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No. 02868-20554W001 TI TLE MENI NGOCOCCAL MULTI VALENT
WODPNEBIQUTER MEMBRANE VESI CLE VACCI NE, METHODECTDES2009/045818

MAKI NG AND USE THEREOF CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clains priority

to the U.S. Provi si onal Application Nunber 61/057, 462

entitled "Meningococcal Nhitivalent Nati ve Quter

Verbr ane Vesi ol VAPbOT bl basheldnesihiogpos. The

entire disclosure dnd contents of ove

application is hereby incogyporated by reference inits

entirety. FEDERALLY SPONSORED RESEARCH OR
MENDEVECOPKENTMLOAOYALENS NA'H VIOV ERMEMBRSNE VIMGLE VACCINE,

this inventi %SQBQHNQ: Eﬁ%%]ﬁ$ﬂﬁﬁﬂ [ 0003]
Nei sseri a ngﬁlngE© is’I's DEEHJOY cause g%h%enlngltls

and septicem a worl d-wi de. Meningococcal neningitis is
an i nfl amfROSHREFERRNCRER REeATEDH RO FERES | i ni ng

in and.the spinal . Jn both neni ngocgccal
100011 S35 e B’ A Ay oColE oy Sl ViGN <PPUSHEgeRgber 611057 462
entitled CMERBG ok cAMUICH NalileeDulepMRhibZAE VakicRYBICEIft C iR May 30, 2008.
inflammtory response. G oup.B neni ngococcal di sease
The entyg, fl}s%]ﬁfqre, and-eonieR s§)fftlg‘r abgye P@élg%mBﬁ%h?{%]TYf inggrpeypied by reference in its
entiretyT@Ni ngococcal di sease in many countries including
North and South Anmerica, and Europe. The energence of

?‘m2?E“ﬁﬁh‘?é&ﬁlkﬁéﬁﬁNé&Re%slﬁﬁfﬁM@ﬁ@yﬁ YBLABMENT. 70' s

[0002] Ji‘l?esU%' G‘é?er@ﬁéﬁ Psrlﬁ'ttﬁé f%é] o Pr ol onged epidem cs in
rvay, Ie.

razi and These epi dem cs have
created seri ous publ | c health problens and led to

i ntensi ve ef fork K@R@&Nﬂ? @ST BYYIERYONe group B
[0003] Ea)zgs%rzgemle?m‘gz z%fer ?Sl Of r\se &Q e%% et%em a% tr Ings %)Tweml.a world-wide.

Memngb&t&cqj ooningeis flmrrmﬁmemaﬁiort df eheﬂmemnige@ thtapnembmne hmng the brain and the
char.i de va es.in children under

spinal RS, YRS OR b &k SaF RS Tid el iy S Fs P Sy fRME R cansed by an

uncontr6itid bl vasgidiat ik aganmatoryre’phgec asoap Blhsgiageoccal disease

currentl& é?(‘(?ﬁl‘té &HI‘@? fegs:t Ioa%ﬁﬂefggéée{?gtggeole%gl}s%%g gr}d@étgécgu%tﬂes %clu@ng North
and Softe! Amédica) andXEurbpe W13 Semefgend®df k) newFiiv@edthBoReSfOfr¥ € B Neisseria
are targeted for devel oprrent of vaccines due to their
meningigigjs) KR & Ehersl NgPaei 8%, lajentl ubSice diegt JsmensiRle for prolonged
epidemifes in'NSRFhy VeSS, WhdANaRl €hitehertesd §88enfs AHE R4RAGERSS public health
resear ch. 0005 Vacci nes agai nst serogroups A C, $
problemgagd \ggl3g Htsefnswer: QT P AleYRl HgiTiePEnereupdl Vacsine & sear] §f the affected
countrid! Frné Q%%ﬁdevd? aBRIL H&Q&@%‘f@ﬂp L ReAS Qlodth QiR 1')(5'3)? Ip@rf(ﬁ’ﬂt‘énce of the A
are routinely used with excellent results. A suitable
and C \capsttap epodgagendridgr saspings 4 re@ildien gfindpeil8 spiths have prevented serious

consd P s BB 3R B G B ko SR ERNE VP ™

[0004] {Xﬁr?&%ﬁgyée{zr g{tzd srlﬁtli@ﬂfeg intd @9 s&?@’&ﬁﬂsa Ll¥§ %ﬁﬁ@ 3‘[V|8.Q§e disease (A, B,

es the ser.ogr oup I'neffective an
C(Cl, pbi.entY.aVily5Sagad b).flgve ths scrpiypes apaiatgiclsd fbyaleaelepmdnt ofhwpscines due

