WO 01/ 09350 PCT/ EPOO/ 07424 VACCI NE COVPOSI TI ON FI ELD OF THE | NVENTI ON The
present invention relates to the field of G amnegative bacterial vaccine
5 conpositions, their manufacture, and the useé of such conpositions in

medi cine. More particularly it relates to the field of novel

out er - menbr ama@ov@ssocl e (or bl eb) vaccines, and advant ageoRGCI/FRIORHAE of
rendering these vacci nes nore ef{f AP BACKGROUND OF THE

| NVENTI ON 10 .Gram negati ve bact gﬁ?’??r%csepaégit e?q romthe external nmedium
by two successive |layers of nenbrane structures. These structures,

referred to as_th nbrane and the outer nenbrane (OM,
differ both sﬂ%‘:ﬁtﬂé)ﬁ@omﬁkﬁ tionally. The outer membrane plays an
inportant role in {heplefdmeimehii@reMtes @athmlmrufcerb@caegiﬂve batteRaltvacdise
respective hosts. Consequently, the surface exposed 15 bacteri al rml ecul es

represent is rrp@omacmthna,rtgelt mangfactuisearigbe uierphsheh qompositens in Fgdicing. More
out er - mepbr ane Coﬁgﬁ @te‘s“% {h%(ﬁe'lcy 3 o%gﬁéﬁqg‘trgé?q Qb Xfeflg{‘&e %8&1

di agnostic aRg™f I'CS” reagen cérnes:

(killed or at taﬂdlb@aﬁﬁéedﬂamtﬁoheoﬁduﬁﬂhgmsofraccmmnbweﬁgctwuland gife. anti gens
in their natural mcro-environnment. Drawbacks around 20 this approach are
the side effects induced by bacterial conponents such as endot oxi n and

pepti dogl ycan g[[ E%iﬁ@NDQijﬂlﬁE gUeNTIORD, acel lul ar subunit vaccines

cont ai ni ng pur| conmponents fromthe outer membrane may supply only
limted protection Grandaegayenbnctquaegerﬂeparhtedafmmqlanﬂwmbemdwm %t B0 i mune

system of the host. Protein hol i nd | i popolys a re the
t%r(ee maj or  PECEING Hyﬁgnfg ’?%E‘Hﬁrpl ATY e ou eer'S<E trg tgraeﬁgreo ela F 18 9me

G am negat i ve QapldmicdmehbBRSE andBhebutbemeMbRNE (OM)] mmeﬂotasmmﬁany aad | y:
menbr ane phospholi pi ds &Dst ly in the inner |eaflet) ool i gosacchari des
(exclusively ifungtivgalbut e pwsk p@p}braalﬁdplasoeré.lwgor(qnﬁﬁglp ma 8 1Bi§taston 84t | et

| i popr ot ei ns, I t ?g‘{{pg Sts. PESHsBAR Ay, hOSulfRBYexphegt eri al
pat hogens whi c’%?mo Qﬁxé‘ba&én SJrlrténtgmqe ?{Sogodliys?accha);ltdesgnd Ot)j?er 30

menbr ane pnot eban&nhﬂanelehéesrremh@mmnpmnbs tangets florgenbast mmmungrrespapieemaking onf er

protection agalnst the corres di e wa I ~ll~l~
DL T HH 1 | T —Ougmeriane pomipangpts ‘?‘%ég %“%‘4@%6{5 QV“EAE# W%B%g'%m
PCT/ EPOO/ 07424and15@agamlafre5geam negative bacteria is dynarri c and, depending

on the environmental conditions, can undergo drastic %vp gl cal ¢
transformations. AnBhge selcasterahyicsiden (fbs or airnuptsd Rave Je gfivantage o

out er - menbr ane X’??‘% ﬁﬁlt fe aftlgBSin BEF nla&@zn mléitob%lveshmd PRAGERS tefdni N many
G am negat i ve b hou, L et at. 1998. FEMS 5 Mcrobiol. Lett. 163:

223-228). Aponthis dppsmch arenbmsxé« REfents nndleceﬂ iby tbaes¢riah semporients suqimsrmg@ﬁ@n
reported to pr Odd"l pepngog ycan Ifrrzl(g:rlnleJ qs OnBiB Fﬂalnﬁl el utlzyrssﬁbumt \Eg&x{eg c!)rﬂalmng
purified components from the outer membrane may supply only limited protection

and may not present the antigens properly to the immune system of the host.
Proteins, -phospholipids and lipopolysaccharides are the three major
25 constituents found in the outer-membrane of all Gram-negative bacteria. These
molecules are distributéd asymmenieally: membrane phospholipids (mostly in the
inner leaflet), lipooligosaccharides (exclusively in the outer leaflet) and proteins (inner
and outer leaflet lipoproteins, integral or polytopic membrane proteins). For many
bacterial pathogens which impact on human health, lipopolysaccharide and outer-
30 membrane proteins have been shown to be immunogenic and amenable to confer

protection against the corresponding disease by way of immunization.
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burgdorferi, Brucella nelitensis, Brucella ovis, Chlanydia psittaci,

Chl anydia trachomatis, Esherichia coli, Haenophilus influenzae, Legionella
pneunophiwe01/09366 sseri a gonorrhoeae, Neisseria meningiti despcFprjsdosmnas
aerugi nosa and 10 Yersinia enterocolitica. Al though the biochem cal

mechani sm respogsi @'ﬁ fpr the production of OMblebs is not fully
under st ood, the P! (RABrasEative diastese kadgnarhiee and; xdspaading! oh Shdi ed as

t hey repr egfitbniedtARhiioniBhLE in order to isolate outer-nenbrane
protein preparations i nHltoﬁe’i T %g{?%rg(g&%ﬁ? Wr@lqlﬁﬁwlwfifﬁ@ﬂat@aﬁtﬁemqg t he

use of outiesermarifestatons, ¢ipa fatratios of Sulth-r@hb el kAL il L ster evel op
vacci nes 15 ‘ﬁg%@gi?ﬁNei sseria, Mraxella catarr haﬁlggy{)—\iebqn%oﬁhithﬁﬁgce“

i nfl uenzae’™ HEEnted &b many Syamenegatyd bavyetia(Zhbr [eeNAT | 998UEE/sTENDT ane
bl ebs conmbjms,aeil triep! pret el,gacgaous and non-protei naceous antigens that
are likely to confer: g)?%ér%gégzggrgf“@&gi 'g‘ﬁseagaai“%texhﬁtsﬁ‘a& dise of dactenali ant s.

| n conpar i athogest ediedottbe prodkBs Epdbae] ed s of bacterial_ vaccine
20 (whol e cell bacteri al ang.puri fied sﬂ%ﬁlﬁ?'t %%’%%‘lgr&%s?e,mf’ﬁé’ iAfeeor s wil |
show t hat &g erimehmrelire mtlaensisacBiuvelia (bvis, TChIdrysh | 73iees t @hRmyAYsS) may

r epr esent | deal ~ ,conprom se.._The w de-spread use of bacterial subunit
vacci nes r{ys}ﬁ%%%%’ ﬁsehe(%}%tahéoai FEROPGHHSs tilfdnenade, hhegienellal prawriopkita, pr Ot €i NS

t hat have Meserid Ogotbrinvebe Wisbliai B, . cigle | ications [for instance
B. pertussjs pertactin]. Thesesprucl)t eieﬁéégragjc’l %S%‘f"%&%&o%%&’waw% t he

bact eri®al Gt enarpealitisaandtbongh e pinchbinidl frheuRhistht AdEonsiBHP RS NGL ant or

easily ext bacterjal cells. However it has also been shown
t hat strucp':rﬁérﬁtgﬁ, %@@g&’g’gs &?%rd’ HRPSIFRO% thess] qiseramembrasvesiakdsemye ve

antii gens. betxan@isBelastediRehAtHe0r, iLngLid.di s.ser.ogroup ,B; D 15 for H
i nf | uenzae; OVP CD 30 for M o e R pB e e Batigs Refrles tmdolete such
prot ei ns RYFEREMOMpEPTPEimpReparspesiif ileishative lohfrmb &Rl B 83y co?@arxhi ularly
mul tiple q]g?glfg)%c@_lrge -sheets, which conplicates their straightforward
use as purifie Ereco PRAAISPAENSTHit of aRasticiday, intergyd 1©1408BHOvaccines

PCT/ ERGO/ Ggdizst Néisserddi AbRirelld telBsnREC cl ear that nultjple conponent
vacci nes are needed (in terrens cha bact’g’ri a msotﬁ)f%?léscé" B1%:i s‘e‘ﬁ’gd’of’ﬁ% egr al

menmbr ane [FFOBELHS )and o Chlanpria. aMoreousmo maindre mleRibeineObleBy @b@GIne ORulticR

i nstance, pidleihdafiRS 3. _pertussis subunit vaccines nulticonponent
vacci nes ar eelsupaecr&?o%‘fgwﬁgﬁdge%?ceﬁ?scBﬂﬁbﬁﬁ?éﬁpatpﬁ’iﬁdh%qlx 10 Fonfer extdaded: 0

i ncor por apeoteqube agaihst dntiB§pedRI VAN Prot ei ns into such a subunit product,
native (or near-native) conformational folding of the proteins nust be
present in thd FIBRRIEED With thtepthery ninre evidelyseded) typsd U BACRG aE hecifel €Ct . The

use ohgexegBliede) vesi.cl es. or bl ebs may be an el egant
sol ution t@g t he b%%%}}qﬁ%{ﬂ,—l%ﬂ% Sﬁ‘gi“?ibv?ﬁclﬂe@chq}év?%rémlhmmwwm pr ot ei ns

into a sumenibrangaileb meacelned if foliifled 0 c&RSANARY thAL Lhey fol d. properly.
N. meningitides.serogroup B (nenB) excrgt es ou%g? n%'rrﬁpfpéﬁémbﬁéb’gg‘?]n
suffici enf®HeERSt i es to al l ow their manufacture on an industrial scale.

Such The wide-spread use of bacterial subunit vaccines has been due to the T

Intensive study of bacterial surface proteins that have been found to be useful in

25 vaccine applications [for instance B. pertussis pertactin]. These proteins are loosely

associated with the bacterial outer membrane and can be purified from culture
Supematant or easily extracted from the bacterial cells. However it has also been
shown that structural, integral outer membrane proteins are also protective antigens.

Examples are PorA for M. meningitidis serogroup B; D15 for 4. influenzae; OMP CD

30 for M. catarrhalis; OMP F for P. Aeruginosa. Such proteins however have rather

specific structural features, particularty multiple amphipathic f-sheets, which

complicates their straightforward use as purified (recombinant) subunit vaccines.

b



mul ti conponent out er-nenbrane protein vaccines fromnaturally-occurring
menB strains have been found to be efficacious in protecting teenagers
from menBYA0Y8%s® 15 and have becone registered in Latin ARGI/EROV/OAR4
alternative nethod of preparing outer-nmenbrane vesicles is via the process
of detergent exhnhagitibRNit 8hs bOASRALES' d ells (EP 11243). Exanpl es of
bacterial species from which ble yg%?ngg&EA%c %Hre‘_’aéf:éﬁ 8 neead) owi ng.
20 Nei sser(inatermiof §actemial ssurfiiet ps@eing ane nhiegial lnqleﬂf,%rﬁgegyo&@;g‘}‘?&%%@ly > @
Gram negat_i ve ag)@ct]erlu frequently_l sol ated from the humah upper

respi r at of APPRLT OVt O RIEKSEHOMal Py instaRses in ithey sasevef Bagleeuisal sehmeases

such as bagt&r&Thatiedip | PO The inci dence of 25 neni ngococcal
di sease shom‘g geogtrlaphlciz%ﬁfikgg{sngﬁgﬁe Sgﬂecfl%fﬁﬂﬁféﬂnod’irgfcéfr’@ﬁﬁ%Prf(dSEtﬁwartz, B.,

Moore, SP. S., Bineornder t€indorpdrhte rintelytal roakirGhemiRaN : 18- S24,
1989). Most disease jn tenperate countr iresenils d%gl%tte(cl)&sl?]r%a%n%%ubfg?ogr oup B
and vari eS"HF AET AT RFM8RYS)-cPoforowtiond fylding dfohepropaiuhat boPresayiet | Mes

reachi ng :hi | mar.ski . .E. B. (1997), Comun. Dis. Rep. Rev. 7:
R55- 9, 19‘33’2!‘@;@%%‘\({‘%6#5"2%& B2V Jupset immiuological effepto Jhawse of excreled al .
Cin. |nfeater m¥mbradd veddéds 24blebsl 333 b vez Aguilar, E., et
al . Epideniol. Infect. 105: 119- 126, §19°%i)’l.zeleg§“ﬁ/\iﬁﬁgﬂ?e’b§%§t? Bi?%’éb@é/ 07424
Age- speci f1¢uding PERIrEiNg iniggTahandmibrahé ghoteins kngr o witsuniti eaink SviaRE stigenagers,
reach ;,hi . i demi cs dom nated by serogroup A meni ngococci

101 SRfifing B bty ARG

occur, nos n cen ta, sonetines reaching levels up to

1000/ 100, 000/ y darmérfegindist fero@oup M3O{renB)O e b2 o C. V. in.
Mﬁrobi ol. Rev. 2 (Supplenent), p81.8- 24, )158% .ES %?I&EQPP”E%IE &t
meri ngoc oSHAFIEAT WaRRNess tyy alleot etheir emaaufentreryons an OgidattHalA sce. SuchV 135

and Y nenj I | lent A .C._W.135_ Y capsul ar pol ysaccharide
vacci ne i g{&ﬂg&@gﬁ;ﬁg rft:bl%t%ﬁélrgr\égmﬁ  Prol@inVAFGRes Fom ppmuely-oceuring mei x, C.

J. Biol. StangdhavkGeen 3AMdA3%De FB8Diousli | de vaceines are
currently being jnproved by way of gﬁg#@gf‘?@ %%ﬂa%gxggfhﬂgéne e‘ﬁﬁaﬁe carrier
prot ei'hs” &89 Bp%: hecRme Jregisterathin) Latn S\meritanchn aliériétive ehetidd of :
1499- 1503 ) .B..vaccine is.,not available, since the B
capsul ar B%tlll?%g%rgﬁdg‘rc i elglgéq%%ﬁgimn%ﬁﬁgasén?é?a?féﬂt PrRENQP plethskastenigl shar es
st ruct ur afellsi(BP11d243)y to host conponents (Wle, F.A, Artenstein, MS.,
Brandt, 15 ML. et al. éa Infect. Dis. 126: 514-522, 1972, Finne, J. M,

Lei nonen, M, KBRS of pacignal speciss from wigsls bRb Macci@83n bEanadweddy theear s
efforts haw >n focused on devel opi ng nmeni ngococcal outer nenbrane based
vacci nes (de Mdrraes, J.C., Perkins, B., Camargo, M C. et al. Lancet 340:
1074- 278, 1992; Bjune, G, Hoiby, E. A Gonnesbhy, J.K et al. 338:

1093- 109 6Neisseria meningitidis:

Neisseria meningitidis (meningococcus) is a Gram-negative bacterium
frequently isolated from the human Upper respiratory tract. It occasionally causes
invasive bacterial diseases such as bacteremia and meningitis. The incidence of

25 meningococcal disease shows geographical seasonal and annual differences
(Schwartz, B., Moore, P.S,, Broome, C.V.; Clin. Microbiol. Rev. 2 (Supplement),
S18-824, 1989). Most disease in temperate countries is due to strains of serogroup B

and varies in incidence from 1-10/ 100,000/year total population sometimes reaching
higher values (Kaczmarski, E.B. (1997), Commun. Dis. Rep. Rev. 7: R55-9, 1995;

30 Scholten, R.JP.M., Bijimer, H.A., Poolman, J.T. et al. Clin. Infect. Dis. 16: 237-246,

1993; Cruz, C., Pavez, G., Aguilar, E., et al. Epidemiol. Infect. 105: 119-126, 1990).

3



20 1991). Such vaccines have denonstrated efficacies from57%- 85%in

ol der children (>4 years) and adol escents. Mst of these efficacy trials
were performed with OW (outer mnenbrane vesicles, derived by LPS depletion
from bl ebs)y¥3¢edsees derived fromw ld-type N meningiti ¢egeBosidrial ns.
Many bacterial outer nenbrane conponents are present in these vaccines, 25
such as PorA, PorB, Rmp, OQpc, Opa, FrpB and the contribution of these
conponent s Age-tpsefiohsadenest rtbt awdiligh sisk-gloupse érdantf aud leemageief reactt i on.

O her bact ertiligtllerg)e% r menbrane conponents have been defined (using ani nal
or human anti Bodi es]%' as potentially being relevant to the induction of
protective i nmuniBpydensescdonasateiopBseroghapAA (Mdainigbddcci Becur, GAGkQ U cenl¥al, Hanel ,
J., Brodeux, E@R J.. Exp. Med. 185: 1173 3(8 1183, 1997; Lissolo, L.,

Mai t re- W | moffTisa: ¥metigghgeachige leyelsjip to {QR07109, 000 yrar Ershwastzq B..g4gore1 995) . The
mechani sm of p Br, Gk&ede], €OV ICHRUNidrdbidH Rév. arogﬁﬂp}eg]eﬁ'v%tslb-@dac 198y %ﬁg, all
bactericidal activity and opsonophagocyt osi s. 01/ 09350 PCT/ EPO0Q/ 07424
The fr equencsasesfolipanygasqesal BisaIsags & wiels are caupad; yrssrogeesp A Bek, Wr-bifati cal | y
|n the past Lo HehfERScc Wickaliihe RECIWALLS! | BikeM dof L fATRIOGRGE Of
multiple antibiotic "resistant strains, and increas 3 exposure due to an

i ncrease in seditit (Awtand. ti dem{njaw F.,iMyrtasd M Cs iafam, 6 Jo Badl sStard. tifeat r es) .

It is no lon 3340 ER3ON to isolate Neisseria 5 neningitides strains that
are resistant"to sone’or all of the standard antibiotics. This phenonenon
has creatied an urfhet poigshicchatidan eactis dare ecvmrentlyf being eimpeoved -byi svagbofal

agents, vacci,nes, .drug screeni ng net hods, d dia tjic testg, for this

or gant sm . MISEREH SoUueekpg e crgenBpRis thsbamen ety T ¥eganed
Branhanel | a vat.perdnalaMed 275 : 2499 BSUB N3], IA/ Cerogdodipl e Wicdit iy R uedifably, | SOl at ed
fromthe human upper respiratory tract. It is responsible for several

pat hol ogi es, S‘P‘Ffeﬁ‘ﬁﬂl? (FEBWEE ROEPHGhasEE t1f JopwamUndesnic, FRash kel Recauss [tdr en, and

pneunoni a t henaeds Aefidtitral sithildrity &) H8t doRipBRERE (e, FQL, Ahddbtsin! M., Hi@sRCONi al
infections and, |ess frquenw,sﬂlf or invasive diseases. 15 Bactericidal
Bi e

anti bodi &8 hM/k Bebn- inferit 4% 11984 iinng, {.Msit ledinopah Abndfikeldl et  al .

(1985) J. Inbegtrabhedii: 353878Jg3)Strains of M catarrhalis present
variations in their capacity to resist serum bactericidal activity: in

general , isol at esFormay gpae hayedhegn fnguged on developipg aneniagposccahouterhan t hose

uho are i MplirEnhOBiLe dackiitl (e &aes%c;.zgéggég}@a%ﬁgo,m?ﬂi 42Bheer) OF dan, KL

et al. (1990) Am J. Med. (suppl. o5 rum resi stance could
therfore be éthdPtei®d, HI2:Bjwne, G..diniky, EafctGronnesbyt hig. dvalc 838: 1693-1886,0psoni zi ng

activity ,,ha i f.child.en ygecoveri fromotitis
medi a. The az?%‘gﬂr}\‘ég? %?g‘é%?%’la raf)@gl}%ﬁégéegfg?ﬂ%r% 8?1‘? 7|/"nrr¥ rémroz‘%ﬁglﬁgdéeg in hunmans
have not beém yalshand adaibscentst Mobthef tiese efficacynrili welfpetforined aviB4OMPa pr ot ei n,

t he expression of ich is regul d i ron, and at is recogni zed by
the sera of JRPFCRPRrGIE roRirb MY BB eri e & plebd) vatdnd gl

| nfect. | mun frof3uikbtyp V. méringdidisis pfinsand UspA2 (Chen D. et al.(1999),

I nfrect.lmun. 6 7;13 10).. A few other nenbrane proteins present on the
surface of M cat %""P)h g?qteé-lah Quter Bléghrane components are present in these vaccines,

25 such as PorA, PorB, Rmp, Opc, Opa, FrpB and the contribution of these components
to the observed protection still needs further definition. Other bacterial outer
membrane components have been defined (using animal or human antibodies) as
potentially being relevant to the induction of protective immunity, such as TbpB,
NspA (Martin, D., Cadieux, N., Hamel, J., Brodeux, B.R., J. Exp. Med. 185: 1173-

30 1183, 1997, Lissolo, L., Maitre-Wilmotte, C., Dumas, p. et al., Inf. Immun. 63: 884-
890, 1995). The mechanism of protective immunity will involve antibody mediated

bactericidal activity and opsonophagocytosis.
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characterized using biochem cal nethods for their potential inplication in

t he i ndugt, a protective imunity (for review, see TFE (1996)
M cr obi O%B@E{o%& 267). In a 30 nouse pneunoni a nodel , th%‘?&é@?‘?@é‘"&f
anti bodi es rai sed agai nst sone of them (UspA, CopB) favors a faster
cl earance of t LV eiaRE£ct.] -Anot.her. pol ypeptide (OVP. CD) is
hi ghl y conservgguogir#') g )654\{%?%’1%%%'"&? 4t ﬁ%{e&é%’geﬁg&s% MaGRoH es with
a 5 WD 01the9a80ewPCE¢dER) OTHiE 52 becnaitirburt (PIRUGRIDIRS o?%{dﬁ%ﬁlé‘%?uiotw ch has
been denonstrated to be efficacious against this bacteriumin animnal

model s. M TS¥SRAT RS 20f 1BRIERsEd cxnewre Aupiie ancncreasecinemciaBhebales (Fhese

Bl ebs have,bgasl swhis®i r ted. by using different methods (Mirphy
T.F., Loeb MR S&@&’W@?lggfw%&%gt ﬁg‘d’%e]?“% INHRIMOPYLP, 594a4) VRisserigaci ver ,

| ., Rarsi | | mefingitidis amainbitieat Med fdsB&n0 1o sothd  stiYRGE Hpe Jr.,
Hansen E.J. 1992. J. Infect. D's. 165: 644¥%§1(])%f%1§h5e pr of%%@?o\}gs' ggb"aci ty of
such Bl eb Rhcapm@enan kassrentes seummetemedicalineed anddemendrfstedewt oiti-Ridregsar y

cl earance tarrhalis. 1t has been shown that active inmunization
with Bl eb a\%’fﬁ‘&%/il ‘ﬁag%ggr’ d%la%ssgr%m@eaﬁﬁ?% angt diggagstigfesksdorahis gsgansT.nduces
significant protection in this nodel 10 (Maciver 1., Unhanand M, MCracken
G H Jr., Hansen, E.J. 1993. J. Infect. Dis. 168: 469-472). Haenophil us

i nf | uenzaeMprgaaignaramkalisnt | uenzae is a non-notile Gram negative bacterium

Man isjts 15 gnl atural host. H influenzae isolates are usually
cl assi Fi ed acco@%ﬁa“yrﬁﬁlpq[ Baq?'ﬁé‘i’lf" é%BI%’ﬁégﬁﬁﬁ’fﬁ%ﬂééﬁzﬂrﬁéﬁs)%% Graff regatine

capsul ar tbapesuGcrdqgediyashiard Fohf @H$0m: 2 i ified. .l.sqal ates
that fail to aggl ot natygi Wi th anti segga%gpéeége%gg@% grqulsé?SpPPFélgg??i X

serot ypes siverak pabalpgies dthasmaionenssebdiige otidndnetita otinRKEr @RS cRlGaPSMe. H.

i nfluenza . Hi is .clearly di.fferent fromthe other types in that
it is a gﬁltexn%g%lfg té:eaﬂé)f‘é'lyo?t ‘B&@? é?s\é%‘s‘% T SERUSsIUS, Roserosyaltinierizondianddesss.

Nont ypeablfeequénthi, fos iasikk distd3éd uenzae (NTH ) are only occasionally isol ated
fromthe blood of patients with systemc disease. NTH is a commobn cause
of pnelinoni a, cBagtearidat anghodies lutve brércideroified dhinostsaduld fstsd {THapRag Ofdrt i S

dia. NTH [ iabilit identified b
cronal andly P8 LanREMBR LS Ehy slhds il erlaripns e romegensotier 25
Vari ous preapaitgso fekistenin bhdteiide abton: Qegéﬂeﬁﬂ%\ﬁ’%lxés%oﬁ?digéﬂgd %&gidi[uzra]lan -

Fon |

pat hogenesi s or have been shown to confer protection upon vacclna

ani mal  mAR RO Kfneanetkan GpsaNwEP are simpiprohmized(Hoy geat ab[i9938ILiantetcel | s

has been r bt ed e ad . Infect. Dis. 163:549). Apart
fromfi rrbriﬁggz‘giraidJ RNl @Bﬁcﬁt §1;99@tmggf%& g%l(?‘“pfgSSg“:):zIS@HiS&f‘W TesiftaRse. Di s.
J. 8:SB4; odald tBerfee balconsiRol asl N1¥ieaénce BRI b B8R &l ol f.: al .
1992. Infg{%b | mun. 60: 374; St Geme JWet al . 199?.%#?&%&%@

59: 3366; S0 ROseTYRdin thy seraifgBildren fesovering frommotit med2233) , many adhesi ns

hav{ve been 6 V\D'ﬁlje/ a?x%éé:@ tﬁgéeﬁpl%’o(hgs?cd'z%ﬁercm immune responses in humans have not

\

been identified, with the exception of OMP B 1, a 84 kDa protein, the expression of which

is regulated by iron, and that is recognized by the sera of patients with pneumonia (Sethi,

25 S, etal. (1995) Infect Immun. 63:1516), and of UspAl and UspA2 (Chen D. et al.(1999),
Infect.Immun. 67:1310).

A few other membrane proteins present on the surface of M. catarrhalis have been

characterized using biochemical methods for their potential implication in the induction of

a protective immunity (for review, see Murphy, TF (1996) Microbiol.Rev. 60:267). In a

30 mouse pneumonia model, the presence of antibodies raised against some of them (UspA.

CopB) favors a faster clearance of the pulmonary infection. Another polypeptide (OMP

CD) is highly conserved among M. catarrhalis strains, and presents homologies with a

b
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identified in NTH . Among them two surface exposed hi gh-nol ecul ar-wei ght
proteins designated HW 1l and HWR2 have been shown to nedi ate adhesi on of
NTH to wepiothsdsoal cells (St. Gene JW et al. 1993. Proc. petfepoddsrask SCi .
USA 90: 2875). Another fam Iy of high-nolecul ar-weight proteins has been
identified in NI'"H strains that |lack 5 proteins belonging to HW 11 H MA2
fanily. TheemarePseudomangs W@mpm,evmch i Bchreen KempnsGdted tSbe EXFICECi Sus\Aaih 996 -

Mol. Mcro ghly simlar to the Hsf adhesin eXpressed
by H. |nflg%s(r¥zae ?m gﬁl%)atl“?dﬁé (St. Gene JW et al. 1996. J. Bact.

178:6281) . Anot heka@FrabRi prodides ofRP nmitucsd ri tqQ | 1
seri ne proteases ac:]d hasﬁgeen ghown to be&%@%\é\@B%b Jrg @%P&ﬁ‘é%?@??“and
cel | entryispiated ogaxrastesiiyy wsingadifferendhethodid (Motphy M. ES DBOM. R 11588 Liicroti Ve

maj or oute ins ( have been identified and nunerical l y
nunber e%lI %}‘g%"?afgbe ﬁ{iﬁ} Wi‘%‘f?n’er&@@ lp Wﬂ@bm&iﬂnsles Bowegyle hat
ant | bod! esy.eRMddrhdkeh @ HDIr Al EPE VSO DIORAGE 35! Y520 4o Sl o

subsequent chal | enge (LoeB MR et al £ PEASCUVR s son

RS. Jr. etcapheitylsf s:&SBBIeb prﬁamxoni hae dten TetelTiA)a mRANIRSod:P o1 ga%abl €
to induce act eri ﬁb@ 27 ?{I)ésonl c antibodies, which are d| rect ed ai nst
the vari ab‘f gArpNeg Ob s cHrEgats: Invhag heon S@Wf%@c@mmlmo@mmeﬁmaﬁe of
this integ raheas 4 | nf ect nmun. 62:3712; Troel stra
A et al. éﬁgﬁ'%f ect . ?%%B?%éa#?gwwmﬁs %Bpﬁ“élpwtecﬁﬁndps%‘srfﬁ?ﬂci nduce
bact er Ii d@Vfacaver iLb&bthersan (e dvic@iackeat G, .Jr.] 8dsen, 29, 19”9f3e?tlni‘cr~Erﬁi9 R 3191).
OW P6 is @_ﬁ&;grved pept i dogl ycan associated |1 poprotein naking up 1-5 %
of the out rane (Nelson MB. et al. 1991. Infect. -l mun. 59: 2658).
Later a |ipoprotein of about the same nol ecul ar wei ght was recogni zed
called PCP (P6 cross- reactive protein) (Deich RM et al. 1990. Infect.

| mmun. 58: 8@8®philys influ¢rgee of the 25 conserved |ipoproteins P4, P6 and PCP
di d not reveal rote tlon s measured in_a chinchilla otitis-medi a nodel
(Green BA. et Hus {nffuenzee iy nen-raat i@@ﬁ-nﬁg‘@weabaonaumpms itso i nduce
pr ot ecty ongfi c chil [ 199 | nf ect.

tmun. 64: o18 7&’&3@%l ?‘?ﬂb?’: n'L' régtP%? tﬁ”ﬁﬁs”‘g’ ?SMEP’ S‘Eé‘%a‘? eAcgording) to] gy

M cr ob. Paﬁﬂb’fgccmd%mwlcﬁx Hidfsrenk sapshlaewpeha&efgbﬁxedi aMiHr ggomagg ech0 OVP
P5, whi ch fd&?-ﬁ{ ﬁg% %%fe honol ogy .to the integral cheri c Ia coli
OMA (M yanoraeR; OB 19 P5ElrH With GREtT TDeD 3E0BES00 PCTEEPSR/ 07424
Pat hog. 2l1se es MenSa5i fiBPas I Imrun 61: 1017). NTHi
seemto adﬁde?pe t o mucus byﬁxawﬁ%bl@fﬁnﬁ%irg?lgteegpfg&%&ﬁ Wi th the observations

made with gonocfécleﬂll%mde anbrﬁgdﬁos:clnarl)hﬂilﬂ‘ercne&pm&ﬁseéeﬁygéﬁh thd 788
and TbhpB when grown 5 under iron

t f
I |r ;3111ntS a?olr (rJInr';l J/gnt - %HS@%@@%W%%F@@%&U%%&F dﬂ@tm_e@blsmg'ams SEH. et al .

1996. Ml . inflkeénzodi(NITHI)L SreSdth e tor Wik S0 have
been desclrnl bed ngq le_)|1_“ e(m}élofg%milg?gg?{ed%%% %Fe : 3703) .

A recept orSYpmic disease. NTHi is a common cause of poeumonia, exacerbatxon of cb:omc

bronchitis, sinusitis and otitis media. NTHi strains demonstrate a large variability as T
identified by clonal analysis, whilst Hib strains as a whole are more homogeneous.
25 Various proteins of H. influenzae have been shown to be involved in
pathogenesis or have been shown to confer protection upon vaccination in animal
models.
Adherence of NTHi to human nasopharygeal epithelial cells has been reported
(Read RC. et al. 1991. J. Infect. Dis. 163:549). Apart from fimbriae and pili (Brinton CC.
30 et al. 1989. Pediatr. Infect. Dis. J. 8:554; Kar S. et al. 1990. Infect. Immun. 58:903;
Gildorf JR. et al. 1992. Infect. Immun. 60:374; St. Geme JW et al. 1991 . Infect. Immun.

59:3366; St. Geme JW et al. 1993. Infect. Immun. 61 2233), many adhesins have been
b



Haem Henopexi n has al so been identified (Cope LD. et al. 1994.

Mol . M cr GRHQkn93sd3: 868) . A lactoferrin receptor is also pr &rﬁg‘r&qst
NTHi, but is not yet to characterized (Schryvers AB. et al. 5

M cr ob| ol . 29:121). A protein simlar to neisserial Fr pB— protein has not

been descriidegiedn® MNHi. Nhdng Ae 8%9%1,%1 ce an
provi des protection against I\FI'Hrln nousxg)ggeﬁ%’ erTé’eecrL%D elgh% ﬁ?"éﬂ{s FS. et

al . 1995. desigeatad;dIMWI1. awdd"m@é&dmtlerbeemehmﬂne thediRB! Rh&idh ol‘-'%ﬁ"msf
conserved 2 h|| nzae and 15 i nduces bactericida

ant i bodi es? qﬁ&@%ﬁ%‘ﬁ%‘"ﬁp €t 3L§§§3 Rrpg.dNatl. AcagaSei. B3A #828Y5). Alothemor
98kDa OWP - was found to be
a protect |f§£f§“ant fhglgglehnmgfe %%}%ﬁrérgmkver V\%ele}[‘m—geémgﬁ‘g ‘%g‘%é"?@s@% lgkt i on

i nduci bl e pré@kBs belogingh mI}MWHPMWBQMmI%dh%E NRTHI2Y 19/BE BREro
characterigzed Ehe gafter H. I nfluenzae produces | gAl -protease acttl vity

(Ml ks MG J.R§t Gemg £. WivdPR6. Mol. Mz;q’oml I A3highly ghilprotirases of
T vy St YN P e

rodel (Kyd, oM Gipos: AW 163 roshanss: M‘W%?%&%f&#%e%

H r A prot g2hb ?P&§h&‘l"%ép %@Molyﬁbmwbqtbadi@smnpn@c@bmmyQSamengenw etah 1bouleed,

this pyot nchilla against otitis nmedia and protected infant
rats agai ﬁ\}‘gt& E’Iﬁ i ﬁﬁgnzggz type b bacterem a (Loosnore SSM et al. 1998.

| nfect. | mmun. Fl\%n&ﬁ&’) oufedt REMBRAD! HORINE ShayAr b€ Ve peen
isglated fromH. influenzae (Loeb l\? m Zg((b:lﬁﬂg?y A L. & Hﬁmﬁ% &91981. J.

Bact eri ol numscaé.’agmemredspummtrsmdxcs usdg Meinfuerzqe tyipesls sthaifis shoS@lithad. , SMi th

A L. 1985. The s cles have been assom at ed
with the i n§uct| o%’ ’?ﬁla %P%f%}té\gﬂ eDFOtﬁ‘étF § Faty TonwsHpeRveRy B.

Hansen E. Thallefgh eLabbViR. &91891987f esfect. IAMNR: 553512563s ! V‘D
01/ 09350 P / EPOQ/ 07424 i nduction of neningeal infl am%gglg%nk( Eﬁslt afa

Rani | 0°0. ,P&rrbdrlimdaysst 6776 B wagifeund 4 12 abldtirakien bardricidhl and Hansen

E.J. 1989. i 1 13922 nd to upt ake (Concino M F.
Goodgal ﬁgonléQ%&%hlegg%@ S %? duf% %%4%5)"&“&54563"5%05%5‘?&? VB able to
bi nd " and berfaigmpmdlmpmemms@mmm i OB tHnakd Emfez(aﬁ%gﬂ%flt Shi muzu
T., N shi o ,'?ﬂga_gr a Y. 1989. Acta O or hi nol arygol . %18 221)
showi ng t ﬁ%é RBISBR Ao it Shi W36 afect. dorins 625UPH The lppmmut in

Bl ebs. IrmrunﬁsJ SR NSfddce n{ae{?ﬁaeﬁ. pe{n%?sﬁi‘ésl " r‘égxﬁs é\nglrgé)rege Y@y ¢l es has

been observed in patients wth various es g@éakakura
Y., Had0addnfectImsmmeffugtg1).Y., Jin C. S. 1988. Acta Ot orhinol arygol. Suppl.
(Stockh.) 454: éﬁ&é 26, Harada T. to Sakakura Y., Myoshi Y. 1986.
Rhi nol ogy 24: @% 15 F’§%‘§6’€Yﬁﬁﬁ5&ﬂdaélb’ﬁ@ %w@tedﬂmpmmmwdmms

Copes ol % APsERbRlE ORI B0 i, L Al A Ll 0
1poprotein of about the same molecular wclght was recognized called PCP (P6 cross-
reactive protein) (Deich RM. et al. 1990. Infect. Immun. 58:3388). A mixture of the
25 conserved lipoproteins P4, P6 and PCP did not reveal protection as measured in a
chinchilla otitis-media model (Green BA. et al. 1993, Infect.immun. 61:1950). P6§
alone appears to induce protection in the chinchilla model (Demaria TF. et al. 1996,
Infect. Immun. 64:5187).
A fimbrin protein (Miyamoto N., Bakaletz, LO. 1996. Microb. Pathog. 21:343)
30 has also been described with homology to OMP P3, which itself has sequence homology

to the integral Escherichia coli OmpA (Miyamoto N., Bakaletz, LO. 1996. Microb.

1



15 Because of their limted nmetabolic requirenents, Pseudononas spp. are
ubi quitous and are widely distributed in the soil, the air, sewage water
and in plVe@OyIS3Riner ous species of Pseudononas such as P. perspiosa P
pseudonal lei, P. mallei, P. naltophilia and P. cepacia have al so been
shown to be pathogenic for humans. Anong this list, P. aeruginosa is
consi der edagwgaAl:BAPovuasin RSmkn epal. NBY8N LFLAC eminun 267 .4 §1 ASSPE ated with
opportuni %gi'l(%c'onfgcti on of fJ'gjé;g){'jllrlo-corrprom' sed host and is” resbﬁ?@?fﬂ e for
hi gh mor biar ey S RUAS S8 Ay 9 T35t i ents. Nosocomial infection with P.

aer ugi nosa af f Iih ghe | {FRI L bmtted.for prolonged treatnent
and receiving i m&uﬁgﬂhsﬂgggrb Leés{-‘giR@gk gxg%ad%t\gll,ﬂl E8PIPED apd mpnHgocasal, NFiabol i t es
ant i bi ot i €spresses adiia human tritnferRs e¢tdo1E0 DS [ P. aerugi nosa,
produces a_variety of toxins 25 (.sgﬂgﬁ aspﬁfﬁgfﬁﬁé‘?&m‘%ﬁ%’}%ms,

est er ades "B AN TRiEion ARG JikeBiapkibedy, protateed infat raexDobrdrdSM tdhal

contri but goy® s enp f these bhacteria. Mreover, these
or gani snms haveMEFé\Eﬁ?%gi Eggggie}gﬁ%?ggﬁ?ﬂ /tRaptagiqby scerter alsre have tiden presence

of mul ti pHescritledufyr &ITHiUM 42iep$. et B BJgaties: & c jstic often

conpl i cates the outcome of the disease. 30 '%@hﬁ'oéfﬁﬁﬁnﬁbcﬁf?w foed use of

223523(::); ;Sﬂ“" r Moi pﬁe};i}ga !)Qngfrlgas deconsi g;e/[r)agﬁlc ;Ingsgenr;qﬁl?ﬁ%rg%?géi)ogears
13:868Y: i . . .

In the US, fg?)ee‘sfafr?pgﬁ%ge, th%ceé’é"dnl? OpBieseth yronest AFHigibubds no8 yaO 01/ 09350

PCT/ ERDO/ OtdAerizad §0etoyvars ABS @chli Q98h Sy effehMielnt® 4.2, Ri LI ion. US$

annual ly. Therefore, the_ devel opnent of gfe\k}gg{i:l?%gm?oég'g@ti eP'SFhassi ve

i muni zat FBHIB s EriabF mBeprotiimbasanot beeradeséritet yrda@AdRAH( f or revi ew see

St ani sl avsky e oMp FEMp M crobial . Lett. 21: 243-277). 5 Various
cel | -associ at eé‘nghﬁ]%ecr e’ttg%lBiﬁls AnPgenpproyides grawssen kgrinst NEEnirt he

subj ect of maseichaledgy ehaelleFlack AWNG Lis S, antdgen he nucoi d
substance, which js an extracellular sli ggéggﬁg&?esg%%i)pgem%m y of

al gi nat e, TRASTANF QIRRPTqtEng d- AL tie raggssmords armonger MRemdphig OnfAlfae and

i munegenygh i babibShqdolLecular, ,apss  al gi nate conponents (30-300 kDa)
appear to co%%gfﬁkrg%nserg%oc#’%sr‘ﬁ?gwlﬂ\ﬁleéai-d\?@ﬁ-nﬁfﬁcﬁémml 64:45863s al gi nat e
conponent & ribor FkDDAMPASERES ACeNge vy 1gakt %Hﬁ@ni ~addition to unique
epi t opes.. Anong surface-associ ated proteins, Pcr &h%% kS ﬁ%&’?‘{m of the
type |11 B2 PRISCBRE 11986% B QYBmaypsay sellde ohasf deRe-lbsiefos hamkblo be an

i nt er est | O8MHsar I8 fBlec¥BLE j (S et al. 1999. Nature Medicine
5:392-398). Surface- ex%ol;sa{égje%%% %iégyelﬁ’és%?‘i’ i ﬁ‘&“(ﬁ tiFersA sherepfispdti f i c

pol ysacchekeraao prodigesL IRA)l -motedde aftil@e MHufds! BEE! 5Rdbe f{%g%) g%g%e been
used %(pr gerot pi Sg 9 e to their highly i munogenic hature.” i cal

struc uresgza?m ep PI#Q lghiltotsrsen of pBdiHii bavepal bigiaakehme i fesntyenie been

el uci dat ecarpBint Hesfola] a t he,.identjfication of 31 chenotypes of

P. aerugi nosa. t>]ECd(‘gdnseroveo[’ ‘é%JI Ji*@gg‘gr'ar}%ﬁ%“% fggér@%?bé@‘%‘ﬂ- @:4574br ugi nosa are
| ocated in t heAuhe GMPGIITHINOMRLS, 206-i0A%rbikiRitds bbch SR ongice and 20

i mmnogensuh%ont ai ni ng these epitopes induce cross-protecti \?enp?ﬂ’fﬁni ty in
nmce pulmonary clearanice in a rat model (Kyd, J.M., Cripps, A.W. 1998. Infect. Immun. .

66:2272). The NTHi HrA protein has also been shown to be a protective antigen.

25 Indeed, this protein protected Chinchilla against otitis media and protected infant rats
against H. influenzae type b bacteremia (Loosmore S.M. et al. 1998. Infect. Immun
66:899).

Outer membrane vesicles (or blebs) have been isolated from A influenzae
(Loeb M.R., Zachary A.L., Smith D.H. 1981. J. Bacteriol. 145:569-604; Stull T.L.
30

Mack K., Haas J.E., Smit J., Smith AL, 1985. Anal. Biochem. 150: 471-480). The
vesicles have been associated with the induction of blood-brain barrier permeability

(Wiwpelwey B., Hansen E.J., Scheld W.M. 1989 Infect. Immun. 57: 2559-2560), the
?



against different P. aeruginosa i munotypes. The outer core of LPS was

i nplicat e a ligand for binding of P. aeruginosa to airway and
ocul ar e%&%iﬂg?ﬁl cells of aninmals. However, heterogeneitVCEEPV-TRH this
outer core region anong different serotypes. Epitopes in the inner core
are hi ghl y,s0o0S€ : ave been demonstrated to be
sur f ace- accessi béf\éﬁg%lﬁg&rllgﬁy THERY @@u fgod\@(’:\f{f Ramgp| Qrs frieERMMah®Ulos TO
exam ne t [eA pOider &.Dy &cQrakfeGH 95, Qhnel! S ine ining P.
aerugi nosa OM proteins of nol ecul ar néss’e%ﬁ'?ltaggg'phglf%f‘\ob?hg%et%ﬁg%?kDa has
been useffqd ¢ ﬁNé\ Ptk (eancaedMdl . Goeddal StH.al982 ITBaGeNEIC ¢4 QqaSs,
efficacio I {.nal els . ai.nst P. aeruginosa challenge and i nduced
hi gh | eve?ge%?b eg%‘eeci ?gg %ntf’islﬂﬁg%é‘gqiena@@rﬁﬁ’drﬂn&"?maﬁﬁitre@qosal dplithalitan f r om
human yol gdred®yr B, SEifugh T MisBiios K- | ntibodies praovided passive
protection and hel ped the recovery ’o’? g#%o g?%%ggt %@ﬁt@o‘%&ﬁcﬁﬁg@\/&% forns of
P. aer ugi Abk32l)shewingdhat albesesrandén tolpnizatdhyRibe BLRIRI ﬁ?eseﬁt%‘@?e%lj/ 09350
PCTI EPOQ' Q7424 contajning. parts of the outer nenbrane proteins GorF (am no
aci ds 190-3%#%5¢ r&FRPnSﬁ?rRr°‘g§’ﬁiPﬁ?§e&‘dF'@§fezmmwcmlssmwwmaﬁswa&wgi nosa
fused to phRnGlWAHALIHROSr S5 st S t rotect m.ce against a
975-fol d 50% | et hal dose ?fﬂ%h%aéé%é%?ﬁéggﬁfﬂx%\%a@ga - HaeagychiVieci ne.
17: 1663- 1889%.-S. 398heAptaeCanhinbiangot. (Blﬁ)[phaﬁﬁ?odkﬁ.§|453c.e(i2§-2 gpgr, 40f - dr awbacks
assocjat egﬂﬁmitgﬁhé; h@. 375‘% wi | d-type bl eb vaccines (elther naturdlly
occurfting m CRP 38%- RhiplagnlaHlef6)such probl ens are the
follow ng: - the presence of immunodom nant but variable proteins on the
bl fb (PorA; 10 ThpB, Opa [N. neningitides B]; P2, P5 [non-typeable H
i nf | uenzaBiexdomgnasieebiggirsabei ng ef fective only against a restricted
sel ection of cterial p speci es. Type-specificity of the bactericidal
ant i body response &Y ‘IFEAAIIES t $SIISe obf Grarehegativs | pesrly nfldgeflaegy. - t he
presence gifaighd Bnat by &ufan | eyv.a t Sﬁé , H, ...) on the 15
bl eb - anti g%ns tha%ha%le decog/ggftg?t ‘%he ?Qrﬁ%hﬁgﬁys 0oty I9BMS sBRrenf
preselice Becansepof theirt limied metatmlinie@liretiedts) Pase SdnasCORdiatd AR AL (FOr

S

i nst ance .rdoar}éiv? l1I| ﬁt edodﬁ%{]er menbrane proteins, |IROW's, In°vivo
regul at ed expr essi HAHE insthg sotl 186 @K, sTRSE tWaseTand it planesr Nutreraent rol i n

bl eb pr odpetieORfi PreRisIRbnds OsRAt AdTIFS & ol ) 2%} anfigen on the
surface - the low | evel of expression "‘%Jrzgtw;czfsle'(/dé'f"a f)’ar‘ltg'ig‘ﬁpea‘r 15y

conser vedaaphiligeasd R. Negpacia Pgive -alfchbedroxhavint Yo &6 pahRgéBS HEMRIRLNO on the
surface o ng t{%ER]P o6 t he dg.otent_i al _induction of an autolirnnmune response

because of ho f e HEAP %' R (e ay Mbimperariugan pethogps sinar it |
pol ysacchiarasseciated Neits opbbiuni S in@lddrdlo? BhQY QYR Erist M Giost and s

| act o- N-neot et raose in Neisseria LPS,
responsible for high morbidity in hospitalized patients. Nosocomial infection with P,

aeruginosa afflicts primarily patients submitted for prolonged treatment and receiving
Immuno-suppressive agents, corticosteroids, antimetabolites antibiotics or radiation.

The Pseudomonas, and particularly P. aeruginosa, produces a variety of toxins

25 (such as hemolysins, fibrinolysins, esterases, coagulases, phospholipases, endo- and
exo-toxins) that contribute to the pathogenicity of these bacteria. Moreover, these
organisms have high intrinsic resistance to antibiotics due to the presence of multiple
drug efflux pumps. This latter characteristic often complicates the outcome of the
disease.

30

Due to the uncontrolled use of antibacterial chemotherapeutics the frequency
of nosocomial infection caused by P. aeruginosa has increased considerably over the

last 30 years. In the US, for example, the economic burden of P. aeruginosa

3



saccharide structure within ntH LPS, saccharide structures within Pili).
Such problens may prevent the use of bleb vaccines as human vaccine 30
reagent s. wihogeosp particularly so for paediatric use (<4 yegﬁ)ﬂ%}@; 84
reactogenicity against bleb vaccines is particularly inportant, and*hner e
bl eb vaccines (for instance the previously nentioned nmarketed MenB bl eb

vacci ne) haycHapd shewontQ B&imd:d / 50 /| EPOQ/ 07424 ineffective
at i mmuno- prot ecti ng. Accor di ngf%t/%d :{Eegérgg@m LF e%‘ff’ﬁ”g{y prisiaferes theret hods

of all evi ati¢velppmieat abavaccpmeofot ecvive ws ipagsigeinahhGal i bacteri al
strains, \M;itch resHIcL 2an i nproved bl ggg;vacci nes. %cﬁgﬁg?ﬁ%g%pﬁfz e
especi al | y2tt§RFIREdegh( héevg‘g%é??aﬁﬁaéﬁladﬁkmetwlvaw. FEMS dhicrobiol Hast eni al

pat hogens gamh7Aas Neisseiria 5 neningitides, Mraxella catarrhalis,
Haerophi | us i nfl'uenzae, Pseudononas aerugi nosa, and others. The bl eb
vacci nes of theVamwsntellossavigtedl@sd gHeeded I gsponse on a
few protective (preferably conserved) anﬂlfgéggg55&2%#%%211{%%%@3& ed in
a nultipl %Jbé"tﬁﬁp%{lé'ﬁfc’v%lc_ visloPmgRer dmangh Rietdogemas asrtigeny, e@eakmyadigs, t he

outer to e i ¢l.es b vaccines will ensure their proper
fol ding. This ?%vg??(i%oﬁ ag‘p?’g’t\ﬂ‘%le%ga’r%‘ﬂifoa@sisen%ﬁfﬁidﬁmzr@nﬂb@f @gnag dvdsPS

conposi t i ofound tdBdvhdtbrlogbrous as ere Sf s¥ ACLAHLAGdIINNREaNI nant, vari abl e as
wel | as non protective OVWs, by creating cons‘g@\?;eg(;%’O%Elgé%1 'B?/J%‘&gfre‘f’i’%n of

vari abl e r¥gngissomppnensy 184 ke appprressiooniméonsprved epitdpee wiiPsowand by
elimngfi Lsns for e sion (such as iron 15 restriction)
of prot ec%&e%gaﬁ%}%ﬁﬁogwopw ﬁmgat%‘ﬁ PrSesdeanseryed epopeedact i on i n
toxi city oddditiqnitd vhidue béd. AahdrigsuRfacd-B&otihRl i 90+,0r . by .changi ng the
phﬁsphor yl e E}g 0Siti ondwv\lﬁlpl st r erftgai niaﬁgglgféslhlgg%ﬁ@gﬁ%’ g%vtvi VP’(%I? 1B Py

: c

masking it oLk Kecsetiovetmnslpsatiand spurratisypiiaay SI6® MHeeh REbwh dYahd Y1 TPr Ove
the bl eb vgg nore of these methods

i . comi natiqn of one or
work in conj Eér?gh'?% g?é)e\gggrg‘gac?%atbopﬁﬁ‘@%%ﬁ' IoEiurs Medicms §i 39363980 bl eb
vacci ne whi ch iSurfanerexygospd ah 5 Vil 5 I B0 icul arly. suitable
for paedi Zﬁt-ﬁ( C use. ,le}ﬁl\l/)sl\/ARY l%'n'bl'lle l?dlﬁi %%(%Qiﬁ@ﬁ?%g%&n?&?ﬁﬁﬁdﬁﬁfpr ovi des
a genebi ¢ %)—?Jn%iaﬁﬁé‘?f@dfbgébf [Enegens hhaenbéenomed Xor serblvpite RGabI ME
bacteri al |gEKai; terized~in that said preparation_ is obtainable by
enpl oyi ng O%Ke@olr mr%@:‘pﬁ%g@g@geghgg c%@fgﬁcnfrf‘%rﬁftrﬁ%e%gl"é\h%rﬁ QGrspegific a) a

process ofpolysdesbiamidesi laave beetoaitidmed wad itabd 8a1ara18R8d la{e%sﬁdcx&nag{ %]lgens
within the,bl eb Qrer??a ation conprising the steps of determning e
identity SPERGRRES: X éerﬁer’&ib‘?sﬁe&qnﬁgvad trpttopssi amosg ral metooypps asfupe | ess or

30 none ofges@isbsatd FRtked 30 j | ebs . from sai.d strain; b) a process of
upr egul ati ng expression o?d]pregaéi’lc ?%?e?ccg?fb%gaélﬁ]&ggh?‘gnﬂ ’e%‘?”e?feﬁ%%wi
conser¥ed)imonNRogentsi cemtaningt these efiephd efiuRE pSNs Hrbedtive mRiQ {0 §320
PCT/ EPOO/ Q7424 .. i .
against different P. aeruginosa unmunotypes. The outer core of LPS was implicated
g to be a ligand for binding of P. aeruginosa to airway and ocular epithelial cells of

animals. However, heterogeneity exists in this outer core region among different

serotypes. Epitopes in the inner core are highly conserved and have been

25 demonstrated to be surface-accessible, and not masked by O-specific polysaccharide.
To examine the protective properties of OM proteins, a vaccine containing P.
aeruginosa OM proteins of molecular masses ranging from 20 to 100 kDa has been
used in pre-clinical and clinical trials. This vaccine was efficacious in animal models
against P. aeruginosa challenge and induced high levels of specific antibodies in
30

human volunteers. Plasma from human volunteers containing anti-P, aeruginosa

antibodies provided passive protection and helped the recovery of 87% of patients

with severe forms of P. aeruginosa infection. More recently,
10

a hybrid protein



conprising the steps of identifying such antigen, engineering a bacteria]
strain s introduce a stronger pronoter sequence upstream of a gene
encodi ngqggﬁj%(&%ﬁbi gen such that said gene is expressed at aqué(@E?O/q:fP?g‘her
than in the non-nodified bleb, and making blebs fromsaid strain; 5 c) a

process of . | a2t ression of condjtionally-expressed, protective
(and pref e?%ﬁléggdnse;bget‘g? %&%15 THEPGRA POt PP hamince Acids d96:1342) and

conpri si ngOptidarainepsidaf 2 - brk WsBRH o s ' ngi neering a
bacterial strain so as tf)iﬁrry]ie'rmvé~ t he rep?gsg vdéggggsﬁfjﬁgl %@ﬁgﬁ?%ﬁ' of its

expr essi onfFAEERSE Was Fhan (e Protect ingw) agaimy aTaks-fad HoehSethi oM sai M pStrain;
10 d) a prgge '§os%f(ld}r8di Ltyi bi‘ﬁi d.A portion of bacterial LPS within the
bleb prepar a1 on, EaRRF i g7t harcitce h4: 16631669 i fyi ng a gene invol ved in
renderisng the lipid A portion of LPS toxic, engineering a bacterial strain
so as to reduce or switch off expression of said gene, and naki ng bl ebs
from said straibepregneinventors hoessalifedrDlichbdr 39 dbdwbacksA R4 CRicRthe
bacteri al alblg\%wtgiy{,‘ thli? bl eb epreparati on, conprising the steps o

i dent i fyi fyCE GHASYPRIGY vargmes (Cibahpasusaly ogensring pi chemigiytrake) of LPS | ess
toxic, engi ”eerﬂﬁﬁlp?esbﬁ%&rﬂr?i)len-é?ea{hgf&?o as to introduce a stronger
pronot er sequence ttl::pstream of sal gene SUBE that said gene i s expressed
at a | evel higher thelmesenee éthenmatodoR@hamedif VLRI i ' ebs from
sai d kY ain; f) a}rﬁégcgs of reducing_| igi d A tox@gtf}ns%t?ﬁlgkggﬁgbbl eb
preparation and i RePeRBF &Y MERINEEES BlioP2,pPdinut-iypeabdntt. gafheenzaQ)Tpr i Si ng

the steps of engiRaesbiiohd; of a bacterial strain to,

i ncorporate a gene encog?érll 5ﬁggllgg%§1§r§gﬂ@pfeﬁ%f°dﬁle&“%ﬁ\l?éﬁtf:f\lﬁé or

anal ogue t her eof , sHeaeed TyR& speaificiyr of etiki B@ct@tﬁﬂiwe&mb%ﬂ? Fggé&ﬂg Fllﬁgbs from
gens o

said strain; g) a ﬁproaetsn[sé of c¢reating conserved OW ant bl eb
preparation conpPEMAGIHENSE St Bi6R Varcinegaminfanayng such anti gen, engi neering

a bacterial strajyg p3@eRA® dfQn - i abl e regions of a gene encodi ng
said antigen, and r?zkicng bl eggdt%&lg%@cg{ %Pcsv??téli k) PaHgfo&é@sth@f

reducilAg expr essi &lab wiantigens thae atel deboyer fopMedinhie Qfst@ anti gen which shares
a structural si_m'lar'tg V\'tth a human structure and nay be capabl e of
i nduci ng an aut o-ﬁhm PeIPEYEE iH EuRerant (metdsules whish 8 \MAEEDIZ5S0

PCT/ EPOO/ 07424 cafgitlonhip oltyS af i [ meningitidis B), conprising
the steps of identifyi ng)pgd geneﬁé}%\%oﬁ%%ﬁa‘f%eo tFoﬂ?{PW@E‘? sPTetemshe an

tigen, engineeri ndRQMBc treyivaregutatal expsasion meehiRe)e Qkh %Mﬁ&it‘%&hséﬁi
expression of sai gqne anl(rj. EFEI ng blebs fromsaid strain; or 1) a
process of upregulatifg 8RR BsBieBrPrafuctiontiacerdsreto epritnige ribeismpoand of
pref erabl y conseratgigen hReabith@ens W thin the bl eb preparation

the low level of expression of protective, (particularly conserved) antigens
(NspA, P6)

- the toxicity of the LPS remaining on the surface of the bleb

the potential induction of an autoimmune response because of host-

25 identical structures (for example the capsular polysaccharide in Neisseria
meningitidis serogroup B, the lacto-N-neotetraose in Neisseria LPS
saccharide structure within ntHi LPS, saccharide structures within Pili).

Such problems may prevent the use of bleb vaccines as human vaccine

30

reagents. This is particularly so for paediatric use (<4 years) where reactogenicity
against bleb vaccines is particularly important, and where bleb vaccines (for instance

the previously mentioned marketed MenB bleb vaccine) have been shown to be

K



conprising the steps of identifying such antigen, engineering a bacterial
strain so as to introduce into the chronosone one or nore further copies of
a gene encedidimossgi d antigen controlled by a heterol ogous, peiryErogerszs 10
pronot er sequence, and nmaking blebs fromsaid strain. Further aspects of
the invention include, preferential processes for obtaining the above bleb
prepar at i Onineffeétveda Im@itinb Prbre RS tA&de?H%%ﬂf it 5@@&&[&5&9&# rdvitfes t N€
upregul ati on of expression of antigens within blebs, preferential antigens
for 15 uprefgthads §f alaviadraiiceehoaeimpblems uvsingi genetichly teaginedreds bacieriad i n
order to obtaj: | r.ati relcul ar suitaple.for vaccine use.
Preferenti a%@*%l’ %Ulﬁ%![ féog%fs?qgc@ b&?@i"ﬁ% %Cémggeén&sého ett’?fg Y’“\/@%Ff%ﬁ’a Ye al so
provi ded whisefulan theppendraton efiey vatdihaipginstitactersd] gBbgena Glch RS eSSt
certain disease states, Vectors for producing the blebs of the invention,
and nodi fi eleHEgHIEL) aMARreHPn A Edlhi BRerrarbilsy enflugtzae.nePsendamariapn ar e

20 produceda%gingy,?}‘dM{ﬁ,rs.her aspects of the invention. The present
invention provides for the first time a bleb vaccine which is

i muno- pr ot ect i vEheablgb maatiriepf the whentiarsare dedigried edfdcds e inimdes redporear s of
age. BRI EF _DESCRI PTI ON OF T{{E W NGS, 25 Figure 1: Reagi vity of the 735
mAb on di f f 8F EnfEVCBIOkHITES (Prefembive consemed)-1tgens) @serstopespe Armplatgdoitot | onal

anti bodi es Bultig®lc6mpeidnt Batdme. Wilerk Gk %ageng%@%ggrﬁl DRSS 36 bifet O Of

the pCWK vectors used to deliver genes, opérons and/or expression
casset t d8 | membrangaissiples of bigbivaewnes avitheansyrgitheirroper £dlding DHis 0885on

PCT/ EPOO/ 07424. . Fi X | Par A expressi on.| | protein
extracts of Zpltr%gbdgﬂ?lg%ﬁ% fkﬁﬁ%ﬂﬁ%@é%é{\@ %Pé’?@e‘f‘r°8§’f’8§%° /(?%%g@cg\?éﬁ i ves).
Total pr ot ebnslelstine immanodditishnt vamablC&Swell RS prtadive OMPsCBy trdaﬁili\%Ai : pOMK+
(lanes 2 and 5) an por A.:nspA (lanes 1 and 6) reconbi nant N,

d )
meni ngi t i de§°‘§8‘?’6‘b wg% byt felPtRn ahyagable reginmsy be dpreBtnsSREPESsIRGE.
condi tions pRrdudOnpR! Xrﬁﬁﬂyélﬁzﬂhﬂgzgfé‘c’»htmlﬁécﬁan‘{‘ﬁe‘xﬁ Sf%@gé}%gﬁgpwa&?&mss' €

blue (lanes 1 to 3) or transferred™to a nitroc ane and
i Muno- df ai mstictign)df protecitve ONRy. I aruintoonl thembemioh iptovitles fdritglreduchion Anal ysi s
of NspA expression .-l r ot ej. xtracts. of reconbinant N 10 ni ngitides
ser ogr oupB E"?‘?ﬁ nosr} lip '—ﬁﬁ%éﬂ ? éﬁ?a@g? Pstg’gil?ldﬁ%‘?c’é’i %g’y msing, e phgsphemyt om
whol e bact ecémpdsitioneshilkt tetaimhg 5 adjuiat ammbagﬁmmmitmaepaf ety (1 anes 4
to 6) separat egﬁbé/f SDS- PAGE on a 12% ac | am de and anal yzed rY gel by

st

i muno- bl ot TEHY dmBarovement. pasividusly v impsava theorhleh vaegins, ekowayer gspondi ng

to cps- (I ag@sbihaitth - et REMS d cps-
por A: : nspA (I anl_eg 2 i{%egs &&%roem%gm_g%g y;eﬁ.lh%]ﬁa}cg?ﬁéb %S?Q) R@@iﬁﬁ’r e
det ect ed® aoptmised ehgmegr¢d Sikdbayaccme nwhichtis noumunb-photédiiee raad ardaiteapt- puri fi ed

NspA,. and a_sharter .f 15kDa). Figure 6: Analysis of D15/ onp85
expression i ﬁﬁ@%@%f%tag&%'&@?g’a Y%combi nant N. neningi ti des serogroupB
strains (H44/76 derivatives). Proteins were extracted from

' SUMMARY OF THE INVENTION
The present invention provides a genetically-engineered bleb preparation from
25 aGram-negative bacterial strain characterized in that said preparation is obtainable by
employing one or more processes selected from the following group:

a) a process of reducing immunodominant variable or non-protective antigens
within the bleb preparation comprising the steps of determining the
identity of such antigen, engineering a bacterial strain to produce less or

30 none of said antigen, and making blebs from said strain;
b) a process of upregulating expression of protective, endogenous (and

preferably conserved) OMP antigens within the bleb preparation
12



20 outer-nenbrane bl ebs preparations and were separated by SDS-PAGE on a
12% acryl 6‘0%9%@\' ‘and anal yzed by i nmuno-bl otting using an anti-onp85

pol ycl onal = "ser Sanpl es corresponding to cps- (lane 2), BRYEEMH0TA24P0r A+,
pCWK+Omp85/ D15 (Il ane 1) reconbinant N. neningitidis serogroupB strains
were anal yzed. 25 Ei.gure 7, neral. strategy for nodul ati ng gene expression
by pronoter deli veérsyk/xﬂ)?‘li%g the gﬁeé’é qa%‘lo‘ﬁ‘“itgé’tnrgi tich antigent, enginkeriny & b8iterf¥pal ysi s
of outer-menbrane sehbs £reduesdiRY J i nant N. nmeningitides serogroupB
cps- strains (H44/ 76?éjeri v_gti ves). Pru(;%t%glg;b FOMEFE SERHSNSE LRtireampttargene

out er - nenbr ane bl EBCYHRS s2idtantigen anch virk €aig SRAL af @Fh LY. -aH under
reduci ng conditio on .8 4- 20%_ qgr adi ent pol %?ryl agﬁ) desege%?a @%h&qﬁer was
stained AS WO 01/ 09356° RO BegBied Pleh andymakingduetmsaine sdid istrdihant bl ue 8250.

Lanes 25 4, 6 cor naspeRdsty : al rotei.ns whereas |lanes 3, 5 and
7 were | oaded wit hepirOQ pr otéarie%gﬁgmg %){Pgéess’é’.n ‘%&ﬂ% 1ngRallyogxpatssed, protestiveer

repl acenent pl asmi(@hdugedertly ugpnsesrdl RIoMVD NGyt i on/ production of
Om85/D 15 in Neisseri.a neningiti qesp_m4/7e.“g§?§§?%‘?’f13’?e°% | PEPYAYI ovPes
expression in tot &PTPRYERHT spsrofedentifing ehrdni amaigen, eNEfReédib Tibrerial
derivatives). Gel s¥R'sE éﬂ@}éﬁ?oq/e%éh Coomassi e blue (A) or transferred to
nitrocel | ul ose menbrane and i nmino- SFAFHEE SRRER meghapismsefjits enRasicnN. gono)

10 nonocl onal ant (dvcbigs &) restricGiohR akd m YT 5 _expression in OW
prepargtions framreconbi pant NvB (H44/7 %ersisf{/%{lls%s? MGel s were stained

with Coormmssie Bl AP RS B ModifimelipiddA pooian of batdrlal [PSewiBRbEARE, AN

i mruno- st ai ned W bhRphahbi t 5 polyclonal _ 15 antibody (B). Figure
.- Schemati c rep?egent at’i gﬁﬂgl#lsﬁgtgf:e%ﬁ?‘?bpﬁd fotfymeser ganeginvabred iho del et e

12:,
thd 1acO in the crindenngthptpil AdoRidY SISl 20 Figure 13, Anal ysis of Hsf
expression in total protein ext ?gcts of r%%?n%?nné#\%ﬁﬁga]bﬁ%tﬁﬁ’ﬂjﬁ‘?d%s
serogroup B (H44/ F6COHETHCS LT istrash offrypadssion off said gene nad mekewesigs £4 M

Cps- Por A+( | anes 13aid &Bfh.Cps- Por A+/ Hsf (I anes 2) reconbi nant” N. meningitides
serogroup B strains and were anal yzed under SDS-PACE conditions in a 12%

pol yacyl ani de ejet pra@esssofnmpeifginailned AvbbRioRBask e...25 Figure 14:
Anal ysis of GFP expression in totga{w%r\(l)\?eir? extrg%bgl gkgr%]&bd?fbl?cn RN,
meni ngi ti des (HA47 7B VEATRASING The dteppr of edemtifignge « eroy eheslvdd oM Cps-

Por A+ (lanel), GefderinBothéiptd Rt pb e ).Jeconbi nant strains. Proteins
were separated by PAGE-SDSH n apllf&?lp%ﬁ Elg HEAS A e CREReeaRg & basteriet ai ned

Wi th Coonassie bl Wi 90 aFteintedibe al ddokgért fomter Qb e N0l dra or
proteins on the ngE% %)g{%vari ous . recom nant bl eb pr%gggr%‘e ' O%Ssa‘l’ga
anal ysed by SDS- {C“ SUP BT dF Fxprgysed \WDa0IEy O 988 REH EHRBO/HAA424
20 modified bleb, and making blebs from said strain;
f) a process of reducing lipid A toxicity within the bleb preparation and
increasing the levels of protective antigens, comprising the steps of
engineering the chromosome of a bacterial strain to Incorporate a gene

encoding a Polymyxin A peptide, or a derivative or analogue thereof, fused

25 10 a protective antigen, and making blebs from said strain;

g) a process of creating conserved OMP antigens on the bleb preparation
comprising the steps of identifying such antigen, engineering a bacterial
strain so as to delete variable regions of a gene encoding said antigen, and
making blebs from said strain;

30 h)

a process of reducing expression within the bleb preparation of an antigen
N (=]

which shares a structura} similarity with a human structure and may be

capable of inducing an auto-immune response in humans (such as the

I3



Figure 16: Specific anti-Hsf response for various bleb and reconbi nant bl eb
preparations using purified reconbi nant Hsf protein. 5 Figure 17: Analysis
of NspA exwpy@msisen in total protein extracts of reconbi nant NnB (serogroup
B derivatives). Gels were stained with Coomassie blue (A) oPCT/ERMIMER4 ed
to nitrocellul ose menbrane and i nmuno-stained with nouse anti-PorA

monocl onal anti bqg ) use _ant | - NspA pol ycl onal antibody (C). 10
DESCRI PTI ON OF THE ?‘ﬂ]@/ﬁl\ﬂﬁgﬁﬁ%%ﬁr‘gs&nf"q"ﬁw&ﬁﬁ &), cehptigsg tiee segeer al set
of tools and met hadentifpipglal @neinvolkeidng [ anuf acturing inproved,
genetical |y engineered bl ebs from G amtﬁgng%%{“?t\’/c ’Sbogucf@%?'?té?rmvs‘t“gmﬁngng The

i nvention i ncl ude® BesteRabisrais salas 1o redhice dreeedh iofRdtbrelsloP b ey gDnrce

i mmunogeni c, |ess rﬂé%ﬁgbl"é@sd safer, for their use in a human an 75t 2%hi mal
vacci ne. Moreover, Dr RS EAT SRIERYS 8 al so descri bes specific methods-
necessary for Yomsprdeedsi BE upploRBiGH N ai nkng and usi ng reconbi nant,
engi neered bl ebs fr%m g]‘\;{ari otis g%r arr?ngxgpzli'?élg{/otla1 BQég%tF‘FtH’F' fegfograews fayd

t herapeutic and/ oPrfragiyostongeryad) pGVdB. anByerk heyifiet hpds t he i nvention,
the bi ocheni cal coppositi og of bacterial blebs can Zglqbeb?efr?a TRATH%d by
acting upon/al teri {%‘pf’ﬂﬂgé DPERS Phiientiiirg: sunhi aitigge negireawadh Bactesoduct s
present in or assegiialeds ¥ hb e | out er - menbr ane bl ebs (outer
nenbrane proteins or OWPSs). Tﬁ@ﬂgﬁﬁéﬁ%?hﬁmﬁmm U5<Or JRAre firiheneapheschfof
genetic nodifi cagi gsmet endodingeasié, antigen AdRBOREY HEN nditional the
expresgi on of one _or nore enes encodi ng out er-ﬁegr:‘le)r[rcéc%@c’%%%(?ﬁ@?ﬁeé are

al so included in PIHEYTHBUEFe 2R snakpmg Ylehsefam said siesin, ¢l arity, the term
"expression cassette” will refer herein to all the genetic elenments
necessary to express a gene or an operon and to produce and target the
correspondi ng dﬁé&@t Apsyts off theninwemiidn in@lude! SreffE eps,  derived from
a given Qﬂé:&k?c{\je% host . A non-exhaustive l?&e’i’% {ﬁ{ég%s%segfﬂpgémi‘%cl udes
control el @hent's 50 PEPUALT, 54 R PPtEM Rossitionag i atromilonotddd &4:qhD codi ng
regi ons amgrdgalagichi 88 xbRLabs: i, & ppropriate spaci ng between them

Ref erence to the i nsertlbon o’? 0|ofr \éhn%élg &ggﬁubﬁ%’és PFRégrpatal f antigetse fpur poses

of thils i vPEgrlagan apheloimemnsticnfonfvafloSeoHeRBe sk orbicnf FHQYT
Vv on nor e

PCT/ EPOO/ 7%%142- st._a pranpter_function, and preferabl
ot her gengtcl c rtlgg%l é%%ﬂ}ar%l é‘l‘f’g‘m"s oBnyRGoined weet hPmefermtieX plogmaiaghncCasset t e.

