBar yot i ¢

organismor h ef | Rg/bf om the group of bacteria
consi sting of E'%;'W r| &h bﬁs@gﬁéérggg{mﬁﬁ@amer ssp., Salmonella ssp

Shi ?el | a ssp, ﬁ}—lat leastbare mcospinant p@é&w u@@gjtﬁaeng 5.0 TBRE %crfrt?%f%is\rg'ﬁo'\'-
preferably Esc r r s Top

CLMRA. BLZ1, SBNED ;ﬂa%ﬁrzegg%ﬁ@ 2L cr cnzf%gtr ‘?éﬁgg%fszal, SL3749 and

SL3261Awaal. Another preferred nethod for producing, isolating and/or
purifying a reconbi nant protein S/ECo¥ ,3 tg;—rthe i nvention conprises the
steps of a) culturing a host cell according to clainms 15 or 16, b) renoving
the outer nenbrane of said reconbi nant gram negative bacteriumand c¢)

recovering sai glggzpeg_pg%nﬁ@ 8ta‘r°1 ?\attﬁéedmh@%d@{:m@ﬁ? f Ol WIRIEIM iah@akhe

out er menbrane era Iy a prokaryotic nore preferably a
gram negati ve baetar sad M—glybosytﬂt@i mlﬁl&@ﬂeal@m@yﬁﬁﬂr@nﬁﬁwwe"%%%s
osnoti c shock qr?rt ﬁé %ng éol ubilisation and the French press nethod. 14

Most preferred P present invention relates to a nethod, wherein

r econbi navii) calturingasaisr kectesipacirtti at l@%ﬁ@Oswmmler\fﬁﬁé’sﬂﬁf@ﬁwpé%@&c@@e%t her

t han Ca@%y?ﬁ%ﬁgcﬁ%o@gQequer%@%gﬁf;#g@é:égeg inlaRiPbn R RisrSh&Rb@Ae bf MBI Or oup

of glycos sés™an
negative bacterium,

For practicing the preferred methods above, the recombinant procaryotic organism or
host cell is peferably selected from the group of bacteria consisting of Escherichia ssp.,
Campylobacter ssp., Salmonella ssp., Shigella ssp., Helicobacter ssp., Pseudomonas
ssp., Bacillus ssp., preferably Escherichia coli, preferably E. coli strains Top10, W3110,
CLM24, BL21, SCM6 and SCM7, and S. enterica strains SL3261, SL3749 and
SL3261Awaal.

Anocther preferred method for producing, isolfating andfor purifying a recombinant protein
according to the invention comprises the steps of:

a) culturing a host cell according to claims 15 or 16,

b) removing the outer membrane of said recombinant gram-negative bacterium and

¢) recovering said recombinant protein.

Exemplary methods for removing the outer membrane of a cell, preferably a prokaryotic
cell, more preferably a gram-negative bacterial cell, are suitable enzymatic treatment
methods, osmotic shock detergent solubilisation and the French press method.



originating frombacteria, arches, and/or eukaryota that can be
functionally expressed in said host cell. Figures Fig. | illustrates the
N-gl ycosyl ation of Lip proteins derived fromconstructs Ato C (see
exanple 1). E. coli Top 10 cells carrying a functional pgl operon fromC

j ej uni (V\acker et al., 2002, supra) an;j a plasmd coding for constructs A
(lane 2), B (lane 1), and C(Iane 3) a nutant of construct C wth the

nut ati on DHIPStAPTEferrRs. Ae PrRsSRbInYSNURSY &clate riesa dpethath gWhRIET fesamPinghh or
periplasm ﬁ‘atﬁﬁéi rs%%lﬁc gﬁ&wtrér%férbgess%n%%c@@%tmomﬁsC@mﬁpfbbédt@rnbpp bl ue

staining o purified protein fractions. Fi 2 shows
N- gl ycosyl %f?f%@b'hﬁaj%f frofelpgad (fﬂofnf'@?Qf@”pp‘?fcﬂ'!&Oﬁlﬁtr@rﬁéqra%éraé‘daerPﬂF?ffé?ﬁ for

t he seque [ fore), c¥&cker
et at. u?é?iﬁg ﬂfogf b%&g%?&z%?df&(%agg%n&a ¢ﬁwu? 206]?)]%,!0@r ngisneer i ng

N-1i nked p&adﬂ bost cghl ycosylation with diverse 0 antigen |ipopol ysaccharide
structures in Escherichia coli. Proc. Natl. Acad. Sci. US A 102,
3016-3021) or ToplOcells (panel E lanes 1-6) or SCW cells (Alaimp, C.,
Catrein, IFigurgsrf, L., Marolda, C. L., Callewaert, N., Valvano, M A,
Feldman, M F., Aebi, M (2006). Two distinct but interchangeable

mechani snms for flipping of |ipid-linked oligosaccharides. EVMBO Journal 25,

967-976) (fiandllluglratea thesNlycayylatiopraidin pigieins derivied St AANStketnatoph 4548 d.
Shown afeuefila g?e“*ﬁﬁgsédw LRILREEA ﬁgsé%cﬁ&ﬁan @gﬁoinewaﬁ%orw fjuri (B&depREd tO

Ni trocell rane visuallzed wmth specific antisera. In panels A-
D the top PaRep2, sﬁugv’e)|anﬁm§)sr@ﬂ§ogm§5@rdcqmstrhctaﬁtGlanﬁc%)ABéiﬁWébrqﬂfm er at

at. 2002’ 323%%@@&!&%0 \Mh’thm%fon M21A§%99’Pr§lanﬁ@@%xpésse@“d

Aebi , consensus sequence 1s'required but not

suffi ci entarrdonurtﬁa@fremu mnprasmicrm@r@ci@r Sbewmis e pESSHAGE 0. Caamassisi bilegly 15,
361-367), %ﬁ@@@%ﬁ@,ﬁﬁg@gwﬁﬁd @w i munobl ots probed with R12

anti serum supra). + and - indicate the presence of
the functional or nmutant pgl operon in the cells. Panel A contains sanples

f th FT1a])
i st ag (1 e T B o S paza e

Panel B: Abe Aequt&mwpgcf P N-glyes atmu@othe’(q?alﬁémsygf ReFon fyacker ﬂ&z?’séﬂﬁ%%D

(lanes 4, B T
oS53 Qs'_ét ra%BrglEMzgceﬁ(gFﬁgﬁ%,@?a) 1&5&5)( Eﬁ%ﬁéAC g N4 Nﬂhked csaroteg]ngelyécoiylatlzgri At A

15  N273QWithiverse Grandigen ilnppolymféaﬂ@ st&@tts% !rh%e&chlazyoh EfaceNoB gt anes

3, 4), Ctdd ((=6ALDY J0{d-80185 op Tob10 ARG peh&B: YBRE-1-608 &MY Tells (Alaimo,
C., Catrein, I., Morf, L., Marolda, C. L., Callewaert, N., Vaivano, M. A., Feldman, M. F.,
Aebi, M. (2006). Two distinct but interchangeable mechanisms for flipping of lipid-linked
oligosaccharides. EMBO Journal 25, 967-976) (panel E, lanes 7, 8) expressing said
proteins from a plasmid. Shown are SDS-PAGE separated periplasmic extracts that were
transfered to Nitroceliulose membrane and visualized with specific antisera. In panels A-
D the top panel show immunoblots probed with anti AcrA antiserum (Wacker et al. 2002,
supra; Nita-Lazar, M., Wacker, M., Schegg, B., Amber, S., and Aebi, M. (2005). The N-X-
S/T consensus sequence is required but not sufficient for bacterial N-linked protein
glycosylation. Glycobiology 15, 361-367), whereas the bottom panels show immunoblots
probed with R12 antiserum (Wacker et al., 2002, supra). + and — indicate the presence of
the functional or mutant pg/ cperon in the celfs. Panel A contains samples of the soluble
wildtype AcrA with the pelB signal sequence and the hexa histag (lanes 1, 2), AcrA-
N273Q (lane 3, 4), and AcrA-D121A (lane 5). Panel B: AcrA (lanes 1, 2), AcrA-T145D
(lane 3), AcrA-N123Q-N273Q-T145D (lanes 4, 5). Panel C: AcrA-F115D-T145D (lanes 1,
2), AcrA-N123Q-N273Q-N272D (lanes 3, 4). Panel D: AcrA-N273Q (lanes 1, 2), AcrA-



