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purified components from the outer membrane may supply only limited protection

us

and may not present the antigens properly to the immune system of the host.
Proteins, -phospholipids and lipopolysaccharides are the three major
25 constituents found in the outer-membrane of all Gram-negative bacteria. These
molecules are distributed asymmetribally: 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.



Nei sseri a gonorrhoeae, Neisseria neningitidis, Pseudononas aeru idgo a ?@ﬂl
10 Yersinia enterocolitica. Al though the biochem cal nechani sm Fe p@hg e
for the v&@?@?gion of OM bl ebs is not fully understood, these outer

menbr ane {€P¥s have been extensi vely studied as they rBpFER8HI7434
power ful nethodology in order to isolate outer-nenbrane protein
preparations i Thé  OM oJFatrak- r .. ln that cqontext, the use of
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easi |y ex{Veiateriad gpnenmhodae, bieisseriaalmarerditidis HOPRYBSmdras h?ém@},,a? bﬁ,@n shown
t hat %ru%;g?%l Lt egr_al dglﬁtler menbrane proteins are also proat ective

anti gens. LhplgLcgticas Syl e bipehemicali meshassmorpsponsibie 6 fife for H.
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vacci nes ar e .sugeri r%&é) npno_ or bi conponent products. 5°1'n order to

i ncor por at e“§ g‘?‘ﬁ'\o meydigreMoreayer, peuser inmmbrate bishs tombinedwttiltiple Pr oduct

native (QfroleRaécabiy | [¢ tional. folding of the proteins nust be
pr esent q;ifn t he progﬁ‘gmﬁg’g%trg@g?eofl%aﬁ §ers, Eg'F"ulhk?lﬁﬁﬁrﬁ?P@@iMndeﬁfect. The

use of exPletiod agamsEntraspicicgiary®si cl es or bl ebs may be an el egant
solution to t{ig gr obl.em of including protective integral nenbrane proteins
into a subuni t® F3TPRREONNith dhe gthet,| mortowiselhunsedg ripasiof bikeatidl Glasking operly.

N. e ngigh . xcretes outer nmenbrane blebs in
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natural l y-occurring nenB strains have been f
protecti ampéc’é?fé"gers from nmenB di sease 15 and have becone registered in

Latin Aneri ca:m@\mvﬁie'gs%{;éaat&s\éeofr%%aggalogubpr eparing B

unit’ vaccines has been due to the
intensive study of bacterial surface proteins that have been found to be useful in

25 vaccine applications [for instance B. pertussis pertactin]. These proteins are loosely
associated with the bacterial outer membrane and can be purified from culture
Supematant or easily extracted from the bacterial cells, However it has also been
shown that structural, integral outer membrane proteins are also protective antigens.
Examples are PorA for M. meningitidis serogroup B; D15 for 4. influenzae; OMP CD

30

for M. catarrhalis; OMP F for P. Aeruginosa. Such proteins however have rather
specific structural features, particularly multiple amphipathic p-sheets, which

complicates their straightforward use as purified (recombinant) subunit vaccines.
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out er-menbrane vesicles is via the process of detergent extractifoh gt
bacterial cells (EP 11243). Exanples of bacterial species fromwhich bleb
vacci neswaoi/dsasarade are the follow ng. 20 Neisseria neni E T}Elpg@,a.”%

Nei sserea neni ngitides (neningococcus) is a G amnegative bacterrum
frequently isob_gt@g fromthe human upper respiratory tract. It occasionally
causes invasi {ne i bas nggé@rsmmmaph%hﬁbﬁéﬁt%@d’&?&s@?@h%}:&' s. The

|nC|dence fy cal dlsease shows geo raphi cal seasonal and
annual ?eré%cé;efﬁct%qﬁmg& O peoteifs)\to; sufplyna

M cr obi oI rea&mblczlcgauwlpm Fo? Mgélénl%ga‘?a@%%?eé di sease in tenperate

countries is due to strains of serogroup P?f"ﬁ‘ﬁél%‘é%é from
| - 10/ 100, WGWému]ttcemDnmp'atmncm supEeior mﬁoﬁ@wé&ﬂqgggh@w%ég' ue

(Kaczng rsltl, Commun. Dis. Rep. Rev :
Schol ten 5 ‘1\7[:1 'Ilg T‘F%FEP”“H"WS’"W&FWHIMM? pm!bmalmto Gutlna shﬁkixﬂﬁt D s.

16: 237-2 d 1,&953 NE: , .et al. Epideniol
| nf ect . 1%? VAR 1990%"‘%8%6’33&”5‘“2@85 %65 %&Pm@%mmhemmmm
Age- speC| ini the |pmdudennmﬁcr o bive 4 \Weefli ﬂﬁnﬁhﬁ%gﬁﬁloéfﬂ:%t 'f'hnflﬁ”to and teenagers,

reach her Y;E| S. Epl dem cs dom nated by~ serogroup oA 5‘5 cCi
occur, m) $ryMERORBA  Yegicles pry bighs maynbe iamealcgamacbiution 16 \tBé sprémcrﬁoof

1000/ 100, ng@ﬁ ‘%égt@ More, .5 P.S., Broone, CV.

M cr obi ol . Revgadi0 upm?'gr%ant"}mmg’i@cﬂﬁtcmf%% 2’ sy yacgine wh@@$nﬁf

neni nfoc cmsaringthatahgefoddprapiiipl € are caused by serogroup A, B, C, W135
and Y neni ngoc cci. A tetravalent A C,_WI135, Y capsular pol ysaccharl de

vaccine is i mepngitdy semgroup. B AmenB) encrefes, ol fechbrdde Colebd-ghai X, C.,

J. Biol. 3kfRg, :'M!: 1982 10_The pol ysacchari de vaccines are
currently hel ng rrppoggzz b%?% r) E’é?l?n@@njlmdyamahgcalherﬁmb carrier

pr ot ei ns r(nllnedmpdmm odteMmen{bPiné protein - JAVA 275 :
1499- 1503, 19 serogroup B vac%nvea\é\?iggsn }éa\lligﬁuﬁj c“m'?gn@ he B

capsul ar smgﬁ‘éfcbﬁﬂl fgen @%nﬁcmm&cuﬁ@&%md@&%%‘&@& dt shares
strucgur ghg Lo host opents (Wle, F.A Artensteln MS.,

Br andft , Q%,) %’r’a@ bg{dr&ﬁymgﬁmrﬁ%w eriogy An glemaive mqtbﬁdepf Brepadng J. M |

Lei nonen outér-melfibit@te, vesRidY isLARGRE pid 1 ars
efforts haye_been focused on deve oglesnsgglérréﬁ?%z%t 8%3%’1"0 é"r‘nag%é%ﬁ} ane based
vacci nes E’%eﬂf‘%b‘rlaéﬁ‘ LC., Perkins, B., Camargo, M C. et aI Lancet  340:
1074- 1078, 19% Hoi b E. A Gonnesby, J.K et al. 338:

1093- 1096, %’B%éj ggﬁ%ﬁ%‘?ﬁdéBF‘H frpi, whigh bisbsvaceinesdcasttre mads s the om 57% -
85%in olfmih:wmgu | dren (>4 years) and adol escents. Mst of these efficacy
trials were perfornmed with OW (outer nenbrane vesicles, derived by LPS
depl élion from bl ebs) vaccines derived fromwld-type N. meningiddis B

3;2?: 225%%‘})’%‘%‘3“ out er menbrane conponents are present in these

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.JP.M., Bijlmer, 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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25 such as PorA, PorB, Rmp, Opc, Opa, FrpB and the contribution of these
conponents to the observed protection still needs further defi n?'ﬁ R 4
Ot her bacterial outer nenbrane conponents have been defined (usfrg ahi ?‘rQaUI
or human anti bodies) as potentially being relevant to the induction of
protective WOodlM3s8, such as ThpB, NspA (Martin, D., CadrPewEPo0N?424Hanel ,
J., Brodeux, B.R J. Exp. Med. 185: 1173 30 1183, 1997; Lissolo, L.,
l\/!aitre-WIm)‘[,‘ths C .Du&ms p.,et al., Inf. Immun. 63: 884- 890, 1995). The
mechani sm of “*BY LA Wﬁﬁfﬁi*ﬁ/ TP heh Figkogroupsq infangomnyd iSEHReNE cach

bact eri ci dal higlesk evelsy and opsonophagocytosis. WO 01/09350 2 9 JA; t 2904
PCTI EPOO 07424 The. frequency of Neisseria neningitidis infections has risen
dramatical ly in fJ@“ﬁsdPWdé’é&muPﬁF@mnwO@éMUaMQSﬂbm@dtmlo t he

enmer gence of Améktéoﬁieﬁméﬁﬁakl%iﬂé VeVels ru??g:l%?ééqoﬁé%;@ g, ﬁ‘l(':hrbﬁ%srgd exposure

due to an increase in soci al “activi ce sSWi ool s or
t heatres)3 |R.S; Broome| GiYg Slin MisrobinhrRevo2 (Supplement)\S18SBY, 1989% Neuflyagi ti di s

strains that ' n sonme. of .all of the standa antibiotics. This
phenonenon hcaaggs?rf ;en;éﬁfélg& gﬁéatljgrjlfr%re °?fse%i?”§%fF aﬁe"éﬂ“@ﬁ& SETRETS '(fj%ran‘é{v\'/?’s

anti-m crobiad Y mengosocci acetravaiRnt AlG V-9 85, 6Cepiithr Bl ocharidedadcifld @gnost i ¢
tests for thi fs“éaﬁifg ni s g/orax,el | a_catarrhalis 10 raxella catarrhalis

(al so named B a@éﬁ"l"g\g’c t AFPRIRR; &y Myaard, Mnlafaigati ¥eBiok Stangr 1Qim
frequently imgliapaggiy om the human upper respiratory tract. It is

responsi ble for _several pathologies, the nmain ones being otitis nmedia in
i nfants ahd chi | dherPolysaes e VarsEs arech surendzr bejng improvedaby owsyesfonsi bl e

for sinusiti ok Wele 5 freguent | 4.« f@r i nvasive
di seases. 15&52%93&5@1“3& gaﬁ%[ﬁg%édl es pﬁg‘\g‘és g‘i%%“?ﬂ'eﬁﬁi'gﬁleudgisﬁ % adul ts
t est ed (ChapYdin,et Al JAMA 215, : 14998503, 1996)nA aerogbus B vhScinedd 8t availabis, ns of M
catarrhalis ri;atigns in.their .capacity to resist serum
RS, Yol Bgeiﬁseaf’cglﬂ?&l ¥R Runegsaicy FeE @gk}’ Harssi Hual s

bactericidal actrvity:®*1n a are
nore resi st ashires swmotutdh sisrlarityao hose cormpaakyts OWY18,F.& C Artbddedin, MBS SBrapll, (1993)

Lancet 41.1281, Jordan, KL et al. (1990) Am 7. Med. 88 (supplL 5A):28S).
Serum rei‘? st ﬁ‘c@f Qo?clg?ﬁcﬁ d‘%\e‘ﬁ%o&é‘f‘&é }:SUH)SF a5 dM.q beigongp Mi. d¥idkeld act or * of
the bacteri a.MADaRESDIB551359, 1963)l vity has been observed in the sera of

children recovering fromotitis nedia. The antigens targetted by these

di fferent i muneFPeBpyEas cffprtshaye heen fogpsed pytdev meningogdcca @uteni t h t he
except i on of i bhscdadnek B MEALCLP, Peilfis HPESRIONE ot G | S

regul ated by iron, aned tahat F% recosg%?ig y 'hg%%#oé%?' c[Sa'il'gr;ls"tets with
pneunoni a ( S¥Pn10741878;19%; Bjune, G.1H0iby, B.Af GrotneshynliK. ct@B 335 1693-16960 of UspAl

and Usp ( 9 i n. 8¢ 1 . A few ot her

menbr anégopr gygphglcgﬁrg%%ﬁ' ﬁ%\% (@hgnssu{#{l g@é“ﬁ% g’a/? aﬁn}fziﬂ ?lgerﬁﬁ%‘”oeen

cEar ac'éler | ze@etd wfsafrs)gnibiadniéaeeﬁmalosnﬁthad&fﬁn?fy thible iwereytforvied aith OhDN cat l( 089i6;]
t he i nduction_ o rotective j ni or review, see Mirphy, TF (1

M or obi of . RayecmeBuse viisy Ssvib be L% drniion Bomouren) veriassdesvithe of
anti bodi es rfeinseild-ggeMmeniagiids Blsriem (UspA,  CopB) favors a faster

cl earance of the_pul m)nar_a).{ I nfection. Another polypeptide (OW CD) is
hi ghl y conser ved RECHRial 4t Membrang COMPpORERIS Are preseply instbese SVapiResl ogi es Wit h

a 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.

|



5 2 9 JA{a 2004 WD 01/ 09350 PCT/ EPOQ 07424 porin of Pseudormnazz iemjﬂ]izﬁﬁqsa,
whi ch has been denonstrated to be efficacious against this bacdter i
~ani mal n¥@PY0I3/A catarrhalis produces outer nenbrane vesi ECEEPOBIBRS) .
These Bl ebs have been isolated or extracted by using different nethods
(Murphy T.F., Loeb MR 1989. Mcrob. 5 Pathog. 6: 159-174; Unhanand M,
Maciver, 1., RAWFirsuency of Neistepicambhingitidss MfectidngidserisbnGramMi@uggken G H

Jr., Hans Jaknfect. Dis. 165:644-650). The protective
capacity S%E‘&gf?“}é?%é“%r é%‘ésrq&’éicb&ﬁ% aﬂ%@tﬁg@ntbfégmsnmfanmipleraezihiode| for
pul nonar y resideadseaing, Sid hkré&?édaéiér@ﬁﬂp'esduc' o Qﬁgnncgegg{‘ i,gggc Lhat -£g{oi ve

I muni zation with Bleb vaccine assive tr tACHBH ant i body

i nduces silRptAnCE switemingcpoots orahedtres). hitds 56 tstiged SndoMisdn/®'isdlate Al%gggn%\nd M,
I\/bCracEen G. H. Ja{lfe Han%gn, E.J. 1993. J. Infect. Dis. 168: “A72) .
Haerp Ri | TEMASHIARFRIRS HAkars JpSIStaRt tp §pmeear alleof| the atandand mmibibecsG R negat i ve
bacteriu S | I tural . host. H influenzae isolates are
usual ly ¢ gssi "1“2%%%5’3%‘39% %ﬁ?ﬁ'@dfcal p Wc%‘l%ﬁ“pgﬁr Rt dnA-gucrghinl

di f f er ent ages vhavindsydreg setesiiggiieabds, and UHoANGR tedis f&?gﬁs é&g&&ﬂs i dentified.

| solates that fail to agglutinate with antisera railsed ag et one of these
six serotypes are classified as nontypeable, and do not express a capsule.
H influepzae | Qgtapr}m)ﬁ-“ b) is clearly different fromthe other types in
that it i —cause of bacterial neningitis and system c di seases.
Nont ypeabl e st Morddellolcaldrrhalin {diddChdad ' . occasional |y isol ated
fromthe bl ood of patients w “1 syst eéﬁygﬂcﬁ%%;%égp giaﬁg ¥ cause
of pneunoR#eivEk frequenty isolatedfiranh thertiumanhipperciesitasry &hatUR s re§poa&iBleThi 1 S

medi a. NTH r aj dempnstrate a lLarge variabiljty as identified by

cl onal angvﬁgli ?,%{h\%ﬁqg??’t i 2% PRt ‘Bg optighpredia gineinfante apd whiddremognd ~ 25
Var i ous ppmdu@ions thé elderly.1f s ﬁﬂus?ti}o bhe. .hvol ved j n

pat hogenesi s or have b_ején.sshomm@%ghggﬁffgf pro é@%%%m‘&ﬁ‘&w‘“%{&ﬁ“ﬂa on in
ani mal  nEeeatly, fer-ipvasivediseiseNTH t o human nasopharygeal epithelial cells
has begn repor . (Rea t al. 1991, J. Infect. Dis. 163:549). Apart
from ?glanbri ae %%gﬂbcﬁﬁa?% g‘h‘“’&?‘“ 1dgptiked igmost adniss tested (Ghapmanphbet . Di s.
J. 8:S54; alkar9ss) Jelnfék Disl 990:878) . 903, G ldorf JR. et al.
1992. | nf ect@._ I§m‘rur_1. 60: 374; SO Siains If R PlarrAl Brdsenl ot e

59: 3366; Pacitydniresis) ram batteridiasl Activityt acgenetalyBilatestiom AR indRiiuadhesi ns

have beenm6 2  JAA 2004 WO 01/.09350 PCT/ EPOQ 07424 identified in NTH .
Among t hef TS EHiRcean Hse dthon g simply eralorized @lohHE eprabt (@993 Ladeeti gnat ed

ol 15 (St con Duarad of 20 4oo) EIMAE 3 BT Ees) axnorsishins ~
Anot h&t  gauid herfote bei aphsiderkdavh sirulemiedfaitonsDthe ibaerdd AntpShikide Bdvided 1 n
NTH str aﬁﬂsoegnhgl}scrlvggﬁl the sera of children recovering from otitis media.

The antigens targetted by these different immune responses in humans have not
been identified, with the exception of OMP Bl, 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. 63:15 16), 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
3 protective immunity (for review, see Murphy, TF (1996) Microbiol.Rev. 60:267). In a

30 mouse preumonia model, the presence of antibodies raised against some of them (UspA,
CopB) favors a faster clearance of the pulmonary infection. Another polypeptide (OMP

CDj is highly conserved among M. catarrhalis strains, and presents homologies with a
5



5 proteins belonging to HW/ HW2 fam |y. The NTH 115-kDa Hi a ?L‘ft 24, 2004
(Barenkanmp SJ., St Gene S.W 1996. Mol. Mcrobiol. In press) is g' ‘C
siml arv\}‘p we Hsf adhesin expressed by H influenzae type b strains (St.
Geni e JWYQPPS 1996, 3. Bact. 178: 6281). Anot her protei RCIYERIOPRA34
protein shows simlarity to IgA 1 serine proteases and has been shown to

be i nvol veghinhrpedly, E&s : Ll .entry (St. Genie JW_et al. 1994. 10
Mol . M crg%i ol . 14: gf%g ) %%r}%] (&)’&cgﬁﬁc%’eﬁmw'@tbéimulﬂgwe been
i denti fi edhiabdctenumray arimb) ndodulgyber ed. Origi nal studies using H.influenzae
type b strains showed that antibodies specific for P1 and P2 OWPs

protected inf adf- 4aArEhGE pRRdvGEANErantmbahe VesiriGa(BIStAR THMR Blebdhave 1257

| nf ect. Ig%g{&dgpéx%géé' Misson.RS. Jr. et al. 15 1983. J. din. Invest.
72:677). PP vkt U ¢ 8V %8 Bitreny 1 MyphyeT Fo iLoab MRd 1985p Micxiob,
ant i bodi ePattioi 6:1 560194 U RRHREI M AN BSEr TP i abl.e regi ops,. present within
surface exposed | oop structuregﬁ’of th%ré&'r ﬁfﬂégroa » chb?ﬁgﬁﬁlﬁﬁw Argylsl . 1994

Infect. MiuMcCorkayGH. Ity Hehseh Bal. A9921t ], fect 184 1496LCE s | - 779) .
et DRi168 6dsiog's ﬁée%%%’éA. et

The i poprcotei n P4 ah? may induce bactericidal antibo

al. 1991, SHBAGTY 9f such ] %waﬁz.w@%lﬁ)bwmwr%mgmmmaﬁ pelpionalggl ycan
associ at e@|ea} €l | -5 0 f the outer. menbrane (Nelson MB.
et al. 1991f"l.ak"|ﬁ %@?%ﬁaﬂ#n&#@é’éﬁ%ﬁﬁ'ﬁ“&“ | ERFakoR vithdBle wisginet he

sanme nol eoulpassivectirayisfer we antiBlelgnartibdd ¢ dhdi@ - react]

pr ot ei n) i.ch et al. 1990. |nf e%t. |%Tr§%ﬁ%§?§§g€§?‘?’%ﬁ‘mﬁ%ﬁ¥§°lof t he
25 confer C‘V?rﬁmwcﬁ@chmmkdﬁmm Erlevees. JpInféct CDisOT6HS
measur ed iggg.g7oychi nchilla otitis-nmedia nodel (G een BA et al. 1993.

I nf ect. i nmun. 81: 1950). P6 alone appears to induce protection in the
chinchilla nodel (Demaria IF. et al. 1996. Infect. |Inmun. 64:5187). A

finbrin prggtei 2 (‘ M_ygm)to N., Bakaletz, LO 1996. Mcrob. Pathog. 21:343)

30 has al &€ d with honol ogy to OW P5, which itself has

sequence honol ' ral_Escherigchia coli A (Myanoto N.,

Bakal et z, LO. ﬁfg%ga%".‘rS ,ﬁk‘%r 'J."pﬁt"%%sé R RSBl S e BEgDis0irg 24

Pat hog$ 2tnig4fstuhlihestn FRSinfldénzatisdlites LR Jsualiof 54 61, 1017) . NTHi
: P Besiget R inge =, e

seemto adhere to nucus by way of finbriae. rvations

tmade ¥vith_F’ SASERFEAS capsulentik idiffrmens ; ?ps;:awmd' Til)slgnmedé ae &EShrGuﬂ:U‘@Shdw b

ransf err ig@nfifaie hpA a en grown under iron
a1 onn e Rlcs AT 6oyt v apipeimiied oot o0s md tessenix ot al
1996. Mol serbdypesabd clhssifitd abddntypelFIB DAl épr% in receptor also have
been described for NTH (Maciver.l. et dglt 1 géggﬂsﬁl?ect. | miun. 64:3703).

A receptor forfl {fuErre PSS (Hib)Ha cleatly diffremmn fiotetht biteedpéRnBatkifs a6t al -
1994. ol [@hda Qe , . A lactoferripn receptor is also present
amongst NT ﬁc@%‘gﬂf&aﬁ%ﬁmﬁgﬁ%émﬁ ﬁm%%ﬁ?vmblcmwfﬁ. 1989.
J. Med. Mnfueiziael(NTEH) hekldnly AoRASERIN isShatkh! B6mt [ Ssefi r pB: prot ei n
has not been descri bed arrqngst NTHi . S}Aﬁ 80<D§6t&\5g? %ﬁ@ %llg%ﬂ?ﬁfgyg anti gen,
provi des PrSETEE dissascadHithisis anpmmpm cause of pneumonia, exacerbation of chronic

bronchitis, sinusitis and otitis media, NTHi strains demonstrate a large variability as T
identified by clonal analysis, whilst Hib strains as a whole are more homogeneous,
25 Various proteins of H. influenzae have been shown to be involved in

pathogenesis or have been shown to confer protection upon vaccination in animal
models.

Adherence of NTHi to human nasopharygeal epithelial cells has been reported

(Read RC. et al. 1991. J. Infect. Dis. 163:549). Apart from fimbriae and pili (Brinton CC.

30 et al. 1989. Pediatr. Infect. Dis. J. 8:554; Kar S. et al. 1990. Infect. Immun. 58:903;
Gildorf JR. et al. 1992. Infect. Immun. 60:374; St. Geme JW et al. 1991, Infect. Immun,

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



a nouse chal l enge nodel. (Flack FS. et al. 1995. Gene 156:97). A 425@@ 2004
outer nenbrane |ipoprotein, LPD is conserved anongst Haenophil us

i nfiuenzdO 8M@P33® i nduces bactericidal antibodi es (AkkoyunipgrMposiralk -

1996. Infect. Inrnun. 64:4586). A mnor 98kDa OW (Kinura A et al. 1985.
Infect. Immun_ 47:253), was found to be a protective antigen, this OW may

very wel | idsatifebin eAﬁlengithém.aMd)mrfaaélléﬁfJ&E@m éle&ﬂaﬂbag?t%gmgl ar

wei ght ad have char act erized thereafter uehzae
produces | gmefjom P&ﬁ}’ ﬂMhOMBtmbEd@td?ﬂdheﬁeﬁébf NEFHR .10 20

E | . 4 ! \
T iy ik T b A

fanyy,
61: 4575) . bobhmgh@dlhoniar%ht@{?&@ha@ (%ﬁ%ﬂkﬂw%%egn %‘]'?YSQEO

enhance pul mpnary cl earance in a rat rmdel

| nfect? Iﬁﬁfﬂf’s bGE’“E*Z‘EZ}O FNEWAHRYW rfAmplyot Bien NEIS alllSQDRCqia PRGN L O be a
protectiv | nd | rot ein protected Chinchilla agal nst
otitis me a ano p%rjdtsé& 5&? }éd& Qf Inipressifis bighlyasmilppie the

bact er em Hsf{ ddbesiien; d\b ter

menbr ane vesicles (or bl eybg;t gsné»l%%g%blsg% atsédb?rPBEWHet gnf%%)erfzgé L (Loeb
MR, zach&:§284). mnotlsnpmxmthemaﬁmrewsh@mmw to IpAR B85 Iﬁ%asc%;gj' T.L.,
30 Mack K th A L. 1985. Anal. Biochem :

471- 480) . “‘?/%’5”“858?3 Ha’ﬁié’ éé’éhmg1 dbrsionrand coll enryt (56 GemkuBWi etral.of994.

bl oodidr aMal.baicFdbesl, pﬁﬁ]’@abl lity (Wwpelwey B., Hansen EJ., Scheld WM
1989 Infect. | mun. 559-2560), the 4 2 9 AI 2004 W 01/ 09350

PCT/ EP00/ 07 424Fiveduajer cmtesf meathrang e plotdinl (OMM! have 68S t@haabdM ;ngRam 0 0.,
H Jr., Hansen, £%. 1980.

Syrogl ann sen K. D., MCraken .

. I nf ectaﬂ%nf%?l?a‘g“b% sﬁﬁﬁspﬁnmﬂﬁmtm(hmmmdv&d th4toodgal
S H.  1982andibodaC ket forl 4 4@1(;%, hes sicles, are able to bind and
be absorbed by tﬁg&nasgr rﬁnﬁcagéa?z epl ﬁe?rgt'fﬁ%c% Lf‘%ﬁ S, Bom suRsequsny T,

Ni shi ot ochrllengsdkastu MR Yet a198987. Anfeot. Grdiu 15 591281 X00kussof s, 718 52 1)

show ng t%ﬁ gd&g‘gl s and/ or_col oni zati on factors coul e present in

Bl ebs. n p@ﬁ%sé -{%6‘{)7)0?&% fovnsstonbe able ouitintucerbadierividal wagi cl es has
been obsespiad laBribdeds] Gk t influenzae di seases (Sakakura
Y., Harade?é e Harnaguchl Y. &Tl\é%a@%glwl A@Faf"%?’b“rﬁ‘l'eﬁ@ta‘l’%%. Suppl .
(St ockh. )sxmfge: eXpaedIath sthivturekofTihis mﬂ:@mﬁ@wmésé(ﬁhd Ne Y0 5904 Yn£edr286-

Rhi nol og Pseudonpbnas aeru 'nosa: The genus Pseudonbnhas
consi st sylg}m‘fg‘ g%}ﬁi%ra?’i"ﬁ@“ | Gral ylﬁgl“dg&ct dmaehin. 63(779). G lpogrosdin ght | y

curved raEs hEat of) go%@,fcreotg Lﬁalana% .not Féﬁrms spores. 15 Because of

their limted nmetabolic requirenents, earé‘lub %ﬂ}rtous and
are vﬁodellyfeatkummbi& BBIln the soil, the a|r sewage vvater and in plants.
Nuner ous spﬁg}ﬁg of Pseudom)nas such as P. aer ugi nosa, P. pseudonallei, P.
mal | ei, PYiiF 2 Sonserred pertidoglyran dssociated lampm nekipgrupt 105 b

pat hogenld‘ftﬁ@g B s_lis nosa | s considered as an
| mpor t ant hurral#] pagﬁogen SI Ece% ﬁdﬂ i”é “W-‘tshz%’ﬁ oﬁﬁ‘tmﬂ stic

i nf ect i orlipoprotemufaboandip sahd ﬁﬁﬁcﬁl@ﬁﬁméﬂﬁvésgmcogmzed called PCP (P6 cross-
reactive protein) (Deick RM. et al. 1990. Infect. Immun, 58:3388). A mixtre of the

conserved lipoproteins P4, P6 and PCP did not reveal protection as measured in a

25

chinchilla otitis-media model (Green BA. et al. 1993, Infect.immun. 61:1950). P6
alone appears to induce protection in the chinchilla model (Demaria TF. et al. 1996.
Infect. Immun. 64:5 187).

A fimbrin protein {Miyamoto N., Bakaletz, LO. 1996. Microb. Pathog. 21:343)

30 has aiso been described with homology to OMP P35, which itself has sequence homology

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

1



responsi ble for high norbidity in hospitalized patients. Nosocogrigaljs:
infection with P. aeruginosa afflicts primarily patients submpznlg AATIOZBUI'
prol ongeg,d §5ak4ENt and receiving inmmuno-suppressive agents,
corticosteroids, antinetabolites antibiotics or radiati on. PFREPPBIEHNDNAS,
and particularly P. aeruginosa, produces a variety of toxins 25 (such as
henol ysi n | byl el Xl ns terases, coagul ases, phosphol i pases, endo- and
exo-t oxi ng tb{)%gl'jgféh ll“ffﬁ?ﬁ&%ﬁealp&?%defﬁmi&mmi 6 e$E). Bt 8kdra 1o

Mor eover , adhemae muet B wayBf flBad)i gh intrinsic resistance to antibiotics
due to the presence of nultiple drug efflux punps. This latter

characteri sii-cmdﬁpewtbdlmbscmémﬂ:hm&tﬁtﬁ%oégccﬂ}ﬁ %lig%géce. éﬁggDue to the
uncontrol%x%s;le #%e f..anti bacterjal chenot herapeutics IP e Tr (fh 1 of
nosocomi al’ i N 8&t “Eé?&s‘@&sémc@&rmnmwl dfabpiAnend TASR HeR BRiwder abl y
over tshe urdestromBmtSEdsS Ankl for exappl e, the econom c burden of P.
aeruginosa 5 2 9 JA Iﬁf&bﬂ@eﬂlﬁlﬂ%gﬁ" Bl ry Angsmors §dnétadl. i nf ect i on

s estimato9d. MolAMScrbbiol.i 905 195 HAROBbLY; m%%%@{rg@tggg%g% oprent of a

vacci ne fcﬁr%@‘cél v or_a\gss_i ve i mmuni zati on

acti vel y S7eRHES Rri¥FHi aciverdeer &t 1996 nfesk ymatunaka:3309 74 f%»';%@f M cr obi ol .

Lett. 21'HaedfHa ; Various cell.-associated and secreted antigens of P.

aer ugi nosaa haveelg%%e)é%n ?‘ﬁeﬁs%?fﬁine n%ﬁe‘f/gé‘i‘ﬂcnél)dﬁ/él- digftniol kiooigioPseudononas

ant i gens, 13t368). mAC ictbferBid DECARGE is %yocgﬁsagagﬂgxg 3@3?‘,' | ar. sl ime consisting
' 0 be her S oth!:‘

predomi nantly of alginate, was found Uilh ROsr¥M of size
and i fmufoyaireged (Schiyyers vbBe eublarl 988 3. MYAYIMREDiQOIPIRBNtS {39 300 kDa)

appear tq; in_Cco ryed epitopes while |ower 10 nol eculaf nass al gi nate
corrponen?lstﬁl?qg%s%fﬁ??%?%ggh%‘ﬁggmsgﬁqd@pmgitmmi tion to unique
epi topes. AnDAG M@q?aﬁamgme%ﬁg%i%vﬁ%rv which is part of the

type |11 secretion-translocation appar PEfteq5oR against it o be an
i nt er est PnPousarigaliensormeded cifitarki B ¢1Sana995. Gkne 18897). ')lah‘z!{]%a Madi ci ne
5:392- 39§me§%rcf e- exggslﬁg? anti gens i ncl udi n%ao- anti‘gens -specific
POl yzgcchar! S:O IS%H:E@E)' ‘FI_— %ﬂqﬂgﬁg_ eraapthaﬁlntiigg:h&aaqehalm :)eent used
or gér otindacaithatiefici es (i 0 ure. Chemical structures
citl dafiBodics (B W U138 105 B

of repeating units of O speci pol ysac KhIBRBH43803i dat ed and
t hese dat‘amifor 8%k OMP (Kiemwra Al ensli 098 Tnfddt hﬁhﬁﬁp&%@ﬁé Wis funff ugi nosa.
Conservegcgg}ott%ggé abrmnglhglrwer otypes of P. aerugino$a ar emf ocated in the
core ol i gosacchar T g &sh iPAYIVeRY el ibgrone fof tHeFedimita®i6n imdtiBRgENs

cont ai ni AP rIteleRiol2RRS W : ~Rrotectiye imuunity in mce against
di fferent P. aerﬁlgi nosaﬁ?mﬁgg%éégﬁ%ﬁ@%eu e %ﬁ?‘é‘cﬁ?"gﬂ%ﬁﬁﬁ% Hoppl i cat ed
to be a grrge PerdubtsnkiiAieprofease. acaeityl MABG&AMED, Qh&ae?%’ﬁg’i,nfbggcﬁe% epi t hel i al
cel | g4 of F%H:ilcﬂalz% ) Iilg} r,, _heterogeneity exists In I's outer core region
anong diF Faht 2o%af %_—p@ﬁm sNTHit havei ankigh odegee asfe adtigafiky conser ved
and havevirablin?§ oReHoR ISt beg--sur face-accessi bl e, and not masked by
O specific polqzygacchari Hgiﬂﬁ%g&g%é%lﬁgn’t@eﬁagoﬁ' RN R lsps).i es of OM
proteins, a vaBeherOMBrf NTHINQMP260£ Le%DAReiabbh Shitsy RfenliBlgcul ar

masses rm Q;H-yf iom 20.to 100 kDa has been
0: Cicarance in a rat model (Kyd, J.M., Cripps, A.W. 1998. Infect. Immun. o

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. 198] J. Bacteriol. 145:569-604; Stull T.L.,
30

Mack K., Haas J.E., Smit J., Smith AL. 1985. Anal. Biochem. 150: 471-480). The

vesicles have been associated with the induction of blood-brain barrier permeabiliry

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



used in pre-clinical and clinical trials. This vaccine was effig:agcimulsz%@
ani mal nodels against P. aeruginosa chall enge and i nduced hi gh"I"evel’s
speci fi cWan1/0938i es in 30 human vol unteers. Plasnma from hupgfEpederaseer s
containing anti-P. aeruginosa antibodies provided passive protection and
hel ped the recovery of 87% of patients wth severe fornms of P. aerugi nosa

i nf ect i onindNgfica efedeningsal inflamychation Mk TM.M_QQ%B ; ! 01/ 09350

PCT/ EPOO/ &;ﬁ_Z?lcogBi ' arérzl of the outer ne ?%ﬁ)eﬁ %@%ﬁ‘ﬁ@%ﬁ (am no

aci ds 190-3x2) 5 OBJH% -é’éiﬂ%ﬂ-@)l%idrﬁﬁse%ﬁﬁﬂt@?@g}lgi nosa

fused to imogbuhaﬁéﬁ'w ainf I f e to protect mce against a

975-fol d 50% | et hal’ dose %?mé.ﬁ%’e%‘gqs%ﬁ(@ﬁgﬁ%%ﬂmh15@99@1-4S/®cci ne.

17: 1663- 13&;.Vesﬁclfherq)alﬂeeotbihm‘éﬁ@tuérﬁ,s&%\g@ etﬁ“n%ﬁ? cnurrbelrgE f drawbacks
el

associated. with the above wild-type bleb vaécines kel <R ly

occurr ngﬂyﬁdtéﬁle-ré}é@%'rﬁ%@mow rpRicducd Ys1688. At DetfioRnfgol. Rasf 0l | owi ng:

- the preggn QEov!ri ? m'nantd/but vari abl e proteins on t'he bl eb (PorA;

10 TbpB, qunf?h neﬁ?ﬁ%? @EF‘&SB?FTD%QIOWWWQw@d@bepmmm Bisbszae] ) - -

such bl ebisnringie hécep) 9 j ricted sel ection of bacteri al
Tespd [proteing BrekerR SR bites m@rnggaﬁg ves ﬁﬁaggmg

speci es. Type-specificity of the bactericl a TRGessTEed Way
precl ude RaHenty sathomariousH. influerme siisesses ($aakyr Y., H&}Qdapr_e%&gg%gj v
"the breb - -

unpr ot ect n e| evant) .antigens (Rmp, H3, ...) on
anti gens {uﬁg'ﬁ'a?%h%é%%?g&?ﬁnélmg?lmﬁﬂﬁﬂ- dytockin) 454:h202-226% Mdradw @sence of
i rrportoantSamh@sUlﬁMinijlﬁﬁ@mﬁ‘mwns:61:_;3%/}; onally (for instance

I ron-regul ated outer nenbrane prot "s, in vivo regul ated
expressi on mechani sns) - such conditions are hard to.control in bleb

product i ezll omorder to.optimse the anmount of 20 antigen on the surface -
the | ow I-eve‘?—mg&%n of protective, (particularly conserved)
antigens (NsThe Péus- PEi8oin8%aLichei LPS remai ning on the surface of
the bleb - the potential in uéﬁzghg%&aélpa MTRAE: Peghyndlasdiatduse of
host - 25 SE#&ht pad islightiyu cerved 3ods drat PrOWPAeoicdBly CARSE Abe @%S@p%ghari de in

Nei sseri ningit.idi s serogroup B, the | acto-N-neotetraose I'n Nei sseri a
LPS, %‘sa?c ) Fd’g%‘f‘f S}&‘&Eems\?g@ﬂi%rqqﬂmms, Pseadmionns dpp.sire lubicﬂiit@ﬁs Wi t hin

Pili). Sufidafwide r; . se _of bleb vaccines as human vacci ne
30 reagents. Thi s@{@s'gfgyﬁeﬁéﬁ?ﬂ?:%%}ﬁ;% %rse‘ﬁ%ﬁj\”&'ﬁ ifRlants Nurserpuy  wher e

r eact ogeﬁp@ﬁqsyoﬁg’ammmh.elsucmaeine&eﬂugz‘,@g&_t PCHtRbNaii PR t”?&')} ; gnd where
bl eb vac 'Jbgsh.é.for dl Estance theplorevi ously nenti onecf rrar ket ed MenB bl eb
vacci ne) "Ha B 9shoffPact? Bave plso begn shown (10 beV\atBageAR3ER humans.

Among this list, P. aeruginosa is considered as an important human pathogen since it

20 1s associated with opportunistic infection of immuno-compromised host and is

responsible for high morbidity in hospitalized patients. Nosocomial infection with 2.
aeruginosa afflicts primarily patients submitted for prolonged reatment and receiving
immuno-suppressive agents, corticosteroids, antimetabolites antibiotics or radiation.
The Pseudomonas, and particularly P. aeruginosa, produces a variety of toxins
(such as hemolysins, fibrinolysins, esterases, coagulases, phospholipases, endo- and
€xo-toxins) that contribute to the pathogenicity of these bacteria. Moreover, these
organisms have high intrinsic resistance to antibiotics due to the presence of multiple

drug efflux pumps. This latter characteristic often complicates the outcome of the
disease.

30 Due to the uncontrolled use of antibacterial chemotherapeutics the frequency

of nosocomial infection caused by P. aeruginosa bhas increased considerably over the

last 30 years. In the US, for example, the economic

L

burden of P. ageruginosa
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30 nope of. hd e ng@._nmaki n | ebs fromsaid strain, b) a process cf
upr egul at i ﬁg?ggg?%?g%mé%"g% 86?‘%?/3?"%3&%’9%@ SHALYPIngr diectoathey | -, , ! d)
OWP ant i geigbiywinithimogehie hdtfie. DheRaf shihbO oq:uegg%gg lgn-&g) octfl?pr ocgss of

ed, “prote

upr egul at r‘lg eég%essi on of conditionally-expres VRGN

pr ef er abl §P'EBRERAdetavekeen alurigated anid tthisa datacallobvedd thy RBRTTESH of §PNDT | Si NG
the stepscidtnondRPtdd Y NLanch an~antigen, .engineeri ng a bacterial strain
so as to renove the repressl Ve conProFd nddkees amengsall tssrosemgs egfSiPon  (such

as iron resuginaesa e Jocarddn MRkiord '%'ﬂn% b sk R0y 10, a process of
nodi f oi ng. |ipid A portion of bac_gﬂé&rﬁ?’g‘%hﬁ W %?%‘E{%‘gr%'%Ofﬁ%ﬁ%#)at I on,
conprT'si ngTHROESHSe fRUtHNINE ts tpitapes dndyen ecrossvprbeetiel nmidHRIR infige t he |1 pid

A portiongafrsl i engi neering a bacterial strain so as to reduce or
switch of fgqexp?aeﬁsc;selggﬁ'cg?m |'Ef'51é"ﬂlé‘?°t§?ﬁ§- Puter eare 0k LPS ovas implichated r ai n;

to be a ligand for binding of P. aeruginosa to airway and ocular epithelial cells of
animals. However, heterogeneity exists in this outer core region among different
serotypes. Epitopes in the inner core are highly conserved and have been

25  demonstrated to be surface-accessible, and not masked by O-specific polysaccharide,

To examine the protective properties of OM proteins, a vaccine containing P.

aeruginosa OM proteins of molecular masses ranging from 20 to 100 kDa has been

used in pre-clinical and clinical trials. This vaccine was efficacious in animal models

against P. aeruginosa challenge and induced high levels of specific antibodies in

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

antibodies provided passive protection and helped the recovery of 87% of patients
with severe forms of P. aeruginosa infection. More recently,
1o

a hybrid protein



Is e) a process of nodifying lipid A portion of bacterial LPS w'zt'({;ijg.tm
bl eb preparation, conprising the steps of identifying a gene i I é‘d
renderi nd¥@pEMBSDHi d A portion of LPS |ess toxic, engineeri pgrapagsisafi al
strain so as to introduce a stronger pronoter sequence upstream of said
gene suchmtoggt_ .said ge?ﬁgj s expressed at a |level higher than in the non- 20
nmodi fi ed 1IREH famH R titebmefrbodAeSHrothisst OB famink ) P{dRC of

reduci ng |4 i&é@ t QXxi.Ci ﬁ)é ﬂi’tghi n the b?dgb prggg]gﬁ%fr’l aé:?ldé f@ﬁ%@iﬁpng t he

| evel s of %ﬂr}o PP i Al 83 b sfem Reswppmenasperuginatacfisedobo the pUitRaRAERY t he

chr onosonkragéferdsd ' tLaj i ncor por gene encoding a

Pol ynyxi n A pepti 3?%6&?)]?@2 %eérlat/e?ﬁ }1@83 Sgalﬁgta? %éggg@h@%okﬁhaf dessdofF.to a
prot ect i veerginoge (Knappat aink999%y Vakeihe. 17 gssiziggh St rain; g) a process of
creatipg conserved OVWP antigens on the bleb préparation conprising the
steps Of identifying such antigen, engineering a bacterial strain so as to

del ete vari abl ' f a .gene encodi ng said antigen, and making bl ebs
fromsaid st ra?ﬁ;é S%'B‘Qﬂ?mgmﬁfso%& ¢ 2 auRberpialravhacks amosiatedimithithe bl eb

pr epar at i ebovefwildityps biepeaccindii(Sithes i ructural simlarity with a
human structure and may be ca(tpabl e o¥ ﬂyﬁ%g'%:’."ﬁg%ﬁ'“&uf%l[}}fﬁﬂ@-e response in
humans (such akxamplepo uglnprokilepGate BETLRRARE07424 conprising the steps of

i dentifying such tigen ngi neeying a bacterial strain so as to
i ntroduce a str or%%é;’r" r"5%?5&“§%ﬁ?§ﬁﬁ@t@ﬁsmm proteinsgemihe bisho@diAlg sai d

antigen such tha Ri € mhedif ed,a | evel .higher than in the

non- nodi fi ed bl egbi’an?p?aq?k‘?r%eﬁg%glaﬁs&?jb%zsg? 3“%‘{"9%?{5"3% igfluenzael) 2004 WO

01/ 09350 PCT/ EPOSrhizls beipg effectivieodnlp agsiiard a@,ugtedl\;e,&g%%gibg&ggg B),

conprising the steps of ident'%‘iéi rl% a gene involved In the brosynthesis of
riCal

the antigen, engi P\%éel’si /e SPES thet bagtericidalagniitmdy e cispenser mfawi t ch of f

expressi on of saipfecHfiethe RBYF ' l.ebs, fromsaid strain; or 5i) a
process of upreggl ating expregg'g:lﬁié’rll%&'gq‘lé%pur1 8% ve, endogenous (and

preferably comsethepfpse@hdofanprgenive (hétidlevah alli afrat i npri si ng
the s{eps of ideEH_’fyi ng such antigen, engi neeri%%sgk'@gb?g’ri'gl%n %?rai n so
as to 'introduce & PREqS ethgnommne systert her copi es of a gene

encodi ng sai d -angiegggkCant .2 _het er ol pgous, stronger to pronoter
sequence, and maki ng bl ggsﬁﬁ%%gs%ﬁg?%%nm%‘téﬁew p@Ey Producedie
i nventi on i ncl udegndmianhby effoi ahstanicC epagenilated ORiw: r}h&gbmhgg}?r%pe?%e bl eb

| S t the

preparation, inc LAY 'cl)rgt_i mal positioning of strong prono
upregul ati on of €Xpressibivefeatatsdrexpeession mashiniohs) ~ sucle tenditidhsare ant i gens

for bard 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
agawnst bleb vaccines is particularly important, and where bleb vaccines (for instance

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



15 upregul ation and downreguation for various bacterial strainsjim ﬂ(:gl%ﬂqo

obtain bleb preparations particularly suitable for vacci ne use.

Pr ef er ent | 01f ggﬁul ations conprising the blebs of the invention are al so

provi ded whi e ae particularly suitable for global vacci nBETEgesAL4

certain disease states. Vectors for producing the blebs of the invention,

and mdifiﬁgﬁp&& eg{ al strains fromwhich the blebs of the invention are

20 produced are st I"™RHACHREPESng. c Becordinghe ey RdseN invERGoP 5o 6iaks

i nventi on methvdsIes afleviatie id ti.oe,a bl eb vaccine which is

i mmuno- prot ect i V%Ft%lnd n{g}rilt-et ox%@‘s‘(ﬁné‘hﬁlﬁ’éﬁ“ﬁwwemqaﬂrmmmd bacysar s of

age. BRI EFUBESCRhTh ESuIOFn TprédAVENGS acd5e L . Reactivity of the 735

mAb on different colonies. Figure 2: Regctfg\;ista?fégn%wogp‘é’@f #’F&Spﬁﬁ‘ﬂ%’l onal

ant i bodi es é‘ HBF genzationfingw vageings agairest Bactdoal) BAMb dens HRATRS NRALE} 0N Of

the pCONK veGhaigdisse liver nes, operons and/ or expression

cassettes in the %engfﬁ%&g ﬂSNe“iag%rEg‘f%ﬁ" netRergPhiluse sinfltknzae, 9 BaNdAREHs VO

01/ 09350 Pem/ginein/hdbttert.i gure 4: Anal ysis of PorA expression in total

protein extrac%rg of reconbinant N. neningitides serogroupB (H44/76

derivatives). T&t&lebyraseisrnel the inventonuerReighédi fo (rﬁﬁﬂﬁi 3 and 4),
. . re e

Cps- por Ay RCHKH thag,se @é%.nd 13) and cps- pork: nspA } anes 6)

reconbi nant N.  meni nglti erzh otfBtRyEd)s antigens onrgivms s frabMEadipupder SDS

5 PAGE comdiltipie tanipanéntledéche! Wagdy ! am de .gel . CGel s were stained with

CoonBssi eawg_lt ue (I a.n’l('aorss qlftiio 3) or r%lrs%?\ﬂéfaélpggﬁ 5 1qtagral (@M theoowtenenbr ane

and i thun8gtmnsetssiclestaf tieb warcinePavil SHBRE Ghap ' b gure S

Anal ysi s giovhﬁ?éeﬁﬁy@rﬁ ssi on. i ng otein ext ractgbggpt&é@g%b%gﬁﬂwm 10

meni ngi ti des serogr SCBO%Q'P%F é#@@ﬂd«ﬂﬁe@dmmtiﬁwas}'owmle&)n&caﬁése

ext r act edby dekting ehemblsddnSin anges, 1 t.o 3) or outer-nmenbrane bl ebs

preparations (lanes 4 to 6) h&s‘éabgggtagdwﬂgﬁ 1 protgetiyp QMERdayacrestingri de gel

and anal ys¥emsd iQMEBa G- bdeletiom@f wiGiabe idaldt by cJ.onal. serum
Sanpl es Cg{o&%ﬁ%o g'#pg to._cps-. (lL.anes 1 ggld 6) yl\%’g? g%ga"?“‘.”’ CRRE Y anes 3
and 4) and cps- g » I nsPATHMEARRE contred mBphantsnes fbb expredsioaqSuch BGrohOF M5 Of
NspA Wer eresteit6d) @ prale NBE A8kDa). co-mgratin with the

r econbi natgt_ ggrléil 9 NspAgj%%iqggg%ég? @"F‘fﬁnﬁf”@ mws&;?orrtheg‘mduct&n iAnal ysi s
of D | S/ GMSEE othpides by amodification ioficse Kpili ha&ion dPby” i pant N

meni ngui &40?",9%%%5? B str.ains (H44/ 7?_ideri vato?\i/’gsf?_g‘%g)r%{ﬂgip’:}gsﬂk@Wé

extracte om 20 "OHTETEARS B AGUH- S bs  pireqreyamaskil @BAHRF tesepay; at ed by
SDS- PAGE méthéds] %0 i ¥ ede, i nd,anal yzed by imuno-blotting using an
anti - onp85 pol ycl onari ser Jm&ug’g‘lrlrp es "C‘B‘?"r”ésgﬁn qu?g vageingy showevenea 2) | and
cps-, POrcgmbWomw&m& of (Hesd eh=kiuck Yol &g&c%n&nitngi tj des
serogfooyggdﬁ,ﬁgcgl ns.vveéegi gﬂgl yzed. 25 Figure 7: neral- St'P 8F tor o
modul ati ng genhe 123U _ bYApenivhush ideintmmenoyprofeStive taad dfonf@kicr st ri ction
site). Flpgpfcglaﬁysegygwgdr%aﬁﬁaﬂng_-nenbr ane bl ebs produced by recombi nant

N. nmeningitides serogroupB cps- Strains (H44/76 derivatives). Proteins
were extracted

SUMMARY OF THE INV: " "TION -

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

25 2 Gram-negative bacterial strain characterized in that said preparation is obtainable by
employing one or more processes selected from the following group:

2) a process of reducing immunodominant variable or non-protective antj gens

within the bleb preparazion comprising the steps of determining the

) identity of such antigen, engineering a bacterial strain to produce less or

none of said antigen, and making blebs from said strain:

b) a process cf upregulating expression of protective, endogenous (and

preferably '72d) OMP antigens within the bleb preparation

12



30 from outer-nenbrane bleb preparations and were separated by iu&mGE
under reducing conditions on a 4-20% gradi ent pol yacryl am de g4l é@&’}
was st ai @ 01493569 JAN 2004 WO 01/ 09350 PCT/ EPOQ 07424 wit hP(‘[:ﬁﬁ%ﬁﬁLQ
brilliant blue R250. Lanes 2, 4, 6 corresponded to 59g of tota prozt ei ns
whereas lanes 3, 5 and 7 were |oaded wth | Opg proteins. Figure 9:
Construction of acpmpnsingrthe eRbaGE B L, d_used to up-regulate the 5
expressi on/ productjon of 01p85})DQ€5 i nfﬁkéﬁglé‘?ﬂ“&?&nﬂ@f*&msa bacteriab.
Figure 10: Anal ysi*82B{S0@gtamteodyce 8 sivongdrprémbet s&{u@ﬁ@é sﬁéﬁ%&s of
reconbi nant NnB QEM%GS 1§ vatiﬁ). Cel's were stained w §fffssi e
blue (A or transferre 35 A1 k) thatosaid gendb rsaerpressed ananlgiel figAtned with

rabbi t anti - OVP85tHahgm te)nonkf n ant.i b B). Figure 11: Analysis
of OWMPS5 expr eséii on in qﬁnprgﬁ?gﬂﬁh@df‘?%ﬂpsg%ﬁ%pmgd SUIR (H44/ 76

deri vat’i ves). | 8 PIRSrSs oftuprepndhtingteRpfeesiom o} 3 y r transferred to
ni trocel | ul ose ne ranefe?%)cli i mmur?g- s?ai ned %@ﬁ%%@%r%fsfé’m“

pol yclonal is antl Boﬁfﬁ Y cepspiyed) 10MPSahtgatsi withiapiessiak g the

reconbi nant PCR sSgdnishe #is lete the lacOin the chineric parAiacO
pronoter. 20 Fi gurﬁLS: gAnaF%g%gf‘gégn ESHGh a8 antigen; enginsering pbadterial

extracts of recondiaimsd asNo remoNe B debidSsive -#4 76 derivatives).

Total proteins Wed'ﬁ‘g recover ed trom!'c%ps-‘lgo%k& :lgl#g%%i ; %tﬁf&‘ CPESPOR A+/ Hsf

(l anes 2) reconbi %“mnﬁﬁme@m; ahwismaleng blsbofipmBait tRi)s and vere

anal yzed under g ReLE ptl.ons. in.a 12% polyacrylamde gel. Gels were
stai ned with Cogﬁsi e bl ue‘%@&“%@? Subrtion .of Ratesiali KPS fwitizPthexpetessi on i n
total protein extpreparaion cofpeRideN R L.Ngktides (H44/76 derivative).
Total protein were Le,cover ed from Ops-sfgp'li—’oﬁgﬂcgﬁfyé%la) ,gg’ifpé‘!‘{"l‘l‘érm GFP+

(lane2 & 3) recorfBR47ERE hatlinid dsportion ELRS tnie, gt £bhcrdi) FAGE: SDS in a

12% pol yacryl ani Q8 18 Sddu ng?cn ained, with _Coomassiée bl ue. I'gure 15:
IIlustration of the pattern o “r@&mﬁ%&&n@f@mﬂcmmmmebé frg@r | ous

recom nant bl eb paidpatiaii ons as anal ysed by SDS- PAGE ( Coonassi e staining).
4 WO Q1/09350 2 9 JAN 2004 PGI/ EPQO/ 07424 Figure 16: Specific anti- Hsf
responise for VaEr ARISCSE &b modifyingclipidi A aiottidy 6PbaddrRP PR L AMS S g Purified
reconbi nant Hsf BF Eﬁitign A, Fi qurentg: Anal ysi s of NspA expression in total
protein extracts of reconbl AaM &nB® Jiers Gérlémﬁfﬂndeaim‘eiinesl)zed Ggls were

stai ned wi th Cooresisiing HeURpidA) mitid reed, to nitrocel lul ose menbrane
and i mmuno-stained with m)ﬁ%e anlﬁ.n-1 I%)regifﬁgn%gﬁ B NERESTEBR begtgriabr mouse

ant i - NspA pol ycl STRP sarsitadatoquey .a Stronger promoter sequence upstream of said
gene such that said gene is expressed at a level higher than in the non-
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

20

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 encoding said antigen, and
making blebs from said strain;

30 1 i i
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 hurnans (such as the

13




10 DESCRI PTI ON OF THE | NVENTI ON The present invention relates to a$g gr@@
set of tools and nethods capable of being used for nmanufacturi ng n'ﬁ{" \2 !
geneti cal%ﬂen i neered bl ebs from Gam negative bacterial strains. The
i nventi onMhErH¥¥s net hods used to make reconbinant 15 bl ebsciRPGInI424
i rmunogenic, |less toxic and safer for their use in a human and/ or ani nal
vacci ne. Moreover, t?q!e pr‘;sent i nvention al so describes specific nethods
necessary for corf@P¥uidn polysacohanide oMY, nidahik and. usi.ng reconbi nant,
engi neered bl ebs fia%' various. Gram ryegati_v’gl E%g%é’r F‘g‘flyl?sg}gg\t,b&gmpf _

8 218°0¢ Hiyohisddn the WSWMWQ‘@%}QE&#:&F ntion,

ul at e by

t herapeuti c and/ or
the biochem cal cave&Hhl SR terial blebs can 20 be mani

acting upon/alterin 'E&Fl%l exprgeos%?tgr{ HCC9ESPErR aff expressiorcofomaitl game, sgoduct s
present in or assm?@n' ; @lﬂchﬁﬁ-dsmbﬁatsgﬁﬁlgbr out er - menbr ane bl ebs (outer
nmenbrane proteins or OWs) . The gr_oducti on of bl ebs using a nmethod of
geneti ¢ nodi fi'dafi BIPCPSS Phaweesy tingl exupesssion 06f pRdtel@ive C oAl tcjmqgak t.he
expressi on of onepQlfa9 ecogﬁp‘{e‘% eB%%i ng_outer-.menbra'ne cgnpone ¢ are

al so included in the S¢ pe o s ARHRSAE | wthinEothe Cblebi fpyepatdi@nt €r M
"expressi on cassetémprisihg thd @ERr in-to.all t.he genetic elenents
necessar ydp 0 expr %a%;i%?%égmgﬁ%égmﬁghtﬁké%gﬂ%em 3 hzqgg;‘alt gef
correspondi ng pro ¢ &8 &o S eriyed from
a given bacteri a%OéL §t. A .non-e%hausti ve list o E’E@gépélggffﬁo&’sp cl udes
control el enments ?’ r%ﬂ‘fg‘é‘PSpiaf ﬁﬂpg‘?ihGP@tmllcriahﬁIaaihbuafoadgous,pg@&,@eﬂ codi ng
regi o8 and t ar geproffbidrisediahe, mm@“g%&g’g ri ate, spaci ng between them

Ref erence to the insertion of pronote Bhi?&smns, for the purposes
of this invention, the insertion of a sequence with -1 } 2 9 JAN 2004 WO

01/ 09350 _ PCT. 07424 |.east, a pronoter function, and preferably one
or nore ot her ggﬁg%i% F%ﬁﬁ?&l‘dpwuépénﬂhd% peefameniis qdockkdcl ifr essi on
casset t e. tHeabeows bleb dr tjye .cassette"” wll refer reinto
all the genetic el er?eﬁ??%giﬁﬂu%’%%wgam%n&of}mﬂgm fonthgi ven
bact eri al “P58¢iatign rafn exprbssicst iof eantigaiis Ghithih epignd ﬁl?riféhﬁ j ngludes .a 5
delivegy M@b‘ﬁhﬁ?""(% gect or),. wWith reconbinogeni cr fis gSsBrect abl e
and count er o's ol o £ AeVBRg PR forayarions fectetidlesting 19 98300 Gba bip the

terns ~enpicpaetomy parbatirf | G r @i 0 . produce | ess of said antigen’
refers t o?%rl\ﬁ/_ r_rea&s b&q%er gg{me ‘?‘ﬂé gérgr%@glingn“% Erefersntial g formoflatians er est
rel ative THERE BF ofithe-imediibn & also fovidefi b rring), bleb 10
such thatfofémbgfﬂc%j kSoat | east 10% | ov\‘g? b hanhﬁfﬁé%ypgﬁfc%fy “ttodi fi ed
bl eb. Prefé&rabl y 1t T S8PstcERan divgase Bates. Vechirs fmqesdupingiae Blebs ggUENCE”
refers taheinvetgon, ahQ mbdguat - nt. that.increases transcription for a
gene gncoding antigen of int{agtlrﬂégt. SOy fRich theblebsaf shesinuentionafrer s t o any
means®’t o RIRPHGSE are sidl furherespicnrotfe indéhtaRt | gen of interest, relative to
that of the nO{h-crmdi fied (i.e., naturally occurring) 15 bleb. It is
under st ood t hat t e~ ZHdBYftGR Preidesgfarthe dirst sk |a uﬁbWa@'@H@mﬁf}mis‘m the

at

parti cul amnamboreiRc¥e AndlRhESE wilJl .not .exceed an anount t w | |
di srupt the 16 CAH'an%ﬁea%cplﬂgnuscdwx chﬂdrcnundcr4ycarsofagc.

BRIEF DESCRIPTION OF THE DRAWINGS
25

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

Figure 2: Reactivitjes of specific monoclonal antibodies by whole cell Elisa

30 . . : .
Figure 3: Schemaric Tepresentation of the pCMK vectors used to deliver genes

ope 1 L
Perons and/or expression cassettes in the genome of Neisseria meningitidis

4



menbrane integrity of the bleb. Upregulation of an antigen refer?qgl )
expression that is at |east 10% hi gher than that of the non-nodff é'lolz%
Pr ef er abl wa ¢1/09850at | east 50% higher. More preferably it iﬁcﬁkp+o‘f‘@ 4 100%
(2 fold) higher. 20 Aspects of the invention relate to individual nethods
for making inproved engineered blebs, to a conbination of such nethods,

and to t heFihhab @qmﬁ'ist' ult of these t hods. Anot her
aspect of tﬁée. i nvention Ffe)?gyés Eo ﬁne%’ 503%&50?‘? GEF, SR EFCPRbBRRCN. t o
genet i cal | penipgitidis serogroupl (BiddI76r dettvativdsi Tota pRAAEY webe r&g&#@c{iﬁghﬁpr oved
engi neer ed bl ﬁ%)s fa:ﬂc;u(rﬁn@ai d strain. 25 The engi neering steps o

processes Of LRSS | G- P pEMET (lapes 2end Snamd cpsapbet: yspd (lagesg known
to the skijd r J.astance. se nces (e.g. pronoters or open

r eadi ng farref? rgg‘}nﬁlgga'}tﬁé”réﬁg%?“@%%’r%?ﬁﬁmﬁ’e‘gﬂeanalmeddinémﬁmed by the
t echni que BAGEr corsljtfsm®rin ianEXshtd ik 0 I lating a gene's
expression, a strong gronoteorﬂoggﬁ?g blgbirb%gé@r‘?ga“& %%Q?ﬁﬂhég%%sﬁp to 2
kb upst r eabteflapefe] g@ A or tr3osfemed toas nirocelnlose meMbaND 8k Shahy-s23R33600 bp

upstream g&ﬁ&%tﬁgg;@g{%gggwr oxi mately 400 bp upstream. Point nutation

or deletion may a (aﬁﬁl? cularly for down-regul ati ng expression
of a gene). '"la 2 9 JA; N 2004 WO 01/09350 PCT/ EPO0O/ 07424 Such net hods,
however, may be quite unstable or uncertain, and therefore it is preferred

that the eFighredti Aplssiemf( NapA i exptasioy hopropsif COGSES & recBinbidahs A) ©).

h) and,j) cribed bel ow, i erformed via a honol ogous reconbi nation
event . ldPr e'f’%rﬁ'é%ﬁ?/'f se “@efﬁglﬁa‘é@% gderdvapixesie Broteins wgreeeamcied from

r econbi nogekYi€ bages f S C I ides on..t he bacterial
chr om)somsgfa and ?g*slg%gﬁcleq%aj ) gdgcégﬁ%q?ggg‘#é? ﬁ%&éﬁf?@é’@f Z’f’rﬁ‘cso‘f 16} east 30

nucl eot i desspasated by SNHPAGE0n b detestrythinkicpel Bed fild) el by RhEhEh M iine t NE
, nhore preferably 100-800 nucleotlcﬁes, nost

regi ons arg. 40- 10&0[3%:@0“ gﬁs

pref er abl y  BECrTEr ¥ylony!iseam. Saapinsicangwonding ey o flasdsoiiart §)p

suf fici entdpy- pstafidcarx r pabl e of hybridi sing to_one anot her
under highly g?ri rlngent h%cggﬁéfl?iﬁn@( gss'dpeqrﬂng‘go‘{ Qgﬂﬁg 89c 3hfieFrat i on
event stSnayanalyred. Jvex formsi afgNspAs imeg detéRed EDINBRSE Rirky (1%213?}%:9%#&&%”030”9
and vector, el Vi aa_gjl.léjoubl e_cross-over event (wth 2 regions o ronosone
and vect or'j"E R Ie5OqRinannpurifiad N spAs ard # shaster Sxrmridbka)i on event, the vect or

shoul d be a circular DNA nolecule. In order to performa double
reconbi nati on 15 event, the vector could be a circular or |inear DNA

mol ecul e (Fdgurer§:ghmalysty of Dil Siomp8prexprEsion & hivedin %xﬁ'&‘fbbbflrécﬁﬁgmtn tion
[ t he

event is emplo tg‘gﬁand thaﬁ the vector used Is linear, as modi fi ed
bact eri um so ﬁy STATRIPP YyRis HE4T6 Aerivatives). diratinsfwere exeacéd fromvent s.

