10

15

20

25

GLYCOSYLATED PROTEI N EXPRESSI ON | N PROKARYOTES [ 0001]
This application clainms priority benefit of U S.

woe@eogiidhal Patent Application Serial No 61/ ORGI/USDN9/030110

filed January 3, 2008, which is hereby incorporated by
reference inits entirety. FIELD OF | NVENTI ON | 0002]
The present invention relates to glycosylated protein
expression in prokaryotes. BAGCKGROUND OF THE | NVENTI ON
A3 ycot herapeutics | 0003] Pr ot ei n- based therapeutics
cu rentI represent Qne_in_ever four nemrdr

A HPLVCOBY LATED PRATEIN EXPRESSHAN INEROKARYOTES
Benchnarks " Nat Biotechnol 18:83 1-3 (2000) Vﬁlsh

"Biopharnaceutical Benchmar ks, " hbt Bi ot echno

@enc rr;?kg%ﬂg%?h o ecir P“@fy?gié&ggq%o%? &)%]O%azl o

Mpplicatior Beriall Nq@oatHig7 72 hidled panifare 3, 2088, bﬁlchﬁﬁlddtetgdlncorporated
using a prokaryotic expression systenrsuch as E. col
‘ebéregmﬂqerigarsuer% e he vast mmjority of therapeutic

proteins require additional post-translationa

nodi fications, thought to be absent in prokaryotes, to
attain their full bi oFOGLDAPFANNVENBYON parti cul ar,

I V-1inked protein glycosylation is predicted to affect
nore than half of all eukaryotic protein species

00DYEi | er Bhe Fesont uQenﬁ(hﬁreFd't@%%n I Nobs@hteld Ejﬂit&hréxpressmn in
a

A ycosyl ation, as Deduced From ysis of the
8FOPROT Dat abase, " Bi ochi m Bi ophys Acta 1473: 4-8

(1999)) and is often essential for proper folding,

phar macoki netic stability, tissue targeting and

effi cacy for a |IBAGEGROUND OF PHEIINVENTHONeni us et
“Intracel lul ar Functions of N-linked dycans,"

@5“@%&3%4'“52364 9 (2001)). Since nost bacteria do
[E)%S]gl yCOSp’]JOFct‘ﬁ bgﬁﬁ'tﬁer%ﬂ%txpé' %nﬂ?rcﬁé@h?ﬁ f VQtfd’ 05 Hew drugs

herapeutically relevant glycoprotei'ns, 1nclu
apptaved div el Fszr(é?V dgfgted Biopemeredutianl Belchsarkisidwew étigrechnol

(PR 00 Ak b b S B e sy Al 21:865-70

rooei)s alﬁpwalrswcv@ﬂzwgﬁrﬂﬁa@aﬁrcﬁﬂye{crﬁﬁam 'Ol SR RLNRY 8. 769-76
hosts, such as CHO cells, relative to bacteria; (ii)

P89%)dvi ral cont am nat i on (iii) the relatively long

DO, T Ve M R RO R PPy BndRabs PR prokaryoric
exbh@ho@ (6TUCI Isﬁkgi'asa’fl keali X@gl thsGBh), tHel vagSm¥jodty of therapeutic proteins
require additional post-translational modifications, thought to be absent in prokaryotes, to
attain their full biological function. In particular, N-linked protein glycosylation is
predicted to affect more than half of all eukaryotic protein species (Apweiler et al., “On
the Frequency of Protein Glycosylation, as Deduced From Analysis of the SWISS-PROT
Database,” Biochim Biophys Acta 1473:4-8 (1999)) and is often essential for proper
folding, pharmacokinetic stability, tissue targeting and efficacy for a large number of
proteins (Helenius et al., “Intracellular Functions of N-linked Glycans,” Science

291:2364-9 (2001)). Since most bacteria do not glycosylate their own proteins,

expression of most therapeutically relevant glycoproteins, including antibodies, is
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genetic nodification; and (v) high product variability
created by gl ycof orm heterogeneity that arises when

wa@igiongshisst cells, such as CHO that have endoRErosz)09/030110

non- human gl ycosyl ati on pat hways (Choi et al., "Use of
Combi natorial Genetic Libraries to Humani ze N-1inked
A ycosylation in the Yeast Pichia pastoris,” Proc Natl
Acad Sci US A ]00:5022-7 (2003)). Expression in E
coli, on the other hand, does nhot suffer fromthese
I|mt t| ons. 5X re SI on of a glycgsylated therapeutic

r{g mamnrpall Is [Rypypser. MaHY e bt eehetnee suftfers from a number
maaa@rfﬁ cIREiRL: gw&tw&lg{gﬁg{gﬁ ac B RCRIR Aol 300 o Rimetric

as a host organi sm exanpl es I's
hlﬂlﬁammtysnﬂeluharymﬂhd odstsyasclf dsrF1O pebd udetivd to bacterie:ali) rdogoviral
Eli Lilly in.1982. Since that tinme, a vast nupber  of .
et BT s I m M vt A asyra SHPR et Ries: (v
%l@ve@ﬁ%liﬁz&@P&)l&l?%t?nér@t@éta@ré i H%kédu%ﬁm%”%ﬁl@dr?&ic cell lines via
i ncl udin rowt h hor none , granul ocyte

genetie m@gfeca@@n (51 high Ipmdungva‘ﬂabﬂxﬁy cie@H Bl ycoform heterogeneity

AP Aen s Bt B b SSha o DubpLbds ERgs ows nqnpman
@llybosyldﬁNngaaihbba,ys O et ﬁu k‘U@s of Cbmbmald;ra?—(}ehétrclLlwarlcs to
tissue necrosis factor (TNF-oc), and tissu

Prenapize %Bﬁk%ﬁla@ﬁ?‘é&}’%ﬂ“o?ﬂ@%@ YeastRighip pagipie s < Pre Varl dcad Sci U'S
9'1}@9%@9@%@6@?@ &@gpyﬁﬁﬁ & Hﬁmtf&maﬁ&'do%s nmg?ﬁexafrom these

protein that I's 6 gl ycosyl at i'S express
metatmdms the | ack of gl ycosyl ation in that host can
| el d. g | red function. For instance,

Kaposaty enihtadha bfraer et proteis s s 6o (mAbs)
(0803} . ant Mah{ SR¥eliac F&megl(e%i) pr%ﬁ:'ihsbﬁe @%Pe,r ; i%ﬁﬂ%e'ﬁsfsbdeutsing E

soluleformandat high levels in E colli
raﬂff as o Esbvrg@msmn%e ofthe|betergmiles miumaygl iobullni, méidhrwas first

her,i. c pi d d Effi nt Producti.on
GRS Pl Bl 6Bl Sty A demoerof human
BERpdAR-Aéte(iRG@79 heentippried in RIL 8. dad KiRbpe mﬁfﬂelﬁﬁ&] E coli
mAbs retained tight binding to their cognate anti

%@&Sﬁl@anlaﬁiaﬂmﬂéwmm\aw&@aﬁ%ﬂ@@ grapplogie apdcnep age colony
Ji%tlld(%f fgctgp{fﬁﬁrégﬁ)e 11{5911%@%}3\&9 %LIJ ('I(gﬁrl z@lglaa -3, ke datmocyte

I NCa

grbertiFﬁigBl‘ 1ﬁ’@ﬁf€ﬂin@r(lﬂbﬂe:xtltl§}\]t-ﬁlﬂ) QDNB/HBE nﬁf:rleuklns (IL.-1, IL 2, IL-11),
I V-gl ycan. Eukaryotic and prokaryotic TV-Ilinked pr otein

@S%@@W%ﬁt fagier [DODG). 20d ti%k@dammpﬁmacgllvyf@oﬁﬁﬂatIrl@we\res, almost

and conserved proce curr
A SRR e BRGNS REES BT PRl ey
g(iﬁufssﬂlateﬁt:s atpresséd fer. ol G OhckRATMRYy @0 thilkRe can yield
cosyl ati on, Bloch|n1B|ophys Acta 1426: 239- 57

d
r(rg%gg)»ylth impaired figstipnrftor frstanse.cedicasylaied hugan monoclonal
AhibIAPEIA AR (08, A A M GONEAY carbBE éip?gssecﬁﬂ]ldsoluble form and at

high levels in £. coli (Simmons et al., “Expression of Full-length Immunoglobulins in
Escherichia coli: Rapid and Efficient Production of Aglycosylated Antibodies,” .J
Immunol Methods 263:133-47 (2002)). However, while £. coli-derived mAbs retained
tight binding to their cognate antigen and neonatal receptor and exhibited a circulating
half-life comparable to mammalian cell-derived antibodies, they were incapable of

binding to Clq and the FeyRI receptor due to the absence of N-glycan.
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transport of secretory and nmenbrane proteins (Hel enius
et al., "Intracellular Functions of N-linked dycans,"

W®R0108108%5£291 : 2364-9 (2001)). The eukaryotic -PCTKS2909/030110

protein glycosylation pathway (Figure 1) can be
divided into two different processes: (i) the assenbly
of the lipid-linked oligosaccharide at the nenbrane of
t he endopl asm c reticul um and §LD the transfer of the
ol i gosaccharide fromthe |ipid anchor dolichyl
rophosphate to sel ected asparagi ne resjdues of

%5&%‘“&&%@5?%@ Ninked protgb glyeosylagionof N-| i nked
pigdbEi N 9l xgf %g{rc'ztg%)glas aMcn{ Is)anted&nH lean(afcoq f{jrlxe(%ﬂ%{ocess

pyro hosphat e arri er for o I gosacc
asseniyg i, th¢ endopldsemit reamslﬁmr(]iﬁ) of ah}yadrdst&: argangkmas dByrda et al., “The

BRBCRL B A bkt Fogim, A0 dhecd Caapaters iaiapo-7

byoobhert semyeRGat fir Frorhid fmﬁfgeolll\kdn%rﬁﬁf?@{ Q]thnt‘?’coﬁ(trbls sorting, and

any am no acid except proline,
anspae of m@@nryr@d(mvbnan@promlns (mecaé Dinfrietlehc Esnctions of

RS T RSP Sk P PR Lo Y PR et Pkl
glnygmsyaabn rpgthwaer(atgelrem g b3 :dh3dedided SO ket Frobé 8B V(i) the

conserved in eukaryotes. The oli gosaccharyltransfer ase

poamplyoiths Ypiddinkad oligesaesharidost the megibrassd deshendogiasmic
fehiofu Y d! (515’{]‘% t%@jl%f Ofd{i’lgl ?EXJ&P&‘L?BQ? B{;%%%PEGO antrrlégr doischyl

acceptor protel ren
pjrroplmsphath mm:léa:&ghaspdagme fl‘ttsﬁﬂlek bahascan%l)tpep@detshvhe

‘?*W?OE%Q'F%“X’ R "@fr ﬁ%@ﬂi@ &l E%Ylﬁwang@@ﬁqa@é e st bt \dfoﬁglvlyl 7
53:YFIRRPRALO B o116 ) hd %ax@%?f&r?t@%@z)ccha%-ﬁg%séE@W,QWP{E tha@sfer of only
( sson et

represent the catalytic subunit of
&k complerady @@ﬁ@@kﬂdl(ﬁanW@WNA&Sdesa@laldes anic(iti hie SKB3nition of

Subunit of ,the, di charyl t r ansf lex," J . .
RfiRlak ot Sorat ERSARIBE Sk Va3 whRrN Ry spapbige. xis
Oy dnfi@o Eb&ﬂ%kt%ﬁ peflin€) ArgIcyRGE BainvhihrEh RS t@ﬁﬁ @t al., “Sequence
Subunits. Stt is Drectl I nvolved in 't
aif{eeensgs Beivwssn ﬁrlb%gbwd a@déio@rglmmazemmgmm Acceptor Sites:

T T T

ddnbérnédenh eﬁ]ky@o&yl ‘Hid @fgosacmahtamer@@ t@STf@a&zﬂyzes the transfer of
999))..(0007] Conver sel the | ack of

G Sy rav e B HhAp Gauon ot ot seege e acceptor protein,
Iﬁ%ﬁ%&ft' &Elﬁ% nihbhbiaYe gfm@ﬁ?ﬁzﬁfe)ﬁ%ﬁ ?deﬁﬁf?%c?ﬁﬁjt (%hshgl?et the

for making therapeutic proteins, especially sinc
werai v st (rlitks ¢t poraunt Brariving icwhof dlel Eypmotogicns i n

@t ur e Ll e e fo o..he opLotei ns”
R e eloigons L 2R o e BB B i o
repiE6c$ ﬂie&fata%nc FbuieerGe ‘d)EFI" omsAnRby:3l 8pIRftodrB&-linking of Nascent
SW SS- PROT Dat abase, " Bi ochi m
Chains to the STT3 Subumt of the Oligosaccharyliransferase Complex,” J Cell Biol
161:715-25 (2003) and Yan et al., “Studies on the Function of Oligosaccharyl
Transferase Subunits. Stt3p is Directly Involved in the Glycosylation Process,” J Biol
Chem 277:47692-700 (2002)). It is the most conserved subunit in the OST complex
(Burda et al., “The Dolichol Pathway of N-linked Glycosylation,” Biochim Biophys Acta

1426:239-57 (1999)).



10

15

20

25

30

Bi ophys Acta 1473:4-8 (1999)). Recently, however, it
was di scovered that the genone of a pathogenic

whawvesitskn C jejuni, encodes a pat hway for AMEIRESR009/030110

protein glycosylation (Szymanski et ai., "Protein

G ycosylation in Bacterial Micosal Pathogens,” Nat Rev
M crobi ol 3:225-37 (2005)). The genes for this

pat hway, first identified in 1 99 by Szymanski and
cowor kers (Szymanski et al. vi dence for a System of
Gener al Protein dycosyl ati on in Canpyl obact er

JO90Ghi | wﬁpnmr&lbﬁh%ladszf &kysztz&yﬂsf@wepg@g*)a)vs irceprriadus greatly
L E e T P

etpeallly sidenby téradn twindtes jneqrrel Ithangiajfcnf mtht@bims in PEBR will

and A, .and sho d that, er
Wélt%ﬁ?&@émd @ ferepiiges (&pﬁwﬁ%ﬂt <'/>¢ thefggguency of Protein
O BEHPSAHTRE Qe&@h'ﬁ%}l -SReSS 6%4 gGt PRhbase.” Biochim

agglutinin (S (Linton et al cient I catlon of
Rapérydgallact: éfsa(rﬁ)ﬁ%)) Bmmdb/mcwg:\f@ ymzp?r(bl;cmwnsd FEB3he genome of

RS GI SRERYG ool e an Br N UGk inlycosytation

ﬂSi?ﬂiahﬁldl %ﬂai”ﬁl’ﬁ)télﬁ@ﬂyc?t@, RALE M Baterfal MAEBA] Pathogens,” Nar Rev
g{ycoprotel ns, including PEB3 and CgbA, and used nass

probAaL s 74RO NVR heganey Balthis pathwendishdeamiedgh | 89 by

% eﬁ%ﬁ}%%gﬁ%g% ngWIA&JE é eﬁe “E{/g?@%rﬁ% System of General Protein

@lycdsyEaldNAa -Caalpydot@aleNdpuni 21A/@-Breobibi 32\/1-0%1330 (1999}), comprise a
é,/nggA cs@ c%a where Bac is bacill osam ne
cop Beard Arg-fopprglen glyrerydtiog) Trlbane é%@wgy af thgjpg! locus, in
0@"@%5@0&1 ?aPﬁdeBHﬁeMd & aﬁngn ggﬁe@é}g%&s PR3 MEbh! Bl Eshowed

dycoproteins in the G acterium
Gainiykobadtreredjgyoopiotéind sushak tl(@ae tnnﬁ'w tlﬁ%—&@etgl 200X hnine

@fﬂh@%&?&%ﬂﬁ%g&g%g 7 hedgplglgtg}a h ton et aﬁ “Identification of N-
ARSI @V stan@ed donadifieg E}I?@U A PPotefs @EBB%Q (}"g%r)\rlh@amc})yiobacter
a

undecapr enyl pyr ophosp n the cytoplasmc si

jeal,y Afod Mitrodir 48 é‘9(7 15@3 dﬁ%ﬂi))sﬁhaﬂly theafitare¥pumyper o/, identified

DRSPS EL OB P S DK AR, MLy RLEPES aPCAP, 8P hscd mass
speacorNatyl anBOURSGI rekdSAthhOthe 30 lifke o1 Hc dn2009) NepBR&bch@RgEwith the
assenbled, is flipped across the nmenbrane by the

Purers G@%ﬁsﬁﬂﬁo@ﬂ Possbe Gl o N e SoPARTAGAE-GalN Ac-

C'(\@ %igg%sl I‘Ii “¥8 I’(Gﬂl\-{%%(}?ﬂfagf &E?rﬁ tC:HQ ?}(Cé] han eeaok% 264 diacetamido-
pe GQQM‘;}E@%Q@@Y ourfe Q. FSARicRBS o Bie @Qg@d @REartBleldht on

et al i osynt hesi's of the N-iinked ycanln
ol (ébfa@mr@ten}sep@hﬁ Geprtnggidiive BeplenmoCPmpylebactditicjongh./ Biol

1) f
PR GAR Fooonl (FRE N0 e Gl 58 el SRR s plitoed o
sbauentiel Joitiopl dfsmlwesudba&cﬁllvméedu@ts anaGpld aai@d Pgl B, a
si.ngl e, nte%ral menbrane protein wt
undecapreny pyrophosphate on the cytoplasmic side of the inner membrane (Feldman et
al., *Engineering N-linked Protein Glycosylation with Diverse O Antigen
Lipopolysaccharide Structures in Escherichia coli,” Proc Narl Acad Sci U S 4 102:3016-
21 (2003)) and, once assembled, is flipped across the membrane by the putative ATP-

binding cassetie (ABC) transporter WlaB (Alaimo et al., “Two Distinct But
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significant sequence simlarity to the catalytic
subunit of the eukaryotic OST STT3 (Young et al.,

WO Bipngaisk e of the N-1inked dycan Present on RCI/UED%030110

@ ycoproteins in the G amnegative Bacterium

Canpyl obacter jejuni,"” J Biol Chem 277:42530-9

(2002)). Pgl B attaches the heptasaccharide to

asparagine in the notif DDE-X 1-NX2-S/T (where DE is

aspartic acid/glutamic acid, X and X2 are any am' no
ol.i ne IS, as ara and S/ T i

%rgﬁ?és%?ﬁﬁggfﬁpﬁ@)fsm%fog linBwed P imdingen Dhgessausaicen” Embo.J
b 196 Rk @008} L aw%eetsai' aB1AOnBERESSRe ke il can in

(Kowari k et finit acteria
Q@mpwloba}dtaum@m Bidt ddibers Ongukrosan ibroweh Bldéakbradsf@s: J Bacteriol

(R0 (B r Gl G D aas A BapP e g eins n he

%&ﬁjl@ﬂﬁiétchﬁl)@:b& 69 RA U REmddPIBNABInLRNint3peAThemBanE¥@kin with
acterial host cells is the additi on of non-human

YEEaHY sequspce fistlanbeto t%%fllytl‘bﬁé)u@ﬂ Olf H‘@ aukaryatie OST STT3

|y S I
(Y BPUSCLL Y SV e R o b spoptios n
Granmacgdiyp Bavtegliyc ﬁfﬁﬁlp@b@ﬁ]&t&l jejung’ U mzalm&ﬂﬁzmeﬁb (2002)).
@nnose resi dues) to .reconbi nant gl ycoprotei

Friipehes t@‘gﬁﬁé@%@@ﬁn@w@ﬁm@aﬁ Hath%ncmf@/ﬁyX:-N -X-S/T (where
DIEgaag Sl phEsety ) B8 TR, el R e, v
eg:ﬁaxsgmb; andede i ds (qnmedluteenineh a G@HDoaeaimhdaran g'lﬂt llseml inkDe @rkaryotic
t.he ter.m na cto odau In .
BT PR e S AR LR L e e ST e Hpistial v

@9@85?]21[1&1 SaE mhmsmqhemw EHEAT 2599578k '(%da)ﬁdver se
reactions, including an immune response i n humans

@b@@g‘}glmrm oflmigrenrganiemso using native gI ycosyl at i on

ens r.oduc t her ei ns .
YGICTE | o5 PR R RO RS SRS EEH Mren SR OB et Rt fcoproteins
10 Gt reimelen yée oﬁ@@én BeRteidb ha¥itaisng tHehRdB oG TBhHuhRA glycans.
of .a therapeutic protein and could lead to the
Fdémt%ﬁaesf?@sto?nq wgh%mnpﬁtefr%@mﬂy esegIsygeps frrahpproduction of

I
Rt LA IR o BB R ERLE s LU PR Bans,
(aortaigmgdego @@e biindreduganesctrysidike) tateomioinhiyt gtl)hﬁ;pytﬁaﬁﬁ

Pi chi astoris has been choe neered to provide an
i Eel P R Kot O PR ASTR RS DR wighron Muman

sggﬁr' r@%ﬁ@es%d&ﬁ%me@vig%0§)qﬁet§&ﬁﬁﬁé A &Gd hO&Js m?%ﬂn{:of sialic acid

functions (Gerngross,” T.” U., "Advances
(Pmddcnﬂtmcﬁﬂ@fcemwmwnnﬁm&)a:pelw tieoniRnlok@ msgaimto\ée &S413 (jaoduced in

Fi |l ane S furbg V Bi.ote Fnol 22:1409-14 (2004);
PG Gl BEpesc ad“@‘?%‘é% it FAPEHIGINRISITS STy IR peRduman sugars
cah @liﬁgyﬁ%}se%acﬁ%& Yn%g% h# ﬁ‘ﬁmﬁﬁ@?e_ts?(glts% h§RhL,

Bi ot echnol ); and
[0009] As an alternatlve to using native glycosylation systems for producing

therapeutic glycoproteins, the availability of glyco-engineered expression systems could
open the door to customizing the glycosylation of a therapeutic protein and could lead to
the development of improved therapeutic glycoproteins. Such a system would have the
potential to eliminate undesirable glycans and perform human glycosylation to a high

degree of homogeneity. To date, only the yeast Pichia pastoris has been glyco-
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et al., "The Humani zati on of N-glycosyl ati on Pat hways
in Yeast," Nat Rev Mcrobiol 3:1 19-28 (2005)). [0010]

wa-009%6398p| e, a panel of glyco-engi neered P. pR&I/U81089/030110

strains was used to produce various glycofornms of the
nonocl onal antibody Rituxan (an anti-CD20 |gd

anti body) (Li et al., "Optim zation of Humani zed | gGs
in dycoengi neered Pichia pastpris,” Nat Biotechnol
24: 210- 5 (2006)). Although these antibodies share

identic am o aci d sequences to _comercial R tuxan,
SRS OFg %?% g & ﬁ@rEﬁsgogu sytetr with ths.cppacityip garsrol and optimize

Ely@gdyﬁgioﬁfff)ﬂ @e&ﬁﬁcttﬁ’erﬁﬁéuﬁx @uﬁﬂcugﬁgﬁhérh%rﬁssc §P10 r‘@xd@gx‘ijcef in the

exhi bited inproved in vitro human depl eti o
Brodattign ofGbeman TherapautiofPrédeimam ¥ eastd g@sF 1la|ment0us fungl 7 Nat

SrS 508 ERhet Cobl) Frpiibitst s oD e R F e ng nyeast: The

aliveli e ouBn giuirarRd YRastPaskPOpsn Birét®hoM & 1UL2 890R); and Wildt
drawbacks. For instance, in yeast and all other

elikkar Vst Bymynizatioef I‘@g;b@@@glmam Rathwaysds Seasti"a¥atthew Microbiol

rscovics et al., "QAycoprotein
122&%t%¥§$ in Yeast," FASEB J 7: 540- 50 (1993) and

[Ill)ﬂﬂpr ey eFomdxampleSh panelaf kgliyghley&gi(ﬁ@ﬂ‘é@ PV Bk 16 O RAiRk was used 1o
gw red, for Yeast {.igosaccha Transferase Activi Oy
Prdige grnougriepiprms ol gz guange g}glygglyj)odyTRngaq(ﬁ% anti-CD20'1gG1

HHoaPRL €t 4! "‘?Pfiﬁﬁaina‘ﬁen ??t uhRRRYY m@gsr 1nqglgp%’engﬁ{egﬁﬁ(ﬁﬁna

and cowor ker s e unwan
madialsy o \Biateriom! EéﬁdﬂﬁSdﬂ@O@ﬁﬁdthoegh &ies&; anftiediestshare identical

S B S B A T Sg oo
e Ret bREdin niQ@6 56@@\%11? F&}@Qﬁ%éepnﬁ§ aﬁ@ééﬂlﬁlﬁe‘a 1h1'§)rc§/vgd in vitro

strains that are "sick onpared to their wl

yroatyelRice Kiep1¢h¢rs(leahalb ansm’q@d od khinregieil gGH ev@lycoengineered

c%%%%tS{lg‘CZ\/ te{c %bloﬂl g]t £ @é%gyl rt%ﬁleggél?ses?hcceﬁ\%a%d potential

(ﬁfee&ydd-engﬁﬁb@rdﬁa‘l’ | payioeils G’s ﬁ&aﬁltm@ﬂscﬂ&: @atBhNIF StUhdétide, in yeast and
| arge-scale fernentation is limted. Furthernore,

| otherrakaretesV-Hinkedrlmeanltigipe evgnjiabivs viabiltn (erbedvics et al.,
SR ARSI SRS 95 TS0 AR ..
(Slg[ 3y e dhghlaGonkérnékProtcon Requiend foh h(eﬁs&@l@b@ﬁ:cheﬁyl T ralnsferase

" PMI' Ge F
SEEELSh 5 P oty T SRR A e
e\ﬂ'lghﬁlsnnﬁ; EMBOhdasake go@or(k&%%@rﬂan AT iy ﬁrﬂyajnllféd%ﬁg N-glycosylation

gl'ycosyl ation,” O-gl ycosyl ation i s essent |
eiciionk {Ehoi (e@lnt ‘E'se ht €pmébinaorial Hen®IL.iBzmies Fakfitmynize N-linked

R R S R A A e e

(9e0m) haakbyltedeh efals fhaodre 9iYieocRirPRIBEr WRaSpe SoB&ftor. This
there are differences between the O gl ycosyl ation
GAER ,wpéwe@fiugy%glgh;iﬁ@l glycoprotein expression due to the large metabolic

burden placed on the yeast glycosylation system. As a result, the cell yield that can be
obtained during large-scale fermentation is limited. Furthermore, elimination of the
mannan-type N-glyeans is only half of the glycosylation story in yeast. This is because
veast also perform O-linked glycosylation whereby O-glycans are linked to Ser or Thr
residues in glycoproteins (Gentzsch et al., “The PMT Gene Family: Protein O-
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humans, the possible addition of O glycans by
gl yco- engi neered yeast strains has the potential to

wWpeweosasadver se reactions including an i munePCT/US2009/030110

response. [0011} Recently, Aebi and his coworkers
transferred the C. jejuni glycosylation |locus into E.
coli and conferred upon these cells the extraordi nary
ability to posttransl ati onal I_y./,_m)di fy proteins with
V-gl ycans (Wacker et al., "Nlinked Gycosylation in

obacter jejuni and its Functional Transfer into i
R Ron T Sheshelo et dovtiae (o) Y LIy 1S e By, As with

Mgy Egtcbgn;ﬁkoré Pﬁgl&@as;yga%ﬁfg ﬁhﬁa‘!r?gc t*aﬁx Ifo;r @bﬂgtggéEﬂt%éhcet al., “The

and eukarydtic glycosy
BMIgesmcicinaity: deote mdDzhaosdathadinBactmeopyalk aerestsiae is Vital,”

BTN A5 4TSN b oRGE srEliil ety tmepseranaincercd
oy SRk Aer® AreRBEEMANS beRENBRSHLg1elosRlhation mBERhE DS yeast and
G ycosylation in Bacterial Micosal Pathogens,” Nat Rev

reanspihgIpossiblp gddivion 26 O05ylycans b g lwsp-emgineered Sepgi straing has the

i e , e . [tiple
IS Db PSSO B B i P e
[Daiply | obacResenjlej Agti ahd BisBloolorKehemudTeficdi2b80- B2 @02)sylation
and Weerapana et al., "Asparagine-linked Protein
eyl F o igind CPF'%WE&R%‘? f}@@q ¢ells sheppxsragrdjenry @bility to post-
eYRIe0Rally @o%’iﬁ%ﬁfo@éil?&gwitﬂ@ &%MQ%C({%%Q%M“N-W@ g%Iation in

attenpts (w t success)w ave been made to reprogr
Eampdbbackirt¢ius adkarinotiional Tongeod &t tdn” fabwedp 8t I7o0-3

S ST S RO S St B Bk and
dumMBRtit @R cbsy1Mlidnaat @dnims Ove Eﬁ%&@a@&aﬁh@ ckigh LeAPpe b? the
in the art. SUMVARY OF THE I NTI ON [0013] A firs

rskEretioglyerselapon seashiner@ri N o psGleBam) ésstrustugally distinct from that
r i t,cell _.conmprising.eukaryotic . . .

A b IS e SRR P e BB iR Brgein Gtyeosytation
ig|Bec sl Muassat BAtBsgnaCtNN iRey Misrodith ardpatiT(2005); Young et al.,
dolichyl -1inked UDP-G cNAc transferase activity and
Slkaryorh Be Abhirs bl pamrahsr MigtiplpiGlycqroeeiy 1o Gram-

E)[%S‘El -0Npk . .
rg?y co p]?%{teeﬁ‘ﬁ%c onj 151 gﬁagieg);emli S{T%;Sﬁgﬁ%{, g? 2‘?%5 %Cﬁ% ?Zaotoz) > and
Wearspanaree apeptspaagmedtinkied Prgeia (Dydtsy Meidhn - Fromtularfasisad

ﬁgglégrge' %ﬁ%?ég%g%@@gyllgﬁjﬁgﬁlg &Q@g)i)ﬂh{ugier(?ugdaﬂé%pts {without
SASRAE)AB O BeerdRBcTto réprb B8P 8- wilPR %@llar}%f%tftﬂgﬁgg%g%%n pathway

of the present invention is directed to a ne
tpewRiass Mdinkedtlycegytesaditpstorsirally Homegemeeusduiman-like glycans.

