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Nunber RRO1614 and > L E LS, Jpyention
relates to a nethod for P&Tg?g‘d@ﬁgxﬁt%y‘égﬁég‘%m’tﬁges on an LPS
backbone structure in Gramnegative bacteria. BACKGROUND OF THE | NVENTI ON

Conmpl ex car tgohydr ates occur in nature and are involved in a wide array of
bi ol ogi cal functions, including WM OFRRIERIAY and fungal pathogenesi s,

e Oy cet | andrhibbsdieehiddains pROALTIECTy S AXBR, plyRPSTONES and

pat hogens to cell-surface receptors a I'n anfigéen-a recognition.
The term " conpPEXisional dpmiipation $erial Nath04ies7 54, GledMayr 18ay99of whiskni cal

compounds havi ggitlien i905EBl oYl 8, LGHOL,  where the monomer wnit s
t housands O

sel ected from any of nat ur a I?y occurring or synthetic
nmononer s, including, but not 2GOVERNMENDAL QIGETSe, gal act ose, nannose,

fucose andgialic e PO arldes m have addi.tional. constituents such
as ami no, SIB| fate ?ﬁ‘gﬁ%ggﬁ‘? S%}?Vgﬂﬁg?rxfeﬁam%ﬁﬂﬁaﬂ gty 3 thigygvention

car bon- hydr ogeFinancialjsuppoarveas pTMﬁﬂQiyﬁH@Nal@&ﬁSin%ﬁiu%fﬁll&%ﬂna 0 ten
saccharide unifs is ';[?r med e}_@ o¢‘g§gosacchari de éOS and that consisting of
more than ten Sacenart Feseinder Grant Nymbey Al2681 fxom the MHH(Magpnal These 30
nonosacchar | deCmsr faHRgedrtioREurBAuRR: DN ubBedtR 1878 Indih gl {1 €7 ent. vays,

| eading to an astronom cal nunber of different conbi nations an

permutations. It is found that FELDPRIHE BRYENIHWi es and even tissue
‘é“ét hi n an e gani sMTHisf ihedntibR rel SR S¥erhd %&gg—ggﬁ%%gglf %@ﬁfcg This high
gree of variability, the highly 1 8 NOV CT/ USOQ 13538
speci fic conpdépehyisates oman ngw}(bmﬂurﬂgn(ﬁrmb@gatb/arbm&ﬁajr ates and the
wi de BACKGROUND OF THE INVENTION
Complex carbohydrates occur in nature and are involved in a wide array
of biological functions, including viral, bacterial and fungal pathogenesis,
20  cell-to-cell and intracellular recognition, binding of hormones and pathogens to
cell-surface receptors and in antigen-antibody recognition. The term “"complex
carbohydrates" embraces a wide array of chemical compounds having the
general formula (CH,0), where the monomer unit is selected from any of
thousands of naturally occurring or synthetic monomers, including, but not
25 limited to, glucose, galactose, mannose, fucose and sialic acid. Saccharides may
have additional constituents such as amino, sulfate or phosphate groups, in
addition to the carbon-hydrogen-oxygen core. The polymer consisting of two to
ten saccharide units is termed an oligosaccharide (OS) and that consisting of
more than ten saccharide units is termed a polysacchanide (PS). These
30 monosaccharide building blocks can be linked in at least 10 different ways,
leading to an astronomical number of different combinations and permutations.
It is found that strains within species and even tissue within an organism differ in

complex carbohydrate structure. This high degree of variabiity, the highly



range of biological roles nake these conpounds especially signi fﬂ@@q}(zgug
Gram negat i %‘Bﬁﬁ&gri a contain conpl ex carbohydrates, which are '|'inke to
lipids to formlipooligosaccharides (LOS) or |ipopol ysacchaP¢TiEsoo(it$38.) The
5 i munogenicity of the LOS and LPS resides in the carbohydrate noiety,

whi | e pathogenicity resides in the lipid noiety. For this reason, OS5 and PS
are useful as $raudi nempagadmsinaGramotagatd senmel KPSl gnd G wide

i dentification fo Kol neglat i ve baét eria. United States Patent Application
5, 736, 533 di scl'Ge8s o7 §Bs AL PRkfbese tampunds Fspasialivignifeanti ¢ agent s

agai nst pathogens t IGramAReali AEba6RHS B3R cHHRBL SarBlhydfafs P fiah Qe Yinkddf €Ct 1 ONs.
It is believed that gc? hogeni ¢ bacteria are able to colonize tisSue by

bi nding to car J8HPHs tpophgosansharides (L3S )on dipepadysaecharidts (bBS.) Pieovi di ng

an excess of 5 sgagiunbeers@tdd e O 1ol result i.n conpetitive

i nhibition of bact e%i_al ’t:%: o.n‘?‘?%ﬁ”%%g*%%dééﬁi%%&%gh??%%%wam ®LOS can be
produced by gr dahageni¢iey wpides iniths liphdmbeni dor frt kka@anOs and P$ hiéfugefuMi t h
subsequent cle . |A_pi i ety and urificafion. However, nost
pat hogeni ¢ bac%??’gmg% 3&{@%&1’%%6 a‘ivﬁp%/:h%ﬁefls ﬂ&ot\rﬂl Wm‘ﬁlﬁﬁ'ﬁﬁf’r%ﬁ%{‘s and sl ow
growi ng, nmaki ngegdnives baatea.of production inpractical. For exanpl e,

Haenophi | us i nfl uenpaet ég known to rg&ui re a carbon dioxide 20 atnosphere
and brain/heart extratt WES%PEV\&WPI lndelrecté displppesioligesastharidesr y  poorly

in broth cul@® unesfulras aheramaiié edenfORgARH pMBo s HAE hre A addifi.qp, many of
t hese bacteri al gat hogg&fségg‘f.sg)g(r;exgrrpl g, l\gnsseri a(&%ecrﬁ'gr%gia?%wss;a?can be

dangerous to (FBWAPR 8 hdisvediaanpathogenie bastariagte avle taepiosize and

possi bl e i nf eCﬁEﬁBby%ﬁf(ﬁ‘%to cdrdEnyRiPleld Jn%h%&rﬂ&@ggﬁ?g{sngan%&g%ﬁ structures

of fastidious bacterial > _pat hogens 1 n bacteri rarns's

Escheri chi a coP® xf# Sapatifiesdlublawligesasoliasdesmainaksuly irovontyspitidd ihibidai gh
density of ferspplrRhfcdtfY.zdt@nPr 0duce these G5 and PS from fastidious
bacterial pathogens. Eucaryotic proteins and peptides frequently have
car bohydr atlé noi et | @8 and BStfresi LPS and 0 san batpreducety @owiigass épesiali Ndi ng

sites for hor . ' are, 30 S | ycosyl at e that is, have conpl ex
car bohydr at esrTPﬁ[E_n glo‘é{%gélﬁén WS &’é%g‘t'ot?sg‘@%éﬁtrég“ﬁ@ﬁ SReHPId metesand: i on to t he
recogni tion ropuwificetiorh diyetewt, atosBpathogeEie B5ctaHayart fstidiSusRh 8RS arowth
t hr ee- di nensi opal. fol din ZJ ol ?}@gpt i.des into functional dlycoproteins.
Bacteria do not g ﬂ"&gﬁ’%ts %8’{31” Qaking this Beds efpraduption igmpradkicadr in 2 WO
00170060 18 NCRbr2fAitple PRALAkSPRANMABRR 2 (SR toGetind @lc@Bbn hdxidaat of
eucaryotes,,For that reason, although bacteria ale

20 “aumosphere and brain/heart extract for growth. Helicobacter pylori grows very

poorly in broth cultures required for OS and PS production. In addition, many of

these bacterial pathogens (for example, Neisseria meningitidis) can be dangerous

to grow in large volumes because of the risk of aerosol and possible infection
spread. The ability to produce the QS and PS structures of fastidious bacterial
25 pathogens in bacterial strains such as Escherichia coli and Salmonella minnesota
which grow rapidly to high density offers a rapid way to produce these OS and
PS from fastidious bacterial pathogens.
Eucaryotic proteins and peptides frequently have carbohydrate moieties
on their surfaces, which act as specific binding sites for hormones, which are
30 also glycosylated, that is, have complex carbohydrates linked to the peptide
structure. Moreover, in addition to the recognition role, carbohydrates are
necessary to the proper three-dimensional folding of polypeptides into functional

glycoproteins. Bacteria do not glycosylate peptides and proteins efficiently or in
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wi dely used as production cells for grow ng eucarvotic peptides and
proteins, \HGh- s:ful human gl ycopepti des such as erythropoet it mvemgjirovm
in mammalian cells. United States Patent Nunber 4, 70-3, 008@7E$0d358% a

met hod for the 5 production of erythropoietin, in which cells such as

Chi nese hanster ovary cells are transfected with the DNA coding for the
hor none and gr G\WRanAsE equielanhtobbat of elicamiotts. Bbritha pesIE althoupBFRbENa sF8di um  The

resul ting hor ' fficientl imlar to the naturally occurring
hor none to beme?%\g %lgt§l F?S/&ejas §°d5°qcf?ec¥gﬁaé’ﬂﬁ°é‘“F?o"r”"arPfEl‘l"FaF?FPH%S.a"ﬂ!@’f%ﬁnaddi ti onal

utility for | sehet edful bahin Speppides Sthao Byt aiottn i offim mSRIRELIL Ve
i nhi bition of di@gaﬁe ents in which infection is réliant on Surtace-

recogni ti on gl y& %ifeg IFsdrkmhumpes 4, @R 4% Hiscloses @ mhatiwednfor theunodef i ci ency
virus is known pksdubiisto ftedythBBoist ich ES . T-4, | hocytes. If an
excess of free T-u4]recep'torﬁtga%grﬂﬁglfgﬁﬂggg%arsﬁénﬁfcPﬂxﬁqﬁé’vﬁ%&‘ﬁﬁ f1uids
of the pati ent aratFaRstested with shePINA chiing far chet huembmecsnd Grovboiyads ataband i s

effectively prgus - i the T-4 | hocyte, Conpetitive

i nhi bition of bi ngfle ﬁag“{’)#ggpﬁ%d. %%%?esrg%du%’e”e ?W&M?" sgafctEndy r ati on of
cel | -recogni ti simikmlethehasralipycdniog HohRoipe bt becHod &Y hadapldlic fhhe treat ment
of aut oi mmune gliu%eas%s such as lupus erythematosus, nultiple 20 sclerosis
and rheunat oi d althiitis. Such ol edul es may bind to the cell receptor,
bl ocki ng tHé bi ndi ngnaditibifal @ittt RBMIEE cANHeRad L&BoNAIRL icayse the
degeneration seen in such. disease stat es’_f: Ur_?iet_ed %tﬁgtt es %a{ éﬁ}rillt Nunber
4,745, 051 di sTIORELVE INNaGPLdisease aganisas avhinh imfptionris etiantmesntfaceel |, a

nmet hod t hat ha&c@gxﬁ@gﬂ osARRE hoahdsO e oduct i of

gl ycosyl ated pepti.des %géd %r otgi ns. ngf\g{/ﬂén}’,ﬂ’ tmﬁi1 gI Jy‘c‘:%ﬂ%‘{%ﬁ'&ﬁm?yesul ting is
that native to"fH¥ds kapyario bindde diesuifany redfeptor gh &4 lymphdcstes [fmmnmese than are

typi cal of nma | ' roducti.on..of. peptides and

pol ypeptides in ég??é?%g% tgrpcra@’(?gg(%rilﬁgﬁé P“?:se‘i“i 'gﬁ?esbc\%@’ Iﬂ“@éf’ggﬁeipéﬂ%. theheni cal

and enzymai$ c viewvdgllbind tgthedizs phrbohydeatSthdis piféctiodly pRdeitbdi8ins are wel |

known in the ark..,. I United States Patent 5,370,872 discloses a
el the T E P Bfor

nmet hod for coup Y§- car boxyl or hydroxyl group to a protein.

d assi ¢ organic syrﬁdm&ﬂﬁvﬁhhiﬁmbetﬁndﬁé}bbﬂhﬁgﬂi%t%%eﬁ@%‘?acl:?ﬁ';ﬁlot\)/een known,
but with limted.pr lication. In WD 00/70060 1 8 2003

actical .a
PCT/ USOQ/ 1353 REE] 0? gelle ﬁgi’saiﬂr’fl imQlecijcs may hipeertherapgutic piientia il exity of
the gl ycopol ynhe treatment of autoimmune diseases such as lupus erythematosus, multiple

20  sclerosis and rheumatoid arthritis. Such moledules may bind to the cell receptor,
blocking the binding of the automimmunie antibodies which cause the
degeneration seen in such disease states.

