Reconbi nant N-gl ycosyl ated proteins from procaryotic
cells The present invention relates to reconbi nant
wOR@bMcosYy| at ed proteins, conprising one or NOPET/EP2006/004397
i ntroduced N-glycosylated optim zed am no acid
consensus sequence(s), nucleic acids encoding these
proteins as well as correspondi ng vectors and host
cells. In addition, the present invention is directed
to the use of said proteins, nucleic acids, vectors
and host cells for preparing nmedi canents. Furthernore,
t he pRecembinantdNrglymosylated proteins frods pfagargoticgelisig
said proteins. Background of the invention NI|inked
protein glycosylation is an essential and conserved
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provi§éPietrdds fanstobilengabid-profesf a protein. In addition,
gl ycosyl ati on can assist the purification of proteins

by chronatography, e.g. affinity chromatography with
Backgf&'il‘l&‘o rf@i‘?l%nfmﬁnd to a solid phase interacting with
ycosyl at ed

noireties of the protein. It is therefore
established practice to produce many gl ycosyl at ed
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endop]aam;d nelhemium AnajiuRev. BMhenMBdln941049)2 1022 1030).
The machinery required for glycosylation is encoded by
12 genes that are clustered in the so-called pgl

Protetrpgnyéosﬁét@hur%s 8préfound- |ﬁﬂuéi@§yérﬁlhé38nﬁg{é‘rﬁtﬁl§l tnenytasingnand the
athogenesis of C. jejuni but is no as in
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Carrpyl obacter jejuni and It unctional transfer into
coli. Science 298, 1790-1793). European Patent

Only @g%'ﬁé@éht?&af@n whd déhorfstndd {HaY b BRI RE fodd-B8Hhe 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 pg/ 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.
Jjejuni proteins by recombinantly expressing the pgl locus and acceptor glycoprotein in E.



i nvention of the present inventors, teaches a

procaryotic organisminto which is introduced a
woewbeiwsaci d encoding for (i) specific PCT/EP2006/004397

gl ycosyl transferases for the assenbly of an
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ta pr otein conpri sing nsensus sequence

jejuni.a ts funglipnagiransteciaty Eecqiln§0l3ﬁ%89§c1 Pkt
proline, and (iii) an oligosaccharyl transferase of C
jejuni (COrase) that covalently links said
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orgarSmVirbducs Nwangmh@ém stRictupe WhitH I8 YeSiHEd by the type of the
Eéot ei ns having an optim zed efficiency for
speci

glypesdyangiergfés.hat can be produced in procaryotic
organi sns in vivo. Another object of the present
invention ains at the nore efficient introduction of
EvenNthglugh athe prﬂsencecnjnmenmnwrprf\bgbcuwlétmn nmbe‘nﬁuagsequence in a
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orgaﬁlsk’hﬁh@cﬁmpﬁm@gtthbsoﬁd&aﬁé IStrafAsfefase OFas&ebf Chadjuni, the N-
efficiently displays reconbi nant | ycosyl at ed

glycopylatien elsasne targetproteins isioffeainafigern i ts surface. In a
first aspect the present invention provides a
reconmbi nant N-gl ycosyl ated protein, conprising one or
The obpect obthe preskot ingentian isHg Ipyavidsy pedteids aptwetl aetieans and methods
acid s uenc 0
for prBSnf SHEf BEAGEN beyngian Shtimied affciontib r sk SRR SIED tupt can be
produEdnia pa@ctaiy@mp@r@taniam inaingb. Wassthenolsiect sfaré pﬁé@n@fnventuon aims
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ONSensus sequence
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in these introduced p03|t| ons. The term"partial am no

acid sequence(s)" as it is used in the context of th
In a firsk 2SRLCY thechresent invention proviges, 2 racqorabingnt HsQ'yCOSY'ated protein,

compridilg' e brC ARTEN ¥ St FURINRY SN-glyctd§ialif | dPtirfided amino acid

sequence(s):
DIE-X-N-Z-8/T, (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 amino acid sequence(s) is introduced.



consensus sequence is N glycosylated by the

ol i gosaccharyl transferase (OSTIMAN] Orase) from
w@20vpptiobact er spp., preferably C jejuni, ITUCPCTTEPEO6/004397

efficiently than the regul & consensus sequence "N - X

It was s@fp”ﬁsm@WOMOnU ﬂhéthﬁenﬁﬂrmuoﬁbh of spe@ifiipaAlal aiiro &éitSequence(s)
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alyco g e s B e St o KB O e H By Bacler sop.,
preferabv,eﬁtﬁemmltnmtheseemmdL@fedr;msttlona, protein produced
reconbi nantly in any host cell, e.g. an eukaryotic or
prokaryotic host cell, preferably a procaryotic host
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wherein the en dJgy.qtein.is Nglycosylated by
requidiordBRaE SodPeni Sn el drtuph by,
jejuni, said transferase enzynme naturally occurring in

or being introduced reconbinantly into said host cell.
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introdyged feqambipantyrintgRaihPostsel ami no acids for the
pur pose of introducing the optim zed consensus
sequence can be acconplished by chem cal synthetic
In aceeondanegivethniild intemationallyt acceptark ioheddttem codie far amine lacids the

aooreidfh 57 € S8 RSB B hoBEBLA s 3L b, sorne,
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art proeinsn diiane e dihoiinend SRR R RBECERBIE iy N - Z -
SIT id&rePhREHGES ﬁh gfge&ﬁét% CHBR tﬁ@‘brbféllrféndf the Idpresent invention

procaryotic i si ng uncti'ona
differ ffr,qmnthe naturally occurrlng C. /ejun/ protelns which also contain the optimized
consensus sequence but do not comprise any additional (introduced) optimized

consensus sequences.

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



Campyl obacter spp., preferably C jejuni. Preferred

al ternative Olases from Canpyl obacter spp. for
wee@etii®osng the aspects and enbodi ments of t heP@EI/EBENG/004397

i nvention are Canpyl obacter4 coli and Canpyl obact er

well Rrifwn {cS BRoseZyKiRts Il theCht kel ¥¥ @Blid Bh¥éeL88i8Rd. chemical peptide

Protein glycosylation in bacterial nucosal pathogens.
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Camﬁ&gn%c?ég‘@bt Rl I IORRHGAL %ISPE'%}?%E% |&Qﬁf§5cﬁ‘)éh%&%esgpt invention
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Campgfopasier: srp. cargéerablyt Ct fejugu UﬁW@V%ﬁs @éddeﬁg@Sttarﬁ%d tb@fo? in the art
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er I's inven
in said oew cetitlanen@sswmerity ref er to an operon as a singular
transcriptional unit. The termnerely requires the
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The t&mHubefoHaRbyPOp&ron tiven CAGIYLERIEr SpbOtmreferatly €GeS ts meant
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to refaptosthecghesten of nHalgie aalﬁla enegding the funclioed aliggeagebans fransferase
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ecific.
and exBressed 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 functional limitation being that the oligosaccharide assembled by said



gl ycosyl transferases naturally present in said host as
wel |l as the introduction of heterol ogous specific

w@hopenspB1 r ansf erases will enabl e those skil | eRCT/RP10h&€004397
art to vary the N-glycans bound to the optim zed

glycodyI@hnsTeraba chR beCPAIfstarpats froim el |I?Id twnar @ tBiertarget ptdiéin having
present i nvention. As a result of the ab ove, t he

one g5irBRIErAPtIMiZRt EPRIENSHS SPAURNaEs LY the @ Tasey Hense. theselpstion of the
host &1 ée\%bl S .?ﬁgélfg?gf& S8 itkdHerdt ?Eéseh?@rrégﬁlbéer{b‘?oﬂ%%tatmg specific

I v s can there
glycoisyitdamsfelmbs zmtu'raﬂyt pmsenN-lrgI saidnh@sit agrwelt @sstite introduction of

i cal ar ceu i cal d i cat | needs. .I.n
neterglogpis spatite B 45555 et oG MIBIF IS art' 8 vary the
N-glyE&e Bbiied tarte épﬁ‘mizbdﬁN QlyCodykition GohseREEs bh@m fheeproteins of the
preferably at |east two, preferably at |least 3, nore
presept BVERHPN.y at | east 5 of said N-glycosyl ated optini zed
am no acid sequences. The presence of one or nore
N- gl ycosyl ated optim zed am no aci d sequence(s) in the
As a pemltebhtkaeodbavlee thoe psessent mveaﬁrbri provides foe the inalduduel aigeign of N-
ncrea t.heir eni easi ng t hei
alycagaelis 5 T PP o' dhe oG rute T pisis Bah therefore be
individti&lizea gh it Rediycdd PatReh ¢&isul did] T%ézﬂ pﬁ@bhfdceutlcal and purification
sinplifying their purification. e optim zed
needgonsensus sequence may incl ude any am no acid except
proline in position(s) X and Z . The term "any am no
acids" is neant to enconpass common and rare natural
In a mefenmdaerhdsdmmnﬂﬂhé pacteggnifitbe ipces:amit mveation may comprise one but

d hat h
also 5 (R0 e BireRBLR Jees e el el f rsEhafiiaeBresgely ot east
5 of saltENGRRylaléal piked @RI addiseqeEes. and rare ani no

acids are preferredfor X and X and Z may be the
same or different. i s noted that X and Z may differ

o Akl O P IRATARSS h spLota n ve

proteine dfithe cmesentzmlemnnsmansbe aﬁeaqiuentagevﬁor incheasireg draii astienicity,

increayipd e f5I Srelab S IRer HioTEa £RF o hdhdfb ineie ological nat-

life and/&f simpMyingaheif purifidaioaf er by the Olase. Those skill ed
in the art can design the Nglycan by varying the

type(s) and anount of the specific

The ﬁét)ffli?é& '&fr@@ﬁ&?ﬁé ﬁﬁ%rﬁ’%er?ﬁ}% lddhdeh‘én?%%irﬁdaaaséxc%ﬁ{ proline in

glycans are as nono-
positiproqsy§<aala¢1a¥r demesteUﬂ ‘any iaahhe acmisbcssmteaohto emampass common and

m de n asparagi he residue
rare a5P B BloS 28 el By RS Raieo RRRBARETd GR0ip0S mat wi
still dllb& Negb]bﬁm&%dt consdreus eseduent@etoCbesK-ghycdsylated by the OTase.
Naturally occurring common and rare amino 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-
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are involved in the synthesis of O antigen, O
glycaﬁQiyY\ﬁéa‘?lﬁthé Q&E}@@%ﬁlﬁ%bgﬁ%fﬁﬁé Pé&ﬂ@@lyc&ylt@nsf@%@es present in
. From peptidogl'ycan to
the d@’f'&@dﬁﬁ&ﬁﬁ@ﬂ ns: conmmon features of |ipid-1inked
ol i gosacchari de bi osynthesis. FEMS M crobiol Lett 119,
255-262; Valvano, M A (2003). Export of O specific
N-glytamso parey siefinbdr hdesin Fa®ninoBogs oligd, m&awsadgharidas aof variable
pr.fer ed e di the re orrbln nt protein
compRsEogh I Al eSO HPT G TERBSL P b PSP AEg P BHgUS i a protein
via aﬁeNQj]*&!éﬁld‘ id GAkAdee Rrefarablf thé ol- %I?é‘éﬁ»s ftrbﬁ@ferred by the OTase are
obacter spp., preférably ejuni, the
assemblgldy@angnd@ndmren%wmnhgéphaﬁdIlmmama@rcrﬁ%@t. fepresent in the
f 0 Q G r
oyoplgsfHie hEhGiene i ARve M RARS BEEE AT 4G 3ntdved in the
synthesisrof @ antigers iQ polgsdeobasade and nuepfu@mgiyrtap (Baggaér Dgiamds&randish

