WO 2009/158142PCT/US2009/045818 -1- Attorney Docket No. 02868-20554W001 TITLE
MENINGOCOCCAL MULTIVALENT NATIVE OUTER MEMBRANE VESICLE VACCINE, METHODS
OF MAKING AI\%{[})OQHJI%}E}AEHEREOF CROSS-REFERENCE TO RELATED, Aﬁg%%é@%gs [0001] 'Ibis
application RS priority to the U.S. Provisional Application Number 61/88 , entitle
"Meningococcal Multivalent Native Outer Membrane Vesicle Vaccine" filed May 30, 2008. The entire
disclosure and contents of the above application is hereby incorporated by reference in its entirety.
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0002] The U.S. Government has
rights in this invention. BACKGRQLING Ofcldl R NVBREH9AE19083] Neisseria meningitidis is a major
cause of meningitis and septicemia world-wide. Meningococcal meningitis is an inflammation of the
meninges, the membrane lining the brain and thdE¥ginal cord. In both meningococcal septicemia and

meningoCRREAINPRANAN X CATEIRVR CANSR AR HOERRAIRAHRANIZ OR e DISIPRIE gt

inflammatory resﬁonse. oup B meningococcal disease currently accounts for at least one half of all
meningococcal disease in maMEEHReY N NG RSHT-2hd 858 America, and Europe. The

emergence of a new virulent clone of group B Neisseria meningitidis, known as ET5, in Norway in the
late 70's has since been reSB&ISHRETERBNSIGe & Ebidamidd M- NSy Cuba, Brazil, and Chile.

These e@ﬁ@ﬂﬁﬁ&@f!&&i&%%ﬁﬁﬁﬂ%ﬁg blic asaﬂ}!s.pméfﬁmﬁam%ﬁ%wmﬁ%@ gifREs 1g,develop

an effective group B vaccine in several of the affected countries. The absence of a U.S.-licensed group
B vaccirf@tieh g MAtrassos o MpEHeIRaNAE s r e Mt e afrsinter YrsrreacEisrides A Al in
children TirdeniiSdpanihs hayeopravented seoaus shnsideratiohofificupnaehitghofe:raceination
against QE%?AP ' ococcal disease. [0004] Neisseria meningitidis is divided into 13 serogroups, of which 9
cause invasive disease (A, B, C (C1, Cl-), X, Y, W-135, Z, and L). Five the serotypes are targeted for

development of vaccin g hhg %l# ) cayse. Igﬁ IeSydaclud §${otypes A, B, C,Y and
W135 which are the tar%%é %?’r%‘%% g%?gu éé%ﬁ%ﬁﬁ[% ‘ g}@é&%ﬁ?i@amt serogroups A, C, Y and
W135 ofidisisesial nSetimgitigisrthat catsennmathyyadliinvasive meningococcal disease are available and
are routinely used with excellent results. A suitable vaccine againt group B strains of Neisseria

meningitidis has been more difficuitsioidevelonp\WO RGO HIF8IAZRCT/US2009/045818 -2- for a variety
of reasons. For instance, the capsular polysaccharide which defines the serogroup is ineffective and

potential§PURAre18FtsEsH S (dEkire Beliile AAHSs e AR LAIre BNt cid¥ound on
certain maam?arg@eidsmpaﬁﬁgigﬂljs hiomflaoelistido 00 GlcFurtiveye a diskmge tobtive: [Bck Ofha Isuitadble !:h@cci ne is
the fact that subeapSUHar ANHAENS Nl YR SHIfaGs ﬁéﬁﬁ?@c@c%%ﬁﬁﬁ%,%a@%@ﬁr%gcﬁr gins and the

lipooligosaccharide (endotoxin), are antigenically variable and/or inconsistently expressed among

group B SIFAHSIRD SHigrehAtigarcass bk iieminoarrsraithe RERBIRHRRHSsctEHstE&tfat are
essentiab@&maﬁmﬂﬂm%aﬁ.o&aiﬂﬁ&nmm&@&%ﬁﬁB&k@&‘abiﬁiﬁ«{_@ﬁﬁm}imgmspect., the
present (eehaglaox pravides A Mageine FoMpMSINgNalive pUiermEmRiaNe yesiles ENQMYs) obtained

from at least two meningococcal strains that have been genetically modified to provide broad based
protectiofCHR it ROt nidmbralervatifle8aneltda tHisestitfebert EereBYRIAtIGEAR A8 on Pork
LOS, anebgnseyvedioniey, evabrane pralelns: antidheganatical rimaaifie datoainsubiy echigen
modified to,provide anced saf sed on inactivation of IpxL.1, synX, an The two
eninad G S e B e e
chains cepgisiisg Hegemse Hriolghidictass FashistasmnnagnesiddicataeRTie tffePb HtPorA
subtype proteinspiusubiypeepitopeswdiiahs aie chasen basedignthemasiprevalentdfsBand subtypes
among group,B casegsolates Féh?h r, the vaccine z%g further in%{gﬁ%sg different conserved surface
cl S

protein V\(fﬁﬂsgigﬁ%%ns?rg ad gé:[g%l} (§/O o"ﬁ?&lﬁ%%oggg ericidal antibodies 18 over-expressed in each strain

and are jabgn fvenidhe HERMP:LaRSIstiRgafilib BPLENAER 70 WatantslRHBR Madiants 24 and FTIBP

variants 3; NadA; App; N . TOPA and TbpB. [0008] In a further aspect, the present technology
orovidos o CirtiatoN ST NCNLH it HYeRSCREHEEN S B0 EGLREAT A ArEE R sena
meningitictibestrdilisy At deastepiverufthudtding fsreetmetéd Brdr Y1a0H 3 7H WEP S<Dhevidtigsh Has the
following.gepetic.modifiaiions or characteristics:inactivation of the genes synX, IpxL1, and IgtA,;
insertion of a second porA gene (subtype P1.7-1,1) in the place of opaD; increased expression of
NadA; apghssabilizedehighiexpressiopohOpciand FOI7S; ¢2N8LYOH @R S=GA wiievdwas ibetjollowing
genetic medifications.pheharagieristics . agivasien.el 1he genes SYRS gLl anddoraninsextion of a

second porA gene in place of opaD; increased expression of factor H binding protein variant 1; and
stabilize QR SRS ASH B RBBPBATRES OE A B B BT B A REs GSR RMfER S ¥R $518%Rng
genetic modifications or characteristics: inactivation of the genes synX, IpxL 1, and IgtA; insertion of a
second porA gene in place of opaD; increased expression of factor H binding protein variant 2; and
stabilized high expression of PorA and Opc. The NOMYV are prepared without exposure to detergent
-3- or denaturing solvents from packed cells or from spent culture medium. The vaccine may be
combined with one or more adjuvants and may be administered intramuscularly and/or intranasally.



[OM] In another aspect, the present technology provides a vaccine composition against
meningococcal disease, more preferably group B meiningococcal disease, including native outer
membranewesigies{N@MVs) from one or more genetically modified strata3/o8Me888%i& meningitidis.
The one or more genetically modified strains has been modified by: inactivation of the synX gene,
inactivation of the IpxLI gene, inactivation of the IgtA gene in each strain resulting in expression of a
shortened or truncated lipooligosaccharides (LOS) that lacks lacto-N-neotetraose tetrasaccharide,
and/or insertion of at least one second antigeniéally different porA gene in place of the opa gene. In
another@spestictheieastisal§omostHied. shainfurttiardsmbuideinsien dedrst StaBrr&Ression of at
least ong RINQrCf %&;}J@éﬁ&’aﬁ&“&ﬁfsﬁ@f&hﬁ% RrOlQIM. BacietStakilizrd.expression of gilleastone outer

membrane protein. The at least one second ﬁnti%egicaﬂlg/ different path gene may express at least one
PorA suUbiypeploRMHSHTEE Bhitthss LetbFd W™ the most prevalent of PorA subtypes of

meningitidj up B isalates,.[000 I er.aspect, thereisyprevides.the gk andageine as .
defined@%&c%\%?ﬁﬁ%aﬁi%%%&%%%% %e%%%%n%%?%r immunizatjon ag%i%r}s umg%%%c ccal disease,
0

whereirseridey sl iseeihas ARSTnTatETEaTH (PEHRC AR o PR REAT{) R yeét nother
aspect, herenisprovideddbgiusernbavacanesas definedaboven ® teimaiifattelesof gepigdicament
for immyunization, agapst group, B meningacoseal diseaae AbataIR saickiecelae isabe administered

intramu8€tlid r mtran_asgﬁy.af Tln yet.another aspect, the present technology provides a

genetically modified vaccine styajn_of Nei ' | %%%B strain. The genetically modified
SR B e

vaccine strain may include H4 rain G1 strain (B2), and/or B16B6
EIPS-0340tain (B3)s10014E Ipryehancihen aspesiidiie presanttsshrmdiggyrpro videsracgermatically
modified vaccin in.of Neissegia menjngitidi r romy kL4446 straiRrgQmprising
the genéﬁ%‘cﬁ%ﬁﬁ%ﬁe&%ﬂs(}gﬁ ?ﬁaéﬁ?at%geétawgﬁgﬁgﬁﬁgﬁgé%%gt%%oégtﬁe%éﬁ%ene%)
inactivatioriGibthe |gtavijerieosd) assrisriastianse dBRPHEA JeHe T TRER S 10 S BHAES J8kE, v)
increasegrexpiiessionrof.NadAemparedwith s aativestaid, ane \estabilizethincseaséthexpression
of Opc and PorA proteins. In some aspects, the genetically modifi J i the ET-5
B L ol i L
technolagy/grovidesre @eﬁ@&u&ﬂy&ﬂ@iﬁ@@m@m@@ﬁ&iﬁ%ﬁm&?ﬁfﬁéﬁﬁﬁi‘ﬁ%}igl%ﬁ BH5E strain:
derived from 857Q.comRrsingdhe-oapeticsmediiations of dipactuatipn.ofeesynXigenss ianactivation
of the IpxLI gene, inactivation of the IgtA gene, iv) inser ioneog %Qseeg%nd %Acgcesggggsgi%%qhgf opaD;v)
increaset T ESErSh S A Y IR RO T AR LS a ) Stabiized increased expression of
PorA angh@pesprateinst sbmdigspestsnthergenticadty imbtitiedsthan hayusiedddmtie ET-5
wild type strajn 85, 20(B:4: B 1. 19,18: k3.7 R85 kit Qer U200 Uil 2P Glildb 2000/045818 -4-
[0013] In"yet another aspect, the present technology provides. a geneticall %%gﬂllsféeg \@Cﬁﬁ}g,stram of
Neisseridtisgitidiceuswise s dBridsd ﬁ%ﬁPB’fégB”é%clﬁ}ﬁe&igi%g {h& genetic moditications of: i)
inactivatignoefa ByRXrgene, ijlitmeivation eidiaiikitigens, Nkivabtivaiorol tié rgialgebe, iv)
insertion of a second porA gene (subtype P1.22-1,4) in place of opaD;v) inﬁr%éi? ex reﬁgion of factor
binding JROEShIDariSHteT AFRESH) BeabEFRY FHIERSSIIPEXARES G SHTBTPOFA §hd'dvc protéing Th some
aspects, {he geneticalivamasified:siminiisdenvad:-fiamdhegkl:Svwild typestrain S1BB64(B:2a:P 1.5,2;
L2:P5.1,2,5). [Q014] In resent technology; ides etically. mmedifieg strain
i]‘éuo t mmﬁﬁﬁpﬁg%ﬁ?n%?m Seileghnolog fBﬁ%ﬂ% %&@a tigauly

grown in PSR der diam. er aspects, the present technology provides a genetically
modified Strainenierairiiactivatidmbof syax Gate pkl BEEAB Ao HAYGeAe 3Dy Kh AR5 rE8H of a drug
resis_tan(;&%@#g Wll\ltgfl\]/}t\j/ﬁ g@%ﬁ&ggﬁ égfaﬂjﬁiﬂaﬁﬁﬂé_@tﬁiﬁr@gmﬁ o005, Yt ?Etﬁﬂze:ﬁ Rgpespprovides aTh
vaccine including s derived fro e genetically modified strai p nglogy. The
NOMV afé grépafed ﬁ%;pgakéa7ée 5 (glrg 'scggﬁt ‘(T:V%}f Llfreh ar%ec%\Fur%oé\(/}lmg%t%eéggguﬁéﬁg}g%&r%lgnt or
denaturinguseiventicTheacsesine ofalcfartiterpoimpridsd ond Brnarerijuahtsc IRt dtherBEpEtts, the
genetically altered strin isaltered Jo gxRressrican uptakaipsopeins. [09%F] In adfurthetiaspedshthe
present technology provides a vaccine against ] | disease, comprisi  variety.of native
outer meFBREAE Vel FESINBMYES: Vi Péigga}tr%?ags{%%gg%%qgj?’fhew gr;&r% E@&ﬁﬁ%ﬁ%@ of
expressianoareialyiatiorafdipssligosactaricecf By ncomtalh LGS thed [HAUBSSEPTBIE AR a
penta-acye, gtricirg and.contain Jncipgsed XpRssion levelsliatisasiope minokganseruad outer
membrarie protein, wherein the’'minor conserved outer membrane ote&ln iggeg%%trgqof%g@%rgteins
that inductabilotd il rarEHeuRiE o AdBhinBr coNs VALY St RMEMbIARS brotein can be selected
from the group consisting of NadA, factor H binding protein (FHBP) variant 1, and FHBP variant 2. In
other aspects, at least some of the NOMV comprise shortened or truncated LOS that are essentially
free of lacto-N-neotetraose (1,AnT) tetrasaccharide and/or at least some of the NOMV comprise two or
more different PorA proteins. [0018] In another aspect, the present technology provides a method of
eliciting an immune response to meningococcal disease in an animal or human comprising
administering the composition containing NOMVs from at least one genetically altered strain of N.

Meningiitdis to the animal or human for immunization against meningococcal disease. The vaccine is
1ced for immiinizatinn anainet arnirin R meninancocecal dicaacea WO



-6- [0025] Figure 5 is a continuation of the flow chart from Figure 4. [0026] Figure 6 is a picture of a
coomassie blue stained gel showing the roteth content of standard marker (I‘%g(_-:in%),ﬁ(}:é)ngrgl 8570
HOPSUGIRIBN D FEyEPLY GRS 5. Aiftsr &l B VRRNHE- RS R final product vatcine (lane 4).
[0027 - Grighred Frishasilvemsiaidad-gel shiminyed pbohiused dhsaiswdnte maetivryziceiiie. Lane 1 is the
control ML5 LPS, lane 2 is the filtered bulk vaccine and lane 3 is the final vaccine product. Fifteen ul of

a 1:2 ORI rirof BB sIsH thiley REEHE WeTBRAINES n RIEIGET (S0 YAFBRAOBPERHSE ot B ilution of
controf{HQR8lKiguedis Adictraal-an antibadystaingd westeisblot ishiowing theidertity and
%1%5.%! NQM&VM# %fﬁf@é?&%my{ﬁﬁzm graph

composition of the. prote; d in the 8570 HO
depictfﬁa%rémleN'?}Lgﬁseﬁgg}sﬁé%?r%?nmho&r%(gn%)rg d after icubation with different concentrations of the

vaccinéhdeos0k Figurecr @ity grapiiebpian et e madiittb Ry HarareEBed BRoWingséubation with
differept,cancentrations oftbs.genaticaliymoditiag: N @i\ estine {0831 ikigrexpieisian gfaph
depicting the TNF-a released fram human plo ter incubation. with diff t, jons of the
genetiéal rfﬁ?)‘iﬁff’ém&‘fﬁél%%oé%?ﬁapcgréiad\%sltﬁ%gé’g%?g%e}glc%-\l\%l\_/n?%%gs%aitg& 4%%%1{5%!532] Figure
12 is asbavgiaphidepictingthenb sctenititikerisad pHiffeny acein e WRIFGIRE I CRb 8EBnAtions of the
8570 HORS- G Macaipe it aryvithautan-adiwvan (0033} guie.diisra e grppiistepicing the
bactericidal titer of mice vaccinated with 8570 LHOPaSg%I\{aa\?ﬁiQe a arig%odifgﬂg%gggg Strains. [0034]
Figure 444878 GHABHCORISTERN GHIE PSR PIRS Badiericiaa 346G Y depletion assay for LOS,
GNA187%0txeMybaind Opcaaktigens sfo085 nEgnrer bdSpicnsamd 4ptfhBdy FEEpErise st PABbIts
vaccingled "s‘ﬁ%%}%@élﬂ %Pﬁ&@e’\%@x%ﬁé vaceing with and withgué adinvant J0036hirigurer 16 is a
graph depicting the results of an bactericidal depletion assay for test strains against the 8570

HOPS I TiREIvAEhE 4D 2009/158142PCT/US2009/045818 -7- [0038] Figure 18 is a
representation of phenotype of the three genetically modified strains of Ne seria (A=B 1, B=B2, and
C,=B3J0§Pak Irewshrrteichpiolbey. O0SOTwHgirast 9f8 wrspreserianehbrindhssnmdasten 2
constrycisthe-genelicaly.modified-strains-ahdrissariasasplasmidnconsineied itakboskaitidgidd b)
plasmid to express second PqrA, c) plasmid to overexpress fl-lbp driven by orthologous (Ptac if E. coli)
promotEFaBHF oY a‘gdﬂﬁafﬁ‘séyérexpress NadA driven by a homologous promoter (PorA promoter of N.
meningiidi)] angdhaaheepresentationarschiehtesofstrahs foreriation Sifikehibpinditid iR B Wariant 1
and 2) - jon:plasmid: g ecambinationsamiacing Nspa igens. [0040]
Figure Oguﬁ%g%%%ﬁﬁﬁﬁgﬁggéﬁzaﬂontg%%%l%}&c%%g? EOS immunotype of NOMV vaccine strain
by knodRBiHFade TR EHETEF thEfiRPeErenetically modified strains. Figure 20b is an picture of an
inununoblot of the expression of LOS alpha chain by the genetically altered strain B2 and the parental
strain (184¥BE) WiARIBAGERSHa B THdechRRIngStAreYiFes FISHF Uy BioAtse) VepRa piRatRE 21 is a
picture represniaioRishowingihe expiessienektiapyadame2 acthe: geneaticalnonadifigd/ssrain B3.
Figure owWs. selecti rain.c ining. the in resistance recombinant containing
the ove%é@%%%é?gal ?I%ng%r’}mﬂm%%eb fogt'ﬁdnﬂgl?agr%z E%%F@%?%ag\%%s%ﬁﬁngﬁ%‘using JAR4 monoclonal
antibOdYt}éﬁﬂ}“cP)%y%éﬂQﬁﬁidﬂ& iﬁ%@@%ﬁp@é@h Iﬁe&%m 1@@%&&%@5% %’éﬁeﬁ&}ﬁ»}&{ﬁ% B TN rald e f
INVENTION [0042] The present technolo rovi a broa rotective vaccine composition for use
in immuﬁf%ﬁ[&% 'QﬁJﬁ?ﬁistf \ 5%%’8(;%088% Eé?s%eénszeﬁ%?ﬁesg?é éc{r)é%%sl\?éits% 'i:’élertﬁcerﬁl?ndéil({)‘f }g)%su%%roup type
B. One émbodinientdt theXpresen toetthalogyop fovides! evmc dindneompositdthintidisgenitive outer
membrape vesicles (NOMVYa)iramatleastane. areferably.atdeast iwea mote rgterabinat least three
genetically modified strains of Neisseria meningitidis. Native outer membrane vesicles, also known as

blebs, af&RaSitI &4 FolthdAUSF GaFITedloth TAGMENIE T SHREFHIEMbI-ATE Bt GrammeyHiive
bacteriuim sate ratyegivin offidigrihggedifitd sindmyaly beiebtdinedidiedii Sultide yprestiaim B44f&m the cells
by mild Eﬁﬁ@%%tﬁ‘@tLdQﬁPi.S{ _detergents or denaturing solvents. These NOMV typically comprise
outer membrane proteins (OMPs), lipids, phospholipids, periplasmic material and lipopolysaccharide
(LPS) inotiding liponke asaechad ges.ctirathmegativehastarigsrespaiiallydiath ogens: b of
meningifidis @Q%t%%%%gg%@% LG, VIEUIERY DISCUONS I3 REESS HQB{!%%&EL%BQAQ%:[L{‘ the

present technology, aré vesicles produced from the outer membrane of bacteria without the
used of BAEHHBAN Gé Ratirra BB phio CsEELan @ lafe Jrddutes- fibhingre YERBREANT 1#16d8Ra8 &tPains which
are antigesigaflydivessemansbhave faah Beendgeneiicallymedified:ierimprove safetys antigagic

stability ao”déﬁﬁr%r‘%‘%%%ﬂﬁhsf ﬁiﬁf’ztgdc&\é?e%nengn?e[;giﬁg%? Rra¥Q AR 1R8142PC T1US52000/045818
8- [0048 B BB tite Nt ot the BT e Sent IHVERKion rovides: A Vactng composiion camphsing native

outer méwniseasiéecbsisleEipdoNrs pae dotrdr divrathe dst-fntilr Rsrétgenadicall fdufié®l Strains of N.
meningnigis,. preferpbly at least three different genetically modified strains.



[0044] Some embodiments of the present technology provide antigentically diverse strains of N.
meningitidis, preferably subtype B which include at least three genetic modifications within the genome

of the bacte(%T &r/%&)lrngerably at least five genetic modifications, more gyitahls, aflgeasksix genetic
modifications. The genetic modifications can include one or more of the following: 1) inactivation of the

synX gene, which is essential for sialic acid biosynthesis and results in no capsule expression or
sialylation of lipooligosaccharide (LOS); 2) inactivation of the IpxLI gene which results in a significantly
less toxic LOS having lipid A with a penta-acyl sfructure; 3) insertion of a second, antigenically

different[pers} gene ifoplaceRtone pfdhe aRagRRIOPLIPREOILAMNY Apdneasetexprassion of at
least one.minar conserved oyter brane protej e minar.conserved .outer.membra rotein
demonstrating the“ab ft@g ‘E)Sfr&l{gfﬁ%% gggfé‘??(%?%fna%t%ogiég or & amepf%gf%lﬂct hot 'I?]}%%l%gs tc()g? adA, factor
H bindinigasrorsien (2 iBP) X aeieniil ineadvEEMB PIvARidMEZ) 2B)ind¢ tiveiontonthelig Uk f &5e%in Bach strain
which regultadn the exprassien afR shereaed o irungatedd OS hat-lackstbadacigisaepiatraose

(LNNT) tetrasaccharide; and/or 6) stabilized expression of certain outer membrang proteins, such as
Opo and FUTA TS Bfe USRI o DHAE SR I R e [OOAS e Brosi
technologysprovidestyahefeediic iy difiddistraima thhaioprodideo ol IREréased saferof Ui Bnd
increase the, preadth efiihie pegtective antibody response to meningococcal disease. In one
embodiment, the genetically modified strains provide increased safety by incorporating at least one of
the folloWitg Mutatiensinto.the basterietyenay erdéletionnofthel sym¥difencsvdncirdyiocksrsialic acid
synthesigeg{mgﬁlpﬁﬁjggigmd results in the formation of capsule-negative phenotype NOMVs, deletion of the
IpxLIl gene which reduces the endotoxin activity by resulting in a pentaacyl lipid A structure, and/or
deletion whilse otAgeRe ¥hICblgelsdactachrepiefraosesbiosynthedis amthk:-ipostigosaeceharide
(LOS) which. stabilized the truncated LOS strycture: more preferably t etically, ified strains
provide two of ﬁélsoé% nl%lfﬁg?ig{) J?nigﬁe%er’e eﬁr}’ggI%eﬁei&yn%%igrgﬁﬁ%}o%ﬁggu gt?%fﬁ%%éo%%%qgﬁ%ree of
these mitasesndp AnsthacebdEMsent of the present technology, the genetically modified strains

have an | ased breath of protective antibody response eting. at least ope of three sets of
possibie AtLcbhe B te P BN TR THE NORIUE TN ed Psiit e ot tetied
include anddifst otreinf tfiehfobowiny teimmiogroteihe A TBAYt onerpasdriom miskdprateier, smsdl/or the
LOS Cor@uﬁtﬂécmuﬁngiéﬂfdyQfﬁégwecer@m@@;m WQ:20094158142P CTifld SRAQQ/ QA8 ARdBereof In

more preferred embodiments, the genetically modified strain targets at least tw o%q;hegoossible
protective® BRSNS FhBSTpIEREASy iR BRI %‘f‘}ﬁtéci)lgsgliﬁfgdp%?@cﬁ\@% iGere {0046] In
some enibodirndntsotitye present technology, the synX- mutation (inactivation of the synX gene) was
inserted into the genetically modified strain by a method as described in U.S. Patent 6,558,677,
incorpor&f8L7hinre fardRE as AR e fHS R itacaN AR IS RIS SGirary " PRIBY dAYaEFRisEiFEEntaining
the synXcgepssinewhiahic2@ b paseuencanaasrieplastdebyaRaWamytierdiesistencesgeneishesed to
ranstormy it vichecaliy medilied gl anreasiantiana{aIARWER. selssiedAnd tagted by

PCR for the presence o disrupted synX gene and for the capsule negative henotg/pe. This synX-
mutant wh¥ Bshshueiéidhh et M%@%@lgﬁ%@&%@mmﬂ%ﬁ%ﬁaﬁwm&ﬁw |8y/td
Stephens{ASwast eynanckStephensi b4y Bactasiaid 76 rlina0-d5ad ivhaes hewed dhptdiesertion of a
transposon into the synX genge led to a capsule negative phenotype. T ivalent
mutationﬁ'8i<';€{(r:1tek(?e¥fﬂ{Irlo%I ] (t:eé% ir}:ﬁ%'! érrl'l)}l %Faﬁ%%?ﬁ%#lgﬂ\%ﬁgﬁi n%r%tgi) d¥§ &?a?ﬁ%%%%g%%%ﬁ@%m use in
transfornsingirranibgedote Fem tersnunctetbisisiag thadolsirgbPsse peterhBENRSE dences
were pieggdtpaetherssing thespligngbnonedapEextgnsion (SOR) pelvn siasaehainteaation (PCR)
techniqu rton et al. (1989) Gene 77:61-65). The three DNA sequences included, in arder
beginningczga?(f)ﬁaet BE SRt né%ﬁ (é%sleagt%%%e %Ot?'?e&kalﬁarﬁ‘%:%ﬁa?gﬁé%%{aenaggfs%%aﬁcée?%?ﬁ%ﬁ%ﬁ%
(PharmadigMK BeBipiechvCor 87 diffre SoaharaipineB bases 886 to 1589. In addition, at the 5' end, a
putative uptake sequence, ACCGTCTGAA, was added bé/ in%ugdlir}% it at the end of the PCR_(grimer
used to At HABCBARBEET H5 BY 1 B S LRy FhE BRI Ste SO R AT RS HBREd by PCR,
purified amchipkoatdightietdntonpdi@iBng IdCLenwasugesitp ramsfgemnE scherghisitcolicotdisaand
selected QRnB 03, WithR0 dig KaRaNEIN:A POARYGINT esIsARE SRRy asisel e Btmihe i NA

extracted, purified, and cut with Xbal. Another copy of the presumptive uptake sequence was ligated
into this FHERHBIEERBHEL G SRS ﬁﬁséafésﬂgﬁdaﬁ%ﬁ?d‘ée‘é‘aﬁ?i‘ (BB S AMERSHI E8BIPDII5a and
kanamycietigsistanticdilemies screened by PCR for presence of the additional uptake sequence.
Plasmid DNA was isolated from a selected colony and used as a template for PCR using primers that
amplifiedjomigdhe: inseshpae: ofsthet plagmid pxsiddingéhesampibilicongristancesgifiradhisbvstould not
be introduced into N. meningitidis.. The amplified DNA was then purifi o transform the
geneticalﬂfe%aégfﬁgg flﬁ.nrlﬁ%ﬁ%%ei %?(s)rse }{é’?lr]f.1 nelrg%l e(f)e?%%%en?tooxﬁélil&r'%%r%%t?ﬁegg \%\ias selected by
kanamycin resistance and confirmed by PCR amplification of the modified region. [0047] In some
embodiments of the present invention, the IpxL1 gene was inactivated in the genetically modified

strains to produce a reduced endotoxic LOS expressed on the NOMVs in the vaccine compositions.
The linid A of Nl meninaitidic | O< iec naormallyy a hava-acvl ctriictiire and ie reennncihle for the



WO 2009/158142PCT/US2009/045818 -13- MgS0O4, and distilled water to one liter. The same iron
deficient medium was used for the starter flasks and the final culture flasks or feanenters. [0055] The
vaccine co iti f the present technology which include NOMVs fro different
geneticallynrw&?éégdﬂé%%?ns of subgroup B can provide three potential Iev%#s? )(:)df? p%%gt!eb%%?c?ﬁ or three
types of antigens that each potentially induce a protective antibody response. The three antigens are
the PorA protein (six different PorA subtypes are present in the vaccine, two on each of the three
vaccine strains); the lipooligosaccharides (threeglifferent LOS core structures are present in the
vaccine (g9 fiam eashSEa); andhe.consared MpRakdarotensNads. fEpahyariamisid.and 2, and
Opc, Whichdga e beenf(i%er expre sefd in the vaccine straints. Althou%h Plo A has a relatively high level
of antigeMic VETATOR With ZEVERTHENYEY Pifer it S ieRce TPRITBHE HavinG Bed ifEntitied, certain
PorA serspabfypeslacbnmushianodarfroggeritiyad noothtble o trragenthenidy anddtdishotlesoatinalber of
different3er@subYRESHIRY WtﬁﬁEQUMiHQOEﬁ@t agginghmare E@ﬁ&i@ﬂl&%@&ﬂ%@ giseasg Having more
than one antigen capable of inducing ba“ctericidaé antitkéodie;s in the vaccine hsj portant bg(guse it has
been sh%ﬁlfﬁ%\%\%‘e?ﬁﬁé ST oA A AR YEABW YRt O A 1B%4KbS HBBE Hole to
initiate ageormpiBmendifyediabedisaic ey emtreButdf amptisodie sieiworonmo reisuctpastigensugre present
the ant'qgmgﬁ@wgﬁyﬂem&%@r%?w{g%ﬂ%ﬁ@%&%@@ﬂ@gt@uﬁmﬂmsﬂ% raing.of the
present invention include, but are not limited to, the three strains depicted in Figure 18, including B1
(44/76 HEBSEH B 8L 75 HOBS BT LHN 53 R PeBE BB S2e:2)SSHaiRk, foodsT THE BrSant
technolagthpromidesa vacoitherthatprovides:irobitspe crumriprotection ajainsicaibmngdyogcal
disease yspagifiealumeningreoeral iseasa.caurad BrNeiRseHa MmO sRGRUREnT e

vaccine composition of the present invention can be combined with the existing tetravalent A, C, Y,
and W-ﬁ%&é&ﬂ?@"&? YT BIREaEE ARt SRS oliyor P dhsat el SEro gLt JReBPREne
meningipais:iiNettho: be;taiia dony amg gastic Waktheans the vaccine of the present technology may also
provide back up protection against the other pathogenic serogroups as well as the minor serogroups of
meningd 88281 Kinertetrguseepistmaprarng ERBrol syHIEH Hgs HRsBae ErspRirie aciissdatesdrbgroups of
meningaaeGahole&l | dR-prefasrgdianbodimentsof theupiesent technelogymsaaigeresobinterest or