Mor eover , comerisiag e bIEBLEtRE in¥entich " wil.l refer herein to all the
nts required to int é)g?izf%%Sa\\/ﬁedgv f PRIHCY ARl e Fpitshlet er i al

genetic el.e

Rost. A nofi-BR¥(EGIDes dasinst cxrtaireisenst ented Vact Ay fudng ufldilyery venicle
(or vect omein%r&gnrg_%orggéigo%sni c.re i.ons, and sel ectabl e an counter

sel ectabl e markers: “Agarn  foP*<He ﬁ%r‘ffog@nwmeh@nibiaps of the ifvehtidn are

" engi ﬁ@eerbngluecdoae'semiﬁa{hesggpgé@opﬁeirpregg&ge | ess of said antigen' refers to
any nmeans to rﬁ%uce the expression of an "antigen of interest, relative to

that of the nonbfiFsenkinventian provienrtat khe a6 Wnid BYIePVERine which ic

( Immuno-protective and non-toxic when used with children under 4 years of age

BRIEF DESCRIPTION OF THE DRAWINGS
25

Figure 1: Reactivity of the 735 mAb on different colonies.

Figure 2: Reactivities of specific monoclonal antibodijes by whole cell Elisa

30 . . . :
Figure 3: Schematic representauon of the pCMK vectors used to deliver genes

o . .
perons and/or expression cassettes in the genome of Neisseria meningitidis

Ay



10 such that expression is at |east 10% | ower than that of the non-nodified
bleb. Preferably it is at |east 50% | ower. "Stronger pronoter sequence"
refers toWPOW®GH atory control el ement that increases trandEATBRONOM24 or a
gene encodi ng antigen of interest. "Upregul ati ng expression” refers to any
means to enhance the expression of an antigen of interest, relative to
that of th&igwe-Hodntlysd ofiPaA, expatssival ihytont protéinnGtrads &1 B mbidad S
under st ood "'gepza’;[ .ttitpe anount Obﬂ‘\‘@z{%%l‘l“ ation'_ will vary depending on the
particul ar "SAtEHEH SFOBTRUBP. Y3uvED: Tesad crsetetns wierouncovetedt framh | |
di srupt theps- i rdd X - -QEMKNE : requl ati on of an antigen

: Sp TR AR MNP0 J’é"ﬁ{: (l%&ahﬁng%ér%ﬁéﬁﬁ%é“w ({ages 19

refers to expression that" 1 s t | east t

non- nodi f i @dd b) EbombhmheN.arbbryingz'ﬁridimemgrduggss&mtﬁ@%h? Q{C%‘ﬁ{aiyz@?ﬁdepﬁﬁgl?r ?bl %/
pects o e inventionrelate to

it is at | 100%.(2 fol d) higher. 20
i ndi vi doal ?’@%GB@P&'S Wakildde Peiyr@yiamidepe)i Gebsr werehitahad with Gooeldi nat i on

of such ne t ht?ﬁ npositions made as a result of these
met hods. Atrtl)(i)lgt3 ﬂ@%ﬂegggtgctﬂ %rf ge?%rq\c}gr?t?l ﬂc“ln(é)lpoéfége‘gwa'ﬁ%énd generq-gtamed| s used
in order tovigiemednticRdriAymomatidnal antia@gen bacterial strain in order to
extract inproved engi neered bl ebs fromsaid strain. 25 The engi neering
steps of the processes of the invention can be carried out in a variety of
ways known gt he. ski d n.. For .instance, sequences (e.g. pronoters
or open ref};{la@‘nry3 ?r Zbrr%gsgcgge% | nSRT LAl 18 RIO5Hh SRS / YeFremBiaant pd.

di sruptied mening@idit eerbgiogpB Lfairds!(MA8IBSQHvEINRS { PBRinsFRErel AGLARSE ot ©F
upregul atin gene'_ S expression, a strong pronoter cou e Tnserted via
a transpos oﬁ’p 32 (dpnespk i Sawr ontermenyeae bleBO prepatatiad (Ines ad@ney Mor e

r éf er abl - e st _preferabpl approxi mately 400 b
5pst ream ys‘%g’?artl%pﬁ}ﬁtg gtsigg‘%&groanorlqellg%%ﬂﬁaﬁﬁve éFQﬂydo%‘aBgé‘H byéwlﬂg'élﬂ@@ 5 f or
down- r egul asinggn expMNsp Wity @énad s%ﬂ@kmpﬁ@c&gsggﬁﬁg%@ggga%%@%g7 24 Such
., an erefo

met hods, however, may be quite unstable or uncertali re it is
preferred fRatPYRePei hdbmrng sedd) [apdr ¢rse woad - pspio(lapesoz emdes) akse b), C),

d), 15 h | [ | ' f d vj honol
Fecombi nat o aSL TGRS SEARPH. VEeililent R ot Rpr ) Soierainequence

(a reconbi mitaht wcompinan)pwified Nspaasid SthobeNfdehqoiisigs on the bacterial
chronosone, and a sequence (a second reconbi nogenic ‘region) of at |east 30
nucl eoti des on a vector transformed within the strain. Preferably the

regi ons ar gigide 0 3 i ref erab 100- 800. nucl eoti des, nost
preferably 500 nugl%ea% gdgg?.lgéﬁxggg%%égol |1r?o%r8%19|(% oG respBbinant KL

suf fi ci ent Mgningitigid sarogronpB tstrains 4Hd4/06 pREVRIVRE). IPrOEind ivedrB Gxt-RtQNEoANOL her
under %ghl0 tesitri r%g%gt %0 conditions (as defined |ater). Reconbination
events ‘may I ake Pl blebsh grepatingy and asnBipamieth by SRYPAGH NN ach2%nosone

and vector jo ey 0, SR b REr IR She BKTe btk e iR S E R oot or

and vector). In order to pe a singler Balyect or

sho(ul d be &remy Suhples Bbttespondingltoecpsd (arRr2) edndtcPs P BbELE, PERPONLE5/D
reconbi nat 190 éS event , 'tAFe vector could be a circular or Ilngar
nol ecul e (ge“ee iTGTRTROIRINt Y. ynepungltidis serogroupB strains were analyzed. -

25 Figure 7: General strategy for modulating gene expression by promoter delivery (RS
stands for restriction site).
Figure 8: Analysis of outer-membrane blebs produced by recombinant N
meningitidis serogroupB cps- strains (H44/76 dentvatives). Proteins were extracted
30

from outer-membrane bleb preparations and were separated by SDS-PAGE under

reducing conditions on a 4-20% gradient polyacrylamide gel. The gel was stained

AY



preferable that a double reconbination event is enployed and that the
vector used is linear, as the nodified bacteriumso produced wll be nore
st abl e | nwloaifmagf reversion events. Preferably the two regegﬁgﬁggﬁﬁmc
regions on the chronosone (and on the vector) are of simlar S
preferably the sane) length so as to pronote double 20 cross-overs. The
doubl e cr oS&EtHhOTebmbsHE b h t e econbi nogeni ¢ regi ons on

t he chronmpsone (separ atbgg{%il%ﬁﬁcﬁg?i %2‘ ege%{u n%econxsl)méﬁ‘él 1@ PeL8t Qfototal

r econbi nog®Fteins whersaslaoes 3, 9end Jovere L@ aiat ﬁqlgbl* fygl eoti de sequence " Y')
reconbine to | eave a chronpbsone unal tered except  that X and Y have

i nterchanged. - The position of the reconbi nogenic regions can both be

posi t i oned Figir 'R BN 0 or may flank, an open readi ng
frame of interest. These re%fizgﬁé)t‘%(gtgp}cegi%cfg’tem B%/‘S‘Btﬁd}’??é,toriwgddt‘entg;: or a

m xt ur e5 of expreisrg/mnduation-of Octip8g/ TS ESHANG Ereri kM ni i f Xand Y will
depend on the effect desired. X may be all nor ga’%%%#%ﬁ pen readi ng
frame, and Y no nucl eotides at all, which would result in sequence X being

del eted f¢mrt 9- S ternatively Y may be a strong pronoter
regi on for ifgr?;erti%g{aggg c&g@% ant Bfe>YAD P EAt2t BENEIAFxtRetof renuchbimer ef or e X

may be no NmB @itd/Thderivatiadsh.. Gelivkabd -Qr il1l. vary, i.n conposition
dependi ng what type of reC(b)nbi nat i orﬁﬁle%&éa%{lﬁl(go 045515%3%¥Wr ) fefef what
the ulti rraEOemHBF% esegnemp@ne And \WDNOmMbeeAsed RGN FRBOR/ DEARPSE qEgFRLation
event i@®. lln%&%@ﬁtlkx‘{t?oo gg-égrs used to deliver region Y can be
conditionally replicati )r sui ci de plasm ds, bacteriophages, transposons
or linear DNA fragnents obtained by restriction hydrolysis or PCR

amﬁl i fi cat%pn. iﬁl ection of the reconbination event is selected by neans
of sel ect abiB8T ket PRlyHE Ok SIMEBR i prpisssHNGENOM ' prérarationy ﬁbﬁﬁ}e%&ﬂgﬁg?tt 0
antibiotic f st .a cin, erythronycin, chloranphenicol, or
gent anyci n??t(_ag(g?gysﬁc%e%? gﬁelg)ﬁg% ;?e/vgfrgts %i VB (ogmpssie bl (A} auitransfertedxi C
conpounds tornityesedislose reimthyEet dnd O L St R0 G i.ons {for. instance pur,
leu, ngt, ar.gé Process a) and f) - m%%%ﬁ%{t?@%fggﬁﬁa&yﬁlm@ari abl e
and nont pr%’f‘ ‘?X - I nmmunodom nant anti gens Many surface antigens are

vari abl e anong bacterial strains and as a consequence are protective only
against a limted set of closely related strains. An 15 aspect of this

i nvent i on Tgyrs B:tJrbematiurpiesentationeofth€ s&dotibin r t he del etion
of the- g%%egascb e co%%rgg.vari bl e surface protag:E rﬁ?&%ﬁe{ggwsg%tsou?eﬁ%tci n a
bacterial stra nmr&bcr THEPTH{1@ef2 PIMAter. when adni ni stered in a vaccine,
have a stronger potential for cross-reactivity against various strains due
to a higher influence exerted by conserved proteins (retained on the outer

menbr ales)Figwre: his Analpsineé Hsf ierprassors 15t protib% eh variable
antigens in I.uqte:. for Nei %[II a - pili (Pi 1%) whi gﬁ%tﬁ%g{cag@gm%?{ geni c
vari at i ond HBiEHKdis &)r&gromﬁ1 H P derivativep). iTotal proeime werP2ecobfred fdinl | N, | A

I -(pr ot eaiﬁjs-f&iﬂﬁhtl@ﬁesw@)', axfal tﬁs-Po@-‘gﬁsf %%SO% recombinant N. meningitidis
serogroup B strains and were analyzed under SDS-PAGE conditions in a 12%

polyacrylamide gel. Gels were stained with Coomassie blue .

25
Figure 14: Analysis of GFP expression in total protein extracts of recombinant .
meningitidis (H44/76 derivative). Total protein were recovered from Cps-, PorA+
(lanel), Cps-, PorA- GFP+ (lane2 & 3) recombinant strains. Proteins were separated
by PAGE-SDS in a 12% polyacrylamide gel and then stained with Coomassie blue.

30

Figure 15: Hlustration of the pattern of major proteins on the surface of various
recominant bleb preparations as analysed by SDS-PAGE (Coomassie staining)

46



O her types of gene that could be down-regul ated or switched off are genes
which, in vivo, can easily be switched on (expressed) or off by the

bact eri uWOAYORIPer 25 nenbrane proteins encoded by such (REWBPMING42aot

al ways present on the bacteria, the presence of such proteins in the bleb
preparations can also be detrinental to the effectiveness of the vaccine
for the reasons stated above. A preferred exanple to down-regul ate or

delete is ' el protein. Anti-Opc inmmunity induced by an Opc
cont ai ni ngﬂgi'lg%q\?égscqgggmmgﬁtf'gisgrﬂ°§p°ﬁ’é?/ Of  YAoug Plelbtandt regembmpacibley as t he

30 inf ectimgpamgmhsiﬁgpgﬂﬁghﬁa%b%appﬁ% c-. H influenzae HgpA and HgpB
are other exanples of such proteins. 8 9350 PCTI EPOO 07424 In
process a), these variable or non-protective genes are down-regulated in
expr essi ong. Or rym_nal | wi,t ched off. This has the above-nentioned

Surpri gsi nE;F 'ggléfv%ﬁ\fg’ﬁ@ ng&fbgﬁée‘ﬂ‘ﬂeéflf’ﬂg“ %@ pretimextasts bErecombietit/erBant i gens
that are pEes&d iBnderinM\bém, ] er. surfa of blebs. 5 The
strain caﬁ beggn%i neered in thiE ?e\;\fg?’é gdgM%hugg%rpa%feC@P? LA beR Bosfeveti udi ng

t r ansposorioinigesetlilose membraeuid infrewnsstaitgd WA BRLEYT a;{i{-P{E'At ﬂ{ongﬁﬁi{ on of the
gene, or a%g'éncgyn@t ations or deletions to achieve a simlar resu a

Honol ogous r'e QLB 2nGalsea Belyplonalantibedy €@ ete a gene from a
chronmosone (where sequence X conprises part (preferably all) of the coding
sequence of the gene of interest). It nay additionally 1o be used to change
its stl®ong pronoter for a weaker (or no) pronoter (where nucleotide

sequence i referably all) of the pronoter region of the
gerél.e, and%]?lu%fm%?etg&ﬁmNgéﬁéﬁ ses either a weaker pronoter region
[resulting in ThedeGERASRG [ f the ne(s)/operon(s) of
interest], or noe%rormt er ng?gﬁ??ﬁ%gg?‘ﬁ?s?%ﬁﬁ@"&t dnepedscrapileof or t he
reconbi natoFeg wseéer manufacwringiimprovetih geriegigal) eﬁ’%inéelﬂﬁi bitBs %Ef@%g.”e 1000
bp ups;re%ﬁﬁfvgt;?g%ﬁqﬁr;gaﬁg_ nt.eLest. iﬁll'::}grnatl vely, Y nay confer a
condi ti onal =TT t | F eV oAtop, ngludes methgds wsed a0 omkelrdcombatant
ao Ul e e R e b LRE b £ Dt rogt vl
suppor E ed VBSFW%MOYB@@B@E? g?lresmts:myebx_ﬁlﬁa_d\Mscb d@igngb@f@bg%ée,g%gglg)g%cggs pr ot fei ns
are integg @ V= eir variabili may be limted on o one or few
of thei rgsfﬂJr%Oace g)%%g’gé%mf‘r%ﬁ Fa%ﬂfi};sia%ﬁ%emb&anmenmedmﬁms from| pr ocess
Poops whi ah | sads 0 5 pe cxpt oaeranecme BB b e e,
conser ved %§(&P? Hedhods 96 shednyesios, thSubidchemick porapekitica0srbaelerit bibpy #alde nzae P2

and P% 25par, d exanpl es of proteins that could be transtfornmed into
cross-r eact in\?agpﬂuz%ﬁ ég KSR rlT‘E‘%’i'/ AFTOg the £xXREsstion of Agettmal georo Eogding

r econbi naprodncts Sprasddk €he bf efsodiBtogipf £ or t hi s engi.neering
) - Pronot er del i vlgybag%%gﬁn%{}gﬁ"glﬁ@%g’qﬁsf (RE%5er aspect

process. Procgess b) -
of the i n%PéHﬁ’Wﬁ Rratems e @MPabditfeypradudiive afostpisSidihOR il &b enggx altering

L

in'situt / (o} egion controlling the expression of ne(s) and/or
B al R Pl lﬁé/regsc,g&ecrease or render cogditional thepexprcssion of onegor more) -

genes encoding outer-membrane components are also included in the scope of this

25  1nvention.
For clarity, the term “expression cassette” will refer herein to all the genetic
elements necessary to express a gene or an operon and to produce and target the

corresponding protein(s) of interest to outer-membrane blebs, derived from a given

bacterial host. A non-exhaustive list of these features includes control elements

30 (transcriptional and/or translational), protein coding regions and targeting signals

with appropriate spacing between them. Reference to the insertion of promoter
Séquences means, for the purposes of this invention, the insertion of a sequence with

13



operon(s) of interest. This alteration may include partial or total

repl acenent of the 1A WD 01/09350 PCT/ EPO0O/ 07424 endogenous pronoter
control | i we d1@sgexpressi on of a gene of interest, with one ing a
distinct transcriptional activity. This distinct transcript Fg‘g’gw&é@f‘?“vi ty
may be conferred by variants (point nutations, deletions and/or

i nsertions)atQéast REproRRER GRS t regions, by naturally occurring or
nodi fi ed hetlerol og%ras 5 pronot e%ggogrrge?bgg(%ﬁt?i"ﬁ%??&ﬁh%fgeﬁﬁimrcgghm

al t er at i on<!amants perapryedbiithio canf expréssidn’ @RgGel Rid L Vity stronger
than the engosg ru)u_zl o%e gi ntroduction of a Str ongrg&%botrﬁr%?ée% ,%Feégﬁllvfi ng in
an enhanced®® g? ¥ e pereietogelh e perstier dertents oéquirad @6 éRtbgrate 2 DNA

(up-regdl ats@MAdne iPURTeR Ls particularly useful for enhancing the
product i on S%m 1 nl1Tll:IgI(’;lO| ogﬁa 31 O$t'ei“sp QSE'FX%U%V%B%%@NCS@WW isludes a

out er - ménbrdaiveerpvettielier(sr asvtor,Ovith RRBABIRIBS - (& &fe served QOVPs,
usual ly present in blebs at |ow concent rgatf(%%éﬁs’ %@%%%%?a%gﬁar”grfﬁubﬁebmters
t hat may béelFﬁPlélﬁP’éflé"ds-i n Neisseria are porA[SEQ ID NO 24], porB [SEQID
NG 26], | gtF, o) an UAB. PorA and PorB are preferred as
constitutive, Stg“ SWQ%%S%?T&%P? OEFQHQ'S e M Sengindeshed HeBerapdtmidlo 15 t hat
the Por B pponintedesaaifisaid ¥ntigenCeal peghJ fra nt .corresponding to

nucl eotides -1 to -250 upstream of the i}JmH;tcg?Sl (E)Ongeizﬁg oﬁbeo'f"pﬁ‘?fg n qfAn

Mor axel | a, 2RBRLOT IHERFlefFlatyerte thatofithenammiddifiean ., ARy SX0RIng) BERB2,

onpA, QQVPCQH,@n omters,,And in H influenzae, it is preferred
to integrat e&t ﬂjgt %’?reé;i?n E’{ f,mic-?ét Slgnéq%efp%ﬁdpéfr of tixy nok-imugiftedeblps.ef er r ed
doybl e cro¥=fauiely inos0dtoeNdS5eE Cielial Nadd gy. .to jntroduce the
prgrmt er in the 1000 bp upstream regi on‘d’,n%gg%ﬁg{bg%stgcgeﬁuﬁ%“pl’5’[8%t° dnywher e
f r om 30- 97F°SBRIATY §PRER rAlesment eat inviredses raBchpitonfoph geRtCer@8Miag bR 4P

regul at ed. jpl thoug re@ﬂﬁﬁﬁ%%ﬁ&&alér& i% i s thought the pronotér region shoul d
be relatively cloSe~to the openT e5drn§ Y 4RRE0F P enbaege the expresaion aipt i mal
expr essi onawantigee dSngeRe releiee B BREBE tHe VRO ve surprisingly found

t hat plsa_cegr{a&t of the pronoter further e?/moggk?élg‘#@hcé ?M%P?%ﬁj@don _
resul t & i n°F%r Jbisiyndratosd dhatithe amoustséfompteguiation’ willhuy idkpenginRrf @ET ed i f

t he pronot gfikga 200- 600 bp,fromthe initiation codon of the gene,
nore pref elf?‘gtﬁl yaﬂ300- e%gé}b%%?gg’uﬁo“gp Y FEFe5hs aBepRiotR i b I djsTaBOthbp  f r om

t he initi ampohraAd Gte@ily bf théBiddl/(09350aRaT, . Process c) - Bleb
conponent satﬁrod &&gcondi ti onal I?T%ga exp%fgggg(l)%%éfgé?&%x%rgﬁé? %6‘(1? ng for
certain bl eacsbﬁ@d Bhes than that off the Ingn-masiifiddalylelal. Prfealily adid Gt 1ag by, t he
conponent shiperC A bi . t epepnds 5 upon various netabolic
and/ or envillrgoénent aF %}géllglxtslggglgéﬁ lg&éﬁgggﬁ} ﬁ‘éﬂﬂde, for exanpl e,

i ron- 1% t at i onfspeowduifathe dmveafion helatead OXdRRIEN HeBlods BH A0nd Shproved U €

ve

engineered blebs, to a combination of such methods, and to the bleb compositions
( made as a result of these methods. Another aspect of the invention relates to the
genetic tools used in order to genetically modify a chosen bacterial strain in order to

extract improved engineered blebs from said strain.

25 The engineering steps of the processes of the invention can be carried out in a

variety of ways known to the skilled person. For instance, sequences (e.g. promoters
or open reading frames) can be inserted, and promoters/genes can be disrupted by the
technique of transposon insertion. For instance, for upregulating a gene’s expression,
a strong promoter could be inserted via a transposon up to 2 kb upstream of the gene’s
iniiation  codon (more preferably 200-600 bp upstream, most preferably
approximately 400 bp upstream). Point mutation or deletion may also be used
(particularly for down-regulating expression of a gene).
15



variations, nutritional changes. Sone exanples of bleb conponents known to
be produced conditionally include iron-regul ated outer-nmenbrane proteins
from Nei ¥94%%%nd Moraxel | a (for instance TbhpB, LbpB), afdI/EP00/07424
substrate-induci ble outer to nmenbrane porins. The present invention covers
the use of the geneti ¢ nmethods described previously (process a) or b)) to
render constitu P%“’FH’@%)@}QWGS@E oy of quite hnstaik of WhRtainl aqétm:,%{o\p?}{,i?the

S) O

i nfluence gf | £ANHE i gnal .upan the _expression of gene

i nt erest cgrff%g%ot\%er co%ﬁeﬁg‘:}?ﬁ’r}g(ﬁ%ﬁ“’%ﬂf‘r‘lé&' %iﬂﬁ%eﬁsﬁéa)g@bsesf),si)m)rhmﬂoﬁdi ng
control regs descabed beldwl is feefoaBS vRONEL j tive (for _instance by
del eti ng pg{et 15 Lp@r ef e]r ably all] Yor t%}désgg%%gseé?w A TGNt Sederablye - e. g.
the oper at BY® 78} BFS Plaee bemisen tal sequence dastddmbiihd@nft f0idd) B Qﬂﬁgﬁr o For
iron regul at gd . .genes hE fur operator may be renmoved. AI%er hat Vel :
process i) may bDe Used PE U CHOMOSAME RAd 7 semEnesofyseaind heomigiaaghaper on of

i nterest ifegidn® of b 1058930 MEC1MbY &R ol tifjcially under the control
of a constitutive prom)terc.: 20 Prog%e\rsyscgog%gfs%%# ‘&tﬁ“ ‘%ei‘@%l-fp%fa@bbn of LPS

The toxi ci¥g Biobk elve Ve 0Aesudgbeceides)t Mo Breddrali] e dREdrShaReRl ems in the

use of blgrl%mi!n \@ﬁd nes.. A further asB_ect of the invention rel AP¥s to
net hods of genetfl)( | SPCIopREER) A hpssgrecpmbiopgenie essions sioull ebsuffdigind A i S

the pri margmgleraenendy e daBshidds ible for cell activation. ny
nutations in genes | Avol ved | n%fh@pig{a}?%g’yo?ee%mg Toundes dighiy striplemiot ypes.

Howeveld nipndttions éasidefindblagenes responsible for the terminal nodifications
steps lead to t rEperat ure-sensitive (htrB) or perm ssive (rnsbB)
phenot ypes. Mt 2T CBIPEPANER SYethgray Fkg Plpse eiag edinglrr recmibiragenrgsiion opf t hese

geres I esWhrombddnal Xi tivi of lipid A Indeed, the
non- | aur oyl at ed (ht rh%a errﬁtc{gg’t ?Fo‘?gnao\ré\lbé%e nﬁy?ﬁs's‘g’Sglleé(F’é‘d(‘t’%t?Bﬂ?ﬁwanm) lipid A

are | ess txereosonerandivecind)l Er ardpetolpepfoin A.si gMiteadh 0S5 e lipid A

4' - ci nasg ﬁglgo%gn%é#eggéé#gzm al so decresglses ﬁ%@%&‘?@e‘;’:g‘cﬁ%‘{%ﬁvf of lipid
A ~3 WO O1P083%0% FEFR 7Holeculpy B gEdsr @) petfomm iandatble seceinbhiftiod he

del etipn avemalife (QtorPéd | ) one.or mgre of the above open

readi ng fra?rlgz oer pr%m)t ]tiadrafsjélla t%&%}&rﬁvhgﬂﬁ@h@n%?%@é? Jiguge d).dit be

repl aced RrERmRistkala gowhiotesombinBtied evenblyehfey sl QOHS Vgggpg;giq’ﬁgt i on
t

t echni ques; i ped abave .are used to carry out the process.
sequencesshé1 5?% %?r@ogﬁagnt?ﬁﬁnﬁ@né% Predieedetidsbe imormemabieiit itelings Bt

Mor axel | a rearsion Bedntss Pre¥atdb e R el Mbil enzae are additionally provided
for this purpose. LPS toxic acti vietéljrﬁ%lggééa aﬁe§%5’“58“§f=t°g’f%°9@ylei(mdf oduci ng

mut at i ons PiRG¥TEY) psef sinjilay (s réferaplyl tyasaxic) 1B gHER 846 B SHGRIe
resi stzanc%rggg_%vprseq-hgoiru%k ated with addition to of am noarabinose on the
4 phosphate of Tipid A TRESEOYEnEBTFNeRs suchuthat e pwo Erettmbinegandes a

UDP- gl ucosegioehynirtbgehaffoso@e @edafiid By of . mi_crobi al _peptide- resistance
genes common to nany enter obac?eeqi aci ab #ﬁ%@haggﬁqlﬁn%ﬂe }I(ﬁ dyehg e
( recombinogenic regions on the vector (separated by nucleotide sequence ‘Y?)

recombine to leave a chromosome unaltered except that X and Y have interchanged

The position of the recombinogenic regions can both be positioned upstream or down
25 ' '
stream of, or may flank, an open reading frame of interest. These regions can consist

of coding, non-coding, or a mixture of coding and non-coding sequence. The identity

of X and Y will depend on the effect desired. X may be all or part of an open reading
frame, and Y no nucleotides at all, which would result in sequence X being deleted

from the chromosome. Altematively Y may be a strong promoter region for insertion

30 upstream of an open reading frame, and therefore X may be no nucleotides ar al]

Suitable vectors will vary in composition depending what type of

recombination event is to be performed, and what the ultimate purpose of the
A9



am noar abi nose synthesis and transfer. The gene pnrF that is present in
this region encodes a dolicol -phosphate nmanosyl transferase (GQunn IS.,
Kheng, B.Wo,o1piseger J., 15 KimK ,6 Guo L., Hackett M, MIer 0@/ 74 98.
Mol . Mcrobiol. 27: 1171-1182). Miutations in the PhoP-PhoQ regu a'%r
system which is a phospho-relay two conponent regul atory system (f. 1i.
PhoP const rdcoinbitatiphesnrhy b8, 1RReB: | ow My" environnental or culture
condi ti ons (rgit,x:gt EC“ vlat e the Pg%ﬂglﬁhg t?rég‘dﬁl\e/gt 8 yAeliyert eegion | Bachnt det he
addi ti on ofongiongly abpliratize o tuftdded praphias @Q&z@ﬁ?ﬂiﬂ - hydroxynyri state 20
replacing pyyd ghat e’H‘% hgdr oefyiyl ation of I’IpSt ate). %%SI s@éﬁf)‘?ﬂs%{’?@éﬂr f’P‘T@Fd A
di spl ays reducaemaNt PP Pysiestrgtion bydzokysisex HOR 2Pl B&SoR NS Y3l TRN

endot hel i atheGetdrgbiaktthn dWg: retion fromhuman nonocytes. Process e)

i nvol veg t he upr eglul atl onn(t)?s ?ﬁ%{s{g& Séﬁgg&“ﬁsqfnsﬁleéméiermgy nesker sk b bed
above (st raWgs poofeoting sedivamg o eI AL ; rably using honol ogous 25
r econbi natibﬁ‘? t echni ques to carry out thggi)rucﬁj)str:%jscg)lean ‘é‘Pn&?}FWQWFmr at her

t han per f of hY"AGPATRICY uhesRidraYdink gerespoheming fesBtant€ & B9 tmethi§ ghgocoul d be

used as a aRCAERA | strain.(in conjunction with dne or mor e of
the other pr oceoggpes &?Ultcgégﬁgnc\?g}ﬁ?rﬁ?é[{nga@xﬁ eRftC musations (forsihstaicasual SO have

reduced LP8utmai@ody (for instance as shown for meni ngococcus - van der
Ley, P, 30 Hanstra, HJ, Kranmer, M Steeghs, L, Petrov, A and Pool man, JT.
1994. In: Proceedings of the ninth international pathogenic Neisseria
confergnce. The Quildhall, Wnchester, England). WO 01/09350

PCT/ EPOO/ 07424 As a further alternative (and further aspect of the

i nv(enti on)Protess iavert 4y S- ek d8nfatiliR o f1 &et\pxj l ing, a Gamnegative
bacterial .strain conprising € A S ret egrowt h

medi um co of am noarabi nose per litre medium 5 As a
further still a) j Ve, nthetic peptides that mmc the binding
activity of pol %E?#f%;é’% a(lgé?ér ia{?ed'a’g%l?lﬁ)w}mﬁw Yeeteddldesctaing e 2Bl g£b

pr epar at i ¢anequanceare ptectiwd Wn®, hFind OXjiG; iV stici, A Velucchi,
M Faglgi oni, R.Sironi, M Ghegyzi:E P, %Xl(ﬁ%g?cgé’?ttéft é,ogeﬁjéﬂﬁf’d BT3AY 4rro M
1993, 'Sci EFEt Y58's imteprige sovere thecedictionin Bstistin, or, ArefVRBR 2 e dg?ﬁic\’ﬂ-l la, P,

Ghezzi, Poam 1997, .. dotox.. Res. .4:). 10 Process

Anchori ng ?&Lm oe%zgn Joérd”ﬁ%(e‘?"é’ragf]"'osg & B?°6%&§’b{<‘@ ISshiSrin petroreankesthire bs

whi | st r e @IRIUAYS toleds twhichs iwhenalimimSerddlid ht VASK: f this invention
covers th use, of .%,eneti C sequences enclggidr}gém%csﬁgs%flgﬂnﬁrBgﬁf‘?‘ﬂe,fgr (or
anal ogues%{qher 257y Y 3BAPSHEARAUS SHaing dye to 4 blkghcninﬂncﬂceieﬂ&tetd(bfy c’bﬁs%
out er - mrenprAdss (Rediy, LN i cyclic peptide conposed of non t

encod%g g%%noélaéigs %?gdﬁgegﬁﬁiﬁﬁ%ﬁ‘ﬁgi% the ¥eqcinsesy temade oysyani sns)

t hat 2Bi nd3ameles oft suwhgharidbte tahGgodnk Pindiufe P S _pres in the

out er - nen%&rrle. Thi.s .bi ndi ng de%:reaseg&t3 hg&f ﬁ%%igér{gzl C P@(f}g‘f@yw@*‘:hLPs
(endot oxi n actlvit)§eupEHiatgas PasdnOpki FepB, HerpBi fat Q¥ UnfludtzoOlpy npxin B and

conposed pflintBAQERbhse LN IS CopB, OMP106.

Other types of gene that could be down-regulated or switched off are genes

which, in vivo, can easily be switched on (expressed) or off by the bacterium. As outer

25 membrane proteins encoded by such genes are not always present on the bacteria, the
presence of such proteins in the bleb preparations can also be detrimental to the
effectiveness of the vaccine for the reasons stated above. A preferred example to
down-regulate or delete is Neisseria Opc protein. Anti-Opc Immunity induced by an

3 Opc containing bleb vaccine would only have limited protective capacity as the

0

infecting organism could easily become Opc'. 4. influenzae HgpA and HgpB are other
examples of such proteins.

Lo



20 am no aci ds have been devel oped and also bind lipid Awth a strong
affinity pepti des have been used for detoxifying LP e of these
pepti des W‘ggﬁﬁﬁé‘é SAEP- 2 : P%T/]EP 00/07424

(Nt enni nus- Lys- Thr - Lys- Cys- Lys- Phe- Leu- Lys-Lys-Cys-Cterm nus) was shown to
be very prom sing in that respect. (Ml ecular Mpping and detoxifying of the
Lipid A bindi r{‘g’g"s‘P &> 6‘? 1Bt mﬁgk P pER-PEteeTogsnes Regsdoven-regalatedviml ucchi |
M, Faggi eRpresdton, 8O teptdiilly, sWMicheFEEZ HniP: L t - een, B. and M
Porro. Science 259, 361-365). e pr ese#tah%c? (%lﬁggg‘%%m%‘?%c’lnﬁgﬁumﬁ’(& on

provi des adviniggeoviesrentninting Miesimsene bysterham heenadidendihhat fbetge of DNA
sequences 1codi ng f or Bhe SEAP- 2 peptide (or derivatives thereof?, fused
genet i cal I'0¥ 2BOHIG RdDG PutFi B 0T blght odi ng for instance a T cell antigen

or a protectiv L t i I ecreted such.as a.toxin, or a 30
cyt osoli ¢ or pg}h?gﬁggfn&g t%?%n Ear}%ﬁ %qu dé%rrg%éy iad}unfsnﬂ gEeTagRiehwcluding

cor r espondrangposor torbionantdipumt e RobiagtiBLion Wr roﬁg{gp[.ggn&- ferred
bacterial host (tV\/ni | st at the sane ti rr_eg_lr edug ng the %ox%?h?ﬁég’ %%he LPS) .
WO 01/ 09350 MDEMEHNG/ A s leronsTYe; achigystacstmiler sesuttaHendlogous abidmtbiftidhei NS

whi ch woul J 3 S to..the outside of the hleb. The bl eb
woul d therngafy (r)]ér? %o gf?glgstggte%gel alegéeh(r)cy&\gnéhﬁ %qrgm\?m’ﬁ%(“g’i’/%wﬁu%%@@ﬁés%r otein

to the i mpanépsfesttdymiiyiatand belifd elagehabraeegeRGuEed) Bmay a&%{i&?an .
Al ternati :{Pgl y,. the genetic fusion should alSo conprise a silgna _.peﬁtl de or
5 trandmerBraHOFIRREHISSTEORS Praotefer p svaaktri (orne) prombet (wiheay nedlesige t he

outer ne t hast '.s. i mune system_ This targeting
strategy m u{F}?&bie(ois)cf ipa(rg%%ﬁl(éf(rgfﬁér}ﬁ%ragztdisuﬁe PHEUESTERI9p ﬁéﬁ“e@“%ﬂégdi ng

pr ot ei ns tnheltotideesayntndeoY NarpyistaleRéresl wakbN rdmth&’ "%F’gb[g@mmg Ell % _

met hodol O%X al sg all ows the isolation of reconbi nant ebs enri"ched in the

prot ei n of CHBAEALEPESHON ¢ 1Be gerafFloresanés) of ipteptst]der tapoetdtargegiognah al | ows

the enri chyeRiseqs ; ebs in one or several proteins of
interest, whi cﬁqglrsgﬂél%{t:aglreﬁ chﬁrgfor%%ﬁ%t&?q RYent Fpagceyt WEhndih Esgrqn ofdhe

| ocal ilZat ichromobomen 0eXbpusstiead Jfitsd ge@b oPant@sd a that can be used as a
reci pient host for such a production of reconbinant blebs includes

Nei sseria menfNrAYFY; ¥ NBaYseRsten aicqpsiitinnah sensstivtomak ettivityc sesaltingad i S,
Haenmophi | dgohdifibAle B%Z ionloF rugi nos Chl amydi rachomati s,
and Chl anydi a };neurm%?gé?n N‘?ﬁ%ﬂ%ﬁ%@ @1?)3&29 ?a éerrfﬁzd‘?vﬂﬁfegf‘r% Oée Sipr t he

const r uct Ueuleimgtha eypressiomohmbleeules hitan s e &f of h& doap&egg'oﬁea byshd9
process i)o%cm%r?haltternati ve preferred enbodinent is for EP- 2-t agged
reconmbi nant pr ot 8'hs to be made i ndependently, and attached at a later

stage 200 a bl eRiqat 6PRE Abd R kxemBl ' is.the use of such
constructs in a method of prxgt g}lﬁeégﬁt{!ﬁgg@g%apﬁﬁgsﬁg%%ﬁp Bhe used

as part ofarbedipiteseilyno sysoefav of thpiratitfats gxpdsed RERY. NSl B i N
general . @SeiSﬁEF?-ZrLBepti d% tag can be used for affinity purification of
the proteif t0 RHPR HPoCess 2)h coXerm dhe fsiatign 2ofc BNAmegionst aidingidor theseobi | i sed

lipid A metgel RBosedobpsOREer 1dals to geoéc%'résgf%%tgfva% igglg%g? %W%Bhg&?ng -
conserved surface exposed loops. Surface exposed loops of H. influenzae P2 and P5

25 are preferred examples of proteins that could be transformed into Cross-reactive
antigens by using such a method. Again, homologous recombination is a preferred

method of performing this engineering process.

Process b) - Promoter delivery and modulation:

30 A further aspect of the invention relates to modifying the composition of blebs

by altering in situ the regulatory region controlling the expression of gene(s) and/or

operon(s) of interest. This alteration may include partial or total replacement of the

U



The isolation of bacterial outer-nmenbrane bl ebs fromencapsul ated G am
negative bacteria often results in the co-purification of capsul ar

pol ysacchgoioi@ezsbn sone cases, this "contam nant” naterialpgﬁipahgxﬁ
useful sincCe pol ysaccharide may 30 enhance the i mmune response conferred by
ot her bl eb conponents. In other cases however, the presence of

cont am nat kg oRu¥ Sremd e | Lal in bacterial bleb preparations may
prove detri ment al tlgret he u%gﬁgmﬁghaeb%%rgssilw Rf \Ragehenet imerest vsthanoe, 16

WO 01/ 09356-1€TihERODBIEY Rdnscribtibee abeER,. STHMis@lct ! - i.n the.case of N
neningi tid th%t thg serogroup B capsf}i ar pél ycstaccEEa]P%1 éﬁ 3§évétynr8?y conf er
prot ecti ve’y AHATEY Bndvananis, {peipt inpitations, i dederoas aamd/cadingéribng) UbP-thdmune
response ig.d3 . oSiRs e I process h) of the inventionis the .
engi neering Ogé@%g bact Zr‘f"gf&‘t&t ?Ib i nnagggﬁ%l %%“%d@&tmewﬁs@mhetcmmom is
free ofs Spoampsars ar hyoh weabidiohdss bdihe shk . n.be suitable for use
in humans. A particularly preferred exarrp}?gﬁ% J%A&cﬁhgpbﬁ?%aﬁr@ﬁgﬁaﬁi on is
one from NTAHERPHRIRL PEHBATY Seanggr tup Be dendogehond oaapmtbaicpR! oFSASEhEY | de.

This may b eV usin dified bleb production strains in ich the
genes necegrggl%gg r ’orgglcl:!g&!&‘d’l %?%Bg%fflﬂtel’ig’é?%%ﬁéltb? genepopedonisy off emarestrpai r ed.

1o inacti vapiegulsdor) N®:cleN@etediiGakiehiaf pol ysacchari de bi osynt hesi s
or export can be achieved by nutla?i nlg (pgﬁﬁ%&% réeflb%ﬁ{ng f BIGCY Qg0

i nserti on)MEPENePSERE EHYRROBlelr eginponentsh euahogl BGtef-@8BRANe 'prHRlf %,d

(pref ejabl [ gt ompl ogous recanbi nation techniques ‘descri bed

above) . Nbl?{%oé\géetgl,‘qsi g?:tl[glrav ti‘g‘ﬂ’sﬁlf"e‘gaﬁm Sr UHalyy presensi 9n gblebs atmrdgwal so be
achi eved bgonagtinasiefye over - expressi on or transposon nutagenesis. A 15
preferred method i s the deletion of some or all of the Neisseria

meni ngi ti des cpSYRyEhESONg Bpmaterd thasmpoby smegrivad il dlehidfy it Besi $sEH

export. F . r € C nt | asm d pMF 121 (described in

Frosh et gFDfi@Qg@%gFﬁf%%?%&@&%ﬁzg%aﬂ i) Is¢and haud BsRedAtapd FekBver a

mitati on det gtéferged hecapSuEAD drongdEholeNe Festablidp85 PaLI vel y.. the

si aD gene coul d be deleted, or do%ﬁérr eaul at teﬁ%ﬁéegxcﬁ?eégshiegzﬁﬁ‘ﬂée 9)

meni ngbcocd B0 POrR rrigmeter e prtivaters isalcphimir@d 3irs iaa i brh N 64 rRs A& RIin AN €NZY e

requi red fQiies 18 _ chari de.and. LOS synthesis). Such mutations

may al so rercmvg&%gslsgosiinﬁ%:%é%@r ctgﬁr“@?“(?ﬂ ofen ehe@Radh dorgwliai drisof t he

LPS of t heprblaoeené ase Ri®0/$E, | ompG,DehpEE O 1, Y e r_copi es of

a CGene and¢0r @Peron in a _host p25 chF_ormsoﬁrr%,’ or %I%Af’y&g@eﬁﬁg‘?erl ogous

gene and/ or™BpY BFMOTR 2R & Heinflaensgeritis preferred fd inicerate tht PaL p1t ps modul at e
gn LRgP]lPs

t he COWpOS‘-inHi}:(gfbr%oérsa eb preparation is to deliver one or nore copies of a

DNA segnent containing an expression cassette into the genone of a

Gram régat i ve Bimibgthelprefered doulty bRSbidendrhSibgdth Rl RlatES (RASHEL !

speci es that. &r&f!’: d be used as a recig‘i)ent for Such a cassette ﬂ?,%des

Nei sseri a S0"FEHCR RS Pamoterngithe 409Q bp gostoranh e, pidatosece khrdb€ dladéd hal i s,

Haenmophi | ugywhak! ZRe n er ugi.nosa, Chlanydia trachomati s,
Cchl (arrydi a gﬁeumﬁﬁge. r?gﬁgégg‘?%’@{; eaf’ﬁréﬁ‘qnnchﬁ’é °§>rg%‘? 887 nbeapsette may
be honol ogegattdr AWLE 68B0:AGETYERGS @44 the promoter region should be N

relatively close to the open reading frame in order to obtain optimal expression of the

25 gene, the present inventors have surprisingly found that placement of the promoter
further away from the initiation codon results in large increases in expression levels.
Thus it is preferred if the promoter is inserted 200-600 bp from the initiation codon of
the gene, more preferably 300-500 bp, and most preferably approximately 400 bp
from the initiation ATG.

30
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endogenous) (i.e. exist naturally in the genone of the manipul ated

bacteri urr%Y or heterologous (i.e. do not exist naturally in the genone of
t he mani pAPHAPPacterium. The reintroduced expression caBSBEPRO/GTAs
consi st of unnodified, "natural™ pronoter/gene/operon seqguences or

engi neered expression cassettes in which the 5 pronoter region and/or the
codi ng region or both have been altered. A non-exhaustive |ist of

preferred prof d for expression includes the

pronot ers —porA~porE; ! duGeq £Ar YhpuAB from N. meningitidis or
N. gonorr oheae, Thidexpré3sRAIfeH oV} F l,, .onpH,_p6, hind7 from
H influenzae, the pl))rom)ters ﬁlg%p%ﬁ?do%r% fo(g%p e bgcr?pﬁ,mrgéﬁﬁ‘ﬁgf,caﬁ@am, onmpA
of M car aiegkaleisThe praducioer afitbt eomPopdnts isadnditiofallyalygkd sREBELhEN @ CO
or pro te‘éps o €60 ni zed sgeci f.i cal I\y by bact eri ophage RNA pol yrerise such
as the £ Coli ePFBRRLG EndPr FRViRgRMICRtah Sigmalsy Such ssigmils pcddder fed genes
that coul dexagp®XAFRSE k : i des _.Nei sseria NspA, Om85,
PilQ ThpA B é’onm ex,ﬁﬁ?fh’%g%mﬁé?e‘%‘g%’ydipﬁanﬁ‘/%ﬁ?fﬁwmmﬂas@m la OW
106, HasR, VaPialieys, OVREHnaPriigeBos oet examplel SoMBleb Ui bR o RL. | N 2
preferred enbodinent .of the invention the expression cassette I's cFeI i vered
and i nt egr¥P&EeH  cppdit er'PgiRde hreRBasedy owemmembfank o prdteigo Ugomnd/ or

site specyéiteirfLLW, j ' ectors used to deliver such
genes and/ orZ oioeareons o?%lél@gf%goﬁéﬁg%eg#aéﬁyﬂ? b PB4 SeksTasrndysikle Qetepl asm ds,

bact er Iophagmbrant menspoShe presen? Gnlenti@rcold¥d the AAFESY teObiRlin e PV
restricti o(g %%Irol gsi s .or PCR anplification. [Integration is preferably
tahget ed tESEHESTESBRLY (RIGFSR2) OF Spetstandas doostitgriventh expressibr bDsuckh NON

exhaust i vemblesile : red i n be used to target DNA

i ntegration incl u.férclag{ 1?%}39,p§19 : pécl)lrc E??%%‘g%ngﬁ&tﬂﬂ%?l WHAGABE cXREBSAIoOn s, | gt B
genes of 8WP(Ekef intesestremi bgbyirdime B dndkyRMebRCEONA %&Q%ac% IRGake P>
hmu / 2, I gA é t%rot ease, fimE genes of NIHi; the [ecAr, Iecgf, onp1o06,
uspAl, uspA2 gle BN tRhlt Deeomss exnsamutinellyi astival(foe instnce bl ydeletihg pexx pr essi on
casset{se UpRgerdiy a : ion of bleb conponent(s). can be

del i veredLF?nt 0 aygﬂ?&r%ﬁ#@%s%ﬁ%?égéﬁy%ﬁgﬁ%g - 68 etg? SBFRRICT VEEPRF 9 such as
ci rcul ar/ I'P¥fEHIE ¥ eqpstietive vieoqy promiots, Farasmi rdgulaid aeds @ fur l);){@r&QFBE%

bact eri ophages 9y E@%t S gl artificial chronosones. Sel ection of the 30
recombi nat1on event - CaR beY sHPETE ATAY brlisrddo selivasian eddibbeal geprest the mar ker
such as ogengspeomfiofrintenGt (€ hs RS i.hi.otj (for .i,nstance

kanamyci n, eryit) hromycin, chl ortgnpherfibglgﬁ%lgtr? lgéirll{%(riryaal%l?lpyggﬂ& Bonferri ng
resi st anc €OREOIE awpnstitetivepramatesr WO 01/ 09350 PCTI EPOX 07424 toxi C
conpoupds or genes conpl ementing auxotrophic nutations (for instance pur,

| eu, nmet, aro). Heterologous Genes - Expression offoreign proteins in

out er - nenifracessebldpbnd ) DeRkifRALE afepdact eri al bl ebs represent a very
attractive systemto produce, tsotate and deliver reconbinant proteins for
vaccine, ther ap@atexcifinel Web vicagres prasents usest thé ldrgdst frobieashg ¥le RE of hi S

i nvention Y&l C f.the expression, production and targeting of
foreign, het grlglvg%grgeg‘ %r%f‘gfrnasgpf% A iRe pyeRtonsiarsdnanctaodd of tgenarsallyof the -

detoxifying the LPS present in Blebs. Lipid A is the primary component of LPS

coul d be.us
PQNCNIS, preauce

_- ._g. _9 s-_"

25 responsible for cell activation. Many mutations in genes involved in this pathway lead
to essential phenotypes. However, mutations in the genes responsible for the terminal
modifications steps lead to temperature-sensitive  (AtrB) or permissive (msbB)
phenotypes. Mutations resulting in a decreased (or no) expression of these genes result
in altered toxic activity of lipid A. Indeed, the non-lauroylated (htrB mutant) or non-

30

myristoylated (msbB mutant) lipid A are less toxic than the wild-type lipid A.

Mutations in the lipid A 4’-kinase encoding gene (/pxK) also decreases the toxic
activity of lipid A.

1



bacteria to produce reconbi nant blebs. 10 A preferred nethod of achieving
this is via a process conprising the steps of. introducing a heterol ogous
gene, optiahaihossgontrolled by a strong pronoter sequence, ( into the

chr onosone o? a %ram negative strain by honol ogous reconbi ndtGT8FF008I42Hs
may be made fromthe resulting nodified strain. A non-exhaustive list of

bacteria that c d_ as recj pient host for 15 production of
reconbi nant bl e%go‘%gg%#i%gilq@ﬁ@éé@ﬁ the Arlsten plipar; (oNeresarably iaH) ofmeqy " hoeae

Mor axel | a efdrarofhigd kbovdaORANInY Seddl ae Pseudonpnas _aerugi nosa,

Chl anydi a trachomatis, Chl anydilagpnééﬁér?oﬁﬁeggeo.mdfﬂé §§%a%\ssbf,é§%e@querssuch a
system cancpddde replaeed wishoreakempromotsrg abre fep RSt hdindlbodts JRGLEukar yot i ¢
origin. A K flerrse argt%léj: %atlon of the invention includes a pro for the
expr essi on 9B° NSt 30qVve HEaMEhIei jamy autdiemro®seudononas out er - menbr ane

proteins (integmal seqidkid 0P Lo Linoproteins) in Neisseria

meni ngi ti des reconbi%ant b?gg:g.ﬁ%ggaﬁiﬁﬂﬁ’ﬁﬂseﬁ?'ﬁt%ﬁa’wW"l"@didiaBe st at ed
above, andMyeaedlatcnatrrieals, piceHeermbp Al B LRIHELH i se t.hat_provide
protection_agai nst the bacteriumfrom whj:l ch the3e/ a\?\%ﬁ%&@goolr%‘%e .fopf-k}‘%f erred
protecti vepb‘%ﬂées for each bacteriumare described bel ow. 25 Further

preferred appli I : oduced. froma nodi fied Haenophil us
£8S NS 2By %gf@ﬁs %eg geedy

i nfl uenzae strain where t ero hangaduging magtasions inege@rPloti om

Mor axel | a warbbred impolymyaindB btghsnpraducedsh i dipd.\praxel | a
cat arrh?al i Se strai p. where the het er(ol ogoug genrﬂégibg&aéo&e%?egc‘ﬂ%%f from
Haenophi | ugl PRICARRLREE op shef ephasahite of lipat AYeTisse BeE1dPRodE BePriy2n above,
and. prefer ty ge 30 are described below). A particularl
pr fgrred %ggle?{:og%l?%nt@-@ E%és,sgac{s}%%%rfg?’?s?’nort?’léeglP’éloéi %ﬁm;!%@ialp;qppuyl axi s gr
01/ 09350 p‘é‘#‘é‘ﬁé“éfé%i“‘ﬂﬁ?ﬂ‘? P PR oL ol B BMARe Bnet her

t hfe p{l nci ?5%1;108‘3 EQS%FWQS_TFW%W&LL Bhe gemequack ust Qr;;raﬂnlfslfl&}’@isag[egfogc homati s
i nfection. 855 dMRof r e fmain _causes of salpingitrs - a

di sease which can Iegdﬁfg%msl%gﬁal%f’fy}#ﬂsga e {{un 1.y Kgng B.L.t Fmegdrdr,e be
usef ul 15 f BirSKOGroul. dHbekeitad s MIBEESIL. 408k b, MficlbBALSH, 1,13, combi ned 5
vacci ne effectiyve agai ns% di sease _caused by both organi smns. e Major CQuter
Menbr ane Pr ot eil}ﬁ(u{a 0 B¢ FeoPPhaQrregrelatosy hesteniyetrictsis @uphobgholxelal hRot ar get
of  protecid gt ' fé?ﬁ("?f" r he structyral integrity of this

i nt egral nenn%@gne %?gﬂtogyis?]ysi S | frgoprhtogrft Dy B Py RATRPREE: £BER) Mo wddees. | n
addi ti on, YHEoaprrBbesculecogdis (it btpae @BIPHERMLES (A%, r;'gattéi&‘r? and
define m)rlg?({ poa&elar%glstgq&g%fa{rg%;gg previ 8%2:';31 th described aspect this
invention allows t € Rgscopn ‘ophosphrats aehbbgdrexyryiedife NS

Wi t hi n2a bflephdﬁgtlﬂﬂ'ﬁmb{b@%x?faﬁgﬁr&t}ngrﬂ-m%g‘f/ﬁ-ngi n(sgréng, of a gonococcal
strain exprgssidn multiplé C trachonftls SPeREFS lipid éndisplayer
menbr ane, &feredtdpdityrodsonilar BhelbdtrbaxprbQidf b9 My R ghnal

sol ution tp the mil.tiple Er obl enms  of c%rrectlg fgnigceégﬁﬁtg%{)a?ac%fés g?cgt ei ns,
t he' presenta ioﬁ?c{?fmg%ﬂ’f 1Bt MRRMPteSer ovar s

Process e) involves the upregulation of these genes using a strategy as

described above (strong promoters being incorporated, preferably using homologous

25 recombination techniques to carry out the process).

Alternatively, rather than performing any such mutation, a polymyxin B

resistant strain could be used as a vaccine production strain (in conjunction with one
or more of the other processes of the invention), as blebs from such strains also have
reduced LPS toxicity (for instance as shown for meningococcus - van der Ley, P

b} y

30 Hamstra, HJ, Kramer, M, Steeghs, L, Petrov, A and Poolman, JT. 1994. /n:

Proceedings of the ninth international pathogenic Neisseria conference. The Guildhall
Winchester, England).
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15 to protect against a wide spectrum of serovars, and the sinultaneous
prophyl axi s/ treat ment of gonococcal infection (and consequently the

non- r equW@AEMBS0 of practitioners to initially deci de whi clPCaYEPANIOBAII S
causing particular clinical synptons - both organisnms can be vacci nated
agai nst si nul taneousléut hus allowing the treatnent of the STD at a very
early stage). Pret durteat dlscnativer(agé fertharsepedt T the ihhratied) GRNACSAGA!
chronosonergvr.g %i vgh %botvocg Cg,her eferred, protective C. trachomatis
genes t hat €8t & e LS RSy f%ag{‘%‘nwve%@drﬁﬂm@y@rﬁﬁshdmpl osed in
WO 99/ 284 F ultdrédoO@k ispsk 2 2] t 0, out er - menbr ane bl ebs:
25 The expressi or%g%f soﬁgﬁﬁg g%%g%&?%@ﬁ%ﬁggﬁﬂ?b@@tograwé‘lwaﬁbé%emay
requi re theliggoietiuon of out er-menbrane targeting signal (s). The preferred

met hod_to sol Véﬁt his lpr, blemis by creating a genetic fusion between a
het er of ogous géYié ea“@eﬂ?maé’dﬂi 1§these paptdss ke mim@EMBe Amdingspeiei i c

approach : g | Qs bl eb Most preferably, the
hg'ltoer ol ogtgggggeﬁehl1 ge@gﬁggi‘lgatomqéale}’gﬁ%?éqggﬁ? itheéregé’(ﬁiPéF?g‘é?g in @01"(5%‘/0 such an
OWP. 30 Werdiité D9SHOxPETHERQRMOTA2A, VRRLaS SN, BhedEIR HiSRANRT GRDS; Gne of

nore of the foll ow.ng genes_(encodi ngSp_rot ective antigens) are  preferred
for upreg uéEaFan’ﬁréei)r b Bemo Y 139 Seiende) 258h 361 -368, 'V etk chiyM, Rustici,

Nei sseri al ‘ e lpugh . ccus, i pgococcus. (particularly
N. meni ngiAt’ ihﬁ%aé[‘ﬂﬁs)@’ "é%"%?h?%g‘g%%m?“ ﬁ?@? ﬂs ‘ffé’r‘]’?%of?%/“s)lmz) , Hap
(PCT/ E#99/ 02766), Por A, PorB, OWP85 (WD 00/23595), PilQ (PCT/EP99/03603),
/061 Fg pB (WO 96 8), ThpA (US 5,912, 336), TbpB,

Pl dA ( PCT[EP99
Fr pA/ Fr pCEIGAESS) r Aghening hampagous o b gERO Brad& g 8) quedrhadinfni? BI8kP2547) ,

HasR (PU@B%M‘:?;:{:E%@ égCT EP99/ 08315), Tbp2 (WD 99/57280), MtA
(WD 99/ 57 ; POO 00135). They are al so preferred as
genes whi ch nay ﬂnﬂhbleisﬁfdnbﬁgﬂuﬁivh‘ntidr{ﬁdb@xgldﬁfeeﬂeio@g&efl% Q&{uexgieg@h& five
bacteri a. of the follow ngqﬁgenes are prefertre or

e or re .

downr egul 8PYBW XA gvpeﬁF‘Gﬁe@S ap3logymsrthere¢iy apa manClo TingeA fusThrpBrotdibpd, LbpB,
a, d c 1 r ol | owi enes are preferred for

(?gvmrggul égt%i S%Q/ﬁgﬂ{b{%gb?g%%%ﬁ@)é Rtd é?cq%x;g@ fiFompRredont N8R VA of t he

fol | owi ngegrmded amieo pacedse(prathckd rby Bregipoditive heMhdnReRE Qﬁgams‘?ﬁsg R A pnr B,
red repressive control sequerices for procCess c) are:

pnT E, and &%F. Pr ef el' ;g (
the fur oPB¥RMER SHEENOR bpdripidch Partof LiRS: presenhir the outsotmentiraneh ahiEbpB or
LbpB genesgindirdN @etRssePt R itQndP igN. e or nore of the follow ng
genes are preferred for domr%guﬁgtﬁfc% {;/t?g“})%pr(%f%?ﬂ)a?“ﬁm)ﬁpeﬂéﬁ si aB,
si aC, si amimigking the tsird;turctaf @ olyanykin B ddd composed of canonical (tRNA encoded)
20 amino acids have been developed and also bind lipid A with a strong affinity. These
peptides have been used for detoxifying LPS. One of these peptides known as SAEP-2

(Nterminus-Lys-Thr—Lys-Cys-Lys-Phe-Leu—Lys-Lys-Cys-thnninus) was shown to

be very promising in that respect (Molecular Mapping and detoxifying of the Lipid A o
binding site by synthetic peptides (1993). Rustici, A., Velucchi, M., Faggioni, R,

25 Sironi, M., Ghezzi, P., Quataert, S., Green, B. and M. Porro. Science 259, 361-365).
The present process f) of the invention provides an improvement of this use. It
has been found that the use of DNA sequences coding for the SEAP-2 peptide (or
derivatives thereof), fused genetically to a gene of interest (encoding for instance a T
cell antigen or a protective antigen that is usually secreted such as a toxin, or a
30 cytosolic or periplasmic protein) is a means for targeting the corresponding
recombinant protein to the outer-membrane of a preferred bacterial host (whilst at the

same time reducing the toxicity of the LPS).

by



[ [ f the follow ng
Pseudononas aer ugi nosa bl eb preparations 25 One or nore o _ _
genes (encoding protective antigens) are preferred for upregulation via

rocesses or i): PerV, OurF, Qorl. They are also rP%d 33, genes
&h. ch nayval?emﬁ)g%r ol ogously introduced into other Gam negaﬁsg Yoéttria.

30 Moraxella catarrhalis bleb preparations Ch? or 3D¥e of theurgl:gﬁncga
. i are rre or

O bcossea by aoars Bhethiy 5Bl 8P RRhe Blcfeing Wb NP0 EEEY crposed

PCT/ EPOO/ 070l fhé ouBstde3efoio bjebaaR mm&:@ﬁ%é&%ﬁ@% afé h%&e(g/ lgg]%g%) 823)

OMP85  ( PCT/ EPOQ 01468), |.ipo06 (GB 9917977.2)
Ilpo | 1 (mu dpspassge 25°telp|t%w8m(r@me9meae&:®)me Bﬁ‘:b( Bﬁb&ﬂf&gﬁz()l%) o1e

t al 993) ect. Immun. 61:200
(PCT/ EP99/ 3§ggqe Aﬂ%ggmm‘hfergé’% E( 70(5‘65}3@35{ d"alsp\eomppisT AERYB (REE pr prA

bodfz0 b apg: T 1 V\D 97/ 3298
@SNngﬁdwﬁlsSS%z&{ g%%%?g%h %ﬁdﬂpa&é% %%etygé)ggna 0 Cﬁ?séf %”as genes

h B mbpaRg fcﬂxé & toythe ho&adMelsmtemot her Gram negati ve bacteri a.
Vémlhlecor mslrrgre of he foI Ig?\?\n n enes Pr eferred for downregulation via 10
process a): GEHRs “&ght%PFpﬂ Papishlar |ipmst imthel ¢as®.of Qeaesor nor e

fol e r r uatlon_VIa ro

o rtB“enBBB"?r‘I’S“ onas B8 SIS Lt LGNl ogs fende- wﬁ&ﬁsﬁﬁegh{ o
hy e blébd @nREH|

upr egul at i mm@d@log))r dlsesbowsehe igmatiyn qgor?nébiﬁirﬁf bl ovmcng;n 2 pre ?'gncodl ng

On
or ot oct Ve MFgRRE Qfééugﬁfaem‘?wééargeqm&ﬂg@@ummsownacmm@smb)

(nlafdk A T P5. (D
Sar /28508 mé%vgrza%y\?\)\%%w 016%568)65‘:9 p%afs %gé’%%}@w&ﬁ% aﬂ% ng§ fgund 8¢~ pap,
H n47, andtef givemsubcglinarsiotalizatiors foper exhaustiedligt dF®attes £ et é‘énegc hfgorder to

upre uI ate lin The e also preferred as genes which may be
hgt e?ol ogo?fg%y |$1'F’?tomfgef f"ﬁ"goa Bryduruey aﬁﬂ‘ffé’gﬁ?@@@é bishe tincliides Wrigseon mor e of

| S Vi ess a): P2,
B LT LA B or SR E R R e BB rsaqha Tope.
ne or Mnor %P’O'ﬂmﬁemgmmngﬂgenm?m araehqaﬁafseﬁﬁcedhltz&pdzd R&ukation via
process d): htrByy FB %ndeégg Oggs ! rre of the fo | oW n% gentis alr:e 20
preferred for upre at PaReliT bt}a genedor tbﬁrﬁoASmrFﬁﬁBe gnpered iatedthpnr

3J chromosome of the bacterium [using process 1)], an alternative preferred embodiment

is for SAEP-2-tagged recombinant proteins to be made independently, and attached at
a later stage to a bleb preparation.
20 A further embodiment is the use of such constructs in a method of protein
purification. The system could be used as part of an expression system for producing
(- recombinant proteins in general. The SAEP-2 peptide tag can be used for affinity

purification of the protein to which it is attached using a column containing

immobilised lipid A molecules.

25
Process h) - Cross-reactive polysaccharides
The isolation of bacterial outer-membrane blebs from encapsulated Gram-
negative bacteria often results in the co-purification of capsular polysaccharide. In
some cases, this “contaminant” material may prove useful since polysaccharide may
30

enhance the immune response conferred by other bieb components. In other cases
however, the presence of contaminating polysaccharide material in bacterial bleb

preparations may prove detrimental to the use of the blebs in a vaccine. For instance,

L6



WO 01/ 09350 PCT/ EPOO/ 07424 Vaccine Formul ati ons A preferred enbodi nent of
the invention is the fornmulation of the bleb preparations of the invention
in a vaccwpdI@sseh nay al so conprise a pharnaceutical ly aceepeEp@s424

exci pient. 5 The manufacture of bleb preparations fromany of the
aforenentioned nodified strains may be achieved by any of the nmethods well
known to a ishas|beertdshopar atdeast Erméembdmtrh&iﬁgii&@%t%é&k&?ﬁ% BR gﬁl 301992,
US 5,597,572 EPhll?:‘LFZ%or US 4,271,147 are used. Mst pre rabf . The

met hod des PPPEEEh4TCEI0ER ROk canfes Prrsesyive Vaeruniy andeip ansepuibie its igipetal | Y
descri bed i gvefacaiiblembast . g§ , [ 10 and adj uvant approach" (eds
Povel | MF. & Newman M. )%F%% @-@ﬁﬁnﬁ’f%@%ﬂﬂwmw k) of theanysnapn

prepar at i ons thefergheeme st tie bavvend is@Rin"RY vi& BALHMAA &4y 0.t e, vacei ne
formul ation of the invention, Suitable adj uvagl:yg ik %gg et ‘g%%e%i" m sal t
such as’al GARSHIEM ANXPREPERTES: gEhe (bdghgnyvilbrthen bei suitaie plop b aine hubads. Ry al so
be a 15 sal i Bg”icu arly | ci um carbonate), iron or zinc, or
may be an ipﬁggﬁllﬂ?g%f%sdéenm (l)enoé?uch&}ﬁgl? BYFPRPHER inene Bomdé yremingdridingar s,
cationi cal IssrogioupBi demodalficypsuli@poMahdc-aesdd ol ysacchari des, or

pol yphosphazenes,  Suitable Thl adjuvant systens that may be used incl ude,
Monophosphoryl  TRisgnay B¢ aghigverl byl usingymedified Gleagytbaiceidn RmaphosaRkanyd | i pi d
A, and a coghingtd.on-Pfe - 2 nophosphoryl lipid A preferably

3-de-O acy%g;%%I édg‘%%ﬁﬁofgfoh%P g‘ﬁaﬁ i b‘?séfgﬁei%[f‘q#{r) cXpRjetivae Dgenh impeizumi ni um
salt. An eltwticeidny Sfeedent BYEthY €5 daPuIS YN At f monophosphor vyl
lipid A and a saponjn derivati %_e parBt'i cularly htaﬂge Bl(éﬁ}g’??}easfsl %r‘?XB?rP‘:a@SZl and
3D-MPL as QF Sehigessgby mupmsing (moas@utation,ad¢lesem DE G APAYieth &OHR QhirbON

where the i ed Wt hol est erol .as disclosed in W96/33739. A
25 parti cu: gri y t%o en 4 g?ﬁq%nvgrnt% © o&ﬁif?@ﬂyoﬂs‘?%lw hemelogmpiresomivpaticand

t ocopher ol tdchniqess destribied WBYVEN M&tbwrOMabvates Ofl Y09a/ 17210 and is a
preferred formul ation. The vaccine nayacor?prlﬁg’g %S%édﬁgbﬁl r?’,nﬁ]r%‘rsegc‘bersef erably
B21. |t nHpY A%00¢ dApTeslebrRnBsdnse over@reseion| @i wanspesdnt ACAPAREQ! A

Unnet hyl at il ng, oligo nucl eotides (WO 96/02555) are al so
pref erenti g&fﬁgr%glfgeg}?ésﬁg v\ nr°3§818ﬁ§éa ﬁﬁg‘e%%’f—”éa g@ningiidés dpsrgensse in the

present i nweniredfor pdlysacehaiierttosyhgRes ahd Sihop F&mmpﬂu?pgo%gtth.& pé/gargg i on may be
used to project (&{rﬁ}_ treat a manmal susce&;i ble to i'nf'ection, P y ns of
adni ni sterP‘%ﬁ“’éiaH 1A drsabed 1 Broshngs 231990 350, MEFoERDQ V1424 1 85asatHeNi ¢ OF
mucosal royded.t0 Ha Wl | incl ude injection via the

i ntranuscul ar, i ntﬁfﬁsgﬁﬁaghgtgﬁghbgﬁea e?’r‘r"lg{]&o?a@-&l% SHteu Alicarptizely or vi a
mucosal  atheisrild gerat ool bodelbed osraddval-fegBlRtedriy expRdbd @hOh¥eni gg#y’cgaquri nary
tractsonhus one . asp ct aﬁ{ the present invention is a net 04 ot T rmuni zi ng
a humaf’ ho¥fPageienEicogess nhardsialylmansterase, ianf enymenreafiired doarapRgat i ve

bacteri a, E&&ﬁbcﬁﬁﬁ@%dqﬂy@rsm%is). Such mutations may also remove host-similar

structures on the saccharide portion of the LPS of the bacteria.