Pr ef erabl yutehgn i ' i th d th

Voot or) o mepmditinie GROD pRAARRLE EWHE sBhang Y IRTEAE oha et omot e

doubl e 20 2etyiamide\gehsnd Bhalyskaliby emATASDIANEY ubip Gk m%od ;'ﬁHﬁh Psg,t@ioaglhe t wo
y hucleotide

r econbi no ﬁnic ions on the chronosone (separate sequence

e .
*X) and {HET; RBMPHES CORBPARRE Icchsedansrd, B dpive Poatt, MK e Deipd 52t sby

nucl eot i d¢lagé O14RB&Rbindnt) 8 jo 0 | eave.a chronpsone unal tered except
that X and Y have int ertc%egyne%e%. il erdgfoupt i} wee analyzed "

25 Figure 7: General strategy for modulating gene expression by promoter delivery (RS
stands for restriction site).

Figure 8: Analysis of outer-membrane blebs produced by recombinant N
meningitidis serogroupB cps- strains (H44/76 derivatives). Proteins were extracted
30 from outer-membrane bleb preparations and were separated by SDS-PAGE under

reducing conditions on a 4-20% gradient polyacrylamide gel. The gel was stained
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The position of the reconbi nogenic regions can both be positioned upstream
or down 25 streamof, or may flank, an open reading frane of int rgzs%f\u 2004
These reg{gg)n(ﬁl Sigé consi st of coding, non-coding, or a mxture of coding
and non- codi 3 quence. The identity of X and Y will deperdr/Bpoodrezsef f ect
desired. X may be all or part of an open reading frame, and Y no

nucl eoti des,. tc%?%v\ﬁhgﬂ%mﬁ)gll d result in sequence X being deleted from
t he chronos . ue R250. teanas & r4)rg) B ' f
Dot LY B be no

insertion pRReilPwhéRANTH n reading frame, and theref
nucl eot i des at al b au téasb3?§ agggt“éﬁr% WF‘?“@‘BHQ#BM&@OQ ti on dependi ng

what type of reconbination event is to be perfornmed, and what the ultimte
purpose of .the A9 2 9 JA J 2004 WO 01/09350 PCT/ EP0O/ 07424 reconbination
event is. FIRIES aGopsmistionafa proowterareghkénedt PlEhiA hsXd Qﬁ'ﬂ -gggul t

condi tipna@%&gg}ﬁ&%gg g{) suLcide piasm ds, bacteriop aE; 4 ﬁél?i’sposons
or linear ragment o 8P I3yn Nessenia meninghidi iat4/z6,s or PCR
anplification. Selection of the reconbination event is selected by neans
of sel ectabl e genetic marker such as 5 genes conferring resistance to

ant i bi ot i cEigpreL0; Avalzsis of IOMBRY expresstdry th Vb Rin o cgsr(gfnpheng.col , or
gent anyci ny, » ?ﬁﬁl?ﬁc nferri n%l L?esi stance to heavy netals andfgroli®xic
conmpounds ‘of gene c‘%ﬁﬁﬁ“b"r’r@n CHgvea Rtnedpitic Coumassioblae (APbr drdisfaREe Pur,

| eu, met, taritrocellRlost AedRtard - Down.re | ation/Renoval of Variable and
non- protective i mmunodoni nanztlﬁggﬁiglr’\ sﬁ%ﬁ?@ @F@R@ anti-OYEES G¥.gonsar i abl e
among Wactmenoglongkantibody @jd as a consequence are protective only against a
limted set of closely related strains. An |Is aspect of this invention
covers the reduction in expression, or, preferably, the deletion of the
gene(s) erFighend : Halwah! foace pratei.n(g) which results in a bacteri al
strain pﬁ%%%gl e)%s ﬁh?gﬁ,sgvﬁg%sﬂﬂ?ﬁ%l r EParatiqns \foqse irgrembiavie a

st ronger fenivatiges).SGels @aed tiinbd wa@ad Hrgus,Sthains due to a
hi gher ing} H%%c?e}gﬁxerted by conserved prot Z‘F%Zﬁ?s\?{fgtbé‘%n@d%ﬁaﬁth er
menbr anes)® O L HEIRSEIR % ndrimymune-yatnerh witl) rdbbingakiaoMPRS SeERIokaY | abl e
anti gems iaﬁl‘iﬂdd?ZB).f or Neisseria - pili (Pi1lC) which undergoes antigenic
vari ations, PorA ~ Opa, TbpB, FrpB; for H influenzae - P2, P5, pilin, 1gAl
protease; and for Mraxella - CopB, ON106. O her types of gene that could
be down-r%%l{ll g; d éjr§ switched off are genes which, in vivo, can easily be
switched 0 ( g‘r'é BYJIC srpreseRtatign pﬁ&cmmmmpomsmégusea% gRedr ane
proteins SRR BY cHitfeR LER, Al £, N0t al ways present on the bacteria, the
presence of such prgt el nggﬁn tﬁ@pﬁ?lgﬁtcf)r eparations can al so be detrinental
to the effectiveness of the vaccine for the reasons stated above. A
pref exq ed e,to down-regulate or delete is Neisseria Qoc protein.
Ant i -%%c f%ﬂﬁ{’yﬁnﬂa&é Hsf expressipe in dotabproteig datradts WEGEdoRBiMAEE ONl Y
have |i M mesingitiglh etdeYdint j s. the 3Q. infecting organismcould easily
becone QOg. . infl tjggn a%q%}lga%&v%‘ﬁ@g?@cﬂfﬁ@m weora mpdovered firammic h

pr ot ei ns. Cps-PorA+(lanes 1), and Cps-PorA+/Hsf (lanes 2) recombinant V. meningitidis

serogroup B strains and were analyzed under SDS-PAGE conditions in a 12% .
Polyacrylamide gel. Gels were stained with Coomassie blue .

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

30

Figure 15: Niustration of the pattern of major proteins on the surface of various
recominant bleb preparations as anatysed by SDS-PAGE (Coomassie staining).
A6



WO 01/09350 2 9 Al 290't PCT/ EPOO/ 07424 I n process a), these variable or
non- protective genes are down-regulated in expression, or tern?rilJAW 2004
swi t ched wOfo1/09330s has t he above-nenti oned surprising adval;&?gﬁo & 4
concentrating the i mmune systemon better antigens that are p R4 | ow
amounts on the outer surface of blebs. 5 The strain can be engineered in
this way by a nunber of strategies including transposon insertion to

di srupt thg coding regjion or pronoter region of the gene, or point

mut at i ons OBYERI18T i SpesificoanteHsEresponsé nfot avarioss Witk ah'&”&l:ﬁﬂf?“s

r econbi nat 'rgﬁ}nmyuglhso bf sed to delete a gene froma ¢c romohléb(v\here
sequence onprise gB‘éf? ectj'ﬁF%‘f‘@PﬁlEﬂ@szﬂmt)?mof t he codi ng sequence of the
gene of interest). It may additionally 10 be used to change its strong
pronoter for a weaker (or no) pronoter (where nucleotide sequence X
conpr i Ses kigune 17p Aaalysialof WspAlexpRsibh & 12t &h ekftfted r?cf- the%_ﬂ ne, and
nucl eotidﬁ i@&uenge Y conprises either a aker pronote %@F if"f%sulti ng
in a decr¥RBNRIBiHvatives). Sely weregsained WithpRoomdssis bafe (AR f]em[{)r no

onbi na

pronot er r&GitRI3rHul ' it is preferable for the rec i on
event to occur wit gulnmt‘Eg‘s‘ngﬁgd%@%‘ni%%r@mm-mmmcmxream of

t he gene @ﬁtiquy(ﬂabettmmﬁdetaﬁt’ifb?dpl}\vﬁﬂya]myalImﬂb&ﬁ,g&?r a conditional
transcriptional activity, resulting in a conaitional expression of the
gene(s)/operon(s) of interest (down-regulation). This is wuseful in the
expreggi on of nolecules that are toxic to or not well supported by the
bacterial host. 20 Most of the above-exenplified proteins are integral OWs
and t hei rDFﬁGIHMﬂImWOanEMNﬁ(Eﬁ only to one or few of their surface
exposed | oops. _Anot her aspect of this invention (process g)] covers the
del eti on of T RGFOh nvesenmsldtes totahgeneral Setrdfasdls axdeseddl g%gplevg}i ch | eads
to the exgéigé%gﬁfogf 'cnte ral OVP, containing conserved surface exposed
| oops. Surface exposed |00 joproved, rgeneicaly quginaendd bR Sram eGranef er r ed

exanpl es ndgapivobazterial §thiss, TS il into, Cross-reactive

antigfips by, using such a met hod.caﬁcé%?t%?]ﬁ{?gm 0S8 39, 0 T3S tReRmbipant s o
prefefte %dmu%mwlmsrtg)dtlahdsﬁagfdi&ﬁd’&ﬁ&iﬁra%ﬁ%?-an oPGE8S 0) -
Pr onot er %EEXQI?I&:%OQ- ﬁgcdul ation: 30 A further aspect of the invention
relates to nodifylng the CONPOITHTEPR dlsoiflcseribes ispecific arctirods inscegidryl t he

regul at orfpr cemgitroctingp pfodetihp Nébedilia ¢ i f. gene(s) and/or _ operon(s)

of interest. This al '?e_r ati(g)n may g%ﬁlﬁéiprgﬁrﬁbéf’&gr“&ﬁ{%ﬁ%MMnt of

the U 2 GHAK Sirma-nogatiye bocrese BEVAEREOMLARALE Qﬂﬁ&?&!ﬁgﬁsg%ﬁgs‘%pnt rol ling
I stiFnc

t he expr R e.of iLnterest, with one erring a
transcri gﬁsona &g%cﬁi vtiipeyfnv o, Hreshipchomical sampesition ofibactarial biebs yarray

conf ef0r ecbebmanipularedths 4dgak ipofMiai , etio and/or insertions) of the
: ogenous p(;g{{lt r ol regbi?(_)ns, gbfonattﬁéﬂaéjfh} %’g’gi&s‘PPn%%ldswcéenm ol ogous

ucts 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 T

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

For clarity, the term “expression cassette” will refer herein to al] 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

13



5 pronoters or by a conbination of both. Such alterations wll pzﬁfﬁaabhm
confer a transcriptional activity stronger than the endogenous e hi b
(introduction of a strong pronoter), resulting in an enhanced expression
of the geN&Y®P8eron(s) of interest (up-regulation), SuctPGr/ERdoOskdi S
particularly useful for enhancing the production of inmunologically

rel evant Bleq?conponents such as outer-nenbrane proteins and 1o

| i popr ot ei rfS {35t &1REPRIBISY furntion; wedi pEABIRbLIYIGHRLE Ynddk GRERLoehdliDlERS, a1 | oW
concentr at isfiasehes d é%h‘?@%%ﬂ ronot er syut hat may be H%tdéég}lrcal{eg@aﬁ%’

Nei sseria are porA ikg a\'s; %@f‘?ss‘ﬁﬁr@{%ﬁ@fﬁo&d\d&iﬁ] terhQtiftegrave  P110,
1st, and hpasdBte”PoilAreferdhdieinBo A farred as constjtutive, strong
prom)ters.éel:t has been betit abl Pshregne?@gﬁ%legmﬁna ©apgeg to wéegrse B BNénot er
activity i SCEERARL AR 1axeni bacterial Age Al nOPEXIREARRA R G et eotides -1 to

- 250 up§trgawe§f ol h@ ini tation codon of porB. Ilﬂgjl\t;bt?%sge {Tlér,es i‘ch‘i“ics a
preferred to usSe #h C(Q?prt%)orﬁﬁh TSAHYPEDINCEau! regiompRidd selebrible FPERLAGD O
106 pronot edetabddghaiiddrgd? 1 nfluenzae, it is preferred to integrate the P2,
P4, P 1, P5 and P6 pronoters. 20 Using the preferred double cross-over
honol ogous r ecoApiindddr tre prepdseal fagirity! el onpbter in the 1000
bp upstream re%i Fn, Fro.got ers can betypl aec(glgﬁsogrl#%rﬁh% ?&?ﬁﬁ 583§ 18

upst r eam of OFHE {5 £F SUAANtgER]oTefass to gy qremnstto feduddithe reRgrebs2dLdr 2 t hough

convent i ong{to¥n bt i noter region should be relatively
close to thego%gl;\ldrtezg%m%ﬁ fQ %grregﬁf ﬁf g’F&QF“?Qﬁ‘gfﬁ gitn nepirallyedccerxipgeklsb on” of

t he 25!%enwchtthae pressivn isnseRbar sofha s found t.hat placenent
of the proﬁgml: er . further avva% fromdt%h}éﬁie?li | a’ltﬂ?%rqoqlcéao’??nfrgg‘%gfé bﬁ)’&- | ar ge
i ncreases TCEEpF d5 & 8h least 0% lowdrus “Btronger preimefer adqiched" st QgoL €1 1S

i nserted 2081559 Lnitiation codon of the gene, nore preferably
300- 500 bp, %ndg'rr%@tufog)?fegk{eéﬁt:%%tymﬁrﬁWBﬁaﬁmWn Ig3 grpe eicadingt dneigembf i at i on

ATG 30 1Inw@sQI17Ga8gsatth ADki 3RO Aef A7 Progess c) .- Bleb
conmponents_pr oduceﬂ_condigl?eixg,nalll y Th%rggp essi orﬁ% 8&@“5@%&%6&1 ng for
certain bI®BFEEHHBhENErESY Frlasive do thtyof the god-atodified e, BAIBAUS leAltriRg) ¢ he
conpongnt $idpS | 4 dul at ed and depends 5 upon Vvarious™netabolic
and/ or envi ronﬁgﬂgﬂg&r@tﬁg&ngﬁxggﬁﬁ'&% PEripregulation! wall varyrdepsrating eg the

i ron-1im tpatticolay antigel af iereqf buithg; tial H. and t.enper.ature
variations, nutritional changes.thglc%rrrg&gk&aolraf%ﬁgg ic??o"gf t Y BsTERE Bk nown to
be pr odué‘?ec&‘l’&ﬂfdPFsBWanﬂtbc blab| Ubegilation oPgidnticenlretrt &f exdRAGLARR: RF Ot i NS
from Nei aﬁﬁﬁtilﬁﬁﬂf&hb@{h%%tﬁg%or i nst.ance TbpB, LbpB), and

subst r at e-i nduci bl e “out ef ARt Aeh blebT e forablyanis atrisesns0en cover s
the use ohighbe Mereqirefarabibt if (5chs leaSleRDY4 @efqhg Lously (process a) or b)) to

rendeEoconstitg%$ve t he expression of suc ecules. In this way, the
§C5 A e anventign akelatep tonindveduak pretisails For eifakmg%f}@(ro%)cdo“
cofrespondi ng

i nfl uénce of e

i nterest g nodi fying/ repl acing the gene's
contr ol re]gglq%%?csf)wt% Esg? 5ri%t P%%bé%%gg ‘E,fnoﬁ@% imetkodsergd to thevhlel{ Eampdsitivnance by

del eti ng pwde as 2 result of these methods. Another aspect of the invention relates to the

genetic tools used in order to genetically modify a chosen bacterial strain in order to
extract improved engineered blebs from said strain.

25 The engineering steps of the processes of the invention can be carried out in a
variety of ways known to the skilled person. For instance, sequences (e.g. promoters
or open reading frames) can be inserted, and promoters/genes can be disrupted by the
technique of transposon insertion. For instance, for upregulating a gene's expression,
2 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 aiso be used
(particularly for down-regulating expression of a gene).

A5



15 [preferably all] or the repressive control sequence - e.g. tl?e%oﬂﬂi?g@{
region), or inserting a constitutive strong pronoter. For iron°‘regul

genes t h&QOKW03ffer at or nay be renoved. Alternatively, propepgprugniary be
used to deliver an additional copy of the gene/operon of interest in the
chronosone which is placed artificially under the control of a
constitutive prawbmethod?hoRerss De! dit - toxifticatiagn of LPS The
toxicity of ble va&gi nes pr eseﬁt&g o_ndéa’ of tﬁgllloé}"é%s mpr%‘%%& TH#%¥he use
of blebsh theibs engmeamng stap (Remisularlpfort precesses aj th), ), d),eé)gﬁ)e&dtig met hods
of genetiqgldg%ﬁbggb%hig%ot he . LPS present in Blebs. Lipid'Ais the

pri mary conmponent o r’%‘%ﬁé’f&? PRCICgPULEEFPmbisaticnatveon Préferablyrut at i ons
in genes ity etene thkies pldat befiel iRYegh t ntial phepotypes. However,
mitations in the genes responsibl e f&géré gahrgc‘f@rﬁ grac rcg’(?ﬂpf’%égf%n@ st eps

lead t0 t 8HpjEPtes 08-tbe hadterial ehtdmoasBinepand e sequeside/@ &M@ec%mse%ag es.
[ ft e

Mut ati ons | i i.n.a decreased (or no) expression o ese es result
in alter e(la‘l'r ﬁ%nﬂiog aggﬁt\r}loﬂ‘g]ﬁ?n‘qu[ﬂ“& Yectaripasfarmedwitiianhd arsin\Prefegly( ht r B

mut ant) OfheNgdiond AR 405500 bR putant), lipid A are |ess toxic than
the wil d-typf)giji g.%pg A. ‘m g‘%"ﬁ%rﬁgglg’ngtoﬁeepﬁ? YAP -840 Budleotides omiosty gene

(1 pxK) al BE ¥y s¥Wenuddutides)x Theseasicbmbingg@ic Irkfi A, 2004 WO
01/ 09350 gCT Erlagag/‘87424 Process, d) thus iﬁvé?veéslb%‘l ﬁoélﬁg}ﬁesgfoﬁél%"tdiyon of
part (or pre Y2 pie) “apRblg Rf Rytbridisingstoobng keothéroureien heghly eeRgag franes
or pr oot edndlitios (R BahiyY Al the pronoters could be replaced wth weaker
pronoters. Pr e}fzerabl y the honol ogous reconbination techniques described
above are usedRewnidamatipn evénts iImay pike GRES usife 2 - the htrB and
nmsbB gene%ggrom Nei sieri a meningiti gﬁ? B gwgglgﬁi a ca‘?%ermrcﬁﬁ%‘)g?“and
Haerophi | T PRYIMfeA28eeIo8 8B d1d iodaubly qrossvivdecevemr (Wit © repiéda0sg. LPS

t oxi ¢ actdhtbrad¥sonmlddd red- by introduci ng nmutations in genes/l oci
i nvol ved sl;hg ozynym nﬂgﬁﬂégfgrtﬁg%tgen c%gﬁ%/ﬁs% ErompBatensevisate thecwsetoe| at ed

wi th addishy ¢ @ afcubui DA BbietEls S0 BrdaP & $c1f8m p folipid A). These
genes{g oceiV cmﬁlmd be muF éhat .encodes a UD?D-g uco?eg‘g%bﬁ%/ggrcgﬁ'éﬁ?g@ or a
regi ofi of ANt it 8% cAuldy B Gecular i linean DN Ay emodecuteo (589 Figh@e TRNY i

ent er obaGirefetabfe ' : i nvol ved in am noar abi nose synt hesis and
t ransf er j The ge%gt %\%@?ﬁ ﬁ:gyllnlglsn gcr’%g‘éw 15 fopipyed andgharthe apaterdused as

dol i col - peap st thenmndifigd YacRASHE E@ SRoduekd Wwill: S B Kr yeger J.,
S Kim K Qi b otRekett M M||er§#°s_.|. Vel B e Pfbte T egms' G

1171- 11875 I NER S¥505h Ersterably shapsrrerominnognid mpiony o Rt FmoBinefais @

phospho- realtBy vé t syst f i. PhoP constitutive
phenot ype, Ph;Pd‘f?? “%??F%E%‘Pﬁ%%f?ﬁ%ﬁﬁsgﬂgﬂm%rt@p@m dgubles (t hat
act i V¥t e Cres8-oPbms P-TRh of@ubkg utoat-over SMEHED sucheadr e tr@? 1?96{-]}%};()” of

ate

am noar abjhose on, the 4'-phosphate and 2-hydroxynyris ?@B}caci ng
nyri st at te%@{}ﬂ%% &g{wseme amted by . autleotiderseljuehed Xi)pind de thwap! ay's

reduced agotdbinogeflicS tdgiBhs 26 the s;elc%%t&sgpa%(tgé?si on by human endot hel i al

cells and ‘ y nucleonide sequence ‘Y’)
recombine to leave a chromosome unaltered cxcept that X and Y have interchanged -

The position of the recombinogenic regions can both be positioned upstream or down

25  stream of, or may flank, an open reading frame of interest. These regions can consist
of coding, non-coding, or a mixture of coding and non-coding sequence. The identity
of X and Y will depend on the effect desired. X may be all or part of an open reading
frame, and Y no nucleotides at all, which would result in sequence X being deleted
from the chromosome. 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




TNF-a secretion from human nonocytes. Process e) involves the upregulation
of these genes using a strategy as described above (strong pronpgegﬁ;]b{ﬂ'ﬂpg
[ ncorpora\'gved, ref erably using honol ogous 25 reconbination techniques t0
carry out P/ cess). Alternatively, rather than perform pgr/aRob g
mutation, a polynyxin B resistant strain could be used as a vacci ne
production@z;ﬂ;}g{#ﬁéi n conjunction with one or nore of the other processes
of the inv 10Th SVRNiehs fmtegragii hyeg [ sq.have reduced LPS
toxicity (é&{d{é"%% . as_shown, for rren?o%odé(é)dcgthsashv\fénm%’ln Yeyran phe 30
Hamstra, HJ, Kraner, Hih“%‘f‘e@@ﬁ%l?lds,pimidavbac&ra,pﬁa@gom osohd or 4924, I n:

Pr oceedi ngPNaf fri dﬁéﬁtﬁﬁnk&%gr .étonzﬁ Q-P(gt hogeni ¢ Nei sseria conf &F8nce. The
Gui | dhal | “h Wn;:@gster, Engl rl{%)ﬁ {9 YSrgysinpr BGRampdifivarnd0 3eRetion of

PCT/ EPOQ/ (tha 2epopgbinatibnreviest isadele@teadsy Lher aspect of the

i nvention)_the ('?Fr}_ventors, provi de a yrret O%Hgfélgcr&bg%igf%tﬁgmﬁ'k@ suehresgat i ve
bact eri’a] EPFaFPPIETIRS: resistages te mibinﬁcmf(fauinggﬁédﬁqaﬁ%cﬁ.}r inin a growh
medi um Comrﬂﬁéﬁnf@oi@% of .ani noar abi nose per li'treé %@‘&{Wﬂfs As a
further still alternatl %ﬁme&qnes pIfeming gesistarice b Mesvyt AetaRi AR
activity tofic poinpoundsrdr d2nk .ped..bel ow y be added to the Bleb
preparatign in order to ﬁr eﬂgirgmfg%gﬁoiﬂxggﬂq%i"E‘W(‘Nﬁs(fpltin,stanccMat ucchi,
M Faggio"r’";"ﬁf-"&?)roni, M Chezzi, P, Quataert, S, Geen, B and Porro M
1993. Sci ence 259: 361-365; Velucchi, M Rustici, A, Mazza, C Villa, P,
Ghezzi, P and Porro, M 1997. J. Endotox. Res. 4:). 10 Process - Anchoring
honol dgous or heterol ogous proteins to outer-nenbrane bl ebs whil st
reducing the toxicity of LPS A further aspect of this invention covers the

use of gehd dbdnentes Bowndiepuiatp@ReAWAIN oB PERLIES (0r anal ogues
t her eof) BndlB o target fusion protei 0 : ERSPIECRMEhr ane.
Pol ynyxi n%—a@%@%t | de conposed of non t RNA encoded am no aci ds
(produced by Quiafy pasfabd V& ' el organi sns) that binds very
strongly to the Lipid A par% oi‘ Qggysygﬁﬂa@eﬁ{ng% bacterigl t semainse pind asea Thi s
bi ndi ng dEEEEBSHeS ah Prowctivencily agHiéCd tihiQ otoxin activity).
Pept i ges asgj:%iog%n the structure of Pol ;rrexsikﬁ%grasgegyfgﬁﬁaé%m&f%anoni cal
(t RNA ‘encoded) %W”c?“aﬁﬂ"% thrapdudsisarin drpressine dr, pAsteAbEOtRidaflybi Pi d A
wi th a stefahe padefd) ; ti des have been used for detoxifying LPS.
o 2B e BRSOl T
(Nt er mi nUEoqye £bs| whiciywhdnyainhR teklin sy Sick¥s - NS . Qe i nus) was shown to
be very Wﬁd‘:ﬂ%n that respect (Ml ecular Ip%g(?ﬁgkaﬂ%“cﬂ’@f%%‘ffW ng of the
Lipid A bindrng S P& VaypHsifeming dpe t & Higher ihB88ice eRu8d B conlerved’e! UCCh |
M, Faggipooteins Rretaided %’nr%:i outd maiezzl, P, Quataert, S. Green,  B. and M
Porroza S ienCﬁpZ&?, 361- 365). — THED Lipn Hicovacsinee’s hmuire sismnt i on
provides r @ eucknvaridblé hintigetsCinclide: 2en . found. t he use of DNA
sequence%r]gg,g(i}ersl%nf.or .t he . SEAP- 2gpepﬁcc}'{gc'( 2?‘5 g’?l&\/aat‘i 9@%%@ &Moh  fused
genetical Ty £0 JERaC yriationg, RosA, Qpac TbpB\FrbBE for' R AfinzBe T P2, ps,

pilin, IgAl-protease; and for Moraxella - CopB, OMP106.

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

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

25 1
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 Neisserig Opc protein. Anti-Opc immurity induced by an
0 . .
PC containing bleb vaccine would only have limited protective capacity as the

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

30
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cell antigen or a protective antigen that is usually secreted such as a
toxin, or a 30 cytosolic or periplasmc protein) is a nmeans for t@rgef Romg
the corr &¥POhE?3% reconbi nant protein to the outer-nmenbrar-pipaiaf erred
bacterial host (whilst at the same tinme reducing the toxicity of the LPS).
11 2 9 JA:J 2004 WO 01/ 09350 PCT/ EPOQ 07424 This systemis suitable for

| abi | e pr ot ei ndnvprocdss alutheseniriabR 6F hEs X100 o,the outside of the
bl eb. The bl eb .woul d t\ﬁgref ore act gﬁshg&gﬁ&f@%&ﬁggla%l %0%13@}*}”%% d
expose t h&*preatiennog serppnally nswitehed yoff.e Thisn has Wab&@hﬁeﬂﬁﬂe@%ﬁ@rﬁﬁgul fed by
T-cells. A4bgl téf’c%#%enntagg enetic fusion should also conprisée a Signal
peptide or 5 transmenbrane Boar R Sie ondeRer antigans thatnare preseatiin may
cross the lowunSRAliidsfer saHfa&XPAAYL 0 the host's inmmune system This
targeting strategy might ' be of particular interest in the case of genes
encodi Ag pr ot eiT#€ strait canrbe engineerad rinlthiy way ek dmber 5%%§riﬁ%ﬁﬁm%ane.
This methgdol ogy. al so allows the isolation of reconbinan |'ebs "enri ched
in the prdfaPRSyt MEETIOR e discypt the gedipg segion o0 proraotererrgiotefithe geiid, og Si gnal

al | ows t hgoRb iuedHHRe lor Akl prane. bl ebs in one or several proteins
of interest, which are n:fttursgtt Ia;?H%o a%értl}ﬂﬁ”i'eﬁ‘?h't MOMSPEH rECOBEation ar

| ocal i zat imay.alsa eowsed tindelsteiavgenk iftdm afchRasé t ._as a

reci pi ent _host {qor S f)h pro_dt?ction (;:f reconﬁbef(rﬁig% %ﬁgﬁxgp?(n%s

Nei sseri apm?r@ﬂf' &MX@ of oding;sequengo abthetponnof ineraxeltintaycaldRionsd) i S,

Haermophi | ys uidgf nas _aer ugi nosa, Chl anydia trachomati s,

and Chl awd#aﬂg%gu%n?%g?a% f@%&gﬁ%@ 2 ngﬁf E‘?gféwg grPmatsr{wherscnugleaude or t he

const r uct s¢quemnegX reatpeiesi puro(préferabBNAIDNBSE HEErBinotel e BFEI! ugn[iusi g
or -2k

process i H{“ﬂ al ternative preferred enbodinent i gged
r econbi na ﬁaﬂgﬁ’eﬁcﬂ'éc% Y Eomamisesi ¢ithsp @nweaker \promotr atdioe lieeuldhg ia o at er

stage to gedpd (N further .enbodinent is the use of such
construct?h.i r?ggj ?rielt Eogﬁodff%%r%ﬁ%ggsﬁk’pf)rﬁ?&ﬁ%&{%?’:'°TH‘8 HymeEhregin)dinbe used
as part ofuseaseips pederabie forahe Rchbabirnaki | 2 t_proteins in

¢ 8deeiitqo oEﬁ%W@;@ ,B%ﬂ? ?8‘3

generﬁlg. The SAEP- Eqpoeptide tag can be used for tion of
the plot efHOPESAms K3P0;bp upstream of the genmsofiigtezestol urm cont ai ning i rmobi | i sed

lipid A nol Ne- Cross.- ti ol hari des Th
56l ation of  barrasa.OCFEY ol » SoBSpbdanssaron e A rea zim
negat i ve bewidiidnal efprasion Oﬁtﬂetg%nt()lé]ﬂﬁorﬁ@'dﬂﬁﬂc;ds@@B%{}ﬁlgfo%@a . a{P e

pol ysacchar | (?e. In sone cases, this "contam nant
usef ul si‘ﬁfh“ ;5’6|°‘§Fs%&m§a&°wéwm Bahamdexicite ormounellrsappatdccasf erred by
ot her bl efactpaPgents. I n other cases however, the presence of '
cont a;néjnati ngrtaol ydsfgcz:chari de material in bacterial bleb preparations may
prove2®et r i nenast dfche dbev. lified PréXkE Sre i NP\ | nstance, 2 9
JAN5004 o 01100350 ersxenlified Brd ifite@ral ¥MPS tia hQF VAR

may be limited only to one or few of their surface exposed loops. Another aspect of

this invention [process g)] covers the deletion of DNA regions coding for these

o

surface exposed loops which leads to the expression of an integral OMP containing
conserved surface exposed loops. Surface cxposed loops of H. influenzae P2 and P5

25 are preferred examples of proteins that could be ransformed into cross-reactive

antigens by using such a method. Again, homologous recombination is a preferred

method of performing this engineering process.

Process b) - Promoter delivery and modulation:

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

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

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

7



PCT/ EPOQ/ 07424 it has been shown at least in the case of N. ne i%gji t-{ ?ﬂ[ﬂ
that the serogroup B capsul ar polysacchari de does not confer Zr té\é ive
i muni ty@mmiﬁsosuscepti ble to induce an adverse auto-immune response in
humans. Conseguent |y, process h) of the invention is the BRGEREMYH42Y of

t he bacterial strain for bleb production such that it is free of 5 capsular
pol ysaccharide. The blebs will then be suitable for use in humans. A

parti cul arl yP§5PeePrOTPIEy erpiolling theehprestivretof pr gamr af iimerets WARE ohs oM N.

achi cved by o et FafcBURh Ly LT D: dienli o rronpral Aeivie mgenos
necessary-f.oconfem::lulbgrvﬁiﬁ&y@&gsirﬁuﬁﬁgﬁgrdg&wtad%\fegn?%ﬁgn%inggi ed. 1lo

I nactivation of the gene coding for capsular polysaccCh t hesis or
export cafi HSeBRYS E9WEP! bicgiensat byh paypeiint ccrutritig @, meaifed i Rderdfogoliser tion)’
either.th i ._the coding region or both (preferabl’y using the
honol oéou?roﬁgdg%%rntg{ ?gér?%%%'l‘?ﬂi ﬁfﬁg%tgdéé‘ﬁli‘ iaﬁé@nmw& preftrabdy veonfer a

i nacti vat tamscHptiGrRPaEiAfy Rids¥ St | so . be achi eved by

anti sense over?expr essign ot?&t?gﬂr@p{ggoﬂﬁﬁg%gﬁgﬁégﬁgi%ﬁmﬂg“ &t &F9PR&d net hod
i's the dePemas,orsWEng ioan anhamkd tdxprodisios o the gERIN)PEroh @) Bf eGP N ES
required Lorre qlis%cglh ri de biaosynthesis and export. For i's purpose, the
repl acenent’ E'f ERT d"’ﬂ%l’—a msthod 43 partichlaglyiusefo} frtenbancing. thd Produdtion of

M crobi al imfud?dScaiRl s i ver a mutation de|leting the
cpsCAD (+l_gal E) é%gné! cl tﬁ@gﬁﬁﬁﬁﬁﬁ%ﬁvgﬁ}? 2 ﬁ'étch‘ﬁBg@é‘ﬁd”ErﬁmsoM@e

del et &), Hpopdereins r égraferabd consepvpd € ONIPS) mmyn%ggoqch@LS 200 sh@D gene
encodes a cf}’iha-z 3- 3i alyltransferase, an enzyne required tor capsul ar

pol ysacch cffbmgﬁﬁs LOS synthesis). Such nutations nmay al so renove

host-sim | ar Bidi i orti.on. of the LPS of the
bacteria. Pr oce%ﬁslé%};s% %gi i vaéér}?/ %%E%%%téa%{vfﬁ&mcﬁﬁpéﬁ &FPEQ Gene
and/ or opE? BE: 24, @oh §SEQ ID NO6NUgF©padp ] fE sk Wel Y apotg%tagal us gene
and/ or operontj n % host .chronmobsonme. An efficient sttategy to nodulate the
conposi t i SR POT R BRLHOSRMEXF 57088 Rrampters. db has, beenasmblished WEearasipiogs of a
DNA segnethht @ tpaim| e St 0 ssette into the genone of a

G am negatitve bﬁ%r%ﬁ]ﬁ&,& %@{1 xhsalr‘}ggtl%l\}]@gl fis E‘PEIB?’Ef eFeSEPIsing dei al

speci es t#uslcotides €l tre-20cupsasam ofehit Riition c@Bord BE for®. FRVAFIL) [{G,LUdes
Nei sseri a S%ﬁ%gg%t di s, _Nei sseiria gonorrhoeae, Mraxella catarrhalis,
f

Haenophi | & 1 23 OMpEle RIRFHN P E.c OmatBlo sunp Ry lom/d i GMPCIX ndrat i s,

Chl arnydi @m POSHYTRIMGE contained. in the expressi on cassette
may be hom)Pogous (or ’%Jg?ﬂ%%%eﬂ? m%%?an@F%Mﬂ,%ﬁdogenous)
(i.e. exiand Réqromatetsy i n t he genone of the manipul ated bacterium. or

het ergl ogous (ii...e. .do not ist naturally in the genone of the manipul ated
bact eirhl um).  THERg @erﬂr‘i’fgﬂﬁ‘géﬁ-‘lﬂi rass-ovemharelegius eecompinans tthnalbgy

unnodi fi ad,intréiRlct b o é)o ' on seguences or engi neered
expr essi on cassettesprioﬁﬁﬁir{gtﬁﬁ{?gﬁgg BT “’ﬂ%&i Bromettds ean b plagedi ng

regi on oranywhérehfvm 30390 bp upstesdm Af AR irfidiRE Sddd¥s of'tﬁigcrﬂ:f woPhE LS " ed

promﬁ &Ps  porA, .

o))

L

pronot ers tI]at C%lcbd be used for expression includes t
por B, | bfEEu#tBYpAlthuah conventionallxpitfis tonght ke prombierlirezion shbuldOBOr r 0O€ae,
t he

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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pronoters p2, p5, p4, onpF, pl, onpH, p6, hind7 fromH influenzae, the
pronmoters onpH, onpG onpCD, onpE, onpB 1, onpB2, onpA of M czitgriﬁiélﬁﬂﬂ‘}
the to preomimsssa. pL, |ac, tac, araB of Escherichia coli orpﬁflgmkoﬁgﬁ
recogni zed specifically by bacteriophage RNA pol ynerase suc E

coli bacteriophage T7. A non- exhaustive |list of preferred genes that could
be expressed in such a systemincludes Neisseria NspA, Omp85, PilQ ThpA/B
conplex, Hs f, PldA, HasR, Chlamydia MOWP, HWAP; Mbraxella OW 106, HasR,

PilQ OwhgHee Biiriy chmpeinients weed toriBighalit/A PRN, PT. In a preferred
enbodi nent of t,ﬁ:g i nvention the expression sette is delivered and
integrated in tHe PRECIPT 8] Sme Bresceding)foreertmin bleb konpbaaaUs aREI0r Site

specific rg i ' : rative vectars used to deliver such génes
and/ or oper %ﬁgmgg&rfl lﬁ’gd%%lﬁhﬁgi@érlﬁ?wﬁoq’@ﬁl 1§ eoRqIyenaly medulitaticand| depends's,

bact er ioptupge syarions mMaaabslits afd/of Cnkiro@REn NG gRent s. obt ai ned b
restriction hﬁgrol ysis or PCR grrpl ifrcation: g;’{"%t gg?rlﬁts}gﬂﬁlsi @cwg%féhrabl y

targeted 3 CRFo IRt 08 imedulationpef siab kelokOpoteiAI BHI 4hd @,Brg&m@ non

exhaustivq,ah‘j,ﬁlfoémpﬁig&ﬁréed locd that can be used to target

i ntegration includes the &?Pﬁ?s';iﬂnﬁ €¥p58plep 9€ blebncopmpanep@6kndwecs, beps, | gt B

genes of phedusadki ¢onditiBRRINAJkdcl :and .S§er onar r hoeae, .t he P1, P5,

hmu /2, 1gA. 25 prot e:ase, ?rnElg%fles o%ewﬁfﬁlﬁ; %“geéq?e&’: 1© | RIS $iopn 06,

uspAl, us%’ﬁi‘h@éﬁé@ddﬂarmm&k IimmbéFpraIUbPBE;AJnH%Bﬁ}aftélﬁhﬁ%ibgehﬁtﬁ_xpr essi on
t (S

cassetpe ul ate the expression of bleb conponen can be
del i vered%?e?%éng Bngz;'% Ser1 AT nPEPeE BV eI0By CosEn the use ofitboEateticemt@bds SUCh as

ci rcul ar/ deseeibed prRplousRt oM Sod ' .phasni ds, |ysogenic

bact er i ophages olrs bact Zr?a%eg?i%@?gﬁ %gﬁrgpog?s)dgg%? FROCTSFIBR o Budthe 30

r econbi naﬂ&%&ﬁt%&mmehcsmﬁhcmecbﬂmvm&tﬂf sigfal ﬁ?&@{%gxg,g&%ni §¢ mer ker
i nStance

such as ggﬂ}fsa °|?| Loy ng resistance tg antibiotics (for

kananyci n, eryt ?@Wﬁi%‘,’ ° NFGPRRYeRPednne/oplasing thergeiery corgepraingonf er ri ng
resi st anceoru®! badt séelatiSherg I +J 2004 WO 01/ 09350 PCT/ EPOQ 07424
t oxi ¢ conﬂ’ounds or geneslcorrp grgreggét%%%é:g’x%‘f VG Jfar dnstancs dy firdetiog parti nst ance

pur, ¥ eulPrefemblyaaldl) or Het Bpodssiye Un@eh eequendeX P €8 Sthe brRfardOfe .ogj; roteins
in outer-ggémﬁ g}obl. s 5 Quter-nenbrane bacterial bl é’bs represent a very
attractive syst et prodieRs Promasers Fer ispniregulatodenasahoyibvioperator pagt ei ns f or

I ne, bdrermped! tAlfenie ' ' . furt ; t of thi
Yﬁ\sgln??on is in rtfslfcect o}t?"E P{]Hggggg%ggfouyh&‘a%rd& ﬁ?f'ltjatr“ Sé‘ﬁgaslp"sg}’@gf#ngl zf

forei gn, HEEOPEOBgHLIntaIEHtini the mmb@nwwm”ﬁf@ﬁéﬁeamﬁﬁgw Eiﬁd SgeOf the
0

bacteria uce reconbi nant bl ebs. 10 A preferred net of achi eving
this is v‘%ogugf%?ao%ogggm%wmtﬁg the steps of: introducing a heterol ogous
gene, 2bptionally controlled by a strong pronoter sequence, into the

chronmosone of a Gram negative strain by honol ogous reconbi nati on. Bl ebs
may be and &) e Dataxifiationdf LPSd strain. A non-exhaustive |ist of

bacteria that ﬁ%qobe. usg@ggts a.reciprent host for 15 production of
reconbi nant bl ebs Tty f NRTRGs Preaenis anhof thie dirgest pimbkasiifi itg usg@nor r hoeae

Mor axel | eblehatiavabdhdsS A ﬁgﬁgp%gtubsf thdfdvishzas,, Fseudomonas

on rélates™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 (AtrB) or permissive (msbB)
phenotypes. Mutations resulting in a decreased (or no) expression of these genes result
in altered toxic activity of lipid A. Indeed, the non-laurcylated (htrB mutant) or non-

30

mytistoylated (msbB mutant) lipid A are less toxic than the wild-type lipid A.
Mutations in the lipid A 4°

activity of lipid A.

-kinase encoding gene (IpxK) also decreases the toxic
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aer ugi nasa, Chlanydia trachomatis, Chlanydia pneunoni ae. The %e EWW ﬁ{zsed
in such a systemcan be of viral, bacterial, fungal, parasiti<«c”of" ig r
eukaryotic origin. A preferred application of the invention includes a
process 6P "t'ﬁggsgxpr ession 20 of Mraxella, Haenophilus aretmEPGERSsdONDNAS
out er-nmenbrane proteins (integral, polytopic and/or |ipoproteins) in

Nei sseria nmeningitidis reconbinant blebs. The preferable integration |oci
are stated abo _é'Pc%ﬁd) Q%‘ﬁelsmdmwtherethprdefcﬁbﬂbf Yart (e DRALSRY alIRbEorfel@SE that
provi de PrpbRcss P 289 J NSt thﬁ' bact eri um from whi ch™they re | Sol 4t ed.
Preferred protective genes fBrng $R et eramoterar Alicmstivelyable bedmovers 25

Furt her predbR) beetpRREd WaRlvORs, ' e I dlﬁce@ froma nodified
Haerophi | us i nfl ugnzae strain g&em%h'ep%g&éb%l BENE recombinationect i ve
tHe'

I
OWP from teghnigues descobedahoebieqssedide gd froma nodified
Nbraxelsl a catarghalis strgi n where the heterol ogous gene is a protective
OWP frdm HaenmoptiF|$G9U5T5FS Ok HicaktrB apdanehB @endsoftom  Neissge nenipRidid BN ar e

gi ven abowgsraifk : ectiye .aptigens 30 are described bélow). A
particularly pr efﬁr%gélggp ‘??g%ﬂ"%‘?{"‘)é‘l’ ‘Fﬁﬂ@g%ﬁééﬁdlpgnaillm prowaded; for ¢hiof t he

prophyl axipsrpmse.t r eat nent of sexual l'y-transmtted di seaseses (STDs). It is
often Z5 2 9 JAN.2004 WD 01109350 PCT/ EP00107424 difficult for
practitioners t5SA®HEARIVIE comld aleo be hiterpd by ditniucie @ Hvatidhs f gahkd/loai due to

gonoCOCCU$, R 1 A homati s infection. These two organisns are the
main  causes vggﬂégi %I Hg‘.“[??gs-‘s‘ﬂ“&i(g‘&ésféﬂm%waéémm comulated witleadditidry i n t he

host. 10t wbamihoatabitiosé oh ehed 8’ Mte | i be.vacci.nated against or
treated with a conbined 5 vacgiﬁﬁfe) et%fOfgéi?fd\?§9a-g%°?+1gfncﬁril%céﬁg‘ggg’ﬁtﬁ’é’ by bot h

or gani sms H2F15acqdss ¢r UBR-glecoshidehydmgersqt & régVbAVBF aﬁﬁr’nﬁroﬂiil%ﬁﬁ%t i s has
been shom&s}sgmpg L.{;& Enfntuﬁﬁt tof F&r Ic:)xtéltcﬁrci)%,iéve_arjt| bodi es. However, the
structural Int egrgl y 0 S0 Ry FieRagtae whichtoolld be invupadtiant f or

i nduci ng smuoivambiniob® SyitBesis! dhdagistek Oty | s recogni sed by these
anti bodi es are varjable and define m)ree%?%afn f%%ggfsmg I5898i ously 1o

dersTg ri bed HOpEkR ko“_l'ﬁhQﬁPhﬁ@M'gﬂﬂ n?hsﬁngmsngﬁmfgpthgj_,%%ﬂqge or more
merbr ane . r_nenbrane preparation. Ihe
engi ngigr i ﬁgﬁgﬁé‘% %%@Egﬁ"%ﬁﬁaﬁqﬂ Iggﬁrﬂé%’smg’oh&- 2ipligiaigeachomati s MOWP
serovars in thefuatibss inBePha ti.on _of bl ebs therefrom
produces a single solution tl;@thﬁgr}gnﬁl%élaﬁf %E%?‘g&hé%s‘s aé?“i@ﬁ"&‘éi’l“@f ol ded
menbr ane {ATGREFHTEREIAONDFXstoan(fat. iIFhoP abnstithdveoitRibtypd] ppgr&\{%%ﬁ%é to

0

pr ot ect : | ectrum of serovars, and e sinultane
pr ophyl axi sj t rﬁlrga rrirla\éf?&(% o EInGDs ibat agtivate; the) PholrBheQ meguipienytsyytethe

non- r equi ieadrenthe Fdditno6t drhinBaak: TR cide,which organismis
causi &q E’i%gﬂtfi cul ar clinical ggsrr%?%orr%ﬂ ﬂ‘b%%@%ﬁ”nﬂ”@r&*@ifﬂwei nat ed

agai n Fingrepusete thrdeoxalation af gmytistate). r ik MBedif&f Iigmasﬁloggggsc a very

early stag P rred. | qci for gene insertion in the 20 gon al
chr ormsorne\&%acrcfal %’?@tg trgb%hfé“aat&}ftﬂ'é?k FRRTESSION i dumen iendotlial calihandit i S

genes t haTNE@idedretion ifidePkuRdnh, cg{cg H VIWP, PnpG and those OWPs di scl osed
in WO 99/28475. Targeting of hetérol ogous proteins to outer-nenbrane

bl ebs: Process ¢) 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 strair (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. /n:

Proceedings of the ninth intemational pathogenic Neisseria conference. The Guildhall
Winchester, England).
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25 The expression of sonme heterol ogous proteins in bacterial bl gb .@?é
require the addition of outer-nenbrane targeting signal(s). Th %r ERBly
net hod t oveolowsehis problemis by creating a genetic fuspepgpghiash 2
het er ol ogous gene and a gene coding for a resident OW as a specific
approach to target reconbinant proteins to blebs. Mst preferably, the

het er ol ogous geéyseai ] i i sequences .30 of such an
OWP_ SO g 9 J,gAN 200@\%%?%%%3%%‘/5@60#6%??‘&%i‘%"gﬂP?’ﬁl ‘ﬁﬁil%fmors

pr epar at i GV Msthadpfaietsixifying 4 Glrdmjegujivg%&sﬁa{l%&ﬁiﬁcﬂoﬂﬁri%gﬁﬂtgﬁ/e

anti gens) Oggamrg{gﬁéggé_ded_.for u%g_g%l_atlon vi a 8rocesses )‘a or 1) when
carried out on ac>Ner3seriThf &Y Lum, coniaining)V.dmgddog ot smimagibinose

meni ngoco@etlird pediuicul arly N. neningitidis B): 5 NspA (WD 96/ 29412),

Hsf-1ike (WO 99/31132), Hap (PCT/ EP99/ 02766), PorA, PorB, OWP85 (WD

ke (VO o ’ ; : : . !
00/ 23585), Pi | &s(@HEThERAY/ANBGRRY e, sPhthétid E’%ﬁlgrﬁ;%g{ @\%K%%coﬁ'ﬂ@é? ?ctg%\gp A LbpB

96/ 31618) , . ThpA (US. 5,912, 336), ThpB, Fr
(PCT/ EpgéPBB!ﬂWﬂéﬁ é@sevbcbhs)dewszrﬁy,bemﬁm (POE/RIED B/DHRARBS) in oddePR02
PCT/ EP99 ] 72 tA 99/57280), and ctrA Jo
(peTi Epoofﬁ%%%? o s P AL N eph M Agaios Rukirew. Magbiies b,
het er ol ogQuataget, 3, 1Grear) Boed PopcoMOdoa! 8. ki . or nore of
the foll gvvi men&s are_preferred gfggr&(qj%ﬁmmrzgg'u e{t%sghg\%é&l’prbgggtgha): Por A,
f%ﬁ%&", T

PorB, Pil& ¥is; P Ghoxzt. Piasd PowaM. 4897. Gp Endsoe Rés. ayre of the
foll oya ng genes are preferred for downregulation via 15 process d): htrB,
nmsbB and | pxK. One or nore of the follow ng genes are preferred for

upr egul at Proness ifp- Ancimeiag hofbologdi¥ dy hd¥eFoBeol BrbteirR MY oY .:{;.cglgr e; %i:,rbgd

repressive qont ol sequences T0r Process C) are—the EF=0%— regi on
(particul%ﬂéﬂw of the ThpB or LbpB genes); and the DtxR
20 operator regigym %}ﬁ o r.e of. the follow ng genes are preferred for
downr egul ation via  pr oce(gsfstﬁi")"i)n.wcé1 PEFN?F%&?“%‘?%%m@}%ﬂu@P%@PCQ@A ctrB,
ctrC, andpaymixinf eeptived (Grsarfigued BREANDLED td e _or. more of the
fol | oy ngﬁbgenes (encodi ng pr ot _eg(‘:it ive a%gens? a*gﬁﬁﬁféflgﬁrpé%mﬁp

upr egln at 16 PWRTIGRERES SRalymyxian B/ or ai gycliPpedideOpithposéP rof . nohheANAL € al so

preferre el L be heterol ogously jntroduced into other
G am negg"?lleédeeg bac o\g,rgélgy %@aﬁ%l %“t%‘%&vﬁh%qﬂpemm% peapsmse)t thahs One or

o el o o LRl e S A ] L,
29 JAN ng\rslassases3thy intrinsic toxicity of LPS (endotoxin activity). Peptides
mimicking the structure of Polymyxin B and composed of canonical (tRNA encoded)
20 amino acids have been developed and aiso bind lipid A with a strong affinity. These
peptides have been used for detoxifying LPS. One of these peptides known as SAEP-2
(Ntcnninus-Lys-Th:-Lys-Cys-Lys-Phe-Lcu—Lys-Lys-Cys-thnninus) was shown to
be very promising in that respect (Molecular Mapping and detoxifying of the Lipid A i
binding site by synthetic peptides (1993). Rustici, A., Velucchi, M., Faggioni, R,
25 Sironi, M., Ghezzi, P., Quataert, S., Green, B. and M. Porro. Science 259, 361-365).

The present process f) of the invention provides an improvement of this use. It

has been found that the use of DNA sequences coding for the SEAP-2 peptide (or

derivatives thereof), fused genetically to a gene of interest (encoding for instance a T

cell antigen or a protective antigen that is usually secreted such as a toxin, or a
30 cytosolic or periplasmic protein) is a means for targeting the corresponding
recombinant protein to the outer-membrane of a preferred bacterial host (whilst at the
same time reducing the toxicity of the LPS).
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PCT/ EPO0/ 07424 96134960), HasR ( PCT/ EP99/ 03824), Pi 1Q ( PCT/ EP99/ 03353)
OVP85  ( PCT/ EPO0/ 01468), | i po06 (GB 9917977.2), lipo | O (GB 994 82d8:13004
lipo |l 1 éa%” %&8302.2), lipol 8 (GB 9918038.2), P6 (P(M EP99/03038),

onpCD, Co @4 i nen ME, et al (1993) Infect. |mmun. 61: 2BOBELMAAI24 D15

( PCT/ EP99/ 03822), s OrnpLkl (PCT/EP99/06781), H y3 (PCT/ EP99/03257), LbpA
and LbpB (WO %5560%, ThpA and ThpB (WD 97/ 13785 & WD 97/ 32980), OnpE,
UspAl and UspA2uY SAEFegs)souitaaly fordabileqmotins ﬁlﬁe&mﬁi:ﬁh%@di}&&]‘ﬁ,{gﬁ 4as genes.

whi ch may Yer duc i nto other G am negat’iv acteri a.
One or rmr%etg? Bﬁ&%@&%‘ gﬁﬁymﬁkg%%hgg “é‘?"ggﬁli“iﬁ@ﬁ%‘ﬂ af g dediyonyr epidiavhich via 10

process a)wouldpkhoséhlid grofe; i A, d LbpB. One or nore
of the fol g%n%ogene_sﬂxgr én gﬁeagéﬂppggzggsﬁﬂg%rgéh&ﬁ%si%ﬁ F‘hef!w%éé’gs d):
-gells- |

htrB, nsbB ierativply. dhe genetic dbsiomahbuld| 0% BemgesRes S%ﬁﬁi gg@?grorred for

upr eguleat i ' cess. e):. prnrA pnrB, pnrE, and pnr eno hilus
in uenzae tg#é%lkrg?@fﬁ%r&@?én cﬁ%dﬁd&%‘ He ferembinantpirotging arays croes) cisdlionger

prot ect i veméhbraGeids kxistre ot st equl ation via processes h)
and/or i): D15 \/\0945%2541), %%{fgﬁmﬁ%%%? T hpA, TbpB, P2, P5 (WD

94/ 26304) , OVPIBis( AFeUNE GLEEYY , might\bd ,of AR intMMB in HiMcHi Hsf, Hap,
H n47, anc!3 Hicf. é}allﬁiﬂen s in this operoon shoullél1 be lﬁ)regu?sgmatggﬁnﬁs order to
lﬁlp{ egu: at €pi 118 Pmt%éﬁa‘: &r%a P8 nerBRidy rtatgesd tg:erﬂusgum?-ln&lmbm&bﬁns f
et er ol 0gQshddoldatsr: [ he am ne ive bacteria. e or nore o
the fol | owi ng gedr%gs? alrjaglsprsé e!??lgéa% ofé%%&h'ﬂé%f}ﬂahwﬁcwdn%mm); P2,
P5, Hi¥P, HefvestpPrferably, sudhpdpepieBargohidl sighVBilodk the FifiAmendsr 801G TOPE.

or do a

One or nore qf t follow ng genes are preterred wnregu &n via
process d)n?c“ﬂ’ﬁ'ﬁ?’?%lﬁc’%ﬂ' $eHSTRI Profeinsof imterest, shichtaee farbialivnBofogRNES ar e

pref err ed ta biveR skl 15k | r S 18):. A.prnrB, pnrE and prnrF.
30 A WD 01/ 05350 2 § Sl R ARl R R s Diios dakoeri v o bo esda
pr ef err ed2eabiedipitath hossffot Isech &\pedkicBBn icf rebBnliRid Hidts| BRSNS BLeb
preparations. of.. the jnvention jin a vacci ne which may al So conprise a

phar maceul 1 BRRY S L EisTRAR BanarRhdepe Moraxedla Baerriaisf Hadnphilas influéae,

prepanat i Psdbi h renenti oned |fied strains may be
achi eved by anygﬁ‘sq{}ﬁuégq 'Er"é"tgh‘g}ggkﬁgfpﬂpﬁfh%ﬁ’f“v Bnggglemy#@apnemm. Preferably

the methods di 4thaghdt isprefRra0 Y90 Zhe bS5 B &g@mmﬁP 4 US4, 271, 147
are used. J\bst refteéaglaéé_the' met hogl&dc_ascriebe in &%’3’%?&0 €ed.
mosome of the rium {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 2 column containing
tmmobilised 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 enbance the immune response conferred by other bieb components. In other cases
however, the presence of contaminating polysaccharide material in bacterial bleb

Preparations may prove detrimental to the use of the blebs in a vaccine. For instance
]
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Vacci ne preparation is generally described in Vaccine Design (2 BhgASuliBhi t
10 and adj uvant approach" (eds Powell MF. & Newran MJ.) (1995) Pl enum
Press NewoO ™a9B30. The bl eb preparations of the present inveotriephoaRys be
adjuvanted in the vaccine formulation of the invention. Suitable adjuvants
I nclude an alum niumsalt such as al um num hydroxi de gel (alum or

al um ni um jphaxsiEaa skowh bf lefd Yn BHe : ; | cium rticularly

cal ci um carbonate), iron or zi nﬁsﬂffﬁh%@ggﬂgﬁuﬁ&zgﬁcu ﬁr%gméﬁgpcé‘ﬂséﬁ?fn of

acyl at ed tBAI3Faharide doescnatpoafer profactive waninity and Is\sugdepable Q8 1ifdlck Yan

derivati se | ccharides, or. polyphosphazenes. Suitable Thl adjuvant
systens t havglﬁ?aéﬁ%' 6] Wepifd@?h'ﬁ%ﬁ’épa'%ﬁwy, priocgss &) Af thrainvéntiohar | y

3- de- O acyik aheehdimig - 1 el ; a_conbi nation of . 20
monophosphor yi dﬁl. pi dBﬁ@g?ﬁ?’ﬁ‘%%‘??“%’@@‘?@]g%§f°éi?‘8‘b°ﬂnﬂ+?bp‘ﬁﬁs'p5H%r%ng a9fi pid A
(3D MPLY) teapuidrepolysacthaside.alThei blebsmwgil then AR QIABRCRS S¥SHEMLAYO! yes the

conbi nati on .oLPéla no, ?rgfgosphoryl lipid A and a saponin derivative
parti cul arB¥p¥ Y(PGT'FE £¥asple of sughoe blgh greparatiph insnediram| A seehingin O

94/ 00153, L egsgvrﬁ%:ﬁt EQ! si.tion where the B21 is quenched
wi th chol est rcl)+) asc 3| scC cgge fpr??)&gg%)a@ 39 A 25 particularly potent
adj uvant f or mulTais may beuclisveddyQBids 2BdiRY HMhbAGR: s i LI in
wat er emul sion is described in W95/17210 and is a g?g eIF?éISWP%anLﬁ ation.
The vacci rEDPaPeeesTABY i 96 eapsulaurhiesynthesie mdirereapory 352 Beenl timpaEiyedal SO

conprige Ll ]l si:on _and t ocopheral . Unnethyl ated G
coﬁai lﬁi ngﬂacgjlvihégdcl)lrbrm}%lt g%’f ?ggg‘ E(f%a%lﬂmg%c d&P@éYTﬁPgse?fé’Fnggan nducer s
of a TH 1 beemhienad bansutatify Q%@ﬁﬁuiﬁéh?d@l@ﬁo&%? iﬁé@nfoggecﬂégigﬂzccjng'g[am I on.

