; abcdef ghi j kl e3esf s J 6 Tf hoWD 01/ 09350 VACCI NE COVPCSI TI ON FI ELD OF
THE | NVENTI ON JAN 2004 PCT/ EPOO/ 07424 The present invention relates to the
field of Gamnegative bacterial vaccine 5 conpositions,s ghgiid 2gpuf acture,
and the use of such conpositions in nedicine. Mre parti'culﬁ.‘rﬁl(\éo,ﬂut4 rel ates
to the fieiwdopiomsovel outer-nmenbrane vesicle (or bleb) vACIREY ™ 4Hng

advant ageous net hods of renderypgciReeovVeOsITeONOr e ef fective and safer.
BACKGROUND OF THE | NVENTION 1o Gram negative bacteria are separated from

t he external medium by two successive |ayers of nenbrane structures. These

structures, referred ég @;ﬁ%cﬁt opl asm ¢ nmenbrane and the outer nenbrane
(oM, di f f er FIEdJINOF THELY, d functionally. The outer nenbrane plays

an i mportant rol ereykdift inRéRioAGEIRS 16 thephdlh 0f Gram-nbgative bacierial vheciivei r
respective hosts. &nsequent |y, the surface exposed.i5 barcr{?g.ri a'm[{}%' ecul es
represent s i mamigoaitions, drejrrnanufasture, pad Hescise of AR COMBAPLANS & MERIPNy

out er - menbr ane .c onent s at i e Ind vRG QY (& B)) Wasiiese,

di agnostic aﬂ%“?‘ﬁ%?yalbé{]?tﬁt% tﬁ’éeggltgr#gf)gﬁ\%gfegﬂ%gﬁdnbgctler iKaI Vg.CCi nes (killed

or attenuat eg)y HR¥Raddoss methads egendefingsthes waccigesmudre effecaiverrd §&ks in their
natural m cro-environnment. Drawbacks around 20 this approach are the side
effects induced by bacterial conponents such as endot oxi n and pepti dogl ycan

fragments. e ﬁ%%ﬁWﬁNtmNsubuni t vacci nes containi ng
&nen(f.;s rromt

purified co e outer nenbrane may supply only.limted

protecti oy and naGramvhegative dnttetinarausepajand fompshs Syterg! t"i“%l“’l’?‘r%ngvosyst em

of the host. Proteins, phosphol.ipid [ I ajdrdRy & as tthe three

maj or 25 con$EELREYst fayrfguﬂ’ﬁ eﬁnbf‘ﬁ]éa gﬂ%@'&‘féﬁe’%f&;ﬁgﬁ%&gll Gram negat i ve

bact'eri a. Th%%prﬁ%%bﬂéraaé andlitet ditdruhedbmsey (OM),r ditferl by sraeryaln and

phosphol ipids {nostly in the inner leaflet), |ipooligo ' £

(excl usi vel y fimetionallyo JEher opteamegpyang aﬁrﬁ‘% ?‘ﬁ%"?a(n?ﬁ%lgrlﬁgﬁgqg{&%agﬁ eaf | et

|1 popr ot ei 1S, bl egl herlfa R MLAPHAPERFENARS. OfBEQiens),. hé ourfamarexptsadt ef i al
ch rnp

pat hogens whi act on hunman health, |ipppolysaccharide and out.er 30
menbr ane py ot ipkrsalhaclecubesarpreseotimporan darga AT SR PRSE IMYRRREIRINA: B2¥EE conf er

protection against the corresponding.di s§asGed% W,-a{., IvaFRiKY, Aecheutic WO
011 09350 PCT/%GY‘%“WW&%OR&}F%%H%%W?nega%e?vrel bacteria is d?ﬁgm c and,
dependi ng on ffaan&Rwutieyverithel conditions, can undergo drastic

Ut or - robr ane. veaWBplegeeb bachTiahuscongs, (g o aueriefy bR we adfart BB L 0N OF

supplying multiple antigens in their natural micro-environment. Drawbacks around

20 this approach are the side effects induced by bacterial components such as endotoxin

and peptidoglycan fragments. On the other hand, acellular subunit vaccines containing

purified components from the outer membrane may supply only limited protection

) and may not present the antigens properly to the immune system of the host.

Proteins, -phospholipids and lipopolysaccharides are the three major

25  constituents found in the outer-membrane of all Gram-negative bacteria. These
molecules are distributed asymmem"cally: membrane phospholipids (mostly in the

inner leaflet), lipooligosaccharides (exclusively in the outer leaflet) and proteins (inner

and outer leaflet lipoproteins, integral or polytopic membrane proteins). For many

bacterial pathogens which impact on human health, lipopolysaccharide and outer-

30 membrane proteins have been shown to be immunogenic and amenable to confer

protection against the corresponding disease by way of immunization.
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studi ed and docunented in many Gram negative bacteria (Zhou, L et al. 1998.
FEMS 5 Mcrobiol. Left. 163: 223-228). Anong these) a n§q exha ive |ist
of bact eyhalndes hogens reported to produce bl ebs include:® )
pertussis, Borrelia burgdorferi, Brucella nelitensis, Brucella ovis,

Chl anydi a psittaci, Chlarnydia trachomaris, Esherichia coli, Haenophil us

i nJl uenzae, LeE!Co@MI of (Srremtmagativd dactepia s e diRarBieN akd, hd&r@ﬁdiné\%rﬁﬁﬁéi a
meni ngi ti%ﬁsb ggqﬂdong.nas aeruginosa and 10 Yersinia enterocolitica.
Al t hough THEBTEEHEMPILPI SR 4AdIRe ARsiie morphalogicsl tehsformativns tAmong!f OM

bl ebs is mede hatlifettatiriet: . L nbr ane vesj ¢l es have been
ext ensi vel y stuélieetg as t%i%é‘%zr’@z&?&g“g%%ﬁ?we 'fsh?)'dcﬂq y DBk besrder to

i sol ate owmdied andrdocamented it miany Grevpaieghii e Bactdal (¥8bh [[‘Q}&[}/?gg;gof}%}?,{fﬁti on.
In thgt C ,t?eét, t he ggg of _outer-nenbrane preparations 1s of particular
int er est HEPSelEh- JE4c2R42285 Amenasthesdei = sionieahaustiveatiet lod taaiessr hal i s,
Haenophi | j f a 0 s aerugi ngsa and Chl anydi a. Moreover,
out er ner%?hgﬁgnsblre;gs coq i Eio%ﬁgﬁ t?g?se 'BF{B'kig'i ng‘l’g%ﬁ% B§tesion Boroalisi naceous
ant i gens Aungdorfaric Brukselld ralireiy, EBrRsleNs\S . Qn.,agai :

i nfra-species variants. In conparison wit hgt ggz?%@%ﬂedr %gzrtrl%rglé gﬁ%@i”gmused,
types of URREOBFHSa Esgtichise colt, (Hisolophited |infhented, i Blgionelia Pphdubiopgiligubuni t
vacci nes)as; i rs Wyl show t hat ouyter_ menbrane bleb vaccines (if
modi fied T er#%@?t ol 5@03?23’ ARSSPTaR - mepmgindts iRygudomanatr eamvaaosaTrad

W de-Bpr eXlsinia cenddrobEitical 1AAthoGptP W bhidtREG) ke Bl Ng.I Ntensive
study of bacterial surface pfo%!gi ns %hat&hﬁszn%géw%o%?ﬂ% lgiebéorutggful in 25
vacci ne dppruceEer PR plebs is pestfally andsrstoed,t thesei cutgramérirahd esicliis®e pr ot ei ns

are )l oos &) with the bacterial oufer, nenbrane and can be
purifi edeq‘cix%?nﬁ%%n}te& gtg%l\é%té§ Hey JFRRW?@QQ?”FW%%T@Q?IQEY M ydenRdsdiatet eri al

cel |'s: HomesrenenibraeasroinbprepaafiormsNe Wit Ratlve m&u@. In }HAE ?&Q&'tﬁg“t e
s. _ Example

menbr ane ‘grot eins are also protective antigen sCArePeFA for N
meni ngi t i sUSYRenbrape PrEpRBations it.ofi perticiar irerest QyPdRIROvERmneM

cat aryshal g, - or, P rugi nosa, ch proteins however have rather .
speci fic t?ﬁ%ﬁgﬁr&f eAéIPﬁarxg@f ‘%éﬁrfg"?ﬁi ??‘Fe)?’%ﬁflf"f piensashifsaxdamonas sheet s,

whi ch comehigbatse sanidh €hlansidiai MiatdoQeeda feb canhihant)
subunit vacci nes. V\D”%.?Li/ 09350 p f'E %ru;ﬁﬁ Clf EPBE%%?%%%%F&R%i on, it
has be_c:or?é"‘&’l“é‘&?""c%&'ﬂd ROR-PFYiFiaaceony antgrns et areetikely @o n@afke cexfdnded er ms of
bacteri a'pr&%tfoﬂ%gaipét%ﬂ-%%c?e@@ah%gg9ra' menbrane proteins) to supply a

reasonabl’e | evel “of protection. instance, in the case of B. pertussis
subuni t vacci riesomphrﬁsoommoIﬁmbthVQQﬁd_)rBe&id@ryeuﬁdP%ﬁk?Bf B?ctE@t{l‘QlaQJine
iMmtegral ou

bi co(r;ggom%nﬁ1 %r O@Bcts, 5 In order to incorporate er - menbr ane

pr ot €' ns VARG CELPFEnal apd Rutiss syhumit Yageines) ¢he invemera il ahow edat outer

conf or matrh@fthne 9lefli t [ ipns must be present in the product in
order to have a usef ﬂ%@‘%ﬁﬁf”%&ﬁ%& B erip “ar ok TeAreseR e &deebut er

menby ane coawpraniess or bl ebs may be an el egant solution to the probl em of

i ncllldi ng pro(L)r%cti ve i nt &gral menbrane proteins into a subunit vaccine

whil st still JREn¥ifersRiFatnse phdgcteraldsyrpjievaogined haseheemgittei thesheser ogr oup
B (nmenB) igpssdivt &84 6F S; i ufficient quanfities to allow

t hei r manufacture %n ar?cl:gﬁ ugst Fi %$L§gng et.gatéff’e'ﬁ ?ﬁﬁ?t??@rﬂoﬁ%@?ﬁﬁ‘l m

out er2nerBeareanplicatéing [farcostaes B.remusds peRddnn] OTi e faﬂo@nm%&gfy‘ai ns have
been four;gsotcglt e effi calg:i ous,in protecting teenagers from nenB di'sease 15
and have BECHHE FEGi b hasterial, oper jmembrape cad ven At tperified i frem nedtred Of
prepar i NGupsth&im RN @ 1 i ja.the process of detergent

extracti ongd(ﬁ1 t he bac?gr ?‘éﬁ?&%‘g?}?g‘ %%P‘y%??fg)c?ﬁtg?fﬁ"é’é itofasi s Besny|
from whi Rowh dist veectimbsntegl betenmdmbedre FrbRirslré M BebrectiVe %ﬁrﬁ%ﬁ?f la
meni n~i tir_géa%:- Nei e% &reni ngi ti des (meni ngococcus) 1s a Gantnegative
bact eri uni’= aEéﬁfﬁs’fPf F &t BTG SREOSFNPER: 1 ppbor K éhienztepOWIR €BCE . | t
occasioongbt W1 S lis- O §Si b rial diseases such as bacterem a and
meningitis. The incidence gf fogga, n%ﬁﬁa%‘v@oé(‘f‘ﬁ p&?‘ﬁ‘@ég‘ewg%vbévbé%‘?raphi cal

seasonal sasdfianswuaturali féatures)c particSemyamultBle  MOiEmiP: B ogies C V.
18- S24, fgaé%l) : §I\%esét%r’di segse in

cin. Mcrabiol. Rev. 2 (Supplement), S 18-S

t enper at & O%Shﬁ‘it?si tg%“ F‘?‘&*Efgr‘t"é"déls? as Piyifesd (sesomprmany) sibuan dastindses i n

i nci dence from 1-10/ 100, 000/ year total popul ation sonetines reaching hi gher
val ues (I Caczmarski, E.B. ( 1997), nunun. Dis. Rep. Rev. 7: R55-9, 1995;
30 Scholten, RJ.P.M, Bijlmer, HA , Poolman, J.T. et al. din. Infect.
Dis. 16: 237-246, 1993; Cruz, C, Pavez, G, Aguilar, E, et al. Epidemol.
Infect. [05: 119-126, [990).
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3 ~ ..Fv ~~~~t WO 011 09350 PCT/ EP00/ 07424 Age-specificaipcjdenges in
the two high risk-groups, infants and teenagers, reach high “l""éi/gﬁ@.

Epi dem O @ld¢3fht ed by serogroup A neningococci occur) noSRGKEPG/0I€xt r al
Africa, sonetimes reaching levels up to | 000/ 100, 000/year (Schwartz, B.,

Moore, 5 P.S., v Foa e\ in., Mcrobipl. Rev. 2 (Supplenent), S18-S24,
1989). Nearl yl%?éagg%étsgagfbeﬁg enE}S%ro[gﬁta’i’m&p%%%@%mava%af&r@ewused by
ser ogr oufinAeris ofbadtérial Turfack YrdtBink j a ent A C. WI35, Y
capsul ar KlpoI ysacchari de vacci Ere is g\g/gﬁ'ﬁ%gﬁlaie "féﬁgb%r{rledﬁ,{r%gm)ss A rﬂ’?ﬁ%r‘i‘, F.,
Mynard, FRagpnableafeyek of @rotegtioni Bor irGtamce, inl Ghe 32%- 983, JeR82)s sdiiit

pol ysacchar.i de vqcci nes are currently being inproved by way of chemcally
conj ugat i A I S PP MRANFNLYACHINGS arefUDETIqrap araraier bitoMpenddhproduSsS. , Wong, 1

V.K ,set al. JAVNeZ?®in et § ) . serogroup. B vaccine i s not

avai | abl e, since t he glcgapsufégggﬁl;j?ggegélﬂﬁme P%‘ﬁ‘l’&ﬁ‘-”i‘%ﬂiﬁi‘d@é‘m“&t nost

| i kel y bewsustenitived huneas-native)aonfaratibié] ifeltide)orlie: i}gﬁ,gnsqﬂ[ggggsg%%( Wi e)

F. A, Arteg}s?t ein, MS., Brandt) 15 ML. et al. J. Infect. Ds:. :

514- 522) ™ B} Progigt i order\ip haygia uselH imyunolegicdl effe, Whe Lanobiexireted 3S5- 357,

1983) . Fgyt M SelifON %%v en _focused qn.devel opi ng neni ngococcal
outer menbrane based ‘\:/a(:ltézéljr?}e:ﬂl egﬁg‘rabé:e 1 e)eeant ch\é 9 R thegProdisgmgfgo, M C.

et al. Lacbeling3gdtecti0f 4nttdra8 meBane Biatdias ifto: B vacci - by, J.K
et al. 338: .1093-1096, 20 1991). Suc% vacci nesa Egdve d‘éalrérf)lﬁgtv%{ggg&szi caci es
f r om!$7040suRBgHHan they deld rEpperkys en (>4 years) and adol escents. Most of these
efficacy tria e ner f i{h (outer nenbrane vesicles, derived
by LPS depl et‘lwzn r"?ﬁ%q%fe s@gg c}% n@g%ér FXAERFCY rUHRF wWiReEbEaRp ebIRbs in
meni'ngi t sufisiel spuamtities. tdvbdllowbagbie! mdhuRLhed IR’ B8 Le are
present in these vaccines, 25 such as PorA, PorB Rngftﬁa)ng?gla)g,hah pB and
the cont PUHIFOMPANGY SHErsBCmBIAIS nRivtein vecaines Gbsenateriligrootieding aner® i | | needs
further gefihdhiveas har ClRr out er menbr ane caonponents have been
defined (using ani ?r%(l‘% or tﬁt@%ﬁ%\fﬁg%%‘ﬁolaipég?c% IS ERA8HS "I‘F“’&bi HEE2R| evant to
t he ifduand baveobecpmet regisieverl inIutih (AtmeridaC AnASI B DSRA %Ngggp%,gn D.,
Cadi eux, N. Hazgel , J., Brodeux, B.R, J. Exp. Med. 185: 1173 g1183,
1997; Lj Y¥GI-memprane \yesicles igMisghe Brocess, ofbietergpntpextracticl of tHenbacteriatrun.  63:
884 890, cel@9EP 11348, nechani sm of protective inmmunity will involve antibody
medi at ed bactericidal acti vity and opsonophagocytosis. WO 01/ 09350
Examples of bacterial species from which bleb vaccines can be made are the

foilowing.

20

Neisseria meningitidis:

Neisseria meningitidis (meningococcus) is a Gram-negative bacterium
frequently isolated from the human upper respiratory tract. It occasionally causes

Invasive bacterial diseases such as bacteremia and meningitis. The incidence of

25 meningococcal disease shows geographical seasonal and annual differences
(Schwartz, B., Moore, P.S., Broome, C.V.; Clin. Microbiol. Rev. 2 (Supplement),
S18-524, 1989). Most disease in temperate countries is due to strains of serogroup B
and varies in incidence from 1-10/ 100,000/year total population sometimes reaching
higher values (Kaczmarski, E.B. (1997), Commun. Dis. Rep. Rev. 7: R55-9, 1995;

30

Scholten, R.J.P.M., 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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~., Fi PCT/ EPOO/ 07424 The frequency of Neisseria neningitides infections
has risen dramatically in the past few decades. This h ER be;e,nn@béri buted to
the emergence of nultiple antibiotic resistant strains, ‘ Qner i ased
exposure {/(9)3 n i ncr ease in social activities (for inp¢ppeesss M ng
pools or t &') is no longer uncommon to isolate Neisseria 5
nmeni ngltldes strai ns that are resistant to sone or all of the standard
anti bi ot i csAgelspedfipheitenteasdn thaswe hight eek-groupsniméntsnedi eerlagasedadind demand
for new anti-m CI‘CibI al agents, vaccines, drug screening nethods, and
di agnosti c V€T €VeSr this organism Mor axella catarrhalis 10 Moraxel la
catarrhalis (al i@xd@ﬁamdioﬁﬁrﬁ&hady&uogmﬁﬁmfnemgdcsam bé‘cuﬁ n@saymn&g&hll ve
bacteriumfirequently isolated fromt upper spiratory tract. It
i s responsi bﬁ’éa,fsémeg@%FeéFh‘%le%‘F 3gi te st 00p/AR0, ?P&(Yﬁafo@égw i Rg M98 s nedia in
_rants. ancp Sldlane \ACH AARIIRA! eyt DPsuBbiRkLY 818524, S08) SRedifsionsi bl e for
sinusitis, nodocom a ections and. trequently, i nvasi ve
di seases. 1&sd3wcfmmngo@a¢al distdsb atid wholhaveccabied by iserogroiy ﬁeB EnWnBSt adul ts
tested (Cha rains of M
catarrhalis “gapglgﬂf'go\?%?ﬁl a fegﬁ\éﬁ%?ﬁ)"t el rlageﬂa@ %lﬁ poiysa%g%afigfzg%gp 5‘%1
bact eri ci daivailatld (Aringnd,i 0, geminjon| F., My M;Cf ti.afmdesdaB@di Starfii W0:dual s are
nore resi st%tghggg those who are sinply colonized (Hol, Cet al. ( 1993)
Lancet 341: fHan, KL et al. ( 1990) AmJ.Med. 88 (suppl. SA):285}.

Serum r ggi st ancerbzopagasabaaah&ervﬁ@ms hee cansntlie beifg ampsoved royl eageoff act or  of
the bacteria. An _opsonizing activit

has been obs era of
chil dren relsésailnGonearpg FEmdo ﬁ%‘HFr)a/Pmﬂ‘?é? ﬁ?‘?‘@%iw’a&a'@& %d%ﬁg’t hese
difflerent i grging o m§?§ il PoLIBBNDIBR Wesehdptoud 8 actide Rt ok b@fllabled t h t he
exception of OWP B 1, a 84 kDa protein, the expression of which , IS
regul at ed bgin¢er tha, Baonwuian@plmccha@ébghm@wmwosﬁ@ JB9sh sty JeEaushits wi t h
pneunoni a ( WA, FIATAKR: Bl Brandnd of UspA
i and UspA2 sm%?al%mﬂ%@ohgétg%ﬂ%@%p {esct I mfrun n-st§1§ 10{) A few ot her
menbr analspr d.ki il gk &xfeqtt Disn 1261814623, 49@2; dfinmg JMatIe&mOﬁms iM., ¥ikeldheen
characteri Z?% S| negubbg) > f’/"l b met hods for their potential inplication in
the induction of a proteciirve I'mmunity {for review, see Mirphy, TF ( 1996)
M crobi ol . Rev. GBur2GRy yedmef@rtschavmsxefqgmdnmdhalomd@icningmcw e‘gernce of

1 ear ance of CTRES BRSPS AR C kSR B Cflee Gt ELRRRL

hi ghI y conseanad74nmmsglMl; Bahg Q. [Hdiby EA. r(homsbya.lﬁ g ele 3 il 89371096/ ogl es with

PCT/ EPDQ/ 07424 of Pse whi ch
has beenzodeg}g?(:@tg"é{‘gﬁccl gegfm?rgggtféﬁgcagbeglﬁ'ﬁg&%( Q/?.S)g‘ erlg%'?ﬁ'?ign ani Im(5:1I
nmodel s. M 84 adafshahd BdaisOeahtsc Bostoifitbdse Bfficinyarils wemi petfarme( BHebBYV These

Bl ebs have been
(outer membrane vesicles, derived by LPS depletion from blebs) vaccines derived

) from wild-type N. meningitidis B strains.

Many bacterial outer membrane components are present in these vaccines,

25  such as PorA, PorB, Rmp, Opc, Opa, FrpB and the contribution of these components

to the observed protection still needs further definition. Other bacterial outer

membrane components have been defined (using animal or human antibodies) as

potentially being relevant to the induction of protective immunity, such as TbpB,

NspA (Martin, D., Cadieux, N., Hamel, J., Brodeux, B.R,, J. Exp. Med. 185: 1173-

30 1183, 1997; Lissolo, L., Maitre-Wilmotte, C., Dumas, p. et al., Inf. Immun. 63: 884-

890, 1995). The mechanism of protective immunity will involve antibody mediated

bactericidal activity and opsonophagocytosis.
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i sol ated or extracted by using different nethods (Mirphy b ﬁ jriog M R
1989. I\/W‘Sﬁf/ 9 ?0 Pat hog. 6: 159-174; Unhanand M, Maciver, QCT/B%W Ll O.
Ar enci bi"a2 F9%8r%s O, Argyle J.C., MCracken G H 3r., Hansen j’ 1
Infect. Dis. 165:644-650). The protective capacity of such Bleb
preparations LAY i ne,. . for._pul nonary .cl.earance of
M catarrhali :ﬁ% Iﬁt)&ﬁ]ggé)ﬁggﬁgg %ﬁ"{zﬁg’gngiéﬁnﬁgg&}%?ihﬁgﬁ??’a?ﬁag{?“{‘}ﬁ@h’%l eb
vacci ne ahe pass faw dedadesn STHis ha beahtatriBhied S0 &t dni@gdhck BEHERHIS dibidiicant
protection in this nodel 10 (Maciver L, Unhanand M, MCracken G H Jr.,
Hansen, ESgstantoXrains; and jjcseased prposunesdue ihgn 4rcrpaseHaeoviphadtivitids(foruenzae

Haenophi |, jnfl . I on-notil.e Gram negative bacterium Man is its
15 only it stBREA phs B PRSIt € sp PR Ao m A frolrelebTi
accor di Ngndrngifal sriint WRearhRELA8 AR & alPok uidl &f %tﬁﬁo?ﬁé!' Fist YPes
designated "a' through "f have been identified. |Isolates that farl to
aggl ut i ngthenatherionghas icxeated anaurgeet medical steed and dembink e reivxarsianizioiigs ar e
classified as nont abl e, and do npt express a capsule. H . in, fluenzae
Lype b ( FEBTSBCRNEh AN sGerPBEamhetomnd HeewmsHe s ByRuBIS RGabaR. i is & 20
maj or cause of bacterial neningitis and system c di seases. Nontypeabl e
strains of H inJluenzae (NTH ) are only occasionally isolated fromthe
bl ood of Metaxdlmatamidiissyst em ¢ di sease. NTH is a common cause’ of
chronic brqonchitis, sinusitis and otitis nedia.

pneunpni a, exacerbation o ti.

NTH ¥trains g‘é%ﬁ@iar%‘@ lis{pl5e ngmes Branhamella catarrhglinyis pi GEmHREZativhal

anal ysi s,paakihdtiredldhtititd , i ous

pr ot ei ns gf H in ueﬁfé@tﬁg\%ﬁbtgg%hﬁ\ﬁﬁé {r(gg%ﬁerg ﬁ°§8§?"ggggﬁﬁéﬁ’é‘% 82;@{1esi s or
have beerseséranpathalogies)fthe mpaiot ewssi beingiains iaedia riat infantsi Mhdaehildén, naogdel s.
Adherence of NTHi, tqQ.h n nasopharygeal epithelial cells has been reported
. (Read REcumpniathe ‘%%tlf'nﬁ\]‘s afslﬂf BP’.‘-")‘%F 2‘?’ syggIngRsocorgal infectienhapd.nlsssi ae and
pi Il (Brifdq@BhtlyClor Bfvaile Blseasdd89. Pediatr. Infect. Dis. J. 8:S54; Kar S. et
al. 1990. Infect. Imun. 58:903; ' Gldorf JR et al. 1992. Infect. |nmmun.
60: 374; St. Gdacterigidakantibbdies] i@t be¢midentified immast adn@s 83166 (ClSipmafeAf e JW et

al . 1993. .1 t, .l . X 33),. ma adhesins have been, ,.d H'. P W
01l 09350 %&;}’Eéob/%%%‘si géh'?ﬁ)i gé’“ﬂ-ﬁ ooty cat § PIRA] VANRSoBY i e exposed
hi gh- nol eg i ! fGHa. hown to
g Acity 1R Senith BhQbrid Al 88 Gty ﬁ@&n%%oé@%%a%\?ﬂ’ glt aﬁﬂlss

medi at e adhesion of NTH to epithelial cells, . 1993.
Proc. Natdre mpredesissyit thagShos) w28 76} simplytdodonifednfHoy, Ofet al. (1993) Lancet

R B AR W A e it
pr ot ezon (dBaldcihkidsre betonsiddired R E vioulce ¥2&Er oMBE bad¥h§d. (Allﬁi cngonﬂtiH% ;l/&gﬁ%) is

highly simlar to the Hsf adhesin expressed by H influénaae~typ strains

(St. GemebasWeensbsepved inglysserajof qildren recoygimgofeam ptitiymedimer protein, the Hap

protein shows sjmlarity t A.l serline proteases and, has been shown to be
i nvol ved in boft}?naé%‘%ggi %‘ﬁeg%ddg% giere B ?’%P’.“n?;é%“mm uAnS SRRt o Mol .
M cr/obi ol beed 4dedfifigd, with\tEe ERESTonUFIONP BETRBANDRrRLR! S eddrb&bn 'Bf‘\(ﬁéﬁeen
identified and nunerically nunbered. Original studies using Hin uenzae

type b stisasgwdatesyisen, anchthabistredagnized by fscsefa of patientPwith anelnii SR,

t de i pf t | I L t al. 7.
o ot 1 on ik C1os8T bl TS 3RS B 6P Bim AT o GiERicken Bl e BBy s
72:677). BRfecobami761310). be able to induce bactericidal and opsonic

anti bodi es, which are directed against the variable regions present within
surface exposeft fewephesmembrane aepteins pregent omthe gurfice ORM. ¢ddarmbalistive beenal . 1994

Infect. | H24 P s r al . . 1994 Infect. lmrun. .62:779).
" The |i poprot elmrl?9 %14“9% 60%15&?%3?1 ﬁ@g&otéogghee}rip&te&ggl lgﬁ[}f%‘%i‘rb@’e £AD &n )et
al . 1991. a protdctive rhmbniepi(fooRvizh tde. MRy POF i(5998) MMBRBIYREV. RRRIE5qalay can

associ ated |ipoprotein making up 1-5 of the outer nenbrane (Nelson MB. et
Cal. | 8091, MeHserneumpRiapdels theamewnce of anbodied najsepagsinst sonwf oftbernt(Uspre, same

nol ecul ar ; S C ized.called PCP.(P6.crqss- .. reacti r ot ei n)
(Dei oh RvEUEeP Bhor Gl RRuEE b TR bifmonssy shGetied! Roiaes entepepnos MBS

conser vedCD) (9 pighlyedosert arftéhgold chlernalidsthils r@},ﬁa L measur ed
in a chi nchi)l I aggtyietii s-nedi a r%a)yggl ( eel‘ﬁs BA. ’gfd/gﬁgm% 3. f’%?sg‘g?t.ﬁiammn.

61: 1950).. P6 al one appears to induce protection in the chinchilla nodel
(Demaria TF. et al. 1996. Infect. hnnmun. 64:5187). A finbrin protein
(Myamoto N., Bakaletz, LO 1996. Mcrob. Pathog. 21:343) 30 has al so been
described with honology to OWP PS, which itself has sequence honol ogy

992, 1.




to the integral Escherichia coli OmA (Myanoto N., Bakal et z, %}

Mcrob. ~ ~ .~F~~~v ?.~~4 WD 01/ 09350 PCT/ EP00/ 07424 Path8g/Ak J?[‘é'ﬂ
Munson t al. 1993. Infect. Inmre. 61:1017). NTH pSERPYoiGI4 dher e
to rrucu?vctw]]/é\%)s/@of finbriae. .~ . Inline with the observatlons made with

gonococci and neni ngococci, NTH expresses a dual human transferri n

recept or gaiIFBeuddmokap feragivod) AWhidHRR H2ERWEmSnstEE to be %cidléqsgag%xhﬂn
Anti-TbpB anti body protected infant rats (Loosnmore SM et

M cr obi ol thisjgctsrum in primshmeBels / hapt ogl obin receptor al so have been
d bed f H t al 996. f 64: 3703 A
oceptor for e eihBsBindss ofler Bembrane \esicls? (BiEb). Thsp Blts baie bagn. 1094,
Mol . M 1Bt

Cr oRbRted of 8x byA.lslufgC&ﬁEﬁhf matHogé ﬁmx@hy ISTSI,:ABtéée%t H;IIS S@%ng@g‘g st

NTHi , but is not yet 10 characterized {Schr
M crobi ol Patleg. §2159-1744 UnhavanidiM s Madiver, 1 dlamalle@rmhcxﬁfap&rraléﬂt)el!&gﬂas not

o7 ovi dos. ProRGATRRH St NetHaCret £iin 59 2d, it @a@%&iﬁiﬁéﬁiﬂs et

al . 1995. 7 f e

conserved ggn%lﬁ/gasfgﬁgeﬁrrlg%ﬁ, us |n Ilﬁtagr?ggg%%gqﬁé HQ\%E Zlidopg‘f ‘6’%%7/

ant i bodi esleqdridce oy hkcaramthabt. liias bé@DshownrthatGittivel imungzatiodl wih b valcink nor
98kDa OWP (Kinmura A._ et _al 85. Lnf ect. Inmure. 47:253), was found to be
a pr ot ect P/RASSiNE jTgBsfer pfpad- 9t indpess sigaifieane pateqtion incthisi modeht i on

i nduc Iea@‘\@D r e [ d Sgtih hav.

char a:l:('%)en zeéﬁrgepgg‘gﬁhgrg% 3%@:%%@@2% Jgf 0 cgsEllgggsp?o £eb°§§ﬂéc{§ vVity
(hul ks MH#B6S-&berg RL. 1994. Meth. 20 Enzynol. 235:543). |gAl-proteases of
NTHi ) have a hi gh degree of antigenic variability (Lomholt H, van Al phen
L., Kilian, M 1993. Infect. Inr~un. 6l:4575). Another OW of NTH , OWP26,
a 26-kDa %%g'hﬂu.h@u%ﬁé‘ shown to enhance pul nonary clearance in a rat

nodel (KyT; A W 1998. Infect. Immure. 66:2272). The NTHi

HirA protein hHsemmmMe&hemm at ionAtotlefGraietdgatiee Bdtterigan Mabis ideed,
this roteln BEdr{g" chilla alnst otitis nedia and_ protected infant
rats ayai H%l?' ln Pite vargee BS £t @FemFuplly | eassifisd cacsondingeto heir 1998,

I nfect. | ga@m@ ¢ Qo een

i sol at ed ?Mg |§nJ u‘)élﬁz%u?%éem%m??%ﬁ ﬁg\teﬁ d ﬂ%l:@ﬁ)f[)ﬁ]_{‘é%

Bact eri ol 1denm@ed5@1aw4that§aﬂ| ltd agglutinatewithbankisea médda.gaxﬂstl?on,e dPrthése dix, Sm th
A L. 1985, Anal . Bi OC%H\ 150: 47] - %P(SS@ The ' vesicl] es have been

associ at et WPH FHUISHEAAF PPRSEDIs éF’FPr?f‘éPFPE@PJeper neabi | i ty

(Wwpel wey B., gHafmeraEtybeb (¥

2559- 2560), 't he Oqé)elb0<gﬁ@qk(éleg¥{y%l 8‘%@%&5 lé%%&ltg Fion of
meni ngeal majﬁrlcamf hante(mhmmananmatw Sy$Remicl d:se@se,s Syntypéablensepuing dszG A,
C]senKD ct. Dis. 159:

017-922) Sifty e”z“e%ﬁf\ﬂﬂ&&&“é’ (fﬁ?&?‘ﬂ’&aqgﬁ ﬁElateéog'aﬁ‘a?he@??‘PP gstients @it or j ol .
| 52: . 441- 4pfimic iease. WEEHICIs &S cithilion Walsel 6 dedaﬂaoﬁﬁ? ePa%ex%Qﬁ&ig ict he nasal

nucogal epithelium5 (Harada T., Shinuzu T., N shinoto K akakura Y.
1989. Act 8raOchitipi W@Ersy@dl otitis gediz JI'QTIZQS_tra)mSemamgate ladtrgadiagishiliy &nd/ or " -

col oni zat Qul nt._i.n Bl ehs.. | mune, response to proteins
present i %@85% )pééﬂ%ra%lxs‘%stﬁiéfgeb Wé?énslfé@nw SUFRAge PW“B&I“F%‘I‘& s vvi th
various H infMssiaerstkiseases] (SAkaks daVe beeR’ @RdanT , Jin
C.S. 1988. Acta CIOI’%I nol arygol . )guppl (aS%ockh 484to 2‘:‘2'62l 226 I—El]r ada T:,

1o Sal cal @aihasepesis |or yhgunbeen shoyes to Rquomggcn@u upﬁxi-vﬁﬁ)matxon 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:S54; Kar S. et al. 1990. Infect. Immun. 58:903;
Gildorf JR. et al. 1992. Infect. Immun. 60:374; St. Geme JW et al. 1991. Infect. Immun.

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



Pseudononas aeru~i nosa: The genus Pseudonobnas consists of ar’ﬁ‘heéﬁ tive,

pol arly |.lated, straight and slightly curved rods th

aer obi c}ﬁc}&g‘gﬁ%}) do not forns spores. 15 Because of their I?’l‘%ﬂﬁpg’ﬁf')?’@f‘abol iC
requi renents, Pseudononas spp. are ubiquitous and are widely distributed in
the soil ; ir e er and i | ants. Nunerous species of
Pseudonpﬁdééggﬁagw g@%&'@?%ﬂ%’s%" WP$E§6MIW@'W°EF“I%WF’8PE prpteins

Ta) L OPhT gt AMIERaG AMWOCHA)cS BecheSibual ) ok SaRRIICGP e O

humans. Among this list, P. aeruginosa I's considered as an I npo a8t human
pat hogene 8l cells (80 Gema§Woet alt £2D3wPrde. dlaploAtadI S6t USA 94:2815)0Ancher

i mmuno- cqnpr onmi. sed hqgst and.is responsible for high norbidity in

hospi t al ?%b’ ggﬁlﬂg‘ﬁ’ﬁ@?cui%'s‘%@%ﬁ pEpteing ihag theem 14@@#%1\ N Hi gtraios shaafidcki ct s
primaki | ' b t {1 ) RV d tre nt regei vin

i rmun(g)- sébogﬁiglgoégggfeg% e cos?e@%?lgs, en?i&ﬁl ab%pa?aegﬁﬁntpf%?‘ﬁti cs or

radi at i ofBarenkamph&J.,PSreGetnerBINS 19981 M d1aMitobloR Thpréds) AAkSHI) SRsiAe (Pfgduces a
variety of toxins 25 (such as henolysins, fibrinolysins, ‘esterases,

coagul as &St adhssin prrsessedibe s, ndygerae spg bestmins ¢Si. GemetNatet ebripé.blitRact.o t he

pat hogeni 6. f hact eri r.eqver, .these organi sms have high

i ntrinsi é%ég?@t%é@g& 6&%%,[ t?’%?%? iP{'\:{’ge‘a&£°‘¥%S‘F'ﬂé“‘yrt%§£"§Fc¥ﬂ6f pm&qa[sqsang dr ug
ef f 1 ux puagiseen Thiven dodletigvol vddcindoiheidhedioarl defRnfrP (G GEALTW.LhE1. ppdL0ome of
t he disease. 30 Due to the uncontrolled use of antibacteri al

chendf heMgleMigretiok h&-2i Plequency of nosoconial infection caused by P.

aer agi nosa hag;Jj.n S i derably over..the | ast, 30 years., I n the US,
for exanpl e, ?\}5 fe}%@%oﬁl&?f%%%%eofpr%ééﬁeﬁ %d’é‘?ﬁe begp éﬁtﬁ%@SQ‘ii ~' sf ~
?~~~ PC FLEERAL) hitRbered.SOR gifhlaudiRdhRig Mihiuens et ehidsOndwid sl | i on US$
annual | y. Therefore, the devel cri%rrent of a vaccine for active or passive

i muni z afRERedies pecific dor Bdr agd F3s QMBS prateates) ynfanseritsd fpfrosubsegicey see

i sl bi ol . ; - . i
cell- aseomhienf,(en M7 bl PR kROt SRS 1 MBRET I Mool the.

subj ast ap8 el dline Inteme 70BTENIR2 HaD REnBPIE WO &S indiéd BRESicidalgndrucoi d
subst ance, which_is an extracellular sline consisting predomnantly of

al gi nat e PSRRI pibadies oviyeh 76 Eirerjechagrinst ithe yerablo fregionseprasedt iwitimogeni cit y.

H gh nol f | - 300 k p 0. contain
conser veg&g%gia fé’;%gé\‘,ﬂ?#’%gﬂ omé%?gm%ﬂﬁn%&%cé@r&%ﬁ%%@'§?Rla§g§%ﬁl‘?fﬁﬁnents (

10- 30 kDimuos§23312%; drselstved. epal 4994 Infactadeiun062:5799)U Mhe BigogteteiPPes. Anong
surface-agsoci ated profeins, PcrV, which is part of the type III

secr et i on-t r&is| BE%t i“&ﬂ‘\‘c%lp%%?‘%’t‘%%a} 13a8badieso (Gwesn sBéwn eGoaBe H9linteresting
targebp f%fe&%dﬁggi:g@lf.sam et al. 1999. Nature Medicine 5:392-398).
Sur f ace- exposed antigens including O antigens (O specific polysaccharide of
~5 LPS) or H &MP §énsa ¢drsayed peptidagiyéagansiataMpopRin HarEgfupr1-ses ot ypi ng
due to tt&gir hi%hlén' m‘ru@g%eni c nature. Chenical structures of repeating
uni gﬁeof e QiR %‘B’I‘%/ MaMRIet 2haW@1 pEdertelmmpriat?p 8hdlattrese dat a
al | d t1iB6profdedsl aht i J . Conserved
Pl fopes. amog i DBkl A A e enlon PP R 198 oo o

ol i gosacetagnyeiprowny (Dhieh [RMi et A 1990i nfecnf Imrith. #3¢5328). iAFRN@GQTIhC ONt &I Ni NG
t hese epi topes ,induce.cr -pro iye imunity in mce against different

P, agzﬁugicﬁ%‘ggef’Wﬁ?f8fiﬂfe‘§‘f’spﬁgé“%§§érdl%6%rwalmcm sripFaseEden 2 0 be a

|1 gand T ehinbhildofis-Rkdif maR] (OBOTA & of| 180y, ARG AEHLA"s RIS 2! cel I s
of animals. However, heterogeneity exists in this outer Ccore€ region anong
di f f er entalose appeprsete . indyg tpopesion rin theechinchitla matet (Derrark Th & at.orpser ved and
have beeqm%@t ermni(%r_aﬁ%z to be surface-accessible, and not masked by

O speci fi'c po WB{% i"de. To exam ne the protective, properties of OM
proteins, a vaciy = VH e I r t:ei.ns : ar
masses rangi ng frgﬁnng)g&%% (]IMé k%gl\ﬁ%&!%‘é{é%%ﬁ%?} %%h%ggg'c?%?%gl%%%
clini¥al hes plap beenTesaribed withriomedngyad OB PS5 pwhich tselfha¥sequepdehemalggy nst P,
aer ugi nosg hal !gg%ﬂgg gnd i.ndu m%{%l evel s of specific antibodies in 3o
human vol'Unte &8 prgaerehq 6 Yametadis Rakalew diGhg! 296t iMiprob.

aerugi nosa ' antibodi es provided pasglive protection and hel ped the recovery
of 87% of patients with severe forns 'of P. aerugi nosa infection. Mre
recently, a hybrid protein |0 WO 01109350 J ~~ "srv 2~~~ PCT/ EP0010?424
containing parts of tbh.e outer menbrane proteins QorF (am no acids 190-342)
and Oprl (am no acids 21-83) from Pseudononas aerugi nosa fused to the

gl ut at hi one- Stransferase was shown to protect mce against a 975-fold 50%

| et hal dose of P. aeruginosa (Knapp et al. 1999. Vaccine. 17:1663-1669). 5
The present inventors have realised a nunber of drawbacks associated with

t he above wild-type bleb vaccines (either naturally occurring or chemcally

p— - o "




- the presence of i munodom nant but variable proteins on B&F p\lﬁ_‘ﬁ? Por A,
10 TbpB, Opa [N. neningitides B]; P2, P5 [non-typeable H ¢nflié ~) such
bl ebs beymgr/efkecti ve only against a restricted sel ection IQ:tT/Eﬁﬁﬁo%iﬁal
species. Type-specificity of the bactericidal antibody response nay
preclude the use of such vaccines in infancy. - the presence of

i . | B, .. 5 bleb -
T o Feiiog P84T MEHAR RS AT eO8I 008 Bifeds ppiniun 6 PPyl sl sees

antigens that are decoys for the I rmmin b¥ETeHce of
i mpor t anedast woukeus bywaytof fimbripe.oduced conditionally (for instance

i ron-regul at eg‘hgﬁt er. ntgnbgane proteins, IROW's, in vivo regul ated

expr essi on=ne § Q)the ob3FEYRtoB Mmadr orith aenecheai dnd meningbeceti, NTHI! eb

roduct i i W7 . _anmoun 20 aptigen on the surface
Phe T ow el ARl niaP Bl Rl ddfior RN pE PR AP TVAP Btipyad)
ant i g&ns uadés ivhn liijation.t AetToXB @hﬁuroda:]{ profbrel RSRhEAR Ao, 20 g@i‘ sl face of
0

the bl eb 8%({ he potential induction an aut ol nmune respon use of

host 25 i déMtiMal Micrapielud 578X dtereogiotph ¢ Hapwgiubis rcagtonslby BAGCRag | de i n

Nei sseri | NAL & [ oup, B...tLhe facyo-N-neotetraose in Neisseria
LPS, sacgﬁggﬁ?é e g? r ucfat}'?agw\%gg‘h#ﬁl'%ﬁfg E’\g%c,t' B4 035 t4 trsemierefor wi t hi n
Pili). StatmiHenipexin Hus)aldd bacaMHedtiiRd efy B! Vagss s_hunman vacci ne
30 reagents. This is particularly so ;{g%ppaed"l gtf?li ggﬁégﬁﬁlﬁl? ?s) wher e

react ogeh? €P8y A glartafermim| reesptaactsi alss presquardmangsaNTHi| René aat ,yeand where
bl eb,yacgi ol Ast ance, t he .preyiously nmentioned marketed MenB bl eb
vacciI%e) Elklavem(nzé%rgsé Who [‘Ang?I;l Efl*lsg%ﬂg M%‘i‘ XBcrebiodo2% 82 IpCA/ mRed 07424
| nef f ect bivelafto sefSSEH FAEDbRAN B nof SR TG arlolE. Rerggent [ nvent i on

[ bl'e usi ni

provi des net hods of alleviating the above pro g genetically
engi neer ed badp&PkRr OMP.2haD]5 whrfach andger, provides ppotevios :iRONTAT & nes. Such

t hod i i in th ti f i i nst
bact or af TAFRIRAEE ritdel FREK i & 0 ToRE ot 15000, Mot
cat ar r hatiembraraelifupbdtéins LPD lisiap a@,efmgﬁggggg{l@q@agii@ﬂltséﬁzeae?%% hers.

The bl eb, vacci nes of the invention are de ocu
r espohseligHces bresariqical matbadies (Alkeyuniab.yet abri9osvingser. dmirugess4586)epi t opes -

f | at i i . t i.ne. h ti

ot oor al "Rl 98D B ARARERTENY YRS 10 Jmton FEEN) s Be | | ensur e

their prbpeprotetive agigedthis OMP ety Wiy RelWe 388 oFBltA%nitRoR %dugﬂ,{ee t he OW
0

and LPS 6§§)OSi t.ion of OW (bl eb) vaccines by deleting I nunodom nant
vari abl e X&) high, mojrsplap wstebt pdigsineytiie have besnecibiamerizednBereafieel AVPs by

del et i I i ti i f tecti
el ot ONphiekal bilheed BAMSalla O WAL 0 CXRLESOLON O, BlOLeCtive

OWs, and by elimnati ontrol “ne as iron 15
r est €9 ct Eomymalf 236548kt ighd -jobfesses |of NOWit have hhgigh if’ﬂ“a&f ¥i.des for the
reductiogig.lioicit foli idAbﬁGm)dification of e [iprdportion or by
changi ng" ¥ *%é@amﬂ’fv& &ﬁ’m&?@Fﬂ-e lirn, I+ 1998t Biferit. doumiuns6 adif 15y.ant acti vity
or by maski ngahdtheloi fl*l'fr']}lﬁe SIPRW, ds of .i mprovenent individually
i mprove the bl eb Vacci ncg, ofm@ver aagﬁﬁ?@%@g&nﬁwag&m OWR 19RPANCEF t hese
met hods Meirenant chargnoe it a on ns@eRK ) mg@gﬂs,an.xﬂolmt WG ethfgi neered -
bl eb vacgé_?ﬁz\éhjggh%mno- protective and non-toxic particularly suitable
for paedraffie t8eM& PrEsEnThas alsquiemer| sBvTHe boraepretettivenarsign.on provi des
a genset | Gileéd/ 1188 SHoRES bRfectdOBhiR ion.from.z5 a G amnegative bacteri al
strain char acte(lgzed Pn t hat saé”?p‘%%%’éfa?‘?sowg‘}hé aB‘gP‘EQFCﬁEBI‘ apyrats

against A. influenzae type b bacteremia (Loosmore S.M. et al. 1998. Infect. Immun.

66:899).

Outer membrane vesicles (or blebs) have been isolated from H. influenzae

(Loeb M.R., Zachary A.L., Smith D.H. 1981. J. Bacteriol. 145:569-604; Stull T.L.,

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

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

(Wiwpelwey B., Hansen E.J., Scheld W.M. 1989 Infect. Immun. 57: 2559-2560), the
9



enpl oyi ng one or nore processes selected fromthe fol |l ow fﬁpg%;@ﬁ%ﬂﬂ) a
process. _of reduci ng i nunodon nant vari abl e or non-prot ech}cxﬁw Qt |4gens

wi t hi n YRSHP:Y preparation conprising the steps of deter 3’% 4
identity of such antigen) engineering a bacterial strain to produce |ess or

30 none 1 d_anti.gen, .and maki nqg bl ebs fromsaid strain;, b) a process of
upr egul a |dﬁéﬁ&%€@%?ﬁ§%l &aﬁaﬁ’?’mté@t' %ﬁmfgﬁ\‘}%eﬁéﬁ%b(%némmlv
conser vedy) A OWised . DY MECrakd G TP i 1. co. 1 /09350
PCTI EPOO/ 07424secorrp?i si ng tﬁ’r’ét’gg‘é%s?gﬁ B ???ut ‘n’%&éﬂ’%‘ﬁ- LRt %ﬁ%ﬁ)

engi neer AnrdyteaDbdc uptakea(Caicimmi M.E pGasdgad SiH! 193dUC BateSSIr 05T E 1 55Ot er

sequenceaggs[sgtrea of a, gene e cogi ng said anti gen such that said gene is
expresse VSIS A ﬁpgh@rb‘f’ A8 be” absered nhynthai fasal omiasyl, epitbliwaki ng bl ebs

from sai T NSRinf-A To" i xXpressi.on of
condi ?i o%ﬁ{/ﬂk%r esseg,p’ %ﬁ%@g’é‘?%}e an p?téflgelérbaglcg @8%%&%&‘31' #H% antigens
wi t hin t Bé3-B2 Bishpwingahatadbesiaranidio icoBnizaGors i8R @hid iestbichyinglesuch an

antigen, engineering a bacterialstrain so as to renove the repressive
control HBEHBHICEPANSS O PrOWINS,N5PEBLINEHIEs mesmbrane) viesinles bastrekr bbsem)ed iand  naki ng

bl ebs fr i.g: i.0; precess Qf di fyl lipigd A portion of

pact or i aP P8 i kiRiet SRl BEGES, Gl ey Tordacedied s

i dent i f ylingC:S. 9988, ianMOoDWRHinbArypRdesigpl. t$t8cini)PAgh: A2BO0ki ﬁhﬁ% £PS toxic,
engi neering a bacterial_strain soas to reduce or swtch off expréssion of
sai d §eneakaHa YraMiyash Y1 986. Rhiploay @4:s41-66)n: 15 e)a process of nodifying
lipid A portion of bacterial LPS within the bl ebpreparation, conprising the
steps of identifying a gene involved inrendering the lipid A portion of LPS
| ess) t ox Pseudemghayairidigosa: bact eri al strain so as to introduce a stronger
pronot er sequepce upstream of saidgene such that said gene is expressed at
a | evel hi ghef2¢ 8RS nPleudomeas 2 6omsiRs jofd Gmmebegativg palatlynfagdliated, f r om sai d

strain; f )@, 940 : r ' | i t oxi Ci w,thin the bleb preparation
andi ncr easil%t ?ﬁzﬁf@éﬁ é{ﬁlggfﬁd g?dgt {é‘g{ %/e aaﬁfolbbcghi,médﬂbp?rs?‘ﬁﬁ’st??@r t eps

of eng$ neBetauge ofi ¢heih limiwd ansralsdlicarehaiedraédta! Pseldodonat Spp. OB u‘%ﬁila ‘
geneencodiggrﬁa Pol ynyxin A_peptide, or a derivative or anal ogue thereof,

f used25t R4S Hdekyiditrabuted inythe, soiln therpik spwags! waser anddmmdatitsl Numerous g) a
process ' apj i op the bleh. .

pr epar at i%oeﬁ%gerr%t ?’gg‘ﬁgﬁ?ﬁg é‘?%pgvc%' fp%lrlé%?'lg’?aylﬂgpsseﬁ%%"azﬁfl 6Er{',"’l{§hg1pneeri ng a
bact er i argitophitia smdaB. tepadizl bive ulas itebh 6howgitote Pitheged RN orehzRHsNg sai d
anti gen, andnaégii ‘g gJebs tom said strain;h)a process of reducing expression
within t e SE bRaPEHEBISHES CoRsidpted 38 ARATPITaBhbyaan pathegencsineeat

Si m hari iy aWokflted BAABBprRkfbGHE Gl i ) fsedNHYST Ng an

aut o-i mune response iﬁp humans (sucﬂ%gﬁgﬁgﬁgﬂl&%&98‘lssg~g%i 19 wo

01/ 09350 revpsmsitive GorCiigle thockigisy lira hospith lzed qraients. AeosoforMNal FESIHRE ivitdes B))
conpri si ngwt he stﬁgs of. i d]enti.féisn% a _gene involved in the biosynthesis of
the Enti GERETEI PSS PR PRUEEs stpmisted forpralgngad tregtrnent gnd raseivang t ch of f
expressi gfimaho-SdieIREagerd) ColRbiRidd SRS 1 id.strain..,.ot 5i) a
process of uprdg‘gﬂlﬁi%ti nggeexprgssi otﬁxg,(l) “pro éet%:btglﬂ.\k/%?h%ﬁ té‘ﬁeoﬁ&déat(%ﬁd T
preferably colbePsadpmons, am pgeagarnly Phiargihesapprebudes 8 RariétyiopoxaPr i si ng

t he ep identifying such.antigen, engineering a bacterial strain so as
to i 2% ro l}g{é a3 ’6’°lyﬁé‘stﬁ‘l”6’h°§§%% CHREASTh CRIFMASE PRPPROLRASES $0de- andgene
encodi Ng eseicki ttha ddntd & kedphy & St 10 _pronot er
sequence, and mga]ki ng bl ebs $om sgi dogs%{l?g‘?n(?%gérlg%gtrmgsfﬁ&e)gc}?@%f&f%e

i nvent i oRT§aRBM3deye pigbfinwriasiciredistance ¢e asisioficrdusin tiepresgndd6f mbwiye bl eb
preparati i-ncl udi ng timal positiani of strong pronoters for the

upr egul af%c@pxwpésgggnfagfr CYEREC \QTERi SAmBlicates, therareamenef e ant i gens
for 15 upisegeel ati on and dowareguation for various bacterial strains in
order to obtain bleb preparations particularly suitable for vacci ne use.
Pref éfential Dertalthe intestrolberbusesofraptibixerid] ehan@bertigeatit HRMEdQBnG € al SO

provi ded ichrare.particul ar|] ui tabl e for global vacci nes agai nst
certain ?2’8%%8’“&3? é‘?@%‘?“ﬁé&m@ ‘? SFETHFBNGH JPrIRecdoapisersblyt avst thevent i on,
and nodi flasedop T i i bl of the invention are 20
produced are S?IEah? ??Ef?]{as? fggp%g@?e%ﬁh%%g&%ﬁygn@?%ﬁ. °frrf2 HFEZBA i nventi on
provides for the first tinme a bleb vaccine which is inmuno-protective and
non-toxi c when used with children under 4 years of age. BRI EF DESCRI PTI ON
OF THE DRAW NGS 25 Figure 1: Reactivity of the 735 mAb on different
colonies. Figu re 2. Reactivities of specific nonoclonal antibodies by

whol e cell Elisa. 30 Figure 3: Schematic representation of the pCW vectors
used to deliver genes, operons and/or expression cassettes in the genone of
Nei sseria nmeningitides.




| ~ ~~~~~~ 2~ ~4 WO 01109350 PCT/ EPOO/ 07424 Figure 4: Analysi 3, \?f Por A
expression.in total protein extracts of reconmbinant N. nerd Bgiﬁ'ﬁ'ﬂ-&c@g’&

ser ogr ouwB 1ddske 76 derivatives). Total proteins were recovecEeaphd/@idrePs-
(lanes 3 and 4), cps- porA:: pCWK+ {lanes 2 and 5) and cps- porA: : nspA
(lanes 1 and 6) reconbinant N. neningitides serogroupB strains and were

anal yzed d icondit.1.ans, i 4.2% acrylam.de gel. Gels were
st ai ned wﬁt{ﬁh%&%ﬁg@%gﬁl ‘ge&?f";‘?@s §9L ({]%a%*ho&r Qﬁ%ﬁgﬁ"élly eﬁﬂ??%fe’ the

ni trocel | ddvelopmeendli avaecimedor aotive @r phsdiveathmrizhtidR agithit A QeAMRAG! onal

anti body. Figure 5’: énal ysi's of NspA expression in protein extracts of

r econbi nadfIVRY nEdsdPhsvievaes Stanislgrskyps at 9 7nEEMSIMidGtebidk Tiemapilves) .

Pr ot ei ns r-ﬁﬁxtract ed fromwhol e bacteria (lanes 1 to 3) or

out er - nenbrane bl ebs preparations (lanes 4 to 6) separated by SDS-PAGE on a
12% acryl ani deVgﬁiusaded-aamﬁafé’cEﬁldJéécfdﬁﬂJﬂﬁnghé%fP.”?erugz‘ng% MY aog%,l, NSPA

pol ycl onal serum Sanpl es .corresponding to cps- (langes and , CpS-

por a: : pCNIPIECT affe Yagring ddeyplopmente pAmangr Rsewdomangs aapiges, athd Mucellr e 15

anal yzed. 0 of. NspA detected: .a mature form (| 8kDa
co- myér at Slujr{i\éjgr\}éet h(]';iq;qr%lelsraé]c‘%‘rrr‘fi'\lé\ﬁiét‘ﬁalr SPT FAREgURG Bfﬁfigﬁlﬁﬂmﬁy §ﬁ<(9¥ﬁ11§1°_,12\b?5m
(1 SkDa) . Blsatonbherdiogtittisn Rhmbot 53 AP HAMEHGIARH, Ot hnBlQUE) QX1 act

of reconbi nant N neni n?i ti des serogroup erl va?flsves).
Pr ot ei ns dginatesrmpanerssl (¥0-310 Kda)opperr-ineohtaimeonsérebd epitppavalle dserand wer e

t ed DS- PAGE 12% | i | d [ db
?ﬁ’gﬁ;@- gl %?%éfmﬁar m%@lggﬂatgrwWPBacr (gﬁgeclﬂgﬁapgsg%ﬁsﬁgﬁis%igﬁo Ieﬁgﬂmrine.spondi ng
to C)pS- (ddditfonZh  unddie %ﬁ’l% es. Mdﬁtysumgﬁgg?gtgé gﬁgtéelg,l B39, %h}c&;l?%ggb' nant N.

meni/ngi ti des serogroupB strains were an gure neral
st rat egy Ffothentyae I8k seryetipanisansiopations apmardtys, phasnaise rbeeke | shoves yto (RS agt ands f or

trictign si i 8: . Anal ysi - ey ane bl eb duced b
oo narnf kudet et SIS hiael ool NeRes Biene e R AR | vat | ves)

Prot ei ns wer e futfaceekisted AnfigeRMimiBho Yo ' nd were
separ at ed Ial%l SDS- PAGE@&;der greduci ncgﬁgcg%ﬁg?gﬁg@c?ﬁ&é 4?@8%2?%4%@?@%

pol yaer y| elid)awr Gentigamse(figatllapentigans) herk b®n used for-serotypiig-dueWd Bair09350
PCT/ EPO0 102424, W Le~brilljant blue R2S0.. Lanes 2, 4, 6

corres poﬂ%@gt léﬁé%ﬁ&o% g(%)’ 9{%?%?5' SBW§PL§WF%£§ ICRFANEE nits of \@-specifice | oaded
wi th | Op, mplysaedhatides. hdve Pt clcidsien Sha Wedsé @htaOfloel iy 'EE&E@&%%E@?EEN

plasm d used to up-regul ate the 5 expression/production o 15 in
Nei sser i &BIPRET 19fdEs q9ruginea. fGapsermed Oepitapes aiong odll GefRBfpeexgf ¢5si on i n

Stainen v kgt bl Kedeflin BECARPOIAR ok R AL Bolth ien PEEBS 8% mbr ane
?g;l | 20mu ricustreigeresd covitdihingathbiet efittpes QMRE drbbsORBRLtivEOIMBAE) dNghicant i body

against different P. aeruginosa immunotypes. The outer core of LPS was implicated
) 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, a hybrid protein
10



Figure 11: Analysis of OW85 expression in OW preparatiors{f {igin2(04
reconbi nant NrnB (H44/ 76 derivatives). Gels were stained wih Coonnssie

bl ue (AVQPBHhsferred to nitrocel l ul ose menbrane and i mhIERPA74#8d with
rabbit anti-OwW85 polyclonal is antibody (B). Figure 12: Schematic

repr esent at 'taon of the.reconbi nant PCR strategy used to delete the lacOin
the chi nePRRIRE RATE, 06t BWEk Blembrgnerpratins OPF Apminpsacidso 90-842)earmsr essi on

in total b i AGL i ni Rgi t i des seroqgroup B

(1. 41 76 P (GaRo B AUE) lon! PEABIBAL o gl B S PR RGBS, A+(1 anes
1), and tGpsfefase AvdsHsfownl mnpoted} mie cipRindeat 9M-fole BONY idi41 6% S §Jrogr oup B
strains and were anal yzed under SDS- PAGE conditions in a 12% pol yacryl am de
gel . Gel §W@S§t(gﬂwtm-tlﬁ9%o‘6%ﬁ@§i b/ bbG3e166925 Figure 14: Analysis of GFP
expression in total protein extracts of reconbinant N. rneningitidis

(H44/ 76 derivative). Total protein were recovered fiom Cps-, PorA+ (I|apel),
Cps-, Por A: GAfe dréseheidvehtch havceaty %m?Jg- ' | par at ed
by PACE-SDS in a p(1r2% pol yacryl am ﬂﬂgegg an F?%&eiﬁwg?%k?tﬁg%e%w&oﬁ%assi e

bl ue. 30 abpyuWEd-tEe bleh vaseines (eitherafantrally patutréngorathemmigatly npde).ei ns on t he
surface of vari_i'x US| I.eco L na tl bl eb r(tecﬂfa\r ations as anal ysed by SDS- PAGE
(Coonmssi e st arRIRGe 0T Such prpblems are the followjgg:01/ 09350 PCT/ EPO0/ 07424 Fi gur e
16: Specific ant thehiyéseh@SIFARSEIN i | : ' l.eb
preparations usin |ﬁ'uri fied rec%ﬁ%?%%ﬁ% %ﬁsﬁgﬂﬁnggﬁ%hggﬁ " Anal ysi s
of NS¥A expressi dAPBNOpo{M| mpriogisidis Bkt PAckS [mfn-typeabled Hh amfuehipd])( Ser ogr oup
B derivatives). re.stai.ned with Coomassi e blue (A) or transferred to
nitrocel | ul ose ng“r%%rsbé?\l% b¢ine %ﬁ%ﬁﬁ-oéliyai’g?é’&?t\ﬂj TepmRiSa Selestien obdasermdnoc! onal
ant i body (B) or RE &SP RItVO n -k pogy: : SCR|.PTI ON OF
THE | NVENTI ON Thge&gr e i%enttpohyfdglgatg&écst%aag gﬁ‘%’é’r lrégg?rggf %ol s and
met hods capabl e PReckide thg ussefsuth vaceinesfimotfancyng i nproved, genetically

engi neered bl ebsyfr ogle(%rcaorﬁggﬁgaoltli ﬁe act eii al strains, The invention

i ncl udes met hods Used 1o LY R LRGTATHEVAR) BRgsas » Henund®etiec, | ess
toxi asand safer beb -taR@idns #a@ aterieBoyAUBRhe AAFAE sfﬂé | vaccine. Mreover,
the present invention also describes specific nethods necessary for
constructing, ~pr&guddckgof anesened raf ampomasit ngoleeclesbvhizht areengodized ed bl ebs
fromvarious Ga hyebacteria, .for vaccine, therapeutic and/or

di agnosti c pur pogae%%fqhggrnelf’%ﬁg &R ?tﬁ@eﬂ‘ftf’rorf?e’f‘ﬁ‘@“%i PrOHaR: cal
conposi tion of bEROKP'Sin Vive begultel SPrdiSioATbcRMLiGhSd fi¥h 364difShs are

uponl altering the expression of bacterial genes encCoding products present
in or associat edB¥t® 998EPLM hleborreductionnipr ender by eptimiseUthe rammenbpéne
protejgns or OVPs) . .Lhe B id on of blebs using a method of genetic

nodi fication to |ncgrease, ecrease or render conditional the expression of

one or nore genethedowdeliengf OyrasionRIBIAARIvEPRARERHS cBhRrAP Snddant uded in
-the scope of thi ?NZS invention. For clarity, the term "expression cassette”

will refer hereiNP8-8F) the genetic elenments necessary to express a gene

or a_% operon and : et correspondi ng proteins) of
interest to out eﬁe?r%%ﬁgﬁceiﬁ%ggggﬁgﬁé\%gﬁ% c%logtg?/glﬁgbacterial host. A 7~
non- exhaust i ve | thet patntiaheinductient off &5 dutsitineles i be2h@EEH! $030

(t ran}?cri ptional . nd/aﬁ)r transl ational), protein coding regions and
tar geti ng si gnal ¥enUFY FTugses ey sxaenple ke erpswlat prlpsacehecide IRMegsenice to t he
insertion of propph&kiSRAYES a ALRe. Qur poses, of this jnvention,
the insertion of a sglquenceeéﬁ'%tﬁ%r@’ E&J;c?éyt E@I%m’?c in Netsseria LPS,

saccharide structure within ntHi LPS, saccharide structures within Pili).

Such problems may prevent the use of bleb vaccines as human vaccine
30 reagents. This is particularly so for paediatric use (<4 years) where reactogenicity
against bleb vaccines is particularly important, and where bleb vaccines (for instance

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



WO 01/ 09350 PCTI EPOO/ 07424 at | east a pronoter function, aq;pl MINEZ@ ably one
or nore other genetic regulatory elenents conprised wthi Text éssi on
cassette. Mreover, the term"integrative cassette” wll r jn to
all the g&RY¥3Y enents required to integrate a DNA segrréﬁrﬁlﬁ,ﬁ&g{‘@en
bacterial host. A non-exhaustive list of these features includes a 5
delivery vehi.cle (9or .vectaor wi th recopbi.nogenic regjons, and sel ectable
and count _erm%fgftggt 5{3|‘_§‘“Hﬁ‘?1?£?‘_§‘?““ﬂga{??°f gli”hg‘epafeﬁﬁgefnéf?m'(?F‘an"c"&ﬂ%st he terms
" engi neer i ngtidddIE talleviating theahbbve %r@lﬁl@:ﬂk‘%in?%ﬁet%ll? _%h%in&'?éd B&keriaf ef ers to
any nmeans to reduce the expression of an antigen of interest, relative to
that of th&TH®N-Yieh fesuly ipjimproved high ¥aacines Sugh rmethgdshwidlobe especislly t hat
expressi on i$.13h o : hat . E on- iaé' d bl.eb. 1

Pr ef er abl yulket%ui stdaefg% ﬁergas% @d&%\?\%ﬁé%ép Qé’ﬁ%é’r‘at' ?tggr:%e segrmge h@ﬁsceéma refers to
a regul at oreningindispl Mdrevalint darathalincr Haemsphiuan sk, 0 nPseadoniongene

encodi ng anti gen of intli‘erest. "Upregul ati ng expression” refers to any neans
to enhance “PH&M8%G PRSEAEH of an antigen of interest, relative to that of
the non-modi fi eghd bie® vacchizh Uf Mk litveRfiéi-ire dBGgnel To RlcEPthe ithmbSe }é@ﬁh@.&ét ood t hat
the anmount of "upregulation' wll vary depenél ng on tﬁe particul ar antigen
of i nt er es®ntufewnprotecrive (Rrefeebly eonsemved)nantigenst orvépitopesi < fampulatedeinnenbr ane

integrity ul atAon of, an.antigen refe 0 .,expression that
is at |eas ?’I“.““@&°EJ.“§§%°PP%§%“% ﬁ&lP"’st“F‘hé‘“H%%? At bﬁ@%a t5 BHEF ab| y it
is at |®astmenddandivghicles ofvbleB vaéciied valll ensirk thefr prbper €818ing 1 PRIROIAventd0! d)
hi gher. 20 Aspects of the invention relate to individual nethods for naking

i nproved eREVIHE FEthods opptimizs the O)HhaNdd:RSemppsition-of GMVbleh) vasaes o t he

1 . compos, et Bindtontubt SHbiichs WFIERSERANS e ARSI (RBRRE, O\ T

invention relates to enetic used 1n ogénetlca%y nodi fy
a chosen baenserved|OMPs diyndéletionr oft variablec xdgiams,t by nipregulatng egpressinedf bl ebs

fromsaid strai.n, The, .enqgi neeri ng st.eps, of t rocesses of the

i nvention g{gfﬁ&bge leﬁ’rsfg&lyu m?'ﬂaeig’g\?gw(gt'%cﬁmw&gr %?Fﬁﬁlﬂmf “Fk_h%s 598 | | ed

per son. 1sFokrestritfibBY YT Protéctive OMPSS I AlddionREORPVENRILS pRIvideP o teGdlicien faMes) can
be inserted, and pronoters/genes can be disrupted by the techni que of

t r ansposon 'exicierafiligid A bymodification ef the dipid pertiam ar by ich@g@ggbnphfpw essi o n],c a
The gane: o ppssufelisbfedilags ElhuidPadtykl BERPRRG'E ot b Bl tBRL T~

pr ef er abl y nethode xefrimptoyemiéiil imdividuatly emiprovep @hentblébutvaédie) Byweded &t i on may
al so be used (particularly for down-regul ating expression of a gene). ~a

y 2o VIO 0FPBbBRIPSERRE BhPIS AL IFSEREHOREY PR COTHTREOL 0 25 1R PrOgHOCAR 1 ¢

unst abl® Olopiitifsed tepgiecrad bidoh9dceie ! Whikh it SmBRRS-BFR&HVE RAl doR&eRPYl Neering
step [particularly Tor processes a), b), c), d), e), h) and i) as descri bed
bel ow] is pafticearpsnitably for needistriogsrus reconbi nation event. Preferably, the
event takes place between a sequence (a reconbi nogenic region) of at |east
30 5 nucl eotides on the bacterial chronbsonme, and a sequence (a second

r econbi nogSUMMARY QF THE INVENEION 30 nucl eotides on a vector transforned

within the strajp. Preferably the regions are 40-1000 nucl eoti des, nore
preferably |00- TSRO HYYERUpaProvides @ geneticalivaengineerod bleh prepatation fpm These

r econbi 300 em R (Wa g e Sl 0 . re capable
o Pybr s di o] e B Sabtl sfain CyEhinorab i hackeil cRipkfiiod MBbuliaBle L° 22

def i ned | at@ployingene ohinaret firosessey seidctedrfrom tha lfeloplimagrousi ng a si ngl e

r ecombi nogeni c r)e ion on ' chr om)sorr(ﬁP and vecgfér, or via.a double
cross-over event %\ﬂr?ci’fsszofrrgﬁ‘\cg’ﬁémgwn% FHPATS KATEC Y 06 RORBIOHFYVE 4U8EH S der t o
performa single ragMrithe &ldbo Prepidiitn coRSrsHRC HR' stEhO Ul delRBmiing fHeUl ar DNA
mol ecul e. In order to perform a double reconbination 15 event, the vector
coul d be a circul ddensify of siehantizen, engineering.a pacterialsgpin ¢o ppduget lesssorpr ef er abl e

t hat a gouble rec ] [ : b S g t the vector used is
Iinear,ﬁas t he rmg{apiée E%{lé?ﬂ?éﬁ%%%(lﬁ@é%ﬁ@%}%%ﬁé € nore stable in terns
of reversion evéhntas praeessf ef aptegulating txpvession osfbprotegtive, Cendegenoms (and t he
chronosone (and on the vector re.of simlar (post preferably the same)

| ength so as to prpéﬁ%"ta@ydc?ﬂﬁqeé"e%o QM%S?%SF@? s‘.”“gge ottt RFRAIOBy er
functions such that the two reconbi nog@ni c regi ons on the chronbsone
(separated by nucl eotide sequence "X ) and the two reconbi nogeni c regi ons
on the vector (separated by nucl eotide sequence "Y') reconbine to | eave a
chronosone unal tered except that X and Y have interchanged. The position of
t he reconbi nogeni ¢ regi ons can both be positioned upstream or down 2s
stream of, or may flank, an open reading frame of interest. These regions
can consi st of coding, non-coding, or a mxture of coding and non-codi ng
sequence. The identity of X and Y will depend on the effect desired. X rnay

- oA oA o o o, Ly




PCT/ EP00/ 07424 . reconbination event is. Integrative vectofd udeld?é
deliver region Y tan be conditionally replicative or suicide plasm ds,

bact eri b’ﬂhg’d‘é"é?o transposons or |inear DNA fragnents obt ai féd/BRPUOEEA i ction
hydrol ysis or PCR anplification. Selection of the reconbination event is
sel ected by neans of .sel ect abléaiogenet_i c marker such as 5 genes conferring

resi stance to anFPBPBHNE dhy $15ps of ddemtideing snehrputigen, engibtermgychbaterial

chl or anpheni col , s@4; i conferring resistance to heavy
metal s and/or toxi é"ggﬁ%pm sda)élfe ggﬁggge&?ﬁ?)mg%ﬁ‘tgq“ﬁﬁcea‘&ﬁég’?%ﬁﬁFGefﬂﬁjt ations

(for instance puejcddéng) saithtantigero3uchl@aPiHE @ese &) eesstd af a higher :
regul ation/ Rem)vaiil of Variable and non protective ™1 | mrunodondifant ant i
ens Many surf acet#RtR ernonzmedifiad bleb, endmekigg blebs Eoirpdaidittaai:ns and as a

consequence ar tive only. against. a Limted set of closely related

str ai %g An 1 agg’g%:ct% gso‘#fl*pﬁ?%ﬂ g’ﬁ‘ﬂeéﬂm&8\@&?@‘?%”V€dﬂ@§ﬁeémmwcwr essi on,
or, preferably, (dma giefeeitipnonterd; : og}: riable surface
proteins) which resuﬁ?s in?a ba%téeﬁrai ai s?%]ggér}&p%tg%ci\(%gb%h%gp%fo@h, when
admi ni stered in eomprungide skeps of idestifyimgarchpataatfimlengiaterheatacefAct i ity
agai nst vari ous g%ai.aigls ue to atb&mﬁpgher, i nfluence exerted by conserved
proteins (retained o the GMAF Feshi¥e rortFolimechonistms 96 S sxpreasione syst em
20 Exanpl es of spbh ¥arbRESicaBL), 98 hakRe IdS: delksgeria - pill (Pi1C)
whi ch under goes anti genic varci at)i’ons, %%R%&ﬁﬁﬁ%%‘g&;% pB; for H

i nfl u¥rciae - $22 preesypl modifyipsl limd ok pamiztn efbhcterial MPSaxRhihahe bieBPB,
Ow106. O her tygl%sargf.?)_gene that could be down-regul ated or switched off
are )genes whi ch, PIFRAETUS, CUBRINaE e $iepssaf demstyise ¢ csgeectwelyd dn of f by

t he bacterium Agn@ the BpideAheg el % such genes are not
al ways present on the actgri‘gt,ﬁ tﬁﬂb:ngl'eser?g%’ o%gﬁsi%gﬁg %3?‘8?ﬂ§g?‘ﬁsf’he bl eb
preparations canaslogeduse cdewitcinefit exiprdssioh lof s€ififgRsd, iane ReSEn g lelisory aCCi ne
for the reasons gti@ged above. A preferred exanple to down-regul ate or
delete is Neisseria [8& protein. Anti-Opc inmmunity induced by an Ope
contaisni ng bl eb ¥peddestCof@dlFyiab | hiday i m . Ve .C ity as the
30 infecting organi smcould i(e#}.c';@% %/ﬁlbecg?rllgogp‘%:mcﬁwl} g’?#u%ﬁi’%@?ﬁa—@ﬁ and HgpB
are ot her exanpl B$PY¥RuCR cérmpprising riBe steps~bf \MRbifyiNg 35 GeRECTARROY G7424 I n
process a), thes i.ahle. Qn-.pr ot Lve genes are down-regulated in
expressi on, or t%P %&nwgfﬁgel?\?é f{&ggpo& ?t.ef'%lilgsshté??ct RBSIRERSRE- drbaterished

surpri si ng advanstege sefas @6 ieestiucatal §iebnbBCniofYi} eh} &4 anti gens
that are present in | ow anmounts on thggouggr suﬁcg%%kgﬁp%g%s&%mrhe strain
can be engi neer e§FReFuchitiat\said gapes eaptessed it asltevelt ghersthim e thei fogi-
transgoson insert| i th odi ng region or pronoter region of the
gene, or point n{l}tbgﬁegglsegbé{d&g%%f’ggﬁgs gBmas@fﬂe%@é“’a simlar result.