Fig. 3 shows the engineering of multiple glycosylation sites in OrmpHLl. The
AwaalL strain SCMb6 was co-transformed with plasm d pACYCpgl (encoding
entire pgl locus) and plasnmds expressing wild type OmpHL (Il ane 1),
OTpHLIN139S-nyc (lane 2), OmpHL KGN-.NIT, HFGDD-DSNI T -nyc (|l ane 3), OmpHL
RGD-.NIT, HFGDD-.DSNIT -nyc (|l ane 4), O’rle KGN-. NI T. RGD NIT -nyc (Il ane
5), Orrle KGN-"NIT, RGD-.NIT, HFGDD-. -rrycéane6 \h%?l
NI T. VSST Y&y 3Q-BH2Prfaneshi "de‘f’?’!’?'\ﬁepéx%ﬂ%‘% et obPEA ML laﬁaﬁée‘&) %% 0. 5%

ar abi nose ¢ %’/D?Nh%n%s@%)%n& enaDdlagpl Bise)iaNie cel |l | ysates were TCA
precipitate ter’ equalizing the optical density of the cultures as

described in the materials and nethods section. The proteins were

canel - | o REh e T8l oI é’i%ﬁ’%bwSﬁespﬁqgrﬂ%'??@%m?%ﬁt
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strains CL(W-ZIGITO&GDSWB ihg expine SsdnoRT. plrasibgint o type
OnmpHL and its vari ants &|§hé" H@ﬁ? to OD603 of 0.25/m rﬁ&h?ng‘ﬂv\édor

vvals Ihed t WqupHi R8I EH- rpyméquteaf)e -inef delis edre grdwre a¢PBBRlY, nduzed withd.9%0 pl
ot oo PEang (bE3 (@55059&0&30%9%%6{/\%@%? sbERere rEASReaihiddgpat ed

at roomtea ature nside a h
subs equenteqaallzp'g the optlieal whosity-af dhé cultmemad Hesaribed imthe matatialé and mediagdsdone

at room tenpera re
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cells but texed

ol 15 ver EREHEY o0 FRAG GinRBlsEat Rk NealRTRBRP I Bhesspecitt

cont ai ni n@nigerBBATha pPBRNSAGT Englicbsydatedgand biycosytsitéd Omptt @nedodieated oni t h
anti-nyc 0 | onal mouse 1gG (1:50, Cal biochem and/or anti-glycan
antiserum er1195&500) for 1 hin 100 pl of PBS containing 5% BSA. The cells

were washed three tinmes with 100 pi of PBS for 5 min each and incubated
with secigid Fluarascencenicosapiy Boels @enssigr@dorsOmprd vatants (Culturs@on

| munor esgargp strlaﬁ'lgoéﬂﬁ% '&Sécﬂ@%ﬂramg 'tnmgeaesaaﬁ &émd q&nmgg\aﬁcﬁﬂﬁgbo O3

(1: 250, Jackson nmunor esear ch Laboratori es
cont ai ni n@MEEB8AJ itsfvarigqisi werg, equelizesl 9 Bdeannrf 0. %ﬁéﬁy@ﬁlﬁd‘(é@fé Ywashed)Wesi gma)

(0.5 pg/ m fge%ﬁm g@b B#ﬁgréd' mnsf(psefﬁﬂwai )énaﬁtobtm%n s B838PRIbRO a0

stain for bacterial secondar
dropped onto gelatinized glass slides and incubated at room temperature (RT) for 30 min

inside a humidified chamber. All subsequent steps in the whole-cell immunofluorescence
labeling were done at room temperature inside a humidified chamber. The unbound cells
were removed and rest was fixed with 4% paraformaldehyde containing PBS for 30 min
at RT. Importantly, paraformaldehyde is considered not to permeabilize cells but keeping
the compartimentalization by membranes intact. Fixed cells were washed two times with
PBS and resuspended blocking buffer containing 5% BSA in PBS. After blocking, the
cells were incubated with anti-myc monocional mouse igG (1:50, Calbiochem) and/or
anti-glycan antiserum (1:4000) for 1 h in 100 pi of PBS containing 5% BSA. The ceils
were washed three times with 100 yl of PBS for 5 min each and incubated with
secondary anti-rabbit antibody conjugated to FITC (1:250, Jackson Immunoresearch
Laboratories) andfor anti-mouse antibody conjugated to Cy3 (1:250, Jackson
Immunoresearch Laboratories) for 1 h in 100 i of PBS containing 5% BSA. If required,
4, 6-diaminc-2-phenylindole (DAPI} (Sigma) (0.5 pg/ml) was added at the time of
secondary antibody incubation to stain for bacterial DNA. The secondary antibody was



16 rinsed fromthe cells PBS, and coverslips were mounted on slides by
using vectashield (Vector Laboratories) nounting nediumand sealed with
nail polish. Fluorescence microscopy was perforned by the using an

Axi opl an2 m croscope (Carl Zeiss). Inmages were conmbined by using Adobe
Phot oshop, version CS2. SCM6 cel ls expli ssi ng OTle (panel A), On'leN1398

anel H c2os anel GN-.NT NI T.
(1EGD NI T) Hrfgépé)i@mh? C%E%ﬁ’@ﬁ E%d co lQISI’{@(? ”f%“‘i“% % pan% %%Hl
V113T, KG\-(\idkthr (Ll%ﬂl%'tor@s) rﬁcﬁlﬁtln@mbﬂaudﬁ%d NealcBGiItN n'é,:ll-ﬁm Bﬁbﬁ‘eﬁcémnel

H) . Theflrst colum is merge of the ﬁtﬁ in col ngn gzr
represent éH'Cf%C@?Ve‘V@%H@@rBWdHWatER Hshg 6’61 iGIAsPope (PG &EsE) JB?Qfs’fcence

in greytongsef EqmbiRAP bystdhd. Ad‘dbleunﬁotashcgf eRfsidr taszssemeecéursompgés;smn
specific fluorescence, coI um_4: red fluorescence fr"ﬂ&l‘ méc ei i ng.
The fol | ovPMgHExarPanel sB)hve @BPHITUSt r 3 ur Bher Q f)d%s i on
and are nQhmpHpteEndREcto-DNT Sl S sq;gpe @,ﬁp;aﬁﬂan*FGEEx'aWHI egpanael €gtion

of AcrA as node i optim zi ng | ation To optjm ze the
acceptor PO 961#Ngggﬁ%rﬂ}mnﬂ@aﬂ%r NEigl y 'é&?gar? det ai (P8RF!st uéﬂ es alr e

per formed @§n PHIT"@”@"'T feei-uTHFSE-PONHLAR &I H). ’f\ﬁé first @)I@ﬁr@ﬂ@b mé@é/bf itfe Bictures

periplasmc i poprotein of 350 am no acid residues. has_been shﬁ!vm t hat

secr et i on iR goURES P pRadrepiasenigd in Bfﬁyf%waﬁ@%?qquﬁméﬂ"ﬁr@?’@?}ﬂl%P € for
gl ycosy!l atgj Qpsthdetinl3éRbnéd fréth: DAROREIN, 881MA)3: gfédh fudresthcd abmegipgint can

ei ther be the native Acr A signal sequence or the heterol ogous Pel B signal
when expr épesific fluprescepes. |colupm 4:fied fiuqrasqepeR eMAntNpYG B3yl ycosyl ati on
sequons (N117, N123, N147, N273, N274) the sanme two ones are used in C
jejuni and E. coli (N123 and N273 (Nita-Lazar et al., 2005, supra)). AcrA
was choserThasfolioeieg dxamtmesértxe t0 silushreteofurthepthe pieasnti iovestghyarsbearet edtn of