The vacci ne preparation of the present invention nay 0 protect or
treat a nafEe B¢ SeAPEiregien ©p boflr trrefembly bsingreiznhomblogous ricomBinkieh sai d

vacci ne vi ; 01/ 09350 PCT/ EPQQ/ 07424 system ¢ or nucosal

rout e. Thé% gﬂé}i% %ls‘s;@!r’igtz ?D%%g)\'/\frgda?/@‘ﬁ% WHY%OB@%WWab‘P%m$ﬁt8¢a¢mscul ar,

i ntraper i mmyeaifo b richiede bRl antiEenssilov el ARANHN’ FUERpo s%_eéiéagmr{fgg_si'[ Cacts
Uri y :

adm nistration to the oral/alinmentary, respiratory,” geni
Thus dhe PESFERGm@Rod isdhdalenon ofisamerer aliof the Neissetib atnofgiiditpigeheg a human

host agai : ' caused infection_of a gramnegative bacteri a,

whi ch net ho@ co%%@%ﬁﬁ% 1§74 5*Roe FAOSS mipesaniin stplasement ve dose

of the bl elaspidyMF 21 @escobed BeFrodk 86211590 WENbiBaco] N1 ATOITE) O 211 eN 11
I C I'n an

each vaccine dose is selected as an anount uces

i m’r_unolpr of‘é’&tP hY@sapB'I‘f?éwWidF}?@G_S tibq gm@ﬂgémgqlg_a@m slastsfl.\’h dﬂtoﬁ:ﬁd‘ti@@l&r_sf in 10
typical v ; var endi ng _upon I ch specific
i )rqoru noge nﬁfc?x&&?ﬂ%%:y@éﬂéﬁg Hﬁ%@v@ &4 ‘%"é"‘ﬁf"éﬁ@ 2‘8 SXPES ’gﬁh? F‘emﬂgp@aéa'(lpect ed

that eachsidDsgemd lehcodeo nbtiasy3-tiakdRshsfrada! Qhek }'e%ﬁﬂ-ed p{ogz;c%}r)&ga{ry 5. 509,
nt fo

and nost typically in the range 5 - 25g. An opfi nal “anou
par ti cul aPolysaseharide sad 142S syutbetis)i Such myutations daayd alsd Terab s hed-siniye! Vi ng

obser vat i Qe AP Rl fael JHIMIICof ES PROSF e bl €t s-

Process 1) - Delivery of one or more further copies of a Gene and/or operon in a host

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

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

30 meningitidis, Neisseiria gonorrhoeae, Moraxella catarrhalis, Haemophilus
influenzae, Pseudomonas aeruginosa, Chlamydia  trachomatis, Chlamydia

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

i



Following an initial vaccination, subjects may receive one or several
booster immunisations adequately spaced. Ghost or Killed Wol e?cklJAN 2004
vacci nes 20 The inventors envisage that the above inprovenents to bleb
prepar at i SRIMARPO vacci nes can be easily extended to ghost mrr/Epdolgggswhol e
cell preparations and vaccines (wth identical advantages). The nodified

G am negat endbgehdud) TBe OdxidtNgan,d tion fromwhich the bleb preparations
are made can aglaso ?)g Used tomn‘lggiqgh%%tgen%a %&me badtérium) or

pr epar at i oheferolggons (ise. db nonktisgna@hasy iPHRRREGRL 3PS %ﬁ cie'#alﬁs 25 )\gr t h( con

i nt act env?Leopes fro%Gr am negative strains are we

for exanplée Vﬁ“g’?db‘i 1§XPTHERO F3ssome kimlay i GonsiIObe Gthbdifitd P

i nacti vat egroffhdr/geRE/B td for use.in vaccines are also we nown. The
terms bl egr pr epag;== at | gﬁéﬁ é"gﬁ%’c%|°§§nggl§5qeﬁe§opre§gomsca$ ithehjshogrsses

descri bed premoteyiegion tlid/6r $e QUARB tre 35,E re applicable to the terns
“ghost preparation' and " ghost vgccgl?%epf%z}ﬁgg‘;%ﬁcpégg'%%%‘éﬁéﬁqw

prepar at i oft C4REFieRed pramaters|thatarehild beasdrior cxﬁt@ﬁ{b%%él\éé’ésy }%ﬁéihe
pur poses ﬁm&%‘d’rﬁ '{bﬁ)ﬁe%i n”qxt 01/09350 2 9 JAN 2004 PET 87424
Conbi nati éns” df ne odspgp- > ¢ "avdy? Tem Ap presirigitiditiont Matonomohdue, BT € Of

the above pomorRESSER pFaps benpBest i reduc nogli fied strain fromwhich to
make i nproved_ébl eb reggr atif)ﬁ%’o ptl_ﬁgg’ ii’lqug?eﬁrtofrb%{ influenzas. bt progmersuch
domﬁﬁi

process i LHHFOJ! eoppEPeraipl, dbivpBO; ofpB2, (ctnp 5 .7,,8 or 9)
of the pr%&ﬁé@?%@;et used in_order to ma?nuf actur%‘@t%fg%l ce‘ﬁar\'/'adclﬁ"r rfg? As
each addi t'i ona 188 'PS 4128 Pfibscherishizeaniiion prometemredogaizéd ?Qcmsw ne, each

i Nprovenemty baatdsipphikeC RNA E%’ugc?a' Qi &h the other nethods used in order to
make an opti rri.segl aiégngi nee?e egn%P%ﬁgﬁa? Fgrf."l‘ﬁaﬁ?@f’%ha@éd"’mmwcoccal
(parti cul &xhapstive Hetrfrmeferdd geiis thhrdouRl B0 ekgbdsodin é&h%osg}?{chlse% Lhe use of
processesA?e)merpg ,Nrﬁ%) aa%{gg%og) and h). Such bl eb prepar ons léffl%s safe
(no structures si Par 1Qs T reamplexyost PldA, Haskl &, 1y ed such
that the MOMP, HNIWP; N25R005E Wy ocu on_high | evels of protective
(and preferably conserved) ant%@%&%ﬁrﬁhbm@% diight Sowmdardliat oget her
in ordér P& wEFH, BN, BBtim sed bleb vaccine. 15 Sinilarly for M
catarrhalis an on-typeahl e. H influenzae, preferred bleb preparations
conprise the ug“e£I 8?°f?5¥%c‘é‘§%°@§ﬂ§)t,°f By invention Yheamxgtessioeassahe fisladivefeqaspect  of
t he i nventadintbgrateAlUs AR Y z tectiye and non-toxic G amnegative

bl eb, ghost, orgﬁi I'l'ed vmsglg?dggF{%%gc%lpﬁé’ys’aFTDéb‘Pfghqf%?loﬁfa’écﬂndhrisa';tcuse. By

paedi at r i 8PeGHiE reeornbinatiom Intugrativevdchiraaed th old. 20 By

i munopr o%&%%ve c%t iaiwmaa]nt t hatv;t_ east’ ?iggg%gﬁ% %ﬁ“ﬁfg’@%%}’%f 60, 70,
80, 90 an G G OnANY R 1CaBYs OF SwWvide tplgsmids lbdctemiephegae whispbast @F i Ci dal
activizey [ihdae DNAl whabREnQf | . wWhi gh 50%. of bacteria die - see for
exanpl e PCT/ EP9S/ 051 7}&)“9 %%@%ﬁém“%‘%‘? Cbr¥9{‘§¥%% 95 iR samplifiestiano be

sel ect ed Btegmtionds rpagferably argeted0to0dhASmode M rid rdidfR i.ngococcus, B these
stains sh%H_lod Ah%\c/,e axhgi fferent PorA type frongftrﬁe MaBROGE growth in
) n exhaustive list of preferred loci that can be used to target DNA

Integration includes the pord, porB, opa, opc, rmp,

‘ omp26, lecd, cps, IgtB genes of o
Neisseiria meningitidis and Neisseria gonorrhoeae, the PI, PS5 hmwli/? IgA-

35 protease, fimE genes of NTHi; the lecdl, lecA2, ompl06, uspAl, uspA2? genes of

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

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

lysogenic bacteriophages or bacterial artficial chromosomes. Selection of the

3¢ 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 beavy metals and/or
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25 bl eb production strain, and should preferably be 2, 3, 4 or
preferably, all 5 of strains H44/76, M7/252078, BZ10, N@lGSZgam%.
For non- wwayepddsge H i nfl uenzae, the strains should preferﬁ%mg‘u& 4
or, nost preferably, all 5 of strains 3224A, 3219C, 324l A, , and
A840177. For. M cararrhalis, the strains should preferably be 2, 3, 4 or,
nost pref éP’&BFW‘P&PP‘ESs“oSe@f [CRMBLETATGAE 4884 Fophidmutitisns Q&ﬁmséﬂcét?g,,wza. ~5
WO 01/ 09338, %ne? N 2004 PCTI EPOQ/ 07424 By non-toxic it is neant that
there is a signitficant (24 fold, preferably 10 fold) decrease of endotoxin
activity as nmeasured by the well-known LAL and pyrogenicity assays. 5
Vacci ne C%einations A further aspect of the invention are vaccine
conbi nat | re@EpIS SeRes -tFrprassiob of foregmimbicondn oftet-RembrieBldpen Wi th ot her
anti geRs which _advant agequsl| sed against certain disease states. It
has begn f ound th‘{%%trﬁ‘g’f@%&e g?‘&“b%?ﬁh%éﬁﬂ%mcyt%Mwmnmsystehommamdcng Wi th
ot her ant i;@iAs and delibeyr di,uvant effect on the 1o
(iR BratisY fI AR AL fishneunic q@ﬂr gi

antigens they are m xed vvitﬁ. n one preferred t fgnostc

meni ngoc c sess AButthertaspeas pfkks investicnf istif espbdt\e el e Preddich fp?JdE'd{f@rf gehwith 1,
2, 3 or - referaqt%)l{fg all .4 of the followi ng meningococcal capsul ar

poi ysacch&PHeE TR e ERIOgAUS iPFRtEins & Hicuaysaranerttirane, apd deaise of alig | ef - A,
C, Y or \Agamoebr&ﬁ&g}% Pﬁlcﬁ‘éjvant ageously used as a global is

meni ngococcus vacci ne. Rather than use the meni ngoccocus B bl eb

prepan@ti ons of prefeered mvetingd oﬁachieiridg&haligqiaemmgggn%qﬁ %ﬂesvj Qrpul ation
could alternati.vely contain wld-type neni ngococcus % pré’par'at I ons

from 2 or "RGPECRSA PEQPS £60% oatignallycontroliediy g grantacsegidike,

subt ypel sgf®ihéReSorhdRne > f.romP1.15 P1.7,16, PIA and
P1.2). 20 In a fi n-t‘ﬁfe“reldg%te@g‘?'r? Ié%%ﬁggﬁlﬂg’ﬁthpm ORs:trrorgRiBa Blebsh| eb

pr epar at i oxag bemade frem the eesuiting rhadifiéd@raad or enenti oned mi x of 2 or nore

w | d-type neni ngococcus B Dbl eb preparations], preferably fornmulated with
1, 2, 3 or al |A4n?ﬁ“-‘7fch4&5tm°allﬂ ofr bactesiaj Uit card beraised go @ofeipient ARELERT

pol ysag chadhbig®@Sn A ofC d fornulated wth a conjugated H

i nfl uenzag!rob cags Lﬂfal?c %gﬁ/%az\iqécﬁ%ﬁ dE SRy ‘gﬁé"eﬁf’ mf'@gﬁﬁaﬁ, niNgissgga

conj ugat egb@némamodﬂﬁhxdbpsw:@:ﬁ-wgl,ywh,ihges [ on t he vacci ne
may al so conpriseg,one or npre protein an igensm{’%%bééa?‘%%%?’@%“a host
agai nst ?’@%ﬁ mydice (Teekamassi Ghisovdinpnesmoniae, ThrCgens expRyselan

advant ageqiigh neringitis vaccine. The pneunopcoccal
capsul ar pol y)s%%c gﬁﬁ%%ﬁ%&“ﬁ%?ﬂﬂw ghz cukaryotRpniginm ser ot ypes
1, 2, 3, 4, 5 A@Bsfertéd afplicfibn Sithe linvehtiod iﬂcluﬁles }%Foccsjsdfbr &}%B fetEpn 18C,

y 0

19A, 19F, é%o 22F, 23F and 33F (nost preferab rom scr yeﬁ‘ggesf?n& 4, 5,
613, olg\foragglla, yaeemophfius, pafl/ or3Pyeudamonzes DulehithAifddne proteins (integral,

polytopic and/or lipoproteins) in Neisseria meningitidis recombinant blebs. The

preferable integration loci are stated above, and genes that are preferably introduced
are those that provide protection against the bacterium from which they were isolated.
Preferred protective genes for each bacterium are described below.

25 Further preferred applications are: biebs 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 beiow).

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

Prophylaxis or treatment of sexually-transmitted diseaseses (STDs). It is often
14



WO 01/ 09350 PCT/ EPOQ 07424 Preferred pneunococcal proteins antigens are
t hose pneunococcal proteins which are exposed on the outer surgzﬂ:dAﬂf 2804e
pneunococcus (capable of being recognised by a host's inmmune system during
at | east W&@/8350the life cycle of the pneunpcoccus), or aiEr/Phdgidids
whi ch are secreted or rel eased by the pneunbcoccus. 5 Most preferably, the
protein is a toxin, adhesin, 2-conponent signal tranducer, or |ipoprotein

of St r ept odifficulsfop peittitibner€io drerhl; hereof. Particularly preferred
protei ns include, but_are not I?rtr.‘n{lltqggﬁ?%?r %‘ﬁ@&ﬂﬂ%}s‘i@ﬁ(‘ﬁrﬂé@abdl}c to

det oxi f i edSBRPCONE O Clamydia traehamarts medctibh. OThest Mg lsmSt é‘g. Nucl ei ¢

Aci ds Res. (1990 Jul %%’ 18(%1%): %"Corrpari son o%%eunoalry feMa8nes and

proteins from soraprassecud dFasm Fare leadpesstariliy dn 2hé' hodyl TchBlly et al -

Bi ochi m Bi thefi¥sie A6 1 7(1):, 67-72 "Expression of the

pneunol ysi ?aggng ] %@cEfggﬁZ‘r ?@Ei%m&?ﬁl?&l’: %ﬁ%eg AEBIBSG 41 %ﬁpﬁﬂdﬁﬂaﬂdotﬂbhicdgi cal

proper t es‘."acslnmf%ﬁ%&ﬁﬁinéﬂdis%namsda,bmoﬁp{c,%géﬂns g@?t ﬁpai at al), WO
vari S

99/ 03884 (NAVA) ] : PspA t r ansnmenbr ane “del et | PeLUEF (US
5804193 - gﬁﬂﬁéé é’th)“E’ln. @?SW@@faﬁdrmdmmmasm stedvat iope nﬁriﬁ&%fm
ele

th f 9 ;e } toal). P .and t mb t
var i ants pacear Trpssies! HoRRYE o Nruskeal itimios 0 Ghiscojeeml raymbaRe 62

" Sequence prhieineis agporeint for GhduedSuch agbddidsO dafidnP tative adhesjn
essential for virulence of Strept ococcuééspgﬂalurmm ne" ) "PIORSE GFRo8BEed:|
chol i ne bi%Ydier§ #tSedien sreayariabler ands defirer mose theh €01 RRpvHART rrﬁglﬁﬁ% of ; CbpA
and trgnsng l.on variants 20 thereof (WO 97/41151,; / 51266) ;
d ycer al dehy g@dg%ﬁ,%gésogtﬁ%,? 2“"-"“{}%%%%@ RRRPey foldiag of onenonumore 199Ghrark 3544) ;
HSP70 (WOPe@£49 928)n a BrRpAutdr SRdeiieds . .. EENMS. .M crobiol Lett 1998,
164: 207- 14%_;2“7M like protein, SB patgﬁ a%p'i@gtc%lﬂcm.g B §95999c88}  and
adhesi n 18637 SXRIpsspig multiplep| trashomotis mmecmo&sﬁﬁﬁ%m@&mﬁggpf erred

25 1

pneunococ 2] | gens are those disclosed in WO 31,
parti cul aiﬂl?éyp r? ‘?{%Egh ggﬁ@%% @gm?‘r? Fassosingle selupmmoUsoswBRBOSroblemsa f ur t her

pr ef er r ed o€ ndreedtiynfslied mBRAbMAE P¥tbihg ‘E%&“n%lohsofgﬁlﬁfggﬁ}r rations of the
re plain

inventli on_are fornulated with one or de¥ainococcal
capsullar Bl POREEhAZARRES 2 awide orspecrunmD e 3etbVAEN Sanli N ahe CohyiaRLASt @ host

agai nst I nf l uenzae i nfection. Optionally, the vacci ne may
al so corrp?iwgghgﬁgﬁg%&gﬁ %t;ﬁ" oRcGRlRfrcen (agd censeruantly Al gnatequireried1OS t

agai nst Sof epicadames)lo AAGEIP HedRe wRiECL The_vacci ne npy al so

optional | ¥ conpri se one ornpnore ant P%gnéﬂg%ﬂg{‘ ’5a‘f"ims‘ﬂ$(ﬂaé‘@tr“r?aé #ipdeal agai nst

RSV and/ ofYRH&MS - betlt ergamismyens be ivatcinaed pgadtse Simatadoakly A6 Rdwidg 2 9 JAN

2004 WO O 7424 influenza virus. Such a”vaccl ne y be
advant ag e%{ﬁ%%gér% 3 ggégggyg"}q%’&fy Q?F{Yt stagehdarfarred locicion geneRnetion @xcthe

non- t ¥peapdmectdeal ¢HrbmBsHARC ara! | Nk include Fimbrin protein (US
5766608) and fusions c_orrpr?!gi%@%%b&i Qg%?{bﬁceff%dré’mtf%% frachgmagn) (US 5
5843464 - BN Batsosidbeicunemted o HNWP OPhpG QP aRse BBpsRERIGL i Bw g NPA

TbpB, 99/28475.

Targeting of heterologous proteins to outer-membrane blebs:

25 The expression of some heterologous proteins in bacterial blebs nay 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,
30 of such an OMP.

the heterologous gene is fused to the signal peptides sequences



Ha, Hw, Hm2, Hap, and D15. Preferred influenza virus antigeng jm@lzaﬂ@
whol e, live or inactivated virus, split influenza virus, grown I n eggs or
MDCK cel |wo cam9dsero cells or whole flu virosones (as descrpbpg gl\/t)'lﬁid

G uck, Vaccine, 1992, 10, 915-920) or purified or reconbi nant 11) prot ei ns
t hereof, such as HA, NP, NA, or Mproteins, or conbinations thereof.
Preferred M_Jﬁm_cfrﬁmryncyti al Virus) antigens include the F

gl ycoprotein, the gl'ycoprotein, the HN protein, or derivatives thereof.
In"a still furtfee @r siose r@dtlzznﬁﬂﬂiwmgltgenbh(tcﬂeeﬂmgym?%kﬁc%d nf luenzae

bl eb prep?&gérj,e?g% of %}Eie.i nvention are fornmulated wth one orgc’?*?%r%wpl ain
or conjugate PREGRYEBYL 4R RragsstRsdy apdioy awldnaamieboutaoitla Biagss@fal MO €
ant i gens t k@din CiaBiuRinet S i M catarrhalis infection.
Optional |y, the vaggllgngﬁr?acgc%?’s%)n&é‘g?réﬁ&%é%m&ﬂ%?p"é?c%%%r’mﬂé*gifféimtB)gens
that cah pNep&dWa $294 12y Fis S likS(MED L DS ﬁﬂ?gﬁ?w%”ﬁ?& CE: on. The

i I i | | ’ t ect
Lokt apatodl DL S A i e e
agai ns S c V, may be advant ageously used as a
g?obal otiﬂp? L‘E?‘S“X%% 1%?%&%? éoﬂﬁggéggﬁﬁ%e@pwmﬁe 'm/@am?{mm
further asbepd/LbpB t{RCTVERESI05107)," Bha ¢WC @g}d}%ﬂg ]ﬁy%sgle%%ﬁgg/%%%eot i de

25 sequencegs which may be used 1 n the processés ecific
upstream kw?dﬁg@mwlﬁbuﬁb@e%@ $9/672802," MUAS (W' 9D/35280)€ aRd Q&%Aded
h). In

whi ch gan Wﬁb inhstance, .processes a), b), d) and

addi ti on, toding F’%dg};?’gi]ghg e”ﬁ?%\?iﬁf@@g?gras g5aesf waieh mma)yp be detesoldgausi30
Cener al nehirodiickdintd beAGRIN-Dkgative bhliEHON- codi ng flanking region of a
bacterial gene, and its exploitation for nodul ated expressi on of the gene

in blebs f11 2 PurAsr 2o ofighe fbleOsH geﬁilié Emgf&&fca4fo]€tfwovp,geg.g?¢dn?gmf|?2ki ng
regi ons o pachiic : ai_n_regul at or el enents inportant in the
exgr essi o rg?ei; %’ebéll&gg?#%lga;@@él’ #Pﬁrﬁ?%ééppl Qpe, dndt@pcg}tj t he
transcripti onalOmner tickd Ifahe qggéwﬂnﬁv&lms meglseggqﬁgn%? f t?gelﬁe. regi ons,

adi a‘%@“ﬁ

ei ther upstream or_downstream of the openr #¥gBAe, can
be obtHi ndesss b: xR, mwabBandlpxK. This sequence infornation allows the

det erm nation l_wpo(;tenrti g.l {D(ﬁgulatory notifs such as the different
promoter el enents, ot ioN AGION0Ming.grmEs are rrefemed for apesgylation orizpronmst s,

I epr essor <): perdpitirB, prASN QA8 bR, fOr phase variation, the Shine-Dal garno
sequence, regions with potential secondary structure involved in

regul ation, as Pyaferedhsensessive ¢opprob sefueneg Ufol tp@idésdTe] afeS tE FAFQHERGES - 10
Thi s sequqrg]%gn Wéugaii ﬁn al.l ows,the dul ation of the natlral " expression
of the geHe | P GuestYofor ST 9hPathPhatte oForkt or BOPBegeaes)x pnésisd DmRmy be
acconphi shperatobyegadid. €ri Nng the pronoter, the Shine-Dal garno sequence,
potential repressor or operator elenents, or any other elenments involved.

Li kewi se, downfOaguramorm of fthe fgilordsg @eneasre ﬁtefeﬁe@ifgyggwlakggla%havria types of
nodi ficati P&Fss ‘ﬁdeéa na%vel , ‘gﬁ .%ﬁangi ng phase 15 variati on sequences, the
expressi o of “tHi géﬁé ’aﬁlﬁ%él Blaiin EfE seCyand enth.on

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
bacteria.

-negative

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
3



control, or nmay be uncoupled fromthis regulation. In another approach the

expression of the gene can be put under the control of one or2r£rJéul ZUU‘I

i nduci bl e el enents allowi ng regul ated expression. Exanples of such

regul ati &P P¥¥P¥es, but is not linmted to, induction by PerEwebLES

shift, addition of inductor substrates |like selected 20 carbohydrates or

their deri | ves, trace elenents, vitamns, co-factors, netal ions, etc.
Jitiddeths

Such nodi f dlesBes dPEB&PINBB24 an PHIQ | npCTALIRRMb
diufcf e?le)nlt (POBPEFO0/J 1 eéic‘g%j CﬁﬁL,' on, .Qf ,Zggue,?cles i nvol vec?l@???§3;§§ﬂ4e8>§pr essi on
can be done in Vivo ggor% o W@ﬁ 3?’511P<8I0! R PID§208el) e tipb pin (GBr t he

desi red pHSi83§203), 1N EGB apPrgagnyC i L Dod SOt i ng the region of
i nterest and nodif Pﬁg if.{IGby rando%tl%’!s%rﬁtma&%@%&%fsp@écﬁrEGDBd

D e T ot Lot sb{198) Eecimmace 0SB LB R GRS oo

r econb;%n a%&u’j‘dﬁaﬁgeﬁ‘ﬁ%%? q%i) oﬁﬁﬁﬁa & C %’%ﬁﬁ{cabpmemg@ IpEEtWH N

anot her mmsgg@b,mbhemﬁpwwéwirﬁgge&q& tﬁ region of interest can be
used to replace ‘or "delete all" or "pa & WO ﬁ?%ﬁsiﬂs Peghl HspAl aséquences.
In this cdspA2t(RO 98E3761)0aNd Dagi2an TREY, mrgg&gﬁg?diaggﬁgtsg@j i%nd nﬁdi fied so

as to contajn.the @e[gul atory el enments from anot @tion of
regul atorgpe Flogasly itreduced inte pther Gramesgativesgeefiet i ¢ regul atory regi on,

or any other r I r.eqgi o or. to delete selected parts of the 3qg 2 9
AN 2004 WD 01/ gg‘gs%t g&% Eggéf/ 2‘7‘?2’&“%#&9% P15 Predasd ofon dpwoerguiatiore via These

nodi filed pomessm)eCophOMRE0S, TimpBi Ny i gact eriumvia

honol ogous recgnbi nation into t e.ge%e%sﬁhLbr%’%ggg%B ; for exanple, the
expressi on of SMGHeMPENoheharillawing gehss arexpdlfongi for idbmwgg&fgiw th a

stronger BfRpR! kB %&W@%ati ng the upstream 5 sequenhce o0 tahe gene,

n o |

invitro nodificatio equence, and reintroduction into the genone

by honol ogous ©ee orrhiciéibf @8 folidwin ion can. be obtained in
both the %gmt erium.as wel | as in ?%gh%fﬁﬁgﬂa%%rsféﬁgprﬁg’g?%“e‘@agﬁass(or made)

from the®hABFArPmR, DmEomdpmly. ef erred exanpl es, the described approaches
can bgsused to generate 10 reconbinant bacterial strains with inproved
characteristics for vaccine applications, as described above. These can

be, but awﬂhk_mf%j%d strains, strains wth increased
expression of gelected an |tgen ) ins with knock-outs (or decreased

expr essi on) ofsb"er%smpﬁt of ftbe i foljowingh gedes {enootisy Wmem@%)s ains with
nodul at edpéf&f%ﬁg&iﬁ =?&lﬁ nodorni nant proteins. 15 SEQ I D™NO/ 2-23, 25,
27-38 are al PSSerrar %r@&ﬁﬁ%ﬁ%em Y-uBLs (WEND4/R641NeP6 KPR at i on
codon of 2B67H AL BEP20PH COPEd 03! rQxi |l y. 1000 bp each.
SEQ | g % 6§bgr en?PI M gqaﬁﬁ?hal I sjoéby@ﬁ\@@?@égs)( tleam of the
initiali #oHMOV 3, HMWds Hia, oHisfy Hep, HERoS hnd SHP(allSgeals PREL YR, € Y 1000

bp each. ) _63-75 are all H influenzae upstream seguences
(upstr eanﬁ% g?ﬁﬁﬁedﬁf%‘%tﬁgﬂ Bﬁ%ﬁ’d‘ﬂﬂfeﬁlatﬁdﬁlh@u@wmg}somﬁmﬁe@ geedpr i si ng

appr oxi mﬁbynﬁﬁﬂehbﬁnﬂ@g‘dﬁsly&M&Ed“ﬂ?g&cpwe used in _geneti ¢ met hods
on *

(particularly Ck)lnom)l ogous reconbi nat'i -ieganive bacten
e or more of the following genes are preferred for downregulation via

process a): P2, PS5, Hif, IgAl-protease, HgpA, HegpB, HMW1, HMW?2. Hxu TbpA
25 and TbpB. |

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

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



for up-regulating, or down-regulating the open reading frames to which they
are associated (as described before). SEQ ID NO 76-81 are the GofAhdqi04
regi ons fwodi®isdh Hir B and MsbB genes from Neisseria, M cgg-z %E‘%.}i and
Haenophi l us influenzae. These can be used in genetic netho }F 1 ar | y
honol ogous reconbi nation) for down-regulating (in particular deleting)

part (pref &faabiny Fottiia®bnst hese genes (process d)3. Another aspect of the
invention is thus an 1solated polynucl eoti de sequence 30 which hybridises
under highly st pgfered embotimem 6fotat idveasdn & 3R F&t'ﬁlbﬁ%ﬁd% ortion of

t he nucl eob'h%%% n SEI? D NO 2-23, 25, 27-81 or a conp enent a&‘\f l%'fl? and

t her eof . Fer o yot hlei deater b qrieiacsinghoutich bmay orBoenremghsd 0, Per f orm
honol ogous phirfhaderd gwagcg% X 350 PCT/ EP00107424 reconbination with

t he chrgm)gomal ;cis;g]c‘]:uence bilé?x?‘i’}%grt of a suitable vector - nanely at

| east 30 nucl eoThdemafyfaerier ab! blett pre@astorOronCand % 42 .80, 90, 100, 200,
300, 400, or ';'%Dg nucl eoti des). I\/brep pr ef eortébf}?/ét ﬁne}ﬁidgoﬁlﬁt 5@’%’&9%@ eoti de
shoul d cofSAiied stpinsamay bschieved byi atgsof meahehod! Weldlknb®ash 24QinS0, 60,

70, 80, 90 , 400,. or 5Q0 nucl eotides) of SEQ ID NO 2-23,

25. 2781 g?r;(gpgénp\qglr@rl??g'??‘h°“gt4‘§2%ﬁ°g%ﬁ€o?rql92%, US 8$9RS72i EP 1 h243hdry

stringent B8] HatarOBsedONIET prefasay = exanpl.e, SSC, | 5X

Denhardt, 0.5% SDS, and 100 Rgem_ f”r"?igﬂ‘n%lﬂ‘%aﬁg%aﬂﬁ%@@@a?%%m sperm

DNA hybri di zed %3%nfi pisparations s generudlyvdrsiistdi il Vabei@SBes %&‘@E 10 time
tine a

at roopgte @MF for t ,10 m onutes followed by on C for
about 15 mmr?ﬁa[d S %}qu%ﬁb%s ngFgé@ - GridevmamM. 1) (1923) FBG0im PreddNERS at
room tenpEodkdure for at |least 3-5 mnutes. A further aspect is the use of
the isol ated polynucl eotide sequences of the invention in performng a

geneti c engi neethenblebvemparitionshofashet prese Ga eaibAS8EY b hdjWanted SnShi €
specific r%g%ig%g%at%elﬁtbon, but preferably a horol ogous recomnbination
event) within b Upet Pedhyghon Guiable aduvants inshule eni athminivrg sgis onal

gene in orsiel af alunghir) HydiokfdeCsst e expressiqn of the gene.
Preferably the strain ?’3 whi ch ti\fael%?gg?r?ﬁg‘m@% t'r’nﬁ’“F B4y flsogheez pl ace i s

the sake a@ltfcalsium (pariquiarywulctmt dashonpey, iRAH . Knvention
b AR SRINCHRT 2o dh L

wer e obt ai . er... the neni ngococcus A, B,
gonococcus geﬁ%ltng;\@% glgﬁ?f'iyﬁ‘?sé"rﬁl‘if aexhtrdirsugarst catjontcalipnors enjosiesiey f r om

any of theﬁﬁvﬁs&ﬁﬁaﬁsﬁmﬁﬁsﬁfipbggh%%gse.si gni ng vectors for perform ng

such events in the other strains. IS 1S may also be the case for
Haenophi | us i niSuitable sEh laadjuvent systyme abdt emiin o RR& tdéﬁzd'hnf\*dﬁ&ﬁ&ﬁgho g 2 9 JAN
elow are C

rried out

2004 WO 0 5Q. EXAVRPLES, PCr/ 07424 The exanples b
usi ng st a#{ gfg’ 8 %‘5@."%5&}‘" CE‘;%?I@WPWMPM and a combination of

20 monophosphoryl lipid A, preferably 3-de-O-acylated monophosphory! lipid A (3D-
MPL) together with an aluminium salt. An enhanced system involves the combination
of a monophosphory! lipid A and a saponin derivative particularly the combination of
Q321 and 3D-MPL as disclosed in WO 94/00153, or a less reactogenic composition -
where the QS2I is quenched with cholesterol as disclosed in WO096/33739. A
25

particularly potent adjuvant formulation involving QS21 3D-MPL and tocophero! in
an oil in water emulsion is described in WO95/17210 and is a preferred formulation.
The vaccine may comprise a saponin, more preferably QS21. It may also
comprise an oil in water emulsion and tocopherol. Unmethylated CpG containing
oligo nucleotides (WO 96/02555) are also preferential inducers of a THI 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 2 mammal susceptible to infection, by means of administering said vaccine via

3



routine to those of skill in the art, except where otherw se described in
detail. The 5 exanples are illustrative, but do not limt the 2n¥efH.{ q004
Exanple 1. Construction of a Neisseiria nenin itidis serogroup B strain

| acki ng WOM@PHP pol ysaccharides. 10 The plasnid pM121 ( FpcasebvoRbeaal - .
1990) has been used to construct a Neisseria neningitides B strain |acking
t he capsul ar_pal ysaccharide. This plasm d contains the flanking regions of
t he gene I%yéffgmﬁd’diﬁﬁcqsélr rquie Thessyadrinistration®! 1aYinQhdd hSe@RUD;

B
pol ysacchagn@gnéB1ES he erythromycin resistance gene. De'laefhlcon of
the B PS resul teda?’l n igéslgoéﬁaﬁe‘f é?{ﬂabr?f ofbeutaneguo mutds; oapssl Inicosal

pol ysacchasdmirisastionetd ties oml/ifm [ - | he acti.ve copy of gal E | eadi ng
to the synthesis of gal actose defi §i’er?1%bl%gé" mtﬂ"ﬂ“ﬁ%ém RS one

Nei sseri a 3TRSAt 9§ithe Bresens invealios isa rméthod BF Lamh; : 7. 9). was
sel ectad f%aset E?%rﬁ]%% rﬁﬁi on. After an overni ghrtzynécéﬁ%\lglﬁgg%tidﬁzné 2 MR pl ate
(wi t hout ery ﬁij Fron, of jaseTamr-regative dactteniy, i whith arekibdMsbigridei Ni ng 10

MM MyCQl 2 (admiihisteBAE td) 820k nd diluted up to an OD of 0.1 (550
nm. To this 2 m f_sdjm uti%ﬁ?’%hp‘fu“gpp%‘?@vbl‘@éﬁf’ thenNpslp prepamtien aofithé i on (0. 5
g/ M) wer Prepdatggvengona 6  hours incubation period at 37C (with shaking). A
control group xa{s: done with the sane anount of Neisseria neningitides B
bacteria, but witRBIHNLHGIEIEER B ragh vacaing. doRs isMeleztedt S3euni asalb@tnpgty Peri od,

100 pl of iedidebd b imfun : 0. 1,100 and_1/1000 dilutions, were put
in MH pl ates contai ni ng}s@t&ﬁgé r%‘,}“s&o‘” oW S1gpiRcapt, Adyerpe iside/ effectsbiad or e

i ncubdfi ofyHieal va®inresir Suchtanibagt wilbla0\ ide ho; ter plate incubation,
20 col oni es \ABHrOeC(?ro and, sel ect ed rgﬁrﬁa}l&g %nﬁ%eﬂﬁcm?gﬁwci n/ m
MH pl at es™ HRPPE ﬁ%¥80%§13mtedny0manmm if 3 dxpectediat dchOdddldRyijWi t hout

plasmd tg Folg ' HA4/.76 w | strain was unable to grow in
kL 2 9 JAN&%%% %9%85§€’8°%§9@@fﬁdﬂ%’p ?ﬁ@“&eﬂﬂécﬁl@ﬂ tapigallyr Drthei n pl at es
(10 to 80rage&rPbhg.onycin/nm ). The day after, all the visible colonies
were placed on,new VMH plates wi thout erythronycin in order to let them
grow. Afterwar 08 °REMY amopat for snpartiewlar vanine cant ieoebrtdihe@SHy $hRgda (col ony
bl ot t iing) sy p | ysacchari.de. Briefly, coloni'es were blotted
onto a 5 ?i]?rg%cglle?ul @seogéﬁgae@%ar? PPRTSRTALE; fRmRS, respopBS- (n OSubjectreen 20
bef ore ceFollowingcan \isitizlo wadcatidn h Gl L PBS- 0. 05% Tween 20 (di | uant
buf fer). Afterwards,. the rrenbrg’nngjvae%s o@%ﬁrs#}él@f §P° ofieSH 9PSthe di | uant
buf fer at " FBEHFAHORh Mequately spacRt) . Then, sheets were washed again for three
times 5 mnutes in the diluant buffer before incubation with the anti-B PS
735 Mab (Boerhinger) diluted at 1/3000 in the 1o diluant buffer for 2 hours
at RT. Af§hest ar Kolod\Wilsdle be)l €dcEiped 3 ti Mes 5 ninutes), the nonocl onal

ant i bﬂ)dy was tected wth a brotinylated anti-nouse Ig from Anersham (RPN
1001) “di | ut ed YIS crvisagedhatithessbuve imbtavemeas o bRY prédardabhs RS or e t he

next Mﬂiﬁ&ﬂék%@ﬁ%‘?%ﬁ&h?@ i‘%br?%\é?et)grt ﬁfg{y_grwar ds, sheets were I ncubated

for one hour at T a”'so aVheit reslieproparations amhpl ex
diluted agQO& (with hdendid] Uivhntages). 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 well known in the art (see for

txample 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,

3



15 buffer. After the last three washing steps using the sane rretﬂ d,ia;
nitrocell ul ose sheets were incubated for 15 mn in the dark usi 3 Jﬁé 2004
revel ati oWOMO5Pon (30 ng of 4- chloro- 1-naphtol sol uti orpdmEARFh24
met hanol plus 40 mM PBS and 30 ncl of H3Q2 37% from Merck). The reaction
was stoppeg_, with a distillated water-washing step. 20 Wole cell Elisas:
Whol e cel | =2mbinadonggfanatheds ajerip using the two transformed col onies ("D
and "R') and t j tvpe sfrain (H44/76) as coated bacteria (20 gg
protein/m), an %éwsge“?‘”gﬁ%”&‘# i3t ey orrFBeRg Off Srradbose prdvestiee fay $2 st Pro
char act er i predidei s $63di Sed QRHiA Fdnh U ains.. The follow ng” Mabs were
t est ed: anitP i -B Psr(ggblf rom Drﬂdhlll:%@% &J "}93& mpEovst thieb pecparations oHtheNl BSC:
anti-B PS {PrEfons e none skehl précdsdifaied. f anti-P1.16_(A- PorA,
Ref, 95157204 ¢ 9 2 bos; 3, 7.9 (A'LPS, Ref S0 preRenly od'er uars B3, e
4048), ~ and amT =P A%'21¢ RrOseSes Mefusebinceayr tovharuBichire thadbiah @%cfrgaz%sor P,

i ca "célls

Nunc) were,:agf,lcpa;dgﬁioﬁgﬂtoﬁ\{B . of 1he  reconbi nant neni ngococ
sol ution overnight ( cﬁ%? g%%'s%é i}  the nRanufactyg phy/thd bleb PBGineAf dagk War ds,

pl at es ar émpeoyiment works it 66 anotiokwiad fhe! S oM Nadl L - 0. 05 % Tween
20, and were overlaid with 100 Al of s it Shesh B, i nmamema or 30
mnat ro %‘Péﬁ'?ﬁéf’&?ﬁﬁr@ibkbnr@mnmg. Pl ates were washed again 43 2 9 JAN

2004 WO 0110935%0,R! POQ/.07424 using the same procedure before incubation
with anti bodi es. pr%Jél rg%g g°§ﬁf?“326ﬁf§%ularén0’o meningiutie B)bith plepatafider ent

di | ut i!8ns comprisshdlrnusernfiprgheiRs 2). B iR 3% i .05 % Tween 20 and

put onto t%e m cropl at e,slﬁjbefore)'i%’%béﬁogﬁﬁﬁagiﬁﬂcgé Tepamuons e 30 i n

wi th shakPHg OhETHwes fimilaesq hostemudtums), wes-kixig a5 Qfucehfld by g e anti 5
i luted at

nouse |1 g &hdtQ i tt.s E0413) conjugated to biotin an I
1/2000 in 55@%@%%"83%2@Pg° OPEDPT higthleels b meotactied(ahd prdferaugl | S t 0

DI ot 65 VoL 6l nopnal o ui LR ot aarRe o Aestiet 38 SYerfp mswvidoiaat | on’ (100

pl at es vvere.i.ng‘gﬁ ted with a streptavidi n-pe?
j.d of t hePHREFERS V#ONe1051) diluted at 1/4000 in the same working

sol utihon for 3§ngi Reom t erature under to shaking conditions. After
this incubation an ytat{%vlﬁa%a(w%ﬁiaﬁ nopgypeapleatie influenzae] peafiteddesicwi th 100

Al of t hePreparatiimy eompeitathé 05k dfbrddes engdianmine (OPD) in 10 m
0.1 Mcitrate‘g ffer pH4.5 vvi({_f;bS gﬁ&&%&gg@ﬁ@ﬁiﬁ% in the dark. Plates
A Ao b bl g el e L TR
shows g . ed col qnies, which were able to gr on the
sel ect ed nedi ﬁt:gavm t%@’r@?ﬁr%ﬁﬂ?‘ﬁ%‘gﬁwl Yageing sagabldfor paeliide usdk’') col oni es
wer e shown nedit pasdiatriyuspiE§ faee f:ixﬁn&ﬂ;y hari de. Anong the others, 16
were ,clearly positive for1‘ B PS a:%d st l?%gﬁﬁ‘{am”%%lder ythronycin. This

i ndi cat ed t hat®% FEUBAProteqtyg itis enkahtthapdtdsdsi m%g&m Sﬁgagggbﬁgggoédwgo but in

PS an (

the wrongoonh Rd b ad keeping intact the E gene " no doubl e
crossi ng- over) . ggg‘%?ﬁ/%ndﬁ § g‘é’&?méﬁﬁd%mﬁmglmbaoa:ﬁ:ich@a&@ﬁ@q]@,eon t he
cl earl

pl at es, ahdtiehofuntisérhat whige 5 -1 gt NrnB strain was
positive for the Bstpol ygacchg%ﬁﬁc%+ ﬁxg Jrf’ggfcﬁ(fme]&fgﬁ?%@ﬂdﬁ@

f
against a set of heterologous strains to be selected from the major clonal groups
known. For meningococcus B these stains should have a different Pora type from the

bleb production strain, and should preferably be 2, 3, 4 or, most preferably,
strains H44/76, M97/252078, BZI10,

25
all 5 of

NGP165 and CU38S. For non-typeable A

influenzae, the strains should preferably be 2, 3, 4 or, most preferably, all 5 of strains

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

all 5 of strains ATCC 43617, 14, 358, 216
30 and 2926.
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meni ngococcus C (Cl1) strains were clearly negative with this anti-B PS 735 -
Mab. 25 These results indicate that around 10 % of the sel ected ch'ﬂﬂl 804
correctI%inte rated the plasmd in their genonme by maki ng a double

crossi ng™VE%3fhi 1 e the other strains/colonies were obt aFREEPY¥E7434 o

si mpl e crossing-over, keeping the B PS and LPS genes intact and expressed.

Usi ng whol e ce Elisa, .results (Figure 2 and the Table below) clearly
i ndi cate 30 t#gt“"t“h%"’tﬁkf)“' éﬂé“h 6 2 sieilinanhir4 fold arsforably flododdD and R

col oni es) derBase ®f eRGotokiAGERE W YALAAs oY | 3 ' P bs (.735 and
95/ 750), nor by the anti - Loglw%j?, 9 and%%i%ﬁg%g&%@‘?‘%&men
usi ng spe@says anti-Por A Mabs; there is a 44 2 9 JAN 2004 WO 01/ 09350
PCT/ EPOO/ 07424 cl ear reaction with the anti-P 1.7 and anti-P 1.16 Mabs on
the cells, as also observed in the wild-type strain. No reaction was

observed Whtfn@dCBRBimaAeRd fiC anti-PorA Mab  (anti-Pl.2 nab). These results
confirmt tein, and specifically P1.7 and Pl.16 epitopes

are still presaénfurthédaspedtiofitefinventivh are vasbink QoRbRALNEAGPALhE tetish 5 LOS
3.7,9 and Los 8B‘§§Si tgﬁ)es (LPS) were not. Table : Specificities of the
nonocl onaPTRARPRBYPELRE dbicRRoN T othes tantigmst whish RS 2@8antagepusly BSed 95/ 750

(N BSO) AR FEtp (gbiediite ek vl Kbnaliite Segs s ety dsbe i oop 1 of
Porin A Lésmulatmf wittosther afitipés, as they advantageously have an adjuvant effect on the

10 antigens they are mixed with.

In one preferred combination, the meningoccocus B bleb preparations of the
invention are formulated with 1, 2, 3 or .preferably all 4 of the following
meningococcal capsular polysaccharides which may be plain or conjugated to a
protein carrier: A, C, Y or W. Such a vaccine may be advantageously used as a global

15 meningococcus vaccine. Rather than use the meningoccocus B bleb preparations of
the invention, it is also envisaged that the formulation could alternatively contain
wild-type meningococcus B bleb preparations from 2 or more (preferably several)
strains belonging to several subtype/serotypes (for instance chosen from P1.15,
P1.7,16, P1.4, and P1.2).

20 In a further preferred embodiment, the meningoccocus B bleb preparations of
the invention [or the aforementioned mix of 2 or more wild-type meningococcus B
bleb preparations), preferably formulated with 1, 2, 3 or all 4 of the piain or
conjugated meningococcal capsular polysaccharides A, C, Y or W, are formulated
with a conjugated H. influenzae b capsular polysaccharide, and one or more plain or

25  conjugated pneumococcal capsular polysaccharides. Optionally, the vaccine may also
comprises one or more protein antigens that can protect a host against Streptococcus
pneumoniae infection. Such a vaccine may be advantageously used as a global
meningitis vaccine.

The pneumococcal capsular polysaccharide antigens are preferably selected

30 from serotypes 1, 2, 3, 4, 5, 6B, TF, 8, 9N, 9V, 104, 11A, 12F, 14, 15B, 17F, 18C,
19A, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3, 4, 5, 6B, 7F,
9V, 14, 18C, 19F and 23F).
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LPS Anti-Porin A Sero-subtype 1.2 Result ++ on the wld type s%railg;" m
on the "D' and "R' nutants ++ on the wild type strain (-) on't g

"R' nmutarW® 04409350 all wild type and nutants strains ++ on aﬁ&w.’&zype and
mutants strains ++ on the wild type strain (-) on the "0" and "K' "Alt ant s
+/- on the wild _type strain (-) on the "D' and "R' nmutants (-) on all wld

type and nut ant ETerred pBcUNGEReatproteins Snipehs Wed ke gf,c‘mﬁa@ga; !R??t gge
t ocus of

delive vecygg h pﬁm erkes tar etin integration in the or

Nei sseiria ma% é]fed& D §§ 4 %Wrowr?ﬁetﬁn&eomopmumtapablbaff Eﬂéi% stabl e
I nt egr at i orecognisédobe ialiosPNAmirfunk .ocus. of Neisseiria neningitidis
was constructed. This 15 del i veri}%\#&g{ or %8@5&5} H?f}e?fg § lifeiqrele obitke essi on

casset t es) PREUMPSEEqS), oo Arecprowinsuwhich Gre NRtESELHY § (Ngitidis strains
iRl L b lochtal 2 ns

produci ng nbi.nant , .i nproved bl ebs. Typically, s

at | eas?: %’@’?98“&’3@% H’cg&é’k"b‘br\%arf@p&m, ¢sitg 2-vorfporiet ighdl ttrad@icer Nor

Nei sseri a réteint 4108 Lcide plasmd), (2) at |east one, but

pr ef er abl ynﬁ\ﬁo rggit?ﬁ?p%og%yf%ﬂ' %ﬁﬁ? o 3BerepicPanipriady prfaredof

honol ogy fprotetnsr gehideg bubeard o€ Hirditk® o |. | ogus .such as porA,
(3) Effici entﬁ;r anscri ptional (pro_rmt?er ?n%ergﬂ?ggg@%@r%ﬂyo °‘%€H§°‘fé’ﬁm nat or)
and t r ans| SEPHGRL | TeafRant o5 ewation)hDeisehelloemall Nycksid acmokéspilgwg,i, opy.codon)

i {5y sePSLVAEPL LSAAAFES oL Rl ki o g 1 &
| 18 Yol r@l&er S
such 2 SERecinliitehf) SHRENEE, B BN o, tomacar ¢ nc
e S0 s o O OO RO, P81 GRASH ot T
backbone etkq;,ﬁcg"r’ 1740 Wiec Brilswee dé)) PSpE l2hd trag @BdmBYERED RE 1 ROA S |
) L 58 oL 4o Sy o et vt cont s
o oo o COceP oo TO S 010 BRERTEALIE Selndinet Pl "
conferri né)c;cggcgqignegﬁy&kaﬁaf@bﬂakon potatipé akigesie S4@RGE For Hrulence of
Streptococcus pneumoniae"); pneumococcal choline binding proteins and
ransmembrane deletion variants thereof; CbpA and transmembrane deletion variants
20 thereof (WO 97/41151; WO 99/51266); Glyceraldehyde—3-phosphate  ~
dehydrogenase (Infect. Immun. 1996 64:3544); HSP70 (WO 96/40928); PcpA
(Sanchez-Beato et al. FEMS Microbiol Lerr 1998, 164:207-14); M like protein, SB
patent application No. EP 0837130; and adhesin 18627, SB Patent application No. EP
0834568. Further preferred pneumococcal protein antigens are those disclosed in wO
25 98/18931, particularly those selected in WO 98/ 18930 and PCT/1JS99/30390.

In a further preferred embodiment, the Moraxella catarrhalis bleb preparations
of the invention are formulated with one or more plain or conjugated pneumococcal
capsular polysaccharides, and one or more antigens that can protect a host against
non-typeable H. influenzae infection. Optionally, the vaccine may also comprise one

30 or more protein antigens that can protect a host against Streptococcus prneumoniae
infection. The vaccine may also optionally comprise one or more antigens that can

protect 2 host against RSV and/or one or more antigens that can protect a host against
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por Al l acO chimeric pronoter repressed in the E.coli host expre55| ng | ac
but transcriptionally active in Neisseria neningitidis, and a Hﬂ‘l
cloning site (5 sites present: Ndel , Kpnl, Nhel, PAnA 1 and Sphl)
necessar yWPJH/¥8 i nsertion of foreign 20 DNA in pCMK. pCNKCMER00/07424
constructed as follows. The porA5' and porA3' reconbi nogenic regions, the

por A/l acO pRfRERLLG |ified using the oligonucleotides listed in
the table bel ow, cl neg fﬁaﬁ‘@dﬂ& g’ ¢ Adyarsasously Thmkas DNAbAI @GRS, Wer €
successi velvgcomeci sed from pTODO and recloned in pSL 1180. The kananycin 25

resi stance cass tte was excised from pUCAK (Pharmaci aBi otecli, Sweeden) and
was i nt roduced ﬂt‘meqbdﬁﬂ‘éinﬂ&abmkl lhqg%qgg %J]p orAI I acO

pr onot er 608) an 2004 WD 01/ 09350 PCT/ 4

onucl eotld S useg ) kcﬁRﬁ%EP@&CSdbséﬁomn@g E‘Bmds(o%GFUgor AS'

Fwdl ' - CCC 585434621"[@@33@ g@atg.@% @ﬁ, cloaing site ATT CCT
CA-3' Uptake sequence L) Por A5’ B@C% ‘EIUCSC“!ZAAprB;-‘A CCT
CGT Nnt | H@sﬁwhuﬂmwm@@mm& Por A3 FwdS -GGA AGA TCT GAT T fA
ATAGGCGAAAAT II onin site g ACC AGC TAC GA-3' Stop codons (_)

Por A3' Rev5' - UFRE VIOUR ante s Andb@ienehib AT e s et fiisd ﬂngc%@tg MI TTA

TCG G 3 Uph GAA TTG rr A TCC OCT AAT TCC
Nt a&QaTAC ?}E@nltﬂ egg oraMB%f( cg’lls, or Vero cells or whole flu virosomes

(as described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or recombinant
10 proteins thereof, such as HA, NP, NA, or M proteins, or combinations thereof,
Preferred RSV (Respiratory Syncytial Virus) antigens include the F
glycoprotein, the G glycoprotein, the HN protein, or derivatives thereof,
In a still further preferred embodiment, the non-typeable H. influenzae bleb
Preparations of the invention are formulated with one or more plain or conjugated
15 poeumococcal capsular polysaccharides, and one or more antigens that can protect a
host against M. catarrhalis infection. Optionally, the vaccine may also comprise one
Or more protein antigens that can protect a host against Streptococcus pneumonige
infection. The vaccine may also optionally comprise one or more antigens that can
protect a host against RSV and/or one or more antigens that can protect a host against

20 influenza virus. Such a vaccine may be advantageously used as a global otitis media

vaccine,

Nucleotide sequences of the invention o

A further aspect of the invention relates to the provision of new nucleotide
25 sequences which may be used in the processes of the invention. Specific upstream
regions from various genes from various strains are provided which can be used i 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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Poly Rev25'-GAA TTC CAT ATG ATC GEC TTC CIT TTG Mel cl oning si T%@T
TGA TAA AM CCT AAA AAC ATC GAA TTG TTA TCC GCT C-3' Por Al acO F e lE’TC
TGC AGG WaEDIfg350CCG CTT GAA Pst! cloning site TTCr3' Por Al aceReNE2£TT AAG
GCA TAT C TT CCT TTT GIA A- Ndtt cloning site 3' PPAI5 - GCG GCC GIT GCC
GAT GIC AGC C-3'_ PPA25' - GGC ATA OCT GAT Cii E5 TOG MC TGC 3'

N-full-41: 5 - cABaspnredingT Aanking Aregidds 617G IPiftilgendl Qphath Thifar CAC. 3'

Nde- NspA- 3.i5, ( Al _GIC A IT TGA CCC Met cloning alt cC.3
S s s e E&R’%&“%‘tﬁ?ﬂ%@hﬁmﬂm@gn}mmﬁ
PNSI 5' - CGh¥ tahéeriphionsIT AndSeanSThAod PG G3C {,ﬂé\'e:# d&kg{“re“ site PtumDLS-

|1 X5' - GGG CGA ATT CGC 5-GC CCC COT CAA 0 i fEhi tes CAC
Q(c):tct ICST TOHBITeam GRHoWBstEBm of X (PEA reiinCHambAT @IIMTQO%QC@HYXMI

ti ng -S'lgg 3' PNS45' - _AGC TIT ATT TM ATC CTT MT gAA CGC Swel  and’ Pad
dati ng “si t 88 GFAA G RN Foqurage yfarmatios alionssbe ded@Eingtion G PotéfMCC CTG
TIC OGC TGegiabBh) Gl 6 iG] D15, Us' - GTC COC ATT TM ATC CTf
AAT TAA GCA vaaliej! arﬁg{f ‘J’ng‘ﬁi g'gstlg%_g%lm ter p%']tﬁgcilﬁ@)&@e@@@?@f@sucm%s' -

AGC TTT Glimduitle ﬁc@ﬁcﬁdﬂlm,@ﬁﬁﬁrﬁ'&[ﬁeﬂﬁ%ﬂﬁnﬁbkEfol:ré]@s%aﬁgntthe 2 9 JAN
2004 WO 01/,093 0l PCTI EP00107424 Exanple 3: Construction of a I'sseéiria
menin iti ditinesPplgamopsegpenee,, regiens Witho perentizd prodmaryo tmsmee hiavoldes imnd t he

maj or i MMyRQasEN | ulating the antigenic content of
out er rrerrbr%e bfﬁ%elﬁ%&ge 5595;‘?\{5%@%8%13gnfgﬁrﬁqgﬂm§.ng their safety and
effica®y in thdhis seqrerce infoerbtictalloWs the inf@RSbh of He Jaﬁﬁ'slae%ﬁwsiig%ﬁées'

;

Component s, such .as the Neisseiria neningitides serogroup caps

pol ysacchdhf 8% 86190 Ehe apoguiation of the gube expressiom apibe acautuiishel
aut oi mmunig,¥aye L ar | it is beneficial to suppress the
i rrrrunodomﬂr)\,anc!zﬁggﬁh@;égj oétgrdtﬁ%eé%g‘rd&?gﬁﬁ%d PGB ROtenY R CRES S5 PROPARHPICh | nduce
10 str ai n-cigpentsf orcaryanthe elsthahtd mw&b&@kﬁﬁs@%wﬁ&ﬁ 1 i
Cross-pr otbect Lon. To illustrate ) ' ’ lafiéh gp%gssmn can
e achieved by similar types of modifications, Altemnatively, by changing phase
15 variation sequences, the expression of the gene can be put under phase variation
control, or may be uncoupled from this regulation. In another approach, the expression

of the gene can be put under the control of one or more inducible clements 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 lons, etc.
Such medifications 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 comsists 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
Tecombination, and the effect on gene expression can be assessed. In another
approach, the sequence knowledge of the region of interest can be used to replace or
delete all or part of the natural regulatory sequences. In this case, the regulatory region

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

regulatory region, or any other regulatory region, or to delete selectad parts of the
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such an approach, we used the pCWK(+) vector to construct a Neisseiria

meni ngi ti des serogroup B strain | acking both capsul ar pol ysaccz%ﬁriAiéSZ[j%d
t he i mmunodom nant Por A outer nmenbrane protein antigen. For this purpose,
a del eti orY8018980 por A gene was introduced in the Hi4/ 76 cpeT/asobdtss
described in exanple |I by neans of 15 honol ogous reconbi nation. The H44/76

cps- strain ent.,and transforned with two 21ig of

super coi | ed p%{ +§6%F§%%%g%°sa?‘b8§s@r°¢%€€ SpausriesueanythenAbe qeintroducedt i ons

of the tr amgb thermtierinmmix homslo é&@b&qﬂeﬁ;,%‘- l.ated on Miel | er-Hi nton pl ates
) an cﬁl@{?blgf

suppl enented wi th Kanamycin (200gg/ m n EPOMe-37C for 24 to 48

hours. 20 Kananyt} RICESi &) don cxaoipini the expressis® o€ Gl fhe dafSid ﬁﬁhﬁlﬁteﬁrb Kn
hours at 37C. At that stage halt of “t he

and grown f : it | 2

bact eri a] c%ﬁhﬁgng\‘g{g ]%Jrélg@%f o ‘ﬁbfle‘ﬁ@%ergl’l?mm(ﬂwugﬂ(‘so(aﬁﬁg Yhe/ @pitrealn. ) and
was keptsfr Enca lof tH® GeneA r : t1 O estinmated to be 10' bacteria)
was resuspeﬁgd ir:3 15 ?enof &gi‘@?iﬁn?&é‘g@&qne& é“sbs&ﬂvﬂﬁc’t@ﬁ rwioygdessionrimtoused as

wa
a tenpl at e H§m@epame by homologyus Tecompiniadoh .l%i-éﬁl D eiNrd BPA |
and PPA2, vere synt hesi.zed anc] used to p);r or m%@c%ﬁapiﬁggﬁgﬁhﬁﬂ boi | ed
bacterial | VoSrbcBACEREm A5 Helk 3ondheleuter msatring vickieles wipqal (o€ fnadé)Hirdsh DNA
pol yner ase, thBeghiédudger Mannheim GibH). The thermal cycling use was the
foll owi ng: 25 tidnrres (94C Imn., 52C Imn., 72C 3mn.) and | tine (72C

10m n., 4C up t dnroskes\perfyred Siatmpiespthd Aebdrded hoSShdids n pCVK DNA
and 30 }ohe r%hr%lrmsorgal RorA | ocus, del et es fhéﬁ‘f’gé@%ﬁgﬁ%ﬁ%@ggﬁ%‘? % and #2
anneal i ng, "“¢IBRYT CAERTHHSTRINS With, fmproRed: nradterisaits €0t VacAgERPSHRER

sel ect ed asasPREAHE!BhIO +.Jhese PCR results were further
confirmed by analyzing é)nnrhgggﬁgzﬁﬂe’?s’,bu}ﬁéc not Ymifedto; RYENUABSTATG3 50ains
PCT/ EPO010 PfizhingreassdnexpresfiofPof delidied tigehd s ' rial,_protein
extracts. For th(aaé g?;é)ose,_ anot her_ alglég{igt @?Qgigg@a@??‘%h% 2t F?ngaéff?to be
5.108 bact &7 T %) %Hs °F SBeS JRtadeEng wido the inuhurdRAGEp&S, il Qkaik SRSED%

A ycerol 3QfedubRdPe: G el har 15% Br.onophenol blue 0.3ng/m,
Tris-HCL 250 nM pHé‘?%s, BEIS’? ec ?’%B’t‘}"ﬂ%%ﬂ'&%zoq 5 / boiled (100C) three
ti mes add was separated by PAGE-SDS el ectrophoresis on a 12.5 %gel. Gels
were then stai nsgm@nassi e Brilliant blue 8250 or transferred to a
nitrocel | ul ose Artdh PP ATel avetall Meissrinl updaedn sEqREt@N@pstRRn DOy as

descri bed ioft¥BRiaLsS E@@ r esented in Figure 4, both omassi e and
i mrunobl ot st ai ni ng Cgﬁo{:ﬂ% aﬂ%gmgi;@g? FRERPRSInEAPErEate Yol 088 tbppr oduce

10 det ect alghel. | SEQRIDR NO: I0e62Lare Bll1iM, deSvhdlisGR) é'aﬁ-d"% RCMK yector is
functi onal .aE%iOPca’g be_used successfully Itsgﬁ.%r ge %‘% F@é‘?fﬁﬁ%{ t he

por A gene, "8 SOPPRy of XS prafemmd §enes)ecompridingtapproxithate el 000 b «ast. er

menbr ane psegRem ROt . o 4: U lation of the N !2A outer
menbr ane pro?gi n Ig?oﬁgsi %’Sf“ﬁx’%r@‘é@m&&‘f%m r§AeRcese (upsiararnf tei sseiria

meni ngi t i dititiatonegdon pf Barivg preferksdChe ki enes.
Enri chi ng %l}'vesi cles wi t,hppro_t ec%"insse) Jgﬁ{%ﬁé%ﬁgﬁb? aa’\j‘\%‘?{@%ﬁﬁ r
i mprovi ng {PRSC SRR g?:l-‘#ﬁd? gepeiictrnesheds\(partigaany hombRgowEEREsmHb8ation)

protein- ba?&%ﬂéﬁﬁlkﬂﬁg'orl &'omﬁtgulating the open reading frames to which they are T
associated (as described before). SEQ ID NO: 76-

81 are the coding regions for the

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

Another aspect of the invention is thus an isolated polynucleotide sequence

30

which hybridises under highly stringent conditions to at least 2 30 nucleotide portion
of the nucleotides in SEQ ID NO: 2-23,25,27-8l ora complementary strand thereof,

Preferably the isolated sequence should be long enough to perform homologous
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context, reconbi nant Neisseria meningitides strains lacking functional cps
and porA genes were engineered so that the expressions |evel §fd tJAd 200
outer-menbrane protein NspA was up-regul ated. For that purpose, the gene

codi ng for A was PCR anplified using the NOL-full-Nd

Ndel - 3' ol i ﬁvﬁﬁ@f’%@ti de priners (see table in 25 exanple %qﬁ:?ﬂoéo.’é%‘ndi tions
used for PCR aggl ification were those described by the supplier (H Fi DNA
pol yrer asc, rEeERnatiRyeithithm Rerpmpsomab syauenen df iteis pay of iangyitabde iyectoras t he

fol | owi ng: ' Gl 1 D lanct ' Nda | ahi (72C
10m n., 4C égm%lgrsr?geg"gverycgb e(sa (@gf%ag’?p%r%%ﬁtngfgﬁpwg%n@hg% l(?lb g%@f ed with
Ndel and i nsié0,t 419, on 500 eudlebtides).elforei prefemhlysihe dsotatedt fodympdhdtide )shaldd | ver y

vector. Insert 30 i ation. ecked. and.rgc in p).asm ds,

oot gned porsrrmsend sat ok ROk deF TR B 12 o B BT CRL S BT AT acen
maxi prep i t30anbo2or. S0P micleblides) SESEQ MRINGEB23, 25£T0-8100r 4 edtaiEhditazy Nei sseiria
meni ngi ti des serogrqup B strain |acking functional cps 2 9 JAN 2004 WO

01/ 09350 PCFIRISERSTePF 424 genes (strain described in exanple 1). Integration
resul ting from aadaualtRresd, RighlyREngeht KYbrRBAUGELInkiNEnsRidMte; br DaRpleyect or and

the chronpsomal porA locus were Selected using a conbi nation of PCR and
Vst ern bl ot6Xs%3e & Pepbands @S0ub RS, apd 48k ng/odl fragmentpchang| denguredsalmen er i a

PACE. 508 bur'Par, DYA MK qis el oF b4 8¢ o f i SRS B S8l Vv

separ agegb byinﬁﬁfﬁeﬁﬁ)w dphabouts] (smomtes fdlbwed Yy get timSat $5WErfer t hen
i ie Brilli R250
S e T G TR oS L e R SRS e

Bot h Coonas Serfipefahite foradleast BAWRhutedd 10 | nunobl ot staining (see figure 4)
confirmed that porA PCR negative clgnes do pot produce detectaple |evels
of PorA. The expfel& ﬁnasB‘chr\?sﬁ‘A%é’?g’idﬁﬁ%wlﬂ‘wwd&seﬁﬁfcstﬁﬁé’t“'eri al
l'ysates (WCBhyenfidn i \PefbrmiiBgd bitidtc SlghiteritiptiVat dukl BSrdASHdsdeisdrficior NTB [ cps-,
porA-] or NnB [cps-, porA-, Elspa+L. Altt%(e)aggh@no differgn.ce_was 1;)bservable
by Coomadsi esite sRecific mytatiogen delprias; byt wepferphly, 2 bprmolagaus reqephingfignyryenshal i 5

serum det ectgghi21680%p i re@'ﬁlﬂ' j hﬁﬁﬁd‘ | th respect
to the endogenous %pﬁgﬁg}&e )a, o%ﬁé%ﬁr‘;&\g%gﬁ‘g{l oaggarl%tn%%%rémbl eb

pr epar at i onseitherdecress¢ gudesredic. expiesstonraf shel gene Pnéfemably theastraintie whishidier) - NspA
vector is f | ‘ ful.l -{e e the

expr essi on ;}?&E)dl??grmmn%g rlgﬁ’e%%?p(})afcg?ﬁge %ﬁ'%%gg% Sgﬂ%éﬁ%é’gééltées‘%%%}"

concomi t ant | sgquehees pf delintenton wére tohminkh rHowauérethe niepinpasoccup A BRI Y 20

antigen. a 5: Pp-requlation of .the D.15/0M V85 outer nenfrane protein
ot gen’ BB AT e oGBS e SRR TITIPAs SBRTERE SHUFRR DO i <
scroEoup B sdny f theseatring mafr Yo edilable Fr desi tobsUfbr SffofrRiRg buthRoénts 25

Certai n geographically isolated human popul ati ons .ésgch as Cuba) are
infected by e qther setins, Ihip ismayralsqdye theapss far Heamophjius influenzpaddaicas bel ongi ng

largely to Opfeabie HabmYpraNs ffiueiBdE0r ane protein serotypes. Since PorAis a
maj or outer-nenbrane protein

Ut




antigen inducing protective and strain-specific bactericidal antibodies t
is then 30 possible to confer vaccine protection using a |init@ddniitbdBliof
por A serotypes in a vaccine. In such a context, the presence of PorA in
outer nen¥PHME3FBsi cl es may be advantageous, strengtheni nepcfEpbASisne
efficacy of such reconbinant inproved 60 2 9 JAN 2004 WO 01/ 09350
PCTI EPOO/ O%Widﬁgs. Such Por A cont ai ni ng vacci nes, however, can be
i nproved stl urther by increasing the |Ievel of other cross-reactive
OWs such as onp851D 15. In the foll ow ng exanple, the pCWK(+) vector was
used to upﬂ egul a‘tqsehélhe expression of the Omw85/D 15 outer nenbrane
pr ot ei n anticg&amp QW age carriegicduit Aging Stah ' . ut expressing
por A. For %ﬂh@&cﬁﬁg{ogoaﬁ%ﬁhe gene cod%ng %ﬁﬁﬁﬁ?gﬁ@c%%%%%?ﬂl ed

- )

using the 1 the3rt, SKEaps Mineteanthérarise dmschbay is dedfleTsoNdi ti ons
used far Réhn &ﬁﬂ,gﬂ.&*’-lgn ,w ose, descri bed by the supplier (H Fi DNA
pol yner ase, Bglgﬂri nger htﬁ el %OE &%‘I%“ IWERRA9%a| cycling done was the
following: 25 times (94C Imn., 52C Imn., 72C 3mn.) and | time 10 (72C

10m n., 4%u Rt)o recovery). The corresponding anplicon was inserted in the
pTOPO cl o ’5?8‘ i donaruction; ofga Neitshiriaramenlrgiridiy ekrorosp T ik Abdi@ns and

confirmat @g¥ey LRgiqees performed. This Omp8 was
exci sed fr‘o%‘;%Mri ction hydrolysis using Ndel/Nsll and
subsequently cloned in the corresponding restriction sites of the pCWK(+)
delivery 15 Reconbi nant plasm ds, designed pCWK(+)-D 15 were

ctor. .
puri 1184 GBS PlasiideMIIl (Fensit al.heOT)AGEN e sl P cdistru@ i Ngislrff LHi s
material yas, %ﬂé?uﬁ'r ngform a N?i sseiria meningitides serogroup B
strain lacking fonctl o‘ﬁgfaﬂ%%éﬁ@? Fshalysagcharide c Thisepdasimid cormaips thel) . | n

order to famdey sgidobef the j &ﬁgg i ation resulting froma
single crossin ?eg:/er (eit cgfﬁiicﬁparp %e %&Eﬁﬂﬂeﬁtgrpﬁﬂ’wp L'ié‘e?@'éﬂ Bd 20 by a
conbi nat | BAY#AEE dRdPesudthe ditiromyeinaviitgnde’ REEANIASn SPHAD BEN

resi st ant S Ln ositivye byporA-specific PCR and western bl ot
were stor reeéﬁl!%tétal nﬁ?‘B%‘feéfs i?é‘r?# tSFEVR B fepsilar polysaccharide hasrwell uslaes.