0.1 7, 09, 016 57 d_Shi
P. Eq)aheFTom eSiidagtoan dernararioly HEmBR ofEglys of fpidnked

oI|go§§%ﬁarrtféibi@¥ymﬁ§§1§tFE'MSON/hc?’cfdl@ItLét\lm 1, Y5826 NaRgine! RS @S (2003).
nd epi nerases affecting the g@ saccharl de structure.
g€l

Export@fQ $Flﬁqf|¢éP09Phlﬁ%¢Q*@ﬂd§anQBt & §452-4¢dhbi nant
protein of the present invention conprises two or nore
di fferent N-glycans. For exanple, different N-glycans
In a pmferi'w smbedlmemt ethe reemmbnepﬁpmﬁblbpfd:rwpresleht imyehtien comprises
on, of

one qrRESYYCHS B o ng ardfF §t brSveans o, arpopgcter spp.
prefeir C?f deéfﬁwghé ALhEanS @érividgafdrh %ﬂgosadcﬁmyémachéfd@sﬂl@aﬁgerred to
duci ng”t he pronoter actrvity of individual
O a@ﬁﬁ%ﬂff%ﬂ‘@g/c@symw%ﬁ%h@m@se@ @Lﬁmﬁﬁgéti\tﬂ oh@eteria QRd capsular
. r [

polysp3ienioBs TGN hosie bR RidfofieR, 2 Sprithdsd 99,911 E. cof
07, 08y O, . OThérand §hvgellb| dystewterme a1 ahd emgugeeredfvartmts thereof

.reconbj nant protein of the inveption. Preferab
ontaingih,25: 1nPEngbpy (Eletnd ob eaMiAne e, andl paierasesa recting the
polyshetHiRide @trublupdt proteins. Mre preferably, the protein

is derived from manmal i an, nost preferably human

proteins. For preparing ant i geni ¢ reconbi nant proteins

t jnan - or - :

I a RS Rdr Epo BT b reclhff i bt or e gsent inventon
compribes hmonbormdlﬁeMNeglylcans derived froma bacterial,

viral or fungal protein. In a further preferred

enbodi nent the present invention provides for
For e&@ﬁ‘@l@'d‘!ﬁé}anNO@%m oheneisBmel pridedin tcan p?épéi%ldnb)ﬁﬁﬂﬁt%lhng the

the N-glycan(s) (are) therapeutically
timing, pbiheyexeressien P&SMﬂ%YCW@aﬂﬁHWS'%GGW QE lates gEAMOters or

I
mtroo‘&@ﬁ\gcfgétbfg fof gtaﬁ’f@1 %@rﬁ%?@gabﬁﬂg %‘HQE{? :?%dtgcuigeméeﬂ}ﬁﬁoter activity
of mdpmduﬂhypa@ﬁq: 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



activity in a protein. In a nore preferred enbodi nent
it is the protein and/or the Nglycan( s) that is (are)
WO navenogeni cal ly active. In this case the intrBOUERH06/004397

Ngl ycosyl ati on( s) may have’ a nodi fying effect on the

as adil@c8hiponEhe! |ﬁgﬁa§éihe§QI is\/prbﬁér@ﬂ%af thefeE@ABRRND BMtein is derived
antigenic sites an d/or may mask the protein to evade

from abgetesinh yirak@FengM@r@ein ncrease the half-life. The
reconbi nant proteins of the present invention can be
efficiently targeted to the outer nenbrane and/ or

In a Jurtherc ereférred sembediment thef greabnty inveotien i provides efor recombinant

r ef er abl ramme t.ive eria ng_t he
protelioyRran i B P st e Acans) o e aransitaly andior
propHyfadBESlyeBERR. l'rfmt intra8uERFOBP B fdtist RIhet Eptimigéd tdme N- OIglycosylated

I'nventi'on further conprises at |east one pol ypepti

consgisysepRQUanspabde reedifyapfavengingandce éb@ﬁﬁﬁh@ﬁ]tanﬁf%t Rrophylactic
aCt'V'{Xac X errB@ﬁrlnn?'mf)ﬁeréré?Qr‘?éﬁ’ n‘?r%dlméle tqgelpgfpretem andlor the N-

b
glycap(spf matgg e(giu)dnmnnmwémcalbccagbvmam mgf-sa d)lhethtroduced N-
{ L
alycosdiiibemay i a Badhigerat o 38 PoRtsCRlgeal gy andor

mtrodu'cesr'léw%tlgrﬂé'sﬂ% a(rﬂ%?trﬁﬁg madk tHeap Ho@eln"to evadeYdwRfisding steps
, R E. Si gnal  pepti dases. Chem

and/oréncraase theddf- |lﬂf580 ) or outer nenbrane proteins
(reviewed in Wenerus, H., and Stahl, S. 2004.
Bi ot echnol ogi cal appl i cations for surface- engi neered
The rbearhbinaat prtaiteinseohfnml prépgnt iBrentioacade éfﬂ@eﬂﬂ@&aigﬂ(éc]i 10 the outer
of th

Erefera&l dfrom% Lbrf onlstln
memiprane r?“ PS? e‘? host ¢4 ﬁr%{ﬁéﬁ o) “tﬁ@s '8 o%qiﬁrab'y gram-
negafi J@Béét‘en& G?d#@ssElsﬂh@ﬂqef éu?fﬁcf@ d|$;ﬁay1§hd/opél&téf niEpEra A8 focalisation it

is Pre&?édekhr;rstélé ?é_nmlr?a?rﬁlrprg;«)pbiog &%flugqa&%ﬁpat?&p ﬁomgﬁ?es at least one
ponp%U@@csgar(]q bAGS aé’ap%%@é?l t%%eél_nﬁegalﬁr ?556 Opt‘] @qﬁ%b hﬁ)r the outer

or I'ou Tr anspor
memmfanbearwmajemsaa‘ace of & bectertiry pmferablyfaagrarmhegatlve bacterlum
Escherichia coli. Proc Natl Acad Sci U S A 89: 2713-
2717.), and the Inp protein from Pseudononas

In a prefen@dnstiBodifm@nethd fecerdifantprRA6H, ofttlh@wﬁﬂéﬂﬁ@mts one, wherein said
invention relates to a nucleic acid encoding a

targeting pRtyPRAtAe spauence 'éc%ﬁi?‘ii?%ér% they groyp, epnsisting of type i S|gna|
f a |l e
peni i PEDRY ERkngus SShafith 5 G YO RE ooy S

peptidadeNlA.Cheme fitev ei02: at548-4680. )conmuteremelmi)raaq meteans rewewed in

Werngngs'Un ngé Sﬁ%ﬂdgg Eﬁ@zg ngfe&ﬂgollggﬁgggé@@gp %nsg or Surface- -engineered

bacteﬁéOBI@J‘teﬁ!rﬁIol Aﬁbl@i@@tﬁém 4% 29912(29%&] prefirablg @6@@&3@1’?&71 the group
es regwred to regul ate the expression of t

Cons'ﬁm%ﬁhﬁ Kl lgnadh Qf‘ﬁe’@lcﬁ tf‘ﬂé'g?éhpﬁﬁﬁ'f&? ¢f éamp’éﬂcff‘;m C. jejuni, JIpA
from ﬁg%ﬁﬁﬁ%ﬁter‘?ﬁ&nb@?\% brotdihs fEf E' E?Iﬁyré’fre]\lfé@? nﬂﬁs,ia(gmpc, OmpaA,

nbi nant proteln accordi ng
OprF dPheEt éamB) hpmom;m ¢a digsian cmmtem $ornsurfatieddispldy rtgchnology, see
Francisco, J.A., Earhart, C.F., and Georgiou, G. 1992. 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 relates to a nucleic acid encoding a
recombinant protein according to the invention. Preferably, said nucleic acid is a mRNA,
a DNA or a PNA, more preferably a mRNA or a DNA, most preferably a DNA. The



sequence and optionally any further nucleic acid
sequences regardl ess of the sequence information as

wO o0vg/18981 he nucl eic acid i s capabl e of producP@EP1¥66/004397
reconbi nant protein of the dnvention in a host cel

nuclefoa¢i@iay Bompfise tid Séqlerieg! codiry fon shldproteinanido iraatigition, other
spp., preferably C. jejuni. Mre referabl , the

sequﬁ?%eﬁwhla@fégt’ﬁa SEBNENEES, egopme%énbﬁfﬂqqfﬁ exlop codons, start
codorgérjﬁé B?é;/ hﬁ% rEBgé ?%él}fatle K @Qpﬂe@s@ fe?ﬁmbmzwt protein via the

ronoter se ected fromt
mentigned pegulaking tseqgerndesk etmmThentﬁnm Imiuelemamdoemodtngt awvecombinant

rokar y.oti.c L om . ferab - . .
protefe e 2980 57 TRBHRS s HECLE fOLE'sk BRcamprisig said coding
sequérﬂid and @b@orﬁﬂl?% Guﬂhér&mclem béldseqaéﬁ’césa@gﬁrdve’@t of'the sequence

(Baneyx, F. &199 ) .. Reconbi nant protein expression in

inforneationeas leng as % nuCleigracicisicaPepls s eraFbIcingihe 4eqorniaipant protein of
the m@bh |<5Ha|?}1 II Ebntﬁﬁ%@ uﬂ&ﬁﬁgpen‘d& tgctf’rgf:(ﬁéﬁﬁy/gbacter spp.,

erlc I a CO
Pfefem GOleJt)nl Maredpnemaajm thel pragent imverition previdessisokatecdand purified

nuclelSas OsrapydngrELE AR omBRk dier oy I o Bofler selggtea fom
the g%umtbﬁslgtmgaoﬂkﬁbm Gndditsle aMd B6nsAtUtiRE! SrokayeRs Prditiofefs, more
the present invention. The type of host cell is not

preferably ierigiraeyclinm GrosRolet, the aaRHIRsaRsaMAter iheisAlfate pgomoter, Jac-
, trc- gg%‘hﬁnt%c' ?FBnqotoJrri (H8he ¥ F . OQI?S)@? REES ;h%'gf p{?ﬂ%ﬁi pression in

reconmbi-nant’ tar pOtE‘InS
Eschmcnrmncoln nCarrt iQpin Blomcmnobdm;oétﬁdents&ﬂmen Jacobe, H. (1996).

exorg3sf S By Sod obter dion ReslBhchil BhcCh HprCahBaipn g §¢0 504,

Said ?&b@rylllﬁhe@naaétc ,adidaan asdefor, Seﬁg vacoplatiene! | a SSIO
hi gel

el'la ssp., Helicobacter ssp. seudononas ssp.
Baci | | us ssp., preferably Escherichia coli, nore