C. jejuni for tural information is avail able.

Recent | y, d%i?‘ég%%c& ﬂ?’éy Yan Acr A honol ogue, the MexA protein from
the G am negatl ve bacterium P. aerugi nosa, was published (H ggins et al.,
(2004). {@I%ge of the periplasmc conponent of a bacterial drug efflux
punp. Proc: Acad. Sci. US A 101, 9994-9999). Both proteins are
menbers of the so-called periplasmc efflux punp proteins (PEP, (Johnson,

J. M and ég]&‘{t%rﬂ of ch/las(n}gt?eq roéLﬁfU? ﬂb&%ﬂgm@&&%& prediction of

di ver gent am ies: ane proteins of
bacteri al effl ux punps. J. I\/bI . B| oI . 287, 695-715)). The el ongated

mol ecul e To optimize the acceptor protein requirements for N-glycosylation detailed studies were
performed on the C. jejuni glycoprotein AcrA (Cj0367c). AcrA is a periplasmic lipoprotein
of 350 amino acid residues. It has been shown that secretion to the periplasm but not
lipid-anchoring is a prerequisite for glycosyiation (Nita-Lazar et al., 2005, supra). The

- signal for export can either be the native AcrA signal sequence or the heterologous PeiB
signal when expressed in E. cofi. Of the five potential N-linked glycosylation sequons
(N117, N123, N147, N273, N274) the same two ones are used in C. jejuni and E. coli
(N123 and N273 (Nita-Lazar et al., 2005, supra)). AcrA was chosen as model because it
is the only periplasmic N-glycoprotein of C. jejuni for which detailed structural information
is available. Recently, the crystal structure of an AcrA homologue, the MexA protein from
the Gram-negative bacterium P. aeruginosa, was published (Higgins et al., (2004).
Structure of the periptasmic component of a bacterial drug efflux pump. Proc. Nati. Acad.
Sci. U S A 101, 9994-0999). Both proteins are members of the so-called periplasmic
efflux pump proteins (PEP,(Johnson, J. M. and Church, G. M. {1999). Alignment and
structure prediction of divergent protein families: periplasmic and outer membrane
proteins of bacterial efflux pumps. J. Mol. Biol. 287, 695-715)). The elongated molecule
contains three linearly arranged subdomains: an a-helical, anti-parallel coiled-coil which



contains three linearly arranged subdonmains: an a-helical, anti-parallel
coiled-coil which 17 1is held together at the base by a |ipoyl donain,
which is foll owed by a six-stranded (3- barrel domain. The 23-28 residues
at the N-termnus and 95-101 residues in the G termnus are unstructured
in the crystals. MexA and AcrA protein iequences are 29.3% identical and
50 %simlar. Thus, the two proteins | { exhibit a simlar overall fold.
Exanpl e 1 iglheld @aeihen abihet basedmi adipgy gemarrwheeqa&rleweri a2 sixistgated B-
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nol ecul ar 0 ' ‘ T S 10 the
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sequences coding for the OmpA signal sequence, the N-term nal

hammer head- 1 i ke part of AcrA (D60-D95, the nunbering of the am no acids
refers t o Thatefonrna plasmit eoklingioy repivodledoseain driplevanspetrusied and Neteaminglyr ent
stretches t.ai [ kycas i &o 8
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t he C-t er exiiatellbias pregycticonk tecambingnt grotmne uplnasﬁﬁcaeﬂm Ce[b MPEY %Pr@tgroi

st andar d @t@@%@mb@ﬁ B8 drRCENLANAS toTérgsg Al © gfwag peAbikd Be

native N1 cosylation’site of Acr ere
place the gene expression under the control of the arabrnose promoter For the Lip

domain borders amino acid positions were chosen that appeared at the same positions
as the domain borders of the Lipoyl domain part in MexA. To test different peptides for
their ability to accept an N-glycan stretches of the sequence were inserted between the
two hammerhead-like parts of the Lip domain. The stretches consisted of sequences
comprising the N-glycosylation site N123 of C. jejuni AcrA. The resulting open reading
frames consisted of the sequences coding for the OmpA signal sequence, the N-terminal
hammerhead-like part of AcrA (D60-D95, the numbering of the amino acids refers to the
mature AcrA polypeptide sequence numbering), the different stretches containing the
native N123 glycosylation site of AcrA (see below), the C-terminal hammerhead-like part
of AcrA-Lip (L167-D210) and the C-terminatl his-tag.

Construction of the plasmids was achieved by standard molecular biclogy techniques.
Three stretches containing the native N123 glycosylation site of AcrA of different lengths
were inserted between the two halves of Lip resulting in three different ORFs:



were inserted between the two halves of Lip resulting in three different
ORFs: is Construct A contains A118-S130 resulting in a protein seguence
of . M KKTAI Al AVALAGFATVAQADV | | KPQVSG V I V N KLFKAG DKVKKG&QTL F I | E Q
DQASKDF NRSKALFSQLDHTEI KAPFDGTI GDALVNI GDYVSASTTELVRVTNLNPI YADGSHHHHH
H(sequence 1). Construct B contains Fl E138 resulting in a protein
sequence of: M KKTAI Al AVALAGFAT VA DVI SGVI VN KLFKAG DKVKKGQTLEI

EQDQ FN RSKONSHUESOAA| SBREINSHTAT IPERGT |r8i5}i& | EONFSASTRET VRRPANERES RBGSHHH

HHH (Sequ%KETRWA\@Q_MFNNA@WMF@W&WLA@Gmemmmm:uemmﬂtﬂl-cme| n

T -~ VKKTAT AT AVALAGEA
AL DHTE! IR AT BB AT BN OSSN | SR EAMG The

underllneqigggggﬁﬂgﬂ of sequence indicate the OmpA signal peptide, singly
underl i ned reS|dues wer e introduced for cloning reasons or to render the

protein r &QnstrapB coriaing fi 24tk 3B iesulbag i a HoIRbISAURPEDA sit e correspondi ng

to N123 OwaKTAAJA\mA@fSATmemwmv;memﬁ«wmmwemmm
expressed under_the co in the ba kbone of

the pl asmiA-FSESAI§ %%QMTEIWFDG%P&M@'G¢+YVS*§%ETEIW&1\§TNLI{>@E$D HHf1 998) .
Prot ot ype i asbgiEncePgper one essential for cytochrome ¢ maturation.