United States Patent Number 4,745, 051 discloses a method for
expressing DNA in an insect cell, 2 method that has practical application for the

25 production of glycosylated peptides and proteins. However, the glycosylation
resulting is that native to the insect, consisting of higher levels of mannose than
are typical of mammalian cells. '

Practical production of peptides and polypeptides in bacterial production
cells is well established. Chemical and enzymatic means for glycosylating

30 peptides and proteins are well known in the art. For example, United States
Patent 5,370,872 discloses a method for coupling PS through a carboxyl or
hydroxyl group to a protein. Classic organic syntheses of compiex

carbohydrates have long been known, but with limited practical application. In

-
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nol ecul e, many gl ycosidic bonds are | abile and nust be protected and

depr ot ect eqv(gMH' 6;63 chemical synthesis. adding to the difficultyl B MoV 2003
synthesis and "?&ucing the yield of product. 5 Because of Hdreusde/assgacks of
organi ¢ synthesis, enzymatic synthesis has been devised. It is known that
gl ycosyl ati on proceeds by the step-wi se addition of nononers through the
action of sucheddnipyneshe dffighljieahhaaaiie (RS9 ]e‘gngof[hg b :ﬂvﬂr ducts can be
further m)difieq by | yases, acetyl ases, sul fpt ases, osg oryl ases,

ki nases, epi rrerP%S%‘ie Yﬁfw%%‘@sP°fﬂ4$aaﬁ%¥aéﬂ%\é@smamepmedtddl@d 10 United

States Pat ont dymbeled SuARcSRALARhARSIAHER B SURRLVLTS, S gihesis on an

1
I mmobilized matrix. A need renains for a note e cie s I cal
met hod for thé'ed”ﬁ’r"édféfc‘(lf’lé@fﬁtwé@npl ex carbohydrates, and gl ycoproteins and

gl ycopeptides conggidi ar.bohydrat es .specific to a species or
tissue. 15 SUMMARY %?:da'krﬂ tﬁﬁ%hﬁ%ﬁ%"fﬁ‘e‘" ‘Fé%"é‘ﬁ‘fs‘%ﬁwleﬁm%esaihﬁ%ct ed to
the product i oeerdeyisapl kis knoamblohgilicas:eidnpreceBd CEUEE bRt daaibi 1S here

di scl osed t ha in.bac ia,. such ~as Escherichia cols Strain K- 12,
have a core |f°5§‘§é‘%§¢{§m’%%gﬁ? W‘Q“PgF?ﬁhﬁéFm?féﬁtg%@!mf%ma"Eﬂee product i on

Il al teuctim prod ' to th
cel | al so conteitim g @mﬁbemhmaiﬁbﬁé%%é?g%%ﬁhﬁs% %Hff{/a?erd 0 the

term nal hept Oﬁe t?f n aﬁ_ceptor, nol ecul e, " suc dce lucosam ne, to
form a "scaf f 8'YP ‘m&@ﬂ"‘s fiRsRs: GPREHSER MRTRYi2sscn sransferasashaed thedikechar i de
MONONErs tio f UhieESHRS PieHNaHY 91395 98¢ herwi se suitabl e
production cel | lacks such an enz'yrrg’, 8? ﬁéz%%gsg‘gr\hc%ﬁ?%b"sfﬁ@%%‘ﬁé’“rfe ( UDP-
G cNAc: Undecaﬁ?@'ﬁ%?bl@eémﬂx-l phosphat e transferase) of Haenophilus 25

i nfluenzae may be AR - eduction cell. Preferably, production
of rfe is enhanceﬁ ?rl{eﬁgln%?&éger}r\%gc%m?ﬁ@“ RAEHC3} Bated forgke t he gene |sgG
By inserting Prgeétion ehewmbilenragichydtaranaiiay aapmoudif MdidhRopeAct i on cel |,

t he conpl ex @[mgorﬁtles S@%Ci fic to,g%cteri a such as enophi | us

i nfl uenzae, lasery o MREhcarRohydiates SPeFide asReriesriisTuechi a coi |l are
produced. 1¥mmal i an conpl exSEMMARNYOOF At NwERiIGS POl ysialyl can al so be

produced. Accordi g@lﬁ , _the invention provides a process for the production
of a conplex car %&P?ﬂ‘é‘“ﬁm‘wséﬁ'ﬁﬁﬂ tnthe preduettoned carhiplega) i nocul ati ng

transformed dafteBpEFikOR GRbARHbAEAL - ' capabl e of supporting
the growth of said 4 WO 00/ 700801 gt%}%%éﬁg%a% $HBfbduct i on

cel I's wher ei rfS&E87Ariphia gelé Sirain Ko 2. haverr eorp lippsaceiriribey with anakosdli ng
heptose. A suitable production cell also contains an enzyme which catalyzes the

20 transfer to the terminal heptose of an acceptor molecule, such as N-
acetylglucosamine, to form a “scaffold” upon which glycotransferases add other
saccharide monomers to form complex carbohydrates. If an otherwise suitable
production cell lacks such an enzyme, the DNA encoding the gene rfe (UDP-
GleNAc:Undecaprenol GlcNAc-1 phosphate transferase) of Haemophilus

25  influenzae may be inserted into the production cell. Preferably, production of rfe
is enhanced by the presence of the gene products of the gene IsgG. By inserting
genes encoding glycotransferases into the production cell, the complex
carbohydrates specific to bacteria such as Haemophilus influenzae, Neisseria
spp. Salmonella spp and Escherichia coli are produced. Mammalian complex

30 carbohydrate such as polysialyl can also be produced.

Accordingly, the invention provides a process for the production of a
complex carbohydrate which comprises the steps of: (a) inoculating transformed

production cells into a culture medium capable of supporting the growth of said
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bacteria conprising (i) a core lipid structure containing a ter{r’gnﬁk‘gﬂ
hept ose nn{y%%}.,&m@nd (ii1) an enzynme capabl e of adding an accep N ﬁ]écul e
to said heptose nolecule by inserting an isol ated DNA sequBabES®A3BEi ng 5
gl ycotransferase synthesizes a conpl ex carbohydrate into said bacteria to
yield transforned production cells; (b) allowing gromh of said
transfornmed pr BEPGEsosseiehereingaid pfeducnacaie niengemeddbyciemploading ar bohydr at e

fromthe cul tur ' o Lnvention al so provides a process for the
production of aﬁaci%mglulﬁ o%‘g;%@%%r@ ¥r§g:p1 1 CR OB ATUBE 2 tefmingl pepiose  ( a)

transform ng gr @eleegand (5 anlbaniner dapatsle SPIddFign@ actdprét dlERild thRLE Structure
containing a teééﬂt]&gl 0heeg_ol se_and (i_ig ag enzynme that adds a gal actose

mol ecul e to sai & PHEpISAEUEIY, BIeHngASOlgtrd RFoeruency easdinggat i ve bacteria
are prepar edSbygiganmahsfeatd $8thasiv@c Qmpl&QaohsikS iA0 shﬁ%%agﬁadm% sequence
coding for a gl%gr{os#oragferas_e that 15 synthesizes an oligosaccharide; (Db)

i nocul ati ng sai TREG Brefudion catly: Ao gdietving srovutbtofisaid tiangfarmeedcul t ur e nedi um

capabl e of suppgodichien EIR; M R S a| acterj a; ré‘rg)
al | owi ng growt Eﬂgf ‘said i noéﬁ(}é}at g@%ﬁ%%ﬁ%%‘%’é@%éﬁgg@%{% ﬁ'%fn e flogrg)
recovering sai dnediifosacchari de fromthe culture nedium Using net hods
disclosed in this a I J. a praduction cell suitable for 20 the
practical producti oﬁ@gfl&%biﬁ%?alﬁo e ac%rlpfﬁﬁ%rﬂé"t@?d\%‘ﬁnﬂéaq dentified. Such

a sui tabl e pP ociigbsaochatidt ivhivhIcbmpeives i siépe @ERE ) arlTIr@fg PargREGETd C tO the
car bohydrat e tq)agt?ﬁsgcnt hesi zed, or _a.site that can be nodified to add such
a specific acceprd? “WRBUA Y 2 oprrlinif STAIT sontaiging afeming heptaserand he

initiating |sg@i)arenkagé tHadaddaaPalabRs@RBEONE iRl %%ngmnq;@ codi ng for
t he glycotransfq%%%ses 25 of other species, strains, tlssues, hornones,
receptors or ot RO Eraymegatve bagienanTy oentred by aenstiatinglaevectoser t ed i nt o
such a product icemps&hd an 8bikidd THEA & : Lon of aligosaccharides
or pol ysacchari depspeéci fli cto tha'f&élgllé%i%gasl?ggr%géiﬁé,ou‘aﬁfgrg“tfé%mhor none,
recept or or bt §EHheEEs aneligosassharideh(d yrprislating shibtransfdrmed pde-neg@figences for

the genes rfc aaderdsSi %l ]c}e H _influenzae Rd.database 30

avai | abl e from Tl GR Bga[‘ﬁ‘é‘g%ﬁ‘ \ .cg%é &éﬁ%@?pq%%ﬁaﬁs?&b"i? erases are
avai | abl e fr omerséormefl baseria éc)atlowing gﬂémlo@sﬁdinoehl&&dggwh dvar e nmet hods
for separating purd fving the product. 5. NOV 2003 .00170060

PCT/ USOQY 13538b%§éehar #%@YT%‘%“&’I"%QHP s?sagéa%dlepé%&eswﬂw RMEIBr oduct i on of
a_compl ex _ car bohy dUsibgmetiodpuiscibd i #pliefion! ©5kiaidiaR PkliSHiE REPT | SI N9 2
chineric D% the practical production of other complex carbohydrates can be identified. Such

a suitable production cell wilt have an acceptor molecule specific to the
carbohydrate to be synthesized, or a site that can be modified to add such 2
specific acceptor molecule. The production cell will contain the Initiating IsgG
or IsgF to form the appropriate acceptor. DNA coding for the glycotransferases

25 of other species, strains, tissues, hormones, receptors or other cell-surface
carbohydrates can then be inserted into such 2 production cell, with the resultant
production of oligosaccharides or polysaccharide specific to that species, strain,
tissue, hormone, receptor or other cell-surface carbohydrate. The nucleotide
sequences for the genes rfc and /sG are on file in the H. influenzae Rd database

30 available from TIGR (Bethesda, MD). Sequences for glycotransferases are
available from the references herein disclosed.

Also provided are methods for separating and purifying the product.



sequence encodi ng a glycotransferase, so as to yield producti “%ﬂ@*k%ﬂ
conprising an altered | evel of conplex carbohydrate, wherein e

product i on WeWH8t e 5 bacteria conprising a core |ipid stragaiudosasss
containing a term nal heptose nolecule and encoding an enzyne capabl e of
addi ng an acceptor nolecule to the heptose nolecule. The invention also
provi des a process : ; LS, i t he .conpl ex car bohydr at e.
BRI EF DESCRI PTI ON c;:m %hﬁ%mﬂ% ’%b'?gs ﬁ’gﬁ%f"f ﬂg,. pf%‘g“"}'%‘b‘r’faeﬁr’t?ﬁ”‘of

Haenophi | us i nfcibehydsate DRMprishig chitairgamodittidrheeile cghprisid Schifilic bRAat i ons of

m Tn3(Cm i nsert] S| . (6) C.-Restriction maps of the EMBLOS- |
subcl ones t hat S?r%ugﬁtﬁégé&?lﬂégélycg%ﬁmﬁﬁ' 53691013 fiqudeffPé cglls ecomprisiner of t he
LtPs fromE. colan agereagﬁ}ﬂdggbg@wdgmb@@&f%e%% gﬁa\@fﬁ%ﬁ% &h@ar{:hreel chi lﬁeri c
strains, pGEMLCS: -5, an p -4. The LPS range in nol ecul ar
wei ght from -3%"‘?’8‘ 2 Wéﬁé.aﬁﬁﬁrfgﬁ?léstﬁmw EAIRES dterminalihepsospmoldsalechi mer i ¢
ol i gosacchari dafd erfcBllivg ah REzyHRbIE o faddmObh 24 [1§eCONt al ni ng
a fourth heptose on thg term nug ofothe gla{]Soscé%{:&(aagefe'lggtt{){rﬁghg%oﬁndergoes
modi fi cation. AFcRicodAr Enteralsnpiodes yrdecskyfuathentoRprising reedebeigt 0 t he
7-position of {hicg t ormthe chineric oligosaccharides. DETAI LED
DESCRI PTI ON OF TIﬁEmPﬁ?/égﬁ)l%&i@ﬁ?é present invention provides a nethod by
REBIIENSOF TEIRIDR AWINGE®Y gr am bacteri al

whi ch the term nal hept os@RIBF [iFIS F_ IEIRUDR A
speci es whi;gh cont ai.ns, the.gene rfe UDP: GLcNAc: Undecaprenol G cNAc- |
phosphat e tlr%’ansf er ngl A gﬁ%ﬁﬁﬁg“ﬁ’t°é@?s'(’§g@/ﬂi”f§|‘é"’8§ iol.,

176- 7079- 7084) (A)dMagremnafdhé eight ¥R, @8) Ltk offh- B (CHS HREMbn siie?&ﬂ,

ol i gosacchari dqu%nt.hesi s. The rfe gene encodes for a protein I ch

catal yzes the tPRTSFiSHORmaRs ofthe EMELQN- babsiones thatraedafied the £ codigdhpt or

nol ecul e") ontmgdps.carrier |ipid undecaprenol phosphate. The regul ati on of
this 30 gene can be_controlled with a regulator}. gene, 1sgG identified in
Haemophi | us i nf | udigere 2: TRRSPaGRofibe LRS from & xphi efsain BV 168 (dosigmited | sgG

medi ates the mm&ﬂggﬁ&a‘i&ﬁmﬁéﬁﬁﬁﬁé%ﬁ%g&h hept ose of LPS

and LOS froma variety gram negat | ncl udi ng E.
col i, Sal nonel BGEMLQ@B-4 OTIROORDrangSinidlec2R0 16T frbin00/34353%D4, nnesot a and H.