Bact eld a deietionan pendtivgc C‘Q?I-]] | G La re re-suspended in 50 |
of PAGE-SDS buffer, froézﬂe}nc?%%bwbg 85? P%cfﬁ%ﬁﬁ%ﬁ?y\%lﬂc%fi? t3R8- t hen were
25 separated by PAGE-SDS el ectrophoresis on a 12.5 %gel. Gels were then
st ai ned bg#%ﬁ&l | iant blue R250 or transferred to a nitrocellul ose
menbr ane h an anti-por A nonocl onal anti body. As represented
i n Fi gur eNéissehiat Rerins s B ' B St A} ni onfirped that porA
PCR positive_cl one’?@ggr oducgl%?r?ﬂ.s iﬁg ggpl?fe'g's#%#%?'gﬁ 1‘?‘3“%&@5@% ned using
out er - nenfASAMEMBYe, prAdisar an | ovesnigBD OOy | Mesbatio® NRH .“ﬂ?ﬁé’gﬁﬂ{dﬁ‘f] or NnB
re

(cps-99 P 4] onmassi.e detected a_ significant inc se In the

expr eosi glj of ngc%g, E%ﬁ?ﬁ’?e eI t‘%ﬁméi A sgataining 10 2™ MeChI (2, ml
prepar at i wers us&d gerFMH )and T4 t fi hat the pCMK(+)-D 15 54
D P poog e Bor M pud))and lhted £8'% 'an OB d1' 0TF (530" ). 15 ue ¥

solution, 4 pl of the plasmid pMF121 stock solution (0.5 pug/mi) were added for a 6
hours incubation period at 37°C (with shaking). A control group was donc with the N

same amount of Neisseria meningitidis B bacteria, but without addition of plasmid.
25 After

the incubation period, 100 ul of culture, as such, at 1/10, 1/100 and 1/1000

dilutions, were put in MH plates containing 5, 10, 20, 40 or 80 ug erythromycin /ml
before incubation for 48 hours at 37°C.

Colony blotting:

30  After plate incubation, 20 colonies were grown and selected from the 10 and 20 ug

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

without plasmid transformation. The H44/76 wild type strain was unable to grow in
4t



PCT/ EP0O0107424 vector is functional and can be used successful I% t?A 0
up-regul ate the expression of outer nenbrane proteins such as %5, %zt%ut
abol i shi Rgo bhew3lg oducti on of the major PorA outer rrerrbramf,FWE%‘%{}
antigen. 5 Exanple 6: Construction of versatile Pronoter delivery &ttors
Rational: The rational of this approach is represented in Figure 7 and can

be sunmarihg selested arythwomptin plates @pso SBQI?cr?{hrérH?ﬁﬁnﬁi_ e d?)?}?ﬁé'rl Ly g)t rat ed

bel ow wi t h.L. onstruction,of Vector for up-regulating e expr Ssion of
NspA and B“%‘E%d?%ﬁ%‘s Were\placed onragw MH plateg withothenahroensindn opdertthgetN A

gene. Stephdm groWNA SRR 7 I ed. upstream fromthe NspA codi ng
gene was di sc%*\?ered (SEQ ™ IQ%'%’N%% %cﬂ'&d i AErceifelosesstpatsnisslogy dat a

base cont dilefting) farnfresenediaf B qrdysaccHabAe S BREFHC l.sseria
meni ngitidu strajn ATCC 15 13090. Two ol i goggj(;:l’l ‘gog?lﬁzeu%r?ﬁ @E#‘% PBPe?red to
as PNS’1 JHECqeNesst sheett and ainsed direstipl in PRS420S YeTweaedousee: LS

sequence : [ These ' o, Were used for PCR anplification
usi ng gengfr%ri:ln?‘;'ﬁ%kfgﬁg>l<1:.%l (ragﬁté% ‘Téﬁﬁﬁﬁsﬁn@biﬁ’ﬁ"fﬁ’n&or@ﬂmm beffap Afterfraeds,

cor r esponadhe gheatbpdne COEES oVl Rl el | { zard PCR kit (Promega,
USA) and subm tt6d 10 d?gesatigdrﬁq?\neth tﬁgqgiggk%gP%re%tW@ttFW“EMWS 20
for 24 hodRd)-uKhepgsherts weann wiashedagaitefoc thrbe drmay Stmuﬁym&%lu&ﬁ%%# nger

Mannhei m . Th orres | DNA fragments were gel purified and
i nserted ibﬁgﬁgﬁ H%%nrolpeg@bﬁﬁi W'Eﬁ{nggma(bh@%@@!w)cdibmm V3090dn theSt ep 3.
Recomionarilupitas e for Wehdurs B RPATLfkrY 'ndy k‘%ﬂﬁg;ﬁg%ﬁkg Iﬁ?‘{]&g é%j\lnglwis)? :ﬁ%f, erse PCR

fraction was used as a tenplate for inverse

was per f ordaRgcigsalgtibedy WaSletemet W2 K166 LAted Bnts: | ;?B% e

fol |l ow ng&k?ﬁr % .¥ugl ' g condi tions; nggi ntes (9{411.‘?:95;elll%iqflo.n,,rl h%rhn n., 72C
3mn.) an th ‘g‘ @ Res iy the luagt buffes\(eme/hour at RTp beforertie ki 18
vect or s havabi§ing kteg (& ' Lt tream regi insert were

obt ai ned. _30 Vgectgr( f%rgérg;c?(ragat ating %Ee’ %E%? L35 'B?Pebgfegg?f@% PBY ¥m 85
gene. St eBT1with aputios giforrepiavidin-papxidasaseablePatieA M bE®H tHaSiRRk5 - P

codi ng.ge di,scover ed EQ IDNO3) in the private Incyte Pat hoSeq
dat abgée @gﬁffmﬁ&ﬁ?t@rgm si9ps veirg thgsampartErROGro®IRbs e stidersi shed

genomni ¢ DiNereS BRUWGIEE ForO ae : Nei i A jngitidis strain ATCC_ 13090. Two
ol i gonucl eoti de pri rrerrsfsr g%%iﬁoﬁggﬁeo%ﬁgg%%ﬁﬁm épo‘ﬁﬁ)l‘%—‘%Z (see
tabl e in eXarel-saphtolsohwion és 1@ e dnetivinoypfubide n8 FBSHRE 3R oﬁmgagﬁ%zed-

c” extracted

These pr% V\g used for PCR aerml I frcation using genom
fromthe FIrE) stAeeAFuogwas stopped with gdistilisted tvatey-veashing sieps  wer e
cl eaned-up using the Wzard PCR kit (Pronega, USA) and submtted to
digestion wth the EcoRI/Xbal restriction enzynmes for 24 hours in the
condi 29 on¥hadssealliBlisds:by t he supplier (Boehringer Mannheim Germany). The
correspondi ng fr nts were gel purified and inserted in the
correspondi ng & E"scegf%fsﬁ%wﬁ%éi%’ ng g therowransrmed Slonies (“D” and

“R”) and the wild type strain (H44/76) as coated bacteria (20 pg protein/ml), and a set

of different monoclonal antibodies used to characterize Neisseria meningitidis strains.

The following Mabs were tested: anti-B PS (735 from Dr Frosch), and the other Mabs
25 from NIBSC: anti-B PS (Ref 95/750) anti-P1.7 (A-PorA, Ref 4025), anti-P1.16 (A-
PorA, Ref 95/720), anti-Los 3,7,9 (A-LPS, Ref 4047), anti-Los 8 (A-LPS, Ref 4048),

and anti-P1.2 (A-PorA Ref 95/696).
Microtiter plates (Maxisorp, Nunc) were coated with 100 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 pul of 150 mM

NaCl - 0.05 % Tween 20, and were overlaid with 100 ul of PBS-0.3 % Casein and

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

Y




1o Reconbi nant plasm ds were prepared on a | arge scale and an alq QUOAN ZUE‘{:R
fraction was used as a tenplate for inverse PCR anplification nverse
was perforned usi ng the D15-S4 and D15-S5 ol i gonucl eoti des usi ng t he

fol | owi ngVPH&{0 cycling conditions: 25 times (94C 1nin. P L@%
3min.) and | tine (72C 10mn A4C up to recovery). Linearized p é

vectors h ' %—JI n I n th D 15/ onmp85 15 upstream region insert
wen a obtai ned Ip ﬁ%"ﬁt‘%‘i 6%0') wagbmizésormﬁ@ﬂbtﬁl BtiBoRERNDI nant

bl ebs . Tk(dO@xw)nqaéres;s&d atcﬁg-ﬂlggg e _net ds for rodum ng
r econbi na;& bl ebs | acki ng .20 e?‘t i} ap grase aﬁﬁ'@é%(ﬁasnapsul ar

pol ysacch PUgsTwern 20and puswoto the mtmﬁﬁ%%fd?@ﬁucgﬁadﬁﬁ%grogﬁg \é\ﬂ de range of

Nei sseiri di.s, rec i nant strains and Ag¥er an
ext ended gga eh—.?ﬁ*k&@ B@%@Fd‘cmdse@ai washmglstelgl uo@lmsogg{c joup B

strains wen@sp;[ m@}-&g FNE 004 , .FNE 010 AA) or |qU| d
(FNE 008 AA cu%)ture me::lt’lg iLagggO%gﬁ W/ CoREgRed FoRiog ang ditytademilA908accus ar e

advant ageiP&$s0.y %r@acmf M0sred Tiwvees LDt & d a further
aspect of the jnventjop. 55 2 9 JAN 20021'&\6/1\%@5?/ Béﬁég"’%&% E%@éf Gund;

Conponent EE ‘669{3}365\ o Guften Al aﬂmgﬁépm:bbﬂo&)%m}, &c&hhmlﬂ@@b@a%w g/ L6

B/L Na-d gy EM@%@HP@@Z@ g/L2.2 g/L2.2 g/L KC1

g/ LO. 09 g/dlli avigm- gF¥ Fobigiog /(140 318 of the @mersisant RAN.2051y L5 o L.

Yeast Ext ntedat]HMOGSlr@hL a.rﬁ@)hoﬁﬁﬂ)% 15 /L CaCl, . 2H2(). 015

glL 015 g/L MySOQ.. 720D / LO ? %{%’%QQ%EFW 9”6‘?7%9?@“9"94@ g/ L-

Kanam?% 8> Copdht “qnﬁasIAf@ultmsvmcuMuonfadﬁetb&s&tr ks IR sfip, :p all%ero B s-
S ng

reconbi nagye erformed in two steps co recul ture
on solid neléllwtj%np% lilbédlllb‘gfwﬁﬁ &P’Bmeﬁ?”c Stution 4 @Iqrﬁommyleuédmﬁﬁch vi al of

seed was (Q@FD)Viadl¥ mdM If MoEESEe t(uff:?@ﬁhs&ﬂﬂ &'1%3325@ rgffst erature and 0.1

m. was st eaked into a Petri dish “contai ni'ng e Alarls e e
above). Th a?é??’l*ﬁ?%’ﬁdw&@mmugdgatp&iepﬁmmﬂgﬁ 2 hours The surface
growt h was resuspended in 8 nL of FNEOO8AA (see 10 above) supplenmented with
15 nmg/L of erythronycin. Flask culture. 2 nL of resuspended solid

pre-cifl t UResuiter e added to a 2 litre flask containing 400 nL of FNEOOSAA

suppl enment ted with 15 rrg(L of erythronycin. The flask was placed on a
shaki ng tabl e"\‘{lm r {heyvs dbat from thipsdOcisolated $6(Gnfee) whibh wRrd 'K & grblie Ce! | S

wer e {
on the selected medium with erythromycin, only two (the “D” and the “R”) colenies
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

integrated the piasmid into their genome, but in the wrong orientation, and keeping

20

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 o

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

Yy



separated fromthe culture broth by centrifugation at 50009 at 4C3f gAN %E!I
m nutes. 15 Batch nobde cultivation of Neisseiria nmenin itidis serogroup

cos- recdYBPHEAIO bl ebs: This was performed in three stepsp Wohﬁﬁg
preculture on solid nmedium |iquid cultivation and batch node cultivation.
Solid pre-gulture. A vial of seed was renoved fromfreezer (-80C), thawed

to room t ENFErECHPR Withdheyanti-Ri.7\ead astirRialéMaBod Ret f.i, 6l ont ai ni ng

15 L of MAEQRAA seg,ahgyel The Petti d sh of BieeRs 25bhisk eBitd Gy

01/ 09350 SCT/ EP % e IBSEYY WaE observeds withg: nén-bmeoific. anBRPorAUNGBC e

growt h wadame®ugpaasie dTlicke 8 ee ahove) supplenmented with

15 ng/ L of S%t hro’rirlchi n. Li 5[%9%1}%@(@%?%&?2?%"%@@8@ eallyell.2ol i d

pre- cul t urRBe Rdrlé epifapes aro stlh predenti :If&lr&ahéfaﬁﬁatio%g%ﬁé %B%é@%'ag,"ggof FNEOOBAA
S S

suppl egent ' /L of erythronycin. The a d%n a
shaki ngetaq;o éW(%WW%WBqMqut 37C for 16 2 hours. The content
of the flask was used to inoculate the 20 liters fernenter. Batch node
culture il}.aHar. nt@.r..Th i nocul um (400 nL) was added to a pre-sterilized
20 |iters *2Pt%OtRecVSIUsHaY the snonenional anshodiesiengd 10 L of FNEOOSAA

suppl enment ed WTIT Rprort~Tof—efy+h-emrein.The pH was adj usted to and

mai ntai ned at [7.0 by the autong{"éf&ml o addition of Rem@H (25% w' v)] and H3PO4
(25% v/ v). The tengéfst urewas seaigetl ategd at 37C. The aeration rdte was

t TR B FHE hgi t at o tespalddype smiat r Ol . | The

mai ntai ned at [20% of sat ur
over pressure iln the™ermenfer was nai nt pi neq) ad 3PP 1 | Ruad ter {9 |

hours, the cul[lUr enl@PsT T % hese-—The cells were separfted from
the culture 15 rt}y'sgwwg{ centrifugation| at 5000 etidgreFein 15 ni put es.

Fl ask cultivatfio sseiria nmenin 7) di sS(-beit: 0" BhdCRSmutanBOl A-

reconbi nant Rl ebsNIBEAi s was perforned Jin two steps conprising pfeculture
on solid nmedi LmWﬁL y—iguid_culltivatjion Solid pre-culturpe. A vial
of seed was rénmoved TFom 2p f re88LPL (- doCT onah avidupdand mosms sEEmpE} at ure and
0.1 nL was stieakdtBS@x o a| Pet Porimh sh |cont ai ning 15 nlL of FNEO JOAA (see
above). The P{ﬁmléwaa ;nﬁg’m- ed—atl3ZC _for 18 2 hours. THG surface

—=t o3 =

growt h was reguspended in |8 ni o?4ﬁE6C8M'\“§|éé'i‘dM@9lumppﬁiBnent ed with
200 ng/ L of kfnamftPAo) Flask cléiake. 2 nL of resuspended solid

pre-culture wer eamddes750 (@ 2 TEpg e THask ccn*@—n%m_m_oj_% FNEOOSAA
suppl enent ed\MrF\,ith 200 ny/ L4 of kananycin. The%f’?ﬂk pFced ol a shaking
table (200 rpfd_and incubdted at 37C f@r 16-)of thatiiraad “Fatagel | S |wer e
separated from t hantdwé g ur %Obr Ot DpPYy cenrTd fugp‘gﬁn 2+—5000g—at—4C for 15
| AR e
f

mnutes. 55 2{9 JAMpdQ04 01/ 09350 PET/ EPQOO/ 8: lfsol ation
and purificat of ebs lf rom neni n o¢occit)@eteiT spd “Reamusat ar

pol ysacchar i dpAati-PL.2(NIBSC) [ Aati-Forin A (-) on all wild type and mutants swrains
Sero-subtype 1.2

10 Example 2: Construction of versatile gene delivery vectors (the pCMK series)

targeting intcgration in the pord locus of Neisseiria meningitidis.

A plasmid allowing homologous recombination and stable integration of

foreign DNA in the pord locus of Neisseiria meningitidis was constructed. This

15 delivery vector (genes, operons and/or €Xpression cassettes) is useful for constructing
Neisseiria meningitidis strains producing recombinant, improved blebs. Typically,
such a vector contains at least: (1) a plasmid backbone replicative in £ coli but not in
Neisseria meningitidis (a suicide plasmid), (2) at least one, but preferably two regions

4




5 Reconbi nant bl ebs were purified as described bel ow. The cell pz(sﬁe W‘I)
was suspended in 211 m of O-1 MTris-Cl buffer pH 8.6 containi 1"&

EDTA and 0. 5% Sodi um Deoxycholate (DOC). The ratio of buffer to biomass
was 511 (WPW935#he piomass was extracted by nagnetic stirrPGHEPWO78E

m nutes at roomtenperature. Total extract was then centrifuged at 20, 000g

f 30 m i 10 JA- 20 , Beck J2-HS
cont 1 f ugey: BRabef forl ke R ol et i, lutiperaraal dbaus svels a5 por, (3
ul t racent r Efficgend traschigiord Qeromdter, 2reBldiody flgidh W&Qoré(% :ug?silaq%gg ‘ I: os.

rotor, Be&tlérran L8-70Mul tracentrifuge) Tn-order t0 con

The super ntPERYsed fiboseme bindingcsite Bnd ipitibtion coden) gighils Yunstome R RE:sidpip25 M of
50 mM Tri s-?}lm&ﬁ%er@oH 8!t'6 contai ning 2. .mVl EDTA, 1.2% DOC and 20%
sucrose. APpapsa, (ha meltiple clopme sit 384t Posclsctaplegene(s’ aflowigf dre 2 hour s

at 4C, wesin@intmand’ & B Bihdnid SHSPCHIEInd et . of 3% sucrose, and stored at
4C. Al solutions used p%)r bl eb ext rac‘? :a%ené%{?goguqf?ﬁ’g[ Solt ¥eseErned

0. 01% t hi oraergitidia Addifienal elamsntsainehide, MfoF eisle, Siptake RbdueRERGE BkiGaryi ! dS

protein plrjglgaratl 9@_ hi g@lqé enriched in outer-nmenbrane proteins such as

Por A and BT 8T TS :m|}8"éff€wq ®eringisidisi anrh countér sklepmblenharkerssui t abl e

for u re |gchadsRB! HEENS!S @4 strong bacterial pronoter
a0t s bl EOESMS Wle Ghi208, O30

elenents is essential to obtain u i on By for outer

menbrane pr ot eiAschenmatit datwing of thetvectve chmstciRd i BEVEkaRipRY AU ¥enhddat
up-regyl ati t.he Nei ssgr.i .meni nﬂii)ti dis nspA, hsf and onp85 %g%\es usi ng
the potA gt 18 FERTEEDtY I‘B%é%"%é- CogesPanding complstemmstcotile bsuemeiished i n

the correspaRd Ng I}ﬁ;@?\ f Wp Lein Al ternatiyes ta the porA
pr onot er mag be usefu t%fo télp'n [ erg%‘?ﬁse & -lrlégulbé&bBHG to
overcome (BbamnciaBloteny Aweaden), ¥ diiglatcopPnanBérOplaimidaRpliQYse GO djonal gene
expressi o l;ron ?qo éie%ah%gtgromters)_. Here we describe a method

al | owi ng tHe UHBs % 7'e Benoifng thereby, sudersiag resigtanseitp anpicilink fmpddisod € of

strong pr aeekie pCMEMBRAESodall &b rAloh |evel ~ of expression in
bacteria. Since pr onot er regul arta%]?y&glr}%r%n S Fé'c@f’ﬁssg’iofﬁfl% 0r339 JAN

2004 V¥ 0XPoBdsnR PORNSAITn /tadinene) nprssey i himblo0R RRomBRhtGAM and 50bp
dowt r eam fsrﬁoggaélhe +1 site (Col |l ado- Vides 1, Magasanik B, Galla’113, 1991,
M crobi ol REVRSS (B CORIATING resistancy) to kanamycih wwo orlake i ssguencss) ows us t o

identify Rofafdcan icOproaiypdit : yg# Ng. .St rong pronpt
activities. Major Egﬁczlrc fr’r!;e?nbr anﬁﬁ%%@g#]gﬁélﬁi og’agoﬁef’?g?g’inﬁng‘c%m‘hgi tidis
Por A, Por Bragssmpponallyesctiphid Neisienial menagieidis] and 2 multpléclfing M8 %fdd 2

catarrhali ) S | |,,as sone cyoplasm c and/or iron regul ated
pr ot ei ns 8?55%?(;@3105?@5 i@’eb&éés"ﬂgt@&ﬁgﬂ%m&f the ingermiog .of Agreign

val i dabi oDNAfn pOMc gener al net hodol ogy, we mapped the transcriptional
start site of the strong Neisseria neningitidis porA and porB pronoters

usi ng rapid ampCMK owesi eonstictedDiNAfollb®rs cTRPOHAS” @Bd pBALE) recolMindlehiaCi P! €s of
5 RACE arg. hefollw% 1) Jotal extraction using
regions, the pord/iacCUpromoter were PCR amplified using the oligonucleotides listed
in the table below, cloned in PTOPO and sequenced. These DNA fragments were o
successively excised from pTOPO and recloned in pSL1180. The kanamycin
25  resistance cassette was excised from pUC4K (PharmaciaBiotech, Sweeden) and was

introduced between the porAS5® flanking region and the pord/lacO promoter region.
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Q ACGEN "RNeasy" Kit. Genom c DNA renoving by DNase treat nent foI?cgwgﬂmeg,'
Q AGEN purification; 2) nmRNA reverse transcription with a porA specific™3'
end pri meoogevased por A3). Expected cDNA size: 307 nt. RNApreiByhedLY

al kal i ne 15 hydrolysis; 3) Ligation of a single-stranded DNA ol i go anchor
(named DT88) to the 3' end of the cDNA using T4 RNA |igase. Expected
product size: 335 nt. Anplification of the anchor-ligated cDNA using a
conbi nati @ I - nest ed PCR 4) PCR anplification of the anchor-1igated
[ AL LB worisnchor priner as the 5° end priner

(named D natlehtidess E1 \..a..cd p—2—whi.ch 1 s 20 internal to the
3'end RT &W%%wwe&”r%m anplification
of previ oUE PR product 4 SUSTTAATTIBES T ATHCATEL | AR Pling hedS —3—€Nd
prinmer (ilnternal to pl-3)STCEETCRH product size: 21uldeflequeaiidy 6) Sejquenci ng
with pl- I Pagmemer (expecmmmwm@ég“&% por A
transcription start sitqactgckaipwn: 59 nt before the "AT t ransl atfi on
start si {&RT extracted from

appr oxi rTIater 109 cells %EC'A\%‘ISé 13 ren AT 'Gd‘é§“,\$>ﬂ‘('bﬁ'?'?ﬂj'ﬁ B cps-| por A+

1%

w

strain. ion of | d culture at apfregmi@te optiqal
density = 1) was | PEFF S AEEC BEARETOE ACARC NRNABa yetngerd accor|ding to
t he 30 nmhnufacturer's inéf‘Tl"IE"t"l'CSﬁé. Chr onosonal DNA waﬁga;aiam/)ed by addi tion
of | QU of RNgdc- free DNasEA{ RGCHe TCX agnol ARTIICE BEaTherm—Getrary—t o t he
30 I of pluted RNA and \wsa ach c@cdiMNcd004 MO 01/ 09350 PCT/ EPO0/ 07424
i ncubat efPebdRe37T TTOT IS5 THA d;m;n dwith the sanme

Q AGEN k|t according t ¢ridstrHgtLO ‘Fﬁ"%ﬁ%@ﬁg an;_(lz_rlI Ipi"'f’ﬁ’n reactions were
reverse

performed using priner pey
transcri pf = , RT reactiong were perfornedfin 5 a
501 vol upe contai ning: b “6F ANPACO T TSRB ICTOPAA] Frik@nimmmer , 5T f | OX

SUPERscRLpr 11 _buffer, 911%3 of 25nM MyCl 2, 41 of QJI M DTT, 40U of

r ecombi nEM*%RPhonucl emgmﬂg:mﬁmmwﬁ primer
was annegal ed stepwise [F¥O0C for 2 mn, 65C for 1 m|n, 60C for I mp, 55C
for 1 m PPAGOC Tor 3 @mgm@—mﬁm&mw Il was
added - i ; e 30 min_ followed by 5
cycles ( T —5 : M ang AL mn) to destabjlize RNA
secondarfy structure. Tw:)c& el reacﬁ“&ﬁ#ﬁﬁf‘é"ﬁer”f'&fﬁ“ﬂﬁd“’vﬁth the reverse
transcrijgbaseonmitted frQ 2 reaction as negativé control. The RNA was
removed [y ATKal i ne hydf 1SR AT CRATATRE ARATART TReCE(dwtaeanaeT T T0f 0.5M
EDTA folllowed by 12.5 ||®AD¥2 M NaCH before |ncub<1tion at 68C for] 5 min.
The 15 [¥8lcti ons wer e NEURGAkRE T s—Ha  (pH7. 4)
and precipitated by thejsddition of 20 g of gI ycogen (Roche Mol ecu] ar

Bi ocheni{Gass, VEMTET T T ¢G0T ’ . ogli 2t 3 0 | of

i sopr opa 2 Py 1 (37 918" TE (10 nM

Tri s- HC A F%%?é%ié‘“’dg'éﬂ’"f‘t?‘“aﬁehor a

- phosphex - :
5™ GCT CTA GAG CGG AAT GCG GIT TCA GAC G- T %aal clomng site
3 o
i —
PNS4 5« AGC TTT ATT TAA AIC CIT AAT TAA CGC | Swaland Pact cloning sites
GTC CGG AAA ATA TGC TTA TC_34
-
PNSS §5'- AGC TTT GTT TAA ACC CIG TTC CGC TGC Pmel cloning site
1TC GGC-¥
Dis-54 5°- GTC CGC ATT TAA ATC CTIT AAT TAA GCA | Swafand Pac/ cloning sites
GCC GGA CAG GGC GTG G-1
‘ -
D15.55 5= AGC TTT GTT TAA AGG ATC AGG GTG TGG | Pmel cloning site
TCG GGC-3

4



20 ol i gonucl eoti de DT88 (see table below). Two parallel ligati o%s \Aﬁ'f
performed overnight at roomtenperature with each containing: 93 239"
10X RNA Wﬁg ffer (Roche Mol ecular Biochemcals), 0.4 MDT88, 10 pl of
either c or control sanple and 3 U of T4 RNA |igase.PGWEPMISI4ve

controls, a second set of ligations reactions was perforned, omtting the

T4 RNA | i gExempld® CétfstrittidhOof 4 Lan-reaction m xtures were used directly
Wi thout 25 purificatrton i Rttt et R SCHAgEOUp 2 Renin lackimgddtic DNA was
anpl i fi ed EADSWAr polysasphanides amd thé o A imRR S8 SmARR: antks phAr t €d PCR
approaches to increase specificity and prodd F—+6tf separate first-
round PCR were perforned on the RT/ligase reaction and controls in a 30 |
vol ume, each cpRERIaRh$the3 ahti il O ag Platiniumbuffer, 31 of 25 niM
MyC12, 1 Alcwof | OTM dNTP, °181’%%J“b°r1ro%8“gﬁ“9e8£wuﬁ?ri eqmebrae] blebs @fiay be
cor r espondddygntREeus i ig atmpoving abéit @afery REJ R r. t started by the use
of Taq Pl at.i num.‘éLi 1@ Technol ogi es) poclgljcr?e algellﬂ?'%ﬂsédaev CINgY T £ r st
|i gati on- atle§Hor™ CRPAIISCRyeSWA sompmments naxth Ussi 6@ MispsiRk RbniRQillist he

p

v g

anchor - spgejotd ri nd the tra ript-specific prinmner -2 (see
tabl e bel ow) g\i./\lnllﬁjcﬁ ibgﬂg{‘lu“%gﬁﬁg‘fcgi‘%dﬁsh%‘%rds gﬁcrequﬁ torsxcipder A8 rdhefPCR was
per f or ned indicmg artoinuntni®) (R8exh@bled] P SFRANMIN $EERLOr DNA pol ynerase
activation) followed by ?}O(g:yclxesbat l)gggﬁp?gﬂfg 1%33'&@%%@ s‘ZFPF@cSéARF 2004 WO
01109350 YBRERMIFABS of Bieidr Quiter-rieTelttuné agrigeRe SOIAL BoRE WIRiNE

15
. £
cycl esppat g : 60C, f ar n. The second hem -neste TA- PCR
was pelr0 f ors%‘g s&g‘ég%%ta ﬁ‘g‘q‘gg‘?}‘?ﬂgbﬁﬁﬁ éﬁ?&llﬁgpwcbmmpmmm. Tenitlusthee pl- 2
i nternal poelmer appreg] weksed the ptRIRAD | - see,.tabl e bel ow) and 1i of
first. round PCR Anplificati oh pr odulg?é;&;/\@rcgh?ot&;ﬁ N@H‘WE’F A" MgHIdey AG =N
" Q Aqui ck SPEROUB B, sirain lacking hothkéapsdlar patearetianged azdf&ietﬂ!r%';y\hﬁf?&ﬁmm
' e lerm nator

instructi @gsaly ybm tted to.sequencing. The CEQIM
Cycl e Sequenci E{g&&. i E:i%eccprﬁgmnﬁg}‘a his\apasseaideletionsefiphe poed gl RACE PCR

product s uwasnigrddiicedGh Gé BA4/IE cnk! srdrin S 2nci ng _reactions were perforned
according . to the provided i nﬁt%?i %tg\asm’aﬁegggbe%ugﬁﬁﬂﬁﬁﬁrloaﬁd??%fg
anal yzléd 199"“0@8%&@9@@3@% Anal ysi s System (Beckman-Coulter). Results for
the Neisseria ﬁg%hﬁo rpronoter 15 The start of transcription for
Nei sseria meningrtidi Cgﬁrs@Fbﬁﬁmaﬁqf@mPememmim&dIMRNAww&gWBIOIOEd 59

bp upst r eafrsuglerdotied ATHISH L ' e described 5 - RACE procedure.
This result confj rm;ﬁct heﬁwpﬁﬁﬁgﬁgﬁ ?A o?%ecég:bdyprﬁﬁoﬁﬂ?" quoh Srefons f

publ i shed&y TRRRoFBAtiGH deiercat(10QAPSvereThilsted e 54! MEHRRATS,  Plfes@ DNA

f ragnment Wl . | eoti.d -9 to -259 with regard to the  porA ATG i s
suitabl e ?@Pﬁ r@b@%‘@mﬂﬂyﬁ%ﬁ@of‘%? aad ingpbated 24SH78E dori 24 1etdi ingis | des and
possi B0y Kanamiyir-rd3Riédn® £bl8hies RRA c 0 hitus, Moraxella,
Pseudom)na@q. _Results for thlg Nei s%zﬁ"?’g* ?ﬁg%lg °$PF32§%)BD FoNBtler arhe sane

exper i nentéitianel 3¢ dgyrshats3786e At alppisiagel HalTof B SaRkrkA IRHe RHshidES,
prepare glycerol stocks (15 % vol/vol) and was kept frozen at ~70°C. Another
fraction (estimated to be 10

bacteria) was resuspended in 15 pl of distilled water, T
boiled ten minutes and used as a template for PCR screening. Two pord intemal

25  primers named , PPA] and PPA2, were synthesized and used to perform PCR
amplification on boiled bacterial lysates in the conditions described by the supplier
(HiFi DNA polymerase, Boehringer Mannheim, GmbH). The thermal cycling used
was the following: 25 times (94°C 1min., §2°C lmin., 72°C 3min.) and ! time (72°C
10min., 4°C up to recovery). Since a double crossing-over between pCMK DNA and

30

the chromosomal pord locus deletes the region required for #1 and #2 annealing
clones lacking a 1170bp PCR ampiification fragment were selected as pord deletion
mutants. These PCR results were further confirmed by analyzing in parallel, the

ng



serogroup B (strain H44176) porB transcription start site nmappi ngy W\NEQEIH
listed in the table 25 below correspond to 3' end RT priner (porB3),
transcri pYo9peaIsei c priner that is internal to the porB3 (Hq/Ha

internal to the porB2 (porBl), porB3, porB2 and porBt are respe/g?#\?ely

| ocated 265 bp, 195 bp and 150 bp downstream the ATG start codon. 30 Using

porB | and'5fRY pf P én ghe caroesbyndnERbadteridl WS Al Per f or mi ng
5 - RACEW% gi gg%%%%%i .is |located 150 bp frngﬁq&t Egleg]g?é%’start a4
2 9 JAN 20 POI5EH BrericErRtrd tube 5 dBlbastertah mas rosusbéndzappso L§ t hat

t he por B tof aPAGH-SDSObafest o} € A out 50 bp (+/- 3 bp)
upstream of the porB ATG ese>s<5a°)(2%’t drill 8+r§gﬁ0§g BmErsaprarthianal o 15%,

t i pBromophenpl biue 3 mgmhrEzEC] ' hernmi Peds i ng.
ranscrip mgmh %WEHangnb?{]g%ﬁ%n%%@ﬁ uenci ng

The abogve,PCR L upports that a DNA fra co | eoti des

-1 to ?256%%‘?416?@9@} ﬁ’f&oﬂmﬁ%%wg #eP&atedaby PAGRIBDS SelgttidphBlesisigara dri vi ng

strong geng so%pRLETH ' lL.sseri a-nmeni ngitidis and possibly in other

bacteri al spe%ﬁgﬁﬂgﬁe%%tﬁ?ﬂ@aﬁ@%%@‘&m rosferredioam | e 10:

“U -re | atirsmoarluldse oembrend Bnd birdbed w iE 83 gene. b .10 pronoter
pid 24 Qn OtheiEp 0 151%&? I aRtibRsY

repl acerreat. g;}je .aimof the experinment was to repl e nBus
pronot er PEGTBTE df Mapiatis) &/ @nSS repeesentayd inh Figuire QN Chod " odiREPt £y | N or der

to up-reg taHlEﬁ,g Lon .of the 510mp85 antigen. For that purpose,
a pronot e?{u?‘é‘g?ﬁa{%ﬁ?ren %ﬁé@m‘& that PBB‘%‘E&%C‘F@@‘@S FlegesEdo cuyiti protheei ng
met hod®| odetectablé\ldvdd of Pak QMK B30 L pstream fromthe
D15/ onp85 cogi ng gene was di scover ed %gEgaf%@tp@%)vcgﬂr F?@“WP#&P@ | ncyt e
Pat hoSeq % a° B%s¢ sussrssully g targei DINA cilsgtawh %D%rA-sg%ﬂyeQﬁgmgg t he

I'S

Nei sseri Laglitlsls strain AT 3090. The nmi n steps of procedur e
are reprgcsdgré\t eg |tw§#g‘fﬁﬂté' _ng‘:q;&?r  OuteT IREIubrang protein rtigeAbp) coveri ng

nucl eotides -48 to -983 with respect to the D15/ 0np85 gene start codon
(ATG was 20 PCR anplified using oligonucleotides ProDl S-51X (5' - GGG CGA
ATT CCGC GGC CCC CGI CAA CGG CAC ACC GIT G 3') and ProD15-52 (5 -GCT CTA
GAG Q,GGt\%'I,’l1 LGIT TCA .GAC ') containing EcoRl and Xbal restriction
sites (underl| nédy—&5$ 0 1 PULeE membmne pretsingurbdrictipe th blebs

restrictidesived drdtS# re@finbiBant PVERB R Ik SstLl ct ed ﬁ/l th.the sane

enzynes. JThe.CcONstruc "mmm ! enesi s

usi ng t he=Z=ilgepardiang cps genes.em (usi ng the pGPS2 donor pl asni d)

-commercialized by New Engl and Bi ol abs (MA, USA). Cones having inserted a

m ni -transposon (derived from TO and harboring a chl oranpheni col

resi stance gerBnrichiie®l&r«d : .cont.aining a m_ni- transposon

i nsertion, | ogat ed i the D%%?%ln%?gﬁga‘?{}gﬁg%gds ?c&ﬁﬁ“gﬁ@"ﬁ&f%‘ﬁ‘%@gdomstream

from%he %%R&?%?DFE apd she sovemgedofanderumenibfape ﬁrbt&in%&cus%b@in%?lfT@éss pl asm d
ase e ,

was submi l,f.Cl CR nut agenesi s (Jones & Wni stofer
cBﬁﬁQt, @ otAbifant ]\Fe)usena mer%ngmdzs str(ains lacking functional ¢ps arfd pord

genes were engineered so that the expressions level of the outer-membrane protein

NspA was up-regulated. For that purpose, the gene coding for NspA was PCR
amplified using the NO1-full-Ndel and Ndel-3 "oligonucleotide primers (see table in

25 example 2). The conditions used for PCR amplification were those described by the
supplier (HiFi DNA polymerase, Boehringer Mannheim, GmbH), Thermal cycling
done was the following: 25 times (94°C lmin., 52°C Imin., 72°C 3min.) and | time
(72°C 10min., 4°C up to recovery). The corresponding amplicon was digested with
Ndel and inserted in the Ndel restriction site of the pCMK(+) delivery vector. Insert

30

orientation was checked and recombinant plasmids, designed pCMK(+)-NspA, were
purified at a large scale using the QIAGEN maxiprep kit and 2 g of this material was

used to ransform a Neisseiria meningitidis serogroup B strain lacking functional cps

49



Bi ot echni quesl 2: 528-534) in order to (i) delete a repeated DNAz u%\ﬁz
(Tn7R) generated by the transposition process, (ii) insert neni Sﬂe‘ 004
upt ake ssgg%nces 2 9 JAN 2004 WD 01/ 09350 PCT/ EPO0O/ 07424 required for
transf or taPPYA%nd (iii) insert suitable restriction sitesscitebiibs
cloning of foreign DNA material such as pronoters. The circle PCR was

per f or med ' he, T 15- Kpnl Xbal + US (5'-CGC CGG TAC CTC TAG AGC CGT
CTG AAC &EL#%E&‘F&ESE%?QAE@‘%FBM L)e It prag om mesisfrinig) frdih ' = d361CGssTAye CCC 5
CGC TAA Cloker Hérwielts tHCpe ?li u ti des, contai ni ng uptake sequences and
sui tabl e re;gr%ct.i on sit (IE%K Izp’?ﬁ% aﬁ’lagtﬁf)éf‘ e, Foramaesemal paet dews| wemg PCR
fragment wascegasingacombmdiiono DRGSR Qfd WidterdS I: hizorner of Kpnl)
and ligated to $§4bp DNA fragment cont ai ni&%&tcédeu%%éﬁc PoEERted n g

gener at ed lﬁﬁ"ﬂﬂ% ing the PorA-01 (5 -CGC CGG TAC CGA GGI CTG CGC TTG AAT

TGl G 3 ) and 'or T CTC TAG ACA TCG GGC AAA CAC
CCG 3') )ol i gor%gtleggﬁggég&?gﬁggﬁ% %ﬁtﬁlb#@gﬁ}wwmmm@d.in Reqdwbi nant

- cl ones c®AGE-8DSabufer] ArdresOrn j ed aphdint he_correct orjentation
(transcription roc:edirn in thog) E??%E&tgo%:gl fcrgﬁqso?ﬁdo VEEE ect ed
and used P@Wﬁﬁ@f BAREaSES ritictropliorids ss ari2es %41Bdli ngst&g@&ﬁ%ﬂ@%p B
out’er

| acking c ysaccharide (cps-) .and one of the major
menbr ane ?@gtﬂlkélg%s@&f %5&1“"(%0295%%? A&rTochitloseanémbrenandprobeles cl ones

resul ti ngwithoan sanBioN§i £ L r n PCR scr eeni ng usi ng

ol i gonucl eot i des Ca%rﬁf os‘fdg%??dé%%“ WT@%%&%"S' shogmy r 1 5- 52)

wer e 48| epmgnoblpt s@ining searfiguond piarifivghed Akt Hor.g IPCR AdRRLEOEBALS @tpg anal yzed
for D S/ Cﬁ;&%ﬁ SXR ?S# oeg. represented in Fi gure&%, the prod %tion of D
15/ 085 s 20" & %‘ﬁ"f cY ﬁP?é°%§béeF§B€Fs$lnnDﬁHsprs epamined lin Wigi@ct s of Nm

strai ns resubid f nt, en conpared_to parental
st ra: n (c&;&(ﬂ:?ﬁ gyﬁr%ggssuweﬁ\/\gg%gléugaj'rg%g%%&l%BW%gszweéugw- menbr ane

bl ebs pre st apardhle os NmBsfcpai ordSeRs ﬁ].gwlﬁo‘@ no 1R ERRnEEHLLS are
| acenent of the en(fogenous I pr OnOT & t he

attributa t.he_re
st rong po&&grﬁr%@ﬁnb[yeppmﬁﬁ%dﬁ?% immunghblottingr with therght-NspAngblydiakal 25

expr essi oferuriidei=ered he 330f; : s._introdu appr.oxi mately 400 bp
upstream of the initiat gﬁg{)gon, %%@WMSFWAEIWWW%MFH t han

when the fRdegasous Nsphdewelabett inpWCBLJ 4t Gutet-rdQAblaRe HIRE %t}&gggrﬁg@e%get her,

t hese ex .support . that the_pronoter replacene wor ks and
al | ows tﬁgeé up! -Eﬂ SR gpm dhas th%wﬁm%)-ysm Vretomig fidctiondland eamnbe ane

prot ei ns us8d udcesshilRMar | Certakn geographical ly isolated human
popul ations (such as Cuba gglﬁgbﬁﬁﬁfeg& b Bbmétgf F’%F'% RIS sueh pRj sseiria
meni ngi t i WEPA, jabolishingscanedmingitlyght pragikiod 6f @EPRA ofitkr ZmetnntAN I;{_%pé WO _
01109350 ﬁg%éAEPOO/ 07424 few outer nenbrane protein serotypes.” S ite PorA is
a maj or ou “menbrane protein

U

Example 5: Up-regulation of the D15/0Omp85 outer membrane protein antigen in

blebs derived from 2 recombinant Neisseiria meningitidis serogroup B strain lacking N

functional ¢ps 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

h0



antigen which can induce protective and strain-specific bacterlzcgdjaAN zggl,
anti bodies, it may be possible to confer vaccine protection in such

popul ation using a limted nunber of porA serotypes. Moreover, PorA nay
interact with or stabilize sonme other outer 5 nenbrane pr 444n this
context, t NP Y¥8nce of PorA in outer nenbrane vesicles %yo%tg

advant ageous, strengthening the vacci ne efficacy of such reconbi nant

i nproved bl heason, be desirable t regul ate the

expr essi on gPﬁs' 5‘:’%%33 Ut e %’r 5?1“&”\4& 5%&1 "PWEFdhﬁﬁ'sg’é‘P?’a by

nmeni ngi t i deglcmznngéﬁhelqycllifsthbmrﬁss-résﬂwmﬂﬁpdg?mﬁ mt hpsg;mls ;:ﬂgs ge?eile but

expressi ng Por romt he reconbi nan i sseria

neningitidis ser%g‘ﬂ%g&%ﬁ"”@p@‘m'ﬁo i&fﬁ"ﬁ/"ﬁﬁﬁf% used foi yp-regataghe he Q AGEN

Genomi ¢ Ti pexpkédfiofsolfittie O&BESJDIS’foutEhhﬁmBﬁh@'i:fdﬂm ‘ﬁﬁi&fﬁ (Fgas'&'hx'?ﬁ%h d used to
S

transform Nei sserjia neningitidis serogroup B cp OW Nng a classical
t ransf or ﬁat fypationaly epscgrmes SiPEissing ponde iFor dhat pumesee thebgear meding)rl'orGC agar

pl at es m@m:_;m‘g,sigﬁ in%hfﬁﬁ" gmh%g? f?z?JI am!l %?Woﬁt ‘89%‘,‘{% lting from

a doubl e cr033| ng-over upstream o gene  "were scre PCR as
descri bed pP@mr@u'EhwconﬂBwhbmdo@oB@Rrsmﬂrﬂoatrmtwmshosardescabﬁuby @éer ywhere in

t he chronos ng rfo t C ntrol t he
integrity o?ﬂ;?he por,cbxﬁllqocggﬁ‘l Fhe g "“ H’T’Sﬁh &Eﬂ?qt‘wg‘gpurpose 20
i nt er naI poﬂdhepvasm&llﬁmg :(saim@@mxﬁsm%@’fz@ﬁxﬁ%&: tile) and PpA2
TA!?%’T g;‘EG TGS AAC T& -3 ﬂ% yere used in_a PCR screening
exper| men g‘ﬁ‘ it IREP BTOBY)aHheCOrepoRding amplicn wahimesrieddn thee presence
of the porApDEP®@ blbnihbevédaﬁoﬁbdol:tﬁig tbaq{eermﬁufaﬁﬁﬁpab gi%élﬂ&angﬁ‘&tﬁﬁ' a
(correspondlng to about 5,10" bacteria) _can be re- suspended in 50 p.1

of PAGE- SDS Y JeAuACing - Wscperformed. | Bds PMGJPlﬁhDEé fragrent wasd t hen
separ at ed byxﬁéﬁo OPOCHY RIRIERESS 11913% jyt hen be
st ai ned by Cgomasm eggrl |l |y21nt Elf&l}eh%ags or Apﬂrregcﬁ‘m’gﬁ {rocel | ul ose
nenbr ane ~ aflgned r@b&! eqresponding t mstrigtion nsifes Mrmm&ﬂwmlwwtvmdy or with
an anti 1 od naI | s of, out er - menbr ane
bl ebs prlg)parﬁe romt &hdg%éﬁ' strgl)'ﬁfs]ltscvg é’fr%ﬁgdﬁg Tps SRltEmE 2 9 JAN
2004 WO 01/ msmqmmtmomm Ex pgn df ethik Imatkife! rvag Uised mmnh*forhhe Hsf
protein ant .ITbI nant seifia tidis se roup B
strain | ackh%?sgﬁanc%m" byt g&@ﬁlﬁ %ﬁ'ﬂ‘ %’i‘ﬁ?%%‘ﬂ 6P BERES ra| n
| acki ng fundﬁscrthedlmexﬁﬁple\lﬁslnmm“&d@m&% B dRpfedsion’sf SIRAC idppiofbOvVe, in
certain countrélieﬁs]&% glg{ﬁesence of Ffé‘gVA in guter nenbrane vesicles may be
advant ageou®il EFSHPRPVe 4 Ompe>/Bi 3 prip pgrAgweresselegted nbi nant
i mpr ovegobl s;bscorﬂuimhb@otfmn Mwetﬁamf tnh,ﬂﬁmwf Qeliddned PCVK(+)
0 e

vector to ug l.ate the expression protein-antigen in a strain
| acki ng funtfi< n&R?é‘“éj‘éM’éﬁP“@@r?@s@ﬂwﬂmbht waregtopndiati- T0AC ap CVK( +)

vect or con%l%msﬁcgmmﬁ%m&@&gg pronoter repressed in E. soli host
expressi ng lacJ but
Bacteria (corresponding to about 5.10® bacteria) were re-suspended in 50 pl of

PAGE-SDS buffer, frozen(-20°C) / boiled (100°C) three times and then were
25 scparated 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

l"

with an anti-porA monoclonal antibody. As represented in Figure 6, both Coomassie
and immunoblot staining confirmed that por4 PCR positive clones produce PorA.
The expression of D15 was examined using outer-membrane bleb preparations
30 derived from NmB (cps-, porA-] or NmB [cps-, porA+, D15+]. Coomassie detected a
significant increase in the expression of D15 (with respect to the endogenous D15

level), preparations (see Figure 6). This result confirmed that the pCMK(+)-D15
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transcriptionally active in Neisseria 'neningitidis. In the nodif QedAN 2004

pCWK(+), the 10 native porA pronoter was used to drive the transcription of
the hsf gene. The gene coding for Hsf was PCR anplified using the HSF O |

-Ndel andWQ3RA9¥BO0Nhel ol i gonucl eotide priners, presented i pcﬁ&w@iﬁ

bel ow. Because of the sequence of the HSF Ol -Ndel prinmer the protein
expressed will caontain two nethionine residues at the 5 end. The

condi t i ons VERES functonsl andisan be asddi sotcesShRy & i bed by the 15
suppl i er (Hcﬁbrﬂ%rggk rrﬁrggse goe,hri nger Mﬁ%%%?ﬁ?%&%?%ycl i ng
was the follow ng: '%éis 37 Bl & Wit aboisingrtheprodiltion HTitke thaj8fPory L1 ME
(72C | Orbmc:mélﬁbt@ctp@ot[:ﬁ%‘ﬁggly). The correspondi ng anplicon was

subsequently cloned in the cOrresponding restr-ictio;i sites of pCWK(+)
delivery vector. In this reconbi nant plasm d, designed pCWK(+)-Hsf, we

del eted t resent in the chinmeric 20 porA/lacO pronoter by a
harer bR g

r econbi na m&m&w& Hsf plasm d was used
as atenplate to PCR anplify 2 separate DNA fragnents: -fro ent | contains

the porA 5 recgr%gépgogeni c region, the Kanamycin resistance gene and the
por A pr ondkationa matidrab tof dyisD b | (SaclLl) apd RP2, are
presented jn theﬁéabl e bel ow. RP ?ﬁﬁﬁﬁm@?ﬁ“% I’Bg%\gé“t e capfigence
just 25 (PETVEERT R 7t FRECRE Stepe e of thesostem ard DRARAURIAW Sith the

Shi ne- Dal g@ﬁg{ﬁlcﬁgﬂ%@g&éf&@ghe %i)qréggene, the hrf gene and ttﬁe porA 3
recombi nogeni ¢ region. o i GORUCFHHBIRE prAresion of NspA 2REOD 1 4/@psRP4( Apal ) ,
are pri@sented in the table below. RP3 priner is honologous to the sequence
j ust down r?a?] of the !'ac operator. The 3' end of fragnment | and the 5' end
30 of fragrehtZ o eguenng heoxprrssion afthe NgpA ekdlg of each PCR (1 and 2)

were usedsk&y 1. ' : ction usi ng priners RP1 and RP4. The fi nal
anpl i con obfi{ailng %Eé’%ﬁ gijlche 3psaRm front the Nspat codiigegensi Wiy Sacl |

andApal . Wiseovene {SEQ. fbaN@: 8 i~ LA 004 01/ 09350 PCT/ EPOQ 07424
PO g Lot 20 S0 1O Al A ey, o
g o | r S es 8. e .Ng is
serognoupihgt choﬁg %ﬁogg%%e}r{ ﬁ_rélal CEZ al(la’g%%&?{:pe@st raln ‘égggrl bed in
exanple 1). In order~to pr erEsdy ke ass odndpBN22 (fet @Bleahi ON

resul ti ngefampie 3} wmuesig{@sgm%gﬂ,gv ué?%? aﬁ@ls cthed bﬁ!a conbi nati on of PCR
and V‘ésteﬁinfﬂgdogkgégre;g{]iéng_ procedures. ananygrf csizsd; thess primersowers t est i ng
positive S 18CUCR Using gonomiy IDNA @ktravedde - 70C as

gl ycer ol S&.BCK g"““%?“ﬁiﬂiﬁé further studies. Bactgﬁx?‘ghfgigrgbeés%gﬁi ng to
about 5. 18% 10 bacter| Fmplicans Weneelepned-up Ousislg the WAGES BDS ' f er ,

frozen (-Q@0@nega, LSA)ehd shbRited -4 n re separated by
PAGE- §PS fél 3 trophoresis on a fgmﬁ%tdg‘gﬁﬁ %Cow&wngﬁ eRMENas

exani fied 1°h - Ruing thecanditions desesibéd By CRIpblier(@okiifith ;MHB [ Cps-,

etec

Por A+] orgieBn )q@ﬁ!-, Por A+,.. Hsf +] .  Coona. ssi e St ai hing Yome|
significant In r-eagecoln%sm? NasEagmenty weesf gel pitified ambipgérteddntthe 15

endogenous ingedi j i : . Jdhi esul.t confirns that the
7 o) e bﬁﬁewm%%%%%% gtané- Resomiinans plestaids ovsen Ul | y to

modi fi ed Cl\/KE +) - Hsf vector is )
up- r egul a‘?‘gp on axpge setle and fan aliwst fFaHbE MAE WBdOLE] Rfplath B4 Te00! 1 Shing
the pr Od‘F@ROE}nﬂEﬁéa%%n. Inverse PCR was performed us

ing the PNS4 and PNS5

25 oligonucleotides using the following thermal cycling conditions: 25 times (94°C
Imin., 50°C 1min., 72°C 3min.) and 1 time (72°C 10min., 4°C up to recovery)
Linearized pUC 18 vectors harbouring a deletion in the NspA upstream region insert
were obtained.

30

Vector for up-regulating the expression of the D15/omp85 gene.

Step 1. A DNA region (1000 bp) located upstream from the D15/omp85 coding gene

was discovered (SEQ. ID NO:3) in the private Incyte PathoSeq database containing
22



' i [ . 20 digonucl eoti des d A j's
maj or Por A outer menbrane protein antigen .
vvoJrk A i gonucl eoti desSe ueaceRemark(s) 1 5 - GGA ATT CCA TAT GA gAJ& wﬁ

' i ite Hsf 02-Nhe 5'- TAG
Hsf Ol - NdwoAMNI93sdA CCG C-3' Met cloning si 5 : "G
CTT ACC ACT Nhe | cloning site GFP-nmut-AsaGAT AAC CGA C 3‘5@;%&‘6?@0

i ing si E CTT TTC- 3
T AAT ATG AAA Astir cloning site GFPISPeGGAGAAGAA - _
éo'r‘gat i bl eundinisheddgsnobiic %&g&ﬁ%ﬁusgg@aﬁ ﬁ%%"r&%ﬁ%ﬁg %%%IT g%iom ng Si EB?:C
| RP1 ( Sacl TCA,.TCC ATG,. 3" np . T G
GTC T(GA ATLQQ@CI wa oligonycleotide prmeATieBREdI6Gs Prom B 5.8A% Mg%ﬁ%

o30s5h0, 1% BRI T Dot s s
uncti onal 5. genes. bot. cxpr enerimnfeaiBiluRl Sdat®PRA Rrtadiomi B ( he
P vt GHAEE S0 b o i o sy ey BBRAN Gl 510 0000
arpi 111 e O TR Bkt b5 ad i gepon s 4 Bempam 2 anc
GFP- Spe. ( sesitcidh Cntyind WiPE bodrd -in MY PSS ANSTbAS (oSS oper €
(Boehringer Mannheim, Germany). The corresponding DNA fragments were gel
purified and inserted in the corresponding sites of the pUC18 cloning vector. Step 3.
10 Recombinant plasmids were prepared on a large scale and an aliquot fraction was used
as a template for inverse PCR amplification. Inverse PCR was performed using the
D15-584 and DI15-S5 oligonucieotides using the following thermal cycling conditions:
25 times (94°C 1min., 50°C Imin., 72°C 3min.) and 1 time (72°C 10min., 4°C up to
recovery). Linearized pUC 18 vectors harbouring a deletion in the D15/omp85
15 upstream region insert were obtained.

Example 7: Fermentatior -rocesses for producing recombinant blebs .

The cxamples listed belo 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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pur pose,
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cl oni ng rrgt E%ﬁ%gh’gmAW%ﬁo%ﬁ 5‘2%883“
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-oUS DUTT

, frozen

separ ated by PAGE- SDS
was exam ned in

gart Bjebs: Thisor A+J or

6%&£?£§§R%?3§ion of GFP

re 14). 15

Wl phseed ivae seraaved fom fBeddar PA gene b

of & Bl L EREPAR (8

Cfberia® B P Ol RSO R AR oot

col i

10 above) supplemented with 15 mg/L of erythromycin. Flask culture. 2 ml of
resuspended solid pre-culture were added to 2 2 litre flask containing 400 mL of
FNEGOBAA supplemented with 15 mg/L of erythromycin. The flask was placed on a
shaking table (200 rpm) and incubated at 37°C for 16 + 2 hours. The cells were
separated from the culture broth by centrifugation at 5000g at 4°C for 15 minutes.

15

Batch mode cultivation of Neisseiria meningitidis serogroup B cps- recombinant

biebs: This was performed in three steps comprising preculture on solid medium,

liquid cultivation and batch mode cultivation. Solid pre-culture. A vial of seed was

removed from freezer (-80°C), thawed to room temperature and 0.1 mL was streaked

20

5y

into a Petri dish containing 15 mL of FNEOG4AA (sec above), The Petri dish was



the NspA codi ng gene was di scovered (SEQ ID NO 7) in the privaté 3 J&h 2004
Pat hoSeq data base containing unfinished genornic DNA sequences of the
Nei sseri aVOWDO9ISGi t i des strain ATCC 13090. A DNA fragnent (pataMapot@yeri ng
nucl eotides -115 to -790 with respect to the NspA gene start codon (ATG
was PCR anplified using 25 oligonucl eotides PNS1' (5 -CCG CGA ATT CGA CGA

AGC CGC CCReusaiedat3/)C tanlB #NSwours TheGhirfade prohth A ] TGC
-3') cont g ﬁ\ﬁ%' Xba] restriction sitesGE?Aun rcﬁ;(l]-ér%lle’&)gc ©
respecti vel y.@ e g afbrggénﬂﬂ’ WeBted kil § treglLt of srpshrorhyin. ODiquid preECOR and
Xbal and icuitaré.e?l D ofUeddspeddiids ' was subpjtted to circle PCR
mut agenesi s (Jones & W ni st (egfdel:lrd %o?éggé?:cq%mBWBFeiﬁ?ﬂde@ﬂ 2:litg2dlasI84) in
order to i‘RBEHUNSA0} MmioofIENBO0AN slpicesHialw g lsrfﬁ%ﬂioﬁ'%d ;or .
transfqr ana%%apdﬁuita@k? restriction sites allowng A6 &ke a
CnR/ Pof A pr At YLt phaking{ablei(200 pupeR] wrabaed AOIVEG oM § E%éPE%GiF 2 9
JAN 2004 Qe ROQ/ 4. BADO1- 5 - GGC GCC CGG GCT
TAT CGA (T:g %kgﬁgf%%pgggsg@g)%g %”Aﬁ?‘z"ag‘e( ée SEGMEREr CBItcBGhodsT T CAG
ACG GCG turesin fepmheed. T¥ Andddud ' [ | eot i des..cont ai ni ng upt ake
sequences [g%g ui t abl e rest?i_c,ti 0?2“??%%%&%,@‘?%;‘8&5@&31%%@ liieffed. The
resul ting! V‘f’ﬁlﬁﬁ &5 cantaeing JGrli 6f ENESOSAA QpleRdnitl th va&ég/LThe
CnR/ Por A Bf eRRirByERAS TRE L3 WAS amplified, fromthe pUC D15/8~rp plasm d
previ ousl éﬁdescrlﬁgeﬁi UsiPhg "pP A g 3nd gnginamed u. (5B BEGuORAEGGA GTC
TAG ACA TadiBsCofNNA0 5%G®) A Al - - GCC GCC CGG GCT CGA GCA
CTA GTA TT TGTH'?%T o %n? qul)t?‘g?n%g I‘iv3§i JemRHANr G WAy regulated bl e
restricti 5 edh¢ Reration Faiewas Ifaiftpivied an ¢0 Xh o hirunglel Lﬁd‘gﬂ diIsQﬁécl?CR
j int

f ragment dRASssubm tted to digestion and inserte circle
PCR pl asm resrl't% ﬁ? ct eagt\l/vi“faﬁ PAHBI2GH 36 20en 6f seruetion rhysthe 1itagor0kpetlne

r econbi nasontl. A dheypRésBurel iR R okl t?rn«g d to tr forma strain of

Nei sseri gtfneniﬁgegi ridi's serogroup Bgtf ac ?stl%glgg&ﬁ aég%ﬁtﬂ/%aé&?apii'db (cps-)
and one of°UT e RS Was i statienay phase.pTiet @illE Swere EYafatddPBEA the of Cé)rrbi nant
Nei ssey i aprhfh LA Lidis es resulting froma doubl e Crossing over
event (PCR A dlﬁ‘sf‘ﬁbg‘l’ i%érﬁ&féém'@ss-BAD 25 (5'-GAG CGA AGC CGT CGA
ACG C -3'") & BAD®B (5'- CIT AAG CGT CGG ACA TTT CC-3')!l were selected on GC
agar pl at !EC gl ingE gg/.n chl oranpheni col and anal yzed for NspA

expr essi Iq?‘s St NS‘;‘ S BENINEHIIY SerOgmoip ) dpo-, FopAlt révoidinaRact eri a)

wer e re- shiee Mt wias mé&d ; G- r, frozen (-20 boi | ed
(300Q) three tines a_npt?gﬁohefl# V\llgﬁggsseaggra B\ ﬂ:&@‘!mSBS g@lisc mediptmor esi s on
a 12.5 %'getwedday dqvidrasltivaton. sSodidnerd-caltuFQ UR8S iof By & wedkue R250 or

transgyerr ol trocel | ul ose menbrane and probed el ther Wt H°@n anti -
Por Aﬁgono%%%glﬁaQ’&%&fé '3 FOQRR teFrPsTRfire prebAl ol was stakediintd HOeH didhi gur e 17) .

