;e3eT6$(' 566T]6: 9350 VACCI NE COMPCOSI TI ON FI ELD OF THE | NVENTI ON
29 JAN 2004 PCH@MW%@@ The present invention relates to the fd eJI d Qé
Gram negat i ve I ccine 5 conpositions, their manufactufe, é‘hldf Ur!fe
use of such conposi¥%ns in nedicine. More particularly it relates to the
field of novel outer-nenbrane vesicle (or bleb) vaccines, ;apgdpRf¥ant ageous
met hods of WeA€93hg t hese vaccines nore effective and sarer. BACKGROUND OF
THE | NVENTI ON 10 G am negat i ve YWaCCENXE £LOVMIPOSEPEONt ed from t he ext er nal

medi um by two successive |ayers of nenbrane structures. These structures,
referred to as the cytoplasm c nenbrane and the outer nenbrane (OM, differ

both structur ViER f*ﬁUN’- The outer nenbrane plays an inportant
role in the i@&ﬁ@ﬁ%ﬂgﬁ pat hogeni ¢ bacteria with their respective hosts.
Consequent |y, the Therfresest iexpuisedelass batediedp! Gimepegabye paspriak¥feine

inportant targets for the host inmmune.r pephvigee
conponent s5 at §GMROEIIQRS, LigH N aéE“?ﬁ“%FhS\G}ﬁ%g?ﬂ%%%cc Aﬁggng?{algﬁ%g'?i c and

t herapeutics a‘?ﬁ&ﬁz{}%ysit rohel 8 (eehitid Raabe bater-mambiane sesidté (dr dlebpracginednuat ed)
have the advantage of supplying multiple antigens in fffaapei roRatur al
ni cr o- envi r onaedvardrgeakioktBodsral rendenie thereyaciyss PRERCIEFRVIHE %8 te ef fect s

i nduced by bacterial conponents such as endotoxin and pepti dogl ycan
fragnents. On the other hand, acellular subunit vaccines containing
purified conpeARTKESROUND ORTHEIRWVENTONne may supply only limted
protection and may not present the antigens, properl t i ey st em
of the hosi. Prot efSrN-neHRE¥HPIFFRR & § rﬂ‘?dpgrﬁgll %ag)(‘:thg?li gggfug?:gpt he three

naj or 25 consg{lscggpfeslapayr& iferibhifie OdhuRfurd¥E Miesn eradures] Irefarradn wegmtheove
bacteria. Theseé nol ecu

es are distributed asymetrically:, nenbrane
phosphol i pi ds cfwpshig membrige anthibe quiesfrpespbrane ﬁ%‘ébﬂ*fg‘ifs%’é‘b ﬁ‘é‘?ﬁ“ﬁgg” and
(exclusively in the outer f O irisortah RAE iANHe Ghtb@Etdneaf | et
| i popr ot ei ns, fl”?ff‘gﬂﬂné(l nglre (Lﬁlg y{ng%l%rcagﬂg%@%ane r*;?)pr%ot ei ns .l For many bacc} erial
pat hogens whi Glathiop@A¢ baddtiahwivhnhdie espdetivé hpsth dlopseavent ; itfe SHFES GXREFY 30

nmenbrane proteins have been shown to be. | | G, onfer
prot ect i ongagéaﬁ'ﬁialt’Wée‘%‘Eﬁs F@%ﬁ&ﬁd%@“ﬂﬁ?&%ﬁgﬁ%gﬁwﬁ% lgﬁn%?%g??%lﬁ?é: 2 g
J~~-~ ¢~~~ \\Q 011 09350 PR @ifdedve [Emdidhleoin Grovidimpeyatcineedibgrasetia i s

dynam ¢ and, depending on the environnental conditions, can undergo drastic
nmor phol ogi cal dndaimsdpennestreagarts: Anmong t hese mani festations, the formation of

out er - menbr ane vesi S Of v Sy &t sethdedNehvel Qs ABVEhREe iofl many
Gram negat i ve bact e\ﬂ‘%e(?ﬂobﬁ?éeﬁge‘{acgﬁé ?(384821 FEMS . e(g Mvcrobi ol . Left. 163:
223-228) ANONGsuphBEf, maltiplenantigkiaist theie nhiuwd mirotsaviremeat. arheke i Pepor t ed
R e

rucel | a [ , : anydi'a psittact, anydia
trachomatis, EgherhGitedy @R krhgméte Opabe bitier liand,lavellntasybung gieaings Centaning

pneunophi | a, Nei sseria ‘gonorrhoeae, Neisseria neningjtides, .Pseu as
BRI BIRiR I e

aer ugi nosa andpdrifiedYeompon¢nds SRS OYIeT {eEEPrang Payo
mechani sm r eSpORSL Bl SoMserdiis REEHBirRHy & thEMuBh RN ofde ot | ¥
e I Cles

under st ood, t h&% enbrane-ve have been extensjvely studi ed as
they represent a powetding, - pedshiodipidsgyand nlipenpbsaccharides| atee the three major

25  constituents found in the outer-membrane of all Gram-negative bacteria. These
molecules are distributed asymmetrically: 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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outer-nmenbrane protein preparations in their native conformati o?.q Ljm: & ey
context, the use of outer-nenbrane preparations is of particular ‘I nterest
to devel op vacci nes 15 agai nst Nei sseria, Mraxella catarrhalis

Haerophi P&74830uenzae, Pseudononas aerugi nosa and Chl amydfs ERBY¥&er |
outer nmenbrane bl ebs conbine nultiple protei naceaous and non- prot ei naceous
antigens that gne b) y SQp g ectiqn agai,nst

i nfra-species vari a}r\{!{(gf Fﬁ%ﬁﬁ%ﬂcsgﬁ&ﬁ%ﬁgt%%&l%e%’ r%?eéldwgd&’ythﬁsed,
types of savitenmeatal venditions, &t indergoedraeld mbgbbRigicl maithrtfibdsi RhcaybuNi t
vacci nes),, the i Q.vent ors wiﬁjﬁ%mshow t hat outer menbrane bl eb vaccines (if

modi fied ifFSE JRRHERTRRS s he fRymatgsy el eiter-membransayesistanor Shiebs’. has belan

i de- i al ' i h d the -
Mt aner ve SR and ol dikREd B maP B ol MR 2B e L JOOE S L o be
usef ul 5i nAZBrobadcLeoe il 2TRLIHN AR thése! @NE6n-Behan&veUSs! S Bl At i N -

These proteins are | oosely associated with the bacterial outer nenbrane and
can be puPRBPEESf FepRTIed | tUrrrodnesy hdehsatingludeor Boaddélin etmasis, eBofrelan t he

bacteri al : it has.also been shown that structural, integral
out er rren’grggﬁjlga%rrl’o el %ezfaaf"eehéeingld’ ;ﬁ’ﬁf"’g@’t e a&?@@’é{a‘g. Psistagty | (d¥amydia por A f or
N. meni ngivacklesars TR BiolD HachObhiths il afeol :

catarrhalis; OW F for P. Aerugi nosgé lSlichﬁ}%reofde}izns" oomeﬁlgr%e{qg{;/%maat her
speci fic HMeperriairganotréaeas edeisperia i meningitigisyuPréudbmosnphiepatinise ¢ sheet s,
whi ch,go0 e ei,r. strajghtfarward, use as purified (reconbi nant)
.subunilfp Eg}gfrﬁ%gﬁtewcagnga.\]éﬁh.guggtl%%cbwlﬁgbwci PeOPBsRle 4for ﬁ%‘%ddi tion,
it has bepmdRctidnesfrOMNBlbym! ot Fﬁhlg ERIEPRBE) theb Cated SRenfirine\RSLRY nbdd? terns
of bacterial surface proteins and integral nenbrane protei nsl) to supply a
r easonabl 8eqnesxiansiyelymtusdiedas thay repoesenta pawerdyl methbdudogyaia erddr t@isopes t USSi S
subunit v L |Lticonponent.vaccines are superior {o nono or

bi conpone%’?t%{)?lgg’gc S Pre; rﬁrgﬁaaaét}onfbn afoig el éi?%gf’ﬁ‘fté’@‘rgﬂthéﬁﬁ°§?°xh%rane
proteins usd of SURHnRnBHE bieparaBbRAUC bf JARiduYR &%res‘?eigrdcggibhv\«ea)ccmc :
conformational folding of the proteins nust be present 1 n the product in
order '{ o REANSt Veisserial Monqueial oglapdialisf Huemophihe ugkethee Peaelboadnaut er

menbr ane ' be an el egant solutjon to the prob| em of
i ncl udi ngxg'?' }t;lggats iaL\gEe1 ?%%%%?’g?%rﬁgygn@ugﬁ?o?‘éﬁ ®n lﬁglsacg’ﬂ ’&ﬁi‘?‘“’\?& ci ne
whi | st st ptdteidazezyns Udnidngor-prdteihdtedus’ BhdkeRs QRAT h. 11y RERbAGE tek@dBSedser ogr oup

B (nmenB) excretes oquter nenbrane blebs in sufficient” quantities to allow
thei r manBfOAREHOP ASa3RS! AHTA-SPEEISE Variantsscal e. Such nul ti conponent

out er - menbr anepr ot & i pes from natural|ly-qgccurri menB strains have
been found to be e |cg%é%§ﬁﬂs&l%n°%§ro &C i“ﬂSg?' e%ﬁg’ggpgs ‘P$ FenEr G ¥ease 15

and ha¥e bebdereell EgtesiabamtpirifiddatibimiAvicines), thinMmkas Wat ihow et fing of
preparing_ou er-r%alggr ane vesjcles is via the process of detergent

ext ract i o “BP fielpactasring (empdifiegring serp®y wasshmaye sepofsetatheeideal  speci es

t om whi chehhglBmy@acci nes can be made are the follow ng. 20 Neisseria

meni ngi ti des: Neisseria neningitides (nmeningococcus) is a Gamnegative

bact eri um i Teqlentwidesprehditusel 6ff baotérid UHORIN wHPREs MES MebRdAE Yot frRCL . 1t, --

occasi-onal| cau%?efgy thnvasi]ve aact erial di seases such as bacterem a and
|

meni ngi t i ‘s".‘él“fﬁ’é i gge Ffe ATXRIBE dhat diavelibsemdeundHovies ywedyriaphi cal

I i LE . - P.S, B , CV.;
3 1M orony oy PR IRLINE . o PN petlogin] e bl I 0B8R 1

t enper at e2%otiated i wish ithe chactetial stienintanintns @h@OEBUB: BuAREH i 28It
i nci dence fromFa:ng- 10/ 100, 000/ ¥ear total popul ati on sonetinmes reachi ng hi gher

val ues (KEFSHGIDE Or easiy exmactagofrom bghasisriabrells. pigwevereis hay alsbeen, | 995:
30 Schol t gibwrRhdt SrdédruraBlidel A5 | man, J.T.. et al .. din_Tnfect.
Dis. 16 537 bag STtk e %ft,t‘t @8@85@9@%‘:‘/&5@? 4150 prefectiyg SWENED deri al .
Infect. 18Bamples &reP2BA {098 Ohenigitidis serogroup B; D15 for H. influenzae; OMP CD
30 for M. catarrhalis; OMP F for P. Aeruginosa. Such proteins however have rather
specific structural features, particularly multiple amphipathic B-sheets, which

complicates their straightforward use as purified (recombinant) subunit vaccines.
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~ ~ J;~ ~ 2~d~ WO 01109350 PCT/ EP00/ 07424 Age-specific inciderkclsJhin Hbe
two high risk-groups, infants and teenagers, reach higher |evels. Epidenmcs
dom nat e‘gotbym%bogroup A neni ngococci occur, nostly in cenddgkpadihia,
sonetimes reaching |levels up to 1000/ 100, 000/ year {Schwartz, B., More, 5
P.S., Broome, CV. din. Mcrobiol. Rev. 2 (Supplenent), S 18-S24, 1989).
Nearly all cadesdditioneitihagbeannatledi hensaitigte Sompstett PcEinedbisadedid
serogroup.A, B, @g W 135 apd Y nepi ngococci. A tetravalent A, C, WI135, Y
capsul ar (bigr@a e bartenal $URes mEotews ARd; intepTad membrasriprotins) Ap sipglpre, F.

Mynar d, fial X, - Biel . ..1Q; 335-3 1982).. 1.0 The

pol ysacc.hl\(lg%)g?ath%a]g\z:c:f noefgp Pg%%tlgg'r }%8&‘1%3’;}%%1 Hb%?rﬁ?sgvgg%bfem S f IR cal 1y
conj ugat lﬁﬁcihmmieompxbﬂdnef/adﬂx%erenﬁxgéx%ﬁb%cfﬂ%rbr bicoMponériiptbdustsS. . Vong,
V.K., et al. JAVA 275 : 1499-1503, 1996). A serogroup H vaccine is not

avai | dbl e, si HBerderdopneperalcaintqestlyserahembriae peoteion intormunhog subunjt nost

i kely because it. shares structural simlarit host. co nents (Wl e,

£ A, taRaREmalivS RE e conBnaopi lding of e PRiaTLtBF Srestate:
514-522, A Q€& prddubt i@, ordetMo hds@l N8 inMhundYb¥ied| Qrebr Mhe LRD Rlextietey 355- 357,
1983). For many years efforts have been focuSed on devel opi ng nmeni ngococcal
out er nmerfitern@ebbrRee Vesicles narsbigbe mayr besp degany sélatikn ns ,thd probGamesfgo, M C.
et al. Lancet. 340:, 1074-1078, 1992: Bjune, .G, Hojby, E A Gonneshy, J.K
et al. 338 “51‘6537-’?‘6@8’," ’?}fgigﬁf’.“%rsﬂ?&#W&E’éi‘ﬂ@saﬁﬁbf"@’“dé‘?%%t‘?’%‘ £dUlf fi caci es
from@?%ms,gﬁ%)thg}tgé}dmdﬁabg,@};.en (>4 years) and adol escents. Mst of these
efficacy trials werée perforned wiwth OW (outer nenbrane vesicles, derived
by LPS depl et iNdnmenipgitigise serpgreapc Bn éwenl) iexerdtes r anemwintethbiranee blbs in

meni ngiti des.B strai.ns. Many bagterial outer nenmbrane copponent re
present isﬁﬁf%?éeqwggf%et& a WS%EH éganpgqc}ag,:epgﬁga,n FE‘PS‘,S""QE&C”QO%SUCE pB and

the cont rhlktérAporeht bhREth IR BRItSint PackRBs TR YRS -&Hc&&&go eshi |1 needs

further definition. Qther bacterial outer menbrane corrponent ave been
defi ned (sgr8inadravnhberal found Hubaaifmaciobbth projecting prehagers fbiymerd digeasel evant to
t he inducti,qn of protective.i. ni t such, as, TbpB, NspA (Nartin, D.,

Cadi olx, RO BHYE heroris Fegisyrres iy Loty Anerige g sherpive mglBiod pi Prensging 153

1997; Li ssu@drGnerhbrandViédicles W L a0t rodess oPdBREgenp extBlctidh of thélbactddgiun. 63:
884 890, | 99(51%6 The nechani sm of protective immunity wll involve anti body
nedi at ed BBEtE 11@24dhl activity and opsonophagocytosis.  J~~ ~ ~~~~~ WO

011 09350 PCT/ f cy of. Nei,.sseria meningitides |nfections
has risen dra%%?(g%@@ﬁa%@ﬁﬁlépggfé?% éwwégggbde:'éyacfﬁ% C?‘fhgegﬁlé‘gﬁ a’é?t‘#’Fi buted to
t he ener deldewingf nultiple antibiotic resistant strains, and increased
exposure due to an increase in social activities (for instance sw nmm ng
pool %r t heat res). It is no |onger uncommon to isolate Neisseria

Neisseria 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),
S18-524, 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.J.P.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).
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infants and ABRISPGHENINCIRBEES, i HepRYOR Digh d1SKIBTRUPH i

‘pneunoni 3 ( Set hi Thespolysagsharife viccghye |CHF

5 meningitides strains that are resistant to sonme or all of the standard

antibiotics. This phenonenon has created an unnet nedi cal need gnd Hé et

for new anti-m crobial agents, vaccines, drug screening methods, and

di agnostic tests for this organism Mraxella catarrhalis 10 Mraxella

cat arr hal i sy @lsssonaned Branhamel | a catarrhalis) is a G HATHEHI#Ae

bacterium frequently isolated fromthe human upper respiratory tract. It is

responsi bl e for several pathologies, the main ongs bei Pt diain
fafs o Tebpcl e’%ﬁgﬁsi ble for

sinusitis, nosecevdal infections and, |ess ~equently, for invasive

di seases. 15 Bactericidal antibodies have been identified in m)saﬁ adul ts

tested (Chaprman, Epidersics gpmingted dg5srogroun Af BEHNESEALC! QeCy, oSG CCrdl 5i s of

catarrhali s RESSRhetAll RLBISIldls LHGh 10BFRRCIDN ek ASEIRRHE!BS AR,

bactericidal activi fy: in gerreral, Tsolates from di seased individuals are

nore resist A8, Bloame tG¥sElimiMdicmbil. Rem (Puppitment)z 8tB-$3401989k Mearlypll [ 1993)

Lancet 341:1281,  Jor.dan, et al. Q). Am ARlw.194) : 28S) .
Serum r esi staifE &f 518“'8%‘?.?P8“§H’é°rafeo?sea %%3‘(%3%5(:@1 5# te:%@%ggr g‘ﬁ)vé’fyu’l énce factor of
t he bact er i and AmeNERBIE]. AGewablent 4,\C, Wad 35 &bcapoiles eolysdchande YreciBeis g of

children recovering fro titis, medi The t | genst arg: byn.t hese
different i ﬁﬁﬂﬁ@ler@é‘ﬁﬁfg]eg’ f‘ﬁmﬂﬁﬁ’aﬂ's%gvg’ ‘X@‘? Bg@r’%’ F'dg'n | Hsgagxd \}/la't h the
exception of336B9 Bodz). a 84 kDa protein, the expression of which is

regul ated by iron, and that is recognized b tpe sera_ of atient§ with
. PsirRy AmPigYed %ﬁl‘é’ﬂ %nd of UspA

1 and UspA2 éhmﬁgllpcong.ggﬁﬁtlxg fherh 99 Qrrier! pRée&igs ?ﬂiéﬂéﬂﬁhn, $NL, IGHIO)S.S. AWhbsgy ot her

menbrane protelins pre on the surface of M catarrhalis haye been

char act er i ze¥-Kusit ply IAMACB&T £499-15683.H896)- Aderogroep B ystiantsingt 2Yalii%cati on in
the induction of, a @t oY BIHAL b néd M SYdnfNim e BkdWinRbise R (1996)
M crobi ol . Re%r}c%tsgfgf%sgﬁl pgﬁ?s%mﬁxguse rplneurrntl)r?i %nm)énel , ,ték‘:;eb| presence of

anti bodi es rsisednmgaal sanilasignme host compenepits (Wiylk, F.8ofBienfteildi s Bringdst er

cl earance, of , t.he pul ar ynil. nfeckip PRl ReRohde M. OMBEKGR) s

hi ghl y cg?'nsem&t éﬁdgg‘q N I():lzsa't gztr%fééaflgbsz’s rai ns?’ glkld presents honol ogi es with
a "'~ ~ ~~' BM:EandeXdit 355-33701983P9350 PCT/ EPO0O/ 07424 poiin of Pseudononas

aerugi nosa, which has been denonstrate N | 8ai fgdr this
bacteriumin ani #ﬁf“ﬁﬁﬁ@'fa& &ﬁﬂm 3\‘fealfre?’haf‘%g%glg%eﬁ'glgéﬁgﬂegﬂrﬁoncgnbr ane vesicl es
{Bl ebs). ThememBlafdbasbdivatcinessde Mordes,tiat], Rerkia Br, amergoM.Gist dlgLaficétf er ent

met hods (Murphy T.F.. Lo R 1 . Mcrob. 5 Pat N00s2e07n0kS 74,
Unhanand M, g‘?\%&?-(f‘équn’l},g%%a%“‘l‘q’ 9"%&’%’%&&8’%"?—%}1 Jf%leggj' ok 1%#3@?%’ J.C.,
McCrackeny G Ih91d.Isuch FiRBmedhdve demdri3@ed elficaciel €6i.57% -85% Giided hiBE®) . The

rotective capacity of such Bl eb preparations.has been tested . a rnurine
ﬁDdeI for puﬁ%nypaxfsi;and adolescents, Mostpof these f:itlﬁcacy tnat?s were pe ormc§ Wltgl él\'lv

(outer membrane vesicles, derived by LPS depletion from blebs) vaccines derived
) from wild-type N. meningitidis B strains.

Many bacterial outer membrane 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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. clearance of M catarrhalis. It has been shown that active m‘rrWlL?%\t
with Bleb vaccine or passive transfer of anti-Blebs antibody ind
signi ficagtoi@oesdoection in this nodel 10. (Maciver L, Unhane@XERQYOTMEICr acken
G H Jr., Hansen, EJ. 1993. J. Infect. D's. 168: 469-472). Haenophil us

i nfl uenzae Haenophilus influenzae is a non-notile G am negative bacterium
Man is its 15 Qht Yreqadntyadf Mésseriatherningilidiennfeetiorohaatésen alranaticaldy iy
classified according to their polysaccharide capsule. Six different
capsul ar thgmast fgwdegedes e dhisahas brerbergibutsd teabe cmeranqedd meyliple antibiget at es
T s RO Sl Nl b Bl S e R S RABLOR (008 B i0CR, S1 X

serotypes are classified express H.

i n~l uenzagstanpe sWinfring)pooks ol teedttey). dlit if 66 Ringef Ardirinitd n@txﬁﬂite TJ\BéQ@é‘rzd n that
it is a 20 mpjor cause of bacterial neningitis and system c di seases.

Nont y pgabmeniggitigissrants that jrafresigantde SQWHr)allanféhbnﬂaydmwﬁiMmI I'Fhi§ sol at ed

fromthe bl ood of patients with s ste sea NTHI n cause of
pneunoni aP é@?ﬁlf@?% 85‘7“5? aBH‘r“B}‘ff nlﬂ?%n‘ﬂdl éema‘?fi Brsf’etvf §“t§ﬂaggé’)‘f’ tis

medi a. NThhengd w@écﬂfesd&ﬂge&uxﬂﬁgnmﬁg Q8d iphadic! iy forthid SgRibhi ed by clonal
anal ysi's, Whi st Hb stfains as a whole aré& nore honbgeneous. 25 Various
proteins of H influenzae have been shown to be involved in pathogenesis or

have been aho% to C(%nz_er protection upon vaccination in animl nodels.
Adher ence i< n nasopharygeal epithelial cells has been reported
{Read RC. et alMor&-:%?Ia mt&hay@gﬁﬁ nar&cﬁBralzﬁ%n?lfng}ata#Pﬁfss 1sf§ G?anflhégh'h'v@e and
pill {Brlnton CC. et al . Pediatr. Infect. Kar S. et
al . 1990. bacnéramu ﬁequumtlmsomcmn the mm;fpeﬂﬁsmatoraltracﬂmgresxbm:b@tforI nmun.
60: 374; St. %{Wetﬂ?\ 1991. Ibnf ect. ng 59:.3366; .S 1Genre JWet
al. 1993. S§¥§ cRa NORigEn e e 38§ beipgghitly Fedianin fpfens bd childisnpand
~~3~t V\DpQéun%%?»ﬁ@le %GE%]FH@@H Q%%épdn@li%m fof sBsitid) n%bmxﬁmmohbm 150

surface exposed hi gh-nol ecul ar-wei ght proteins desi gnated HMNVI and HWR2
have been frshuentlysfor myeliiegt diseastisesi on of NTH to eplthel ial cells {St Gerre

JW et_al. 1993 P t].. Acad. SCi. . f
o o ol beul ar BREFHAGE SRBt iR RS TIRRL IR TP S e R hepa A & hot
llack 5 pratgjmmema&img 190 49V StMMAPof B daYorrAbi® pbEEERt vhiiardtl9ain Hhéir prot ein

(Bar enkanp St Gene S.W i996. Mbl. Mcrobiol. in press) is hlq
similar t6apavy Ksesisidians ham:dels@éldubyn endraif isoletes fam dxgcp@dbn@tnri hs (St.

Geme JW et al. 199 78 628 rotein
shows si nt1%alfs retsggf‘bﬁan%g?ﬁen‘g ?)raf)et ggg%y célﬁ ’l‘gé}i@eg}n %o@?blﬂ%‘g‘:é)nvol ved
in both adheswn JortdnCEL| etedlt (1996)SAm. 30RB. d3\(supbl. 3lA):289)0 Serub® rddikance

M crobiol. 14:217) Fi ve maj or outer nenbrane proteins (OW) have been

i dent i2fi e&maﬁdhmbﬁ é%fmd}rqdmsfﬁe\fwn@ fagtarnf the bagress. A8 PRYPMEMCVEhZ ae
b d P2 OW
type b stgal e%nfoﬁé"{\fé% x%x%tsc%[}:tglcg?cgér?fz g\ﬁegﬁgff}o% ét%{oeebdgal\mn S

pr ot ect ed |n an rom subsequen enge et al. 1987.

I nfect. |nmun. The:adfigehs tzh’ﬂet&drbyRSeseJdlffexeht dmunkbredfd@ses id hufshhdhavemeest .
72:677). P2 was found to be able to induce bactericidal and, )
been identified, with the exception of OMP B1, 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§, etal. (1995) Infect.Immun. 63:1516), and of UspA1 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
| 5



opsoni ¢ anti bodi es, which are directed against the variable regi _n%grm@nt
wi thin surface exposed | oop structures of this integral OWP (Hawse EM et
al. 1994 Infect. Imun. 62:3712; Troelstra A et al 1994 Infect. | mun.

62: 779) .woha/0b3spoprot ei n P4 al so may i nduce bactericidal aRETB88YE42{ G een
BA. et al. 1991. 20 Infect.lrnmun.59:3191). OW P6 is a conserved

pepti dogl ycan sogi-ated |ipoprotejn king up 1-5 of the_outer nmepbrane
(Nel son- VESHR pf Bjesdorgerias apmieaiasa, whish fas b5t sgBpsmayesita be &HcApps E8Ph. of
about thetﬁ?ﬁﬁx@hﬁ%&h@&al%cﬂm was recogni zed called PCP (P6 cross-

reactive protel RM et al. 1990. Infect. Inmun. 58:3388). A ;

m xture of theRZamerizés pedutdspupsrahahiranddesids (BisbsPTResdi Blebioliave @¥@al
protection as neasured in a chinchilla otitis-media nodel (Green BA. et al.

1993. | nf é¥iatgdensxtragied Bysene difterent sprshegds (Murphvt HFi, Ak M.Br 698 Mienebi n t he

Frnr i 5 pralBER: (RPT IR ihatpnd 8, Miaciyd? D PRahlol Attt Aenis 4o
30 has al 3@.hdeOrdiescGith s, Hhtdan Boioomys, mqe@\/ﬁis%és:mg%{ TReprbrebie

sequence honol ogy to the integral Escherichia coli OnpA anoto N.,
Bakal et z, camacity 99@uchyvBigbopreparationy ks beep(estedA\D @ QD@50 EPODIcn724

Pat hog. 21; 343; son - t al, 1993 |nfect. .| re :1017). NTHi
ceem to adiraracsd ety dhbesgiec shestt et actVe ey, Bieh gaceine
obser vat i @n$assaderatsten J ARATIIENS aﬁﬂﬁd?ﬂﬂdﬂﬂ@@%ﬁfﬁcm teBfdH @5 BES nizdeual
human transferrin receptor conposed of TbhpA and TbpB when grown 5 under

i ron 1P tMeriyer. L. Adrhanah Bl aMicCrrsion 610t &etiansemEaht199ht)s Iffego D 68:SM et
al . 1996. 4%/9_I4 2)M crobiol. 19:575). Henogl obin / haptoglobin receptor also
have been desctTbed for NTH (Maciver |. et al. 1'996. Infect. |nmure.

64: 3?03). A receptor for Haem Henopexin has al so been identified (Cope LD,
et al. 1994. Mol.Mcrobiol. 13:868). Alactoferrin receptor is also present
anmongst N¥Hemophifusiinfluenzaeyet 1o characterized (Schryvers AB. et al. 1989.

J. Med. M crobi 29:121) A protein simlar to neisserial -protein
has not beon adeeroBRids Sieneh ol BORgRdlh LRlm Rt BRSEG, MRS
anti gas, hivingesl Mool B! iffkergal 36katelTark istally FRYSSeC Raddr@ng SoNBieie! -

(Flack FS. et al. 1995. Gene 15b:97). A 42kDa outer nenbrane |ipoprotein,
LPD i s comSbpishandssapsie. PachEpsnt wasulamtyprsesianaedd a’1hrqugh (€ davekesr er i ci dal

o
anti bodi e %2@5 Al . fseral (Y Suaillf o . .1 nor
98kDa OVPSRE |rrE(?§Hﬁ%tgsetMﬂ %F’ftd @Qaggiu%g%edgp{ g[fuf1s1§rr11are. 4%%‘%& I,les\%glshefégsd%]d to be
a prot ect iseotypes irgelassified & nohypeade, dad go wed expiless sé. the Fe-limtation
i nduci bl e OWs or. hi gh nol ecul ar  wei ght adhesins that have been

characterized thdwbsreastyrep (Hip)isderlyedifersaten thygthergyprsdaghat ifds pvi t y

(hul ks,gMH. 4 ,-nggﬁ : : I - prpt eases
of NTHiO har{llzggig&%%ﬁf g%é?rieag%ép nt%négn%éé\%??gh?sfgﬁon%fpgﬁgls%ﬂ;,OP\%n Al phen
L., Kili ann/idnz49@8THI)ndre adnly lonrasiomallPlisclatéd )fronfnied biod @fPpafenty withi |

OwP26, a 26-kDa g.r ot el as been shown to _enhance pul nonary clearance in a
rat nodel SYRGHIC JiSgse- b2 CAMPon eatse of PREVRONIR.FaFEDatEE: obbgirenic The NTH;
Htr A pr ot airgndhits. & - : HONA®I; ' j . 25 eed, - -
this prot eirn pr ot %ﬁgp%ﬁgﬁwgﬁagal ﬁ%ﬁ%ﬁfﬂ?ﬁéh%ﬁiﬁ%@ﬁ% e frlgd i nf ant
rats agai néentifiedibyfclanahamtystsy pilit Hidtreine as awhbleesemoe Hondgendoual . | 998.

Infect, Imure. 66:899). Quter nenprane vesicles (or bl ebs) have bheen
i sol at2d from H/2MOHF| Sﬁf’éeogIféeH’r}&eFﬁanQ?:‘ﬁa?’?e“A.SE‘?W“ 3fi b ipvedvedigsy. g,

Bact eri ol . palifbpenR- GOftaveedh | shdwh - to %fé\leﬁrrﬁte&on IEEO?'IS a]ccﬁﬁtiox§%tanﬂnml Smth

A L. 1985.° Anal. Biochem 150: 471-4 e " vesicles have been
associ at ednodelhy t he i nduction of blood-brain barrier perneability
(2\5/\;3\?;'\'52/83/1 Bf[ h Q?glrc]:e %'f‘]\lTHiSt% el.vl.n(ljanV\II]a'\sAopbla%gg%all Qgiti(e:ﬁdl cclrlrswggsebce?jr:cponcd
(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:S54; 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




~ 9 Jl~, ~ ZCa4 WO 011 09350 PCT/ EP00/ 07424 i nduction of meni ngeald JAi 2004
i nflammation (Mustafa MM, Ramlo 0., Syrogiannopoulos G A , Osen K D.,
McCr akenw diio9dd0- . Hansen, E.J. 1989. J. Infect. Dis. 159:PCI/EPOR®@¥24and to
DNA upt ake (Concino MF., Goodgal S.H 1982 J. Bacteriol. 152: 441-4S0).
These vesicles are able to bind and be absorbed by the nasal nucosal

epi t hel i udeftifiddofh aIBHT - AmSky et thvo, subfasd eXpRk& Kigh-rSslkculaireight gr&8fs Acta
O or hi nol arygol . 246: 218-221 showi ng that adhesins and/or col oni zation
factors cessignad MbrwdiWéb@%\’elbﬁﬁmW@Oms@omséa@oaq@ﬁ%@@msN'ﬁﬁes@nt in

"nt 1 enr at G G SRt Shrly 858, RRATENE o Ak Scp Ay asB] Mebker| g
Acta O or birfiRl &f MgRmolRURPhveidholiostkins hadtBéen Rertifedbn AR tharl Bcioakakt ua
Y., Myoshi Y. 1986. Rhinology 24: 61-66). Pseudononas aerugi nosa: The
genus Psepudtamsndsloogmgi &1 sHMWGHRYIWYe fatily e, Theo INFHiy 1fl badpel [Hit eprotestt r ai ght
and sligh urved r th g robically_and do not. faqr spores. 15
Because o%é")c/" 2P| mﬁ?g%%géﬁoh%g g’&’duﬁr‘%&ﬂe{@ PISSHUS Wa%mggfpt.o s e

ubi qui t ougpDgl i i i : b o} t L4r wat er
and in pl gﬁts. eﬁj%%?%ypgc?z%k’%yg %gﬁﬁg%%% gh%’ﬁjggeg%ﬂ' é%ﬁg?%géta, P.
pseudonmal 128:628). Armdtheeiprotdin, theHap piutdin showsthimilarre peliAd shdvepratesses bekn shown
to be pat hogenic for hunans. Angn‘%@téhi s list, P. aer:(gi nosa i s _consi dered
as an i npB8#stRsRR SRR be anvebisdnin SpRadhesionandicsll srtEhStAe@ae fiVt At Bpbtft uni sti ¢
i nfectjonyafi s o Qggpf)om' sed host and is responsible for high norbidity
in hospitalized patients.” Nosocomial infection with P. aeruginosa afflicts
primarily pati Eivesmajobnodtére cndnobrager eradige d OMB)a haentbeemn ddemified vamig

i mmno-sug ressjive agents, .corticosteroids, antinet E)bol i teﬁ anti biotics or
radi at | on MURFEEAPE BURIBEHEH Adrigtaal s ustg A irensae e BoiTES AhoYiolEces a

vari ety of,diR¥4ied ¢ agnd b)(gp'n ddar i YSilsNBome St :

coagul ases, ph&?ﬁgﬁﬁ?p:@g?} endg{ioan segz)o-ttc?)égi ir?g tt%{élgt ﬁggnﬂi%(ﬁa??to t he
pat hogeni challgnge (Lidee SdRbacakrliod7. Micatolnemuyn.t $e26 20 Mussors RsS. Hava dbi gh

of 11 S putbS IS Fartefle TT0 0k BRY PG 6 PE GBI OmBRFE R PRE B8R come. of
the di seaggeond0addnBdit Wikeh YAC ARELA] LetndSRe %ii%pse rhyads §rk bt Witg'gln 5

chenot her apeuti cs the frequency of no3ocom al ct1 on caused
aer ugi nos aufres ekprsed fwp dtrocmss dé b infegral PMPHEahssEM3 6t 3ledp®t Infectt he US,

for exa e, the 1 ¢ _burden pof rugi nosa , o~~~ ~~~f WO
01109350 b&ﬂ“ﬁp%%%%%ﬁﬁ%@oﬁf Al IPE‘? é‘%??to?f"‘f"é‘“'eg‘?i-’mt Z5° 1BORIO® Y 1| i on
US$ annualplyy . alsthemef Ohfiuct hBasteNaEAPBAbodMs qOfeaci BR. f@f aptijwejor passive

i mruni zati on agai nst P. aeruginosa is actively needed (for review see
St ani SPav$upctdmmin. 5HIPT). FEMS M crobiol . Lett. 21: 243-277). 5 Various

Subi ect of vacOMB P8 SVESRE PeokSER B st e HaREE P ucor o
subst ance of ¥ Glter ierAbrafX (NASSH MB.adt 28! 1998, BIOS] Birdig SO BF3QNI INdptd y of

al ginate, was found to be heterogenous in ternms of size and i munogenicity.
Hi gh nol edippereteiraefababighe same BolegwAeight(W6-re@gnizeh yalked P6Er (PO erasent ai n -

d L Whiil e, | I I (s ] . 0- 30
Do) poss btk RERI LBt ok A7 180 Bt et SRR B PR Yiong

sur f acs- azenenatidhopfotdigl P4, PAeRd/PCRIUIE ol fevba rotéctdh dshBedsuRE ihld
secretion-transl ocation apparatus, has al so been shown to be an interesting
target forchipgkidla patis-mediesaode! é6resh BAonal NAPYrlafasbitirmimes 1519303 -P5og) .
Surface-e {] incl ydi ng ,0- ant 1 gens  { eci fi al vy chari de of
i 5 LPS) )(;a?oq’lil-eagﬁ |g{g%§5\%1p nggt%%%grlgéhr?tcﬁlénechg?’ %Jﬁg(%g%ar{lau'g%dg i il)'rﬁggT ot ypi ng
due to thdnfechiguy. 443m8Tmgeni ¢ nature. Chemical structures of repeating
units of O-specific polysaccharides have been el uci dated and these data

al | oned the i dehfirbriaardtein BfiyzmoelbnBekaies P B96adticigbnBathos @dr4d} ved

epito | tvpes ;of P, aerugin@sa,are. lecated in the core

ol 1 goumechar te Sz MR e daeR oM PEpRudh iR BR Fatshe hESRBH a1 i ng
these epi topge intBEhIC EsdhbAEHa ROBLGRPAVBIiyAAdGI Y Bdkal¥tS € ROI9ES tMididhf er ent
P. aer-ugi nosa i mmunotypes. The outer core of LPS was inplicated to be a

| i gand for binding of \P. aeruginosa t airway and ocul ar epithelial cells
of animals. However, heterogeneity exists in this outer core regi on anong
different serotypes. Epitopes in the inner core are highly conserved and
have been 2s denonstrated to be surface-accessible, and not masked by

O specific pol ysacchari de.




To exam ne the protective, properties of OM proteins, a vacci ne gogg?i ggl,pg
P. aerugi nosa OM proteins of nolecular nmasses ranging from 20 to"l Ig

has been used in pre-clinical and clinical trials. This vacci ne was

ef fi caci ¥ALOMSAni mal nodel s agai nst P. aerugi nosa chal | enBeT/ER#/§74Huced

hi gh | evel s of specific antibodies in 30 human vol unteers. Plasma from
human vol unt eers containing anti-P. aerugi nosa anti bodi es provi ded passive
prot ect i ortRAfd ZhSfpeluppen RSedy et yl.0f9%87 nfstt. fatmven©s: 104 HHNTEY eédn ior s of

P. aerugi i t recently, a hybrid protein 10 ~ ~ J~~~
~~~~f VD%%?’%@%@B%@?’%OW@EWE contai ning parts of the outer menbrane
proteins Opr F Hfdiie Mﬂﬁmedﬁasé&&i&é%ﬁa&n»di&%o&ws&t‘a rﬁ&’!ix?%cgc%f from

Pseudononas aerugi nosa fused to the gl utathione- ransferase shown to
prot ect rixgesegaidnalthumag rensfolrid r@@psdredinpbsedasfTbph 41d TOB waien gRn( Knapp et -
al . | %99.111:l arc.ci e. . 117: 18%3;!@%9%9.. 5,The present inventors havé realised a
number’ of “drawdadREF s AP tbAdY REotentes Biant rats (psempieeBvetati nes
(ei ther n@ber Mol YMRESHbL, | 995735, 168! nFxampl es of such probl ems

i 5 ﬁ%ﬁg%ﬁ% NW%% %Cﬁf%{,g{%i’glﬂ}’%giﬁnot ei ns on

are the followi ng: the presence nmino
the bl eb derusibad far N THip@/achpa I( & alnb9en Ghfet o @i, 6P370955A [re@prot Yheabl e H.

i nfl uenz such blebs heing effective only _against a restricted sel ection

of bact e?’?%#"'é%@?eég’. B"Fy%éo Qﬁ’ﬁ’c}dﬂ‘%‘%ﬂ/(%@et ﬁ@- lshet-e¥994i Ml Mierobiobdy

response rec he f: h i in J{+of,ancy.. - the presence
p IER6ERT & Ildéﬁﬁeﬁél]h re‘dﬁgtﬁ?ro is o Rge%%r&n%{?xgp%s} ILI'IH{B, nlblﬁ iRt P

of unprotective (non releva ant1ge 1%l eb -

ant i géns chiratterzed @elmyyersf AB. ehel.i 1989ng. sy&t Mcrobible 20a0k). of ppiigaence of
i mportant .. mol ecul.es i ch are produced conditionally (fox instance

i r on- r egFB{EC BUitER2 TPEREN Baohetibsen desrapgd amorigst NTRio r egul at ed
expr essi on NMeGAEHSIAED 1] re-hard to.control _ in.bleb
prgducti on in order toMgbt&lug‘lﬂssgst %één%gﬁ%?})ﬁfwg% ggm%%PiaéthHﬁ surface

the | ow l2emehseothalisqpeemeddin (FifckpFB! echi. vI®95( (Grat 1156193y, | & 420D hued)

anti gens nieNsth 56% - the %t,ﬁxi city of the LPS remaining on the surface of
the bl eb MEHERE HBPRIRter, LY isceqriserved amongst dfaemankilus cinflummses badause of
host 25 | dedickLBHctedikiddCAdibES: €ed d1€ r Rl ¢ ide in
Nei sseria meni n%i ti des&gxg?%é% gﬂ%cog?’i@it he’ Ft;;gt %%ﬁs&?&%%?ﬁﬁggii sseria
LPS, sacchainad8kDa QNP (Kirmmra . ret al. Hi98E PSifecs.deahad. i40Q5S), M6 Fdli@S0o Wi t hi n
Pili). S%gquro | ens .rrayﬁ’)rﬁwt the use of bleb vaccines as human vaccine
30 reagent < PFYRITYSi2008e I UM 1oy ¥ervivesll Draens ofithe Ee-limitatonyingusihle) wher e
react ogeroMP¢ yr iASitcuMr 8bei ¥R GEl j t ' , rAnd where
bl eb vacci nes (fa%rB i nst ance %ﬁeaﬁ%&i%ﬁs yeryég#%%%ﬁrzrg&r)%%%gérwggB bl eb
vacci ne) ‘Hieazaseadusies kA t-proteasy activity~(Mulks- ME; tShoberfd® 0 1068 36th.

PCT/ EROO/ i nef tikve, at . i munp- tecting., Accordingly, the present
i nver%tB)i on p? oéll'dieb(sas'grf@?'hlI I’B?Oteﬁfﬁseefﬁb%laﬁ% 2 hegke dpFem| %k niltigg R g
genet | cahkyiastitgi(eanedthaghaftbiah 15! KalASM. W00 tofES iyl b l4gps0ved bl eb

ul 1n

vacci nes. Such methods will be especially usef e generation of new
vaccijnes agai MPtsaOME pPENTHAOMEeh 2 2kDa pootdile hasieen slown toenkangs t i des,

Mor axel | ?Juﬁm%rﬁw gggx%nsc’c ixl;l%ergp %@éél?ﬁyh,”f.“ie&ggé, A?%\?ulgggnlg?c%t. Immun. N
66:2272). The NTHi HtrA 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 H. influenzae
(Loeb M.R., Zachary A.L., Smith D.H. 1981. J. Bacteriol. 145:569-604; Stull T.L.,
30 Mack K., Haas JE., Smit J., Smith A.L. 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
9



aerugi nosa, and others. The bleb vaccines of the invention are Jdésjghedif o
focus the i nmune response on a few protective (preferably conserved)
anti gensy@lyfesh opes - formulated in a multiple conponent remErn®I4Mher e

~such antigens are integral OWs, the outer |0 menbrane vesicles of bleb

vaccines wll ensure their proper folding. This invention provides nethods

to opti mineudiog oBviknital MAaseiaes i(MuerO M MMRABISD), HasaitBBollys del eting
i mmunodoni nant variable as well as non protective OVPs ", by creating

conser vedS@vQlsen Kdp.eMcEimksn Gubl iraliansers i oh889. byinfepr Bépull 59:191@-98%)pr essi on

(sueh s TR R upte: @by Tt o 8Re O, o B ARG e et Rhe "' "

| nvent i onTiREOVeAEs hRY B8R 'HiRH 48d b8 hbkerbE@bl Ghe Yadf dc9§ﬂ @&%gxrmnl

nodi fication of the lipi~ pcs.;iion or by changing t

conposi t i @laragdaill. s&hlmezanNngminbm Iécéa.lj:a:kumY 1989; Acta etorhmblarygcl 2b§ maski ng
it. Each Mgse new et hods of overrent i ndi vi dual i rrprove the bl eb
vacci ne, Fhoyipg st Adhestos 38‘?/0’(') onjzatipg facters cowd S PraseidmIBlehST k i n

conj unct | @inS Bhoh: BIRAAUGE pAlerdtn BREL AR -EIBIRH:L Bedl BReryaFR! N Wi Ch
i s i mmuno-protective and non- Proxi ¢ particu y surtabl'e for paediatric
use. SUMfaREhtEORVithI Vel ot NKE I Tulksh 72a eligaases €Bdkakiny ém Hemdap’l‘ QHattagudhi Y.,

genetical |.y-epgi peered bl eh preparatjon from am negative bacteri al
Ierai ' ot £ee o et O P UER RN Supak ASFRSkAs 360 eal M) Bamge dnpl oy ng
one 0Ofp NDE&ARDYE MR35, 9686 Rifik owi ng group: a) a process of
reduci ng 1 nmrunodom ﬁgﬁt vargl gb l'e g&;{%ﬁ 6‘;1)?3065 ective antigens within the bl eb
preparation conprising the steps of determning the identity of such

ant i gen, Jgncbneeri ng a.bacterial strain to produce |ess or none of said

ant i gen Zfromsaid strain; ' b) a process c upregul ating
expression of pOlegld U8 Wgn&y& &a antigens
wi thin the bleb ptrggpar atlez(‘)n 1i S Bfl (Ph%ﬁ%@m%od?:} 9@%&11%

PCT/ EPOO/ r2igd4 apdnhightly regriedercsis e:ba gxbw demblcilw agd suctot afotthyg &pores.

engi ngeri ab rial, i 0 as.to introduce a stronger pronoter
sequelice %%g??ﬁe&rcr&’ﬁ %‘% é%@fi&lrF@’@H}e&maﬁt’?‘(féﬁoé‘ifc{?Pt RER LRigRigPYSene i s
expr essecla.n@tar@-ﬂlﬁ’élgldxsmiﬂﬁ'@d irt f@Rodl knt B, E'&Oa Ihdri 020 u?éfagts %ﬁle%' ng bl ebs

fromsaid strain a process of upregulating expreSsion o
condi ti on@pq:xys @ip&’é@gé@donqgr stcdces Ve a(eazrginqmueffbr;abzlugonmdazseﬁ’ve:d)lezow anti gens

vmthlnthe atlon co ri,si e ste i dent i such an
anti gen, BHGH 2’2’&“? %eggf’@rl? g gg‘ﬂ‘ 2160 ‘F% r@?ﬁ?\g%m{: h{f@}/ gﬁz*@%m ve
control rmmba@tlﬁﬂﬁstpf’ bérigRs s @.So%hﬁﬂbré@ h'§£h ﬁﬁpdr{aﬂfhxﬁﬁat;faklfotgh?%ce gnd making

bl ebs fromsaid strain; 10 d) a process of nodifying I'ipid A portion of
bact €39 al 1 LIssOGiptedi Witk r@pbrrémsm epfﬁman of, mmmwmmgntsh@ pisepad ofs

dentif | f St
engi nee i A BB o MR BRI RREEY pblihes ol chbeson 8ihrbosi on o
sai d genegeragilosmdenitg Hi rﬁﬂﬂ?'fﬁaﬂéﬂ@é\lb@uﬁéd Pdr'i)rolaggeﬁ)n'cﬁ’mﬁhpﬁﬁﬁ%cé?{/mgnd' fying

lipid A portion of bacterial LPS within the bleb preparation, conprising
t he st eps‘“Hﬁ“QQj%i@PrqS?Nhgg@tsgé@@cpwgldvmmmmbehtstenmnb@pttcher tadpmdnA portion --

of LPS le t ErsS neerin cle train so to introduce a
st ronger ;s)?orm erpsfé‘g%@nc *'“b“g*% %écé% %fﬁfgpég'sﬁoéﬁ\leprgiﬁﬁsTﬁaa’fetl%ﬁgﬁxﬁ‘gne is
expr essed(sath as hewellysifb,ofit@inclta, eferalls, eéugu&@esnpmsﬁhaq;a?ésebmdoa%d maki ng

bl ebs fromsaid strain; f) a process of ucin pid Atoxicity wthin
the bl eb Brosiexing} theh canwibiiscioethsi wghqgn@xcxrze\pénbesefbapqem elforapyeranbésgens,

conpri sin S ; e .chronmos a bacterial, strain to
i ncorpora?r Eﬂﬁaghg&e}?{gﬂéﬁﬂ 9&19‘?% %d;’rg}f/i R ‘&g%”‘age thf)Prezileérqf\%lf RE or

anal ogue dhgreffix phipedTRS lhReracharieishid baeRbingRes ARE oBKIHRGDIHEbS tom
said strain;, g) a process of creating conserved OW antigens on the bleb
preparati @ﬁcaéérrprl sing the steps of identifying such antigen, engineering-a

pactesg al ot 2ble 10 ufoul SndSeY S ah 01 feraP B nepelud e 5255, "9 521 ¢

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

9



maki ng bl ebs fromsaid strain; 30 h) a process of reducing expregs}/gn
within the bleb preparation of an antigen which shares a structzu a A 2004
simlarity with a human structure and nay be capabl e of inducing an

aut o- i Mm@ 0}/8%3pbnse i n humans (such as the 13 g JA~~~ ~BCILEP&@°@%109350
PCT/ EPOO/ 07424 capsul ar pol ysaccharide of N. nmeningitides B), conprising
the steps of identifying a gene involved in the biosynthesis of the
antigen, @agpooeudli indeciobaist estimdtedttoans dillias WS raaualy. oThessfote; hthof f
expressi on of said gene, .ang maki ng bl ebs tom said strain; or 5i) a
process ofd€YPRIBH 8? P YCERD IR SEVGPTHASHY S R RIGRIONALR B e ALSUGIBPNS 1S

pr ef er abl G -ant - WS h i Dri si ng

t he steps)égf ildgﬁaiggiﬁoggg‘g%ﬁhgﬁt&?l E;S\é\én‘}S p}éﬁtg%lhggﬂ'%thgg g\g%{%ﬁl'g?erg%i n so as
to introd2dg-27MLo the chronosone one or nore further copies of a gene

encodi ng said antigen controlled by a heterol I%%ous, stronger 1 o pronoter
sequenée, and n@KPRYCHI-aecipted 3nd sParest matigens ph R Iverugingse beve edentthe

i ti ' , f ' bt ai ni hg the ab .bl eb
R o A s e e A B

upr egul at isotstace, exipicESs awexwiceilkt G&AS cvhdidting Mt@hSinameselgRkdkalvaant i gens
for 15 upregul ati on and downreguation for various bacterial strains in
order to A&®HngtA bsheksrogeapys it tPEsofFize andummunpgenicita fligh fmeleculac ciase use.

Preferential I i i.sing the blebs of the invent.i. are al so

ot ovi ded aiai® e RT30 PRTRDRE bpttal, REcoRFR Sp SimledEmeih s e Bla e
certailn dinsécutar ShadseslgindeC téhporleifs PIOOSLKDRAY dob@sdlceRerrl dpiRpenyent i on,
and nodified bacterial strains fromwhich the blebs of the invention are 20

prodyced AF&itigRite pnidye episPPeasHEIODS Seacetassciateshproains, PAEY, pridcle st pirhvent i on

provi des for f St f B vaccin ich.is. i no-protective and
non-t oxi c °\?H}é§1 eegﬁvéef{fhgﬁitﬁ%a?!écﬁagﬁﬁda&pmf \Q@P% ‘%ﬁo 8%%%!‘9 bﬁsﬂ-‘el PTI ON
OF THE DRAWEMS&GTgAGrglt fpnvaccliatiBe Rdwavdttay, 1099.N@uré Mdediiie §892RHEer ent
colonies. Figure 2. Reactjvities of specific nonoclonal antibodies by whole

cel | Elisa. 30 Serfatsrexrescdsarigrns ineluding @oarigensi Ghspseificolysepdkanéa obr s used
to deli . i tes.| f
Noi Secr | o EAT Y H-a RO R d 8RB (AR 1RPn S8R0 s Serdle 155 95 WRHE 0L .

Anal ysi s aighPprifmampgess inaturd. "Chepiied] fifuetiees) of tépeasit S vafts o€ qpapécimnt N.
meni ngi ti def seég%o pB §>H44176 derivatives). Total proteins were recovered
from cps- PPIYARfERarkles Havy beensiucidated: and theeo\gara allewed;the idepgifisationnef Tlps-

porA:: ns S n : o a1NFoTals . i najtd des Q strains
and were gﬁ%’f‘{’/ S%d}gr q%%)gl@g%A@hcon& %g%@i %ggﬁéi%& So%’gg{ yqvg‘r%i de gel.
CGel s wer e agtuginoed awi Ibbaté&bonths sore diigosacthaaide and theoligdy AOfegionadfIfRS add to a

nit roggl | ul ose nmenbrane .and, i mmuno-stai hed with an antj-Por A nonqocl onal

anti b&8y. "FIYOPEDs. CORIANIDE j thesgePiOpR MdYFS STISSRIGIACHYF GIEPHIYX I FHES of
reconbi nalbaibkt di b NgPy, 4 i tLal i iyves).

Pr ot ei ns w%r e ex%rg%?}éd%r%%?n&\%h%?%ﬁ%a tge!rB{h; (%Lﬁéa{@éé ?#1253 aggélbt{@altw/

out erj- menite dne ganB fop bindingaefi Bneer¢diansstodaitwaybinds equdar adpetheliay cARSePAGE on a
12% acryl am d gﬁl and Snal ézed by.i mmuno- bl otti ng usi ng an anti - NspA - -
pol ycl onal® SR n O¥aNf BECIOgFeUY 1Ry thi§ QK- Cqrf dRgien pmong diiferent

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 1n 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, a hybrid protein
10



cps- pora::pCWK+ (lanes 3 and 4) and cps- porA::nspA (lanes 2 ag%Dg%N\Aﬁag
15 anal yzed. Two fornms of NspA were detected: a mature form( 1 '
co- m gr aldg oskdoh the reconbinant purified NspA, and a shoeteErbeians

(1 SkDa). Figure 6: Analysis of D 15/0i np85 expression in protein extracts
of reconbi nant N. meningitides serogroupB strains (H44/76 derivatives).

Pr ot ei ns weiiai @ed 60" UR2QeRUtEle- afati rd wer e
separ at ed by SDS. PAGE on & 13% §cr§§%n¢§§ﬁéﬁpﬁgﬁﬁ aﬁ%%ggdf%)yﬁ'ﬂ‘sanﬁ

i mmuno- bl &rt] (pine iaeigs 3h-83hfromoRyeBBopahaschamginosefised toShamghasthvaerSespondi ng
t - (1 2 d -, Por A+) pCVK+Omp85/DI_ S i (I 1 nbi nant
N oni noinieet o8 raHB o rplsch b ABmaraR el B0 ek dobe GBdoral

strategy fag;:ug%gy RhddpG: JENGEXREETST OF . ter delivery (RS stands for
restriction Si te).k Fip'gbure 8: Anal ys?’sﬁg%é%\éu%rgforrenbr ane bl ebs produced by

reconbbnant N. meningitides serogroupB cps- strains (H44/76 derivatives).
Protei ns were %xtract ed 30 from outer-menbrane bl eb preparati ons and were
separat ed by SDBSEPREENtIRFaIorY Baygaralised a mumbenefirambarks agooiated adthethe

pol yacryl agi ] : . [ ~ =~f' ~ ~~~~ WD Q1| 09350
PCT/ EPOO/ %%‘%EW @m‘?'fyﬁ%oh%n‘%gs‘?%qg??‘{'?‘?gﬁglﬁ GFETRELY Cogmicaly E‘,ag%?; 6
corresponded t Exampleg obfuch picblieriy ot ehdpllohdigeas | anes 3; 5 and ? were

| oaded with I Qpg proteins. Figure 9: Construction of a pronoter
repl acenent pl asn'f@ PrESeRfet0f implipedamizaet husyadatis prassins onths dld Rardn of

Om85iip 15 in Nei [ i ngit 7 igqure 10: Analysis.of OWP85
expression in tot aii pr@f ef i 'gg,ll%%g?lg %ﬁ%zéggngoﬂ%eawﬁﬁ%e]) -

derivatives). GCelsichvbiabsPefigheftbciivd BnlgORABES b GedHitted cfkctdn bf BltsdRIred to
nitrqcel | ul ose nenbrane_and i nuno-stained with rabbit anti-Ow85 (N. gono)

to nonocl onal ant$PEBiEy TBye-smerifigite afi :thanbaciesicidabfanChpds resgenesshagn in OW
pr epar ations frorBrE‘g?%@L Mfsﬁ'éﬁ%“?@‘gé ?gingleri vatives). Cels were stained

wi th Coonassi e bl'ue or tra fittiocel | ul ose menbrane and

i muno- st ai ned-wi thé preakrizi tof anproteciBmonat EoAm)@dtighhs @Rhp,H98ly.. § Bh-thdi gure
12: Schematic representation of the reconbi nant I§CR strategy used to delete
the 1at0 in the cHFfyeRRRSepHIAF 115 desqys dorpheimmpge systpr e 13: Anal ysis of Hsf

expression in totgl prete %r&éﬁéca%?sixﬂgol{aﬂgoﬁme@ﬁ@ Which are produced

conditionally (for instance iron-regulated outer membrane proteins,
IROMP’s, in vivo regulated expression mechanisms) — such conditions are
hard to control in bleb production in order to optimise the amount of
20 antigen on the surface
- 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
i



meni ngi ti des serogroup B (H44/?6 derivatives). Total proteins werde AN 7004
recovered from Cps- Por A+(lanes 1 ), and Cps-Por A+l Hsf (| anes 2) reconbi nant
N. nmeni ng}igti des serogroup B strains and were anal yzed under SDS- PAGE

condi t i o¥OPHOE54 296 pol yacryl ami de gel . Gels were stai ned WWEHERH@THRYs e
blue . 25 Figure 14: Analysis of GFP expression in total protein extracts
of reconbi.nafgﬁiN. meni ngi ti des (H44/76 derivative). Total protein were
recover ed ‘PG HsY, IPBHUAFPLIEFHES Accappisgly, Pe ApreGiiP+inkmive? pfovdles
reconbi nanfegdds2h Sk elhjas ywere separated by PAGE-SDS in a |12%

pol yacryl am ge getln gtcn‘}ght e{nh@s A Red ORCTR eivhgsstically gaginemedtibgerenal1s:

|1l ust r at isominef whivh fesult é1 im@foved] K1eb RAQYSIsN§ LA f Lol | ous
recom nant bl eb preparations as anal ysed b; SH)S— &@%&%ﬁ%%sel ecﬁ?]ﬁi ni ng) .
~ ~ J| ~, ~usefy FWERHI0 98 Bew et iERUEa DiEt Rk teabpatkogkfs sUSRGE NeisGeiant | - Hsf
responge for -vari.ous, hl eb,and rec i ngpt bl eb preparations using purified
reconb?nar??ern %gotﬁéllgﬁa%ega Ficgfﬁr’el? ¥ 2’??5‘[”9@1?‘ of infegnaas x pissudimendsn t ot al
protei n exeratidaetndlogepabi nant NnB (serogroup B derivatives}. Cels were
stained with Coomassie blue (A) or transferred to nitrocellul ose nmenbrane
and i mmuno- st ailhedlahi ahcineusichairvienfar drerdengrédnRaoaanht begknd BipdHse MOUSE
anti - NspA pol %‘&JJ opql tant' bc%d,{)xg1 lng .. to DESCRI PTION OF THE | N\/EN'I'?O\I The
present invention Telaredr | gEErFdsaugshs ppspiopead faomhbaeksl mapabl e of
bei ng usedmfigsie GRFoREItUVicREIel WHQY CGhch scale! ¥ . &ngi ed bl ebs from
Gram negative bacterial strains. The icnsaglﬁgléﬂgngien ct%agsa&@{sh °H¥Bd to
Hiot i g i i SR
descr i bes Pspect 11 orgét“hMnﬁgé@ségﬁ)yéqd&rp%mdsmiQf@MHr(b’Gb):Vao;gine:Dbt ai ni ng
and usi ng by eRAB} MAfuno&EinAseY £GbR " (MWITES hegati ve
bacteria, for va%ci ne, therapeutic aér:1sl(:21)v/§(e)ﬂ;1 ag:x%é%éostﬁ ¢S pUr poses By E he

met hods ofCRsE/efl {OMFsi on detchien ifovdribiec adgiamsTbosigre@nathiy BastRldnabs bl ebs

can 20 be o d_by.acting .upon/altering the expression of bacterial
genes encggl ngggro uef's B¥§f§’é’ﬁgnf’g capirel mssaamsray foRieKpressinn @réags iron

out er 1srembssaiveob) efpFote OAMeCDMPEMRABRIcR MM Sk ARioR 'orSER for Al S Rloduct i on of
bl ebs using.,a nethod of genetic nodi foi catlﬁg%h%tog plrncrezsaﬂs)re{£e %@fﬁ%‘ég’ or

render coff¥Vaiaipid Advempdifisstionroiobe tipid rortiomorey’ changiap eie SHEHRHAND

out er - menp : re.al.so included jn the scope of this 25

i nventi on. : @or lt&%ar@l% !k g?@ﬁ%gtlgr"ﬁim’ék'p‘r e&yy 6%*’%5@9@% & Eqh of theskayewherein to
all the gemdbils ef emprovemescassilalo @PLASHA HEDSALind! 1BRRIGN 2N 1O
produce and target the correspondi ng proteins) of 1nterest hto

out er - rrenf)?‘ﬁt?f@attﬂ"é?fé),“e QB Mo lfzgs(grma.“u@smrk in conjunction so as to produce an

20  optimised engireered bleb vaccine which is immuno-protective and non-toxic -

particularly suitable for paediatric use.

SUMMARY OF THE INVi ™ "TION o

The present invention ;:.ovides a genetically-engineered bleb preparation from

25 a Gram-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 cf upregulating expression of protective, endogenous (and

preferaply . ‘~red) OMP antigens within the bleb preparation
12



bacterial host. A non-exhaustive list of these features incl ud?r?cq‘&qrﬂgg
el enents 30 (transcriptional and/or translational), protein codfng regt rtns
and tar geto @oesdognal s, with appropriate spaci ng between thegr/eERed/ensnce to

the insertion of pronoter sequences neans, for the purposes of this
invention, the insertion of a sequence with .~~~ WD 01/ 09350

PCT/ EP00/ 07224 att cduegrisingatar Rt f idetifyhig0fchaiifhoBh Lt ABlg 9116 8k @

ot her genetic regulatory el ements conprised w thi'n ‘an~expressi on cassette.
Moreover, the terifi} $ft eyioanroducsas stedriget pruimdter ssheench epstrdant 6f Apdnet he
enetic el enents 1 -to integrate a DNA segnent in given bacterial

%ost . A non- ex hauésqt%%jltlra’é Fslgls‘:it 8g’fgef] hsgg@ that Spidh gene; 15 xpErssedadtn leweli Nighey vehicl e
(or vector), W thhi®GOEP LA ' : ﬁ?}gi% d. counter

sel ect abl e markers. Again for tlﬁeed%g!r"%ggemo tﬁlgir)ﬁ%éﬁ%ﬁes £8t ns

“engi néering achapreetsalof spregitlating expreshisreof @aditdhalyakehraitd, gedtecrvelf ers to
any neans to redz@%lth%e Pression of an antigen of interest, relative to
that of the non- fAr ara?)y_ gonsepeed), (QMPy anfigens rwitljp the el peepsmatibn t hat

ion is at i : - f th -nodi fi ed_bl eb.
ot orably 11 1s aroran e Tt A iy B aiBn tl R Rl o or s 1o

a v regul atory comemodo asltemembve thetrepressivosditrol hROBAIInN 600 &:@fesdogene
encodi ng antigen of .interest. " Lésre ul at i ng exgr ession" refers to any neans
to enhance the exXfrELSIOR TEHTiCtP ’rﬁq%géﬁf-‘% lehs Bpmiseid staimat i ve to that of
the non- nodi fi g A hroBess JtahodiRhby 1; Iy bl eb. i.s.under.stood t hat
t he anount of ‘Hpr%rgulsati on' ‘%H’?r/ hggo?)}} %Aergg%(#%ac%ﬂgthéé ﬁgﬁlﬂ gﬁﬁﬁfsb antigen

of interest but wiréparaion, eoopedingn tieneieps dfhadenvifilihg 4 SeldtinédMedTRyTOr ane
integrity of the bleb. gs)rgﬁéll ation of an antigen refers to expression that
is at |east i O%rﬁﬁ‘%ﬁég iid ¥heerugr of hBS fewic.epginktring bbasteriabstfirescabl v i t

is at |east 50% hisQh edducdVBY Svitdted £, A1 4s. | east |1 D0% (2. fold)
hi gher. 20 Aspects of Fﬁe I nvxer?t(lg%ﬁggjg Sééneoé%l‘f%%ﬂev%%agﬁgibﬁéﬂgof’br maki ng
i mproved engi neersed sbhimbs, to a conbination of such nmethods, and to the

bl eb ¢onposi ti ns made ag a%{é sul i of these nethods. Another aspect of the
i nvent1on rel afed ¥SCTRE JAMRPIRE tBY) 4 RegEen of bagteradl kRS yathint the dlgby nodi fy
a chosen bact eri repatdtidhN copBsAS! tHeOs8¥d 'FClgel ved i.neer ed. bl ebs
fromsaid strain. Zﬁhe en_g_lpneef’i ng st pscqfo@e%1 %c gx%gsmvgfve?hg‘

i nvention can be rerderingdbaolipid A porvian icfthPSolesvagsdc, kenpiveeting btaicekil | ed

person. For inst , L segquence e.q, pronoters or open reading franes) can
be inserted, and%g;ri%nsgt Y ’é’grﬁggéecﬁguﬁggcﬂipé?rﬂﬁieéée%vn%%ép%%rﬂ%qia’éi of

{ Tansposon | nser tgemnsufiotal 958 g5 Lfeathl 041810 AR, SR, SeeprESST 0n, 2
(0]

strongonpr onoter could be inserted via a transposon up ¥'ream of
the gthe's 30 i niMqdfisdicts 9aeé making ielsrfede sailisiraia00- bOO by upstream nost

L2 R A R 3L o Bl b Sty ™
\ 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 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
strain so as to delete variable regions of a gene cncoding said antigen, and
making blebs from said strain:

30 b) 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 (such as the

N



Z ~ JAr~ ~t~~~~~ WO 011 09350 PCT/ EPO0/ 07424 Such nethods, however g mmy ey,
quite unstable or uncertain, and therefore it is preferred that the

engi neering step [particularly for processes a), b), c), d), e), h) and i)
as descr meai/esssow] is perfornmed via a honol ogous reconbi nRCTEPOLABNE .
Preferably, the event takes place between a sequence (a recornbi nogenic
region) of at least 30 5 nucl eotides on the bacterial chronosone, and a
sequence (a seconcapselappdiyiagaivide bEW TrERe e ides on a
vector transforned p\r/vi.t himﬁ yt%he strain. g?ée'?g%lgb yé)f %éthgflgﬁgé g%észfg\-sl 000
nucl eot i des, mar elqspEfyinedBgneliovolsgbinthe béasynttiess ofmhs anpgedf exgideing00

nucl eoti des). The . i nogeni c_regions should be sufficiently simlar
that they are capggfléetgxgﬁ?%%’rslgﬁf 8 FF&“?%Obﬁ’é‘tcgrng FreRressae st genss apdr i ngent

1o conditions (asmdrinkbesdbs!fi@dhtiald stheey¥di nation events may take place using

a singl e reconbi nogenic region on chronosone and vector, or via a double
cross-éver event Fwiroeese ofegprogating cRpresvico rof pidebc s t eddbgerdos Ofad@r to

performa single reforgg{énati on %eﬁm t he, vector should be a circular DNA
nol ecul e. | n-or deP tB2Per FEIHVACH o e P ESRDI Wiskinortbel Sblely e prepatatien vect or

could be a circul A : e .Figure 7). It is eferabl e
that a doubl e rec?n%‘?ﬁzﬂgl gﬁasge\;ent l@t%%osyé%%& & ﬁ%ln?eﬁé‘g\?et&%%?’f)aﬁjsed i's
linear, as the nostidin sdasradterducstintothpehebi@emaioht oPRALAREIRAPIS oF N t er s
of reversion events. Pref er,ablsy_the,two reconmbi nogeni ¢ regions on the
chromosorme (and oh §AE SPEEEIBE )said antigens comtralled (bt hetersfagoahl ytrenger sane)

| engt hpso as to 4 s. The doubl e cross-over
functions such t%@@%ﬁs%mﬁgé’? ?%ggg;le:gg%ﬁmengﬁab‘pnssmgh t he chronosone

(sep(flr ated by nucl eotide sequence X ) and the two reconbi nogeni c regions
on the vector I(FseBar at ed b%( nucl eoti de sequence "Y' ) reconbine to | eave a
chronosome unaf PEPEASBREE 8t thenayenkion aciyds, pyeferential rnrpeassps for Thteinmgsi ti on of
t he reconme 98 bfeb bR HnC L:t:l stream or do 25
stream of, or nay%bllgg%(, an’ gglen &éﬁﬁ*’g@%&é@‘gggf%F%’lge,"é?‘?m‘l’ﬁegéweegi ons
can consi ¥preghlationli of exprossia dif naptigens awithixt blebs, Opre€ReHitiAD ABEedi0sCOdi Ng
sequenge. uTrrée ligentiéy of X and Y will depend on the effect desired. X may
be al I or "BSEY28P" ARd Sp¥AregHaherfgr Vrmgns, bagisaalstrainsnincirdest todibtaintbled |, whi ch

woul d r esgldpatafios e dp@68arty P&liAdledaGhet 64cfde0Msk N [ sope. Al.ternatively
Y may be a strong pgormtg?&regi on for ins?fer{et IHS% ?cgg%f)espgea% 24 open

readi ng f FAIRBIISIAS thettiehsef ghecinyentiay atrealswprovided othictiese pirtiallhrly Stizbrbl €
vectors will i.n_conposjtion dependin at type of reconbi nation event
vectors WdlaBL iSOG Ll dependng phat type of 7 scorbinat on ever
WO 011 09362 iReEHtRORORSEAed Bietial SRdihORoR \@ih e A used

to deliver region Y can be conditionally replicative or suici plrasm ds,
bact ef{ opRERgEsed are sk Hathenaspests pf thenvedivn. f r agment s obt ai ned by restriction

hydr ol ysi s or ljfication. | ecti,on.of fthe reconbination event is
sel ected by rreggg pggggrsde é’%ﬁ%%’l B"o&@%%?f’rc thea IS tims & thlehs vaccinsnwhickoist er r i ng

resi st ancenmonépiotedtive iafi® néd-@iid wishARES wWHBRBIIMNEH Ondef b Yk Qﬁyegcei n,
chl oranpheni col, or gentanycin), genes conferring resi'stance to heavy - -

nmetal s and/or toxic conpounds or genes conpl ementing auxotrophic nutations
(for inst BRIEFWESCRIPTIOR OF THE DRAWINGS
25

Figure 1: Reactivity of the 735 mAb on different colonies.
Figure 2: Reactivities of specific monoclonal antibodies by whole cell Elisa.

30 Figure 3: Schematic representation of the pCMK vectors used to deliver genes,

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

Ay



10 Process a) and f) - Down regul ati on/ Renoval of Variable and g JAN 72004
non-protective 'i immnodoni nant antigens Many surface antigens are” "
vari abl e cterial strains and as a consequence are pgotRpldo¥e 40Nl Y
agai nst a‘gﬁ}a?r@#egg set of closely related strains. An 15 aspect of t%i S
i nvention covers the reduction in expression, or, preferably, the deletion

of the ge codi_ng. variabl e surface proteins) which results in a
bacteri al ngfa'é?eﬁ %ﬂ?@’%}ﬁ %{;FBT (58P R !0 \E&ﬁ%ﬂpraffh'? RXERCEY BHIGCAMBINGRLCR ne,
have a strpagekiERt @iédrahpB QH4/78SRrvEdeds) V4 I; ' ins due
to a higher in‘?llzuence g(gxe[?tce(d bygi%rrllser ve?:l ’Eé%lt g‘lqﬁés (Evggﬁéﬁ%%%d?ﬁ{o e outer
nenbr anes) cpsn(lanes vaadcd) e por4npdMK s Yiahen? ards Furdiggse pood:spe (lavarl abl e
antigens i nc::@de: f.ar N%t)sser,i a. - pili (PilC) which undergoes antigenic
vari at i ons?RdpyTacongsinant ) sreningitidis serogroupB pydingant were angizzedpmder S P,

| gAl - prot i : M g - , 06. O her .types. of gene that
could bsg S%ﬁanE r‘?é‘g t{é)?l é or %éogﬁga'%ﬁﬁe éggp%éﬁ&ermﬁagﬁ? ‘%/lﬂ} @P%?gf?an

easi |y be islut (lahexd] om 3] expraastsee t0s nofdceiotdIRieBedne Hnd MinrAoQudifly 25
menbrane proteins. encoded by such genes are not always present on the

Y !
bacteria, YH22pprrEEaetmwnogieasl asEMd ns in the bl eb preparations can al so
be detrinental to the effectiveness of the vaccine for the reasons stated
above. A preferred exanple to down-regulate or delete is Neisseria Opc
protein. Afigurdsc Analysis tof NspaceprédyioaniiOpeotsiantatRisnar bk@mbigeeipe woul d
only have limted protective capacity as the 30 infecting organismcould
easi | y!%edBHENLHELS serperounh sErips EH4Y i darivatiigpB Pasteing tvree exxaemadl Femof such
pr ot ei ns. . ~"~ 1~~1~ PCTlI EPQ0107424.1n process a), these
variabl e o‘?’bcﬁlg\@agt}é? 3%??8\/2 tg)e"?]?ec'%r ar %”88\?\‘5!‘?‘85?5? &%%W?P%%faég%u otﬁ,é‘or

ter mi nal | ysepavatedoyoSDEPAGHI0a 2N2Ys bé19lanhiey gelBALLAPEY SHRAL-RBaRGVant age
of concentrating the i mune systemon better antigens that are present in

| ow amount®¥TEADL #H-YRe Pobgianakeruse. Samtmes copreypandagrtgiops-cdaneh é asdg).neer ed

in thi b : t ies.including . t i tion t
0 S e e, e 530000 1 R0 RVIRRION S 1 1O

nut at | Bns aalyded.eTworfermsooAblspL weere detetted:ad niztss | form [HDSIID) GOLIRigratin
reconbi nat i on narr¥ al so be y eLg to delete a %ene froma chronmosone %Where
sequence XV H5TFeqERbL %”FP“{‘%F NepAisng ashartergprm (SkB8Yi ng sequence of the
gene of interest). It nmay additionally be used to change its strong
pronoter for a weaker (or no) pronoter (where nucl eotide sequence X

conpri ses lpaure fpAatlysialsifyD H/bhpsff expnassiphanqiretein €@aon off reédisbig@ingy, and
nucl eoti de_sequence Y co i ses ej a weaker pronoter region [resulting
in a decr e"é%"é%‘gg r3§§%§rgﬁfqlﬁ%ﬁ%‘%‘2§{ dsTvRtEDn PEOfeIBY Werg @F@Ee]if[l"m no
prondtay regiraf¢mblafe ML SR8&atidns| SdPWELS f = OpDi;Npdep ON event
to occur within the regi onﬁ%? thenslS chrgn%g%hgedl%gﬁgpéggt%aam?%{p t he
gene of i racBrlamide g¢ltandnanalyzst by ¥irmeno-bloningr using andintitcomgls pslgclesali pt i onai
activity, lding in a conditional expression of the gene(s)/operon(s) of
i nt er,est (%%‘-ére fsaqqrrgmqn%%tg cpss (gae 4208 AP oré%ppé’gélfbfﬁmm?ﬂ%éﬁ ecul es
that are t@tied)tatofbikkot MBkhinsHRERELEHUBY shiE: |y3kg host. 20 Most of .
t he above-exenplified protei nsgare i nglg)élpals Ovég%getn a%y%cll.r variability may
be limted only to one or few of their surface exposed | oops. Another
aspect,of &:hi.s. ynxent i,on r Qcess J covers the del etion of DNA regions
codi ngzs:‘)orflghgesz ﬁ‘??r%llcsgag%ﬁg re‘BO‘?“g%% 8RAF E’FP‘F%&H&% omeker dkbyesk €Rdn of an
integral Ghihds @6t r@btiichien §@yserved surface exposed | oops. Surface exposed

| oops of H influenzae P2 and PS 25 are preferred exanples of proteins that
could be transforned into cross-reactive antigens by using such a net hod.
Agai n, ho us. reconbination i s referred t hod of performng this
engi neeri @Eg?%c%ss& _Sésceaé_%er'-m %6%& eb&elpfﬁ'fifj o Wempiantod: 30 A
further askeihgialiit fogrBUElchAruialls atA% ACadRALiT ) MBroldiR. GAPASELERN Of

. bl ebs gg altering in situ the regulatory region controlling the expression
of gendh) M/ @ter-membrane bleb preparations and were separated by SDS-PAGE under

reducing conditions on a 4-20% gradient polyacrylamide gel. The gel was stained
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operon(s) of interest. This alteration may include partial or total
replacenent of the 2 9 5~~ 2u~l~t WO 01109350 PCT/ EP00/ 07424 7.9 .JAckedtds
pronoter controlling the expression of a gene of interest, with one err-ing
a distina¥o01/e83s¢ri ptional activity. This distinct transcriRST/ERMGI074dt i vity
may _ . conferred by variants (point nutations, deletions and/or
insertions) of the ~.,.ogenous control regions, by naturally occurring or
modi i ed heiterGoagassis BriliamnoteR2500 layied 2 ANtE BakésPinddd RO5HE oPUGH)
alterations wi.ll preferably_confer a transcriptional activity stronger than
t he endogeWBEFénso‘ﬁ'g"’f‘fsﬁﬂeé&uéf‘?%ﬁ“Gfe @aéqdwnglgm@me‘m)., resulting in an
enhanced expression of the gene(s)/operon(s) of interest (up-regulation),
Such a nethod is particularly useful for enhancing the production of

i nmunosogi Eigkre 9r EoavantioBleth pompetespRcaHal ASmaHtEE] & ane DT €1 ns
and 10 |ipoproteins (preferably conserved ONLPs, usually present in bl ebs
at | ow conT@FSFIQR/P tio fb@@agﬂlﬁl|50h©/€{;wm¢Dmemisgttdd&tHM?6.be integrated in
Nei sseria are porA [SEQ >Z7 NO 24], porB [SEQ ID NO:26], IgtF, Opa, pllo,

| st, and hpuAB. Por A and PorB are preferred as consritutive, strong

pronot er s. Fighrd126: Baglysie of aMPshespretti R ot prdid BakadiNEr {é?é\%bi%r yot er
activity is contained in_ a fragnment correspondllang to nucl eotrdes -1 to -250
upst r eam oVmBHE44(76} degivvatovesk Sigbsrwvere spronedl with Quibnaxeh Bluei(R ) os wisgdraar ed t o
use the o - E Bl, .onpB2, ompA, . OMPCD and 106 pronoters,
and in H. @ﬁ‘?ﬁ%@@a"é%ﬁ@%@%‘%w O?B”i‘r?r%lt Wik Frkbit grtiEMPE, (Ngono) PS and
P6 pr orot ehsnocldhalitibgdy (@), pref erred doubl e cross-over honol ogous

reconbi nati on technol ogy to introduce the pronoter in the 1000 by upstream
regiqn, pronoters can be placed anywhere from 30-970 by upstream of the

i nitiationggodop, .o be uprequl . Al though conventionally it
ist hough'[r xgﬁge glr'o%noélgsrg S gg%ﬁs%ﬁ?s loﬂgnrwp{i’eﬁ?u%gemﬂécqfﬁ@n%en

readi ng f B (HA406dRiviveOD GaisrwaB sialil WP Hha | Rf xzéaHQf‘e%%d t he
present inventors have surprisingly found that placenent o? the pronoter
further a®8yFeEHIIOReMeHbrangtang imasworstaineivits rabbit amgOMPES' prgasndl n

expr esgi o%hg&gj@ Thus it is preferred if the pronoter is inserted 200-600
by fromthe 1nit g'ti on codon of the gene, nore preferably 300-500 bp, and
nost preferably approximtely 400 by fromthe initiation ATG 30 zz ~| ~~d
~~~~t WD 3_11/ 09350 PCT/ EPO0/ 07424 Process c) - Bl eb conponents produced
condi ti ondl'BYreThe SeRpPatSTeRrssHation rf the rresmbinanh BCRtrategy tuagchtobdeddie
conmponent §pd E W ok I roducti on of the conmponents is
conditi onZﬁ écﬁﬁﬁ%ﬁegﬁ é}é}%ﬁagf@ﬁgon vari ous netabolic and/or
environmental signals. Such signals include, for exanple, iron-limtation,
nmodul a)_toi on..of '_tﬂg_ eclox pgi_&gti al, .pH and tenperature variations,