i nfluenzae. This 0 h found t.a function.as gn acceptor nol ecule
form ng a scaffold %r h?’%@%ﬁ% 1 5£5ﬁ1et°36ﬂ°%°q’§aﬁe?%ﬂﬁﬁe Only

the complete E. coli K-12 core structure containing a fourth heptose on the

terminus of the oligosaccharide branch undergoes modification. Additional
20  saccharides (designated R) are added to the 7-position of this heptose to form the
chimeric oligosaccharides.
DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a method by which the terminal heptose
of the core structure of any gram bacterial species which contains the gene rfe
25 (UDP-GlcNAc:Undecaprenol GlcNAc-1 phosphate transferase) (Alexander et al.
(1994) I. Bacteriol., 176-7079-7084) can be modified so as to act as an acceptor
for oligosaccharide synthesis. The rfe gene encodes fora protein which
catalyzes the transfer of N-acetyl glucosamine (GlcNAc, an “acceptor
molecule™) onto the carrier lipid undecaprenol phosphate. The regulation of this
30 gene can be controlled with a regulatory gene, /sgG, identified in Haemophilus
influenzae. The increase in rfe expression caused by I5gG mediates the
deposition of a GlcNAg residue on the terminal heptose of LPS and LOS from a

variety of gram-negative bacterial species including £. coli, Salmonelia

6



nononers, under the direction of glycotransferases. For exanple, hg‘ﬁ
gal actosyl transferase gene, IsgF, results in the addition of a gh “)@(1; to
the 5 GlcNXC.00PP60gene sequence coding for the |sg gl ycot rensigeasas of H
i nfl uenzae has been inserted into an Escherichia coli K- 12 strain
production cell, wth the resultant production of H influenzae-specific
LOS epi topes i nmbmnesed had ATl This@lc SR hat B8 3HHdNG Ad ii:ﬁ’LstJ.fnati ng
enzynme simlar to rfe can add an appropriate acceptor to *orm he

scaffol d. The pfEERIRTTBIFCHE farmmearses &’f theeatesvaladditian of 4aheharidgul at or y

gene 1sgG DNA geftinds,fidbiedhedibc &GP ther ecies, strains,

ti ssues, hornones, receptors olr oﬁ%rﬁgg{rﬁsﬁfg %g%“gg?’b"gﬁﬁat es can then

be inserted int&lastpshltinyfereehgene, digFembulis imitetadditien sPsgdldcesak to @k 0duct i on of

ol i gosacchar kd A P C Idea specifi¢c tp that_ species, strain,
et qllh}é%-@Igersgg{eﬁ%ercc’glé"gﬁgrsth? ?‘5@8’“3‘5“1"5@%0&%. 15

tissue, hornone, recepto

Defi ni tions: @aﬁmnmmmmhmnaammﬁmxzwhwsmzwimoau&gﬁmo, wher e
' [ polyners w th additional

n equals at legst . thre nonmer units, includin . _

substituents Sﬁ‘c Lffair?faﬁﬂggmﬁﬁ‘fn"f‘i"ﬁ{’{@ﬂ“‘f’@agéﬁ?",‘“ dDScpitopEHB E. ¢4, and such
pol yners linked 20 Ary profucisn cel@BhiifiRS aNghHRE e%gﬁ' i iQp cell: A
production cell gsef ul in this invent ?%na IS Ider%i[ ne %%@%&H%ac erium whi ch
contai ns an LP&ddan BRESORGACHaeRerde fammehe seffeld. The pioduttiongvill preferaniyyecul e and
containing pn QR3Y%eRamARaR:A | ar .ol ecul e to,the
terninal mol ecul e toa;serve.gageél %ggpggl ?H%?og%cg)ggﬁlgﬂy&ﬂ% &h can be
transfor med w PHcesRsgiEactisinbiasuea diormpnes, gecegloysam dHet talnaiReases. Cel | s t hat

are ot herw se ' .t he ..proper_acceptor |.ecul e may be used

as production Eée&:b%g |§e{)¢%§ﬁ %%E%E%dt‘gtgﬁgsb?%%‘%% ﬁe‘goém@éh%{féﬂtaas rfe and
1 sgG to appr opraducteinyofimiigosaychtutides 30pdlRGceharibdaSpécatid 18Mkdt sputidSsefh, accept or
nol ecul e for t uf qlronation of a ?hcaffol d. 7 WO 00170060 1 B NOV 2003

PCT/ US00/ 13538 "Hi°b 15030 fieaptor g ofher ¢ailssusiace carbobydralel | for production of H.

i nfl uenzae % pe B- specific OSis preferably a gram negative bacteriuim
nost preferabl ng...coI‘i K- 12 strain IM109. 5 Synthetic gene(s): the DNA
coding for the ‘or enzynes that synthesize the desired conpl ex

carbohydrate. ThaskRx 88WRBydriles: Uﬂﬁz ﬂoﬂ%&‘? of RnRM (&ﬁ£0)u, where n equals at
least three monomer units, including polymers with additional substituents
including but not limited to SO,, PO,, CO,, CH,, NH,, and such polymers linked
20  to lipids, peptides and proteins.

Production cell: A production cell useful in this invention is defined as any
bacterium which contains an LPS or LOS-saccharide inner core
terminating in a molecule and containing an enzyme capable of adding an

25 acceptor molecule to the terminal molecule to serve as a scaffold for
elongation and which can be transformed with exogenous DNA coding
for glycosyltransferases. Cells that are otherwise suitable but lack the
proper acceptor molecule may be used as production cells if they are co-
transformed with genes such as rfe and IsgG, to appropriately modify the

30 LPS or LOS to function as an acceptor molecule for the formation of 2
scaffold.



gl ycotransferases, |yases, acetylases, sulfatases, phosphorylases, klnases
epi ner ases,  net hyl ases and the like. 10 Exanple 1. Selection of a Hil 1§ NOV 1003
producti on wQ @psul ar strains of Haenophilus infiuenzae prypesdyibidgb) are
responsi ble for various invasive and bacteraem c infections in hunmans,

I ncluding nmeningitis and pneunonia. The surface |ipooligosaccharides (LOS)
of H b are knowh prodheioniaafpotitandfertaicdetiis: ﬂrﬁﬁd&:ﬁﬁ@bhal {NérH#: gpe®.and

pat hogenesi s. %é)ec%qgal ?S{I iles of 15 H b LOS fromw € and nut ant
strains have s thal FHERDYS LYRISFHS e Jaciergime mpsiprefembbsh cofiilcacchar i de
core which canlbersxianded with additional sugars on each heptose.
Recently, a revised structure of the E. coli K- 12 core region was
reported which al so contains a heptose trisaccharide i nner core and a
fourth hept gsesps i n oI saccharlde br anch:
20 Gal a | Hepasﬁ{&%%ne%?) &Qgﬁﬁggggg%r %éﬂg e?31’-€€Jpal -
3Hepal - SKdo 25 Pr@vdmdmmesmwuatmttﬂebegmg mcttfagumae eddife f 0! t
transfornmed with cou be el ongated by the addition
of saccharide (%grors&%ﬁgr{gaseszlﬁaésc%l °8rf“h-d S, PhiosPipEYIases. kipases to
produce a rmdifled epimerases,imdtidaseh add e sike! ongat ed by approximately five
nmonomer units. It was thought that the nononers were added at each of the
hept oses. (Kwai k et at 30 Mol ecul ar M crobi ol ogy, 5:2475-2480 (1990).)
Ther ef or e, 1ef f Exabfple % arman E. colt K- 12 strain terned
JMLO9 with H influenzae synt he5| S enes In an attenpt to determ ne

whet her an LOS sub<$t2RsHl #raﬁtrﬁlyspﬁé!ﬁwqurfumfvmaewe biHIb) afd ragronsiblecoul d be

produced. 8 1 {8 Mrithyind@G3 AP ér'gg‘.g 3538 Escherichi.a coli
strains were routinel Y cultur bgg @qg%‘{“ggfpﬁé%a‘&atmg INENRLItS ¢
appropri at e arfof ppawnania Tesurfacs Imgelcgosnchmamslpbf&ﬁb\aﬂ:rlﬁm%%'b@us| y

descri bed (K fromE. toll 109 vvas par ed by
the extract Y\gﬁb%%(tz gdgﬁorrée&%? g%'ra\l/‘engtu e%ﬁ&“?—lﬁ%?ﬁﬁ?"i‘bg&w&ﬁﬂé@

Bacteriol .15 F§B{OP, @B wil3fpe(ahllAilitark siFhiss wssmenaﬂpﬁ@m%%éqs PAGE in

resol vin el % .qcryl am de, and visualized by silver
stainin gg 9€!c3nseR/idl %eprlosc%'lsaccha(}tﬁe cdre hich can be extended with add1t10¥1a1

sugars on each heptose. Recently, a revised structure of the E. coli K- 12 core
region was reported which also contains a heptose trisaccharide inner core and a
fourth heptose present on the terminus of the main oligosaccharide branch:
20 Gale 1 Hepa 1
l {
6 7
Hepal - 6Gleal - 2Gleel - —3Gleal ~ 3Hepal -~ 3Hepatl ~ 5Kdo

25 Previous work showed that the core region of £. coli transformed with
synthetic enzyme genes could be elongated by the addition of saccharide
monomers under the direction of /. influenzae genes to produce a modified £,
coli LPS that was elongated by approximately five monomer units. It was
thought that the monomers were added at each of the heptoses. (Kwaik et al.,

30 Molecular Microbiology, 5:2475-2480 {1990).) Therefore, efforts were made to
transform an £. coli K-12 strain termed JM109 with H. influenzae synthesis
genes in an attempt to determine whether an LOS substantially identical to that

of H. influenzae could be produced.



To determine the structure of this chimeric LPS, a few mlligrans Ofcﬁﬁ[ﬁlﬂm
fromeach sanple were treated wi th anhydrous hydrazinc at 37 C for

m nutes, anYOMEMhrecipitated with cold acetone. 10 In or decTAsoaségbl i sh
the chemical structure of the E. coli core and determine the E. coli
acceptor residue, the LPS fromE. coil strain JM 109 was partially
characterized using E}M:@Ethtcb@&rﬂﬁ@kyr%'@un ] %ﬁgﬁd%@‘i’ " 7
spectronetry a (SSCI’I bed in Exanple elnovt/ 2- ﬁ?atﬁln EECL £}%ﬁe J.0S
gynthfgic a Hi pPrefipgih r?PWOE“%éént&*?tgﬁSnélewrsngm atttédsefsmdmstweee mpvmmdly fluid of
a child with resided t iKsvaikiial s §8 nd | ement ed
with amno acids and (1/I¥a<';.m ns/bor ?flal n eartgo}gmgiagﬁlaéﬁé ar§€l§}5 ment ed
with 4% Fil desXFegigentocgdurs efdarutaureat dlanesk (Detveai ét)al.dt Baderidk 1 N 5% CO2

at nosphere. 20 jAsgeRe f b strain ni ng LOS synt hesi s
genes (1sg) ~was &?evlgggﬁ;ﬁg ot\he.eglﬂ_su(kvﬁaﬁcfiﬂéicdﬁy%r%l%gk n{galvingy | oci are

cont ai ned wi t higalsgomainhigkils "Dy amddpent vise0iped 9 4iRer Qhinmgven conpl ete open
readi ng franes (orfeé8 Thi s re[%on one of several distinct |oci also

found in the genome 28§GEHREIGFTUGHIS °§fl’r‘%ﬁlﬂmﬁdc¥xﬁ$@ffe}’¥d§ml!§efns ofdRSci at ed
wi th |'i popol ysdmehath skenpié W&k webte® oS aRh NS shyd cfaEg)fﬂéﬂﬁ'ZLosg region of

Hb strain A-2 was used to construct a genoni'c library rn the |anmbda
bact eri ophage EN/%L%"H@/&Q?&Pré‘ixp%ﬂtedwg@%lﬁaCﬁtCFWenty Si x phage cl ones were

prepared whicch exprgsnes t&l&ééabh@ﬁmeQhé@%&%&@?@%&a@faﬁ and E col

strain LE392. The phage transfor mant produced a
chi meric LPS wAgtenmine thy £y i a@pdrpgusm@mmed@s faﬂdé‘dcalnsttahem 109 ke LPS of E.

coil LE392. Nbﬁﬁﬁhﬁ{ﬁh@ﬂ@ﬁietaqg%gﬂ:%ggs.gg adlabvs lgﬁrﬁeco n| zes two conponents

inthe Hib A2 ture, al so-recoegni ze A M@Bel 5.5 kDa
conponent i n t#ReckdmedrascledcHBed inrkample higeloone i rrrrunochem cal simlarity
to Hb LOS. 18 NOV 2003 PCT/USQOQO 13538 14'h =dUction cell 5 Restriction
fragments of EMBLOS-1 were used to make a series of plasm ds which
nmodi fi ed El5colilsslatien of théd G8 f i gsy, Whi ch produced a proposed
chimeric series of }gi)gher SsS LPS s eC| es. The transformants termed
pGEMLOS- 4, pGEMLOS- ri enginallydseiated §emthesminal dluit ofadhitdr i ¢ LPS of

5.5, 5.1, and witbmiagiis eHRECLWAlgYowrbi ciidibRE BRPAPERIYTRH, | €d the 4.1
amino acids and vitamins or brain heart infusion agar supplemented with 4%
Fildes reagent (Difco Laboratories, Detroit) at 35° C in 5% C0, atmosphere.
20 A gene cluster from Hib strain A-2 containing LOS synthesis genes (Isg)
was previously cloned. (Kwaik et al, (1990). The Isg loci are contained within a
7.4 kb DNA fragment, consisting of seven complete open reading frames (orfs).

This region is one of several distinct loci also found in the genome sequence of
Hib strain Rd which has been associated with lipopolysaccharide (LPS)

25 biosynthesis.