Honol ogous r edpnbipnadessonf BedncitlgShpiBeA Uity Ovilisih &he tietd ﬁggp @F
chronosone (where sequence X conprises part (pref eratI%Tys%? {10 e coding
sequence of the HEwasRg hatleyedstof protecting amtigens, comipkigingOthbestamedf t o change

its st rong pronmogfek IeRKE 0 ronot er. (where nucl eoti de
sequence X conprin?énséggg?h(pre' é’?é{g% f?a%g%t?ﬂg?tsﬁémpﬁooﬁ?ﬁ?’@m’egi% of the -~
gene, and nucl eotricdéing @ Pobymayexiry ACsupEife, 028 dehilitfle oR aNBEKES regi on
[res%ti ng in a decreased expression of the geng(s)/o?)%dr%oﬂﬁf?g’o%gclf nterest],
or nd pronoter r@f RBAFCNYEANtIgeny apd sraking Ylebsyfrant eaidbtrainf or t he reconbi nation

event to occuryyw tohl .t i f chr onoso 0 by upstream of

the gene of i r%? 2& E’gc‘assﬁ 8%%2‘%%0 \gcé Sﬁ,"k@e?}é’g’ 8% °8r%63b8‘?%t PGR#RLIon

transcriptional eobprisittgythe rsespsldfiiagntiffing saem dhdigen ahoifeemh %St%a%f],ﬁgf t he

gene(s)/operon(s% of interest (down-regularion). This is tseful in the

expression of no P topdsicteyyanaplpaesions obe gemst engeding saippotigeeglanty t he

bacterial host. %Qk@{gﬁfebé’fr ﬁxhﬁ?iioast{{%}’ne' exenplified proteins are integral OWs
1ty may Be 11m

and their vari abi ed only to one or few of their surface
expos¥d | oops.b) Amptdeess o s@iicingQixptedéion WHKE N iHe Bled ;5}&1%5%31 cff)a]n SAvers the

del eti on of DNA rgg'*]osgs coding for these surface expose oops I ch | eads
to the expressioff Ares dt Sgearal avpilagit withiankpmanstarcnee asdiniacs: exposed

| oops. Surface e f i n.~luenzae P2 and PS 25 are preferred
exanpl es of prot g@%@@t f{a@gvgaoﬂgc?n tl;%am?'l"gﬂ’gf’%FFF@&“?eni”og‘érPE‘?s(sP@héﬁ ithee anti gens
by using such a nmethod. Again, honol ofdus reconbination is a prefer ed

met hod of performng this engineering process. Process b) - Pronoter
delivery and nodul ati on:




30 A further aspect of the invention relates to nmodifying th gp,r;&%i;ti on
of blebs by altering in situ the regulatory region control|ld dgstihey

expr essi nes) andl or operon(s) of interest. This al i on .y
i ncl ude ‘ggr()?/ifog#ﬁor total replacenent of the e~~~ ~~,%\&~&Eﬂo’ 4

01/ 09350 PCT/ EPO0/ 07424 endogenous promoter controlling the expression of a
gene of interest " V\Q'Ht]h one c0h~,.ferri ng a distinct transcriptional activity.
This distinct trSARMARYEIRGFhande o ¥y meringitidic &)f comprisimg theastepntog ( poi nt
mut ati ons, del et ij@9%ifAAS AWend el .fo}é_g endogenous control regions,
by naturally occurri rflgi %rcgrrgdin.?’?e‘ﬁhﬁgtﬁéer g’los %’gls qo;}g%ﬁ'ﬁtgé?’sm&nesyna

conbi nati on of bathacteSakstraim seasatbi rediscevdr! switeh Feh@Rstiok Qf]ga?& ?ne nd
ronger than the endogenous one | BfT 030t i on of

transcri ptional acaﬁciivi tg S%r i |

a strong pronot eP2KIngRIErS rorg spid sgAingaRanced expressi on of the
gene( sy | operongs Lat regul ation) .Such a nethod is particularly
useful” for enhlgn)gi Eéoc%ﬁesgﬁg%c@é ) %fer‘ﬂﬁﬂ’nBQdﬁP@&‘F‘fey endogepaus (Bidb
conponents such aseferablyr -doasepvedle AN @hAseRNdyitid, | HRORLSL € nsirg referably
conserved OWPs, usually presenﬁmi n bl ebs %% Iov@tﬁg%nghgnl&g%ii%ﬁ% .g pi cal
strong pronot er s SPRRISIAG b stephobideatifiing sudieamives, engafeerifpb AabeER 1D NO

24], porB [ SEQ | NQ: . F, . 110, |st, and hpuAB. Por A and PorB
are preferred asjs%%lﬁggi%?tcﬂnvgéucgt'%ﬁbe SO URE One r mers firghen cepiendf i shed

(Exanpl e 9) 15 thagedehenddds: P4i@ NRitRE A& nhrdl S, C i ned in_a fragnment
correspondi ng to nucl eoti deds? 1 to 350 ups%lé%g%sgfﬁ){g‘%{gfogﬂ% a¥5°8&codon of
por B.1% n Mor axel PEEmOter sequencafaod makingblebefromaaidsghln. onpG, onpE, OBl ,
onpB2, onpA, OMPCD and Omp 106 pronoters, and in H in, fluenzae, it is
preflerred to integrate the P2, P4, P 1, PS and P6 pronoters. 20 Using the
preferred doutiwther assecBAT thé @IVRhOGP it hidRC Bt BAL 9l Qay. 19
i ntroduce, t he \prom)ter in the 1000 by upstP@ﬁ?‘?‘%?@ﬁ,&&g{%&oﬁﬁ%an be

pl aced arf¥5ARYYE blek preparation ingiudipg optmai pdsitidning of $ulodg pfyinst@ddor 4k t he gene
to be up | d h nventionally it is thought the pronoter

regi on shgﬁlgéjll %‘tgﬂr gf:%’{p\p/%#?;ncfofgggﬁlst Wétbﬂ'f[\;emchsea‘mfﬁ’@naﬁnénmgﬁn@rﬂm to

obt ai¥§ optpregulationpndsduvaiteghtiéd for ARrid 88 Sactbhld | rsypave
surpri si gﬁl found t hat placenent of themE)rom)st&égé?ﬂyrofdﬁ:g\r{oegg;/J\fmgi’1 Plg t he
initiati %&ﬁlﬂ?sr Paficularly spighle forcrvassios use. e Ppafasmiadn fbr@it@itfons THUS i t
i's preferdogfhrsinoth c J.Selnserted 200-600 by fromthe initiation
codon of tﬁgJ gse e,glﬁgpggfplgrhg?n e‘JF g%t}nyargdépﬁav: ?ﬂwglﬁgaﬁd@fmﬁ}aé‘b’épébb@

appr oxi mePegipbalodachines aguinst kertdin idiseadel sdted) MectodO ok lprodu@ing the Fiebs o~ ~4 WO
01109350 PCI/ EPO0/ 07424 Process c) - Bl eb conponents pr oguce conditionally
The expr e8%IYANEIN: apdEodeied dagteria! siraing fropewhishnhdblets afolrpimenion 4re

car efagl | yorodi@ed ateCiil flRGerR [ t he conponents is conditionally

nodul at ed and depends 5 Jp(g)%g{\%?rf?%{}g%ﬁl&ogbol i ¢ and/ or environment al

si gnal s. Such Biegpmsentiindntide prévddesefor ik Sfirst fiRR-4 gl‘ggt@atc&igg,wﬂpgq%ati on of
the . edo>gn1%%} %nti al .YFDH and tenperature variations, nutritional changes:
Sone) exanpreE O OFEY FYRIBHEAT ¥hembsed with ehildpenodertlymonafiagt.onal | y i ncl ude
i ron-regul at ed outer-nmenbrane proteins from Neisseiria and Mraxella (for =~
i nstance TbpB, LbpB), and substrate-inducible outer 10 nenbrane porins. The
present i DESGRIPRIION OF THE DRAWENGSNet i ¢ met hods descri bed
previgusly (process a) or b)) to render constitutive the expression of such
nol ecules. In this way, the influence of environnental signal upon the

expr essi Figefe DRRASHvI of'thd BIERAD SRYifG: ,ﬁ\/cg[ocoersre by modi fying/ repl aci ng the
gene's corresponding control region soO Fhat ot "becones constitutively
active (for instance by deleting part :5 [pre Drably ally or the repressive
cont rol .6, - e..0,  the operator region), or inserting a constitutive
strong prsff)igrgfegfr' 3{?8?‘”3?309{'% il TPRRFIQRH arfiboHiss by wholseehhElisa.nay be r enpved.
Al ternatively, process i) may be used to deliver an additional copy of the
gene/3%perqn of interest in the chronbsone which is placed artificially

under®%t heF 18wre BolSchématicc repsesértrartanvef EeOPOMK vedtBrsPiRE 85 SRSived peRd ©) -

Det oxi fi co%tei on of LPS . ,
rons and/qr expression cassettes in the genome of Neisseria meningitidis.

Ay



The toxicity of bleb vaccines presents one of the |argest pf&bﬁﬂéweﬂh t he
use of blebs in vaccines. A further aspect of the invention relates to

met hods WO ®83a0i cal | y detoxifying the LPS present in Bl ebBCTEPP/PF4H i s the
primary conmponent of LPS z5 responsible for cell activation. Many nutations
in genes involved in this pathway | ead to essential phenotypes. However,

mut at i ons Figure e Amipss bf Ppoksixpressibmiin thial protdih Ratradt® @if freddaibifne Ast eps

| ead to tenperatyre-sensitiyve ghtrB or perm ssive (nmsbB) phenotypes.

Mut at i ons ”'r'-’ég’af‘ﬁj%gewwap% B BT B VED) Tesabrpe@sms)rwecw reqesered deomes resul t

| t A I htrB
ImrJ]t Znt )er grgp&I g%h%oﬁﬁydrl I %gf/ at eﬁﬁl(géla{n@g %ﬁ? 5§ |an138§2-”3? rﬁ?%ég af"t‘ﬁ(f c ':han
the wil d- ayd6) det@hbindnt Wikadihg@ngis s&ogxmpialsﬁms AmﬂweJ@ mgee%ﬁ&dgleﬁ}ggBQene

(I'px~ al so decreases the toxic activity of lipid A

PCT/ EP®O/ B#\@cmdymgn@ 12%upolyaevdamiste gilt Gels were stiitiest with Qrfonpassié ( or
preferabl of, 0 t he above open readi ng, franes or_pro;
not ers. #é‘ﬁ’ \}etPg}(3 regﬁgtt%ﬁsmg?ﬁﬂ?lﬂﬁ’ﬁ% meahiranceandyHUR g sRiasd

pr onot er swnlﬁragfagﬁqiz,lrx Iﬁmcmmgy}s reconbi nation techni ques descri bed
above are used to carry out the process. 5 The sequences of the htrB and
nsbB genes from Nei sseri a rrenl ngiridis B, Mraxella cat arrhal is, and
Haenophi | ?55 |rrelfg aﬂ pg are itionall Eg)row ded for t épose LPS
toxic acti Aty To 8y§15s8 p teé?réff“ﬁ%// AP GHU SRR it a‘EeF 3K Yenes/ | oci
i nvol ved mienivglidiy Kérﬂgr@uﬁﬁ%tr%in@-"(%:@%%vﬁﬁ@ésftﬁaﬁmshﬁére %Qct&?rfrr at ed
with addition 10 of am noarabi nose on the phosphat e of I pl d These
genes/ | ocwhelsubagtdsia (lanck It k) encot;temmbdm% gllebmp&panzlabxyxjtlmgemmeé) or a

regilon an resi st nce genes. conmon to many
ent er obacfm%‘i g@ﬁ%@cﬂﬂpﬁaﬁ aF’FY\Hﬂ’ & 8¢} Fpdanahass bl“ﬁB’é‘BO‘HRWWem s and
transf er. udig a6 aA&-NAFAFIIYRénd) §er9ﬁxe§§ﬁ%lek @or}é’sbéndxﬁ%oo% eﬂ&&é!qs.m% Jeger 1.

dol i col - phosphat e manosyl transferase (GQunn J.
15 Ki m K. cesaqpara;: pEadket(lanks 3 and 4prang. ¢ps- To8.8:. nipdl (laMscIZo&ndoﬁ) WRTE

1171-1182 PhoP- | at whi ¢h
phosp#% re al%%i. ) On%ﬂgﬂ@kﬁ?spégwrﬁt%%% ?@?Hﬂ% yagﬁﬁ]@ %h’gﬁriag&’f& iave
phenot ype withhbBérecomBinahtpuriyied NepKi ANAHR} foin q%gre conditions (that

activate the PhoP-PhoQ regul atory system | ead to the addition of
am noar abi nose on the 4'-phosphate and 2-hydroxynyristate 2o repl acing

nyristate QX '-o |state This.nodified.li .Ad'splays
r educed agﬁéﬁfgyﬁt‘%& § gtlg)cogl% Brtefsrlt i if,pre ieé'i’ SHTI ﬂfufﬁiﬁ g eI i al

cells andm‘Ehﬁg&uﬁ.QSdfregﬂoﬁplesluams f(mns RBQENeSS Prare&@ew&eq-)mﬁay@h\sﬁls the
upregul ati on of these genes using a strategy as descri bed above (strong

-pr onot?8r s OBEF-Msmbsns, blsho Peaparasions andipyeye @@ar@eﬁcbvfﬁw&@nreda%ﬁm nati on
by such acyReidt et B abalget 8 Shitme AL AbipkCan) ol gl poliElealCL O™ "

any such nutation Xin reS|st

vaccj ne plscrdncsamplest:ﬁmspoﬂdxﬂgCtDcr);su(lﬁidZ)ﬂaﬂMépb FoRA4 0 p OMKS Olpls)rsy sot her
processes (gyeihe i nvention), as blebs from such strains al so have reduced

LPS t oxi Ci ¥srombiaant . gnexingitdivacremeunhsiraovere analyzedyan der Ley, P, 30"
Hanstra, Hl, Kranmer, M Steeghs, L, Petrov, A and Pool man, JT. 1994. In:
Proceedi ngs of the ni nth internati onal pat hogeni c Nei sseri a conference. The

Gui | di#él | FighinechBdnera) stEnegyafod modulatiNiDgerd Padsbiod By fprémorer 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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PCT/ EPOO/ 07424 As a further alternative (and further aspecﬁ of,, {;h

i nvention) the inventors provide a nethod of detoxifying a & a 'Jn&@!ﬂi ve
bact eri i<p conprising the step of culturing the strajp.] wt h
medi um gg(r?t%%'{bﬁsﬁg 0.1 ng-100g of am noarabi nose per litre n%%.’}&ﬁm"‘ﬁ"é’%@ a
fiuther still alternative, synthetic peptides that m mc the binding
activity Qfap Pri. descri el o may be added to the Bleb
preparatigjrllthi ﬁhiy)r i %%ﬁ?étdﬁl@g 't%ﬁcé ¢bi Yicopresmrnded 69 Spg, ofvmlalicchi, M
Faggi oni , pRteifd Whéteas Ibhes@828H 7 vhere 343 Lo, 3 een, B and Porno M 1993.
Sci ence 259: 361-36~; Vel ucchi, M Rustg?g‘{,h IR}S‘gWé‘A‘SQ‘é‘, C, Villa, P, Chezzi,
P and Porno, M 1997. J. Endorox. Res. 4:). 10 Process f) - Anchoring
honol ogou?. Ay get r ol ocgous rotein s to outer-menbrane bl ebs whil st

reduci ng t FETE G%iCIPYUGIn LIPS promptehisplagsmert plesmidhissdi avipategaiatechiver s t he
use of s gearkRiohRINARESS 0£EORRY! I xi.n B pepti.d r anal ogues

t her eof) g?a neans to tgrgg‘?(é?%%ﬁ%%fgfﬁﬁe"&ﬁ? ﬁ%ﬁkguter-mmbi are.
Pol yu~yxin B i$ a cyclic peptide conposed of non t RNA encoded am no aci ds
(produced_by G.ampositive actinonycetal organisnms) that binds very
strongly T ﬁé&.i‘“ﬁ‘?@“ﬂ YLPMPES expsssiprdpriotal prateie axtrhets -ofecoden: Thi S

bi ndi ng dm@ﬁ@ o i nsJ [City o PS (endotoxin activity).
Pepti des m m cki ?géﬁg'a S t{rskjc lﬂér:g%g%gtgg?%w{bi#@%ﬁﬁﬁ%ﬁﬁ#feﬁ oni cal
(t RNA enctdeitipedimlassi membrahel and aven e e fey SL@Peina NG 2 i dLpid A
W th strong g%&i ni,ty. These peptides have been usen%n%lr%ﬁ,ggt(g%aw ng LPS.
ne of? t hEOROSIn pRRRody Bhn as SAEP- 2

(Nt erm nus-Lys-Thr-Lys-Cys-Lys-Phe-Leu-Lys-Lys-Cys-Cterm nus) was shown to
be very l:p)erOrri sing in that respect {Ml ecular Mapping and detoxifying of the
Li pi d A bFigdredlsAnaytly of DMPES expreeivn eOMV @p%}aﬁoﬁkl?d;&' | . Vel ucchi,
M, FaggiC&nh,(éﬁ,é_} s, Sironi, M, Ghezzi) P., Qj:bg.t aert, S., E‘%@Rfm‘é and M
Porno. Sci'BRAE4HEE degyauvesisiGelsyere stainad with Googwmssié plusf(Af) loe ramf@rdd on

provi des @it thiss ALt. has .been found t the use of DNA
sequences (r‘}gtorl?%mﬁ rot Eea?%ulgA%fi 3’&;5’2‘%1‘% #emf@rw ‘@’e?gb‘étapg'g%M?gé pelyFbonalf ysed
genet Ical anpibpdy €B)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
cytosoiic or periplasmc protein) is a neans for targeting the

COr r eSponBigiife 1B0SHkMN i .er - rane of referred
bacteri armﬁost (whi | stgﬁé;%pﬁﬁg{%dr}rlgﬁh%&rog%hﬁnﬁW%"‘rﬂqm W?ﬁ g¢letehe LPS) .
~r ~: ~~ ~Cthe/ag0anali¢ ¢ioEGe PER/EFODIGFARY This systemis suitable for labile
proteins which would not be directly exposed to the outside of the bleb.
The bl eb would therefore act as a delivery vehicle which woul d expose the
prot eton tPighke 13:NAHA9siS BbF LM i epqul fed by T-cells.
Al ternati vgl Yy, the aneti C flfg?%ﬁslélﬂgb:?éﬁg?rsog&go%pﬁrg%eor%g'e%q“gq’l%ﬁ“¥6\gpti de or
5 t r ans menEHAgIEdid samereup B KHEHAGS dehiwatives)d Minital aptbtepisObere TetBV¥redl 5 t he

outer ne : f XRosur o.th t's imune system This targeting
strat egy%%ﬁ?‘\‘ﬁ%‘gg‘c’o? ’p%f#@ﬁWPQPETEggr(&‘FS i tqqemémt & meniegtigincodi ng
prot ei ns detugroy B B@4ind AhdBdrY dnalyaed S& e La rane. This "
met hodol ogy al so al | ows the i sol atyigon ofi&(r)esco gﬁtéeﬁfmbﬁ{él%‘f ’é’n?idyéd in the
prot ei n dolyasrylamide ggk Geprwsrestaipky withidonamsgiephiede t argeting signal al | ows
the eqyri chment of outer nmenbrane blebs in one or several proteins of
interest, which are naturally not found in that given subcellul ar

| ocal i zatFigore :nQRal¢sih @B SFPVéptdsSibn O tBAE bEJd: NG piSed AS a

reci pi ent host for _such a pr thﬁ’cti on of reéor%?netg%é%%gﬁcs‘:%”}?&aﬂﬂéé
Nei sser i d"FEPFiiEH (F44T5 dasivatine).r Tata preveinhoeraerebbvesace frbm Cad-amohd i S,

Ha hi | i , d i N Chl diat h tis,
and| Chl ar el Eods PORE: GhPs TR D ARl Rerne crotins e sqemvased o the
const r uctby BAGBS DR RY £I2% BbI9adriiBmidy IRSPRn ?{Sﬁeﬁgﬁ‘a@ ‘ie’é!ﬁg‘g&[ usi ng process

i)], an alternative prefer ed enbodinent 1s Yeconbi nant
pr ot eths to be made i ndependently, and attached at a later stage to a bleb

preparati urther odinent _is the use of such constructs in a
met hod ofﬁg}‘f)“tzgus{r?“%’ﬁﬁ?‘f‘i“c%f&grP.a“?ﬂ’em'sV@%n?reffmsaorbéhmwcasofmmf an

[ Bhg [ ' | i : | . The SAEP-2
Deplide (ag can b L Tor MRy DR AGE IEROBR RS8N ci n 10 whi ch

pepti de tag can be used for affinit
it is attached using a colum contai ng inmmbilised lipid A nolecules. 25
Process h) - Cross-reactive polysaccharides The isol ation of bacterial

out er - menbr ane bl ebs tom encapsul at ed G ammegative bacteria often results
in the co-purification of capsul ar polysaccharide. In sonme cases, this
"contam nant” material nmay prove useful since polysaccharide may 30 enhance
the i mune response conferred by other bleb conponents. In other cases

o . e T L



~ ~ ~a~~~ 2~~4 WO 01 /09350 PCT/EP00/ 07424 it has been stblindat XB4st in
the case of N. neningitides that the serogroup B capsul ar pol ysacchari de
does noW@ 49350 protective i Mmunity and i s susceptibl e toPCHEFOM0HI4 adver se
aut o-i mmune response in humans. Consequently, process h) of the invention
is the engineering of the bacterial strain for bleb production such that it
is free of 5 capsul ar polysaccharide. The blebs will then be suitable for

use in h ns. ,A part.k.cul ar preferred exanpl e of such a bleb preparation
is. one fiPgh Fﬁ %ﬁ"r‘h@i‘t’i"diégf JEPORTOUPr ageYDikietofand ajssembinant bleb

pol ysacchaearifiond iy pRAdAFNiRMAGPYrdt5nd modi fied bleb production
strai'ns in which the genes necessary r capsul ar bi osynt hesi s and/ or
export have been inpaired. 1 o Inactivation of the gene coding for capsular
pol ysaccq:ari de _bi osynthesis or export can be achieved by nutating (point
mut at Pon Figiedt; 6721331s of Nep4jexpression Hitotal meoteiprexrradts efgtambinsmiave®di ng

regi on ofr, refs | t apk ogous regonbj nation fechni ques
descri beés@%@u&%-ﬁ ?é‘g{/&é}r{,dlﬁ%ng'g e'l%}g ?Cgr‘?’ l%fé%%isﬁ‘le}?uﬁ s%frﬂ'ﬁ’i‘ééef'@dgenes may
al so be aehitrceitulbse membrms w@ddxRiuRXNAAES Wath Rbude! MFSRRACHAMEAGENESi . A
15 preferred ri ~ethc~d is the deletion of some or ail of the Nelsseria

meni ngi t i2ABROY(B) gemauseast srAdpalyelopaaptibedyhi)i de bi osynt hesis and export.
For this purpose, the replacenent plasm d pM- 121 (described in Frosh et
al. 1990, Mol. Mcrobiol. 4: 12 15-1218) can be used to deliver a nutation
del etiong the cpsCAD (+ gall gene cluster. Alternatively the siaD gene could
be deleted, or down-reqgulated in ex% ession (the neni ngococcal 20 siaD gene

encodes AEHRIPHQY QK THEMINYENTION an enzyme requireéd for capsul ar

pol yilsacchari d hesi| Such tatLon y aJ sp rempve

host - si mi | ar gth ?%&Shﬁgé%‘ﬁg? Eeéa%%?cﬁgf?ﬁfgusﬁbf’t f°8ff ag‘% ‘?‘ﬁém%%%ﬁle fhe

bact er i abeifgosed for hnanu&hﬁﬂﬁﬁﬁﬁpﬂfve@,ngeﬁﬁcﬂﬁf endibi bl RcRS cRim@ Cene
and/ or operon in a host 25 chronosone, or delivery of a heterlogous gene
and/ or oPERBIYePACtEiH SERing N Fhsnisuentionsncludes metbnds wied 40 egke recombihanat e t he

conpqgsgi ti : p on, i 0 del.iver one,or nore copies of a DNA
cegnmnt | o dorf bbbt Ml st widh P, 0¥ hotior b Sieman gt shuma

G am negatcoine. Ddartever,uthe plesenin@udtiirS dlsey eddribs Sfecilicehethbednha i al
speci es that coul d be 1alsed as a recipient for such a cassette Includes

Nei sser i aoP3 P FSHPBRTPELFRg, oREAniag rR] Hsigg mesombirant engineeree blehs Gmtrar r hal i s,

Haenmophi hbsoi r 4l | anydi a.trachomati s,

Chl anydi aulg%desl:@n%#?giﬁﬁyr%?‘g%%s; con gi ﬁ%&&&gﬁ&t Fl%q} xﬁ@ﬁ‘%ﬁ“@&%’éette may
be honol &yoths nfetirods of WD RA¥ARBAS the-biochermical tompa§iidn BCT{RRAPHREL 24,

endogsno S) 4"'1?1@ &xi st naturally in the genone of the manipul ated

bact ér'i u:}#f prupieted Sy AHRE uppn/alering thetexprassion mfthaetarialy génes eheodirmone of

t he mani pddabRdpfad& e LN r sjon cassette nmay

consi st (%f un{riﬁ)gli fi edfn }égﬁ)a?stﬁgg?@& |§‘!rvgfrl ng%g%geﬁie%%’gg?’%ﬁ"% e%ﬁ%snc,(g'geror
engi-neer EeFmbpreeproteins ga®MRs).eThd prodhition 6hblebs REAFT! REHOE WfWRnand/ or the
codihg reql ar bot h havg been altered. A non-exhaustive |ist of preferred
pr onot er E&{dﬁfg“ta BRI gcRsase, Sergease pr ’@%g?’é?ﬁl’é‘ﬁ“?lﬁb? erpsessioneofgnoppmeres ' por A,
por B, | bpBaest die&i; . Laghtdi dis or N norr oheae,
the pr orm%r S pzlngé&gaaﬂe%bépaﬁ%p&@ﬁ’ffn E%g]pa% agﬁp}‘ﬂ?‘?%gi ﬁgﬁc?ﬁe ?ﬁg‘l‘suenzae,

t he pfonde¥enBomnpH, onpG onpCD, onpE, onpBl, onpB2, onpA of M

catarrhalis, khe %-E'O ronmoter ~.plL, lac, tar, araB of, Escherichia coli or
promoters reclGhFEEY: BFEMR ExpTrssion cassatiee Mill grtsr Bermimatomdl thergenstis such as
the E ccldmdpacheed g n ' i St referred genes that
coul d be expreslg%gssigﬁh?ugxﬁ-;%ssasgét}gm&;(%g:dg%fg}s{%ﬂgitg errgéuézgl\@s&f“ , Pil1Q
TbpA/ B cSAPFPRpding foroteintpof liststest Ghiaenyelerabrand/BidBs, drved BrorMaravsl | a OVP
106, HasR, tPi.Ilq&o OvP85, Pl dA; . Bordetella 15 pcr t iissiSI~"HA FR?T, FT
. In a pref&PtelPshnBorhethaugive: i ofhthese ifeaturen dneludns cennitioh ettt t e i s

del | vor eqradidribt i a i r ans. of _honol ogous
and/ or siqt_e sp%%??%@iﬁ%%&??@nﬁ%ﬁ% Z‘J&fig’ i vggégﬁ%%gﬁng% Sig82l5el i ver
such gene&¥thaappropriatpespacisg denvdze themdiRdferandd Yo e linseRionV Sf Qforddth,Ci de

pl asm ds,s bact eri&g}h ea_,,g transposons or 20 |inear DNA fragnents obtained
by rest ri*cIBRSHY 6’?}35 RYFPOsesolths invension; the inserticacpfzt $egnerics wittef er abl y
targeted to chronosomal regions di qu?sabl e for growmh in vitro. A non
exhaustive list of preferred loci that can be used to target DNA irate tion
includes the orA, orBoaocrmom?26 lecAcs, 1tBenesof PP~P~P~
P~ P ~, pgg Neisseiria rneningitidis and Nei sseria gonorrhoeae, the Pl,
PS, hmMI1l) 1gA25 protease, firnkE genes of NTHi; the lecAl, lecA2, onpl Qo,
uspAl, uspA2 genes of Moraxella catarrhalis. Alternatively, the expression
cassette used to nodul ate the expression of bleb conponents) can be

v o T o L o o - v o o I o




WO 01109350 :~ E!' y "i~ ~ ~C~4 PCT/ EP00107424 toxic corrpoqrbds,,,xggr @ﬁnes
conpl ementi ng auxotrophic nmutations (for instance pur, |ed, rfé“ﬁ“,z 0).
Het er ol es - Expression of foreign proteins in outgt.- e bl ebs -
5 Quter ggnglr@rogégg bacterial blebs represent a very attracti%@@@%wto

produce, isolate and deliver reconbi nant proteins for vaccine, therapeutic
and/or di agnostic uses. further aspect of this invention is in respect of
the expredsiBR, 2 FFEBLED iTohf'Qha2rd PEdERRly efe Pomrgwthengenstisl mgolamrpr ot ei ns

to the OUlRMmeABNINAIBed Mthih f ot cieria t roduge reconbi nant
bl ebs. 10 A preferr ed met hod -of g???‘é’\‘}i%g“?‘ﬁi Ié'ﬁ’lrgovﬂ’ghgm&nod&?g”%ﬁpri si ng

the st eps casettd’ nvilbriien hegeia thetlbtinl ggRUS clndits RRjulred 8 lite£RBtS PINLd by a
strong pronoter .segtjﬁ!e]rgzﬂec, .1 into the chronosome of a Gramnegative strain
by honpl o§TRIRETF &8 SMEPRACTEHR! besfte Bs norrgxitsustinedbistf ofottesehfzatees ihtludey arodi fi ed

strains AgDon+£¥. j St Qf cteria.that can pe used as a recipient
host for 15 pPgdﬁg{tﬂ?g?]y‘gefptdr@é%%nfeggﬂﬁmﬂggﬂgr?gh?ﬂsu?fégsemfaggeqﬂidéoﬁﬁﬁﬁf ngiti di
s, Nei sssdedtitde marketd. hoeae Moraxella catarrhalis, Haemophilus in fluenzae,
Pseudononas aerugi nosa, Chlamydia trachomati s, Chlanydi a pneunoni ae. The

gene expr essedABRINSIQE Mheapyrpeteced elantybeheoferms relgindssing arbaslerialf stiagrato
parasitic j r L igin. A preferred application of the

i nvent i onp%g&u?gg °§%g}ragé’>ét%“f 57%5%8 PWHMERRS; B resiyce thenppassaion of an

Haemophi | sstigtnadf dritereste lARITE $hA2 W e AEHIRLAIRJR] Ot £ | %ngﬁg,q 0! Yt opi c
andl or lipoproteins) in Neisseria neningi t?ggg@&g&%ﬁ%h é%sb.lelghe

pr ef et@bl &Ghnthat expression deiat deast J0% daverbtme, thandf gien aen-tdvdifisdr Blepr ef er abl y

i ntroduce h p i.de profection against the bacteriumfrom
whi ch t he?/re;i}\/\'}ger?‘;}belS'ilnlfgégaa?e%fgs‘t Fgrdea)i’/e]f)?vé p%"é‘&?ﬁ PRI SequgRcee deferhék t3er i um ar e

descr | bedrdgolacty catirdelémer: it SlcPéds@hrARBrbtEH fo B gefll Encolinf o ced fr om
a nodi fied Haenmpphi |l us inJluenzae strain ere th eterol Bgous géne is a
prot ect i vEUERAS { BIASMISFAR Sxprassion’ aefetsatoiany meas bd edimnerr thel exmessfninia

nmodi fi ed | & - rhalis. skraip . where the heterol ogous gene is a

prot ect i v%ﬁ)é’%&% rogrrhﬁ %g%%gﬁﬁeutso #ﬁ??ﬂ@ﬁz‘é?é”{’ﬁ?‘&@?ﬁ*%d@%ﬂy PefUHehe

i nser 1§ onbleb.e Igisveidentrodahatahé aRbRAECHT @ Rtigst W ldeSERS e
described below). A particularly pref errgrecg[la;)!pl [ cgﬁ,%g of |g§&lag%ect isin
the fi el dPBRCHAo2HIESHIRE Warest dut willanatesxcent a exmeaht that val sdisruptethe

di seasese i f ~ .= =V ~~C4 01/ 0935Q PCT/ EPOO/ 07424
di fficul t%egﬁy%}‘r%}a%f ﬁ?gﬁéﬁr% sth%g Lc’i%rg SHadorot sapHese W RESPN thabisse of a

STD i s dugt ltast §6¥duighwubamthaChi heydhanddiaeBIRB! iFseftRbBGE (O 1ealg t WO
or gani sns ingitis - a disease which can lead to

pare h\ge rraifn gflus,es of sal ngf _
sterility ™8Rt RECTREETICTapYY s 3t astOP%r Brfeldpbighewful if a STD coul d be
vacci pat ed agahgpc* 0, i ol 5. .vacci ne effective against
di sease caused by go%fh&gﬁggﬁlﬁgxn\g.agtfﬂtg %@%gﬂ}eﬁo%ﬁg%mﬁgg PRBIER ( MOVP)
of C. traetgimmsrddsblbiass th@ccomidimation tof saeh bighdda) a6t tPfhelB1ES BShpdsRigaat | bodi es.
However, thg ~ struqtugzllmi ntegrity of this integral nenbrane protein is
i mpot t ant TPST & AdEHhG f, matiqdso Anether pspegaf theoinvention rjitdsopethe
recogni Seserec tdisEse@nk i [ : i abl nd define nore than 10 -
serovars. geThec'pr eviﬁsougfl;p(%%gk‘ﬁggx%ﬁl?%ﬁgg egtc 8%”&1%%”%%%‘?(%&&‘?0\/\5 t he
proper f of¥Hagyimprosdeengmeered blehe frbmaai saant ei ns within a bl eb outer

menbr gne prep tion. The engineering of a gonococcal strain expressing
nul tiple C tfﬁ%mreqegnwwg %Q‘EB%QC&SSF%OM& ipj{gnten pannsr carreed cutdn & he

product i ovarizty Bf fbvs kit 1.0 solution to the nmultiple
probl ens of f(t:}é)r r egﬁ y fol fdbgg‘E %Eﬁ?gﬁg&p%’?gﬁ s?e’ S%gueﬂfeé;s@ﬁt RISt

suf f ci ent onMBeRiresdingframes) rvarl e insermdp et profddr/Béned cith B dSRBEL B e
serovars, . Qxﬁ ‘Ehe si mul t aneous pﬁop‘hyl axi sl treatment of gonococcal

i nfection ?a Qe O FEAMIBAAE | 1NSCRHiNR. ReMinftanas; fosHPRSUIANNG 2:gent’s ienpressson, o
initiallyaees i ' ' | articul ar clinical synptons -
bot h organi.srr_sgd;ggf#e%gé?}g%g?nmg?%@ \gag?'%g%pgg?xﬁ%ﬁ an%&)'t‘%sf@a‘? ﬁh@cﬁev%w ng the

t r eat Aknt npfatiohe AN a(marev epryfembly Y200t 6G0R) bp Prgéttaied dRE1 pleBlraiene

i nserti onai n t.he o"%ﬁnoccocal %hr onosone are give above. d’her preferred,
prot ect i vaPREOXTRALED S PR UBEFReE)+ Raint dBwRtom@r | drigsiopomay exdscabe VP, PnpG
and t hose (faviRaiAl 56l ed Targeting oj het erol ogous proteins
to outer- nEnbrélaﬁlgSft%% ebs: réfgla%%ﬁg)sgéég%ﬁ%%’ sonme het erol ogous proteins in
bacterial blebs may require the addit4fon of outer-nmenbrane targeting

signal (s). The preferred nethod to solve this problemis by creating a
genetic fusion between a heterol ogous gene and a gene coding for a resident
OW as a specific approach to target reconbi nant proteins to bl ebs. Most
preferably, the heterol ogous gene is fused to the signal peptides sequences
30 of such an OW. -4




~ ~ ,~~ ~~ 20C4 WD 011 09350 Neisserial bleb preparations BOJ/ EHOALBr 424
One or he foll ow ng genes (encoding protective antigens) are
preferrgﬁsﬁgﬁs{:’a‘%regul ation via processes b) and/or i) V\heﬁceﬁprop)@&'zéut on a
Nei sserial strain, including gonococcus, and neni ngococcus (particularly N

meningitides B): 5 I\%&é é?v}\yo 96/ 29412), Hsf like (WD 99/31132), Hap
( PCT/ EP99/ 02768ich MsiRods, Reyeyer.avpsbe quwis 0Bta2B5@SincerRiih, nl RGFHERID(03603) ,

Pl dA (P 613161 TbpA (US 5,912,336), , ThpB,
Fr oAl Fr 5 TRE 00 EreppeRihg o (R on Bbessts), bR, che) ot 02547)
HasR ( PChisERGHH2EBBRHw] ik | I ' (WD 991 57280),, MtA
(V\i) 95/ 57280), and %h]Al ‘f%@‘?’%’é‘%@%%%%%".ﬂ?%"89’32'%"’3%&%“%?@ 3 >é21 as
genes whi'8® chien} tekesplacsr barwemus Isgquente ¢alwembinokenio trbabn) G R4r BR93HI Ve

bact er.i a. .or nope .of the follow ng genes are preferred for
downr 8gul™ 1461065, of %ﬂ‘&é&@ggaﬁmfpeﬁwe,% B, sepisnce (Tiserand TepBibindeesic LbpB,
Opa, and 6n) &M : | enes .are preferred for

on) S 1 A1t LI EAT S L Bt o o

downregul ati on via 15 prccess d):

the fol | ab# megiopmers 40-d0Q0 afuelentidesf @nordprrefedbdy i100-2002mRIRERSS £t P A

pmB, pnrE,. a F. Preferred repressive control sequences for process c)
are: the pf?fﬁ?gg'pgaé\t“&}f’le?‘é‘&ﬁbn’e‘ﬁﬁ%r’ﬁ%@m&%"wa tegiamist $heuldobe bbufficienfly t he TbhpB

or LbpB @ahes) hatdyvidhe ator. regi on., One or e of the
fol I owi ng genes ar eypr efc%%bgd%?gggﬁé\%%getﬁuqngt?D(S’Fpe&i"é’dffr B‘{ég sSHRgENGal E,
si aA)10si gBnditpresas defafed latem)A, ctrB, ctrC, and ctrD. Pseudononas aerugi nosa

bl eb preparatipons és ne or nore of the follow ng genes (encoding
protective anti?jeREatoneyspismasy take plage wingysingleirerombimgeniocegsesn b) andl or

1)1 JPcr VehfdhdsomSPidd vt als eferred as genes which may be
het er ol ogous!y I nt rodt},cega’/i%{?ao h‘gord% MRSy £V tbé‘e{belzi 81039 ¥br axel | a

cat ar r halchepnisisete pné pecter). Inrsdéne perforfdh eingfe redtintifdd RVivBS GRRESHL encodi ng
' ef erred f.or upregul ation via processes b) and/or

tecti t
Pyt v $Btf e S i DA Gesieenls 1n brdePfo Destorm whidsble0BR6QLRETAER00! 07494
96/ 34960 / P hQ.( PCT/,EP99/ 03823) . OVP85 _ .
(PCT/ EPOS%%Z%E)@%E?@%Q%%%%@%?; 1%4’ %0 ge"l‘%ﬁ(%@%l’}g“?ng.h i), lipo
11 (GB 991ggRbleahat 4 dqublegre¢@BbIBMBOBENL)s, enfloBGHHRRAO 3038 use@5PCD.  CopB
(Hel m ne %% etthal %9&%) Infect. Inmmun, 61:2003-2010), D 15
( PCT/ Epggi‘ 832)'2° SRYHBFAPAPIBRR Eiso Orsivees will ey Bior@GRbEPYOAERRSF) , LbpA
and LbpBréwRi&Béeak0 AN - 7/.1:3785 97/ 32980) , E,
UspAl gng{Usanz (\5/\% gaefffow%?’), é’n'-gﬂl@%%:n% ’9“%?%%5l° "b‘?seF‘ér(?gdedogg
genes whPBMeeptaskarh of smblan(ooess preférably itk ) ek sota8 85 plahivke MRGRL | Ve

bact gpi a 1t e, of, the follown enes are preferred for
downr eguicrzg;;gl1 g‘r’]&\%’i gﬂﬁodoﬂ)l;%cgré’és'%q %Bﬁ%?n%d\‘zpﬁo@?t thpBro rEeambindgepls, LbpA,

and LbpBregions on the chromosome (separated by nucleotide sequence ‘X’) and the two

recombinogenic regions om the vector (separated by nucleotide sequence ‘Y’)
recombine to leave a chromosome unaltered except that X and Y have interchanged. o
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 ali, 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



One or nore of the follow ng genes are preferred for down\rlﬁ ul éméb Vi a
process d): htrB, nsbB and | pxK. One or nore of the follo %b@ Dhar e
pref err aglofoPpezdpr egul ati on via process e): pnrA pnrB, pnrge &PFO/M‘F' is

Haenophi | us i n~l uenZae bl eb preparations One or nore of the ’{o OW ng genes
(encoding protective antigens) are preferred for upregulation via processes

b) and/ or recdrnbinadtén (M6 1?@? .)_P6 _(EP 281673), TbpA, TbpB, P2, PS (WO
941 26304) . OVP26 (WS 7/ é%‘e éﬂﬁfw,ec , 'OHplaver Hiagion 1Y aganHbé, Hap,

H n47, ancbnditionaly Ireglizagse ion stftide R B upregul ated jin order to
pusess, BIaU e el ates,

upr egul at@ﬁ@: %%g% They are also preferred as S ear

het er ol og tntbeReingd ibivtrestoetier hyeralysis og 2CRVAnHIRdagbh BelddiG, QF MOT € Of
the follo .RFCW?&OW&C {esferlred Lor downr egui ati on via process af: P2,

P5, Hif, TgAl'-protease, Eigﬂ)Afe %,ymﬂﬁ ofivmiectablz gendtip markes sactdagbpB. One

or norse OgenedRonferinprddest4RA ; f ed_far ,downregul ati on via process
d): htrB?ém;bB and | pxK. mee%rﬁ{ntgogctga}fcgf&%{]g&%ﬁ C}W’?‘fﬂyﬂg’né@kﬂ@}'ﬁﬂeferred

for upr egthlerampkeni¢ad, g geanemsycin); gees Aonferfir: rebidiabce ~ saw
~CCA WO 01109350 Vacci ne Fornul ations PCTJEPOO/ 0742%3&[ ei‘ieéarlg gnad/%rnbodi ment
of the i nveliti°BIYOra% HeBFss famalsmnntis aunetrenbéh muatipas {fdr dnsamé Hhe

i nventi oNei,ined a#g%Ci Nne which may al so conprise a pharmaceutical I'y

accept abl e excipient. 5 The manufacture of bleb preparations from any of
the aforenentioned nodified strains may be achieved by any of the nethods
wel | known to a skilled person. Preferably the nmethods disclosed in EP
3019972, US 5,597,572, EP 11243 or US 4,771,147 are used. Most preferably,

the met haeoskesGlyi Bpd ) L E ne preparation is generally

oval .o

descri bed Th Vacc] DEST g e 1y A0A%A WL MeN-PEMeeiveh” (eds
Powel | Mimmugodeminant dutigens (  1995) Pl enum Press New York). The bl eb

pr epar ations fclul theFﬁ_Lr esent. invention may be adjuvanted in the vaccine
formul ati on of THe SPH¥%n(3PBAEs Safer yBTigble daraenghthacterial stteinanamd wei Bi um sal t

such as abhseqgiienee hyd i : .alum ni um phosphat e, but may al so
be a 15 saf’strmof cal c?%gﬁg%ﬁyc%r@% @’Ea’ftgé &ﬁ ‘rlya‘g?ﬁ? @&F@ﬁ“‘b‘ﬂs-zﬂc, or may
be an’®i n#&PEbithisunyrntion cnvars theaythatied i ¥¥R&dsidnCor, 9Fef§rﬁﬁflgaﬁh§%el%H9§r S,

canoni calok){heo%cn%&'soni al | ancllaﬁ[l vati sed polysaccharides, of -

pol yphosphazenes. %ﬁﬁ%ﬂﬁé c Sé’ﬂﬁta&'?/ﬁﬁ’ﬂtelé@{v@mb reswlts inmybaseriab strhin ncl ude,
Monophos paduging |blgbs dvifich, i ; 7 46Ok | at ed, nronophosphoryl 1ipid
A, and a conbi ﬁat_i on of ??%ﬁﬁﬁg%%ﬁg?%ﬁ'ah plg’glaXf 3 SFRpRST zEBf"‘FBal for

3- de- O aCYASETRANYIBhRESINSS pardous Istrhin e b £ BRhMFITuéRs @kkesd By éJﬁsél-O%cf’" um ni um

salt. An .system,i nvol ves the conbination of a noriophosphoryl |ipid
A and a gg%%ﬁ??%é@ﬁ&f‘% BYFT MAFOIRNSS) o theo Watcinge isoimmind)8g¢erand 3D MPL

as di28cl dxentplesn MOsth/ Oddbde 28f I e 2N ¢ conposition where the
@S21 is ggsnched wi th chol ester%%sagégﬁdéc?gizg%?%HWQgﬁ’S%’%@ Whichs

par ti cul APFFEQSS1a8HECTiR! Vanations,f RarAyOpaj ThpB,EeBY iferd Qapkerdhs sz?gd

t ocopher glj;g Ny @b do e d. ter, emul sion is described in W95! 17210 and is a
prefzrreg %(’) %@?JS?#.’Q?%@“%@H"% 'rfg‘ip%wi% a saponin, nore preferably
Q821. It may &tiwo types of gene that could be down-regulated or switched off are genes

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

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

30

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

Xo



. ‘ S . o jr A0 200k
conprise an oil in water enul sion and tocogherol. Unnethyl a@[éd"éﬁ)é
cont ai ni | nucl eoti des (WD 96/ 02555) are al so prefer i l-nducers
of a THfo(rggggdggés)e and 30 are suitable for use in the preseﬁ*/*;ﬁé/%dggﬁpn. The
vacci ne preparation of the present invention may be used to protect or

treat a mairrmatlI susce tbbke to | Iecti on, by means of adm nistering said
vacci ne via 347 Progsy 3, thes 9B SN PEAEHPE0ZTPS A dgr-segudatart immucosal -

route. T A6k g 1ONS+ i ol 0] [ via the.intranuscul ar,
i ntraper !}?gﬁgal N ?ﬂnt%érrg‘?iﬁeér“zafwlg@égu C-u:’fglﬁse'gl%%%%&%\gmg?n%eg WRGEE

adni ni st radvimaget af ¢dneernragihi theTmnany systas Rnm ReF MntigdR tHa el falelr [y act s.
Thus one .aspect of the present invention is a nethod of imminizing a human
host agailf¥ameunts ondhs et siriaeeioblebsnf ecti on of a gram negative bacteri a,

whi ch .net hod g]:gqia e lntsteri.ng,to the host .an i.nmunoprotective dose
of the bl eb prG@para |§ar?q%?gngﬁéeeﬁ elggms W?X/EHF@W?ETHESME% In6fudg: i gen in
each vacaiafspodes tnseftionab eidrast @s c@ﬁin@%?i&h MUr6Motel Y4567 oithe gene, or

i mrunopr ot ective response w thout significant, agver 2 sl de eltects in to
typi cal \PREYmE#ELons Qdsletinuio achidvie a/similad egsatidi Higmelpgouswhtanbiageai fi C

i mmunogen_J how it.is presented. nerally, jt is expected
that eac ﬁ“%*‘slg‘% ?%/e%ggrardggfes%gigeﬁ% ghrpmosome, (‘zcﬁw Seengs ECOFREFSS 5- SO-g,
and nost prefirdbly D)) éfiBe EHIGE eI i i6n

parti cul zfrtakt \rggcci neyca_)n be aséer?eglluﬁ%d byhzgé;ﬁgjgﬁfgg@?)'gpﬁg?tggélﬁlsﬂr\)/agiplvi ng
obser¥at ibgnsest toghpngsepits woag pramwter foe s yerakers(or nosprbinett swhdrohhelvétiyg an
initial vsgcci nagd' I ve one or several booster

b t i
T egoﬁg?iﬁlé?/lpg%ﬁrégs"x@%@?og rKPFIRACTNFEINR Rfctbr 8fBedAdes 20 The

i mmuni satrons a

i nvent or sueRyideaguehat Yt ifngiey @ithoms wmpgﬁﬁggb%ngﬁc%ﬁ%kms and

vacci nes can be easily extended to ghost or reparations
and vaccids@sasedickpressienef dalgenelsMoneents) of ifiterestipof ho pebridtamegRBAtIny e

.strains qf; 1 NV, i ram whi ch. the bl eb preparatijons are nade can al so
be used %m%k%eﬁ %hp%g{ebgn% oﬁlﬁﬁ TSRS RO EYSRt b‘f gﬁfgf 3’?‘?’%@? IREPMBHREOf naki ng
ghostispr ehrumadsomed 006 bP st o tBSgaMeldt intBledCt envel opes) from

Gram negative strains are well known in the art (see for exanple WD 92/ 0

1 791 ). Met hoddtesmatively) Yrmaypenfer & eonditionsl makseriptiou] iavaning resalting in

preparati £ LoV L nes e al || knqwn. The te . bleb

pr epar at iaﬁgglﬁlgﬁﬂﬁgﬁegﬁowgﬁg% gréc(ﬁé) emfﬁ Oﬁmf’ﬁ%t (a‘?%’&'é 0853 §Bed

t hr oughousefuhinsthé cxxpressibn af endllduales fthitcara Rkt G8RY ot el *}ﬁpﬁcﬁ{eﬁﬁog‘ gpost
p

pr epar at ibon'“ﬂ d "ghost vaccine', and " killed 30 whol e cel paration”
and ki | [P3ESTHMACE: cel | vaccine', respectively, for the purposes of this

ot hos ay . Mo SR vBnblRed proreipy & hielre] OVER AR R il
pr ocessegnayehe limited edlytto one od foe of tendivriaee espdseil lodps OAMARECLPLQ Jake

i nproved pleb pre ations_of the _ invention. Preferably one such process is
us'ed) nor sdPEME%%%gBrCWemGZQC@}OMPf DNA regions coding for these

surface exposed loops which leads to the expression of an integral OMP containing -
conserved surface éxposcd loops. Surface exposed loops of H. influenzae P2 and PS5

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

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

method of performing this engineering process.

Process b) - Promoter delivery and modulation:

30 A further aspect of the invention relates to modifying the composition of blebs
by altering in situ the regulatory region controlling the expression of gene(s) and/or

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

A



55, 6, 7, 8or 9) of the processes are used in order to gapuftacppphe the
bl eb vaccine. As each additional nmethod is used in the manufacture of the
bl eb va%%ogﬁﬁch i nprovenent works in conjunction with tger/phdsrpsiset hods
used in ofeder-to nmake an optim sed engi neered bl eb preparation. A preferred
meni ngococcal (particularly N. neningitides B) bleb preparation 1 o
conprises, the use of processes. a), b), d).and/or e), and h). Such bleb
prepar at i &HREsnOuS ?5?@&61 (9%?&3‘85 uﬁhész’Qngs}“&r of § BBt ofsintarestymath) one

non LOX1 CeurRiting b UGN thsBHOlLrk Bt THASK sl YR L be

f ocused oqrilolhhi ghél evel s of ;é)x?%{t gcti v:a al’-ll-§ prlse era ~§ﬁ§§%§g?§3’ T i gens.
All the aBowenfetredebyt sarientk (poiret herationsprdbiations Adyi Meerfionsypéf Thsed bl eb
vaccine. 15 Simlarl anr M catarrhalis an_d non-t; Yeable ;~, iaflueruae,

pr ef er r ec€"HPEHOP ¢ iGRONS0 My P33l qfsBTaE OF opediSed kefsrologpusaind d)

and/ ors e) t [V i 1S _thus, an._i no- pr ot ective
and non- t%gxlﬁgfeﬁ gﬂ}%kegg{?@\%nag{)%é? e%drgg'sS{,}éﬂosﬂ?ﬁ?@dwﬁ\%meéﬂw |COREEA ne

sui tabl e fiscripadblatdivity Utng &y thanale ahbbEendse ohé (infodRABh HSEsirdhd N ant s

| ess than 4 years old. 20 By i munoprotective it is nmeant that at 1 east 40%

(and pr ef RPEBIEY: Sesultyig, in7an eglrncod expressionwf tf genefsMoperos@) of omerst ( 4- f ol d

i ncrease j.n.ba h cd,dal 1Ly : dilution of antisera at _which 50% of
bacteri a @Per &-ﬁ%:g{erb'f‘b%geaxtgl%we ‘%‘E@gﬁ?&“ﬂ% )°“%@’§F’|5 ¢ produgtion of

het er ol ogsuritagically feizvhmt BRibeCifordeh@MiidhCadTBieF- memBRRk HERURSadgnOoWn. For
meni ngococcus B these stains should have a different PorAtype fromthe 25
bl eb [ odiROPrS#ng t (Riefgrablin dcopserved OMPsr amua)lyber@ent3 in4blebs absibw
pref‘erablcydncgg#tig f strains H44/76, MB7/252078, BZ 10, NGP 165 and CU3 85.
For non-typeable H” in, fluenzae, the strains should preferably be 2, 3, 4
or, nost pref eTyditay strodglplonttiters ithai sy Bgﬂﬁégrat%ahn%sse%%ﬂre%orﬁggﬁéa and
AB840177. For. M_catarrhalis, the strains should preferably“be 2, 3, 4 or,
nost pr ef &3 MO ¢41. ponB (SEQ IRINGQi28% [afoOmapiil, Ist/and 35848 2R@AndPmB2926. ~S

WOO01/0 ~S L EP 7 -foxic it.is ant t there
is a si gnﬂg’? i%g%f%\%efés- gor}sgﬁg'?g’pr eé gréﬁyﬁ%%ﬁ?”&eﬁaﬁawd XTHBStBxi n
activisy st nieaforRdployotdre anblily- kn@onitaiddd anth MagRERNcEidspoRBigYS 5
Vacci ne Conbinations A further aspect of the invention are vaccine

conbi nat i BHFEOEEEHT! & ndPQ WRsTSEmIPL e dritationgtedon of pakd. iInMeraielt, il ish ot her

anti gens " hﬂggo LRst ain_gdi states. It
has been %&ﬁgd? P}g}tsgg}(%%s ar’e&ﬁpg% ?’Z‘ﬁa%@& ?rggl?% ?’B‘?‘g’f @mt g wth

ot her ant Ogph8¢ prmdtdreanddw &h irglyents] i ihpreferra 1@ didgyatheh! pEIPOPSst he 10
antigens t are mxed with. In one preferred conbination, the

meni ngocc BOPCEES- pr eparati ons of the v invention are fornulatéed with 1,
2, 3 5y .prefepggh f L Qi ' . capsul ar

pol ysacchari des m%&ﬁﬁrlﬁ%éeggogpgi%@(grog&g%g%gg‘%g@g@@rng 2‘?%‘"82‘15% er: A

C, Y or \to i8roducs thepmimmgeminythe d 068 banipayean ségion) Iesmétersacag vebsthced

meni. gococcuisvag_ci n? gﬂﬁbher t han L%stg t.he nmeni ngoccocus B bl eb

prepar at | SHYE5E TR $4:9EhPPipsipam ofjthe ipitigtion, ¢pdongeithe raene tteydef up-rul at i on
coul d al t gpiatedV A hosPH ichPentiohslnt ¥ ' 0 I eparations
from2 or nore (pr efoe?agbl y sneve‘?g{)nogst rﬁaﬁyﬁggbe §ﬁ‘}$i§°ﬁ§ {%g%ge%#xgcf be

subt ype/ seslasivglyedosefto thei apsh acrdingcfrarse in brdemoRobtain loptim& ekpréssién ofthe. 4, and P
1.2).,20 In a,further.preferred enbodi t, the nmeningoccocus B bleb

pr epa%%t i B7S B RrRven H'B'éwf’fso avfoﬁ“r@wg; QP%WP? Blaesanest of ghe promoteror e

Wi | d- t ypefifiet DIHE BEMUSe RrikhiRlh RJIBRHR! '
2, 3or al 4 'of@tche pl %iri or conj ugasf%etg%rre%geng%g%%éZ’Pk%ParIﬁsg{J@re
pol ysacchahisdeis prefeted i tiwe pinateres insemed 200e600/brt from tigoin|tiagan estidr. of

i nfluenzag b _capsul ar pol.,ys ride, gnd one or nore plain or 25

conj ugat e %?é‘ﬁﬁ%?b%&%??ﬂ%‘ﬁb?@ﬁ%%op‘zﬂ,fé?deﬂﬁrnrafggablmm@ﬂ@mew 40Gdpvacci ne
may al so egmthi §fSaYAGARE, nore protein antigens that can protect a host
agai nst Streptococcus pneunoni ae i nfection. Such a vacci ne may be
advanB@geously used as a gl obal neningitis vaccine. The pneunobcoccal

capsul ar pol ysaccharide antigens are preferably selected 30 from serotypes
1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 10A, 1 | A 12F, 14, 15B, 17F, 18C, 19A
19F, 20, 22F, 23F and 33F (nost preferably fromserotypes 1, 3, 4, 5, 6B,
7F, 9V, 14, 18C, 19F and 23F). 36 '

@etlsed with 1,



WO 01 /09350 ~ 0 .~~~ ~—=n t PCT/ EPOO/ 07424 Preferred pnednbobrtaptt
proteins antigens are those pneunococcal proteins which are exposed on the
outer si¥¥Q Y3 the pneunopcoccus (capabl e of being recogrf BP7R4nhost ' s
i mmune systemduring at |east part of the |ife cycle of the pneunbcoccus),
or are proteins which are secreted or rel eased by the pneunbcoccus. 5 Mst
preferably, the protein is a toxin, adhesin, 2-conponent signal tranducer,

or |ipopryotein of r ept ococcus czoneum)nl ae, or fragments thereof.