Fuﬁh@f@%@ﬂb%eé&%&% 'Qéﬁttééngn 2 p??ﬁéﬂtl?%@g t%%'-rﬁsggcrafﬁkgﬂﬂpnsmg a

nucleld- ac¢idlaad/quraovedtar gtgardingl tatthe predent imlientios. eTI@ ama qjdmst cell is
1 i.popal ysaccharide structu Es

not iy B3 B35 &€ {egbiadidaldy 4figkiedal mgh 36ihidh Lupiand one or

morerucléféltercﬂisncodlmg fbb?éconhbunaﬁt’&bﬁéd%rofém(b) of G thvennon

Val vano, Fel dman, Aebi, M 006)
Pfefeflf\% VmS§t:elr$c@rebepkaru9&q Bﬂ%r@@&ﬂperw&ﬁ%ﬁpwr{?@Q%@ most preferably

those Eél@@fe’dgfigfn gr%é;'ggg%r; %ﬁgls@ﬁd QR SEEHRAEHECSsp. E%ﬁ/g)lbacter ssp.,

Jour nal and enterica strains
Saim¢llanese| |Shigaitaessa Helicobapier asp.i dseudomonas tsap., Backjus ssp.,

prefe%%@ng?é n%@is&%geWpreggféﬁ%ﬁgﬁ/ré c[o)/gﬂAm cﬁ)#p Y\é3110 CLM24, BL21,

SCM@end\scw Idmaf etfaf e@00s indeyif \wmemsrotéhla E®sylation with
238-239), SL3749mSaFrrEg§el | a gnterl ca gycesy

dwersg,@rﬁmsgppuﬁpp&q’@smggrldggtéuq@r@isdtk Esecheyjchia golu gr@q Natl. Acad. Sci.
us Ahep 36?8 3o§§4KP;r%é4é0)CélPéin 51L3|%69f D’%roldb”@]ﬂ Calewaert, N.,
more’ preferred enbodi ment the 'host' céll according

Valvanpe MnAenFeldmans MNnE ..t Aali, |I\A~, (2006). Two distinct but mterchangeable
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 (Salmonella
enterica sv. Typhimurium LT2 waal, see Kaniuk et al., J. Biol. Chem. 279: 36470-36480)
and SL3261Awaal.

[mk3]



useful for the targeting to the outer nenbrane and/ or
surface display of reconbinant proteins according to

W b@oitmeent i on, preferably one, wherein said hPGI/ER®D$/004397
IS a reconbi nant gram negat4 ve bacteriumhaving: i) a

Ina nﬁtﬁ‘@?iré‘ﬂéﬁe@%ﬂ%dcﬁm@ﬁt tnécﬁo@pééud@;camm@fmé iSRigh oh@that is
a | east one nat ur al reconbi nant specific

usefuly qyér@ggﬁrgetmgstpémgggter merptpf@nggg_gmmsyrfgﬁe digplay of recombinant
proteﬁé{a&?é@‘ﬁ@@rthg%%n% 'drgtegi@?y& e(:vhe in §£|d|r%§%elﬁ9%

reconpl nant ' gosacc
recommaatstfgfaaswaaegawemmefnumﬂnmg)yI obact er spp.

. ferably C. jej | mbi nant
) a oyt Fombeghahitepide o Rees EerdnGIET or abl v a
p be?Isttdeé helrat 8FRICoRbear sbéé@@gweébymdms@aﬁé fi# the
ap enotype corrprl Si ng a recomdi nant

Na§$%f6 Jy yoif §ﬂ@b9®$&%€ﬁﬁﬁ%@'&@r"§l¢fgﬁrﬂﬁt he invention that

 PLEPERL e RR el SO e TETERSRcR o Uegrese
e(ﬁ)?ﬁalsemm Oarrmyﬁibactmlspps prefetabty €rjeju,he group

AT e oo el ke By A VEHG iy 2 potn
Sﬂlrfﬁé'ﬁ%bh@r@ﬁl@ ata?ﬁeﬂﬁgrp%)fbﬁﬁde Gpld . more preferably

coli strains To 0 CLMZ4 BL21 , SCM6 and

i) a pBWyp%ﬁGmSFISIé‘EtaeﬁeP@@bK’taﬂth@yQSLSS@@ pro&girz ageording to the

invenifys ffdt i UBRea BRaloh AR auter erpttaf of fiEfGiam- fedative

bactenam: vi r ul ent and effective as |ive vacci nes. Nat ure
291 : 238-239), SL3749 (Kaniuk, N A, Vinogradov, E.,
and Wiitfield, C 2004. Investigation of the

The Host Bélt fUrEHHe bBGVé éﬁ‘i%atrﬁentns bhferabRosei dted e RPthedffoG® tBnsisting
accept or i gation of O antigens in the genus

of Esgherishia Iﬁp V\é@ﬁ;mp)_i’/()@%ﬁ'é@’" §sP..ncthigelld 5pPe H@h@ﬂaicfeamssp and
eeeuSBEAEELEL SRS e PABh, 080, i3 ey o svars

Top1Qr #6210, | QLAY @h2rinySCN6 eared S@Mapandls enterica stra|ns SL3261,

LSRR A LB Gk s EAeUE] B, STHicytosker. (HA, Y dyromatic-

depeiidight PSgRRIRNIE Ofy pBimRLAFE Eré angbiruldite ahd p@‘fé@ﬁv@fﬁ @@ vaccines.
for Eractmln the invention is not limted and

Naturen29 61238239 SLS7AS KﬁnvheNlA}vé/r'ﬂQ%ﬁd%\(,lc&} agdpaitfield, C. 2004,
Invesl; gz%\l%pﬁgghe@f@t gﬁeddug'gm ri%n pr oc%dgﬁ r}g’a‘:gr‘rrﬁﬂdgscore acceptor for

|IgatIOImeﬁ) aatigens ihitke génus SpimiongiiaoY\&ahs'ligassl impotthe bole determinant
of aciegiTrePealivn o A ol T o1 s SRcR T gug hosa ©
exoprotein, to nanme

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
(Cjo982c), 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



just a few, and having introduced therein the
optim zed N-glycosyl ated consensus sequence are useful

wo eneprepari ng a medi canment (Wszynska, A., RaPZRBP2006/004397
Lis, M, and Jagusztyn-Kryndcka, E. K (2004). O al

Sarmbﬁa@va@ﬁnmtraﬁ cs"darymgees apiri 7 2D2/g2 it dr@rtﬁtlsl@eufc humoral

vaccine strain carr g jejuni 72Dz/ QaA gene
immuge;i dﬁ‘e‘BO@@ec@f’fﬁO@'aFﬁ%DW b iprotastion cagringie c@@ Qgent with  wild-type

| a hal | enge with w | d-type

Cam@%y‘?%rg%?‘t"hgQ?/ag%{ﬁé%%; 1379-1389). In addition,

t he. nuclelc aci ds and/or vectors according to the
In adqrgér(re 3& Ecgecggégg@?)ﬁ%%prsféc&w nggch aetrrﬁ{g}é W are also useful for
the prépafstionrof a&nb@r@ém@ﬂ{ lpréfefeioRfisé fh §érfe therayt | on,

preferably one that has a phenotype conprising an

N- gl ycosyl at ed reconbi nant protein of the invention

3 t r

More \g%’r: erﬁeﬁ%%&é%%gtﬁnﬁf@ﬁ% rng/%{rﬁlég? fe‘?é%g%'ﬁg tﬂg? has aaphenotype
comppisiegearaN-glycosylatedt rteeomt»mamtlpretem ogrtlaemmmegmbnvteat is Iocated in

bact t| cul sef ul r the preparat.i
andlcg;orh e Abieh FRATTDNA08: & B BCISTT \preray e Bianineasye bacterium,
more'ﬂ?&@ﬁébl?%né%ﬂﬁ@ﬁbé% IrétB@ oPArfRigative Badteria, iI8RsartaER Y useful for

for the therapeutic and/or prophylactic vacci nation of
the pegparatioacaf 4 medieadenhereof. In a nore preferred

enbodi nent the present invention relates to the use of

a nucleic acid and/or a vector according to the
Moreiprefenablypna pooteinhef the ermmmrbh 0% ueéd domtiadi prepmatrorﬁ of atrhedicament

t her tic and/ or h act cci natj.on of
for e i aRe e AP ohaladR VasRBriGn S ShblRslin e dherpr
The host cells of the invention drsplayrng sai d
N-gl ycosyl ated reconbi nant proteins are particularly
In a neyerpieferied qipelimentthenreserd évepten irlatesiie the ¥sa ef@aucleic acid

[ e
andich S1GER EehERgBbARE (ATerof (B4R BRbaN PR Indlcént for the
therapedticsand/or paophytactiarvattieatiorhpfl aosmbjédtcrn Megdytbareof, preferably by
cause the host cells have the added effect of an

ge"eg‘a‘?fa%m that, if alive, may even replicate to some

extent and an‘pl ify its vaccination effects.

Preferably, the host cell for practicing the nedical
The hospeells 06¥het ivention, displayingi saic N-alyeesylaied seembipanterroteins are

particlﬁ%?l L{élﬁttjéf%rﬁi??b%@q %ﬁgﬁsgrgg%é;];ﬁentgsm | fd NE;@cosylated proteins

are apurdantlylprgserdcoithe spst cellfshaurfaceeand \meIUaca:elsgrble by immune cells, in
Pref er

partcQ R breihfc \GobBinet S Aoy IS B B Rt et
of arf @dju\mhuc:tm ifgdiivent mapdésh iréplRateatd NBIme RE@ERT abd Yarfplify its
a rodent ovi ne, equl ne, canine, bovi ne or a

VaCC”H@HP&‘neﬁqCﬁs preferred that said subject in need of
vaccination is avian, nmanmualian or fish,

Preferably, the host cell for practicing the medical aspects of this invention is an
attenuated or 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, bovine or a human.



preferably mammal i an, nore preferably a manmal
sel ected fromthe group consisting of cattle, sheep,
weouwsnews7 dogs, cats, and humans, nost pref er abCHEP2006/004397
humans. Fow s are al so preflerred. A further aspect of
the present invention relates to a pharnmaceuti cal
nposi tion, conprising at |east one protein, at |east

It is Bﬁ?éerfﬁ}tltféﬁtcs%@uﬂlbﬁﬁ|'%zﬁtedoﬁ%V@%%@Qilonaﬁd?w?”afan@ﬁé‘ﬂa” or fish,
prefefStRy MTimfin, rRAE B etefiiy 4 ridifimeryfiebied honT M aroup consisting of
cattlecelhéep, eguinesr abdsy catst endzmumansr miost preterablsthumanss Fowhoare also
f 5 preparation of medi caments conprising nucleic
Pretfed&fds and/ or vectors for gene therapy are well known
in the art. The preparation schene for the final
phar maceuti cal conposition and the node and details of