DNA from the /sg region of Hib strain A-2 was used to construct a

genomic library in the lambda bacteriophage EMBL3 (Kwaik et al, 1990)).
Twenty six phage clones were prepared which expressed Hib LOS
oligosaccharide epitopes in E. coli strain LE392. The phage transformant

30  designated EMBLOS- I produced a chimeric LPS with a 1.4 kDa oligosaccharide
added to the 4.1 kDa LPS of £. coli LE392. Monoclonal antibody (MAb) 6E4,
which recognizes two components in the Hib A2 LOS mixture, also recognized



10 kDa LPS species fromE. coli, although only the LPS from pG'ENLCIF-il
expressed the 6E4 epitope. The LPS fromstrain pCGEM.CS-5 was found lﬂ 0V 2003
react positVPI0%Pth MAb 3F 11, suggesting the presence of pCemUsINaLss
N-acetyl | act osam ne. The epitope recogni zed by MAb 6E4 is al so present in
the LGOS of H influenzae nontypable strain 2019, as well as the LPS from
15 Sal nonel | a rthainesdf & KR contpanént iBiheadhin@no LPE NindickEachfenal anti body to

H  influenzae il’nf? 891?% be .i nhi bi tedla@y do and the Kdo trisaccharide from
the Re nmutant of GOCHEMHSERIAMIAG, ‘he 6E4 epitope has been associ at ed
with the core of Haenpophilus LGS, it was originally proposed that the

chimeric structures expressed in E. coli mght arise fromthe addition of
a Haenophi |l us coferZes+EGEpiiad fraepwgduationiceldi due of the E. coli 4.1
kDa LPS spec§ es. Thekiriigg gg#ﬁgd'té) B8k 0% orned with the plasmd
pGEMBZf+ into which different DNA rest rP???‘g%J%Eé fBATS T8ROI, i nf | uenzae
strain A-2 |sgPlaseidssvhiokimodidied |5 gelt sichir( Bée0Tmigies dlomssvHRiht6Micddz  The

pl asm d pGEM.CS: L AL - 4 kb bha stl fragnment of DNA which
cont ai ned all 50\4;’8?1&8%%’%&3‘?&? g%gdﬁtﬂéh?%ﬁﬁs(%e%?s' cﬁﬁ%@f‘%fpﬁ@aﬂﬁféﬂﬂeég | ocus.
Compri oing 5" opes readi i 11 aure (erG i paciekde PR lintd SOTRAlCL 0. 7
conprising 5 o I g s (G 0 e |sg. e plasmd p -
contained a 2. @ssﬁfggh#ﬂpﬁqJg?ﬁ&d%iﬂ?‘?“‘@fy- Brlthess pparentlygnadifigskthe 4.¢adi ng
frames (F- G0 okDkRheSIsperiésoRdis £ e ! G wgg pﬁa an insert was
S altmé%ﬁ‘%\llgs&&st ra%é\ﬁgn eg'lfPS | sol at ed

al so transfornmed into strain JM 109. )
fromit were tﬁ%&%@&#%@“@ﬂpo@eﬁﬁdmspammmeg wRIbuER0/ 13538 8
The LPS from PaMooditiv ~tmylagas“4 ; g@% -5 (1 mg), and
pCGEMLCS-7 (4.4 rrg)r/owas y“c’jlrol ze _|ﬁs'1(éoset1§g%1}ecugam (g?ﬁe LPS/m) for 2
hours at 100 CN-affRllansenasline dihespiteperegnized byidd 64 i5ARO grekeant ith20 M N at
2nd centriTugentson Y RshEe M el S 015 & B W IERORS and veshi ngs
vvter edpogl egg an&lmymﬁgimmedmslgc ghtaﬁtltfkiﬁctiiﬁg bgﬁﬁaﬁ&iaai_?_{zld%xllgsgg%gins. tAs a
st andar d, ro n yphi muri um | mut an
(Sigma, St. Lg;gu{l %ﬂzﬁa}?o%rc n}’%l’i‘k‘?nhﬁtcghé%a thg Kidp srsacehgride framdipRe desal t ed
ol i gosacchar i deupmafs. miinekih.- BEcaasethy SESepidh@hds bedd 4989484 %tlﬁl%e crude
ol i gosacchari d% fraction éﬁgaggz wer e chromat ographed on two Bi o- Sel ect
SEC 125-5 HPLC ?o?fi}?ﬁfé’“’f%ff et 1 WAL PriginAY Prorpsed that the chimeric structures

expressed in £. coli might arise from the addition of a Haemophilus core

20  structure to an acceptor residue of the . coli 4.1 kDa LPS species.

The Hib production cell was transformed with the plasmid pGEM3Zf+
into which different DNA restriction fragments from &, influenzae strain A-2 Isg
locus had been ligated (see Table 1 and Figure 1). The plasmid pGEMLOS-4
contained a 7.4 kb quh[—pstl fragment of DNA which contained all seven open

25  reading frames (A-G) comprising the Isg locus. The plasmid pGEMLOS-5
contained a 5.5 kb Hind lll-pst! fragment of DNA comprising 5 open reading
frames (C-G) of the Isg. The plasmid pGEMLOS-7 contained a 2.8 kb sphl-pstl
fragment of DNA comprising 2 open reading frames (F-G) of the /sg locus. The
plasmid pGEM3z{+ without an insert was also transformed into strain JM 109.

30 This strain and the LPS isolated from it were termed PGEM.
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connected in series, using 0.05 M pyridiniumacetate (pH 5.2) at 1a fl gvri/w
rate of | mMydidheosd r€fractive index detector was used to nonitor B & ,3
ef fl uent and 15 chromat ograms were recorded and stored wit FGHY$NHEEE at or .
For | arge scal e separations, the oligosaccharide fractions from PGEM (10.2
ng), PCGEMLCS-4 {9 (S-5 (7,0 ng) were dissolved in 0.3 m

of 0.05 M pyri dirfirtr grar e -puffe SpE Osg0satehandas rifuge-filtered
through a 0.45 gm Nyhe.P8GroiRFEEMS. mdhHRFEMD zpﬁ@)ﬁ}%ﬁ phes 20 were
% IA]}ckcm <40 I\?rléé%r}m i 0- Rad),

8
applied to a single Big-CGel P-4 colum (1.6 x 8
and the pGEMLOS&" S- A melvasdy dipdyzBi o Gk eelid acidlimgs connect ed
in series (1.6 ppSARDGHP DRk o (#6- r | pped Wi th
wat er jackets maint a).i drglﬁed atré%fgog éUEEV\?aFrP} %Y%Ekggﬁpéa%%%ﬁv%\ﬂﬁ%ﬁg?&of 10 m/h
was achi eved wi20mia apt*1C pad the tsupermatangsremoydeh dhapeliess wite sasHeavam)2 25
Ef fl uent was [ 1.0 ctiye dndex.a ractions were collected
at 10 m nut en?ﬂtogﬁggg%%@n@g%%? agit(égooth' d?"%gssjg;l CHUBTRUNS 36t or .
Exanpl e 5 Dephosphogsyert posicdinddybiniivee eheivé the 5ligdshdBRSRERAGIsdQ f racti ons
were pl aced inajmg arlrj ﬁg}éé/%%bene ubes and 3% treated with cold 48%
aqueous hydr ogén Rile emzaimonedq pphissriuniInkl9 Reampsanss wer e kept
for 18 hours afSigmé; Santhuid)evhs agae@inshé msagshgyqapor ated.  The
dephosphoryl at ed sa,ggl es were then rechromat ographed on two Bio-Select 11 1

0

a Nov 2003 Mo 00/ 700 Brepers deradied alimsarciamde pogs for BSI-MIS wlalysisssnwadinnect ed i n
series using Oafifsolddputd dudd HIbAEREALE kB foBe) Red HiphBRELILTY W L

nonoci onal anti bodies raised to the natura currin , as shown
in Exanple 2, PhificBioe¥riech8ECtIRE-SHRI ot urhasd BidiRad, RdctendndnOApchenci al

function as th atidy Al 0CG | H b. LLOS. The | es, were further
anal yzed by di ﬁngr entﬂtsg%:{ Sh‘lgsg]#ieés'b?%d %Vl"'ggl’m?&ce&? @r’ﬁ?‘%ﬁm a?l"?”d&'t"l?fal i dentity

to the desiredimimipl dxrefrastive indix dttectorhOasaisedomammeEbithel SfIGMTRASI T 1 ON
Anal ysi s. ph d oliggsaccharide fractions were dissolved in
400, U | of E)§2 ﬁ] { r@%&ﬁ%& g’a? ee‘f?%gif@ SIOFY ‘HELAIRCEBITA hours at 100 C. The
hydrol ysates were Rorpge shRdepatibhy, BeSHighshcéhallS BaHYAS AEQ PN " at or ,
redi ssol ved i ngég 43) I—g.l(__? b%“ﬁ d dried agai n'&Slg?dr ol ysates were anal yzed by
hi gh- per f or mance~aM/of MEORs é@ﬁ%é%?‘g% (% & megpwers dissddvgdgnonet ri e
detection usi ng3 &l Bf Q.0 M pyridinium acetare buffer (pH 5.2) and centrifuge-filtered
through a 0.45 gm Nylon-66 membrane. The PGEM and pGEMLOS-4 samples
20  were applied to a single Bio-Gel P-4 column (1.6 x 84 cm, <400 mesh;
Bio-Rad), and the pGEMLOS-5 sample was applied to two Bio-Gel P-4 columns
connected in series (1.6 x 79 ¢ and 1.6 x 76.5 cm). The columns were
equipped with water jackets maintained at 30° C. Upward elution at a flow rate
of 10 ml/h was achjeved with a P-1 peristaltic pump (Pharmacia, Piscataway).
25  Effluent was monitored with refractive index and fractions were collected at 10

minute intervals and evaporated t¢ dryness in a concentrator.

E le.5. Depi ) - Oli d

Oligosaccharide fractions were placed in 1.5 ml polypropylene tubes and

30  treated with cold 48% aqueous hvdrogen fluoride to make 5-10 wg/ml solutions.
Samples were kept for 18 hours at 4° C and then aqueous HF was evaporated.

The dephosphorylated samples were then rechromatographed on two Bio-Select

11



Bi oLC system (D onex, Sunnyvale, CA) with a CarboPac PAl1 colum. b. -

Met hyl ati on Anal ysis. 20 Linkage anal ysis was perforned on dephos‘b&(bllﬂylmﬂed
ol i gosacchaghg@roeéo” acti ons using the mcroscal e method nodigd

wi th powdered NaOH  Partially nethylated alditol acetates were ana‘?yzed by
/M5 in the EIl and O nodes on a mass spectronmeter. 25 c. Liquid
Secondary lon Mass Spectronetrv (LSIMD) LSIMS was perfornmed using a mass
spectroneter WSEQ 125-6 @HHLIMd oS @andcta.in Grieg QSiAE O MG rigRimh &%tad N 141
H20) wer e added t;? 1 u! of glycerol/thioglycerol (1: 1) on a stainless
steel probe t| Aes+ ion primary beam energy of 10 keV was used and the
secondary sanple ions were 30 accelerated to 8 keV. Scans were taken in the
negati ve-i on node at 300 s/ decade and recorded with an electrostatic
recorder. The SHIRRS : gaoclirgqigt ed nmanual ly with U tramark 1621

(PCR Researgh Chem W % v [ACY of better
than 0.2 Dg 12 V\g}%d?afggg%w b@‘g@} 3%&@%%@%‘?&& aﬂﬁgﬁg and

O deacyl at ed L&Sumng&liabalSyzsstiown imExagde 2,9pdicited it e praduby ad el ect rospray
i on source operati.n n,the. ative-ion e. Qi i de sanpl es
were. di ssol vedHas P eBg R i e o dg assp e B LGS Hheq )T and
injected i nto ganfpldeare ﬁxhhbﬂaﬁx@gﬁtt@mntférbﬁtee&ﬁ{qaes Wdt&cr@@ﬂété&hﬂh@g 1% acetic
acid, at a flow rate_ of .approx. /mn. Mass calibration was carried out

with Csl in thgn'ﬁ'é‘&étq"%w%ﬁ‘eﬁiﬁﬂﬁﬁd CPWPE?ESI%"E’E]&%%‘ sel ected ol i gosacchari de
fractions were analyzed at higher resolving power (Mp M= 2000) using a
sector-orthogonal ti me of fli ght (TG:) 10 instrunment with an array
det ect or oper ad-HAgRAIARISANIGE i DRYSIEN t he negative-ion node. In this
case, the solvent I

Joectibod shove f or e} grgfltefd ﬁggg’cé!@%n&@ﬁ&no%&%mal%'ol%dH‘foosq f 5

sec/ decade was2 Mstaﬂudroaceab hc1d;am¢3ﬂms:ddme¢hctuh'eatm0ﬂ° CaThe hpdrobBfled were 3000 Wi t h

an acceleratin voIt ge of 4. needl e. val t of t ween 15

35 0 kv i gher it Rahest'n SRAGNE o eSO o 0B

ref erence 1sonajdsmed@aﬁxi Eﬁd:olyakammdﬁryzbdwh@hs;ﬁeiaﬂﬂarcyaﬂuam mass
spectronetry conditiagns, foll one 0|nt correction of the doubly

char ged depr ot ShMAREGCHEMatogTEhY wl‘jﬂ)ﬂ“lqu S0 delectipR g 2igieX he LPS of

Sal nonel | a typ@iomrsymmom 8inyvhie Nt 2 Wvith a ©apsoPac PAT 30k, i N the
negative-ion ES-M5 no

b. Methylati lsi

20 Linkage analysis was performed on dephosphorylated oligosaccharide
fractions using the microscale method modified for use with powdered NaOH.
Partially methylated alditol acetates were analyzed by GC/MS in the El and C1

modes on a mass spectrometer.

25 ¢ Liquid Secondary fon Mass Spectrometry (I.STMS),

LSIMS was performed using a mass spectrometer with a cesium ion
source. Oligosaccharide samples (in 1 4] H,O)were added to ] «l of
glycerol/thioglycerol (1: 1) on a stainless steel probe tip. A Cs+ ion primary
beam energy of 10 keV was used and the secondary sample ions were

30 acceierated to 8 keV. Scans were taken in the negative-ion mode at 300 s/decade
and recorded with an electrostatic recorder. The spectra were mass calibrated
manually with Ultramark 1621 (PCR Research Chemicals, Inc., Gainesville, FL)

to an accuracy of better than + 0.2 Da.
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alEOn ma 18 NOV 2003 PCT/USO0/t 3538 20 e. Matrix Assisted La. qger
Desorption lonization (MALDI) Mass Spectonetry O Deacyl ated LPS 1531%‘{ @QH
wer e anal yzg’ﬁ’%’ﬁ‘m&“Voyager or an Elite MALDI-TCF instrunmentct/ioesoasski ve

Bi osyst erns, Fram ngham M) equipped wth a nitrogen |aser (337 nM. Al
spectra were recorded in the negative-ion 25 node using del ayed extraction
conditions as gg el sewher e. G bson et al. |. Aner. Soc.
Mass Spec. 8:645-C S9TT S St =il olyved in H20 (approx. 250
prol /4 1), and i xeOiibodeoatibestahe OOBMak ked OPYL Mlandi B Bh Yaled sol ution of

ry

2, 5-di hydr oxvbenzoic acid in acetone) owed oom

and al
t enper at ur e on SEECYBMAtEpIvih af clippiasprap ian sourcApperasingriat the HeghfiGe-loas@ide30 Shot s

uer e recor ded igogadiicae s ANCLRARLANE Reh Iae cal Lbral ed usi ng an

external mass calibrant consisting Of renin-s

insulin chal nsBin éil Hieadjecteddntb @ wireen o E)0/beerdriille {1V QWS ERhing FOT
external cali brl%tgcg@csaciéqu% thesef condi;d ons, a Mass_accuracy o]g 0.1 % was
obt ai ned. For conpari son 13 WO 28868 L 4l sy Masssalitretion saarizg3s

purposes, a si nglvatpGslit the aegLwt-iddmy@s nade to the spectra of the
0-deacyl ated LPS from PGEM using the expected |lipid A fragnent ion ((MH)
average = 952.009) ™ 34 St feleqied aligosaceparidg fractienstwere enalyvedrer highest r ai ns
were recal i br atesslving power (MIAM=206) fide" ol dnd |hgnal Ton
from PGEM (Biz_ 2835.7) . S(Ngr esent iébn é’{gﬁas?%ﬁ?s‘s?*é%ﬂg’g?m%%nfaﬁg@éfﬁéw at ed

ol i gosacchadPi JSITHRIE With an perayidatestor ippemivng wridee ESbeonditioe@indfe & NBSS

spectronet er hPREEAn Wolid ' sQurce, -The 10 anal yzer consists
of a high preg?gre RE- onl y %&Eég%?gﬁé%%}’%%s%?“%ﬂaﬁémm e mass filter.