Sci ence 281, 1197-1200 To check which of the three stretches triggered
gl ycosy! atGasstrest ¢ ke EPRaREot BT ALARZ Ot dRFHIING pies & oRTANPer FERAIE WX -e

per f or ned. MlEf(T&tNAVATSA@#Aﬁ@!dAﬁJ\ﬂMM\PS‘@WNKL%@MKC@TLFME@BDWRyl ng
pACYCpgl or and a plasmd coding

Const 1 uot SR THEHRE HRRSIGPARAICEYSARAF LYRYENC HP AR STRTERM | 1 and
chl oranphe V\(féhcyg to an GD of 0.5 at 37C. For induction 1/1000 vol ume 20%

ar abi nose so ution was added and the cells were grown for another 2
hrs. The dérl S’”d%@ﬁ@ tstretehpar e seauensy ipdiratei egQmh Hend! rRaplidpestlol in 20

MM Tri s/ Hghdemhb$reaidué? %bréﬁﬁé(ﬂﬁ:@d GV, cYamn]?]feH%rEQ-F@@ rehdBMhEMRITein 28ikstantd/ |

(wv) lysozynme and incubated at Periplasm c extracts were

obt ai ned & tdégrq@étl%t@q!ﬁggiwow'ﬁ@% B'F?eﬁ%?%ﬂé'”arfa Ntﬁ3l o BerAwnilteles1 hex&ro| ume
(viv) of %%d’“fﬁe%or&sﬁ@n%s%\'@%es Qere M( réb&/d"@derﬁhb %oﬂtrcﬂrlfﬂ the hrd¥inose

I m dazol e) and MgSO4 added finity purification was
per f or ned PenateRdn the backbone of the plasmld pEC415 (Schulz, H., Hennecke, H., and Thony-

Meyer, L. (1998). Prototype of a heme chaperone essential for cytochrome ¢ maturation.
Science 287, 1197-1200).

To check which of the three stretches triggered glycosylation of the Lip proteins protein
expression experiments were performed. E. cofi Top10 cells (Invitrogen, Carlsbad, CA,
USA) carrying pACYCpg! or pACYCpgimut (Wacker et al., 2002, supra) and a plasmid
coding constructs A, B or C were grown in LB medium containing ampicillin and
chioramphenicol up to an OD of 0.5 at 37°C. For induction 1/1000 volume 20%
arabinose (w/v) solution was added and the cells were grown for another 2 hrs. The cells
were then harvested by centrifugation and resuspended in 20 mM Tris/HCI, pH 8.5, 20%
sucrose (w/v), 1 mM EDTA, 1 mM PMSF, and 1 g/l (w/v) lysozyme and incubated at 4°C.
for 1 hr. Periplasmic extracts were obtained after pelletting of the spheroblasts and
diluted with 1/9 volume (v/v) of 10x buffer A (3 M NaCl, 0.5 M Tris/HCI, pH 8.0 and 0.1 M
imidazole) and MgSQ, added to 2.5 mM. Ni-affinity purification was performed on 1 ml
Ni-Sepharose columns from Amersham Pharmacia Biotech (Uppsala, Sweden) in buffer
A. Proteins were eluted in buffer A containing 0.25 M imidazole.

Fig. 1 shows Coomassie briliant blue stained SDS-PAGE gel of the peak elution
fractions from the Ni-purified periplasmic extracts. The expression analysis showed that



Ni - Sephar ose col ums from Amersham Pharmaci a Bi ot ech (Uppsal a, Sweden) in
buffer A Proteins were eluted in buffer A containing 0.25 Mim dazol e.
Fig. 1 shows Coomassie brilliant blue stained SDS- PAGE gel of the peak
~elution fractions fromthe Ni-purified periplasnmc extracts. The
expression anal ysi s shomed that 19 con;truct B produced a pronlnent single
protein species (Fig. 1, lane 1). ConstT uct s
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peptide d roach an aspartate to tion was Inserted at
posi tion Ighrogyhated Ashqwse that @ eghafl deptists (§th eth@h@/fiﬂ(%dsﬁﬂ Tatves ceuiging alln t he
full | engtitvosRitieRl&r Y66 h%l@éNt LfdnRs eE&rn and it was tested whether
the site N?ggécou d gtjlﬁ ) %gé\%q/l atned |an coli. In order to test
this AcrA-D121A was expressed and its glycosylation status was anal yzed.
For the a he>2 YBRBHSTSEHEHple F AR NS 2YA Bhot tcéé-glét&ﬁsﬁ\ﬁisomthe

ori gi nal -a 0 I C(r)n al ns oe e St gnal sequence ( Choi
and Lee, 2004, supra) for secretion into the periplasmand a G term nal

hexa hi st 2% E&Errrﬂulrhbfﬁrdmds%m'&]e ﬁeZmEeed?s WhprbhaH ahhhs%)aﬁﬁfeAtd/ﬁfahﬁ‘aBt gets

secreted, signal peptide-cleaved 8 COSsy Iat ed as th i pid anchored,
native prcmtéatmn vag tngetted gt pesitien 121 F0HB1A, S!@p?dPS’th%be@W 8% slycosyatede

protein s EP\HI‘Q@:E f%xetthfulf[ Igﬁﬁ_'ﬁ %MBieeveﬂ%rﬁof tﬁé Wcﬁﬂ\ Broteln and it was tested whether the
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AcrA was used. it differed from the original C. jejuni gene in that it contains the Pel8

signal sequence {Choi and Lee, 2004, supra} for secretion into the periplasm and a C-
terminal hexa histag for purification. It has been shown that this AcrA variant gets
secreted, signal peptide-cleaved and glycosylated as the lipid anchored, native protein
(Nita-Lazar et al., 2005, supra). The following is the protein sequence of the soluble AcrA
protein:

MKYLLPTAAAGLLLLAAQPAMAMHMSKEEAPKIQMPPQPVTTMSAKSEDLPLSFTYPAK
LVSDYDVHIKPQVSGVIVNKLFKAGDKVKKGQTLFIIEQDKFKASVDSAYGQALMAKATFE
NASKDFNRSKALFSKSAISQKEYDSSLATFNNSKASLASARAQLANARIDLDHTEIKAPF
DGTIGDALVNIGDYVSASTTELVRVTNLNPIYADFFISDTDKLNLVRNTQSGKWDLDSIHA
NLNLNGETVQGKLYFIDSVIDANSGTVKAKAVFDNNNSTLLPGAFATITSEGFIQKNGFK
VPQIGVKQDQANDVYVLLVKNGKVEKSSVHISYQNNE YAIIDKGLQNGDKIILDNFKKIQVG
SEVKEIGAQLEHHHHHH (sequence 4)




DGTI GDALVNI GDYVSASTTELVRVTNLNPI YADFFI SDTDKLNLVRNTQSGKWDL DSI HA
NLNLNGETVQGKL YFI DSVI DANSGTVKAKAVFDNNNSTLLPGAFATI TSEGFI QKNGFK

VPQ GVKQDQNDVYVLLVKNGKVEKSSVH SYQNNEYAI | DKGLQNGDKI | LDNFKKI QVG

SEVKElI GAQLEHHHHHH ( sequence 4) 20 The underlined residues are the PelB
signal peptide, italics the hexa- hi st ag and bold the two natural

gl ycosylation sites at N 123 and_N273. ntai ning the for the
above pr ot &ffungeriiRd TeREUesA IR REY ?‘%@'\H 'd@t'taiFSt efggay! %%rﬂ?ﬁ:t ed
to pr OdUCemdorﬁ‘ﬁnr%pgrycosmﬁo@@myattmmd mm 91 Mﬁ@ﬁWo@h!aﬁfthmét@RF o e A
and nutants thereo see hel ow) was expressi on of Ac

i nduced wi 8PP\® @f?%rh}”atﬁ? %%15@’%@)@?ﬂq|za?tl 31} 189 FyCanStrEeed tQ?ErR?QHéAéaS