Parti cul M%%Léf_éﬂﬁiﬂﬂﬂiﬁﬂ used eonditignallyare not |inited to:

pneunol y5| n ( atnent or i on)
[Mtchel | et ng@ ﬁkﬁp‘%? ggim dg’:’%gs. ng‘épg%ﬁlﬁ&{cgﬁ?pﬁ%ﬂ)"m ﬁﬁrﬁgﬁléforrpari son
of pneumhgﬂateﬁ dirgsodudonof el QsmporRits 3 E6RIiA6RATG YtoduParlD

g m@’? types |
and 2.", Mtchell et al. BiochimBiophys Acta 1989 Jan 23; 100 lf&? 67-72
" Expr €ssi49An ofariohe pttakekis] 9ad/ar sawwonmentalc higoals.c Such wsignials inafuide] for
purificat, n erti 96/ 05859_(A., Cyanam d), W
90/ 0b951 © %’ngré’P lﬁﬁl‘@f"@o%‘% ?rs{kvl\ﬁ/\o pRtgntial,, gH; and, dmnerAtie e
del eti on \Mﬁiti@l@t futrifiong0¢han 5§914e1%§ mplRY idfSsiet? P
transrrenbr ane del ction vari gl%nts 15 thaer%of (V\De Q%O%ES%‘E ® E%Orgfrfes &t al )~
Ps~a_ -~ duced sCOﬂde-mﬁ}' amecledd eirgroregulatddautertanbmahe ( Pteins Srdat on,
.I'nfect 1996 5255-6 e heterogenejty of PsaA a
37-Kki l oda oﬁmﬁu%“gtl viéax éﬂ@q r’rnﬁg%cézp?ﬁ’% q‘fl{’cﬂ% v subseaieindugiblepiterc oc cus
pneunmni asémtiraly) pUABY: OTKAbresbR! irventd dbids RpOt %{Eﬁm ane
del etion vari antg t her eof ; br CbpA anxél transm%réﬁgrﬁe@g%e};ﬁ&\jml an s 20
t her eof (dmnb# mqvmxslmpr%ﬁs ayech)) tGirguder a;bd&mqm\e tBe pRyressial 6f such

dehvd f 1996 64: 3544 WO 96/ 40928 PcpA
(Eaxcﬁg’é’%%%a L 88wy, B Ritiente oP stk Siex ﬁmem@spresw%.oﬁecp

protein, faffere3Pdn AV edtbrWby ERINGHEIr3H l SB Pat ent
appl i cat |g§?(ﬂ)§ EP , 0834S68. Further pref eggg pne nggocggéﬁ%gé‘%g ein
antigens caw@oltrﬁ&ge s@ithayl ib beepmes Gmsmtlgﬂyjasgsﬂ_(fopammnwbprdbgenh@pae sel ect ed
in WQs98/ 1 .aud. RCT, ‘% %;?/ 30390. i urt her sqr eferred enmhodi nent, the
Mor axél | D rﬁ?séﬁeaf?i‘ﬁo ns§q5§ncg e €&\ OPEFAR TESIPR)y RTIl at ed
with one memngraecqakmmv@fm@rpra@af&cbd@%bm Sased ke dRRL AL RALY SR Char i des,
and one Qr nore antigens that can protect a host agai nst non typeabl e H.

i nJl uenz 2& TTRPYESt AdADatyRly.ciasasy i) m%bﬁla%’dltndeh\spy aalaédmomnhoop)sef tbﬂe 30 or

nore prot ost. agai nst

pneunoni agghél)?l e%:r% %?%te}f%g%g@é&cﬁé%r?%&/ %5 pri ?‘Fﬁ?l"fﬁ‘é‘ﬂ Pg "e or nore
ant i gens cohtat! of acopstinitbetiprambeest agai nst RSV andl or one or nore antigens
that can protect a host agai nst 3~ ~ ~ ~~"~ ~~~ 2G-~ WD 01/ 09350

PCT/ EPO0/ 07424 i nfl uenza virus. Such a vaccine nmay be advant ageously used

as a gl ohgbeetdel i i erred non-typeable H in, fluenzae
protein & £ Ande) D Qﬁ*t‘aﬁgﬂopﬁ in (US 5766608) and fusions

conpyi sing pefhiedescithef Welovadcigs pRsdntiusé 6Nthe (ddgess ﬁ%&%ﬂ@ﬂtﬁe L@bp State
Resehrch undatl %c)rs %6 P6, protein D, TbpA TB Hmn2,
Hap, and 1N paeet 1 ﬁé?ﬁeﬁ’f\ﬂi‘e{ Ry eRtn {?@rﬁ@ tpmtbm Qﬂlmhmcalﬂy ve or -

i nacti vatge S or I'l's, or
Vero cells C))(W svhesl?subﬁs%slgrerggeg XE)(‘;&ESCI’I %’\égpwarﬁ ElTH ne, 1992,
10, 9%5- %@Pn%bhpfmrczdill agtvariont Dmyhnmiﬂns lif) gered idiohRed i i £ RthwHHehy as HA,

NP, NA, oto 8 q gl ns, or conbinations thereof. Preferred RSV'(Respiratory
Syncyti al O ¥y P ﬁ‘?‘?‘}j%‘ﬁsHPWEY‘?Ed@“Eaﬁenqj“Q‘WGe?ﬂsdﬁépwblﬁtﬁ@'t@gﬂnytm@br ot ein,

the HN pré&fichtions {&fs YAk ¥ g furt her ed
enbodi nent , theonon f‘ﬂ)}peab edea &Pé}? ue?lcznzlsigw I }t}ép}r é’regfils&wg @T'%%L
i nventi orpban@ymezsr Mmltaatoesjromltxhgmedmrem @rmbabxprﬁ@loﬁ@mmégag&és feSult
pneunococgal, hari des, and one or nore antigens that can

sul ar .
protect a %‘teg ?ﬁ%‘l ‘%ﬁlzﬁl A fadeed, #lﬁﬂeeﬂ%wlateﬂ)(h@maw) ertnenvacci ne
may ageso @%%ylﬁgd c{%bﬁrmmﬁﬁ @gt & Deafld tﬁ%ﬂlaghg dprot ﬁCI host
agai nst Streptiococcus pneunoni ag infecti on e va optional ly

conpri se Muwations it kpitii geHkindtatencading @he ¢lpxR) fagstdeaﬂase@%c fexYc and/ or

n r r n h n pr h In
one or no %w%ghgggs that can protect a host agal nst
3




20 influenza virus. Such a vaccine nmay be advantageously used }?Q ? | obal
otitis nmedia vaccine. Nucl eotide sequences of the inventi o U i r
aspect O\T’vom% %]gaventi on relates to the provision of new nucl eotide 25
sequence QI @W may be used in the processes of the invent ESA/EPGNBHRS ¢
upstreamregi ons fromvarious genes fromvarious strains are provided which
can be used iny,_ for jnstance, processes a), b), d) and h). In addition,
codi ng regi onsPQF?sd’)é&sdBW]V?ﬁﬂ%F ther daletipnfpessr pteferdiy SBneoak oret hod

for the a i - | flankin egi on of a bacterial gene, and
its expl o?lt% ge%/?fcﬁ‘e?%r& rprgoggﬁ? g%fen%g%%g‘rr" §§s‘%rcﬁ{°’g‘f’{ﬁ(%e“1&é?f’éWFH, g}eel?@“‘@gefs ~D
="~ Gvid bV aR0 weMKR: BRARORAY PlerhBly e 1Al dhaul FaDkiGLLO! ons of

a specific gene contain regulatory elenents i'nportant - n the expression of
the gene.tefinigues dginribed ahoveate ysedita carrpoutthaprdacess. t r anscri pti onal and

translational v uence of these regions, either upstream or
domstfeam of Jpgee&lo 5n&§e°§§‘ﬁﬁg‘“§3r§?f{e%tﬁ BRRcs & Neigserta memingitidisdBby 5 DNA
sequenci Nifordalis comRemHRINS Qand Tl APRRHILR itk RNe 1 Nakdeat Of; pot enti al
regul atory notifs such as the c’i'{@f er ezn’?ﬂupr om%%?dﬂ(?&gﬁggpgogléeg%ﬁf %é{)m
sequencesPWPR®uci bl e sequence el enents, repressors, elenments responsible

for phase variatd g e. Shi ne- Dal.garno sequence, regions wth potential
secondary str u@%%{r%g 19 %1“3’3 R 58‘%&%%6\%14]&5‘?63‘?% mggdmg myangrhiargenggflesi of
regul at or ¥veRtd fSpdlym§ RIS A& Atancd Bulhy i&ﬁ&ﬂ%ﬁgﬁee&x%% tk&%a"" Lows the
modul ati on_of the natural expression of the gene in quesfjl on.

upr eglf at @loamipparebiaosreore thextirmwsplare ofijipideA p CRiespbéneiVhsti byuldive Yrimg t he

pronot er, zne- rno_seguence, potential repressor or operator
el enent s, thé?g%fﬁ ot h@b%?‘é%ﬁ@qu%%ql\?%.“m kP el agémicradiall peptider of

expr essi ofsigRfcd gerrs NboRURch BY n$iny Lk | b TR LORS, :
Al ternatively, bjg/e changi ng phasegI15 vrgpygﬁfag%es‘g%%ﬁgg@, i”’i' l’?vcglvé:gp’r“essi on of
t he gene ¥Bipoabipase sispind seanvfer.i Tid geneqomrtA thiat isQireseRy inb@isugiompl ed from

t hi 4L b AN h, th i on of th be put
under ' e RBARE oo PRREe RRRGST Fatntrmre CBRIE ierg) P bebedul at od |
expr ensi oKim BX@IDILeSHacRMEMiRGS 01508 JAIChiesior 391 114 gy | [ m ted to,

uc at

i nduction by tenperature shift, addition of 1n or substrates like
sel ected 20 caYB@Ho®N it tbe PheP-PheQregidatonpsyisteas, whictais @ pHosgioriehy twbt ani ns,

co-factor [__i . [ difications as descri bed above can be
i nt roducea Béjl E@J&#@Fﬁs{ﬁ %s%ﬁaﬁtjl' %@gﬁf.‘msﬂﬁ'émﬁo&efl?wﬁ FeAP drordeyuMaces

i nvol ved énvirgamenteXe Q@tORorRRbID AR ivalt b PRoP 248 Si s

fol |l oned gl?:%d sel ection for the des?tr ed plhgnotype? 'Xﬁé?ﬁggm_tw pp?@ach

consi sts 1% Bieaddiipn: ¢feamniagirabinese om ther 4'sphoapithtaandt 2 hydgxjtayhistateandom 25

mut aggnes; L &adi .epl acenent .inserti r. del etjon

mut agene?:e }.acgﬁeﬁk‘éﬁfﬂgi @g%g‘glﬁéﬁ’p@ nmyﬂétﬁf%e?ﬁ'éi rﬂ?‘?‘gﬁ‘gé@&f i tdispiays

bact eri al regacedrability doostivhilge US-s€leay Bk ptadsiciNby Mishah %d@&éﬁaﬁtceﬁg H§ne
expressi o an be assessed. In another approach, the sequence know edge of
the }egi oh' o1* fete8PR ffompBymanmareeyteso repl ace or delete all or part of the

nat ural regul . I.S..cas t he requl atory region 30 T
targeted i g i 2% ge%gsézégﬁlggﬁg%lﬂ?% gg}eg‘dﬁaggmt% i eﬁeﬂgt Héng ééam?@wsa enent s

f r om anot deseribperabove (srmbiprathoer eing BESpRREEY pREIRD S RRdHdLET ent
genes,_a synthetic reguylatory region, or any other regu1 tory region, or to
del et & seICEXTRRaGRN echniques (R.Cagry out the MAFeEH350 0 ~~"; ~~~ ~~ 04 PCT/ EPO0/ 07424

wi | d-type regulgd L { .nodi fied, sequences can then_be
rei nt zoduced into 11%(5%@;‘%?3??%% g?rggxﬁﬁ%lﬁéoﬂ?br@ HefnRtROSAMY* R B t he

genone. | resislaocemin byyld 1bemm(ﬁ@b&cinkftﬁo@iéﬂb@%ﬁiﬁ'{'in%nﬁmgﬁdhew@% e
nodul at ed blﬁ exghanging its pronoter with a stronger pronoter tHrough
i sol at i ng®tHETERILRG BhAy Brocwssricatche iventinn) asridebsi frony stchcstaingialsodaive on of

this sequ Li et [ nio the genone by honol ggous

r econbi nat&?g%)d.%F%ﬁh&a{fggﬁ%%ésf%%wﬁgw %5“‘85?"8%’@0’ Y3 E3tkeYs Be

bact e?d unHamsuwg| H),a¥ramer ¥, Biteghs, "E[MPa8€ WEeSh§! F‘o%lrﬁﬁkgd{i'ﬁ oqgggadﬁ;}) from'
the bactegium In qther preferred exanples, the descriBed approaches can be
used to gelPEFedings phthedtippiniamationshpatbegeaic Neisseriasonferehce. The Gutidhall,
char act er ygt.4 i ne applications, as descri bed above: These can be,
but are n})&?ﬁ‘?lfér?rtlg{’ggg%ggfattenuat ed strains, strains with increased
expression of selected antigens, strdys with knock-outs (or decreased
expression) of genes interfering with the i mune response, and strains with

nodul at ed expressi on of i mmunodom nant proteins.:




is SEQ >D NO:2-23, 25, 27-38 are ail Neisserial upstream segpencescpy
(upstream of the initiation codon of various preferred genes) conpri sing
appr oxi NEP 81073800 by each. SEQ ID NO: 39-62 are all M cREAERNG744
upstream sequences (upstream of the initiation codon of various preferred
genes) conprisin pproxi mately 1000 by each. 20 SEQ >D NO 63-75 are all
H. indl uenzae Qﬁpgtfﬁﬁg?ﬁ YtsERsivect@nd fysthercaspedtf oft the inwérttion) itlenimvesiers Of

vari ous : i Si approximately 1000 by each. Al of
hese. canpadt s BrENedes ORI B A PREGY: B Gal st ombionss e sep

r econbi nafficointridgthe yprainds 4l @bwitmetiunt MaiLGEW Bh4- &63 .eadi ng
frames to which they are associated (as delscgi b@gé Eg?%rerﬁgg‘%&@;lﬁ%em 76- 8l
are the @salimgmedyitdons for the 25 HirB and MsbB genes firom Neisseria, M
catarrhalis, and g&g{jgpﬁgmgs infiuenzae. These can be used in genetic

met hods (parti?btslﬁ FERBYS: SRS nsaRdes that mymicitharbinding petivityg (i n
parti cul &f pdBmBhin B (de&ribed B AN f e _genes [process d)~,
Anot her asggct of th(e i nvent ;gr?girgp}f ﬁagh%%ﬁi tl(as%‘% gf"é"o"‘g%ﬂfvm?c‘ﬁe 57’68 sequence
30 whi ch rbguse LPSsesicantery Crmgtil:iyAsMelu&glﬁnM,@Q@%bﬁii RISirdi, At Gheasgtp.a 30
nucleotigf ort%og of the guclﬁgtig}es in SEQ FD NO. 2-23, 25, 27-$1 or a
conpl enme %EV”S r g R apd Gerro il dPRT. istepce BED: 136 b1365 c\eluepisddcRustichul d be

| ong eno f g 1/,09350 ~ ~~=; ~~~ 2~~~1

PCTI EPOO%%%%?G%?%%%BW??%? Ego’c y@ﬁ%séw&?‘?oé%ﬁ%‘c%)'if it is part of
a suilPabl e vector nanmely at |east 30 nucleotides (preferably at |east 40,
50, 60, 06 80, 90, ,100,, 200, 300, 400, or 500 nucleotides}. Mre

pr ef er abl epseDi-Aichpung homologaus orihezezologons niotaing sfer-membrsas bleBo

nucl eot i d@sisf Ruaka akl yxigly bepps 40, 50, 60, 70, 80, 90, 100, 200, 5 300)
400, or 500‘W€|’E’6%11F§y—%¥‘€EQ'ID NO 2-23) 25) 27-81 or a conplenentary
strand t her eofA fustherigspectioditieis ipvehiightovesd the agedtigehiotierseglichads @Rodiggdi tions

i ncl ude, f?r exanpl e, . 6X SSC, = SX Denhardt, 0.5% SDS, and 100 p, g/ nL
fragment &8 Wuﬂiga‘fﬁﬁﬁdéﬁ(%aﬂ“ﬁ{?ﬁ“%sp@FWP@m PBRIS P 2argetofiisionipgdteinatto 65 C and
washed i fhe duRLEenth: O_S,Q%,rg ty t rature for a 10

m nutes foll owed ct?)g/)o’ékr?e ti rrep;g? %gﬁcgfcgéﬁcg%%o%tfdgggowoﬁﬁqegg il d by at

| east onengedsh #ming. AASQBodiRed By TMEmaositiveMctiadRPE] Usrgadifhs)athat €ast 3-5

m nutes. A further aspect is t use of the isqlated pol ynucleotide
sequences' ‘feﬁ%s?%'}@ﬁﬁh’ﬁﬁ‘ﬁ‘ A5y Ofi 1R Bregemde the @eimembiang Bient (such

as transpsdig | deeedatdsOthe itrikdic Siotxfci@pgpiﬂlif ﬁ"‘%‘ﬁ%ﬂ%ﬁ%‘%ﬁl ﬁ%?istﬁg%abm

preferably a honol ogous reconbi nati oh event m of a
G am negdPiyiekipg theestugiureef Retpoyxial B grcheomposed dftanbsicali ((RIGA dnB@deﬁﬁse or
e

d - ' . Preferably the strain in_which t
oD, A SEEL A Olech o8y lFRR arid oS WS Wb A et Seame iy Mhesom i ch
t he upst rpeptidesdrvebenused for detokify @ﬁpgnoﬁ%ffmeﬁts&'gﬁ&‘éé xnbNGY 8Agple

meni ngococcus A, B, C, Y 20 and and gonococcu enones are su~cientiy
sini-lar tNEsrmimsthsaPhrdagerscleyst Pherl. amlyysoLys Gps@texhinai)nvasvghoda §4li t abl e

for -desi gni yect.ors. for performng such events in the other strains. This
is may algaslo&_ et ] 5918§§n e&Fto °5%§E{¥315lﬁ?‘r‘ﬁ§*4ﬁwe$ R desexitying eighe Linid bl e -
Haermophi [bisdihg fsitel @y zHftheti¢ Ipeptides (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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30~~~ 2004 WO 01109350 PCT/ EPOO/ 07424 EXAMPLES The exy l"?f | ow are
carried out using standard techni ques, which are well knowr% Y t'ine to

t hose ofywglgifdsspn the art, except where otherw se descri beﬂcT&P&%ﬁiJ The

5 exanpl es are |IIustrat|ve but do not limt the invention. Exanple 1:
Construction of a Neisseiria nmeningitides sero~ roup B strain | acking

capsul ar poly 121 ., 1990) has
been used to fgtﬁﬁ%éé’? ?lggae-gﬂrggl?énéﬁ’% ?QPA](;E tgierqueﬁé‘kf’wsf% '
capsul ar qnahysansmbmfnhiebrerhrrse blc@&%rﬂd%ﬁir@ictt&ea Hérwa-ky 0&:@@%951? of the
gene | ocus c ding for the biosynthesis pathway of the group

pol ysacch¥pP éxQ(EeIﬂ@PmMIQWQ TEpUNerSysipmi oncedls blebnbad henenghiddely on of
the B PS t s 0 ssion of the group B capsul ar

pol ysacch‘gﬁé? eAg%rAv\%'l F aiheaginengeﬁ%é‘f’f’osﬁc’}’ #lfe © gwn% ac%W‘ FEPide & | eadi ng
to the symidpendrant gahaatars gef ived eBLorkiR ¢

Nei sseria neningitides B H44/76 strain o(8 %ntg?fo i %5{1 sg {;@ ﬁ“ﬂet

sel ect ed MembiRS RS EEPFHTY torthe ldst's imamne spsternght co- i ncubatl on on MH plate
(w thout 20 er hro (o] n%)déa?cel | s fgol I ect ed in liquid IVH containing 10
mr\T/rj Ng(T:h g JEZH mB A m . . ﬂr:é"‘qu) hﬁﬂ‘l&?%ﬂ@@eﬁpm@eaﬁrsmf@emtl (s(sg) .
n 0 &di tefisUtHa® Mare “not - Ion

ug/ m) Werg ald%jedoforS aaG h?)uros I ncu aggt %tiag%gtggl\?&%%&%’g%ﬁ Ki ng) A
control gmgtbpdm dsmdlcvwst the isotativa o recombrinany blebe efrictietian ERYrbGid érdes B

bacte"ral \L,F Ihoaﬁy ition g 1‘ag_l asmd. 25 After the incubation period,
100 pt° of nefﬁs et ssHE a peptids {geting) pgnal rallows e rnariment fsouteter e put

in MH pl ahesbeaabRbdlinthe o sdlral 3hteikd ! g pefore

i ncubation for 48 hours at S3 ra% elongpgﬁt%gstt’r%ﬁcg%%wf%&af)@ld Rcubati on,
20 col oni®&& Mﬂesugﬁdhiﬁrdncalwlmb&edoﬁ exinmhthe lif ofibactefa R@t Caybdragedyci n/ m

WH pl at es, po col,on towth iin the control group W t hout

pl asmid trans %tqfc’éﬁfmTﬂ'é 4 BYOHRCYRN At fSrembinang blebsdncludpsVeissesagr ow i n
I~L - hgitidis, aV%B et}%

erythr ony)gfﬁrir g;)nll at g\ée?s:zz 10 'g#ggrg)&gﬁgf%{rrgggn%é’?‘#%%& ﬁeﬁ'ﬁ?a?rhaﬂz all the
vi si bl%e c%ﬂe%ﬁ"é@%?@gmoa@e@ldeWaWMtatm @hlainpdit pReyHdHigaTy Ci n in order

to let themgr t.erwar transferred onto nitrocell ul ose
sheets (col ony‘A(‘)j ouﬁ |’tn‘§)p"fig?é%fh€£g%c%enﬁ&%‘bﬁ(ﬂ%‘%éhsa?qgé@“eérm@f!h9

col oni es ciesreosdineldfekt Batt@ivth fusitglprocess byl AR Ietp,g,g, ectly in
PBS- 0. 0S % Tween 20 before cef‘ms |gr¥gct| va |oz£tr‘c§1réﬁ€é Rour cg %HérﬁPBS-O 05%
Tween 20 I &1 0GR m&aeérqcom&rmr pratairs, tottieenaderibdeperdantly, mdestiashed t0r one

“hour in th ?‘3{3 roomtenperature (RT). Then, sheets were
washed aga?tneg% halg%g IQ§ mnutes in the diluant buffer before

i ncub2ot i on wi th fﬁﬂﬂ&r&ﬁibodﬁnmlgaﬁ Mbof(ﬁéﬁrébh%?c@ inh Il Bf r]cJ% £00 in the
i o diluant, buffer for 2 hours at RT. After a new washi ng steB { tinmes S
M nut es), p‘{‘ﬁ’éa‘?ﬂS‘nJEF 8YFRgm £AklA he dyedrasspartofan expression systemaor pgddatxﬁgl

gm:‘&m??ﬁe hour ;9 %qﬁﬁg}é@ﬂ#oﬁ@ﬁ&%@ﬁgg& fé&se‘ijg‘érc? lﬂg;ﬂl ;g(r;t/e)._

Af t er war c;smfsrmm of vee eproteiribateisich O i9NddBaH vdingRT Middin & on of
streptavi.di n-perqxi dase conplex diluted 111000 in the di uar??gffgh uf fer

After the™¥ %b“hsle tigid ¢NefSst eps sing the same nethod, niuocellul ose
sheetgs were incubated for 1 S mn in the dark using the revelation solution
(30 ng of 4chloro-1-naphtol solution in 10 nl nethanol plus 40 ni PBS and
30 ncl ofPrblr;&@ihB-?%dss—mxbW;£d¥95acc1ihﬁdéseacti on was stopped with a distillated

wat er - washi ng Tsh 20 Wol e cell ElTsas:
e isolation of bacterial outer-membrane blebs from encapsulated Gram-

negative bacteria often results in the co-purification of capsular polysaccharide. In
some cases, this “contaminant” material may prove useful since polysaccharide may
30  enhance the immune response conferred by other bleb components. In other cases
however, the presence of contaminating polysaccharide material in bacterial bleb

preparations may prove detrimental to the use of the blebs in a vaccine. For instance,
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Wol e cell Elisas were also done using the two transfor rreg @o)/anigedy ("D
and "R') and the wld type strain (H44/76) as coated bacteria (20 ~, g
prot ei nW®P1/093HY a set of different nonocl onal anti bodi es RfSEEPRO@T7424
characterize Neisseria nmeningitidis strains. _ , The foll ow ng Mabs were
tested: anti-B PS {73 S fromDr Frosch), and the other Mabs 25 from N BSC.
anti - B PSit(heebeti5sho®0)at irast inRhd cbe (OANPowahingRedis 42 B, seftiproup™ Lagkfila APor A,
Ref 95/720&, antt‘i.-ngs 3,7,9 (tA-LPS, Ref 4047), anti-Los 8 (A-LPS, Ref
4048), anBolysacrhasile does\nptconfes progistive dmmupity aseiis suscpptitiedo induxs sor p,

N t.eck i ~ i nant i | B.cell
Sol i on SRRt Hbindne Aporie % nbilinl SESEBAIBRY SRRt P SE&E Sytitar ds.
pl ates ar & thesengitetrivigeef tHenpmtenlal br@B0fok bledf prbaleddM Nalmar i010Fe0fWeen 20,

0,
and were overlaid with 100 'Elln@l of PBS-0.3 %C%sei n and i ncubat ege(f/ogr 30 mn
at roofn t 63Rselanpebysacehemides nEkg higbs Pl dennbe esuitalslhefdr agaiin humad® Q4/ 09350 ~

~ ~~"~J 2CA_.P O/ usi t he me procedure before incubation with
ant i bodi eg‘.‘lmﬁkg%[éﬁ %?é{ edggn‘#{nggedﬁ?%émglfdgghpﬁegmfl%“ g oM dY mresingidigi | uti ons
(as shomséraﬁ-&lggr@vai}j dfaaﬁﬁﬁrgo@sgécm.n 0.05 % Tween 20 and put onto the

m cropl ates before incubation at ‘roomtenperature for 30 mn wth shaking,
bef ore the nex¥Thisdean becashiayad by ngingtrapdified blebl productibe samins irswhizhske | g (from
rabbi t, Dakoegatéc%ssggﬂégl) conj %g%t ed to.biotin and diluted at  1/2000 in
PBS- 0. 3 TR elTr 240 (%aﬁgé n "FBYNEFYS 4 £¥PYhdaye| beent mpritedet bound
monochenalnaafivdtien Of & geht t6ding Fét HPSIA WbIssabihafias , er e
incubated with a st repgt avi di ngperoxi‘dase y?%rrpl ex gig utili%%]s %rwf%ﬁgﬁfeof t he
Aner sham RPRchied py ymuating (apistt mufatiogOdsletion bhénsenion) wirhéd thg akwl i on for
30 min at_roomie rature unde 0 shaking condjtions. After_this

i ncubat i oﬁeggor?d té%g?ﬁ%%fe%% R g’ﬁ{hsépéﬁ?mgl(ya g gtfeeh?‘ﬁ‘élﬁg%ﬁse{f‘:WPWa‘l% pl of
the chronagkiiqee! déstritied(aboWe). MBORRE MukORRIdh HT dABsdlar( el Ol M
citrate buffer pH4.5 with gg)ul. HzO~ for 15 mn inﬁsf aer]gg%.tﬂegﬁsg#gég are then
read at 49@Wycd® henaglieyrd by #pHtense erexpetssion orStrspesonsmufzgenssis. A shows

that from.t e 150l ated. cal oni.es, which_were able to growh on the

sel ect"gédn}?r‘ém ?ﬁﬁ%\?ﬁ ' %r 1 HP SRS ROES SF ?ﬁt%e( GRFErG MERISIHALS CAY 8ENED| oni es
wer e showrequizedior pelykauchaidRnasathetis Bnd expor2 F6 ik d ers, 16
were clear|y positive for B Pg@gnd still ’?"Zﬁ;‘i stantﬂtﬁ%osé{@te%?%%g?&b Thi s

i ndi cat edPlesatd RMELZ bidescribed imFrogh eval- 19PsMld Microbiol. Hel215gEi8irean teut i n t he

Wrong ori i i 4 P nd LPS gen nQ. doubl e
Cr ossi ng-gg\}tgf%).& B%’%?‘?Eﬁgﬁfg%gégﬁé”y@ﬁ? F‘glrﬁg 8RBT §I§§‘I%§d£]t‘%§§tﬁ'ag'on t he
plates, atiw sididgent ¢duid bt deletdddbr/Gown-tedulaydiicinNXBresiib R (the WoshirHoBdckl
positive for the B po] ysaccharide, while neningococcus A (Al) and

meni né%coé‘é‘bs geng Gﬂ‘%degt Rhians S wighdtranséarpsey ane gadyimee requitedt for scapmilar B PS 735
Mab. 25 T t,s 41 gk ha .10 % of . the sel ected col onies
correctl yB| t?“égﬁidg d h%@%%gé%e%}gl tnsut@%wgté%nﬁow B{f°ﬁ§ﬁ°ﬁ5%85té%‘ﬂﬁ?re

crossi ng- swatyresin the sadvharidewirtia ofdhe 3PS Of @i tRsteigr € obt ai ned after a

Si rrp)e crossi ng-over, keeping the B PS and LPS genes intact and expressed.
Usi ng whol e cell Elisa, results (Figure 2 and the Table below) clearly

| ndi cat e el Hafivinyar bt offie Rruld sk AL LdRLIed, (£ 9D ond

col oni es) —Tamm NOt_De TETCOgNT Zed anynore t1 and

95/ 7S@j, nbromggorméyer dalivery ofa Betdrldkoas derrertinid/ok 06er8n WD Bost ERMENEEme WNEN USI NQ
specific anti - Porﬁl\/abs, there is i’;\ ~4 "1 WO 01109350 PCTTEPOUT 07424
clear reacti on®¥i SHOEMSTRIFEY tp modplats, the Gompogition o6 aWAlpls praparahien ¢etdl s, as

al so obsegy: [ PR ESAY r\al LQn was observed with a

non- speci :‘a i lﬁﬁzg'r?? i nglp }2\! '::\%tl)és(dgﬁ% ?géaél@em%‘{nmhggg CFRSENIOL B PR t hat t he
Por A pr ot ¢hegename of p E&rarthinegative HactéridmaAdhoR exhalrielidt QP Breféifed tatielihl Present
after transfor n&t@i on, vgﬂ | e B polysaccharide and 5 Los 3.7,9 and Los 8

epi topes CPPEF At eoHdibe ysedi & a repimient ifer suckisa Frassete indndes daisberamt i bodi es

t est edg 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

1t



MabsDi r ect edResul t Test edagai nst Anti-B PSB pol ysaccharide++ on the wild type

strain735(-) oa the "D' and'"R' nutantsAna-B PS9 PS++ on 'Itgh ﬂ _El,ype
strai nQ%(gap/ 6)rr(-) on the "D' and "R' nutant sNTBSCAnti - of ++
? E P 8 a2

on all e and nutants strains(N BSC)Porin AAnti-P1. ++ on
all wild type and nutants strains(N BSC)Porin AAnti-Los 3,7,9LPS++ on the
wild typeemsibgeriont) fi-corexistenahllyane thRpenbHhe vt AN trhantgdtar S Bstdr he wild
type st r%( I\¥ BSCQ&-) on the "D' and 'gR" mut ant sAnt i - P1. 2 mm%nmt

(1° TI BSC) FHrPLogBY (i-eado pobexistmatimaliviin the gerome ofitha masimsdaai eGeiuen)s ubt ype

1.2 i0 o 2 S ion ersatil e gene.delivery vectors (the
pCMVK seri es f/ﬁ#ﬁﬁ%t%‘g?@%ﬁ%n G ﬁe¥%enﬁ6rﬁ°?sg%u§fowm%£§g%i r pgfural” (
meni ngi t i glemoterigbRsohetor|seqidness bprapbRgedd &H@FRQNBL NatdALd AVL;SE 3kl e

integration of foreign DNAin the porA |ocus of Neisseiria neningitides was
const riuct FEMOtKKregiam agfkpy the coding cegien Orestk davelmen aliered.nal horm-e k&S| on

cassettes)_.is_ U for .construct] Nej sseiria, meningitides strains
produci ngﬂsr'c é’i@ﬁ%? ’%ganpfor?mgs@ocoﬂfdeggps FGéP‘FVPr’s@éW%&S he@remotersnt ai ns at
least: ( pord2pdHBa@pBy (A3 b omes j Vi@ i GV b i n_ Neisseria
meni ngi ti%lésa’za sﬁjlpci d%@f){éasm letj Wgﬁg?]?e»éés)zf%gfl@%{)ﬁ,?g%rogﬁ%%?%bw t wo

regi ons Provno1y PAIE0 pa~¢hpE~pL-ompH@H Ei?@@/ffbmwimuehﬁzp{he?yorﬁ&&rst argeting

the integratjon in, a ch somal | ocys such as porA, (3) Efficient
transcri g‘%‘i‘%"ﬂ’aP“’(Pg%o%ﬁPEéﬁ’?p?fBg% 8[’7@&3’ r SRR amBAt 8f naetgrpalindthe
transi@t i Bmlboter ABLI HcSRE, ABOSOERAGSNM PY; & ji.nitiation.codon)
signal s fiﬁrncti ongl i rﬁ Nel sgeri a nlé%dr%gdl ?‘?ﬁgﬂ ,'8?‘§§Lgsa}"&rrﬁ’i’zl%g|58°°éﬁ%?ﬂ?/ng site
and (5) sl badterisipbageRd%) malyoesegsicheasSthert.néw@n Bt iophagd®7 phaged-d in E.
col i) and the §.el c#ifn f_i.nt egr nts in_Neisseria nmeningitides. Additional
el ement s Tl Ude, St 8t PEXETRS & 053 FRh kId dg reReeasediip spele p System aneludesent ry of
forei gn DAsdeRia NS5$%210mh smj ,gﬁ'g@s c t S f rkers such
as sacB, rpsL It% to e}flghance@t heﬁfreaaglﬁfci;/(’ %Edg%’:ﬁ%%g@g@g%ae'vents. A
schemati d i st Moraxele or OV 86, WiasRd PilQ, t OMPIEX BRI eBanldreflasi gnat ed

lo p IS ntyed, lbd Figure 3. Its correspondi ng conpl ete nucl eoti de
sequgr?ée ’T‘é‘“g‘ﬁ‘g)%’gﬁ%‘ﬁﬁ'l D NO 1. pOWK derives froni a pSL1180 backbone

(Phannaci aBi otlaetprefaree ¢Bddinfenhbtlle GRRY G SHER R4 ol s abse hE R &e(l:i%xie%( einkE
coli) harbouring the bla gene (and thereby conferring resistance to
anpi ci | | i 397, infegraserdiiln ites baeseriali chromayvite by ahéans aif| honmdogons nadionaitpor A

f1 anki ' ' and porA3' 1S cont ai ni t i pti
Ler m nat oFy naceeRin, BN Vit WE b AHAtF S armborular SoE S ker

conf er ri n@nriesécntiaiueally GeiRBRVE 61 Suicil¥D|A4RERK Ba&EHUIBAGES aco
repressed in the E %:\Kc%li hostaeirgd#)egéashgm?g q l‘)att

chimeric promter ) ol
transt}i p@?"ﬁh 11?*§ Bagmewss | abtaipeds bir reatrigtion riydralysiss or ACR amplificatpdre ¢l oni ng

"site (5 s : I hel i Al and Sphl) necessary for
the i nsefntnih%ﬁadg?1 q?%?égfﬁw%r%ﬁﬁpt?n% 9“‘6&%1%55‘&5?8???8@&’{ &SPV % o] | ows.

The .por ASiitrand. mon A&Xhatistive nidit NeR) peféredeBcPMgat dRChP U TRGHR p{)@m er were

PCR anplified using the oligonucleotides listed in the tablé el ow, cl oned

i n pTOPO BIFFXIQR IR, thyRash mOKR dA%agRe Y, wewds,Ject; epsilgd gerexof sed from -

pTOPO andyyg; i3k 1180, kananyein 25 resisiance cassette was

exci sed $oénl1§%%ﬁge(}|g?%}r?%m a i]\gz‘g%ﬁ%(%é’\’/\’ﬁ%gﬁﬁ?f’ i‘h%l%\/&iavs}E 1§'71 ng?’UE&:e@Abet ween

the pd¥ AQrofdasalfimig geaes of NIIM; tHeeleROr, Akt X Qniy 10804 1T 80N 0 ~~~ ~~

~00~ WO 01/ 09350 Tabl e: O igonucl eotides usegi?{ n ths?é]mg%@%?ﬁilggm 07424

A i gonucl ¥GtPEER SaraEhedis) AlpmaRYaly, Mo A3PreFsipNs cassar MBAGT Tmai@E Ghd GA ATA

) Por A Fer s R IR Rb R by e bRARAT o Eoteminnesnt e coc
C- 3' Por A36f ¢piahiabBActABASUET ks %Eumm%i@é@%, aokmrdégg&%&&%i, teACC AGC

TAC QOA- 3 @t%cogons .(_,)PorA9' RevS - CCC . C AG t AGC :

AGGEeoRI FUsfRg DarieRaphagesa orchactsrial (ystifisial shrpmosemes, SalRnioa REMhE' - GM TTG

TTA T GAT AC-3' Pola RevZ3"~ AGEC TTC CTf

TG Vol a0 FETRATE TOR PR CET OAR Rl ERaUf FeThr 45908 oCT

C 3' Por Al goes Feorferrid¥\Cesistdrice AGCintibdacd (82Gn MRgta ai i

siteTTG 3' Por Al acQ dF)egsVs' CTT AAQ OCA TA§~CTT§OHC;C'I§ TTT{HE%’ Kgﬁf&’é’f“yéﬁpi ng

si | 03" PPACiHigr IegCOTREMtanTyCin)CRDeA CORfBTIRR ABSistRice AT Be 3G TIn&4lE 26d/5EG
MNfull-01:3" -GE3G MI' TCC ATA T A AM AA§ AC TTGN el cloning siteCCA

CAC-3' Nde- NspA-3:~ : A AAAAATT T A CNdel doping siteGCA C -3' PNS1S - C
CGA A CGG MC CGA ACA OC C TEcoR closing stteTCG 3 PNS t3'- CGI CTA AC GTA
GC GTA GGC TGC - 3' Xbat doalaa sitePronDl 3-31 X -- 3'- GGG CGA ATT C G&C CGC
CGT CM CEtoRl and Notl cloning sitsCAC ACC CGT TG 3' PronDl -S23'. GCT CTA
GAG CGG MI' GCG GIT TCA GAC - Xbal cioaiag site3 PNS4 ---3' - AG TIT ATT TM
TC CTT MI' TM C CSwat and Pact cloning sitesGIC CGG AM ATA TGC TTA TC

”~ A A 1SN A A PN N NSNS\ = NI~ 1 - ot L e e~y O PSNE N N A PN PN PN - — pm—  w—m—.




wo aiio93so PCT/EPO0/ 07424 Exanple 3: Construction of a Nej gseimizmpy

menin~itidis sero~rouu B strain |acking both capsul ar pol ysaccharides and
t he nmaj wo omvasodoni nant anti gen Por A Modul ating the anti 6ATEPORE24nt of
outer nmenbrane bl ebs may be 5 advantageous in inproving their safety and

ef fcacy iQ.: j i J . diagnostic or therapeutic uses.
Corrponentugsué E’g ggﬁtfgh%pﬁél ggc!g?]ﬁeénc?r%lﬁg TP reRhic %ﬁ%&fgp ERSERNGE dar

pol ysaccliew,imbesarshioul d be renoved to exclude the risk of inducing

autoi mmunity (see exanple 1 ). Simlarly, it is _ beneficial to suppress
t he i munodom nance of mgj or outer-nmenbrane antigens such as PorA, which
i nduce 1 traln- i f cteri.cidal ant.ibodies but fail to confer
cross-pro eéécszrf) {o?ro]ps ?ﬁgg% 'I%x?{ %g'toé' oL {pErEn P %?B%?So‘aé’ﬁfe’ Wembsae blehs povK( +)
vect ok t0 CconghterCineMbiidle HAEFi21%] 6B Yepidbdr: 483 nS REAGHE |fcl acking
bot h capsul ar pol ysaccharides and theﬁ?mrunodgfﬁ nan{ %gsft%ng{a?géﬁﬁ%nbr ane
protei n dsnlatgend dadiver rcombinapb pemteins det whdcare, derdpeatip andlog dlagnywis

i ntroduced i he H44/ 76 cps- str.ain,, described in exanple 1 by neans of 15
hcnol ogotise z‘cé’ﬁglfﬁﬁpf‘btrﬁfctgﬁémﬁﬂﬂ?'%s 18, JEspect OL1he, expaessioncprafeqtioddget ent and

Lt ansf of ERgedil OF foigh iskidbloBbiRS R AU neRhARE! Hhalhe éeiofgggc” bed
previously. Al quot Factions of the transformation mXxture F ) were
pl at ed orbatfees taeprofiget recombiatmdlebappl enent ed wi t h Kanamycin (200~g/ nl) and
i ncubated at 37C f.or 24 to.4 Qur.s. . .zo Kananycin-resistant col onies were
sel ecfed, restt B‘aqf%‘?icdczmefltgﬂ‘-jﬁﬁaghﬁﬁ”‘ﬁ% i 15 BR 2 PROCSSRIGOmEsISHIS tha seBupE at 37C.
At that shecfichd d heé Pace 6 ycer ol
stocks ( 15 %cg‘%l ./vgﬁg%ggn%&mgﬂt%gg?yﬁ%{g@ﬁ&gf al§§§% ﬁrﬁﬁ’%&ﬁig?&%gééti on
(estli mat dutottbe bizrotr@8orbe of & Grajn-negativeestasp by HetlologousTregorbindtiofi Bldbk | ed
water, ' " hoile en mnutes and.used as a tenplate for PCR screening. Two
por A i nt é?qygqerggéjepﬁpxﬁéﬂér ’élffﬁ%lm,"glfgisfa%d PPA2, were synthesized and used
to perform PCR gyRldxhisaie Akt @F Halleks efd t ' nditions
descri bed by the supplier (Hit Fi %Mhpgfl?arrgérnaéée@eéioéi?irgéglregf\/égﬁhfea?m

Gnbl -187. preductiber ofil recgmbinagt Udeld vinsluddse Naidskowi ngninghidis, niWaistH4£ | min.
52C Imn., 72C 3mn and 1 tine, ((72C | Omn, , 4C yp to recovery). Since a
doubl e cr&98&T] %&e-a(fve@)%ﬁe erfab‘ﬁﬁf(lwléﬁﬂ’%@m’hé"ﬁ?ﬁ"%sfmd@éﬁ%s | ocus

del et es tdepudinbuO ChlMid 88cAMar, &hRPGSH2oORERLE. ing a
1170bp PCR ag&rrpl ification f_rfat ment wer ggselpect edﬁgksn%gr%ggﬁéte%%gﬁwt ants.
These PCRUglea gystem Gast be oy clenrl fungall parpsitinat lyighergukaryqtiraxigiel , t he

WO 01 /09350 ~J !f"f' ~ééj ~~i'c~.PC?'I1%/tEP00/ 07424 presence of PorA in the

cor r espondi ng ‘DREFEFTLIPRaTon Of s (VSR nefides f RFocsts fob e, CXRFRSEART al i quot
of baumt erdfaMbrsbid]eH fbhdpRilae artl/dr0Bs A6 S dsurepdSenhifis L3,p0 p | of
PAGE- SDS buffer (SDS 5_0%0 IGI ycer ol §0% Bet a-ﬁerc%?gg'ﬁgﬁgﬁe@g%aagmmphenol
bl ue 0. 3rRghyippic TRndlarHiipopIgBINgM ip HEeigderiah miehingitidisO eCpibinzatn biePOCIhS / boi | ed

100C) t j by .PAGE- SDS el ect h [ 12.5
b6 gl . coelereble FRAN WECorE SRAEN, SoldE B wp P DrERY o RO
trankf er raeltdose that piovide@irbatizmea 8Bectarién Woﬁpﬁgic%ﬁe? vidte fdldrad0r A

nonocl onall gnthbody as described in Maniatis et al. epresented in -

Figure 4 CERSPRIYS isenes far saghrbarserium aem deseribagd belowf i r med t hat por A PCR

negat4se clon n d 1.0 detectabl e | eyel f PorA -This result
confi %sm t hat Sfﬁgﬁ; %"Cl\/%e\f/%(r:et(a o%?lé Pglrl]sct?rg‘nalﬁgbasnd’r%%e‘%egﬂ@ecf s’ﬂ@l‘gﬁif ully to

target DNAadmupdilles dflubnzat 3&ainavhdrethg @BRrola&mlk igshd 84 p?&eéli%idmtﬁ the

productiopn of the PorA outer nmembrane protein antigen. s Exampl e 4;
up- r equl atfPearela cR@reln # blebseraducesnEomr a madifiedpborrelia eatarrhabl ebs

derived f i i {[] ni ngi.ti.des.se~o B.strain | acking
functi ona{ﬂggoﬁgérgﬁgé@éﬁgﬁgbgﬁggé&%ﬁ%%ﬁ’ltngvﬁl?%gﬁ bom Heeme %’"-%Fﬁﬁzéﬁti ve

anti gens ({psefedstlichgogene findertonpdro \gived a%@vé,f&dqiréf'eﬁé&?ﬁyecaw am%r)@over age
of outer nmenbr a_ng(i Br ot ei n-based vaccines. In that context, recohbl nant

Nei sset i a“ﬁé‘ﬁ‘icﬁﬁ dew)-strains | acki ng functional cps and porA genes were

engi neered so jhat.,: i . el .t he outer - e _protein NspA
vas Up.r equi at 2arirpsma HHeER aBBicE ot kit BShePh fror o aEROR
anpl i fi edprephylgxis her Nedudent |of NetRhalBghrl¥efted3 dRkAGQIUEERS T de i PIdsaRr s (see
table in 25§e¥<larrpl e 2). The conditi onf used foréslg%@R anpl ?'f ﬂcés?idgggwere

t hose described by the supplier (HiFi QDNA pol ymeri se, Boehringer Mannhei m
G1bl ~. Thertnai cycling done was the followng: 25 tinmes (94C Imn., 52C
lrriin., 72C 3mn.) and | tinme (72C 1 Omn., 4C up to recovery). The
correspondi ng anplicon was digested with Ndel and inserted in the Ndel
restriction site of the pCWK(+) delivery vector. Insert 30 orientation was
checked and reconbi nant plasm ds, designed pCWK(+)-NspA, were purified at a
| arge scale using the Q AGEN maxiprep lcit and 2 ~cg of this material was

T o o o L B e m m o e



WO 011 09350 PCT/ EP00107424 genes (strain described in examplye 1ds)sp
i i i chd B
Integration resulting froma double crossingover between t D ) - NspA
vector and the chronosonmal porA | ocus were sel ected using a conbi nation of
PCR and WEXM&PI0pl ot screening procedures presented in exafpl/EP&/07424

Bacteria (corresponding to about 5.108 bacteria) were re-suspended in 50 pl
of PAGE-SDS buffer, frozen(-20C) J boiled (100C) three tines and then were

separ at diffipyit fas@racgDsnars ex detemiine evtiethed theapritdipal #4uS€bt a SEDSisWRES, t hen

st ai ned by Coonmassi e I?ri | | iant blue R250 or transferred to a nitrocell ul ose
Erepcs

merbr ane FE8 &S Ciemvdin achomagy misiope Thessl twoearganisnBotre the omaissi e

dat a not 1 . NI see .figur confirned that
bor A PR Caael sapihehd * UBORE Utith AR 1884 (6 HBrility P8, Be Hosk SPovould The
expr essi otheofforidpAiseus itx STDNaskld be Wasdigaed e BRE bPkitkd WAL EambNERL), ©F
p or

out er - penbr ane bl eb preparations derived $om NnB [ cps-, porA-
[ cps-, > pol#cinengiechve againgg diseast c@rsede bEnkwh wergamisiser Yab|Majoy Goeressi e

t ai ni ng, a ol i i - Ng | ycl |t ~ det ect ed
35 fold METRARCRI PO of 00, ARharoRE af Bomh somacipcie o cammbor

endogenouproifide lartigddies. HEweveer) tﬂ%@ﬂ%l%&e@ﬁg&ﬁ{%?f}&%{ip\%ﬁmr ations

(see figure 5), This result confirmthat the™p oris
f unct i onaProiRl iIsdaRoFant fekldycing sudf antibpdics Inpddieigny| thé epitdpes AxpEssed on of

outer ne i NS h_.as abol i shing.concomtantly the
' pr oduct m%%ﬁe tIg h@@é&&%&%@?&ﬁe&%gfﬁ@cﬁ?W&FW gQ) SETRYV g e hbe Eséiﬁ)lsb’ 5:
Up- r egul atesoribedf aspdr® oDthldintemba Mo théBioPEARRIRY O e br 2l §&0.H- P! ebs

derived froma reconbi nant Neisseiria nmeningitides serogroup strain
| acki ng f BiR&RSoWRND @Rlel, ayes mgmbraneprepasitiog. Poe Angiheetiag ofiapogesgresiphi cal | y

i sol at ed ' . infected b limted nb
of Nt ssel FIECTRRP A P UARE o Pl Rd ORI Brg rainger guirorembraoe, #w out or

- menbrane pregteiuttiaesftilypaicreSong frodaEe 4 sinde SRR @%@&aﬂ%@ﬁ%ﬂf‘émm ein
antigen ingducin rotective and strain-specific bactericidal®antibodies, it

i s then 30 (PoEENioldednerabrmpe pipsins, ke presantation of sufficient MOMRisteauTber of

por A s£r 0 teb cine,..ln _such a centext, the presence of PorAin

out er mn%?gpﬁg evtgm %g ha;el‘mge 4 t\zlcglﬁ‘f%gggu&mmer‘?ﬁghéﬁ nmH@aneasci ne

ef fi cacy priopbylotis/treatmet afagvhotdtpAlIaMRALGD (and conseqibntlV the'Aonsresai, 011 09350
PCT/ EPOOlOt[7424_bI ebs. Such Por A cont ai ni (ng vacc?nes,y eor\k%lvrgﬁ?u%g%\%@be

i nproved %t PIFUEQRSEHER jyially, degids Whick herganismm| is ofausing eartivubs seligeatt | ve OVPs

such as OW 1S : f ] Le., th +) vector was used
to up-regul at er%t hebgtehx%ﬂr%gﬁslgﬁ%gﬁ%bgﬁmgﬁsﬁmfg‘?&%%ﬁﬁ&%ﬂét ei n
anti gen i ¥egreatimeat of thaSEDny aSvefyierelyi stape). Eﬂ&n@ﬁﬁ@ﬁfo@%&n&ﬂ&&%%{ﬂcpor A. For
t hat |\g)urposeh tch[e‘ggene coding for Ow8 SID 15 was PCR anplified using the D
1 S Nael 899199 SURBPIOmA MR PlRYie: Qthes mreferred, protectiver@i radhomatisei i f or
PCR anpl i fdnesiihbOddu 3 i | .Hi, Fi
pol ynmer ase, Boehringer Mannheim : ernal Cy he

£ m&&&a&&ﬁ%&w PahiobiRq BHRE LN g&,ﬁmdm}@

fol | bwi ng99/28#76i mes (94C Imin., S2Cimin., 72C 3min.) and 1 time t0 (72C i

Omnin.) 4C up to recovery). The correspondi ng anplicon was inserted in the =

pTOPO cl oning vector according to the manufacturer's specifications and
conf i r Mt PirgeMROABRHIBL MR DrRtEhE B SREr.mIRbHAOFRES/ DL5 DNA fragnent was

25 The expression of some heterologous proteins in bacterial blebs may require

the addition of outer-membrane targeting signal(s). The preferred method to solve this
problem is by creating a genetic fusion between a heterologous gene and a gene
coding for a resident OMP as a specific approach to target recombinant proteins to

blebs. Most preferably, the heterologous gene is fused to the signal peptides sequences
30 of such an OMP.
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exci sed from pTOPO by restriction hydrolysis using NdeUNsi I3 AndAN 20C4
subsequently cloned in the corresponding restriction sites _of the ‘;)

del i ver yWQ&#08350 i 5 Reconbi nant pl asnids, desired pCMVK(+)- BEEERAYE “?fhrl f| ed
on a large scale ~,aing the Q AGEN maxiprep kit and 2 ~tg of this material
was used to transform a Ne| sseiria meningitides serogroup H strain |acking
f unct i ona[Neisgeriah blebopreparatiing described in exanple 1). In order to preserve
t he expressi on in on resul ti froma single crossing-over
(either in OTp gjd(fF ?éﬁ% ?%!;va@geg%f‘ e@g@ﬁ"% PERIeIEoRBIIgRRE) 6FF Oof PCR
and Veste fbfé&éatfosﬁ 1R801afi6n MILHBEsESE) RV k | Qoes test' ng
positive by porA—spgcigfl ¢ PCR and \ilest)ernrlglr{%?h\?\x/ercg%se oreén%IQ %

gl ycerol stainknchithgigenbdoocusf and eeningoedécts . (pReietiarly av,( HRhHRERRNG) ng to

iy NS i 5 L,m%zmg”s%bgé%f?;zzg ’
PAGE- SDS i 2
Coonmssi e r’ Ic?l an? r bso%o%% Pl?? a@?gﬁl@?%ﬁgﬁrrﬁ# @{beﬁsgi;é}ggn%nbr ane

and probe@mps t(wczamsesmrsuaporuewmmscs9m:@tm@ntrrbggd>1=r,;>.4e>§:,-¢1 @egi/@@;eog Figure

6, both Coomassi e and i nmu | ot staining conf i r ned or A"PCR positive

cl ones pr &8RAE-bpEy £ ngéé%ll t8siF8aBofWH QS/QZWQ, HasRi G?&T/EESSP{QS%Q)

[eps. . potRiLE GReTRPIRRRSLS, 1967 (R0 B30 ﬁﬁ@gﬁtéﬁfﬁiﬁe@p‘”ﬁ&e‘”

expr essi oPOT/EP0W/08113)i They eﬁep@i@& p&&fex&éwa@g@ksaaame@ mdylBe he¥RlIdgons!
preparatlons (see qu%ure 6). This result confirnmed that the pCI\ﬁ( Y 15 5~

~ 0 ~ "E~Inftrody ber{SrnErEgaREP DT 4 vect or |s functl onal and can be

used successfu t.he ex eSS|o menlyr ane proteins
such as D15, WIth o‘%ftmggolog}qﬁé 231? vﬁ“e’gpﬁeggij cﬁ’e‘tT’HF R ¥dt er
menbr ane proeessid): Roil, BerB, FilcEMfm.l TbB, Ezwstubpgtoga a%ogﬁrsatl | e pronoter
delivery vectors Rational: The rati onal of this approach is represented in

Figure 7 and cQReus DQravef ithe doliowing caenen ereaprefaresdsior Saweregulatioeseiast eps
are iljkustrated, wconstruction of Vector for up-regulating the
expr essi o%‘ = b%é)mdy% %% Vector for up-regulating the expression
of the NspA gemesmmranfme[mcwmy gened B Pogfkréd uﬁehgumiohwrf;ifoeemthe

t he privat ncyt e

NspA codin cov red (SEQ 1D NO:2) in

Pat hoSeq 8gtp§“6‘agé‘%§ ﬁiﬁmﬁﬁfl ni shed genoni ¢ DNA sequences of the

Nei sseria meni pgiskidl Se égpvlnc viee 0 % nu |eot| e priners
referred to as PNS 1 ar@ I§N§2 seesgé%f)éél %Q (A %M%) égt%r ed usi ng
t hi s sequeegien amlncwmmm githdr of fretheopd thHenEbpB mmpgsgamgpranaqge DmR
anplifjcation using genom c DNA extracted fromthe H44/ 76 strain. Step 2.
The cozlgresoﬂ oTats ! | i cons were cl eaned-up using the Wzard PCR kit
(Pronega, USA) caadorStiard o Qs tronaliig est.riction
enzynmes 20 far 24 hours using the 1C§3écfn?§}“8}r’l¥sf;%£5§(}rﬁl égdﬂbMF@eaéoﬁppﬁl er
(BOG?I’I ngé@rockssinhgdlh Sl@,rsmBL}s)aC Thd, cuAr esPomdl, and BB, f r agnent s were gel
purified and inserted in the ;) corresponding sites of the pUC 18 cl oni ng
vector. Step 3. Recombinant plasnids were prepared on a large scale and an™~

al i quot f rRagidoHoniPerisSids#BlcB praRtishe for inverse PCR anplification.

| nver se PGWW%@TTHWPMSA and PNSS 25 ol i gonucl eoti des using
the f Al owi ng Qner nalm@ycbf mlg: doliniving ogrmes Z{SndodmgSp(cEébﬁv& tigens)o&€ 1 m n.
72C 3min.) gvery). _Li neari zed pUC 18

vectors naragnd i “EeableBoR 5iF Thosshes Hlapon Do PHEA beP B Thcre e

obt ai ned. p3&feryari b (hid ) 85 gene
' Step 1. pSAeDNA ér)%eg;l gn (1 Orggﬂgt))ﬁétr%a hg %ﬁoﬁggdm rg{%e{ E’garg%gé@qgnpgs
codi ng ger’F@CWi% di scovered (SEQ ID NO:3) in the private Incyte PathoSeq
dat abase cont ai ni ng

30 Moraxella catarrhalis bleb preparations

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

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



W O 01109350 . ~r~i ~~ ~~~~ PCT/ EP00/ 07424 unfini shed genom ¢ DNA sequences
of the Neisseria meningitides strain ATCC 13090. Two ol i gahfcliédtlde
priners 'B%ﬁéored to as PronD 15-S 1X and PronD 15-S2 (see_table in .
exanpl e“%f desi gned using this sequence and synt hesi Z&d/EMQQLB4r i ner s
were used for PCR anplification using genom c DNA extracted fromthe 5

the W ZE? SFog ¢ %%&IQSQ&%@%?E%&ZEQ% L&"é‘%aﬁ?é&é’z'siﬁ”%:ﬁé} Eg o
EcoRI | X V614 S 7 it [
he suppl o Boohr et RAnCRe, on 7l ol CGBCofiRatt b dimma oE " ™

f ragment s994§3€2.3k| lipat8 f (@B &8US038HY t Pd (PUT/EPISOBOIT PRGNS Stigs of the
0 Reconbi nant pl asnids re’ prepared on a

ucl 8 i tor. 3, 1
Ioar ge chdl-gerl]r'&ﬁ%:n ﬁﬁag{ﬂﬁaﬁsﬂﬁ@ﬁ- dmmyas 64:2803-201%), DehPETEPPSI03EIMer se PCR
lif4 i | f | he .D .15-$4 d D 15-SS
glrr})gijnjuciaggx?l les@\&gr/gggét?@ ’Fl}ggng ngéﬁéfﬁg@gg@-}éi irRPAc Rdi ng%sOVQs times
(94C | mi n98/5%H06), TopA and AGpBN{WO) 9PNE785 & Wo(s»ﬁ%%h@*ﬁ)?pe ﬁ%p%ﬂt %,% 51
e

recovery). Linearized pUC | 8 vectors harbouring a gl et on Fn

S/ onp85  18sRigstWOTA/P il brand 2mp2 1.\iEhey avbalab pesferrddxasngenes Whickenayaset at i on
processes j conbi pa bl ebs .The exanples |isted bel ow
descri be %Jé%ﬁ%’gé&?’g@%@8@@&%‘3@%’&5{'%&%%5%& acki ng 20 either capsul ar

pol ysacchar i deSnobr afe WamepRUbSEAC BaidsIgs ABRaER T asWGllcRaREOGRIUT € MY
be used for a wi de range of Neisseiria neningitides reconbrnant strains and

may b¥ adRiptestak -opBaRMBA0snQmpBc AbpAs Top, LEpA, and EbpBadi a: Nei sseiri a

meni ngi ti des B sfrains were propagated [n solid 25 (FNE 004 AA

ENEJOT0. AR) 0T Ak Hre FEs s I, Bk e BEiPad rodemivesmianas ot or

gr owi ng nEocesgdy beBymsBBanadsdt agei ously free of ani mal products, and are

considered a further aspect of the invention. 33 ~ 0 ~;~a~ ~GC4 WO

011 09350 PCT/ ERRRARIPRTsofchefrdiosring Betes ou prafdeide O0EréATonGAD prdbdgar 18

g/L.1g - ] ~= -6 g~ 1.52 g/L -NaH PO, .2H 02.2 g/L2.2

g/ L2.2 g%?%%%gg%’g%ﬁg’f% 09 g/LNH CI1.25 g/L1.25 g/L1.25 g/Ld ucose5

gL ~B0 g/L5 g/LYeast Extract OF-2.5 g/ LSoy Pepton5 g/L30 g/L5

g/ LCaCh. 24=0C0. 015 g/L-. 0.015 g/LMySO,.7H 00.6 g/L0.6 g/L0O.6:

g/ LEr yt hr-d%8749ES /ingnzag bleb prenamnigns ne-- 0. 2 g/ L Fl ask cul tivation of

Nei sseiria menhiighigi e T BHBWBC RS £S0NDI Nant bl ebs: This 5 was

per f or med ifn t WO s()%elgls)écgﬁptgel sflggg plgeg%?etsufe COIREs FFFEFIYE ASFRD | FBved by

l'iquid cupreierred ifamuprSgllatibnpyia-rotdssiseb) and/at i):.0b1$ eRd rom

freezer (ﬁq% ;ljgaweg‘_btg rQomt enper at ur e angl 0.1 nL &22‘? ’egﬁg?i nto a

Petri di stt @bt dPRAngPPE: L. 8F (FRECHM203043 OMPB6WWO B0 1888, IHMWEl was

I ncubgst edHBEW S EVW'S 241 : epsUif ac h was resuspended in 8

mL of FNEOOSAA (see 10 a Sy gﬂ%bf%ﬁ‘eﬁ?%g \?\f‘?ﬁﬁf &g%f’i“&)fhl%!’?‘f’ﬁ?owci n.

Fl ask cul should beupreguidted &5 oslpe mdateguthie dilpi)e TR irgra@s(,?g@n@&igﬁgmte? a 2

litre flasg. gont i ni ng 400 1rr1_. of . FNEQO8AA supplemented wth 15°ng/L of

er ythr omy €HA2 MK &e Peteglogouslyipmeduged intq otdsnrarernegabve bc2dm. r pm)  and

incubated at 3Ffe HPmckb df & ing |, re separated from.the "
kP o B 196 me 558 it Bl BB sion Top

culture broth by centrifugation at
process a): P2, PS5, Hif, IgAl-protease, HgpA, HgpB, HMW1, HMW2, Hxu, ThbpA,
25  and TbpB.

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

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




Batch node cultivation of Neisseiria menin~itidis serogroup B)chst 2004
reconbi nant bl ebs: This was perfornmed in three steps conprising preculture
on sol i dWRHHMOBIRY | i quid cultivation and batch nade cul ti vaPFEfEPGEI4R4
pre-culture. A vial of seed was renoved fromfreezer (-80C), thawed to room
tenperature and_0.1 nL was streaked 20 into a Petri dish containing 15