A hi gh pressur®septialdly the stree asoiekiribedabave lfdr theiarepold EST dxpsimemssa filter.
The TOF mass af ' r.sed of .a reflection wwth an effective
flight path of g’{ é” gne& ?%f%eg’% e e used R 2 is§’§‘8f°§(9&°"| the pYaapgeRfdf0ta i le (1/1,
viv) cont ai ni}§0 Withaoatdeteratingtroltaeds 2 kA dndQn mcn@cd’l@%fhgi; S{Ef,tg,gﬁgnnt 0 a
nanospr ay tl§p'3d§'§ky}ﬁ na ray, needl e voltage was typically -1000 V.
One sanpl e T oddi g %r@sg‘&ﬁ@""%‘ﬁ‘ wsfansdout with apfexgmali@ferente whi ch
al l oned a conwendistingaif CsiRaiten under liquid secondary ion mass spectrometry conditions,

followed by a one point comrection of the doubly charged deprotonated molecular

ion of the oligosaccharide from the LPS of Sa/monella typhimurium Ra mutant

((M-2H)*- exact = 973.2)) in the negative-ion ES-MS mode.

20

O-Deacylated LPS samples were analyzed on a Voyager or an Elite
MALDI-TOF instrument (PerSeptive Biosystems, Framingham, MA) equipped
with a nitrogen laser (337 aM). All spectra were recorded in the negative-ion

25  mode using defayed extraction conditions as described in detail elsewhere.
(Gibson et al. J. Amer. Soc. Mass Spec. 8:645-658 (1997)). Samples were
dissolved in H,0 (approx. 250 pmol/ul), and mixed 1:1 with the matrix solution
(a saturated solution of 2,5-dihydroxvbenzoic acid in acetone) and allowed to dry

at room temperature on a gold-plated MALDI plate. Approximately 100 laser
30  shots were recorded for each sample, averaged and then mass calibrated using an

external mass calibrant consisting of renin substrate tetradecapeptide, insulin

chain B, oxidized, and bovine insulin (all from Sigma). For external calibrations

under these conditions, a mass accuracy of 0.1% was obtained. For comparison
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spectrumto be obtained prior to the selection of several indivi du?l .[ﬁrﬁﬁﬂ}
for CID 1dod M5 node the high resolution capability (8,000 FV\IBII\D&

al l oned unanbi gL%ous determ nation of the charge state for RGUHSWAILI8 For

Cl D- M5/ M5 20 operation the quadropol e nass anal yzer with a mass w ndow of |
mz unit was used to select precursor ions for fragmentation, which in
nost cases wer ; : | ected.ions, were fragnented
in a collisi onq)élgﬁd &lthsﬁ%%mgg %\dﬁ"g’hbc‘%ﬂgf‘?%?%n‘%‘ga%“gﬁ‘c’a"‘Qﬁg’r W‘é"’&“% t he

ort hogonal TOF ldiPefrem PREMusiag thecxptaedilipid e foairent joal((MH)20eye 1 agment i on

spectra were a a r 5.0 ter ,contraol for periods of between
10 seconds and%g'waﬂ%'g&h#/ggg spg%rgifé%ﬁgﬂ}r € UIDerF S53ins yeest h5ealibeasadi br at i on
were general |y usinghiisn Libld Afiagraént ieRirdnaldadionR Aol &6h PRIEM ViR)z4RSs yher eas
i nternal caldbration e nmasses accurate to +5 ppm 30 g.
SM PACTFAnal Y siPESeH Hraibyounigmpley e previously reported the transformation of
E. coil strain 3M 109 (a K- 12 strain which produces rough LPS (r-LPS)
which lack the O-side-chain) wth a series of plasnm ds containing
Overl appl ng ";‘-‘-- R GV YL AN ) 1 BN (3 )0 g i
PCT/ US00/ 13538 fro i ] enzae.type b.strain A-2 (
Kwai k et al, 1990) .nDE%gOrSP }Egﬂaﬁ%gﬂg%%%%ﬂr%‘gé%#g%aﬁ 8?13%‘8‘? PRSP r ammed i n
Figure 1, the MPAEME OMass speghenetemaqaipped alith ackndspaayiaiguaie TREf s (of fs A-Q
in the | sg {xegi M.OS- 5 ntains orfs CGG. and pGEM.CS-7
contains orfs E@ e%'y%{efs(aﬂ%g ed i -'3’,1]y|b‘(%\l‘3%€’§‘,’wmm7 wer e
shown by SDS- PaSHiten ArlnghipessircidaiifgoleRSIIsion el MIRHs Ml Gkt mglded 1.4, 1.0,
and 0.4 kbDa eties spectively, to the 4.1 kDa E. colt core (Figure
Bl TBE TR R

2). 10 For in aB3ly195% cRmRsEed afa spleqylen &ithiaa effestiveogenei ty by

MBS Spect r omeflight pasiief 2.5 ahdidié! 0 dingilts WES dissQURATENO/REENS GEMLCS- 5,
and pCEML.OS-7 were treated with an‘%ysdrous hydr azi de a’?o ren%l\?lé Vg?l I nked

fatty acids frYPHANRE [ YoAcstnaciapd ¢ 1 pheachemyinfratesiot|aaapesprdyip. sanpl e
contai ns seyer he mRSHrHSndedlet AL To3- representing 15 the
maj or E. colt core struc?urlgsy‘.at_%a\&en Wﬁ%%%r%o%éégdlaéigépmgg{eﬁ?%, t he
observed speci¥¥alijgave g analysiotins bf Be-40 hn,ovhiciealpiwey aiconveridrabiass Hep) |

hexose (Hex),spdstEPiVE iLc.aci.d (Kdo), .phosphat Phos), and
phosphoet hanolsgrsﬁc ne %%b% % iaﬁl e{%g‘%&%%%hg%tfof’i%&‘fvl%f?"%i%f%gpﬁs g’('ﬁggtypes wer e
observed cont aMBMY Bbi MSenod thiebigh neboRitibie pagability(S2000 FWEIKYaBowdr 4 Hex and
4 unambiguous determination of the charge state for each ion. For CID-MS/MS

20  operation the quadropole mass analyzer with a mass window of I m/z unit was
used to select precursor ions for fragmentation, which in most cases were doubly
charged (M+2H)*. The selected ions were fragmented in a collision cell with air
as the collision gas and analyzed in the orthogonal TOF operating at an
accelerating potential of 20 kV. Fragment ion spectra were accumulated under

25  computer control for periods of between 10 seconds and 1 minute. Mass
assignments based on external calibration were generally within 50 ppm of
calculated monoisotopic values whereas intemnal calibration gave masses

accurate to +5 ppm.

30 g SDS-PAGF Analysis of LPS.
We have previously reported the transformation of £, col strain JM 109
(a K- 12 strain which produces rough LPS (r-LPS) which lack the O-side-chain)

with a series of plasmids containing overlapping restriction fragments of DNA
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20 Hep (with 2 Kdos), with variable anounts of phosphate and PEA in E%b{/‘ma
The pGEM.OS-7 O deacyl ated LPS m xture contained nany of these sank

speci es, i WOMdpPasPon to two nmmj or new species at (MH)- 33,36?@?_@”9533.456.8.
The mz 3334.5 species apparently arises fromthe addition o X and

N- acet yl hexosam ne (HexNAc) to the PGEM core structure containing 4 Hex, 4
25 Hep, 2 Kdo, grPhgs and 1 O deacyl at ed di phosphoryl ated Lipid A (O DPLA)
moi ety. A furt hEPTHOBMETEHOB! A ipaensor bpy bairviess -2 hEwalkzet 3056305 Speci es.

These data suggestiat et sé tsrvads B i roduci GEMLOS-7 results in
the addition of _a Hex-Heéj(]ﬁl\le,&(:S m?%{bgg?ég t‘@éjpagar%ﬂn‘glfp re |ithswi se, the main

speci es in the PEEMLES-4 cloneeensginaslbof hPSnfptiiz 0BT Q056\-8¢h tﬁgg.g,%o were 30
found to arise ictd on. of 2 | us HexNAc to the core
structure cont a%ﬁ%stmg%j ﬁgb{'nsfrﬁgg,é’ %dm%é\ﬂLQqugp@qu offn8-® or 1 PEA
(see Table 2f. ThedenspOGEMLOSY, WBWCEDS,faﬁ&JpQEmd§J¢WQQ§%%4

O deacyl at ed Lﬁﬁs-ﬂf@:%di %{;on to.new species arising fromt & furt her

addi tion of eitheér RIBFUFB Bt ficd P stougrares 3588 addedt vk .OkHend (411 z 4083. 2
and 4206.4) or mﬂﬂémiéme?spébﬁ%ly,&z@ﬁgit.fl%géffféol}c%rgﬁ?%uré#}i s case, the PGEM

core structure containing 4 Hex, Hep, Kdo, * O DPLA, and 0 or

| PEA (see Table 2). O the chineric LPS structures, only these high
nol ecul ar wei QW%W%M third Kdo 5 noiety. i.
Anal ygis of a The LPS from P ST 0S-5, and pGEML.OS-7 were
subjected t& ni|d adiorinigelsarsniigofls mblenidrevelgheranahe@RBacHY By des. 10
Initially, smal | f .0l i ar | fractions were desalted by
size excl usi or§Jl aSH%LLﬁct:3g g% r’ieslll.n%@gléq“e%g Wgﬁo&ngWE@WWﬁon ESI - M5. The
ESI - MB spect r a PEEMEOBSdamt pEENTL OSFT Wyredratbd Witk RayaRAks hdSind ¥ 2H 2 . In
general , the d%dﬂ?_@"ﬁ‘f-ﬁ%n Istent.with results fromthe MALDI - TOF anal ysi s
of 0-deacyl ate : ‘Qsaqr&Wéhev@éd £ ety + SheBREM Qrdeasylatednaj or 15
ol i gosacchar i dé@Samriplzeuntaml seViefhdEpeeRe & B rank Q5 A8.31 Q?,'r cul gﬁﬁ,ﬁmi ght

osed c

from 1459.1§ ta}2016. DE As shown in Table™3, prop r¥°p58 ons were
det er mi ned for "G SOEFEBF RS \WherHtite diopesed dompasitiank.ehest r uct ur es

consi sted of buervEBispecieliierd MRS ; O Hex, .3 , and | Kdo,
and anot her c&_get ‘%i ning 4 Hex, 4 ﬁe%?ﬁ’gg‘g{éfﬁaﬁél{}gférﬁ?%%sf I(Hf%)’l_l'%ﬁc’ﬁ"he nunber
of phosphate aRdfX O -#oKy 1 -Buprooghkospris pad K &) pHosphate(Bhosarage nunber of
SPeci es pres enﬁ’hdsﬁh&ehﬁm’lme (PEA) (Table 2). Specifically, two main core types were

observed containing either 3 Hex and 3 Hep (with 2 or 3 Kdos) or 4 Hex and 4

20 Hep (with 2 Kdos), with variable amounts of phosphate and PEA in both. The

PGEMLOS-7 O-deacylated LPS mixture contained many of these same species,
in addition to two major new species at (M-H)- 3334.5 and 3456.8. The m/z
3334.5 species apparently arises from the addition of Hex and
N-acetylhexosamine (HexNAc) to the PGEM core structure containing 4 Hex, 4

25 Hep, 2 Kdo, 2 Phos, and 1 O-deacylated diphosphorylated Lipid A (O-DPLA)
moiety. A further addition of 1 PEA moiety gives the m/z 3456.8 species.
These data suggest that the transformation producing pGEMLOS-7 results in the
addition of a Hex-HexNAc moiety to the £. coli LPS. Likewise, the main
species in the pGEMLOS-5 O-deacylated LPS (mvz 3700.6 and 3823.6) were

30 found to arise from the addition of 2 Hex plus 2 HexNAc to the PGEM core
structure containing 4 Hex, 4 Hep, 2 Kdo, 2 Phos, 1 O-DPLA, and O or | PEA
(see Table 2). These structures are also found in the pGEMLOQOS-4 O-deacylated