DNA of interesE.%ﬁ delivered and inte%rated into the lé)%ctec{iﬁl chromosome by me 1S§;'9§m°|090us

MENINZITIGLS COMPrising o or € mOdification selecte .group consisting of inagiivation
and/or site sp%c ¢ recompihation. In egrative vectors used to eliver uc genes and/or operons can
be condifohalty replicativecorigieitlet st sctracteeivishayes thealssh dsehdnorditedlr D N&fragments
obtainedhysteskichiapehyanolysis e peR amplicicationasknown, hy-ane:skitednn theraiioln some
embodirgggtt§é irgtg]%ratjoon IS tag%% gluﬁg chero oseorﬁoaéiglegi%r)s distp?ns Q'e ggsr. &ro%@lgl ‘{%50- In other
embodiments,aﬁm ge}%itrei of Interest or DNA 0 TAterast canlbeotrzlgl?vief?é {SRhE Hactefius %y fvo
2009/15844PRETIISA008104582$ andingriba Asiufapi Jomaiaderorsiag diy asleirelibmiingay repl cative
plfasmidsfgmw_ Ridsepaamids, Iﬁﬁﬁﬁiﬁmdbggteﬁmﬂbaﬁf%s,ﬁ?%bﬁ%@éﬂ@&ﬁ@m%;ckbfossm&%mgswelection
of recombination events can be selecte eans of selecta netic markers such as .genes
contormEF R SO b e R ARy SRR R O o T S Aol
gentamyEimdic ogehesdbpieringd dsistanmadoh @ Yaatabuliid/or toxiciconnbdufids srcgenes
complemghting-atptrophic mutations. Alternatively, recombination can be screened by PCR
amplification, sequencing, restriction digestion or other methods known to one skilled in the art. [0058]
A "vaccine" as referrqgfgreipds-gaAned 232 PRRRNAGARIGAI N thelapeulieg@gnposition used to
inoculate an animal in order to immunize the animal against infection by an organism, preferably a
pathogeHl82didagiam! raedines dypicayicvem prisererfcbpidre antgensibepvedfshs dre the more
organismsnwhigh e administratoniaananinaluillstimetate active inununity and protect that animal
against infection with these or related pathogenic organisms. [0059] The purified NOMVs are prepared
for admiHi8g2itiogute Iriamflealshsuitkblytinpthaps;dniten rdithoralhbiitspieyamedth odsikKnowskingthe art,
which cap.ingiua fitaHng e sterlize bR SaliPN. diliREdhg splution, adding an adjuvant and
stabilizing the solution. [0060] Vaccines of the present invention may be administered to a human or
animal bip@siurder Bf ikoutBswirbludifigibiigndtclifaitedtoipfopEXamplasparesteraltynjeking the
intramus%célﬂngﬂ)t,raggﬁ%rg@gl}g, iplt@gs%%l% orally, £9<Pcl8<§11|<¥n.0r other routes know by one skilled in the
art. The term parenteral as used hereinafter includes intravenous, subcutaneous, intradennal,
intramugoota, intiaantesialioie clian doidttissinn gechalaes: Noamaceie maychaidaithefaimrof a single
dose pre&a{%tmsigﬁglyI;[i\-igé)ggefl%sé(usc t\{}/}Qich can be used for mass vaccination programs. Suitable
methods of preparing and using Vaccines can be found in Remington's Pharmaceutical Sciences;
Mack Publishing Co., Easton, Pa., Osol (ed.) (1980) and New Trends in Developments in Vaccines,
Voller et al. (eds.), University Park Press, Baltimore, Md. (1978), incorporated by reference, [0061] A
vaccine composition of the present technology is typically administered parenterally in dosage unit
fonnulations containing standard, well-known nontoxic physiologically acceptable carriers, adjuvants,
and/or vehicles. [0062] The vaccine compositions of the present technology may further comprise one

or more adjuvants. An "adjuvant” is a substance that serves to enhance, accelerate, or prolong the
antinan-cnecific immiine recnnnece Nnf an antinen when riced in eomhbhination with enecific \vacrcine



[0067] Among the acceptable vehiclesls that may be used include water, Ringer's solution, and
isotonic sodium chloride solution, including saline solutions buffered with phosphate, lactate, iris and
the like. In it rile, fixed oils are conventionally employed as a s ding medium,
including, bﬁ%ﬁ%ﬁ%&%@, Ibr exampici synthetic mono- or di-glycerides?.llﬁ\{r?3 %%ﬁ%&?&gﬁy acids such
as oleic acid find use in the preparation of injectabies. [0068] Injectable preparations, for example
sterile injectable aqueous or oleaginous suspensions, are formulated according to the known art using
suitable dispersing or wetting agents and suspegding agents. The sterile injectable preparation are
also a steoislingstable seldliamesSHSRENSIBHM: &Hamgyie parenterally acceptable diluent or solvent,
for example, as a solution in 1,3-butanediol. [0069]The presently described technology and its
advantatfg2alitli pechieiter pipidersfoodobyprstetdneelanahadbilowing dramnttescontiesefexendgies are
providedqgidescribe spacificsmbasitentsaithapresent technoloay. By Rroxiding thess srecific
examples, the apglican,ts do nat limit the scope and spirit of the present technology. It will be
u.nderstoBY BYHOSBERIER  the art that the full scope of WO 2009/158142PCT/US2009/045818
-17- the jpipsently.desgribga decinelogy %%@Hgamﬁdgo@a@qﬁym@%m%% defined by fhe.claims

appending this specification, and any alterations, modifications, or equivalents of those claims.
EXAM peﬁgoe&%‘prwé L plvatid roftivegarktesniyrapliec’va e dedaam v Re tiitité dis and
productiphodf: NO MNsoeartHIN ing ithefottenmembeanesatding:bi2thel génatioaty ofodikididtivaccine
strain. [%Q%Q;JJ%(? genetically modified strain 8570 1-IOPS-G1 was modified by five genetic
modifications from a parental strain 8570 which had been analyzed by multilocus enzyme
electropfumassis: pyrdseidabpratenyr rwmwbomthe siairwasoained iandidetsrmineshiadaiang to the

ET-5 clo comglex %C Nt el e.R riable regions were sequenced typed and the LOS
immuno"[C))/ryE)E{ée Egé %Iﬁ iael%uk?j}gr%gtrﬁ%hé)g;rg&c%?dﬁagﬁgﬁs were made. Strain 8570 was and ET-5 clone

4:P1.19d¢dy PeuRr 0B 3 {SThh thpRd¥Penl -Apariesefdivese dkantial sanghic: medificationg were
made to the strain as described below: [0071] 1) A second, different potA gene was inserted at the
opal) loctE RS ERIE I SALCE J%1) §5HE: puC 19-based plasmid pA 18.4 has no antibiotic resistance
marker ippagIRSGEL WA Usep SRR SeCPRd-Rrhase Nip MsEhamATe AL Qaal) locus,
disabling opal) by replacing a 100 bp sequence in the middle of the gene with'the insert. The insert
containﬂ%%%é%‘ﬁéﬁ%’@éﬁ%ﬁé&éﬁ‘% BRI OBIB ¥ie5ivg: 22,14) and placed behind a porA
promote from strain H44/76. The resuylti OrA t was P1.19.15: P1.22,14 containing the two
porin A SO A S e eIy B Rt e PR, the
expressidiffaaéthecnuswratmembi Srespreict \Opedifind sastalsiliz e hyarep faiting L1 g tpd M Vsequence
in the pregmptenafQpeA with a new sequence of the same length containing both C and G nucleotides.
Original promoter sequence (Seq. ID No. 1) (poly-6 sequence italicized and bold)
5'..CATAGFAAAMACCTCT AAA DT TGEATRTET MG HCE 6 ATATS GilAACATAACGTRAART A
ATCGTTACGCITACAN TATATFS THAAGE T GRRRGGEERGECGATTT..3 was replaced with a
modified promoter sequence (Seq ID No. 2) containing both G and C nucleotides with a Not | site
(underlirfeod3 FGATAGTE EAAAASICIECITMAAMA bactericidal titer of mice vaccinated with 8570 HOPS-G

TG GAE& TAGTCGGATATGGTIAACATAACGTAAATA

ATCGTTACGC FTACAATTATATTCTTAAGCITI CGCGCGGCCGCG CNFITT.3' The replacement

sequengRIESIGhasan iocomaingitesiistionsita faiNedda-rrabligiwariieptiannakihe pressce of the
replacenaﬁg@e]gug%?v'grl‘}l&plasmld used for the transformation was pOpc79 (Seq. ID No. 4). The

. , C antigens, . .. .
plasmid insert does not ¢Bntaft h'antibiotic marker. Selection of transformants was based on colony

blotting i3INPRARIQRABRIDAAYIQARCAERE Siraifbie bedansfarmed s chossic Womv v
2009/158142PCT/US2009/045818 -18- to ge an OpcA negative phase variant, and strong OpcA
positive E%ﬂ@%%%}%npd‘gﬁﬂ?%&%ﬁ}v%ﬁ'ony blotting. True transfoimants were distinguished from OpcA
positive plaagparants an%ﬁﬁh%égi&ﬁﬁ%'&&%sﬁfi‘%@"& Dk ANRNSIR QP13 P ading ith the
strain resulting from 2, the gene IpxLI, which is an acyl transferase responsible for linking one of two
acyl-oxy28HFiitR&d Tatyheibd %&Wevll‘ﬁﬁflﬁeof the LOS, was disabled by replacing a 260 bp sequence

in the mi the IpxL| gene with an insert ¢ ining the t ibiotic resistapce he tetM
gene wa B S PR (owartey,
et al. 199%18¢Rs| fvtbe iSH LOBEH190 ForpdisdeiviataBed to disable the IpxLI gene was pMn5 (Seq. ID
No. 5). The presence of the insert in the IpxLI gene was verified by PCR which produced a 3.3 kbp
amplicon using primers at the beginning and end of the IpxLI gene. [0074] 4) Starting with the strain
resulting from step 3, expression of the conserved outer membrane protein GNA 1870 (variant 1)
(FHBP v.1) was increased by inserting a second copy of the GNA 1870 variant 1 gene in the nspA
locus, knocking out expression of NspA. The newly inserted gene was part of an insert that contained
~a gentamicin antibiotic resistance gene, the E. coli lac operon with the IPTG-inducible Ptac promoter,
the GNA1870 variant 1 gene and the rrnB terminator, the plasmid used is depicted in Figure 19c and
Seq. Il No. 6. The PUC19 based plasmid, pBE/GNA1870/101, was used in the transfoimation and

homaoloaniie recombination tn incart the CCNA 1270 variant 1 adaene into the modified ctrain



pUC19" Sac | site (unique) Uptake Sequence 5' NspA non coding region (NCR) Barn H | site GentR
gene Sac H (unique) Rmp promoter 5' fragment (rest) Mfe | site (unique) Lac.1 operon Ptac promoter

Inc operatog%i?ﬁ%l&lgfd4 ite (unique) fl-IBP (variant 1) leader peptide ﬂlBl?é’Y&@%M&BE with stop
codon SgrAl site uniqueg) 3'NspA and 3'NspA NCR rrnB transcription terminators 3' NspA NCR Uptake

Sequence Hind HI pUC 19 mates (n1 MP 1-191 192-197 19 8-2 12 213-1248 1249-1254 1255-2104
2105-2110 2111-2230 2231-2236 2237-3641 3642-3673 3674-3702 3750-3755 3761-3766 3764-3823
38244588 45 89-45 96 45974638 46394945 4946-5432 5433-5447 5448-5453 5454-7687 end

[0038] Figure 18 is a representation of phenotype of the three genetically modified strains of Neisseria
{(A=B1, B=B2, and C=B3) of the present technology.

[0039] Figure 19 is a representation of the plasmids used to construct the genetically modified sirains
of Neisseria: a) plasmid constructed to knockout IgiA, b) plasmid to express second PorA, ¢) plasmid
to overexpress fHbp driven by orthologous (Ptac if F. coli) promoter, and d) plasmid to overexpress
NadA driver by a homologous promoter (PorA promoter of N, meningitidisy and the e)
representational scheme of transformation of N. meningitis with fHbp (vartant | and 2} and NadA

overexpression plasmid via homologous recombination replacing NspA gene.

[0040] Figure 20a is depiction of the stabilization of the truncated LOS immunotype of NOMV
vaccine strain by knockout of the IgtA gene of the three genetically modified strains. Figure 20b is an
picture of an immunoblot of the expression of LOS alpha chatn by the genetically altered strain B2

and the parental strain (B16B6) with monoclonal antibodies against L3, 7.9 (left) and L8 (right).

[0841] Figure 21 is a picture representation showing the expression of filbp variant 2 in the
genetically modified strain B3. Figure 21a) shows selection of the strain containing the gentamicin
resistance recombinant containing the overexpressed fHbp by immunoblotting and Figure 21b) is a

Western Blot using JAR4 monoclonal antibody to fHbp showing increased expression of fHBp.

DETAILED DESCRIPTION OF THE INVENTION

[0042] The present technology provides a broadly protective vaccine composition for use in
immunization against meningococcal disease, more preferably Neisseria meningitidis subgroup type
B. One embodiment of the present technology provides a vaccine composition including native outer
membrane vesicles (NOMVs) from at least one, preferably at least two, more preferably at least three
genetically modified strains of Neisseria meningitidis. Native outer membrane vesicles, also known as
blebs, are vesicles formed or detived from fragments of the ouler membrane of gram negative
bacterium naturally given off during growth and may be obtained from culture medium or from the
cells by mild methods that do not use detergents or denaturing solvents. These NOMYV typically
comprise outer membrane proteins (OMPs), lipids, phospholipids, periplasmic material and
lipopolysaccharide (1.PS) inclading lipooligosaccharides. (ram negative bacteria, especially
pathogens like N. meningitidis, often shed NOMVs during virulent infections in a process known as
blebbing. In the present technology, NOMV are vesicles produced from the outer membrane of
bacteria without the used of chemical denaturation processes and are produced from the genetically
modified strains which are antigenically diverse and have each been genetically modified to improve

safety, antigenic stability, and the breadth of the protective immrune response.



Source New England Biolabs (NEB) pUC19 cloning site PCR construct N. mening., 44-76, PCR
construct GentR gene cloning site PCR construct of GentR gene PCR construct Previous plasmid for

NSpA expressi iR gonstruct pIMAL-p2X (New England Biolabs) pl\llé% sfafgRsggnstruct
pPMAL-p2X, ébconstruct PNIAL-p2X, PCR construct PCR construct N. niening., 44-/6, PCR

construct N. awning., 44-76, PCR construct N. mening., 44-76, PCR construct Previous plasmid for
NspA expression pBAD/Thio-E (Invitrogen), PCR N. awning., PCR construct PCR construct puC19
cloning site NEB (Amp?-) 5) Start from nt. 1 of gUC 19. The plasmic( was modified to remove Nde |
site for fgﬂﬁhs]r Ii@ﬁmvgﬁiﬁﬂh&{fpfﬁﬁme%&é@ﬁl@mw&wﬂﬁﬂ&@%@y Megnk-cEepRilandadgrbipfragment was
removed. Sticky ends were filled | igated to restore the plasmid. As a result sited . (183) mid
EooR ! (8B e e R R S BRI ot s
| and Hifdidesitisite srofeple 4 deqo0rst Siffrraisteanicdsumiplifrd mrstep 4 was transformed with a
pUC19-b sedsflasmid containing. the synX gene in which a 200 b ence was replaced by a

. , se |
kanamybIN E<TSTAR SE R RS R S R AREIBP IREN RIS Lhiead5h ‘i’é%ﬁ%é%@% for the
presenceaithiidiis mrotfedtdy Xogencbantliftbr itivdndaps iteshdyativeepshie notdgeativre resbitstherified the

knocko Lﬂe%ﬁh?o%i(ﬁ%%&%, @&%@r@:{gﬁ'@ §Eﬁ§&@t eRuingirauseR it as Hansiaiadewithi 2 plasmid
pBE-SOf containing zeomycin gene knocking out the IgtA gene (Seq. DID N tg9%)< Plasmid %BE-501

containe§ L FESHIFSEHRTng iRCTEBRYS MEIEEEETE SEh &I §a8 e prod ¥ B SPE8LiBR of a
shortenéshgntrtimcatett: k@S thet, lebkd theskaotaiNeneotietraddeofyMhdE)tetkhsactharigecigesga-igure 20).

WO 2008@1%?&40412Igp&ﬁ%ﬁé&@%@o’%@él&ﬁ@@(gOgﬁ%yrﬁacti.vation of the Ipxll gene which
results in a significantly fess toxic LOS having lipid A with a penta-acyl structure; 3) insertion of a
second, antigenically different porA gene in place of one of the opa genes (OpaC or OpaD); 4)
increased expression of at least one minor conserved outer membrane protein, the minor conserved
outer membrane protein demonstrating the ability to induce bactericidal antibodies (for example, but
not limited to, NadA, factor H binding protein (FHBP) variant i, and FHBP variant 2); 5)
inactivation of the IlgtA gene in each strain which results in the expression of a shortened or
truncated 1.OS that lacks the lacto-N-neotetraose (LNnT) tetrasaccharide; and/or 6) stabilized
expression of certain outer membrane proteins, such as Ope and PorA that are susceptible to phase

variation in wild type strains.

[0045] The present technology provides genetically modified strains that provide both increased
safety of use and increase the breadth of the protective antibody response to meningococcal disease.
In one embodiment, the genetically modified strains provide increased safety by incorporating at
least one of the following mutations into the bacterial genome: deletion of the synX gene which
blocks sialic acid synthesis of capsid and results in the formation of capsule-negative phenotype
NOMVs, deletion of the IpxI.] gene which reduces the endotoxin activity by resulting in a penta-
acyl lipid A stracture, and/or deletion of the {gfzA gene which block lacto-N-neotetraose biosynthesis
on the lipooligosaccharide (LOS) which stabilized the truncated LOS structure; more preferably the
genetically modified strains provide two of these mutations, most preferably the genetically
modified strains provide all three of these mutations. In another embodiment of the present
technology, the genetically modified strains have an increased breath of protective aniibody
response by targeting at least one of three sets of possible protective antigens contained within the
NOMVs. The three possible antigens targeted include at least one of the following: PorA protein, at

least one conserved minor protein, and/or the LOS core structure, and include any combination



PCR 4-TOPO IA cloning Vector Uptake Sequence LgtA 5' segment pEM7/Zeo segment Uptake
Sequence pCR 4-TOFU TA cloning Vector Coordinates Un #1 1-3667 3668-3682 3683-4037

4038-4122 g, -44 %98-4633 4634-5448 5449-5463 5464-5759 end E é/'%%%en. Type:
plJC on PC égrq@%/r%%% . mening., 2996, PCR construct Invitrogen. Clorﬁgg)él;s?e agr?ui 7 promoter

Zeocin ZeocinR gene provided ALgtA pEM7/Zeo Fragment of pEM7/Zeo cloning site LgtA 3'
N.mening.,2996,PCR construct Uptake sequence Invitrogen *) LgtA cDNA was digested by BssH II.
Resulting 3' and 5' sticky ends were refilled and.gZeocin gene was inserted in this blunt ended cDNA. hi

case of exgisinOP LRI YRIME.4 RAGHIARNE: WHICK Ay 00 GHb Eingrehthegeparatien:gh backerial DNA,
relegated 5 ig\gd 3' of LgtA .fral%ments will bearlgtg unreﬁe@ble sgquence OQC?EZAtThIS genetlcally

modified SEI WaS TBLTEa Tl PEUSHoh BRSITRE MUTRHONS BRy e VesSian Pk Skpected

antigeng b Mlene LIRLHEIAD OF Nagrne: anemits,0tibe.aenahicalbs medifisdsraimi0Q/8] The

genetically modified strains were then used for. production of master and product,ionTceII banks for use
in vaccitE altTdRiETe al g tnI SEPR MY HOMEREFEHE MY ir S8l 8° pIBETRE d S d 4B of
NOMVs 6.5hé& N0 Masspoutert @yisciested foreihenexprassion oftthd euteranyemprane iproteptsraidd LOS.

Example. 3 fharaciarzaton o Waceanes 1Q4glehoe inakprodvel abiaingddrom Example2iwas

subjt_acted to quality control tes,tlnl? and preclinical safety and immunogenicity testing in mice and

rabbits. Used to ransform the genetically modified strain. Kan resistant transformants were selected and tested
by PCR for the presence of the disrupted synX gene and for the capsule negative phenotype. This
synX- mutant was constructed based on results and sequence information reported by Swartley and
Stephens (Swartley and Stephens (1994) J. Bacteriol. 176: 1530-1534) who showed that insertion of a
transposon into the synX gene led to a capsule negative phenotype. The same or an equivalent
mutation can be introduced into any transformable N. meningitidis strain. A suitable plasmid for use
in transforming meningococei was constructed using the following procedure. Three DNA sequences
were pieced together using the splicing by overlap.extension (SOE) polymerase chain reaction (PCR)
technique {Horton et al. (1989) Gene 77: 61-65). The three DNA sequences included, in order
beginning at the 3' end, synXB bases 67 to 681; the kanamycin resistance gene from pUC4K
(Pharmacia LKB Biotech Co.) 671 to 1623; and synxB bases 886 to 1589, In addition, at the 5 end, a
putative uptake sequence, ACCGTCTGAA, was added by including it at the end of the PCR primer
used 10 amplify the synXB 67 to 691 base sequence. The complete construct was amplified by PCR,
purified and blunt ligated into pUC19. pUCI19 was used to transform Escherichic coli DHS3a and
selected on LB agar with 50 pg kanamycin, A kanamycin resistant colony was selected, the DNA
extracted, purified, and cut with Xbal. Ancther copy of the presumptive uptake sequence was ligated
into this multiple cloning region site and the resulting plasmid again used to transform E. coli DHS5a
and kanamycin resistant colonies screened by PCR for presence of the additional uptake sequence.
Plasmid DNA was isolated from a selected colony and used as a template for PCR using primers that
amplified only the insert part of the plasmid excluding the ampicillin resistance gene which should not
be introduced into N. meningifidis. The amplified DNA was then purified and used to transform the
genetically modified N. meningitidis strain. The synX(—) mutant of N. meningitides was selected by

kanamyein resistance and confirmed by PCR amplification of the modified region.

[0047] In some embodiments of the present invention, the Ipxl] gene was inactivated in the
genetically modified strains to produce a reduced endotoxic 1.OS expressed on the NOMVs in the
vaccine compositions. The lipid A of N. meningitidis 1.OS is normally a hexa-acyl stucture and is

responsible for the endotoxic properties of the LOS. Two acyl-oxy-acyl linked secondary fatty acids



[0080] The composition of the final product vaccine was: Protein 2001 ag/ml Lipooligosaccharide 36
tg/ml Nucleic Acid 2.5 ug/m1 Sodium Chloride0.9% Tris-HCI Buffer 0.01 M pH 7.6 [0081] The vaccine

composition&\@%@ggﬁag\nalyzed by sodium dodecyl sulfate polyacrylan@%&g&&[g&ggfmoresis and
igure

western blotting. depicts coomassie blue stained gel showing protein content in the vaccine
(lane 4) as compared to control (lane 2) and filtered bulk lot (lane 3). Figure 7 depicts silver stain gel
showing the liposaccharide component of the vaccine (lane 3) as compared with control (ML5 LPS,
land 1) and filtered bulk vaccine lot (lane 2). Figuge 8 depicts the results of identity testing of the
vaccine fesstheimaionisempeansseftheNLRMYsVaceine ancosdiagtohecamiaadias asilisted in Table

3. WO 200 QJL!}SII%L‘ﬁZFgCTé}:JS?n%g% /O&g}S{g £21' I‘}I’dabl_ew?a ﬁarg%Al%ﬁik%g%X’ %p?gi:ﬁcgg/ Mo %%L%rgal Antibody
Expecte Zaction Test RESUN 1 Pré8iained tandard” L0821 L8 Frace Trace
HJ.. van Hove, J., Zomer, B., and van Alphen, 1.. Modification of lipid A biosynthesis in Neisseria
meningitidis IpxL mutants: influence on lipopolysaccharide structure, toxicity, and adjuvant activity.
Infection and Immunity 69(10), 5981-5990, 2001.) Deletion of the IpxL1 gene resulted in expression
of normal levels of penta-acyl LOS with greatly reduced endotoxicity as tested by both rabbit pyrogen
test and by cytokine release assay using human monocyles from whole blood, Other methods for

disrupting the IpxI.] gene are contemplated in further embodiments of the present technology for use

in developing the genetically modified strains.

[0648] In some embodiments, the genetically modified strain contains an insertion of a second,
antigenically different porA gene in place of one of the opa gene (OpaC or Opal). The major ounter-
membrane protein, Porin A or PorA of Neisseria meningitidis, is the product of the porA gene. PorA
has wide antigenic variation and is subject to phase variations to evade imniune selective pressure;
therefore it is not always cross-protective to other subtypes. To increase the reactivity of the vaccine
compositions against different subtypes of PorA, at least one additional porA gene is inserted into the
opaC or opaD gene of the genetically altered strain.  The PorA serotype selected for insertion is
selected based on the most prevalent forms of PorA found in cases of subtype B meningococcal
disease.  Suitable PorA serotypes include, but are not limited to; P1.7-1, (from strain M1030):
P1.22,14 {from strain M4410); P1.22,1,4; or other suitable PorA serotypes as to be understood by
one skilled in the art or described in the current literature, for example, as described by Sacchi et al.,
Diversity and prevalence of PorA types in Neisseria meningitidis serogroup B in the United States,
1992-1998, § Infect Dis, 2000 Oct;182(4):1169-76. The second PorA genes may be under control of
any suitable strong promoter that provided expression of the PorA protein, for example the PorA
promoter from suitable strains, e.g., H44/76 sirain. Suitable methods of cloning the porA gene into
the genetically altered strain would be known to a person skilled in the art, and can include, but is
not limited to homologous recombination. For example, the porA gene may be PCR amplified from
bacterial chromosomal DNA, cloned into a cloning vector and recloned into an appropriately
constructed plasmid, for example pUCIY, using gene splicing by a modification of the overlap
extension PCR technigue. This construction plasmid can be introduced into the bacterial genome
via homologous recombination such as to replace the opa gene. Transformants may be selected by
colony blotting with monoclonal antibodies to the Porin. These methods are known to one skilled in

the art.
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{0049] In further embodiments of the present technology, the modified sirains have stable andfor

increased expression of at least one minor outer membrane protein.  Suitable minor outer membrane
proteins demonstrate the ability to induce bactericidal antibodies (for example, but not limited 1o,
NadA, factor H binding protein (FITBP) variant [, and FHBP variant 2). Not to be bound by any
theory, stabilization and/or increased expression of highly conserved surface exposed minor outer
membrane proteins identified through genomic analysis as having potential to induce protective
antibodies may lead ic an increase in the cross-protective immune response. Suitable conserved
minor proteins include, but are not limited to, NadA, FHBP variant 1 and 2, and Opc. Methods of
stabilizing and/or overexpression of the minor outer membrane protein {OMP) include use of
expression plasmids and homologous recombination, or other suitable methods that are known to
one skilled in the art. The minor OMPs can be under a strong promoter, for example, but not

limited to the N. meningitidis PorA promoter or IPTG-inducible E. Coli ptac promoter.

{00501 As described in the examples below, construct plasmids were used to establish increased
expression of fHbp 1 and fHbp 2 in the genetically modified strains, where the overexpressed
protein appeared properly processed, lipidated, and transiocated to the surface of the outer
membrane. For example, expression of v.1 under the control of IPTG-inducible E. coli Ptac
promoter in sirain 8570 HOPS-G (B2) was about 4-fold higher than in the parental strain 8570 and
expression of v.2 in strain B16B2 HPS-G,A (B3) was 32-64 fold higher than in the parental strain
B16B6 (See Figure 20). Alternatively, an expression system that utilized the PorA promoter could

be used to stabilize/overexpress the minor conserved proteins.

[0051] In further embodiments of the present technology, the genetically modified strains include
inactivation of the /g#A gene which results in the expression of a shortened or truncated LOS that lacks

the lacto-N-neotefraose {(LNnT) tetrasaccharide.

(00521 An important characteristic of meningococcal LOS is phase-variation, which occurs due to
high-frequency mutations in homopolymeric tracts of nucleotide residues in /gfA and other neisserial
genes. These mutations switch on or off the expression of the LgtA transferase which mediates the
assembly of the 1.OS o-chain (altering the configuration of substituents on heptose two). This phase-
variable activation of the /gfA gene may lead to undesirable elongation of the LOS o-chain resulting in
lacto N-neotetraose which has structural similarity to human blood cell antigens. The genetically
modified strains of the present technology have the lgrA gene knocked out by disrupting the native
gene with a antibiotic marker or other suitable marker (for use in screening for alternations in the
gene), for example, but not limited to the zeomycin resistance gene. Methods of knocking out the /g/A

gene are known to one skilled in the art including, but mot limited to construct plasmids and
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homologous recombination or fransformation. The mutated AlgrA gene was inactive m all modified

strains during at least 22 observed passages and this was a stabilized truncaied form of the 1.OS core
structure. The deletioﬁ of the lgiA gene stabilizes the truncated o-core LOS stracaure, for example,
providing the truncated core structures as depicted in Figure 19, wherein three exemplary modified
strains are shown, for example the B3 strain contains the L8 alpha chain with the L3 core structure.
The genetically modified strains of the preset technology contain specific LOS core structures
corresponding to immunotypes L3, LS and L2 providing stabilized core structures in which an
immune response can be mounted, and in the examples below demonstrate truncated 1.8-like LOS
(1.8-3, 18-5, and 1.8-2) which are able to kill wild type strains expressing full length LOS. AlgtA
strains are able to elicit antibodies that recognize both the truncated and full-length forms of the LOS
structure, without cross-reacting with the lacto-N-neotetraose oligosaccharides found on human blood

cells.