- t iali rtaj
o teis 0 P B RO S B PR o MED00T MR DD et or
much vadohe mggedrch.t he | ack of a suitable vaccine is the fact
t hat subcapsul ar antigens that are surface exposed,
[0005] Yacincasgout esrogrentyy Ane, Yrod 813§ oAhdistdre: meningitidis that cause nearly
all 1nva31VQ ?r?lnlnggg'o%gcl srelasdeearg: 591?1%9 nﬂ)a’re ?ou%nt?ln sch tﬁ ce)ﬁent sults. A
} hconst stentt sed armn B
sultabliﬁtabfanmsgalﬂkkgr@p ngstteuramf V\’gsmerﬁmmeb&gmdzﬂmmbeén mdretdnﬁtc;ult to develop
al one has all the characteristics that are essenti al
for an effective vaccine. BRI EF SUMVARY OF THE
I NVENTI ON [ 0007] I n one aspect, the present technol ogy
provi des a vacci ne conprising native outer menbrane
vesicles (NOWSs) obtained fromat |east two
meni ngococcal stral ns that have been genet| cal I 'y

o . oy e



WO 2009/ 158142PCT/ US2009/ 045818 -4- [0013] In yet
anot her aspect, the present technol ogy provides a
w@emenssidt |y nodi fied vaccine strain of Nei SSePCEHUS2009/045818
meningitidis subtype B derived from B16B6 conpri sing
the genetic nodifications of: i) inactivation of a
synX gene, ii) inactivation of the | pxL1 gene, iii)
inactivation of the | gtA gene, iv) insertion of a
b
o o G G S PRt T PP BB PRAozmoup i
ineffectipgrand poteptialyrvasafe forgsa b 4 vaceide bpenecais b thx panessiuomraods polysialic
. r e ects, the
acid fOlEl(a 0'?1‘0@1@59{1 F{prﬁarp%ﬁ?l% %gﬁg%%ﬂgl@% gﬁzp

genetica nis rived fromthe ET-37

[0006] F%\JS%I %é’cﬁﬁg D hé Ila{ak %}'g %91&5&)%’]@&%6 ]‘s t%e %act ELﬁ) éi/salals thlgens that are
4 sone aspects, e present tec

mmﬁcegmpmkdesmhzgen@ﬂnmahhynmmdn@nedmkﬂﬁahmxgg@wnimnda(@ﬂowxm) are
antigem%glfl Var%Bfe angfrgg\i’l/n% egsgeéﬁ!‘ls]e)ﬁpertessgé lﬁ %%fggé:h d’al&lhsgg 1?1%% antlgen has
been id«‘miu'fﬁllee th’att alnm:lnas\aﬂtthanhamfctesytmx tige A esdepidl Xorgamndfective Vagdide.

gene is by an insertion of a drug resistance gene

within the seque e. [0016]

Yet anot her asp %%ﬁ%%fgﬁgbgﬁgg%%f%e I ncl udi ng NOWs

[0007] Hlediﬂeveﬁﬁecf rtadTpichat germiléSabrbyideodidccmd csinpadifs ndifve od®r membrane
esent technol ogy. The NOW are prepared from packed

vesicleso OY(P Vo °BBBRY el ELiES e DRPRELRE SERPO U dayepbepn genetically
modifict &b 85:8aMd bRad ARRAL ProtedGors OITHE Hativel BteV BfefilbRBe MBYicles include three
further conprise one or nore adjuvants. In further

differeng g¢je Of entigena bgwr et By O ta8f €ansstviedionter dneby@egyoietys; and the

genetweﬁ?&%@cﬁ§ed §tﬁﬂ1s YRtEKSn %(Qltlf%drl§ pr({\%leﬁlaﬂcgd @aﬁfzty rbtagé@ron inactivation of
ect, present technol OQY provid a vacci ne

IpxLl, sawggu and g tﬁ@@mg&éleémmemng@ag@ HERH rcalsb@tg expresa LOSt Ravige a different
( !