As for Cop@iiing MeHE. bSFRES AL i(Sd | Adi-catian.that insertion of the
pr onot er aﬁ&r oxi mately 25 406‘9‘% SQ"JS%g?"f@gﬁ‘oﬁ’r@smg@mcabqwcaw HMCcodon

expr essedomif & Dh@yirsi Thet suaface ropitineas resafiizhded 104 yof.plq}:_ﬁ@&&e{gzt ream The
ate

. . - e .
S 1 CCSNG B R L2 . & byl P 3

resuspended solid pre-culture were added to a 2 litre flask containing 400 mL of

FNEOOSAA supplemented with 200 mg/L of kanamycin. The flask was placed on a
shaking table (200 rpm) and incubated at 37°C for 16 + 2 hours. The cells were

25

separated from the culture broth by centrifugation at 5000g at 4°C for 15 minutes.



of NspA in a Neisseria neningiridis serogroup B strain |acking fzugchN)%h,i
cps gene but still expressing PorA. 2 9 JA | 2004 WO 01/09350

PCTI EPOO’&!?(;ﬁM Exanpl e 14: Up-regulation of the N. menin itidis sero ou B
PI-4A (o J%%ehe by pronmoter replacenent. The ai mof thPCIXERIOOMRAt was
to replace the endogenous pronoter region of 5 the pldA (onplA) gene by
the strong porA pronoter in order to up-regulate the production of the
PIdA (Omwpl Al) antigen. For that purpose, a pronoter replacenent plasmd
was const r Examgle8tiIBslaton £ durflcQp >t hodol ogi. es. region (373bp)
| ocated upstreamfromtne [ S EEHe RS AN , ¢ 4D

18) in t €l ncyte Pat hoSeq data base of the Neisseria neningitides

strain ATCC 10 13090. This DNA contains the sequence coding for a putative
rpsT gene. The stop codon of rpsT is |ocated 169bp upstreamthe pi dA ATG

To avoid tReotbianPthiédd? Wire ‘BJH%QE% ggstﬁlg‘% )&skg\f}??rtanéf gpg;g,(gg} g;;;:otjgi to

i nsert the CnR/ Por A pronoter®cas

For that e} a2 DNl fofa iR rrespondi to the the rpsT
gene, theﬁggnég.i nt er geni ggsequ%ﬁgéggﬁgp?ﬁeﬁgﬁg?ﬁnﬁ wg‘hﬂ@%tﬁndes gf
pl dA gene RsOKYsholrts (MACINe Ths eaticofN Bt gh tb'icﬁ%s QY B
genom ¢ DNAveUsij s%'s gl tides PLAT Any (5'-GCC GI ?&i A#W%QA AAT
TGC GCG TTT AU%A 3 % a% ‘ﬁ§§¥ TREGSNS g AorOMIAG s/IF FostAGempspiiueCG CAA

TTT GGT TTotOERr#AE was therC @Rtrifupld 4l 20000 uences nder|ined). PLAT
AnD3 cgnt gi,ns al so_a Xbal restgéi:d;%i on sgt%%’.sﬂﬂ’i’%&ﬁdwf%éb}f@mfmmms
Wi

cl eané i rotprg Begkman J2-HS (cRueifiege) VThe heilen a@%{@ﬂ% irectly cloned
in a p@m‘@agqﬁ&gcn&léso qq " Bﬁ@ ;’gi s pl Egm' dwwas su %ﬁkcejs %ﬁ}‘aénfcl e PCR
mut agenesi's (Jones Rﬁ?ﬁ 2"('3 fargd Bpyrs; ay 43€dé0,000 rpmsierat 562t RRre
restricti dGeclehireE8-78M QitdaRéh ' Por A pronot er cassette. The
circle PCR was perforned u?ﬁﬁ‘ggjtﬁ‘%@’%‘%??“%’ &*F?%Gﬁhrc;npmm CCcC

CCA TTG T&@s dycarded. Ahe pell¢tovas @G sus /i 26 Pl AGD AAG
: P2 LI L

CCG ATA TAC,GGA 3' ). or CIRC2-X

AAT ATA ngA - igé) 20%@%@@%&@%@@ A %gsustist ablAdter e tseigrlgi ON Si tes
(Bgll 5  anbiraddmodifughiele lstebNgd - %rﬁl Ron, romotar cassette was anplified
fromthe %UC DI 5_/g01p8§ °B| asrﬁ%bg? Vi ouz(sjlhém%e {c“rii @ed’,‘s‘&@ YeTpr gemtlys BAD20

(5' - TCC ngigd ard4Amh of 3% ©UEosEART £8reBAR 436T QT Iol%sgg&gfg) E@ﬁ

CM PORA- 3exifation &EG\%;C GAG ATA ABA ACC TAA AAA CAT C-3"'J" 86At ai ni ng
suitable restriction & PREN fejatsd 004 % thigmersalate ras illastratddinsFiBeR 4, r agment
was cl onethisdirogedirelyibids i | EPOQY.07424 in the circle PCR

pl asmi d obt ai ned wi'th p?%e%%ﬁ@?%?ﬁ?ﬁa"a pPutesKmemabrane proteifhi s
plasmid c¥f BePerdeand RorBr ansf or m Nei sseri a neni ngitidis serogroup B (cps-)
and 3p '

Example 9: Identification of bacterial promoters suitable for up-regulation antigens-

coding penes

The use of strong bacterial promoter clements is essential to obtain up-

regulation of genes coding for outer membrane proteins. In that context, we have

25 shown previously that up-regulating the Neisseria meningitidis nspA, hsf, and omp85

genes using the pord promoter has allowed us to isolate recombinant biebs enriched

In the corresponding NspA, Hsf and Omp85 proteins. Alternatives to the pord
promoter may be useful to obtain different levels of up-regulation, to overcome

potential pord phase variation and/or to achieve conditional gene expression (iron-

30 reguiated promoters). Here we describe a2 method allowing the identification of a

precise transcriptional start site of strong promoter elements likely to confer high level

of . ) )
€Xpression in bacteria. Since promoter regulatory clements are classically
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25

Experimental procedure

Total RNA was extracted from approximately 109 cells of Neisseria meningitidis
serogroup B cps- porA+ strain. Extraction of 1 mi of a liquid culture at appropriate optical
density (ODgpo = 1) was performed by the QIAGEN “RNAcasy” kit according to the

30 manufacturer’s instructions. Chromosomal DNA was removed by addition of 10U of RNase-
frec DNase (Roche Diagnostics, Mannheim, Germany) to the 30 pl of eluted RNA and was
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25  purification in the subsequent PCR.

The anchor-ligated cDNA was amplified using a combination of hemi-nested and

hot-started PCR approaches to increase specificity and product yield. Four separate first-

round PCR were performed on the RT/ligase reaction and controls in a 30 pl volume, each

containing: 3 ul of 10X Taq Platinium buffer, 3ul of 25 mM MgCls, 1 pl of 10mM dNTP, 10
30 pmol of each primers and 1 ul of corresponding RNA ligation reaction. The PCR were hot
started by the use of Taq Platinium (Life Technologies) DNA polymerase (2U added). The
first ligation-anchored PCR (LA-PCR) was performed using 10 pmol of both the anchor-
specific primer DT89 and the

transcript-specific primer pl-2 (see table below) which is
internal to the 3'

end RT primer porA3. The PCR was performed using an initial 95°C for a §
min step (for DNA polymerase activation) followed by 10 cycles at 95

"

15 °C for 10 s and 70°C
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esults for the Neisseria meningitidis porB promoter

mapping. Primers listed in the tabje
end RT primer (porB3), transcript-specific primer
the porB3 (porB2) and interna] to the porB2 (porBl).
respectively located 265 bp,

25 below correspond to 3'

that is internal to

porB3, porB2 and potBl are
195 bp and 150 bp downstream the ATG start codon,

porB1 3 GGTAGCGGTTGTAACTT

' CAGTAACTT 3
porB2 5‘ GTCTICTTGGCCTTT GAAGCCGATT 3
porB3 5 GGAGTCAGTACCGGCGATAGATGCT £}

30 Using porBl and DT89 primers a ~200 b

p PCR amplicon was obtai
o ! - _ ' ned by
mung 5° - RACE mapping. Since porBl is located 150 bp from the porB ATG stant

EL
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CGT CAA CGG CAC ACC GTT G-3’ ) and ProD15-52 (5’-GCT CTA GAG
CGG AAT GCG GTT TCA GAC G-3 ) containing EcoRI and Xbal restriction sites

(underlined) respectively. This fragment was submitted to restriction and inserted in

pUCI8 plasmid restricted with the same enzymes. The construct obtained was

25 submitted to in vitro mutagenesis using the Genome Priming system (using the
PGPS2 donor plasmid) commercialized by New England Biolabs {(MA, USA). Clones
having inserted a mini-transposon  (derived from Tn7 and harboring a
chloramphenicol resistance gene) were selected. One clone containing a mini-
transposon insertion located in the DI15/0mp85 5° flanking region, 401 bp

30

downstream from the EcoRI site was isolated and used for further studies. This

plasmid was submitted to circle PCR mutagenesis (Jones & Winistofer (1992)

Biotechniques12: 528-534) in order to (i) delete a repeated DNA sequence (Tn7R)

generated by the transposition process, (i1) insert meningococcal uptake sequences

¥
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on GC medium containing 5pg/ml chloramphenicol and analyzed for D15/0Omp85

cxpression. As represented in Figure 10, the production of D15/0mp85 was

20  significantly increased in the total protein extracts of Mm strains resulting from

promoter replacement, when compared to parental strain (cps-). This result was also
observed when analyzing outer-membrane blebs prepared from the same strains (see
Figure 17). These results are attributable to the replacement of the endogenous D15
promoter by the strong pord promoter. In addition, it was surprisingly found that
25 expression, where the porA promoter was introduced approximately 400 bp upstream
of the initiator codon, was approximately 50 times greater than when the promoter
was placed approximately 100 bp upstream:. Altogether, these experiments support
that the promoter replacement swategy works and allows the up-regulation of the
synthesis of integral outer-membrane proteins in outer-membrane blebs.
30
Certain geographically isolated human populations (such as Cuba) are infected

by a limited number of Neisseiria meningitidis isolates belonging largely to one or
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cel |l ELISA (using tetracyclin inactivated cells), and titers wefe] AN ogRed
as md-point titers. All types of bleb antibodies- induce a high whole
cell Ab titer while the negative control group was clearly negative. 10

Web WCE( H44n6&’6q%m d-point titer 14P2 14P3 Por A(+) 2384965539 --- - c -
#0-) 2013040150 ---- CPS(f------------- WA&W?’M&@%%

CPSCY- - === mmm e - Por A(-) OVPSS(+)474716116 - --
------------ few outer ment®4nt Grotei &P s maiordho s Ne - - s - $X- - - -
The specific Ab response Epo %vggfrz%ﬁggﬁﬁeco%llsnaa"ﬂ rﬁFB’P@PﬁpW&é" carr| ed
out. M cropl &FUESD Wich caminducs pretectiv angtstuain-spedific baergéital kisifbotiel, ecmaye. The
results ill ust paksed th at. there was.a good speC|f|c HSF
15 response vvhgn HSE gg&%ﬁ?ég gﬁ)%\}bgu?ﬁe?%opﬂ 'ﬁf"t‘sdf’glar%llﬂl‘l’ﬁdz'%'"‘r‘i’F’ce (usi ng
purified r eceﬁmfﬁaﬁﬂom Morewee Rok & tntay) interdewitiSbr QlizG5RE SRREdul €bs
JfIC anti bodies. 2 9 JAN 2004 WO 01/09350

d f
ID?JT;J Ego 8/ 6 ﬁég"ﬁ"% N&B‘P &’61 HB"’%@&%W%A@W oyteranasIAae Vpsislesct or

TCTTOCCO! TCCHPEECAGREHGERL ek iU halha TAGET GGG
AATACCGTTATCCACAGAAT GGGGAT CACCAARAGGOCA
CATAGGCTCOGCHRERYe¢ GCATCACAAAAATCGACGCTCAAGTCAGAGO

CTAt AAACH ATACCAGGSR sudiCGCesE W
GOCGCTTACCGGATACCTGTCCCCC | chTi CCCL‘HEE%A d%ﬁfm“ SeraTCTCA

D15/0mp85 outer membrane protein in a Neisseria meningitidis serogroup B strain
10 lacking functional cps genes but expressing PorA. Genomic DNA was extracted from
the recombinant Neisseria meningitidis serogroup B ¢ps-, pord-, D15/0Omp85+ strain
using the QIAGEN Genomic Tips 100-G kit. 10pgr of this material was linearized
and used to transform Neisseria meningitidis serogroup B ¢ps- following a classical
transformation protocol. Recombinant Neisseria were obtained on GC agar plates

15  containing Spgr/ml chioramphenicol. ’

Integrations resulting from a double crossing-over upstream of the /5 gene
were screened by PCR as described previously. As homologous recombinations can
occur everywhere in the chromosome, a second PCR screening was performed to
control the integrity of the pord locus in the recombinant strain. For this purpose,

20 internal por4 primers PPA1 (5- GCG GCC GTT GCC GAT GTC AGC C -3") and
PpA2 ( 5- GGC ATA GCT GAT GCG TGG AAC TGC -3 ) were used in a PCR
screening experiment. The amplification of an 1 170bp fragment confirms the presence
of the por4 gene in the recombinant bacteria.

Recombinant bacteria (corresponding to about 5.10° bacteria) can be re-

25 suspended in 50 pl of PAGE-SDS buffer, frozen(-20°C) / boiled (100°C) three times
and then separated by PAGE-SDS electrophoresis on a 12.5 % gel. Gels can then be
stained by Coomassie Brilliant blue R250 or transferred 1o a nitroceliulose membrane
and probed cither with an anti-porA monoclonal antibedy or with an anti-D15/0mp85
rabbit polyclonal antibody. Analysis of outer-membrane blebs prepared from the same

30 strains can also be performed.
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GITC. G& G AGG CCTTCGCTC CACGAACCCCCCGT TCAGCCCGACCECTGCECC TATC%:TJ' JAN 2004
AACPATcnr r GAGTCCAACCCGGTAAGACACGACI TATCGCCACTCGCAGCAGCCACTGNT.

" ATTAGCAGRGTIABSEA=TATGTIJUGC CGG PGCTA CTAACTACCCCT ATl "i @¥a/érberdrars
GCGCTCTGC7WAGCCAGTTACCTT TCCGECAAACAAACCACCCCTGGTAGCGG

TCr CAAGAAGATCCTi TGATCT ZZ' TLTACGGCaGT C TGACGCT CAGT GGAAC

AAGGGAT T T TEERRIEGNGAYR g :

TAAATTAAAAA%

%AG/\C‘IQC,I\@CATCT @CHBGO@AT CGCTCAT TATCAGCAAT
r R

AA ACCAGCCACI:CGC:‘AACBS%: CGCCZCCA @W% f @MWAAar

AGTr CGCCACMRRRANEATY mmmumﬁa' \Gak Tan

CGGTr A SF%ETGTCA 2 T CACTOA G T AT GaCA G e VAl ¥iical ot

CATAATTCT thy EolioWing Cxample] GGETEMSTusEd GTRAGRAT A

GL S+TATGOGRMREAGACYGS A@WTAGCAGAAO TTAAAAG
T[,C ~re+n~rrn~ "1 LUWP 1- 4'E§Eai%§|5|§ L%?%Sé%c? ESTAINGT SIEAGCA

TGLCGC 2Jadkigg\AmErional Adpsr £FHEC, bAA W TCAGG
GITATTGTCr CATGA%%TACATATT' | GAA%E;'IE%E- dfkﬁ%* vector

A~CACCTGA ey At @mr@mﬂermmmma&%\ék% SR TTCO
TCTCGOGOGkanf f}&ﬁ&}%ﬁé{f AAL 1ACCTCTGACACA Cr OTAA
['f Ci rarr nr [PSerid; nengIgs. Im theacmodified pCMK(+) the

CATAAAD- T"ﬁ@‘mpm oA ATasTaET FOMRT %3
CAGCTCAT== CCGAAAT[ GGCAAAATCCCTT %cé&agﬁ?%meesﬁ G
AGTG ' M A'F‘?d MMAWGMMWHSF 02-Nhel

CGr AAAGCAGE: w I\/P 35 GCGCT

AGCGCTCA GCGC CCAC cmmuez@e@mem
ATGCGGT GT BSEATANZAGATAG thE. TTCA
T&W TACGC AT ? %ﬂb&% “ﬁ*‘#@CGTQ
AATACAT Gniopyed TorPER GRRHEHCATORCRhde dribed by the
ATTT&@%W%@%WMmWGWI%mg
CCGATAAAT 7T THEAGIRGARECANSTES TABA TR R85

TGACCGCP . TGCCO \

=ACAG AT

| TGTTTTr GREAD
, WCCTr r r AAAAA

plasmid, designed pC’\dKﬁ)—Hsf, we deleted the /lacO present in the chimeric
pord/lacO promoter by a recombinant PCR. strategy (See Figure 12). The pCMK(+)-
Hsf plasmid was used as a template to PCR amplify 2 separate DNA fragments:
-fragment 1 conuins the pord 5’ recombinogenic region, the Kanamycin
Tesistance gene and the pord promoter. Oligonucleotide primers used, RP1(Sacll) and

20

RP2, are presented in the table below. RP} primer is homologous to the sequence just
25 upstream of the /ac operator,

-Iragment 2 contains the Shine-Dalgarno sequence from the pord gene, the hsf
gene and the por4 3’ recombinogenic region. Oligonucleotide primers used, RP3 and
RP4(Apal), are presented in the table below. RP3 primer is homologous to the
sequence just downstream of the lac operator. The 3’ end of fragment 1 and the 5’end

30 of fragment 2 have 48 bases overlapping. 500ng of each PCR (! and 2) were used for
a final PCR reaction using primers RP1 and RP4. The final amplicon obtained was

subcloned in pSL1180 vector restricted with Sacll and Apal. The modified plasmid
)



45 AGCGCATCGGECCCGCAC GCGAGCATCAAGGECGAATTCTG CAC, -r T égﬂJA&?qu
~TCTCTGATA "r . 1CATTCCACAAI 3J1TAAAAATATATCATCATGAACAATAAAACK GTCr A

CAGTAA? TGAGCCATATTCAA CGCGATr AAATTCCAACATGGATG 2 9 JAN 2004 WO 01/ 09350
PCT/ EPOO/\¥@H2M4935T GATTMTATCAaTATAAATWGCTOO0GATAATGTCGGGCAA  PCT/EP00/07424
ATGG31TTt . TRTCGGAAGC CC  TWKAAAGGTAGCM MCCAATC TMTACAG, Al , , T,: ~- AAACTG
GCTGACGUATTTATGCCPCI TCCGACCATCAAGCATTTTATCCGPACTCCN , ATGATGCATT

1 TACFCACCACTGCGA  TCCCCGGGAAAACAGCATTCCACGTATTAGAAGAATA=TaATTC=NAAMTA
ATGCGCTGGCAMG = 5 CTGCGOCGG r CCATr cGATTCCTGT3TGTAATTGTCCTZ. i AACW =

XTr T==CTCACGCCAATC ACGAATGAA TGCGAGTGATI ZTGATGACG3L GCGTAATGGCTGGC

AAAT GCATAASCMK(FRER A GATLTC Ck=- MAT CTTAT7rrr MAC
~TT1U- TAGGTTC, Ao %mﬁgéﬁ%&éﬂ?& & QENGEN TaiEaA kit 484 2 pg

Cr r CATTACARIAS MAEaWaGATeN bR T 10 .. .
TGCAG r] ' f OéTTT%TCCTCf , ATGAGTT LTCTp%WFAﬁW@&#‘TMOE@Pp@:Amc&TG

ACTTGA Benal oy mmam%@%ﬂ S Sleserve

CvGCAAA T C_C- GTCCACCT TcAACCGT
CCTCACK 1 TCﬁl ¢ é@&%%%”% CRUHE DEnATONIE CASEAAGAS WIS TERGEY ‘
GOCCCCCCOME aldohibi o A BARALY éﬁ%l TGeol DT 15

TATATCAAAATATAATE:AT' TT7AAAAT TQTA Béf{ﬁs 'ER4a8 Procagiures. Kanamycin resistant

TTGT GAGG-i©1008Y RATRNFRUGATHE, par 2 sspéitic PCR! dridRvdsteln blot wsre storedsar ~70°C as

TCAAAr :AWAT TCCTAOGCCTATTAATATT C

CCGCr ACCH S A R S TR BT CEOGESEARAHTECR AT AGEC

GAAAATIACCAGsteridowdre A TIrd T ! cTGG= 0 rrcCGeni;

%ACGG, ATA-(i eﬁggtmm %‘A@@%&Wﬁ%ﬁ PR Ten GEOCCACASRETT Cr AAA

TA C* TTC STARGAGT Aok > C, 1. x:: +xCCOGGATA

TAAMGACACEASATAOOS O M AAGAT T CAGACG@ICJS)I[EE%WM?S‘S onal25

AACP, AAATT THECSSIOR Ot Bt wag/examinett An ARES18400 baGerddl 1 s@:eé\wﬁ). oL

TAAAAI TI TAERAAGEIA _GPHAL ' A+G'r | TCA{, j KTTTCCGA | CS,

AATCATW CATACtS Ucﬁr%ﬁ%‘ il Kgﬁﬁ W’%M%%ﬂc@m&w EAifing

TAAAGT GT AARtEStal RC-signlfa6l Addrease - & the exp C, | CGTGCCAGC SEQ | D

NC Nugj eogjde se e of DNA re_gi on (eg 7 bp u%ﬁgﬁgﬁ\ RS ttRetiRspA gene

in the Nei Sggr}clug kﬁ%n]i%‘d? {$%5i v Eigrorgd 3 This sdstRi donBRfOhat the {FX%&BCGZGA

' COGAACA- pORBGFLEEE hoth CATCGAAGACGCGG 35

CACT lGCAIC,;TOOO_C%CAC Lﬂzﬁﬁa%m SyQCesiiln 4 RIPHEEACEGREGACCGCAT
expression of outer membrane proteins, without abolishing the preduction of the

major PorA outer membrane protein antigen.

20 Oligonucleotides used in this work

Oligonucleotides Sequence Remark(s)
Hsf01- !
01-Nde 3'- GGA ATT CCA TAT GAT GAA CAA | Ndel cloning site
AAT ATA CCG C-3' N
Hsf 02- :
2-Nhe 5"-GTA GCT AGC TAG CIT ACC ACT Nhe | cioning site
GATAACCGAC-3'
GFP-mut- ' AT
mut-Asn 5-AAC TGC AGA ATT AAT ATG AAA | 4snl cloning site
_— GGA GAA GAA CTT TTC-¥ Compatible with Ndel
-Spe 5-GAC ATA CTA GIT TAT TTG TAG | Spel cloning site
— AGC TCA TCC ATG -3’ Compatible with Mhel
(Sacll) 5’- TCC CCG CGG GCC GIC TGA ATA | Sacll cloning site
CAT CCC GTC-3"
RP2 5'-CAT ATG GGC TIC CIT T1G TAA
ATT TGA GGG CAA ACA CCC GAT ACG
TCT TCA-3*

eh



CGAGOGCACOGT COGCCGOCGEOCACCOCAACGACTACCT COCCT TAAT GCAXAACCGACCGAGRAPAIA 06w G
AACC: CA Al
AAACCG=CCORRENNRAFIT TGCMECC, AATTCATGAT GAACGCC=CGCCPGACCGACGRC=Ar - CCA CG=', G
TTGCAGGAGCGCAC C=CGT TCA, TOO000AAAT CGAAACGGCAAGGCAAAAAGGCCT GRETERMMRT 42410
CGA SFATTICCOCCCGAC AAACGA ATAGTGGATTA

ACAAAAACCAGTREC. GOGTPO00TC A@crrlmgbw%m TCCGIACTHTC
=ACTGTc. i CGGCTTCCTCGCCTTcr§@ Tr+C - | TAAT ATAAGCGe A1ACAAAT(
GCGCCCCCCOQGGAAAACCCCCCCGAR S*PTRFCCATEE WAACGCAGCCGCATCCCCC
GCCGG  GCC [l c AGACGGECACAGOCEFACCGGRAAAT=Cc= ACGCTTAAGGCACAGACGCACACAAAAAa, C=
ATGCCTG, CAG RP3(AGSCAAC 3-ATE % AAAD
. CCATCCGCCGUGT GAT GCCGCCACCA JAEE @og ? Sﬁﬁef ilanQhe*ARlélcbsag Hia
meni ngi ti dils_serogroup B t‘F%‘FﬁGMé@me ACCATTGCCGPCCGCGCCCGC TCCARAGT
=CAAAATACAATCCM  COUGCAARACCARATCETECTEAACSTSGAAGC COGCACCATCGA

CGGAAGCCEH ' r AMATCG C C ACAT CGGACI ' GATGCCCI ' 3TA  AAATCACAACCGT r-C 10
GCCGCCGACGGCAAACCCAZTACCT CATGGCRAGAA CCGCCAAAGCC=WCAAAAAAA=. kC=  ACT
CCATACCGCC AhGGECGE Gk ) GCCCCGT CGGCCTccc TOOOCAGCCGGACAGEEC
TCCGCCGCAGCTACCGIC CGT e A HCEEE sgoent Protein in a recombinant Neisseria

" GEGAAMAAACEISTIngITGI GROEHEERAGH i AGIaC
CG0GT OOGT CAGOCAT ATt Q0CCLOTTNA, T 2 OIS RIS
CGTCCC CAC _CT 1ol loN I PEOItA AR CEOV I R WAGET] %‘@AAACA
' GOCCTCATGAT AC 1GATTTTACL' T' TI CC, K

TS b

ACCG A 20 SEQ JUPYR i Yefereria mamingithdis cTHeoBrebA PRBr&Rdn:

up- st r eam f Profain was bisblifiedk GofLRR pif s$r| a! nmenl ngl tides
ATTCCCGCGCAGEHGGEGA TCCAGAAACGCRA >?O % RErRA\SEBSBACCR00T

%I\TC cocCRR 4 _C e TCRARINPIe(N3/ %Q@Eiﬁs@ohcsxve ends compatible
GAAACCCGG@QQQ-
AAAAGOGGGAAT CCAGA JUA%&%KHERMWMI%@%EQ@A@' TcC
cG 10 PCR amplification were those des

CTTT \T %%A%ARTAGAGTTQB%KR?%H&&@RBH@M%W@GGA

ATCTA ¢im, GmbH). Thermal cycl;

TCAGAAAAAAQMC%T?AHI COOGEaCAGatanA (A RRE AT AR @436AcoACZ- p
}

and 1 time (72°C 10m1n 4°C up 1o recovery).
ARG OSERANMNGT e aE B arrratc
c one m e pC (+) dch'vexy vector

G?—]AATC'LI'TATCGGAA

AAAAC 39 de )
cCocAR é%@%&%mm@mm

AACAG promoter by a recombinant PC
AAACCCCCACOGACOGT CATT COCOGE AR SR Y oERe R

ARACDO0C o CROATGRAAAA ACGOAACGCAACAGGAATTTATCG
gAAACAGAAACC

CCACCGCOGT CATTCERBRRN b SeRiaiSed The RendGE WGTTTCCT
GATTTTAAgIETGG M AT _

TAGAT TCORSIEafsGaA
Al EEA Emgonuc cotide pnimers used, RP1(Sacll) and
CCOCG f}) &é (see table in example [1). RP1 primer is bomologous to the sequence just

upstream of the /ac operator.

-fragment 2 contains the PorA Shine-Dalgamo sequence, the g/p gene and the
pPord 3’ recombinogenic region. Oligonucleotide primers used, RP3 and RP4{Apal),

are
presented in the table in example 11. RP3 primer is homologous to the sequence
25 just downstream of the /ac operator.

The 3’end of fragment | and the 5’end of fragment 2 have 43 bases

overlapping. 500ng of each PCR (1 and 2) were used for a fina] PCR reaction using

(53



35 AmMACCGGGECGGATGCCGCACCATCCGCCCCCAAACCCCGATTTAACCATTCAARCAAACC S Q /{)

NO 5 Nucl eotide sequence of DNA region (772 bp ) up-streamfromt P+| dﬂﬂﬂ’l
gene from Neisseria neningitidis 40
GCGAT@CG&&AMTUCCCGAAT@TTAC@UTGA@C&T@AMTCGCCCAMWAC@GCG
GCAAT

CATGACGGCAAGAGCA%ATCCT GAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGAGCTT
GCCGC pamers RP1 and RP4. Twenty g of this PCR fragment were

AGAAGCGECARMAMAT PR AGHARAAAATAA gACGTTAGGGAAEgCATGAAA%&%'FA'F&f?ﬂCTCATCAGC
TTTCT erogroup B strai lacking functional cps gencs

GGCTCTCTOOGCGT TATARGACSTAM "
o CIThtifoAvddoh O@@Iﬁn% with circular plasmid

T%TAWTTMA@@AWWW& Aitimea AOAT
- T (Con

TCGAC CSATGGAAACCH CAAAAAAGGGGA
AATCCCCCC&%%%QRT? RBn/ARdch DAMKTITeBing procedures). Kanam

TTTGGAAAAT SN GroazCT ARG TeAnGGTT
TIToo e Seaze Tl el ng%ero%@)@h and used for further studies.

ACACT GTOGBRCBTIRCE0A A FOATITE COCHAM A T SRR AT AT CAAAGRATIAQCGH O AGCATCGTC
CTGAAC
mwmm@&@é&%&é%@mmmmWQTwmg CAAAAAC

GAGGATTACTCCATT 50 ID NO. 6
V\D 01/ 09350l Pi!CTiigal @%’%ﬁﬂw 0 ‘é&nra elSEQ 1D NO 3 Nucl eoti de

sequeri€e of DNAteegpressidnl OGFD s éRarfink g .y e 2L OWP 2 9 JAN
2004 WO 01/0935 %EPOO/ 07424 Nucl eot | de sequenc a[BKfA‘ 1000 bp
) up- st r e&MYTROR ﬁéﬁpﬁgeﬁ@'ﬂﬂ]mwwl[@sr PerﬁrrpGFB%] d}d,bﬁmss,,_ st
CTOOCECAMMRAEA S PRSP EFFORITR ACGTTCCCA

e rec:plcnt Neisseria memngmdw strain

GGCT TGGGCGFE' TEQEAALACAAAGCCT CTGCCATCGGCAGCAGGT TTTTCCCCGATATGCGTATCACGCCCACG
CCGCC 5

GCGCCCGEGTGCGGTAGCGACT GCCGCAATCGT TGGAACGT TATCCGACATAAAACCCCCGAAAATTCAAAACAG

TCCGTC romoter replacement
CGCCTGACCTAAT A TA GGAAAAACGAAACACATACGCCTTCCTGCTCGGTATAGGCTCGCTGCTGGGT

Lrrr TCAA

GCTTG 10 the NspA antigen. For tha romo

TCGégaAAATCCTET CCAGTAGK KATGA‘%‘AW@&TWT&C&C@C
using £. coli ¢

loning methodologles A DNA region (924?_% located u
GACTT TTATCAGCAA TT GAACAAGCC
& GGC%@M&@@&%E& \'e‘asc?ﬁ‘scovcr(e:g(&%%pfgA O: 7) in the private Incyte PathoSe

GCACGAAAG@NTWQAAQHIW%W&LCHM CATC.AGCET CATCCTGAT

ACTGO e Neisseria

TTTTTGOOGKA AT AR 5955P) GRS AACT GGTGCCTT
GCCG to ~790 {

GGTG " TTTOGTCAT TOARRER AN B esne tiamapde SBARGRG

GCCCGA 13ligonucleotides PNS1’ (5°-CCG CGA ATT C

ACGOOGAA T ATAGGCA @C@@EC&C&AMM%@AA@MC&GAA
TO000 . TCAAISER ARAR AT S@éCI@)TNCﬁQG\IGmAeG‘OGi@Cﬁ‘.EWG@QQ) Bdneihing" €91 ON

(924 bp) BBRSLhEWD.I QMG NP m%%{]%cﬁ)r ?cspccnvcly The PCR fragment was

submitted to restriction with EcoRI and Xbal and inserted in pUC18. This plasmid
was  submitted

to circle PCR mutagenesis (Jones & Winistofer (1992),

30 Biotechniquesi2: 528-534) in order to insert meningococcal uptake sequences
required for transformation, and suitable restriction sites allowing cloning of a

CmR/PorA promoter cassette. The circle PCR was performed using the

1



20 Neisseria nmeningitidis (serogroup B) (ATCC13090)
GGAACCGAACACGCCGT TCGGT CATACGCCGCCGAAAGGT TTGCCGCAAGACGAAGCCGCCCT! %(%A&NC%%&GA

CGCGG

TACACGGECGECGCT GGAAGGCGECEEGT TTTGTCCACT ACGAAACAT CGECT TTTGCGAAACCAGCCATGCAGT GCC
GCCAC WO 01409350 PCT/EP00/07424
AATTTGAACTACTGGCAGT TCGECGAT TATTTAGGCAT AGGCGCGEECGCT CACGECAAAATTTCCTATCCCGAC
CGCAT

CGAGOGCACOGTBARM A R RO S REE CE R SSRGS TAR FEATRGACM AT CARGAAGOCGT CGA
ACGCA 25  C-3)& BADO2-2 (5'-GGC GCC CGG GCT CGA GTT CA

- GAGTTCATGATERRCECCCT COCGOCG
S e AT CASEREE S ora

CGATGT -3") oligonucleotides containing uptake sequences and
TGCAGGAGCGCARHaEIORE A

AACS. Ao e Rl ik o ' T
CAAAAACCA@TAMMWWWMWWHM%T @MRACCAAGT GAAT
CGGTT

OOGTACTATTTGER B P R R PR e precsipesly Soseibetr s RRTEISACT AT AT AAGOGCAAACAA

ATCGG 30 BAD 15-2 (5’-GGC GCC CGG GCT CGA GTC TAG ACA TCG GGC AAA CAC

W@W CGAT GGAAAACGCAGCCGCATCCCCC
-2 CGG GCT CGA GCA CTA GTA TTA CCC
]

GCGT TTCAGACGBG:{& ’ nir,.gaa:mrg NARNTCEC FCGT ATGOCTG
CACCT

ACCGCTGITTTTTG W'%
Nucl eot i d8& sé‘{f&é!‘ﬂ:g"@? W‘*@g%ri’c(&mm obtaingd why shmitfed dondigestiorr pB gene

fA,rq(c);?GGGANe' S&?;-rr!"ﬂ ERAL G b QQ&WMWHM%H&ATTW

TTCGC ug of the recombinant plasmid were linearized and used to transform a strain of
GGGAAT GACCC R AL, TAGT ()AAAlAAOi:A GCCTCCCCTTAGCTCAA
AGACA i Wléogmup %ﬁécapsu 0 ysacc&%gr(cps-) and one of

ACGAT TCTCTAABSTOYPCAMBEAREARGHGMFERET T OO QedATT TIGtARTiEhicT Mgk TCGTCGCCTT
GTCCT 40

GATTTCTGT T o P R4 M0e s EEIEing Fom p ARpkleerossing verxesrt ARGR, esToRming @SIEE TTCGTCATTC

CCGCGC oligonucleotides BAD 25 (5'-GAG CGA AGC CGT CGA ACG C -3 C?A%T A&Q} ,&%EA
AGGCGGEGAATCT, éﬁl’ I\ATT&E%A%F TCCA=GITL7GATAAATTCTTGCAGCTTT T TTOOOACTTT
G G ACA TTT CC-3")) were selected on GC agar plates containing

ISSGAATGACCH’MW&HM%ETWTMH Wﬁ%ﬁ%&ﬂc&q PCOCGATAAAT

ﬁ%TA&A%&GCﬂMPTMW%& ek A

ACGAA 45 TTTIRGERTTEGRETs on a 12.5 % gel. Gels were then stained by Coomassie Brilliant

CGTTTTCTW TTTTAAGITI TA TTTAT G
&E‘c‘ﬁé&ﬂ&ﬁ‘?&gﬁ ﬁ’]%@@&@@#%mTTTGTTAATC

CACTA PorA monoclonal antibody or with anti-Ns lyclonal antib {2
TATTCCCGCC(:IdI ISJ TACAT TTCCGACAAAACCTGT &KAAAACAAMYC(I' IC&}&A}&F CGATAATC
AGCTT 3, there is a surprising indication that insertion of the promoter approximately

TGCAAAAATCCGO0GpUpseeah ToFATAN: de el (ﬁCCAAATCT TA
ACGGT 50 TTGGATS TACTTCCCTT TACACTCoAVA\GAGCQgg { -l;l % %%r ucl eot i de
sequence of BRI o HObPOwETa™) up- stream from the Fr pA gene from

Nei sseria meni ngirhi ghinft reSIbRAR hs @;ﬁnb

CTATAAAGATGTAAATAAAAAT CTCGGT AA UL ol cap b st o Moo e SRRRSIRACAAAACAGACG
GTACAA of NspA in a Neisseria meningitidis serogroup B strain lacking functional ¢ps gene
CC&AAAAAT%T‘;B’@%ETWA&CGACAATCT GCACAGCCCGCTTCACGAACAAAATGCTATCCATTA
GCCAT

GITCGGGAAAACACGATTTCCCCGTTTAG " TTTAGGCTGTCTAAACAAATAACCATAAATGTATATCATTATTTA
AAATAA

ATAAAAGTATT?AACTATTATTGACGAAATTTTAGAGAAAGAGTAGACT GTCGATTAAATGACAAACAATAGT GA
GAAAG

GAAATATTTACTATCCGAGCACAGAGCATATTTTAGGT GTAACTGI TCCT GCTGGECGGAAGAGCGATGAAG
GIGGA 60

CTTACCCGAGAATAAATGICCTGITGT, CTGATATGGAT GCCATGCCGCGAAGCMT TGATGCAATCACGGCAGTC
CTACT TGAATGAAACCTGICGITGCAGAATTTGAAAACGCTATTTTTAAGAAAGGATAAAGH ;
AGAAAVATTTTTGGTTTTTAA  GCTGCATGAAACCGT GMGAATAAATGCACACCTACGATAATTAATAAT

r TCG?TTTTTATTCTACAAGCTATTTATA

TATGATTGCTAAAAG TTTATTTTTTAGATGCCAAAAAATATAX. LI

ATATACTTCATATT GTTTATATGICTTTATTTGA
ATATATCTTACGATGGGGAAATATTTATATATTTTATAATAAATTTTACTCATTTGCTAATATGTCATGGAATAT

— N NPT Yoy ol




Tgq 2 9 JAN 2004 WO 01/ 09350 PCTI EPOQ 07424 20 JAN 2004
ACCTCTTATATTTACCATAAGAGAGCTAATTGATTCATATTATATTGAGT CGATAATTAATTTATTCTTAAT
TTAATTC CTCACGITATTTTTTTAATTTACTTGAAAGGRAAGCAGAT SEQ 1D NGO 10 5

Nucl eot i dBJI¥Ace of DNA regi on (1000 bp) up-stream from pdweepdoRcygene
from Nei sseria neningitdis (serogroup B)

GGAAACAGAGAAAAAAGT TTCTCTTCTATCTTGGATAMTATATTTACCCTCAGT TTAGI TAAGTATTGE:ATTTA
TACC

TAAGTAGT. AA%%%(%I’ %Tﬁgmgg%@g GAGITAGTATCTACCATAATATATTCTTTAACTAATTTC

TAGEC . meningitidis serogroup B pldA {ompld) gene by
TTGAAATTAT GARTEASAEERTNE TACCATTTATCAACTTTTTATTTTGT TTATTGEGAGTGT T T1 TACTATGA
CCTCA 10

ECGXACCTGTGAATMWNKM@EQ@' AR AR R AROGACARACCAGTTTCAAC

CGAGCCANT GREASEA T PRERACASIS 25 9 SIRTIIET o PTeA@EGTAGRRMAS T EALRCRETATGACTA
TCTTG
CoA A_I_Aproducnon of the Plg& w%m ha

EATOCTEPACHAGAT TAATTTG

ATAGAG plasmid was constnxcted using £. coli clonin -
ATTAGCGTCTATTACAAAAAA M%GG%TGGGTT&%%wﬁ%&AB@&@MAMMMGTT
RTGCR om he pidd coding sequence was discovered (SEQ ID NO:

S AN aceacTAT

ATTTCT ACG(E@%{ T%IA%I’%A&%AEATT TATCCGAAAAGAT

GGGAG 15 ase of the Neisseria meningitidis strain ATCC
ﬁ@ﬁ%ﬁmmpmmmﬁwwmg S S Seatve o T aene. ATThGeAQgATAAAAGAC
wmﬁéﬂ%ﬁ%@mmﬁhﬁ&@nrmwmmwm iSAPAACIATCCGAAT
AATCG

AATAAACCAAR: &&&%&WMMWAMMWBWMGATTA
CCCGT just upst f the AT

T ATT COOGAAAAGCAGCAGCT CACACACER A EPF &0 Rt Rer AN oS oA GOAAPT GGTACAGA
GITTT 20 Wmmmmawmwﬂmmwt el anPildobl ] eotide
sequenge gﬁlc%é%@ %14 élOOO ngB up- st ream fromt he O gené rom

Nei sseria nmeningiti s'lgr%adr plified from Neisseria me’""gmdu Serogrou
ACGT CCGAABCEERGATT DNACANCEING TATAG TGGCATTG
GCAAT 25 ATT TAA

CGCGTTAATéé%Tmm@JUWHM WAW
c&m&&%e%%&%f@ﬁ%%&%@%@@mmmm&ﬁmmm

ACGT A (underlined). PLA1 Amo3 co
CCAATGAGGT. AAAGGATGATAATCGGCCT &Tﬁ?&i@&@?@?&f&?ﬁﬁm&ﬁm GIrGcEC000C

ACCAA®Y T ¥agecegod pmitire BATRIACGH RSN MAAGT GRGIEA C COCG

T@AATM@?W?%&%&T&?MMT@WE@IW TTTAAAAGA
AAACT mutagenesis (Jones & Winistofer

CATTCTCTGTGTTTTTTTTATTTTTCGGCT GT g??wﬂ@&?é&ﬁwmmmee

oTTTG allowing cloning of a CmR/PorA promoter
CTTTATCATI&%Eﬁ%:@ﬁ%ETTA?*EEAIEGAHAIOCGAAAAQSS‘?FAQAE%%?TT1PA&E&Srd?EEPR?ﬁdrTCCGGCAC

e AGA TCT CTC CGC CCC CCA TTG TCG -3 &

GAAACTCAGEEES TTRUICRIAR SRR T T MARA AT AGT T, GCAGATACATT TCCGGOGGECG
S A& R SB6 TG Lo ATh

WTRMWWNM@WW%WTm
ACCCT 355 A

mmmm&‘ﬁﬁ&q%ﬁ@t&?ﬂeﬂ&@ﬁmmmﬁwﬁT COGACOGCC

R R S A e
psciibed, Ab{Hgl 8RM)s BAD20 (5°- TCC cCC
30 GGG AGA_TCT CAC TAG TAT TAC CCT GTT ATC CC-3’) and CM-PORA-3
(5’- CCG CTC GAG ATA AAA ACC TAA AAA CAT CGG GC-37) containing
suitable restriction sites (Bg/lI and X%ol) underlined. This PCR fragment

o

was cloned



GCGATGI CGGGAAGCCT TCTCCCGAAT CATTACCCCT TGAGT CGCTGAAAAT CGCCCAATCT:

WL
GCART
CAT GACCEEANBASBAGCAT CCT GAACCT CAGT GCCAT TGCCACCACCT ACCAAGCAARAITERIBI@EIAGAGCT T
GCCGC
AGAAGCGGCA \T GCAAAAAT AACT TACGT TAGGGAAACCAT GAAACACTATGCCTTACTCATCAGC
TITCT e circle plasmid obtained with primers CIRC1-Bgl and CIRC1-XH-RBS/2.

AGAAA 45

GGCTCTCTCW%%%JH %wﬁp‘@sena m%;tzﬁ is serogroup B {cps-] and &

TCATACCT Tk

TCGAC TT CGCATGGAAA A
TTTGGAAAAP. mm@mmwma’mmﬁﬁeﬂmﬂ@ﬁm GAAGGTTA
TGTCT

ACACTGT oGO ReRSELasAGte as arepLified Som thergraemiesRAC o e CronbirenCNeSARAGCAT CGTCC
TGAAC menin

CACCTCATAGA AR i 8 SCC‘FG’séTrA C%P%&A&AA&W%%F@GACAAAAAC

ACCGA\ 50 pm .t" g DAL IS . u 2 B\ TV WE@’QI Egiilo-E I%
NG 13 Nucl ﬁﬁ@ de seqq@{r‘\ég%o DNA regl on (1000 bp ) up- streamftrzomthe
r

Hsf-1ike JOYRP CPIESRP % Srretnking: FeAusnqesef digr BUHOMp&SSgene. This
TTTGTTTr r HqhlddeGhak Ul htn TG el G5 T, Jp%ﬁ?@cxpmsswanT

TTGGG
memﬁmmmmmmm%Mﬁmlqmwm
AATCT

AAGGAAACT &ResVeireriaanhgessThnmess ustd e taanpiEcAirCoesSBAD 2T GRECGAAT GACGECGET

%¥TTTT%%¥&{&%M?&%WMM%

TTTCT 60 containing Xhol restriction sites (underlined), This PCR fragment 1
GTTTTTTCOGATAAR, CTCCTGOOGCGTTGTGT TTCTGEAT TCOCECCT sescsaicecectelpuctecarecerce
plas

T TCTGT mid obtained with primers CIRC1-Bgl and CIRC2-XHO/2. This

2T T Clg AR AT R 1 SR oSl B T S L SRR AT S Qo QBT GoeaTT! C

TTTCCGATAPSHRTCSRGE] Gitegd 6oy T Bl A Erbskinkse T e AR L GACHE G HKFAGT TTCTGT T
TTTTC  CGATAAATTCCT

GOGGGAAT GRECATSErarssstonmaf iAoz promear 400bp upstream the pldd ATG.

TAAAGT CCTGCCGCGT TGTGT TTCTGGAT TCCCGCCT GOGCGGEGAAT GACGCGGT GGGGGT Tf CTGITr r - TCTG

OB G AfeAHEGEIA EAREGTABABEE CpgeAby COCCOGAAA
REBAAACT GTTTTATCOGGT AAGT TTCCGT GOCGACGGGT CTGGATTCCOGCTTT

TGCGG The aim of the experiment t i
GAAT GACGGOGGTGEEGT T TCT G T T T T G A AP S S e R P R P TR I A R8 PR BT TTTR0G
GGAAT GA@GC%EW?@MFWTMAM‘DTMGﬁp-rE@QIB tHe ;hdsauchén [

Nucl eoti d ue ion (10 b up-streamfromthe gene
from Nei sgner rrée}{rglll% ﬁq% QF%QM°§5 QP‘M@W@MU@ WBSGEWG'SS )
PCT/ EPO01Gsid2 £. coli cloning methodol

AATCAGCATAGGT TGOCA S P P TrEIOR R Emfosptsd WS BRI AT oo T T+ Too

CCGAT25  the thpd coding sequence was dlscovcrcd (SEQ ID NO: 17) in the private Inc

ATGCGT AT CTGCCGCAATCGT TGGAA TATCCGACATA
ata base of theé Neisseria memngm is strain ATCC 13090. This DNA

CCCGAAAATEMM@AWB%EW St gel P YR N Rl (F 3 bpLign o COCCATAA

AACCG
MTMMM@MMTW@WWPMTW TCCTGC
TCGGT 5

AT AGGCT O R RE S A PR A ERERERt 9 A KRR CorR SR pding At TS beCE COAMIGRT CTCAAAAAC
ATCGGE30  region of thpB gene, the 2139bp thpB codi
OGGOGATTSTCAACGOGOCA T AGAGAAA LA AR T A A A R TR P R BN e TRECAGGCT GTC

GAAAC and the 483 first nucleotides of tpr codxng sequence was PCR amplified from

CG TCGrT CGAGJ ACGTGCAAATAATGATAGCCCGEECGT T
ToCATT %mngmgm SEFOETOUp genomu: Mmg oligonucleotides BAD16 (5'-

CGGGATCGT TGCCGECCECCGT CCGACT TGECGECAAT CGACATTATCAGCAAGGGEGEGECAC, ACCGCATTATG
GCAATG

GCGGAAAAAGAACAAGCCGT CCGECACGAAACCAT ACGGCAAGACCAAACCT TCAACAGGCGECGEEECAACTGTAC
GCCTT 10

CATCAGCGTCATCCTGATACTCCTTTTTGCCGI CTTCCT CGT AT GGAGCGECT ACCCCGCAACCGECCGCCTCCCT
TGCCG




GCGGCACAGT GGT TGCCTTGECGEGT GCTTTCGT GATTGGAAGAAGCCGAGACGAA ‘@T%TT%AAA
TCCTA A 2004
GGGCGTGCTTCATAT CCGCCCGAACGCCGAACCGCACATATAGGCACAT CCCGCGECGCCGCCGGAAGCGGAAGCT
GCGCC  CTWOORARACAAACCCCAATCCCGT CAGATAAGGAAAAATA 15 SEQ | IPAYEPORD7424

Nucl eoti de sequence of DNA region (1000 bp) up-streamfromthe LbpA gene

from Nei sseri, ningitides (serogroup B)
MTTTTWMT%QMWWMWMW@MWG
CTTGC ,

CeATCaCAGEeAA AR ERE FAACEE G4 94 GO AT ET MBACICBAGTITMAAACCEA

ACGCCC 20 -. 5C CTT TGC-3") containing uptak

COGCAAGT AAACCAAAGGCGGAAGAT AMAGGUAGAT AR AR A ants e e ERmAGAAGECG
AAGEC sites (underlined). This PCR fragment was cleaned with a Hj Pure Kit ( Boerhj

GAAGT T CORMAGATCAACCOCAAGAN GAAAT CGT CGARGAAGAROLEEAR SARGRRIZEFancacaA
CAAGE eim, Germany) and directly cloned in a pGemT vector (Promega, USA). This

%WWW%%W@ %uusto%cr (-{Ség‘f\in TOTG

g&wAWWMWEIEM%EW%W@TTW

GGAAAAGCACRET R IRCERCR e ltes2aemnedh T Clatity ORpaite. VA5 BERAGRATYBCCCCGATAA
AGAAGC 25 g din

GECAMAAGCACARS T RERSTRR AT SR AR AR TP mepresizscikie BB ARISAGEARBRCGGTGTACA
ACCTGI0 GGG AAG ATC TGG ACG AAA AAT CTC AA 3
CTTTCTATA'{IC—‘GAAA—AmKGATTGAGGGCAAC&BTTTCCAMA%RM&&ACGGCATCA
ATCTT  (5"-GGA'AGA TCT CCG CTC GAG CAA ATT TAC AAA AGG AAG CCG ATA

TCOCCAAAT Gg T QGACCAROGCLA ATCTTCGT GTAGAAGGAGGATTTTACGGCCCG
A Pt WE[IC%%TQWO igonucleotides containing suitable

&%ATTWAW&W@MWMWWMFXW#%& TAMGTT
TGAAGCT GARET fmpliltsrrirpm HETRiAGR R0 SBTER S PR QGRAEAGEIsNCAACETBATEMATIRAAMACCCCAATT

CGGOG, 5 30 T GAMAA SEQ D NO_ 16
Nuc! 661 1 08 e BB L1 6 CALBAT ACATCGHGa ARA GAC RETLBDB gene

from Nei sEeBAD20ESI-MECICES dGG AGACPET A%%%% ACERT TG
CGGCG TAGA ZTACIDCAGTAAGGCMG'I‘CCGCCCT? GF TEEEARAATAACTTTT
ACTGA CC-3") containing suitable restriction sites Xmal, Spel, Bglll and Xhol (underlined).

CTTTGAGTT; GARAGCACOCTTACT GCTTAAAGT GCAACGACAAAAACCAKAAGACAAAAA
Caeer O T TS PR fintad Slas i the circle POR plasmid. This plaomid will be used

TTATTACCCRABAASTSI VNeddsei A TRGMSINGS Tskidet dia! BT TP RS54 aEReeeT

CTTAG T

ATCTGIhAGHISET ST TOCGIRhIRATOSIEFavVEA (T GACTISEEAGTEFIOR HEAGT MIBABESGOGOGCCCTTA
CTCCT e .
TCACCTTCART g R e R R PP e A pathrmstrsess: of the it AR RGGGT GAAAGCACCCTTACT GCOG

CCTCGCC 40 AAAG | CGAAAAGG .

5T CCGCCCTTAGATCTGTAAGT TATGATT

: rENSTRAon o . meningitidis serogroup B pilQ gene by promoter o
TTTTGACCT AM et EaAAAGCCACCCTTACTGCTTCACCTTCAATGGECECTT  TGAAT
Tf GTTCGCTTT TGATCTAAGGGT GAAAGCACCCTTACTGCCGT CTCGCCGAAGACAACGAGEECTA

TTTACEGOGT TAGABRTHRGEGEA ETp et BRB08a ST BPRCE T Gilo 3ot PoMBICASRETF TGAATAGTC
CATTTT

A@Addmg&%&&é&%ﬁmmmwmm@mmﬁmmwwm
45 the PilQ antigen. -
TCCACGCACCEZT'?’EC%’H B At Bumoss, & PIOMONer Teplacement plastid W es $OPRASIReCCT TACATAG

ACATG using £. coli cloning methodologies. A DNA region (77213[p]l_|[ocatcd ugstr'ea\a_xl_n AE‘IQKIGACAT GTATA

ACAGA CAGGACTAAAAA GILGATATT CT

ATTATA TE?K@Q%M%W%&%@@ SE@te [BEythiPatho3ey 50
Nucl edt i déats egpeaiTaRe MzisEWYy el OMdfs /srki f t he. ThpA gene
from Nei sseria neni hai t] dis (se‘?%é&o%%lrg@r%@?gggﬁf DNA contains the

TATGAAGT CRS8Kgsre Fartim mchmlgmmm@rmﬂemééﬁg&@ﬁmm want

AAAAACA T GCAGTAGICAAGCT( ;
AACGACCAAAACGTCGTTTATCGGGGGTCTTGGTA TAT CGGCACAAGC

TGGACCGGECAAT GCTTCCGATAAAGAGGEGECGECAACA CTTTACTGIGAATT" TC



CI;TACGAAAAAAATTAACCI;CACGTTAACCGCTGACQACACI;CAGGST%AQSCTCT gggTC 29 JA 2004
TGTGGGCGATATTGAGGGCAACGGT TTTTCCGGT ACGGCGAAAA

- $¥TGATCTWTQMQGCAATAACACCCGCACGCCTAAGGCATATA$%CAAATTGCCTC&CA$AT C1/Ebanonge 1
GTGCAGGGOGGT TTTTACK | (XBCCCAAAGCCGAAGAGTTGGGCGG_?_\TCA SCAGT
CGATAAACAAACGAAAAAT GCAACAGATT Ca  COGGCAAT GGAAATTCAGCAA

CGGTTGCCGAAC
GCAACT GT CERSITOREH (EGAAN ..!gg CCACCGT T ” oS NBEEAMCACT
T i i i ( p). _up-stream from
SEQ ID N}f’ '% URoresuwlation of stbqumrcsiluri:ng ?%i ,;sz Sgg{rqco gp;i%u b é% R -D390)

S s e S T EPIRCATRE AR PR CACAACCT
TA intergenic sequence and the ' : ARaA/ROURAAGPIHRII CGCCACAA
CAAAGT %AAGT%ATCGACCGCAJIQ&BEE&&&%RWWQEW
5 m Neisseria serogroup B genomic DNA usi mﬁ:ﬂ- CCGAAA
%A%TGWCCTEGGCTTGATTTTTGCAAA‘Z TREAAGEATT
ACCCC A

G ACG CGA AGC CAA AGC-3 -rec3-Hi
A T CAMATG a“%’&éﬁﬂ)&ﬁ%@ﬁﬁﬂﬂ
OO0 AR OO T G G A A e B G A GO G Beleby
ATCCG  AATCCCLTAT 'ﬁi Nucl eqti de squengesof DNA
2004 wo 0%NGYBBY upaks ERRRHOAADA MERand zﬁ\ﬁ'ﬂr%sm?qo&ﬁlm(%gqamd)mﬁs ngiti des

i - fromthe Plal gené
region (1 b up-stream . > : y LL.r
Sirop ol e o i

2 . \ .

] R i o et e
A%TMWBI:&HW%rog OEA POt cassens, Toe
AGGC NMCATAT AAAOOOCCTI TAAAAT r A A
CCAGGAL, A EnCTeTRed 15 o ke LRI B A G EACRET AR
COTTOATAGIOA 50 CEOACEER AR ORI GEFYG 1-POAXBIOCSATIL G CTOGERETAM

TAC AAA AGG AAG CCG ATA TGA TTA CCA AAC TGA CAA AAA TC-3% or
15 CIRC2-PQ-X (5'-CCG CTC GAG ATG AAT ACC AAA CTG ACA AAA ATC-3")
oligonucleotides containing suitable restriction sites BgiM and XAol {(underlined). The
CmR/PorA promoter cassette was amplified from the PUC DI15/0Omp85 plasmid
previously described, using primers BAD20 (5°- TCC CCC GGG AGA TCT CAC
TAG TAT TAC CCT GTT ATC CC-3") and CM-PORA-3 (5’- CCG CTC GAG
20 ATA AAA ACC TAA AAA CAT CGG GCA AAC ACC C-3 ") containing suitable
restriction sites BglMl and Xhol (underlined). This PCR fragment was cloned in the
circle PCR plasmid obtained with primers CIRC1-PQ-Bgl and CIRC1-PQ-XHO. This
plasmid can be used to transform Neisseria meningitidis serogroup B leps-) and (cps-, n

POrA-) strains. Integration by doubie crossing-over in the upstream region of pilQ will

25 direct the insertion of the por4 promoter directly upstream of the piQ ATG.