[0053] In further embodiments of the present technology, the genetically modified sirains of N
meningitidis have stabilized expression of outer membrane proteins that are normally susceptible to
phase variation in wildtype strains, for example, but not iimited to, Ope and PorA. The expression of
these proteins can be stabilized by methods known in the art, and include the method of replacing the
polymeric repeat sequence in either the promoters or within the reading frame of the gene being
stabilized with a non-repeating sequence of optimal length form maximal expression. Por example,
part of the poly-C or poly-G sequence in the promoter of these genes can be replaced with a sequence
of the same length containing both C and G nucleotides, for example, 12 bp poly-G sequence of the
promoter of opcA (see Seq. ID. No. 1) was replaced with a new sequence of the same length
containing both C and G nucleotides and a Not I site (See Seq. ID No. 2, Not T site underlined). In
other suitable embodiments, the poly-G sequence in the PorA promoter (for example, see Seq. ID No.

3) can be replaced with & new sequence containing both C and G nucleotides.

[0054] Further embodiments of the present technology provide growth of the vaccine strains in
liguid medium containing a low level of iron in order to induce protein expression of proteins
involved in uptake of iron, for example transferring binding protein A and B. In some
embodiments, the medium used did not contain specific addition of iron chelators such as desferol.
One suitable medium is modified from that published by BW Catlin (Catlin BW. (1973) J. Infec.
Dis. 128: 178-194) by replacing sever individual amino acids with 1% casamino acids (certified,
Difco Laboratories). The medium contained per liter: 0.4 g NH(CI, 0.168 g KC1, 5.85 g NaCl, 1.065
g Na;HPOy, 0.17 g KILPO,, 0.647 g sodium cifrate, 6.25 g sodium lactate (60% syrup), 0.037 g
CaCL.2H,0, 0.0013 g MnS0.H,0, 5 g glycerol, 0.02 g cysteine, 10 g casamino acids, 0.616 g
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MgSQy, and distilled water to one liter. The same iron deficient medium was used for the starter

flasks and the final culture flasks or fermenters.

[6635] The vaccine composition of the present technology which inclnde NOMVs from at least three
different genetically modified strains of subgroup B can provide three potential levels of protection or
three types of antigens that each potentially induce a protective antibody response. The three antigens
are the PorA protein (six different PorA subtypes are present in the vaceine, two on each of the three
vaccine strainsy; the lipooligosaccharides (three different LOS core structures are present in the
vaccine, one from each strain}; and the conserved minor proteins NadA, FHBP variants 1 and 2, and
Ope, which have been over expressed in the vaccine strains. Although PorA has a relatively high level
of antigenic variation with several hundred different sequence variations having been ideniified,
certain PorA serosubtypes are much more frequently encountered than others and a modest number of
different serosubtypes may potentially protect against more than half of group B disease. Having
more than one antigen capable of inducing bactericidal antibodies in the vaccine is important because
it has been shown that when the surface density of an antigen is low, amibodies to it may not be able
to initiate a complement mediated Iytic event. But if antibodies (o two or more such antigens are
present the antibodies can together initiate complement mediated lysis. Genetically modified strains
of the present invention include, but are not limited to, the three strains depicted in Figure 18,
including B1 {44/76 HOPS-D), B2 (8570 HOPS-G1} and B3 (B16B6 HPS-(2) strains.

[0056] The present technology provides a vaccine that provides broad specirum protection against
meningococcal disease, specifically meningococcal disease caused by Neisseria meningitidis
subgroup B. The vaccine composition of the present invention can be combined with the existing
tetravalent A, C, Y, and W-135 vaccine to provide protection against a majority of pathogenic
serogroups of N. meningitidis. Not to be bound by any particular theory, the vaccine of the
present technology may alse provide back up protection against the other pathogenic serogroups
as well as the minor serogroups of meningococci since the subcapsular antigens on which it is based

are shared across all serogroups of meningococcl.

[0657] In preferred embodiments of the present technology, the genes of interest or DNA of interest
is delivered and integrated into the bacterial chromosome by means of homologous and/or site
specific recombination. Tntegrative vectors used to deliver such genes and/or operons can be
conditionally replicative or suicide plasmids, bacteriophages, transposons, or linear DNA fragments
obtained by restriction hydrolysis or PCR amplicification as known by one skilled in the art. In
some embodiments, integration is targeted to chromosomal regions dispensable for growth in vitro.

In other embodiments, the gene of interest or DNA of interest can be delivered to the bacterium by



[00831 The vaccine was tested in the General Safety Test as prescribed in 21 CFR 610.11. The
results for the vaccine are given in Table 4. Table 4 Test Article Test Result Comments 8570 HOPS-G

NOMV Vacgj agg%tg@,sll@g Passed All animals remained normal and heiﬁjégly{@%%ﬁr weight

Example 5: yrogenicity Test* WO 2009/158142PCT/US2009/0 oxide adjuvant.
The values given are the highest amounts tested that did not induce a fever in the rabbits (temperature
increase of > 0.5 C), results of which are found in Table 5. Table 5 Test Article Conc. Tested
Temperature Rise for Indicated Rabbit 12 8540 HOPS-G NOMV Vaccine 1 Lot # 1289 0.4 pg/kg

means of episomal vectors such as circular/linear replicative plasmids, cosmids, plasmids, lysogenic
bacteriophages,or bacterial artificial chromosomes. Selection of recombination events can be
selected by means of selectable genetic markers such as genes conferring resistance to antibiotics
(e.g., kanamyciﬁ, zeomycin, erythromycin, chloramphenicol, gentamycin, etc.), genes conierring
resistance to heavy metal and/or toxic compounds or genes complementing auxotrophic mutations.
Alternatively, recombination can be screened by PCR amplification, sequencing, restriction

digestion or ather methods known to one skilled in the art.

[0058] A “vaccine” as referred herein is defined as a pharmaceutical or therapeutic composition used
to inoculate an animal in order to immunize the animal against infection by an organism, preferably a
pathogenic organism. Vaccines typically comprise one or more antigens derived from one or more
organtsms which on administration to an animal will stimulate active immunity and protect that animal

against infection with these or related pathogenic organisms,

[0059] The purified NOMVs are prepared for administration to mammals, suitably bumans, mice, rats
or rabbits, by methods known in the art, which can include filtering to sterilize the solution, diluting

the solution, adding an adjuvént and stabilizing the solution.

[0060] Vaccines of the present invention may be administered {0 a human or animal by a number of
routes, inciuding but not I'mﬁted 0, for example, parenterally (e.g. intramuscularly, transdermally),
intranasally, oraily, topically, or other routes know by one skilled in the art. The term parenteral as
used hereinafter includes intravenous, subcutaneous, intradermal, intramuscular, intraarterial injection,
or mfusion techniques. The vaccine may be in the form of a single dose preparation or in multi-dose
fiasks which can be used for mass vaccination programs. Suitable methods of preparing and using
vaccines can be found in Remingion’s Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa.,
Osol (ed.) (1980) and New Trends in Developments in Vaccines, Voller et al. (eds.), University Park
Press, Baltimore, Md. (1978), incorporated by reference.

fR0811A vaccine composition of the present technology is typically administered parenterally in
dosage unit formmuiations containing standard, well-kmown nontoxic physiologically acceptable

carriers, adjuvants, and/or vehicles.

fO062] The vaccine compositions of the present technology may further comprise one or more
adjuvants. An “adjuvant” is a substance that serves to enhance, accelerate, or prolong the antigen-
specific immune response of an antigen when wsed in combination with specific vaccine antigens but
do not stimulate an immmune response when wsed alone.  Suitable adjuvants include inorganic or

organic adjuvants. Suitable inorganic adjuvants include, but are not limited to, for example, an



0.10.20.2i18570 HOPS-G NOMV Vaccine 0.5 jig/kg Lot#1289adsorbedto i aluminum Rehydragel
HPAlot1# 13470010 * These tests were performed by BioReliance, Inc. under GLP folléwing the
protocol specified | £FR.** Amount of aluminum hydroxide/kg that \y%m%iggige human
study for all ozrir%%la |ori1es (doses). [0085] In summary, the vaccine alone passed at 0.4 pg/kg, the
aluminum hydroxide adjuvant passed at 15 pg/kg (the largest amount per kg to be used in the clinical
study), and the vaccine adsorbed to aluminum hydroxide passed at 0.5 lag/kg but failed at 1.0 pg/kg.
Extrapolation of these results on a pg/kg basis g4ggest the adsorbed vaccine would be non-pyrogenic
in humagsHRitena desain the sangeual 250RRi0Y. Examplg orGytakinenRpleasadioprdéhole Human
Blood [0Q86] The vaccine was tested for endotoxin content.by measuring its abjlity. to induce

orom et AT TR TR 8 S To! e HoCH I RaTE o Ao B e shown
in Figures Darkd 10imFpledatesereitneofmsaliiel S Bineoll rREStangardcafIRIINNY HiekiidYot 1119

with IpXlgr£a&3) yRadeRir B3 NEHYNOWith el tyREek QRaanelikohdd8 NMMaasciriwith 1pxL1
LOS) tests. The errqr bars are the standard error of the mean. The concentration.of NOMYV is based
%h %ki(jﬁ 'Hb (f: % cgr]nm Yor

on protelne Bk thgénf'—_a. st%d GATE PPETE BRSPS 3? I\I/geiilécrlff. Kiotto be"Boln elc)lyt%iny particular
theory, ttreswiesMesghggbshobiat el cosreftevatginesinajehieaiye simil&d safstycpraftetipnhoiman

voluntegfs,as WashsseipMith, thedny - 144-02£aNtai R ¥RcSNSINISRIN0AERs ARl AdteadVIGXE: SD
NOMV vaccine, Lot # 1119, BB-IND 12687). [0087] The activity of the 8570 HOPS-G NOMV Vaccine
Lot # 1285AWEL 88 Bkred to the activity of deoxycholate extracted outer membrane vesicles (OMV).

The vesj g@{ﬁeprmg%d ysingibe, basic methad descrbed by Eraghiksens)Hugtal WPk Annals,
14:67-80, 1991, except 0.5% deoxycholate WO 2009/158142PCT/US2009/045818 -23- (DOC) was

used thriEHPEUETHE pfEedadre satierataf uSIRE 4559 PEELDh AR RONSAFRALGTr aRBHEHEYe pellets.
The restgmmmiathiﬁemmpmﬁsmmmqwqﬁm ﬁgw@@ieﬁxamgmmmmmmwiﬁemnd .
Bacm”%%%b%“&?&ﬁ%&ﬁs%%ﬁ [QO8ghMIcGware avaniihieg dpseser @ﬁrﬂ@,@@@%.@ﬁo@f@.ﬁcc'ne

strain 8570 HOPS-G at four week intervals with or without adsorption to aluminum hydroxide adjuvant
(Rehydragérfepgaiupsskarnieaiinidaccinated intraperftd @iy &t Bhopniiace wskRe with 0.1,
0.3, 1.0 axrddecigoosNehditctheywacomR) groups @tadisiet:tndaileyhnSerumiwgsdaken ats@e7 and 10
weeks. The 312 weje, epiep ioraasiRnaal aptbodien. aualis! UL RlEnl RS, tbe Ragent of the
vaccine Strain and several related strains usi g normal human serum as a source of complement.
Pre-vacdfatiohtseralindeeehmetaoyrickislyamabiseterieriideactvitifinapfepg motif (U.S. Pat. No.

- 6,207,646), COG-ODN (CpG oligodeoxymucleotides), polypeptides, saponins such as Quil A or

STIMULON™ (Q§8-21 {Antigenics, Framingham, Mass.), described in U.S. Pat. No. 5,057,540, a
pertussis toxin (PT), or an E. coli heat-labile toxin (LT), particularly LT-K63, LT-R72, CT-5109, PT-
K9/G129; see, e.g., International Patent Publication Nos. WO 93/13302 and WO 92/19263, cholera
toxin (either in a wild-type or mutant form). Alternatively, various oil formulations such as stearyl
tyrosine (ST, see U.S. Pat. No. 4,258,029), the dipeptide known as MDP, saponin, cholera toxin B
subunit {CTB), a heat labile enterotoxin (LT) from E. coli (a genetically toxoided mutant LT has been
developed), and Emulsomes {Pharmos, LTD., Rehovot, Israel). Various cyiokines and lymphokines
are suitable for use as adjuvants. One such adjuvant is granulocyte-macrophage colony stimulating
factor (GM-CSF), which has a nucleotide sequence as described in U.S. Pat. No. 5,078,996, The
cytokine Interleukin-12 (FL-12) is another adjuvant which is described in U.S. Pat. No. 5,723,127
Other cytokines or lymphokines have been shown to have immune modulating activity, inclading, but
not limited to, the interleukins 1-a, 1-B, 2, 4, 5, 6,7, 8, 10, 13, 14, 15, 16, 17 and 18, the interferons-o,
B and v, granulocyte colony stimulating factor, and the tamor necrosis factors o and f, and are suitable

foruse as adjuvants.

[0664] The vaccine compositions can be lyophilized to produce a vaccine against N. meningitidis in a

dried form for ease in transportation and storage. Farther, the vaccine may be prepared in the formof a



Vaccine Group Vaccine amount injected 1 0.1 jig 2 0.3 jig 3 1.0 jig 4 3.0 lig 5 0.1 jig + Rehydragel LV 6
0.3 jig + Rehydragel LV 7 1.0 jig + Rehydragel LV 8 3.0 jig + Rehydragel LV 9 1.0 jig + Rehydragel
HPA [0089]&61% )?g};tls 2pbtalned with the 10-week sera (three doses of yaqaing)@re.shewn in Figure
12 showing actericidal titer of the different vaccine groups for the genetically modified stains. Two
of the test strains were isogenic with the parent of the vaccine strain. They were derived from the
parent strain by replacing the porA gene with an alternate porA having a different serosubtype
specificity. Two of the PorA proteins expressed jgthese test strains are present in the vaccine
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dlfferent‘-?fjS p %mff leSh Onﬁlcﬁeﬁ 28%ycholate extra%teg véﬁf 3“%?&%%5}%%5%% e PorA antigen

as typucaﬁy%@mmﬁm@m@@mh@ @@Uﬂﬁ%ﬁth@xﬁé&@#ﬁ@%ﬁ%@pﬁa@s@ﬁﬁ@@ﬁ%Ié@ﬂa’é‘mahstrates
that the W@%ﬁb{c@ﬁ&h@i@@%ﬂ&w%hﬁ%éliﬁysmeﬂomﬁpﬁﬁﬂmt anvthe seraisHbiype iafibectanget strain

and hence not against PorA WO T/U 009/045818 24 009 cter|C| aI
antlbodlégcfﬁf?fucgz“%ﬂﬁ tthon §g(‘% &ﬁ‘-%égcg RSNV Vadtineas” ﬁ\t’)t S ng\% qlF’osulgtype specificity,
but appe@nmmsﬂyfmd@pend@mioﬁtSQF%@b@yﬁfeaahdr@mWéi(ﬁgifn‘é eBYeTHECHItIBEAMS iRng Strain
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vaccine was admlnlstere with and without ad tlon to ‘%%I LV aluminum hydroxide adjuvant.
Proeedures for coupling such moieties to a mo e are well

[0065] The vaccine may be stored in a sealed vial, ampule or the like. The present vaccine can
generally be administered in the form of a spray for intranasal administration, or by nose drops,
inhalants, swabs on tonsils, or a capsule, liquid, suspension or elixirs for oral administration. In the
case where the vaccine is in a dried form, the vaccine is dissolved or suspended in sterilized distilled
water before administration. Any inert carrier is preferably used, such as saline, phosphate buffered

saline, or any such carrier in which the NOMYV vaccine has suitable solubility.

[0066] Vaccine compositions of the present technology may include a carrier. If in a solution or a
liquid aerosol suspension, suitable carriers can include, but are not limited to, salt solution, sacrose
solution, or other pharmaceutically acceptable buffer solutions. Aerosol solutions may further

comprise a surfactant.

[0067] Amang the acceptable vehicles and sclvents that may be used include water, Ringer's sohition,
and isotonie sodinm chjoride solution, including saline sohutons buffered with phosphate, laclate, Tns
and the like, In addition, sierile, fized oils are conventionally emploved as g solvent or suspending
medism, including, bul not limited o, for example, synthetic mone- or di-glyeerides.  In addidon,

fatty acids such as oleic acid find use in the preparation of injectables.

[0068] Injectable preparations, for example sterile injectable agueous or oleaginous suspensions, are
formulated according to the known art using suitable dispersing or wetting agents and suspending
agents. The sterile injectable preparation are also a sterile injectable solution or suspension in a

nontoxic parenterally acceptable diluent or solvent, for example, as a solution in 1,3-butanediol.

fCH08Y] The presently described technology and its advantages will be better understood by reference
to the following examples. These examples are provided to describe specific embodiments of the
present technology. By providing these specific examples, the applicants do not limit the scope and

spirit of the present technology. It will be understood by those skilled in the art that the full scope of



[0091] Analysis of the specificity of the bactericidal antibody response against the heterologous strain
44/76 was undertaken by depletion of bactericidal activity with different isolated antigens.
Post-vaccingyj erum was diluted to the bactericidal endpoint (-50%, killj ra incubated in
96- well mic?gglr%@(\?/%/éeafg?coated with different concentrations of several a%%é?é%gs“% tﬁrg -hrs
incubation, the serum was tested for bactericidal activity and the percent removal of bactericidal
antibody determined. Purified LOS prepared from the target strain (immunotype L3,7) was able to
remove nearly all the antibody. Purified LOS (imyaunotype L8v) prepared from the vaccine strain was

able to rempre-alpUbLARbOk ARy Recansanyed RrataingNA LS 10.(purifieshyeeambinant
protein) %Epearq,d fo remave atftoutﬁZO% OEIPG bactericidal cttivit i;hWhiC , hot to be bound by any
particular theory, may indicate some cooperative Kifing iIMVORMAG both anti-LOS antibody and
anti-GNA1870 antibody as shown in Figure Iy Ex@spple 8: Immunogenicity in Rabbits [0092] The
vaccine was also tested for immunogenicity in rabbits. Groups of four rabbits were vaccinated
intramudédanjewith Difforsishdobabeo fuaaiiady withiifiedviveinadsoaptiof (. abwmingimitysisdxide
adjuvanprptnetiogost NAFEsgivemmimixtie eltirtervalbrane ploihwat thageneicaieeisiditdr the last
injectionYarR@GHEMHcidal antibody response of the rabbits to four test strains was determined. The
test straos7ocindead R dsoigenicdifaiianis ok 8B D@rpressiag diffefentPard pratainsiaditchidfy LOS and
strain 44/66 WL DAS A NG IRIAARUS EPIARNALDS WINAIRICOL CRIC SLUSHG. BB roteins
P1.19,15 and P1.22,14 were present in the vaccine, utyP1.22-1,4 was not. The results gft e
bactericidbpieets Epe e iferigtire es chRRRA G tHanginsd ¢ bslngd bhe Blicidd e SO Bward
strain 44/T&yvas analyzegipdhe sameermanierasdeeihenroougrsara andibe eaidiswereassentially
the same, Most of. the cross-reactive. bactericidal antibodies. ¢ be rem by purifje S
om0 T e et S U0 R Ry TESHE O, oty Tt of the
CompletES Mt Vaeat NEMYPd adi k. ARrDe2 00 81E5802 P TresS0 00910058 18w a5 mads 9:1h9)  This
strain bejgngstadhar@enetis,group ET-37 and has a class 2 PorB protein and type | transferrin binding
protein B. The second was strain 44/76 (B:15:P1.7,16:L3,7), which belongs to the genetic group ET-5
and is reffgfgehiativecofdhiiEpidamid strainvresponsibietiiorothd groupkB ehiagingobe cpalegitiemic in
Norway i ihedl 9.40:5,aR6iE 980 & JURXREIRBHACIAIS AR MR RAeIR-aRdAYRES Likansferdn Pinding
protein B. [0094] Strain B1 6B6 was genetically modified in much the same manner as described for

strain 857PHOPE ™5 JEh SV IIERS Bis 4biAd C8PHXCARY TR B &r e eRIBE e Sy RihEsis and
sialylationqkh®$ drchidediice redexitjonte. TBSnkseoondaohd mene (S dypelion:-4) was

inserted p,plagaabths: B‘?ﬁ@.ﬂ?&?eﬁn}f%ﬁﬁ% 2AENAIR (FRB Rt ihes B Ehdpducile E. coli

Ptac promoter, was inserted mé) ace of the nspA gene as a second copy using plasmid pBE-201 (Seq.

ID. No 75 BliniepBReIGE (7687 b bl for' AGamRedRp e SR JF #7BY- (variant 2)) was constructed
with the C?je%%gﬁ%:Wﬁeﬂei@wEﬁbJ%Lﬁting%&r? LabIg £ GopHinates (AL AKRSANER o HUC 19%(

Sac | site (uni Uptake Sequence 5" NspA NCR Barn H [ site Gene gene Sac Il (unique) Rmp
promotes' fragnTRFRRTESHPRMEN SRS tuiffuETiiey dietaepitgc rontBtaPbae Spdtasy i the

promoter of opeA with & new sequence of the same length containing both C and G nucleotides.
Original promoter sequence (Seq. D No. 1) (poly-G sequence italicized and bold)
5" ..CATAGTTAAAACCTCTAAAATTTGGATTGTAGTCGGATATGGTAACATAACGTAAATA
ATCGTTACGCTTACAATTATATTCTTAAGCTTTCGGGGGGGGGGGGATTT.. S was replaced

with a modified promoter sequence (Seq ID No. 2) containing both G and C nucleotides with a Not 1

site {underlined)
5 .CATAGTTAAAACCTCTAAAATTTGGATTGTAGTCGGATATGGTAACATAACGTAAATA
ATCGTTACGCTTACAATTATATTCTTAAGCTTTCGCGCGGCCGLGCATTTT.Y The

replacement sequence was chosen to contain a restriction site for Notl to enable verification of the
presence of the replacement sequence. The plasmid used for the transformation was pOpc79 (Seq. ID
No. 4). The plasmid insert does not contain an antibiotic marker. Selection of transformants was

based on colony blotting with monoclonal antibody to OpcA. The strain to be transformed was chosen



RBS Nde | site (unique) fl-IBP (variant 2) leader peptide fliBP (variant 2) ORE with stop codon SgrAl
site (unique) 3'NspA and 3'NspA NCR rrnB transcription terminators 3' NspA NCR Uptake Sequence

Hind ILI pU - 92-197 19 8-2 12 213-1248 1249-1254 1255-2 = 111-2230
Gt 4202102

2231-2236 3642-3 673 3674-3702 3750-3755 3761-3766 3764-3823 38244588
4589-4596 4597-4638 4639-4945 4946-5432 5433-5447 5448-5453 5454-7687 end New England
Biolabs (NEB) pUC19 PCR construct N. mening., 44-76, PCR construct Gene gene cloning site PCR
construct of GentR gene PCR construct N. mattjgg., PCR construct PCR construct pMAL-p2X (New

England Bielah DM Ak R2X . JRER Gonsirued RIMAL Ogoh PéailveQnsies b, RCEREgNstruct
PCR COQ%E&JR%'[ "r%.\évrgtlkrl]rgi’orzﬁ?sgl?s’ 58-5 (ﬁgtg%td’ll,sl%y frfrjnlx? %g?:(ﬁi %gsglg{iepp_lz?sg (\)fgrsuti;a 3 tby PCR and

restriction enzyme (Not I) analysis.

[6073] 3) Starting with the strain resulting from 2, the gene IpxIi, which is an acyl transierase
respounsible for linking one of two acyl-oxy-acyl linked fatty acids to the lipid A of the LOS, was
disabled by replacing a 260 bp sequence in the middle of the 7pxL] gene with an insert containing the
tetM antibiotic resistance gene. The tetM gene was obtained from a plasmid pJ$1934, which was
derived from the transposon Tn916 (Swartley, et al. 1993. Mol. Microbiol. 10:299-310}. The plasmid
used to disable the IpxL] gene was pMn5 (Seq. ID No. 5). The presence of the insert in the Ipx[i gene
was verified by PCR which produced a 3.3 kbp amplicon using primers at the beginning and end of
the IpxLd gene.

{00674} 4) Starting with the strain resulting from step 3, expression of the conserved outer membrane
protein GNA 1870 (variant 1) (FHBP v.1) was increased by inserting a second copy of the GNA
1870 variant 1 gene in the nspA locus, knocking out expression of NspA. The newly inserted gene was
part of an insert that contained a gentamicin antibiotic resistance gene, the E. coli lac operon with the
IPTG-inducible Ptac promoter, the GNA1870 variant 1 gene and the rrnl3 terminator, the plasmid used
is depicted in Figure 19¢ and Seq. ID No. 6. The PUC19 based plasmid, pBE/GNAIS7O/101, was
used in the transformation and homologous recombination to insert the GNA 1870 variant 1 gene into
the modified strain. pBE/GNA1870/101 plasmid (7687 b.p.) was constructed with the features as
described in in Table 1 (sequence can be found in Seq. ID No. 6).



N. melting., 44-76, PCR construct Previous plasmid for NspA expression pBAD/Ibio-F (Invitrogen),
PCR N. awning PCR construct PCR construct pUC19 cloning site NEB, (Amp.") 5) Start from nt. 1 of
pUC 19. Th azsm}c as modified to remove Nde | site for further convenient cIon|n4g as follow: It was
diges by Nde ECORT4nd 213 b. p.fragment was removed. Sticky ends P& lEd 1 ERd 'Mated to
restore the plasmid. As a result sited | (183) and EcoRI (395) were destroyed. For cloning of
constructs for the expression of target protein we used Sac | and Hind Il don sites of pUC 19. A phase
variant of the resulting strain expressing a truncaged alpha chain consisting of glucose and galactose.
L2 LOS was selected by colony blotting. The resulting genetically modified strain was designated
B16B6 HPS-02, see Figure 18. WO 2009/1581 T/132009/045818 -26- [0095] Strain 44/76 was
also moﬁ#@@dﬁgenetlcally in the s&emuipgittdatiis described $auratrain 8570 ITOPS-GE The two genes,
synX an \(ﬁfre disabled by mse?t@rlbmutageneas %@g&ﬁﬁgﬁﬂﬁ%ﬁ}e (subtype P1.7-1, 1) was
mserted@@f&g;aqu dts promoter in placevetthe opaD gene:carad]@;@econd copy of nadA was inserted
behind & PorA prodotetsier piade of the?ﬁ ne. PlasmidrpBE-3tIowR ased'for homologous
recombifidion {5 insert the NadA gene,3 %smld 3-11 ﬁ%mﬁﬁ%ﬂlﬁﬁé@ with the features as
describeddn ¢ laigﬂ@; 8 and the sequencequanzbe found in Secr R:Ne. 8. Table 8 Feature pUC19 Sac |
site (umt&ﬂ?@l)’@ akeBeyuerree 5 NspANCRBarn H | sité'Gene! gendeSie/ k{uritiue) PorA promoter

(44-76) % gi]ﬁé‘ﬁ’}q"‘ei\lde | site (unlque)zﬁééﬁi’(allele 3) Ie%ﬁ%ﬁﬁ%’@g@g Nada (aligle 3) 0121-1with stop

codon SgeAbsiaKtinique) PorA terminaton (44 PMAI -p2X, PCR construct
Lac operator 3674- 3702 pMAL-p2X, PCR constuct
RBS 3750-3755 pMAL~p2X, PCR construct
Nde T site (unigue} 3761-3766 PCR construct
{HBY (variant 1) leader peptide 3764-3823 N. mening., 44-76, PCR construct
fHBP (variant 1) ORF with stop codon 3824-458% N. mening., 44-76, PCR construct
SgrAl site (unique) 4589-4506 N. mening., 44-76, PCR construct
3’NspA and 3"NspA NCR 4557-4638 Previous plasimid for NspA expression
0B transcription terminators 4639-4545 pBAD/Thio-E (Invitrogen), PCR
3" NspA NCR 4946-5432 N. mening., PCR construct
Uptake Sequence 5433-5447 PCR construct
Hind II 5448-5453 pUC1S cloning site
pUC 15  5454-7687 end NEB (Amp.*)

*} Start from nt. 1 of pUC 19. The plasmid was modified to remove Nde I site for further convenient cloning as follow: It was diges
by Nde I - EcoR Iand 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the plasmid. As aresult sited M
1 (183} and EcoR1I (395) were destroyed. For cloning of constructs for the expression of target protein we used Sac T and Hind III clowr
sites of pUC 19.

[0075] 5) The strain resulting from step 4 was transformed with a pUCI9-based plasmid containing
the synX gene in which a 200 bp sequence was replaced by a kanamycin resistance gene. Kan
resistant transformants were selected and tested by PCR for the presence of the disrupted synX gene

and for the capsule negative phenotype. The results verified the knockout of the synX gene.

[0676] 6) The strain resulting from step 4 was transformed with a plasmid pBE-301 containing
zeomycin gene knocking out the JgiA gene (Seq. ID No. 9). Plasmid pBE-501 contained the features
found in Table 2. Knock-out of the IgfA gene produced expression of a shortened or truncated LOS
that lacks the lacto-N-neotetraose {LNnT) tetrasaccharide (see Figure 20).



Bsm | 3' NspA NCR Uptake Sequence Hind ifi pUC 19 Source New England Biolabs (NEB) pUC19
cloning site PCR construct N. awning., 44-76, PCR construct Gene gene cloning site PCR construct of
Gentll gen%g%%gﬁcs)nstruct N. awning., 44-76, PCR construct PCR con%té ?[tﬁl\zlao%ygmp%, 2996, PCR
construct N. awning-., %@6 PCR construct N. awning., 44-76, PCR constrtict N-awning., 44-76, PCR
construct PCR construct N. awning., PCR construct PCR construct plJC | 9 cloning site NEB, (Amp?)
*) Start from nt. 1 of plIC 19. The plasmid was modified to remove Nde 1 site for further convenient
cloning as follow: It was digested by Nde | - EcoRR | and 213 b.p.fragment was removed. Sticky ends
were filled in and ligated to restore the plasmidghggoresult sited Nde | (183) and EcoRI (395) were
destroyed. For cloning of constructs for the expression of target protein we used Sac land Hind IlI
cloning sites of plJC 19. **) The 14Gs RolyG tragt.of the 44-76 gromoter was modified by replacing
with optimal for the expression 11Gs. [O'mﬁ%ion, expression of OpcA was stabilized by curing
the phaséRaiidtidivatsoeitaed with its §é1%é. This was dometascteseripédofor strain 8570 HOPS-G1 by
breaking}fgﬁkiﬁ%’ By-G string in its pro%@ﬁﬁjﬁ Example iﬁ;ﬁﬁ?@ﬁg@g% was,interrupted as in
Examplehpraducing a truncated LOS afdgphase variant of:thegesuliing stranmexpresaing.the L8
immunotype was selected by colony bléttivfSKith an L8 s seiﬁ%zmwéh}ﬁ%@nt% KeoThis genetically
modified giraip was designated 44/76 Iﬁﬁ%ﬁ@) as shown néﬁi%‘f@@”é@?ﬁfﬁcﬁgl%&ﬁorh%”i’s rains were
characterjzeesta.enfirm stability of all thesgenetic modificajigaseanetstocks of each were frozen down.
ExampleQ0-Frgparatione SEMOMV Vaséméfromd Strains k3t&R6 HPS-G2 and 44/76 HOPS-D. [0097]

The threg genetically, modifi %QB%LE?«JDMME%%#%% IQ;%?%&@JQQQ@%X%&E%}%E@%M&XQ&Sirﬂi?