nut ri t7 onal*®¥ifa nalie FRTESSIN Ihiaty preveibsemacss kA osenmbmabeNpr oduced
condi ti oNghdnyndind i r rane proteins fraom

Nei sseiria andg I\/blr~ g%??ﬁ"gﬁﬁ ??g?zgdgﬁ‘ée pgg%f) (115 i §Tf8§?rfggré’-“? nduci bl e
out er; mentfrerRorpatians. 1)ThedpCpsBotA+/Hyp (lanen 2§ QeedBbibkie NS Gningidifs genetic
met hods descr.i bed, . pr.evi ous({jx‘@:g)rocess a) or bé) to_render constitutive the -.
expr essi onOF WHCR ARy aRd LS apriveet andery SDBHRAGEf ¢anditions 6 &r2Pk onnent al
si gnal Up?ﬂi%@@lﬂﬁé?ﬁ?tﬁl@ wike GERESWith CobfaEi Sl CaN be overcome by

nodi fyi ng/ repl acing the gene's correspondi ng contr ol region so that it
becom®s constitutively active (for instance by deleting part 15 [preferably
all] or t [.epyessive.co | sequence - e.g. .the operator region), or

i nserti ng&gg%rc?gg‘fiMYS%OQ{:’}_Brfépﬁfgﬂ%t‘%r‘qtalFEfP‘q“P 6hrackyof ecentbigented. t he fur

oper at or miiedie TRAEGS AHVANIAUTHE Yrohh A0S TeldveMBYEE dClpta. del i ver

an additional copy of the geneloperon of Interest I'n the chro whi ch
i s placed (Bpel)i Cos-aPpsA-uGERY (lafed & Giirecpimbrifiand sEAAS thirbldins WeerP EQARL&S - 20

Processes .- oxi fication of LPS
bg')PAéﬁ-%D%) ina B% péyacrﬁamlde gel and then stained with Coomassie blue.
30

Figure 15: Illustration of the pattern of major proteins on the surface of various

recominant bleb preparations as analysed by SDS-PAGE (Coomassie staining).
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The toxicity of bleb vaccines presents one of the | argest probl eﬁns i.nthe
use of 1 blebs in vaccines. A further aspect of the invention el adfss W
et hods Qfo Bi6gsdyl cal |y detoxifying the LPS present in Bl ebgerirphi/ghaty i S the
primary conmponent of LPS 25 responsible for cell activation. Many nutations
in genes involved in this pathway | ead to essential phenotypes. However,
mutations in the genes responsible for the termnal nodifications steps

| ead to tenperature-sensitive (htrB) or perm ssive (nsbB) phenotypes.

Mut at i ons Figimrel 16:n§ptoifia aneicHfas@PohRl 610 vafNRl 8% 2kl QEcotrKH??ﬁtQ@ s result
in altered toxic activity of lipid A indeed) the non-lauroylate Es%htrB
nut ant) oPTSRATRUCRS YHing Midied secombinant Blsfptaaein) |ipid A are less toxic than
the wild-type lipid A. Miutations in the lipid A 4'-kinase encodi ng gene

(1 pxk) also decreases the toxic activity of lipid A ~ ~JA) 7_G~ W
011 09350 FiglirEROOARJAG oFRGSL S SorddsidriTolaf ket SxBlel Wi ifbifled RPN Of
part (or preferably all) of one or nore of the aﬁove open reading frames or
pr onot er s (sarageoupal ideBvatives)h Sepr werst seaised: with (Cdoenassip b e ) wir thanyieade
pronoters, Pr ef el[}ﬁlbly t he honol ogous reco iﬁ@“ on techni ques descri bed
above ar 'L ERCHRISS PR AR ! Qzlaingl WHA mesgSRbderdrmenasiaral B and
nmsbB genegniiyoa HSRE s myyp' 1414 : |la catarrhalis, and
Haernophi | us i ng]l(%\gnza?sg?gladd?%%%%ﬂﬁa;%ﬁ?%ﬁ’ggz for this purpose. LPS
toxic activity could also be altered by introducing nutations in genes/| oci
i nvol \{gd in polyrnyxin B resistance (such resistance has been correl ated

- wWth addition of am noarabi nose on the 4' phosphate of lipid A). These
genesl| | ocDESTRIPTIONOFHRANVEAGPHSK @ UDP- gl ucose dehydrogenase, or a
region of antiinicrobial peptide resistance genes commopn to nmany

ent er obact er i afhcapresdnt ghveuton thldies ionw géneedl strofapbls@ad adytiveis @asdpld dresi s and
transfer. ;I'ﬁr]]e ugedﬁ? pmrE that is _gﬁroes nt in this region encodes a

dol i col - pRos%h % aRaRfrctnng, inproxed, geaghcplly, epginerisd jebspirpm Granyreger J.
t5 Ki m K. négadivé bactdipt k@dihs. Mhe i i8h i | |- Qlbinade

1171- 1182 %lvm ations in the F%éﬁllflgﬁélc%hédeeélﬁ%tﬁ%drs%é%dt\%%g%ﬁ%ﬁm%@ a
phosphd- r lebs mogoinyownegering lessciguicandrsafes \fort thefr (ife ini 2 hiRhaPagtaSdnimhalt | ve
phenot ype Py or_low My~" .environnental .or culture conditions (that
activate Y%Ce%g%hmwgb LE%B%%‘PO‘PYFW&% ETsé’éBest PeEIfE BHBPYSi RATEISRIY |

ani noar abfor@esstaptifg) SrétuciBOsBAMIS, AtustndYedb AV AN 'ex?]éiﬁée‘?ec?f?l bERbAC! NG
nmyristate (hydroxylation of nyristate). is nodifie |p|d5\d|splays
reduced alATIqu \Cra@-negntig bacteria, forl aceing, trppesici awd/do\didpnowic papesehel i al

celI's andplhfe ReQ4L §F HMnidn 1g1n,h&g%90c eg%%}/}:oenﬁposition of bacterial blebs can

20 be manipulated by acting upon/altering the expression of bacterial genes encoding

products present in or associated with bacterial outer-membrane blebs (outer

membrane proteins or OMPs). The production of blebs using a method of genetic

modification to increase, decrease or render conditional the expression of one or more .

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

For clarity, the term “cxpreSsion 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

Sequences means, for the purposes of this invention, the insertion of a sequence with

1}



Process e) involves the upregul ation of these genes using a str “ﬁg%ﬂa?mw
descri bed above (strong pronoters being incorporated, preferablg

honol ogous 25 reconbi nation techniques to carry out the process).

Al t er nat W@0nQ93%6at her t han perform ng any such nutation, aPPoEPH/KK B
resistant strain could be used as a vaccine production strain (in
conjunction with one or nore of the other processes of the invention), as

bl ebs fromtsleah asproaions funstoaind prefbatdd onPSrt @¥ieChhar ig_zi‘]neiﬁc Irég%iaa&?e as
shown for genlr% ococcus, - . van der Ley, P, 30 Harnstra, Kr amer ,
L;

St eeghs) GOmPRSEd it HhéRpregston sapgefte. Mereﬁm@édpmrgém@a‘gmdve ni nth

f h
England). °f*§1""“9a RIS e To T 00 P ERG T A Wiorie hARA -

al ter nat i veegfamdinf givehenctassieiist. ok doRexhMkant 'li@ﬂbf tfige MR LRGPy QVi de a
met hod of det oxi fgl ng a Gam negatl ve bacterial strain conprising the step

of cul t5ur|¢févﬁfﬁe"e Ickealion VEFIoR, WitBuedenthintigemicaegibas, ahd gel@titigaddOmnaf
am noarablsrg%%@b %]Ere medium 5 As a further still alternative,
synt heti c peptl lat minic the bindi ng activity of polynyxiri B

descri bed beI ihe g o r r educe
(s e bl o o st oo, S eyl SHRESLIRN nel Sy

Ghezzi, P,Pregusedesst of gid @négen’ mfeand Poy moeahs 19 38ducBahe remredidh of6d - 365;
ezzi, P and Porro, M 1997.

Vel h
J.e lIé(rzlgolt OXA}{E QJS% lﬂ&fw fBlagb%get%Et ‘%the nﬂﬁ@ﬂﬁiﬁ%q]ﬁeﬁﬁ HuscFingkbleh ol ogous
pr ot ei s tchlDuhzﬁrcmbﬁn@ £l pRs Y% | Rlver GRHIHC T tc?ethfs %n%éc}{ﬁé’cf beb> A

further aspect of this invention covers the use eneti c sequences
encodi ng PJOFipIPk it B pleprasd 8% rwenal Byoresr tmememf ]scqmsnec MRS thaa t ar get

f h b, B | tid
composed QPEUBR] RS HED SRR oamsrs RSB o e Bg TR AEes o
act i nony ceéhtesor'giitegiBing! HdtesHbid fefdS Y afy MEAE! 1Y ehRunlch %el-éxﬁ}egm@h pgrt of

LPS present in the outer-menbrane. This bi'nding decreases the intrinsic
toxicity Gf anpgeq éﬁél’é?fé% ?Plaéb’ﬁlt‘}?ltba})Of thlepom-dmshﬁndnﬁxckmagrailheacsnmmg) ure of
20 am po aci ds have

Pot ymyxi n n anoni c encode

been Jével%ggdﬂé% 9%?%8 | i oé\n ‘fme%’last’tornoﬁdﬁé'ﬁy fRPeRAngr AR pept i des

have been pasidlat czlnngei oRiifityieBIbkiPRill BBE e@deed hBSEnRBRIthACH K BRWY: 3% SAEP- 2

(Nt erm nus-Lys- Thr-LyFsy%g IE%S Phe- Leu- Lys-Lys-Cys-Ctertninus) was shown to
at

i be very THRRFARS Bipen Bs bipeasulatipn of an antigeh pefem o exndesdmhmhatﬁsyl ng of

the Lipid 0 993 Rust i ci

Ver ucehi | iRl figdhd g WPAChOCRERN 3RS, ety RiHLEM 0% & cen
B. and M higher.oMoScprefecablP B9s at3€akt BEB) (2 fh® masirsent process f) of the
|nvent2| on provides an %lar?rovenem of this use. It has been found that the
use off’DNA seqdBRE®S Of &k Hyerinan fekute S aplividual pnetaeds( for erking, imnprovsd

t her eof ) , . f f or. .i nst
T cel I %ff‘%"%ﬁ“*é‘?%‘%?%%k%‘?‘%@ TP PrSE miBb, 5o AR BEbCPeptbien e o

toxin, or 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/gcnes 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

30 initiation 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).
45



30 cytosolic or periplasmc protein) is a nmeans for targeting tZeg J,AN 200k
correspondi ng reconbi nant protein to the outer-nenbrane of a pré&fertéd
bact eri afyd\gfozégrhi | st at the sane tine reducing the toxicpeyrphodhtss LPS).
~ ~ J~~~ 2~~1~ WD 011 09350 PCT/ EPO0O/ 07424 This systemis suitable for

| abi | e proteins which would not be directly exposed to the outside of the

bl eb. The bl eb del i hi cl i ch woul d
the protein o LR enucoes s By R ohrlE e nitroie o ohred by
T-cel |'s. Aprdferredhihatdk yngihdr@ingarspt ['pﬁm'f:tl'l%klz oS0tttk 2l ﬁ% ﬁgﬁ}gé)‘pﬁg@ iz' gnal

peptide or 5 transmenbrane domai n such that ‘the reco r may
cross t he 29dee¥ibae helpwhés pesformed 3éain Bomolaghes feosmbinaiiomenear. Py&e@Bly, This

targeting,strat 1 ght .be of particular interest in the case of genes
encodi ng ﬁk?cog‘gﬁnﬁ%eg]g?&csrbgwﬁe&? ﬁﬁ?qlfﬁ‘ilqey&t rerabiapeenis fageond of at lewstdl ane.
Thi s et hadelkegdes &) dhhGnd at i i bl ebs enriched in
the protein of 1o inﬁttg%?gést?\.mPr ef e?sgg%e’y?‘h‘ggéﬁ‘s“é‘agéé&n%%ég‘?‘{%k’ %rgﬁn%enéq gnal

al | ows t hecgion)i cflatrizast 36fnuolebtidesnembrener thinefosmed witBR) BE sEAN. Freferfdliot €i NS of

i nterest, .which are nat [ 1 not found in 1 that given subcel |l ul ar
| ocal i zat ftifn.reng‘ﬁo?fce‘EQiE@ Pé%le‘?‘i‘dé"ﬁ’ BYore) pseiemply tlﬁgﬁo@mcbetiipsemoas a

reci pi ent phgshbil 05005 Hedledidet) Ottt Q&oﬂibiﬁq%gx‘eﬁg'gﬂe”%rﬁg )%B&%)Lﬁgsbéla‘{lg%jc%%%& .

Nei sseria meningitides, Nelsseiria gonorr

Haenophi | sisnilan Xhatethepere tdpabPeafihymitisingas Wk @S ter Q‘i&iérﬂd%ﬂ@ drfigghomat i s,
and C%amt/driéda. neu 'ag though it is preferred ,that the gene for the
const ruct “¢ “é%&i(ﬁ% ®4 ﬂamr t he chronpbsone of the bacterium[using process
)], an alternakiigoiRs&Ieve ' tooS for SAEP- 2-t agged reconbi nant
proteins to be made | ndenpgnlgtgnt y, a‘ﬁg&a s#’%c Se’%ﬁl?;lfecgm%g’t"ggg%f%b"é‘% a bl eb

prepar at i orronsome fandt hentorgrdyodiamendouble tivgs-46@ Ofens YGMhCONSETHELS 1N a

met hod of protein purification, The system could be used as part of an
expr essi oﬁé}g POEURE g%c{ V??Fclfg&{‘, PFis I RSHITAsinele Fesombination eyemahalectdhe SAEP- 2

pepti de t gpuldmelecstd DA Lk I.ficati f rotein.to which
it is attached usi (rzlg a cgmﬁﬂ%ﬂziﬁﬁg&i !ﬁng%ﬁqﬁlsgcﬁof“lglgi'gcoﬂ%‘ftéogul es. 25
Proceds hyventGhesscoesouldve pelryslacohiineal dNAhmoleswle qbdeORigafe Pagt & i al

out er-ne ne .blebs fr encgpsul ated Gram negative bacteria often results
in the ng%gel IF&# iaé{?“‘g‘?rﬁ YIOnFYERSIE CEIRAYed énd (that the vector used is

linear, as the modified bacterium so produced will be more stable in terms of
reversion events. Preferably the two recombinogenic regions on the chromosome (and
on the vector) are .of similar (most preferably the same) length so as to promote double
20 cross-overs. The double cross-over functions such that the two recombinogenic
regions on the chromosome (separated by nucleotide sequence ‘X’) and the two
recombinogenic regions on the vector (separated by nucleotide sequence ‘Y?)
recombine to leave a chromosome unaltered except that X and Y have interchanged. T
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. Alternatively Y may be a strong promoter region for insertion

30 upstream of an open reading frame, and therefore X may be no nucleotides at all.
Suitable vectors will vary in composition depending what type of

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



sone cases, this "contam nant” material may prove useful since .

pol ysaccharide may 30 enhance the i mmune response conferred by btthdAb i
conponents.. In other cases however, the presence of contam nating

pol ysaccharydide3ssat eri al in bacterial bleb preparations nayPPTEPe0/07424
detrinmental to the use of the blebs in a vaccine. For instance, 26 2 ~
Jai ~ ~~~~t WD 01/ 09350 PCT/ EPO0/ 07424 it has been shown at least in the
case of Nrequenbimgioni eesmtt fsatIntdgeatier 0&tOldPuRdC P SHMidEr Rbiysapchay iyde does
not confer g(i_ote tive .immnity and is susceptible to indluce an advérse
aut o- i nmuifen¢HE SEPligAtYS eindicide mdastuidn thagteripphages sranypasbnd be lingasent i on

is the eng [ f ial strain.for eb production such that it
is free o?j Pgﬁ;ﬁrgg]g‘grgr()b%oﬁlés)%g%:ﬁ%%rc?iagiyﬁ? S %&%%F@W%@egmoﬂﬁl e for
use in hunensecombinatibn euémrik YelRERE &) ﬁgaxﬁX@f”%'l eb_preparation
is one tomN. neningitides sereogr ougrB devoli %@ceag%}%pgﬁn%lé ryssugéc? aride.
This ny BENescHANrEng bigsisenery tovaaiibiotics Iffoe bingtanmukinagiycht redtBfonyRigthi ch the

genes nec arv.for capsul ar biosynthesis and/ or export have been inpaired.
10 I nact i gé‘?’ﬁ‘&#h&“cf’ﬁ8958?1‘8“‘(2’8’8&%’1?50?0"5%{&&|r%§ﬂst§t9r=y% Beaiyanedls dpidiesynt hesi s

or export (&ah chepa ik I J tat | etion or
insertion) eit heIrJ the%\(l:‘ggr%??%réﬂ#%]g{dgﬁ%g(t E@loggga??rd]g&?ggg?%n&%r '8 ‘f‘f’{"ﬂr ef erably
usi ng t he/dvomel aydus reconbi nati on techni ques descri bed above). Moreover,

i nactivation of capsul ar biosynthesis genes may al so be achi eved by

anti sense over-expressi on or transposon mnutagenesis. A 15 preferred nethod
is thepdeletion of sonme or all of the Neisseria neningitides cps genes
required for polysaccharide biosynthesis and export. For this purpose, the
r epl aceneRrocpisashiagd pfyF—1Dowhdexputatioe®ehtovEr @$hvertabiel ah89on-patectid Cr obi ol .
4:1215-1 2; can be used to deliver a nutation deleting the cpsCAD (+ gall
gene cl us{—ng-‘)"r—.uﬂ?éﬁ the siaD gene coul d be deleted, or

down-r egul at edMafy exRERES hitibeht Nite TRRAROGARGE! b2l 0l 2R gENe gncodes

al pha-2, 3-sialyltransferase, an enzyne requi réd tof capsular goﬁ/saaccharl de
and LOS s§ershaushed areprotective atlycspsinsey liahisd see mf\ciosblgSietatddnitagds. Hnr Uct ur es

on the. sa ri.de portion of the LPS. of the bacteria. Process i) - Deliver
of ong5 or %%E‘?tedghd? ?hvéfm%lbf)?vé’? ‘gf‘ r%dguﬁ%‘?féma"ﬁ‘é?f §P1oB Ry BisTerablin %é@lgtﬂi@ Y
chr onos omef thergefiek) u@bamgfvaﬁametsﬁﬂ&q%&ggg%%ﬁ‘i‘ésfahs ng.rb?&exiizﬂ Faflost

chronosone. An efficient strategy to nodul'ate the conposition o 4 Bl eb

pr epar at | Biedpang blehe whicd; whar adminisiered ¢ pivescind, haveNdrargnpsendx0fiérai ni ng an
expressi o : e ] e genaone.of a Grant.negative bacterium A non
exhaust i vgeb%la%? &%)\{‘@pargg etr%ag-l ugéﬁ%sr fluq toafugher £e exfated byconseatedas a

reci pi ent pfoteinss (retairfedC a8 Stk t SutérNfleHbemeNe b SBE| Facd “iin{' !

Nei ssei rig gonorrhoeae, Moraxella cat aryﬁal IS, ngrrggﬁi us | n,g}% E"lﬂrtla'nzae,

Ps eudBhonZ¥3mRisL §f ntsh, vanblenpatigens riaghderafdrs Neishdriany dpili (RikDnohlcae. The

genes) COAARH ahi bIC BXRLES Ho2h, 632 SAIES FIY; RS ORI Spi s, ~ 2

| pilin, IgA1-protease; and for Moraxella - 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

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

30 infecting organism could easily become Opc'. A. influenzae HgpA and HgpB are other

examples of such proteins.
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PCT/ EPO0/ 07424 endogenous) (i.e. exist naturally in the genome of the

mani pul at ed bacterium) or heterologous (i.e. do not exist naturialll yaiinl{he
genone ofyd figyesdni pul at ed bacteriun). The reintroduced expPeIHroNIBRSSEL L €
may consi st 0Of° unnodified, "natural™ pronoter/gene/operon sequences or

engi neered expression cassettes in which the 5 pronoter region and/or the
codi ng region a tered. - ustiyve |i of, .preferred
pronot ers that 9%85@5% Ekgegge,?g?lﬂéxogrrgg]sg)@ﬁ&ﬁg%I?é{g%s%% ﬁgwﬁrﬂg%?tg? slgpor A,

por B, | bpBxpredspdd, qrltefminkBy ,swheHAB off OThil. hﬂefﬂen@idvhdx%ﬁ@ﬁed\'sur?ﬁﬁﬁér oheae,
the pronoters p2, p5, p4, onpF, pl, onpH p6, hin~7 fiomH influanzae, the
pr onot er s 26YASIIZE PXTRNCCHAHETS, the HFENUNGHYBIEM BRBBRST a5HERA that aw peesentrinhal | s,
the 10 pr .= I ti.C r of Escherichia coli or pronoters
recogni zeg&g%@g%ﬁg§§1I’&fey°%gifs%gaciee° ibg%ﬁage RNA pol ynmeri se such as the E. coli
bact er ophage TRe shail @ag%baHghhted i SHis Wayyeh aumBe: &%ﬁ%&g‘ié@%clﬁ@_&i{%d be
expressed in such a systemincludes Neisséri'a NspA, Omp85,” PilQ pAB
conpl ex, HahsposardimserHar R dGhipa tyad tedingegiotH\Promderareglonao fAMP e, oHasR,
PilQ OWS85, PldA Bordetella 15 pertussi.s F N, PT. In a,preferred
erbodi menbOBl TRoPR GG AT SR e RREF BSirUR Eadbe FoBoIaE0ls FPBEEH R

| nt egr at echaynidoht® RELEH Rk 2CEHNETRMD AR hYm ARANS(viferd '@ éregwéorﬂﬁxﬂisfew site
speci fic reconbi nation. Integrative vectors used to deliver such genes

andl or opean(eismablball)od tti dodmgakeyence pf theagene of mrterestii. &irkey aalditsmially

bact erj ophages,. transposons or 20 |inear DNA fragnents ohtai ned¢ by

restr ilht i gﬁgf‘ﬁ?&f’ 8[’%%“8?%@?051%? itJ?’i L ¥ERi (07 ‘i‘ﬁ%g’é‘?r‘é{?%ﬁf{" eEe ?)"rcgqoé‘fj%lbl y
targeted k@uefdeORDRNPsed St QRSfFILPPRITS BPkR SR AEiBr i07 (e BEQ afg NON
exhaystive list of preferred loci that’ can be used to target “DNA

i nt egr at i dAclpotideuskayencheY momariseso riher op aveakbgrcpromoper regioRGreshBing, incps, | gt B
genes of issekria nmeningitide nd i\.sseria gonorrhoeae, the Pl, P5,

i 12) 1 SRR PR SR B GO C TP N Te(H, PoRAPrOmogs APt 06,
UspAl, USEAZcBRRER mtfefibledseihk FedoihdtiAl evielt 10 WkBF WARILUES Yogidd6r BXPr essi on
cassette used to nodul ate the expression of bleb conponents) can be

del i véf ed chigmesempd8eQ&bn wpsiredm ofithegsnb pf imternst. of epi somal vectors such as

circular/linear,replicatiy,ve plasmds, .cosn ds hasm ds, .|l ysogeni c

bact eri ophages A(%t:em%e'talcg‘fg‘é’r?é?ayg?ot“? T ac‘fdé’id“t%gl)%ﬁ?(?ﬁ@g‘?“%sé?t@’é% Betsfgl&f‘gt”he 30

r ecombi naticonditued) exFraskidneof IR Lie@ opdroBR 05 irdérest @hed-ARLRLEE) ThisGs mar ker
such as genes conferring resistance to antibiotics (for instance kananycin,
eryt hr omy &6§{! Enthe expssrron elomolespleg dhat #Fy t9%ig to genetswelbsirported dyrtbsi st ance
to heavy @g&@,léﬁ nafd/ or 29 1 ~ ~~t~~ 2U~~f WD 011 09350 PCTI EPOQ/ 07424

t oxi ¢ conpounds or genes conpl enenti ng auxotrophic nutations (for instance
pur, l2eu, net, Muosopf thelabevecdxeqplifiedproesine areXine£a5 OMPsQhd tighievgabpipt ei ns in

out er-nmenbrane bl ebs 5 Quter-nenbrane bacterial blebs represent a very

attracti vEayRe WD oMY 301GBR O fevh Phibsirsyafage FRRAsEd fasps Mviaibertaspecdobi ns f or

vacci ne, r: ' 0, [ [ Ses riher aspect. of. this

i nventi ontﬂihg lﬁﬁﬁﬁgggg%g{gf@ %g@%)@(grﬁésagllegﬁs %fr ?g{ﬁltrlg%ﬁnsaﬁ%&ﬁ rfafatd?eﬁeg of

foreign, ketfaecxagedsopssoviiineado té e eipressiomesnanegATMPh@ntsan®f the -

bacteria to produce reconbi nant blebs. to A preferred method of achieving

this is vi°a“§“ﬁgo*eéf§%° BERF [8PRYy SEHacsesehoors Af Fodiftuentged handPdl ogous

gene, -gpti . St.ran ence, into t.he

chr om)zgoneapé;? Hﬁ%@?ﬂ%@%ﬁf?(l? %Pfgl r gitﬁﬂb%‘ﬁ%ﬁ‘%ﬁo%ﬁé&%@cg’ icﬁéls??r%anc.gw%l ebs may

be nmade f rongdnkedyr esng suchgy metiofli agaiai haindloghuf eetombhiaush iiyQ preftre®f

bacteria that ¢ be used as a recipient host for 15 production of

r econbi naﬁ‘f‘eaﬂb‘?de%g’effgﬁrf"ﬁ‘& S RREIZEBPE BIGFER ngi t i des, Nei sseiria gonorrhoeae

Moraxel | a catarrhalis, Haenophilus influenzae, Pseudonbnas aerugi nosa,

Chl anmydi a trachomati s, Chl anydi a pneunoni ae. The gene expressed in such a

syst em carProesob) v Prahoteriialivey iaad motiulagah:, parasitic or higher eukaryotic

origi ?g A preferred application of the invention includes a process for the
[

expresdi on 20 oF MNHERSPESHT hadBKBINRR rejates (IMeAiipag troremnesitonad Plske nbr ane
proteins (4 | t.api | t Rl iLn Nejsseria

meni ngi ti dagg%t lfr%gégrlr%ig%glrtl% %%%@Bn%g&np#dﬁpg %ei%% reegszjsrl%rffJ ﬁel}c(gsgiang/roé stated
above, andpgenés dffiaterear Thizr feenidhliiay Mchadurethl areothaSSictMat: o @yi de
protection agai nst the bacterium fromwhich they were isolated. Preferred
protective genes for each bacterium ar described bel ow. 25 Further
preferred applications are: blebs produced froma nodified Haenophil us

i nJl uenzae strain where the heterol ogous gene is a protective OW from
Moraxel la catarrhalis; and bl ebs produced froma nodified Mraxella
catarrhalis strain where the heterol ogous gene is a protective OW from
Haenophi l us i nfluenzae (preferred loci for gene insertion. are given above,

Y . o = o o o




A particularly preferred application of this aspect is in the flzii)gl ?Aeﬁ)fznﬁlge
prophyl axis or treatnent of sexually-transmtted di seaseses (SFDS)J™ftY%
often ~ ~ .~A~l ~DClIrf WO 01109350 PCTI ~P00/ 07424 difficult for

practiti S¥2pK0%B80 det er mi ne whet her the principal cause of FCIMPPGTRde to
gonococcus or Chlanydia trachomatis infection. These two organisns are the
mai n causes of salpingitis - a disease which can lead to sterility in the
host. It woubgeroherpesmster kenuskihy! thef expr@inCothdedie Jameiraat %ﬂha%?é nst or
treated with a conbined 5 vaccine effective agai nst disease caused by both
organi sms. THENAR disting teansaEntnnahectivitt dhis divovPyrastrtiontr aciviyaidys has

b hown t tect | i bodi es, Howey th
otrucrural i pagred . Veflains tnoblid ity AaloR Grden meeraesbratafie 1 or
i nduci ng sucbgenotit basires refidnadeht hfirallNSERLLEPES A&GERMN I IRYodNese

[
anti bodi es are variabl e and defi he nore”t han lggser ovars. ﬁjee previously 1o
descri Fed rispeters of by sombinetion @f twith.oSmcht hieerpiong ewillf preftradldy ebnfeng or nore
menbr ane proteins V\{ith.i n a bl eb out eL menbr ane preparation. The engi neering
of a gonocGEEHIPHOP? a?cﬁ"'&pﬁ“é’gg?rng‘a% ¢ iepfiegenouy pre: iBWeAUGUMOND assTangar s i n
t he outer f, g Phipgusd | : i oduces a
singl e solﬁlftsﬁgﬁgesﬁlﬁg%n%lﬁ pl e E%)'B eﬁgl%lfbgg?er é%{s?g?%ﬁr@dgﬁp ne
proteins, (uhgepiesehtiach armehod if pirdcwatly MEIH Heehuating Hie prodidtidhast
agai nst a wi de spectrum of serovars, and the sinultaneous _
pr ophy! axi ‘Eﬂ‘f“é’a‘?%ﬁ%r?# ’oF"@ang@gc%%PP%?P@cwCB rPS( iter-meRBaBR OFAERS tahd
non- r el remBReial Grahbl) ARk Ao ORRS Abundeplda, Wi chely SBNISR | S
causing particular clinical synptons - both organi sns can & vacé? hat ed
agai nst siqentengmtons3] y thus allowing the treatnent of the STD at a very

early stage). R ef.eEred | oci_ for gene insertion in the 20 gonoccocal
chr onosone are W SEPBPTOBOHET i &1y b thiegmpted i Meisseria, are parh YRR s genes

that coul dDeO: DappBar RS IS NO M PRE AN, hose 408 dliacheseth 0 VO |

99| 28475. Targeting of heterol ogous pfoteins to ou -nenbrane s: 25
The expr es®t oreferedsaneoniitutive | tpog promotees. fishasnbdeacs@blishkd PELhspledy require

the additi f. Quter-menprane. targeting. signal (s). The preferred nethod to

sol vedl'tg hi stB%r gﬁl %ﬁf§ sprBVgE‘f eHtVHY @E’Wg’tan: y8i FASBE WEBTFSRPDdEg 9] ogous

gene and angrBAd&Od RO-F50ruRIERS HeRt iMxo@%o@oé?ﬁﬁj}rfi%n%?&x%%hittig target
e hetero

reconbi nant proteins to blebs. Mst preferably, ogous gene i s
fused to tMelcErgraluspdhn papl, smplaneepE30myB Is uripBRn oflyA, OMPCD and J, ~~~

~~fl ~ WO isserial .,bl eb preparations, PCTI EPOO 07424 One_or nore
of the foﬁ#@%%:ss rﬁgﬁgés’ (a%%bnoﬁi ’ﬂ?“‘fﬁ&‘f@&siw@%’a’ﬁ? fogRisERtedhe PoHrisk Er BY for
upr egul at i and Péiprombreaesses b) and/or i) when carried out on a Neisserial

strain, including gonococcus, and neni ngococcus (particularly N
meni ngf®t i di s B)YSing fasprciened denbio amoms-oveisifoniqlkgous WooeBiRtion S2hnolbgyp

o s B e TR R SO
Fr pA/ Fr pC dny@hei2/ £3dr 610)970L bp Abbthpl 6PEl EROBIRASIHA of A Bed VO §§I 2547),

HasR ( PCT/ EP99/05989), i po02 (PCT/EP99/08315), Thbp2 (WO 991 57280), MtA -.
(WO 99/ 5728@)1?t°%né1@9‘|*8& conventionally it is thought the promoter region should be

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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10 (PCT/ EPOO/ 001 35). They are al so preferred as genes whi ch may, t&e AL 2004
het erol agously introduced into other G am negative bacteri a. Oné“ r'“‘rh){‘{w of
the foll Qy fismespnes are preferred for downregul ation via ppegassoszs Por A,
PorB, PilC, TbpA, TbpB, LbpA, LbpB, Opa, and Opc. One or nore of the

foll ow ng genes are preferred far downregul ation via 15 process d): htrB,
nsbB and | pxK. One or nore of the follow ng genes are preferred for

upregul ation via process e): pmrA pmrB, pntE, and pmrF. Preferred

repressi v@raxesitd) ol Blsbdo@pemdntd SlodEciCRngditiohal®f € the fur operator region
(particul W%Wm&%%mmm%r LbpB genes); and the Dt xR
20 operat or redheexprexseoneef seoreegaries coding 6drl cewhingblete pespanestsps efrefulled f or
downr egul ati on Vi rocess h): gal E, siaA siaB, siaC_siaD, ctrA, ctrB,
ctrC, and r%g(ufaffd' @Egﬁoﬁﬁﬁ%oéwmﬁy%Fse‘f?’ﬁS‘i‘é’ﬁé]rlémoé‘H@WéEﬁné)ﬁiéP@ﬁis nore of
t he fokl owhéro vag i I ng:| S re. f. d for

upr egul at;ﬂ%n Vi a&%fg((:e?sbggg %@%gi’gﬁ’%@‘%ﬁ‘@% %J%lf'—c% 8%?{1? ‘%E‘%’ ai];ofa al so

pr ef er r ed examplenzen-itiivtionamddelatien esfothegredek ypatertiaR dpié emdi Ripether

Gram negat i ve. bacteria. 30 Miraxella catarrhalis bleb preparations One or

more of t KEAHGRE oWHEONR Flangssn Somen g amrisscef iled eompagenis) kneia tor b er r ed

f i - i) 106 (WO 97] 41731 & WO ~
R e e By R L R e T
P99/ 03824 NeisRiitiQ2h@CT¢raPE8] (F38 23)ancONBEB, (BEB), ERA0L0A8S ndutibRraRE:r( GB

991 7977.2), lipo 10.(GB.9918208.1 ), lipo 11 (GB 9918302.2), lipol8 {GB
9918038. 2 ,°“15§BPP?9F7 PISEOREEY | INKFRIOR, COSEBtHeHEsaroAdhe IgEnetst mathods 993)

Infect. | eBhred03: s I : LA |
(P EPoor e PeeR S (Bt bl S0 eT s R BRaY s lh S sute) . Topa
and TbpB (nABCOIRS. B 7BE veaWieQTAIRROROYL, enCirphnensaipsiinar nforSERARpNED3t 03761) ,

and Om2l : Thgyfare al so preferred as genes which may be heterol ogously
i nt r oduced Y O HIFST @ HHWEFIMOY BY P/EePiaging Be sgpr & coresperdifgol | owi ng
genes ar e cgHuRf Q6di6t s§ Mar JOVNGRY! AhiRkive : B, QWP 106,
OmB i, TbpA, Tng)B, Spra,&, angﬁ%ﬁ{%ﬁéﬁ%ﬂra%ﬁ(f@?&ﬁ%&;% g%g\nmﬁgpa&enes are
pr ef enf ed [Areferablynal e gultizet repressive Eunobssquihce bt €, tEsbRracd rdgivtll. oOne or
nore of the follown enes are preferred for upregulation via process e):

pnt A, pnr BECT5RE & CORHGRRTSEOnE BromeiAh SAT T0R e aterernanths | igPRsFEp a3t | ons

be removed. Altemnatively, process i) may be used to deliver an additional copy of the

gene/operon of interest in the chromosome which is placed artificially under the
contro] of a constitutive promoter.

20

Processes d), and e) - Detoxification of LPS

The toxicity of bleb vaccines presents one of the largest problems in the use of

blebs in vaccines. A further aspect of the invention relates to methods of genetically T

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

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 (h'trB) 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 mynstoylated (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.

8



One or nore of the follow ng genes (encodi ng protective anti %ng) Aagg
preferred for upregulation via processes b) and/or i): D15 ( Bf%

P6 (EP 281673), TbpA, TbpB, P2, P5 (WD 94/26304), OwW26 (WD 97/01638),

HWAL, 20 WioW&/09349M\B, HMM, Hi a, Hsf, Hap, H n47, and H f (abcT/geova@s4dan this
operon shoul d be upregulated in order to upregulate pilin). They are al so
preferred as genes which may be heterol ogously introduced into other

G am negat i ve bpetsE ida thiegvdle erred
for downregul ation er process S;E;?ﬂher@je &ﬁgﬁoﬁﬁkb%ﬁ%r&?{%@z;@g%f% , HgpB,
HVAL,  HMWJRorerRfuthe Bbpwe opén agedinEhfy@neOoe pmmsterse Aflertiaticel§,Ofhk GrbgegieNes ar e
preferred f(&F g “\R; 5“ ation via ocess ;. htrB, nmsbB and [ pxK. One or
more of t hK®YHPT B aﬁg d"@ﬂ’e‘ge%{?‘eépﬁg%‘?t@?r gfff‘fré?lYl}b‘? é@fﬂplég@lérfc%qf@blmtwess e):
pnT A, pnT Bec 1LFesd Qb@ﬂ%ve%ﬂ:use er rzg'éxfgr%:ﬁg r\é@g ine Fornulations 2 ~

J~1~" ~ 2~~~f [/ EPOO/ 07424 A p enbodr of the invention is the
f ormul &t i on of Tttceselqhexhreproémhﬁ atrBomal RisbB f’g&nbﬁﬁeﬂi Neseria rﬁeﬁlﬁgliﬁ&zﬁ% whi ch
may al so ¢ 2 maceutical |y acceptabl e excipi ent

manuf act ur eHaarh 2Bt ieaopisanfuerae pe addioantbnpiovided forobiist i ed
strains eachi eved by any of the nethods well known to a skilled

person. Pr eferabl y the nethods disclosed in EP 301992, US 5,597,572, EP

11243 or US 4, 275 hait atieitysedd aldo e adestiar yah{ruductﬁgemﬂﬁﬁmqn ex&@ilbé?ed in
Exanple 8 .is used Vacci ne preparation is generally described in Vaccine

Desi gn (" TR¥® ¥Efjo'ﬁrﬂ°ﬂ>’fiilz?ﬂa%reakﬂ}ameaﬁvdhrﬂ@rsméhhas(@s cowsleted withEddigiohewnan

MJ.) b 1999miR &AL The b preparatio of t

pr esent% i nventlﬁé)n A fbéensgl '}P:% ?Jht%?& of ]t“Hg @alcrgllaﬁ‘fegcf’gﬁ?lﬁﬁ‘l %ﬂ”?cg Bf”ghe

i nventi on. thsumcaaxrsea aﬂj)B-\gambse deldesienad, ak lmelgsdmﬁﬁldmxéﬂé%m epi@deum num
hydr oxi de alum or al um ni um phosphate, but may al so I:)L5 salt of

cal ci um (ﬁg IFTRLAS| SRDFY CORIRINUA Eb?Pb(ﬂﬂéﬂré‘yathﬂrﬁelﬁe ovhieh n@ulddle myIVb@ imn
| ubl | t t |1
| nsol ubl @ $5AERSEOR SuEY Al Slalal OBl R. O Aol AL el stigars, call oni cal |y

or anionically deriv pol ysacchari

Thl adj uvmtotkystdehsoltmsphm;/mbﬂosyB&ﬁzslfﬁﬁdeL(dﬁm Mangﬁgg RO WrubdepTd A,
parti c r at ed nonophosphoryl lip A, and a conbi nafion of
20 m)r} o‘é‘%hgr &PO 8’3?%5"%‘ Mor Milist St }8933-6@1@4&@9@% 84 MdhdpdAsphoryl i pid
A G ML) o P PR P a8 R, SRR BupifeThe B ¥ 1
par ti cul ardogpphent cegubitogyt systerroff. i. PhoP constitutive phenotype, PhoP?), or low Mg~
environmental or culture conditions (that activate the PhoP-PhoQ tregulatory system)
lead to the addition of aminoarabinose on the 4’-phosphate and 2-hydroxymyristate
20 replacing myristate (hydroxylation of myristate). This modified lipid A displays
reduced ability to stimulate E-selectin expression by human endothelial cells and
j TNF-a secretion from human monocytes.
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,

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

Proceedings of the ninth international pathogenic Neisseria conference. The Guildhall,

Winchester, England).
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S21 and 3D-MPL as disclosed in WO 94/00153, or a |ess reactogenpc 2004
conmposi tion where the Q@821 is quenched with chol esterol as disdl 8s 4}
W96/ 337‘§§ 01/003%8 particularly pot ent adj uvant fornul ation pm()oymgz4Q521
3D- MPL an gocopherol inan oil in water enulsion is described in

W95/ 17210 and is a preferred fornulation. The VaCCI ne may corrprl se a
saponin, nore pref o ter
enul si on and to%:gp QJ Xlt%net Latnfiar@}%aj(%%e& a| nf’ H%l%g é%e HUM‘S&l des (WO

96102555) pravide al rﬁah@d ef éstexitying ai Grdticsypatief batteHal stf@S pasSsid the3gepar €
sui tabl e for use in the present invention. The vaccine paration of the
present i HhaHEIBS WB@“LPS%‘@W@“}?@M@Q“%W“@%H@ éo%wfpamn@%m@apm ble to

i nfecti on%gélﬁ)? %%Of adm ni stering said vaccine via 33 Ja~d "t0O~t~ WO
011 09350 f 7424 system c or nucosal route. These adm ni strations

may include i nhegfirtHer ViR akdrRati vl ERTHER WeBtides! tRALRRAE EHeQﬂﬁﬁhg abffirader nal
or subcut aneous routes; or via mucosal adm nistration to th
oral / al i nefrpdymyxindy bdqsmhndybclfgehmlambp|addﬂdytottba@tl® prﬂmstmmm @dpreot of the

pr esent |nvent is a human host. agaj, nst. 5

di sease créﬂ‘é‘i? th?ﬁaéeg%%ﬂgﬁlch‘dg é’g&? Pagglﬂﬁl ?ir%f” M?\?:‘j@ﬁ%ﬁ shod
conpri sesqagdRiiss REdnNE @ Hob® m@baaﬂxénmma%@lz%stwlﬁcé%?%@ Rhisddne bl eb
preparati on of 'the present nvention. The anount of antigen in each vaccine
dose i s s8] Metzd, @GsVdh, Broherz:, Rrand PomadMc 8970, iEndarnopRat 0t i ve response
WIthOUt significant, adverse side effects in 1 o typical vaccinees. Such
amount® wi | | vary dependi ng upon whi ch specific i nmunogen is enployed and
how it ispRE&seNt ReehoHaBabATldkoul br heterBlREE! Setdiab ofREhed®smeWMidds COM ri se
1-100 of protern anti en, referanty 5-50 and nost typrcarty Tmthe P N~g P
gPY I~qwhﬂ$p¢dmingrthmmsu5w-of2_&’§g An optinmal anmount for a particular

vacci ne can be certained 5}/5 ndard 15 studl s invol ving observation of

appropriate i hel’ég%e(%%fet |1HVC§W8P§8Y°§S the 55 TG SIS HIOGREci nat i on,
subj ects ﬂst 6 :{:@5) %Oar‘ia@&g%@'the?&‘?ﬁisei reARUR Bkt ARHAIBRAUALS! Y

spaced. | e cell vaccines 20 The inventors envi sage that
t he ab’bvethﬁn@nmmhtaset BOIHh‘é’BuprBemlaaQMCbnsaeahdb vewposedsofcaen BBNeasi | y

extended to st .or d who arations and vaccin W th

i denti cal %88%42?%%03)“1%#%%874 %é Br?sﬁ Y2 EFRAOTYETA] ﬁ"sgaB’fsmtsﬁéh nvention
from whi chinihoerly! selonflyEpARALIRNARA Pire of BHS c??é@ntaxlns@c BeteHaRFhbEHeMER ghost
and kil l ed whol e cel preparations. Methods of making ghost preparations

(enpty cebindingsdegreases ribfac@tféﬁvfelt%@l@) of r RS (eadesigaretiratyst Pephdesare wel |

corts o haptin.ef el RERRNRAR AF Bhosseh or e lRaT (B s B "Gl oo

wel | kmovmmn'ﬁl”&mds&rans bedd ddvepppedandiblsobiid 1pid A RitR MAEE bffEsty. THestel | as
t he processes descri bed throueghout this document are therefor A}agpl i cabl e
to the tePsRtideyprysibesn visd for e lvingil P Y IRnstof Waese pensides kneav 361 JABR230 whol e

cell PrePAalhls 90%nr KL L5 1 JOPhE 1SR s YIEC R ernlifRPOGA! YR GOT the

pur poses 1S i
be very promising in that respect (Molecular Mapping and detoxifying of the Lipid A ol

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 codingv 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).
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~~_.1A-J 2~(~~t WO 01 /09350 PCTlI Ep00107424 Conbi nati ons of ihmﬁb@m
i) It may be appreciated that one or nore of the above processes“nmay

used to produce a nodified strain fromwhich to nmake inproved bl eb

pr epar at iVo@81/635¢ he i nventi on. Preferably one such process RGE/ERWE7424or e
preferably two or nore (2, 3, 4, 55, 6, 7, 8 or 9) of the processes are
used in order to manufacture the bleb vaccine. As each additional nmethod is
used in the narlliswsiereischitaiie fdllahlemroimeyhiel elould vt O aireatly Mpoks | n
conjunction with the .ot her t hods used in order to nake an optim sed

engi neer eo‘f)ﬁ"%BmﬁFl%ﬁgr’%et Plﬁh-ﬁ??? B]teéf‘ié‘?q@dh%%fﬁr%%@é@c%ﬁlivsvamhi%%rWéliqhy N. ]
0y and o CHPLGE ARERA i 10 Tahilnf QIREL AR MY poBE BERIRERS " )

d) and/or e), and h) ons are sa

simlar tol-hast Adtermadvelyese, geetic tfosbs shaild Aid Wehpheda Sighl bhtdet die host
i mmune response W ll be focused on high | evels of protective (and
pr ef er dbl YTREREBPRBE )domMAIR ek  thay the Fecomtiumant eprotesm tmeaywordss ttbeesuter i n

order to i {,J0 | eb.vaccine. 15 Simlarly for M catarrhalis
and non-t3%(S:e}}a{lf%r%ge ﬁ?e}?xﬁ%}l@etﬁ?geeh?osg? PEMPR B ™Rb preparations conprise the

use of processemifjargdiing ARegd) mhd/ver ofepartibulhiiidtdted: @SBE CasObr P&
invention is thus an i nmuno-protective and non-toxi c G am negative bl eb,

ghost, or %ecedieg| Rapisine et |ary ot i neemelly t argetedf ¢ thaeditatmérubase. Thy

paedi atric bt ] nt use in infants.les an 4 years old.. 2qQ By

i munopr ot%%ﬁ‘?%oééqy{aq?os”aq%évgr{ ¢ fspiapion of F?Q&b%%%gﬁwhg‘?& %‘EIW‘S’@,O 60, 70,
80, 900andniAQ1, )Prértrabif %ﬂ&lﬁasﬁb@@@&\fg{t{ng_(ﬁ A oA GhERRBcHMe? 3 Ldekd; C1 dal
activity [the dilution of antisera at which 50% of bacteria die - see for

exanpl e PCTHEP9ET Psbsin]ope agssvas peotgins obintdnest.evhit goustisalasaifourd ibe

sel ected f .1 he i | onal.. grqups known. For ni ngococcus, B t hese

st ai ns sho%%{?lﬁéévsgggéng’lﬂafrﬁ %craélﬁ?nogo?\‘Ag?W a\fq‘?qﬁ'rﬁ lfsﬁ(g?;%m‘fﬁ%ﬁ’atp?ﬂ’j‘csmc‘ﬁegn
strain, ard s heipieht Hoef edraddll abfroductibn 4f Rcombiiaht Ble8! ehheY . Ndlskrip Of
strains H44176, MB7/252078, BZ 10, NGP 165 and CU385. ' For non-typeable H

i nfl uen Zaé?eqirr-@'ticgf, Neisseirigrgonperhpeast Merdyea besarrhalyy, Hoemophitpsst/lpmetasr abl vy,

22[ ar5r1(k31];1l fjgsreg‘% eongﬁéléﬁisn%‘g‘%%g ; ﬁ’ﬁ%&g@%@éﬁ@@ﬁgﬁﬁ %9%;?7&'7%2‘%& g/lr ef erably,

all 5 of strai nsthebglivis pieferrddithaBii, gedd GodBe ARFsRB2 R endeered ifitodthe~ 2~~~~

Vo 01/ 0935c%:omosome of the bacterium [using process i)}, 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 bleb 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,
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PCT/ EPO0/ 07424 By non-toxic it is meant that there is a signif} ganpi (04
fold, preferably 10 fold) decrease of endotoxin activity as neasured by the
wel | - kno%h@]%%nd pyrogenicity assays. 5 Vaccine Conbi nat pbphgphohMsd her
aspect o Thvention are vacci ne conbi nations conprising the bleb
preparations of the invention with other antigens which are advantageously
used again certajin di sease states. has been found that bl ebs are
parti cul arﬁ&ass%fepﬁh?%n f g‘?‘?sf%é? Kl %}\ftmﬁ"f”wnﬁ’ttzﬁé"rm%fﬁ?? EREOUR S fapenjar _
advant ageopsiysacéiariBe @BeAtLAARr fRbleeile RAMLAE Lt ﬁ%&gﬂgé BN @HeSnM xed
with. I'n one preferred conbination, the menirigoccocus eb preparations
of the i nvadversonpuigrimnuncrrasponeaindiurharns, Canseduently, ppocesk dr) aifitye alventbnof t he
foll owi ng nenpi ngococcal fctggfqul ar. pol ys?.ccg‘ari des which may be plain or

conj ugat ed'St'8¢ ATYPTTEBPIEF Degterialpstran Iy Bieo wrodsgEen suafaler Heisrftrp de
advant ageotskitat!pefisfendiddl 992! bitts BRN' (UL COC SHBLYAGS! O FAligh, [ Ran use
t he nmeni ngoccocu bl eb preparations o he invention, it € So

envi saged pdraculdrhyeprefermetleairhple of sudida alebgirapiritionl iy of®Rbai N, Wehiflglhge

meni ngococcus B bleb preparations from2 or nore (preferably several)
strains belesgPHyS fevaeoerapsulaypriysseshasdst ypes (for instance chosen from P
1.15, P 1.7,16, , A : - referred odi ment ,

t he neni ngoccocBﬂé)S élaglbg%@%r? e%d;?}g%?%%gﬂgpﬁ é‘Iadnl;elgllg h;\;}gi%‘f‘t?%lns or ?h\ath& gle

af or enent i gamesl mecassafy Zorokapentae wiokyhthespe @B NGPOACEME Bebh Snpaired.
preparations], preferably fornulated with 1, 2, or all 4 of the plain or

3
conj ugtt edPAEHIBHER ebibe gFncendina 1o capsilas aelyrascharids bipsyathesis oF exgortgan
formul ate i i ; i - C ol.ysacchari de, and
one or rm?%é/\%‘}}g?‘%d gé}n%&%%gg%g&g{ e“gj t%tlrr:(g{j ln%%g%itég a?a}p"c?’g%@é‘f)g?&%éf‘@% 58%‘5‘); i des.