A furtheg asRAchi &t thet Peasent I"FV%BQH@%%S ttpea pﬁ*‘@t’ BAREUticRE composition,
comp‘?i%lb &tqgést MEpFB'E&l eb@le%ﬁi Qné"ﬁ%l%fc éé]& é{ §&4<®one vector and/or at
enplFoyed. erre nbodi ment
least porag rimseucellc accmdmgoswt fhen irvfentiore T hee ptep@natmmmfu megdicaments
h t [ | t.abl t i t
comp R8P ORI st ol PEAEAT AENFER or, Kladiesy gets, and the
prepd?é@drﬂ@ﬁﬂd@|b§mbntscdﬁhﬁ{ﬁlsing3rﬁu&a6ﬁbmIaﬂﬂ/oitvebmfor@@ﬁemerapy are
foll owin reconbi nant protein, a host cell,

well I@ow@dpéhg a&bgl‘@eaqupgr,atlgn sebemsi faathe final pharmaceutical composition
and tHS'r‘H&fdé?QFI@Qie@/sed?ﬁfseﬁtﬁhlﬂ%tr@tlér?mﬂyém r?’lrtrl‘?% Sg&eln, the host cell,

ng to the present 1 nvention
the nmlacmcband/cmmeweamcemme@ exci pi ent, diluent and/or
adj uvant. Suitable excipients, dil uents and/ or
adj uvants are well-known in the art. An excipient or

In a piéferredtenBodilent tsdphatmazeiicat ebmpositioh ofltHednu@itRinl @mprises a
whi ch may serve as a vehicle or nmediumfor the active

pharmacaubigaliaccepiableexcipignt diyens paior pdjuvaBt. art in t he
field of preparing conpositions can readily select the
proper form and node of adm nistration dependi ng upon

The pmsemérma'nﬁom arovides fac egrhasmacsutical cdmpcpsitmiummprising at least one

cted, the diseas r caonditiqn e treated,
of EFIRIAVEC: o S PRERIAN pbIAR: i4Tock el it EF e candor a
recorﬁtblhamtnﬁécfmcB@n@ﬂ@ﬁﬁbdﬁggﬂﬂpre%&ﬂ?aé ecshibing protdie Eeesrding to the
Mack Publi shin 990 he proportion and nature

presesf ipyant marmgwt e aw%@ré@%|a@cmtael§nfexgp'ent diluent and/or

adjuv‘éﬁp' pient are determined by the solubility and
em cal properties of the pharmaceutically active
conpound sel ected, the chosen route of adm nistration,

sutsRH S BN TRIB BT AR i op a5t g oxciient o
dlluernahayntb@r alsolid, semi-salid os kquit nateyalb@higd 'inay Seeveeds td vehicle or
tient in tge fo(g?rrp]of t abl et s,

medugnagp e arivednaregiet i e SRR Skl in dhe Biidn ithe fielcgf preparing
compBEiRbARESH rb&dly! $616K the! PrépuFROMA EhdTho&d ®f BHRHR&Fation 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,



invention, while effective thensel ves, can be

formul ated and adm nistered in the formof their
w@baeireoeut i cal |y acceptable salts, such as acPdI/EP2006/004397

addition salts or base addilzion salts, for purposes of

suspéisﬁ’é?‘\s‘ | &y the AiRee TN Ghafhassutiebm) |doBé Smpouriseasafle present
sol u |I|t¥ and the I'ike. A further aspect of the

invenipswiite ¢ iMe itheMmseves, capthegforpulated-angd @dpistered in the form of
their %%e c 'e[]ﬁ’céﬂ' Ia'c@%ﬁlgb@'%ggsé’dcgtafsg%éo?wg%iﬁgﬁrﬁsgl?sog'ﬂr)]éés%'eﬂﬂjltlon salts,
for puppeéesraftﬂtgbllay prookanigocé of crystatizatmn, cwongasest sodubility, | asddhe like.

acids coding for i) a functional pgl operon from

Campyl obacter spp., preferably C. jejuni, and ii) at
A furtheRabp&itef 1tk 9Fé§e'h@ii¢vehﬁ<§r§3%t difdcté e tda TASRBH FoMBrodleing™N-linked

nore of the foll ow n%& gl ycosyl ated opti m zed am no
glycog)da@dgnsﬁt@mg@mf@@ang stepSofy E - X - N- Z - SfT,

[ n [

a) P8 8 recRAPrt o sl sty PRRRS SoBNEFE pomprising
nucleapadias tzcmingxfurno aC| d consensus sequence(s) is

| troduced he recorrb ni sm

& fRefiien pBlltnetn B9r SiliohAgiat Sor o clerably € S8l he
N@j é{ﬂéééd'oc’ﬂe' @Bo@ﬁnnbh?ta?@ét%éteﬁfﬁn%ﬁ&ﬁd one?bﬁ‘ih@félbf the

the target protein is one of the above describ

r Edlowinadralygesyatadeptistizes aming agd corsansys ﬁ?ﬂ%@ﬂcel(ﬁ a
preferred nmethod of the invention, the functional pgl
operon from Canpyl obacter spp., preferabl y C. jejuni,
conpri ses nucl ei ¢ aciOf cdNwgZ£8/T,i) reconbi nant
Orase from Canpyl obacter spp., preferably C jejuni,
and ii) reconbi nant and/or natural specific

QM@ﬁ@uwér@zhﬁwﬂni h&XrdFarmnyd asia@ixesptB; and wherein  at
preferably Ikle juni, and/or iii) reconbi nant and/or

nigast aneﬂséadr Jlyosriated optimized ARYRS aEid PNSpRRYSsEEqUence(s) is

frh,%rduw@rbnganpyl obacter spp., for the assenbly of an
I'gosaccharide on a lipid carrier to be transferred

b) cuttarindhéhe eecg:mbupamtcargambm inh& néraee . sukdbledoethe prodaction and N-

referr he present invention relates to
glycogyl %@H?g rgﬁE%rB a host cell according to the

i nvention conpri si ng the steps of:i) providing a_

gram negative bacterium ii) introducing into sai
Prefebq;gx efheutaraet Ipsatsin énenguel i iabove edeachibed err%:@mbr@nt proteins

accordfg 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
ii) recombinant and/or natural specific glycosyltransferases from
Campylobacter spp., preferably C. jejuni, and/or
iif) recombinant and/or natural specific glycosyltransferases from species
other than Campylobacter spp.,
for the assembly of an oligosaccharide on a lipid 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:



a) at |east one reconbi nant specific
gl ycosyl transferase for the assenbly of an
wobkiogos®msrhari de on a lipid carrier, and/or b)PEI/EP®a&004397
one reconbi nant ol igosacchdadyl transferase (Orlase)
i) prodiipg ‘heg§aiieactdtium, preferably C. jejuni, and/or
~c) at Teast one reconbinant protein conprising one or
i) intragueing fnte KaidikActesiih gt IRgShNesUCRQtide SeaHencaancadingfor
a ; : -
WALALRARSR BB ERcH: A civlrafiordus fofi S5sbmbly of an
Poligosacdhavider @ a lipid dagart amaler of sai d N-gl ycosyl at ed
optim zed ami no aci d consensus sequence IS
Bl pOlA St TeRimBant SERRBRA Y SENREER BTaR 1
| ermipytactarepphipraeiadly ol easydrjed protein coded by
the nucl eoti de sequence of c¢) is located in and/or on
t B ablaast oRefBEAMBINgNt PrieigrGaMRIFNY oBe PadTere ohthedgiiowing N-
F BRGhe i @d IR ARb BRI EIRBIB SRk, |
peferably selected fromthe group of bacteria
consi sting of Escherig@a’ }s 7 yl obact er ssp.,
Sal nonel l a ssp., ShideH- éEIS'. . Fel'i cobacter ssp.,
Pseudononas ssp., Bacillus ssp., preferably

Escherichia coli, preferably E, coli strains ToplQ, .
vaenein Xcang 4 may be any sty agwalr@cmi exeRPt Erocpnd whgrein at least
s [ 3Rp : i D ;
oPE o7 sae M tuepspletéd ool $hihg 3@ Ronsfifly Seauencers) i
puintiodyced; and econbi nant protein according to the

... dlnventi conprises the steps of:. a ul,.t urin host

i) cul i Saig BrGRm S a PR SrE S pcropindhy Siaeby A (wafH cosed

by thé HuQEoHREYRRACE bf 8)fik todatsPmtirtsr orttharBuiedaémyrane of the gram-
bacterium and c) recovering said reconbi nant protein.

negatuechgteiymnet hods for renoving the outer menbrane of a
cell, preferably a prokaryotic cell, nore preferably a
gram negative bacterial cell, are suitable enzymatic

For practi@ingetinte prefdérozts medisodst abowhdbé rdeerabigant procaryotic organism or
sol.ubi Lisation and_the French press nmethod, Ms _

nost GlL# BeferdBl, stleclod ot el GBHP B op B Aracd SEUng O Espigricnia ssp.

Campistaeitey $52508BintgHllagspnaskigéla 88 ¢iHelieobacter ssp., Pseudomonas

%Ié’yposyl transferases from species other than .
ssp., Bafflys SeRc PEaTerbb. Esgfascaiatnly prefejablyufi colbsteaine Teri@dWV3110,

cLmi4 OgLﬁli‘,eSl’fl\ﬁ?paﬁ’é ENGOSYAd rénﬁﬁféﬂi‘ée&[é\%’ §E32‘63|r a8ES8749 and

originating frombactefia, archea, and/or eukaryota
SL326hawvaalan be functionally expressed in

Another preferred method for producing, isolating and/or 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

C) 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.



said host cell. Figures Fig. 1 illustrates the
N-gl ycosyl ation of Lip proteins derived from

wW@oovst19981s A to C (see exanple 1) . E. coli TepIr/LR2006/004397
cells carrying a functionall4pgl operon fromC. jejuni

Most (plefefRid, ehe PreseOPYentidtPrdlatedNtd @ Metitdd, dvisérdin gedopfibinant or
constructs A (lane 2), B (lane 1), and C (lane 3) or a

naturah, sRREefolyensyitansierases o perigsapineh then1xampyiebacter spp.,

prefe@bly g }é@t?ni/ ?g‘)’(%‘é{%t@%@%ﬁr@u&g ﬁg@g@gﬂ%ﬁﬁ Ses and epimerases

ongm@bngrﬁnm kadieria,| daraimea, Enaéorstukianiata that cahdegfunctianady expressed in
..protein fractions. Fig. 2 shows the N-glycosylation
said r?ﬂ?gf:%i s of the different proteins that were anal yzed
for the sequence specific N glycosylation by the C
jejuni pgl operon (Wacker et al., 2002, supra) in
Figures\np4 cells (Fel dman et al ., (2005). Engineering
N-1inked protein glycosylation with diverse O antigen
| i popol ysaccharide structures in Escherichia coli.
Fig. Pillostrateiatthe Noglacbsy&tiion af Lip pratéips dedivéd fopi fomstrutispAdo C (see

exame%t{ (E( 837? ‘Fop @rcg seﬁ:s_ar%ylr%§ glﬁrbciong g oper&iﬁro&i}? ;jqjgnii\gWacker et
al., 2062, \sapea) Md A\plashid doding fbf ccﬁwstruﬁ%bA (lale 2)28Q@he 1'5\/\@nd C (lane

di stinct but I nt erchangeabl e nechanisns for flip

3) or gimytapt ef sansket QIW"@GQ%@@HQWQ"U@%ZVEK}B@? %Lﬁrﬁéﬁlnwere expressed
and plpfed figh pERIF oA RER" Stipun® (FISREE AR H Sapmpagle ortant

blue siainingl cfine purfied pmtesn frbetionsere transfered to

Ni trocel | ul ose nenbrane and visualized with specific
antisera. In panels AD the top panel show i mrunobl ots

Fig. 2siedvesithe Nlglygodisliafie énélvslsﬁbﬁtmlﬁ%ﬁfotéhsahat v?&@%nalyzed for

supra; N ta-Lazar, Wacker ,
the sgquerg:ﬁosgqggqc N-[gllycpng@hg)n byrthe Q& Wnr—p@mm(}é{acker et al., 2002,
I t t
suprR SN e B o A ke A osyatr
with dd&rse O7antigeindipepslysaechadde strugtares| is Esgberi¢cmarnolobiroe. Natl. Acad.