LOS C(ﬂéggﬂél%/cﬁgg ﬁ%@ g?s”ﬁﬂgﬁﬂanalagrﬁgpgélggl edr?g}ﬁiaél%?e a@%ga%lo tach strain may

express @klonse &%t differgnt Kiralsythtspd moteios ot supboe ﬁ@@@@t\@h@h drd ghosen based on the

most p%g@ 'of %FA %lsll{;‘i %{#02@ a%,r] dﬂ)gh %qa: 1s§1a Eplfgrtﬁa \Mthehvagcme may further

a-acyle ont ai N1 ner eased expres
includel| ae\zléf&senofcoaierxleé asitfag@ngromdim ovithc dﬂflmmsnmdd curiaeity ma nhrhlam Gbacterlcldal
antlbod{:f):s VeI’ exﬁ@e%se rrll €a ﬁ srtrr1211rr]1(:)er1ndC NS Bk {n er%rglgp cons1s%1ng of FHBP
ro ern S el € from proteins Afolils

(GNAlSﬂmtvmantsl Id&HBRnutidnd?,esd FIIBE vatianoy 3; NadseApe dNspAt Elsp A and TbpB.
menbrane protein can be selected fromthe group
[0008] tom Jursiter mgpeod, tidapkdsent sechm@rlogy frbvidesng cp)mbﬁnmdm ¢fANBM)Vs from three

genetlc%@é&?dqé%ln%m‘&?n‘fﬂg%ﬁaﬁr I%ﬁ%ﬁ“f é”é”’g%?&’f St dgﬁf’a}sb% ol g stains is

selected-@fwrh halt)y @re/76s SEIRS-BI.| whidhe Eha@f thk a CdlRwitgn e@h@tcr aﬁiﬁflcatlons or

LNnT) tetrasaccharide apd/o | east. sone o
ChafaCtW %}%ﬂ%ﬁ‘t@e &P &?"ﬁ% etdnlet APo‘t“?frtbor“o?éF‘ r?%cond porA gene
(subtypé ©018]1) lintha ﬁﬁ&eh@‘f opa®p %?easddré&plﬁﬁsﬂﬁﬁml\laﬂﬁc IMack®@¥ed high expression
provides a nethod of eliciting an inmune response tQ

of Opqrap{ o %>a|856(? s%%%%Gwh %(chgn]ilarsrtheoFOHﬁ‘tYfP&n gestipr megifigptions or

charact@RsN St @Fakibg of AR ﬁé@%bﬂ 1R, GRNEA ; ﬁhiégud}lQWaS sdebRIMAU gene in
| east one genetically altered strain of

place oferiRgiinerem el Lxpresien aHi nelPr oF biadivanprpisin V%ﬁ?ﬂh ilzand ggbilized high
expressﬁ')gabfn @BIAT%H NGRS ! Oty @S') SBRTR HPREGAGHIMIE hhsS htS ?(qlotxfﬁ{g genetic
i mmuni zation agai nst group B meni ngococcal di sease.
modificg@ns 00 mq@mm%mﬂwmmf@wy@s syBX, [pJo1.9ipd fgiA ainsertion of a second
o gl e R RS AR P by P By gpriant 21 and
stabilizdq, higheewpmegbivn df BorfAoand e i'lie N QM&’camereg:gaj wghout exposure to detergent
nmeni ngococcal di sease conprising the steps of: a)
selecting a strain of nmeningococcal type B able to be
genetically nodified; b) genetically nodifying the
strain by inactivating the synX gene, c) genetically
nodi fying the strain by inactivating the | pxL1l gene,
d) genetically nodifying the strain by inactivating
the IgtA gene, and e) genetlcally nDdlfylng the strain