of FNEOO4A&AC nS The Petri dish was ,. WO 01/U9350 ~ . ~;"; ~~~

0
~~~4 PCT/ EPOO/ Q74 incubated at 3 for 18 2 hours. The surface growth
was resuspende% ipﬁéfgﬁﬂfc ° Wﬁﬂgﬁsg\é’eﬁ%\/é‘) the, fpyraiiasiepcef et blebs ng/ L
of erythr Giafiond-1 6t @e PRARRLLAT & _2 r p ed,solid pre-culture
wer e addegmitpo one 2 liters flask cont aimﬁ?ér%e 4@@1{&?&%&& ﬁﬁ@oo@ﬁﬂﬁp@%pm enent ed
wi th 15 npharmatewicgtihacneptable. extipien f | ask was pl aced on a shaking table

(200 rgrr) and [pncubated at 3¥Cfor 16 2 hours. The content of the flask
was used to i ndof BaRsIpgure, 9f | blel , preparatiens: &om may cof el eforementioned n

fermenter | GRGA (4001 E to re-sterilized 20 liters
(total volml?-rge df er menitﬁg}’ bééo%hgglv)ﬁ?\r%sfgpgsg?e Eﬁ@ﬁgﬁmﬁgﬁvﬁﬂ%%ﬁﬁé&e% th 15
my/ L of epyséw.@ryferably FHeanehbangiseldiddsinegP 501 9®@2JURE sy7asnegpat; 243 @ by the
aut omat Ed,l.é 0 gd?ltl on of NaOH {25% w/v) and H3PO; (25% viv). The

t enper at ulbe tASH HEAIF 385k Mast preferablycthe sreshadgieseribed imBxampie Btinusedd at 20 L

of air / mn a : ' concentration S it ai ned at 20%
of saturation %c%lﬂipggé)?{agtb %‘gg ggﬁ%gélgpgﬁﬁ{?g?&mf&téc%%ﬁg?‘%n?u fURURlhH e

f er meno er andiadjredinn bpprossh” géds Il MIF & Newan%\a.ﬁ;(m? Plenhii® E%'N e was in
stati onar& phase. The cells were separated tomthe culture 1§ roth by
cent)ri fug ©fon at 5000g at 4C for 15 mnutes. Flask cultivation of

Nei slsei ri a nmeniRzidldl : S-. .Paor A reconbi nant bl ebs: This was
performed in t\Tgesgtléebg??cgg%glggsi%gghgrpg%ﬁﬁ THERHI TBYi i"ﬁ'ﬁ?‘fé’l‘ ItB¥ed by

| i qui d cubvadciret foanulaSon iofl ther @ventidnur Suitable/ hglvaits HERde ‘éﬁ%h{rﬁﬂmlﬁgﬂgsom 20
room tenperature and 0.1 nL was streaked into a

freezer (-800), .thawed t |
Petri di sﬁ“%%t%vww Eggﬁﬁdefgemémbmlpmummms;hatemet Pey rmisodiesh was
i ncubat ed At oBddeibQr (pdBicuilell) Wichim & (f ace growth was. resuspended in 8
m of FNEO%S%AZ%{%Q %%‘%vé‘) lzgpﬁﬁgrn”ent QBRtE) %ﬁnfgé‘%?ﬁ_m&’ bﬁaﬂé?ﬁibfﬁ Fl ask
cul ture. Susptnsidn of, aqydmeds perosine, $>6|dc@lawcﬁ-sﬁgdrg,u&&oﬂ@ﬁﬁ%a&d%d‘u@al@ 2 litre
fl ask contdai ni.n?gq 4(30 aof, 25 FI\{EOOBAA suppl emented with 200 ngl L “of
kanamyci nSSHRESTY W%‘BF%&’EWW%PE%R?%Q tabl e (200 rpm) and incubated
at 37C for 16 ggj 1 adh fr t culture broth by
centrifugation altduéécj;%é éaﬁiﬁfgp% %s?edf%&%t ﬁ&gé‘%&d‘\/ﬁ%‘?f’og@gBﬁ“B&E?E; ~~~
~00~ PCT/ HpUOA OpatdaulEtn ApsleeO-Brylbed Indriophosphoryb Upidf A Caid #Bo@binkligbst f r om
neni ngpcocci qgvo#']d BI iéalgsul r olayéa charide 5 Reconbi nant bl ebs were
purified a5 R EPrYLH B wr%ﬁé}bf -fe-Pacyated mgropbagphoryidipidde GPn 211
of 0.1 M MPIS-totethet vt arPdth@irfuf { 0] 0. 5% .Sodi um
Deoxychol at eIg (%:%q. Jﬁl'rl'he rlglti 0 g?&.ﬂ%@t&n‘t@% S&P%ﬁa%@bl%&hgﬁ?rp@ﬂmowhe
bi ?rg)gss waka manepleasphionyy lipid ghatd z saponinr detiyativir padfeulbirlyithe Sombink@EHTdf
te ratu Tot ract. was .t.h C ifuged at 20,000g for 30 m nutes
at 4C ( 1?%36@“93’?‘%”13‘6&?%928(2‘?&%ﬁqg’aléécwnﬁ}fsggaﬂsgmwmm@wp. The -
pel | et vasidiesear dmdi Eheuehuer AkaBlotuitol'bl IGERALY I UgRibapt173¢5,0000 for
eckman L8-

2 hours at 4C (40,000 rpni in a 50.2Ti rotor,
ul t r adént Patigwlasly ipatest déinvans fermmdasionriavel vings082 1e3D-MPE agd RédoRBéreNin Was

di ded > | et .gent . in 25 m of 50 Tris-C buff
o 6.6 coRt Al Hats SRR E ke BRCRA ket s e omulariemcona 15
gent 1y Suspenged 1o ad m ol o e a g by sl "H Feg it on

gently suspended in 44 m of 3% sucrose a st'ore
used for BPEBrEKeR ikt inowagngmplsior andhtocopharoln tUrinmeishifed T tchinaimBiesal ate.

As illustr Lo Fi i rocedure yields protein preparations

hi ghl'y enP?é‘ﬁg‘éhF%“ng@-%é%}ﬁi%‘% %Btpégﬁ@néﬂé?ﬁ%m pbp AT rrgsmosEnd20
Exanplie 9ard si@able fforoRk iPthe kesbGhinkigh. Pronmoters suitable for up-regul ation
antigens y coding genes The use of strong bacterial pronoter elenents is
essential to ofbaivactpe prepgmtian iofrhopregemesventich ngryf iy ugutBrproRBbsANe

pr ot ei ns. ujeﬁkéhat cqnt ext pile have. 25 shown previously that up-regul ating
the Neisseria® HENIHY)iSETGRUPIR I Meqion, by, meapsploadmipisiesing spidgvactioe yor A
pronoter has allowed us to isolate reggnbi nant bl ebs enriched in the
correspondi ng NspA) Hsf and Omp85 prot®ins. Alternatives to the porA
pronoter may be useful to obtain different |levels of up-regulation, to
overcone potential porA phase variation and/or to achieve conditional gene
expression (iron




30 regul ated pronoters). Here we describe a nethod all ow n:g the
identification of a precise transcriptional start site of d ﬂré)n% %Elbm)ter
el enent i to confer high | evel of expression in bacterj i_nce

pr onot efw?eog@%%?ory el enents are classically . 3~Ai C WO O‘%’Bg%@"z"

PCT/ EPOO/ 07424 enconpassed within 200 by upstream and 50bp dowtream from

the +1 si 0l 4 , asanik B. Gralla JD,, 1991, M crobiol Rev

55(3): 371§3’§2{'@tdr§:ﬂ@°e°\s%ﬁ?&§% g&% %%“%@F‘P?Femayamcts\ﬂs iigctien jvéeitkd fy DNA

f r agnment sinobmakmidr, 2tRAperytofiéul ! mnraaeﬁancmgs,m@apgggg ,@g&%&v‘;t | es. I\%hgr out er
es or A, )

menbrane proteins such as Neisseria 5 meningiti 'PEF gPE°
Haerophi | YETINETANQRe fg ke pral/alipentans @spifatoryb genitduriaagatradis. hattus 6¥8CD,

OmwpE, as % y.opl asnmi.c andl or, iron requl ated proteins of these
bacteria P ééstess é?’?‘;’gﬁfé IB‘?@?&SS’PG,‘? agnethod iof immunizing i keman st againits gener al

met hodol odigeasyRawses d; r el N rt site of . the strong

Nei sseria meningiti gggu%égrggﬁacﬁ(rjbsgor gh%%%t%?%nﬁ’s?”h&gr’gfﬁ‘ﬂgéﬁﬁpﬁ?scati on of
CDNA | 0 eddmipistesing30 thAGEt. anTinemmioprcteeivesdait & thEARE ﬁ%ﬁ& bPlleowi ng: 1)
Total RNA extraction using Q AGEN "RNeasy" Rit. Genom'c renmovi ng by
DNase t r SEEHEhIVEYI®owed by Q AGEN purification; 2) nRNA reverse
transcription Cinf ' i.er, (named por A3). Expected
cDNA si ze: 307mne¥ ﬁn%eriX%E'érlnlﬁ) | nllg d&e/h afﬁgﬁdﬁggellg SF\&?&F@I@@ §§n°§5‘2 P88t i on of a
si ngl e- stindwete nDivAnwiopgweative respopsa ethol 8hificant Revedse GRE Bfacdtf CONA

usi nng4 RNAII i gase. Ex ected product size: 335 nt. Anplification of the
anchor- | egR¥FB{VAEPREESY F‘E@ar§°%ﬁ’ﬂpr¥&f}f dapepding anon whichspedBRImmMpnd2eR

anmpl.ifi cakiepdpiifedt 3 d si.ng a c _enent ay y- sequence
anchor pri ﬁﬁbidtéﬁg h%'@ﬂeiﬁép#%?{%(? (érlég%glefég)cx%ﬁge@lh%“W ‘{ﬂsfl’f’é (nanmed p
1-2) whi ctempsis2d-100ugrofgiroten atigen, pneerfﬂiym.sa% aR@ i3t t fdmpr oduct

si ze: 292rﬁlg3é)' 5%5 PCR anplification of previous PCR products 0sing DT89 as
5'end pri %\'n H#1-1 as 3'end priner (internal to pl-2). Expected product
size: 21 | bp; ' L |- L orimer. {expect roducts size
can be cal cul a‘t%ggpgﬂe‘ggﬁrggﬁggffﬂgt%%é% ‘f)atjcf%ﬁ C&p bptases taéncg ﬁﬁ%&#ﬂf%g nt

bef or ¥ t HeudigsT@valviags obserartiost af t appirdate 2fenrRe rksPoReR! hpr%ﬁgge Tot al
RNA was e19<0té{°act ed fromla &r oxji.mately 109 cells of Neisseria nehingitides
ser ogroup BOCHE B0 Rlal sYcqinations, $ybiects apaYofrecrivel ond ox beveral dbastet ur e at
appropri aﬁﬁnmgaagggadg@mg@gpgcg@oo = 1) was perforned by the Q AGEN
"RNAeasy" kit according to the 30 manufacturer's instructions. Chronosomal
DNA was renoved by addition of I QU of RNasefrec DNase (Roche Di agnosti cs,
Mannhei Mgy . 0 pl of eluted RNA and was 7T WO 01/09350 , aa;

1
~ o~ | R

O

BH8%d at 37C for 15 nmin. The DNA-free RNA was

puri ficed w t h THeEnGshiges \/}gﬁtggttthgi j j tions. . Reverse
transcription reactions were performegg?ﬁg%%re{“rgrg&r Hé PRPAEDS of

SUPERSCRIVBCInS Fasy &e seasily @ntsodédptaghogtlof &illkdcihelk OglefheparthiénsRind €act i ons
o7 b Bk Mg qpliod Ml Ton BBl sl sommokt 2451 o
A T s e L A i 0
and killed whole cell preparations. Methods of making ghost preparations (empty cells
25 with intact envelopes) from Gram-negative strains are well known in the art (see for
example WO 92/01791). Methods of killing whole cells to make inactivated cell
preparations for use in‘vaccines are also well known. The terms ‘bleb preparations’
and ‘bleb vaccines’ as well as the processes described throughout this document are
therefore applicable to the terms ‘ghost preparation’ and ‘ghost vaccine’, and ‘killed
30 whole cell preparation’ and ‘killed whole cell vaccine’, respectively,

for the purposes
of this invention.
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(70C for 2 nin, 65C for 1 nin, 60C for 1 nin, 55C for 1ni; §E Q(Br 1 mn,
and 45C{ ar. in) before the ~~.rPEFt scRCPt || was addeds %@E r'eaction
was perf\%§r(rllle/é93§]|) 42C for 10 30 mn, followed by 5 cycles (P PHO74 %4 n,
53C for 1 min and S6C for | mn) to destabilize RNA secondary structure.

Two par al bghn{aasts ﬁedﬁ@dh%} p_eifor med with the reverse transcriptase

omtted f gative control. The RNA was renoved by

al kal i ne hydr oltywsdysbeCdppeac g Wt She et f 1 pl of 0.5M EDTA

followed by 12.5 p1 of 0.2 M NaOH b%?%(ﬁftﬁ%ﬁﬁb&gfgﬁoéﬁs%%yfhﬁuss 8 n. The

15 react i BiRSusset? angsdifind straiz dibrb ywichd itognak? . itmprdvedf bldb MréHa}ﬁohPolf(tﬁﬂ- 4) and
ar

precipit h dition of 20 pg of glycogen (Roche ecu
Bi ochemi %ﬁs,%&ﬁﬁ OBE SHTRFPCess Iy psedf mure\prefeibiynnec et atoze cand, 60 pl  of
&J 2 b)

i sopr gpang)lé, 7Bebhos gk nded in 2 | of 1.0:1 TE ( 10 nmM
Tris-HCl, pH 7.4 ks E%ﬁ‘ig"%ﬁ&?gé&rﬁf &%ﬁr [ 8&%‘%"‘%&%" %Sé&btvécaﬁ%h%ﬁr a

5' - phospheach | addgibnal meatibdd dACTRed | ia Cthed mAREHSfire? Qf Lg&@yc\l,a%gi%,gd%ac T88 (see
tabl e bel.ow) . Two glaral.l el |egations were performed overnight al” T oom

t enper at UFETRYIFIE XOHS B FPBIUAFtRR With Shepthert metidRed ingader buhfi@ran( Roche

Mol ecul arofﬁz‘m SedeNo Rl bleB peddM Q188 10 ~I of either cDNA or RT control
3 e RNRle:Bip g" se.t

sanpl e an U of T4 Rs negative controls, a second set of
| egat i ons r each ipoeferredmepmpbacoxl paittlatly 10 5L O8nd j The
resul toi ngﬁ I e%i%ti n-re%ﬁéri on m xt ﬁt?es vverg used ﬁ?g@%bﬁgﬁ%ﬂanﬁn, 25
pur i f1%atiOBRVST PRI HRIeERISa) DR Mes/emm)hand: h)e §attebles Pivdavaisnaiel i f i ed
using a gafeqqqgi Ratd : h-nested and hot-started PCR approaches to

i ncr,)easedls peci £ c?‘?‘%éﬁ‘g’lﬁﬁggﬁgﬁ&ﬁcéﬁi PP Se g siryctyrrd sehobatthPCR wer e
per flor mechoshinheneRiesporge sill reafcinsed ¢ Hipl AB¥IObS pidled el Une, each
cont ai ni ng; %ﬁ%g of. I OX Taq Platinium guffer, 38%*%‘?”%3“?#%?8’6@? 1 pl of
| oM dNTRPSTYF93 3 Bess: 611 Badkops elamestsawarkitogkther irc ordee 30 prehiag aifRNA

| egat i on gpeiakdeld Beb viiGnECR were hot started by the use of Taq Platinium
(Life Technol ogi es) DNA pol ynerise (2U added). The frst |egation-anchored
PCR (I8A- PCR) \amilpy for Mecaushaigs 464 peRkyrebbibat hiskhe, Q’CE’QF&’\?@%OH%’C pri mer
DT89 and %Qg{aﬁranscrl t-specific priner pl-2 (see table belo Whi ch i s

i nt er nal T&{NERSCOMRIEE B W5E o BFOcpBEY®, b)Thrd GRMMS).per f or med usi ng an

initial 95C f oy fisthar &Pedh ot thd Folg olynerise activation) followed by
10 cycles_at 95C for 39?0 s andE&S@&{\igmglﬁbgégbmi?mﬁcpvﬁminm@w/ 07424
for 1 mi foremensgativeclen ghokegurddlledewhaly cdIEYaccihb sEivblfdr Phedific LOY, 10 S and

60C for 1 m Ng The.second. hem - nested LA-PCR was perfornzed under the sane

condi ti ons usi Xd’aﬁgl?%r"sb‘f%@“&i"ﬂiuﬁﬁ@ 1pfants lessteanfayeapy older, t ogether with 10

mol 20f pl-1 @ESSernaRbR ; = ost.round PCR Anplification
Br oduct spwer e purifi eg G%?hqulﬁgﬁ%lAt&glﬁt?%s{)ﬁdﬁ&m&fﬁfe?%ﬁgﬁégpt on" kit
accor di n§% ¥ Athi9Qfe} off iafantsnseraconero (£ it eass ibBAckdrRSHA 9S8 @RI ng. The
CEQTM Dyg; 1 . cl. uenci ng kit (Beckman, France) s used to
sequenc e%%lia(@‘;%kg{%%‘?f%g% g@g ‘ﬁgf“ﬁ a3 @ie e fsrexpmpledtCT/EP28/0SEfllenci ng
react i onagaisstea perdfOkdi@elog6EsOstindtd Betsgﬁﬁfg& id instructions and
qZ

sequenci n \3{1 oquct S were angl %lgzgid by t he 00 20Taf'0us] sBTaYRS em "
( Bec k man*<ERWP-t 57 meninpocrg8EB tipasSABAABGTIGEAVY Y GRERHT P4, ' '
s

CCAAHA TGTCITC,3' por A35'  CCAAATCCTCGCTCCCCT
C&TGATTTET(@WW? ‘p‘y’%ﬁl lgeAf%GébCN ATTHCCOCOTGECATKERNPT @l S ofResul t s

for the beassd442767EMOT2520781 B2MI0A NG T rd of transcription for
Nei sseri a jreningiti des serogroup BI?S??&;%H%% % PIYTRP ]Ev’)vas mapped

59 by up&Vi“gurseothe shainn\gtould preferabiydba2 L3 idng, trost slefedbinal HoRAGHPr ocedur e.
This res fy ¢ e in rfqornmed by prinmer extension and

pubi i shod by vt Ge2 fka R3. B4 or o8 edigmtatis Gppmmain bl 2. DA

f ragment praerblaly rbier?y 304 &k &Abdt YeFeraBivt ' t rA ATG is
Sui te} |l e fcﬂﬁ drivi ngnst rong ggﬁe @%b?’égéﬁgﬁn%%ﬁggg}éqﬁe%%&%@ des and
possipl yaf Woner bacteri al speci es such as 20 Xaenophilus, Moraxella,
Pseudononas. Results for the Neisseria nmenin itidis orB ronoter The sane
experinmental strategy has been applied for Neisseria nmeningitidu serogroup
B (strain H44/76) porB transcription start site mapping. Priners listed in
the table 25 bel ow correspond to 3" end RT priner (porB3),
transcript-specific primer that is i¥fternal to the porB3 (porB2) and
internal to the porB2 (porB 1), porB3, porB2 and porB 1 are respectively

| ocated 265 bp, 195 by and 150 by downstream the ATG start codon. 30 Using
porB 1 and DT89 priners a 200 hp PCR anplicon was obtained by performng. 3
- RACE mappi ng. Since porBl is |located 150 by fromthe porB ATG start ~A ,,




WO 01/09350 ~J aR; ~~~ 2~~~+ PCT/ EPO0O/ 07424 codon, this result supports that
the porB transcriptional start site is |ocated about 50 bg J“‘N ?Enz‘bp)
upst r earg,gf, 1055% porB ATG The exact nucl eotide correspond Bo0/07424
transcri pti on Initiation is presently being determ ned by sequenci ng
The above PCR result supports that a DNA fragnent 5 containing nucleoti des

(L to -250 wi t BynBAAEH: s WinPRECEEGs §E%$qc%§?@-%%}o§d,?ygi%féggﬂy§offofdédri ving

strong gene expre53|on i n Nelsseria rneni t her
bact erl al decrsyseof emdasardh aesvifjassmpdsuredsby MerwelBkhéwn E;s&ug,g mcﬁgarrpl e
10: 'Up-regulation of the N, menin~itidis sero~roup B Omp85°gene b

pronot er #¥BY%acenent. The ai m of the experinent was to repl ace t he
endogenous pronoter region of the D15/ Onp85 gene by the strong porA
pronoter in order to up-regulate the production of the D 15/ Orp85 anti gen.
For that Wdtdies€ombinationeot er repl acenent plasm d was constructed using E.
coli clonrng nmethodologies. A DNA region (1000 15 bp) |ocated upstream
fromthe DI Sl 4rfpBberaspeatgf gven@vmtagn@remamcedmﬁﬁm@mnsmgm blele private

I ncyte PathoS a fel ai. unf ni shed nom ¢, DNA sequences of the
Nei sseri aP Wgﬁgﬁ%% Egt%e rﬁle fiop xg %ﬁﬁngﬂ?ew narg tadyantegeonsly used ocedur e

are repr ea@iisedertdin Kisgaeastdles. Bri8fe¥n feurfdNAad ering
nucl eot i de%ﬂl?48 to -983 with respect to the Dll?%r%t%@écgi ene s{%’tr t(:\fggodon
(ATG) wasfamuiaghg i otheraatigenisnzs bty gdvantigeotsiylbaven abjuSarkt kfedtontESG CGA

ATT CAC ACC GIT G 3') and ProD S-52 (5'-GCT CTA GAG
% %’g@ﬁm‘?&ﬁtﬂﬁ‘eg@h} cont ai ni ng EcoRl and Xbal restrl ction sites
(underl i ned) rﬁﬁ&e&gteyete)ﬂ coHUt&tﬂcoﬁa&fEeﬁEnM?xﬁccﬁﬁﬁnﬁtbtl&d teBarki okr%é on and
e B yIes.

inserted in _ pUC 18 plasmid restricted samne
const r uct inysnéaméee viermelgtedupiitht leR,t 3 ion  preferablyndlngendsths fislongng he

Enol and BraPAReRE R Bas! WS RGLRASeS w el G Pl or covRgssdR .
~(derived bfoith Earrier:"A,C, Y or W. Suchavacom&%?'b@%‘?dﬁ@és%@sﬁi?% BfcBa gene)

were sel ected. One clone containing a mnitranspos ocated in
t he Dit%/ Gﬁ@ggmgecomsimcng Reglﬁbﬂlammi! tbq/ n&nmg)mns 8abieb pospatatiens6HRI site

| at,ed. d britted t
err ol o PR s’ B CHEMIRH, Ral s Rl B8 Rodd e mbnriy douiaiy .
528- 534) mmcxyptemehmgecaccdetaemb apré;ea@a&tnechm L AMPRO erefeldRhevdpiRE" at ed by

the transposition process, i) insert nmeningococcal uptake "sequernces
011 09350 SiFaiBs pelpnging o swsrqionbemtspmm (fory instande fobpsenr fromf Bt.i6} i on, and

(i) insest b triction sites allow ng cloning of forelgnDNA
mat eri al s&ghﬁggigt%n%#g?)s The circle PCR was performed using the

TNRDI 39 Kpnl | Xbid a furklfdr (b ferC¥ACerikaRirhéR, EGnIAGACEnST b@% Aﬁﬁﬁn%cofr G TGG
ACA ACC C-3') & TnRO3Cam(Kpnn (5'-CGC CGG TAC CGC 5 CGC CTA TAA CGG
TC-3') ol ifolRyettion: liog e %fetﬁwa?rmji mpt ke oséqerene&-tmndnmgoames B

restricti S r e Tere t|n fragrrent
was E; p(gﬁbf F&Ez&ag Zspégga Bf?%kgmg%g Htgog’cht gof‘rref‘1 # d°’| egat ed
to a 184bpoﬁjb@atéd agnmgbcmalt aapmlﬂlgpcbllyﬁacbmﬁe@rﬁor@t ¥l orand agﬁllﬂfnﬁia‘é‘éﬁ by PCR -~
usi ng the Por A- %CGGTAC CGA GGT CTG CGC TTG AAT TGT G3') and to
Por AO2 (SW‘%@:‘%"&%* ugngae BEAPSHRS Mapmﬂ@\@n@w&rﬁwm plgimerc| eot| des
cont aisRi n D. E&é{rﬂ s carr

pr om)tzgr 93@2 %tg{j In tcﬁBé(@g? g{c‘ltgrs %0155% |dg%rt?‘tnr°§hl DrI6Re ét%%ésé’m ng in
the EcoRI compilkeiondiar ewdre proteinmntigens|tipattoan pestect usiRs: tgzmtst BRed196deras strain

of Nei sseria rneni tidis, serogroup B | acking capsul ar pol ysaccharide
(cps-) and®"6eorge t“hflé‘:‘t?é‘[ orch P gt marhbaaevantageoushy usedas A glodala- ) .

Reconbi na%cn%ﬁéﬁctﬁ nmeni ngi tides clones resulting toma double crossing
over event (PCR screening using oligonucl eotides Cam 05 (5'-GIA CTG CGA TGA -

GIG GCA GG 3') ThepmelinBed?)l vapiiars polgsiceihride 43GgemdirdBreRAbE idigeddPy/ M
chl orarrph i{]l col and analyzed for_D15/ Om85 expression. As répresented in

Fi gur e%10, TYR &EBRBEYULL $:0h Yo @»175}‘7:@#'8855 %éoéo1éﬁgiﬂﬁ,lléahiﬂl,ylﬁnﬁ@ased in

t he total oty a S fro

repl acemen‘tyA wgggz(g)c?tﬁagie}(sjm?%3mﬁ6 3 }rél?:iaﬁg % r%\ nypes ?h?’s‘esgégr ?Fuas al so
observed vﬂé,ri4ah&(t,y13FmgddB|F)er-rrenbrane bl ebs prepar ed fromthe sane strains
(see ~I Figure 17). These results are attributable to the replacenment of

t he endogenous D15 _ . pronoter by thébstrong por A pronoter. in addition,

it was surprisingly found that 25 expression, where the porA pronoter was

i ntroduced approxi mately 400 by upstream of the initiator codon, was
approximately 50 tinmes greater than when the pronoter was pl aced
approximately 100 by upstream Altogether, these experinents support that
the prormt er repl acerrent strat egy wor ks and aI I ows t he up- regul at| on of the

. . .



41 WD 01/09350 $AA . ~,-zE ~ |, ~" ~~ PCTI EP0O0/ 07424 few out eé m e
protein serotypes. Since PorA is a mjor outer-nmenbrane pr&t i % '?lgen

whi ch céh‘PPH&‘ﬁng protective and strain-specific bacterici dFT/EMYG6H es, it
may be possible to confer vaccine protection in such a population using a
l'imted nunmber p0of rge r@n%erot X%is. Moreover, PorA may interact with or
stabilize somel DLHLE BUTEHOSCTRL HEPLcHS FHERS 35 thope PREWNQCHRtab PIroteinse
presence @hicBOire éxposed 8 tHE n [ ous, .

strengt hening the ﬂ\;}acci ne ef %ﬁcgegﬁsﬁcﬁ% g@%ﬂﬁ??\%ﬁ%’l%&%ﬁ%v tfibf)’flébs. For
such a r etsognisdd byrayhastis dmsiunabiystetro dusing agldagtt gar bEtheXEE @§8le T @E D

15/ Omp85 outer nmenbyane protein [n a Neisseria neningitides serogroup B
Strain 10PRSHBIGREFURh Qe ATORRICRS W his fss Sosbeie apredesschby fhomasurGormsmisc. DNA vias

extracted emn?,i t: | rj@ frenkngiti des ser.ogro B cps-,
por A- ,5 D RjJé?gﬁEgBkg@&’st ra ﬁ%.‘%?t@d‘%&%ﬁ %é g "%g“ﬁ'?‘&allg@éég% €I | Opgr
of this niipeprotin ebStréproveatiszméumbridesedfh@mdtameteat fFaHPciufaﬂ?:#g@fmd

0

meni ngi ti des serogroup B cps- followi ng a classical trans tion
prot ocol . PREBHBIGINGR Busi 48 eRqtalimited tobtnuenmdlysin (Eefaghly dbwkifed 16y

t ai ni / e | ti . | ti f doubl
cr osei ng. yar et Bt ARREOR thisa Lo 3P R PR e B PO T cr  bea

previ ousl ¥8(12g 40000 0gMpParisof CsMitiedAidlRNS &(,ng;r ' Do ltne
chronosone, a second PCPR scr eeni_r? wa)? pggx?grﬁnggi*étgﬁg?rltro e@ﬁ}é Integrity
of t hd® popreurmsige tyaes heandedOnMitchell egtalaBinchim Bioptys Aua 168% JarR@3j nt er nal
por A pri 2 RPAL 425 » CC GAT GIC AGC C.-3') ,and PpA2 ( S- GCC
ATA GCT G TSP ST AHEPFREony F o Bl 40 pkebert<bbrolls BRihr | mont
The Janpl i pirifdation and bivlogidal Qbdperic@0TRD 96AI3RES (K. @Pﬁa&ﬁ??%%/@@%lhe por A

gene in the reconbi nant bacteria. Reconbi nant bacteria (corresponding to

about 5. 1681epaet ahi WO S8103B%4 (WAY A)lis Bepsd edd i tran§embrand dEla@in SRGmnUf f er |
f -2 ' 00&):+1.h ti th ted by PAGE- SDS
Gl oot 1 opnirteor (O 5864103208k Vo0 PIRE, A phierdren sty si e

Bri | | itant thetao€ (RAB®7¢09954 anBfiksr @ dal); PAANhid @G8ihdthiRse HRMRLAPSARD probed
either with a ti-por A nonocl onal antibody, or with an anti-D 15/ Omp85
rabbit pofifEodnEBeraht& hBalen, Anacysimmyn 3996 r Demstrii DrfaShi6abESaneper ed fr om

the sane BQeRbkMifs al sqq! formed 6= .~ ~ "~w; |~-~$$ WQ 01109350
PCT/ EP0O/ B Sos ! n%|%:as%%?‘?8§aﬁf°é‘t PEAMYY a?‘?fémkﬁsﬁé‘ﬁﬁaﬁ? iﬁ“’ﬁﬁ?‘ieg‘é% in a
r econbi nalrepMeccses r pacuvemidey);t i slRAnPEsREr O¢RolRes!t bikiRlg! askicnd fagact i onal
cps genes_ but expressing Por A As described above, in cértain countries, the

presence §f® TRIF GLTHR YREABE dheedle b candimapssembriva delageovaianand can
strengg hethetdd® varol Ng7RN {4 cacy®f @,gﬁgbl Qﬁ?&dl&@%&&’e".‘igph%'s&té% In the

foll ow ng exanpl e, we have used a nodi
dehydrogenase (Infect. Immun. 1996 64:3544); HSP70 (WO 96/40928); PcpA

(San'chez-Beato et al. FEMS Microbiol Lert 1998, 164:207-14); M like protein, SB

=

patent application No. EP 0837130; and adhesin 18627, SB Patent application No. EP
0834568. Further preferred pneumococcal protein antigens are those disclosed in WO
25 98/18931, particularly those selected in WO 98/18930 and PCT/US99/30390.

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

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

protect a host against RSV and/or one or more antigens that can protect a host against
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pCWK(+) vector to up-regul ate the expression of the Hsf prgt ei ‘q“’fg 't}gen in
a strain lacking functional cps genes but expressing PorA Ithed @ nal
pCVK( +) ontains a chinmeric porAllacO pronoter reprﬁsls,ﬁglu I . coli
host exayggis@%agl acl9 but transcriptionally active in Neisseéri ao}og"ﬁ
meningitides. In the nodified pCW(+), the to native porA pronoter was used
to drive idfmenzaaviast SpéH ®vasing hay befade st ' for Hsf was PCR
anplified using the HSF Ol- Ndel a%d HSF 0 -eﬁgefugﬁlgso%g%:bg% i dn #ners,
present edV#4¥Mhe tabl e bel ow. Because of the sequence of the HSF 01- Ndel

primer the Hsf in e sed.w || contajn two nethionine residues at.
the S end. Thggg%lrr]cgll %nolﬁgéaﬁ%%qf E5ER PAPHSI; antigens ipplude Fimbrimopreteitescr i bed
by the 15(198I766608)(4d ity P d - ' r (Nennheim :

Ther mal c(%l in vvas) t he fsg\dlg oévgyrllg: ZQS%"[é Pt}roggquﬁggﬁn{w ,EgRB%‘r‘Tﬁ]“?ﬂ?n&E_‘)?ZC

3mi n. )5 an 3433452 meOlgipAitate Rysearch fbGndgicn) OBPYEPE, profieh BOMTHBAI 986 Ng

anpl i con S ubf ue thx cl elg in the correspondgl’ng restrictic,n sites of
pCVK( +) dﬁat’\gﬁ?‘ff %@Wgr. H”rfmaﬁ? ‘reconbi nant plasm d, desi gned pCWK(+~Hsf,
we del eted the i i el .2 or All acO pr.opoter by a

r econbi nant Pgeﬁg%g%%gg&F%%F lg“f’g?‘ de %ﬁgfgp r+‘f?—§\‘vagfié(§?ﬁ’dp%s used

as a tenpindluenzacviRERerawpl infegg? os MIBCK tce IONA Viek @08 brSwholé FRGARHmds CONt ai ns
t he porAMSj;Pe#e(;%rc}Ei n(;]gea'b%hr ion, the Kananycin | resistance gene and the
porA pro serief P¥nie i @RS NP3, UGS 5-920) or psafied pr modmbinantRP2, are
pr esend edndokki 1AV NBR i i s honol ogaus to the sequence
just 25 u%sot r%égﬁf%fg@% ‘Ecgbalgggwope’r a%bér}.rMﬁ é%‘é‘ﬁ’e%tco?lbgg‘ﬂf’%ﬁ t&‘i%’e? e

Shi ne- Dal gar noPrséamedn®SV r (Respirstoyorsyngeie, Vikie) hittiggRN nangk t%@ orA 3

r econbi noglglni c _region, Aigonucleotide prinmers used,” RP3 and RP4(Apal), are
pr esent edSVFORIAEI, | G lysprrareinris HNinsetein, or desivetivegaberedfo t he sequence j ust

downst ream of {he JiAGIRE" e qaof fiagnent 1 agnd the Send 30 of
fragnent 2 have 28 hases o@%@’%%é?’ﬁ&%%&& e&fm'éﬁgg&ﬁ&’ﬁ’ie’ﬁ?ﬁjglﬂ’ wer e
used for prepiratidnsRERhe cation ars forgupitdd it Jr of AL FIRA. OrTéb‘?lﬁ{ﬂ?a@E'

anpl 0N obt ai ned was subcloned in pSLI 180 vector restricted wth Sacll

and :Agal . PRATBIONR R FaPguiaT a%’maac*@ndes? -and one'oy mor¢ antigens VBt 041 P50

PCTI EPOO/ Ku/sé 3daineWK(chka ; icf.d rge scal.e using the Q AGEN
maxi prep kit %arid 2 l%ﬂ%@ﬁ:}’}*?@ﬂ%{.éﬁn&ﬂﬂ%g& uﬁagagfmyrﬁ%?%#a REi sseiria

meni ngi t i eBOMePISRiD @ptigens tthati can rowaka hostfagarki SMadroddReusIPiRsokibe Strain

descri bed. i.n..ex le 1.). In order. to preserve the expression of porA)
i nt egrat ?%%&Pg%ﬁﬁﬁ R A ﬁgpgnagly FOTIRTGE Gve or vipase otigens dbhtisyn a

combi nat i srateef a Bédra t t I rocedures. Kanamycin
resi st ant??l ones t eg{l?sn\ﬁﬁg??t\?ée&b?g%&rrg—g@ﬁ gls'&laggwc@ﬁﬁa g?—fé? 'bl ot were
st or e at inflpergagirugl Sushraovacsine ciay nativastgedusly sed 418 gldbhlekiRSmeddaCct eri a
(correspogrggk g to about 5.10% to bacteria) were re-suspended in 50 pl of
PAGE- SDS butfeéer, frozen (-20C) / boiled ( 100C) three tines and then were
separated by PAGE- SDS el ectrophoresis on a 12.S gel. The expression of Hsf
was.exam ned in Wole-cell bacterial |ysates (WCBL) derived from NnB [ Cps-,
Por A+] orNRgieptide;saquenprsiof the ipndntion Coomassi e st ai ni ng detected a i
significant ingr in th xpression of Hsf (with respect to the 15
endogenous Hsfgliggcg%)is?éée&itﬁe VGORQR felgtes tprthe predsipe of Wi Busisotiet t he
nodi f2ed sgMscey wHidh meebersed id t 0 ed.-successfully to
up-regul at e, t he expr_esg?on of ou%Heé(rzﬁrPrfaHg rsaﬁgg%%%lgﬁﬁ%gpﬁgﬁﬁoqwuﬁ%l i shing

t he pr odu€8iosh M Yamieusagnss Py various srainsembpravided wdidhi dan 88 LidSR, for0

A i gonucl L de i_n tihi rk igonuct eqt i desSe uenceRemar ks) Hsf O
1- NdeS' - %h%r%’%qsr&% %F§é\ﬁ§\%%\ﬁ‘g£“@}’ FRARg meicanar proaideddoc- 3' Hsf
02- Nne5' - gerforkink p6kesd &> CTT ACC ACTNhe | cloning siteGAT AAC CGA C

-3' GFP-nut - Asn5' - AAC TGC AGA ATT AAT ATG AAAAsnl cloning siteGGA GAA GAA
CTT TTC- 3' Conpati bic with Ndel GFP- Spe5' - GAC ATA CTA GIT TAT TTG TAGSpel

cl oni S} ATG, - 3' Conpati bl.,e with NhelltPl (Sacll)5 TCC CCC
CGG chué G{F%%?@"%%ﬁégﬁe BRI gﬂ‘fi"PééﬂGF" egion of grbpcrric) g¥®e. TTC CTT
TTG TAAATAndTi e:plda %&%d@@a%}rm {gf:%gﬁ bless! = T AB~~~ ~~= 4 WO
01/ 09350 , PCTI EP00/ 07424 5' - AGA CGI AT CCC TCA AAT TTA CAA

AAG GAA GCC CAT ATG -3' 5'-GGG TAT TCC GGG CCC TTC AGA Apat cioniag site
CGG CGC AGC AGG -3' 12: Ex cession of the Geen Fluorescent Protein in a
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Nei sseria menin~itidis sero ou B strain |ackin functional s3dyektbafliex
ressin PorA. In the following exairiple, the pCW vector was used to test

t he exprwe9109350f a cytopl asmi c het erol ogous protein in NeFGREPQO47424

meni ngi ti des. The Green Fluorescent Protein was anplified fiomthe
pKen- & prut 2 plasm d V\Ilédth the priners GFP-Asnmutt and GFP-Spe (see table in
Exanmpl e 11). F Beredieg dRBIODNE fpat SASFificweens KRemtpin, regplatoryi ves

hesi O ' e ' ) . R

Pl 11 et AN o ger 8 it EfonexieH pf aTeceUE} N RBR ket Blach BB ase,

Boehr i ngerthdvimamdeeiptipnabanid~trafdsistional lewet.| ThHE s nw%fft_gégeoygg%g's, ithel 1 MES
up

(94CImn., 48CImn., 72C 3mn.) and i time (72C [ Onn., to

r ecovery) UPFEaELPT ARRSHERRP I 0P8 feading Eube of thengdng, cindreeabtained by pCOVK( +)
del i very ' ted. Wit el .and .l Vhel restrictioon enzynmes. In this
r econbljnag@%%g%%nggilgﬂﬁ\é\gﬁqgﬁ% ‘5&\‘7&{35!?9 pWs \iae dereanipefiqnnefl pefemsiabr esent
in the chirgguldterypRoafs an® & HOdeFerbt ArohfrQNh j The
PCWK( +) - GFP pl asm d was used as tenpl a?re to PCERXHS’%np’I ?@@%%%PE’DNA

f r agnent s indugibleagguence Elemantnirepsessotse elgoreits Sesponsiblaifomsigeniaiatiogitsn, t he
Kananycin istance gene and the porA prompter. O igonucleotide priners
used, RP fﬁlﬁ’%aﬁﬁ]%m% quengty st'émtss&étgt %%F’g‘q‘?rfe%‘?@ﬁ%l gracpye ippglved imer s
honol ogougegdutatiohCasSLSIUA i Ber] RS AR MAbt erator. -fra ent 2
cont ai ns th%%PorA Shi ne- Dal gtgl?ér?o siéq‘{Jen e,gttlfﬁgﬁa ag’é:g%e and the porA 3

r econdPnogeni ¢ Thisgieauencoinfgonatidnesllongehp madelation 98 the faRFalodxgreRidd pal ), are

presented,in the table in exanple.11. 3 prinmer i.s honpl ogous to the

sequ )tence ﬁﬁf & (™ GEROPY EB%“B%EP]%EOXF St %nateépr_esmmgy SR ecermplishefrent |

and Xt he Sepditering tha prandter? thagiané | PCR (1
P PrERdte ﬁ)aWseﬂﬂﬁch,ng%nﬁg} v@%%? 88 g%%ﬂ&g

and 2) were used for a final PCR reaction using ~ , A~~~
C~~~S PCTEEPSOB0TANY qier glemenrrinvelved. Rikewiayeowyregalatién bhéxpreséith tamgment

were usedito r isseifia ni.ng-itidi s serogroup B strain
| acki ng f&%cﬁcpggﬁggpgmggﬁ%esﬁé Pg?‘:ﬁﬁ? or{MiFRANVELYn BXr chaRging phrges s

ef fi ciient vahiatonvdehieres, otk afprkasiict BNAebu ol Sh8ik | obt ai ned
performed a double crossin -gver (confirmed 5 by %‘cugﬁgrfg%gtglkgﬁﬂ%t?mPCR and

West er n bIceRTdcqrauay brjmseepied froasthis kg ation: imarrotissr spprodchethe rRpressivne St or ed

at -70C a \/ nd use or further studies, Bacteria
(correspo%iﬂlr?gge?%%%%?&@l%ﬁgﬁa% g?f 85 °’%Se?re’n9’i§-‘§é‘é‘§§ﬁagﬂlef’ﬁ atlgwing  of

PAGE- SDS begutated etpressiom. Exafiples/ ofOﬁi:chQ@gﬁlaﬁ&ogc]\Id@é',e?%t li§ 188 Hmif@@%t hen were
separ at ed ,by PAGE- SDS el ectrophoresis on a 12.5 %gel. 10 The exprlessi on of

GFP was eX¥iFR¥H Dh 'oRBratee| thiflacadditionl of yioduaer (sWbitajesddike vemdeckadom NnB
s oPorcbbiRabl Bl P RerivaiEd e s, BRIRSSLE sl MM iRLaE: o0 2"

expression of ‘GFP absent I n thé'’rec st r ai n

(see figure 14Puch moBifears dsXesdhbedBLvatinost Rirobiied Mﬁ@%ﬂ%ﬁf&@w
~eroQ oup B I\Isplg‘?gengi b pronpter replacement The ai mof the experinent was
to repl ac@ERe BIBeEHsHonPhaguences drjodyedoin gene exiressiapecan by doreeinst r ong

por AYBr 0BTy i lacksiolISHU 81 L1, E0UGLL D RE, Lhe Aep ant | gen.

For that purpodse, a promoter replac %o using --

E. coli clapprioadh catsistdrl glating the DRYioki & iaterds? 240 ModiQaRt Ry Rsigbgam from
t he NspA codi ngeasg;ne was_ di scovered (SEQ ID NO 7) in"the private Incyte

Pat hoSgq datt3gs oitteHiFfcHy RRiacrmette drsgaisonat dBkilons exptageoess. dFbet he

o ( rhase . ; N i .
e oot | daindhegloXanherP bl edidautadn it PRl RSO BaRE Rk oon (AT
was PCR amplorfbiretionsiand) tBS affecy@nugémoekstesidaNGdn beSiss&eld. GaPaidnGGA AGC

CGC CCT CGA c-% and PNsiPés' ~CGT_CTA GAC GTA GCG GTA TCC GGC TGC -3')
cont ai ni ngPEC3RY uERsF kpeviedee of Bis region of {nigrassican hedyed tospmetd arel y. The

PCR f r agnsgate ' el | th EcoRl .and Xbal and inserted

T pUG B s ey A O el e bl e ok, e Rt B reaer SR Pones. &

W ni st¥f ertarg@)isolateBand mobifiedue s b2ontlBthe 3dgulitbryMdiintd Qorh ASGRer
an

meni ngococcal uptake sequences required for transformation, sui tabl e
restricti A™Si ¢ eCBPFINNG! CESHARY Slementnifyorordiffprentmgemes, casgebdte. The

circle Pcaemoﬁe{egﬁrn%pﬂ@ioﬂgr H’&%laqu rcgioﬁ, or to aaéteis;l;éex\gagsll)? ?h?éSO
39



PCT/ EPO0/ 07424 BADO -2 (5'- GGC GCC CGG GCT CGA GCT TAT CGA TGG AAA ACG CAG -
C-3') & BADO2-2 (5'-G3C GCC CGG GCT CGA GIT CAG ACG GCG ﬂ'Tﬁ‘géfég?zﬁGT GGA
TTA AC -%ghog/})ésg@nucl eoti des contai ni ng upt ake sequences and suitabl e
restricti (Xmal and Xhol) underlined. The resulti ngPEEPIVE&fent
was 5 gel-purified and digested with Xhol. The CnR/ Por A pronoter cassette

was anpl i f ivelt-fype e b¥fe RS O?i?@pd l.Qus! ¥ describe si ng
priners BABA 15{2‘] (?@MG%?ZL%C oG GOT @GA cf“"%k@@ﬁgﬁa"réﬁn(&ﬁdr"}&%&g@fé
CCG 3') & mpptizdasteriym vighomelt@oa@cambinatdn Hidthelpdnshd TTA CCC TGT TAT
CCC-3') oli gonu%l)l %9(# geﬁ (r:]font ai ni ng sui tabl e rest rglgcr:lti on sites (Xmal, X6al,
1o Spel and xhor) PUWG&Y } QY eXafplepgie PXRIBAHORt olod t2ghe 6an \hasmeditlated bgd t o

di gesti on arehahpseritseorombtdrN itk id restricted with the

cor r espondi ng e%zgr;es.gr 1otlfg@§§ %}%&‘ggﬁﬁ@#ﬁ‘gﬂk%@dﬁ%}%& the| URSEEIM s ed and
used t 05t r aeqenrenofathe igent, rin ofrdvericalifivation WE MIB GbdueHES anE ARt oMibh G ki ng

capsul ar pal ysaccharide (.cps-) and one of the ngajor outer nenbrane proteins
- PorA (po%}gs?mﬁé?}’mrﬁ%lﬁ&%mlp@m Hpiseguigtedi epressibronasbe esminkd ng from

a doubl e cg ' : P reeni ng usi ng ol.igqnucl eoti des BAD 25
(5 - GAG ol 0 s SRR el B, B G e Yasting et ot masishciom 7
CC-3')1 wethe metesotned on GC agar plates containing Spg/m chl oranpheni col
and anal yzed fogxbl\%?l A expression. Reconbi nant bacteria (corresponding to
about 5.108 bact®f} g‘)P [eX218pleh dhel descrihedsgppraaches EAAEE- 8BS t@ gerlertté er |

f -2 1304 : [ ] dth ted b
PACESDA of fet T oanay bferial 10ghs WG bIE Wl ifE: {RoRedtbamaisonyns,

Coonassi e Bs dedcribert abxvee TRABO:aarbel benafehdtGinkdi f, AERARR RS SrdRID! ane
i bo “antl -

and )probed e{h{ her wiith an anti Por A nonocl onal ant y or wt NspA

pol ycl onal YAWRIPHEHG EKprsisien af/selecred angigerdys8sins withrimotk-oatss(ar Pécraised)
i ndi cation idnM'S k p r .approxi mately 25 40Q by upstream
of the Nspg\ é}ﬁﬁ i gtﬁ)% %dgﬁegg%g’rgeé&g{eﬁgttﬁ%r‘g&spﬁt é?sﬁmisﬁar?naf STRRL: &th

appr oxi mat slogutb®d egpresgion ofianmunbdemiAReploaeTbi nant pUC pl asmi d can be used
to up-regul ate the expression of NspA in a Neisseria neningitides serogroup
B strai'h |acking functional cps gene but still expressing PorA. =P~
[ ~~"k WO 011 093§80REINERR9A 0424 F% 4 .Up-regul ati on of the N
rneninQ tidis ser_ggr oup B VI d%"ﬂljggxrr% lel\éé%sgn%t/upﬁgg%tsg?uepﬁﬁl UPSHFaT: . The

ai m of t heogshganitiation coges of vani®ysipreferréd gerREQGRRRUE HpRABRLEIELY Ao of ' 5
the pl dA (oggg‘l Wﬁg@@)@ tﬁé}((a st{i/?g por A pronoter in order to up-régulate
the productioh 133704 BN AL [cajarghalis gpatreann sequirdes (upspeae of thepr onot er
r epl aceneniniivdtRs Fodo8BvaRRs bidfet | . toll clonin odol ogies. A
DNA r egi on %373bp) Tocat ed u%stre%#?@nm&{tﬁgsﬁga%p?mtﬁgs@h2‘@0"@" s

di scové? ed SEQED THONG3-7683prei all thieinfluenzat eugstreath eschadndeseapsteia dage of the
Nei sseri a @{?zit@gic%)i deg strain AT 10 ])3090._ This DNA contains the sequence
codi ng for A aHOF SOEQREOF YanPuY prricrref genes) sompsiing approximateiysl 008 dteach.169bp
upstream t gl ¢fltblAe Adioe BdaN QesbtichBetBb RS WRL ol oRotent i al I.

i rrpo}tant ene, we decided t%bi nser‘%t ?ﬁe@%ﬁlgg?Ro%xr%!)o%ﬁ%{;echgngé{y%g j ust
upstream 3_°'t %reﬂ@%,hﬁm dlwn'mnlaﬁhgttth@w;l:ggs?dh;g Bbies ito SGHTBH theyf aI%920|byh -
correspon . e.t r.ps e i nt ergeni ¢ sequence and the
790 firor pdeindi (i acdfodd %?‘g%r%&i’gﬁﬁg %&){mmem@m regiansidorsther | a

neni ngi2s i dekrBs &N keResORAA N MS| i; eotides PLAT AMDS
(5'-GCC GTC TGA ATT TAA AAT TGC ségNGﬁTTTbﬂ%ng”g%?&%“émﬁE&?”A’ 4EnEee-_ GTA GTC
TAG ATT cadhgsecante USAGh iy gmedicerils (B tiaarl 3 Homilspoas RédothbidatiskEfsequences
(underli nquwnﬂ_,g@élmﬁnf R(’/:ﬁc}?t fili n%i]al so a Xbal restriction site. This PCR
fragment 20 was leaned BHPHIA 95ihmebpatt (Reterably @lbof thesm Bertem[proesssnany)
and directldy. cloned in a pGenTl vector (Prornega, USA). This plasmd was
submtted to circle 1'CR nutagenesis (Jones & Wnistofer (1992)) in order
to insert suitabpetheeaspestcalithn inventien &l thowian gsalaed ipfynaélestideniRgRaicA

pr onot C t ..The circl e PCR was perfornmed using the Cl RCI-Bgl (5" CCT
AGA TC'I%'B d%ﬁ%gifygﬁﬁlﬁdﬁ‘d?‘rég TRgent Gongiogs {ya leayt RGD- DucEoRBSH OO’ - COG

CTC GAG TAGf MMAudektiddd@ OO ! A 160 &3 ), or

CTRC2- XH0/ 2 (5' - CCG CTC % A%A%B’?%%ég°ﬁ°%{%m%8%@ Beephes

cont ai ni ng P&derebily| e riegdated sequsnesishadd oBglohg @ﬂdg&(h@ulg)erféﬁﬂegd,ﬁd) sThe
CnR/ Por A pronoter cassette was anplified fiomthe p , DI1S/ Om85 plasm d
previously described, using primers BARRO (5 - TCC CCC 30 GGG AGA TCT CAC
TAG TAT TAC CCT GIT ATC CC-3') and CM PORA-3 (5' - CCG CTC GAG ATA AAA ACC
TAA AAA CAT CGG GC-3') containing suitable restriction sites (Bglll and
Xhol ) underlined. This PCR fragnment was cl oned 65f WO 01/ 09350

PCT/ EPOO/ 07424




inthe circle PCR plasm d obtained with prinmers ClIRG -Bgl and

CIRCl - XH-RBS/ 2. This plasm d can be used to transform Nei Sﬁeig

meni ngi tides serogroup B (cps-1 and (cps- porA-l strai ns.d e@r@% on by
doubl e crog ?,l p,ﬁ9 agver in the upstreamregion of pldA will pdireeakoradae
insertion o e porA pronoter directly upstream of the pldA ATG 5 Anot her
cassette was a ified fromthe genom c DNA}; t he reconhi.nant Nei sseria
neni ngi t i deéec%nﬁﬁﬁ'r"au‘ﬁmB“Fcﬁ’é"m"s Briasequecs df i, SEL T 3\ SuHa0IS S¢tUST hg D |

S/ Onp85 by RérfeIP hleast 8D InacIesTRIBS (prérfmaﬂyCaamatztoes@cm;mrw bheogfRogene, the
por A pronoter and 400bp corresponding to the 5 flank mq sequence of the DI
&

Sl Onp85 gendd0, RPsors Py mFicstifes Merérprifﬁrabwrth olged popymuslenside shu

up-re~)ati 0 resnsr: 'aelesesgbeﬁab&;aep{pr&ea% 30158 0! Ko, "7'6'@0596'1@032“66 will be
tested for eup regulation of the expression of ot Nei sseria antigens.

Primers usedoﬂ dBO,tmeSOQrwblmtlds@tqchEQ/@ @CB,&E%Z@S@HCBIOH@\&@@W@MS (5'- CGG
CTC GAG TGT t%A tt;g% CTT GIG GTG C-3") containing Xhol restriction sites
(underli ned)s E’CR fiagnment was cloned in the circle PCR plasm d
obtained with prAm?SeS h&biﬁﬂu@hlﬁgﬂnngemlhﬁrﬁﬁﬁndﬂ-ﬂzcﬂtxonimmdtﬂopémsmm will be

por A ) st 1 AR satae ff o et OEFuEE e serdebRt fvtam - egi on

of pl dA Wil lspehin'BCA HybRdikddSEietrighe a085 ‘?d:landJG/EAe@EIQmTSSC 4Q9PpDsIpaRd r eam t he-
pl dA ATG Exarrple 15: Up-regul ation of the N. nening |t|des seroeroup B tbpA

gene by Y0 pmsmbFesm r‘@ftﬂeﬁ‘%ﬁéﬂta oytnkd minyies foljopygd @Xﬁéf' fifeft Sna$S 6 repl ace
the endOgenQH&xtﬁBQﬁﬁBﬁt@i fcﬂl%GE@By af 1ehdi9nt R geaex Bed bays EDONE rdvd A
pronoter, in order to up-requlate the production of the TbpA antigen. For
t hat) pur poséem@fﬁﬁfefﬂstae*asﬁ Igiewtefent pl asnid was constructed using E. col i
cl oni ng net hodol %N’s 6348844 b& Pebysedn deriggn 25 the

t bpA codi ng sequggfggﬁ%{/as |sc{1)1\§/gl'?§gf (hségd? mﬁ%#n ?he pri vtate I ncyte
Pat hoSeq datinventiencin perferiming\e genstq mxmtrmgrtgmt (el asmranapqaorAmwmr@geo Thi s
DNA cont ai n I or gani zed
n an oplh ons HeeHETHEREE cEaLhig, bnTaBlly Q0biER KGR ARHE BER) T A
pronot er caseieirt mOOF&prupsrl'mbl qflar(ixmexpgmvé)buktmla@mnsomil ged ﬁtmdecm r espondi ng
to the 509bp fla on of, 139bp codi ng
sequence, etgg'f‘bcﬁeasﬁf’ ‘(?-J"’crecfllslecex i the g gtﬁé}e’i@ér&?es St C}QRE des of

t bpA codi ng rs@gibinatien svast 1PfBRala:mMce isl twsafnmmhuem&bmawhmhﬂgastrmles

serogroup B genom c usi.ng ol i oti de BAD16 64 v o T
Z~~~ WD 01l %B%Gf%@ﬁﬁfﬁ‘?‘%ﬂ G@iﬁ‘“ﬁ‘i‘ﬁ ?5%9@‘ BAS BeEA YITA e TTT
CAA AAT TTA ahd® @nd go’ﬁaébcEiA[gHoxﬁé areQGﬁ'fxcﬁﬁﬁy ﬁﬁT athEﬁ ubifeasisequierick fidnd CCG AGT
TTG AGC CTT TGC%% containin ke se uences nd Nhe] and Hi ndlli
restriction yEthese H3DF May b “‘ta Fg‘éﬁj T RO SPBSLVEIR h a Hi gh
Pure Kit ( BaeletungStaims. ¥R Mﬁlso%rtmmya foPHEentbiph B ik Miefda® BRThon) & pGenil
vector (Pronmega, USA). This plasm d was submtted to circle PCR nutagenesis
{Jones & Wn%%b‘Féf“%WZﬁ')"ﬂi‘%z‘(ﬁder to (i) insert suitable restriction
sites allowing cloning of a CnR/ Por A pronpter cassette and (ii) to delete
209bp of the 5' flanking sequence of tbpB and the tbpB codi ng sequence. The
circle PCR was perforned using the BAD 18 (5'-TCC CCC to GGG AAG ATC TGG
ACG AAA AAT CTC AAG AAA CCG3') & the BAD 19 (S' -GGA AGA TCT CCG CTC GAG
CAA ATT TAC AAA AGG AAG CCG ATA TGC AAC AGC AAC ATT TGT TCC G -3')

ol i gonucl eoti des containing suitable restriction sites Xmal, Bglll and Xhol
(underlined). The CnR/ Por A pronoter cassette was anplified fromthe pUC
D15/ Omp85 plasm d previously described, using prinmers i 5 BAD21 (5 - GGA AGA
TCT CCG CTC GAG ACA TCG GGC AAA CAC CCG-3') & BAD20 (5'- TCC CCC GGG AGA
TCT CAC TAG TAT TAC CCT GIT ATC CC-3') containing suitable restriction
sites Xmal, Spel, Bglll and Xhol (underlined).

Ul



This PCR fragnment was cloned in the circle PCR plasmd. This plasmd w ||
be used to transform Nei sseria neningitides serogroup B @c@s}ﬂ)p angy | cps-
porA-1 strains. 20 Integration by double crossing-over in st ream
regi on oVOOBEINSKi 11 direct the insertion of the porA prorrn’t"e'F H&V‘E&Hy
upstream of the tbpA ATG Exanple 16: Up-regul ation of the N. neningitides
serogroupETQMQﬁ gene by pronoter replacenent. 25 The aimof the experinent
was to repl ace e endogenous pronoter region of the pilQ gene by the
strong porA pronoter, in order to up-regulate the production of the PilQ
antigen. For that purpose, a pronoter replacenent plasm d was constructed
usi ng E. TR $Xagpish pelgwinse Qjiusing srandined techgiques, Whichlap) wélbleatwarhndpst r eam

fromthe s_di scaovered (SEQ NQ: 12) i.n the private

| ncyt e Pa{&#“g sE'g a‘gﬂa%’f SXErRe %’%Q'&‘Fwsﬁgﬁ?‘ﬂlﬁﬂﬂ%ﬁé L. skheai n ATCC
13090.5 Tmm@ma&qnﬁmase blidsRAURiic @ GiftnRion f Or Pi I P antigen. The pilQ
gene is part of an operon we do not want to di sturb, pilins being essenti al
el enents of the bacteria. The CrR/ porA pronoter WO 01/09350 . ~; ~, ~" ~~~~
PCT/ EPOO/ Q74 S nt duced upstream t he pil Q gene follow ng the
sane str ﬁ%g‘gﬁléﬁ '”'-'-"’: : 4 -- 3y gifidistse QEEOUDY Br HEAMD daekie t he pl dA
gene. Forcalpg\ﬂir@[smgndg DNA fragrrent of 866 by correspondl ng to the 3
part of the piTe coding sequence, the 18bp intergenic sequence and the 392
first nucl eoti des of pilQ gene was PCR anplified 5 tom Nei sseri a serogroup

Bgen i.n 5- Nhe (5' AGCTAGCGCCGTCTGAACGACGCGA
C%A Qrﬁﬁg%{ zl'g‘ﬁs‘ihi Bt %‘ed@ RAB2¢ prenrygedato/consimctAGVESSErATC GTC
CGA TTC Gnam), mawogmh &bgg@%e d and
Hindl I | rest rglr ction si tg%m(ngﬁg%re?&%gé%b%ﬁl S fﬁggga@rréﬁ 006}\/\}aqas Sdﬁ;ect |y
cl oned i rflapkpeargionseef the an%rlomsgmduimy theﬂilbﬁyntﬂe&ﬂﬁ%tﬁwky@f%sgrmwm tted to
circle P%egég&gﬁneﬁéz,sﬁ raeﬁ%l nistofer (1992)) in order_ to _insert
sui tabl e g i q{f”@f%l’?ﬁés °£°€§ﬂ@@%ﬂ°}\ ofr thendt Bs
casset t e. redilledGh N6dsCoféxpression RIATthe 'iih BS L CCGA AGA
TCT AAT GGA GTA ATC CT%BTTC TTA—ti??Q) & ei t%ﬁ’g“‘%?é&’?@%@ga?% ACTC GAG
TAC AAA ASITtRA@ beachivyeopgal 2305 IERlindeOhEGtEdss SPYAIAEGsS deficknt LPSCl RC2- PQ_X
(5" -CCG CTC GAG ATG AAT ACC AAA CTG ACA AAA ATC -3') oligonucl eotides
containing suitable restriction sites Bglll and Xhol (underlined). The
CnRIPor A Straimatesforfatieet t e was anplified fromthe puC D 1 S/ Om85 plasmd
previously descri bed using prinmers BAD20 (5'- TCC CCC GGG AGA TCT CAC TAG
TAT TAC SgrE mendngitdis'B ?-&ﬂ@@mm B:Xb7, 16GLG GTO)GAS sbteckBAAAA ACC

TAA AAA ining suitable restrlctlon sites
Bgl I | ﬁﬁgﬁﬁ?under negf% f%’ E’C&@ oRaln cMbherlaten \m@vé. rcle PCR
pl as mod Cdvythiomegtinj téuspweﬂeeawe&b&%% Tiqasa m c%ﬁélﬂu%?%

pl asm d can be élsed to transform Nei sseria nenin ?ogroup B
(cps-1 an¥eTEsed pemyMihpiate)iang; dilted np egrﬂatOBnobeIdéﬁﬂ)hm)chsms Pgmover in

t he . upstr egi 5 d|r rtion of the porA

prombt er ﬂneglt igy(?&f)g{ r@?n%%%l ﬁt?"(S ﬁ’oi H Fnl):g§"§ea(dtdé‘s < Gnplified
from t he hparoincebafibk pefiod BE3 T°ECEA $RARIng Neuxseﬁulo@gmgwag'dohdﬁmstﬁg ogroup B~
tcps-, porA-, D1 Sl 85+1 over-expressing D 15/ by pronoter

r epl aceneRe Gt 0 §€f€t’é’ @G’Fit"&i’ i BH@CGWR Qémél,thquhedcbmmobplamider and
400bpyscor x gsPHR nkd n enc 85 30 gene.
Thi s ssequ)éﬁ gls]a%ea{elﬁn OV lopdﬂbéefl 2 ?tolr/ Ed’?@gﬁ‘?datlllgﬂo of the

expr essi ommbnowopmaxvmmws@rmam@esnmgawbér@ﬁ wgkﬂ, ed for
t he upreg? ati an of t he expressmn of ot her rsen% rimers
used for q9ieincubatgn fon #$HbaEeat37°C, v~ v PCT/ EPOO/ 07424 arrpl i fication

were BAD 20 and CM PORA- D153 {5'- GGG CTC GAG TGTI CAG TTC CTT GIG GIG C-3')
containing Xhol restriction sites (underlined). This PCR fragnment was

cl oned i rCelhmy blottilee PCR pl asnmi d obtained with prinmers CRC 1-PQ Bgl and

Cl RC2: PQ @ plasm d can be used to transform Neisseria nmeningitides 5
ser og3r d&%m’l ps- l)lc‘g’l%\m( &scolonigsy were %@W&lané seleetee doat iheri OanddXdugg e

CI‘OSSIHQ%E. n .of pi will direct the insertion of

t he porA prf on%xj{l&l Hg&gﬁsﬂ‘gtg?r%ehglr%h%%g W?‘SI‘SO GOreRY BXONAD s the £ONEYINEPERICE | on of
a kanR/ sawahmmnﬁeumfomhb@dq@emlm K88 type WSHIR $50uh t%&% Lens in the
N. meni ngi ti des chronosone The ai m of the experl ment 1S Po C ruct a

versatile DNA cassette containing a delectable marker for the positive
screening of reconbination in the chronosome of Neisseria nmeningitides (e:
kanR gene), and a counter selectable marker to delete the cassette fromthe
chronmosone after reconbination (ie: sacB gene). By this nethod,




15 any het erol ogous DI VA introduced dutzng honol ogous regcgrbjé&{&hﬂi}&in will be
renmoved fromthe Neisseria chronosone. A DNA fragnment containing the neon
gene anW@HE0%aEB gene expressed under the control of its RRMERNGAEHer was
obt ai ned by restriction of the plB 279 pl asm‘d (Blonfield IC, Vaughn V,

Rest RF, Ei n BI 199 r obi o | 447-57) 20 vvlth BanmH|
restricti @ﬁ%gfr‘%}?&@ F@c‘?]%qe%w Wl\écQt oF %’%ma’cmn(ma ay|afigTyial] theonK,
previ ousl yisihes €d1briey &ankh gen f d riction
j with enzl§rres Nr ul gﬁﬁ%ow Thi ?4% alétrran?c‘iﬂ% %@%Xeﬂﬁ%% {?elsﬁEeORl sacB
cassette Uam graver ABdrwands, Hbey GhrEstrasfeareBgantd igbédliutdst QRedid t(Eol6@Pat i bl e

w th Ba en 25 E. coI har bor i he plasmd is unable to grow in the
presencem_%lf’ Tﬁ?sfﬁrcpffé%“"leno RePelyFacs @Jﬁe(ﬁ%ﬂy €elonies niverg tomedf ometd onal ity

of thess e T i n seque

11 o g TRECHRMR Pl o8, bR LGRINE, PRROTEOTA 10800 2 SFHE 630 onosome
of Nei sseinactivieioh figi It hale st SGHG)QfP!BLSl-OB)S% Tﬁ%ﬂml(mm%t DNEFeP)S oA frhwifREs ©

obt ai ned on GC agar pl ates containing 200~. of 30 kananyci n.

Unf or t unathg|fembraee 348 BVeHaddPR PnoAeUN i ﬂfeugb-lanbhuﬂferl at rhieh Seepéranire

gﬁz't glg'mt 'ng?@%'rg%dgféés’e‘f‘é Qe% Wikes Egﬁn‘?@rsthg’é’est‘?é‘éﬁ?ﬁ@%%g rgﬂ&ﬁ},ﬁm 07424 A

new cassebéfereviacubatios withcthe Anfi B P8I T35Mab Wso&ﬁﬁ;%egmﬁteawqmobbgn gt rol of
the kanR pronoter. A circle PCR was performed using th ' asm