LPS, in addition to new species arising from the further addition of either
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m xture. The pCGEM.OS-4, pCEMLOS-5, and pCGEMLCOS-7 sanpl es contai ned r’éBNn[}/ .%f -
the speci esvdavrydsg N t he PGEM sanple, in addition to | arger._nol ecul 4 v 1003

wei ght ol i gosaccharides (Table 3). New LPS gl ycof orns of MFCIUFUBSI}g 25
2302.5 were observed in the pGEM.CS-7 sanple, consistent with the addition
of a single Hex and HexNAc residue to the PGEM core structure containing 4
Hex, 4 Hep, 1 RagtherHepHmdz 4083@ addR04. 4)REMeThaci(mngd14mﬂ15eﬁu|4a46 PR ght

conmponent s of Gﬁll}g_ Ie 2543, 666. suggested the
further additi gﬁr}?oz? etlg@%g[t gen}g % %QW“ iﬁF P> Qﬂﬁ}%éggﬁﬁ 4 sanpl e
30 cont ai ned e\ﬂaBPhAgmdrO crrdIEEm (sa& Tm ghtofirRd ﬁﬁﬂné\rthLPS 3iekicites, bh

m M 2706.1
to 2870.0) consi st. th t of one nore Hex or fI%Ac noi ety.
To aid in the gh & Wzg Sitead ‘f‘g‘b‘rpg%@feﬁgﬁcmﬁ@gmwwmw th‘h@gé Keipeci es,

ol i gosaccharsi demidty.om t he PGEM pCGEMLOS-4, pGEMLCS-5, and 16 1 8 NOV 2003
WO 00/ 70060 PCT/ US00/ 13538 pGEMLOS-7 sanpl es were separated by size

excl usi on chr omat ography and fractions were analyzed by LSIM5 and or

ESI - M5. Sel ect edada1ae NS -8 SANtH : ‘ jor PGEM core types and
t he various chi rrerlc structures were en poored,” dephosphorylated with
aqueous HF, rechr onkheddiSaiiime BGEM, pGEMIOBHCHGEMBOSHRlafd pgBIfIaDSyyzed agai n

by negative-iof (of0) os tlons for the nol ecul ar

i ons observed ar terﬂY%lE&{ ﬁﬂ Mr%hygfoeyspﬁ 3@8&“ 5?%91““@}??% renmoval of
phosphat e afd I?ENImrmﬂllahquotsbﬁheraﬂ:gmsadﬁhz@i&cﬁfims&%&diéﬁl earzam in the
pCGEMLCS- 7 sarrp&s%lusfi) gﬁ’&g:j{)ﬁos cC ari de OfM (avg 2020. 3 (1 HexNAc, 5 Hex,
4 Hep, and |Kd A ¥2e8 AR Iy %B‘T’ﬁaﬁY%?uﬁIMg eicchari de of M
(avg.) 2386. 3, EsmsIspec&gccﬁmﬁmd;hed&rmad%ouaﬁéh& &ﬂoﬂ%( - agd | HexNAc to
t he pGEMLCS-7 LPS é%’ﬁ NAC, 6 Hex i's" species is

al so present i5™fH Vs opnsitept with Fcﬁlﬂtsémm the MALBI-AQfvamlysisloé cul ar

wei ght struct upQsacoRAELEAIPRI THe P 2548. 4) or
HexNAc (Mr ga\égg) 589. 5). 1% ?{LSEMI% slga?ptggﬁar(%)%tra}nc&gnaﬁn%ﬂ%s of the free
& osarelanfesiang

ol i gosacch %@Nmqus@m@m rawlecyldsrdigit froni ndi cat ed
that the diffeyeqs tofd'l'G”ﬁﬁ A?&hro%tu&“i‘&% ’Iéﬁ%ﬂ% ﬁ?oénﬁyag Ltions of

stoichionetric anounts of hexose and 85 ¥6a vari ably
phosphor y| at edicramned for thesarionst speaesovitnindicated that the structures consisted
of two main core types; one containing 3 Hex, 3 Hep, and 1Kdo, and another
containing 4 Hex, 4 Hep, and IKdo. Variability in the number of phosphate and
20  PEA groups was responsible for the large number of spectes present in the
mixture.

The pGEMLOS-4, pGEMLOS-3, and pGEMLOS-7 samples contained
many of the species found in the PGEM sample, in addition to larger molecuiar
weight oligosaccharides (Table 3). New LPS glycoforms of M, 2177.7 and

25 2302.5 were observed in the pGEMLOS-7 sample, consistent with the addition
of a single Hex and HexNAc residue to the PGEM core structure containing 4
Hex, 4 Hep, 1 Kdo, 2 Phos, and 0 or | PEA. The high molecular weight
components of the pGEMLOS-5 sample (M, 2543.9 and 2666.5) suggested the
further addition of yet another Hex-HexNAc unit, and the pPGEMLOS-4 sample

30 contained even higher molecular weight materials (ranging from Mr 2706.1 to
2870.0) consistent with the addition of one more Hex or HexNAc moiety,

To aid in the determination of proposed compositions for these species,
oligosaccharides from the PGEM, pGEMLOS-4, pGEMLOS-5, and
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4 Hex, 4 Hep, and 1Kdo. No chineric structures were observed to %rﬁﬂiafmt he
3 Hex, B‘l and | Kdo core. For conparison purposes, dephosphorﬁ

ol i gosaccha 79869t i ons containing the two PGEM core typeasatiisse main
chimeric structures from 25 pGEM.CS-4, pGEMLCS-5, and pGEMWLOS-7 were
hydrolyzed in 2N trifluoroacetic acid to determ ne their nonosacchari de
conposi tions, r i es of the Hex and HexNAc resi dues.
When anal yzed ?&Mh%‘gﬁ ?e{im %Sé{lk%e%(e Fﬁ%é\ T SYRRYSEr kAt QsTeRtY 3Ed s ed

anperonetric d aemnsomre mdhﬂewwmswﬂramMstesleasmsaectt:@&mlohp contain only
D- manno- hept ose (Table 5). (The Kdo

al act ose, gl

?e3| due is go'ltjggérggg%’?get& Q‘H%E%O)é%ﬁ{gg@coﬁ?ﬁ?ﬁ 3pdjthe vasioys ?h*@ﬁ@%ﬂuﬂmtm core

types were |deM¢é|heﬂp@ﬁe@a&§ﬂ@%h&%qb ed anpja&:ﬂlog:ﬁﬁergﬂ]r %]géﬂtepflbg)s 7 sanpl e
a

cont ai ned G gNH, Gal CBQeE e 5), suggesting t arger PGEM
core was beihg SHEEK¢Esien B f:h%“dl"?‘alﬁ@ 3gaio by TEGNIEVID mmIM/ US00/ | 3538

addi tion of on@r@@ke@d&%p@ﬁﬁoﬁ\kﬁ?ﬁ&%@%&ﬁ%ﬂ%&%&%ﬁgﬁfe peftRedus: L ke se.

t he corrp05|t|on of . the 0S-5 sanpl e suggest gx}tﬁéer PGEM
core was bei ng listed t%@bl‘b‘f' yEoey temoual ofiphdsplai¢t IndREA amoiktied, ehéAasjsiagtdiues.
Fraction 2 frog dthe sang s s 5 pGEM.GCS-5,
gave simlar resul gse ractﬁpgégqﬁ“ﬁso ”E sg‘/?fgé'i‘ﬁ 0g%t ains three

mai N speci es (ﬁ%’é)iﬁlﬂ b(kﬂqxhbﬂmﬁéiem,eﬂ-lqi mghtﬂ:db)me pGEMUS-5 sahdigiuot s of
the same sipy, dep hor | at e ﬁﬁol [ ?gf%(éch% de ctlons used for
nonosacchar i de c:)nrp05| Wegpachagds o B ﬁesP fng fomnipr fitheh anal ysis to
est abl i sh sugaadditionkefgeHpoaidt IHMNAC Idh@e pgﬁmg_y Lrpgt(@ﬁc@gg %ﬂi égol
y conparing

acetates 10 ob rve‘? 8@9% are listed in Table 6.
the two PGEM &gy S SRecies fSAlfopEgsgntdR kaflpé}ﬁhffbﬁa Sdmpb, igee that the
second ter m nahdditRinti® BRsheholeBflar g s é‘o%Ea?mhg ﬁ?d&&&g;fn%ﬁ!i'ext

| es an us

1, 7-1inked hepqtoseln all _of the meric structu

represent the {3EkaS-ior HexJAciMe(angy2989.51 ycosyl ation. Since no chinmeric
structures gere observed with the Hep3 core, it 15 is nost likely that the
nonr educi ng term nal hept ose recent ly identified on the oligosaccharide
branch in the kMIODsH : sitien amd | ibleagevidhiafvisesd t er mi nal  hept ose.

Additionally, no n%sgr ‘ char we ai fromthe chinmeric
ol i gosacchari des, sugge ##’ﬁg’%ﬁhaﬁ?g@’ﬁé 2‘%&3’?&"6&% hﬂ’é‘{; gf’ | added in
a straight chaGEMROS4, pGEMLOS-S, and pGEMLOS-7 indicated that the different

chimeric structures arise from additions of stoichiometric amounts of hexose and

20 HexNAc residues to a variably phosphorylated PGEM core structure containing
4 Hex, 4 Hep, and {Kdo. No chimeric structures were observed to contain the 3
Hex, 3 Hep, and 1Kdo core.

For comparison purposes, dephosphorylated oligosaccharide fractions

contajnipg the two PGEM core types and the main chimeric structures from

25 pGEMLOS-4, pGEMLOS-5, and pGEMLOS-7 were hydrolyzed in 2N
trifluorocacetic acid to determine their monosaccharide compositions, and
therefore the identities of the Hex and HexNAc residues. When analyzed by
high pH anion exchange chromatography with pulsed amperometric detection,
the PGEM hydrolysates were found to contain only galactose, glucose, and

30  L-glycero-D-manno-heptose (Table 5). (The Kdo residue is not recovered under
these hydrolysis conditions.) The two core types were identified as GalGlc,Hep,
and GaiGe,Hep,. The pGEMLOS-7 sample contained GleNH,Gal,Gle,Hep,
(Table 5), suggesting that the larger PGEM core was being modified by the
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To confirmthe identity of the |inkage site between the E. coli i gd\ﬁfﬂﬂfi
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2+
Y4., (mz 1139. 4> B rﬁ‘fl{l'\ebﬁgc‘”&ﬁffda‘ﬁ@ @y Qélsaﬁ’érfélpﬁéc Besiduas. seri es

(14 L e e S ey, 7,

(mz 1417. 4) frﬁgml ons, support the pu
hept ose on theP aﬁﬁﬂﬂéllﬁmeﬁd@%ﬂd&aheori hfrgnsiGE}J{LQSsia@ﬁi&arl de branch.
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kS . f Chimeric Ol harides by MS/MS
To confirm the identity of the linkage site between the £, coli LPS core

and the novel oligosaccharide moieties, and to determine the sequences of the
added sugars, the dephosphorylated oligosaccharides were subjected to MS/MS

25 analysis. For these experiments, samples were run in the positive-ion mode and
doubly charged molecular ions, (M+2H)*", were selected for collision-induced
dissociation (CID). Various reducing-terminal (Y-type) and non-reducing
terminal (B-type) sequence ions are present in the spectra. For the PGEM
oligosaccharide, the Y ion series including the Y, (m/z 732.2 (2+)), Y,,, (m/z

30 651.2(2+)), and Y,,, (m/z 1139.3) fragment ions, and the corresponding B ion
series including the B,,, (m/z 517.2), B, (m/z 841.3), B, (mvz 1225.4), and B,
(m/z 1417.4) fragment ions, support the published structure with the fourth

heptose on the non-reducing terminus of the largest oligosaccharide branch. In
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893.3,) fragnent In addition to those B-type ions, the latter spectrumal so
contained large ions at mz 366.1 and 731.3, which apparently arise 1d5NOV 2003
internal fY2OMEMEE in that case. 25 Assuming that the ol i geseoshatides are
built up sequentially, i.e., from pGEM.CS-7 to pGEML.OS-5 to pGEM.CS-4, the
M5/ M5 data, in conmbination wth our nethylation analysis results, allows

the partial st radgiidh @sthede se@nEdoAL Edvera) g harides to be deduced as
shown in Figure 3. The stru@%ural dat‘aras?&B%?%%ﬁgﬂ%rsg%ﬁ%ﬁ%Pﬁarteﬂt E. coli

K- 12 transf or A8& ra® igpmal geayases dshichermancnimmdpolrigh eesgyof RN ei ght  gene
segment from H.eohdifibdEME B spd I [ e bi nt hesi s makes chimeric LPS
whi ch can be nodified to 5?0%@?% |dg(§)%‘\zl71[cc a>r0[S S%cé’gﬂi’l%i%i‘lqsflmllﬂéﬁtical to
that of H. inflanéBzEre ioVsersseizarly definchinveqadeeand fitlagt e sithdRIgke LPS are
segregat ed hybri.d- .structures, 19 0/ 70060 1 8 NOV 2003
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to add a second inde(gg}g/nﬁlgnt set sugars not found in the parent E. coli
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core did not cont ainﬁlggasvg%%nd tggl%n%g{cq%géﬁ%({s%mﬁ%blrﬂ'{%ﬁéf’“'ﬁﬁhﬂ‘%i s fourth
hept ose as par the@pvel fpsrapaspharide sragtacheditorhe lafgest bfinch bi1as RGENBEdrele br anch was
believed to tegp.Rat e in glucose, which was proposed to be the acceptor
site for Oantigen and other substituents. The role of the initiator
enzyne was unknown-Inithe MS/Ni vpeappaf e thitait ofidscdharilfionR- LPS structures

cont ai ni ng thi hept L.e., conplete core structures) underwent

el ongation in ﬁ%ﬁeﬁgpggﬁ-ﬁmégﬁMﬁgpﬁ%ﬁ3és°s°c"1"az§liyr¢§ﬁ%ﬁﬁ‘dh9 hus, only 15

those E. cd5l srmﬁumgofmemmrmg&iﬁdia&s.an&he§@tm@§-7wig§§d8éﬂaﬂ& :\|IAS TOft ]
ures, cCis e

t he productioi(;)gg)H. influenzae. In the chineric stru :
first sugar d il '. 24 PRat @Z’vﬁﬁ% lfosrEROads Ba single HrepiegNAc dishaherider e t wo
possi bl e expl aneéitlyoThe pGEMIIGY-§ 0GgddsdcBhridd ({1?\&’ f_gtg?_@ in the el ongation
sequence. me&@ N acet yl gilgﬁtégosam ne-speci fi'‘c glycosyltransferase from
Haenophi | us e g&gﬁcjﬁqxsl%g, fosta Hexlf fc-Hex ixNhasragimest (pye86%2) specificity
Or 'S prom Scuads HRANGHEHEN Lk | "whehdlS the> O™
anal ogous E. coli gl gcos_yl tr anéﬁber %se ’g\éﬁgﬁﬁéﬁ% ((tnSDz ﬂi%’ Whercas the
20 pGEMEO -4 oligosaccharide of M, 2546.8 (HexNAc,Hex,Hep,~do) lost a
Hex-Hex-HexNAc (m/z 528.2) and a Hex-Hex-HexNAc-Hex-HexNAc (m/z
893.3,) fragment. In addition to those B-type ions, the latter spectrum also
contained large ions at m/z 366.1 and 731.3, which apparently arise as internal
fragments in that case.
25 Assuming that the oligosaccharides are built up sequentially, i.e., from
PGEMLOS-7 to pPGEMLOS-5 to pGEMLOS-4, the MS/MS data, in combination
with our methylation analysis results, allows the partial structures of the chimeric
oligosaccharides to be deduced as shown in Figure 3.
The structural data support the prediction that £. coli K- 12 transformed
30 with plasmids containing portions of an eight gene segment from H. influenzae
- involved in LOS biosynthesis makes chimeric LPS which can be modified to
produce oligosaccharide essentially identical to that of H, influenzae. Moreover,

we have shown that the chimeric LPS are segregated hybrid-type structures,
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bei ng activated by a Haenophilus regul atory gene. Since sequence
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gl ycosyltra Q0U7UEE ang regul atory genes are present, both BXpUsnaissons are
25 possi ble. However, the fact that term nal G cNAc and 1,7-1 inked heptose
have been found in non-stoichionetric anounts in sonme other strains of E.