Soi. @spRaj02"Solb2 7 ahToRh o el L onSs it Scm7 cens (aiaimo

C., Cémemtlomlrf Qr, mﬁoﬁﬁ @al., cassvadert, N.t aivaabl M. APapgiiman, M. F.,
nt ai ns sampl es of the soluble W|Idt eAcrAV\/lththe

Aebi, 3&1 @006 Y Tar0 Hetiur hus infprshangeatis asnanisgs( O Aipeing otipid-inked
ohgos%fcf:%e%ﬁ%l\%lgge\]l&raé? 25A§9§7 ??gﬁ%éﬁé%ﬁ?? 7)8) E&i&sing said
proteins franNa 263nid 731GpWH 4605 DRawGS E4epalatecPpatplasnicrextractsithat were

transé?g Tlﬁ@@ﬁé‘luﬁ%e Swémg%%@%é‘% @,syéﬁg’e VI\\/I%%S&CI:\P < Zhider4N8 Panels A-

Dthe%pb@ﬂéﬁ@dﬁl&‘r?rﬁulﬁd)mm% rébedHvith B Iﬂﬁﬂcrﬁanfﬁe@n’(dvm&rbt al. 2002,
xB- V88D (| anes § ﬁ@ CtxBB6/ DSNIT (| an

supraﬁ}lltamaml\g(gymgr Nos &° B. Anger. . carhiebih M. ( 2005 The N-X-
ST c‘?ﬂgéiﬁm&;L@%{%ien”?él tqirBd BHCRY S@iciant Rt isctérihl MRkked 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/ operon in the cells. 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-T148D (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-



SCM6 was co-transfornmed with plasm d pACYCpg/

(encoding entire pgl |ocus) and plasm ds expressing
wowdod/1199pe OpHL (1 ane 1), OnpHL N139S-rnyc (| BEEERI0N6/004397

OnpH1 KGN NGG, HFGDD DSNI T15 nyQ (| gne 3 ) QrmpHL RGD

N273W- ﬁ122ﬂF@@He§JSNMT Barfér@ @tkB ruanésh maé\gﬁeg (FaneﬁG@ 4), CtxB-

N T
Q56/‘@15b1h15@|af)Cgc'?srgcjc?lﬁ‘(#g\L I %DFWDMT(I ane 7). The Lol I's

were grown aerobically, induced with 0.5% arabi nose
for 3 hours prior to analysis. Wole cell |lysates were
Fig. 3TsHows thei gndirderihgadftneultislq ghicosylation sieesantOmpH 1dEnes Amaal strain

SCM%#QZ‘-QC%%rﬁﬁda%ge@?%%@?ﬂéb&@tﬂg‘fé@%%%i@%ﬂgﬁ pghlocus) and
plasrr%%S erﬁ% inIB m@ﬂhﬁe&ﬂ Pﬁm”@fﬂ?c (Ein%sé ), OmpH1

nobl l'e cel fysaP rob
con-nio B rFG°°~°SN a-gnm(lab@dﬁ )e©mbit %Drﬁ"'Ta”FGPD_'DSH 6ane)f4) OmpH1

KG""W%@"'@E $)P RoNLAT, gdeCﬁiﬂ 1B PRCiDENIT
ant i Seru"'l’nylﬁ: @%OSI)‘U f ungl ycosyl at ed- andmye (lane 6) o

Omp@ﬂWUg'yVaaf n@cqmldl?)arme oenscwemdgmwn Berobicghy,. inBugsd ith 0.5%

a5 R D AR 3Pl VST s o
equal%tﬁ“e%’ﬁt@a%@ﬂsnl{yrtﬁ tR RURSes 3 ddsehbed i tHe fBeritdd Shd methods

s variants were equalized to OD6oo of
sectlc(m Zs)emrptema were geparaiedHyd! %S DS MAGRang transferred onto a PVDF

memi@afEPERSE ARl BRI S: WHER caPTichds Hhdd wifll antimye tag

antob@ble@keBo&gm panr]aa ha’gjrm?wcﬂ%otrafwmclercpir)?bwseprbﬁﬁ vﬂw glg€an-specific
side.a hunidifie t ste
antiseTiM, {158, PRAEIBer TGHRIRAISHD 06 eHeasyIaler CiigH e idcated on

the r@qne at roomtenperature inside a hum dified chanber.
he unbound cells were renpved and rest was fixed with
4% par af or mal dehyde containing PBS for 30 mn at RT.
Fig. 4. frpsresaence mipraseory ofgelle Bypressiag vansusi OmpH hariangs. Cultures of
e [ I u t
E. co‘ﬁ §tF5?r?'{) dLMfal%fzé(?Me E%ﬁgﬁmﬁb%aenggpres?gré tplaglm)((jef?rceﬁvglld type
Ompmaraad\/\m; lvedamt\smenenequamzedl teBIDap cbf ree3biepe Qatisl were washed two

imee B LGSR PS4 B i A snsions ves

dropp&anHib 96@“nﬂ€5@%s‘s%@dés &nd MUbQE@dth%&ﬁ %mﬁél‘yt% {RT) for 30 min

anti - can antiserum ( 1 000) for 1
lnSIda:@Qummg%d ﬁhargbw/*{ﬂﬂbswrﬁ étep§ lm/éfﬂ%wnameﬂ Immwa@ﬂuorescence

labehb\? Wefe WbAS il%%nm n%erg eE ghgncﬁﬁe@cﬁém érn?ﬁgﬁbﬁ%d cells

econd ary feee conjuga
were (erﬁnov@ﬁénd Jesﬂvwrf)&emlmtmn%sp@atdmiamwe eontaiingP@Sofor 30 min

anpti - se_an nj ugat e
at RT3 Rty mrd SR GBEPae (S S 1sHesrd B8y Rprmeshlles cgbiobykeeping
the c&ﬁpé’rﬁﬁne‘h@é&éﬁdﬁ BQ n@r’ﬂtﬁ’r&ﬁes iftadteFiked @4dlls évere washed two times with
di am no- 2- phenyl i ndol e (DAPI) (Signa ng 2)
PBS a;ag rasrpgngded toheckingypuiigr containing 5% BSA in PBS fter blocking, the
cells were incubated with anti-myc monoclonal mouse IgG (1:50, Calbiochem) and/or
anti-glycan antiserum (1:4000) for 1 h in 100 pl of PBS containing 5% BSA. The cells
were washed three times with 100 pl of PBS for § min each and incubated with
secondary anti-rabbit antibody conjugated to FITC (1:250, Jackson Immunoresearch
Laboratories) and/or anti-mouse antibody conjugated to Cy3 (1:250, Jackson
Immunoresearch Laboratories) for 1 h in 100 pl of PBS containing 5% BSA. If required,
4, 6-diamino-2-phenylindole (DAPI) (Sigma) (0.5 ug/ml) was added at the time of

secondary antibody incubation to stain for bacterial DNA. The secondary antibody was



secondary anti body incubation to stain for bacteri al

DNA. The secondary anti body wasrinsed fromthe cells
weBBsamdsTover sl i ps were nounted on slides by BGI/RP2006/004397

vectashield (Vector Laboratieri es) nmounting nmedi um and

rinsed GAhEthetdlis PBRS | afPLbwersligs wereanoanted dn Sidesaspysing vectashield
perfornmed by the usi ng an Axi oplan2 m croscope (Carl

Vectzelt@gpratpﬂ%@em%ﬂ@g CBRGIHAE @Gy Sealpd gwilt ial PAIRoSHERrescence

mlcroég%@ Wﬁﬁ%ﬁozﬁan o yctgga & 8‘%&1 %@@m@%@p@e@%\l!mages

were MoTnbiﬁézﬂ)l:b)Dmlng (Assibel Pbptostopyp MersRED Q82T SIEGIED ceifiNlexpressing

OmpEY XP3nartdh GPOMARY GrordPRER N8 RGITPH! FEcpplpanel O

OmptPBINFNT b’ifﬁ@*DSP")T oumef i rStD)iol @?ﬁpH’ﬁReﬁ*WFﬁ@D‘@F”'f hegpanel  E),

colums 2 , and seated in
Omplt STARER"D! A0S acih ourtdmeLs SR o bl ganel  G),  and

Ompll} | KEOF-8S EERGE HFFPOGDBYTT @Qﬁél IG5, ORI c?lhﬁfn”i L0l oﬁthre pictures

green fluorescence fromglyCan speci uores enc
in colooingn2y 3:anded répresertedan @eeytones antblaoh/taaczkgmumdw@oltrme 2: blue

faoll ow ng exanpl es to il ustratefuthe
fuores eIt BrRVATIRGToR oSl Slaicol i o dteb Iy Rrednae; Gom alycan
specifi€ flksrebfertay covahn £ tédRuEe s frdraaNAim Ty‘&stémﬁfg nmodel
protein for optimzing N-glycosylation optim ze the

acceptor protein requirenments for N-glycosylation

ed studi es were .per on.the C jejunj
The Qa6 e Tothel e et Bl ana are not
intendédPRNintitsats scdbe FPanpWapo aci d residues. It has been
shown that secretion to the periplasm but not

i pid-anchoring is a prerequisite for glycosylation
Exanghﬁ {a-Lazar et al., 2005, supra). The signal for
xport can either be the native AcrA signal sequence
or the heterol ogous Pel B signal when expressed in E

st o Rrh OSSR A o
ones are used in C. jejuni and E. coli (N123 and N273

(Nita-Lazar et al., 2005, supra)). AcrA was chosen as
To optimize theaseppton protein trﬂ@u(gﬁmgntﬁéqr INtghyeesation detailed studies were

perfohh&d )5? SIF% I@ %{Pn/%cgprétsin%mf @fo cfhb&g tl??lp%ﬁpltaﬁguc lipoprotein

struc tron 1s aval cen
of 350ramsinalacid residuase ltoiasabedt shohmthﬁtogametldmm fexgeriplasm but not

iSRG £ 2 B Sl TGP Bt g, smre). The
signaPlor esport %aﬁfelthélrebé)ﬂ’fé Mt%M&AW@@cﬁS\jer@% ¢t tﬁ@ﬁb@rbl@bous PelB
drug effl ux purrp Proc. Nat|

sugnaby@gng@@g?ssegolph pFeft- Phitheafive H@WBE?'sNd'ﬂk?%e9|)§3@5)9§1'¢’béequon5
N11'Petg‘1%]‘ﬁﬁif @f%%%ﬂgrf% @Eﬁf&wn%ﬁ%:’@g%%dgﬁpﬁgﬁu egun/'\ﬁnd E. coli
(N12paediNA730NitatLatiav et gler009r symia)). AarA Wasshogan ap mesiel because it
is the%?ﬁiy Bgﬁpqésrﬂﬁ'}@-bﬁ/%gprotein 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 periplasmic component of a bacterial drug efflux pump. Proc. Natl. Acad.
Sci. U S A 101, 9994-9999). 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



proteins of bacterial efflux punps. J. M. Biol. 287,
695-715)). The el ongated nol ecul e contains three

wO poveard9y7 arr anged subdomai ns: an a-helical, PCT/EP2006/004397
anti-parallel coiled-coil whichis held together at the

is held@gether %é |tiaé’<k;b‘é%%®”@iliﬂo |\Vfdinsdin| whitRlis eRWeBYbyRa six-stranded B-