COMpOoSitians.ddh@ S answaragrannd Hinsmadifiedmedium: asione titesculitreswhadiarnbach

flasks orPtratiaryedhaker. The/caigmmeralhatiestothnpeentrifiigation, weighed and the cell paste
frozen. Togreelhpastasiasiihaw@dandruised 40 psepake NaMrdelowing essentialitdhensame WO
2009/1581Af2P.CT/y 2(390(94%%&1311% -527- procedure as described for the clinical lot of vaccine from
strain 8570 HOPS-G1 48 8680”5%&1 In Example 2. The process was scaled down and

ultracenigifuR@tion Wistualidder VLand {RloGRVNRL Zndlicity SD@RAMEHRIC acids and all soluble,
non-vesicle material.

[0078] The genetically modified strains were then used for production of master and production cell
banks for use in vaccine manufacture as detailed in the flow-charts in Figures 1-3 to produce a
composition of NOMVs. The NOMVs culture is tested for the expression of the outer membrane

proteins and LOS.
Example 3: Characterization of Vacecines

[0079] The final product obtained from Example 2 was subjected to quality control testing and

preclinical safety and immunogenicity testing in mice and rabbits.

10080] The composition of the final product vaccine was:

Protein 2001 ag/ml
Lipooligosaccharide 36 tg/ml
Nucleic Acid 2.5 pg/ml
Sodium Chloride 0.9%
Tris-HCI Buffer 0.01 M pH 7.6

{0081] The vaccine composition was further analyzed by sodium dodecy! sulfate polyacrylamide gel
electrophoresis and western blotting. Figure 6 depicts coomassie blue stained gel showing protein
content in the vaceine (lane 4) as compared to control (lane 2) and filtered bulk lot (lane 3). Figure 7
depicts silver stain gel showing the liposaccharide component of the vaccine (lane 3) as compared
with control (ML35 LPS, land 1) and filtered bulk vaccine lot (lane 2). Figure 8 depicts the results of
identity testing of the vaccine for the major components of the NOMVs vaccine according to the

antibodies as listed in Table 3.



Example 11: Immunization of Mice with Complete Multivalent Vaccine [0098] Groups of ten CD-1 mice
were vaccinated intraperitoneally with two pg of NOMV vaccine from each genetically modified vaccine
strain (6 pg é%a%(f@rl e, ombined vaccine with NOMV from three strains), w%m%lgvere given at
0, 4, and 8 wee was drawn pre-vaccination and 2 weeks following the last vaccination (at 10
weeks). [0099] Sera from individual mice were tested for bactericidal antibodies against the
homologous strains, and pooled serum from each group of 10 mice was tested against a panel of 14
heterologous group B strains and 1 group C strain expressing a broad range of different subcapsular
antigens. [OOlOO]The combined multivalent vaqeiﬁg 'mduced a geometric mean 1:256 titer against
each ofthe-t

" E{ g % {C?fno "l IUI of-gf ELCI |€eal ease-i es!{,i?el’sl E.Jal antibodies against 13
of the 1 ?lee[ero?ogon Erains, Tw ﬂﬁ% est stra rl?eQXSB% not killed in spite of having an antigen
shared with gk Of e VarTE STaRs, |ne bactericidar titers observed against the panel of strains are
given imhe Tatyg gg Table Bactericidat Fiters of Poglgg.Mouse Sefarggainst a Diverse Panel of Test
Strains gCtericigaliass Strain 8570 naliallana Anfigemsikxpressed [8as+3.:3.v |iter of Pooled Serum
from Mige Vaccamateskwith Indicated Yagome Bl #+BcB3 256 25618+ B3 B1 B2B3 256 256

5 Lip (H8) 2-1-CA2 Positive Positive
6 Opa P5.10 1 23-1-P5.10 Negative Negative
7 Opa PS.11 MF7-1-P5.11 Negative Negative
8 Opc (P5.0) B306-P5C Positive Posiiive
5 FHBP I (GNAISTO) JAR 4 Positive Positive
10 Rmp oS Positive Positive
11 PorB P4 15-1-P4 Positive Positive
12 PorA P1.14 MN21G3.17 Positive Positive
13 PorA P1.15 MN3CSC Positive Positive
14 PorA P1.19 2-1-P1.19 Positive Positive
15 TBP2 476C2(32 Positive Positive
16 (Gp B Polysaccharide 2-2-B - | Negative Negative
17 Amido Black Stain NA

[0082] The results are found in Figures 6, 7 and 8 showing proteins found in the NOMV of the
vaccine from the genetically modified strain 8570 HOPS-G NOMYV contain the proteins and LOS as
described.

Example 4: General Safety Test of the Vaccine

[0083] The vaccine was tested in the General Safety Test as prescribed in 21 CFR 61011, The

results for the vaccine are given in Table 4.

Tabie 4
Test Article Test Result {Comments
8370 HOPS-G NOMV Passed All animals remained
Vaccine Lot # 1289 normal and healthy and
izained weight

Example 5: Rabbit Pyrogenicity Test®

[0084)] The results of the rabbit pyrogen test for endotoxin activity are given in Table 3 for the
genetically modified vaccine 8570 HOPS-G NOMYV alone and the vaccine adsorbed to aluminum
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hydroxide adjuvant. The values given are the highest amounts tested that did not induce a fever in the

rabbils {temperature increase of > 0.5 °C), results of which are found in Tabie 5.

Table 5
Temperature Rise for]
Test Article Cone. Indicated Rabbit
Tested 1 2 3

&570 HOPS-G NOMYV Vaccine | 0.4 pg/kg 0.1 0.2 0.2
Lot# 1289
8570 HOPS-G NOMYV Vaccine| (1.5 pg/kg 0 0 0
Lot # 1289 adsorbed 1o
aluminum Rehydragel HPA lot
#1347

* These tests were performed by BioReliance, Inc. under GLP following the protocol
specified in the CFR.

4 Amount of aluminum hydroxide/kg that will be used in the haman study for all
formulations (doses).

[0085] In summary, the vaccine alone passed at 0.4 pg/kg, the aluminum hydroxide adjuvant passed at
15 pg/kg (the largest amount per kg to be used in the clinical study), and the vaccine adsorbed 1o
aluminum hydroxide passed at 0.5 lag/kg but failed at 1.0 pg/kg. Extrapolation of these resulls on a
pefkg basis suggest the adsorbed vaccine would be non-pyrogenic in humans up to a dose in the range
of 25 - 50 pg.

Example 6: Cytokine Release from Whole Human Blood

[0086] The vaccine was tested for endotoxin content by measuring its ability to induce
proinflammatory cytokines TNF-alpha and -6, from fresh whole human blood. The resulis are
shown in Figares 9 and 10. The data are the mean of 3 (E. Celi LPS Standard and NOMYV vaccine lot
1119 with IpxL2 LOS) or 5 (Lot 0832 NOMYV with wild type LOS, and Lot 128% NOMYV vaccine
with IpxL] LOS) tests. The error bars are the standard error of the mean. The concentration of
NOMV is based on protein but the E. Coli standard LPS is based on LPS by weight. Not o be
bound by any particular theory, these results suggest that the current vaccine may have a similar safety
profile in human volunteers as was seen with the ipxZ2 LOS containing vaccine (Meningococcal

44776 MOS 5D NOMYV vaccine, Lot # 1119, BB-IND 12687).

[0087] The activity of the 8570 HOPS-G NOMYV Vaccine Lot # 1289 was compared to the activity of
deoxycholate extracted outer membrane vesicles (OMV). The vesicles were prepared using the basic

method described by Fredriksen JH, et al. NIPH Annals, 14:67-80, 1991, except 0.5% deoxycholate
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(DOC) was used through out the procedure rather than using 1.2% DOC to resuspend the

ultracentrifuge pellets. The results of this comparison are shown in Figure 11.
Example 7: Immunogenicity in Mice and Bactericidal antibody respense

[0088] Mice were given three doses of genetically modified vaccine strain 8570 HOPS-G at four week
intervals with or without adsorption to aluminum hydroxide adjuvant (Rehydragel LV). Groups of 10
mice were vaccinated intraperitoneally at 0, 4 and 8 weeks with 0.1, 0.3, 1.0 or 3.0 ug of NOMV, the
vaccine groups are listed in Table 6. Serum was taken at 0, 7 and 10 weeks. The sera were tested for
bactericidal antibodies against four different strains, the parent of the vaccine strain and several related
strains using normal human serum as a source of complement. Pre-vaccination sera were uniformiy

lacking in bactericidal activity.

Table 6
Vaccine Group Vaccine amount injected
1 0.1 pg
0.3 pg
1.0 pg
3.0 ug

0.1 g + Rehvdragel LV
0.3 ug + Rehvdragel LV
1.0 g + Rehvydragel LV
3.0 pe + Rehvdragel LV
1.0 ng + Rehvydragel HPA

{00891 The results obtained with the 10-week sera (three doses of vaccine) are shown in Figure 12

O (oo [~ ISy W | (W k2

showing the bactericidal titer of the different vaccine groups for the genetically modified stains. Two
of the test strains were isogenic with the parent of the vaccine strain. They were derived from the
parent strain by replacing the porA geme with an alternate porA having a different serosubtype
specificity. Two of the PorA proteins expressed in these test strains are present in the vaccine
(P1.19,15 and P1.22,14), but the thard (P1.22-1,4) is not. The fourth strain, 44/76, has a different
PorA, a different PorB, and a different LOS core structure as compared to the vaccine strain.
Surprisingly different to published studies in which deoxycholate extracted vesicle vaccines
show the PorA antigen as typically the dominant antigen, the results of the vaccine of the present
technology demonstrates that the majority of the bactericidal activity was not dependent on the

serosubtype of the target strain and hence not against PorA.
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[6090] Bactericidal antibodies induced in mice by the 8370 HOPS-G NOMYV vaccine do not show

serosubtype specificity, but appear mostly independent of serosubtype and serotype (Figure 13). The
antibodies killing strain 44/76 were found to be mainly directed against the LOS. Bars are standard
error of the mean. The vaccine was administered with and without adsorption to Rehydragel LV

aluminum hydroxide adjuvant.

[0091] Analysis of the specificity of the bactericidal antibody response against the beterologous strain
44176 was undertaken by depletion of bactericidal activity with different isolated antigens. Post-
vaccination mouse serum was diluted to the bactericidal endpoint (-50% killing) and incubated in 96-
well microplate wells coated with different concentrations of several antigens. After 4-hrs incubation,
the serum was tested for bactericidal activity and the percent removal of bactericidal antibody
determined. Purified LOS prepared from the target strain (immunotype 13,7} was able to remove
nearly all the antibody. Purified LOS (immunotype LEv) prepared from the vaccine sirain was able to
remove about 70% of the antibody. The conserved protein GNA1870 (purified, recombinant protein)
appeared to remove about 20% of the bactericidal activity, which, not tc be bound by any particular
theory, may indicate some cooperative killing involving both anti-LOS antibody and anti-GINA1870
antibody as shown in Figure 14.

Example 8: Inununogericity in Rabbits

[0092] The vaccine was also lested for immunogenicity in rabbits. Groups of four rabbits were
vaceinated intramuscularly with different doses of vaccine, with or without adsorption to aluminum
hydroxide adjuvant. Three doses were given at six week intervals and blood was drawn iwo weeks
after the last injection. The bactericidal antibody response of the rabbits to four test strains was
determined. The test strains included 3 isogenic variants of 8570 expressing different PorA
proteins and 1.3,7v 1.OS and strain 44/76 which has a heterologous PorA and LOS with a different
core structure. PorA proteins P1.19,15 and P1.22,14 were present in the vaccine, but P1.22-1,4 was
not. The results of the bactericidal tests are given in Figure 15. Analysis of the cross reactive
bactericidal activity toward strain 44/76 was analyzed in the same manner as for the mouse sera and
the results were essentially the same. Most of the cross-reactive bactericidal antibodies could be

removed by purified L.OS homologous to the test strain

Example 9: Preparation and Animal Testing of a Laboratory Lot of the Complete Multivalent
NOMY Vaccine.

{0093] In addition to strain 8570 HOPS-Gl which was described in the Examples above, two

additional vaccine strains were selected and genetically modified. The first was strain B 16B6 (B:2a:P
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1.5,2:1.2). This strain belongs to the genetic group ET-37 and has a class 2 PorB protein and type I

transferrin binding protein B. The second was strain 44/76 (B:15:P1.7,16:13.7), which belongs to the
genetic group ET-5 and is represeniative of the epidemic strain responsible for the group B
meningococcal epidemic in Norway in the 1970's and 1980's. It expresses a class 3 PorB protein and

type H transferrin binding protein B.

[0G94] Strain B16B6 was genetically modified in much the same manner as described for sirain 8570
HOPS-GI. Two genes were disabled, synX and ipxZL1, to prevent capsule synthesis and sialylation of
LOS and to reduce the toxicty of the LOS. A second porA gene (subtype P1.22-4) was inserted in
place of the opaD gene. Variant 2 of GNA 1870 (FHBP) with the IPTG inducible E. coli Ptac
promoter, was inserted in place of the nspA gene as a second copy using plasmid pBE-201 (Seq. ID.
No 7). Plasmid pBE-201 (7687 b.p. for additional expression of fHBP (variant 2)) was constructed

with the features as described in Table 7 .

Table 7
Feature Coordinates (ni ) Source
puc 197 1-191 New Fngland Biotabs (NEB)
Sac I site (unique) 192-197 pUC19
Uptake Sequence 198-212 PCR construct
5" NspA NCR 213-1248 N. mening., 44-76, PCR constimct
Bam HIsite 1249-1254 Gent’ gene cloning site
Gent' gene 12532104 PCR construct of Gent™ gene
Sac H (unique) 2105-2110 PCR constract
Rmp promoter 5” fragment (rest) 2111-2230 N. mening., PCR construct
Mfe I site (unique} 2231-2236 PCR construct
Lac? operon 2237-3641 PMAL-p2X (New England Biolabs)
Ptac promoter 3642-3673 pMAL-p2X, PCR construct
Lac operator 36743702 pMAL-p2X, PCR construet
RBS 3750-3755 PMAL-p2X, PCR construct
Nde [ site (unique) 3761-3766 PCR construct
fHBP (variant 2) leader peptide 3764-3823 N. mening., 2996, PCR construct
fHBP (variant 2) ORF with stop codon 3824-4588 N. mening., 2996, PCR constract
SarAl site (unique) 4585-4596 N. mening., 44-76, PCR construct
3'NspA and 3’NspA NCR 4557-4638 Previous plasmid for NspA expression
rrnB transcription terminators 4639-4945 pBAD/Thio-IZ (Invitrogen), PCR
3" NspA NCR 4946-5432 N. mening., PCR construct
Uptake Sequence 5433-3447 PCR construct
Hind I 5448-5453 pUC19 cloning site
pUC 19 5454-7687 end  NEB, {Amp.X)

*) Start from nt. 1 of pUC 19. The plasmid was modified to remove Nde I site for further convenient cloning as follow: It was diges
by Nde I - EcoR I and 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the plasmid. As a result sited I
1(183) and EcoRI (395) were destroyed. For cloning of constructs for the expression of target protein we used Sac [ and Hind ITI clox
sites of pUC 19,

A phase variant of the resulting strain expressing a truncated alpha chain consisting of glucose and
galactose. L2 LOS was selected by colony blotting. The resulting genetically modified strain was
designated B16B6 HPS-G2, see Figure 13.
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[00101]Vaccine Code:B1 = 44/76 HOPS-D NOMV B2 = 8570 HOS-GI NOMV B3 = B16B6 BPS-02
NOMV [OO '%Q{f? ults demonstrate the ability of the combined vacp&e;d& ggblg%ltgacterlc:ldal
(protective) ant ies against a broad range of group B strains and potentially strains of other
serogroups as well. [00103]Analysts of the bactericidal antibodies using a bactericidal depletion test
demonstrated that antibodies to all three sets of antigens were involved in killing at least some of the
test strains. In some cases, it appeared that antjigodies to more than one antigen were involved and
acted togmvmMﬁs@radnsemlaaq;wiﬁidam@tgﬂxﬁm@a@mﬁt 1BcOien Shiaim. i@@&&ﬁ}ﬁddﬁmahg gamps of mice
were va t th NOMV vaccipe IS ¢ mutants of strain 8570 H l. The
mutant Str aggsgglf?feﬁ?eé i Hheir exp?eggclﬁrg ;?1; Por V\E}ggngﬁaﬁ%%ee%rlgggéangséﬁ’ngIsé%lg 74 (cfﬁe or the
other of gk (b iyPeHE rhillth a¥eningees alorg rait) @ﬁﬁoﬁlﬁ@t@hWW&WN%W@W@F&H@%XW%S|ng
no PorAcpoteinaBaciariaidabliiRisdndysed byweseh of fhe-foumstigingagainatsevaral differnt test

strains are
ec? ?(gwhgnliglggab%lse rg:'c%m-{)mauon to insert the NadA gene, the plasmid 3-11 was constructed with

the features as described in Table 8 and the sequence can be found in Seq. ID No. §.

Tabie 8
Feature Coordinates (nt #) Source
puC19” 1-191 New Bngland Biolabs (NEB)
Sac | site (unique} 192-157 pUC19 clening site
Untake Sequence 168-212 PCR construct
5" NspA NCR 213-1248 N. mening., 44-76, PCR constract
Bam H T site 1249-1254 Gent' gene cloning site
Gent' pene 1255-2104 PCR construct of Gent® gene
Sac [1 (unique) 2105-2110 PCR construct
PorA promoter (44-76) (modified)** 2111-3266 N. mening., 44-76, PCR construct
Nde 1 site (unique} 3267-3272 PCR constract
NadA {allele 3) leader peptide 3270-3338 N. mening., 2996, PCR construct
Nadh {allele 3) ORF with stop codon 33394487 N. mening., 2996, PCR constmct
SgrAl site {unique) 4488-4495 N. mening., 44-76, PCR construct
PorA terminator {44-76) 4456-4510 N. mening., 44-76, PCR construct
Bsm 1 4911-4%16 PCR consirsct
3" NspA NCR 4917-5329 N. mening., PCR construct
Uptake Sequence 5330-5344 PCR construct
Hind I 5345-5350 pUCIO cloning site
pUC 19 5351-7584 end NEB, (Amp.*)

*) Start from ni. 1 of ptIC 19. The plasmid was modified to remove Nde [ site for further convenient cloning as follow: It
was digested by Nde I - EcoR I and 213 b.p.iragment was removed. Sticky ends were filled in and ligated to restore the
plasmid. As a result sited Nde I{183) and EcoRI (395) were destroyed. For cloning of constructs for the expression of
target protein we used Sac I and Hind 11 cloning sites of pUC 15,

#+) The 14Gs Poly G tract of the 44-76 promoter was modified by replacing with optimal for the expression 11Gs,

[0696] In addition, expression of OpcA was stabilized by curing the phase variation associated with its
gene, This was done as described for strain 8570 HOPS-GI by breaking up the poly-G string in its
promoter in Example 1. The IgiA gene was interropted as in Example 1 producing a truncated LOS.
A phase variant of the resulting strain expressing the L8 immunotype was selected by colony blotting
with an L& specific monoclonal antibody. This genetically modified strain was designated 44/76
HOPS-D as shown in Figure 18. The two additional strains were characterized to confirm stability of

all the genetic modifications and stocks of each were frozen down.
Example 16: Preparation of NOMYV Vaccine from Strains B16Bé HPS-G2 and 44/76 HOPS-D.

[6097] The three genetically modified strains were used o prepare laboratory lots of NOMV vaccine
compositions. The strains were grown in Catlin's modified medium as one liter cultures in Fernbach
flasks on a rotary shaker. The cells were harvested by centrifugation, weighed and the cell pasie

frozen. The cell paste was thawed and used to prepare NOMV following essentially the same



Test Strain Mutant of 8570 Prepared 8570 (P1.19,15 andP1.22,141 HOPS-G1 from 8570 (P1.19,15)1
Which NOMV 8570 (P1.22,14) Vaccine Wa 8570 APorA 8570 756 756 256 ' 256 44/76 256 256 256

256 B16B6 3‘76 %@9&%?927 8 PCT/US2009/645818

7.
procedure as described for the clinical lot of vaccine from strain 8570 HOPS-GI1 as described in

Example 2. The process was scaled down and ultracentrifugation twice at 225,000 x g for 60 min at 2~

8°C to remove nucleic acids and all soluble, non-vesicle material.
Example 11: Immunization of Mice with Complete Multivalent Vaccine

[0098] Groups of ten CD-1 mice were vaccinated intraperitoneally with two pg of NOMV vaccine
from each genetically modified vaccine sirain {6 pg total for the combined vaccine with NOMYV from
three strains). Three doses were given at 0, 4, and 8 weeks. Blood was drawn pre-vaccination and 2

weeks following the lasi vaccination (at 10 weeks).

[0099] Sera from individual mice were tested for bactericidal antibodies against the homologous
strains, and pooled serum from each group of 10 mice was tested against a panel of 14 heterologous

group B strains and 1 group C strain expressing a broad range of different subcapsular antigens.

[00100] The combined multivalent vaccine induced a geomefric mean 1:256 titer against each
of the three vaccine strains and a 4-fold or greater increase in bactericidal antibodies against 13 of the
15 heterologous strains. Two of the test strains were not killed in spite of having an antigen shared

with one of the vaccine strains. The bactericidal titers observed against the panel of strains are given

in the Table 9.

Tabile 9: Bactericidal Titers of Pooled Mouse Sera against a Diverse Panel of Test Strains
Bactericidal  |Antigens Expressed Titer of Pooled Serum from Mice Vaccinated with
Test Strain Indicated Vaccine

Bl +B2+B3 | Ba+B3 | Bl B2 B3
44776 B iaPL 6P 1, L3T 256G 256 256 256 1
2570 a1 19,05 P35 L300V 256 156 2564 156 )
216136 B:2a:PL.52P5 ]alZ 256 256 i 1 256
9162 B3PI Z3P5 10,1 1L3,T7* 16 16 g 2 1
M1080 BT 19 PT P LLET 7 1 1 1 1
3576 PNTPLIZTIIT 128 128 4 2 16
2047 B:26:P1.3,2:0L3,4,7 64 128 ; 1 128
9547 AP 256 256 128 2 64
531 BrZa Pl 5.2 P5 1a,lb 4,5 1.3.7 756 2356 256 ] 256
7608 BPBPIARTS 2l A 256 128 1 1 128
6040 BITPINTLL 4 4 1 1 1
1901 BRIOPINTECITLT 156 32 128 1 ]
99M B 73 Pl.Z.P5ia1b,51.37 512 512 16 8 256
6275 B2 P T P I 4,513 B 3512 32 1 512
126E CEITPISZLITPS e 956 256 4 2 64
D081 AR NER B 37 8 4 64 2
M4720 AP 220402 1 1 1 1 1
6557 ATPLRIG.T 32 16 1 32 16




88954724 4rt298164 116 6557 321128 1 [00105]For the first five test strains in Table 10, the
PorA expression had no effect on the titer of bactericidal antibodies induced by the vaccine. For the

~ last two Str%@%ﬁ%ﬁ&% express Pl. L4, the presence of the P1.14 epitge@/%iml}‘%gwe correlated
with the capacity of the respective serum to Kill the strain. This demonstrates that antibodies to PorA

are involved in the observed killing for some strains. For other strains such as the homologous strain
and strain 44/76 other antigens are responsible for most of the bactericidal activity. This was
demonstrated by analysis with the bactericidal ggpletion assay. Results of one such assay are given in
Figure 1igoTthe resultsishavavin.Biguref¢ dermpstraley WO 2009/158142PCT/US2009/045818 -29-

that antibodies to LOS and FHB%QW&%@dwlved in the killing of strain 8570 by antiserum to
PS-GL ) ‘

PorA knockout mutant of 8570
B3 = B16B6 HPS-G2 NOMV

[00102] These results demonstrate the ability of the combined vaccine to induce bactericidal
(protective) antibodies against a broad range of group B strains and potentially strains of other

serogroups as well.

[00103] Amnalysis of the bactericidal antibodies using a bactericidal depletion test demonstrated
that antibodies to all three sets of antigens were involved in killing at least some of the test strains. In
some cases, it appeared that antibodies to more than one antigen were invelved and acted together to

produce bactericidal activity against a given strain.

[60184] Additional groups of mice were vaccinated with NOMV vaccine prepared from
isogenic mutants of strain 8570 HOPS-G1. The mutant strains differed in their expression of PorA.
Two mutants expressed a single PorA (one or the other of the two in the multivalent vaccine strain)
and the third was a PorA knockout mutant expressilng no PorA protein. Bactericidal titers induced by

each of the four strains against several different test strains are shown in Table 10.

Table 16

Test Strain Mutant of 8576 HOPS-G1 from Which NOMV Vaccine Wasg

Prepared
8570 (P1.19,15! 8570 (P1.19,15) 8576 (P1.22,14) 857¢ APorA
and P1,22,141

K570 256 256 256 236

44/76 256 236 256 256

B16B6 1 i 1 1

3576 2 8 8 8

9547 2 4 4 2

2981 64 1 16 1

6557 32 1 128 1

[00165] For the first five test strains in Table 10, the PorA expression had no effect on the titer

of bactericidal antibodies induced by the vaccine. For the last two strain, which both express P1.14,
the presence of the P1.14 epitope in the vaccine correlated with the capacity of the respective seram to
kill the strain. This demonstrates that antibodies to PorA are involved in the observed killing for some
strains. For other strains such as the homologous strain and strain 44/76 other antigens are responsible
for most of the bactericidal activity. This was demonstrated by analysis with the bactericidal depletion

assay. Results of one such assay are given in Figure 16. The results shown in Figure 17 demonstrate



30 CLAIMS 1. A vaccine comprising native outer membrane vesicles NOMVs obtained from at least
two meningococcal strains that have been genetically modified to provide broad based protection,
wherein th_e‘ggt%%g%%%zmembrane vesicles incIude different sets pf an,tiggr}%%gmgﬁ[% e different
sets of antigens comprise one or more PorA protein, one or more lipooligosaccharide S), and one
or more conserved outer membrane proteins; and wherein the genetically modified strains have been
modified to provide enhanced safety based on inactivation of IpxL1, synX, and IgtA genes; and
wherein at least one of the genetically modified.gftains expresses at least two different PorA subtype

proteinsief styRe:epiteresd 2ZHBPe VRSSOl slimdlvwharadheil=9 Sr expressed byrgaghmstrain has
a differetrétlj_OAS]&ogg ﬁ%rlylggéjnrte &ﬁﬁgﬁ]gl{)ha chain consisting of glucose and galactose. 3. The
vaccine of claim 1 where each strain expresses at least two different PorA subtype proteins or subtype
epitopes which are chosen based on the most prevalent of PorA subtypes among group B case
isolates. 4. The vaccine of claim 1 where a different conserved surface protein with demonstrated
capacity to induce bactericidal antibodies is over-expressed in each strain and are taken from the
group consisting of FHBP variants 1, FHBP variants 2, and FHBP variants 3; NadA; APp; NspA; TbpA
and TbpB. 5. A combination of NOMVs from three genetically modified, antigen cally diverse
Neisseria meningitidis strains, wherein the three strains comprise: (1) H44/76 HOPS-DL which has
the following genetic modifications or characteristics: inactivation of the genes synX, IpxL1, and IgtA;
insertion of a second porA gene in the place of opaD; increased expression of NadA; and stabilized
high expression of Opc and PorA; (2) 8570 HOPS-GAL which has the following genetic modifications
or characteristics: inactivation of the genes synX, IpxLI, and IgtA; 31 insertion of a second porA gene
in place of opaD; increased expression of factor H binding protein variant 1; and stabilized high
expression of PorA and Opc; and (3) B16B6 HPS-02A which has the following genetic modifications or
characteristics: inactivation of the genes synX, IpxL 1, and IgtA; insertion of a secondporA gene in
place of opaD; increased expression of factor H binding protein variant 2; and stabilized high
expression of PorA and Opc. 6. The combination of vaccine strains of claim 5 wherein strain H44/76
HOPS-DL was derived from the ET-5 wild type strain H44/76. 7. The combination of vaccine strains of
claims wherein strain 8570 HOPS-GIL was derived from the ET-5 wild type strain 8570. 8. The
combination of vaccine strains of claim 5 wherein strain B16B6 HPS-G,L is derived from the ET-37
wild type strain BL6B6. 9. The vaccine of claim 1 where the NOMV are prepared without exposure to
detergent or denaturing solvents from packed cells or from spent culture medium. 10. The vaccine of
claim 1 where the vaccine is suspended in 5% glucose as an excipient.