Opt i onal | yregiohg theamdingeregivp @l Isath (proferaisie Susbigethe rhofididyobk At &Imbimdioh 9ENS
that can protect égftlf{l)'%t agai nst Streptococcus pneunoni ae infection. Such a
vacci ne nelfCHRausEy & 3heve)- Mozepvan inackivatien ofhesnshlgr biosyness senes The

preurococcal, e AelpisRcalasi e Ao, B LAl Alyplect o, 50

17F, 18C, frefyred @fethodOs th22EletiaB Bl soe B34 §fmhs NeBs&fLhaihyintiisups geieot ypes 1,
3, 4, S, 6B, 7F, .9V, 14, lﬁc .19F and 23F). 3~ 2 ~ JA-~ 20Q~-~ WD 01/ 09350
PCT1EP00/ 049 dEPEPYY asthanile RinSCUREss 2shxpart nkor shis pywRse, dhereplisgraent

PNeunpcocCRbsrit IV 123 (WikiGhe BN rENQSE dod) M VAV A6 $451 8691 8 cah BE
pneunococcus (capabl e of being

used to deliver a mutation deleting the cpsCAD (+ galE) gene cluster. Alternatively

the siaD gene could be deleted, or down-regulated in expression (the meningococcal

20 siaD gene encodes alpha-2,3-sialyltransferase, an enzyme required for capsular

polysaccharide and LOS synthesis). 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 2 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 2 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

i



recogni sed by a host's imune systemduring at |east part of the Iy{j? e{!cl e -
of the pneunobcoccus), or are proteins which are secreted or relieas 8@ t he

pneunococcus. 5 Most preferably, the protein is a toxin, adhesin,

2- conponwat 01209830al t randucer, or |ipoprotein of StreptococBGEERNEHINI ae,

or fragments thereof. Particularly preferred proteins include, but are not

limted tq | ysi 0, bl y.det oxi fied by chemical treatgent
it at § on) PAFHED) 5; PP RUEIAN kY wE e omes S 1sdipSaaag bartsrem o401 0
" Conpar i sQRtepflogRRUNE! dsshdt ﬁ@a‘ﬂ%&mgl'l? IR Sdndsh eVt 1%5&2%%%%@@@889 Jan

pneunoni ae_types | and 2.", Mtch et al. BiochimBI

23; 1007( fipe gyngroduded presprssnen ofassdte praunwingsi nofgemenadifiels chanirgthi a col i :
rapid purificati,on and biol ogical properties.", W 96/0S859 (A. anam d) ,
V0 907 0BT BEY BT RseR) SeRRGS) o un s s ies B ESASTE  PaNBis it ane

del eti @n \iéhalt fgldhedn@ir thd/Sd A ¢ 1% . ARSRC ;
transrrenb\rbg(?]e del gti on vz;ri ant sﬁgg%t heOrrt-‘PgH a\?(%bggrf %gé%dAAE%%@g%ng? al);
PsaA and tlisan§pefdrredrotietars itton coalditenised tihree:goéssioBardlyded tRap@motdraf ect

i mmun 1996 C; 64(]12): 5255- "Sequence heterogenejty of PsaA a

37-ki | odalf Pﬁﬂ‘?&%?éegﬁghfé&%mlsés@éﬁﬁif&?m fomegingiidimsdY. gpn®rekssedboccus
pneundni agdmol RIS 064 &l g;i i pgi epn r menbr ane

del etion \%érnil%nt ?&P%ergf)f ;mﬁglb’ Al\ gﬁlghlf Pg’n@ﬁ%ﬁgggnnjg lzlgﬁge}&fz%n&c IENts 20

t her eof {\W@pdY/ dhp6l ; oD/ 69pmpE y oaip@i2( edtyske - F- phoapbakis, the
dehydr.ogenase gl fect. | mun (9]{,996 64; 3544); HSP70 (WD 961 40928); PcpA

( SancH8z - BEIPYCRAPLy /ac. pefys /P Of §i5¢/srichigraoli 1y Psomatews reqpenizad spemificpibe
protein, $B palslbhARPRANGAL ; in 18627 SB Patent
appl i cati 02 No. EE %34568%%%&5@? g?érz%gg Cﬁ?}fg%ﬁgggﬁaéf %ﬁo’%é{oﬁ anti gens
are those cghastivsbst ofiprofer28 geBds1Be3buldbe timradsad liny sidhaseyseal aehrds i n WO

98/ 18930 d PCT/.US99/ 30390. _I furth f d embodi t, th
Mor axel | a%c%é‘f%(f‘f H%pIAS F’é’gg’pll) é@a?ﬁi A sg‘{ﬁlﬁ’gge%{n\%ﬁgi éfﬁ!%?n%%@v)fﬁﬂeat ed

W Lh one GIONKF, RPN Mbrakofi UINPToPNANTDCPTOIOMPES Uk, Polysggphar, des,

and one or nore antigens that can protect a t agan non-typeabl e H.
i nf | uehzagermssdtidonPRIpPTonal |y, the vaccine may al so conprise one 30 or

nore protein antige t hat. can prqtect a host agai nst Streptococcus
pneunoni ae i nf Z%?$6%.€”ﬁd;3n9%c@wﬁte°%ﬁ%?m¥?’§@n ‘TP%H%?F‘PS} ceBRHT S S8l or nore
anti gens thatinegRtdd Bf Al b 0s lchAMA Sk }ﬁeéﬂéjg‘f’ﬁno%f‘o&%fmog%gr g 1 gens

that can protect a host against 3~ 2 Ed ~~
PCT/ EPOO/ OFeFMac teqpnbmation.ntegmtiveivetton wsed ti dedivemsuchgemd\aadioagpausd y used

e et ook SR, i SRR Fratfan o7
o dsses e s Bk o e PSR g .2
Hap, and Batsgration is preferably térgetea tc? chromosomal regi%né dispepnséble 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, IgtB genes of o
Neisseiria meningitidis and Neisseria gonorrhoeae, the PI, PS5, hmwl/2, IgA-
25 protease, fimE genes of NTHi; the lecd], lecA2, ompl06, uspAl, uspA2 genes of
Moraxella catarrhalis. Alternatively, 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,

chloramphenicol, or gentamycin), genes conferring resistance to heavy metals and/or
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Preferred influenza virus antigens include whole, live or i naczli vgﬁ\qd 0
virus, split influenza virus, grown in eggs or MDCK cells, or gr ‘EeZQ§ or
g/?ol e fl%&\!blzlﬁggdres (as described by R G uck, Vaccine, |982yrbgenRbp-920)
purifi econbi nant proteins thereof, such as HA, NP, NA or M
proteins, or conbinations thereof. Preferred RSV (Respiratory Syncyti al
Vi rus) antdxjeksmpauhdsder génss Roglplerwpting eurotrdphée Bugtiywoffooingiance pive HN
protein, gr derivatives thereof. In a still further preferred enbodi nent,
t he non-tg‘f}‘eé{’ﬁf'é’ " influenzae bl eb preparations of the invention are
formul ated with one or nore plain or conjugated 15 pneunococcal capsul ar
pol ysacchari des, and one or nore antigens that can protect a host agai nst
M cat ar r i#drdreldgntie Gerasn. Expptsision af foyeigh herotedsGh DRtermigmalme Hadepri se one or
nore protein antigens #hat can ,;ﬁr ?t ect a host against Streptococcus
pneunofi ae i nf SSHFTOREMPFADE \PACIENH DIShS FERIFSEHT B NETYATEACtIyE EYSHATR FGPIOGHEE, or nor e

antigens t; p @ggi . angd/ or _qne_ of, re aptigens
t hat can ?)gr%g%tceésaa lxgéfPégag}brqgﬁ{B m%]?%reﬁiz%én% %rsa}) © c?‘f’%éor\rlglé%x?oﬁ ¢ may be
advant ageass| A fusher apet flthioadvedtion isSn Fesheat of AeCPeossibElPIro@ickigs ag€quences
of the invention A further aspect of the invention relates to the provision

of new nudtreesingdel PecighisisTelegousnrelsingay thrrowgemembranhang thcesesefshof t he
i nventi on. §Qﬁ£lof .rgdﬁ%%géméﬁ%ic%s tom vari ous genes fromvarious strains
[ can in

are provi 33 e use , for instance, processes a), b), d) and

h). Inoadditi o prdteignehgd onschidvndtheyvisdesa bRfceRabhPrBmpInPSesess d) . 30
CGeneral nethod for the analysis of the non-coding flanking region of a
bact eri al gEsBCcingichateralogewy gineAntigpalhorontisted by @ grengmremeten pequtndshe gene

in bleb ~ o= LT o rle 0 PeT~~goi 0~a2a The nan:codi
Hanki ng 108 meirgloyths of {Erllepdg iath P o tbedars dmbaRi oo Ebor  ant

in the expligs madeofrorh tigs @euleing ModFieaeghinat i on takes place both at the
transcriptional and translatjonal |evel. The sequence of these regions,

ei t her upstrearft GENESHFRStVR it 6f baserippest qaabl nepdf asapwedipienthboydae, can be
obt ai ned i | ce dnformti.on .alloys the
deterg‘?na?}ly %dlrélmo pgﬁgﬁ? %Fﬂlrg%tgu éibtéo?)?/cq‘&r:%? i fs5Uch %’”f’%ég’a’i f&%‘%m" pr onot er
el enent s, goesmrhowteor Meatyedoc eaarthalisiCi Huems e NGR1n eI NS eudodfdhRS SOr' S,

el ements responsi ble for, phase variation, the Shine-Dal garno sequence,
regi ons wid gﬁ&‘@n?ﬁ‘&r"yé 6ﬁ€f‘£?’§’"§t‘ra’d€’f’h4’€ AeyBenies ThA 2eaty erRiesseh o as wel |
as ot her tyaessytent BB TRLLAS COUERGES oSy ce
i nformation al f}gvss t he nodul at | onﬁofﬁ?ﬁﬂ’ at urg?rhelépf;érsm (9?11%%?‘%&% gene in
question. The uppedertetpphicafontdfehgaiventapinelndéson piveyss Her w6 erpiebdighed by

per atlr o HEHEATE, g YT SRR Ol B oE R GapiS S (Fokdlegul at | on
Z}‘  Sxpr ???g%ﬁ%&n@ﬁa&ﬁgﬂﬁggﬁgggn SNaliseAh h¥Rfgindls MRGhELSR bRES The
preferable integration loci are stated above, and genes that are preferably introduced
3 are those that provide protection against the bacterium from which they wevre 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



i5 variation sequences, the expression of the gene can be put h?ger ﬁgﬁ)ﬁ? :
variation control, or may be uncoupled fromthis regulation. | ne%\‘ t
approach, the expression of the gene can be put under the control of one or
mor e i ndweo bi/e93ed enents al | ow ng regul at ed expression. Examgrespooh7e4dch
regul ation includes, but is not limted to, induction by tenperature shift,
addition of inductor substrates |ike selected 20 carbohydrates or their
derivati vegiff SHGR (=138 -factors, netal. i ,. etc. Such
nodi fi cat i oné&gggﬁgggr ] be?tgbdﬁlééﬁgﬂaﬁggﬁ?rn%?gﬂﬁ%gﬂ CB’f)“s"é@éf@ﬁ IHEYS @r ent
nmeans. Thegemodidciic at Colungldis squiences ihf&ﬁbﬂ%e%@hﬁ?@?gaﬁ%ﬂg%éittﬁnmgﬁn be
done in vivo by random.nut agenesis followed by selection for the desired
phenot ype. “5St Het2 IRIpHHDach B¥ass sthich pan g Abi stagilichen tieghon. of woualder est

and nodi f yinBgedd b0V epesis, .or site-directed replacenent,

i nsertion or dié% efi s()%f@ﬂﬁ% %ﬁéé@y fg FEC B raeatEst B gTeared i ¢ 1sambined

rei nt r gducedcihateffetiie: gaingr diskasgeBaed by HATPlAGANRT SHRRINA! iy and the
ef fect on gene expressi on can be assessed. In another approach, the

sequence KHeWPEagETesFin MOME)i &SnC.obrachvmenrisshas dmen bisowts exlbé the epsaag or
del ete all r f e tural, regul atpory sequences. In this case, the
regul at ory’ ’?‘;"Sﬁ%nl“ﬁg”? {aet?'glélt8 g’&“’irs thes t%éctné‘apé%agrffgcﬁfféédlmsmﬁ@b@@ﬁt ain the

regul at or Yoretkite thsortand PraARGLY suB Beib RGO BPARA IO Uit EG ALK  ©! ement s
fromdifferent genes, a synthetic regulatory region, of & y O r

r egul at or Y Bgicomtibgdies grajutriable el defimuimpar tenolf0 fehevad9 The-previod¥ly 01/ 0935Q
PCT/ ERQO/ Q. ] d- . r.equl.at o sequences. .These nodi fi ed sequences can
t hen blg rgjle%%’r S%Aﬁ"l@gatt %lfﬁtglél %@Llﬁﬁéﬁ%‘?’? ﬁ%gy%{:r %?Jﬂi?&?éBﬁ"smr’ée&fﬁFlﬁh{aP@n into

t he genomrotkins piMEES $idd) outdrQfierBMan® bfpatakin. XY &S SO n be
nodul at ed by, exchanging its pronot erbﬁapth anstrongeraglrggérfoatag(rg&d(lt%ﬁ%gugh

i sol at i ng SFR® ypstsammiBirequessemstis M@MPevsevaishin tetaueer muesthHraggthdn of

this sequ r e ion_ into the genpnme by honpl ogous

r econbi nafi !li'c(c)%) d‘?‘ﬁgf‘e"gﬁwg% g%%g(opr’epé (?u(fﬁs 35‘&#@%‘8?&?%@8 muliiple pErtiemhe

bact er i umodsometly falsled metteareUr6teini iR R8N UESI 6 ﬁ?ﬁ&&ﬁ@é@ﬂ@ £a from*
I be

the bacterium In other preferred exanples, the descr approaches can be
used t'0 géhePHRIE 1 28aipge Arbivifent sHseEemr iofl sstavaisnsamnd t thei ngimakt@ttous

h t erissdd [ .catdl , d [ b . .Th be,
bur ar e nero  eBle Rt LF EoRRBLE Bl (e bR e Ror et

expr essi oof girasichest ad mitiallyederides Whidh Srptintsth ki @gliRUbst@L: IEGIGRSEd
expression) of genegs interfering with the i nmune response, and strains with
modul at ed SERPPEEST BHE SFS3NSRMGAIN YRERinatse egainfissimUsnesGly husiGlipwad;, 25,

27-38 aretd & ! i C treamof.the initjation
codon of varie(;lglgéng?g?ﬂ ﬁ?&%ﬁﬁe %g%ggéfﬁé%gg?cég?rﬁgwemdnERF each.

SEQ mPANC: 889eosocah chroaidsotyt acmpive rabale. SOPS plefRUSHAURAGEE. (RSLLaM Of the

initiation_codon of,,various preferred genes) conprising approxi mat el 1000
by each.  B0es hat could be incdrpordted are EMWP) PmpG and those OMPS disclosed in WO

) 99/28475.

Targeting of heterologous proteins to outer-membrane blebs:
25 The expression of some heterologous proteins in bacterial blebs 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 ofsuch an OMP,



20 SEQ ID NO 63-75 are all H. influenzae upstream sequences (@pbtiAdhifisf
the initiation codon of various preferred genes) conprising approxi mately
1000 by &aglyiodfks of These can be used in genetic nethods (partpomubasly
honol ogous reconbi nation) 1 for up-regulating, or down-regulating the open
reading frames to which they are associ ated (as described before). SEQI17

NG 76-81 %Esérﬂ?bl‘é@%I‘ﬁEsritﬁﬁi ons for the 25 HrB and MsbB genes tom
Nei sseri a, S, d Haenophil us i n~fluenzae. These can be used
in genetic nethOds drpamoré mil thel follooring q@oers (¢reodinhi patdcand drligens) are

down-regul ating (in particular deleting) part (preferably all) of these
genes [pr oE@?é“’EIIfJ r “&ﬁ%‘flﬁ’é‘P“ R TueqesHF h?ﬁedfnom)e\mqwrmgi edLen alNeissolaht ed

I I ' ; [ i di der. hi ghl tri t
Conti 1 one TaT o AR Fortelt D AtRleaiRn I A P e W seo 1o

NO 2-28, RSpA AWO196/294129,0 MRf-HRE WD o551 1130yl er@efm@e@ﬁ@&%rwe
i sol ated sequence shoul d be | on enog!%;(?1 t o perform honol ogous ~ ~

2=, 3 ~GRa DADEy 0SB OORIGTP R VETSBO661 1 RO GE PS5 1)
B3P0 | "
ol oot | deErEn PRPL68AG14)] ToRADRS, D15 Ry Bk raeit e (REE afluedigao.

400, or 5ogbwpgtqml=9womm,r ehes Y dh@su9p! Bigd m@Imm@g@ge 50

shoul d conprise at |east 30 nucleotides (preferably at ‘| east 40,

70, 80, 90lpAi3o(PCIBBPIBOZHF), Towk (WO 8B 7a80)) dOtA (BE) 8757IBQ), |ADINBA 2- 23,

25) 27-81 ry strand t.hereof. As used herein, hjghl

stri ngé(gt ﬁ{/cbﬁFgm(Iﬁgﬁ'nt@%?&ei%ﬁ?spIeh Sdcs, Bopey W P)é,bCGI)E@SE%O@

Denhar dt, {ubdaceBStodftr LMWty da3gaBNt €d and denatured sal mon sper m DNA
hybridi zed overnight at 65 C and washed in 2X SSC, 0.1% SDS one 1 o tima

at room t enper aPue @r fropreaphothe followinggenes droldrofaered for doentegniatiat vis C f or

about 15 m es..fol I t .0 h in 0.2 CC, U. 1% SDS at
room tenngglIéI'Iéus?3)'TP8I‘I"2I¥I§gegI§IF?§I3H3§’2ISDrP§t’g‘nggfIfRII’QIP@r a"?sﬁ@f:’t is the use of
the isol ated pobysieelmere seriRetOneas goicst 46 Jrivgd IfON dbAmRBLEALIIVY 2
genetic engi neering _event (such as transposon insertion, or 15 site

speci f 1t nPrOSISF 8) beB, aesbBrangrdpxisut preferably a honol ogous recomnbi nati on
event) wthin . a negat i ve. bacterial chronmsonal
gene in order ggggffﬁgwgé%rgggﬁs%%? g e%fr%% %?C&S%Brsgﬁ’%ﬁ“lﬁ?orf Ka Ry

Pr ef er abl ye)t perA} praiB) priEyidofinitFhe reconbi nation event is to take place is
the sanme as the S%S%%i n fromwhich the upstream sequences of the invention
ver e obt ai ned. FS{ERFErTePIRYYE FERTRIgEEBcES I PRyess) ©)Yarp) thendrvwpandior
gonococcus OfBSica: fi.ele e hat t ream sequence from any
of these sIeggIBn rrlecty aEgSIIéIIJiCIthII e I?écI)ﬂr]Sd IaIIsII SIII)PIBIQ&VI@I’I 0 en%g)r i'bagIII"'oﬁI%‘iRng such
event s24 n ¢pesatotdeegionstrains. This is may al so be the case for Haenophil us

i nJl uenzae and pon typeabl ¢ Haenophilus influenzae. tcl
Bne oryneore ofe the E)Ilo&'in_g genes are preferred for downregulation via

process h): galE, siaA, siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

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-npegative

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



~' ~~,~~ "e0~~ WO 011 09350 EXAMPLES PC T/ EP0O0/ 07424 The exanpl Zir gglqom?re
carried out using standard techni ques, which are well known ané: i tt o
those of skill in the art, except where otherw se described in detail. The
5 exanpl 8D /@330 | ustrative, but do not limt the inventi oRCTEPabpIdR4 1:
Construction of a Neisseiria neningitides serogroup B strain |acking

capsul ar pol ysaccharides. 1 o The plasmd pM- 121 (Frosch et al., 1990) has
been used 349605t r iipsRa NBCI&ERI9403824), ngiPilire s(PB TR POR/OBShAcKi pymdie

capsul ar pgl ride...Thi asm.d_contains the flanking regions of the
gene Iocus&gmﬁoﬁﬁgﬁhlépﬁ%g&htifgtigz—/-ﬁbt hoehP (B 1394820%1p liol1 (GB

pol ysacchaggideg P h o] i i gene. | et on of
the B PS resul tie i ﬁb?loggg@)% gaggrdegtgg)’orr?%f Q%@S?%@@c&w&’ﬁ CopB

pol ysacchaettuinas Mg dt ah1993] infded &ninen. 5120082000 Bes CREYEPSoHHE) | eadi ng

to the synthesis of |l act ose deficient LPS. Strain transformtion:
Nei sseri a @@H%@Fag@? BB ke HY3 oA T/BPIH0BR507),7 Lbp8: laog BopB AWeas

sel ected fqus546 sIf-b%r/ ' r ep N jjneubation on MH plate
(wi t-hout 2%8 ersﬂ’:ro AS?% %BEmém%?@@é %‘e{é{%ﬁgy%d)q&l“ﬁ’weéﬁta&ﬁni ng 10
mM MyCh ( UsplA2w@V© 933830 6D an B mpd BITeky aRdaldh brrgeld - .1 (550
nm. To this 2 mlL solution, 4 plmof thé pl Ezlasmbd pl\/Fllég gﬁswgﬂs&%’?on (0.5
ug/ m) werteaiaeershomntraderer defeotharupmt tagatipebacatiaat 3' 7C (Wi th shaking). A
control group i sane amount of i sseria nmeningitides B
bacteria, but w\@féhgﬁ?& éé(!j\n&ltf?ih %n%g?wﬁgag?ﬂea.ar'%’rﬁy‘?%f?‘lrh@wmmoﬁaperi od,

| 00 pl1oof mrodesux)eCopB, OMP106A0m 19%;914,113\%@1%;/ g,m% j lutions, were put
in MH plates containing 5, 10, 20, 40 or ~.¢g erythromycin /m before

i ncubation for O Aomose &f By dolloyingngenss gre ipreferrQD foif dawnregubdtioni vis ubat i on,

20 col oni . |Lected fromthe 10 and 20 pg erythromycin/rnl
WH pl at es?%@' gﬁg;’%s%gnﬁﬁxgl ony growh in the control group wthout

pl asmi d transf @meedrimere ofhige fbTE: Péned ateyier ' - row in
I~ L 2 9 JA—~ ~0~4 WD 0l/09350 1 Rred aldErBEd Lok ledél’teggiager%ﬁ??onyci n
pl ates (16)tR¥do PPYBePSh2BePERR/ m ). The day after, all the visible
col onigs were placed on new VH plates w thout erythronycin in order to |et
them grow. Afterwards,, they were transferred onto nitrocellul ose sheets

(col ony blAgeriont)usfinfiuqgreeseles erephraBopol| ysacchari de. Briefly, colonies were
blotted onto a 5 nitrocellul ose sheet and rinsed directly in PBS-0.05 %

Tween 20 bef or &%ePT MHECPS o folipwise gengs Uenepdinge pratectiPBInbg&BYoafaveen 20

(di I vant £:0&d forAf ; 5 1OV [ ur in the
di | uant bgﬁ er atorr (%@rguggﬁg}g u‘?cég%g%mﬁﬁﬁf I@‘ﬁi@%@ M@ﬁr“\kﬁfﬁe&%gai n for
three ti m@81673y HbpasTbpBt A2, BS I(Bedtodmeihey, drePos W@@Um&sy,n}mmi t he
anti - B.PS rhinge jluted at 113000 in the 1 o diluant buffer
for 2 oour}éég{iwwgnégﬁ 3\7&%#‘?\% Hindp, oyl Hifngall gened inuthéssyperarhe

monocl onalsh@né bl Aflye RS d0Gt £8L ' hoki ted anti-nmouse |lg from
Amer sham (SRPN 10%%)6%% ut ed&SOrglgtﬁiegrrrée laﬁ%B%lﬁxg 'g%{‘%y%é%? ISB@f‘?f%‘TrT"%(an%en ur at

RT) hef or é"hithemppke hetershnigogsly impoduas] esctheb@RmhgpdeYe batdiar war ds, sheets
wer e incubateddor one ho f%T.vvith a sol ution of

r.at
st rept avi di n- perSx? dTOF 83%‘1 &1Qyyipg tgsgest AreopRyTaried  for dawiregnlations visuf f er .
After the praets HHPOCPYARHT A SheRAs! HAMA, Hifhes I HA 2, HA! F55AT Ul Ose

sheet s
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



weze incubated for 15 mn in the dark using the revelation sol utig&h gﬁﬁ ngy
of 4 chloro-1-naphtol solution in 10 m methanol plus 40 nil PES Ja ity ?n:l
of H QZ %(%1“/69‘393 Merck). The reaction was stopped with a dipgtiddegbeds

wat er - washi ng step. 20 Whole cell Elisas: Wole cell Elisas were al so done
using the two transforned colonies ("D'" and "R') and the wild type strain
(HA4/ 76) a9, &oRtELtmiashbatia (20 Itg protein/m), and a set of different
nonocl onal —antTbodres—used to characterize Neisseria neningitidis strains.
The fol | owi ng Mabsrefeered ¢msddithenanf ithd iPentiésSs fho MbRiulM @S 6N )he 304 t he
other Mabs 2s fi om NIBSC:. anti-B PS (Ref 95/750) anti-P 1.7 (A-PorA, Ref
4025), antRregargtions g of athsyiaventon gg/ 220jacciant whidhs @ay7, #sq AcdrRSiseRaf 4047) ,

ti-L - : f d anti-P 1.2 (A-PorA Ref 9S/696).
anti-Los %h%ﬁg%“ggniﬁfﬁxﬁcs%éﬁe Rigbn ant i ( or e )

Mcrotiter rp, uﬁ%’fnv\ere coated with 100 ul of the

reconbisnant nentigematrturd selbich PedpdiatiBhs ¥sh b (N 4 Bleni4f ar ound
20 30 ug/mM in PBS. Afterwards, pl gt es aresvvashe%:lrglthree t% nes éﬁ?’ﬁhsoo pl

of 150 nivimedified spaigs mayThe eshigred bndnywerfahe veathads dvell kiowD® 2.skillefi PBS- 0. 3

% Casei d i d 0 .map at t i th shaking. Pl at
wer o wnsnadghnf HPAhS) e melboll ihefised &7 BB BIPE U be6 b EF B Agrt he same
procedur e behore 1unarhakl WMowiprtr-ABly Brdh&8od mEH@d%@xaﬁggeiaﬁgqgeg.s ( 100

ul) were used at different dilutions (as shown in Figure S-0.3 %
Casei n 0.05 9% TVwsemegeparatiquuis genenlly ieserited opl\aceiae Debgng“The nibahiton at

roomtenperagtyre for 30 Lt h [ before the next identical washing
st ep. 00 F 2GR VR EPRIREFD @ESWEWB‘ZS@El %q‘iﬁf‘%‘?ﬁ Ma‘&dilg?ﬂé’é%walah%s ¥ 3)
conj ugat edydr@).bi otin and diluted at 1/2000 in PBS-0.3 % Casein - 0.05 %

Tween 20 were added to the wells to detect bound nonocl onal antibodies.
After the washiThg blebprepasatinasorfelhe piesdnt snvention imgyubataifhvanted ia the

treptavi dj n- ' ] | uty 00 ul .of the Amersham'RPN 1051
5" i ut oo SEEY OB FOT AREEnRER i Shy bR Bt s AR iy

t enper at ursach gl gfuntiSurs i oxHeC N aluiny o8 2l fim };ms?hah@, ?%{33%@99 the |ast
of hr onoge

washi ng ste plates are incubated with 100 ul he chr n sol ution (4

ng ort opﬁégi?’f ERls AT (RarculahD)al¢inmi@ripnap),| irdd @i zinc be mayfHeem jpsédutBe with 5

1t HzO f i Qe | ark. Plates are then read at 490/ 620 nmusing a
spectr ophosls:3 %pﬁéggg]. g'flggﬂéggl &Eésuﬁ ot 3°y§at§’f1|o%§a‘?h§fmcfnﬂ t e BBVPUEYY at ed

col oni es, defivatiscdpolysadeherides, @pol¥phoshhatdiRs.sel ected medi um wi th
erythronycin, only two (the "D' and the "R ~ col onies were shown negative
for presence ofSufapls| Tl adiyxant gystemsohet maE betused dncludg, Weermpbbsphoty)

ositive fi t4 i Lythronycin. . This . indi cated that
Py o' ntid &, BRRARAS &bt o3I ARbpbho SRR &) Bod 3 Someiagin, oF

ori ent2at i anonoghdsphespilipid iAytraeferabhe3 Be RS aeisted RBnISMRPLI9! HoHbA §3D-

Crossi ng- Qv i] Positjive and negative controls were ano tested on the

pl at es, aﬁﬁﬁé @%E‘gert'ﬂ&? ap RIHRRTY AR ¢nhansad ¥sEM involves the combination

of a monophosphory! lipid A and a saponin derivative particularly the combination of

QS21 and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition "

j

where the QS21 is quenched with cholesterol as disclosed in W0Q96/33739. 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
comprjse 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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strain was clearly positive for the B polysaccharide, while neni n%%gogc{gs A -
(A1) and neni ngococcus C (C 11 ) strains were clearly negati vel i AN RIS
anti-B PS 735 Mab. 25 These results indicate that around 10 % of the

sel ect ed WOIUAI3EE correctly integrated the plasmid in thei PCTEROOB7HY

maki ng a doubl e crossing-over, while the other strains/colonies were

obt ai ned after a sinple crossing-over, keeping the B PS and LPS genes
Tobl e, bol g ol eat iy ndL ot 0 bt ho T e o A e

abl e be y. i ndj e, 30 tha e two "D' and "R’ transformants
(deri ved 13 r orﬁgl B%g%& ﬁlt%gﬁng?%?cgé)mgﬁ ’WB[ Of SUPQERBGATS, EQRIesh PRO¥® ncosdie ant i - B
PS Mabs ( 7:dminiegatinl b ehe, oROEliAYntile &kl S 3 and_anti =Los 8 Mabs.
However, when using specific _ant?- brrigi’mi)olg?’ %%gr&e&?agygmcg ~ 1AUS QDE g ~f

| VI ~O 01/ ('S5B8Y oPCH BRoOY Gmtatos ieametbad: bf dmmhizthet NBuAR hoR dgaths@@d anti- P
1.16 I\/@bsva\gn t he c%gsws.al sQ observed in the wild-type strain. No

reacti on Was ShEBPTREY AU Rb3- ERBCRGERE Ve Besten rwhislh metirdt corRprise? mob) .
These r eswdhfniseRhd kénidgd mgﬂgnA in, and specifically P 1.7 and P
1.16 epi topesn are gsti Il prsérggﬁt art {brté)c&]aﬁsqoaer ﬁglﬂieoﬁ,ef’ \RFFPREatRN of the

pol ysacchar¢sgnt iamehtibnlos 3. 7,9 and Los 8 epitopes (LPS) were not. Table :
Specificities g{h t he m)ngcl onal anti bodi es tested

MbbsDi r ect edResuct2FERE AL BIS5R tASEG BAoPB dnst yss sedestealr dscerramaumttvidciwi | d t ype

strai n735( e R n i -B.RPSB PS+~ on.the wild type

strai n951(71%(%)‘“;2%:é’ft’m[1 ﬁl)mlgﬁp’?’%n”gmﬁ%ﬁ" PR et B et ke SRERSH 1M Of - ~- +-

on al 10w [typicalpyecamsts.nBuchdnsount wall Madf/idepdrdis ivhi bR 4 of ++
[y sy epén‘g}gfgpﬁwn wméﬂﬁeuﬁ'é’%n%r,ﬁ%@g

on all wld “ISEJS’ cznd guta,nts strai ns(2VIi B orin AAnti -Los S++ on
the wild £3FBPOYFSARG DPWah i presented. JGgnerdly, ritiisaenpedted ithat esctBH&ES+Hill on t he

W I d typecshhatd i NBEG Gf t D) T Ra tantsAnti-Pl.2 | :

( MBSC) Ant i - P(E))ri n A(- on)péﬁfinv#ﬁéeffﬁgfg%ﬁg ﬁiﬁﬁ’t dsmosy; %@éﬁb-‘%lﬁt&ﬁ ype 1.2
10 Exanpl earze 5CAdsgr ucti on of versatile gene delivery vectors (the pCW
series) targeting integration in the porA |l ocus of Neisseiria neningitidir.
A plasmd all O\ﬁ%&p%ﬁ[ﬁ%’ah&’r%@%Pgétvﬁwﬂah@ B¢ atslenained byrsuridard of

forei gn Didied tRR1 Ao sBSHSoPf [ ltj.a.neni ngitides was constructed.
This is delivery ve\gﬁ%r (Sgeneos, %pe#’g%?hgeﬁdf%’?nu@%pfeég%qsﬁsn Dy SUNEFs) s
useful foFolowingr axtinity! Nerssaion| subjesisngiayi fesivetdmi b5 sBVQUBobSer

reconbi napt . i n’gr oved bl ebs. ;I;%é?i cally, such a vector contains at |least: (
1) a pl aSm U B SAPER P2%% ve in E. coli but not in Neisseria

meni ngitides (a suicide plasmd), (2) at |east one, but preferably two

regi ons 2 ~ J~4~ 2004 WO 01/09350 PCTI EPOO/ 07424
Ghost or Killed Whole cell vaccines

20 The inventors envisage that the above improvements 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 bleb 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 wel] known in the art (see for
example WO 92/01791). Methods of killing whole cells to make inactivated 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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of honol ogy for targeting the integration in a chronosonal |ocug $ugm 3804
porA, (3) Efficient transcriptional (pronoter, regulatory region and

t er m nat ¥0 04R&5% r ansl ati onal (optinised ribosone bindi ng SICTEPHET424
initiation codon) signals functional in Neisseria neningitides, (4) a
multiple cloning site and (5) selectable genes) allow ng the 5 mai ntenance
of the pl Rinatipng of egthodaal-ihe sel ection of integrants in Neisseria

nmeni ngi ti des iLthonal e ts include, for exanple, uptake sequences to
facilitate the'li{ejg1 i’ngPer‘B??HEéH 2L SR OF MOte PEEgiabp¥e prsnesses mayles usaind count er

sel ect abl erotucker ;1081 A%isS a6 wi e t he frequency of
doubl e craoss-oqver events. :A schen:ahﬁﬁlgodglgkvfﬁgmf'e(?ﬁz B@Pﬂ?n%n@ﬁ tgcted in

this exar‘rﬁ‘l"@naml Pdé%m@haomlsucb PpEIeKs ls%é@ﬁﬁ&’é%éf@ﬂblm Sreg '\g

corresgon(y . nucl eoti de sequence is shown’in .
pCNi K deri \’/ ’f r >a° S‘ﬁprﬂ?%‘é‘*sﬁ@l@b@n@ qrd¢rPh amangicabe (Heetﬂbb vﬁmﬁﬁdﬁ@) a

hi gh copyem%tghgsm& eql tive in E rbouring the bla gene
(and t her eby conferri ngélrogsfgsk%%clen 131(]) ~ ahp ?Clnfan?fh%en béﬁ?dl"?‘icéﬂ? tegch hi s,

PCMK f uncinprathyntoeorkaim sorjiwetion v ih@rﬁiﬁé?gnc{tﬁ’&is%%%[’ to ﬁz'%ﬁ’ por A3' 15
containin n termnator) necessary for

nscriptjo
r econbi nagP%'ﬁ‘S g"%{*%ﬁa@%pmmwn conferring resistance to kanarrym n, two

upt ake sequencgs r ter repressed in the E col i
host expressi ng re?en%blﬁéxl@ang%; Kgatr# %‘Hg”f &DMI‘WZ 5, Bl %bséﬁepammﬂ

meni nd@ t i d@spnaﬂdbeausmdftprqﬂeﬁsec b)Y aBitiloR ef, 3nd 'h? ?%’ﬁg(r)?é‘ﬁ}%% ks EDER”I' 3

Nhel , P, |n ; and Sphl), necessary for the 1 nser
pClVK pCMV@ W?@SF%&‘E@@ s hespistragires)T men-paxi#Sind andciuesdAlich ltigg @i nogeni ¢

regi ons, hée iRk I [ ied using the
ol i gonucl eot |1desléjlcl Qggy nﬁ%g f?é,\% $o S’Q%R/vm‘)’ﬁ’:s éHo'ieﬁ“‘fﬂ@Pé)Fﬁﬁ@fabb'quenced
These DNAccmsagmla)nmgum emmles:eb@eva&mexﬁxwoizdoééwmo@ﬁ@ ngr Leg! oned in

pSL1180. e kaj {H% resi stance cassette was excl se a5(34K
(Phannam n&’ts% Eﬁen) and was i ntroduced between the porA5 f1 anki ng

regi ors and t hesiparfi! @ QP JAS 2aa~~ WD 0110930
Tabl e: A i gonucl eoaﬂs,des usEg I I; Al}lggfl\/\c%??p% EPO’gt}W%l preferred bleb
ai gonuclIETGParféFé@tS@qmensaaﬁeMmmﬂﬁrsc)eE‘wsAﬁ b),Fand %) aR06r HAG CTT GCC GIC TGA ATA

CAT CCCHi ndlll I?%’ '&@F C ATT. CCT CA- 3' Upt ake seguence
() Por AS' Rev5' 2 %&nmom&nmmﬂmtucﬁvewﬁmdmgoskt eGCG GGC

C 3" ~Por@dim-fygdtive Hish AN TBglll cl oning siteACC
AGC TAC GA- 3' S?’%pvgodons I%PA ﬂgﬁéeﬁg&”@,&%ﬁﬁf %’é@c@@s C GC AGC

AGGECOR! cl onify p@eidna@mrseﬁrmfe@aﬁesn Uﬁixﬁi(l%s§@ﬂﬁ1@%§rs'e)d°0| es Rev IS - GAA
TTG BJFA TCC G%,&gﬁu gA GAT AC 3" J. PoLa Rev25' - GAA
TTC CAT ATG A ‘6‘1‘#" °1*‘rt%*&a%ﬁm abal igept §p%empmﬁmmmwm ZOA CCT
AAi | ~AAC WeocaﬁATW’/ A irffhes red S' - AAG .CTC TGC AGG AGG TCT
GCG CT7 Pstl cl oang ri te%%@ggﬁl—@g%ﬁg I batigricidel Bepnn iPe GoG CTT
Ct:;"t' THRUGTAL antiggwiat whishiSGe of haeBriRl 18 e-fofBGnpCr O p@@fé @ﬁ' GIC AGC

C 3 PPA2 , GCG TGG AAC. TGG-3' N-fal | -0 : T TCC ATA
Ton . ARRs Rseilinitolotols AT (18 Beastsstdairmethrgpaon el oo @RAPATT CCA - -

TAT GTC AGAWATHRorTénifidodedls Boihesd ATT CGG
AAC oA ACA OO CGTECOR  dopi hg SR N e rdena, (oo Gra
predygrign Sélraéman@slsqwldaprmrﬁbly E8-25 3 4X3, moSrefeablyihll SGE GGC CCC

CGTCAA(;% d ACC CGT TG 3' P | S-S2S - GCT
A GAG % ,%A %9#@&9&%2@ xggﬁ%gﬁ AFEnG USRS eEDIPNrSz@peabECHTTT ATT

TAA ATC AT, TAAHREESNEN I AAA ATA TGC TTA

TC 34PNS§§u- AGC TTT GIT TAliggtqc%: Gbe?‘r?:’m&%c“?éé%:g?ngr C‘%}éés‘? 6°£F'E"‘é‘*ifsrc GGC-3' D

| S S48 CACCATT IPA/G4RTHS, GBT ARAT TIAKOSRAS MR-, tBagkaigd ORjlg Sit esGCC
GGA CAG TT. GIT. TAA AGG ATC AGG GIG TGGPmel
cl oni ng si ter'lg'g-(}% %% g% or mOStjrAgCEabT&QHIiOWI HHEEIIBCT) ERAGROIUR 4

30 and 2926.
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Exanple 3: Construction of a Neisseiria rnenir~~itidis serogroup B strain
| acki n~bot h capsul ar pol ysacchari des and the nmaj or i nmunodam na% ']M’ng%
Por A. Modul ating the antigenic content of outer nenbrane bl ebs &abe 5
advant ag@¥Q91P9359 nprovi ng their safety and efficacy in theiRCTERIOOM24
vacci nes, or diagnostic or therapeutic uses. . Conmponents such as the

Nei sseiria nmenipgitides serogroup B capsul ar pol ysacchari des shoul d be

renoved to excl BHBORHREIE jtdkmEAntitha (asrads asignifieant(Rtdyfolds prsfazatdyrpd éold)) .

Simlarly, gdctesks o PENBESIAL - t.he. i nodoni ce,of mmj.qr
out er - menbr gacgga%tl genogeuguccth 4s B’géag lsc\%ihqyctﬁe %Dﬁ@“@oﬂ]@ﬂﬁ‘? RYTOBRGID ¢
bacteri ci dakaygnt i bodi es but fail to confer cross-protection. To illustrate

such an approach, we used the pCWMK(+) vector to construct a Neisseiria
meni ngi ti des serogroup B strain |acking both capsul ar pol ysacchari des and

the i n ! 4 uter nenbrane protein antigen. For this purpose, a

del et !n?Jn . 2B 5143611 was introduced in the HA4/76 cps- strain,

described in examuier hsput @i&ﬁ@ﬁav@ﬁti%a:@@@@éi&é}&ﬂﬁbigmgﬁb@aﬁéi%me-Epe% Ha4/ 76
go

cps- strain was prepared conpetent and transforned wt
super coi | eprepaTaIns) ofpthgsimventONAWIth otber ritigeds prigvh ars lagvandigeapsht ufedact i ons
of the transformation m xture 100p1) . wer, ed on Miel | er-Hi nton pl ates
suppl enment %%”W{ f#af{éﬂli?ﬁ?&s#e(s 2%(’%@8 %l“{ f°§ﬂ‘él(a?agg%é?§cpaé‘l‘cuﬁa?’@ shgblofort o 48
hours. 20 fianamMfd With@es hitiitens Gls OhdyoRIvRh SecaShy a6 E S ad; MH-Kn
and grown for an gaddi tional 24 hour gea;jtv 37% Al[y thatgngt"gg}g{ﬁg%?&o@@t he
bact er 10al angigenfrtbexnare migediwtth. prepare gl ycerol stocks (15 % vol ./vol.) and
was kept fiozen_at -70%. Anot her .| ftéacti on gesti g%eg to be 10$_ bacteria)
" was nesuspended’i We1EC F"‘_&F" SPHPT8° FRALIBOCHRSHS ébOleR PropertipRsohE used as
a_tenpl at eint@ftiocRCRreS G6@@Nad . with01,p0r A i &t SrdtghbiR5 2T k TBF %@%FQWPPA' and
n bo

PPA2, were synthesized and used to perform PCR anplification o | ed
bacterial Wy¥agesciah qapalaopelyiaceiasidde sultithh eukyb pe t flain s pdrijegatedHora  DNA

pol yneri se ehri.nger nhei GroH).. The thermal cycling used was the
fol I owi ng:prﬁg?‘} ?%%‘9?‘95@%%}\&: @%V%@W.@a%@m“ﬁg?@ﬁw% ianglohayoc

| Oni n. 15 4Gnefingstot @BOMEENS. RBhACBaR usO tHR BefihOSSHAG DINA
and 30 the chr%ngsonal por A | ocus del etes ?hggﬁg%n@%uﬁ%%ﬁ%g?% | and

~2 anneal | Hi§, nvanEaBsit| inalsongpvisaged tob shedrmaiaionf ¢add rbemitivalynenttainer e

sel ected o] ef | S, These PCR results re further confirned
by anal yz?\%a@?%prggljgﬁ#éﬁ%,&{ heatmb Ercgaf?igﬁs %ﬁﬁﬁdﬂ?ﬁ\é\@ﬁe@éﬁ‘lsﬁmg 07424
presence oftraRar Belomgihg) ero CRVERS BOBEpEIErbHBEL (for! inbtaRlee bthbsBX tFAC ti. 1 S-or  t hat
puzpose, apother_aliquot of bacteria (estinmated to be 5.108 bacteria) was

r e- suspendel /il f Blot.3nd 8A-2PAGE- SDS buffer (SDS 5% G ycerol 30% .

Bet a- ngy capt oet 9 Tola) 3nmg/ m ni,s- HCl 250

pH6. $), boi | ed I?logg %lrsg%fecr%?fu_q 8%?%?’%%??“@8%%5 Bh?be%re?wgszg d was
separ at ed thy iAGEeSDS thk efdrerapitipned insix T o thobe Wildalpe FRhiBedRERsIHEN

st ai ned by omassie Brilljant bhlue R250 or transferred to a nitrocell ul ose

mermbriane anigd JFEFEIIORS): HPreffraliv forpaiatedrdtiticloRal 3 @ntalbddyf 4 plscorbed in

Mani atis e in.Fi .. hot h nassi e d i nobl ot - -
Stai i ng cosMecAiméaRESREn! Blpaie oMb e dap ol GO BB s a4
det ect abl ewltewelosjughte®dy. Anflubhia & epslar polybictharideahnd bige Gl \W2E4 QF 1S

functi gnal and c%n be used sucgﬁssf |y to target DNA insertion in the porA
gene, abol FOMEAGIPORLBATICEH (CRDS %@0&56@@@@%@9&0@3@@, the vACCingt IBRY MsPrbr ane

protein antdmgsies dme @(@F%L;goéin tigend BIUEARL ;gr8{2:cp£ hBQ%g%R’ASn%g}a%cch nbrane

protein production in
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, 9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
194, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3, 4, S, 6B, 7F,
9V, 14, 18C, 19F and 23F).
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derived froma reconbi nant Neisseiria neningitides serogroup Bpsgr i 2004
| acki ng functional porA and cps genes. Enriching bleb vesicles wth
prot ecri wo amoBgens i s advant ageous for inproving 20 the effiorgrensuzand t he
coverage of outer nmenbrane protein-based vaccines. In khat context,
reconbi nant Nei sseria nmeningitides strains |acking functional cps and porA
genes were engiFre&red rpsumeseccahgrassips easigansarteatiede pleutdoeod2ul BrotdiyTOr ane
protein Ns - ul ated. For that purpose, the gene coding for NspA
was PCR anﬁﬁfﬁa%ﬁg%‘% ?rhég“i\ﬁffef i -am@l'? the PrE@PCosTY (Ggp#iie o8 cheinge
priners (Sseeogndley N hds €XAMRhE sdtemn NG GONK:Ld d for PCR
anplification vverey!those descri bgg E:)x;/1 t él%s%gfﬁ%%rgﬁ(% i “EMY%%P{/%% ase,
Boehr i ngerPnvamapedchs), Gnire-protEisrwieth axecdecregedisrelewaa byhge beduniebigs. 25
tinmes (_94(Mrrin. 50C Lrriin,, 72C 3min.) and 1 tine (72C 1 Omin., 4Cup to
recovery) . PHePTERFTRIS pBR ARGt % i %A, ﬂé%esen,g?egqrmbnmtt $igndd grandundr,i orser t ed
in the NdefpdhgsrtihlFish2h:08) RONK() del i ver ectar. Ingert 30
orientati onpo\?vas lcheg‘ﬁegtog%{f%?g&%%?nﬁgm rpff?1> W{fstger s?‘@fﬂé@”ﬁtm?e edNs pA,
wer e puri fpredirat inaluder et aealnet Ushited tt&ep&ﬁ@%iﬁr%}q@&%{k&&oﬂﬁgd %6;9 of

o]

this materi al ,v?\j:ls used to transforma Neisseiria nmeningitides serogroup B
strain | ackemFd (FraTIcohoF Byatiqn [Mitchelljer-al. Nudleic WOId4 IRG93590 Jul 11;

PCT/ EPOOI . Sh i i in exanple 1.). _.Intggration

resul ting 78?%%1 gg oulﬁozﬁ%a?lgé%gg %é%’?glg%%eé‘ﬁs gﬁéepf?@é%é( ﬁ?mNg’ﬁﬁﬁ?‘Qfé?E‘t’“ér and

t he chroongsenmbnipenfpesor dad Y, eMaehar bed), lEi'bEIQmano‘iSH?é' Rg&i ggﬂggojanPgR and
anple 3.

Western bl ot ﬁég'r geni ng'Eproce_dures presented i n exanp acteri’a
t

(corres ponl&l0 THBoutEBressiog ¢fathe eprieamnolysire geme- sugpdrdekiai cv/50apmtl of

PAGE- SDS feor. . - L thr tines . and then were

separ at ed bdgl&%g%c%{ %%ébqgllggi%tg lrc%rﬁé%&gg‘i ’5&91&5{8%95&%%3 afm”‘g;}e I@Bv%)/ Qeée9t5 hen

stai ned byP@oormsd), VBr99/03 &84t NA VA ) RABPAOAnd frasdeaibk8d deferdnVakhgce! | ul ose

menbr ane d Eﬁ \6/I '{)41 an_anti-NspA polyclonal serum Both Coomassie

(data not 8{8?{8%{1&@ 043 nrRmiehIeota/ 9t Binfi mgd (masemtingune d4)etionnvaripmred t hat
or A BGR i 0 u etectable levels, of PorA. The

gxpr essi oggg?&ﬂhgge\ggg?ﬁm%gs ?F\g&h%?%’ge ? THEPEPPEDe |47 EHPR VaFHEBL) or

out er - menttheraef {Betyy pSepatadt,i dmfectd dirinvied If996mU\JB,%4LlQ§).§255-@r"§ehué?1'&e NB

[ cps-, porA: nga+] IAI hough no difference was observabl e by Coomassie
stai ni ng, JCHRATBENLEE | ﬁﬁi\w?t -Kilrdalinp ipukadiva asbesje lesseatial 1%r samiemceef ect ed a
3-5 fol d i9khRRSESs | DilRossPHeS S p ith.respect ta the
endogenous %pA Ievelrb), bot ﬁpi)’n %E%Eng%gé\%uf&eh&mn% F}gﬁfgg bPERCPt ef3 at i ons
(see fi gurtengpemiphng deleSen vargomd iheraof;hGlipA Bed pEMi{chbrieRR MRS Vafiaits

functignal,_ and. ¢ e c sfully t -regul ate the expression of
oﬂt er I%enbdrlégﬁgf p?gltogi r?lsﬁ @ﬂéi;uag’séspi?/si%%i gﬁ@ﬁﬁg’g@%ﬁi‘?{' msé ate hel
' product i alehpdrogdasPqlneUIRMFEMYRNG B54)L1 BSPR) #0id %%qggﬁ"?'cnu%b&

Up-regul ation of the D IS/ Omwp85 outer nenbrane protein an | ebs
derived fri@#chez-Begaist rbtEMSi MieokivlaLare hD98i 64 203- 18} rMdilQUBroBis tIRi N

| ackiing f | 1 ¢ %ﬁé expressi.ng PorA. 25 Certain geographically
i sol at ed w&%‘n%&%ﬁmoﬁﬁﬁ%ﬁéﬁ RoSHsGRsyn _3%27; S Fsicatiaanjicaion Ko nurber -
of Nei ssei08Bas68e Funkripréesed SRuMRSchehIATh Dadeat 38 o BidhiRe ) out er
menbrane protein serotypes. Since PorA'is a n®]or outer-ne Fale™protein .
anti genl i MBSOl partisutaslyitheseanlgctst imMO 898930 mdRTT/ERHEBO0. ant i bodi es, it
isth :
IS en 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

3t



30 possible to confer vaccine protection using a |imted nunber @f Jgﬁr@“
serotypes in a vaccine. In such a context, the presence of PorAZ'n t p*
menbrane vesicl es may be advant ageous, strengthening the vacci ne efficacy
of such MEBHEPFANt inmproved 50 ~~ ~ zoos WD 01109350 PEFTEBISIH2424
bl ebs. Such Por A contai ni ng vacci nes, however, can be inproved still

further DbyinfaefAasho her cross-reactive OWPs such as
onp85/D 15. In Ao gﬁ%\?ﬁ kﬁ“@fﬁg gé a&%‘aﬁéﬁ}i&{y+)‘“\9‘éétaoglolwé§nugwdtao

up- r egul ateactine. expressi on of the Omp85/ D 15 outer menbrane protein antigen
in a strain Iagﬁi Pg 5 functional cps genes but expressing porA For that
purpose, the geff&IESAINAG YRR EBSR/IEeEEe prseiPER| gomp lindli R FitidHAGratia D

15- Ndel el | eoti d i) . Th diti d f PCR
anpl i 11 catl on erne] 58 A8 ofRrstg Prutet diareitim BrD Ditasion) yiier ase,

Boehr i rigers58BaéheiOhio StdiRdseard @bifHaL S Cld . thefol l.owing: 25
times (94C Inin., 52C Inin.. 72C 3mn. ?ﬂ)ar?é@gz"?ﬁ% pﬁg‘(’g’c"r%‘{mﬂ??,éhc up to
recovery)  HippEmydls FerpdidmendPibi con was inserted in the pTOPO cl oning

vect or accordi N4 h s specifications and confirmatory

Xo) (ﬁﬁgg{mnuf.actur.er' ' 5 an '

sequenci ng was Pertso ST RIS ARE 8 tsudsnmbele diyiesrinagivatedcorusespliti - om
PTOPO by rigfitidnze tvirs) dhywh o ¥sd lm' I i subs ently cloned in
t he correslpondi n resétﬂri cti o%sz(?rt es o &Qﬁ)éb%(c%;\ggéﬁ%%?@“ W\%%B’F.S 15
Reconbi Rar{?s geshediby RddSliughneldaqoimwk( 992, D}plg#yx@z@ &Uﬁdﬁqcﬁ%rqeco%dg%ge scal e
usi ng e GEN maxi prep kit 2 ug of this material was used to
transfltgr mpg)ﬂ%%}sls%{éeé?oﬁi %Cﬁéﬂﬁe‘gi@g{% OF &t BrpraRs OB-yRbiattipns Hekdofig f unct i onal
cps genes (str grefeded CrRENEdREL; . rder._to preserve the

rele qR Ebtﬁﬁpp}sﬁc}'éx)a% Vi %n ﬁ%ﬁné Enrcﬁgl i }{F&

expressi on of porA, integration reSu roma si - gver
(ei t her i rEhoepss¢im the Gogly¢apratemAthe WY proseih agtdedvaliveDihemogONbI Nat i on of PCR

and Western bl gt screenjn r.ocedur es. Kananycin resistant clones testing
posi tive bypor CAtn sap%gf ﬁr@egégf SHRQdem ety thst nogetyBeablen He énflvenzag Okbas

gl ycer ol ko df use vk t I : ' cteria (corresponding to
about 5. lgié bact er i a) wer eﬁgogj gﬁs%ﬁ%ﬁé%HﬁhggBﬁpPpg?o%R@ gbé‘”ﬁ%#“éf,

f r ozenf- 2(EFURoHSFal cdP{UiB O] ysatnherdds| ambomnet mbleemugeseth5a8 RaEated by

PAGE- 5DS ¢ esjs.on a.l2.5 %gel , CGels were then stained by
Coonmssi e rgtlc%%a?%ﬂ}t% 611}3 g hﬁg‘f’:ﬁlf%%"f‘r éﬂ@?”é}we@e {VBCcAne Ny glsacPmbriseoneenbr ane

and proberuhdrh @oteiRNirtigee hatrenpsioakal @Rt i : I ented in Figure
6, both Coomassi e and i mmunobl ot gjt ai niang confi r%’?ﬁi"ﬁ‘g‘?&%%?ﬁ‘"ﬁéﬁ?eposi tive
cl ones pr GHGERDPJRA vaqtiee Exradsosepsienalty Eporipiistacneeorambreethtigisniat can

out er-ne tiqps 30 derived from NnB [cps-, porA-] or NnB
[ cps-, pg?) ,%f% Stlﬂfgfag% [“Egﬁ%gsa.“@?’a SPB Rt AL BEHI tR CAR PrOtere A BAS @ERIASt he
expr es$8i omnfafenix iy Sutiha vecR@Chay Be LBRneREageuE L alé:iobal 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 blebs
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| evel ), preparations (see Figure 6). This result confirned tha 521?"“ 2004
pCWK(+)-D 15 5~ ~ ~ ~A~ ~O-~t WO 01 J09350 PCTJEPOO/ 0~424 véct ”%é
functionglo @@dsssan be used successfully to up-regul ate therexpmressiipn of
out er nenbrane proteins such as D 15, w thout abolishing the production of
the maj or PorA outer nenbrane protein antigen. s Exanple 6: Construction of
versatile pronotler ndeicodiepy flaekingr sgRatki ofal spetifc Igahd cuaaiai;pfre%qmt@appr oach
is represer]t ed in Fi%%%gl and can be summarized in 7 essential steps. Sone

of these stEPEHFEP? t SR HECBWRIiRe BenenEhisapsilzticnt thlns mbacenott or f or
- | aty el ! . d 1. .SJ 8 Vect f
200 et T A 01, BTG 0 PR B

u~-regul ati ng the ‘expression o PA gen

(997bp) | oamtresn wpgbwasteaht offtiichepdisRALiEOHaRE FARE YRS A 56 Q¥EIERE ngEQ I D
NO: 2) in the private Incyte PathoSeq data base confgal ni ng unfi ni shed

genoni ¢ DNANedfqupRadRg. oftls Keauqars érfprmatipanaliegist thd alsteshimation AT @&tefifial13090.