(Fel dman ebAéﬂA er. 2005, supra) cells containing the pI asm d- borne pgl
operon in its actlve or inactive form (pACYCpgl or pACYCpg/ nmut, see (Wacker

at al . 2002, supra)) and a plasmd coding for AcrA (pAcrAper). After four
hours of 'ﬂ‘i’é’ﬁ&éagrto ted@@rﬁé @y@o%maﬁorezﬁamccsfsmwraﬁd PRAARE Gekrast (S@sBaiblpRasibove
and anal yzed b GE, " el éctrotransfer and_imunodet ection with either
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N-gl ycan E@BWE”E b2 @%IdrrVéﬁP&eél Qbo@|supra39.@|?s corﬁélﬁih?)he plBSmidiyopde t WO

| anes of A show AcrA in the absence and presence o functi onal pgl

oper on. OWd/ 9pREONTA IS agisertiractive e (absEhed %@ﬁCtYﬁ:lpé'@'"-it nSee{dVagkeite of

the functympals,pe &éﬁ?ﬁé Hhsfriied Gedl%fort,QﬁAF@A‘&hber Tﬁ'ﬁeﬁﬁfo@r%d&§9f)lﬂﬂuétfén
ungl ycosyl at ed Acr | ane 1) and un-, nono- and diglycosyl ated AcrA (I ane

2). That tmﬂflpdaﬁm%em%% wereoP@PALd A% dpsgibed ahaye a @ealmdamééﬁ%@“ E.

confirmed Qyctdi@nktee aig FhRALAod&dtiok lvmﬂeen%er BRi-hem arﬂ@eﬁh) or A nlifgumut ant
Acr A- N273Q was expressed the sane way t he nmonogl ycosyl ated Acr A was

det ect ed i Hepledise i eresifict e G. i Hrﬁycam%@@m&tpr%nﬁd acb?fe%ﬁ' (3%Re 3).
Ungl ycosyls?gp%;s Acr A was detected in absence of the functional pg/ |ocus
(lane 4). Anal'ysis of the nmutant AcrA-D121A produced only two bands, one of
them glycosylated (lane 5) as observed with AcrA-N273Q in | ane 3. Thi s

means t hatTydlgrdt thd larRSSRRld. 2k el @Jrfxnmr@rabssﬁaéc@ﬁyﬁragér@a ol fitibhal P g
123-125. Exanple_3 Introducing artificial glycosylation sites into rA To

test if tRPEFNrOaiceNcoRadd aRReASAr et BOTEBSE itk 188 @ HenBregprre, of the
gl ycosy! atf;QdtioRhft Bgl op‘é%rA(FTtht@pV\ﬁ‘ér%I JFRESALRTLSpBniVid GinglybEsylRsd AU i N
the -2 position of the not use
(lane 1) and un-, mono- and dlgiycosyiated AcrA (lane 2). That the two heavier proteins
in lane 2 were glycosylated was confirmed by the R12 western blot (lane 2, bottom
panel). When the mutant AcrA-N273Q was expressed the same way, only the
monoglycosylated AcrA was detected in presence of the functional glycosylation pg/
operon (lane 3). Unglycosylated AcrA was detected in absence of the functional pgf locus
(lane 4). Analysis of the mutant AcrA-D121A produced only two bands, one of them
giycosylated (lane 5) as observed with ACrA-N273Q in lane 3. This means that D121 is

essential for efficient giycosylation at position 123-125.

Example 3 Introducing artificial glycosylation sites into AcrA

To test if the introduction of an aspartate residue could generate a glycosylation site,
AcrA mutants were generated in which the residue in the -2 position of the not used
glycosylation sites in positions N117 and N147 of soluble AcrA were exchanged for
aspartate (F1150, T1450D). it was then tested whether the modified glycosylation sites
could be glycosylated by the same assay as described in example 2. Both mutations
were individually inserted either into the wildtype sequence of the soluble version of AcrA
or in the double mutant in which both used giycosylation sites were deleted (N123Q and



gl ycosylation sites in positions N117 and N147 of sol uble AcrA were
exchanged for aspartate (F115D, T145D). It was then tested whether the
nodi fied glycosylation sites could be glycosylated by the sanme assay as
described in exanple 2. Both nutations were individually inserted either
into the wildtype sequence of the solubje version of AcrA or in the double

mut ant in which both d | at d t ed
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the sanme nutant Acr A-T145D was express he absence of t
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was gener at ed further conf| rmthat ossi bje tg introduce
a gl ycosy!lan§ d‘ﬁ §hi'teW8§/ mﬁé'égt'ﬂnab%ﬁﬁ‘ce p&r f%&onaisqutfﬁ’em %?B % po% ti on,
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optimze N-g osylation. For t urpose further nutants rat ed
(Bl o 50 midodsucisiing i 141D mofalof: 8 PoRIVERA BEPIHAIOR S HEs B TRE B BERNSY o1 em
resulted in five protein species detected with the anti AcrA antiserum

(lane 2). This is indicative for_four |yCOSé| ations, takj ng)hpl ace on the

same Acr A Tofusthgr sonfimetnat ficis Ressigler 1ooiTRANCe B ralysoRdatia $11¢ P dnserting i, n;

:\Fgl ytca][l ?ﬁﬂétbCreBaae WIHeS-Qrpw”éltloa {hadegivel9fnot tjsycesxta%rndﬁmmgiemwm The
owes aln

is u osyl ated Acr A be ueltl ent _in the
absence ofTQJFSM&HhéE‘Q?ﬂ%m( ‘P%{Wézqw“gl?(‘Wéy‘ﬁ?‘% o I}J%gﬂrppge ?“r\'ﬁ‘ﬁr Q&I‘Hﬁ InaI
probabl y depetdied (g f2a)e EaplesSibmiof AGHH- emmmnm Iu’ﬂth% émefdebchrgldysye@m at ed
AcrA. Thus, the  two introduced fltes (at N117 N14Qru QP rb?.i.
m (lane his is

natively L{g*@.ﬂteglupé’ye(q@@@ spigies detected with the anti crA anti
indicative for four glycosylations takang place on the same AcrA molecule. When the

detection was performed with the C. jejuni N-glycan-specific R12 antiserum, a ladder of
five bands was detected. The lowest faint band is unglycosylated AcrA because it is also
present in the absence of glycosylation (lane 1), the highest results in a strong signal
probably due to the five antigenic determinants in a fourfold glycosylated AcrA. Thus, the
two introduced sites (at N117 and N147) and the two natively used sites (N123 and |
N273) are used and glycosylated by the pg/ machinery. Expression of AcrA-N123Q-
N273Q-N272D with and without the pg/ operon demonstrated that a third artificially
introduced glycosylation site, N274 (DNNST), was also recognized by the pg/ operon
{Fig. 2C, lanes 3 and 4).