[0036] Figure 16 is a graph depicting the results of
an bactericidal depletion assay for test strains
wW@wonst141 he 8570 HOPS- GL NOW vacci ne. WO  PCT/US2009/045818
2009/ 158142PCT/ US2009/ 045818 -7- [0038] Figure 18 is a
representation of phenotype of the three genetically
nodi fi ed strains of Neisseria (A=Bl, B=B2, and C=B3)
of the present technol ogy.3[0039] Figure 19 is a
e t h I e ru
or dend e R D el AR SpURGRbE, AERh UEhe Kiipe may be
combingbwish ﬁmmre@m adjiraoc kodimay be lebl)stemdammndm@darbmd/@s gitranasally.
second PorA, c) plasmd to overexpress fHop driven by
[0009] by tamotherg casect, Pthec pirdserE, tasbhdlggyprropmidasr 2 apaging) cpinpesitiod against

memng%c%cgax lr_ %é%’ir)t%g)?e %%Qﬁaﬂggn(ﬁ%gl %/?lgh g?&%cgﬂ?ﬁs% S%r 9Mdﬁlrg native outer

membrane pﬁsecé@rfNﬁlMﬁfr) dronseteamenond genetamadly orduied emain of Weisseria meningitidis.
nj n |t| th f [ 1 )

The onéngr mo p%enétlcwh% mOfIH%B s(%algs ga%ﬂ%eﬁ% II%%%H% b a éng%l\%ﬂo? of the synX gene,

1nact1vatlep Ioﬁcherigxlh(lmﬂe gmayat[o(ﬂM(ﬁ]e lgtﬁggﬁne 112’Zé)ﬁhls8a1de¢)§ullhﬂgom egyfression of

a shorteﬂej%ﬁr \}ggcléll | él%g)lf)ﬁ%)s%ccg (Eﬁ éfé@gb@at ]gclfs?éctf) mog%%g tFIrasaccharlde

and/or ﬂllh&tldd‘kﬁf% lfgart&lblsé:c&dnﬂ )ﬁnﬂ@dicﬁlﬂ}ediffsﬁehtapdig gefrd glbp’l&eZﬁbhd &pa gene. In
picture of an qnanobl t of the exE{eSS|on OE
another &Fpﬁﬁta tl@ﬁg&pﬁlcsg]/y {nﬂg 15 F{rethl Fl}egl c%rp]frésle% cglaf,egl()ﬁ S leaﬁziaressmn of at
least onk: M@nd@aoeHak ositel ﬂieﬁlbfﬁé ®EAgin V‘dnﬂh)r ﬁfﬁﬁl(ll@écpék@kesﬁﬁﬁ bHAdéasSone outer
against L3, 7,9 (left) and L8 % [0041] Figure
membr@f prleiy. P P pidpast ‘Pl@ﬁl@‘é%lé ﬁ{ltﬁep’ﬁf"ﬂ %CH eﬁtgwr Hh éeI@%]baryé‘é‘EYeéﬁwat least one
PorA s%tyﬂe%teY@Bf @ﬁﬁty}% bhopb1Re18RAE b flhe Ym&R PrdvaRe St P8I subtypes of
Figure 21a) shows selection of the strain
Hwnmg%@ﬁ@&ﬂ@ﬂhﬁobﬁé gentanici n resi stance reconbi nant
containing the overexpressed fHbop by i mmunobl otting
[0010] Kyygt p:iloélgﬁr ésng_tbglel%esgnt\y@gp@?gy gp@ge%gqﬁl@tlcj]d‘ﬁmodlﬁed vaccine strain of
Nezsserﬁqﬂé:h?rlg@t% su@%é B%ﬁmt (Thf@: t1§%fé/%&gfléd"\9&%ﬁﬁ§ §fhin may include H44/76
expressi on of fHBp. SCRIPTION OF T
HOPS- DRWEANB@\B?@@@Q GTﬁ@alpﬂé%)emd/qrﬁéﬁ%HBQﬁzﬁrS@f\amdBé) a
broadly protective vacci ne conposition for use in
[00L1] oyels pipozler ingiscladigipresent iechndlgRiciyerides aigeselicsly megified vaccine strain of
Nezssera%rrﬁgn%{g{i‘tgzlzy su%%rbec’ EQfeh@edr@&h rl@é‘rélt/’yéjétﬁmséé LiSH tﬂeyggﬁeu@ mddiRations of
nbodi"ment of "t he present technol ogy prov
i) mactlvatm aie spofrposi i iorrtivaiginuditigpralt gone lohmmtlmmmfah@lgt/\ gene, iv)
. . i c t e f
insectio 37 Bind Mol iche th AR o, SEF opBRpen T PeE AL by of Mo
comparﬂcbmlthltmdnm\fb airmnsg, ok \rxleastslsbmdanmbd] gmressllos of Nypci ane: PorA proteins.
In some ¥ gectf qﬁnberon;aeﬂ%a yen§0I éel?iss{t/réugl ‘?E}%Odr%n f% o %% r% e ? w@d’ tyBe Ftraln H44/76
(BﬂS.MMht&aﬁérassgban1negatlve bacterlun1naturally gi ven
of f during growth and nay be obtained fromculture
[0012] mediotrr aspett dm prhenc ethm®ldgy p‘ri)‘l'idiesrfegehled&lltyhﬂ(bdlﬁi@l wetine strain of