K]
si Xx-strande - barrel omai n. The 23-28 resi dues at

barret demain. t Bieni2dd8 sefidups- abther Astermiaysiand Aa-1&1erasidues in the C-
ar [ I : 0
i€ o AL E T LGSR YR s Mt pRdeplencs are 20 3%
identisalnarideB0 %l inmiar. tThes tve two prateins likelk ekkib#arsimilar averall fold.
simlar overall fold. Exanple 1 Elucidation of the
primary peptide sequence that triggers qglvcosylation

Exarlple 1S _ENRMAtioR3F thd @bg{ﬁ@@bé%eghéﬁde&hai @ig%@?@‘blﬁosﬂation
aer ugl nosa an accordingly also I n Cr 0 . ] €] uni

forma conpact protein that can be individually

s GRSl MUER e S ety o

AcrA ain®l jejues forih@ cempact| proteiire thedt danebé iimyidualtynexpressed in E. coli

. Bi o] . em 378, 617-634). heck whi ccept or .
(revieNagt DY T oAbl dRnkOK 1990 PEPwR G RTufieaeaRe sputienzyme
compldi@sPThe "EeAaNRIY of theblipdiPdbriaite BibIPCentl 378 8191632 o check

~was taken. It was used as a nol ecular scaffold to .
which acgeptarpentidptsequencs was requig: for Mnglyersytadion iy the pgl machinery
- A et At t [ '

n €. 38} e TR0 Eapah T Hra il RovaShsEREs 4 fifedlar scaffod to
transpontredeptidés ©f differenb tesigthsc tee theapdriplasmr and greserftutbech toothe pgl

t he si%nal sequence of OmpA (Choi, J. H, and Lee, S.
machipery 8h§¥9.  Secretory and extracel | ul ar production of

reconbi nant proteins using Escherichia coli. Appl

M crobi ol Biotechnol 64, 625- 635&£nd Ctermnally to
Thereforge azplasrsidaepding onithe) lipeys dpeeinoilipvasocesiisistedrandterminally

j t Cf gt r.abknos

fusedBAhE S selefle F B IER. T did TEE R0 P2204) Secretory anc
extrapsiigidri produstimneotc rexseabindm tprateirsausidg e schibrcisiarmli. Appl Microbiol

oo 50 e SR BRLn Sl k Pg J domes o

placeaibie! éie leXpABSRIA uAderth@l Y6rRtfbl Tf 'tRé abin8se tdiémoter. For the Lip
sequéence were inserted between the two hanmmer head-1i ke

domaimbprsiess afmeo BFig RRSIfENG WerR&hesew thatappeare atibe same positions
as th f‘o‘ﬂﬁ%é?ﬁ ‘B%rd;ég?%_rf 'tr_ﬁ gﬂ)ro&fgg?r%%ﬁé}f’w MBkAORo ?é%tfdéfﬁ%réﬁt Bdptides for

ej uni open readi ng
their abilityite taczdeptf art Neglgearu sinetebe s ofithegsdquentd eveteimsestegrmtween the

o ESRaBo Rl 5P b JOTRE J98 it ehindba HBavences

compﬁ_bmfgftﬁbw-@lyﬁ@éﬂeﬂbﬁ SR N R eof B GeRiME ACPAIMIRY Fétlitingt djfen reading
di frerent stretches containing the native N123 .

frameg) Gansisie kel the seapencss ording f(oégte Qerdvgignalisequencs, thebirterminal

hamr@jﬁ%}é‘%ﬂﬁ%ﬁéhidﬁo@@?bgfog‘& ) hbrﬂbé#ﬂﬁfe tﬂ%ﬂégéirrﬁags}i&msggfers to the

nstruction o
maturgc ACe polypeptidensedquehaepohembedang)bitine differemtcstretcheass containing the

native N123 glycosylation site of AcrA (see below), the C-terminal hammerhead-like part
of AcrA-Lip (L167-D210) and the C-terminal his-tag.

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



Three stretches containing the native N123
gl ycosylation site of AcrA of different |engths were

w0 pen1we7 bet ween the two hal ves of Lip resul t PCIYEP006/004397
three different ORFs: Constn8ict A contains A 118-S130

Constrastul 1A nGontaifs PrAt8-818@JURROENGT :in  a protein  sequence of:
MKKTAI Al AVAL AGFAT VA
MKKEAINAVA AROATVAOA SRR EBH N KEEKARBIKKGQTL FIIEQDQASKDF

LR RS e T 2

H (segeenda g in a protein sequence of:

Cons{iiey B EPBIAS I IO UIERE 5 ErPlelsaeijeage of
MKKPAIREYHA ACRET DGR DA KERETE GOANKL XS BKYKIG MRVFINENBQFNRSK

ALFS@SAISQ&E}.I Ao "D“ Iél {%IK&P&@GHCQQ%\@%I@%Y%‘E@GV%WNLNPIYADGSHHH

ALAGFATVAQA
HHH W%I VNKL FKAGDKVKKGQTLFI | EQDQDFNR
Consfet_ DIST E| GoNRHDST | BIRL-XMRTDYRSABTIEL VRV BNL POteDCSekbeite  of:

P BEAAEREE A HagReS AR GSRMELEEARER TP PP

SKALTRST EIKAP ABEG B GDALNNIGERA/ S A T TE OVR VBN L R PG SHHHHHH
render the protein resistant to degradation. Bol d:

(sequgnge syl ati on S|te corresponding to N123 of AcrA.

The LhabhiRgd &?&gﬁ% t 9se%%c%orlﬁcféét?ﬁnmen%rﬂﬁﬂe§|gW5I(r)%§chr1e, singly

expressed un ntrol e ar abl hose
undeilined nesithzescsenedntodduded fpr clening reasonsor (Godnder thé—protein resistant

to aeGFRIRRAT pold, uBRSHENSE Sim Bl spanaing (O N Aol 4UR Halks: neve-
hlstang he @birespording geRes ere Jé@Yes’b%@()Onde'FCthé hespkronaF ehe @fabinose

the three stretches triggered coslatlon of the Li

P
prometesinethgPaskbers Af BRI & §* viegrnecke, H., and Thony-
rf d I
Meyef 3 (PRI Prcfon R r o] aﬁ%%fégié%fgfﬁﬁﬁb?W\x%@@gﬁ‘é’é?‘"awraﬂ°n
Sciengk .28720027-180@x a) and a plasmid codi ng constructs A B
or Cwere grown in LB nmedium containing anpicillin and
chl or anpheni col up to an OD of 0.5 at 370C. For
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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 brilliant blue stained SDS-PAGE gel of the peak elution
fractions from the Ni-purified periplasmic extracts. The expression analysis showed that
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To test if the introduction of an aspartate residue

coul d generate a glycosylation site,
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 (F115D, T145D). 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 glycosylation sites were deleted (N123Q and
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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 - S/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
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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
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Example 6 Introduction of artificial N-glycosylation sites into the C. jejuni outer

membrane protein, OmpH1
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A potgptial pancation. oftienly- Qs!)tqoéylé‘té‘éﬂjéhéédéﬂat'fhéh@b‘éBlaﬁerttE? glycan on
the siffett, el Sar o MR QI eIk BRPB RAT0 vty B hereby
selechGpe(Af \yehetichATINtQRs. To demonstrate that N-glycans can be presented on

i LA AR e SRR SR ot e
multiplé\bbfivizaticonEhild igedesmdtb thd aiizhGo® THet dited lw?ére @ﬁglneered

of artificial Nqglvcosylation sites into the C

into lean Eagions ek theprptein as WedupgrHirpmplbiedmonal crygipl $ta.mtmr@r(Muller A,
I I

Thonfis, R oSN Wy Fah Bt oV A0 BRba B, . PEVMGE 2. Fggs. M.J.

Wilsoor di1S.t aarld iWilkingorphénb- 2005t Hen oo bjnuinganchssktte-ffpe  cysteine

trans;ng[g%erclh_ 8{;1@2 3'%5?% r%nlﬁ@@q{ Et at ons L&Iurﬁe nSt racﬁoplasmic
solutd’ Féeptdiprbfem. %HMld?beEIGT Was- 1669'%%6% e'xﬁeﬁ'méﬁﬁé showed that
that it contained nultiple optimzed consensus si

the b&éb@fVGPﬁdatﬁQﬁ SAQUANP WRES @Qnerﬁﬁ@d iyt ke Wé\tii'o@ﬁgV%Br’é@gN -G60I-
61T, "RISbAR B AT Und IeadIOtobis el fogs H8TT ! #Sr surtace

displdyoit [veas d@swed.%lt(aravamate diffefent &m@nalmnsEof tHosedintroduced sites in
Wl so W | Ki

orderga(?gtabﬂﬁﬁ%ﬁ,nmsh N9l cq{bggeé:ﬁce 6[19;88 'E%{:gmﬁ@atlbns w‘gzre generated

in a Wil HFROONRIH 1 réne;‘@dmglm@ﬁﬁheéonsqwnand nésedad 4 sPmar eanner as
structure of an extracytoplasm c solute receptor

descrihesk ©F Acriw Figufg Sr haws thesanalysis of yglioussOamplbl yariants harboring

i R edEyRlion SoeilBs °3adih £ e SARAT 135 REGE “OmpH
varlams%a‘ﬂecgwmrated)mmmee&j (Iat2d 3D4F 2 aattd- TRamd\fdl affycoSgiadn sequons
(ane &1 B AR OMAT Pkt ALl S 605V Bfion Seiiadl § autppt lacking the

crmcél)f&pérﬁ]@ﬁra@ydﬁdyla‘hbﬁ warat albb aholgdet FPewR Ekp‘erﬁﬁém' NI variants
he conbi nati ons were generated in a wild type Onp

teste@ H@Eﬁjﬁlﬁgﬁ%l%\%‘i’%{n@%@t? adiighleyet efsglyepsylatign ﬁfﬂﬁqu}%’ bUt also that
everya'@gkfb%glaﬁén %@gﬁér‘\ kad Jélﬁ’i Fhe- reé:ul&%ﬁrgr GPRANEd Wi W{ﬁ tClalor‘v%ylobacter

ysi s of Various 1 variants oring mu
N-glygawspm;iﬂ@mmﬂ@eq.mmagl 3 leyetip@inel). to the existing wild
type sequon. OnpHL variants were generated with three
(lane 3, 4, 5 and 7) and four glycosylation sequons

The fbll@mﬁg Gé thé: prbieth sEgeeridepbilthe OMmpHY yréteid of Campylobacter jejuni
ation sequon and a mut ant | acking the critical