The above experiments confirm the finding that the bacterial N-glycosylation site
recognized by the OTase of C. jejuni consists partly of the same consensus as the
eukaryotic one (N - X - $/T, with X#£P) but, in addition, an aspartate in the -2 position is
required for increasing efficiency. Furthermore, they demonstrate that it is possible to



N273) are used and gl ycosyl ated by the pgl nmachinery. Expression of

Acr A-N123Q N273Q N272D with and wi thout the pgl operon denonstrated that a
third artificially introduced glycosylation site, N274 (DNNST), was al so
recogni zed by the pgl operon (Fig. 2C, lanes 3 and 4). The above
experiments confirmthe finding that the bacterial Nglycosylation site
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consensus Befips e. VEsiiradreotpovigon 1 inald optintizedisiicosytatioh sequdrize opti m zed
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Sequence alignments of all the sites known to be glycosylated by the C. jejuni pgl
machinery indicate that they all comprise a D or E in the -2 position (Nita-Lazar et al,,
2005, supra;, Wacker et al., 2002, supra; Young et al., (2002). Structure of the N-linked
glycan present on mulitiple glycoproteins in the Gram-negative bacterium, Campylobacter
jejuni. J. Biol. Chem. 277, 42530-42539), Thus, it was established that the glycosylation
consensus sequence for bacteria can be optimized by a negatively charged amino acid
in the -2 position, resultingin D/E-X-N-Z -S/T, wherein X & Z # P.

Example 5  N-glycosylation of a non-C. jejuni protein

To demonstrate that the primary sequence requirement (optimized consensus sequence)
is sufficient for N-glycosylation in bacteria, it was tested whether a non-C. jejuni protein
could be glycosylated by applying the above strategy. Cholera toxin B subunit (CtxB)
was employed as a glycosylation target. The corresponding gene was amplified from
Vibrio cholerae in such a way that it contained the coding sequence of the OmpA signal -



consensus sequence for bacteria can be optim zed by a negatively charged
amno acid in the -2 position, resulting in DDE- X - N- Z - SIT, wherein
X & Z # P. Exanple 5 N-glvcosvlation of a non-C. jejuni protein To
denonstrate that the primary sequence requirenent (optim zed consensus
sequence) is sufficient for N-glycosylation in bacteria, it was tested

whet her a non-C. jejuni_protein could syl.ated b I n the
above st r a$WHNCRORB| tBR eN'E‘?SWWSBa%BuWF’@h(S@%xé) t(i')“‘l\/\ég % %Sg%%/
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Lanes gure denonstrate that th gf neered protein
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i.e. thelnser¥|ono fter WB8 as well as DSN %acm
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al so be I'Tected to a non-C. jejuni protein b 11nsert| e%the
opti m zed NYNseffigs in-gel trypsinization according to st ndard proto ots he expect
glycopeptides were detected confirming that bacterial N-glycosylation can aiso be
directed to a non-C. jejuni protein by mutating or inserting the optimized consensus
sequence according to the invention for bacterial N-glycosylation (not shown). Examples
of other suitable exemplary E. ¢oli strains for practicing the present invention are W3110,

CLM24, BL21 (Stratagene, La Jolla, CA, USA), SCM6 and SCM7.

The amino acid sequence of the CtxB protein used here is indicated below (recombinant

OmpA signal sequence underlined, hexa-histag italics, W88 bold):

MKKTAIAIAVALAGFATVAQATPQNITDLCAEYHNTQIHTLNDKIFSYTESLAGKREMAIIT
FKNGATFQVEVPGSQHIDSQKKAIERMKDTLRIAYLTEAKVEKLCVWNNKTPHAIAAISM
ANGSHHHHHH (sequence 5)

Example 6 Introduction of arificial N-glycosyiation sites into _the C. jejuni outer

membrane protein, OmpH1




sequence according to the invention for bacterial N glycosylation (not
shown). Exanples of other suitable exenplary E. coli strains for
practicing the present invention are W81 10, CLM24, BL21 (Stratagene, La
Jolla, CA, USA), SCMs and SCM/. The am no acid sequence of the CtxB protein
used here is indicated bel ow (reconbi ngpt OnpA signal sequence underlined,
hexa- histag italics, W88 bold): M KKTAI Al AVALAGFATVAQATPQON
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critical asparagine for glycosylation were also included in the experiment. All variants
tested here did not only demonstrate a high level of glycosylation efficiency but also that
every glycosylation sequon was utilized. The resuits were confirmed with Campylobacter

N-glycan specific immuneserum (Fig. 3 lower panel).

The following is the protein sequence of the OmpH1 protein of Campylobacter jejuni
(strain 81-176) with attached myc tag in italics:

MKKILLSVETTFVAVVLAACGGNSDSKTLNSLDKIKANGVVRIGVFGDKPPFGYVDEKG
NNQGYDIALAKRIAKELFGDENKVQFVLVEAANRVEFLKSNKVDIILANFTQTPERAEQV
DFCLPYMKVALGVAVPKDSNITSVEDLKDKTLLLNKGTTADAYFTQDYPNIKTLKYDQNT
ETFAALMDKRGDALSHDNTLLFAWVKDHPDFKMGIKELGNKDVIAPAVKKGDKELKEF!
DNLUKLGQEQFFHKAYDETLKAHFGDOVKADDVVIEGGKILEQKLISEEDL (seguence 8)

The native glycosylation site in the protein is bold, the signal sequence underlined.



every glycosyl ati on sequon was utilized. The results were confirnmed with
Campyl obacter N-glycan specific i nmuneserum (Fig. 3 |lower panel). The
following is the protein sequence of the OrpHLl protein of Canpyl obacter
jejuni (strain 81-176) with attached nyc tag in italics:

MKKI LLSVLTTFVAW. AACGGNSDSKTLNSL DKI KONGYWRI GVFGDKPPFGYVDEKG

NNQGYDI AL L o - | LLANETQTP
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ETFAAL MDKRGEAD BT I8 EGMEHBHPDFKMG KEL GNKDVI APAVKKGDKEL KEF

DNLI | KLGQREQFFHKAYDETL KAHFGDDVKADDW EGCKI LEQKL/ SEEDL (sequence 6) The
native glycosylation site in the protein is bold, the signal sequence
under | i nedin ¢8er fexanmsplee the qestibaegethies phudlyple Glybbgylayeh O piH fovaridnts) ggnuime  on
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4, 6-di an‘: rietedt fHeeprpleim (roti au(nrlaéﬁll dncfe?bmt)\l-gl@&ne(b@rﬁeﬂyed the badtaian Icerf ajlinl‘ace, .
bacterial DNA o unanbi usly. differentiat t n hacteri C _an
ool ol o romtselneen DR HE: S taidming 2k s Ba e s iered S iy
i nmunof :ju@airebaceek@a Dmvﬁoidriamtﬁ@oub@ qlllﬂf@rﬁﬁﬁane Etﬁtvv@nl ba&er}idne:enb ghaC@MuﬁsgS
detecte Lg. 4, A n a nmutant . |l ackin e critical as agi ne N13
fes st ot nilablls. oinghine SHIF S pfFesig o s GRBH g tane imAtREL BN Eal o the
pr ot ei n bupedifid togihg groteppecwell as thegNallwanavas ddtected ¢elg. 4 panahed aBjutant
indicatin ec,ficity of the N an-specific,.i ne .serum en the
protein vvg%(’i&gt igf’n‘iﬂyc% ?ﬁ?f’F?%?eNgéﬁdYaés Dgd; vty ﬁ@#@é‘ﬁ%taﬁm 5Bt ot ei n
speci fi c, spegific immuneserum only the protein but not glycan specific signals were obtained

(panel 4 B) indicating specificity of the N-glycan-specific immune serum. When the

protein was retained within the periplasm as in the C20S mutant, no protein specific, red
immunoflucrescence was detected indicating that the antibodies were unable to diffuse
within the cell and were competent enough to detect any surface phenomenon {panel 4
C). Next, cells expressing multiple OmpH1 variants different in glycosylation were
stained: OmpH‘lKGN—-NIT,HFGDD—-DSNIT (panel 4 D), OmpH1RGD—-NIT.HFGDD—-DSNIT (panel 4 E),
OmpH1ReN-NTRGD=NT  hanel 4 F), OmpH1V®TXCN-NT  (nanel 4 G) and
OmpH 1 KCN-NIT.RGD-NITHFGOD-DSNIT (nanel 4 H). All the OmpH1 variants were double-
stained indicating the presence of glycosylated protein on the bacterial surface. Figure 4
is represented in grayscale, the first column is a merge picture of the other pictures of the

same row.