11. The vaccine of claim | where the NOMV are combined with one or more adjuvants including
aluminum hydroxide or aluminum phosphate, ME 59, CPG-ODN, or MPLA. 12. Use of a vaccine of
claim 1 in the manufacture of a medicament for immunization against meningococcal disease, wherein
said vaccine is to be administered intramusculariy30r intranasally. 13. Use of a vaccine of claim 1 in
the manufacture of a medicament for immunization against group B meningococcal disease, wherein
said vaccine is to be administered intramuscularly or intranasally. 14. A vaccine composition against
mer%@d%%cal disease comprising native outer membrane 32 vesicles (NOMVs) from one or more
genetically modified strains of Neisseria meningitidis, wherein the one or more genetically modified
strains hasvbeére srodified byatinactiatiormbithe syt geRd nadtvagd Arontkidapktygene, inactivation

of the ot L8RS IR AN ssUltiRg R exPIesHinN of srstiadensd pistuprateglipealigasaccharides
(LOS) that lacks Iacto-Nneotetrao?e %eé,r saccharide, and insertion ogat lgast one s%fond antigenically
a

diffe e IR JTRPTATGIXEEClE RSB HERET 185 SNt E EEHRIBR oI SIS 1R ke rein the
geneticaliscoodifiedstr@imAuntireinconeprises ¢rigredsedioristabl¢lEXPressioncofratdeastomeaninor
conggrved Quier, membrang profein:, 46, Fhe vascing SRmRASIHON.QL 80 ANfQfa i dids 15, wherein

the genetically modified strain further comprises Stabilized expression of at least one outer membrane
proteMiRe refAE st %‘Bﬁ%ﬁ%’f&n%@’eFé@té%ﬁréﬁ‘?ﬁtﬁé‘éir&’ﬁ’ﬁf%‘rﬁbﬁ%?h@ﬂ@%%d PorA. 17.
Thegaettne caomposiion:af agratelatmesl dbalifiheremtheatipastatesacabdantigenisally different
porA gene expresses at least one PorA subtype protein or subtype epitope selected from the most

pfer!'enEf?i %%5%@5?@@%% Qfme RIRgiINdis, 9roup R ISQlalES i ARENAGEINO SOMPARILAR gh§ialm
15-17, wherein the at least one minor conserved outer membrane protein is selected from the group
consisfitgiohepHppiigaiElucosFBRYaRat 2, FREW variant 3; NadA; App, NspA, ThpA and B. 19.
The vaccine of claim 1, wherein at least one of the genetically modified vaccine strain of Neisseria

meningitiths sadotypef BlstnairwleomipcisesaH44H76:4dOPBaR straiiffeeit Rganeticakyproodifiedvisigpine

strai ei ia meningiidi der : ' RSing. t netic
oo A e  r m of the
IgtA gene, ivinsertion of a second porA gene in the place of a opaD gene, v) increased exPression of
NadA comisaisaiitt tHerm e gratigre srratamn sadarc PEs R e BRe i BrOPRS Y P oIA ce
proteirsr2ldal heigeneticathermadiied Straincbbctaimn2Qryviakse ificatrdia dddd/ ¢6nblORSeDEHBES derived
from the I%T

5% type strain 18 22118 vagein claim lrwhereinat least one of the
genetically fodi |ed¥§é%%snae’ %%?3?14 of Nersseria merﬁh%ﬁ%%’is s%’tygé B compEr)is'es strain: 8570

HOS-G1 '
5. A combination of NOMV's from three genetically modified, antigenically diverse Neisseria meningitidis

strains, wherein the three strains comprise:
(1) H44/76 HOPS-DL which has the following genetic modifications or characteristics:
inactivation of the genes synX, IpxLi, and IgtA;
insertion of a sgcond pord gene in the place of opal;
increased expression of NadA; and
stabilized high expression of Opc and PorA;
(2) 8570 HOPS-GAL which has the following genetic modifications or characteristics:

inactivation of the genes synX, IpxLi, and Igt4;



23. A genetically modified vaccine strain of Neisseria meningitidis subtype B strain: derived from 8570
comprising the genetic modifications of: i) inactivation of a synX gene, inactivation of the IpxL1 gene,
iii) inactivation of the IgtA gene, iv) insertion of a second porA gene in place of opaD; v) increased
expression of factor H binding protein variant 1; and vi) stabilized increased expression of PorA and
Opc proteins. 24.The genetically modified strain of claim 23, wherein the genetically modified strain

was deriveg, from the gs'g-cgﬁg%m%@rﬁi 1§c_'§3 gpoggﬂ]’he vaccine of claim 1, wherein at least one of

the genetically modified vaccine strain of Neisserw meningitidis subtype B comprises B16B6 HPS-G2A

strain. 26.A geneticall modifieﬁfvaccin%strain of Neisseria meningitidis subtype B derived from
B16B6 comﬁﬁg‘?ﬁﬁﬁﬁ’ RS B CASHE B PIP IRR AR 874 synX gene, activation of the IpxL1

gene, 34 iii) inactivation of the IgtA gene, iv) insertion of a second porA gene in place of opaD; v)
increased exprdigsionwf faotesibhisinting pré@avvaxdant 2; and vi) stabilized increased expression of
PorA and Opc proteins. 27. The genetically modified strain of claim 26, wherein the genetically

modified straimisseenvesidromythen Bls 34 Wik fpe sirein BL6BG:id8: Jhagenetigally modified strain

of any one of claims 20, 21, 23, 24, 26 or 27, wherein the strain is grown in iron deficient medium. 29.
The ge”etiCﬁ%}é@ﬁ%ﬂ%‘ijtﬁtra@ne@’fg6}{}}’ one Pfaglcﬂn? 20, 21, 23, 24, 26, 27 or 28, wherein inactivation of
synX gene, ﬁoxL/ gene, orei‘ggtR gejﬁe ispl)ncy ain Insértion of a drug resistance gene within the sequence
of the inactivated gene. 30. A vaccine composition comprising NOMV from one or more genetically
modified stFaTRGIHEMASHEY Re4ifrisORYlaco 9928y 26-29. 31. The vaccine composition of claim 30,
wherein the vaccine composition comprises NOMVs from two or more genetically modified strains. 32.
The vaccinecempobsiporsohicldifacB0 Hikiedain thetoracetivachnnpbsition coses NOMVs from three

stabilized high expression of PorA and Ope.

6. The combination of vaccine strains of claim 5 wherein strain H44/76 HOPS-DL. was derived from the
ET-5 wild type strain H44/76.

7.  The combination of vaccine strains of claim 5 wherein strain 8570 HOPS-G,L. was derived from the ET-

5 wild type strain §570,

8.  The combination of vaccine strains of claim 5 wherein strain B16B6 HPS-G;L is derived {rom the ET-
37 wild type strain B16B6.

9.  The vaccine of claim 1 where the NOMV are prepared without exposure to detergent or denaturing

solvents from packed cells or from spent culture medium.
10. The vaccine of claim | where the vaccine is suspended in 5% glacose as an excipient.

11. The vaccine of claim 1 where the NOMYV are combined with one or more adjuvants including aluminum

hydroxide or aluminum phosphate, MF 59, CPG-GDN, or MPLA.

12. Use of a vaccine of claim I in the manufacture of a medicament for immunization against

meningococcal disease, wherein said vaccine is to be administered intramuscularly or intranasally.

13. Use of a vaccine of claim 1 in the manufacture of a medicament for immunization against group B

meningococcal disease, wherein said vaccine is to be administered intramuscularly or intranasally.

14. A vaccine composition against meningococcal disease comprising native outer membrane



or more genetically modified strains. 33. The vaccine composition of any one of claims 1-18, and
30-32, wherein the NOMV are prepared from packed cells or spent culture medium without exposure
to a detergent or denaturing solvent. 34. The vaccine composition of any one of claims 1-18 and
30-32, where the vaccine composition is suspend@g in 5% glucose as an excipient. 35. The vaccine
composition of any one of claims 1-18 and 30-32, where the NOMV are combined with one or more
adjuyaniss FoNNG VRGERIBE-CoRRRSHIAN ANy aneQfelaims AxL B _nd R0:34i hereir-thegenatically
altered strain is altered tg express iron uptake proteins. 35 37. A vaccine against meningococcal
diseHsBUEFPHLRAY RUAABES SFaRtibe gﬁ?ﬁfl?ﬂ‘gﬁ%irgﬁé vesicles (NOMVSs), wherein at least some of
the NOMVs are essentially fﬁ‘?a%tﬂfa%l?r%sfﬁléo&% g&g&/lation of lipooligosaccharide (LOS), contain LOS
that includes a lipid A with a penta-acyle structuré and contain increased expression levels of at least
one minor conserved.outer membranegg[xr%te}n, herein the minor conserved outer membrane protein
is selected from protelfhs that ISGUEED cfe?iéfé%\?/gﬁ?ﬁjodies, wherein at least some of the NOMV
comprise two or more different PorA proteins.. 38. The vaccine of claim 37, wherein the minor
conserved outer menibrane PBASHHLA SEIBESGHSHT tREAGFOHT BIRYLHHG O FIPEEER%6r H binding
protein (FT-113P) variant 1, shafleh&1 BR:viaciaed 2podBedsheckacdind ofglaimi3dksvidrerein at least some
of the NOMV comprise shortened or. tr. te%L S that are essentially free of lacto-N-neotetraose
(LNNT) tetrasaccharide. 40.%?1%%}330%%%5 < a%lfh(a%é,n ?vherein the at least two or more different PorA
proteins are selected from the most prevalent strains of N. meningitides subgroup B strains, 41. Use
bt he compostion of Ay 0GR KB hE (oth0R 0N S B Pl LSNP RUCIR REFLieicitng
an immune response to menipggeeccal disease. 42. The use of claim 41, wherein the vaccine is used
for immunization against group B meningococcal disease. 43. A method of preparing a genetically
modified Biaracoindl coagigiidis fRikse, inianactiogagaaBy medingdansealdiseasamamprising the
steps,of, ) seleaiing a.stain, of menindocacesl ype. B able, Lo be geneticaliy modified; b) genetically
modll?ylrng e strain byplnactlvatlng fhe syn?&l gene, geneﬁcaﬁr)l/ moaﬁef/f%g e strain by inactivating
the IpxLI gene, d) genetically modifying the strain by inactivating the IgtA gene, and e) genetically
modf@in A&t R B R B IRESSIABE diie PR PSR AL LMo
proteinspraded s@6if)zgepgiiealynmbelifiyingditeostramdndertia grateleash ona seconer antiggnically different
por%xq)%]g intoihe open @9&?&%%&1&1&8@ @ﬁg'gnd%rg.he method of claim 43, further comprising the
steps of: genetically modifying the strain to stably express or over express at least one outer
membrane protein by replacing the poly-C sequence within the promoter or open reading. frame of the
at lehbt oh¥ SRS TTSHBISHERSHGtRIP Wit e S fe MO8 EaTIS AME G AR HUESTRIEE!Y 5T hethod
of prepdriegeaaccineagainsiafeningbgeeqabdiseasebcgrprisipgsthe:stefpsnofhamost tursvidgeat of
gen%gglgﬁ Qéfh‘%gn%%%@t%%rmsﬁ@&%é comprising one or more modification selected from the

g of:

group consisti

18. The vaccine composition of claim 15-17, wherein the at least one minor conserved outer membrane
protein is selected from the group consisting of : FHBP variants 1, FHBP variant 2, FHBP variant 3; NadA;
App, NspA, TbpA and B.

19. The vaccine of claim 1, wherein at least one of the genetically modified vaccine strain of Neisseria

meningitidis subtype B strain: comprises H44/76 HOPS-D strain.

20. A genetically modified vaccine strain of Neisseria meningitidis subtype B derived from: H44/76 strain

comprising the genetic modifications of
i} inactivation of a synX gene,

i1) inactivation of the [pxL] gene,



i.inactivation of the synX gene, inactivation of the IpxL1 gene, inactivation of the IgtA gene, insertion of
at least one second antigcnically different porA gene in place of the opa gene, v. increased or stable
expression of at least one minor conserved outer membrane protein, and vi. stabilized expression of at
least one outer membrane protein; b) expanding the culture by fermentation using the cultured strain
of a) to inoculate medium in a fermentor; c) inactivating the fermented culture; d) harvesting N.
meningitidis cultured eelisbycomtihedud fow, centrifugation and collecting cell paste; e) isolating
NOMVs from the cell paste; and 37 0 resuspending NOMVs in buffer or carrier suitable for vaccine

administration. 46, he.vaeqine.atciain 3.9bdk WHRIBISackY ggig%p valent of PorA subtypes among

group B case isolates is selected from the group consisting of .1, P1.22,14, and P1.22-1,4.
seqlist SEQUENCE LISTING <110> U?rl'\f« MY MED CAE RESEARCH ACQUISITION ACTIVITY
Zollinger, Wendell'D55hets “MIREAT SEAHTE “EFRBBFAR" the BShE g , Ryan Moran, Elizabeth
E. <120> MENINGOCOCCAL MULTIVALENT NATIVE OUTER MEMBRANE VESICLE VACCINE,
METHODS OF MAK FGIARDNISEIHEREOR & 90s 20554/00tkind 50> 61/057,462 <151>
2008-05-30

21. The genetically modified strain of claim 20, wherein strain H44/76 HOPS-DL was derived from the ET-
5 wild type strain H44/76 .

22, The vaccine of claim 1, wherein at least one of the genetically modified vaccine strain of Neisseria

meningitidis subtype B comprises strain: 8570 HOS-G1.

23. A genetically modified vaccine strain of Neisseria meningitidis subtype B strain: derived from 8570

comprising the genetic modifications of:
i) inactivation of a synX gene,
ii) inactivation of the IpxL17 gene,
ii1} inactivation of the 1giA gene,
iv) insertion of a second pord gene in place of opal);
v) increased expression of factor H binding protein variant 1; and
vi} stabilized increased expression of PorA and Ope¢ proteins.

24, The genetically modified strain of claim 23, wherein the genetically modified strain was derived from
the ET-5 wild type strain 85 70.

25. The vaccine of claim 1, wherein at least one of the genetically modified vaccine strain of Neisseria

meningitidis subtype B comprises B16B6 HPS-G,A strain.

26. A genetically modified vaccine strain of Neisseria meningitidis subtype B derived from B16B6

comprising the genetic modifications of:
i} inactivation of a synX gene,

i} inactivation of the [pxl.] gene,



<160> 9 <170> PatentIn version 3.5 <210> 1 <211> 108 <212> DNA <213> Neisseria meningitidis
<220> <221> misc_feature <223> promoter region of OpCA gene of Neisseria meningiditis <220>
<221> misc_feature <222> (93)..(104) <223> poly-G sequence <400> 1 catagttaaa acctctaaaa
tttggattgt agtcggatat ggtaacataa cgtaaataat60 cgttaggctt acaattatat tcttaagctt tcgggggggg ggggattt108
<210> 2 <211> 109 <212> DNA <213> Atrtificial Sequence <220> <223> promoter region of OpCA
gene of Neisseria iman#gicitien<i? 20>/ 2tremisc_feature <222> (93)..(104) <223> replacement
sequence for poly-G sequence <220> <221> misc_feature <222> (95)..(102) <223> NOt | restriction

site iv) insertion of a second pord gene in place of opaD;
v) increased expression of factor H binding protein variant 2; and

vi) stabilized increased expression of PorA and Opc proteins.

27. The genetically modified strain of claim 26, wherein the genetically modified strain is derived from
the FT-37 wild type strain B16B6.

28. The genetically modified strain of any one of claims 20, 21, 23, 24, 26 or 27, wherein the strain is

grown in iron deficient medium.

29. The genetically modified strain of any one of claims 20, 21, 23, 24, 26, 27 or 28, wherein
inactivation of synX gene, IpxL/ gene, or /gt4 gene is by an insertion of a drug resistance gene within the

sequence of the inactivated gene.

30. A vaccine composition comprising NOMV from one or more genetically modified strain of any one

of claims 20, 21, 23, 24, or 26-29.

31. The vaccine composition of claim 30, wherein the vaccine composition comprises NOMVs from

two or more genetically modified strains.

32. The vaccine composition of claim 30, wherein the vaccine composition comprises NOMVs from three

or more genetically modified strains.

33. The vaccine composition of any one of claims 1-18, and 30-32, wherein the NOMV are prepared from

packed cells or spent culture medium without exposure to a detergent or denaturing solvent.

34, The vaccine composition of any one of claims 1-18 and 30-32, where the vaccine composition is

suspended in 5% glucose as an excipient.

35. The vaccine composition of any one of claims 1-18 and 30-32, where the NOMYV are combined with

one or more adjuvanis,

36. The vaccine composition of any one of claims 1-18 and 30-32, wherein the genetically altered strain

18 altered to express iron uptake proteins.



<400> 2 catagttaaa acctctaaaa tttggattgt agtcggatat ggtaacataa cgtaaataat60 cgttacgctt acaattatat
tcttaagctt tcgcgeggcec gegeattttl09 seqlist <210> 3 <211> 38 <212> DNA <213> Artificial Sequence
<220> <223> promoter region of PorA of Neisseria meningiditis <220> <221> misc_feature <222>
(12)..(25) <223> poly-G sequence <400> 3 ggtttttd§ cggggggggy gggggtataa ttgaagac38 <210> 4
<211> 2940 <212> DNA <213> Artificial Sequence <220> <223> plasmid pOpc-79 for insertion of
sequiénce iMtvaprometeingfopingbiteist dideasnemingiditisa x400» o ctjeagatiggatbmoecasideccataccg
gatggtiio uAREatILA AIIAYSESY SAIRCABREY OG0 CIaRGR CACAGEIR0959 Qﬁﬁg%ﬁ%aéﬁccgtc

cgcaaaccaa agaattttat atacgtcgcc tgtagaacgg ccaatccaaa cqgtgtttaa accagccgtt ggctgctgt
ag c &'ﬁvaggggsac%haride (1.OS), gongain L%S%ha% ixgc udes a lipid A wigxgaglt)enta.-acyle S ructgu;‘e%gné 9011%13

increased expression levels of at least one minor conserved outer membrane protein, wherein the minor
conserved outer membrane protein is selected from proteins that induce bactericidal antibodies, wherein at

" least some of the NOMYV comprise two or more different PorA proteins..

38. The vaccine of claim 37, wherein the minor conserved outer membrane protein is selected from the

group consisting of NadA, factor H binding protein (FHBP) variant 1, and FHBP variant 2.

39, The vaccine of claim 37, wherein at least some of the NOMV comprise shortened or truncated LOS

that are essentially free of lacto-N-neotetraose (LNnT) tetrasaccharide.

40. The vaccine of claim 37, wherein the at least two or more different PorA proteins are selected from

the most prevalent strains of N. meningitides subgroup B strains.

4]. Use of the composition of any one of claims 1-18 and 30-32in the preparation of a medicament for

eliciting an immune response to meningococcal disease.

42. The use of claim 41, wherein the vaccine is used for immunization against group B

meningococcal disease.

43. A method of preparing a genetically modified strain of N. meningitidis for use in a vaccine

against meningococcal disease comprising the steps of!

a) selecting a strain of meningococcal type B able to be genetically modified;
b) genetically modifying the strain by inactivating the synX gene,

c) genetically modifying the strain by inactivating the IpxL] gene,

d) genetically modifying the strain by inactivating the /g4 gene, and

e) genetically modifying the strain by increasing expression of one or more minor conserved outer

membrane proteins, and



ttttttacga aacaagccac gcgacgaagg ccgecgtgtt gaatcggggt tcgccgagta agcgeggceaa atcaggecgg
tgcgccgaca agcacggegc tgaaaagttt aatagtttgc geccgacgegce actettggtt cccecgecteg gececcagecg tttatagegg
acccagttgg aagcgtatgc cacacggaaa cggggaagtt cgatgatgtt gggcgaaggt tttcgtaaaa tggcgaacag
tggcggcaag tccecgecggc tttcgcaaaa gegegageag gitéectaaaa cagacggceat ggtttggeat aagecgtatt
gttacactaa atgctggcegg ttggtttttt gaattgaggt gaaagcaaat ttggtggttt tttaaagaat ggcaaagaaa gtagcggata

gcodgpggatiracggigigingaigetgocgetiagiadlagoeaascagt-adgadtedada gigiggicg\aaacaaaccy

cggq@t%&@g&g&g@fq@&g%tact cgccgga attcgeccag gattgatgtc caaatttcac ccgcgtgaac taatgcetgtc
cacttaacgt Page

44, The method of claim 43, further comprising the steps of:

genetically modifying the strain to stably express or over express at least one outer membrane protein
by replacing the poly-C sequence within the promoter or open reading frame of the at least one outer

membrane protein with a sequence containing G and C nucleotides.
45, A method of preparing a vaccine against meningococcal disease comprising the steps of:

a) culturing a genetically modified strain of N. meningitidis comprising one or more modification

selected from the group consisting of:

1. inactivation of the synX gene,

ii, inactivation of the /pxL/ gene,

iii. inactivation of the Jgt4 gene,

iv. insertioﬁ of at least one second antigenically different porA gene in place of the
opa gene,

V. increased or stable expression of at least one minor conserved outer membrane

protein, and
Vi, stabilized expression of at least one outer membrane protein;

b} expanding the culture by fermentation using the cultured strain of 2) to inoculate medium in a

fermentor;
¢) inactivating the fermented culture;
d) harvesting V. meningitidis cultured cells by continuous flow centrifugation and coliecting cell paste;

e) isolating NOMVs from the cell paste; and



tagcccgcegt aatttggcat ggcataaaac ttatcgagat aaatatttgc gcaaccatca agcgaatcgc aacagaatcg
atatggagga cgtattttaa aattcatttc aatgatgatt ggttttcggg ttctttgtaa ttttttacca ttttttgaga ttcagaccaa tttggctaac
ttttgaagat ttgggtgtag aagaaaacag agtgcatttt gggcaatgat attcacgtcg cgacggtaaa aatgaatatc cgggcagtaa
cataaatcca tgaagtcgat ccgattggaa acgtaaaaac tcadatcatc atggtgagcg gtgcgttgtt atatttgcac ttggtaacgce
gggttgatat cacgactgac tcaaaaccca gtgtagcctg seqlist tgtaaagatc gatacggttt tcaggaacgc cggtgggcag
ttttaébes emghekze Y b0\ ccadedign Cresmity utttia by caatadmi NGty c ccgaaaccggl320 cticcaageg
gatgccttgg ttggcatcaa aaggaatatc agcacgcacg ctgatgtgtt1380 tggcagcttt gtgtttttct ttcaggaaag
cacgagitya ageaatggéanyagadgtedgiaotigiggacgytianat Rattasgoygetgaagrectigtdteageggeggea
gtaceggice AR ggeRAale Jorpcalgia:nRareigit titealagt laaanpetel gaaatiiggalSeo tgtagtegg
atatggtaac ataacgtaaa taatcgttac gcttacaatt atattcttaal620 gctttcgcgc ggccgcegcat tttacatata ttaataaaaa
ttaacaaata gttatttgtt1680 tacaacgaat tgttattctc acttggtttt ctgtttttta tgggaatgac gaaattttag1740 tttgtgtgta
tttatcggaa aaacagaaac ccgccgccgt cattcccgeg caggcgggaal800 tctagaaccc aacgcgacaa aaatttatcc
gaagcgacaa caatcttttc atcgtcattc1860 ccgcgcaggce gggaatctag aacgtaaaat ctaaagaaac cgttttaccc
gataagtttc1920 cgtgccgaca aacctagatt cccgectgeg cgggaatgac gggattttag gtttctgatt1980 teggttttct

. gttttaaggg aatgacgaga cttgagatgg cggcatttat cgggagcaac2040 tgaaaccacc ctgccgtcat tcccgcgaaa
gcgggaatct aggttcgtcc ggtttcggtt2100 atttccgata gattcctgee gegttggggg tetggattce cgecetgegeg
ggaatgacgg2160 gactttaggt ttctgttttt gtttgagacc tttgcaaaat tcctttccct cccgacagcec2220 gaaacccaaa
cacaggtttt cggctgtttt cgccccaaat accgcctaat tttacccaaa2280 taccccctta atcctcccecg gatacccgat
aatcaggcat ccgggctgcc ttttaggcgg2340 cagcgggcgce acttaacctg ttggccgctt tcaacaggtt caaacacatc
gccttcaggt2400



ggctttgcge actcacttta atcagtccga aataggctge ccgegceatag cggaatttac2460 ggtgcagegt accgaagcte
tgttcgacca catatagtgg attaaattta aaccagtacg2520 gcgttgcectc gecttgecgt actatttgta ctgtctgegg cttcgtcgece
ttgtcctgat2580 ttaaatttaa tccactataa cgggtcttcg ataaatatcg gttacgtttg gtttgegttt2640 ccgtcagcgg
acggttgcgg caggctttgc gcataatgcc gtccaacaac tgat ttctt2700 ccagatgttg ccggttttcc gcactgtcat agcectttgtc
ggcatagacg gtcgtacctt2760 tgggc ggg té%c?ég ééggcaggt gtttgcactc atgggcattg gcgggggtaa2820
tgtgcagttt ctcgatatag ccttccgcat cgg acgggt atgttgtttg taaccgagtt2880 tgtagaggcc gtttttcttg atccaacggg
catcgétife cttaétcgfg“tl\g*t RAQ EARTO>ABXAXBIF BBAAKZIVIFDNA <213> Artificial Sequence
<220> <223% 4 ﬁ?ﬁzr Brlifbertion sequence used for knockout of IpxL1 (also called htrB) gene
of Neisseria mumrngu ltt&!ﬁeqhst <400> 5 ctgcagaaac cgtattgtct gcctcgcgga cgggaatggc gggtatcact
tttgcatttg60 ¢ S c@@é‘e‘e‘atgcggctc aatccggtaa tcgttgccgt ctgaataccg aaaaaatccal20 caaaaaccga
atcgttgcgt ccg ccggﬁégggg@ag atacagaaac ggcgcgctgc180 ttttgcggaa ctgtttgacg agggcgcgca
gccectt g@égcgcccgata gaagacgt240 tgtgatagcg ggtg% %&Ct ttcaaaatct ttcg{tccaa tatcttgttt

oAt R0 AL R ke SN AT ) AL e B e B EI860 tgaagigeas
atacaggatg atgacacgcg tttgtaatca tgtactcttt ttgataaaaad20 attggagatt cctttacaaa tatgctctta cgtgctatta
tttaagigde tadfadngad80

<150> 61/057,462
<151> 2008-05-30

<160> 9
<170> PatentIn version 3.5

<210> 1

<211> 108

<212> DNA

<213> Neisseria meningitidis

<220 .
<221> misc_feature ) . o
<223> promoter region of opcA gene of Neisseria meningiditis

<220>

<221> misc_feature
<222> (93)..(104)
<223> poly-G sequence

<400> 1
catagttaaa acctctaaaa tttggattgt agtcggatat ggtaacataa cgtaaataat 60

cgttacgctt acaattatat tcttaagett tcgguggggy ggggatit 108

<210> 2

<211> 109

<212> DNA

<213> Artificial Sequence

<220>
<223> promoter region of opcA gene of Neisseria meningiditis

<220>

<221> misc_feature

<222>  (93)..(104)

<223> replacement sequence for poly-G segquence

<220>

<221> misc_feature

<222>  (9%)..(102)

<223> Not I restriction site

<400> 2
catagttaaa acctctaaaa tttggattgt agtcggatat ggtaacataa cgtaaataat 60
cgttacgctt acaattatat tcttaagctt tcgogcggoc gegeatttt 109

Page 1



gagttaataa atatgcggca aggtattctt aaataaactg tcaatttgat agcgggaaca540 aataattaga tgtccttttt taggagggct
tagttttttg tacccagttt aagaatacct600 ttatcatgtg attctaaagt atccagagaa tatctgtatg ctttgtatac ctatggttat660
gcataaaaat cccagtgata aaagtattta tcactgggat ttttatgccc ttttgggttt720 ttgaatggag gaaaatcaca tgaaaattat
taatattgga gttttagctc atgttgatgc780 aggaaaaact accttaacag aaagcttatt atataacagt ggagcgatta
cagaaftagg840 aagcgtggac aaaggtacaa cgaggétfftstaatacgctt ttagaacgtc agagaggaat900 tacaattcag
acagge@gtaa ggtcttttca gtgggaaaat acgaaggtga acatcataga960 cacgccagga catatggatt tcttagcaga
agtatettgt tcatttcag ftttagatgg1020 ggcaattcta ctgatttctg caaaagatgg cgtacaagca caaactcgta
tattgfifcet080 thEatHYg 2eE& Y dyga ticccacaat cttttttatc aataagattg accaaaatggl140 aattgattta
tcaaeg@tt atcaggatat taaagagaaa ctttctgccg aaattgtaat1200 caaacagaag gtagaactgt atcctaatat
gtotgtéadyy aRERTREEY dH8tgaaeh 1780 Rfgtatacs Yraanty Ghsidtgatga ccttttagag aaatatatgt
ccggtaaatc1320 attagaagca ttggaactcg aacaagagga aagcataaga tttcataatt gttccctgtt1380 ccctgtttat
cacggddlytg caaaaaacaa tatagggatt gataacctta tagaagtgat1440 tacgaataaa ttttattcat caacacatcg
aggt(zééﬂgt g%éggf_d_c@@#ﬁatgttttwoo caaaattgaa tatacaaaaa aaagacaacg tcttgcatat atacgccttt
atagtggagtl wetagagiiarkgagattcgg ttagagtatc agaaaaagaa aaaataaaag ttacagaaatl620 gtatacttca
ataaatggtg aattatgtaa gattgataga gcttattctg gagaaattgt1680 tattttgcaa aatgagtttt tgaagttaaa tagtgttctt

< >
ggaggaf%%@@c agtallgeedddihagaeanaaas aggafiggaa atccgeatce tctactacaa ataactgttg 3g
aaccgagtaal800 acctgaacag agagaaatgt tgcttgatgc ccttttggaa atctcagata gtgatccgct1860 tctacgatat
tacgtggalt ctacgacaca tgaaattata ctticttict tagggaaagt1920 acaaatggaa gtgattagtg cactgttgca
agaagagtat caigtggaga tagaactaaal980 agagcctaca gtcatttata tggagagacc gttaaaaaat gcagaatata

ccatteabst2049
<§1§E Artificial Sequence

:%%gi plasmid pOpc-79 for insertion of sequence into promoter of opc of
Neisseria meningiditis

<400> 4

ctgcagattg ttttttacga cggggaagtt ggcaaagaaa tagcccgegt aagaaaacag 60
gataacccac aacaagccac cgatgatgtt gtagcggata aatttggeat agtgcattrt 120
ccccataccg gcgacgaagg gggegaaggt gcggacgatg ggcataaaac gggacaatgat 180
gatggttttg ccgcegtgtt tttegtaaaa acggiggott ttatcgagat attcacgteg 240
gaagatttta gaatcggggt tggcgaacag ccigecgecg aaatratttge cgacggtaaa 300
attgagcgcg tcgccgagta tggcggcaag gcttaataat gcaaccatca aatgaatatc 360
cataccgece agegoggeaa teocgocgge ggcaaacage agegaatcge cgggeagtaa 420
gggcgtaaca atcaggccgg trtcgcaaaa aacaatcaaa aacagaatcg cataaatcca 480
cacaccgtat tgcgccgaca gcgcgagceag gtgttggtcg atatggagga tgaagtcgat 540
ggcggaggca agcacggcge gttcctaaaa aaacaaaccg cgtattttaa ccgattggaa 600
aaatgccgte tgaaaagttt cagacggeat cggetattea aattcatttce acgtaaaaac 660
cgcaaaccaa aatagtttgc ggtttggcat ttaaagtgac aatgatgatt tcaaatcatc 720
agaattttat gccgacgcge aagecgtatt cacgaatact ggttitcggg atggtgageg 780
atacgtcgece actcttggtt gttacactaa actcgccgga tictttgtaa gtgogttgtt 840
tgtagaacgy ccccgectey atgetggcgg attegeccag ttttttacca atatttgeac 200
ccaatccaaa gcecccageoyg ttggtttttt gattgatgtc ttttttgaga ttggtaacgc 960
cggtgtttaa tttatagcgg gaattgaggt caaatitcac ticagaccaa gggttgatat 1020
accageegtt acccagttgy gaaagcaaat ccgegtgaac tttggetaac cacgactgac 1080
ggctgetgtg aagegtatgc tigotggttt taatgetgtc tittgaagat tcaaaaccca 1140
agccggcace cacacggaaa tttaaagaat cacttaacgt ttgggtgtag gtgtagectg 1200