Stra"é§%ér7§gl’vﬁ@ aftgehey W@&@Q iftitalies:wer e al so i ncluded in the

experinment. Al variants

MKKILLSVLTTFVAVVLAACGGNSDSKTLNSLDKIKQNGVVRIGVFGDKPPFGYVDEKG

NNQGYDIALAKRIAKELFGDENKVQFVLVEAANRVEFLKSNKVDIILANFTQTPERAEQV
DFCLPYMKVALGVAVPKDSNITSVEDLKDKTLLLNKGTTADAYFTQDYPNIKTLKYDQNT
ETFAALMDKRGDALSHDNTLLFAWVKDHPDFKMGIKELGNKDVIAPAVKKGDKELKEFI
DNLIKLGQEQFFHKAYDETLKAHFGDDVKADDVVIEGGKILEQKLISEEDL (sequence 6)

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



tested here did not only denonstrate a high |evel of

gl ycosyl ation efficiency but also that every
w@kopens9gBAL i on sequon was utilized. The resul t BCTHEPE06/004397

confirmed wth Canpyl obact@s L/-glycan specific

Exaniglenneseiface (démay dfl Nvsycapsnfedrh. CTHejuind|dno\@migH 1 Sort e outer
grotel n_sequence of the OmpHL protein of Canpyl obacter

mem é_&d? E gpligells 81-176) with attached nyc tag in
italics:
VKKI LLSVLTTFVAVVLAACGGNSDSKTLNSL DKI KONGARI GVFCDKPPFGYV

In ord¥EKIG answer the question whether multiple glycosylated OmpH1 variants can be

displa@%ﬁ%@' he SinrAde T of BRI cehe B NG TN EL A obiHhmed on
bacteEECUEWWAb GEMBKIBIMKT 8VEDMIDK halaL NISETTST Akpréds $IQg Y dtELOmpH1
variaptsr b, WSKHYPRL SR L AnaOmen ackeo GlieaTlisal rasessagine for

9'Y°°W4%L%$EH8§9D&L%H§&%W%WE&%% PR QY Mutant was

const(igaedi aneree6lo retain tiae pm&elglnythmgerﬁﬂam thus eeiving &sea control in the

rot inis bold. the si seguenc
expeffffaf immbhositing 88 Bt TR ETs tgateq with papmiormaldenyde.
Parafbfrﬂﬁld% dee] Ufileson den®HlwiRodthe d@@tr@%n@l?ﬁ’meanecénf IStructure  or
col i I's In_order to answer the question whet her

comnammw%za@ppc&@ Caivet andoMiglvean: éﬁ?@'f% Hﬂmb'@eﬁﬁ"ré‘m igyeqmbination
vin Sorsberoy selrpassdel bl BRIV i €555 us

detecsdny pteinl(yed Blidresesqoes and i-glyaan ¢oreeojphithe bactanakcellssurface,

espe AR ol BB BB B i S Bhoec o s

for b&etersl DRIA to lunafmbitiuouely., diffefe?istebeBenBactenaISEdlisCardl cellular
in order to retain the rDroteln in the periplasm thus

debrig JMieRGha £eis BXResSINgiWId: tee SXpRiF 1 ware Stainem dwnﬂﬂhgrescence

j { t
speole: P i gL A it 4, e ot
Iacklrtgeﬁ'ter offioay asparagind I\HGBScwas @tamed with both anti-Myc- and N-glycan-

: t t al - - d L/-gl = :
specifig TR B M, poBE I Proie Bt Aot pro B eDBlsoare, gbtained
(panaeacta)dmmcaang | dpedifieity ©pnhel griggdahspetifi€ imntlriey Seti.eWhen the

used to detect the protein (red fluorescence) and

proteyy wa (RiaiReE ¥ NeieriplsTas insied$2Q% Muianl; na peotein specific, red
lmmuzw%ﬁALIE:’gf‘r%E Ywad \deidcteNAbl tmdltr@atqhé‘ghﬂﬂ%ae?%?é”uhgﬁ&' {8 diffuse

o ue was enployed to staln cteri al
Wlthlrt ﬂmemediranctgwenﬁs¢q:np|etenbemugr‘auosdeae¢tmrstm@ce epheabmebn gpanel 4

). ¥t EBlsxPlas P kit Dbl SFerl CARBRAL il albasbiation were

staméd) OrpHR KBTS~ (pamel A L/OFQbM¢'&Gf9‘M§FG‘9@“t'[§@'tT€(§aneI 4 E),

FlfontrddnrVien a nutant | a LRt i cal
Omp'ﬁ%par zNaIane "N13Penchs 4t af al)ned(S “both ant i (Rgnel oha G) and

4 KGgi—»yIcacF‘c&wé@FCaneDSNmTwm U O t tydhat _
Omp gI ycan specific signals V\gr“em?)b?g?ltngg@ E %,na,q?l wele" double
stainachinidicating ghes peesence of glyessylated protgnnmmemrfal surface. Figure 4
is reprd00AS HYrdfRcal¥' ¢ fildBcolumn is a merge picture of the other pictures of the

same row.




protein was retained within the periplasmas in the
C20S nutant, no protein specific, red

w0 mvanofoBuor escence was detected indicating thedT/EPa06/004397

anti bodi es were unable to @ffuse within the cell and
were conpetent enough to detect any surface phenonenon
(panel 4 C). Next, cells expressing nmultiple OnpHl
variants different in gl yedainsati on were stained: O
npHL KGN NI T HFGDD DSNIT (panel 4 D), O npHlL RG-*NT
HFGDD DSNI T (panel 4 E), OnpHL KGN NIT RG N T (panel
4 ARecoMridht M8@ycasWatéd prati@anedmpgrisslg ane o@mﬁﬂé of@i¢ fdlldwing N-
NI T HF .DSNI T (panel 4 . t he
D SeaM PR A B B SRl SRS ot esence of
gl ycosyl ated protein on the bacterial surface. Figure
4 is represented in gWEyscaIe the first colum is a
merge picture of the Ehet-Piofubbs of the same
row. Clainms 1. A reconbi nant N-glycosyl ated protein,
conprising one or nore of the foll ow ng Nglycosyl at ed
opthergin e@aradTZrma)abe @ng maﬂralsamirmmmmeme(p& Pro,lénd whetein at least
N- Z- X an be any natural amn .
nene o sa NoosedibtinAp L amas A6, hsn s 38ulehoes) is
Nififodcesy! ated optim zed am no acid consensus
sequence(s) is introduced. 2 . The reconbi nant protein
of claim1, conprising at |least two, preferably at
I t f
?ﬁ? rgg%mfm%ﬁt ;Woﬁ{lff ?QII a mch@%ﬁ%"ng a&l)ena;sgﬁ% preferably at least 3,
semnelpcaerably afﬂbastr&cfos’dw Neglycqsylated optirhized amimd aoid cdnsensus
wherein the protein conprises one or nore N-glycans
s8FRESt rom the group of N-glycans from
Can'pyl obacter spp., preferably C. jejuni, the
g ycans derived from ol i go- and pol ysacchari des
th ﬁsfﬁ@fpmbtﬂ\aﬂbpmt%}ﬁtqu@ﬂ”f rafi hgMergl theaprotein iceapriges one or

r P AFRoa s PRCiER! ot the SRR PR ARES I Uaiiifobacter spp.
aprejgnabtysaﬁ Oﬁjurm lhka Neglycanhs c[é?wederor@lthd)léﬁd a;mlysacchandes
S%ﬁgjﬁgegﬂxgs rg%r'@g glpgg ! %?Ha’o e g}gmnnega%ve bactena or

C eapsulaesp dly%c@ﬁamse forhf eseni- bhlﬁ\l'é/c@&%}baéterf'éhepreferably P.
r econbi nant protein of agi/q one of cl ai ns

waerUsinesaras 1 bt &f. g0l ©74 &19, L8, mé%amn&?/ﬁgel@ndysentenae O1.

bacterial, viral, fungal or plant proteins. 6. The
r econbi nant protei n of any one of clains 1 to 5,
whbe erecomibengmt qiretain aofdamy one of claims 1 to 3, wherein the protein

comprises two or more different N-glycans.

The recombinant protein of any one of claims 1 to 4, wherein the protein is
derived from mammalian, bacterial, viral, fungal or plant proteins.

The recombinant protein of any one of claims 1 to 5, wherein the protein and/or
the N-glycan(s) is(are) therapeutically and/or prophylactically active.

The recombinant protein of any one of claims 1 to 6, wherein the protein and/or
the N-glycan(s) is(are) immunogenically active.



10.

11.

12.

13.

14.

15.

the N-glycan(s) is(are) therapeutically and/or
prophyl actically active. 7. The reconbi nant protein of

w@ampemesdf clains 1 to 6 , wherein the protei PCEHRPR006/004397

the N-glycan(s) is(are) imiunogenically active.8. The

I gperecomBinabt Prbin ¢ arﬁ}'ndné?BﬁclafméihéthB fdrtheér obmprising at least
further conprising at |east one pol ypepti de sequence

c &P AYRSIPtida rspstPRee sapable «f dataeting sajst _EﬁC@mb"ﬁQﬁttm@em to the
Ol &dr rﬂaﬂBfa%eof% nﬁﬁ@@tﬂ@%@ie\f% acterium 9. The
r econbi nant rot erein said targeting
pol ypepti de sequence is selected fromthe group
t I t d
I RB e BingnLpiktein s cBuflahwRESh seitar e B iwaptids seauence

CseI6¢ted Qroﬂarf t oﬁp'cbnl;lgﬂﬁj of tpp&@ll%llgha‘l)?ebﬁdessdrgﬂﬂér membrane
pepti des of rom %ej uni rom C be uni,

ol @ﬁ'nﬁemﬁf%fﬁgﬁlpﬁedﬁ@mgomr fharouR 6@”5|Stmge¢féh9ifﬂ'| emtbg;roteln or

% anelkRen Qggg’ﬂgg”ﬁ@%agbﬁdgw aﬂ‘?ﬁmé‘ A[é#}meodtémnembrane

aprateims doa rig amlippmf@iablya@deOmp@ o0apA, @mrFpPhoEalLamB, Lpp;
A . e d
2 C8p 8 ngf T b Bie R BReU0aBdp s B1E9B6RAT | o1 ng

nucl eic acid according to claim 10 and/or a vector
according to claim1l1l. 13. The host cell of claim12,
whenLgigic ARl ansodinga protein peeNdingdeiany @ned l@hﬂ"})éﬂlt@ 9.
preferably prokaryotic. 14. The host cell of claim13,
wherein the host cell is selected fromthe group of

b #&cventoreconuprisirgg @ ngcleic dextaenarding o slajpm 10Canpyl obact er
ssp.. Sal nonella ssp., Shigella ssp., Helicobacter
ssp., Pseudononas ssp., Bacillus ssp., preferably

Eacihest eBl offdrising™ar Sudisie Riidickorfdin % 'cléiltnr 410 nénd/or a vector
Topl0, W81 10, CLM24, BL21 , SCM6 an S.

eREERing tordlaimnkl. L3261 , SL3749 and SL326| D| vaaL

15. A host cell according to any one of clains 12 to

14, wherein said host cell is a reconbinant

gTaer hesjacell of lotaimet2,uwhemin tige Host xetyesqirpkaryotic or eukaryotic,

n ucl eot i de sequences encoding for a) at
I é’g% % e&r‘?g?wpg or reconbi nant specific
gl ycosyl transferase for the assenbl y of an
ol.i gosaccharide on a lipid carrier, at | east one

ndharhgst gellrefcelaim ﬁé‘)nt”"@ﬁ'@d@ﬁdlﬂ%rcﬁ" i$ sglested fem the group of
(QEE’t%ﬁFa édr{%ﬁgtlﬁg”@ﬁ EQ richia® Qgp n?f;}%t?é%lté/ J Salfbnella ssp.,
c) at n rotel to any

east o reco I nant accor
oibhigeilacssp. mélelicalacter, ssp., Pseudomonas ssp., BaCI//US ssp., preferably
Escherichia coli, more preferably E. coli strains Top10, W3110, CLM24, BL21,

SCM6 and SCM7, and S. enterica strains SL3261, SL3749 and SL3261Awaal.