{ ( AmetS hadtyank bwkier far Bihouescas RTUsAfier agew washibmstep (@ nmef.:ls Rinitas), mao ( 5' - CAT

o AT R R i R o dpm e e bal
restricti (RPNII0EY dilwnsiesdd Mmaey in fﬁthlﬁxM\Ifchgoxﬁ%u? REATEBLfoBBe next

gel -purified, digested with Ncol and |l egated to the sacB gene generated by
PCR f r om YVA®IRg w@swwm ARerXaTds, NV s Whte- iRAbaBOEATHE lBEatGGA TGA

"Neol ook r A 8 RoRp ¥ icpayite: 9**{%*3 e B TR0 RecRenie (s - car

CCC GIsT AHﬂfféFGth'EAﬂneGH@&Eé\wééh_n EpsBisin bg%yﬁleﬁé&i] S&E‘ro&%fo% BieRg @ Neol
restriction sjte a‘gﬁ under | i ned) econgm nant E cl ones can be tested
for theirWeEndryhalad; 3prold ﬁ’glhlm éﬁleaﬁitfk using tientemejation sqlntumsélo mpeofriiew

kanRl sac Bcrﬁax%sﬁhép%%%ﬂlu%nwi’&hﬁ dnfd] b f&? F‘QW"@ oégl émé? %SQSf orma

Nei sseria neni ngi'tides serogroup cps-

sensi ti vi frgmdeick ) eTieaeddtionehs istopbled wittra distiliEhg v&h@l&’fwé will be used
to transformthe reconbi nant kanR SacB Nei sseria to dele he entire
cassette inserted in the chronosone at the porA |ocus. d ean r ecombi nant
Nei sseg | awMolid cdPegight-ai ned on GC agar pl ates containing 2% sucrose. 20
Exanpl e 18705 of —smal |. reconbi nogeni ¢ sequences (43bp) to all ow

honol ogous r ecBfioience]li Elisas wetekuisocdimmmsmgrthe ofo iisssifiel doloBRs (Dtdndes. The

aimof th Xperj me is to reconbi nogeni ¢ sequences (43b to
ari vg o B T e s G asequomrem?mg emgmnméset P)

Nei sseri a acilitate
future V\o?i&hﬁ]ﬁ%t{srenraﬁg‘u&?ﬁavm g?ér?dfs%%ci onl %ééggwe %é&%@"‘%equences .
in E col Th( fadlowntyg Magewer tsﬂeﬂ;anh&PSf(?%ﬁmmre@gy,laMdaﬁo@gtql@,@ausn t he PCR
anpl cati o lified fromplasmd pUC4K
V\Arr}[)hl o% i golﬁ %$¢Ed@é"ﬁy§ ﬂ%ﬁ?kgé%?g P‘Yg II%@IG()@@T a@k‘fqﬁ@dmpw
GCC GGG ARIrACG afRL R

cont ai ni ng r43bp f:t?g/r?glﬁggous ogﬁﬁjéﬁeﬁanklﬁg%mﬁA Iﬁl\ﬁnﬁﬁo@?i& gene

(bol d) an@ndantuPi.2Ka-RedReid®s/606hder | i ned) & Kan-Por A-3 {5'-TTC AGA CGG CGC

ACC AGG AAT ~3,,. WD 01109350 PCTI EPQQ107424 TTA TCG GAA ATA ACT GAA ACC GAA
CAG ACT AGG C-l-gh%é%te-{-c?lates axisorp, 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 ul of 150 mM
NaCl - 0.05 % Tween 20, and were overlaid with 100 pl of PBS-0.3 % Casein and

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

yd



GCC TCG 3') contai ning 43bp honol ogous to the 3' flanking sequence of NnB
por A gene (bold) and an uptake sequence (underlined). The 31%_(?_()&?@ m
$agnent ‘QBBﬁ/ioglgg was cloned in pGenl vector (Promega, USA)Y “THi* smd
can be used 10 5 transforma Neisseria neningitides serograhBPI424t r ai n.
Reconbi nant Nei sseria will be obtained on GC pl ates contai ni ng 200ug/ m

kanamyci nusinghthe game ippocedaRShefb Nelo e.Crossi ng-over at the poi-A
| ocus wil] be screergebd by PCR Vzﬂ?&ﬁ%&l?ﬁﬁ&;‘g‘ %%ikf’d‘&sp%@?“ﬂé%b%éﬁ
pr evi ous| §100 lowerg nsed at differeat tilutiorar(ad sipiwnoin FiéurE“é?ﬁl PEEYY with WI and

reconbin er nin~ilidis blebs Animals were | nmuni Se ¥ ee times
(1P rout 2‘?6%%?&%"%?@%%%‘1?@%fhef@&céqwatq;\mforadmm anodh (hperauan days O,

14 and 28for Bh egdivigs 2 day, 14 Post 117 and 35 (day 7
post 111, ©and t hey @%‘f?ﬁg?fb&gecﬁgﬁ%&gcéy hiag stepr hM0ey! of the artival | enge

d vias moust Ig (Bom rabbit, Dakbjave Bog) 3 it : ' . for 7
ays : & OWs i najmgct e?:l )\/\d/gh ?a‘%ga*éruéﬁB{oﬁh%ég@,ﬁmggrgﬁﬁgﬁg’ﬂsoa oup2:

Oclﬁ?s/-s, aLgﬁ;ﬁgagle%’(sa&g%i’G‘o%%:%@%e@ Horwers algqinto keewsllsodetectOp§nd POr A-
At or o olons! GBoAIeCP Arer £ Hshink Seh 2 i GYASOY e SIHDHERB]h 25 24
the NepA ‘g SAUEDEL ARG BIL e, dnd G dan cvssbiiecken hpks hwe of her

groups. PRocubated esiint100nNuPor Alle 38rdhdRRs d i kej onf er, extensive
protect i Oﬁ ﬁgai nét i nfection Toy the%%orrgbo?‘f)dggug *%%@?ﬂ‘?“%ﬁ@%ﬂ@?l?e
prot ect i $RFPAdR dnlole 1 P4 rcitrate buffesypii 46 ewittob e H,05) for K8 nfintia the ggie at | east

to sone ce of increased anount of NspA, Omp85 or Hsf.
t3 0 ~~r?ﬁgg}rgiﬁfgr%e%%%ggwg%FWj@W%npl e Z0: |nmunogenicity of
reconmbi nant bl ebs neasured by whole cell & specific ELISA nethods To
measure the ability of the antibodies to recognize the antigens present on
5 the’MeABSREE| surface, the pool ed nice sera {from Exanple 19) were tested

by whol e cell i r l.in inactivated cells and titers were
eipr essed as nﬂ%’kﬁgsﬁt’@% fhtgte%g;n @??St‘%%f@&‘ﬁ%%bﬂm WB@dﬂi)bEstOimqwﬂ:e a hi gh

whol e celor thbhsdéctes mediumewith eryliggmiytme ofI9 6 GrPUD, «glearl y negative,
10 meuw CE%r 43‘8% mi d-point ti-a 1ZP2 ofi9 o Qe a8 “R" Rliontes
14P3Por APSZ Beggve for presspge of B polysaccharide. AmongPereAfther2O1E3R4R150__ ~5

—_— o 43523846 . . ~5~. .
————sleady positive for B8 B MR RS 0 2 prhyoin a8 indicated that they p
or A( 2 —~tegre5é Az plasmid- into their genome, but,id the m@ngsﬁ%itaﬁoﬁ a‘}l?ﬁ kRBRgNSC 1O
avai | abl § ctg% %ﬂ{#—ﬁfsgrot ein was carried ? out. cropl at eés°wer e
coat ed WG S ped 1L BEfich (Nasfohle eeessiag-ovem. Pesitive and Inepativeat ed in
Fi g%r e lGosryweRadisd RSl oiaRe ﬁ]a&gpguds&%weﬁ'tgatl_t@eFHM/% wild type NmB

strain was clearly positive for the B polysaccharide, while meningococcus A (Al) and

7,

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
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

30

3,7,9 and anti-Los 8 Mabs. However, when using specific anti-PorA Mabs, there is a

Wy




)
15 response when HSF over-expressed OWs were used to imnﬂ‘nﬂzéﬁ*‘r'%iz(ggl‘(usi ng
purified reconbi nant HSF on the plates). The HSF over-expressed bl ebs
i nduce a934893Rvel of specific antibodi es. c, ~n ;; .~aPCBERNI424 WO
01/ 09350 PCT/ EPO0/ 07424 SEQ 1D NGO 1 Nucl eotide sequence of the pCWK(+)
vect or

TCTTCoGCTS S fEaSHPR Xtk the-AhsisB T99 a0 R b A NS o SABOODTPIREAGL HCACT CAAAG
GCGGT the wild-type stra N
AATACCGTT AT COACA AT CRecaATaction was SORRERA iths? oRarsRasifeantiReEA Makocoop aoaa

CCGTA S (anti-P1.2 mab). These results confirm that the PorA rotein and specifi
AAAA mfee TTTTORATAGGLT CACCACCATEASIBN B TacreancTc
AGA GGGCIJC%I Cp1iopes are stili present after transformation, while B polysaccharide and

T CCCCCTGGAAGCTCCCTCGIGCGCTC r CCTGTITCC
wm%%&mﬁeﬁ%ﬁ%%mu r

GOCGCTTACCGGATACCT GTOCGOCT TTCT COCTTCGGGAAGOGT GBOGCT TTCT CATAGCT CACGCTGTAGGTA
TCTCA Table : ificiti badi

GTTOGGT GTAGE RS aigities f themapprlanal antibodies tasted co0GTT CAGOCOGACCECT GOGOCTTAT
CCGGT Mabs Directed ‘ |

AACTATOGT CTTGAGT CCAADDOGGT AAGACACGACT TAT CGOCACT GACABAGCCACTGOT ARCAGEATTAGE
AGACC | O against ‘

GAGGTATGTAGGOEGT Gag: GprevamEereIccen SEACARGNACAGTATTTG
GTATCT ..
GOGCTCTGCT GAAGCCAGT TACCTTCOGAAAAAGAGT TAGT AGEI TR e RUAIAGAAACPACCGCT GGTA
GCGGT Anti-B PS BPS ++ on the wild Type suain

TTTTTTTGITT( T[T A I TCCl1Z' f GATCTTTTCTA
GG L G SCAAGEAEAGCA CGCGCAGAAAAAAA . on%l;%ﬁmd i€ rmcx:tac.:nts GATCT CTAC

TGACGCT CAGT GGRACGARRAET CAQGT TAAGGGAT TTT|GGT CATGAGAT TATCAAAAAGGAT CJ' TCACCTAGAT

CCTTT Anti-P1.7 Loop 1 of ++ T w

TAAATTAAAAATGAGT L TEA4ATCAATCTAAAGT ATAT ATCAGT AR A 3 R SR ALCAATGCTTAA
TCAGT LS ) Porin A

GAGGCACCTATCTCAGCEATRTTGT CTIAT T 106 4 GAT CQA TAGE BBwiT SR e e aTEaT STAGATAACTACG

ATACG (NIBSC) Porin

GGAGGGCTTACCA! : AGTGC GCAAT&TA IGCGAGACCCACGCT CACCGGCTCCAGATTTATCAGC
AATAA Ant-Los 3,7,9 LPS ++ on the wild type strain
ACCAGCCAGCCGEGPAGGECCGAGCGHAGAAGT GGTCCT( EAAQ]}EI&I%L%@AGFC TATTRATTGIT
GCCGG -
GAAGCTAGAGTAAGTAGH é&iAGT TAAT ABTT TGOGEAACGT TEPT BOTMTI@ETARCAGGCAT CGTGGTGTCA
CGCTC (NIBSC) ) onthe “D” and ‘R mutanss | |
GI’CGI’TTSGTATGW (S~ & {Ii-'P‘o’?ﬁ}"”‘ G oRACA S ‘ﬂjrjwi'WAl GITG 1'G
CGGTTAGCTCCTTLGGT CCTCCGAT(GPFCTEMEAAST AAGT TGGCCGCAGTGT TATCACT CATIGGT TATGGCAG
CACTG
CATA%TTCTCI TACTGTCAT@CATCCGTAAGATCfTTTTCTGTGACTGGTGAGTACTCAACCAAGTCATTCTGA
GAA, TA ’

GTGTA?W@EM&TBG@C@@S@@E%EA@@@%N ARLOEOREE AR s ACTTTAM
AGTGC
TCATCATT RS AR eRRomin thepond ones el N AmelP AR AGEEET GTTCAGATCCAG TOGATGTAAC
CCACT

CGTGCACCCAACTGATCTTCAGCATCTTTTACT TTCACCAGCGT TTCTGGGT GAGCAAAAACAGGAAGGCAAAAT

GCCGC 2S A plasmid allowing homologous recombinatio
AAAAAA T CACCOARATGT TCRAT ACT CRTAET R #ad stable. iRtepration1af A coATTTA

TCAGG oreign A In the pord locus of Neisseiria meningitidis was constructed. This
Gr TATEGTQEW@%I&W&IJ E%Eﬁé;g;rsfbn cassett-!c-s) is useﬁJle'cA)\r constrIcnng ATTTE

ﬁg@%@«@@ﬁ@f@%ﬂ PROQUCTAZ FAATA GV M A GGRRLAT CACGAGECCC
TCT %@&P@@@@TMM@MBWWMMW TGICTGTA
ACCGG Neisse
ATW@&M%&M&%@%TWW@MMW@MGM%
CATCA 30

GAGCAGATTGTACT GAGAGT GCACCATAAAATTGT CGTTAATATTTTGTTAAAATTCGCGTTAAATTTTTGT
TAAAT CAGCTCATTTTTTAACCAATAGGCOGAAATCGGCAAAATCOCTTATAAATCW

AAACAAT AGOCCGAGATAGGGTTGAGTG .
TTGTTOCAGTTTGGAACAAGAGT CCACT ATTARAGAACGT GGACT CCAACGT CAAAGGGOGAAAAACCGTCTATC
AGGGC

GATGGCCCACTACGT GAACCAT CACCCAAAT CAAGT TTTTTGGGGT CGAGGT GOOGTAAAGCACT AAAT CGGAAC

A A
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TTGGC TC3AAACGCMIACCGGCATCGGCAACT ACACT CAAATTAATGCCGCCTCCGT Al THbaBtACAAAT
TCTAAA '
TaToace N E R R coamaTaccTTTOTTTTTGACEEC1 ToaoeTTCATTCTTTCAT T LAY B cTacca

ATCTGC
TTCACCCOCHMGHBY TGP Rl AT ARARG FACATAR I FIGRGATTTTC

OT AT TTCGCAT Rt R iRt ona (ERMTAE) TeeB I EMRACEIDR GECAMMATAILT s AiemAl IATTTGA
CGCATAA
AAATGOGOCARNAS RS R RIRdias Al RS et OR TSR R R S TR RN PEAGAAAAGT T

TTOCA 7S i
TT L f canmrpids, (1.2 muliple cloning siie and (3)-selectable gene(s) allowing e caTToC

ACGCAG@CGmamtenance of the plasmid in £. coli and the selection of inte ts in Nezsserza

GQAATCTAGTICTGI |C§5bl TTCAGTTATT1' CCGATAAATTCCTGCT GAATTCGTAATCATGG
TCATAG  Meningisiais. Additional elements include, for example uptake sequences to facilitate

T TL Otk GinY HARATT SNAAT RRBEI AT SRS G T ACSACOSIMGRAT AMAGTGTA

TMMT%@@WWE&W&&GEWW vERNERECEGAAACCTGT CGT
GCCAGC TGCATTAATGAATCGCE:AACGCGCGGGGAGAGGCGGTTTGCGTATTOGOCGC 30 SEQ ID

NO: 2 Nucl eot i dé* ¥05matc drayfing nfathe ¥§¢ton cogRctag jn this etamplanadd desighited NspA

gene Ilet %&%ﬁ%&@’@ JisscseNle Ic,‘*td;*fi"dé’é@%LES@(%‘?’@&L’@:ATCGAAGA

COGCAR
CGCGG 3S shown in SEQ ID NO 1. pCMK derives from a pSL1180 back&%&A
CGGCG(&%IT TTTGT CCACT ACGAAACATCGGECT 'Ip TGCGAAACCA TGCAGIGC
armaci 1otech, Sweeden) a high copy-number plasmid replicative in E. coli,

AATTTGAAC%@%@@%@T&@@%H@W&%? AT, J&%I ATCCOAC

CGCAT

mﬁmwmmwmanMmmAmm
CGATG

lectabl ki
TT GCAGRAG A T S e R RS T R A R A PSRk SARYSARESA B\ GGOCT GCT

Ci pAAAC 4?orA/1acO chimeric promoter repressed in the E.coli host expressing lac/d b

CGAl C(IBH(IIEA(IISDﬁAAA CCCTTGITTTTAAACGATTTGCTOCAGTGT TTTTTATAGT G
CATTA scnptxona Yy active 1n Neisseria meningitidis, and a multiple cloning site (5 sites

ACAAAAACCRARaGT T R R AT LA AT R FAMGRTRH PG ACCAGTGAA

TCCGTAET ARSI MKCT GCGECTTCGTCGCCTTGTCCTGATTTTTGT TAATCCACTATATAAGCGCAAACA

th g A/l Og g
AR reglons e porA/lacQ promoter _I\yere PCR amplified %\&& &w&:& ATGCC'_

TGCAC 4S in the table below, cloned in pTOPO and sequenced These DNA fragments were

T oM AT AN TACEEC T T TGEAMOOGT TTCOANGT | CAGCCATOCBCeDCTGATG0C

CCATTEAAA@@WIW fpm% f
DNA regi on (1000 by strean?-(sfnrlom D15 LQ&%@te%h’W&%gé)h%%l\%?gg:pfg 0

meni ngi t i dPEOdyes porAS Hankiarte3i9and the porA/IacO promoter region, ’
ACCATTGCCQ:CCGCGCCGGCTTCCAAAGCGGCGACAAAATACAATCCGF CAACGGCACACCCGTT3CAGATTEQ
GGCAG

CGCGCAAACCGAAATCGT CCTCAACCT CGAAGCCGGECAAAGT CGCCGT CEOOT TCAGACGECAT CAGGCGCGCAA
ACCGT .
CCGCACCATCGAT GCCGCAGGCACGCCGGAAGCCC GTAAAATCGCAAAAAACCAAGOCTACATCOGACTGATGEC
CCTTTA

AAAT CACAACCGT TGCCGGET GECGT GGAAAAAGGCAGCCCCGECCGAAAAAGCAGECCT GAAACCGEECGACAGEC

WCCISCAAACCCATTACC'I’ CATGGCAAGAAT GGGCAAACCT GACCCGCCAAAGCCCCGECAF1IAAAAAT
gz\AchCLCGAACGCGCCGEACAAACCCATACC&CGACA&TCC&CCCGATACF GI' CGAACAGCCCGACCACACCCT
%m CCGT CCGCAGCCGGACAGEECGT GGC‘;ACCIZGCAAATCCCIZCGCAGCT ACCGTCCGICTGITA
%CGCIIATGGGCI’ GGGAAAAAACCGT TTCCCACTCGTGGACAACCCTCAAATTTTTCGC CAAACTAATCAG
WCCGT CAGCCATAT TTCCGEECCGECTGACCAT TGCCBACAT TGCCGGACACT CCGCCGAACT CQGCTTGCA

AR A FNge——



E9 ~~"~gv~ ~~~4 WO 01109350 PCTI EPO0O/ 07424 Nucl eoti de s ege:ﬁ L4 DNA
region (1000 by ) up-streamfromthe Hap gene from Nei sse | a neningitides
GTGCG&AAAMA%GCAMAGCCCGCTGTCGATTGCCTGACCGTCC&GTCCGTM%}%% GGTTGCCA
CGCGC WO 01/09350 Iﬁ
GCCTTGGECGTTTTCCCACACAAAGCCT CTGCCAT CGGCAGCAGGT TTTTCCCCGATATGCGT ATCACGCCCACG
CCGCC S

GCGCCCGEGT GCGGTAGCGACT GCCGCAAT CGT TGGAACGT TATCCGACATARAACCCCCGAAAATTCAAAACAG

CCGCG Table: Oligonucleotides used in this work

ATTATAGCAAA L CT AT A T IO AGACCCCATAAAACCCCAMANAATCTTGATAAAT
CCGTC Oligonucleotides Sequence Remark(s)
CGCCTGACCTARFAVAACCAT AT GRSV ACA G 2GR IA CAC CH I B hitgle S C T CQCTGCTGGGT
CIGIT GTC ATT CCTCA-Y' Uptake sequence ()

CCAT CCCOl Attt Co AT C e e AT e R e R R T R S A AT G e eATTHT CAACGCGC
CATAG § GCG GGC C-3°

AGAAA GCCCRARAR EACEAAAABEEACAS v maas W@GFGMATCCCCC—BA
GCTTG | O caam
TCGAGCAAA'nPTcThnnAnnAcTxP9Hﬁ?ﬂ%&f@AIGAIAGC@CEEEEII TGOOGCCGE
CGTCC PorAd'Rev 5*'-GCC GAA TTC T7C AGA CGG C GC AGC AGG | EcoRI cloning site

GACT" f TACAACGACAT] GACCGCAT TAT P e c CAAAANAGAACAAGC
OGTCCG PoLa Revl 3'- GAA TTG TTA TCC GCT CAC AAT TCC GGG

GCACGAAACCAT ACGGCAAGACCANAECT CRAIMA LY GCGGGCAACT GTACGGCT TCATCAGCGTICATCCTGAT
ACTGC PoLa RevZ T-GAA T1C CHT’WWTE-—CTT TTG | Ndel cloning site
TTTTTGCCGIECTTCCTCGTATGGA( OERE : ) [T TGCCGGCGGCACAGT GGTTGCCT

[TCATATCCG

IAAACCCGAA
gi on (924
er ogr oup

el cloning

ence 'of DNA rd
neni ngltldpq (q

cleotlae sec

A gaaeT .20 el sser 2
5'.GCG GCC GAT GTC AGCC3'

5-GGG AAT ICC ATA TGA AAA AAG CAC T1G | Ndel cloning site
SPIPSFCCACTACGAAACATCGECT 2" TGCGAAACCAGCCGATGCAGIGC
3= GGA ATT CCA TAT GIC AGA ATT TGA CGC | Ndel cloning site
HAEA AT TTAGGCAT AGGCCGCGGEGCGCTCACGECAAAATTTCATATCCCGAC
5°- CCG CGA ATT CGG AAC CGA ACA CGC COT | EcoRd cloning site
PRESAACGACTACCT CGCCT TAAT GCAAAGCCAACCGAGT GAAGCCGT CGA
5 cc;r CTACAC GTAGCG GTA GCTaC A L g Ats A
- AA coRl and No!l cloning sites
V ~1 AAGG
'~ GCT CTA GAG CGG AAT GCG GTT TCA GAC G- | Xbal cloning site
FAARAAGGACCGCTTGTTTTTAAACGATTTGCTGCAGTGTITTTTTATAGTGG
3= AGC TTT ATT TAA ATC CTT AAT TAA CGC | Swaland Pacl cloning sites
CAAAAACCAGT ACGGCGT T GCCT CHGISTTRAEAN TAMCIMEFARGATTCTC 'AAGGTGCTGAAGCAdCAAGTGAAT
CGAEIT PNS3S 5= AGC TIT GTT TAA ACC CTG TTC CGC TGC| Pmef cloning site
CCGTACTATTITGTACTGTCT GCGEL TSt SGCCT TGTCCTGATTTTTGT TAATCCACTATATAAGCGCAAACAA
ATCGG 30 [oEwm $GTC COC ATT TAA ATC CTT AAT TAA GCA | Swaland Facl cloning fites
CGGE0CGE0COqGGAAAACOOGO0COANCRGIS SITGAANAT ATGCT TAT CHAT GGAAAACGCAGCJGCAT COCCC
GCOGG ikttt ———
cinﬂTngiﬁﬁﬁﬁﬁxyxzxxxxxx AT AACASR SR GRS R CAAAACTGTATGCCTG
CACCT CAATCCGACAGATAC T ITTTTICCAAACCGITTCCAISEQ 1D NO:-8 39

Nucl eoti de sequence of DNA 'region (1000 by ) up-streamfromthe FrpB gene
from Neuseria neningitides (serogroup B)

AAGT GGGAATCTAAAAAT GAAAAGCAACAGGAATTTATCGGAAAT GACCGAAACT GAACGGACT GGAT TCCCCCT
TTCGC

GCGAAT GACGGCGACAGGGT TGCTGT TATAGT GGAT GAACAAAAACCAGT ACGT CGT TGCCTCGCCTTAGCTCAA
AGAGA

ACGATTCTCTAAGGT GCTGAAGCACCAAGTGAAT
GICCT 40

GATTTCTGITCGTTTTCGGT TATTCCCGATAAATTACCGCCGT TTCTCGTCATTTCTTTAACCCTTCGTCATTCC
CCCGC

AGGCCGCGAATCTAGITTTTTTGAGT TCCAGT TGTTTCTGATAAATTCTTGCAGCTTTGAGT TCCTAGATTCCCAC
TTTCG

TGGGAATGACGGTGGAAAAGT TGCCGTGATTTCGGATAAATTTTCGTAACGCATAATTTCCGT TTTACCCGATAA

N = NSNS

}
CCGTCCTATTTGTACTGTCTGOGGCTTCGTCGCCTT




SEQ 1D NG 10 S Nucl eotide sequence of DNA region (1000 by s} Eam
fromthe FrpC gene from Nei sseria neningitides (serogroup JH G
GGAAACAGHGMIFRRAGT TTCTCTTCTATCTTGGATAAATATATTTACCCT CAGT TTAGH T ABLSE GIILCAATTT .
ATACC

TAAGTAGTAAAAGT TAGTAAATTATTTTTAACTAAAGAGT TAGTATCTACCATAATATATTCTTTAACTAATTTC

TAGEC Example 3: Construction of a Neisseiria meningitidis serogrou B strain lac
TTGAAATTATGAGACCATATGCTACTACCATTT TACTATGA

CCTCA | O Sapsular polysacchandes and the major immunodominant antigen PorA.

TGTGAACCT GTGAAT GAAAAGACAGAT CAAAAAGCAGT AAGT GOGCAACAGGCT AAAGAACAAACCAGTTTCAAC
AATCC
CGAGCCAAT GACACATTIRGAS CAEAGBEEFACATIIGAT 5 |g@méggéﬁ@Ag@g§rTx§;}pc§cmTeecm
TCTTG
CACGGTAT ARYERREIREA ARG OARE A ORI OB CABCEPCRCHEACTAT ECTIRGESCHT TAATTTGA
TAGAG

ATTAGOGT CP R R A B A SRR BRI T HeSAGRE Ao RS ei B RRMIREIEAGCACACT TT

ATCCA serogroup B capsular polysaccharides should b
ATTTCTACGOGACGGTTT GOATAGCGT COACGAT AT ST AT RIS REAR HSHEs AR FikaREr ACGACT AT
GGGAG | S inducing autoimmunity (see example 1) Similarly, it is beneficial to suppress the

AAAGATT T?AAAAAAT GCCTATCCTGAATACGAGGCTTATGAAGATAAAAGAC
ATATT %ﬁé&%ﬁ major outer-mem rane antigens such as PorA, which induce

%%MATM&EME%&ETMM%EW%E ST AILRSECATCSRAT
AAT AAACCATISE FARRESACIA PGS P thrCACKACOBTASE CaSTCTATNANH T H A AGAEEACAGTATTA

TTATTCOOCEAEA AR SRR 3RIIRE RS CIERT Bebaessharides A00 AR C ARGRAGIBEART T GGTACAGA

GITTT GTAPHALARHGASAD; MI SO Nucl eot i de
sequence of DNA regl on ( 000 up strgg;{é}rdm eﬁ&g&pf@%é\%)or#l 8 om

Nei sseri aVAeMTRGREGd &y thes B4 Byrain, described in example 1 by means of
gCCZSTA W%E%WAWWWTWTATAGTMTTG

| %TMTWWMMWB%BMMWWW

CCAATGA &3"‘% Alﬁtr(an;;ls;f\? rrn( ;Aa|n T&%ﬁ- G;KJ'IDR'F &%C&f? | @ﬁ&(ﬂﬁf I W@MT GGECCECC
ACCAA supplemented with Kanamycin (200 Iz d %'7°g {ﬁ 4
A !T A : ET A CCC{I:CI:GACC&T ( P'g/m a2 mcuba(teAd e Y &AM&CH:CAA&C

amycin-resistant colonies werc selected, restreaked on MH-Kn and grown for an

GCGGGGAA%@MQ%E&Q%E@E@%@W T CT GOCT GACCAGGCT GACGOGGCOGA

TOGCA 30 e bacterial culture was used to
TGA@?TAAWE’WCMAKMT%@T%[T%@T v‘vﬁr %@&EW%@&A@TTTW@

MTTUGG%F?%%W%WW@@PTWMMMHWW@@G

CTi -1 G boiled ten tes and

cT ATATCATTOCCO ARSI RS Fnd FERRSARR AR AP 90iRE TRKT GO AR TTCOGGCAC
. 2' 3CC primers named , PPAl and PPA2, were synthesized and used to

GAAACGCAGaCmC'IinTI' TTTCCA'E)ATGCGGATTGGAAACAAAATACCT TAAAACAAGCA &#K&'F‘F&:CC{{I{{{:C

Cr AAC plification on boiled bacterial lysates in the conditions described by the supplier

@m@m&%m%emcﬁychng ugﬁdmCGTTCGAA

'> CCC. T 3S
GTCOGAACAGRGHE AN 6B/ S ATHE O T AGRSHCCAGHA
CTGCT wmwm [TTTCTT ICCGCACGCATACGCGCCT sEQéE[ifiﬂ Miﬁ el cl eot | de
sequence 0 &g 1B ALY - pynoe agpublerasessingraver béteredi pCMEEDAA s 40

&&?ﬂé‘&%&“ﬁm’mgﬁ%&%ﬁww QMWA@MB@GAAAACGGCG g

GCAAT clones lacking a 1170bp PCR amplification fragment wcre sel
CATGACGGCAAGAGO?I\%CAT%TGAACCTCAGTGCCATT CE AR BRI PaGAAGAGETT
cCCae mutants. These PCR results were further conﬁrrned by analyzing in parallel, the

AGAAGCGGECACAAAAT GCCGAGCAAAAATAACT TACGT TAGGGAAACCATGAAACACTATGCCTTACTCATCAGC
-CI-S-CI-S-IC-TCTCT CTCCGCGT GT TCCCAAGGT TCTGAGGACCT. ,:IZACGAATGGATC-BCACAAACCIZGACCIZGAACIZCAAAGC
#gﬁ?ﬁCéSl' TTCCAAGCACCTACCCTGCCGGT TGCGCCGGT AT ACAGCCCGCCGCAGCT TACAGGEGECCGAACGCAT
%%TCBAAACCGACAAAAAACIIBAAAATCIZCCCCGACACCAA@GF ATTAAAGAAACGCT GGAAAAA

——— e N




15 SEQ >D NO 1S Nucl eotide sequence of DNA region (1000 p )u?l,p';@g{r eam
fromthe LbpA gene from Nei sseria neningitides (serogroup’B) " ¢
GATTTTGHAN3SGACAAGCT TCTTGT CGAAGGGCGT GAAAT TCCT T TGGT TAGCEAAGROMAPRACAT CAAG
CTTGC

CGATGGCAGGGAAA CiAgCC‘&T CCCJ“)I' GCTTGTTGCGACTTTTTGACCTATGT GAAACT CGGACGGATAAAAACCCGA
ACGCC ZoPresence o e corresponding bactenal protein extracts. For that purpose,

W%W%%%%@n re- suspC{fingAn SOCGAAGAAGGCG

AAGGC

COEAREGE-BDSCHGAMGANBICGAA
GAAGTTT ; > \CRARESIET CS BEMIEGERRERAGGHT CAAGACAA

AR 2R GHEA) PRGBS REH CCOCATCCT
Mﬁ%&%&%ﬁwﬁm@wm@m@ﬁm
A %

COAMAACCACACE AR S5 ere the stained by Coomassic Rrilliant hlue R23G 0r Sransfermed AexsoacaT AAA

GAAGC ZSa nitrocellulose membrane and probed with an anti-PorA monoclonal antibody as

GGCAAAAC%AGA%T&' TAATTT GAAAT CGAT TT.CCGGAACGCT GACGGAGAAAAACGGT GTACA
ACCTG aniatis et al. As represented in Figure 4, both Coomassie and

CTT TCTAT Arhfafi 8106 g bhBARAH Fk T BERARE AN e e GGG ACEECATCA

ATCTT
TCCGEAAATISERTEDEAOCN RMEACABSCHIERAAGHT A GRT STVRGTSTAGAATAGA EIT TACGECCCG
CAGCG
GAGGAATTCROEGIRFTabpsess RullxTion azget ORI AN MO T G hET 22T GARSGEhAlSHRgAAAT AAAGTT

GAAGT 1
TCAAGCT GRAGT T AR T R R B E A P e e RS PARIRA SR B GAAGT T AAACCOCAATT

CGGCG 30 TGGTATTCGGTGCGAAGAAAGATAA?AAAGAGGTGGAAAA SEQ ID NO i 6
Nucl eoti de sequence of DNA region 11000 by 1 u p-streamfromthe LbpB gene
from Nei sseria neningitides (serogroup A 3S

COCGHS TABAGHRIA ORI TAGA God FTAATTIAREATT GOFITAAMATAACTTT
GTT@HWWMF%W@WW@WW
CACTT
TTATTACCEH SEAEARATGACCTTTTTTGT CT TTGGCGAGGECGGECAGT AAGGGECGCGTCCGCC

- CTTAG
ATCTGTAAGTTATGATTCCGT TAAATAGCCTTTACTGACTTTGAGT TTTTTGACCTAAGGGCGGACGCGCCCTTA
CTGCT Enriching bleb vesicles with protective antigens is advantageous for improving
TG T R o B e 3R L S L S ST ACCTT CAMACCACCCT TACTGOCECC

AAAGACCARSHEATIRTbIaENelser dhbfingdiki JCTGTAAGTTA
ARG FRACAGTAGE RE RPOR T

CCGT;MAFMWA@F@&@F¢FGAM¢WA&IFWWM@ECﬁEEFEﬁACCTTCAATG
GGCT

TGAATTTTON PGPy e T BT P RSP A B

GCCTA amphﬁed using the NO1-full-Ndel and Ndel-3’oli onucleotxde
TTTAGEEOGTIAGAGITIAGEECAGTAN AAGGGCGOGTCCGOCCT TAGA EAme%%eA
ATTT example 2). The conditions used for PCR ampliﬁcatxon werc those described by the

GG g%wﬁm%%m%%m Gk thermat cyelmg 1 o

CCACGCAGGHE WAECTRE X0l CATAG
;CATG AT OEARKASACT AR G TAGAT GoAR ARG AT AGRECCT TACATA

A%GAC&@@A&AM@AWWC@WTM@WMﬁﬁﬁmﬁW%WCATGTATAA

TTATA TT CCTITTCAT D NO: 17 So Nucl eoti de
sequence 0 i g@p‘r %&F@ﬁg@ﬁ(; ;%F—[ DSty Qgﬁhemfﬁéiehﬂ% vgeiRe Inyegm
Nei ss¥%r i a:nmmmglvtas(iﬂ&k(e&aﬁ@@éc@ﬂxﬂ rBht HlAdidk 389 -
TATGAAGT GTc:Tcac:TGTTCCACCTTCAAT‘TATt GAATTAQC%ET&TLI\A&HBQ&A’ were
GRABT RGN S6T Ay YAGErial was

gerlangeacalensingtrEAA RN
e S A B 0
desksingcianetional ¢ps

TGGAGCGGECAATGCT TCCGATAAAGAGGGCGGECAA CTTTACTGTGAATTTC
GGTACGAAAAARAT TAACGGCACGT TAACCGCTGA CAGGCAGGCGGCAACCTTTACC
ATTGI GGGCGATATTGAGGGCAACGGT TTTTCCGGT ACGECGAAAACT GCTGACTCAGGT
TTTGATCTCGATCAAAGCAATAACACCCGCACGCCTAAGGCATATATCACAAACGCCAAG E>0
GT GCAGGECGGT TTTTACGGGCCCAAAGCCGAAGAGT TGGECCGATGGT TTGCCTATTCG
GACGATAAACAAACGAAAAAT GCAACAGAT GCATCCGGCAAT GGAAATTCAGCAAGCAGT
GCAACTGT CGTATTCGGT GCGAAACGCCAAAAGGCT GTGCAATAAGCACGGT TGCCGAAC

A A 7 ~A A7A A™ A A PR N R NI NINSS N NN N SN KT R SN NNVT"SNT" A A R NI SR A NN NT AR N A A APPSR 7~NT I~ o~

GAATAGTCC




| S AAACAACGCGCCCACAAT GCTAGCCTGCGTACCGCAT TCOGCACCGCAGT GAAAAAAGTA
TTGAAAGCAGT CGAAGCAGGCGATAAAGCT GCCGCACAAGCGGT TTACCAAGAGTCCGE @ JAM 2004
AAAGTCAWTCGCCGACAAGGGCGTGTTCCACAAAMCAAA%PM 07424
AAAAGCCGT CTGICTGCAAAAGTAAAAGCCTTGGCTTGATTTTTGCAJ 1AA

GGT TGATACGOGAT AAGOGGAAAACCCTGAAGOCCGACGGT! TCGGG. ~" ' | TI TCTGTATTG ZO

ATGOOGT TTGAAAACCAATAT GOCGACAAT eeeeeué nﬁ%%%%%ﬁ%g sequence
of DNA r é’gF’bhetﬁ"f%@hcbPFW(*S)tNapaﬁmvhctomahbathm&rﬂ&ﬂﬁlalZ?yaH qRd¥eeReri a

nmeni ngi ti rogroup. B

TAC%AM&%%M ﬁ'&&g&@ﬁf@&e&?mw@wmAmmimmﬁTaﬂ
TAATC  in example 3.

ACAATGGACAT OGT TACCACGAAGCAACCGAAGGCTATTCOGT CAAT TACGAT TACAACGGCAAACAATATCAGA

GCAGCS Bacteria (corresponding to about 5.10® bacteria were re-suspended in 50 _IJ C%A
T% TGCCGTAACAGACTTCATAAAA CGG/EA GAAATTA{J' CACGCCAR
ACCTEE A:: Biéi §B§ er, frozen(-20°C) / boiled (100°C) three nrnes and then were

g
EAAAACCT?CA W%%%&s oh 15 2 gch%A re “then stgggd \l,:VlyF 8 '

A@%MMWF@@MAWFW%@I@TW@AC

GAAAACGGHCAATRRT e et sl T STUBT AB GAALATOATS A (ESECEET STEGACEEAGCCGCCOCA
TTTAT,

TTTACRCAARERRRbIOL stainipg (ses figure &) confmme iaatinord RER AESatNA SIRBEEE GOTTGOOCAAGA

TAAAT produce detectable levels of PorA. The gcgressmn of NsaA was examined i l&A

TGT CAA GCCGCET CCGITCGCGGATTT GITCTTTTCGGA GGTTTCTACT
cell bactenal lysates (WCBL) or outer-membrane bleb preparations derived from

ﬁg 'égT g-srm T@?A;IJ T%I% ps:rcﬁ‘ocr;:.rxi-r a+]C%1t_hough no ﬁlfgcrence wasATTT

ACAAT AT GPASeD@BIECH @R Eaf A B SO bRty VHACHECHEGRT AMRGIAGECCGTATGTT
TGCTT
ATGATETGH RS st BT fole dnerrospdb B R AXBEFTITTAGANGYOGHAT ASDET 6 ARKGGCT TCAACT

T(EAAT en cnou, eV
TACAGTTTERIRERSNS Nepaylevel), otk tn) WRL and apter. paerabezns blgh PrreaRUeRSERRaAAACT TTACC
TACGT AW@WMTETWM&& iShiRctibdd] B &h plicl eoti de

sequence_of. DNA regi on (100 up-stream fromthe LipoQZ gene from
Nei sseri gsﬁ%ﬁcﬁﬁﬁﬁﬁ}gég upd Fé!eppe)mressmn of outer membrane proteins such as

w&%wmggm%qmmTF%&mr membrane prot-cl;glGGT CTGATTA
TCGGPET CAIBTRRACGGGECGGACACGGT ACGT CAGGT GCGT GGGGACCTAAT TTTGAAACGCAATACGGCTTGGTC

GGECCC 4S
AACCGGT TTGGGTATTGCATCGGECTACT TTCGEECTGGT GI TCGECGEECCT GATCGGCGGGCCGGT TGCGCGCCG

T S SR A AL AT A RO I h RN RS E BeEANg
AGGCA  blebs derived from a recombmant Nezssema memnfqtzdzs serogouq B strain lackmﬁ .
}GAV “GA‘C_?CAC%&%S genes but expressmg §orA "

TATGEACGGCT TCGACRAAGAAT AT CTGT TCGACCT GCCCAAAT TCGT GTGGT GTCTGT TTGECGGCGT GGTCAT
CCGCA

ACATCCT CACT GOEetir Bepgrabi @i T¥ol<Ead DEASCHGRRTRRORTICICT TEFarAM Tl T CGCTTTCGC
TTTTC S
TTWMWMW@WM@MW@TTGT&C

GTACA few outer b t
AACCGTGGTCAT GO T 1T CeAs pRsiein serotypes. Since POrA. Js & Maior sptermernbeans BEOkA G CAGTATT '

GGCTG  antigen inducing protective and strain-specific bactericidal antibodies, it is then

T TOG(%CI TGGEGT GCAACGCCCACGCECGGT GGCAAATATGCAGT CCGT CACGCATACTTTCG
%{;ﬁ -E%%;TIO conier vaccine protecion using a limited number of porA serotypes in a 2

TOGCATAAGRESIE] TH e LT GRRRC AT Rl GRo0Re G &1 35T %@E&I%&E &Y gy Bec T TCTCACC

GGITT

TGT GAATT?éYMWM&TWVIW@I C}Qm GCAGGTGCTTT
TGCTA SS TGATAGCCGCTATCGGTCTGCACCGT TTGGAAGGAACATC SEQ. I D NO:"22 Nucl eoti de
sequence of DNA region (1000 by ) upb@treamfromthe Tbp2 gene from

Nei sseria nmeningitides (serogroup B) 60

CCTACTCCACCGATTCCAATAT GCTCGBCGCGACCCACGAAGCCAAAGACT TGGAATTTTTGAACT CGGGCATCA
AAATC

GTCAAACCCATTATGGGECG? TGCCTTTTGGGACGAAAACGT TGAAGT CAGCCCCGAAGAAGT CAGCGTGCCCTTT
GAAGA

NN N

—— N A NI NN A NN A A A LA AT R ININININN N

NN R N SNTT PN —— e~ Py po— g—




IS

CGCAACAACGAAGAGCTGCAAGGTATCTCGCTTTTGGGT. AATCAAAAAACCCAAT@TW@%ATACGCGCCC
GRRAT T
TTTGGARGCQ;J(&%%A\CAAACATCCCGACAACGACT RTTTCGTCAAATTCGT CT ect/epseivrd CACCAGCCT
CTGCC ’
CCATGACCGGEECAGCCCGACT TCGCCACCAT CGT CATCCGCTACAT TCCGCACAT CAAAAT GGTGGAAAGCAAAT

CCCTG blebs. Such PorA containi ines, h be i till furth

ARACTCTACCT G AT TG AR R PR R R IS P AR A R T sanacaceTe
ATTGC increasing the level of other cross-reactive OMPs such as omp85/D15.

CCTGATGGAT T GFW' X Ul TCATCC~" TTCG
CCAATT O A%@é@@%& %%“%8" "lpﬁg%%% *Nei sseri a
meni ngi t i desptessidn0of the OEPSSAD! SAcdterom@hiraneRB@tetnantigen in a strain lacking
GATATCGAGGT! WTGAATT GFTGFAGAAACAC@&C%ITTTTGAAAAARTAACI:FA TGITTTATATCA

AAATA y 5g functional cps genes but expressing pord. t purpose, the gene coding for
TAATCATTTT TARMAESTHES \(waal F@i@ﬁ?ﬁﬁﬂ AsiAg 06 D FINAeT 35dl HARADA bEDnLE IR dddeCCEEEEG. GGG
GGTATA ATTGAAGACGTATCGEGTGTTTGCCCGATGTTTTTAGGT TTTTATCAAAT TTACAAAAGGAAGCCCAT

SEQ | D NO: Brisnat cihs Rondisionseigd fee PER amplification overe tiveo dpsgriedyby dver eam from

the PorB geggnide (M DNK! pofalerae, rﬁ“&h}%%& vEiARhel R CGRBHS UiheMal ctyclin
gttttetgtttt({gagggaat gacggdat gt aggtt cgt aagaat gaCgygaeat aggt t Ceét gcggat ggat
tegtc done was the following: 25 times (94°C Imin., 52°C 1min., 72°C 3min.) and 1 time

f‘t t 88099903@9‘@9&%.{ GEAUR % HLORRR Tl AAARPIEHY Shhidbs 9L RARE Y Gt 9c9aacaag

at t cccgcct geTRRYgelatiogic yepgat htdoaiing ttd c theatmantijeritet’s cipgtifitatibgagagaat gacgggat
gt agg _ .

tt egt aggaat TRETUUAY AAGTFPE % BTG oS Qprdie (BN 8 B2 o¥at ct agacct t
agaac 35 excised from pTOPO by restriction hydrolysis using Ndel/Nsil and subsequently

aacageaat at |cagagahl. Lo 9aaad) Seaanah flasa' beoRaRlg aadgy AL ggooaaaadt ggc

t gacggt 1189 CBédothbinanslashidg 8dspRaPPRAIH OISt wdre haried o ligga gRROGRgIt gaat cggt t
ccgta

ctattt gt act ecRRIRIL rraxirepg kit tand) 12c B8 ph i thist gfeniah ayas cused 40 dRedPgt égcaggggeggg
ttttg Neisseiria meningitidis serogroup B strain lacking functional cps genes (strain

cat cegeccgttec aaagaaaccge?t]%t gcgttttttgcegtctttataacceecqgtitgcaat gccctcca
at acc described in example 1). In order to preserve the expression of pord, integration

ot ccogagt aagkiliPhaRaIHERARRNE bR IAEA% DLARIDISEFARLY WAt BAgRganaaaat acce

at aat
at ct ct at2@cgby.a eanekiratian gERCR andyWestere blatssreazingprocegyrss deanamycinyresistantt cagacaggaa

cat ct clones testin% ositive by por4- Beciﬁc PCR and western blot were stored at —70°C as
at agt tt cagacat gt aat Féjccgagcccct ggcggt aaat gcaaagct aagcggctt ggaaagcccggcect gc

ttaaa glycerol stocks and used for further studies. ‘
tfttecttaaccaaaaa ) . . ct ct C C ttcct gttgca
geant ggot gace: T AR A B ABAR s O e A e S e ssor | o
meni ngi t i de PAGESDRR)oaffer, Bjoz&d+2B°@Yr b ivoilegr (1R0YT)0three times and then were

TG T A A LA OSF M AT GAREATATAG L GeT COGATGAT

g L%gC&&AWWMMMMWMET&AMIM&JWWW

GATTCCCGCCT &ittenansispardnmerscleratprtibedy-Ascrepiesented isdigurs ot PrompssieGAAT GACGGGA

TGTAG SO and immunoblot staining confirmed that por4 PCR Tpositive clones produce PorA.
GTTCGTAGGAAT GACGGGATATAGGT | TCCGT GCGG%\TGGAT CGICATT GGCGCGGAATCCAGACCT

TAGAA The expression of D15 was examined using outer-membrane bleb preparations
CAACAGCARTA B ive@fomNAB (I oA SRR [T pSPAT THHIE E bR daoRd GACHARAAGT GG
AT GACGGT TAGSERACEC TRB3SE MABE FEpession GARICAWIICTSHtACCHEETdagaBuACIAAGT GAATCGGT

TCCGT ACTAT GI %;C:gagé’:li: g:f;(;‘lcﬁ';T TT AAI&‘&Q&! J.s5 SEQ ID
NO: 27 Nucl e-ogégigﬁﬁ%%%nsc i T&g “eqi so%%%%ﬁld ;Egur%;’-e rea f@rlgm t he

si aABC gene from Nei sseria neningitidgs (serogroup B)

ATACGGCCAATGGCT TCAGAAAGCGATAAGCCTCTGECTGAAAAACCGATTTCT TGTGT TCTCCCCACCGCACCC
ATAGA

CGTAAAGGTATAGGGAT TGGTAATCATGGTAACCACAT CACCGCGACGCAGCAAAATATTTTGTCGCGGATTTGC
AACTA 60

AATCTTCCAAGGCAACAGT TCGTACTACATTGCCACGT GTCAGCTGCACATTCGTATCCTGCACATTTGCCGT TG
RACCA

CCTACCGCAGCCACCGCAT CCAACACRCGCT CACCGGECTGCCGT CAGCGECATACGCACACTATTCCCAGCRCGR
ATCRC

PN AR L NR NN T NS NLNTNLNL\ [\ TPy [\ g g g s N PR A R NN R NN R T NN NI SN PN N SNT PN\ T N N N



SEQ I D NO:29 Nucl eotide sequence of DNA region (10" 00 bp), u streamfrom
the TbpB gene from Nei sseria neningitides (strain MX58) za 0 JAN 2G04
GAACGAAC&%C%A)‘I%%CACTTTCGTGGGAATGACGAAI TTCAGGTTACTGITTTTGGTTTTCTGI T? TTGTGAAA -
ATAAT PCT/EP00/07424
GCGATTTCAGCT TGT GGGTATTTACCGGAAAAAACAGAAACCGECT CCGCCGT CATTCCCGCGCAGGECGGGAATCT
AGGTC

TGTOGGT GOEARAE PICHSRA AP AR Be S adr e aesafully 19 IF XERGOT CEATFESIACTTOLGET CCGAATG

ACGCG vV  membrane proteins such as D135,
AACAGAAACCCCT COGCOGT CAT TOOGCEaA S ARRLish e the REoduAtian-ef A\ maigs RPTA AT CGGGAA
TGACT outer membrane protein antigen.

GAAACT CAAAAAACT GGATTCCCACT TTCGTGEGAAT GACGT GGT GCAGGT TTCCGTATGGATGGATTCGTCATT
CCCGC ZS

,CA\;gTATTT W@MTﬂ%mﬁgmgfgmlg@g GAAACTCGAAAAACTGGATTCCC
GTGGGAATGACGCGATTAGAGT TTCAAAAT TTATTCTAAATAGCT GAAACT CAACACACT GGAT TCCCGOCTGCG

ACGGA =
ATGTAGETT e agzed ’&E%%?WWWMWTW@

TTCCC construction of Vector for up-regulating the express

GOGCA TCTAGGTCTGTORGT COGAME T T AT Rrssion of Nepd-4ad RASOmp8 11T coaTeeTs

GATTC® 30

mycmmwﬁm;&g% OQEGAT ATAGGT TTCOGT GOGGACGOGT TOGGAT

ACTGOGOGGERANTIGAHOTIEA TEEREAPSTYY) T TTTGTTAAAAATAA
TTA34 TTGP 1 TTGC%“’%%\\‘A %ﬁ B9 HPS35

ATAAA AT TAATCgT @ M

Nucl eot i dESERHT fzég‘flo‘he (proee by Bglhaﬁerqem fb@ﬁ”fbéxhﬁnmgc gene
from Nei sgffirish oeHiL | oup., A
WAS%SAW%@%M&KWWWMW&
CT WO O 1gonuc1eoude pnme ferred

GCAACCGT C%I’ gl' AN toAasT?é%&IgRXCﬂ%(fﬁ Aﬂ&f&-‘ﬁATTAAATT

T T ere design ed using thxs sequence and synthesized. These primers were

A CM el P O R A Lo el DR e o M S s T TAMTT

AATCC DLO
AUATATGQHGSMGAMWIWAMWMH W@TW%ATTTMCT

GATTA ]
AAGT GAGT RSB SAY GR Arbmisies o
CTGCCQ0  for 24 hours us

Ing the condxt ons d
LT ARAAGGAGACCTS TAhTG&,—r 1A ATCOGGT ﬂ%ﬂ%&f@%?‘fﬁ@@&@ﬁ&erAﬁAwe
GTATT ~ Germany ¢ corresponding DNA fragments were gel unﬁed an&m%
GATCTCAT

TTCGGECT GT
W@%%AS%SCCF %T GIJCEI-I cloning vector. Step 3. Recombinant plasmids were

TATTI;T% Actb TL%%TJS a tempiate %or Inverse TOCAGACEE
GCGGCA: :m%%rmmq[ Aoess BCGASGRAREYEA Dt e T PSECHAFPNSF CCCCAGAGT
CAGTTACT BRI ES St T AwRE T BErTeal Tc i T NG RS ABDESAMITCAGAAACCTA

GGTTTys
AAATT Imin., 50°C 1min., 72°C 3min.) and

T CGT CATTCOCAT AAAAAACACAAAAC AR BN B8 v Cr PR A AR AR TARRYPIT TGT TAATTT
TTATT ineanzed pUC 18 vectors harbouring a deletion in the NspA regi
AATATATGT,Q@%@E%WAAAGCT TAAGAATATAATT&T AAGC(SF,&&CE&KE TATTTACGTT
ATGIT ACCAT ACAATCCAAATTTTGGAGATTTTAACT SO, SEQ m NO: 31 .
Nucl eotide sequence of DNA region (1000 by ) up-streamfromthe siaD gene ‘
from Nei sgeri a neni ngl ti des (serogroup B)

ATAATECAGRS T A\ P/ ROFR SR AR .
CCAGGCAATGEE\éA‘?‘%é?R?"r%P&Mﬁ% RACEETT BB DENATHESN CANGATGACAT TAAATTA
AAAGA was discovered (SEQ. ID NO:3) in th . .

ATACGT AGAGAGT AAGGGT ATGATTTTT AT AL R QP B IR P L0 829, deihase pamtmimimE T ACAACGT AT
GGATA

TTCCAGCATATAAAATCGGCCTCTGGCGAATGT AATA%%:TACCCATTAATTAAACT GGTGECCTCTTTTGGTAAGC
CTATT

ATTCTCTCTACCGGECATGAATTCTATTGAAAGCATCAAAAAGT CGEGET AGAAATTATTCGAGAAGCAGGGGT ACCT
TATGC

TTTGCTTCACTGT. ACCAACATCT ACCCRACCCCT TACGAAGATGT TCGATTGGGT GGT. ATGAACGATTTATCT GA

R P NNINT™ I~

Al




15 Nucl eoti de sequence of DNA region {1000 by ) up-streamf .t,«}mezé[ﬂt F
gene from Neisseria neningitides (serogroup A) ot
TCTTTTTC%@T%%AC&AT%TC&GA@TCGA&&GTHT%T&G&AG@G%%WA%TTATG
CCTAC

GAAGCCAT GACCBﬁ GATCCT GGEIISGCCI—?AGGCGAAGAATTTTTCCCGT CCGAAGTGTAT
GTTTT. %Aﬁlmg{omlc AA‘ sequences of the Neisseria meningitidis strain ATCC

SSRGS P agr / CCEA
: WWWTMWWTMTTT

ACGCC
GAACTCGTC@@E*FEC%@WAA@A@&&WMWMW oEn

CTTGC | R
CTTTOAGACEH T SR8k cﬁc&ﬁe&é&*&?&%&%&%ﬂ%@e&mmmc

GCACC Wizard PCR kit (Promega, USA) and submxtted to di
ACAACGACAGT AT GGAAAGCCGOGCOGT TGCA SR ABAGRR it the SiesBY ¥R cancocae
AAACG restriction enzymes for 24 hours in the conditions described by the supplier

GGACACA cee GG%aCAT GCTGA RAGCAATCCC
COH .Sq%:e:c:orreSponﬂmg NA' fragments were gel

GAAGG ZS
CRESAE e, MIW%CC?CAGCGGCAG

GAAACT TCCRMEEASHITThIXadAE \

GGGAAA@:CGR&%M ﬁﬁm@@mmmimmm@c&mm TIHACTCATCGG
ATGAAAT

AAGTTTGT RN SRS IRT st Gk RRP A e gs-TAYere rRER HasPRP R AETiTs GRGGT TAGAGC

ACTCATAATOCUT. - ot G csemgonucleotides using the following el cyelive eondiiomsirorrraoee
TTTTTT e @@Amm¢MT@@mmmm7mlomM@uml eoti de
sequence gf eam fromthe | gtB gene from

Nei ssepi ct cPnsn?!ngl tlﬁﬁs Ser ogr 6%%0%) BarbS Siing 2 deletion in' the D15/omps3
TAGAAAAAT AgsTrERfaCe£IAA\ Irfsért MWCGI’ GAATCAGACTTGGECGCAACTTGGAGATTTTGATTGTICG

ATGAC 3S
GGCTCGACAGACI ~6' 1' ACGCTTGCCATTGCCAAGGATTTTCAAAAGCGGGACAGCCGTATCAAAAT CCTTGCA

AAATTC CAGGAATGGGGGAATATATT
GCACGCA

CCGAT : 11TTC-[CCGC£CCCCGACT GGATTGAGAAAAT CGT GGECGAGAT GGAAAAAGACCGCAGCATC
ATCEOG e examples listed below describe methods for producing recombinant blebs lacking

ATCERECCH e TE AT BEW%W%%S&!CC aridés” an orATcé\uCcAh a

ATTTG
GAAAAAGCCEROBITS CORIGH GARA THGEOBAE TIgeT 6ENELRReCAS AT ACAGARGAACACGATGAT
TATGA 40
%MWWWM@WTW%TTAWTTTT%TA%
ATGT

AGCAAATT COUIAC IR NE A4 hiemighCskd et A AT T SO R A TG TTCATCC

AAATA
CAGCAFCOCEIR ARG B AATREIOAABHOA THIBRA TR QOSCASSMACEATERTA THEGAGTH TATGSGTTT

TAAAA

C00GGT T ORI A BRI RSOk TS A A ARSI TR T EIGAGAUAG AT TGOCGGAAG
AAGAT are considered a further aspect of the invention.
TTTGAACGCGCCCGCCGGTTTTTGTA TGCTTCAAACGGACGGACACGCT GCCCGCCGECGCGT GGCTGGAT
TTTGC 4S
GCCAGACGECAGGAT GCGECGECTGT TTACCT TGAGCCAATRCT TCGGCATTTTGCACCGAT TGCTGAAAAACCG
TTGAA AAACGCCGCTTTATCCAACRGACAAAAAACAGGATAAATT SEQ | D NO: 35 Nucl eoti de
sequence of DNA region (1000 by ) up-streamfromthe 1st gene from-~ 50
Nei sseria neningitides (serogroup B) _ ,
GCGCACGECTTTTTCTTCATCGGT TTGAGSGT CGGCAGGATAAT CGGGGACGGCARAGCCTTTAGACTGCAATTC
TTTAA
TCGCGECGGTCAGT TGAGGTACGGATGCCCTGATGT TCGGCAGT TTGATTACGT TTGCATCGGEGCTGT TTCACCA
GITCG
CCCAAT T CBECAAGCGCGT CEGGT ACGCGCT GCGCT TGBGT CAGAT AT TCGEEGAAT GCCECCAAAAT ACGECCG
GACAG
GGAAATGT CGGCAGT TTTGACATCAATAT CGECGT GECGGGCAAACGCCT GCACAAT CGBCAGCAGCGATTGEGT
CCGCCA SS
GCGCGEEECCTTCGT CGGTATGEGTATAAACAATGGTGGATTTTTGAGT CATAGGATTATTCTCTTGTAGGT TGS
TTTTT
TCTTTTGGAACACAT TGCGCGGGGAAT GTGCGCGECT. ATTATGECATATTTTGECGECTTTGT TCGCCCTTTGIT

NN R T N



SEQ B~ NO:38 25 Nucl eotide sequence of DNA region {1000 by ) up- stream
fromthe MtA gene from Neisseria neningitides (serogroupiB) JAN 2004
CACAAAAACCAAGT TATGACGGEGAATAAGGT ACAGCAGCCAAACCAAGGCCTCGCCCTGC

GTCGGATGGT @%ﬁchAAAAA COGCCGAGCAGCACCCCCAACGECCT GT ChEgfzpo0/07424
TGCAAATATT CGAACACAATGTCCT' GAAGCGECGTTCCAAATGCCTCGCTTCG 30
TGCAGCGCACGCAGCGAACCGECAAGCAGACCAGCGECAACGATAATCAGAAACGCCCET
~CCAACGGAAhWAL ~i CGCCAGATTCAGGCGCATCCCACCCTGATAAATCAACGCGCCA
ATCACGGECGGCAGCCAAAACCCCCGCT ACCGCACCCECCEECAT CTGCCACGT CGEECTC

T GTTTGAATACGEEAMIImABGAR) & T COAAATRE VAACCTCA BB AAA ]

AACGCCAT ACCIREEARGGCCCATECTTER FEOCACCETTCARACSEEEETSS S
GAATCCT GAAGW;@AA L T'[T~GATCCATAAAA'IJ ATAA
GTCACCATCC GCAACCAAACCGATAKF CGACGAAET CCTGETGCTIRT GG

GGAAT CT CGCCOSFH@s®BAAT GGAT TCCGF ACCCCAGCCCUBABCACAT LAAAGAATCA
AGAACAACCCOW 1'” G'l_\v/_\"rﬁT a'a/a/nd\ r‘TP‘TTT(‘A (‘7\‘ ’A'A'A

CCGGCAACGAT ﬁéﬁ@@ﬂl@ﬁ CGATAC CATAATT 40
GOGACCAGCAT ARRNCGOGAACGAALA, AGBREEATGAAT AAPAT R T AT CRGAATRER TC
ATTGCTTGTAAAYACAAATGCAAGT TAT LIS T ATCIGCAGT SCGGRBA™ TC |-
CGCAGCT GCAGCERZ5CCCTGT G T AARAT LECETETEEA ACCECEEEE
CAAACCATUT'%TTAFF SCCRACATICICAAIT 4 QO 117 : Nucl eoti de
sequence of ¥BG%8n (1000 by ) up-|streatd & om t he onpCD genle from
Mor axel | a ch$aPepteal u S5glL 30 gL Sg/L
GCTGATTTGT GWWA\AT FECATHHCEEAGAAG ATE%—
ACA ATTCAAGW I TCEACAATTGACAACAC T:AI"P S0
TGAGATGGCA GAGATIECT ARRBAT TGCOCT AAASRRACGACCAGCATEEGT
GTGT T TAGT ACCA@RApmEMOGCCANCGACIIGSCTACAGAAGGT GEECT TGATATTGCCAA
TTTATCAAAT ATRIndMyche T T T AT ACACAST CTTCAGCASSCEEATATTARCSSTH S5+
ATTCAT CGATCEAGATCCECATCAMATTGATCCTCCAATTCCT: TCECTACTGAT T
TGAGCTGCATACGGEGAGCTTATGCTCAAGCGACTTTACAAAATAATCAAAAGCTTGITGA SS
TAAAGAGCTTGACCGTATTCAAAAAGCCGT TGCAATGGCACAAAAAAAATCATCATTATT
GAT TAAT GCAGERSIAHivaTi i OO asdi %%M ‘ ! be- 1 207 bIEWS: This
TATTCATGAGCTGAATATCICAT A CAGH c'--.-- e Xecalnbing i
TMT&A@MM@WWM@WW@ﬁmeG ®y

A CAM TR SCIA ICHER Bls W TALH HaTBe
CCTATTGGT TTERAEICHR R T AT AT CEAMANT THLT GEAMBRAGAT T 3G5BE1 dish

AGGT CTTGGAT CGeidh W CCAACCATTCCTTG,
GAGGAATTTATGAAAAA%G&TA@ % @&%‘é@ C for
A@T&A@C@@?Wiﬁbmmﬁp&ﬁe&ms mD JRONEDOdME (et | de
Voo ol 100 2P o Hnted OOk B g P Ly Gy Tk cuiie, 2L of O

GATGCT GT TAANSTBOUFA FIRGHECTIRGE Wt Idat S TGN G GIA Tehmhk Qf

ATT GT TTGAT GTGCGTTAAAAGAT TT WD 01/093S0
PCT/ EP00/ 07 5‘%&‘?‘? %&& w%wammwmmw
GGOGCT TCAT Glsking Teelld GABTARY hdSmt A s BAE GAARAACCARET G4 @éﬁ were
GTGGAATTATTCCAA%%GTTATTATAAGGCTTATCGTGGTATGGGCAGCT

ATGTCTGGTCAARAT Shide e ByraentrifueatiporatSOMNEACK CdoT STmanes. S

AAACT GGTiECCAGAGGGTATCGAAGGCCGT GTTCCTTATAAAGGCCCT GTGGCAGGCATC

ATCGGTCAATTGGCAGGT GGT CT. AAGATCATCCATGGGT TATACA6 GT TGCCAGACCATC
ats " v v 2 BACBRALeEGIabinant

3 A ) f g
CATGT ACACGA'BQ{A%@AJ} W ;né(' e TTAACT AT
TAATAGCAAATACAAGCACTCATTAGATA %ﬁ%{, " %% Fq: ARy

ACT GACACAT GAGHIT AT GKOA B rardhTiAS R ATIECIHORT ST FrRGANT re] AAAul bf féed was

ATAATGGCTAA TTTCAAAATCAAGCGATTAGATGA
AATTATGAAAAW%{%@W & RETrPRRERRErNe ArCAATEAY RS Sreaked
TTACAAGARAANET @ TPETT diGA Edutaiviil g CF RACITIBTRU04A A Qsde abdvel. I'Tife TPeAT dikh -was
ATCATTTTTGGCGGTATTTTCGT TGATTTTAGTAAGTAGAT GAGCAA TAATTTGAC ~I' S
AAAAACAAATTTGATTTCAAGCCTCATAATCGGAGTTAJT SEQ |1 D NO: 41 Nucl eoti de sequence
of DNA region (1000 by ) up-streamfromthe D1S gene from Moraxell a
catarrhalis v ZO

AAAACTGGTGATGT CTTCACTGCTATTCATGGT GAACCAATCAATGATTGGCTRAGTGCC
ACCAAGATTATTCAGGCAAAT CCAGAAACCATGCTTGATGTGACAGT CATGCGT CAAGGT
AAGCAGGFTGATTTAAAATTAAT GCCCCGT GGT GTARAGACACAAAACGGCGTAGT CGGT
CAACTGGGTATTCGCCCCCAGATTGATATCGATACGCTCATTCCTGATGAATATCGTATG
ACGATTCAATATGATGT CGGT GAGGCATTTACTCAAGCCATCCGACGAACTTATGATTTA y=S
TCAATAATGACCTTAGATGCGATGGGT AAGATGATTACAGGAT TGATTGGCATTGAAAAT,

5




ACTTGGCGAARATACCATTTATATCGAT TGTGATGT TATACAGGCAGATGGOGGTACACE AN 7004
CACAGCCAGTATCAGT GGT GCT GOGGT GRCACT TATTGATGCT TTAGAACACT TGCA
TOGTP~1AXR GATCOGCTTTTGRGCT TGGTGACAGCE GTTTCTGT P00/07424
TAATCAAGGCCGT GTATTGCTTGATTTGGATTATGCTGAAGATTCAACTTGTGATACCGA 45

TTTAAATGT [ TATTGAGATTCAA CAGCAGAAGA
AANCDCATT TR AR AT G L1 AP SEAATSTSSRATIRG § L o

- A ALY ARGRT: T TGAAGATA .
ATGOOGT GATCATCAGAT TAAAT cﬁ%&w%ﬁ %%%ﬁ&qmd pre-
TATTGCT GCTYEGETRCYT Crsnersnded Galid peFulead Mt GRS T bha AT Grers inhk

AAGOCAMAALT TR PR I P ENERREA R roeni OLS G a0egTFo By cin, The

AT GO BRI
AATCACMATT O Ao TATW@ %&fdﬁst 2 hours.
AAATTAAT ATROSmAR QACET AGSK WECHRANAGREAATIEARAACTAA: w&%ode

TAACATT GTA TGTTGT TACAGACAGGTTGGATGGTCTTTAACT
CCTAACTT PSR RPCHPR T BaCBINEEAT BT ATERTAA 20 liters

GICATCATT( T‘%ﬁg)qgg;; T. D NO: 43 60 Nucl eotide
sequence -(gof%éDNA regi Ongﬁ%%ﬂé %t ﬁﬁ%%rﬁ“?ﬂémﬁwﬁ@“@én@ fflsf!ém

Mor axel | aOfcm’@mmmmsThe pH was adjusted to and mamtamed at &ﬁ'
E’::TPX;II .Futomated

GTGAT GGAGCAACCAAAAT
AAATACCCTACGGTTGTATGEA%W ? é%#cvirfmwwdlssolved
T AACAAGCABYESCT MREARGTRANAS TTAITAATEICT 0% 37 THGARA] &Gﬁé%on speed

AATAAAGCCAATTGETAATAATATGGTATTGT CATGATTTATGATGAAT T
TTTTGGGAARRTHA FRESETEE A e RO E TR metGE S0 ATGTCAG er  + |

GGATGT CCGicesT GG WTGTTAAATT CCGAA 70
TATACCGATGTTGCCTGCCA!GCTMATG% Eewcthe culture

AAGCGPCAARGEAY FeNEORAGAT ECT000E GEETTAATAGEE A ATGCTGCCTGATATG
CTGTGGT TGCCACGCCATTGTGCT TATAAGCGGT TGTATCT TGGGCAAAAT CTGCCAGCA
TGGCACAGGCTCAT TAAACAT AGCCAAAACCAT GGT GCAGGAT TTGCGAAAGT TTCAACT
CIOAGHGAGHT Nt SMaATiaA X C -~
———t 0320, PCTI EPOQIOT422 = 2P A Bmbinan?
AAATGGGT () @A@?@&W@mmmﬂmmmedmm
TTTGATAAAAToWET &Gl CTTGAAT CCGAGTGA
TACGCTAAATTGTA c:cAAErt;iR T W Femoved from
TATA@PGT@FM@W@M&WWG@A@WQ@ SEQxL Was MReAhdd DS h%g 9[1 sequence
raxe

of DNA e QQM%M%eam f rom t he | pr gene from

catarrhalls &UMM@AW‘GTCAGTAC | O

A A A T e B R Sl & |
GACAAAGGT TATAGCAAAGAT GGAngL{X‘TF %?MM (see

¥¥$&TAT?@W“MTM$%MTAC%@T@TTTGAT¥£ ml of
ATCTGE‘?%%%%@% t&A %%@M&iﬁ&#@@@\ﬁm@wmﬁam‘%@m@ S of
TN CARAT AT T e S O The ek e Rigsed on

TAAAAAT AARREITERIRGTET (20 TETA ARG TIRTGAGACE ANCAGRE TRAC TR AAATT, ;

Is were
CGATGAGA TTGATATCAAAA T(IBCAAAATTGATGGCACAGGA
OO e G ST R B CoAneS -

TTTCT TATACAACATCAARGATATTGATGT TAAGGGGCAATTTTTTGGCACAAATCI;CGA

AGAGT TGGCAGGACGGT TACAT CATGACAAAGGCGAT GGCATCACT GACACCGCCGAAAA
AGCAGGGCCTGTCTTTGGEECTGT TAAAGATAAATAAAGCCCCCCTCATCATCGTTTAGT
CGCTTGACCGACAGT TGATGACGCCCT TGGCAATGT CTTAAAACAGCACTTTGAAACAGT
GCCTTGGGCGAATTCTTGGATAAATGCACCAGATTTGCCTCGGGCTAATATCTTGATAAA, ZS
ACATCGCCATAARATAGAAAATAAAGT TTAGGATTTTTTT SEQ | D NO: 45 Nucl eoti de sequence
of DNA region (1000 by ) up-streamfromthe | bpB gene from Moraxel |l a
catarrhalis 30

CAGCTTGTACC. ~TTTGGT. ~sAATATATACCATTTCG " ~GGTTTGTTGGATATTTTACCA~SGG
CTTGAGGGT GTCGCTAGCCT AAGCCGT GGCGAT GATAAGCAACCACCGCT CAAATTGGGC
GGCGGECGT GGECGATACGAT TGGT GCGCCAATTTGT TATGAGGT GGCATATCCTGAGACG
ACGCGTAAAAATGCACTTGGECAGTAATTTTTTATTAACCGTCTCAAACGATGCTTGGTITT
GGTACAACAGCAGGTCCTTTGCAGCATTTACAAATGGTGCAAATGCGAAGCTTGGAGACG 3S
GGGCGATGGT TTGT GCGT GCAACAAACAACGGAGT GACTGCATTAATTGACCAT CAAGGA
CGGATTATCAAGCAGATACCGCAGT TTCAGCGAGATATTTTGCGAGGT GATGTACCCAGT

TATGT TGGACACACCCCTTATATGGT TTGEEGGCATTATCCCATGTTGEGGTTTTCTTTG

PN N N P [\ g g g v —— o ——— g [ e g B e g g g A A A ATPFSAT /A A A R AN N R R PNISN A A

=




f)S TTTTACT TATTTTTACAAACT ATAGACTAAAATCAAAAATTAATCACTTTGGTTGEGT
TTTTAGCAAGCAAATGGT TATTTTGGTAAACAATTAAGT TCTTAAAAACGATACACGCTED JN 2004
ATAAACAGR T F3lob3sh TGGCATCTGCAATTTGATGCCTGCCTTGTGATTGGT TGGEGEGT 97\%6 074
ATCGGTGTAT CAAAGT GCAAAAGCCAACAGGTGGTCATTG © SEQ | D NO: 47 P80
ar ~s~~~ ~~s~ PCT/ EPO0/ 07424 Nucl eoti de sequence of DNA region (1000 by )
up-streamfromthe tbpA gene from Moraxella catarrhalis
TTGGGEECEGATARAAAGTGGTCT TTGCCCAAAGGGGCATATGT GGGAGCGAACACCCAA

ATCT AT GECAxamie AT fsnigti AL ¢h 5 € &
GCAAATTTWGCCAAARAAGACCT edA SA
AGATTTTAT TATACCGACACCATCGGCATACGCATGT CGGT TGATTAT
AGAATCAACCCAAAATTTCAAAGCCTAAACGCCATAGACATATCACGCCTAACCAACCAT
CGGACGCCCAGGGCTGACAGTAATAACACTTTATACAGCACATCATTGATTTASTACCCA

AAT GCCACAGECIMBIHAMCHIEDS CRBEFUAGAE T ETI&E%@%WM% 50
CCATCTGACAGCTAT GAGCGT CGT GGCATACGCACAGCGT GGGGEGECAA gr) was

%TCAA mEAEOANE Arisa@hoeihgATH @ngémm and
AGAGACATTCACAAATW@AA brormzsaTmas/1 (VIW).
AGCAAT GACA BEAAGREAAAE ATEA! CECRTT 1S

TTTTGAT TAAGCACGCCCTACT%‘?MG?'EI'A TTGTAAAA Mﬁﬁﬁpe"’mﬁ
ATATCAA T3FA/RAARGR/ORIRIF DA RDTONAA FRATOATRIEETA BP G 13,600 rpmina

GTTATRATTTAL ﬁﬁ% ATTTTGT CCAT CACRAACGCAT TTATCAT CA
ATGCCCAGACAAAT. @%% T mwa@@pema:am

sequence o TNA teqon (1000 D) up-Strdar G CREPB e ALt Frim

Nor axel | a Beskman 1 OM u tracenrnfuge) n order to concentrate vesmles The supernatant

AAAGACATT CCATGT GGTCGCAC ' 2S
Ao g e e S REE P d i A ATHCOL PP TroF AT bitter pi
TAAAATTCA*MM@G@AGTMTIAQCE%AW@T&%TE%A;{@

TACTCAGTTACCAMCATCARTT TTT ACCCAT TTCOCARGEACT @ second
TACGA ?‘F%A?GRTGA@A?AMA@WWEC@&CIT@«%HG&% gently

GECTTATTTT AT CAACE G CRUCLaT ETOCRATAT FPRHAT AL ARACEISRICRR! fo blcb

TGTTGGCGG#WA@E?@\W%I&FW igure 8,
TGCCAGCAT%?A @&AQ&%T CGATiI ATACACACACTCCCAT rm{@

ACTTGCCCT RIS PEPATRT TN B I ASREAREGE AN GG NS proteins
AACCCCT CGRARRA ST AR ST GCTGTTACACTGATTGATACTGAT' TTTGOGACAAC 3S
GCAAGCATTTTGTGAAATTTATGAJ i GEGCGAACGCATCOGCTTGTCGCAGAATTTGCTAA
ACAAATGCGATTGGATTTTACGATTTATTTAGATAATAATGT TGCTTGGGTCGCTGATGG
CATGCGTA ’ GATI%A GTTTGTTCGCCAATAAATTGCTTGAGAT

4 Gomheingasiern SOV ,

%

TTTGOCACCETAREATATRS

TCTA M%ggr GATAGACAATCATATTTTTAATCATTTTA(:AAAAATTCAT
CAATTAATTA CTGATGAAAATTGATATTTTAG SEQ m NO: 49 Nucl eoti de sequence

of DNA region THOQGe RY skroHR- f t he uspal gene, from Moraxell a o
catarrhal i s 45 GGATGTGCCA %@%&%ﬁ%ﬁc&%ﬁﬁ OEAGBIATPAAGAT GTGGT

AXBECHTOEGT
????A TTAArFMDW@%CAGATTGATTTT&TCGTG?%TAC@?K %e bave

#ﬁSTA S ~» WWWWd amp g5
CTTCCAAGGCCAAG'IEA W taalebyenriched
T&GTTAT@G@GTWﬂM@NfﬁWW
CAATTA%%% TCGA%'&AACAAAACCCAT CCGATAC@F%X@%': pord
ﬁ?coccldimrégm AL T AT AT o . eome
une.

CAGGOGTGGTAATCT CC%’I{ @&ﬁ“ﬁ%mmn (iron-
GG&T@CCG&A@M@WM&ATMEGE%% M £
GAGTGTCTAT: ACQTGAAAGATA]TCAATATATAAAAGTTGACTATA on of
TAAAATTTG FODHORT @@MMWAEWEHM@ level

ACCTGATAAIICArEdhion AL A W GITGITGTATTGTCA 60
TATAAACGGT AA%: T%%G%TTTGGT C& ?ﬁ%@’b’c@é%l‘Mw@assxcany
GAGGEGGEEEEEAGACCCCAGTCATTTATTAGGAGACEQAG SEQ | D NO SO Nucl eot i de sequence
of DNA region (1000 by ) up-stream f omthe uspa2 gene 6S from Moraxel |l a