Page 2



Page 4 seqlist cgaagtgccg ccaaatcctt tctgggcttc cattggttta tctgtatcac cgcettcegtt2100 gggaagtgga
atgcagtatg agagctcggt ttctcttgga tacttaaatc aatcatttca2160 aaatgcagtt atggaaggga tacgctatgg
ttgcgaacaa ggattatatg gttggaatgt2220 gacggaatgt aaaatctgtt ttaagtatgg cttatactat agccctgtta
gtaccccagc2280 agattttcgg atgcttgctc ctattgtatt ggaacaagtc ttaaaaaaag ctggaacaga2340 attgttagag

ccatatctta gitttaaaat ttatgcgcca caggaatatc ttte §€2400 atacaacgat gctcctaaat attgtgegaa

coa Gl o ran Lalseed ConnaalalC LR R0 ainsancal elcetaaal aliglggoaa
gtgattizac2520ttictitat at@dity gacg e gtgttgite dathyagtta Gaagggtace gigttactgc258018@gtgaacct
GlogGage Carioplse ARAlRgeag RIAYAIAaaY Jacealelalgas, allaalans planctiact gjgifalg ttatata

aatatggttt cttgttaaat2700 aagatgaaat attttttaatl aaagatttga attaaagtgt aaaggaggag atagttatta2760
taaa Rty i §ataay tHicclHtht RO P 60 AEEEIA PRATIINGRTY §R8200a4gatactga 4tthaaaatt

ceecelpighiginruanal 9easacanyR AaUinL2 880 98ralgRagcAYlicaRadt RArciglgatt agggagceeag

acgcaaagac gcagagccga2940 taaaatgaga ttaatacaat ctcattttta tcggctcttt ccgttatgta tggattcttt3000
taac§EGCR bRl dfcierAqtataragt Hiddadahta 35aaktE AP _CGAHC ABB60 W ctitt cagSlggcaa

aatacagalgy eegictgadapialiganac €igeed Cosidt dorgacigeat £eecgaagdadigagtitgg nggreaagecc

CAS0HD TAOEACESR AL Ao O ROt e ALTAE becrason

(also called htrB) gene of Neisseria meningiditis

Page 3

ctitcagaeggiceatcgateacactgeaggdddit<edfr6ttta tgggaatgac gaaattttag 1740
tttgtgtgta Tttatcggaa aaacagaaac CCgecgccgt cattcecgey caggegggaa 18060
tctagaaccc aacgcgacaa aaatttatcc gaagcgacaa caatcttttc atcgtcatic 1860
ccgegeagyc gggaatctag aacgtaaaat ctaaagaaac cgittiacce gataagtttc 1920
cgtgccgaca aacctagatt cccgectgcyg cgggaatgac gggattttag gtttctgatt 1980
tcggttttct gttitaaggy aatgacgaga cttgagatgg cggcatttat cgggagcaac 2040
tgaaaccacc ctgccgtcat tcccgcgaaa gcegggaatct aggttcgtec ggtttoggtt 2100
atttccgata gattoctgee gegttggggg tetggattcc cgoctgcgeg ggaatgacgy 2160
gactttaggt ttctgttttt gtttgagacc tttgcaaaat tcctttcocct cccgacagec 2220
gaaacccaaa cacaggtttt cggctgittt cgccccaaat accgectaat tttacccaaa 2280
tacccocita atccteoccg gatacccgat aatcaggcat ccgggctgec ttttaggcgg 2340
cagcgggege acttaacctg ttggccgett teaacaggtt caaacacatc gecttcaggt 2400
ggctttgcge actcacttta atcagtccga aataggeltge ccgegcatag cggaatttac 2460
ggtgcagcgt accgaagcetc tgttcgacca catatagtgg attazattta aaccagtacg 2520
gcgttgectce gectigeegt actatttgta crgtctgogg cttcgtcgee ttgtcctgat 2580
ttaaatttaa tccactataa cgggtctteg ataaatatcg gttacgtttg gtttgogttt 2640
ccgtcagegg acggtitgogg caggltttge gcataatgee gtccaacaac tgatgttett 2700
ccagatgttg ccggttttcc gecactgtcat agoctttgtc ggcatagacyg gtcgtacctt 2760
tgggcagtcc ttccaacaaa ggcggcaggt gtttgcactc atgggcattg gcgggggtaa 2820
tgtgcagttt ctcgatatag ccttecgeat cggtacgggt atgttgtttg taaccgagtt 2880
tgtagaggec gtttitottg atccaacggg catcgetgtc cttactcggt gtggtttgge 2940
<210> 5
<211> 3341
<212> DNA
<213> Artificial sequence
<220>
<223> Plasmid pMN5 for insertion sequence used for knockout of TpxLl

a
Httrgacetg



<211> 7687 <212> DNA <213> Artificial Sequence <220> <223> plasmid pBE-101 for expression of
fHBP variant 1 of Neisseria meningiditis <400> 6 tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat
gcagctcccg gagacggtca60 cagcttgtct gtaagcggat gccgggagcea gacaagceccg tcagggegeg tcagegggtg120
ttggcgggtg tcggggctgg cttaactatg cggcatcaga gecagattgta ctgagagtgc180 accataaatt cgagcetcgac
cgtctgaaac ggeggcaaag cegttaacce gcgegttgec®@® #fdaatggt ggcggeggea tcacgeggey gatgggtgaa
actigeagafy SAHH08aaA300 AagerUcgo ICIYsEA HOtdeRad 18580008186 89HH Ot tOCaiEtgtg360 Page
5 ccttaagcgt cggcetgegtt gcggecgecg aagecgcaga aatcgttctc aaaaacactg cagggtcggt cactcggtac
gggc@?ﬁ%%?@&c?@g@ 1§86 Gt SRRy AR YA TR EhY Tt BGgaeEat Ty tgetd@® agttgacata
actggicsag cigitaigegacgcggiggggliacgcagecgggcadota §gioggayygagenaiige gttiggagotc atctatgate
aatctccica tacggtgacg cacttigata ccggecgce cgaagtaaa aggcgtattt tagcgcccgg gtcgcagagt

cogat AR o S C A AS5R: Feba 0P o ok Ba a5 28 Becootadar catgattog
ttggctyycgeggirgdda cigccagtagagiertgy ata ggioticgict Tytcagytgaoadggtigeoe agectg®lg aaccttgacc
Ctgm&%&%%%@éféggﬁg9%@%&%&%‘%{0&%@ {gggégéggg teqalagiag legegaetia frgcagtete ggeatgagge

atcccgcagt tcgacccaag aafgccgatt caaggcttcg caaftgccga aagagagtca atgccggtgt cggcggeggce

aagchdant Lttt adig ARGy A0 YFcgag gt brotibadaaatatesttttgdc ttoRjcaéa aacggdaddat attaaggcga
taggazaiyiiaaallgt AAACLLDGRG (6 99Ca @R RGYCIGI0a SN 95CI o SHEAARGC Jaacge®acy

gtacagtcta atgttatgga ccctaaaaca tgaccaagtc agccacctac gacattcatc cgttctgece cggcgagcac caacgcgctt
ggctORBA EICGcAARE tERBHRE 2PGERGEREY FRAERAIEG Lo EREAGHIAG ABHAAEARCE  seglistfgtgccgtct
tccogrcgad iggatiapea vgaticast arertacigaaegtacittioecgte Cgagesana etticggcame ggtagtegtt
tgcegtgege ggeggeacty cttccagegc ctttcggegg tgtgggttge caccgtggaa tgtaatgcaa gtggtaacgg tgectcggge
gca&égaa%d"e%gﬁ%tﬁéé%%aagtftcgﬁ%é%gé aﬁ%%ggggc%gg?géfgtﬁ%%ﬁ%%ag%t 5885 dtagg goftatg
acaaggitggdaacaaticoyygasittgad aacgtcagagaigganas gtgagtgiga acogiticce Page 62gaaacgcccy

ttcggggcgg aaaatca tgcttcaq gitittgtta ttcggicaqg gatttgcggee ta tcg gacggtt gggtggcegg
B R e e e R
atccaageagaytiacycagagoteaatfiat gyyotycitkagacgghcioantiteddecaagecgegtag gcatégéeac tgatctacgt

gcatacggga icragesan Holtogag guaigetay SEINGeCcY9236530lRACALIINgR 900
tacaattcag acaggaataa cctctttica gtgggaaaat acgaaggtga acatcataga 960
cacgccagga catatggatt tcttageaga agtatategt tcattatcag ttttagatgg 1020
ggcaattcta ctgatttctg caaaagatgg cgtacaagca caaactcgta tattgittca 1080
tgcacttagg aaaatgggga Ttcccacaat ctftittatc aataagattg accaaaatgg 1140
aattgattta tcaacggttt atcaggatat taaagagaaa ctttctgccg aaattgtaat 1200
caaacagaag gtagaactgt atcctaatat gtgtgtgacg aactttaccg aatctgaaca 1260
atgggatacyg gtaatagagg gaaatgatga cctittagag aaatatatgt ccggtaaatc 1320
attagaagca ttggaactcg aacaagagga aagcataaga tttcataatt gttccctgtt 1380
cectgtttat cacggaagtg caaaaaacaa tatagggatt gataacctta tagaagtgat 1440
tacgaataaa ttttattcat caacacatcg aggtccgtcet gaacttitgeg gaaatgtitt 1500
caaaattgaa tatacaaaaa aaagacaacg tcttgcatat atacgecttt atagrggagt 1560
actacattta cgagattcgg ttagagtatc agaaaaagaa aaaataaaag ttacagaaat 1620
gtatacttca ataaatggtg aattatgtaa gattgataga gettattetg gagaaattgt 1680
tattttgcaa aatgagtttt tgaagttaaa tagtgttctt ggagatacaa aactattgcc 1740
acagagaaaa agaattgaaa atccgcatcec tctactacaa ataactgttg aaccgagtaa 1800
acctgaacag agagaaatgt tgcttgatgc ccttttggaa atctcagata gtgatccgct 1860
tctacgatat tacgtyggatt ctacgacaca tgaaattata ctttetttct tagggaaagt 1920
acaaatggaa gtgattagtg cactgttgca agaaaagtat catgtggaga tagaactaaa 1980
agagcctaca gtcatttata tggagagace gttaaaaaat gcagaatata ccattcacat 2040
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gcgggggatg gttttcccgg caaggegacg caccttagag atccactata cggaatacgg atgattttgg gtcaggegea
cgttcgacgg cggcggacgg atgcctaaat ttcgcaaaag gegtcttcga aacggegtgt atcccgactt gcacgaaccce
cgctcacgcea gttttcatgg caagcgegtt cagcaacgat gggeatcatt tgatcttttc cgattacctc agaageggtt tgagatctat
cgcgcteate gcaagcagat agaagtgatg gatcggettc atgecgggtt taaacticta tatggcatga gttatacgat ccaggecage
seglist cacgtttctg cgaaaacgcg ggaaaaagtg gaagde§atsh tggcggagcet gaattacatt2460 cccaaccgeg
tggcacRacr RLGICHNHE AaaCagicaidortaatign: sotioes ace2R 20 dacapleiag sgeigcacgs @rrategcaa
attgtcgcgg cgattaaatc tcgegeegat2580 caactgggty ccagegtggt ggtgtcgatg gtagaacgaa geggegtega
agccRASRPEE6 g’&é’&é@%&?@ AIRCHILY EGeGtcERtG bRt ifarR At Etaftcgety gatgaccagg
atgccattgo tgtggaaget ganigsacta gigiiegg oo gt el 1o gedgiaigtgaarroagacc catgaagagt attattttct

t t 2820 ct t tctggt ttgggt cagcaaa tcgcgctgtt
;E;Ccz gg‘?%%%aéz: a%:%%%&g Fcff:g%gi}%g? %Z%%%%&%&%%%ﬁ gggﬁggt%Ygfﬁgﬁ?@éaatZ%ﬁéoc aaattcagc
coatagrdds Feygytayyu gectgyayty taatgigeg gattiicaacaas 0G0 ar catggaaa tgctgaateigggcatcgtt
coeadiagda 196ipalige £aAtdRlAALINa0.a19acaelan easaalaep.eaCtalace gagiccaud jgogcatiog
120t g C 1

tgcggatatc3 cggtagtgg gatacgacga taccgaagac agctcatgtt atatcccgc% Stt accacc3180 atcaaacagg
attttcgEet Regap gt artdjcfypascgedtgat gedaoriciB24034gggseagtreggegaaggdfefatcagctg
ttgceggiclGaCia0teaa 3R5ARAREE PPN A CGEIYtYE LLARAACACY AAGRRALEE seccacgcgliggccgatte

attaatgcag3360 ctggcacgac aggtttcccg actggaaagc gggcagtgag cgcaacgcaa ttaatgtaag3420 ttagctcact
cattagbtacraatkiealy #tgaEaget datdattya 2 aseaeghtdc 348995 caatdll ctiggtlficag géadbeatcy

gaageiytan Qoo fagglcdicegad atcasiacai agicaiala aeicaaa9egh eaeiecCytt clgggtaatg
ttttttgcchGOO cgacatcata acg ttctg%g%caaatattct gaaatgagct gttgacaatt aatcatcggc3660 tcgtataatg
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tgtggRatly 1Ja8E oY HRAACA L EIE BodG bt gatabic ey gttt gcac{t@tcaaca

aggassgtagcatatgaste gaactgedtiit8iga attaaagtgt aaaggaggag atagttatta 2760
taaactacaa gtggatattg tgtcctgtat gtggaaataa aacacgatta aagataaggg 2820
aagatactga attaaaaatt ccccctctat tgtccgaaat gcagacaaga aaatttaatt 2880
gaaataaagc agrtcaaagt aactgtgatt acagagccag acgcaaagac gcagagecga 2940
taaaatgaga ttaatacaat ctcattttta tcggetcttt ccgttatgta tggattcttt 3000
taacgcgtca gaaactgcaa aacatacagt acaaaaaata taaatttcat ctcgatacac 3060
atttictitt cagacggcaa aatacaaatg ccgtctgaaa ctattgaaac ctgccgeget 3120
tgacctgeat ccccgadagga ttgagtttgg cggcaagece gtggttgogt aaggegtogg 3180
tcagcgcgac ggcaagaccg tccgecgeat ccggetggag cgttcecgaa agtcccaaca 3240
tctygcaccac catatgetge acctgttctt ttgocgoctt goccttgecg actaccgect 3300
gtttgacctg crttcagacyg gtccatccat cacactgcag g 3341
<210> 6
<211> 7687
<212> DNA
<213> Artificial sequence
<220> )
<223> plasmid pBE-101 for expression of fHBP variant 1 of Neisseria

meningiditis

<400> 6
tCcgegegttt cggtgatgac ggtgaaaacc tctgacacat geagotcccg gagacggtca 60
cagcttgtct gtaagoggat gocgggagea gacaageccg tcagggegeyg tcagegggaty 120
ttggcgggtg tcggggetgg cttaactatg cggeatcaga gcagattgta ctgagagtgce 180
accataaatt cgagctcgac cgtctgaaac ggcggcaaag ccgttaaccc gogegttgec 240
tttaaatggt ggcggcggea tcacgcggeg gatgggtgaa actigcaaac ggtttggaaa 300
aaacagcgyt atctgtcgga ttgttgcagg tgcaggcata cggtttigtyg tgegtctgtg 360



ctgctgcctt tctctgacca ctgcccygat tctgaccgcec tgcagcagcg gagggggtgg3840 tgtcgecgcec gacatcggtg
cggggcttgc cgatgcacta accgcaccgc tcgaccataa3900 agacaaaggt ttgcagtctt tgacgctgga tcagtccgtc
aggaaaaacg agaaactgaa3960 gctggcggca caaggtgcgg aaaaaactta tggaaacggt gacagcctca
atacgggcaad4020 attgaagaac gacaaggtca gccgtttcga ctttatccgc caaatcgaag tggacgggcad080 gctcattacc

a
ttggagagt ttcc tata ccat ¢c4140 cgcctit agcaag tgcaagattc
ggag(gcggté’:a %@ a%ég?ggaa%g%%ggﬁ?&%%%%gccgtgagfag}g%%%%c ca aééggggggéggcataca%citﬁtttgacaagc
ttcccoaagu260 dygcagoary asatatsydy guaaggegtcdyeoagacigatjoddgcganaaactgdé4320
Ctacm@cg@{gcg@@gﬁ%qgcggg@eg@@%@%@ggg%@tg{gg CQQ%?@&@Saathaél&@tCQaCCtg9

ccgccgcecga tatcaagcecg gatggaaaac gccatgccgt4440 Page 7 catcagceggt tggcggaaaa ccatatcggce

cttatR3GE tacaghtAS FETegHtFe GARRG oEPgE Ay P AbRaG §ar A RECAEa88 C ttitgad¥Rat ggcgcegtaca
ClCOalgeeg- 9taiEceag.aaa5iCa3eg ARRHIAIES - dgcatagagaicatg ot £al arageagdaa attgegitgc tgaatcggec

ctcactgact gcggtaatac ggccagcaaa cgccccectg ggactataaa accctgecgce catagetcac gtgr%:acgaac

tccaddGGH T CBARAHCAGIIGFAG G P B AahER JCEES Lt EI @ gaag ctf§fegeca
aaacegesRe: sitagaacgiceggaccigat gctcatcakaagactggucaiasgc et gocaaitttg ccgaaatgtc

gccaagcg t ccacgat agc accctgggg chctaccggacc Cg a C_é:a(?ét E:C %a cC aaa%ct tgtCC gcaé%%agtg
gctcactgee dacgeycy gCgCIc ggttatce ggaa acgagcatca ccaggc ttaccggata
R rghRp TR d e Eectucsaen teicas SR

gctgt@wammgutaama?acaa%amaggcgg:gagaautggmtgmm?:uaom acaa@@aagc; it
gcc . cgggcgagcc tacgataatc
B e e ot ot

caaaaccatc ¢ cgtcggc

taaaocRG COREHECAG§ag9R JERPRaatidtEg§agaatcagggesgeiadig Caaaatcga difieecect
CClOleeaLsAGlGaoLlrg-056£98 CLas s HateACEg dgatacagach iGlacae! ¢RRAGCAARLS aaagagadga

seqlist cgagaaaggc cgcggaagtg ccggtgtgeg ttggcggatg tgataaaaca actcagaagt ggaacitlgfoca

ccgatgttic gtagtggaca aaacccgoge cttccagege gecgtgtace gegtettega

tgtcgaggge ggettegtot tgceggcaaac cttteggegg cgtatgaccyg aacggegtgt 1200
tcggttccat cgtcaggtga tacogcgctga tgtgggttge gcccgtaggg atcccgactt 1260
cgctgetgee caaggttgoc gggtgacgca caccgtggaa acggatgaag gcacgaaccc 1320
agttgacata agcctgttcg gttcgtaaac tgtaatgcaa gtagcgtatg cgctcacgca 1380
actggtccag aaccttgacc gaacgcageg gtggtaacgg cgcagtggeg gttttcatyg 1440
ctigttatga ctgtrttttt gtacagtcta tgcctcggge atccaagcag caagegegrt 1500
acgcegtggyg tcgatgittg atgttatgga gcagcaacga tgttacgcag cagcaacgat 1560
gttacgcage agggcagtcg ccctaaaaca aagttaggtyg gotcaagtat gggeatcatt 1620
cgcacatgta ggcteggece tgaccaagte aaatccatgc gggetgetet tgatcttttc 1680
ggtcgtgagt tcggagacgt agcecacctac teccaacatc agcecggacte cgattaccete 1740
gggaacttge tccgtagtaa gacattcatce gegettgetg ccttcgacca agaageggtt 1800
gttggecgetc tegeggotta cgttotgoce aggtttgage agccgegtag tgagatetat 1860
atctatgatc tcgcagtctc cggcgagcac cggaggcagg gcattgccac cgegoicatc 1920
aatctcctca agecatgagge caacgegett ggtgettatg tgatctacgt geaagceagat 1980
tacggtgacyg atcccgeagt ggetctetat acaaagttgg gcatacggga agaagtgatg 2040
cactttgata tcgacccaag taccgccacce taacaattcg ticaagcecga gatcggetric 2100
ccggecgegg aatgcecgatt tcttottcca gcaatttgat ttgtttggag atgccgggtt 2160
gcgaagtaaa caaggetteg gecgettegg aaacgttcag gttgtgetygy taaacttcta 2220
aggcgrattt caattgccga caccatcgaa tggtgcaaaa cctttcgegg tatggcatga 2280
tagcgeccygy aagagagtca attcagggtg gtgaatgtga aaccagtaac gttatacgat 2340
gtcgcagagt atrgecggtgt ctettatcag accgtitece gogtggtgaa ccaggecage 2400
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atctgttgtt ttcggcggtt ccgaatgctg atccacaccg gacaccgttt aacggcegatt gcggcaggcg aattttgccg gecgecegteg
gtgaccgtct tgttatccge ggtgectaat tcgggaaacc ttgegtattg ctgcggegag gataacgcag gecgegttge cgctcaagte
ggaagctccc tttctecctt gtgtaggtcg tgcgcecttat ctggcageag ttcttgaagt ctgctgaage accgetggta
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cacgtttctyg cgaaaacgcg ggaaaaagtg gaagggggésttggcggagct gaattacatt 2460
cccaaccgey tggcacaaca actggeggge aaacagrcgt tgctgattgg cgttgecacc 2520
tccagtctgg ccctgeacge gocgtegceaa attgtcgogg cgattaaate tcgegocgat 2580
caactgggtg ccagegtggt ggtgtcgatg gtagaacgaa gcggecgtcga agcctgtaaa 2640
gcggeggtge acaatcttct cgegcaacge gtcagtggge tgatcattaa ctatccgetg 2700
gatgaccagg atgccattgc tgtggaagcet gectgcacta atgttecgge gttatttett 2760
gatgtctctg accagacace catcaacagt attattitict cccatgaaga cggtacgcga 2820
ctgggcytgy agceatctggt cgeattgggt caccagcaaa tcgcgetgtt agogggecca 2880
ttaagttctg tctcggcgeg tcotgegtctg gotggctgge ataaatatct cactegceaat 2940
caaattcagc cgatagcgga acgggaaggc gactggagtg ccatgtccgg trtrtcaacaa 3000
accatgcaaa tgctgaatga gggcatcgtt cccactgcga tgctggttgc caacgatcag 3060
atggcgetgyg gegcaatgeyg cgecattace gagtccggge tgegegttgg tgcggatatc 3120
tcggtagtygy gatacgacga taccgaagac agctcatgtit atatcccgece gttaaccacce 3180
atcaaacagg attttcgcct gctggggeaa accagegtgg accgettget gcaactctct 3240
cagggccagg cggtgaaggg caatcagcetg ttgoccgtct cactggtgaa aagaaaaacc 3300
accctggege ccaatacgca aaccgectet ccccgegegt tggecgatte attaatgeag 3360
ctggcacgac aggtttcccg actggaaagc gggcagtgag cgcaacgcaa ttaatgtaag 3420
ttagctcact cattaggcac aatictcatg tttgacagct tatcatcgac tgcacggtge 3480
accaatgctt ctggegteag geagecatcg gaagetgtygg tatggetgtg caggtegtaa 3540
atcactgcat aattcgtgtc gctcaaggcg cactccegtt ctggataatyg ttttttgege 3600
cgacatcata acggttcigg caaatattct gaaatgagcet gttgacaatt aatcatcggce 3660
tcgtataaty tgtggaattg tgagcggata acaatttcac acaggaaaca gccagtccgt 3720
ttaggtgttt tcacgagcac ttcaccaaca aggaccatag catatgaatc gaactgectt 3780
ctgctgcctt tectctgacca ctgecoygat tetgaccgec tgcagcageyg gagggagtag 3840
tgtcgeegee gacatcggtg cggggetige cgatgcacta accgcaccge tcgaccataa 3900
‘agacaaaggt ttgcagtctt tgacgctgga tcagtccgtc aggaaaaacg agaaactgaa 3960
gctggcggea caaggtgcgg aaaaaactta tggaaacggt gacagcctca atacgggcaa 4020
attgaagaac gacaaggtca gccgtttcga ctttatccgc caaatcgaag tggacgggea 4080
gctcattace ttggagagtg gagagttcca agtatacaaa caaagccatt ccgcecttaac 4140
cgcetticag accgagcaaa tacaagattc ggageattcc gggaagatgg ttgcgaaacg 4200
ccagttcaga atcggcgaca tagcgggega acatacatct tttgacaage ttcccgaagg 4260
cggcagggcg acatatcgcg ggacggcegrt cggttcagac gatgccggeg gaaaactgac 4320
ctacaccata gatttcgccg ccaagcaggg aaacggcaaa atcgaacatt tgaaatcgec 4380
agaactcaat gtcgacctgg ccgccgecga tatcaagecg gatggaaaac gecatgecgt 4440



tctcaagaag Page 8 agttactccc aaaaccgtaa cgtcaaattc agagaagatt gaatttgcct gaaacgcecgt ggcatcaaat
tgtcggtgaa ttgttttctg cggcttctge acaaagcecce acatgagegg tccgegecga geacgctgge tettcaacga gegttgecte
gaaacggaag tcacaattcc gagtgagcta tgtcgtgcca ggcgctcttc cggtatcage gaaagaacat tggcegttttt agaggtggeg
tcgtgcgete cgggaagcegt ttcgetccaa ccggtaacta ccactggtaa ggtggectaa cagttacctt geggtggttt atcctttgat

tcggﬁgga%g%%galc%%%{ggﬁgg%Qggtg@a%ggggg%Qg@%;%@?gg%qggggggtg a¢gRpag CoRLGILCty

ccaccgcadc cgccctatit cgccgcecatc tcaaatcc a cgacatcgtc agtcatggceg gctgcccaaa

cttggegfiagoasagancata Hidtidatanecgeienttaa Myeutotc teaciebing g agtasha ccatagfctc
A2aGLCHAGT el AGCH SUCACHGL SRI990S L LD GRA%aURYE dacaaclagLygaaagapa titgtitge

ctittctacg seqfist gggtctgacg ctcagtggaa cgaaaactca cgitaaggga ttttggtcat gagattatca6540 aaaaggatct
tcacSBipiticataaat ta4ae2 g a bt gattRiH c A4 aR 60T AtARG abt Rcttgtc tgataBac caatgcttaa

tcagigaags eesdalaleafalQ @ caplsialy riticgiic alacalagli agigaciee €sgisgiata gataaqtacg6720
atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcg%%}a cccz%ggctca6780 ccggctccag atttatcage
geas!