A host cell according to any one of claims 12 to 14, wherein said host cell is a
recombinant gram-negative bacterium having:
i) @ genotype comprising nucleotide sequences encoding for
a) at least one natural or recombinant specific glycosyltransferase for the
assembly of an oligosaccharide on a lipid carrier,
b) at least one natural or recombinant oligosaccharyl transferase (OTase) from
Camplobacter spp., preferably C. jejuni,
c) at least one recombinant protein according to any one of claims 1 to 9,
preferably claims 8 or 9, and



16.

17.

18.

19.

20.

21.

22.

23.

24.

preferably clains 8 or 9 , andii) a phenotype
conprising a reconbi nant N-glycosyl ated protein

wa@ewendiosy to any one of clains 1 to 9 that i SPCDER108€1004397

in and/or on the outer nem38ane of the gramegative

bg fé %hbHGi?lpé@om'ﬁhglnb%sﬁecémbinaﬂt? Nogly’édsglalé?d ﬁﬂo@énﬁ‘aééordlng to any

ected fromthe group consi sting Escheri chi a

sgpe of claifpg 1 48 &dhak s danated igrangéan ap tQQLQUtEHéT‘?@BEﬁi@thﬁhe gram-

S nonas ssp., Salnonella ssp., preferably
Eieggﬁ\?bfjb%?@ﬂﬁreferably E. coli strains ToplO, W1

10, CLMr4, BL21 , SCMb and SCM/, and S. entehca

' SL3261, S| 37 d S| 326j 17, Use
> Than BRsioRer espRing dacrm b celes JRg dre §GHRgcdhsisting of
t EsBhémshia Nespdr eRmnBiosutta sdp. weslmgén@rstsp, Jfae//cugactef $&p. and

nucl ei ¢ acid according to claim10 and/or _a vecto
aé’@@ﬂd@'ﬁgn@% Sgp a@ﬁ”ﬂ!@”?’@r S$mepﬁﬁf%r|§§|¥aﬁ 6@/l, gnoeg preferably E. coli

t n
1SRRG, WaiE uiad B2 TS AT ind 3, Srfiriba strains
ofSL3261 0B 1e3 4 SearubB U826 Avematl. ai m 17 for the preparation
of a nedi canment for the therapeutic and/or

prophyl acti c vaccination of a subject in need thereof.

2 ke bb8Q @‘co%ﬁ%t%r@teﬂ?'a@c@f@ﬁ{gofo anyesiePlof IHPAEH 1Y 9 for the
to claim 18 for the preparation of a nedi canent for

t peepaiaticipelia medwament. prophyl actic vaccination of a
subject in need thereof. 22. Use of a host cell

according to claim15 or 16 for the preparation of a
nﬁlﬁeaffraenmcléioractdwacdoIrMngm@ulalm 18rahidéor P wegtby beadrding to claim 11
vg&cknati on of %su#ject in need thereof. 23. Use of a
h&¥ne erepalaticyh) ofi hgedisametm 19 or 22 for inducing | gA

anti bodies in an animal, preferably a mammal, nore
preferably a rodent, ovine, equine, canine, bOV|ne or

aU($Grr9ﬁ a thpst N%hﬁﬁ@ﬁi@@gt i%&'alﬁbﬁﬁoﬁrt'la)rfor dbﬁp@ﬁeﬁﬁf&jwn of a

%ﬁ@ﬁ rﬁ\ne protein according to any one of clains 1
" phar maceuti cal conposition, conprising at

| east one nucleic acid according to claim 10 and/or a

V‘gf}ﬁ%lataﬁ?rg rqu I@an;pfr)\gﬁl a s fgﬁ&eﬁp@har [ Ce }a:r%gcliicament for the
apserhfe Ar/6H ﬁbﬂﬁylé&cC\facélﬁatlé’ﬂ of d B@bj@bﬁﬁ mees tﬂrﬁér@af
conposi tion of ‘any one of claims 6, furt

conpri si ng
Use of a nucleic acid and/or a vector according to claim 18 for the preparation of a

medicament for the therapeutic and/or prophylactic vaccination of a subject in
need thereof.

Use of a host cell according to claim 15 or 16 for the preparation of a medicament
for the therapeutic and/or prophylactic vaccination of a subject in need thereof.

Use of a host cell according to claim 19 or 22 for inducing IgA antibodies in an
animal, preferably a mammal, more preferably a rodent, ovine, equine, canine,
bovine or a human.

A pharmaceutical composition, comprising at least one protein according to any
one of claims 1to 9.



25.

26

27.

28.

29.

30.

a pharmaceutically acceptabl e excipient, diluent
and/ or adjuvant. 28. A nethod for producing NI|inked

w@bkopeogBEL ed proteins, conprising: a) providi PGI/BP2006/004397

reconbi nant organi sm preféfably a prokaryotic

Oﬁégéﬁérﬁﬁﬁceﬁﬁéﬁ?rdoﬁﬁﬂ&ttﬁklcE&h%aﬁﬁg @ |<eR€bRE rueleid Acid@ according to

functional pgl operon from | obact er spp.

piciierinand/a@. a yegtahaccasdiag ite ylamn 1feast one reconbi nant

target protein conprising one or nore of the follow ng

N-gl ycosyl ated optim zed am no aci d consensus

Seqpaanﬁéce)lmcﬂl Eompassitior econdprisinty &t |edstrarien histaoell According to
Y %n% gatural am no acid except Pro, and wherein

aciana § A  of said N-glycosyl ated optinized anm no

aci d consensus sequence(s) is introduced, and b)

culturing the reconbi nant organismin a nanner

sUhegblasmaeeuticabcmpesitan @fnara/n@he\pfgq?lglmﬁs% o 26 futhertgpanprising

f wherein
t ROETBECC R Boortabie RERBRL AR 3T B ntor i ng
to any one of clains 1 to 9. 30. The method of clains

wherei n ction er on from
cﬁn‘ﬁ? o6t B35S N ki e Sroteis. OsiGs s
mé Fvi § FQDAINArRr of@arﬁﬁﬁo'ﬁ?éfé@éﬁly Gdapfokaryotic organism,
] rom yl obacter spp., preferably C "jejuni,

aﬁgmnn;mgmlﬁm acids coding &1 nat ur al speC| fic

01 £ 0oY 4 IRIAbREAA ol AT AR ARGl o B prererably C. jejuni,

prefer and/or i1l
nat ur abndpeci fic glycosyltransferases from speci es
e_assenbl

th t.h | t f
o o0s B ahiers e Ao fhadl Bigst irbtelr CyRPTS AR, graRore of the
Lot herdiBhif NRfy2os)iate@odiifzddlahho é’cldcor&émw@é%uéﬁce s):

preparing ost” ce according to clainms 15 or

conprising the steps of: i) prow ding a gram negative

bacterium ii) |ntrod|5|/f§| §ﬂkd bact eri um at

| east one nucl eoti de sequence entoding for a) at |east

one reconbi nant specific glycosyltransferase for the
nbl f . : :

asse w¥1e9e|n %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) culturing the recombinant organism in a manner suitable for the production and

N-glycosylation of the target protein(s).

The method of claim 28, wherein the target protein is a recombinant protein
according to any one of claims 1 to 9.

The method of claims 28 or 29, wherein the functional pg/ operon from

Campylobacter spp., preferably C. jejuni, comprises nucleic acids coding for

i) recombinant OTase fimwsirom Campylobacter spp., preferably C. jejuni,

and

1)) recombinant and/or natural specific glycosyltransferases from
Campylobacter spp., preferably C. jejuni, and/or

iii) recombinant and/or natural specific glycosyltransferases from species
other than Campylobacter spp.,



31.

32.

33.

ol i gosaccharide on a lipid carrier, and/or b) at |east
one reconbi nant ol igosaccharyl transferase (Olase)

w0 e Gaspyl obact er spp., preferably C. | ej uni PCERPZ006/004397

c) at |east one reconbi nanB0protein conprising one or

'T‘Pdreth@fasfsembiwbﬂ Woﬁ@od}ﬁbb{m bﬁtaeﬁbl@ I@bfrfér Zt@ %e&?@rﬂ#erred to the
aci d consensus sequence(s) SIT

wiargetl projein hy the @agsee any natural am no aC| d except

Pro, and wherein at |east one of said N glycosyl ated
optim zed am no aci d consensus sequence(sS) iIs

i Atmetthaddadr, prepdring a hostiteliadcodisgtodclbiatst 5 outs, womdrisag the
| east gne reconbi nant N-gl ycosyl ated protein coded by

t R pﬁL?$| eoti de sequence of c¢) is located in and/or on

t Nrevitipg 415aki-AB§atiVe Bdteerlin@m negati ve bacterium 32.
Tpgp met hgd of anygone of clainms 28 to 3 1, wherein the

r é):lﬁff@ﬂ%%lﬂ@ ine éelgrtgp@ter@%at;}sﬁistsqned?uqlﬁ%@e@@nuen@e encoding for

sel e cIi%ésrt 8%99@0&95&5@{) )f%b rgﬁ’% Sla3bls assembly of an

Esch richia ssp., r SsS al rmnel a ssp
Shi geligosasaride ldel a hmdbaanner amiylnr Pseudononas ssp.
Baci | |

Ca a1 B B Eh 3R, bS5 i el (g ER g
SC'VVCamB%)Sact@N‘»ﬁS ' ﬁ@f@bb@'@%ejﬁhﬁaﬁé/or SL3749 and

SL32 A net hod f or produ0| ng, isolating
and/ ®ratpeast ppe rﬁgCCHnblééﬁtrﬂfPMhFOfﬁPM'@Q PNEEE MUY ﬂtQ)fo"OWIHQ N-

cul et BofFizde il so RARE BRSMIERIER” 01 O}

cul t accor o clai

renovi ng the outer nenbrane of said reconbi nant
gram negative bacteri nd c).r vering said
reconbi nant protein. If)'/@-%(NZgﬁo

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

iii) culturing said bacterium until at least one recombinant N-glycosylated protein
coded by the nucleotide sequence of ¢) is located in and/or on the outer
membrane of the gram-negative bacterium.

The method of any one of claims 28 to 31, wherein the recombinant procaryotic
organism or host cell is 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.

A method for producing, isolating and/or purifying a recombinant protein
according to any one of claims 1 to 9, comprising 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

C) recovering said recombinant protein.