(

Process i) - Delivery of one or more further copies of a Gene and/or operon in a host

25 chromosome, or delivery of a heterlogous gene and/or operon in a host chromosome

An efficient strategy to modulate the composition of a Bleb preparation is to
deliver one or more copies of a DNA segment containing an expression cassette into
the genome of a Gram-negative bacterium. A non exhaustive list of preferred bacterial
species that could be used as a recipient for such a cassette includes Neisseria

30 meningitidis, Neisseiria gonorrhoeae, Moraxella catarrhalis, Haemophilus

influenzae, Pseudomonas aeruginosa, Chlamydia trachomatis,  Chlamydia

pneumoniae. The gene(s) contained in the expression cassette may be homologous (or

it



adm nistering to the host an i mmunoprotective dose of the bleb preparation
of the present invention. The anobunt of antigen in each vaccine dose is
sel ected V@@ R unt which induces an i mrunoprotective response w t hout

si gni fi cant, adverse side effects in to typical vacci nees. PSHERIfAdnt

w ||l vary dependi ngy(upon Wwhi ch specific imunogen is enployed and how it is
present ed. € neus) i-ei existsnaupdiyt i@dtht NRhoRBCHE S8aMbil .j se 1-1004g
of protei nhatnt ikggg)n ﬁreJPerabl y 5-50g, and nost typi ?:AQH yte?%gggéﬁ%fgﬁge 5 -
25g. An optfHEIBNE dhi dodiot SXiShRAPRIlY ar thegeopme of die thanipssred bajrerasn)Py
standard %he stdigtiQfuckaV ek ka6, 00, tion of appraopriate inmune responses
in subjects. Follow ng anl%i ni tlfa?dg%/cggcir?\aé’t icgﬂflgrgLng appedifigd, (‘sawrale one or
several bop®neter/gemmiopemat $aansnds astUeigehebraid i Ki | l.ed Whol e
cell vagcines 20 The inventors envi sage that éﬁ?e Sgbogégﬁn?}%rlgv%% tﬂ%eto bl eb
pr epar at i oRSTNT CHQB EHOE heaipding tegion oy beththamel beknt Ategd0S tnoflexkidsligd Whol e

cel | prepafatd I W i depti cal advantages). The nodified
Gr am negat il%edfg}gtg?rgg P (gﬁgﬁlésn%?trng/%urjl{l ilgf)ﬁls?cp SKRTEHOR Heludee Brenrepareat i ons

are nmade cpordapsid, iep BiabolB iy 10BBE DB Fror@ N, K , e cel|
prepar ati ons. Methods_of rraplzi ng ghgst proggg?gtg’?lh%gglf\é@n& §ORHArgas the + h

i ntact enveIOB9EEY PEr Bin R &FPKe §ht ovpH spb, A faore MehludknWhel glohbgrsart (see

for exanp 1 heds of_ kil li whol e cells to nake

i nacti vat egﬁggﬂ%@’eéﬁ%gﬁépgmo%hi ?lmi?gg’cioﬁ’@é &f eMalcgrabalis, Krown. The

ternms bl eproproegaipdt, iansdc, afdBlof E&cﬂ@n’éﬂﬁ&%l@%??ro%té@ﬂ ko Siﬁtdgs%?%ﬁ(? SoS€s
a

descri bed t hroughout this docunent are therefore appli terns

: gg,ost pr ePaPatFPhagn RN ghealymenec isursl as drdE” kbl lbecterdphabolre. aehbn.

prepar ati ogfp et | ole cell vacgine' , respectively, for the

pur poses of aﬁgﬁg #negﬁﬁf%?d %‘Efl_e?/\&aéf?b‘é%xpﬁf‘ﬁPGGPWAZ&Ster@onﬁthti ons of

met hods a)Neisiefial NspAy Grap8H)pPieQ) absf/s hakh e e gf ot h bove
processes e.used to prod%e asm)di fied ’Stl_%g}l n gr’o%as\%hi@i‘{g{’%‘y‘ﬁake
i mproved b x é’gﬁm?i Ufesaxstiar hOME 196 e HasBn PilRY, eDBIPED) PN BSMEIRIBT OCESS

i's usegs n{,;g,g,sgg@f&‘g}r’w Mo or nore (2, 3, 4, 55, 6 7, 8or 9) of the

processes ‘are use n order to manufacture the bleb vaccine. As each

addi ti onal met hioc prefensd dmbodintient BRMhY idehtbethelexbhe; accine, each
ction with the ot herexir)ret h%d%pﬁ\ég? (%C#V%r er to

i mpr ovenent qnor ks i‘g .cotﬁégg
make an opti MrEEIcenyi gyl esopewme Ay ioerns Afproafdsgors areRE Rgecoccal

(parti cul agpkyifhl LR reparation O conprises the use of
processes g) , ﬁb)r?d%mgﬁg}l bgﬁgﬁk‘éﬁ(ﬁﬁ)‘fn%ﬁgﬁ%ﬁﬁ“@ﬁ S#&?&F%ﬁ%@p&ﬁoes saf e

(no struct@nes ginditamelly oegimativesbr etide mid},plaaét%p‘ﬁaoe?ngmﬁégsgﬁg ured such
that the lpn%st @Uﬁg rg%go se wi |l be focused on high Teve o] |8rot ective
(and preferaBﬁP. oH&&r )OLé?H“Ffbé’MSFCSWCPOQ Hydzdbysise oe | RETRe nindplifestiont 0get her
in order tmtepf2hde pedterably targeted to chromosomal regions dispensable for growth in

(\ vitro. A non exhaustive list of preferred loci that can be used to target DNA

integration includes the pord, porB, opa, opc, rmp, omp26, lecA, cps. lgtB genes of
Neisseiria meningitidis and Neisseria gonorrhoeae, the P, PS5, hmwl/? IgAd-
35 protease, fimE genes of NTHi; the lecd ], lecA2, ompl06, uspAl, uspA2 genes of

Moraxella catarrhalis. Altemnatively, the expression cassette used to modulate the

expression of bleb component(s) can be delivered into a bacterium of choice by means
of episomal vectors such as circular/linear replicative plasmids, cosmids phasmids

lysogenic bacteriophages or bacterial artificial chromosomes. Selection of the

30 recombination event can be selected by means of selectable genetic marker such as
genes conferring resistance to antibiotics (for instance kanamycin erythromycin
v b

chloramphenicol, or gentamycin), genes conferring resistance to beavy metals and/or

)3



optim sed bleb vaccine. 15 Simlarly for M catarrhalis and non-typeable H
i nfl uenzae, preferred bleb preparations conprise the use of processes a),
b), and YOM@PIHO e). A further aspect of the invention is REUEPNNT424

i mmuno- protective and non-toxic G amnegative bleb, ghost, or killed whol e

cel | vacci RicSedrhpduns foprg ediatric se it is meant use
in infants |ess than 4 yegqugsegélgﬁléﬂgg (E@e lﬁ%ﬁggfd?‘étﬁ%'\?e qrIntanGepBit t hat

at |east 4leworpendrqdreferably 50, 60, 70, 80, 90 and 100% of infants
seroconvert (4-fold increase in bactericidal activity [the dilution of
antisera at which 50% of bacteria die - see for exanple PCT/ EP98/ 05117])

agai nst a gekrfbodiftGel OGRS o be selected fr e maj or cl onal
groups - Known. For meni ngococs(?:%{s@dégtsefé' A Wso'gﬁdﬁf’ﬂé) eBs di f f er ent

Por A type from ®h3r-21&nhﬂrmlm frceetial blebnreptdsanth v ds W be 2,
3, 4 or, npst pﬂﬁ{srably, all. 5 of strains mﬁ?m WYgljyilgéle{?g{rgﬁf“’lo NGP
FlOYET 16 ¢rumly

165 and cUé%‘Se FREBInant proteins{ foneetins, thérapetic ahdfer i@betic

preferably,d ferab al | of strains 3224A, 3219C,

S2a1A  B40BAE °i\éffgerf‘79m§ inVROR 45 1} Tehms Qfafﬁép@%sr% Aerdyeréan and

pr ef er abl ytatgetrﬁg oBfor’érgﬁr hetB@$dgoRs BlotdiAPlYthe Juler e%{béﬁfrﬂ@ LALCC §13617, 14,
358, 216 30 and 2926. WO 01/ 09350 PCT/ EPOO/ 0742 “hon- Loxi ¢ f is nmeant

t hat therebaicge“ét%i’{:ﬂﬁuF?Ef"&ﬁPb(‘@Uthwd preferably 10 fol d) decrease of

endot oy n activ r t.he wel.l -known LAL and pyrogenicity
assays. 5 Vaccr%?(gﬁ%%tr S o8 }bjﬁf VB AP IS ¥ EATOSES E9fRprisingathe iSisps af e

vacci ne cantrodatingn hetexilgyous gag, bﬂitﬁmlall?Qontpélﬁﬁ%ggtﬂggp%(ﬂ&é}e L nvent i on
S

wi th ot her. anti gens which are advantageously u certain™di sease
states. |tinfpdhe smqse%@f@rﬁ@mmmgwammay thibmalogbhsyresathbiakid. Bibs

f or mul atr r;g%)y\ﬁg J%agg_; Reh tﬁg}ésggﬁgmo%s% . advant ageousl y have an adj uvant
e yoar

effect on t 0 antigens with. In one preferred

conbi nati on, the meréxhgestivecliss o ticREa AP LABE t on are
f ormul at ed vvrth 1, 2, 3 or preferably all 4 of %Eéd?;ll%gl lﬁmp\ﬁ fﬁgococcal

capsul Br JSPIHSHERh &Y | BRESmRiIash tiels baclpies ersenmnmgﬁegﬁzdhﬁ; oNa,SSé;a,rzg)t ein

carrier nSrrh ne vant ageously used as a
gl obal 15'%r?en| ng%%)c%sr%églgm r?\é%%alfvher?;%y ﬁ}"afe TReengedni r%m B bl eb

prepar at i otesugsfosat Kbldmydentrachomaris, Chladydia ﬁi}ﬁﬂn§ﬁg§drﬂek%f'x L@yl ation
reparati ons

coul d al ter ativ t aj | d-type meni ngococcus B

From 2 or O & YEFBEEt By e BFETS) RoErapHSSBePOghmgutoy it

subt ype/ ser Ot yl%‘ rdtb:9éd b Tc@t%ecfcth bl 40, Pl 2, and

P1.2). 20 In a f%rt her pélglf erre n%%?ltr’r%nnfncﬁgiﬁsea R@?Fﬁ%g{%@é&ﬁﬁreﬁlm eb

pr epar&t | m{gv[@vfa.xelid;ﬁamhﬂu@mc{/m@s@b@arﬂ&r@z&@ﬂ&%ﬂ&%ﬁw rétegu &:ggﬁrmr c

vm | d type méfql ngoco B bl eb prepar ations], prefera ornulfated with

opI ?ﬂdﬁ(frh p(bqraie}psbrm Neisseria memngztzdzs recombmant blebs. The
preferable integration loci are stated above, and genes that are preferably introduced
( are those that provide protection against the bacterium from which they were isolated.
Preferred protective genes for each bacterium are described below.

25 Further preferred applications are: blebs produced from a modified
Haemophilus influenzae strain where the heterologous gene is a protective OMP from
Moraxella catarrhalis; and blebs produced from a modified Moraxella catarrhalis
strain where the heterologous gene is a protective OMP from Haemophilus influenzae
(preferred loci for gene insertion are given above, and preferred protective antigens

30 are described below).

A particularly preferred application of this aspect is in the field of the

prophylaxis or treatment of sexually-transmitted diseaseses (STDs). It is often

24



conj ugat ed neni ngococcal capsul ar pol ysaccharides A, C, Y or W are
formulated with a conjugated H influenzae b capsul ar pol ysaccharide, and
one or nofe ‘Fl ain or 25 conjugated pneunococcal capsul ar pol ysacchari des.
Opt i onal IV,O 2850acci ne may al so conprises one or nore proPETHEPMMIHYENS
that can protect a host agai nst Streptococcus pneunoniae infection. Such a
vacci ne may, be advantageously used as a global neningitis vaccine. The
pneunococc Affigelp &ilpsrctivionsrs 4z détarmide vﬁittﬂe@‘ﬁiksprﬂfcﬁaapéﬁgcer)??g??s@ cted 30
from serot)é%%og 2r%a,¢11 5, 6B, 7F, .8, 9N, 9V, 10A, 1IA F. 9158,
17F, 18C, el amiye trag pmaty infapqpndbeseprefagating freQfit SREOL YPES
1, 3, 4, Scalibs of kalpingiis 14 dik8fse wEi 2F); 28,V 01/ 09350

PCT/ EP00/ 07424 Pr e]Penr%r ed pneum)(e:ocglgfna%gol aecﬁ?sStﬁﬂ]ﬁyg’é‘n@eahoét-tlhmld
pneunococc&ergferstbsi ussfubifl € STar eoudd pesacciffied ARt bE M LRSS, of L.he
pneunocpccus c.caggbl e of bein recogni sed by a host's 1 mmne %@P"eqn during
at |east paft of “rie Fit&ns)fiEst swhed priebatbcugaishs. The MEGoPI Ohel NS

whi ch are secieiRIPHRf x{?ﬂd@ﬁﬁﬁ)d t neunmpcoccus. 5 Most preferably, the
proteinis atoxin, adhesin 29??@%’%@5’{'“@"&%?&9rsgﬁwgé@rb,c Kgc tarigepatpr ot ei n
of St rept opteestise pntbnviiesi dBwever, fthagibiusa) t haLeRf ticularl referred
proteins include, but are not limted to: plnegﬁ I%lﬁﬁ{("ﬁ)[r%?gfrﬁl{})“e

det oxi f i edPEYFIR BHEWCEHT [0 B4bsins sucdy anwbodies.dn edditibn, abebgitopbs Rleogdigl ei c

Aci ds Res. by 98e ditibokles ard 86t s 4910 - Conparj son of pneunol ysin genes and
pr ot ei ns fr%m St rept ocoscaéug'%%alf)r?ggrfgeﬁf’ﬁé“n‘gﬁ 10 sergvars.» The\prevfoakly et al .

Bi ochi i Bi égshylsedAspert 4DBS idaehtidd; allok@Hd dobpertid fogRression of the
pneunol ysin gene in E;)gheri chia coli: ra%-i 8e p{jlrz-%f?f?ggiotr)ﬁm&?ﬁ@emb&nﬁgi cal
pr éper t | esP™ IR GUR Giegoyter M RFaRi RI3paranOn 9T O&Rieerif P8t 9RoRbcodbl. VO

99/ 03884 ; 3 nhr | etion variants thereof (US

5804193 - (%??*f%@“é?‘%ﬁ?@%%%@%ﬁ@ﬁ?ﬁ@ﬁm@ ‘B\élleé‘l?‘-}‘@’ﬁﬂvabliaantasd 1(5

t her eof (\iBe 9RdoGEOofbidsitheafrath, @bhﬁce?%%ﬁagwgmlt{é,ggé @@@gg@ é%;gllg% |S 022
C, . -

variants é er eo[ygtgﬁgr ngﬁ Pat on, I nfect Inmun

"Sequence “HefiErt Ft”ge ragssprAteiRs, Y1 edeptisibn ofisyffitisdt MOMI B&S |4k
essentisal ®orpryesiul £AGE: 0f wikd € ccus. pneunoni ae"); pneunococcal

chol i ne bi ndin proat%gi ns and trgéleggn%rﬁ)r%fnesca%ﬂa&i god v&he avimgltanponsof ; CbpA

and t r ans rRFRPYARxES/ tRakrotiit off guasdoac] $nf26tdn@AEBdnsé 1. VO 99/ 51266) ;
G yceral de(gy?rg- = hros hat e i aehﬁgr ogenag(gﬁ(l nﬁ‘seacétg‘%ﬂr#hj?glogjr YYE5H 3544);
HSP70 (WD 96 83?@5’ S B frtiallysdefie winghy asgamismalis cREMR Ihmicolt Qllinteat t 1998,
164: 207- 14ymphmsd K 8ot @kflidns o b pplication No. EP 0837130; and
adhesin 18627, SB Paten% allppsi i cat%)g%&ﬂ%.te% ainggipREaneosly thysrallopader r ed

pneunococdhf TptaeRtiof e T)ehs varyeatipaaged Prciagas; i 5%&? é‘%gg@’%/ 4893 1,
parti cyl aréo}ﬂ gcgg‘,ﬁ% sel ected in. WO 98/ 18930 and PCT/ US99/ SR furt her
pref erred “enpod HERTOMQSAIE N6 2ig) 3DOVE A0 ter Regfsredpprotecive Camaichomsrs of t he

i nvention gehe tharcoulddk estompdrite @28 BLOWPN i n.or conjugated pneunococcal
capsul ar pgl/féi%cchari des,%andeone or m’r@%?’?@%ﬂ? @#?F dE&‘ﬁsﬁWtW@t a host

agéi nst 2

Targeting of heterologous proteins to outer-membrane bleps:

25 The expression of some heterologous proteins in bacteria] biebs may require

the addition of outer-membrane targeting signal(s). The preferred method to solve this
problem is by creating a genetic fusion between a heterologous gene and a gene

coding for a resident OMP as a specific approach to target recombinant proteins to

blebs. Most preferably, the heterologous gene is fused to the signal peptides sequences

30 of such an OMP.
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non-typeable H influenzae infection. Optionally, the vaccine may al so
conprise one 30 or nore protein antigens that can protect a host against
St r ept ocoOUM/9838unoni ae i nfection. The vaccine may al so oBCTERANH3A24
conprise one or nore antigens that can protect a host agai nst RSV and/or

one or rmr(% ant i,qgnﬁ that can protect a host against 3} WD 01/09350

PCTI EPOQO' 0 en us. Such a vaccine may be advant ageously used
as a global otitg L& i Preferred non-typeable H influenzae
protein antigens r1|%ng{?u eeF¥%$% %%?%’tnéi Benep USnePrings Ry teativg pOGgens)s are

conpri si ng ppfptédifes upteguhtion Wid éBeslb ' . 5843464 - .Chi.o State
Resear ch Foundat i on_,h%\/PZIG, P6,p@pc)ro? elﬁyg/&‘rll%s&%‘%%éé oui«og,a b SICH Y
Hap, and DEBAnpefushing gonemocensn 2ad vinenisgamntdug eparticoiabiy e )9#29,],,%;,1-44,-51 Be or
i nactivate g i i nflyenz irys, grown in eggs or cells, or
Ver o ce?l s%osigk\/\ﬂgpe%)lzgaw)r 32%#&5 a?/ s9%%&%)bé@PbSPQ—'IQEEPQ{@R%G)’aé’OEMe,

1992, 10, 9E,930Psar rod/m I pif ',@p@t e f, such as
HA, NP, NA or M prot(g?ﬁs, o?ggg’n%lilgg@i@?ns tﬁ%%é&’%géemgggé%ls)’

(Respi r at oFypRyHEY 19641 1 6VRY, uBYpAar{USge832 BB6) UBeB! Fep A/F et Y&oor @5/?] 430¥t he G

0 Yeo0r oL} eer OISR e 1, SSLLVRRL Spobl O e LIl Jobner
Lne een igmETTSeovlossed, mih 41 A ARGe MR AyBloseRlgae IS

pneunococcal capsul ar pol ysaccharides, e or {
prot ect!®a KYST/ERGR0ALIS) They ateaalsd prdfaréd1be géred ivhi &P tiagnad hé’tero"l&k%ué{gCCi ne
may al so conpr.i s nore protein antigens that can protect” a host

.one . or
agai nst Stre 093%e§(:’8§50tlb‘?{eqmﬁﬁ’i‘%¥étlv? P%a on. The vaccine may al so

opt'i onal |y conmpting &romBre0bs MY €61/l that can .protect a host against
RSV and/or one or nore anti gens? tha?eégg?ls ﬁlr%ogré%fnﬁ %Bﬁ%%‘tonz‘ﬂa
i nfluenza pfacess.a):dech, Borka@elC)@bpary ThisB, dbpal) LBEB 0S4, ¥nd8d. as a gl obal

otitis nmedia v§cci ne. Nuc% ot i qf sequences of the invention A further
aspect of the inver¥iBA™ &f Hhedolios g geprsostespreferied foewdonmedgatiriodevia 25

sequenqges ﬁfﬁc@ﬁﬁdﬁﬂiﬁmw&dlflxkhe processes of the invention. Specific
upstream regions fromvarious genes fromvarious strains are provided

whi ch can be us®8ciPpmorgpf thefollowing, gepesoare pefara) for bbr,cgdj)ma@diag)mccggl

addi tion, gpdj gﬁ' re provided for performng process d). 30
Gener al rretﬁgg?‘g’oé g)rprgrnaf"@dsﬁrgxo%f t he non-coding flanking region of a
bacterial gene, Prefitbdi fepred¥ipt Qohftbl Seubstes R d.expression of the gene
"n bl ebs 31 WO 01100350 BCT] EPOC) 07400 Fhe Cptdteic a4 e 0 GPSRE o of

a speci fi c'GaRe(Papirlrly o5 gither of Yotbl efmint B pBNpoLbpBtgehss)!t Bed eaePDERS| on of
t he geng. Iﬁgrﬁofﬁgwnati on takes place both at the transcriptional and
transl ational levél. The sequence of these regions, either

One or more of the following genes are preferred for downregulation via

process h): galE, siaA, siaB, siaC, siaD, ctrA, cuB, ctrC, and caD.

Pseudomonas aeruginosa bleb preparations

25 One or more of the following genes (encoding protective antigens) are

preferred for upregulation via processes b) and/or i): PerV, OprF, Oprl. They are also

preferred as genes which may be heterologously introduced into other Gram-negative

bacteria.

30 Moraxella catarrhalis bleb preparations

One or more of the following genes (encoding protective antigens) are

preferred for upregulation via processes b) and/or i): OMP106 (WO 97/41731 & WO
A



upstream or downstream of the open reading frame of the gene, can be
obt ai ned by 5 DNA sequencing. This sequence infornmation allows the

- det er mi nayh@pesdepotential regulatory notifs such as the djfferent

pronoter elenents, term nator sequences, inducible sequenc%cyFEWtﬂs‘,
repressors, elenments responsible for phase variation, the Shine-Dal ganp

sequence, BgGY W ot f ary ructure involved in
regul ation, as%v@] I ggSPgt hgjr’éit@%ggﬂggﬁrIBEQqu{aorﬂP@%PPQ/OéW%eqMéS. 10

Thi s sequefteT/ERDBIOHA63)oripabé Q@B t99e79m0ny, afy tural expression
of the gegglé3@ gies]ti qﬁ The upregul ati ohqgo@?h@%gggggjégﬂxe&qlgn (*Ih%y be
acconpl i sh gl (B Ag (VRe $HI8RIE-2%, PehdPETERIIMBOZEY NemsEHUSRGE:

potential [BALESS: fr QP l.enments, or _any other el ements invol ved.
Li kew se, Elownr eg(t}l{daE?ieE)%l @Pgﬁé)%rfeecgs' U1k A 2498 iﬂ),&ﬂédl’ﬁfﬂ'@ﬂﬁmmmypes of

modi fi cati OmplAN (REDEPOIMEYS1)DYHENaNBERERRASS -5 varj ation sequences, the
expression_of the gene can be put FyE;nger phase vzsj)l’a];ﬁ?pdlh ar@oﬁ‘tbf’gl (W& may be

uncoupl ed P¥SrR4% TbpAFEdalrdh (With 93AG788 & élﬁormmsoi,f@nggp@f‘p%@li 91?1 of the
gene can b@sﬁ’k‘% Q@,@igﬁ/ogkﬂ C%rgi:]E)Ol gf one or _nore inducible.” el'enents

al l owi ng regul ated” expr s HshOmeR nﬁeé’saféﬁl%tmtfetrre@m geneowhichchaydigs, but
i's not |i nmhétedidgously intelautPmedYehb ARG AL hift, addition of inductor
substrates |li ke selected 20 car bohydrgﬁg%égg?’eﬁﬁcetﬂa'deri vatives, trace

el enents, vitanPAs orcoreaet dres follvsting genns areeféferreSUsH dHQH}e%ﬁlﬁﬁr%dn%;S as
descri bed géggagq% %egggﬁ[%éceg b several different neans. e

modi fi cation of “Sequen i [RPGe A BP R xghnds ghdhbpRin be done in  vivo
by random nut agene sk smbe! J,puﬁdfobm,,gﬁ.‘é ion.for.the desired phenotype.
Andt her  approach consists in isolat] %gjﬂtsh%“r%ﬁgcgﬁgg?r aﬂWF@&etw&nwa

nodi f yi ng PPcesy I afdo mskB asdtiefenesi s, or site-directed repl acenent,
insertion or d j nut age is. The nodified region can then be

rei ntroduced i ﬁdg%'t {nﬁ%o ea%ﬁgf: ?‘gfo“ggg,gﬁ%ﬂswc REsfTedfouspregamnbinpioc@s, and
the ef f ecte)opmeygnenBprRESifA i@ be assessed. In another approach, the
sequence know edge of the region of interest can be used to replace or
del ete!dal |l or part of the natural regulatory sequences. In this case, the

regul at or yrsSeH- 85,3 g,;zggrb?e% is.isolated and nodified so as to contain the

regul at ory‘e'l‘e%nrs&ﬂ&-om—aﬁm—l%éea—r%%, a conbi nation of regul atory

el ements from dief erembregenabe fBlI6wWHALNBLAS (L& ry regian, or any other
i or to delete sel etgt gd epaﬁs ofgaﬁ)ﬁoégcné’a %g?)‘?;)d"é%SO

regul atory r 'é) , 1

PCT/ EPOO/ Opﬁg&': 3?‘1 PRTEGHRtigneYial ripenssesSEcadiray. DT ewe oHibd4160pé pEpiences
can then bgigein u bt gt riumvi a honol ogous ieconbi nation
into the genoﬁrrjg’. trlsgﬂb?% g’slgab?,s @@?%@8&,%@86&@@ 1638)oHMWdene can
be nmodi¥ atEMWR, HeWehaHyIWg, His HNTOPRb eHindt B R 15¢ (aﬂn%er ﬁ%@fwt er (through
i sol ating hh@d%pstream 5 sequence of the gene, Tn“Vi &y ¥ PRERRT on of
this sequefttd S5 Hpresiaied €1 nunrpgudare péirgeThsyearb sish YRatt AYOMNSgenes

reconbi natyge BE § ression can be obtained in both the
bagt erium as \/\gﬁyJ as'g#h&%%gsﬁﬁ % uﬁ%‘frﬁﬂ‘%ﬂ‘@% BMe-peganvhagtefior nmade) from

t he bacterium Qme ot hatre pfaherforsiya bESy sg¢ribed appr.oaches can be -
used to generat gaw ¢ H}?enq:ﬁ for d%wnregElanon via

Brocess a): P2, PS, Hif, IgAl-protease, HepA. HgpB, HMW1, HMW2, Hxu, ThpA
25 and TbpB. |

One or more of the following genes are preferred for downregulation via
process d): htrB, msbB and IpxK.

One or more of the following genes are preferred for upregulation via process
€): pmrA, pmrB, pmrE, and pmrF.
30



1o reconbi nant bacterial strains with inproved characteristics for vaccine
applications, as described above. These can be, but are not Iimted to,
at t enuat eWOs11/08339s, strains wth increased expression of setesresorss
antigens, strains with knock-outs (or decreased expression) of genes

interfering with the i mune response, and strains wth nodul ated
expr essi oant proteins. 15 SEQ 111D NO 2-23, 25, 27-38 are
all Neisserial étegg% %g#%nces (upstream of the initiation codon of

various preferr MPERtNef Mispinmention a4 yhel G@tubpioneat khe S2Q | D NO:

39-62 are kdpaMrionat af r iRl Iigvdhsh S ences pstream of the
initiati on%cgdonoof vari ousl Bre?ér?’gghggggs?e C H &g aésﬁpr"é’%i%G eRy 1000

bp each. 2®h83@celmdalﬂy a6pleblesexeipi¢dr. H i nfl uenzae upstream sequences
(upstream of thg,@el ni t{éétl on codon of various preferred genes) conprising
approxi fately 1 EHre oA Plcbf P@ﬁ@@@omarfrolne angedf ithe géRehbsHdxed hods

(particul aplqg gre1e n up-.r guI ating, or
down-regul at i hg t he opg% rea%g? a%yf)}; F’GH‘O ﬁé‘?”dﬂ‘é’wna@s@ék@t@d (as

descri bed lpen’som DrefeSHY HR rhl@ho&ﬁdi@éloé’erdel e 36 athngsr r 25 HirB
and MsbB g ild m Nei sseria, M_catar rnhal IS, gs %r?g%%f tI59 “Tz? ﬁenzae.

These can 1 harg dsest Moshﬁtclﬁ‘?rd@}’( fybamathmil c&sctr;beﬂlmrﬁkﬁgﬂels is used.

mbi nat l.at de| et t
(pref er abl 'y°2?|§“3%?m9%“‘%éfa§§ﬁ£g'f€ Pl 8e s ' MimamcPesisné eonbutic

i nventilon asd sdjusanaappraadhati(eds M UCE, %’Ne%aﬁ%gg?%s EPCEIUIBJP%SSWbrI di ses

under hi gh stringent conditions to at |east nuc
the nucl eot®#8s in SEQ I D NO 2-23, 25, 27-81 or a conpl enentary strand

o agous. "t WGl baSshBeR] BAGRF SR st e ondu e he e T O

chr onpsonalaseguienoelatibn iof theSinpatiton0f S@tbW tAN L | east
30 nucl eoti des ( referabl at | east 40, 50, (g %lﬁglggé %Gp 16’(334’ ’2%‘0 300,

400, or 508" HRInYES Ry %\ﬂ@ gpk @ﬂlén)abﬂ gdumhaums;mquafé PO Byl als Bkiade

shoul d 5 coggyr I Ieot| preferably at |east 40, 50, 60,
70, 801590 1%%&1%%’ (ﬁgﬁ%‘dg‘gy%@ %?uHP%Bf iesIr By SEa irBoNGle 2- 23

25, 27-81 mspausmnmrfemymm y:yrosﬂneamd éc REROkugAS MS6H N y
stringent éatll on .candi tions include, foarﬁéexarrpl':‘}éﬁ?}r %éﬂ%k&hlgx

Denhar dt , olgRgebanges, Pgmﬁﬂptqua’gmms»ed and denatur ed salnon sperm
DNA hybr| di zed QViRdbe R & é 1% SDS one to tine
at room tenper at ulre for abg)uut 1g'm nupﬁﬁ?adll 0\'7%3 g uS‘FleMPP‘P@‘)aﬁhO@S C for
about 15 nilwdt@spmulm}ved-dbp-atylhteasmormpﬂospﬁ&m lipidOa, %d%%mﬂna]n SpS at
room tenpgra Lohe for gﬂdl east 3-5 minutes. A further aspect 0%]he use of

the i sofat e PG RREY! d& E@&E@HX@S“O@ achilatedi momaphosphoryh h@ﬁf ﬁ\o@ﬂn ng a
o S e S Y A e
ev ent ) of a monophosphory! lipid A and a sapomn derivative particularly the combination of
' QS21 and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition
where the QS21 is quenched with cholesterol as disclosed in W096/33739. A
25 particularly potent adjuvant formulation involving QS21 3D-MPL and tocopherol in
an oil in water emulsion is described in W095/17210 and is a preferred formulation.
The vaccine may comprise a saponin, more preferably QS21. It may also
comprise an oil in water emulsion and tocopherol. Unmethylated CpG containing
oligo nucleotides (WO 96/02555) are also preferential inducers of a TH] response and
30 are suitable for use in the present invention.
The vaccine preparation of the present invention may be used to protect or
treat a mammal susceptible to infection, by means of administering said vaccine via
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Wi thin 1000 bp upstream of a G amnegative bacterial chronosomal gene in
order to either increase or decrease expression of the gene. Preferably
t he Strai\ﬂ'd(ﬁ/OP@OCh the reconbination event is to take place is the sane
as the strain fromwhich the upstream sequences of the i nVENFEBN/4d3%
obt ai ned. However, the neningococcus A, B, C, Y 20 and Wand gonococcus

genones ar gyssdthiti & 8REEM] Shitk! hat upstream sequence from any of these
strains ma;%y be suitabl e %glr)&%'eﬁlas%i %‘%’“U’E%P&Pgs Ay pehudsririeadon wih tewent s

in the ot hewrastusailars indEpesitohsal Mayradbseal g the fQleleemophi | us

i nfluenzae_and. non- typeabl e Haemophilus infl ﬁ%ﬁgoglé.rgﬁef’ Aok hbavizi:ly

PCTI EPOQ 0 W‘S“E%KNP% ERs PR/abizeniane stebpikatoryargenicurinh 60 radsd. UBLRdoSt andar d
t echni ques,Haky r l. own and .rqutine to those of skill in the art,
except wheré ot ﬁer gmpg%@ﬁelé‘éérsﬁ'ﬁgdsianmag‘Pgiqf.mW@n@%dxmaeshﬁt egainst a

i 'l ustratidisgasbithusdd by0infedtioh toft ) Grdrh hE M anmpl e, 1: struction of a
Nei sseiria peningitides serogroup B st rg%drﬁf%ggexpﬁgmlhggdgﬁgg‘? comprises

pol ysacchatqmpeisterng tyithe psican dnmpiddRdtebiveos6de &thdlbieb JrogRidIASs E]%en used
to const rng:L,E%éa‘t [}ﬁ:{i gt?o%ri a neningitides B strain | acking the capsular

pol ysacchari de. RS plasm d contains the flanking regions of the gene

| ocus codi ng f OThd &Bolit @F %A HBSinSeaPR LA the group B pol ysaccharide (B
PS), and the erythronycin reés\t?sltnar?ce g%\%ée{efa 51 létsf:lgﬁte‘?u)ﬁs f‘ﬁégﬁupfs‘vh’ﬁésul t ed

in | oss of N@%{sF SBSIMRURSPrQtRsivg rresypnB: odifidut signfohis A6 Lide fec8ll as a
15 del gt Of?,gffgl Ja8 g%ti v co&yﬂ of. q{al E leading to the synthesis of

gal act ose Foloent LPSIC EPPYR Vil VARG fepeRaing anon Wbich spedific imeniungieh i des B
HA4/ 76 st rigiempld3ied 2nBIhots it 56 pklsntdd.” . elected for transformation.
Aft'er an overnjght CO2 i ncubati on on C%ﬁ%@itﬁ ¥ R 95Gt thatrgcl [dose Wity ci n) |

cel | s wer eogmnsedt K9rgrpf| protgindanvgen,opitefiriti i & - alvh Mol 2 : e used
per IH pl q.%‘g%e 5’1{19% diluted up to an OD of 0.1 %%?E) nm . T(?)ypé‘%“?lﬂvﬁmgl
sol ution, of “tHfe pl asm d pMF121 stock solution (0.5 g/m) were added
for a 6 hours Amepimhl SHolR HPd : .th shaking)..A control group was
done with the sarrg anmount of Neipg}s%%zag %&%ﬁ??’ﬁ@ég‘)@a%ét@rf@daﬂgt '
wi t hout' ad@idigsonn\stlvipg agheciatias f t atprogriatd Niewtbatel QBpBELE Oy LR Of

n VH

cul ture, - t. 1410, 1/100 and.1/1000 dilutions, were pu

pl at es co%?él?%g a@ "’%“1’ VAR r SUSIFCE ERayt RESSHgC P Jom seviref droestencubat i on
for 48 houmsmmisaBdis adegla@ity sgaeed ti ng: 30 After plate incubation, 20

col onies were grown and selected fromthe 10 and 20 gg erythronycin/m M
pl ates, while there was no colony growmh in the control group wthout

pl asm d tr@dq,g{&r%@- %9 ggl ]ng J"4§L{,76 wild type strain was unable to grow in
4 L W 01 _ ‘ *he sel ect ed erythromycin plates (10 to 80
gg ery®hronyci Ahelipveniieenlagaga tha€the Move ifFrovements to bleb preparations and

vaccines can be easily extended to ghost or killed whole cell preparations and

( vaccines (with identical advantages).

The modified Gram-negative strains of the

invention from which the bieb preparations are made can also be used to made ghost

and killed whole cell preparations. Methods of making ghost preparations (empty cells
25 with intact envelopes) from Gram-negative strains are well known in the art (see for
example WO 92/01791). Methods of killing whole cells to make nactivated cell
preparations for use in vaccines are also well known. The terms ‘bleb preparations’
and ‘bleb vaccines’ as well as the processes described throughout this document are
therefore applicable to the terms ‘ghost preparation’ and * ghost vaccine’, and ‘killed
30

whole cell preparation’ and ‘killed whole cell vaccine’, respectively, for the purposes

of this invention.
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vi sibl e colonies were placed on new ME plates wi thout erythronycin in order
to let. w. Afterwards,. they were transferred ontao nitrocell ul ose
sheet s ((% ?r%% |l otting) for presence of B pol ysacchari de.P(%/F%‘}OW‘,m
colonies were blotted onto a 5 nitrocellul ose sheet and rinsed directly in
PBS- 0. 05 %CivBaatats deddhsisesll;y 1 nactivation for 1 hour at 56C in
PBS-0.0S%TM‘eT‘ZU"(‘mﬁ-uaTr%gm-)er). Afterwards, the nenbrane was overlaid
for one hour i nitmiey W dppexciatdiithhesneddr hORMFLEIRE e...(RT) . Then, sheets
wer e vvashed%%?ai n fodéﬂxéth ee times 5 minutes in tﬁgbgéﬁeﬁsﬁgfn%%@’d ®hef ore

i ncubat i onPWIEHF § P St drorg 5viNelh t¢ Buake Himpgerell et pr@drabnd HBQQ0 i n the
10 dil uantinbbgtfogrpge@{m@ hRULS LR .Aftgr a new washi ng step (§ times 5

M nutes), the monocl onal  an |bb%8§/e%§u‘?f t BOfeeRre{ratiy svoootriony (ated,

ant i - mouses, |6y 7f 8 orrd Pofths bestesseREN 891 ol 1t L i{n the diluant
buffer (one gour.at RT) before the next wgtsbhr?%%ég‘gﬁrﬁ tgggle}ié’éﬁ‘?m%é’é above).
Af t er war dsS3°8 radditiongle methade ib atsed! ifotheomanifacturedbs (T Mkl hva@ciﬁ%' g{)cibon of
streptavi di?‘l{abrcW%ﬁﬁm %ﬁ& Q |l ex.diluted 1/1000 in the diluant 15

st thr iﬁ%

uffer.
After the ee Was UBERATs WA ithryotheremethnds weethin dbrdanith maukelahul ose
sheets wespeimistdlbpgineeted Bleb begidliohn the dark using the revel ation sol ution
(30 ng of 4- chplgorof—lédgaph_tol solution in 10 m nethanol plus 40 mM PBS and
30 nel of H O ‘3PkeHOmeMdBedoccal TiperticeRely i Nm RSy 819 BPEG N .
di sti ljat ecgnwgggsrthx\@ghifgpq step. 20 Mol e cel | Elisas: Fﬁ\kholepémp%%aﬁn@i sas
were al so done using t NP PRESEraans 6} gdorced) andi s SchblelmprbpataRoys and t he
wi | d type ssfer(abRr(didds Etnila o Gt &9 ig (20 rotein/m), and a set
of ,different nonocl onal antibodies ﬁ%g%s’%ngﬁéfaﬁhe%%@%%éhﬂéhe

meni ngi ti di°§ SHRuienEespanse vall ftsl foowier orvhigh IWRILot ﬁ@t&@lve?ﬁd‘ srgerapyf /32 11 om
SRR
Ref ge

Dr Frosch)onapa -0t her, bs. 25 from NI BSC: anti-B PS )

anti-Pl. 7 (A PoPSA?g?éﬁ&‘sAﬁHg/‘)g? vy eloments vk pgether Rebrdefta PAYvideas | - LOS

3,7,9 (A loPSmisedbleb04ddine.anti-Los 8 (A-LPS, Ref 4048), and anti-P 1.2

(A-Por A Ref 95/696). Mcrotiter plates (Maxisorp, Nunc) were coated with
p p

100 gl'¥of the SHBEEHbIaTaM: caemhaigoent oat-nBestad Ik @gw;zgpnp,gyegregidbq t (ON) at
37C at ar %,,_ré},qmggns %QT%%/CE%\‘}I i neFBS. Aft%rwards pl ates are washe ree
times with 300 | o RE &f ProcErseis2op)rardkd apd/or ahd were overlaid with
100 | of PBS-0A3futth€aspedt odne invBeithak 86hsf £ i at .room tenperature

wi th shaking. Pl ates were washed again V\B%ll}rgvg‘gghoprﬂ%ﬁﬁ?ﬁ‘g}/ Befggwc usi ng
the sane & C1Pdsbe Blost. 98 kil iedivehelengetllvaaeiheé hodbeSor pRAAEONG! anti bodi es

(100 Al) were @ Alisdi rent_ dilutions (as shown in Figure 2) in PBS-0.3
% Casein 0.05 &ﬂ&eeﬁg%‘ig% %uguﬁ%‘f‘dmgﬂ‘éq‘ﬁ‘f%ﬁlmsﬂ@ef ore incubation at

room £&nper at uBg imtromop@tatiive Wif Mesitakicng [ he next [dentical
washi ng sg&pgo 100 q%lr?of the antli 5e m)uste Ilegag‘(ix‘{fore/{)%n?%%ﬁgfa?ﬁYiQ(zc@a?Q:s E0413)
conj ugat ed 1® #idbt °)a?fdnf}PI5LﬁeéI§0&Y¢“1¢42fbd]i)inicrtasd3i8$a@seﬂc?dhlc§c‘ir°viir9[ 0. 05 %
Tween 20 éRenastded oJ S-10 detect bound monoclonal antibodies.
After the vvasrllli ng s%%%atzi%gcﬁgg 8P g%’?a?ﬂaa‘ﬁ%§ SGeios exaenlp RCSERAY05117))

st rept avi aganspar setiafdeesrclopmlsestras@l tt boOReibcd the Agersham RPN 1051)
diluted af 1/4Q00 in the sane worKking soT ut%grqr%boraje?ﬁmjrﬁrrf %ﬁa?r%?ﬂi’ﬁ i

t enper at uf &' (thd&F meningococcus B these stains should have a different PorA type from the

25 bleb production strain, and should preferably be 2, 3, 4 or, most preferably
strains H44/76, M97/252078, BZ10, NGP165 and CU385. For non-

influenzae, the strains should preferably be

all 5 of
typeable AH.

2,3, 4 or, most preferably, all 5 of strains
32244, 3219C, 3241A, 640645, and A840177. For M. catarrhalis, the strains should
preferably be 2, 3, 4 or, most preferably,

30 and 2926.

all 5 of strains ATCC 43617, 14, 358, 216
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1o shaking conditions. After this incubation and the | ast washi ng step,

pl ates are incubated with 100 pl of the chronpbgen solution (4 ng

ort hophenylbafindisgm ne (OPD) in 10 mM 0.1 Mcitrate buffer E%E§°&M7t4p45 o]
H O) for 15 mn in the dark. Plates are then read at 490/ nm usitng a
spectrophotoneter. 15 Results: Figure 1 shows that fromthe 20 isol ated
col oni es, whi chpywea-taRikat iken di j t
erythromycin, only two (the "%ﬁp%gm?%gsEagfg)nﬁéoaﬁg{#g?ﬁ%%%nm%&&ﬁomgati ve
for presengecredse Bf pudgrexipahtyifydes mamungl by eheot¢lbkfiowr 6 ANCIE pysd RElry
positive for B PS and still resistant to erythromycin. This indicated that
they 20 i nf¥§¥ated the plasmid into their genone, but in the wong
orientation, and keeping intact the B PS and LPS gene (no doubl e
crossing-over). Positive and negative controls were also tested on the

pl at es, s an¥astinswedmbimationshe H44/76 wild type NnB strain was clearly
positive for th %n.ﬁo' sacc? ri.de, while nmeningococcus A (Al) and

meni ngococcus Cg‘( 4)3SBES AF HE WEnE 0B REAYACHING sgmbinations comprising therilek B PS
735 Mab. 2  6nd Wale)! - ound 10.% of the sel ected

col oni es cgl;e;ggl?tﬁl&ils ieﬁtﬂ%’tg?na\}teggb&?&ﬁ% %Fbgg rfa? égiynr? ﬁéclbr “ﬁeﬂaﬁ‘&aﬁf?”ﬁ%ﬁf‘% a
doubl e cr osgdimycevan diselriel sateshét lnksheen faindahasdiesy &@bﬁ%cﬂl@xﬁﬁs&@&%gﬂ?d after
a sinple crossing-over, kee?i ng the B PS and LPS genhes intact an
expressed. f%“b?&“ﬁ/l‘fﬁ OteE UULESs 23S thewadyantagemisiuhayeanadiverttefdabhehdel ow)
cl earl ygyingi two "D' and "R' transformants (derived fromD
and R %:{%I o%fl)ec’s ?E:hggqﬁ%?%gw?lécogni zed anynore by the anti-B PS Mabs (735
and 95/750), nokn bye pieferatdomisisatiod, theomanidz@béusle Dl %@%ﬁdﬂ? , Wwhen
usi'ng specific anti-PorA Mahs, there is a ﬁ4 WO 01/ 09350 PCT/ EPOQ 07424
clear reactiVGRUH 2FF tIeEmWRter- pith ¥, ahd3anr iprPletablys dlhls ofnthe hisliowidgs, as

al so obser i e Wil d- in. react.i on, was observed with a
non- speci f}ﬂ‘%qgr%? ?o-clgigr%w@g% tp%%%ﬁ%ﬁdeg WEIST. ™4 e PRI OF CQRIBEHFT 9nat hat t he

Por A pr ot eproteinnatrispetci@,i¥ at Wy SBth 7 vacuisk iy b6 a@ﬁnﬁa‘gﬁ&ﬁ?ﬁﬁﬁd alh giobﬁ’lr esent

after transformation, while B polysaccharide and 5 Los 3.7,9 and Los 8

epi t opes ( FISBIRERRACEU¥RcCIne Batber thiapaise fthe mepingoedocnh B bieh puipanatbnsash | bodi es

t ested MabgeDink&ficad itReSMbd envh [ 1-B P ol.ysaccharide ++

on the wl d.etype st réli n 73@%_@3’%‘:@%@%@%%@%& Epu@lﬁ%gﬁ]taééﬁ%ﬁ?‘?@% PS B PS

++ on the Wilddyps pengigpedauoB/ ¥ pirepanation} fesin ther mare @teferably sevbafnt S

NI BSC Anti-P.l.?)%oop 1 of ++ on all wld type and nutants strains (N BSC

Porin A AnfTaPL PHEREEE R Spferal SUBRPS{sFroRmes Egrpénsianee ehesent BommP his,
P1.7,16,P1.4, and P1.2).

20 In a further preferred embodiment, the meningoccocus B bleb preparations of
the invention [or the aforementioned mix of 2 or more wild-type meningococcus B
( bleb preparations], preferably formulated with 1, 2, 3 or all 4 of the plain or
conjugated meningococcal capsular polysaccharides A, C, Y or W, are formulated T
with a conjugated H. influenzae b capsular polysaccharide, and one or more plain or
25 conjugated pneumococcal capsular polysaccharides. Optionally, the vaccine may also
comprises one or more protein antigens that can protect a host against Streptococcus
pneumoniae infection. Such a vaccine may be advantageously used as a global
meningitis vaccine.

The pneumococcal capsular polysaccharide antigens are preferably selected
30 from serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, SN, 9V, 10A, 114, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3, 4, 5, 6B, 7F,

9V, 14, 18C, 19F and 23F).
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(?7CSC) Porin A Anti-Los 3,7,9 LPS ++ on the wild type strain (-) on the
"D' and "R' nutants Anti-Los 8 LPS +/- on the wild type strain (N BSC)
(-) on tHH¥OOHESAG "R nutants Anti-P 1.2 (N BSC) Anti - PoriPCHEPOO)o7eas al |
wild type and nutants strains Sero-subtype 1.2 10 Exanple 2: Construction

of versatile ge ' vectqgrs the pCW series targeting integration
in the porA | ocgget%?&%\lé?é}s‘%?ﬁof‘éﬁn%rﬂf% BRESS AT thoseripdesnoaoatah priveims| ogous

reconbi nat hicham@ &tpabéd onNthegsdtl HxfRle of MLl in the porA | ocus of
Nei sseiria meningitidis was construct ed. oTﬁ{esbg%g%gg ﬁu\sle(Fi‘Paegc?@Pe’F%enes,

oper ons anC8BNEShPEeshash's dawmtet sys)em surisgfaulleabiOpart 6N Ser e tdybd Jfehssei ri a

meni ngi ti dj i produci ng_reconbi nant, inproved bl ebs. Typically,
such a vec# (ﬁ)?lﬁlg%ﬁf 5611}%?1501'6?{6 Pré)ég?s. WVEIPR %e srcastad r Fiedstrbe thegmeimatdeves. i N E.

coli but n®ost BrefM@bSSeHd BrotBRI 9 tdxgli S .sui,ci de pl asmi (2) at |east
one, but pref er@;ebl y lt§'\/vo rgrgi onslggit ld% ?5%?88’32(501‘:‘9@?%??’@? TAFHUCHF Ohonol ogy

for target iingprotein phitegratocor prieusmonliepSOEOIRENY MRS T TUELLLRS] BREByred 3)
Efficient transcr.igtéﬁor%{ﬁ (pronoter, regulatory region .an(l‘J‘ tgrm nafor) and
transl ati oREOY STV s FF bR o HBUSH N rapeyinolysan Gpreferabiyadewrifiea dgn)

signals fu hi J i j i ngktidis 4 ultiple cloning site
ond 5y cormiofiredrfelt b St TROAS! e d onpdik AadoRes sl b £
col i and t h&(13pI14600i SGomparisvhewft pritusnoliiNgk: S 4 Bpro®RE! F tshrdhrs o Addi ti onal

i Rt et
el enents include, for exanple, uptake sequences to facilitat e entry of
f or ei gn’ DNEMG4RP RGeS BES il 2Ne ﬂEfBthGU <! ainBiasbimtBiophye| ai ab8% Jampker s

such as sag¢fh7({WPd7.791k h e frequency .of _doubl e cross-over
evgnt s. A sche(rr)aﬁq c %r a%ﬁﬁgssgﬁ ?ﬂgﬁevég?ug?o%%ﬂsﬂ?gd{’egcgwoﬁfﬁ solexmmdl e and
desi gnat edpurificap@viknd biolegicat peotiearibsi'n WD 96/03889 (At S i onpl ete
nucl eoti de P%ﬁ uencs %{%% éhgwn in SEQ 1D NO 1. ;()CIVK@ aglgﬁc@’eg@rgégpn@aﬁp& 1180
backbone % a2 B Pl 8345 (N AY): PspAniagth trappyembrate delptias Marthnts
replicati veetddf FUSC98d4193 ha rings | a ne (and thereby conferring
resi st ance tco a%i cill ilﬁi’. Pﬁ?ééd%fi ‘?ll')(’)%?oﬂﬁ%sﬁ@’ﬁ%ﬂ%nmwscont ai ns
two por f thardef YO 7709984 (-pBilS' etadl MARARNG LEnGRRRLN @:ﬁez?ont &ription
e

tern‘inatoQh necessar ot, homol Qqgous reconbi nati on, a selectable marker
F ?s e O%Rtﬁﬁa

conferring res Ch, Immin Uk Deetf(ENGAS5-62 "PaudideacO

chineric praRteieit s P&ICH KL col.i.:host expressi | acl 4 but
transcripti onaFI yltgcti ve in Neilcﬁsl§§2?1|§’<§11 ﬁ‘%%\ﬁl%g?%eaﬁ“s?ssmpgornﬂﬂl?“ﬁFé’fcI oni ng

site (5 sif&eproqecasenpneudaiae’); Kppepmdbedcal Pichdlink aBidd; h'ﬁrot@ﬁx‘s‘esaﬁgry for
The ineert] of for ecie?eni 20 .DNA *ilﬁn cPCNK pCVK was consiructed as foll ows.
The por A5’ ﬁﬁ)r[an§31 por A% CFLOBRBIAYY &RTeCt (FBBARTE, tranpraembrany Helet®rpvaintser wer e
PCR anpt i f ikettofisi WOt hg7/al i NONURIEOt 9SS clsi- St B8, colafich I, LAkl e bel ow, cloned
in pTOPO and sequenced. These DNA f ragmentg’ \/\/e%?}écedeCEly&—g'p%osPhate -
dehydrogenase (Infect. Immun. 1996 64:3544); HSP70 (WO 96/40928); PcpA
(Sanchez-Beato et al. FEMS Microbiol Lett 1998, 164:207-14); M like protein, SB
patent application No. EP 0837130; and adhesin 18627, SB Patent application No. EP
0834568. Further preferred pneumococcal protein antigens are those disclosed in WO
25 98/18931, particularly those selected in WO 98/18930 and PCT/US99/30390.
In a further preferred embodiment, the Moraxella catarrhalis bleb preparations
of the invention are formulated with one or more plain or conjugated pneumococcal
capsular polysaccharides, and one or more antigens that can protect a host against

non-typeable H. influenzae infection. Optionally, the vaccine may also comprise one

30 or more protein antigens that can protect a host against Streptococcus pneumoniae

infection. The vaccine may also optionally comprise one or more antigens that can

protect a host against RSV and/or one or more antigens that can protect a host against
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successi vely excised from pTOPO and recloned in pSL1180. The kananycin 25
resi stance cassette was excised from pUCAK (Pharnaci aBi ot ech, Sweeden) and
was intrg etween the porA5' flanking region and the rAllacO

pr onot er rgglhﬁo%slav\o 01/ 09350 PCT/ EP00/ 07424 Table: Qi gonuﬁ‘%@@??oﬂ)@?ﬁsed
in this work AQigonucl eotides Sequence Remark(s) PorAS Fwd 5'-CCC AAG CTT
GCC GTC TGAn{NEAZOAFusOSGekandtdihe & rBenﬂivﬁhtE ake
sequence ( Por AS' Rev 5' - CGA TGCﬁ @857&%& &ERP tNr"t’]c‘%‘acl oni ng
site GCG IR&:3' PorA3'" Fwd 5'- GGAAGA TCT GAT TAA ATA GGC GAA AAT Bgl 11

cloning site A codons (_)  PorA3'Rev 5 -GCC GAA TTC

| TC AGA CGG C gﬁ@&@ B%%e ‘Lﬁs ‘ﬁ@z”se Rreteyaantigeys inciBdGE Bhbrigppaketn
sequence LYUSPBI66668V atd FusiosACorhpi C AAT GGG, CAA ACA CCC
GAT AC-3' PolLa Rev2 5' GAAmTTc CA l;T[% @@&I‘F% gcﬁbsé‘?ﬂ) &HSni ng
site  TAA APP4PEn Phin Ham RespamhF ARl CRER2ET 65 TATOB, G6h ;@ Por Al acO
Fwd 5'- AAGPQ%JW&A%TCT CTT GAA Psi! cloning site AT g

Por Al acO Rev CTT CCT TTT GTA A— Ndel cloning site

3" PPA | 5' - GCCCréézedFhflucs a,%%n A2 GGC ATA OCT GAT GCG
TGG AAC TGC-3' N-full J01: B s ﬁ@“ﬁ?ﬁ”’?&? rm“é-"éjﬁé%seht cl oni ng

site CCA @Alnenza Vs, g@p\mrs eSS or MIPCRICEIEGA VAT cﬁf&ﬁ%léﬂ %r% Elde:?|
CO

cIonlng Slkﬁd%gb %‘@ .CCG CGA ATT COG AAC CGA

cl oni ng si 2ggite. APR2GHE WF20per @Tlfv&ﬁa'ctﬁr tﬁnﬁ%r 3' Xbal
cl oni ngo si p@teily @Bt E 168N COG EcoR1 and
Nod ¢l oni ns sites CA?'%%%% TG%'%FJQ %%%‘f"%‘%ec&ﬂﬂ téﬂfE@hAG COG AAT

GCG OTT TCA GACPGfermiga REY oﬂiﬂglramt}e S)&cyﬂﬂ ifs ﬁ%ez_TT TC CTT
o oo pRREsT, TC 34 PNS5

AAT TAA CGgl ct cloning sjtes
5' GC TT Y%E"F q?& ePIRYE, cmoquapr @ﬂrmanm; tgeree. TTC GGC- 3
In a still further preferred embodiment, the non-typeable H. influenzae bleb

preparations of the invention are formulated with one or more plain or conjugated
15 pneumococcal capsular polysaccharides, and one or more antigens that can protect a
host against M. catarrhalis infection. Optionally, the vaccine may also comprise one
Or more protein antigens that can protect a host against Streptococcus pneumoniae
infection. The vaccine may also optionally comprise one or more antigens that can

protect a host against RSV and/or one or more antigens that can protect a host against

20 influenza virus. Such a vaccine may be advantageously used as a global otitis media
vaccine,
{
Nucleotide sequences of the invention o
A further aspect of the invention relates to the provision of new nucleotide
25

sequences which may be used in the processes of the invention. Specific upstream
regions from various genes from various strains are provided which can be used in, for

Instance, processes a), b), d) and h). In addition, coding regions are provided for

performing process d).

30 General method for the analysis of the non-coding flanking region of a bacterial gene,

and its exploitation for modulated expression of the gene in bleps

31



D15-S4 5' - GIC COC ATT TAA ATC CTT AAT TAA GCA Swat and Pact cloning sites
GCC GGA CAG GGC GIG G 3' D15-S5 5'- AGC TTT GIT TAA AGG ATC AGO GIG TOG
Prel cl onWVRQIGPIS8 TCG GGC-3' WO 01/ 09350 PCT/ EP0O0/ 07424 BEXGHPP®/03424
Construction of a Neisseiria neningitides serogroup B strain |acking both
capsul ar pol ysaggharides..and.t he nmaj or i munodoni nant antigen PorA.

Modul ating the g[‘rilltQ i ééé%?fé:d%%n{l%‘ﬂ?n%f eB9rerofndnthesifie Benshsontay kegulafory
advant ageoutenients ifpoRdhig thh @kpreSAELLY (R ffid i.n_their use in
vaccines, or diagnostic or th{ér apeuti ¢ [%g%_%ﬁ{%}]agﬁ? ﬁ@f‘?‘:‘égoﬁbﬁé

Nei ssei ri a tepgripHana ansletragslaimaB leeds Tharseeinys 3¢ hadel #2nshapld be

r enoved touext(rzl ude éhe risk o{ i nduci ng aut oi nmunity (see exanple 1).
Sinilarly, PtOPE OLENERTERD) ok Ge Qpppreading frame jofthmgiescanancebtaibedray Or

out er - MeNMITANE RBLEnIBRS TRKCLL A8, R0 whi ch.induce 10 strain-specific
bactericidal ant %cr)ldiés T%ut fqa??égt. %&?:%nr? 8F 2UPys 0%, AeFrmRipainn. ofrgptenalist r at e
such an fapmgb@mry meotifss eutht he tpCMikffernty p@hitert Qembitst fehf &l\@é%%g Jia
meni ngi ti des %gr o%roup F strain | acki ng both capsular polysaccharitdes and
the i mmunodUHCRINTCIUERsE AlRANS: TARIASPEN Blements et apoasible gerphabovariatibs, their pose,

a del eti on sgfpelihg [NEEQduced. in the HA4/ 76 cps- strain,
described in ngxan%af}gé ?eggéﬁﬁ%’aﬁ%?% &’itg ﬁ%ﬁ%]aj)d&fg‘%?@cﬁfﬁﬁ“ﬁétm‘&iwdmb H44/ 76
cps- strai megwisiopyapeelbat abermepardf r@@ﬂbtb@%ﬂ@ﬁﬁbmuwc}gg two 2g of

supercoil ed pCI\/Eg’E) pl asm d.  DNA as descri bed previously. Aliquot fractions
of thd®transf or REtEBYFIRE sgFBatan lpws the modplatiomdf tie ditiedil exprekiist on pl at es

suppl enent i Ty CA d incubated at 37C for 24 to 48
hours. 20 %a%n%!r?}%?? rléﬂé%s%}{ 's){gen'g‘] g%g?%ﬁil)geg?%r%mgﬁ‘%rﬁsé‘?ﬂ may &F Reggrendiskad M- Kn

and grown byrltemg thdgrdmaeathe2hiheDafkaato dsenctoot f the
bacterial culture was used to pr epafge goly(a:_erng)l’pgt%gélsé%%%%sgeﬁe#%rol .) and
was kept fFOFEASEET a0y oEer aleaianty nyolyed. iLokeviss dowategulatian dfexpRSsibaedner i a)
was resusperdggiel, - i St ter, -,.boiled ten m nutes and used
as a tenplate fglgréhp(%g Jslrgggre%p%g.édrﬁgdlp\?%?%?rfsnfé?‘:ﬁ?l“vgs’ YishargEng phese |, PPAl
and PPA2, wematiopymetihexkey cte angredsionl dfahoefOEs B I ficatLon. on boil ed
bacteri al Icgsai'es in the conditions, desc(r%%bed bygﬁﬁé%gg‘lbljpﬂag?% ‘ﬂ}oﬁi DNA
pol ymer ase SCBOMT TYyete YsAHed FPmahisiysulating. Intanothet appyadchyte eggessionas t he
fol | owi ng: o2 etdef® sard 84 Gud (HdR ] 72C 3mn.).and 1 tige (72C

| Onin., 4C upetgg recov_erg;;/). Si nmgg%gu g%ﬁ € %r%%rgilﬂ‘gicﬁ%geﬁé?%gﬂwﬁm DNA
and 30 t he@ilandpemnessiopo EAainplrs sofdeick tregulithe RN bue W heefmbal (1 and #2
anneal i ng, ; es lacking a 1,170bp PCR anplification fragnent were

sel ected as' d%%f?‘ﬁ‘ el g??Bﬂgmﬁ%t%‘#’s.aBWQeOﬁGM¢%@uISv@m$ elikarseteered

confirmed bybeyaktes GiahéipdRMaaLE bracd & MELRL/ Q9350 PCTI FROY/ 07424
presence of PorA in the corréispohdiacng %3% éria mﬁr%otéftﬁrsegxtefag%.etq:or t hat

purpose,  anot h&kchampdificatiants dvaleseived abent dantedtréducheb P s4QR RERLELT @) was
re- suspendg{;mi1

{

n50 1 .. .
S. T%e modification of sequences involved in gene expression can be done in
vivo by random mutagenesis followed by selection for the desired phenotype. Another

approach consists in isolating the region of interest and modifying it by random

25  mutagenesis, or site-directed replacement, insertion or deletion mutagenesis. The
modified region can then be reintroduced into the bacterial genome by homologous
recombination, and the effect on gene expression can be assessed. In another
approach, the sequence knowledge of the region of interest can be used to replace or
delete all or part of the natural regulatory sequences. In this case, the regulatory region

30

targeted is isolated and modified so as to contain the regulatory elements from another
gene, a combination of regulatory elements from different genes, a synthetic

regulatory region, or any other regulatory region, or to delete selected parts of the
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of PAGE-SDS buffer (SDS 5% d ycerol 30% Beta-nercaptoethanol 15%

Br onophenol blue 0.3nmg/ M, Tris-HC 250 mM pH6.8), boiled

(100C) f r 0388 (7 46X 5/ boiled (100C) three tinmes and was sg‘par ated by
PAGE- SDS el ectrophoresis on a 12.5 %gel. Gels were then stdiGiéBPq9{p7424
Coonassi e Bri'liq|1i ant@l;lﬂue R250 or transferred to a nitrocellul ose nenbrane
and probed Witdtyas reguldtorporeduencan clhesa moditdd ea&h Redi kR Mani ati s
et al. As represgnted in Fi gure 4, both Coqmqsegy%&g%a& ﬁl(r%#lmblr%g-g (%rpd%c[e i ni ng
confirmed t BAP ForPRiPER Ha Jameingors srembuetionmintpthegienemd o det ect abl e | evel s

of PorA. This resyiptocebi,r hg .p vector is functional and can be
used successf u&aLy o tar g}etmekaﬁ{l%ﬂg’erﬁ’tei %\élr(?sﬁm?ﬁgrb&*% ghEe mosylateshbyg
concomi t ant leychahgingritsdprotrioter with taherdieeA pRiH &k tein antigen. 15
Exanple 4: U -re&ucl?ﬁa%i on of the NspAd?%u_t o hen aneg%pgﬁﬁe};n% pFo‘H’a@? nin
bl ebs  d&ri VEWFroth A€ BER% Hh VHEM mORificabien of thisremjusnde] bfld SeiS@dddcOh BeSt rai n

llackin fungtd QRghe BOr enes. . Eariching bleb vesicles with
protective ant%égeng ?S&ﬂgﬁ%ggee%&% W%P“?Mrﬁﬂlﬁ‘ﬁd expressen ednf hecotemosd and

the cover agén bith chet lecterizebacwel] B of BleuRaSE (A3 bRyt hat nt ext,
reconbi nant i sseria nmeningitides strains ﬁ%@%g&ﬁeﬁcﬂh%kﬂmﬁdﬁg QAY por A
genes were HEPRARBIBd so that the expressions | evel of the outer-nenbrane

protein NspA wa s .__For that purpose, the gene coding for NspA

was PCR anplifi E‘d&‘&%‘fpﬁgﬁbﬁégﬁﬂelfmw &ﬁéﬁbmpméhﬂsyaelhegmmml geatiate

pri mer s 1¢ seeecombinent actepfal eXAAPWRL 2nprdvid i tions.used.for PCR

anpl i fication were those described b)})rt he ‘%%%g‘e?‘ét?“(fﬁf I‘—‘Fccﬁf\elAapﬁgF?WéFaase,

Boreirtéri nger WafFRBPSS aaysHThesTIsan gl bctym’cimgIindeaetoyva:senhb@dfs%#nQV@ﬁ%is 25

times (94C qufh%meéggecﬁpaﬁidn 07f2C:‘ 3m.n.). and 1 tine (72C 10mn.’, 4Cup to
ing anp

n

recovery). The corresp cFied rnbBRns s tepinst with hedk-ousslédr denmtasedser t ed
i n the Ndel expesssiohtdfopersest Bytdpferihbe +Xmga pvery vector. Insert 30
checked and reconbi nant pl asm%éés,r%(s)aeloélisﬁn Wﬁ)"-“ﬂspA,

orientation Wgs1 )

were purifPeguiaed sxprassing of dmmangdomigantro@indGEN maxi prep kit and 2g of
this majerial was used to transforma Neisseiria meningitides serogroup B
strain lacking functional cps k9 WO 01/09350 PCT/ EP00107424 genes (strain

described.i n exa3§Q éD1YO:2-23, @31 3V38Mrd 8% Weldsbish f | e _crossi ng- over
bet ween t he fﬁng -NspA vector and the cﬁr S%égkﬁa%ogﬁﬂg%cgﬁg%@
sel ected us?rgt & 99497 BhvasoupeRiered sabed) epmphikial aproRRRtElY 1p6@egsdur es

present ed i cEX8p0! -39 i correspondi ng to about 5.108 bacteria)
wer e re-suspgndeggi% %8 g? %g%} @{;})\&Q 50554 hﬁﬁ? PRYTeam, ssgaRces)@oreambefi the d

100C) t hr eaitialipne sodomchftvae ferred - h [
3125 g on Srgimod by Conaag FoPa R TBO B S0 or

a 12.5 %g er hen stained by Coonas

t r ansf ezré} e?fé%%c@ Z{d\lregg'g% | HF FSle Mreffvariaee apstraamolseqhiensist fupstreagniof -this PA
pol ycl onal isg#atiéd fGRA i ot _shown) and to _i munobl ot
staining (see i ga(raghzb) coﬁﬁ%@%g%ﬁesgﬁ?rﬂpw ARR] ¥ mately 160fbkp ershnot

( All of these can be used in genetic methods (particularly homologous recombination)
for up-regulating, or down-regulating the open reading frames to which they are o
associated (as described before). SEQ ID NO: 76-81 are the coding regions for the

25 HuB and MsbB genes from Neisseria, M. catarrhalis, and Haemophilus influenzae.
These can be used in genetic methods (particularly homologous recombination) for
down-regulating (in particular deleting) part (preferably all) of these genes [process
d)].

Another aspect of the invention is thus an isolated polynucleotide sequence

30

which hybridises under highly stringent conditions to at least a 30 nucleotide portion
of the nucleotides in SEQ ID NO: 2-23, 25,27-81 ora complementary strand thereof.

Preferably the isolated sequence should be long enough to perform homologous

4o



produce detectable |levels of PorA The expression of NspA was exam ned in
Whol e- cell bacterial |ysates (WCBL) or outer-nenbrane bl eb preparations
derived from NmB [cps-, porA-] or NnB [cps-, porA-, Nspa+]. Although no
di fference waioeeer vabl e by Coonassi e staining, inmunoblpetrigpogoMis h t he
anti-NspA pol yclonal 15 serumdetected a 3-5 fold increased in the

expr essi on of ) ect to endogenous pAI vel 5 both in
WCBL and out éerc-ongp\ r%xnglgltﬁ Sé’rméig qr‘fenc(esgg ”f%&?ﬁa gyjtab ﬁ'P(f’ Tesul t
confirmthat nnmaypamtmmmldee@mfembsj dcuewst 40y138) 602110, g0290,bMWO, psHed
successful ly -re ate the expressjon of outer nenbrane prot e| ns such
as NspA, abc}b?s@nar g@é} ﬁ?(’t"g @I%feh%w%?gﬁ’u@?|‘%9t1?‘?9fpctlﬁ’é1°1F‘6}dA sheile
nenbrane pr O'fc&hﬁhse%@leaﬂtlogﬁeleot@éﬁ(ﬂiéf&aﬁly abRadt Q0 USRKH O, 8, 9bhﬁ)0D2(905/ Op8>5
outer nembrane protein antigen in blebs derived froma reconbi nant

Nei sseirid meAP Pt PR wislegideslipf FEQ AP NG 3-355n-8¥ ome cormiemhentans genes
but expressi Rg./AQkded® Certain geographically isolated human popul ations
(such as Cuba) are infected by a limted nunber of Neisseiria nmeningitidis
i sol ates bel ongi ngs P%ﬂdgﬂétey? highlyrsgingent hi/lridizatiorecondismizriaciedepfoot:aimples er ot ypes.

Si Por A t i nduci tecti
and.strai n-spiaTr e Rl URERbE R RO LT e i SRR o Lo

confer vacci rspeanDNAchybomzctBowgngltlat 6% Pedndwakied i2XEICAOSes SDYRES 1N a
vacci ne. | n such a context resence o in outer nenhbrane vesicles
may be }fvarﬂ"é FoRS0™ PRyt &%rnﬁﬁﬁt @@’W&ééﬁ’ﬁ’é"cgfhﬁ'l%éé‘?‘eoﬁ‘ 63 jEntor

r econmbi nant |aamc1\sedmu59 fONOwRd b I8 Rédst Rind MBIV @ 072 Bt C, bl 18 SDS Su dbnfOr A

cont ai ni ng vacci nes, _however, can be inproved still furt her by increasing
the |evel of ‘GRRFEANE faLlepst ISmpweoVPs such as onp85/D 15. In the fol | owi ng

exanpl e, the pOMKaHurtH@Cspéct Wathe USEET iR M@mé@%bﬁkﬁoﬁd}eseq&wseo?%pn of the
Op85/ D 15 outer nenbrane protein antigen in a Strain lacking 5 functional

cps genes butiMER{NTEEPEHGTHBE A\BeTtf eRgHISErEAvpw Saich phigangensen m@@im’g of or
Om85/ D 1% Wage E&Bf @mté.t{oh%g dHéﬁdﬁgbﬁt% al;lié zlgﬁl)logﬁg&ggo PH?Q even

ol i gonucl eot i de imers. The condltlons use Ica |on wer e
t hose descri b’éﬁllfbijoo@rb@ ups‘#ppll ¢f@rGré¢ﬂr$gathNbamaymgnal&mhmlqmro Mannhei m

CTbH). Ther TnGAkiADor RRGBBLAG Jhd A erelBy M BB AT, . 52C

Imin., 72C3mn.) and | tine 10 (/2 to recover
corres pondi ngesempinatiomevgalsis tOrtsl@rm@d isj the iams as BiFGRON Gbwvwhiy tegisoeamaccor di ng

to the manuf firmtor g was
per f or med. Tﬂslgidééhpé)g}%q%g&m@yf %g%%% q'IOVieve xm"%egﬁlg?cipg?ﬁs E\Téf’%p bny
restrictian Wd%myisg@omcmggewms IaNsufﬁcaundy smlﬂs:etﬁuapideym séquen@droln t he
correspondin riction si 0 delivery vector. 15

Reconbi nant %I" ?n&l 6 S alé’gfrﬁﬁéﬁs‘ﬂ&}ﬁ(f %grfé\’/%?’és UPs FB‘ﬂgé‘ffhé"‘F“é‘r ge scal e
usi ngf t he Q1A€HENtHEB.xmﬂisemh1kistma’:yr'lﬂiso%e@m(l:fasetfﬂi HadwihRils dlfloa8e MA6-nt O
transform a

: typeable Haemophilus influenzae.
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Nei sseiria neningitidis serogroup B strain |acking functional cps genes
(strain described in exanple 1). In order to preserve the expression of
porA, i nt\g%roq}o'bga resulting froma single crossing-over (either in

Onp85/ D15 or i h porA) were selected 20 by a combinati on of PERERMOMYSt ern
bl ot screening procedures. Kananycin resistant clones testing positive
bypor A- speEXIAMPBRER and western blot were stored at -70C as gl ycerol
stocks and used for further studies. Bacteria (corresponding to about 5.108
bacteria) were re-suspended in 50 | of PAGE-SDS buffer, frozen(-20C) /
boil ed (10 I es_and then were 25 separated by PAGE- SDS

el ectr opho?@?%%%gg&fg&ge BATHET CUtGEMe siandard; terhiniques whéint absyweEbkomeising
Brilliant futige iB2Bd&e OF sitill r ihrocel L ul gse.menbyr ane and probed
with an anti-porA nonocl o%giﬁggﬁlﬁggwﬁe&gbélgg‘?lﬁ% ﬁ‘f’ﬁ’ﬂgi“hﬁgﬁt—i}‘g@bé 6, both
Coonassi e examples araiHutttagve, dundonatdintiotiei inveados hat por A PCR positive cl ones
produce PorA. The expression of D 15 was exam ned usi ng outer-nmenbrane bl eb
preparations 30 derived fromNnB [cps-, porA-J or NnB [cps-, porA+, DI15+].
Coonmassi e geiffleet Gonsthu@Rbd bf ANNeIsPGF§33S,Ln the expression of DL5 (with
respect to the endogemnous D5 —tever —prepar Ly ooF . Brytmgin dacking Thi s
resul t cordapsylarcpoiysaccharigespCVK( +) - D15 5A WD 01/ 09350 PCT/ EP00/ 07424

vector is functional and can be used successfully to up-regulate the
expression of outer nenbrane proteins such as D5, wthout abolishing the

produciy onT plh&iRidRIe 2 P 0 r ran rotein antigen. 5 Exanple 6:
Const ructi on of vlersatife?{)@%cr?o%?l"de i &a@%ﬁgbf’ﬁpstom%&aw@#&”#ati onal

of .this apperdegitidic S sty bekingabe EipsEia@%@schﬁgﬁld&aﬁh'pgl ,gmgige% in7
esdenti al %ﬁi&%% Sone fotL t hese steps are iII'ustrated el oW W th t Rg
construct i LY o BeRFOPsHinding 9y themosynpieeis phthwapbf e pAop Bl

D15/ Op85.polfdad@atigy =r ' the expression of the Ns ene Step
1. A DNA rpeg)igon _(997%?%’3%&@8%%&*%&? ﬁsbﬁlﬂgfﬁée%ﬁkh‘@@aiquh@ neS was

di scover ede{uBEDIn 13sN@: Xprdssioh e the igyalEL Bl EupyiSr F@&Qg%gidg% JPse,

cont ai lrgi n%&l %nf .. ni.shed genom_ c DNA sequences of thé Nelsserra meningiridis
strai nCATCE CUPE 11 B6361VersapY Of Bgfdnigeding td te spathesiy of gabibess dictear BBS.PNS 1 and
PNS2 (see table in exanple 2) were designed using this sequence and

synt hesi zed. These primers were used for PCR anplification using genomc
DNA ext r actip Fensfarmptonsq4/ 76 strain. St ep 2. The correspondi ng anplicons

| - jng. .t " PCR ki t P , USA d bmtted t
it gest | on aste HRglS B LARTR St (B U Ry Moo Botad heleomd Souisi g & he
condi t i onsradefsanithad b fieh€ars UWRRHigH: (@96%&%935%'\%&%”2\2;&; g’}j’t‘? %{lﬁgﬂy % The

n

correspondi ng DNA fragments were gel purified an

COrre SZB ond og1cEy, efllst were potid@ed lim hiqo ML tcOfitainBige PO $iM Rﬁg(?ggb Ngnt

scal e and_an aliquot frac was used as

pl asm ds r 0 | ar ge
a tenpl at \eé&?gru%dﬁger@gl pg&%aéﬁﬁﬁ%“fﬁdc‘éﬁ oA QR\adrdsk (FORmR T opthif Drmied usi ng
the PNSA4 a0litiBNSbul of the plasmid pMF121 stock solution (0.5 pg/ml) were added for a 6

hours incubation period at 37°C (with shaking). A control group was done with the o
same amount of Neisseria meningitidis B bacteria, but without addition of plasmid.
25  After the incubation period, 100 ul of culture, as such, at 1/10, 1/100 and 1/1000
dilutions, were put in MH plates containing 5, 10, 20, 40 or 80 ug erythromycin /ml

before incubation for 48 hours at 37°C.