aatad5%CaY 849 EEGYER By Yag8g Ky astaysio tRBEHER Whtccaglllttaattgtt
gccogoange dagagtaagiclt agtisgosodtiggdagtiy gy cpaegtipligcaatigag@caggcat egeggtgtca6960
cgctcgtegt ttggtatggce ttcattcage tccggtteccc aacgatcaag gcgagttaca7020 tgatccecca t caa
e R e S e
cactgeatam diciettat tZ 4 0ggicatgesed aputatyadg ittt tgtysdciggtun gtcacopessaa gtcabglga 7200

gaatagigla, C9265:939H9CLeGeCaq9¢Y 8%%%‘&89889@939{3&80 <0Q feacatagag gaactttaaa
agtgctcatc attggaaaac gttctfcggg gcgaaaactc/320 tcaaggatct taccgctgtt gagatccagt tcgatgtaac
ccactieRua Rt aneagaT SB0- L CREAGERR bR B RACACEHRGICRIGEERgEE CASSABEagy abfiftaaaat7440

gCCOsRaRRA SANIR/BAL GACIRGAGHAARABIGRRJACICatacL Rl eIt (aAcrRiattalt gaggeattta
tcagggttat tgtctcatga gcggatacat atttgaatgt/560

cicgatcccg €cacgatgac ¢gicgtegge aacggcgatt tccgcgecga agcegegecaa 5220
gtgttccaaa acctgcaagc cgtcgcecgaa goeggceaggeyg gecacgetygge cgacatcogtc 5280
aaactcaacg cctacctgac cgacttggge aattttgceg tottcaacga agtcatggeg 5340
gaatttatcg ccgagccctt cCcccgeecge gecgecgtcg gegttgoctc gotgeccaaa 5400
ggcgtgcagg tcgaagocga agocgtccte gtgaccgtct gaaacggaag cttggegtaa 5460
tcatggtcat agctgtttcc tgtgtgaaat tgttatccge tcacaattcc acacaacata 5520
cgagccggaa gcataaagtg taaagcctgyg ggrgoctaat gagtgagcta actcacatta 53380
attgcgttge getcactgec cgctttccag tcgggaaacc tgtcgtgeca gotgeattaa 5640
tgaatcggec aacgogeggg gagaggeggt ttgegtattg ggogetctto cgettocteg 5700
ctcactgact cgctgegetc ggtegttcgg ctgcggcegay cggtatcage tcactcaaag 5760
gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaaaa 5820
ggccagcaaa aggccaggaa ccgtaaaaag gccgegttge tggegttttt ccataggetc 5880
cgcccccctg acgagcatca caaaaatcga cgetcaagtc agaggtggcg aaacccgaca 5940
ggactataaa gataccaggc gtttocccet ggaagotoce tegtgegete toctgttocy 6000
accctgeoge traccggata cotgtccgec ttictccctt cgggaagegt ggogotttct 6060
catagctcac gotgtaggta totcagttcg gtgtaggteg ttegetecaa getgggetgt 6120
gtgcacgaac ccccegttea geecgaccege tgcgecttat ccggtaacta tcgtottgag 6180
tccaaccegg taagacacga cttatcgeca ctggcageag ccactggtaa caggattage 6240
agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa ctacggcetac 6300
actagaagga cagtatttgg tatctgcgct ctgctgaage cagttacctt cggaaaaaga 6360
gttggtagct cttgatecgg caaacaaacc accgeiggta goggrtggttt ttrrgrrrge 6420
aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat ctittctacy 6480
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atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagt gccacctgac7620 gtctaagaaa ccattattat
catgacatta acctataaaa ataggcgtat cacgaggccc7680 tttcgtc7687 <210> 7 <211> 7687 <212> DNA
<213> Artificial sequence <220> <223> plasmid pBE-201 for additional expression of fHBP variant 2 of
Neisseria meningiditis <400> 7 tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctceccg
9203c0g1CA00 aggé&@&%g&?@g%@&%ﬁ@%g@@&%g@ééﬁcggggcza%ggg 960,15a09901g1,20 199cgggtg
tcggggctgg Cttaactatg ‘cdgcatcaga gcagattgta ctgagagtgc180 accataaatt cgagctcgac cgtctgaaac
gyCORfEEEg Ty TAACEE IWCFEGEE R Rt FAARFR GG ggEh e idscgedGEaagatgggtg P etigcaaac

g9ttiggaral3N) aaacagegat atelglcgda Hotacagy 196300CalR LAYUNGLY {gegtctgtg360;egiaagegt
cggacatttc cggcggcggc tgtgecgict gaaacgcccg gcgggggatg4Z0 cggcetgegtt ttccatcgat aagcatattt

tccg§aegts tiGoGaEEE gtiHe R bAE6 Page T LHegHEE ey taabetd 2rjd aaidftctc add#Scacty
cagautedgh gasicyatas aageoitggt etieasicgedgeantigs at aalgegsgaa eegadg e tgtcgaggac tcggttccat
cgctgctgec agttgacata actggtccag cttgttatga acgcegtggg gttacgcagc cgcacatgta ggtcgtgagt gggaacttge
gty RAE Gttt gHt FaaEAR0 4R 18R GG Cat 888658 %% @%%%aa‘&%%% aggc%zigﬁ t tagcgcecgg
gtcogeagagi sacytietg cgcaacegag catiigiitga cagtagaaajdigagciga cagegaadgy ttccageagg gececcgtgcge
catgaaticg ttggctttqc gcggtcggga ctgccagtag gtagtggaca ggcticgtet cgica a caag C agcctgttcg
aaccﬁ%%%%gg%g%%t# f'(%ggéttﬁggg% %a‘c%é:g%%% Sgé%ccg%ggg téégg%%%%’t c%%% 5%§a 8gcggc ?a% ?cgcagtctc
agcatgaggetatriccgeagiRiogac dtaay EagT oyay guagycleg wHaitgocgasaggagerytca atftiygtgt
coangacace Lag°asRRce, adalalag gelacagRacauEgapacan tiasasacg, celifloce tosgpaca

aacggcaaat attaaggcga taggaaatit ticaaattgt aaacccgegc tgcggcaaac tacgcgetga gggtgacgea
gttcqraaaraiaaegeageip§iacagtaacamtiaglid Eetsad acacipiedaagid abeetrctac gadatttatc cgtictgecc

cggcgaacas- caacasacit gocicialat taegegCacedsHelirca geeantican saccalegaa aticaggylg ctcttatcag
ggaaaaagtg actggcgggc

gaatagtgta tgcggcgacc gagttgctct tgcccggegt caatacggga taataccgeg 7260
ccacatagca gaactttaaa agtgctcatc attggaaaac gttcttoggg gcgaaaactc 7320
tcaaggatct taccgetgtt gagatccagt tcgatgtaac ccactcgtge acccaactga 7380
tettcageat cttttacttt caccagegtt tctgggtgag caaaaacagg aaggcaaaat 7440
gccgcaaaaa agggaataag ggcgacacgg aaatgttgaa tactcétact ctteetittt 7500
caatattatt gaagcattta tcagggttat tgtcicatga gcggatacat atttgaatgt 7560
atttagaaaa ataaacaaat aggggttccg cgcacatttc cccgaaaagrt gccacctgac 7620
gtctaagaaa ccattattat catgacatta acctataaaa ataggcgtat cacgaggecc 7680
tTLtcgtc 7687
<210> 7

<211> 7687

<212> DNA

<213> Artificial Sequence

i%%gi plasmid pBE-201 for additional expression of fHBP variant 2 of
Neisseria meningiditis

<400= 7

tcgegegttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca 60
cagcttgtct gtaagcggat gccgggagcea gacaageccg tcagggegeyg tcageaggrg 120
ttggcggotg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180
accataaatt cgagctcgac cgtctgaaac ggcggcaaag ccgttaaccc gegegttgec 240
rttaaatggt ggoggcggea tcacgcggeg gatgggtgaa acttgcaaac ggtttggaaa 300
aaacagcggt atctgtcgga ttgttgeagg tgcaggeata cggttttgtg tgegtctgrg 360
ccttaagcgt cggacattic cggeggegge tgtgecgtct gaaacgoccy gegggggatyg 420
cggetgegtt ttccatcgat aagcatattt tecggacgeg tteggggegg gtttteccgg 480
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seqlist tggattaaca aaaatcagga cgattcactt ggtgcttcag cgccgtactg gtttttgtta agegtccttt ttcggtcggg ttgecgttte
gatttgcgcec tcgeggeggg tacgecgteg cttcggcage gacggttttg ggtagtegtt ggggtggegg tgecgtgege geccgegect
ggcggceactg catggetggt cttccagege geegtgtacc ctitcggegg cgtatgacceg tgtgggttge gecegtaggg
caccgtggaa acggatgaag tgtaatgcaa gtagcgtatg gtggtaacgg cgcagtggceg tgcctcggge atccaageag
gcagcaacga tgttacgcag aagttaggtg getcaagtat 888tdédtge gggcetgctet tcccaacatc ageecggacte gegcettgetg

Cottcgassa-gosiaRaERUEE8CHERgAATRGUEHEN BSAtDCRRG salgtiata dgatetagpt acaasgtigy
gcatacggga taacaattcg ttcaagccga geaatttgat ttgtttggag aaacgttcag gttgtgcetgg tggtgcaaaa cetttcgegg
gtga&@@%gé%ﬁaﬁ%ﬂcﬁé‘@étt?&?@ﬁ%‘éﬁ@@téga’;&)&ﬁgg@g%%tﬁf&é@@agﬁ%%ﬁggatcgt tgctattgg Page 10
caaggegang ceccttagag alssagiata gggantasamaigatitigrrgtaaggagaacaitegasgg cggeauacyg
atgcctaaat ttcgcaaaag gegtcttcga aacggegtgt atcccgactt gcacgaacce cgctcacgea gttttcaigg caagegegtt
A e B T A B At e O SO oY cmagotl agaagtgaty
gatcgggtictatgregyyit dgaagttota tatggoatga gitatoygat cedygecage gastavategtigecdd® tccagtectgg
caac&gggg%%&g%%gtg& 9&%%9@9&93&%@9&8&%9%9@% 1t6tg, caapicrgc accatgggaa

atggcgctgg tcggtagtgy atcaaacagg cagggecagg accctggege ctggcacgac ttagctcact accaatgcett
atcadlgeet fadaataaR i ath RS ASRAY I CIHEUICCH toteGOOHES th40aA88%t Hrtggcg i attgaagaac

getcatiacs d9eg6tacag Gleetecii-eaagarsaay tageringabgsaeaRigic figageaan coaccasgec ceetgcacge

ccagcgtggt acaatcttct atgccattge accagacacc ageatctggt tctcggegeg cgatagegga tgctgaatga
gcgc’é%?@E@@éﬂé&j’&@é&%@é@ﬂE@@Y@Baﬂb‘ﬁEE%%Q&C@E&%@Q&%CE&%@@@%& ct cag aattcgtgtc
acgoictggdeiggaatig-teargagcacalaieigpcen aanaleay ca Hggagict eaageigaegy gacaagegica ttggagagceg
attgaaaaaa tcagcg;%tt tatcacggca ttcgccgeca fga%ctt ccg[ acgeqctacg caagaaatcg ggggiegcaa
gotgfeTft gﬂ%&ﬁcg SRR G EHSH AR 8%%909 Ct%%%é%fcct %ﬁé’%«sﬁbgc gggcatcgtt cgccattace
taccoaAgsediganytaa PAAtCagTgaaacyCTint acigiaaaYe BRIt atgcggagteatcy gatzaaggcy
caaataltet lgageogala ticaccaaca claecey gtat%%cggccthcac&ct 4 ggaaaaclia geeqglisga gagagticca
tcaacaacee 1gggcayags aagcaticag aacag cchccyaact geagegaaga ceggctegge seglist
attgtcgegoUyatanaio agea g PoyfegyL gtoagig ggotahteatancgcogeacta atgttéédgc attattttct
CCealgRRgR CASCARERRREdp SRIOI SEUGCIapE AgRRlalH ARCIB0APIG erelglGegy CCcasigeoa toctoglioe

gagtcégggc tgcgegitgg agctcatgtt atatcccgec accagegtgg accgcttgct figeeegtct cactggtgaa cccecgegegt

tggcAREE GGGCagtFad ttHafGeaa R A560TRR 806y S8 GHAGB I R taTERE8% cactéttbtt ctggataatg
gaaatgaget gtacaait fGatGAG Asadlaagadggseaiad Galgtdgata dgeideedcc tgcageagcy
cgatgcacta accgcaccge tcagtccgtc aggaaaaacg tggaaacggce gacagectea ctttatccgt caaatcgaag
aatat%“c%ﬁ%E%%QgWééﬁga%%%%%ﬁg%@&%CE%%@&@&%%C%@?&@@&Q at gtt§§cggaa
Cggcgeaaaitgarcagoigagoangeagal gaanaatpan agopggtachiptaacgipoaaccgigaadlamygggaaa
Page 11 tcg[égcc at agectgtaaa ctatec ct% agf;tatttctt cg tac%cga agcg%gccca cacteggaat tittcaacaa

C T

caac§aiéad cogatate AacCaes GeHACtc 58@%1539% dd%a :Zlctcgtcr;lc acaitt&ggg tgcacggtgc

caggtegtest tiiyty 0g© eadeatiy 9o guuagiet gt gaaeigottt geyunpgtggdegsicoataa agaadtifaa

atac ccqt ccga cgtcat
et S en e Db A0 10007 Sb8.58 2080 2040 3000 H0aD 2136 2180 S350 3300 3360
3420934898540 36009366023 7203 780<88499390023068040204080428814280 42604890 4380 4440
45004260+ $eA1IS{ QRILHAGRICYGegdGRRCC BgAagaRMD FCOAIGLasE Cicqaalic doatatgrgn620 ctiattctge

aaaccgccag cttggctgtt ttggcggatg agagaagatit ttcagcctga4680 tacagattaa atcagaacgc a%cadagcggtc

tgataddEce GEERtRRER tHA C A8 BE4 74065 cgBh BTG R EechRR IGAR W AR P AR tcagaabtthaacgecgt

agcyesogiadacy araieiosgroteceeat DEGRAANIAG PP AREIOERH §CAI6agES AR acyaeg# 860
cactttgata tcgacccaag taccgecace taacaattcg ttcaagecga gatcggeitce 2100
ccggeegegy aatgecgatt tettcttcca gcaatttgat ttgtttggag atgocgggtt 2160
gcgaagtaaa caaggcttcyg gccgettcgg aaacgttcag gttgtgetgg taaacttcta 2220
aggcgtattt caattgccga caccatcgaa tggtgcaaaa cctttegegg tatggcatga 2280
tagcgeoccgg aagagagica attcagogty gtgaatgtga aaccagtaac gtratacgat 2340
gtcgcagagt atgceggtgt ctcttatcag accgtticce gegtggtgaa ccaggecage 2400
cacgtttctg cgaaaacgcg ggaaaaagtg gaagcggcga tggcggagct gaattacatt 2460
ccCaaccycy tggceacaaca actggceggge aaacagtcgt tgoctgattgg cgttgecacc 2520
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gctcagtcga aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctetcectg4920 agtaggacaa atccgecgec
cgggcgagcc ttcggeggtt ttgttttctg ccaccgcaac4980 tacacaagcc ggeggttttg tacgataatc ccgaatgctg
cggcttctgce cgecctattt5040 tttgaggaat ccgaaatgtc caaaaccatc atccacaccg acaaagcccc cgccgcecatc5100
ggcgcgtaca gccaagccgt ccgagcaggce gacaccgttt acatgagcgg tcaaatcccc5160 ctcgatcceg ccacgatgac
cgtcgtcggce aacggcegatt tccgegecga agcgcgccaé@ﬁﬁbsétgttccaaa acctgcaagc cgtcgccgaa gcggcaggcg
gcacgetagegacatediehlaN apagicanet CEtagRIgRY §0eRitogae eattitgegg dgiitaacga sgricatggcgs340
gaatttatcg ccgagccctt ccccgeccgce gecgecgteg gegttgecte getgeccaaas5400 ggcgtgca gaagccga
B R S R R T i S et A
tcacaatigcoacacaacatas5P0tcgagecagnan gratagagigdasmgectytrgotgectaatcgagtgagedactcacattas580
attgcgttac gctcactgec cggetttccaq, te acc gt C 1225040 fgaateggcc 3a¢gcgcggy
gaga%é%égtc ﬁ%%g?%%&‘é’é’é&%t?% %%%%230%%%%3%%%%0%9 ctg ggé%?:gctc ggtcgttcgg ctgcgggcgag
CQOtERIIC teA0tCersagB 760Cg Cabtaarad YRttt ag aencaggrpgatsaogeagrgaaagaddal
gtg39%&?@95:%%0&3&%%%%%89%9@&3%%@6@9@&8&8@&9&&&0 1995gHtit Grataggnigs8so

C

cgcccccctg acgagcatca caaaaatcga cgctcaagtc agaggtggeg aaacccgacab940 ggactataaa gataccaggce

gtttcEdeRu ek tEEEIBERGEY LT KO §6000%S8G gE R Tkl gaatcsBEg e ttEélctt
COg0aRaaT I ge0elictaReR calagsisas Hcigiapgiadelcagiicgiaigoates dicgeiscaa geteegctgt6120

gtgcacgaac cccccgttca gecccgaccgce tgegecttat ccggtaacta tcgtcttgag6180 tccaacccg;dtaagacacga

cttat@§ERA LR ARG T A g A LG At e TR TR By 2965895t Ko ta3 5885 Rt tacagi tettgaagt
gotggeatpa ctagogeiraadbfuactpgaaggeccagiatitag dataigeged ctgotoamggaaagitacctt gdgaaaaagac360

attogiaget ctigalcegn caaacaaace accaclogia Gegglaot iolgeod

20

gttaaccacc 3180
atcaaacagg attttcgect gotggggcaa accagegtgg accgetigcet gcaactetct 3240
cagggccagy cggtgaaggg caatcagetg ttgcccgtct cactggtgaa aagaaaaacc 3300
accctggege ccaatacgca aaccgoctcet ccccgegogt tggecgattc attaatgeag 3360
ctggcacgac aggtttcccyg actggaaagc gggcagtgag cgcaacgcaa ttaatgtaag 3420
ttagctcact cattaggcac aattctcatg tttgacagcet tatcatcgac tgeacggrtge 3480
accaatgctt ctggegtcag gcagccaicg gaagctgtygg tatggetgtg caggtcgraa 3540
atcactgcat aattcgtgtc gctcaaggcg cactcccgtt ctggataatyg ttttttgege 3600
cgacatcata acggttctgg caaatattct gaaatgagcet gttgacaatt aatcatcggce 3660
tcgtataaty tgtggaattg tgagcggata acaatticac acaggaaaca gccagtcegt 3720
ttaggtgttt tcacgagcac ttcaccaaca aggaccatag catatgaatc gaactgcectt 3780
ctgctgecctt tctctgacca ctgoccygat tctgaccgee tgeageageyg daggeggedgd 3840
tgtcgccgoc gacatcgyeg cggggcttge cgatgeacta accgcaccge tegaccataa 3900
agacaaaagt ttgcagtctt tgacgctgga tcagtccgtc aggaaaaacg agaaactgaa 3960
gctggeggca caaggtgegg agaaaactta tggaaacggc gacagcctca atacgggeaa 4020
attgaagaac gacaaggtca gccgcttcga ctttatccgt caaatcgaag tggacgggca 4080
gctcattace ttggagageg gagagttcca aatatacaaa caggaccact ccgcocgtcgt 4140
tgccctacag attgaaaaaa tCaacaaccC Cgacaaaatc gacagcctga taaaccaacy 4200
ctcecttectt gtcageggtt togggcggaga acataccgec ticaaccaac tgectgacgd 4260
caaagccgag tatcacggca aagcattcag ctccgacgat gotggeggaa aactgaccta 4320
taccatagat ttcgccgceca aacagggaca cggcaaaatc gaacacctga aaacacccga 4380
gcaaaatgtc gagcttgccg ccgccgaact caaagcagat gaaaaatcac acgccgtcat 4440
trtgggcgac acgcgctacy gcagcgaaga aaaaggcact taccaccteg cecttttegg 4500
€gaccgeger caagaaatcg CCggetcgge aaccgtgaag ataggggaaa aggttcacga 4560
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aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat cttttctacg6480 gggtctgacg ctcagtggaa
cgaaaactca cgttaaggga ttttggtcat gagattatca6540 aaaaggatct tcacctagat ccttttaaat taaaaatgaa
gttttaaatc aatctaaagt6600 Page 12 seqlist atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc
acctatctca6660 gcgatctgtc tatttcgttc atccatagtt gcctgactcc ccgtegtgta gataactacg6720 atacgggagg
gcttaccate tggecceagt getgcaatga taccgegaga €€8a¢§Etca6780 ceggetecag atttatcage aataaaccag

CcagssoaRR H00CRUIGEILR0ATiGERR40 celgeqesit tdlgeantie ategagie aflaattgttgragggaage
tagagtaa%t6900 agttcgcca ttaata%tt%gcgcaacgtt ttgccatt ctacagggcatc tggtgtca6960 cgctcgtcgt
N4 ST R MRS U R o e T G ST U i
agcteeaiteggtcricagat gaitalcagea/ift0 @gtaagitag cogrcagiott atcactcajgogitatggcag caciyrataa
ttctcttact?lé%o tcgé 88"&‘% ccgt%ggfg,é% cttttctgctgcacta(tg%%act actcaactcaa gtcattc§a72004g8 tagtgta

tgcgagag%% 8 gttgctct tgggcggcg %ffg%ggga {2 é‘?fgﬁcgcaggtaggffa?% actttaaa aggtgctcatc
attggazaac giicttoggyrgcgataacie 73R - angg ateiter crtgticgaghtecagt tegatytaac ¢8&etcgtgc
acccgaciga/ 380 £%EQ@9&&{;Etfém&%%%Ga%%&céggﬂtQ%%ga%wC@&Q@?&Q@aaaatléﬂé’ gccgcaaaaa

agggaataag ggcgacacgg aaatgttgaa tactcatact cttcettttt caatattatt gaagcattta tcagggttat tgtctcatga
gCoRAARBY Y AREERS 60CAIIUFAS SR 4AEAA80 BEo JTHEES Keh sttt BERYRaaag§BRacctgac7620

gictaggaraffalighal satgagatiacgeeialaaad Haogediat §660aagCe (e8P Hcalc /68 5524 0> 8

tttgaggaat ccgaaatgic caaaaccatc atccacacceyg acaaageoce cgocgecate 5100
ggcgcgtaca gccaagccgt €cgagcagge gacaccgttt acatgagcgg tcaaatccec 5160
ctegatccoeg ccacgatgac cgtcgtogge aacggogatt tocgogoega agegegecaa 5220
gtgttccaaa acctgcaage cgtcgccgaa goeggcaggeg geacgetgge cgacategrce 5280
aaactcaacg cctacctgac cgacttggge aattttgccg tettcaacga agtcatggceg 5340
gaatttatcg ccgagecctt ccccgoooge gecgocgteg gegttgocte goetgeccaaa 5400
ggcgtgcagg tcgaagecga agecgtectce gtgaccgtct gaaacggaag cttggegtaa 5460
tcatggtcat agcrgtticce tgtgtgaaat tgttatccge tcacaattcC acacaacata 5520
cgagccggaa gcataaadtg taaagectgg ggtgcctaat gagtgagcta actcacatta 5580
attgegttge getcactgece cgetttecag tegggaaace tgtcgtgeca getgeattaa 5640
rgaatcggec aacgegeggg gagaggeggt ttgogtattg ggegetcttc cgettectceg 5700
ctcactgact cgctgcgetc ggtegticgg ctgcggegag cggtatcagce tcactcaaag 5760
gcggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat gtgagcaaaa 5820
ggccagcaaa aggcecaggaa ccgtaaaaag gecgegrtge tggegttttt ccataggetc 5880
cgccceectyg acgageatca caaaaatcga cgctcaagtc agaggtggeyg aaacccgaca 5940
ggactataaa gataccaggec gitiCCCCct ggaagetcce tegtgegetc tecotgitccyg 6000
accctgecge ttaccggata cetgtcocgee tttetcoctt cgggaagegt ggegetttct 6060
catagctcac gctgtaggta tctcagticg gtgtaggteg ttcgcetcecaa getggoctgt 6120
gtgcacgaac cccccgttca goeccgaccge tgegecttat ccggtaacta tcgtcettgag 6180
tccaacccgg taagacacga cttatcgcca ctggcagcag ccactggtaa caggattage 6240
agagcgaggt atgtaggegg tgctacagag ttettgaagt ggtggectaa ctacggetac 6300
actagaagga cagtatttgg tatctgcgct ctgctgaagc cagttacctt cggaaaaaga 6360
gttggtagct cttgatccgg caaacaaacc accgctggta goggtggttt tittgtttge 6420
aagcagcaga ttacgcgcag azaaaaagga tctcaagaag atcctttgat cttttctacg 6480
gggtctgacg ctcagtggaa cgaaaactca ¢gttaaggga ttttggtcat gagattatca 6540
daaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc aatctaaagt 6600
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<211> 7584 <212> DNA <213> Artificial Sequence <220> <223> plasmid pBE-311 for additional
expression of NadA of Neisseria meningiditis <400> 8 tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat
gcagctcccg gagacggtca60 cagcttgtct gtaagcggat gccgggagcea gacaagceccg tcagggegeg tcagegggtg120
ttggcgggtg tcggggctgg cttaactatg cggcatcaga gecagattgta ctgagagtgc180 accataaatt cgagcetcgac
cgtctgaaac ggcggeaaag cegttaacce gegegttgee®@® ifdaatggt ggeggeggea tcacgeggeg gatgggtgaa
aCttg&@e?@ﬁc9%@99@@&%9@%@%&9@%@&0&@%£%@%@9d%@@%%@zagg%ﬁgtg to6ERet9tg360
ccttaagcgt cggacatttc cggeggeggc tgtgeecgtct gaaacgeccg gcgggggatg cggctgcegtt ttccatcgat
aagc%?gﬁttf&@%QaEﬁEbtﬁgﬁbﬁ @%ﬁ?&&@é&%@ﬁ&ﬁﬁcﬁ@% ARG ARt AAtg tggbitthca

aaaaitaggeuagaogcgarga40 Ragectdagaapagragaqpategiteleagaaacastg@agggtcggygactcggtac
gggegttcat cttcactcga tacgetegat aatcgecgaa ttccat cgetge agttgacata

cggctcea 3 CC&C%%at tttcé('%g a %C t%%ga tagt é%C(é
actggtctay chigttatga acgeegtgay ghacgtage dgeacatgty Yodiodyt douadiyc gtig é tc atctatgatc

aatctectgadacyytyatgcgactttyate ccggoTy Gy dedtgettgn cgagapada giatatancy tccégogeag cttttcattt
ttcg ttggctttge

Cgat%@%t&?gté?&%a%@g&a%@cﬁ%%ﬁg%qchﬁé&%a‘@&g&%%@%%gg&‘? ggac catgag

gcggtcéggga ctgccagtag gtagtggaca ggcttcgtct'cgtcaggtga caaggttg cclgticg aaccitgacc ctgttttttt
tcgateAt§AG§atabte g gGergdice td§gagatet et gtagtaa cogtsyenorafeHdre agcatf@¥gc atcccgeagt
tcgagesArd deagagdticdgedg9aaidadessotcaliicatiaclyad,9eg98aaiec L agatichs: ttyaggerl aacctgcacc

agtacggaac ggcgaggcaa tttaaaaaca cctttttgcc tcctgcaaca aacggcaaat attaaggcga ta% aaattt ttcaaattgt

aaactehRHY 1§y GE LA g AGERYe G tAgEERE PG taAatIgahRf chtfdy §tacAgtcta atgga

ccctapaacgdeaecaatitaggcsacetat ganaitaaiGg6o6eigceeuacdagCaccaacaggctt gogieigtat
taccgccacc agataatctt c%aatccatc accacgaaag aaaaca%aaa agtccgttca actttcgtgg gaaattctag acgtcattcc

seglidP REAHEE YRS CHREDEELS bt Ao HEP A be b AR AR g LA GEER A gatttg®fte tcgeggeggg
tacgeegicr etfcg orega Jacgq iy goiagicgiirg ggaig gc oar tgucgiges G ggeagagoct ggcggeactg catggcetggt
cttccagege gecgtgtace citteggc tatgaccqg tqtagattgc geeegt caccgtggaa acggaigaag
e e e R o oa
aagtteggicpgcidaagtidttasaitdcacggoetgctot icesternicaageeggagteauyatgety ccticg&bta aggtitgage
agCCQEQ&@Qa%%%Q%&&&Q&?%‘EQ&}S%@Q glpcgt-acaagiioq gealacggga tagegaticy

ttcaagccga tgaatattgc tgttgticta cgcacggaaa cctgcaccac tgggaatcta ggacgcaggg accaaaatca

gaadctthabtghticggrey itdcgataa ¢reithie Jeit Ghd§gott ariartictadddogabaiat taagadéeta catceegtca

atttagaaaa atasacaaat aggggttccg cgcacattic cccgaaaagt gccacctgac 7620

gtctaagaaa ccatrtattat catgacatta acctataaaa ataggcgtat cacgaggccce 7680

tttcgtc 7687

<210> B8

<211> 7584

<212> DNA

<213> Artificial sequence

<220> . i

<223> plasmid pBE-311 for additional expression of Nada of Neisseria
meningiditis

<400> 8§

tcgeygegttt cggtgatgac ggtgaaaacc tetgacacat geagotccocg gagacggtca 60

cagcttgtct gtaagcggat gocgggagea gacaageocg tcagggegeyg tcageggatg 120

ttggcgggtg tcggggotgg cttaactatg cggcatcaga gcagattgta ctgagagtge 180

accataaatt cgagctcgac cgtctgaaac ggcggcaaag ccgttaaccce gcgegttgece 240

tttaaatggt ggeggeggcea tcacgeggeg gatgggtgaa acttgcaaac ggtttggaaa 300

aaacagcggt atctgtcgga ttgttgcagg tgcaggcata cggititgtg tgegtctgtg 360

ccttaagegt cggacatttc cggeggoegge tgtgocgict gaaacygcccyg gogggggatg 420

cggcetgegtt ttecatcgat aagcatatit tccggacgeg ttcoggggoegg gttttoccgg 480

gcggccgeeyg atttgtttge gecttatatag tggattaaca aaaatcagga caaggcgacy 540
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Page 14 caccttagag atccactata cggaatacgg atgattttgg gtcaggcgca cgttcgacgg cggcggacgg atgcctaaat
ttcgcaaaag gcgtcttcga aacggcegtgt atcccgactt gcacgaaccc cgctcacgca gttttcatgg caagcgcegtt cagcaacgat
gggcatcatt tgatcttttc cgattacctc agaagcggtt tgagatctat cgcgctcatc gcaagcagat agaagtgatg gatcggcttc
aggtctagat gtcattccca ttaagaaaac atcccgt cat attcctgcetg tggttttttc gacgaatcca ttccctcaaa 600 660 720