B0y or sl Py PuRer e A B ey s BT RR S e an
eukaryotic
SUMMARY OF THE INVENTION

10013] A first aspect of the present invention relates to a prokaryotic host cell
comprising eukaryotic glycosyltransferase activity, where the eukaryotic
glycosyltransferase activity is eukaryotic dolichyl-linked UDP-GlcNAc transferase

activity and eukaryotic mannosyltransferase activity.
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gl ycosyl transferase activity is eukaryotic
dolichyl -1inked UDP-A cNAc transferase activity and

wW@oansass c mart nosyl transferase activity. ThePCT/US2009/030110

prokaryotic host cell is then cultured under
conditions effective to produce a gl ycosyl at ed
protein. [0016] A further aspect of the present
invention pertains to a nethod, for screening bacteria
or bacteriophages. This met hod® i nvol ves expr essi ng one

ﬁ{ ggre gIﬁFans on he surface of a bacteria and
M4t hi ng &"FaPR¥Ct ol Fﬁ?sﬁﬁé“\t?ﬂ“%tséhfﬂcﬁﬁééﬁé ghisopregein conjugate

. f
§é‘rﬁ%ﬁ§§ w Obrdilif ah@at l@%ét nd eﬁﬁi E Fisin %G[?%ﬁel\l l@{é efnoitlg fused to

bact eri'ophage derive Eter

thegmotamawpzeed) isnspartic gh}dt K endyKpate dngramano adi@Odiét than proline, N
Anot her. as the present invention relates to a
ﬁf?@g@?F%fgg ﬁ??B@HQ ‘conprising an Fv portion which

[0BeSPNi ZeS ARBGhePARPES dreheBprodint ¥R /i ¢ %ﬁe@te@' tPdmEthod of
portion which is glycosylated at a conserved

BrOgueIRg R ey coaditgd erotgioo Tdis r@tbO(é@pemse@prmng)a @datyotic host

a aryotic Iwost
e B SR LR R LSRR AP LD R Wi
glyyeyhrosRias avidily is teﬁwwrcaidwhmtm@e mlmnaﬂahgfmse
gl ycans. Prokaryotic host cells can conpris
Fydy sy RS RIS TARS TS iNITY 1 he Biokpgptia host cell s then

Mtu‘réﬁ%d‘et &&tﬂ?%nglgﬁ'eﬁv%% rédru@ﬁ% g&rcﬁéﬁ%tg@ glt'oﬁeem.

mannosyl t r ansf er ase
0DPeld NAcAtfnahmfaepazs ef the pprsesasvanligh Peasids agl thetped dor

activ 0 I)ggodi nts, .the )
A bt of bRGEiSTRRRST [0 mepd Sratuas gsprgesies one or more
%%dn\é '0h)fhe f!u@fa@Q gr & b&t‘télflia eﬁﬂ%ﬁblﬁﬁ@% $abel Ql?ﬂﬁro‘?l% %Y‘ Yk gly&ans on

ost cel rrprlsesa ase act|V|ty|nc U|ngp
-5 durrfftqemf thenbaft:twmm on éli‘fﬁbftbltlj apenf sbactdrwppagkdarived flonhibs thacteria.

ne saccharyl transferase
g\l%tlﬂ'l\)/{lglt?sm1 43¢h yzedl %églé&'ﬂ @%ﬁ) £ ﬁlg] In preferred
[@épHCt S, thﬁotﬁér%@éﬂt of ThégiRéseANinCaMIMmITElnRk i €§lycosylated antibody

technologles far the desi gn, discovery, and
WEWBISHIgARHY R phishrecasnives padybisds focsnatiyg antigen and an Fe

BoPEEPRERNIE Sy EREEIL] 3 doKsorl (FBEABRDeddleeNt T ON

provid evel opment ot OW- COSt ' strategy
[DOI8lef f i ci@mt agpeadiichd paseaf inauttientlacesho ieprogrammed prokaryotic

| ycopr ns in mcrobial cells h the potential to
U SRBRNseh BesiMisnwattarisap eSoiets Y kel algceemetems with structurally
HEUEACI Y huRen Mke LRAAP ptbk &y B OR &Y BSls a? cMﬁEthU S

aspects, the glyco-‘engi neered bacteri a
glmpehltrﬁmferasﬁeacmapwb Iuethgffomm ef adslpdyi-finkedl/ BRUGIcNG® tefnsterase
acteria

nked elns
e DS GeR Ty i PGSR R PPl Ao
gaipeiseerIe plambq/a/ NeatR! acBlivie ORYtRdricaiboRmhdhi@ Yhd Madnds$ltransterase
capabl e of eff|C|entIy glycosglatlng target pr ot ei ns
campsiseeier japd gépagengppievity. “In additional embodiments, the prokaryotic host

cell comprises a flippase activity including pg/K and rfi/. In further embodiments, the
prokaryotic host cell comprises at least one oligosaccharyl transferase activity, such as
pglBand STT3.

[0019] In preferred aspects, the present invention commercializes technologies

for the design, discovery, and development of glycoprotein diagnostics and therapeutics.



acceptor sites (e.g., /V-linked glycosylation). Using
these specially engineered cell lines, virtually any
WO eomgsiiant protei n-of -jnterest can be expr esBEHUsN09/030110
gl ycosyl ated, thus, production of numerous authentic
human gl ycoproteins is possible. [0020J Further, the
i nvention provides proprietary platformtechnol ogi es
for engi neering pernutations 05 sugar. structures,
thereby enabling for the first”"fine ''bacteria
ycoprotein engineeri ng " One expectation of
gpg&* Behlyi thedreser invergioniprdadasi fontie dersipproeritaf enowfcost strategy for
BlTAcR BecPRSRf &' BihRac ROBNF b sl wRbropist eplrovidatis
pdntenmaj lte r@bltglloyl&esbel cﬁtd:rpﬁsd sunusdiag Itlﬁharhalﬁﬂf@diﬁﬁﬁg’l@f therapeutic
cC in various aspects, the invention

ardin
B%?}P%é%g?:}?%{sé‘éli’ﬁ%ﬁ Bi5i io-ygRasees; hectsria s invention are capable of
b AEAERHUFBNRSioR R M. l%ﬂé %ﬂcopwtéﬁé 18 ofid Bédlfn%flt bacterla have
research, industrial, eutic ap I cat
P@@%E}let‘ﬂaéy ﬁagmteracdjwa&taac@ﬁeafonaf geotd enasdiag la@mvelfg)ycosylatlon

co ein ssion.is, tha unl i ke yeast and,
ﬁ?tﬁ""?ﬂhﬁ‘igﬁs? dgof FhRBuY B o e e ISR At 305 i asparagine
&)@pt@ﬁ&tesﬂ] ds N-Ilﬁl@:dag‘l'ﬁdoﬁylgﬂor{)oUsﬁg hisee Qﬁé&ﬁall@%@ﬁﬁk&d QL1 lines,
cosyl ation-rel ated genes should have littfle to no
b'éé? 2ﬁ@ﬂbbWC@tﬁbm@mdﬁmem-9f~@tergﬁty@bb@wgqrw@@d@rd:l Hycasglated, thus,
I e for ;hon- nan gl ycan
I?){jg(g orlrle 1 Bpn%f({lg ragte ehgcre % alin gltyg@:rotel Bos&ls
gogepsy! at Fadthet ethie trivenson ﬁo@ideﬁpﬂ:@h@ﬁry ﬁfatfhﬁﬁ &:cﬁﬁdlb@es for
0022]. Accordingly, in various enbodi nments,

HRSEHEE Pe@“ft%ﬂonél%'eﬂﬁr Sreqtireasprredsenntling ﬁmté%ﬁrﬁé me “bacterial
%@6&0@1[‘% ghﬁ@{ "@n@%ﬂ;e ioln df%l @'tggeﬁ&nﬁllrgoq ﬁtentzonal

I't nked ¢l ycopr ot el ns, an-at ract
m@hlpnlaoﬂn ﬁﬁpromlm-auwmwﬂlcag)ohhﬁa&s gmaliarqahm:ﬁnd&ukﬂhmproperties of

oci at d t h eukar c cell, cul e. e of .
SRR T T et B RY ShirSes bini biskgsicd Blentgreph o pordingly
ﬁtvrabiﬁtlé«lisékéty tﬂ@mgﬁmf@vﬁemer&hmo%{ealsyﬁmeﬁs ¥hidwe at

thesanme tine dramatically |lowering t cost and tine

gsewenagads whd mprosimulatinggedgy érapwvenh, mdustrial, and therapeutic
g% Qﬁurlng [0023] O her key advantages i ncl ude:

%R@ € massive volune of data surrounding the genetic

[oaRiJpul at i Die @hjobadia@tdgaof E kJii zisWﬁh&sSfcﬁkgl d)bc%Bﬁﬁlelh %ﬁﬁr%sswn is
g cord of using bacteria for protein uction -
L. BPl&eevieﬁsttaﬁé :ﬁbl@éhﬁr ueelsar&%% é“éﬁ‘é@i aggynot IWéWF alch$m@@nmexsms

AR AHUABH (G bubrequflit

exul%st F s ars ubsequéttt o %9?32} &F %]lgcos?fagoﬂ réﬂat)ed l%enes shauld have

lptlctena beban;ng@dubd viabiliof oflpteénpinkougss. c{o@)Q:EH& Hufthermore, the
eg? son VaFHOUS eukaryotic pr ot ei.n expr essi on

%cia 18 r nf)ﬁ uman glycan attachment to target proteins by endogenous

glycosylauon reactions 1s eliminated in these cells.

[0022] Accordingly, in various embodiments, an alternative for glycoprotein

expression is disclosed where a prokaryotic host cell is used to produce N-linked

glycoproteins, which provides an attractive solution for circumventing the significant

hurdles associated with eukaryotic cell culture. The use of bacteria as a production

vehicle is expected to yield structurally homogeneous human-like N-glycans while at the
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process enployed using the nethods and conposition of
the invention provides a scal able, cost-effective,

W@piop/sd1s4 econbi nant gl ycoprotei n expressi on, PCEESHI/030110

human pat hogens, free of imunogenic N and O | i nked

gl ycosyl ati on reactions, capable of rapid cloning and

fast growh rate, fast doubling tinme (~20 m nutes),

high gromh (high OD), high tiiter and protein yields

(in the range of 50% of the tdPal sol uble protein

(TSP)), ease of product purification fromthe )

PG (g drangtically grike cosbiut lima pyspciniedoritibpretein drug

HQ%F@M&P&Xm§§Hﬁh§Quﬂﬁ§”patible with the extensive

coll ection of expresston optim zation nethods (e.g.,

[02&Dt er eOtfienkey adgintagBNAckidali) the atakane nElmeds data surrounding
haper one coexpression,, pr.otease depletion, etc.). )

e SR IR IR GRRAY ST pbruens ke opi 6 ysing bacteria for

ot @b @ore- BOOSH bR ReIFARNE affrol by IRIFHA &

%Figogaccharide anéq%he trgngggr ?gﬁgrotg%n at tﬁ@b@?OQBme

predcdrie Lofol hactandepd Giihe existing Ulftasiriaiu® within numerous
cerevisiae. The,loci required for the individua

TEYEIS I el h BB il PP e of the mannose

peozidues  eint dveipafik@moGaioiRANASRIdipr&6inl phdsii8Rtystems, the
shadi ng) or from dolichyl phosphonannose (dark shadi ng)

Precesh aMpkaved usigs sheppedadeandgompositien obdiei iovitiopardvides a

l ] c ti " Bi,ochim Bi.ophys. Act
bR - LG G BB PR BB e g b
peelicgean deeiof imsnegnia 8 ynd O0EEd Fiygodygatidnirkddishs, dh@ble of
t hy iio&gn&ﬂfsis sci ence of -1inked Iécqprpteins in )
BEdedoniag s {ag! erpafiLaic: Tag fiprhkied tl@re}@a yhaetepphigh growth (high
OD9AsS0 !t MOMBRiL PRIGIUGOTIRE oﬁgé’dﬁtdg‘?% tggarl soluble protein (TSP)),

nucl eoti de-activated sugars onto a
qaes off priogrt ipnrifipadiohdromatheqreripfasa or superatant, genetically tractable,

r anched tasaccharide This glycap is then flipped . |
RS REN RSB MTh sy sk el s amesagt aiization
hf@odd@SE Prahbiel BRIn&ahal ¥Re& §iB8iliLARRSHh&ho@ chdMrone co-
glycan to an asparagi ne side chain. Bac is
XPrEsEHPRJBPEHICSPRANG1E )i deoxygl ucose; Gal NAc is
Nacet yl gal act osam ne; HexNAc is V acetyl hexosam ne;

GAc is glucose. See Szymanski et al., "Protein

A ycosyl at i onBRIEBDESCREP TN @HRITHRADRAGKFINGS Nat Rev
M crobi ol 3:225-37 (2005) , which is hereby
i ncorporated by reference inits entirety. [0027]

hERIr €S 3Ax § . 0 AP
oyt ot ei pLad kSR e HRHE Schoi i hpicfinkeq:
qligpsaeehagidy eod yHeatdnefer suprstaimstahEEBRbrarrafyhaghdaplasmic reticulum

.Citerm.nal .6x,hi.s tag, was expr.essed and purified from,

PR R A0 B el i 5 e Y TR e liousif anciesa. The rigin of

e fB@fost RQideIBiIRL Sros G DI mR0s@ BNE&I (1IRM RATYD or from
1&4-p%1 (pgl +) or a nodified pgl gene

dolichylphosphomannose (dark shading) is indicated. See Burda et al., “The Dolichol

Pathway of N-linked Glycosylation,” Biochim Biophys Acta 1426:239-57 (1999), which

1s hereby incorporated by reference in its entirety.

[0026] Figure 2 illustrates the biosynthesis science of N-linked glycoproteins in

bacteria. In C. jejuni, N-linked glycosylation proceeds through the sequential addition of

nucleotide-activated sugars onto a lipid carrier, resulting in the formation of a branched
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cluster that | acked thepgl B gene encodi ng the
essential Orlase (pgl-). Purified PEB3 was detected in

whoiokvogmab4 and pgl- cells, as evidenced by WesSRE&F/S2009/030110

blotting using an anti pol yhi stidine anti body (Figure

3A). However, PEB3 was only glycosylated in pgl+ cells

based on binding to the Gal NAc-specific |ectin SBA,

whereas PEP3 from pgl- cells s agl ycosyl ated (Figure

3B). Purified PEB3 was seriall'y-diluted as indicated.
0028] Fi.gures 4A-D show the results of the

B?RV&S@% 358‘? orhipglyean is ghan fhpedosaossithriinper rpelab@inﬁ by PglK

gﬁ@ﬁ’érly ﬁ'l%’)r fdth @W%Pﬁagﬁ%a%%&lsmﬁ)&%s@ of the ggfgéan to an

Iguré 4B shows an anti
Qs!pafagmecsadﬂ ajjlhhl) BMBR 2nf-dimcetatdide? f Gralde@ ydidge; (GINAc is N-

t Acr A,
ihar T HERASS & HheRb Gt st s Bsath: st Svymanski e
g Q‘Pﬁitelﬁ@%(ﬁﬂahaﬂ% NRRerdal gﬁﬁ:o‘é‘ﬁqj&tﬁ’éﬂ gbhs ’aNgf ké‘»‘J MERBbiol 3:225-37

Gl and a Tat-specific (ssTorA) signal pep
2088 e Wﬁlsldv\ér@rfm)f-lp@nfp@na@d byrroteragicy amli@ﬂglrcwer ed E.

G827 (P2 S SB Fe ORSR P e e e

dripendemdit /B b Al Thep:t ﬂ?ﬂﬁ%ﬁb&bb)ﬂ@tl&ﬁédb@trﬁBPLBBbéﬁnﬁ@g Y 0%terminal 6x
igure 4D shows at | east three di screte bands

F
YR i ptfigddram thegreyiplpsm gfdy. cnipells that co-expressed
; ; | ht
SERTIP T IR AR L 0 o g
dl?@ﬂ\mal.lack_eﬂ mhqq@lﬁngg% erzolting thd @1961&}3{5@1’&@@6@1 -b.M&irified PEB3 was
ati on at n ults in

S R opelr 2a el o5l IF %%V@%MF@SV OYestrn platingyesinga anti-

RIEaWRIIR Aibbay Uﬁlgﬁ@%zﬁﬂpmo%hatl’ﬁB@%%l ! gﬁ@@%ﬂécﬁ pgl+ cells

to elicit effectof function. Western ySI's
hagd@ on bigdihgpo tlief GAtf AcrspavifigllectinFi BwrehGa8)s RERS fp@hpgl- cells was

ey %gﬁr& Byt NSl 00 sbel e <

[@02B]i munatibeet 86-Wishdiv @t res B e @@@Q%BBQFE coli maltose
antiserum [0030J Figure 6A shows a schenmatic

t@m@%% prostia MBIy Fiwee Hi showya a@*mldméx@ﬁﬂamrotagaﬁawfsﬂg shows
PRI pb SR arheh OBl P A Dol Bt o e
jﬁugkg}gcc@ﬁ)tsmW\Acrtﬂh SMBP avigf eﬁer-QémhﬁzﬂtGIB aﬂshal-tedmta@ GtIhxﬁlthout a

outer surface.yia mediated |igation to i

SEST LS 8ke! SRR errf@e@ﬁ’ i1 eaghivorh of - tsewnm @I@nacth@;-speclfc

(_I;SQ'I%?A) lenﬂ%b]ﬂgjef bgﬂ‘élﬁé’ ﬁ@f@q{l yé‘u fLQQﬁJ”l gl&lngeIJeg Feoli (pgl+,
schemati c exanpl e of cophage s

eaeapd e 3¢ endmmrhuuclrtéotpademmantbhﬂﬁ _eruomn. F@luaslm dhewer Western blot
[in

g?lpggg"agscﬁegp tg%ﬁt ne ilsolii-‘lg Iéifralt? 3{ Be:ql; é@gﬁ gﬁ s&gws at least
tire@stete t(a@l@@lﬁa}act&&@c fo@ inult}e ACHOLIR For MBP C-terminal GT (left)
and MBP N-terminal GT (right).

[0029] Figures S5A-C depict the results of glycosylated 1gG M18.1 in pgl+ £ coli.
Figure 5A shows the glycosylation at Asn297 in Cy2 results in a conformational shift in
the Fe region of the IgG that endows binding to the appropriate receptor molecules to
elicit effector function. Western blot analysis of IgG M18.1 purified from pgl- (Figure
5B) and pgl+ (Figure 5C) E. coli using Protein-A-G resin columns (Pierce). Samples
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scFv-g3p fusion protein are shown. The oli gosacchari de
is assenbled on a lipid carrier,

whawpogmenyl pyr ophosphate, at the cytopl asm ¢ BCT/ES2009/030110

(Cyt) of the plasma nenbrane (catal yzed by individua

gl ycosyl transferases). The oligosaccharide is then

transl ocated across the inner nenbrane (IM to the
periplasm c space (Per) and transferred to specific

aspar agi ne resi dues of the aéégﬁtor protein by the
oI|gosaccharyltransferase After infection with he

Piiggen Ve reslucisg ddes S PRgelscnd pmaynebletted W@b@?ﬂd‘t‘l@tﬂm IgG and
ﬁﬁ@g@ﬁﬁ’{enﬁﬁm ein (glycophage) are bound to inmobilized
soybean agglutlnln (SBA) and eluted with gal act ose.

{8038bph ag e§ igii €A shawea bdemaet of gifcapreteirsagfaco displagahd Western

col,i cells selected. for the antjibiotic . .
ﬁ% %0 g g ygﬂﬁ;yﬁﬂgn Bf] ncpg I4rpgd pel- cells via glycoprotein-
Ghean: d?lﬂ@&@ﬁﬁ’(ﬁﬁépf it 1E§rem33%\\%"’%ﬁ‘e RenPRVIREL R cLiRaridd Gc’% the outer

genot ype of any of e required steps according to
prase nweWedl mivdiased ligation tahuldtfhe Fipuibs @ slerws thagkagifigtion of

dlnto a artlcles Dhfr is
séﬁy g?ﬂﬁf e%ﬁ%&?ﬁé@ I?QU% | act amase; cat is
ploBor an’phemg@l&l 7 a@ﬁch{:rhmmaafpw@@f thE 9R3&phalzk G4Mi@H iPhecBrdance
Eresent time- dependent expression and giycosyl ation

th fhe ggﬁﬁgblq\/ﬁnw .Ela@pql@mré@amlgﬁ gn®dingdhel ppgginator lipid linked
o
&ln%‘no‘% get ec ﬁ1e§1@ 9?{ (ﬁlgl H%P dtzeggdng%F Ohrsehapd foritpgpgeeptor
giFviedp fngon pmﬂemede ghehins Thé alﬁ@sél@chmﬁdé ifs @meﬁfﬂlécﬁon a llpld carrier,

i nduced,w t Om\/larablnoefor 1 h (lane 2)
PRSP e e bt 1 CY ot i (o ahe ppbrse Bremprane

Wa@z@@ﬁ?hﬁﬁﬁgu@%lﬂcg%it?‘%fgﬁ‘@?) aﬂ‘?e (.r:lf Q cﬁz[xrﬁtfedis'i%a%anslocated

nitrocellul ose menbrane. Acr A- gl ycosy
AcesatBipnehymbrane (IN)) Mﬁh@mlmllallmz e;mhcwi(fdr) and transferred to specific

Acr A-s bodi ' A- 8B th R 2
SRR IS ol SR or e ehed bRt ader
ﬁlf&tlblh g.hﬂh hel R0 BBdgeFV QSN 3 HhaSBONGt AYARY iHe éﬁ%‘sﬁﬁtegfacceptor

age_enrichnment by SBA bi opanni ng.
RfP au&wwhftﬁﬁ) afcthipeind ¢ yerpebilized @mbqugghémm (Sph), and eluted

\ggl?g?aag ﬁs hl%rgpe %ﬁ%ékglgatvg%g%h rﬁ]etrllstgﬂ (t$ %fgth Sﬁl{r ﬁyﬂ cells

stheteddbrighs ahtilsittic Ehfsfseﬁleﬁpretséiﬂ oh @iﬁea;bha@&mtml“h@fg]ﬁ@l;{h@ﬁotype of the
forn1n units Efﬁk present within each fraction

ithqee & ep%'ﬁFﬂ g é?ﬂﬂ"@e Ay of Brerfeaiatrdaters raccordmg to the
ﬁr@sfeﬁ@é $ORe Qflr]]\gg arfefihk %ubs?}gﬁetng B&}%Eﬁg?ﬁt; %etlﬁ%l{gérgﬁizlgtg phage

hree 1 ndependent experi
ratgpwse d)ltfolssﬁhwqmafmﬂum gedacidse; bi is 8dadthinmg; cdtuscldbtagrphEnicol
ectlon varied by less than 6% Fraction 1, cfu
a&ﬁ%}tf Bt he SBA colum; fraction 2, SBA

[?(r)?(l:}/{ |t ggostfg@mé gﬁgﬁ gé’iﬁésegtht?ﬂg-dé;?eellgglﬁw\%?&@h@ﬂ aitd ERSosylation of
AcrA-g3p in pgl+ (Figures 8A and 8C) anc(I:1 pelmut (Figure 8B and 8D) cells visualized
by immunodetection. Whole cell lysates were prepared from either non-induced cells
(lane 1) or from cells induced with 50 mM arabinose for 1 h (lane 2), 3 h (lane 3), S h
(lane 4), and 16 h (lane 5}. Proteins were separated by 10% SDS-PAGE and transferred

to a nitrocellulose membrane. AcrA-g3p and glycosylated AcrA-g3p (glyco-AcrA) were
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gal actose in PBS; fraction 8, 9, and 10, elution steps
with 300 nM gal actose in PBS. Figure 9B is a

wWpbovogmaph of i nmunodet ecti on of Acr A-g3p andPCT/US2009/030110

gl ycosyl ated AcrA-g3p (gl yco-AcrA-g3p) displayed on
phages. Phages were produced from pgl+ (panels a. c)
or pglmut cells (panels b, d) and applied to SBA
panni ng. The presence of AcrA_and glyco- AcrA was
visualized with anti-AcrA (parllgls a, b) or wwth R 2
anti serum (panels c, ane 1, raw

BSR4 ET TR e alhodiE T EPR IR A Rl Zarserum (Figure
%%D)fmtlﬁggﬁ S\Ql}etlﬂdinl@dB @%eé  to 7, wash fractions

30 mM gal actose I'n &hes 8 to 10, elution
ﬂ}ﬂéat i ons Riguke BO6ChovM gaindfitasa dfiglRBfhagerentialaentlbytSBA

Pigpityini PoB FisduSd Bog Bisef ey Poiow-<pmmeicnbpel Blaskters) o

?]y%%#&gﬁnd?;@%%t ﬁ’l@f ggeg'f Ea‘?i}]cegi We&p&%ﬁﬁ!:%tOSSB&pﬁ:ggfen%n

perdipatien Theomlysg Ithay tem@ﬂemsth(: pmlealnsotm ofijolewsr ermmdinits (cfu; )

ARSI MALTREFBESI Sl SRER, b i

@lDD(Bl eellst @rewé\%f\a@[daﬁdh&i‘ ihdRpendeR e peBfenlsOPR4dmount of
gures 10A-10B are schenmatic draw ngs depi cti ng
araﬁewpé'ﬁa theBei negning apd thegiesulting gfup aftardd cghow@cmmvaned by less
it teg) BRG]
A SPRAON 1 SR BAREE S RS, Rleubp N Phroueh
fnaal)mylmﬁ lhnd HSPBSI dvaslmag Stfepx fmfcthﬁﬁ mmMpﬁasiﬂlﬁgesteps with 30 mM

B 0 S A3 PSS B o s
?Qﬁeﬁiﬂ 3G gk V\g?aﬁﬁl' &ﬂmﬂiun@‘!ﬂ&e&ﬁ{njﬁ A&A%ggcaﬁh'giycgkﬁbftreﬁ AcrA-g3p

1A shows ‘a stern bl ot anal ysis of
@blcapbadysim depiiyed bn pbageorPagenwore piodured ifrooepgd]s (panels a, ¢) or
to dete t Al

d th antizhis ant 13- .his,
BBOFesheRg Bndadie 1750 oaftey Cheisfeoi pf Bfhend elveo-
AErackhonsudlised a.r‘itﬁdmﬁfm%a@l‘éja %?Badmﬁqulzsanﬁaa@ﬁptpwlémc d).
anti - FLAG anti body to detect Algl4-FLAG Sanples were

lee| lesvephage pogpagatiop; lagpd. %Bhdlmtmwh ﬂaamm?nan@ﬁ whehi fyactions
g
P8PSR P00 8 BB b BP0 g 1.
a‘lmronZKﬂacltmns ait 300 M ahlaowst hePBsIganiws artb 4asx R @hages were
L\E‘flef%ﬁ‘t&ﬁ? ndthe eIIet as the jnsol uble P
VA i a5 A9 48,53 X11A5 1o dBl & e ol T Qe Sx10°,
1f WP BhactR PRepaf d]beQzla ar ol p a 3
and g)g aggt ngré? co g%@ig assr% %%B{;%)?ng Q?Sg(lv ?YJQ% &]%XIO
(hipror nx 10Aehdget peaq:rtﬂred iBm pglspe ctlﬂw(pbuwis p.0D363re Eseglureepectwely.
hot o ern bl ot |ct|n
NS Pl e SRARE! orin Balt 3 nE metn i e Lo bt skl SBA panning
At applicrsg Ss- m@warﬂ@dfb&qus itQmSE byom anaJ cells
[0034] Figures 10A-10B are schematic drawings depicting glycan engineering in
E. coli. Figure 10A shows the evolutionary trajectory from bacterial to mammalian
glycoforms. Figure 10B shows the pathway for biosynthesis and transfer of
Man3;GlcNAc; core glycoform to bacterial substrate proteins.
[0035] Figures 11A-B are photographs of Western blots, depicting expression of
Algl3/14 m E. coli. Figure 11A shows a Western blot analysis of the soluble
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harvested 3, 4, and 5 hpi. Blots were probed with
anti-his antibodies. [0037] Figure 13 is an alignnent

wheionesns4s he wi |l d-type and codon optim zed nuck@€busa969/030110

sequences for Algl. [0038) Figure 14 is an alignnent

between the wild-type and codon optim zed nucl eoti de
sequences for Alg2. [0039] Figure 15 is an alignnent

between the wild-type and codon optim zed nucl eoti de
sequences for Alg 13. [0040]'ﬂﬁgure 16 is an alignnent
between the wild-type and codon optim zed nucl eoti de
spgobaBissirgion Arog w1t Eoodijelisipgehed with andi-fin anlibagiyrre detect Algl3-

tveen, .t i |-t . Opti | eot.id
BEL VRIS, VOB, AR, P G SO o
bed ween/ detie prabled stighamtiaFidA GaslaBodplol delee e Al MUl 606! Semples were
sequence EZ# Sé%%f; DETAI LED DESCRI PTION OF THE
PAVERTI AR Dot PRA © HGHE TO0ASHCUPR&BRISFar MR b T fodle14.
ShmpRE %r@]{)\ggziﬁg& B?g&tﬁﬁ%ﬁg&?gf g Lefis E{i‘ﬁé 660:285€54 R and

the presen closure ui de thosé of “ordinary
stdidcling thetsnperaatani as thheolphbladitacten ofd thlpelpt @s ertinsoluble fraction

is ur, 044 nl ess expl ai ned ot herw se, all
fgiih %&ﬁ?@ﬁ%éﬂ%ﬁﬁ o S B o OH. Pl ?qr_hlehr and the
S@FEnATRRBLD GelRS weRNTBIRL M U HRS BRI sE 9 aRDSreRfbred hiAd) fractions,
skill in the art to which this disclosure bel ongs.

mspesdiely- met hods and materials similar or equival ent

ose d i herein ga sed,in, th racti ce
L@*Est i ng?%%;et Ezggﬁ' es gor%r apgji Og&t\gfg%#@ﬂﬂ%tﬁe? EﬁPg SRRFRAYsef Ale)
antAnmtier abis Tice: WeseH Bod HebOtemblPe FRLESIsASM Adna cells
t hods, and exanples are i|lustrative only and not

A esiatets 4 andhe hpi. Bilets wgre mphed with aptinhissangiboding

' osure ; f i t ai,l .
e L N
Hedenpide seqgticasdanslgli ncl udi ng" and the singul ar forns

tat or "an®, or rthe" [.nclud lural references unless .
{Oﬂésﬁont exf‘gb‘feeléj'rlls)?n&’lﬁ?%?'gg’egﬁ?@r‘ WHd-tyRsrangdycqpn aptimized
e @nigpegucReesFONRIg2si ng a cel | " includes one or a

E’l urality of such cells. The term"or" refers to a

3% e el elignte 16fis 9p atigmentbetwranitheewdl-eyrering codomoptimized
AP Rt M Rt oo ot herwi se.
[0040} Figure 16 is an alignment between the wild-type and codon optimized
nucleotide sequences for Algl4.
[0041] Figure 17 is an alignment between the wild-type and codon optimized
nucleotide sequences for Rftl.