Another cassette was amplified from the genomic DNA of the recombinant
Neisseria meningitidis serogroup B lcps-, pord-, D15/0mp85+) over-expressing
D15/0Omp85 by promoter replacement. This cassette contains the cmR gene, the pord
promoter and 400bp corresponding to the 5° flanking Sequence of the DI5/0Omp85

30 gene. This sequence has been proven to be efficacious for

up-reguiation of the
expression of D15/Omp85 in Neisseria meningitidis and will be tested for the up-

regulation of the expression of other Neisseria antigens. Primers used for the

H



ATGCC TA SEQ I D NO 20 Nucl eoti de sequence of DNA region (1000 ?0) 0
up-stream fromthe FhaB gene 25 from Nei sseria neningitides (g Jér OZ&G"B)
TACGGAAACT GCAAGCGGAT CCAGAAGT TACAGCGT GCATTATTCGGT GCCCGTAAAAAAATGCCTGTr rr CTTT
TAATC WO 01/09350 PCT/EP00/07424
ACAATGGACATCGT TACCACGAAGCAACCGAAGCGCTATTCCGT CAATTACGAT TACTT GGCANT AATATCAGAGC

mm@@vmmmwm@mmﬁﬁwm
CCTA
TAAATACAT RO GTGEIG ST Eak s Fertainissctiiceticimcriestraedinad OBk PERCCACCGTG

CTT 30 ent was cloned in the

ACCTCAACCGch%CAGCTTGA S Rs Srse PR Riasmid Qyiped with primers CRSUBR Bt cocTaeaC

CGGAA an IRC2-PQ—X This plasmid can be used to transform Nei

GAAAA TAT. GGTACATCTCGTATGAAAATCATTACTGCCGGTmma UG S aoooca

TITAT ST RBE OB RAR 27 (BrotiOA bl A DRBRETIGEETGEOGAREATAAAT

TGTCAAT%W TGAT GAGTCTTTTCGGAGAGOGAGGT TTCTACT
m-{ﬁle mnsertion of the por4 promoter 400bp upstream

AATACTTTAAEHEHQ'PMU}.TTCATCCGAACCATCAGTTCTATCTCGGTGCGGACTATGGCCGCGTATTTGGCGAA

AGTGC 35 ACAATATGTATC

TGGGTGCAGT GGT CGGCT TCAGAGGAGGGCATAAAGT AGGCGGTATGTTTGCTT

AT A T Gl T e A R G A R BT T o A AGACRG, T TAORECTTCAAC

TACAGTIDT CEASKSHGTIEART NI AT LR AVSA(eOCT CT T TCCT TATCCTCAGACCGTCAACTTTACC
TACGI ACTT TAGAC 40 SEQ I D NG 21 Nucl eoti de

sequence of DNABeaina theloperiment ia o sonstracn 4 varsatild DNA paitegeniniig Om

o R BB e 8 e R s Bherf ol el ambinaton i the dromosome of |

T OO T COee e R AR 6] Pl o T AT SRR TRAATARESCTTEOTC

AACCGGT TTERESFAS fremptheclummsrme GRecET oot @EEEEACE kehe) CHOEREReEE T GOGOGOCG
CCTGA 1
CAACARAATREAETSI980RS DY A-ERANGed ANFRR Reme R fesreesaiar QR e AEmAvET GT TOGAGT

AGGCA from the Neisseria chromosome.
AAACGCACCCGCCTGAT TACGGCGGAAT CTGCCGT TGAAACGCTTGCCATGT TTGCCGCGTGT TTGECGTTTGCC

GAGAT A DNA fragment containing the neoR gene and the sacB gene expressed under
TATGGA JATCTGI TCGA Tf CGT.GTGGT GTCTGI TTGECGECGT GGTCAT
COGGl W%Aown promoter was o y restriction of the pIB 279 plasmid

A@T@@@WIGWWB&T@TWQWW%WHC@
! gty SIABTCI ACEHpAEEGETDT KasCléoved TR platatigAT TCTTGCC

GTACA

MM@%HW?&%&&&&%%&%&%%ﬁMW@AW&ATT

GCCTG with e Nrul and EcoRV. Thi
COGGOCATTGOGETTT GoeCT T ot G&%AC&CGXC%CM&?%MMATAUTTCG

GCGCG cassetie was inserted in the pCMKSs at a Bg/lI restriction site compatible with Bam#l
TCGCATAAC%I’ TTTTW TTGTGCCTATGGT CGECECGTI TCTTCGTCGATTTGATTAATGCCGCGATTCTCACC
GGITT

TGTGAAFTTCTTTABACEX R GCAGGTGCTTT
TGCTA 55 TGATAGHOOCTAT GO e A AR e Bt K 0 585l ot 1 de
sequence dF tiongaitue meskinn, roofimpipy therfundtionalinyfof dre sul@ prbpeergene  from

Nei sseri a ] ser ogr ou 60
WAUMW}%%%@&MWWWT%

AAATC at the pord locus in the chromosome of Ne

GTCAAACCCATTAT(GOCGTTGOCTTTT GAGACCARMACGT TEARGT SR8 RSB BB raTaoaeTTT

GAAGA ecombinant Neisseria were obtained on GC agar platcs containing 200ug/ml of

A TA CGAACTCTTCCT CGAAGCCAACCGCATCGG
WWW%W%A sacd prom oter was not functional 1n Neisseria :

WWWMW&WTM%@% ACGRAGCCE

ATGGCGT TEHERHCAT CGOCT ACGAACGCT TGGT GACCGGCAT CCACAACGAAGACACCAT CGAACAATACCGC
ATCAA 65 %

CGECCTGCECCTCGECCGT TTGCTCTACCAA &GT TCGACAGCCAAGCCT TGATGT TGCGCGAAACCGC
CCAAC

GCTGGEGTCGCCAAAGCCGT TACCGGCGAAGT TACCCT CGAACT GCGGCGCGECAACGACTACT CGAI TCTGAACA
CCGAA



TOGOCCAACCTGACCT ACCAACCOGAACEUCT GAGT ATGGAAAAAGT CGAAGGT GOGROGT TTAGEGHACTOGAC

CGCAT L9IN
CCOGCGOCAAA

CACAGCT G GHCAACCT CGACATCACOGACA CTGGGCATCTACTCECAAAGOGGTTT

CGCT GBGCGAAGGCT CGGTATTACCGCAGT TGBGCAATAAGAAATW =TGCTGTTTTGCATCATTAGCAACTTAA

GG A new cassette was ini

GGTOGTCTGAA %TEATWTATHTMW%WMM@T@TMWM%@AA
GCCAG ni promoter. A circle PCR was performed us; .
TTGTCCAGCC{@EW%CAA CAATTTCA TRiesreida e AKAAACCOCe
CGAAG | L J 91595 3500 RBCaoHEEHEN CTR TR A AGATAGST TACTAA

PCT/ EPOO/ O ) 3 j f DNA i 1000 b
up- st r eam %ggr%@&%& ?‘mb@ gggr ﬁmfgﬁf’b%{ C@E-Mr(«gm B) P)

GAAT GACRAT FCAT RGT TROGCTVHG RCATH GRADIHAAFFS T MATAA ORTAGCACT GAACTGTCA
GCAAAAGCCOSARTREA BFeband EhaTryideimesites (MEGGREANATRORVEERSFER RSATIICTAGRTTC

Bt
T AAATT C@% 4l anddigates i the sacB gene generated by PCR
GGGAAT GACCBIT G IR BEIRGARGATICS A T &G/ NEW 5 AACAAAAAT CAGGACAAGBCGACGAGCT GCAG

ACAGT . GGCGAGGCA
ACAGATAGT ACGEANCEEETATAEGFACHGATTGAGRSTEATACAG A SETA S AGTAECABETAAC

ACGTC 19 A-3)ofi . ) o

GTACTGGTTT 1T CRPELLRAT AT RIRE - Ne L sas i e e OB R AN GO RESTHEISAAGAAAAC
TACACA & SAC/NCO/NEW3 (5-GAT CCC AT -
MTAWEQTATTAWTW%&?%%MMMA
TGTCC 15 -3") oligonucleotide containing a Ncol restriction site (underli

A AN A AT AL TCOLT T TTGUCT AT CAMAMAACTCAA AR o raccce:
COCGAAAT TTT LRA RTORT (3T ClARs Eaieih{E COCCAGAG
TTCACCAGCGYER@Rsse. The new kanR/sacB cassett i

CCATGA GOOCGACTTCGOCACCATCOT AT Gl e RERP R R AT MK amd aendIacCAAATCCC
TG orm a Neisseria meningitidis serogroup B cps- strain. The ac&i{c&fj&m

AAACT CT ACGE T4 AT B RRAR0CACEOCAT T TTCAT GAAGACT GOGT CAA GACCTC

ATTCC etsseria. The pCMKs plasmid will be used to

me%mMMWWTmTTmTW TTCeCC
AATT 20 AC GTTTGAAGCATTGGCGCGTAA . FYEEE SSEFHensREedngi t i di s

(serogr oul g)e PR b ey paRd Joaurs. Clean recombinant Neisseria will be cf“ﬂfﬁ’
GATATCGAGg] @%ﬁg@%&g’ GIGI 'Iigl' AGAAACACAACGT TTTTGAAAAAATAAGC? B\ TTTATATCA
AAATA 25 taining £% sucrose.

TAATCATTTTTAAAATAAAGGT TGCGGCATTTATCAGATATTTGTTCTGAAAAATGGT TTTTTGCGGGEEEEEEEGE
GTATA ATIGAA TTAGGT TMATCAAATTTACAAAAGGAAGCCAT
SEQ | D N&X3mpl ? ;

the PorB gRhs

| des

gttttctgt Sttt L AR gqt at aggt t t ccgt gcggat ggat
tcgtc The aim of the experiment is t i ; -
at t cccgeggaggegggaat ct a agngt ggalgtoc?éa%&&%%ﬁ?%&ﬂ?é@%&%ﬁt(ﬂ-'fQPdéﬂ gcggacaag

tttgg ons, modifications or deletions in the chromosome of Neisseria. The
o B AP o L B oo
t ; cgt aggawc’@ﬁngqgwlauﬁggtapg WIABGHABRRIRGLERLE AL £ OSSP JLagISqggaar ct agacet t
aacagcaat SEPEUES 5 IRt @n sasibigbe addeddn tthe BGR dreslea AR a9 IR AaFoaaaagt ggc
gggaa gene was P i : . . ,
t qatcggt t agg:%t é::gscz}c%?gr%;%gl{ﬁéﬁcffo@éggd%aggéﬁ vitk ligepyclrotidrad§zmPoradt qaat cggt t
ccqta - A ACC CGT CAT TCC

ctat t {gt agh gl 6LgegagT LEgt caget Lot ot gat Fﬁ%t CA CCL BGGAAT f£€8caggagcaag
ttttg A GTT TCG GGA AAG CCA CGT TGT GTC-T) containing 43b

cat ccgecogiiasgRR I IRASCALIGY ISALLLL L Regat ot tat aaccaCoggt t% GoAat gecct cca

cat o ence o por4 gene (bold) and an uptake
Sequence (underlined) & Kan-PorA-3 (5’-TTC AGA CGG CGC AGC AGG AAT

3




ct cccgagt aagt gt t gt aaaaat gcasat ctt aaaaaattt aaat aaccat atgtt at aaa a ccc
ataat 40 %cg m?%ﬁ‘]l
atctctatccgtccttcaaaat gcacat cgaattccacacaaaaacaggcagaagtttgttttttcagacaqgaa
catct WO 01/09350 PCT/EP00/07424

at agt tt cagacat gt aat cgccgagcccct cggcqgt aaat qcaaaqct aaqcggct t ggaaagcccgqcct gc
ttaaa

tttct t aac o FEHe Saddad TAcA ST Gt AT CCGAM OIS AT AT G LIS 205G Ctdect gt t gea
caat . tac accat caaaaccggcgta 45 SEQ |ID NO 26 Neirseria

Tent ngi ted e Lo0 o0 e O E PEPSAINGNE fo Bl dfaling seauence of N pord

GT TTTCTGT Bériel GAREGAA AT GRARAEL ChaeRed AR BRI Egaea CoATGGAT

TCGTC

ATTCCCGCGRR@BebEEs A RDed G s CEMERIE TRABACOSA TN FletiB ARG He sk [GCCGACAAGT
TTG o o

GATTCCOGOE MR e e e g IS STOBF XA TP T3 TRECTEBIRERT (AEEEMHAT GACGGGA

TGTAG 50 wil] be obtained ‘s . . . )
GTTOGTAGGAATCACAIRSD o0 (Spiptes Sopiiging 200ue/ml kanarmscin I mations esa08T CCAGACCT

TAGAA from a double crossing-over at the pord locus will be screened b PCR wi '
CAACAGCAA;@;H%‘&ATTATCTGAAAGTCCGAGATTCTAGATTCCCCI:C'IYGACII%R?E&EGAAAAGTCI;
CGCGA as described previously.

ATGACGGTTAGOGT TGCCTOGCCTTAGCT CAAAGAGAACGAT TCTCTAAGGT GCT GAAGCACT AAGT GAATCG=C
CGP ACTATTTGTACTGTCTGOGGC TTCGTCGOCTTGTCCTCATTTTTGTTAATCCACTAT 55 SEQ. | D
NG 27 1Nuc Egainpléc 18 dioeine eorotectidiA of @giceNinrh@HPedd MithU W LB 2R Shildhe i aABC
gene from Neisseria neningitidi's (serogrou

AT ACGRCCAN TSI Treningingis-blehs\ A GCCT CTGGT GAAAAACCGATTTCTT:

T=CT000CACCGCACRGA - : . . .
wWWATAmTT%%W&%mWMWMﬁMTTTm
AACTA 600MVs adsorbed on Al(OH)3 on days 0, 14 and 28. Bleedings were done on &ﬁ%ﬁ_
AATCTTCCANSGCAACAGTT CGT ACTACATTGOCACGT GT CAGCT GLACAT TOGTATCCT TTGCOGTTG
AACCA y 14 Post II) and 35 (day 7 post III), and they were challenged on day 35 (IP

O A CRCAK R AR AR QT 50 LT o RO T ARG Gl o00AGrACEA
CGACACAT TIBCUREEATT A HRGS (oA CRIRGEEACCAT CACT TGTGGCT GATTGGOCATTTTTTTCAGGOGGCCT
TTAA .

TAATTTCCT GAACCTYNE dnlegtedener ACCGACCACCGAAAT AT CGCCAACAAACGGCACAGAAACCGTACCAC
GTGCC  GTGACCAACTGEGE ( TILGAT GCGCACT ACCCGAGCCCAT CGAAGAAAC
GOCACCACCAA. ACAATAﬁGc%?%%%QI Bietd

Cr Gc GGCGOT TCOCAAAT (RIBAAT: AFSAATACATIEACCAAT AT TTAGCGT ACCAGCCGAAGCAT AACCAT CGCC
AAACT .

GAGT AT GACT GATTTATEERRREEPF T APRFANSRACT Blebs: AACCGTATGATTCACATCAATCAGCTCCACT

TCAGGA ATTTGAACTT T TTTT T
TWW@T@W%% >

AATTAAACT TCCACACAATRATAA TZST BotA GHSBAFIAFAAAATTTCACT TTAAACACAAGCCAAATCCTAAT
ATAAT . ) .
TATAAATGGOCTAK T AGCABSIRIST (hp /DattemATT tresGAOVAGCTAGAETAEN SDBAGEAT TCTTCTTTC
CAACT  70(ChomisTAGRTATATATATATACTTATAGATTCTAAAATC SEQ ID NO 28 2 9 JAN
2004 WO 01/ 09350 PCT/ EPOO 07424 Nucl eoti de sequence of DNA region (1000 bp)
up- st ¥eam f r orR4t ey glterghe ehdllenpe, mabmrmw&mr@g#m%gﬁwp B)
(X)CAAAGCAé'I;'II'Im T GCCGCCGACT GCCGAACGCGCCECGCGTCT CTTGGTAACCGAA
ATGGT group (immunised with AI(OH), alone) while mice immunised with the 5

AT AT AT R Gl T A FAMCOGAAGAAATTCC

CGAAG S

TGGGG
GACAAACT ATREAYE Piis pepswrsdrio-Pedesssick corby ofer

CGCCGo  blebs is likely to conf tensi i st A A

CGCTGOCTTGGGTATT T TGCGT AT GCT GAT CCAG PR TS LA RS EINCPA A BRI aR¥ CaaCATTOGA

CAGCT strain. However, protection induced by PorA- up-regulated blebs is likely to be due a
GCAGéCGCGCCT GCCCTGITGC

TCCCCAAACE;;I’ST(I'GCT CAACGAAAAAACGCCGT CTGAAACCGCCGACT TTAT
TGOAA 0some extent, to the presence of increased amount of NspA, Omp85 or Hsf.

M




AACGAT TATCCGCAAGACAT CGT TGCCGECCGT ACT CGCCAAACAGCCGCGCCGT TTGGACGAT B W
CTGCA 10 e

GGCCGT TG alob s AACAACT GCCCGAAGCCGCCGCGECT CGCCGCCGECCAACAAA CCTCCT
GAAAA  AAGCCGATGCCGAGT TGGECGCGGT TAACGAAAGCCT GTTGCAACAGEA al
GCCR00CGCAA

GGCTTGCAGCCGAAAAT CECCGLCCGECCGT CGCCGAAGGCAAT TTCCAAACCGECCT TGTCCGAACTGECTTCCGT C

CCTGA cc1ﬁc ELISA
ACCGCTT AGCCGACATCGCCGCTTTTGGGECGAGT AACCGT TGTACAGTCCAAATG

COGTC 15 TCANDNTEISUARERGATOGT GeCTEGARSASMT Y, BEQny kD 125, b eot | de

sequence of DNA r &I on (1000 bf)) up-stream fromt rom
Nei ssefi a ice NOHSYT sera (from Example 19) were tested by whole

GAACC m&mgmm&%%a&%&%& cxprissed s mid point |

%.TAETTMWETGWWA@MMM%WWJ AR FRECEHAATCT

TGTCGGT GOSN KE TRt Gronp Aes ABRGY TEEAT@AGAT TTTTCGT CCTGGATTCCCACT TTCGTGGGAATG
ACGCCG
AACAGAAACCGCT CCECCGT CAT TCCCECGCAGCCGEEAATCTAGACAT TCAAT GCTAAGGCAAT TTATCGGGAA

TGACT WCE(H44176

GAAACTCAAAAAACTGGATT CTTTEGTGCGAATGACGT, @m TICCGTATGGATGGATTCGTCATT
CCCGC 25 14P2 14P3

GCAGGCGGGAATCTAGACCTT 'ITI'CGJWI‘G!CI’G&AACT CGAAAAACTGGATTCCCA
cC™ 23849 65539

GTGGHAATGACGCGATTAGAGT TJT CAAABRSF AT TCT AAAT AGL TGRAACTCAACACACTGGATTO00GCCTGCG
CGCGCA 20130 4015¢

[ - -

ATGACGAAGTG. , AAGTTACCCG AAACTﬁ%ACAA SCGAAACTGARCGARCTIGGAT TCCCACT TTCGTGGGAAT
GACGGA orA(-
ATGTAGGT TCGT GGGAAT GACGG m%’ncrj GC ST T OCARIMAAT GACCCCAACT TAAAATCCCGT CA
TTCCC "

GCGCAGGCGGGAATCTAGGTCTr mA\AACFTAT%GGGTAAAA
ATTCC30 J---% 230 S T L. weus
CACTTTCGTGGGAATGACGGAATIGTA GGGRATGACGH

TCATG HSF(+
ACTGCGCCGGAAT GACCCGAT T THGGFET; %%ECC-H% TTTGCAAATTTGTTAAAAATAA
ATAAALO ATAATAATCCTTAT@FPF&?&W% J I D NO 30 35

Nucl eotide sequence of DNA region (1000 bp) up-stream fromthe opc gene
from Neisseria menl ngl ti des (serogroup A)

GG EASATHIAGT FOF 53R ECRaA I FATECCCAAAGCC
M%XMMM@&FWMMTATA@%TTWTT

TAAAT 40 CAGCEHMAREH \
ACTATATGTGGT CGAACAGAGGT TCGGT ACG Gcg@ % CCH
GATTAIS  response when HSF over-expressed OMVs were used to immunize mice ((;CT

AAGTGAGT CCTGI TGAAAGCCGCCAA AAGT GCECCCG
CTGO0 %ﬁﬁ‘%@b %p@gﬁ%ﬂ;c pq;th;E ¢ HSF over-expressed blebs induce a
GCCTAAAAERIBACEEET sHeRIE T @Rd B Al £CCGT ATCCGEEGAGEGT TAAGGEGGTATTTGGGT AAAAr TAGGAG
GTATT

TGGGGCGAAAATAGACGAAAACCTGTGT TTGGGT TTCGGCT GT CGGGAGGGAAAGGAATTTTGCAAAGATCTCAT
CCcTGr

TATTTTCACAAAAACAGAAAACCAAAAACAGCAACCTGAAATTCGT CATTCCCGCGCAGGCGEGAATCCAGACCC
CCAAC 45

GCGGCAGGAATCTATCGGAAATAACCGAAACCGGACGAACCTAGATTCCCGCT TTCGCGGGAAT GACGGCAGAGT
GGITT

CAGTTGCTCCCGATAAATGCCGCCATCTCAAGT CTCGT CATTCCCTTAARAGAGAAAACCGAAAT CAGAAACCTA
AAATT

TCGT CATTCCCATAAAAAACAGAAAACCAAGT GAGAATAACAATTCGT TGTAAACAAATAACTATPTGT TAATTT
TTATT

AATATATGT. AAAATCCCCCCCCCCCCCOCCCGAAA(I‘}T AAGAATATAATT[ , TAAGCGTAACGATTATTTACGT
TATGIT 50 ACCATATCCGACTACAATCCAAATTTTGGAGATTTTAACT SEQ | D NO 31

Nucl eoti de sequence of DNA region (1000 bp ) up-streamfromthe siaD gene
from Nei sseria neningitides (serogroup B)

ATAATGCAGGCGCTGAAGT TGTTAAACATCAAACACACAT CGTTGAAGACGAAAT GTCTGATGAGGCCAAACAAG
TCATT

TTCTTGAGATTTTGCGTCCTGG




55
CCAGGCAATGCAGATGTCTCTATTTAT GAAAT TATCGAACGT TGCGCCCT GAAT GAAGAAGAT éaaiaZitiaA
AAGA

ATACGT AGABRGTIIRSEGT ATGATTTTTATCAGTACTCCTTTCT CTOGT GCAGCT GCT FEABBOTTAGAACGTAT
GGATA TTCCAGCATATAAAATCGGCT CTGROGAATGTAATAACTACCCATTAATTAAACTGGTGGCCTC k
TGGTAAOOOT%CEA

ATTCTCTCTA PR ATTCT AT TGAAAGCAT CAAAAAGT CGGTAGAAAT TAT TCGAGAAGGAGGGGTACCT
TATGC Nucleotide sequence of th

TTTGOTTCACT O ACA AT R S e R ) MOt E AT GTF CGATTGGGTGGTATGAACGATTTATCTGA
AmCT 60 Tmccccrrccrcecrmucccmcscr
TTCCAGACGRARNTFEAIATEIR '

G CG 5

- e

CATAGGCTCOGCCOCCCTGACGAGCATCACARARATCGACS!

ATTTTA@WMMW&”@”WTAU

TTTAA SCCGCTTACCGGATACC TG T OGO T TCTCCC T TC GGG AAG QG TG
ACACCTCAAG AL AL LI ACOAT LG

_ , G T CCGGAGATAACC
TATGG mnmmmammmummammamam

Mdchddcint ek CGCT GCTTGCAAT

ATTCG 65 wmmmmnmcmmmmm

CAAAGGT GCrORAATEGARARAMCTGATIAIE AR ATk TATLAACILEAGHL AT LLAL TAACAGAGGATTG
GCTATT AGWMI&ML%A%% 2 Nucl eoti de
sequenise QGhacBNArak&8lLR AR e Sl-E AR, L QL D e%#ﬁ% AL}%&

Nei sser | 2 FRAAALL! =) N
ATACCTGCAG: ' SPRARRA?
GGAAA 4t

70 from

AACGG 30 GAGCAGATTGTACTGAGAG TGCACCATAARA TTG TAARCG TTAATA TT T TG TTAARATTCGCETTAAM TITTTGT T,

CACCCAT T COREGASERTREATRHARLHAA M CACTALEL AL G ECALAGHLLLGLEAGT TACT TCCTTGT
AGGTT TTGT T CCAGT T TG AACAAGAGTCCACTAT TARAGAACG TEGACT CCAALE
U&CATAT@'&I&@IM%W% W%TTTTCAATATAG

TGCUGTAAAGCACTAAATCGGAACCCT:

GCTAA 1 , :
TAAAGGE TT‘gé TCLCOAGTC
AAGTA

Nucl eotudéﬁ%‘@awwmm O TORETNDIAC DS

ﬁEACGCGAACCGCGA .

X CG
CACTATARAG TGLCGCGTE TG TT T I T T TATGGCG T TT TARAAAGCCGAGACTGCATCCGGGCAGE

CITGC

CTTTCAGACGGCAT TGCAACACGCAGACCT TGOGCCCEMAGACAT CGGCT GRAT TAAT CTGCACGGCACCGGGAC
GCACC

ACAACGACAGT AT GGAAAGCCECECCGT TECAGCGEGT TTTCGEECAACAAT ACGCCCT GCACGT CCACCAAGCCEC
AAAGC GGACACACGCTGEGEECECG.

CGGGCGCAAT CGAAGCCGCGT TCGECGT GEGECAT TGCT GACCGGAAAAGCAAT CCCGAAGG



25
GAAACT TCCGCCOCAGCT TGGGACGGGECAGAACGAT COCGACCT TCCCGCCAT CAACCT GACRERETARC@RMAG

M&&N TGOOGCCAGCT OGT CGTTTGCCTTCGGAGGAAGCAACT LG H IR T caeAT

GAAAT

AAGTTTGT CAATE DTS FARGE T AT AGAA T SR GTACR R EGAT GRGTCT GTAGET GAGGGGT TAGAGT

- AGGGG mmcmmnmmmmmmcmwmm
ACT CAT AAT CBEE S e SR A SR ACL LACL A R AT ATGT TTGGRCT

TTTTT LT GAGAAA SRR SR Ruc| eot i de

sequencg o up- st rW’@%HWCf rom

Nei sseri e nai t i ». AmCﬂC'I‘CGchAGGCGCMTC
TAGAAAAATAW ' I AR BAHCFECBOGGA
GATGAC 35’“@6&5’%@5&7&5&&7{?@9

GATGTC mnrmﬁmmmmccmrm,\
AGCAAAT T COSERF B R OB AT I A RO SANCERTR R HeAMAT AL LT CACCOGAT CAGGT TTCATCCA

AATA  CAGCATERGETMA - CTATAGCTAGCATOOGCARA T I TAAAGCGCTGAY TATC
[T T AT TR AP AAAA

ACGAAATCWMEALMW L
CCCGGTM&@S&ZHR T@%@ﬁ@' } GRAT 1 O T LR AR

1@,@% ,éé%% [AGCGTAT AECATTTGOOGGAAG
AAGAT x A CBeCE FeCaTCRGTTTGCGCCACAAAT T
TTTGAA CERTHERe
ATTTTGC 45

TTGAA AAA&%E%%WTA COATICAR SRAT mﬁammcleotlde
sequerfce GFTBRATFegi: memrom 50
Nei sseri a FEATTARGIT- dEe BT A @A AR CCTGCTGORCCe T TOANGAATTCGT:

GCGCACGGCW&ETCATMW TTAGACTGCAATT
=AA  TCCREEEGRHEAC I ASETACRRATGLEGICAL < :

MTWQ&W@E%WW ccARToo

CCCAATH CGRCAAGCGCGTCGGGT A TA TTCGGGGAATGCCGOCAAAATACGECC

GGACAG

GGAAATGTCEES): BN EGACAT CAAT AT CGGOGT GGCGGGECAAACGOCT GCACAAT CGGCAGCAGCGATTGGG

TCGCCA 55 Ny

GOGOCEEGEC TP AR RUeaLE A PR Fegian T DR TR esan drom Cos NEpA TEEE T8 GTAGGT TGG

Tr:TT the Neisseria menin mdzs serogroup A
TCTTTTGGAAGACATTCO0 \A GEGC&SC‘ISH*A% TATI TTGECGGCTTTGITCGOGCTI TG T

CGATC 35 TTGX,
ATGGTTTTCOOE,

P WWMHWGT ACAGCGTTGCC

TCGCC CGAGCGCACCS mw;wmmucccmccmmcrcccmumcmcmccsmccmc

SOCT WMQ&@@%CTATAATATTCGGT

TOGGAAT AT EREETAAANEICRREAEN e G A wwﬁmmme
AGTTTT Amncﬁﬁﬂmdc&éﬁ%&%&%.f&gugﬁ seguence "FEETEN (1000 bp)
up- st r eamefceRMtle. rom Nei ssert J-fiefi cf"F"d‘F@"‘(serogroup B)

OERATPASCACAT GCTTGCAGG
TTATC AACRGCH

T GACRGCAGA R T S SRR PR CBOCAMATCEESFSEGAACACCCGATTATC
CTTTT Qg Cgmrccmrmmmmcmmmmcmm

GAAAGCGCGATTATGCCCCATACCCT TCCCGATATTTCCCAATGTATCAGACAAAATT' TGGAACAATAT7TCAA
AGACCT

GAACGGTACCGAACCT TGCGECGT GTACGATATGGT q:i,' GCATCAGGT GGAAAAACCGCTGCTGGTGT GCGTGAT
GGAAC



70

AAT GCGGOGGCAACCAGT CCAAAGCCT CCGT CATGTTGGGACT GAACCGCAATACT TTGOGTAA S AlANT T

AACAC

GGTTTGCT GH@MAMATET CGEGCAACCGT COGT ATCTTGGGT AT TGACCOGGECAGT CGGS e ApiaaFayOSGT GT

CATC

GAT GT CAGGGRe AL GAL LI EAGGT OGCCT COGGCT GCAT CAAAACGOCT GOOGAT GOGCCT CTGGCAGAC

AGGAT ca

TGOCGT GATTGT GCGGCATATCGGCGAAGT CGTTACCGT TTACr 1 AGCCT CAACAGGCGGCAGT GGAACAGGTGT

TCGTCA 2 SEQIPNO3 w 01109350 PCTI EPOQ 07424

ACGT CAATCCATREACCCT GATGCT CAGGCTAGGGGECGOGGCAT TGECGGCATT=r CAGCCATAAGCTGC

G LYE ¢ sequence of DNA region (1000 bp ) up-stream from the D&i/g)%&

G T T CGGAAT AR LR AR A ARCRET ACT QUSCANGEOCAA COTEAS
o v CAMAR KWk ok

up in ATCC13090.

NG S LGRRGT CGCGCT GACCCA

CGCCTT CGCGTAAACCGAAATCG TCOTCAN SUOS - -
ACGCAACCACSEOCTITEREEEEMAEEEAR TCAATAGTTTCA
GACGG 5 CAkichalddrridt SRR - [OIAT EWG“%WW Nucl eot i de

sequenae Ofq NTT PAALCIRFSCRACKRETTOACT f [ O
Nei sseri a gm&,wcg__:%gsﬁ g .“Sf ARG TR AGAABRATCACCCT
TTGTCGGGCT;' S F9CF AT R AP A S BROGECEFRCG

o

GCATG 13 Ammcnmmmmcc—rc

COCGT CTCT ARGBT E A SOEEAMERREASRSEAT A GAGL LACT TATERT AT RICICTTTAAAACGATA

. AAAG TGCCCTCATEATGCTGATGATGGCEGTOGC AACGS TOSITITaCSeTTeRaGeT
(GE0GACAGC TR FAGAAGTATEL L GLACGGAGAT ETTPFRT AGAGTTACTCG
"TTA 15

TAGA TW@WTAC—BCT TCCGGTAGGCCTATTTCAACGECTGGT TCACAGGCTACGCTAAAACC

TAGAACCCC ST IMFEEBUINSAGESOEE QFT BERh e vatalfrd indre A pddy\ CCCCCOC

AT GGT GGT GASIGTHGAGSREATGHALEINE AR ST, TTGCGTAGCCGATGT TGAGGAGGCT
oG, mmmmmmmnmmmmé%camcxcmunc

S e R RO T coaACTTaC

™ Nyeces RNy ;f';j” 25
Nucl eot i deccsentaBEeccefcoiifsdkOgL,0 ﬁﬁﬁ%@F@%ﬁmﬂm NITtA gene
0]

fr om mél Smcpmmbd&@daﬁdaﬁt@&::&&ﬁﬁk{{g{;g ATCAGAAAACCECCAACCCCCA
CACAAAAACCAAGTITATGACCC, ( SAATAAR. C TA Ct AABEEMAMMCCCTGC  GICGGAT
r =+ 47 ATACEEQARNATCCGCCMACAGCACCCC  TGCAAATATTI 1t 3A TGTC TGCCTGC= 30
CACCCTM NwclewiteGeqacise AADAICELEH A G EGACCRECCGRCA GA AACGCCAT
TCOr TCAC DEist2hh HEniAbh@s ‘ e SaE P SomedromGT CAGCA

CGATAA GCGATGTCGGGMGCC“CTCCCGMTCATI‘ACCCCTTGAGTCGCTGMMTCGCCCMTCTCCGGAMACGGCGGCMT

CATGACGGCMGAGCAGCATCCTGMCCTCAGT AGAAGAGCTTSEC
GCCATTGCCACCACCTACCAAGCAAMTCCGT
AGAAGCGGCACAMATGCCGJ\GCMMATMCTTACGTPA e

GGGMACCRTGAMCACTATGCETACTCATCA
GCTTTICT
:i‘l‘ﬁ‘l‘CTCCGCG‘.I.‘GTTCCCAAGGTI‘CTGRGGACCTMACGAATGGATMW.‘-C&MCRGM&WAGQGW

TACCTTTCCARGCACCTACEE TGCCGG rru..hu.wTATACAGcCCGCCGCAGC‘I‘TACAGGGCCGMCGCATICGAC )

45

50
SEQ. ID NO:6

17



GGAATCTCGCC TTCOGTACCCCAGCCC  AGAACAACC AGGCATCAG T 1 pC; AA rGTré EA?AW
TAATTAAAAAA 40 GCGACCI 4GCAT TGATGAATAATATA2' rATt' G, f' ~1ATATTI T AN 2004
AT’ Pl 3CThy g bAMIACAAATGCAAGZTATTTTTATCTGCAG p raAAAM r C

CGCAGC?GCAG?:LY, CA000LGr G TAAAATCCCCT=CACGGCT GCCGCAACGCCGCCRCT/EP00/07424
GAAACCATCTTTCI TATT 1 rGIC: CATT 45 SEQ |D NO 39 Nucl eotide sequence of DNA

regi on ( 10Nfclepjdeeqaéd@WNDNL Fedi ne, frqm Moraxella catarrhalis
GCTGATT TGl Rranek ?ﬁ&@@%&ﬁ@ﬁm gene
ACATATTCAAGATGAAGATT T T ;L_é.: TGATTGECCAATTGACAACACGCATGAATCT 50
TGAGAT GECAGH ek GAGA L) VY AT TOCCC T AR ST R ECATCRA BT REGEccac

SACC T CA

GTGT T TAGT Akl AN S ARG LTEACTAT TEAR AR GRS
TTTATCAAA AR AR AT A AT C L L LA A A N F SIS TP RGBT AT cocs
ATTCAT CGA EGCAGAT R R AR GAL G ceeTe
T GAGCT GCA FAGREEAGEAEIATHEL LA LT, A A TR AT IGFOATE 5
TAAAGAGC! FOARCEEMAHCARAANCERTES AR AR T OATCAICE RS ATAG
GATTAAP GCAGETBT Qe EIEARTRET ATt AL LARAT TSRS
TAT T CAT GACKE TGN T OBRECATEXCALIAGAGER AR LAl XL TR
ALAIG 0
(3
GTGGTIGCCTTRGEG
TAATA

OCT AT TG R R A AT PRGSO CIRARGA AR EECIAB AL A L i ence
AGGTCTTGGATCGCTATGCTAAAAT AGGT GCGGTAATCTTGAAAAACCAACCATTCCT TG
GAGGAATTTATGAAAAAGGGATATAAACGCTCTTGCGGT CATCGCAGCCGT TGCAGCTCC

AGT TGCAGCRERQABI NGET GCTCAAGCTGGTGTGACAGTC 65 70 SEQ | D NO 40 Nucl eot i de

sequence Ouclebiide sgjuenced HANNAgibn 926h t he..capB gene _ from

Mor ax@b | aNeBterid Mahingitidis (sero Eihn 926 b8 Ak LA ol thie Nsp 4 gene from

GATGCTGTTW&E@@E%I

ATTGGECGT .ﬂh’*iﬁA‘&vA"i'Av;\Eii'i:Q;‘%i' ' : AT £ FTEaE A RAN AL
CACGGCAAAATTT

AP TIAR - . A
=
2004 oqqhmrccscccccmcccmmmmcscmmrccm AACCRAGT xrcccaaca
%P PTG AAGAdTGECEAisAat dodrh Sdctefbded ar
"f

CCT T TGAT Tk et ot A LSS

GO0 T AT A B oA A R e A e SR oCCTECTOGAACE
GT GaT T AT MR SEerTEs RALAEGE ARGt Ak dokal

ATG-I- mﬂ-@m ﬁe 54 O/ GIR R1k . L 5 X \& ACCGCCGG

GACGGCACAGCLGLCGE - o

GTTT GGAMTGTCCGACGCTTMGGCACRGACGCACACMMCCGTATGCCTGCJ\CCT

GCAAMTCCGRCAGATACCGCTGTTTTTTCCAMCCGTTTGCA

SEQ. ID NO:8

35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpB gene
from Neisseria meningitidis (serogroup B)

40
GAT'I'TC‘!G‘I'I’CGT'I'[‘TCGGI'TATTCCCGATMATTACCGCCGTTTCTCGTCATTTCTITMCCCTTCGTCA‘I‘TCCCGCGC

45
mmmcrmmmmmmmmmmrmmummmmcmm

TATTCCCGCCGTT‘I’ITTJ\CATTTCCGRCAMACCTGTCMCMAMACMCACTTCGCMATRMMCGATMTCAGCTT

TGCBMMTCCCCCCCCCCTGHMTATMATMA TTTTT CTGCCAAA
T.
TTGGATTTACTTCC CTTCATACACTCAAGAGGACGATT:A“TM“MHA CTTATC TCTTAACSST

SEQ. ID NO:9

Nucleotide sequence of DNA region (1000 b '
- P ) up-stream f
from Neisseria meningitidis (serogroup B) g rom fae Frpa gene

50

60 GAMTAITTACTATCCG&GCACAGAGCATATTTTJ\GGTAGCCT

ATATATCTTAC
6S Garscmmmannmrmmrmmncmmscru'rar

e




S AAACTGGTTCCAGAGGVATCGAAGGCCGT GTTCCTTATAAAGGCCCT GTGGCAGGCATC 29 JAN
ATCGGTCAATTGGCAGGT GGTCTAAGATCATCCATWEATACAGGT TGCCAGACCATC 2004
GAACAGATGCGTAAGAATACCAGCTTTGTCAAAG GACT TCCGCAGGCATGAAGGAATCG
CATGTACAMATIHNARSINGAT TACCAAAGAAGCACCCAAT TATCGCCAAAAT TAACT CTAET/EP00/0 7424
TAATAGCAAATACAAGCACT CATTAGATAGGGTGGGTGCTTTTTAGAGCATAAAAAATAA 10

ACT GACACAT AL AT TGIGATALIPTTAAAATCC] | TTTAATTTAGATTTTTAATTTAG

ATAAT GGCT AALRRET. FAARRIChA AR A A AT R TR GATIE A TTC

......

TTACAAGAARSS PTG
ATCATTPTTAHCestidesequence ol PINA segion GO GG AR TR T f’ﬁ% %% A
Netss AR BRAATGIATIONH PCTIEPO0/ 07424 SEQ 1 DERD 41

dlQBhile, D15 gene

TCTRCCATAATATATT! AACTAATTTCTAGGC
— TR =

b b
BAcA A AL el
T ASERCACT AR :

IT ATTTTATACTTATGAATGGATTATGGGCAAA
— ?&%ﬁg&m AR w&d@mggstmﬁmmtﬁqsﬁgene
T AR AT PIED oW BY TTTGGCTAAGTTCTGATTTA

TGGCTTACCEF SETRETaR 'f‘ aih 'f"'e CHSELSMAN AT Prindctd et b AP ot a e T S :
TTATTTTTAdaisdiatdphanocudostdxidietrtdictddd b aE KT AT Ra P tocdotdade
AGGTT BpPCA RCACGATST O BES R A IRt ARTIALS E oo oL E T SALS

A b AP ety A A A AT BT GAN Ak CT
, ASIE S TS SRIERETTE | de sequence
PCaapE g ETessecdiicdseam Mor axel | a
Ak R AL S OCCGT ACACG
GAACACT TGCAGC

Of DNA T egrcommba
cat ar Fhal AT CITRERATGE

CACAGCCAGTAT & G 3
TOGTAAAAABED TECNOARGAT COGCT! TTGGRGCT TGGTGGCAGCGGTRTCr GTGRGTGT

45
e from

TAATCAAGGS@G&‘E&TWJ&%?WI : ~ Sireal om the ﬁ?&%ﬁn

SEQ.ID NO:13

Nucleotide sequence of DNA région (1000 bp ) up-stream from the Hsi-
from Neisseria meningitidis (serogroup B)
55 TG T T T T TTGG T T TG TTTGAATGGT TAAATCGGGGTTTGGGGGCCEATGET

like gene

60 T TGCTGATAGAT TCCTOTGET T TTCGGTTGCTGGATTCOCGETT I TG0

&3 AATCTAGGACGTGGAATCTAAGGRAACTGTTTTATC

. SEQ.IDNO:14
70 Nucleotide sequence of DNA region (1000 b
P ) up-stream fro
from Neisseria meningitidis (serogroup B) r " fhe Hap gene

bk



0
TATTGCTGCTGCTGGGTGTCTTGGTGGCAATCATTTGT TTGATTGCACCCGTTTT TATG s N
CAATCGGTGOGT TGACTTTATTTGCAGT TGTGGTATTTGTGT TTAATATTCAMGECAAA £ 3 JAN 2004
MGCCAAAAGEBQ{@QJATGTTTTCAGAAGBTCGCTTGA@AGQ$X$&G£TCAM%X
CAAATCACTAACCTTAT CAGCATCGGCAA AAA
ARATGACAAT TTACAGGTTTTGCTGATGACCGTG

RN
e} Vo vy v Y I

V2V, g Vg e

/EP00/07424

W e TRAE MRS gﬁ%%g&&%g&m@béeot i de
sequence %%@g& ggg(gcm CIEPECEAC ERT A&ﬁcﬁ@ﬁ% from
GT!

ARCGACATTAT! GGGGCAGACCGCATTATGGCAATG
Mor axel | a g G A2 e ACTC

AN Ly R e TV € S

SRR REACTAZ A ¢ g"i
: o R TAGGEA oolel
GCGTGAGT GT AR ST AT T (T ACATAC I AAA €C WW?@G@S

AAATA TTTTATCCATTGTACCACGGTAl TGGTCTTTTTAAAT
TAACAA CT%TTTT_ATGCCTATTTu TTCAGATTTTAAGGTAC
AATAAA GHLRAS RPN TRSBEORT(EAGS PR ATtreaTT BOBMEEABRA gene
TTTTGCGAAARPY Areeria Memineid SIS oatPaIcB] GAAT GGGAAGCATTATGT GA

i N ki

p?
TATAC@@AT
AR A A T A FEE

¢ GRAR, - » € ZBA rd“-‘;‘\‘!‘,mc;wgyl .. \.‘ A A TTCRAAA

AAARE A AT ST e
TACGC-EAAATEI-' R AR R A A A RS AT FEMRINAT TTTAAT GAACACGAGGT TAAAT
TATACTGT CSBQEITNGATEACAAT TCAAGCACTTGGTCG 5 PCT/ EP00/ 07424 SEhQ. : l[)) EQ 4;1e

. N . _ e
Nucl eot i dNu&Eﬂﬁ&@Eﬁn@ﬁc%Nﬁ%ﬁgn((iaﬁpblg’f)}xp-%&egrtnrf?t?nqn the ngaﬁ gSne PA g
O o atiSn] Nelodrf hObfidis (serpgroup ¢ , TGTCAGTAC 10
Lerd ¥ -7 Bt A - . : L“ ,: R -

45 ‘I'CCACGC&CCCTTJ\C‘IGCCCTACGTCCACGCACCCTT&CI‘GCCC.'I'ACATCCMGCACCCTTACTGCCTTACATAGACATG

SEQ. ID NO:17

50  Nucleotide sequence of DNA region (731 bp ) up-stream from the ThpA gene

from Neisseria meningitidis (serogroup B) (ATCC13090)
TATGAAGTCGAAGTCTGCTGTTCCACE TTCAATTATC TGAATTACGGARTGTTGACGCES
AARARCAGCARGTCCGCGATGCAGGCACGAGAARGCAG TASTCAAGC TGATCCTARARCG
SAACAAGTTGGACARAGTATGT TCCTCCAAGGCGAGCGCACCGATGAARAAGAGATTCCA
55 ARCGRCCARARCGTCET T TATCGGGGGTCTTGGTACGGGCATAT TGCCAACGECACARGE
TGGAGCGGCAATGC TTCCGATARAGAGGGCGGEAACAGGGCGGACTTTACTGTGAATTTC
GGTACGAAAAAAATTAACGGCACGTTAACCGCTGACAACAGGCAGGCGGCAACCTTTACC
ATTGTGGGCGATAT TGAGGGCARCGG T T TTTCC GG TACGGCGARRACTGLTGACTCAGGT
T T GATCTCGATCAAAGCAATARCACCCGCACGCC TAAGGCATATATCACAAACGCCAAG
60  GTGCAGGGCGGTTTT TACGGGCCCARAGCCGARGAGTTGGGCGGATGGTTTGCCTATTCG
GACGATAARCAAAC GAAAAATGCAACAGATGCATCCEGCAATGGAAATTCAGCAAGCACT
GCAACTGTCOTATTCGGTGCGAARCGCCARARGCCTGTGCARTAAGCACGGTTGCCOAAC

MTCMGMTMGGCCTC&GACGGCACCGCTCCTTCCGATACCGTCTGMAGCGAAGAGT
AGGGAAACACT .

SEQ. ID NO:18

Nucleotide sequence of DNA region (373 bp) up-stream from the OmplA gene

from Neisseria meningitidis (serogroup B) (ATCC13090)

CGTRCCGCA'I'TCCGCACTGCAGTGMMGTRTTGMAGCAGTCGMGC&GGCG&TNGCTGCCGCA.CMGCGGTTTA
70 CCMGAGTCCGTCAAAGTCATCGACCGCATCGCCGRCMGGGCGTGTTCCATMACAMGCGGC‘!‘CGCCACAMACCC

65

7



15 TGGTGCAGATGATGACGCCGCAGGCAAAGT GTATCATGCAGGTAATATTCGCCCTGAATT £ 9 JAN 2004
TGAAAACAAATACT TGCCCAT TAATGAGCCTACT CATGAAAAAACCT TTGCCCTAGATGG
TAAAAATAAGGCTAAGT TTGATGTAAACT TTGACACCAACAGCCTAACT GGTAAATTAAA
CGATGAGAMWEOVOIESINT CGT CTTTGATATCAAAAAT GGCAAAAT TGAT GGCACAGGAPTT/EP00/07424

T ACCGCCAAAGCCGAT GT GCCAAACT AT CGT GAAGAAGT GGGTAACAACCAAGGT GGCGG 20
TTTCTTATACAACATCAAAGATATTGATGT TAAGGGGCAATTTTTTGGCACAAATGGOGA
AGAGTTGOCASEACIBSRDAGAT CAT GACAAAGGOGAT GGCAT CACT GACACCGCCGAAAA

ACCACCOCCT NG G L A TANAT AMEI0000CT CATCATOGT T TAGT
CGCT cu‘%‘gg Nic/{oceootmre co s EpatrsamiremAhc RN gene

GCCTTGGGCGAA 'ﬁiﬁ{g@ﬁ.&i({ﬁ; (& X REGARES SNoMpABr CGGGCTAATATCTTGATAAA 25
ACAT COCCAT A A A AR T LT YOS TIEIOR0O 45 Nucl eot i de sequence
of DNA r egReTAT(EBOGRTRITTUERCAS TB.800 {ctQBRorHEoTed agene from Moraxel | a

ARTIPFAT TTTACCAGGG

AREANCORNCIGAE

COGAT TAT CAR Rt ot e e A AT AP PICCIGNOETRS] | TGTACCCAGT
TATGT T GGACAGAGBEEI T BNt et ot b A e GGTTTTCTTTG
GTGCTERTT S R A T e G AR R A T A AR R AGCEAR IR GCCAAACGAGAA
AAATTTTAT S T A SRR eRA T T GT GCCACT TTGGGCGT TAGAG 40
CATGAGCAAGIET ABAGEHHCGGT GAGCT TTGGT TGTATTACT CATCAGCCTACCCGAAA
CCTGCCAAAGR, AAAAATATCAGAAAATAA

CTTGCTGTAT, e CATE P ERY R Aram tho\Ral gene
REP TATCCG
AT TOCT R AT ke

Sty

cat ar r hal i TSTCAGH!
TATTCHECT e

TTTCTTAACCCCATCAGGGCT
GGCAT AP CAGERF EPAFRRAGGCAAT CTCACGGCGACCATAAT CGGCTAAACGGATATCA

GOGACTTTA W 086E CAqvFhe SELDNATNGIEATOI0 65 ] EFAGEIAGRA
TTATTCCT AR NEGTarAd Mk NEIATT (oobt gl T A A EeA S Loz gone

50 TTGGCAATGGCGTTGCTGMTTTGMACTGTGGGAGCTGACCGGTTTGGCGGGGCCTGTMCC@GRTTCTTGCCGT&CA

55 TOATAGCCGCTATCGG I TGCACCGTTTGGAAGGAACATE

SEQ. ID NO:22

Nucleotu.ie sequence of DNA region (1000 bp ) up-stream from the Tbp2 gene
50 from Neisseria meningitidis (serogroup B)
CCT.\CTCL‘.ACCGAHCCAJ\TATGCTCGGCGCGJ\CCCACGM\GCCMAGACTTGGM GGGCATCAAAN
TTTTTG
G'rcmccca-r'ra'rmmmmcmcmmmmcccmgcmﬂgrmccgnmg
SGGCGTGCCGG‘I‘TGCACTGMCGGCAMGMTACGCCGACCCCGTCGMCTCTTCCTCGRAGCC}\ACCGCATCGGCGGCC
CCACGGC'J.'IGGGTATGAGCGACCMATCGMCCGCATCRTCGAAGCCWTCGCGCGGCATCTRCGMGCCCCGGG‘!‘
65 ATGGCGTTGTTCCRCATCGCCTACGMCGC'I'TGG‘l'GACCGGCATCCACAACGLAGACACCATCGMCMTACCGCATCM
CGGCCTGCGCC'I'CGGCCG'H‘TGCTCTACCMGGCCGCTGGT!CGACRGCCMGCCTTGATGTTGCGCGMACCGCCCMC

70 GG?CGTC‘!GMMGATGATCCCTTATGHMGGMTCCTATGMAGMTA

7L



AAAAAGCAAATGTGTCTTGATGGCTTATTATAACAGT TATTATGATAAATTTGGGTAGAA A%\ 19 G&‘W %D/Q&T
AGTTAAATGGATCGTTGGGTAAGTTTGTTGGCTATCCTTAATTAATTATAATTTTTTAAT T |
TTAAAAAT AP TRANAAAT GGT TGECTTTGGGT TTTTATCTC STp——
ACTATGGTAGAT AAAATTGATACAAAAT GGTTTGTATTATCACTTGTATTTGTATTATAA
TTTTACTTATTTTTACAAACTATACACTAAAATCAAAAATTAATCACTTTGGTTGG=GG 65 r
TTAGCAAGCAR AT CHST AT T TFERSHSASERAG T TAERAGT TC? TAARAACGATACACGCTC
ATAAACAGATGGTTTTTGGCATCTGCAATTTGATGCCTGCCTTGTGATTGGT TGGGGTGT

ATCGGTGTA . GCCAACAGGTGGTCATTG SEQ ID NGO 47 In 2 9 JAN 2004 WD
01/ 09350 " EPA 7424 Nucl eot i de sequence of DNA region (1000 bp)

up- st r eamuctaetidnsequanse gERNA region (1900 bl )lup-steéami (g ihe PorA gene
TTGGCCGECCHmNelss @i CaeaigialiORrulEaEBATATGT GGGAGCGAACACCCAA © , &, CAr

ALK TACAACCARIBATRIccs M GeaacTeaRccoTCATTCC
BANAN KFeAE ¢ (3 Tis ivalvd Yoy L

G—F A el e :
AGAGACATTE ATERSHCAT CACGOCACGGCT GACCAT CAGT ACAAACATCAATAAA
AGCAATCACH ACCCARATT Ci AAAATCAAATGTTTGTTGAGTTTAGTCGCATT 15
T PTTGATG AT AR Kl By T BEGIOGAT CATAGACA
ATATC28\ GENARA RALAAGET] T RARATA
G ' SATTAT RACERA IR ATCATCA?
ATGCCCAGA TGCACATTGTCAACATGCCAAAATAGGCA, r TAACAGAC
TTTTTTA

Gﬁﬁ TACCAT WGGATT TTTT 20 SEQ 1D NO 48 Nucl eoti de
A ré;g on.( L0! gg?mﬂﬁf@lirlﬁ’a)ﬂwgmmﬁ@%ﬁﬂ?@@rﬁenef rom
Elfii.fi f e tgﬁgg“g“gﬁ%?t@R'F‘E)ATCATTCAAACGCCCAACCATC;
TACCTCTGG : ctagadcgrggaater aagaatgacgggatataggtttecgtgeggatggattagte
3 qp a‘_ (= Q:Q%IC§tt§;atC§§agﬁmmé:Egg
T P 2 Wm agcy’ glltvdcqﬂngtqgcqgg::

tgacgqttagcqt:gcctcgcct:agctcaaaqaqaacgac:ct:tlaqgtgctgaa cacCaagtgaatcggeee
g::tt:gtac:qtctgcgqctththccttgtcccql:ttttqt:aatccactatcgccugccgcgnggggqgt:gzg
ccgcccgttccgaaaqaalccgcqtgtgcqtttt:tq:cqtcttcataacccccqgtt:gcaatqccctccaltacc
40 c:cc:qaqtaaqtgttgtaalaatgcllatcttaaaiaatttllltlaccatatgtta:aaaacaaiaaa:accca:lat
atctc:atccgtccttcaaaacgcacatcqaattccacacaaaaacagqcagaaqtttgt:t:ttcagacaggaaca:ct
ataqtttcagacatgtaa:cgccglgcccctcggcgqtaaatqcalaqc:lachgc::qgaaaqcccgqcctg:::aaa

titcrtaaccaaaadaggaatacagcaatgaaaaaateeet
gattgooctgacttt
ggcrgacyttaccctgtacggeaccatcaaaaceggogta g ¥ Jgrageactrectytigcageaac

45  SEQ.ID NO:26

Neisseria meningitidis (serogroup B) PorB Promoter Region
GTITTCTGTTTTTG&GGGMTGACGGG&TGIAGGTTCGTMGA&TG&CGGGATATAG@TTCCGFGCGGATGGAHCG’!‘C

50 mccm;c:mrsacm-rAnsamccc'rscmrccnncmmccscscacccmmrccamcmnm

55 SEQ.ID NO:27

Nucleotide sequence of DNA region (1000 bp ) up-stream from the siaABC gene
from Neisseria meningitidis (serogroup B)

ATACGGCCMTGGCTTCAGMAGCGATMGCCTCTGGCTMCCGA

TTTCTTGIGTTCTCCCCACCGCA

60 ﬁgﬁmﬁ?mﬂGGTMTCATGGTMCCACATCACCGCGACGCAGCJU\MTATTTTGTCGCGGA‘I‘T%GCAACCATQTG:
CCMGGCAACAGTTCGTACTACATTGCCACGTGTCAGCTGCACATTCGTRTCCTGCACATTTGCCGTTGMCCA

65 CGGCEGA:.GCTTCCCAM'I'CAT&ATATCCMTACRTCACCMT&T?TAGCGTACCAGCCGMGCRTMCCATCGCCAAACT
a.mmt TGACTGAﬁT‘!‘TATCTGAGC ..TTATATMTMCTGAGCMCCGTA‘I‘GATI‘CACA.TCMTCAGCTCCACTTCAGGA
GAACTTCAGA’ :;'rrcc:crmcacacum'rrmcccchcccccrcxrsmccmrcccacmcarccnc

70 TCCTTATACTTATATATATATACTTATAGATTCTAAAATC

SEQ. ID NO:28



TACGCAGT TGACCAAACATCAATTTTTAGCCAT 1 GOCAAGCACTCAATATTAOOOCTCA
TACGACCATGCTTGGTATTANT CATCACATAAAGATACTTTACATCCATTTGAATTGAC 2 3 JAN 2004
ATTACCCAAATACGGOCATGCCTCAAAI TATGATGATGAA TCCATT 30

GGCTTAT TR PEAISST GT CTGOOGT CTGOCGATATTTTTATACCCAAACGGT TTGTABCT/EPO0/07424
TGTTGGOGGT GAAAGCT CAGGGAAAACTACCTT GCCAATTATTATGG

TGCCAGCAT CGCACCT GAAAT GGGT CGATTATACACACACT COCAT CT CGGEOGGT AGCGA

ACTTGOCCT TR aotideseaencs o BN gl UM AN QiNEBeah ARSH TR Cfgféene from
AACCGCT CGTX¢SA0E ANy GETEADAET GATTGATACTGATTTTGCGACAAL 35

GCAAGCA' | ' P A A AR ATSCT SCANORCAE RCBTTE GRGCAGAAT AL Gk Al

A Ismjde sequence
WC % .

SCerAATTSE

¢
Eccbirpateciibriacrr i rloibr axel | a
SCAATACA

LGACEA
TCTA
CAATT@%
SIATCAAGATGTGGT
Z c

CATCRETOGAGETY:
ACGAATF AA T ARECHCREAGET AR GEACRGT BlevicoccoNnuni
TTTTAATTTAGG GACACAGATTGATTTTGCTCGTGTGGTACAGGCTTATGCAGA
AAGT ATCGORCGT GRACT AAAAACT GAT GAGCT GCT TGAAAT TTTTACCCAAGCGTATCT
PEEELTUERA] RN (i8Ab PN TPAREBBEAMIGINCTEAR ghhe

TATAAACGGEBRAID N@33(J T=GGATGCCCCATCTGATTTACCGT CCCCCTAATAAGT

GAl Nucl eoti de sequence

COCEECONGNAGERAET . 1D NO 5
of DNA reg;egperfa],gg%é ) 1M, ﬁ)-m E??égﬁﬁ“’gl’éo?faq“%@%%fm axel | a
cat ar r hal eaadakiabahdN fa %[“?T_WCATACC%L@T%T&GTG
CCGAT GOT CdrkackzededatA S LA ”mfﬁ&m&iﬁl'&‘és&
BSECBG A ARATCETC _ ot KAt aebteed 0 AATTAGC

SEQ. ID NO:31

Nucleotide sequence of DNA region (1000 bp ) up-stream from the siaD gene
from Neisseria meningitidis (serogroup B)

ATMTGCAGGCGCTGMGTTGTIMACATCMACACACATCGTTGMGACGAMTGTCT

GAT CARA

35 ccacccurccmrmcrcnmnsmnamcncmmmcmmtmmmnﬁﬁm
ATACGTAGAGAGTAAGGGTATGATTTTTATCAGTACTC

CTTTCTCTCGT!
TTCCAGCATATAAAATCGGCTCTGGCGRATGTAATAA AT oC T TTACGATTACAACGTATGGATA

60 TTCCAGACGCAATCATTGGCCTGTCTGACCATA

65 CAAAGGTGCTCAMTCWAMCTGATRTTGMTAATGCTIAHMCTTAGTTACT!’TRTTMCAGAGGA‘:‘TGGC'I'A'I'I'

SEQ.ID NO:32

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ctrA gene
70 from Neisseria meningitidis (serogroup B)
ATACCTGCACTTGAGTTGCCG&CC&TWTTTAGCATGTTTCAATMGACTMMAATATTCAMTCGMTGGMGGAM

1

.



TGGTGGATACT TTGGT CAAAAAAT GCACCAAAGCACT ACAGATGACAGCCATTCGCCACGC 29 94
WO 01109350 TCIETCIETC@ACIIIIEGTCFCF&CAATCAGATGCTAC&C@ACCCFGAC%G%«&@
TCCGCCA%%S CGGTGTACTATGCCCCGACCGAGCTATGCACGGATAAT EP00/0T424
CGATGAT %ﬁm TTTGTCGECTCAGCTGTGGACAGTCGGATGACT T

TTCGCTGTATTCCCCGAT GGGATAT GACGACGCT TGECGTATCGECTCATAGATAGCCAC 5

T GTC
LA a4
A

A A R T ETT MO RES

T GACT GAT CREARESOTPANCRADC ARG e PR S e,

Nucl eqd i GBI T RET A TR P eI oanEche 021 gene
from Mor aRaRiATATEAGT AT RAGERAG TS A NG ARGAA TACTAA T TATACTCTACGTACT CATAAA T T TATT TCOATTARG TG

GAGT GAACT T M R T AR AR R AT T CARP T INAKTT ATCAAAAT CATCAAACGCAGCATC

AGCGT TTCCETRAATA-IY TTTCACCATAAT TATAGCCATAACGCACAGCAAGCGTAGT

AT AAAATA N GGAAT CACCAACCATAATGGCATC
;AGTTGC@CGGT g TCAL T CACA 1“&\'&,“?“.'- TEABrEem e ety gene
GACGCTGA RaRTe ;& 5*?:'..“?-5‘-2""" GTCAGOCATCCAAAATGTGA 20

TAAAAT T T TAGOAAT A A e A o A T L A A R AT ARRETAC
TCCTTi T AN T 10T, [ AT T
TTTATGGCCARM
GATATGATGET G
T TTGATGA:

CAARY L e A TN TN G G AR e e
TTTGCCAGTGATT:

TGGTATTT ACICARYS £ PATIA AR RGO LT T TT
AGCAAMT%TTTTTJ A TGAAAACTGGTCATTGGTTGC M
CTTTACACARHQAADI NDAMAACT TGCACAGT TAATAAGAAATATTTTGTTACTATAGGGG 30

M%IWJM%&?MMEE SQQ | D Ncgdgg Ngcl gotei de sequence

' | a
of DN?A, I enpRAAFAEOR0 ) cAtsE rrd@addgom Mor ar el
cat arT'hal ﬁEﬁ“ R0 o e s ; E BB0BATIN GATCGTGCTG

P i c
NATAT Ao

cm'rcc.crrrrm

GARACATTTGCCGGAAGAAGAT

T T GARCGCGCCCSCCGET I T G TACCAA TG T TCAAAG GEACGGACACGC TGO CGCEECaCGTGGCTCGATTITER

45 GG AGACGGCAGGATGUGGLGGC TG TTTACCT TGAGGCAATAC T TCGGCAT T TTGCACCGAT TG TGAAARACCGTTGAR
AAACGCCGCTTTATCCAACAGACAARARACAGGATAAATT

SEQ. ID NO:35

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Ist gene from
50  Neisseria meningitidis (serogroup B) o
GCGCACGGCTTTTTCTTCATCGGTTTGAGGGTCGGCAGGATAATCGGGG&CGGCAAAGCCTTTAGACTGCAATTCTTTAA
TCGCGGCGGTCAGTTGAGGTACGGATGCGCTGAIGTTCGGCAGTTTGATTACGTTTGCATCGGGCTGTTTCACCAGTTCG
CCCAATTCGGCAAGCGCGTCGGGTACGCGCTGCGCTTCGGTCAGAT&TTCGGGG&ATGCCGCCAAA&TACGGCCGGACAG
GGAAATGTCGGCAGTTTTGACATCAATATCGGCGTGGCGGGCAAACGCCTGCACAATCGGCAGCAGCGATTGGGTCGCCR
55 GCGCGGGGGCTTCGTCGGTATGGGTATRAACAATGGTGGATTTTTGAGTCA:AGGATTA?TCTCTTGTAGGTTGGTTTTT
TCTTTTGGAACACATTGCGCGGGGAATGTGCGCGGCTATTA!GGCATA;1Lxuuuhuu£1LuxxuuuhuTTTuxruuATC
TTGGCGTGTTTGAACGCGGCAGCGTGAAAGGAAGGGGGAAATGGTTTTCCCGCGTTTGGCGGCGGTGTCGGAGGTGCTGT
GCCTGATGTGCGGCGGCATATTTTCGGTGAAATTGATTTTATAGTGGTTTAAATTTAAACChGTACAGCGTTGCCTCGCC
60 TTGTCGTACTATCTGTACTGTCTGCGGCTTCGTTGCCTTGTCCTGATTTAAATTTRAACCACTATAATATTCGGTAACTG

TCGGAATATCTGCTA&AATTCCGCATTTTTCCGCCTCGGGACACTCGGGGCGTATGTTTAATTTGTCGGAATGGAGTTTT
AGGGAT

SEQ. ID NO:36

Nucleotide sequence of DNA region (1000 bp ) up-stream from the msbB gene
65  from Neisseria meningitidis (serogroup B)

GCCCGACGGCGAACAGACACGTCGTGAAATCAACCGCTTGGACAGTACGGCGGCGCAATACGRCATGCTTGCAGGTTATC
TTGAAAGACTTGCCGGAAAAACCGALLuLIUUuLutugbLLTACCGCCAAAATGCCGTCTGAACACCCGATTATCCTTTT
GAAAGCGCGATTATGCCcCATACCCTTCCCGATATTTCCC&ATGTATCAGACAAAATTTGGAACAATATTTCAAAG&CCT
GAACGGT&CCGAACCTTGCGGCGTGT&CGATATGGTCTTGCATCAGGTGGAAAAACCGCTGCTGGTGTGCGTGATGGAAC
70 hATGCGGCGGCAACCAGTCCAAAGCCTCCGTCATGTTGGGACTGAACCGCAAT&CTTTGCGTAAAAAACTGATTCAACAC
GGTTTGCTGTGAATATGTCGGCAACCGTCCGTATCTTGGGTATTGACCCGGGCAGTCGCGTAACGGGTTTCGGTGTCATC
GATGTCAGGGGGCGCGATCALALlLALblbbLLlLLbuhIhLATC&ﬁAACGCCTGCCGATGCGCCTCTGGCﬂGACAGGAT
TGCCGTGATTGTGCGGCATATCGGCGAAGTCGTTACCGTTTAC&AGCCTCAACAGGCGGCAGTGGAACAGGTGTTCGTCA

'8




TCATGATGICTATGCCACTTTTZTGGCCGAAT TTGAAAAACCGCT GCTCAT CGCCGCACT 29 JAN 2004
CAATCACACGCACGGCAATCAGT CAAAAACCGCCCAAATCCTTGGTATe mCGTGECAC
ATTACGCACCAAAATGAAAACCCATCACTTACTTTAGACCGCCAGT TATCGCCATGGATA 45 AcG
LTCATTTTARANBHSIB-TGATATGATTT GGTGACATGATTTAACATTGIT PCT/EP00/07424
TAATACTGI TGCCATCATTACCATAATTTAGTAACGCATTTGIAAAAAT CATTGCCCCCT

TTTTTTATGTGTATCATATGAATAGAATATTATGATTGTATCTGATTATTGTATCAGAAT
ATCTATTGA\ GG RIGET Adrefetdo R

AT A O A A A A GROS ski Rk
AGATTCATTCAAGIGATGIGITTGTA CATTTACCCTAATTATT TCAAAT

GCCTATGT CAGEQT GF N@ATTTTZTTAAGGTAAACCACC SEQ | D NO 53 55 Nucl eoti de
sequence oiNuabtidegequinte SOONAegitir 006 BP") upNTtdalifrrbl (Be 460 e Ao om

Mor axel | 8 ¢AmIVeRSerid meningitidi
ACTATT@'@:&&&MMH&&%%%&EW :

CAACT T CAGC BB T B G P BROCAARCT BCG eos
¥ L d hai. L 8 - Sk Ll G =
TCACATCACGEZSdrk¢m YA VY e L iy cH0
. : ATAAAG
L)

- H g Y - N ..
=
y (AL 70z R A A\
i
A A“
A\
T3 STTRIH
\/

TATTAATACCEAS
TGGAT AGGCGC e

PG S T Can o TOCTAC A A@ﬂt' . : i
GCAATGCACCCATAGCATCATTGACGAT TTTGECT T TATCGGCACCAAAGAAAATGATA
CGCCAG TTGEERARNEr MCGCTCAATCAGCTCAATCAAAACCT CATCGGTCATATTTT
TAAT GATGGAN el seneerest DINA FegioaAB0AAT I ig-Strddrh Thoar TdIAHA pene
CATTGACCT TRARAYATEIa b aHOGARER Catogra LT ACCAACAAAT TTGGT GTACT &

CTTTAGGATCRr it AT AR TR

CAACATEAATAAGISEACE Ak O ak AACEGE AR ArA s FEat ok A Ad-ATAATCACGCA GQ 2 9 JAN

GAARCCAT T T TCT TAT TACTGCOGGCAACATTGTCCATT

45 SEQ.ID NO:39

Nucleotide sequence of DNA region (1000 bp } up-stream from the ompCD gene
from Moraxella catarrhalis

GCTGATTTGTGAGCMGCGGGCGC&TCAGGGATTACCTTGCATTTGCGAGMGATCGTCG
ACATATTCAAGATGAAGATGTTTAT GAATTGATTGGGCAATTGACAACACGCATGAATCT
30 TGAGATGGCAGTCACTGATGAGATGCTMATA“GCCCTAMGGT&CG&CCRGC&TGGG?
GTGTTT&GTACCAGWACGCCMGAGCTGACTACAGMGGTGGGCHGATATCGCCM
mnrcmmncmcamanmmcmcacacmnnuccmmr
ATTCI\TCGATCCJ\.GATCCGCATCAAATTG&TGCTGCMTTGC‘HTGGGTGCTG&TGCGAT
5 TGAGCTGCATACGGGAGCTTATGCTCAAGE GACTTTACAAAATAATCAAAAGCTTGTIGA
5 TMMCWG&CCG!AMGCCGWGCMTGGMTCATC&H&TT
GATTMTGCAGGTCATGGTT!GACGCGTGATMTGTTGCAGCGATIGCCC&MTTGATGG
'rar'rcnsacc-rmrmcccccuccansamcacarocsmamnrsacacnm
'rnrccm'rcmccn'rGmarsccmamrnmcmmrnncam
60 CGI‘TAGAAAGAAM‘I‘CGTMATMTGATGACTATTGTGTMT&TTATGTA‘!TTT!G‘I"I'C.R
AMMAGGTTGTAMMMTTCATTTACCATTMGCTMGCCCACMGCCACMTGMTA
CCTATTGGTTTGACTCJ\'ITRGTCRCTN\GMTCTGCAAMTTTTGTMCAGAITATTGGC
RGGTCTTGGATCGC‘I‘ATGC.‘TAAAATAGGTGCGGTMTC‘I'I‘GMAMCCMCCA‘I‘I‘CCTTG
GAGGAAT!TATGAAAMGGGATATMCGCTCTTGCGGTCA‘I'CGCAGCCG‘ITGCAGC‘Z‘CC
AGTTGCAGC TCCAGTTGCTGCTCAAGC TGGTGTGACAGTS

65
SEQ. ID NO:40
Nucieotide sequence of DNA region (1000 bp ) up-stream from the copB gene

from Moraxella catarrhalis

GATGCTGTTMAGTGGGTATTGGTCCTGGTTCTATTTGTACMCCCGTATTGT!GCA
70 ATTGGCGTCCCGCAGATMGTGCCATTGATAGTGTGGCMGTGCGTTMGATCGC:?‘?