Nezsseria%fingn%tzte s(}lghcg? gl‘ érguglg éﬁ%ﬁ@ﬁ‘%s@hé c%rp%rﬂsgfgnt gﬁ%&ﬁnodlflcatlons of:i)
inactivatib@bls sy-phesphiol 1h¢ﬁlda1onnﬁnheplpasﬂg@e,rm1) @fac@vatidan@df the IgtA gene, iv)

insertiolpzog glg?qlcéla;gég n tgielgegglsp Pé %%?E.pe[g it éeaﬁglc ?)g)rr?Sélon of factor H binding
protein @&ﬂﬁlﬁ il 2dnli Wi)R@dboge ﬁﬁ:rdabéﬁ%xﬁkesmﬂ@rl\laﬂd ®pc pioiEik. Ih @&ne aspects,
NOWSsS during virulent infections in rocess known

the genﬂ%ﬂbl@iﬁllfleﬂrﬁtﬁa’r‘i‘e‘*’ﬁ R ﬁioébﬂlﬁo@%éwﬂ SEERIR Sée@(]é]“eg 119,15

1.3,7v: ¥.9¢ucgd fromthe outer nmenbrane of bacteria without
the used of chenical denaturation processes and are
produced fromthe genetically nodified strains which
are antigenically diverse and have each been
genetically nodified to i nprove safety, antigenic
stability, and the breadth of the protective immune
response. WD 2009/ 158142PCT/ US2009/ 045818 -8- [0043]
One enbodi nent of the present invention provides a
vacci ne conposition conprising native outer nenbrane
veS|cIes (NEWNS) derlved fron1at Ieast two or nore

o



[0051] In further enbodi nents of the present
technol ogy, the genetically nodified strains include
WO petissadr i on of the | gt A gene which results iPCT/H82009/045818

expression of a shortened or truncated LCS that | acks

the | acto-N-neotetraose (LNnT) tetrasaccharide. [0052]

An inportant characteristic of neningococcal LOS is

phase-variation, which occyrs due to high-frequency
0013] YR IO HIRPALY TEhAG bifeOd oGl RO 1A Ried train of
[ ]§E%: ues F&ﬁfgggggn ot er°%¢@§§e?|a geﬁeg ° w mengsrmn?
Neisserigumertingtig's suiityrehB glarignd géh B 168 6ecopipeisiog dlre EEfnetlch 310|ng°tc¢t10ns of: 1)

t

iacrvallbEER REAEA ) ARl e DL FRSRTH M Rb bR Rt gene.
insertiohept cs@nd woyA gdiwi Sulphasil.22at.# alnl @aactfiopaDi on indredskek expression of
factor Ft%tgc'i“mg PRk ein V%l‘éaé’lg? deltntrcllgvulusge% %’zler Eflnbc S %egdloe;?(g ?sz{%rg (gf lpfrtﬁgaﬁg Igl)gg proteins.
In somestgpuat, uhabemsiitallyanodified ﬂrahunfalerlbécbﬂdrnahaé ET&Atwilietype strain B16B6

h ly nodified strains of the present
(B:2a:P e%%ﬁ§$%%yaﬁgve the | gt A gene knocked out by
[0014] ﬂ‘n[ %rérl%patghe% N %g)f%g?tké‘ﬁ‘ eg? p%%/glgf gggtge ig %CEF% srtrka?n gr%(x/n in iron
deficien@hfe@ifumat i ons in the gene), for exanple, but not
limted to the zeonycin resistance gene. Methods of
[0015] konothkit rag)eot@t tHehﬁrei;egt Aec@ﬁﬂ@gyﬂpﬁwkreovm géretioile mkdhhécedtrhm wherein
i ncl udi but not ted to. construc
imactivafp QDY e P DRI508) £ BB A2 B DSBODRONSEITE Eyance sene within