[0042] Figure 18 is an alignment between the wild-type and codon optimized

nucleotide sequences for Sttc3.
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[0046] The term "human-like" with respect to a
gl ycoproteins refers to proteins having attached

woR@eesM5yl ucosanmi ne (A cNAc) residue |inked tRCT/H§2009/030110

am de nitrogen of an asparagi ne residue (V-linked) in
the protein, that is simlar or even identical to

t hose produced in humans. [0047} 'Wglycans" or

"i V-1inked giycans" refer to bglnked ol i gosacchari de
structures. The V-gycans can be "attached to proteins
or synthetic Elycggroteln i ntermedi ates, which can be

mani pul at ed PET D BESCRIBTEON QF HE INYENTION

predom nant sugars found on gl ycoproteins are gl ucose,
gal act ose, mannose, fticose, Nacetyl gal act osam ne
Ochihitiday N—acetylglucosanine (Gicth) and sialic

| : ' [ 00
Bk oot aad B han e olicmiend mebingrbprsrca Ry better
ﬁ@s‘&HS@ﬂﬁ%o%%ﬁﬁdlbﬁgﬂlr@%@ﬂo%umqﬁﬁsetﬁ%rﬁﬁﬁgrsﬁill QAR in the

nucl eic acid conprising S
Illf‘aptetteeqfshtt presemudikkisereaci d, at least a portion of

T2 Bl et e R D5 a8l R g ca heren

BHQI (BEsdhed Meating RecdniBohls wilskRbed Qﬂe SR dmant &N in HGrt to
instance, if the nucleic acid is used as a probe, the

whisihdbis dasclosers tehaes v hoyghimsthads ang yagarialy Sepilir erasmivalent to
|
3L P 0 S B TR B B0 U R AR

aniaﬁle(metbaﬂsyamdohﬁaﬁdlﬂﬁ?re(cﬁscg‘:b,ed BB . @Mm@d’naas mexiedls, and
nis one which is substant al |

I te
w 3&3% %%ﬁt{%?%pﬁf PeLinigRdedgmbe higHtiae (rher features of the
@,@wﬁﬁé b @g&ﬁg{ﬁ@méﬁ%ﬁnm @etz@féldyd%k{%ip%lg}) 0§ tHerblélfa‘é

natural hos 0SONES ynerases an

LAl e seﬂ&amﬂdserwim'hompnsllmgi’ tnehss nad:luahagf ynd the singular forms
ASS0Gi ated ces a ucle c acid, ,

b Sothdnehl: Pey HIREHd LGV ea Rt b etates

OREMI, [Fyr OGEAPIE, IrBRr@oY td ‘%Hﬁﬂfsmg(a@ell' ﬁlc'llﬂfes BREOCH Bﬁlﬁﬂlty of
with all or a Bortlon of a pol ynucl eotide in which

sych okl eEleﬁgmy oI Irelors te @ singde ¢lomant ofrytatert leteenat:(VS)elemnts or a

?o%sﬁ:); ﬁ%‘:}i tXwo o1 Fnoge Elgrnem?ﬂl)lr}f ggl% e%% exgg garljy lﬁh%ﬁslﬂﬂéerwwe

[Dod6) er m ﬂsﬁoﬂeﬁhéﬂum@m like'swhhb r&ptdiad hgl)&b}b@telﬁé ﬁ:ﬁ:rﬁlﬂﬂprotems
be used in reference to reconbi nant or cloned

'iwéfa}ga«"tt@ghedcfﬂ@ﬁﬁtdkalwsww hELNA rpddyeindied s m@mlde nitrogen of
%P%F% e AsidR W] eﬁ? ﬁg ﬁﬁé}h Otﬂ?tl it BatilRhf even identical to those
1 ol og J 3[/) 0 ¥ .

cally synt esl ze et’erol ogous systens
progael iHbwewes., ' i sol at ed” does not necessarily

TR TR BT SR A
JiRARY & Thé A1 Eahs can be attached to proteins or synthetic glycoprotein
intermediates, which can be manipulated further in vitro or in vivo. The predominant
sugars found on glycoproteins are glucose, galactose, mannose, fucose, N-
acetylgalactosamine (GalNAc), N-acetylglucosamine (GlcNAc), and sialic acid (e.g., N-
acetyl-neuraminic acid (NeuAc)),

[0048] Unless otherwise indicated, and as an example for all sequences described

herein under the general format “SEQ ID NO:”, “nucleic acid comprising SEQ ID NO:1”
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native environnent. For instance, an endogenous
nucl ei ¢ acid sequence in the genone of an organismis

waelzwaesh134 sol ated” if a heterol ogous sequence PGI/PS20%eB0110

adj acent to the endogenous nucleic acid sequence, such

that the expression of this endogenous nucleic acid

sequence is altered. In this context, a heterol ogous

sequence i s a sequence that 36not naturally adj acent

to the endogenous nucl eic acid sequence, whet her or

nat the heterol ogous sequence is itself endogenou

l(e(ithrp‘ 1 havglelg af:lfio{[lﬁ lggsta gatien H’@ sehichahas e&herﬂp)dg@ p\e}quence of SEQ ID
m I

el %‘P&l) a[)éa'eqﬁ%é%%ggﬁx ?enél z!.rg :;@Egrl@ Itlbolo fﬂ'neegﬂglofﬁ% b%m/een the two is
thmtﬂdttgwths egquuexicEociastale, Hulshideit edd (=eusgd as b)probe the choice

honDIo ous reconbi for th tiv ronoter of a
BEHE hedwe ‘b@ﬁ‘@ﬁé‘rl’dfth%r giemesihat 165 bt R fopR femegappto the

@g§ﬁgnﬂgktered expression pattern. This gene woul d now

becone sol ated" because it is separated from at

0848} soneAOfﬁﬁh@ﬂbem sﬁw@suﬂhaWHﬁ%nwﬂdbb@dﬂkankmudemkw(&gq
[ eic acid iis alsa consid i sol at.ed"

R, RO A RREU RS RS e SooPeiEn iR S8R o hin i yparacca

268 Wihdr Qeltgr @PMPoRSMO et AGuRHIG REEmpEiydhé RatdcGRNMIBIeotide in its

For instance, an endogenous codi ng sequence is

redwal anst eqll eigsgtbasemes, pplymerasenend ERnomic paguenack sith which it is
Iga‘ta'urgﬁ)'/ gﬁoﬁg{ed.&l“ ROl e%%e?c‘:é 2 H%\nlgl,tpragﬁlr g@gla@gléot{de(fhaql(iyhas been

nterven nuc
:amodéd frbmotsl rrmhrukﬂ}emcammg:d:rﬁmmnmemd (Dyrig egraaﬁcefihtd:mtvﬁh allora
nns,0ne eter ous Sit

host |1 chr ol.o
AR £R BRIFRIIIE i CBrt}é% Jilanad Pgh’“éﬁ?% Afoula in naure, (3
lg/% M&dly Lifked ﬂo%%ﬁlﬁlgleﬁﬂgé @f'hfchqpls Aot GARIRE | In nature, or (4) does not

antlaIIy ree of other cellular materi
cs:ubsmaraturalmt teme Bisolfitedlibt Lﬂuéstammnymwﬁ’eﬁsma'andmosdd byreference

bst a | f
R RUPA be o SREDPRATRo Blascone iy sr btiF LRl eptsy graloes.
(ﬁ}{)@lﬁ@@lleéﬁdi: arfal 346 s At Bien g ADY Bﬁﬁﬁés%d [b? 215?aelolégc§dsrs§§tems.

ect of the present invention relates t o
IBP ar yot i Bowoisr. “swlated ulnss et rgessalarrg@tifecthat the nucleic acid,

pg)ll n%%ﬁe}é+ %l n@?c,e ngétgmas%tdeyér{b%d h\:g@ﬁs f geeﬁ gsﬁ&ﬁ% removed from its

CcosS se activity IS eu

rdtolv«b exliwionhlrelne FobDRtabt & M@nﬂcﬁ@ﬂsﬁﬁﬁlﬁwc ﬁﬁﬂ batjukedcediRdhe genome of
eukaryotic mannosy|transferase activity. [0053] The
PrBRALYBS eemsdt blofqd® g a beterofneous sraupifpdnplaged #rhiacent to the

6%55@’1%% h&lg@ h&lﬁ Y deh 8K §cH Q@%@ %Hﬁgsswnac;ﬁfn@ e g&%eélo&s 4I]llle:1C

activit may conpri se activity an
agk sequftryce 1sTeH®re@ &p m3s mtaxwat};etanl@gmfgseﬂ;deme tis alsetqyleriics that is not

SRS B SRR R S S
Het@S8gous sequence is itself endogenous (originating from the same host cell or
progeny thereof) or exogenous (originating from a different host cell or progeny thereof).
By way of example, a promoter sequence can be substituted {(e.g., by homologous
recombination) for the native promoter of a gene in the genome of a host cell, such that
this gene has an altered expression pattern. This gene would now become “isolated”

because it is separated from at least some of the sequences that naturally flank it.
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enzynmes serve to add G cNAc unit to bactoprenol. The
algl3 wld-type nucleic acid nol ecul e has the

wozbestisde sequence of SEQ ID NGO 1: PCT/US2009/030110

at gggt at t at t gaagaaaaggct cttttt gttacgt gt ggggcaacggt gcca
tttccaaagct cgt ct cat gt gt gct aagcgacg
aattctgccaagaattgattcaatatggattcgtacgtctaatcattcagtttg
ggagaaact acagttctgaattt gagcat_gga_\gt gc
aagaacgcgggggccaaagagaaagccaadaaat t ccaatt gaccagttt ggct

t cgacaccgcaaga 1 at gt cct e v g R
ﬁ)(ogghcggga ??éfa &9 ot gt Wﬁ%ﬁ"‘&éctsﬂﬂﬁ‘i‘bdEE&ﬁ@tat”(j@a?éagt
Aol flcaGStsARL (LR ot agakA1 ggﬂElﬁatB @]tlecﬁﬁﬂes%% dlrég nucleic acid in a genome

cgct ggaacgggct ct at act agat t ct ct acggt t aaccgftgat a
tegeogtaaaeyeidogetdigabdgatsepeoacsagnsidered “isolated™ if it contams an

C&%gg&%ﬁ%éﬁ?&;ﬁgﬁ [ tg@{‘?ﬁ_‘ g’g@gg%}:t acg@g t Ctl;ygh caccc

Agagandal SAaA6 ol rhféfé‘f@&ﬁ@’t ALERRAESS Qﬁﬂelétat:itdgﬁﬁgrated into a host
gattgct agttg aaactatatac agctag . The agl 3 codon

etk ¢hiprpesp L [adicteralogelsmik @pd pauplais achbcangeues erisdet as an

%M&M@@&%%%&%%AW&

GAEGRCEAMBETGRTT TR ECATHCRGIRTEABRAPTOIGE
TCCAGTACGGTTTCGTTCGTCTGATCATCCAGTTCGGTCGTAACTACTCTTCTG
wisrotrthcResa

OISFEREEer QAT Chremicalsaden
gg@m TGOGGTGACACCGCTCGTCAGTACGTTCTGATGA
A TATCGGTTTCGACTTCTCTACCAAAATOCAGTCTATC

GRceHTAMGT Bagineaang T GGT TATCTCTCACGCTGGTACCGGT TCTATCCT

A A A NN CAIGR PO FSARCT DB ABE o el

e e

@mﬁ@ﬂm@@m@@bmﬂom@ldu@m URR-Gidydetransierase

%E%It)?lfﬁ agyoggz “?ag]%lf’%(,\ﬁ ferase achft)?Ot' de sequence of
[m)gqaaacgg]:}cet Iﬁﬁkérg@tﬁcgﬁ&abélg@ﬁ t8€ bRatf GhainGoRaaoakhAEt olichyl-

atta ttga ttctgccttttttccacact
gﬁb‘“g%é ﬁ aﬁﬁ@ra@ea%c@aa&g‘éwwqagx tapitcatizdd astitvicgd Algld
ag?g{tf.gfﬁcag @aa%ﬁgg);%fc%g?ggctaﬁﬁ\tnga S a{;hle ed w%t {31tther wild- tgg?

cttaggat cggg t ggt ccg cftctagaa
faboadgsdqotitdet ac tgpotopagtingablgingtsa As shown in Figure 10B, these

Seviiorect egulLaa A tat T PgHART od he T2 15 Wld-ype Rucleie acid

1h8RaAI 1409381 RARGEIRE BFSEQtIW@aQI gt aaagaccatcattg
gaacgttggtacaatcttttgtgcacgtggtt

atgggtattattgaagaaaaggcetctitttgtiacgtgiggggcaacggtgecatticcaaagetegtetcatgtgtgctaagegacg
aatictgccaagaattgaticaatatggattegtacgtctaatcaticagttigggagaaactacagtictgaattigageatttagtge
aagaacgcgggggecaaagagaaagecaaaaaaticeaatigaccagitiggetgtggegacacegeaagacagtatgtectg
atgaacgggaaatiaaaggteatcgggttigacttticgaccaagatgcaaagtattatacgtgattaticagatttggicatatcaca
cgetggaacgggctctatactagattetetacggttgaataaaccgiigatagiitgegtaaacgattctttgatggataaccaccag
cagcagatagcagacaagtitgtagagtiggectacgtatggtetigtgeacccactgaaacaggttigatagetggtitacgtge

atctcaaacagagaaactcaaaccattcccagitictcataaccegicattigagegattgctagttgaaactatatacagetag.
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gaat cagatttgctatgtgtggttcccctcatctgtttttattgaatgggcectg
gaacat gct gt at aatatccttttggttgaaaattatg

WQ2Me08u54 tt gccect gt t gggt t cct cccat at agt t t at gt aREEUSP0/eB0110

gcaaggat t aat act cct agt ct gaccggaaaaat

attat attgggt agt ggat gaattcatt gt ccagt ggcaagaat t gagggacaa

ttatttaccaagat ccaagtggttcggcatcctt gtttaa The al gl 4

codon optim zed nucleic acid | ecul e has the

nucl eoti de sequence of SEQ ID'NO 4 as foll ows:

ATGAAAACCGCTTACCTGECTTCTCTGGTTCTGATCGT TTCTACCGCTTACGT T

Areget Eraiorcaomiraonattcrad mdeatesthaastagiacamaaget SEQ ID
A\CGGTGTTAACCTGCTGAAAATCCGTAAATCTTCTAAAAAA

TCGITTTCCTGGEGT TCTGGTGGT CACACCGGT GAAATGAT
CCGTCTGCTGGAAAACTACCAGGACCTGCTGCTGGEGTAAATCTATCGT TTACC

IMGN@M@M@@@P@@GTTW@@T@@@@P@MCGWQC

TTOCEH AL AEAPAGT TAMATRETACEARE @WW%@R%MCTGA
M@X@W@E@ﬁ%ﬁ@ﬂ@@w TCTTCTG
AAAAT

GITGLGET o TGATGA

n TCTATC

£ TATCCT

NECTECCRSaT
@%@ﬁ@iﬁf@@@ﬂﬁ&fﬁé@@%ﬂc Gz Z ﬁ%@é?@e&QCéACTCTCTGA
RESIACAALC(HCEARSIC A RVETGERT O TGAACTGGGTTACGT
Hﬁﬁﬂ@ﬂ@@ﬁgffﬁ%&cﬁﬁAMGﬁG&T@Wé&"ﬁﬁ@%@T@ﬁ@&GTGCTTCTC
ASIA VT HR ABIABITGA A8 COGTRCCTEE TAITY TC ACANIAGGAGATTCGAACG
AFREGGYTONASCEaNCag0TOl ThAa W | d-type nucl eic

acid nol ecule or a codon optim zed nucleic acid

SROMENS QiASy HOhIUS aciBSn AN hdshE h\%‘!é(ﬁldl %T%BB@%EQ ID NO: 3

enzyrres add mannose units to G cNAc units
# flodowype nucl ei ¢ aci d nol ecul e has the nucl eoti de

gtggﬁ???%’fg Al C@? i e eefae e o suigpgepgnecscact

gfi{aggq agtttggq.g %t@iiaéqqg@@ag{cgtcaaagaaaccgctcaagattttt
a%gg%@%g@ %testaglgafg st ecai s tegPnreL Bgi Ay Luag asatigteta

SHAESRErac Atcger gecapciiglaaaanaattiggtealtgeaaagtaaaatactatgaatica
iBpragageagngetiaggesagiyt eyt aigurgigeygti mngl tpyaygalciaitstetacstagtta
grbrgatiatih@tdt gtagtigatigttattat ggrcciggaacatgctgtataatatectittggttgaaaattatg
giaceattipat @tgtepanatidcgaagaainate e ogegnaganhnagtfagiclattppaaaaat
atggicapagaaaghathittit Heaehidabaggicahcaattatitaccaagatccaagtegttcggcateett
gtttaa

The algl14 codon optimized nucleic acid molecule has the nucleotide sequence of SEQ 1D

NO: 4 as follows:

ATGAAAACCGCTTACCTGGCTTCTCTGGTTCTGATCGTTTCTACCGCTTACGTT
ATCCGTCTGATCGCTATCCTGCCGTTCTTCCACACCCAGGCTGGTACCGAAAA
AGACACCAAAGACGUTGTTAACCTGCTGAAAATCCGTAAATCTTCTAAAAAA
CCGCTGAAAATCTTCGTTTTCCTGGGTTCTGGTGGTCACACCGGTGAAATGAT
CCGTCTGCTGGAAAACTACCAGGACCTGCTGCTGGGTAAATCTATCGTTTACC
TGGGTTACTCTGACGAAGCTTCTCGTCAGCGTTTCGCTCACTTCATCAAAAAA
TTCGGTCACTGCAAAGTTAAATACTACGAATTCATGAAAGCTCGTGAAGTTA

AAGCTACCCTGCTGCAGTCTGTTAAAACCATCATCGGTACCCTGGTTCAGTCT
TTCGTTCACGTTGTTCGTATCCGTTTCGCTATGTGCGGTTCTCCGCACCTGTTC



10

15

20

25

30

35

40

tttcaaattactttgggaattgagaggaagcgatt acat act agttcaaaatcc
accgagcat acccattcttccgattgct gt gct at

wQemagstigaccggt t gt aaact aat t att gat t ggcacaat ct ageEt/HS2009@30110

tatt gcaact aaaattt aaaggaaact tttaccatc
ctttagtgttgatatcttacat ggt agagat gat att cagcaaatttgctgatt
at aactt gact gt t ct gaagcaat gaggaaat attt
aat t caaagctttcactt gaat ccaaagaggt gt gct gttct ct acgaccgccc
ggcttcccaatttcaacctttggcaggtgacdattt
aa C aaC accaaa cctttat aaagaattatattc
?rtc%hé&\ g%g%ég%% x@ CATEB RS A aTcaT
e hatdidalves G Hgt e RAQE T hygJdEAATCTC
@5@?@@5@@ 5@%&6@&@?@5@56@%6&&MATCC TGTACTGGGTTGTT
GG HATTEAJHEGTTGAGIRAGEASAAYOT GGHAA CAN GBAGGIGEEGCGTT
CANNABAGITANGHAZGEIGE JEEAggaa
gcgct gt caaat cgaat tt gt gt ggt t gt cagcagaggat t acccaaagttatt
fo3af t at gcyRd hR&EGBAE hbG ¢l 8FAkaG invention has eukaryotic

caagtt caggét t ggacct gccaat gaaaattttagatatgtttggctcaggtc
mageqsgitaasicrpeaattyaacrEel eagprigss tﬂgg]cactlvny and Alg2 activity. The Algl

%ﬁﬁtg%ﬁé ?ﬁ?f Q%?[?t gt a%tggg»g%n;a[a\gf@? Efg)t "1% B &98 n%gc%a%(:(}rta codon
b}tttraltzat ﬁaaaaatlﬂga@gaaaa@aﬂogb@ac 96 3pGARGLFigaaaltn g8 888 mes add
aagctaattcattga. The

at caaat tgﬁgaacg‘aacaat gagagat t t
RRYROSE JRGNIOIPIe 28BS n B¢ Bigd vald-&rppdeigiasidraglese has the

R éﬁ%ﬁW@Mé@ﬁ&$%ﬁA@@C

TATCCCCCTGGT TGTTTACTACGTTATCCCGTACCTGT TCTACGGTAACAAAT
@W@T@éﬁ@%ﬁﬁﬁm%ﬁmtﬁm@@fmmam gttttat

EgohAched A& Sedtl i3 acgctataag
fiad: { g " caaattAiceaptdatcanatateace
i 1L G s ieabbittaagtat
e Yo s{LE el clgtgetat

A { ttttaccate

RPN ST ACCTRATOAG 2aatlatigt
mewmmmmmmmmmgmm

@Mﬁ@@@@?@@@a@%@ﬁf alal &t A of PR A A GEigctigac
gaattagtacaacacaatgtaaatgggttaaaatttgttgatagaagggagcttcatgaatctctgatttttgctatgaaagatgctga
ttalaccaaaaattgaagaaaaatgtaacgeaggaagelgagaacagatggcaatcaaatigggaacgaacaatgagagattt
gaagctaattecatiga.

The algl codon optimized nucleic acid molecule has the nucleotide sequence of SEQ ID

NO: 6 as follows:

ATGTTCCTGGAAATCCCGCGTTGGCTGCTGGCTCTGATCATCCTGTACCTGTC
TATCCCGCTGGTTGTTTACTACGTTATCCCGTACCTGTTCTACGGTAACAAAT
CTACCAAAAAACGTATCATCATCTTCGTTCTGGGTGACGTTGGTCACTCTCCG
CGTATCTGCTACCACGCTATCTCTTITCTCTAAACTGGGTTGGCAGGTTGAACT
GTGCGGTTACGTTGAAGACACCCTGCCGAAAATCATCTCTTCTGACCCGAAC
ATCACCGTTCACCACATGTCTAACCTGAAACGTAAAGGTGGTGGTACCTCTGT
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TGCTGEGTGCTCTGAAAAT CTACGAAAACTCTTACGT TAAATTCGACTCTTCT
CTGCCGAAAATCCTGTGCTTCATCACCGGTAAAGGT CCGCTGAAAGAAAAAT

WAL BBANCACGT TGAAGAATACGACT GGAAACGT TGCCAGAT CGAAITTEXB09/030110

TTGECTGTCTGCTGAAGACT ACCCGAAACT GCTGCAGCT GT GCGACTACGGT
GITTCTCTGCACACCTCTTCTTCTGGT CTGGACCT GCCGATGAAAATCCTGGA
CATGITCGGT TCTGGTCTGCCGGT TATCCCTATGAACTACCCGGT TCTGGACG
AACTGGT TCAGCACAACGT TAACGGTCT TTCGI TGACCGTI CGT GAACT
GCACGAATCTCTGATCTTCGCT ATGAAAG& GACCT GT ACCAGAAACT G

CGT TACCCAGGAAGCTGAAAA
&t & E@K@@MG&H@Caﬁgﬂmmgﬁémcmcr
Rl EE 2 ARG b bed Ui Gas TR Hefe T e6iliTEe\ SR eCofiTCTATCC
€L 1 NELCCHARCEOTGIRE TGTACAAAC fGACCGGTTGCAAAC TGATCATC
Gr\GaiG 8 A8AyYaC AGEHYEA GRC T A TGE A CA TRy ATTICHGYAGGTAACTT
IgyCe §EaaE T AGT G TR JEAGB TGGTTGAAATGATCTTCTCTAAATT
aGCagpt CTACAQOEATaAUHG BT A0 T AaG CatatGt @That CRCCTLRE CCAG
Tagarcaate pGhhTuaag At @RRGACHICG TTCTGTACGACCGTCCGGCTTC
’@@ﬁ@wﬁ@@%@@mﬁGG@H@%@@I@@GW@@G?@%@MG@@?@QECACCA
Ahggfﬁféﬂfrt% cmm%m@e éﬁ‘d ACCGA GGTG

g %TATCC
CTTCT

%%% Lhag %%%AAT
G TRGGEA GAATTCGT

Te® ;;ﬁGTQ;B@C 59 a%%&g% t@%%@é %&AGC%GT%C%C TACGGT

CRAGCACTHT AC AIJH CHAG EC §GEAIGTGH 8 CATHEYT GHAGA RAATEEC TGGA
GATCJIAAI G HREATOIGRGE HaCasg N TEGCTaAd GAACTACCCGGTTCTGGACG
AACAEIGTTC AGCReyaCT Al GO ACDE AAN TNEERT CAU(G DRGRGAACT
@aAZBUYTCTUTROCC 99CcGat G AN ACGCTGACCTGTACCAGAAACTG
8494 A Ahgaep A Carl(GEAWIACAAR Al ARO6E R GG A GBI OBGEGGAA
¢ atraze9epaeedld Aceeaazed araaatieLer

TAA.
t t gaaggaact acagt ct ct ggccgat gaat acgaat t at cccat acaaccat a
tact accaagaaat aaagcgcgt ct ccgat tta

agt.cat t aaacc at aa at t acttccatt
El'bet aég gvg %zt%et QL& % E‘Pé érgog E‘alélf ot%e sequence 01I qCE% ?I% NO: 7
dstrandgd:at acaccagcat at gagcact tt ggt attgttcctttagaagccatg

aaat t aggt aagcct gt act agcagt aaacaat gg
aggt cctttggagact at caaat ctt acgt t gct ggt gaaaat gaaagt t ct gc

?a‘r?&gat%gga?& g%%é&{%&ﬁ%c%&%ﬁ He tgg%tggﬁég%%gﬁg%{ {cgg:gatgcagc
%é fg% %ﬁ aa% acal cgaa§ aafitaaaaacggc
peieatiitiaces ?%ﬁg%qgt%gg %%tttatttag
%ettt&a a%gg%g ch@zg@@w@angatcaactgtctacatgtattccgcttctgcatatcﬂt
8@3&@?%&@@@@@%@@1@@pgztcaaattaﬂgmtcaaagmt@gg@umagmmgactaw
agit gactiantagracteditit catgnateptacRtiocug e patggeraltcactaagaatacgticcaccaaac gl
cetdivtfatcgat ait@patgidatitaganct @ghttalcgoggaagidatt gelog@ g gaiabd @atiittcaa
shedghgigatcghaiuc gitagntiht@igaaganatialanadda ek a2 QAR clataaggctitt
@ PliatBERAIANA LRI Erc Ao adila Bl daB i ke SHAGE ARk Siaaatgtggagtac
t%ﬁﬂéé%ﬁ@tﬁcdé&t&&@chagaatacgaattatcccatacaaccatatactaccaagaaataaagcgcgtctccgattta
gagtcattcaaaaccaataatagtaaaattatattittaacticeatttcatcatctetgaaagaattactgetegaaagaaccgaaatg
ttatiglatacaccagcatatgapcacttiggtatigticctitagaagecatgaaattaggtaagecetgtactageagtaaacaatgg
agglcctiiggagactatcaaatettacgltgetgglgaaaatgaaagtictgecactgggiggctaaaaccigecgicectattca
atgggctactgeaattgatgaaagcagaaagatctigecagaacggttctgtgaacttigagaggaatggeccgetaagagicaag
aaatactilictagggaagcaatgactcagtcatitgaagaaaacgtcgagaaagtcatatggaaagaaaaaaagtattatecttgg
gaaatalicgglatticatictctaattitattitgecatatggeatttataaaaattetacccaataatccatggeccticctatttatggeca
ctittatggtattatattttaagaactacttatggggaatitactgggeatttgtattcgetetletectacectialgaagaaatataa.
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NO 8 as foll ows:
ATGATCGAAAAAGACAAACGTACCATCGCTTTCATCCACCCGGACCTGGGTA

WA SBHIBEGCCT GAACGT CTGGT TGT TGACGCT GCTCTGEGT CT COAGTZASAGAEA 30110

GGTCACTCTGTTATCATCTACACCTCTCACTGCGACAAATCTCACTGCTTCGA
AGAAGT TAAAAACGGT CAGCTGAAAGT TGAAGT TTACGGTGACT TCCTGCCG
ACCAACTTCCTGGGTCGTTTCTTCATCGT TTTCGCTACCATCCGTCAGCTGTAC
CTGGTTATCCAGCTGATCCTGCAGAAAAAAGT TAACGCT TACCAGCTGATCAT
CATCGACCAGCTGTCTACCTGCAT CCOGCTECTGCACATCTTCTCTTCTGCTA
CCCTGATGTTCTACTGCCACT TCCCGGACCAGCT GCTGECTCAGCGTGCTGGT
CTGCTGAAAAAAATCTACCGTCTGCCGTTCGACCTGATCGAACAGTTCTCTGT
I AATTETAACE TioAnEAgpecARETTOd SEQ ID
TACCTGTCTAACGACCCGGACGT TATCTACCCGTGCGTT
Wro TOGAAAT CGAAGACAT CGACAAAAAAT TCTTCAAAACCG
TTTTCAACGAAGGT GACCGTTTCTACCT GTCTATCAACCGT TTCGAAAAAAAA
S T T B S AR CCRE I A TGOGTA
MGt RFAGETEABREAAS T CPFEICTOAENIACERAGIAIGCAGCAG
CEAARNCHACCATATAZT RCEACAAAATCRAACERSITACARAMTTCCALTCIC TTCGA
AGENBRCEAXACTCTEARBTCAPCTA G TGACOGCTARCIEF TGEIUTIERT GCCG
CHAOACICCEBECTTACEGCTGTAC
NMAGTEGH GM@G@EFIG?C’TGATCAT

TGCTGGT

@%ﬁ%@%
e' .\— F
"9.5%&,. .. ? ’? j’ ; el CTCTGT
}#’ “ ﬂk ’? e‘l ? ‘A"Q ee’?A A eu'A’Avil’A A CTTCC
w(mu eee‘u &S .e., X A CCGTGCGTT
Ak A A AAAAAATTCTTCAAAACCG

SAFEHTIICRATMAAAAA

I .b
@@@%@W@WWWW@GATCM
CGACAACGTTAAACTGGTTATCTGCGGTGGTTACGACGAACGTGTTGCTGAA

AACGTTGAATACCTGAAAGAACTGCAGTCTCTGGCTGACGAATACGAACTGT
CTCACACCACCATCTACTACCAGGAAATCAAACGTGTTTCTGACCTGGAATCT
TTCAAAACCAACAACTCTAAAATCATCTTCCTGACCTCTATCTCTICTTCTCTG
AAAGAACTGCTGCTGGAACGTACCGAAATGCTGCTGTACACCCCGGCTTACG
AACACTTCGGTATCGTTCCGCTGGAAGCTATGAAACTGGGTAAACCGGTTCT
GGCTGTTAACAACGGTGGTCCGCTGGAAACCATCAAATCTTACGTTGCTGGT
GAAAACGAATCTTCTGCTACCGGTTGGCTGAAACCGGCTGTTCCGATCCAGT
GGGCTACCGCTATCGACGAATCTCGTAAAATCCTGCAGAACGGTTCTGTTAA
CTTCGAACGTAACGGTCCGCTGCGTGTTAAAAAATACTTCTCTCGTGAAGCTA
TGACCCAGTCTTTCGAAGAAAACGTTGAAAAAGTTATCTGGAAAGAAAAAAA
ATACTACCCGTGGGAAATCTTCGGTATCTCTTTCTCTAACTTCATCCTGCACAT
GGCTTTCATCAAAATCCTGCCGAACAACCCGTGGCCGTTCCTGTTCATGGCTA
CCTTCATGGTTCTGTACTTCAAAAACTACCTGTGGGGTATCTACTGGGCTTTC
GTTTTCGCTCTGTCTTACCCGTACGAAGAAATCTAA

[0055] The prokaryotic host cell of the present invention has eukaryotic flippase
activity in the form of Rft1 activity. As shown in Figure 10B, Rft1 (or PglK) shifts the

oligosaccharide assembly of GleNAc units and mannose units from the cytoplasmic side
of the inner membrane of the prokaryote host to the periplasm side. The Rft1 wild-type

nucleic acid molecule has the nucleotide sequence of SEQ ID NO: 9:
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GITTTCGCTCTGTCTTACCCGTACGAAGAAATCTAA [ 0055] The
prokaryotic host cell of the present invention has

w@oangasd c flippase activity in the form of RPET/US2009/030110

activity. As shown in Figure 10B, Ritl (or PglK)
shifts the oligosaccharide assenbly of G cNAc units
and mannose units fromthe cytoplasm c side of the

i nner menbrane of the prokaryg&e host to the periplasm
side. The Rftl wild-type nucle&i“c acid nol ecul e has the
nucl eoti de sequence of SEQ ID NGO 9

: at ggcgaaaaaaaact cacaat t gccct ct act agt gagcagat ct t ggaaag

QAGChACLhLGGE & iccpeancageagctacelicelcatgatog
%EE@%C&%%&%% ?% EL ?c;( a%g%% @%ﬁ% ctgtcgﬁc %g%'%cgg icggcctttct
4 ekiual it gupal gt gepagsata
% gatt% Q%ﬁ %%g@f gtgtaaa gcaaaccgeagtcaattttgettacatice
esE el g a@@%fgwé&ga@@a%ewa&c@%aagmqumcattcﬁcag
gtgg@g@g&@I@@igg@g@lQtpqtggiggmm@gqgagccattcttcatcgtcaaccagtttatgttgaactatgc
gicrgggaatgybetacaeghcoazigglatiztatiteaiiggeagicatagaaaccegctac
catgaacgEitaal it attgchaichagabic gédac@ggcatitgectigggaaagtiageacattegateac
gt goiggathihigiidcotggnbgagiabeR4ALA0RCeHIEd2Ra8RR& e Maaaacyc
fbelhoat oAl EaaeLadthiRhalhHARGT RMBRtccanaacgacatittacageacticaaaaaagtita
OGN ERARI ﬁltt(tgﬁQ&%@%@%&@%@Qé%@é&ﬁ@&ﬂ&@ﬁgﬁgﬁ%&@%ﬁatttacgct
Lat géatagttaf ch &GeaLILadtARL G ag‘%‘ aateletgcgattartiy ccc tftattatcet
ccg;&?ﬁc % EﬁEt% <k C aggﬁaé aca %a%c%atc aattgtattt
gt aéﬁ%ﬁ ‘?@‘iﬂéfgg il %@Q%@f&aﬁ%ﬁg&%@gaﬁaﬁa&%tctaﬂgﬁ
G g e AP %ltgg agccactggtgaccaaatittaaacattcatattttat
SRR %&j&e&t%rkg@é%?&a@é@eﬁl@@ﬁ@g@%ﬁtgmt@@gtaacatc
a%%gtggqu@ta%gg@gggqg@tgg@&@g)@mttp&tagggaactgtttacagattcctcttttttcttcaattttaa
gaetticeanpctgitaffptigatzenitrac g ic et agbgntyatorati t rmhs At aaacaatttgtt
gltactglaitttigb et Qpgieitgagicat g grtaddgiagagctaatatd gitcigamabahgagggcgg
gadaagcthaghaaaaagat tattattt gc
geegat egaagaat ctctgcggttatttttgg cccgtttattatcct
cgcat aaccet aaaaatttaaaactatctattgaagtcctggtgaatttaacaa