Colony blotting:

30 After plate incubation, 20 colonies were grown and selected from the 10 and 20 ng

erythromycin/m! MH plates, while there was no colony growth in the control group
without plasmid transformation. The H44/76 wild type strain was unable to grow in

Yt



25 ol i gonucl eotides using the follow ng thermal cycling conditions: 25
times (94C 1mn., 50C 1Imn., 72C 3mn.) and 1 tinme (72C 10mn., 4Cup to
recover y)WO OLOMS8r i zed pUC 18 vectors harbouring a del eti onPCHERHO7THRIPA
upstreamregion insert were obtained. 30 Vector for up-regulating the

expr essi ongnf 5 n e . A region_(1000 b | ocat ed

upgt ream f F%n%e%eﬁgdg%%%% %%%IS ﬁlgoséje%be”g\ﬁé’g%éﬁ‘g’@’r)egﬁ% @E@ﬁeg)@nm 3) in

the pr i vat eibieyloniBsbansSpleiuias aMEOAES 108 QMATITD, BT EFROI 07424
a [

unfi ni shed genoni ¢ DNA sequences of the Neisseri n gt i HPEes R B n ATcc
13090. Two'M §&ttic ABETYaIds, phEyevere r winsferrade dnt Onias cdMuldsd sheetd kcafo@nd PronD

15-S2 (se i xanpl £,2) were, desi gned. using this sequence and

synt hesi zegl.&%gfg} rB[r)er%lelf‘f:gr %F&%alya?éhﬂ Yarfplanfes ceere dnottesli ompo genoni ¢
DNA ext 5 achifbcéiniBet bieeeb didAfid&dsdirdbdy it PRSP osThE FQLI espondi ng anplicons
were cl eaned-up using the W zard PCRB'kilt§ ?§§?r'%jga/? f)ﬁ%?)n gﬁdbg‘ﬁfﬁnffﬁlt ed to
di gest i on Wactvarioe feEcoRiurXh&6°C ireBBS0015% ITweBa L0%aia8f bidfer ) AMiSwhidst he

condi tions_descrjbed b thg a;fBEl i er (Boehringer Mannheim GCermany). The
cor r espondHgPERART SGreEdai ogeBounf thej ditnagnbuffersasrroardl tempdrirere

cor r espond{rp). ThELSh&ts HBR ® galey ector. Step 3. .1q. Reconpi nant

pl asmi ds vvgﬁ]g) pr epar ed onl%a #ag%‘gggéslga Q&é%ed&]ggs %F}L{jﬁgﬁ u’fﬁhﬁg’tlﬁl@ﬁ%b\g@ used
as a tenpl beferef wrutiafivenvets BERNGHPSfTI5aMabBobhM@ES 2iilRER 8508651 af.med

usi ng (pe @%SEA anfd g]b[% S5 qlj gonucl eoti des using the follow ng thernal
cycl i ni) cofidant BRer fon8 hourseat RhaAfeRipnew wathingrtep (3 d@Es Sminutes)atd 1 ti me
(72C 10m ngpmondGoti? ah QY. | fi.ze UC 18 vectaqrs harbouring a
del etion in the D 15%?#%3%0 %é%egs‘%‘{r‘%g%“ﬁé‘ ?3(5 Wé@?‘fscaé%@“bﬁf“ﬁfsh@ﬁ.

Exanpl e 7: (RR¥ 18A)adiluonl J00ees Estht @ lupsstifeer éhel RROUIDR TG RI EDFeENE
exanpl es | sted bel @\év des.grébe met hads for Er oduci ng reconbi nant B ebs
lacki ng 20>35HUFP (a5 §etfnard pRAYFS aACKRYHde Shents wenssndubatep Gorymahohati des and
Por A_ Suchra wik QGERb HSE ' r e i sseifria

e onm han ey dnngtlad SMLES el R dkRve scal e

meni ngitidis reconmbi nant strains ‘an

range. 1<Cul buffes. Wdtdr theNist Swed washimestepsgisinghhs s&fe Qﬁfb@!ﬂhigoq%ﬁlﬁl%is@%eg%r €
pr opagat ed LD 1SO|t§age %5 (SFI VE. 091? AAb FNE 010 AA) or liquid (FN 8 AA)
culture medra. PrREES IS MRy, teotark isimen Beniste ptippcsdwion @Pemg of 4-

advant agei elisdoy1-hapaeo! @bluabh fR10 R MChH PRConsidere fyrt her
aspect of the invepr?ti on. ~3 V\Dgxi/ 0935%l %@/Q%Bgtgﬁéﬁfgio %ﬁg@gghws}"FNE 004
AA FNE 008frem Meekn hearestiog amas $®pged with hRligillated Mafdr-whasBing sp9/ L 6 g/ L
Na-GJ utamate 1.52 g/L - NaH PO4.2H 0 2.2 g/L 2.2 g/L 2.2 g/L KC 0.09 g/L

0.09 g/L 0.09 ¢g/L
20 Whole cell Elisas:

Whole cell Eliéas were also done using the two transformed colonies (“D” and
“R™) and the wild type strain (H44/76) as coated bacteria (20 pg protein/ml), and a set
of different monoclonal antibodies used to characterize Neisseria meningitidis strains.
The following Mabs were tested: anti-B PS (735 from Dr Frosch), and the other Mabs
25 from NIBSC: anti-B PS (Ref 95/750) anti-P1.7 (A-PorA, Ref 4025), anti-P1.16 (A-
PorA, Ref 95/720), anti-Los 3,7,9 (A-LPS, Ref 4047), anti-Los 8 (A-LPS, Ref 4048),

and anti-P1.2 (A-PorA Ref 95/696).
Microtiter plates (Maxisorp, Nunc) were coated with 100 pul of the
recombinant meningococcal B cells solution overnight (ON) at 37°C at around 20
30 pg/ml in PBS. Afterwards, plates are washed three times with 300 ul of 150 mM
NaCl - 0.05 % Tween 20, and were overlaid with 100 ul of PBS-0.3 %

Casein and

incubated for 30 min at room temperature with shaking. Plates were washed again

Y



NHACI 1.25 g/L 1.25 g/L 1.25 g/L Gducose 5 g/L 20 g/L 5 g/L Yeast Extract
OF - 2.5 g/L - Soy Pepton 5 g/L 30 g/L 5 ¢g/1" CaC,.2H O 0.015 g/L -

. 0. 015 g/{yodYaskys- 7H O 0.6 g/L 0.6 g/L 0.6 g/L Erythrorrym ne : 0.015 g/L -
- Kananycine - - 0.2 g/L Flask cultivation of Neisseiria mePFrHEPQV/IHH
serogroup B cps- reconbinant blebs: This 5 was performed in two steps

conpri si ng“%:)ﬁ&dulsameeproq:tdsfﬂ beforedtutnibalv; | tivation.
Solid pre- %Q:“g{e A Vi f seed was renoved rbgriﬁe?ré@?@?]o(“ﬂ agﬁh?dlesc hawed

to roomte WP Bh ab iffepqnt Wilytiensr(as keovr intKigare Pgt4 PBYigsho, g%lg ai ni ng

15 nmL of FNEHOLAL Petri was i ncubated at
2 hours. The surfSﬁﬁ@gﬁ%@%‘gmfe%%%ﬂa%@}?fﬁ LRCYBRtigsf atrrpr&omemrm&e 10

above) supfor demineuitnshdkird betre tef net Yddat Fl ask, cul t 2 nL of
resuspended soli gfﬁg‘ﬁe culture were ?;Idded tlg Eﬂ’r“#tsreé’ f‘@ ‘}l} B antii ng 400

m. of FNEDORKAS |%*?Péh%omttsr50£53mnnugafedeb Pidh QRN Glifked Ibﬁﬁédcﬂgk

pl aced on Shaki bl 2 nd i ncubated at 37C for hours
The cells lri/a\'r%esr 2'3 Z{eggsréé?edﬁpé o’réraf‘ﬁgga(?t"(ﬁ’% adfedt ko lﬂ;ﬁ welit td fergat bamdat 50009

at 4C for rhénaviondl &fibodfes BAePtHIRARHG \Y Nei ssei ri a meni ngi tidis
serogroup B cos- reconbinant bl ebs: Si @%e ore? SHREHETF ey ‘%‘Ews‘beps

conpri si ng B?'%%M“ilﬂrPéfQﬁd%@Iqompﬂﬁdmlmmon l(lﬂmupﬂoﬁlﬂﬂlet r«m}gh% @5% ﬁh node
cultivati Otﬂlut§04t 1534066 ulture. A vial of seed was rem)ved romTreezer
(-80C), thawed to roomt fEnpBaicat Rkuesitpn fon30 mis astopmatemderdfird mider a Pet r i

di sh cont ahaking cbhditbndf ANGOQMA LS Ihe Petri dish was ~4 WO
01/ 09350 PCT/ EPQO/ 07424 i ncubat ed afgg %ﬂ%(‘%& 18t Washing, step, Tpiates (ar¢ ace

gr ?Wt h vvas}n‘r”é’éi‘}ép‘éﬁ}éiel@ol Al ®f rthe @hrorfd‘géﬁomo(nsge nfD BME) bg_é}gg{eg%t ed with

5'ng/ L of I culture m_ of res pende Sol i d
pre cultu (O(P%&glg d tl\é “ﬂaé % %E%‘#ﬁf%ﬁ nldbfafonilagnis0a thd dak. FNEOOSAA

suppl enentPeatesmrt theh 2eddOdt 490k 26 LW 1 h 5 flask was placed on a
shaki ng table (200 rpn) and mcubai\%?%t Q%QP B'6 2 hours. The content

of the flask was used to inoculate the 20 liters fernenter. Batch node
cul ture itgoenter. The inoculum (400 nil) was added to a pre-sterilized
20 liters fal volune) fernenter containing 10 L of FNEOOS8AA

suppl enent ed quigma&s shgws- tha® froff thk POQEBISLY S.ad) sted to and
nai nt ai ned seileé: % the automated 1 o addrmt’lra(;)&%so m%@&e—fc% O hand HIPO4

(25% v/ v) °" a@*mwuhgnr@ngamedmymoqm “DT%dQSé 8RNI dnds€ Was

mai nt ai neeredd skpdmln sal ved oxygen concent rati on was
mai nt ai ned at 20% oétgagg% Eorlja‘%rl on° %F&&F#%n"*@@'&ﬁle others, 16 were

clearly positive for B PS and stlll resxstant to erythromycin. This indicated that they
20 1ntegrated the plasmid into their genome, but in the wrong onientation, and keeping
intact the B PS and LPS gene (no double crossing- over). Positive and negative
( controls were also tested on the plates, and showed that the H44/76 wild type NmB
strain was clearly positive for the B polysaccharide, while meningococcus A (Al) and .
meningococcus C (Cl1) strains were clearly negative with this anti-B PS 735 Mab.

25 These results indicate that around 10 % of the selected colonies correctly integrated

the plasmid in their genome by making a double crossing-over, while the other

strains/colonies were obtained after a simple crossing-over, keeping the B PS and LPS

genes intact and expressed.

Using whole cell Elisa, results (Figure 2 and the Table below) clearly indicate
30 that the two “D” and “R” transformants (derived from D and R colonies) can not be

recognized anymore by the anti-B PS Mabs (735 and 95/750), nor by the anti-Los

3,7,9 and anti-Los 8 Mabs. However, when using specific anti-PorA Mabs, there is a

Yy



control. The overpressure in the fernmenter was nai ntai ned at 300 g/cnR.
After 9 1 haours, the culture was in stationary phase. The cells were
separ at ed"PPUYRe culture 15 broth by centrifugati on at SOODHP&w07443 f or
15 mnutes. Flask cultivation of Neisseiria nenin tidis sero ou B cps-,

Por A- 1 ecopitait: : . i s, perforped in two steps conpri sing
precul ture on solﬁog%ﬁeﬁgﬁ%ﬁ#‘- ET@I’Y\%%%%&’RIW%?QQ amuthe celbst avaiso Gmeivdd in

pre-cul t urte vAldrtyple suhinseNd ra@&ioh IRV 6k 20 freezer. (-80C), thawed to
room terrpe{ ature and 0.1 nL was st reake(ﬁ;vireg{%g%aﬁ@nfﬁpeﬂﬁgﬁn“ﬂ’)@ﬁ@éﬂﬁh ng 15

m. of FNEOPSRA l(5B@bAbdvess. reqHEs qefinn tHasthe RSA| R6HBALAS Al.id: 18 2
hour s. Thealglu}slf??e]g -ch?%wth A resuspended in 8 rﬁ? of ’FNE(?)@%ﬁ%ﬁggg%bove)
suppl ement ed wi't h 200 hgi LSt PRSERAAYET Ransforaskon,uvbiler B. palysatchefide and

r esuspendebossH?, DAnAN s 8 eblistes (1BE toa 2 litre flask containi ng 400
ntL of - 25 FNECO8AA sup%l%ﬁrrer(lt edﬁva?%%goo nmg/ L of kananycin. The flask was
pl aced on a shaking table (200 rpm and incubated at 37C for 16 2 hours.
The cel | s naHie: SpeRAkALESF L ure broth by centrifugation at 50009
T o Toe ShaRRGRLES s BThby Tl gt a0y CExam |6 g 1 ool ation

n of Mabebs [ om pRrbdidd OCOLCI ﬁnevm-d—g-g—uﬁ—a-p&u%

bl ebs were purified as described bel pw. The
M Tris-Cl buffer pH 8.6
ST AN Vo et |O Of

and purificati
pol ysacchari de|5 Re i nant
cel | paste (42 %s;{msus ended®P'W 211 M of 0-1
contai ning 10 ERTABASId . bposedhmad LEOXY T e Bes—Fhe—r
buffer to biomhss wags5/1 (VM W. The bijomass was ex rﬁ’ﬁ B4 by mapnetic
stirring for 3Q_minutes at Foom tenperatlure. ) 9dkeaP” endt"Ramutanias t hen
centrifuged at |20, 000%P§or 30 m A@Ses af| 4C (13 RBPIPHEI g 16— 20
rot-or, Beckman|J2okSogeRtrifuge). The pdll et(_)was discarded. The supernat ant
was ul tracentr{fuged at 125, 000g for 2 Hours A HECO( %9, DoaBrri jn a

50. 2Ti rotor, |[Becknan L8-70M ultracentrjiifuge) in order to concentrate

vesi cl es. The pupeamaRlant Was I@bsLer ded. Ll H-et—pwas—gently Jsuspended
in 25 m of 50| MM RehgeCl HUTfep ;EH 8.6 contal n 2 WAEBFRS1 2% DOC and
20% sucr ose. er a second 15 @f facentrifugati on step at 125,0Q0g for 2
hours at 4C, vsi ctéESlier e (gentloyp 4 FUSPENTSTE: bttt it YsStegse and

stored at 4C. Al gaBsti ong useg, fqr bl gb extraction and purifidation
cont ai ned 0.01 An‘ﬁ_ £ As illustrated in Figure 8, this|procedure
yi el ds protein| prépafationg hi ght8% enri ¢hed | mr oubeviaRREEGANE Pt ei ns

such as PorA and PorB. 20 Exanple 9: Ideentif(i)gggj:q%agjulzbacteri al |pronoters

suitabl e for upTegggtion r‘.tigﬁ;\s coding genes The use or° stragng
bacterial pronpter elenentg is esssential t o obt e e wildype el at 1 o of genes

coding for outpr nB¥B¥Qne proteins. In {hat (Qentexindva-hayg 25]shown
previ ously thaff ARPpT W~ } plngitides nspA hgf and
onp85 genes usj ng the porA promSt%r as al(ﬁi’)%l 45t wdimyshtaymaing e¢orbi nant

bl ebs enri ched Sero-subtype 1.2

10 Example 2: Construction of versatile gene delivery vectors (the pCMK series)

fargeting integration in the pord locus of Neisseiria meningitidis

A plasmid allowing homologous recombination and stable integration of

foreign DNA in the pord locus of Neisseiria meningitidis was constructed. This

15 delivery vector (genes, operons and/or expression cassettes) is usefu] for constructing
Neisseiria meningitidis strains producing recombinant, improved blebs. Typically,
such a vector contains at Jeast: (1) a plasmid backbone replicative in £. coli but not in
Neisseria meningitidis (a suicide plasmid), (2) at least one, but preferably two regions
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in the correspondi ng NspA, Hsf and Omp85 proteins. Alternatives to the porA
pronoter may be useful to obtain different |evels of up-regulation, to
overcomne Lal porA phase variation and/or to achieve conditiopnal gene
expr essi OW{“?@%%@O regul ated pronoters). Here we describe t“r%/g“z“
allowing the identification of a precise transcriptional start site of
Strong prorgfteinolgy R uigbtideeihy ib@gkRBh e gl of .expression..in
bacteria. Since prom)t_e_rgreﬁl atlor§/ﬁel emer?’tes arJéS%\é[f%géosc%gﬁ as %OJAV\E%)

01/ 09350 PEHfiEPOrARaiRtionahPoImatss egulitbty regidAAnd Pertinfitdrdama 815000
dowtream from the, +1 Si te%.%g:ol | ado-  Vi.des J, Magasanik B, Galla JD, 1991,
M crobi ol  KEUBEFLTIPYsemehinding sie and mitiation codgpsignplefipetianabin Netseous us t o
identify Dméenf,-,{gam,n OTmakot c1828 0 AL i st.r.on ommt er
activities. Major ou%ﬁr rrerrb}fglance pr 8t efen%wsﬁgﬂgggc%w ség%)aggo‘ﬁ@ﬁi Wgitidis
Por A, P6r B mgaifepanciladtbpipldstsd iimfA. uenzart Be, seRRtiof &, tsNRr %818

t@?ﬁn
catarrhalis CD,. ., as well as sone cyoplasmc and/or iron regul ated
pr ot ei ns of’"et”org(&é’éd’{)gc?‘g??‘&? plsaers dnaluds fer Praopbe, eiptabk eeppnbces td\facHitate

val i dati on i (5 t | we. mapped the transcriptional
start site t%%‘)grtm?gbggogg g ﬁh@?ﬁ&%%“ﬁ%f"ﬁ&?’f’?& S“Gg&?w%ﬁa‘eﬁaf?ls wAtksBt er s

usi ng rapi duenpl siatBoatL,qritSab entiaNbe tHkOrefueniBndfHolble cRASEYer e/BG: Pr i NCi pl es of
5 RACE are the followi.ng: 1) Total RNA extraction using Q AGEN "RNeasy"
Kit. Genomic DNA f&B¢HAGraBynabe verleneorsiucEdlin tirckaple AQdAdekiNnated

purifigagti Qaine); | btion.wth or A specific 3 end

pri rrerq(ana%gy%é?A ). c@%?ﬁ:?%&%%%@%@%&g ﬁ?m&ﬁ%ﬁ(m%ﬁg fguenreds kal i ne
15 hydr ol yshewn 3)n LiSE4Y.i dD oNOal.si gTNVE- Saérw&gle(ﬁ-olgll\lAaoldﬂqlg@cg%kbg%aned
DT88) to tRﬁ 3" end of the ¢cDNA using T4 RNA |igase. Expected product

size: 335 AYDArEAGRBIGGCH: SHisedes). 2 highafembrubeyaplasinid Dhliaasiveign &, GOIPI nat i on
of hem - ne ugﬁ‘gRih P I fi.caticon of the anchor-|jgated cDNA using
a conpl ene%tkgjrgy- seqSﬁ%g%ngaﬁwér%ﬁcﬁo@r&n&ggfﬁés@“é‘?}ﬁmﬁﬁc}lh‘&' Iy addigen DT89)
and a 3' ento s, EIMKnfanestboally 2pntiis eWoipor2 Rlanking rBgbnd go}ﬁ? a%fdeprBT primer
por A3. Expected.product size: 292 bp; 5) PCR anplification of ‘previous PCR
product's uSPHAINEESS LAOSHIRYQY SFRIRAOT Aerepiary fors h@melogousprecombinktio, er nal t o

pl-2). Expegt&shipr L e - g uenci n jth pl-1 prinmer
(expect ed product sﬁglilkgje %g%ﬁwegzi‘%s%cgt%d%%%%& B‘@rg\pﬁ\g{l‘%ﬁg‘i‘?ﬂﬁ%@n start
site is knowWlacoochimepief pomotdnerehATEY irr atks | Bédio Mot Spkessinkae/a2 Byt

Experi nent %rlan%éioﬁed re Total , RNA was extracted from approximately 1109 cells
of Nei sseri A WERFAGY AFFEe I NPrstsrig permngifidis. #rsk amaltinle gloningmite (Gsitéson of 1
m of a |i gtdsentc Wbl ®pRL MRPT i i epsity. (0600 = 1) was
per f or ned g the Q AGEﬁ "'RNAg’alg')i';n/‘l:'ﬂE’iht8 %@90‘?%%55‘6& %rtt%%mgﬁmﬁﬁr?éff%{%‘r er's

i nstruéfi oMNAa@npeMFsonal DNA was renpved by addition of 10U of RNase- free

DNase (Roche Dia%%éticsd Mannhei r’r} Germany) to the 30 | of eluted RNA and
was 7~ 3 was constructed as follows. The pord5’ and pord3’ recombinogenic

i regions, the porA/lacO promoter were PCR amplified using the oligonucleotides listed

in the table below, cloned in pTOPO and sequenced. These DNA fragments were o
successively excised from pTOPO and recloned in pSL1180. The kanamycin
25 resistance cassette was excised from pUC4K (PharmaciaBiotech, Sweeden) and was

introduced between the porA35’ flanking region and the pord/lacO promoter region.

kb



WO 01/ 09350 PCTI EPOQ 07424 incubated at 37C for 15 min. The DNA-free RNA
was purified with the same QQAGEN kit according to instructions. Reverse
transcription reactions were performed using primer porA3 f
SUPERSCRI PO PY®P&erse transcriptase (Life Technol ogi es). iE é&%%ezgcti ons
were performed in 5 a 501 volune containing: 51 of 2mM dNTP, 20 pnol of
por A3 pinmer, 51 of 10X SUPERSCRI PT |1 buffer, 91 of 25mM MyCl2, 4x1 of 0.1M
DTT, 40U of reconbinant ribonuclease inhibitor and 1 g of total RNA. The

por A3 pri nef QMQH Moedesscgbﬂt@ewofkmc for 2 min, 65Cfor 1 nin, 60C for

1 m n, 55 £ ox A oVl V" o= and—45C—for 1 m-n)

G 566-For—1—+h; S-f-O-F-e—t—h-%
SUPERSCRI PIT mfgonudmhd dded. | FAE 8T reaction was perfor REMAKS) 15t or 110 30

mn, foll o8& BY 5 cycl es| {-SECACKHTT LCGRH: TAANTA CHY CCF | HinHl Femiek ’66C f or] 1 ni n)
to destabjlize RNA secondd@fFyTsi¥ et ure. Two par al | ¢lurukesgehicQns wer|e
performed (WMo&FRthe rever s|gsCEA BITSICE ICDA SEECATTRGA [CEUCTTI| ORI Qe skeeact | OT| as

negative cpntrol. The RNA mmcemved by al kal | ne hydrol yS| S cI eavage wth
t he additi pRaDFwet T OO SRS i ugg,m,o,,;ai,ﬁ, MNareH bef or e

i ncubationfat 68C for 5 m,(bCAI@ﬁ\CGl§ reactl ons wer e Gt | zed by addl ng
12.5 | of iFets—+Ha s*w:/cxx = Wzo jig
of glycogepn (Roche Ml ecu %‘r | O AAhel 1T m %/L 5 xlf of 3 M
sodi um acetate__and 6Q1 | i sopropanaol BOth sa gp%fqém gusoerded in
20 Al of LBWETE (10 n I i€ARELT™A FF?%CACJN‘WCE%?A, pHB). T4 RNA|li gase
was used tp_anchor a 5' - phU¥phidFSACAT 4 3' end ddCTP{bl ocked anchor | 20
ol i gonucl epft*de? DT88 ( see| t-ait ECEAT &VH .ATT@EC Parcal Fél{”#eifga'tsrltsns Wer g
performed pverni ght at rpGMATETHREAMLNGT Mafacatdragont ai ning: 1.3 |1 of 10X
| i gase| buffer (Roche MiGewuicascTtcBi ochem cals), (.4 M D188, 10 I| of
either ¢ o@FacOlR¥d CONT T Ol | S-ARNPLIE 1BNARGS AGH TIT GLE CTTUNA | PingehmEsie AS TIEgat i ve
controls, @a second set of +rbgat| ons reactl ons was pé=rformed omtt| ng the
T4 RNA | i ggsRcorRee Tesutt : 3 73 lirectly
2

w t hout b purification jp thesubsequent PCR The'cgnchor-lllgat ed GDNA was

1 fi -ne—a—e-oRb 1 _
ampl i1 ed_{iygpg—a-combi-nal - apel pBRsEataPd barstarted BR |
appr oaches Q- -Rcease spegl \ nr odilc el Four separate first-

round PCR Frr? herformed hn tHe BUIY gasee teacrt on and contr ol s_inja 30 x1
vol ure, each™ ®ont ai ni ng: %G'FG MNFEXT‘T'B‘E PrAve ff %Wt)“f“r‘v‘i"“,ﬂ“‘sl of 25 nmM
MyCl2, 1 x| _of 10mM dNTP, | 9% °4%* pnol of each priners and 1 | of
corr espondi HGVRNA | i gat i oS TEAATT €. TATREC FBRTWEFACCR Vel ceigie ed Dy the use
of Taq Plati num (Life Teché@yi es) DNA pol ynerase (2U added). The| first
| i gati on- anefored PCR (LA F CORSTINEH 8T NBCACHSLAICHT | BeoflFaing s34 DOT 1Tt he

anchor- specific pr| mer Dr&@-3and the transcript-spe¢ific priner pl-42 (see

tabl e bel oNsWhT T ST ﬂcﬂﬁm_ﬁﬂmﬁﬂw PCR was

performed Ushbgssmntt=a c Sr—DMA-Balymerase
activation)} followed by 1Dc®é\€£€§rré§ 950 for 10 s arcEic BE WO 01799350

PCT/ EPOO/OWWDPF ‘\/r‘l P\ 15 cycles at 95C
for 10 s ahd 60C for 1 mi Second hem - has A PtR as per flor med

under the sane canditions USI ng priger DT89

PNS4 - AGC ATT TAA ATC CTT AAT TAA CGC | Swa/ and Pac/ cloning sites
GTC CGG AAA ATA TGC TTA TC_34

PNSS 5'- AGC TTT GTT TAA ACC CTG TTC CGC TGC | Pmel cloning site
TTC GGC-3'

D15-54 5'- GTC CGC ATT TAA ATC CTT AAT TAA GCA | Swaland Pac/ cloning sites
GCC GGA CAGGGC GTG G-3°

D15-85 §'- AGC TIT GTT TAA AGG ATC AGG GTG TGG | Pmel cloning site
TCG GGC-3°

L



and the pl-2 internal prinmer, together with 10 pnol of pl-1 (see table
below) and 1 | of first- round PCR Anplification products were purified
usi ng t hewQ AA@ed0" Q Aqui ck PCR 5 purification” kit according~t
manuf acturer instructions before submtted to sequencing. Tﬁe&(z,&oéoljle/fbye
Ter m nat or IE%cl e Sequencing kit (Beckman, France) was used to sequence the
RACE PCR p ‘_’s-”'u PREFUEIOT AR Neissqurit mgktidls s BisRgin'18A%1d QiE Wer e
ol b8 sdRnd s REQHLAEd 1 0 .
0y e—CetZ000—NA—AH S
DT88 5 GAAGAGAAGGTGGAAATGGCGITTTGEC 3'  DT89 5°
CCAAAACGCCATTTCCACCTTCr CTTC 3" por A3 S' CCAA. ATCCTCGCTOOOCTTAAAGCC 3' pl-2
5'  CGCTGATTTTCGMEGNGATEOUEC Brtigemic 1 cotter’ m&%mgggagg;reg@ggggy G3'
Resultssfogd‘;ala% Nejsseria msni%iti is orA pronoter The start o
transcription Tar Ners&8PiYN%e e gials™ cdseffisepyoup BN sser & maddikb76) 15
por A- r nRNAdiagsostia PHe thdeshelc URSE T € TG start codon using the
descri bed 5' - RACE proc%dure. Thi's%géﬁntwggn 7 rf%et&%”ﬁﬁf?pi"ﬁﬁ”’ﬁ&dr‘%rned by
primer ext &egronp dhdrappldsl peliiedclmyrideanhodd fendendldab £x895) glgy'ks esul t
supports th%t a EgN@.fra‘%rreg(t containing nucleotides -9 to 13% Wi regard
to the por ARTE i VIR 3¢ 2R i hgSsmikaslg igertenefoipr @ssippres the
Nei sseri a mRRLAGHH iR HTInBAS SLRl Yl t her. bacterial_species such as 20
Haenophi | us, Nbraxel | a, Pseﬁdorm%lé}s[n.e S FEPBy SUCh s AT dtich imduasi n di 5
or B pr &hot raimpecifzmbactorvetal metiticaliesHut FiP @Y cdrds cb@s@%r&gcﬂlo!ne‘ilofn?l[s i sseri a
meni ngi ti dgusc seroll%rolgp B (Cat rain H44/76) porB transcription s artosite
mapepi ng. PrIHEPSPPIoats ve wed jae paMikd) YEGaP oonstwet eNpanedid aedngaad RT
pri‘mer ( posddshroug BARSHE 1Rk irSPERh fdl rinmer that . is internal to the porB3
(porB2) and i nt eé nal to the °’porléfEi sélgaﬁeogs YT ARl e Jmmugpdomiomthpy and
150 bp dowRewy euten mkmbARE poate R2ansigeh. [For Bhik a,flpase %tﬂétioﬁWJ 5'
Ertcrt T 5" porB3

GGTAGCGGT TGTAACTTCAGTAAGTT _3' orB2 5 GT GGCCTT
5' GGAGTCA%SAMKGM‘@GF) AY Wi glepaited linasmanpT89 by inans o - 200 bp

PCR anpd i cesmaBsot@imifighddy. pPerformng 5° - RACE mapping. Since porBl is
| ocated 150 bp from t he porB ATG start WD 01/ 09350 PCT/ EPOO/ 07424 codon,

" Bi < rgg u|b i Sgpmﬂy/gﬁgps-tsneinpmampamgmmpafgh%% tra%ﬁ%eﬂvh& kS FLgC?‘Ejed

gof‘rjtesp o dﬁn%pérgofgda%%(%fﬁ%ﬁﬂbgﬁ% &?B&;edmreg@mﬁuﬁéiﬁtgaﬂ& o ned by

DNA sequenthe ngranstbenativay enfReRe r %ﬁﬁdpt]) W&Qorptla%e& hé‘& ﬁdu@h‘é-é{n?&mﬁgtes
supplemented with Kanamycin (200pg/ml) and incubated at 37°C for 24 to 48 hours.

20 Kanamycin-resistant colonies were selected, restreaked on MH-Kn and grown for an
additional 24 hours at 37°C. At that stage half of the bacterial culture was used to
( prepare glycerol stocks (15 % vol./vol) and was kept frozen at ~70°C. Another
' fraction (estimated to be 10° bacteria) was resuspended in 15 pl of distilled water, T

boiled ten minutes and used as a template for PCR screening. Two pord intemnal

25 pnmers named , PPAl and PPA2, were synthesized and used to perform PCR
amplification on boiled bacterial lysates in the conditions described by the supplier
(HiFi DNA polymerase, Boehringer Mannheim, GmbH). The thermal cycling used
was the following: 25 times (94°C 1min., 52°C lmin., 72°C 3min.) and 1 time (72°C
10min., 4°C up to recovery). Since a double crossing-over between pCMK DNA and
30 the chromosomal pord locus deletes the region required for #1 and #? annealing,
clones lacking a 1170bp PCR amplification fragment were selected as porA deletion

mutants. These PCR results were further confirmed by analyzing in parallel, the
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5 containing nucleotides -1 to -250 with regard to the porB ATG start codon
is suitable for driving strong gene expression in Neisseria meningitidis
and possiWPPPHBt her bacterial species such as Haenpphi | RCT/RR0A%EM a,
Pseudononas. Exarrpl e 10: Up-regulation of the N. nmeningitides serogroup B

onp85 gen | ace The ai mof the experinent was to
repl ace t ogggéﬁs rﬁ% ‘E?SPP%‘%E%f‘?aGFMtwetemsxrmmzfogem paypokdje st rong

por A pronmhemetﬂhqlfddefbﬁéieﬁw sQRAHeakS bl 39 o8 thon of the D 15/ onp8s
anti gen. For that Eﬁgpose a( or oot er rggoagéﬁe#}waﬁlrsﬁﬁpan 748 0atist r uct ed

usi tng E. ;9& PAt&%ﬁ m&ggé&%gﬁ%s GiycERsA Btgagl onetﬁ%ﬁkg&(piso‘éqzﬂa% l%at ed
upstream om ene was | Scovere in
tﬁe pri vatée 5?"@?%%5('@5 3 @ 5 @6 B gbailetli(H00S B0z 2070y DNA
sequenges /Ghilk el 0¥y Bk ﬁn{@%@eék %&ﬁﬁ_azéég; %@SﬁgB’ 0. jhe.main steps

of this procedure are represen CUQPWISF Pmgnment
(1000bp) d@vieYo gey Gelsiwerathen stsined By C@om9§s3e Btillfint 68 R%o gpF;g; | agl 085
eot 1 di

gene start codo ATG 20 PCR arrpl i fied using o I gonuc
ProD15- 518 ‘%‘S‘“%kﬁ%’%dgle’\ﬁg@ @Tm@ﬂommﬂomrﬁ‘ﬁ&ﬁﬁ) and

ProD15- 52 de&rite® linClAn T.TCA GAC G 3') containin EcoRI

and Xbal restriction s?ﬁgs E @é %\égﬁﬁ é%&q ey 9°thTﬁi°§mF§52£g was

submi tt ed mmunebnoummg andirmes elidt §sbridN PCRUGI SRk a5 eg dEHb! bEddd. "‘“h the
é Plody

sanme enzyne G q(igs ruct obtained was 25 submitte t0|nv

mut agefes |d§‘eﬁt§P ée‘f Mhprwlﬁ@nﬁyst@hmmgch@{ trdetor xpfﬂﬂ&Zorii@ﬂfo

plasm d) egagRr I Bi ol abs. (MA, USA). d ones having
i nserted g i ni ﬁ%erﬂa%%:ggsss% erd geqdﬁ ﬂ%or‘ﬁ’sﬁf‘f’“aﬁ’d 2P Bt lgﬁ@f abolishing

chitor arrphenmammtamdym;andmgﬁ@eihe%m Oﬁﬂ'ﬁfchﬂﬁanngégt @]aggg containing a

m ni- transposon insertion |located in the D15/0 anki ng region, 401
bp 30 downstream fromthe EcoRl site was isolated and used for further
studies. This plasmd was submtted to circle PCR nutagenesis (Jones &

W nistofer (1992), Biotechniquesl2: 528-534) in order to (i) delete a

repeat!éd BXampde delpeaegdlaidn) of hieMNepAT Gflerierh ess, (ii)
i nsert neningocaccal utake sequences Ao Fb Cit @@ﬁ%’?g’zbcb requi red
for trans B 3 Frgombigant i/Yed leriagitidisy eerogrbnpiﬁ)rsmirt @kl OW Ng
cl oni ng (ﬁincf;lgﬁﬁl pA% gEd al such as prormt ers. The circle PCR was
_perforned us_—le%.r‘l‘t% ng nl / Xbal + US (5'-CGC CGG TAC CTC TAG AGC CGT
CTG AAC CAC TCG TGG ACA ACC CG-3') & TnR@BCan(Kpnl) (5'-CGC CGG TAC CCC 5

CGC TAA CTA T TC:-3') .0)igonucl eotides contai ni ng uptake sequences and
sui t abl e restrAE%EfxccﬁHg g}egéés‘(’{?f)mthﬁﬂie%aPl}‘nama@radwam;geoirhﬁrummbingng PCR

fragment WaSeffigRhcPdhd ftheeSoverl t Bél sos,chi zorrer of Kpnl) and
ligated to a 184bpja DNA f ravgneggﬁﬁcdglg?%%r??\éﬁ RE r%ﬁ?ﬁ’t“ésr n‘Bﬁtgenerat ed

by PCR us F?rgeﬁthéecmbmaouN(asser@e@e@@&za‘zA@nﬁﬁ\l G@E,%AA% ?%r Gl G3')

and 10 Pg xfgﬁmgre R CéEG TAC CTC TAG ACA TCG

ol i;gonucl EBESFTR? G a5 Pe Furessions ilevs! of thes outRemembiana ptoteih ones

car Ttying spA was up-regulated. For that purpose, the gene coding for NspA was PCR
amplified using the NO1-full-Ndel and Ndel-3’ oligonucleotide primers (see table n

25 example 2). The conditions used for PCR amplification were those described by the

supplier (HiFi DNA polymerase, Boehringer Mannheim, GmbH). Thermal cycling

done was the following: 25 times (94°C Imin., 52°C 1min., 72°C 3min.) and 1 time

(72°C 10min., 4°C up to recovery). The corresponding amplicon was digested with

Ndel and inserted in the Ndel restriction site of the PCMK(+) delivery vector. Insert

30 orientation was checked and recombinant plasmids, designed pCMK(+)-NspA, were

purified at a large scale using the QIAGEN maxiprep kit and 2 pg of this materia] was

used to transform a Neisseiria meningitidis serogroup B strain lacking functional c¢ps

49
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( porA pronoter inserted in the correct orientation (transcription
proceeding in the EcoRl to Xbal direction) were selected and used to
t ransf or My Glgbsdgn Of Nei sseria neningitides serogroup B Ia%ki.n capsul ar
pol ysaccharide (cps-) and one of the major 15 outer menbrand<py %’P’ng“-
Por A (porA-). Reconbi nant Neisseria neningitides clones resulting froma

doubl e cr ogsiengstrite desexibed il BGRSE 151t | |1 gonucl gotides . Cam 05
(5' - GTA CTG CGA TGA GTG GCA GGfl) 2 pr%‘@s‘%?“l&%‘% g’°§‘e'f‘é18l‘ CIRRSINGC nmedi um
cont ai ni ng®%sy/BEFVeeR| Bie PEMETHEDispAndecaoraknd ek tiromdGh AR 1RYPGSS| ON. As
represent edlid 4R QUr.e . the productjon of D15/ Omp85 was 20 signifrcantly
i ncreased %rgécﬁ? e"{s?’gtaa':loq"%)zjr“(’)a}tlé’i“r?Q ggﬂ} %&4 g"’éﬁ"”?\ﬂ%"tcﬂ’ ENMg precediutes preséntedn
pronot er r@Exadpl¥eNt, when conpared to parental strain (cps-). This result

was also observed when anal yzi ng outer-nenbrane bl ebs prepared fromthe
sane st¥ains (s@asterii(gomespoading Thatsat Seif bhcterdd)Svedt Fe-dRLARRY S 56t DE

5
repl acenen endogenous pronoter by the stronhg porA pronoter. In
addi ti on, ? ‘i‘aklégsﬁ%&“%gfrsﬁa‘?’&ﬁ'ﬁ%éhd bpided AE0QSEHr i Gmes vner ehehh@epor A

pr onot er ARl R AUCEE. i 400 pstream of the initiator
codon, wa\é\ﬁg?)ﬂ;r 023? mat e?y%g@?&n@%g#gsa?%? lpﬁa‘z’ %ﬁ&re gf fFergthshstamned byas

pl aced appEeomassie Eri}lidrddluerR2AF0r taAsTerrdl tODBiBE ] Q%tﬁﬁr&e {0, Support
that the propoter r.&ﬂ acenent strategy works and ua(fsl ows the Jd{SrE?g%e | ati on

of the syWihed &n8iNspAy @ghvsional iserurre MottarGoqmassiei (ata moo Whewn)Ye{Har ane

bl ebs. 1030 iSaAdmRbdt YA ' [ at ed human ul ati ons (such as Cuba)
are infected by o T m?ggé ﬁglf‘r‘lb%@ %"?‘kﬁé‘f"gél?ﬁ???’ ﬁgﬁ‘l HEreYIeengsdsl rates

bel ongi ng Bradugeidptetrablerievely of Kdzh. Wk GpRIZ6D PRI ERA0L074244 if SH Ut €r

menbr ane pr@tbei n .sieﬁp%tépes. Since PorAis a ngjor out er-rren%r ane protein
anti gen whiteh°EER2] hFges (YeBkl of watesmmembrans lebpprepdratiodsaddrived Cirglal

ant i bodi esymigt 1P, i ) conf er,,vaccin rotection in such a
popul ati on ngi E{ggg ‘Dloib{?ri]t(gfjﬂrﬁlgénaé‘}rno‘ 51‘”‘%0/)&’%3&'0?‘)?}{3 0 R rdifeence PEsA may

i nteract wibs¢rvahle by aBodmassiesnairing] emuabbBHinG WREREARS: el L this
cont exf,, tsh%npr esence gf tPor,A in outer rrenbrgne ves‘iac égs%aéﬁ?’zc@“‘

advant agedis: g?tF%Fthah mifAl PFsasedda ithe exressinmcyf dispA (ofithrregeedionaat

i nproved lEn@8genotONsHAItdve B, BARIPWCH Ve desirabl e to up-regul ate the
expression of D I.57F§Oa‘|7§)8§90ut er%)rrec Fadrglig Oﬁl?%t“éigﬂb’?ﬂe SR@repaztipns (see

meni ngi t i F@Tsdr FhissepltBopfimaitat thepCMBIHRYsA! VedtbaslncEBfa AREER U
expr essi ngugd)g‘ﬁ.ces%orpoc pNA l\l\fis extracted fromthe reconbi nant I sseria
meni ngi tidi s serogrotp BPcFELlate i gXpresgion of pusn membeing profsinsgutthes Qf AGEN
Genomi ¢ TiNspAl @Bolfshifiet conbdinitnti9fthd Bi b Al | i neari.zed- and used to
transform Nei sseria rgrecr?inngi ti é?sthésg@b‘?%‘}?gg é@ﬁ&"&?"f&?ﬁm RIPRYS| cal

t r ansf8r mEeRE- pr ot ocol . Recombi nant Nei sseria were obtai ned on GC agar

g

pl ates 15 containing 5gr/m chloranmphenicol. Integrations resulting froma
doubl e crossi ng-over upstream of the D15 gene
( Example 5: Up-regulation of the D15/0mp85 outer membrane protein antigen in

blebs derived from a recombinant Neisseiria meningitidis serogroup B strain lacking o

functional cps genes but expressing PorA.

25
Certain geographically isolated human populations (such as Cuba) are infected
by a limited number of Neisseiria meningitidis isolates belonging largely to one or
few outer membrane protein serotypes. Since PorA is a major outer-membrane protein
antigen inducing protective and strain-specific bactericidal antibodies, it is then

30

possible to confer vaccine protection using a limited number of porA serotypes in a
vaccine. In such a context, the presence of PorA in outer membrane vesicles may be
advantageous, strengthening the vaccine efficacy of such recombinant improved

-
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were screened by PCR as described previously. As honol ogous reconbi nations
can occur everywhere in the chronosone, a second PCR screeni ng was
performed to control the integrity of the porA locus in the reconbi nant
strai n. Forwblhgo3gar pose, 20 internal porA priners PPAL (PpcrE8tsdiis GTT GCC
GAT GIC AGC C -3') and PpA2 ( 5- GGC ATA GCT GAT GCG TGG AAC TGC -3' )
were used in a PCR screening experinent. The anplification of an 1170bp
fragment conblesnSutthBordr esmainieg vadcidellchg@vdy, gaNBe imprbhid SHACRRRNFNt
bacteria. Re L N bacteria (correspgndi ng to about 5.108 bacteria) can
be re- 25 su‘é‘%'é'%a*é?“@ﬁ@e*w%srfcr FrEgact @Y{ﬁ%%"g‘i‘?sqmﬁé@d@ 20C) / boil ed
(100C) three tinds theafotlowihgrexsgplar @é @OMRI+PAer S velol roR S ON a
12.5 %gel. Gels.can_.then be stained 1t;lm{(C’(:))omas_rsi e Brill ipan%m{)tﬁﬂee R250 or
transferred PE&0M pf H’é’e(_P‘I“H%éQéS REFbMEFRan: ALPtalr altigdn &i ¢ serinviadkdingan
ant i - por As MORAGoANAkps AEhtD O VexBresstid PordN FAN tai gmié! 82, BBRL o POl Yl onal
I ared tromt &

anti body. Anal ysis of outer-nenbrane blebs pre e '8 30

strai ns can @ma%/BES pay PERramplified usiul O/ DIFG3%] RGT DEFOR/ @hiddvclebticanpl e 11:
Up-regul ati ogyifdis A ddSkinBiLLEl | in_a reconbi ngnt .Neisseiria

meni ngi t i desﬂ-lserrsogr oup B St rgsl%gr}fngg%{ng l?'&ﬁagfof’o“rﬁ? rﬁg"ﬁ%%ﬁéﬂé\% Buteexpr essi ng
Por A. As desupplisedHHhdWA polyneease, aBorhiingen Manaieim} GmbHY. CRRAGE cﬁélingorA in

outer nenbr i may, he a t ageo and can strengthen the

vacci ne effi %gﬁgﬂquﬁ%g%%MﬁgyfﬁﬂfﬂVegig e, %f f imie) a3 | §0eng

exanpl e, e (T2e1@siag 48C NP fecadry) CNE(cbirespBAdify arhSlictPd whBibtral & e

expr essi on ofT IQ? I—llsf.ﬁgrot ein ané‘#i en in a strain lacking functional cps
geqes but exipressi A Por YECOFh At a1 thscmapufpctyiers ospecifientions rasda chi neri ¢

porA I acO praufintitory eRgeciag wad Perfoféd. THES OnpSHIASSHNA et Q#‘E
transcriptional Iqx; actiye in Neisseria neningitides. In the nodified
POVK(+),  t he®Xised ZrmyBTQRY oyptesriesion, hydenlysiss biing delNsifcandhsubsenuemglyr i pt i on of
the hsf geneslonbleind®eecoredndide frediri pfied.using the HSF

OL- Ndel and HSF 02- Nhel _gq*?gp%uclnéégt%lﬁde proil?%g, p$é2ed%{l%cﬁy ivrg*ith’rhe tabl e
bel ow. BdtauBwogbingyplasmifsedrsignest pGMK(+){BBS vEte plotified pn b age dchie ukiag pr ot ei n
expressed W gl EN Thak L ORI Jdues. ~at the 5 end. The

condi tions use'(?\{?.or PCR }g%ﬁ)riﬁg P}(’:ﬁ?i g% 0\%\2&3 x%f(-%%"sale Vaa SEFY Be The 15

suppl i er (HiMissBNa periygitdiaserog@op H istrgior labiimp ieictionalapHgened heraml cycl i ng
was the fol | QUWidded i 2xdnl ( ] 8C 1mn. . 72C 3npin.) and 1. tine
(72C 10min., 4C up t5' ﬁ%ﬁbe@%&’}%gm&’?ﬁ g‘s‘*p%‘ﬁ’c‘ff‘#d én’fﬁ’?]’cﬁ‘ﬁ')gw&g"
subsequent | yresilltingerpm & singlh grossing: @8 @itk NGOMPS/Di £ bri i PorH) W ke sefecdCMK( +)

delivery.,yec . pnant,. plasm d, designed pCWK(+)-Hsf, we

del eted t ?:e %cén%&gééﬂngf I{Cﬁ{ca?"@%%m’rbé?ti SEreUnE RIPRAYIEY ARAMYRBIESSEsy o

recombi nalnt ms&ﬁmw@ﬁr(?%rﬁwiﬁe Ptﬁ)mdﬂa?erii%(v&)esmﬁa;at Pipgw d was used

as a tenplatg to,P a i eparate DNA fragnents: -fragnent 1
1Ak AR et for ST

contains the _ _ o on, the Kananycin resistance gene
and the porA promattesa (cansgmwglt@asduﬂlswrbh&&razwx%?@lsusﬁﬁﬁédﬁ%ogﬁ‘gf' RP2, are
S

presented i bl e _below. RP | prinmer is honol ogo to the sSequence
i ust nPl&&:e-Sbg Luffer, frozen(-20°C) / boiled (100°C) three times and then were

25 separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels were then stained by
Coomassie Brilliant blue R250 or transferred to a nitrocellulose membrane and probed
with an anti-porA monoclonal antibody. As represented in Figure 6, both Coomassie
and immunoblot staining confirmed that por4 PCR positive clones produce PorA.

The expression of D15 was examined using outer-membrane bleb preparations

30 derived from NmB [cps-, porA-] or NmB [cps-, porA+, D15+]. Coomassie detected a
significant increase in the expression of D15 (with respect to the endogenous D15

level), preparations (see Figure 6). This result confirmed that the pCMK(+)-D15
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25 upstream of the |lac operator. -fragnent 2 contains the Shine-Dal garno
sequence fromthe porA gene, the hsf gene and the porA 3' reconbi nogenic
region. Oy@ggnusdsgotide priners used, RP3 and RP4(Apal), are presented in
the table below. RP3 prinmer is honologous to the sequence | ER9(44r eam
of the lac operator. The 3' end of fragnent | and the 5 end 30 of fragnent
2 have 48 bezes iofactiani each, PCR (1 and 2) were used for a
final PCR (rﬂ%%gg i on usti ng aggicﬁggﬁgfl?acﬁ S%@l}' toHpareghiatg thexenprassion obbited ned
was subcl T3Re peteins §0ch/ascD bs, withdhe avoligkt 0\%& | and Apal . The
nodi fi ed p|0ql§épnger;(¥> 01/ 09350 PCTI EPOQ 07424 n%&ﬂ r§§'§<hgp °§&’§ PiRorAd at a
| ar ge scal e using ea%%ﬁﬁnﬂﬁ%-prep kit and 2 g of this nmaterial was
used to transforma Neisseiria neningitidis serogroup B strain 5 | acking
functional cps genes (the strain described in exanple 1). In order to.
preservé thxamplp6e Sonstruadibn povdrsatile RS Rty LLing froma single
crossi ng-over was selected by a conbi T %Bnd Western bl ot
screeni ng procedures. Kanamycin resistant clones testing positive

bypor A- spe®tibgalP : rh. bl ot re stored at -70C as gl ycerol

st ocks and Wecl‘_f‘c(?e?g%o\ﬁ@?togttgﬁi %%D.ma\ggctsefqpétfse@e‘i rieshigunti Aganidocabest 5. 108
10 bact eri aymmaneged en Fuspamdb etepd) 8 - SDS, buffer, frozen (-20C) /
boi |l ed (100% t hree &i nes _and !t’hen_ ﬁc/géfeﬁgséegar ated’ Vnﬁ& elgpwith the

el ect r ophof8&TRCAP gf Ysctar for upersgating Theexpression Hif i ‘Qfanh'lﬁls)(%ﬁ xani ned in
Whol e-qgl | bacterial |ysates (WCBL) derived from Nn% [ Cps-, or +] or NnB -
[ Cps-, PorA+, Hsf+]. Coonassie staining detected a significant increase in

the(‘expreswﬂﬂ\ﬁl@m&rgﬁ%ﬁ@ftgpﬁ%‘;kicgndogenous Hsf 1evel) (See
in Figure gg%?.lThinBNresu_t contir -fied pCOWK(+)-Hsf vector is
functi onal dlcanPhé frgiep Q97bps biukd ypsteeatDroRoMe Y Al g@dmcﬁeé%e“s;a%i on of

e

out er NMeENbERES RIOISEDS DM uf abolishipng the production maj or
Por A outer nembr ang pdrjotrgmbgﬁt Pg@lﬁ.prﬁ@t‘ﬁ?‘?%nﬁélgé&q dys hasedontiiningi S wor k

d i gonucl eBriinishedSgepommit PNA BeqihiesS f - Nde 5' - ATT CCA TAT GAT
GAA Oé@ '\Idcg | qni ng .site AAT ATA ccacf 5%3%?*%?&&4’5" . &9 EFCAGC TAG
ot AcE AckidRe |W°chﬁ?IH§1e§P% PUGATS refGredGh & PRIS1GHG PNE2 AR %!;))IE%C TG
 AGA ATT AAGxah - ' ite GGA GAA GAA CTT TTC-3' Conpati bl e
with Ndel — GEP. séje%\%ﬁ %@g@ﬁk@%&ﬁww a6 ymikssized) These primgrsswére AGC TCA

TCC ATG - 3usegdpp 8CRyrmplifitdtiohhaing FRRbmESBMNA kxtactedT GCC, GTC TGA
ATA Sacl %{%'e% site CAJ OCC GIC-3' RP2 5 - 4l e H s i TG. 7o
ATT TGA CECEPHDAGHPITEE WER- Jeaned-up using the Wizard PCR kit

(Promega, USA) and submitted to digestion with the EcoRI/Xpal restriction enzymes

20 for 24 hours using the conditions described by the supplier (Boehringer Mannheim

/ Germany). The corresponding DNA fragments were gel purified and inserted in the
(:.._ corresponding sites of the pUC18 cloning vector. Step 3. Recombinant plasmids were
prepared on a large §cale and an aliquot fraction was used as a template for inve.rse
PCR amplification. Inverse PCR was performed using the PNS4 and PNSs

oligonucleotides using the following thermal cycling conditions: 25 times (94°C
lmin., 5

25

0°C 1min., 72°C 3min.) and | time (72°C 10min., 4°C up to recovery)

Linearized pUC 18 vectors harbouring a deletion in the NspA upstream region insert
were obtained.

30 Vector for up-regulating the expression of the D15/omp85 gene

Step 1. A DNA region (1000 bp) located upstream from the

. D15/0mp85 coding gene
was discovered (SEQ. ID NO:3) in the private Incyte PathoSeq database containing

22



WD 01/ 09350 PCT/ EPO0/ 07424 RP3 5'-AGA CGT ATC GGG TGI TTG CCC TCA AAT TTA
CAA AAG GAA GCC CAT ATG -3' RP4(Apal) 5' -GGG TAT TCC GGG CCC TTC AGA Apal
cl oni ng sV coc AGC AGG - 3 Exanpl e 12: Expressi on of PCAEPSH/eTn4
Fl uorescent Protein in a reconbinant Neisseria neningitidis sero ou B

strain | ackj.rg: | I enes but. expressing PorA. 5 In the follow ng

exanpl e, t hﬁgﬁggk%%g%g v?ééé Lfgg‘bcnf:?f‘ PgstgetM@S%RlBres&hngdaf stratn A/TEE! asni ¢

het er ol 0gous096.aves oligdhublebS&Sr LAl T n Fl uorescent

Protein was anplifi edgf ruom t he p%ﬁ?%g%thiggﬁg?rﬁ%l%ﬁ apg Bromb L5523

GFP- Asn-  mitesdable armxapBle( Dewere ashigned uEing mhis esedudonce A5 ééf‘zg cppesi ve

~ ends CO”patpHPrle?s “%\A;,th :ﬁd{el pel .gi ves cohesive ends CO#%%.’[I F'e Wth Nnhel .
The condi tifons useo 18 °i€$éﬁ"&ﬁl§ﬁ#%&smmem@ DNas exetesar firfiedndy t he

suppl i es ( H4dI76DMRiR0 YRR ' Mannhei m  GrbH). Thermal cycling

was t he folvbpyq;n'g n]%R 2k5;' t(grsresq?lged%ﬁ%%drwgr z?g‘@hmsnyv,ew@mmw ysingicthel "t i e

(72C 10ni n Wiz tiot (Rromega,yJSR) atd sLEHRLAN 0ol j.6o S sequent |y

cloned in thg_ﬁg.CNKéf)‘ del hveE%/ vector di gest'e(rjkgg\n&?llqgl\‘l&dgﬂ ng\rq%mﬁwde

restrictiof ahZyfes" St 54t WRbilmatie ponaktions, ddstribes ibgnag RégMiet) - GFP,

we del et ed (B&rind&OMY: t d jmeric porAiacO pronoter by a

r econbi nant(lg PCR Strat g&ﬁﬁ&Th% p (iﬂfwwg‘é‘{ﬂ’% N4 fagmenss weregpl ate to

PCR anpl i fym_zﬁgbmi_rxasmeammer egrespdrtling ited B2 le auépggl%ggqletthrepsgoré 5'

recorrblupogggl c r.e%itogalsmtﬁ%e Kanamycin resistance gené and the pofia’-

promot &f . OFTYBRNE P YT REsParedoa@ lamRisc8aaid in aiplot R:tBRaE 564 t abl e

i n exanpl easlik 1Pt dSp ous.to t equence just upstream of

the | ac operat%nrlﬁgt-ef Paéﬂndezﬁs% Pzé%%ﬁ]@#@%c{nﬁéﬂ‘ﬁ&‘&?@ﬁi%-mo@%ummnce, t he

gf p gene aRd5t34eandddIAS B oligmmolbiide3 dsHoCths €Sl ' L eotide priners
used, RP3 ggﬁmRP ‘ﬁga{% gg (g presente i_n%tnhdgnrtl%gegg@%gglx%"gmf > RP3
priner is fio °8§% 18" deftien ¢2°C 3giin.Jisnd HonwesU2ER MM, t49E Jdpats

operator. rdevesyeNdn&rizbd he 5.end of fragnment 2 have 48 bases
over | a%))i ng. S%YO)ﬁg _Sf ezacﬂ PCIgItS( Ikm'gﬁrg é?gm Gs‘g“de%r ing thej PAP/OPERSr eact i on
usi ng 0YPsT9EE 0egPaT InserOReE/otdnedor i ners RP 1 and RP4. Twenty .tg of this

PCR fragnment were used to transforma Neisseiria neningitides serogroup B
strain | acking functional cps genes. Transformation with linear DNA is | ess

ef ficient ERamaplsiz [Fefhématlon!pritedsalics) %- ut _al,l. th econbi nant s obt ai ned
Ie t . .

performed a doubl e crossrng-ov nation of PCR and

Western bl ot screening procedures). Kanamycin resistant clones were stored

Bacteria

at -70C a e ks and used for further studies.
(corres pofl-glgénéé&fi{g?églol%%t%cb‘g&fbges BFthagls {hs peodueing ueqoenbitendt blsbSRcidhg Of

20 either capsular polysaceharides or capsular polysaccharides and PoraA. Such a
procedure may be used for a wide range of Neisseiria meningitidis recombinant
( strains and may be adapted over an extended scale range.
Culture media:Neisseiria meningitidis serogroup B strains were propagated in solid -
25

(FNE 004 AA, FNE 010 AA) or liquid (FNE 008 AA) culture media. These new

media for growing meningococcus are advantageiously free of animal products, and

are considered a further aspect of the invention.
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PAGE- SDS buffer, frozen (-20C) / boiled (100C) three tines and then were
separ ated by PACE- SDS el ectrophoresis on a 12.5 %gel. 10 The expression of
GFP was exam ned in Wole-cell bacterial |ysates (WCBL) derived from NnB

[ Cps-, PorAﬁ]o%{ggjyﬁrB [Cps-, PorA-, GFP+]. Coonassie stai nipgegyepd@éRsst ed an
expressi on of P absent in the recipient Neisseria neningitides strain
(see figure 14). 15 Exanple 13: Up-regulation of the N. neningitides sero
oup B NspA gene by pronoter replacenent The aimof the experinment was to
repl ace the endogenous proppter region of the NspA gene by the strong porA
pronot er, in|or §&MPAEtyp- [ eg&NEPH Adhe pr odDEDIGM OF | { MEBRA anti gen. For

t hat purpose, Aaarprom)ter repl a asSTT U was—cofpstrugtea—26 usi ng E.

NspA codi ng gene was di scd ver egg("SEO | D NO 6'F§L in the pr?&/rate | hcyte
Pat hoSeq (\ NafWaBdse cont ai ni ng unfijni sheid2genom ¢ DNA sequences of the

N

r
Nei sseria menNayra.ees stiain ZgC 13090 A R Fragrent;£6+5bp) covering
nucl eoti des &5s—to—+96 W—l—l%—ogﬁpeet-—t-a—t-ha_h&pé_ﬂ%e_uﬂ_sﬁu_codon (ATGQ
was PCR anpl Liled using 25 oligonucl doti ddPFksi (5' - BBELCGA ATT CGA CGA

AGC CGC CCT CWACE-3') and|PNS2-28L- CGI| CIA IGRELGIA (350G (IA/LTCC |GGC TGC -3')
contai ning FEchése and Xbal T eSBRLCTT O STTeR guhderithed)—respectivel y. The
PCR fragnent aS xu%é{%‘[-n‘&'tt bhd—to-restrictian with FcoRl angg/IXbaI and inserted
in pUCL8. This DLASM 4 whs subfitted Jto citt¥e PCR|nutagenesis (Jones &

W ni st of er ([L&935rn30 Bi of echnfelies 14: 528%0%84) 1n OTde&gT 0 Tjsert

nmeni hgococcal campkzake sequ=ncesoWw ed—fortranstor ..cbt.sug/L add suitable
restriction st St —Fre—e m ng—ofta——CaR/Por A _pronpter” casdette. The
citcl e PCR whs nértorned [isi ng-tie Wo|01/ 09836 PCT/ EP00P6#424 |BADOL-2 (5 -

GGC GCC CGG (XofherysineCcT TAT CIRSPEG AAA ACG €AG G B) & BADUZI2 (5' - GGC
G-?Jrrﬁ 4)
sl ta

GCC CGG CCT Otamiptde CAG ALCG GCG. CCC TTA  TAT-AGT
ol i gonucl eot rdes—containt+rg—uptake—segquences—and restiriction
sites (Xmal and Xhol) underlined. The resulting PCR fragment was 5

gel -purified and digested with Xhol. The CR/ PorA pronoter cassette was
anplified fEbsk dnma/a 'hiCoDJel&ézﬂma& in i

primers BAD é’g § c?GC .

CCG 3') & BAD DS m @&%Efc“l%‘st!;@ﬂa‘a}x“w ofid r@ﬂmwTWo@@tbyTGT TAT
cCcC-3') ol gbqluttlcelmmtdﬁsSEIﬁmbad-fulﬁg AUhPBt Geel ' Xbal ,
lo Spel and rlined. The PeCR flr agneﬁt %Etgﬁ&n‘}gg%v.@shgég tted to

nd
di gestion n?@?’f‘&? FoPM fEnreranye @np@R pilawad etreakest intec & Rerividish t he
cor r espondi ngoxﬂﬂymme@FNﬁoﬂfAAI (& 669l P&QHIS?L&’?elgllug%m%atﬁgt%Pear i zed and

used to tran éorm a strain of Nelsseria neningl %B | acki ng
capsul ar pol 3 &ct hewrs-gEhe #ysface grapveh wae regisperidag inT8j mi of FNE008 e deane

proteins 1o Pabode) APpRimenteRERATHE '&ﬂ@i rgf;hfe” 2al%: i gles opones
resulting froma S%Bb | e crossing O er‘l’\{g%/ "tyISER g%? %ﬁ%ﬁ"g 2ugtin @f
< resuspended solid pre-culture were added to a 2 litre flask containing 400 mL of
FNEOOSAA supplemented with 15 mg/L of erythromycin. The flask was placed on a
shaking table (200 rpm) and incubated at 37°C for 16 + 2 hours. The cells were

separated from the culture broth by centrifugation at 5000g at 4°C for 15 minutes.
15

Batch mode cultivation of Neisseiria meningitidis serogroup B cps- recombinant

blebs: This was performed in three steps comprising preculture on solid medium,
liquid cultivation and batch mode cultivation. Solid pre-culture. A vial of seed was
removed from freezer (-80°C), thawed to room temperature and 0.1 mL was streaked

20 into a Petri dish containing 15 mL of FNEOO4AA (see above). The Petri dish was

5Y



ol i gonucl eoti des BAD 25 (5 - GAG CGA AGC CGT CGA ACG C -3') & BADO8 (5'- CIT
AAG CGT CGG ACA TTT CC-3')) were selected on GC agar pl ates contai ni ng
5gg/ mi chP@YMBf¥hi col and anal yzed for NspA expression. ReREHEHPAHITH24
bacteria (corresponding to about 5.10 bacteria) were re-suspended in 50 gl

of PAGE- SD f en.(-20C)../ bailed (100C) three tines and then
were separ g%%gatgg aé%iglg Hégé ‘Qelzeh(?ﬂ'lfsoé‘%rs 38 oWth Was Bswdpereded iS58l 5L Wer e t hen

stai ned by FNEOG8A%I (eBubbve) 3upplekieated R250] sferred to a
nitrocel |l ul ose nepbrane and pfr)%bed el t her €\/| #202% jomyisH} A-igpidarsieonal

anti body oF“W'felfL_za_ﬁ’tli -°_ﬁl§p$_ﬂl5wdpdlaoﬁdlprg-nninbepkyeréfgdaga &0 1kt 2 Aert Hagie OPBS,
there is ac%i%gs%g%tnogl dgg%ﬁghat insertion of the pronpte
appr oxi mat el'y 4 P Sﬁ fuppleEnentss Avithn L § ineg/L @f epaitlomyEXPTRS SeS

mor e pr ot eflask haplhdedRrACRi; ' 00 bp pstream The same
r econbi nant pUCﬁp}l) asmi d cgﬁhggggcggﬁzqagbﬁlﬁ?%ﬁ’ﬂg{%@y?ﬁg exten Ess2dnursof NspA

in a Nei ss&h¢ gontenti ofcthe ifdsls vasnoed aumobulsiertai Aol i functiopal ¢ps gene
but still g&g rres"slifn Por A._W0D 01/ 09350 PCT/ EPOO/Ig%f%gneg%é'n%?%Rﬂ?&
Up- r egul at F'on 67 "t fie™ f& teirehherigequlum §400emby wos pddedpd dpré Q1B BEREDY

pronot er reHhPEAGRES ferhBfed - e i was to replace the
endogenous‘#pr onot er; reegi 0?1 OW@“%EQ Lpﬁiﬁ?%)suagﬁ@ewd wha I$tmghg por A

pronot er % eytEemyenuphe oblivas adjubed t61288Ysdih@MA 1 (e LP1IA | Al)
anti ge Fé) dn% hat nﬁ ﬁon(ggd a Er onot er repl acelmsnte8 aﬁl&b' é’gﬁéét%)g’g%t ructed
using E. cOli o i#é o) e HPOA(IIA vASgiThe tagabmye whogahigupst r eam
fromthe pltdfecodTRO &8 di scover (SEQ ID NO 18) in the
private |Incyte Pat ho%eq a?“gg%gz“% g aNggsIs@Fiaéf gy il thedéissobed ai n ATCC
10113090. omygen DRceoumtiai Mas than@REdaneE 8f kgt ytative rpsT gene.
The stop ggopg%f rEsT is |l.ocated 169bp upstreafrtﬁgér%jg %faaﬁ“iﬁ‘@\ spegd avoi d
the di sruption- orc YRIPESSIYE dn thealerpentenyurst maintajeniea 300 efi deg; HQ | nsert
t he CnR/ Pdiofirsp fi@liRke GAS ' upstream of the ATG of pldA™ For that
purpose, a DNA frag.rreent o?ﬁg%gorb%ps%%?‘r 'if?}ame fPamaed fom thpsilngene, t he
169 bplSi nttEp§diyicentifugation et 5000gtane°@RY 16 imighed 5 Nucl eoti des of pl dA gene
was PCR anplified from Nei sseria neningitides serogroup B genom c DNA
usi ng ol igonucl eotides PLA1 Anpbs (5'-GCC GIC TGA ATT TAA AAT TGC GCG TTT
ACA G 3') Hasy qul g R GG, CAA TTT GGT TTC
CGC AC -3I§flaeb ontai ni ngﬁl#ét ake .sequences (Unde eth—+ AHBS—coNt ai ns
al so a Xb esthi &P TREE rRVe YRpR dompgisingt p2OulnBs obl SsidCtheMih @ Hi gh
Pure Kit (folieiel byVERHESuYaSE6S "FYKY directl loned in a pGenl vector
(Pr onega, UsA) . Thi l;Mﬂpl asm - Was su%{r%ﬁrltq%tgﬂe't%vdr"glséedpm removed) Enmsi s
(JoneY& \ieR?es(§02E), thavaa)td roam wrrd:@fankeaﬁmﬁ.@rﬂ%%_ﬁgk?d LESt %%;‘é}gi%g sites

e s

al | owi ng j ronot er cassette. circle
per f or ned%lgtgiln%% ?iﬁ%@W%ﬁ%@ommemmm @oUb &tk atTFCTCG - 3' )
& 25 ei t hdor 18 R hotirs RBSu2iabS o G TAC AP AGG AAG OOG ATA  TGA
ATA TAC GGA ATA TCC G 3') or cﬁ%@; &?ﬁ%@“g‘%dé eABNRPESAA (see
. above) supplemented with 200 mg/L of kanamycin. Flask culture. 2 mL of
resuspended solid pre '

-culture were added to a 2 litre flask containing 400 mL of
FNEOOSAA supplemented with 200 mg/L of kanamycin. The flask was placed on a
shaking table (200 rpm) and incubated at 37°C for 16 * 2 hours. The cells were

25

separated from the culture broth by centrifugation at 5000g at 4°C for 15 minutes



AAT ATA CGG AAT -3') oligonucl eotides containing suitable restriction sites

(Bglll and Xhol) underlined. The CnhR/ Por A pronoter cassette was anplified

fromthe Wdl1008d/ Om85 plasm d previously described, using Bri nmer s BAD20

(5'- TCC CCC 30 GGG AGA TCT CAC TAG TAT TAC CCT OIT ATC CC- SC\/ER(p07424

CM PORA-3 (5'- CCG CTC GAG ATA AAA ACC TAA AAA CAT CGG GC-3') contai ning

suitable restriction sites (Bglll and Xhol) underlined. This PCR fragnent

was cloned 6~ WO 01/09350 PCT/ EP00/ 07424 in the circle PCR plasmd

obt ai ned witXprmple 85 Isolatior@nd Pyt fiearibn@ fRTeHs frothmiRRi This. pl asmid can be

used to tr%&%sseria meni ngi t1 des Ser ogroup ok aBdCaPEH s

por A-) str ; rati on by doubl e crossing-over in the upstreamregion

of pldA will direct the insertion of the porA pronmoter directly upstream

of the gldAﬁ‘QTGb_ 5 Agg;her cassette was anplified fromthe genom c DNA of

t he r ecenbifyrgpmbmants  averepurifigd tdsdegscs ( - orA-, D

15/ Op85+) _over-expressing D 15/ Om85 by Ei)dr)g%kbgrﬁree%q;%sﬁ%rﬁf'zgﬁ'maé

cassette cSHTpﬁf’qﬁd(i?‘h le R O Ol TriseChbutferpptd rios esntfiffhg APRAR Ei?f;&%ﬁﬁ’ondi ng
sequence ha

to the 5 fyl i : f D}/ Onp85_gene. Thi's S been
proven to beﬁgr‘s 1"0 ngf:pgggbp glrapeu&)ﬂ-(ygbuﬂ-gﬂ% of butfes @ Ripresss wan Soff (WAVD

15/ Onp85 i Thiibicssass ivas aadasted by AR ; up-requl ati on of the
expression.of . other Neisseri ay anﬁ%ﬁ%g?ﬁﬁm@éﬁ a?d?ont’ﬁ%m%ﬁmqefi cation
wer e BAD 26%%ammwn[§f5¥réuge@u 20000£ 16 IBNGinkEsk a€A€cT1T3C06F§F Cé GG GTG
C3') lgonygiz@irgg,r@ggmfa%s} %ti on_Si SeE_P( underlined). This 7 raagrrent
was cloned in u}e e 6F%’§FH88 -obPaPRIE WistdiscprdedeTle GipRGAmRgl and
cl - XHQ as Thiaserithfigled ami1ds 000d fhe Y ol rm Nei sseria
msmgi tides .sero é,%&]B (cps- éan_d (ci‘?g,aggp%r(%@?aés)w&‘ﬂé.SSQ-%TlefQFO&ti on by
doubl e cro §?‘ﬁ'§a=“o]g s/ OMhulteengpiyee)eamrdeghb aoncdntpitisicwds! 1 Tidi Stbggr;m&{&e
insertion @hs§j r. 400bp upstreamthe pldA ATG anple 15:
Up- r egul at |8 %Sn IE%I%%Q%@%F%@ igf?tg'egxsg‘g’rd&ﬁ%af) g of B MM cliris-Clybuff pHr 0Not er
repl acenen$-6 Jémganing 2f mMheERERREMN B NH 0,402PL ace  t he endogenous
pronot &, relg_ieon 0, t he t bpA ?ene by thdg'a?f]?o%%ﬁp%lr%?sﬁ*r orﬁﬁeéra, SE¢Pngr der to
up-r egul at & tHETHFEHING SR #f 123,00QehdorT2p Acarst agenC, Wiicﬁh%er9u$&9§e1 a
pronot er raRh&EedBRALY4 36, | onst r.uct.ed ing E. coli clonrng
afSTa% Wit R WIS, Adsete

met hodol ogi es.téoA DNA regi on Hens used fohbleb bpA

codi ng sedtiénieonns plirdfretier esht(ifddD.0 PN omlefdald rivate_lncyte

Pat hoSeq d@}s?rgeé%e of. .the Neisseria nmeningi t%édéas%%ﬁ%@eﬁ’m& Thi s
DNA cont ai Ne Y he SedtidhPoten BeRtranens IghiR canctiedam cuhmesBReSs pRétBinfr gani zed
in an opersmoh as F6@ idaBrgene will be del eted and repl aced by the (n:rrR/porA
pronoter cassette. For that purpose, a DNA fragment of 3218bp

corres7p90ndi ng to the 509bp 5' flanking 30 region of tbpB gene, the 2139bp

t bpB codi ngy, ! t.he. 87bp intergenic and the 483 first

nucl eot i de “sYQILHES RIAmORCRS WAL aphrégfuifion MRESSE! | @

rrer{i ngi ti dedingelengr oup B genom ¢ DNA using ol i gonucl eot 1 des BADIO (5" - 6q

The use of strong bacterial promoter elements is essential to obtain up-

regulation of genes coding for outer membrane proteins. In that context, we héve

25 shown previously that up-regulating the Neisseria meningitidis -nspA, hsf, and omp85
genes using the pord4 promoter has allowed us to isolate recombinant blebs enriched
In the corresponding NspA, Hsf and Omp85 proteins. Altemnatives to the pord
promoter may be useful to obtain different levels of up-regulation, to overcome

) potential pord phase variation and/or to achieve conditional gene expression (iron-

regulated promoters). Here we describe a method allowing the identification of a
Precise transcriptional start site of strong promoter elements likely to confer high leve]

of L . .
€Xpression 1n bacteria. Since promoter- regulatory elements are classically

b))



WO 01/ 09350 PCT/ EPOO/ 07424 GGC CTA GCT AGC CGT CTG AAG CGA TTA GAG TTT CAA
AAT TTA TTC- 3') and BAD17 (5'-GGC CAA GCT TCA GAC GGC GIT CGA CCG AGT TTG
AGC CTT TGC-3') containing uptake sequences and Nhel and Hindl 1|
restriction (underlined). This PCR fragnent was cl §a48eid74dy @ H gh
Pure Kit ( gc()):drlhl n%er 5 Mannheim Germany) and directly cl ong'% (}%n a pGenT
vector (Pronega, USA). This plasmd was submtted to circle PCR

mut agenesi s (ed@apasséd Withih 206 hE, ' t L),lns ui tabl e
restriction sites Al ovf/i.n cl gﬁl?%n;eg@%hgs%%%&&o%n%%e} e S°L]%‘f°t'e and
(ii) to del et\adesdoisesspnik e Gallf MANPhgMiechiditee 55¢3):5 DB ated résal of bpB

codi ng seque . pLel : r d usin he 18 (5'-TCC CCC

i 0 GGG AAG A'?'%&Ta&}& "c‘%{‘mﬁ%‘i‘%ﬁc@%ﬂ&@ 532{&”%&%% gfé’?‘ﬁﬁ@%ﬁ °f§§m% 5' - GGA

AGA TCT CCG GT@GARMEONA ATVitiEACMANA AGE ARMLEEES pAdibins etk AACVAGEHAAC ATT

TGTI TCC G.-3") ol igonycleaqfide ontgining suitable restriction sites

xmal, Bgl Il é')rfﬁm%g (l’fﬁd?rc’fgn%d%“p;rﬁ%’e@ﬂ’%’ébr’ﬁﬁ‘ﬁ?@ﬁo}f brP2 B B was

anpl i fied frofartletio pat@rRalbONARR OMBs,msd wel &Y soms | oposleste &9 isi N9

prinmers 15 BA%Z% 5'- GGAf SEA TCT. CCG CTC GAG ACA TCG GGC AAA CAC CCG 3')

& BAD20 (5'- ' ‘%@C‘“ ARSAS PREFETIBROSSERGSITPRG PIOmOtCTEImeiST AAFalidaiog' )

cont ai ni NG s i ktad penerab HetioBblb ) Wil thispe XY uméﬁﬂionﬁgéa}:'s'ré%ggéﬂ%] ng . .
e ploagsm d. This

(underlined). This PCR fragnent was cloned in‘the circ

plasm d wi | | Nsbsqregneningéidis pard fapd monlcprometeisausing mapid amplifestionesfaPNaup B
(cps-1 ang (GRAen®® Ratgstrains. 20 Integration by double crossing-over in
the upstreamregion of tbpA wll direct the insertion of the porA pronoter
di rectly upstreamgd pidegpids 24 RAEE @am&m%@g- ota CONh A4 e N

meni ngitidis ser ogjr.p% %"pi_l gene by pronot et l}?%%@gé%e%{ﬁ%ﬁmg&smﬁne ai m of
t he experi merRIAGEY RiVeasys| kit Senernicdpiid gemerise by DNateareatmegi flowéd bt he pi | Q
gene by the IAGRS RNFRafnCPHENA | .q. Up-.regul at e the production of
the Pi 1Q ant isdg'en. or that’ gﬁrpo&?&grg%%gﬁr%{'@’r&&e"p gé’%ﬁef*ﬁe‘" F2sHY was
construct ed Pagiehfnamed pofA3)cExpertad chbiAhsido| 3197ireSRNA EINSvifi® By Qilkalirte? 2bp)

0 the pr Pvaross Ll s nef 5Pl aBEE o ot amed B kg 1) des
- strain ATCC ¥8¢9{rhe TRNA uSiNg Td RN A lipse.tExpectaimodtiocsizet 335 moAmphfididd® anti gen.