("



TTTGGATGGGT TCAGOGGGT TTTGTCGOCT TAGGT TTATTGTCTGTGGCGTGAT
GGXIC-;-IC-AGQGCCATCTTTCATCIJTGTTGTACATAGTCI TCATAACOGCCAACATATTCCAAAA 2 3 JAN 2004
CGATACCGH, CTTATCAGTATCAAATACCCAAGTTTGGGTAACAACATTATgﬁ 007424
TAAAAGCA TGGCTGATGAGTAATACCGT GOCT TTAAAATTGACCACAAAAT

CTAAAAGCT CAAGT GT TGOCATATCCAAAT CATTGGTAGGCT CATCAAGCACCAAAACAT
TM@EWMEWWW&IWGATAGT G

| D NO 55 Nucl eoti de

sequence.mamagﬁmm@gfmmmmt he PUQ gene  from

Mor axel | aragak

rmnmacmaccnmammﬁm GATTAT

A S AG==TGAGTGCATCAGTTCAAGCA 30
GGTCGTGAAEQCE\WITATACCGAACGCCCTATCGCAGTGAGTGCGACAGGGGATTAT

CATCCT TTRGeIGHAT AT QAL T AAET e CATTTTCATCT
%TCAGCT’%IJ e Wm% GTTCAATGAATA
TTATCGGT W'ﬁﬂ'ﬁ GCTGATAGCAC 35

| gy |
ALL T

TCATGGT CEéLr'f

CCGTGATGMMGACACSEQ ID NO. 56 Nucl eoti de sequence
of DNA region (1000 bp) up-streamfromthe |ipol8 gene from Mraxella
cat ar r haSFQ- B NOH B AACAAGCGACCAT CTTGOUCGAT GAT AGCAT CCT CCT CAGCT AAGAAAAT CAG

50 TTTAT&MWM@MWWHEW
AATT'FQ:GC&@GI’

Sl
CGGTCCTAGTAGGACAATATGGT CATTATCCAA

£23 EEOGATTTGTAGACG 55
TACACGCACATT

GCAGATT?‘TCGMGCCCAAAAGCAAGTATTAGGCTGGTGATATGCTAATCGTTMTA
ATGGCGTGATCATCACATTAMTGGACMGTMAAGACCCA‘H‘ATT[TGGTGGTCG&TGA
. TATTGCTGCTGCTGGG TG TC T TGGTGGCARTCAT T TG TTTGAT T GCACCCGTTTTTTATS
30 CAATCGETLCGTTGGC TT TAT TTGCAGT IGT GG TAT TTG TG I TTAATATTCAAAGGCAAA
MGCCAMACﬂGTCATATmCGCﬂMTTACGTCCMCm
AGATTCATARCAARTCACTAACCTTATCAGCATCGGCAACAATATCTGCTAAAGATAACA -
AAATGACAAT TG T TGATCGGEGCATTGAAT AT AT TT TACAGG TTTTGCTGATGACCGTC
AAATTAATATAGCCAAACAGG TACT T TTGGGAAAG TCAATCARAAC CAATGCACTGALES
55 TAACATTGGCTAAGTAGT TG T TGTGATACAGACAGGTTGGATGGTCTTTAACTCCACECA
CCTAACTTTTTCTTTGTTT GGATTTAAGAGTATGT TATGATGGGCAGGATTTTATTTTAA
GTCATCATTTAATGCAATCAGTTGTCCAGAGTAGCCGTTC

SEQ. ID NO:43

60  Nucleotide sequence of DNA region (1000 bp ) up-stream from the hly3 gene
from Moraxella catarrhalis

GTGATCGGCAACACCCCACCATTCAGGAGCM\CCMAAHGCCCGTGCCHGCGGTCTT
GGTGGTATCATTTGGCAGGGCMTGTGGCTMGTAGTGGTGTGCCATCAGG‘I‘GCGGTGGT
GG'J.'GAGTGTACGATTCGTTATTGTCRTMTTATCCTTTTGGGTTGGATGATATCMI‘G
65 mnccc'raccc.ncmrsm‘rrﬂuccarrsncmcmammr
TAACMGCAGCTTCTAGCMGTCMAGTMTATGCCTAWCAGATTTTMGGTAC
RATAAAGCCM‘I‘TGTTMTMTATGGTATTGTCATGATTTATGATGMTTGCGACCM
TTTTGGGARAATTATCCC T TAGATGCGTTAACAGAT GCTGAATGGGARGCATTATCTGAS
GGATGTGGCGCG‘I‘GT:GTT:GGTGAMTTTCTTGATGATGACMTGTTMATTGACCGM
70 TRATACCGAT BT TG TGCCAGE TAT IGGAT TG TCAACAGGA T T T TGCCAMAACTATGES
AAGCGTCMACGATTGTGCCRGATTGTATTCGCTTMCACCTGATATGCTGCCTGATATG
TG IGGTTGCCACGLCATTGTECT TATAAGCGGT TG TATC TTGGGCAARATCTGCCAGCA
Tmcamunmrmcmrmmmsc&mmmm
GCTGGGCGATGTGTGAGTGAGCITGGTATGAGTGATGMGAC&TAGMAGGCG&GTGGTG

1is



CTCATGTAGGT TTGATATCAGCT TGCGATTTTGTAAATTTTTTTCCACTTGTGEGCGTAC 9 g JAN 2004
ACCATGCACAACCACCAATTTGATGe cc AAGCTGTGTAGCAGTGCAAAATCATGAATCAG

CGTACTAAAAT TGT CACGAGCGACCGCCT CATCACCARACATAAC

ACGAT GGGTEP PAARST ACGGGGCAGAAT TACGAAACCAAT GCACAGGT GT GAGT GCAGBGT/EX®0/07424
AGTGTTCTGATAGGTGCTGACAGAATTCATGAATGCTCCAAAGAGTCAATGGCTGGTAAA
ATAAGAATGGCGAACAATATATGGCGAGAGCGTCTGATGTTGGTCAAATGTCCCATTAAT

. : : _ Ay %
GTAAGTAGT AWWW‘@ACACCGT CAATCAGCT GITGCTATG 65

CTTAT AAAACTTGA CCAACACAGGATAAATTTA SEQ 1D NO 57 Nucl eotide
sequence on (1000 bp ) up-streamfromthe lipol | gene from
Mor axel | a %MM&BQUMV“ DNA region (1000 bp ) up-stream from the lbpA gene
GGCATACT T i¥e aforaicallal eufarFH&lisCAT AACT GCTATAAGCCCATTGCTACT TTTR'

TCATTT, DTWWWWWWATTAACTCGTG

CCACT € A CERARCITRACSIBT AT TGGCTGT T

AN AGEATACCATCAAGEARA A A .
AAATGATAA@tIfT Amaﬁwmfxr sfdad ALAdEnichddan mGGACATATCA] Al 2 9 JAN
2004 WO 0mgérCTGATGATTc&mcarcunmcmmccsmaummmﬁcc

yivila I ATSATRAN ;f-ii"‘-'.cr"
;’M@FﬂFmﬁW& AR G -
AT cf‘f)iﬁ“C?!tf&’l(t‘éﬁ‘ﬂif’f‘ﬁ(t%‘ﬁiﬁ*ﬂé‘l'mAGATATCATACCAAATGAATACTTA
WTGATATGACTGTGATTTTATTATCATAGATACAAAAA 10
ATGATGAATGAATACAAAATTTCGCACACATTATGACA
peecol GESHENGTr i\ EHeIBEB gene
TATTTTATTTGTGCCAGIT
EATAATRERLEROO 07424 15 SEQ 1D NO 58

;m@eamfromthe | i pol O gene

cnGc'rcnmmnmarmnrcarcrsmnrunnmnmncmmr
ATCCATTACTAAAC TTCATCCCCCATC TTAACAGT TACCAAGCSGTGAGCGGATTATCCS
ATTGACAGCRAGC TTAGCATGATGGCATCGGCTGAT TG TCT I TTYGCCTTIGTTGTGTGTT
45 TGTGGGAGTTGAT TG TACT TACC T TAG TG TGGATGC TTGGGCTGAT T TRATTAAATTTG
ATCAAAGCGGTCTTCACAACACACCARACGAGATATCALE

SEQ. ID NO:46

Nucleotide sequence of DNA region (1000 bp ) up-stream from the tbpB gene

50 from Moraxella catarrhalis

KGTTTGCCCTGATTTTGAG&GCCACTGCCATCATGM'I‘TTG‘I‘TGGCHM&CACCACTCG
TRTTCTTC‘I'I‘CGG‘I‘T’I‘CCCC‘I‘I‘TCCRTGCMACACAGGGATACCAGCGGCCGCCATGGCA
GCGGCGGCGTGG!CTTGGG?GCTMTJHTGCATGATBTCCAGCGAACTTCTGCMCC
55 MGGCMCCAAAG‘ICTCMTCRGCRCCGCTGTTTGMTGGTCATGTGGATACAGCCTAGG
ATTTTRGCACCCTTMGTGGTTGCTGGTCTTGATAGCWHMCCCCATCAGGGCT
GGCATCTCAGCTTCTGCCMGGCMTCTCACGGCGACCRTMTCGGCTMACGGATATCA
GCGACTNATMTCGGTGMG‘!’T’I‘TGGGTGGTACTTGGATTGATTGAGG‘!AGGCATATCT
'r‘rAﬂccrnccurmmcrrnrmnmrmrmsammm&rnnG
6 ATGCTAAAAGG'J'."I‘GMTGACCAMCCATCGCTMCMTCMGMGACATTTTMGCAT
0 AMAAGCMATGTGTCTTGATGGCTTATTATMCAGTTATTATGATAMT‘H‘GGGTAGM
AGTTJ\MTGGATCGTTGGGTMGTTTGTTGGCTATCCT!‘MTTM‘&TATMTT‘!‘TI‘TMT
MTGC'HTTACT!TJHTTTMT&GAGTMTGGTTGGCTTTGGGT'I'LTTATCTC
ACTATGGTAGATAAAATTGATACARAATGGTTIGTATTAT CACTTGTATTTGTATTATAA
65 TT'I"H\C‘ITATTTTTACAAACTATACRCTMTCAMMTTMTCACTTTGGTTGGGTGG
TTTTAGCAAGCAMTGGTTATTTTGGT&AACJ\ATTMGTICTTMAAACGATACACGCTC
RTAMCAGATGGT:TT’!’GGCATCTGCMTTTGATGCCTGCCTTGTGATTGG‘ITGGGGTGT
ATCGGTGTATCAAAGTGCAARAGCCAACAGGTGETCATTS

SEQ. ID NO:47



TTAGACCCTTGECGT GECT TCTGGTATCGCTCCACATGT CGTAGAGTAGATATTCGGT CA JAN 2004
TATCAAAAGGGCGAT GGAAATGTATGGAATGGTCAATACTAGCCATTTGTAGACCTTGT G 2@ 9 20
TCATCAGGH ¢iidas5eA T GACT CAT TAAACCT GT GCTGACCAAATAATAAT CAGACA JEP00/07424
ACGCAAGTAGTGCTTGATGAAT GECAACT GGCT CCTCCCCAATAT CAGCGATACGCA
AATTGCECTTGECGTGGAC CAGGGTCTCGIGGT, GTGACGGEEEC
CTT, GCCGAATTTTATGTA

%W“’PM%BB@‘Wm from the tbpA gene
CTARHS CAT GOGT GAAAAT GAGGCAATCATCGAAAAAA 35

Hiewe C CENERROICIAT AT TGCACCC;
T !f.'!ﬁt S &éf?;‘fe- Y

b ei® $9 Nucl eoti de sequence of
PracArepdne from Moraxel | a
&g .‘ww'i%'e ATCG=AAGTATTGAAAAAAGC 40

T A

Ny Sy

Doeitay ACCATGTTGCG
S CEEBECSTARSBACACCT GOCAT 45
GACCGCATTAATCAAAATGGGCAG

HBCOngE gete CAAAATCG G
GCGATGGCAGTGGC
CATTCTTGG
AATCTCAATAT
TCACCGATAA 55
nShPecalrD NO 60 Nucl eoti de sequence

e gene  from Moraxefla

FREGATGA, TTCTGRAT
TTAATTGTTA

X ". ‘!' ‘ Ad.yy LT ; “-' c; _‘ ,v v
F AL ATEAR P A CGBERATGBEGCGATGCTATCC.
N AR A
GTAAAATGCCTCTTTGGGECTGCAAGICCGTGATGC TTTATCAGTGIGC
CAAGGGCARE TDODBATTTTAGT TATCTGATI TCATCCGTGATTCTTTGTTTGGGAC

TTATTTCCBhutEstilé befilehde-0r DA e {1866°bh ) ap  RAGRT P;Wg_l%ene
from Moraxella catarrhalis

45 Gcnrcrsc;cuamccccarcsaccmrmcarcsc'rcmccrumcmsrscr
Acmrrunoccncrcmmmsscscrccrcccnnrmmscmm'roc
mrummmccrmmmmrmmmmmnwm

50 C?TCCMGGCCMGTAGCGACACCCMAGCGGTGTTTG&GG?GATTGGTCAAGGCAATGG o

AACCGATGCCGLCGTGCCGCTTATATCCAGC TG TCOGTAGAGGGCCAGATTTATTCAGES
ATCGCCACTTGCCATAGCACCGTATCC GCCATGCTAAAAGGTGCATTATCCGETTTGRCA
55 CAGGCGTGGTAATCTGACCCARTCAARATCCTGCATGATGGCAGGAT TTTATTATTTAGT
GGGCTGCCCARCAATGATGATCATCAGCATGTGAGCAAATGACTGGCG TAARTGACTGAT
GAGTGTCTATTTAATGARAGATATCAATATATAAAAG I TGACTATAGCGATGCAATACAS
TARAATTTGTTACGGCTAAACATAACGACGGTCCARGATGGCGGATATCGECATTTACCA
ACCTGATAATCAGT T TGATAGCCATTAGCGATCGCATCAAGT TG TG TTGTTGTATTGTCA
60 TATAAACGGTANAT T TGG T T TGGTGGATGCCCCAT CTGATT TACCGTCCCCCTAATAAGT
GAGGGGGGGGGAGACCCCAGTCATTTATTAGGAGACTAAG

SEQ. ID NO:50

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspa2 gene
65  from Moraxella catarrhalis

CCCCMGCTTTCCGTTTG‘{'GTGCCTGCTGG‘CGTCGGGCGGTC&TACCATGCTGGIGCGTG
CCG&TGGTGTGGGCGT&TATCAGJ\TATTGGGCGAGTCTRTCGATGATOCGGTGGGTGMT
ccn'-rca‘rmacmmrccrcmcmccc‘rnccrmcccccmnrcsm
MTTAGCCMMACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGC&TMAG
70 GGCTGGA?TTTTCGTTCAGTGGC&TGMMCCGCCRTTCATMTCTCATMGACACAC
CMACGCCMGCG&CCCCGCCRCACG&GCAGACATCGCCGCMGCTTTGAGT&TGCGG
TGGTGGJ\TRCTTTGGTCMMAATGCACCNGCACTACAGATGACAGGCATTCGCCAGC

74



TTGTGGTAAAACGCATTCGCTGATGGGTCGCCAGT I AAACAATAAAACCATCAAACGCAA

GCAGGGECGATGT GT TTGAGCAGT TGECGGTAGATAAGCTAAAACAAGCAGCCTATGAAAT 70 7 0 JAN 2004
TATTTTAACCAACTTTACCACCCCATTTGITGGTGAGATTGATATTATCGCCAGACAGCC
TTTGGAGCAKDPOBORSETGT TTGGT GCAGCCAAGATT TTGTACGGTATTTGT TGAAGT GBET/EP00/07424
TAGCCGAACAAGT TCTGI GTATGGTACAGCCCTTGAGAGT GTTACCTCAAAAAAGCAGEC

AAAAAT CTACQIGAMAGAGIARGATT
ATACCGITI T GATGCIErcEOGIETIeRT:
AAAAAAT o0
2004 V[?Olﬁ@@@@@MﬁQEWEﬂ@ﬂmOﬁkz

 AERTIATG R CCCAGTAATATGGAAACATAGCA
SEQ 1D Mﬁmﬁ&ﬁﬁwmggm bp) up-stream from
the iipo6 YSEBIACAAGATIIATAVKIAGETRIAMY 3 7GA
OGT T T AT T A et e e E s e T TR EAGE AT A BAPBCATE ACGCCAGCAT

G GGAATAACGCCT GCTGCTGAGGGT GAGGCT TCAGGCA
AAACCAAGGTRA GT CAGAGACAATGGACTCACCTA 10
ATATAATAC g gorArN0brerrmstena Aot OET@AP21 gene
CAATGAY e PRBERCGCTC CCAGTCA
CTGGATTTTCRAETH
AGGTAACT GARESSTE

CATTCAZGACEEA

TR POMIEORCSATAING0 ‘ e |
AR ATY R b A SR LA AR C AT T ARCESEARAAGAD NO, 62 25 Nucl eot i de
sequence of DNA region (1000 bp ) up-streamfromthe P6 gene from

Mor axel | a dDrMetszs

B A AR T A s e
ATTGTGAAT TN AMIIGT AAALLAGTATT

GATTAGGATATGTPCC 30
jpaitaall AR EEATGA6 TGCTAA

Y T b ey
ATTACGCACCAAAATGAARAC CCATCAC T TACT TTAGACCGCCAGT TATCGCCATGGATA
TGGGCAGGTGTGCTCGCCTGCCGTATGATGGCGATGACACCCCATTTGCCCCATATCTGE

45 ACGATTTGACATGATT TARCATGTGATATGAT T TAACATGTGACATGATITAACATTCTT
TARTACTGTTGCCATCATTACCATAAT T PAGTAACGCAT T TG TAAAARTCATTGCCCCET
T ATGTGTATCATATGAATAGAATATTATGAT TG TATC TGATTATIGTATCAGART
GGTGATGCCTACGAG T TGATTTGGCTTAATCACTCTATTAT T TGATATG TTTTGAAACTA
ATCTATTGACT TAARTCACCATATGGTTATAAT T TAGCAT AATGGTAGGCTTTTTGTAAA

50 AATCACATCGCAATATTGT TCTACTG T TACCACCATGC T TGAATGACGATCCARATCACT
AGRT T AT TCARGTGA TG TG T I TG T ATACGCACCAT TTACCCTARTTATTTCAATCAAAT =
GCCTATGTCAGCATGTATCATTTTTI TAAGGTAAACTACT

SEQ. ID NO:53

55 Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene
from Moraxella catarrhalis

ACTATTCTIGCTTTTTIGTTTT L\J«CGMTGCGMTGCCCMCTCACGCMCTGGCGATTAT
CRACTTCAGCAGGTGC TTCGETCARTGGGCARTC TGCCGTCTTGG T T I TTGGGARGEEGA
TCACATCACGGAT TGAGCTGGCACCAACCATCAGCATARTCAGGCGATCTAGACCAAATG
60 CCAAACCACCGTGLGGLGATECACCAARACGCAATGCATCEATCARAAACTTARACTTAR
GLTCTGCTICT TCTTTAGAAA TACCCAAGGCATCARATACE GCCTCTTGCATGTCAACES
TATTAATACGCAGCGARCCGECACCAATTTC TG TGCCATTTAGTACCATG TCATAGGCAR
TGGATAGGGCGG TTTCGGGACT I TG TTGAGT T Ce TCAACGGAGCCTTTTGEGEGTGTAR
ARGGATGATGAACTGATGTCCACT TACCATCATCAGTTTCOTCAAACATTGCARAAATCAA
65 COACCCAAAGCGGTGECCAT TCACAGG TRAATAMAT TTARATCAGTACCEATTTTARCAL
GLAATGCACCCATAGCATCATTGACGATTT TGACT I TATCGGCACCARAGRAAATGATAT
CLBCCAGTTTGGGCATCGETACGL TCAA TCAGCTCARTCAAAACCTCATCEETCATATTTT
TAATGATGGGTGAT TG TAATCCTGAT TC T T TTTCAACGCCATTATIGATATTGC T TGEGT
CATTGACCT T AATATATGCCAATCCACGAGCGCCATAAATACCAACAAATTTGGTGTACT
70 CATCAA T TGC T TGCGACTCATGTTACCGCCATTTGGAATGCGTARGGTARC AACACGEC
CTTTAGGATC T TGGGCGGGCCCTGAARRT ACT T TAAATTCAACATGTTGCATCATCTCAG
CAACATCAATAAGT TTTARGGGAATGCGTARATCAGGCTTATCTGAGSCATAATCACGCA

qo




CAAAAAAGT TTATCTAAAAGACT ACACGCCCCCAGTATATGCAGT TAATAAAGTGGATTT 35 2 9 JAN 200 4
GGATATCCCCTTGTTTGATGA=TGCTGIC AAMTGACA=aw

ACACCCAGCHGAS00356CCCT TCT TGGEGCGAGAT TTAAAGCT TAAAAGCAT TCACCT /EP00/07424
TGGTCAGGAAT TAGAGT CGCAGGCGTATCATCTTGATAAGGAAGGCTTAACa1ATTTTA

TGCACCAGATGT' CCCAGTGATTGAGACATTGGITGACATTTCAC

ACT TGAAGCCESHIT AT SAMEEASGARGINGTA AR AAGA TGCGA 40

ACCTGAGGGT TTTCGCAAAATCACCTTTTTCCCTGACCGCCCTGATGT TTTGACAGAATA
CACCACACGSETABAAMEAGCAAAGCATTTTAA76 ACCT TGCTTGCCAATGGTAATTTGGT

TGAGT CAGNH Iealigeted; TGOCATGATCETACCAAMAA
ACCCA&AJTAT AT B A-SEeam fromBedshbiesasot | de
sequence @lad i tihilind i

eam fromthe MsbB gene from
AAAGTTTATTGGGTCA

Haenophi | asTitniakeresrzemardctt
AAAT C' B i e L s S g TGGTTTGA ACCGCCAAAAC
CTAAAGTTAGACHGCEE CGGCAACGCCTORLT G AGeT

ATCAAT AT CEATHAIGEICEAL TR Aot A A e LT T (L TEShRAA
TCAT T T AT A AT I o T AT C T TG AAITATIO
ACAGGT AT GEGAGEAS A s ror At A oI L L SR PAT GGGOGGT GCA

TTATCCOCAR e T A E e eAe MTCAR SERATATTTGGTTT 55
Al TTT@AT TGO BTt Tl crerre et R S A LT AAT CAATTGAC
GT GGOGAT T R P AR ARARARACETRRTICR ERRYTE R PAGBOATHERERa TATATTTTTTA
TYT ACT CCT AR T AN A T A A A AR AL CAT T A PANTGTTATTTGGT
CTTTTAGTT. é:r AGGTTTTTATGATGGCTTCTTTGGGCCAGGGACTGGCTCA
ATCATGAGT g TACTTTGCTAGGATTTAATCTCCCGAAAGCGGCAGCACAT 60
GCAAAAGTGAR

mmmmnpﬁstresm'ﬂdﬁmﬁmgene
CAAATTCTTiremuHacmelie TameamdixT GAT GGCTGGGAGCATTTTAGGT GCAAATTT
GGT GOCAAA R R T T PO ATL AR LA EGRAOROATEGT TGT TATCATG

TCTTTIRTGAT < A
rech) NO 64 Nucl eoti de sequence
: gene from Haenophil us

\TAdcdahd
AA ‘

of DNA r etronsc
i nfuepga

GGCGT, Arcr el g FTRCRTEN TAATTCAATAT
CAGAAATTA EAPARCERET RS MEIAGEACATTTACCTACAA 2 9 JAN 2004
VO 01/ 09 ‘&% GCTGATACACAAGGT TTATCS

TARGCAAT!
OGGCTHTAAAT TCAGACATATTGGGT GT CAAT AAT GTAGOOCCACGATAACGT TCAAAAT
CAGT TCCCTHHARMOAECAACACAGGCACAT TCGCT TTGCGT GCAATTTGMICATTT

Nucleotide sequence of DNA region (1000 bp) up-stream from the lipol8 gene
from Moraxella catarrhalis

TTCATGCMCAAGCGRCCATCTTGGCCGATGATACCATCCTGCTC&CCTMM

TCAG

50 marmmamracmmmscrmrmmccmrmnm
M'ﬂ'rcGCCCGIMCCGMCCTGTCGGTCCTRGTAGG&CAATATGGTCATIATCCM o

.53 ARTTGAGCCGACTGCCTCCARGATGGCAGGCATAGATTCATACGG TG TTACACGCACATT

:g;:g?mmﬂGTCACGMCGACCGCCTCATCACCMATmmﬂGCC
mMTGTM:GGGGCAGMTTACGAMCCM?GCACAGGTGTGAGTGCAGG
60 AGTGTTCTGATAGGTGCTG&CAG&ATTCATGMTGCTCCMMAGTCMTGGCTGGTAM
RTMGMTGGCGMCMT}\TATGGCGAGAGCGTCTGATmGGTCAMTGTCCCJ\TTMT
MCIATCAAGATACCATCATACCATAGCWGMGGGCAGATGCCMGCGMTTTATC
AGCTTGATRAGGTTGGCATAT GATAARATCTACCATCATCGTCGCCAGTTTTGAGCATGT
65 GT. MGTRGT‘TACCATMTIAMCAGTCAAGMATTCAC&CCG‘CAATCAGCTGTGCT&TG
CTTATGGGCACATAAAACTTGACCAACACAGGATAAATTTA

SEQ. ID NO:57

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipoll gene
from Moraxella catarrhalis
70 sccanc'rmcccarmnmmrmrmnrmcccanccumn

4\



TCTGAACATCTTTAAGCGT GOCT TTGOOGTAATCAGAAAGAATCAAAGCACCGTAATTTT 9 g AN 2004
TCACCGCACTTTCTAACT TCGCTAATAAATCCTTGCAATCTACATTATTGAMICTTCTT S
CAAAAT CAAGGCGGAGCAGCT GTTGATGACGAGATAAAATACGTAATTTAGTMIGGT TG
GATGGGT TTWOAKSBEMACAAAATTACAATCAATCTTTTGT TTTTCTAATAAGT GGGAMEA/EP00/07424
GTGCAGAACCTGTCTCATCTTGT CCAATCAATCCCAT TAACT GAACGGGTACATTGAGTG
AAGCAATATTCATCGCCACAT TTGMBCACCGCCCECRCGTTCTTCATTTTCT TGTACGT

AT QA B A A A GETh GRRRAREEMEAATMCGAT 10
AT AN AR PEITEST IS ITTROTTERA GAATATTGAG

NG 65 15 Nucl eoti de

sequence OTATEOIANGTERTRABTT Ea&a&%%e protein D gene from

TEADCAR
Haenophr | ATC% LTy Armmnrccmrrm'rn

AGCAATIRAT THIAGE AR A ITIEA AR SNV ATN TN AR

TATTGé%TCT TLTAATTGT AAAAAAAGT AGOCAAAAAGAT AAATGCTGT TG
AATAA CAATTTCAGGAGTATTATTTTTATGTTTAGCT=AATAC

Lasicasall PARYEACA PEP NACTSEIoRGILART G )@ATAREHT T #EUFo10 gene
TGGCTTTTATR A esey el reuaehals TGATGGCT TSTTATATT
AT CACT G e R T S TN AT R

TAMTACTCCRERATANG:F¥ CAGATAACGT GGTCTGTAAGACAAAAAAATAAAAAAMT  GTTCAAT

AT Gp 3 .
) G104 bp $@p-stream from the lj
GTCTTACAACToMCRlohTeTIa CATahAATE TATGTTCTAATA, DODCAATTT T e AL UR0% gene

50 MTATTMTMTMCATCCAMATTACMATACACTGCGAMOGAT&CGCCCTTP
AT:GGTTMATGCCMMACCCTATCGGTMCCCMCCMCAGCGATGGCAGIGGC
WCCQTATMTMMGGAHGGGCMCCAT@CCMW
g'rng?cr GACRAATTTTGTGAC GATTTCATTCCACATAGCCGATAATCTCAATAT

55 GACC GGGTGG'!TMAAATTCTRTTGCTTGC&TGACCG&GGI‘GCCTTCACCGATM
GCTCAGCARTGGTAAAGCCAMATTTTATATCACCTGCATAA

SEQ. ID NO:60

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo7 gene
from Moraxella catarrhalis

60 AGTARACAATGGTAACAAATACAGCAGTGTCGCACAGTCCTCAGT
nmrnrmmmtmmmcrmmmcrccigﬁggggﬁ
TGATTATAR T GCACCGTAT TGGT T T TAT AATTATCAGEAAATGATGECCATGCCTGOTS
ACCARATACCGTTT TATAGTG T IGGGGATGCCATCCT T TATAGTCOTGGGGATGOTATCC

65 TARACT TAGT GATGGCGGCGGCGGT TG TTTGGTTT TGOGTAAMAAAAGETGCAACACCAG
GTAAAATGCTCT T TGGGCTGCARGTCCGTGATGCCAAAACAGGGCARTTTATCAGTGTG
CARGGGCATTATTGCGATAT T T TAGT TATCTGAT TTCATCCGTGATTC T T TG TTTGGGAC
T AT TTCGeT TGGTTTTGATAAGAAARAACAAGGCTGGCATGATAARATTGCCARAACTS
TG GGTAAAACGCAT TCGC TGATGGG TCGUCAGTTAARCAATAARACCATCAAACGCAR

70 mcmarmmmcmmnarmrwmcumnmr
nr-r'r-rmcmmuccaccccnmmGc'rc;mﬂmmrrucsccamscc
rrmcmrcccacccrﬂccrscascmm-rmcucmnmmcusmcc
rmcmncrmammaccammmmmmm
mrcraccaucmcmmmrrmrmnarccmnuamammcc

75 Atmccrmsarmcnrﬁcrmtmmcmsmmﬂmﬂmcnmmm
ARRARATGCGTTT TGAT TGGC TCAATGGTCCTGAAT T AARATCAATCARGCAATCCGTAG

N



TGGGTTCTGTAGT TGGTGCMMITTC' " AAAGCGGCTGAAA AGCGATGGAAATGAATT 29 JAN 2004
GTCCATTTGTGTGI TTCTCTGCGAGT GGT GGTGCTCGTATGCAGGAAGCATTATTCTCTT 50

TAAT 3 CTAGTGC: 5- A; . CT?GCTCAAATGCGT GAAAAGGGT GT GecAvEPairo 7424
TTATTTCAGTATTAACGGATCCGACT - AGGCGGECGTATCAGCCAGT TTTGCGATCTTAG

GGGATTTAAAZ' ATTGCCGAGCCAAA: : C?TAATTGGT TTTGCAGGEGCCACGCGTTATTG

AACAAACT GTEOSTEANAITECBC A Tar A Ad W CAACGTAGT GAGT TTCTACT TGAGA

AAGGGGCAATY; 'lig@]‘ GAAACGTTCAGAAATGCGT SEQ I D NG 67 Nucl eoti de sequence
of DNA re ﬁﬁ% b&c% o?% streamfromthe P5 gene from Haenophil us

i nfl uenza sequ NA region (1000 bp ) up-stream from the lipo6 gene
TCACTTNIT T AR mrethcrearrAaisT AAAA TCAACAGAATTGACCGCACTTGIA 50

ALY P Ay o

FETTRITETACAT TGA=CT
SRt DA GATGGATTGOCCA 65
GO D T AR

GAATTTGATGEQTIIENOTGN TTATAGGATAAT

TAAACAT AANGARSGER T T i Tof TSN,
CCTAGT TAAMUadkeli b atiapriiii GTAGCT TTAA
CTTTTTAT TAGKARE

PCT/ EPOO 15722 TIARRA

up- st Peamde

TCGATTGTAY .

AAGCTTAATS 2787k
GGTTYIL f Tty

T e

SCHOFeTAICATIN )
G A AT T T T CE R e P TP ONBAL:
R &3 [ GCCAATGGTAATTTGGT

TGAGTCAGGAGATGTGGATGAMATCGCCATTATMCATT?GGCA CAAAAA
ACCCRGCTATCTATTCGCCGCH?ICATTGCC&A‘!CTAG&M TENTCCTAC

45 SEQ.ID NO:63

Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene
from Haemophilus influenzae (HiRd)
mrmscsccrmccmcrccrmrcmmmmﬂnmnmsa

50 mccmmmmmmmmmwm&mrmﬂmu

55 A'rrﬂsamcscrmcrncmcrccccmccrmnmruﬂcurmnmc

60 Gmtmmmcmcnmmmcmmnnmm

65 MGCGCGCA&MG{GCGGTTMMTTMHACATTTTATTA

SEQ. ID NO:64

Nucleotide sequence of DNA region (1000 b
P ) up-stream from th
from Haemophilus influenzae (HiRd) m the HtrB gene

T GAAGTCCCCAAT TTACCCACCACAATTCCTGCGGCAACATTGGCTAGGTAACAAG
70 g‘r‘r'é‘cGmmcsrcmrcrcctn'rcramacrurAcacrurmcrcrcacgrcé
LG TCACATCAARCAC T TCTTTTGCAACGGTT GGCAAATGATARGGCTCTTCATITG
OGN T AA TG TCA TG C T T TT CAGAACCCGTCACCAMAAGTGC GO T TAN TTCARTAT
ST TAAT T TTARACC T TTCTTARTAATCTCTTC TTCTGTATTAGATTTACCTACAA

9y




TCAGTACGGTATTCATCCCCTAATTTTGT TAAGCCTGEECTAACCCCAACAAACCATTTG 2 0 JAN 2004
CCATTTTGATTACGCACTGCGAGITAGGACTTTGTCAAATGT TTCTCCATTACGI TCAACT
TTAATAGAAAAAGATTCGCCTTGTTCGACCTGTTTTATAAAATCTTGCCAAGGAAGTGCG 15
TAAATTTTCYPPRARANT TTTATCACCGATT TGTAAACCAGCT TTCT CAGCGGGAGAA POTVEPD0/07424
CTTTAGAAAGCACCATTTCAATTTTAGGACGCATAGGCATAATCCCTAAT

GCCTCAAAAGCACT TTCT TTTTCAGGATCGAATGT CCAATTTGTAAGATTTAAAGT CCGT

TGTTGT TCALXEA ) G A

TTTGT FICETCATCAATTGTA 20
AGAATTTGCGW GITATTGAT

TCAATCACT (RARTEMEE TGF*BJSNO 69 Nucl eoti de sequence
of DNA re R : gene 25 from Haemaphi | us
i nfl uenza%ﬁ%ﬁ cehis GCACCGCCCGCGCOTTCTTCATIITCTTOTACGE

TTTmmmmmm%mm“m“mmﬁwﬁm
G=AGAGAACGELGE LT T-FCAGT s APFES R -

TCCAATACT AAATTGGAACT GI' TCGA CATATTTTTTAATTGGT PTGGEC
ATAAGAGAAM’NBC&SCAATAGGAGATTGCCATTGGAATCCGACACCT GTAGAGCEC 30

GCGAATIACGRGICTEAHE SEquentA LT DBGCTAAGE [T000 | T@&Zﬁﬁrﬁf Tkt in D
ACTCTTAT TrheChGE MT Eﬁ CAACAAA@AG(%"’
TCGGACTGT ctch:l'rhﬁ@ﬁrhdch' AcfcbThAGABROAGT TCTGCACT

CTATTAAG
TAPNFBOCATTACCTTT 40

AAATTT Ak Gk TACTAA?TTT
ATTATACGT AP T IBANICTeR _ ATSRFANCRITDNAGGGAAACCTAA  AG
TAACAT TACFRGEATRANGICE PAGkacTA EA A 2 Eﬁ:’“ﬁé}'&o 70 45 Nucl eoti de
sequence WTWT%&%C’(‘R’GWWWQ ream fromthe P6 gene from
Haenophi | wEg. mHhinegeae (H Rd)

TTAGATTT I,

" c AR . A 3 "
GTCCA'I'I‘TGTGTGTTTCTCTGCGAGT.;GTGGTGCTCGTATGCAGGAAGCATTATTCTLTT
50 TARTGCARATGGCAAARACTAGTGC S STACTTGCTCARATGCGTGRAARGGSTGTGECAT
TIATTTCAGTATTAACGGATCCGACT T TAGGLGGCGTATCAGCEAGT T TTGCGATGTTAG -
GGGATTTAAATATTGCCGAGCCARAS | ICTTAATIGGTTTTGCAGGGCCACGCGTTATTS
AACAAACTGTGCGTGRAAARATTGCC - JAAGGTTTCCARCGTAGTGAGTTTCTACTTGAGA
AAGGGGCAAT TGATATGATCGTGARACGTTCAGAAATGCGT

55
SEQ. ID NO:67

Nucleotide sequence of DNA region (1000 bp ) up-stream from the P5 gene from

Haemophilus influenzae (HiRd)

TCACTTAATTCAAGCGCATCAATGTTTTCTARAACATCARGAGAATTGACCGCACTTGTA
&0 T TARAAT T TCGCCATTTATTAAGACTGCGEGTAATGCCARAACATGATTAGAGGTTITA
CCATATTGCAATGAGCCT TGCCCAGAGGCATCGGTETTAATCATTCCACCTAAAGTCSCT
CGRTTGCTGGTGGACRGTTC TGGGGCAARGARCAAACCATGTGGTT I TAAAMATTGATTA
AGTTGATCTTT TACTACGCCTGCTTG Ao TCGAACCCARCGTTCTT T TACATTGAGTTCT
AAGATGGCTGTCATATGACGAGANAGE. " CCACTATTATATTGTTATTGATGGATTCCCCA
65 T TGTGCCAGTGCCTCCACCGCGAGEE G TAMAGCTGAT TGAT TGATATI CACGTARATTT
GCCAATTTTGT TATCCGLACTATAT CAGCAACCET TTTCGCARAARGAATTCC T TGTGGA
AGTTGTTGG T ARACGCTGTTATCCGTAGCCAGAC T TAATCTATCTGCATACTTTGTCGCR
ATATCCCCCTCARAATGTTGGCATTGAAGATCATCAAGAT AATCAAGTACATATIGTTCA
ACTTGAGGRATGCGATTTAGATTTGGCARCATAGTATTTGACCCATTTARACATATCAGA
70 TGGAGGCTTTGATAATATCCTAAGGCTAGAATAATGTCGATTAGGAAAGAGAGAGGAGAA
AGTARAAAGTCTGTTTAAGAAAGTGTTATTTTGGATAAAAAC T AARCAAAARATTCARAA
GRATTTGATCTT T TCAATT TTTATAGGATAATAAGCGCACTTTTGAACGTTCCTTTSGRES
TAARCATAAGCAARGGAATTGAATT TG TCAAAAGGTAATAAAGTAGGCGCAAATTCAAAAC
CCTAGTTAAGTGACTGTTTATAATGTAGCTTTARTTAAAAG T TCAGTATAARCAAGGACA
75 CTTITTATTACTATTCGATCACTAAATAGAGSACATCARAA



GCCA TCCTGTACAACAAGI TGTGATTTTTTATTTTCAAACGATACATAAGC
CAAA%-&FQA&A&F%GACCAA@F GGAGACATAATTGGT TGGGECACTACGATTGAC 29 JAN 2004
GATAAAT TG TCATAATCTGCTACACGAACT TCATAAGGT TGCGAACCC??,I_%;DO 07424
ATTTTTTTGCACAACATAAGCGATACGAGT YCTAAAGGCACCACGGATCGCAGT TAAT
TTCAAAAACTTCATCGCT CACAGT ATGCGCGCCATAGCGTAACCATTTATTTGTTACTGT
ATAGCTATTTTGCATTAATACAGT CCCTGGECGTACCT GATGCACCAACCGIT gT%A;IAQUCl cot i de

- he ThpA ne from
o&“@?ﬁb L]e:%rgptsrthgng fr%m thea D egene

AATGACTTCACT 1111 GTAATAGATGGTAACAATAGTCAA
ACTGGAAATREQRAANNOTENTATTAAAACTGAAGTAAATGGGGCATTTTATGGACCTAAG
GCTACAGAANAEBBBCRAFIROTUNA FASionGO00 KA Pa G EMY I theOafh2kbene
ACCGTACCT SGATHAT BDRMYACCTCCRGITGTGr =r . A=AAA _
AAACAACAAGTAGAMABAABEAAGTAGET A TMETARARL A SEQRE D NO 72 Nucl eot i de
SeqUENce Beiiboh Bt DT iR SMTAMPAGMCE he TbpB gene 15 from
Haenophi | AFachRahTACEANTGRETCAAIr)

TAGAATTATAT:
AAT GT CAACTFATIAF

20 TTTCCT

AAT T AGOGU A e AR ek A e kG e e P i s
TCTTAGTA A??‘";ﬁﬂEé“V"ﬂf el syl lg-u‘eﬂl' <] ﬂé‘?@;{a‘.ﬂﬁ ST ISAT FTAACTCAATCTA 25

TAGCT CATC AR CHA AT ARG RGESRIAAGAT TCAATTT AGAAAAAT
TAW?&%%WTATTGATMGTATUTTTM@C
SEQ. ID NO:70

45 Nucleotide sequence of DNA region (1000 bp ) up-stream from the P6 gene from
Haemophilus influenzae (HiRd)
TTAGRTTTCTCCTAARTGAGT T T T T TAT T TAGT TAAGTATCGAGACC ARGCTGGARATTT
ARCTTGACCATCAC T TCCTGGAAGGCTCGCCTTARMAGCGACCATC TGCGGARACCAATTG
TAGCACCTTTCCTAAGCCC TG TG TAGAACTATAARTAA T CATAATTCCAT TTGGAGAGAG

50 GCTTGGGCT T ICGCCTAGARAAGATGTACTAAGTACC TCTGARACGCCCGTTGTGAGATC
TTGITTAACTACATTATIGT TACCAT TAATCATCACAAG TG TTTTCCATCTGOACTAAT
TTGTGCGC TACCGCGACCACCCACTUCTGTTGCACTACCACCGC T TGCATCCATTOGATA
AACTTGTGGCGAACCAC TTCTATCGGATGTAARTAAAATTGAATTTCCGTCTGECGACCA
CoCTeGTTCAGTATTATTACCCGCACCACTCGTCAAT I GAGTAGETCTACCGCCATTIGE

55 TCCCATAACGTAAATAT TCAGAACACCATCACGAGAAGRAGCAAAAGCTARACGAGAACS
ATCTGGCGAAMAGGC TRGTGCGCCATTATGCCCT TGAAMAGATGCCACTACT I TACGTGE
GCCAGARTTTAAATCCTGTACAACAAGT TG TGAT TT T T AT T T TCAARCGATACATAAGC
CAAACGLTGGCCGTCTGAAGACCARGCTGGAGACATAATTGGTTGGGCACTACGATTGAC
GATARATTGATTATAGCCATCATAAT CTGCTACACGAACTTCATAAGG T TGCGAACCGEE

60 ATTTTTTTGCACAACATANGCGATACGAGTTCTAAAGGCACCACGGATCGCAGTTARTTT
TTCARARACT T CATCGC TCACAGTATGLECGCCATAGCGTRACCATTTATTTGTTACTGT
ATAGCTATTTTGCATTAATACAGTCOCTGGCGTACCTGATGCACCARCCGTATCAATTAA
TTGATAAGTAATACTATAACCAT TACCCGATGGAACCACTT

65 SEQ.ID NO:71

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpA gene

from Haemophilus influenzae (non-typeable)
GGCGATARCCGAGTTT T TGGGG TATTTAGTGCCAAAGRAGACECACAARACCCAAAATTA
TCCAGRGAAACCTTAAT TGATGGCAAGC TARCTACT T TARARGAAC TGATGCAAAAACE
70 AATACAACAGCCGATACAACAACCAATAAANCANCCARTGCARTAACCGATGARAAAARG
T TAAGACGGAAGATATAC TAAGTT T TGGTGARGC TGATTATC T T TTART TGACAATCAG
TG T CCGC T T TACC TGAAAAARATACTGATCATTTCATARGTAGTAGGCATCATACT
GTAGGAARTAAACGCTATAAAGTGGRAGCATGTTGCAAGAATCTAAGCTATCTAAAATTT

q<



AAATCAGCGGAATCAATGGATATGGCAAGTAGGATTAAATTTTTTAAATGATGATAATT
$GAA¥AC£CGCT CCAAAAAGT GGCACAAAAATTGGTAGT TGGACCGCT TGGGAAAAAGAAA 302 'BT’H‘N 2004
AACCTAGTTAAAAAA TGTTTAATGH ' . AATGGAAAATATTTTAAI TTGGGATAAT~ATTCAACA
ATGAGGGT AT BVe338r ATAGGTGGTGG TTAGGCTATCAAACTGCCT CA&IETO T%A% @“I(\I':rml:pomtouéé
GAAAAACGCTGGTATGCAGECGEGT SEQ. | D NO: ucl eot |
el Bl LR the HfA (pilin) gene from

SATTAATATA
40 CA ATTTTTTTGAATTAA

ACE AL A
GATTATCACLECATLAL GAT T T ALCOCCLTCEOCAMAANT Gr T ATOGTGAAGTT
AGAAAACAAT CRFRATS TEgion 189000 ) PEATYATCIBONRETHHB gene
TGOCGAT CCHARRNAemophikssinfier e (BIRAY TACCCOGOCTGTTGCTCGAGTGGA  AGCGAAAY

ST T AT TR TS T AR Nt T L LA ICETSRAAMEME AT GOGGCATT 50
Y TR U A TTLAAGTTGT TTTA

: Amaa “AGTGTr TAAAGC CACT

TITECTCAACAAGATAATT

Chx; ARG e aE® 1D NO 73 Nucl eot i de
sequefice Drortiay

AATICACORSA o LT iy 1
"ﬁgg‘g;ﬁgey;@ﬂ REAPASAN 5@;*:39;;&@3'-: TGCCAAATG 60
TCG&X u.’euca.wcz': CBCTETROT AT 6AakIGIAM sf-‘!_’*‘."ﬁ"'!,.ﬁ.‘{é.v :gBGGcAGT TCAAATTCG
TCAAAT CClaH o et M e R AR IC AR AT QAR TGAT T TGGATA
ACGCACAAATACAAAGT CACGATAT TCAAT GCAAAACCGCAAAATAAAT AATTGAAGAGG
ATTTATGCA&&@M@G@AAAAATTAACCGCGCTTTTCCATCAAAAATCCAGGCIAC
TPGTAST G wdegtidered 0 eI MDA ATEIOR AT i m&mﬁi%ﬁﬁ)
TCGTCT GEFeaie Groki \

TGTAAAAT

' e T TR ARSI IGTT GGCTACT TTGG
AGRAMACAATGATGATTCGGCAGCATT CTGGATTGATAATGGCARTCCAAR
TGCCGITCCMTACACCARMCCCCTTTTGTGATTACCCCGCCTGTTGCTCGAGTGGA
AGCGAAAT GGATTACGTTCACAGGCAGCGAGCCTTTACCTGATGA
1.'CGCGAMGCﬂCﬂﬂRﬂTTMﬂTGﬂAGATAﬂCCGCCGAMCCTG&TECGGCAﬂ
50 rcmscmmcmscmumﬂccuncmmmmma
TCGCCCTGCGMACTCTCGATGG&TTCTCGTGATGCAATMGT&GTGHTWGC
CACACCTGMGGGGTGT!GGTGGRTMTCMACCCCHATTATATGMCTMATTGGTTT -
GTTACATCAAAATAARCCTGCGARAAATGTCAAAATGGITG '

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)
TAGTAGAT TTCCGCACGGGCAARAATACAATGGTGTTATTTAACCTCACTTTGCCAAATG
GCGAGCCAGTGCCAATGGCAT CCACCGCACAAGATAGCGAAGGGECATITGTGEGCGATG
60 TG TGCARGGTGGTGTGCTTTTCGC TAATAAACTTACCCAGCCAAAAGGCGAGTTAATCG
TCAARTGGGGTGAGCGAGAAAGLGAACAATGCCGT T ICCARTATCAACTTGATTIGEATA
ACGCACAAATACARAGTCACGATATTCAATGCAAAACCGCAAAATAAATAATTGAAGAGG
AT TTATGCAAAAAACACCCARAAAATTAACCGCGC TTTTCCATCARARATCCACTGCTAC
TG TAGTGGAGCARATTATAG TGGAGCAAAT TATAGTGGC TCAAAATGCTTTAGGTTTCA
65 TG TCTGGCTCTGC TTGC T TGCGTGGCTCTGC T TGATTGCAT TG TGECACTGCCTGCTTA
IGCT T ACGATGGCAGAGTGACC T TT CAAGGGGAGATT TTAAGTGATGGCACTTGTAARAT
TGAARCAGACAGCCARAATCGCACGGTTACCCTOCCAACAGTGGGAAAAGGTAATTTAAG
CCACGCAGGGCARACCGCCGCCEL TG TGCCTTT T TCCATCACGTTAAAAGAATGCAATGE
AGATGATGCTATGAAAGCTARTCTGC TATT TAARGGGGGAGACAACACAACAGGGCAATC
70 narmcmrmmmcmsmccucmcmsmncmnmm
AGCCGATGGLATAGGCACGLC TATCAAGGTGGACGGCACCGAAGCCARCAGCCAAAARGS
CCCCGACACAGGTAAAGE GCAARACGGCACAGTTATTCAACCCCGTT T TGGOTACTTTGS
ucmanmcccacaccrmcccaccmsscmmmscucmmcmrc
75 ARGTGCAGTATAACTAAAATATTTATTATCCAGTCARARAA

%



CTCGTTATTAGGCCACAGGT GAAGCCACCGCAGGCGACGT TGAAGCCACTGCAACTTTTG 72 9 JAN 2004
AAGTGCAGTATAACTAAAATATTTATTATCCAGTGAAAAAA 14 2 9 JAN 2004 WO 01/ 09350b
PCT/ EPOOWa4249BEQ | D NO 75 Nucl eotide sequence of DNA reg&‘&% p ) A
up-streamfromthe P2 gene from Haenophel us influenzae (Hi 1 Ik CCGCT.
ACATTTCATC AGTAATTCCA TGAACTTTAA TCGCATCAGG 5 5 1 ATCANCGGEGG CGQOl GGCT
BNOAMATACATT 501 TATATGAAAA 15 551 TTGGAAAGCA

. (L CATG 751 ACAACTGATA 20 801

R DRI ap e hmanes sooson 2
AAAAAAACAA 'y CAAATGGATC  AGTTCTGGAA AGCCTGTAAA
ATGAYAATTA T TTCAG TATCTAATAC

AACCTATCTC FAARTTROTRA\EBCEICO: AAAGAGA CCAGGGGC GGGOGGAATT

AAAA 8. € 3 R b s N AXTCTARCT TTATAG TGATAGCCAA
TTt ASAC;?T A Ta@ae ARACRhEBATCAGA CGGCATAAAA
AT AR

TGATAGCCAA
"TTTAACTGGA AAARAAATAR
ARACCAAGAT TTATGGATAG
TTAATTGGCA ATGGGTAAAA
TGCGATGAAT TAGCAAAARA
GGGGTACATA GAAGAATAAT
CCTAAMAATA TTTAATACTT
TTCATITAAA AAATGTGATC
GGAGTATTGA CATCAAAART
TGGCGATTGG ACAATTCTAT
AACCATAAGG RATACAAATT

TATATGAAAA
TTGGAAAGCA
CCTTAGATGA
GGCCATGCTG
AGGGGCAGAA
ACAACTGATA
AAACCTAAAR
TCGATCAGAT
%01 TTTTTTTGTA
851 TGGAGAAARG
1001 A

15
501
651
701
751
801
B51

TAACGTCATA
CAGAATRAAA
TTCAAGAARA
AAGATGCAGC
TTCAATCATA

20

TCGTCCGTTT
GATAGTARAC

25

E

SEQ. ID NO:76

Nucleotide sequence of DNA coding region (partial) of the Moraxella Catarrhalis
HtrB gene
1

30

a5

45

51
101
151
201
251
3ot
351
101
451
501
$51
601
651
701
751
8oL
851
301

TCAGTGCTTG
GGCGGEGTET
GCAGCATCCA
CAGCGGCARR
AGTCGACAGT
AARTTAARAC
CCAAGTGGTA
GRATGCTTGG
TCAAAMATGC
AATGTCAGCC
AACACTCRAAA
ATCCATCAGG
AGTACGCTGG
CTTRAGCTGT
ATGAATTAAA
ACTGCTTTAA
TTATATGTGG
CTTATTTACT
GCCATGTCAR

GITTTTTAAG
GCGTCTTATA
AGCCAATITA
AACTCGCCAR
CTTAAAACTT
GGTTCATCAT
TGCTTGLCCAT
CICAATACCT
GGCGGTAGAT
TTGTACCCAC
GCAGGTGGAT
TGGTGAGATT
CGTCAAAGET
ATTCGGCGTG
TGATGAACRA
ATGGTGCGAT
AGCTATCGTC
TAATGAAMAT
AGGATAGTTA

ATATGTACCG
TTICCTATCA
AICTTGGTTC
ACRAATCCTA
GGGCAATGCC
GAAGATATCC
TGIGCCTCAT
TTGGCTCCCE
CGCTTTGTTT
AGATGCTAGT
TTAGTATCAT

CTGICAGTCC

AAAATACCAR
ATTTATCCAC
TACACCACTA
AARTAGCCAT

TGCATGGATT
AGTATITTATC
GCCAGACGCA
TCATCAGTGC
TCTATCGCAC
ACTTGCCAAT
GGGAGATGAT
TATAAGCCCA
TGAARGACTA
CAATTITTAA
CATGTACCTG
AACCCTAACC
CTCTIGTTGG
ATTTTTTGTT
AATTGCAACC
ATTTTTTGCA
TTAARTAATC
AARGCTTCAA

Protein Seq: 25%
50 1
51
101
151
201
FL 3
301

idantity and 35% similarity with BtrB from E. coli
SVLGFLRYVP LSVLHGLAAC ASYISYHCRL SIYREIQANL ILVHPKMPDA
QROKLAKQIL KNQLISAVDS LEKTWAMPPKW SIAQIXTVHH EDILIKALAN -
EPSGMLAIVPH IGTWEMMNAW LNTFGSPTIM YXPIKNAAVD REVLOGRERIL,

NASLVPTDAS GVEAIFXTLK AGGFSIILPD HVPDPSGGEI APFFGIKTLT
STLASKLAAK TGCALVGLSC IAREDGDGFE IFCYELNDEQ LYSENTKIAT
TALNGAMEOM IYPHFLHYMW SYRRFKHTSL LNNPYLLNEN ELXKKIAIKLQ
AMSKDSYE

55

SEQ.ID NO:77

Nucleotide sequence of DNA coding region of the Neisseria (meningococcus B)
HtrB gene
1 ATGTTTCGTT TACAATTCGG

60

GCTGTTTCCE

65

70

Sl
101
151
20
251
301
sl
401
451
S0l
551

CATCCTGTTG
GTCTGCACAC
ARGGAAGACC
TCCCGACCCC
GTTTGGARCT
ATGTTCAANG
ACACGAAGGG
GCGGRCGCTA
AAACCGCCGA
TCGCGGCAAR
TCATCAAAGL

ACCGLCOTGL
GCTGGGAMAC
GCGCGCGCAT
AMRACAGTCA
TGCCCCOGCE
CGGTACACGG
CTGCTATTCA
CATCAGCCAG
AAATCAAAGC
GGAAAMACCG
CCTGCGTICG

TCAARTGCCT
CGGCTCGGAC
CGTCGCCAAT
AAGCCGTTTT
TTTTTCAGAA
CTGGGAACAT
TCACGCCGCA
CAGCTTCCGT
GATAGACAAA
CGCCTACCAG
GGCGAAGCAA

CCTITTGCGARA
CTCCCTGCTG
ATCTGGLGTT
ATGCGTCRGG
TGCGGAAMCG
AACCGGAAGA
GTGCAGCAGE
CATCGGCAGE
TCCCGCTGAC
ATCATGCAGS
CATACANGGG
CCATCGTCCT

4t

CCGCCATGCA
CCACTTTCCT
TTACCTTTTA
CAGGCATGAA
GCARAAGGCG
CATAGAARCA
CTTTGGACAA
TACGATITGG
CGCCATGTAC
CGGGCAGGGT
GTCAAACARA
GCCCGACCAC



AATAATCAAA
1 TCGATA CCTAAAAATA TTTAATACTT CAGAATAAAA
ﬁ’éﬁﬂ?ﬁlﬁ ;XATGTGATC TTCAAGAAAA TTAAAATTTT GGAGTATTGA CATCAAAZJQE JAN 2004
AAGATGCAGC,. T, TT TGGCGATTGG ACAATTCTAT  TTCAATCATA GATAGTAAAC
AACCATAA%OM TT SEQ 1D NG 76 Nucl eotide sequence of MWBM'I%
region (partial) of the Moraxella Catarrhalis HirB gene 1 TgGTGCTCTTATA
GRTTTTTTAA CTGTCAGTCC TGCATGGATT 30 51 GGBOGGOGTGT GUGT

varyyer VY A e

gt

- TTA ACCTTGGITC

TTTCCTATCA: AT T A AR A
ACCAAAATGG TCTATCGCAC 35
GGGAGATGAT 351 GAATGCTTGG
TCAAAAATGC GGCGGTAGAT
TTGTACCCAC AGATGCTAGT
dedyT TTAGTATCAT ACCGOCCGAC

T T TTGGTATTAA AACCCTAACC

CGCTTTGTTT TAGAGREEGTRTAL

) 5 GMNRYD
GGTGTT qumztmzx;-&
CATGTACCT G4 Ordstxiio risiasnii :
2$%CGGQGTAGTAC2@£A%GA GACTCEF T PERATATTFITRISITRImD | ATGAATAAAA TAATGAAAAA