Two ol igo L | i referred to as PNS 1 and PNS2 (see table in
exanpl e Z;E%glggtgwdgr&tg%gﬁéf ntget‘?ﬁhgregé(ﬁ’ﬂ%ﬂ%t T SIS eRtn (HBNISYISCUYEREER pzi mer s

were used ioiciRER @Rt fleradhits ORptSidig URNNE &b ot BELEJad; e HA4/ 76
strain. Step 2. The correspondi _ﬁg anpl i cons wsere cl eangd- uparflf{st@%{htghe

W zard PCRoWRe-Dalspmeespauenggalregings stithnippteatialt secdndpess tstroctumsi trivolvieé in

BcoRI / Xbal JANa Y en s 2o0.for, 24 hours using the conditions

descri bed rﬁg\ﬁ ?éf{en g%%%ﬁ?z%?ét\égg’@ﬁ? Pﬁfﬁg‘r‘lamﬁﬁgfsrﬁr SeBieREESy) . The correspondi ng
DNA fragment s V‘ﬂﬁ@sﬂ;@kn&ﬂhﬁfrﬂrﬁﬁo@ﬂodv@&x%rrhgﬂxlitfblntmicjﬁ’{rﬁﬁ? BoRdiig o3 tes of

the pUC 8 cloning vector. Step 3. Reconbinant plasmds were" prepared on a
| ar ge scal'@e §mef Braugstien dhefupaegulsionvefshe get aprasive mulyaiceadcomplisteér se PCR

anpl i fi caty ; r P erformed using the PNS4 and PNSS 25
olrripgonucl e%{)%]ﬁgég E% p?\rgmf)%g tﬁ%ﬁ e'éﬁg?ﬂ‘éf‘?{’é‘fﬁn BOIPRRR! EDRIFQT Q5 9BS2WE ¢ | nres
(94C I m n. glertén, lofrady othdZledenth invohied. Likbwlte, dobdire JuiHoR of cﬁﬁ:esléﬂ)ﬁtcgn

recovery}. Linearized pUC 18 vectors harbouring a deletion’in the NspA
upst r eam r¥grgreved st simiter fyper &f meetlifiGions cAbiernétivelyy by elangadg pisast he

oD eoB S S BTN R BB SR i 8 bl e 55
the pri vatemntrol; yt @ajdé badoRgcdatah @5 eregantish. Th Aother approach, the expression
of the gene can be put under the control of one or more inducible elements allowing
regulated expression. Examples of such regulation includes, but is not limited to,
induction by temperature shift, addition of inductor substrates like selected
20 carbohydrates or their derivatives, trace elements, vitamins, co-factors, metal ions, etc.
Such modifications as described above can be introduced by several different
means. The 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 olf 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

39



Z 9 JAN 2DD~ WG ~I/033s0 rc: T~gooi o~a~, a unfini shed genom c egu S
of the Neisseria neningitides strain ATCC 13090. Two ol i gonug\@o%imf%ﬁ
priners refererred to as PronD 15-5 | X and PronD 15-S2 (see table in
exanpl e 2VQRV¥3¥esi gned using this sequence and synt hesi ze8CT/EROET4p | ner s
were used for PCR anplification using genom c DNA extracted fromthe 5

HA44/ 76 straimg. S i . | i cons were, cl eaned-up using
the Wazard BORET PR LesTRbks PERS MR sefiehirsdrn e BhraTooetio

EcoRI | Xbal  inestheibattedmmenz yorrslogus rédbriiHAon! iftolthepGRAMI t 1 ons descri bed by
t he supplier (Boehringer Mannheim GCernmany). The c%rrespondi ng DNA
fi-agments were HeProgessi ) éor ensmpile:dthe texgression oé acgane eapdredinodulaieti sy of t he
pUC 18 cl onj ) 3...1 o _Reconbi nant pl asni ds were prepared on a
| ar ge scal eé%ggygg% g#ipég%lg Pcf M4 7 STORES Ugéﬁt%éP}HO‘E%PQEIEEW Upfiirafise PCR
anpl i fi cat i quedcd\WErEe gbeRiNAEroRaEd ' - 3-3S

ol i gonucl eoﬁqdes usi n%gt he fol |l ow ﬁgeﬁg’r@h&%ﬁ%ﬁg %’gﬂgﬁ@gﬁ%&ij@%ﬂ nes
(94C | mi n. , ths@enomerby hompigogniasombematiod). pmegu(aaieprission, cad Ge Wptdied
recovery). xlﬁibno aghi zbeg gUC 18 Eﬁgct.or har bouring a deletion in the D

15/ onp85 1sUEt PSR FEETGR YisEy P the phtep Hregibsang. vesieleashed (pr npdehieomat i on
process forthphaderimr econbi nant bl ebs . The exanples |isted bel ow descri be
met hods for produci ng reconbi nant bl ebs | acking 20 either capsul ar

pol ysacchari des protearpsefemed pampiec theateschitd approRetied caiSbi€ sl thrges@styr € may
be used, for ! V\@gge [Sange ff Nei ssei.ri a nmeningitides reconbi nant strains and
may be adaptedPdial BRNTHRL RISV IR Jnarqvsd gharagtemistics domascime Npbkieasions, a

meni ngi ti deg &REQRFEOIHvE [ - LN ' 5 {FNE 004 AA,
FRE 010 ARy mor T ooy BT o, LA ARES b BB St P,

growi ng nmenvityinseesedexpressivd\odistlagred antsgens f dramsobitarhdtRlouny @ \@eésase@nd are
consi deredf%glf lé_:.trlépgro as?%ect. ?f the invention. 33 ~ o ~A~ ~oa~ WO 01/093S0
PCT/ EP00/ 07248 030 Sh eBTSENREHEHRAAVRE: T8 TAINEME esronssnsgRs: SEaigh Twith 8

gl L. NaCl 6 ~fofileeifiraitn®f imBen&ddmi DeingHi 02.2 gl L2.2 gl L2. 2
gll,KO0.09 g/L0.09 g/L0.09 g/LNH ClI1.2 g'/:L .25 g/1.1.25 g/1.d ucose5 g/L
'20 g/ L} g/ LYeast Extract OF-2.5 g/ L-Soy Pepton5 g1L30 g/L,S

g/ LCaCl2. 2Hi 00. 1. SO ,00,6 g/L0.6 g/L0.6

g/ LEr yt hr onyci n%%ﬁo&?{fﬁi‘aﬁé%%@ %?5?1'@" UPHTE3RYSCGUFRCEY SHPSBeRmD f

Nei ssei ri a ofahd inglidtiotl @6d LS DAHOUPpRfFRI geh | atel P! s
performed in two_steps conpri si ngp recul%cufszegﬁbggﬁééﬂég |uaﬁ%§é??ogbv%§ by
liquid cul t5¢ht $BR IDSNYO; 8962 arecall Muresrarrhalinhpsdeameeghenes (upstramcbfithiom

freezer ( )i to . roompgienperature and 0.1 nl, wa reaked into a
Petri dis hqglg)ﬁtt‘%‘} E?dr"i‘éd"fé’%ﬂé& “’#fﬁggéﬁ’bﬁy E%‘BB“%%@%W?’?H’&@%%QO bR &¥bwas

i ncubat2ed REQTD NO: 6B75Zarbollr & iAfheensit hiBGfatl QMuBnMRSUbERUSPERdRd in 8
mL of FNEOQ8AA.(see, 10 abaove) supplemented with 15 ng/L of erythronycin.

Fl ask cul t JP@atien gedogrof vaupuspisaad gengsy cpmprising appreximatedy a0{cp taxha 2

litre flaskyggphalidy : 08AA suppl enented with 1 S ng/L of
eryt hronyci'n. The f‘l[ag]gqf{\%g%mﬁ%fg%gmgéhogs m&[ﬂa@&%’i‘ OQ%GCW%@
i ncubat ed dbr 3pCegubatinkp or Aohauegulathpetieebies Walify ERMHCHR{hOREY iR cul ture-
broth by centrifudg(ati on at 5000g at 4C for 1 S m nutes.
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 swringent conditions to at least a 30 nucleotide portion
of the nucleotides in SEQ ID NO: 2-23, 25, 27-81 or a complementary strand thereof,

Preferably the isolated sequence should be long enough to perform homologous

yo



15 Batch node cultivation of Neisseiria neningitidis serogroup B cps- ,
recombi nant bl ebs: This was performed in three steps conprising ﬁréﬁsﬂlmﬂﬁe
on solid medium liquid cultivation and batch node cultivation. Solid
pre-culture A vial of seed was renoved from freezer ('809& I,Jb%%gl to room
t enper at ur eYAAYOWS% nl was streaked 20 into a Petri dish containing 1 S nL
of FNEOO4AA (see above). The Petti dish was ~ 9 JAN ?. 00~~ ~O 011 09350
PCT/ EPOOL07424ombigativat with stte Grandsomall@quench ofuit Ss parhef s unitabie vegtaowt h was
resuspended in mL, _of .FNEQO see abo sUp it ng/ L of
eryt hromyci n’.’a"ﬁeiqﬁﬁtll asﬁégélﬁigf%{rﬁg\s gpigﬁ?éﬁfayf%‘gu@pgdn%g‘é%gﬁi %Hﬁr%%]z?& ture were
added to one3@®,400,e6rs500 maleotidea). Nlore pyefé@bly the BblafedpoRBuvlecsiippharient ed wit h

15 nmg/L of erythronycin._. The 5 flas s pl ac n a Kj e (200
rprr)ngand i ncff%’é‘fréaa lF“%?Q:“FCg?m‘fBS (p?léﬁ %&Whggégﬂ@eﬂﬁ@gf b‘?ﬂg&f st(was
used to ingoc y@rﬂ%o,td?%omubliestmesg JrSEEN O: 288t oh g eor GUckipldnenfanf er ment er .

The i noculum (400 nm.) was added to a pre-sterilized 20 liters (total
vol une) fer nétFandithezesht ai ni ng 10 L of FNEOO8SAA suppl emented with 15 ng/L of

erythronycin. The SreidCh At BNt TRE At Al tufe Gol¥atbe aut onat ed
| 0 addition of Naglﬂf%%e@\ﬁ%%ﬁg%ﬂn%ﬁgb FZS%EVC?W%%E% ut ee’rrgergt Er’e was

regul at ed at 638SC, IKdeabardtt 0.6% IR, end ¥ wedinhtfagmerdedsand Aenatured salen / ni n and
t he di ssol ved. ox ) trati o ATR wned %, of tion by
the agitati o oo sSREER SAlsRluRE IO EhBEt: 2L sSE/ 20 O U2

mai nt ai nexd atim800 rapht Mmperaffré r aBout-101minougs $gllotviad by whd time awds °Crforst at | onary

hase. The cell . ted fromthe cylt by ot h trifugati
B S000g at e of TSk Ripae PepL@P Bl riat bk oFCNB doTpy eE o | 1971 O"

meni n, ~i tidi SenfRIBQE for Pt IBasCPS mimf®r A- reconbi nant bl ebs: This was perforned
in two steps conprising preculture on. sqlid mediumfollowed by _liquid

cul tivation.-Sol i fﬂ?‘é"g@ﬁﬂ’%fse&‘e ,RsevP’gﬁhe d?°la§?éieb"qm§1°?tmmfef S0 seezer
(-800), thawafehtidni PERFEAAAFEY Shbticcengitberfg bvé (@B asStahGRkAOinkdidn, ar Petri

di sh containing 15 of  FNEO1O0AA (see agove . The Petri_dish was_ incubated
at 37C fof 18ite sperifip utativ ar dalgioact grewbly hagmelesoys perraRigaton ¥eniL of
FNEOOBAA ( seg;i@ROMa0 bp “PsHe&H R b @flaniintdati O RBAILchRinoSGRAIME i-ordel A5 K

culture. 2 nL of resuspended solid pre-culture were added to a 2 litre

fl ask cont ai §iterRy inFO@s;MEr dsfregss cFNEHDS AAthe gsps- Fraferatdy) theistrpin 2D @/bigh the of
kanamycin. T i 5eakk A9t abh ichRie i Ncubat ed
at 37C for 12&0@5%%&4@%}2%@2%??%@3\2;(3 sepaér;tzlaltgt%:}J ?é)rﬁﬂ%ﬁe cu‘fture broth by
centri fugat i eeruances00thg inmentin@ Wwese oltained. Alpwsyer, the meningghagcup A-B- O 011 09350

PCT/ EPOO/ Q74 o ' : i £ j hs . f

meni ngoco@ci : %\%%ﬁ 0%3%15 ?‘g)r e%)gﬁquigig%ﬁty Alufé,g&gﬁiggsg%n%? E%qﬁfécﬁlﬁré)g{sn wer e
purified as dagof thisedtrsies may belvitalje Fdr dpsiging (ed@grfyr peafornsing pehdrents n 211 ni
of 0.1 MTris-C1 bhuffer .8. 6_cantainin 0] EDTA and 0. 5% .Sodi um
beoxychol at e 1 o s T g 4By B U or Analls Mee e PR “The

bi omass was eygensle Heemdppilsaghenice. stirring for 30 m nutes at room
tenperature. Total extract was then centrifuged at 20,000g for 30 m nutes
at 4C ( 13,000 rpmin a 1 o 3A-20 rotor, Becknman .i2-HS centrifuge). The
pell et was di scarded. The supernatant was ultracentrifuged at 125, 000g for
2 hours at 4C (40,000 rpmin a 50.2Ti rotor, i Beckman L8-70M
ultracentrifuge) in order to concentrate vesicles. The supernatant was

di scarded. The pellet was gently suspended in 25 nml of 50 nM Tris-Cl buffer
pH 8.6 containing 2 nM EDTA, 1.2% DOC and 20% sucrose. After a second 15
ultracentrifugation step at 125,000g for 2 hours at 4C, vesicles were
gently suspended in 44 m of 3% sucrose and stored at 4C. All solutions
used for bleb extraction and purification contained 0.01 % thionersal ate.
As illustrated in Figure 8, this procedure yields protein preparations

hi ghly enriched in outer-nenbrane proteins such as PorA and PorB. 20
Exanple 9: ldentification of bacterial pronoters suitable for up-regul ation
ant i genscodi ng genes

Ul



The use of strong bacterial pronoter elenents is essential to b&m u@)U
regul ati on of genes coding for outer nenbrane proteins. In that ¢ ‘{e% ,!* we
have 25 shown previously that up-regulating the Nei SSeria nmeningitides

nsPa, hsfwoamdIasnp85 genes using the porA pronoter has al | oREmERB/OV24

i sol ate reconbi nant bl ebs enriched in the correspondi ng NspA, Hsf and Omp85
pr ot ei ns. M@E,g%ves to the porA pronoter rnay be useful to obtain

di fferent OF up-regul ation, to overcone potential porA phase
variation and/or to achieve conditional gene expression (iron30 regul ated
pronoters). Here we describe a nmethod allowing the identification of a
preci se t rHresxainplel belew asd @ifedsdut @sioh sahAR0%cRABIRL %icﬁ&%r@ﬁtﬁo%‘éﬁéy to
confer high |l evel of expression in bacteria. Since pronpter regulatory

el enent s &PBIRE tghase af skl mehe ar, zxcers piere AtBarwi® daddribedmieRATTEP00/ 07424

enconpasse LN - stream a SCbp.dowtreamfromthe +1 site

(Col | adoVi %esk ge?h%é%gsggﬁ?ﬁ(g%,éo Oé??frﬁptg‘f),mvfgg@; M crobi ol Rev 55(3):371-94),
the result of such an experinent allows us to identify DNA fragnents of
about 250 by carrying strong pronoter activities. Mjor outer nenbrane
prot ei ns Sifkample NetensapetipnoongniVeigiciiia eseriPggidis Rerddrotp RBraidaRBBRRI | US

i nfl uenzaecags’kﬂ‘,ﬁerﬁ1 Ec%hg‘ri EG, Moraxel l a catarrhalis OmpCD, OnpE, as well as
sonme cyopl 6N regul ated proteins of these bacteria possess
strong pronoter elenents. As a validation of this general nethodol ogy, we

mapped the transcriptional start site of the strong Neisseria neningitides
por A dfid pldeplpimpidmMF B2 lu@iresshretpild 186P) bad bedni avedab coRiVAci O Wligemnts (5
RACE). Th ringci.ples of. 5'. CE are the fol]low ng: 1) Total RNA extraction
using Q A ‘%‘gs‘?ys%% Pé“&%%bﬁﬁaé’sﬂ%w’aﬁ%ﬁ?web%mwwéaﬁmnhe fol | owned
by Q AGEN flukingire@bhsiT, the’den MOMrs cBUEN: 2SGhineLL | rAspecific
3" end priner (Engg?red orAe)n. Expec?glgsfgbklﬂﬁads?%gé%hggggﬁﬁﬁ);&i\ﬁe%&%\ﬁng by

al kal i ne PShi§geshanides(Es PSB)andahaenahroofycin sisisgines géea DibtioDWA tid BOEs anchor

d DT 1 h ' d of t DNA i 4 RNA |i . Ex ted
broduct _stobie8 i Mes or (Ehftodon of f By celliiopolrisgeibae: epwAling o
conbi nat i aeledbn betiit attdeticefy BCRIEAdadRigAHP E}rftﬁ&f&tdt%ﬁat@thsetcgﬁcﬁg -1 egat ed

S the end p

cDNA using a conpl enent ary-sequence anchor pri mer v r'i mer
(named DT89) and a 3'end prinmer (named pl-2) which is 20 internal to the

3'end RT Wpect ed product size: 292 bp; 5) PCR anplification
of previo . S using DT89 as 5'end priner and p I-1 as 3'end
primer (i MNeéwserdd nieningitiddy B Emﬁtsﬁdiﬂomﬂg@tl.ﬁ,'l%ﬁioszi%PPkyaé‘%gleﬁ);d $5duenci ng

with pl-1 prijer (expected products size can be cal cul ated because porA
transcri pfiPBHORTEAop. si Adey ank fygmigBo G, hedubetion hen "MEGhldte awsthatti on St art

site) 9025 i t Total | s extracted fro proxi mately
100 tal | o " RubERY s R SOl B Danidobel SonsSaine” i e el 27

Extract i omwenf udednper d¥fHaplhie}jandl délutet Wit hn TP PR, § 2450 2R I hidengi ty
(0D600 = 1), was e{%"ﬁ‘rérred by the Q AGEN "RNAeasy" kit according to the 30

manuflact uPEFI8%i hkt PLIEE PhTEId EMEdAD stasisisolmian (AS wasmi)wede bydedddi ai6on of 10U
of Rasef hees ARG RIGRA 23958 0hh SRaicl N oMol BHII ab2 Sfieud P of -

el uted RNA and was
same amount of Neisseria meningitidis B bacteria, but without addition of plasmid.

25 After the incubation period, 100 pl 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 1g erythromycin /mi
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 pg

erythromycin/ml MH plates, while there was no colony growth in the control group

wiFhout plasmid transformation. The H44/76 wild type strain was unable to grow in
yl



2 9 JAN 200b WD 01109350 PCTI EPOO O 7424 incubated at 37C for 50njAN 7Tble
DNA-free RNA was purified wwth the same Q AGEN kit according to

i nstruct xZ@geoBver se transcription reacti ons were perfornpdripoiersfy i mer
por A3 and 200U of SuPERSCRttn' |l reverse transcriptase (Life

Technol ogi es). The RT reactions were perforned in -_ 5 a 50pl vol une

cont ai ni nghe Brlactest erpirorapciPplaee (o0 80fugpoyhBomydimnl). Shk dof afldXaISHPERSCRI PT
Il buffer ,V.Sgglzl Ff . 25mM l\/gaCIg, 4p. 11\/&% gﬂ 1M DIT, 40U of reconbi nant '

ri bonucl ease’ FiRIBIT of TaRPCTe PP Jie8t Vito PIAteSRIIboLT K5 tremNsinpRjosdsr towes

anneal ed sha@pwWrs®. (A4ew 1 1N, 1.n 5C for 1
mn, 50C for \i\grm n, and%ca?‘é?r Wfrﬁé%gfgg?%rogh?ﬁé@%gﬁg%cé?egf qCPFO\%s added.
The RT reddetiog) fmsprpentoofied pilysd@@afide. BAef)) ¢lohied det-o¥REedBnR sYC! €S
(50C for 1.mn,- 53C Lor 1 mn and 56C for 1 mn) to destabilize RNA
secondar y NFPGHRIG shegioanh Tinsed | diresHy  ino RBSIRP2 Yeflmeemedd hifote tchkd rever se
i transcri; Jelyr! L as tive. contrql.. The RNA was
rempved by arRal et e € U PR b e R RO o ATt 0. S

EDTA f ol | alieehembrib2. wasubvephaid fot ddeNasdr iheh® dRudn? Gkt LOR AL BBERhRE 5 M n.
The 15 reactions were neutralized by adding 12,5 p.1 of 1 MTris-HC

(pH7. 4) a8 Tprieppibesis st yashnd agaun for dhree fines Spnguus iythrobiyent uRec he
Mol ecul ar Bk pe Reih Gt SwitVALNG] B p<Cos SRR, %Bzoﬁgl%%g"%)egih}“{'?ﬁ%i/g@ogg,e(&at e and

60 p.| of isopropanol. Both sanples were r ®:1 TE (

10 nM1Dri shlkiit, bufifer for4 hdursrid RIDT A4 frgrtBhew ThsihA stepJandess mitidd) (e anchor a
5' - phosphoryl at ed, 3' end ddCTP- bl ocked anchor 20 0Oligonuci eotide DI88 (see

tabl e bel dugnocipRal assbady wes detected with atipanyjeted entiretbuse by fiorg Ameshamoom

t enper at ur, i dning., 1.3 | f 1 OX_.RNA | jgase byffer (Roche
Mol ecul ar (%chidg%f gﬁ%‘?%gﬁh{% Blr\l/ﬁg%%l%mf&)kb erodom’e?‘?‘ffe%‘ I{;%%ﬁ\?"é?t €bnt r ol
sanpl e andvaShibgafep Tds d¥Néribddgiboee). ASfteragats] MReGWHE RlcSbardl HEEH L SGE Of

| i gations omtting j the T4 RNA |igase. The

r],leagb%i ons was fioerfor ned, i : _
resul ting K] FAR; LIIBIERRCeT BHEPRVIdiRrPEIOXigare comsplax dilnted t1V1000i it hzrudih@bt

sl ng 5 OBt e e S el B AR e I e SR bR o

i ncrease syeeiddubatty fands mindnctbe \dark dsingabe réRRABALsBIutLE $10 HRUBH4PCR wer e

per f or med gp t he Fgf/}l%)%;lse ,rescti on and controls in a 30 ul volunme, each
cont ai ni n§HoP-maptol spkutengn B0 41k AethAR plused0 mBRBS erd 3G meld N0, 27%L pl  of

| O dNTP£rotOMAR) Phe Ahc8Aad b diRE it ¥lails gorr&spondi ng RNA
ligation reacti or‘ld? Thee I%%:R wer e t stgﬁj%%mgﬁcf%%teﬁg%s qog sf%?q Pl ati ni um
(Life Technol ogi es) DNA pol ynerise (2U added). The first ligation-anchored

PCR (%\- Pﬁ%olwail gﬁrfpr med using 10 prnol of both the anchorspeciftc prinmer

D189 and t : #pt-specific priner pl-2 (see table below) which is
i 1A 950 for 2% O e e R Be BO e B8 e Do R DR S KB e by
10 cycles “R) g8i0h¢ piild IPpesstaimd(HAIC6) as sofied ¥adterldQao 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 pl 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 pl of 150 mM
NaCl - 0.05 % Tween 20, and were overlaid with 100 pul of PBS-0.3 % Casein and

incubated for 30 min at room temperature with shaking. Plates were washed again

4



WQ 0110930 PCT/ EP00/ 07424 for 1 min (reducing one degree per cyql &) JANS004
cycles at 95C for 10 s and 60C for 1 mn. The second hem -nested LA-PCR was
performed under the same conditions using priner DI89 and the p 1-2
i nt ernal Wei0KHeIH0t oget her with 10 pnol of p 1-1 (see tabl e pgalrywhoeng 1 p. |
of f rst round PCR Amplification products were purified using the Q AGEN

i it accordin o manuf acturer instructions

"Q Aqui ck purification" .k ng to

before s ubdrér)lg{it tga SHge ggo(fﬁéwg{bq&rc W@bmtg))ﬁeﬂmm nebnocld@at beibddgyenci ng
kit (Beckmaoo phrdeas ; Q4 nce the RACE PCR products using 10
pnol  of p;(? rre’rJE 1-1.6%%31613%%?%&919?@?1%@ osﬁgwﬁé? g‘%‘é“r?)o‘ﬂr?é%‘%%@isﬁg to the

provi ded &} Youkwéeordd amdchus equeethe itigroplatd Wetose WRiBaRRA! YoorfteRbel i, C202000
DNA Anal %M@%& Coul ter). 10 DT885'
GAAGAGAA fareshg gskt idemivah@@dOrg TECCAGCET 6 GETGH3' por A35'

CCAAATECTGRGE ' ' GATTTTOGICC 3' TGATGOGGC p 1-1_ _
5" GGTCAAT %Me%@ﬁé%ggwwg@e%bwmmmaalmpm@i tidis
por A p-r oPdSed.3 THeCasenr t 0005 B4 aweehidot Were h@ieqNg | QL des
serogroup B (strain H44/76) 15 porA-t nRNA vvas?drrmép%g(c}uég tg‘;éyﬁ%gtbro of the

I n Ha4
ATG start ‘élH”g@PHBOQIPﬁa Berdhe weshise ReCHEsDefice)ples wER iscutagd wigconf i rns
t he mappi (T riner, extensio nd published by van der Ende et
al ( 1995;398#E|{ag%51{er§%f>?%§%p6%TPI§Xtsﬁﬁ"tno @Rﬁ”lr%fg%n@mé@mf&imhﬁgloﬁb):l eoti des
-9 to -25@iluetilat (/4060 th the shie wRkife AdiG ol al rdriving strong gene
expression in Neisseria mgni Etgi t ilﬁés gﬁgég%?gi]gplyﬁirir’\%tt%%e% t’ﬁ‘,df"’m

speci 88 s sRakings conylitignspyp giftar idis snbationl and Beelmdowasisisg RS Widss ey the

Ni ei sseri LNQ:1 a rompter . The same experinmental strategy bas
been, appl ?]ec ?gé]g%\@l gggrﬁa agﬁggel AYPT°8ET selutigy (8 e prihophenyieneiiaming) por B
transcri p(OBD) &t 20 nl .1 & GRAR Bekfer PHA® 3 § i Labl 6 2%, pel ow
correspongj to 3" end RT priner (po.rﬁ§3), trangz:?lgop’t)[}g}pggwllg?n gk}ei%f‘ that is
internal tB'SRE BeR 53d @p$:904630 em dising epemtophatoterr.por B2 (porB 1 ). por B3,
porB2 and porB 1 are respectively |located 265 bp) 195 by and 150 by
downstream the ATG start codon, porB 15 GGIAGCGGT_TGTAACTTCAGTAACTT

3' por B25' REBBFTCTTGECCTTTGAAGCCGATT 3' por B35' GGAGICAGTACCGGCGATAGATGCT 3

30 Using porB f: and DT89 primers a -200 by PCR anplicon was obtained by
performng 5' -‘gﬁidzsh%p‘igﬁ‘g@fsﬁhm%o pol8t ¢ododiess sthintl widy® ably 16 gegwihhe por B

ATG startopbhe selected TR With erythromyein, only two (the “D” and the “R”) colonies
were shown negative for presence of B polysaccharide. Among the others, 16 were
clearly positive for B PS and still resistant to erythromycin. This indicated that they

20 1ntegrated the plasmid into their genome, but in the wrong orientation, 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 (C11) 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

hy
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st ai ni hg éli—i‘? e G0 Sxgsr emss and whs ©PRrataskbnPAGE-SDE  electrqphersis Naissser i a

ingiti ° [ ' e 14 15 Ex . o Uo- | at i f the N
roni not o 2SR ESOa B RS RHEoaY Godipasi WAl e R PR RR ! 1

experi ment niascellalose phéfibrahd Gn@ PEREGENGIS AT Q0D Y &%H&ﬁ&haﬁ’fan 't?bed[y'\%pA gene
by the strong porA pronoter, in order to up-regulate the production of the

NspA ant i §&6ibghing laﬂﬁlr?oeleiASafinfmteér 1y [Eﬁgtaceof;rehfdth pﬂ:mm'sde\/\ﬁf(éi bp)
construct i Q. Ea, CQlLE_cl.oni t ol ogi.es. . A DNA region (924bp
ocat ed ugtradodts, Mg S8xhmica Bal oD e et cloper da TG 7) i n
t he pnilvaﬁaadtﬂﬂﬂ@a%ﬂ%‘ﬁ&ﬂﬂi@&éuh%&@fﬁ@ﬂia@méiﬁ@vﬂ{’\{&%%%:ﬁgfe - %QQAHE' S

sequences of the Neisseria - , nmeningitides strain 9
fragment £3875pHsed oweeasslylliiol araet dBNA- ihsérSon din- tRO (ponidt Feneeabalihingo t he

NspAigene - ATG). was, PCR anplified using z5 oligonucl eotides
PNS1' (5 9%&%&‘@‘?&% p&:‘&%&hﬁ‘&% rae'?er?ﬂ&ﬁ%mnmsz (5' - CGT CTA
GAC GTA GCG GTA TCC G&C TGC -3") containing EcoRI and Xbal restriction
sites (underlined) respectively. The PCR fragnent was submtted to
restriction with EcCoRl and Xbal and inserted in pUC B. This plasmd . , was
subm {§ edpt Omoid £ €L ' & Wnistofer (1992)

Bi ot echni quesﬁﬁz:' - ~ & SLEr emorane proeidLp R {02
sequencesdarbedi freft & Ofecbmbinghto NeBdiARN , maiRkifls t @Rl Lot H shahi ALt es

al l owi ng ¢l oni ng of a Cn/ Por A pronbter casSette. %%—%@%\as

per f or nedﬁ’agiﬁlﬁ’_emdcpsmm 011 09350 PCT/ EP00107424 BADOL-2 (5'- GGC GCC
- CEG GCT CGA GCT TAT CGA TGG AAA ACG CAG C-3') & BADD2-2 (5'-GEC GCC CGG GCT
CGA GIT CAG ACG GCG CGC TTA TAT AGI GGA TTA AC -3') oligonucl eotides

cont ai ni ng upt Bluiclirgibieb eesiclenlitis pioted Bl €antRehd & Gl AaosbisSer x(rﬁﬁ@%’ngnd Xhol )
under&d']_ne&il. gge resul imr%g PCR fragnment was 5 gel-purified and digested with
he

Xhol . BEPA PO HSt ¥YveRss SEORET wmesmbipas proteietbased matdinespUCHRL 151 Onp85
pl asm d pedivdx@Usk I - USd, 0. DF: . 15-2 (5'.-GCC GCT
CGA GTC TAG ACA T%%gﬁe%&c ]X%%QE“A%’?%%%J@'% Q%[@SA%%B %“?%‘(’931(%& aéggt’gs GCT CGA
GCA CTA GIoAeY WerCOEiiesTedr &0 tHa0ReXxprasbiogo tuve] 60tHeARSer GGl BdiSyli t abl e
restrictiQn. sites é\é(%gﬁlb#al lo Spel and Xhol) underlined. The PCR
fragment OBbtAi Ed R i §4reliak BuaPsfe bt @snasadinadfer NspAi was IRCRi rcl e PCR-
plasm d raspifct e dhilND NeuRARCHANMINT BIAYIES . 1RO, Ol LG, [ecomdi nant

plasmid were linearized and used to transtgtma s REIRLerM a
meni néfi ti@@@péezbgib@mnatibaa:kscdgorca@mmﬂim@dimsae@hmkdﬁs&%éb%et_gpd one of

t he maj or__out.er . e proteins - PorA or A-). Reconbi nant i sseria
J suppfler (}EE‘%WI\?R polymerase, %oehnl;ger a%nhcim), GmbH). Thermal cycling

done was the following: 25 times (94°C 1min., 52°C Imin., 72°C 3min.) and 1 time

i":
D
>
=
=)
>
@
(2]
()

(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 material was

used to transform a Neisseiria meningitidis serogroup B strain lacking functional ¢ps
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15 nmeningitides clones resulting froma double crossing over evq%sg/g@l?:gﬂ;
screeni ng usi ng oligonucl eotides BAD 25 {5' - GAG CGA AGC CGI CAA A - 3
& BADO8 (5 CTT AAG CGT CGG ACA TTT CC-3')1 were selected on GC agar plates .
cont ai ni 1& B%¥¥Oni chl or anpheni col and anal yzed for NspA eRETEPSIBTH24
Reconbi nant bacteria {corresponding to about 5.108 bacteria) were

re-suspen 1,050 .~ .of PAGE-SDS 20 buffer, frozen (-20C) ! boiled (1000
three ti ng%‘%é ﬂ’%S%SCﬂB%%smﬁeéﬁ- Iyeematgn wpdting &ony apslenblesiressing-a 12. 5 %
gel . Gel soversenvé@nthst g + o} i rdJ Liant bl ye 50 or transferred
to a nitrocel |l ul ose m%cb%epﬁrﬁgﬂp?%g%dg%ﬁt%e%m& RO %‘fl?%i %SP%‘%%%OCI onal
anti body &Heapdusingra ¢omepaaiopal PR arad WasterdBIdY s édnig Rodebires AsestaEd OS85,
there is a sur izsi ng indication that insertion of the pronoter

appr oxi nafneel’%?mgge 400 by upstream of the NspA initiation codon expresses

nore psotein t £ : [ et 00 by upstream The s

r econbi nant pugﬁgﬁdgs%%é%gﬂdlgg%g%d tbﬂaé? ]tg I%?&Pet'ﬁ‘épggﬁgé%gﬁ) b‘ﬂggf NspA

in a Nei SBAGEsSDE rbuffprt ifdesn(SHPQYr/oupild STOe0) haekiipgsf jQn ps gene
but still expressing PorA i JAg~~_~ch ~§ WOU OQQ%SP%TB/CEEHF%O?J(SXICZM Exam
le 14: U SePagirddyi %‘gGEfS%elemonk@mSwgm adi2sS YegadgGesweR: fdA stamediy) ene b

t : i f _th i t t | th
Endogenous aransiions B 4D & ware RS t it IGe eemmiyars @crepbidy por A
pronot er with odrd entitNspUP poBaldml &ehli® W UCdRsksff cfatfhe ot dﬁo@p&ﬁl )

S

antigen. For that purpose, a pronoter replacenent asm d was constructed
usi ng'E. EYPNcdias stamngrésen Sdurod) eanfimeditket pegi FECR( &3ty cloaesad@dotupst r eam

f th i di d.(SEQ ID NO . 18) in th i vat
oyt & pat e B e O P g RS e oo qoniser ip oot b0 o

13090. Thiedl Badferabysates SCWOBLY o Ukisran &80 Hi&Y proRulidld Y& J.asfogene. The
st op COdgfﬁmg rpsT i s |ocat ed¥169bp upstream-t hepppgﬁ&%ﬁeﬁ%aa%:%’?d t he
di srupti [4Psy azApope MBI fops- ipgod + aNspagdnd\lthaeghdeoi diéfdrence ivsert t he

CnR/ Por A I C I t zeam of the ATG of pl dA. For that

pur pose, &gs%%]? rbggggéfﬁ%% %%9%8@?8@6 i Wt et‘*ﬂ‘é‘&ﬁé PYEsiopdne, the

169 bl i recemyedmtected exBenioil BRtbatddein489 ekpreShonl 8 f}%l%%}iihgﬁ &f (PldA gene
P

was PCR amplified from Nei sseria_ neni nglttJl des serogQ enom ¢ DNA usi ng

ol i gonuc| BEPETRES PEpd Ievshsbety in REBERmdTayerAmambane bAY pFE@raE0es TEE ACA
G 3 ! T CG.GCG CAA TTT TC CGC AC
) andg gt:Ad), AR ebudt co%qa?tﬂ-%%(r ) B@.veﬁff&f Wn&l&g@ﬂ

-3') contal ning uptake sequences ( ®al so a
Xbal restusedsuasassgillyeto FhieguRERHE rexgreesibn 20 oWRS nedn@MRIpMM} sichigh Pure

Ki t (Roctﬁ I\/ag heim Ger natge/&aand di rectl¥ cloned in a pGeml vector
(Promega,  1B4n)20° RRSeHRAtRISe Prasictier @f the RarAcduter pORnbraneiprgeinesi s
(Jonem & AAkipestofer (1992)) in order to insert suitable restriction sites

al l owi ng cloning of a CniR/ Por A pronoter cassette. The circle PCR was
performed using the CIRCLl-Bgl (5 CCT AGA TCT CTC CGC CCC CCA TTG TCG -3') &
25 eit herﬁ%%-sé ' CTC GAG TAC AAA AGG AAG CCG ATA TGA ATA
TAC KI:\A . 2 2 5 8 a1z

qQUier, MYIDEACSDPIOLEIN antigen in
blebs derived from a recombinant Neisseiria meningitidis serogroup B strain lacking

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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AAT ATA CGG AAT -3') oligonucl eotides containing suitable restrj gtjii 2804 es
(Bg/I'l and Xhol) underlined. The CnR/ Por A pronoter cassette was anplified
fromthe pUC D 15/ Onm85 plasm d previously described, using priners BAD20
(5'- TCC CCC 30 GGG AGA TCT CAC TAG TAT TAC CCT GIT ATC&%%QOOIW%

CM Pl RA- 3 (VB0 01/0g8G& CTC GAG ATA AAA ACC TAA AAA CAT CGG GC- cont ai ni ng
suitable restriction sites (Bglll and Xhol) underlined. This PCR fragnent
was cl oned 6+ ~ ~ J~y~ ~~O~t Vb' O 011 09350 PCTJEPOOI 07 in the circle
PCR pl asmi d%lPBia?“ﬁ%d’ °W|Y tCANANINFR YIRS RAAYRGT: At ed“?z’@ﬁ%ﬁﬁéé‘ﬁlh?ﬁ B¥rhi s

pl asm d can jReeatiaetheldvel srannt b DRYSSOMPE sutRAE Higpdsithes serogroup B tcps-|
and tcps- porA-) strains. Integrati on(H\ng%{ doubl e crossi ng-over in the

upst ream r egi on B hpIfRWing Fxagipicethe R NEFET BEF wpd thep-FrErIACIRo Dt er
directly up%tﬂs\rlg\s@fs}]cﬁf thb@rxg;sg@né%@m SneAfbRind SrotEiR Sifleh Gn WPStraf kit €d from
of the reconbi

t he genom c nant Neisseria meningitides serogroup B
tcps-, por Afuncionkl DA6 EDTp dBH pxpusseing @ept. % ithay MPbsE/Ep88 dodingrfonot er
repl acenment .~ Thi S cont ai Ns the coR gene, it ter and
400bp corr esopnép%aﬁjnléékt%age‘{@g agpﬁfiﬁ%adrﬂs:ﬁgntge gggﬁg%caggoqltst "e’P%f@T‘ lenp 5 gene.
Thi s sequengemeas Theeondians ened for RCRe hfplifimatiausefeathosapdesariped &y iton of t he

expression of to D_.1. 5in isseria.and .wl sted for the

upP regul ati 8pr§)LFr BH%‘ @M@%‘?“Sfﬁ“g&gﬁ’ﬁé?aﬁ%’ﬁ@%‘a‘r iclgnbgﬁt frg"éﬁ@ Cyﬁﬁ'ﬁ’%’rer s used
for the anpldohd wad the olowing: BABMO(9a7T! | kv, BORA ;b 13°¢ 3min.)Ginkb 1Gike GAG TGT
CAG TTC CTT GIG GIG C-3') containing Xhol restriction sites (underlined).
Thi s PCRY r dGEnOmias? § Hhiedesaxehd be FOTESSRONBIRR 2P HCOR; virs dbsesdhBdhen t h
primers Cl RGroBel fdihgCHREGr X4d0drding TR Sthel Smbludsfir&d’sWishdcifR@tidhs €dnd O

transform Nei sseria neningitides serogroup B tcps-1 and tcps-, porA-)
strains. | ntceefiraRioph seAperfiRg Was Pedemieg Tl ePmpsn/P He DiYss tifeg8mAttr #8i on of pl dA

w Il direct i rdd 0or pl dA ATG
Exanpl e 15: e%%?erd egﬁﬁa%’qd(?r?g r%%gcn%ﬁ’ Hg‘é’ﬁ{yﬁgﬁ% ?’ge@g@%g? %E%&QB&H'[C%‘E}%\ gene by

20 pronot er claapd deetherromrespheding mestrictio sitesx pe thenpEMKYR)s deliyerye pecire t he

endogeno . - Cth@( BeRe, . 1L PRL Ay onoter, in
order to%zpa{reggu lg%lélb?%hﬂ%régéﬁ%tﬁﬁon oﬁ) tﬂﬁg %%éxhgﬁdt&ge%%ﬁor ﬁ%‘g% pur pose,
a pronot er rkplQisEENNmappmp rkitdanda? o nk this otaedaluwangsed. tocwdnsfooh oni ng
met hodol ogi es... A .DNA reqgion _(731b | ocat.ed. upstream fiom 2 he tbpA
codi ng sequgfleésée’%smﬁ'f" cover éefag’{"%ﬁé fB"Néfc )I%lmntlo laTeCPﬁr Fe\f‘gég?ﬁ‘cyt e
Pat hoSeq datdesdiiaak inoéxatriple Neilis selet & preservegiht ieghgrsssioh rodi por ATIQEgABAO0. Thi s
DNA contains_ the sequence coding for. Th aniJd.gen. .The genes are organi zed
Th ‘an_oper of==uiHe SHHHEAs SO e B AP s BEATSES S ASTER por A
pr onot er 2.c adyatcoMbinktidn Jf PR A8 MEOSH, bid sdbMingipagdinds. Rinadhadif} bRisear r espondi ng
to the 509bp,5" fl ankin 0 region_o b ene, the 2139b ppB codi ng
sequence, t Wé°“857“5ﬁmigr?f’%8%f iPar w&gﬁggkéﬁ‘g‘”?ﬂﬁ*‘é” hlguwere stage ﬁﬁ'&?k’e(gf‘ﬁ des of
t bpA codi ng @reeiccks WabuseRr Ak shideg. f rom Nei sseria neningitides
serogroup B genom ¢ DNA using. oli gbonucl gotides BAD 16 (5' ,6% , ~ 9 JAN
\ actena (corresponding (W) . €ria) were re-suspenaea 1in Ko
2004 ) WD 01t 09350B t (c 0 to about 5.10° bacteria) ded 0 pl of
PAGE-SDS buffer, 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(+)-DI5
54 |



PCT/ EPO0/ 07424 GGC, CTA GCT AGC OGT CTG AAG CGA TTA GAG TTT CAAZAATIARA004
TTC3') and BAD17 (5'-GGC CAA GCT TCA GAC GBC GIT CGA CCG AGT TTG AGC CTIT
TGC-3') containing uptake sequences and Nhel and HindlIl restriction sites
(under | i nea@)1/09350s PCR fragnent was cl eaned with a Hi gh PurecKebootor424

Hoer hi nger 5 Mannheim Germany) and directly cloned in a pGeml vector
(Pronega, USA). This plasmd was submtted to circle PCR nutagenesis (Jones
& W ni st of ¥§¢tqr i3 fmeyipnaland carebe vsed (sigeessfaly to pHielaRleaht @,&t,gsg,q,hio?g gites

al I owi ng c{n?gib%%c frot%i CnR/ Por fro, ter cassette and (ii) to de et e 209bp
of the 5 flan |ng’ Q&N SHELasP 1 pEOshabalihing eproduitieg of dpuresjoePorkhe
circle P%mmﬁ{&gggg{eﬁ%ﬂge 'he BAD 18 (5'-TCC CCC GGG AAG ATC TGG ACG
AAA AAT CTC AAG AAA 3') &the BAD 19 (5 -GGA AGA TCT CCG CTC GAG CAA
ATT TAC AAA AGG AAG CCG ATA TGC AAC AGC AAC ATT TGT TCC G -3')

ol i gonuscl e)gti de e6c taining suitable restriction sites Xmal, Bglll and Xhol
(under Il ne fgmﬁﬁ ) A VarsAtle prometerddlivenvaecarpl i fi ed fi om the puC
D15/ Omp85 pl asmi d previously described, using prinmers 1s BAD21 (5 - GGA AGA
TCT CCG CTC GAG ACA TCG GGC AAA CAC CCG3') & BAD20 (S - TCC CCC GGG AGA

TCT CAC TAGtipATl: TRE Cfioral bf ARG 3z kg Sul triction
Ghordach wg&ﬁéﬁhﬁfﬁi@ E@pﬁjf r%aé%z %/ﬁs cl oned

sites Xmal, Fgg)e , Bﬁ!’jt and Xhol (underlined).

in the ci refENERd 3T o pasentiatistens.phammp i thes¢ btepe anesitidsttaned bams fagmpblei sseri a
meni ngi ti dessHRkegk - S-_por A- trains. 20 Integration by
doubl e crossi ng- ovg?%rclétr K%q%p%g@g%rﬁ(tﬁgﬁf‘ SSgfn ?]f RARN D Y Pmeds.t he

i nsertidon of the porA pronoter directly upstream of the tbpA ATG Exanple

16: Up-regyl ation of the N. nmeningitidis serogroup B pil Q gene by pronoter
repl acemhg_e_ct OFyRsTEgUIANgS theexprsssion pfithetNspAsgene. repl ace t he endogenous

ronot er rg@gh Gn A0 I t,.he stro or A pronoter, in order to

5p- regul ataégl% Eé ApED(g\i u?te @glﬁ %)?ﬁo@ Eég%fefj JPIRETY (%??“P sy N?%tcoéiﬂg pﬂﬁléfé wag,

pronot er rdeysoucredrg SEQ| s MA2)Vars 10 P tdtel OhOHe UnitiGe qafaokésecéo%miqn% di
codi ng

nmet hodol ogi_es. DNA regiQn (772bp) | ocated upstrea romthe pi
gene was 3’:“?859@4 EPPBEQINE NSauersss of thhgVgiwenatmeringytie sathaJwr 30 dat a

base afs t hgodgi Bwsrdi WeTa I steain AT 090 i.s DNA contains the

sequence codi ng for %oﬁgagér%egﬁerﬁs&%ﬁgcp ?@ﬁcﬁﬁﬁs aﬁ%lrpyhgf (ss% ¥l ibn we do

not want tesamplstA)rwereplesigned being thie sepBhdeadndyBIRALS] @[fhc§e: ;ﬁug twekd 8. The
7424 cas

CnR/ por A pr. t Z ~J~~fr ~~Q~t WO 01l 09350 PCTI EPOO/ sette was
i nt roducegls %‘%’?@%W*ﬁéﬁw JERE 2FrAmigiPNG exitrectsd rons threaHd4yy6 desiar i bed f or

t he up-re®tPi Qhe Aorde r 2SS | dA gene. For. t hat purpose, a
DNA fragrrentlﬁof 866 obyp@grairﬁgsﬁgaw&zqq{%é ? Eegg eélguPpgfng dhe %@Bﬁ%ﬁd‘&jl ng

sequence) (PrEmegsgSAhrrd submiited exdigestion avith thb EcRAXBAI rediriltitnl 9rhdes Of

pi | Q ggne anpl ified 5 .from Nei sseria serogroup B genom<T usi ng
PQ r e%g- Nﬁéga%"sg%l%%eﬁ TgeRs @?@bFéAPYA@e SpERHeC(RoAEBe S AMaktiEi’ ) and
PQ r ec3- HGerheky§. PRGcortdspbild: g@gg,%g, ATC GI. TTC G-.3')

ol i gonucl eot i giesg ,confai nslpng&ﬁ%\?g\ll(e S qﬁersu(f%e%e §ﬁ§pﬂ1‘§ﬁdq§adnﬁnﬁg“i‘ fhe
restricti GATEPPRANE sitererl|thnpld18 Tlohing RERor SRR R WBmbHahESkdYidS lvered in a

pGenl vec r a,. USA). This.plagsmd to was submitted to circle PCR --
mut agenes'trogerp (E)l) noglrs? %r% ﬁ‘fag P flicg@?;?‘“i‘ﬁl wasdesedtas ai tamplate Ewiitvedee
restricti PCRsI ifithi ey o]+, 0 r cass . The
circle P _vvasdn?alr.f or mdnglgﬁﬁgpFﬁg“%%R%f%eEgﬁgﬁ?% tggcoiﬁéWC?’wﬁiT GGA GTA
O T T aich o g S S 4 e ST G,
: -3")_0or is - -
ATG AAT A%%%% 72% %)-A@‘%) I imey6RIE1 Hming eASCoum tairerionerys ui t abl e
restricti QuneatizeispBQ/ 118l vedides R¥OOuringHAfidoAG e

were obtained.

The .
ﬁ?pA upstream region insert

30 Vector for up-regulating the expression of the D15/omp85 gene.

Step 1. A DNA region (1000 bp) located upstream from the D15/omp85 coding gene

was discovered (SEQ. ID NO:3) in the private Incyte PathoSeq database containing
22



CnRI Por A pronoter cassette was anplified fromthe pUC DI S/ Onp85 Jpf aAi P4
previ ously described, using prinmers BAD20 (5 - TCC CCC GGG AGA TCT CAC TAG
TAT TAC &d offiBsATC CC-3') and CM POR A-3 {5' - CCG CTC GAGrZa/e¥bfnAsd ACC
TAA AAA CAT CGG GCA AAC ACC C-3') containing suitable restriction sites

Bgl Il and Xhol (underlined). This PCR fragment was cloned in the circle PCR
plasni d obidinisbed vgenbmitr DN sseGhéGls 10 B3] Naissbrial Rk B Qid Nl foe.
plasrnid c 8} used to transform Nei sseria nmeningitides serogroup B (cps-)
and (cps- ,1%@8 -ALWO gupepusleotids, prmerstrefsrertng tdas Prembdi HSsKngd GyverDI RSt he
upstream regl I ! 5.direct the insertion of the porA pronoter
directly u(gésat @glg%{qo&{'@g\,\g #a% Adl':&gnﬁ%é?wgrthﬁa?@éﬂcé Synthesizedi BEstrom t he
genoni ¢ Diyhingdrs tweee e ity PER tariRife 866 @siiB HeRgintd ro cps-,
porA-, D Sl 85+) over-expressing D 1 §%§5hgdy6§f%%g{r%?edrégwggémnt.
This cdssett4¥7¢ sAria S¢er Re ﬁWRC@}'ereQndmg auuplidons wend @leandtidur QORP the
correspondj he., 5, f 1 ankj sequence of the D 1 SI Om85 30 gene. This
sequence ﬂ*aqu{)&egghpg%gg?"fega’bggg‘? an a?BBB’ﬂEEdf r digpstioa guitta theohecaktl Xpnb

expr essi ontegdfictfan! eLyRNRBforl D4 NehiSSGhI & i gt and .w |l be tested for
the up regul ation of the expression of eg;éﬁ%@g?\fgesz gg%ﬂ% it itt&eﬁgl?pt“ﬁ?i mer s
used for HReehringer Madnheim, 0Ge0EB5D T cEREGOATIAR ADNAD Fafned ivide Wer € BAD 20

and CM PORA--P153 {5' - C GAG TGT CAG TTC CIT GIG GIG C-3') contai ning
Xhol rest ?“8?‘ F%ﬁnsﬂsé%e%ﬁé%ﬁ’??f@ﬂ‘)qmﬁ Rites adcthe pUGd Arsipningaescor.oitepl 3i n t he

ci rcl a0 PCR epbabifiagt fM¥ndieereWrdJardd d | .and. G RC2- PQ-X. This
plasm d can be used to trang}yérd%rﬁe%ﬁ%?%egc%r#%gfpﬁ?%&%9&°néva§élrs%ggroup B
(cps-1 ands ecpmplatgfor Anversst PER rsnplifcbégr. dhvarse PEROWADp&E{dENAS ShiRgyRVEr N
the . upsi € reghoncof. pil O w ll direct the insertion of the porA

pr omot er ?Olgg%{%np@? ?%g%oﬁlﬁgmﬁﬁoﬁdﬁr‘ém fpllewing thegmakeyclieg Fenditivns:a

kanR/ sacB26afest(94°d Omid. 0°eduginNg2et 8afn ; b Latppns In the N
neni n~i tidis chronpsome. The ai m of thgﬂg%ggarlirfﬁ{erﬁﬁeﬁzsetlgyn&hét IR a

versati | e "{I¥ERY hshiseerized opid @i hS rgctarss Ehubotriiy @ delef@r if Qe tmg/@_@gsti ve
screenk nguggugagxcrggi‘%n te{_tc\)‘pe,j, nlétthe chronosone of Nel sseria meningitides (ie:
kanR gene), and a“counter SeP¥EPEYl e marker to delete the cassette fromthe
chronosone after reconbination (ie: sacB gene). By this nethod, ~5 any

het er ol ogous DNA i ntroduced during honol ogous reconbi nation will be renoved
tomthe I\I&Mﬂmx : hrirocesseNipr produgiemtecombinanttlety .t he neon gene and

t he sacB gene expressed under

The examples listed below describe methods for producing recombinant blebs lacking
20  either capsular polysaccharides or capsular polysaccharides and PorA. 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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the control of its own pronoter was obtained by restriction of §He JANBIH%9
plasmd (Blonfield IC, Vaughn V, Rest RF, Eisenstein Bl (1991),, Mol

M crobi ol 5:1447-57) 20 with BanH restriction enzyne. The recipient vector
was derived from plasm d pCMWK, previously described. The kanR ‘%‘E‘ﬁ of the
pCVK was deWetweP3sly restriction | with enzymes Nrul and EEORYY & pl asm d
was naned pCMKs. The neoRl sacB cassette was inserted in the pCWs at a BglB
restriction site conpatible with BanH ends. 25 E. coli harboring the
plasmid is unable to grow in the presence of 2% sucrose in the culture

medi um conf ChEhohds] : SR P eTRRE A Plasmd
cont ai ns recWL sequences allowing the 1nsertion 0™ he cassette at
the porA | oc®in the chrlomosdf® of Nei sseria meningiti ¢ serdgroup B.
Reconbi nant N&Cbsseria werje obtéghed of GC aggl plates cagrai ning 200~tg/ m
of 30 kanany[iZGuada{ortunatety;—the—sacB—proppter—was—not—tunetional in

Nei sseri a rrem_uggl_t_l_de;_nh gronmh difference s_observed on GT agar pl ates
cont ai ni ng 205600 PR, ~-| L 228L -1 2-228v O 01} 093508PCT/ EP00107424 A
new cassette K@s constructed ec@yial ni fg { NeosAC B gene wwet thg control of
the kanR promgrgr——Acrrere—Pg s—pef-Herapa - usi-Rg *:J.fze1 plasraid pUC4AK
((Aner sham Pharmacia Biatlech USAY) ab a téfpiate with & BE Kan- Nco (5' - CAT
GCC ATG GIT °AAA ACT CAT CG¥'GCA TC 3') %8El RC- Kan- XB&L(5 § CTA GIC TAG
ATC AGA ATT [QEstBxaktTHG GIT G 37) ol T gonuchkegli des [contal-ni ng MNcol and Xbal
restriction SiEpet undertirnet)ysrHhe—test-t-hpgPeR-Hragheni—was

gel -purified igested wijth Ncol and ligated”to theg sacB”dene generated by
PCR from t he 9 plasni d iXHSAC NCO NEVS (5' - QAT -GBIEEATG (GGA GGA TGA
ACG ATG AAC |ASOMMO AAG TITT GGAgL O Af 3" ) 08kAgoNUCT €004 contai ning a

. Ncol restri G fiRehyshd:€ € Ildmoi.oilgli th—apt—a—RB—S—{behd)—&-SACSHNSD NEVB

(5' - GAT CCC ATG-GIT-ATT TIGI_TAA CTG TTA ATT ' _GIC-3') oligonucleotide
contai ning a_Neor“¥estrigtion site (uhderlined). THe redfbi nant E. col i

clones can be tested for their sensitivity on agar plates contai ning 2%
sucrose. The new kanRl sacB cassette can be subcloned in the pCWs and used
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C3')
YT A gene

(bol d) and assparmtdicem siecuizire brofhbydesittifugfibh a850685 aPC Aord 5 hEmnds] C AGA CGG CGC
2 ~ J~ a~ 2~0tt WD 01/09350 PCTI EP00/ 07424 TTA TCG GAA ATA
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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

5

into a Petri dish containing 15 mL of FNEOO4AA (see above). The Petri dish was



5 transform a Neisseria neningitides serogroupB cps- strain. Rec%rgoiJAgnzﬂﬂl*
Nei sseria will be obtained on GC plates containing 200pg/ M kananycin.

| nt egr at ivoms1/09sul ti ng froma doubl e crossi ng-over at the PEWERDOHEES wil |
be screened by PCRwith prinmers PPAl & PPA2 as described previously. 10
Exanpl e 19: Active protection of mce inmunized with W' and reconbi nant

Nei sseri a IREFRIi3ti3dS fo1 Eh 2apdural Erewarfecd gaowinh sad réséR8ddd Iﬁegsﬁld% rout e)
with 5 pg P%Eddgwi;é‘eearbent CM/F ads%r bed on Al {A ~3 on days O, and 28.

Bl eedi ngs Wer € GEn S §X5sSUplemeRipd Witpd § tmg/L) o baerytt@emydmyLifjupbgte-1 | 1, and
they were caltakt.ePgRD éMredasp (LR:s15 r The chal | enge dose_was 20 x
LDSO (--10'" CFU nouse). NoT ¢ al idt %/d?lrda gé\%/a%{slpe)n%vﬁfet 8‘?‘@% tI“’oi"’e78dlzh‘9§ Basker

chal | enge.commiving A)@ otledl MSEGOSGh aupleméned witRorsAtigh! Ghs (ﬁkp%}lgs ,
Por A- ?I %9]5 4] Grp~3 (%)s- Por A- . NspA+ bl ebs Gou™: Cps-, BoY np85+
bl ebs lask Wag plagg on a haking tabisr(30 snfiigawbeted 5t 3790k 1 ateShdue pat t ern

of these .Coomassi e st.aining). 25 24 hours after

the chal | %&oﬁ%&gi?ik%@&f&% %rgﬁ%ﬁxﬁ?:i}g?%%?zq fﬁtefsn@“ﬁ@ﬁé& iBagchemade ol gr oup

(i muni s edultiteninAfet flein &iroTky) inobill@ @G enli)R4NGIEE 1M, h%—stl%ﬁi%dgéf ferent OWs
. SIckn

preparati?ns we eajti |l alive (7 to 8/ 8 mice survive git%s al so
moni t or ed (G iVHB“’i dermegigy sontaaingnld lnof FNEAOSALSS supphintdntddneitNEPA Ay er

expressed bl {e_,tgﬁr I 2ss sick than the other groups. PorA
present in por Af?ﬁeg‘gsﬂlqs&?i agl ‘Ji/djelfsiedct(?n% MARARE] 9l -Briot thet wematerhi nst

i nf ecttd on aiiditionef NaGit! (X04is/v) and. H,PD), qb5Y VAYEYE | QN aduced by
Por A- up-reg%&at efgxebl ebs is |ikel y3 tfpa(be “due’ at {gg@{ﬁ%@%&%ewﬁt’ to
the presefice’ &f i'REASEIER raigovss maintanad/et 20mhaF @ / sk and th® dkASvegOai T WO

011 09350 RGi/ER : le 20:. | nogeni ci ty of reconbi nant bl ebs
measur ed bgﬂfm%%‘iﬁ%&ﬁﬁ%gﬁawe&? il Yt R Ak raitation sabid ty of

the anti bodties. Tie vecpgmuzeir the fatchGE Ms P:Ea%?t@i?%dg 2MRRE g£&ll
surface, }]he ptgol ed mce sera. ($om Example 19 V\B{Il’é&% é}é{?}e’g@gv é\,:\%& e cell
ELI SA (usPAgStRet CHEYEIYa 1P Fidionaryipbasec Fht sylls want sepirered Hwa ehecoppiessed as
m d- pes Nt piokit €Y Sentdbiloat I I bodi es induce a high whole cell Ab
titer while tﬁye %negatg?%/yelp%?r??é%%} ﬁ?ﬁgiﬁ?%ﬂsearl y negative. 10
bl ebWCE( H44/ 76) tnid-point tits 14P2 14P3~r~~-~ Por A(+) 23849
65539 i o L .. Par,A(-)20130401S0 -CpS() - .
_EIPO “l_§@1 a2oR 9% = §f§se ogroup B cps-, PorA—OxE)ecq(:zgjbi&gnt) OVP85( +)

- O F
474716116blebs: - TDH$rwas performed in two steps chapAing 6 504 .. ~~
e AD res) bﬂméldrﬁ'fﬁﬁtﬁ)e %ﬂ%ﬁﬁ r%'F'HlﬁﬁgF_pr otein

s S iogal SRS R SR gt M ks o
gg;g::?dl g. ﬁ%&ger '(r-ﬂ@“d),t thawkd {ObAUEHpd- Rl SYE A8 V%Qsosvt\ée%}?e tinttohaelge%i \é\gg a good
containing 15 mL of FNEOI0AA (see above). The Petri dish was incubated at 37°C
for 18 + 2 hours. The surface growth was resuspended in 8 mL of FNEOOSAA (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
25 FNEOO8AA 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

separated from the culture broth by centrifugation at 5000g at 4°C for 15 minutes.