coli K- 12 suggestise Ehads; I bk f i to,the term nus of the
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has G cNAc at ?ﬁgpérng l}glgtn%%ngierﬁgﬁ%@dd dﬁ‘tféar?'ég(raé‘?’ A ThEe 8 di ess of the
mechani sm of  t biosynthetistpathewaysippparita be bétfuesiidl @S"b?i‘e@;ﬂcd)fan& h& iREENkgore, it

appears that5 addi ti - of hthi s G cNAc |%5 rate-fimting, since a [arge
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chimeric LPS viep@sadut raerpadthis fagrth heptossdspaut ofithe fanértioe degiofit TR CNAC, one

woul d expegh tg; r.dipterpediate structures, yet none were
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fromE. colt tiveposedtoreght atceptot ditedoigO-adntigenand btttk subeituaté f TIAoRLF 9 adds
this first key,si in the chipgeric structures. Prelimpnary 10 data on a

t.
chimeric construc (Ezognemfﬁﬁs GVE @dé“%‘ﬁ&%né%wgmqht&éfs 203 Da

(HexNAc) , suggesttures comtainingthig fRMEABMsS (lieS cbRBll-AbR MuEERS) The second
step in the bi ogﬁ_&t heqii s of the chingric LPSis the addition of gal actose
to the 3-posi tFOV6R FPRBaNes I theplasmidnensionred ehimeniq strains and thus.oalyi de,

Call3C clAS itiost HPcall RalidgthidlcofiBodilidn SRIGIAER pifliPdn efthpof mah! ©1 ari ses
- rom

15 when the transform ng plasmd contains orfs enophi | us.
Exani nat i on ofPFta4etqn i dtvduenzasi dothechimerspimotues, GENARds e fist gugaduct s

i ndi cat es t hatgdudfid tHaasvii it Y Yord i1 to.a .
gal act osyl transferase vas}?rﬁEsng??g{rln&%{e\ﬁg%?aﬁgrfgP%vt‘g¥§?ss@&°gﬂ‘é’§at“f‘??é‘st hat it
may encode a fQjahiserusin) first step ingthe slongatiorizequepbs, | O, anOr f G does not show any

honol ogy to 2. | acchar | lL.osynt heti c ,genes,  but i s honol ogous
(64% i dent i t ngr %*E@Y%“%%%%&%%@%E@n%l9?%§1we3§%aﬁ %‘P‘E' emophgtus engoded iy o
protein i 20 nouf ereutfg either has this precise specificity or is promiscuous enough to allow

this reaction to occur. Two, some analogous E. coli glycosyltransferase gene is
being activated by 2 Haemophilus regulatory gene. Since sequence comparisons
of the seven genes contained in this plasmid suggest that both
glycosyltransferase and regulatory genes are present, both explanations are

25 possible. However, the fact that terminal GlcNAc and 1,7-linked heptose have
been found in non-stoichiometric amounts in some other strains of £. coli K- 12
suggests that the addition of this sugar to the terminus of the oligosaccharide
branch is accomplished by E. coli enzymes. It was recently reported that when
mutations causing the rough phenotype in E. coli K- 12 are complemented, the

30 complemented strains produce an O-antigen which has GIcNAG at the reducing
terminus of the repeat unit. Regardless of the mechanism of this first key step in
the extension of the PGEM core, it appears that addition of this GIcNAc is

rate-limiting, since a large percentage of unmodified PGEM core R-LPS remains
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gene invol ved i [ r..core .,synthesis orf D.has. honpl ogy with the

si al yl transfer gg%&lggsﬁgg{%snf)‘”c(‘?%ogfva‘%nfl?efv?mf‘r‘8?\“&&1‘%@?1 a gonor r hoeae,
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I dentity rom_Actl nobaci S ...and the 5 gal actosyltransferase gene,

ansB (27% denf’ﬁ?’%‘"fof%rﬂd%? %‘Srﬁ‘gt l%ﬁﬁf‘%ﬁéﬂ'&? C'%H'\Snc Fractures) diretimipans t hr ee

addi tional 1orf gath Bn bRRRinerRREARAEG CAXAS HFEHalSRARLREE b )haEs%El-H $de05 n the
charide chain my

addi tion of onbﬁéﬁv\o nor e susgi?lrs to the grow ng ol igosac

i ndi cate that SOEAD: SHEssbing dhas oFfe erqedesghis cegwlatary gerst er ases i s absent in
the chimeric LPS. 18k Jh&6M &80 & i y sf or.m ng
plasmd (orfs A-G to for méfeﬁg pEﬁ%‘?ﬂgéﬁpﬁe&gﬁg@swg%ﬁ?g£\A°g‘lrl'33§£rve t hat
the M epit opeBalghtasgsp ther3spasitipntof ghet terminal QlcNad.  Theseswdtgalisatdheridepi t ope i s
capped by eithghpnfgRa je ent Jinked to the
6- position of the GglﬁQ Eagﬁlgggh%@%vdglﬁe%f%ggfe? WBShew %E&-4 LPS
popul at i on er when the tragsforirieg plesmideonnins aifa F 4G from Hhelkdphii®i et y, presumabl y
somewhere in thejr. e eqgions. Wiile sone.of the inconplete core
structures foun |ur11£t néjfvt\iﬁgﬁpgﬁﬁ%ﬁ%a@mafnglqulRF“ﬁ%@ﬁ’ge UWlsi ons al so
contai n a t hi riddicates thaf orffitms highrermology ((66% idehst§) to a0flaétob IR arstdraset Ur s

uni que to pGEML.OS:.4. were found to contain a third Kdo. his chinmeric

strain was al sm?@c%%rﬂlﬁ?gﬂ"%w rgeHsgisiRn At TaYFacede an i nner 20 core,

Kdo-r el at ed epganmmymuﬁmﬂﬁlmma?mmsme&ﬁ&sh&afm WdrSo1bdy tbd Kdo forms
a di ffereg& itop?. tharl1 the one found in the core structurée of the
wild-type E ﬁ%olwno 1gosaccharide biosynthetic genes, but is homologous (64% identity) to

a gene encoding the ModE protein in E. coli. This protein is involved in

molybdenum transport and regulation of transcription, suggesting that orfG may
encode a regulatory protein from Haemophilus (which may be regulating an
N-acetyiglucosaminyltransferase gene from £. coli in the chimeric strains).

25 In the pGEMLOS-5 strain, an additional three genes are contained in the
transforming plasmid (orfs C-G) and an additional GlcNAc and Gal are observed
in the resulting LPS. These sugars now define the tetrasaccharide
Gall-4GIcNAc-3Gal13GlcNAc. The LPS from this transformant is now reactive
to the 3F11 MAD, suggesting that this new disaccharide is betalinked to form the

30 terminal trisaccharide, Gall4GIcNAcl-3Gal. All of the new orfs contained in
this plasmid have some homology with known glycosyltransferase genes: orfC
has homology with the asmD (26% identity) from Erwinia amylovora, which

encodes a glycosyltransferase for exopolysaccharide synthesis, and TrsD (38%
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LPS. Thus, the addition of orfs A and B to the transform ng plasm ﬂem\!:@ '
fon-ned strain pCGEM.OS-4 seens to have nmultiple effects on the chi EJS
structure. WPPE7G060 honol ogous (46% identity) to the sialyl tpemgdginsg dene
from25 N. gonnorhea. OfA is honmologous to both the Rfb X gene product (22
% identity) fromE coli and TrsA (24 %identity) of Y. entercolitica.
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assignnents can be (E’%g(}?é@?g t he pbasis of the honol ogi es noted above (orfE

i s honol ogous tGOH TPighs FRRRLFIHY JBkRd) to theb-pesitiones the Galof or s

observed in t hghddd Rewtspabids préSeht BOhEBGEML G BPY Doputaiitiifwile alsbuncat ed
versions of _the sialyl-N lg acetrélsl actosam ne structure were seen in the

276.4 LOS pgdpuPlseivesioceniain a thisd Kelp sdiery, nresumiably semewhere én theirgomci d or
sialic acid plgsicgal WEiOsRle ofithe ; %@t% : dg‘agg e codes
for the gl ycost/é?]jt ransf eraseeov_\hﬂit‘eclﬁ a § t%%‘%ﬁﬁ%%dh{]ﬁ'g%[l sg'cchari de
branch This i scoikd2ddiSsopuletiensiailsorcontain athisd Kdat ¢fche ¢Himeriostenctunés, t he genes
in orfd GE is ?‘%\I\ | radding, GICNAc tQ.t 20
3-position of ?lﬂgmgé %ﬁ:ﬁ?@qupﬁkﬁ'gﬂﬁrfﬁt@“’g@hﬁ? i3 E’ﬂ’g ructure.
Thi's chi meri c This thimgnlr sitain wasprlsasiagnized by BIABGEA whiok reteghibafanmme i on  t hat
s el evantyt o AN SLLY ofige SRCHNS gl che BB s (P

different epitope than the one found in the core structure of the wild-type E. coli

LPS. Thus, the addition of orfs A and B to the transforming plasmid which

fon-ned strain pGEMLOS-4 seems to have multiple effects on the chimeric LPS

structure. OrfB is homologous (46% identity) to the sialyltransferase gene from
25 N. gonnorhea. OrfA is homologous to both the Rfb X gene product (22 %
identity) from E. coli and TrsA (24 % identity) of Y. entercolitica. These are
putative O-antigen transporters (36,37), suggesting that orfA may encode a
flippase.
While sialyl-N-acetyllactosamine-containing structures are only minor
30 components of the wild-type H. influenzae type b strain A2 LOS population, we
have previously seen that Isg genes are involved in the synthesis of this epitope.
Transposon mutagenesis of orfD produced mutant strain 281.25, that lost all
ability to add galactose to Hib LOS glycoforms. This strain could not make any
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addi ti onal advantage of being carried out in the absence of the nornal
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been described with respect, t FEEeCIfIC exampl es and nbodi ne However ,
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galactosyltransferase gene) and the LOS glycoforms observed in the 276.4 and
281.25 mutant strains. Since no truncated versions of the sialyl-N-

15  acetyllactosamine structure were seen in the 276.4 LOS population (i.e.; no
species lacking either sialic acid or sialic acid plus galactose), it seems probable
that the orfd gene codes for the glycosyltransferase which adds the GleNAc to
the oligosaccharide branch. This is also consistent with the observation that one
of the genes in orfd C-E is apparently responsible for adding GlcNAc to the

20  3-position of the Gal which is terminal in the pGEMLOS-7 LPS structure.

This chimeric carbohydrate expression system has provided information
that is relevant to unraveling the functions of these /sg genes and has the
additional advantage of being carried out in the absence of the normal
endogenous genetic background on H. influenzae. Indeed, while gene knockouts

25 ofsome of the /sg genes in H. influenzae have been completed, downstream or
regulatory gene effects can often complicate their functional analysis. In this E.
coli expression system, structural analysis of the resuiting chimeric LPS has
shown that synthesis proceeded as a serial (non-parallel) synthesis, that is, the
new clements of the chimeric LPS were added after the formation of the £. coli

30 R-LPS. The fact that this synthesis was sequential (rather than interdigitated
with the R-LPS synthesis, for example) allowed for the functions of these H.
influenzae gene products to be more readily delineated from the chimeric

oligosaccharide structures. Moreover, screening of the chimeric LPS products

23
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Table 1. Bacterial Strains, LPS and Vectors

Strain/ Relevant charactenistics

Plasmid Reference/source
£. coli

IM109 recA, supE, hsR. dilac-pro) (40)
H_influenzae

A2 Parental strain (10)

Plasmid

pGEM3Zf+ Ap*® Promega Biotech

PGEMLOS-4  ApR, contains 7.4 kb bamHl-pstl DNA  This study
H. influenzae Isg locus

PGEMLOS-5  Ap* contains 5.5 kb Aindlll-pst] DNA  This study
H. influenzae Isg locus

pGEMLOS-7  Ap®, contains 2.8 kb sphl-pstiDNA  This study
H. influenzae Isg locus

LP§

pGEM isolated from strain JM109 This study
transformed with pGEM3zf+

pGEMLOS-4 isolated from strain JM109 This study
transformed with the plasmid
pGEMLOS-4

pGEMLOS-5 isolated from strain IM109 This study
transformed with the plasmid
pGEMLOS-5

pGEMLOQS-7 isolated from strain IM109 This study
transformed with the plasmid
pGEMLOS-7
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of the dephosphorvlated oligosaccharides from
PGEM, pGEMLOS-7, pGEMLOS-5, and pGEMLOS-4¢