The pil Q geneyi g n ron we do, .not t tod urb ilins being

essential el (;%rfret% g%&’r ?%ée%b%ct e al'ﬁ%mm°ﬁ\3‘?f2h°§%‘ﬁﬁde§&3\b4bfl%§9350

t' CT/ EP00/ 07 4lificasions of the anelsordligited DNACLsiHgSE ERRPRridAORickEnee Benbo! | owi ng

t he same stratri%@ﬁadtgs&ri gec‘ f(or t ébg-r gu.l ation of the expression of the

pldA gene. FSI™Fh&tpor 35‘,“%“@545'{ Qﬂ‘g £'eRsk Privess (ped 920 whishifi ng to the

3' part ofo t listeppallid matﬂ'dag_mguﬂaeﬁsomtshg;é%&w produbeLigte Higs b'r?]?%g@@ﬁe and the
o)

392 first nucl egh‘i?des f pi 1? ene was PCR anplified 5°fr i sseria
serogroup B JEROHTACOBRIALTERFUS Cg@f?%%ﬂmwg‘) asFend pymerA@ip l-GAC3'@HC TGA ACG

ACG CGA AGC Gf ' = ) CAC GGT
2 2 A i 1, R B G 57

primer (expected products size can be calculated because pord transcription start site

is known: 59 nt before the "ATG" translation start site).
25

Experimental procedure

Total RNA was extracted from approximately 109 cells of Neisseria meningitidis
serogroup B cps- pord+ strain. Extraction of | ml of a liquid culture at appropriate optical
density (ODgpg = 1) was performed by the QIAGEN "RNAeasy” kit according to the

30 manufacturer’s instructions. Chromosomal DNA was removed by addition of 10U of RNase-

free DNase (Roche Diagnostics, Mannheim, Germany) to the 30 pl of eluted RNA and was

%



cont ai ni ng upt ake sequences and Nhel and Hindl |l restriction sites
(underlined). This PCR fragnent was directly cloned in a pGeniT vector
(Promega, 1)0 35;5hi s plasmd 10 was submtted to circle PCR nmutagenesis
(Jones & Wniotofer (1992)) in order to insert suitable reBFFEEPIFALE; t es
all owing cloning of a CR/ Por A pronoter cassette. The circle PCR was

per formed UsduB@led 23768 R SRR A GA T CI_ AAT GGA GTA ATC CTC TTC
TTA-3') & either Cl RC -PQ XHO &’gﬁé%%&ﬁb&é* Pyried Mk teGanARTAGES KATA TGA

TTA CCA AAGCCRIANEIRANSENRtoNS 3' ) or Ol RC2- PQ X (5' - OCG CTC GAG ATG AAT ACC
AAA CTG ACA AAARATEse Bapscridal | eotides. containing suitable restriction
sites Bgll 1ILSrUand Xholse ?ﬁ%&%ﬂo?l%g %n&m'gre Wﬂr%’nﬁrm PerAGamd 200l ofas
anplified fueERserira D@ rdluahonpase (Life Tekitholopie VA escribed, using
priners BADZg) 35' ; TCC COC GGG AGA TCT CZ&EI?AE&WEF {PACYSFe eerfPrReAdn OC- 37 )
and OV PORA. 3, solumscronginingsyl g 2 AMEP, AROCDHAA0ANRASATGSE, B0A | ARC ACC
C-3') cont SurdrRgrs Ul thalke t4d Gk i QN~SI t e 1U and Xhol (underlined).
This PCR fr_agman'é was_cl ongg(qjeoi?nist e ﬁéﬂabﬁgﬁ ﬁg%lﬁ’f Ik FOBbefarasemdbindrt h
primers Cl RePUUPEEBghnhiditet WHRCUE of RGIXRIDA. The Sorad! Aetd: 4,6 hddfgused. to
transf or m Nebgsgrd ,gmngguccr}gg Li des &Sé“oﬂr oup, B @cps-) and ?cps-, BEEA-)
strains. | Et egration’ by doubf& &P S F JHBvRr Cifer ltmie, 1056 tierdaning egisorc of pil O
will 25 difardonin) hefoienseSurmarof 1 Wagadued AR RaR Jectly upstream of the
pi 1 Q ATG  Apother cas‘gg%e was a&l 1 ed from t%cgi&bg'%{)pnﬁdt@"%/ﬁ%&)& Cfpe
reconbi nant- K& QURYS (YRigE (300e dors bmsinr BAG B ( eps and PECARr 1DRGS QTPB5+)
over - expr esstabilize RNADIEIHRRS sRYcrit. cenent. This cassette contains
the cnR gene, the por_;\ pror?otcer .%%ﬂd{ggglécglf’?se“sw&ﬂ OFfged: With e resersd | anki ng
seguence oF {SFHEPI5E SFEsRddiomame gragkion aFmegatiseqpnavice has been proven to be

ef ficaci ous for THPRNBOWsaEhNd ression of DI 5/ Omp85 in Neisseria
W arlaﬁr%%]g)&go&% I8 385 (G iheoridite ob k pt e si on of

meni ngi ti dggMalgaBi wll|l be tested for
ot her Nei sS85 20 K (Plpeied by pRi5rid 0§ 0.6 dNaDBF befdre incubafion R ¢4 %9%5%;1(%
PCT/ EPQO/ O4dibns @eilnkhigald d O PORA- D153 (5'- G35 CTC GAG
TGT CAG TTC CTT .GIG GIG Jege f “*E%ﬁ%?@ﬁ?ﬁﬁ@{ﬁl&@é@%@q BiFFiRifated by the
(under | i ne¥ff!uorRf S0 peref shyregsriRechndéoleriutn Btbchdmitdde Mabhkie!L cﬁ%@% as[yi d
obt ai ned Wbt MRLHITRY 2efble RS -PO-X. This plasm'd can be
used to tr nsi_grm Nei sseri asmiﬁg;ézpfaﬁ%sl'%% 8615 TEsugRepded)in 3hal qfcps-
p]?r A_-l)Qst _rI I'Ind" q%g‘f@m%iwbmbéé?tAgﬂm)’r&g- overti n ZBSb upst:eam re?ihon
of pi W i TERNALINGSel [ e, por r oot er p upstream e
pi 1Q ATG (ﬁxan;EI e 17; Cgr%?r%ﬁctt?%’r‘fﬂorfa a‘%%ﬁ%?f@%&%%%@&l’f@lqcmd anpltor oduci ng
"cl ean®, uMiEgRYclaqtide BTRY (seq t2bla below). fTive darallelEipafiglis twegd Sreianm e THE @i M
of t he exp®bm Atgret . er,sat | A cassette contdining a
sel ectabl e _m?ﬁﬁ%ﬂf or ‘ftﬁgeg{)hzéso;h%%Eﬁéér“éggﬁ%wgé%&?ﬁ%@ﬁhwmmmme
chr onmos onmeBigfhemigaisy <&t bl FESS, 1Qind ioflpishet eDNKARRTUERENL safiPd afq %%’p{ 25

a

sel ect abl ermARNKRE A0 : he_ _cassette fromthe chronobsone
r egombi nat i on % i e s‘é%%‘l’vgtéﬁ“e‘§9ls’ By ?ﬁssg {EP{PQS reactions was performed, omitting

¢ T4 RNA ligase. The resulting ligation-reaction mixtures were used directly without
25  purification in the subsequent PCR.

The anchor-ligated ¢cDNA was amplified using a.combination of hemi-nested and

hot-started PCR approaches to increase specificity and product yield. Four separate first-

round PCR were performed on the RT/ligase reaction and controls in a 30 ul volume, each

containing: 3 ul of 10X Taq Platinium buffer, 3ul of 25 mM MgClp, I pl of 10mM dNTP, 10

30 pmol of each primers and ! ul of corresponding RNA ligation reaction. The PCR were hot
started by the use of Taq Platinium (Life Technologies) DNA polymerase (2U added). The
first ligation-anchored PCR (LA-PCR) was performed using 10 pmol of bofh the anchor-
.spcciﬁc primer DT89 and the transcript-specific primer pl-2 (see table below) which is

y internal to the 3' end RT primer porA3. The PCR was performed using an initial 95°C fora §

min step (for DNA polymerase activation) followed by 10 cycles at 95

"

°C for 10 s and 70°C



15 any heterol ogous DNA introduced during honol ogous reconbination wll be
renmoved fromthe Neisseria chronosone. A DNA fragnent containing the neoR
gene and t N¥O 8HBSYene expressed under the control of its o ronot er was
obtained by restriction of the pIlB 279 plasmd (Blonfield | CCTHEYRH2Y,
Rest RF, Ei ngrnftﬁ{a(n Bl. (1991),. Mol Mcrobial 5:1447-57) 20 with BanRl
restriction enzYifEr¥HBE Pasderee per oyele}, 05 cpums afBeEy&ad fsraQ{Tk(p[jgsm d._ pQWK,
previously dmdihmdnesibiﬁﬁéﬁv%ﬁggdof t he pCVK was 3 &d -BY reigt Fhect i on
( with enzyrre‘? thjl and ECORV. Thits' Prgs Hneeribessama sontlip@hsing fhige:NsHg SacB
cassette was'f HE&I 2dpemal arimeerppeiteer ath ag PadrorpeS (hde Gt St e, compat i bl e
with BanH  remdSPCR5ARplifhin, N3t boLi ng the plasm c]g is unasl &t ulgf 6wt-i n t he
- presence_of 2% sucrose 1n CRe EHFS © g fiednusiog e QM(DQNH@AJI,H&C%&QHM ity
of the sacBPRRiRBeRIKit axenrding keasamuthe RO bARLRS o 598! %‘ﬁg@gi C_sequences
~allowing the insgy tﬁbm plhe cassette at the por%\' 40 fequanpipg.chr onosone
"of Neisseria nmeningitirdis ¢erSJrRRs Gcle Sraenribg kia (Beckinhus Fintd WB[.L Ot ai ned
on GC agar plauenss thedRAGE ACRGra09hithe Af pidd) d agg%ﬁi _ Unfortunat e19 © t he
sacB pronot gg}aﬁo\p@ q Dot functional in Nei BS2 & I hgFauenning remtomgrawd h
difference Was observerrsdh herrayided ipmactims amequenting prodictSWEL 956, . VO

01/ 09350 PCh: ERQIID0 DA2AAnLy ideYYseAIBElLE, YA const ructed contai rﬂ’ﬁ‘g‘}%e sacB
gene unger the control of the kanR pronot SHA circle PCR was per f or med

usi ng the s sty A ham Pharmaci a Bi otech, USA)) as a tenpl ate
with Cl RC- mg,v;c?g::é*f*ﬁr‘x AKGGIGGAGRAT ~GAT CGA GCA TC-3') &
Cl RC- Kan- Xbarib. 3 CFAMMACOUS AT RBE ATETGETCHA—H1G GTT G 3')
ol i gonuc| eldiFats | Soht APATRE TRGET CE0G TXRAIA GRS TTCtHon sites (underlined).
Thé resul t i1 PCR] it GEFERATTIECG DECTOATGEREE, - digestied with Ncol and
ligated toRlhe sacB GEREA4aNEC C . pl B279 plasmid with
SAC/ NCO' NEWS (5' - CAT GCC ATG GGA GGA TGAACGATSAAC ATC AAA AAG TTT GCA
10 A-3') ol 8160 et NS s v imbidlls Ao NGRL L [EStTiction site (underlined)
and a RBS (bold) & SAC/N - RUENTG G r ATT TGT TAA CTG TTA
ATT GIG 3') ol iThersued 60trhfier kR g N%Li}gm? Ncol restriction site

I C

(under | jsned),, The, recombi nant E. co Bifeesitigr seragrpens Beirdin Haule) 1

sensitivity on agarw?ﬁ 5‘?%‘?‘1(,53&?&19??% of 2B &ﬂiGrsQﬁtecodaﬁﬁsiﬁge 3 B
cassette cXAPepoodintomud jfeuli @ﬁmfﬁ%dmused to 15 tra%#gbgs?%%a%ei sseria
meni ngi t i d?§bl§§{?°o%rv%ﬁ@ cps- strain. PLERIFPERFdshycPimer exwesia hidvi ty

will be col xned rn f’rs%s‘éiFieh‘f’ (9. ﬂ'@NKsulpthwaldN‘@g.aéﬁ&gcot? .transform
the reconmbirrisstidésartRiocSasB WNat &84 8 thed OQQInﬁ(g .the entire tassetté inserted
in the chr g,pgp%%gg at,the por A Focus. I ear recoftipiader diingsemhg gaicl | be

obt ai ned on agar " BT&Te smedmsttigin amig pASbBUGT @8Rr bacterial species such as

ele

20 Haemophilus, Moraxella, Pseudomonas.
( Results for the Neisseria meningitidis porB promoter
The i
_ Same expenmental strategy has been applied for Neisserig meningitidis h
o N ..
. group B (strain H44/76) PporB transcription start site mapping. Primers listed in the table
elow ' 1
. correspond to 3' end RT primer (porB3), transcript-specific primer that is internal to
. .
porB3 (porB2) and internal to the porB2 (porBl). porB3, porB2 and porBl ar
respectively located 265 bp, 195 bp and 150 bp downstream the ATG start cod e
codon,
porB1 s GGTAGCGG'I'I‘GTAAC’I’I‘CAGTAAC’IT 3
porB2 5' GTCTTCTIGGCCTI TGAAGCCGATT 3'
porB3 5 GGAGTCAGTACCGGCGATAGATGCI‘ 3
- 30

Using pprBl and DT89 primers a ~200 b

p PCR ampij ;
performing 5’ plicon was obtained by

~ RACE mapping. Since porBl is located 150 bp from the porB ATG start

o4



20 Exanple 18: Use of small
reconbi nation in the chronosone of Neisseria nenin tidis.
gle{ﬁg(ﬁégonent is to use snmall reconbi nogeni ¢ sequences (43bp) to
Q " nodi fications or deletions in the chronos&&d/EN0/07424
Nei sseria. The 25 achievenent of this experinment will greatly facilitate
future wor koddmthis@EdiR aY gL bcl oni.ng, st eps .of honol ogous sequences
s@inoflY Batth 0o 3 Pﬁ"é‘%&%ﬁ*eé&@fw Fbautg@de i 30 t he
Afée kanR gene was PCR anplified fromplasnmd
pUCAK with ol i gafucheqt . Kap-Por A-5  (5' - GCC GTC TGA ACC CGT CAT TCC CGC
3 AT O S S oRiRs o nASRP T B OT T PRGANtIGTIY )
cont ai ni ng 44Rhpnedhbyr BNy sersietding. Mihe Sabotd ROKI RIS C )&Hﬁ% orA gene
%B%A%P TTCPRER CGG

honol ogous
aimof th
drive ins

in E. coli
PCR anpl i f i%Ph¥RSBHIp0f

GCA GEC GEG AAT CCA 30

(bol d) and . equenc under | i ned) & Kan-Por

oce AGcheé%‘#%\%h‘gi?@@%Bb‘%%fgl“ﬁgo‘eﬁaeﬂazme PIMBAAT COUEARAST A5 AGTHIGAR ACC
GAA CAG ACHNAGE s@ing ASS ekbrbssiddCla Neizeda ) mdn@ibhadi NI 40, 4300 honpl qgous to the
3" flankin ) e (F t%‘apn@aa%osﬂ% a‘Re%égﬁ%&‘ﬁaaé

(underline
(Promega, USA).
meni ngitid
obt ai ned o
from agou
P
protection of niTaeainmof thezexgervhtdt Wik @1 haguy

%%gh? s Ani mal s gvere i nmuni sg%a‘%ﬁ@gieghgl eSS (HPTPShIE oW h 5 gg

eedi ngs

prinmers

meningitid
of (the dif
wer e done

( st.ll1).and 35 (day 7 post 111), an
were chal | ggbgggtyozlngﬁéhf ggglﬂlé) élggmmﬁﬁfl'ef?r %h"é PUFRASE et EOTHOISE Tepdaceentx  LDSO

reconmbi nogeni ¢ sequences (43bp) to allow

(reconbi no enlg sequences of’
Lgﬂdf.

ggescpe%q_lﬁugc %HOf y por A gene (bol d)

This plasm d can be used to 5 transforma Neisseria

LS sero rpliPB cps-. strain. Reconbinant Neisseria wll be

f—"@%ﬂjﬂe n-rsakiation of theo df ghainkiadanyeddroud B e PR §ESU

g}&n&gggéllag&g&yer at the porA locus wll be screened by PCR
‘descri bed previously. 10 Exanple 19: Active

Nei sseri a.

B8RS 8 bde BrPnal £@H) Prammtetays ofder 1t @iekodfite 'iilc?

(-10' CFU plasrsis) wasoriserhiéted using & Was clomiy F8fBeolBs s TR s8Lbg 0

Ows in;ec

1

20 G oup3:

g d vver‘g: G oup 1: Cps-, Por | ebs
ép?—c?tc dpgtreanndiomy the B &/ompss codingpgene Way' Aiscoverdad disbs

Goups: Cpso:3yRaruds

: i qu 15 illustrates the pattern of these
OWs by anal yZed sd%“g%zgg“ &%egongésegidé%s?aéf PR & fpushsd geromit tIFAL he
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nucleotides -48 to —983 with respect to the DJ5/0Omp85 gene start codon (ATG) was
PCR amplified using oligonucleotidg_s ProD15-51X (5’-GGG CGA ATT CGC GGC
CGC CGT CAA CGG CAC ACC GTT G-3’) and ProD15-52 (5-GCT CTA GAG
CGG AAT GCG GTT TCA GAC G-3") containing EcoRI and Xbal restriction sites
(underlined) respectively. This fragment was submitted to restriction and inserted in
pUCI8 plasmid restricted with the same enzymes. The construct obtained was
submitted to in vitro mutagenesis using the Genome Priming system (using the
PGPS2 donor plasmid) commercialized by New England Biolabs (MA, USA). Clones
having inserted a mini-transposon  (derived from Tn7 and harboring a
chloramphenicol resistance gene) were selected. One clone containing a mini-
transposon insertion located in the D] 5/0Omp85 5’ flanking region, 401 bp
downstream from the EcoRI site was isolated and used for further studies. This
plasmid was submitted to circle PCR mutagenesis (Jones & Winistofer (1992),
Biotechniques12: 528-534) in order to (i) delete a repeated DNA sequence (Tn7R)

generated by the transposition process, (11) insert meningococcal uptake sequences
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al direction) were selected and used to transform a strain of Neisserig
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CCGTA 5
AAAAGGEDCOBTTUIBFBEEEF PTomOSA PASCF A0 BEES B AR AT SARAMAAATCRARGCTCAAGTC

AGAGG : i
. | resulting from a double crossing over event (PCR screening using oligonucleotides
Cam-05 (5’-GTA CTG CGA TGA GTG GCA GG-3") & proD15-52) were selected
on GC medium containing Spg/ml chloramphenicol and analyzed for D15/0mp85

expression. As represented in Figure 10, the production of DI5/Omp85 was

20  significantly increased in the total protein extracts of Nm strains resulting from
promoter replacement, when compared to parental strain (cps-). This result was also

- observed when analyzing outer-membrane blebs prepared from the same strains (see
Figure 17). These results are attributable to the replacement of the endogenous DJ5

promoter by the strong pord promoter. In addition, it was surprisingly found that

25 expression, where the porA promoter was introduced approximately 400 bp upstream
of the initiator codon, was approximately S0 times greater than when the promoter
was placed approximately 100 bp upstream. Altogether, these experiments support
that the promoter replacement strategy works and allows the up-regulation of the
synthesis of integral outer-membrane proteins in outer-membrane blebs.
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Certain geographically isolated human populations (such as Cuba) are infected

by a limited number of Neisseiria meningitidis isolates belonging largely to one or
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TGGCGAAACCOGACAGGACT ATAAAGATACCAGECG
TTCCCCCTGGAAGCT CCCT CGT GOGCTCTCCTGTTCCGACCCT

GCCGCTTACCGGATACCT GTCCGCCTTTCTCCCT TCGGGAAGCGT GGCGCT TTCTCATAGCT CACGCTI - TAGGT
ATCTCA '

GTTCAGTCT AP P ECT CCAAGCT GEGCT GT GT GCACGAA0 00 COCGT TCAGCESARH TAT
CCGGT

AACTATCGT CTTGRETCEAREDERBET prGhCARTAET TAKEBoRAE LGl SrACREACERFHAGACGATTAGC
AGAGC 10 . . . . . . - T

GAGGTATGTA N e CoR AR GHCT PRI E G351 G PRSs i Aaetexis i AP RdiAR (RBAGT ATTTGG
TATCT  GCGCT CROSHBAAGOGAT MG AR GRE B Ti3m RGN ARG GERRAAAC
CCACCGCTGGTA CAAGCAGCAGATTACGOGCAGAA

NNNNGGATCr GA CHPBPIST oQversBelomay interact with or stabilize some other outer

TGACGCT CAGT CahAEV TR Ol AR ek T HAGHT R MARRR TGII GACCTAGATC
TAAATTAAAAAT GRAGPF TAXAITREAIT GARGNBTINEAAT GAGTARATETGET GTGAGAGTEAGEAAT GCTTAA
TCAGT r 15 improved blebs,

GAGGCACCTATCTCAGCGATCT GTCTATTTOGT TCATCCATAGT TGCCT GACT CCCOGT CGTGTAGATAACTACG

ATACG For such a reason, it may be desirable to up-regulate the expression of
T A A B S Y e A S e o S o T TATCACGC

ACCAGCCAGDDCAABEIDRERGIGRAGAM TS AL TRATRIOBIA Ve ARGRAGT SEATTAATTG T
GCCGEG

%AWA@HM%AWVW*@MMWMTWWW:MC

C using the QIAGEN Genomic Tips 100-G kit. 10 f thi terial inear '
GTOGTTTGGTATGGCTTCAT TCAGCTOCGGT TOBCAACCAT CAACCGAGT TACRY KP4 arTaracaa
AAAAG 20 and used to transform Neisseria meningitidis serogroup B cps- following a classical
COT T ACCT CCT TR RaHIGR e T AGRAHAGT LR Belincl on SR TSACT A COTTATERC
CATAATTCT T T ARCTRINIEI R AT cimrmpBATes: =CTGTGACT GGTGACTACTCAACCAA=CATTCTGAGAA
TA Int

egratio lting fr 1 ing-
GTGTATGOGGEOGACCGAGT THeT CH GO S AR iR R AT ARSI e R A A B RBAACT TTAAA
AGTGC ‘were screened by PCR as described previously. As homologous recombinations can

TOAT CATT CEANAR T e LG TR Rk A e P LROQRETST TG AT STy COATGTAAC

C' - TGCACCCAACPEIRJICTT GACRTAT Off e Hoet Iac@ABCGASTESShBind(tGi AT ANAPAGOECAAGCCAAAA
AAAAAAGGGAAT ARGk A R R N A P S B P E A R R FTeAT - HE ARRTATY ATIEAAGCATTTA
TCAGG PpA2 ('5- GGC ATA GCT GAT GCG TGG AAC TGC -3’ ) were used in a PCR
GTTATTGT CTCATGAGHOGATACAT ATTTGAATGTATTT AGAAAAAT AAACAAAT AGGEG=CCEOGCACATTTO0
0CCA S g experiment. The amplitication of an 1170bp fragment confirms the presence

GT GCCACCT GAGHSTHoT A SéndAdMEEA E B Thént GATGEAGAT TAACCTATAAAAATAGCECGT: . TCACGAGED0
OTETCG : . .
TCTCOCGCGTTTCRGT GAFESRRRizeRt bapteriactepreseprdineACERe FACBRAEATEET GAGAGCT TGTCTGT
AAGCGG 25  suspended in 50 ul of PAGE-SDS buffer, fr -20° i ° i
ATGOOGGGAGCAGACAAGCOOGT CACHEOERT CAGE B N - A e B A e S CT AT GCGG
CATCA 30 and then separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels can then be
CACCACATT GT AGHGHAFE S0 G BN TR GRS T TR LA RO TAMATTPI T
CAGCTCATI TTTTRACORA ABEOREA AN TTRGOAARATCOATARATRNNAST Gith AAGPTAGIREESGAGATAGGCT
TGAGTG . . .

b

TTGITCCAGT TCRRAERREIRA arsibofx TAnaRAS RAPYSF RS e RieetsTrepared Brsmr i pRISACOGT CTATC
AGGGC 30 strains can aiso be performed.
GATGGCCCACTACGT GAACCATCACCCAAATCAAGTI Zi TTTGEGGTCGAGGTO00GTAAAGCACTAAATCGGAA
CCCTAA AGGGAGCCCCCGATI TAGAGCT TGACGGGGAAAGCCGGCGAACGTGG CGAAAGT . AGCGG 35
GCGCTAGGGCGCT GGCAAGT GTAGCGGT CACGCT GCGCGTAACCACCACACCCGCCGCGCTTAAT GCGCCGCTAC
AGGGC
GOGTACTATGGTTGCTTTGACGT AT GCGGT GTGAAAT ABRGCACAGAT GOGT AAGGAGAAAATACCGCAT CAGEC
GCCAT
TCGCCATTCAGGCTGCGCAAC! Yr r GGGAAGGGCGAT CGGT GCGEGCCT CTTCGCTATTACGCCAGCTGGCGAAA
GG, GG
ATGTGCTGCAAGGCGATTAACK : GG, GTAACGCCAGGGTT =CCCAGTCACGACGT TCTAAAACGACGGCCAGTGC
CAAGC
TTGCCGTCTGAATACATCCCGTCATTCCT CaAAAACAGAAAACCAAAAT CAGAAACCTAAAATCCCGTCATTCCC
GCGCA 40
GGCGGGAATCCAGTCCGITCAG ' | TCGGTCATI TCCGATAAATTCCTGCTGCTTTTCATTTCTAGATTCCCACT
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GTGTCTCAAAATCTCTGATGT TACATTGCACAAGATAAAAATATAT CATCATGAACAATAAAACTGTCTGCTTAC
ATAAA

CAGTAATACRARRI23 AT GAGCCATAT TCAACGGGAAACGT CT TGCTCGAGGCCGCGAT PAAEPTREAMCAT GGA
TG ~6 WO 01/09350 PCT/ EP0O0/ 07424

CTGATTTATAT AAAT m_pm TCAGGTGCGACAATCTATCGATTGTATGGGA
AGCCC GAT%GI BT rotein antigen in a recombinant Neisseiria

AQAA G
t onaCIﬂ;ps genes but expressing PorA.

MATCCGTACT CCT GA FBAHSTEAPaL abACT CACCAGTE@ohntres, the ;
TccccmA%%%ngg%ggmAﬂAwmATATCCTGATTCAqﬁrGCi?&’Kiﬁ{TPr‘ZE‘?‘T&f&EGCTGGCAG

TG C 5 ¢ advantageous, and can strengthen the vaccine efficacy of

CTCCGCCEGT Tedomblitdat ihpfdved biSatAMY Hel %ﬁl’ TTTAACAGCGATCGCGTATTTCGT TCAGGECG

creco owing example, we have used a modified
ﬁAchAmT M@?Agﬁw?gﬁf@wmm%dv&&m AT TS LGRS CTCTEA
TOCATTCT R AEA PSSR SPE AT PO RO AT eAgIT ATRT

¥ tor
CAGGGGAAAT s TT GICGGAA GACCGATACCA! Cl TGCCATCCTA
3 TSR AT ﬁwm%er tepresseg In £. coli host expressing lac/q but

3 CRERNNIC e, ;
g@?mﬁﬁmwmﬂm REREARANATLGRRRT TR ST CATATGAA
TGCAGT%‘ CA‘PW@G‘HS?EMmwTMHMTEmIV@Wﬁ%GAGCATTA
CCCTG . coding for Hsf i ;
A TGACGGGA)CGC%C{SrCTI A CAATAARRUARA p5iRg: Fesa BISFGAA T REARBRENRGTTCOOGAC
AAC. oligonucleotide primers, presented in the table below. B
GCAGACCGTT%TWGCAAAAGTTCAAAATCACCAACTe&WrCCeK&’t‘FA’%%%ﬁé&TCAACCGT
-IVdel primer the Hsf protein expressed will contain two methionine residues
CCTCACTTTCIGECE Gl TT ARSI GSTAT CAGCAACACCTTCr TCACGAGGCAGACC
TOAGE Cit T AL GOl u-l:s% or ampTx 1c2(1%1]-on were those described by the
GCOCCCtTCCsmpl : AGHAACAGAR
Coo0CotE WWETWME@E@J% ETITC cycllngTAAGCTAT
TATATCAAAAT AT RE TR P T A AR A KB T R8T I AT CACATHIR ) GRI CRAAGAATCCTTTTTT
GCGGEG 10min., 4°C up to recovery). Th i ; .
GG ~GGGC , CTATAATT GRAGACET AT CoaST T R R AR R8s B AR b PTG BT GT T T T TA
GGTI TrmA the corresponding restrictica sites of pCMK(+) deliver1Y vector. In q]}& ]
TCAAATTTA%MW%MK X GGOCTATTAATATTCCGRAGT AT A B R ECT AACGTT

I we deleted the JacO present in the chimeric

OO AR T GRAGAAE BTt S A T aREAAT B eGSR TEATA L AT REOSAGATCTGATTAA

GAAAAT ACCABE BT CraA ATNF CROBIBRGH PERTZATIR) BTsEh i CAMMCRAGTGOGCCATCGTGTCT

GGCGC 20 -
TTGGCT GAAACGCAR T REEEREA TN A B AR AT G A AR P T RBEDCOE E OB IRCRATFRCACAAAT T
ERHIacAATEI GACT000A -

CTAA resistance gene and the pord t i 0 » ;

TATCGGEG0GGE, TGAAGRGCAT AT G TS e Qlerurisatids pemesred:
RRGersraenGdA TOANCERAAHNAAL :

ATCTGC TT dAnsbOBbIEmA SSEHIATRACHEE sequence just

CAGCAA&TAC‘%&%E TLTTCAGACG
GTATTTCGCA %@ﬁi‘? BN CATATAGT GAGACCT TGGCAAAAATAGT CTGTTAACGAAATTTGACG

CATAA AAAT TIhEAANET SEETAMACT TQGTAATATPGACCAAAMAGTACGAAA
nTc, AAAAGT TTW b Yhe Shbnl! O sequence Irom the por4 gene, the hsf

T1 1 1 GAANATRSABATI (e AGEA PAN b TIDACTIAAETA BREbATI AR SRAATT L AT TOCCACG
CAGGCG _ an
%AATUA@%%&HMT&WWMMWWMMM@A&TWTMTW

CATAG sequence just downstream of t )
CTGTTTB%CTGTf%TGAAAT;gTAT&G@T(B&dK%?W&EMC&%&KMAWMTGMAm
TCEEG OL Iragment 2 have 48 bases overlapping. 500ng of each PCR 2

TGCCT. AAT&G%WCT CACATTAATTGCGT TGCGC'Ig CACI GCCCGCS]l I aF&CA(‘fF Eﬂﬂ/&%CCT GICGIG
CCAGC T ACER e R RS RBEAGAEBRACT T GOGTATIIGeRI5GIRE SEQ | D

Wi
NO: 2 Nucl esmbélggeSigHsen JMNA Eegi on (997 b p-stream fromthe NspA
gene in the Nei ss?rsi a?%eﬁgi(chgi tltrl;dél?gl vé"g}? g@‘%ﬂ'ﬁo’;?"it%imockﬁﬁtmlasmid

GGAACCGAACACGCCGT TCGGT CATACGCCGCCGAAART TTGCCGCAAGACGAAGCCGCCCTCGACATCGAAGA
CCCGG 35

TACACGGECGECGCT GGAAAGCECEEG 1 r =CCACTACGAAACAT CGECT TTTGCGAAACCAGCCAT GCAGT GCCGC
CAC




AALITTGAACTACTGECAGT TOOOCGATTAT TTAGGECAT AGGCGCGEGECECGECACGECAAAATT TCCTATCCCGAC

CGCAT
CC%BWACCCCAACGACT ACCTCGCCT TAATCIIAAAACCGAW CGA
ACGCA

AAACCGT CGCCGCCGAAGATTTGCCGT TCGAAT TCAT GATGAACGCCCT GCGCCT GACCGACGGECGT ACCCACCG

CGATG

Tf GCAGGAGCGCACGGGCGTACCGAGT GCCAAAAT CAT GGCGCAAAT CGAAACGGECAAGGCAAAAAGGCCTGCTG

GAAAC 40

CGACCCCGCCGT, ,eﬂ' CCGAfQAaAA CCCTTGITTr TAAACGATTTC, CTGCAGIGITr r r TATAGT
-tist was punified at a large scale using the QLAGEN maxiprep kit and 2 Hg

GGATTr A GCACCAAGTGAA
Amm%mmmmmwgemngm zs%%%% strain e

TCGGT
;AccT:%ACTATd@mmfgmmmWGWTJI%WTAAWA%EMWMCA

by a combination of PCR and Western blot scree
GCCGCCGCCGGAAAT GTCCEA

SR R RIRR IR e AT XE R AR T AT GOC

GCGT TTCAGACGGCACA!
clones testing positive by por4-specific PCR and western blot were stored at ~70°C as

TGCAC 45
CTGCAACAAT
CACCA WO 0

| D NO 3 ucbentrialovese quanspended iDNALL 68 FAGE EPR0mER), frb‘}en?
itidis serogro
y PAGE-SDS electrophoresis on a 12 5

AT T GCCEoR R RS TESioA M B PR CAGANATAGHAT COGT Sactena et CWOREAGATT

D15/ Omp85
ATC013090

CAG

o630 RE E B A Y

17709350

t he
1mes al

?l 0%68) thrert]s t
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i sseria menin
nd then were separated

b

TTCACCCATCCGCCGCGT GATGCCGC

mpAceset FetcG SEQ

E&@%g‘/fbr A the

CGCGCAAACCGRRUNFEEROT Mo IR BB BAABACH SR AR BEET TEASREATIACGCOOGCAA

ACCGT

COGCACCAT CAS B3 SRR iSRRRS i S AR TR iR /o AR (RGBS PAGATCBBACT GATGCC

CTTTA 15 endogenous Hsf level) (See in e 13). This I
ARATCACAACOGTTCOGET GOOGT CAARAA GRS TSR ARRETRIS St ihs Aedifisdoccacacac
TGACT 10 *+)-Hst vector is functional and can be used successfully to up-regulate the

(X)C(X)CGACGEMQG@A&E‘TW %%%I%A%xshMamn of the

ACCCT

TC

GAACT ACGAACTIIOO B arAn Oy e S T DB RAGAECGCCCCGAT ACT GT CGAACAGCCCGACCACACCCT

GATCG

GGCGCGT CGECCT CCGT CCGCAGCCGGACAGEECGT GGGACGCGCAAAT CCECCECAGCTACCGT CCGTCTGI TA

TCCGC 20  Oligonucleotides used in this work

GCATTCGGCA CAAAAAACCGTTTOOCACT OGT GGACAACCCT CAAAT =CGGCAAACT AAT CAGOGEC
AA tgonucleotides Sequence Remark(s)
X;u;clgcsmwnm BIOCEEESTERITITF T grEITE s e aneH TGCA
ATTTGGAATTIL T TGGCACT GGT CAGC AT AR L 8 CGT GCT GAACCT GO GCCCGT CCCCGT T TT GGACGGECG
GCCAC Hsf 02-Nhe 5'-GTA GCT AGC TAG CTT ACC ACT | Nkel cloning site

CTOGTG =ATACTGOCGAAT GRAT AGESIIGAGACEL §+ r GGGCGAACGCGT SCAAAACAT CGGTTTHECGCTTCGG
TGOCCTCAT A G AT AT GCEoACT e A F A A A G T A e ST t0eme TTAGAT TTTACGTT
TCGGAA  TAOCGTCTGAAACCGCATROOGEAGEACAABEANCTGACA 20| SE nbgeglmeg Nicl eot i de
sequence OfGHpNS: Teurom— {1888k Iﬁgg-f_ugmfhn Hs ke gene_|from

Nei sseria rreniwr?egi irdis 5 GACPATATCTR AT TTG TAG | Spel clomngsnte
ATTCCCGCGUAGGCGGGAAT CCAGAMMSTMIIGMTCCEIGG- aATTTATCS s nr + CTCACCGC
CGICATTC RP{ (Sacll) 5'- TCC CCG CGG GCC GTC TG i i
COGCAAAAGOGGGAAT CTAGAAACAGAA GCACT T TAT CACANANARE IR S8 5 CACAEOCGTCATT
CCCGC 25 GTC-3

AAAAGCCCCANRFECAGACCOGT OGG CCTAGAT
TCCCG ATTTGH

CTTTOGOGGRAATGACGAGATTTT GATE%A(?.%AS\%?S&&&&&&@TTGAATCCATAGAAMACCACAGGA
ATCTA .

TCAGAAAAAACAGAAACTCCCATCEOGT CA T TOU U oA G aGAATEEACAAACACANSSSSACAGGACTTT

ATCGG

bY
AAAAAACCGAAACCCCACCGACCGT CATTCCCGCAAAAGT TGGAAT CCAAAAACGCAACGCAACAGGAATTTATC

GGAAA

AAACAGAAACCCCCACCGCGT CAT TCCCGCGCAGECGEGAAT CCAGAAACACAACGCCAACAGGAATTTATCGGAA

AAAAC 30

AGAAACCCCACCGACCGT CAT TCCCGCAAAAGCGGEGAAT CCAGCAACCGAAAAACCACAGGAATCTATCAGCAAA

AACAG

A A A

P . e —
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ACCCCACCGACCGT CATTCCCGCAAAAGCT GGAAT CCAAAAACGCAACGCAACAGGAATTTATCGGAAAAAACAG
AAACC
CCACCGCCGT G0 DOOELCAAAAGCGGEGAAT CCAGACCCGT CAGCACCGAAACT TACCGGATAAAACAGT TTCCT

TAGAT , PCT/EP00/07424
TCCACGTCCCAG R;;n CCGCCTT T GACGAGATTTTAAGT TGGGGGAAT TTATCAGAAAACCCCCAAC
CCCCA 35 3-AGA CGT ATC GGG TGT TTG CcC

A SEQ ID NO 5 Nucl eotide SRR  bp ) up-streamffrom

ANAACOGEE0GEAT GOCCCACAT CORRRIGMEERRAT TT AACLATT CAARCAMACCAMMGAANIAACAA
sequence 0
the Pi 1Q gepe from Neissef®d%ni ngitidis 40

GOGATGTCGGGARRIGRIN CTCCOGAA ATCACCCAAT CTCOGGAAAACGGCG
- C AGA | 4pal cloning o
- GCAAT P ing site
CATGA AGCAGCAT CCTGAALEF B ASFA S A F B ACCACCT A GCAAAATCCGTAGAAGAGCTT
GCCGC

AGAAGCGGECACAAAAT GCCGAGCAAAAATAACT TACGT TAGGGAAACCATGAAACACTATGCCTTACTCATCAGC
TTTCT

GGCTCT CT COCUREBTHIEACAB sk o OO QTR 7 H, COCACAAACGCGACCOEAAGCCAAACC
AGAAA o T —Toteln In a recombinant Neisseria
TCATACCT T T A AR S ey B ST GG A A A AR AR A G TACAGEGCCGAACGCAT
TCGAC 455 . A I8 LOA,

TTCOG00GRAT GaanACHEACRARKAR GAmRle At BB OGO BEA AT AT AMAGHAAGGTTECAAAAA
TTCAG a cytoplasmic heterologous protein ; S SEr o il
TTTGGAAAATA¥,9§§ETV@TGTCCI;§2_ICQ ﬁTT%@&@M@ﬂW@@WW@TA
TGICT as amplifled from the pKen-Gfpmut2 plasmid wi i

ACACT GTOGGT GRS RARFPATL TGS CTACGGT AGAAT CEAME AT RRER R ASIRAT CGTOC
TGAAC pe {S¢e table in Example 11). Asnl gives cohesive ends compati
GA&TGATAGAAGA@MAW&QB@E@%W CCTGTTGAAT TOTTRER CAAAAAC

ACCGA AgAA GCACCTGCCGCAGAA faErecadites WEQforl D NO 6
WO 01/ 09 50%W9mmre Moeseeddstriiseds Bl YR SEplfer @gﬁgirﬁgi[xogol 1000 bp)
S

up-stream fB%QBW?f I Nei sseria meningitidi erase,
GTGCOGCAAAAAACA et GMiDE T CEGBETAIRHANAAT GAGCATAGST TECCA
CGCGC Imin, 48°C Imin., 72°C 3min.) an . o 1A o

GOCTTGEG0GT T TTCOCACACAAAGECT T G AT AR R T P A IR TR TSR AT CAEGCCCACG

5 corresponding amplicon was subsequently cloned in the pC + 1
CCGOC , ORTTGGAACGTTATOCCACAPARARC s ARt PEAMAACAG
GOGCOCCEGT (Mgl U CE o “%ze restriction enzymes. In this recombinant plasmi

GEAAARSBOST
ATTATA mmqsymm%ﬁ?ﬁ%?&?@%%ﬁﬂ e chimeric porZ/ngrO ATAAT

OGOCTGACCT AR R RABL AT ingmn RN ARCAGA TAGGRNRESTEER A AR T GCTEC

CTGIT template to PCR amp]i

CCATCOOGCAAAAACCEOCAT e ARemT T CAAAAACAT CGGOGGCGAT TTTCAACGOGC
CATAG -ragment 1 contained the pord 5’ . . )

AGAAAGOGCGANMAT CA CGCACAGGACAAGGECSRRIBS8T T cegian ChETIBREARBT COCOGGA
GCTTG 10 Ce gene and the porA promoter. Oligonucleotide rimers -
TOGAGCABAT PR ATATAGTECAAATAATCATA IleoNRIcee cil Caiceecsecs

). 1 primer 1s homologous to the se uence jus
GACT T GGOGCARTIRGATEAOAT HA G ECAACGOOGCAGACOGCATTAT GGCAAT GCOGGAAAARTAACAAGDC

GICCG
GCACGAAACCATACCHERRISA 2 A0 EIDT HEANCACRIGREORGRAR GEGRAGSRT T TCAGOGTCATCCTGAT
ACTGC ) - GE@I » g/gpécncan the

pord 3’ recom

TTTTTWUTM@A?WWMWWIW GGTTECCT

TG are presented in the table in example 1] l i ’

GGTGCT CG}{ngTGGAAGAAGCCGAGACCAAPGGCAAm PR R POAIRATT AGBECETGEET CATATCOG
Ownstream of the /ac operator.

AC&CGAACC&ACA@W% \AGOGGAAGCCBOGOCCT CCCAAACAAACCCG V
TCOOG TCAGATQA T E’E@.“ef‘b NERY thiicT enst iofefragamuemc @apd 4N, L.egi On
(924 bp) upvesiapmagn 00agof BELNSER (9 m. 20 NNei sseria neningitidis
(serogroup B) (ATCCL3090) (VRE 2) WA w2 52 ol ik reaction using
GGAACCGAACACGOCGT TOGGT CATACGOCGCOGAAAGGT TTGOCGCAAGACGAAGCCGCCCT CGACAT CGAAGA
CGOGG 3



TACACGGECGECECTGCGAAGGCECEGEGTTTTGTCCACTACGAAACATCGGECTTTTGCGAAACCAGCCATGCAGT GCC
GCCAC '

AATTTGAA CIT GITCGGECGATTATTTAGGCAT AGGCGECGEECECTCACGECAAAATTTCCTATCCCGAC
CGCAT 01709350 PCT/EP00/07424
CGAGCGCACCGTI CCGCCECCGCCACCCCAACGACTACCT CGCCTTAATGCAAAGCCAACCAGT GAAGCCGTCGA
ACGCA 25
AAACCGTT

GATGT Neisseiria meningitidis serogroup B i i : N - “
T GCAGGAGCGCACGEGCGT ACCGAGT ORAL T ArCRIHACRS Rnrtienad sps 2308 GGCAAAAAGGOCTGCTG

GAAACC Transformation with linear DNA is less efficient th ith ¢i ;
GACCCCGCCGB%I’ AI' WCCG%AAAA&EACGCT TGT TTTTAAACGAT%DI'(‘f‘fdﬁ1 &&WATAGT GG
ATTAA all the recombinants obtained performed a double crossing-over Sconﬁrmed
CAAAAACCAGR A otabidattd GFCPERA WGA CGATTCTCTAAGGTGCT GCACCAAGTGAAT
CGGTT f‘ - L i %‘él’ €SteTn "dblot screening procedures). Kanamycin
g_CI_ZgTG AC;' STTTIB@'EMT APeICESEGTareE ST 431, S BT hd b Q};E%JGC%@%I r'&lzélrﬁﬁ}%gecAAACAA

COGO0GOC0CAR M R TSR BI R CEEBPUOSIAAARTT ECTWEAT CEAERRIRAARCRAGRQRCATCCOCC

GOGTTT CAGACREA A S o AR A S TH AR S A A AT AMDACHRAAEBET ATGOCTG
CACCT  GCARGAARCCGAGB B EIgHoHsISGMMESS] LTIIGCA  SEQ 1D NO 8 35

Nucl eo 4 de sequgnhce of DNA- reF%i on (1000 bp) "up-stream fromthe FrpB gene
from sseri a PHRgseioniof GFdewesgexaopngs) in Whole-cell bacterial lysates C

AA WTMWWT@W@CC@MU G&AC&I’ &%&TTCCCGCI’
TT AGCGATTTCTCTAA I ps-, PorA-, GFP+). Coomassie staining

AAAGT GAAT GREBETHEORASTHEEE AT TIIGTRE HGI&aE €seeon gﬁ;{ TGITGCCT. .40

GATTTCTGI ICbeJ [T TTATTCCCGATAAATTACCGCCGITT %MWWCATTCC
CCOGC (see figure 14).

AGGCGCGAATCTAGITTTTTTGAGI TCCAGT TGT TTCTGATAAATTCTTGCAGCT TTGAGT TCCTAGATTCCCAC

T -

(

TTTCG

TGGGAATFGAdR GCGT TTJ ACCCGATAA
ATGCC  AGACCT TAC

TAGAATTCT AGATEL GGGAATGACGAA 45

[TTTAGGTTTCTGI Fee]! I [TTTAAGTTTTAGGAAT' | TATCGGAAA
AAACAG The &H@?@%Em%m@e € endogenous promoter region of

%CE&TCMGWAMwamHW%&E@%Ho%%@ f TGTTAATC

TATT AR RESC T T AP O ot T ARlA oA CAGTTGERAMATAMMACCATAATC
ACCTT 20 ing E. coli cloni . _ .
TOCAAAATCOOBEOCEOCT S8, R odologies vk INA PR BIRR-{RA4EPA OB RtEE CPITERICR BBCAAATCTTA

ACGGT  TTHSNYPHACTIGOETE QAT AGACTEANTEREASRAT Fi§An 2R ﬁ . Ak%elxgtgﬁwcl eoti de
rp

sequence regi on .(1000. bp) .up-streamfromth ene®138m
Nei'sser i a%%r%i%ﬁ t%&?aém%%e}"bf{:ﬁ‘ f Bfnomic DNA sequences of the Neisserig

CTATAAAGAFEEMAMTANOAAT PO E AL LTS Tog micleotide AR
) ATeeTHe In % covering nucieotides -115

CCGCAAAAA TR AR TRDTaT T ARG A T T TGCTATCCATTA
GOCAT PO¥ SdehACATEYhal TPOR AN SRR S

GTT oG AR AB IR s R 5 S P PrEBAA TR SO ATI COETEAA TEIATAT GATTATTTAA

AATAA and PNS2 (5’-CGT CTA GAC

ATAAAAGTATTTAACT ATTAT TACE AT T T A R AR AT R R G B ECERE T-ANATBAGAAACAATAGT GA
GAAAG LcoRI and Xbal restriction sites (underlined) respectively.
GAAATATTT%%‘&%GCACAGAGCATATTTTA&BTAC{:CIPGTAA&&F&%&W@%TGAAG

ar 60 restriction with £coRI and Xbal and inserted in pUC18. This plasmid -
CTTA T TGCATCCCAT GCAATTGAT&IAATCACGGCAGT C’
CTACTCCCGA@% Aeh b ECTGT LRIGT GRERA %gencsxs ones & Winistofer (1992),

GLYVVE ( AGRRTIREAAAALISETAT] -
Eﬁﬁl BrotehaEreaRA pﬁT}E}IJ%@ﬁﬁf%‘EM% C %%TTTTT@T

GCTGCAT CARGLET TP AT IBA G CRIERA TART AT ARGT 1T6ng TeIdEAT LETACAAGCTATT

TATA CmR/PorA promot : .

T ATGATTGCT AMAGT T AT T AR LR A RAR AR TREF AT A MM BAT ATT GTTTATATGTCTTTA
TTTGA

ATATATCTTACGAT GGGGAAAT ATTTATATATTTTAT AT AAATTTTACT CATTTGCT AATATGTCATGGAATAT
TACTT 65
GTATTTTGTAGAATTTTTCCATATGAAAATATTCCATTTACTATTTTTCTGAACT TTATTAGT TTATTTTTAATA
TTTTT




T 1 WD 01/ 09350 PCT/ EPOO/ 07424
ACCTCTTATATTTACCATAAGAGAGCTAATTGATTCATATTATATTGAGTCGATAATTAATTTATTCTTAATTTT
AATTC CTCACGITATTTTTTTAATTTACTTGAAAGGAAAGCAGAT SEQ 1D NO 10 5 Nucl eoti de
sequence of DNA region (1000 bp) up-streamfromthe FrpC gene from

Nei sseria nmHgr¥SPdi s (serogroup B) PCT/EP00/07424
GGAAACAGAGAAAAAAGT TTCTCTTCTATCTTGGATAAATATATTTACCCTCAGT TTAGT TAAGTATTGGAATTT
ATACC BADO1-2

TAAGTAGT AAAACT TAGTARAT T RITFE R ARG ST GEMAET AT S A A M EBITARACT AATTTC

TAGC C-3") & BAD02-2 (5’-GGC GCC CGG GCT CGA GTT CAG ACG GCG CGC

TTGAAATTATGA T T WTTTGTTATTM@GTTTTAUAT@
CCTCA 10 Gﬁﬁoﬂﬁ“ 8@;@ CE]}AC% -E ) oth%'rA)\u cotides containing uptake sequences and

TGT GAACCT GT GAMTBRASATALGA GAT AN MNICHET AN AR CAGHRT AAAGAAGARAGTAGT TTCAAC

AATCC
CGAGCCAAT CACASR e AN digostsdcitha et eI TAGBEIAQCARARTGET IdIEROCT ATGGCTA

TCTTG from the pUC D15/Omp85 plasmid
CACGGT ATACGCAAGACAAT GOCACARAAT i RrEreusy deseribed, using PRIRATS. ~11 ACTCCATTAATTTGA

TAGAG BAD 15-2 (5'-GGC GCC CGG GCT CGA GTC TAG ACA TCG GGC AAA CAC
ATTAGCGTCTAT AGMAMAT TP AAGRET AR et
AT SEELI & ATLC

ATTTCTACGCGAJSET T4 BGATAST I SBACGATAT CGRTATE S HNARGATHIRGR S TARET IHAGT ACGACTAT
GGGAG 15

W@TTMTA&?AMWMW%WMWMTW@C

ATAT and inserted in the circle PCR plasmid restricted with the corresponding e es. 10
GAAAATCCATATTT'ECATGAATTTT CTATATTAAAAAAGGAGAAAA C&EGC(%A ATTACTCATCGGAAT
AATCG Hg of the”recombinant plasmid were linearized and used to transform a strain of

AATA? ACCAAACTNGAAGAAGATATHIT SEABRAD BT AGERT SO AT AR AT ZGAGSGT ACAGTATTA

TTATTWA&M%@MRW@RMWWA@WTT&TA@@
GITTT  GTSAAGHAH %&MM ARGERAT

Nucl eoti de se uegce of i oargﬂ-( 1000 gggﬁﬁlgrég?ng‘?négf Screemf‘ﬁ&“@rp% gene
from Nei sser i*A8RREoHsies PéPSZS((g e‘?é&r%A@F @8T CGA ACG C-3") & BADOS (5'-

ACGT COGAA COGCTHTA R e CaG IR T A G P T FRCRATATACT TROATTG
CGCGT TAAT CGaCH# b chirrampbeivat amd. Acty@d ST N IIEA A GTIH L RECAABEHEBEAMGECEECCOGEC
GGACA

CAT COTEERAding. ko, sbout 5 10! bacteria), Wete A5 HSPeaded i el PASBARSGCT GOGGAAA

ACGTA 20 buffer, frozen (-20°C) / boiled (100°C) three times and then were separated by PAGE-

CCAATGAGGTAAAGAT WTM TGCCTTTT TGGTGCTGOGCGAT TGTGECCGCC
ACCAA mc%ﬁ%%g Y5Ee kR Sained-py-cpomestia Bl GACCCA
GCTGACGCGGCCENE B2 oB3Gansferred to a nitrocellulose membrane and probed either with an anti

AEZAATAA%AT"FS%S@&%%C&I%;‘%% 'll'gCT tl'l'_QTGT TGTGATATGTTAAAAAATGI TGTATTTTAAAAGA

SpA polyclonal antibody (figure 17). As for

gTAEgTCTGTGTmBITﬁMTTHﬁmgGB&MM%ﬂa&é:@&%ﬂ the brb ot Gfgrdrhatt] CCCEGACAGGE

CTTTATmﬁceé%h&ﬁkﬁé&%?%fﬂﬁmmmmmmmmﬁwaﬁmc

. TTCC approximately 100 bp upstream.
GAAACGCAGCCT GI TTTCCA AT T TGGAAACAAAATACCT TAAAACAAGCAGATACATTTCCGGECGEECC
- ~- AAC The same recombinant pUC plasmid can be used to up-regulate the expression

T O A A AT AR A I e A E R e B A A A AT AAACAGOCGT Tr - GA

AA1CCT 35
GTCCGAACAGT GPrysGH ATImessing POTPGCCACACCGAT GCp CGACACCCGT ACCAT GAT GAT CAAACCGACCGCC
CTGCT CCTGCCGECTTTATTTTTCTTTCCGCACGCATACGCGCCT SEQ 1D NO 12 Nucl eoti de
sequence of DNA region (772 bp ) up-streamfromthe PilQ gene from 40
Nei sseria neningitidis (serogroup B) (ATCCL3090)
GCGATGT CGGGAAGCCT TCTCCCGAAT CATTACCCCT TGAGT CGCTGAAAAT CGCCCAAT CTCCCGAAAACGECG
GCAAT

¢t




CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGAGCTT
GCCGC

AGAAGCGGCACAAAAT GCCGAGCAAAAATAACT TACGT TAGGGAAACCATGAAACACTATGCCTTACTCATCAGC
TTTCT WO 01/09350 PCT/EP00/07424
GCECTCTCTCCGCGTIGT TCCCAAGGT TCTGAGGACCTAAACGAAT GGATGGCACAAACGCGACGCGAAGCCAAAGC
AGAAA 45

TCATACCTTTCCAAGCACCTACCCTGCCGGET TECECCGGTATACAGCCCGCCECAGCT TACAGGECCGAACGCAT

TCGAC Example 14: Up-regulation of the N._me
TTCCGCCGCATGCGAAACTEA AAA ATAMAEN AT GAAAAAT
TCAG promoter replacement.

TTTGGAAAATATCIIG(lij. ATGTOGCCATTTT GAAGT CTGGACAGAAAGT CTCOGGCT TCATCGAGCT GAAGGT TAT
GTCT GAGCTGATA SERS 3 Ca BCH A BRAGADG: QG}}GETG@@ TCCGA
TA

TCAAAAACACHEA! ldAS ,,%Qﬁf\ GAACAAAATTAAGAAGAGAT IT SEQ
I D NO 13 Nucl eot| de seq:%encegyﬁngevé’(‘énpr(’m Bpyrder tas upeeguldte aim t he

Hsf-1i ke gersucfisroaf theiRid&(Om obh.
T7TGTTTTI TCTITTeGTTTGT |GA§TG§1B3}?AAT re tﬁ%%ﬁ‘@é?%%ﬁ

TG asmid was constructed using £. coli cloning methodologies. A DNA re% 5 glf;a )
CaT T aRT TR AT E R A AT T ST AT T e CeoccaS BT Rsenceros
aeTiC coding sequence was discovered (SEQ ID NO: 18) in

AG_,?_\_IQGAAACT @ETENMWIEMWQ_%IanméU strain ATCC -

TCTGTTT TSR ARST PR emreintir Goarents ToBAE TorAGURRI GROSRART GACGRT OGGT GaGT
T
GTTTTTCOCA AR TR B P DA AT GREBEBRGET GO0V - TT

TCTGT 60 this potentially important gene, we decided to
TTTTGCTGATAGATTCCTGT GG T T TCOGHT GO G T R e B arA R PR A AT GGGGTTTC

TGTTT Just upsweamn of the ATG of pldA. For that purpose, a DNA fra%ent ) GC%;ZGEH'
TTTCCGAT 1 1! e (88 e TTETeTT
1o A%mng% }_r gene, the bp intergenic sequence and the 499 first

T T T - T AT R IT ESCGRAALGACG GOGGTTTCOGITTTT

TGTGITTCTGGATT ' RCHTCTGT
h CT GAT AGA genormc using oligonucleotides PLA1 Amo3 (5’-GCC GTC TGA ATT TAA

TTCCTGTGGTARET T T AATCTAARATCTOGT CATTOCCGOGAAA
oo 6t ARTT GO e T AT S L M LRSS BT R GTe T AG far TT CAG

AAT CTAGCACECGROG TBASAIATT G TATORSKE AAGT 135 m%@%gé];ﬁ GATTCCCGCTTTTGC

S¢
% quences

@ATGAC@&?%#TE%&W%WWW&@GT TRETAR HRGHCRCT TTTCCGG
AAT GACCEEEE I EQ 1D NO 14 70 Nucl eoti de
sequence of DN%\%%;H tgxﬁg_%{i%b%&é ; {Ep s‘f ’r’% RN P9 dghineetly €loned

Nei sseri a lﬁfeahipﬁ‘gnﬂ | decor( EromegapUFSA) This YRsB 0% E}i? P0OQ/
CAGCAT WTGGGCGFTTT CACAAA CI%%Q %C@%TTTTC@
(X% gene51s ones iistofer (1992)) in order to insert suitable restriction sites

ATGCGTAT Lisorelsesacaneesayee % AGCGACT, TCGT TCEAACGT TATCOGACATA. -
C cassette. lhe circle PCR was performed

WTWMWQMTWW&%T?%&C@ATM
casaAAT oo T RRR R A E FART ATRACCARAT BB A ARG GAGATARECCTTCCTGC

TCCGT 5 TGA ATA TAC GGA A%:m
ATAGGCTCGCTGCTGGGTCTGT T CCA CEBEA PR ETCRRBATRT CTCAAAAAC
ATCCG AAT ATA CGG AAT -3°) oligonucleotides containin

CCX ISATTTW GAAAGCGCGAAAAT GA Wéﬁiﬁmm GIC
ol) underlined. The CmR/PorA promoter cassette was am

CGT CGT CAMTSRS AR G R ARAT QT TIOCGACGAGT ACGT GLAAA CBAMAT AT S coaaoaTTT

<G escnbed, using primers BAD20 (5’- TCC ccc
CGGGAPEGT GACCGCATTATGG
GAPEGT 0GB SC0GT (G T RIS AT A AT HTA A '

GOGGAAAAAGAAGARCEES (AEOABAAABCATACTAGAAGACTAHACTT @é@ﬁ) CTGTAC
GGCTT 10 suitab] ,

CATCAGOGTCAT OCT CATRATLse e L 3d FePndeetine ¢ :
TGOCG

GOGGCACAGT GGTTGCCTTGECGGGTGCTTTCGTGAT GAAGCCGAGACCAAGGCAAAAAT TAATTGCAAA
TCCTA




GCGECGTGCTTCATAT CCGCCCGAACGCCGAACCGCACATATAGECACAT CCCECECECCECCEGAAGCGGAAGCC
GCGECC CTCCCAAACAAACCCGAATCCCGICAGATAAGGAAAAATA t5 SEQ ID NO 15

Nucl eot i EOSEQWSAce of DNA regi on (1000 bp) up-stream fr omRGWERMOPA2gene
from Nei sseria neningitidis (serogroup B)

GATTTTGGTCAT, GAAATTCCTTTGGTTAGCCAAGAGAAAACCATCAAG
LT o G e MR DS Cotained with primmers CIRC1-Bal and CIRCL NI 2l

SGATGGSIS\%TW% |t6%%%éﬁsbh%@£@u scrogro%cps- z-irnd coA
CMA@AWMKM%TWW@WE%M (FPEAACLG

GAAGTTTCCC&(K&K?E&HE%&E%M@%@&%&MP ouretendices? g
GAACC 5 Anoth
T GAACCCAAAGAAGT T CAAGAAAL MIIMM&%MW¥WTW

GCCTG meningitidis serogroup B (cps-, porA-, D15/0mp85+) over-ex ressing D1

CCTCGGAAGCCT CTAAA GCGACATCGACCT TTTCCT GAAAGGTAT CATTCCAA
GAACC promoter replacement. This cassette contains the cmR gcne the por4 promoter and

GAAGC b= %Eﬁ%‘ﬁ@%%ﬁ?%%%& sequence of the %5mp85 generc'%hls TAM

GGCAAAAGCAGANITES ABSEERHA AToh LR EEBEAAATEIAST LoTERAARCTEAC AR AAMPEGT GTACA
ACCTG  (\

CTTTCTATATR EXRmREEE Al isas At OB TOOACBASEMEDACBIACTPRGARAACCCCATCA
ATCTT

T RS AR A RIS tReA for s Pl fiearippcsiecs RARRIRTGGAT TTTACGGO0CG
Jiviess

CM PORA-D15/3 (5’- CGG CTC GAG TGT CAG TIC C
GAGGAATTGGGCEGTAT TTTTCAATAAGGRTCCGARAT CTCTTGGT ATARCT CRAGTAGr GRRhaT AnAGT T
GAAGT ontaining 4ol restriction sites (underlined). This PCR fragment was cloned in the

T N L TN G TS Ty Ticooom

Nucl eotsi deplasatidavill dbeafseDNArAnSHANSOAR mdRn Wﬁ&f@ﬁ&ﬂ '8 04 8 tRRB gene

(seroroup A) 3

f rom Nei sserl?'l meni ngi ti d| S

CGGOGTTAGKSH SRAESaCeCH! SIEAVRC TG IRAGR TADEATHIGOGT PAMATAACTTTT
ACTGA CTTW8Afakctthe insertion of the

PTTGACC! AAGG. GT GAAAGEACE T AC A PR AN HORPR BpSREAR ARSI AT CAAAAACACTT
TTATTACCCT AAAATCGAACACCCATAAATGACLI TTTTTGICTTTGGECGAGGCGGECAGTIAAGEG . GCGTCCAD
00TTAG Example 15: Up-reg

ATCTGTAA secl) G R eRingiidis serasroun~ Br thpr gene lrVSOGCCCTTA
CTGCT 20  promoter replacement.

TCACCTTCAATGGG(_rlbl TGAATTTTGITCGCTTTGGECT TGCT TGACCT AAGGGT GAAAGCACCCTTACTGCCGECC
TCGCC 40 e aim of the experiment was to replace the endogenous promoter region of

AAAGACCAAABERFITERE QRO R BRI AEEH A ARRER0GT CORCCCTTAGATCTGTAAGT TA

TAAATAG:@MAaﬁmr O (BAGHUBASE | EAETIAM QTR ANERACHT AT LIGACCTTCAATG
GGCTT

TWXTTTﬁ%fWMmmUm@WWCMG"
TTTACGCGT T AR g S B R BRI E SR AP RS TRTA ST EGAAT AGTCC

ATTTT PathoSeq data base of the Neisseria meningitidis strain ATCC 1
GCCAAAGAACTCT A CGCAGGACCTAAGGGT GAAAGCKCCCT TACTGCCT TA&%M&R%CTTACT GCA
CCACG 45 contains the sequence coding for TbpB antigen. The genes are organized in an operon.

TCCACCCACOREIASH GEfdIACH S&‘ém 'EAﬂC%QCEA% 0CCAAGCACCCT TACTGCCTTACATAG

ACATG rA promoter cassette. For

ACAGACGCCABAGBEEAA CASSATT A AAEAATIACTA @BEETEGQQ%Q%TWCATGTATAA
TTATA , TTACTATTA%?A AATTAGTTTATCCTCCTTTTCATCCC ~ SEQ
Nucl ecti dé 88808 e ORAZ} EPoiP ] Faiing pedpengs; e B@bpTintergenié beubkhRA gene

oo g i S e




55 AACGACCAAAACGTCGTTTATCGGGGGTCTTGGTACGGEGCATATTGCCAACGGCACAAGC
TGGAGCGGCAAT GCT TCCGATAAAGAGGGCGGECAACAGEGECGGACT TTACTGTGAATTTC
GGTACGAAAAAAAT TAACGGCACGT TAACCGCT GACAACAGGCAGGCGGCAACCTTTACC
ATTGTGGGCGATAT TGAGGGECAACGGT TTTTCCGGT ACGECGAAAACT GCTGACT CA .
TTTGATCTCGAVVQAA(%&%@AATAACACCCGCACGCCTAAGGCATATATCACAAACGCC%@EEW
GTGCAGGGCGGTTTTTACGGGCCCAAAGCCGAAGAGTTGGGCGGATGGTTTGCCTATTCG

GACGATAAA G ~ _
GCAACTGTCGTAT T CGGT GErs %ﬁ/\ TTC
AATCAAGAATAATIEBGTBADBA TW@WC@W@\%T AEGGAAACACT

id (373 bp) up-streamfrom
'? ﬁesg?pl ,lADgggg ;Ir oﬂ@?i s?gl?etf“gieggﬁ?f“r%@lsfquﬂf@s @E‘g%@{r%rﬂ’ﬂm( EYTEL3090)
CGACC&ATTWWWE@HGMAM@W@%%T%WW@G
AN CAGT GG AT SRS R se A B ST Ren Prmeas Y

AACCC lasmid was submitted to circle PCR mutagenesis (Jones & Winist
GTTTGTCTCAAAAAGT AMMACCT TGECT TGATTT T GEAANAGCT A cce%f?{gf&%&f&eATcheAAA
ACCCC order to (i) insert suitable restriction sites allowing cloning of a CmR/PorA promoter

ATCOG ARTOCCCTAT AT Qe CT R RAT AR R AR B AR #780 01 09350

PCT/ EP00/ 07 49aingSEqyengeDTNOritde RGB! vt perormedjusingciie mmmsre@ooocc 1000 bp)

et Rl AR 1R AR ARRE Mo TR .2 b B8RO0 © 5

=Tl PTTM@NWWB@TW%@AS%\% ATA .
GCGI r CGECG
ﬁgmm ();(gégﬂrﬂmldes containing suitable
CCGATTTTTTCARASERSSAEATASICB LM ah@0Rf6)FundeRined). The CmR/PorA. promoter cassette
GCCCCATCGTTA r'r GGGCATTGTAAAGTAAATTTGT GCAAACT CAA
A&@TATTGGAmmeWIWWOWWM T
TTGCCCTGREACEIDH LAGRAEIPRTACHEPG ACA T CG-3’
AGGCTTGCATATAATGTAAACCCULI X I/-V-YAATTLi,Li,u TTACAG%&F’&CAM \NGRGF )
CCAGGAGATT ;

AAAGT CATCGACEER

GGT' TGATACGgéAqFAAGCGGAAAA m&%&%ﬁp % SFrety c‘-f-"‘i‘kh straizgy
gceeeey AMATMM?WM@EI ¢V A TheTEpF TR CEGIRA DEQHE TWATIAdWACct the
insertion of the por4 promoter directly upstream of the thp4 ATG.