15 response when HSF over-expressed OWs were used to immnize n} ge JANS)(DY
purified reconbi nant HSF on the plates). The HSF over-expressed bl ebs
i nduce a _good | evel of specific antibodies. ~~J~~J WO 011 09350
PCT/ EPOO/‘g‘?A?é’ﬁ 88Q 1D NO 1 Nucl eotide sequence of the p /ERQOAY 8R4
TCTTCCGCTTCCTCGCTCACT GACT CGCTGCGCT CGGT CGT TCGGCT GCGGCGAGCGGTATCAGCTCACTCAAAG
coce])
AATACGGT TATCCACAGAAT CAGGGGATAACGCAGGAAAGAACAT GT GAGCAAAAGGCCAGCAAAAGGCCAGGAA
CCGTA Exnmle : Isolation and puri i

co

GCCCCATTA
AGAGG ' polysaccharide
TGGCGAAACCCGACAGGACTATAAAGATACCAGGCGT TTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGITCCG

ACCCT

“TA T %%;(;A A ' (;(;g XII:CI TTCTCATAGCTCACGCTGTAGG
TCI:CGCZATCTCA CReta it LS ele ESH%HE cnibe e cell paste (42gr) was

T 0GGTGTABSpeErIGSaT0aH mm@m%@mg AFIEDTATHLTTA
AACTATCGTCY P R RSemARe s cestiaia RO CATIETAT 0RO A EECEOACRAGCHACT GTAGACGATTAG

a%%%?AM&%X&&WW&%%&A@MAWW@ATTT%

TATCT Total extract was then centrifuged at 20,000g for 30
CJ.OCTEAABOCAGITACCT CCTTOCCAMAACAGT 1 L8 R P PR A G A ARRARR A cCGCT GaT
AGCGGTI roto

or, Beckman J2-HS cenmfuge) The pellet was discarded. The supernatan

GGTI"I'TTl TCTCAAGAAGACCl ITGATCTT
2 CTA wﬁ%traéen%@%%g or 2 hours at 4°C (40,000 rpm in a 50.2Ti rotor,

EE;TA%:%;CTmammmmﬁ&mﬂﬂ%EQ&E%QAEQII@AA%@%I—Q&?ACCTAGAT

TMTTM%@TM@&AW@MWA&MM@W%WTW | TA
ATCAGT IS g6 containin

GAGGCACCTATCT CAGHERT i G APl TR T AR RS TR T eCOBEFOGT SRAGAT AACTACG

ATACG !5 ultracentrifugation step ar 125 ,000g for 2 hours at 4°
GGAGGGCTTAQCAT CTGE0COCAGT GLT GCAAT GATACOGOGAGA B BRI LTt ATCAG
CAATAA sispende ml of 3% sucrose and stored at 4°C. All solutions used for bleb

ACCAGCCAG@Q@%&@@@%%@@&M%%W&&T%A mersaﬁ\ltc s 1l us%ﬂ%ﬁ%TTAATTGFT

GCCGG

CAAGCT AGACHARERAGTE QR B E AT BRI BrATT AT ACAPRRATGST CaTaTCA
GTCGTTTGGT R‘ﬁﬁﬁ“féﬁ?é&% CCGGT TCCCAACGATCI aAGGECGAGT TACATGATCCCCCATGITGL' GC
AAAAARG 70

CGGITAGCTCCTTCGGTCC' TCCGATCGT TGT CAGAAGTAAGT TGECCGECAGT GT TATCACTCATGGT TATGGCA

GCACT' ¢ Example 9: Identification of bacterial romoters suitable for up-regulati
CATAATTCTQ'&[}A&Q’QATCI:CATCCGTAAGATGCT"Tmmrafr@%%? GTCATTCT

GAGAATA

aGTar o CTRESIESf stong bactenal promoter elements 1s cssental o obian u
AT CAT T G ROl e e P T LA T T A CRCT G TGACATCCAGT TCGATGTAAC
%WMWWTNA@TEWII@%T@% \OHAGGCAAAAT
AAAAAACCGRATA ASEEEA BRI OTIRASF T &l FOINTIACRE TR Qb ik STEBEAAR ATZAT T GAAGCA

TTTATCAGGIn the corres ondx Ns A, Hsf

G TATTGT C'II)' CATGA b I TSGA%)IdGP Aq‘pIBTS AMAT‘)\WMTA@~WCRMGCACATTTC
CCCGA romoter may be uscfu] to obtain different Jevels of u lat *
AAAGT GOCAGLTGAGGT CTAAGAMACCATTATT ATCATGACATTAA SR ATARAART AEFRFEACEAGECoC
TTTOG orA phase vanation and/or to achieve conditional gene expression (iron-

TCTCGRGCGHe B@?&g@@ﬁ% GLARCT GACGGTCACAGCTTGIC TGT .-
e eehGdT 6 C&;ggé%AgACého wing the identification of a '
ATGCCGGGARGAGAGAAED

cnigpblccaccefeneceremiecahrvioalcec
GCATCA 30 ) el

GAGCA@TT&?A%?E&%&@T@CR&M%AMWWAM@GWMmW iasdnd AMAAITREERGH) TASLIATTTZ
' TGTTAAAT
CAGCTCATTTTTTAACCAATAGGCCGAAAT CGGCAARAT COCTTAT AAAT CAAAAGAAT AGCOCGAGATAGGGT T
GAGTG

TTGT? CCAGTTTGGAACAAGAGT CCACTATTAAAGAACGT GGACT CCAACGT CAAAGGGCGAAAAACCGTCTATC
AGGGC

. GATGGECCCACTACGTGAACCATCACCCAAATCAAGTTTTTTGGGEGS | ' CGAGGT GCCGTAAAGCACT AAATC;GGA

e e a— N —————— S —



2 ~ JA~6 200 WD 01/09350 PCT/ EP00/ 07424 , n

CTGATI TATATGGGTATAAAT GGGCT COCGAT AAT GTCGGECAAT CAGCT GOGACAAT CTATCAA T #ERGA

AGCCC

GATGOGCCAGAGTTGT' | TCTGAAACATGGCAAAGGTAGOGT TGCCAATGATGT TAGAGATSAGATSGT CAGACT

AAP. CTG GCTUACHASAAT 1 of7al

TATGCCTC | TCOGACCATCAAGCATZTi * ATCOGTACTCCTGATGATGCATC, GTTACTCACCACE * GOGA
CCCCGGGAAAA \

OO A A AT T A AT AT ] AT T CAG] CAAATAT [ GLEGAT GORCTGRCAG

CTGCGCCGGT TCZ#AdsT CMAdhEdnikH TG alIAAD | GIGCIAI obibARAFIGN TFECE] Ael B6(IRT&ET CGCTCAGEC

GCAATC . o .

ACGAAT GRATAAESHT PYReTep reora ot e identfnAhA dragments AR et 2 SR ReariEGAACAAGT CT

GCGAAAG stron%_ _Ipromoter activities. Major outer membrane ﬁ)_roteins such as MNeisseria
AAATGCATAAGCTI " TTGCCATTCTCACCGGATTCAGTCGTCACTCATGGTGATTTCTCACI TGATAACCI TATZ
TTTGAC 5 meningitidis PorA, PorB & Rmp, Haemophilus influenzae Pl, P2, P5 & P6,

CACCCGAATTAY ACEHT Gl iy TG E BrteT QP T S dphal A Cair Tl TECATCCTA

TGGAA
CTGCCT CGGT GAGEIIats oG RTF CATERCAGAANDISRET THONE GLAVOIR ERTEETATS I GATAWTCCTGATATGA
ATA. 1AT 10O

TGCAGTTTCA2 THCRE AT ERRIPI BT 4 AR PRACRA PR AR RS Tt K AR ST CAGAGCAY TA
CGCTG ACTTGARE#seAL kit tdiT parldl sa doNBATS AR Tsing rapid@mplification of cDNA
GAGFTGAA%@ TCTTCCCGACAAC

GCaGACCGFY y GTTCAAAATCACCAACTGGTCCACCTACAACAAACGCTCTCATCAACCG
T GGCTC . , o - o

CCTCAGH TTCTGGCTGRH P R B T A R PR T R R A B BB PP REACGAGGTAGA
CCTCACC CCCCQIXGEXCCRNELSCARAH Genomic DNA removing by DNase treatment followed by
GGTCTGCECTT U GITGTA ACGTTT1' TGAAAAAATAAGCTATTGITT, |
TATATCAAAATE@%&&'PB %MM#WRW&?W#@MTG ~T~' 1T
~1 " GCGGEG primer (named porA3). Expected cDNA size: 307 nt. RNA removing by alkaline

GGGGGEEGTATAATTG-CGTATCGGGTGT T TGCCCGGAAT TGT GAGCGGATAACAATTCCGATA ' f TTTAGGTTT
TTA 15 hydrolysis; 3) Ligation of a single-stranded DNA oligo anchor (named DT88) to the 3'

TCAAATTTACAA AR T AT RO ETATEA AT GREASHA HQEARRROCCTACGTT

CCGGTACCTCTAffAtke arhorAigateh\ CENPGRsR AAPMbpRNaref hemFas G RCRSOHCRERGATCTGATTA
GAMATACCAGCTIRAGS 98 of (S AcherJaaisd SONA RIS f SRS SR RARISR 3H% sraTcrar
CTGGCGC ZO primer as the 5' end primer (named DT89) and a 3'end primer (named p1-2) which is
TTGOCT GAM GG A | DR CRFAACTARAIET R AT RAT SPL R FERCCCCACAAAT
"L, C L~GATAGIlifigatichlof pre@a@PCH POGRIT T T TIPS SafdERiA BRIGACTCIBAATCl GC
$¥W gﬁﬁ‘é‘{:('iménr:é?‘ %C%.A‘gﬁ)ec €d product sm%’;b‘ L%%%WE@ WGFGAAAGAT
GTATTTCGGAT T primet (extpected SrHTGRTIEGEACATAT AT IACAS I or SEEARAPMIAEECTET TAACGAAAT
TTGACGCATAA AAAT 3 ~ o - . .
SR TT%ATT@&&?%@&%MA&%@WK@AMM@M@TTT&A 7S
TITTGAAAAF G @ ..o L s
AGCATAAAATTY TE_A_PXQ;E%&CTMAPIGEAJTGCARAGGTCTCGAATTGTCATTCCCACGCAGGCG
GGAATCTAGTG 3perime ocecure
/C\:’T ,GTGZTT%TGE TATI TCELaATADAY Atk hdted Gotd b G GOA TS G RATEAT el AehiAG 30
TT T . o ' , ,
ATTGTTATCCGCTERENR Prese e iR TR e TR HINA Airerst AppipRRipiecpyse!

TGCCTAATG ~. detisity (ODgog = 1) was performed by the QIAGEN "RNAeasy" kit according to the

;' " TAACT. TTAATTCOGT T CT 't T GCCAGC
TGEATTAATY, & PeHe e Bt R b SR PR SERES ey 1
N: ~e.:'. NuclfieoDNdw (ReheBiagestiof, MahAcime Gergrany) 90te Bp)l ofplusd RNAmNE wesm t he NspA
gene in the Nefsseria nmeningitides serogroup A strain Z2491.
GGAACCGAACACCCCGT TCGGT GATACGCCGCCGAAAGGT TTGCCGCAAGACGAAGCCGCCCTCGACATCGAAGA
CGCGG 3S =

TACACGGCGCG-GGAAAGCGCGEGTT! |1 11 GTCCACT Z(%GAAACATCGGCT Tt TGCGAAACCAGCCATGCAGTG
CCGCCAC

AATr SGAACTACTGGCAGTTCGGCGATTA! | Tl ' AGGC31 TAGCCGCGEGECGCGECACGECAAAA | Tr CC TATC
CCGACCGCAT

CGAGCGCACCGT CCGCCGCCGCCACCCCAACGACTACCTCGCCTTAAT GGAAAACCGACCGAGCGAAGCCGT CGA
ACGCA

AAACCGT CGCCGCCGAAGATI TGCCGT TCGAATTCATGAT GAACGCCCT GCGCCT GACCGACGGECGTACCCACCG
CGATG

PN T NN A NN R NN R NN NS NLNVT" A NN NI A AR AT NN T

A A A7 A A R PP AR A~~~ A A AN MN

NN~



ACCAT TGCCGCCCECECCEGECT TCCAAAGCGECGACAAAAT ACAAT CCGT CAACGGCACACCCar qemq;amgps
GEC.,, G '

CGCGCAAACCGAAAT CGTCCTCAACCT CGAAGCCGECAAAGT CECCGT CEEGT TCAGACGECATCAGGCGCECAA
ACCGT WO 01/09350 PCT/EP00/07424
CCGCACCAT CGATGCCGCAGGECACGCCGEAAGCCGGTAAAATCGCAAAAAACCAAGECTACATCGGACTGATECC
CTTTA

AAAT CRCAACEETPREEAEET Gt mitn Aan BtfAn fes
TGACT | O according to instructions.
GCCGCCGACGGECAAACCCATTACCT CATGGCAAGAAT GGGCAAACCT GACCCGCCAAAGCCCCGECAAAAAAATC
ACCC f Reverse transcription reactions were performed using primer porA3 and 200U of

AT A G oA A TR B AL R REATACTGT CCARCACCCEGABCACACECT

CATCG e RT reactions were performed in o
GGCGCGRCGEECT) COSCALRIGINEACACE 0L A TR 5207
c ol GAGCOEENCARAE AT AT TGRETCTGTTA

GCATTCGGCAT R ECEARKRAASSEY RN RS REACANOCT TR AT BT FEGREAAMCTAATCAG
CGGCAA nbonuclease inhibitor and 1 f |
CGOCT COGT CAGCCAT ATT T COBEECEC ACRA T T O A A B AR T I EGECT TACA

AMGTT IS (70°C for 2 mm 65°C for | min, 60°C for 1 min, 55°C for ] min, 50°C for 1 min, and 45°C

ATT |GgAA| Ifbg imﬁ%%ma%ﬁ cca:gio-tl;cv;g!performed at 42°C -fl':arr-l-GGA

CTCGTGPTTt MWWWWM@G;H@@C@MMW%NC@ | TGOGCTT
CGGECT

TM%TWWH?WM@WAMW&E?TTA@TT
CGGAA TGCO@E%AWJWWA@@AA@I@M 20 SEQ 'm NC~w~ Nucl eoti de

. quence of %A ion (1000 by ) up-streamfromthe Hsf |ike gene from
Ne | sseria neningt tI{I\gg gvas regnoved by aIkalme hydrolysis cleavage with the addition of 1 pl of

ATT EBER A AR AN ER ¢ GACIAGET CACCECCG

TCATTG

mmwﬁwmm&wmmWMﬁ

CCCGC ~S addition of 20 pg of glycogen (Roche Molecular Bioch

AAAACDCEGARTGPACACLLCT OGGCACGOAAACTTACOGGAT AARA mc&‘i@?‘l“%ﬁ&&’ﬁ?@cﬂwwmﬂ
lum acetate and 60 ul of 1sopropanol. Both samples were resuspended in 20 pl of

CTTTCGCGGGQATmA@GﬁMTﬁImﬁTNm@ﬁw;%wATGATTGAATCCATAGAAAAACCACAGGA
ATCTA

TCAGAAAAAACAGAAA S tigse rasress 5
ATCGG20  oligonucleotide DT88 (sce table bel T
AAAAAACCGAAACCCCACCGACCGT CATT OCOBCAAA E;T IGG?iel A *WE@AWQ&MTTTATG

N room temperature with cach containing: 1.3 pl of 10X RNA ligase buffer (Roche Molecular

, A@Gﬁﬁ?%%%”a% J TATCEEAA

AAACO ccqé\‘h" A RN%A’%?“ S

pun 1canon in the subsequent PCR.

Ammmwm%émmg 2 com matu?ﬁa\ of her;xI;:I;IQ;rd and ch

AAACC
CCACCGCOGRestt ' - SECACHEANRRTFACCHRIAMACAGT TTCCT
TAGAT round PCR d

TCCACGTCCCAGATTCC\&%E%' °m&&%&%m%ﬁmmmc

CCCCA 35 containing: 3 ul of 10X Taq Platinium buffer, 3ul of 25 mM MgClz, ! ulof 10mM dNTP, 10

CAAACAAACCAAAAGAAAAAACAA
A SEQ ID'NO S Nuc? eot | ée séquence;pm\l}:é&aﬁﬂ‘ r(“i“?‘?“ byre PCBpwere betam from

the PilQ §&red by @m%p%@arﬂlaxmﬂnigllebME)géQ DNA pol rase §2U added),
GCGAT GTOCRRMGRITTATERIGRAT GATTA e » S
was pcrformed using 10 pmol of both the anchor-

GCAAT

CAT GACGCCARGACOAERATIISPGAAGET GALST: 3f ? AGAAGAGCTT
ECALTHECANEARGT ACCRAEAMAZTTGT A

AGAAGCGGCATSRA A e A RER A RRRKT RKATTIRE BFR AR EA T e GAGT ATTEGT T ACT CATCAGC

TTTCT 35 min step (for DNA polymerase activation) followed by 10 cycles
(XBCTCTCTCCGCGTGTTCCCAAGGTTCTGAGGACCTAAACGAK CARTERREAS T 10 sapdM%6caancocaA
AGCAGAAA
TCATACCTTTCCAAGCACCTACCCTGCCGGTTGCGCCGGTATACAGCCCGCCGCAGCTTACAGGGCCGAACGCAT
TCGAC 4S

TTCOGOCGCAT GGAAACCGACAAAAAAGGGGAAAAT GOCOCCGACACCAAGOGT AT T AAAGAAACGCT GGAAAAA
TTCAG

———— A R R AT R TT™ FNSNSNTTTIT N T SN SN SNLNG |\ P pm—p——— s A R NI SNT AR LA AR A N INT PN

—— e B e e N N SNSNSNT" " R N INNTr= N




3S Nucl eoti de sequence of DNA~region (1000 by ) up-streamfrom t?% FMNBZUU’&
gene from Nei sseria neningitides (serogroup B)
RAGT GCGAATEDAAASESH GAAAAGCAACAGGAAT TTAT CGGAAAT GACCGAAACT GAACGLACT GGAT TCGCECT

TTCGC PCT/EP00/07424
GGGAAT GACGECGACAGGGT TGCTGT TATAGT GGATGAACAAAAACCAGT ACGT CGT TGCCTCGCCTTAGCTCAA
AGAGA for 1 min (reducing one degree per cycle), 15

cycles ° S r CGCCT
ACGATTCTCT GAATOGET TG T AT ET A e R efontmim diby T
STeCT 40 %ﬂﬁ%@@?ﬁmm performed under the same conditions usiniﬁl\)dmer Dg&?r
GATTTCTGTTWWTMWE@AT@%HW BRI Rl LS T A nl o first- AT
- AGECGeAATC TR P AR e PRt PG oA T T GeAGREER CAGTAL T ARAT TOCCAC

TTTCG 3  purification" kit according to manuf:

TOUGAAT GACTST CCARMTTHK GTATTTC&%F’A%\W“F’F%‘E@T@KG@E%MmW@TTACCCGATRA
CATGOC ye Terminator Cycle Sequencing kit (Beckm : ﬁrag S SEHA GEOEEG

CGCAAT CT CAARI(REGRCARTEGRGAARAAGAAAAAAT CAAAAACA AATATGEAH

cocar e using 10 pmol of primer pl-1. Sequencing reactions were

AGACCTTAGARCRATISCARTHIE GAAAGATIEAT GHASAGTAEGARATT G TAGATTGRCACT TTCGT GBGAATG

S were analyzed b
ACGAA 4S  the Ceq2000 DNA Analysi yzed by
[TTTAGGITTCTGITTT TGOT T T P e R AT C N AA T TT T AAGT TTTAGGAAT TTATCGGAAAA
AACAG

VY - A AT G CoE PP PFABEST CGTCATTCCCGCATTTGT TAATC
CACTA DT89 5' CCAAAACGCCATTTCCAC ¢ .

TATTCOCGX T A e e e S S AL CAACACTTOGCAAAT AAAAACGAT AATC
AGCTT pl-2 |5 CGCIGATITICGTCCTG '

A . JTTTTCT f ATCCTGCCAAATCTT
AACGGT TTGGATTTACT TCCCT TCATACACT CAAGACSACEA SEQ m NO: 9 Nucl eot i de

sequence OReblNAs f0pGhONelsstIDY ohiaiD,SE L €aM f rom the FrpA gene from
Nei sseria meni ngr T 065 ( SETogrotp-Byo&spromoter
CTATAAAGATGTAAA T CACTTTGGCTCAGCAAGGCAGCTACACCAAAACAGACGG
TACAA TRAMA e PR Ko meningitidis serogroup B (strain H44/76
COGCAARRATEZSCER A e TP PGSR BDUSACAA BE AR G GRT T GAQGAACAAAAT JATCCATTA
GCCAT RACE procedure. This ; . -
GTTCGBGAAAA li&GﬁTTWfﬁfﬁ%@mwmmmiﬁtﬁmmaﬁAﬁTm
AATAA ec by van der Ende er a/ (1995). This result supports that .
ATAAAAGT ATHERSETA THAT TGASGARATTTTAGAGAAAGA ACACTEH BB AT TR RRARREAAT AGT GA
CAAAG . . Tegard to the pord ATG is suitable for driving strong gene
GAAATATTTACFRTERD BACOAEMFHAT AMAST AET] AL CT Rl P GEOCSAAGACEATGAAG
GIGGA BO  Haemophilus Maraxcﬁuf
CTTACCCGAGAAT ARAT T L e P B AER A GGAT GOCAT GCOGCGAAGCAAT TGAT GCAAT CACGGCAGTC
CTACT
TGAAT T, AATTT ATTTTTAAGA?. AGGATAAA TTTTT
T%Mmq&gﬁggrr BEABAATTTCAMMOOCT AT p]mmmerc;A GGATAAAGGGAGAAAGAA GGT
GCTGCATGaAACCGTIBE TERRAEARAREAICARLICEATAAT TA, *i TAATTL' TCGTTTTTTATTCTACAAGE-
n applied "tor Neisserig ineitidi
TATTTATA gorg ‘ ” meningitidis
TATGATTGCTARRAGT T FRTT T AR P momsemmmiaT s AT b AT AT TR RE LATATGTCTTTA
TTTGA 25  below correspond to 3' end RT primer (po : . . L
ATATATCTTWW%;ATTTATA&TTT?MB&&TWWW&@?ERWWAAMT@@ATGGAATAT
TACTT 6S por32) and intemal to the porB2 (porBl). porB3, porB2 and
GTATTTTGT AGPATVAY KCRAT ATCAANA T@gggﬁblbl TACTATTT] [CTCAACT TTATTREITFATTTTTAATA
TTTTT  ~ ~ JAN 2Q-1~ wo 0n093s0 rcrt~gol6<#RHpe ATG start codon,
ACCTCTTATATEFACCATAAGAGACCTAATTGATTCATATTATATTGAGTCGATAATTAATTTATTCTTAATTTT
AATTC CTGRECET AT PEI A R TN AR AT SEQ | D NO 10 5 Nucl eot i de
sequence E.\fm\!\m = G T6A TCIO0G A0y TTGAAGECGRam romthe FrpC gene from

Nei sser i i ngi ¥ GG TCAF DHCOBOCBATAGATCET 5

CGAAACAGAGAAAAMGT TTCTCTTCTATCTTCGATARATATRI T TAGSETCAGT TTAGT TAAGTATTGGAATTT
ATACC sing porBl and DT89 primers a ~200 . ‘
TAAGTAGTAm{éqmwg@ﬁTT_TAACTAAAGAGTTA%%AFF&&M*AAWTAWMACTARTTTc
TAGEC mapping. Since porBl is located 150 bp from the por8 AT
TTGAAATTATGAGACCATATGCTACTACCATTTATCAACTTTTTATTTTGT TTAT TOGGAGTGHTT TTACTATGA
CCTCA 10 34

TGTGAACCT GTGAATGAAAAGACAGAT CAAAAAGCAGT AAGT GCGCAACAGGECTAAAGAACAAACCAGI TTCAAC
RATCC
CGAGCCAATGACAGGAT TTGAACATACGGT TACATTTGATTTTCAGGGECACCAAAATGGT TATCCCCTATGECTA
TCTTG
CACGGTATACGCAAGACAAT GCCACAAAAT GECTTTCCGACACGCCCGEECAGGATGCTTACTCCATTAATTTCGA

— N N A PN




SEQ |ID NO:14 70 Nucl eotide sequence of DNA region (1000 by ) up-sfr 2004
fromthe Hap gene from Neisseria neningitides (serogroup B) ~9 !
~O~~r WO 011 09350 PCT/ EPOQ/ 07424 ,
AAT CAGCCAMAGBINTBSCACGCGECGEECT TGEECGT TTTCCCACACRAAGCCTCTCCCATREI A B0AGZITT | ' T
CCCCGAT

ATGCGTATCA . GCGGTAGCGACTGCCCCAATCGTTGGAACGT TATCCGACATA
AAACC codon, this resuit supports that the porS transcriptional start site is located about 50 bp (+/- 30
CCCGAAAAT TpAMipedo e 5O B TATAGCAAAT GCCGT CTGAAGT CCGACGGT TTGECT TTCAGACGECATAA
AACCG ,

CAAAAAT GCTTGAT A& TEACE T S0t GAT S RONTNE AN OTATATEEOA AAAAGBAMGCACATACERLCT TCCTGC
TCCGT S determined b

DNA :
ATAGGCTCGCT G GOGT T G T G B s A AR SR T AR BB A AR O CAAAAF 1

CATCGG _IfTTTcontaining nucleotides —1 to =250 with reg:arréAt\o the por8 ATG sctzrt codon is suitabie for are
GAAAC MWI&G@%% m %eisseria meningitidis and possibly in other bacterial

CGT CGT CAAAPEBECREASHEEGIHDBACTARYE TS, Fek GokbsadaAGT ACGT GCAAATAATGATAGCCCGGECGTTT
CCATT :

CGGCGATCGI TGCCGECCACCGT CCGACT TGECGCAATACAACGACATTATCAGCAACGGGEGECAGACCECATTAT GG
CAATG 0 5 0

CATCAGCGT CATCCHgA TACTFl I LILGCOGTCT TCCT gﬁl— A&CEA%%CCIBCT ACCCCGCAACCGCCGCCTCCCT

7 periment was to replace ndogenous promoter region of
Cri . (GGCACAKT GHBIOEEYT GRasasT Gl T T GRQRAGACAAC J TAATTGCA
AAST:CCT: EA ST BOIT GHRGAA GEOMAAA

GGGOGT GCT RENEA e @Akt NG RAA GOEEAC A PA TABQTAGHECEOE

GCGOC CTOGAAAGAAL TA 15.SEQ _m NO 15 Nucl eoti de

sequence of DNA region { %W@&ﬁ%?‘?%é?ﬁ%%%@ﬁe%@&& fFéHE §LPM

Nei ssdbi a bppiocatridt upbtrsarfi sk ghe UP/ SBmp85 coding gene was discovered
TT@TA@&A&MCCATCAAG

GATTTTGGT C?CCGACAAGCT TCTTGICGAAGGGCGT GAAA
CTTGC %?8_ ) In the private Incyte PathoSeq data base containing unfinished genomic DNA

CCAT CECAGIRAMATGARRT HRREH h e G GRLT AFACCT 4TS FAOAGT COGACCGAT AMAAACCGA

%@AWMWTW@B%@W Fadf 1 D) PSP ACAACCG
GAAGT TTCOCKREMEA A HB AR respost i I C ARG A B CSOCANBARTBIGETCAAGAGGAA
TCAACOCANAGAN ST L iag Phsomuslearils REO RIS SRR SRR SSAATIE PR SRk osocATOCT
?@%}ﬂ%&%ﬁ%‘%ﬁ@fﬁ%&%&%ﬁm EARCEBRACATTCCRA
GAACG A GAC G-3°) containing £coRI and Xbal restriction sites

CAAMAGCAGEZEATREY Feshéver 1R ey W A s Ve L R T R \SECCATAAA

GGCAAAAGCREAA B THASTET To TR CBBEGAEANATCEAT TS CATAACS T A CEEAGAPAMCGGTGTACA
ACCTG ) . o -
CTTTCTAT ATTRBIRAA AR ARER TERERISEIA ASEET OB AR RTRTOS GESATT CGHEAGRACGGECATCA
ATCTT pGPS2 doner plasmid ialized b i

Tcemmmwm&w%c&&%?&&%@&&%?&%&%&ﬁ?ﬁmm

CAGCG having inserted a mini-transposon (derived from Tn7 and harborin

a
GAGGAATTCHIGER !ﬁ'g;ll'é'gl'l' TTCQ\ATAA U TCTCTTGGTATAACTGAAGGTA TAAAGTT
ar resistance gene) were selected. One clone containing a mini-

TGAAGCT GARGITSHAACT R ST TIGAMACT EGLGT Iﬁf%@%}ﬁ CCTGAT TAAACCCCAATT
CGGCG 30 TGGTATTCGGTGCGAAGAAAGATAATAAAGA r 1B Ro: NAcl eotide -

sequerite SPWBMPFame loon tel GOt Ibsity wap islaeneand need e fl-BRB s&ARe. THRM

%%&R%M b s ?ﬁea&:%tﬁégs e p&&c@?’ SSﬁPA%@TGVMG&rRﬁ@@W@chAAATAACTTTT
CTTTGAGITIY ﬁ%A&Eﬁ%G@é%é&ﬁ%&%&?ﬂHﬂﬁfﬂﬂ&‘%&W@%&Amm
ﬁ%AcccfmﬁéiA‘éZ&’éﬁm%&%éﬁ o e mﬂ&%&%&fﬂ*%m,
ACTT-IC-J"?‘gTAAGTTATGATTCCGTTAAATACI:CTTTACTG%CI TTGAGTTTTTTGACCTAAGGGOGGACGOGCCCTTA
?&?CTI%AATGGGU TTGAATTTTGTTOGCTTTGGCT TGCTTGACCT AAGGGT GAAAGCACCCT TACTGCOGCC

R A R PNRA NI AR R R R PN NFNP=ge |\ =g I P P 7 PN L™\ PN F g [\ Pgemm——m— N s smNSN R NI R N ININLNNNLN NI FNLNLNNNNTTT= A NN T NI NI R R NI A

AWA




2 9 JAS 2001 WO 01/09350 PCT/ EP00107424 SEQ 1D NO: 19 Nucl eoti d Isd4lNetlfe
of DNA region (1000 by ) up-streamfromthe Plal gene from Neisseria
meni ngi t iwespsssoogroup B) 5 PCT/EP00/07424
Tz-r TGECr t ccAGCGTZTCATTGIT nr c GTACAAGTCCTAACr cAGCr r cAGAXTCr TGG
CTTTTTTAAAGICT TCGACCU TACT CT CATCAACATAGT TCGACCAGI TGTAGATGTITCA
GAGTATCGGTM TANSXOIRATO A mﬁﬁﬁﬁ?[m-ﬁm&mg cloning
CGCECGITTI " Td 4 GCCAGAGA CGGECTAATA

T TT \ 14 as REPEEeTy-  he circle R was performed using the
GCCCCATCGTTAW@%E&ZXBQSITIT
AGCGATATTGGACTGATTTTCCTAAAAAATTATCCT :
mecccmuﬁﬁ%@@@ﬁ@ﬁrﬂ@cﬂcmmmmm@mm@@@@@@ AC CGC
AGGCTT \ Cl TTACAGAAIIIAIIIIILIT
CCAGGA HC B ABAOOEE

RAACAACGC@?QQ%% N
Tr GAAAGCAGT CGAAGCAGGCGRT. gment was

AGCCH
M@%TWWHY%WW% a 184bp

GCAAAAGT AAAAGCCTTGGCTTGATTTTTGCAAAA
GGTTGATA Céi@i&&&m BHETAA AT PO T AN Cammatd vy EERUSEECGhe
KOPARAEG

CGGGGGCAAAS, : T
ATGCCGT TTGAAAACCAATAT CAA E&Wﬁﬁ?@& Pdeméiequence
of DNA!F egPorA21 (DeCEGR) C@ TARITE ITAGt ACATITOS gene RAAf Colp ReiGseria

T ACGOAMCTOER P AR ReREne

TACGGAAA ACRECSTOCRAT ATCESTOBEOETARASASESGET GTTTTCTTT
TAATC

ACAT GaACAT BT A AR S AR T P R O AT AR R AP RARSEIBEARABR AT ATCAGA
GCAGC EcoRI to Xbal direction) were selected and used to transform a strain of Neisse
CTGGCCGCCGAGCGCATCCTTT AACAGACTTCATAAAACTTCAGTCGGAATGAAAT TATCﬁACACGCCAA
ACCTA meningindis serogroup B lacking capsular polysaccharide (cps-) and one of the ma)or

$$¥A%Tmﬁ€m%¥wg%m§ %lssena meningitidis cloncs

Awmmmmmm@mm%«@emmﬁ%ﬁ%&lmwc
mcmccﬂﬁﬁﬁr&?ﬁ&ﬁ&?ﬂéﬂ@k@?ﬁr@%&%ﬁﬁammﬂmm

TTTAT on GC medium containin ml chlora

TTTAGGCAAACAGCAGTTTTTCTACGCEA&%CCAT A RER PR PR AR Ee AR RIS PR coocaaca

TAAAT expression. As represented in Figure 10, the production of D15/0mp85 was

T w CG%GGAT TGATGGGCGAGCA TTTCGGAGAGCGAGGTTTCTA
GTCAA; %re ed 10 the tota %tem extracts %%G]-IV-;ST strains resulting from CTACT

ﬁgggwmwﬂﬁ%ﬁm{i%ﬁ%@IJ%E@%W%QTW s 1 TECGAA

ACAATATGT ATRSER ARSI AGY GAg GBS GeAGTEE TSR It RAGN BoAGEEEAT AT AFECCGTATGTT
T6CTT

ATGATCTGT T B AR S AT AR R A B FIR A ERerAR AR CRETESITIABGIECT TCAACT -
TGAAT promoter by the strong pord promoter. In addit t isi :
TACAGTTTCTAACCTCTCAATTTT T AGT GAT AT T EACGACOdItom: -1t 4as AP Pl RS BRAACT TTACT
TACGT %mwmmmmﬁmpmxmwmmpa@sm eoti de
seqguence o Q[;IAH eamfromthe Li po0O2 gene from
Nelqsserl a %fe i ngl?x?%'&%?dérﬁ%a@ éﬁ% r@?te]y 0 times greater than when thegpromoter

TTATCTTGGT@aA M4 IT S BRI CHE e AR el L L AR AT Q3BT CTGATTA

COGGT
TOGGT GT G A SOOI AR BT ST SAGETGIETICGBEATWHATEE THEAMGESASTAGSECTTGGTC
GGOGC 4S e o

AACCGGTTTO S G O TP TR IS P RSP 7 P TBeTmb AR P B CGGC0GGT T GOGOGOCG
CCTGA 30

TCAACAAAAT GGGCOGCAAACCGGT TGAAAACAAAARACAGGAT CAGGACGACAACGCGGACGACGT GTTCGAGC

AGGCA Certain geographically isolated buman populations (such as Cuba) are infected

T. g;GCT TGITTGCCECGTIGITTGECGTITTGCC
GAGAT W%T dAMzssema meningitidis 1s Tates belonging largely to one or
TATGGACGGCT TCGACAAAGAATATCTGTTCGACCT TTCGTGTGGTGTCTGT TTGECGECGTGGTCAT
CCGCA

ACATCCTCACTGCCGCATTCAAGGT CRATATGT TCGACCGCGECCATCGATGTGTTCGECAATGCTTCGCTTTCGC
TTTTC SO

TTGGCAATGECGT TGCTGAAT TTGAAACT GT GEGAGCT GACCGGT TTGECGEEEECCTGTAACCGTGATTCT TGCC
GTACA

AACCGTGGTGATGGT TTTGTACGCGACT TTTGT TACCTATGI CTTTAT GGGGECGCGACTATGATGCGGECAGTATT

PNSNSNTT PN



SEQ 1D NO: 24 Nei sseria neningitides (serogroup B) PorA Pronoter ?Regiddin 2004
GATATCGAGGTCTGCGCTTGAATTGT GT TGTAGAAACACAACGT TTTTGAAAAAATAAGCTATTGI TTTATATCA
AAATA | ZS

TAATCATTTTTAAAATAAAGGT TGCGECATTTATCAGATATTTGT TCTGAAAAAT GG 'TW
GGTATA ATTRACHOSPATCCGGTGITTGCCCGATGTITTTTAGGTTTT IATCAAA'I'lg

SEQ B? NO:25 Nucl eotide sequence of DNA region (1000 by ) up-stream f rom
the PorB genge3Quds aumdk 2

gttttctgtitttgagggaat gacy g‘g‘&:f:;’%erg 'ch t“é%%ag‘t‘%ig‘é’ S afer aé‘%‘;’t’?“ﬁ@'@é "cggat ggat
tcgtc antigen which can induce protectwe and stram-specxﬁc bactencldal antxbodles it may

Pt gocococaodgaaRn &' AHRARLALBRICHARAARE G0l BN SEHEU RRRLL R} 9c09acarg

at t cccgcct gcgd gogasrapmgoNateotdrapgit hat medrdct vt tok tstabiligd dohdet FRG@QRAL gacgggac
gt agg . . _ i

tt cgt aggaat gdRPHIE BIUGHT £t bisfoneyy e fErsence §f R AR crigerembyaretgiakt ct agacct t
agaac 35 may be advantageous, strengthening the vaccine efficacy of such recombinant

aacagcaat att caaagatt at ct gaaagt ccgagait ct agattcccgcCt gagcgggaat gacgaaaagt ggc
gggaa improved blebs.

tgacggt t agegt t geCkGOakh! AAGLGRIRURYARCEALLAL 5! ABIGLAR GRAGEASAARG} aat cagt t

ccgta

ct at t t gt act gtRISEIopfdt queay tneagarane grateib ga b tNelssqiat metigeiradist stogtanptR)etcalyic aggggcggg
ttttg

cat ccgccc gt t ck(i:cg];( ok zgugné:g%rg(l: qe emfsgb(l:J Eﬁ’ipf ets?rt]%l():%rét Grropis BNACws ¢ 66%‘:{ e’[d(‘ff: Bat gcect cca
at acc the recombinant Neisseria meningitidis serogroup B cps-, pord-, D15/Omp85+ strain -
ct coogagt aagtghl ol AARR9%ARRLE L ARRAAEN! 3 BPRSALALEN (AL Faaagapanaat acce

at ct ct at ccgt cod uedaaabgdaanVeageds hmesiagiadia 3aagod0B Gpg dallvlikgh klalsidaragacaggaa
cat ct

at agt t t cagac APGEYEREYL PriRset Recenjeasy Ve ij’c‘é%f&d’@?&'ﬁ%@@q%@ ?&§YaRlagtccggect ge
ttaaa 15 containing Spgr/ml chloramphenicol.

tttcttaaccaaaaaaggaat acagcaat gaaaaaat ccct gatt gccct gactt t%%cagccct tcctgttgea
gcaat ggct gacgtta ?ﬁﬁ@&%@f@‘é%ﬁcﬁ?lﬁée@&&@é@@é@!&aw&éulsEQm pDbRPII @i sseri a
meni ngi tides v(&@§&élﬁ€&'9y B&:RPQrngcEBéa %us&%k @8molo ous recombmanons can

GITTTCTGITTTTGAGGGAAT GA TAGGT TTCCGTGCCGATGGAT
TCGTC occur everywbere in the chromosome, a second PCR screenmg was performed to

ATTOO0GOCCACERRPATRAGY ITLHH HAAGRARCRTHEAT AR FAT AMPRERROOGT coseACA

GRTTCCCGCHT Gamemagard cAOBSERPITIFAGCHTICT ANTTFTCOAT GTTGITT T SREBEAAT GACGGGA

TGTAG SO . Y :
GTTOGTAGEAATABEGATAT A A PEAH B A RIS oottt t8RaTocacaceT
TAGAA screening experiment. The amplification of an 1170bp fragment confirms the presence
CAACAGCAATATT%%TT@I(;I}%@ m&;y AGATTCCCGCCT GAGCGEGAAT GACGAAAAGT GG
CGGGA

ATGACGGTTAGCGT TW@%EIAWWWTE@B@IM@@T bAclead)ACEAGd AAGT GAATCGGT

D27 Nct a0t PHETER At ShELOGHA ERACP St R0 ) PTG 0V CaAFE VB t e~

si aABC gene fandrhehleépastddity FAEGE- sostdlsi&sm{o&emsraqgg 9Bkel. Gels can then be

ATACGGCCAATGCCECT TEA GCCGATAAGCCT CTCCTGAAAAACCGATTTCTTGT GT TCTCCCCACCGCACCC
ATAGA staine oomassie Brilliant blue R250 or transferred to a nitrocellulose membrane

OGT AAAGGT AT AGRENER AT AT ATAYSRA GO TEARIGHAGRCAGRA M TATIEI RGOCCCATT TGS

AATCTTCCAAGGERMt Reivsloast aatiedaAralysia clmGTammbane hehsmrasrd foarhesasT TTGCCGTTG

AACCA 30 st |
OCT ACCECACCCA S 2P &SR RE- RO, A CCEECT GOCGT CAGCGECAT ACGCACACT ATTCOCAGCACGA
ATCAC

CGACACATTCGCCGCATTATTCTGCACCAAACGCACCATCACTTGTGECTGATTGGCCATTTTTTTCAGECGEECC
$X£\¢¢TCCT GAACCTGACCAGGCGT TTTACCGACCACCERAATAT CGCCAACAAACGGCACAGARACCGTACCAC
ggCCCAACT GCTCTGGECAACTTAGT TTGATGCGCACT ACCCGAGCCCAT CGAAGAAAGGECCACCACCAAACAAT
%TCCCAAATCATAATATCCAATACATCACCAATATTTAGCGF ACCAGCCGAAGCATAACCATCGCC
AGﬁé?CTGAATGACT GATTTATCTGAGCCT TATATAATAACT GAGCAACCGTATGATTCACATCAATCAGCTCCACTT
/CA:? 'I(?'?AGAACT TCAGATTGITGCCCTAAAGAGACAATTTTTTTTGOGCT GGGGECCTGATGAAGGAATCGCAGAGCAT

NSNTT R PN



3S Nucl eotide sequence of DNA region (1000 by ) up-stream from tphe ¢ Wgne
from Nei sseria neningitides (serogroup A

CAAAGGCT ACEADAB356:CCGAAAACCGECAACAT CTGGAAGAACAT CAGT TGT TGCACEETATPh A8 1a245CAAAGC
CTGCC

GCAACL GT CCGCT GT CGGAAACGCAAACCAAACGCAACCGGTATTTGT CGAAGACCCGT TATAGT GGATTAAATT

TAAAT Example 11: Up-regulation of the Hsf protein antigen in a recombinant Neisseiria
CAGGACAAGGRGACGAAGCOCCAGACAGTACAAATAGT ACK TTAAATTT
AATCC 40 ™Memngiiiais serogroup B strain lacking functional cps genes but expressing PorA.

égTT ?XATG@C@AWEEW%MET%@IHCC of PorA in ou'?{al;TT cT

AAGT GAGT GOBOMAAGORAT (e CARGHEGATVETIGE ol NI ST HARGHERAAARECT A/ SFT COGCCCG

CTceCcC . :

GOCT AARAGAEH PR R TR AT e dnC A o BEABEEP A AGSERET AT TORGTAAMAT TAGGAG
GTATT CMK(+ t - . . . . .
TGAGECGAAAT ACACCAR AR R BT S T RS er e R iR T P SRR GAT CTCAT
CCTGT lacking functional cps genes but expressing PorA. The origi +
TATTTTCACAAAAACAGAAAACCAAAAACAGCAAC&T GAA%\TTCGT CATT CCAGACCC
CCAAC 4S contains a chimenic por4/lacO promoter repressed in E. coli host expressing /acl9 but

ﬁ%&%@l@@&cﬁﬁ%@% menir%ﬁ?ﬂr %e mod-irf-'lred pCMK(+;I,-Gtﬁe e
CAGTT QT CQBGAE bl BRERIEATE GAECEATTEA TRERTTROMA SCCHRATGAGAMACCTA

TOGTCATTCCCAIRRARE AFsfAWas ARCR ARG LA ATIAL RS THEE TT CNASAGAMTYA OT ATET GTTAATTT
TTATT

AT ATATGT AR BRSO, B REGSEREA M R BT A B RS0 AR A AT TTACGT T
ATGTT ACCAT&HQO@MWWT&&E@G&%%E&TMQo&%"MB omhpréﬁﬁ’&u%}

Nucl eoti de sequence_of DNA region (1000 by ) up-streamiromthé siaD gene

from Nei ssfBe Fof Fs tqnditions ssechfor BGR Byplification were those described by the
AT AT G A O A T B A S A R R SR AT GICT CAT GACCOCAMCANG

TCAL' T SS
CCAGGCAAT GIBAGHA (STIOR G D5 EAGARATT ATHGACTIER0005T GRAT CAMCPAGATGAGATTAAAT2A
AAAGA o , .

ATACGTAGACRBIAA A RIR s E PR AT B PR e T KOS MBS ACTEQUHTTY ARG FACAACGTAT

GGATA the corresponding restriction sit i i i
TTCCAGCATAT AAAAT CGGCTCT COCGAATCEART R AR RAT T AAC el cesembisrsrTGGT AAGT
CTATT plasmid, designed pCMK({+)-Hsf, we deleted the lacO present in_the chimeric

ATTCT %CT é LATCAATTCTATTGA. TAGCATCAAAAAGT CCGTAGAAATTATT. CGAGAAGCAGGGEGTAC
CTTAT c& promoter by 2 recombinant PCR strategy (See Figure 12). The pCMK(+)-

1T TCCTTCAGREPAERANAT LA AT PRGN TR BRA B5T AT GRACOATTTATCTGA
TTOCAGACGCAAT CATIREBICTIGTOT@INSOAT AREH TAGATEAGTHEZ AT Tkt AGRACRAGTARCT TTAGECG
G "TCG

ATTTTAGAGEE T P AR A Pk Se AR R ST o TS HAGR POISATIAECOGGATACT -

Ti "f AA RP2, are presented in the table below, RP1 pr i i
AGAGCTCAAGCAAGEOGCT CATCCT TTAAAAT T AR S AR ORE A R AT PR B CaeAGAAAA
GCCAA 25 upstream of the Jac operator.

CTAAAGATTTCGCCT, EJGCA'[Q'I; (g—;x'll' tCalgsl' Atbe GATAAAGACAT TAAAAAAGGAGAACT GT TGTCCGGAGATAACC

TATCG gnien ine-Dalgarno sequence from the por4 gene, the Asf

GT T AAACCOQEACRIT GRS G T BT R RE T SFT AR CCTTCCAAT
CR. AAGGT GEF AT RA/DreRUECATATHE GABIEANTELT RAT TANGITT ACETAGIEIFATHAACAGAGGATTG

CCTATT A JICTCATT TTTTAAGAGATACAATA SEQ I D NO:732 Nucl eotide
sequencecg\gﬁ%ﬁ%@gﬁogﬁ’s?i%gé&? Igc opsrater, dBedt Pasheti frRgment | Angtad’er@ f r om

Nei SSe0r i af frapmegt 1 hAe %3 (basd:QaeAMDIB) 5

ATACCTGCAC: ! T@HTW@TWTT%&@ATW%@&MWTC@AT%
AGGAAA 2 finad PCR) reactiyef usiny pimeS3RPI BT RERODRO fil24amplicon obtained was
TECAATAMA T AT GAGA TT GRS T T TAAT AATT CTTGCAGAATACT TTCAGT GLCAGT GTCAT TATTr | GGGT
AGATGC néd in p vector restricted with Sacll and Apal. The modified plasmid
TAATGATATTTTGGOCACTTAATTCTAATGCT TTGAAAT ATTGGGO0GCATATTGTGGCAT TAAATGTGCTTCTG
TAGTC

ACGGGGT GAAACATAGAAAT ACCAT AATTTTCOGTATGGTAAACCGT AATATTCTTTGACT TCTTCTARGGAT GGG
AGGGT |
GGAAGAGGCCATAACAT CTAAAT CGEGGGAGCCGAT GATGTGAATATGCTTTCTTTTTTCTCCCATTTGCACTAG
GOGAG S

TGACAGCTTGT' TCATTTGCTACCAAGT GGATATGAGAAAGT TTACT AATAGAAT GACGAAT GGAGT CATCTACT

NI R NS A




60 g JAN 20
TCGGERATATCTGCTAAAATTCCGCATTTTTCCGCCT CGEGACACT CCEGEECGTATGT TTAATTTGT CGGAA'P&SGA
GITTT AGGGAT SEQ I D NO: 36 Nucl eotide sequence of DNA region (1000 by )

up- streawdonoesshe nsbB gene 6S from Nei sseria neningiti deecrasrograyp B)
GCCCGACGCCGAACAGACACGT CGTGAAAT CAACCGCT TGGACAGT ACGGECGGECGCAATACGACATGCTTGCAGG
TTATC

TTGRAAGACT TGCCGGAAAAACCGACCGT TGEECGT GCGCCTACCGCCAAAATGCCGTCTGAACACCCGATTATC
CTTTT

GAAAGCGCGATTATGCCCCATACCCT TCCCGATATTTCCCAATGTATCAGACAAAATTTGL | AGAATATTTCAA
AGACCT CMK(+)-Hsf - :

GAACGGTACCEARCCT TS R AR BT Hip e QY EEN AT @I BEEGT GOGTGR
TGGAAC 70 of this material was used to transform a

MTWC%%TWWCC?TMTGT@&&?&AWMAWWMUmTTC
AACAC g cuonal cps genes (the strain described in cggg%&p}n oé%%é%
RAEEESTTTORGTG