the sequeariregoustikacopdknat i on or transformation. The
nmut at ed Al gt A gene was inactive in all nodified
[0016] S’Eﬂ' andiiger dpédd pradiddse@asStacolde RARINNLE N(]MW§ &Eﬁﬁedaﬁdmt fHeS genetically
a stabilized truncated form of

t he
mOdlflthSFr’ﬁ'n‘é‘f QF &1 BFRRSNGCIaleRy- of he NOMYtare aeﬂee%tram Petckf‘éjsceus or spent
culture @il WEAL RUpRu0her BT oSt o Glei@ingl @lveBX aMUeBvaccine may further
providing the truncated core structures as depicted in
comprisgioge pemey adiypgtiei In femicpaspesienp eangtiGey akeredstEaip ijalgred Lo express
anup@k@]§HQﬁn for exanple the B3 strain contains the L8
%a chain with the L3 core structure. The
[0017] glee["ﬁltrﬂh&aisbé’ct nfﬁg bfe's@tﬁl &hh@b ASpBlidbhe vRIES Gbaih® GRARO&Y cal disease
contain specific LOS core Structures corresponding to
comprisingngyry@tigiped naBye pgermgmbrng vevelei MYONVabi whcsde a dpag some of the
NOMV§ta1r USEARBS il WNphs@sh bIMADRHEESPRRR Ao GaRhRGICTRRY &% LOS
i fhglexa X%ssbe om1dgn%nstr§$§ %runcat§Wi 5 &niain
that 1nclygeq 4 Jd 1208t g@e@a agyg@e Grucgmelandgeoplainpniicesed expredsioa 1gvgls of at least
one ml[ﬁ:l’ L(Ln)&&dg({)&rj Oal%tér%"rs?l?eélrﬁ)ter{ﬂ% P&elﬁ X\%ﬁ?]&% Ih‘{ggrg&(%{{ Jgn%l?\gzgtonﬁl”ﬁé’nbrane proteln is
selectedr é‘omgpnoms brbathindive tacyricidtledhtibodiest ulhk -hippigtdnséryedreutef membrane
protein %anet}e 3 t%ée f)r?lgt:ﬂ?a Qu ok (%nlglgtltjn aoggfggi f gt%? #l bl OnV\éI &;rlo]tﬁ}nR_BI#BP) variant 1,
and FHBPoadarcél |Is. otl{eﬁ@ﬁié]:ts K léfalsltr stoh&rofehdaNd)iMi% nbapdse shdmaaned or truncated

resent .t t he gene nodi fJed

L0S RS e - SR F Sl o B R sprme o the
NOM YV reefiiptigneopr gba differth@orap@tansr mal | y suscepti bl e to

phase variation in wldtype strains, for exanple, but
[0018] Moinothkndsped thopredpaeaindioPpphviddhemethpd esdicting ah 1rhﬂﬁ&@esponse to

. grotelns can be stabilized H&.nethﬁd known in

meningagoeeal dsgasp iy pi JUMARY RGBTSR AT REIRYNE Ay %ﬁ‘%%ﬂé‘?? gontaining
NOMVE @paakt 1s80ueNE&clidhlI¢ialbed strhle ob N0 Md@1gSirdd toWht Ahifal BEhuman for

readi ng frame of the gene being stabilized with a
1mmumﬁ%‘ﬁnraéi‘ié%tnieﬁ§1g%@ﬁffé H@éasﬁf T8pt t‘cﬁﬁ’F I WY £ IPEIHZAYSE qeainst group B
nwnmg&%@&@ﬁﬁ&@@ For exanple, part of the poly-C or poly-G

sequence in the pronoter of these genes can be

repl aced with a sequence of the sanme | ength containing

both C and G nucl eotides, for exanple, 12 bp poly-G

sequence of the pronoter of opcA (see Seq. ID. No. 1)