( Example 16: Up-regulation of the N. meningitidis serogroup B pilQ gene by promoter
replacement,

25 The aim of the experiment was to replace the endogenous promoter region of

the pilQ gene by the strong porA promoter, in order to up-regulate the production of
the PilQ antigen. For that purpose, a promoter replacement plasmid was constructed
using E. coli cloning methodologies. A DNA region (772bp) located upstream from
the pilQ coding gene was discovered (SEQ ID NO: 12) in the private Incyte PathoSeq
30  dara base of the Neisseria meningitidis strain ATCC 13090. This DNA contains the
sequence coding for PilP antigen. The pilQ gene is part of an operon we do not want

to disturb, pilins being essential elements of the bacteria. The CmR/porA promoter

o



ATGCCGTTTGAAAACCAATATGCCGACAATGEEGCCGGAG  SEQ. 1D NO 20 Nucl eoti de sequence

of DNA region (1000 bp) up-streamfromthe FhaB gene 25 from Neisseria

meni ngi t i WD108300gr oup B)

TACGGAAACT GCAAGOGGAT CCAGAAGT TACAGOGT GCAT TAT TCGGT GOCOGT AAAAARAT BRI B TTCTTT

TAATC

ACAATGGAWWAWM Tg&g ECROTTACCGAT TACAACGGCAAACAATATCAGA
’ b wing %Asamc strategy described

?MMWWM?@TWTW%T%@Q%TS@MW

ACCTA fragment of 866 b i >
TAAATACATCGACGAT GCCGARA FUERRGHERR AR Becperof tra/Racanparaa e QA TRECGCCACCS
"~ TGCTT 30 Intergenic sequence and the 392 first n i ;
ACCTCAACOGTTC ebng%medTAmmm@Wﬂmwc
 OGGAA ia serogroup B genomic DNA using PQ-r 5- ’

mcqngg@@f@%xw@gwmm%&rﬁﬁ%ﬁﬁﬁ%ﬁ@mm
AT A AGC CAA AGC-3") and PQ-rec3-Hin (ool
TTTAGGCAAAGGCITTTTT, T GGAACAAAACGCCGI T, . GGTTGCCCAA
TTTAGKC & AT SR BOT A ETELL S G-3") oligonucleotides

LN ‘; ‘;‘N

¥GTCAéTCG@ﬁhE@mPCR MEWM%WM%BQE&J (G ). RceTTerAc
AATACTTTAACH TSR P AHCE A Alonad EnenCTaT AR OaEB REEATTA TR ATTTCECG
AAAGTEL 3Was submitted to circle PCR i " ,
AWTATmﬁmwme%W%WMWWATGT
T T suitable restriction sites allowing cloning of a C '
ATGATCTGT I GOGEFCAA TCAT AAACCCAAAGEET T T CACACEABERORE£35eFF ABRSGCT TCAACT
TGAAT pertormed using the CIRCI1-PQ-Bgl (5-GGA AGA TCT -

TACAGT TTCOHAAOCGTET ARSTAT T AT To T TAT CTTTA
TACGT A G&GCGCAGTAEEGTTCAETi%ﬁ%%@%Ci%@EQCQWNQ QAG
Nucl eot i 04 e ECohANBCEATATGA TTX bk Mﬁéﬁmm&@yﬂpow gene

TTATCTTGGT ARCECC WASETE AGAARRAGTTEATOGGT CTGATT
ACCGGT  oligonucleotides containing suitabi IcHop si (
AT CACGGTACGT CAGE T COST CIEEAE Aok (R iBe N TREGGCTTGGTC
4:5%m| OrA promoter cassette was amplified from the Uce%j i
S AT CTTT GTTCGG00GCCT A T CCREE 5B Taosoa00s
CCGGTGA pekdisly @A LR BAB7) B S CCC GGG AGA TCT CAC
TCCT 5 CAACGOGEGACGACGT GTTCGAGC
CAACAAA AT T AT PAGCOCET A e M PSR o a2

AGGCA, CTC GAG
AAACG@AC@&Q?@@%M@@@@WT@@@@ T GITTGRCGTTTGCC
GAGAT restriction sites 3 iy Lilable

TAT@C@&IE%%@A@%&W@MWWMHW GGTCAT

Plasmud obtained with pr -PO.

AgTCCTC%gSI' TTCAAGGT CAATATCT T AR PR B 8l 2ad GFRE HBQSAHIOr GO CGCTTTCRC
0

TTTTC 5 1d can be used to transform Neisseria meningitidis sero SFM%F ~

TTGGCAAT : GCTGACCERT TT BB & GATTC TTG
CAA WGTI@E[%I&I%&T cglu-gé;%ﬁ\)ssmg-over in the upstream region of pilQ will :

Mccéfesﬁm@grmfmmm%gmﬁ%%%ﬂﬂ&ﬂﬂm CTATGAT CTATT

GCCTG *am ot the pilQ ATG.
OOGGOCATT GGG PP e e AR OO ABEBEEFRRAABRAT GRAGT SOGTCACTCATACTTTCG
GCGCG Neisseria meningitidi o
TMTMMTTTT@%M%WJ@W%WAAWTTU CACC
GGTTT  DI15/0mp85 by promoter replacement. This casse ;

TGTGAATTgl%TT AAAGGCT GATTTTCOGCCT T T CCOACARAGCRBEFEE A EmaCheRar GCAGGTGCTTT

TGCTA 5 T, ATORETONGDE00GET b | r 22 Nucl eoti d
sequencegede, BN & 10 88{3(%&{3( up- st r eam ? rgﬁ%&eggﬁ?g’ﬁnggaé’fpgfrg% sontee

Nei sseria nmenj ngi ﬁyg?% % eB)toper efficacious for up-regulation_of the

CCTACT Cm'bﬁm'rﬂmm : %CAAAGACTT TTTT TGAACTCGGGCATC
AMAATC . ngindis and will be tested for the up-
wcc{f&‘r‘ﬁ?‘txﬁcéﬁmm LN AL GG GQOCTCECTTT
AGGCGT GCCGGT TGCACT GAACGGCAAAGAAT ACGCBGACCCCOGT CGAACT CTTCCTCGAAGCCAACCGCATCGG
CGCC
GCCACGECTTGGEGTATGAGCGACCAAATCGAAAACCGCATCATCGAAGCCAAATCECGCGEECATCTACGAAGCCC
oceel)




ATGGCGTTGT TCCACATCGCCT ACGAACGCT TGGTGACCGGCAT CCACAACGAAGACACCATCGAACAATACCGC
ATCAA 65

CGGCCTGCGCCTCEECCGTTTGCTCTACCAAGGCCGCTGG 1 TCGACAGCCAAGCCTTGATGT TGCGCGAAACCG
CCCAAC WO 01/09350 PCT/EP00/07424
GCTGGGT CGCCAAAGCCGT TACCGGCGAAGT TACCCTCCAACT GCGGECGCGGECAACGACTACTCGATTCTGAACA
CCGAA
TW@WM&MM&FM@WW?W CGAC
CGCAT

OGGACAGCTCACAT SO AR T SRt tsinine Ake

GCTGT fragment was cloned in the circle PCR
COCTGGECGAAGECT CGGTATTACCGCAGT T GEGCART A&Eﬂﬂ?ﬁ&ﬁ%&ﬁﬁ%&pﬁ%&ﬁmmm

TAAGG 70 and CIRC2-PQ-X. This plasmid can be used to transform Neisseria meningitidj
GGTCGT C}' GAAAAGATG% T T GT TAAAA \TCCTATGAAAGAATACAAAGTCGT CA'H' SI'CAGGAAA

GOCAG serogroup and (cps-, porA-] strains. Integration by double crossing-over in the
TTGT CCACCCThsdehhiees Y

T m CAAACAAACCCCC
CGAAG WO 01/ 09350 G ﬂ%‘%@&@& HRFIRADTTACTAA

5 SEQ | D M@e@m& NI€.eoti de sequence of DNA region (1000 bp) up-stream from
the PorA gene from Neisseria neningitidis (serogroup B)
GAATGACAATTCATAAGT TTCCCGAAAT TCCAACATAACCGAAACCTGACAATAACCGTAGCAACT GAACCGT CA

TTCCC Example 17: Constructxonof Jssette ntraducing “clean’’ uminarked
GCAAAAGCGGGAATT © : cES FOCTPRICATNRSTAGATTCC

CACTT 140 mutations in the N. meningitidis chromosome.
T&@AT@W TTTGGITTTIT TTCTTGAGGCATTGAAATTCCAAATTCCCGCC

he expenment is to construct a versatile DNA cassette containing

GEGAAT GACCRG i Hr R R R T T T G T A ARAAAT CAGGACAAGCOGACGAGCTGLAG

ACAGT

Q%GéTAGTAWMT@GWWMﬁI&M%IQIQIITQW%QGCGAGGCA

GTACTGGTTT T FRaB the-sherpmpsarmn eftesc

ACACA 15  any heterologous DNA introduced d Eﬁﬂﬁ%‘?g m!& _b\s YEEAAA
GATACCGCCGCTTATATT CAATCGCCGCCuC%GT &4 E‘E%Xi%ﬁf EFAR CCCTA
TGTCC 15  from the Neisseria chromosome.

CGCAACAACGAAGAGKT, ATCT T TTGGGTAATCAAAAAACCCAATAT CCGGCCGAATACGCGCCC
T M %em containing the neoR gene and the sacB gene expressed under

gw&s&c&%ﬁé\@ﬁ (Proriatier et bt d Ty S TS TR IAG G FACACCT

MTmcw&mwmmaimm%wTwme
CCCTG 4
AMUUAWM’EHfWTWW%@@WMW@AA@W

CATTGC pPCMK, previously described. The kanR ene of the
CCTX T%ATMCATCGAAGTATTC@GA A I AT R R T TTORC
IT 20 Mab@omwmmm@@m@wxpsm@ | TheNRoR4saNgi Sseri a

g&%??:&%%?%%%&&ﬁ%” SAhekel I SR St oA R EARPEHT TTATATCA

AAATA 25 ends.

TAATCATTTTTAAAATAAAGGT TGCGECATTTATCAGATATTTGT TCTGAAAAATGGT TTTT TGCGEEEEEEEEEG

GTATA ATTGAAGAEGTUTEEBEING T ClaO0EAT GRIETR TAGEHT HThAROARE 5T A ARMAGEAAGCCCAT

SEQ | D NG; i,de sequence of. DNA regl on (1000 bp) up- streamfrom

the PorB geugntg1 I\@glrg %Cdml%l 8 &riae H"é PRrgioR3 Y of ths seefprometen)

grt Lt ot gt t ThisphagsasiuAROGEshEnagaId LhaRaealAARPRIRLALAYF WqqaL e 902t o0at
cgtc

at t cccgegedydiygenhtlecusgimatg ghrmasbmagaf Aeigsrid tnagng@qa,ﬁa@;otg;&@gggcggacaag

tttgg

attcccgect gcgcgggaétl\éeéscsédﬁawe[rf CRiRE: o £ eeargpietes contgining 20Rughmhaf gacgggat

to ttoyt aggeatygacJusRtaiadg! L
aacagcaat at t caayggat tatct gaaggt ccgg%%tcig gﬁgggtvt%cscggt Junstippal; i eisgiaga

gggaat gaat q¥eaEdsacet Gastaditiqrogyas observed on GC agar plates containing 2%
t gacggt t agggtfQcct cgect t aget caaagagaacgat t ct ct aaggt gct gaagcaccaagt gaat cggt t

ccgta
L

?%

e’ ')l‘ (N




ctatttgtactgtctgcggcttcgtcgecttgtcctgatttttgttaatccactatctcctgeccgcaggggeggg
ttttg

cat ccgcccaid sp@3angaaaccgegt gtgegttttttgeegt ctttat aacccccggbihgsamhassct cca
at acc

ctcccgagt aagt gtt gt aaaaat gcaaat ctt aaaaaat tt aaat aaccat at gt t at aaaacaaaaaat accc

at aat 40 A new cassette was constructed containj
atctct at ccgt}lccktat aaaat gcacat cgaat t ccacacagélégatggg“gz%%ﬁgggﬂdfrgﬁhftcpﬁgé’éacaggaa
cat ct ¢ kani promoter. A circle PCR was performed using the plasmid

UC4K
atagtttcag cet t aaat gcaaagct aagcggct t ggadageetggect ge
at agt eahGisREh PRAHRAEIORLE TS AT A e diiate with CIRC Kan s (5-CAT

t.ttctt aaccd3EE TG ST RATHC A Hagap act cagcccttcectgttgea
gcaat ggct cg}gﬁcctgtacggcaccatgggggéc'gg%%‘gﬁggséém&@ﬁie"rsseria
/¢ el aghAftipA

neni ngi i di r Bf RG/B AYDrGGEr TRAOMAG GTT Gi3) Qe ;
GTTTTCTGT T L AR GAGGRGAT GTAGGT TOGT AAGAAT GACGLATA jfesciiceceNeeny
TCGTC  C col and Xbal restriction sites (underlined). The resulting PCR fragment

ATTWNWWWB@%%W TTTATCCGATAAGITTT GCGGACAA

ATTCS O the sacB gene generated by PCR

GATTCCCGCC fronBbasBA P GACEEEVIT SRCMITOAT RN TTGGT TTTCTGT TTTTGAGGGAAT GACGGGA
TGTAG 50 (<
GTTOGTAGEART (OB IS AT G ARG A TC BB A T AROCEAGE IR
TAGAA 10 A-3) oligonucleotide containi icti ; .
wmm&qgg&ggmg&m@%&ﬁﬁﬂf%@@%@%%mm
3 (5-GAT CCC ATG GTT ATT TGT TAA |
AT C&TTWWQWWTUJMM&?&X&MA&EWTM
TCCGT  ACT A PRGIRRECCT T CTEXICHER T GFd ARRGRAGEEAT 135 SEQ | D
NO 27 Nucl ssbinBiaste] UsNGfonef I L89! 000 bp) up-streamfromthe si aABC
gene f romquei sseria meni ngi frdis e%g%?%gt%lﬂﬁené)ﬁ%w on agar plates containing
ATACIGCAA GoETPEn GRS AATRARE IR AMIEIRATE TR 16T ghgr coochooc
OGT ARALGT AT R RIR e R e R A A AT BTN B OB OSTAGCAAAAT AT TR ERGCCCATTTGC
AACTA 60 sensitivity will be confirmed in Neisseri o _
AATCTTCCAAt;a;ungACAt%;TTCGTAcTACATT%CCeA“éé?&T&@@%AHJWA‘F@C’P%&WTGCCGTTG
Wmmm . g&g@recombmmcegkanmsacccaad e Coac Selete the entire casseRe Inserad ) oACGA
ATCAG -B _ %% por %oc\:us. ean recombinant Neisseria will be obtained
CGACACAT T CBOGCaAT AT ISaeAGR A AN GEARCAT CACT TGT GGCTGATTGGCCAT TTTTTTCAGECGECC
TTTAA
_ TAATt TECTGAACCT GACCAGGCGT TTTACCGACCACCGAAAT ATCGOCAACAAACGECACAGAAACCGTACCAC

GIGcCC Exa . . .

GTGACCAACTEE T ki Vst pf small-recombiposenic) PLGANBAARGEEIGAGEACCAAACAA

TAg- I GC 65 recombination in the chromosome of Neisseria meningitidi i :
TCCOWTCAT ACCAGCCGAAGCATAACCATCGCC

AAACT

¢ aim of the experiment is to use small recombino enic sequences 4 t _—
AT AT GATRARIEHAT T AGRLATATAATAAGT CACHAAQUGT ATOAT TEASKT CARREAGCTOCACTT
A , tions or deletions in the chromosome of Neisseria. The
#g%%cr TCENSTTERT TEBORGST RPN ENE. MTEEE; Tﬂim %ge Wor, Ti%rms (;rf AGA
AATTAAACT?&&Q&E@CMFMMWW?AEMTTW&F%%%WTCCTAM

ATAAT . .

TATAAATGGOCT ART A ACER G4 RS CR each o e ARCRA GG ETAGAGEATAA TTEAGEARTCTTCTTTC
CAACT 70 STGCWEATACH BATATAT AbA plASRBEATASAY TC SEQ 1D NG 28 ~3 WO

01/ 09350 P P00/ 0742}4\ 1Nucl eoti del-agge-quence of 1%*%‘1363(*(“15@0\-%) -

up- st r eam? r'éE&ﬁl_l_BC BAGARE C%C%imértammﬁét%ig% p _B)
GOCAAAGCA Fasesscuicseciiececesceeseiloy) AACCGAA
ATGGT GREEEPFA A CCA CGT TGT GTC-3") containing 43bp
C@?%TWHWME%T&W@E%G&EI OlmﬁA@AATTGC

COGT CCAGCATRAR A AT 6T KA B G TR CT GRS SR RO L PRGPOCGT GBCAC
TGGCC - v A




GACAAACTAGAAACCT TGGTCGGCATTTGGEGGECATCGGT CTGAT TCCGACCGEGCGACAAAGACCCCTACECCCTG
CGECCG

CCCTGCCTTGGGTATTTTGCGTATGCTGATGCAGTATGGT TTGCGGACGT GAACGAACT GATTCAGACGGECATTCGA
CAGCT WO 01/09350 PCT]EP00/07424
TCCCCAAAGGT TTGCTCAACGAAAAAACGCCGTICTGAAACCGCCGACTTTATGCAGECECECCTTGCCGTGITGC
TGCAA
MC@TTATMMM@G@MWUW@UTW

CTGCA 10 :
GECTCG-3) containing 43bo, b

GAAAA gene (bold) and an uptake se uence underlme Th
AAGCCGAT GT TGGGCGCGGT TAA O& CG&XMA&C%%TGCCGCCG
CGCAA obtained was cloned in pGemT vector (Promega, USA). This plasmid can be used to

GGCT T@A%%Tmﬁl %Gbs\é_ ogroup-g TCCAAACCGCCTTGTCCGAACTGGCTTCCGTC

o cps- strain. Recombinant Neisseria

g:CTAéET CCATAI/ S TSBtaRA4 65601 ﬁ%?@gﬂ_ﬁﬁmmgmnons resulting GAaceT:
ACC@TT@@@@@W@WAWWMEW@ AEAGTCCAAATG
I D NG 29

CCGTC 15 T CGTI! ATCCGCGAGAATAAA S

Nucl eot i de selg%g%geﬁ (C)%O(\PA “FELTONSL000 bp) up-stream f romthe TbpB gene

from Nei sseria neningitidis (strain MZ58) 20

GAACGAACCGGATTCCCACTTTCGTGGGAATGACGAATTTCAGGTI TACTGTITTTTGGI TTTCTGT TTTTGI GAAA

ATAAT 10 @&M_MM%%%WA
TTTCA%T%I‘%[&TT%WAAAAACAGAAACC@T TCT
c giti

;&SGGT&GGAAA%TAI@%MMAMTMT%@HTE%FW G [P EAGHLLGETCEAATG

AACAGAAACEAE T eedrrronm A OB3COABISOSEAAR T PACRRATH G WIHEIBAL GREANTIE ATCGGGAA
AnACTCAMRRALT BRNTTRLARAC TR RO A TSt roeacheHFURSG T SmAEXERT TOGTCATT

CCCGC 35 route). The challenge dose was 20 x LD50 (~107 C

CCAGOOGEGAAT CTAGACCT TCAAT ACT AAGCCAAT T T AT AR T RS EA AN A MRR AFATGEAT TCOCA
CTTTT monitored for 7 days after challenge.

GT GGGAAT GACGOGH R GAGTTIAGAAT TTATTCT AAAT AGCT GAAACT CAACACACT GGATTCCOGOCTGOG
CGGGA :

ATGACGAAGT GGAAGT TACGEEAAACFFARSRGAAISEAAACOGAACGAACT GGATTCOCACT TTOGTGRGAATG
A GGA
ATGTAGGTTCGTCISGAATG@%R&@@'WT@@TTTTTCCAATAAATGACCCCAACTTAAAATCCCGTCA

TTCCC 49 G
GOGCAGROGEGAAT CT AGG B R P N4 AT PIEPEST AAAACGGT TTCTTGAGATTTTGOGTCCT GG
ATTCC 30 Group4: Cps-, PorA-, Omp85+ blebs

CACTTTCGTGGGAATGA TGTAGGT TOGTGGGAA. TGACGGGAT AT AGGTTTOOGT GOGGACGCGT TCOGEA
TTCATG roup 'CpS- PO!‘A- Hsf+ blebs

ACTGCGCGGGAAT G %pqg 1’%}:&} ATTTGCAAATTTGTTAAAAATAA
ATAAA ATAATAAT TA Cﬁ ﬁ%mmm? lyzadoSBE Bape

Nucl eot i ddCeagassieceaimhg)DNA regi on (1000 bp) up- streamfromthe opc gene
from Neisseri ningitidis (serogroup A

CAAAGGECTACGACA E@%}&AM&A T3¢ GREGAASAA K TR GTISACEEGRFRAT GOGCAAAGT
CTceCcC

GCAACCGT OO R B AR it A A PSR e i R HRGT GGAT TAAAT

TTAAAT different OMV's preparations were still alive (7 to 8/8 mice
CAGGACAA CGAAGCOGCAGACAGT ACAAATAGTA O AR R ST TT AMATTT
AATCC 40 2iso monitored during the 7 days and the mice immunised with the NSPA over-

ACTATATGT @@'{%%%%F W@% %ﬁgﬁ@' L@éb‘g\ TCCGCTATGCGCGEECAGCCTATTTCGGACT

GATTA er groups. PorA present in PorA+
AAGT GAGT GOBGAAAGREATGT, &WME@@F&M@ T%Wo ogous GCGCCCG

CTGCC .

GCCT AAAAGEREACERYRCaT YA onAT: ATIPAKSGAT T ERRAPAATTAGGAG
GTATT
TM&X&WW@%WWWWMMTUMT

CcCcTGr

TATTTTCACAAAAACAGAAAACCAAAAACAGCAACCT TTCGTCATTCCCGCGCAGGCGEEGAATCCAGACCC
CCAAC 45

GCGGCAGGAAT CTAT CGGAAAT AACCGAAACCGGACGAACCTAGAT TCCCGCT TTCGOGGGAAT GACGGCAGAGT
GGITT

CAGTTGCTCCCGATAAAT GCCGCCAT CTCAAGT CTCGT CATTCCCTTAAAACAGAAAACCGAAAT CAGAAACCTA

AN AR A =g



AATATATGTAAAAT CCCCCCCCCCCCCCCCCGAAAGCTTAAGAATATAATTGTAAGCGTAACGATTATTTACGT T

ATGIT ACCATATCCGACTACAATCCAAATTTTGGAGATTTTAACT 50 SEQ I D NG 31 Nucl eoti de

sequence wip dof¥dssoegi on (1000 bp) up-stream fromthe siaD geperpbidiiaq

Nei sseria meningitidis (serogroup B)

ATAATGCAGGCGCTGAAGT TGT TAAACATCAAACACACAT CGT TGAAGACGAAAT GT CTGATGAGGCCAAACAAG

TCATT 55

CCAGGCAAT%%B’I(;T Sla' C'f ATTTATGAAATTATGGAACGT TGCGCCCT GAATGAAGAAGATGAGATTAAATTA

AAAGA : _Immunogenicity of recombinant blebs measured by whole cell &

ATACGT AGAGHedifAEEEE A TR dds T TATCAGTACTCCTTTCTCTCGTGCAGCT GCTTTACGAT TACAACGT AT

GGATA
AAAATCEEETT

TTCCAGCATAT \CF GROMARTCTPAE AMTEAGECAT Tl T AME TRTAORRTGE LLTCGTAAGC

CTATT ) _ .

ATTCTCTCTABEMEER RS sErR A FiRgoled mieess EmGH

TTATGC cell ELISA (using tetracyclin inacti - R

TTTGCTTCACT GT ABCAA A B PRy A ARAg R e CE NS 7S 1SS er e PSSO RATF T T AT CTGA

Ad NOTIT(G

AGCCT 60 tters. All types of bleb antibodies induce a high whole cell Ab tite ‘
TTCCAGACGCAATCATT GICTGACCATACCTTAGATAACTATGCTTCCT TACﬁAEI,‘VAI&lICAa&TTTACIIZG
GTTCG negative control group was clearly negative.

ATTTTAGAGCGT CACTTTACT GACCGCAT GGATCECCCAGGT CCCGATATTGTATGCTCTATGAATCCGGATACT
TTTAA

AGAGCT CAAGCAAGGCGCTCATGYTT TAARRT TGCECA SACACGATTATCGCGGGAGAAAA

GOCAA . s midpomt
CT@AAGATTTCGCCTTTGCATCTC [ CGTACCAGAT AANGAGPRT TAAAARRGGAGAACT GTTGTCOGGAGATAACS
TATGG 3

GT TAAACCOOCAGECAAT CCAGAGT TCAEIH U A CCANTIRIBANACATSBAT T JGGTAAGGT CGCTGCTTGCAAT
ATTCG 65 - T
CAAAGGT GCTCAAATCAAAAAAAGTGAT AT AAT AAT RN T T AAGTIPAGT YACT TTATTAACAGAGGATTGG

CTATT ACATATAGCTAATTCTQATT 565;‘;)‘ TAAGAGATACAATA  SEQ I D NO 32 Nucl eoti de

sequence of DNA region (J100 up-sfr ffomthe ctirA gene 70 from

Nei sseria meningitidis (s—er-quf#géRB)----ig_J? ....... 23846 __ |

ATACCTGCAC7TGAGT TGCCGACC:ATAA@J,;%A\GCAI TTTCAATAAGACTAAAAAATATTCAAATCGAATGGAA
434

GGAAA 1L WD 01/ 09350 PCH/ EPQ{aik
TGCAATAAATTTATCAGATTGATA WTTM‘EAP\TT‘C'FTGGAGAATAG‘}H{;AG "GCCAGIGTCATTATTAGGGTA
GATGC PorA()
TAATGATATTTTGGECCACTTAATT _CT AARSE TGAAAT gdek GAGCCe syl AT | GTGCCATTAAATGIGCTTCTG
TAGIC,, [ 77" [ R M 5 Rt e R
ACGGGC}IQGAAACATAGAAATA \TAAT TTTCGTIAI TARA FPATATFET TTGACTTCTTCTAAGGATGEG
AGGGT '

C-ZGAAGAGGCCATAA%TCT AT GCCGATGATGTGAATATGCTTTCTTTTTTCTCCCATTTGCACTAG
GOGAG 5 € Specific response to available recombinant HSF protein was carried

TOACACCT T Gl SAEO BRI AT EPHTA T HPRMGT L A MG AGAT SACCANTGCAGT CATCTACTG
GATAGT TCACCACCTHOEi (BGaaRG A AEBEITGEE WA TGEACRTAGARIGREGET GIFAGT GCTTCF -
AAACG

GTCEOCGT AR PR B AT AT TEaRps e YA XTI MG ACABATUAACRTAATEGEAT TGOCT AA

AACGG purified recombinant HSF the plat :
CACCCATTGGTTCACCTTGRATT TGAT TT GAAARCARAT AR GHHrEsRTtess o4 Plshedndsrs ACTTCCTTGT
ACGGTT good level of specific antibodies.

CTGCCATATGITTTCATCATATGCATACCAGI TACAATCAAATGCCAATTCAAGGTCTGGGTGATTTTCAATATAG
GCTAA 10

TAAAGGTTTTAGCT TGCCGAAGT CGGCTCTGGTACCTGTAATGCAAAGAATTCTTTTCATGATTTTAGAATOTAT
AAGTA

TATATATATAAGTATAAGGAAGT TGGAAAGAAGAATACTAATTATACTCTACGTACTCATAAATTTATTTCGATT
AAGTG CTATAATTAGGCCATTTATAATTATATTAGGATTTGGCTT SEQ | D NO 33 15

Nucl eoti de sequence of DNA region (1000 bp) up-streamfromthe |IgtF gene
from Nei sseria neningitidis (serogroup A




TCTTTTTCGGACTGAAAGGACGCATCATCCCGACAT CGAGCGECGTGI TCGT CCGGCAGCCAAGGCATAGGTITATG
CCTAC

GAAGCCATCAAATACGGTCTGACCGATATGATGCT GGCGGGCGGAGGCGAAGAATTTTTCCCG'I’ CCGAAGTGTAT
GITTT WO 01/09350 PCT/EP00/07424
CGACTCGCTTTAT GCCGCCAGCCGCCGCAACGGECGAACCGGAAAAAACCCCGECECCCATACGACGCGAACCECEA

CGEC 20  SEO.ID NO:
TGGT CATCGGCGAS« TTTTCGI GCTGGAAGAAT TGGAACACGCCAAACGECGECGGTGCGATAATTT

ACGCC Nucleotide sequence of the pCMK(+) vector
GAACTCGT CC{;Q;P%%%%AT&CT ACCATATTTCCACGCCCCGCCCCGACGCGCAAGGCGCAATC
CTTCC CTGCGCTCGGTCGFTCGGC'I’GCGGCGAGCGG’IATCAGCTCACTCAAAGGCGGT

AAACC GCCGCTTACCGGATACCTGTCCGCCTTTICTCCCT TCGGGAAGCGTGGCGCT T TCTCATAGCTCACGCTGTAGGT.

1 TCGT CACTECAARAGCAATCCC |

GAAGG 25  AACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCG

wmﬁmgm%%mmmme

CTMCEACGGCTA.CACI'AGMGAACAGTATPTGGI'ATCT

CCGCT
GGGAAACCGARARRTEC  {  O A L T A P T e T A B BCARETIGOGTRF T ACT CATCGGAT

GAAL GGTTTTITIGTTTG CAGAAARAAA
T CAAGCAGCAGATTACGCG GGATCTCAAGAAGATCCTTIGATCT T TCTACGGGGTC

AAGTTTGT CAATPER T AT T A TACTATR BAEGEGTEESIARGTEAGCEGT TAGAGC
Acm; TMATTAAAAATGMGTI’ITMATCMT@MAGTATATATGAGTMACFTGGTCrGAC‘J\GTrACCRATGmMTCALTI
CATAAT COEFerGETCSF GBCTHOME! SSAMEHEGERAEGT ATGT TGGGECT
atiita GOOGEOTT RO AE AN IGACAMARCEIGATA 30, o ABOGR4 Nucl eoti de
sequence OhcdiiindcegrREc{AIB R HPHShEe AR &L e, LU 5 9ene_ from

Nei sseri a rRREANEAGAS (S OERAI AU
TAGAAAAAT AT LR CAAT CAT TACOOCOOCT G GRAT CAC CATTTTGATTGTCG

TCAAGGC
ATGAC GAGTTACATGATCCCCCATGTTGTGCARAAAAG

CSCBCTCG%EAG@ACEA@'I*AB Colilcevlicewiicc Na
CAAGCTCA

AAAT T COGGOE TG T e T A A A T e PO AT T FOROMAA GRGASEANREEECGAATATATTGC

AC(I:A CCG&WG'I'rCZTCGGGGCGAMAGC!CMGGA*CITACCGCTGHGAGATCCAGTTCGATCHAACCCACT

ATTTG GrrA'rmcrcamccscnmcammmxmmrmmrmscmccacscmxrrrc

GAAAAA GOOGAGEEEASGAAGA BT ARG L e G L A LA TACACAACAACACGAT GAT

TATGA 40 rcrecesceTrrece LbA’l'GACGG’I’GAAAACCI‘CTGACACA’I‘G&G

CCCGCAGCGT (R LAl L L LA L, %%WWAATTTTW ACG

CGGGTGTCGGGGCTGGCTTAACTATGCGGCATCA
ATGIC 30 GAGCAGATTGT,

AGCAAAT T GOGACT G T AT TAT GO AR T T e FEATA AT SCETHIATTITAAT CAGGT TTCATCC

TA CT! 'I'I'l'mMCCAATAGGCCGAAATCGGCAAAATCCCITATAAATCAM}\GAATAGCCCGAGATAGGGITGRGN
> SHSEAT > , &&IMEAGI’CTATGCISITT
TAAAA GATGGCCCAC!‘ACGDGMCCATCACCCAMTCAAWGGGGICGAGGTGCCGYAMGCACTAMTCGGMCCCIM i
T " p A

AAGAT 35 GCGCTAGGGCGCTGGCAAGX’GTAGCGGTCACGCTGCGCGTMCCACCACACCCGCCGCGCI’I‘MTGCGC

TT T GAACGCGREEGEEaE T AR M SR AL A ACACC T O OGCGT GGCT GGAT

CCGCATCAGGCGCCAT

%wmmcm T A R T R T T R PP TR ERATT GCT GAAAAACCG
TTGAA  AAAC m; ié o % aﬁcrmw“sﬁewwsc Nucl eot i de
sequengg o ,Dﬁ mc'mc ARG CCE B TTgRSRRScH T om 50

Nei sseri a menl Al | %ﬁ‘ﬁﬁﬁﬁc%5m”¢mmmﬂmmmanccmmcm

GCGCACGGCT 11 sv TEa: AMAGICEERTAGACTGCAATTC

TTTAA TGACGGC'I‘GTAGATGCCCGATGGJ.‘CTITATAGCGGATTAACAAAAATCAGGAC}\AGGCGACGMGCCGCAGACAGTACAG

TCGCGGCGGT EASTTGACSE AGRIEASH AR AL L LGLALCGCTGT TTCACCA

GITCG TTGTTTTTGTTAATC! _ACTATAMGTGCCGCMATGGCGTTHAMAA

WTIWWW%@@MMATTWFWAMAM.

CAGGGGGGGGGGGGAAAGCCACGTT

&A:‘ACQETGTCC@%Q T CACAT CANT AT e T AP AT R AN T YRGCAGCGAT TGGEGT
C&CA 55 -EI\-E%%LTGAGCCATAHCAACGGGAMCGTCHG@CGAGGCCGCGAHMAT:CCMCA'rG
GCGCGGRRRCT TOGT CRGT AT GRGT AT AAACAAT GGTGRAT TTTTGAGT CATAGGAT TATTCTCTTGTAG- TTG
GTTTTT

TCTTTTGGAACACAT TGCGCGGGGAAT GTGCGCGGCT AT TATGGCATAT TTTGGCGECTTTGTTCGCGCTTTGT T
CGATC
TTGX)GF@TT@ACW@GF@AA&AAMAAAT%TTTTWTTW@C&A&T
GCTGT




GOCT GATGT GOGGOGGCATATTTTOGGT GAAATTGATTTTATAGT GGT TTAAAT TTAAACCAGTACAGCGTTGCC
TCaCC

TTGTCGTACTHH T a8A6 TGT CTGCGECT TCGT TGOCT TGTCCTGAT TTAAAT TTAAAGEAEBOTIdYATAT TCCGT
AACTG 60
TCGGAATATCTGCTAAAATTCOGCAT TTTTCCGCCT CGGGACACT CGGRRCGTATGT TTAATTTGT CGGAATGGA
GITTT AGCGATSERTATISEF AR TIE: C G A RIS I S e QEE R EAnE AR rE@BEdaikcdc1 000 bp)

up- st r eam f r BFCEIRSATIEIG B CRAMPGATCR BAABGTRTF TS SR FdTeR iR IthdA et chBlbRants:er ogr oup B)
GOCCGACGGCGARTAGABIISTCEIBAAREGA) EEEET CEACAGEACRRRRERCAALAQGACAT GCT TGCAGG

TTATC TCCC CGGGMMCAGCA'I'I‘CCAGGTATI‘AGAAGAATATCCTGA‘!'I‘CAGGTGAAM'I‘ATI‘G‘I'!‘GATGCGCTGGCA

TTGAAAGACT T GBS R KRR SRS LA AMAA L DG T GAACACCCGATTATC
CITTT ACGAATGAATAACGGTTTGGTTGATGCGAGTG. -
CAAAGCCOCAT TATGOOA T ACIL T AmmrwmzzﬂrjI&M@WCAATATTTCAAA

GTGATTTCTCACTTGATAAC
GA\ CTTATTITIGAC

GAACE:I;?I-S\CCG%Q-IG AGTTITCTCC J.LA'ITACAGAAACGGC'H‘TITCAAMATATAAATCCTGATATTT
AAT OGO A R R S T R AR R F O RS T E AN ST TR AR TACTETGRGTAAAAAACT GATTC

AA CAC ACTI'GACGGGACGGCGGC‘I’ITGTI‘GM‘I'AAATCGAACT!'YIGC'I.‘GAG'I'I‘GMGGATCAGATCACGCATCH‘CCCGACMC
GGTTTGCTGT GAA AT EIFEIRscs

CATC CCTCACTTTCTGGC'I‘GGATGATGGGGCGA'!'I'CAGGCC‘I‘GGTATGAGTCAGCAACACC‘ITC‘HCACGAGGCAGACC‘I‘CAGC

GAT GT CAGGGEEOSGA T AT AT OB T R EE AT ARG e SARERRCCT CTGGCAGAC

AGGAT 15 TA’I‘ATCAAMTATMTCAmTrAAMTAAAGGTTGCGGCAmATCAGATAmGTrCTGAMMTGG'I'I'I"I"I'I‘GCGGG

TGCCGTGATTGT@@@@@M x ACCCT! X TGGAACAGGTGTT
EJ \Aﬁommamaaezséﬁﬂ@g&&%%mmnmc

Ct
WTWM%EW%W%WTM&

GAAAATACCAGCTACGATCAAATCATCGCCGGCE
GTTTCG%TA%Q%@J%%%@& CECCECARRAGAACAGGTGCAG

%ACACTC)\AATTM‘I’GCCGCCI‘CCGT
TAT e CGGTTTGCGCCACAAATTCTAAA

GGT GOT GCAGAT G L R T T R R A S A SR T e A e T A SRS R FoF@O0BST CGCGCT GACCCA
CGOCTT CAG ccccuw:umcccccxrAccaucmcccmrmmmcmmccmm@mumcc

RORET ' : SEAGGEA TCAATAGTTTCA
A : ' aBbciN@edy Nucl eoti de
sequence of meﬂawwmmemmwm@ from
Nei sseri a Wﬁﬁ?@@m@mmyr@ng@cmmcccrmmrrccrmrumcum
CCGCCAAGCGT FI R T S BB R T NG A E R A AR AR GAGA T I E Sosedal CATAACGCCGCC
TTTCC ’I’GCC‘I‘MTGAGTGAGCTAACTCACATTMTTGCGTIGCGCTCACNCCCGC!'I‘I‘CCABTCGGGMACCTGK‘CGN
GAAAAGACGAT CRFABSE0EEACHETAAEIGIEAAGRTIEANGREACGGT TGGACGAAAAGI TTTCCTTTTCATTC
CACCT 30
GCCAACTTTTORRET ASARSISAGT GGTCTCGT TAGGT TTGEGCGAACTACGOCCT TAAAAAAACGGACATTCTTT
GCATG

COCT CTCT AAGBFIGAESEi T TR TR BASADET T RETIA M A R FAACATA
G@Amwefﬁﬁlmmmmmmmmu TCCTTTTAGAGTTACTC

G . TA 15 GGAACCGAACACGCCG'HCGGTCATACGCCGCCGMAGGTI'I’GCCGCAAGACGMGCCGCCCI‘CGACATCGMGACG

GAGGGGAAATTAAT: TIGT Aﬁ

TA@MWWWW&IW%%@AWWCC
TAC, G ARTTTGAACTACTGGCAGTTCGGCGATTATTTAGGCATAGGCGCGGECGCaEA -l COGOCC
wglgemﬂmm&l cmcceAcccAGcmccccrccucccacmATAA
T R T AT PO PROISTATROATGT. . GAGGAGEC
?E&GTGGT%%%mammcéﬂcmﬁrmrmcccm'rcczw\ccccucccmmccccrcmchGr- A

GA\CT A 2 0 GCGGCCGCCCGGGAAMCCCCCCCGAACGCGTCCGGAAMTATGCTrATCGATGGMMCGCAGCCGCATCCCCCGCCGG

CGGCAAACGGT AT A CTEEET QR CRACTACHE CEOACHEA S EAAM GG IS LGECGGAGGACGGAAC
CGACG 45 C'rccmmrcccacmuaccccrcrrmrccamccmccnmcaccu'rccccccccmmccsc

CAGGGCT GOGTTTTCGGGT TGACT GGCACCAAAT GCTATCGCTTAGGCOGT TTCAT T TGLGT AACTAT GGCAGC
AGGAG AGATACGTITGTGCTGGGCCTTTAGCCAATACTTCTCAACT SEQ | D NO 38 25

Nucl eoti de sequence of DNA region (100%}bp) up-streamfromthe 1VIItA gene



from Nei sseria neningitidis (serogroup B)
CACC):AAA4ACCAA_ATGACGG%AATAAGG(TACAGCAGCC4AACCAAGGCCT000CCTGC

CGC, AT AGCCGAAAAAT COGCOGAGCAGCACGCC PCT/EP00/07424
?TGCAAATA%%‘EGTCGAACACAATGTCG GAACCGCGTTCCAAATGCCTGCTTCG 30
TGCAGCGCACGCAGCGAACCGGECAAGCAGACCAGCGGCAACGAT AAT CAGAAACGCCCCT
GT CCAACGGAAN AR P S RS R T M PSSR FECCACCCT GATAAAT CAACGCGCCA
AT CACGGCGGCAGCCAAAACCCCCGCTACCGCACCGGECCGGCAT CTGCCACGT CGGRCTC
TGT rf GAATACSE’QIAD(ND.GGAAAAAAACGCTCTCCAAACCI TCGCGCGCCACGGEOMS, A

AACGCC) - TA COGCTGOCACGGT  CAAAGCCGCCTGCACA 35
GAATCCTGAA 1‘&9\‘1"@@\& > zlmmmﬂmmmms/omss
GTCAGCAT
I s e
CAGOIORAIACATTGGSGCAG

AGAACAACCCCGRRTEACACE P AEEAMA

CSSRHGATAATARRORLAN G
COGGCAACGAT CESSEALERMEA
GOGACCAGCAT AR A AR A AT M TARAT PATCOBANEATERIE G
ATTGC=GT AAA PAG AT GERAGT FAT R RN T EOA ST A GRCCERBCASAGE G et

CGCAGCT GRA GO G OR RGP H AR AT B R I A A IR AR ISR e ccer
GAAACCATCT T TG I ACK G CAAGAT T GEATE A SEQamd R N 3 Mg got | de
sequence of @N&r&cﬁfﬂrﬁarc(:é&&&am&ccMk&ﬁ&ﬂ&éc@dé&&ﬁce&@&%&ﬂ@&c from
Mor axel | a cadeitrdcha &&mmamcmmcccacrcmm;;; CAAATTTTT CAA
GCTGATTTGT GAGAAGERER0ERA ; LIS W
ACATATTCMGAA%;%L AL 0
T GATGGCAGT waﬁagaw
GTTTAGTA Sﬁmﬁ%‘@@fwwmﬁu
TTTATCAAATAT [ CARGEATT TATACACAGT Gl T CA AT AT A IS T T PCTTIF
ATTCATCGAT CCAGE f C e R AR AT ORI ERBATTGCT  TTGGEGTGCTGATGCGAT
TGAGCTGCATACGGGAGCT TATGCTCAAGCGACT TTACAAAATAATCAAAAGCTTGTTGA 55
TAAAGAGCAT GARBSE A NCAAAAAGCCGT TGCAAT GGCACAAAAAAAAT CATCATTATT
GATTAATGCAGINIGDEGE TeesGOT DA Addic (18006pTAPIaeam A Efﬁﬁﬁxke gene
TATTCAT GAGC TOAN Vb Sk imgi i GAT T TCAGATGCGATAT TTATGGGGCT TGA
TAAT GCAGT CAAGKEEAATARLAT A G LA ARGATARAAAGGAM AT L GAL G rre
camwmmmmmmmm&sﬁamﬂ&tﬂ&?ﬁ&%céQ
AAAAAAGEFT G PAARS AR AR TR TR ToA CBATARAAGBET AR B ANTDCEAGAC ecs

AGGTCTTGGATCL T2

GAGGAATTTATGAARAACR
(o)

Gg?% 51 ARARAAC
RAA A AGCAR ARAAAC CAGGAATCTATCAGCAAAAACAG
AAACCCCCACCGACCGTCATTCCCGCGCAGGCGGGAATCCAGAAACACAACGCGGCAGGACTTTRTCGGAAAAAACAGAA
ACCCCACCGACCGTCATTCCCGCAMAGC'1'GGMTCCMAAACGCMCGCMCAGGMTTTATCGGMMMCAGAMCC
CCACCGCCGTCATTCCCGCAAAAGCGGGAATCCAGACCCGTCGGCACGGAAACTTACCGGATAAAACAGTTTCCTTAGAT
TCCACGTCCCAGATTCCCGCCTTCGCGGGAATGRCGAGATTTTAAGTTGGGGGAATTTATCAGAAAACCCCCAACCCCCA
k‘ 35 AAAACCGGGCGGATGCCGCACCATCCGCCCCCAAACCCCGATTTAACCATTCAAACAAACCAAAAGAAAAAACAAA

SEQ. ID NO:5

Nucleotide sequence of DNA region (772 bp ) up-stream from the PilQ gene from
Neisseria meningitidis

40 GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCTTGAGTCGCTGAAAATCGCCCAATCTCCGGAAAACGGCGGCAAT
CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGAGCTTGCCGC
AGAAGCGGCACAAAATGCCGAGCAAAAATAACTTACGTTAGGGAAACCATGAAACACTATGCCTTACTCATCAGCTTTCT
GGCTCTCTCCGCGTGTTCCCAAGGTTCTGAGGACCTAAACGAATGGATGGCACAAACGCGACGCGAAGCCAAAGCAGAAA
TCATACCTTTCCAAGCACCTACCCTGCCGGTTGCGCCGGTATACAGCCCGCCGCRGCTTACAGGGCCGAACGCATTCGAC

45 TTCCGCCGCATGGAAACCGACAAAAAAGGGGAAAATGCCCCCGACACCAAGCGTATTAAAGAAACGCTGGAAAAATTCAG
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGCTGAAGGTTATGTCT
ACACTGTCGGTGTCGGCAACTATTTGGGACAAAACTACGGTAGAATCGAAAGCATTACCGACGACAGCATCGTCCTGAAC
GAGCTGATAGAAGACAGCACGGGCAACTGGGTTTCCCGTAAAGCAGAACTGCTGTTGAATTCTTCCGACAAAAACACCGA
ACAAGCGGCAGCACCTGCCGCAGAACAAAATTARGAAGAGGATTACTCCATT

SEQ. ID NO:6

50

(2



Nucl eoti de sequence of DNA region (1000 bp) up-streamfromthe copB gene
from Moraxella catarrhalis

GATGCTGI ' WOA§#6386TATTGGT CCTGGT TCTATTTGTACAACCCGTATTGT TGCAGHEe 1/F#h0/07424
ATTGGCGT CCCGCAGATAAGT GCCATTGATAGT GTGGCAAGT GCGTTAAAAGATCGCATT WO 01/ 09350
PCT/ EPOO/ 07424

CCTTTGAT T edegtisorgnensCE DY ATEesa (EA00°D)

GGCGCT TCAT oA VS Geeii AgItidlsGT T GGCAGGT A GAAGCA

GT GGAAT TATHGZAASGRREIAATIATAACRLIATGEL AGCT TGEEEECA
ATGT CTGOT QAT R CAT GEGAR R oL o o L L AT CCT T AN o

gene

AAACT GGT T OeAMEAGEEEATGMNSC ST e
ATCGGT CAA TR OCEARETEETCHRARGATCATCIAT IR I AT A
GAACAGAT COGTAACAAT OGO RS REANAGEGACET: ]
CATGT ACACEHEIGTACABATRABEAL CCUANETALGELEALALEI AN AL

FAATA AT IAICEAAA R TS : &EI&EEEETMEE&W&@Mei@O
ACT GACACAT G A P I T A A TAF T T AR AT GO R T ST T EACATE Ik I AR E A e
ATAAT GGCT ARR AR AR ACART AT THA R TR A ARCACTICF QAP CAACEA LA AL A T ce
AATTAT%@&%%W@ A M RIS T PGSR AR T EATATRAAET AT AR croc

Eorrdchdal

TTACAAGAAAAAT T R T P A e AT TR AR TR R G A Ficcco
ATCATTIETTGLISGIALL LT T A T AT O T AT MGG A TR GAC CGd 5
AAAAACAAAF‘EH’@K%E!&TGAA%%%ACc&?fﬁfﬁ‘fﬁﬁ“@@@“@[?wwmmw de sequence
of DNA region (1000 bp ) up-streamfromthe D15 gene from Moraxella
catarrhali % 3 GGTGATGTCTTCACTGCTAT TCATGGT GAACCAAT CAATGATTGGCTAAGTGCC

ACC. AAGAT NAAT CCAGAAACCAT GCTTGATGT GACAGT CATGOGT CAAGGT

raot ! ogiar W@M&Mﬁmﬁﬁgmﬁl f

CAACT GEGT Ao Berie ermigni dis/ et ean B)EATCITR06T AT GAATATCGTAT eom

ACGAT TCAAT G ISITSERST a'ﬁ%ﬂiq' dAobs cded
A‘~Ag a { | :

TCAATAAT GABETRABATGE i T

AAGCAGGTT

ATTCCAGT

: PGk ST RC St Py N SR EREAS
ARG % MWW@E@M A%l

CGTACCAT T ARCROATCSTAFAGK TEARAKSCITCTRARN | ACT T AR AT For fACCT

TGGCTTACCTTTACACAATATAAATTTGGGTGTAGAAAATTTTGGATACATTTTTATACC

TTATTTTTAGAATS TTAAGTTTGGATAGACTTATGOGTAATTCATATTTTAA

AGGTTRECAGEL TGA% ~TGT CATGATGGTAATGTCAACTCATGCACA 35

AGCGGCGGAT ] . ..g%@ﬁ(&Mmm@a@mmgene
G

AAGCTTA e reeerexagrayp )
_ TGAMAGCAACAGGMTTTRTCGGAAATGACCGMACTGMCGGACTGGATTCCCGCTTTCGC

GGGAATGACGGCGACAGGGTTGCTGTTATAGTGGATGAACAAAAA

CCAGTACGTCGTTGCET CGCCTTAGCTCAAAGAGA

40 GATTTCTGTTCGTTTTCGGTTATTCCCGATAARTTACCGCOGTTT

45 TTTTAGGTTTCTGTTTTTGGTH'TCTGTCCTTGCGGG

50
SEQ. ID NO:9

Nucleotifle sequence of DNA region (1000 bp ) up-stream from the FrpA gene
from Neisseria meningitidis (serogroup B)

55 CTATAAAGATGTAAATAARAATCTCGSTAA

60 CTTACCCGAGAATAAATGTCCTGTTGTGTGATATGGA

H



SEQ ID NO 42 Nucl eotide sequence of DNA region (1000 bp up-streamfromthe
onpl A gene 40 from Moraxella catarrhalis
ACTTGGCGAAAATACCATTTATATCGATTGTGATGT TATACAGGCAGATGGCGGTACACG

CACAGCCAGY RPGAESPEGT GCT GCGGT GGCACT TAT TGATGCT T TAGAACACT TGCAGCECT/EP00/07424
TCGTA_AAAAGCTTACCCAAGATCCGCTTTGGGECT TGGTGECAGCEGT TTCTGTGEGTGT

TAAT CAACCORESIET AL R I GRA T GCAAGATTCAACTTGTGATACCGA 45
TTTAAATGT GSTRAT A EACER A -r Y R P A A N AT IS AR T AR T TC
AAAGCCATTT AAGCTAATGOGAT GCT TGATTTGGCAGAGCT GGGAATTGG

GCAGAT T ATORARCELCARAAGCAAGT AT TAGGCTGGT GATATGCT AATOGT TGAAGATA
GGCGTéA AFEARAT T0NRR mma@mwmwﬁmmﬁ@gc gen
TATTGCTGCTéeY JETOEH B)GATTGCACCCGTTTTTTATG 1°) 0

CAATCGGT GO T AT T AT A AR TR racc
AA CTEGFOATATCIFATECACAAGER el A A AT BN TiGracc
AGATTCA 1A BEIALE ‘ A e
 AAAT GACAATRCETGATOBGEAIAICEaAMN: IhAL GEA Rt TSI TG
AAATT AAT AT B A T R T P T A oA ST AR CARRACTRARAACK T

’A{eé tg. 'tti' ﬁ‘: A A DA
CCTAACT TT TG h ah bt AP AT GIECAGaR AT A L AR
GTCATCAT T TAATEGLAIGALST LIRS Lol ARk iﬁt%@éﬁaﬁé%@fﬁ%AﬁgrmmreOt i de
sequenge of “BRATFAYTFBAM LY ITEIT St ream from the Niya gen&: from

Mor axel | a seOaD Ra.i s

GTGAT CGCCARGAES i deAeaidd & qCECCTTGCCTGTCTTSS
cAnErandnrOmpss gene

CGATGATATCAATG 65

AR T,

TGGCACA CATAGCCAAAACCAT GGT GCAGGATTTGCGAAAGT TTCAACT

GCTGGGCGA A CIJTTG?E@}LGAGTGATGAAGACATAGAAACIBCGAGTCI;TG WD 01/ 09350
PCT/ EPQO/ 7 42%Ptde sequence o region (772 bp ) up-stream from the Pil f

AAAT BT T AYeksseria e iopividiy GemmwmrmmewTAAAAATTqrA%ﬁemi rom

TTTGATMAWWWTMJW%W

AR T AR ICETACERIRAZYAGE
ATGCCTTACTCATCAGCTTTCT
ACAAACGCGACGCGAAGCCAAAGCAGAAA

T ACGCT AAA FEGTAGBLANCEALE ESE ARy

thLLiLLLLbthhriLLCAAGGTTCTGAGGACCTAAACGAA%&&AT&GC
45 TCATACCTTTCCAAGCACCTACCCTGCCGGTTGCGCCGGTATACAGCCCGC

50 ACAAGCGGCAGCACC‘rGCCGCAGAACAAAATTAAGAAGAGGAT‘I‘ACTCCATT TeeeA CAcceA

SEQ. ID NO:13

Nucleotide sequence of DNA région (1000 bp ) up-stream from the Hsf-

de se ® of D1 like gene
from Neisseria meningitidis (serogroup B)

55

60 TTTTGCTGATAGATTCCTGTGGTTTTTCGGTTGCT

65 AATCTAGGACGTGGAATCTAAGGAAACTGTTTTA

SEQ. ID NO:14

70 Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hap gene
from Neisseria meningitidis (serogroup B) PE

A



TATACTGTCTATGTCTGATGACAATTCAAGCACTTGGTCG 5 SEQ. I D NGO 44 Nucl eoti de
sequence of DNA region (1000 bp) up-streamfromthe | bpA gene from
Mor axel | awoati@p3seal i s PCT/EP00/07424
TAACAAAGGCAACCCAACACGCAGT TATTTTGT GCAAGGCGGT CAAGCGGATGT CAGTAC
TCAGCTGCCCAGT GCAGGTAAATTCACCTATAATGGT CTTTGGECAGGCTACCTGACCCA
GAAAAAAGACRBAGTEEE ey

TTATATAT T CECERANCAG
TTTGACGGCARheEEAaorddattetr

H ) A:ﬂ' . Al AGA
COAT GACAGAGE AT AT OO S R A Ak AL RS

CGCC

VATWT -G‘;;‘
T ACCGCCAAATE A P T P A A AT AT I PEAMNANAGT GGGT AACAACCAAGGT GGCGG 20

TTTCTTATAGHAS: _ TATTGATGTTAAGGGGCAATTTTTTGGCCQCAAATGGCGA
GALAGE
AT ' ERTEATEerhbTA gene
greces
CGCTTGA e el(e

GCACTTTGAAACAGT /|

' Y TG\.S
GCCTT (FqETCEBRFeh
ACATC%%%WM@&AT AT N
of DNA regggggﬁm
catarrhal i Py 7 Y 8 g W ) 2 I 3

égﬁgﬂg@gg;ﬁmmtce&%éde sequence

@‘gﬁg” mjg@? xell a

SACFIGK3] @@?ﬁ"il%ﬁfﬂi@@écTATTTTACCACI;G
ARSI GC

Sy S A ALYV e

CGGATTAT CARS:ABAYRAGGCAGT TTCAGCGAGATAT TTTGOGAGGT GATGTACCCAGT

TATGT TGGACKGAtIYe FPatvIres! DNECOEBRATIDAT GPQATISIT 6XepEo b fife LD gene
GTGCTGAT T ITatG TNeAGSEAT GAHBEIRAAGRLAYRS TAABAAT ACCACCGCCAAACGA

AT TCRTACKE

m g (A I Gl
ATCCAT TACT R e L AT T

e e
TA
ATTGACAGCARBEEFACCAGEAGIACER RS T AR SN A e SR n e R <)
GCCAAAGAACTCTAAAACGCAGGACCTAAGGGTGARAGCA
45 TCCACGCACCCTTACTGCCCTACGTCCACGCACCCTTACT

SEQ. ID NO:17

50 Nucleotide sequence of DNA region (731 bp ) up-stream from the TbpA gene

from Neisseria meningitidis (serogroup B) (ATCC13090)
TRTGAAGTCGAAGTCTGCTGTTCCACCTTCAATTATCTGAATTACGGAATGTTGACGCGC
AAAAACAGCAAGTCCGCGATGCAGGCAGGAGAAAGCAGTAGTCAAGCTGATGCTAAAACG
GAACAAGTTGGACAAAGTATGTTCCTCCAAGGCGAGCGCACCGATGAAAAAGAGRTTCCA
55 AACGACCAAAACGTCGTTTATCGGGGGTCTTGGTACGGGCATATTGCCAACGGCACAAGC
TGGAGCGGCAATGCTTCCGATAAAGAGGGCGGCAACAGGGCGGACTTTRCTGTGAATTTC
GGTACGAAAAAAATTAACGGCACGTTAACCGCTGACAACAGGCAGGCGGCAACCTTTACC
ATTGTGGGCGATATTGAGGGCAACGGTTTTTCCGGTACGGCGAAAACTGCTGACTCAGGT
TTTGATCTCGATCAAAGCAATAACACCCGCACGCCTAAGGCATATATCACAAACGCCAAG
60 GTGCAGGGCGGTTTTTACGGGCCCAAAGCCGAAGAGTTGGGCGGATGGTTTGCCTATTCG
GACGATAAACAAACGAAAAATGCAACAGATGCATCCGGCAATGGAAATTCAGCAAGCAGT
GCAACTGTCGTATTCGGTGCGAAACGCCAAAAGCCTGTGCAATAAGCACGGTTGCCGAAC

AATCAAGAATAAGGCCTCAGACGGCACCGCTCCTTCCGATACCGTCTGAAAGCGAAGAGT
AGGGAAACACT

SEQ. ID NO:18

Nucleotide sequence of DNA region (373 bp) up-stream from the OmplA gene
from Neisseria meningitidis (serogroup B) (ATCC13090)

CGTACCGCATTCCGCACTGCAGTGAAAAAAGTATTGAAAGCAGTCGAAGCAGGCGATAAAGCTGCCGCACAAGCGGTTTA
70 CCAAGAGTCCGTCAAAGTCATCGACCGCATCGCCGACAAGGGCGTGTTCCATAAAAACAAAGCGGCTCGCCACAAAACCC
GTTTGTCTCAAAAAGTAAAACCTTGGCTTGA11111b£RAARLL1hLAATCCGGTTTTCATCGTCGATTCCGAAAACCCC

TGAAGCCCGACGGTTTCGGGGTTTTCTGTATTGCGGGGACAAAATCCCGAAATGGCGGAAAGGGTGCGGTTTTTTATCCG
AATCCGCTATAAAATGCCGTCTGAAAACCAATATGCCGACAATGGGGGTGGAG

'L

T

65




45 TGTGCGAGTTGATTGTACTTACCTTAGTGGTGGATGCTTGECCTGATTTAATTAAATTTG
ATCAAAGCGGTCTTCACAACACACCAAACGAGATATCACC SEQ I D NO 46 Nucl eoti de sequence
of DNA region (1000 bp) up-streamfromthe tbpB gene 50 from Moraxella
cat ar r hal V& Q@3 GCCCTGATTTTGAGAGCCACTGCCATCATGAAT TTGT TGCCETRANERMBTZABT CG
TATTCTTCTTCGGT TTCCCCTTTCCATGCAAACACAGGGAT ACCAGCGGCCGCCATGGECA
GCGGCGECGTGGT CTTGGGT GCTAAAAATAT TGCATGATGT CCAGCGAACTTCTGCACCC
AAGGCAACCASER. IDBIATIGAGCACCCCTGI TTGAATGGT CATGTGGATACAGCCTAGG 55
ATTTTAGCACSulcldytiaE &t TCTTAACCCCATCAGGECT

lovie w Eamniheritial gene
ATTCGAGGTAGGCATATCT
A\ TTIGAGATAATTG

TTATTCCTAAGETAT

ATGCTAAAA%% PSS EICRSs o2 AR AT TTTAAGCAT 60
AAAAAGCAAA T o L TAT T ARPeARAIGRIST AREASIORTRATAT f GEGTAGAA
AGTTAAAT GGATEGTIERET ARG ) TTTTTTAAT
AATGCTTTTA TTTTTATCTC
ACTATGGTA TGTATTATAA
TTf TACTTATE CADARA GGTTGGGTGG 65
TTTTAGEAA Savaie) TT ATAAGEAGETA TACACGCTC
ATAAACAGAT (zl AR A PEPGITREGT TGECGT GT

ATCGGTGTAT GAAAGTHE ' NGACIEGE T uﬁﬁ@gﬁjﬁ@gm 47 WD 01/ 09350

PCT/ EPQQ/ OZW“%E?@T%WC psaesacagfrriobiarrregtafrs( 1000 bp) up-stream from
Lhe {bPA gRkBc R e TP AT coTeccerataas

TT TAAAAAGTGGTCTTTGOCCAAAGEGCATAT GT GGGAGCGAACACCCAA
AT%ATGBCA&E@AW&AATCACAAAAAATACAACGACCATT(XZXBCAGACTGXBG 5

GCAAATTTCONUEIES 6 CATLERE S DNAGAEIETAGKH T !

AGATTTTAT CrtoaANeAS izl AT *,va. B A@ﬁ%mw sene
AGAAT CAACCBAEANETS X CdAIe AR AL REN T
CGGACGCO A IS SN A A e AP ARE O AT G ARG ma&a%ﬁéﬁ

: (5]
COBTATAEREERTC EAKCEdCh AR AR B R A AR TR
CCATCT AY o g a0 e A AT ALK }'A\E'Q_’L“’-t’i.‘.'ﬁ"l‘@&"»""-" Al satcotohrkcean
GG CT T T CAA B A A T AR A A AR A ks kA AL S B A e
ACCAGT GECChaA MR CrE S Aot F e A AR oA TEATOCCIGT

€~

N ¥ :1&‘\#!
GE

TTTTGATGGCEXTAA
ATATCA&GAA@@QA. TS RSAPAAAAAGATTACAAATTTAATGATAATTGT TATTGT TTAT

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Lipo02 gene
from Neisseria meningitidis (serogroup B)
TTATCTTGGTGCAARACTTTGTCGGGGTCGGACT

45 AACCGGTTTGGGTATTGCATCGGCTACTTTCGGS

ACATCCTCACTGCC
50 GCATTCAAGGTCAATATGTTCGACCGCGCCATCGATGTGTTCGGCAATGCTTCGCTTTCGCTTTTC

55 TGATAGCCGCTATCGGTCTGCACCGTTTGGAAGGAACATC

SEQ. ID NO:22

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Tbp2 gene
from Neisseria meningitidis (serogroup B)

60 CCTACTCCACCGATT AAAA
CCAATATGCTCGGCGCGACCCACGAAGCCAAAGACTTGGAATTTT
TGAACTCGGGT
GTCAAACCCATTATGGGCGTTGCCTT‘ITGGGACGAAAACGTTGAAGTCAGCCCCGMGMGTCAGCG‘?ggE}é'}:gTGMgg

65 CGGCCTGCGCCTCGGCCGTTTGCTCTACCAAGGCCGCTGGTTCGACAGCCAAGCCTTGATGTTGCGCGAAAC

70 GG'rcG'rc-rshmc;xrcxrccc‘r‘rm:G'r'rhmcc;mrcC'rArGmmmcnuc-rcc'rcarcmmccucnusc

I




GITATTATTTATCAATGTAAATTTGCCGTATTTTGI CCATCACAAACGCATTTATCATCA
ATGCCCAGACAAATACGCCAAATGCACATTGT CAACATGCCAAAATAGGCATTAACAGAC
TTTTTTAGAYO647/863660\T CAACCCATCAGAGGATTATTTT 20 SEQ 1D NO 48 W/ﬁ%)o?& 4
sequence of DNA region (1000 bp) up-streamfromthe onpE gene from
Moraxella catarrhalis

AAAGACAT TAC A A F A T AT T AR AT A SAIR AT GTACCF CTGCCCCGTGGTCGCAC 25
GOCAACGCTTTTTGATGOGGTGOGT TGEGT TCAGATGGCTTGTCAATCATTTGGTTTTAT

TMMT TGGCTTTACCTGATATGTCATTTGATTATCGAAACAA
TACGCA WTTTT TTTGOCAAGCACTCAATATTACCGCTCA
TACGACCAT m&&%ﬁn)xummwma'm gene
ATTACCCAAAT AV gissRTigara ngings, WTTGGTGCAAAACAATCCATT £0

A hdAner

= WWTW%%%

ACTTGCCCT
AACCGGECGTY
GCAAGCATTTﬁ@mAMircﬁ HCRSANGCES Ik darin FhobbeG
CAT SEEe e, RN SoAC S s
TTT W@?AﬁW@%AWMTGACA@GAUACCACAMC@CTA

TCTACAAGCATEIR DONTAGACAATCATATTTTTAATCATTTTACAAAAATTCATGA 40

CAATTAATTQ&%I %W Ko ﬁ‘liJ'TA » NO 49 Nucl eotide sequence
-DNA regmmcaéase&ecda e e apared®ne  from Moraxel la
caﬁar rRal i i‘ TCAAGATGTGGT

ACGAATTAAT, wmﬁ&ﬁm@f@@fwmm@m%mﬁms ~-

: (P T OGN CAGRSES LY
: °°‘?é%tmcﬁ"mmm§;§m 785
T S DI IS A st A R A"% ﬁg&iﬁm
GAGTGTCTA Mjmzm, AT AT YA AT P EAC T AT ACEGAP SR oA s
ggctgacgttaccctgtjgésggaccatcgggaccggcgt: 9att9CCCtgaCtttggcagcccttcc:ggtgcagcaai

45 SEQ.ID NO:26

Neisseria meningitidis (serogroup B) PorB Promoter Region
GTTTTCTGTTTTTGAGGGAATGACGGGATGTAGGTTCGTAAGAATGACGGGATATAGGTTTCCGTGCGGATGGATTCGTC

50 GTTCGTAGGAATGACGGGATATAGGTTTCCGTGCGGATGGATTCGTCATTCCCGCGCAGGCGGGAATCCAGACCTTAGAA
CAACAGCAATATTCAAAGATTATCTGAAAGTCCGAGATTCTAGATTCCCGCCTGAGCGGGAATGACGAAAAGTGGCGGGA
ATGACGGTTAGCGTTGCCTCGCCTTAGCTCAAAGAGAACGATTCTCTAAGGTGCTGAAGCACTAAGTGAATCGGT
ACTATTTGTALLHTLL&LHQLLILuTLbLLlLbLLLTGATTTTTGTTAATCCACTAT TeceT

55 SEQ.ID NO:27

Nucleotide sequence of DNA region (1000 bp ) up-stream from the siaABC gene

from Neisseria meningitidis (serogroup B)
ATACGGCCAATGGCTTCAGAAAGCGATAAGCCTCT

60 AATCTTCCAAGGCAACAGTTCGTACTACATTGCCA

65 CGGCGGCGCTTCCCAAATCATAATATCCAATACA

70 TCCTTATACTTATATATATATACTTATAGATTCTAAAATC

SEQ. ID NO:28



TAAAATTTGTTACGGCTAA. aCATAACGACGGT CCAAGATGGCGGATATCGCCATTTACCA
ACCTGATAATCAGT TTGATAGCCATTAGCGATGGCATCAAGTITGTGTTGTTGTATTGICA 60
TATAAACGGTAAATTTGGT TTGGT GGATGCCCCATCTGATTTACCGT CCCCCTAATAAGT
GAGGREEEY AR CAGTCAMATTAGGAGACTAAG  SEQ | D NO 50 Nucl eBCrateomegeence
of DNA region (1000 bp) up-streamfromthe uspa2 gene 65 from Miraxella
catarrhali ) A GTGCCTGCTGGT GT CGEECGGT CATACCATGCTGGTGCGTG
COGATGGTGT TS T A EEATOARCRBCHEBCHEAS zene from

BC ey 3. q \ A
TGGT GGAT ACTF BB FATARAX FOERECASACICAGIAC A 4 hS A
01/ 093%® Péﬁﬁ@ﬂé@ﬁ mccn&-cccCGTACTCGCCMACAGCCGCGCCccA'rcAcccccmcrcc;\
A) ai-" Q\-’ G ™ a =P e A GEAARA

CLos

TTCGCTGTATTCCCCER TN T AT EA R SA T PESCGTAT covi
ATCAAT CAT ASEBADONSATICGT ACAAACGGT TGATACAT GOCAAAAATACCATATTGAA
AGTAGGGT T TR A dé e GTTq%«HTACTTTGATAA

TRy T

T?AFTGATGT?&@@&?@
A

Ot s S

gene
eI TTATCTGTCCGCTGATGCTT
SO LA ggﬁgggﬂ@ﬁ@%@@@%éggg de sequence

AA TTA T ||
e LG

s
FoAdiAck CGCAGCATC

FIELETRAAR

TAAAATTTT AACGCT TAT TGGT ACAAATTGCCAAAT AAAACCCCGC
TGCTTTTAATC T T BT TGT AT AACCCCT GCATAGCT TTGCGTATTTTCAATTGT
TTTATGEGCA Mﬁ‘@ﬂ&m ARNPCretRGOAN GEPGANF EATAGTISET Ak EAene from
GATATGATGRY¥ES? BTANT TAGCGAACCATTGCCCACCCA /

CEAEPOETAET (CAGEOAD.
TTTGATGATA T AT AT RACT TIAGST P ESCATACAT ECOAT T GG 6 25

40

GCCTAAAAGGAGACCGGATGCCTGATTATCGGS

TATCCGGGGAGGGTTAAGGGGGTATTTGGGTAAAA
TGGGGCGAAAATAGACGAAAALLIhIGLLlbbbllLLGGCTGTCGGGAGGGAAAGGAATTTTGCAAAG:ES?S;?SE?E?