catarrhalis CCCCAAGCTTTCCGITTGTGIGCCTGCTGGT GT CGEGECEGT CATACCATGCTGGTGCGTG
CCGATGGT GTGGGCGT GTATCAGATAT TGGGCGAGT CTATCGAT GATGCGGT GGGTGAAT
GCTTTGATAAAACGGCAAAAAT GCTCAAACT GCCCTATCCTGGT GGCCCAAATATCGAAA
AATTAGCCAAAAACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGCATAAAG 70

i T S T T T Y PR SR T O O L.




WD 011 09350 PCT/ EPO0/ 07424

TGGT GGT CGCAGGGEEE0GT CTCT GCCAAT CAGAT GCTACGOOGCACCCT GACCGAGAGEG 1 204
TCOGCCAAATCGATGOGT CGGTGTACTAT GOCCOGACCGAGCTATGCACGGATAATEGT G
CGATGAT%@GCTTTTGTCGGCTCAGCTGTGGACAGTCGGATGACTTGG@@@poo/oMM
TTCGCTGTAT TGGGATATGACGACGCT TGGCGTATCGGCTCATAGATAGCCAC S
ATCAATCATACCAACCAAAT CGTACAAACGGT TGATACAT GCCAAAAATACCATATTGAA
ACTACCGT T CekbAbI AT WATIETA0 61 TATATETAN R L ARAATALHL T oA ollado-
AGCCTTGCTATACTGTAACCTAAATGBATAT GATAGAGATT TTTCCATT TATGOCA

AAGAGAT AGATAGSer AcMragsanth Ba Graltan B APET.OMficTabic! Ree PSEE3TIEGthE Tesult of

T GACTCATGT AT AT T RALA DA AT R SR i g\ s s cquence

of DNA regi 6HoREgLOBMAEy Jctivjsiest Majgmn dutermmtembrapepitdteipe nech rasmiVidssesinel | a
catarrhalds

CAGTGAACTT T AN AR RS T RRR PR eRses Rl BB & P6.

AGGGT TTGCTAMOFERAT CEBIHGACOMpIN, TORAGCEAWAGSGARL GSRIERGT Aad/or iron

TATGCCAGCGGCTT GAT TATCATTTTTGGAATCACCAACCATAATGGCATC

- AGTCGGTGCGA ‘f“Ar@?{@?i WWWWWWW

GACGCT GAGCGbATIAGERTARTHEACT, %@%ﬁ%?@% Hfong

TAAAATTTTAGGCAAATAACGCT CA TATT CAAATT AAAACCCCGC

TGCTTTTAATCAEREKMar gt isaod codcrd premetersTusingcamd Fmmiiicatongrt cDNA

TTTATGOEATATR R0k ATAACT CATGGGCATGGT GAATCATAGTCGTATCATA

GATATGATGTGCTTGCATTGCT CAACCAATTTTAGCGAACCATTGCCCACCCAGCT

TTT%TGATATCAATTM%}AW‘SAA@C Tg\@ﬁ@@pﬁ}ms% usidg ZS
TCAGGGGCACTATCGATAAGCGTACCATCCAAAT CAAATATAATCAGT TT

TTTGCCAGT CATIAKENG Rbiepatsdut @vwm%vmmgrmmmm@ﬂwed by

TGGTATTTTTT, T TT \

AT AT T T A e B RN [l M el S B & e

UTTA%%GTAE@FATM&A@W@AMA@MWKWWT@NN@MTW@@M

CGTCATTT , Q AL ,

AGAACAGCGT TTgi %&]F 3 o Qgé % 3e sequence

of DNA regi omd e1B8ODN yYsing(FARN A digasks Bxpettbbprodqet ffe: gama Ampfificaiodvbr axel | a

T

CT T@TAmWﬁﬁmAmmeﬁﬁéﬁﬂW anchor

ATATCAACAAGTT R A PN TP P T AT LA I PR Mo GAPA IS i

TCA? GATGICT ARGEREAGT Tt THHOACTGAMNET PEABABASIRETIoRGA I&Hmms PCR

ATTACGCACCASUR TR ELRRTOAC AR SR E A s vend

TGGGCAGGTGT F AT CTA T a@@@g&; Eé%%h"p‘i -1
TTTGACATGATTTAACA’PGTGATATGATT AACATGTGACA ‘GATTTAACATT
TAATACTGTTCﬁ‘SﬂeCA CAFINSLIptoTFtart site

TTTTTTATGT GT@WI%EWA&H@F%H&E%TQ TTATTGTATCAGAAT
GGTGATGCCTACGAGT TGATTTGGGT TAATCACTCTATTAT T TGATATGTTTTGAAACTA

ATCTATTGACTTAAATCACCATATGGTTATAATTTAGCATAATGGTAGGCTTTTTGTAAA SO
AATCACAT Fihfehtabpfieadatd ACCACCATGCTTGAATGACGATCCAAATCACC
AGATTCATTCAA CGCACCATTTACCCFAATTATTTCAATCAAAT
GCCTATGTCAGCATGT MW7FWWAMW®EQW neeN0 o BB:isEeDia Nurpingigitis de
sequence of {NBrolSHIcRO pbrkPQARaIR Extkacfl Tl MR ligRALNIDR atidpRpQRNGorikdi OM

Moraxella ¢

atarrhalis
ACTATTCTGCTT‘%ef’FQ?I( PPeACACELAAY erlorpef Guchn AAERb MMM GETOTE to the
CAACT T CAGCAGhdrufarhick % ThEeA AT CRtmdsorh tXDPAT %k TémolddIbl BEFadASTELEN RNase-

iR T e e D
GCTCTCCTTCTTCTTTAGAAATACCCAAGGCATCAAATACCGCCTCTTGCATGI CAACCG
TATTAATACGCAGCGAACCGCCACCAATTTCTGTGCCATTTAGTACCATGI CATAGGCAA
TGGATAGGGCGGT TTCGGGACTTTGT TTGAGI TCCT CRINBCGAGCCT TTTGGGCGTGTAA
AAGGATGATGAACTGATGTCCACTTACCATCATCAGT TTCCTCAAACATTGGAAAATCAA E) S
CGACCCAAAGCGGT GCCCAT TCACAGGTAAATAAATTTAAATCAGTACCGATTTTAACAC
GCAATGCACCCATAGCATCATTGACGATTTTGGECTTTATCGGCACCAAAGAAAATGATAT
CGCCAGT TTGGGECATCGGTACGCT CAATCAGCTCAATCAAAACCTCATCGGTCATATTTT
TAATGATGGGTGATTGTAATCCTGATTCTTTTTCAACGCCATTATTGATATTGCTTGCGT
CATTGACCTTAATATATGCCAAT CCACGAGCGCCATAAATACCAACAAATTTGGTGTACT 70
CATCAATCTGCTTGCGACT CATGT TACCGCCATTTGGAAT GCGTAAGGCAACAACACGEC
CTTTAGGATCTTGEGECGEEECCCTGAAAATACT TTAAATTCAACATGT TGCATGATGT CAG

A A LA™ T A AT A N P Ngegeegmere N R 7R AT NN NV"T" A R AT 7N\ R I \F N NP=ge [\ =y g g N PP\ AT A A T 7N R 7N Nr-A o N R A~N—



SEQ ID NO:54 S Nucl eotide sequence of DNA region (1000 by § up- stream from
the MsbB gene from Moraxella catarrhalis 0 JAN 2004
TCGATCATWR RT3 T TAATGGTACTGT TTAAACCTGTATTTTAAAGT TTAT TGGGT GAL v bo0/07424
TATTTTCAAGCT CATCCCATCGCTCAAGCTTCATCATCAAAAGCTCATCAATCTCTA!
ATCGGTCACCAGCCTTCGT TGCTGCCGCCAAATCGGTATTAAACCATGAACCATCTTCAA |1 O

TCTTTTTGCGGARGEH(HGET G NG Tl ThAPHPAC TCAT, TCTT _
CAAGTTCACGCTGCTCTTTATAGCTGAGT TTGCGT T %@&%ﬁ%@@mw kit
GTTTGATTT BSOS T TTTGT CGCCTTAGGT TTATTGT CTGTGGOGT GAT

GAGCAAGCCATCT T RAGSCRGE @W@TATTW
CGATACCGTCGCCGTAC TTATCA RPN PYRBCas 209U of
TAAAAGCACEEPRATRBCONEAT GAGR AP AGOETICTEIHRE

CTAAAA %GCCATATCCAAA. TCATTGGTA&%%?TCAAGCA%%?M“““ in
TGGCA RRT IR eR AT A AT CREER T20T PRACOERFEGATIAEGT Gl of 10X

CTTTAACAGELtekErPAGTAf oL 0 F G5 TAAAA )
TGTGCGTAGTTTTTCCACCAACATC&ACATGGTCA%% %ﬁf’m@&@t@@@@nm
TAGATTTTTCREBIFEFACPOSTNTT G4 GT TGET RNAAIAMGRATAIE WFARIGR stepwise

e e TR el TR e

GCAGCGTTWAMWM&H&A@&E&HARHMN& 25 rESDon W |
sequer] e % DNAF cgg g/% up- streaemfromo{lhg?@rﬁgngﬂéﬁé‘j%
Nbr axe | a Ca{{“g’r SVFE oY cycies (50°C for 1 min, 53°C for 1 min and 56°C for 1 min) to

WUT%WM%EWW AL
ATGATAAATACCAAAGCACAAGCGGT TAATGI GCAGGT GGT &M%@Vem

CGTOGT GAACAEEAR A5 Qe F ST 0S CE3C BTN PEETAET @G COGACAGGGCATTAT
CATGCTTTGGGT CGARESRERREAGT: e LT OCTCGACAGT GCAT

GATTTT TTGAACCA%GCTGA arEa iddon of 1 ul of
TATCAAGCG% OEPCAGDNCH BIGT GATBEBLTACGIERATSS min. The

TTATCGST Griatiiond WereGlecaedd %W GCAC 3S
CAGTCAAGTT%TGAT%@TAAGCTT CAT%‘I%A ] FpEiR{iated by the

TGAGOCTGT REAAICE: “ , 5 ul

Tél: CAATCCTEFZ\MMT&E&%M %’ MM ﬁ@éggcn 20 pl of

ATCTGATAC'f%@ GGCGATCCGATAGT 40

CATTGATACCAACCEE &R A TAL

TCAT% TTTTTGATGA GTTAGA%T?%%%@& °|‘<t=d anchor
CG?@%% m&&m¢mmwmmm%?§mmgm at

~TGACAGTCEEEAQ% AGHT: O ATTATOC
CCGTGATGT CAT%ATT%]TFATTCATAA @%‘ﬁ%@é@b T Gjeche Molsselptie
sequence FYgP-8rtM PIBB. W)l afsitkerc®iA b1 RMcbii! Ednﬂﬂ)é ghdae o Fom

‘|I\'/‘t|)'r axel | arsal] &Aﬂh% Heéranve conEo $ AR5ERPG-set pfligarians reqetions waspexfprmed, mjitting
TTTA CA BNACHBECORGROMIGAUTBOT-AGATETHRCECALTAGAT By without

AATTTEECORGH M%ﬁﬁéﬁ% CCTAGTAGGACAATATGGTCATTATCCAA -
ATTATGGOGAATGGCAT CGA ACCTCACCTGTCATCTGATAATCCAT :
ACCATCTCTCGAT GCEST ArEaciaaid CONPGASALARTEA GEIREAAA c%g:gcste  and

AGATCCGT AGAL L A3P0RT I TCGACA %: TCGAT TTGTAGACG
AATTGAGCCGACTGCCT TA ACRGEONC AT Trate ﬁrst-

CTCATGTAWWM@MWTETRGMQMTEEKETMJ Q%q%ﬂﬁ%@me each

B LGl R e

CGTACT AAAAT;SOTK ASDENECINGCETTTIDEBCINT P, 10

ACGAT 3T FSHABBBECTACAAT TTAGEAA I IR mwere
hot

AT B A T R CAPORP N AP aGON TIBATcD). Th

ﬁ’*ﬁ&@“’%‘éﬁ““%&& TCTACAT CAroe et e AR g anchor-
AP epsCRCTTEAAT

GTAAGTAGT CACSTGIISGERR™G Vﬁ&hdxs
CTTATGGGCAmmmgT STIECE
of D, egon (4008 By up <! rean T o he 1Y g E TR Al

cata BTGP T IE CROA AN TEOTATIHAGCOGATHEETACTTTTTA
TCATTTATCCATATGTCCAATAATGTGCTTTATGTégirTAGGCACACTATTAACTCGTG
CCACTGTTAACATTCAGCATAAAAAT CTTAACAAT CAAAGCATCGTATTGGCTGTT
AAATGATAAGCTTATATTTATTTAAATTCAGACTAAATGATTGTAATATGGACATATCAA gt rF ~~ ~ A
F~~n .J ..~ a WV W 01/ 09350 PCT/ EPO0O/ 07424

GGTTGAAATCAAAAATTTTGGAGAGT TATGTACGATAATGATAAAAAATTGACCACCATC
GT AGGGGTGI TGTATACGGTGTCTTATATTGCCATATGGT TGGT CAGTGECTATATTTTA

NN\ T NN SN S R SN R SN\ [\ P g g g g g g [\ g p————— g g pr—— g [\ —— g g g ——— g g | ——— g~ . B




Nucl eoti de sequence of DNA region (1000 by ) up- streamfrom t he, ,%)d 0 gene
from Mora catarrhalis 0 JAN
TCTGGICTA CTATTTAf : ACAAGAAACACTAAAGACAGT GGAGCAGATGA@@T/EPOO,OMM
CTCAAAAAGGCATCTTATAGTAATTTGACAGTTRATTTTCGTCAAGTGCTTGTACAAAAA Z

TACACCATCG'E@QA% %%TTT CAATCATTTTGGCACACACT GIC

AAGCAATGCTTCAGGCARAT BSEUAT CATICSRAT EC Ao,
TCAACCCTTCFIun asrsiad CACRTRAGT b TTGACCATGGT - in- The
%ﬁ%ﬁ’* neAprimer DT89

mmm%@%%%?m%&%%mmm% et

TCATCACIIJTW%HE&ET&@#% WTAAT TCAGACA
A%TGAT GaCT C@Aquick PCR
AATT ST POV B NGAE ASEEHOTS T,

ncing.
GGATTTCGACATGAO@EEF@egm% TTGAGTGGTTCGGGART T1TAT
AATAATCCGCTTTGAGITCT c@ﬁﬁ‘;ﬁ%‘f YRR ARTCAGBRA vaOused 10
! e RESHE PR PROeAT

TGGTTTCTTEHRAT TOCAT GHHET (DA T %@é@é tions were

TGACCTGT T CAHERRCET TT TGTCGGTGGT
CAATGACTTCTCGAGCTGAT%E mmAmgmwmeAamlmd by

CTGGTAGRCG!E ABRREBNANR2 I EEhAem [Bedknmn- ChEfACGS:  ~ATGACRRGG-AT
CAATOGRT AATGT GTTAGCACCAGCAAGCAGDGCTTGEGCA 35 SEQ 1 D NO: 59 Nucl eot i de

L1000 _hy

sequence DhHTFIVET up-streamfromthe |ipo2 gene from
Vor axel | a B . ?GKAGA’G’MGGTGGAAATGGCG’I‘I‘I'I‘GGC 3

TAAAATGACEE FAAR: “Sﬁ&ﬁﬁmmcmm ATTIGAAAAAACC 40
TATAAAAAGT FAFSFATEA SAGAAAAGAGC
AAGOGT CAARRAATGAT: J",. TTATCGATT
GATTCAGCT! FAT BECTCCATAAGACA [TTTTTGAAA
AATCATCACA! TGGCAACAATGATGATGGTTGAAATCCA TGTTGCG

TGCAGAATRACCAAEAAGACACCAAGGT CAATGT G" T AATCAAAATGGEGCAG
GCTTTCAGCAAAAT AGY ARTTT! ACGAT
e S v

AGCTTQBGT GAGLERTAT %@%TAAAGCATTGGCA
TGGAATT GCCACACT R P T HRATE NG T GRTECBEAG cribed 5.
WMMIM&A&% GCGACC SO

AATATTAAT CBUEETFHension and
ATMTWTM%&%MWWMM
S @G'”%FW@W Gc%%%ﬁf%
GTGv: ATTT MA}I};I’J CGATT“CATTCCACATA Rpne gene
TGA T GGITAAAAR TR eRvsiA CARIGATAN SBh as

Fllal PheuAdramas.T CCATAA SEQ | D NO 60 Nucl eoti de sequence
of DNA region (1000 by ) up-streamfromthe |ipo7 gene from Moraxella
catarrhal is 60 AGTAAACAATGGT AACAAATACAGCAGT GTCGCACAGTCCTCAGTACGATGATTCTGAAT
TT TATCR sl ikl (CGATAATTTAATTGITA

TGATTATAATT ATTGGTTTTA ATGGCCATGCCTGCTG
ACCAAATACCGTTT AW@%&MWAMW&QJAT o

ningitidis
TAAACTTACRGATORECEEERERHT TR E Gals AAAAAAAGGT GCAACACCAG 68
Cg;rj Gg%%mﬂﬁ REmarSHSTED the table

TGEECT GI
o o o
TTGTGGT EE?gﬁﬂ};Tc:GCTGATGGGTCGCCA PIBAT CRBRCBEAPOrB! are

T 70
TATTTTAACCAACT TTACCACCCCATTTGI TGGTGAGAT TGATATTAT CGCCA! %

TTTGCGAGH AT G T RGCaah , TGAAGTGCG
KAAATCT S '” AATAT TTGA'IQCGQ%

ATACCGTTT TGATGTCATESH-H .\,‘ NATOCTY TGAACATGAATGGAT 7S
AAAAALTGCGTTTRGATT TTAAAATCAATCAAGCAATCCGTAG WO 01109350
CTTTACTATAAGATA &r@%ﬁm T ACON PPCRCEPOAIRAA 2¢hs SRR

1%
Nucl eot i d?sffsl@qmaﬁceRAtEDmgpr o8iaek {dr styream from tlﬁ i po6 gene
S from Moraxel l.a catarrhali sn@ l ;( ng lgyate)d HB fJ;°m the porB ATG start

CGTTTAGCT TCATACGCAGACCTTGTGCACCTT CCGAAGCATCACGCCAGCAT
CACGCATCCGCACAAAACCCATCATGCCATCAATTT GCTGATATGATATACCCCCA
CCAAAGT AAACCGCT TAAAT CGT GGAAT AACGCCT GCT GCTGAGGEGT GAGGCTTCAGGCA
AAACC7WGEGTAACCT TATCCCCCAACT TAAGT CCCATGT CAGAGACAATGGACTCACCTA | O
ATATAATACCAAACT CGCCGATATGTAAAT CATCCAAAT TGCCTGCGGT CATATGCTCAT
CRATGATAGAAACT TGCTTTTCGT AATCAGGCT CAATGCCAGAAACCACGATTCCAGT CA
CCT GACCT TCAGCGGT TAACATACCT TGTAGI TGAATATAAGGGGECAACTGCTTGCACTT

T NN\ N D FNY g g g g N R P Y g g NN R\ Y e p——— . ...




SEQ ID NO:62 25 Nucl eoti de sequence of DNA region (1000 by ) up stream

fromthe P6 genefroml\/braxella catarrhalis 30 JAN 2004
TAAGGATAW}A GGCTTGTCAATCGTTGTGTTAATCATTGTAACGGTTTATA /EP()() 07424
ATTGICAA AAAAAAGTATTTATCAAGTAATAATCTTTCTTATATGT

TATAATGACAAATTTATCACATTTTTACAAGGATTTTTTATCAAGATTAGGATATGTTCC 30
AGCTTAAT T A6doh(FREAIGAGCHTORT GATTRAT B GREATS ef%'
AATTGCCAAATGATT TTTTGCTRACATGATA CT %@r@f Ei’A";%O bp (+/- 30
ATTGATGAGCRIEARERALSE AheperB AG T AAAT GGATTAACT TAACATACGCCA=| anaCT
TAACAACGAAAAGT ARA TR TR GHGAGATA Wﬁ’ CAGCACAGI.CCCC
CAAAAAAGTTTATCTAAAAGACTACACGCCGC%E% AT ﬁ%“rﬂ%‘?@ﬁ%%g being
%TATCCG@T’P@WFF‘GM mmgca'hf_%eir@cmm 3G C%%em fragment
TGGTCAGGAATTAGA%T;EEESEWS‘?‘E&%% qoﬁmeaswumble for
TGCACCAGATOVIOGEAGRCHTTE GAORSATHT GEVESAGATIHGAGD A .
ACTTGAA %% GATAAGATGTTTGTGACACAATGCGA 40
ACCTGAG%‘% g%ﬁ‘% %WGATGTTTTGACAGAATA
CACCACACGCCTAGAAGCACCAAAGCAT TTTAAAACCT TGCTTGCCAATGGTAATTTGGT

PR PTosSoaBrE Lo £ g isSERTpeTsTp WD :BRpdugtreoby de
sequenge %{-on%,gggb&ﬁlerﬁlooo by ) up- streamfromthe MsbB gene from

Haenophi | G571 H nd)

AAAT CAAGCGCCT GTBCRIRGET GETGATHRETI N SGA GASIaAAREARAY; i
% GTGAGCAAACCTAAAGTTACACCC%IC‘I%I Lo ﬁ”?? region.pf
GTGICAACA mmmmrmo@;mxate the

AT TTATCEAT CCARTT O R Lo L B A O Lok PHEABE PG EA P8 acement

ACAGGTAT CTAPIEO0Fd ASCLACCAACIoNNIE 1000
TTAT%'TTATTTCT TW CAATTTA TATTTGG'?'?EQx Sé

ATTTTGATT RMEABANECIKAT Ais0aVRBAIC(SEQ ID

O g e S A A AT o
TTTACTCCTAAAT TAGGT GATGAA ic DNA

UTTTRGTTWWWWWMWMMHWQ%T s of this
CEAAAAGT R EEIR AT PSR G T 4R P NPT EFERPT G000, covering

CAAATTCTTmmarmm@meJ@eg QG SR TA T
GGTGATGACGAAAGGTAAAACCTTGATT P ) w
TT m@wmmmmmtmmcsﬂxmcc GGC

sequence of gﬂﬁ:ﬁ r 69 onE %%%TWE%T@{ T@ﬁﬁ‘?\? i‘ﬁg(ﬁ S@Q%igﬁéeg]e

hFaermphi CGG ANT GO T TEARIAC G-3°
WCCACAATTCCT REinnR LeeRlmd Xpalestpistionpites
T%AAA GeCiTEaar ATACADERATEGAGASHET AN Eserted in

CACTTCT TGGCAAATGAT, CTTGATTTG
GG(:GTAATAA£ Te GTEiﬁiTiiLl T W mmaeé%mmw was

CAGAANI’TAS%HEWT\I&&' T gNESd ~p ? ~",a
~s' ~ $ ~—f 4 ~e~M 0?/50 350 PCTHE@%%Q%AWMI% the”
CGGCTTCAARQ* A Aapm;@p@rw EVAGOCECAEBABAATSTIOAUEK). Clones

TCTGACAT Cr ETRAB T T R ANRCIRAT CRRCCREL AT Frboring

TCACCGCACTHITGIMARET FEICEEANRAAY AT, S ..
WMTWG&%A@W@T@T@C@FWMA%%%T@%%% 2 mni-

GATGGGT TTETRRIECAARSERIORT 19@RAT GpAICTRT OB T GTARIAMET GEEBOAA 401 bp
GTGCAGAA T TCCCATT ACATTGAGTG
A AT S AR AR S Y P CIASFT e BT TP CTAGRes. This
GAACTACT GEBAGICERSGUbMTH$IAT SAAIIAGRS T; W
CAAGCATACQ% %AATACAAGTACTTTTGCTT@%AATT W% (1992)

CCATTTT ?ﬁmmmﬂmmeemﬁﬁsmma Tn-;R
TTTACGAT g gGT I D NO: 6S NUC| eo i de
sequence oéf g%% régl oﬁé? FOGe° yrﬁceﬁp (’é F@%W?W"F%abﬁmﬁ seqenmese from

Haenophi |l us infl uenzae (H nd)

AGCAATAATTATAGCTGGAATATTCTTTAAAGAT GAGATCGTATAAGACAAAAACGA
ATTTTATATTGGAGAATTATTAGCAATTATTGGT TCGCTAATATTCGTAATAAATAGTTC
AAATAATGATGGAAATACAGACTTTTTTCTTGGGGCAATATTTCTTTTTACAGCTATTTT ZO
TATTCAATCTGTACAGAATTTRATTGTRAAAAAAGT AGCCAAAAAGATAAATGCTGT TGT
AATAAGT GCATCGACAGCAACAATTTCAGGAGTATTATTTTTATGITTAGCTTTTAATAC

—— A A LNA A ORI DY |\ peepm—m— ) wpm—— n WA R LN AT NI NN N T NN AR R T SNTTTT N R T R SN NP —pe——— e ——— g, g~ g~ o~




Nucl eotide sequence of DNA region (I.000 by ) up- streamfromgthp”Hl 847 gene

f r om Haenophi | us i nJl uenzae ( Hi nd) At 200
TAAATACT&@&W/&%ATTTCAGATAACGTGGTCTGTAAGACRAAAAAATAAAAAAAK?T/EPO0’07424
GTTCAATAAGAGGRGAGCAAATTATCTTGTTTAAAAGGAAAT CGGAGCAGTACAAAAACG 40

AAAAACOT GRS T G ST A A AP R APBIR SR i o cloning

CTCGAAAAGREAPEERADISAGAMEGRIGTAT GSAMAECTRE T 61 POR ang the
TTTATAGT%&W GTATGI TTGOCCGAAATGT GGT CATCATAT
GTATTGAT T'A%T 1 G CHCOARAETCTAATACMGEAEGTEHS AAC

Rt 5 EaE AR TAC cac

CACTTTATAATGT CRAETACTAGTGGGT,
TGGGTTCTGTAGTTGGTGCAAAATTTGTT% °16°J m@%@%%ﬂ“’m“ and
GTCCATTT mm&mrﬁmmﬁmm%HA & PCRCRd oAt was

A AL i, L o S S
GGGATTTAA fecTmpmy W e
AACAAACTGTrﬂcch&;T TTCI:CA%EAA%TA:‘PCJC-AAC;C;TA & “é&

M@&memwmsgmmssssmﬁmgg @@m]gj "$Qhide
miromt n rom .
Faenopt | Forkl? GERRT cgé&gﬁ;\ﬁ&)rc“hsé ACA TCG"GGC AAA ‘CAC CCO3Y)
TCACTTAAT G604, W TGTA_60.
TCTAAAATT%ATTAA@A&B AAT #g@ﬁ%@%ﬁmmg 3

CCATRT T GCARATA/ATHOTTECOBEAGH OEEAT CORFETI AT T GRARHD &dekding in the

TR A e ST AT
T OT COCAGT GO CACECACE RGP AT § A PEEIAY PR ARY P ¢ ajor

GCCRATH T T GHFA TEOLEAGTIPRICAGRISA (PO ). TS0 A CANTEGTA ST A% s clones
A@TW AGCCAGACTTAAT GCATAGTTTGT
ATAT céé& RERRERTEANERY (SFHER BATE GiRopucleotides

ACTTGAGGAATSHBA T3 TCBAT TTGEAHA ¢ g
T%@TTT%TMETWMWA%%@%‘W%C Setected

AGTAAAAAGRETEF TR W&WMM?HWMS/OmpSS

T AAACAT AN AT 1 ERIT T AR AR ARR RGO AR R amess was

CCTAGRDAAGIEBMEEGITT TATANTGTAGRT TIAR TA%AMAWW
CTTTTTATTACTATTOGATCACTAAATAGAGGACATCAAAA n, ~ ~ ~~k 1~

WO 011 09356PIPeiET FEpRsFm Tt Wherreympanedum aaembstmm {ape-)sEhjs eesnir s iDNA r egi on

grloo'?'TgAerCTATA{FW%%DIg genebeH;om hil us infl uigzggc (H nd) S

AAGCTTAAT SAGHET G TIHESORANT ToGATARGASIO 16T TW
GGTTTTCCTTTAACAGCT TCCATTGT TAAARAAACTAAATGA TCTAA%OM bl5 "
RAFOSEImEARA T T RROMORRATCAATIGOTAT |

AATGGAAAT ARRFEN APAACTDORRY Mound  that
AT AT TR R A G A G L O AT PO Cg;u{,s%m
GAAAGCT GT G T TRl atai CAATBEOFEST appE GHAMEATD -EMI@%-EIwcpromoter

TCAGTACGGTATTCAT AATTTTGI TAAGGCT AA CAAACCAT
CMTTTTGAW&Q%WMQA@WW@Wm@@aM support
TTAATAGAAAR L TTATAAAAT CCAAGTCLG |'S.
(:IIAAAIIIIL,ICIiiﬁgi- 'q:WII” %éﬁégﬂ-gg n of
TTTTGAACAW?A@&A@@%DG&IHE@MTFIﬁm%Tm% AAT

GCCT GCACTTTCTTTTTCAGGATCGAATGICCAATTTGTAAGAT T TAAAGTCCGT
TGITGTTCAATATTAGAAT TGAAAGGAGAAAGGECTAATCTCAACATTAGGCTCCCCCATT

TTTGTGGCAAGTA : TGAGITT TCAATTGT A 20
AGAATTT%T%%%%W gesey P?Eﬁ&i’ a¥haare infected
TCAATCACT G@TA TiAAMECETHECAT NeXsATAAMAAMNTs 36Rtes! 21 ot i de sequence
of DNA region (1000 by ) up-streaui froms';he Cﬁpz ‘Mgm%g’a BJf{r%o‘%l#el—%ern)phl | us

i nfl uenzae (Hi nd) A
TTTGATAAATATCCTTAATTAAATGATGGEGT TTAATATTTTCTCTGCCCAATTAAATTAG

G . AGAGAACGTTGITTTTGAGT TCTGATGAAGAAAAAAGT TCAATTTATTAGAAAGAACC
TCCAATACTAAATTGGAACTGT TCGACATCATCATTTTCATATTTTTTAATTGGTITTGGC
ATAAGAGAATACCAAT GGCCCAATAGGAGATTGCCATTGGAATCCGACACCTGTAGAGGC 30
GCGAATACGGCTTGATTTGCCATAATCGGGTAAGCTTTTTAATACATTGT TATCTAACCC
ACTCTTATCCGATTTCCACT TAGT ATTCCAAACACT TGCCGCATCAACAAATAGEGAGGT
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SO GCTTGGGCTTTCGCCTAGAAAAGATGTACTAAGTACCT CTGAAACGCCCGTTGTGAGATC
TTGTTTAACTACATTATTGTTACCATTAATCATCACAAGTGTTTTTCCATCTGCACTAAT
TTGTGOGCTACCGOGACCACCCACT GCTGT TGCACTACCACCGCT TGCATCCATTCGATIA AN 200k
AACTTGT CCCHAA TG TCTATCGGATGTAAATAAAAT TGAAT TTCCGT CTGGCGAGTAP00/07424
CGCTGGTTCAGIAT TAT TACCCGCACCACT CGTCAATTGAGTAGGTGTACCGCCATTTGC SS
TCCCATAACGTAAATATTCAGAACACCAT CACGAGAAGAAGCAAAAGCTAAACGAGAACC

AT CT GRCGAAA AT BT SN P RIFGEOT P GAIA BAPCE GG ok CHEF AGETEE protein

A A T A A AT RN LR TEAL LI AGCONTATATANSS, it may

GATMATTGATMTN@]@T@WWWMAWW@M fber
ATTTTTTTGCA 8@% TCGCAGITAATTT
TTCAAAAACTT ‘ET R&Gﬁ‘m@cﬂ pStEPTiET PR @her outer
ATAGCTATTH TGRATBAR TAGAGE. SR SEvaekA Qe &EMMQ@M%&H&WM%
TTGATAAGTAATACT. ATAACCATTACCCGATGGAA CTT 65 SEQ m NO: 71 Nucl eoti de
sequence of PRAYF fvaiegeewoiRethening- e wasping reffigaeh of TiphA repombinant

f r om Haenmophinloptsved pihdlenzae (non-typeabl e)

GCGCGATAACCGAGI TTTTGEGGTATTTAGT GCCAAAGAAGACCCACAAAACCCAAAATTA
TCCAGAGAAACCT TAA’F‘PGA‘TMTM@M(C‘W WN&GQA@FWWSM of

AATACAACA ACAPCAACCAA , GCAATAACCGA
TTTAACAGOOARC I A TREr e Rl R PR CACHRB AP st
mTGTchgcTﬂwmwmwmwﬁﬁmarﬁmmmﬁmmmed from
e “a“n*gé”@%ﬁpﬂ% S A5 0SSGRNER EPu6ridr ol Orss+ selin |
GaTATGTAT AT : RPN Chearized

TTGTATTA@%%%&G&C%%%TMMMW CTTATTAT%“‘SW‘

CGCGGT AAT TCGahstofiatibi AFdtcée] CGAGABRaeATAEETd ANereCOAGTAICT: rG@éG%L Plates
AAAAATGCTCTCGCCGAGTTT%ATGTAAATTTTGCCGATAAAAAGCTAACAGGCGAA

AAACGACACEA PR e eRICAl T ACT GCAGACCT TCAAAGTGGTAAG

AATGACT TCACTGGT AGAGARRS S5 TTISBAAT,
ACTGGAAATACCCAAATTAATATTAAAAg@m C{%TTT%@%” gene
GCTACAGAATTAveEEaesserad Py AR mmmwmﬁe@mwm@ms@an

mﬁ&m@ MT%AATA@%%EEF%;EWOP I ?ie sequence

of DNA regi offrrelothe “B?gf)fy 9p thstnoed tachs mtbe recombinBatosemaia. Eé&r thisqmagdsegnophi | us

ITZE;LZ?%?’%T(TCTTA PR A P S T AT S P AG A& 37 and

AATGT CAACT T ARG TTW@M ACOTCGATAAZE TITGARNAGCGIGT AARAGNAG a PCR

OTCCTAMAATCRT AL TR A ki B o i proyee

TTTGCT CTAT GOZ Fres@Ad AR Tha CERAmBIRABBaAGAT TATTTCTCTTTCCAARAGCC

AATTAGCGCACCAT TT, TAATT [TTATATCAAAATA
ACACTCAGGCAGTT%}&%% *Kﬁﬁﬂ%&ﬁ?&ﬁ & gieriad epiy be re-

TCTTACTAACT TEstANAGG0 LA DT PAGES T LB GRAHCI AT T B TR0 F—‘Eﬁﬁe nmcs
TTGCTTATTATCGT, TTATT%‘QTM AGA CGCATCTTTACTACC"TTA TATTRA

TAGCTCAAGCTCY) WEFG&&MArrthcn be
TACGTACAGAGCEA&%TWQMMAMMn%@Gi&Sd GrT J&ﬁ%&%@ﬂﬁ&%hme
TAAATCAGCGGAAT CAATGGATATGGCAAGTAGGAT TAAATTTTT TAAATGATCGATAAT T

TGAATARCGCT CHA/REQRAEFtlise meth ARA TR TGOt eBhantiorsiy T e dh An AMERAK OmpS 5

ﬂ%mA lﬂM@AAATATTAT%WTM%ﬁ%C

ATGAGGCTALT GHabSTATASREEIamET T AGGCTATCAAACT GOCTCAGT TGAAGTCT
CGTTGTTTCCTTTTCAAGAAAAACGCTGGTATGCAGECGGT ~EQ ~ r; 0: 73 35 Nucl eoti de
sequence of DNA region (1000 by ) up-streamfromthe |3ifA (pilin) geae
from Haenophi l us influenzae (LKP serotype 1 genone)

TAATAAATTGCTCCATAAAGAGGT TTGTGCCTTAT GGCAATAAAGATTAATATA
AACCGI TTATTAAAAT GCCAAAGGCT TAATAAACA CTTTGTTTTCCCAAAAAAAG
TAAAAAACTCTTCCATTATATATATATATATATATAATTAAAGCCCTTTTTGAAAAATTT 40
CATATTTTTTTGAATTAATTCCCTGTAGGT TGGGT TTTTGCCCACATGGAGACATATAAA

AAAGATTTGTAGGGT GGGCGT AAGCCCACGCGGAACATCATCAAACAACT GTAATGI TGT
ATTAGGCACGGT GAECTTATGCCT CGCCTACGGGGAAAT GAATAAGGATAAATAT GGECT
TAGCCCAGI TTATGGATTTAATTATGI TGAAAT GGGGAAAACAATGT TTAAAAAAACACT
TTTATTTTTTACCGCACTATTTTTTGCCGCACTTTGTGCATTTTCAGCCAATGCAGATGT 45
GATTATCACTGGCACCAGAGT GATTTATCCCGCTGGGCAAAAAAATGT TATCGTGAAGT T
AGAAAACAATGATGATTCGGCAGCATTGGI' GCAAGCCT GGATTGATAATGGCAATCCAAA
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~t~, f~ ~~~~ WO 01/ 09350 PCT/EP00/ 07424 SEQ |D NO: 75 Nucl e@tgdﬁwqugnce of
DNA region (1000 by ) up-streamfromthe P2 gene from Haenophilu

i nJl uenz%)éw ﬁ?ﬂ 1 TTATCCGCTA ACATTTCATC AGTAATTCCA TGAAC‘WTMWMTCAGG
S 51 ATCANCGGGG CGATCTGGCT TAATATAAAT ATGAYAATTA TTACGTGIGI 101 AACGACGATT

TATTAATW% GTCCT 151 TCATAATGCG CGCCAAGCTG
ATTCATA FAAT £ A ‘

AACCTATCT Gnehldiiid § B\ : SN
AAACAGATT Cr—HeeTHAS 2.

351 GGTGCCGTAT A@@@meMbAmAmAtm %ﬁﬁﬁ%@TEEE Q@Q\% % CSH%?AACC
ACCAATAATC_GAAT ACGCECT C ATTGAAGCAT 451 TAAATACATT
TGCTTGATCA“%%’)SFISA STRRRY eég;?&ltmowmmmmwmvme efficacy of

CRAATGBAT Ge JoRTAWGT 51, TT CLAMGCA AGTTCTOGAA AGCCTGTAAA
AAACCAAGAT TTATGGATA 601%%@ A&ARsad 'FTNA

AT GGGTAAARCNIE (+)GROGATETH Be £HA4TA e ARNTGARA T,

AGGGGCAGAA AATCCGACAT TGGAAGATA%ACATA GA}%AE% % o, G%%A
TAACGT~31THPET ACWWHMZIhB@thAW

AATAATCAAA 51 TCGATGAGAT TTCAAGAAAA TTAAAATTTT
%A@ATTGAO%%&M%W%%WE TRREEA G&:@C@?@@@masum;@wume
ACAATTCTATraa&hpT&“A@AMA@ mTM%T%%MB% THACE ﬁ) TT 100l
A 2S m NO: 76 Nucl eoti de sequence of DNA codi ng ?e@ﬁg Art i al)

of t he‘gwm“é% P4 PEQMONGTHARS| useryte Briye rike PIGROFRET SEAHSTAT BideAAGe I{x‘eT GTACCG
CTGTCAGT T TTTCCTATCA TTGCAGGCTT
AGTATTTA%EO%%‘IEC%% WAW%% &chggdod HSF 02-Nhel

GOCAGACGCRIIH A E0GHEOSHm e RASTECKITERA tHEAMTEGIA
TCATCAGT ACACT CTIAMACTT GGGCAATGCC %‘?ﬁ%%seqme of the

TCTATCGCA e HsEamatein expresyet AU oTitAT B4AABGionine residues

ACTTGCCAA 1 ; CAT ATCGGCA
G@Gmmﬁgﬁ‘i@%ﬁGCTTE@%%&W&@%MWM@Wea by the
TATAAGSCCAUPLIECAAFAATNE SEBRGERAS To Tkt

TGAAAGACTAQSW TTGTACCCAC AGA%CTAGh%’aé‘%%1erma1 cycling
CAATTTTTARED AR BEESCHEEAIMITT AGTAI@AR., ALTERBEGAR 1 time (72°C

ACSCTAGEBTACTACEE TG CEIGURLT OB TR EER RSy conet i

CTCTTGT TGHBSeOrIrondIEGEs it CCEEST6E PFOBRTE & e mﬁT%ls recombinant

ATTTTTTGT 1T CTTTATTCAA TACCAA
MTT%%%@%M ket RGO PASEBAG: the chimeric
ATTTT 20 CCA4SORED TRIMI T M ACA

TTAAATAATC851CTTATTTACT§§?AAT @ Wﬂ@%‘f PCMK(+)-

AAAGCTTCARSDRIEITA PEEGard ACGATHAEIE R PCREMPESL 2paSRiNA ad fsld ty and 35i
simlarity wt trH fromE. coli SO 1 SVLGFLRYVP LSVLHGAC 8 ASY| SYHCRL
S| YRSI QANL ||_v:-}ﬁ%5§}*-5 ’&%Egkl_%(ef’t MF@M@%@KTWKW SabGinkdiHH

EDI 4 KAL Abesistihcdgédlafl YKP RI\IAA%E VLQGRERL 151
NASLVPTDAS _GVKAI FKTLK A SI I"LPD H\)I%%é@?g F spdobi 1 (SqalRgrE AAK o

TGCAL VGL SETE R prosested m@v@bmwmﬁh&nsssma&goﬁﬂe%é@% E grLHYMV
SYRRFKHTPL, J%R& lngE’N ELKKI Al KLQ 301 RVBKDSYE SEQ m NO: 77 eoti de
sequence o? i'ng ?é—é °bn of the Neisseria (meni ngococcus B) HrB gene

1 ATGTTTCGIT TAtAMERCD o thih Sk Wile. S5 E GCA 51 CATCCTGITG
ACCGCCCTGC TCAATA‘T’CIIT CTCCCTGCTG cc%%r % EXCZ{;)E%AAA

%%ﬁ%%@ ?féﬁmbmﬁﬁmm RAWWT

nmommo@s\mcmACA 301
CTOCTATTCA TCACGCECA. Gt GO e TRECRTT TGS 76 Ko TRt ie EarEaccons

f
ST o e S i) oge O A

GTCAAACAAA & MWAC

tl~, i ! 'subclod€y ChlhSIx

CEERAGGE e o R el A e pmE ot Tho e plasoaCoae

AAAATTGGECA CACGTCAAAG 701 GCGTGAAAAC GITTTTC TGCTGCGAAC GCCTGCCTGG
CGGACAAGGT 751 TTCGRTTTGC ACATCCGCCC CCAAGGG GAATTGRACG GCGACAAACGC S Bo1
CCATGATGCC GCCGTGTTCA ACCGCAATGC CGAATATTGG ATACGCCGIT 851 TTCCGACGCA
GTATCTGITT ATGTACAACC GCTACAAAAT GCCG Protein Sequence - 30'/. identity and
38'"/. simlarity with Hrb ~ coli



1 MFALQFGLFP PLRTAVHI LL TALLKCLSLL PLSCLHTLGN RLGHLAFYLL ICi/' $J.%@ARI VAN
MRQAGWPDP RTVKAVFAET AKGGLELAPA FERKPEDI ET 101 MFKAVHGWEH gpﬁill

LLFI TPHI GS YDLGGRYI SQ QLPFPLTAMY 151 KPPKI KAI DK | MQAGRVI

VKQ | KALRW B3SO PDH 201 VPSPQEGGEG VWDFFGKPA YTMTLAAKL CW@E
CCERLPGEQG 251 FDLH RPVQG ELNGDKAHDA AVFNRNAEYW | RRFPTQYLF MYNRYKMP | S SEQ
I D NO: 78 Nucl eoti de sequence of DNA coding regi on of the Haenophil us

i nfl uenzae (nontypeable) HirB gene 1 ATGAAAAACG AAAAACTCCC TCAATTTCAA
CCGCACTTTT TAGCCCCAAA ZO 51 ATACTGCCTT TTTTGGCTAG GCGTGGCAAT TTGGCGAAGT
ATTTTATGIC 1Q1 TTCCCT. ATCC TATTTTGCGC CATATTGGIC ATGGITTCGG TTGECTGITT | 51
TCACATTTAA BAABFGOETsAAY awmmhmmnmimmﬁgmr

TTCCCTGATA TTTTCC . 251 AA( TCAGTA
TICCETONA G BT SO T % AT
TGGTCGASAG lackiniy/ fanktiohia Bépk gbhed (T stain d%&ﬁ@&%éﬁ tegégq
GICGGTGITC 401 ATTTCTTAAC GCTAGAACTT G6CGCACGCA GGTTT ACATCATCCT 451

GGCATTGGTG HerRicseipmer oy ipftgeaationaestitingdions a ANBEEITRADA- 05 &1 W AASREAAGEC
CGTTTACGCT R EVES ST ) T GATCAAAGCT
TTACGCCACG ﬁw@éﬁ“ %&wm@é 3 1% @%ﬁ%‘f‘/&%ﬁ

GTTTTTGITC CBOREYTETUNEGOs 85 bAGTUIPEGAC PORTINGGASEM KIS EsorRGal TATT AT TTA
TTGAAATCCT G ~ TT.. TTTGCGC CATTACGCi w TAAAGATGGT 751
TCAGGCTATA fé%%a‘f’%%‘% Eﬁ&%%g;‘h gtena(porresnonding & ghout AG&‘rGAAACG

%¥&G‘:§-ﬂ|—§ TACATCGCCG TT TAE\AACA W&S l;G“ %&é@?%@ﬁl TAC

GATTAA Pr ot Chthugrdtitaes andghen wergjespatated baPAGESDS aléatoplarésisyonvd 1205 At r B E

SHLKVGKRRA ‘AZA o8 s F | KK

j;" e ME?EREEEE‘S’ o BESE Rt Hapld Byhotegell Bictanal beaes AR
KVEGLHYL defingiiingh \Wm B/GUpd| FdrAl] 6ARInBGODED P&k, @sﬂgvee&mm%mgr

RLRSNKDMLD RKDLRGM KA. L RHEETI WA 201 PDHDYGRRNA ' VFVPFEAVPD TCTTTGSYYL

LRSSQNSKYI JSIEReR RiiSigiticant dncregss in ofh SA?XWWDLW AWl ARspeEt/ tEHE] VMKG SQ
YMNL HRRFS1 CEnddgbndtROBNTRALY (e 98uk B3OS %\iﬂﬁ'c%ﬂ th§te ngéfaeﬁ%JDB Nene 1
TT

H

1 :r

codi ng regi on of the Haenbphil typea
ATGTCGGATA PWMCQWACM@WIWeEm&WO

$%¥%Tg¥%% r%é@’ﬁ&&@‘i TSTTTl:IBC#E,&ﬁ TT%!AI [] I (,I [T IATTG

ATTGGGCATA nisfdBRAAGAwr MBmbiihe HrofdAntipelt; CGTGCACAAA CTAACT TGCA ATATTGZTTC
CCTCATTGGA 251 CTGAACAACA ACGTGAGCAA G?GATTGATA AAATGTTTGC GGTTGTCGCT 301
CAGGTTATGT TTGGTATTGG TGAGATTGOC ATCOGTTCAA AGAAACATTT- 351 GCAAAAACGC
AGCGAAT'BTAo'T 1;@@3 REATALSF A CAGGCAAAAG 401 CTGAAGGAAA GAATATTATT
GGCGATTGAT 60 451 GOGTCTGGCA TTATTTTGCA CACTCAAGGC

TREAEGG CCTTTGRACG

WTTT 601
TTAAGTCATC B st T eateoG

AT
GAACAAAGCG TATTTGTTGA TT éﬁﬂé@écﬁé'FTATAAAG 6S 70l |CGACATTACC AGGGTTAAAT
AAAAT GGCAA BRAGNRT CTAA AGIERITACGAT AGL G CFAGS ACT CWAsTehaiiy s OSC] GAA
ACGGGCAAAT ATGAAATGGA 801 GA%%% [, CCAATGAATT TAAGTGATGA ?CCTGAACAA
TCAGCCCGAG_851 _CAATGAACGA ~Al T, ICT TTTGT TA CGLCAGCGCC AGAGCAATAT 901

GTTTGGATTT SHEmMASTATT GOGTAATES ASAGNTTART AGCAAL | AmLcloftg 9ite] IGBZ 'TAA
Protein S¢quence 45'/. i d@ntamm@r@i-r&rt.y sim | ar b[,‘;{pam[ct\n Ecol i |
VSDNQONL RIE POV LL AFVPEAL R 51 'E aw

| G4XAKKQRTG§'§NLQYCF PHVW PR RAH \ﬁ WFERGAT7ECL HAC (¥aet-clpnipaaity RSKKHLQKR
SFI GLEH E | QAHAEGKNI | wa@m:@memmsa | LHTOG NPMY BidhiRt wabiihey DAL

| TRORFGEKNVRPARERG <P 8+ 09356—F RKGEN
YYLPDEDFGA EQSVFVDFFG TYKATL PO IMAKE ‘ﬁ TR GRSy EVEN HP
AMNLSDDPEQ SARAMNEEI E SF #Rﬁﬁ‘b?T%bl VW LQLLRTA KDGDLYD SEQ | D NJ: 84

Nucl eot i d¢ RB2quence of DINA-CATUATY OGeoTTd OOt TGt axetta catarttal i s MsbB
genelATGAGT TGCC ATCATCAGK W%FATCCATS 1TAAGCATATG
CCAAGCTTGA CAGATACTCATAAR PAAATC GTTTGAATEG

GCGT TTTTA(ATCCCAAATATT GCREEALAAES 1 TGECT GGCT T TTGCGT] FGAT
TTTACCGCT ACTECTEC UOTCCAGT T CEEEAACE
GICTTGCCATTTT GGTACATTACTTAGC'I'AZSlAAAC{l@GAGT TCAAGACACT
CTAACCAACCTGCAGCTTACCTTCCCAAAT301CAACCAAAAT CAAAACACAA
GGCCACCGCACGGCAAGTATTTATTAATCALS351 AGGTATTGGT ATTTTTGAAA
GITTATGTGCATGGT TTCGCCCTAATGTCT901TTAAACGCAC TTTTAGCATT
TCTGGTTTACAGCATTTGATTGATGCCCAA451AAACAAAATA AAGCGGTGAT
TTTACTT6 GTGGACATCGCACGACGCTTGAS01TTTGEECGGT CGGTTATGTA
CACAGTTTTTTGCGGECGGACTGCGTGTATCS51 GCCCACAAAA CAACCCTTTG
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1. A genetically-engineered bleb preparation isolated from a; nghéfglﬁg
Nei sseria 5 nmeningitidis strain characterized in that said préparat” ’?1 IS
obt ai nabl évg)‘)”@??ﬁgoyi ng the foll owing process: a) a process ﬁ-r,#ﬁﬂ;égj‘zqg

i mmunodom nant variable or non-protective ahtigens within the bleb
preparati o mprstre—the—st-eps—of _deterni ning the identity of such

anti gen, e13ﬁ1eeri ng a ba SefPAI CCT AT, GGo PEDAuGeCt®$s or T0 Tome—ofy sai d
antigen, and making bl ebs | TCaMASBTTA Shnaddt GWRAYR Ryphe or nore of sajd

antigens are selected fromygdl ?.st consisting of: POrA] PilC, TbpA, T bpB,

LbpA, prB-ﬁ-nd_Qac_L_A petically engi neered bl eb|preparation isof ated
from a nodj H &P Nor axel | a] I5GCAITANT NEE 1GGS aca I ' | sai d

. preparatlot i's obtainable bﬁGQﬁR% b Rggthe fol lowing prébé§%¥H55 a prlocess
of reduci ng——hrodominant varjabl e or non-protectivel antigens within the
bl eb preparation conprising the steps of determ ning theTdertt++y—eé—such
antigen, engineering a bacterial strain to produce |less or 20 none of said
antigen, and making bl ebs fromsaid strain, wherein one or nore of said

anti gens arkxampledieBxpressiomof et GRen FisdrbdntObrot
- eno

TbpB, LbpA, LbpB. 3. enetica eb—5 L %
froma mdi%—ea@—"éﬂ?w tchPs ERnl etonalops éﬁe&bﬁdiﬁ&%ﬁ%%p&rkzed in that
sai d preaparati ofn it Bh6WiL =3 ing the follTowng Ss: a) a -
process of reygqt;ﬁi ng iammng}?hﬁﬁg{&%“gt%rwaﬁd'ﬁc%iOdF%dhé eprassioh @ENS
wi t hi n t he 382Pi3smap hetatolagous pravein Sh MG;d of deternining the
identity ofprgtg%manti ﬁ{], ngi neering ésgﬁé%?%t%ﬂ'ﬁifﬁé?ﬁ’ bﬂgﬁé%tl ess or
30 ’gone of “sai aﬁt’?rﬁé ed fRR Hak PHgn K paits phmnkhivﬁth&hé-@ﬁﬂmrs"‘@?ﬁ%@ one or
nore of saimht2@hd GFPSSHR c frama list consisting of P2, , Hf,
| gAl - pr ot ease, pg, ﬁp‘%ﬁ’éﬁm&%\wﬁe I—llih,"”? BIXES SplesiMepBds t@fpatibte ~ . S ";
~T~ ~~~4 4 WithhMde) e dpeli giwesl gohesigé BRE @G ki rathon of. Cainms 1-3,
wher ei pysai p&s_g@{ %}ii on i s obtainable %yggn‘g{t%%ﬁgtfgﬁémﬁ?m%?'é“ﬁfﬂ her
processes selected FromYHe thele éswrnbedybpuhe sbppla-rqﬂgqeggﬁp%o Lqul ating
expr essi onBothritgef Mahhiem W, nt | s.within 5 the bleb preparation
conpri sing.the s%ifaps _ofﬁpaent@yﬁgr%%%(?ﬁdéﬂgﬂﬁse e falleyvinge?s tigrea (BKCt er i al
strain so a®iR-o4§°Rt imisyJa°C 3mis ) raa8 gefime (PRt %mﬁle(w%&fe upst %ggrl}q%f a gene
encodi ng S@&?esg&-f gen _such that said aene iS exprésse Bfo 1§cp t+5%1 gher
than in the non-nodi f1 8¢ % BE Suhtedueatly rionsdebsthe mOMKe)dddikRl Poctk0 ©) a
process of digestedyutitht Magl axdr i of conditional|y-expressed,” protective
owvP an?' gens. w %hi n the bl ebﬁ%?ergghrjg ?nor?nmriq@i ﬁ& fesembinapt ptasmid,
i dent i 13/ n{™SERER PAMEADi G, weniglengletienficd PrRSENENH ahe %L{ér?é% Soéﬁgféo remove
an

the represgiouRds Wt Rl @Q%n%¢£s of its expression, S bs from

said strain; 15 a pr FBa1eEY- Flee PCMKI(+NGFBr plasmidofasbeligsi al LPS
Wi t hi n t hetetripbits IRGREBHIRTD sep FARTITA 18, LN, steps of identifying a gene
he |

W

involved in rendering t ipid A porti RBF: LPS t oxi C, engineering a
bacteri al strai‘%ﬁ_’lfs_e 1 contrindd abe porAswi’tre&bngjiﬁog%mrﬁgﬁ#orgheokﬁﬁﬁi d.gene, and
maki‘ng bl eﬂggs&ﬁ&%§€%&&%rai%' 20 e) a process of moditying TT] ¥UA portion
of bacterial LPS in the" P@H‘%’eghgﬁlmlﬂwdtmmsﬁsm RHES& 1§ RSd Of -
i dent i #%i n§P2 (penebl rivodxagld M1y, %qeﬁhﬂﬁrtip%olmlopo'gguf\tgortl on of LPS less

t oxi c, enq‘il neering a bacterial the sequence just
pstream of the lac operator.

-fragment 2 contains the PorA Shine-Dalgamo sequence, the gfp gene and the
pord 3’ recombinogenic region. Oligonucieotide 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 Jac operator,

The 3’end of fragment 1 and the 5’end of fragment 2 have 48 bases
overlapping. 500ng of each PCR (1 and 2) were used for a fina] PCR reaction using

53



strain so as to introduce a stronger pronoter sequence upstream of said
gene such that said gene is expressed at a | evel higher tharr; Dn“‘g,;‘;gezgn n-
, 25 m)divM ﬂeﬁh@b, and maki ng bl ebs fromsaid strain; fJ ar‘;‘%_rocess "0
reduci ng g toxicity within the bleb preparation and iFI/ERM{0AE4t he

| evel s of protective . antigens, conprising the steps of engineering the
chronoso cierhgl strain to_incorporate a gene encoding a Pol ynyxin
A pept i drerfEp rg{xerg Iﬁﬂri;n\%#?e‘e%gfmﬁn‘éﬂ Gﬁd’é‘stﬂé% dugmefiuwert 3Qd it tAn§foRh act i ve
anti gen, avdlsseRtad RenikdiABS sbi i Lahn; a process of creating
conserved OVP anti geﬁésl on % ﬁﬁ@%%éé@%&@ﬁcw#ﬁmspm the steps of

i denti fying suclazsierpéinn veitiglinearDNe. & RICESTleat b it o Qude nihsraia” 04
strain so t.o dﬁl ete va%ii abl e regi ons of a gene encoa"l1 né lﬁ%ﬁﬂaﬁﬂfil gen,
and naki ndﬁﬁ‘f\é‘b‘éa Hnfesampinants gbtpinead)pesfopmed e sisulslé cfRsiHE LG (@Mﬁéﬁi on
Wi t hi n st heybh elyniliShahals f ntigen which shares a structura

simlari tyyvm' th alhunaﬁé’fs?r& ﬁtﬁ?%ﬁﬁ“ﬁ%@b@%ﬁ%mcsﬂmsﬁ Kanamygn an

aut o- i MUMESIStEE Pbmee were SOMENS ~70RE )R] f. identifying a gene
i nvol ved in the hiosynthesis of the a_g?icgen,géag}_ﬁs;%‘ng’g%ﬁﬁ%’ @nggﬁ‘ﬁ‘?sal strain
so as to PROGER (GPTERPRAIAS JPf aboupreke bavtafa) Smirg 18806enddddif T8I NY B! ebs

from sai d paldRit i) C of (upregul ating expression of protective
P anti g v Bitts! SRaBhERRE) ol bblled 0@ oaface] omes had Shepsiend
i denti fyi epasedbyaPAGEESDS edMebitdBREreSid off 18 §F Jeftl Strain so as to introduce
into the chronmpsone one or nore further copi et a gene encodi ng said
anti géh cont r ol Pegxasgssioniafi @GRy way exmmined iroWhele-¢dl B8] | ﬁﬂ#mlﬁgnd
maki ng bl gbs, ey S@) rah N, .15 bl eb preparation of ‘clail 1to 4,
wher&in the engi nez\?’l&%&éé{’ep%Ag °[5§%5E%-2§ ’B?Y,A'bﬁ,g}’t} Codinassig staiajng and i)
are carri eetected ab\expessidrgp GFPr &EeRDInNAL | bet ween g sequence of at
| east 30 Cfuc eot i ges on the bacteri al chrrgﬁ%{g}éﬁ&?&%eﬁ’& HERFULS B at
| east 30 KGEHEYEildes on a vector transformed within the strain. 20 6. The
bl eb preparation of claimb5, wherein the engineering steps are carried out
by doubl e cross-over honol ogous reconbi nati on events between two sequences
of at 1§ eaExamplendd| Eptregaistian of h8e WRCHLR)BL OIRsQN e Sgpar at ed by
nucleotiderse uence X , and two SequUences at—te8 PG EF%0PY des on a
vect or tr%ﬂ@ﬁ&‘lﬁma nthe ~ _, 25 strain separated by nucl eotide
sequence "Y', TReELig] S fb ki O0; onbinatjon event X and Y are
NSRS R

i nterchan eg'é‘q;' The 25 FRASEeRNE PEImPIEYe gion®S

nucl eot i d&@e @AuEeby theatrohg appt protidrelnyorkibie; h. and wherein the
vect or i Sth@g*ki pear. DNA n?ql ecule. 30 8. The bl 83’?%? Sg‘?a ﬁ%rﬂg‘b‘?’OBPgi m 6 or

7, wherei 12;@1 8 raé’egzﬁji A abﬁ“"@?&ﬂ?@ff@mt}gr mﬁwsmsntq:)lasxldg% gaﬁkonsd-)me@) an]g h%]
are c2rriwthgoBt coM &1BhiRe th8hd e_chr ogmsone y. upstream of the
initiation codon of tlh% genea%gifg? élgn?“ e}r:)e Tegion {I‘Bﬁbp) located upsiream from

the Nsp4 coding gene was discovered (SEQID NO: 7) in the private Incyte PathoSeq

) data base containing unfinished genomic DNA  sequences of the Neisseria
meningitidis strain ATCC 13090. A DNA fragment (675bp) covering nucleotides -115

to ~790 with respect to the NspA gene start codon (ATG) was PCR amplified using

25 oligonucleotides PNS1’ (5°-CCG CGA ATT CGA CGA AGC CGC CCT CGA C-37)
and PNS2 (5°-CGT CTA GAC GTA GCG GTA TCC GGC TGC -3") containing

EcoRI and Xbal restriction sites (underlined) respectively. 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 Biotechniquesl2: 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
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102 3 D~r"v~ 2~~~4 9. The bleb preparation of claim8, wherein for
process a), d) or h) nucleotide sequence X conprises part of the pronoter
region of the gene, and nucl eoti de sequence Y conpri ses ei ¥ Her & Kk
pronoter regiQ r no pronoter region. 5 10. The bleb prﬁﬁ‘?ﬁfﬁﬁ/bﬂﬁ of claim
6 or 7, mg"g{;‘}‘@"?ﬁe reconbi nation events of processes a), d) and h) are
carried out such that nucl eotide sequence X conprises part of the coding

sequence of BABIGEY®. GGG GLerast GEPcEh GERTAY eBAPFEPALA hod ehgel aim & or
7, wherein the reconbi nation evce:nts Of process i i's carne such t hat

nucl eoti de SeduénBADR2oFrPGLES THEBA &I MﬁAtQQ‘eGQGr@(})GMTﬂ‘hi n an
. o > ; EESGDEY 0 o f
i o1, i e T ACY S B Bt B LSRR B 7 1

claim4, obtainable by i 5
nore genes auiablgrestycticatsises (Xmoharal XioBtundetisdids Theesulting REBAraghiehit wiske, Hap,

Por B, QOWF85, P Pl ErpB T FrpA, _FrpC LbpA, LbpB, FhabB,
HasR, |i ps'gozg,than%d(a P?@B‘é%‘)d,w‘m %Pf?ﬁqepéé%gf ?’Aa‘ﬁﬂn%tfrr‘%se%w %?mﬂ*ﬁngei sseri a
lmani ngi ti di sirdm thk pPCAPEVGinp & plasini€ b@vidusly @drscrlbféd,ugilaggmaia: e bé ferml oyi ln_g at
east proce er.ei e enes_are downrequl ated froma |ist
consi sltoi ng ?AQQFE%S@Q]G&M@MCA&% GG ABA GAE ctrD. 14.

The Moraxel |@CGat)ak BAD 03208 e GGU eRerct G GrOLGAIGeATcdA @PAaaadEe by _ . 25
b) and/or i), whérérn one or nore genes are upregul ated

enpl oyi ng pr d/ 0 \ ) . S YEl

froma |ist ﬁ@ﬁi?@t 1Gig3 o eligynpalegsides poprainipg sufyablexgsigistion sitgoG#nal,l Xbgbl 0,
lipoll, hipapBy afdOxnd®Bidbhlinkd i , . . TbpA, ThpB,
OME, UspAl 2 UspA2,  and Onpa] e PR i ﬁgglﬁé{?p‘ﬁiél st & Aol P2

pr epar at i on 3 inseeadrin ghe cisieiGRappsmid yestriveidovithitbe prespesding pnzgmes. a0 i),

wherei n one e r L roma.list consisting.of D15,
Po. Thpa,  THERC BS e ptiRpCh i e I‘Eﬁ\%?‘{ RS ARSI SRR Of i

Hi n47, and HYdisseriqyBeningitidis setogtqup-B-lacking) cdpSularbolyasehanide (pspandsér@®ft he bl eb
preparation Al - d_a. pharmgceutical.ly acceptable excipient. 5
17. A neni ngtg%oxg%gljl %@ggcxﬁ%@;@% ﬁt"gs;f'sndn?ﬂr tf?‘gg')pr%"ﬁ%’?‘%fg‘i“ﬁnhﬂfse’af aims |, 4,
12, or 13 armening@idirclones eesytisg flornn doabil¢ trgssingthversvem YRCTO S ébhing aping! | ar

pol ysacchari | ect r ot C, or ,W 18. A neni.ngitis

Vacei e conp RarAGoFHs B HoAR A A R oA et Sork abog (v

conj ugat ed HCTT ARGUEGZ BSHACAPETT GC-3DP¥e E6diall dndEC a@Bgiaﬁeeor%ginre plain

or conj ugat esdgpnle coccal capsul ar pol ysaccharides. 19. An otitrs nedia

vacci ne conpriedin otrﬂgp%ﬁfuéﬁl i?BeaﬁélP'é‘idl ‘gﬁ)‘{iPAGP‘HFW“-ZBCC&“@?MEMbaaﬂda one or

nore plain qr:omﬁdnu@gttedbmm@%gﬁ&ﬁ?]w@%%h@@nd@@'iﬂ%@%@%@ﬁ’i %5??;@”(1 one 15
s _that can protect a host against non-typeable H

or nore ant ggl%n g ( . . i nfluenzae
i nfectioft ZVHCIAFORR (R0 rbailed VAREED theee dignep pdshengvareiespiseie bpPAGEF at i on of
claim 3, 4 SDS HhcfdihoRNE oRh 108 g8l LI wate r&taﬂgﬁ“og‘éo&%&{l‘aﬁh‘fﬁa% | _capsular

pol ysaccharides, and one or nore antigens that can protect 0St agai nst
Nor axel | a cdt% R31oF sransfiried tq dpitrogedulpse mephtanstand poberkeiiher witcai anei- of ¢l ai m
19 of 20 WheFdA RndnB@od? &tibBS, SetH dANR) i or | ATOf & pr ot ei n
anti*{;ens that can pr?).t ect a.@?'ho.stMadélgiqﬂsé?)bgﬁrggg{lggztg"?gﬁg?%ﬁeemﬁfg and/ or
one or nore @PYEiee is aurpeising prdisatan that insssion af diensémdiS\bpprdinatelpne or nore

anti gens »§ ha&oo%%?&&#&%m%&%%nﬁﬁé}i O53bn ie:'?ﬂcrtlzsge% e \p!rio{eynsthan—if "placed
approximately 100 bp upstream.

The same recombinant pUC plasmid can be used to up-regulate the expression

of NspA in a Neisseria meningitidis serogroup B strain lacking functional ¢ps gene

but still expressing PorA.
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25 22. A nodified G amnegative bacterial strain firomwhich thg’bnl eb
preparation of clains 1-15 is made. 23. A nethod of maki ng alvatidiies
conpri si ep of generating said vaccine 30 fromthe £

G am negglg? @Qﬁgit erial strain of claim?22. 104 ~ ~a, ~V 559&336@%.24
the bleb preparation of claiml, 12 or 13 in the manufacture of a
medi canent for immuni zing a human host agai nst a di sease caused by
infection of Neisseria neningitidis. 5 25. Use of the bleb preparation of
clai m 2 orExanple 14 hEpregpulitint fitke NT menHBGids AR Yo dP8 /W74 NG, a, human
host agai nst a di sease caused by ' h—cararraEPE.  26.
Use of thé’—rﬂﬂwgﬁgﬂﬁiqon of claim3 or 15 in the nanufacture of a |0
medi canment for shanuni zi human host agai nst a di sease caused by

i nfection of Hé%rmg Hp‘&ﬁﬂzfdg‘g?’?ﬁ‘f’ﬁ‘éﬂg‘éf?s WrreplRes thetndegsnoys pragiqierenegidn iokf eb
prepar ati abe fpldA(@mpvalli deh€ byGha eridag add, 4 e rial strain chgracterized in
that said preparation ig; obtyai nabl eggi/ ren%‘]%g[ﬁt%g{nt rg%rlgo f"BTrF@'aFtﬁg‘hf)rocess:

b) a pr GERHStIeN of heddh dOmmA Exprtizes.i For thit pirpdseci b%%me@g%gn%p_s Wi t hin
c

w the ble reparation conpr.ising the steps of identifying s anti gen,
engi neer i %éﬁgﬁ'%%g? ‘é?qschrg?BﬁP%Esg"ha\%b{“é‘gimﬁthmesaAsﬁ)NalmgdmQB‘Z)}rhspj er
sequence Ufatddapsirédm &ogfRe pRICQR! | Il gen su aid gene is 20
expressed at aa}l%evelm hiogherpt han ?r%gsteﬁgéng(%%no FPY"éE“C&’%ngé&f% I ng bl ebs
from sai dtes pevaic Ingre Fatho§enehniackdsk yofetngi Massend RbaRyRESRALA! Wepof O aim

27, rei ing . aration is obtainable by enploying one or nore further
pr oc\é\gges lggﬁg#ésgb pAtaims she sequerncs| qogiligntyT Grrasivetrps B gpmeo e sstayf

reduci Nng esquresBiem isvidchi r hafl an.antigen which shares
a ssr uctural si m{pﬁarl.i tym\)e\natltﬁbzp h %ﬁrﬂsttﬁ?%{:%f‘?&a?c? Wﬂ@ cg%fﬁa‘i!ﬂ”e(’fof
i nduci ng &S aeferialiyrimportansgson e detided Mo NSert ARTERARIP A rbGont @&%«g&f
I denti fyi ¢ Ypfene I pyol &i Itge bi osynt hesis of the antigen, 30
engi neer i ﬂ% apgtgg{nepf]gt}e é& a?’ﬂpg - 58 st puepase, DN fragmeant bf @9prbpssi on of
sai d genecomégondiks fothe! r ' in: or i) a progcess of

ot g ooy ey ool B sl R N S5 bb WiteeBl sedvPe b r 9Bty

upregulatinq expressi on of ‘protective
pr epartat i BRCleiAss PEpldd geneV@SeE@R(ainpiliﬁedtﬂofrryWBQsei‘ribCﬁeﬁﬁéi}igﬁr&.em%% 1 ~,
roduc

the chr ombeisadis RN R S on et Bl AactnS & dadle Greg@ma ST ANt | gon
control | eAAlYT&GC GCG TTT ACA G-3") and PLAI1 Amo3 (5’-GTA GTC TAG ATT CAG
ACG GCG CAA TTT GGT TIC CGC AC -3%) containixig uptake sequences
(underlined). PLA1 Amo3 contains also a .Ybal restriction site. This PCR fragment
20 was cleaned with a High Pure Kit (Roche, Mannheim, Germany) and directly cloned
in- a pGemT vector (Promega, USA). This plasmid was submitted to circle PCR

) , mutagenesis (Jones & Winistofer (1992)) in order to insert suitable restriction sites

Use of

allowing cloning of a CmR/PorA promoter cassette. The circle PCR was performed
using the CIRC1-Bgl (5'CCT AGA TCT CTC CGC CCC CCA TTG TCG -3") &
25 either CIRC1-XH-RBS/2 (5’-CCG CTC GAG TAC AAA AGG AAG CCG ATA
TGA ATA TAC GGA ATA TGC G-3") or CIRC2-XHO/2 (5°-CCG CTC GAG ATG
AAT ATA CGG AAT -3") oligonucleotides containing suitable restri;; ;;:S_(Bglﬂ
and Xhol) underlined. The CmR/PorA promoter cassette was amplified from the pUC
D15/0mp85 plasmid previously described, using primers 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-3") containing
suitable Testriction sites (Bg/ll and X%ol) underlined. This PCR fragment was cloned
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het er ol ogous, stronger pronoter sequence, and neki ng bl ebs3 fir dfdisHily
strain. W!} é% %Ee bl eb preparation of claim?27 or 28, wherein the

engi neer QIABDs of processes b), h), and i) are earned &E‘"’E&Wr?am ogous
reconbi nati on events between a sequence of at |east 30 nucl eotides on the

bacteri alj : : t 30 tjdes on a vector
trans or %ﬁ?%gﬁgﬁﬁ?ﬁ%%& B B e el G AR 20,
wher ei n t Fkis leginid earn beyussdetp IranE R NBAVEE R aUdni i1 8

honol ogou reconﬁi nati on events between t\ﬁ/o sné%g%gggbgrfogg%s%@ggg%o

nucl eot i d@gs-d}?rf& SUBHEL Bregmtiathby ndewie caspiagavedinoie upstaed radorseguence

"X, and . .at ast 30 nucl egti des on a vector transfornmed
within t%@ﬁg%&ﬁ%g‘g;ﬂ@{@h PORG OrUBP e eirestly yastrsanT of the plddrATG. duri ng

the reconAhowE @Bseei /s aXpHAidd Yood thel SHSHEDBROE The bl eb. preparation
of claim30, wherein the tpal/o nucl eoteiégggfsngﬂ%g%:ggmg}eemg?bl%h&g’igeﬁﬁ ely the

sane Iengmmina’ﬁdis\m@gmunﬁhﬁs-vpcwbrDﬂS/@nﬁSSHGWerQMe@AgEDM@m&@ . The
31, wherein the reconbination events of

bl eb preparation qf claim,30 or ,

proc essesprﬁfmécﬁde‘ﬂ?ceg?e@%’ cr?g?? FRGSHuUtORRIRRthe ¢mB gergitbhpotd promattr axdpsome
1000 by wpsibbesy® b kel tifg,g!%g, d t e IRterest, 25 33.
The bl eb pregar ate?éjor@g% g’ge‘mé?,z, gr%lralﬁ Cgréﬁ%hgcézjsﬁmpgﬁu%qnéohﬁe
sequence kqeeneprias deemppravenfto theeefficaniotsefornpgicgilatén bh enedSRessRAb:

nucl egt i uence ,Y.conprise ither, a weak pronoter region, or no

pr ono erdlség?)gw% 3‘2&'!‘!’]@"[}%1”’5%“’@} gﬁ%@ﬂif@ﬁm@ﬂpﬁmlhﬁif&z@f%a}gémmﬁ process
b) nucl e%th@l@\/&ﬁﬁﬁ@ﬁﬁg%e%spl PRI REdSER @ﬁ%@%ﬁr%pﬁiﬁ%@o” for the

bacterium 35. The bl reparation of c eoti de

sequence ¥M-PORA-DISEI (P0CEOCHY GAS TEINOAG e OTTt Galg @T@@-@‘g of the
gene of ipnteres The bl eb preparation o6f claim

.eSt .,106 . ~rri~ ) - 36.
35, wher el N Nuck é%'f’fﬁeéulcé‘aﬁéﬁivge(wd?ré‘“@s@S&F&ﬁﬁﬂmvmwﬂynmm thg upstream

of the i ngitdl@PCRN pl e . i > 5 | eb_preparation
of claim30 or 31,p \Aﬁgeoig{nau%eﬁew?gco %rﬁa?lf%énpgélerﬁ’doﬁnﬁg}g%g&fh s carned
out stich Rlpgmidiidibeastdit ragirendéeiXenomumingesdipsisgolp Bisoadi igssequence
of the geéloemgfsuja%e%gst " 38\?./y The ?I eb preparation of claim30 or 31,

wher ei n tha  reconbi Tty S teterioubte T’rﬁsgg?%E&smitPe resteamregionaf Mdéh t hat
nucl eot i deilbdifpiethe ens¥rioRIHE eSS4 st eygene within an
expressi on cassette. 39. Thﬁetghﬁ?étggéat{%:bggs%é%c@éﬁr@ @g638 I solated from
a nodified Neisseria neningitidis strain, optionally of serogroup B. 15 40.
The bl eb Pxafpleals:0UptendhiinToB8%he M0t AlNAB L P Y SORLOYA NG gt | east process
b) and/or | ereln one or TNDr e gene e—tHte ‘ 2 ASE

consi &% ngfomoter gepbatemert | i ke, Hap, PorB, OW85, PilQ Pl dA, FrpB, TbpA,

TbpB, FrpA, Fr Lb LbpB, FhaB, HasR |.ipo02, Tbp2 (lipo28), MtA
(1i po30), and '@%%\h %he exrpeni'nent was to rcpEce the endogenous promoter region of

the thp4 gene by the strong pord promoter, in order to up-regulate the production of

-~ .._5.._- —~—~

)

the TbpA antigen. For that purpose, a promoter replacement plasmid was constructed
using E. coli cloning methodologies. A DNA region (731bp) located upstream from
25  the tbpA coding sequence was discovered (SEQ ID NO: 17) in the private Incyte
PathoSeq data base of the Neisseria meningitidis strain ATCC 13090. This DNA
contains the sequence coding for TbpB antigen. The genes are organized in an operon.
The tbpB gene will be deleted and replaced by the CmR/porA promoter cassette. For
that purpose, a DNA fragment of 3218bp corresponding to the 509bp 5* flanking
30 region of tbpB gene, the 2139bp tbpB coding sequence, the 87bp intergenic sequence