I mmunof | uorescence was detected indicating that the antibodies were unable
to diffuse wthin the cell and were conpetent enough to detect any surface
phenonenon (panel 4 C). Next, cells expressing multiple OmpHl variants
different in glycosylation were stained: OnpHlL KG\-. NI T, HFGDD- . DSNI T
(panel 4 D), OmpHL RGD-.NIT,HFGD-.DSNI T (panel 4 E), OmH 1
KGN-.NIT,R&@D-.NIT (panel 4 F), OmpH VS%’T KGN-.NIT (panel 4 G and OnpHL
KGN-.NIT,RGD-.NIT,HFGDD- . DSNI T (panel 4 H). Al the OmwpHl variants were
doubl e- stained indicating the preseftaires gl ycosyl ated protein on the
bacterial surface. Figure 4 is represented in grayscale, the first colum
is a nmerge picture of the other pictures of the same row 26 Cains 1. A
met hod fol pr SHnEthed IRE Preducing Niipkeskglveasylptest protaings cospiging:si ng:  a)
provi di ng nuclsyiptoviing fusal biils E®lingddor hBREEL We&@rﬁ@immgbt prdfgpt protein,
b) i ntroduci n% orge or. nore of the foll civm n N_W%J yco%yI ate _OBtI m zed, am no
acid consenst? TURGHERE Qngor rpre of the fellawpg Niglhycpsylptes optimized aging @cidny
nat ural am no cansehsexeeqienBe@®@): i nto said nucleic acids of a), c) providing
a reconbi nant organism preferably a prokaryotic organism conprising
nucl eic acids coding for (i) a functional pgl operon from Canpyl obact er
spp., preferably C. jejuni, andME-4X-d-Z e85 one reconbi nant target
protein encoded by the nucleic acids resulting fromstep b). d) culturing
the reconbi nant organismin a nmanner suitable for the production and
N- gl ycosyl at | #fessin phand & may bsr anyenaiusml angino Asld excenb Brosfinte| sdidnnucleisher ei n
the nucleic agiggsopgfing for at least one reconbinant target protein
according to ci i1), code for at |least 2, preferably at |east 3, nore
preferably at €l gyevidisgop Jegambipality egnisam: e grafprblyi e dreliryatiog@rapnism,
consensus sequmfﬁgngﬁuc@'ibgcfagmﬁgq{r claim1 or 2, wherein the produced

a

N- 11 nked gl ycos ed .t arget. r ot ei s)..conmpr.i se(s) one ,or e.N-gl ycans
sel ect ed ]9 rgm t%e @r%@bnc@gn%pg! I3|:n=:rf:m f?n(m)Camp obac?eg's B., p:efembgfo {2 Jejuri, y
and

(i) at least one recombinant target prolein encoded by the nucleic acids
resulting from step b),
d} cuituring the recombinant organism in a rmanner suitable for the production and
N-glycosylation of the target protein(s).

2. The method of claim 1, wherein the nucleic acids coding for at least one
recombinant target protein according to c) (ii) code for at least 2, preferably at
teast 3, more preferably at least 5 of said N-glycosylated optimized amina acid
cOnNsSansus sequences.

3. The method of claim 1 or 2, wherein the produced N-linked glycosylated target.
protein(s) comprise(s) one or more N-glycans selected from the group of N-
glycans from Campylobacter spp., preferably C. jejuni, the N-glycans derived from
olige- and polysaccharides transferred to O antigen forming O polysaccharide in
Gram-negative bacleria or capsular polysaccharides from Gram-positive bacteria,
preferably P. asruginosa 09, Q11; £ coli O7, 09, 018, 0157 and Shigella

dysenteriae O1,

4. The method of any one of claims 1 to 3, wherein the produced N-linked
glycosylated target protsin(s) comprise(s) two or more different N-glycans.



gl ycans from Canpyl obacterspp., preferably C. jejuni, the N-glycans derived
from oligo- and pol ysaccharides transferred to O antigen formng O

pol ysaccharide in G amnegative bacteria or capsul ar pol ysaccharides from
Gram positive bacteria, preferably P. aeruginosa 09, 011; E. co/l 07, 09,
016, 0157 and Shigella dysenteriae 01. 4. The nethod of any one of clains
1 to 3, wherein the produced N-1inked %jl ycosyl ated target protein(s)
conprise(s) two or nore different N-glycans. 27 5. The nethod of any one

of claimesl tOrhe mMEIREEICR 4rye oRé OStUEBRhd\HI wlqeoknrséﬁémomé Prfhcbd 9 Bhked

protein(s) is (are ved from mamal i a terial, vjral fungal or

pl ant prot ei nséI ;WE tﬁﬁeﬁd’d"t@!ﬁ@n‘? (Brse %FV%‘? Pﬁ‘s“‘f‘rﬂ"ﬁa'@" RAcipal Virdle
nucl ei ¢ aci ds fought bgplhot préfeing, east one reconbi nant target protein according
toc) (ii) of claim1 further code for at |east one polypeptide sequence
capable of targeting said reconbinant protein to the outer nenbrane of a
gram negdi.i ve Thechethodof afly ofkef misimed tof5, stherein Ghe nixdeie iacids leding fodatd

targeting pol X@&E’Bhé“? c%ﬁ?ﬂiﬂ?ﬁ?aré& r%%lneﬁcﬁm rfrdo AOR( r@e"fg’ia%er a@ﬁ@ c%h}s’i'&r of

type Il signal pep es or y selected
fromthe groupmt éﬁﬂﬁé PB@ PRiypentiderreduenye ¢%§Hﬂfﬁﬁ&e§ﬂm Sé‘ﬂ reggabinan uptein

peptides of Oiphik dut@thémbiadleWhh grathMBghiiveBaeteduiil, Uni , outer nenbrane
proteins fromE. coil, preferably OmS, OmC, OmpA Oer PhoE, LanB, Lpp;

OmwA, and the Inp prote| n from Pseudononas aerugi nosa. 8. The nethod of any
one of clai s Thetraethiod Wi &lain 6, tiwlreie denkbhomizd targgting polypeptideederionck fsr om

L P SRR o bkl Sl B 3 i Hopad PSP BFanes =P

Sal nonel | a sa seudonbnas as
Baci | | us ssp. prqieles.avr&fﬁlra}blfselaetad donethe @iroup m@hp@ of thedull lpngth o in @t r ai ns

p vell 3261,
Top10). VBt Gobibepfticslor St e SGHn, A Fom LGLHT utst indimbranel

9. The net hod of ‘any on ns wherei n
sai d reconbi n&teBE §toRt Snrolk preferablydmPRa Rﬁa‘ﬁﬂ“ﬁégé? é"'ﬁ’%ci'@?‘%uﬁ?ﬁaw ng:
i) a genotype (M, €ndlithe ISt irélf FEeaUaNeme Rreginosyg for a) at |east one
natural or reconbi nant specific gl ycosyltransferase for the assenbly of an

ol i gosaccharide on a lipid carrier,
8. The method of any one of cla:ms 1 to 7, wherein the recombinant organism s

selected from the group of bacteria consisting of Escherichia ssp., Campylobacier
ssp., Salmonella ssp., Shigelfla ssp., Helicobacter ssp., Pseudomonas ssp.,
Bacillus ssp., preferably Escherichia coli, more preferably E. cofi sfrains Top1q,
W3110, CLM24, BL21, SCM6 and SCM7, and &. enterica strains SL3261,
SL3749 and SL.3261Awaal .