GGTTTGCT W&I%%W CCGTATCTTGGGTATTGA

TOATC » Integration resulting from a single crossing-over was selected

mameaa@qm@ﬁ%mﬁmmgﬁ%@%medmmc

AGGAT amycm resistant
TGCCGTGAT A aGARER DM AT R AGHRECACGTGT T

~~~~éé&~~ 00/09 3PCT/P00/0744 %
ACGTCAATCé&ﬁEQ‘P %ﬁéﬁ%ﬁ%@m @EOUATSP GEHEGATGEF GASCCATAAGC
TGCCC 10

bacteria) were re-suspended in 50 GCA
GTTTOGGAATACACGGOCT TGCAGGT CAAR MMMWA@T G

CATAT

GGTGGT GCAGA

CCCCTT

ACGCAACCAGE X TH
GACGG CATTTGTAT1"TT

(100°C) three nmes a.nd then were separated by PAGE- SDS e
GGANT GECCECG

pressxon o? ﬁ }

1
ectr Fhore&&&ig ]3 § GA

ST was exarmned in Whole-cell bactenal lysates (WCBL)

G AACAMTGRTAT A L 1

GGTTTCAATAGITTCA
ORIGSS37 St ot | de

sequence OfteEiRe & éw@ﬁca@mwe@; Jn uhe sdxpeRHivh r@ﬂ'ngshe(vmlr Bsg&er tam

CROCAA LR R 1 e P ARTA-F T TRl CABAT T FRORBRRAACGOCECD

TTTCC pPCMK(+)-Hsf vector is functiona] an
CAAMAGACCAT T AGELCA s Junctional 2nd. ca R 4559 SHESF S oSG T B T T TTCATTC

CACCT expression of outer membrane proteins, without abohshm§ the Hroducnon of 85 CATTCTTT

COCAACT T TR AR T TG AGE T TGGCGRACTA

GCATG
CCCGTCTCTAAGGT TTCACGGTAAGT TTACCCTTATAAAGAGT TGACT TACCATACT TATCCCT TTAAAACGATA

TAAA
G&GE&&?WMWA@B@CA@UTUTUAGCAMCAMAA@ TCCTTTTAGAGITACTC
G ~I

. CTA Olzonucleotides e
TAGACAAA T AGOCAT A GT AGGCCT ATTTCAACGH] CAGGCTACECTAAAACC
TAC: ) G sf 01-Nde 5'- GGA ATT CCA TAT GAT GAA CAA | Néol cloning site
TAGAACCCCGTTCTGBGBTTTCGDQ%WCTTTCIEAACCAG s TGTGT CCCAACACGCAT AACCGOCC
GCT

ATGGTGGT CACCTGAT STRGET FFEASETAGGETT AGGTAGT | M IGhAEEReATGT ] GAGGAGGC
TCGh. GAT AACCGA C-3' ;
COAAACT S GEEOAGATOATACTAGT CET TAGA GTAGCGGGTTCCGCACTTGC
TT.' 1 CE ZE ';m;g;; - GA ATT AAT ATG AAA | dsnl cloning site

CTTCCGTAACT GAACT TGGT TCCEECACBACHAGTTICIRAACT ACAAGCCCHAI A RAGERESCT TITGEGEECTCG

GACTA 20 GFp-3pe T GAC AT ' —
CGGCAAACQGGTAGATAATGT C‘? A%%A&%%\WWEVWGEAC&EAAC
AGC TCATCC ATG -3 Compatible with Nhel

CGACG

CACIISCTC%TTSETIQCIS(:TTGAL AT 'TT(“ATTTT( LGETAAQTATGGECAGC o
CAGCCAATACTE ﬁg%? %EAQ Sqefbelgpjogsite oS Nulcl eot i de

%9T§3up streamfromthe MtA gene from

AGGAG AGATACGTTGIGCT GGGC?T_g
SETAIJADU GG TTC CTT TTG TAA

sequence—of DNA region

Nei sser i{dffeni ngi ti des

CACAAAAACCAAGTTATGACGGG GCCAAACCAAGGCLCTCGCCCTGE
GTCGGATGGT CGGTATAGCCGAARAA N EEE AR NSSEECTGTCTTOG
TGCAAATATTTTG. | TGAGT CGANTSRCPOFEST CCTGAAGCGCGT TCCAAATGCCTGCTTCG 30
T GCAGCGCACT AT GAAC A CCACACCASCESEAACCATAATCAGAAACGOCCCT
GTCCAACGGAAAAAC 1 TCGCCAGATTCAGGCGCAT CCCTGATAAATCAACGCGCCA
ATC ACGGCGGCAGCCAAAACCCCCGCTACCGCA TCTGOCACGTCGGGCTC
TG TTTGAATACGGCAAGCAGGAAAAAAACGCT CTCCAAACCT TCGCGCGOCACGGCAAGA
AACGCCATACCGACCAAGGCCCATCCTTGACCGCT GOCACGGT TCAAAGCCGCCTGCACA 3S
GAATCCTGAAGCT GOCGCT TCATCGAACGGGOGGCT TTI ~TCATCCATAAAATCATATAA

N PN AR AT NN A AR A LA R R AT R AT /"R "N R 7N R R I N"T" I N\L"N"T" I N\LNTT™ NP e g g g




WO 01109350 PCT/ EPO0/ 07424 29 JAN 2004
OCT T T GAT TGOUGATGROGGTAT T CT T TTT COGGT GATATOGDCAMGOCATORCAGEA
GGCGCTTCATGRAR 03485 GGT GGGT AGCT TGT TGGCAGGT ACCGAAGAAGCACCT GGT GA

T CCAATTAT TOCAACCE BT TATT AT AAGICT TATCT GGT AT GOGCAGCT T CGAGUCAP C/ER7424

ATGICTGGT TGECTCATCGGATCGT TATTTTCAAGATGCCAAAGATGGTGITGAA S
AAACTGGTTCCAREAGGGTATCGAAGT ASSCATS
ATCGGT CAATTGECAGGT GGTCTAAG J TATACA GACCATC
GAACAGAT GCGTAAGAATACCAGCTT] fm %;F EAAGGAATCG

CATGTACACGATGTACAGATTACCAA A@@@CACCCAATTATCCI:CAAAATTAACT CTAT
TAATAGCAAAT F AGACC AARATAA ~1 O
. ACTGACACATGACTTATTGTCATATT 1 NAATE Fiagtng site
ATAATGGCTAPAAAATAACAGAATAT @Qﬁﬁm@i‘ 'NSTCAAAATCAAGCGAT TAGATGA
AATTATGAAAATAAATAACAATAAT TCTGAT T TAT T T TAACCAATAAFATCAATTATCAT
TTACAAGAAAAATTTTTTTTGATAAAATTCTTAC2TGTACCTTGCTATTTTTTCTTATTT
. ATCATTTTTGGCGGTATTTTCGTTGATTTTAGTAAGTAGATGAGCAAGGGATAATTTGAC | S
T SEQ | D NO:41 Nucl eoti de sequence

of DNA region nin 3 A o PIFECePh Brotein dn oy sporhbinant Vi disteria

cat arr hal i STEGIAA BGE%TQ&Q&H’%&T CAATCAATGAT TGSCTAAGTGCC
ACCAAGATTATTCAW CACTFEA OO EAREEE LOTA.
AAGCAGGTTGATTT HRECEXETEET G AACAE :

Co? % § ' lct@ggxpressmn of
CAACTGGGTATT CATTCCTGATGAATATCGTATG
ACGATTCAAT&%GTCGG%EHH@@# %FC@CW@IMW?AHuO&sccm
TCAATAATGACIPERAGA A
T AT CAGGT CCCAT TGO T B e ) P PR T s Grp-asn-
GAAGTGTTATCEA CAGIT INBGCHIBAINGIATEBAR KGTETAGISS compatible

ATTCCAGTGTTAGA TTTTATACTTATGAATGGATTATGGGCAAA
TCTATGAATGAAGCGGT%GA;E %’% TR AreEteToontEbn8 Qsed for

TTCATG]*PACI?IQWG&MC@MEBG&T@%Q
CGTACCATT. TTTTTTAAGCT GE‘%{TB C@%@%ﬂ%@@ﬁ’dmeme

oo Aol s

AGGTTTTCAGGTCAGTGCAATGACAA M P EANCH EATISCACH 088 y). The

AGCGGCGGAT FITASPaBting\ AT @R CAT FEEGAT:

RACCTTACAMCLITONT e AL SEQ TR A Seeny vastor equence
S e )

of DNA regi ¢leERgiTictiom edzpmenplnAtige necodbih s mibraxel | a

S e s e
ed

TAATCAAGGO@;@E‘%% c@ é@@}%s?GATTATcaCTGAAQEQ{FEé%fji E&%XE@F as

TTTARATGTGGT MR GAAGGCACAGCAGAAGA

AAAGCCATTTACT GAGCTGGGAATTGG
meTATm%mm%é&%fﬁﬂﬁmﬂwmmm

ATGGOGT GATEATEACATTRA AR EA0A GTomASGOTIRCATIALEE FRFERGEC SR Bt Sac) and o

TATTGCISCT TCATTTGTTTGATTGCA T
CAATCGGTGCE;ET%%%% &E%Aéﬁad’ﬁl& mﬂmmmwgm@a@%euénce just

AAGCCAAAACIHSGE A bAHe Tdd Jr GGTCCCTTGAAGATTACGT CCAAACCCTTTG
AGATTCATAACAAATCACTAACCT TAT CAGCATCGGCAACAATATCTGCTAAAGATAACA

AAAT GACAAT T GT T GATREIeT 3 ronTins\ha POAT SEIACHTHS § T
MATTMWTTT%AAAGTCAATCAAAA@%E g%@%%%%*s@d the
TAACATT BT AR D T SCAT GO DEE TS C TREAGRCA P4 4pal),
CCTAACTTT TEE PieE&dd AT TIACGAGEA; TEANT CEELAGGATTT TAT TTTAA

GTCAT TTTAATGCAATCAGTTGTCCAGAGTEW %E‘@ci% OARZ0NH t\thel avende
sequente oMSTHMANsEeITORf the BRMPewptr. up- stream from the hly3 gene from
Moraxel l a cata

GTGATCGGCAA@CC%AE&?T%A&&WA&MM@@@@G@GWGEW T 48 bases

'tn

GGTGGT AT CAWVETI GTGCCA
GGTGAGTG CACE1TTCGTTA TGTCAT 4}% f&%%‘ mpxr@ 8€ng
AAATACGCTACGGT TGTATGGAATTTTATCCATTGTACCACGGTATTGGTCTTTTTAAAT
TAACAAGCAGCTTCTAGCAAGT CAAAGT TTTTATGCCTATTTTTTCAGATTTTAAGGTAC

AATAAAGCCAATTGT TAATAATATGGTATTGT CATGATTTATGATGAAT TGCGACCAAAA
STTTGGGAAAATTATCCCT TAGATGCGT TAACAGAT GCCTGAAT GGGAAGCATTATGT GAC
GGATGIGECAECGTGI TGTTTGGT GAAA2 TTCTTGATGATGACAATGT TAAATTGACCGAA 70
TATACCGATGI TGCCTGCCAGCTATTGGATTGCTCAACAGGATTTTGCCAAAACTATGCC
AAGCGT CAAACGATTGTGCCAGATTGTATTCGCTTAACACCTGATATGCTGCCTGATATG
CTGTGGI TGCCACGCCATTGI GCTTATAAGCGGT TGTATCT TGGGECAAAAT CTGCCAGCA

—— NN A A PN VT" A "T"I "= A A A LA R LN AR R SR ™ 7" VT "N PP\ “P=geeges s s R R N FNTgeeg o N N P~NT



Nucl eoti de sequence of DNA region (1000 by ) up-streamfromthe | t?p& j;qn
from Moraxel la catarrhalis 30 AW 2004
CAGCTTGTACCATTTGGTGAATATATACCATTTGGTGGTTTGT TGGATATTTTACCAGEG

CT" f GAGCCGWWGIOBETAGCCT AAGCCGT GGCGAT GATAAGCAACCACCGCTCAART TGEH&ET/EP00/07424
GGCGECGTGEGCGATACCGAT TGGT GCGECAATTTGT TATGAGGT GGCATATCCTGAGACG
ACGCGTAAAAATGCACTTGGCAGTRATTTTTTATTAACCGTCT CAAACGATGCT TGGITT

GGTACAACAGEABST RETIGCRBEATWEAGARS TEGHISQACR %ﬁ&,m a
GGGCGATGGT T TGTGOGT GCAACAAACAACGGAGT GACTGCATTAAT TGACCAT

CGGATT AT A AR R e R B R R AT AT K G TBAT GF AGGEAGT
TATGTTCISACACACCﬁg[‘If%‘[@gTTT TAT [TTTCTTTG
GTGCTGATTTTTCTTAGTATCAT GGG ME&/@%&@& icpydar plasmid
AAATTTTAT AN AT GAT G (GG AGACGEBET, Wcog g
CATGAGCAAGATTA TGGGTGAGCTTTGGT ATTACTCATCA 1me
CCTGCCAAA %@W& RARTICCATAASANTAT gﬁkanamycm

CTTGCTGTA TAATAATTATCATTAGTACCAAGAT
AT%TTA&%@%M‘%%@ @L/fﬁf&&@@r—@@mqﬁmﬂ;@@er studies.
ATTGACAGCBMGGREAGOAT AR ERRAT 1G] S

et S OGO (G ISl 5 -

ATCAAAGCGEFETE: M@A\M@@@M@G@i SEQ°0) bR dedNugh eaﬁ&:& dgersequence

of DNA reg stre romthetpr gene ' SO from Moraxel | a
catarrhal i spﬁ%ﬁﬁ“‘}f%%é#ﬁﬁﬁ éﬁé@d@T&%rMATTTGTTGGCGTAAACACCACTCG

TATTCTOCT TOGGT THeGRETEIsIsATCEAMGACARERA TAGRAGCEHOCE0C
GCGGCGGOGT GGTCTTGGGT GCTAAAAATATTGCATGATGT A u'i“F%A’éJAG% (WCBL)

AAGGCAACCARRYSICremAYER EERECROTET TR GAAR GCBEA PGRAGGHEFACAGUTASE: Sinin g

ATTTTAGCAQQQ% TGATA TTTCT TAACCCCATCAGEECT
GGCATCTCAGCT ng@% FOSBEVERNTEINOANGAis strain

GCGACT TTATSRATEGESTIBAAGT TTTGCGT GGTACT TGGATTGATTGAGGI' AGGCATATCT
TTATTCCTAAGCTATTTTAAAGTATTTTTAACAATAATTTTGATGAATTTGAGATAATTG
ATGCTAAAAGGT TGAATGACCAAACCAT CGCTAACAATCAAGAAAAGACATTTTAAGCAT 60

AAAAAWQ I CA TATTATGATAAATTTGGGTAGAA
AGTTAAAT STAA £ M % ﬁI’W HEFANT SEIORIORPTB TN AR gene by

G

AATCCTTTT Mmqté\rlrtplweQMATAGAGTAAAAAATGGTTGG(,I TGGGTTTTTATCTC
ACTATGGTAGAT TTGAT TGGTTTGTATTATCACTTGTATTTGTATTATAA
TTTTACTTATTTTT. WMM@A&H&Q’E%‘W@@n of

TTTTAGCAA TGRLIA TCTT. CGAT CACGCTC
ATAAACAGATGGT %é@tﬁ tedhgpreguction of

ATCGGTGTAWW@%IGGT mbter P& Dcelde 2~0~ WO
011 09350 %D /07424 Ntﬁ eqti de g%ierﬁce of Dﬁ%?ﬁ‘é’i‘i%“(‘:i%é
up- st f eam W‘QE 8d9lpgiRs- Mb RN region £924bphikated upstream from

TTGGGGGOG@Q
ATCTATGGCAAACATCAT TW%W@OSCQ

GCAAATTTCA@I%:THW@C?WWMM%TE @T&A@@A?Vemma
AGATTTTAT . CCATCGGCATACGCAT CGGTTGATTA

AGAATCAA! I cegarat (Ao DTNADRAACEATdes -115

SE?AGCCACACGCTATTAT AL %@ﬁ%@gﬁﬁ%@ P@ng

CCATCHGACHEORA

Q%AGQ%&TWG&AAATTATMM$W eptgwas
TTTTGAT GEURTAREI AORSOCH & CHItE TKEbRT EiGCRAALAAANEGT: 2érc¢§$l’lasm‘d

ggﬁﬁ%ﬁﬁﬁﬁ%&?& RATWM%&@M@A (1992),

ATOCCIAGARIA TAGGCATTAACAGAC
T T TACAT AR ACCAT CAACCCATCA AR A T Th o O SERE ORT R MRk RULTBECFH e
sequence BAWIDNA fore gransforrb@ion, byd sultgbis tre@asidy Siast R%wEP l%lcgﬁﬁ]f Jerpm

Mor axel | rrhalis

AAAGACAT'?’CA%W mm@mr@mﬁ@mmc 25
GCCAACGCTTTTTGATGCGGT GCGTTGGGT TCAGAT TGTCAATCATTTGGTTTTAT
TAAAATTCATACCTTTGGTAGT TTGRCT TTACCTGATATGTCATTTGATTATCGAAACAA
TACGCAGT TGACCARACATCAATTTTTAGCCAT' TTGCCAAGCACTCAATATTACCGCTCA
TACGACCATGCTTGGTATTAAATCATCACATAAAGATACTTTACATCCATTTGAATTGAC
ATTACCCAAATACGGCCATGCCT CAAAT TATGATGATGAAT TGGTGCAAAACAATCGATT 30
GGCTTATTTTCATCAACTGTCTGCCGTCTGCOGATATTT3' TATACCCAAACGGT TTGTAT

—— ——— A R R P NFVT" AR AR A R R P NT" R NI g Tt s R A A TN A 7 N"T""T 7NN R N “T==p= |\ =g j =y gy g~




Nucl eotide sequence of DNA region (1000 by ) up-streamfromt hez qsm@ nepe
65 from Miraxella catarrhalis
CCCCAAGCTTTCCGTTTGTGT GCCTGCTGGT GTCGEECGEGET CATACCATGCTGGTGCGT G

CCGATGGT GTGGECGT GTATCAGATAT TGGGCGAGT CTATCGATGAT GCGGT GGGT GAAT
GCTTTGATAAARGCERBARAAAT GC? CAAACT GCCCT AT CCTGGT GGCCCAAAT AT CCRAKEP00/07424
AATTAGCCAAAAACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGCATAAAG 70
GGCTGGATTTTT GGCATGAAAACCGCCATTCATAATCT CATCAAAGACACAC

CAAACGCCCAAA eae S\ 2 (e FRPCREST A€ G CAG
TGGTGGATACT T EGETEMAL? ASALERPCERETNESRA G 1A ~ A~
2Q~~ WO 011 09350 PCT/ EPOOI 07424
TGGT GGT CGCAGESEREET (@ AR ATEATA PLBPACEnTBC ARG COBRGAQBMces and

AT AT COOCT AL S M P R PR R TR B et s

TTCGCTGT AT T C&:peATEGaATiE R]P@tKEﬁfEfﬁAx‘EA&és‘EAéS@@A@mShﬁed
ATCAATCATAW@%%T%TACAT T ACCATATTGAA

AGTAGGGTT' T EYRRTY TR RRPFTCGATAA
AGCCTTGCTATABAGTISALCTANKT GGATAGGAICAGAT GTT MXAATPATCEQEEAAA CAC
AAGAGATRGRTA T GATCCTT
Tammﬁﬁﬁéﬁﬁﬁﬁﬁﬁ%é@%ﬁmA 6cc
TGACTGATGT GATGAQTATAACCA Yotiie @@I%nﬁ%@abl%@csmﬂ&;snws'@(ﬁﬂtm sequence

of DNA re |on 1000 by ) up streamfromt e omp21 gene from Mbr axel | a
cat arrhal¥s enderined e BOR Aremnant Chtrinad MET Abaies AP GAgPSOMACGCAGCATC

AGGGTTTGCT T 1
T ks i e A e 1

AGTCGGTGCGAT&:@@A&HW%@A@MAWRA?WM¢@@@@@@@W¢WWmm of

e

TGCTTTTAAT CGHtF CRARCOTITE GRANRACCGETEBRA TAGCTA TEOFFATRECOORMNETG Neisseria

AT ATCA T e A R S AR e v

TTTGRTGATAT COUOTBROATGRXITET SAGATRASGETAGCCATACAA AU TEAEEXDIS -

TTTOCAGTCAT F T E T A T FCT VAR PPN pEdBEAbRgpianig

TGGTATTTTTTASFGACHIGAADHehIcbAGKNINEIYZE AT AVHA T €SN RAEAMATahT bacteria

AGCAATATTTTA GCAW TTAT CTGGTCATTGGIT

CTTTACACAGTACCTRY CPERATA AéPAFﬁ %@@s
CGTCATTT@@AAWMMTWA@@MITMW PAGE-
AGAACAGCGTTTSB TTCAGIGATTAACTAGGAGRAAAACA Nucl eot i de sequence
of DNA regi oR°g 1YBfFOBPrssis - as‘t2r5e€?rﬁef F‘G}ﬁ"fqﬁ‘é‘hé‘hﬁi’{)@ t@’e@fé’“@éﬁ‘? Balianior axel | a
catarrhal i s PleRE X HrfahdfereddsAGhfatdillied Atrhbs e Gt 1] Gl CGTGCTG

GCAGGTCTGA CCAAACCCAAGCII;TCATCGATGCCTACT TTATGI TACG
CTTGATACGCCAT e ignestpagt qoti Al ity ARguretD). As for

Nk S BRI
ATATCAACAA%GACCGCCAA TATTTTGAGACATT ititely

TCATGAT GRET AT s tryanT T{3be Depi it atian AAdaBERITSSTANT QROSSURET! placed
CAATCACA! W&CA W&C@AATCCT TGGTATCAATCGIGGCAC
ATTACGCA TGRAAA CTTTAGACCGCCAGT TATCGCCATGGATA
TGGGCAGGT GT GCT CGCEGCBaSHkAAHTGBENINS PasGRCATEATSEd GOPSEAIAT (HE Ekpréddion
ACGAT' r TGACA T.T GTGATAT GA"TTAACATGT [TTAACATTGIT

AT ACT G COP R B BR PP ek AR AR AT 8ene
TTTTTTATGT GT ARGAIT MMIQ\MTATTATGATTGT ATCTGATTATTGTATCAGAAT
GGTGATGCCTACGAGTI TGATTTGGGT TAATCACTCTATTATTTGATATGT TTTGAAACTA
ATCTATTGACTTAAATCACCATATGGTTATAATTTAGCATAATGGTAGCCTTTTTGTAAA SO
AATCACATCGCAATATTGTTCTACTGT" f ACCACCATGCTTGAATGACGATCCAAATCACC
AGATTCATTCAAGTGATGTGT TTGTATACGCACCATTTACCCTAATTATTTCAATCAAAT
GCCTATGTCAGCATGTATCATTTTTTTAAGGTAAACCACC SEQ. | D NO: 53 SS Nucl eoti de
sequence of DNA region (1000 by ) up-stgpamfromthe HrB gene from
Moraxel la catarrhalis

ACTATTCTGCTTTTTGITTTTCACGAAT GCGAATGCCCAACT CACGCAACTGGCGATTAT
CAACTTCAGCAGGTGCTTCGGT CRATGGGECAATCTGCCGTCTTGGT TTTTGGGAAGGCGA
TCACATCACGGAT TGAGCT GGCACCAACCATCAGCATAATCAGGCGATCTAGACCAAATG E) O
CCAAACCACCGT GCGGECGGT GCACCAAAACGCAATGCATCCATCAAAAACTTAAACTTAA

GCTCTGCTTCTTCTTTAGAAATACCCAAGGECATCAAATACCGCCTCTTGCATGI CAACCG
TATTAATACGCAGCGAACCGCCACCAATTTCTGTGCCATTTAGTACCATGT CATAGGCAA

K'

TGGATAGCECGGT TTCGEGACT TTGT TTGAGT TCCTCAACCGAGCCTTTTGEECGT GTAA




5 Nucl eoti de sequence of DNA region (1000 by ) up-streamfrom thd %@d@&ne :
from Moraxella catarrhalis
TGGATCATATTCTTTATTAATGGTACTGITTAAACCTGTATTTTAAAGT TTATTGGGT CA
TATTTTCARBETUAIBSCCAT CGCTCAAGCT TCATCATCAAAAGCTCATCAATCTCTACRAT/EP00/07424
RTCGCTCACCAGCCTTCGT TGCTGCCGCCAAATCGGTATTAAACCATGRACCATCTTCAA 1 O
TCTTTTTGGCAAGCTGTGCCTGCTCTTGT TCAAGT GCAGCAP TTTCATTAGGCAAATCTT
CRAGTTCACGCTGCTCTTTATAGCTGAGT TTGCGT TTTTGGGCAACGCCTGATTGAGGT G

Gr TTGATTT% r%fe;'lli_ C ';t TT&I’ TAGGI TTATTGTCTGIGGCGTGAT

GAGCAA FHCATCEFEHRCHAGA ST TR R Foraanouey RPTOCANXAA) gene by
CGATACCGT oA EAFQ@EPATCAAATACCCAAGTTTGEEHAACAACATTATCCA 1S
TAAAAGCACGGT GTAATACCGTGCCTTTAAAATTGACCACAAAATCTT

CTAAAAGCTCAAGTMKM@WWMW &&W r region of
CETT G&AéZAATT GGCC%A?AACGCGTGCT TTTTCA TAGIG
CTTTAA GC%&"PO GIORRAREAAPOTTESARATABE TS Al Rgulate the

TGTGCGTAGE, ggmg@mmw TCTGAAACAT" f ATCTGCGA ZO
TAGAT' TTT#CAGGGTCTAGGTCGT ﬁ%@m;ﬂw acement

TGOCAA G T AT GO CT AT CAATIOPET CAN AT CAMCRIAAMATCRTIT
TTAACGTTGL [T TACCANOGOEATTT TTGLCAATGATACCAACT TTA RN nRRn (5730p)
GCAGCGTT 2t PORITE BGFATR € 28as SiEQoverBd KEEGIDMWO) E)tid de

sequence Ghe PNGatk eﬁbﬁ@ I(ajdgpogq Dard bR &t {heeamez].cs.sre(r)’zrg ;[ngr?mgzlndzs ga'ea?ne .AI'IYC%m

Moraxella catarrhali’'s

CAACTTICAAAAPEATL CANASEHSE A The sto
ATGATAAATA ECA%A i TG stop
GGTOGT GAACRECAF TR TA EOQA(BT@\ TdiéTiption of

O A ST, o
A A A AASAG LA ﬂ-
TTATCGGTGGGGCATT GCTTGGAT' TTGGGTTGG(‘;;A%E’r ST G CCTEIPRERAL %93 b

CAGTCAAGT TEFTER %MM#@MAWA@@@?@M@@@@MWW&G 499 first

TGAGCGT GT Gogeht TAT, W GGCAAAGATCCTTT
TATCAATCCTTATAGAAAT TC&C%GTTCT % CENTENAEAA S Serogroup
Tmm&mq@mmﬁmmmﬁm%ﬁﬁqm@@@%ﬁ@m TAA
ATCTGATACT, LCO AGEC] Aee A GFCTTCAAAGG(XJ/-\IL,L,UF\I/-\LJT]Z{

CATTGATACEANCE NACSTEATIGRO RECCAAT CAG

TCATGGT CGRATT TATGATRAT GFFAGAETT TATGAGTCCTGAT
wmmcsfﬁ@cmawmmmcw%%%&%?ﬁc&%fequcnces
TGACAGT CGiRSeAnadA REPGAATEA AGOBEE CEGT XPACASRAGGE GRETAT

2 Ja E
COGTGAJ GT TTTTATT CAC 45 SEQ 1D NO: 56 Nucl8oti de
sequeGr%‘?:_e %‘A%y%a} g&%b"mﬁc t MeaRkeim perhany) iapd dBeqlyrborfed om
TTOAT GCAACAACOABCAT T o A AL R S At AR oAl 8 FCR
TTTM%MMMWMMT@T@MT&%TEM&M sites

AATT' T TG, CCTAGTAGGACAATATGGTCATTAT
ATTATGGCGART (% CART TGACASTREET ERSEISTEATEHENAR PEEAFerformed
ACGATCTCT%@MMWWWTW

AGATCQGTACAT T GREGAGT TAGGAAGCCCTATTCGACA Cﬁé‘?ﬁ@@ s¥) &

AATT OB X BRBRBER CLATITA CACATACKAET ASCABAACTE TATA

ACCAT GOACMRCACART TR G R TTr IAG SEOIAAT LS GAETCATAG ATG
%Tﬁfmmaﬁ%ﬁﬁé%mm@m%%w@%&%wm
BAndsAmREARTET O

AGTGTTCT Gt MW%T%EMW pUC
ATAAGAATW A,f r&%cAnGAGA GTTGGTCAAATGT TTAAT
AACTATCRA A POEIABARRATSTATICC CCC

CTARGTACT TACCAT AT T A W%@ﬁ%@&?%@m&%%w ; |
CT TA7m%ﬁMWWMMM§ﬁQCAJTDCM oe- B\lbjcéoﬁ M)gi sequence

cat arr hal T4 RS RTACI e Re B Y PG T ORC ATIAORCNTE SaRACT TTTTA

TCATTTATCCRTATGICCAATAATGTGCTTTATGTAALTTAGGCACACTATTAACTCGT G
CCACTGTTAACATTCAGCATAAAART CTTAACAATGAATCAAAGCATCGTRTTGECTGI T
AAATGATAACCTTATATTTAT' TTAAATTCAGACTAAATGATTGTRATATGGACATRTCAA a~ 2 ~ JAS
~00~ wo ono9s~0 pc~r~rooi o~a2a

GGTTGAAATCAAAAATTTTGCGAGAGT TATGTACGATAATGATRAAAAATTGACCACCATC

GT AGECGTGTTGTATACGGTGTCTTATATTGCCATATGGT TGGTCAGTGECTATATTTTA

NN I\ T NN SN N R PN R SN\ [\ P e g, g g g g [\ = N p————— g, g pr—— g [\ —— g g g ———— g g~ N



from Moraxella catarrhalis %q JAN 2004
TAAAATGACCTTACAAAATAAAATTATATGT TCAAAAATCGCTTAAGTATTGAAAAAAGC 4
TATAAAAARDIATETAT TAAAGCATAAAAGATAT TARAGCATAAAAGACGAGAAAAGARET /EP00/07424
AAGCGTCAATGATGATATTTCATATAAAAACTTATGAAATTTTTCAATTTTTTATCGATT
GATTCAGCTTGGCTATCGGIGGTCAACTTTGGECTGCCAAGACATCGECCGECTTTTTGARA

AATCAT CACAR thscineJe AR glasmad- clpined sitop e s AR CIAR 2IGoA TS RIEEH-RBS/2.

ATGCTCA CCACCGCCAACCACACCT T 4S
A T R R R DS D)
GCTTTCA SATAIal; 16Xe5ds Al

A@T@%A&TGWMTG&E CAAGCGT &%GO-&AAAAAIJ%@]O“ of
TGGAAT TGCPEOAdITRe e BBER 0BT CBROREE TEFMOECOTANGEET TG AREARId4 ATG.

MTATT{AC?M%”W%% AR Neiseri

mp&85 by

GT GCAT?T%mmmfﬁﬁﬁfmﬁifﬁﬁfﬁméﬁﬁﬁ@ﬁMEM_ﬁﬁoﬁoter and
TGACCCGAT GGIT TTCTATT GACCGAGGTGCCTTCACCGATAA SS
GCTCAGCAA CB‘EQ?f tes K EomAdicBerst iThés sequence
of gyfhglegg@ﬁn&m&%m arowh & bEMAEBE eup-HALndE NP £ ARMRIGKEH! 2

AGT AAA@AAMMWMMA@GAGEG’W@WF GAGIAAREAT dheteAdression of
TTGAATATGCA! TTTTGGA' CA TTTGTCI?AT CTT CGATAATTTAATTGTTA

TGATTATAA AR ARG E9K

%%%%¥WWT%WMW% )

GTAAAAT GCTOTRRGRGUUICAAGTHODGT GA TBIC AN AT ANBCPOR THIATGRAGRSE@Red in the

CAAGGGCATTATT TTTTAGTTATCTGATTTCAT TTCTTTGITTGGCAC _
TTMTTGBG??E%@%@(QW&A%%& O%‘%A TePACCBGENSHS 2. This
TTGTGH e A U ot RIS AT hnd (s,
GCAGGGOGATGTGT TTGAGCAGT TGG: . GOT AGAT AAGCT

TATTTTAACEAACT TTAGCADEDGATT bET HOBI GARATREATAT FATEAPOABACAGRR of pld

T AGCCCAACHAGFET GRPATEES A O PR T CACHE AP A AGKE

AAARATCTACCGAACAGCAGAACGATTTTTAATCAATTATCCCAAATATATTGATGATGC
] TGGATTGA TGAACATGAATGGAT ~S

zao~ ¥W® 0%{-&9&5&@{3’&&@;{ ATAAGRT ATATCCCAGT AATATGGAAACATAGCA PCT / EPOO/ 07424
SEQ m NO: 61 NucTeotTde sequence of DNA region (1000 by ) up-stream from
the |ipo6 gene Thefajmef Kisrexpetimantcwrasae rhplhdesthe endogenous promoter region of

CACGOAT OO A A A R TP AT AR PP P ARGRRATACRT DrAuction of

CCAANGT AABGCEETA AdvYERF:
AMCCAA&BTMCCTTATCCCCCAAG%M%TCCC%EG%AGAGACRA%%ACU trémd -
ATATAATACGMA mmmmmxmmmmmm from

%@C’I’ JTTTCGT ARTCA%% "'le %TTC&GT te Incyte

~CTGGATTTF@€B%SJ%A THa5¢ GFGRSAABSEALTH ETIMTg Gigﬁ NA
AGGTAACT GAAGCT TGAGGCACCAT GCCAAGAATGCGTGAT T TAAT T TCACGGT P&

CATTCAT GACCTADA AR EIBTCA BERACTSDAABCSTEABCCTLANTAEGTT @ operon.

é%mmwwm%@wmm e, For

TTTAGCACT THak THIgE#Y MCGAAMAGAT GAGAT;
TTGTTGCGCTTGTGTATCTGTATGATAAGTTTCTTC% E%‘T%A@%?% flzgking
ATA@@MAW?AM@T@FAWW?WMWW@WMB 'BTﬂ'ﬂ"ﬁk'Fgmequcnce
T@TTT@WM ﬁgr TAT TATAAGTTTATCGGCTTGATA

AATTTTAAT T CRFFR CRESFICE IVR0PEB aZEPWtF@I femi de
sequence NeifbWahRg} o pReMuik , Mor axel | a
ca’? arrhalis TAAGGH%'?' A & GAT% TéGH%gﬁA,%\TCGT T@%‘%ﬁ g&% T'ATAGT G
ATTGTCAATTRATAAGGGTAAAAAAGTATTTATCAA TAATCTTTCTTATATGTGAA
TATAATGACAAATTTATCACATTT TTACAAGGATTTTTTATCAAGATTAGGATATGITCC 30
AGCTTAATTATTAGTGATGAGCGTGTGATTATTTGGCATCGTTAAATTTATGAGTGCTAA
AATTGCCARATGATTAAAATTTTGCTRACATGATAGCCCCTTTGGTAGGCTTTATTTGGT
ATTGATGAGCAATAATAATATACCGAGT TRAATGGATTRACT TAACATAGGCCAAAAACT

TAACAACGAAAAGTAGATGATTATGACAGATACAGTACAAAAAGATACAGCACAGT CCCC
CRAAAAAGT TTATCTAAAAGACTACACGCCGCCAGTATATGCAGT' TAATAAAGTGGATTT 3S

NN AT N o —————— [\ —— g [ g [\ g g ot g~ p—g——— g p—— g = N N R PNT""1" A R N AT A NA NN NN




SS ATTTTGATTTGRGTTTTCTTAGGT TCTGOCCTAGGTACATTATTAATTCAATCAATTGAC
GTGGCGATTTTCAAAAAAATGCTTCCTTTTTTGATTTTAGCCATTGGTCTATRTTTTTTA § jan 1004
TTTACTCCTAAATTAGGT GATGAAGAT CGAAAACAACGATTAAGTTATCTGTTATTTGGT
CTTTTAGTTAGCCCATTTTTAGGT TTTTATGATGGCT TCT TTGGGCCAGGGACT GGCT .
ATCATGAGT TTWGOBPSIGT TACT TTGCTAGGA2 TTAAT CTCOCGAAAGOGGCA a4
GCAAAAGT GATGAACT TCACTTCGAACCT TGCTTCTTTTGCACTT' TTCTTATTGGGOGGA

GOTOCAMAAT GHERTC AR AT ST AN TrC-

(e ARE TG
vAwaY AARACK
TCT TTTATGAT@AWMMWB@AWW GECAGTT C\EECHDBT TTG
AAGCGCGCAAAAGT TTACATTTTATTA 6s Sof%qll D NO: 64 Nucl eoti de

sequence of “?ESI?@\ q"[érg?@ﬁ 3()18?3193"(‘}98 PPigke sqapenges gnd red [Hinddl geseictieon om
_ﬁ%&?&g&ﬁg@b%ﬂﬁ%ﬂs R Cféglgment was cleaned with a %Pure théABoerhuger
GTC@AR@AWM@@EMMﬁM@MTWM) This

CTCCCGTCACAT [T

COOGT AAT AR TR Hplel e ot akeds (e S kT o2) i

CAGAAAT TAAT Tor8eF ANAEIEFTGTINA TANE AR CRE AT GG ATIACAETTARDEIACHKAmote? ~ JA~~i
~0~~ WD 0l / 09350
CGGCTTCAAATTCRERCER AT ¢4 eis CRAPANTES A cBpking eateReeirpeiAndh e opB
CAGTTCOCTTT oA AT YA CAGAGRRATAT TGS BT ERAATTB ABABGATTAC CCC

TCTGAACATCTTTAAGCGIGCCTITT CAGAAAGAAT IT' 1T
TOACOOCAU T EG G Ao BT BAG GG s G E6 AR A ST TR BAD) 19
WATWW%W@W@MW@MWWME@ ATA

GATGGGTTTCTAATGCAACARAAT TACAATCAATCT T TTGI TTTTCTAATAAGT GGGAAA
GT GCAGAACCT Gi§ @A iET a8 EARICTAS TAAL digeordeotides AP rajampguitable

GRACTACT GOCACT ST T P AR L P AN A AT '
CAAGCATCACRT‘QE@@PW@'FWM T wehag primers

T SRR g
TTTACGAT (ﬁg&(é 6@‘?\ ucl eot| de

sequence of @mmgﬁdeTQCL 6GG) AGA-HIT €AM TAGTAThBRAQIGETeGRT A Tene from

ACCART AT T ATRCE? AR FE A ER S R KA Sk oM SR A A

ATTTTATATTGCGRGAPIR. ARFAGTAvA3 tltddGn FHeCHCTE RACRATIISGGET. AT ilbe used

AAATAATGAT T 'TTWTATTT TITACAGCTATTTT 70
TATTCAATCT%@%% @é&%&ﬂ }:ﬂ%

AATAAGT GEAT QRAGAGGABCANTEIEGASRAGHAE TATHE b IR TrEHASCT BPAAAT Alizect the
TAAACAAATATATTTATT, GATGTTGGCATT TGTTGATA AGTTTGCGC
TGGCTTTTATGCERTHIR PA KRS REr4 RIPEPHF e%ﬁ’%

AATCACTG TTTTTAACATTT IGCAATTATTAATTCCTCTTTCAACTGCGATAATAGGTTA 7S
CTTAACATTAGA] GAATAAAT AGEGAAT TTAT i
TeoTrararaT R M e rlg i At DA e bromow
GTTGGTGGAAT AGS kT T T AAATATCTGOTTCAATTGGTTTT AT TAAGGECGT TAGCA

TGTTARAT AT CCT CRARARPATCIA CHRTRCE AT A PR R PRI PO e

GAAATGATTATA&A}QQ @EME’ /T€6d AlEnE IHonAprdmbset Ad AvddiGAGpAdguiMETibAGrdAvttion of
GRATGATTAAA ﬁTTATTCATTGT ATGACTRATAATCATCAACCTATTT

CAAGTGCTGAAA O TRAMEARRRCT T RTOTRAS FRICHPRAT tructed
AAATAGGT AATG&sTx@CE %@%%%AIM@%@%M RBBiopER2bd) Bodded Gpsthiaal fRsd | de
sequence of region stream from Haenophi | us i nfl uenzae

($i Rd) from Ehﬁ @il@icpding g@ﬁévaaélsmerséf) SEE) IBN@s] 2y in theprivate Incyte PathoSeq
TAAATACT GEAARAT BARAGTT T AT AR, @Fﬁ%&%ﬁ‘é‘%ﬁ&%ﬁ%ﬁé@&ﬁms the
GTTCAATAAGAGGAGAGCAAATTATCTTGITT GGAAAT CGGAGCAGTACAAAAA

GTCTTAGAAGTA@@wmqmmmmrPrmgW@TmRexmawﬂwmmmw want

R AR oo

€

TTTATAGT GAAGAACTCAAACGTAATCT GT ATGI TTGCREGAAATGTGGTCATCATATGC
GTATTGATGCTCGTGAGCGT TTATTAAATTTATTGGACGAAGAT TCAAGCCAAGAAATTG
CGGCAGATTTAGAACCAAAAGATATTTTAAAATTCAAAGATTTAAAGAAATATAAAGATC

GTATCAAT GCGGCGCAAAAAGARACGGEECGAGAAAGAT GCGCTAATTACTATGACAGGTA
CACTTTATAATATGCCAATCGT TGTGECTGCATCGAACTTTGCTTTTATGGGECGGT TCAA
TGGGTTCTGTAGT TGGTGCAAAATTTC, """ ; AAAGCGGCTGaAAR. AGCGATGGAAATGAATT
GICCATTTGIGTGT TTCTCTGCGAGT GGTGGT GCC? CGTATGCAGGAAGCATTATTCTCTT
TAATGCAAATGGCAAAAACTAGT GC—~~F CTTGCTCAAATGCGT GAAAAGGGT GTGCCAT
TTATTTCAGT. ATTAACGGATCCGAC‘ "1 AGGCGGCGTATCAGCCAGI TTTGCGATGT TAG

—— g ————

NSNS\ Pg—— n N N Y= | g s NN R NN A A A" N — e — g —————— g~ I\ P~ P NN N




fromthe PS gene from ~ J~~~ 20(1~~ WD 01109350 SEQ | D NO: G?qN@%A S@IU} de
sequence of DNA region (1000 by ) up-stream from Haenophilus indfl ‘4 t
(A Rd) SwWEGHAJReT ATCCTATATAAATTATAGACGTAAAAAATCATTAAATAAT
AAGCTTAATAACAGT GCTGCGCCAATTCGATAACAGATGCTTTGCACCCCGCTCAGAAA
GGTTTTCCTTTAACAGCTTCCATTGT TAAAAAAAGT AAATGACCGCCATCT AATACTGGT

AAT GGAAAT AASETRENBANTEIIGT F;@ TAAAACT TAAAAAA
TACACCAAT TATTTGCTGAT%CA % Pt CBOOSAETEY deSeribed

AAATTATTT HRURAIREOIBHON G ABSERWESSTGCOT ARTATA T, DN
TGAGTA C%%@TT GCCTTTTTGTAAAGATTC&GAA%"W %ﬂse 2 DNA

% COMEHTEIE, e 1569
CCATTTTGATRAGEHAGEGRAGT aﬁ% TGITTCTCCATTA
TTAATAGAAAAAGATT TG T TATRRRAF IR ANGGNAGTRLRS anfplified

G f TAAAT T PO Ve ren/p SETagtal; Tiid GRAAA
TTTTGAA C%AT%TTTA@AC%%% CT AGC

O e LG ST (o

T' f TGTGGCARGTAGCATAT EBPCTTCAT-GAATIEGH A 1@ des

AGAATT T GOSTAINBBEPTARAAE GTSHoa ISV, TTGGTGITATTGAT
TCAATCACT. TTAACCGTTGGCATTCCATAAAGGTEEA@H%WWNE}% upsteriineph This7 424 fr om

the D15 g fﬁiﬂ%ﬁaélélfg@bu@lnw iofa AT @6t @;n m from
AT AT e ﬁﬁ&% ‘J'?%A ilus infl enz t éfg%q BEA). 1 Bl
TTTGATAAATATCCIT. 1‘% ?”PA%*FAW frAmm)Aa order to

GGA@@AO@&@T@EE@@&HIWW&%%@TT GAAAGAACC
TCCAATACT, CTGTTCGAGATCATCATTTT PEsEotqrsagsette. The

ATAAGAGAATA Cﬁ%@f%lﬂ
GCGAATA TGRALT, TTTTAATACA TGT TAT
S e N L

ACTCTTATCCGATTTCCACTT. EANEXIIO ASCBGREITC 41C GAG

%ﬂ%@t‘m m%mcmmwm%%&%@ -37)or
@E@@A@m‘m

424

o A

TAATGAACGHA GATAGAACGGTAAACGCTTGTTT

ACCATTTGCATATCCTGCAGA ERACRSAesABL AT STOT (SHTiAed). The

TGGGT AGAAACRIETY A@@ﬁ&E@@éﬁEﬁAGWEI AL TH,

AGTAACTW! GA%T%TTAACCCCTT A@T&Aﬁ%mplﬁmd

;?Aﬂ%}mmqm@@wg wm%fgﬁwﬂﬁﬂ@“
ﬁ\%ﬂ PRASAEAMECOTERC GAG GAG

ATTQEAGGT GGCCTAATCCTACATAA
CAT m@mmmmamm&éQc@@ﬁ 6)70 as NUC' e I de

sequence up-stream from

Haenophi Irﬁgnl l:{ljt%%?%@] %P(?%&‘PP (uriderlined). This PCR fragment was cloncd in the

TTAGATTTOTQEPARATIGAGE Iob{akdc%w ice! _' GGAAA Tl ,

AACTTGA S TCACTTCCTGGAA! {63 R :

TAGCACCT W@I‘WMM -
%RW% AETAAGTACCTCTMI%@&% cps-,

TTGTTTAACTACA T@A@mmﬁm‘éﬁsﬁﬁrﬁ%@ é?,{ will ‘

XXgTGT GGCGAACCACT TCT. ATCCg- @Fﬁﬁ%ﬁﬂ CCGCT e" TCCA

CGCTGGTTCAGTA %hmmwmm@r@%ﬂiaﬁa R ETAEOIATTT LSS
TOCCAT AN AT AL CAGRACACCATCA GARGE P nant
ATCTGGOGAAAA

QKAAQ-‘?@\TGQQ‘A@WF-']TA e%ressmg
AA

AT OO T A A DA R O

GATAAATTIERTPET Mﬁ@rmvwmg%m@w mp Oy
CA2TTHRTT TACGAGTTCTAAAGGCACCA

TTCAAAAA%/E\%% O%%o@@wwmﬂﬂmrmﬁm WETST of the
ATAGCTATEKPTESEAR ToRAT 1576 om& \CCAACCGTATCAATTAA
TTGATAAGTAATACTATAACCAT TA Y65 AW be Nested] foxiube ept i de

sequenc e Batpm Y e orKDESS6I0 bYy odhetiVesdskR the TbpA
f rom Haenophi l us i nJl uenzae (non-typeabl e?”&rﬁ;"g&{? THmers usec9 fnr the
GGCGATAACCGAGT TTTTGGGGTATT' f AGTGCCAAAGAAGACCCACAAAACCCAAAATTA
TCCAGAGAAACCTTAATTGATGGCAAGCTAACTACTTTTAAAAGAACT GATGCAAAAACC
AATACAAGAGCCGATACAACAAGCAATAAAACAACCAATGCAATAACCGATGAAAAAAAC
TTTAAGACGGAAGATATACTRAGT TTTGGTGAAGCTGATTATCTTTTAATTGACAATCAG
CCTGT?CCCCTTTTACCTGAAAAAAATACTGATGATTTCATAAGTAGTAGGCATCATACT
GTAGGAAATAAACGCTATAAAGT GGAAGCATGT TGCAAGAATCTAAGCTATGTAAAATTT WO 01/ 093S0

AT A1 Al oA AN A

e porA



SEQ ID NO:72 Nucl eotide sequence of DNA region (1000 by ) up- ?tC? eﬁm f 60qu
the TbpB gene 15 from Haenophilus inJluenzae (H nd) . N2
TAGAATTATATTCTTATACAAAATTGATAATTGTI TCGCATTATCATTTTTTTTTTGIAAT

AATGTCAAGT A1 AdsEd TTTTAAGT TCATGGATAAAATAT GAAAAAT GGCGT AAAACAALE T/EP00/07424
TTTTTCTCTTATCATTAATAGCCTTATCATTAACGAATGTAGCT TGGGCAGAAGI TGCAC

GTICCT AAAAATGATACATTGACRAATACGATTCAAAGT GCGGAATTAAAAACCT CCTCTT zO

ACACT%W&&A@MMMWWH This PCR

TTaCTTATT AT AT AT EFRACTAEET TROSTETT A p 8 B

TAGCT CAAGCHAT AIRTCT-PRAKC TATGARATGAAGEE
TACGTACAGAGGTAGATGATGAAAAAT TTTTAGGT GT TAT TGATCAGTA T AA
TRAATCAGCEHSEEFOYING draaT ArtiopmamaEsamiysALTaE AtoR A TGATEA BT over in the

T GOCAGI T A TP A PR RAGA 56 RY CEEIOONT AP gz

TTTTTAGT AMBAGIGTAT G TAATGCGAATGGAAAATAT TA2 TGGGATAATAAAAAATACA
ATGAGGCTACTGT GCGTATAGGT GGTGGT TTAGGCTATCAAACT GCCTCAGT TGAAGT CT
CGTTGITTCCTTTTCAAGAAAAACGCTGGTATGCAGECGGT SEQ 1D NO: 73 3S Nucl eoti de

seguence treamfromthe Hi f A ilin ene
frgm Hae ' 4 : tp.;educmg clean(%nmark)edg

TAATAAMTGEE@GM%AA@A@GRH%%T AT AQSTAACGCAATAAAGATTAATATA
AACCGTTTATTAAAA TTGTTTTCCCAAAAAAAG

TAAAAAACT CT TCCATRR AT ThET ARDATIATEAT IS TAAPIAAIACOGT T DEMAAASATHETcoh@ining

CATATTTTT T GAAZTAATICEL] GIACGITCT 1T 1] CULCACA T GOAGACAT ATRAA
AAAGATTTGTACCG UG AR EARER PERSRBRNRETETT MG Pigmosome of

ATTAWM&TWW%%%I delete the
TAGCCCAGTTTATGGATTTAATTATGTTGAAA CAATGITT
TTTATTTTTTASERE ACTA B TChonreme ACET TEPEOARTITT (RCRRRAFBEABT &fis 4%t thod,

AR il
AGAAAACAATGATCGA - FGA
TGCCGATCCARGA 3 Jrhd GTGATTACCCCGCCTGTTGCTCGAGTGGA

AGCGAAATCA T' GCGGATTACGT TCACAGGCAGCGAGCCTTTACCTGATGA
TCOGCGAAAGCCT CTFT PAFT FREATT FORAmeTiaT redtene i anTesd e prass&@linder

T CBO0CT GO AT AT AT TR RET R CATEA AP REACT T AHAGCY plasid

CACACCTGAA@@mmTGvaAAWHMMMT DRG] §:1447-57)
GTTA CAAW GTCAAAATGGTITG S5 SEQ TD NO: 73 Nucl eot1 de
sequerice of’ feaﬁlcgg@(y@zm y The) reqipigninysotesnven dervddEfipm plasinid n) gene

?L%?"A?A%"TWCCGCA”“‘*“Wﬁ%&%&é&%@%ﬁ%&%@@%m&wmm

eningitidis

'|C';é;'|'GA GGCTTTWAG&EQMQAWET@W@eg@ch
TCAAAT gr %%Wmmmmpmw BamH]

ACGCACAAATAGAAAG CACGATATTCAATGCARAACCGCAAAATAAATAATTGAAGAGCG
ATTTATGCAAAAAACACCCAAAAAATTAACCGCCCTTTTCCATCAAAAATCCACTGCTAC

TTGTAGF GGAGCAAAT FAT ASOOAGCRANISTAT ACKEBIETCARW THEE It AT It t@.% @&crose

TCGTCTGGCTE %1 %%CTGCTTGATTGCATTGTGBCACTGCCTGCT
TGCTTACGA BRI ARN I HORAY O tBGAE PIGTRARNAT
OGS LSRRI LGNNI o
CCACGCAGGECAAACCGOCGOCCCTGIGCCT T T T

A@T@T@MWMEGMATWMWWCWAM% & B.

TTATCTTT%}%%%AA%&CACCAACGT%CATT TTGTCAA
AGCCGAT CCEAREORMMEAGDEARASARO01g/m] of
TG PATTACGLACACT A R

GTCGT?ATTACGCCACAGGTGAAW q@&%@ﬁ ‘&%{A‘@?{ﬁ*d" eisseria

AAGT GCAGT ATRRGT IAANTRETOTAT TETEEASTEA M on GCagar piEs tohathidi0z9,1/ 09350
PCT/ EPOO/O 424 SEQ 1D NO:75 Nucl eotide sequence of %NA regi on (1000 by )
up- stream THOXthe P2 gene from H aenophilus inJl ~cenzae (H nd) 1
TTATCCGCTA ACATTTCATC AGTAATTCCA TGAAQRITAA TCGCATCAGG S 51 ATCANCGGGG
CGATCTGECT TAATATAAAT ATGAYAATTA TTA GIGI 101 AACGACGATT TATTAATTCA
ACTGCACCAA TTTCAATAAT GCAGIGICCT 151 TCATAATGCG CGCCAAGCTG ATTCATACCT
GTAGITTCAG TATCTAATAC 201 AATTTGGCGA TTGGGATTAA TCATTTGITC AACCTATCTC
TTTCCATTAA 251 AATACTTGCC ATTCTACACA ACAACCTTTT TGTITATGCCK AAACAGATTG | O
301 AAATTTTTAC TGATGGATCT TGCTTAGGTA ATCCAGGGEGC GGGCGGAATT 351 GGTGCCGTAT

—— e pgp———  w— NN AP A AP A" 7N A AN A R APPSR P NI NT" VPR R R I NIINT" N AN A ———— s A R R PNEN A PFSA AT AR AT~



- SS 251 TALNGAMEQM | YPHFLHYMWV SYRRFKHTPL LNNPYLLNEN ELKKI Al KLQ 32$ QQ@K@
SEQ I D .NO: 77 60 Nucl eoti de sequence of DNA codi ng region of t lrfl a
(meni ag(();é&(c‘) E%% H rB gene 1 ATGITTCGIT TACAATTCGG GCTGTTW

5 CCTGITG ACCGCCCTGC TCAAATGCCT CTCCCTGCTG i 01
GTCTGCACAC GCTGGGAAAC CGGCTCGGAC ATGTGGCGIT TTACCTTTTA 6S 151 AAGGAAGACC
GCGCGCGCAT  CGT CifehAhs & 01 T CCCC AAAACAGTCA
AAGCCGTTTT héSCGGAAACGS Gé%&w > %% 4 EerTaTdsOth TP GAA
AACCGGAAGAhEATINBAM@ACBH) 1AATETE CABRG %&@’&% @{%C@s @&%@GG
CTTTGEA 51 AC%%%?G@ CTGCTATTCA TCA mcrl;i GG 70
401 GCGGA ES&)) ToT0EmIBe e/ IECCIRTAACNGS 15 ARMECGCCGA
WTW%WWWTW TERBAAEEAA
CGCCTACCAG COr&CEROK akbAAGEAA
CCATCGTCCTCTEACGEACTAG ATC- AGA~ATTA&TTG 4! PRO/ 07424, 601

DR s ERe

GTCCCCTCCC CTCAAGAAGG CBGGGAAGGC GTATGGGT ERAlRPYEeECC
TATACCAT GA ot egadXoai Al TemG At ASIEE GRAAE T4H). ﬁ@%@ﬂﬁﬁé\@cﬂ%{}ﬁc

AT TR BROAC BT ORI AP S A BOARR ORI .

ATACGCCGT Tiréth thelpIB2BA dcg.thg;{@m"C‘ CC GCTACAAAAT GCCG Protein
Sequence - 30'/. identity aad 38 /. simlarity with Hrb Eroll 1
MFRL QFG_ FHS PCATAREO ATG/FCRIEGI TRASSOBTAGS RAGHAAEYAL Al O\G BiT GDRAR! VAN

DP, KGGLELAPA EDI ET 101 MFKAVHGAEH VQQALDKHEG
LLFI TP Gé“‘$T %ﬁw@a& %ﬁl%ﬂﬂlmunmma RESADPIIS) QG

VKQ | KAL R GHTINCEPERS V@P@%@@

CCERLPGGQG, 251, FDLH RPVQJE{ ELN Q‘W@Eﬁmﬁ%% % 15 SEQ
n' 7 No: 78 GTRuicl edgpetslestide eernerining DA Nrolli rgrritigri Osite0fwideinkime mpphi | us

i nfl uenzaqe %&A )ﬂ HrB ene@];Tg;@AAACG AAAAACTCCC TCAATTTCAA

CCGt " ACTTTT S Wmmwnmer
ATTTTATGT Q% 8crdst CrRTE W nRALER takseke CATHY. GT TT 151
TCACATTTAA AAGTGGGTAA ACGTCGAGCT M%G%AWE%

TTCCCTGAT @MW@M@SAW@Eﬁ&CﬁBkWX@HE@@&W A

GGCAT GCCAARe kT S 301 GGITRTOGT CGGATTCACG TATCAAAAAA
TGOTOAMAG T CARGEE P SETTAERT NERRISARIATCE RATRGITCTC

GTCGGTGTTM&MTH’T@I&'M&:@QIA%&@ Tv G@{@%& ‘i‘?& CATCCT 451
GGCATTGGTG TTATCGTCC AAATGATAAT CCTTTGCTTG ATT
carTTACGCH mﬂﬁnm&%ziﬁmemAAw
TTACGCCAC@,,@Q@%%% ggtw% CCTGATCACG ATTACGGCAG AAAAAATGCC

GITTTTGITC CTTTITTT ACTTGCAGTA CTACTGGTAG TTATTATTTA

TTGAARTCCT 701 CGCAAAACAG CAAAGTGATT CCATTTGCGC CATTACGCAA TAAAGATGGT 751
AT T CAGCGCCTbGTTGATSTTA CGGATTTACA 3S 801 AGATGAAACG

e

TATATGTGGEEc&ME@@?QﬁhH&I% : Pﬁé {g%‘%TCCAgﬁ GRS AARATACGOS TAGTTTATAC
GATTAA Protern B: similarity with HrB E
e0G ~O 1 MKNEKTPERG SHEE ARIGNenFdkEA SWRS) feb&hEXE -
SHLRVGKRRA Rl AARNLELC FP ENERE TI LQENLRS\? GVAI I%A'F% %E@%g%@géﬁd KK

WSKVEGL HYE "RNGROE 00, eslifiettsang| o sietians HpFthe Shraah @utiRRMONE B -WIEE QG

RLRSNE&DIVL&HRRQhBﬁN jog,@;l; 1 FVPFFAVPD TCTTTGSYYL
LRSSQNSRVI PFAPLANRDG 4S h‘%\@?@ %P B@%ﬁl XA tgrpsqpof |v|<G| SQ
YM/\LHRRFK#V%MgAmEmﬁsmepy ofSEQno]d@oNOsZ@xert@I ROEI 46/ SEIEMR

coding re n o i aeno | us influenzae (non ~ 50 ypea&ﬁg) ﬁ/lsbB gene
1 ATG%%E&‘F% %\Q% RWLFTA@?F*W@AM@WMB KaBCGCACTTT

' TCATGGTOCEer® WaAMG I GAY TTGGTATTTT. CTTTTTATTG

: TTGTTAGSA%_I' TTGTGCCTTT $ é{{& @Iﬁ% 3@@%%% aRCf?I"A‘fﬁ'TGG
ATTGGGCATR AL/ BRCAG 53 00| CETAGATT AQE CHEWAEAAE ET y TGTTTC
CCTCA CA ACGTGRGCRA GTGATTGATA AAATGT CGCT 301
AT TAT G T BT ek CRORRRRT G, ATCECEF NOMAGATTT) S ABBAC
AGCGAATTTRom GGAAA GAATATTATT
CTTATGGTGC CA§ Lo W“ %@@%%hmum@rwo@c
ATGCCAAT@:qeﬁmmmeam& KAMIGEACAG O ANIECATGE %%@
ATTACACGCC 551 AACGTTTCGG CGGAAAAATG TTT 601
TTAAGTCATG TTCGTAAAGG CGAAATGGGT TATTRGTTAC CCGATGAAGA 651 TTTTGGGGCG
GAACAAAGCG TATTTGTTGA TTTCTTTGGG ACTTATAAAG 6S 701 CGACATTACC AGGGTTAAAT
AAAATGGCAA AACTTTCTAA AGCCGTTGIT 751 ATTCCAATGT TTCCTCGTTA TAACGCTGAA
ACGGGCAAAT ATGAAATGGA 801 AATTCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA

TGAGCCCGAG 851 CAATGAACGA AGAAATAGAA TCTTTTGITA CGCCAGCGCC AGAGCAATAT 901
Gr TTGGATTT TGCAATTATT Crl GT ACAAGG AAAGATGGCG AAGATCT TTA 981 TGATTAA

-~ o LN - y" a




~ JAN 7~0~~ WO 01/ 09350 PCT/ EPO0Q/ 07424 201 LSHVRKGEMG YYLPDEDFS@ Eﬂg%ﬁ%@FFG
TYKATLPGLN KMAKLSKAW 251 | PMFPRYNAE TGKYEMEI HP AMNLSDDPEQ SARA éE ' t
SFVTPAPEQY 301 VW LQLLRTR KDGEDLYD SEQ | D NO: 80 Nucl eotide sequence of DNA
codi ng regoonowso t he Moraxella catarrhalis MsbB gene 1 ATGAGTHEKG/07424
ATCATCAGCA TAAGCAGACA CCCAAACACG CCATATCCAT 51 TAAGCATATG CCAAGCTTGA
CAGATACTCA _TAAACAAAGT AGCCAAGCCTG 10101AGCCAAAATCGTTTGAATGG

GOGTTTTTACEAA G ATAATASACAAT Ti4A TACCTGA TAIGOITHEGTTTEQOGGTEAT TTTTCTAC

e T R U ST, o
T M GG A MM A ORIy oN e

%@AT@CWWAMWH?WV?ﬁ%i%¥E%EmM can be used to
CGAC%CAA St %&f@e@ﬂ* N ENeROPBTFCeraocRA@mbinant Neisseria

TGOGTGT ATG&%@G%&\%W@%Q RLATCTIAT ; :
TGCACGCOGC20601TGTATCT T T T@%@ *&ﬁ&f&mmns resulting

AACTCATCACB51 T CORIT CRRACAABSTLREA pd AT SFTADE CACSESAT PCR with primers

TGOAGCAACE 21 A PROCAEFEIREBEY BIMORS AT TARGCT GOGTCAT ARAG

CCAATCCTCCB01TGICATCATCATGATGGATA TGCTCAGACAAACGCCCGAT
TATATCGCAA2S851AAGGT CACCGTCCACATTAT CACATCAGCCTAAGCGCTGT

GTTAAALAATERRITPNT GECAGERA THAGGAA G fCRITECATERREAAGHBATEA and recombinant
951 TGAGCAAAATATTCAAAAAG AT

FAGCCGAT GACACCAATTACTATCAACA TTAATG30Protein

Sequeaee - 28i Al i Vabt

col all\/BCHHQ—|KQTP%§|%I§ svf %H%A%P&’%“%‘}%ﬁ%@%) Rl S i oF e different
AFL HPKYWGEMYE Agsartyadrin EKB&RV\@W@G&RL&MWMK&RMM@C done on days 28
LTNLQLTFPNLQL Uﬁﬁ?@gsgf SLCAWFRPNVFKRTFS

SGLQHLI DA %ﬁ%& h@r@ﬁﬂm@qﬂmed on day 35 (IP
LEWFI YNARRSS20 16t kBEnsbRM< S EH :
ATFFGVPAAT251I TA%E?IFI KEWANES%/P:BL%L%R% ﬁ%%GH; me"y rate was

H SLSAVL KREGIYRSLRETdayABRENRIERY. | QKDL TOMIWFHRRFKTQAD DTNYYQHSEQ | D
N0:8140Nucleotbgﬁwiggyegce of DNA coding region of the Neisseria

( meni ngococcus NETATGAAATTTATATTTTTTGT ACTGTATGITTTGCAGITTC
TGCCGTTTGC51GCTECT JCﬁEERJMQEBQMX}BSTTTGCTCGCC

TACCTTTTGGLOI TCAAA ATC GGCGAAATCAATTTGGCAAA ATGCTTTCCCAS
~| 51GAGTGGGACGGAAAA§AH@;@E§&WI@GTAW§GAAGCAGC

ATTTCAMACA201TAT TG TATATTGGTAC
GCGCCTGCCRX S M@&%ﬁ TRAGCATTA
TTTGGACGA@OlGCGCTG%@MA WC&EB’QTGTACCCGC
ACTTCACCGC351GTTCGAGAT GTACG TAATCAGGATGTACCG
CTGATCAGTASOO0! TGTASTIRSACOAARTAAAGSTAAGIBAT TGGACGCACAGAT

TTTGAAAGECO51 TGl AT .-
AAGCOGT G801 BT (T ARG PO B A B R T slyzed SDS Page

CTGTATCT G5 CESATEMEHAT TTCCGACCC AACGATTCGGTTTTTGT GGA
TTTTT 601A¥¥g@ CGGCAACGATTAC CGGCTTGAGCCGCATTGCCG

SS65
AATA(IIHT%Q“HO AGCC e. TTCCGAGTGA
AGATGCGCAG/ 51 en 0 o, %ﬁf&ﬂ&cﬁ&&d@@msed with the 5

GCGCGAACAﬁﬁ&iWEEB‘BKJ kel stHCACRAGGE RIT GRAANCed). Sickness wa
GTCCGGAA! CAGCCCCGATTTTTACTGAT ACGTAABO Protein Sequence - T,
i dentity &RQ BeEHered during the hidaks ApG B mico iMmbnivkd= WREVIbY\N SR LREAL LH

CLAOLTCL bR LI KCTE G RPGISED L LG RO LG

KI LDAGP LKBIcBS i GielRNRYIMAr LtdaiTE &é&t}énK%%SﬁﬁE’E 'néngQ% !}g% FVDFFG
201 | QTATI TGLS RI AALANAKV. | PAI PVREAD NTVTLHFYPA WESFPSEDAQ 251 ADAQAMNRFI

EEPCANI PS$ ?’P@*S%Kmrwmpnmgdw PogA- uBregulatddbidhs iClikélpno Be dud at
geneti cal | tion isolated froma nodified Neisseria
5 meni ngi g%éﬁggblﬁgg%tggtc AP 8{) ri%fé) NCrFag &t af Nendn 285 Hsé obt ai nabl e

by enpl oying the follow ng process: »ka process of reducing i munodom nant
variable or non-protective antigens w'thin the bleb preparation conprising
the steps of determning the identity of such antigen, engineering a
bacterial strain to produce |less or 10 none of said antigen, and maki ng

bl ebs fromsaid strain, wherein one or nore of said antigens are sel ected
fron1a li st con5|st|ng of : PorA P|IC prA TbpB, prA prB and OQpc. 2.

T Y o I I I o I T 1 LR 1




engi neering a bacterial strain so as to introduce . a stronger ?Q”MWZU{M
sequence upstream of a gene encoding said antigen such that said gene is
expresse vel higher than in the non-nodified bl eb, P@qu}%mwﬁ@g bl ebs
from sai 3"?{0%@%3%@ 10 c¢) a process of upregulating expression o

condi tional | y-expressed, protective OW antigens within the bleb
preparation conprising the steps of identifying such an antigen,

engi neering a bacterial strain so as to renove the repressive control
mechani sneeXample gz_qax{rmrmmqgﬁnm%n@f ReseImbinast dibebst mozsuredi by sthoki ell 5 d) a

process OfSHE@?ﬁié {Ex_tsnfgdew!g A portion of bacterial LPS within the bleb

preparati e steps of identifying a gene involved in
rendering the ITopngdstred®e tabaty &f thPIntitOdiG toGRWNBE ke hti gl strain
so as to reduce or switch of Fyexpressi on of sal d gene, a%ﬁxg?grkfe%{g%l ebs

from sdi d thg MgnR cell sudyceathsrprobesismisk semadififoyri Rxarhplpil 8) Werp adsteddry wiholbact er i al

LPS wi thin b.preparat.ion, .conprising the steps of identifying a gene
i nvol ved icﬁﬁ ?@Fx@ﬁ?ﬁﬁ‘@g? Cy_lcithﬁi“aacﬂv?)tggf?l?fﬁ’ QP8 WX PEesseEr @ madrgPinker i ng a
bact er i al cidht a1 Al SepASot BlebMiiREURS iAdR QTAAI JHORTBICALSRRUGAGE St T eam

of said i gene such that said gene is expressed at a level highe han in
t he non- negaty§ comigiolfgrenp wWhedearhmegatké.ng bl ebs fromsaid strain; fJ a
process of reducing lipid Atoxicity within the bleb preparati on and
increasing the levels of protective antigens, conprising the steps of