B &
3001 804005 SRBRUESH: AL by epepes L350 0

Niet He et loligivst t ggacact at aagagt ct act gct
tttacatcccatttttatcgcttaatggtatttttgaagettttttce

agagt gt agccact ggt gaccaaattttgaaac attcatatttt at

ABGGIIRA AAGLQUA BTt OTLCERY LCEAQAT e A AEWIBRPRESEGAAC
CPPATARCCAA GOARAICA CARTa 9RO @RS IFGTCAGCTGTTCACCAAACTG
@t Reetael ot epganl t@&A@b’iﬁ(?l‘ ﬂ?@b‘dﬁf&@?@‘ré%@dé@‘r&mﬁc

fr%t %éééﬁ%
EE : E;% %%&%&@@@ crear
Sl Ccmc AR

GG ER RO ek GHE J%TE@GC é\@"e@fﬂ BPAGHEEYACTTCATCA
el eCeGddi Q:l @HG@%@TGHG@&%W Ve GEIGIRIESTOATCGTTG
PSEQFGITKKTCEGA&QG(&)TT@V\ECATCGTTAACCAGTTCATGCTGAACTACGCT

W@A@W@MM@@@@J@&W@CCTCT
GACATCGACAAAGAAGGTATCGCTATCCTGGCTTTCGCTCTGGGTAAACTGG
CTCACTCTATCACCCTGCTGGCTTGCTACTACTGGGACTACCTGAAAAACTTC
AAACCGAAAAAACTGTTCTCTACCCGTCTGACCAAAATCAAAACCCGTGAAA
ACAACGAACTGAAAAAAGGTTACCCGAAATCTACCTCTTACTTCTTCCAGAA
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GITACCTTCATCCTGAACAACCTGCTGATCCGT TTCCTGTCTCCECGTATCTTC
GGTATCACCGCTTTCCTGGAAT TCATCCAGGGTACCGTITCTGTTCTTCTCTCGT

W@AGBOINTLCCGT CTGT CTACCCT GCGTATCTCTGACT CTGGT AACITBI26A 030110

CGACGACGACGACGAAGAAGAATACCAGGAAACCCACTACAAATCTAAAGT
TCTGCAGACCGCTGTTAACTTCGCTTACATCCCGT TCTGGATCGGT TTCCCGCT
GICTATCGGT CTGATCGCTTGECAGTACCGT AACATCAACGCTTACTTCATCA
CCCTGCCGITCTTCCGTTGGTCTATCTTCCTGATCTGECTGICTATCATCGI TG
AACTGCTGTCTGAACCGT TCTTCATCGT TAACCAGT TCATGCTGAACTACGCT

EREATEACHARSAES AT FA FECTOEEF IS G BT EABRAMNET 6E TGAAGA
SEAETCTATEACS T EEEBEETTET ASPT FELGACTAGCISMBBACTICI TCTGC
AEACCEIPAARGTCIIERCHACILTT CF GAOTAPART COASABIBAFEAAG CTGTCTT
BTOACEMACTGHAAA ABCTGAAGTTCTTRERGAACE TGAC
BCATIANTGORGEACT RCAAPAREGT THAT QTAGITET BT TCAMTATEGC TAACTC
TECTEACCIHRET CACYAALT HA CATINAHT €A G MGIGEACERTTAAGAC TG TTCT
?%@GEWWWW@WQQCGGTA
@@Aﬁ?@@%ﬁ@%@% s

LT e c'-"’.’} g Waacac

Foat i;:}.":'f' ?';'.“;ﬁ." ToE W.&%‘“’ ﬁ-e- “E'u" TGCTG

Gl AT ATCA

i jif" "'-?-5“' C W ""o"' Eiva s "“‘fn’oﬁg w\ﬂ% CACCGT

AERTO

A AN ET YOS @”f@fﬁw @I@é&@(’f@éﬁd&@m@cmﬁ
%@M@ﬁ@@@ﬁ@&ﬁ@@f@f@ﬁ%@ﬁ@@?ﬁ@ﬂmm ACGT
M@@M@ﬁ@%@ﬁ@ﬂd‘m ECTCTHARTGATUOX TGCTGG
AOAT AT RACTEOGSHETTA CCTGANANAIT STABGRETAAACGT
MAGHWCFMKUCHWACTTOAAAGACTTOAAAACCGTT
ATCATCGCTGGT TCTACCATCTGCCTGCT GGACT GGTGGT TCATCGGTTACGT
TAAAAACCTGCAGCAGT TCGT TGTTAACGT TCTGTTCGCTATGGGTCTGCTGG
1893a1caT CeTEsTIrakasepidmstaeiheiChT eract OTVETEAT Cavneukanoty

oligosaccharyl transferase activity in the form of STT3 activity. As shown in Figure 10B,

the STT3 enzyme (or the PlgB enzyme) transports the oligosaccharide assembly from the
inner membrane to an acceptor protein which is transported to the outer membrane of the
host cell. The STT3 wild-type nucleic acid molecule has the nucleotide sequence of SEQ
IDNO: 11:

atgggatcegaccgptegigtgttttgtetgtgtitcagaccatcctcaageticgtcateticgtggegattittggggetgecatate
atcacgtttgtttgcagtcatcaaattigagictattatccatgaattcgaccectggttcaattatagggetaccaaatatctegicaa
caaftcgttitacaagttittgaactggittigacgacegtacctggtacceccteggaagggttactggagggactttatatcetggtt
tgatgacgactagigegttcatctggeacgeectgegeaactggttgggcttgeccattgacatcagaaacgtttgtgtectatttg
cgecactattttetggggteacegectgggegacttacgaatttacgaaagagattaaagatgecagegetgggcetittggctget
ggltttatagecattgiceecggttatatatctagatcagtggeggegtectacgataatgaggecattgecattacactattaatggt
cactticaigtitiggattaaggececaaaagactggcetctatcatgeacgeaacgtgtgeagetttattctactictacatggigtegg
ctiggggtggatacgtgticatcaccaacttgatcccactecatgtetittigetgattttgatgggcagataticgtecaaactgtattc
tgeclacaccacttggtacgcetattggaactgttgeatecatgeagateccattigteggtitectacctatcaggtetaacgaccac
atggeegeattgggtgtittcggtitgattcagatigtegecticgglgacticgtgaagggccaaatcageacagetaagittaaag
tcatcatgatggtttctetgtttitgatcttggtectiggtgtggtcggacttictgectigacetatatgggpttgattgeccettggact
getagattttaticgttatggpgataccaactacgeaaagatcecacatteclateattgecteegtticegaacatcaaccegtitegtg
geeegetitetictttgatacccacttttigatetggetattcecegecggtgtaticctactaticete gacttgaaagacgageacgtt
ttigtcatcgetiacteegtictgigitcgtactitgecggtgtiatggitagattgatgtigactttgacaccagteatetgtgtgicege
cgeegtegeatigiccaagatatitgacatetacctggatticaagacaagtgaccgeaaatacgecatcaaacctgeggeactac
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GCTGTTTCTAACTCTAAAGACGTTTAA. [ 0056] The prokaryotic
host cell of the present invention has eukaryotic

w@briogosEscharyl transferase activity in the foreH/5$2009/030110

STT3 activity. As shown in Figure 10B, the STT3 enzyne
(or the PIgB enzyne) transports the oligosaccharide
assenbly fromthe i nner nenbrane to an acceptor
protein which is transported t he outer nenbrane of
the host cell. The STT3 wil d-type nucleic acid
nDIecuIe has t he nucl eoti de sequence of SEQ ID NO 11:
%%@HF@@%‘W@F&ﬂ@%@f%gf@ﬁ@%&‘@%&%@@é%&%@g&a@cwﬂctcC
Ejtﬂé gt fcegireeartacntegigaitasgetizategaggacticagggaagegtactattggttaagaatgaac
blgaggeacagtE gitergR i P agetint gigt chatt g shg e g gamt d g amacttagtcgata
stggicrtatdoatcaggoit metogtiipitaat@gtppancecctgaagagaaatettacgaaatictaaaaga
ganpdtggittataciagadadtitf gaacltagl douataagagicanat@gitegaqatgatcagaatt
ﬁ@@@@@@idgﬁg@&@é%ﬁ&@ﬁdgﬁ@égﬂ@&ﬁétgﬁbégcagagggagaatacagagtagatgcaagggctt
E@ Angahagt §e M&@E{:? QeaaRHd8bEQYEGhEQGctgacaga
6@ &%ﬁ@a& &@9&%& gL RelitbhdBeitcga ttittacticcgaaaactggatggtiaga
SeRach % @g@%&&g COAC AR AR R accogas
at at ct agat cagt ggcggggt cct ac
e R H ot o
gataatgaggccattgccattacactattaatggt
cactttcatgttttggattaa gcccaaaagactggctctatcatgcacgcaac
%ﬁggé(j@gqnt tnagedhry 1@@(@{1@@1 @:tuéfgigas the nucleotide sequence of SEQ ID
gﬁigggghﬁgﬁJacgtgttcatcaccaacttgatcccactccatgtctttttgc
tgattttgatgggcagatattcgtccaaactgtattc
tgcctacaccactt ggt acgct att ggaact gtt gcat ccat gcagat cccat t
AGGEEETTCTGIAROG BT CAYGUEI BIBCDBTCAGTTTTCCAGACCATCCTGAAACTG
GTJRqCUCEl G YOG A TOOGGIER T G@UAT A (AR St G 8aY 6aa i C TGTT
gtr@mwemmR@@m@GGNW@GACCCGTGGTTCAACTACCGTGC

gg%gh%@%g?kﬁdﬁé%ﬁ%@&k Wl&% ttcoace
ce

E i &E%‘t‘%?ff@r %& GG(?TG&T

éﬂc@ G?&Tﬁ&%‘ TGGTGT

Caktatiticch ?5%%&"&%%}5 AATCAAA CTGCT

TG BB TAG TG d e E]&Q@@@Tﬁéﬁ@ﬁtftT@@"EGWCT

e E€HWAM&G@T@QH€@G@&TCACCCTGCT(JATGGTTAC
@@“&6@6&@&@%6@&@@%@0%@@%%@@66@@@&@%’&@@5@@@@TACCT
GEGEEHE BCHETITRELTT P4 §ATad HETQUCCAaNGQaT g TTACGY TTTCA
A aaUACRCCTEATACCOUaIGHACGTUT TUOTRl TGARC ROt @aCARUG T TAC
PATTaTAACL CET AT THCT IR A A QTP RC@BBTATCGGTACCGTTGC
?ﬁ@@%tﬁﬂ&@ﬁ@t%ﬁfé@%@GTTTCCTGCCQATCCGTTCTAACGACCACA

B869a¢ ¢ FEPEBRAYY

m A GRAOREI R LI vy

i ch@% Fneiadedali et
TGAACN G BE TTCTT

adagdtCéia @@ﬁ/’g(éTE ‘%;A( HeLe

' TCTGGCTGTTCCCGGCTGGT
g@g@&mgﬁeeam@aﬁmag@@@ﬁmmmmag AGCTTA
(g b GGt adagEet BGAT dCTAMUICTEG TG TTATGGTTCGTCTGATGCTGACCCT
CAGEgAICATPATETEI GOTTEC GO ANEPGaT GUITI AT BERYANA ICCBCGACAT
@pACa IRt TICAQGEAa0TCAT HRCBIAAATACGCTATCAAACCGGCTGCTC
BEOTaCaRcAA Rt TRGRT Rt (RYALOT EeCAGeatBgRCE RETWRYBEGTTCG
PApEtEA RO CE98aRACE ABRE B A@YBCTTACTCTTCTCCGTCTGTTGTTC
TGCCGTCTCAGACCCCGGACGGTAAACTGGCTCTGATCGACGACTTCCGTGA
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at at at caat t gaagaaggat gat gcccaaggt agaact t t gagggacgt t ggt
gagt t aaccaggt ctt ct acgaaaaccagaa

wQieostidagagacct gaat t aggct t gagagt ct aa The STAGI/US 9091030110

opti m zed nucleic acid nol ecul e has the nucl eotide
sequence of SEQ ID NO 12 as foll ows:
ATGGGTTCTGACCGTTCTTGCGTTCTGTCTGT TTTCCAGACCATCCTGAAACTG
GITATCTTCGTTGCTATCTTCGGTGCT TCTCTTCTCGICTGITCGCTGIT
ATCAAATTCGAATCTATCATCCACGAAT TCGACCCGTGGTTCAACTACCGTGC

S T T T e

BPAAEEAGEAAS e EER LT TEESHES T AT G MRS E e IHCErECCTGGT
EOOCATECAGA FICCTARCATAGOBITCT SETGICTATG

GO ) A SAGAT SSEECTACUATIG TTGACT
mmmmmmmmqﬁmmceﬁmmMc
@W@WM@S@%@M@M@@W@W&@AATCA
SR CETCIHECATCAAAACTGACROAMGGEG AT @é’@@@ﬁ@ﬂé@@&mmo
F@T@T%TT P }?»- WAGRCTTCC

,E\ (o

q Y ' ly.;\ 1 .-. ATGAT
AlCS A e’
HACEIRAL CCTCTG

iecc’en %ﬂ FANC A\dn

w‘ TG ﬁd-f AGGGTCG

3 NFEAS %&WTCGTT
Gr WM&@&E@WWW@W@WA@TG@GT
CTGATCGCTCCGTGGACCGGTCGT TTCTACT CTCTGTGGGACACCAACTACGC

A e I R e

)

ﬁt‘Eiﬁl‘ECIﬁ'lKZBTBG‘EE 6 %TTCE%%E%HMWM
CTCT TC ACTTCGCTGGT TAT CCCT
m‘i TETCCTOETORT et Ciar EpaAnTICRT TGRS

WW%%&%&FW&BW%%WM

has to be given to numerous issues in order to achieve high expression yields of correctly
folded and correctly localized proteins (e.g., insertion into the inner membrane). All of
these factors collectively dictate whether the eukaryotic proteins will be functional when
expressed inside £ coli cells.

[0058] In one embodiment of the present invention, eukaryotic
glycosyltransferases can be codon optimized to overcome limitations associated with the
codon usage bias between £. coli (and other bacteria) and higher organisms, such as yeast
and mammalian cells. Codon usage bias refers to differences among organisms in the
frequency of occurrence of codons in protein-coding DNA sequences (genes). A codon is
a series of three nucleotides (triplets) that encodes a specific amino acid residue in a
polypeptide chain. Codon optimization can be achieved by making specific transversion
nucleotide changes, i.e. a purine to pyrimidine or pyrimidine to purine nucleotide change,
or transition nucleotide change, i.e. a purine to purine or pyrimidine to pyrimidine
nucleotide change. Exemplary codon optimized nucleic acid molecules corresponding to
wild-type eukaryotic dolichyl-linked UDP-GlcNAc transferase (SEQ ID NOs: 1 and 3),
eukaryotic mannosyltransferase (SEQ ID NOs: 5 and 7), eukaryotic flippase (SEQ ID
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TGCTGECTAAACTGATCGT TTCTGGT TCTTTCATCTTCTACCTGTACCTGITCG
TTTTCCACTCTACCTGGGT TACCCGTACCGCTTACTCTTCTCCGICTGITGITC

WA BOPHHITTLCAGACCCCCGACGGET AAACT GECTCT GAT CGACGACTRZG18A9X30110

CTTACTACTGGCTGCGTATGAACT CTGACGAAGACTCTAAAGT TGCTGCTT
GGTGEGACTACGGT TACCAGAT CGGT GGTAT GECT GACCGT ACCACCCTGGT
TGACAACAACACCT GGAACAACACCCACATCGCTATCGT TGGTAAACGCTATG
GCTTCTCCCGAAGAAAAAT CTTACGAAAT CCT GAAAGAACACGACGT TGACT
ACGTTCTGGTITATCTTCGGTGGTCTGAT TTCGGTGGT GACGACATCAAC

AAATTCCTGTGGATGATCCGTATCTCTGAAGGTATCTGGCCGGAA
ey fsmsr/(&@@ﬂ@ﬁﬁ@\é@@m@mcﬁ@th above as

BAMACCATGEGT TGITCTTACAAAGACTTCC
%(QXGCT Gl TCEACGG#% gﬂ% GITCGTCAGCAGATGAT
[UASYICCGCT (B34 06T TCOBEOBRET CAUEACTIICEACBAATWIRE CAETTEI G leotides

A e SOt A TG T CRACORANEASTESGH el

SRTEMAAESRI SRR SR PRGN Téhevd QRRAL gﬁnﬁzed nucleotide

successful expression of eukaryotic protein
@ﬁp@r@ﬁal Ay emmtm@c@seﬁsanm ns ﬁlowuhltheimucnd@@hgnment and

o t l. Baneyx
ORBLEE R PR ot M 5 SR EofbirRy pravery. e
lesatverdfentiotdd dhan %]d‘dah 113 Vil@oPNqddiced 3% AARising the following
((2004), which is hereby incorporated by reference in
q%@fém rletdicatestangmebyies auelaetidsrinabe neclpaidgiof ghr vddiype
e« hii
i gﬁ{ ll’ss?dt ?g tuFth%r g)‘?lh'-e%ﬁ% l!ﬂiln%é[) ?{c}wﬁé@ [ilfesl%ca ion of a

correct oCa
tpmstfcﬁrsinﬁ chzmgg (e gi mem“m chatgeditbe ciyos@e “Tembitamehe “1"; guanine

ly. d whet h
Lokcpetd Lol REmgiio B Totanession xprasded
ih#RhEeihE 1o&8bh o?@kﬂaﬁsﬂuﬁr@%&e {d £ AR G'HP @jfon%n@ 1®1 o 180 C).

resent invention, eukaryotic giycosyltransferases can
fg@h%h@n e@@fnplm}ztmilmme‘ibmnmes $howint iatepdne! Bigswsil Atted 18, one

il d bi co
A ST o SR DL S P AR e
BRI A8 1€ &dHid.c LAOR opSBBRd RkARNELIRItRatlif the case of a
di fferences anong organisnms in the frequency of

(RS TIamekange, t@@d@ﬁbonﬁe phrapee #ic posiliy amnh é@quém s a purine
%??Iegﬁgenthé\t&?ﬁat PgkCO es gd gf)gg :: Eﬁ)gﬁlnlﬁo aCI E) r eS|ggﬂé0 cither
punina{A or G)).

[0060] The nucleic acid molecules and homologs, variants and derivatives of the
alg genes comprising sequences have at least 75% identity to SEQ ID NO:6, 77%
identity to SEQ ID NO:8, 77% identity to SEQ ID NO:2, and 77% identity to SEQ ID
NO:A4.

[0061) In another embodiment, the nucleic acid molecule of the present invention
encodes a polypeptide encoded by the polynucleotides of SEQ ID NO:2, 4, 6, 8.
Preferably, the nucleic acid molecule encodes a polypeptide sequence of at least 75%,
7%, 80%, 85%, 90%, or 95% identical to SEQ 1D NO:2, 4, 6, 8, with the identity values,
rising to 80%, 85%, 90%, 95%, 98%, 99%, 99.9%, or even higher.

[0062] In further embodiments, the nucleic acid molecules, homologs, variants,

and derivatives of the flippase genes have a nucleotide sequence at least 76% identity to
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pol ypepti de chain. Codon optim zation can be achi eved
by meki ng specific transversion nucl eotide changes,

WO 2@9/0801pur i ne to pyrimdine or pyrimdine to PUF/US2®09/030110

nucl eoti de change, or transition nucleotide change,

i.e. a purine to purine or pyrimdine to pyrimdine

nucl eoti de change. Exenplary codon optim zed nucleic

acid nol ecul es corresponding tgo wild-type eukaryotic

doHchyl -1i nked UDP-d cNAc trarnsfierase (SEQ I D NGs: |

and 3 eukaryoti c mannosyltransferase (SEQ ID NGs: 5
H; NGs Yk alflyther dhe¢ nglge geid nsHeulONThe deselandventwn encodes a

AR B NP L0 45°R. s
1&d nncdsqmﬁe:iénméésya p(ﬂ@}ﬁl‘ﬁ)@lhe Eécgluﬁ@Sof?a'B 1dabyr 113%830&% .85%, 90% or 95%
Gt 3o LU o B gy, i an AT 1048, 0976, 9.9%,or
B d hig fhd Sttc3, respectively, subject to transversion

and tran3|t| on changes to achi eve codon optim zed
sBEot i de Iiseqgienoder elbodinenp| teyuoiptd atidedlesalguad bemologs,

BT Ao T B NeR e P ety S Tagvor12

Taeiber embb@ink @€ ahd ALIAE afid GhAeddidss Gb ﬁf@@lﬁ ih#entiBf encodes a
wi | dt ype sequences are shown using the follow ng

polpatide sneoded byithgipad mrusdectide uelcHD o N QUEL. direiedfd)ly, the nucleic
%g %oéé fe J}}%ﬁheeso:)éoqﬁq g; ‘gé Qeggal\é\ﬁcl dtg)aP F&aat% :}5%%{82 é)n?h é», or 95%

ideﬁadfall omSE@ 1B NOans vetisihe nde@tiqn@@ue(sen@easwgetalgﬂ%, 985, 99.9%, or

changed to a cytosine "C' or thymne "T"; guani ne G
EYRENe¥™to C or T; C changed to A or G and T changed

[@63‘] or Qi hﬁgl%serﬁ ndeggbr’%ﬁ%@r?rgo'ﬂﬁ:a%%% ﬂh%&@ ég{d rﬁqleculesrthat

ransition c
bpridize lmdthﬂuggﬁrmnomﬁMItanly: apve-deeitled aaplenaeidigolecules. As

ﬁeﬂomg n each of Figures 13 thru 18, aone of skill in
3414 Above: A PR a ot Stripgenfipridiatens amaertormed at
AKRND 50 1RG0 e (RS Al e BANGSE ﬁ?orkﬂ?e ﬁgl?lct[ﬁﬁﬁ‘}@?ﬁ& Gnder a

a codon optim zed sequence an in the case
ParHe Yeset plotend mng evharehenlucis st euigenhan géwhlah 60% of the target

BOERL SRl F R PP hlichis Breef SHpEaR oS Bpg Fempepsrtormed a

t@ﬁf;bebﬁ;reilﬁjwe §°(t Rwet tHag hdouy, IchrQhe( eoific®NA HyBBE Q;hdérrfbﬁpamcular
nucleic acid nol ecul es and honol ogs, variants and

WPl 2diie®s of the al g genes conpri sing sequences have

beseast 7% ﬁgp nLLL
@EQ ll DNO S fuggrgycﬁcl 1d soct)r%ge c,D fn%i‘:ﬁge of 91% d)ref.?g) inPention
tic the hd ﬂte}pot}onéﬁ‘r_ﬁ@ohﬁ) 0ﬂ§|®:1¢leot[d&@ Bﬂﬂlt lbaxt 4D Dhdee En Rﬁ@t@d e include
f)pﬁ nulcl e]I c . acid nol ecuy 85\1 resen} i nvention

molecules (e.g., linear, cm:u ar cDNA, chromoesomal, genomic, or synthetic,

double stranded, single stranded, triple-stranded, quadruplexed, partially double-stranded,
branched, hair-pinned, circular, or in a padlocked conformation) and RNA molecules
(e.g., tRNA, rRNA, mRNA, genomic, or synthetic) and analogs of the DNA or RNA
molecules of the described as well as analogs of DNA or RNA containing non-natura}
nucleotide analogs, non-native inter-nucleoside bonds, or both. The isolated nucleic acid
molecule of the invention includes a nucleic acid molecule free of naturally flanking

sequences (i.€., sequences located at the 5° and 3’ ends of the nucleic acid molecule) in
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encodes a pol ypepti de encoded by the pol ynucl eoti des
of SEQID NG 2, 4, 6, 8. Preferably, the nucleic acid

worloeosdisd encodes a pol ypepti de sequence of atPCEHS1009/030110

75% 77% 80% 85% 90% or 95% identical to SEQID
NGO 2, 4, 6, 8 wth the identity values, rising to
80% 85% 90% 95% 98% 99% 99.9% or even higher.
[0062] In further enbodi nents, the nucleic acid

nol ecul es, honol ogs, vari ant szgand derivatives of the
fli ﬁgase genes have a nucl eoti de sequence at |east 76%

theehtqmgromgsbyA of meorwsmﬁpmn@mch theenugledd adid isatsriged. In various
| t

e Focl AISCTBRE NI FDSRHERSA gy 9. 5 .4

NO3 K0 2 KBy ekby @bk, 0.1 me Sluisp, QiSbpacil0 bpnifeatkalyenatagsnucleotide

oI ent | sequence, of at least 76% 80% 85% 90%
éﬁ%&#ﬁ%ﬁﬂ@&%ﬁdﬁ Biggesreaysmram Vi the apelpicyped
M@lelfggl%lg@@rq‘%ay ng to 98% 99% 99.9% or even higher.
1% In various other enbodi nents, the nucleic acid
pecul e ahbe haerolapges nuceic acidsnaladilelisrinsestei ies tlof exphssion

enes. have at Ieas Yoidentity tqQ SEQ I D NO 12.
P Oh FGlo" B BB RS 5 TE HUGHHE UM 61ibe areanasp and any

§ P
(%tﬁgr 3; g.@%ﬁﬂ%ﬁg&ﬁ?ﬁ%ﬂg? g%ﬁ RGRAE ?eaﬁlbr%oﬂiéziﬂ@ P?fée?grr %ﬁ@&?%ﬁﬁl nucleic

md:ttmsaum p@h hotaoed eutemmgmldardpddnypg pteitads s«edmmnwa in the art,

0/ 80% O dent
sl spbbrdgn ) A ikt Ly s bebirabre dwgl Cata Sprines
Bﬁ%at@@%reQQQBP& SPringy @ﬁrﬂﬂrgrh@d{/ Y({FQ PBrRb) mﬁc}pfs%?@}y 1nc0rp0rated

i nvention aI S0 enconpasses nucl ei ¢ aci d nol ecul es”t hat

tr»ynﬁrqr@it:fén ifhgetiretst [ AgBaentdon did37aRd to @ohhreand Boyer which is

abo:?e’ gtﬁ‘ﬁglra{eg%@ xjéfé?\%q%% ﬂg éxﬂu@@' %lgclij g?st%nb%sttpg Hr()é;lrl.]l{;tlon of

dxphrssidi zpdtéronin tae forpesf r@didmiﬁinﬁﬁt padsatids @Qcﬁebtﬁlcﬂﬁh tdgme
her mal It ng\{g.‘?l nt (Tm for the specific DNAhybrld
TYAES 2payigafipR DYéiliggee.condi tions, where the Tmis

[0b&7)t emperaLubR @bredfibs Ueé@rg"lﬂ{]uc%fhﬁose%ﬁ@ cél’?tQMQE@?con and
e

hybrl di zes to a perfectly mat r obe
avakhl seguarans thet pe rdtovetbfdoxatsp‘tceeﬂp@maiaubbsw&bmnﬁma%ll For

I t .h Tm f t he specific

SBAPBlec Pk usl o Shat CFUmES b sl 19, pUCTE Gr o2z

8| benwel e Olthed QBitMe BYFbRich @610k Jf@ld@&ﬂlb@éupﬁ/[otebﬁlar Cloning: a
resent invention refer to the polyneric form of

er@w. Meyadird editioasbamigropla ses Rissel L hColtlrfgmg Harbor
circul ar

r 0 ﬁgo nar’ "WPICE ?S%e?goyglrgc S orahedrh%%fea%ﬁ BiLIty ‘f’}tgﬁtéf ed/1any known

tsdhngjues sid lﬁmd:ed],s for inphipuaticooedleid ueds, yol @xathle in preparation of
%al [ alc! doubl e- st randed,

nuclelc acid Constructs, mutagenesis, sequencing, introduction of DNA into cells and
gene expression, and analysis of proteins, are described in detail in Current Protocols in
Molecular Biology, Ausubel et al. eds., (1992), which is hereby incorporated by reference
in its entirety.

[0068] Different genetic signals and processing events control many levels of
gene expression (e.g., DNA transcription and messenger RNA (“*mRNA”) translation)

and subsequently the amount of fusion protein that is displayed on the ribosome surface.

Transcription of DNA is dependent upon the presence of a promoter, which is a DNA



branched, hair-pinned, circular, or in a padl ocked
conformati on) and RNA nol ecules (e.g., tRNA rRNA
WOorRNA08g&hom ¢, or synthetic) and anal ogs of tPEI/DB0DO30110

RNA nol ecul es of the described as well as anal ogs of

DNA or RNA contai ni ng non-natural nucl eotide anal ogs,
non-native inter-nucfeoside bonds, or both. The

i sol ated nucleic acid nolecul§ of the invention

i ncludes a nucleic acid mol ecal’é free of naturally

flanking sequences, % equences | ocated at the 5
IR w e g et RN A gpmestsecisdgherebi premotes mRNA
SRRSO RN ] o B8 LRaNLETLLY ARRIRD ) Bl opion.

Rorcthe iporpaséschfresprestihgea clned geicait s daisblt haoseadoul pilcﬁnoters to
1 kb, O. kb, 50

kb,.5 kb, .4 kb, 3 kb
‘a}amzashls%‘%Frfifdfa&ﬁﬂa:ﬁmﬁaﬁp rhenes) %P@ﬁ%&%@nqq%%ae%msal@y
?Hér@fb‘?@%Bénd%;ﬁﬁ%@ﬂ&s%%){s@émhhﬁzéﬂ SO0 @gryxfméﬁeg Phyitable

whi ch the nucleic acid ecule is
pretetat oy @ﬁomﬁoh@moratsddntmh@mnr@sms viegtoecdradng titeo

sion,syste or | ens
S PRSI Bt e N bR G s S et gyl
@quél&:@mi?af ﬁfsbénﬁﬁﬂvﬁﬁkﬂu@ﬁlg 2ol GerteeHopRads, g fa@ﬁa‘f@. romolers
The preparat|on of the nucleic acid construc?s can g

shap gy blphags |pﬁgn@t@a#e¢arrgm@te@rfrmgrwmtmm&mpmomnmpsomai

A ecu
KR Ptk ERs PETE] bRTRCH oPORHABC Rl ang RSt Gfine bu
I’Rb“témﬂtedﬁml ldcSP6] dﬂgﬁf Héd, By, andNetw 1N@( KlaQbQ&Qf)d. to\/mrleetfhlgﬁ levels of
her b i ncor ora&gg by reference in its ent
SRRt adlose 1134 Femephend ditignatyy @ hy by rr@r{adévs (wae)

]5}%&1%&*)‘ ok BEHRF PO SmbYer! FloBL&NAGE lhrhbifaf HNARE ¥)the %ﬁ-ﬂhetlc

descri bes the production of expression systens
POAntedniques omyi ikantd pi jromidd 30Msamgim&mtaf ithaxt nnsemeﬂrgzwte

age apd ligation w,th | igase. [0067], Suitable
e s onl Gate SR TR AP SRR RS Bresehce of the
prepdri g @Rk SOl QhichRRHENBSS tl‘icﬂ@tof @u ngéé erf‘f‘icfeﬁ%nslatlon of

cies conpatible with the host cel exanp
rEBNé’bml prplsarm@eﬁjreaglr%s Hhiokesoge| bindipg a@mqa&lsd ﬁwo%lealgarno (“SD”)

r er suita
Syfshlc oRYeiun, PHEAERGARY, ASudR R teal dSto it FEmRagp s
lachﬁbthatteohcysthﬁﬂu&in uﬁ[a(lilyeﬂ(UGl @hich Sacddeo e Afido-terminal
Russel |, 2001, Cold Har bor Laboratory Press,

WP EReS T RBIF- n@%ﬁ‘r%@ﬁﬁi”@ﬂc%fﬁf emeplemeianitojthe3-end of the 16S

rRNA (rﬁ}o)é@mg{b{(‘NA‘fQR ro%?ﬁgi}u:réj‘lg(?é Pl arrpggg} 120 ff¥fsomes by

mani pul ati on of el c
(#upéﬁarga&lut}omeoRNm’uml adlosv @credt poismingcdzhe ﬂb(ﬁ%@@n%irﬁ,review on
i ntroducti gn of DNA int

BRI e cir-Sitrys REbS B deurmde s ulearinga. 55473
(0219 Which iR EBNhcFHORUA Srefdience in its entirety.