Fraction Obs. M, Calc. M, Proposed compositions
(ag.) (avg.) | {exact)
pGEM (Fr. 2) 1300.8 | 1301.1 | 1300.4 3Hex 3Hep 1Kdo
pGEM (Fr. 1) 1655.3 { 16554 | 1654.5 4Hex 4Hep 1Kdo

pGEMLOS-7 2020.3 | 2020.8 | 2019.7 {IHexNAc SHex 4Hep 1Kdo
pGEMLOS-5 2386.3 | 2386.1 | 2384.8 |2HexNAc 6Hex 4Hep 1Kdo

pGEMLOS-4 2386.3 | 2386.1 | 2384.8 |2HexNAc 6Hex 4Hep 1Kdo
(Fr.2)

pGEMLOS-4 2386.1 | 2386.1 | 2384.8 |2HexNAc 6Hex 4Hep 1Kdo
(Fr. 1)

2548.4 | 2548.2 | 2546.8 [2HexNAc 7Hex 4Hep 1Kdo
2589.5 | 2589.3 | 2587.9 |3HexNAc 6Hex 4Hep 1Kdo

* Observed molecular weights are reported as average mass values.
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Table 5. Monosaccharide compositions of the
dephosphorylated oligosaccharide fractions®

pGEM | pGEM | pGEM- | pGEM- | pGEM- | pGEM-

(Fr.2) | (Fr.1) | LOS-7 | LOS-5 | LOS-4 | LOS=4

Fr.2) | @Fr.1)
GicN 1.0 2.7 2.4 33
Gal 0.9 1.1 1.7 3.0 2.8 3.1
Gic 2.2 3.2 3.2 3.4 3.4 3.4
Hep 3.0 4.0 4.0 4.0 4.0 4.0

* Molar ratios were derived from comparison to the hydrolysate of the §.
typhimurium Ra oligosaccharide of known composition, and then those values
were normalized to either 3.0 or 4.0 hepioses in each fraction.
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WO 00/ 70060 PCT/ US00/ 13538 Tabl e 4. Mol ecul ar weights (_i4r) and proppgcﬁgv 00
conpositions of the dephosphorvl ated oligosaccharides from pGEM

pGEMLCS- 7, WORATMES- 5, and pCEML.OS-4' Fracti onCbs. M Cal cPr&qg‘is?q 13
conpositions (avg.)(avg (exact) ) _ pGEM (Fr. 2)1300.8. 1300. I—Exsglg—iepl Kdo
1301. 1 pGEM (Fr. 1)1655.31655. 41654. 54Hex4Hepl Kdo

pCEMLOS- 72020. 32020. 82019. 71HexNAc5Hex4Hep1Kdo

pCEMLOS- 52386. 32386. 12384. 82HexNAc6Hex4Hepl Kdo

pPCEMLOS- 42386. 32386. 12384. 82HexNAc6Hex4Hepl Kdo (Fr. 2)

2386. 12386. 12384. 82Hex NAC 6 HeRablef) | Méaha | RicE Maeles it of Hie

1) 2548. 42548. 22546. 82Hex NdéphoeptrbraRlef @figosaccharide fractions® .

2589. 52589. 32587. 93HexNAc6Hex4Hepl Kdo Cﬁserved nol ecul ar wei ghts are

%! o TS TR R T BT h ) 20
ol i gosaccharide fractiqn / US007 13 GE M nGENP-4
(Fr.2) | (Fr. 1)
T-Gic 0.5 0.2
T-Gal 0.6 0.5 1.2 0.9 0.7 0.7
1,2-Glc - 0.2 0.7 1.0 0.8 0.8 0.7
1,3-Gal 0.4 0.5 0.6
1,6-Glc 0.4 1.1 1.6 -1.5 1.3 1.3
1,6-Gal 0.3 0.6
1,3,6-Glc 1.0 1.0 1.0 1.0 1.0 1.0
T-Hep 0.3 0.6 0.6 0.3 03 0.2
1,3-Hep 0.3 0.3 0.3 0.4 0.6 0.4
1,7-Hep 0.4 0.6 0.5 0.6
1,3,7-Hep 04 0.4 0.2 0.3 0.5 0.5
T-GleNAc 0.1 0.2 0.2 0.3
1,4-GlcNAc 0.9 1.1 1.0
1,3-GlcNAc 0.3 0.7 0.7 1.0

“ Peak areas were measured from the GC/MS EI total ion chromatograms, and
values were normalized to the 1.3,6-glc residue. The data for pGEMLOS-7 are
the average of two runs.
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1. A transformed Salmonella bacterium for use as a chimeric carbohydrate production cell,

wherein the bacterium comprises:
(2  alipooligosaccharide (LOS) or lipopolysaccharide (LPS) comprising a core region
containing a terminal heptose;

(b)  aDNA sequence comprising an 172 gene; and

{¢)  anisolated DNA sequence comprising a lipooligosaccharide-synthesis gene G
(IsgG) from Haemophilus influenzae, wherein IsgG encodes LsgG, and wherein
the 7fe is regulated by LsgG such that a &, influenzae-specific LOS is synthesized
by the addition of an acceptor molecule to the terminal heptose.

2. The bacterivm of claim 1, which is Salmonella minnesota.
3. The bacterium of claim 1, which bas terminal heptose on a kdo core.
4, The bacterium of claim 1, wherein the acceptor molecule is Neacetyl glucosamine.

5. The bacterium of claim 1, wherein the LOS or LPS is an Haemophilus influenzae,
Neisseria spp. or Salmonella spp.-specific LOS or LPS.

6. A process for producing a complex carbohydrate, which comprises the steps of:
(a) inoculating production cells which are bacteria according to claim 1 into a culture
medium capable of supporting the growth of said production cells;
()  allowing the growth of said production cclis; and
(¢)  recovering t_he complex carbohydrate from the culture medium.
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PCTNS00/ 13538 SUBSTI TUTE SHEET (RULE 26) 18 Nov 2003 CLAIMS 1. A
transforned Sal nonella bacteriumfor use as a chineric carbohydrate
production cell, wherein the bacteriumconprises: (a) a

| i pool i gosaccharide (LOS) or I|ipopol ysaccharide (L'S) conprising a core

Gone. Tana TREPERCS of i ) Wileh CERRBRS e lips e SRy R RRRGcC 0P ! o1 nO an e
l'i pool i gos Shacliaride loe Fip Schafide frbidha cdlfucé ¢elis BNy thef | uenzae,

wherein LrgG encodes LsgG and wherein the rfe is regulated by LsgG such

that a H extfacieddippoligospenhafideonlipepolysacpharidesindadcoviering the restilting on of an
acceptor nmp).ecule to the term nal heptose. 2. The bacteriumof claiml,
which is S% %ﬂ?ﬁ% ‘?ﬁfrﬂ?g?ﬁ?g‘mge The bacterium of claimi1, which has
term nal heptose on a kdo core. 4. The bacteriumof claim1l, wherein the
acceptor nolecule is Nacetyl glucosam na. 5. The bacteriumof claim1,

wher eBn t ha protese forltiSprodusion ldf @ Hughioph Susi inflienesezspecific NiposBgusacthanige.  or
Sal nonel | anz‘gg. -specific LGOS or LPS. 6. A process for producing a conpl ex
car bohydr akie; cemprises hesstensofist eps of ; (a) inocul ating production

capabl o of Wunp BroHHE B QB BediulCrkdt (el Dty Roafiing U] £ ot [
growth of said piagwurecbRamify 4 @mmarheptseuRd (if)d DNA seQIEREE oY WAE at e

fromthe culture medi um
gene, and (iii) an isolated DNA sequence comprising a

lipooligosaccharide-synthesis gene G (IsgG) from Haemophilus influenzae,
wherein IsgG encodes LsgG, and wherein the rfe is regulated by LsgG such that a
H. influenzae-specific LOS is synthesized by the addition of an acceptor molecule
to the terminal heptose molecule; and
()  recovering the H. influenzae-specific LOS from the culture medium.

9.  The process of claim 8, whercin the bacteria are Escherichia coli.

10.  The process of claim 9, wherein the bacteria are Escherickia coli K~12 strain JM 109,

11.  The process of claim 8, wherein the bacteria are Salmonella minnesota.

12.  The process of claim 8, wherein the acceptor molecule is N-acetylglucosamine,

13.  The process of claim 8, wherein the rfe gene is from Haemoaphilus influenzae.

14.  The process of claim 8, wherein the DNA sequence comprising a rfe gene is part of the
gram-negative bacterial genome.
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34 18 NOV 2003 7. The process of claim6, which conprises the steps  'of

.extracting chineric |ipooligosaccharide or |ipopolysaccharide fromthe
cultured cells, hydrolysing the extracted |ipooligosaccharide or

| i popol ysacchari de, and recovering the resulting oligosaccharide or

pol ysaccharide. 8. A process for the production of a Haenophitur

i nfl uenxae-specific |ipooligosaccharide (LOS) which conprises the steps of

ot e 5pt afeditplis GF b MRAHIR AR ke bt BEIE B (L ence
conpri Si NGeoatdided in@@etor.and (iii) an isol ated DNA sequence conprising a

| i pool i gosacchari de-synthesis gene G (1sgG@ from Haenophilus influenzae,
wherein 1sgG encodes LsgG and wherein the rfe is regulated by LsgG such

t hat H..i nfluenzae-specific i s syhthesized by the addition of an
ncoepthr  RERIES Of Saih . ¥arrHn R baspR JSE BB tFLA EUFP BB O er | ng t he
H influenzae-specific LOS fromthe culture nmedium 9. The process of claim
8, wherein the bacteria are Escherichia coli. 10. The process of claim9,
wher el’h t hA poecesefor thegprodictien b4 carhplex carbohydrdte camprising thylstep®of: 11. The
process of claim8, wherein the _bacteria are_ Sal nonella_ m nnesota.  12. The
process of (@] ai BFOWIng My @itnremedivm eepeuesafiyedaciraa compuising)a ¢pre bpidani ne.

13. The process 8. i i i
i nfluenzae. 14.%%@@?3% clal rlﬁ f%sé\%@}@ﬁﬁﬁlﬁ%s Sequ caoui%ri si ng
a rfe gene is pgere, aid (iian iglasd DAY sdquendeadhpiisial adipositeharide-syithdsi¢t 2003

15. The process of claim8, wherein the isolated L[ sequence conpri sing
the 1sgGis cotngiG G tom fHaemophilusgnflnaneas; whereinlsgG egrodenlsgGmdr ei n t he
bacteria fun he L SE - | Ikt ransfeprase. 17 A process. for the
production of a&%%&‘%ﬁgﬁ%@ﬁkﬁ%ﬂg}aﬁﬁq%%@ﬁ@ﬁfﬁ growing in
a culture nedi ugnilieadPed BY el adaitloA G 8h hecehRIRIdIH R0 Cho heptdiLirdlécuRRt fhd
structure containing a term nal heptose and (ii) a DNA Sequence conpri sing
a re gene(®)andrecpyeringshe complex eatbdliydrate fromthe cdbwpmediumy a

| i posacchari de-synthesis gene G (&G from Haenophilus inf |uenzae,
wherein | sgG encodes LsgG and wherein the rfe is regulated by L agG such
t hat as.coMsgr&asmamﬂﬁqvewh&dn&uasmmsme%ﬁa%ﬁjti on of an acceptor
nol ecul e to the heptose nolecule; and (b) recovering the conpl ex

carbohydrate fromthe culture medium 18. The process of claim 17, wherein

the DGt er b Al eds ot i 18 Shrin'the bacteria are Escherichia coli K-12 strain JM 109.

20.  The process of claim 17, wherein the bacteria are Salmonella minnesota.
21.  The process of claim 17, wherein the acceptor molecule is N-acetyl glucosamine.
22.  The process of claim 17, wherein the rfe gene is from Haemophilus influenzae.

23.  The process of claim 17, wherein the DNA sequence comprising a 7fe gene is part of the
gram-negative bacterial genome.

24.  The process of claim 17, wherein the isolated DNA sequence comprising the IsgG is

contained in a vector.
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19. The process of claim 18, wherein the bacteria are Escherichia coli K-12
strain JM 109. 20. The process of claim 17, wherein the bacteria RN 7003
Sal nonel l'a m nnesota. 21. The process of claim 17, wherein the acceptor

nol ecul e is N-acetyl gl ucosam ne. 22. The process of claim 17, wherein the
rfe gene is from Haenophilus influenzae. 23. The process of cI aim 17,
wherein the DNA sequence conprising a rfe gene is part of the

gram pegat jve bacte |aJ cess of. ¢ erein the
ool iobq Dbe wOGsE AL L Mot habe0a BuRtE S ftise s QuoneanRIS " 5016
NOV 2003 25. The process of claim 17, wherein the bacteria further
conprise a glycosyltransferase. 26. A nmet hod of nodifying a term nal

hept 02& of Aandthabpirhpdifyinga rrménal hépf)scaf a lipppalyiacdaside (LRS)iode (LOS) core

stricture Qf g gram negative bacterial species congal ning a rfe gene

conpri si ngliPeokigpsacrhiagide (EOR) eorg etmectyge of & gramr-egative barterial apasiss fat ed

hdded ont o P 2ehe BRRRE bl HEDAYRns Uh o ORI MMATY uf isuitf B20T, 1C 1 °
bacteria agenefrdhlaembp Hh&@hﬂueni’& sudli that®i Nodet9l glaboshiingis addedogtothe he

bacteria are Escheri Chl a coil K-12 strain SM 109 29. The nethod of claim
26, wher ei terminal beptessri a are Sal monel | a minnesota. 30. The nethod of claim
26, wherein the rfe gene is from Haenophilus influenzae. 31. The nethod of
claim 30, wherein the rfe gene is part of the gram negative bacteri al

genonyy. 32ThdBieaidRlot ik 6 Rk A bableflh Rl EdhERRLAL °d | S9G gene i s

contained in a vector. 33. The nethod of claim30, wherein the bacteria
further conprise a glycosyltransferase. 37

28.  The method of claim 27, wherein the bactenia are Escherichia colf K-12 strain JM 109.
29.  The method of claim 26, wherein the bacteria are Salmonella minnesota.
30.  The method of claim 26, wherein the rfe gene is from Haemophilus influenzae.

31 The method of claim 30, wherein the rfe gene is part of the gram-negative bacterial
genome.

32.  Themethod of claim 30, wherein the isolated IsgG gene is contained in a vector.

33.  Themethod of claim 30, wherein the bacteria further comprise 2 glycosyltransferase.
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