and the 483 first nucleotides of tbpA4 coding sequence was PCR amplified from

Neisseria meningitidis serogroup B genomic DNA using oligonucleotides BAD16 (5-

6



41. The bl eb preparation of claim39 or 40, obtainable by enploying a
process of downregul ating expression in a bleb production %t rqq%) {ﬂf one or
nore genes froma list consisting of PorA, PilC, TbpA, Tb’p LbpB,

Opa, and Oﬁ‘% é 42 The bl eb preparation of clains 39- 4jpcmzm,m7mbl e by
enpl oyi ng SR process h), wherein one or nore genes are downregul ated

froma list consisting of: galE, siaA siaB, siaC, siaD, ctrA ctrB, ctrC

and ctrD. 4GGCT¢IBAIQ;IOEI‘0A@CQ1@T eTGoAGICEA SiTATGAG 139 dsohatrerr4 rem a nodified
Moraxel la 30 catarrhalls_strain. 44. The bleb pr_B_Faratlon of claim 43,

obt ai nabl e BY 2B BARLT{§'-GE0 €AA GO I §AS) GHRIFBF COA CReh6T TTéhe or nore
t f - : R PIIQ
genes are URRILTAIESC Er)%ﬁldlﬂﬁﬁpt?@ns%h%bég 8 J‘vgnﬁ%% H&Qg‘gfé&%%ﬁ"as 1 Q

Ow 85, 1ipo06, lipo 10 Ompl A 1,
H y3, LbpA, sitdsmderiipgd), ThT:bBBR f@gtpﬁ)tvtaspl&arﬂed \mﬂip/ﬂigh Bure K@r{trhingdt The bl eb

pr epar ati.on claim 4 r bl e Y of 5
downregulsat Pﬁaﬁntgir%’rgs@?@ﬁ aflﬁﬁgccgl g""ﬁﬁ? &/%.ﬁng éh‘fg‘(%a gfﬁzseﬁmrmre genes
froma |i st plagnhidi edsi sagmﬁfedGar&BcleGmmﬁﬁtagamBl(Jona&)&ANme (1edPAin and LbpB.
46. The blebdg gratlona?)iaﬁ $8|solatedf;§ /?ITDdlfled

Haenophi | us W’E (2S48 st ’i’lsm?ﬁ@“zf*fes fowing cloping of 34/ PR BIPMEELi m 46,

obt ai nabl e b%samah@yidm @letd 205bh d@rtpé:s’Sﬂarm}ngasegfeﬁée éf)szy\/eﬁf thle NpgE1e or nore
genes are upregulated froma.list consisting o

A TbpB, P2,
P5, OWP26, FAdiAS seamane. Theasacle iRy wasjpsriomed usipg the mm (S’a?%gg_@_ 15 48.
The bl ebxopr@zﬁfawcpmefm‘d;é!cﬁ mAOQA cTON AR RAR ecBYs FARhOBANGIA Process

of domregur'a't'T ession In a production straln of one or nore

genes from é5 1GGA AGMICIIGGE CIC. GRG, C@SATFHTACM@MAﬁﬁoMQSQQG WA, HgpB,
WL, W2, s ol ABE A ROTPREY R 40, WARRIReS SRl Wil O D

preparation of a| ns acce I"e "exci pi ent .
50. A rrenl ng@ﬂ'@tmameva’wl rklll:anm’hoi (mwgerIM)bl‘tetCnWqurpMmmer aafsewrd ai N5 39- 42

and " i capsul ar

pol ysacchar %@aﬁ hf{mgt%re'gdl??g%%{lﬁg@esg%%‘Bbsprﬁ" “%9 °8$%VUS‘ PR S eni ngi ti s
vaﬁ:l ne OMBADRLS - GGA AGATECROCGCTE GAGACRE TR 48C &A&@MCJQ&GQCD H. 4
i nfl uenzae n i onj ugat e
30 pneumco%&gﬁégégﬁlﬁmw ;‘2@—&5&0 %Q%~8IE§I% 52. An
otitis medi a:c;agebmanmgrmtdb&ixegnma smsebnar%narmulexmmollqmﬂﬁﬁdﬁ 35 and g
one or nore conju neunDc ca capsul ar pol ysacc ar| es, an
one or rmre@ffteﬂcg%ﬁgg‘? {"‘33 %r"gfbé(ﬁ"’]& Hb‘ngﬁ‘étP"ﬁ@W‘@]

i nfl uenzae itftRasfo@N Nelzsd@. mbrin dgmzs Issrog%d;b B L?g'-q:laﬂ@ (GRNPEA4S &Bux{she b| eb
preparation of cl ainms 46-48 and one or nore ai.n or conjugated

pneunoc ot al MESRHAR by dBB‘PIEI%%%?Veﬂébtheé’ﬁweé‘ﬁé%?“ potbad a‘ﬂkludg'éqﬁéhq hat can
protect a hQsdertRff e boMPrér@td dreGfil BEttddm df thel BLLFE ON-

] Example 16: Up-regulation of the N, meningitidis serogroup B pilQ gene by promoter
replacement.

25 The aim of the experiment was to replace the endogenous promoter region of
the pilQ gene by the strong pord promoter, in order to up-regulate the production of
the PilQ antigen. For that purpose, a promoter replacement plasmid was constructed
using E. coli cloning methodologies. A DNA region (772bp) located upstream from
the pilQ coding gene was discovered (SEQ ID NO: 12) in the private Incyte PathoSeq

30  data base of the Neisseria meningitidis strain ATCC 13090. This DNA contains the
sequence coding for PilP antigen. The pilQ gene is part of an operon we do not want

to disturb, pilins being essential elements of the bacteria. The CmR/porA promoter

30



54. The otitis nedia vaccine of claimb52 or 53, wherein the ﬂva@gim
additionally i o conprises one or nore protein antigens that’ ¢an protect a
host agaVRMNBSP ept ococcus pneunoni ae and/ or one or nore arCT@eOBIuhat can
protect a host against RSV and/or one or nore antigens that can protect a
host agai nst inflyenza virus. i 55. A nodified G am negative bacteri al

strain froMeRAMES BFRAUSE? bp§STeapetha pi/Ongent fa&ﬁhgkﬁéssa&%-sg%ekﬁg dg%%ﬁé cl/56. A

met hod ofg i [ conprising . the step of gener acci ne
fromthe rorggii%f\:&gr Yai‘%ﬁn‘%%‘&ﬁ FEUSSIER Of the Pk gene. 5br datiptipale, a20NR7- A

met hod t dragredticL86% BieB6He - engineered  hl eh preparation froma
G ammegat.i ve b,acterigl9 st rsgia}rl]&ﬁg%?&e%:go?%ﬁaf?ﬁequg‘m&ﬂW@"émcedbs;i;prb) a

.process CRICIESREHEAUeTICA e 893 forse micldwti ' nti,gens within the
p BsRegw qndxth Cletiabe 6 b ﬁ@@v& PeR éftﬁ,d

bl eb pre i on conprising the steps of iden ng sudc
_engi nger%@yeg%%rf%ggﬁgmgi’r BAPQIRIC agNA gisingt PQerecH Nhe S5 1-0TACHCRY ﬁter

sequence GCC @BCUPgAr f e i ng, said antigen s sai d
gene i s expressed a{ax §€:@e\%?@h§§ e/}%tqﬁm&éﬁé hand PQtréd3elinb{@bC and

maki ng bl GTHRICaAGASCGT CAGAGT Lpti el . Dre processes
sel ect Edc&(t?‘m the foll ow ng gré)gg:dsa) a Gg?%geds/‘% Tﬁ?’e(ﬁg%hgg ”l%ﬁﬁ‘éﬁfédom nant

vari abl e “or 136%—%9%‘?"&99}‘%3&% angh Hind il réseridalog Ritpy QBALRRLHNTHOMPN | SI g

the stepPCRf fraleh&{t NI he, I dentity 30 of such antigen, engi’neering a
bact eri al str%ﬁ to pro ﬁﬁeglloégcgmoﬁ'pﬁﬁrﬁg VGFtos fframaga. i), Thisglasakd ng bl ebs

from!8ai Wassukmittedatp @rghe PORS sn@foendd gﬂd NG EXPEESSE ONn. of

conditi og_%lrltg-. ﬁ)r essed, protect i'g\t;e 3 g%: ‘l&gglr@s%fetrr@%&ﬁh@ Brdsp to

pr eﬁar at 'OR ‘8% § SRgtematestalipwingfcldiifg of aCmmPorA%rompter Sassciie Jl-%e]nt i fying
such an girdlé PEIR gi ' . bact et train so as to renove e
repressi ve cont rgfa@rrgéﬁggr}#gc?}é&gg%f ?@b’r‘%@sp%@’?ﬁ@ﬁnﬁﬁmgm aAbg fromsaid
strain; HP4%CFA08FSECHE mm-m&eimegmr_pb%eﬂg b r'l.r | LPS within

t he bl ebTRbemhaA{':'&n @E\ri sing the steps of rden |q’5y"?ﬁﬁ—8'?g—§e§lé_qi nvol ved
in rendering the Prgif Gp‘bT-ﬁihQﬁaTTAL@SAtMCCIGEW@Q\[A g pact eri al
strailh sOIRG2PQDEGUTEO TG p sjon of said gene, and naking

bl ebs frcﬁggsaf(?q_sé‘rr ai n;@%égg@ %giW@GMMAAApAH‘O-GD of

bact er i at"8oPYrioptides ontaming elitapleepaf@tdnie | P the st of
i denti fy'@,gmrﬂenre i nvol ved in renderi rrllglt %?@%ﬁ%r‘ﬁ@ﬂ&?‘éﬁf PS | ess
toxic, engineering X Pairetical Wt uaplifiesofram tiw PUCTDUSIOMB5 S{ihgger to

pr onot erprs'dqumyl@esdﬂibéa,nm : i s that said gene is expressed at
a level f'gher than in the E%)ur?gﬁo%ﬁs‘ggggsﬁlug C %@iﬁsgAbT@'bsCA@om said
Straim 1CaTpTCEAGSCOT GRAMTOUCI S OMSORAY; (4 i g gt
prepar atA R 204 Ape [ t | s of protective antig , ri sing
t he steps of eng‘?ggef&%‘g&gﬁeegifrgfﬁ%sg% SAQAELECY’) abntsihing sithKle
| Ncor porrestectiongsited BN GRdNGHA ' tide, or a derivative or
anal oguecirtcgel;&)f | fused to aé?ﬁ%@%?@ﬁ}%ﬁﬁgﬁm Waslqloned in the

) Plasmid obtained with primers CIRC1-PQ-Bgl and CIRC1-PQ-XHO. This

plasmid can be used to transform Neisseria meningitidis serogroup B [cps-) and (cps- a

POTA-) strains. Integration by double crossing-over in the upstream region of pilQ will

25 direct the insertion of the pord promoter directly upstream of the pilQ ATG.
Another cassette was amplified from the genomic DNA of the recombinant
Neisseria meningitidis serogroup B {cps-, pord-, D15)Omp85+] OVer-expressing
D15/0mp85 by promoter replacement. This cassette contains the cmR gene, the pord
) promoter and 400bp corresponding to the §° flanking sequence of the D] 3/Omp85

ene. Thi
gene. This sequence has been proven to be efficacious for up-regulation of the

expression of D15/0mp85 in Neisseria meningitidis and will be tested for the up-

n . . .
egulation of the expression of other Neisserig antigens. Primers used for the

+
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bl ebs fromsaid strain; g) a process of creating conserved OW. antigens on
the bl eb preparation conprising the steps of identifying such anf| gin

engi neering a bacterial strain so as to delete variable regiﬁoﬂsmﬂ\d Q’gene
encodi ng WaI0@0%30i gen, and naki ng bl ebs from said 20 strai reCTP®/OP42ACESS
of reducing expression within the bleb preparation of an antigen which
shares a s1.ré111<tsﬁur.al Si nhl arity with a human structure and nmay be capabl e of
i nduci ng atmRHBUPTTHeBAdL 20 a8 GCM-PORANDLSE (11p GGG ATC 6aGTETSCAt

i dentifyi } b he. bi nt hesi.s of the antigen, engineerin
a bact e)r/i glgr ? @Pf;gﬂg‘ F}g?dneg%@gét%"%’%%lemwcgw f1as (B‘P‘*eﬂé‘)(:égégéi‘r BRRof sai dg

gene, and fregmenywiak elosed froth: $atld FIR Bia@@i&«!ibtﬁi)xg&é‘v@?@%ﬁ?e?s 8??%?’?@%@1& i ng

expression of protective OV antigens wthint prep

conpri si nhelRG2:PQ-¥r Thiseplasmid pan ducisednd i weRfor@NNEREP Remighgsterial
strain so i uce into the chronosone one or nore 30 further copies
of a gesne %ﬁo o@'}ﬂnﬁguégﬁamg[ﬁﬁ'g@?ngoﬁWl%i Ingggragipnabyn deubloérospingsoves tin theger
pronot er SQRtens esgidnek JIRKNYdRLE RS | piestrpin, 110, W f~l 4~Y ~~~ -
58. Use of the bl b pr épar ati on o%c‘%g%ﬁ%ﬁgof‘ﬁp?ﬁ‘@%%é"ﬂﬁl?%‘&s%@“of a
nedi camantthe BHQiAXRaNi zi ng a human host agai nst a di sease caused by
infection of one or nore of the follow ng: Neisseria neningitides,

Nei sseri a gonorrhoeae, Haenophilus influenza,.Mraxella catarrhalis,

Ps eudononaBxamle 37 N08astruEibo Sk s drb 25 QR . S Céhglg%gy‘gjeaag,pngeguggngi a. 59. A
modi fi ed Nelsserta meningi T : 2 train is
obt ai n'&bl t ¢ Ngmemiegitidislchvamesoptepcesses: d) a process of

det oxi fyi ng thgl'hl i£i delbzporti.on of LPS wthin the strain, i o conprising
the Steps of i deNtI Ty Y SIPCHEER 1§dR SonsHue) & ¥ersatile PdlAdeasserty cohainingi d A

portion ofa deR3tabRXhsrkePfod tRNY I . train so as to, reduce or switch
of f expression of said gene@gﬁﬁgﬁﬁ:ﬂggn%gggz%gggfnaé%%@éFP’?‘?@‘QFW@"§frai n
such that Yaisspga meaingistdic fpskan&rgene), uad acoantes Ssleckih| SharkEh & AO hed

Nei sseria jqeni.ngitiges,strain of claim59, wherein the nsbB gene has a
nucl eot i de segggﬁ}é]eggfch%sf’ﬁeﬁﬁ“ Ifompipatiqn, feygagBraent). N8y gus niethod,

meni ngist i g hefefoddgoud DNA HrHdB&: dWurig h ' 29 5B gene i s

downr egul at ed vi a point mutation or' elc,}é&étalﬁlr ﬁwré%&%qlﬁaén%ﬁﬁf%&ﬁ%?dsseri a
meni ngi ti @n&erf\éﬁm«-’mc@pmmm or 60, wherein part or all of the nsbB open
readi ng frame 0 i.s_.del et ed. 63. The nodified Neisseria

neni ngi ti des s%gﬂég%) TR SRR e ?"@ﬂeﬁnﬁ%‘f@é@%ﬂ gxgresead wdps ul ar

pol ysacchahé dentfol 08 yi8 tok@Spromdter Svel Wbkaih& | Lo Lng the
control re(g'ﬁon ?r t he coding regi on of sa?%?%glc\g%%g@p@&% pﬂ’gm“{l

omfield IC, Vaughn V, Rest RF, Eisenstein BI (1991), Mol Microbiol 5:1447-57)

0y

20 with BamHI restriction enzyme. The recipient vector was derived from plasmid

PCMK, previously described. The kanR gene of the pPCMK was deleted by restriction
) with enzymes Nrul and EcoRV. This plasmid was named pCMKs. The neoR/sacB

Cassette was inserted in the pCMKSs at a BgllI restriction site compatible with BamH]
ends.

25 E. coli harboring the plasmid is unable to grow in the presence of 2% sucrose

in the culture medium, confirming the functionality of the sacB promoter.

This plasmid contains recombinogenic sequences allowihg the insertion of the cassette

at the pord locus in the chromosome of Neisseria meningitidis serogroup B.

Recombinant Neisseria were obtained on GC agar plates containing 200ug/ml of
30 kanamycin. Unfortunately, the sacB promoter was not functional in Neisseria

meningitidis: no growth difference was observed on GC agar plates containing 2%
sucrose.

L



~ 64. The nodified Neisseria meningitides strain of clainms 59{62)\m@yein a

gene 30 coding for capsul ar pol ysacchari de bi osynthesis or”export Is

downr egulwbedosss@a poi nt nutation or deletion. 111  sp~, a ,pcIEPoonT¥3~ 65.
The nodified Neisseria nmeningitidis strain of clains 59-64, wherein in
process h) one or nore genes are downregul ated froma |ist consisting of

gal E, siaA, sialBnewicaGetts wabconstiibtedbonBini 66. . The
i : mlﬁ% E&:&g%_eg{s %f%? (fogn'ﬁp%fer ogr oup

ia meningitidis strain of clains

dified '
goslt r ;ien. N@%.Sksa%kg&?é’fqtﬁral ySiEHlgi REBr dwsbperformedpasing i the pragigdf gg@ukhe

modi fi ed NeAmeRhira PRERARY Biog nal 0. of clains 59-66. 10 ' 6 A vacci ne
conpri si ngg é geAgeggt i ca#gyﬁ%gégclﬁhgg‘rkz}jaso? é%"%?téﬂﬂph%mﬁ‘%ﬂ'b‘lcai(ﬁr’r%l‘ and a
phar maceut®CBIATG LiTR pGHw 12 A XCTCPIEAT . : VB6 Gis Lnst i sseria
meni ngi t i dclé g@%r om t he nodi f icegal(géﬁe?ggse??‘aéﬁg%%gai( “strain
of cl ai'ms B8 G 46N meTB GETaTASE TG GBT QU3 8hgkREREiRSNY One
or nore plahf; ] Hga ni ngococcal ,capsul ar pol ysacchari des sel ected
fromthe séea?%%rgﬁpgeg? ,H%,’h%gf%"?%??esfﬁ%dﬁihm-n@l%teswﬁa@ RCBSfragmé&R f urt her
conpri si ngvaa gebpurifisl, dibebled ikl A s | ysacchari de, and one or
e e A e S Rt riay R 12, A

nmore plain or corf%u at ed pneunpcoccal caps FAFRY
met hod of }?P&RF}WQ’ 2 25mpid WtheS ACINQO/NEMWS a meni ngitidis conprising the

step of gewre i S | e nodified Neisseria neningitidis
strain of qgl S?%W%é %‘?&%é%&'ﬁr&é@ ABCsABA BAGETTNGIAA di S

strai noof AsBYiohigornfRicfidé BordtdlR; _ : e.of a. nedi.canenf for ipmunizing
a human hagst ai nst_a di seasgégaggdggzﬁ&ﬁfsé%t(%%ﬂ edﬁl@‘ﬁ%éﬁisa(bdd)

meni.ngi t i (§F§A%§OMW3,(5’,-GA§' €CC- AT GFE AT tieer aeietdratyg angh neered .

bl eb pr epagrt.zan l.aipy 67 in.t.he mapuf acture of a nedi cament ftor
i muni zi ng?ﬁgnﬁggﬁ‘g‘& °%eai°r?§ injng; aoNeel d&SrE P site n(wdtiliod)of Tidei sseri a

meni ngi t i décombinahdB. cohNidMes Adh By . : A ..

(AYI . AA. A % A AU ARy, A AA AA_F%%?% &rﬁh . &%‘Eﬁ’t 2gar plates containing

L. Anf % A" BF° MSRRse. AlRe ApWaimnRiRarB casset@catvtie sibtlandd mAh&FC&mﬁrﬁméd A
% A. . As AHgradldh A  ASO AW A 1. A5 Aly, . A5. AU9. Al T. A L. A AA

A9, AAI5. AnS. A}Fﬁ% 'ﬁﬁ;ﬁfﬂﬁ%@\ ! ’é.sﬂ."’ﬁ’?\\&Ir B 800 Sein The AR rired BuckoscA

R AU. A" . 3seusitivity. wilAbAtokGrmed. inANAIserfs. %ﬁpﬁkﬁ%péfr’ﬁi 4yl "535?354@

, - A(3% A | AHY. AL A9AR. AsAF. A"U. A . A A As. As.
transtorm the recombinant kanR/SacB Neisseria to delete the entire cassette inserted

in the chromosome at the pord locus. Clean recombinant Neisseria will be obtained

on GC agar plates containing 2% sucrose.

20
Example 18:’: Use of small recombinogenic sequences (43bp) to allow homologous
; ) recombination in the chromosome of Neisseria meningitidis. )
The aim of the experiment is to use small recombinogenic sequences (43bp) to o
drive insertions, modifications or deletions in the chromosome of Neisseria. The
25

achievement of this experiment will greatly facilitate future work, in terms of

ayo1dmg subcloning steps of homologous sequences in £. coli (recombinogenic

sequences of 43bp can easily be added in the PCR ampliﬁcation primer). The kanR
gene was PCR amplified from plasmid pUC4K with oligonucleotides Kan-PorA-5
(5’-GCC GTC TGA ACC CGT CAT TCC CGC GCA GGC GGG AAT CCA
30 GTC CGT TCA GTT TCG GGA AAG CCA CGT TGT GTC-3") containing 43bp

homologous to the 5° flanking sequence of NmB pord gene (bold) and an uptake
sequence (underlined) & Kan-PorA-3 (5’-TTC AGA CGG CGC AGC AGG AAT

B
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ARAAGCGGGAATCCAGACCCGTCGGCACGGAAACTTACCGGATAAAACAGTTTCCTTAGATTCCACGTCCTAGATTCCCS
CTTTCGCGGGAATGACGAGAT T TTAGAT TATGGGART T TATCAGGAATGAT TGAATCCATAGAAAAACCACAGGAATCTA
TCAGAARRAACAGRAACCCCCACCGCGTCATTCCCGCGCAGGCGGGARTCCAGAAACACAACGCGGCAGGACTTTATCGE
AAARAACCGAARACCCCACCGACCGTCATTCCCGCAARAGTTGGAATCCAARAACGCARCGCAACAGGAATTTATCGGAAA
AAACAGARACCCCCACCGCGTCATTCCCGCGCAGGCGGGARTCCAGAAACACARCGCAACAGGAAT TTATCGGAAAAAAC
30 AGRAACCCCACCGACCGTCATTCCCGCARRAGCGGGAATCCAGCARCCGARAAACCACAGGAATCTATCAGCAAAAACAG
AAACCCCCACCGACCGPCATTCCCGCGCAGGCGGGAAT CCAGAARCACAACGCGGCAGGACTTTATCGGARAARRCAGAA
ACCCCACCGACCGTCATTCCCGCAARARGCTGGAATCCAAAAACGCAACGCAACAGGAATTTATCGGAAAAAACAGARACC
CCACCGCCGTCATTCCCGCARAAGCGGGARTCCAGACCCGTCGECACGGARACTTACCGGATAAAACAGTTTCCTTAGAT
TCCACGTCCCAGATTCCCGCCTTCGCGGGAATGACGAGAT I TTAAGT TGGGGGAATT TATCAGAAAACCCCCAACCCCCA
35 ARAACCGGGCGGATGCCGCACCATCCGCCCCCAAACCCCGAT TTAACCATTCARACAAACCAARAGARAARACARA

SEQ. ID NO:5

Nucleotide sequence of DNA region (772 bp ) up-stream from the PilQ gene from
Neisseria meningitidis

40 GCGATGTCGGGAAGCCTTCTCCCGARTCATTACCCCT TGAGTCGC TGARAATCGCCCAATCTCCGGAAAACGGCGGCAAT
CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCARGCAAAATCCGTAGAAGAGCTTGCCGE
AGAAGCGGCACMTGCCGAGCWMTMCTTACGTTAGGGMACCATGAMCACTRTGCCTTACTCATCAGCTTTCT
GGCTCTCTCCGCGTGTTCCCARGGTTCTGAGGACCTAAACGAATGGATGGCACARACGCGACGCGARGCCAAAGCAGAAA
TCATACCTTTCCARGCACCTACCCTGLCGGTTGCGCCGGTATACAGCCCGCCGCAGCTTACAGGGCCGAACGCATTCGAS

45 TTCCGCCGCATGGAAACCGACAAAAAAGGGGARAATGCCCCCGACACCARGCGTAT TAAAGARRCGCTGGAAAARTTCAG
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGCTGAAGGTTATGTCT
ACACTGTCGGTGTCGGCAACTAT T TGGGACAAAACTACGGTAGAATCGAAAGCATTACCGACGACAGCATCGTCCTGAAC
GAGCTGATAGARGACAGCACGGGCAACTGGGTTTCCCGTARAGCAGAACTGC TGTTGAATTC TTCCGACAAAAACACCGA
ACAAGCGGCAGCACCTGCCGCAGAACAAAATTAAGAAGAGGATTACTCCATT

SEQ. ID NO:6
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GGTGCTTTCGTGATTGGAAGAAGCCGAGACCAAGGCAAAAATTAATTGCAAATCCTAGGGCGTGCTTCKTATCCGCCCGA

15 ACGCCGAACCGCACATATAGGCACATCCCGCGCGCCGCCGGAAGCGGAAGCCGCGCCCTCCCAAACAAACCCGAATCCCG
TCAGATAAGGAAAAATA

SEQ.ID NO:7 :

) Nucleotide sequence of DNA region (924 bp) up-stream from the NspA gene from
20  Neisseria meningitidis (serogroup B) (ATCC13090)

GGAACCGAACACGCCGTTCGGTCATACGCCGCCGAAAGGTTTGCCGCAAGACGAAGCCGCCCTCGACATCGAAGACGCGG
TACACGGCGCGCTGGAAGGCGCGGGTTTTGTCCACTACGAAACATCGGCTTTTGCGAAACCAGCCATGCAGTGCCGCCAC
AATTTGAACTACTGGCAGTTCGGCGATTATTTAGGCATAGGCGCGGGCGCTCACGGCAAAATTTCCTATCCCGACCGCAT
CGAGCGCALL&TLLbbbbbbhLCﬂCCCCAACGACTACCTCGCCTTAATGCAAAGCCAACCGAGTGAAGCCGTCGAACGCA
25 AAACCGTTGCCGCCGAAGATTTGCCGTTTGAGTTCATGATGAACGCCCTGCGCCTGACCGACGCGTACCCGCCGCGATGT
TGCAGGAGCGCACGGGCGTACCGAGTGCCAAAATCATGGCGCAAATCGAAACGGCAAGGCAAAAAGGCCTGCTGGRAACC
GACCCCGCCGTATTCCGCCCGACCGAAAAAGGACGCTTGTTTTTAAACGATTTGCTGCAGTGTTTTTTATAGTGGATTAA
CAAAAACCAGTALubLuLthbLLbLLTTAGCTCAAAGAGAACGATTCTCTAAGGTGCTGAAGCACCAAGTGAATCGGTT
CCGTACTATTTGTAuxuxuxuuuuu1LuuxLuLLxLuxLLThATTTTTGTTAATCCACTATATAAGCGCAAACAAATCGG
30 CGGCCGCCCGGGAAAACCCGCCCCGAACGCGTCCGGAAAATATGCTTATCGATGGAAAACGCAGCCGCATCCCCCGCCGG
GCGTTTCAGACGGCACAGCCGCCGCCGGAAATGTCCGACGCTTAAGGCACAGACGCACACAAAACCGTATGCCTGCACCT
GCAACAATCCGACAGATACCGCTGTTTTTTCCAAACCGTTTGCA

SEQ. ID NO:8

35  Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpB gene
from Neisseria meningitidis (serogroup B)
AAGTGGGAATCTAAAAATGAAAAGCAACAGGAATTTRTCGGAAATGACCGAAACTGAACGGACTGGATTCCCGCTTTCGC

- CGGARTGACGECGACAGGET TGC TG TTATAGTGGATGAACAAAAACCAGTACETCETTGCETOGCCTTACCTORARGACH
ACGATTCTCTAAGGTGCTGAAGCACCAAGTGAATCGGTTCCGTCCTATTTGTALthu;u;uﬁuLLLuLLuLLLluLLLT

40 GATTTCTGTTCGTTTTCGGTTATTCCCGATAAATTACCGCCGTTTCTCGTCATTTCTTTAACCCTTCGTCATTCCCGCGC
) AGGCGGGAATCTAGTTTTTTTGAGTTCCAGTTGTTTCTGATAAATTCTTGCAGCTTTGAGTTCCTAGATTCCCACTTTCG

45 AGACCTTAGAACAACAGCAATATTCAAAGATTATCTGAAAGTCCGAGATTCTAGATTCCCACTTTCGTGGGAATGACGAA
AAACCGCTCCGCCGTCATTCCCGCACAGGCTT

50
SEQ.ID NO:9

Nucleotide sequence of DNA region (1000 bp ) up-stream from the FrpA gene
from Neisseria meningitidis (serogroup B)

55 CTATAAAGATGTAAATAAAAATCTCGGTAACGGTAACACTTTGGCTCAGCAAGGCAGCTACACCAAAACAGACGGTACAA
CCGCAAAAATGGGGGATTTACTTTTAGCAGCCGACAATCTGCACAGCCGCTTCACGAACAAAATGCTATCCATTAGCCAT
GTTCGGGAAAACACGATTTCCCCGTTTGTTTTAGGCTGTCTAAACAAATAACCATAAATGTATATCATTATTTAAAATAA
ATAAAAGTA?TTAACTATTATTGACGAAATTTTAGAGAAAGAGTAGACTGTCGATTAAATGACAAACAATAGTGAGAAAG
GAAATATTTACTATCCGAGCACAGRGCATRTTTTAGGTAGCCTGTAA&thxLLlbLlhbbthAGAGGATGAAGGTGGA

60 CTTACCCGAGAATAAATGTCCTGTTGTGTGATATGGATGCCATGCCGCGAAGCAATTGATGCAATCACGGCAGTCCTACT
TGAATGAAACCTGTCGTTGCAGAATTTGAAAACGCTATTTTTAAGAAAGGATAAAGGGAGAAAGAATTTTTGGTTTTTAA

65 ATATATCTTACGATGGGGAAATATTTATATATTTTATAATAAATTTTACTCATTTGCTAATATGTCATGGAATATTACTT

H



10 ! OF2m(10%

& ()-!6F2m( 109 Pj & ()-!, F2m( 10%bFb& ()-! 1F2n( 109%[ K[ & () - § 2 109&I04- sMWN

NNNaO Pr
10%08& ()%

= %ob& ()-:!!10%b& ()-:"
Pli’!i @‘é /%g/e?;)&l(? by oS 18 2%0&' (- 10 PCT/EP00/07424

PQ>QVQDRRS{ Y7. =!I Al y! Z(10% (& ()-!"10%b& ()-! N'109%b& ()- ~"109%& ()-F

"109%& () -
10ZbZb

hGtFCT AOPRECiTRA o TIMMNE O M Zh M e 0% ) oo 102D7D

CTCACGTTATTTTTTTAATTTACTTGAAAGGAAAGCAGAT

10Zbzb! @/KEQ); i MEHIHE ();! 11Z2(10% - & ()-!y! Z( 10%¢#&' () - WNAKYAZ[ } [ 9P=! Al | - #1

0%iu&' §) -
10% u&' ()

Nuclep
u&()-!(l@%{ggs

b& ()- L1 gTT AﬁAcTi.usmmm%%gggﬁamm%ﬁ’ﬁgﬁiﬂ%ﬁﬁgg

10%0&\§) - %%W%@Gﬂ@n TBrBrBTT ed‘rgwiﬁa TITACTATGRCCTCA | 0% 1
0% ) ; B T e e R e TSRS () - 51 241

& ()-sggY s wmmmﬁfwfr;&m“mcmcm”mrg??ﬁ?g?ﬁ

X 10%03%&' (rr d¥4bas m%ﬁ%ﬁ&%%% 72 % Wﬁgcmrsccm :
Y(Z(10%& E%%@R T %magsgﬁw TCC TATGARGATARAAGACATATT .
Y1006 & () R A e e AT e e i 71 1
10% & () -

3mML0%R&’ (
10% " & ()

30

35

40

45

50

55
60

65

70

N PV clobd B} yorosam e phe Frvsvgene

sy g %};ﬁ GCAGEM@J(G);?TFICACCMCMGTAGAggggg?gggiézgggggg; .
- W(W m)ni oeozs‘ﬁf\?ﬁﬁ?'f@aw |11 F+ 10% & ()-F) 10%: ?&I I() -1 St
SEQUDN®:()-!" 10%\& ()-!" 10% & ()-p;qqqrSrraBuVv7i!ily

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Omp85 gene
from Neisseria meningitidis (serogroup B) . :
Acsrccsmccsrcmrccccmcsccscscccnmccmccccmsccammscccmnmmsccar'rcscmr
CGCGTTAATCGGGTTGGCGACCAGG'!‘TCATCAGCAGCGATTTCAACACTTCCACAA’IGCCGGAAGGCGGCGCGGCGGACA
cm:scccccsccccccmmmrc'rscsrcscammcmuccsccsmcacscccmcassscmcssmcsm
CCAATGAGGTAAAGGATGATAATCGGCCTGATATGLHLLL1hlrth¢11LibblhblbLhLGALlblhuLLhLLACCAA
MTAAATACCMAACCGGCGCGACCGCTTTGAGCGCGCCGACAMCAGGCTGCCGAACAAGCC’I‘GCCGCCAAGCCCAGTT
cccsscmccsnccc;amcca'rqcccucsccmccssccsc:wrcmccrcnccasscrcmscsccccmcsm
TGAA.ATAAGGATTTGCCGAACGCCM'AATTC'r’rcCTTATGTTGTGATATGTTAAAAAATGTTGTATTTTAMAGAAAACT
curc-rcrc'rs-r'r-rm-rmrmcsacr:;:rG'r-r-r-rMsmccsmcm'rmcccmmcameccscac:.csc-rns
T AT CAT TCGGCGCAACGGTTTAAT TTAT TGAACGARRATAAAT T TAT TTAATCCTGCCTAT T TTCCEGCACT LTTCC
Gmcscacccwc'rmc_cmmccscarmcmcmmccnmmsmmmmn-rccsccccccc-;-:mc
crcccmmccc;c;cc;ccmmrsccs'rcrmsm'rcccsccccsrccsmcmcac;\mcasccs'rrcsmcccr

GTCCGAACAGTGTTAGAATCGAAATCTGCCACACCGATGCACGACACCCGTACCATGATGATCAAACCGACCGCCCTGCT
CCTGCCGGCTTTATTTTTCTT TCCGCACGCATACGCGCET

SEQ. ID NO:12

Nucleotide sequence of DNA region (772 bp ) up-stream from the PilQ gene from
Neisseria meningitidis (serogroup B) (ATCC13090)

GCGATGTCGGGAAGCCTTCTCCCGAATCATTACCCCTTGAGTCGCTGAAAATCGCCCAATCTCCGGAAAACGGCGGCAAT
CATGACGGCAAGAGCAGCATCCTGAACCTCAGTGCCATTGCCACCACCTACCAAGCAAAATCCGTAGAAGAGCTTGCCGC

thLLLLLLLbLhLblILLCAAGQJlLlGBGGACCTAAACGAATGGATGGCACAAACGCGACGCGAAGCCAAAGCAGAAA
TCATACCTTTCCAAGCACCTACCCTGCCGGTTGCGCCGGTRTACAGCCCGCCGCAGCTTACAGGGCCGAACGCATTCGAC
TTCCGCCGCATGGAAACCGACAAAAAAGGGGAAAATGCCCCCGACACCAAGCGTATTAAAGAAACGCTGGAAAAATTCAG
TTTGGAAAATATGCGTTATGTCGGCATTTTGAAGTCTGGACAGAAAGTCTCCGGCTTCATCGAGGCTGAAGGTTATGTCT
ACACTGTCGGTGTCGGCAACTATTTGGGACAAAACTACGGTAGAATCGAAAGCATTACCGACGACAGCATCGTCCTGAAC
GAGCTGATAGAAGACAGCACGGGCAACTGGGTTTCCCGTAAAGCAGAALLbLlhllhAAL1LL1LLGACAAAAACACCGA
ACAAGCGGCAGCACCTGCCGCAGAACAAAATTAAGAAGAGGATTACTCCATT

SEQ.ID NO:13

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hsf-like gene
from Neisseria meningitidis (serogroup B)
LLLb;ALLL&LLJLLbhlilbllLUAATGGTTAAATCGGGGTTTGGGGGCGGATGGTGCGGCALLLbLLthLALLthb
GGTTGGGGGTTTTCTGATRAATTCCCCCAACTTAAAATCTCGTCATTCCCGCGAAGGCGGGAATCTGGGACGTGGAATCT

CGACGQGLLLUBALLLLL&LLL1LULhGGAATGRCGGCGGTGGGGTT
TCTGTTTTTTCCGATAAATTCCTGTTGCGTTGCGTTTTTGGATTCCAGCTTTTGCGGGAATGAth1thlhbbbLfILl

hLLLLxxLLhATAAAhLLleLChLbLlhlulL1LIGGALLLLLBLL1ULhLUGGAATGACGGTCGGTGGGGGTTTCTGT
TTTTGCTGATAGATTCCTGTGGTTTTTCGGTTGCTGGATTCCCUL1LLAULHUQAATGACGULLUQIQQQQLllLIGTTT

TTTCCGATAAAILLleLIhLbllhlhlliLrbGAlLLLLbLL1bLGLGGGAATGACGCGGTGGGGGTTTCTGTTTTTTC.
CGATAAATTcCTGTTGCGTTGCGTTTTTGGATTCCAACTTTTGCGGGAATGACGGTCGGTGGGGTTTCGGTTTTTTCCGA

CCGCCTGCGCGGGAATGACGCGGTGGGGGTTTCTGTTTTTTCTGATAGA
AATCTAGGACGTGGAATCTAAGGAAACTGTTTTATCCGGTAAGTTTCCGTGCCGACGGGTCTGGATTCCCGCTTTTGCGG

GAATGACGGCGGTbehxrlLLu;sax11LlGATAAAGTCCTGCCGCGTTGTGTTTCTRGATTCCCGCTTTTGCGGGAAT
GACGGCGGTGAGGTTTCTGTTTTTTCCGATAAATTCCTGT

SEQ.ID NO:14

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Hap gene
from Neisseria meningitidis (serogroup B)
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Z(10%&' (JendaBaTTGCCE0CaCCaTCCaACTTEaCGCARTACAACGACATTATCAGCAACGGGOCAGACCOOATTATGeatare
GCGGAAAAAGAACAAGCCGTCCGGCACGAAACCATACGGCAAGACCAAACCTTCARCAGGCGCGEGCAACTGTACCGCTT
10 CATCAGCGTCATCCTGATACTGCTTTTTGCCGTCTTCCTCATATGGAGCGECTACCCCGCAACCGCCEEeTCCCTTAOCG
GCGGCACAGTGGTTGCCTTGGCGGGTGCTTTCGTGAT T GGAAGAAGCCGAGACCARGGCAARRATTARTTCCARATCOTA
GGGCGTGCTTCATATCCGCCCGAACGCCGAACCGCACATATAGGCACATCCCGCGCGCCGCCGGAAGCGGARGCCGCGEC
CTCCCAAACAAACCCGAATCCCGTCAGATAAGGARAAATA

15 SEQ.ID NO:15

< Nucleotide sequence of DNA region (1000 bp ) up-stream from the LbpA gene
from Neisseria meningitidis (serogroup B)
GATTTTGGTCATCCCGACAAGCTTCTTGTCGAAGGGCGTGAKATTCCTTTGGTTAGCCAAGAGAAAACCATCAAGCTTGC
CGATGGCAGGGAAATGALL&LLLuxu»xLulLGCGALLx;1xuacCTATGTGAAACTCGGACGGATAAAAACCGAACGCC
20 CGGCAAGTAAACCAAAGGCGGAAGATAAAAGGGAGGATGAAGAGAGTGCAGGCGTTGGTAACGTCGAAGAAGGCGAAGGC
GAAGTTTCCGAAGATGAAGGCGAAGAAGCCGAAGAAATCGTCGAAGAAGAACCCGAAGAAGAAGCTGAAGAGGAAGAAGC
TGAACCCAAAGAAGTTGAAGAAACCGAAGAAAAATCGCCGACAGAAGAAAGCGGCAGCGGTTCAAACGCCATCCTGCCTG
CCTCGGAAGCCTCTAAAGGCRGGGACATCGACCTTTTCCTGAAAGGTATCCGCACGGCGGAAGCCGACATTCCAAGAACC
GGAAAAGCACACTATACCGGCACTTGGGARGCGCGTATCGGCACACCCAT TCAATGGGACAATCAGGCGGATAAAGAAGE
R 25 GGCAAAAGCAGAATTTACCGTTAATTTCGGCGAGAAATCGATTTCCGGAACGCTGACGGAGAAAAACGGTGTACAACCTG
) CTTTCTATATTGAAAACGGCAAGATTGAGGGCAACGGTTTCCACGCAACAGCACGCACTCGTGAGAACGGCATCAATCTT
’ TCGGGAAATGGTTCGACCAACCCCAGAACCTTCCAAGCTAGTGATCTTCGTGTAGAAGGAGGATTTTACGGCCCGCAGCG
GAGGAALLhuthQLAITAJ;LALAATAAGGATGGGAAATCTCTTGGTATAACTGAAGGTACTGAAAATAAAGTTGAAGT

TGAAGCTGAAGTTGAAGTTGAAGCTGAAACTGGTGTTGTCGAACAGTTAGAACCTGATGAAGTTAAACCCCAATTCGGCG
30 TGGTATTCGGTGCGAAGAAAGATAATARAGAGGTGGARAA

SEQ. ID NO:16
Nucleotide sequence of DNA region (1000 bp ) up-stream from the LbpB gene
from Neisseria meningitidis (serogroup A) ,
35 CGGCGTTAGAGTTTAGGGCAGTAAGGGCGCGTCCGCCCTTAGATCTGTAAGTTACGATTCCGTTAAATAACTTTTACTGA
CTTTGAGTTTTTTGACCTAAGGGTGAAAGCACCCTTACTGCTTAAAGTCCAACGACAAAAACCAAAAGACAAAAACACTT
TTATTACCCTAAAATCGAACACCCATAAATGACCTTTTTTGTCTTTGGCGAGGCGGCAGTAAGGGCGCGTCCGCCCTTAG
ATCTGTAAGTTATGATTCCGTTAAATAGCCTTTACTGACTTTGAGTTTTTTGACCTAAGGGCGGACGCGCCCTTACTGC?
TCACCTTCAATGGGCTTTGAALJxxulthLLL1th1xuuxrGACCTAAGGGTGAAAGCACCCTTACTGCCGCCTCGCC
40 AAAGACGAAAAGGGTTATTTACGGGGGTTGGATTTTAGGCAGTAAGGGCGCGTCCGCCCTTAGATCTGTAAGTTATGATT
CCGTTAAATAGCCTTTACTGACTTTGAGTTTTTTGACCTAAGGGTGAAAGCACCCTTACTGCITCACCTTCAATGGGCTT
TGAATTTTGTTCGCTTTGGCTTGCTTGATCTAAGGGTGAAAGCACCCTTACTGCCGTCTCGCCGAAGACAACGAGGGCTA
TTTACGGCGTTAGAGTTTAGGGCAGTAAGGGCGCGTCCGCCCTTAGATCCAGACAGTCACGCCTTTGAATAGTCCATTTT
GCCRAAGAACTCTAAAACGCAGGACCTAAGGGTGAAAGCACCCTTACTGCCTTACATCCAAGCACCCTTACTGCACCACG
45 TCCACGCACCCTTACTGCCCTACGTCCACGCACCCTTACTGCCCTACATCCAAGCACCCTTACTGCCTTACATAGACATG

ACAGRCGCCGAGCAGCGGAACAGGACTAAAAACAATTAAGTGATATTTTTGCCCAACTATAATAGACATGTATAATTATA
TTACTATTAATAATAATTAGTTTATCCTCCTTTTCATCCE :

SEQ. ID NO:17

) 50 Nucleotide sequence of DNA region (731 bp ) up-stream from the TbpA gene
’ from Neisseria meningitidis (serogroup B) (ATCC13090)

TATGAAGTCGAAGTCTGCTGTTCCACCTTCAATTATCTGAATTACGGAATGTTGACGCGC
RAAAACAGCAAGTCCGCGATGCAGGCAGGAGAAAGCAGTAGTCAAGCTGA?GCTAAAACG
GAACAAGTTGGACAAAGTATGTTCCTCCAAGGCGAGCGCACCGATGAARAAGAGATTCCA
55 AACGACCAAAACGTCGTTTATCGGGGGTCTTGGTACGGGCATATTGCCAACGGCACAAGC
TGGAGCGGCAATGCTTCCGATAAAGAGGGCGGCAACAGGGCGGACTTTRCTGTGAATTTC
GGT&CGAAAAAAATTAACGGCACGTTAACCGCTGACAACAGGCAGGCGGCAACCTTTACC
ATTGTGGGCGATATTGAGGGCAACGGTTTTTCCGGTACGGCGAAAACTGCTGACTCAGGT
TTTGATCTCGATCAAAGCAATAACACCCGCACGCCTAAGGCATATATCACAAACGCCAAG
60 GTGCAGGGCGGTTTTTACGGGCCCAAAGCCGAAGAGTTGGGCGGATGGTTTGCCTATTCG
GACGATAAACAAACGAAAAATGCAACAGATGCATCCGGCAATGGAAATTCAGCAAGCAGT
GCAACTGTCGTATTCGGTGCGAAACGCCAAAAGCCTGTGCAATAAGCACGGTTGCCGAAC
AATCAAGARTAAGGCCTCAGACGGCACCGCTCCTTCCGATACCGTCTGAAAGCGARGAGT
AGGGAAACACT

SEQ. ID NO:18

Nucleotide sequence of DNA region (373 bp) up-stream from the OmplA gene
from Neisseria meningitidis (serogroup B) (ATCC13090)

CGTACCGCATTCCGCACTGCAGTGAAAAAAGTATTGAAAGCAGTCGAAGCAGGCGATAAAGCTGCCGCACAAGCGGTTTA

70 CCAAGAGTCCGTCAAAGTCATCGACCGCATCGCCGACAAGGGCGTGTTCCATAAAAACAAAGCGGCTCGCCACAAAACCC
GTTTGTCTCAAAAAGTAAAACCTTGGCTTGATTTTTGCAAAACCTGCAATCCGGTTTTCATCGTCGATTCCGAAAACCCC
TGAAGCCCGACGGTTTCGGGGTTTTCTGTATTGCGGGGACAAAATCCCGAAATGGCGGAAAGGGTGCGGTTTTTTATCCG
AATCCGCTATARAATGCCGTCTGARAACCAATATGCCGACAATGGGGGTGGAG

9

65
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5 TTTTGGCTTCCAGCGTTICAT TG T T T TCGTACAAGTCETAAGTCAGCTTCAGATTG TGS
CTTTTTTAARGTCTTCGACCSTACTCTCATCAACATAGTTCGACCAGT TG TAGATGTTCA
GAGTATCGGTGGCAGCGECTTCGGCATTGGCAGCAGACGCAGCGTCTGCTTGAGGTTGCA
CGGCGTTTT T T TCGCTGCCGCCGCAGGCTGCCAGAGACAGCGCGECCAMACGGCTAATA
CGGATTTTTTCATACGGGCAGATTCCTGATGAAAGAGG TTGGAAAAAAAGARATCCCCGE
10 GCCCCATCGTTACCCCGGCGCAAGG T T TGGGCATTG TAAAGTARATITGTGCAAACT CAA
AGCGATATTGGACTGATTTTCCTAAARAATTATCCTG T TTCCAAAAGGGGAGAAARACGT
CCGCCCGATT T TGCCGTT T T I TIGCGCTGTCAGGGTGTCOGACGGGCGGATAGAGAGARA
AGGCTTGCATATAATGTARACCCCCTTTAARATTGCGCGTITACAGAATTTATTTTTCTT
CCAGGAGATTCCAATATGGCARACAGCGCACAAGCACGCARACGTGCCCGCCAGTCCETC
15 AARCAACGCGCCCACAATGCTAGCCTGCGTACCECATTCCGCACCGCAGTGAAAAAAGTA
TTGAAAGCAGTCGAAGCAGGCGATAAAGCTGCCGCACAAGCGETTTACCAAGAGTCCGTC
AAAGTCATCGACCGCATCGCCGACAAGGGLGTGTTCCACAAAAACAAAGCGGCACGCCAL
AAAAGCCGTCTGTCTGCAAAAGTAAAAGCCTTGGCTTGAT TTTTGCAARACCGCCAAGGE
GGTTGATACGCGATAAGCGGAAAACCCTGAAGCCCGACGGTITCGGGGTTTTCIGTATTG
20 CGCGGGCARAAT CCCGAAATGECGGAARGGGTGCGAT T I T T TATCCGAATCCGETATARA
ATGCCGTTTGARAACCAATATGCCGACAATGGGGGCGGAG

) SEQ. ID NO:20

Nucleotide sequence of DNA region (1000 bp) up-stream from the FhaB gene
25 from Neisseria meningitidis (serogroup B)

TACGGAAACTGCAAGCGGATCCRGAAGTTACAGCGTGCATTATTCGGTGCCCGTAAAAAAATGGCTGTTTTCTTTTAATC
ACAATGGACATCGTTACCACGAAGCAACCGAAGGCTATTCCGTCAATTACGATTACAACGGCAAACAATATCAGAGCAGC
CTGGCCGCCGAGCGCRTGCTTTGGCGTAACAGACTTCATAAAACTTCAGTCGGAATGAAATTATGGACACGCCAAACCTA
TAAATACATCGACGATGCCGAAATCGAAGTGCAACGCCGCCGCTGTGCAGGCTGGGAAGCCGAA.;uauuunuubruuxl
ACCTCAACCGTTGGCAGCTTGACGGCAAGTTGTCTTACAAACGCGGGACCGGCATGCGCCAAAGTATGCCTGCACCGGAA
GAAARCGGCGGCGATATTCTTCCAGGTACATCTCGTATGAARATCATTACTGCCGGTTTGGACGCAGCCGCCCCATTTAT
TTTAGGCAAACAGCAGTTTTTCTACGCAACCGCCATTCAAGCTCAATGGAACAAAACGCCGTTGGTTGCCCAAGATAAAT
TGTCAATCGGCAGCCGCTACACCGTTCGCGGATTTGATGGGGAGCAGAh1LLL;LuhhAGAGCGAth1LLLAuathAG
AATACTTTAACTTGGTAITTTCATCCGAACCATCAGTTCTATCTCGGTGCGGACTATGGCCGCGTATTTGGCGAAAGTGC
35 ACAATATGTATCGGGCAAGCAGCTGATGGGTGCAGTGGTCGGCTTCAGAGGAGGGCATAAAGTAGGCGGTATGTTTGCTT

ATGATCTGTTTGCCGGCAAGCCGCTTCATAAACCCAAAGGCTTTCAGACGACCAACACCGTTTACGGCTTCAACTTGAAT

TACAGTTTCTAACCTCTGAATTTTTTACTGATATTTAGACGGTCTTTCCTTATCCTCAGACCGTCAAACTTTACCTACGT
ACTTGGCGCGCAGTACGTTCATCTTCAAAATGGAATAGAC

40  SEQ.ID NO:21

Nucleotide sequence of DNA region (1000 bp ) up-stream from the Lipo02 gene
from Neisseria meningitidis (serogroup B)
TTATCTTGGTGCAAAACTTTGTCGGGGTCGGACTGGCTACGGCTTTGGGTTTGGACCCGCTCATCGGTCTGATTACCGGT
TCGGTGTCGCTGACGGGCGGACACGGTKCGTCAGGTGCGTGGGGACCTAATTTTGAAACGCAATACGGCTTGGTCGGCGC

) 45 ARCCGGTTTGGGTATTGCATCGGCTALLllbhhhbrbhxhxlththLLlhﬂlbthhbbLbbhlthbLhLLbLLIGA

) TCAACAAAATGGGCCGCAAACCGGTTGAAAACAAAAAACAGGATCAGGACGACAACGCGGACGACGTGTTCGAGCAGGCA

Ao AAACGCACCCGCCTGRTTACGGCGGAATCTGCCGTTGAAAL&LLlbLLAIhl1lbbbhbb1h1ITthblllbLLbAGAT -
TATGGACGGCTTCGACAAAGAATATCTGTTCGACCTGCCCAAATTCGTGTGGTGTCTGTTTGGCGGCGTGGTCATCCGCA
ACATCCTCACTGCCGCATTCAAGGTCAATATGTTCGACCGCGCCATCGATGTGTTCGGCAATGCTTCGCTTTCGCTTTTC

50 TTGGCAATGGCGTTGCTGAATTTGAAACTGTGGGAGCTGALthl1LbhhhhthLLbIAACCGTGRTTCTTGCCGTACA

AACCGTGGTGATGGTTTTGTACGCGACTTTTGTTACCTATGTCTTTATGGGGCGCGACTATGATGCGGCAGTATTGGCTG
CCGGCCALIBLQBLLLbhhbl1hhblGCAACGCCGACGGCGGTGGCAAATATGCAGTCCGTCACGCATACTTTCGGCGCG
TCGCATAAGGCGTTTTTGATTGTGCCTATGGTCGGCGCGTTCTTCGTCGATTTGATTAATGCCGCGATTCTCACCGGTTT

TGTGAATTTCTTTAAAGGCTGATTTTCCGCCTTTCCGACAAAGCACCTGCAAGGTTTACCGCCTGCAGGTGCTTTTGCTA
55 TGATAGCCGCTATCGGTCTGCACCGTTTGGAAGGAACATC

1w
(=]

SEQ. ID NO:22

Nucleotide sequence of DNA region (1000 bp ) up—stréam from the Tbp2 gene
from Neisseria meningitidis (serogroup B)

CCTACTCCACCGATTCCAATATGCTCGGCGCGACCCACGAAGCCAAAGACTTGGAATTTTTGAACTCGGGCATCAAAATC o
GTCAAACCCATTATGGGCGTTGCCTTTTGGGACGAAAACGTTGAAGTCAGCCCCGAAGAAGTCAGCGTGCGCTTTGAAGA
AGGCGTGCCGGTTGCACTGAACGGCAAAGAATACGCCGACCCCGTCGAACTCTTCCTCGRAGCCAACCGCATCGGCGGCC
GCCACGGCTTGGGTRTGAGCGACCAAATCGAAAACCGCATCATCGAAGCCAAATCGCGCGGCATCTACGAAGCCCCGGGT
ATGGCGTTGTTCCACATCGCCTACGAACGCTTGGTGACCGGCATCCACAACGAAGACACCATCGAACAATACCGCATCAA
65 CGGCCTGCGCCTCGGCCGTTTGCTCTACCAAGGCCGCTGGTTCGACAGCCAAGCCTTGATGTTGCGCGAAACCGCCCAAC
GCTGGGTCGCCAAAGCCGTTACCGGCGAAGTTACCCTCGAACTGCGGCGCGGCAACGACTACTCGATTCTGAACACCGAA
TCGCCCAACCTGACCTACCAACCCGAACGCCTGAGTATGGAAAAAGTCGAAGGTGCGGCGTTTACCCCGCTCGACCGCAT
CGGACAGCTCACGATGCGCAACCTCGACATCACCGACACCCGCGCCAAACTGGGCATCTACTCGCAAAGCGGTTTGCTGT
CGCTGGGCGAAGGCTCGGTATTACCGCRGTTGGGCAATAAGEAATAA&UILluLLuALLLuLATCATTAGCAACTTAAGG
70 GGTCGTCTGAAAAGATGATCCCTTATGTTARAAGGAATCCTAT

GARAGAATACAARGTCGTCATTTATCAGGAAAGCCAG
TTGTCCAGCCTGTTTTTCGGCGCGGCAAAGGTCAACCCCGTCAATTTCAGCGCGTTCCTCAACAAACAAACCCCCCGAAG

JL

60
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GATATCGAGGTCTGCGCTTGAATTG‘I‘GTTGTAGAAN‘ACAACGTTTTTGAAAMATAAGCTATTGTTTTATATCAAAA’I’A
) 25 TARTCATTTTTAAAATARAGGT TGCGGCAT TTATCAGATATTTGTTC TGARAAATGG T T T TT TG GGGGEGEGEGETATA
ATTGAAGACGTATCGGGTGTTTGCCCGATGTTTTTAGGT TTTTATCARAT T TAC AAARGGARGCOCAT

SEQ. ID NO:25

Nucleotide sequence of DNA region (1000 bp ) up-stream from the PorB gene

30 from Neisseria meningitidis (serogroup A)

gtrttct ttttcaagggaa:aacggaatﬂteggttcgtaagaatgaugggatacaggtttccgtgcggatggattcgtc
g g

attcccgcqcaggcgqgaatctagaacgtgqaatctaaqaaaccgttttatccgataaqtttccgtgcggacaagtttgg
attcccgcc:gcgcgggaatgacgqgattttaggtttc:aattttggttt:ctg:ttttgagggaatgacgggatgtagg
tthtaggaatgacgggatataggtttccgtgcqgatggattcgtcattcccgcgcaggcgggaatctagaccttagaac
35 aacagcaatattcaaagactatctgaaagtccgagattctagat:cccgcctgagcqggaatgacgaaaagcggcgggaa
tgacggttagcgttgcctcgccttagctcaaagagaacgattctctaaggtgctgaagcaccaaqtgaatcggt:ccgta
ctatttgtactgtctgcggcttcgtcgccttgtcctgatttttgttaatccactatctcctgccqcaggggcgggtttcg
catccgcccgttccgaaagaaaccgcqtgtgcqttttttgccgtctttataacccccggtttqcaatgccctccaatacc
ctcccgagtaagtgttgtaaaaatgcaaatcttaaaaaatttaaataaccatatqttataaaacaaaaaatacccataat
40 atctcta:ccgtccttcaaaacgcacatcqaattccacacaaaaacaggcaqaaqtttgttttttcagacaggaacatct
atagtttcagaca:gtaa:cgccgagcccctcggcggtaaatgcaaagctaagcggcttggaaagcccggcctgcctaaa

tttcctaaccaaaaaaggaa:acagcaatgaaaaaatccctgattgccctgactttggcagcccttcctgttgcagcaat
ggctgacgttaccctgtacggcaccatcaaaaceggegta

45 SEQ.ID NO:26

Neisseria meningitidis (serogroup B) PorB Promoter Region

GTTTTCTGTTTTTGAGGGAATGACGGGRTGTAGGTTCGTAAGAATGACGGGATATAGGTTTCCGTGCGGATGGATTCGTC

5 ATTCCCGCGCAGGCGGGAATCTAGAACGTGGAATCTAAGAAACCGTTTTATCCGATAAGTTTTCCGTGCGGACAAGTTTG

) GATTCCCGCCTGCGCGGGAATGACGGGATTTTAGGTTTCTAAxxxxuu;xLLLthx;LLuAGGGAATGACGGGATGTAG

50 GTTCGTAGGAATGACGGGATATAGGTTTCCGTGCGGATGGATTCGTCATTCCCGCGCAGGCGGGAATCCAGACCTTAGAA

CAACAGCAATATTCAAAGATTATCTGAAAGTCCGAGATTCTAGATTCCCGCCTGAGCGGGAATGACGAAAAGTGGCGGGA

ATGACGGTTA&LULLbLLlthLrIAGCTCAAAGAGAACGATTCTCTAAGGTGCTGAAGCACTAAGTGAATCGGTTCCGT
ACTATTTGTALLbILthbbLLIthbhhhl1hlLCTGATTTTTGTTAATCCACTAT

55 SEQ.ID NO:27

Nucleotide sequence of DNA region (1000 bp ) up-stream from the siaABC gene
from Neisseria meningitidis (serogroup B)

ATACGGCCAATGGCTTCAGAAAGCGATAAGCCTCTGGCTGAAAAACCGATTTCTTGTGTTCTCCCCACCGCACCCATAGA
CGTAAAGGTATAGGGATTGGTAATCRTGGTAACCACATCACCGCGACGCAGCAAAATATTTTGTCGCGGATTTGCAACTA
60 AATCTTCCAAGGCAACAGTTCGTACTACATTGCCACGTGTCAGCTGCACATTCGTATCCTGCACATTTGC;GTTGAACCA
CCTACCGCAGCCACCGCATCCAACACACGCTCACCGGCTGCCGTCAGCGGCATACGCACACTATTCCCAGCACGAATCAC
CGACACATTCGCCGCATTATTCTGCACCAAACGCACCATCACTTGTGGCTGATTGGCCATTTTTTTCAGGCGGCCTTTAA
TAATTTCCTGAACCTGACCAGGCGTTTTACCGACCACCGAAATATCGCCAACAAACGGCACAGAAACCGTACCACGTGCC
GTGACCAACTGCTCTGGCAACTTAGTTTGATGCGCACTACCCGAGCCCATCGAAGAAAGGCCACCACCAAACAATACTGC
65 CGGCGGCGCTTCCCAAATCATAATATCCAATACATCACCAATATTTAGCGTACCAGCCGAAGCATAACCATCGCCAAACT
GAGTGAATGACTGATTTATCTGAGCCTTATATAATAACTGAGCAACCGTATGATTCACATCAATCAGCTCCACTTCAGGA
ATTTGAACTTCAGATTGTTGCCCTAAAGAGACAAL11xll1luLbL1bbbbLLTGATGAAGGAATCGCAGAGCATCCTAC
AATTAAACTTCCACACAATAATAATACTGCGTGACGAATATAAAATTTCACTTTAAACACAAGCCAAATCCTAATATAAT

TATAAATGGCCTMTTATAGCACTTMTCGAAATAMTTTATGAGTACGTAGAGTATMTTAGTATTCTTCTTTCCAACT
70 TCCTTATACTTATATATATATACTTATAGATTCTAAAATC

SEQ. ID NO:28
33
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ATAATGCAGGCGCTGAAGTT GTTAAACATCAMCACACA’I‘CG‘I’TGAAGACGAMTGTCTGATGAGGCCAAACAAGTCATI‘
55 CCAGGCAATGCAGATGTCTCTATTTATGAAATTATGGAACGTTGCGCCCTGAATGAAGAAGATGAGATTAAATTAAAAGA
ATACGTRGAGAGTAAGGGTATGATTTTTATCAGTACTCLLLiLlLlLbLU&AhLLbLLXLACGATTACAACGTATGGATA
TTC”AGCATATAAAATCGGCTCTGGCGAATGTAATAACTACCCATTAATTAAACTGGTGGCCTCTTTTGGTAAGCCTATT
ATTCTCTCTACCGGCATGAATTCTATTGAAAGCATCAAAAAGTCGGTAGAAATTATTCGAGAAGCAGGGGTACCTTATGC
TTTGCTTCACTGTACCAACATCTACCCAACCCCTTACGAAGATGTTCGATTGGGTGGTATGAACGATTTATCTGAAGCCT
60 TTCCAGACGCAATCATTGGCCTGTCTGACCATACCTTAGATAACTATGCTTGCTTAGGAGCAGTAGCTTTAGGCGG“TCG
ATTTTAGAGCGTCACTTTACTGACCGCATGGATCGCCCAGGTCCGGATATTGTATGCTCTATGAATCCGGATACTT”TAA
AGAGCTCAAGCAAGGCGCTCATGCTTTAAAATTGGCACGCGGCGGCAAAAAAGACACGATTATCGCGGGAGAAAAGCCAA
CTAAAGATTTCGCCTTTGCATCTGTCGTAGCAGATAAAGACATTAAAAAAGGAGAACTGTTGTCCGGAGATAACCTATGG
GTTAAACGCCCAGGCAATGGAGACTTCAGCGTCAACGAATATGAAACATTATTTGGTAAGGTCGCTGCTTGCAATATTCG

65 CAAAGGTGCTCAAATCAAAAAMCTGATAT‘I‘GAATAATGCTTATTAACTTAGTTACTTTATTAACAGAGGA”’TGGCTATT
ACATATAGCTAATTCTCATTAATTTTTAAGAGATACAATA

SEQ. ID NO:32

Nucleotide sequence of DNA region (1000 bp ) up-stream from the ctrA gene
70 from Neisseria meningitidis (serogroup B)
ATACCTGCAC""I‘(,AGTTGCCGACCATAAATTTAGCATGT‘I"1'CAATAAGACTAAAMATATTCMATCGMTGGAAGGAAA
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ACTTGGCGAARATACCATTTATATCGATIGTGATGTTATACAGGCAGATGGCGGTACACG
CACAGCCAGTATCAGTGGTGCTGCGGTGGCACTTATTGATGCTTTAGARCACTTGCAGCG
TCGTPAARAGC T TACCCAAGATCCGCTTTTGGGCTTGGTGGCAGCGGTTTCTGTGGGTET
TAATCAAGGCCGTGTATTGCT TGAT TTGGATTATGCTGAAGATTCAACTTGTGATACCGA
45 TTTAAATGTGGTCATGACGCAGGCAGGTGGGTTTAT I GAGATTCAAGGCACAGCAGAAGA
ARAGCCATTTACTCGTGCTGAAGCTAATGCGATGC TTGATTTGGCAGAGCTGGGAATTGG
GCAGATTATCGARGCCCARAAGCAAGTATTAGGCTGGTGATATGCTAATCGTTGAAGATA
ATGGCGTGATCATCACATTAARTGGACAAGTARARGACCCATTATTTTGETGGTCGATGA
. TATTGCTGCTGCTGGGTGTCTTGETGGCAATCATT TG T TGATTGCACCCGTTTTITATG
yo CAATCGGTIGCGTTGGCTTTATTTGCAGT TGTGGTATTTGTGTTTAATATTCAAAGGCAAA
L AAGCCAAAACTTGTCATATGT TTTCACAAGGTCGCTTGAAGATTACGTCCARACGETTTG
AGATTCATAACAAARTCACTAACCTTATCAGCATCGGCAACAATATCTGCTAAAGATAACA
AAATGACAAT TG T TGATCGGGGCATTGAATATCAT T T TACAGGTTTTGC TGATGACCSTS
AAATTAATATAGCCAAACAGGTACT TTTGGGAAAGTCAATCARAACCAATGCGGTGGCES
55 TAACATTGGCTAAGTAGTTGT TGTGATACAGACAGGTTGGATGGTCTTTAACTCCACCCA
CCTAACT T T TTCT TTGT T TGGAT T TARGAGTATGT TATGATGGGCAGGAT TTTATTTTAA
GTCATCATTTAATGCAATCAGTTGTCCAGAGTAGCCGTTC

3>

TTTAT

SEQ. ID NO:43

60  Nucleotide sequence of DNA region (1000 bp ) up-stream from the hly3 gene
from Moraxella catarrhalis

GTGATCGGCAACACCCCACCATTCAGGAGCAACCAAAATTGCCCGTGCCTTGCCTGTCTT
GGTGGTATCATTTGGCAGGGCAATGTGGCTAAGTAGTGGTGTGCCATCAGGTGCGGTGGT
GGTGAGTGTACGATTCGTTATTGTCATAAAATTATCCT I TTGGGTTGGATGATATCAATG
65 ARATACCCTACGGTTGTATGGART I TTATCCATTGTACCACGGTATTGGTCTTTTTARAT
TAACAAGCAGCTTCTAGCAAGTCAAAGTTTTTATGCCTATTTTTTCAGATTTTAAGGTAC
AATAAAGCCAATTGTTAATAATATGGTATTGTCATGATTTATGATGAATTGCGACCAAAA
TTTTGGGAAAATTATCCCTTAGATGCGTTAACAGATGCTGAATGGGAAGCATTATGTGAC
GGATGTGGCGCGTGTTGTTTGGTGAAATTTCTTGATGATGACAATGTTAAATTGACCGAA
70 TATACCGATGTTGCCTGCCAGCTATTGGATTGCTCAACAGGATTTTGCCA&RACTATGCC
AAGCGTCAAACGATTGTGCCAGATTGTATTCGCTTAACACCTGATATGCTGCC TGATATS
CTGTGGTTGCCACGCCATTGTGCTTATAAGCGGTTGTATCTTGGGCAAAATCTGCCAGCA
TGGCACAGGCTCATTAAACATAGCCAAAACCATGGTGCAGGATTTGCGAAAGTTTCANCT
GCTGGGCGATGTGTGAGTGAGCTTGGTATGAGTGATGAAGACATAGAAAGGCGAGTGATG

T
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TACCGCCAAAGCCGATGTGCCAARCTATCGTGAAGAAGTGGGTAACAACCAAGGTGGCGS
20 TTTCTTATACAACATCAAAGATATTGATGTTAAGGGGCAATTT TTTGGCACARATGGCGA
AGAGTTGGCAGGACGGTTACATCATGACAAAGGCGATGGCATCACTGACACCGCCGARAA
AGCAGGGGCTGTCTTTGGGGCTGTTAARGATAAATAAAGCCCCCCTCATCATCGTTTAGT
CGCTTGACCGACAGTTGATGACGCCCTTGGCAATGTCTTAAAACAGCACTTTGAARCAGT

) GCCTTGGGCGARTTCTTGGATARATGCACCAGATTTGCCTCGGGCTAATATCTTGATARA |
25 ACATCGCCATAAAATAGAAAATAAAGTTTAGGATTTTTTT

SEQ. ID NO:45

Nucleotide sequence of DNA region (1000 bp ) up-stream from the IbpB gene

from Moraxella catarrhalis

30 CRGCTTGTACCAT TTGGTGAATATATACCAT TTGGTGGTI TG T TGGATATTTTACCAGES
CTTGAGGGTGTCGCTAGCCTAAGCCGTGGCGATGATAAGCAACCACCGCTCARATTGGGS
GGCGGCGTGGGCGATACGATTGGTGCGGCAATTTGTTATGAGGTGGCATATCCTGAGACS
ACGCGTAAAAATGCACTTGGCAGTAAT TTTTTATTAACCGTCTCAAACGATGCT TGGTTT
GGTACAACAGCAGGTCCTTTGCAGCATTTACARATGGTGCAAATGCGAAGCTTGGAGACS

35 GGGCGATGETT TG TGCGTGCARCAAACAACGGAGTGACTGCATTAATTGACCATCAAGGA
CGGATTATCAAGCAGATACCGCAGT TTCAGCGAGATAT T T TGCGAGGTGATGTACCCAGT
TATGTTGGACACACGCCTTATATGGT TTGGGGGCATTATCCCATGTTGGGETTTTCTTTG
GTGCTGATTTTTCTTAGTATCATGGCAAAGARAATGARAAATACCACCGCCARACGAGAA
ARATTTTATACCGCTGATGGTGTGGTAGACCGCTGARTTGTGCCACTTTGGGCGTTAGAG

40 CATGAGCAAGATTAGGCGTTGGGTGAGCTTTGGTTGTATTACTCATCAGCCTACCCGAAR
CCTGCCAARCATCACCGCCCAAARCCTAAACATACAATGGCTAAAAATATCAGAAAATAA
CTTGCTGTATIGTARATTCTTATG T TATCATGTGATARTAATTATCATTAGTACCAAGAT
ATCCATTACTAAACTTCATCCCCCATC TTARCAGTTACCAAGCGGTGAGCGGATTATCCS
ATTGACAGCAAGCTTAGCATGATGGCATCGGCTGATTGTCTTT I TGCCTTIGTTGTGTGTT

45 TGIGGGAGTTGATTGTACTTACCTTAGTGGTGGATGCTTGGGCTGATTTAATTAAATTTG
 ATCAARGCGGTCTTCACAACACACCAAACGAGATATCACC

) SEQ. ID NO:46

Nucleotide sequence of DNA region (1000 bp ) up-stream from the tbpB gene

50 from Moraxella catarrhalis

AGTTTGCCCTGAT T TTGAGAGCCACTGCCATCATGAATT TG TTGGC GTAAACACCACTCS
TATTCTICTTCGGTTTCCCCTTTCCATGCAAACACAGGGATACCAGCGGCCGCCATGGCA
GCGGCGGCGTGGTCTTGGGTGCTAARAATATTGCATGATGTCCAGCGAACTTCTGCACCE
AAGGCAACCAAAGTCTCAATCAGCACCGCTGT T TGAATGGTCATGTGGATACAGCCTAGS
55 ATTTTAGCACCCTTAAGTGGTTGCTGGTCTTGATAGCGTTT TC TTAACCCCATCAGGGET
GGCATCTCAGCTTCTGCCAAGGCAATCTCACGGCGACCATAATCGGCTAAACGGATATCA
GCGACTTTATAATCGGTGAARGT TTTGGGTGGTACTIGGATTGATTGAGGTAGGCATATCT
TTATTCCTAAGCTATT TTARAGTAT T T TTAACAATAATTTTGATGAATTTGAGATAATTG
ATGCTAAAAGGTTGAATGACCAAACCATCGCTARCAATCAAGAAAAGACATTTTAAGCAT
60 AAAPMAGCAAATGTGTCTTGATGGC T TATTATARCAGTTATTATGATAAATTTGGGTAGAA
AGTTARATGGATCGTTGGGTAAGT TTGTTGGCTATCETTAATTAATTATAATTTTTTAAT
AATGCTTTTACTTTATT TTAAAAATAGAGTAAAAAATGETTGGC T TTGGGTTTTTATCTC
ACTATGGTAGATARAATTGATACAAAATGGTTIGTAT TATCACTTGTATTTGTATTATAA
TTTTACTTATTTTTACAARCTATACACTRAAAATCAAARATTAATCACTTTGGTTGGGTGS
65 TTTTAGCAAGCAAATGGTTATTT TGGTAAACAATTAAGTTCTTAAAAACGATACACGCTC
ATAAACAGATGGTTTTTGGCATCTGCAATTTGATGCCTGCCTTGTGATTGGTTGGGGTGT
ATCGGTGTATCAAAGTGCAAAAGCCAACAGGTGGTCATTG

SEQ. ID NO:47
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TACGCAGTTGACCAAACATCAATTTTTAGCCATTTGCCAAGCACTCAATATTACCGCTCA
TACGACCATGCTTGGTATTAAATCATCACATARAGATACT TTACATCCATTTGAATTGAC
ATTACCCAAATACGGCCATGCCTCAARTTATGATGATGAAT TGGTGCAAAACAATCCATT
30 GGCTTATTTTCATCAACTGTCTGCCGTCTGCCGATATTTTTATACCCAAACGGTTTGTAT
TETTGGCGGTGARAGCTCAGGGARAACTACCTTGGTGCAAAAACTTGCCAATTATTATGS
TGCCAGCATCGCACCTGARATGEETCGAT TATACACACACTCCCATCTCGGCGGTAGEGA
ACTTGCCCTTCAATACAGCGACTACGCATCCATTGCCATCARTCACGCCAACGCTATCGA
AACCGCTCGTACCACTGCCAGCTCTGCTGTTACACTGATTGATACTGATTTTGCGACAAL
35 GCAAGCATTTTGTGAAATTTATGAAGGGCGAACGCATCCGCTTGTCGCAGAATTTGCTAA
ACAAATGCGATTGGATTTTACGATTTATTTAGATAATAATGTTGCTTGGGTCGCTGATGG
CATGCGTAGGCTTGGTGATGATCATCAACGCAGTT TG TTCGCCAATAAATTGCTTGAGAT
TTTGGCACGATRTGATATTAGTTATCATATCATTAATGACACCGACTACCACAAACGCTA
TCTACAAGCATTAAGCTTGATAGACAATCATATTTTTAATCATTTTACAAAAATTCATGA
40 CAATTAATTAGGGAAAATCTGATGAAAATTGATATTTTAG

SEQ. ID NO:49

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspal gene

from Moraxella catarrhalis

45 GGATGTGGCATATCTGCCCATCGACCCARTACACATCGGTCGAGGCTATCAAGATGTGGT
ACGAATTAATAGCCAGTCAGGTAAGGGCEGTGCTGCGTATATCTTGCAGCGGCATTITGS
. TTTTARTTTACCACGCTGGACACAGATTGAT T TTGC TCGTGTGGTACAGGCTTATGCAGA
) AAGTATGGCGCGTGAACTAAARACTGATGAGCTGCTTGAAATTTTTACCCARGCGTATCT
- TAAGCAAGATAAATTCCGCCTAAGTGACTATACCATCAGCAATAAAGGCGATGCTGTCAG --
50 CTTCCAAGGCCAAGTAGCGACACCCAAAGCGGTGTTTGAGGTGATTGETCARGGCARTGE
TGCGTTATCTGCGTTCATTGATGGCTTGGTGAAATCCACAGGCAGACAGATTCATGTCAC
CAATTACGCCGAACACGCCATCGATAACARARCCCATCARAAARCCGATACGGATAACCA
AACCGATGCCGCCETGCCGCTTATATCCAGC TG TCGGTAGAGGGGCAGATTTATTCAGGE
ATCGCCACTTGCCATAGCACCGTATCCGCCATGC TAAAAGGTGCATTATCCGCTTTEGCA
55 CAGGCGTGGTAATCTGACCCAATCAAAATCCTGCATGATGGCAGGAT TTTATTATTTAGT
GGGCTGCCCANCANTGATGATCATCAGCATGTGAGCAAATGACTGGCGTARATGACTGAT
GAGTGTCTATTTAATGAAAGATATCAATATATARAAGT TGACTATAGCGATGCAATACAG
TAAAATTTGTTACGGCTARACATARCGACGGTCCARGATGGCGGATATCGCCATTTACCA
ACCTGATAATCAGTTTGATAGCCATTAGCGATGGCATCAAGTTGTGTTGTTGTATTGTCA
60 TATAARCGGTAAATTTGGT TTGGTGGATGCCCCATCTGATTTACCGTCCCCCTAATARGT
GAGGGGGGGGGAGACCCCAGTCATTTATTAGGAGACTAAG

SEQ. ID NO:50

Nucleotide sequence of DNA region (1000 bp ) up-stream from the uspa2 gene
65  from Moraxella catarrhalis

CCCCAAGLLLLLLBLilulbIh&LLbL1thhXCGGGCGGTCATACCATGCTGGTGCGTG
CCGATGGTGTGGGCGTGTATCAGATAT TGGGCGAGTCTATCGATGATGCGGTGGGTGAAT
GCTTTGATAAAACGGCAARAAATGC TCAARCTGCCCTATCCTGGTGGCCCARATATCGAAR
AATTAGCCAAAAACGGCAACCCACACGCCTATGAGCTGCCAAGACCCATGCAGCATANAG
70 GGCTGGATTTTTCGTTCAGTGGCATGAAAACCGCCATTCATARTCTCATCAAAGACACAC
CARACGCCCAARGCGACCCCGCCACACGAGCAGACATCGCCGCAAGCTTTGAGTATGCGS
TGGTGGATACTTTGGTCAAAAAATGCACCAAAGCACTACAGATGACAGGCATTCGCCAGC

74
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+3(y 0 ( mcCMATCAGGGGCACTATCGATMGCGTACCATCCAMTCAAATATMTCAGm

CAGTCATTGACAGTGTTTGCATGCTTTTTCCTTATTCTTAAAATTGGCGGCTGTT

TGGTATTTTTTAAATCAGTCAATTTTTACCATTTGTCATATAATGACAAAGTACAAATTT

AGCAATATTTTAGTGCATTTTTTGGCGAAGTTTTATGAAAACTGGTCATTGGTTGCAAAR

CTTTACACAGTACCTATAAAACTTGCACAGTTAATARGAA%TATTTTGTTACTATAGGGG

30 CGTCATTTGGAACAAGACAGTTATTTGTAAATAGTTATTTGCAAAAGACGGCTAAAAGAC
AGAACAGCGTTTGTTTCAGTGATTAACTAGGAGAAAAACA

SEQ. ID NO:52