GOGAT GGAACAAATG
T AT A R A o e Ty CAAGCA TACACLATA
ATTTATCCAQléotilit Seeafonde oﬁﬁ;}]’&%%%g\MTm 901
A TG oA e R B o B o i b S 25% i dent i ty wad 36% w ailarity
GCCATGTCAA A & *wﬁmMSw $YHCORL SI YRSI QANL
with 4frB BVt rrocaiid PIGRGSITAQ | [ TVHH EDI LI KALAN 101

(o el T ¥
| LVHPKMPDA, 1mm§m; ROFSPOIECRERL 151 NASLUPTDAS

PSGVLAI VPHA FYRARY\/ TS fe3 Pt

Ao CE x AFIEPANT TeROrEacsT | ASKLAAK TGCALVGLSC
VKA s | e AT FERIET] g TLASKLK TeCALVaLSe
|RRED®G:E33:§FM%§%WM’% ﬁ% 60 Nucl eotide sequence of
LNNPYLLNEN;; L A Néi : gem B) HtrB gene |
DNA cggli ngss eQR-URgE SETTEACE| coamien tarertc . CCGCCCT
At L AWM IGSRTGCE TTOCTGCTG A cC

Lot @ : " NP EAVAL
AT GO CAC: 2 e OO ARIBT A IR PR TGOCAMACD 251 GTTTGORACT
GATYCLIS(CATRA N GAR
'TC;§E§§£§§§CIEg}“f;giﬁg:%%gg\gﬁ TCAAATCGTA GAAMAGGAAA

ATCACAR TATATGTGGC TACATCGCCS TTTTAAARCA
901 CGTCCAGATG AARATACGCC TAGTTTATAC GATTAA

Protein Scquence - 57% identity and 66% similarity with HerB E, colf
40 1 MEKNEKLPQFQ PHFLAPKYWL FMLGVAIWRS ILCLPYPILR RIGHGFGMLF

45 201 PDEDYGRENA VEVPEFAVPD TCTTTGSYYL LXSSQNSKVI PFAPLRNKDG

251 SGYTVSISAP VDFTDLQDET AIAARMNQIV EKEIMKGISG YMWLHRRFKT
301 RPDENTPSLY D+

SEQ. ID NO:79

Nucleotide sequence of DNA coding region of the Haemophilus influenzae (non-
50 typeable) MsbB gene

151 GATAAATTGA CGGGAAAATT AGGTATTTGG ATTGGGCATA AAGCAAAGAA
55 201 ACAGCGTACG CGTGCACAAA CTAACTTGCA ATATTGITTC CCTCATTGGA
231 CTGAACAACA ACGTGAGCAA GTGATTGATA ARATCTTIGE GGTTGTCGCT
301 CAGGTTATGT TTGGTATTGG TGAGATTGCC ATCCGTTCAA AGRAACATTT
351 GCARRARCGC AGCGAATTTA TCGGTCTTGA ACATATCGAA CAGGCAARAG
101 CTGAAGGARA GAATATTATT CTTATGGTGC CACATGGCTG GGCGATTGAT
60 451 GCGTCTGGCA TTATTTTGCA CACTCAAGGC ATGCCAATGA CTTCTATGTA
301 TRATCCACAC CGTAATCCAT TGGTGGATTG GOTTIGGACS ATTACACGCC
531 AACGTTTCGG CGGAAAAATG CATGCACGCC AAAATGGTAT TAAACCTTTT
601 TTRAGTCATG TTCGTAAAGG CGAAATGGGT TATTACTTAC CCGATGAAGA
§51 TTTTGGGGCG GAACAAAGCG TATTTGTTGA TTTCTITGEG ACTTATAAAG
65 701 CGACATTACC AGGGTTAAAT AAAATGGCAR AACTTTCTAA AGCCGTTGTT
731 ATTCCAATGT TTCCTCGTTA TAACGCTGAA ACGGGCAAAT ATGAMATGGR
BOL AATTCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA TCAGCCCGAG
951 CAATGAACGA AGAAATAGAA TCTTTTGTTA CGCCAGCGCE AGAGCAATAT

901 GTTTGGATTT TGCAATTATT GCGTACAAGS AAAGATGOOC AAGATCTTTA
70 951 TGATTAA

Protsin Sequence - 45% ideatity and 56% simitarity with MsbB E.coli
1 MSONQONLRL TARVGYEAHF SWSYLKPQYW GIWLGIFFLL LLAFVPFRLR
51 DKLTGKLGIW IGHXAKKQRT RAQTNLOYCF PHWTEQOREQ VIDEMFAVVA
75 101 QVMFGIGEIA IASKKHLOXR SEFIGLEHIE QAKAEGENII LMVPHGWAID
151 ASGIILHTQG MPMTSMYNPH RANPLVDWLWT ITRQRFGGKM HARONGIRPE
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301 ATGITCAAAG CGGTACACGG CTGGGAACAT GIGCAGCAGG 351 ACACGAAGGEG CUGIAMTIOGA

TCACGCCGCA CATCGGCAGC 70 401 GCGGACGCTA CATCAGCCAG CAGCTTCCGT T GAC
451 AAACCGCCGA AAATCAAAGC GATAGACAAA ATCATGCAGG 501 TCGCGGCAAA GGAAAAA
CGCCTACCAG CATACAAGGG 551 TCATCAAAGC CCTGCGTTCG GGCGAAGCAA CCATCGTCCT
AACGACGATT WRATITSASPTCA ACTGCACCAA 151 TCATAATGCG CGCCAAGRGT/BRPYOIAIACCT
AATTTGGCGA TTGGGATTAA TCATTTGITC 251 AATACTTGCC ATTCTACACA ACAACCTTTT
AAATTTTTAC TGATGGATCT TGCTTAGGTA 351 GGTGCCGTAT TGCGTTATAA ACAACATGAA
TTTCCAAACC ACCESARRGRT Y CYREOFEN JRaVTIE @@@E@AWCTTTCCT TTTACCTTTTA
CAGGCATGAA  Joltviibirniknceriyad ACRAACA TACGATTTGG CGCCATGTAC

CGGGCAGEET GTCAAACAAA GCCCGACCAC 4 2 9 JAN 2004 WO 01/ 09350

CCG

101
201
301
401

PCT/ EPOQ 97 43EQ.6D NWBWCCCTCCC C?CAAGAAGG CGGGEGAAGCC GTATGGGTGG ATTTCTTCGG
651 CAAACCT QMeichéidé\fighenst oCDNA¥ddgregibi\of theMoratiliaCdtaivhalis MOB GCGT GAAAAC

CCTGITTTTC Tdend GCGAAC GCCTGCCTGG CGGACAAGGT CAATTCAACr, 5001 CCATGATGCC
GCCGTGIT?CA AG ATACTREC BTG TREA T A CCCAAACACG CCATATCCAT

51 TAAGCATATG CCAAGCTTGA CAGAT, TAAACAAAGT AGCCAMGCTG
10 101 AGCCAAAATC GTTTGAATGG GCGTTTTTAC ATCCCAMATA TTGGGGAGTT
151 TGGCTGGCTT TTGCGTTGAT TTTACCGCTG ATTTTICTAC CGCTGCGTTS
201 GCAGTTTTGG ATCGGCAAGC GTCTTGGCAT TTTGGTACAT TACTTAGCTA
251 AMAGCCGAGT TCAAGACACT CTAACCAACC TGCAGCTTAC CTTCCCAAAT
301 CAACCAAAAT CAARACACAA GGCTACCGCA CGGCAAGTAT TTATTAATCA
15 351 AGGTATTGGT ATTTTTGARAA GTTTATGTGC ATGGTTTCGC CCTAATGTCT
101 TTAAACGCAC TTTTAGCATT TCTGGTTTAC AGCATTTGAT TGATGCCCAA
451 AARCAARATA AAGCGGTGAT TTTACTTGGT GGACATCGCA CGACGCTTGA
501 TTTGGGCGGT CGGTTATGTA CACAGITTTT TGCGGCGGAC TGCGTGTATC
551 GCCCACAMRAM CAACCCTTTG CTTGAATGGT TTATCTATAA TGCACGCCGC
20 6§01 TGTATCTTTG ATGAGCAAAT CTCAAATCGT GATATGAAAR AACTCATCAC
€51 TCGGCTCAAA CAAGGTCGGA TAATTTGGTA TTCACCTGAT CAAGATTTTG
701 GTCTTGAGCA TGGCGTGATG GCGACCTTTT TTGGTGTGOC TGCAGTAACG
751 ATTACCGCTC AGCGTCGTICT TATTAAGCTG GGTGATAAAG CCAATCCTCC
801 TGTCATCATC ATGATGGATA TGCTCAGACA AALGCCCGRT TATATCGCAM
25 851 AAGGTCACCG TCCACATTAT CACATCAGCS TAAGCGCTGT GTTAAAAART
901 TATCCCAGCG ATGACGAAAC CGCCGATGCT GAACGCATCA ATCGACTGAT
§51 TGAGCAAARAT ATTCAAAAAG ATTTAACCCA GTGGATGTGG TTTCATCGCC
1001 GCTTTRAAAC TCAAGCCGAT GACACCAATT ACTATCAACA TTAATG

30 Protein Sequence - 20% idantity and 37 similarity with MabB of K. coli
1 MSCHHQHEQT PXHAISIKHM PSLTDTHEQS SQAEERSTEW AFLHEEYWGV
S1 WLAFALILPL IFLPLRWOFM IGKRLGILVH YLAKSRVQDT LTHLOLTFPN
101 QPKSKHKATA RQVFINQGIG IFESLCANFR PHVFERTFSI SGLQHLIDAQ
151 FQNXAVILLG GHRTTLDLGG RLCTQFFAAD CVYRBONNPL LEWFIYNARR
35 201 CIFDEQISNR DMKKLITRLK QGRIIWYSPD QDFGLEHGVM ATFFGVFAAT
251 ITAQRRLIKL GDEANPPVII MMDMLRQTPD YIAKGHAPHY HISLSAVLEN
301 YPSDDETADA ERINRLIEQN IQKDLTOQWMW FHRARFKTGAD DTNYYQH®

SEQ. ID NO:81

40  Nucleotide sequence of DNA coding region of the Neisseria (meningococcus B)

MsbB gene

1 ATGAMATTTA TATTTTTIGT ACTGTATGTT TTGCAGTITC TGCCGTITGC
51 GCTGCTGCAC ARACTTGCCG ACCTGACGGG TTTGCTCGCC TACCTITIGG
101 TCAMACCCCG CCGCUGTATC GGCGAAATCA ATTTGGCAAA ATGCTTTCCC
45 . 151 GAGTGGGACG GAAARARGCG CGAAACCGTA TTGANGCAGC ATTTCARACA
201 TATGGCGAAA CTGATGCTTG AATACGGCTT ATATTGGTAC GLGCCTGCCG
251 GGCGTTTGAR ATCGCTGETG CGTTACCGCA ATMAGCATTA TTTGGACGAC
301 GCGLCTGGCGG CGGGGGAMAAA AGTCATCATT CTGTACCCGC ACTTCACCGC
351 GTTCGAGATG GCGGTGTACG CGCTTAATCA GGATGTACCG CTGATCAGTA
50 401 TGTATTCCCA CCAAMAAMAC ARGATATTGG ACGCACAGAT TTTGAAAGGC
451 CGCAACCGCT ACGACAATGT CTTCCTTATC GGGCGCACCG ARGGCGTGLG
501 CGCCCTCGTC AAACAGTTCC GCAAAAGCAG CGCGCCGTTIT CTGTATCTGE
551 CCGATCAGGA TTTCGGACGS AACGATICGG TTTITGIGGA TITTTTCGET
601 ATTCAGACGG CAACGATTAC CGGCTTGAGC CGCATTGCCG CGCTTGCAAM
55 651 TGCAAAAGTG ATACCCGCCA TCCCCGTCCG CGAGGCGGAC AATACGGTTA
701 CATTGCATTT CTACCUGGCT TGGGAATCCT TTCCOGAGTGA AGATGCGCAG
751 GCCGACGCGC AGCGCATGAA CCGTTTTATC GAGGAACCGT GCGCGAACAT
801 CCCGAGCAGT ATTTTTGGCT GCACAAGCGT TTCAAAACCC GTCCGGAAGG
60 851 CAGCCCCGAT TITTACTGAT ACGTRA
Protein Sequence - 25% identity and 36% identity with MsbB E colf
1 MKFIFFVLYV LQFLPFALLH KLADLTGLLA YLLVEPRRRI GEINLAKCFP
$1 EWDGKXRETV LEKQHFEHMAK LMLEYGLYWY APAGRLKSLY RYRWKHYLDD
101 ALAAGERVII LYPHETAFEM AVYALNODVP LISMYSHQKN KILDAQILKG
65 151 RNRYDNVFLI GATEGVRALV KQFRKSSAPF LYLPDQDIGR NDSVEVDFIG
201 IQTATITGLS RIAALANAKV IPAIPVREAD NTVTLHFYPA WESFPSEDAQ
251 ADAQRMNAFI EEPCANIPSS IFGCTSVSKP VREKAAPIFTD T+
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AATATTGG ATACC C, T P 851 TTCCGACGCA GTATCTGITT ATGTACAACC GCT A@?@WAmq
Protein Sequatce . 300A identity and 31%simlarity with Hrb E 00ii 10
MFRLQFGLFP PLRTAt 4HI LL TALLKCLSLL PLSCLHTLGN RLGHLAFYLL 51 KEDRARI VAH
MRQAG W PDP K VKAVFAET AKGGLELAPA FFRKPEDZET 101 M FKAVHGWNEH VQQALDKHEG
LLFI TPH GS YDLGGRYI SQ QLPFPLTAI 4Y 5151 KPPKI KAI DK | MQAGRVRGK GKTAPTSI QG
VRQ | KALRSY@&ERTHim: PDH 201 VPSPQEGGEG WWWDFTGKPA YTMILAAI CLA HVKGVKTLF
CCERLPGEQG 251 FDLHI RPVQG ELNGDKAHDA AVFNRNAEYW | RRFPTQYLF M YNRYKMP SEQ

I D NO 78 Nucl eoti de sequence of DNA coding region of the Haenophil us

i nfl uenzae{(non; € ‘W TCAATTTCAA
CC&AUTTTITAM%@%#WR@ © <l
ATTTTATST CrikBih s Srath tm&&‘zemﬂma'aaﬁ:p@gmmﬁﬂ %pﬁiﬁ%ﬁ%ﬁﬁ?l GIn'T
TCAC ATT?AA AAGTGGGTAA ACGTCGAGCT GCCAT?GCAC GCCGTMIC? 201T

TTCCCTGTTAtEdeHWIRE RIOCESSAACGTGAG ACG AA CT AT 25251 T 301AAGAAAATCT
TCGTTCAGTA GGCA 1T C. TGGCATGGCr .G T. 351GTr TTGGT CGGATTCACG
TATCAAAAAA TGGT %%&W°%&W@M&MWW

ACATCATGCT GGCA TTGCTS THTATOUTCE AMAT G R BCh e A FEAEPS 01 anca

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

20 none of said antigen, and making blebs from said strain,
wherein one or more of said antigens are selected from a list consisting of: CopB,
OMP106, OmpB1, TopA, TbpB, LbpA, and LbpB.

3. A genetically-engineered bleb preparation isolated from a modified
25 Haemophilus influenzae strain characterized in that said preparation is obtainable by
employing the following process:

a) a process of reducing immunodominant variable or non-protective antigens
within the bleb preparation 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, IgA1-protease, HgpA, HgpB, HMW1, HMW2, Hxu, TbpA, and TbpB.
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30551C AGEC CGTTTACGCT CCAA?AAAGA TATGCTTGAT CGTAMGATT 601TA%2‘I{|;AN 2004
GATCAAAGCT TTACGCCACG AAGAAACCAT TTGGTATGCG 651CCTGA?CACG ATTA
AAAAAATGCC GITTTTGITC CTTTTTTTGC 701AGTACCTGAC ACTTGCACTA CTACTGGTAG

T AAACATGET ‘Teaca BoTCrPR GG PR A Claeies e Fiicon ac

851ATGAAACGreHanATHHGE TBtATEABIRABYT G IoRGAASTECET i ed5eé\ Eel8QdR0EHCC
CATATCACAA TATATGTGGC TACATCGCCG TTTTAAAACA CGTCCAGATG AAAATACGCC

TAG TTATAC thdeHewing 5oupr Saquence - 57X Ideatlty and 66%afnilarity with

HrB E. coif 40 N PKYW. FV\LGVIV\RSJL PI LR HI GHEFGLF
51 SELKVGKRRA A&R%(E‘EE 9E SHTEERL ?6&5 s SRI KK
WSKVEGLISYL X ENQKDGIRELD GRbiGhE 1 stehi]ofeicﬁ{t\(ﬁﬁa

RLRSNKDMLD RKDLRGM KA LRHE W(A 20 DYGRKNA VFVPFFAV CTTT

LKSSCt 1SKVI PFAPL RbiD@etibg 2% basienaly sir$npso/as oL ipeduok AAMN@:NpEKEBt&tKG sQ
YMALHRRFKT 301 RPDEI\FI'PSLY SE | D NO 79 ﬁ,cb‘#]eotl de se ence of DNA
codi ng regi on of tff& ArAehE SRRdNg St antigen; spch té?‘ l\&%Blsgene 1

o
ATGTCGGATA ATCAA LITACSTILTSG Wﬂw AW%
TCATGGICGr ATTTAEX%S TCAATATTGG T1T @drfiiﬂq’ g1'G
TTGITAGCAT TTGIGCCHIEbs i Bailahain; 151 GATAAATTGA CGCGGAAAATT AGGTATTTGG
Ar r GGGCATA AA %A@g;(ém ACAGCGTACG CGTGCACAAA CTAACTTGCA ATATTGr -c
é@ URreEHiging £Xp

CCTCAT eemreponditonatizexpressedproestoGCT 301
CAGGTTATGT TTGGTA’>

ACOGAATTTA Toomer P el Rl B8 DR pepatoit thlubrsitie, i et ot
CTTATGGTGC CACATGEdER fFXHEGHEH GA Enfifeny o giCkig T4 bkoterial ATTIH 50GA tEAGRGAAGEC
ATGCCAATGA CTTCTATGTA 501 TAATCGACAC CGTAATCCAT TGGIGGATTG GCTTTGGACG
ATTACACGCC 551 AAMGTIeRIssstycpatrol arsehanisms ol exprespasemsd g ddshstT 601

TTAAGTCATG TTCGT. % W TATTACTTAC CCGATGAAGA 651 TTTTGEEECG
GAACAAAGCG TATTT GGG ACTTATAAAG 65 701 CGACATTACC AGGGITAAAT

AAAATGGEAA AACT H CT Mook SCEEbaTYing Mpld AT BEEdATEThabTenal TES TWitAASSETBAA
ACGGGCAAAT ATGAAATGGA 801 AATTCATCCT GCAATGAATT TAAGTGATGA TCCTGAACAA

TCAGCCCGAG 851 CAPIFPRiaveln pempusingAhe TtepsToEndentifinngamczgne  mealsedAPAT
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 ¢) 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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901 GITTGGATTT TGCAATTATT GCGTACAAGG AAAGATGECG AAGATCTTTA 70 525g JERADIRA
Prot on Sequence - 45% identity and 56% simliraty with MAR -
HSONQONLRL TARVGYEAHF SWSYLKPQYW G W.A@ FFLL LLAFVPFRLR 51 DKLTGKLGI w

SEF| GLERI £ OARAEGRUT EVPIATD Lt ACE 9 SR EAsbar

| TRORFGGKM HARQNG #B¥ing Blebs Frod$di@ &sn: WO 01/ 09350 201 LSHVRKGENG YYLPOEDFGA
EQSVFVDFFG TYKATLPGLI | KHAKLSKAW 251, | PNFPRYNAE TGKYENElI HP ANNLSDDPEQ
SARAM | EEI E SFV#pAPROpessHy Teduginggipressiorpatiin s el prpaation 424n 5nigEQ. | D

NO 80 Nucl eoti de eqgi f the Nbraxel!
catarrhalis MsbhB é@%ﬁ@%&i@%&@o%@?@%&ﬁ ﬁ&&@@f& &
CCATATCEAT 51 TAA%}A‘B@ T S0 SR A GEHONT Y HANAS ¢ G 10
101 AGCCAAAATC GITTGAATGG GCGITTI TAC ATCCCAAATA TTGGGGAGT‘I’ 151 GCCTT

TTGCGITGAT TTTACCGHSTS #TidemtifygCa Geay Gpetes it BEAETHEHEGHE MEGREEAACC
GTCTTGGCAT TTTGGTACAT TACTTé%RgTA 51 AAA%%; TCAAGACACT CTAACCAACC
TGCAGCTTAC CTTCCCAARY Eeml GG@E%Z@@@WA OfAT
TTATTAATCA 15 351 sg%mgrmm BibGAAGmGIEARGET G ATGGTTTCGC CCTAATGICT
401 TTAAACGCAC TTTTA GGT%TAC AGCATTTGAT "TGATGOCCAA 451 AAACAAAATA
AAGCGGTGAT TTTAQT TG cSGATATITERIABEASGIRTIGA ofSfrbteEiEOMBGhtiGEs WATIEST A

CACAGTTITT T GTATC 551 CAAAA CAACCCTTTG CTTGAATGGT
TTATCTEAA Tm %0 PS@F“FG?AW@ datifying cuch @RlizGAAAA

AACTCATCAC 651 T%& JP VAT TW%B %%TTTTG 701
GICTTGAGCA TGGCGITGATG CCTTTT ’?TGGTGT C

AGCGTCGTCT TATTAAGETIGoRCIENEA e CEAATEERE Gicodifg sTIGTANESA EontdiGaT

TGCTCAGACI | AAA T TATATCGCAA 25 851 AAGGTCACCG TCCACATTAT CA CAGCC

TAAGCGCTGT GTT THPRESEATRMOKT GagtsAspcandamakinedrivbiinaassd cA

ATCGACTGAT 951 T%%_AAAAT ATTCAAAAAG ATTTAACCCA GTGGATGIGG TTTCATCGCC 1001

GCTTTAAAAC TCAAGCCGAT GACACCAATT ACTATCAACA TTAATG 30 Protein Sequence -

28% i dastity and 37 afailarity vvith | 4*DS of Z. 0011 1 XSCRHQHKQT PX

Al SI KI M PS TDTH%% %%AEPKSTEN AF ifal[l(YNGV 51 NLAFALI LPL | FLPLRMQFN

| GXRLG LVH YLAK PIsQ2argtpR pybereimbe | anginepung stess @ANFR

PNVEKRTYS! piRigb@ebAR o)l 9, é%),ﬁawdtﬁ%e@tm;& BLEby Bofnbidgout ARMAYRRGAN
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), ¢), 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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35 201 CI FDEQ SNR DI I KKLI TRLK QGRI | NYSPD QDr GLEHGVM ATFFGVPAAT gg ‘%\% 20[],'
| TAORRLI XL 'GDKANPPVI | Nt 401LRQTPD YI AKGHRPHY HI SLSAVLKN 301 YP

ERI NRLI EQN | QKDLTQ | NH r aRRFI CPQA0 DTNYYQH SEQ | D NO 81 40 Nucl eoti de
sequence of DNA coding region of the Neisserla (nmeningococcus B) MbB gene

1 ATGAAATTTA TATTTTTTCT ACTGTATGIT TTGCAGTTTC TGCCGTTTGC 51 GCTGCTGCAC
AAACTTGCCG ACCT CHEseh Prparticn’t AAGCE TWhEEin E’J% 4T C
GQUGAAATCA ATTTGGGAAA ATGCTTTCCC 45 . 151 GAGT CGAAACCGTA

TTGAAGCAGC SEEHRFANACRMPITES PATtGR A RIQTTAT GREFIG of A (ZEBE T And\ TG TEGIIAC

GCTGCTGCCG TACOGCA ATAAGCATTA . TTTGGACGAC 301
M W% R RRELROICE EGBIRB T T GAAT TG

GCGGTGTACG CGCTTAATCA GGATGTACCG CTGATCAGTA 50 101 TGTATTCCCA CCAMAAAAC
AAGATATTGG ACGCACAGAT TTTGAAAGGC 451 CGCAACCGCT ACGACAATGT CTTCCTTATC
GGGCGCACCG Mancaediieh m@@m@rﬁeﬁc 6ARATACHEIED BE rRAdNIAGIGCSEREGIT T
CTGTATCTGC 551 TT TTTTTGTGGA TTTTTTCGGT 601
ATTCAGACGG YA . @Wﬂ%@@mmme
ATACCOGCCA o5l éf?ng ﬁ%{TA 701 CATTGCATTT CTACCCGGCT
TGGGAATOCT TTOOCACTCA TAGA 751 GCCGACGCGC AGCGCATGAA CCGTTTTATC
GAGGAACCGT GCGCGAACAT 801 CCCGAGCAGT ATTTTTGGCT GCACAAGCGT T?CAAAACCC
GTCCGGAAGG 851ﬁC§C§CGAT TTTT CTGAT CGTAA 60. Pntein Sequence - 25%

i denti tY arld- 3698NedRiRR iPr | 97 1, Whareinrthe viocorarinptron evanis ¢l TGLLA

RYRAKENL DD ﬁ%ﬁﬁ%@%ﬁ%ﬁ%@@?%ﬁ%@%@%ﬁ@% 65

151 RNRYDN\Et perfSRuiEGYRAEXprsckdiasadite. L YLPDQDFGR NDSVFVDrr G 201 | QTATI TGS
RI AALANAKV | PAI PVREAD NTVTLRFYPA NESFPSEDAQ 251 ADAQRNUf I EEPCANI PSS
| FGBCTSVSKP VRKAAPI I TD T 14 2 9 JAN 2004 W Caim 1. A

genet | cal | yeng i TeC sl mBhFDREA' bRB. pROLALSH Of UM OUhdighlgsser i a

5 nmeningitidis strain character Int sald preparation IS i nabl e
by enplisyi reyploying prictss\i) agd/or ¢ ehereirbnecorpnere @efiestire uptytiaeg from a list

i mmunodom nant, Varl?%ﬁ ob rg_i)g protective antigens_wthin the bleb

prepar at i orF°BS g < i ElsEike,cHag, Pd’éBepWrﬁsngﬂgaé’ ldA gEpB; (TppH$ TepRh

anti gen, e i S n S M n f said
anti gon, andPra G bIcsR, FHans ik b T heb 200 MiA (BpedtirB

anti gens aroa'AseI ected froma |list consisting of: PorA, PilC,

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, c¢trC, 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.

300 15. The Haemophilus influenzae bleb preparation of claim 4, obtainable by
employing process b) and/or i), wherein one or more genes are upregulated from a list
consisting of: D15, P6, TbpA, TbpB, P2, P5, OMP26, HMW1, HMW2, HMW3,
HMW4, Hia, Hsf, Hap, Hin47, and Hif.
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ThpA, TbpB, LbpA, LbpB, and Opc. 2. A genetically-engineered bl eB
preparation isolated froma nodified Mraxella 15 catarrhalis & 8r JAN 2004
characterized in that said preparation is obtainable by enploying the

foll ow ng process: a) a process of reducing i nmunodom nant vari able or
non-protective antigens wthin the bleb preparation conprising the steps
of determ iéng WBhevaccihentcotrprieings Wkd blebi pesparatiogi RECkiaffs a1hactpgi al
strain to produce | ess or 20 none of said antigen, and naking bl ebs from
sai d st rai Ahargseputicallyaccepiableskeipisnt.sai d antigens are selected froma i st
consisting of. CopB, OW 106, OmwB 1, ThpA, ThpB, LbpA, and LbpB. 3. A
genetical l y-engi neered bl eb preparation isolated froma nodified 25
Haenophi | ug7i nf AugBERGosdcEA vacsiie campRSil b1eb a3 nayi o is
obt ai nabl e by enpl oylgng the foll ow Eg lgggﬁgeeglgb a) a %P%gg:g@ﬂgfl’%’e%ci ng

i munodoni pahd audonglbrenere plan-grroonpighicd enembgageosl capsubir polysacchhides
preparation.c i Si the step f termning the identity of such

anti gen, eﬁﬂ?ﬁ%ﬁ?‘ﬁg}ngs%ggpﬁga‘f’gm 'n to produce | ess or 30 none of said
antigen, and naking blebs fromsaid strain, wherein one or nore of said
antigens are selected froma list consisting of. P2, P5, Hf, IgA Il

- prot ease, 1$igpAA higpifgitisatcintivbRipriking thel preparation of Rfddms 10@, 22 DrJAN22004 4.
The genetically-engi neered bl eb preparation of Cains 1-3, wherein said
prepar & oﬁ°rﬂgg"6?5{] g‘(-nﬁ!ﬁ;‘é’”ﬂﬁ R nppeilan, golysascharidep rands gre (s meren plais @

sel ected fgﬁgg, 1 : process of upregul ati ng expression
of protectiv & a%W£%£%%E@?pﬂ%ﬁ%ﬁ%% preparation conprising the
steps of identifying such antigen, engineering a bacterial strain so as to

i ntroduce i st rggger_ pronot er . sequence upstream of a gene encodi ng sai d
anti gen suth t hAR iisguelia yagene empprsingsthehlel, prepguatiom of glaims Rath of A4t he

non- nodi f i | : ! i 10.c). a pr.ocess of
upregul at i %gi @(%%elggll% Aﬁg?& nga%t?&(;ﬁ%%%&%%gdrl g%"zs‘e’fé‘,? PBIP’B?"&*&‘P%“\?& ©

anti gems wot inbre dntiger thist qan patec taitost fainst hei-geitie Hs ingisnak infectmt | f yi ng
such an antigen, engineering a bacterial strain so as to renove the
repressive control nechanisns of its expression, and nmaking blebs from
said straify 155d)..8: 8 S5ccid Eﬂ}ﬂ: ' I B tion of bagcterial LPS
W t hin theﬁ%l ebﬂpﬁ@sgﬁ%ﬁ?on, ceorrpr Iiss?{ﬂr%&'fehﬂel&sﬁreéégﬁggn nglﬁff}‘? 331%6“ ékgene

i nvol ved i and erenslamoregpliin@r comjugatéd prsuimoztcedl chfdblar pyiysacchit@ticsomdiong a
bacterial strain so as to reduce or switch off expression of said gene,
and naki ng®bPerantigens that-can peatectiahostagainst Moppxsa satagrhafipinfesfiong | pid A
portiopyof bacterial LPS within the bleb preparation, conprising the steps
of identifying a gene involved in rendering the lipid A portion of LPS

| ess toxi c2l.engTheetitis medlidasicitiei ¢fl claim 19 or 20 wherein the vaccine additionally

comprises one or more protein antigens that can protect a host against Streptococcus
pneumoniae and/or one or more antigens that can protect a host against RSV and/or
one or more antigens that can protect a host against influenza virus.

25
22. A modified Gram-negative bacterial strain from which the bleb preparation of

claims 1-15 is made,

23. A methed of making a vaccine comprising the step of generating said vaccine

30 from the modified Gram-negative bacterial strain of claim 22,
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strain so as to introduce a stronger pronoter sequence upstreamfg f»‘mﬁﬂﬂ
gene such that said gene is expressed at a |l evel higher than in e - ‘QS
nodi fied bl eb, and meki ng blebs fromsaid strain; f) a process of reducing
lipid A toxjcit i t-hi e_Dbl .prepanati on.and .4 ncreasing.the | evels of
prot ect | veég'nt i gggnsoffmégr%% E‘Peﬁg‘gfl E% Ogtcéaﬁg] gf liec?{g}%é%rﬂil%ﬁlapﬂ@c@ﬁ? 8hdsone of
a bact eri aedicamest fo@ imdG1ARE A RINPIRGHE agNGIOS iRGasd ALK idfedioRSdtt | de,
or a derivative or anal ogue thereof, fuseg 30 to a protective antigen, and
maki ng bl ebeisseriameningitidisr ai n; g) a process of creating conserved OW
antigens on the bleb preparation conprising the steps of identifying such
antigen, engineering a bacterial 101 2 9 JAN 2004 strain so as to delete
vari abl & regi ongjgof e eﬁgﬁ'- i daants , i ebs _from
said strain; h) gggporfgggsgﬁgf re uﬂék?lng)?egﬁl?ﬂe]gsigggmvm%?ﬁlh% [ eﬁ%@ﬁ &sa

pr epar at i omedicamentafot iigenmiziig ahusiear bt agsinstuc tiseale @ussd By idfsctiohtdf a
human structure _and may be 5 capable of inducing an auto-inmune response

i n hunmans, MO5FsHr <Pt halte st eps of identifying a gene involved in the

bi osynthesis of the antigen, engineering a bacterial strain so as to
reduce or switch off expression of said gene, and nmaking blebs fromsaid
strain; or26.) aUseafethe blebUpepgalial iof Ocl&ixp3essi 100 iR th® RiRE dwe VB
antigens within 10 the bleb preparation conprising the steps of

i denti #9i n@leg’tﬁélﬁelénfof demunizipg) p dumannkpsh againster flistasstoansed yoindesction of

i ntroduce | 0 one one or nore further copies of a gene

encodi ng sgp%ﬁ%‘%{{)%g’ﬂh@on'rol | ed by a heterologous, stronger pronoter
sequence, and naking blebs fromsaid strain. 15 5. The bl eb preparation of
claims 1 to 4, wherein the engineering steps of processes a), b), c), d),
e), h), and’i) Areeneticallyeengingeredyblebrarepayation Moo rbinodifiednGram-aegativbet ween
a sequence ast 30 nucl eolides.on the bacterial chronbosope,. and a
sequence o?£gﬁrﬂli i [fglzgi)ﬂ glgg s péeR?‘Eag'toBrls ﬁ&ﬁ‘l‘*’ber H%B“"Rf"[ymgn‘hf he

st rai n1s 20fdlowlkieprob&l: preparati on of claimb5, wherein the engineering
steps are carried out by double cross-over honol ogous reconbinati on events
bet ween two seq@ercerecess aftupréguiating Fxprassioe ofi proteciove OMP hatigensiveithin

chronosone separ ated nucl eoti de sequenge 'X , .and two seguences of at

| east 30 nucl eot i 3@% "2‘% BW&'@*Q'S? ctopﬂ’ﬁ@ I‘ﬁ’(gdStWS[ ﬂfﬁg?%MS %‘?]i‘éinﬂg‘?epar at ed
by nucl eotide sequap@ering a WhesrRl Nstdi isH st B iftesRieh D krbRgkr HBMbter X and Y
are interchanged. 7. The bleb preparation of claim®6, wherein the two

nucl eot i de sequendéeauense upstreampefr enecanspging isaidsantigen ewnjx that suidigesieds ei n t he
vector,{s a linear DNA nolecul e, .30 8.. The bl eb pre ti.gn of, claim®6 or
ey nt he' o CBRSPIEA: fich Ve hiEbep that i, fhs awBiagied 16K dhd g7y 2ng 1)
are carried out whidhsTduh&aid egaian of t he chronosone

28.  The genetically-engineered bleb preparation of Claim 27, wherein said
preparation is obtainable by employing one or more further processes selected from -
25  the following group:
h) a process of reducing expression within the bleb preparation of an antigen
which shares a structural similarity with a human structure and miay be
capable of inducing an auto-immune response in humans, comprising the
steps of identifying a gene involved in the biosynthesis of the antigen,
30 engineering a bacterial strain so as to reduce or switch off expression of
said gene, and making blebs from said strain; or
1) a process of upregulating expression of protective OMP antigens within

the bleb preparation comprising the steps of identifying such antigen,
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1000 bp upstreamof the initiation codon of the gene of interesg.g UAN 200k
JAN 2004 9. The bl eb preparation of claim8, wherein for process a), d) or
h) nucl eotide sequence X conprises part of the pronoter region of the

gene, and nucl eotiglg%-n - i k . I er region,
or no pronoter regl .égmgg. iﬁcéaﬁ?%ﬁﬁg?é%gg |0511c%’fn%(;lﬁgel @n“ggg%mfo erein
the reconbi nation eveamté foftherpropizsssfes gae, eritbdaadsal) antignCédntiofied Byta Such

t hat nucl eoti de sequence X conprises part of the coding sequence of the
gene of interest. hgerplogoupestpingsr pramyyerasqquencss and anakisg dlebs frathesaid n t he
reconbi nati on even i f process i) is carried out such that nucleotide
sequence Y conprises the further copy of the gene within an expression
cassettg. 12. The Neisseria neningitides bleb preparation of claim4,
obt ai nabl e by 15 enploying process b) and/or i), wherein one or nore genes
are upregul?8 ed Theobleb préparattansf slaim@7obr 28is phereliis fihd ehginedring, stéar &

OWP85, Pi 1Q_ P1dA,. FrpB,,.ThpA, ThpB r FrpC, LppA,. LbpB, FhaB, HasR

i po02,  ToBsOeResBbaY; i) A% by hfologpNEcombipation Asnidicdgeshi

meni ngi ti degqRhedoPstqLRt 30 nANletides o ithR Bacrial éhro E@rh@aﬁ]hea égéu eBRFgyi ng at
| east process h), wherein one or nore genes are downr€gul ate ¥Fom a 1ist
consi st i ng ledst 3@midigotslendn asieatBr trans&@med mafRin thersfainct r B, ctrC, and ctrD.

14. The Moraxella catarrhalis bleb preparation of claim4, obtainable by
25 enpl!8ying process b) and/or i), wherein one or nore genes are

058 g e, R 3805
Thpa, ’prB,bglcdduae doaAiver haispRgousredohindiion S@niShetWheh fWaPERRMdes 6 at
I N uenzae e

g pre ar,gtion of, clajm 4, obtainable b enpl Qyi ng process b)
and/or i), 'k Qimiclent a8 ot Bechastsmial cw@%wﬁgm%ﬂté@%b'rwgfeatt&r gequence

i sting.gb P : H HMM,
o, et g, g eauckRfof 105y 3 eldiiai? yedbensiita il g

the bl &b prsapiarseparated dy mickdotide Sedulenanty” awhpieé didiglithe GaddmbinGbanivel e

exci pi ent. i 1{1;. A neni ngococcal vaccine conprising the bleb preparation of
claims 1, 4 adY arginterghaged.one or nmore plain or conjugated nmeni ngococcal
capsul ar pol ysaccharides selected fromthe serotypes A, C, Y or W 18. A
meni ngitis vaccine conprising the preparation of clainms 1, 4, 12 or 13, a
10 conj ugat3dd HTherbldbusreparetitn of¢laind 30, wirkein HeCHhar dieotide Sequidfces lard 1N €

pl ain or conjugated pneunococcal capsul ar pol ysaccharides. 19. An otitis
nedi a vacci%oéﬁﬂﬂFwéﬁﬁifW%nﬁﬁe@dﬁfméhq Ysstasfs & lingasPNA mplequlet 4 and one
or noregplain or conjugated pneunococcal capsul ar pol ysaccharides, and one
15 or nore antigens that can protect a host against non-typeable H.

i nfl uenzae 32nf edhedsleb preparation of claim 30 or 31, wherein the recombination events of

processes b) and h) are carried out within the region of the chromosome 1000 bp

upstream of the initiation codon of the gene of interest.

25 33.  The bleb preparation of claim 32, wherein for process h) nucleotide sequence
X comprises part of the promoter region of the gene, and nucleotide sequence Y

comprises either a weak promoter region, or no promoter region.

34.  The bleb preparation of claim 32, wherein for process b) nucleotide sequence

30 Y comprises a strong promoter region for the bacterium.

35.  The bleb preparation of claim 34, wherein nucleotide sequence Y is inserted

200-600 bp upstrearn of the initiation codon of the gene of interest.

106



20. An otitis nedia vaccine conprising the bleb preparation of ?I@im 520[]1,4
or 15 and one or nore plain or conjugated pneunococcal capsula

pol ysacchari des, and one or nore antigens that can protect a host agai nst
Moraxel |l a catarrhalis infection. 20 21. The otitis nedia vaccine of claim
19 or 20 wherein the vaccine additionally conprises one or nore protein
anti gens th3f. cafhgbiebgeépasationsdf§ dgai 85 witireia fiuelbofidel SequBRARUY IS fhadfednd/ oOr
one or nore antigens that can protect a host agai nst Reé:k/ and/ or one or
nore ant i gedRPreviatebadP0hmunstiean of ghe infighipmeedan o itheegeng of interest. 25 22. A
nodi fi ed G am negative bacterial strain fromwhich the bleb preparation of
clainms 1-15 is made. 23. A nethod of neking a vaccine conprising the step
of genersatiyy saikk vRE 'réztﬁm%(imaﬁﬁ he | (e P&ERh i al
strain of claim 22, 103j 9 JAN 2004 24.&82’6“(1)11‘6&%%@%% p?gtg(g}gﬁgﬁfof
claim1, 12proeesgB) isrcaming ondisudtnthatneclestida sequencecs emiprisespartnofithé zodigg a
human host agai nst di sease caused by infection of Neisseria

meni ngi ti di $4Ucs 8T OPI IS eb preparation of claim?2 or 14 in the
manuf acture of a nedi canent for inmunizing a human host agai nst a di sease
caused by infection of Mraxella catarrhalis. 26. Use of the bleb

prepar ati orB8f Tl bieB poepaidionnoft dlaimmad vt 3¢} wheredf the reddinbiagtichaernt of Or

i mmuni zi ng a human host ~agai nst_ a di sease caused by infection of
Haerophld usPTPASE Yeh sarried put suchdhatmuelsptide sepvinge & eampriss therfuberoppal f rom a

nodified G D60hik ' ain characterized in that said
preparati ontﬁlgg obt ai na Ieeﬁ%éﬁéérp@%sgéf%g the 15 follow ng process: b) a
process of upregul ating expression of  protective OW antigens within the

bl eb preparation_conprising the steps of ide_ntiﬁg%i ng such antigen,
engi neeri ng®’a batleeplell peparation of daimso27-38 risleted fromta oglifieds Neisotrér

sequence u : fopt a0 I igd antigen such that said gene is 20
expressed g’tﬁé'g;??[%'gls EI g%;e}fongﬂgﬁg%'&ng?ﬁ@ ﬁbn- nodi fied bl eb, and maki ng
bl ebs frsom said strain. 28. The genetically-engi neered bl eb preparation of

Caim27, wherein said preparation is obtainable by enploying one or nore
further prdttessekhestipl preparatipn of claim(39s obtgimablg;hyreraploying ah%aa neessebl of

reduci ng expr { - £ i eparahl of ap_anti.gen which shares
7St uct ur SHAEET) Whetdid e of B ks UCRRLAET an £l R0 G ol NP

i nduci ng arHsfuike; Hapl RerB, cOPPESEPIIQ, P FrpBg TEPAL SIibEE, FhA, BrbEPEbPA,
identifying a_gene involved in the biosynthesis of the antigen, 30

engi neeri n%—@%%ﬂﬁ&gﬂp‘&lﬂbﬁg (Bpo28) MEA(HROXY, andictrdh of f expr essi on of

sai d gepe, and making blebs fromsaid strain; or

41.  The bleb preparation of claim 39 or 40, obtainable by employing a process of
downregulating expression in a bleb production strain of one or more genes from a list

consisting of: PorA, PilC, TbpA, TbpB, LbpA, LbpB, Opa, and Opc.

25 42.  The bleb preparation of claims 39-41, obtainable by employing at least process
h), wherein one or more genes are downregulated from a list consisting of: galE, siaA,

siaB, siaC, siaD, ctrA, ctrB, ctrC, and ct:D.

43.  The bleb preparation of claims 27-38 isolated from a modified Moraxella

30  catarrhalis strain.

44.  The bleb preparation of claim 43, obtainable by employing at least process b)

and/or 1), wherein one or more genes are upregulated from a list consisting of:
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i) a process of upregul ating expression of protective OW antigeng mml‘glggg
the bl eb preparation conprising the steps of identifying such anti gen,

2 9 JAN 2004 engineering a bacterial strain so as to introduce into the
chromosone ONEP108) HABK SPAQ! DIVES8sS Hpb66. 1@%1 i hEpaiEthaen
controlled by a het er’ollog’ous, st ronger or?ﬁgi?g?l’?g’ggg’ngg’, §rgh§DmaoP%g bl ebs
fromsaid Bi5&mplAd, Hy3, ThpAbLefB, ibppa ThpBoOnpE, UspA I Bsp AR, aBBOmi2gr €i n

t he engi neering steps of processes b), h), and i) are carried out by

honol ogous reconbi nati on events between a sequence of at |east 30

nucl eoti desyon t i al. n - S ence ,of. at | east .30
nucl eot | des458n aﬁgee@? g&;‘?@@hﬁ%g%ﬁ%@f ri%’ t% ngamsa?&a Y CIIRIgYIZE 2 BREESHPED

prepar ats ondewnreduatiigZpreskien & A1bkeb prefuglioe Strdin of §ﬁe%%§n@:ref‘gteﬁé’sr frdRq IR0t Dy
doubl e cross-over honol ogous reconbi nati on events between two sequences of

at | east J@npisengef CopB, OMRINE, GapBés TopA FhpihddbpApaskdspBit ed by

nucl eoti de sequence "X, and two sequences of at |east 30 nucl eotides on a
vector transfornmed within the 15 strain separated by nucl eoti de sequence
"Y', whereigp. durfpop EpRF i ala Ty, -4 nt . 31.
The bl eb pr{aﬁpar ati onlhg?rcl ai ?ﬁﬁgg@d\f\ﬂérzgi ?%sﬁlea%%d\;\ag&ﬁ}c@égﬁegeﬁ%eq g%%ceis are
of appr oxiinfledzge stren.same | ength, and wherein the vector is a |linear DNA
nol ecul e. 20 32. The bl eb preparation of claim30 or 31, wherein the
reconbi ation events of processes b) and h) are carried out within the
region of t chipii r t:,ew':] Lt-1ation on. of the
gene of int‘gr?est. 2SEQ@%BQ%PEBH%’?E%’a%%n%I%w C Fg#%hg%t %\%ﬂgﬁgﬁeﬁs or
process h) amdirdptwisecis enuenare ¥ewssmpe uprgulasddt freh aft e cphesigest: DAgj on of
t he gene, afﬂfg uglng_gti de sequence Y_ conprises either a weak pronoter

regi on, or TgP BB, Podize PMB26, HMYY 1, MW 453, EM Wi, Hizalsf Blap,
wherei n forypRPGeIFyP) nucl eotide sequence 30 Y conprises a strong
pronoter region for the bacterium 35. The bleb preparation of claim 34,
wher ei nisnucl eoti de sequence Y is inserted 200-600 bp upstream of the

initiation cggdo of the gene of .interest. 106 2 9 JAN 2004 36. The bl eb
prepar at i orfof gﬁlaW@B{WWEP%PBCH%%@M@E@%@G@@cmnlgymgigmr@c@gsof

appr oxi mat 0, Lk L atd 0 t he ne_of
Therest . SOt AR BT b Brodbhond bl of Sie g B B
reconbi nat i consietireof: B2, PRIHIE dsAl-blotesse Hgp A, dgyB) MW HNMW2, Hiwl, TR5A de
sequence X cqnprises part of the coding sequence of the gene of interest.
38. The bl e®d Bar ation of claim30 or 31, wherein the reconbinati on event
of 10 process i) is carried out such that nucleotide sequence Y conprises
the further copy of the gene within an expression cassette.

49. A vaccine comprising the bleb preparation of claims 27-48 and a

pharmacentically acceptable excipient.

50. A meningococcal vaccine comprising the bleb preparation of claims 39-42 and
25 one or more plain or conjugated meningococcal capsular polysaccharides selected

from the serotypes A, C, Yor W.

51. A meningitis vaccine comprising the preparation of claims 39-42, a conjugated
H. influenzae b capsular polysaccharide, and one or more plain or conjugated

30  pneumococcal capsular polysaccharides.
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39. The bl eb preparation of clains 27-38 isolated froma nodified SelANdilk
meningitidis strain, optionally of serogroup B. 15 40. The bl eb preparation
of claim 39, obtainable by enploying at |east process b) and/or i),

wher ei n ongyor . lely} .St of :, NspA,
ot 11 ke, P2, Par BieCRBEaVaRHELARIGHE the BB enalaton 1 Wahy 43%50amd 200
LbpB, FhaBontias mort ipli8r coitjpgatéd priemaidocdd tdpstlar @Gﬁﬁ%chﬁﬁlﬁs Chddene?dt 41.

The bl eb preparation of claim39 or 40, obtainable by enploying a process
of downr edRATEANLEENS $hat eanspratect mhest pgaitst pprrdypeabled. sefignmeinfestien.or nor e
genes froma list consisting of: PorA Pi1lC, TbpA, TbpB, LbpA, LbpB, Opa,
and Qpc. 25 42. The bleb preparation of clainms 39-41, obtainable by

enpl oyi B 38, | east oitiOMmBES vabdine YA P%E;Fa qug gul at ed
froma list consisting of galE, si ag\ﬁd s?ggbl% pa glgg%?%(l:at?{rhgzlgctr ‘3 ctrC,
and ctrD. #48¢ oirlms}rbphlm pr epauats@n%wbwahsalﬁﬁ}asﬁolﬁmchjrﬁﬁsfmxﬁ grodi fi ed
Moraxella 30 catarrhalis stralnFl 44. Th preparation of claim43,

obt ai nabl e e BAHEEES C@tprP@&ts"t ??FB%%%% W’F%"S‘m@ﬂ@ n one or nore
genes are upregulated froma list consisting of 107 2 9 JAN 2004 OW 106,
HasR, Pi 1Q OW85, |ipo06, lipolO, lipoll, lipol8, P6, onmpCD, CopB, D 15,
Onpl A 1, HS5%3, [MhpAtitikmddia Fapive ofimidm §2pES53 Ushéeih the'sadene additi6Xamgl. 45.

The bl eb preparation of claim43 or 44, obtainabl e by enploying a process
of 5 dBwnCEGRTSESIMG EIATEPLIIGH anfizensihalas raiset # bastagrabtSioplamecusr nmor e

and Lhpp, - Bacrhios RS Ol Sinble Sitihs B CChro AR Enbis R RESTFSTOG: i el

Haenmophi | usne oninbrectitigenssthataian protétt 4 hostHpaingt @fiuiARaat i on of cl ai m 46,
obt ai nabl e by enploying at | east process b) and/or i), wherein one or nore
genes are upregul at ed froma list consisting of. D 15, P6, ThpA, TbpB, P2,

P5, OWP26, and Hi 15 48.
The bl eb pr‘separa I on oP c?%mg%“%& %?al ﬁ%&"@%ﬁ%ﬁbﬁ%ﬁ@ rﬂfocess

of dowmr eglaim$ Phg8éximadssi on in a bl eb production strain of one or nore
genes froma list consisting of. P2, P5 Hf, |IgAl -protease, HgpA, HgpB,
HWAY,  HWAZ2, Hxu, TI )A,  and ThpB. 20 49. A vaccine conprising the bleb

prepar at i oggof t accept abl e, exci pi ent .
50. A neni %gococc ﬁ@gégl%e @%&#@h@%@%@ GP%6§F%?$[3}$ B ey 39-42
and 25 oneronf themiclifddGrnbhegating bgaéred seEiRiofgRaassal capsul ar

pol ysacchari des selected fromthe serotypes A, C, Y or W

20 57. A method to produce a genetically-engineered bleb preparation from a Gram-
negative bacterial strain 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 -

25  upstream 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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51- A neningitis vaccine conprising the preparation of clains 3% 82JAN 2004
conjugated H. influenzae b capsul ar polysaccharide, and one or nore plain
or conjugated 30 pneunococcal capsul ar pol ysaccharides. 108 2 9 JAN 2004

52. An oti jistiragi I Dy LSl e REGRALRT IR, 9f &l ais 43-45
and one orl rmlﬁsgﬂ lasg¥ﬁc%|r g@é}%ﬂ g%g@g&g%[egrr%%g%}éél capssgl%sr popcgfn;}g‘éecé%eari des,

and one or repregsiveanhirglinschahisnsodits pxpreeidn, andAmking b3 Fond 94id kitagabl e H.
i nfluenzae infection. 5 53. An otitis nedia vacci ne conprising the bleb

preparation of & ai mepreccssobmgdifigng lipid Amortiqn of hactsriab bP$ wgthirethe bleb

| | ! i .and i hat
rotect o BrzArbdt A BERRES of fRpiRfite SBfaveEhh Sadedatbelipd <
medi a vacCciAgorfon WFALFB Bkid)enBiheehIEh VabtetiNCstie §b %t@%ﬁa&h%‘%{v'i%h off

conprises one or nore protein-antigens that can protect a host agai nst
St r ept ococ ¢¥presaenueionaidgenenandonakingblebs fromessaglstiaggns t hat can protect a

host agai nst RSV, and/ or one_.or re _agfi ens that can protect a host
agai nst influenfh vi Afgocessof mo gilig @%Qﬁtl {2 sathip thedledi n from

whi ch the E%Qraﬁ%ﬁ Asb @k AW {Rie’a is : of
maki ng a v?c i ne c’g(?r{pl?é ss?f%g tﬁtecijg? g%)@g%%naeé%teilﬁg&ggfﬂl rgg%egﬁiﬁgﬁ ¢ ?‘ ﬁl(c%:lm t he
nodi fi ed GAapertienaf LPS lésadésc, engingering abadteridl sirsin 36 as #0infrédudd a@édager t 0
produce a ggneti cal |l y-engi neered bl eb preparation froma G am negative

bact er ildl BIYBIFr BAUERRSI WFITRYR o saidgene witlythet erid ssne 1) exprospestatonleyel
g X AR SR hoRm B AL g TG ALIBC S M fhald | e D) €0

preparatio onprising the steps o I'ng such an engi neeri ng

a bacterial strd n sa pecdss of réducihgdipid AStoxiigewitin O bRb FHesHIRHCandd
upstream of a gene_encoding said antigen such that said gene is expressed
at a | evel MusagRgrthe deyels af protecye aptgans, camprising theriiensend) enginserng ther om

sai d strainj i . 0 s _sel.ected fromthe
fol |l owi ng glruggd&gog?p&aﬂ %?}%%ﬂgé%l %ﬁ? ggu@?r@"@%%ﬁorﬁl ﬁ%ﬁ?g \%f?lmmo
non- pr as ecpeptide, ana dgevaiveior ahalogdeathereof) fiied e b prdtedtiveQREE e iafd makingSt eps

of determning the identity 30 of such antigen, engineering a bacteri al
strain to pladem sadsrain; none of said antigen, and making bl ebs from said

strain; c) a prgcess : | ﬁ;i{p conditional | y-expressed,
protective OW gﬁti gea stéveg% ﬁ?#c%@%ﬂeié %‘?epar Q{Jﬁ%ennsgg ?#’Eﬁgﬁéﬁﬁﬁ%‘ eps of
109 2 9 JAvomPAding dendtéfsyofidensifiihie aithamtipes @n%iasaiug%dcfwiaastmﬁ&@aé Bl
strain so as to renpve the repressive control nechanisns of its

expr essi on delgifdvaniaklentgeions o€ argenerencadingssaich patigen) and malkiog hdehst from ghidyi ng

lipid ,gopors{ﬂﬁgn of bacterial LPS within the bleb preparation, conprising
the steps of Identifying a gene involved in rendering the lipid 5 A

portion of LPS hpXiCa progéssad jetigeing eapieediom lwitiih ahd) bked peph@tibGFGR Or
switch off expression of said gene, and naking blebs fromsaid strain; e)
a process @ntigrRdMhigh,sharesyp straictislt sigilagty witht & duman| simiofyre rand miag bsl eb

P;ﬁgg; ?;;O{B%a%ﬁrgf %?du@ﬂlgtﬁaﬁtggﬁﬁﬂe PediRke Gy ihﬂglags,gc%rr]nepr{spnvgo \ées(éepiusnof
identifying a gene involved in the biosynthesis of the antigen, engineering a bacterial .-
25  strain so as to reduce or switch off expression of said gene, and making blebs from
said strain; or
1) a process of upregulating expression of protective OMP antigens
within the bleb preparation comprising the steps of identifying such antigen,
engineering a bacterial strain so as to introduce into the chromosome one or more

30  further copies of a gene encoding said antigen controlled by a heterologous, stronger

promoter sequence, and making blebs from said strain.
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A portion of LPS |ess toxic, engineering a bacterial strain so as t@ §
i ntroduce a stronger 10 pronoter sequence upstream of said gene s%c N}ZQQ
said gene is expressed at a |level higher than in the non-nodified bleb,
and maki ng 44 eb i t hbiati reduci el

toxicity withi ok o8 glregpg%gﬁag%ﬂaﬁfdera?ﬁgfgég A {HeC it B¢ o 2

prot ect i ve medicypand foriompuiizing g uimandbstepainkt edigéase enisad by idfectdrofgas one of
a bacterial strain to jnc r{)or.ate gene encoding a Polynyxin A 15 pepti de,
or a derivalli VB%Gr OIf(r)la{i’%g QIRE: oY EL5Se(i8 e dnargngllidis ot Meitserie gapgéaeaeand
maki ng ble Pq’f?" ] N r ' n ed pVP

anti gens ong%ﬁ'y b eimpﬁi Sg}é{* g{é}%giac%%%ﬁr ?cgllﬁ?lgseg{ﬁig&gtﬁ%%éé}g?%lgs é(r?:hycf'@f r‘fb such
anti gen,s eneadkesuting iHampdih phewhorshr ain so as to delete variable regions
of a gene encoding said antigen, and making blebs fromsaid 20 strain; h)
a process of reducing expression wthin the bleb preparation of an antigen

whi ch shar a sgr dralyysim.larity with a human, struct and may .be
capabl e of %?hducén‘gg(g#e%u eg;cfnngmnheézu?f%é%%mni ﬂ]aﬁ"}ﬂﬁ?ﬁg‘&l IE%%rﬁaéqdﬁt@mgﬁ% st eps
of identi fobtdifiatie B BRpi ty@;bljomﬁggmlagéggg{nt hesis of the antigen,

engi neering a bacterial 25 strain so as to reduce or swtch off expression

of said gene, ard FepPerss ifedstoxifiang thealigids Ar pomtion cof LS awithio das strain,

o epar ol o conpr | SoRETe Bl aisS O iocEtiEyibs £l Beheribioh P eni g B er | ng

a bacterial strainii@l Aokt o LPSIH5G: il GnkifEerkil HERRRART0 G0 FbBPE 30
y a

further copies of a gene encoding said antigen controlle

het er ol ogous, st r oAydeh off expuossion efsgitbgane; amind naki ng bl ebs from sai d
strain. 110 2 9 JAN 2004 58. Use of t bh%)]] Er%g%{ﬂ%tjo.n f clainms 27-48 in
the manuf act ur e B 2aPORES; of FRENEFTNE | i AYf nhnishBes ofgeapsdar o

di sease caused by pglyesbh@eof one or nore of the follow ng: Neisseria
meningitidis, Neisseria gonorrhoeae, Haenophilus influenza, Moraxella
catarrh@&l i s, Pseudononas aerugi nosa, Chlanydia 5 trachomatis, Chlanydia

pneunoni a. 59. nodi f.i i sseria menjngitidi t.raipn characterized in

that said strain esm°8’£ﬂee§i &le%fﬁﬁeé'abve'é‘ﬁﬁ“fﬁ}‘l PR I?Z ‘%HF’I égm Wgeﬁﬁ%gﬁs@w d) a

process of £Qtaxd 4 WhdMbtidBReducRbSof SEQMING: #f LPS within the strain, 10
i :

conprising the steps of identifying an nsbB gene involved in rendering the
lipid A portion of LPS toxic, and engineering the strain so as to reduce or

switch of f expression said gene; and h) .a.praqcess engi neering, the
strain such’ hat(:iﬁfet rqogﬁ}fep. ?‘6#@3’[5’5’?]?5‘(’ %ﬁ@’gé’gfiﬂiﬁ g%."r_l ; .e’eﬂﬁghe
modi f i e en® i$ @ iRSinilatdd §iaioid Mutfiofddeletpa: Wherein the msbB gene

has a nucl eoti de sequence of SEQ 1D NO 81. 61. The nodified Neisseria -
meningitidis strain of claimb59 or 60, wherein the 20 nsbB gene is

downr egul at&(_j Vifhe 85&%03%3%%&99 moe;tin%erli I.E strata 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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62. The nodified Neisseria neningitidis strain of claim59 or 6Q gmmnqggq
part or all of the nsbB open reading frame or pronoter is deleted. 25 .
The nodified Neisseria neningitidis strain of clains 59-62, wherein a gene
codi ng for gxaps : ] L0 ' r{.LS:1Nn i_.vated by
mut ati ng tf%é C%rgﬁ&]%%?%ﬁ?%ﬁd ’gﬁ'e’p%’g@%%gﬁdgfﬁ%ag&és 52’% %heg%hnel.nap%éc.essrhe
nodi fi ed Nei)smerdranomengenes hieclosviségudited dlont h disnBorsBtie2 ofWeEECEAAasigBNe 30
codi ng for capsular polysaccharide_biosynthesis or export is downregul at ed
via point » 81805 ftrds o) iG.gpd Py 2 9 JAN 2004 65. The nodified

Nei sseria meningitidis strain of clains 59-64, wherein in process h) one
or nore genes are downregulated froma list consisting of. gal E, siaA

sl aB, siaGe.siabe aiddffiedC NeBserid rhenimgifidis sthdin Hf68taindd Sor@liiHig iNej sseria
meningitidis strain of clainms 59-65 which is a serogroup B strain. 67. A
genet i cal | yewgpupddsteainbl eb preparati on made fromthe nodified Neisseria
meningitidis strain of clains 59-66. 10 68. A vaccine conprising the
genetical |l y-engi neered bleb preparation of claim67, and a

phar maceut iggal |y ,ﬁ%,geg; LRt : i i i I a

meni ngi ti diag gerfér%glgéeﬁd%l?fg t heédrarglg?fpiwe@?mfgﬁ %egtlfegggﬁ 'ggqrr%ér?ﬁaﬁl\lﬂe%?% %train
of cl ai ns Penegitidio strathef vlaogs 5&6&f cl aim 68 or 69 further conprising one
or nore plain or conjugated nmeni ngococcal capsul ar pol ysacchari des
select 8 fromthe serotypes A, C, Y or W 20 71. The vaccine of claim®68

or 69 furthgr C%Pﬁdc%é&n?prﬁoﬂ{lgj tH9 ?Eﬁe@icﬂiy—%t%ﬁéé%ﬁzlggb B‘ﬁg&%a%l lof E1aim 67

pol ysacchari de, and one o e plFaln or ] ugat unococcal  capsul ar
pol ysaccharand e phaidtacé@ically sedeptabllecdxcipidtitng a vacci ne agai nst Nei sseri a
meningitidis conprising the step of generating said vaccine fromthe
nodi fied Neisseria neningitidis strain of clains 59-66. 73. Use of the

modi £ ed Ngosseld ayfeplengidind! Nesler7) nna&nggm'h”g%,% 2EP frdln! BE_ aidified
manuf acture of a medicanment for 1 mmunizi ng a hufan host agal nst™ a di sease

caused 15by Neaifsedd meningitidiesteadreof daimarfiongs.t i dis. 112 2 9 JAN 2004 74. Use of
t he genetically-engi neered bl eb preparation of claim67 in the manufacture

of a nedi canent for imrunizing a human host agai nst a di sease caused by

infection ap NeigReliRindesy BRlirh '8 3r 6® frther comprising one or more plain or
conjugated meningococcal capsular polysaccharides selected from the serotypes A, C,
Y or W.
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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74.  Use of the genetically-engineered bleb preparation of claim 67 in the
manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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