9; The method of any one of claims 1 to 8, wherein said recombinant organism is a
recombinant grarn-negative bacterium having:
i) a genotype comprising nucleotide sequences encoding for
a) at Iéast one natural or fecombinant specific glycosyltransferase for the
assembly of an oligosaccharide on a fipid carrier,
b) at least one naturai or recombinant oligosaccharyl transferase (DTase) from
Camplobacter spp., preferably C. jejuni,
c) at least one recombinant protein resulting from step b) of claim 1,
ii) 2 phenotype comprising the produced recombinant N-glycosylated protein that
is located in and/or on the outer membrane of the gram-negative bacterium.

10. The methed according to clagim 8, wherein the recombinant gram-negative
bacterium is selected from the group consisting of Escherichia $Sp.,



b) at | east one natural or reconbinant oligosaccharyl transferase (Olase)
from Canpl obacter spp., preferably C. jejuni, c) at |east one reconbi nant
protein resulting fromstep b) of claiml, ii) a phenotype conprising the
produced reconbi nant N-glycosylated protein that is |located in and/or on
the outer nenbrane of the gram negative bacterium 10. The net hod according
to claim9, wherein the reconbi nant gr&m negative bacteriumis selected
fromthe group consisting of Eschetichia esp., 28 Canpyl obacter sap.,

Shi gel | a ssp, Chaeipylobbder esp. sﬁbtgeﬂmcbsﬁséwmtmntes ssap and Bsdudomenks sspp. |

preferably E. | ggﬂﬂl M4,
BL21, SCMB anﬁ%@%ﬂmﬁd’ RERLAIZE Yol me FL%%E‘@%?’@@%E arfol
SL3261Awaal. mwzzrhsmhta&@dsafndaagmnan@fs cinédries stratng &1632%6%749 ank
functional pgg;. QRalrom Canpyl obacter spp., prefer ably C. jejuni,

conprises nuc e| C aC| 85 coding for i) reconbi nant Olase from Canpyl obacter
spp. preferabl y C jejuni, and ii) reconbinant and/or natural specific

gl ycosyl iy ansyfg @rﬁ)dféf(yﬁgt i ;qwa%eqttswos RRereirP{iRIBhalBhul g1 opglcittom and/ or

iii) reconbin [ or ecific glycosyltransferases from species
ot her than Caﬁpmpﬂbééﬂf@’rspppwmfefa@f}’@ Hejugh SemprisEsaLcilc 29S8 gdREr i de on a

lipid carri er.gpar h—acamnéﬁ: r;](‘)&@fﬁeﬁl baﬁ;pyioaaasﬁs@r Yr&ferabyClibRnidhase. 12. A

met hod for i ng a reconbl nant gﬂam ne ve bact erium haV| ng: c"r[?i)
genotype conphi si MESHRINEE; | @8VEEquBHHIEL ¢ Y&Pﬂﬁéj nHerRReR T 15

nat ural or reconblmﬁpylmr%pp g}ef@aszyla.;@'mﬁ;smcMe for the assenbly of an
ol | gosaconaryi t r dncrabltt BRyaL Sty spbete Hpifaod i ipeagp "ot
jejuni, c) at Ieastthwrtbanéemnﬂphm@rm,get protein conprising one or rmre
of the foll %’k% %é%w@@ﬁ?’ﬁbﬁ&é&@&ﬁdﬁdé% @W%B%aﬂﬁrdommmd o the

sequence(s): Wwherein X and maybe any natural ami no acid
except Pro, amqtlpl°tafﬂmé%Wﬁ¥comrl sing the produced reconbi nant
N—gl'ycosyl ated target

12. A method for preparing a recombinant gram-negative bacterium having:
i} a genotype comprising nucleotide sequences encoding for

a) at least one natural or recombinant specific alycosyltransferase for the
assembly of an oligesaccharide on a lipid carrier,
b) at least one natural or recombinant oligosaccharyl transferase (OTase) from
Campiobacter spp., preferably C. jejuni, '
c) at least one recombinant target protein comprising one or more of the
following N-glycosylatad optimized amino acid consensus sequence(s):

D/E-X-N-Z-8,

wherein X and Z may be any natural amino acid except Pro, and
iy a phenotype compriging the preduced recombinant nglycosy!aiad target
pratein that is located in and/or on the outer membrane of the gram-negative

bacterium;

said method comprising the steps of:
' A) providing nucleic acids coding for at least ‘one recombinant target

protein, ) ]
B) introxducing one or more of the following N-glycosylated optimized aming

acid consensus sequence(s):



protein that is located in and/or on the outer nenbrane of the

gram negative bacterium said nmethod conprising the steps of: A) providing
nucl eic acids coding for at | east one reconbinant target protein, B)

i ntroducing one or nore of the followi ng N-glycosylated optimzed am no

and consensus sequence(s): 29 D E-X-NxgZ-S/ T, wherein X and Z may be any
natural am no acid except Pro, into said nucleic acids of A), C providing
a gramnegative bacterium D) introducing into said bacteriumat |east one
nucl eoti de sequence encoding for a) at |east one reconbi nant specific

gl ycosyltransferase for the assepmg yx.-q§.an i gosaccharide on a lipid
carrier, and/or b) at |east one reconbinant ol'i gosaccharyl transferase
(Orase) from Canpyl obacter spp., preferably C. jejuni, and c) at |east one
recombi nant target whestieiXasncoaRg kY ahPerallg! Qﬂnﬁroa&dscﬁj%xcé ol §flg shlL™
step B), and E) CUII'IEJ EJCr}%ggalﬂ bacteriumuntil at |east orie retonbinant
N-gl ycosyl ated protern é’gl )Jy t he nucl eoti de sequence of step D) is

| ocated in and/ or Copraviviingoagem- -negdtiva bactefiumpe g’ram negative bacterium

. Th hod b
' solected from Chavorutl BRI s tifEleint e Mo bhds Sauctin, | cbaot or

ssp., Shigella saﬁncqqaﬁfébbact er ssp. and Pseudonobnas ssp., Sal nonella

e, BSB89kt RS Sl o T R

SL32614waal . of an oligosaccharide on & lipid carrier, and/or
b) at least one recombinant oligosaccharyl fransferase (OTasg) from
Campylobacter spp., preferably C. jejuni, and
¢) at least one recombinant target protein encoded by the nucleic acids
resulting from step B), and
E) culturing said bacterium until at least one recombinant N-glycosylated
protein coded by the nucieotide sequence of step D} is located in andfor
on the outer membrane of the gram-negative bacterium.

13. The method according to claim 12, wherein the gmm—negaﬁﬁe bacterium is
selected from the group consisting of Escherichia ssp., Campylobacter ssp.,
Smgelia 8sp, Heliobacter ssp. and Pseudomonas ssp., Salmonslia ssp.,

_ preferably E. cofi more preferably E. coli strains Top10, w3110, CLM24, BL21,
SCMS6 and SCM7, and S. enferica strains SL3261, SL3748 and $L3261Awaal..