[0070] In accordance with the present invention, the host cell is a prokaryote.
Such cells serve as a host for expression of recombinant proteins for production of
recombinant therapeutic proteins of interest. Exemplary host cells include E. coli and
other Enterobacteriaceae, Escherichia sp., Campylobacter sp., Wolinella sp.,
Desulfovibrio sp. Vibrio sp., Pseudomonas sp. Bacillus sp., Listeria sp., Staphylococcus

sp., Streptococcus sp., Peptostreptococcus sp., Megasphaera sp., Pectinatus sp.,
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Mol ecul ar Bi ol ogy, Ausubel et al. eds., (1992), which
is hereby incorporated by reference in its entirety.

WO 00883918 f f erent genetic signals and processiPOI/EY9NY/630110

control many | evels of gene expression (e.g., DNA
transcription and nmessenger RNA ("nRNA") transl ation)
and subsequently the anobunt of fusion protein that is
di spl ayed on the ribosone surface. Transcription of
DNA i s dependent upon the preé nce of a pronoter,

which is a DNAsequence that directs the binding of RNA
PUPRATIES &7 dnon C}H@P‘ &by AgFrompr essprRiMr egaattresyi. §rankia sp.,

|
SLOPRLIO DoV EI, M Piigh LU leritoF rtlblessse. o
Ea«mﬁlﬁﬁ’ﬂi’ mgpa Lat t@ﬂcﬁ:@ug@ﬂ eLevcbndstocd@s IPfedblc&cdu@ splSBcetobacterium

r ronnter obtaln a _high | evel of
aff@é«ff %‘ﬁfd%’" SBx 54‘38@%1”(544“’5% SRATPRIEE SP..

dﬁn?{&ll%a A:Eh qu%tzﬁfa@m dg pgﬂgn_{g)g?)t%@p S}ij'i' o BhciSY¥h § r.SEnrerococcus

I'i zed, “any one of ‘a nu I'e pronot
nayualstsm’umsy neloe goesataeg., |Mycobuherzemppeﬁsjzmbavecmp Salmonella

Fhe s SRk Podt Eafisfeston e deir o rorEococens .

Feisselr RS Bl i o MR sl SHBBoFHilE bl Klébtsﬁsllb@ﬁt eFbeRNABESIs,
or plasm ds, pronoters such as the T7 phage pronoter,

faer Oé’ﬂéfﬁbtflé’ﬂcaet Seyreii oot Ciirobagiensipr Bioitep., Seresonmal Yersinia sp.,
RM t%ﬁc? zﬂﬁbﬁﬁg@l g dﬁéﬁrgg{ﬁ??% b??’tfcg la? ol t’B ?tophaga sp.,

ers

C&Nﬁabaewphém d;a)l dsikdrigfla spnfrdreselli ke, Hnayo;bﬁluy s;e dKIrLgrella sp.,
glrect hi gh_l evel s of transcription of adjacent

LA AdaYehasteaimysp. é’“W{?B’?’PGﬂftfnf’p—ﬁlﬁ(‘f‘(@%f%%ﬂaeéemmonas sp.
PLOBALEYs O, L%k&%ll:;s 99515119 LOTBSRERARSR GC%%)%CMM

reconbi n her ues
Qenosettrinosppookdats, feen Slllﬁnfaﬁd igpten oonehifuhieacianmeGtagnegative

ene 0069].. Tran. ion o rokar otes

FERean Dot EiatD; Shishie b lnas. SR ey aheese-
ShaaaIng, er&EatWefHa@ﬂil f@&Qm & '\cﬁﬁﬁﬁe 95c1!ﬁUl?1%ﬁ)’g%c%§e fermenters, Gram
EfflClent transl ati on of nR prokaryotes requires

reepii oS HE - EﬂMSm@ﬂgﬁmt@&axlldw IIOhéIVShl ne- Dal gar no

seguence S S&d
(0070 > GRS St TR rrerdb i SSTERE 4 B i St
G4 ADE3T 3desd, Hesairk Itb/ls é’tuﬁl hiwhbeeh peneadesopdthigizediod @eneral
~termnal nethioni ne_of the protein. The SD sequences

TRFE DEBFBTOFHE R HFYPES I Bowet @l ofomqu@stlpm Proteins in
R S L A

@lobnlectroposs 4titdigh hgvds,” UVhido/r BibOBENERS- I&Sr(la%)ewihia:\lv iohereby
TEALILELNG o SXpression, ses, obert s and, Laver o ncutes
deNGRBhRP R Rdle Qﬂcd'd%gel’h@ PRI bididih Be. ENALREE Kils). The reason for this
deletion is that inactivation of drna/ is known to increase the accumulation of
overexpressed membrane proteins and to suppress the severe cytotoxicity commonly
associated with membrane protein overexpression (Skretas et al., “Genetic Analysis of G
Protein-coupled Receptor Expression in Escherichia coli: Inhibitory Role of DnalJ on the
Membrane Integration of the Human Central Cannabinoid Receptor,” Biotechnol Bioeng

(2008). which is hereby incorporated by reference in its entirety). Applicants have



10

15

20

25

[@70] In accordance with the present invention, the
host cell is a prokaryote. Such cells serve as a host

WO 200988p8£ssi on of reconbi nant proteins for predutsion030110

of reconbi nant therapeutic proteins of interest.
Exenpl ary host cells include E. coli and other

Ent er obact eri aceae, Escherichia sp , Canpyl obacter
sp., Wlinella sp., DESU|fOVIgEIO sp. Vibrio sp ,
Pseudononas sp. Bacillus sp., - Li'steria sp.,

St aphyl ococcus sp., Streptococcus s

?’*é*ﬁf"ﬁétﬂf"é pelboee asprsgsion Nedad ;an@é\rl&f Fiyrtherpuge.idgletion of
Bope k0PI DRyis 1AURADILRCS By ensBRLIBAIY BRI N ghvcen

Nosjaniﬁhisa; Bor instBnap ieniebaioh @f gerassipthe 5&65@1@5@‘1@@&1 Bipsynthesis
Lact ococm i.S sp bgnconost_oc sSp. ,

tob H{gus sp §)
Beetdrany L. e Aot et adglve rebbmprat-nkeh Sogar
Tﬁhkl@@ﬁ@'{ﬁfzkymv%gfed lﬁlﬁkdh@ﬁaﬁiﬁ bl %ﬁ gen @%Qﬁgmﬁ ‘rI‘ncﬁéBendent of

Spi ropl asma sp., Ureapl asma sp. rys pel ot hri'x
G0 Gweticad Sanitum oithe BrR@caicof Bivd Chpn,2 761364295 613&101999) which is

%Mﬁ%?@gmi% By rhg%%grg?ﬁ%ﬁg Iﬁgtgpewg Wé&éﬁsltulég 816 L ctopregol GleNAc-

Hekiaagt erailable (St ®RABED FRAGADAAN-8Rcan NaGIRE OF& Eli$minate
Nei sseria sp., Bdellovibrio sp., Henophilus sp.

me'éaéléqdeilqiearewlonsph@f@lwlm ﬁ!‘&bﬁlpfﬁ@ﬂt@m? gentsabatare deleted from the
r 0 , Proteus sp.,
EPHIRS sl PR B0 wr AT RRCHEL B 1 O

[Aﬂﬂ]n obac Ikr/]ﬂet]ﬁ)ds for tﬁgﬁaﬁgﬁmgf tﬁmsiﬁct,lngﬂﬁdscedllgaaiilﬂpeﬁplressmn vectors
t opha rdi obacterium sp i kene sp
%ﬁﬁr%ﬁ g ip gﬁ%f}ﬁ) and deprpdh P [ dogiystery Sﬁ&éfqdaa%ciﬁscrlbed in
§a"i’§c§r$b‘i€ & di aniReculdr |@¥BE€C§ Eﬁb&mﬁ‘gﬂffa%ﬁﬂf ﬁ%f@@ﬁ-ﬁqﬁ R:aboratory

Bur khol deria sp., Aeronbnas s esl ononas sp
}h@@l, anl Saingp Haglyro, Hew H@rb(kﬁwmbdutleml heaebs/unctorptsated by reference

bact haet :
PR Ry RIS LA ETE ool g
ERGRL 1o AT RERAtrhN Qzl&*ﬁ%bbrlatlot\[\mp%gmﬁ@-ﬁleﬁﬁa%d MRS ion and

Ent er obact er i aceae - gl ucosefernmenting gram negative
@ediytion using Aetrradae pvethbratlm £-g- vmnuagtbru Ewodesect cells, baculovirus.

Ifo? %Q&Q&ael %]ls %n(ﬁ‘%ﬂéeg ge%%rlggueis mﬂy&s ﬁlglluw %ﬂ%n%%%fw{mn

ed)écthb@raﬁﬁ@&ﬁﬂttrahméﬁmnl Bfhg HdoRribpkale] host strain
CA1(DE3) is used, because this strain has been

IBEY ousl ;p%?p%sp?ﬁtféawfwsegbw&?rawnnﬁ%ﬁca%tomgiﬁf@qmotem conjugate
t
cg}fg;tﬁ'lgxl)f]% Sae]ﬁ“éﬂeﬂ{]axﬁl\gt ﬁe%ﬁt)%n% ?’ilde n&g‘ﬁs s t X fP‘ﬁ b ngt"i’“f fused to

I'n Escheric
8y priokeers.i veheodin SbHEaSIDMIdDa(ad eX Parolt 61 ars aandm@Gioodeid ather than proline,
rot ei ns. at H| ‘Ip_fvel s," JMol Biol 260:289-298
f@@%ﬁmg’ﬁﬁla&lﬂ &PEBS i ncor porated by reference in

[odagyentir Qﬁtxﬁ@[her %b‘;;etchgﬂ' th@Bidsf13AdednAbn gdﬁe’@?&dh@%ﬁnéﬁ&%m

i ncludes deletion of the gene encoding the
pprdsrcigrs glecagylatefidnmading eThlsmethﬁﬂeomasasmrb*odtmgm sokaryotic host

cell comprising eukaryotic glycosyltransferase activity, where the eukaryotic
glycosyltransferase activity is eukaryotic dolichyl-linked UDP-GlcNAc transferase
activity and eukaryotic mannosyliransferase activity. The prokaryotic host cell is then

cultured under conditions effective to produce a glycosylated protein.
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deletion is that inactivation of dnaJ is known to
i ncrease the accunul ati on of overexpressed nenbrane

WEeopesanss and to suppress the severe cyt ot oxi cPE@HUS2009/030110

conmonl y associ ated wi th nenbrane protein

overexpression (Skretas et al., "Genetic Analysis of G

Pr ot ei n-coupl ed Receptor Expression in Escherichia

coli: Inhibitory Role of DnalJ_gn the Menbrane

I ntegration of the Human CEnfﬁgr Cannabi noi d

Receptor,' " Biotechnol Bioeng (2008), which is hereby

098} por at b mgthodfoé therpresenhinverticaan betugdd toappduce arglycosylated

V. | S: I . expression of Alg 1 and
%ﬁl\&%a?iﬁé‘ioﬁgdra%er &tfl gjéq ]%%\élegﬁmg? 'ﬂ%:oélhp eti ng sugar
[0i0G6)y nt hesAscar@imglyi, dnearlotis bEQYIsI B8 pt@e@IBtdntion Phdvidds a
| evel s .of iV-glycan biosynthesis. For instance, the i
Eiré?i\(%‘iy PBHPOICIY EHEESSIGRN PreRhatis engipagedior hyaynize” N-linked proteins
3 N O RE B P I S (R S0 Byt e oAl ¥t Bbproteins
n\iexthinl anvtgidueehts, medemstitatioe bf acdakyot© MatvicgehatAmgentblay in £ coli
is | ndegelndené5 o}fdftgﬂée Chem cal .Structure of the;@ ,
RfeFtanolic pitayva O SHEag esaniapeyETulis iR\ Rlypeproteins
RaA eRYctiRAP HBRbARIudNuh ST RE Isnsi i '
ensure t ha%a t he?%act opr enol _%ﬁ%ﬁa&s_ SIB%'Sgﬁ%tgtgpg‘{%%FﬁM bathays
@0 abscabindh¢ o1ajates iof barterimirds tememnplglog dlat gheaemigowsred Pocteria is
el imin pwant ed side r ti.ons, the f.oll owng are
Gk O B SR ol fao P AP h s B RO B
f19sdfosh E@ithesizsh ks cell. This e@bires Gaf dach\Wiveo-agineeaanbi! line will
[0072] Methods for transform ng/transfecting host ] .
BICFRONG 1P |3 UBIIYE sadoBrIR st BRErg lbisybrrelaaorotiert h the invention

r - | ected, as
tgé:'g%i?\?greb%@f%ﬁg %Er]g)rd E%EhJeh?ﬂéw?%@ k}ﬁ{%@aﬁlﬁgr Coning: A
08BYr at or yT'idbarligabacChbritleShainngschalior the prokaRioss $lyceaylation
Spr.i,ngs . Har bor, w. Yor.k (.1989), ich i s hereby
p %B@%%fsgﬁl%la‘%i)'w'\@ftg%ﬁegl i qr{ﬂ%ﬁl 3 ihighey cufgyoric and human
BWRLMAbH Eatﬁ%b}s%Wc@éﬂhﬁa%Qle?alL @Q@Bétr)%ﬁ@liﬂﬁé’d PREiM Ay cosylation:
cal ci um phosphate transfection, E- Dextr an,
rpecivkopmtiate rokatiopio Sostema dr/atwabdolvgahs f BR1106R (20(ib), which is

transduction.using retroyiruys or other viru e. g, :
AR bR 3 Rl IR T ARGl PO TimsFisToo begin
‘hantaaizimal tgebdcseriab bivt &9l ioh SERIrHETF KBY 10AS udBject of the
cal cium chl oride transfornmation, electroporation, and

RpssAsInEtionHs psgangrabmibe Marobirdye: dligowsthande saugurs lop first

a%g&.t,%rr%éﬁﬂﬂingﬁ\r’p%ﬁﬂvia rbok%ng{nréﬁﬁé %ﬁa&nglge%isg)géffpﬁ)cgﬁ%e%i IOIangGlcNAcz

nj'ugate conprising a pro
ipe@tsirdeted anpr dei (Bepuae DOBY. The Xest Fanof itfis patbedy tsahé Bezymatic

SR SR B PRl B sl
USRI 2Ok ARl RS i ke
oligosaccharides is analyzed by metabolic labeling of cells with *H-GIcNAc and *H-
mannose or with fluorescent lectins (e.g., AlexaFluor-ConA). The ManyGlcNAc:
oligosaccharide structure represents the core structure of most of the N-glycans found in
eukaryotic cells. The glycosyltransferases required for the assembly of this structure are

known in eukaryotes and most of these enzymes have been functionally expressed in £,

coli, however to date, no one has been successful in achieving this oligosaccharide
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produci ng a gl ycosylated protein. This nethod
conprises providing a prokaryotic host cell conprising

we@uoansass c gl ycosyl transferase activity, wherBCT/H§2009/030110

eukaryotic glycosyltransferase activity is eukaryotic
dolichyl -Iinked UDP-QA cNAc transferase activity and
eukaryotic mannosyltransferase activity. The
prokaryotic host cell is then _gultured under
conditions effective to proddé "a gl ycosyl at ed
protein.[0075] The nethod of the present invention can

E’téqu%réd I aditio decesdhs e olsesatebe oarippmderpsasnnamely UDP-GleNAc
GRECTHANGE At bl e BROL @z{ﬁ%;%nmz}_ 0076]
ccor ngl'y

I'n various as € présent invention
provides a prokaryotic proteln expressi on system t hat

Site Pl Rsmniing oL P bneDlspiis: e R HEstETares: & vast

078y Of  Vahi JAKBRRnGH pHeQRT R Fhthway £ GEEIR Himan-like oli harid
gﬁboglnentsn'recoﬁstltutlons%f g#ed@éryotllnwll £ oHigosdcchande

Slng:lttycmwrakdrmme@amhﬂmtye tmanger @dhé Mash GigNdet abgﬁsa@:hande to N-X-
r ot ei,n. engi.neering.techniques res

R R PR BRSPS RS hp S st ot et
hiéﬁ‘ﬁ)i’aﬂeldﬁ@teﬁﬂ M GRASin NPl IRfVA 8l NieesitRrl @Ansferase (OST) that
pat hways are absent in the majority of bacteria, it Is
edrtronpbtietthe iansigr glcdicomyichutdes & aderept riotci. é@p@m e

0 n

ok FAEARPETL S RISEEN: AL Bk M IR X AORARL DR
Bmi;(ﬁle}sifitch ati gmcd’hagﬂ«y ()0 23] em@ua@e pedeiae lﬁ\lccértlh@lyWItlhd prokaryotic

correspond.to a uni que. car drat e si gnature. is,
Prﬁ)&‘%?’ﬁ?rgsswélrﬁyétﬁ ?ﬂgnﬂffseiﬁ ¢ ﬁﬂ?’é"’n@f’gﬁcg‘ﬂtyengl neer
riat i
Q§F‘ fh PRAY %e@t‘é ni%@or{s'nﬁﬁm% ez%e%géﬁ.(f%)ﬁée g% yﬁaqgﬁtﬂa%hway in E.

he ol i gosaccharide chain attac ar 0
gilisasiytsahe activityotiiarfbpyase snd am OSTTUPalK ;mcbIPng| inct ;eﬁmm’m

T R B DSBS TR R HRR 10m) e ik
)?&E@S%r@ﬂisﬁ@ﬂiblﬁ k& dransletfing 16 Mﬁl@ﬂiﬂk@ﬂ OV M@ Pasaccharide across
aryotic to Prokaryotic Systens," ( ycobiology 16:91

the JOET RefriyeE) Forpitaly; EgllKe@éwtsl rﬁl@mcbmeatf@dy gwards the glycan
%g{‘jﬁ[ﬁg Bﬁﬁle lﬁ» d lﬁkf:% llﬁgg% rlcfe in %gn«%da ate éﬁl‘m 13 ﬂPlr]t‘ %Wot[%stmct

erl a gl ycosy

Hmclh'temcﬂfaygéaﬁegweehah@sﬁ)s fOﬂFﬂlﬂﬁh@Gf Lipid-tihle-dabeg@aécharides,” Embo J
%gy&yglon is to generate the Ma*rGd cNAC O|&gosacchar|de

kP hangd Wapksr ehalpeSubstrit BpesHi i B2 rRlay
Qﬁwﬁﬁﬁ%#?r%gﬁ%é%%ﬁ gﬁm%oé Tﬂ%f# ot 1%’[%5]%1517} 5_06 éS)e Bacterial and
Hlﬁ@rfutmﬁysyyamt” ﬁfocthlsﬁlcpldtSfrvﬂ)Sﬂ 303 768882 y21EXO),ovhich are hereby
nke ecific

DR e B Ry R, AbeT PR, 4R Fueb e that this

dnpkivanakdo gnf% PpREBREk] I\ﬂargGl@@Abz @HQh&shrﬁ) ULy érigﬂgzermg is
| 'i pid-1inked oligosaccharides is analyzed by netabolic

reawiedd Adteotatizdl] i the wikh: cieoNhet Bl pingsenize lipid-linked

Man;GleNAc;, the present invention provides for expression of a eukaryotic flippase
such as, among others Rft1,

[0080] “Target proteins”, “proteins of interest”, or “therapeutic proteins™ include
without limitation erythropoietin, cytokines such as interferons, G-CSF, coagulation

factors such as factor VIII, factor IX, and human protein C, soluble IgE receptor a-chain,



10

15

20

25

30

or wwth fluorescent lectins (e.g., Al exaFluor-ConA).
The Ma*"d cNAc 2 ol i gosaccharide structure represents

W@ b@ogmed st ructure of nost of the V-glycans fRURESI0NI/030110

eukaryotic cells. The glycosyltransferases required
for the assenbly of this structure are known in
eukaryotes and nost of these enzynes have been
functionally expressed in E . 3goli, however to date,
no one has been successful in-dchieving this

g%& égccharldestructure In addition, the substrates
h @gﬁl%"&%@ﬂtW%@P’eﬁ%@%’ﬂn?ﬁsn@}yylmméwwamnhnbnor

fEP-piYRi Felxp_r? ng‘?mv‘[h' ﬁﬁgw L ASH. lea% Igctgc%tbr annexin

Site- Spec I C er of M re on
rﬁatnen lpmtelbO@Tg&]staNm aahkdilat edpithebial groefih fdomr@ahi}whyd pgenitor

ce h i ke oligosaccharide uct.ures
DALY Gt T Artes et e BARRBiPos DN Nnscdiegipieins. AAT,
ﬂi’ﬂmﬂ§ @Q@hﬁ‘ﬂ gy Prorssl l)TTNGIEI? (@fhsBRIRER AcHCator and calcium

chains. This requiTes functi onal expression of an
FWﬂb@K&Bnﬁﬁﬁﬂ@ﬁmbnbE@KanH@KHbﬁﬁﬁhﬁhﬂmbﬁmMBﬁmkmﬁwmmamﬂ GM-

PSP EAEPERBRLN 1 RIRLEHRE: hTTh LI Bl FERGRR

@:Ihbtee,laha sMablie ST RIcOMBF y@fusron@m@rlﬁuhﬂmy@ﬁbaﬁ Q&F&e%\/@sldase
t he abl|lt%n0f to transfer the lipid-Iinked

Whhadraitae it §domminart gesostite Amendr atregapiurai hprmones,
RGRA HcBRky ’anfnt['ég BEQKAT ¥QiaSs %&%@h& %@{9@]88' on system

conprises at st one acti vi In various
aspects, reconstituting a eukaryotic gycosyl ati on

at hway i coli requires the activity of a flippase
‘Sﬁé ‘éﬁﬂﬁt%‘%lvf ﬁ&ﬁywsa!ﬂie&gg@*. n C.jejuni, respectively,

Ng1RFt1 a T,
?O o e gg?t% %P%dg gg g‘éﬁisresregf;‘%gﬁ[gtlfdn\%@iaye)s 16 §8FcBLIMES antibody

COMBATESI oL Ir“\n@ortlhe whiqhi rded@nivice dnfi':byndp terd native antigen and an Fe

ceh the inper ne
S POEFRERIFEh R T LRR i PR BR80T e o1 ¢y
[ooszyr dS t MEhegdly €Rladdrantibideo Ohe bfk@eﬂtlnﬁ)\be‘ﬂtlbh Bﬂﬁﬁﬁe in the form of a
ollgosaccharlde internediate (Alainp et al., "Two

QI@R%Q%%0$RWY¢9W%@B%%ﬁ@eabIe Mechani sms for Fli ppi ng

d- | .
?2 Oj86|)OI ancfé\ S\E%Eeer et %Fo%‘ﬁﬂﬁé& Cg%t%ge s %gggrelgffdfz&ct ?gvt% yld%rslca] light (L)
dBants end albo dengoad ae&hfa(w|chﬁ1&§13f1§hit&:$1&m§lﬂ@@©$ﬁ]ﬁ)s@d SFAFRdNstant
Transf chani s r th acterial and Eukaryotic

L) ﬂﬂN@PB% vagpble &H% &¥1) Wil hegsy s 3 Ce%@@f three
c‘&ﬂkt&'ﬁ cﬁ)&?mmt%@}@h?&ﬂf oenHahe %np¥aﬁzﬁaﬁ@i§ it eg (t H gkﬁler the Vi

entirety). Accordingly, I't Is contenp
aedi»yr@mwm congmeg HiezatipépbidingrioetdonVel Bk m\sw@ulz: kanogkn as the Fv,
neerin

urt her n re

S e P R or O AT Bt ST il Mg Sdolagicatcd by
BRtiskQCOgRhARN bV chRkedi N EEMNits it BedPeRS BB formation that

|nvent|on provi des for expression of a eukaryotic
is pqu,rlg ¢or effector interaction.
[0084] Monoclonal antibodies can be made using recombinant DNA methods, as
described in U.S. Patent No. 4,816,567 to Cabilly et al. and Anderson et al., “Production
Technologies for Monoclonal Antibedies and their Fragments,” Curr Opin Biotechnol.
15:456-62 (2004), which are hereby incorporated by reference in their entirety. The

polynucleotides encoding a monoclonal antibody are isolated, such as from mature B-
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such as, anong others Rftl. [0080] "Target proteins"”,
"proteins of interest”, or "therapeutic proteins"”

WO pwboghas4 t hout limtation erythropoietin, cyRORUSZS89/030110

such as interferons, G CSF, coagulation factors such

as factor VIII1, factor I X, and human protein C

sol ubl e I gE receptor a-chain,lgG 1gG fragnents, |gM

i nt erl euki ns, urokinase, chyn§§e and urea trypsin

i nhi bitor, |G~ binding pr ot ei epi dermal growt h
reI |ng factor annexin V

f act wt h
% .Cg:#yhlg%?%ﬁ* feth {H) YaFﬁF TR, udng oot dkoprimgrs that
%&Wm@ ambAfy e gﬁ/&%'e%l:@dl gﬁq{éb ind li%ll\lag%%l’ %{f tilg%tg{ogy, and

osteoprotegerln a- sin,
thcmseqmce Wtemmﬁ%mg(whaenmﬁalmm@hdn@spTimft wolatell)polynucleotides

S T R R L PTG B PR e
Shidkk@thed GrahgeaBn ko tf@%’%el}@ef’ th'e p‘f‘éseﬁ‘ﬂﬂvé’i’(li%n':&d monoclonal

(glucagon like protein 1) |IL-I receptor agonist, sTNFr
fEHediss areazeaciidy gn eng REbpdisEpt. drcopdifans teatmnies are used to

t ot
T OO LS O BRIV o
hgma’hpaﬁlsde) loidigert viRdRiane snd Eghtﬁfhhm\pafﬁ) Gs?t@:!:‘es 1P ERtHadREal Gpscrlplasm
erum al b n. Agl ycaosyl ated vs. cosyl ated |
3&@8%-‘ heghot ghd plardes G beisepspeddim PR AL GHroras gensguCt (c.g..
4 gngle%mgsﬂibﬁ% %nﬁﬁ&%@%é’ld‘%ﬂ%d ﬁél?%é)‘fﬁﬁegj\ﬁr paq{eHag(}eiﬁ from a

whi ch recogni zes and S to a nat 'en an
P cpstrttn Qutewhiech, twe sgharate syR s dreaproduced rismavch af the heavy and

e WK SR YN TN
1&&1&1@6&&&}@1'1 p&¥i l%ﬁ)@t@%'bléﬂ%ﬁ’@% mEOQQﬁ?an c%n§thﬂ£§ &n be

|nnunoglobulln mol ecul e is conprised of two identical
mpigRpiaed)to aeli¢vesa &N@lrablmfxwéﬁ@m oatio. hemssamph), trahelati levels can

OSG ne C t ant
n%n%crl] épfv%gvre?% s?ngja SEIIER E %Ssla %ﬂti%r{/g;gb%lg?ﬁg}%&gel)ted just
u;ﬂttsarﬁ bf ofe Hidisemie @ri&ﬁv&fﬁxstdﬂfﬁ&in@@uc(tﬁﬂ the Sfteansh vebB) (Simmons
ﬂaone vari abl e domain (VH). Together, the VH and Vi.

liansdainpakles vichs aa%ltlﬁl@éﬁﬂ%%@r g Yseration ! Betarplegous Proteins
1W s@l‘?éﬁcﬁlai%'&gmNc?tsBzf)Jé?hrfo\/ 14 §5§3Eg&%{)t v\rfﬁg}d ésslze'gebdf incorpgrated by

gl'ycosyl ated at a conserve
refedincateds ytires). erﬁhssl)ls aﬁ\iﬂo@lgfpml‘cmgfplééngﬂy$mﬂoaﬁced into a

NS TR RSN 4 R
e e .
Rasombiiant lyloeq)clgrha_l apirhpdisde fmgments tiadregf of Breodhsoed sm:cws can also
be isolated from phage display libraries as described (McCafferty et al., “Phage
Antibodies: Iilamentous Phage Displaying Antibody Variable Domains,” Nature
348:552-554 (1990); Clackson et al., “Making Antibody Fragments using Phage Display
Libraries,” Nature 352:624-628 (1991); and Marks et al., “By-Passing Immunization.
Human Antibodies from V-Gene Libraries Displayed on Phage,” J. Mol Biol 222:58]-
597 (1991), which are hereby incorporated by reference in their entirety).

[0085] The polynucleotide(s) encoding a monoclonal antibody can further be

modified in a number of different ways using recombinant DNA technology to generate
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Technol ogi es for Mnocl onal Antibodies and their
Fragnments,"” Ciirr OQpin Biotechnol. 15:456-62 (2004),

wakioehseseL hereby i ncorporated by reference i nPE@HES2009/030110

entirety. The pol ynucl eoti des encodi ng a nonocl onal
anti body are isolated, such as frommature Bcells or
hybri doma cell, such as by RT-PCR using

ol i gonucl eoti de priners that %%eci fically anplify the
genes encodi ng the heavy and Ii'ght chai ns of the

anti body, and their sequence is determned using
alsroenteiwHardipr dosaacabodimrat tBorenstat gonginael detighand heavy
P P oo AT R ok BRI those regions
vf ahehectethodptogtrieeatth ashinaeiclantibbdst helignapent, the constant
i,nvention, .and nocl onal anti bodi es are generated. In_
OTETSRB U HEAL 0k baBHBRHETE! TRAVEEB b ety Sulbq Fibstinited
ARG do-ihiRurld@ v A REIyhé Gl 16 B8k ' LN
exgor.t 1si gna? pe|5ti dé_]E I%e. g; E Pég?t%\ﬁnsﬂhg%ly tg@g?i g%a thtero
ginpedimentiethh ganyfara mekidpnsgine troheatad pokypept fogesemte thivdesired
bacteri.al perifplasm Al so, ..the heavy and .|ight chain .
R BB PRkl S5, Bl S Aot e density
fRgencsd FithglaiabiNGgloRahn b8 ulddan Dhaheg dpecivitRy fd Meinity of a
two pol ypeptides) or, alternatively, froma two
erospelonal aydhasin (e. g., two separate nRNAs are produced

ach o heay ' kns). T hi.eve
L@gg]el evel fne%?%r%es& gyhm%ﬁg’ tlé# %} %:tfoggt% Y g]s?) &F eﬁtyl%g?mlon s
hurhénirengitibodyy GduinanitétearhbotiRs brl anpidodips e onah Mihingl
bicistrgnic and two cistron constructs. ca

| . be )
HRHFHGE JP Bnqshupa) @\Ee nyiring) ypibgiss éﬂ‘ﬁf%@lg iVaﬁablgfqgéqns. Such
ﬁﬁfboﬁ%gaﬁl Red EHE?SQJS{IQSH'H?QO k‘&mg%] gl?tgg(%ﬂicﬂ?.afl@hﬁﬁlgn Qhti-mouse antibody

| ower e USIng_a ries of tr lon“initration
regppnserswiidh Rejiniskset toedhjmest subjest rlagmacmice t huenanized antibodies are

SREPELEPBHT pRBghe" P RishBRLp Hon g i h human
ARibelly issandinbbdy Srdbudeddydl i@ dhe a§ﬁ§6c|%_1 Iiiaf?/ﬂl'g{n amino acid

Het er ol ogous Proteins in Escherichia coli,

BABENSE SABESPPAdigR 90 Faarftibodp produkidhy i Suman.eby

' r por at - ce ln its.entirety).. Wen t.his :
oy o ankrRE EPSIRT sbi'ad bR PRI Yol BGUS known i

thaatte Ainadntibody cdnhtsdt humhadzed &y Babsinpd s domplremeptarity determining
cosyl ati on

enog&- nc deﬁd genes, for _ex&raessi ng g‘!ly

EaLPieS N oha mesnepibrglvatith Bebelesner-Bugan atidypilafee mepse, rat,
| - : | £S.