engi neering the chronosgm BT i Lihst O TCOrporate a gene

&l ogue thereof, fused
30 to a protective anti ¢en, dl . strain; g) a process
of creating conserved OJP 3 ; ation conprising the
___________ grial 101~ ~ JAN
~O4 strain so as to delfete ¥&p¢labl e Jregi ons| of ~& "géeni b encodi ng said

- .= - A R L L . - -—mwm - - -

expression within the blfeb pf8s&ratidn of ar aniigen
structural simlarity wjth aPHfhn structurd and may be 5 capabl e of
i nduci ng an aut o-i munel}res g’ﬂLn-ﬂun§ﬁ§¢"QQnﬁﬁﬂ%LnJ the steps of
identifying a gene invojved %n i’he bilosynt hgsi s of thg antigen, engineering

a bacterial strain so a$ to.tegduce orl syitcH of pr gssi on of said gene,
and maki ng bl ebs from si-el-g@a_ﬂ;--eiﬂui-wfz--p»r-oc&&ggf 4 upregul ating
OVPpaRtj geng within 10 the b

expression of protectiveg eb preparation
conprising the steps of |i denggkfyy ng guceant|i geghspengl neering a bacteri al
strain so as to introduge-tmt-qytire-ctirorgsone -eng-ef--hore further copies of
a gend®encodi ng sai d anttgemTomTottet—by—s—heteretefous, stronger
pronoter sequence, and making bl ebs fromsaid strain. 15 5. The bl eb
preparation of _clains_1 to 4, wherein the engineering steps of processes
a), b), c), d)Tbeypecifjc ABrrgsponse e availablecttcombinbyt HSlimpraejouwsasr@aimdbi nat i on

events be I nuc i des on the bacteri al
chr ofmsonge: eeBRAIANE fadty Bl 1120 A%y HER RS RHESTEn & veot or
transformed wi The restfieilfistrated in Zuee 18RBoWItBR (REBRAL AL IR sggciﬁé P S, o
wherein the engi neering steps are carried out by doubl® cross-over

honol 0YouESPSE nhem tTgh oxgiespsesprs WM t Were susqd ¢n clesnwiizeatnidee Asing30

nucl eot i dgg+Qdy ¢ ' 0 ferseparal ed by nu ti.de sequence
*X', and FV\D seq%gwgglgkgysﬁ oﬁ?glélesgf%geg ‘nuc] E@h %lv&-c)bqv{esaeﬁg@g%rm &idsf or med
wi t hi n t hgood levé®fspecifinaribodieat ed by nucl eoti de sequence "Y', wherein
during the reconbi nati on event . :




X and Y are interchanged. 7. The bleb preparation of claim5, wherein the

two nucl eotide sequences are of approximately the same |ength, ahfl Wler@ihn

the vector is a linear DNA nol ecule. 30 8. The bleb preparation of claim®6

or 7, whayeiomoddze reconbi nati on events of processes a), b).pca)epoddhi4a2g) and

h) are carried out within the region of the chronosone 1000 by upstream of

the initiation codon of the gene of interest. 102 | ~ JAN z004 9. The

bl eb prepa$§9 BB NfP:1c| ai m 8, wherein for process a), d) or h) nucleotide

sequence noter region of the gene, and

nucleotidévgglgg%%%%%\‘?@ ng%gggﬁgg'ﬁ YT e ak pronoter region, or no

Dr ONDt er 1 EFICEIFTTCBICE O CACTHET AN Teds TR B et @b Tottc@h et cRichaGtamiocciber ei n t he

r econbi nat isrcevEntsiaicprasnssesua)cadicrafthilccdh @ eatned, rt, Such t hat

nucl eots dam&qummd@@efﬁfctﬁﬂﬁcﬂﬁcécc%&% ggéﬂgp g%&% of the gene of
| m6 or er el

i nterest. LocchmhcccdAitRocidreliah L. f ¢l n the
r ecombi natdcgmgggmc&%cg ﬁp&&?g |S_ear ne “’“f‘"%‘ﬂb‘h FTHAL T eot i de

C% CTTCGGGAAGC
sequence Y. rjses ur COpY- Of -t e GENERPEHT SR ELpr essi on
cassette. 12 The Nel &s acrr?ﬁcr‘ff %CWQCCBCIC@H%FE@%?GWF@WTWCG@? ai m 4,

obt ai nabl @WTMWCWF%?W@?@W%WQ‘?QWWW¢ more genes
ar e upteg U B ESRACT AT T EEnATrerfoaeraptracodis prAcTaddsdandaberradiapy  Por B,
OVP85, Pi | GECTRicmacRPERACCTITpAMA T B TR ARG bR AccdclpBeccENaB,  HasR,

|1 po02, ThpZrrfiriqoReiscabdrbmricdsPadancaitdraidiarcdBrdbRriiachersser i a

meni ngi t i dm&cbﬂcehemﬁwauc&ameémﬁh%ﬁa@&&ﬁéu&é&%@?ﬂ&r@ mpl oying at
| east promﬂh%h%mr%ﬂmm&m% S don e e T rom a 115t

consi sfsi n ~ @Gé{rcﬁ\\ oCtT C%%nd ctrD. 14.
The Nbﬁsaxg;;@i ﬁééﬂé&iégg&%mﬁﬁg@%% 101 ﬁccﬁﬁa?aﬁwﬁf”“‘ﬁbct‘%ﬁ"%bl e by _
0

25 enpl oyi ng‘p [ 0CESS P A R R P P S R SRR ET TR A THY e

upr egul at ed TromaTis ?WW&%FC%R@AMAFWS | i po06,

l'i pol O | i WW?WCGW%WCGWCBWGWW coibpESACKhpA, LbpB,

TopA, TbpB “ORFE " CEPRIT B AT ecamerAtap2taci3intdrccdivechissmaphid us

i nf | uelz aggratsTIsFRprarAtIRcTOCshaT s ivccailabnalbiecbyrareboadcRg process b)

and/ or i), AATICEITTACOMM T GCATAGIN RC &N BScraf@cd@iRgitrahhatdn i dahisSt  cONsi sti ng

of : D15, REsrafdopheacinpiscrdRoccdboor MR SearlViMsco MR cotdMAB . k. Hi a, Hsf,

Hap, Hi n4ﬁmmcd£&m§MAm%m;&A&M@u%w%ﬁ% the bl eb

preparati %T&icc%&h%&c&cﬁa%m %tnll.aﬁ aceepta excipient. 5
e bl e

17. A 13eni ROQ5RSG Ak eparation or clains 1, 4,
12, or 13 apy %Tg{cc%%égghoal n or con u ated . %“i‘i‘g’ GUETPEHM ¥ Epsul ar

g_"Il_‘

D

poI ysacch r sel ec oM the 5e TRAGRSCTIICGFANFTTEIESAA nmeni ngiti s
vacci ne conpr.| 5| RO é%PQFPEﬁNB?W%TWN“%C@i@AWQWQ& 1 0

conj ugat ed“'f—‘l"""“ﬁ*f‘f“ﬂ‘é‘ﬁ A R B ST A EREACF T ERCASITRATCITRAGERG nor e pl ai n
or conj ugdt EGFPIHERTRGE T HITHEICTIoIcyesaTetTasssaesTrarTABcscraot i t i s nedi a

vacci CWWWWWWWWAMWWG@WM one or

mor e pl ai rPASTFOCORFRRAeECEReMIECosTalcraapstth Ak Rty SAGeRadtdes, and one 15
or nbre anfgensTihatAmCacRrareeinETRAS tor@aiaRsiccBladaReabl.e..H i nfl uenzae

i nfection. a%ccmchwWﬁM&Mc&Tmc&&?mmcﬂﬁpar ation of ..

clains 3, M&cc&&@ﬁdcpga%n%cggg&sg@ wcoccal capsul ar

pol ysagchasgécq%cc@e&,&g& Rt & %51\2 ens E % can proreg Fost agai nst
ec L on.

Mor axel | a &Q-?rl Ls 0t Ccfﬁ“éccgﬁ"’ﬁcgr FERELEETne of claim
19 or 20 v@erel n the Vacel ne s A FATS CONP FAARSAERTRTHCHRBFe prot ei n
antigens t 5ﬁﬁﬁGFf§fC°SfW°éﬁ%‘ﬁe@?€@mml ae and/ or
one or mOree: SEWAHWGWWW%%CWW@@mmr one or nore

ant i gens IWWTﬁ%%%PWWWWrWMtWCCCGCW

GGCGGGAATCCAG’I’CCGT!'CAGTI'ICGGTCA’I'I'I‘CCGA’I‘AMTTCCIGCTGC‘I‘I’I’ICATTTCTAGATTCCCAC’I’!TCGTG
GGMTGACGGCGGMGGGTmmCCGATAMTrmGAGGC.AT’I‘GAAA'ITCTAGAT‘I‘CCCGCCTGCGCGGGAA
TGACGGC‘I'GTAGATGCCCGATGGTCTI’I‘A'I‘AGCGGA'ITMCAAMATCAGGACAAGGCGACGMGCCGCAGACAGT ACRG
ATAGTACGGAACCGA'I'I’CAC’I"I'GGTGC.'I'I‘CAGCACCTTAGAGMTCG‘ITC‘!‘CT‘L‘I‘GAGCTMGGCGAGGCAACGCCGPAC
Trcmnmmrcmcm"rmcmccccmmmvrmcscmmmmcccmcrccmcccscmc
AGCGCATCGGCCCGCACGAGGICTCTGGACTFCGCGAGCATCAAGGGCGAATTCTGCAGGGGGGGGGGGGAAAGCCACGTT
GIGT! CTCMMTCTCX‘GA‘I‘GTTACATX‘GCACAAGATAMAATATATCATCATGMCMTMMC!GTCTGC’ITACATAM
CAGI'MTACAAGGGGTG‘I’I’ATGAGCCATA'ITCAACGGGMACGTCTIGCTCGAGGCCGCGATTMATI‘CCMCATGGATG

16
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25 22. A nodified Gramnegative bacterial strain fromwhich the bleb
preparation of clains 1-15 is nade. 23. A nmethod of naking a vadcinéAN 2004
conprising the step of generating said vaccine 30 fromthe

G am negégp\%/ 9Lt erial strain of claim22. 104 ~ s ~~~ é’grpf%ﬁb’g%% of
the bleb preparation of claim1, 12 or 13 in the manufacture of a

medi canment @B iZbREcRTdIBRArRo%E E,.cﬁ,? lseaseAcaused by
_infection Qs‘mé&&&mmc% = Z%.\ CHE BT 8B Prépar ati on of
ca

claim?2 or act ur R BIATRTMF2M5E a human
host agai nst a segrssgg CH6°§%°&“ Tm““ﬁ?’&éﬁ“ﬁhﬂ&?mwmwamwM| is. 26.
Use of the BISD Proparart on ot TRCSABICAPTRA A TATR R T EERsFRestre of a | 0

medi canent CF?EF“P%%%?WE@”WWW%@%@CG&WWW&@& by

i nfection GFCAPERATHATRITIIGSITEMEdCARRRT ErTcARFACcHAc R eicteadrd Yo giraeahed bl eb
prepar at i ommgmm&dmemc&cafmmgﬁ&nd@rda?&h%wd@ﬂn% acterized in
that said M@MMMA%@TB@B&&%&@&&X&%&QE&%ﬁ oLt QM Ng process:
b) a proce%&ceics&w&&&&%cﬂﬂﬁé&&é&%&g OLECLL NS D dntgens within

t he bl PrepaLAL h eps Y ASEERnt i gen,
engi neg§| né‘?& b C%zfe}%rgﬁ(}é%t r%%ﬁg?%rgh% WPPSW@%“%%’@FWOWN er

sequence upstream 3‘1?‘: RS RS RETS WWE%WWQHCGMM gene is 20
expr essed &f"cécCf@ﬁ“ﬁ?ﬁﬁ@f‘%ﬁ%%ﬁwm%@mmwmmcmak| ng bl ebs
from sai d SEFTR T RE A TRESSHERETIReRIIcyengicheacanTiotelsptapat@idon of Caim
27, wher ei BCSeAceFCpRCERIRRcEE TCOIIGITEADIIt BT IS adsha clay cefrph@y ARG ARRRr@FrNOr e furt her
processés sebesiethrivromrriaasaTaictiascbatia bR grre R bR mRERsess of

r educi ng em@mmmhmrmm&s&ﬁ%%ﬁ&c&%ﬂk&g& g’“' ch shares
e.ca

a structur amshmﬂﬁdcc&riﬂam@cctﬂmAﬁhrrﬁqém&Q e Of

: ggﬁf: ?& ﬁgﬁﬁffd JQ\/,eAG regd &9&% b os ntf‘ue5| S (r):ccsclﬁr% é‘??gs

engi negg i ng, 4 &R@z_:::c“)s{t rgil’cgscéo as 1t K LLLCWWCWWFFGﬁpresm on of
sai d gene, ] Bﬁwbs ‘f“%rﬁ‘f“g%ff‘ﬁ"%‘t"r RS G CoF TS C DB TAM

upregul at i n F‘B’?E‘E ?WCW%WWMWDI eb
preparatio Cé?f PN C R TAS M ARSI CoRTPAE Ay cRg TR Lo trcaRdargedgacd 05 ~ a

~~aN 2aa~ ERGTFREETT N CasiatseahiricTRECaITRCCa DA A scTEB TIARG ARG .6schial 0 t he

chr onos ome MBAESERA 1B B TRUITECHRRAA COPIcER IO TeAB AR AR ARG ARG S adrehcaNt | gen

cont r of ed Thysrarabet- e BEBYOMNSTTTISt AN PRI TAPI BT RIc S c SRR crcaid Bk Ng bl ebs
from sai d straimre:5. 29rrdbaakt@brpheRefelt @R ofnel 3l »%%81951 wherein the
engi gerl NGrosire@s:of.. fgﬁe&s&&cmmcﬁmwémk&c A Bab Al ?U y honol ogous
reconbi nat i®BragNeRt S VBRI ARSI at east nucreoti des on t he
bact eri al QJ}RQ@SOU&,&Q\Q&GM&% ggggg At reast 30 MUCTESITHES on a vector
transfggnmed within the strain 5 STHESBrE bpreparatlon of claim 29,
wherein the en | neering steps are carried out by double cross-over

honol ogous thation events between two sequences of at |east 30

nucleotlde acteri hr ogos parat ed by nucl eoti de sequence
*X', Jand t@oggghggnc It P#Nﬁeﬁeﬂo%&gﬁu‘hﬂ%e‘ﬂ{'ﬁd%méwia thedispA gepansf or med

wi t hi n thetmﬂv&sreawnmgarm%iogaeu@q&gﬁgmﬁ@mequence "Y', wherein during -.

the reconb
&CQ&IC&AQCACuCCG’I‘!CGGTCATACGCCGCCGAMGG‘I'ITGCCGCAAGACGAAGCCGCCCI’CGACA‘ICGAAGACGCGG
35

4FL

TACACGGCGCG’TGGAAAGCGCGGGTTI‘TG‘I‘CCACfACGAMCATCGGmTGCGAMCCAGCCATGCAGTGCCGCCAC
MTI’I‘GAAC.TACTGGCAGTICGGCGATI’ATI’I‘AGGCATAGGCGCGGGCGCGCACGGCAAAATTI'CCI‘ATCC CGACCGCAT

CGAGCGCACCGT LLuLLut.Lb{.LACCCCMCGACTACCTCGCCITAATGCAAMCCGACCGAGCGMGCCGTCGAACGCA
MACCGTCGCCGCCGAAGATITGCCG'ITCGAA'ITCATGATGMCGC CCTGCGCCTGACCGACGGCGTACCCACCGCGATG
TTGCAGGAGCGCACGGGCL“I‘ACCGAGrGCCAAMTCATGGCGCAAATCGAMCGGCAAGGCAAAMGGCCrGCTGGAAAC

40 CGACCCCGCCGTA'I"!‘CCGCCCGACCGMMAGGACGCWGmTTAMCGATTTGmCAGPGﬂTTTrATAGTGGATEA
ACAAAAAC CAGTACGGCGT‘!’GCC’I‘CGCCTTAGCTCAMGAGMCGATTCT@MGG‘DGCPGAAGCACCAAGTGMTCGGT
TCCGTACTATCTGTACTG TCIGCGGCT TCGTCGCCTTGTCCTGATT TTTGTTAATCCACTATATAAGCGCAAACARATCG
GCGGCCGCCCGGGAAAACCCCCCCGAACGCGTCCGGAMATATGCFIATCGATGGMMCGCAGCCGCATC CCCCGCCGG

us GCG'I'I'I’CAGACGGCRC}\GCCGCCGCCGGAAATG‘I‘CCGACGCI'I‘AAGGCACAGACGCACACAAAMACCG’I‘ATGCC‘I‘GCAC

CTGCAACAATCCGACAGATACCGCTGTTITIT CCAAACCGTTITGCAAGTTT CACCCATCCGCCGCGTGATGCCGCCACCA

1



i nterchanged. 31. The bl eb preparation of claim30,9y eARI }éhe
i(mgngu::(l Z(r)'?i ::Ie sequenges are of alppro>2<i0n§t2el ¥ht hgl Zgrrgrlegggrggpi, Oéﬁgfé\%aﬁg%
is a linear DNA nol ecul e. ) e
ggeo\r/egaov;m;o;nﬁsm t he reconbi nati on events of processes b) pmﬂob/o?gzeh
arried but within the region of the chrompsome 1000 by upstream of the
: i tiation.god &_Jagwcqgne of interest. a 25 33. The bleb preparation of
I(:In:ai m 32 \/C\A%ergppﬁkgr proc@g%ccﬁjmcﬁﬁcl eoti de sequence X co\r;prl ses gg;t e?I her
’ [ he gene, and nucl eoti de sequence conpri _

;hﬁegrkogﬁggrﬁﬂrelelgﬁisg;,tor %o pronoter region. 34. The bleb preparation of
claim 32 erein for process b) nucl eotide sequence 30 Y conprises a .
strong p’ro%fgf’ﬁ‘? qd‘ﬁg‘Feo?f PNé Brgiern (100 bB5 upTteeah frionptiapBl 5GB! ¢l ai m
34, whesei BefiinBONASrAEANENS ik ded inseréled .200- (OJO?A}% upstreamof the
i nitiationccodon of Tha gene g” Prit et P B fgain ATCCY; 92~~1~s 36. The bleb
:or epar at i off BIFCEIEIRCITTTiRceicrePIsiTeDRT cdercaegteRe &r¥chkdrods skt ed
appr oxi mat EiC§AROBABYCTTTE BTG E ot ARG Ribdor RbdTeAcAc AR i B e Ne " of
i nt er est . &G&Eurfﬁktﬂcdamﬁmﬂt@%%&Wﬂs%ﬂ%ﬁrc&tﬁm&%%g the
RN ) Soaclc ;e uenc%“%lf{g?ﬁé“a B e?;It g(raest.
ggqu'?'ﬂg@bf%&ﬁ&mws%gif:&;ﬂrc: alm C'I( %rg“c . WHET ST AT REMMBEBFBF nat i on event

- chcf ?c% carr| e%ugﬁcf SR e MTCTEB T seqrsmrsErey conpr i ses
Phe Turt poRd: BT T Ha g ena AR AToRC AT R e SRS AT eSS BctaTATecc89.  The bl eb
e art he?r%k%? T‘%G 3T ST AT BT P aT AcawtiThdcemaNsirss @t MeNni ngi ti des
E '[ fgﬂat 1)BTGF‘BHC&F%?WT%@F@WWCWWC@d@‘sccmabdcedmphemm sz of ¢l ai m 39,
obt ai nbbl MDY PIES P TecATeasIcprocEsSctrfcranttiredccdrytrsdii8dl . ONe or nore
genes are @mmmacmwcmcm&%mwmk&&ﬁ BHalp—)lé . Eor B,
ovP85,  Pi |@Fcﬁwcﬁﬁﬁ&WWCsﬁEﬁ&cc£&ﬂ&s&R&%ﬂ#ﬁmﬁqﬁba , '
i po02 Thpzstdriap@zdhsredvbicAclbiRe3,, and ctrA. 20 41. e bl'eb preparation
of IOcI ai m 39 or 40, obtainable by enploying a process of downregulating
expressj orggd b,e,,b production strain of one or nore genes froma |IS£12
consistin%oc?': ﬁrA PilC PpA"TbFBO LbpA, LbpB, Opa, and ~Opc. I 25 .
The bl eb py CPSYMEFaaregee of DNAregionsd 006 bpJiupasiteanhiromntile dsflike aend east
rocess h)'T? e BieRingtidinr e genes are downregul ated froma |ist
0 i sti &'{S;FGGC ﬁqGE‘GG’éTcﬁﬁquC&‘BGCAB@&@{\TBAT&@W&QAM@&I&A&GC&;triz\%c_ and ctrD.
23, The bItEHRY %?&f*&f“r‘w%wwC&%wczmmsammcms«tcdcxmacmatéd ed Moraxel |l a
30 cars ‘ﬁg‘;’**TF%G?FCCGE%G“W@AW%G@F@wmﬂcmmfrc@raicmmcmbt ai nabl e by
30 catarr HalLL ol A A L ACA T A TO G B T TT AT GG AR T EGAMICRA TS EACAISIFCTENES AT ©
errpl Oyl ng T@‘;G §A gcgfgr&gcm ATTCCCﬁ G%ﬁ.GCxé;ﬁé%CAGAMCACMCGCGGCAGGACTTTATCGG
upr egul at aghafAcQMRedchcd AC&Q&%C&IG&M@

GTTGGAATCCAAAAACGCAACGCAACAGGAATTTATCGGAAA
AAACAGAAACCCCCACCGCGTCATTCCCGCGCAGGCGGGAATCCAGAAACACAACGCAACAGGAATTTATCGGAAAAAAC

AGAAACCCCACCGACCGTCATTCCCGCAAAAGCGGGAATCCAGCAACCGAAAAACCACAGGAATCTATCAGCAAAAACAG
AAACCCCCACCGACCGTCATTCCCGCGCAGGCGGGRATCCAGAAACACAACGCGGCAGGACTTTATCGGAAAAAACAGAA
ACCCCACCGACCGTCATTCCCGCAAAAGCTGGAATCCAAAAACGCAACGCAACAGGAATTTATCGGAAAAAACAGAAACC

) CCACCGCCGTCATTCCCGCAAAAGCGGGAATCCAGACCCGTCGGCACGGAAACTTACCGGATAAAACAGTTTCCTTAGAT 3
TCCACGTCCCAGAL1LLLbLLL1LuLbbbAATGACGAGATTTTAAGTTGGGGGAATTTATCAGAAAACCCCCAACCCCCA B
AAAACCGGGCGGATGCCGCACCATCCGCCCCCAAACCCCGATTTAACCATTCAAACAAACCAAAAGAAAAAACAAA

SEQ. ID NO:5

Nucleotide sequence of DNA region (772 bp ) up-stream from the PilQ gene from
Neisseria meningitidis

n

30

35

40 GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCTTGAGTCGCTGAAAATCGCCCAATCTCCGGAAAACGGCGGCAAT

CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGAGCTTGCCGC
AGAAGCGGCACAAAATGCCGAGCAAAAATAACTTACGTTAGGGAAACCATGAAACACTATGCCTTACTCATCAGCTTTCT
GGCTCTCTCCGCGTGTTCCCAAGGTTCTGAGGACCTAAACGAATGGATGGCACA}iCGCGACGCGAAGCCAAAGCAGAAA
TCRTACCTTTCCAAGCACCTACCCTGCCGGTTGCGCCGGTATACAGCCCGCCGCAGCTTACAGGGCCGAACGCATTCGAC
TTCCGCCGCATGGAAACCGACAAAAAAGGGGAA&ATGCCCCCGACACCAAGCGTATTAAAGAAACGCTGGAAAAATTCAG
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGCTGAAGGTTATGTCT
ACACTGICGGTGTCGGCAACTATTTGGGACAAAACTACGGTAGAATCGAAAGCATTACCGACGACAGCATCGTCCTGAAC
GAGCTGATAGAAGACAGCACGGGCAACTGGGTTTCCCGTAAAGCAGAACTGCTGTTGAATTCTTCCGACAAAAACACCGA
ACAAGCGGCAGCACCTGCCGCAGAACAAAATTAAGAAGAGGATTACTCCATT

SEQ. ID NO:6

45

50

17



2 9 SAN 704 OW 106, HasR, PilQ OWS85, |ipo06, lipo 10, lipo g Mzﬂﬂﬁ
P6, onmpCD, CopB, D15, Ompl Al, H y3, LbpA, LbpB, TbpA, TbpB, ; Ut
UspA2, agﬂ)aoqg(ﬂggo. 45. The bl eb preparation of claim43 or 6§T/E95)6@;4?ﬁb| e by
enpl oyin cess of 5 downregul ating expression in a ble produc Il on
strain of one or nore genes froma |list consisting of: CopB, OW |06, OB

1, TbpA Topke ti | ai 27- 38
i sol a!to ed fﬁ&@ﬁﬁ%ﬁ%&hﬁeg’%Bﬁﬁ@?mgbﬁgﬁpﬁ“ﬁgéﬁ%{'?ﬁd'ﬁt %aﬁ?gﬁﬁe bl eb
preparation of claim ng, 0 ?ai nabl e by enpl oying at | east process b) and/or

), wher e l STE O A0 & NS B G SO AW e MRS AAFSTCEORrSE Sti ng of : D

15, P6,s TRPA. er bt e 20 - RAN o T FIGREA AR ICARIRMCcCHER,  Hsf,  Hap,

H 47, ang, Bl cmimcdion LIG DL oD, B SRV AT CFAMHTIEHFA4FSS obt ai nabl e

by enpl 0yicaG @Rl GeEsa pimcsmf G ST O TR ES P HRCTT A BAMERSBC pr oduct i on

ot o of st e b e e |

I gAl - pr ot @@sRscecEibRArsads G ir i ARG CAGGLTETC cﬁzémcmcﬁiﬁ? T@ 49. A

vacci ne CeegedrihftdetchRcdb R BRRLAIARcer Gl 1B ,mgcc%}:j@cﬁcc ,

phar nmac e utshaedst oy a SBRRAARIAR: A QAL RIc @Rk ccacRPrardi AT RAL ARG OGEAL AcTi ne

conpr i si ngeickrendodatcpihepahiictetcikettcdt RereR et Al corcarcatar@iE. Of NMore

pl ai n or counmjugatedrENtRgotaeEatccoaistcatc PR} IAsGRANHRsrselect ed from

t he ser ot PPFESTTRGTARITCHAAGRCANACE EARCHRAIBATI NG cbirS U REEEAC e S0 t he

prepariat i Q@ﬁggﬁg@i@%@‘*%@@scGaGCe@nqcatgactcemchschchu:ﬁmaacdaspﬁeda&uI ar

pol ysaccharide, and one or nore plain or conjugated 30 pneunococcal

capsul ar pol ysacchari des. 108 JAN 200 52. An otitis nedia vaccine

conpri si nGECh& M@ preparati on of clains 43-45 and one or nore plain or

conj ugat etNiRRAUED S ke 6FDNU! REiIdAOYS BET EVs IS, fr r anti gens

that ean k8%t ndn }d@ggﬁgl%g;{%yegﬁigrgsai fﬁ?’?ﬂ%%gg%‘gigﬁg%éﬁ%fnon. 5 53.

An Ot ti S ciBEtACMAREHBRTAPERICk ek Rk P dﬁ&&&%&&&k&fz]w&l&&t&i s 46-48 and

il SRR R e e R e b

one or, NDr@c@&oActefedtsce cdeedAcdAEAEdREdce Rt iy ﬁf;gﬁﬂ‘; catarrhalis

| " et on MR ORI O ot mp e kool Cukdscin'the
Aol e SRRk b S B ARE R AERLREHCREISE S t hat can

vacci ne adsgtrcicc@mml

pr ot ect  a Rt A S ek L P i

r
C

t hat é&n eTTkecaAAR@SiccaagrAtdasTEe B BBEAEcCI L bidEs that can

pr ot ect aﬁéﬁﬁ?i@ﬁéﬁéﬁ@ﬁﬁ?iﬁ@@%ﬁ?@%ﬁ W -G"5’5-"G“”“;""’“’G"*"f""k"3“?'”@"%tm’*'%;@';9at i ve
bacterial strain fromwhich the bleb preparation of 15 clains 27-48 is

made. 56. A nethod of naking a vaccine conprising the step of generating
sai d vaccPRR- P dR:Bhe nodified Gam negative bacterial strain of claimb55.
20 5735 A Pacleotide sequenchucfcDNAgegiohi(te00 bp PogistesnatohtBOFPsERaIat i on from a
G ammegat from Naissarid meningirdis(sérpgeoap) Byi ng the fol l owing process: b) a
process ofAs N&g%g_‘rgﬂe FAOSS T TORT CBAAADEAOLRB t iR cdlMsnaftbt@BR& W t hi n t he

D b cp b L TGP e e e et ot gen,

%ﬁm@iﬂaeﬂamawmmrwmmr e antigens
afcaid

Exethabd
engi né%ri FITHT TATSECE NI KRA T ACCAES GTTOCTEGTEAT ShcetTibfcRg&EP ONDt er
i %ﬁﬁﬁ%&%@%@%&gm@%ﬁmﬁmgﬁ%ﬁ@m@gg sai d gene i s
expr essed HRIERRSEREIRER I oot e cbloalacuand maki ng bl ebs -
f rom $&i drstasaurtrreaidce m&e&ﬁ&y@ﬁ”ﬁﬁéﬁﬁﬁﬁﬁmgmﬁmg@ ed fromthe
fol | owi ng R E B e oo e e e S T CATens Ere P eECT IawRamChOGTh e TE ARV RGTR D € O

] CACTTCGCAAATAAAAACGATAATCAGCT
non- pr ot eEﬁphﬂﬁ@ﬂTCCCCCCCCCCTGTTAATATAAATAAAAATAATTAATTAATTATTTTTCTTATCCTGCCAAATCTTAACGG?

50 TTGGATTTACTTCCCTTCATACACTCAAGAGGACGATTGA

SEQ.ID NO:9

Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpA gene
from Neisseria meningitidis (serogroup B)

55 CTATAAAGATGTAAATAAAAATCTCGGTAACGGTAACACTTTGGCTCAGCAAGGCAGCTACACCAAAACAGACGGTACAA
CCGCAAAAATGGGGGATTTACTTTTAGCAGCCGRCAATCTGCACAGCCGCTTCACGAACAAAATGCTATCCATTAGCCAT
GTTCGGGAAAACACGATTTCCCCGTTTGTTTTAGGCTGTCTAAACAAATAACCATAAATGTATATCATTATTTAAAATAA
ATAAAAGTATTTAACTATTATTGACGAAATTTTAGAGAAAGAGTAGACTGTCGATTAAATGACAAACAATAGTGAGAAAG

60 GAAATATTTACTATCCGAGCACAGAGCRTATTTTAGGTAGCCTGTAACTGTTCCTGCTGGCGGAAGAGGATGAAGGTGGA
CTTACCCGAGAATAAATGTCCTGTTGTGTGATATGGATGCCATGCCGCGAAGCAATTGATGCAATCACGGCAGTCCTACT
TGAATGAAACCTGTCGTTGCAGAATTTGAAAACGCTATTTTTAAGAAAGGATAAAGGGAGAAAGAATTTTTGGTTTTTAA
GCTGCATGAAACCGTGTTGGAATAAATGCACACCTACGATAATTAATAATTTTCGTTTTTTATTCTACAAGCTATTTATA
:?;g:TTGCTAAAAGTTTATTTTTTAGATGCCAAAAAATATATTTTATATACTTCATATTGTTTATATGTCTTTATTTGA

65 TCTTACGATGGGGAAATATTTATATATTTTATAATAAATTTTACTCATTTGCTAATATGTCATGGAATATTACTT
GTATTTTGTAGAATTTTTCCATATGAAAAT&TTCCATTTACTATTTTTCTGAACTTTATTAGTTTATTTTTAATATTTTT

eL



antigens within the bleb preparation conprising the steps of d?gr M]}ﬁ
the identity 30 of such antigen, engineering a bacterial strai o% ke
| ess or none of said antigen, and nmaking blebs fromsaid strain; c) a
process oWoupewgul ati ng expressi on of conditionally-expresyed/emoeiLgti ve
OW antigens Wthin the bleb preparation conprising the steps of 109 ~ ~
JAS! 2D~~ ic%’%“r%n@ mSA‘é;&Q an _antigen, engineering a bacterial strain so as
tO renove dhRcirRRtRohhMerce BRI L TR SHECeF TP Rxpressionrcand maki ng
bl ebs fromsaid strain; d) a process of nodifying lipid A portion of
bacterial &M NEH the bleb preparation, conprising the steps of

i dent i fyi njucleqfitessennensiev DN A regiodg10000by f@plstrafh ok tHQF\P,é(?g gf LPS
toxic, endiromgVéissgria roadhgriiil(seropfdup BP as to reduce or s A"t f

eXpr essi OrEchcAGHs TRICTCTmth T kd AN A B A b6 c ok AR SRT-dA ks a process of.
ot 13110 T R BB AR e B S Epar 8 | on.
conpr i ¥ NCFSTRRECEE ymsmmmmmmgm@muéﬁﬁﬁmﬂﬁmﬁﬁm the lipid
Y e e
i Nt T oduCe MTASIGFOTATIRTAALAGAA Ww¢r5mww1um°$2ﬁmm§§ﬁ% @ such that
sai d gene MAQ%?&%&% A R T HEAMARTACGT T AT GTeNAddeche ed bl eb, and
Meki NG bl DB TS TB T T A SRR TR, TR A TR O Ol S LA MCHPHTRA t oXi ci ty
W+ D B I i PSR e et S5 | ve

anti gegs, CONBMICIMMMARGNSTBESCETIRRY NEeT | NG T He  CHT BDYOTE™™8F a bacteri al

straintod %%qsqtle a gene encodi ng a Polynyxin A 15 peptide, or a
derivative,; oY ralogue th f, fused to a protective antigen, and naking
K Qyenee g f)EIOARF

al i i

bl ebs fxo §EF | D ApFegdens 61089 bppawprstnepme Groge thecdimpB gerdnt | gens on
the bl eb Jf¥pA !gg‘i”gﬁ:féggc f’é%;g@?rqgﬁusﬁéps of identifying such antigen,

engi neer i rRercer £ilctcdic ' e T agisrwcpregicans of a gene
O S o rotens
of reduci REARXREDA Bl Held m&%&%mﬁiﬂggﬁé‘%ﬁﬁ? seEtcegen whi ch
sharegoa LRI T oA P ATCE PyCop A TR CURUMBIT CE T datitbddt dAcaablicaienca0e  Capabl e of

tcoerTt R TITeSsREe

I nduci ng amraticoerririit ﬁgﬁmémmm"g?@WMst of I
i denti fyi @ﬂi@gﬁ@g&%@ggg%}g@gwrm M’r%m@mg ek 53&5&@@5@ engi neering
a bacter! Hcmic: o SIS apes on of Sai d
gene, “and cHERL e S A TP cComace clreRE OB Redhti! €Ul at i ng
expression ofagrot ective ant1géns within the bl eb preparation
conpri si n§gERNED N@p2 of identifying such antigen, engineering a bacteri al
strai n so ]I:J[ak.sleot.)dc sequedcecel DNATrepion (912 BFYSpEereaifro HRPAQ gene from

eisseria meningitidis (serogroup B) (ATCC13090)

GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCTTGAGTCGCTGAAAA GAAAR
TCGCCCAATCTCCG
gé:gACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGgggggggéég
A GCGGCACAAAATGCCGAGCAAAAATAACTTACGTTAGGGAAACCATGAAACACTATGCCTTACTCATCAGCTTTCT
45 Tg;;;ééé;;gghlZé;é;;:AGGTTCTGAGGACCTAAACGAATGGATGGCACAAACGCGACGCGAAGCCAAAGCAGAAA
CAA L GCCGGTTGCGCCGGTATACAGCCCGCCGCAGCTTACAGGGCES,
TTCCGCCGCATGGAAACCGACAAAAAAGGGGAAAATGCCCCCGACACC AAgggiiTCGAC
AAGCGTATTAAAGAAACS
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGngggGGTTAgggég

Speent

GCAGAACTGCT
50 ACAAGCGGCAGCACCTGCCGCAGAACAARATTAAGAAGAGGATTACTCCATT o 1 o 11 CCGACARRAACACCGA -

SEQ.ID NO:13

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hsf-like gene
s from Neisseria meningitidis (serogroup B)
leux;;xxxu;xxxuusxxux11uAATGGTTAAATCGGGGTTTGGGGGCGG
ATGGTGCGGCATCCGCC
i:;éggiGGTTTTCTGATAAATTCCCCCAACTTAAAATCTCGTCATTCCCGCGAAGGCGGGAATCTGGGgggggggiggg
2 CTGTTTTATCCGGTAAGTTTCCGTGCCGACGGGTCTGGATTCCCGCTTTTGCGGGAATGACGGCGGTGGGGTT
lexLx1LLLLBATAAAILLCibf1thlthbLL111GGATTCCAGCTTTTGCGGGAATGACGGTCGGTGGGGTTTCT

DLLLLLLLLbATAAAbILleLLbLbLlblblLLLLGGALlbLLbCCTGCGCGGGAATGACGGT GGTTT
60 ig:zggigiﬁ:GQTTCCTGTGGTTTTTCGGTTGCTGGA1xguuuux111uuuhuAATGACGGTngggggg;;TCTggg;
CGATAAATTCLT CCTGTTGCGTTGTGTTTCTGGATTCCCGCCTGCGCGGGAATGACGCGGTGGGGGTTTCTGTTTTTTC.
TAAAGTCCTGCéZéé;;;;éuLua1111uuATTCCAACTTTTGCGGGAATGACGGTCGGTGGGGTTTCGGTTTTTTCCGA
TTCCTGTGGTTTTTCTATGGTTTCTGGATTCCCGCCTGCGCGGGAATGACGCGGTGGGG&x;1;15;;;;.LLTuATAGA
65 Anroras ATTCAATCATTCCTGATAAATTCCCATAATCTAAAATCTCGTCATTCCCGCGAAAGCGGG
GACGTGGAATCTAAGGAAACTGTTTTATCCGGTAAGTTTCcGTGCCGACGGGTCTGGATTCCCGCTTTTGCGG

GAATGACGGCGGTGthILLLibLLLlllblGATAAAGTCCTGC GTTT
CGCGTTGT!
GACGGCGGTGAGGTTTCTGTTTTTTCCGATAAATTCCTGT O GATT CCCGCTTTTGEGGGART

A SEQ.ID NO:14 :
70 Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hap gene
from Neisseria meningitidis (serogroup B)

A




30 further copies of a gene encoding said antigen controlled byrz]agS Ac?‘ 2004
heterologous stronger pronoter sequence, and snaking blebs fro

strain. 09359 ~ JAN ~~~~ 58. Use of the bleb prepar at'OECQ;EP%/a'M% 27-48
in the rranu?acture of a medi camant for immunizing a human host against a

di sease caused by infection of one or mare of the follow ng: Neisseria

meni ngi ti d@SAGCMGS‘gggggéeFGgemmﬂmechdﬂmm plirdcagcdciictasenzasccddhr axel | a

cat ar r hal Ecubsesidnang @tﬁ éﬁﬁi@iﬁ@é@fﬁtﬁmﬁmﬁgmﬁ ?@i%ﬁ%ﬁ;;?' anydi a
pneurmgl a}m CAARATGCATGHTI A i GNewsésmmwcm;\mmgw c:&hﬂ’éadcfk"rﬂ: t eri zed in
hat a1 o REEA A Lo b Gaia My BELOTagItesses: o) a
process ofe C ¢reGAIG¢ TdcTATq0 c.nccnsm cidadatdacel ecaétral n to

Conpr 1 51 nEERE e SRR %@@"%ﬁiﬁﬁ@éﬁ@%’g‘ﬁ SEEEsmendering the

l'i pidIA porrrtascmcnf:cm mmm ccenTicenepa e ficEdaghct to reduce or

st of TGRS I e G Gier | ng 1 he

strai n suchcctz\mmmccmcdmezm ceampse| ar po ysacc Eia %cﬁ The nodified
Nei ss %éges strain of claimb59, wherein the msbB gene has a
é‘§ ega

nucl e of SEQD~ NO 81. 61. The nodified Neisseria ~
meni ng| t | HUSPeEPLPNsemn @800 hporursireame frpen theld ndegraei s _
downr egul SroanNeisserfromapingiiidas (serpgseupiBl et i on. 62. The nodi fi ed Neisseria

reni ngi | BB SR ET A S @&gg%ﬂng "'?E;A@ pprect he msbB open

readi A¢ f r@pRRCBAA chmmm h@h GA@ET Mc&seri a
meni ngi t | EEETTEEAPH e R cme oo pan ﬁ% ghswe capsul ar
pol ysacchmc@acmrmgh(mmw@mcm wm:mmmatmva dcng t he

controd r LRI At PR E T ChoE EIA ﬁ@gﬁ%ﬁﬁﬁﬁ%ﬁm ccEiir a1 ed

CG
Nei gser i aCW¢m§U§M$MrﬂAWGMcG@Tmc Rintceag@iter:30 codi ng for

capsul ar aéim Mﬁﬁcﬁﬁiﬁimﬁﬁ@%ﬁ ccmgs%g% 4ed via point

TGAAAGTGGT (ﬁser | a
mut at Lon mcm g

neni ngi t i cfe Farn o Gcﬁmm?’f’t?“‘gﬁ;cﬁ‘&? vvherei n in process h) one or nore
genes ar eSEvamemmat ed froma |list consisting of: gal E, siaA siaB, siaC,

si abD, ctrRuckbtile séjuehce GIPNAIreBlonT1660 by hapi@dafd de'\lgla}iﬁiﬁig%ngﬁni ngi tides

SUrai N Of frhANBBs &R AonMBI: (b& 0B AR RYT OUP B SiTai N
genet Bxal i@c@fh@ki@ﬁ@é@ﬁsﬁ@i&cd&%ﬁ&géﬁ{s M%AEJA%E%TME%I;AC&Q Nei sseri a .

et cal L e et R ot cal |y
AC Al
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Nucleotide sequence of DNA region (373 bp) up-stream from the OmplA gene
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CGTACCGCATTCCGCAC'I’GCAGTGAMMAGTATTGMAGCAGTCGAAGCAGGCGATMAGCTGCCGCACAAGCGGTTTA
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TGAAGCCCGACGGTTTCGGGGTTTTCT GTATTGCGGGGACAAAATCCCGAARTGGCGGAAAGGGTGCGETTTTTTATCCG
AATCCGCTATAAAATGCCGTCTGARAACCAATATGCCGACAATGGGGGTGGAG
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GCGTTTCCCCCTTTGTCGGGCTTAACAT TTGCTTTGTACGGCAGAC TTT T TCCCTTCATAACGCCGCCTTTCE
GAARAGACGATGGTAGGCGCGACGTAAT TCTCAACCCT TAAGGTACGGTTGGACGAAAAGT T TTCCTTTTCATTCCACET
GCCAACTTTTCGGCTACACCGAGTGGTCTCETTAGGT TTGGGCGAACTACGCCC T TARARAAACGGACATTCTTTGCATG
CCCGTCTCTAAGGTTTCACGGTAAGTTTACCCTTATAAAGAGTTGACTTACCATACTTATCCCTTTAAAACGATATAAAG
GGCGACAGCTGTAATACAAGTATGT TGTACGGCAGACTTCTTCTACCAAACAAAAAGT TCCTTTTAGAGTTACTCG =T TA

15 TAGACAAATGAAGGCTTAGCCATAGGCTTCCGGTAGGCCTA'I‘TTCAACGGCTGG‘I‘TCACAGGCTACGCTMAACCTA(R;G
TAGAACCGCGTTCTGGGGTTTICGCGCACAGCGGCGTCTTTGGAACCAGTTGTGTCCGAACACGCATARCCGCCCGET A A
ATGGTGGTGGCGGGTTCACCTGATGTAGTTTCAGCGTGCGCTTTGGTAGTTTGCGTAGCCGATGTTGAGGAGGCTCGACC
CGAARCTACGGTTGCCGACGCGCCAGCCGCACATGATGCTGETCGTTAGAGGCCTGTAGEGGGTTCCGCACTTGETT S
CTTCCGTAACTGARCTTGGTTCCGCGACCGCTGGTTCCAARCTACARGCCGATACGGACGCTGCTTTGGGGCTGGGACTA

20 CGGCAAACGGTAGATAATGTCGGTGGCGGACTACGTCGCAGT TTCGCTTAATGCGT TTCT GCCGGAGGACGGAACCGACE
CAGGGCTGLGTTTTCGGGTTGACTGGCACCAAATGCTATCGCTTAGGCCGTTTCAT T TTGCGTAACTATGGCAGCAGGAG
AGATACGTTGTGCTGGGCCTTTAGCCAATACTTCTCAACT

) SEQ. ID NO:38 _ :

25 Nucleotide sequence of DNA region (1000 bp ) up-stream from the MItA gene
from Neisseria meningitidis (serogroup B)
CACAAAAACCAAGTTATGACGGGAATAAGGTACAGCAGCCARACCAAGGCCTCGCCCTGE
GTCGGATGGTCGGTATAGCCGARAAATCCGCCGAGCAGCACGCLCAACGGGCTGTCTTCS
TGCAAATATTTTGATGAGTCGAACACAATGTCCTGAAGCGCGTTCCAAATGCCTGCTTCS

30 TGCAGCGCACGCAGCGAACCGECAAGCAGACCAGCGGCAACGATAATCAGAAACGCCCCT
GTCCAACGGAAAAACTTCGCCAGAT TCAGGCGCATCCCACCCTGATAAATCAACGCGCCA
ATCACGGCGGCAGCCAAAACCCCCGCTACCGCACCGGCCGECATCTGCCACGTCGGGCTC
TGTTTGAATACGGCARGCAGGAAAAAAACGCTCTCCAAACCT TCGCGCGCCACGGCAAGA
AACGCCATACCGACCAAGGCCCATCCT TRACCGCTGCCACGETTCARAGCCGCCTGCACA

35 GAATCCTGAAGCTGCCGCT TCATCGAACGGCCGGCT T T T T TCATCCATARAATCATATAA
GTCAGCATCGCGACAGCAACCAAACCGA:AATGCCGACGACGAALrLLruLqu1LLrub
GGAALLXLBLLLQLLBLLhAATGGATTCCGTACCCCAGCCCCAAACACATCAAAGAAGCR
AGAACAACCCCGAACCAGACCT TAGGCATCAGT T TGGAATGTCCGGACTGTTTCAGAAAA
CCGGCARCGATGCCGACGATGAGCGCGGCTTCGATACCCTCECGCAACATAATTAAAAAR

40 GCGACCAGCATAAACGCGAACGAACAAGGATGATGAATAATATATTATCGGAATATTTTC
ATTGCTTGTAAATACAAATGCAAGTTAITTTTATCTGCAGTACCGCGCGGCGGAAAGTTC
CGCAGCTGCAGCTGCGCCCTGTG T TAARATCCCCTCTCOACGGCTGCCGCAACGCCGCET
GAAACCATCTTTCT TATTACTGCCGGCAACATTGTCCATT

45 SEQ.ID NO:39

| Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompCD gene

from Moraxella catarrhalis

GCTGATTTGTGAGCAAGCGGGCGCATCAGGGAT TACCTTGCATT TGCGAGAAGATCGTCS
ACATATTCAAGATGARGATGTTTATGAATTGATTGGGCAATTGACAACACGCATGAATCT
50 TGAGATGGCAGTCACTGATGAGATGCTAAATATTGCCCTAAAGGTACGACCAGCATGGGT
GTGTTTAGTACCAGAAAAACGCCAAGAGCTGACTACAGAAGGTGGGCTTGATATCGCCAA
TTTATCAAATATTCAAGCATTTATACACAGTCTTCAGCAGGCGGATATTAAGGTTTCTTT
ATTCATCGATCCAGATCCGCATCAAATTGATGCTGCAALxbLLAlbbGTbLTbATGCGAT
TGAGCTGCATACGGGAGCTTATGCTCAAGCGACTTTACAAAATAATCAAAAGCTTGTTGA
55 TAAAGAGCTTGACCGTATTCAAAAAGCCGTTGCAATGGCACAAAAAAAATCATCATTATT
GATTAATGCAGGTCATGGTTTGACGCGTGATAATGTTGCAGCGATTGCCCAAATTGATGG
TRTTCATGAGCTGAATATCGGGCATGCATTGATTTCAGATGCGATATTTATGGGGCTTGA
TAATGCAGTCAAGGCAATGkAAATGGCTTTTATTCAAGATAAAACGACCAATCATTGATG
CGTTAGAAAGAAAATCGTARATAATGATGACTATTGTGTAATATTATGTATTTTTGTTCA
60 AAAAAAGGTTGTAAAAAAATTCATTTACCATTAAGCTAAGCCCACAAGCCACAATGAATA
CCTATTGGTTTGACTCATTAGTCACTAAGAATCTGCAAAATTTTGTAACAGATTATTGGC
AGGTCTTGGATCGCTATGCTAAAATAGGTGCGGTAATCTTGAAAAACCAACCATTCCTTG
GAGGAATTTATGAAAAAGGGATATARACGCTCTTGCGGTCATCGCAGCCGTTGCAGCTCC
AGTTGCAGCTCCAGTTGCTGCTCAAGCTGGTGTGACAGTC

65
SEQ. ID NO:40

Nucleotide sequence of DNA region (1000 bp ) up-stream from the copB gene

from Moraxella catarrhalis

GATGCTGTTAAAGTGGGTATTGGTCCTGGTTCTATTTGTACAACCCGTATTGTTGCAGGC
70 ATTGGCGTCCCGCAGATAAGTGCCATTGATAGTGTGGCAAGTGCGTTAAAAGATCGCATT

0
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Nucleotide sequence of DNA region (1000 bp ) up-stream from the D15 gene

from Moraxella catarrhalis

20 AAARCTGGTGATGTCTTCACTGCTATTCATGGTGAACCAATCAATGATTGGCTAAGTGCE
ACCAAGATTATTCAGGCAAATCCAGAARCCATGCTTGATGTGACAGTCATGCGTCAAGGT
AAGCAGGTTGATTTAAAATTAATGCCCCGTGGTGTAAAGACACAAAACGGCGTAGTCGGT
CAACTGGGTATTCGCCCCCAGATTGATATCGATACGCTCATTCCTGATGAATATCGTATG
ACGATTCAATATGATGTCGGTGAGGCATTTACTCAAGCCATCCGACGAACTTATGATTTA

a5 TCAARTAATGACCTTAGATGCGATGGGTAAGATGAT TACAGGATTGATTGGCATTGAAAAT

) CTATCAGGTCCCATTGCCATTGCCGATGTTTCTAAGACCAGTTTTGAGT TGGGATTTCAR
GAAGTGTTATCGACAGCCGCAATCATCAGTTTAAGCTTGGCAGTACTGAATCTTTTACCC
ATTCCAGTGTTAGATGGCGGGCATTTGGTATTTTATACT TATGAATGGATTATGGGCAAR
TCTATGAATGAAGCGGTGCAGATGGCAGCATTTARAGCGGGTGCGTTATTGCTTTTTTCT

30 TTCATGTTACTTGCAATCAGTARCGATATCATGCGATTTTTTGGCTAAGTTCTGATTTAT
CGTACCATTAACAAAAT TTTTGGCTTTTTTAAGCTGARATACTTGCCARATTTARCTTTT
TGECTTACCTTTACACAATATARATTTGGGTGTAGARAATTTTGGATACATTTTTATACS
TTATTTTTAGAAATTTTRAAAAT TAAGTTTGGATAGACTTATGCGTAAT TCATATTTTAR
AGGTTTTCAGGTCAGTGCAATGACAATGGCTGTCATGATGGTAATGTCAACTCATGCACA

35 AGCGGCGGATTTTATGGCAAATGACATTGCCATCACAGGACTACAGCGAGTGACCATTGA
AAGCTTACAAAGCGTGCTGCCGTTTCGCTTGGGTCAAGTG

SEQ. ID NO:42

Nucleotide sequence of DNA region (1000 bp ) up-stream from the omplA gene

40  from Moraxella catarrhalis

ACTTGGCGAARATACCATT TATATCGATTGTGATGTTATACAGGCAGATGGCGGTACACS
CACAGCCAGTATCAGTGGTGCTGCGGTGGCACTTATTGATGC T TTAGAACACTTGCAGCG
TCGTPAAAAGCTTACCCAAGATCCGCTTTTGGGCTTGGTGGCAGEGGT TTCTGTGGGTGT
TAATCAAGGCCGTGTATTGCTTGATTTGGATTATGCTGAAGATTCAACTTGTGATACCGA
45 TTTAAATGTGGTCATGACGCAGGCAGGTGGGTTTATTGAGATTCAAGGCACAGCAGAAGA
AAAGCCATTTACTCGTGCTGARGCTAATGCGATGCTTGATTTGGCAGAGCTGGGAATTGG
GCAGATTATCGAAGCCCARAAGCAAGTATTAGGCTGGTGATATGCTAATCGTTGAAGATA
ATGGCGTGATCATCACATTAAATGGACAAGTAAAAGACCCATTATTTTGGTGGTCGATGA
. TATTGCTGCTGCTGGGTGTCTTGGTGGCAATCATTTGTTTGATTGCACCCGTTTTTTATG
v0 CAATCGGTGCGTTGGCT I TATTTGCAGT TGTGGTATTTGTGTTTAATATTCAAAGGCAAA
AAGCCAAAACTTGTCATATGTTTTCACAAGGTCGCTTGAAGATTACGTCCARACGCTTTG

AGATTCATAACAARTCACTAACCTTATCAGCATCGGCAACAATATCTGCTAAAGATAACA -

ARATGACAATTGTTGATCGGGGCATTGAATATCATTTTACAGGTTTTGCTGATGACCETS
AAATTAATATAGCCARACAGGTACTTTTGGGARAGTCAATCAAAACCAATGCGGTGECES

55 TAACATTGGCTARGTAGTTGTTGTGATACAGACAGGTTGGATGGTC TTTAACTCCACCCA
CCTAACT TTTTCT T TG T T TGGATTTAAGAGTATGT TATGATGGGCAGGATTTTATTTTAA
GTCATCATTTAATGCAATCAGTTGTCCAGAGTAGCCGTTC

SEQ. ID NO:43

60  Nucleotide sequence of DNA region (1000 bp ) up-stream from the hly3 gene

from Moraxella catarrhalis

GTGATCGGCARCACCCCACCATTCAGGAGCARCCAARATTGCCCGTGCCTTGCCTGTCTT
GGTGGTATCATTTGGCAGGGCAATGTGGCTAAGTAGTGGTGTGCCATCAGGTGCGGTGGT
GGTGAGTGTACGATTCGTTAT TG TCATARAATTATCCTTT TGGGTTGGATGATATCAATG
65 ARATACCCTACGGTTGTATGGAATTTTATCCATTGTACCACGGTATTGGTCTTTTTAAAT
TAACAAGCAGCTTCTAGCAAGTCAAAGTTTTTATGCCTATTTT TTCAGATTTTAAGGTAC
AATAAAGCCAATTGTTAATAATATGGTATTGTCATGATT TATGATGARTTGCGACCARAA
TTTTGGGAAAATTATCCCTTAGATGCGTTARCAGATGCTGAATGGGAAGCATTATGTGAC
GGATGTGGCGCGTGTTGTTTGGTGARATTTCTTGATGATGACAATGTTAAATTGACCGAA
70 TATACCGATGTTGCCTGCCAGCTATTGGATTGCTCARACAGGATTTTGCCAAAACTATGCC
AAGCGTCAAACGATTGTGCCAGATTGTATTCGCTTAACACCTGATATGCTGCCTGATATG
CTGTGGTTGCCACGCCATTGTGCTTATAAGCGGTTGTATC T TGGGCAAAATCTGCCAGCA
TGGCACAGGCTCATTARACATAGCCAAAACCATGGTGCAGGATT TGCGAAAGTTTCAACT
GCTGGGCGATGTGTGAGTGAGCTTGGTATGAGTGATGAAGACATAGAAAGGCGAGTGGTG

ia
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3"10%16&' (= BC 541G ATCATGCAGGTAATATTCGCCCTGARTT

1100 & (R DA T U TYCOPRRA0@ () 10% & ()- aL LA

hAV%Aa\/ CGATGAGAGAGGTGATATCGTCTTTGATATCARAAATGGCAAAATTGATGGCACAGGATT
TACCGCCAAAGCCGATGTGCCARACTATCGTGAAGAAGTGGGTAACARCCAAGGTGGCGS
20 TTTCTTATACARCATCAAAGATATTGATGTTAAGGGGCARTTTTTTGGCACARATGGCGA
AGAGTTGGCAGGACGGTTACATCATGACAAAGGCGATGGCATCACTGACACCGCCGAAAR
AGCAGGGGCTGTCTTTGGGGCTGTTAAAGATAAATAAAGCCCCCCTCATCATCGTTTAGT
CGCTTGACCGACAGTTGATGACGCCCTTGGCAATGTCTTARAACAGCACTTTGAARCAGT
) GCCTTGGGCGAATTCTTGGATAAATGCACCAGA11rbuuxbbubLIAATAxuxLUATAAA,

25 ACATCGCCATAAAATAGAAAATAAAGTTTAGGATTTTTTT

SEQ. ID NO:45
Nucleotide sequence of DNA region (1000 bp ) up-stream from the lbpB gene

from Moraxella catarrhalis

30 CAGCTTGTACCATTTGGTGAATATATACCATTTGGTGGTTTGTTGGATATTTTACCAGGG
CTTGAGGGTGTCGCTAGCCTAAGCCGTGGCGATGATAAGCAACCACCGCTCAAATTGGGT
GGCGGCGTGGGCGATACGATTGGTGCGGCAATTTGTTATGAGGTGGCATATCCTGAGACG
ACGCGTAAAAATGCACTTGGCAGTAATTTTTTATTAACCGTCTCAAACGATGCTTGGTTT
GGTACAACAGCAGGTCCTTTGCAGCATTTACAAATGGTGCAAATGCGAAGCTTGGAGACS

35 GGGCGATGGTTTGTGCGTGCAACAAACAACGGAGTGACTGCATTAATTGACCATCAAGGA
CGGATTATCAAGCAGATACCGCAGT TTCAGCGAGATAT TTTGCGAGGTGATGTACCCAGT
TATGTTGGACACACGCCTTATATGGTTTGGGGGCATTATCCCATGTTGGGETTTTCTTTG
GTGCTGATTTTTCTTAGTATCATGGCAAAGAAAATGAAAAATACCACCGCCAAACGAGAA
ARATTTTATACCGCTGATGGTGTGGTAGACCGCTGAATTGTGCCACTTTGGGCGTTAGAG

40 CATGAGCAAGATTAGGCGTTGGGTGAGC T T TGG T TGTATTACTCATCAGCCTACCCGAAA
CCTGCCAAACATCACCGCCCAAARCCTAAACATACAATGGCTAAAAATATCAGAAAATAA
CTTGCTGTAT TGTAAATTCTTATGTTATCATGTGATAATAATTATCATTAGTACCAAGAT
ATCCATTACTAAACTTCATCCCCCATCTTAACAGTTACCAAGCGGTGAGCGCATTATCCS
ATTGACAGCAAGCTTAGCATGATGGCATCGGCTGATTGTCTTTTIGCCTTGTTGTGTGTT

45 TGTGGGAGTTGATTGTACT TACCTTAGTGGTGGATGCTTGGGCTGATTTAATTAAATTTG
ATCAAAGCGGTCTTCACAACACACCAAACGAGATATCACC

J SEQ. ID NO:46
Nucleotide sequence of DNA region (1000 bp ) up-stream from the tbpB gene o

50 from Moraxella catarrhalis

AGTTTGCCCTGATTTTGAGAGCCACTGCCATCATGAATTTGTTGGCGTAAACACCACTCG
TATTCTTCTTCGGTTTCCCCTTTCCATGCARACACAGGGATACCAGCGGCCGCCATGGCA
GCGGCGGCGTGGTCTTGGGTGCTAARAATATIGCATGATGTCCAGCGAACTTCTGCACCE
AAGGCAACCAAAGTCTCARTCAGCACCGCTGTTTGAATGGTCATGTGGATACAGCCTAGS
55 ATTTTAGCACCCTTAAGTGGTTGCTGGTCTTGATAGCGTTTTCTTAACCCCATCAGGGET
GGCATCTCAGCTTCTGCCAAGGCAATCTCACGGCGACCATAATCGGC TARACGGATATCA
GCGACTTTATAATCGGTGAAGT TTTGGGTGGTACTTGGATTGATTGAGGTAGGCATATCT
TTATTCCTAAGCTATTTTAAAGTATTTTTAARCAATAATTTTGATGAATTTGAGATAATTG
ATGCTAAAAGGTTGAATGACCAAACCATCGCTAACAATCAAGAAAAGACATTTTAAGCAT
60 AAAAAGCAAATGTGTCTTGATGGCTTATTATAACAGTTATTATGATAAATTTGGGTAGAA
AGTTAAATGGATCGTTGGGTAAGTTTGTTGGCTATCCTTAATTAATTATAATTTTTTAAT
AAIGLL11LACTTTALLxLAAAAATAGAGTAAAAAATGGTTGGCTTTGGGTTTTTATCTC
ACTATGGTAGATAAAATTGATACAAAATGGTTTGTATTATCACTTGTATTTGTATTATAA
TTTTACTTATTTTTACAARCTATACACTAAAATCARARATTAATCACTTTGGTTGGGTGG
65 TTTTAGCAAGCAAATGGTTATTTTGGTAAACAATTAAGTTCTTAAAAACGATACACGCTC
ATAAACAGATGGTTTTTGGCATCTGCAATTTGATGCCTGCCTTGTGATTGGTTGGGGTGT
ATCGGTGTATCAAAGTGCAAAAGCCAACAGGTGGTCATTG

SEQ. ID NO:47
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20
SEQ. ID NO:48

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompE gene

from Moraxella catarrhalis

ARAGACATTACACATCATCATTCARACGCCCAACCATGTACCTCTGCCCCGTGETCECAC
25 GCCARCGCT T TTTGATGCGGTGCGTTGGGTTCAGATGGCTTGTCAATCATTTGGTTTTAT
TARARTTCATACCTTTGGTAGTTTGGCTTTACCTGATATGTCATTTGAT TATCGAAACAR
TACGCAGTTGACCAAACATCAATTTTTAGCCATTTGCCARGCACTCAATATTACCGCTCA
TACGACCATGCTTGGTATTARATCATCACATAAAGATACTTTACATCCATTTGAATTGAC
ATTACCCARATACGGCCATGCCTCAAATTATGATGATGAATTGGTGCAAARCAATCCATT
30 GGCTTA;;;quTCAAbeerbLLhLuTbCCGATATTTTTATACCCAAACGGTTTGTAT
JGTTGGCGGTGAARGC TCAGGGAARACTACCTTGGTGCARARACTT GCCAATTATTATGS
TGCCAGCATCGCACCTGAARTGGGTCGATTATACACACACTCCCATCTCGGCGGTAGCGA
ACTTGCCCTTCARTACAGCGACTACGLATCCATTGCCATCARTCACGCCARGGETATOGA
AACCGCTCGTACCACTGCCAGCTCTGCTGTTACACTGATTGATACTGAT TTTGCGACAAC
35 GCARGCATTTTGTGAAATT TATGARGGGCGAACGCATCCGCTTGTCGCAGAATTTGOTAR
ACAARTGCGATTGGATTTTACGATT TATTTAGAT AATAATGTTGCT TGGGTCGCTGATGE
CATGCGTAGGCTTGGTGATGATCATCAACGCAGT T TG TTCGCCAATAAATTGCTTGAGAT
T TGGCACGATATGATATTAGTTATCATATCAT TAATGACACCGACTACCACAAACGCTA
TCTACAAGCAT TAAGCTTGATAGACAATCATAT TTTTAATCAT T TTACAAAAAT TCATGA
40 CAATTAATTAGGGARAATCTGATGAAARTTGATATTTTAG

SEQ. ID NO:49

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspal gene

from Moraxella catarrhalis

45 SGATGTGGCATATCTGCCCATCGACCCARTACACATCGGETCGAGGC TATCAAGATGTGGT
ACGAATTAATAGCCAGTCAGGTAAGGGCGGTGCTGCGTATATCTTGCAGCGGCATTTTGG
T TAATTTACCACGCTGGACACAGAT TGATTT TGCTCGTGTGGTACAGGCTTATGCAGA
) AAGTATGGCGCGTGAACTAAAAACTGATGAGCTGCTTGAAATTTTTACCCAAGCGTATCT
TAAGCARGATARAT TCCGCCTAAGTGACTATACCATCAGCAATAMAGECGATGOTGTCAG -
50 CTTCCAAGGCCAAGTAGCGACACCCAAAGCGGTGTTTGAGGTGATTGGTCAAGGCAATGG
TGCGTTATCTGCGTTCATTGATGGCTTGGTGAAATCCACAGGCAGACAGATTCATGTCAC
CAATTACGCCGAACACGCCATCGATAACAAAACCCATCAAAAAACCGATACGGATAACCA
AACCGATGCCGCCGTGLCGCTTATATCCAGCTG T CGGTAGAGGGGCAGATTTATTCAGGE
ATCGCCACTTGCCATAGCACCGTATCCGCCATGC TAARAGGTGCATTATCCGCTTTGGCA
55 CAGGCGTGGTAATCTGACCCAATCARARTCCTGCATGATGGCAGGATTTTATTATTTAGT