AACCTGAAATTCGTCATTCCCGCGCAGGCGGGAATCCAGA
CCCCCAAC
GGACGAACCTAGATTCCCGCTTTCGCGGGAATGACGGCAGAGTGGTTT

45 GCGGCAGGAATCTATCGGAARATAACCGAAACC

50
SEQ. ID NO:31 N

Nucleotide sequence of DNA region (1000 bp ) up-stream from the sfaD gene
from Neisseria meningitidis (serogroup B)
ATAATGCAGGCGCTGAAGTTGTTAAACATCAAACA

60 TTCCAGACGCAATCATTGGCCTGTCTGACCATACCTTAGATAACTATGCTTGC

65  CARAGGTCCTCANmS GGTCGCTGCTTGCAATATTCG
CARARARACTGATATTGAATAATGCTTATTAA TT T T
ACATATAGCTAATTCTCATTAATTTTTAAGAGATACAATA CTTACTTACTITATTAACAGAGGATTGGCTA

SEQ. ID NO:32

Nucleotide sequence of DNA region (1000 bp ) up
70 from Neisseria meningitidis (serogroup B)

ATACCTGCACTTGAGTTGCCGACCATAAATTTAGCATGTTTCAATAAGACTAAAAAATATTCAAATCGRATGGAAGGAAA

14

-stream from the ctrA gene



TTTGCCAGTCATTGACAGIGITTGCATGCTTTTTCCTTATTCTTAAAATTGCCGECTGI T

TGGTATTTTTTAAATCAGTCAATTTTTACCATTTGICATATAATGACAAAGTACAAATTT

AGCAATAT T TTTTTGECGAAGT TTTATGAAAACTGGTCATTGGT T%‘E EP 00/07424

CT TTACACM ﬁ AAAACTTGCACAGT TAATAAGAAATATTTTGITACTATA

CGTCATTTGGAACAAGACAGTI TATTTGTAAATAGT TATTTGCAAAAGACGGECTAAAAGAC

AGAACAGCGIT Hﬂﬂﬁﬁﬂ%ﬁ?ﬁm%%%crﬁé&d&rwé& 9 G | de sequence

of DNA redj g&'qg. \ 93 T ATEPAALATRGSEERG @m Mor axel | a
AA

cat ar  ha! 1as A e SOTISEECAT CGTGCTG

GCAGGTCT A‘@@ﬂﬁ.’{ séx Yt PO s:u.c -z.x' F &'v-' ACBETRAE CCEGETC H&T

CTTGATACGzAstd ‘? f?rk‘:,s,‘i A :eaa-aﬂ LA '!.'!l"!' -q‘."lziﬂ -tew. A»-‘(eu%‘ C
V. FCRECA 4/ AAFEFAGTEA 'l'-v"'v?( Peascta ?”"1.‘3' G
' Lenissnttleliah mmmw T
TCATGATGT i . JARTAERAARCOEATEGCT S AGTG
&T@@C@%‘&& AR ERAAT OCTT GGT ATCAATOGT GGCAC
TCACTTACTTTAGACCGCCAGTTATCGCCATGGATA
ATTACGCA < .
TGGGCAGGT Gl dsHaeGE . » TRCELGATATIEC 48
ACGATTTGAGPI NS

TAATACTGT 'EGQ&":I&QEEA%Q&'

GGTGAT:
ATCTATTGA!

: ; Ny
T TTTATGTE ARt M&T@@E@#ﬁmﬁﬁ?%mc
; m
e

’ﬁmﬁ% oo

A b R éﬁgﬁxnmmsﬁuﬁﬁmwde
sequence @&%“@Zﬁéﬁi&&éﬁ@g‘ USRI T oAbt Bt 1 T Om

ccncc;uu-rcccnccccccmcmrmc;ccmmx‘
Mor axel | a Gca;tta:li'd-’Th&ln¢$AAA'rGC‘r'rrGAGmcanA'rA

ACTATTETG [T TCACGAAT GCGAAT GCCCAACT CACGCAACT GGCGATTAT
CAACTTCAGG T ééGTCAATGGGCAATCTGCCGTCTTGGTTTTTGGGAAGGCGA
TCACATCACEH SEES AareziguA PAR POAGEESATCN ¢he

CCAAACCAC@(H‘G@ME%F MWMAC@GMT@EBTCCATCAAAAAC'I’ TAAACTTAA

AAGAT
TGGATTTTGC

GGCAGACGGCAGuATGCGGCGGCTGTTTACCTTGAGGCAATACTTCGGCATTTTGCACCGATTGCTGAAAAACCGTTGAA

AAACGCCGCTTTATCCARCAGACARAARACAGGATAAATT

SEQ. ID NO:35

( Nucleotide sequence of DNA region (1000 bp ) up-stream from the Ist gene from

~ 50  Neisseria meningitidis (serogroup B)
GCGCACGGCTTTTTCTTCATCGGTTTGAGGGTCGGCAGGATAA
TCGCGGCGGTCAGTTGAGGTACGGATGCGCTGATGTTCGGCAG
CCCAATTCGGCAAGCGCGTCGGGTACGCGCTGCGCTTCGGTCA
GGAAATGTCGGCAGTTTTGACATCAATATCGGCGTGGCGGGC

55 GCGCGGGGGCTTCGTCGGTATGGGTATAAACAATGGTGGA
TCTTTTGGARCACATTGCGCGGGGAATGTGCGCGGCTATT
TTGGCGTGTTTGAACGCGGCRGCGTGAAAGGAAGGGGGAAA1bbx1LLLLLthL1lbhbthbhleLGGAGGTGCTGT

GCCTGATGTGCGGCGGCATATTTTCGGTGAAATTGATTTTATAGTGGTTTAAATTTAAACCAGTACAGCGTTGCCTCGCC

60 TTGTCGTACTATCTGTACTGTCTGCGGCTTCGTTGCCTTGTCCTGATTTAAATTTAAACCACTATAATATTCGGTAACTG

TCGGAATRTCTGCTAAAATTCCGCATTTTTCCGCCTCGGGRCACTCGGGGuGTATGTTTAAT'TGTCGGAATGGAGTTTT
AGGGAT

SEQ. ID NO:36

Nucleotide sequence of DNA region (1000 bp ) up-stream from the msbB gene

65  from Neisseria meningitidis (serogroup B)
GLCCGACGGCGAACAGACACGTCGTGAAATCAACCGCTTGGACAG
TTGAAAGACTTGCCGGAAAAACuGACCGTTGGuCGTGCGCCTACC
GAAAGCGCGATTATGCCCCATACCCT'CCCGATATTTCCCAATGTATCAGACAAAATTTGuAACAATATTTCAAAGACCT
GAACGGTACCGAACCTTGCGGCGTGTACGATATGGTCTTGCATCAGGTGGAAAAACCGCTGuTGGTGTGuGTGATGGAAC

70 AATGCGGCGG;AACCAGTCCAAAGCCTCCGTCATGTTGGGACTGAACCGCAATACTTTG&GTAAAAAACTGATTCAACAC
GGTTTGCTGTGAATATGTCGGCAACCGTCCGTATCTTGGGTATTGACCCGUGCAGTCGCGTAACGGGTTTCGGTGTCATC
GATGTCAGGGGGCGCGATCALALALACGTCGLL1LLuhLrbCATCAAAACGCCTGCCGA‘GCGCCTCTGGCAGACAGGAT
TGCCuTGATTGTGCGGCATATCGGCGAAGTCGTTACCGTTTACAAG&CTCAACAGGCGGCAGTGGAACAGGTGTTCGTCR

6]

TCGGGGACGGCAAAGCCTTTAGACTGCAATTCTTTAA

TTTGATTACGTTTGCATCGGGCTGTTTCACCAGTTCS
GATATTCGGGGAATGCCGCCARAATACGGCCGGACAG
AAACGCCTGCACAATCGGCAGCAGCGATTGGGTCGCCA
TTTTTGAGTCATAGGATTAT“CTCTTGTAGGTTGGTTTTT
ATGGCATA;LLLuuLuuLLxxuxxLGCGCTTTGTTCGATC

TACGGCGGCGCAATACGACATGCTTGCAGGTTATC
GCCAAAATGCCGTCTGAACACCCGATTATCCTTTT




TAATGATGGGTGATTGTAATCCTGATTCTTTTTCAACGCCATTATTGATATTGCT TGCGT
CATTGACCTTAATATATGCCAATCCACGAGCGCCATAAATACCAACAAATTTGGTGTACT 70
CATCAATCTGCT TGCGACT CATGT TACCGCCAT TTGGAAT GCGTAAGGCAACAACACGGC

CTTTAGGAT N GH93803GCCCTGAAAATACT TTAAAT TCAACATGT TGCATGAT GTCAGCT/EP00/07424
CAACATCAATAAGT TTTAAGGGAATGCOGTAAATCAGGCT TATCTGAGGCATAATCACGCA o WO

01/ 09350 chgcgﬁggmégéggzﬁg éﬁ@ggﬁ%’g%é?GTAAGTgAT&mA%TATCAAAETCASEQ IbD
NO. 54 5 Nuciéeekédec G&gin Ggﬁgm ng, TagrAgtAredmctdcom t he MsbB
gene from %‘F%l%ewr@FT@f?&ﬁmchsmuic&cmmm&csﬁaﬁﬁﬁwﬁgggigzg -

T GGAT CATAT T b et R b A A LS BT AP oT PARACE IR E AT R EFCAGACTS
TATTTTCAAGCT CATCCCATCGCTCAAGCT TCATCAT GCTCATCAATCTCTACCA

ATCGCT CACCAREQ TR Ord T GCCGCCAAATCGGTAT TAAACCATGAACCATCTTCAA 10

TCTTTTT GGCAN @I GidCEReETE T BN AALEH
CAAGT TCACCOFCEINATSBAB MG AGHE | %W B gene

&
¢
GTTTGATIPT CRATCEGIT CAGCCRBTIEIGH: AT SR GLRRRGT

GAGCAAGCCAT B R e S AT A AT CTToR Tﬁﬂi@é&%ﬁéﬁ@?i

; T,
A T M A el b A o
¢ T T AAAT R A COATAABAG GECo 1T
ey & { i":'ﬂ : X .‘o—v -n,- ARGCTACRG

s

CTA
G
\ CCRRT AT NG FIaLSAcoAe
TGCCAAGCTT TGACT GAATCGCT GAATCATCCAAACCCAAAATGCTTTTAA
TTAAGGTTgﬁ TTTTLGCCAATGATACCAACT TTATCACCACGAACAA
GCAGCGTT RAPEDER Fegten (18P bPIBRGEan DroNCEMVNAGIenet | de

@ rieringitidis (seregrogp®am from t he Pi Q gene from
CAACTTGAAAAFGAT T aa’al.Ye

‘sequence offTeyRAYeissgri
ATGATARRTA

ATTGCTTGTAAATACAAATGCAAGTTATTTTTAT CGGC
CGCAGCTGCAGCL‘GCGCCCTGPG‘ITMTCCCCICTCCACGGCMCCGCAACGCCGCCC
GAAACCATCTTTCTTATTACTGCCGGCAACATTGTCCATT

45 SEQ.ID NO:39

( Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompCD gene
o from Moraxella catarrhalis

GCTGATTTGTGAGCAAGCGGGCGCATCAGGGATTACCTTGCA
ACATATTCAAGATGAAGATGTTTATGAATTGATTGGGCAAITg:zggggggégggggzgg
50 TGAGATGGCAGTCACTGATGAGATGC TARATATTGCCCTAAAGGTACGACCAGCATGGGT
GTGTTTAGTACCAGARAAACGCCAAGAGCTGACTACAGAAGGTGGGCTTGATATCGOCAR
TTTATCAAATATTCAAGCATTTATACACAGTCTTCAGCAGGCGGATATTAAGGTITCTTT
ATTCATCGATCCAGATCCGCATCAAAT TGATGCTGCARTTGCTTTGGGTGCTGATGCGAT
TGAGCTGCATACGGGAGCTTATGCTCAAGCGACTTTACAARATAATCARAAGCTTGTTGA
55 TARAGAGCTTGACCGTAT TCAARAAGCCGTTGCAATGGCACAARARAAATCATCATTATT
GATTAATGCAGGTCATGGTTTGACGCGTGATAATGTTGCAGCGATTGCCCAAATTGATGE
TATTCATGAGCTGAATATCGGGCATGCATTGATTTCAGATGCGATATTTATGGGGOTTGA
TAATGCAGTCAAGGCAATGAAAATGGCTTTTATTCAAGATAAAACGACCAATCATTGATG
60 CGTTAGAAAGAAAATCGTAAATAATGATGACTATTGTGTAATATTATGTATTTTTGTTCA
AARAAAGGTTGTAAAAAAATTCATT TACCATTAAGCTAAGCCCACARGCCACAATGAATA
CCTATTGGTTTGACTCATTAGTCACTAAGARTCTGCAARATTTTGTAACAGATTATTGAC
AGGTCTTGGATCGCTATGCTAARATAGGTGCGGTAATCTTGAAAAACCAACCATTCOTTG
GAGGAATTTATGAAAAAGGGATATAAACGCTCTTGCGGTCATCGCAGCCGTTGCACCTCE
AGTTGCAGCTCCAGTTGCTGCTCAAGCTGGTGTGACAGTC N

65
SEQ. ID NO:40

Nucleotide sequence of DNA region (1000 bp ) up-stream from the copB gene
from Moraxella catarrhalis _

GATGCTGTTAAAGTGGGTATTGGTCCT GGTTCTATTTGTACARACCCGTAT
TGTTGCA
70 AT'I‘GGCGTCCCGCAGATAAGTGCCATTGA‘I‘AGTGTGGCMGTGCGTTAAMGJ‘\TCGCIE?!:‘

{2



TATCAATCCTTATAGAAATGT TGAGGT TCT TGATACCAATCATGCCGCT GATCAGCAAGA
TGAGCCAAAAACCGAAT CTACCAAAGCT TGGCCTATGGCAGACACTATGCCATCTCAGCC
ATCTGAT AGE #TfohsaT CTGOCAAGGCT CAGGCACAAGT CTTCAAAGGOGAT CCGATAGT AQ 0 oo o 4
- CATTGATACCAACCGT GT TCGAGAGCCT TTAGAAAGCTATGAGT TATCAAGCCTA
TCATGGTCGTATTTTTGATGATGT TAGACT TGTGGCACTCATTATGAGT CCTGATGGCAT
CGT TCAT CGEGTAAGEAGTEROAMTATCIE GO GACTAAMATTACCCATAT
TGACAGT CGEESEAT BYS PAGCAG GGCTATTATCG _

A i diacontreim | D NO 56 Nucl eot i de
sequerice ORI RGBT Eeanensontt he |1 pol 8 gene  from

Mor axel |gpagg;gq;pqchn;pAAgncCAGCTTTGTCAAAGTGACTTCCGCAGGCATGAAGGAATCG

CAT CCAA A A A T TR RS AT I TNCIT AAGAAAATCAG 5
LS i mt%@@— AT R L AATAGATTAAA
AATTT RN AP TSt 1G] PGPS S S IMAIGST CATTATCCAA

B EACAGCCGAGCTTCGATTTGTAGACG 55
AATTGAGC(?@@'H@E@GJAAGATGGCAGGCATAGATTCATACGGTGTT%CACGCACA;F\T
CTCATGT AGGTdlddhidle SEGAEHSE BDOM Fagied X000 bbNup-Slrbbnh HoHPHERT{Cene
ACCAT GCAGPYTMGRAATE IQAI,@G@QAAGCTGTGTAG-CBA GCAAAATcggT;?ﬁgA‘&C
ACPAAAATFGFCACEAEOCACOREETCATCAGTAAARA TAAGEACAAA

NO 57 Nucl eoti de seguence
gene from Moraxell a
GCTATAAGCCCATTGCTACTTTTTA

TCATTPAT PRI TCEOCTITACRCEREvAT: AR ATTAACTCGTG

CCACTGTT. GCATAARAATCT TARCAR T GAATCAAAGCATCGTATTGGCTGTT

AAATGAT ATAG AT TTAAATTCAGACTAAATGAT TGTAATATGGACATATCAA WO 01/ 09350
g’éﬁﬁﬁ’ z&%&&é?% ESSAR{PAN bpAmpastronaT frontheQoaa gene
GTAGRSGTGIRT/ e e R\ TT GCCATATGGT TGGTCAGTGGCTATATTTTA

T COOCT CR R TIPSR T CGCT TGRATG

TCGTAAAAAGCT TACCCARGATCCGCTTTTGGGCTTGGTGGCAGCGGTTTCTGTGGGTGT
TAATCAAGGCCGTGTATTGCTTGAT TTGGATTATGCTGAAGATTCAACTTGTGATACCGA
45 TTTAARTGTGGTCATGACGCAGGCAGGTGGGTTTATTGAGATTCAAGGCACAGCAGAAGA
AAAGCCATTTACTCGTGCTGAAGCTAATGCGATGCTTGATT TGGCAGAGCTGGGAATTCS
GCAGATTATCGAAGCCCAAAAGCAAGTATTAGGCTGGTGATATGCTAATCGTTGAAGATA
ATGGCGTGATCATCACATTAAATGGACAAGTARAAGACCCATTATTTTGGTGGTCGATGA
. TATTGCTGCTGCTGGGTGTCTTGGT GGCAATCATTTGTTTGATTGCACCCGTTTTTTATG
( 30 CAATCGGTGCGTTGGCTT TAT T TGCAGTTGTGGTATTTGTGT TTAATATTCAAAGGCAAA
. ARGCCAAARCTTGTCATATGTTTTCACAAGGTCGCTTGAAGATTACGTCCARACGETTTG
AGATTCATAACAAATCACTAACCT TATCAGCATCGGCAACAATATCTGCTAAAGATAACA
ARATGACAATTGTTGATCGGGGCATTGAATATCATTTTACAGGTTTTGCTGATGACCGTG
AARTTAATATAGCCARACAGGTACTTTTGGGARAGTCARTCARAACCAATGCGGTGGCGS
55 TAACATTGGCTAAGTAGT TGTTGTGATACAGACAGGTTGGATGGTCTTTAACTCCACCCA
CCTAACT T TTTCTTTGTTTGGATTTARGAGTATGTTATGATGGGCAGGATTTTATTTTAA
GTCATCATTTAATGCAATCAGTTGTCCAGAGTAGCCGTTC

SEQ. ID NO:43

60  Nucleotide sequence of DNA region (1000 bp ) up-stream from the hly3 gene
from Moraxella catarrhalis

GIGATCGGCARCACCCCACCATTCAGGAGCARCCAAAATTGCCCGTGCCTTGCCTGTCTT
GGTGGTATCATTTGGCAGGGCAATGTGGCTAAGTAGTGGTGTGCCATCAGGTGCGGTGGT
GGTGAGTGTACGATTCGTTATTGTCATAAAATTATCCT TTTGGGTTGGATGATATCAATG
65 ARRTACCCTACGGTTGTATGGAATTTTATCCATTGTACCACGGTATTGGTCT TTTTAAAT
TARCAAGCAGCTTCTAGCAAGTCAAAGTTTTTATGCCTATTTT TTCAGATTT TARGGTAC
AATAAAGCCAATTGT TAATAATATGGTATTGTCATGAT T TATGATGAAT TGCGACCAAAA
TTTTGGGARARTTATCCCTTAGATGCGTTAACAGATGCTGAATGGGAAGCATTATGTGAC
GGATGTGGCGCGTGT TG T TIGGTGARATTTCTTGATGATGACAATGTTAART TGACCGAA
TATACCGATGTTGCCTGCCAGCTATTGGATTGCTCAACAGGATT TTGCCAARACTATGCC
AAGCGTCAAACGATTGTGCCAGATTGTATTCGC TTAACACCTGATATGCTGCCTGATATG
CTGTGGTTGCCACGCCATTGTGCTTATARGCGGTTGTATCTTGGGCARARTCTGCCAGCA
TGGCACAGGCTCATTAAACATAGCCARRACCATGGTGCAGGATT TGCGAAAGTTTCAACT
GCTGGGCGATGTGTGAGTGAGCT TGGTATGAGTGATGAAGACATAGAAAGGCGAGTGGTG

1

70




ATTGTGGGTACGATTGCTGATAGAATTCTGATACCGATTATTTTGACCGTCGTGGTTGEG S
TTATTTTCTATCTTTTTTGAAAAAAGGCGATAAT TTGGTTATTTTTTCACAAAAAATCAT
GATTTTTTTTGTAAACTATCTAAAATATCAAT TATGTTATATTATGTGATAAAAGATGGEG
CATGCTTAAY PR T GCAAAAAT CCTAATATCAT CACT GACCAAAGCT GTGAT GARCT/EP00/07424
ATCAAAACTTTATCAAAGT TCTTAGGGTATTATCAAGATATCATACCAAATGAATACTTA
CCCAACTTACTATAAAAATCAA%‘ETTCTGTGATTTTATTATCATAGATACAAAAA 10

TCAAAACGCA Ea0 oA AR A e e L R EXTEISEACAT TATGACA
ATCTAAAT GT BT s CORATR AT TGO GG AT Th A tcha b dchad T ARG T CAAGCCA
GTGCGAT T AR AR AT T A T T B AR F B FACT TTATTTTATTTGTGCCAGT T
GGAACAATT \TGTATTTATTTTAAGGAGATAA 15 SEQ | D NG 58 Nucl eoti de
sequence (?EE . ron (1000 bp) up-streamfromthe |ipol O gene from
Mor axel | a DaFleptide sgquence of DNA region (1000 bp ) up-stream from the IbpA gene
TCTGGTCTACKP ATHRAGREAAGAAACACT AAAGACAGT GGAGCAGATGACG
' _ AT T CTAR TAIGTC AT TRGTGARGIRGEE TGTACAAAAA 20
XaAdGS (a4 ] TFEEACACACTGTC
AT R GITERGETRATEAT GCAATCGCA
TE{oaTEAITEE A SAYARY .o, ] TGACCATGGT
TTAGA Ry STt d ok CATSROBTRGASEAGATATTCGGTCA

AL T A o] AGACCTTGTG 25

30 TGGITTCITG

ACTTGATAGATGA
BRSRGAR onCtieiynB gene

I D NO -59 Nucl eotide
Sfhe i po2 gene from

COGTCCAT
AN e

S

Qb AL

GOECANTRNC T Akt dCCT TTTTGAAA
40 CATGAGCRAGATTAGGCGTTGGGTGAGCT TTGGTTGTATTACTCATCAGCCTACCCGARA
CCTGCCAAACATCACCGCCCARAACCTAAACATACAATGGC TARAAAT ATCAGAAAATAA
CTTGCTGTATTGTAAATTCTTATG T TATCATGTGATAATRATTATCATTAGTACCAAGAT
ATCCATTACTAAACT TCATCCCCCATCTTAACAGTTACCAAGCGGTGAGCGGATTATCCG
ATTGACAGCAAGCTTAGCATGATGGCATCGGCTGATruxuxaleuuurruxrsrbxurr

45 TG'J.‘GGGAGTTGATTGTACTTACCTFAGTGGTGGATGCTTGGGCTGATTTMTTAAATTTG
ATCAAAGCGGTCTTCACAACACACCAAACGAGATATCACE

( SEQ. ID NO:46

Nucleotide sequence of DNA region (1000 bp ) up-stream from the tbpB gene
50  from Moraxella catarrhalis

AGTTTGCCCTGATTTTGAGAGCCACTGCCATCATGAATT TGTTGGCGTAAACACCACTCS
TATTCTTCTTCGGTTTCCCCTTTCCATGCARACACAGGGATACCAGCGGCCGCCATGGCA
GCGGCGGCGTGGTCTTGGGTGCTARARATATTGCATGATGTCCAGCGAACTTCTGCACCC
AAGGCAACCAAAGTCTCAATCAGCACCGCTGTTTGAATGGTCATGTGGATACAGCCTAGG
§5 ATTTTAGCACCCTTAAGTGGTTGCTGGTCTTGATAGCGTTT TCTTAACCCCATCAGGGET
GGCATCTCAGCTTCTGCCAAGGCAATCTCACGGCGACCATAATCGGCTARACGGATATCR
GCGACTTTATAATCGGTGAAGTTTTGGGTGG TACT TGGATTGATTGAGGTAGGCATATCT
TTATTCCTAAGC TATTTTAAAGTATTTTTAACAATAATTTTGATGAATTTGAGATAATTG
ATGCTAAAAGGTTGAATGACCAAACCATCGCTAACAATCAAGAAAAGACATTTTAAGCAT
60 ARRAAGCARATGTGTCTTGATGGCTTATTATAACAGT TATTATGATAAATTTGGGTAGAR
AGTTARATGGATCGT TGGGTAAGT T TGTTGGCTATCCTTAATTAATTATAATTT TTTAAT
AATGCTTTTACTTTATTTTAAAAATAGAGTAAAAAA1hb1IthLYTbbbALLLLATCTC
ACTATGGTAGATAAAATTGATACARAATGGTTTGTATTATCACTTGTATTTGTATTATAA
p TTTTACTTATTTTTACAAACTATACACTAAAATCAAAAATTAATCACTTTGGTTGSCTGE
5 TTTTAGCAAGCARATGGT TATTTTGGTAAACAATTAAGTTCTTAAAARCGATACACGCTC
ATAAACAGATGGTTTTTGGCATCTGCAATTTGATGCCTGCC TTGTGATTGGTTGGGGTGT
ATCGGTGTATCAAAGTGCRAAAGCCAACAGGTGGTCATTG

SEQ. ID NO:47



| TTAATCAAAATGD00AG
45 TTGCATGAATAACCAATCAAAGACACCAAGGT CAATGTGACCGCA
GCTTTCAGCAAAATAGTATTTGCTGACAACCT GCCAATGCGT TGCACCCATAGATTTGGC
AGCTTCGGMAGTAGIBET GGGTACT TCTAAT AAAGCAT TGGCACT CAAGOGT GCAAAAAD e b0 o 1o g
TGGAATTGCTGCCACACT CAAAGGGACGAT GBOGGCT GT TGTGCCAAGGGT TGTTCCCAC | e
CAAAAATCGTGTGAGGGCATGAGAATAATGAGCAAAATAAT%(T:GGAGCGA(T:? 5
AATATTAAT AR : G A (AT G c:c;cccTtHT sene
A CCATCTCCCACATTCTTGG
€ Cler e </ AR TAT

AT G AR TN T MEABE MM TR e e e LT AAT CTCAA
GTG%T@?@?@@@@%& R EACR T TAGKCCMBETEOGE TCACCGATAA 55
-IC;CTCAGCAATP@TM@GQ&MHEE ; EAr A A e NO: 60 Nucl eot i de sequence
of DNA redi i PRI SAR T AT SMciherTiappdccgene  from Mor axel | a

CA ABAADCT P

cat ar r Hal i sa6f5a0AGSTARAICSvAE:

TTGAAT AT G R T R nE R &

TGATTATAAﬁngeGMTm&Hc
ACCAAA{EAmz ﬁ x c
TAAACTTAGE@@% ATegeraTeAltYy
GT AAAAT G T R A T

CAAGGGCAT BATFTBOGERT At E A AT s
TTATTTRBGGTTGGTTTTGATAAGAAAAAACAAGGCT GGCAT GATAAAATTGOCAAAACTG
TTGTGGT AASEQGIDNWAEET GATGGGT CGOCAGT TAAACAAT AAAACCAT CAAACGCAA

: I.70
AT T AACEAA M R A PR A i RSP eene

T GLAS TGTTGAAGTGCG
gk

TAGCCGAACAREICE - ' FoAToC

e T T
TP CAT RO ABCATGAATGGAT 75
ATACCGTTTIcH_\ : ol S LA AR T S AINGCAAT CCGTAG WO 01/ 09350

o (Vi G IVIY vy .
. 1D NO 61
PCT/ EPOO/ G GﬁWNMMM@TA&A SEQ
tr@AEA C.

Nucl eot i dects R rOtE Ot B IERAE®r eam from the |i po6 gene

G
5 f 1 oms M ek ithiarceethaibing
; CTTGS R

CCAAA TR ICTEHT CIRRATS
m&%ﬁ‘ﬁmﬁﬁﬁ’m AcToAcA
ATATAAT ACGAMART QESRAAT ATGT AAAT CATCCAAAT TGCCTGOGGT

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspal gene
from Moraxella catarrhalis

45 GGATGTGGCATATCTGCCCATCGACCCAATACACATCGGTCGAGGCTATCAAGATGTGGT
ACGAATTAATAGCCAGTCAGGTAAGGGCGGTGCTGCGTATATCTTGCAGCGGCATTTTGG
. TTTTAATTTACCACGCTGGACACAGATTGATTTTGCTCGTGTGGTACAGGCTTATGCAGA
( AAGTATGGCGCGTGAACTAAAAACTGATGAGCTGCTTGAAATTTTTACCCAAGCGTATCT
- TAAGCAAGATAAATTCCGCCTAAGTGACTATACCATCAGCAATAAAGGCGATGCTGTCAG -
50 CTTCCAAGGCCAAGTAGCGACACCCAAAGCGGTGTTTGAGGTGATTGGTCAAGGCAATGG
TGCGTTATCTGCGTTCATTGATGGCTTGGTGAAAICCACAGGCAGACAGATTCATGTCAC
CAATTACGCCGAACACGCCATCGATAACAAAACCCATCAAAAAACCGATACGGATAACCA
AACCGALuLLuuLu1uLLbLrTATATCCAGCTGTCGGTAGAGGGGCAGATTTATTCAGGC
ATCGCCACTTGCCATAGCACCGTATCCGCCATGCTAAAAGGTGCATTATCCGCTTTGGCA
55 CAGGCGTGGTAATCTGACCCAATCAAAATCCTGCATGATGGCAGGATTTTATTATTTAGT
GGGCTGCCCAACAATGATGATCATCAGCATGTGAGCAAATGACTGGCGTAAATGACTGAT
GAGTGTCTATTTAATGAAAGATATCAATATATAAAAGTTGACTATAGCGATGCAATACAG
TAAAATTTGTTACGGCTAAACATAACGACGGTCCAAGATGGCGGATATCGCCATTTACCA
ACCTGATAATCAGTTTGATRGCCATTAGCGATGGCATCAAGTTGTGTTGTTGTATTGTCA
60 TATAAACGGTAAATTTGGTTTGGTGGATGCCCCATCTGATTTACCGTCCCCCTAATAAGT
GAGGGGGGGGGAGACCCCAGTCATTTATTAGGAGACTAAG

SEQ. ID NO:50
Nucleotide sequence of DNA region

65  from Moraxella catarrhalis

CCCCAAbLLLILLbLL1uLbThLLIbLihhTGTCGGGCGGTCATACCATGCTGGTGCGTG
CCGATGGTGTGGGCGTGTATCAGATATTGGGCGAGTCTATCGATGATGCGGTGGGTGAAT
hLLLIhATAAAALthAAAAATGCTCAAACTGCCCTATCCTGGTGGCCCARATRTCGAAA
AATTAGCCAAAAACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGCATAAAG
70 GGCTGGATTTTTCGTTCAGTGGCATGAAAACCGCCATTCATAATCTCATCAAAGACACAC
CAAACGCCCAAAGCGACCCCGCCACACGAGCAGACATCGCCGCAAGCTTTGAGTATGCGG
TGGTGGATACTTTGGTCAAAAAATGCACCAAAGCACTACAGATGACAGGCATTCGCCAGC

74

(1000 bp ) up-stream from the uspa2 gene




CAATGATAGAAACT TGCTTTTCGT AAT CAGGCT CAATGCCAGAAACCACGATTCCAGTCA
_CCTGACCTTCAGCGGT TAACATACCTTGTAGT TGAATATAAGGGEGCAACTGCTTGCACTT
CTGGATTTTGCATTTTGATTTTTTCGGCAAGT TCTTGCCAATTTGTCAAAATTTCTGITG

AGGT AACT GYAEITOPEINGGECACCAT GCCAAGAAT GCGT GAT TTAATTTCACGGT CAAAGECTEP00/07424
CATTCATGACCGACAAAACCGT GATAAGCACT GCAACCCCAAGCGTAAGCCCAATGGI TG

%ATCTAAGCC
Yot COGTGCTAG
oehedhdsi G A BT CFEAGGT TGGT T

TR IT O

SRESTTATGTCAGA 20
.%TATACCGA

: TGATATA
: ¥iVi9. I TAYTPACTTASEICACCFTER NO: 62 25 Nucl eot i de
sequence of DNA region (1000 bp ) up-streamfromthe P6 gene from

o e T AT ST o

TITTTATCAAGATTAGGATATGITCC 30
CLT AR T BT GAGTGCTAA

= GRCTTTATTTGGT
TACGCCAAAAACT

ARG

BAA
ATTE

AGCTTAATTARIAGE
AAT T GOCAAA T R AT e AR R R s e
ATTGAT GAGCAAEAvAAGARTRAS AR LA
TAACAA AT AT e AT
CAAAAAAGT TEARGEAARAGAC AN oS A TR AT AT

GGAT AT COCC T LA A e A o AL SCATIACTALAMMAT GACACGAGC - ACAEGCAGGCGA
GAGATTPAAAGRSCE A A MR ACCATCCARA T AAA T g e CCSC '

: TTTGACAGAATA
CACCACACGCCTAGAAGCACCAAAGCATTTTAAAACCTTGCTTOOOAATGGTAATTTGGT
TGAGT CAGGA%E};IEM 'GAAAAT CGCCATTATACCATTTGGCATGATCCTACCAAAAA

- ACCCAGCTAT Eﬁ@@@&@ﬁ@@ﬂﬂﬂ@@%@@d\ﬁp ep3bfeam | de
sequendg offrdiNAMaregellacatadrbkdlisbp) up- str eamgf romt ﬁlegol\%l?é@gg'%‘g% g%ém
Haenophi | ugTR e TErReca@ C R TR FAT T TACTCAARACAGGCGGCTTGATCTGE TG
AAATCAA T A R TP TR TPATART CTTGGTTTGA  t

ey A XL . T A .% Ad g
ACCGCCAAAA ST ABCT AT CAGT G R A A AABGACE A A cAGCCGT TTTT 50
GTGOCAACAGR R A e A e AT AT AR LTSI A ATATATREAT TGAGGT AA
ATCAATAT GGRF '3‘ AR ARRDACUCAARATC b TAr e GrtddatsT 11T GT CGCA
TCATTTAT CCAdiaAATECIddckaokdo ik T L bR LR T TMUEGT TACTCATG
45 CGATTTGACATGATTTAACATGTGATATGATTTAACATGTGACATGATTTAACATTGTT

TAATACTGTTGCCATCATTACCATAATTTAGTAACGCATTTGTAAAAATCATTGCCCCCT
TTTTTTATGTGTATCATATGAATAGAATATTATGATTGTATCTGATTATTGTATCAGAAT
GGTGATGCCTACGAGTTGATTTGGGTTAATCACTCTATTATTTGATATGTTTTGAAACTA
( ATCTATTGACTTAAATCACCATATGGTTATAATTTAGCATAATGGTAGGCTTTTTGTAAA
. 50 AATCACATCGCAATATTGTTCTACTGTTACCACCATGCTTGAATGACGATCCAAATCACC
AGATTCATTCAAGTGATGTGTTTGTATACGCACCATTTACCCTAATTATTTCAATCAAAT
GCCTATGTCAGCATGTATCATTTITTITAAGGTAAACCACE

SEQ. ID NO:53

55  Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene
from Moraxella catarrhalis

ACTRllLihLLLLlexlxlLLACGAATGCGAATGCCCAACTCACGCAAC
CAACTTCAGCAGGTGCTTCGGTCRATGGGCAA1LrbLthLrIbhx1Lxnggggggggz
TCACRTCACGGATTGAGCTGGCACCAACCATCAGCATAATCAGGCGATCTAGACCAAATG
60 CCAAACCACCGTGCGGCGGTGCACCAAAACGCAATGCATCCATCAAAAACTTAAACTTAA
GCTCTGCTTCTTCTTTAGAAATACCCAAGGCATCAAATACCGCCTCTTGCATGTCAACCG
TATTAATACGCAGCGAACCGCCACCAATTTCTGTGCCATTTAGTACCATGTCATAGGCAA
TGGATAGGGCGGTTTCGGGACTTTGTTTGAGTTCCTCAACCGAGCCTTTTGGGCGTGTAA
AAGGATGATGAACTGATGTCCACTTACCATCATCAGTTTCCTCAAACATTGGAAAATCAA
65 CGACCCAAAGCGGTGCCCATTCACAGGTAAATAAATTTAAATCAGTACCGATTTTAACAC
GCAATGCACCCATAGCATCATTGACGATTTTGGCTTTATCGGCACCAAAGAAAATGATAT
CGCCAGTTTGGGCATCGGTACGCTCAATCAGCTCAATCAAAACCTCATCGGTCATRTTTT
TAATGATGGGTGATTGTAATCCTGATTCTTTTTCAACGCCATTATTGATATTGCTTGCGT
CATTGACCTTAATATATGCCAATCCACGAGCGCCATAAATACCAACAAATTTGGTGTRCT
70 CATCARTCTGCTTGCGACTCATGT TACCGCCAT T TGGAATGCGTAAGGCAACAACACGEE
CTTTAGGALLI1buhbbthLLLbAAAATACTTTAAATTCAACATGTTGCATGATGTCRG
CAACATCAATAAGTTTTAAGGGAATGCGTAAATCAGGCTTATCTGAGCCATAATCACGCA

do




TGGCGT TAGGCACCAACAAAT TGCAAGCTATGGEECGGTGCA
?%W%?TCF TGCGAAAAAGAGCGGTCAATTTACGCGATATTTGGITT 55
ATTTTGAT TWOAEBD9ISICT TAGGT TCTGCCCTAGGTACATTATTAATTCAATCAAT TGABCT/EP00/07424
GIGGCGATTTTCAAAAAAATCCTTCCTTTTTTGATTTTAGCCATTGGTCTATATTTTTTA
TTTACTCCTAAATTAGGT GATGAAGAT CGAAAACAACGATTAAGT TATCTGI TATTTGGT
CTTTTAGT TACERLATF TAF ST R FPATON TR CT T TGCGECCAGCGACTGGCT C_;A_\ 50
ATCATGAGI TTAGCCTGTGT TACTTTGCTAGGAT TTAATCTCCCGAAAGCGGECAGCACA
GCAAAAGT GASERADTNOAST TCGAACCTTGCTTCTTTTGCACT T ICTTATTGGGCGGA

CAAATTGT T EGASKIHaGH Iﬁ&ﬁmﬁﬁ%g?;r L MAB e
COTCOCAAMAT G TIGHAEABAAAGH, ety R gne

WM&; ,%:: TTTAATTCGGA
T TW%%EH_E JCTABLCRTCRAMAdCE An Acgé'&lul D NO 64 Nucl eoti de

sequentie Oferioiee dTé&”ﬁﬁ%em @mgﬁﬁrﬁ?e HirB gene from

Haenophi | S IRfaegzeET
TTGAAGT FrrdAtde

L %&s&m
CT CA T

GGCGTAAT
CAGAAATTAA
PCT/E_F;%?O/ e e o _
CAGT TCCCT TP TSR TS AEAT MG ABA T TGAAX%;¥¥
GAAGA ADFHEIC TTGCCGT AATCAGAAAGAAT CAAAGCACCGT _
Tg Tcgg COCTAA CCTT ACATTATTGAAATCTTCTT 5
q-

CAAAA "’3‘ e ike EmmtisRiGgene
TCAAeeceef e
GATGGGTTTCI AT AR 64, Vav TCAATCTTTTGTTTTTCTAATAAGT GGGAAA

GTGCA c@ar@r M‘:r ‘:}n'}r VG e s S A e--aecg ACATTGAGTG

ATGKSATTA: CAACTCAAA g

ol ey ‘-;~.».—; ATARXTOAGCHAS e
TTTACGAT AR A S P AP T AT Seae S REYSCAREC %ﬁ: NO 65 15 gucl g(r)]'él de
sequence Qg tHoeaBACRERIEL 633\? e protein g

TCTGATACTCA cmc‘rcrrcmaccsmccsmacr
Haenopdi | ld!Sl‘Tb)ﬂig Mé%% iﬁ%mmmmu ITATCAA A
T e
ATTTTATAT A @%&m

CCGTGATGTAAACRTTCATTTTATTCATAAGCAATGACAC
45

SEQ. ID NO:56

Nucleotide sequence of DNA region (1000 bp) up-stream from the lipo18 gene
from Moraxella catarrhalis

& '1'TCATGCAACAAGCGACCATCTTGGCCGATGATACCATCCTGCTCACCTMGMAATCAG
50 TT!‘ATCAGC‘I‘TGCAGGGCAATGGCTGTGGTCAGTGCTACATC'l'l'CTGCCMTAGATTm
MTTTCGCCCGTMCCGMAMCCTGTCGGTCCTAGTAGGACMTATGGTCATTATCCAA
ATTATGGCGMTGGCATCGACATCAATTGAGCG‘I‘ACCTCACCTGTCATCTGATAATCCAT
ACCATCTCTGATGCCGTAAGGGCGAGCGGTGACRAAA’ITACCCGAAATGGCATCAATACG
AGI\TCCGTACATTGGGGAGTTAGCMGCCCCATCGACAGCCGAGCTTCGAT'I'TGTAGACG

55 . MTTGAGCCGACTGCCTCCMGATGGCAGGCATAGATTCATACGGTGTTACACGCAC}\TT
CTCATGTAGGTTTGATATCAGCTTGCGATTTTGTAMTTTTITTCC.ACTEGTGGGCGTAC
ACCATGCACAAGCACC.AA‘I‘TTGATGCCCMGCTGTGTAGCAGTGCMAATCATGAATCAG
C"I'AC‘!‘A.AAATTGTCACGAGCGACCGCCTCATCACCMACATAACCACAAAGGI‘TTTGCC
ACGA‘!‘GGGI‘G‘I‘TA}\TGTACGGGGCAGMTTACGAMCCAATGCACAGGTG‘I‘GAGI‘GCAGG

60 AGTGTTCTGATAGGTGCTGACAGAATTCATGMTGCTCCAMGAGTCMTGGCTGG‘L‘-AAA
ATAAGAATGGCGA.ACAATATATGGCGAGAGCGTCTGATGTTGGTCAMTGTCCCATTAAT
AACTATCAAGATAC CATCATACCATAGCAAAGTTTTGGGCAGRTGCCMGCGMTTTATC
RGCTTGATMGGTTGGCATATGATMAATCTACCATCATCGTCGCCAGTTTTGAGCATGT
GTAAG‘I‘AGTTACCATMTTAMCAGTCAAGRAATTCACACCGICAATCAGCTGTGCTATG

65 C'I‘TATGGGCACATMAAC‘ITGACCMCACAGGATMATTTA

SEQ. ID NO:57
Nucleotide sequence of DNA re

from Moraxella catarrhalis

70 GGCATAC‘!‘TT‘!‘GCCATGCTITATTT‘L'GGCATMCTGCTATMGCCCATTGCTACTTTTTA
"CATTTATCCATATGTCCAA‘J.‘MTGTGCTTTATGTMTTTAGGCACACTATTMCTCGTG
CCACTGTTAACATTCAGCATMMAT”TTMCAATGAATCAAAGCATCGTATTGGCTGTT
MI\TGATAAGCTTATATTTATTTAAAI‘TCAGACTAMTGATTGTMTATGGACATATCAA

4

gion (1000 bp ) up-stream from the lipoll gene



AAA T 20
TAATGATGGAAATACAGACTTTTTTCTTGGGGCAATATTTCTTTTTACAGCTATTT
TATTCAATCTGTACAGAATTTAATTGTAAMAMGTA&CAAQ?AG?TQ&AI??TAGI}%

AAGT GCATCGACAGCAACAATTTCAGGAGTATTATTTTTATGI
%CAAAﬂ@Mﬁ‘TTACAAGATGTTGGCATTGGAATGTTGATAGGTTTAGTTTGC@S?T/EPOO/O7424
TGECTTTTATGGGATGCTAACAGGEGATGT TGATGECTTTTTATATTGT TCAAAAACAGGG 1
AATCACTGTTTTTAACATTTTGCAATTATTAATTCCTCTTTCAACTGCGATAATAGGTTA - 25

CTTAACATT A ATC I P ABOCEEAEAAT TGT AATTAT
TGT GT AckédctcaarTa e SAAASALA . GTAGATGAT
I;T%GT e AN - TIFATEARBCGCGT TAGCA
ATTCTCCAT TdvAdr ek : .?. kA AL EAAAGAAT AAAGC
TGTTAAATAA] ci «ﬂ
“’ A

%&‘r&f@ﬂ&mﬁwmﬁmmmo gene
TAAAAGGAAATCGGAGCAGTACAAMACG 40
; T TCTAGTCAAT

R EOEART T TGAATT
SAREBATTATTCTCTT 50
CAAR HEBY CRARAGGGT GTGCCAT

TTATT AT TAACGRATCCGACT TTAGGCGGCGTATCAGCCAGT TTTGCGATGTTAG
GGGATTTAAALZ o s TAATTGGTTTTGCAGGGCCACGOGT TATTG
AACAAACT GTOLCA IR SRAYRSE SR SEPACREStTRDT EPAOHEQNGA gene

AAGGGECAA. T B A i PHEIAGlIOGT TCAGAAATGOGT 55 SEQ | D NG 67 Nucl eoti de
sequendde OfatARA

'| Apipac GRIE ,_zgr 2
?acig%ﬁ%~ " TEATEC DA A IR PSR T ISYRCOGCACT TGTA

NI S AWL Y gt o o VLAV ok Vool A
ATGCTCACCATAGT TARTCGCARGGCT TCCCARGCCACEACCGCCARCCACACCTGOCAT
45 TGCAGRATAACCAATCAAAGACACCAAGGTCAATGTGACCGCATTAATCARAATGGGOAG
GCTTTCAGCARAATAGTAT TTGCTGACARCC TGCCARTGCGTTGCACCCATAGATTTEGE
AGCTTCGGTCAGTCCTGTGGGTACT TCTAATRAAGCAT TGGCACTCAAGCGTGCARRARA
TGGAATTGCTGCCACACTCARAGGGACGATGGCGGCTGTTGTGCCAAGGGTTGTTCCCAC
CRARAATCGTGTGRCTGGCATGAGAATAATGAGCAARATAATAAARGGAACGGAGCGACE
(_ 50 ARTATTARTAATAACATCCAAAATTACAAATACACTGCGATTTTCAAGGATACGCCCTTT
- ATCGGTTAAAAATGCCARAAACCCTATCGGTAGCCCAACCARAACAGCGATGGCAGTEGE
AGCAAGCCCCATATAGATGGTT TCCCAAGTGGATTGGGCAACCATCTCCCACATTCTTEG
GIGCATTICACTGACAAATTTTGTGACGATT TCATTCCACATAGCCGATAATCTCAATAT
TGACCCGATGGGTGGT TAAAARTTCTATTGC T TGCATGACCGAGGTGCCTTCACCGATAA

55 GCTCAGCAATGGTAAAGCCAAATTTTATATCACCTGCATAA

SEQ. ID NO:60

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo7 gene
from Moraxella catarrhalis

60 AGTAAACAATGGTAACAAATACAGCAGTGTCGCACAGTCCTCAGTACGATGATTCTGAAT
TTGAATATGCAGGATTTTGGATACGAT T TG TGGCATGTCTTGTCGATAATTTAATTGTTA
TGATTATAATTGCACCGTATTGGTTTTATAATTATCAGCAAATGATGGCCATGCCTGCTG
ACCAAATACCGTTTTATAGTGTTGGGGATGCCATCCTTTATAGTGCTGGGGATGOTATCE
TAAACTTAGTGA1uuLuuLuuuuurTuxLxGGTTTTGGGTAAAAAAAGGTGCAACACCAG

65 GTARAATGCTCTTTGGGCTGCAAGTCCGTGATGCCAAAACAGGGCAATTTATCAGTGTGE
CAAGGGCATTATTGCGATATTTTAGTTATCTGATTTCATCCGTGATTCTTTGTTTGGGAC
T ATTTGGGTTGGTTTTGATAAGAAAAAACAAGGCTGGCATGATAAAATTGCCARAACTG
TTGTGGTAAARCGCATTCGCTGATGGGTCGCCAGT TARACAATAAAACCATCAAACGEAA
GCAGGGCGATGTGTT TGAGCAGTTGGCGG TAGATAAGC TARAACAAGCAGGCTATGAAAT

70 JATTTTAACCAACTTTACCACCCCATTTGTTGGTGAGATTGATATTATCGCCAGACAGET
TTTGGAGCAATCGCACCGT TTGGTGCAGCCARGAT TTTGTACGGTATTTGTTGAAGTGCG
TAGCCGAACARGTTCTGTGTATGGTACAGCGCTTGAGAGTG TTACCTCAARARAGCAGEE
AAAAATCTACCGAACAGCAGAACGATTTTTAATCAATTATCCCAAATATATTGATGATGC
ATACCGTTTTGATGTCATGGTTITTGATTTGGTTGATGGATTGATTGARCATGAATGGAT

75 AARAARTGCGTTTTGATTGGC TCAATGGTCGTGAATTARAATCAATCAAGCAATCCGTAG

'3




CATGATTAGAGGTTTTA
0 TCTAAAATTTCGCCATTTATTAAGACTGCGCGTAATGCCAAAA
6CCATATTGCAATGAGCCT TGCCCAGAGGCATCGGTGT TAATCATTCCACCTAAAGT CGCT R
CGATTGCT ¥ GEABALST TCT GGGECAAAGAACAAACCAT GTGGT TTTAAAAAT TGAT TEXC
AGTTGATCI LI TACTACGCCTGCTTGTACTCGAACCCAACGTITCTTTTACATTGAGITCT 65
AAGATGGECTGTCATATGACGAGAAAGATZ: CACTATTATATTG?TATTGATGGATTGCCCA

A S AR T O ARARTPGAT TGAT TGATATTCAGGTAAATTT
CCCAATTTTIESTISNOAGITATATA GCAACCGT TTTCGCGAAAAAGAATTCCTTGT CGA

ATC)

TTTGIGCCA

AGTTGITGGT

TAALCTATCTGCATAGI TTGTCGCA

AGACT
'lT‘-‘!'-i' ACATERP ERASFAmATAMTHLE 06 gene
ATATCC%@A%, e arrhia
ACTTGA L GALOTET

TS e

AGTAAAAAGT ST S G AR X AT
GAATTTEAT ClrithAf240AAAES Aok Sal
TAAACATAAGEAR SRS S ARG % ”
CCTAGT TAAGHGAS TEArb A dHRREACh

AT T A T AT AT
rEh A G
T T AT T A A ST CRCIACATC it
AL,

D15 gene

T

L T

[AGTAT TTGACCCATTTAAACATATCAGA 70
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TCAGTACGGT
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T8 THCANG

s d [H)Ib};&%g ae (Hi R)

RATGGTHATY:
EATRTACEMR

CCCTAAATTTACACTAATCAATGCCATAAAACTTAAAAAA
GETGATGCGCCAGCACCT TTTGCAATAGAAATTGGCCCACTT 10
Mm@mmmmvmﬁwmm&w@m from
WmA#@CCTTTTTGTAAAGATTCAAGAATACCATATTTﬁ?G
NER G TR ORGAACAAACCA

R Ty
T ANT R T e P e P AT
TTAATA L L L AT O TEeGs

TCAATTGTA 20

P CRATEIEGT GT TATTGAT

D NG 69 Nucl eoti de
he Omp26 gene 25 from

Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene

from Haemophilus influenzae (HiRd)

AAATCAA&LQLLLbthLLhb1UGTGATGGTTGTGGAGACGAATTATATTCTTGGTTTGA
ACCGCCAAAACCAGGCACTTCAGTGAGCAAACCTAAAGTTACACCGCCTGAGCCGTTTTT
GTGCCAACAGATTTTGAACTCACCGAATCGGAGAGAATGGTTAGAATAGCATTGAGGTAA
ATCAATATGGATATCGGCATTGATCTTTTAGCAATATTGTTTTGTGTTGGTTTTGTCGCA
TCATTTATCGATGCAA:I&LLuhubu1hbTGGATTAATCACCATTCCAGCGTTACTCATG
ACAGGTATGCCACCAGCAATGGCGTTAGGCACCAACAAATTGCAAGCTATGGGCGGTGCA
TTATCCGCAAGCCTTTATTTCTTGCGAAAAAGAGCGGTCAATTTACGCGATATTTGGTTT
ATTTTGATTTGGGTTTTCTTAGGTTCTGCCCTAGGTACATTATTAATTCAATCAATTGAC
GTGGCGATTTTCAAAAAAATGCTTCCTTTTTTGATTTTAGCCATTGGTCTATATTTTTTA
TTTACTCCTAAATTAGGTGATGAAGATCGAAAACAACGATTAAGTTATCTGTTATTTGGT
CTTTTAGTTAGCCCATTTTTAGGTTTTTATGATGGCTTCTTTGGGCCAGGGACTGGCTCA
ATCATGAGTTTAGCCTGTGTTACTTTGCTAGGATTTAATCTCCCGAAAGCGGCAGCACAT
GCAAAAGTGATGAACTTCACTTCGAACCTTGCTTCTTTTGCACTTTTCTTATTGGGCGGA
CAAATTCTTTGGAAAGTGGGTTTCGTGATGATGGCTGGGAGCATTTTAGGTGCAAATTTA
GGTGCCAAAATGGTGATGACGAAAGGTAAAACCTTGATTCGACCGATGGTTGTTATCATG
TCTTTTATGATGACGGCTAAAATGGTTTACGATCAGGGTTGGTTTCATTTTTAATTCGGA
AAGCGCGCAAAAGTGCGGTTAAAATTAATTACATTTTATTA

SEQ. ID NO:64
Nucleotide sequence of DNA region
from Haemophilus influenzae (HiRd)

TTGAAGTCCCCAATTTACCCACCACAATTCCTGCGGCAACATTGGCTAGGTAACAAGATT
CTTCGAAAGAACGTCCATCTGCTAATGTGGTTGCTAATACACTAATGACAGTGTCACCGG
CTCCCGTCACATCAAACACTTCTTTTGCAACGGTTGGCAAATGATAAGGCTCTTGATTTG
GGCGTAATAATGTCATGCCTTTTTCAGAACGCGTCACCAAAAGTGCGGTTAATTCAATAT
CRGAAATTAATTTTAAACCTTTCTTAATAATCTCTTCTTCTGTATTACATTTACCTACAA

9y

(1000 bp ) up-stream from the HtrB gene



TTTGATAAATATCCTTAATTAAATGATGGGTT TAATATTTTCTCTGCCCAATTAAATTAG
GCAGAGAACGT TGTTTTTGAGT TCTGATGAAGAAAAAAGT TCAATTTATTAGAAAGAACC
TCCAATACTAAATTGGAACT GTTCGACATCATCATTTTCATATTTTTTAATTGGTTTGGC
ATAAGAGAAT B RN P GOCCAAT AGGAGAT TGCCATTGGAAT CCGACACCT GTAGAGREBEP00/07424
GCGAATACGGCTTGATTTGOCATAATCGGGTAAGCTTTTTAATACATTGTTATCTAACCC
ACTCTTATCCGATTTCCACTTAGT ATTCCAAACACT TGCCGCATCAACAAATAGGGAGGT
TCGGACT GT AT ek ban A ot o A AT TS ETE TCTGCACT

CGCAGT T GT GAT AEGATT T ABRACCAAT (CAGAN AR A eI L L L ARAAGT ACCAT T
ACCAT T A CA R G A R e e LS AT ACENTAACAAAA
TAAT GAACCGAEGEEACROGERGR AT Ao A

ACCATTTGCA!

TGGGTAGAAAGEEAGEAGISEEH

AGTAA T x111@cggm;sazaana;ﬂ\@@c:TcTATTAAG

GCTGTTATAGHHG A

AL TTACCTTT 40
AAATTTCATTW TAAATTACGGTTATATTCTAGAGCAAAGTTACTAATTTT
ATTATAGGTA ACATAATAGGAGT TAT' TTTCATTTACAGGGAAACCTAA
AGTAACKTT AR e PN ANERTDTAGATDD ) SEGtread MNam7the 4botdlncd eot i de

sequence ogeWmdéﬂwﬂﬁ@r@@nﬂmnmp{Hm@am fromthe P6 gene from
HaeDphi | UECHEPETIBRE I
TTAGATTTCT. G@Eﬁﬂd&ﬁcﬂi@&@ﬁfﬁ Tt
AACTTGA

7-.... RCHTA e il AORBAAACCAATTG

R %’a. mxmﬁemmme 50

'é'l %
t%%’%mm“
'} (n'iu-;
"‘v_,‘. AV T

AT PATXITIETACT T TACGT GO
GOCAGAATTTAAAT CCTGT ACAACAAGT TGTCAT T T T TTATTTTCAAACGATACATAAGC
CAAACGET GRES TR BRA\CCAAGCT GGAGACATAAT TGGT TGGGCACTACGATTGAC
GATAAAT T GARTATABCATCAT Ve T IMES TRGIGEAMITE NI A Ped th GRS OBE3 76/ane

ATTTTTTTGCChOM K edmdiGleas EAlindaké CQRERIYCCGCACCACCGGATCGCAGI TAATTT
TTCAAAAACT REARRTCIRABBATT] 'ﬂﬁm TTGTTACTGT

ATAGCT A)TTTW- i tm‘@u-mwa ATCAATTAA

TTGATAAGT R AYRETGAG S 5crsizaaea | D NO 71 Nucl eot i de

sequence o Tﬁmﬁe&é&z@mmﬁm’mm&m@e TbpA gene from
Haemop b | U A e R e s aanaTTG

GTATCAATGCGGCGCMAMGMACGGGCGAGAAAGATGCGCTMTTACTATGACAGGTA
CAC‘I‘TTATMTATGCCAATCGTTGTGGCTGCATCGAACT"‘TGCTT‘I‘TATGGGCGGTTCAA
TGGGTTCTGTAGTTGGTGCAAAATTTGTTAAAGCGGCTGAAMAGCGATGGAA}\TGAATT
k GTCCATTTGTGTGTTTCTCT GCGAGTGGTIGGTGCTCGTATGCAGGAAGCATTATTCTCTT
N 50 TAATGCAAATGGCAAAAACTAGTGEC GTACTTGCTCAAATGCGTGAARAGGGTGTGCCAT
TTATTTCAGTATTAACGGATCCGACTT‘l‘AGGCGGCGTATCAGCCAG‘I’TTTGCGATGL‘TAG
GGGATTTAAA"ATTGCCGAGCCAAMGCCTTAATTGGTTTTGCAGGGCCACGCGTTATrG
AACAAACTGTGCGTGAAARATTGCCA GAAGGTTTCCAACGTAGTGAGTTTCTACTTGAGA
AAGGGGCAATTGATATGATCGTGAARCGTTCAGAAATGCGT

SEQ. ID NO:67

Nucleotide sequence of DNA region (1000 bp ) up-stream from the P5 gene from
Haemophilus influenzae (HiRd)

TCACTTAATTCAAGCGCATCARTGTTTTCTARAACATCAACAGAATTGACCGCACTTGTA
60 TCTAAAATTTCGCCATTTATTARGACTGCGCGTARTGCCAAARCATGATTAGAGGTTTTA
CCATATTGCAATGAGCCTTGCCCAGAGGCATCGGTGTTAATCATTCCACCTAAAGTCGAT
CGATTGCTGGTGGACAGT TCTGGGGCAARGARCAAACCATGTGGTTTTAAAAATTGATTA
AGTTGATCTTTTACTACGCCTGCTTGTACTCGAACCCAACGTTCTTTTACATTGAGTTCT
AAGATGGCTGTCATATGACGAGAAAGATCCACTATTATATTGTTATTGATGGATTGCCCA
65 TTTGTGCCAGTGCCTCCACCGCGAGGCGTARAGC TGATTGATTGATATTCAGGTAAATTT
GCCARTTTTGTTATCCGCACTATATCAGCAACCGTTTTCGGAAAAAGAATTGCTTGTGGA
AGTTGTTGGTAAACGCTGTTATCCGTAGCCAGACTTAATCTATCTGCATAGTTTGTCGCA
ATATCCCCCTCAARATGTTGGCATTGRAGATCATCAAGATAATCAAGTACATATTGTTCA
ACTTGAGGAATGCGAT TTAGATT TGGCAACATAGTATTTGACCCATTTAAACATATCAGA
70 TGGAGGCTTTGATAATATCCTAAGGCTAGAATAATGTCGATTAGGARAGAGAGAGGAGAA
AGTARAAAGTCTGTTTARGAAAGTGTTATT TTGGATAAAAACTAAACAAAAAATTCAAAR
GAATTTGATCTTTTCAATTT TTATAGGATAATAAGCGCACTTTTGAACGTTCCTTTGGGE
TAAACATAAGCAARGGAATTGAATTTGTCAAAAGGTAATAAAGTAGGGCAAATTCAAAAC
CCTAGTTARGTGACTGTTTATAATGTAGCTTTAATTAAAAGTTCAGTATAAACAAGGACA
75 CTTTTTATTACTATTCGATCACTAAATAGAGGACATCAAAA

55




GGCGATAACCGAGTI TTTTGGEGGTATTTAGT GCCAAAGAAGACCCACAAAACCCAAAATTA
TCCAGAGAAACCTTAATTGATGGECAAGCTAACTACT TTTAAAA%CT GA¥GCAAAAACC 70
AATACAACAVE @09 36AACAACCAAT AAAACAACCAAT GCAATAACCCGA GAAAAAAA%T JEP00/07424
TTTAAGACGGAAGATATACTAAGT TTTGGTGAAGCTGATTATCTTTTAATTGACAATCA
CCTGITCCCCTTTTACCTGAAAAAAATACT GATGATTTCATAAGTAGTAGGCATCATACT
GTAGGAAATAAACCCTATAAAGT GGAAGCATGT TGCAAGAATCTAAGCTATGTAAAATTT WO 01/ 09350
PCT/ EPOO/ OSB@A4D NO:6

STTHBATEEREACAAT AGT CAA
ISR ERATGGACCTAAG 10 A
A RAEET T TGTGT TTGGATGCTAKA

A A E AT BAAABI AR ISP NO 72 Nucl eot i de
sequence (ETERRNEBIHCEEOMITN T maE s esete ThpB gene 15 from
Haenophi | usttertiamenzasrT GGCTAATCTCAACATTAGGCTCCCCCATT
TAGAATRATATTEFEA eI TR TATTE AT RIS, TTTTTGTAAT
AAT GT CAACT taATATEETr TArE A EsEdz

o IS EADA T AT CARARRT CDGT AAAACAAC
TTTTTCTCTT, TAGGCTTATCATTAACGAATGTAGCT TGGGCAGAAGT TGCAC
GT ,ﬁéACAAATACGATTc_AAAGTGCGGAATTAAAAACCTCCTCTT 20
TTRCCTCTA Roncs PAB R Kegios(OPR PRATIFSTEIN TROALWEGEH 26 gene
AATTAGECCAEER Flazrreplidiy ayfiaenaFIBEY TAATTCCTGCT TTATATCAAAATA

ACACT CAGAISA R AN AT

TCTTACT AACT R B BAYNERIC TATIERACITH 4 ATOTCTATAGE 25
H\g?ﬂ\m TCE A A AN AT TTGAAAAAT
T AT AT

‘ 30

ATGA AGEATR
CGTTGTTTCGéh

45 Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from
Haemophilus influenzae (HiRd)

i TTAGATTTCTCCTARATGAGTTT T T TAT T TAGT TAAGTATGGAGACCAAGC TGGAAATTT
( ARCTTGRCCATCACTTCCTGGAAGGCTCGCCTTAARGCGACCATCTGCGGARACCAATTG
_ TAGCACCTTTCCTAAGCCCTGTGTAGAACTATARATAATCATAATTCCATTTGGAGAGAG
50 GCTTGGGCTTTCGCCTAGAARAGATGTACTAAGTACCTCTGARACGCCCGTTGTGAGATC
TIGTTTAACTACAT TATTGT TACCATTAATCATCACAAGTGTTTTTCCATCTGCACTAAT
TTGTGCGCTACCGCGACCACCCACTGCTGTTGCACTACCACCGCTTGCATCCATTCGATA
ARCTTGTGGCGAACCACTTCTATCGGATGTAAATAAAATTGAATTTCCGTCTGGCGACCA
CGCTGGTTCAGTATTATTACCCGCACCACTCGTCARTTGAGTAGGTGTACCGCCATTTGE
55 TCCCATAACGTAAATATTCAGAACACCATCACGAGAAGAAGCAAAAGCTARACGAGAACT
ATCTGGCGAAAAGGCTGGTGCGCCATTATGCCCTTGAAAAGATGCCACTACT T TACGTGE
GCCAGAATTTAAATCCTGTACAACAAGTTGTGATTTTT TATTTTCAAACGATACATARGE
CARRCGCTGGCCGTCTGGAGACCAAGCTGGAGACATAATTGGTTGGGCACTACGATTGAC
GATAAATTGATTATAGCCATCATAATCTGCTACACGAACTTCATAAGGTTGCGARCCGCE
60 ATTTTTTTGCACAACATAAGCGATACGAGTTCTAAAGGCACCACGGATCGCAGTTAATTT
TTCAARAACTTCATCGCTCACAGTATGCGCGCCATAGCGTAACCATTTATTTGTTACTGT
ATAGCTATTTTGCATTAATACAGTCCCTGGCGTACCTGATGCACCAACCGTATCAATTAA
TTGATAAGTAATACTATAACCATTACCCGATGGAACCACTT

65 SEQ.ID NO:71

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpA gene

from Haemophilus influenzae (no n-typeable)
GGCGATAACCGAGTTTTTGGGGTATTTAGTGCCARAGAAGACCCACAARACCCAARATTA
TCCAGAGAAACCTTAATTGATGGCAAGCTAACTACTTTTAAARGAACTGATGCAARAACC
70 AATACAACAGCCGATACAACAACCAATARRACAACCAATGCAATAACCGATGAAAAARAC
TTTRAGACGGAAGATATACTAAGT TTTGGTGAAGCTGATTATCTTTTAATTGACAATCAG
CCTGTTCCGCTTTTACCTGAARAAAATACTGATGATTTCATAAGTAGTAGGCATCATACT
GTAGGAAATAAACGCTATAAAGTGGAAGCATGTTGCAAGARTCTAAGCTATGTAAAATTT

as



hilus tnfluenzae (LKP serotype 1 genone)
%ﬁ?&??ggggwmwTTGTGCCTTATAAATAAGGCAATAAAGATTAATATA
AACCGTTTATTAAAATGCCAAAGGCT TAATAAACAGCAAACTTTGTTTTCCCAAAAA AG .
TAAAAAACTYY PEEREY ATATATATATATATATATAATTAAAGCCCTF TTTGAAAAAT TRCHBP00/07424
CATATTTTTTTGAATTAATTCGCTGTAGGT TGGGT TTTTGCCCACATGGAGACATATAAA

50

CGTTT GITGITTTA
S0 Sehper s o PheiRepE gene

ATCAT, C
-IC-ACACCT (NS CTTATTATATGAACTACATTGGTTT

G

CAAATAAADI RGOl P T 73 Nucl eoti de
GTTACAT dz AT D NO | ot | e
sequence éﬁ?ﬁﬁéﬁ@éﬁé@ﬁéﬁmﬂi‘*%%.Eﬁ%g“ﬁ%@“&%h)e HfE (tip pilin) g

from Hieng 'r:TCmﬂer¢chGmmamr§ Achsca! ‘
AT AGATT R AR AT
Cloldchehiet S

CCCAGAC
GAAA PR QAo CCCT CAGTGGGAAAAGCTAATTTAAG
o (/ S .
ég% i’&é_é«‘&-g‘ gW?@mmm@mn)
NODA ‘;

AGATGATGCRRMARRLLFRRS tages ERESRTPALSEB)GECCAATC 70
TTATCTTTCeRAdvANEaaRized

e A e R RO A AT VTR CAAAT TGTCAA

X

AORAACORAAGELAMTAGOGAAAAAGC

GGCTACTTTGG
A A IS AT RGMBRGALT GCCAACT TTTG
T APCTARGAZ RS E AR RHTATY 1/ 09350 PCT/ EP00/ 07424
AAGT%G-rgi'ﬁrTATCACTGGCACCAGAGTGAmATCCCGCTG%CMTGT?%&%TMG;?G‘I%

AGAAAACAATGATGATTCGGCAGCATTGGTGCAAGCCTGGATTGATMTGGCAATCCMA
TGCCGATCCAAAATACACCARAACCCCTTTTGTGATTAC CCCGCCTGTTGCTCGAGTGGA
AGCGAMTCAGGGCAMGT‘I’TGCGGATTACGTTCACAGGCAGCGAGCCTTTACCTGATGA
TCGCGAAAGCCTCTTTTATTTTAATTTGT TAGATATTC CGCCGAAACCTGATGCGGCATT
. 50 TCTGGCAAAACACGGCAGCTTTATGCAAATTGCCATTCGCTCACG'I'I‘TGMGTTGTTTTA
( TCGCCCTGCGAMCTCTCGATGGATTCTCGTGATGCA}\TGAAAAAAGTAGTGTTTAMGC
CACACCTGAAGGGGTGTTGGT GGATMTCMACCCCTTATTATATGMCTACATTGMTT
GTTACATCAAAATAARCCTGCGAARAATGTCAAAATGGTTG '

55 SEQ.ID NO:73

Nucleotide sequence of DNA region (1000 bp ) up-stream from the HifE (tip

pilin) gene from Haemophilus influenzae (LKP serotype 1 genome)
TAGTAGATTTCCGCACGGGCAAAAATACAATGGTGTTATTTAACCTCACTTTGCCAAATG
GCGAGCCAGTGCCAATGGCATCCACCGCACAAGATAGCGAAGGGGCATTTGTGGGCGATG
60 TGGTGCAAGGTGGTGTGCT TTTCGC TAATAAACTTACCCAGCCAAAAGGCGAGTTAATCG
TCARATGGGGTGAGCGAGAAAGCGAACAATGCCGTTTCCAATATCAAGTTGATTTGGATA
ACGCACAAATACARAGTCACGATATTCAATGCAARACCGCAAAATAAATAATTGARGAGS
ATTTATGCARAAARCACCCAAARAATTAACCGCGCTTTTCCATCAARAATCCACTGCTAC
TTGTAGTGGAGCAAAT TATAGTGGAGCAAATTATAGTGGCTCAARATGC TTTAGGTTTCA
LLbLLihuLtCTerThtrTbLbrthLLlhLTTGATTGCATTGTGGCACTGCCTGCTTA
TGCTTACGATGGCAGAGTGACCTTTCAAGGGGAGATT TTARGTGATGGCACT TGTAARAT
TGAAACAGACAGCCAARATCGCACGGTTACCC TGCCAACAGTGGGAAAAGCTAATTTAAG
CCACGCAGGGCARACCGCCGCCCCTGTGECT T T TCCATCACGT TAAAAGAATGCARTGE
AGATGATGCTATGAAAGCTAATCTGCTATTTARAGGGGGAGACAACACAACAGGGCAATC
70 TTATCTTTCCAATAAGGCAGGCAACGGCAAAGCCACCAACGTGGGCATTCAAATTGTCAA
AGCCGATGGCATAGGCACGCCTATCAAGGTGGACGGCACCGAAGCCAACAGCGAAARAGE
CCCCGACACAGGTARAGCGCAAAACGGCACAGT TATTCAACCCCGTTTTGGCTACTTTGS
CTCGTTATTACGCCACAGGTGAAGCCACCGCAGGCGACGTTGAAGCCACTGCAACTTTTG
AAGTGCAGTATAACTAAAATATTTATTATCCAGTGAAANAA

65

75
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. 1 75 Nucl eotide sequence of DNA region (1000 bp) up-stream from
tSES PIZDgg(r?e from Haenophilus influenzae (H Rd) 1 TTATCCGCTA ACATTTCAT_CI_:
AGTAATTCOXOTRAASITTAA TCGCATCAGG 5 51 ATCANCGGGG CGATCT GGC}C:;’M% |
ATGAYAATTA TTACCTGTGT 101 AACGACGATT TATTAATTCA ACTGCACCAA TTTCAﬁ\A s o1
GCAGTGICCT 151 TCATAATGCG CGCCAAGCTG ATTCATACCT GTAGITTCAG TATCT. ATAC
AATTTGGCGASEQUEDANOAS TCATTTGITC AACCTATCTC TTTCCATTAA 251 AATACT

ATTCTACACA NI EGE IlgueB@Iﬁﬁmgﬁggﬁ%@ég ffbroﬁfg)‘feoalﬂ AAA&gﬁT%PT 8Cs gTs GA@LTFGGGQXCT
P v it A TG GAATGGAATT ACGOGCTGTC
ATTGAAGEAT SA&WQGCAN‘M@@MZQMTTATAG TGATAGCCAA 501

TATATGAAM Al e e AT AT T TR
AGTTCTGGAA BRCEETE GTI! pivepidd .
CATCATAGAA 51 ARy M
TGOGATGAAT T5AGAITIARMAATGE St A A ‘
GGWTAAT 1S NCIAAT BERA D Ty
A AAN AT TRGAA AT TR A pA T AL
TTCANGAAAA T AR T SR TITTTTOTA ACATCEA
G

TCGTCCGTTT SPCGICAFTE(FANKCAGAGA] &ARAGRARTD TCAATCATA GATAGTAAAC

' f DNA
AACCATAAGG AN BGAAREA Aot m&%@mﬁg got LfreBsggggnge 0
codi ng?? egi} hﬁwmiw Farivons ot LB ge o
TCAGTGCTTG b EAGA ?&@M@@%ﬂg A GGOGEOGT