I ML 380) R 050 FROREh O LA B Plfgnes el

"Replaatnedhé Comppanagaridy-ditaiting Rapioes iras Hdema rinneddy With

McCaf f er et .al., "Phe tl ies: Filanmentqus ,
TSGRt & atfirg e Daay 2vani AP RiHumiT o e Kisbapine
1BBabARriBafes fol IR hpy, Chasks 852:803.807 (198¥Rk 80 ARRIPAdY
Fragnents using Phage Display Libraries,” Nature
Yeshapye, Hogay poobpdiesiiraivingles Aottilpdozyme ByetiPag g iSnignce 239:1534-

I b Zatl | on Ant i bodi from V-Cene. Li brari

lgp‘gg F%S;Sz dvb@ﬁh E,%'g%g%hy 13c%?ra4§|82>|y rﬁ‘%ﬁcnﬁ%f' heir engre?y). The
humanized antibody can be further modified by the substitution of additional residues
either in the Fv framework region and/or within the replaced non-human residues to

refine and optimize antibody specificity, affinity, and/or capability.
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597 (1991), which are hereby incorporated by reference
in their entirety). [0085] The pol ynucl eoti de(s)

wewodsngt a nonocl onal anti body can further bePeUSTDE0110

in a nunber of different ways using reconbi nant DNA
technol ogy to generateal ternative anti bodies. In one
enbodi nent, the constant domains of the |ight and
heavy chai ns of, for exanple, nouse nonocl ona

anti body can be substituted fg?'those regions of a

Eﬁggp antigody %o generate a chineric antib
nat i vBISpecifip anihpslissng alge maiable foF useia th@ @ﬁthoéhaf the present
@Yok B A1%1T arfibOBIS frcTANSY; QEElﬂ}at A0 %%yoffs lﬁsany

substituted for a non-inmunogl o I n pol ypept e to
gengrizing aad binslingrat deutsi tb@dyffeﬂent qtitopes. eBmsmi:llfﬁreanttfbpdteh ean be

ﬁ‘nﬁ T t i}%oldéeg gﬁgﬁst%pglaﬁ‘ra:g%gt ec]e)x}]qtéeser}go 18tﬁ gylls%g&g{: ?utlt?bodles are
@dﬁu'nbﬂ 6y the RHI(TREMEBNCE ot A1 tBiPbdiRE tSﬁ%l@Chelﬁh gﬁbl@&ﬂ@s‘ U¥husins)
nut agenesi s of the vari abl e regi on can be used

HPErR Yetoxfreleymphicy tes an dlINf Iﬂliﬁm‘tetd)ﬁfdl‘s “aEMBHot IlaﬁéSS 3659 (1991)
GRJ%QP/ et na{l OQ@I%]me pTﬁI%rTFC STE h? ggSE)§CI%C %){ngcfe Chain

prese i ‘AVENtT on
Hun’ﬁmjyz@d)r@@éd h@bcb&o&aﬁ@ccﬂmﬂ Uﬁz@Hzﬁ:Sl tlbatS 369174 @1 994), which are
m ni mal sequences from naon-human (e.g. nurine)
herebyBee@eralic by tsferereevm thelsingretelyi ons. Such
anti bodi es are used therapeutically to reduce
antigenicity and human anti-nouse anti body responses
Ghean adndeniigg Fedokolagia hunman subject. I n practice,

B o B Pt AL e S BB B B AR et for
RfdehRRMAccsia BN baRdARREYesP rﬂ%@l@o@i’m@]\@s‘ HRAeYin@bhe or more

anti body having an am no aci d sequence correspondil ng
glpcaan onmd Bokiye pf dbarteth dl agtachinga lab[et)@rsﬂqe osg waniozeglycans on

tﬁ@ Eur?acglo%?h gb%gtrqu ogﬁoglyef S%g%gibp eglﬁac@eé{q%ﬁ glggd gr)gm the bacteria.

E}whﬁbﬂttcdtnkmﬁl Haberiophaplee I®aAtiaphige dgiiey :EFBMITQ&I{CBEI' fAmentous

I&ﬁ of a human antjibody with that of a non-human
£5-senghcie 47, Wﬁs@hagﬁé‘f‘f alpeaptsidt Thadabst srtheneanglypged in a high-

tﬁ&mg@gpm&%] esired specificity, affinity, and
cap ity (Jones et al., "Replacing the

{@OM] enentWhen ybﬁhtm}rp’nhgd: 'ﬂg;uEﬂ@glied) ttSlabElllIfg fh‘ldllmmyzmg, the method
tlbod Wth.Th Froma M ture 321 :522-525

O?m Hﬂésﬁﬁh‘ahﬁﬂg?f %mpﬂs‘?ﬁé’g DL N RAGHE CARTEPBRg PRgOr more
and. Bﬁ Elﬁpﬁéll "suf¥RdeUl Bh §§3]%)§12;§1(§1§3 Zné&%§§a1110N$éfﬁ%ﬁ¥§ b fbduce a

a " Reshapi ng Human An I'es
bAﬁ&erlngwz W’él onetarvidrg glycSes anicesupface. Iiﬁsuactem@ﬁage is then

AR D 0 R SRS, S LT b e
pivagh faned elh)hlhzhed Bubshi hubl@ nba@ferﬁdgackh@ﬂgkeil 88 déBfology
(Chasteen et al., “Eliminating Helper Phage From Phage Display,” Nucleic Acids Res
34:e145 (2006), which is hereby incorporated by reference in its entirety).

[0091] The labeling can be carried out with a lectin which recognizes a glycan on
the surface of the bacteria or bacteriophage and has a detectable label. Alternatively, the
labeling step is carried out with an antibody which recognizes a glycan on the surface of

the bacteria or bacteriophage and has a detectable label. Alternatively, by immobilizing a
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either in the Fv framework region and/or within the
repl aced non-hunman residues to refine and optim ze

w@eaobgdys specificity, affinity, and/or PCT/US2009/030110

capability.[0088] Bispecific antibodies are al so

suitable for use in the nethods of the present

i nvention. Bispecific antibodies are anti bodi es that

are capabl e of specifically r%%ogn|2|ng and bi ndi ng at

| east two different epitopes i"speci fic antibodies

can be intact antibodies or antibody fragnents.

TdeRAT gkan fasgctighia-hgleplin @é@btfdl@;s) st FYBLTueBOT pechsthosurface of

I Beth |
L35I, FOEHCT Pl oL AR 15 OB 8 s
Lty spliwe wiB serosin el atlices aredeeiddshy’ wikMB(Q. Those that remain can be
%]O: 655- 3659 (1991) and Gruher, e Efficient L

RS uzed)tp PIOAUPS MRS Al Loy Bﬁwams.%@%}@irPh%geébﬁgwée@lam@cvon

| I
SRR SR SN A i, L G g

tief bindimge céthor phage. Emrﬂpqu)cycmlg/cﬁtﬂ\emm ng regerred to as ‘panning’.

'@gg ol ogi [LdOO8E1) furt a ect OLg the sen

Rtion SESESRESLEt (e RresepnpeiER Peanlisahropmede el surface
&Eplbﬁ@ﬁ@gﬂy@@]ﬁgéalspfﬁﬁlﬁ gl’&%bﬁ@@bu‘xﬂﬁ’ér&’ @ﬁ Jﬁé‘d?é@%?dté}gi 8 Plines
or nmore glycans on the surface of a eria and

produeeriingysaelyadneland glychprogmes iora rﬁmd@ngmy@aqf&cw mpaner. These

f f
LA et LRARARLE e o R U5 S R otion o
mutmmnhha:ohfer tieqmagﬁsnmgm iThe phagdyith plehhge far exehé as8ays is that

fil a ous phage, though T4, T7, and | pha
Eczlf%fasg asp 2¥179d P disrlay ﬁr@atemw@@nmmoe DNA) to

MAbLBE GUgNRBfeid QHFRL or HYARRL lwg‘lﬁh%s ?ﬁ&[ﬁ%étﬁ&z "]’19? % EThxs

subj écted to | abeling and ana yZi ng
cmnes«émn hehwamntgeontype ammwhenotmp lenmm lanfedibtrarieg of hevteins to be
one or.

acteri a, ex ans on .the cell
Ssmref‘s% Wi Rt dﬁ&a é?ceﬁ%?fd‘é* iy %E‘ﬁﬂ?’i‘ POHE Brpelopyo
Ad@urRl RMeGEn arRaCHBplaP RRABEI oW BarPhiey Ll tmr@engdﬂ&a@ﬂt%voo&] fferent
its surface. The bacteriophage is then enriched

tom@ drlibsasics. dhy Eisn straiggy isgo stpafeddhwarion] qfélnm@lwcmbtym u.tshbf(l e,

| e [Li_m nated_ by using a .
no Sy Bﬁgrt' eri lg’l Ir)pg‘c g‘gﬁhﬁg et"gf ‘f’v% ﬁer%m%%g%%ff %@9“‘%‘1 with
ddanashiegnc@yladbn sxtesEhatmmalbd ingpriialdpeith Rspae tds@ivitPbagability
PLJspI ay Nucl ei ¢ Aci ds, Res 34:el 45 (2006), which is
RUPRISE ther ot asgllthEffléPvétﬁé@tlcﬁl) ied¥eap RirpGtaey) The second

s[trggz%%]ls fgr}ﬁalie_aablg}éer&ilﬁafbn% d?fEPtrrF1 tstﬂ%th& %ﬁln?a%ﬁ@zbrarles of
whi Ch recogni zes a glycan on the ace 0
ihdigtdeni ]aatbrvfnbmmeis (imagmga:md)rmameal’@étlmdnadhhﬁhhgbed) or
ternatlvel abe step.is C W t
SRERsHS ibertreCughises carBivst berhe  SliFat e
s@huctures is produced and displayed on the cell or phage surface. The phenotype of the
variant glycoprotein or the variant glycan structure is physically coupled to the genotype
of the isolated cells (i.e., the sequence of the plasmid) or phages (i.¢., the sequence of the
packaged DNA known as a phagemid). Thus, the identity of the library clones is easily

determined.
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the bacteria or bacteriophage and has a detectabl e
| abel . Alternatively, by immobilizing arel evant

wWerwvesns4 arget (s) (e.g., lectin, antibodi es) BPGI/HS2009/030110

solid support such as the surface of a 96-well plate,
a cell or phage that displays a protein that binds to
one of those targets on its surface will remain while
ot hers are renoved by washi ng., Those that remai n can
be eluted used to produce no@@ cells (by culturlng
cel |l s) hage (by bacterial infection with hel per

Hisrjay ok ighed (driapsoteinsein the Bagkeripd Gﬁlb&m@et hat is

hed b ha :
TR o RO i LR 7 bl i o
widirthe hept pelﬂs&@ﬂ%etﬁbﬂﬁde&@rﬁ&dmboﬁe fidlingy @H@B;,Q)Iﬂlb gl yvoeylirkiflerase

ermts scree cel | rface di splay and

B Sl RGE e iPaiy® S by B raBIOHS oRberLeangisuis Hovever, in

ﬂﬁ%ﬁ’éhﬁ eﬁﬂa'ohlﬂlédi‘ea%tlf?ftﬁﬂklﬁleotﬁér GBhrR: E? QAIy&alﬁﬁIZ@@dFOI‘ example, such
ycoproteins in a rapid and cost-effective nanne

1?’ erenl aurdangglisplldsowen bfemarrmdm iithtthe/ €, jefing Eja;zhpmugh psmn outer

kPR AR S RENa L P protn R R R prif i cirshogs

td&eﬁ&das ﬂ&y&ltér&nélﬁﬁfan@ﬁi@ jeRt arVEf @3¢l &ﬂi @y B%’%gsylated by the

phage display create a unique genotype (i.

pHeoeRdB £ cok (Figpiedrei ho detemying yf the Nhgiai:am fmtaswhm@rm CjaA
t i nnec t

Al R ol EA e LR R AR P R BG R version of he

fer ot 8Brs(SBo\-Baexadilearisd canpigawpMioldcalir Probas)p rlQﬁQ%ﬂs further
ion, which is_anal ogous t

|
{“ijir‘ f Ingté‘\r/ e’rE:tCO ec[:}%%e dhad Frasfers obEpBreETidss ETQW the bactoprenol
Hﬁnﬁ@aﬁrﬂer 8F1hE @1&51@}\ bRASDbIEYR éﬂbé‘té S m‘Lfép\ﬂ?El?Fz}%%hdnde endotoxins,”

brari es. first Stratey|st0 Ccr rari
éfmlt Rey @ﬂoy/@@pﬁbﬁéﬁﬁ 09 {20829, whicleis, het@yngcoelwrmed ﬂw@aference in its

P A shufflj.n etc wher varlants can

e*%g%‘aw ST ER aHF bR ARIESR RS SR gy and is
ﬁ@pdrﬁm}@ﬂ)@ Gradd (B0 MBS PRESrid RebdabMidrie ‘?Jon?Bzﬁ.@éﬂréﬁcﬂpyrophosphate
followi ng the introduction of additional (bu

fodbntipidal yorgl @/m}ﬁcskerth@trwé@equcnéy gemfmcttprtm egyr jide of the

f di f f
ST Rnt P . S R R g o
anizydesd (6 E:)q)ressl!@mga QforRrityaresoent BigRal DibtesRRU b lldvidg SBA-
g%ﬁ% ﬁ5¥gﬁpgerent enz ne conbi nations such that a
f (Flglﬂrsﬁ& OMPgrtRRIbY. &bt signglda derendentonrtbepel system
dsS RAAME Gfls BN HuleSRLEY & ?s 9[%.&\]39 f&l%%nglrSB%@\ Fluor Iabelmg of

surface. The phenotype o e vari ant copro
wind. marntsrvarryingabnpglt codtalivectbs(Rdwrs bEAI hyccﬁ"mmlglyeglyt:ﬁn analysis
sequence

the .,isol ated cells .,
P e Bk G RGRE E CforEERIS i Miishesit Brom oS
alsaRdyvibNAgk Wit acrbhiagem d) . Thus, the identity
of the library clones is easily deternlned Di spl ay of

lﬂp?:ﬂnked @ynbpﬂ@p@smt @fnsrtoh@f BEdt@m @Gbno@edtaliBuy fGoe), which
SC z e%h a%‘ qu?@% M 20 ¢ tr1 m oie struc R oth the Qortehgrl)(z)clﬁ,h IeluamGlcNAcz

e carrie
can be assayed on the surface of £. coli cells. The basis for this strategy is the observation

that bactoprenolpyrophosphate-linked oligosaccharides are the substrates for the £ coli
Waal ligase that transfers oligosaccharides from the bactoprenol lipid carrier to the lipid

A core molecule (Raetz et al., “Lipopolysaccharide endotoxins,” Annu Rev Biochem
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with the host cells and nethods descri bed above using
eukaryotic glycosyltransferase activity, eukaryotic

WO Rioppsss activity, and eukaryotic ol i gosacchargi/us2009/030110

activity. However, in the screening enbodi nment,
activity fromother sources can be utilized. For
exanpl e, such bacterial surface display can be carried
out with the C. jejuni G aA praotein as an outer
menbrane anchor (Figure 6A). "Thi's protein is suitable
because it is (i) localized to the outer

ﬁéﬁé?ﬂﬁ@ (1002¢ Whigh isrherebydngrpergied byericsengain s entirety) (see Figure

VSRS, s RSPl SUBL I Sl RO
bisctspreﬁcﬂp}a“olpb«pslphﬁd Ito gxgllrplcEA 06, ia mﬁmlfbet}itaf satsle%qutﬂy teansferred
tBRORE S8 e o d oty e dopsy QLA PR B thysetace of
Eeléhscécll‘é M1 BE abBEK&LOH ﬁﬁfa@@E %5.15‘&% 4 ﬂlmﬁ‘@éteh{ 94516 of ConA

that transfers ollgosaccharl e bact oprenol
(prK@F lgarComk). tHbistsheuldinpike lwpqsellbé? tooletecudrel (uRatfyzolgsaccharide

b sacchari d n Xi u. Rev Bi.ochem
Blopsndy bl SRR MSBESFR s S0 PRy A b
MRhRIEENER dobs Ads SlefiHd dneﬂhg})as@@r A TeackiBity. [T RhsSbdeh @BSSvdBihat the
known to have rel axed substrate specificity and is

passpishglignsacqharide isdpefliaed &f the patep aurfase AT G1 pgl+ cells as evidenced

F)?Q Fﬁég'sgﬁafc 1F0 gfgclggcﬁfr%q’? }Pf’fr r@sc%%toﬁ Idenllcari'?abelmg of

Core Sequ
[ Galpgfr&mtrceﬂs te@uhé@b&nodﬁlﬁwalﬁﬂﬂﬁes@éndehﬁoﬂlﬂt mt’ilcﬁﬁl@{lﬁﬂ@ansfer of the
|+ cells, la are transfornmed w

k t he
Sr BT M FlhaoetPee: e Bedh d e sorobedlbigskne the pe
étlp‘r'&rs%ﬁ%&()r s QN in'nd dé?etc%%tee&llffmor H:Iﬂ:g %%%N:zﬁf@am}c;pate that

'uor labeling (Figure 6C). Inportan
Tuhzs ayegyenidien o vorptinhigatpgl ofgy@bmnla&nda eo;pnmshmt i £ os:ﬁ with different

uoyescence served follow.n Fl uor
AP ERETERCRE. Ryl r Ry aopifes o gt prrect nserion
MEChO hlasina Ghlirehbrife wileC@edi REH 1Msta19:]e)’@éﬁlt@ﬂﬁ|pY@rhﬁsufga&pressmn
be performed directly with living E. coli ce

Iﬁﬁlﬂ]@rdég@’éwd in therpagsephiaventioneis mpatnirotecusafid o employ SRP. Or YidC-

E i il
Dok EORAR Bk S Do IOR b MR s oy RS W
I&chetgdhleatfcﬂi Nidhiyu ROWNSGSHNE9:BLY-5 FRIIIGS,EVISER MQiett{bG} idorporated

the _core glycan, Ma”"d ¢N Ac2 can be assayed on the
ty e felioe oF IHEentiTgy) of gachehle e aag grof-em irg wnsbt@atmv@gyan E coli

Ho%t §ihen QRRGE Y gﬂgB)ttEQtthas beerksggmﬁcai d/o red fqr high- lgvel

bact opr enol pyro ate-11 Sari des car e
exhessiob of hettrdagoue metttearte. prowidis (Mhaluxlet gﬁS@vbhptoductlon of

f, I
L EPT df Eog PR b WoRne Do ek (e S Raets obbom Membrane
ProfeirRQREIYSRO&TEHIAR 2 nGat DXlensS: T M%U‘@%l Rew.2Bb @%r{?@ti) which is
1: 635- 700 (2002), which is hereby I ncor por at ed

}Eéﬁ@ﬁ@ﬁm@ﬁmﬁdbvsﬂéﬁmp¢Estﬂv@@E)ﬁﬂgumemﬁamce¢@gmommﬁWﬂnf
?mﬁﬁés 51@%5&&35}?&8&%9{& {ohleprm (Fggurlél%g tge b%nﬁqcberl]l%rg sg'ategy can
be used in combination with a surface displayed glycoprotein (e.g., CjaA, see Figure 6) to
assay for glycoprotein variants with improved or new properties (e.g., increased activity
or stability) or pathway enzymes such as glycosyltransferase, flippase or OST with

improved or new activities (e.g., ability to create different or novel glycan structures) (see
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bact opr enol pyr ophosphate to the lipid A core, a
nol ecul e that is subsequently transferred to the outer

W@ 2@e/08%154 he outer menbrane. The di splay of NaPGASNAZE30110

on the surface of E. coli cells will be achieved by
surface staining using a fluorescent version of ConA
(Al exaFl uor-ConA). This should make it possible to
detect and quantify ollgosacc Srlde bi osynt hesi s usi ng
fluorescence activated cell sorting (FACS).
Inportantb¥, this neasurenent does not _ depend on

figuppHEY- drhitsn becacrunplished as fllowse die BYdeenreding g protein or

Do il SLBpARSEDILI 8 (oG Koy} 8 W e

stelongideA@Bigingnal, H bl cwmg)mpmeompg( wich MEltiphs desiagbites are
SBA. . I dentical |abeli of TA pglnut cells resulted
SRR R4 O st B et pleanseriid el (as Rasable frames so

gﬂaﬁﬂﬁfcm@?ra%m%ntqg Lapgace A ??opEP frlfa}ne' 'FheA%éiik‘ @ngtﬁﬁn%tﬁe cell

end on Pg Finally, cont I ng
m(ExCéésbr@fhpm@nn &y clpnesluh e dxpresshon deta@endidaesfomhdd into bacterial

te that thi
RGP RONSE or RRTABRE o or FisBl el Rs Bt o e
indorporatiohiof Wiahlp detifdréITeMA frapehiaisRinBodh @ BREL s tg&"ﬂycdpﬁotem as

necessary, different signal peptides to direct correct
fusiwere thsirellrpdagmirolsimetng ceaerpicansukidel dlhéﬂ)@ééd)rarff@rom which
n.res
%g@%?ﬂgglz tgr%ﬁma}l %e?%isg%[ %gﬂg%‘?n%ﬁﬂﬁ\gif enoz)ymeg wl’I th Bew or improved
asieftish, 4 DN@nbibmw tﬁRE’e eidym¥ ifl Colepasdand inar %tdrﬁgilong with a
Luirink et al. Bloqene is of Inner Menbra

PP BTNt ES EAROFREFH OIS DoPIAY Sl FRAFORITEF BbiGRA) that serves
a@%aﬁ’?e?“féﬁhé 2003 srMpE Ry !1§rap)e5F§¥%dn%ﬁ5ﬁ953atg$apl¥fonned bacteria
Al'g nenbrane

reference in’its entirety)
m @heeu spreepecciontlicrraticoee off 4 paraeniE gwodan shosturesittaahad wubhsurface
1S (C 9 that has been specifically engineered for

|%ﬁV e@nT expreSS|on of heterl ogous nenbrane proteins
(Mroux et al., "Over-production of Proteins in

Escherichia coli: Mitant Hosts That Al'l ow Synthesis of
Exok GhyseRhase IsplaziSyeteand G obul ar Prot ei ns at High

" 99
[?grgby i ncAoIE‘%éerrglts gécft éﬁ%eé? egsltr3 gtn] ggéenljﬁr? n?%lgte n(f § Eaé(it%al phage display
sVbemaveplycaisn d&edﬁkﬁiﬂh@@e displapayst@h iisa pav&sul tool for englneenng
olig qsaccharlde trgnsfer to I|E|d A (Figure 6C), the
NS RIALlY ShBISIRY P Mgy ckAdisent beag ﬁ}FP"BbWtﬁlé‘éfF% AT hig isfbased on

eﬁn§dﬁ'ﬁt&@@€rs%h§ff |f@éiﬁ9}t%.l}sy[ﬂ‘1%€5 Qltsﬁl'o? ggrﬁltg G. 15 lan?e?uﬁous Fusion

Figure 6) to assay cop in variants
Rhape: d\ke@l Bxpmsempy eperstiha DifmagClonkd emeigeeratt iVitiby Surface,”

éf[%'?gg i i iﬁ‘?ﬁé@ h% i ﬁlﬁsfi’ qﬁfﬂf!?%%ge\n%?ﬁefmﬁ%iﬁé& girety).

Wiy etidsl @prelsSing AcrARE t‘ JeYurki PackliRAhE th'ef'rf)ﬁ'llé? id @ chor
(seeFigure 10B). This can

nove 8¥ycan struc“ res)
saasppliYighbazaast 4lol] ~Xthé CDNﬁcr@nt&dmegcet i élegumtchmt Not
sur
S?l%ﬁcqgrﬂtf%dlgac%rlal R gﬁfﬁ)}’m%m élsylcosgyallft%g& {gi} %{%3}’ 21536]-7 (2005),
which is hereby incorporated by reference in its entirety) fused to the N-terminus of the
minor phage coat protein g3p were constructed. The pectate lyase B signal sequence
(pelB) was cloned upstream of the acrd coding sequence for Sec-dependent translocation

to the periplasmic space of £. coli. Expression of the fusion protein was directed by the



10

15

20

25

30

a cell surface protein (e.g., E coli ClyA QOmA
OmpX, etc). Miultiple cloning sites are sonetines used

waQ 00emasusL that the fragnments are inserted i n BCT/USI0pEE30110

possi ble frames so that the cDNA fragnent is
translated in the proper frame. The gene encoding the
cell surface hybrid protein is cloned in an expression
vector and transforned into b%gterial cells such as
TA or XLI -Blue E. coli. For ¢reating glycoprotein
variants, the incorporation_of many different DNA

prakyesn ndugiflequd educers FreFessiilegdt AInyeBpientdivadagt al., “Regulation

Bpﬁfe%é eﬁ@?f Es%hl:rl i L AE R0kl ﬁ%ﬂ&@%nggﬂﬁ)l}%u?ﬁm% and Effect

surface displ aye rary rom wh

Dnﬁ@tﬁeﬁsm Ezpreshen,i’ Fobaled Ac&dbcidy é’at $hg1:me4 hmy) evtayiBhereby
new or fqproved activities, DNA | jbrary of the

8}?29%%& PP ITPAGRIRTS B HHe & FbiBp P8 NS Ritagosed between

ﬂ{eae%ﬁ}egsc@mfrﬂ%'drige @?,CS{ &nR%ih&h p“r]@éémlﬁ c@ﬁieg?ﬁ? $Ris q’%ﬁgr sequence

gl ycoprotein ( t hat serve as carrier

thidaigid e bﬁxaslmsmmwae a@d an iehteznkynasé clghyagasits tiraatwliodswed by an

S C ia are then screened f.or
Lt AL R RTOARATH] v AR o B R e 2 o N stgains Ce .
Xing -Blue f FIeE7 381 o AlGay ed itcar ¢ftielencybof S1000% GWRGRNADE Effects of
Di spl a sten1[0095g Anot her aspect of the resent

PhednS qarageas the apmfﬁ%ﬂ(éwf&ﬂmﬁh@gé:@p%l d;M@;%@lew 59-71
f 1@'839 GHR her-EPg 95@@3 r&%l%m:ea?ﬁ iRV $oc 10n of the phage

omerf t ool |neer ng nov gl yco-phenoty
tz‘aengﬁmc edfgnmd{detl 3})@1 ngsshavets B]ﬂbxﬁtc@l@f Qac_/kagfﬁ@lﬁ sin%le -stranded

BRG] GBI eshop Y1 kot PERES U F PSR PRARGS: used o assay for
@Qt‘l’@ﬂmt@ﬁp&a@ﬁﬁis%tryﬁﬁﬂr@ﬁe% dely ]ngug'%@sy (g% qg&?iﬁgg%@\%ﬂsor

he Virion Surface, Sci ence
%blbh/) o8 p*tbwebynzym rSp«:h’ &t g@rcdsyltraesferassnidBppase bt ©ST with

entiret S ACrA o

R S R R R BB GRS S Limarenures) (oo
1|§ufea}dB%ZIair eéatiak - Progei v avts] (KODNANSHS R %’eeﬂ%?eiﬂl 8r peptide
Requi red But Not guff|0|ent for Bacteri al ?

@i}lateéqShlschey@éégr thecnlBrorp VdihyeeabiNisigle donigg §nxe3 a(rezmse)umes used
W’c‘ngﬁ}e"[ ttﬂ? @%ﬂ ;%I'F] RRL %C?l% a?ythre%&f%rsﬁﬁl%%rameg S0 é'haé é%e cDNA

entirety erm nus

ggbenp n&]l*zmsmfgﬁp tmeplepﬂ(ﬂ’eﬁﬁd’ Ut @tlagel@e pAG iRt DVASSbR is then
stream of the acrA

al nce (pei s cloned u
G ed B e 416e 1 omehas g et L - Bleok ek P peicles
REr AR At &ed %ﬁﬁth@g CON Eﬁls@ﬁ@i{) gapéqm tetdrw e Hecih(g'r})hage which

protein was directe ear a se inducible a
glbles peckpgipged ﬁlemMgp BAD& pmcbmstmbly(d\?ltlwaniame& vialons with the

{ f t Esch
ey o € eenenl & B STARTE PGl PR P RN E RGPl major
(%wﬁf&alﬁpmi@ﬁ srmncorﬁmﬁoﬁ\laf tah 8RS Ij?@e\ﬁ%ém@ﬁt% Qrit the pITl or

1984), which is hereby
pVIII genes generates a library from which members of interest can be isolated. For the

creation of pathway enzymes with improved or new activities such as the ability to
synthesize different glycan structures, a DNA library of the enzyme(s) is co-transformed
into bacteria along with a plasmid expressing a reporter phage displayed glycoprotein
{e.g., AcrA or MBP with N- or C-terminal glyc-tag) that serves as a carrier for the glycan

structure or library of glycan structures. Co-transformed bacteria are used to create phage
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i ncorporated by reference in its entirety). A 24-am no
acid linker was juxtaposed between the expressed AcrA

wW@ensrasg3p domai n on phagem d pAcr A-g3p. Thi BCT/D83089/030110

sequence contai ned a hexa-histidine tag and an

ent er oki nase cl eavage site directly followed by an
anber stop codon (UAG, that was transcribed as
glutamne in E. coli supE~ stugins (e.g., XLI-Blue,
ER2738 or TA) with an efficiency of 80-90% (M Il er et
"Effects of Surroundi ng Sequence on the

al ., _

Bhppredst gs tm sercaehKs Uooprsssiice ofja payticdpiglyqsustsgupg attached to
Ayl I.S..hereby incorporated by reference in

?%§§§%%?% ?g?%&ﬁﬁgTusion of the phage Fl intergenic

fgi6bn (or Fhdvhb@) distldshesgnvady describk$ tiegslesknr invention. A more

ackagj ng.of single-stranded, p emd after
gl??ﬁﬁfﬁ derrintiogs ﬁf%"rf’eﬁéae@é*f mﬁh%\g?@%“w sxapag% iThe examiles are
B&cHBEO: NI Qy 3SSBY phipbsdbMBRREPHER A YR R Hish tt(b]imitttl;e scope of

i nproved or neMIgrope(tles (e.g., Increased acti vi
the psesghl invengionof hpwkeh walprme ang melsstibuion cdisquivalents are contemplated

osyl.transferase, flippase or T .with_inproved or
AR DB E S entl BB ot FP e peen
aapRkedhyaNaihneeiswre fkerlde @ FHeFiBilORhse & not for purposes of
creating glycoprotein variants, the DNA encodi ng the

@™ or peptide of interest is ligated to the pill
or pVIIl gene. Miultiple cloning sites are sonetines
used to ensure that the fragnments are inserted in al
three possible frames so HMRAMPESDNA fragnent is
translated in the proper frane. The phage gene and
insert DNA hybrid is then transformed into bacteri al

uch s , E_ . L ,

e oy T T rofsi iy Yo i Eeppa Ly MOBHRa 2 o

)l t hey ' ' ' N
00 oo packagrelnert Sl ch b RS RRRACe Ml Mo the C.
pea izan@icdpelisoves fundtiont e rarelfevant Heol aionfdtiagome tesase]ls the

rt of their, ,outer coat. on either the mnor (pill). or ,
B0 pevitr 3 BUaE PrsiOR oSS THio (R SABoReL s oh | Besilposylation
idldaﬁxquwﬁac@&\ﬁ%jdrﬁ BRI Fanddhe TrhRsB thlo ©reoBW d4die/REP88:1790-3
(generates a library fromwhich nenbers of 1nterest can

803)swhihagiherrlay inchpomiahy wicroicepatthwalretnz foethesd tindies, the

' - RRY h .the. ahilit
RERYERCLRRRENY i SR Pudiud 86 A o b icgpet
aafriddng ieszyoRhS)atios it trelio® séRrdieih iR Rasitier DSTHR0YC184-
with a plasmd ex?re55|n9 a reporter phage displayed
P@I"?fﬂ@ﬁr BRleh ere mployeddPlal PERBP. o/t ¢rlinovesr ceirarsfpinmrsl with
¥ Cs %Q)gr g?f’-‘ltvie%'tgf Mgﬁ%?ﬁg% LA &Lk gﬁcotdi}?g @k ¥e&ni

structur rar | ycan structure
hoopraaeis fPibte dlibagtet PEBAmes us@dssed icthe bsplasm in pgl+ and pgl-

agel i braries that are then screened for_the presence .
c%_ﬂs %Jpw tff‘:éerOé? s Wea[?ﬂ@fcrfg%ft‘wr*él%t%%g@f%y FE@%@PW Ni-
NIT & Bhaved (8%@!3_31‘).- PLARECPEBH & a8 RQYA, A R O Rtected by Western

eneral |y describes the present invéention. A nore
blotting using an anti-polyhistidine antibody (Sigma). Glycosylated PER3 was detected
using the GalNAc-specific lectin soy bean agglutinin (SBA) which binds to the terminal
a-linked GalNAc of the heptasaccharide glycan. As expected, it was observed that PEB3

was expressed efficiently in both pgl+ and pgl- cells (Figure 3A), but only the PEB3 from
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specific description is provided belowin the
foll ow ng exanpl es. The exanpl es are described solely

w0 200908m5pur pose of illustration and are not iPEEOSA9/030110

tolimt the scope of the present invention. Changes

in formand substitution of equivalents are

contenpl ated as circunstances suggest or render

expedi ent. Al though specific terns have been enpl oyed
herein, such terms are intendéd-in a descri ptive sense

and not for purposes of limtation. EXAMPLES Exanple 1
peimeellp piosstrdacstievith @k yestio Wt (75 purie3 BEewkich balds yo the terminal c-