was replaced with a new sequence of the sane | ength

contai ning both C and G nucl eotides and a Not | site

(See Seq. ID No 2, hbt I S|te underllned) In other

o L ey ' ~



- 16- m xed vacci ne which contains the NOWSs

containing the proteins fromthe genetically altered
waeaiiss42escri bed above and at | east one ot hePCHOS1008045818

as long as the added anti gen does not interfere with

the effectiveness of the vaccine and the side effects

and adverse reactions are not increased additively or

synergistically. The vaccige can be associated with

[0019] ﬁpFngﬁI?el,r agipéc?tth@?g%@@gﬁtgclﬁm[)?& gﬂf(gxfﬁ?/eg P‘jf%thl\élé?de%' ﬁgﬁtaii.ng _Ie_th%enetically
modifiefpirgniofd. mayingiitis doratse vieh yaatee ragaigs mdnmgpeaxia idispaspfcomprising the
steps 011 Q) ds @l?'fé epgtralrf!)f nﬂetpt\?/gté)g%&gl et%ete t§ %H@tl\t}g b@g?ngg&glg%d’bdﬁ@de?) genetically
modlfylmtgduhat sty dycimagivaeg sharsgnXigsud, oe)egenencﬂermmgtfmng sthe strain by
inactiva%rr]lg Elrnalﬁ%;%e%% dr)n%%rll %cect:@/ 1{1&&' gy%ﬁ% he 8 fun%g 1nactslveit1ng ithe %A gene, and e)

genetlcth}Emadiﬂfymi @26G1ainl he inaesing @xpﬁysmbﬁoﬁbm ednmore mimeabadrved outer

the |ike. The ent vacci ne
membradlg npe?tg L¥Beﬁng i KPSt Fleed Irteﬂmfl ﬁ{éﬂ OriBsa %GBFté“S?HY gpodifying the
strain biy i nﬁséﬂﬁh@&&leaﬁd)ﬁﬂ: Bécdhd aﬁtlg@ﬂtcall}fdlﬁyreﬁWA @I'eﬁ)epﬁlto the open reading frame
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[0028] Figure 8 is a picture of an antibody stained western blot showing the identity and composition

of the proteins found in the 8570 HOPS-G NOMYV vaccine.

[0029] Figure 9 is a graph depicting the TNF-a released from human blood after incubation with

different concentrations of the vaccine.

[0030] Figure 10 is a graph depicting IL-6 release from human blood following incubation with

different concentrations of the genetically modified NOMYV vaccine.

[0031] Figure 11 is a graph depicting the TNF-a released from human blood after incubation with
different concentrations of the genetically modified vaccine as compared with DOC-extracted OMV

from strain 44/76.

[0032] Figure 12 is a bar graph depicting the bactericidal titers of mice vaccinated with different

concentrations of the 8570 HOPS-G Vaccine with or without an adjuvant.

[0033] Figure 13 is a bar graph depicting the bactericidal titer of mice vaccinated with 8570 HOPS-G

Vaccine against different test strains.

[0034] Figure 14 is a graph depicting the results of the bactericidal antibody depletion assay for LOS,
GNA1870, NOMYV and Opc antigens.

[0035] Figure 15 depicts the antibody response of rabbits vaccinated with the 8570 HOPS-G NOMV

vaccine with and without adjuvant.

[0036] Figure 16 is a graph depicting the results of an bactericidal depletion assay for test strains
against the 8570 HOPS-G1 NOMV vaccine.

[0037] Figure 17 is a graph depicting the results of the bactericidal depletion assay for LOS and FHBP
antigens for the the 8570 HOPS-G1 PorA knockout strain.



N. nmening., PCR construct PCR construct pUC19 cl oning
site NEB (Anmp.R) *) Start fromnt. 1 of pUC 19. The
w@k@endsi4nas nodified to renove Nde | site forP¢TDS1089/045818

convenient cloning as follow It was diges by Nde | -

EcoR I and 213 b.p.fragnment was renoved. Sticky ends

were filled in and ligated to restore the plasmd. As

aresult sited INI (183) .and EcoRl (395) were
[0038] ﬁlggltreelggél‘e%ﬁ:pf ?éq[ta‘glroﬁ g%f ﬂg:n&?%(?ﬁfqg%e{ht% né%lg{l:ll)l Iﬂgdlged I_ﬁtrre]u s of Neisseria
(A=B1,|R94B2danl iR of df P@&J@t 1€9hnC[1@75] 5) The strain

resulting fromstep 4 was transfornmed with a
[0039] Bigmrdobisseeprpicasiiondoidhnplainnilnesed Frecongtnxt the mendtinaliphedified strains