CEACBTATAACAACEAT MGCAGCATCCA AGCCAATTTA
/%GT %Tsﬁém L GAT WGCCAGACGCA 151 CAGCGGCAAA AACTCGCCAA AAAATTCCTA
TCAGGSH, 'GC - 201 AGTCEACAGT CSTAAAACTT GGGCAATGCC ACCAAAATGG
TCTATCGCA W%AAAAC GGTTCATCAT GAAGATATCC TAATCAAAGC ACTTGCCAAT 35
301 CCAA Igotide-sequrRoero YA SotingAPgiNRApBaiaiarl tRENGATAMNTCaAPihaBOATCCTTGG
CTCAATACCTETRESRECCCC TACTATCATC TATAAGOCCA 401 TCAAAAATGC GGOGGTAGAT
CGCTTT@ITT zhﬁmmm%ﬁ% SRS

) € 26 -
GGITGTTAAGG :SJAMWWAGQS COORXS :
1 GG T GGTATTAA AACCCTAACC
CATGTACCTG 28D ShEaAtbCHTiARS RN TEOAGATT IO FOTRITE] TTGGTA
251 AAATTAAAAC GGTTCATCAT GAAGATATCC TAATCAAAGC ACTTGCCAAT
35 301l CCAAGZGGTA TGCTTGCCAT TGTGCCTCAT ATCGGCACTT GGGAGATGAT
351 GAATGCTTGG CTCARATACCT TTGGCTCCCC TACTATCATG TATAAGCCCA
401 TCAAARATGC GGCGGTAGAT CGCTTTGTTT TACAGGGGCG TGAAAGACTA
451 AATGCCAGCC TTGTACCCAC AGATGCTAGT GGTGTTAAGS CAATTTTTAA
501 AACACTCAAA GCAGGTGGAT TTAGTATCAT ACTGCCCGAC CATGTACCTG
40 351 ATCCATCAGG TGGTGAGATT GCTCCTTTTT TTGGTATTAA AACCCTAACC
601 AGTACGCTGG CGTCAAAGCT TGCTGCAAAA ACTGGTTGTG CTCTTGTTGG
651 CTTAAGCTGT ATTCGGCGTG AAGATGGCGA TGGTTTTGAA ATTTTTTGIT
701 ATGAATTAAA TGATGAACAA CTTTATTCAA AAAATACCAA AATTGCAACC
751 ACTGCTTTAA ATGGTGCGAT GGAACAAATG ATTTATCCAC ATTTTTTGCA
45 801 TTATATGTGG AGCTATCGTC GGTTCAAGCA TACACCACTA TTAAATAATC

851 CTTATTTACT TAATGAARAT GAGCTAAAAA AAATAGCCAT AAAGCTTCAA
901 GCCATGTCAA AGGATAGTTA TGAG

. Protein Seq: 25% idantity and 35% similarity with HtrB from E. coli

( 50 1 SVLGFLRYVP LSVLHGLAAC ASYISYHCRL SIYRSIQANL ILVHPKMPDA

— 51 QRQKLAKQIL KNQLISAVDS LKTWAMPPKW SIAQIKTVHH EDILIKALAN -
101 PSGMLAIVPH IGTWEMMNAW LNTFGSPTIM YKPIRNAAVD REVLQGRERL
151 NASLVPTDAS GVKAIFKTLK AGGFSTILPD HVPDPSGGEI APFFGIKTLT
201 STLASKLAAK TGCALVGLSC IRREDGDGFE IFCYELNDEQ LYSKNTKIAT

55 251 TALNGAMEQM IYPHELHYMW SYRRFKHTPL LNNPYLLNEN ELRKIAIKLQ
301 AMSKDSYE

SEQ. ID NO:77

60 Nucleotide sequence of DNA coding region of the Neisseria (meningococcus B)
HtrB gene
1

ATGTTTCGTT TACAATTCGG GCTGTTTCCC CCTTTGCGAA CCGCCATGCA
51 CATCCTGTTG ACCGCCCTGC TCRAATGCCT CTCCCTGCTG CCACTTTCCT
101 GTCTGCACAC GCTGGGAAAC CSGCTCGGAC ATCTGGCGTT TTACCTTTTA
65 151 AAGGAAGACC GCGCGCGCAT CGTCGCCAAT ATGCGTCAGS CAGGCATGAA
201 TCCCGACCCC AAAACAGTCA AAGCCGTTTT TGCGGAAACG GCAAAAGGCG
251 GTTTGGAACT TGCCCCCGCG TTTTTCAGAA AACCGGAAGA CATAGAAACA
301 ATGTTCAAAG CGGTACACGG CTGGGAACAT GTGCAGEAGG CTTTGGACAA
351 ACACGAAGGG CTGCTATTCA TCACGCCGCA CATCGGOAGT TACGATTTGG
70 401 GCGGACGCTA CATCAGCCAG CAGCTTCCGT TCCOGCTGAG CGCCATGTAC
451 ARACCGCCGA AAATCARAGC GATAGACARA ATCATGCAGG CGGGCAGGGT
501 TCGCGGCAAA GGRAAAACCG CGCCTACCAG CATACAAGGS GTCAAACAAA
551 TCATCAARGC CCTGCGTTCG GGCGAAGCAA CCATCGTCCT GCCCGACCAC

4t



CCCT TGITGG 651 CTTAAGCTGI

GG CGTCAAAGCT TGATGCACAA ACTGGITGTG CTCT

2’?’%& G AAGATGCCGA TGGITTTGAA ATTTTTTGIT T'T‘,gi\ ﬁ¥%ATTAA¢ TGATGAAC?é
CAN Y HHCCAA GCCAA 751 ACTGCT GCGAT GGAACAAA

ATTTATC ks 25 T GRAT/ERGNTTEACTA

AGCTATCGIC GGTTCAT
ATTTATCCAC ATTTTTTGCA 45 801 TTATATGIGG %01
TTAAATAATC 851 CTTATTTACT TAATGAAAAT GAGCTAAAAA AAATAGCCAT AAAGCTTCAA

e 25% i dentity and 35%simlarity
GOCATGTCAA (AGRAEAGTT & in Se «
LVEPRVPD f3§°“ mﬁ'}@%‘"‘”’“ Rt ﬁm%wwx’a%m%ﬁr GALAN . 101
| LVHPKMVPDA 1% L
PSGVLAI i/PH;Ic!lGEVEM AAEAchNER TENEQGIARAAKC QGRERL 151 NASLVPT

GVKAI FKTL K“?&cﬁﬁﬁfﬁbﬁﬂwsmwrcﬁ@hmum STLASKLAAK TGCALVGLSC

DCDGF ¥EehdD4) AL NGAVEQM | YPHFLHYMWV SYRRFKHTPL
LEEEYLWEE??&NPMM%#@@K*Mh%{aﬁéégz MN@t{ 60 Nucl eoti de sequence of -

Kb oeerroEs B) HirB gene 1
el iR
%‘?"?’CGT%# QUGRTFCH BT ECT¥EATGCA 51 CATCCTGTTG
5 o ' °’KA‘6@KR@ACC GCGCGCGCAT CGTCGCCAAT
ATGCATCAGERAENGFEA 201 TCCCGACCCC AAAACAGTCA AAGCCGTTTT TGCGGAAACG

CORCTORGAC ATCTTGOGTT PT A ey

GCAAAAGGCA ERIAGE I GAAACA 301
ATTrsds byt oy, bbb i ehzAe APPRIAGSG
CTOCTATTCA A COROBEA A EaE M TAGARETC0, 40 4] COGGATGCTA CATCAGOCAG
Cclg o 5 TR EACOBEOArAAAT CAAAGC GATAGACAAA
ATCATGCAGG i@@@@@A@@@Tmmar AT EAETSTTOGOCTACCAG CATACAAGGG

Sk A ASCRANE AT s CCATCGTCCT  GCCCGACCAC  a~

GT CAAA 3¢B 5

: CE A TTpTEean GTATGGGTGG
EROS; LGS GG CGGGGAAGGC
o 1e e ﬁﬁ?ﬁiﬁ’ i ﬁ"ﬂm? CACGTCAAAG 701
gg%ca TR ST IR T GGT 751 TTCGATTTGC

kST ATCTGTTT ATGTACAACC

ACCGCAATGcg% SOTAF, wtrriToeo(aider ) larity with
R rmmyrca:nd 38% simlarity w
CCTACAMAT 762 Q&“ %@mémﬁmhﬁbdgﬁ AL SEEATSTSCL HTLGN RLGHLAFYLL
|_|t r b % col |8011 AMEW%GA‘HGCTG CGCGAATGAA TCMATCGTA GAAAAGGAAA .
851 TCATGAAGGG CATATCACAA TATATGTGGC TACATCGCEG TTTTAAAACA
901 cGTCCAGATG AAAATACGCC TAGTTTATAC GATTAA

Protein Sequence - §7% identity and 66% similarity with HtrB E. coli

40 1 MKNEKLPQFQ PHFLAPKYWL FWLGVAIWRS ILCLPYPILR HIGHGEFGWLF
51 SHLKVGKRRA.AIARRNLELC FPOMPENERE TILQENLRSV GMAIIETGMA
101 WFWSDSRIKK WSKVEGLHYL KENQRDGIVL VGVHFLTLEL GARIIGLHHP
151 GIGVYRPNDN PLLDWLQTQG RLRSNKDMLD RKDLRGMIKA LRHEETIWYA
201 PDHDYGRKNA VEVPFFAVPD TCTTTGSYYL LRSSQNSKVI PFAPLRNKDG

45 251 SGYTVSISAP VDFTDLQDET ATAARMNQIV EREIMKGISQ YMWLHRRFKT
301 RPDENTPSLY D+

SEQ. ID NO:79

. Nucleotide sequence of DNA coding region of the Haemophilus influenzae (non-
( 50 typeable) MsbB gene

1 ATGTCGGATA ATCAACAAAA TTTACGTTTG ACGGCGAGAG TGGGCTATGA

51 AGCGCACTTT TCATGGTCGT ATTTAAAGCC TCAATATTGG GGGATTTGGC

101 TTGGTATTTT CTTTTTATTG TTGTTAGCAT TTGTGCCTTT TCGTCTGCGR

151 GATAAATTGA CGGGAAAATT AGGTATTTGG ATTGGGCATA ARGCAAAGAA

55 201 ACAGCGTACG CGTGCACAAR CTAACTTGCA ATATTGTTTC CCTCATTGGA
231 CTGAACAACA ACGTGAGCAA GTGATTGATA APATGTTTGC GGTTGTCGCT

301 CAGGTTATGT TTGGTATTGG TGAGATTGCC ATCCGTTCAR AGAAACATTT

331 GCAAAAACGC AGCGAATTTA TCGGTCTTGA ACATATCGAA CAGGCAAAAG

401 CTGAAGGAAA GAATATTATT CTTATGGTGC CACATGGCTG GGCGATTGAT

60 451 GCGTCTGGCA TTATTTTGCA CACTCAAGGC ATGCCAATGA CTTCTATGTA
301 TAATCCACAC CGTAATCCAT TGGTGGATTG GCTTTGGACG ATTACACGCC

531 AACGTTTCGG CGGAAAAATG CATGCACGCC ARAATGGTAT TAAACCTTTT

601 TTAAGTCATG TTCGTAAAGG CGAAATGGGT TATTACTTAC CCGATGAAGA

651 TTTTGGGGCG GAACAAAGCG TATTTGTTGA TTTCTITGGG ACTTATAAAG

65 701 CGACATTACC AGGGTTAAAT AAAATGGCAA AACTTTCTAA AGCCGTTGTT
751 ATTCCAATGT TTCCTCGTTA TAACGCTGAA ACGGGCAAAT ATGAAATGGA

801 AATTCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA TCAGCCCGAG

851 CAATGAACGA AGAAATAGAA TCTTTTGTTA CGCCAGCGCC AGAGCAATAT

301 GTTTGGATTT TGCAATTATT GCGTACAAGS AAAGATGGCG AAGATCTTTA
70 951 TGATTAA

Protein Sequence - 45% Identity and 56% similarity with MsbB E.coli
1 MSDNQQNLRL TARVGYEAHF SWSYLKPQYW GIWLGIFFLL LLAFVPFRLR
51 DKLTGKLGIW IGHKAKKQRT RAQTNLQYCF PHWTEQQREQ VIDRMFAVVA
75 101 QVMFGIGEIA IRSKKHLQKR SEFIGLEHIE QAKAEGKNII LMVPHGWAID
151 ASGIILHTQG MPMTSMYNPH RNPLVDWLWT ITRQRFGGKM HARQNGIKPF

43



10 51 KEDRARI VAN MRQAC; ( NpDP KTVKAVFAET AKGGLELAPA FFRKPEDI ET 101
MFKAVHGNEH VQQALDKHEG LLFI TPHI GS YDLGGRYI SQ QLPFPLTAMY 151 KPPKI KAI DK

| MQAGRVRGK GKTAPTSI QG VKQ | KALRS GEATI VLPDH 201 VPSPQEGGEG VWWDFFGKPA
YTMILAAKLA HVKGVKTLFF CCERLPGGQG 15 251 FDLH RPVQG ELNGDKAHDA AVENRNAEYW
| RRFPTQYLF WPNRY®R&H SEQ 1D NO 78 Nucl eoti de sequence of PONEP¥# g region
of the Haenophilus influenzae (non- typeable) H rB gene 1 ATGAAAAACG
AAAAACTCCC TCAATTTCAA CCGCACTTTT TAGCCCCAAA 20 51 ATACTGGCTT TTTTGGCTAG
GCGTGGCAAT  TICEIRERRT 1okl ot i Kol dopseq. Orbnmieb catevitasedy TATTTTGCOGC CATATTGGIC
ATGGTTTCGG TIGUIFGHRT xock8eoTCACATT TAA AAGTGGGTAA ACGTCGAGCT GCCATTGCAC
GCCGTAATCT 201 TGAACTTTGT TTCCCTGATA TGCCTGAAAA CGAACGTGAG ACGATTTTGC 25
301 TGGTTITGERQABNAPBREAACG TAT AT CAAAAAA TGGTCGAAAG TTGAATGGCTT 351
ACATTATCTA ANadegtijesequencaafINY &coding TegionofthGVioaxeiroaarrialis MsbBTCTTAAC
GCTAGAACTT G@BECACGCA TCATTGGTT' T ACATCATCCT 451 GGCATTGGTG TTTATCGICC
AANTGATANT TS RETERET RIS AACRITIER: OGTTTAQGCT QCAATAMAGA

TATGCTTGAT CGPAAAGARTC BOTdhAr AGA TIOACAEET TTACGCCACG AAGAAACCAT

TTGGTATGCG 6131 Zﬁﬁ?ﬁé&m’rﬁ‘mm&ﬁﬁ%ﬁ“ GTTTTTGITC CTTTTTTTGC 651
AGTACCTGAC A CRRERITAKC 1] T TCCT 701 CGCAAAACAG
CAAAGT GATIE cﬁ#%% ANy e %%ﬁ“ 1 TCAGGCTATA CCGTGAGTAT
TTCAGCGCCT Gr‘ﬁtamm R TACH T3 M el AIGEAADG GOCGATTGCTG CGCGAATGAA
TCAAATCGTA @gm g% TICARATT ATATGTGGC TACA- TCGCGG
TTTTAAAACA O] t&kat &S%}AMW p ﬁﬁ&ﬁ%ﬁgGATTAA Protei n Sequence -
57% i dent i ty EhdSHHOASEHETLE) PYTREPITTECTRTIEMATT A0 1 MKNEKLPQFQ PHFLAPKYVL
FW.GVAI VRS | LGh Ryfiichde RIcGIdR Mt Haccs] coRimtKAd GRRATCAl ARRNLELC FPDVPENERE

TI LQENLRS)Y GVSE RReitohdic wdcnchr il Vikionorcdasdets e Femakiiiar KENQKDG VL VGVHFLTLEL

GAR I | GLHHP A REREM: T RrR RKDLRGM KA LRHEETI WYA
201 PWDYG?KN%?‘EE%@AV&&c é %%ML W@@wﬁgm IE’)FAPLRNKDG 45 251

SGYTVSI SAR VDETQLQIQEJ;CAL AARNNA Y 21| MG SR XM EIRREKT,,, 301 RPDENTPSLY D
SEQ 1D NG 79, iNgeis %Koefsowzvcml#?%m egi on of the Haenophil us

i nfluenzae ( noMaskdakkn ? I%EQ FAVEdGR GV TR TA ATCAACAAAA TTTACGTTTG
GH LD

ACGGOGAGAG T@Mﬁ%@’iﬁ% o mmmmmwmc TCAATATTGG
GGGATTTGGC 6! I™ACRGIER,APHAREY L FEDKIREYR] FGHGHAEGN IAGEAR TTGTGCCTTT TOGTCTGOGC

YPSRDETADA ERINRLIEQN IQKDLTQWMW FHRRFK?QAD DTNYYQH*

SEQ. ID NO:81
40  Nucleotide sequence of DNA coding region of the Neisseria (meningococcus B)
MsbB gene

1 ATGAAATTTA TATTTTTIGT ACTGTATGTT TTGCAGTTTC TGCCGTTTGC
51 GCTGCTGCAC ARACTTGCCG ACCTGACGGG TTTGCTCGCC TACCTTTTGG
101 TCAAACCCCG CCGCCGTATC GGCGAARTCA ATTTGGCAAA ATGCTTTCCC
45 - 151 GAGTGGGACG GAAAAAAGCG CGAAACCGTA TTGAAGCAGC ATTTCAAACA
201 TATGGCGAAA CTGATGCTTG AATACGGCTT ATATTGGTAC GCGCCTGCCG
251 GGCGTTTGAA ATCGCTGGTG CGTTACCGCA ATARGCATTA TTTGGACGAC
301 GCGCTGGCGG CGGGGGAAAR AGTCATCATT CTGTACCCGC ACTTCACCGC
351 GTTCGAGATG GCGGTGTACG CGCTTAATCA GGATGTACCG CTGATCAGTA
50 401 TGTATTCCCA CCAAAAAAAC AAGATATTGG ACGCACAGAT TTTGAAAGGC
( 451 CGCAACCGCT ACGACAATGT CTTCCTTATC GGGCGCACCG AAGGCGTGCG
\. 501 CGCCCTCGTC ARACAGTTCC GCAAAAGCAG CGCGCCGTTT CTGTATCTGC
551 CCGATCAGGA TTTCGGACGC AACGATTCGG TTITTGTGGA TTTTTTCGGT
601 ATTCAGACGG CAACGATTAC CGGCTTGAGC CGCATTGCCG CGCTTGCAAA
S5 651 TGCAAAAGTG ATACCCGCCA TCCCCGTCCG CGAGGCGGARC AATACGGTTA
701 CATTGCATTT CTRCCCGGCT TGGGAATCCT TTCCGAGTGA AGATGCGCAG
751 GCCGACGCGC AGCGCATGAA CCGTTTTATC GAGGAACCGT GCGCGAACAT
801 CCCGAGCAGT ATTTTTGGCT GCACAAGCGT TTCAAAACCC GTCCGGAAGG
851 CAGCCCCGAT TTTTACTGAT ACGTAA

60
Protein Sequence - 25% Identity and 36% identity with MsbB E. coli
1 MKFIFFVLYV LQFLPFALLH KLADLTGLLA YLLVKPRRRI GEINLAKCEP
51 EWDGKKRETV LKQHFKHMAK LMLEYGLYWY APAGRLKSLV RYRNKHYLDD
101 ALAAGEKVII LYPHFTAFEM AVYALNQOVP LISMYSHQKN KILDAQILKG
65 151 RNRYDNVFLI GRTEGVRALV KQFRKSSAPF LYLPDQDEFGR NDSVFVDEEG
201 IQTATITGLS RIAALANAKV IPAIPVREAD NTVTLHFYPA WESFPSEDAQ
251 ADAQRMNRFI EEPCANIPSS IFGCTSVSKP VRKAAPIFTD T*
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151 GATAAATTGA CGGGAAAATT AGGTATTGGEG ATTGGGCATA AAGCAAAGAA 55 201
ACAGCGTACG CGIGCACAAA CTAACTTGCA ATATTGITTC CCTCATTGGA 251 CTGAACAACA
ACGTGAGCAA GTGATTGATA ACGITTTTGC GGITGTCGCT 301 CAGGITATGI TTGGTATTGG
TGAGATTGCC ATCCGTTCAA AGAAACATTT 351 GCAAAAACGC AGCGAATTTA TCGGITTTGA
ACATATCGAA CAGGCAAAAG 401 CTGAAGGAAA GAATATTATT CTTATGGIGC CACATGCECTG
- GCCCATTGAT W@ @laimGCGTCTGECA TTATTTTGCA CACTCAAGGEC ATGCCAATGA CTTCTATGTA
501 TAATCCACAC CGIAATCCAT TGGTGGATTG GCCTTTGGACG ATTACACGCC 551 AACGTITTCGG
CGCGAAAAATG CATGCACGCC AAAATGGTAT TAAACCTTTT 601 TTAAGICATG TTCGTAAAGG

TITCTTTGa ACTT ARG B0 F AR R R R AT R Mot aa
AGCCGTTGIT mémgitilis(SoAl €HardctérXedh that TR eparatio s \KiamInE b TdnfdevifceA 801

AAATCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA TCAGCCCGAG 851 CAATGAACGA
AGRAATAGAA theTatiomang AraCesSCAGCGCC AGAGCAATAT 901 GTTTGGATTT TGCAATTATT

GCGTACAAGG AAAGAT.GGCG. AA TTA .70 951 TGAT rotein_S nce.- 45/ .
Identity and 56%)siarﬁrf’%ﬁsf6fe€/r%§/]“flﬁg %%xgn%#&ﬁllpmlt%%ﬂﬁﬁpﬁoi%&%gﬁwns
SVBYLKPQYW G WG FRiskhik LB VEIERL tepazdti dXKlebfdpbiSin¥V 1H Q?Tdm&g\{%
PHWIEQQREQ VI DKMFAWA 75 101 G GEl A | RSKKHCQKR SEFI GLEHI E QAKAEGKN |
LMVPHGMI D 151 ASGitl¢nTe! Mt siesm-eriiiriexni\a\cteTIRDREGER MV pEpRCNGISKRE Gy WO
01/ 09350 PCT/ EP00/ 07424 _ 201 LSHVRKGE YYEEQEDFGA. VFVDFFG TYKATLPGLN
KMAKLSKM 251 | PVESRYRARE! Wﬁﬁn 8 OSA | E SFVTPAPEQY 301
VW LQLLRTR KRG W 7 miirQof sdd Neki 89s Bricdopotdddrons 8 tidedtnBisthe HDNA0 gl

region of the Modraxella catarrhalis MsbB gene 1 ATGAGTTG&: ATCATCA
TAAGCAGACA TomAANG,EbEBARATCGMAB . 51 TAAGCATATG CCAAGCTTGA CAGATACTCA
TAAACAAAGT AGCCAAGCTG 10 101 AGCCAAAATC GITTGAATGG GOGTTTTTAC ATCCCAAATA
TTGGGGAGIT 151 TGGCTGGCTT TTGCGTTGAT TTTACCGCTG ATTTTTCTAC CGCTGCGTTG 201

CCAGITTTGG é.TCGgézg&ﬁi e]&%é%dﬁ pézation AGTRIAIGETA a r&difid\arEaAET
TCAAGACACT CTAA CC.TGC@_A TAC .CT%%AAAT 301 CAACCAAAAT CAAAACACAA
GGCCACCEEA oaaaAabiy srai Tharautexiaed m thag 531d aoxprratpady otreyedxsmpdsymeheT GC
ATGGTTTCGC AATGICT 401 TTAAACGCAC TTTTAGCATT TCTGGTTTAC AGCATTTGAT

TGATGOCCAA USSP RARCAREATA AAGCGGTGAT TTTACTTGGT GGACATCGCA CGACGCTTGA
a) aprocess of reducing immunodominant variable or non-protective antigens

)

" within the bleb preparation comprising the steps of determining the
identity of such antigen, engineering a bacterial strain to produce less or

20 | none of said antigen, and making blebs from said strain,
wherein one or more of said antigens are selected from a list consisting of: CopB,

OMP106, OmpB1, TbpA, TbpB, LbpA, and LbpB.

3. A genetically-engineered bleb preparation isolated from a modified
25  Haemophilus influenzae strain characterized in that said preparation is obtainable by
employing the following process:

a) a process of reducing immunodominant variable or non-protective antigens
within the bleb preparation comprsing the steps of determining the
identity of such antigen, engineering a bacterial strain to produce less or

30 none of said antigen, and making blebs from said strain,
wherein one or more of said antigens are selected from a list consisting of: P2, PS,

Hif, IgAl-protease, HgpA, HgpB, HMW1, HMW2, Hxu, TbpA, and TbpB.
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501 TTTGGGCGGT CGGTTATGTA CACAGTTTTT TGCGGCGGAC TGCGIGIATC 551 GCCCACAAAA
CAACCCTTTG CTTGAATGGT TTATCTATAA TGCACGCCGC 20 601 TGTATCTTTG ATGAGCAAAT
CTCAAATCGT GATATGAAAA AACTCATCAC 651 TCGGCTCAAA CAAGGTCGGA TAATTTGGTA
TTCACCTCGAT £AAGATHE Henetically-eh&hdéedE0ebl A5OhGo X EpYREsT 1131 H@%BGIQ@C
TGCAGCAAAG 751 ATTACOGCTC A CGICT TATTAAGCTG GGTGATAAAG CCAATCCTCC j
801 TGTCATOQRFPAATGARGIATINaISOY GAGACAN2ACSOCORNT TANATIEC®ASes delecteBST@h 1
AAGGTCACCG T.TAT CACATCAGCC TAAGCGCTGI GTTAAAAAAT 901 TATCCCAGCG
ATGACGAAAC ®RACGCATCA ATCGACTGAT 951 TGAGCAAAAT ATTCAAAAAG

ATTTAACCCA @Wﬂfﬁgﬁolél%ﬁ%lé%%%ﬂﬁ%ﬁ%t@%%}nﬁﬁ% pi

ACTATCAACA TTAAT Protei n"sequence - 28% identity an y wth
MsbB of £ coli 1 theSGHHOpkRaTakhAloSIpkisiigPhic TEEH QS 1SAFAKSFHh AnkigEYWEV

51 WLAFALI LPL | FLPLRWOFW | GKRLG LVH YLAKSRVQDT LTNLOLTFPN 101 QPKSKHKATA
RQVFI NQG G | FESLCARRRIPRIAECRTRASICTIA SN BAES 105 InKeIURAVA (SITENESIRITPIIOLAEG

QOFGLEHGM ATFFOVPARE"5% 1P FRRDAT %@ﬁ%ﬁﬁ%ﬁ”ﬁﬁ%{%&% ey

HI SLSAVLKN 301 YPSgpfesalatERIdVRL highse tKIKDinT (BaMWPHBERFHH QAEL, DIniY¥ieking SEQ
ID NO 81 40 Nucl eqtide sequence of DNA codi ng regi on of the Nei sserl a

(menl ngococcus B) blghsdrogepd STATGAAATTTA TATTTTTTGT ACTGTATGTT TTGCAGTTTC

CamcOEs oo AT oA TR T SRR S o B s Beeda

GAAAAAAGCG CGAAACCEIMPT RWEDEA @ﬁhﬁlTTﬂ'eCﬁbWbre;%éno'ﬁA'Em% ﬁEGQt-Em-fG
AATACGECTT ATATTGGTAC GCGCCTGCCG 251 GGCGITTGAA ATCGECTGGTG CGITACCGCA

ATAAGCATTA TTTGGACGAtifYDg seghopmentinst, ensmseng A/Da6ETiahstdT Fo @7 GTRIneeC

ACITCACCGC 351 GT ( T TGTA GAT A 50
401 TGTATTCCCA %RW@R@WW ‘T‘alﬂgﬁ%g
CGCAACCGCT ACGACAATskn 65id SEFRATC GGGCGCACCG AAGGCGTGCG 501 CGCCCTCGTC
AAACAGTTCC GCAAAAGCAG CGCGOCGTTT CTGTATCTGC 551 COGATCAGGA TTTCGGACGC

AACGATTEEG TTTTTEr@zrossss of megifying dipidadeortiarwos bestsnd i cvitoaterblasc

ANTACGGTTA 701 CAPTOAREED CPRETEEATTT fahl HoltP el ite SR iC. 751

GCCGACGCGC AGCGCAT Gévdeting tHe IPd A fAGECAMELES tm%@éﬁng 8BacteiiIGhtALT
ATTTTTGGECT GCACAAGCGT TTCAAAACCC GT %CGGAA ? CAGCCCCGAT . TTTTACTGAT
ACGTAA as to reduce or switch off expression of said gene, and making blebs from

said strain;

20 e) a process of modifying lipid A portion of bacterial LPS within the bleb
preparation, comprising the steps of identifying a gene involved in
rendering the lipid A portion of LPS less toxic, engineering a bacterial
strain so as to introduce a stronger promoter sequence upstream of said
gene such that said gene is expressed at a level higher than in the non-

25 modified bleb, and making blebs from said strain;

f) a process of reducing lipid A toxicity within the' bleb preparation and
increasing the levels of protective antigens, comprising the steps of
engineering the chromosome of a bacterial strain to incorporate a gene
encoding a Polymyxin A peptide, or a derivative or analogue thereof, fused

30 to a protective antigen, and making blebs from said strain;

g) a process of creating conserved OMP antigens on the bleb preparation

comprising the steps of identifying such antigen, engineering a bacterial
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60 Protein Sequence - 25% ldentity and 36% ldentity with MsbB E coil 1
VKFI FFVLYV LQFLPFALLH KLADLTGLLA YLLVKPRRRI GElI NLAKCFP 51 EWDGKKRETV
LKQHFKHVAK LMLEYGLYWY APAGRLKSLV RYRNKHYLDD 101 ALAAGEKVI | LYPHFTAFEM
AVYALNQDVP LI SMYSHGHAN Isb LabASAibikte Wpiable e RNRYOINVELle SARSEHRYRA APF
LYLPDQDFGR NDSVFVDFFG 201 | QTATI TGLS Rl %ANAK@ | PAI P&/‘%AD%?@%E@A
VESFPSEDAQ 251 ADAERIVISRHebsHERTAANRBSN FGCTSVSKP VRKAAPI FTD T 94 W d ai m

1. A genetically-engi neere | eb preparatiop. isolated froma nodified

Nei sseria 5 nerPngi ?W%ngeltaa?lﬁgfﬁ%‘ré%cf”e?’}@é‘&iif rl??etbrﬁtep%ra'i“dl Hrasamtigen on i s
obt ai nabl e by enpl Qyiidhdshar&iCa fsBhb@l MRS S5ifs reduci ng

i mmunodom nant vari abl esor n?)r?- pr ot ectilve gﬁf‘lﬁ]géans W %tﬁ%ﬁﬁgr?géﬁ?aé'bge

prepar atsi on conpr i sapablet dicindtieipg anfautheinenmeniesportsban hiugns, i doshpBibing YRS
antigen, engineerin terial strain to produce |ess or 18 none of said

a ha ) i
antigen, and naki n@t%B? é’gégﬁf”r"gﬂf‘gaﬂ R F‘QPWF‘?Méh@ibﬂP%ﬁ@em ofthe anfigenai d
antigens are sel ectgd,id; LSk istl . LRILE — ThpA TbpB,
LbpA, and L6FB 2. A Iénet c%P%?%%%?ﬁ@esr%e%s I%@u%erpg{év}”éﬁ gﬁeﬁgggfsgqrgagf roma
nmodi fi ed Moraxel | asaid Gengtad nlakdrighledsrrinm sdidstraiai & i zed in that said
preparation is aobtainable by enploying the follow ng process: a) a process
of reduci ng i nmihodd¥Psrah L HRFSEHItBE SXPTfsTIOD PHDERiEstine QMB gatigens wiithii n t he
bl eb prgparation c R t . er m._ni the. identity of such
ant i genﬁpengi neer i ﬁgg)giega@tgg%gg?ésﬁsg%ln%kg(c){g%rsé{ﬁﬁc P?%eél&?%?g 5'2‘8’ Nof said
antigen, and maki ngngihedbmgla baotatil dtrsihrsaiag to WMteddRicd iR68h& EhriRbSord ogi d
antigens are selected froma list consisting of: CopB, OW 106, OnpB 1,
ThpA, ThpB, LbpA, Shéqrggirther corigscofet igers pRcoding saidrastigen emtyollepdyat i on
isalated froma nogidi 5 PRI influenzae str.ai hagacterjzed in
that said preparat ﬂ%t%h?&s%og t 3 n%' gj%{}&grersr%ug%engm hléla#'BFI%déHSn%mBrsﬁtdess: a)
a process of reducktigni nmunodom nant vari abl e or non-protective antigens
within the bleb preparation conprising the steps of determ ning the
identity of such antigen, engineering a bacterial strain to produce |ess or
30 none of said LRGN k] bl ebs fjo id. strain, wherein one or
nore of said ant?gmehgga rgﬁé}g}@?tﬂ gga?l?%m}ijztol é’s?hgrge%i 0 CAGEFIEESePsRE 1 |
| gAl - pr ot egwecessdgpe), bligDBd), l)WH), ahiiAParettattiedTdyt/by BowolbRpE: retGbitatiokhe
geneti cal | y-engi.neered bl eb gr tion of Clainms 1-3, wherein "said

epar . .
pr epar at i orf¥FRS J5TTeR-h FRAUSHCR AN RLlFasi G Oomnslestidan Pl the basienal whessrasewe,

sel ected fr@iasequence of at least 30 nucleotides on a vector transformed within the strain.

20
6. The bleb preparation of claim 5, wherein the engineering steps are carried out
by double cross-over homologous recombination events between two sequences of at
least 30 nucleotides on the bacterial chromosome separated by nucleotide sequence
‘X’, and two sequences of at least 30 nucleotides on a vector transformed within the

25  strain separated by nucleotide sequence ‘Y, wherein during the recombination event

X and Y are interchanged.

7. The bleb preparation of claim 6, wherein the two nucleotide sequences are of
approximately the same length, and wherein the vector is a linear DNA molecule.

30
8. The bleb preparation of claim 6 or 7, wherein the recombination events of
processes a), b), c), d), €) and h) are carried out within the region of the chromosome

1000 bp upstream of the initiation codon of the gene of interest.
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the follow ng group: b) a process of upregulating expression of protective
OW antigens within 5 the bleb preparation conprising the steps of
identifying such antigen, engineering a bacterial strain so as to

i ntroduce a stronger pronpoter sequence upstream of a gene encoding said
antigen such that said gene is expressed at a |evel higher than in the
non- nodi f i eB. bl ebhe ket praparagon bf elasn f8; ovhesan dosproaess;a)18) 6) hpnwlagidss of
upregulating ex reg;ion of condit”gnally-expressed protective OW

anti gens wi YAPRAGENE GPEBRSS R Afi R RIBMGHET shegignt Ak the @pae, oand nerdentideyi ng
such an ant} i ' ' ' nove the
repr essi ve %0%?$§?pﬁ%§ﬁ§%#Eﬁ%ag$@§%§h2§%F€§%ﬁ%§?§§%§§ﬁ%§F%§ggP9bs from
said strain; 15 d) a process of nodifying lipid A portion of bacterial LPS

wi thin the bleb reparation, conprising the steps of identifying a gene
i nvol ved i n10r endg¢ ib%& prsRarption @f Al3i@r ¢ 0617, Gtherews the x¢combination cventa gfa

bacteri al I A ff i f i d ,
ond ki ng BIeBERes Dy sPEd D A€ PG Bl SED nibioo BAPL GRS Pomagit o
portion of bawtesdiag seqinod sfhthe gédeafidhieRest. preparation, conprising the steps

of identifying a gene involved in rendering the lipid A portion of LPS
| ess toxic, engineering a bacterial strain so as to introduce a stronger

pr onot er,, seguenc r . sai.d, .gepe ch that, said gene. is expressed
B a1 bl B gnort B FAPHALoR 3 iR Ba e B b FeReT oA YR BISE 11 om
sai d strai nprokssd) RroafRAoud budheElbtGiudEotitl® séhubndeOX icinb¥iséd thd hilthkh&oph oE P
preparation and increasing the |levels of protective antigens, conprising
thz. st eps othe gspgWiBbYanRxpraseionlsasAdSone of a bacterial strain to

i ncorporate a gene encoding a Polynyxin A peptide, or a derivative or

anal ogue thereof, fused 30 to a protective antigen, and naking bl ebs from

sai d straini2g) TherNESsSiaOmeningaidisn b1GPNSEHaRHhrO¥P St 98N SbRAthablRELY! €b
preparation conprising the steps of identifying such antigen, engineering

a bact etf al emplyyingiprasess Bhangkort iy, wisrein@ng o main¢ genes greowpsegifiated femen leshcodi ng

said antige Bl € Sal i B h e of__reduci ng
expr essi on g&%sﬁﬁﬁgg pogzﬁ%%’bﬁ%)fﬁi%a&gag%ﬂ%d& 12[?1)"83“{9 5189%1%@%, iﬁ%ﬁé@l’g
structural BipAlBpCl L.bpil LbpBhEhal, HhsR|Cipo02, TBE2 [Eyo28F, MAACARRBOL 188

i nduci ng an gxto-lnnune response in humans, conprising the steps of

i denti fyi ng€%*gene involved in the biosynthesis of the antigen,

engi neering a bacterial strain so as to reduce or swtch off expression of
said gene, and neking blebs fromsaid strain; or i) a process of

upr egul 20 i ng3.expibe Nedsaerdd npmotgestdis biebGhBpantiorg 6N 8laih t4bN 12, obtainable by

employing at least process h), wherein one or more genes are downregulated from a

list consisting of: galE, siaA, siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

14.  The Moraxella catarrhalis bleb preparation of claim 4, obtainable by

25  employing process b) and/or i), wherein one or more genes are upregulated from a list
consisting of: OMP106, HasR, PilQ, OMP8S, lipo06, lipo10, lipoll, lipol8, P6,
ompCD, CopB, D15, OmplAl, Hly3, LbpA, LbpB, TbpA, TbpB, OmpE, UspAl,
UspA2, and Omp21. '

30 15.  The Haemophilus influenzae bleb preparation of claim 4, obtainable by
employing process b) and/or i), wherein one or more genes are upregulated from a list
consisting of: D15, P6, TbpA, TbpB, P2, P5, OMP26, HMW1, HMW?2, HMW3,
HMW4, Hia, Hsf, Hap, Hin47, and Hif.
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10 the bl eb preparation conprising the steps of identifying such antigen,
engi neering a bacterial strain so as to introduce into the chronosone one
or nore further copies of a gene encoding said antigen controlled by a

het er ol ogous, stronger pronoter sequence, and nmaking bl ebs from said
strain. 15 5. The bleb preparation of clains 1 to 4, wherein the -

engi neeri ng6st eps oRccipgy ocwsprEng) theb)blebe ) prepiratian) , ofh)claiarsd 1i-)5 ated carri ed
out by hompl ogous r.ecombi nation .events between a sequence of at |east 30
nucl eot i de?hSﬂ“?cﬁ {lff’g taé??pzl%bl%?ﬁc&fﬁ‘%torre, and a sequence of at |east 30
nucl eoti des on a vector transformed within the strain. 20 6. The bleb
preparation of claim5, wherein the engineering steps are carried out by
doubl e 6r oslg- oveA nnmgoogonab vaeoendunaisingnthe Wit prepanereof tliins eqaences of
at least 30 nucleotides on the bacterial chronosone separated b

nucl eot i de Belgudnkene oxxmore pIR GF CARBgAP BPnBRosaCccRlbeapsuldn polysicelariddes on a
vector tra Bl 2 kN separated by nucl eotide sequence
Y, vvhere%fegﬁgﬁbﬂ%ge%%%’?éﬁ%ﬂwgvem X and Y are interchanged. 7.
The bl eb preparation of claim®6, wherein the two nucl eotide sequences are
of approximately the sanme | ength, and wherein the vector is a |linear DNA
nol ecul e. 3§-8. /rrmengifis yaesing eqmpsising thel preparation of clahed e#nl2 bel3, a

reconbi.natiqn. tg, O S , .d), e) and h) are carried
out wi tiin %%E&Fg%%gi A h ughede g‘hfcg‘?%%n%&%%“ﬁﬁ’ &B@t?“é’aﬁf d%“?h@ainnf’{i ati on
codon of th@nfigardPheifibeiceslicapsilat pdlysddihadidleadb preparation of claim 8,

wherein for process a), d) or h) nucleotide sequence X conprises part of
t he pronoter regi on of the gene, and nucl eotide sequence Y conprises

i th . j . J { ion. 5 ... Ih I
b epar at i oriobt " RARCHRK nich, Olteir8lcoRBRRTRE Blott e Mo eVl §rd o b cesses
a), d) and dnl creereRdre pbin 6tEorjuitied fiatmdbsdcaPtdpd@las y%gé}ﬁriﬁeé:m%é es

part of the coding sequence of the gene of L-iterest. 11. The bleb

pr epar afi orPIAROTE[ARHIZENS that can pigkast a st aprinstawartperhie BrinAvenusindéctiopr ocess
i) is carried out such that nucleotide sequence Y conprises the further
copy of the gene within an expression cassette. 12. The Neisseria

meni ngi ti di20). bl ehn priepaiedid vavcine chpinzing, the biebi prepiretidiyof dIRin® P! P¥i 19
process b) and/or i), wherein Qne or nore genes are upregul at ed froma Iist
consi st i ng B ONRO AOTRfaIR Pk eoniygated pspmocesephepsHan pelysaceharidey, aBd offppA,

(11 po30) . andrR enEcf e A brorcelE Hox BRRE Mo o ARAaho REAEL. 21 on oo
cl ai m &2o0or 12, obtainable by
21.  The otitis media vaccine of claim 19 or 20 wherein the vaccine additionally
comprises oiie or more protein antigens that can protect a host against Streptococcus
(,- pneumoniae and/or one or more antigens that can protect a host against RSV and/or
one or more antigens that can protect a host against influenza virus.
25 |
22. A modified Gram-negative bacterial strain from which the bleb preparation of

claims 1-15 is made.

23. A method of making a vaccine comprising the step of generating said vaccine

30  from the modified Gram-negative bacterial strain of claim 22.
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enpl oying at | east process h), wherein one or nore genes are downregul at ed
froma |ist consisting of: galE, siaA siaB, siaC, siaD, ctrA ctrB, ctrC,
and ctrD. 14. The Moraxella catarrhalis bleb preparation of claim4,

obt ai nabl e Jqy e Vi /{0ry5 rgi n r e genes
are upregul at eda%reoén;mgfél ?12? &%ﬁf@tﬁgﬁgﬁpﬁ%é%@ﬁ%&@@%ﬁwﬁ

| i po06, |i poddBanienpddd immipieing,a Réman hORCiairSo pRiisddS case® b infeclions of LDPA,
LbpB, ThpA,,, TbpB, Owggg,*prl, UspA2, and Omp2l. 30 15. The Haenophil us

i nf | uenzae V-S4 MERREH4"n of claim 4, obtainable by enploying process b)
and/or i), wherein one or nore genes are upregulated froma |ist

consisting of: D15, P6, ThpA, TbpB, P2, P5, OW26, HWA, HWR2, HWB, HWM,

H a, Hsb, Hap, Mise4df thndldd brephfifiohbof AlMACEi &E 16 OMD HieS niutRrd g
preparation of clains 1-15 and a pharnmaceutically acceptable excipient. 5
17. A nmeni FYSEGEeRt FaRmpRizEg fhwmam fosthagabist b discapacatsedbydnfectian of 1, 4,

12, or 13 ag . plain or conjugated neni ngococcal capsul ar
pol ysaccharA? esgﬂzgceﬁ%er(f@dg'fromthe serotypes A, C, Y or W 18. A neningitis

vacci ne conprising the preparation of clains 1, 4, 12 or 13, a 10
conjugated H. influenzae b capsul ar pol ysaccharide, and one or nore plain
or conj ug@fed pHrsupbdler dlgb praperstian ebiclaémcd herr il8ew. tHed maAnfaotuird io§ dredi a

more pid n R s Rt BBk ABsinsl s BrpieuRid Padsioienobne 15
or nore antH@eidphilliiflgenzapr ot ect a host agai nst non-typeable H. influenzae

infection. 20. An otitis nedia vaccine conprising the bleb preparati on of
claims 3, 4 or 15 and one or nore plain or conjugated pneunococcal

capsul ar pghkysac ] nd_on r more. antjigens th an protect a host

agai nst I\/b(rézkel ér%g%t%?’rﬁﬂ'gﬁ%‘ $oFR Fl‘%?%l Bﬁép%oﬂlﬁg“i‘h% IB?‘g%‘Fé Gramaeedlitsci ne of

claim 19 omhadristhsfagi bhirfi®erizdGh Ratadii ?ﬂeﬁﬁlﬁﬁbﬂ/ is G&Hﬂ%l%%? Q{x}ﬁoﬁﬁ%% e
coccus ~ pneunoni ae

protein antigens that can protect a host against Strepto
and/ or 6ne fHOWiBE PreeEss: gens that can protect a host against RSV and/or one

or nore antigens,t t..a host aqgaipst .influ a virus. .25 22. A

modi fi ed G agﬂr nz)&agi%\&/%%gggf{el&i%gﬁa%% Si(We?Srl%}nc’a)ﬂf%ﬁcqivﬁe&gﬁeB“ttﬁeéb&’ﬂ%ﬂ on of

clainms 1-15 is nadthe Wdb plepapitivad cehpiigikg Be atepaCefl R nff isﬁdlﬁgmig{éﬁ, step
ega%

of generating said vaccine 30 fromthe nodified G amn ive bacteri al

strain of claim 22°ngpenng a l?é@t_eﬁf‘l F‘ﬁ%mbifoel?? pipebl_ﬁlo_éwfbﬁ gfongkmipmonigterl2 or
13 in the manuf act el undBILPATRAL of Qo THRLEE DG, 8 NYIRTLI0R 02 st

a di sease caused by infection o I'sserta i NQI
20 expressed at a level higher than in the non-modified bleb, and making

blebs from said strain.

¢ 28.  The genetically-engineered bleb preparation of Claim 27, wherein said
preparation is obtainable by employing one or more further processes selected from
25  the following group:

h) a process of reducing expression within the bleb preparation of an antigen
which shares a structural similarity with a human structure and may be
capable of inducing an auto-immune response in humans, comprising the
steps of identifying a gene involved in the biosynthesis of the antigen,

30 engineering a bacterial strain so as to reduce or switch off expression of
said gene, and making blebs from said strain; or

1) a process of upregulating expression of protective OMP antigens within

the bleb preparation comprising the steps of identifying such antigen,
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5 25. Use of the bleb preparation of claim2 or 14 in the manufacture of a
medi canent for immunizing a human host agai nst a di sease caused by
infection of Mraxella catarrhalis. 26. Use of the bleb preparation of
claim3 or 15 in tkagnBaiHas busteridlfstdin sJeOasnr%Oihﬁa&Eﬁ@tmrfo%e c s6id%n@ human
host agai nst a di sease caused by infection of Haenophil uenza. 27. A
genet i cal | y- engi neer aéaorgl fwther epriesavf argehe encaling daifli zmﬂigéir annmgpatby/e

bacterial strain cha terized in that said preparation is obtar nabl e b
enpl oying the 15 P8 er@rrr%cnﬁ g oS shalrucb ik maBinsopicht g aid
expression of " prokgghi ve OWP antigens within the bleb pr epar ation
conprising the steps. of identifying such antigen, engineering a bacteri al
strain so as to introduce a stronger pronoter sequence upstream of a gene
encodi ng sa ?cqj nﬁﬁ%ﬁ? such that said gene is 20 expressed at a |evel higher
than in the cheprepr@gon M FIdak EAPT B e‘EherPlﬂoﬁthqigmesnn&rSteps 28. The
enetical | ere n
9 Yp t%@&k%qgi @égﬂ% Sbarp E&R &g{lt! o?ﬁol%o%s reco VBr}th%tévseg%a

preparation is by enp oyl ng one THFET
sel ect ed frseauer2b of belefml3Iquucﬂ‘@ugémrpthefb)actanﬂrdh€&ﬁ§soﬂfe ﬁﬁ(ﬂ%éd&n@e’(&r A&Ssion
within the bleb pr eparation of an antigen which shares a structural
sinmlarity R/egERO amrsﬂﬁﬁta#sm%wréraa#ewwa@n theygfrdhe of i nducing an
aut o- Iﬂ‘gﬂ,lne response in humans, conprising the steps of identifying a gene
i nvolved in the biosynthesis of the antigen, 30 engineering a bacteri al
strain so a30.to Tl&dble‘ﬁpfﬁpafaﬂoh@f chiith 20X Wh&smi tﬁé‘eﬁglnee‘iﬁggt PSR caftid cﬂ?k' ng
bI ebs from said strain; i) a process of upregulating expression o

(a ective enfoublg P’@éﬁ‘r@"% hqwq{ogqqﬁéemnm@(pms ibetwesn rtwprssqtmgcetsm‘f at eps

i denti fyj aba [ rain so as to
le ?ﬂ 3?)”1919:1 tdleggﬂ the %géegzﬂgé ddon reeﬁgﬁ,a ela Bgclgqtug

|ntroduce into the chronpso or Nor e Yyaface

encodi ng saixt, amutvgnesreqnemerscdﬂa@deabﬁ@nu&l@itﬁl%@bﬁgos&é‘étor%tah@feﬁﬁéd RARIDHLET
sequence, and. nekin bI ebs fromsaid strain. 5 29. The bl eb preparation of

clai m 2P or Stagn s WPH@C@#@ eauenca g Y st ehpseipfduripg dhessembhiptiomeyenand )
are carriedy %aYb%Crill% ldS reconbi nati on events between a sequence of
at | east 30 nucleoti the bacterial chronosone, and a sequence of at

|.east 30 nucl.eoti des on a vector transforned within the strain. 10 30. The
bl eb pr epar?]gr on_ of c%ar m 29, rer n the engineering steps are carried out

by doubl & c?bss- b¥eble BFﬁﬂaB'ﬁ’rS’Bso F@é‘ﬂr@@r Wherenhthe fup nyclsetidesequenges gregfiences
of at | easipr3tkindfPRkisatas 1%, hRd RAcLeH ihdlve&bf RTOSRIEDRAPAL ﬁ%r?ld by

nucl eoti de sequence
20

32. The bleb preparation of claim 30 or 31, wherein the recombination events of
processes b) and h) are carried out within the region of the chromosome 1000 bp

upstream of the initiation codon of the gene of interest.

25 33.  The bleb preparation of claim 32, wherein.for process h) nucleotide sequence
X comprises part of the promoter region of the gene, and nucleotide sequence Y

comprises either a weak promoter region, or no promoter region.

34.  The bleb preparation of claim 32, wherein for process b) nucleotide sequence

30 Y comprises a strong promoter region for the bacterium.

35.  The bleb preparation of claim 34, wherein nucleotide sequence Y is inserted

200-600 bp upstream of the initiation codon of the gene of interest.
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"X, and two sequences of at |east 30 nucleotides on a vector transforned
within the 15 strain separated by nucl eoti de sequence "Y', wherein during

t he reconbination event X and Y are interchanged. 31. The bl eb preparation
of claim 30, wherein the two nucl eoti de sequences are of approximtely the
sane | ength, and _wherein the vector is a |inear DNA nol ecule. 20 32. The

bl eb prepar afi on The bleapriepamtion of elaimniSy avhareim aueleetideniequericorY évimstrsedof

processes b . r rri out..wit.hin the regjon of fhe chronmosone
1000 bp upé?&gg%mé?ﬁﬁﬁg%gﬁllp%tﬁ%ﬁ gt e idifldbotcdfi S thrceen? of ifesrber 25 33,
The bl eb preparation of claim32, wherein for process h) nucleotide
sequence X conprises part of the pronoter region of the gene, and

nucl eoti 8le 3dquerde bleb prsppratige of slainei0 ar Hkakhgreiantht eccontination evEntner
pronoter region. ,34. The blgg Br $ara.é}i on of claign 32, wherein for process
b) nucl eot i HPEEIEHEETIESGuisye Hﬁti“é‘é otde;SeARTRSE 3 SPRIPEses par iob thercedinghe
bacteri um 3guedéoitheBed¥ iRAkALE 0N of claim 34, wherein nucleotide

sequence Y is inserted  200-600 bp upstreamof the initiation codon of the
gene of interest. 106 36. The bl eb preparation of claim35, wherein

nucl eoti de guengce IS inserte approxi pately 400 bp upstream of the
initiation igdonqﬁf‘ bI‘ﬂbPﬁBﬁfétlB’F 0? ﬁlf’é‘ge{(’t or i1, 3yherqipcthe reqempbinatian eventrofof

cl ai m 3Qg0r hak & &lfed B8 shEE BIAPLMAL] f racess.h) is carried
out such that nucl eotide sequence X&g%drtr%r@ isg(tugﬂ%a?tcoggmtsﬁsetﬁ%Mqﬁ’éco@eﬁttence
of the gene thefgenatwaethés én ex3Bessiinecabdettb. prepar ati on of claim 30 or 31,

wherein the reconbination event of 10 process i) is carried out such that
nuct eoti de sequence Y conprises the further copy of the gene within an

expr essi on Qg.sset'[{h_@-blggnépr%tMnegf RIGRE IO RoPhed 5T, %?)af?f%gir olated from

a nodi fied Neisseria ningitidis strain, optionally of serogrotpeB? 15
40. The bl emepingpadiastraam aptiondlly ofi s8fhgraiptBi nabl e by enpl oyi ng at | east
process .b) and/or i), wherein one or nore genes are upregul ated froma
list coldisti ng of NspA, Hsf-like, Hap, PorB, OW85, Pi1Q PIdA, FrpB,

ThpA, ThpB, A; .on bPPB; ' ek JABZ: LLI :
VLA (1P 40! PATHE b prkBftAtion bEPEim 55 5bailBiCky hflifing 1Bk bl BRA)

obt ai nabl e byd/enp) whemin enqormessgents ardoyragebitddafroma list poestingofi Nspy bl eb
producti on rain of e.or . es, f.r |ist _caqnsisting of. PorA,
Pi 1C, TbpA, ﬂfﬁ%e EB%XQ“&;%\,% éﬁaﬂ@ngld@?pp§5w FRB.bieh. Frrfpaktad.on of
clai s 39 4LbpBDFRBIMAR, MorWhey (13528} MIESBIpd3bRGRESrAD) . Wherei n one of
nore genes are downregul ated froma |ist consisting of- gal-E siaA siaB,
siaC, si?@D, ctrA, ctrB, ctrC and ctrD. 43. The bleb preparation of clains
27-38 isol at4?.d f &%Enb?ebngr%bgrlaggn o cr;lglxrr(l3 Bb%r 40, obtainable by employing a process of
downregulating expression in a bleb production strain of one or more genes from a list

consisting of: PorA, PilC, TbpA, TbpB, LbpA, LbpB, Opa, and Opc.

25 42.  The bleb preparation of claims 39-41, obtainable by employing at least process
h), wherein one or more genes are downregulated from a list consisting of: galE, siaA,

siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

43.  The bleb preparation of claims 27-38 isolated from a modified Moraxella

30 catarrhalis strain.

44.  The bleb preparation of claim 43, obtainable by employing at least process b)

and/or 1), wherein one or more genes are upregulated from a list consisting of:
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30 catarrhalis strain. 44. The bl eb preparati on of claim43, obtainable by
enpl oying at | east process b) and/or i), wherein one or nore genes are
upregul ated froma list consisting of: 107 OW106, HasR, PilQ QOWS85,

| i po06, |i p@MP106, PSR, Pii@@ﬁmseﬁlipm@?m@pnﬁou, 818,98 dhpChl ¥3pBLPPA,
LbpB, TbpA, TbpB, OmE, UspAl, UspA2, and Omp2l. 45. The bl e% preparation
of claim 43 Q)lri@lF}Plé&tHiﬁagblé&,ﬂybP%nﬁbE@i hbpB, @mpEeYepAf, UspddnamdeQuipal i ng
expression in a bleb production strain of one or nore genes froma |ist
consi sting of: CopB, OW106, OmpBl, ThpA, TbpB, LbpA, and LbpB. 46. The

bl eb prepar aii on ok HéRpfPardifoB8f ¢824 3 r fd |

i nfl uenzae strain. 10 49@The bl eb pre%?gzﬂ‘tf gﬁﬁﬁﬁ%ﬁ}giéﬁ%ﬁﬁggﬁg&ﬁgﬁ&e by
enpl oyi n§ atdowategulating capression ingrtdtlyprodyuctiarhsiram of areoranomperesgenes ligr e
upregul ated froma |ist consisti 15 PG, _ThpA, ThpB, P2, P5, OWP26,
HW 1, H M/\f?mllﬁ%@,o#kﬁlﬁﬁg’ %ﬁbm?m’pﬂp i]H’R%,’LBH& 3dkLbeEs 48" The bl eb
preparation of claim46 or 47, obtainable by enploying a process. of
downr egul ati ng expression in a bleb production strain of one or nore genes
froma |ist 46condibstblely preparafi@n oPSlaithl 27-38gisblafeddi@n semolidied., Hddgiophi i3\,
HWA2, Hxu, Rl_@’g and TbpB. 20 49. A vaccine conprising the bleb preparation
of clains 27YHE"HAFFRN-phar maceuti cal |y acceptabl e excipient. 50. A

meni ngoggccal vaccine conprising the bleb preparation of clainms 39-42 and
25 one or nore plain or conjugated nmeni ngococcal capsul ar pol ysacchari des
sel ected frdm t [Thesdetoprepastidy oflaih @6, Ytamdble dyrepiploydng aSle¥@GRodREs b)
conpri si ng th@agiﬁ%rat.i on of clains 39-42, a conjugated H. influenzae b

capsul ar pol®) eFfdD OB AT BIRES BFNeRSE R uptegiiated irenp 3 lisy gpesistingof: D15,
pneunpcoccalpeCapsAl ¢ ﬂpﬂ»y%C@w'edWP&gg%v i b Lne
conprising the b?eb p?epar’ati’on o% “clai -4% an j’%@%%ﬁg’r%gf;ﬁﬁ n or

conj ugat ed phedhwoddbfil capsul ar pol ysacchari des, and one or nore antigens
that can protect a host agai nst non-typeable H influenzae infection. 5 53.
An otitils media vaccine conprising the bleb preparation of clainms 46-48 and

one or nore 43l ai qh@rble&g{fymﬁ&ﬁopagme%‘fqal oﬁtﬁgﬁb'l%%? e%léﬁgg ﬁg;?écie?segf and

one or ~nore antigens t can protect a ‘hoSt agal ns catarrhalis
i nfection. 3WwwniRgalatingtexpresseti m atick productiorcitaimpHéhecir @ e gadisriainna tike

brotect a neeroage dPodt BT At RreRe et anapd e i feoa "
antigens thahdgapBprotect a host against RSV and/or
20 -

49. A vaccine comprising the bleb preparation of claims 27-48 and a

pharmaceutically acceptable excipient.

50. A meningococcal vaccine comprising the bleb preparation of claims 39-42 and
25 one or more plain or comjugated meningococcal capsular polysaccharides selected

from the serotypes A, C, Y or W.

51. A meningitis vaccine comprising the preparation of claims 39-42, a conjugated
H. influenzae b capsular polysaccharide, and one or more plain or conjugated

30  pneumococcal capsular polysaccharides.
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one or nore antigens that can protect a host against influenza virus. 55. A
nodi-fi ed G amnegative bacterial strain fromwhich the bleb preparation of
15 clains 27-48 is made. 56. A nethod of making a vaccine conprising the
step of gensy atiAg obith theddt ¢idme ohRsiRanEBHY hfarFHBHEGRL ¥E! erial
strain of claim55. 20 57. A nethod to %r oduce % gemleti caﬁ?y-e%%?%%géed

bl eb pr eparetei @rmbreqrizia dEcamugated pnewrodyacalerapailaspalpianchayidesyahewneagr t he

foll owi ng process: b) proces f upregqul ati ng expression of protective
OVP ant | gerBOreREiRERS thel2p PERICCH A dsh RpinE T BrARNE Hoiinerge arfection.
identifying such antigen, engineering a bacterial strain so as to

i ntroduce a stronger pronoter sequence 25 upstream of a gene encoding said
ant i gen ssucyB.t hahn oéitisl ngeivevaicsinexpropsisiag the biebl prepdratidti eh@ninid ¥8148 and he
non-nodi fied bl eb, and making bl ebs fromsaid strain; and, optionally, one
or more prMEsYdEoN Qs Foppgatet macYIBPtasGRl RPEHBURRLY R charides @ad snebr
reduci ng i ] I - clhive nt.i gens. wthin the

bl eb prepara |ga(réﬂg%ﬂr%gfr}%tsclgﬁgbﬁ%égshtggétpaggf(glf tpjg{é%%re }r{Ia ﬁ?tﬁﬁﬁzflh%g\?%ilr?fli ty 30 of
such antigen, engineering a bacterial strain to produce |ess or none of

said antigen and nmaking _blebs fromsaid strain, c) a process of

upr egul at i i expFless eftshmeeiaceaeine ob alain 5 2ead b sustein the vaesite additionElly
antigens, W t hin. .ation ¢ rising the steps of, 109

dent’ 1 ng iR Gne b bt SRUSbERNE MR’ pRect Kh Ehiast Sepidebets emove

the repr esgieumondtanalor HRE HaMEFEENGFenk ttﬁat@ﬁﬁkﬁ&%&t%hos@@?aiﬂﬁ'@ﬁ\@ aRé/Bps from
said strain; d) a process of nodifying lipid ortion of bacterial LPS

Wi '\zhi n the %lecs myIe aptigens thah carcpraiset & hery agtisstgnidusnzavirident i f yi ng a gene
involved in rendering the lipid 5 A portion of LPS toxic, engineering a
bacterial strain so as to reduce or switch off expression of said gene,

and meki ng $8.ebsAfmadifis@Gearinegdtive bajteAal¥tRGE EBmMOWhieR ¢hd Heh Grdphitioh A
portion of bacterial LPS within the bleb preparation, conprising the steps
of idents f y§lpigns2Tothis madgol ved in rendering the Iipid A portion of LPS

| ess toxic, engineering a bacterial strain so as to introduce a stronger 10
pronoter sequence upstream of said gene such that said gene is expressed at

a level hifher Ahaethod of makingn-vidciné cegphibiap thasteh Bﬁﬁéﬂéﬂaﬁb@%m vabQpa sai d
strain; f)ng process. of reducing lipid Atoxicity within the bleb

pr epar at i onTa¥Rdbe medified Gram-negatiyeRasienabstrain gf daim §% anti gens, conpri si ng
the steps of engineering the chronosone of a bacterial strain to

i ncorporate a gene encoding a Polynyxin A 15 peptide, or a derivative or

analjog ;Jﬁ) t h&t.eof A rhethedi td produger mgcta_tetibad@-atgii;@eeai %%hi:grdpta&'tiag from 8 {Qﬁarﬁ{) Iomb
said strain; Q). rocess .of creating, conserve antigens on the ble
prepar at i onneggéﬁ%\”f‘%‘? S‘?ﬂ’éLXF’é‘ﬁ W%Eg‘?ﬂq‘ﬁ‘wgﬁfj)céﬁéh anti gen, engineering

a bacterial strapn 0 dfolds slelibbuitid RbesGisH! dprolrife LHIP SRARRHL N0

said antigen, and making blebs f sai d
( ' within the bleb preparation comprising the steps of identifying such antigen,
N engineering a bacterial strain so as to introduce a stronger promoter sequence
25  upstream of a gene encoding said antigen such that said gene is expressed at a level
higher than in the non-modified bleb, and making blebs from said strain;
and, optionally, one or more processes selected from the following group:
a) a process of reducing immunodominant variable or non-protective
antigens within the bleb preparation comprising the steps of determining the identity
30 of such antigen, engineering a bacterial strain to produce less or none of said antigen,
and making blebs from said strain;

c) a process of upregulating expression of conditionally-expressed,

protective OMP antigens within the bleb preparation comprising the steps of

109



h) a process of reducing expression within the bleb preparation of an

anti gen which shares a structural simlarity with a human structure and may
be capable of inducing an auto-inmune response in hunans, conprising the
steps of i Ayl a LAV i -osynt.hesi f the antigen,
engi neeri ngﬁgﬂ})ﬂ%@ée??:gl alggﬁgg ?Igi %&%Ig&gggt%mgg%%extgélﬁs% ts'ﬁl (S:(rjltoo#efmoélfp ssion
of said gerepreasive owmitiohnebhatisns ofits expadssion | andimaking blebs frofy EGRIR!

upr egul ati ng exp(ﬁessi on of protgdcé‘ip,ve,CJVP antigens w.thin the bleb
preparati on conpt si n@yPIasessafapdibying liRidiA portiag of begtemaltliRfewithinghgbleber i ng

a bacteri al I FER P Q1 - one_one. or re 30
further coleJ Igéirg{%&é%grgﬁgs%gé%%%té sa??t%@ﬁ;ag%ng%@%?‘g B4 thenﬁplg
het er ol GYOUA, pcBtisIDBHEPS tPXieei Einect g e batteriak RE IR0 A0toPleARSe bF SWHaRLE
strain. 110 58. Use of the bleb preparation of clains 27-48 in the

manuf act ur eXpresgionof said geng and srakinghlehsArony szid sumian host agai nst a di sease

caused by infectjon o e e of .the follow ng: .Neisserja

meni ngi ti des, Ne‘%)sser:l;gpoggsﬁoor rl?lc(;)gegélél}g h‘l’—’lgg’hB%lﬁPP 8&?‘%?’??’\}I§r$§§‘f”t%rt5?@epa
cat arr hal i sprefaetich) Eompsisiag theJitBRser id sAtl iy &l @ne ﬁl\lo'lw%‘ahﬁri‘ﬁrﬁdeﬁn G di a
pneunoni a. 59. A nodified Neisseria neningrtides strain char acteri zed in
that said sfpertion af LRbleas toais, engipeanmgladyictegal staairf st dstviimgoducoasssrgr d) a
process, of ifying the lipid-A.portion,of LPS within the strain, 10
conpri sthg ﬁﬁéj%)g?e%%u%f: e Seﬁetaﬁ} 9{%‘?%’1%"5@ tb@rf‘é‘ BRIG115 EyPressed b ddeYdg t he
lipid A porkighet tBin inRfe héiiodifdchiey) dhd BRAking®1dH Groth Sat S}, 85 1O reduce or
switch of f expression of said gene; and h) a process of englneering the
strain such thatfit i&pracess ofredeginglinid Agokignyedthan tioebled PrepAratibh @and

m)cﬁ_i fied Neljn lser.i a msgi o i ti des straitn of clai.m 59. wherein the nsbB gene
has a nucl eo? g s, CX‘ég of PreEeliyigeng comprising the sichs of ERgiRgsTHIghea -
meni ngi ti deghréhbstnie Of aChattéHad It@n &P incoRRIAE }Q,g,r,}ﬁa,,{

downr egul ated via point nutation or del etion. 6%&%@%@?% e |l§s%ri a
meni ngi 13 deRepgide.irm derivetivg on SRlegue gereathised to pprotective amtigenpind ineking bB
open readi ntg‘egrggr?lsgrds ra%r,mt er is deleted. 25 63. The nodified Neisseria

meni ngi tides strain 680 ms 59- 62, wherein a gene coding for capsul ar

pol ysacchari de bgosyni beges effcréatingrdonsdivddOME ¥atgess Y tHab18b bRaratiBg
control region or the coding region of said gene. 64. The nodified
Nei sseria nEWRRIEIRG e steps phidsniafing sichentgeneengingeting abastegalratraitd® asddi ng

R N e e b T L R R e e

strain zf citmims 59- 64, wherein in process

(D

h) a process of reducing expression within the bleb preparation of an
antigen which shares a structural similarity with a human structure and may be
. ; capable of inducing an auto-immune response in humans, comprising the steps of
" identifying a gene involved in the biosynthesis of the antigen, engineering a bacterial
25  strain so as to reduce or switch off expression of said gene, and making blebs from

said strain; or
i)  a process of upregulating expression of protective OMP antigens
within the bleb preparation comprising the steps of identifying such antigen,
engineering a bacterial strain so as to introduce into the chromosome one or more
30 further copies of a gene encoding said antigen controlled by a heterologous, stronger

promoter sequence, and making blebs from said strain.
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h) one or nore genes are downregulated froma list consisting of. galE,
siaA, siaB, siaC, siaD, ctrA ctrB, ctrC, and ctrD. 5 66. The nodified
Nei sseria nmeningitides strain of clains 59-65 which is a serogroup B

strain. 67. 58 genpti 6althy-Hagi &b logeIRnRP2Y ARl N h
nodi fied Neisseria neningiti e?ﬂsrt rai r? of clainms 59- ég@dﬁg&ggéﬂnk ggcaci ne

conpri si ng medicgmast for ainmpnizmg nbenadhdst epainst apliseasd aunsaf bycin&civ® éf oneand a
pharmaceutically acc ph%)l exci pient. 9. A vaccjne against Neisseria
meni ngi ti de8T g81PEY af’gd IPWB’%QD%SF%W TEnigrdss r iNEISFEFR ngoterahesast 1 ai n
of clainms SYLBophs ihfRentACHoRE Rk cﬁlawliyli?,BPs%{td orrdg'rJePr?y%ings%%}aSI gz% one
or. nore plain or conrjugated meni ngococcal capsular pol ysacchari‘de’

sel ect eds f r owchdeatsse Calappeia pyeuttionial'or W 20 71. The vacci ne of claim 68 or

69 further conprising a conjugated H influenzae b capsul ar
pol ysaccharide, and one or nore plain or conjugated pneunococcal capsul ar

pol ysacchar icges. 52 - . Je V. i.ne_agai ns igseria
meni ngi ti di 55 g'comé\r ?éﬂéﬁ%edfﬁgﬁ%?‘gﬁ%‘f&ggﬁggé Pﬁg&éﬁ{éﬁz?fg&m S?'\faoﬁﬁafrhés
nodi fi ed Neobt@mabk byesmplgyihf thesfolbwaigprodessedl ai ms 59-66. 73. Use of the
nodi fied Neisseria neningitidis strain of clains 59-66 in the 30

manuf act ure of adhedliPERRSENPT dstoxifiringnthei kpjd 2A movden le6 JtPSydthis tthea stdisease
caused y infectio - Nej ia penipgitidis,, 112 74. Use of |he
genet i céPI y- engi nee&gg%ﬁ%oﬁggg g?ﬁf@%{:‘\ V4 %ﬁf’ei"ﬁvorlﬁeéiem ’?‘F[?f"%ftl?r e of
a medi cament for i n¥pidiApodiod JTUPStoRRS hndeiRdiAdeing the SBAS 8o 38 Y5 Riducddr
infection of Neisseria neningitides. 5 C 113

) switch off expression of said gene; and

(- h) a process of engineering the strain such that it is free of capsular

polysaccharide.
15
60. The modiﬁgd Neisseria meningitidis strain of claim 59, wherein the msbhB

gene has a nucleotide sequence of SEQ ID NO: 81.

61. The modified Neisseria- meningitidis strain of claim 59 or 60, wherein the

20  msbB gene is downregulated via point mutation or deletion.

62.  The modified Neisseria meningitidis strain of claim 59 or 60, wherein part or

all of the msbB open reading frame or promoter is deleted.

25 63.  The modified Neisseria meningitidis strain of -claims 59-62, wherein a gene

coding for capsular polysaccharide biosynthesis or export is inactivated by mutating

the control region or the coding region of said gene.

64. The modified Neisseria meningitidis strain of claims 59-62, wherein a gene

30 coding for capsular polysaccharide biosynthesis or export is downregulated via point

mutation or deletion.
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65.  The modified Neisseria meningitidis strain of claims 59-64, wherein in process

h) one or more genes are downregulated from a list consisting of: galE, siaA, siaB,

siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

66. The modified Neisseria meningitidis strain of claims 59-65 which is a

serogroup B strain.

67. A genetically-engineered bleb preparation made from the modified Neisseria

meningitidis strain of claims 59-66.

68. A vaccine comprising the genetically-engineered bleb preparation of claim 67,

and a pharmaceutically acceptable excipient.

69. A vaccine against Neisseria meningitidis generated from the modified

Neisseria meningitidis strain of claims 59-66.

70.  The vaccine of claim 68 or 69 further comprising one or more plain or

conjugated meningococcal capsular polysaccharides selected from the serotypes A, C,
Y or W. |

71.  The vaccine of claim 68 or 69 further comprising a conjugated H. influenzae b

capsular polysaccharide, and one or more plain or conjugated pneumococcal capsular

polysaccharides.

72. A method of making a vaccine against Neisseria meningitidis comprising the

step of generating said vaccine from the modified Neisseria meningitidis strain of

claims 59-66.

73.  Use of the modified Neisseria meningitidis strain of claims 59-66 in the
manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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74. Use of the genetically-engineered bleb preparation of claim 67 in the
manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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