MREL] Gt R et ahiodboiena R gt et gt 1 ¢ -

| ocus was functionally transferred to E. coli
conferring on these cells the ability to performV-lin
Edapde 21 n \gligkaskGlysesdatignetMEBP withal Peptidd TagineGlyco-
d ycosyl at engingere@dnpyliobacter jejuni and its
Functional Transfer into E. coli," Science 298:1790-3
(HO0P) , whiEcho!i matiesedinyding potgo (eliBdd way fusell es enee éntoding four
its entirety). For these studies, t 1 d . o
RS v sesRg BT ar Pt LT ac caa
AMONGRAGYCASIE TG dRT (oK WA (RIC WESEGHEAGTUGAL ORG AAT
in the pgl B gene encoding the essential OST (pACYC
Gs4i AE@D&SEQ%R Nigl3)inwes &acdppdt jretil! sBELO{ D) 99 [Ambkisham

. - rmed with eidher a | + |
B S] 318 i ARSUELTRRAN Lk St ihsh R ¢ RNAP SEQ D
NEJ: unipeplides ograpited By HEB@L}/CH}E%&C&&@&UQRW(S&%ID NO: 14) sequons

ce

expressed in the periplasmin pgl+ and pdl |s and
b’ﬁ‘?’i Fheanity GiiFaspiatgdehyi bl R<hriae i wénoi cxnerimenty (Ghakasfal . “From

PpHaPe el AR DR Mng Phis 0N B ST Shoc AT tinked
Wesvedatidel iotd. ijejglriu’stggheanga}n%:52@—&&(%?7}1 immﬁﬁbmgy
(Sigm)., dyco ated PEB s .detected using the
SRR B RPET BL T FEY) bOUT GG AP Mo s o SMBP.
DENEfpeh@ed WRh b el Sl Mg Fav AN off wamg essed in JBL21(DE3)

hept asacchari de gl ycan. As expected, it was serve

£ Hall tpEeaTved with rds¥edebinfd pACNO-yelinn! (el VBHISA, AMF9A)

[} s Fi A) ., but. |y the PEB3 fro F .
(P B e AT R s il Neelgh o T priona
Tvahgfbr iniaElscolio’ Sdaenct 298a1 n9d-3 a2002) Nkkich CalNAG iaforbBited by

%#ycan,and i ndicates a fully glycosyl ated protein.
TEIEEHSE én Bs entiyely). Ewdherchg EomytraiehsapoteineRapft MEBP with an N-

i ' ' . Li  EO100] E . coli .
g B e A P PRy 5o i signa
reptiddving aflotermaoh sec aid VB Rok yeasiyflairé soentgeouionSFPEAR ) with a

&%%?ta%d%%t%i%s%ﬁ)%al peptide were expressed in an identical
marnner and purified by nickel affinity chromatography (Ni-NTA Spin Kit, Quiagen).
Tags at the N-terminus or C-terminus of mature MBP were determined to be glycosylated
by Western blot with anti-HIS serum (Promega) against the protein and hR6P serum that
was raised against the bacterial heptasaccharide. Glycosylation was dependent on both a
functional PgIB and secretion to the periplasm, as neither MBP generated in E. coli
transformed with pACY C-pglmut nor lacking a secretion signal peptide were

glycosylated. Glycosylation occurred via the twin-arginine translocation (Tat) pathway as
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AAT GCC ACA GGT GGC GAT CAA AAC GCC ACC GGC GGT GAC
CAG AAT GOG ACA) (SEQ ID NO 13) in the Sad and

wWoR0db$d156i t es of pTRCO9A [ Aner sham Bi osci enceB(T/US1989/030110

gene encodes a peptide tag of four consecutive DQNAT
SEQ I D NO 14 peptides separated by two gl ycine
resi dues. DONAT (SEQ ID NGO 14) sequons were
efficiently glycosyl ated by Pg)B during in vitro
experi ments (Chen et al., "From™Peptide to Protein:
Conpar ati ve Anal ysis of the Substrate Specificity of
Rﬁldﬁﬂﬂ@é&ycﬂl? glysydvdatione! MBE:anqi gjegnifluoreBieot hetdis { GIP) targeted for

tgcﬁ)éﬁggﬁis &1%98%) gﬁ%"glbtg? yll)atﬁsa Bé s%rgco][eu%aé%f z?tgeetsﬁgtree discrete

ﬁamdsrcﬂmmumlelﬁc (bﬁﬁuitl@lesaltaa]mﬂaﬂ@deﬂam th a Gtermnal
ion, was expressed in BL21(DE3

t f f t
105 L o b
([Psﬂhﬁm%@ef%% | c\’)\é}q €l b tPgﬂJS dunné\l'nl d/'ﬂgggpenments (Chen et al.,

G ycosylation in npylo act r-jejuni
Fheat Pm’mlle tCT Pmﬁ@ﬁe@omp@r@tlﬁ: Anaibf:ms of @mSeubsIﬂatQSﬁec]ﬂa@ & N-linked

her.eby i
PRy kart RERebRES BB 2 SR ek bty
icAgfoMtedVBPreafbrefcAin 1i§lteﬂf1fé't}?)a|A GRETRE fRkd (@i *tete'mﬁdas%f MBP

domain of MBP, MBP |acking its native secretion signal
Wape¥RIessed tthpel+ end eghifnap!i ergypurifind tWBP ngy/r Bemresulting protein was

Eflﬁg%ﬁg_g F?g{l:tgé gf BFK[ gep% %l)’ligurrf]:g1 PC p?élgt4ﬁj§ e@%%é resugs were seen

ekpn degadeTag wms indedd toahd Na@fmians anio BRI p- @Kycmég fusions

ni ckel affinjty chromato y (N -NTA Spin

By pet a'g Oétorleﬁ%reﬁ-eg é*flﬁ\OHh%Sf‘@ret@ntsmﬂﬁi pRpSidevere not

R BT, BB & BB T P ERIcRY wpory g ane

@‘m@t’tép rﬁhfamfdlpﬂﬂaﬁPrﬁemlWﬁtyh dhe wiw Tagivesdomgaiitis tw1thft&her secretion
ﬁ erial h ﬁ’t asacchari de. g& COS(%‘JI ati gn was dependent

BHOEBEUSR AURE LV BRI Y s SDiRgHWay asigaidenced by the

Edsplatis o MBINEhd BEP ¢ geqeralaestrdPndexpsRlE
??ansgfor med with ACYC%{Eimef nor ﬁ?ackllltnXpa ge‘ ure 4C Incertam

apgHalelyopy lrden ok e (gyglegoyl MBEds m@twtfﬁsmh‘afﬂlam the giycosylatlon of

| n| ne,d.ran tio
SR ] By T £ 08 AL SRSl RS L ORI ey becr
Gmemstrited o @ soAs) profed @rﬂe&f@fzéﬂ)ycé@hgﬁg%&daaﬁ@ihess(@@ﬁﬁhﬂ%t al.,
ner. The anti-heptasacchari de serum

. h
‘lf!é\‘f‘té’él:a@éolﬁt of kelkfike Reesptaidsiaedatingnérs heripdviame o Mal ose-binding
}Qrt)temjjﬁ\tcﬂnpit%n%tfm gﬁﬁic Negly 7}191 Ok1;,188s ?2(5(?/% UL hiSh is hereby

show that a peptide contain Four consecut

iDeotporitc Dy Eleseguanys mrretyﬁgflf iis eneugiohyd giaymeMBatcelgicmg fusions
gIB durin ng %r] vVitro experi. rrentsA%CFen et ah, "From

PRI HES PURr B A Ve iy Ar dReS PeRintid %?té%qmt bpsterium C' jejuni

BURSIRaEIOc ARG fur &l 4rY o Berdbd l20kigd (S "
j ej uni .é?BI ochemi st ryg46cr 5751Q85 (2007), vﬁﬁ %ng Amany as 12
gggagpyper protein are possible if GlycTags are introduced to both N- and C-termini as

well as inserted into permissive sites within MBP (Betton et al., “Creating a Bifunctional
Protein by Insertion of Beta-lactamase into the Maltodextrin-binding Protein,” Naf
Biotechnol 15:1276-9 (1997), which is hereby incorporated by reference in its entirety).
These MBP glycoconjugates would contain far more glycans than any naturally occurring

glycoprotein (Ben-Dor et al., “Biases and Complex Patterns in the Residues Flanking
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i ncorporated by reference inits entirety). A GycTag
fused to the CG-term nus of MBP was expressed in pgl+

w@popgdis4 E. coli and purified to 20 ng/L. ThePCT/US2009/030110

resulting protein was efficiently glycosyl ated at
multiple sites (Figures 4C and 4D). Simlar results
were seen when the dycTag was noved to the N-term nus
of MBP. MBP-d ycTag fusions ge gerat ed in pgl- E coli
or expressed W thout a secreti®®n si gnal peptide were

not gl ycosyl at ed g qure 4C), confirm na that
STy EBay T At s H s StesprGentiologan H0gr 814900 Bxpbich i bereby
s&g{j@? bPhAMRhESRGG!N Ry,  The dycTag vas

er secr tl on pat hways such as the
tw n-ar g| nine transl ocation (Tat) pathway as evi denced

osyl at i P and. G-P targeted for
%f' i‘bg i%‘?‘ﬁ%é%yfqﬁiy 108 &G cofip ce?t ai n aspects,
NPT e " o BoSymalisierties sleR e lanaex human gly<oproteins n
Qieyﬂéﬁ?fa%edf%l}@ule‘%ﬂ otHekreAOT Aok Fis iffc ﬁg) a fubl- Rfigy hYRRahas

recently beén denvnstrated as protel carrier

frnmugd)gl@lmdmrﬂlg@éf!b? I/)aagamneemtl@ﬁ)e tommdfaz exgiresabd in pMAZ360 M18.1
Tol | - atin

@Eig% EH %lal“ %ﬂoln ngl&ggfeﬂsl ﬁg{ ﬁgg@ t&oﬁ1eAg{an/gtl:1r@hes xpressed

Renghididhga §81.Y Sar Blordcagd! A5mvans C01393:1&85is ﬁgﬁgglncorporated by
whi ch is her eby I ncor porated by reférence in i

@rﬁ%rw‘é’tly)ﬂs eptirel ) WAy mgfaterbda siterdiredied mBReehgpisTAik Change Kit,
{
ag : 1?#2% ﬁ%{bt el Staf’ﬁnepl%%ﬁg«% atgr HGRE i ej Sﬁ? FgoCl},/ ﬁgaggnﬁ%%(CH.Z) was

he pat ogeni c errum

glujecanoskparct beidso mnedg@mﬁe ab@ekialadadoslation Aviif D-X-N-X,-S/T
gnf ect g\gus agents. many as 12 gl ycans per protein ,
@I g&d MpINgG Primesy QcTé%@gaaag@gpgﬁ%maaqa@cqgemwg@n& and 5

flimc%gﬁglg{ab% thca%cdg%ggt&@% 'e3“¥ fsﬂ@fﬂ‘gﬁ? 1 ngxth% K% 1D NO: 18,

e ton et onal
@smcémybdel}weng c:qnescfonBatfw }banipﬂanﬂsfeBIi NDEBNE. coli transformed

%L%%%@%’gq FAE gf’%g’t IH%W‘%AI ﬁ@%&%bi\&%rﬁaz “N-linked

GBLesH e 1hr€ahI lcﬁ‘:‘él&t'ef j%}dﬁ) and’ H@Fﬁ]%ﬁalgﬁm&qmo@%ﬁ "SSeience
woul d contain far nore gl ycans than any naturally

DB U0 hg OgR )y ebishos ér:rmbr Benaroated by mfereneeamas@snaem@ IgG Mi8.1
S.oFl
RERy B RO LB AT BiryS i Bit el Digh Byotein AG

Swii &ht, iPErchﬁ m@yubjmm sps&t@@Eby nbetRIEMgE 2%13D85ge1s and Western
mple 3 - 1gG ML8.1 A ycosylation in

t et E.
fgg‘i“% tﬁé?]sctm \a alirhpman fKs G’rrpﬁ@ga)@ncyb%@f/ pRiisep ofised against
(0 TR o) BTN HREPA Sh BRI ORI AART PLsgeny o 1o
MU nscilarad frogl Db (DIE 3§ Eg@ll\/ﬂtz&si[c)mmg avms;lsAGHChp@br hAXIYT-

PG LRLCRTES Bl ol S0 RSN £ bliboroRned bshindL Y¢ ol cross-
rbddURK IR BadrXdt] @588 6an specific anti-serum (hR6P). This IgG banding pattern for
pgl+ and pgl- cells is seen in Figures 5B and 5C. However, only IgG M18.1 from pgl+
cells cross-reacted with bacterial N-glycan specific anti-serum (hRé6P) (Figure 5B and
5C). These results indicate that human IgGs can be glycosylated in the periplasm of
glyco-engineered £. coli cells. Accordingly, in various embodiments, the present

invention provides glycosylated human IgGs produced in glyco-engineered £. coli cells.
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in Escherichia coli,” Nat Biutechnol 25:563-5 (2007),
which is hereby incorporated by reference inits

we@piopogtyd ) was nutated via site-directed nut aREnEs1089/030110

(Qui k Change Kit, Q agen) such that the gl utam ne
residue at residue 295 in the 1gG heavy chain (C H2 )
was nmutated to aspartic acid to introduce the
bacterial glycosylation notif l'7>X| -N-X -SAf (Figure
5A) using priners (5 -4
gacaaagccgcgggaggaggat t acaacagcacgtaccgtg - 3' and 5'
cacggtacgtgctgttgtaatcctcctcccgcggctttgtc - 3) (SEQ

ex pm%y onﬁuﬁ he %E’ﬁlﬂgf] %‘H#rg%ﬁ'gslé%wéte%‘%léay\g‘ﬂ%“
VB3R, st BUBRT> uhaL ohn R RE Y AR g (et etal.

M- lﬁk@ﬁlymaﬂhﬁwn inﬁ(ﬁd.lﬂ;bylﬁln{dtelrﬁe@uzﬁliiﬂﬂﬁtb ouattioha PNghSkr into E.
to E ca §C| ence 298; .1790-3, (2002), which is
e Saen s ARG RUIORD. Kbieb it hereby icriperii b Xy Toclinds

iy BRI 5] AR Ly O RETOLE oemien
@lLbDD@)‘aPla}’ﬂlﬂ the bpcee:ual theptSREeIRAGE onnhaosik mﬁue: iPhgniid YCjaA was
on v

PRI e B SRS BRI MER &1 CEVL G B AR appended

ﬂﬁﬂkﬂwodlﬂ@&e@@ﬁtf&f d @heﬂi‘rﬁﬁ&l%@@@ Qﬁﬁé&%ﬂg 'L]E)lspla‘T( was detected by
characteristic I)%@ bandi ng pattern was seen
wgghating sellsar sl s¢yhsan BEduiDESYniBZatedld ﬂltqrawsrﬁtdynréﬁBw\a-Mexa Fluor

%%?B%% RoiBAtaf PPSH i dllded B g%&g%’toéxé%try B coli BW25113

waaSEnaaahedmiéd Withaciey bl pAGYCANmaPEeRhdNeE et al., “N-linked

(g(;tl- erum (hR6P) . This 119G banding pattern for pgl+
gopdtionde Campytobaglghjejynl padyisy Bunchipnalridasdsr ipovieveh,” Science
| f:

PSSRkl B0l S RIBEHRRRLAY ] o pcion

@headd BCresullhe flecrcesut tabelindiGiataa atthelimdny p@an cogismeday

B A Tl B o
fjﬁm““' ﬂﬁMﬁrpuasﬁﬂd pCAM ﬁ'@r?sfé}h«béﬁ M éﬁh%ﬂFJﬂewﬂg%p%ﬁi)Acyc-

ced in glyco-engineered E. col i
Hﬁlf@ip‘l (Ayacker twﬂl i rﬂlétﬁlk@ﬂ Gitxspsdaeimio mpsthebaBace jeguni ahd its

1 03 E.coli
ol THBS R £ R SSEEpee e D YR I ip povey
ifdorparatet aﬁylr@ﬁérdnﬁe (ﬁﬁth@&EFfoWett@ﬂnLH]bt eﬁlﬁg/sistf&]owed by probing
Functional Transfer into coli," Science 298:17 Oy%

Y(H0GE anfifeRam radseHagaiBst thabasigen bﬁl@@sa@%ﬂméﬁer ence in

its entirety) expressing the C.jejuni C aA protein
fromplasmd pC aA as an outer nenbrane anchor

Kiagglaged K. kelilidgtcltliage DigdhaSaaemari de on the cell
surface. Plasm d p( aA was constructed by inserting

10TH=t] Codl ngi)ap&gbxon of drAC.gBpifieni pKigamid pAer APBADAEs performed in £.

th the coding region for a Ctermnal FLAG
cgg F%t CHIY Eﬂt}gy ‘[kﬁd%ltlag RETBef Jojputated version (pglmut) of the C.

Jejuni giycosylaﬂon locus and the appearance of AcrA-g3p was analyzed in whole cell
lysates. Immunoblot analysis with AcrA-specific antiserum showed a signal in cell
lysates of both TG1 pgl+ and TG1 pglmut after 3, 5 and 16 h of induction with 50 mM

arabinose (Figures 8A and 8B, lanes 3 to 5). Anti-AcrA cross-reacting proteins with an
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i ncubating cells with soybean agglutinin conjugated to
fluorescent dye (SBA-Al exa Fluor 488 conjugate,

wologosdiss Probes) and anal yzed by fl ow cyt oneRCHUSH09/030110

coli BW251 13 waaC. Ksmtransfornmed with pC aA and

pPpACYC- pgl / HW (\Wacker et al., "N linked dycosylation
i n Canpyl obacter jejuni and its Functional Transfer
into E. coli," Science 298:1790-3 (2002), which is

hereby incorporated by referen®e in its entirety) or
pC aA alone did not result in fluorescent |abeling

@W@ﬁ naqle i HTR¥E OMEOL& 8Hﬂ<ﬂﬁ@@ﬁewn§@;b}veﬁ té thy qakwblted mass of the
g\eclnl&?}grfuﬁ{)ﬁ) hl%l bF Qamy ll:?.Da ?hé a%y%g%at et pﬁ?‘%{% n‘%‘“&h glycosylation-

expr Ing t jejuni
PR} cathc &mma&ﬁomﬂed tfm tlid b&eﬁxh&x@ecbdiﬁYﬁ DOfej @i WhORY&M d¥hcts and

&5 Wacker et al N—I|nkeﬂ Gg]cos ylation in
Y1 grndecnsefereare v aiibe b cpuiided Sim of hadséackengtal., “N-
Fnk&PG osyfﬁi:tio‘?ﬂﬁ@ ?rgf?/lobll&gpjeﬁmg %Q@RQ me?l ?Ql Trﬁv@? 19@/}3 coli,”

|ncorporate ence inits entirety
BtigtceatPlt 1y7§Ds3 @ﬁDPbmobhby hpnebjo mmgrpmrztthd bhREFerandd lsetsu:mxrety)

gl%guréqlcg gﬁ;er%étng;tegx%ﬁg% tve %ETAS vg;ﬁ*%/ %%@gﬁe of a%)(()utn% kDa can
BAlpriRRIRRdqh WhSleA@3Psa Eésqjﬂmaﬂ%mcglldoﬁ%@ 93mdIash  of induction

performed in E. coli TA cells at carry either the

Ffaigilr\?egC( paies P 1©p). dhatn detaprove thet the Aqpdtedn fusioh préteinGras
dth f
BB KEBRC LA SEHETE Lo et oo ” °

| munobl ot anal ysis with AcrA-specific antiserum

home signal_in ceII | ysates of both Td | + and
é“magq ‘?arlm Tipg-dependent fxgression and Glygegiatinn %9 A¢rAse3pv
ﬁ} glnose %F ures 8A and 8B, lanes 3 to 5. Anti-AcrA
19S5 1 eacti ¢ prbeapisssedindnsiamabpaiam éxie 28 p phage coatl

h t
Bilor 3R Bl #Rla KR R EPANAE D ME A ALIP I FaDHRYER the pectae
kaseB Isg@at BYUSEE %@Bbﬁeﬁclgn&dm;gtrym 9¥ tiatdcom 3Dcﬁéﬁg fsd:cp.lence for Sec-
R12) that ee al s agaj nst e
@ﬂ’&r@ EFPPS(I%%?P)PQ& € FEEPSRBA £ace ffgﬁgegsgpe% Fh@ﬁ%@on protein was
@1@%@6&% thi @reﬁ»ﬁﬂb@@ﬁiﬂh&%%n@%ﬁ@o@é rép?és@ib(evmxg r@xrnolgl‘ ‘A 24 -amino

"Nli nked @ ycosylation in npyl obact er JeJu
Fih bokasrveds jTrtaprst @ betivisenthe expabied A @ai addbe YBIETLH0- Bms linker

(BB oMl BT A R R Rt P B ity
fMl lblvea byah eﬁibbﬁitolﬁfb@cﬁanUﬁﬁbp tHat &Qra‘ﬁ%!ﬁé@ s @RleymBe in E colz supE

detected _in whole cel|l lysates of TA pgl+ cells aft

draing (¢ gnd Glg- Welypionrd daa phoge £ tullgtawgénweegip@ fres M3 3 on G)ese vectors
J[&;‘%gsfgf% ¥ e%é E% 61 &i %HQ{% strpu?deﬁ h%ﬁgﬁl% fstprﬁerl e% 18‘? Wi :c’elper
phage- Hébe«iti;émboﬁngrpe*ﬁs-lmm Vadry Qﬁﬁgszaﬁddoxmti@fmher pACYC-pgl or
;ﬁg{:e—(}g}?ﬁmut (Wacker et al., “N-linked Glycosylation in Campylobacter jejuni and its
Functional Transfer into E. coli,” Science 298:1790-3 (2002), which is hereby
incorporated by reference in its entirety) and whole cell lysates were prepared from either
non-induced cells, or from cells incubated with 50 mM arabinose for 1 h, 3 h, 5 h, and 16
h. Proteins were separated by10% SDS-PAGE with protein standards, transferred to a
nitrocellulose membrane, and visualized with AcrA-specific serum or with R12

antiserum raised against the bacterial heptasaccharide.
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[0105] E. coli TA expressed a fusion of C.jejuni AcrA
to the g3p phage coat protein froma plasm d conpri sed

W@R00pAg91pAr a- Acr A-g3p. I n pAra-Acra-g3p, the pRCI/ES09/030110

| yase B signal sequence ipel B) was cl oned upstream of
the acr A codi ng sequence for Secdependent

transl ocation to the periplasmof coli. Expression of
the fusion protein was directed by the arabi nose

i nduci bl e and gl ucose repressi'il’e pBAD pronoter. A
24-amno acid |inker was juxtaposed between the
expressed AcrA and the g3p domain. This |inker

ESPHPAET OB DECAFhAS M Ly pigonnin

st opp LS Lranscribed as
gfmﬁgm. ne | ﬁ&’%g [ﬂrc‘qu@s Ergléhﬁ(z‘vlr gff%iﬁshaﬁaonng p @A)crA g3p and either
pACYIS bgirorgfa @ Ye-pghaged Wrickbndi ., g‘enuh@kfceglmsmmn v 3)
gn th e vectors all owed for_ packagin

PRgYe %Ct‘?rdﬁldléh%ésg%mcao%ltTéﬁmSgetEﬂétPl nﬁ%t iSeigred 398:1790-3

L0 B AL RO A 030
(Mackibiredetoyhéan, aggmtimmWHoy c@umhmqtunﬁnamcm The total colony forming

Ca cter j.e i. and i ctional Transfer i
E“%F%? PiSingitbiBgsthon obfhsS S peyink et W%Wﬁ@rcgwmmed by
inﬁK‘e@:bﬁ OF L &ATQY cER /IIONE hel Rednb B 8NbAt 1Y inABSnA!&periments,
cel | g/sat es were p(rgec?ar ed from either non-induce

fge

£l nymbdegof pheges cel) oA tpatning thd 66 refvltarea®F deaker fresh

e e o B BE s Qe S A TBRREHE g e

&Bmcbhmﬁelﬂauhﬁxse Smmoan&uo@mdfrwmlmmd PBERvashing steps;
cific serumor wvith R anti serumrai sed

A
ionar brand 7 béﬁ@ﬁ@ﬂgéﬁeph@fﬁb%a&@rﬁﬂaweaﬁﬁﬁl Gacion 8, 9, and 10,
(%'t%}f été SCV@ltﬂlr 96h ‘%{” %X&B@“iﬂ FH}%I% 1%31/’—\(:?& as visualized with

Bi opanni ages pro cel
dndir Hory murpAnéﬂﬁcpTéGegsqnoﬁthd becttt:rhlzfl the plA&X¢Chartgle vars v1suahzed with

CYC- pgl mul ((\Wack [, "N-1i d d | at
R B rC et BRI hockira! ebSomERi SR baneTh SHepEEe
pr@;ﬁe@atﬁm Rk 2, gBﬁcﬂlcﬁﬂ-@lﬁ‘roaﬁg 14698 -z30 12Q9d) frafoh€ UAShSPBS lanes 5 1o

ereby | ncorporate by reference inits entiret
Tpyash ggctiansiwitoll M eda@ggzbeeﬂBSaweaﬁum 19, (18BM) fréctions with 300

FRLAB RS Rlle 15 01 P Pt LR st . e
Prodveddnel ver.e xdm“ ef. OSthDédl by 10mbseto’on 2@f 0¥ fragk ]:;Edgpared from

cells and are the neans of at |east three i ndépen

T bedlistherhosing pheaiisr e pend pigods-reliey b léd. 1. SIS 010,

200 1500180 5L B B5 81

pI\C‘GF{ngramp#arednalpzeﬁhe:sﬁ@ﬁwelgl um: fraction 2, SBA
H throygh; fractjons 3,,and 4, PBS washi n% ,Steps;
dtion Snage tigpepixo. Qﬁd@hlfﬁng‘ﬂ @85 4 £8. 30 UpMor TG pglmat,

8a é{:ptr%ﬁg'p%cﬁg%Bp, pAGh &%uﬁure%u;&&ﬂﬁa&[%ere obtained. In order to
determine whether glycosylated AcrA-g3p fusion protein was present in the phage
preparation, an SBA bio-panning procedure was developed that allows specific
enrichment of glycophages (Figure 7). Phage preparations from TG1 pgl+ or TG1

pglmut, each expressing pAcrA-g3p, were mixed with agarose bound SBA, unbound
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elution steps with 300 nM gal actose in PBS. The
presence of AcrA was visualized with anti-AcrA serum

wW@aInsmspr esence of the bacterial heptasaccharCTES200%030110

visualized with Rl 2 antiserumraised agai nst the

bacterial glycan such that: Lane 1, raw phage

preparation; |lane 2, SBA flowthrough; |anes 3 and 4,

wash fractions with PBS; | anes5 5to 7, wash fractions

mﬁth 30 nmM gal act ose i n PBS; fres 8 to 10, elution
Lactlons wi th 300 nwlgalactose in PBS. Inlanes 1 to

RNageR yepsrennyge 8y \ﬁ)évrcessa‘ffpwsewa BePSDEHPCES and PB&sestaiing 30 mM

5x1. 2 40l

Bk, il sP anatua ity SR sp bl ot m

pﬂ\i eoudd th%*’@@!m b&ndecptk@fﬁamgd wih th‘b lﬁmibd @ﬁgos’&c&bﬁbd@'{ﬂwamy et al.,

x|l 0,3 Xl ]S repared from Td
‘T@OHQ%F FH% %ﬁ‘lﬁlﬁ AB‘i)l( S %nlsgp SRra-RepeAgglutinin,”
@nﬁ%y’z’gda‘”ﬁs@gqﬁ_%gﬁldwglgﬂ Qs)l(ﬁaét]bp)P a@&%o{;a'tédec; e?efren%% 19 }:tg entirety).