GGGCTGCCCAACAATGATGATCATCAGCATGTGAGCAAATGACTGGCGTAAATGACTGAT
GAGTGTCTATTTAATGAAAGATATCAATATATAAAAGTTGACTATAGCGRTGCAATACAG
TARAATTTGTTACGGCTARACATAACGACGGTCCAAGATGGCGGATATCGCCATTTACCA
ACCTGATARTCAGTTTGATAGCCATTAGCGATGGCATCAAGTTGTGTTGTTGTATTGICRA
60 TATAAACGGTAAATTTGGTTTGGTGGATGCCCCATCTGATTTACCGTCCCCCTAATAAGT
GAGGGGGGGGGAGRCCCCAGTCATTTATTAGGAGACTAAG

SEQ. ID NO:50

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspa2 gene
65 from Moraxella catarrhalis

CCCCAAGCTTTCcGTTTGTGTGCCTGCTGGTGTCGGGCGGTCATACCATGCTGGTGCGTG
CCGATGGTGTGGGCGTGTATCAGATRTTGGGCGAGTCTATCGATGATGCGGTGGGTGAAT
GCTTTGATAAAACGGCAAAAATGCTCAAACTGCCCTATCCTGGTGGCCCAAATATCGAAA
AATTAGCCAARAACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGCATARAG
70 GGCTGGATTTTTCGTTCAGTGGCATGAAAACCGCCATTCATAATCTCATCAAAGACACAC
CAAACGCCCAAAGCGACCCCGCCACACGAGCAGACATCGCCGCAAGCTTTGAGTATGCGG
TGGTGGATACT TTGGTCARARARTGCACCAAAGCACTACAGATGACAGGCATTCGCCAGE

74
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SEQ. ID NO:51

Nucleotide sequence of DNA region (1000 bp ) up-stream from the omp21 gene

from Moraxella catarrhalis

15 GAGTGAACTTTATTGTAAAATATGATTCATTAAAGTATCAAAATCATCAARCGCAGCATC
AGGGTTTGCTAAATCAATTTTTTCACCATAATTATAGCCATAACGCACAGCAAGCGTAGT
TATGCCAGCGGCTTGCCCTGATAAAATATCATTTTTGGAATCACCAACCATAATGGCATC
AGTCGGTGCGATGCCCAGTGATTGACACAGGTATAATAAAGGCGT TGGGTCGGGCTTTTT
GACGCTGAGCGTATCACCGCCAATCACTTGGTCARACAGTGTCAGCCATCCAAAATGTGA

20 TAAAATTTTAGGCAAATAACGCTCAGGCTTATTGGTACAAATTGCCAAATAARACCCEGE
TGCTTTTARTCGTTCAAGCCCTTGTATAACCCCTGCATAGCTTTGCGTATTTTCAATTGT
TTTATGGGCATATTCTGCCAARAATAACTCATGGGCATGGTGAATCATAGTCGTATCATA
GATATGATGTGCTTGCATTGCTCGCTCAACCAATTTTAGCGAACCATTGCCCACCCAGET

\ TTTGATGATATCAATTGGCATAGGCGGTAAGTTAAGCTTGGCATACATGCCATTGACEEE
I 25 CGCCGCCAAATCAGGGGCACTATCGATARGCGTACCATCCAAATCAAATATAATCAGTTT
TTTGCCAGTCATTGACAGTGTT TGCATGCTTTTTCCTTATTCTTAAAATTGGCGGCTGTT
TGGTATTTTTTAAATCAGTCAATTTTTACCAT TTGTCATATAATGACAAAGTACAAATTT
AGCAATATTTTAGTGCAT TT TTTGGCGAAGTT T TATGAAAACTGGTCATTGGTTGCAAAR
CTTTACACAGTACCTATARAACTTGCACAGTTAATARGARATATTTTGTTACTATAGGSG

30 CGTCATTTGGAACAAGACAGTTAT T TGTARATAGT TATTTGCAAARGACGGCTARAARGAL

AGAACAGCGTTTGTTTCAGTGATTAACTAGGAGAAAAACA

SEQ. ID NO:52

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ompl06 gene

35 from Moraxella catarrhalis

TTGATCGGTTTTGCCCCACTGT TTCATGATTTACTCAARACAGGCGGCTIGATCETGCTS
GCAGGTCTGACCCAAAACCAAACCCAAGCGGTCATCGATGCCTACTCGCCTTATGTTACG
CTTGATACGCCATTTTGT TATGCAGATGCCCARGACTGCCAT TGGCAACGCCTARGOGGT
ATCAAACCTACCAACCCATAAGCGATATGCCATGAGCCACAAACCTAAGCCAACACCEET
40 ATATCAACAAGTTGAGCAGACCGCCAAGCGTTAT TTTGAGACAT TGGGCGATGCTCATAC
TCATGATGTCTATGCCACTTTTTTGGCCGAAT T TGAAAAACCGCTGCTCATCGCCGCACT
CAATCACACGCACGGCAATCAGTCAAAAACCGCCCAAATCCTTGGTATCAATCGTGGCAC
ATTACGCACCARAATGAAAACCCATCACTTACTTTAGACCGCCAGTTATCGCCATGGATA
TGGGCAGGTGTGCTCGCCTGCCET ATGATGGCGATGACACCCCATTTGCCCCATATCTCS
45 ACGATTTGACATGATTTAACATGTGATATGATTTAACATGTGACATGATTTAACATTGTT
TARTACTGTTGCCATCATTACCATAATTTAGTAACGCATTTGTARARATCATTGCCOCET
TTTTTTATGTGTATCATATGARTAGAATATTATGAT TGTATCTGATTATTGTATCAGART
GGTGATGCCTACGAGTTGATTTGGGTTAATCACTCTATTATTTGATATGTTTTGARACTA
) ATCTATTGACTTAAATCACCATATGGTTATAAT TTAGCATAATGGTAGGCTTTTTGTARA
50 AATCACATCGCAATATIGTTCTACTGTTACCACCATGC T TGAATGACGATCCARATCACE
AGATTCATTCAAGTGATGTGTTTGTATACGCACCAT TTACCCTAATTATTTCAATCAART
GCCTATGTCAGCATGTATCATTTTTTTAAGGTAAACCACE

SEQ. ID NO:53

55 Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene

from Moraxella catarrhalis

AcTAllLthLLLlellllLLACGAATGCGAATGCCCAACTCACGCAACTGGCGATTAT
CAACTTCAGCAGGTGCTTCGGTCAATGGGCAATCTGCCGTCTTGGTTTTTGGGAAGGCGA
TCACATCACGGATTGAGCTGGCACCAACCATCAGCATAATCAGGCGATCTAGACCAAATG
60 CCAAACCACCGTGCGGCGGTGCACCAAAACGCAATGCRTCCATCAAAAACTTAAACTTAA
GCTCTGCTTCTTCTTTAGAAATACCCAAGGCATCAAATACCGCCTCTTGCATGTCAACCG
TATTARTACGCAGCGAACCGCCACCARTTTCTGTGCCATTTAGTACCATGTCATAGGCAA
TGGATAGGGCGGTTTCGGGACT TTGT TTGAGTTCCTCAACCGAGCCTTTTGGGCGTGTAA
AAGGATGATGAACTGATGTCCACTTACCATCATCAGTTTCCTCAAACATTGGAAAATCAA
65 CGACCCAAAGCGGTGCCCATTCACAGGTAAATAAATTTAAATCAGTACCGATTTTAACAC
GCAATGCACCCATAGCATCATTGACGATTTTGGCTTTATCGGCACCAAAGAAAATGATAT
CGCCAGTTTGGGCATCGGTRCGCTCAATCAGCTCAATCAAAACCTCATCGGTCATATTTT
TAATGATGGGTGATTGTAATCCTGATTCTTTTTCAACGCCATTATTGATATTGCTTGCGT
CATTGACCTTAATATATGCCAATCCACGAGCGCCATAAATACCAACAAATTTGGTGTACT
70 CATCAATCTGCTTGCGACTCATGTTRCCGCCATTTGGAATGCGTAAGGCAACAACKCGGC
CTTTAGGATCTTGGGCGGGCCCTGAAAATACTTTAAATTCAACATGTTGCATGATGTCAG
CAACATCRATAAGTTTTAAGGGAATGCGTAAATCAGGCTTATCTGAGGCATAATCRCGCA

qo
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cT GCTCAAGTGTTGCCATATCCAAATCATTGGTAGGCTCATCAAGCACCAAAACAT
TGGCAGGTTTTAGCAATAATTTGGCCAATAAAACGCGTGCTTTTTCACCGCCTGATAGTG
CTTTAACAGGTGTGCGAGCACGATTTGGCGTGAATARARAATCTTGCAAATAGCTTARAA
TGTGCGTAGTTTTTCCACCAACATCGACATGGTCAGAGCCTTCTGAAACATTATCTGCGA
20 TAGATTTTTCAGGGTCTAGGTCGTCTTTGAGTTGGTCAARARAAGCAATATTTAGATTGG
TGCCAAGCTTAACTGAACCTGACTGAATCGCTGAATCATCCAAACCCAAARTGCTTTTAR

TTAAGGTTGTTTTACCAACGCCATTTTTGCCAATGATACCAACT T TATCACCACGAACAA
GCAGCGTTGAARARTCCTTAACTAAGGTTTTATTGTCGTAT

, 25 SEQ.ID NO:55

Nucleotide sequence of DNA region (1000 bp ) up-stream from the PilQ gene
from Moraxella catarrhalis

CAACTTGARAATCAGCTCARTGCTCTGCCACGCACAGCACCGATGAGCGAGATTATCGGA

ATGATAARTACCARAGCACARGCGGTTARTGTGCAGETGGTGAGTGCATCAGTTCAAGCA

30 GGTCGTGAACAGGATTAT TATACCGAACGCCCTATCGCAGTGAGTGCGACAGGGGATTAT

CATGCTTTGGGTCGATGGTTACTTGAGTTGTCAGAGGCTAACCAT TTGCTGACAGTGEAT

GATTTTGATCTGRAGGCTGGTTTGAACCATCAGCTGATGATGATTGTTCAGATGAARACT

TATCARGCGAACAAACGCCCAAARCCAGTTGCTCAGCAGETGCCTGATGTTCAATGAATA

ITATCGGTGGGGCATTTTGGGTGC T TGGATTTGGG T TGGGATTGGATGTGCTGATAGCAC

35 CAGTCAAGTTGTTGATGATAAGCTTGCACATATTACCCATGAAGAGCGTATGGCGATCAG

. TGAGCCTGTGCCGATACCCT TATCTGTGCCGATGATATATCAGCAAGGCAAAGATCCTTT

TATCAATCCTTATAGAAATGTTGAGGTTCTTGATACCAATCATGCCGCTGATCAGCAAGA

TGAGCCAAAAACCGAATCTACCAAAGCTTGGCCTATGGCAGACACTATGCCATCTCAGES

ATCTGATACTCATCAGTCTGCCAAGGCTCAGGCACARGTCTTCARAGGC GATCCGATAGT

40 CATTGATACCAACCGTGTTCGAGAGCCTTTAGAAAGCTATGAGTTATCAAGCCTACGCTA

TCATGGTCGTATTTTTGATGATGT TAGACTTGTGGCACTCATTATGAGTCCTGATGGOAT

CGTTCATCGTGTGAGTACTGGACAATATC TTGGTAAAAATCACGGAAAAATTACCCATAT

TGACAGTCGTACGATACATCTGATTGAAGCGGTCGCTGATACACARGGTGGCTATTATCS
CCGTGATGTAAACATTCATTTTATTCATAAGCAATGACAC

SEQ. ID NO:56

Nucleotide sequence of DNA region (1000 bp) up-stream from the lipo18 gene
from Moraxella catarrhalis

TTCATGCAACAAGCGACCATCTTGGCCGATGATACCATCCTGCTCACCTAAGARAATCAG
50 TTTATCAGCTTGCAGGGCAATGGCTGTGGTCAGTGC TACATCTTCTGCCAATAGATTARR
ARTTTCGCCCGTARCCGARRAACCTGTCGGTCCTAGTAGGACAATATGGTCATTATCCAR
ATTATGGCGARTGGCATCGACATCAATTGAGCGTACCTCACCTGTCATCTGATAATCOAT
ACCATCTCTGATGCCGTAAGGGCGAGCGGTGACARARTTACCCGARATGGCATCAATACG
AGATCCGTACATTGGGGAGT TAGCARGCCCCATCGACAGCCGAGCTTCGATTTGTAGACG
55 AATTGAGCCGACTGCCTCCAAGATGGCAGGCATAGATTCATACGGTGTTACACGCACATT
' CTCATGTAGGTTTGATATCAGCTTGCGATTTTGTAARTTTTTTTCCACTTGTGGGCGTAC
ACCATGCACAAGCACCARTTTGATGCCCAAGCTGTGTAGCAGTGCAAAATCATGAATCAG
CGTACTAAAATTGTCACGAGCGACCGCCTCATCACCAAACATAACCACAAAGGTTTTGCC
ACGATGGGTGTTAATGTACGGGGCAGAATTACGAAACCAATGCACAGGTGTGAGTGCAGG
60 AGTGTTCTGATAGGTGCTGACAGAATTCATGAATGCTCCAAAGAGTCAATGGCTGGTAAA
ATAAGAATGGCGAACAATATATGGCGAGAGCGTCTGATGTTGGTCAAATGTCCCATTAAT
ARCTATCAAGATACCATCATACCATAGCARAGTTT TGGGCAGATGCCAAGCGAATTTATC
AGCTTGATAAGGTTGGCATATGAT AAAATCTACCATCATCGTCGCCAGTTTTGAGCATGT
GTAAGTAGTTACCATAATTAAACAGTCAAGAAATTCACACCGTCAATCAGCTGTGOTATG
65 CTTATGGGCACATARAACTTGACCARCACAGGATAAATTTA

SEQ. ID NO:57

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipoll gene
from Moraxella catarrhalis

70 GGCATACTTTTGCCATGCTTTATTTTGGCATAACTGCTATAAGCCCATTGCTACTTTTTA
TCATTTATCCATATGTCCAATAATGTGCTTTATGTAATTTAGGCACACTATTAACTCGTG
CCACTGTTAACATTCAGCATAAAAATCTTAACAATGAATCAAAGCATCGTATTGGCTGTT
AAATGRTAAGCTTATATTTATTTAAATTCAGACTAAATGATTGTAATATGGACATATCAA

4

NG

45
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20 TACACCATCGTGCAAGAAGTTTGTACCAATTTAAGCACAATCATTTTGGCACACACTCTC

ARGCARTGCTTCAGGCAAATTAGCTGCTGGTARAGATACTTGGGTCATCATGCAATCGCA

TCAACCCTTCTTGCTGCGTTGAAGCGATAAGT T TGCCATC TTGCCAAAATTGACCATGET

TTAGACCCTTGGCGTGGC TTGTGGTATCGCTCCACATGTCGTAGAGTAGATATTCGGTCA

| TATCAAAAGGGCGATGGAAATGTATGGAATGGTCAATACTAGCCATTTGTAGACCTTGTG

' 25 TCATCAGGCTTAGCCCATGACTCATTAAACCTGTGCTGACCARATAATAATCAGACACAR

ACGCARGTAGTGCTTGATGAATGGCAACTGGCTGCTCCCCAATATCAGCGATACGCACEE

AATTGGCTTGGCGTGGACGCTCAGGL TTGGGTG TCACAGGETCTCGTGETCTGACGGEGE

GGATTTCGACATGACGCTGACGCATRAATCTTGC TTTGAGTGGTTCGGGAATTTTATGTA

ARTAATCCGCT TTGAGTTCTTGCTCGGTTTTTAGGC T T TCAGGGGGTGGATARTCAGGCA

30 TGGTTICTTGGTARTCAAGCCCGCCTTCCATGGGTGAARATGAGGCARTCATCGAAAARA

TGACCTGTTCATTGGTCGTATGATTACCGT T TTTGTCGGTGGTTGGCACATATTGCACES

CAATGACTTCTCGAGC TGATAARCTGCGTCCATCACGTAAGCGGCGTACTTGATAGATGA

CTGGTAGACGAATATCGCCACCTCGTAAARAATAACCATGTAGGCTATGACAAGGTTTAT

CARTCGTTAATGTGTTAGCACCAGCAAGCAGCGCTTGGGCA

SEQ. ID NO:59

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo2 gene
from Moraxella catarrhalis

TAAARTGACCTTACAAAATAAARTTATATGT TCAARAATCGCTTARGTATTGARAAAAGE
40 TATRRAAACTTATCTATTARAGCATAAARGATATTAAAGCATAAARGACGAGAAARGAGE
AAGCGTCAATGATGATATTTCATATAAAAACTTATGAAATTTTTCAATTTTTTATCGATT
GATTCAGCTTGGCTATCGGTGGTCAACTTTGGC TGCCAAGACATCGCCGGCTTTTTGAAA
AATCATCACMTGGCMCMTGATGATGGTTGAAATCCAC‘!‘TGACATATACCATG‘I‘TGCG ’
ATGCTCACCATAGTTAATCGCAAGGCTTCCCAAGCCACCACCGCCARCCACACCTGCCAT
45 TGCAGAATAACCAATCAARGACACCAAGGTCAATGTGACCGCATTAATCARAATGGGCAG
GCTTTCAGCARAATAGTATTTGCTGACARCCTGCCAATGCGTTGCACCCATAGATTTGEE
AGCTTCGGTCAGTCCTGTGGGTACTTCTAATARAGCAT TGGCACTCAAGCGTGCAARARR
TGGAATTGCTGCCACACTCARAGGGACGATGGCGGCTGTTGTGCCAAGGGTTGTTCCCAL
\ CAARARTCGTGTGACTGGCATGAGAAT ARTGAGCAAAATAATARAAGGAACGGAGCGACE
) 50 AATATTAATARTAACATCCAAAATTACAAATACACTGCGATTTTCAAGGATACGCCCTTT
ATCGGTTAARAATGCCAAAARACCCTATCGGTAGCCCARCCAAAACAGCGATGGCAGT GGE
AGCAAGCCCCATATAGATGGTTTCCCAAGTGGATTGGGCARCCATCTCCCACATTCTTGE
GTGCATTTCACTGACAARTTTTGTGACGATTTCATTCCACATAGCCGATAATCTCAATAT
TGACCCGATGGGTGGTTARAAATTCTATTGCTTGCATGACCGAGGTGCCTTCACCGATAR

55 GCTCAGCAATGGTAAAGCCAAATTTTATATCACCTGCATAR

SEQ. ID NO:60

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo7 gene
from Moraxella catarrhalis

60 AGTAAACARTGGTAACARATACAGCAGT GTCGCACAGTCCTCAGTACGATGATTCTGAAT
TTGARTATGCAGGATTTTGGATACGATTTGTGGCATGTCTTGTCGATAATTTAATTGTTA
TGATTATAATTGCACCGTATTGGTTT TATAATTATCAGCAAATGATGGCCATGCCTGOTG
ACCAARTACCGTTTTATAGTGTTGGGGATGCCATCCT T TATAGTGCTGGGGATGCTATCE
TARACTTAGTGATGGCGGCGECGETTGTTTGCT TT TGGGTARARARAGGTGCAACACCAG

65 GTAAAATGCTCTTTGGGCTGCAAGTCCGTGATGCCAAAACAGGGCAATTTATCAGTGETGE
CAAGGGCATTATTGCGATATTTTAGTTATCTGATTTCATCCGTGATTCTTTGTTTGGGAC
TTATTTGGGTTGGTTTTGATAAGAARAAACAAGGC TGGCATGATAAAATTGCCARAACTG
TTGTGGTARAACGCATTCGCTGATGGGTCGCCAGT TAAACAATAAAACCATCAAACGOAA
GCAGGGCGATGTGTTTGAGCAGTTEGCGGTAGATARGCTARAACAAGCAGGCTATGAAAT

70 TATTTTAACCAACTTTACCACCCCATTTGTTGGTGAGATTGATATTATCGCCAGACAGED
TTTGGAGCAATCGCACCGTTTGGTGCAGCCARGAT TTTGTACGGTATTTGTTGANGTGES
TAGCCGAACARGTTCTGTGTATGGTACAGCGCTTGAGAG TG TTACCTCAARAAAGCAGEE
AAARATCTACCGARCAGCAGAACGATTTTTARTCARTTATCCCARATATATTGATGATGE
ATACCGTTTTGATGTCATGGTTT TTGATTTGGTTGATGGATTGATTGARCATGAATGGAT

75 ARARARTGCGTTTTGATTGGCTCAATGGTCGTGAATTAAAATCAATCARGCAATCCGTAG

N
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TTTAGCACTTTTTTGGACAAATACCAAACATCACATAACAAATGAATCATCAGGTTGGTT
TTGTTGCGCTTGTGTATCTGTATGATAAGTTTCTTGCTAAAACAGCTTTTTTATGTCAGA

20 ATACAGAAAAGGTATATACTTATATTTTTAACTTTAAATAGATCTGCTTTTTTATACCGA

TGATTTGGCATGAAGTTTATCGGTCTGATATGCTGGATATAAGTTTATCGGCTTGATATA
AATTTTAATTAATCATCAAATTTTTAAGGAATTTATCATTA

SEQ. ID NO:62

25 Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from

Moraxella catarrhalis

TAAGGATACCAGA;L;xubbxquCAAxLuLxbzurrAATCATTGTAACGGTTTATAGTG
ATTGTCAATTAATARGGGTAARAAAGTATTTATCAAGTAATARTCTTTCTTATATGTCAR
TATAATGACAARTTTATCACATT TTTACAAGGATTTTTTATCAAGATTAGGATATGTTCC
30 AGCTTAATTATTAGTGATGAGCGTGTGATTATTTGGCATCGTTAAATT TATGAGTGCTAR
AATTGCCAAATGATTARARTTTTGCTAACATGATAGCCCCTTTGGTAGGCTTTATTTGET
ATTGATGAGCARTARTAATATACCGAGTTARATGGATTAACTT AACATACGCCARARACT
TAACAACGAAAAGTAGATGATTATGACAGATACAGTACAARARGATACAGCACAGTCCLC
CAAAARAGTITTATCTAAAAGACTACACGCCGCCAGTATATGCAGTTAATARAGTGGATTT
35 GGATATCCGCTTGT T TGATGATCATGCTGTCETTGGTGCCAAACT TARAATGACACGAGT
ACACGCAGGCGAGCTTCGGCTTCTTGGGCGAGATTTAAAGCTTAAAAGCATTCACCTAAR
TGGTCAGGAATTAGAGT CGCAGGCGTATCATCTTGATARGGAAGGCTTAACAATTTTAGA
TGCACCAGATGTCGCAGTGATTGAGACATTGGTTGAGRTTTCACCACAAACCAACACARC
ACTTGAAGGGCTATATCAAGCAGGAACAGGTGATGATAAGATGTTTGTGACACARTGEGA
40 ACCTGAGGGTTTTCGCAAAATCACCTTTTTCCCTGACCGCCCTGATGTTTTGACAGAATA
CACCACACGCCTAGAAGCACCARAGCATTTTAAAACCTTGCTTGCCARTGG TARTTTGGT
TGAGTCAGGAGATGTGGATGAARATCGCCATTATACCAT T TGGCATGATCCTACCARAAA
ACCCAGCTATCTATTCGCCGCTGTCATTGCCAATCTAGARG

45 SEQ.ID NO:63

Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene
from Haemophilus influenzae (HiRd)

AAATCAAGLbLLLhLbLLLhLlhhTGAIEEL1GTGGAGACGAATTRTATTCTTGGTTTGA

) ACCGCCAAAACCAGGCACTTCAGTGAGCAAACCTAAAGTTACACCGCCTGAGCCGTTTTT

© 50 GTGCCAACAGATTTTGAACTCACCGAATCGGAGAGAATGGTTAGAATAGCATTGAGGTAA

ATCAATATGGRTATCGGCATTGALLL&1LAGCAATALibLLllulhllbhlxlLUTLGCA

TCAT T TATCGATGCRATTGC TGGC GG TGGTGGATT AATCACCATTCCAGCGTTACTCATG

ACAGGTATGCCACCAGCAATGGCGTTAGGCACCAACAAATTGCAAGCTATGGGCGGTGCA

TTATCCGCAAGCCTTTATTTCTTGCGAAAAAGAGCGGTCAATTTACGCGATATTTGGTTT

55 ATTTTGATTTGGGTTTTCTTRGGTTCTGCCCTAGGTACATTATTAATTCAATCAATTGAC

GTGGCGATTTTCAAAAAAATGCTTCCTTTTTTGATTTTAGCCATTGGTCTATATTTTTTA

T TACTCCTAAATTAGGTGATGAAGATCGAAAACAACGATTAAGT TATCTGTTATTTGET

CTTTTAGTTAGCCCATTTTTAGGTTTTTATGATGGCTTCTTTGGGCCAGGGACTGGCTCR

ATCATGAGTTTAGCCTGTGTTACTTTGCTAGGATTTAATC TCCCGARAGCGGCAGCACAT

60 GCAARAGTGATGAACTTCACTTCGAACCTTGCTTCTTTTGCACTTTTCTTATTGGGCOGA

CAARTTCTTTGGARAGTGGGT T TCOTGATGATGGCTGGGAGCATTTTAGGTGCAAATTTA

GGTGCCAAAATGGTGATGACGAAAGGTAAAACCTTGATTCGACCGATGGTTGTTATCATG

TCTTT TATGATGACGGC TAAAATGGTTTACGATCAGGGTTGGTT TCATTT TTAATTCGGA
AAGCGCGCAAAAGTGCGGTTAARATTAATTACATTTTATTA

SEQ. ID NO:64

Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene

from Haemophilus influenzae (HiRd)
TTGAAGTCCCCARTTTACCCACCACAATTCCTGCGGCAACATIGGCTAGGTAACAAGATT
70 CTTCGAAAGAACGTCCATCTGCTARTGTGGTTGCTAATACACTARTGACAGTGTCACCEG
CTCCCGTCACATCARACACTTCTTTTGCAACGGTTGGCARATGATAAGGCTCTTGATTTG
GGCGTAATAATGTCATGCCTTT TTCAGARCGCGTCACCARAAGT GCGGTTAATTCARTAT
CAGARATTAA;L11AAALLILLL11AATAALLIL11CTTCTGTRTTRCATTTACCTACAA

1y
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AAGCAATATTCATCGCCACATTTGCAGCACCGCCCGCGCGTTCTTCATTTTCTTGTACGS

GAACTACTGGCACTGGTGCT TCTGGTGAAATACGGTTGGTTGCACCGAACCAATAACGAT

10 CAAGCATCACATCGCCTAATACAAGTACT T TTGCTTGCTTAAATTCTGCTGAATATTGAG

CCATTTTAARATCTCTCTATTTGAATAACCAAAATTGTGGCGATTTTACCACAACTCAAA
TTTACGATAAACTACGCCCCTAACTTACGTGGAAAGAACAA

SEQ.IDNO:65
15 Nucleotide sequence of DNA region (1000 bp ) up-stream from the protein D
gene from Haemophilus influenzae (HiRd)

AGCAATAATTATAGCTGGAATATTCTTTARAGATGAAAGAGATCGTATAAGACAAAAAGA
ATTTTATATTGGAGAATTAT TAGCARTTATTGGTTCGCTAATATTCGTAATARATAGTTC
AAATAATGATGGAAATACAGACT TTTTTCTTGGGGCAATAT T TCT T TTTACAGCTATTTT
20 TATTCAATCTGTACAGAATT TAAT TGTAAAAAAAGTAGCCAAARAGATAAATGCTGTTGT
AATAAGTGCATCGACAGCAACAATTTCAGGAGTATTATTTT TATGTTTAGCTTTTAATAC
TAAACARATATATTTATTACAAGATGTTGGCATTGGAATGT TGATAGGTTTAGTTTGCGE
TGGCTTTTATGGGATGCTAACAGGGATGTTGATGGCTTTTTATATTGTTCAAARACAGGS
AATCACTGTTTTTAACATTT TGCAATTATTAATTCCTCTT T CAACTGCGATAATAGGTTA
25 CTTAACATTAGATGAAAGAATAAATATCTATCAGGGAATTAGCGGTATTATTGTAATTAT
TGGTTGTGTATTGGCATTAAAAAGARAAAACAAGGAGTGTTGATATATAAAGTAGATGAT
GTTGGTGGAATAGGTATAGT TAAATATCTGGT TCAATTGGTTTTATTAAGGGCGTTAGCA
ATTCTCCATTTAAGTTTATGTTTGAATTAGATATT TTGGGRAAAGATGGAAGAATAAAGE
TGTTAAATAATGCTGARACATATGAACTATACCAATACTCAAATAARAATAATTCTIGLTG
30 GAAATGATTATAARTCTCTAATTCTAACT TG TAGAGAGGATAATGACTATCAATCAGARA
GAATGATTARAGCCATTAAAAATATTATTCATTGTATGACTAATAATCATCAACCTATTT
CAAGTGCTGAAACATCTTTAGARACTATTAARATTATTCACGGAATAATTAATTCTGTTA
AAATAGGTAATGATCCTAACAATATATAAGGAGAATAAGT

35 SEQ.ID NO:66

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hin47 gene

from Haemophilus influenzae (HiRd)

TARATACTCCAAAATANATT TCAGATAACGTGGTCTGTAAGACARAAAARATAAAAARAAT
GTTCAATAAGAGGAGAGCAAATTATCTTGTTTAAAAGGAMATCGGAGCAGTACAAAAACG
40  GTCTTACAAGTAGCAAATTCTATAAATTTATGTTCTAATACGCGCAATTTTCTAGTCAAT
AARAAGGTCAAAAAATGAGCTGGATTAACCGAATTTTTAGTAAAAGTCCTTCTICTTCCA
CTCGAARAGCCAATGTGCCAGAAGGCGTATGGACAARATGTACTGCTTGTGARCAAGTAC
TTTATAGTGAAGAACTCARACGTAATCTGTATGTTTGCCCGAAATGTGGTCATCATATGE
GTATTGATGCTCGTGAGCGTTTATTAAATTTATTGGACGARGATTCARGCCAAGAAATTG
45  CGGCAGATTTAGAACCAAAAGATATTTTAAAATTCARAGATTTARAGAAATATAAAGATC
GTATCAATGCGGCGCAARRAGARACGGGCGAGAAAGATGCGCTAATTACTATGACAGGTA
CACTTTATAATATGCCARTCGTTGTGGCTGCATCGAACTTTGCTTTTATGGGCGGTTCAA
TGGGTTCTGTAGT TGGTGCAAAATTTC T TARAGCGGCTGAAARAGCGATGGARATGAATT
GTCCATTTGTGTGTTTCTCTGCGAGTSGTGGTGCTCGTATGCAGGARGCATTATTCTCTT
) 50 TAATGCARATGGCARAAACTAGTGCZSTACTTGCTCAAATGCGTGAMARGGGTGTGCCAT
TTATTTCAGTATTAACGGATCCGACT TTAGGCGGCGTATCAGCCAGTTTTGCGATGTTAG -
GGGATTTAAATATTGCCGAGCCARAS: | ICTTAATTGGTTTTGCAGGGCCACGCGTTATTG
AACARACTGTGCGTGAAARATTGCC - S AAGGTTTCCAACGTAGTGAGTTTCTACTTGAGA
AAGGGGCARTTGATATGATCGTGAAACGTTCAGAAATGCGT

SEQ. ID NO:67

Nucleotide sequence of DNA region (1000 bp ) up-stream from the P5 gene from
Haemophilus influenzae (HiRd)

TCACTTAATTCAAGCGCATCRATGTTTTCTARAACATCARCAGAATTGACCGCACTTGTA
60 TCTAAAATTTCGCCATTTAT TARGACTGCGCGTAATGCCAAAACATGATTAGAGGTTTTA
CCATATTGCAATGAGCCTTGCCCAGAGGCATCGGTGTTAATCATTCCACCTAAAGTCGET
CGATTGCTGGTGGACAGTTCTGGGGCAARGAACAAACCATGTGGTTTTARARATTGATTA
AGTTGATCTTTTACTACGCCTGCTTG  RCTCGAACCCARCGTTCTTTTACATTGAGTTCT
ARGATGGCTGTCATATGACGAGARAGS "CCACTATTATATTGTTATTGATGGATTGCCCA
65 TTTGTGCCAGTGCCTCCACCGCGAGGCGTARAGCTGATTGATTGATATTCAGGTAAATTT
GCCARTTTTGTTATCCGCACTATATCAGCRACCGTTTTCGGAPARAGAATTGCTTGTGGA
AGTTGTTGGTARACGCTGTTATCCGTAGCCAGACT TAATCTATCTGCATAGTTTGTCGCA
ATATCCCCCTCAARATGTTGGCATTGAAGATCATCAAGATAATCAAGTACATATTGTTCA
ACTTGAGGAATGCGATTTAGATTTGGCAACATAGTATTTGACCCAT TTAAACATATCAGA
70 TGGAGGCTTTGATAATATCCTAAGGCTAGAATAATGTCGATTAGGARAGAGAGAGGAGAA
AGTAAAAAGTCTGTTTAAGAAAGTGTTATT TTGGATAAAAACTAAACAARAAATTCARAA
GAALLLhAILL11LLAALLlllATAGGATAATAAGCGCALLJleAALhLLLLlllbbGG
TAAACATAAGCARRGGAATTGAATTTGTCAAAAGGTAATAAAGTAGGGCAAATTCAAAAC
CCTAGTTAAGTGACTGTTTATAATGTAGCTTTAATTAARAGTTCAGTATAAACAAGGACA
75 CTTTTTATTACTATTCGATCACTAAATAGAGGACATCAAAA

55
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20 AGAATTTGCGTATTGGGTTCAATGTGGGCTTGTGC TGCGATTGAGTTTGGTGTTATTGAT
TCAATCACTGGTTTAACCGTTGGCATTCCATAAAGGTARAT

SEQ. ID NO:69

) Nucleotide sequence of DNA region (1000 bp ) up-stream from the Omp26 gene
25  from Haemophilus influenzae (HiRd)

TTTGATAAATATCCTTAATTARATGATGGGTTTAATATTTICTCTGCCCAATTARATTAG
GCAGAGAACGTTGTTTTTGAGTTCTGATGAAGAAAAAAGTTCAATTTATTAGAAAGAACC
TCCAATACTAAATTGGAACTGTTCGACATCATCATT TTCATATTTTTTAATTGGTTTGGEE
ATAAGAGAATACCAATGGCCCAATAGGAGATTGCCATTGGAATCCGACACCTGTAGAGGS
30 GCGAATACGGCTTGATTTGCCATAATCGGGTAAGC TTTTTAATACATTGTTATCTAACCC
ACTCTTATCCGATTTCCACTTAGTATTCCAAACACTTGCCGCATCAACAAATAGGGAGGT
TCGGACTGTATTTTGGCTTTTATCACTCACAARCGGTGTTGGTACAATAAGTTCTGCACT
CGCAGTTGTGATTGCATTACCACCAATCACATCAGAACTTATCTTCTTAAAAGTACCATT
ACCATTACCATGTTCTGCATAAATTGCGT TAGGTCCAATACTACCATAAGCAAAACCACG
35 TAATGAACCGATGCCACCCGCTGTATAAGTTTGATAGAACGGTAAACGCTTGTTTCCARA
ACCATTTGCATATCCTGCAGATGCTTTTGCAGATACAACCCAGAGGTGATCTCTGTCTAA
TGGGTAGARACCCTGTACGTCTGCACTTAGTTTGTAGTAT T TGTTATCAGAACCTGGAAT
AGTAACTCGTCCACCAAGACTTGCTTTAACCCCTTTAGT TGGGAAATAGCCTCTATTAAG
GCTGTTATAGTTCCAACCAAAAGAAAAATCAAAGTCATTTGTTTTAATGCCATTACCTTT
40 AAATTTCATTGATTGAATATATAART TACGGTTATATTCTAGAGCAAAGTTACTAATTTT
ATTATAGGTATGGCCTAATCCTACATAATAGGAGTTATTTTCATTTACAGGGAAACCTAA
AGTAACATTACTTCCATAAGTCGTACGCTTATAGTTAGAGG

SEQ. ID NO:70

45 Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from
Haemophilus influenzae (HiRd)
TTAGATTTCTCCTAAATGAGT T TT T TAT TTAGT TAAGTATGGAGACCAAGCTGGAAATTT

) AACTTGACCATCACTTCCTGGAAGGCTCGCCTTAAAGCGACCATCTGCGGAAACCAATTG
: TAGCACCTTTCCTAAGCCCTGTGTAGAACTATARATAATCATARTTCCATTTGGAGAGAG

50 GCTTGGGCTTTCGCCTAGAAAAGATGTACTAAGTACCTCTGAAACGCCCGTTGTGAGATC
TTGTTTAACTACATTATTGT TACCATTAATCATCACAAGTGTTTTTCCATCTGCACTAAT
TTGTGCGCTACCGCGACCACCCACTGCTGTTGCACTACCACCGCTTGCATCCATTCGATA
AACTTGTGGCGAACCACTTCTATCGGATGTAAATAAAATTGAATTTCCGTCTGGCGACCA
CGCTGGTTCAGTATTATTACCCGCACCACTCGTCAATTGAGTAGGTGTACCGCCATTTGE

55 TCCCATAACGTARATATTCAGAACACCATCACGAGAAGAAGCAAMAGCTARACGAGAACC
ATCTGGCGARAAGGCTGGTGCGCCATTATGCCCTTGAAAAGATGCCACTACTTTACGTGC
GCCAGAATTTAAATCCTGTACAACAAGTTGTGATTTTT TATTTTCAAACGATACATAAGS
CARACGCTGGCCGTCTGGAGACCAAGCTGGAGACATARTTGGTTGGGCACTACGATTGAC
GATAAATTGATTATAGCCATCATAATCTGCTACACGAACTTCATAAGGTTGCGAACCHEC

60 ATTTTTTTGCACAACATAAGCGATACGAGTTCTAAAGGCAGCACGGATCGCAGTTAATTT
TTCAAAARCTTCATCGCTCACAGTATGCGCGCCATAGCGTRACCATTTATTTGTTACTGT
ATAGCTATTTTGCATTAATACAGTCCCTGGCGTACCTGATGCACCAACCGTATCAATTAA
TTGATAAGTAATACTATAACCATTACCCGATGGAACCACTT

65 SEQ.ID NO:71

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpA gene

from Haemophilus influenzae (non-typeable)
GGCGATAACCGAGTTTTTGGGGTATTTAGTGCCARAGAAGACCCACAAAACCCARARTTA
TCCAGAGAAACCTTAATTGATGGCARGCTAACTACT TT TARAAGAACTGATGCARAAACE
70 AATACAACAGCCGATACAACAACCAATAARACAACCAATGCAATAACCGATGAARAAAAC
TTTAAGACGGAAGATATACTAAGTTTTGGTGAAGCTGATTATCTTTTAATTGACAATCAG
CCTGTTCCGCTTTTACCTGAAAAAARTACTGATGATTTCATAAGTAGTAGGCATCATACT
GTAGGAAATAAACGCTATAAAGTGGARGCATCT TGCAAGAATCTAAGCTATGTARAATTT

as
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SEQ.ID NO:72

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpB gene
15 from Haemophilus influenzae (HiRd)

TAGAATTATATTCTTATACAAAATTGATAATTGTTCGCATTATCATTTTTTTTTTGTAAT
AATGTCAACTTATAATTTTTTAAGTTCATGGATAAAATATGAAAAATGGCGTAAAACAAC
TTTTTCTCTTATCATTAATAGGCTTATCATTAACGAATGTAGCTTGGGCAGAAGTTGCAC
GTCCTAAAAATGATACATTGACAAATACGATTCAAAGTGCGGAATTAAAAACCTCCTCTT
20 TTTCCTCTATGCCTAAGAAAGAAATACCAAATAGGCATATTATTTCTCTTTCCAAAAGCC
AATTAGCGCACCRTCCAAGGLLlbLALAbbbluhhTiAATTCCTGCTTTATATCAAAATA
ACACTCAGGCAGTTCAACTGTTATTACCACTATATAAACAATTTCCTCAACAAGATAATT
TCTTACTAACTTGGGCAAAGGCTATTGAAGCTCGTGAACAAGGTGATTTAACTCAATCTA
TTGCTTATTATCGTGAATTATTCGCTCGAGACGCATCTTTACTACCTTTACGTTATTAAT
. 25 TAGCTCAAGCTCTATTTTTTAACTATGAAAATGAAGCTGCCAAAATTCAATTTGAAAAAT
) TACGTACAGAGGTAGATGATGAAAAATTTTTAGGTGTTATTGATCAGTATCTTTTAACAC'
TAAATCAGCGGAATCAATGGATATGGCAAGTAGGATTAAATTTTTTAAATGATGATAATT
TGAATAACGCTCCAAAAAGTGGCACAAAAATTGGTAGTTGGACCGCTTGGGAAAAAGAAA
GTGGGCAGGGGGTAGGGTATTCTTTATCAGTAGAAAAAAAATGGCCRTGGGCAGATCATT
30 TTTTTAGTAAAACTATGTTTAATGGGAATGGAAAATATTATTGGGATAATAAAAAATACA
ATGAGGCTACTGTGCGTATAGGTGGTGGTTTAGGCTATCAAACTGCCTCAGTTGAAGTCT
CGTTGTTTCCTTTTCAAGARAAACGCTGGTATGCAGGCGGT

SEQ. IDNO:73
35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the HifA (pilin)

gene from Haemophilus influenzae (LKP serotype 1 genome)
TAATAAATTGCTCCATAAAGAGGTTTGTGCCTTATAAATAAGGCAATAAAGATTAATATA
AACCGTTTATTAAAATGCCAAAGGCTTAATAAACAGCAAACTTTGTTTTCCCAAARAAAG
TAAAAAACTCTTCCATTATATATATATATATATATAATTAAAGCCCTTTTTGAAAAATTT
40 CATATTTTTTTGAATTAATTCGCTGTAGGTTGGGTTTTTGCCCACATGGAGACATATAAA
AAAGATTTGTAGGGTGGGCGTAAGCCCACGCGGAACATCATCAAACAACTGTAATGTTGT
ATTAGGCACGGTGGGCTTATGCCTCGCCTACGGGGAAATGAATAAGGATAAATATGGGCT
TAGCCCAGTTTATGGATTTAATTATGTTGAAATGGGGAAAACAATGTTTAAAAAAACACT
TTTR&JLLLLALL&LACTAALLLLAULLGCALLLlhth&xlLALAGCCAATGCAGATGT
45 GATTATCACTGGCACCAGAGTGATTTATCCCGCTGGGCAAAAAAATGTTATCGTGAAGTT
AGAAAACAATGATGATTCGGCAGCATTGGTGCAAGCCTGGATTGATAATGGCAATCCAAA
TGCCGATCCAAAATACACCAAAACCCCTTTTGTGATTACCCCGCCTGTTGCTCGAGTGGA
AGCGAAATCAGGGCAAAGTTTGCGGATTACGTTCACAGGCAGCGAGCCTTTACCTGATGA
TCGCGAAAGCCTCTTTTRTTTTAATTTGTTAGATATTCCGCCGAAACCTGATGCGGCATT
. 50 TCTGGCAAAACACGGCAGCTTTATGCAAATTGCCATTCGCTC&CGTTTGAAGTTGTTTTA
) TCGCCCTGCGAAACTCTCGATGGATTCTCGTGATGCAATGAAAAAAGTAGTGTTTAAAGC
CACACCTGAAGGGGTGTTGGTGGATAATCAAACCCCTTATTATATGAACTACATTGGTTT
GTTACATCAAAATAAACCTGCGAAAAATGTCAAAATGGTTG '

55 SEQ.IDNO: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 TGGTGCAAGGTGGTGTGCTTTTCGCTAATAAACTTACCCAGCCAAAAGGCGAGTTAATCG
TCAAATGGGGTGAGCGAGAAAGCGAACAATGCCGTTTCCAATATCAAGTTGATTTGGATA
ACGCACAAATACAAAGTCACGATATTCAATGCAAAACCGCAAAATAAATAATTGAAGAGG
ATTTRTGCAAAAAACACCCRAAAAATTAACCGCGCTTTTCCATCAAAAATCCACTGCTAC
TTGTAGTGGAGCAAATTATAGTGGAGCAAATTATAGTGGCTCAAAATGCTTTAGGTTTCA
65 TCGTCTGGCTCTGCTTGCTTGCGTGGCTCTGCTTGATTGCATTGTGGCACTGCCTGCTTA
TGCTTACGATGGCAGAGTGACCTTTCAAGGGGAGATTTTAAGTGATGGCACTTGTAAAAT
TGAAACAGACAGCCAAAATCGCACGGTTACCCTGCCAACAGTGGGAAAAGCTAATTTAAG
CCACGCAGGGCAAALL&LLHLLLLleGCLLALLLLLATCRCGTTAAAAGAATGCRATGC
AGATGATGCTATGAAAGCTAATCTGCTATTTAAAGGGGGAGACAACACAACAGGGCAATC
70 TTATCTTTCCAATAAGGCAGGCAACGGCAAAGCCACCAACGTGGGCATTCAAATTGTCAA
AGCCGATGGCATAGGCACGCCTATCAAGGTGGACGGCACCGAAGCCAACAGCGAAAAAGC
CCCCGACACAGGTAAAGCGCAAAACGGCACAGTTATTCAACCCCGTTTTGGCTACTTTGG
CTCGTTATTACGCCACAGGTGAAGCCACCGCAGGCGACGTTGAAGCCACTGCAACTTTTG
AAGTGCAGTATAACTAAAATATTTATTATCCAGTGAAAAAA

75
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AGGGGCAGAA AATCCGACAT TGGAAGATAT GGGGTACATA
ACAACTGATA TAACGTCATA TTTTTCGATA CCTAAAAATA TTTAATACTT
AAACCTAAAA CAGAATAAAA AATAATCAAA TTCATTTAARA
TTCAAGAAAR TTAAAATTTT GGAGTATTGA
TTTTTTTGTA AAGATGCAGC TCGTCCGTTT TGGCGATTGG
TTCAATCATA GATAGTAAAC AACCATAAGG

TCGATCAGAT

TGGAGAAAAG
A

SEQ.ID NO:76

Nucleotide sequence of DNA coding region (partial) of the Moraxella Catarrhalis
HtrB gene

51
101
151
201
251
301
351
401
451
501
551
601
€51
701
751
801
851
901

Protein Seq: 25%

1
51
101
151
201
251
301

TCAGTGCTTG
GGCGGCGTGT
GCAGCATCCA
CAGCGGCAAA
AGTCGACAGT
AAATTAAAAC
CCAAGTGGTA
GAATGCTTGG
TCAAARATGC
AATGCCAGCC
AACACTCARA
ATCCATCAGG
AGTACGCTGG
CTTAAGCTGT
ATGAATTAAR
ACTGCTTTAA
TTATATGTGG
CTTATTTACT
GCCATGTCAA

SVLGFLRYVP
QRQKLAKQIL
PSGMLAIVPH
NASLVPTDAS
STLASKLAAK
TALNGAMEQM
AMSKDSYE

GTTTTTTAAG
GCGTCTTATA
AGCCAATTTA
AACTCGCCAR
CTTAAAACTT
GGTTCATCAT
TGCTTGCCAT
CTCAATACCT
GGCGGTAGAT
TTGTACCCAC
GCAGGTGGAT
TGGTGAGATT
CGTCAAAGCT
ATTCGGCGTG
TGATGARCAA
ATGGTGCGAT
AGCTATCGTC
TAATGAAAAT
AGGATAGTTA

wwd,

ATATGTACCG
TTTCCTATCA
ATCTTGGTTC
ACAARTCCTA
GGGCAATGCC
GAAGATATCC
TGTGCCTCAT
TTGGCTCCCC
CGCTTTGTTT
AGATGCTAGT
TTAGTATCAT
GCTCCTTTTT
TGCTGCAARA
AAGATGGCGA
CTTTATTCAA
GGAACAAATG
GGTTCAAGCA
GAGCTARAAA
TGAG

CTGTCAGTCC
TTGCAGGCTT
ACCCCAAGAT
ARAAATCAGC
ACCAARATGG
TAATCAAAGC
ATCGGCACTT
TACTATCATG
TACAGGGGCG
GGTGTTAAGG
ACTGCCCGAC
TTGGTATTAA
ACTGGTTGTG
TGGTTTTGAA
AAAATACCAA
ATTTATCCAC
TACACCACTA
AMAATAGCCAT

ATeqy

TAGC
GAAGAATAAT

AAATGTGATC
CATCAAAART
ACAATTCTAT
AATACAAATT

TGCATGGATT
AGTATTTATC
GCCAGACGCA
TCATCAGTGC
TCTATCGCAC
ACTTGCCAAT
GGGAGATGAT
TATAAGCCCA
TGAARGACTA
CAATTTTTAR
CATGTACCTG
AACCCTAACC
CTCTTGTTGG
ATTTTTTGTT
AATTGCAACC
ATTTTTTGCA
TTAAATAATC
AAAGCTTCAA

LSVLHGLAAC ASYISYHCRL

KNQLISAVDS

LEKTWAMPPKW

identity and 35% similarity with

SIYRSIQANL
SIAQIKTVHH

IGTWEMMNAW LNTFGSPTIM YKPIKNAAVD
GVKAIFKTLK AGGFSIILPD

TGCALVGLSC
IYPHFLHYMW

SEQ. ID NO:77

Nucleotide sequence of DNA codin

HtrB gene

51
101
151
201
2351
301
sl
401
451
SO0l
551

ATGTTTCGTT
CATCCTGTTG
GTCTGCACAC
AAGGAAGACC
TCCCGACCCC
GTTTGGAACT
ATGTTCAAAG
ACACGAAGGG
GCGGACGCTA
AARRCCGCCGA
TCGCGGCAAA
TCATCAAAGC

TACAATTCGG
ACCGCCCTGC
GCTGGGAAAC
GCGCGCGCAT
AAAACAGTCA
TGCCLCCCGCG
CGGTACACGG
CTGCTATTCA
CATCAGCCAG
AAATCARAGC
GGAAAAACCG
CCTGCGTTCG

IRREDGDGFE
SYRRFKHTPL

GCTGTTTCCC
TCAAATGCCT
CGGCTCGGAC
CGTCGCCAAT
AAGCCGTTTT
TTTTTCAGAA
CTGGGAACAT
TCACGCCGCA
CAGCTTCCGT
GATAGACAAA
CGCCTACCAG
GGCGAAGCAA

HVPDPSGGEI
IFCYELNDEQ
LNNPYLLNEN

CCTTTGCGAA
CTCCCTGCTG
ATCTGGCGTT
ATGCGTCAGG
TGCGGAAACG
AACCGGAAGA
GTGCAGCAGG
CATCGGCAGC
TCCCGCTGAC
ATCATGCAGG
CATACAAGGG
CCATCGTCCT

4y

ILVHPKMPDA
EDILIKALAN
REVLOQGRERL
APFFGIKTLT
LYSKNTKIAT
ELKKIAIKLQ

CCGCCATGCA
CCACTTTCCT
TTACCTTTTA
CAGGCATGAA
GCAAAAGGCG
CATAGAAACA
CTTTGGACAA
TACGATTTGG
CGCCATGTAC
CGGGCAGGGT
GTCAAACAAA
GCCCGACCAC

**‘q*‘*_kdlz @P
()-3Y

10% & () - Fs'

GUpE () -1 410% & () -1 310% & () -

BtrB from E, coli

g region of the Neisseria (meningococcus B)
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35

Nucleotide sequence of DNA coding re

typeable) HtrB gene

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

ATGAAAAACG
ATACTGGCTT
TTCCCTATCC
TCACATTTAA
TGAACTTTGT
AAGAAAATCT
TGGTTTTGGT
ACATTATCTA
ATTTCTTAARC
GGCATTGGTG
AACACAAGGC
TACGCGGAAT
CCTGATCACG
AGTACCTGAC
CGCAAAACAG
TCAGGCTATA
AGATGAAACG
TCATGAAGGG
CGTCCAGATG

ARAAACTCCC
TTTTGGCTAG
TATTTTGCGE
AAGTGGGTAA
TTCCCTGATA
TCGTTCAGTA
CGGATTCACG
AAAGAAAATC
GCTAGAACTT
TTTATCGTCC
CGTTTACGCT
GATCAAAGCT
ATTACGGCAG
ACTTGCACTA
CARAGTGATT
CCGTGAGTAT
GCGATTGCTG
CATATCACAA
ARARTACGCC

TCAATTTCAA
GCGTGGCAAT
CATATTGGTC
ACGTCGAGCT
TGCCTGAAAR
GGCATGGCAA
TATCAAAARA
AAAAAGATGG
GGCGCACGCA
AAATGATAAT
CCAATAAAGA
TTACGCCACG
AAARAATGCC
CTACTGGTAG
CCATTTGCGC
TTCAGCGCCT
CGCGAATGAAR
TATATGTGGC
TAGTTTATAC

CCGCACTTTT
TTGGCGAAGT
ATGGTTTCGG
GCCATTGCAC
CGAACGTGAG
TTATCGAAARC
TGGTCGAAAG
AATTGTTCTC
TCATTIGGTTT
CCTTTGCTTG
TATGCTTGAT
AAGAAACCAT
GTTTTTGTTC
TTATTATTTA
CATTACGCAA
GTTGATTTTA
TCAAATCGTA
TACATCGCCG
GATTAA

gion of the Haemophilus influenzae (non-

TAGCCCCAAA
ATTTTATGTC
TTGGCTGTTT
GCCGTAATCT
ACGATTTTGC
TGGCATGGCT
TTGAAGGCTT
GTCGGTGTTC
ACATCATCCT
ATTGGCTACA
CGTAAAGATT
TTGGTATGCG
CTTTTTTTGC
TTGAAATCCT
TAAAGATGGT
CGGATTTACA
GAAAAGGAAA
TTTTARAACA

Protein Sequence - 57% identity and 66% similarity with HorB E. coli

40 1
51
101
151
201

45 251

55

60

65

70

301

MKNEKLPQFQ
SHLEKVGKRRA
WEWSDSRIKK
GIGVYRPNDN
PDHDYGRRNA
SGYTVSISAP
RPDENTPSLY

PHFLAPKYWL
AIARRNLELC
WSKVEGLHYL
PLLDWLQTQG
VEVPEFAVPD
VDFTDLQDET
D'

SEQ. ID NO:79

Nucleotide sequence of DNA coding re

typeable) MsbB gene

51
101
151
201
251
301
351
401
451
501
351
601
651
701
751
801
851
901
951

1 ATGTCGGATA
AGCGCACTTT
TTGGTATTTT
GATAAATTGA
ACAGCGTACG
CTGAACAACA
CAGGTTATGT
GCAAAAACGC
CTGAAGGAAR
GCGTCTGGCA
TAATCCACAC
AACGTTTCGG
TTAAGTCATG
TTTTGGGGCG
CGACATTACC
ATTCCAATGT
AATTCATCCT
CAATGAACGA
GTTTGGATTT
TGATTAA

ATCAACAARA
TCATGGTCGT
CTTTTTATTG
CGGGAAAATT
CGTGCACAAA
ACGTGAGCAA
TTGGTATTGG
AGCGAATTTA
GAATATTATT
TTATTTTGCA
CGTAATCCAT
CGGAAAAATG
TTCGTAAAGG
GAACAAAGCG
AGGGTTAAAT
TTCCTCGTTA
GCAATGAATT
AGAAATAGAA
TGCAATTATT

FWLGVAIWRS ILCLPYPILR HIGHGFGWLF
FPDMPENERE TILQENLRSV GMAIIETGMA
KENQKDGIVL VGVHFLTLEL GARIIGLHHP
RLRSNKDMLD RKDLRGMIKA LRHEETIWYA
TCTTTGSYYL LKSSQNSKVI PFAPLRNKDG
AIAARMNQIV EKEIMKGISQ YMWLHRRFKT

TTTACGTTTG
ATTTAAAGCC
TTGTTAGCAT
AGGTATTTGG
CTAACTTGCA
GTGATTGATA
TGAGATTGCC
TCGGTCTTGA
CTTATGGTGC
CACTCAAGGC
TGGTGGATTG
CATGCACGCC
CGAAATGGGT
TATTTGTTGA
AAAATGGCAA
TAACGCTGAA
TAAGTGATGA
TCTTTTGTTA
GCGTACAAGG

ACGGCGAGAG
TCAATATTGG
TTGTGCCTTT
ATTGGGCATA
ATATTGTTTC
AAATGTTTGC
ATCCGTTCAA
ACATATCGAA
CACATGGCTG
ATGCCAATGA
GCTTTGGACG
AAAATGGTAT
TATTACTTAC
TTTCTTTGGG
AACTTTCTAA
ACGGGCAAAT
TCCTGAACAA
CGCCAGCGLC
AAAGATGGCG

gion of the Haemophilus influenzae (non-

TGGGCTATGA
GGGATTTGGC

TCGTCTGCGC -

AAGCAAAGAA
CCTCATTGGA
GGTTGTCGCT
AGAAACATTT
CAGGCAAAAG
GGCGATTGAT
CTTCTATGTA
ATTACACGCC
TAAACCTTTT
CCGATGAAGA
ACTTATAAAG
AGCCGTTGTT
ATGAAATGGA
TCAGCCCGAG
AGAGCAATAT
AAGATCTTTA

Protein Sequence - 45% identity and 56% similarity with MsbB E.coli
1 MSDNQQONLRL TARVGYEARHF SWSYLKPQYW GIWLGIFFLL LLAFVPFRLR

51 DKLTGKLGIW IGHKAKKQRT RAQTNLQYCF PHWTEQQREQ VIDKMFAVVA
101 QVMFGIGEIA IRSKKHLOKR SEFIGLENIE QRKAEGKNII LMVPHGWAID
151 ASGIILHTQG MPMTSMYNPH RNPLVDWLWT ITRORFGGKM HARQNGIKPF

a3

75
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Protein Sequence - 28% identity and 37 similarity with MsbB of E. coli

1
51
101
151
201
251
301

109&&s(T

CAACCAAAAT
AGGTATTGGT
TTAAACGCAC
ARACAARATA
TTTGGGCGGT
GCCCACARAA
TGTATCTTTG
TCGGCTCAAA
GTCTTGAGCA
ATTACCGCTC
TGTCATCATC
AAGGTCACCG
TATCCCAGCG
TGAGCAAAAT
GCTTTAAAAC

MSCHHOHKQT
WLAFALILPL
QPKSKHKATA
KONKAVILLG
CIFDEQISNR
ITAQRRLIKL
YPSDDETADA

ﬁdﬂ

s
R e

el <

CAAAACACAA GGCCACCGCA CGGCAAGTAT TTATTAATCA
ATTTTTGAAR GTTTATGTGC ATGGTTTCGC CCTAATGTCT
TTTTAGCATT TCTGGTTTAC AGCATTTGAT TGATGCCCAA
ARGCGGTGAT TTTACTTGGT GGACATCGCA CGACGCTTGA
CGGTTATGTA CACAGTTTTT TGCGGCGGAC TGCGTGTATC
CAACCCTTTG CTTGAATGGT TTATCTATAAR TGCACGCCGC
ATGAGCAAAT CTCAAATCGT GATATGAAAA AACTCATCAC
CAAGGTCGGA TAATTTGGTA TTCACCTGAT CAAGATTTTG
TGGCGTGATG GCGACCTTTT TTGGTGTGCC TGCAGCAACG
AGCGTCGTCT TATTAAGCTG GGTGATAAAG CCAATCCTCC
ATGATGGATA TGCTCAGACA AACGCCCGAT TATATCGCAA
TCCACATTAT CACATCAGCC TAAGCGCTGT GTTAARARAAT

ATGACGAAAC CGCCGATGCT

GAACGCATCA ATCGACTGAT

ATTCAAARAG ATTTAACCCA GTGGATGTGG TTTCATCGCC
TCAAGCCGAT GACACCAATT ACTATCAACA TTAATG

PKHAISIKHM PSLTDTHRQS
IFLPLRWQFW IGKRLGILVH
RQVFINQGIG IFESLCAWEFR
GHRTTLDLGG RLCTQFFAAD
DMKKLITRLK QGRIIWYSPD
GDKANPPVII MMDMLRQTPD
ERINRLIEQN IQKDLTQWMW

SEQ. ID NO:81

Nucleotide sequence of DNA coding region of the Neisseria (menmgococcus B)
MsbB gene

1
51
101
151
201
253
301
351
401
451
501
$51
601
651
701
751
801
851

ATGARATTTA
GCTGCTGCAC
TCARACCCCG
GAGTGGGACG
TATGGCGAAA
GGCGTTTGAA
GCGCTGGCGE
GTTCGAGATG
TGTATTCCCA
CGCAACCGCT
CGCCCTCGTC
CCGATCAGGA
ATTCAGACGG
TGCAAAAGTG
CATTGCATTT
GCCGACGCGC
CCCGAGCAGT
CAGCCCCGAT

TATTTTTTGT ACTGTATGTT
AAACTTGCCG ACCTGACGGG
CCGCCGTATC GGCGAARATCA
GAAAAAAGCG CGAARCCGTA
CTGATGCTTG ARTACGGCTT
ATCGCTGGTG CGTTACCGCA
CGGGGGAAAR AGTCATCATT
GCGGTGTACG CGCTTAATCA
CCARAAAAAC AAGATATTGG
ACGACAATGT CTTCCTTATC
AAACAGTTCC GCARAAGCAG
TTTCGGACGC AACGATTCGG
CAACGATTAC CGGCTTGAGC
ATACCCGCCA TCCCCGTCCG
CTACCCGGCT TGGGAATCCT
AGCGCATGAR CCGTTTTATC
ATTTTTGGCT GCACAAGCGT
TTTTACTGAT ACGTAA

SOQAEPKSFEW AFLHPKYWGV
YLAKSRVQDT LTNLQLTEPN
PNVFKRTFSI SGLQHLIDAQ
CVYRPQNNPL LEWFIYNARR
QDFGLEHGVM ATFFGVPAAT
YIAKGHRPRY HISLSAVLKN
FHRREKTQAD DTNYYQH*

TTGCAGTTTC TGCCGTTTGC
TTTGCTCGCC TACCTITITGG
ATTTGGCARA ATGCTTTCCC
TTGAAGCAGC ATTTCAAACA
ATATTGGTAC GCGCCTGCCG
ATAAGCATTA TTTGGACGAC
CTGTACCCGC ACTTCACCGC
GGATGTACCG CTGATCAGTA
ACGCACAGAT TTTGAAAGGC
GGGCGCACCG AAGGCGTGCG
CGCGCCGTTT CTGTATCTGC
TTTTTGTGGA TTTTTTCGGT
CGCATTGCCG CGCTTGCARA
CGAGGCGGAC AATACGGTTA
TTCCGAGTGA AGATGCGCAG
GAGGARCCGT GCGCGAACAT
TTCAARACCC GTCCGGAAGG

Protein Sequence - 25% identity and 36% identity with MsbB E, coli

1
51
101
151
201
251

MKFIFFVLYV
EWDGKKRETV
ALAAGEKVII
RNRYDNVFLI
IQTATITGLS
ADAQRMNRFI

LQFLPFALLH KLADLTGLLA
LKQHFKHMAK LMLEYGLYWY
LYPHFTAFEM AVYALNQDVP
GRTEGVRALV KQFRKSSAPF
RIARLANAKV IPAIPVREAD
EEPCANIPSS IFGCTSVSKP

YLLVKPRRRI GEINLAKCFP
APAGRLKSLV RYRNKHYLDD
LISMYSHQKN KILDAQILKG
LYLPDQDEGR NDSVEVDFFG
NTVTLHFYPA WESFPSEDAQ
VRKAAPIFTD T*
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within the bleb preparation comprising the steps of determining the
identity of such antigen, engineering a bacterial strain to produce less or
10 none of said antigen, and making blebs from said strain,

wherein one or more of said antigens are selected from a list consisting of: PorA, PilC,

TbpA, ThpB, LbpA, LbpB, and Opc.

2. A genetically-engineered bleb preparation isolated from a modified Moraxella
15 catarrhalis 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 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) 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

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, PS5,

Hif, IgAl-protease, HgpA, HgpB, HMW1, HMW2, Hxu, TbpA, and TbpB.
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10%<& () - %ul dEbC identifying such an antigen, engineering a bacterial strain so as to remove

the repressive control mechanisms of its expression, and making blebs
from said strain;

15 d) 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 toxic, engineering a bacterial strain so
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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processes a), b), c), d), ), h), and 1) are carried out by homologous recombination
events between a sequence of at least 30 nucleotides on the bacterial chromosome,
and a sequence 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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20 13. The Neisseria meningitidis bleb preparation of claim 4 or 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, OMP85, lipo06, lipol0, 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 1), wherein one or more genes are upregulated from a list
consisting of: D15, P6, TbpA, TbpB, P2, P5, OMP26, HMW1, HMW2, HMW3,
HMWJ4, Hia, Hsf, Hap, Hin47, and Hif.
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25. Use of the bleb preparation of claim 2 or 14 in the manufacture of a
medicament for immunizing a human host against a disease caused by infection of

Moraxella catarrhalis.

26. Use of the bleb preparation of claim 3 or 15 in the manufacture of a
medicament for immunizing a human host against a disease caused by infection of

Haemophilus influenza.

27. A genetically-engineered bleb preparation from a modified Gram-negative

bacterial strain characterized in that said preparation is obtainable by employing the
following process:

b) 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 a stronger promoter

sequence 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.

28. The genetically-engineered bleb preparation of Claim 27, wherein said
preparation is obtainable by employing one or more further processes selected from
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,
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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25 lestream of a gene encoding said antigen such that said gene is expressed at a level

higher than in the non-modified bieb, 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
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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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20
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.

25 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

30  manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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<=>? @\BCDEFCGHI JKLMNOPOQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kI mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[\]"_" abcdef ghi j kl mopqr st uvwxyz{| } ~
I"H#$UR' () *+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{|} ~6Ti nes
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" #$UR' ()*+,-./0123456789: ; _ _

<=>? @GABCDEFGHI JKLMNOPQRSTUWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$9R' ()*+,-./0123456789: ;

<=>?@\BCDEFGHI JKLMNOPQRSTUWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~
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