780 84 0 1 ! 0 0 1680:}1440 1800 1860
192(? ig%%gg%%l% 5%%%%%%%9 2112%2%(? CZ%%QOQ %3%%%%%%%45? T2%%;&(? Czj"égog%gg I%)giggécagaaasgé caaaatcaga
aacrtafeat toty tthHeRecHed Col BeRnceaePEH i dce§ REEA ticy gleetr tdddataaat t&®&Bctgct tttcatttct

agateecaca (o) Telggna 819aedasas aagaaiil alitticeg AlaaalClh SR0GCRE0a2 760 agtictagat
tcccgcectge gcgggaatga cggctgtaga tgecccgatgg tetttatage2820 ggattaacaa aaatcaggac aaggcgacga

agCCRRAUHEC S aE BRI GGAREEDBBD GEReritd iR tEEeIaEcrberlyd tegtictct #83gctaag
0C0a90633e4940decgtaete tf&tgig&aéeaaet@t@@ga@@gceg@ggc%%agt@wgw@jwooo agaaagccga
gactgcatcc gggcageagc geatcggcete gcacgaggtce tgcgcettgaa ttgtgttgta gaaacacaag gtttttgaaa
aaatﬁ%%%%%@t&t&?&%&a %‘%af‘zi‘éﬂ%%&&‘ét&ﬁgcggg? a ?qaﬁbb%%tﬁg&t%%'ggact%?t tgttctg%%}a
aatggititdt 809 ageeeyotyogeuiataactgaagaagta §cgggigtit goosg gy ditagukitt3240 thitaaattt

acaaaaggaa gccgatcata tgaaacactt tccatccaaa gtactgacca3300 cagccatcct t cacttt¢ jgtagcggcg
e g T T e B e cmac T gecangaa

a
atcaaeygiSAR( tcagagriggiagagastalo tasygeeut iy g aatrry@ehcalntiee 2ithaaagie$f3480

caaclgeags SAgaRRgeraaseact nanoold gaglcioaa gaaulco grasaD clppccioay egaaaccalc

aatgaaaaca aacaaaacqt cgatgccaaa gtaaaagcetg3600 cagaatctga aatagaaaag ttaacaacca agttagcaga
cactdafeargeatageatsen0 athetgase o6 cteiiaoge8 ace B ESR a6 cRRERLC B 8attggga dfhaatataad 720

teggttecat cgtcaggtga tacgcgceitga tgtgggttge goccgraggg atcccgactt 1260
cgetgetgee caaggttgoe gggtgacgcea caccgtggaa acggatgaag gcacgaacce 1320
agttgacata agcctgttcg gttcgtaaac tgtaatgcaa gtagcgtatg cgctcacgea 1380
actggtccag aaccttgacc gaacgcagcg gtggtaacgg cgcagtggeg gttttcatgg 1440
cttgttatga ctgttttttt gtacagicta tgoctcggge atccaagcag caagogogtt 1500
acgccgtggg tcgatgtitg atgttatgga gcagcaacga tgttacgcag cagcaacgat 1560
gttacgcagc agggcagtcg ccctaaaaca aagttaggtg gotcaagtat gggcatcatt 1620
cgcacatgta ggctcggece tgaccaagtc aaatccatgc gggetgctct tgatctttte 1680
ggtcgtgagt tcggagacgt agccacctac tcccaacate agecggactc cgattaccte 1740
gggaacttgc tccgtagtaa gacattcatc gcgettgotg ccttcgacca agaageggtt 1800
gttggcgetc tcgeggetta cgttetgoece aggtttgage agccgegtag tgagatctat 1860
atctatgatc tcgeagtclc cggcgagcac <ggaggcagg geattgocac cgegeteatce 1920
aatctcctca agcatgagge caacgcegett ggtgettaty tgatctacgt gcaagcagat 1980
tacggtgacg atcccgeagt ggetctctat acaaagttgg gcatacggga agaagtgatg 2040
cactttgata tcgacccaag taccgccacc taacaattcg ttcaagccga gatcggettc 2100
cCggeegeag teggactttc agataatctt tgaatattge tgtitgttcta aggtctagat 2160
tcccgectge gocgggaatga cgaatccatc cgcacggaaa cctgeaccac gtcattocca 2220
cgaacccaca tcccgtcatt accacgaaag tgggaatcta ggacgcaggy ttaagaaaac 2280
ctacatcccg tcattcctca aaaacagaaa accaaaatca gaaacctaaa atcccgtcat 2340
tcecgogeag gogggaatce agtccgttcea gtttcggtcg tttccgataa attcctgetg 2400
ctrtttecattt ctagattccc actttcgtgg gaatgacgge ggaagggttt tggtttittc 2460
cgataaattc ttgaggcatt gaaattctag aticccgect gcgegggaat gacgaatcca 2520
tccgtacgga aacctgcace acgtcaticc taagaaccta catcccgtca tteccicaaa 2580
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cgacatttgc tgaagagact aagacaaata tcgtaaaaat tgatgaaaaa ttagaagccg3780 tggctgatac cgtcgacaag
catgccgaag cattcaacga tatcgccgat tcattggatg3840 aaaccaacac taaggcagac gaagccgtca aaaccgccaa
tgaagccaaa cagacggccg3900 aagaaaccaa acaaaacgtc gatgccaaag taaaagctgc agaaactgca
gcaggcaaag3960 ccgaagctge cgctggcaca gcetaatactg cagccgacaa ggccgaagct gtcgetgcaa4020
aagiiaseg eateanagel qataleqela cdansaaada 1laRtd aaaasaacaaddR acagidocy gutgtacace
agagaagd g? c?gacagcaa aﬂ?gtcaga attga gg(fcgﬁ%) tgaac&c?ac ?gccgagaaa tctg%acacac gcttggcttc
tgctgeeand tegattgtegei?00 attacygatagat gretgaatyygtttygatt abalc gttt @gacctgcge d¥dgaaaccc4260
gec JGRoeRERRasaSGIRl Coog Ciqit.Geaaceftac Aacqlaaoledaad gglicaatgt aagogetgca

gtcggcggct acaaatccga atcggca cggta4380 ccggcticcg ctttaccgaa aactttgccg ccaaagcagg

cgtgGea§HE BgRhCHCHALU ECofEste gt aftrthe Ieafy tEaTepP R AE§ Atgigtttacyc é8dfgtatat4500
CO00gHAIE-RAECHIN RGO LR HEFICas ClikaaH t9IEGRARIAPER Siggsicca atciggiica
gccccaaaca aaaatccgga tacggaagaa aaacggceaatd620 Page 15 aaagacagca tgcacatata gcgccaaaaa
tcag4a5 AR g S5t EERIGCREE dagRER cRHEE Yyt PaRaER AR R ECoa tciyaagt
ltgcciegetracggqagatt cgaticCacaigageiaaghegiyccadch osiciicege @tqngaiearagaacsigly catttitcca
ggtggcgaaa tgcgcetctce gaagegtgge getccaagcet gtaactateg ctggtaacag ggcctaacta ttaggticgg gtggtttttt
A e o o e RS RO OLAHETAELs SapsoegEt Ak ose e oo dQRaos o
ctcgaatigt cotatitticgeeattgy @ RatcCosstc gagtianyly catpgicaas catggeagatagCccaztiyc ggcgtaatca
Caacalac cattaait gcattaatga ttcc ctc.ctcaaaqqc Ccaaaagdac. ta tccgc ccc gga
o R A A o oteea0ag
attattaqaaceeEhfeda tat Tt aetpaactiegaty agasatattt ¢goasaratatgecaiadacc gaaddtyaga

catlCeeACLL 00319 9.90d 1 ACRIGSE HRILECHGL A IGERABAGG FIGAAGEL IRIGACEI Jt9saggtceg

tggtcatagc gccggaagea gegttgeget atcggecaac actgactcge gtaatacggt cagcaaaagg ccccctgacg
ctataeRRfEPeEeE gt s AT A cHEIRUCHRACERE BREES g Rt SRyetGtatd Agaa§Ehicag ghtafctett
cagcagaity telgacaricpggatCicadatgedinad aeidicdat €490309dst deasatiihaaatttgagtgpgcaaaaa

aattttagta tctagtctgg aaccatcatc agcaggcgac cgtcggcaac cgeccgaagceg cttgggcaat cgececgegec

cgtccttiig HhBhAHGEAGERIGy Gt TREBAGT G BTN HR Tttt dat attiiiggat taaaaatfi® aaatcgacgce

lcccaciggeggtangeaiiitoagieg aiocaecedeign aiagoeacigjatagaglic algcgeiptgancaaagsagc aaaaggaict
aaacicacat ltfaaattaa cagitaccaa catagttgce cecca

tget. tggcttggtt gcataaaaat gtaggaaaga acctatgtta
aatgCtgeyy cacaccyaca %%tﬁ%%%aaﬁcgatﬁ%gagaggga%gﬁ%a ﬂfgcc&thtga@élgat%t g accg%c?gaa tatccgctca
gCctamigray gysmactigi Tgladiguge Cuytyagoyyapregeagiaa gty @gyticaagigaga agmtdcctcg
CtCCCatE%QQ;Jﬁ%gl&c%i&%&%&%tgc&9599&&%%%&8&%%&9%%@&%%%%%99%9}9:9{%959 Ccaagaagalc taagggattt
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aaatgaagtttgcttaatca tgactccccg gcaatgatac
cgacatttgc tgaagagact aagacaaata tcgtaaaaat tgatgaaaaa ttagaagccyg 3780
tggctgatac cgtcgacaag catgccgaag cattcaacga tatcgoccgat tcattggatg 3840
aaaccaacac taaggcagac gaagccgtca aaaccgccaa tgaagccaaa cagacgygcecy 3900
aagaaaccaa acaaaacgtc gatgccaaad taaaagctge agaaactgca gcaggcaaag 3960
ccgaagetge cgctggcaca gctaatactg cagcecgacaa ggoecgaaget gtcgetgeaa 4020
aagttaccga catcaaagct gatatcgcta cgaacaaaga taatattgCt aaaaaagcaa 4080
acagtgccga cgtgtacacc agagaagagt ctgacagcaa atttgtcaga attgatggtc 4140
tgaacgctac taccgaaaaa ttggacacac gettggettc tgctgaaaaa tccattgecg 4200
atcacgatac tcgcctgaac ggtttggata aaacagtgtc agacctgege aaagaaaccce 4260
gccaaggect tgecagaacaa gccgcegctct ccggtetgtt ccaaccttac aacgtgggtce 4320
ggttcaatgt aacggetgea gtcggeggct acaaatcecga atcggeagtc gecatcggta 4380
ccggettcog ctttaccgaa aactttgecg ccaaagcagg cgtggcagtc ggeacttegt 4440
ccggttcttc cgcagoctac catgteggeg tcaattacga gtggtaacgc cggtgtatat 4500
cggyggeggtyg aageggatag ctttgttttt gacggetcge cttcatictt tgattgeaat 4560
ctgactgcca atctgcettca gccccaaaca aaaatccgga tacggaagaa aaacggcaart 4620



4680 4740 4800 4860 4920 4980 5040 5100 5160 5220 5280 5340 5400 5460 5520 5580 5640 5700
5760 5820 5880 5940 6000 6060 6120 6180 6240 6300 6360 6420 6480 6540 6600 6660 seqlist
cgcgagaccc acgcetcaccg getccagatt tatcagcaat aaaccagcca gecggaaggg6720 ccgagegeag aagtggtect
gcaactttat ccgcctccat ccagtctatt aattgttgcc6780 gggaagctag agtaagtagt tcgccagtta atagtttgcg caacgttgtt
JocelaachiC cagnralenL 0olo) aagedeaiaguifiatives altsagelog gatigeppacooqq gaicaaggeg
agttacatga tcccccatgt tgtgcaadaa agcggttagc tccticggtc6960 ctccgatégt tgtcagaagt aagttggecg
cagt@aass aticatgu2aa et Cas e 28t i hatigticficipe G teatcegatarRaRattt ttctgtgdlt

09t9QlRct{D80 capccaagicaliclgagar - PHatIos 99C9a6eHa4 AIaCiligneqagsgicaaddy) tacgggataa
taccgcgcca catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt7200 cttcggggcg aaaactctca @ﬁatcttac

cgctdttgagiareaditdy @§tddcEearrbir Bl JieRAR A LaaRgald RAt AL HRABHICac cadtitttct

099tgageaRdir0 eaaratdaad-deacaalos Caealaasad gaaieeac garacagaaa totigaatac7380
tcatactctt cctttttcaa tattatt%aa gcatttatca gggttatt t ctcatgagcg7440 gatacatatt tgaatgtaft tagaaaaata

aacagbtab¥ GgtcehtyTt ALAt ORI 3bE oAt th Tt e P §A5ALE S Attatcal gacattaace

tataagapiadaife gapgiateaggaggeaciscgtaZbBdoc2d§ = 9s8ddaab7o& g2 DNA <208> Artificial
sequence <220> <223> Igsmid gBE-SOl for knockout of kco;gtA gene of Neci,gg,eria
c 1 Ccgtcggcaac ggcga cC

tgagcggtca aatccccctc gattccgecd Cgatgaccg 5100
gcgecgaage gegecaagtg ttccaaaacc tgcaagecgi cgccgaageg geaggeggca 5160
cgctggecga catcgtcaaa ctcaacgect acctgaccga cttgggeaat tttgecgict 5220
tcaacgaagt catggcggaa tttatcgecg ageccttoce cgeecgegec geecgteggeg 5280
ttgectcget geccaaagge gtgcaggicg aagccgaagc cgtcctcgtg accgtcetgaa 5340
acggaagcett ggcgtaatca tggtcatage tgtttectgt gtgaaattgt tatccgctca 5400
caattccaca caacatacga gccggaagcea taaagtgtaa agecctggggt gcctaatgag 5460
tgagctaact cacattaatt gegttgeget cactgeccge titocagtcg ggaaacctgt 5520
cgtgccaget gcattaatga atcggecaac gogcggggag aggcggtttg cgtattgggce 5580
getcttcege tToctogete actgactcge tgegoteggt cgtteggetg cggogagegg 5640
tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 5700
agaacatgtyg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gogttgctigy 5760
cgtrtttcca taggetegge ccccctgacg agcatcacaa aaatcgacge tcaagtcaga 5820
ggtggcgaaa cccgacagga ctataaagat accaggegit teccccigga ageteecteg 5880
Tgogorctec tgttocgace cigecgetta ccggataccet gtoogocttt cteocttcgy 5940
gaagcgtgge getttctcat agetcacgot gtaggtatct cagtteggtyg taggtcegtte 6000
gctccaagct gggcetgtgtg cacgaaccce ccgttecagee cgaccgetge gecttatceg 6060
gtaactatcg tctrtgagtcc aacccggtaa gacacgactt atcgecactg geageageca 6120
ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 6180
ggcctaacta cggctacact agaaggacag tatrtggtat ctgegotctg ctgaagccag 6240
ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gotggtageg 6300
gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 6360
ctttgatctt ttctacgyggg tctgacgctc agtggaacga aaactcacgt taagggattt 6420
tggtcatgag attat¢aaaa aggatcttca cctagatccet tttaaattaa aaatgaagtt 6480
ttaaatcaat ctaaagtata tatgagtaaa cttggtctga cagttaccaa tgcttaatca 6540
gtgaggcace tatctcageg atctgtctat ttcgttcatc catagttgce tgactceoccg 6600
tcgtgtagat aactacgata cgggaggget taccatctgg ccocccagtgcet gcaatgatac 6660
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meningiditis by replacement with zeomycin gene <400> 9 cttccgcttc ctcgctcact gactcgetge getcggtegt
tcggctgecgg cgagceggtat60 cagcetcactc aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaagal20
acatgtgagc aaaaggccag caaaaggcca ggaaccgtaa aaaggccgcg ttgctggegtl80 ttttccatag gctccgeccce
cctgacgagc atcacaaaaa tcgacgctca agtcagaggt240 ggcgaaaccc gacaggacta taaagatacc aggcgtttcc
Cccq%%ggggeest%%?g&%%%@&éggésgqa%ggg é@%%%%@%@gggtgc geliielc ccliggggaa3to
gcgtggcgct ttctcatagc tcacgctdta ggtdtctcag ticggtgtag gtcgticgct ccdag g ctgtgtgcac
gaacecerecgsagereaotegttgeges ttarctgutad8t-astatcot tyagiccmdd gtygtaagac acd@cttatc
dccaglgacaaepuseReiiRdg otaananeat lngeageary.A0elallan,aeoglacias, AcROIIClg 4a01001G0c600
ctaactacgg ctacactaga agaacagtat ttggtatctg cgctctgctg aagccagtta660 ccticggaaa aagagttggt
agctéRgarREGYe R BIadégecg5tagca5rG PeotdhiRtgREERET &R Eatfatacgc g&@ifRaaaaa
aggajeican gaapalsetdl fage et caeglist {gataiiiic lacgaggiehgacacierggaaacgagasoctcacgttaa
gggattttgg840 tcatgagaca ataaccctga taaatgctic aataatattg aaaaaggaag agtatgagta900 ttcaacattt

ccgtdtey R Ehaictet {ARRYY A ARHPAGE Lttt B o680 TrRattR e hattigi¥ daagtadddd atgctgaaga
tcagttgagt grangagioglidb gtiagatega artegaiatyaatagaggiocagateeitgaggagtittcgc goggaagaacl1080

gttttccaat gatgagcact tttaaagttc tgctatgtgg cgcggtatta tcccgtattgl1140 acgecgggcea ag actc
ootesEascANata ARke eanad eadratatdl) decic cad Trat St oot e
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agtadgagesn tiatgtagtgtd60a catagcagaa ctttaaaagt gctcatcatt ggaaaacgtt 7200
cttcggggedg aaaactctca aggatcttac cgctgttgag atccagttcg atgtaaccca 7260
ctcgtgcacc caactgatct tcagcatctt ttactitcac cagcgtttct gggtgagcaa 7320
aaacaggaag gcaaaatgcc gcaaaaaagg gaataagggc gacacggaaa tgttgaatac 7380
tcatactctt cctttttcaa tattattgaa gcatttatca gggttattgt ctcatgageg 7440
gatacatatt tgaatgtatt tagaaaaata aacaaatagg ggttccgcegc acatticccc 7500
gaaadagtgec acctgacgtc taagaaacca ttattatcat gacattaacc tataaaaata 7560
ggcgtatcac gaggeectit cgtc 7584
<210> 9
<211> 5759
<212> DNA
<213> Artificial sequence
<220>
<223> plasmid pBE-501 for knockout of lgtA gene of Neisseria

meningiditis by replacement with zeomycin gene

<400> 9

cttcecgette ctegetcact gactegetge getcggtegt tcggetgegg cgagcggtat 60
cagctcactc aaaggcggta atacggttat ccacagaatc aggggataac gcaggaaaga 120
acatgtgagc aaaaggecag caaaaggcca ggaaccgtraa aaaggecgeg ttgetggegt 180
ttttccatag gctccgeccce cctgacgage atcacaaaaa tcgacgctica agtcagaggt 240
ggcgaaacce gacaggacta taaagatacc aggegtticc ccctggaage tocctegtge 300
gctctectgt tccgaccctyg ccgettaccg gatacctgte cgectttcte ccttcgggaa 360
gcgtggcget ttctcatage tcacgctgta ggtatctcag ttcggtgtag gtegttcget 420
ccaagetggy ctgtgtgcac gaaccccoccg ttcagcocga ccgotgogoe ttatccggea 480
actatcgtct tgagtccaac ccggtaagac acgacttatc gecactggea gcagecactg 540
gtaacaggat tagcagagcg aggtatgtag goggtgctac agagttcttg aagtggtgge 600
ctaactacgg ctacactaga agaacagtat ttggtatctg cgctcrgcetg aagccagtta 660
cctteggaaa aagagttggt agctctigat ccggcaaaca aaccaccgcet ggtagegotg 720
grttrtttgt ttgcaagcag cagattacgc gcagaaaaaa aggatctcaa gaagatcctt 780



ctgccataac catgagtgat aacactgcgg ccaacttact tctgacaacg atcggaggacl320 cgaaggagct aaccgctttt
ttgcacaaca tgggggatca tgtaactcgc cttgatcgtt1380 gggaaccgga gctgaatgaa gccataccaa acgacgagcg
tgacaccacg atgcctgtag1440 caatggcaac aacgttgcgc aaactattaa ctggcgaact acttactcta gcttcccggel500
aacaattaat agactggatg gaggcggata aagttgcagg accacttctg cgctcggeccl560 ttccggcetgg ctggtttatt
gctgataaat ctggagccgg tgagcgtggg tctcgeggtal fé&ttgcagc actggggcca gatggtaagc cctcccgtat

cgtagdate tacacyasogiffi ORAKagee faniaiggak gaangaraia gacagAcge igpgatagguo
gcctcactga1740 ttaagcattg %taactgéca g%accaa ttt actcatatat actttagatt %atttaaaaclSOO t@attttta
CCC C

atttad a0y AcAgYtia agatcett T ataatcc At A0eg0 At 80 eaA L at§AtHAg aaaaiiaaac
aaataggwattgcgoanﬁtttgm:cccgaai@@ﬂ:aagigttgcgggaigtgggctgaaata@cgtcagagatgcga@j%gagaaa
atac t t t ctcqt aggcg
o B o sagosatatc
acgggtageetagasgetagaacigatageyigaeiccaeaz 160seccagttyyeosacaguegargaatccag@®laageggecat

tttccﬁ%‘%S%QEECSQE&%?&@@M%@EESCE&EQQ%%%‘E%QQ%E&“%QQE%E&GQ@CatgQf&?CttgaQCZZSO
ctggcgaaca gttcggctgg cgcgagceccc tgatgcetctt cgtccagatc atcctgatcg2340 acaagaccgg cttccatccg

agtaAGafEEsER FERRCA AR R RYERIERCGRA0P Akt 0 HEABRAIEFCC G ARt BeRfigtatgc % gccgea

ttgcadeagsclgaleged §455aCHIG OO 699 0AGRRAY HOAAAIAn 98 a0AIEEE ARGECIJCa0 disgcccaat2520
agcagccagt cccttcecege ttcagtgaca acgtcgagca cagetgegea aggaacgcecc2580 gtcgtggeca gecacgatag
LETNER SR a0 ot

ccgchtegEe 1R tettgeasteatc a3 GGEEEE] (564 Jtet 1558355 9itegggede Ectgegcety
acagesggana gecggeggea? Y0 Oricagagaag cregatigicicrttoigaacagdcataggagegatagccicic 8o
cacegaanc2160 g5cagagaac sacalocan Locallil caalcaloe gaaacaalcs featcolgl 2870

caatggcaac aacgttgcgc aaactattaa ctggegaact acttactcta gettocegge 1500
aacaattaat agactggatg gaggcggata aagitgcagg accactictg cgeteggecec 1560
ttceggetgg ctggtttatt gctgataaat ctggagcocgg tgagegtgog totcgoggta 1620
tcattgcage actggggcca gatggtaage cctcecegtat cgtagttate tacacgacgg 1680
ggagtcaggc aactatggat gaacgaaata gacagatcgc tgagataggt gectcactga 1740
ttaagcattg gtaactgtca gaccaagttt actcatatat actttagatt gatttaaaac 1800
ttcattttta atttaaaagg atctaggtga agatcctttt tgataatctc atgagcggat 1860
acatatttga atgtatttag aaaaataaac aaataggggt tccgcegeaca titcocccgaa 1920
aagtgccacc tgatgcggig tgaaataccg cacagatgcg taaggagaaa ataccgcatc 1980
aggaaattgt aagcgttaat aattcagaag aactcgtcaa gaaggcgata gaaggegatg 2040
cgctgegaat cgggagegyge gataccgtaa agcacgagga agoggtcage ccattegecog 2160
ccaagctctt cagcaatatc acgggtagec aacgctatgt cctgatageg gtecgecaca 2160
cccagecgge cacagtcgat gaatccagaa aagcggcecat tttccaccat gatatrcgge 2220
aagcaggeat cgccatgggt cacgacgaga tcctcgeogt cgggcatget cgoctigage 2280
ctggcgaaca gttcggeotgg cgegagecec tgatgetett cgtcecagate atcctgatceg 2340
acaagaccgg cttccatccg agtacgtgcet cgctcgatge gatgtticge ttggtggteg 2400
aatgggcagg tagccggatc aagcgtatgC ageogocgcea tigcatcage catgatggat 2460
actttctcgy caggagcaayg gtgagatgac aggagatcct gocccggeac ttcgoccaat 2520
agcagccagt cccttceccge ttcagtgaca acgtcgagca cagetgegea aggaacgeec 2580
gtcgtggcca gccacgatag ccgegetgec tegtettgea gttcattcag ggcaccggac 2640
aggtcggtct tgacaaaaag aaccgggege ccctgegetg acagccggaa cacggoggea 2700
tcagagcage cgattgtctg ttgtgcccay tcatagecga atageccicic Cacccaageg 2760
gccggagaac ctgegtgeaa tccatcttgt tcaatcatgc gaaacgatcc tcatcctgtce 2820

Page 18



Page 18 seqlist tcttgatcag agcttgatcc cctgcgecat cagatccttg gcggcaagaa agccatccag2880 tttactttge
agggcttccc aaccttacca gagggcgccc cagctggcaa ttccggttcg2940 cttgetgtce ataaaaccgce ccagtctagce
tatcgccatg taagcccact gcaagctacc3000 tgctttctct ttgecgcettge gttttcectt gtccagatag cccagtagct
gacattcatc3060 cggggtcagc accgtttctg cggactggct ttctacgtga aaaggatcta ggtgaagatc3120 ctttitgata
atctcatgce tgacatttat attccccaga acatcaggtt aat§8ehit&B180 tigatgtcat tttcgeggtg getgagatca gecacttctt

ceeegalags 9aauaseansa240 asarigacsa talsaatast sajcalusas craetical Gaeryatatgsgaccaccggg3300

taaagttcac gggagacttt atctgacage agacgtgeac tggecagggg gatcaccatc3360 cgtcgececg gegtgtcaat
aataﬁ:%‘if’tﬁ%%ﬁ&aﬁ?@&%5%@36@%%%@9@@&%?Et&ﬁ?&%ﬁﬂ@?ﬁta%&?ﬁﬁ%&ctgc cé% gtata

ggctgeggaagigitaggaasdait gogepaicgg taegggccia ifcgrigiacagtCcagatgg tgaaaggodmpatgtgctgca3s40
aggcgattaa gttgggtaac gccaggattt tcccagtcac gacgttgtaa aacgacggcc3600 agtgaattg acgactc
oA T g SaSC SRt oR LD T oA dsae a5 acgatt Mocgtigta
cagtecmagt googtetgaad¥2tygcotieagaax ggrattgtye gtatcgyyay catapritge gigectttagt3dagegtattg3780
attigeqeet agaaraleoR. aegalalla anecanical iadecanedl cloapiceaif agtiqocacaggiooatat
tttgattgtc gatgacggct cgacggacgg tacgcttgcc3900 aftgcccagce gittccaagaacaggacggc cgcatccgea
tcctcterBO§EayCHEERISIBM EFRIGARCOSARTASAE afc§ A taantgaa’§688@agtic 66899999g4020
0999331213 JI9G0¢aIG gLigecicl? SGReAAtY Aceatidalc aleaqeaing4R89dalglragcaiagiataata
cgacaaggtg aggaactaaa ccatggccaa gttgaccagt4140 gccgttccgg tgctcaccgce gcgcgacaqstg é;ccggagcgg
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thadﬁé&?§5%%§é55@@39€EF atctgacagc agacgtgcac tggccagggg gatcaccatc
cgtcgececcg goegtgtcaat aatatcacte tgtacatceca caaacagacg ataacggetc 3420
tctcttttat aggtgtaaac cttaaactgc cgtacgtata ggctgcgcaa ctgttgggaa 3480
gggcgatcgg tgcgggectce ttcgctatta cgccagctgg €gaaaggggg atgtgoetgea 3540
aggcgattaa gttgggtaac gccagggitt tcccagtcac gacgttgtaa aacgacggece 3600
agtgaattgt aatacgactc actatagggce gaattgaatt tagcggccge gaattcgecc 3660
ttgcgtcgac cgtctgaaac gggggcegagt aaccgttgta cagtccaaat gecgtctgaa 3720
gccttcagac ggcategtge ctatcgggag aataaattgc agcctttagt cagcgtattg 3780
atttgcgect acaacgtaga aa’atatttc gcccaatcat tagccgecgt cgtgaatcaa 3840
acttggcgca acttggatat tttgattgtc gatgacggcet cgacggacgg tacgettgec 3900
attgcccage gtttccaaga acaggacggc cgcatccgca tcctggcegca gccgcgcaat 3960
tccggtctga ttococctcettt aaacatcggg ctggatgaat tggcaaagtc ggyggggdgugd 4020
ggggaatata ttgcgcgatc getagctcga gcacgtgttg acaattaatc atcggcatag 4080
tatatcggca tagtataata cgacaaggtg aggaactaaa ccatggccaa gttgaccagt 4140
gccgttecegy tgetcaccgce gogcgacgtc gccggagegyg tcgagrtctg gaccgaccgy 4200
ctcgggtict cccgggactt cgtggaggac gacttcgccg gtgtggtecg ggacgacgtg 4260
accctgttca tcagegoggt ccaggaccag gtggtgecgy acaacaccct ggeotgggrty 4320
tgggtgcgeg goctggacga getgtacgee gagtggtcgg aggtogtgte cacgaactic 4380
cgggacgcct ccgggecegge catgaccgag atcggcgage agecgtgggg gegggagttc 4440
gcectgegeg acccggecgy caactgegtg cacttcgtgg ccgaggagca ggactgagaa 4500
ttcccgggga tcctctagag tcgacctgea ggcatgcaag cttggcactg gecgtegttt 4560
tacaacgtcg tgactgggaa aaccctggeg ttacccaact taatcgoctt gcagcacarc 4620
ccectitoge cagegegeac cgatgcagac gatattgccg cccccgactg gattgagaaa 4680
atcgtgggtg agatggaaaa agaccgcage atcatcgega tgggtgogtg gotggaagtt 4740
ttgtcggaag aaaaggacgg caaccggety gogeggeace acgaacacgg caaaaattgd 4800
aaaaaaccga cccgacacga agacattgocc gactttttee ctticggcaa ccccatacac 4860



ctcgggttct cccgggactt cgtggaggac gacttcgecg gtgtggtccg ggacgacgtg4260 accctgttca tcagecgeggt
ccaggaccag gtggtgccgg acaacaccct ggcctgggtg4320 tgggtgegeg gectggacga getgtacgec gagtggtcgg
aggtcgtgtc cacgaacttc4380 cgggacgcct ccgggecggce catgaccgag atcggcgagce agecgtgggg
gcgggagttc4440 geectgegeg accecggeegg caactgegtg cacttcgtgg ccgaggagca ggactgagaa4s500
ttcccgggga tectctagag tcgacctgea ggcatgcaag G§gEaktg geegtegttt4560 tacaacgtcg tgactgggaa
aaccgilgadEReCceaact gl ol S5RARRCIAICARRY &5 Y HEascRIGIEIS AL CYalpCagaggtatigecy
cccccgactg gattgagaaa4680 atcgtgggtg agatggaaaa agaccgcagc atcatcgcga tgggtgegt

gctg é&&@ﬁgﬁ%ﬁ? tiHeRRed aaa%@gggﬁa%aaegg Hets b &5édacaes %@&&E&&@@tcaaaa‘g?%)g%oo
aaaasatesa cef Jaracdaagacatigesaettttac stijegg cancaggeatacac48nfPage 19 smenacacga

{t tattat t tctat tat t ttgt t ttgct t
1 R e T e L W SR e N 1 W S
aacaca@aatag it agatas igetyy agae Ueiteaaaggaggaigtggcgoacagtigameregttadcage cgdatiegtt taatcatggt

I
atac%%%%89&%%“9&9&}83%9@%%%& %%8%%%g?fa%g%@g&é%%@%%ggg%é%c;&%%%gC ceggyggac

C
acatttgécg gacggacacy getgtttacc aacg agcttccg tdaac agcigtt gaagcataaa tgcgctcact
gccabtgietecasdy isttAtaarey R INgcaan ifaitcadycaaautgr tiesryud@aicaggttie #ticcaaaaaa
CCYCHRIGA% AL A §GEF CoeA 9arP2aML JEBACICI¢ GIgEGtoeEaQ5gegioact tigaggcaat

acttcggcat tatccaacag acaaaaaaca ccgcagaacg cagggcgcece ggactagtcc ctttagtgag tcctgtgtga aattgttate

gtgtaseifCoIGaAGERT Ry IRE LTy Jad YiTcag Mgt gerigegydaaREERgag catfdtiggct

atccagptan seaiittite aarageagta feaccaticgaaitiaco tgsacsoecugataraliacgtttcagaggogttaattct
cgctcacaat aatgagtgag acctgtcgtg ttgggcgct

gtcgaaaggg Cgesattcgtt taaacdtdca ggactagtcc ctttagtgag ggttaattct 5520
gagcttggcg taatcatggt catagetgtt tcctgtgtga aattgttatc cgctcacaat 5580
Tccacacaac atacgagcecg gaagcataaa gtgtaaagcce tggggtgect aatgagtgag 5640
ctaactcaca ttaattgcgt tgecgctcact gcccgettte cagtogggaa acctgtegtg 5700
ccagctgeat taatgaatcg gccaacgoge ggggagagge ggtttgegta ttggageget 5759
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