Nucleotide sequence of DNA region (10600 bp ) up-stream from the ompl06 gene
35  from Moraxella catarrhalis

TTGATCGGTTTTGCCCCACTGTTTCATGATTTACTCAAAACAGGCGGCTTGATCGTGCTS
GCAGGTCTGACCCAARACCARACCCAAGCGGTCATCGATGCCTACTCGCCTTATGTTACS
CTTGATACGCCATTTTGTTATGCAGATGCCCAAGACTGCCATTGGCAACGCCTAAGCGGE
ATCAAACCTACCAACCCATAAGCGATATGCCATGAGCCACAAACCTAAGCCAACACCGET

40 ATATCAACAAGTTGAGCAGACCGCCAAGCGTTATTITGAGACATTGGGCGATGCTCATAC
TCATGATGTCTATGCCACTTTTTTGGCCGAATTTGAAAARCCGCTGCTCATCGCCGCACT
CAATCACACGCACGGCAATCAGTCAAAARCCGCCCARATCCTTGGTATCAATCGTGGCAC
ATTACGCACCARAATGAAAACCCATCACTTACTTTAGACCGCCAGTTATCGCCATGGATA
TGGGCAGGTGTGCTCGCCTGCCGTATGATGGCGATGACACCCCATTTGCCCCATATCTGE

45 ACGATTTGACATGATTTAACATGTGATATGATTTAACATGTGACATGATTTAACATTGTT
TAATACTGTTGCCATCAT TACCATAAT T TAGTAACGCATTTGTAARAATCATTGCCCCET
TTTITTATGTGTATCATATGARTAGAATATTATGAT TGTATC TGATTATTGTATCAGAAT
GGTGATGCCTACGAGTTGATTTGGGTTAATCACTCTATTATTTGATATGTTTTGAAACTA

) ATCTATTGACTTAAATCACCATATGGT TATAATTTAGCATAATGGTAGGCTTTTTGTARA

-2 50 ARTCACATCGCAATATIGTTCTACTGT TACCACCATGCTTGAATGACGATCCARATCACE

AGATTCATTCAAGTGATGTGTTTGTATACGCACCATTTACCCTAATTATTTCAATCAAAT -
GCCTATGTCAGCATGTATCATTTTITTTARGGTARACCACC

SEQ. ID NO:53

55 Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene
from Moraxella catarrhalis

ACTATTCTGCTTTTTGT T TTTCACGARTGCGAATGCCCAACTCACGCAACTGGCGATTAT
CAACTTCAGCAGGTGCTTCGGTCAATGGGCAATCTGCCGTCTTGGTT TTTGEGAAGECGA
TCACATCACGGATTGAGCTGGCACCARCCATCAGCATAATCAGGCGATCTAGACCAAATG

60 CCAAACCACCGTGCGGCEGTGCACCAARACGCARTGCATCCATCARAAACTTARACTTAA
GCTCTGCTTCTTCT TTAGARATACCCARGGCATCARATACCGCCTCTTGCATGTCAACCS
TATTAATACGCAGCGARCCGCCACCAATT TCTGTGCCATT TAGTACCATGTCATAGGCAA
TGGATAGGGCGGT T TCGGGACTTTGT TTGAGTTCCTCAACCGAGCCT T I TGGGCGTGTAA
AAGGATGATGARCTGATGTCCACTTACCATCATCAGTTTCCTCAAACATTGGARARTCAA

65 CGACCCARAGCGGTGCCCATTCACAGGTAAATAAAT T TAAATCAGTACCGATTTTAACAL
GCAATGCACCCATAGCATCATTGACGATTTTGGCTTTATCGGCACCARAGARAATGATAT
CGCCAGTTTGGGCATCGGTACGCT CAATCAGC TCAATCAAAACCTCATCGGTCATATTTT
TAATGATGGGTGATTGTAATCCTGATTCT T TT TCAACGCCATTATTGATATTCCTTGCGT
CATTGACCTTAATATATGCCAATCCACGAGCGCCATAMATACCAACAAATTTGGTGTACT

70 CATCARTCTGCTTGCGACTCATGT TACCGCCAT T TGGAATGCGTAAGGCAACAACACGGE
CTTTAGGAxLLxhuﬁbh&uuuuxuAAAATACTTTAAATTCAACATGTTGCATGATGTCAG
CARCATCAATAAGTTTTAAGGGAATGCGTARATCAGGCTTATCTGAGGCATAATCACGCA

qo
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Nucleotide sequence of DNA region (1000 bp) up-stream from the lipol8 gene

from Moraxella catarrhalis

TTCATGCAACAAGCGACCATCTTGGCCGATGATACCATCCTGCTCACCTAAGAAAATCRG
TTTATCAGCTTGCAGGGCAATGGCTGTGGTCAGTGCTACATCTTCTGCCAATAGATTAAA
AATTTCGCCCGTAACCGAAAAACCTGTCGGTCCTAGTAGGACAATATGGTCA:TATCCAA
ATTATGGcGAATGGCATCGACATCAATTGAGCGTACCTCACCTGTCATCTGATAATCCAT
ACCATCTCTGATGCCGTAAGGGCGAGCGGTGACAAAATTACCcGAAATGGCATCAATACG
AGATCCGTACATTGGGGAGTTAGCAAGCccCATCGACAGCCGAGCTTCGATTTGTAGACG
AATTGAGCCGACTGCCTcCAAGATGGCAGGCATAGATTCATACGGTGTTACACGCACATT
CTCATGTAGGTTTGATATCA&LIxubhAaaxxurAAAx;&&LLLLLAL}LGLUG&LUFAC
ACCATGCACAAGCACCAATTTGATGCCCAAGCTGTGTAGCAGTGCAAAATCATGAATCaG
CGTACTAAAATTGTCACGAGCGACCGCCTCATCACCAAACATAACCACAAAGGTTTTGCC
ACGATGGGTGTTAATG TACGGGGCAGAAT TACGAAACCAATGCACAGGTGTGAGTGCAGS
AGTGTTCTGATAGGTGCTGACAGAATTCATGAATGCTCCAAAGAGTCAATGGCTGGTAAA
ATAAGAATGGCGAACAATATATGGcGAGAGCGTCTGATGTTGGTCAAATGTCCCATTAAT
AACTATCAAGATACCATCATACCATAGCAAAGTTTTGGGCAGATGCCAAGCGAATTTATC
AGCTTGATAAGGTTGGCATATGATAAAATCTACCATCATCGTCGCCAGTTTTGAGCATGT
GTAAGTAGTTACcATAATTAAACAGTCAAGAAATTCACACCGTCAATCAGCTGTGCTATG
CTTATGGGCACATAARAACTTGACCAACACAGGATAAATTTA

SEQ. ID NO:57

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipol1 gene

from Moraxella catarrhalis

GGCATAL&&LLbLLAlbLlL1ATTTTGGCATAACTGCTATAAGCCCATTGCTACTTTTTA
TCATTTATCCATATGTCCAATAATGTGCTTTATGTAATTTAGGCACACTATTAACTCGTG
CCACTGTTAACATTCAGCATAAAAATCTTAACAATGAATCAAAGCATCGTATTGGCTGTT
AAATGATAAGCTTATATTTATTTAAATTCAGACTAAATGATTGTAATATGGACATATCAA

4
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AATCATCACAATGGCARCAATGATGATGGTTGARATCCACTTGACATATACCATGTTGCS |
ATGCTCACCATAGTTAATCGCAAGGCTTCCCAAGCCACCACCGCCAACCACACCTGECAT
45 TGCAGRATAACCARTCAARGACACCAAGGTCAATGTGACCGCATTAATCAAAATGGGCAG
GCTTTCAGCARAATAGTATTTGCTGACAACCTGCCAATGCGTTGCACCCATAGATTTGGE
AGCTTCGGTCAGTCCTGTGGGTACT TCTAAT AAAGCATTGGCACTCARGCGTGCARAAAR
TGGAATTGCTGCCACACTCAAAGGGACGA1hubhhblullhlbbbﬂﬂhhhllbllLLLAC
N ' CARAARTCGTGTGACTGGCATGAGAATAATGAGCAAAATAATARAAGGARCGGAGCGACT
)50 AATATTAATAATAACATCCAAAATTACAAATACACTGCGATTTTCAAGGATACGCCOTTT
’ ATUGGTTAARAATGCCAAARACCCTATCGGTAGCCCAACCAAARCAGCGATGGCAGTGGE - -
AGCAAGCCCCATATAGATGGTTTCCCARGTGGATTGGGCAACCATCTCCCACATTCTTGS

GTGCATTTCACTGACAART T TTGTGACGATTTCATTCCACATAGCCGATAATCTCAATAT
TGACCCGATGGGTGGTTAAARATTCTATTGC TTGCATGACCGAGGTGCC T TCACCGATAA

55 GCTCAGCAATGGTAAAGCCAARTTTTATATCACCTGCATAA

SEQ. ID NO:60

Nucleotide sequence of DNA region (1000 bp ) up-stream from the lipo7 gene
from Moraxella catarrhalis

60 AGTARACARTGGTAACAAATACAGCAGTGTCGCACAGTCCTCAGTACGATGATTCTGAAT
TTGAATATGCAGGATTTTGGATACGATTTGTGGCATGTCTTGTCGATAATTTAATTGTTA
TGATTATARTTGCACCGTATTGGTTTTATAATTATCAGC AARTGATGGCCATGCCTGOTG
ACCAARTACCGTTTTATAGTGTTGGGGATGCCATCCT T TATAGTGC TGGGGATGCTATCE .
TAARCT TAGTGATGGCEGCGGCEETTGTTTGCT TTTEGGTAAAAAAAGGTGCAACACCAG

65 GTARAATGCTCTTTGGGCTGCAAGTCCGTGATGCCAAAACAGGGCAATTTATCAGTGTGE
CAAGGGCATTATTGCGATAT TTTAGTTATCTGAT T TCATCCGTGATTCT T TGTTTGGGAC
TTATTTGGGTTGGTTTTGATAAGARAAAACAAGGCTGGCATGAT AAAATTGCCAARACTG
TTGTGGTAAAACGCATTCOCTGATGGGTCGCCAGTTARAACAATAAAACCATCARACGCAR
GCAGGGCGAxuxuxxquGCAb11uuuuu1AGATAAGCTAAAACAAGCAGGCTATGAAAT

70 TATTTTAACCAACTTTACCACCCCATTIGTTGGTGAGATTGATATTATCGCCAGACAGES
TTTGGAGCAATCGCACCGTTTGGTGCAGCCARGATITTGTACGGTATT TG TTGAAGTGCG
TAGCCGAACAAGTTCTGTGTATGGTACAGCGCT TGAGAGTGTTACCTCAAAAAAGCACSE
AARRATCTACCGAACAGCAGAACGATTTTTAATCAAT TATCCCARATATATTGATGATGC
ATACCGTTTTGATGTCATGGTTTTTGATTTGG T TGATGGATTGATTGAACATGAATGGAT

75 AAAAARTGCGTTTTGATTGGCTCAATGGTCGTGRATTAAAATCAATCAAGCAATCCGTAG

9V
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CCAAAGTAAACCGCTTARATCGTGGAATAACGCCTGCTGCTGAGGGTGAGGCTTCAGGCA
AAACCAAGGTARCCTTATCCCCCAACTTAAGTCCCATGTCAGAGACAATGGACTCACCTA
ATATAATACCAAACTCGCCGATATGTARATCATCCAAATTGCCTGCGGTCATATGCTCAT
CAATGATAGARACTTGCTTTTCGTAATCAGGCTCAATGCCAGAAACCACGATTCCAGTCA
CCTGACCTTCAGCGGTTAACATACCTTGTAGTTGAATATAAGGGGCAACTGCTTGCACTT

'CTGGATTTTGCATTTTGATTTTTTCGGCAAGTTCTTGCCAATTTGTCAAAATTTCTGTTG

15

AGGTAACTGAAGCTTGAGGCACCATGCCAAGAATGCGTGATTTAATTTCACGGTCAAAGE
CATTCATGACCGACAAAACCGTGATARGCACTGCAACCCCARGEGTAAGCCCAATGETTG
AGATAAAAGAAATAAAGGAARTAAAGCCATTTTTACGCTTAGCT TTGGTATATCTAAGCS
CAATAARTAACGCCAAGGGACGAAACATAAGCTGTGTTCCAAACGACCCAACCGTGCTAG
TTTAGCACTTTTTIGGACRAATACCAAACATCACATAACAAATGAATCATCAGGTTGGTT

- TIGTTGCGCTTGTGTATCTGTATGATARGTTTCT TGCTAAAACAGCTT T TTTATGTCAGA

20

30

35

40

45

50

55

60

65

70

ATACAGAAAAGGTATATACTTATATTTTTAACTTTAAATAGATCTGCTTTTTTATACCGA
TGATTTGGCATGAAGTTTATCGGTCTGATATGCTGGATATAAGT TTATCGGCTTGATATA
AATTTTAATTAATCATCAAATTTTTAAGGAATTTATCATTA

SEQ. ID NO:62

z 10% & ()--

% d

)_
)_

z

Nucleotide sequence of DNA region (1000 bp ) up—streaml from the P6 gene from

Moraxella catarrhalis

TAAGGATACCAGATTTTGGCTTGTCARTCGTTGTGT TAATCATTGTAACGGTTTATAGTG
ATTGTCARTTAATAAGGGTAARAAAGTATTTATCAAGTAATAATCTTTCTTATATGTGAA
TATAATGACAAAT TTATCACATTT T TACAAGGATTT TTTATCAAGATTAGGATATGTTCC
AGCTTAATTATTAGTGATGAGCGTGTGATTATTTGGCATCGTTAAATTTATGAGTGCTAA
ARTTGCCAAATGATTAARAT T TTGCTAACATGATAGCCCCTTTGGTAGGCTTTATTTGET
ATTGATGAGCAATAATAATATACCGAGTTARATGGAT TAACTTAACATACGCCAARRALT
TAACAACGAAAAGTAGATGATTATGACAGATACAGTACAAAAAGATACAGCACAGTCCCC
CARAARAGTTTATCTARARGACTACACGCCGCCAGTATATGCAGTTAATAAAGTGGATTT
GGATATCCGCTTGTTTGATGATCATGCTGTCGTTGGTGCCAARCTTAARATGACACGAGE
ACACGCAGGCGAGCTTCGGCTICTTGGGCGAGAT T TAAAGCTTAAARGCATTCACCTARR
TGGTCAGGAATTAGAGTCGCAGGCGTATCATCTTGATAAGGAAGGCTTAACAATTTTAGA
TGCACCAGATGTCGCAGTGATTGAGACATTGGT TGAGATTTCACCACAAACCARCACAAC
ACTTGAAGGGCTATATCAAGCAGGARCAGGTGATGATAAGATGTTTGTGACACAATGCGA
ACCTGAGGGTTTTCGCAAAATCACCTTTT TCCCTGACCGCCCTGATGT T T TGACAGAATA
CACCACACGCCTAGAAGCACCARAGCATTTTAAAACC TTGCTTGCCARTGGTAATTTGGT
TGAGTCAGGAGATGTGGATGAAAATCGCCAT TATACCAT TTGGCATGATCCTACCAAAAA
ACCCAGCTATCTATTCGCCGCTGTCATTGCCAATCTAGAAG

SEQ. ID NO:63

Nucleotide sequence of DNA region (1000 bp ) up-stream from the MsbB gene

from Haemophilus influenzae (HiRd)

AAATCAAbLuLLxuLuLL;uuxuuT&ATGGTTGTGGAGACGAATTATATTCTTGGTTTGA
ACCGCCAAAACCAGGCACTTCAGTGAGCAAACCTAAAGTTACACCGCCTGAGCCGTTTTT
GTGCCAACAGATTTTGAACTCACCGAATCGGAGAGAATGGTTAGAATAGCA?TGAGGTAA
ATCAATATGGATATCGGCATTGATCTTTTAGCAATATTGTTTTGTGTTGGTTTTGTCGCA
TCATTTATCGATGCAATTGCTGGCGGTGGTGGATTAATCACCATTCCAGCGTTACTCATG
ACAGGTATGCCACCAGCAATGGCGTTAGGCACCAACAAATTGCAAGCTATGGGCGGTGCA
TTATCCGCAAGCCTTTATTTCTTGCGAAAAAGAGCGGTCAATTTACGCGATATTTGGTTT
ATTTTGATTTGGGTTTTCTTAGGTTCTGCCCTAGGTACATTATTAATTCAATCAATTGAC
GTGGCGATTTTCAAAAAAATGCTTCCTTTTTTGATTTTAGCCATTGGTCTATATTTTTTA
TTTACTCCTAAATTAGGTGATGAAGATCGAAAACAACGATTAAGTTATCTGTTATTTGGT
CTTTTAGTTAGCCCATTTTTAGGTTTTTATGATGGCTTCTTTGGGCCAGGGACTGGCTCA
ATCATGAGTTTAGCCTGTGTTACTTTGCTAGGATTTAATCTCCCGAAAGCGGCAGCACAT
GCAAAAGTGATGAACTTCACTTCGAACCTTGCTTCTTTTGCACTTTTCTTATTGGGCGGA
CAAATTCTTTGGAAAQLU&&L;LLGTGATGALQQLLUhhAGCA;x;AAGGTGCAAATTTA
GGTGCCAAAATGGTGATGACGAAAGGTAAAACCTTGATTCGACCGATGGTTGTTATCATG
TCTTTTATGATGACGGCTAAAATGGTTTACGATCAGGGTTGGTTTCATTTTTAATTCGGA
AAGCGCGCAAAAGTGCGGTTAARATTAATTACATTTTATTA

SEQ. ID NO:64

Nucleotide sequence of DNA region (1000 bp ) up-stream from the HtrB gene

from Haemophilus influenzae (HiRd)

TTGAAGTCCCCARTTTACCCACCACAATTCCTGCGGCARCATTGGCTAGGTAACAAGATT
CTTCGAAAGAACGTCCATCTGCTAATGTGGTTGCTAATACACTAATGACAGTGTCACCGG
CTCCCGTCACATCARACACTTCTTTTGCAACGGTTGGCAARTGATAAGGCTCTTGATTTG
GGCGTAATAATGTCATGCCTTTTTCAGAACGCGTCACCAAAAGTGCGGTTAATTCAATAT
CAGAAATTAATTTTAAACCTTTCTTAATAATCTCTTCTTCTGTATTACATTTACCTACAA
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AAAAAGGTCAAAAAATG&GCTGGATTAACCGAATTTTTAGTAAAAGTCCTTCTTCTTCCA
CTCGAAAAGCCAATGTGCCAGAAGGCGTATGGACAAAATGTACTGCTTGTGAACAAGTAC
TTTATAGTGAAGAACTCAAACGTAATCTGTATGTTTGCCCGAAATGTGGTCATCATATGE
GTATTGATGCTCGTGAGCGTTTATTAAAT TTATTGGACGAAGATTCAAGCCAAGARATTG
45 CGGCAGATTTAGAACCAARAGATATTTTAAAATTCARAGATT TAAAGARATATAAAGATC
GTATCAATGCGGCGCAAAAAGAAACGGGCGAGAAAGATGCGCTAATTACTATGACAGGTA
CACTTTATAATATGCCAATCGTTIGTGGCTGCATCGAACT T TGCTTTTATGGGCGGTTCAA
TGGGTTCTGTAGTTGGTGCAAAATTTE T TAAAGCGGCTGAAAAAGCGATGGAARTGAATT
5 GTCCATT TG TG TG T T TCTCTGCGAGTGGTGGTGCTCGTATGCAGGAAGCATTATTCTCTT
) 50 TAATGCARATGGCAAAAACTAGTGLCETACTTGCTCAAATGCGTGAAAAGGGTGTGCCAT
' TTATTTCAGTATTAACGGATCCGACTTTAGGCGGCGTATCAGCCAGTTTTGCGATGTTAG -
GGGATTTAAATATTGCCGAGCCARAAGCCTTARATTGGT TTTGCAGGGCCACGCGTTATTG
AACAAACTGTGCGTGAARAATTGCCAGAAGGTTTCCAACGTAGTGAGTTTCTACTTGAGA
MAGGGGCAATTGATATGATCGTGAAACGTTCAGAAATGLGT

SEQ. ID NO:67

Nucleotide sequence of DNA region (1000 bp ) up-stream from the P5 gene from
Haemophilus influenzae (HiRd)
TCACTTAATTCAAGCGCATCAATGTTTTCTAARACATCAACAGAATTGACCGCACTTSTA
60 TCTAAAATTTCGCCATTTATTAAGACTGCGCGTAATGCCAAAACATGATTAGAGGTTTTA
CCATATTGCAATGAGCCTTGCCCAGAGGCATCGG TG T TAATCATTCCACCTARAGTCGET
CGATTGCTGGTGGACAGT TC TGGGGCAARGAACARACCATGTGGTTTTAAAAATTGATTA
AGTTGATCTTTTACTACGCCTGCT TG TACTCGAACCCAACGT TCTTTTACATTGAGTTCT
AAGATGGCTGTCATATGACGAGAARG AT CCACTATTATATTGTTATTGATGGATTGCCCA
65  TTTGIGCCAGTGCCTCCACCGCGAGGCGTARAGCTGATTGATTGATATTCAGETAAATTT
GCCAATTITGT TATCCGCACTATATCAGCARCCSTTTTCGGAAARRGAATTGCTTGTGGA
AGTTGTTGGTAAACGCTGTTATCCGTAGCCAGACTTAATCTATCTGCATAGTTTGTCGCA
RTATCCCCCTCAAAATGTIGGCAT TGAAGATCATCAAGATAATCAAGTACATATTGTTCA
ACTTGAGGAATGCGAT TTAGAT T TGGCAACATAGTATTTGAC CCATTTAMACATATCAGA
70 TGGAGGCTTTGATAATATCCTAAGGCTAGARTAATGTCGATTAGGARAGAGAGAGGAGAA
AGTAAAARGTCTGTTTAAGAAAGTGTTATTTTGGATAAAAACTAAACAAAARATTCAAAA
GAATTTGATCT TTTCAATTT T TATAGGATARTAAGCGCACTTTTGAACGTTCCTTTGGGG
TARACATAAGCARRGGARTTGARTTTGT CARARGGTAATAAAGTAGGGCARATTCAARAC
CCTAGTTARGTGACTGTTTATAATGTAGCT T TAATTAAAAGT TCAGTATAAACAAGGACA
75 CTTTTTATTACTATTCGATCACTAAATAGAGGACATCAAARL
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ATAGCTATTTTGCATTAATACAGTCCCTGGCGTACCTGATGCACCAACCGTATCAATTAR
TTGATAAGTARTACTATAACCATTACCCGATGGAACCACTT

65 SEQ.ID NO:71

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpA gene

from Haemophilus influenzae (non-typeable)

GGCGATAACCGAGTTTTTGGGGTATTTAGTGCCARAGAAGACCCACAARACCCAAMATTA
TCCAGAGAAACCTTAATTGATGGCAAGCTAACTACTTTTAAAAGAACTGATGCAMAAACE
70 ARTACAACAGCCGATACAACAACCAATARAACAACCAATGCAATAACCGATGAAAARAAC
TTTAAGACGGAAGATATACTAAGTTTTGGTGAAGCTGATTATCTTTTAATTGACAATCAG
CCTGTTCCGCTTTTACCTGAAAAARATACTGATGATT TCATAAGTAGTAGGCATCATACYT
GTAGGAAATARACGCTATARAGTGGAAGCATGTTGCAAGAATCTAAGCTATGTAAAATTT
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ARACGACACGATAATGGAAATACCGTAT TTAAAAT TACTGCAGACCTTCARAGTGGTAAG
AATGACTTCACTGGTACAGCAACCGCAACARATTTTGTAATAGATGGTAACAATAGTCAA
ACTGGAAATACCCAAATTAATAT TAAAACTGARGTAAATGGGGCATTTTATGGACCTARG
GCTACAGAATTAGGCGGTTATTTCACCTATAACGGAAATTCTACAGCTAARAATTCCTCA

10 ACCGTACCTTCACCACCCAATTCACCAAATGCARGAGCTGCAGTTGTGTTTGGAGCTAAR
AAACAACAAGTAGAAACAACCAAGTAATGGAATACTAAAAA

SEQ.IDNO:72

Nucleotide sequence of DNA region (1000 bp ) up-stream from the TbpB gene
15 from Haemophilus influenzae (HiRd) :

TAGARTTATATTCT TATACAAAATTGATAATTGTTCGCATTATCATT I TTTTTT TGTAAT
AATGTCAACTTATAATTTTTTAAGTTCATGGATAAAATATGAAAAATGGCGTAAAACAAC
TTTTTCTCTTATCATTARTAGGCTTATCATTAACGAATGTAGCTTGGGCAGRAGTTGCAL
GTCCTAAAAATGATACATTGACAAATRCGATTCAAAGTGCGGAATTAAARACCTCCTCTT
20 TTTCCTCTATGCCTAAGARAGAAATACCAAATAGGCATATTATTTCTCTTTCCARAAGES
AATTAGCGCACCATCCAAGGCTTGT TTTGCGTGGGT TARTTCCTGCTT TATATCAARATA
ACACTCAGGCAGTTCAACTGTTATTACCACTATATAAACAATT TCCTCAACAAGATAATT
TCTTACTAACTTGGGCAAAGGCTATTGAAGCTCGTGAACAAGGTGATTTAACTCAATCTA
TTGCTTATTATCGTGAAT TAT TCGCTCGAGACGCATCTTTACTACCTT TACGTTATTAAT
\ 25 TAGCTCAAGCTCTATTTTTTAACTATGARAATGAAGCTGCCARMAATTCAATTTGARARAT
) TACGTACAGAGGTAGATGATGARARATTTTTAGGTGT TATTGATCAGTATCTTTTARCAC |
TAARTCAGCGGAATCAATGGATATGGCAAGTAGGATTAAATTTTTTARATGATGATAATT
TGAATAACGCTCCAAARAGTGGCACAARAATTGGTAGT TGGACCGCTTGGGAARRAGARA
GTGGGCAGGGGEGTAGGGTAT TCT TTATCAGTAGAAAARAAATGGCCATGGGCAGATCATT
30 TTTTTAGTAAAACTATGTTTAATGGGAATGGAAAATAT TATTGGGATAATAAAAAATACA
ATGAGGCTACTGTGCGTATAGGTGGTGGTTTAGGCTATCAAACTGCCTCAGT TGAAGTCT
CGTTGTTTCCTTTTCAAGAAAAACGCTGGTATGCAGGCGGT

SEQ. IDNO:73

35 Nucleotide sequence of DNA region (1000 bp ) up-stream from the HifA (pilin)

gene from Haemophilus influenzae (LKP serotype 1 genome)
TAATARATTGCTCCATAAAGAGGTT TGTGCCTTATAAATARGGCAATAAAGATTAATATA
AACCGTTTATTAAAATGCCARAGGCT TAATAAACAGCAAACT TTGTTTTCCCARARAARG
TAAAARACTCTTCCAT TATATATATATATATATATARTTAAAGCCCTTTTTGAAAAATTT
40 CATATTTTITTGAATTAAT TCGCTGTAGGTTGGGTTT TTGCCCACATGGAGACATATAAR
AAAGATTTGTAGGGTGGGCGTAAGCCCACGCGGAACATCATCAAACAACTGTAATCTTGT
ATTAGGCACGGTGGGCTTATGCCTCGCCTACGGGGARATGAATAAGGATARATATGGGET
TAGCCCAGTTTATGGAT TTAATTATG T TGARATGGGGAARACAATGTTTARARAAACACT
TTTATTTTTTACCGCACTAT T TT T TGCCGCACT T TG TGCATTT TCAGCCAATGCAGATGT
45 GATTATCACTGGCACCAGAGTGATTTATCCCGCTGGGCARAAARATGTTATCGTGAAGTT
AGAAAACAATGATGATTCGGCAGCATTGGTGCAAGCCTGGATTGATAATGGCAATCCAAR
TGCCGATCCAAAATACACCAAAACCCCTTTTGTGATTALLLL&LLxuxLuuLLhAGTGGA
AGCGAAATCAGGGCARAGTTTGCGGATTACGT TCACAGGCAGCGAGCCTTTACCTGATGA
TCGCGARAGCCTCT T T TAT TT TAAT T TG TTAGATATTCCGCCGARACCTGATGCGGCATT
.50 TCTGGCAAARCACGGCAGCTTTATGCAARTTGCCATTCGCTCACGTTTGAAGTTGTTTTA
) TCGCCCTGCGARACTCTCGATGGATTCTCGTGATGCAATGAAAAAAGTAGTETTTAARGE
CACACCTGAAGGGGTGTTGGTGGATAATCAAACCCCTTATTATATGAACTACATTGGTTT
GTTACATCAARATAARCCTGCGAAAAATGTCARAATGGTTG '

55 SEQ.IDNO:73

Nucleotide sequence of DNA region (1000 bp ) up-stream from the HifE (tip

pilin) gene from Haemophilus influenzae (LKP serotype 1 genome)
TAGTAGATTTCCGCACGGGCAAAAATACAATGGTGTTATTTAACCTCACTTTGCCAAATG
GCGAGCCAGTGCCAATGGCATCCACCGCACAAGATAGCGAAGGGGCATTTGTGGGCGATG
60 TGGTGCAAGGTGGTGTGCTTTTCGCTAATAAACTTACCCAGCCAAAAGGCGAGTTAATCG
TCARATGGGGTGAGCGAGARAGCGAACAATGCCGTTTCCAATATCAAGTTGATTTGGATA
ACGCACAAATACAAAGTCACGATATTCAATGCAAAACCGCAAAATRAATAATTGAAGAGG
ATTTATGCAAAAAACACCCRAARAATTAACCGCGCTTTTCCATCAARAATCCACTGCTAC
TTGTAGTGGAGCAAATTATAGTGGAGCAAATTATAGTGGCTCAAAATGCTTTAGGTTTCA
65 LLL L GGG T CT G T TGC T TGCGTGGC TCTGC T TGATTGCATTGTGGCACTGCCTGCTTA
TGCTTACGATGGCAGAGTGACCTTTCAAGGGGAGATTTTAAGTGATGGCACTTGTARART
TGAAACAGACAGCCAAAATCGCACGGTTACCCTGCCAACAGTGGGAAAAGCTAATTTAAG
CCACGCAGGGCAAACCGCCGCCCCTGTGCCTTTTTCCATCACGTTAAAAGAATGCAATGC
AGATGATGCTATGAAAGCTAATCTGCTAT T TAAAGGGGGAGACAACACARCAGGGCAATE
70 TTATCTTTCCAATAAGGCAGGCAACGGCAAAGCCACCAACGTGGGCATTCAAATTGTCAA
AGCCGATGGCATAGGCACGCCTATCAAGGTGGACGGCACCGAAGCCAACAGCGAAAAAGC
CCCCGACACAGGTAAAGCGCAAAACGGCACAGTTATTCAACCCuus;xsuerALLxxuu
CTCGTTATTACGCCACAGGTGAAGCCACCGCAGGCGACGTTGAAGCCACTGCAACTTTTG
AAGTGCAGTATAACTAAAATATTTATTATCCAGTGAAAALA
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35
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60

65

70

51
101
151
201
251
301
351
401
451
501
551
8§01
651
701
751
801
851
901
951

1001

1 TTATCCGCTA
ATCANCGGGG
AACGACGATT
TCATAATGCG
AATTTGGCGA
AATACTTGCC
AAATTTTTAC
GGTGCCGTAT
TTTCCAAACC
TAAATACATT
TATATGAAAA
TTGGAAAGCA
CCTTAGATGA
GGCCATGCTG
AGGGGCAGAA
ACAACTGATA
AAACCTAAAA
TCGATCAGAT
TTTTTTTGTA
TGGAGAAAAG
A

ACATTTCATC
CGATCTGGCT
TATTAATTCA
CGCCAAGCTG
TTGGGATTAA
ATTCTACACA
TGATGGATCT
TGCGTTATAA
ACCAATAATC
AAAAGAACCT
ATGGCATAAC
AGTTCTGGAA
ATCCATCCAA
GACACAGAGA
AATCCGACAT
TAACGTCATA
CAGAATAAAA
TTCAAGAARA
AAGATGCAGC
TTCAATCATA

SEQ. ID NO:76
Nucleotide sequence of DNA coding region (partial) of the Moraxella Catarrhalis

HtrB gene

AGTAATTCCA
TRATATAAAT
ACTGCACCAA
ATTCATACCT
TCATTTGTTC
ACAACCTTTT
TGCTTAGGTA
ACAACATGAA
GAATGGAATT
TGCTTGATCA
CAAATGGATC
AGCCTGTAAA
CGTCATAARA
AAATGAAATT
TGGAAGATAT
TTTTTCGATA
AATAATCAAA
TTAAAATTTT
TCGTCCGTTT
GATAGTAAAC

51
101
i351
201
251
301
351
401
451
501
5351
601
651
701
751
801
851
9801

TCAGTGCTTG
GGCGGCGTGT
GCAGCATCCA
CAGCGGCAAA
AGTCGACAGT
AAATTAAAAC
CCAAGTGGTA
GAATGCTTGG
TCAAARATGC
AATGCCAGCC
AARCACTCAAA
ATCCATCAGG
AGTACGCTGG
CTTAAGCTGT
ATGAATTAAA
ACTGCTTTAA
TTATATGTGG
CTTATTTACT
GCCATGTCAA

Protein Seq: 25%

1
51
101
131
201
251
301

SVLGFLRYVP LSVLHGLAAC
QRQKLAKQIL KNQLISAVDS
PSGMLAIVPH IGTWEMMNAW
NASLVPTDAS GVKAIFKTLK
STLASKLAAK TGCALVGLSC
TALNGAMEQM IYPHFLHYMW

AMSKDSYE

SEQ.ID NO:77
Nucleotide sequence of DNA coding region of the Neisseria (meningococcus B)

GTTTTTTAAG
GCGTCTTATA
AGCCAATTTA
AACTCGCCAA
CTTAAAACTT
GGTTCATCAT
TGCTTGCCAT
CTCAATACCT
GGCGGTAGAT
TTGTACCCAC
GCAGGTGGAT
TGGTGAGATT
CGTCAAAGCT
ATTCGGCGTG
TGATGAACAA
ATGGTGCGAT
AGCTATCGTC
TAATGAAAAT
AGGATAGTTA

identity and 35% similarity with HtrB from E. coli
SIYRSIQANL ILVHPKMPDA
LXTWAMPPKW SIAQIKTVHH EDILIKALAN
LNTFGSPTIM YKPIRNAAVD REVLOGRERL
AGGFSIILPD HVPDPSGGEI APFFGIKTLT
IRREDGDGFE IFCYELNDEQ LYSKNTKIAT
LNNPYLLNEN ELKKIAIKLQ

ASYISYHCRL

SYRRFKHTPL

ATATGTACCG
TTTCCTATCA
ATCTTGGTTC
ACAAATCCTA
GGGCAATGCC
GAAGATATCC
TGTGCCTCAT
TTGGCTCCCC
CGCTTTGTTT
AGATGCTAGT
TTAGTATCAT
GCTCCTTTTT
TGCTGCAAAA
AAGATGGCGA
CTTTATTCAA
GGAACAAATG
GGTTCAAGCA
GAGCTAAAAA
TGAG

HtrB gene

51
101
151
201
251
301
351
401
451
501
551

1 ATGTTTCGTT
CATCCTGTTG
GTCTGCACAC
AAGGAAGACC
TCCCGACCCC
GTTTGGAACT
ATGTTCAAAG
ACACGAAGGG
GCGGACGCTA
AAACCGCCGA
TCGCGGCAAA
TCATCAAAGC

TACAATTCGG
ACCGCCCTGC
GCTGGGAAAC
GCGCGCGCAT
AAAACAGTCA
TGCCCCCGLG
CGGTACACGG
CTGCTATTCA
CATCAGCCAG
AAATCAAAGC
GGAAAAACCG
CCTGCGTTCG

TGAACTTTAA
ATGAYAATTA
TTTCAATAAT
GTAGTTTCAG
AACCTATCTC
TGTTATGCCK
ATCCAGGGGC
AARACACTCT
ACGCGCTGTC
CGCTTTATAG

"“TTTARCTGGA

ARACCAAGAT
TTAATTGGCA
TGCGATGAAT
GGGGTACATA
CCTAAAAATA
TTCATTTAAA
GGAGTATTGA
TGGCGATTGG
AACCATAAGG

CTGTCAGTCC
TTGCAGGCTT
ACCCCAAGAT
ARAAATCAGC
ACCARAATGG
TAATCAAAGC
ATCGGCACTT
TACTATCATG
TACAGGGGCG
GGTGTTAAGG
ACTGCCCGAC
TTGGTATTAA

t!109Fe$T& ()-2& t! 109Te$T& ()
()-z&DHi t U9* t!10% t! 109e$TE&
()-2& t!1109e$T& ()-2z& t!10%T
t1109Fe$T& ()-2& t! 109Fe$T& () - z&

()-z&U9* t!110% t! 109Te$T& ()-z&) 2. Pq!

()-z& t!11090e$T& ()-2z& t!109e$T& () - z&" - 89: U9*

(BN '*a
PO0L07 4340+

}légstf'éai!pfﬂﬁﬁﬂ&lf(z)g‘eﬁ&from

TCGCATCAGG
TTACCTGTGT
GCAGTGTCCT
TATCTAATAC
TTTCCATTAA
AAACAGATTG
GGGCGGAATT
CCAAAGGCTA
ATTGAAGCAT
TGATAGCCAA
AAAAARATAA
TTATGGATAG
ATGGGTAAAA
TAGCAAAAAR
GAAGARATAAT
TTTAATACTT
ARATGTGATC
CATCAAAAAT
ACAATTCTAT
AATACAAATT

TGCATGGATT
AGTATTTATC
GCCAGACGCA
TCATCAGTGC
TCTATCGCAC
ACTTGCCART
GGGAGATGAT
TATAARGCCCA
TGAAAGACTA
CAATTTTTAA
CATGTACCTG
AACCCTAACC

ACTGGTTGTG
TGGTTTTGAR
AARAATACCAR
ATTTATCCAC
TACACCACTA
AAATAGCCAT

LILITGITGH
ATTTTTTGTT
RATTGCAACC
ATTTTTTGCA
TTAAATAATC
AAAGCTTCAA

GCTGTTTCCC
TCAAATGCCT
CGGCTCGGAC
CGTCGCCAAT
AAGCCGTTTT
TTTTTCAGAA
CTGGGAACAT
TCACGCCGCA
CAGCTTCCGT
GATAGACAAA
CGCCTACCAG
GGCGAAGCAA

CCTTTGCGAA
CTCCCTGCTG
ATCTGGCGTT
ATGCGTCAGG
TGCGGAAACG
AACCGGAAGA
GTGCAGCAGG
CATCGGCAGC
TCCCGCTGAC
ATCATGCAGG
CATACAAGGG
CCATCGTCCT

4t

CCGCCATGCA
CCACTTTCCT
TTACCTTTTA
CAGGCATGAA
GCAAAAGGCG
CATAGAAACA
CTTTGGACAA
TACGATTTGG
CGCCATGTAC
CGGGCAGGGT
GTCARACAARA
GCCCGACCAC
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10

15

20

30

35

40

45

55

60

65

70

75

801 CCATGATGCC GCCGTGTTCA ACCGCAATGC CGAATATTGG ATACGCCGTT
851 TTCCGACGCA GTATCTGTTT ATGTACAACC GCTACARAAT GCCG

Protein Sequence - 30% identity and 38% similarity with Herb £, coli

1
51
101
151
20
251

MFRLQFGLFP? PLRTAMHILL TALLKCLSLL PLSCLHTLGN RLGHLAFYLL

KEDRARIVAN MRQAGMNPDP
MFKAVHGWEH VQQALDKHEG
KPPKIKAIDK IMQAGRVRGK
VPSPQEGGEG VWVDEFGKPA
FDLHIRPVQG ELNGDKAHDA

SEQ.ID NO:78

Nucleotide sequence of DNA coding region of the Haemophxlus influenzae (non-
typeable) HtrB gene

51
101
131
201
251
301
351
401
451
501
581
601
651
701
751
801
851
901

Protein Scquence - 57% Identity and 66% similarity with BtrB E, coli
MKNEKLPQFQ PHFLAPKYWL FWLGVAIWRS
SHLKVGKRRA AIARRNLELC

1
51
101
151
201
251
301

ATGAAAAACG
ATACTGGCTT
TTCCCTATCC
TCACATTTAA
TGAACTTTGT
AAGAARAATCT
TGGTTTTGGT
ACATTATCTA
ATTTCTTAAC
GGCATTGGTG
AACACAAGGC
TACGCGGAAT
CCTGATCACG
AGTACCTGAC
CGCARAACAG
TCAGGCTATA
AGATGAAACG
TCATGAAGGSG
CGTCCAGATG

AAAAACTCCC
TTTTGGCTAG
TATTTTGCGC
AARGTGGGTAA
TTCCCTGATA
TCGTTCAGTA
CGGATTCACG
AAAGAARATC
GCTAGAACTT
TTTATCGTCC
CGTTTACGCT
GATCAAAGCT
ATTACGGCAG
ACTTGCACTA
CARAGTEATY
CCGTGAGTAT
GCGATTGCTG
CATATCACAR
AAMATACGCC

TCAATTTCAA
GCGTGGCAAT
CATATTGGTC
ACGTCGAGCT
TGCCTGAARAA
GGCATGGCAA
TATCAAARAAR
AARAAGATGG
GGCGCACGCA
AAATGATAAT
CCAATAAAGA
TTACGCCACG
AAAARATGCC
CTACTGGTAG
CCATTTGIGS
TTCAGCGCCT
CGCGAATGAA
TATATGTGGC
TAGTTTATAC

CCGCACTTTT
TTGGCGAAGT
ATGGTTTCGG
GCCATTGCAC
CGAACGTGAG
TTATCGAAAC
TGGTCGAARG
AATTGTTCTC
TCATTGGTTT
CCTTTIGCTTG
TATGCTTGAT
AAGAAACCAT
GTTTTTGTTC
TTATTATTTA
CATTACGCAA
GTTGATTTTA
TCAAATCGTA
TACATCGCCG
GATTAA

KTVKAVFAET AKGGLELAPA FFRKPEDIET
LLFITPHIGS YDLGGRYISQ QLPFPLTAMY
GEKTAPTSIQG VKQIIKALRS GEATIVLPDH
YTMTLAAKLA HVKGVKTLFF CCERLPGGQG
AVENRNAEYW IRRFPTQYLF MYNRYKMP

TAGCCCCAAA
ATTTTATGTC
TTGGCTGTTT
GCCGTAATCT
ACGATTTTGC
TGGCATGGCT
TTGAAGGCTT
GTCGGTGTTC
ACATCATCCT
ATTGGCTACA
CGTAAAGATT
TTGGTATGCG
CTTTTITTGC
TTGAAATCCT
TAAAGATGGT
CGGATTTACA
GAAAAGGAAA
TTTTAARACA

ILCLPYPILR HIGHGFGWLF
FPOMPENERE TILQENLRSV GMAIIETGMA

WFWSDSRIKK WSKVEGLHYL KENQKDGIVL VGVHFLTLEL GARIIGLHHP
GIGVYRENDN PLLDWLQTQG RLRSMKDMLD RKDLRGMIKA LRHEETIWYA

PDHDYGRRNA VEVPFFAVPD TCTTTGSYYL
SGYTVSISAP VDFTDLQDET
RPDENTPSLY D~

SEQ. ID NO:79

Nucleotide sequence of DNA coding region of the Haemo

typeable) MsbB gene

51
101
151
201
2351
301
sl
401
451
501
551
601
651
701
751
801
851
901
851

AIAARMNQIV

LKSSQNSKVI PFAPLRNKDG
EKEIMKGISQ YMWLHRRFKT

1 ATGTCGGATA
AGCGCACTTT
TTGGTATTTT
GATAAATTGA
ACAGCGTACG
CTGAACAACA
CAGGTTATGT
GCAAAAACGC
CTGAAGGAAA

ATCAACAARA
TCATGGTCGT
CTTTTTATTG
CGGGAAAATT
CGTGCACAAR
ACGTGAGCAA
TTGGTATTGG
AGCGAATTTA
GAATATTATT

GLGTCTGGCA

TAATCCACAC -

AACGTTTCGG
TTAAGTCATG
TTTTGGGGCG
CGACATTACC
ATTCCAATGT
AATTCATCCT
CAATGAACGA
GITTGGATTT
TGATTAA

TTATTTTGCA
CGTAATCCAT
CGGAAAAATG
TTCGTAAAGG
GAACAAAGCG
AGGGTTAAAT
TTCCTCGTTA
GCAATGAATT
AGAAATAGAA
TGCAATTATT

TTTACGTTTG
ATTTAAAGCC
TTGTTAGCAT
AGGTATTTGG
CTAACTTGCA
GTGATTGATA
TGAGATTGCC
TCGGTCTTGA
CTTATGGTGC
CACTCAAGGC
TGGTGGATTG
CATGCACGCC
CGAAATGGGT
TATTTGTTGA
ARAATGGCAA
TAACGCTGAA
TAAGTGATGA
TCTTTTGTTA
GCGTACAAGG

ACGGCGAGAG
TCAATATTGG
TTGTGCCTTT
ATTGGGCATA
ATATTGTTTC
AAATGTTTGC
ATCCGTTCAA
ACATATCGAA
CACATGGCTG
ATGCCAATGA
GCTTTGGACG
AAAATGGTAT
TATTACTTAC
TITTCTTTGGG
AACTTTCTAA
ACGGGCAAAT
TCCTGAACAA
CGCCAGCGCC
AAAGATGGCG

TGGGCTATGA
GGGATTTGGC

TCGTCTGCGE -

ARGCAAAGAA
CCTCATTGGA
GGTTGTCGCT
AGAAACATTT
CAGGCAAAAG
GGCGATTGAT
CTTCTATGTA
ATTACACGCC
TAAACCTTTT
CCGATGAAGA
ACTTATAAAG
AGCCGTTGTT
ATGAAATGGA
TCAGCCCGAG
AGAGCAATAT
AAGATCTTTA

Protein Sequence - 45% identity and 56% similarity with MsbB E.coli

1 MSDNQQNLRL TARVGYEAHF SWSYLKPQYW GIWLGIFFLL LLAFVPFRLR
51 DKLTGKLGIW IGHKAKKQRT RAQTNLQYCF PHWTEQQREQ VIDKMFAVVA
101 QVMFGIGEIA IRSKKHLQKR SEFIGLEHIE QAKAEGKNII LMVPHGWAID
151 ASGIILHTQG MPMTSMYNPH RNPLVDWLWT ITRQRFGGKM HARQONGIKPF

a3

philus influenzae (non-



t110%t! 109Fe$T& ()-2&8) 2. Pq! t!109Fe$T& ()-24& t! 109Fe$T& () - z&
t110947e$T& ()-2& t! 100Ge$T& () -28U9* t!10%t ! 109%e$T&! () -,2&) 7,Pgt
t110%e$T& ()-2& t! 100Fe$TE ()-2& t! 109Te$T& ()-2& t! 10%HebTE: w Chsomuo-
t'lO%t'lO‘Vd’eﬁ gs() 28 2. Pl t!109Te$T& ()-2z& t! 109Te$T&pEt/ER /07424
t1109e$TEYPYIYRE 1 1006e$TE () - 2&&* KVabcU9* t!10% t! 109%ae$T& () - z&) 2. Pq!
t!1099e$T& ()-2& t! 10%Te$T&' ) z& t1109Fe$T& ()-2z& t! 109Te$T& () - zZ&cgU9*

t110% t! 10%0e$T& ég t110%0e$T& ( 1 10%0e$T& ()- z&
1 ToofrosTor 13 iy Stobiob et oty R (dad ol
301 VWILQLLRTR KDGPDLYD'

5 SEQ.IDNO:80

Nucleotide sequence of DNA coding region of the Moraxella catarrhalis MsbB

gene

1 ATGAGTTGCC ATCATCAGCA TARGCAGACA CCCAARACACG CCATATCCAT
51 TAAGCATATG CCAAGCTTGA CAGATACTCA TAAACAAAGT AGCCARGCTG
10 101 AGCCAAAATC GTTTGAATGG GCGTTTTTAC ATCCCAAATA TTGGGGAGTT
151 TGGCTGGCTT TTGCGTTGAT TTTACCGCTG ATTTTTCTAC CGCTGCGTTG
201 GCAGTTTTGG ATCGGCAAGC GTCTTGGCAT TTTGGTACAT TACTTAGCTA
251 AAAGCCGAGT TCAAGACACT CTAACCAACC TGCAGCTTAC CTTCCCAAAT
301 CAACCAAAAT CAAAACACAA GGCCACCGCA CGGCAAGTAT TTATTAATCA
15 351 AGGTATTGGT ATTTTTGAAA GTTTATGTGC ATGGTTICGC CCTAATGTCT
401 TTAAACGCAC TTTTAGCATT TCTGGTTTAC AGCATTTGAT TGATGCCCAA
451 AAACAAARATA AAGCGGTGAT TTTACTTGGT GGACATCGCA CGACGCTTGA
801 TTTGGGCGGT CGGTTATGTA CACAGTTTTT TGCGGCGGAC TGCGTGTATC
551 GCCCACAAAR CAACCCTTTG CTTGAATGGT TTATCTATAA TGCACGCCGC
20 601 TGTATCTTTG ATGAGCAAAT CTCAAATCGT GATATGAAAR AACTCATCAC
€51 TCGGCTCAAAR CARGGTCGGA TAATTTGGTA TTCACCTGAT CAAGATTTTG
701 GTCTTGAGCA TGGCGTGATG GCGACCTTTT TTGGTGTGCC TGCAGCAACG
. 751 ATTACCGCTC AGCGTCGTCT TATTAAGCTG GGTGATARAG CCAATCCTCC
) 801 TGTCATCATC ATGATGGATA TGCTCAGACA ARCGCCCGAT TATATCGCAA
- 25 851 AAGGTCACCG TCCACATTAT CACATCAGCC TAAGCGCTGT GTTAAAAAAT
901 TATCCCAGCG ATGACGAAAC CGCCGATGCT GAACGCATCA ATCGACTGAT
951 TGAGCAAAAT ATTCAAAAAG ATTTAACCCA GTGGATGTGG TTTCATCGCC
1001 GCTTTARAARC TCAAGCCGAT GACACCARTT ACTATCARCA TTAATG

30 rProtein Sequence - 28% identity and 37 similarity with MsbB of E. coli
1 MSCHHQHKQT PKHAISIKHM PSLTDTHKQS SQAEPKSFEW AFLHPKYWGV
$1 WLAFALILPL IFLPLRWOFW IGKRLGILVH YLAKSRVQDT LTNLQLTEPN
101 QPKSKHKATA RQVFINQGIG IFESLCAWFR PNVFKRTFSI SGLQHLIDAQ
151 KONKAVILLG GHRTTLDLGG RLCTQFFAAD CVYRPQNNPL LEWFIYNARR
35 201 CIFDEQISNR DMKKLITRLK QGRIIWYSPD QDFGLEHGVM ATFFGVPAAT
251 ITAQRRLIKL GDKANPPVII MMDMLRQTPD YIAKGHRPHY HISLSAVLKN
30) YPSDDETADA ERINRLIEQN IQKDLTQWMW FHRRFKTQAD DTNYYQH*

SEQ. ID NO:81

40 Nucleotide sequence of DNA coding region of the Neisseria (memngococcus B)
MsbB gene

1 ATGAAATTTA TATTTTTTGT ACTGTATGTT TTGCAGTTTC TGCCGTTTGC
51 GCTGCTGCAC AAACTTGCCG ACCTGACGGG TTTGCTCGCC TACCTTITTIGG
101 TCAAACCCCG CCGCCGTATC GGCGAAATCA ATTTGGCAAA ATGCTTTCCC
45 . 151 GAGTGGGACG GAAAAAAGCG CGAAACCGTA TTGAAGCAGC ATTTCAAACA
201 TATGGCGARA CTGATGCTTG AATACGGCTT ATATTGGTAC GCGCCTGCCG
251 GGCGTTTGAA ATCGCTGGTG CGTTACCGCA ATAAGCATTA TTTGGACGAC
301 GCGCTGGCGG CGGGGGAARR AGTCATCATT CTGTACCCGC ACTTCACCGC
351 GTTCGAGATG GCGGTGTACG CGCTTAATCA GGATGTACCG CTGATCAGTA
50 401 TGTATTCCCA CCAAAAAAAC AAGATATTGG ACGCACAGAT TTTGAAAGGC
) 451 CGCAACCGCT ACGACAATGT CTTCCTTATC GGGCGCACCG AAGGCGTGCG
) 501 CGCCCTCGTC AARCAGTTCC GCARAAGCAG CGCGCCGTTT CTGTATCTGC
551 CCGATCAGGA TTTCGGACGC AACGATTCGG TTTTTGTGGA TTTTTTCGGT
601 ATTCAGACGG CAACGATTAC CGGCTTGAGC CGCATTGCCG CGCTTGCAAA
55 651 TGCAAAAGTG ATACCCGCCA TCCCCGTCCG CGAGGCGGAC AATACGGTTA
701 CATTGCATTT CTACCCGGCT TGGGAATCCT TTCCGAGTGA AGATGCGCAG
751 GCCGACGCGC AGCGCATGAA CCGTTTTATC GAGGAACCGT GCGCGAACAT
801 CCCGAGCAGT ATTTTTGGCT GCACAAGCGT TTCAAARCCC GTCCGGAAGG
60 851 CAGCCCCGAT TTTTACTGAT ACGTAA
Protein Sequence - 25% identity and 36% identity with MsbB E. coli
1 MKFIFFVLYV LQFLPFALLH KLADLTGLLA YLLVKPRRRI GEINLAKCFP
51 EWDGKKRETV LKQHFKHMAK LMLEYGLYWY APAGRLKSLV RYRNKHYLDD
101 ALAAGEKVII LYPHFTAFEM AVYALNQDVP LISMYSHQKN KILDRQILKG
65 151 RNRYDNVFLI GRTEGVRALV KQFRKSSAPF LYLPDQDFGR NDSVEVDFFG
201 IQTATITGLS RIAALANAKV IPAIPVREAD NTVTLHFYPA WESFPSEDAQ
251 ADAQRMNRFI EEPCANIPSS IFGCTSVSKP VRKAAPIFTD T*

14
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1. A genetically-engineered bleb preparation isolated from a modified Neisseria

5  meningitidis 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

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, TbpA, TbpB, LbpA, and LbpB.

3. A genetically-engineered bleb preparation isolated from a modified
25  Haemophilus influenzae strain characterized in that said preparation is obtainable by
employing the following process:
a) a process of reducing immunodominant variable or non-protective antigens
Within the bleb preparation 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, P5,

Hif, IgAl-protease, HgpA, HgpB, HMW1, HMW2, Hxu, TbpA, and TbpB.
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the following group:

b) a process of upregulating expression of protective OMP antigens within
5 the bleb preparation comprising the steps of identifying such antigen,
engineering a bacterial strain so as to introduce. a stronger promoter
sequence upstream of a gene encoding said antigen such that said gene is
expressed at a level higher than in the non-modified bleb, and making
blebs from said strain;

10 c) aprocess of upregulating expression of conditionally-expressed, protective
OMP antigens within the bleb preparation comprising the steps of
identifying such an antigen, engineering a bacterial strain so as to remove
the repressive control mechanisms of its expression, and making blebs
from said strain;

15 d) a process of modifying lipid A portion of bacterial LPS within the bleb
preparation, comprising the steps of identifying a gene involved in
rendering the lipid A portion of LPS toxic, engineering a bacterial strain so
as to reduce or switch off expression of said gene, and making blebs from
said strain;

20 e) a process of modifying lipid A portion of bacterial LPS within the bleb
preparation, comprising the steps of identifying a gene involved in
rendering the lipid A portion of LPS less toxic, engineering a bacterial

,) strain so as to introduce a stronger promoter sequence upstream of said
gene such that said gene is expressed at a level higher than in the non-

25 modified bleb, and making blebs from said strain;

) 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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which shares a structural similarity with a human structure and may be

5 capable of inducing an auto-immune response in humans, comprising the
steps of identifying a gene involved in the biosynthesis of the antigen,
engineering a bacterial strain so as to reduce or switch off expression of
said gene, and making blebs from said strain; or

1) a process of upregulating expression of protective OMP antigens within
10 the bleb preparation comprising the steps of identifying such antigén,
engineering a bacterial strain so as to introduce into the chromosome one
or more further copies of a gene encoding said antigen controlled by a
heterologous, stronger promoter sequence, and making blebs from said
strain.
15
5. The bleb preparation of claims 1 to 4, wherein the engineering steps of
processes a), b), c), d), €), h), and i) are carried out by homologous recombination
events between a sequence of at least 30 nucleotides on the bacterial chromosome,
and a sequence of at least 30 nucleotides on a vector transformed within the strain.
20
6. The bleb preparation of claim 5, wherein the engineering steps are carried out
by double cross-over homologous recombination events between two sequences of at
) least 30 nucleotides on the bacterial chromosome separated by nucleotide sequence
‘X’, and two sequences of at least 30 nucleotides on a vector transformed within the
25  strain separated by nucleotide sequence *Y’, wherein during the recombination event

X and Y are interchanged.

7. The bleb preparation of claim 6, wherein the two nucleotide sequences are of
approximately the same length, and wherein the vector is a linear DNA molecule.

30
8. The bleb preparation of claim 6 or 7, wherein the recombination events of

processes a), b), ¢), 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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sequence Y comprises elther a weak promoter region, or no promoter region.

10.  The bleb preparation of claim 6 or 7, wherein the recombination events of

processes a), d) and h) are carried out such that nucleotide sequence X comprises part

of the coding sequence of the gene of interest.

10 11.  The bleb preparation of claim 6 or 7, wherein the recombination events of

process i) is carried out such that nucleotide sequence Y comprises the further copy of

the gene within an expression cassette.

12.  The Neisseria meningitidis bleb preparation of claim 4, obtainable by
15  employing process b) and/or i), wherein one or more genes are upregulated from a list

consisting of: NspA, Hsf-like, Hap, PorB, OMP85, PilQ, P1dA, FrpB, TbpA, TbpB,

FrpA, FrpC, LbpA, LbpB, FhaB, HasR, lipo02, Tbp2 (lipo28), MItA (lipo30), and

ctrA,

20 13.  The Neisseria meningitidis bleb preparation of claim 4 or 12, obtainable by

employing at least process h), wherein one or more genes are downregulated from a

list consisting of: galE, siaA, siaB, siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

14, The Moraxella catarrhalis bleb preparation of claim 4, obtainable by
25  employing process b) and/or i), wherein one or more genes are upregulated from a list
consisting of: OMP106, HasR, PilQ, OMP85, lipo06, lipol0, lipoll, lipol8, P6,
ompCD, CopB, D15, OmplAl, Hly3, LbpA, LbpB, TbpA, TbpB, OmpE, UspAl,

UspA2, and Omp21.

30 15.  The Haemophilus influenzae bleb preparation of claim 4, obtainable by
employing process b) and/or 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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5 17. A meningococcal vaccine comprising the bleb preparation of claims 1, 4, 12,

or 13 and one or more plain or conjugated meningococcal capsular polysaccharides

selected from the serotypes A, C, Y or W.

18. A meningitis vaccine comprising the preparation of claims 1, 4, 12 or 13, a
10 conjugated H. influenzae b capsular polysaccharide, and one or more plain or

conjugated pneumococcal capsular polysaccharides.

19.  An otitis media vaccine comprising the bleb preparation of claims 2, 4 or 14
and one or more plain or conjugated pneumococcal capsular polysaccharides, and one

15  or more antigens that can protect a host against non-typeable H. influenzae infection.

20.  An otitis media vaccine comprising the bleb preparation of claims 3, 4 or 15
and one or more plain or conjugated pneumococcal capsular polysaccharides, and one

or more antigens that can protect a host against Moraxella catarrhalis infection.

20
21.  The otitis media vaccine of 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 method of making a vaccine comprising the step of generating said vaccine

30  from the modified Gram-negative bacterial strain of claim 22.
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5 25. Use of the bleb preparation of claim 2 or 14 in the manufacture of a

medicament for immunizing a human host against a disease caused by infection of

Moraxella catarrhalis.

26. Use of the bleb preparation of claim 3 or 15 in the manufacture of a
10 medicament for immunizing a human host against a disease caused by infection of

Haemophilus influenza.

27. A genetically-engineered bleb preparation from a modified Gram-negative
bacterial strain characterized in that said preparation is obtainable by employing the
15  following process:
b) a process of upregulating expression of 'protective OMP antigens within
- the bleb preparation comprising the steps of identifying such antigen,
‘ engineering a bacterial strain so as to introduce a stronger promoter
sequence upstream of a gene encoding said antigen such that said gene is
20 expressed at a level higher than in the non-modified bleb, and making

blebs from said strain.

) 28.  The genetically-engineered bleb preparation of Claim 27, wherein said
preparation is obtainable by employing one or more further processes selected from
25  the following group:

h) a process of reducing expression within the bleb preparation of an antigen
which shares a structural similarity with a human structure and may be
capable of inducing an auto-immune response in humans, comprising the
steps of identifying a gene involved in the biosynthesis of the antigen,

30 engineering a bacterial strain so as to reduce or switch off expression of
said gene, and making blebs from said strain; or

i) a process of upregulating expression of protective OMP antigens within

the bleb preparation comprising the steps of identifying such antigen,
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strain.
5
29.  The bleb preparation of claim 27 or 28, wherein the engineering steps of
processes b), h), and i) are carried out by homologous recombination events between a
sequence of at least 30 nucleotides on the bacterial chromosome, and a sequence of at
least 30 nucleotides on a vector transformed within the strain.
10

30.  The bleb preparation of claim 29, 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
15  strain separated by nucleotide sequence Y’, wherein during the recombination event

X and Y are interchanged.

31.  The bleb preparation of claim 30, wherein the two nucleotide sequences are of
approximately the same length, and wherein the vector is a linear DNA molecule.

20
32. The bleb preparation of claim 30 or 31, wherein the recombination events of
processes b) and h) are carried out within the region of the chromosome 1000 bp

) upstream of the initiation codon of the gene of interest.

25 33.  The bleb preparation of claim 32, wherein for process h) nucleotide sequence
X comprises part of the promoter region of the gene, and nucleotide sequence Y

comprises either a weak promoter region, or no promoter region.

34.  The bleb preparation of claim 32, wherein for process b) nucleotide sequence

30 Y comprises a strong promoter region for the bacterium.

35.  The bleb preparation of claim 34, wherein nucleotide sequence Y is inserted

200-600 bp upstream of the initiation codon of the gene of interest.
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sequence of the gene of interest.

38.  The bleb preparation of claim 30 or 31, wherein the recombination event of
10  process i) is carried out such that nucleotide sequence Y comprises the further copy of

the gene within an expression cassette.

39.  The bleb preparation of claims 27-38 isolated from a modified Neisseria

meningitidis strain, optionally of serogroup B.

15
40.  The bleb preparation of claim 39, obtainable by employing at least process b)
and/or i), wherein one or more genes are upregulated from a list consisting of: NspA,
Hsf-like, Hap, PorB, OMPS85, PilQ, Pl1dA, FrpB, TbpA, TbpB, FrpA, FrpC, LbpA,
LbpB, FhaB, HasR, lipo02, Tbp2 (lipo28), MItA (lipo30), and ctrA.

20

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 ctrD.

43.  The bleb preparation of claims 27-38 isolated from a modified Moraxella

30  catarrhalis strain.

44,  The bleb preparation of claim 43, obtainable by employing at least process b)

and/or i), wherein one or more genes are upregulated from a list consisting of:
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48.  The bleb preparation of claim 46 or 47, obtainable by employing a process of

downregulating expression in a bleb production strain of one or more genes from a list
consisting of: P2, P5, Hif, IgA1-protease, HgpA, HgpB, HMW1, HMW2, Hxu, TtoA,
and TbpB.

20
49. A vaccine comprising the bleb preparation of claims 27-48 and a

pharmaceutically acceptable excipient.

50. A meningococcal vaccine comprising the bleb preparation of claims 39-42 and
25 one or more plain or conjugated meningococcal capsular polysaccharides selected

from the serotypes A, C, Y or W.

51. A meningitis vaccine comprising the preparation of claims 39-42, a conjugated
H. influenzae b capsular polysaccharide, and one or more plain or conjugated

30  pneumococcal capsular polysaccharides.
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within t eb preparatlon 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 bleb, and making blebs from said strain;
and, optionally, one or more processes selected from the following group:
a) a process of reducing immunodominant variable or non-protective
antigens within the bleb preparation comprising the steps of determining the identity
30  of such antigen, engineering a bacterial strain to produce less or none of said antigen,
and making blebs from said strain;

c) a process of upregulating expression of conditionally-expressed,

protective OMP antigens within the bleb preparation comprising the steps of
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higher than in the non-modified bleb, and making blebs from said strain;

) 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

15  peptide, or a derivative or analogue thereof, fused 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

20  strain;

h) a process of reducing expression within the bleb preparation of an

antigen which shares a structural similarity with a human structure and may be

') capable of inducing an auto-immune response in humans, comprising the steps of

identifying a gene involved in the biosynthesis of the antigen, engineering a bacterial

25  strain so as to reduce or switch off expression of said gene, and making blebs from
said strain; or

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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58. Use of the bleb preparation of claims 27-48 in the manufacture of a
medicamant for immunizing a human host against a disease caused by infection of one
or more of the following: Neisseria meningitidis, Neisseria gonorrhoeae,
Haemophilus influenza, Moraxella catarrhalis, Pseudomonas aeruginosa, Chlamydia

trachomatis, Chlamydia pneumonia.

59. A modified Neisseria meningitidis strain characterized in that said strain is
obtainable by employing the following processes:

d) a process of detoxifying the lipid A portion of LPS within the strain,
comprising the steps of identifying an msbB gene involved in rendering the
lipid A portion of LPS toxic, and engineering the strain so as to reduce or
switch off expression of said gene; and

h) a process of engineering the strain such that it is free of capsular

polysaccharide.

60. The modified Neisseria meningitidis strain of claim 59, wherein the msbB

gene has a nucleotide sequence of SEQ ID NO: 81.

61. The modified Neisseria- meningitidis strain of claim 59 or 60, wherein the

msbB gene is downregulated via point mutation or deletion.

62. The modified Neisseria meningitidis strain of claim 59 or 60, wherein part or

all of the msbB open reading frame or promoter is deleted.

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

coding for capsular polysaccharide biosynthesis or export is downregulated via point

mutation or deletion.
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65.  The modified Neisseria meningitidis strain of claims 59-64, wherein in process

h) one or more genes are downregulated from a list consisting of: galE, siaA, siaB,

siaC, siaD, ctrA, ctrB, ctrC, and ctrD.

66. The modified Neisseria meningitidis strain of claims 59-65 which is a

serogroup B strain.

67. A genetically-engineered bleb preparation made from the modified Neisseria

meningitidis strain of claims 59-66.

68. A vaccine comprising the genetically-engineered bleb preparation of claim 67,

and a pharmaceutically acceptable excipient.

69. A vaccine against Neisseria meningitidis generated from the modified

Neisseria meningitidis strain of claims 59-66.

70.  The vaccine of claim 68 or 69 further comprising one or more plain or

conjugated meningococcal capsular polysaccharides selected from the serotypes A, C,
Y orw.

71.  The vaccine of claim 68 or 69 further comprising a conjugated H. influenzae b

capsular polysaccharide, and one or more plain or conjugated pneumococcal capsular

polysaccharides.

72. A method of making a vaccine against Neisseria meningitidis comprising the
step of generating said vaccine from the modified Neisseria meningitidis strain of
claims 59-66.

73.  Use of the modified Neisseria meningitidis strain of claims 59-66 in the
manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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74.  Use of the genetically-engineered bleb preparation of claim 67 in the

manufacture of a medicament for immunizing a human host against a disease caused

by infection of Neisseria meningitidis.
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