Sipilas d8¢rp gvf-'pzagpmd g8ihe respectivie veesh cfmk:tithéOBb(pr rphagcamtparanons In

t I d
OB 5000 e g P P DS S0 S i e e
i 3phage garae@)aé &dri pfhﬁ%es&l‘br§3@ 1040+ RRRBESHHEL }PA&@&%@H I@hile the titer
was developed t hat speci fic enrichment

@‘PW F;ﬁlglé@ %IPP@@ ké{elﬂf l\l\%ﬁw@l EW epageatioon$Gil rnghnm@xpressmg
P22 (R T by DB GO S R SR B e

xed agar
d@n(mﬁtrdteb;hesmodmmsn wéintasive piycopies anil tieiRPSci®io @nREment by the
containin al act ose. I actose binds to SBA
HAPHERTC erl ' gl?ﬁ DIEEHES %ﬁs BePs¥ sk AR -Bip Digioaprepeip in the

ﬁ‘ﬁh‘ixo’ﬁ@ Bf Soth @@&Eﬁﬁ%é’&pb‘ﬁﬁgmts Quals %h h rm WUan ﬁ]ﬂﬁ)ugg&'?éjctmn after

osacchari d m c an
$@ﬁ AGE st mt@g C(f motmgfapwd@n Bi sighiah goﬂmspSm@oag BeAnrA -g3p was

Bi oc m 15- 2
TR T By RE B g S iied O A ety edp specfic
intds hare disd SesenBi Be fﬂ@wﬂﬁlrdd@htaﬁ’lﬁ in Seles WHﬁnrY?ﬁ@ps (Flgure 9A and
fractions for both phage preparations. In con

W lanes |3, %ﬁ]érdéaéélqah 8bﬁ%§g tiontseecifig enalovaspreseof Withitl)e R12

|
S S FAEh K6 hSy  RAE sin
pzﬂi;lm‘erghi\agredlsai for bmrb?g:@gmw@ bmeebA 1@ﬁAest)© %{gumﬁ THOR 12
ages rom nmu expressin ClI A- | gure
e By B HIER fo e Clar 00T R Ao reacts with
M@?c&?ﬂ%%&ﬁt@ﬁa {18 cRl fﬂq‘H 5rﬂgu19%1§m] ‘t"%% ¥§nels ¢ and d, lanes )

gl ycophage and the|r speC|f| enric
tpdnhnimgprignde.gtenerA Nesxdn proteén qimasﬁhn@hage ﬁepmaylhsadle@d with

" s PR Gt B el igp B o 187 et sover
thaHe dgedrEsblcandabed inSRSTIBAGE. @Iré 98, el Qtléke 1), which

phage protein, a signal correspondlng to AcrA-g3
agrees with the glycosylation of the protein. As expected, phages denved from

glycosylation deficient strain TG1 pglmut expressing pAcrA-g3p did not display R12
reacting fusion protein (Figure 9B, panel d, lanes 8, 9, and 10). Therefore, phages
produced in the presence of a functional C. jejuni pgl operon displayed glycosylated
AcrA on the surface and these glycophage were enriched by SBA panning.
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detected with AcrA-specifk antibodies (Figures 9A and
9B, lane 1). AcrA-g3p specific bands were al so present

WO poovlag9if4 ow-t hrough and in the PBS washi ng stBEEUS2009/030110

(Figure 9A and 9B, lanes 2, 3, and 4). A clear
gl ycosyl ati on-specif c signal was present with the R 2
antiserumin the elution fracti on when phages produced
from TA@ pgl + expressing pAcrA,g3p were used for
pannlng (Fi gure 9B, panel c I'anes 8, 9, and 10). The

2 antiserum shows a high preference to the

é‘?kﬂ@bsw at 4@ Bohentet fmpAm@atfy af dés methed uwiificd glycophage (8x10°
?ﬁfj B HEOE Y %bqquﬁé m@ gsﬁf&&%ﬁ&fa 0l ﬁ%flex%&wmo 10*-fold) of

ure 9B,  pane | anes
hgipomstyhd’udzd ghagt: Ipa)d@lcedﬁb)f ﬂiéill nglrmmtlmdmd@tpe ah&applirdphagidgle SBA

tlo s eluted with hi Lact se concentrations
Py SeielTipgair nsnte swa oA Fegy o peeen e cophage
§h@ﬁ‘§ﬂcds?ﬁfbdtﬂ1ﬁgé by k&&c@iﬁﬁ%ﬁél?se@%tf% a@&n\l\ﬁg lycophage
fl owt hrough ('Figure 9B, panel "c, |ane I C g? §
ppntpingd élegimb@ost}bp a@d@nrndge Aheﬂxgﬁppreprnsmmcaesqueow}ek& the
Q@?Qoe SflaqeeJ rhéag {%{ gnog]A%ﬁé‘l(‘f gg%l @t’}d‘qﬁ ? %f ngiﬁ g&ua%s r‘%rg re-lc-:gvered

whaﬁ bni@@l;ﬁd@h@g} Wisapplied (FSBNHAnSBe. WaRehLlydopHa@h @2 rSmixed with
and 10). Thegefore phages produced in the presence

6"? eqpaf gmetitsrd0” © 1G° Pl‘jlrﬂXC?f@IOf @gléﬁ@ﬁylamdsmhaayw average of 96%
I I
SN 00 0 1 D 5t S LI OR s
the spadibl St A, yegplclivlg aﬁé&lh&dquermuylfﬁmrﬁldngﬂlcyaﬁﬁb a@ﬁplymg
%ﬁ@l Oe\(ix cf ugm@) oduced Pﬁ%( g@s %_ pAcr A- g
USiVely fElY igal yc@rpt&) lowregéhg, é]@jgylptéitf grfectious
?A’H’\Ql%s . @Bgll@)e ed). QMOT%]at(@&L: %Hﬁnd B‘SCH& ﬂ?@ém&ﬁq‘aegﬂ& tp%gges in the

a single SBA pannlng step hi s experi nenta
dml@lw&dcftdmew ¢t fifdsee gtylcaphagn, kﬁephmgelmdgl f;mm pzkté:geccamdtunon were

b f th
OB RE B T LR i onose wo
é& l 1011
0 i 5 s A A 3

@@ﬁ@l@%er&wa&@aWﬁ%p%%m ekycowhage omdycegcl lycbphdge+, pAcrA-

15 cOREAA B0 5 S BBRNNE P50 NG ERISS 2 K6

2] &ph@hﬂdﬂhopzbdg&: gl Eﬂ@cﬁsz&hf&%ﬁﬁr&ﬂe@ttﬁ These data
6 0. 5x1 06), and 79% (6. 3x1 06

0. 2x1 @fg % O
Ynegriyo gyeéfa ﬁﬁ‘h }%Y%dewotsm caprgingdiag vlkgd
l%@%s%&lﬂé@@é"ﬁ@taﬂéné@y Wmhglvtaﬁﬁt &’1'3%’@%(? Sr%ﬁx?éﬂétﬁq)hage (ii) the

excl usi vely agl ycosyl at ed phage
Qy@ﬂhflgﬁ:mfioﬁtlbmmeﬂiw merlendlicienibf, cnriflendrit dasors as hlgh as 10°

3 SRRt B aing i el e iaee iidet foom micctvity
aveh evhen deigected MCoRNBeRds &%m@ggﬁm gs from each

reconstitution were anal yzed by Eagl - Ehel digestion
that allowed the differentiati on between gl ycophage

l‘?{]aqnple 8 - Expression and Localization of Yeast Glycosyltransferases in E. coli

[0109] The generation of the ManiGleNAc, oligosaccharide structure requires the
functional expression of several eukaryotic glycosyltransferases in E. coli and represents
a classical example of “pathway engineering” (see Figure 10B).

WecA-catalyzed transfer of first GlcNAc to lipid carrier.
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non- gl ycosyl at ed phage. At |east 11/12 phagem ds
showed the restriction pattern of phagem d pAcrA-g3p

W@ bwp/0ges4 packed i nto gl ycophage produced by TEIT/(8290%030110

pAcr Ag3p) cells. In the elution fraction where only

gl ycophage was used (positive control), 12/12

phagem ds showed the gl yco-phagem d specific DNA

fragnents. These data unequi VS ally establish that:

(i) glycosyl ated proteins car gi'ng the V-1inked

hept asacchari de are anenable to nultival ent display on

19118kent ouBagnargaylpyraphosphategrpEs 9%1%\@@1@%@%%%% of an
: r i Vg

B R LBl b Rl R e B T e .

alngiféaring Nyliykaipbragén GidomdbtidroBethi ifect OvAhygeaven

bR S et e AP aH Aol Nt Pacad ST 14°
Ry combdNanebor asrH it Rerfoy FRbipolRdOR refEnISHGE %hﬂn%gg. Ink

of the Man3d cNAc 2 ol i gosaccharide structure requir

£¢6 bacinprenelnBP-(drAe ssamrapfd Bemdneaioprukaf yod LHOP-GlcNAc by the
osyl tr fera i E col.i. and. represents a .. . L

SLSORHEI ARRTBF SRR Baia) DR TSl g g i

BOBYiendMD B4 320841 Iy2003 )t ARSI €hereby frichSlordR ENAG f$1endel iRiid

carrier. (01 1QJ Bactoprenyl pyrophosphate serves as a

HieY erlhetsforendisendapgiiops Bbsipte shn §o ysrdolidrstaringmotgsale in an

SHeR) BRI, Bl (ATORN B TANE AL FRErBlicipg end
Oic@‘é%csesi@uéistdsgﬁﬁaﬁopd&(ﬁu}tﬁ%&f‘:i‘bﬁb@rﬁﬁmﬁbf eelay@iR OFTs (Tai et al.,
Escherichia_coli,"” Proc. t Acad. Sci. USA .,
TIPSEHq %P%Eiﬁy( %fdbeff}mﬁﬂgﬁm}og fwﬁ%&wq@e&ﬁ smgfesgeny’ Org
CRERBEROETDR (] it gt I i in its enti

e o ool Pl a L ety o oy T lrspcs ) but

apdfulliDis ik cogqadrempnts fod a Weaarptiot@s hisybehte dMackd et Al “Substrate

s EXpor.t s .fic Li ol ysaccharide,” Frontjer

P B P B R s Ses B RS SRS Commayahoten
Viaciomped fifr @ick Byciéefl @h@RGRarkfid $3%t@d, T PRIY Nar ThESLRE! €154
this endogenous substrate can be used as a starting

HEEIB8H 9P 2¢400) avlhich ischeatbypaedineipted hatre forange arsits grgirety).
Man3d cNAc2 ol i gosaccharide. The reducing end G cNAc
residue is essential for the substrate recognition by
exdmapleOt-i CEGfvtssi¢nl af y@abt Algl3/14SuliscpAt e Specificity of
the @ ycosyl Donor for digosaccharyl Transferase," J

[O1p1]C hem B (B124 Giad8A ¢ 2R rasevbt g ddgithel®le second GleNAc
incorporated by reference inits entirety) but also
etiflyg hasgeqently beequidenipfiad is veast &Biskelieapl.otRiesyod®sis of Lipid-linked

! I " Subst rat i‘%i Lty of
AR LIS Bl s MIE IASHRELLL T4 Kol compie
Ragairsd érr tMeEhanitismofl GlcN ha2Baetdiickdl, an @i FukaEy B0 4500-34506
%&t eng, " Proc. Nat '|I Acad. Sci. USA i
( ). which is hereby incorporated by reference in its entirety). This enzyme is a
complex of two proteins, encoded by the ALG13 and the ALG /4 locus from
Saccharomyces cerevisiae. Algl4 is an integral membrane protein, whereas Algl3 is
peripherally associated with the cytoplasmic side of the ER membrane by virtue of its
association with Algl4. The reason for testing Adna/ cells is that inactivation of dnaJ is

known to increase membrane protein expression and suppress the severe cytotoxicity
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103: 7088- 7093 (2006), which is hereby incorporated by
reference inits entirety). Exanple 9 - Expression of

Wy 2@smsNsyl 3/ 14 in E. coli [0111] The bl, 4 G cNAYUS2009/030110

transferase for the addition of the second G cNAc

resi due has recently been identified in yeast (Bickel
et al., "Biosynthesis of Lipid-Ilinked Aigosaccharides
i n Saccharonyces cerevisiae - lr%r:ag 13p AND Alg 14p Form
a Conpl ex Required for the FoPmat i on of

G cNAC dol i chol . Bio Chem 280:34500- 34506

%92%%:5 \W‘?.P Eﬁf P@rﬁfér%‘t{’;ﬁklreﬂﬁé@ﬁ 5&‘2&%@@8“%9%'&#1@ péRckotein-coupled
Ré&pﬁﬂ@xb@sﬁbn egécﬁcﬁ ¥ 08;: éﬁh gltgﬁgﬂgiﬁ B %‘hg{&? he Membrane

proteins, enco by the ocus
FntagmatBacd s Hnyme§eu&al@a1mabuemd&e;eﬁ1@r I’ Biaechnnt Bipeag (2008),

TBEBTETe GOl B ERriedh eriaBlt The er *

RIPr ane byoi protésn ﬁf)m' ME 4366 CHAL 4 DR NhrethifY 41 %lé -appdiled with

reason for testing Adnal cells is that inactivation
of dpasinsl %ﬁﬂﬁﬂag Boinrpdasend @ BidMd-Gne Apg lok asipandedprigs s Colarminal

e R T T A —

lﬁpﬁﬁ;@itﬁthe-sﬁmlb&l festtiBe aep tiRrpeHxp (RS BbIE frakissN eht 6MuBle fraction
coli: Inhibitory Role of DnaJ on the Menbrane

Wit egihar SPyh bt 04 HOxeufitiah Mowish tha purcaraBiandpellet were collected as
(RSB Band niphidr SRR o, QRO ERP Dhe Wb LA Récrion
¢hdieakd r bt2e and B honpdyCh0aide witloDi2%c ahbisnexpaemsbatwith anti-

3. ded with a Cterm H S from
%%Pﬁérﬁna@%% OTRCRALI0 dqlerTYe L—%gﬁh% S{S%t‘%fﬂtbgg englapiiiagpsed to
dolefMarERh U RRE isbBEe dRSM WOk BRF arddMEQNEE hMYALLIQ Qn@f)robcd with anti-

20, 000xg for 20 m ns. The supernatant represents th
Hohg @n@bffd‘yd@tdﬁ@ﬁf Ald4HeA @ @D]l@:ﬂl@‘d atRehdunspdsubidection. So]ubie
fra rther.s

TBRUBERLAI % R L A e SRl B RaDY et n e

lﬁ@érlmﬁtﬁﬁna@agﬁre 1$B) waeaabaaﬂedrenbr ane fractions,
res ect ively. The soluble cytoplasmc fraction
[Bbl3lect ed l‘dﬁxt AG N AcHrns Brase geipo st wilhbruesied i aitraptsalerived from

FEPRhAnTs (Pl RPN, b R PR PSEY Qlispypgphorides in
Seashansegl el @emontnar-e\lgtmmmglnp 5} Eﬁﬁ @ ohipden E/E&flﬁﬁﬂ farntﬂe

| - FLA
o etk RN IO e Ldfob et Eray“gfheera§%w§5%%4506 (0 whicn i
He%&‘%do%braé@ Ipy t?!:f%re%&? [nei%sér@l?etgfe arfd e HRvibd f(;fH)%%lOl%\Of bactoprenol~

cytopl asm (Fi gure 11A) and cor insertion o
HRﬁGd%\‘rznwélrbemmyzahby (al‘éslgmg e mmy wite rd-@oNarc\aed analy51s of

3J se,agt.i vi
e Rbfialgs PSe PR SR RIS £ bbbt P
flokgcchBides @h S@dch@omyceBi@syiihdesis 3pfablidt 40 Pgfa Complex
A1 gosaccharides in
Required for the Formation of GlcNAc(2)-PP-dolichol,” J. Biol. Chem. 280:34500-34506

(2005), which is hereby incorporated by reference in its entirety).

Example 10 - Expression of Algl and Alg2 in E. coli

[0114} The process of the present invention further requires the expression of

active Algl protein, the 31,4 mannosyltransferase, and bifunctional Alg2
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Saccharonyces cerevisiae - Al gl3p and Al gl4p Form a
Conpl ex Required for the Fornmation of

WER@NAg(12) - PP- dol i chol ," J. Bi.ol Chem 280: 345B0F 882045030110

(2005), which is hereby incorporated by reference in

its entirety) and the in vivo formati on of

bact oprenol - PP-G cNAc 2 will be anal yzed by | abeling

the cells with 3H A cNAc and %qalysis of glycolipids

usi ng standard nethods (Bickel"'et al., "Biosynthesis

of Lipid-linked Aigosaccharides in Saccharonyces
swneQsydraeterasp) etayzipgitbe additivaf bethrthe cCdrmpidexd ,6 marmose residue

i ked f t.he- F t f d 2)-PP-dolichal ," .
Tt ST T R A C A
faraninpDcali €0 Raylly efadl enGers Ryideficeefol tHeabya) Fufdamire 140 and
- Expression of Algl and Alg2 in E. coli [0114} The
ﬁ\rl%)lcléé%%flaltM@H&Sé’g@ﬁﬁfeﬁaﬁ%ﬁtN-bﬁkq‘dﬁbfﬁ@prote@qqusé@th@m”

%W%?ﬁgcrr?QS @CS?'SI-%E)B X?OG?% gﬁ%Wi%‘bﬁ leflay. t‘p%lipﬂdl % Not a Necessary Moiety

mannosyl t ransf eras I functi ona
Aird pmrimbsy Il igasstkarakeubsiadied gfzhayianhesyaegdisfarans bfvolved in In

DAL P, RTINS b8! e Bt 16 (1999, whic

We%‘é%&?ﬁhdﬁr?@?@fe@%ﬁ@@efdﬁc@ﬁl tﬁgiﬁ-ieﬂt?refg@rm in E coli
OReilly et aL, "In vitro Evidenceé for the Dua

A8l i on off ol pRteim&om HCH100 Bgs@hk. @lli cells expressing Algl and Alg2

| t.nansf ergses | i nke ycopr.ot.ein :
DA MO LG Bt s Bk (B By Nrgrmina
Widrsduxie{TralA) solubldity @RGasisabjbBitio @eMNEERSESH ¥t MRV tHOF0 mins,
Li pid-l1inked A igosacchari de Substrates of the
ths sHeE DRt rRsreeH aded andhipsthorespup st | 90,94Gxgdor 1 hr and the pellet from
M = O] j . Biochem.J 310 (, Pt

O B s LGRS R AS RATRY Mol BRI gy gy heested
frefex-Bneie3, drant Seiouremisi indbyor, Blotd Slerelgbbdd WitRLEHBXHIS antibody
&{onwégnégo AdnaJ _E. cgo| i é;lls_expressing Al gl and .

ryPegc A appRhdRbiaiie - 58 lpedliteheqrraspinsthedgnes mepmbranc of £.
the case of Alg2, an N-term nal thioredoxin (TrxA)
solubility tag was subject to centrifugation at
Badl16ooxg fNext2Mamiass|iranfferase peviatvalinewds molebted reektracts

nd _further un 100,,000xg for 1 hr and the pellet .

Plieh fohC PTG cap Ptk anainBine prody (Gt
Ak dne Hvicatd QrshowLg atvastedighamagel I ssatnidy 4

and 5 hours post induction. Blots were probed wth
Mamnosglangerses ipdinket GlyseprpteinBioskinthesis.h BRicgemeryA5:9593-

[ G ' hei _ I of .E
o B SR Mo ehislles BPaPRn TGP Ty ol
Memn:bs}vbrahﬁ"le]ltaesﬂeukeis gﬁ_oagetrmatbssoct&r bgler@cﬁﬁ)gﬂﬂidrf ”ﬁﬁ&fllﬂ,r”ﬁbﬁ J Hum
. coli ccording to an established protocol

%@%2‘.‘%@-%%{5%%)5, Which aGh heepy s ReTalsd g reeaacpbileir entirety).
Function of Alg2 and Algl 1. Essentia

Prophetic Example 11 - Construction of an Artificial 4/g Operon

[0117) After verification that each enzyme can be functionally expressed in £
coli, a gene cluster encoding all four of the above yeast enzymes will be constructed on a
single plasmid backbone. Co-expression of the four Alg enzymes will be performed in
wt, AdnaJ mutants, and in the strain C41(DE3) that has been previously optimized for
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Mannosyl transferases in N-1inked d ycoprotein
Bi osynt hesi s," Biochem stry 45:9593- 603 (2006) and

weleasaset al ., "Deficiency of PCT/US2009/030110

GDP- Man: d cNAc2- PP-dol i chol Mannosyl t ransferase Causes
Congenital D sorder of dycosylation Type Ik," AmJ
Hum Genet 74:472-81 (2004), which are hereby
i ncorporated by reference in tEeir entirety).
Prophetic Exanple 11 - Construction of an Artificial
Alaﬁ%gfron {0117 After verification that each enzyne o
pe CARIAIET R spign %Pé% §by- i Rver-predpction cgfé)ﬁ@tems in Escherichia
EHHMBEnEICRITRE Aldw §PMheN oﬁ%f@@%r%ﬁ%éﬁﬁﬂ%mobulm
wi Il be constructed on” a single plasm d backbone.
Botanrpatdsigh devas,” t/ndof Biak 2081 2R %98 (1I966), witidh o dereby incorporated by
gﬁrforned in.wh} ﬁngJ tant§§1and in the F%r?in

TEREI] 1 FAN s BRSNS ET A U §O GpieRtiongl the four Alg enzymes
HEl FERAMD TRMNE PV Rb GhrinaBikh bﬁﬁﬁt@ﬂ}er(dwﬁfﬂ%P@Aggﬂhang. This will be
"COver -production of Proteins jin Escherichia coli

sariared Py snedabphis dabslipg eelbyitih ddinsanppseJons0 Nanby HHE. Bactoprenol-

If: . Proteins. at.H gh Levels,." /
B8R PO B AL Aoy, SRy PR S puekpEormance
byuid eh@oengeaphy (HPS.(ONds deséribed iARRIME DAIS “@bBEHhal N athesis of
co-expressi on of the four Alg enzynes wll result in
Mrangss luphosphasy RatrshCibobukiiepdnybolppirae drfigentyalycoprotein

) . . i i n al .
S eSO Bt TROARBA R DS A0S
Sl 6gds attRBanitlels istiekdbybrceptmed thede feraice asedentacg.

BRBHE *C a Xyl B iree CRBSmen ity Bt loplrs i described in
R4l hesinsit fill MeapRsentto RRRS PHALEINRRE FiednCak RV Alses

in_Carbohydrate-deflglent d ycoprotein Syndrone Type
Bpdfisiianst aldiiians, bsiiphoranmbiintike eatDed meilemithptit departing from

). 8..:165- 71 (1998),. which.js hereby. . .
i XERELOOR R Byod SR IEwEE? Mitkerot ibideBid) S Gl the scope of the
PAkicholngbntivnefelkeriael eekoaihiemnic Baye. been depi cted and
described in detail herein, it will be apparent to
those skilled in the relevant art that various
nodi fications, additions, substitutions, and the |ike
can be nmade w thout departing fromthe spirit of the
invention and these are therefore, considered to be
within the scope of the present invention as defined
the clains which follow WHAT IS CLAIMED: 1. A
prokaryotic host cell conprising eukaryotic
gl ycosy!transferase activity, wherein the eukaryotic
gl ycosytransferase activity is eukaryotic
dolichyl -1inked UDPGA cNAc transferase activity and
eukaryotic mannosyltransferase activity. 2. The
prokaryotic host cell of claiml , wherein the
dol i chyl -1inked UDPGA cNAc transferase activity
conprises Algl3 activity and Algl4 activity.
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3. The prokaryotic host cell of claim?2, wherein the
Al gl 3 activity is encoded by a nucleic acid nolecule

W@ auposEsfag a nucl eoti de sequence of SEQ | D NGRCT/LS909/@30110

4. The prokaryotic host cell of claim?2, wherein the
Algl4 activity is encoded by a nucleic acid nol ecule
conprising a nucl eotide sequence of SEQID NGs: 3 or 4

5. The prokaryotic host cell__of claim1l, wherein the
mannosyl t r ansf er ase activity’égﬁprises Al gl activity
and Al activity. 6 . The prokaryotic host cell of
WEM%CWWW the Alg 1 activity is encoded by a
nucl ei ¢ acid nol ecul e conprising a nucl eoti de sequence
of SEQID NGs: 5 or 6. 7 . The prokaryotic host cel
of Ic:I ai m 2Ad1whblngd)th:| hdsecal gﬁn[atsﬁﬂg\/élﬂ(ﬂryiosic @l}g@ﬂ,&da@ﬁer&e activity,
nucl ei ¢ acid nol ecul e conprising.a nucl eotjde sequence
i eféétj‘flfl‘ VRN SEE %B?O%I.trag?nfgﬁﬁ%af& drdr soanetisesliclydilinkgd UDP-
Gl AN AR tradSErhREL1i CRITREA &IKAB, 0Bk RO Carlskdr RRAS Bvity
activity. 9. The prokaryotic host cell o{ clalm8,

wherein the eukaryotic tlippase activity conprises
Rft| &cti vithgprokeryotinbosscelk af glaini ¢, Waereingh¢ Holgthyblinkesh UDP-

) ' 1l VI LY ncode a nucleic
Sl ra LAY o B el TP RO R Al BV st

ID NOs: 9 or 10.11. The prokaryotic host cell of claim

1 furdher thnpokaiyndge besk aely of ¢laindl) Wasaiaahanydl3 activity is
traa%{erase activit .‘éz. The prokaryotic host cell of

wicaiieh B2 nyHer aFid moleculy roBRERnhAPYIIeetdstequsnga ef SEQ ID NOs: |
@&ctivity conprises STT3 activity. 13. The prokaryotic

host cell of claim 12, wherein the STT3 activity is

encoded by a nucleic acid nolecule conprising a
nucl ebt i delkeppabarzetiohossEd ¢33 1N@s2. ieran tHAlgl4 aclitiey is

' .cel,l of claim1 furt I Si
BleOHE Pl pIlp Bhigdforecd! ndiThedn b et sFOEP-L&f QD Nos: 2
@ldaim 1, wherein the eukaryotic glycosyltransferase

activity produces oligosaccharide conpositions

selected fromthe group cqnsisting O G cNAc ,
Mani C; "cNAC2® WHQ@’ %M@géﬁﬁl Wi@bﬁlﬁ(&he.rem the mannosyltransferase

activity comprises Algl activity and Alg2 activity.

6. The prokaryotic host cell of claim 35, wherein the Algl activity is encoded

by a nucleic acid molecule comprising a nucleotide sequence of SEQ ID NOs: 5 or 6.’

7. The prokaryotic host cell of claim 2, wherein the Alg2 activity is encoded

by a nucleic acid molecule comprising a nucleotide sequence of SEQ ID NOs: 7 or 8.

8. The prokaryotic host cell of claim 1 further comprising eukaryotic flippase

activity.

9. The prokaryotic host cell of claim 8, wherein the eukaryotic flippase

activity comprises Rftl activity.

10.  The prokaryotic host cell of claim 2, wherein the Rft] activity is encoded

by a nucleic acid molecule comprising a nucleotide sequence of SEQ ID NOs: 9 or 10.
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16. A glycoprotein produced by the prokaryotic host
cell of claiml1. 17 A glycoprotein conjugate

W@ uuposEsfg a protein and at | east one pepti dePCT/US2009/030110

conprising a DX1-N-X -T notif fused to the protein,
wherein Dis aspartic acid, Xi and X are any am no
acid other than proline, Nis asparagine, and T is
threonine. 18. A nethod of producing a glycosyl ated
protein, said nethod conprising:” providing a
prokariotic host. cel ] conprising eukaryotic

gl ycosyl t r dheeskasetigdoptgellyol clgvarlelupthetrronaiising amkpryotic
: tivity is eukaryotic
%EF§%%§#%$?ﬁé&%ﬁﬁéggﬁg%kwm transferase activity and

eukaryotic mannosyl transferase activity and cul turing
t he prékar Jybtipeokagsticdekt cellndetaindidivherensthe bfigetat shary]

0 oduce. | ycasyl d protein. 19 The nethod of
iﬁagﬁ?ﬁai%?&\xﬁé ?S%erf%esa%@ﬁ C@HW'- | i nked UDP- Gl cNAC
transferase activity conprises Algl3 activity and
Al gl 41acti th?)r&@:yoﬁbﬁhoﬁﬁich(lﬁ cRimabaivRerbfh th¥BFT8IBtiTiRleis
mannosyl transferase actjvity conprises Alg 1 activity
SPﬁdeAq?  ag@eleisi acid molecqigcompriping agtucleptidenengenagted SEChID NOs:
t e, ps okaryotic host cell further conprises a
eukaryotic flippase activity. 22. The nethod of claim
18, wherein the eukaryotic flippase activity conprises
Rft| a&ti vilhy p&arybhie hostdab o okim |l diirthér cBnfpuisingerprotein of
cgngrising a eukaryotic oligosaccharyl transferase
5’?]9ity. 24. The nethod of claim23, wherein the
ol i gosaccharyl transferase activity conprises STT3

activisy. Zhe proRerydtit Red cefl oeLRini 18hehahe ik i fic

gl ycosyl ated protein is a glycosyl ated anti body

glykpwiEansisrasg ACINiTPERGEA OﬁmS@?ﬁhasd@ goinpesitienmdelsited $rom the
- j p ion ich,i

bRy SO SR R SR BB PN AT S e i

met hod for screening bacteria or bacteriophages, said

met hodb.c onprglsiopgoiciexpodssd hy theneokary sy osgtalcahsaion .

the surface of a bacteria;

17, A glycoprotein conjugate comprising a protein and at least one peptide
comprising a D-X-N-X;-T motif fused to the protein, wherein D is aspartic acid, X, and

X, are any amino acid other than proline, N is asparagine, and T is threonine.

18. A method of producing a glycosylated protein, said method comprising:
providing a prokaryotic host cell comprising eukaryotic
glycosyltransferase activity, wherein the eukaryotic glycosyltransferase activity is
eukaryotic dolichyl-linked UDP-GlcNAc transferase activity and eukaryotic
mannosyltransferase activity and
culturing the prokaryotic host cell under conditions effective to produce a

glycosylated protein.

19. The method of claim 18, wherein the dolichyl-linked UDP-GlcNAc

transferase activity comprises Alg13 activity and Algl4 activity.
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attaching a | abel on the one or nore glycans on the
surface of the bacteria or on the surface of a

whawvesitdphage derived fromthe bacteria; and BCEHUy2091¢s0110

the I abel in a high-throughput format. 27. The net hod
of claim 26, wherein bacteria conprises

gl ycosyl transferase activity, wherein the

gl ycosyltransferase activity is dolichyl-1linked

UDP- G cNAc transferase activity ‘and

nanno | tragnsferase act|V|ty 28. The nethod of claim
vﬁ rei ﬁ}lf:ﬁ*é? thpsh afHim_ 18, ibsts P NenaRpe ransiTatcac Yy

@&hka&Mﬁ%?Q&%ﬁ%@ﬁd lgz%ﬁ\g tivity and Alg 14

activity [aim27, wherein the
mannosyl transferase activity conprises Alg 1 activity
and APg2 adhe wicthed @@laimhie, mbtivauthepralaajoric2ibst eeticneher
%ﬁn rlS%ter a fyrg er .conp |ses flippase activity. 3 1.
Pt Rod %?Oé? Hﬂ?ﬁﬁm rein the flippase activity
conprises Rftl activity or PglK activity. 32. The

met hod2of Thanftda of WhemhaisN wheeiRe tekdrfotfcunippak act1v1ty
conpr.i ses oI|gosaccharyI transf er ase activity. 33.

RUPHGYS St IACHY W 32, wherein the ol i gosaccharyl
transferase activity conprises PglB activity or STT3

activpiy. $fle mbiRaRLRGd l@ffuﬁhﬁgﬁ%ﬁsmﬂ@%ﬁéﬂ?% oligosaccharyl

bacteria is subjected to sal I ng-a
waligraserngtividss.  The net hod of claim 26, wherein a
bact eri ophage is subjected to said Iabeling and said

tho. bakt or 1 BEGuPEleRyh dne B PR LSy chnend g actviy

aehprisss8TaAG @ctityh a hel per phage under conditions
effective to produce a bacteriophage with one or nore
glyc ts surface, 36. The nethod of claim_35
furt h ?}%m?hﬁg of glapm d Bi wherpiadhe elveptriaedpigiaimisohe

QPmﬂ@ﬁ@ugﬁyﬁg@émgﬂpﬁ égr surfaces. 37. The nethod of

ai m 26, wherein said labeling is carried out with a
l ectin mhlathe@mgnmmmﬂnaugﬁyaﬁmnabnmhe)sumﬁaaﬁugﬁlmhb

bacteria or ac%erlo h% P has. a detectabl e | abe
an ¢ portl ycosylated at a conserved asparagine residue.

26. A method for screening bacteria or bacteriophages, said method
comprising:

expressing one or more glycans on the surface of a bacteria;

attaching a label on the one or more glycans on the surface of the bacteria or on
the surface of a bacteriophage derived from the bacteria; and

analyzing the label in a high-throughput format.

27. The method of claim 26, wherein bacteria comprises glycosyltransferase
activity, wherein the glycosyltransferase activity is dolichyl-linked UDP-GlcNAc

transferase activity and mannosyltransferase activity.

28. The method of claim 27, wherein the dolichyl-linked UDP-GlcNAc

transferase activity comprises Algl3 activity and Algl4 activity.
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38. The nmethod of claim26, wherein said |labeling is
carried out wth an anti body which recogni zes a gl ycan

w@eoovkgoisur f ace of the bacteria or bacteri opha®@&r/a82909/030110

has a detectable | abel.40. A glycosyl ated anti body
conprising: an Fv portion which recogni zes and bi nds
to a native antigen and an Fc portion which is

gl ycosyl ated at a conserved asparagine residue. 4 1.
The gl ycosyl ated anti body of aim 39, wherein the

anti bqody is,nonocl onal . 42, The gl ycosyl ated anti body
of cl ?m 33}*3\%‘?%% o i iy BséR thednasapsd irgnsigrase activity
comprises Algl activity and Alg?2 activity.

30. The method of claim 27, wherein the bacteria further comprises flippase

activity.

31. The method of claim 30, wherein the flippase activity comprises Rft1
activity or PglK activity.

32, The method of claim 27, wherein the bacteria further comprises

oligosaccharyl transferase activity.

33. The method of claim 32, wherein the oligosaccharyl transferase activity

comprises PglB activity or STT3 activity.

34.  The method of claim 26, wherein a bacteria is subjected to said labeling

and said analyzing.

35, The method of claim 26, wherein a bacteriophage is subjected to said
labeling and said analyzing, said method further comprising:
infecting the bacteria expressing one or more glycans on the cell surface
with a helper phage under conditions effective to produce a bacteriophage with one or

more glycans on its surface.

36. The method of claim 35 further comprising:

enriching bacteriophages with one or more glycans on their surfaces.

37. The method of claim 26, wherein said labeling is carried out with a lectin
which recognizes a glycan on the surface of the bacteria or bacteriophage and has a

detectable label.

38.  The method of claim 26, wherein said labeling is carried out with an
antibody which recognizes a glycan on the surface of the bacteria or bacteriophage and

has a detectable label.
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40. A glycosylated antibody comprising:
an Fv portion which recognizes and binds to a native antigen and

an Fe portion which is glycosylated at a conserved asparagine residue.

41. The glycosylated antibody of claim 39, wherein the antibody is

5  monoclonal.

42. The glycosylated antibody of claim 39, wherein the antibody is polyclonal.