0 . ' .

of NeisBaE0 Al 38 BURIGE B LAPLEARE PYuuATBIUEL Second porn. o plasnid
to over@c@f@@@ﬂ&p &nen fog@ttb@ioggps }PEIR ffdr. cphbprpme@e rnoeé dpplasthid to overexpress
NadA gﬁ\‘?’eﬁlg t éﬁao 0 ene Iél t\?re r(erP%Ag e r§rﬁ8t%ﬁnoc agnlz V%{%sg and the e)
represelﬁg&tm%ia]g@hﬁne bﬂ&il&forﬁl)ltldﬂ']ef Nt mamzngzrzeMtbeg (fzatmrm Stae 2% and NadA

o erevaas. nsfornﬁ gﬁth aC§BIDq1 $5%- ont ai ni ng
v PE“&B%B e qpdeser vy U o8 "TRICHEGERE §°8%q. ID I\Io
[0040] %)g%]iepi(%s }{%BP ()E%ﬁ? %hof sqrh,\lazaF R{t glé ergc:at(%é j_cs()g 1mmunotype of NOMV

Vaccmeehtﬁ)lhas&h@xrkoﬁlf ofahesBOY geae eﬂthé) thréa gone@datd mo@fed b@ddind. atgge 20b is an

picture gF ﬁlb aCt o te%é%?si%gc&%ﬁ)& A asﬁbﬁl@ggrfiggqec? Sgl%ered strain B2

and the paddhtel s&aﬁQB‘l@E@G@ﬂ’hﬂéﬂ@@bﬁ@ aftodtt) D0uinise B3 ICR 1¢k) RadP@.8TAght).
cl oni ng Vector1l-36671 nvitrogen. Type: pUC on Uptake

[0041] E@Cﬂéeﬂp 63 @68 @RS 2dpedetianst ﬂi&vaﬁnngfeAe@ressmn of fHbp variant 2 in the
é3683 4 §7N menj n PCR construct
genetlcaélgw(fck ehwman B0 1aNs %%g‘éﬁ“ sé}eﬁtil’ﬁlll’](@f &y plgain oPIFRHAS the gentamicin

resistan@y RIBHBharf @0fthMind LBS v ddpEQasl M3 g?ﬂﬁmﬁfn@hﬂbdﬁg aflk Bifdre 21b) is a
PEM// Zeo 4498- 46 3Fra%%gpt of RW Zeo cloning site

Western Blopusing kdynmprostoaal.agibrgly o ﬂﬂm sRgYing gyeamdrexpisHaty Al dHBP.
Upt ake Sequenceb5449-5463Upt ake sequence pCR 4- TOPO TA
cl oni ng Vecberafigd DESERGNMORMOE TEGINVENTIGNA cDNA was
digested by BssH Il. Resulting 3' and 5 sticky ends .
[0042] ey ereseifti leblglogridpZeideds 1 broadly werstertivse vacethe i ¢pmpepigon for use in
. . t : . e |
man S48 S0 Sl S5 BURLBN . R BB o e
B. Onegfmbodmtent plathe Piggent reghre)ggb@do@es andc@he @ﬂangtl(A’l 1nclud1ng native outer
t [ n
membrfIlnﬁ Q/gsr%‘l%n ) ca%)l I?o%? at dle%t 8183 ?{%:?errﬁ)qy &t lge%&e{xgot ?ngsre{ grg%%gsba’r% least three
geneticalgtremlificorstraifns af Nez:fsleme mnmhgtzdnnslatamcbu&x preabgine nesiflesahlko known as

t.ed L t f Vi .
b, X BERE et Bar BT oy PEU o RepBgherT S nessive
bacterivge A@tialtaklvyn ﬂffdiuhhg drosith ahdnmaWwet @balhed fvaechifiey medium or from the

e o IGESD B S SRR SIS M b i

comprlsien olte Uh@Bbrined prdcipy QUMER), 2 1i61BP @HibdphOIpiddf NeMMSmic TRRterial and
NOWSs culture is tested for the expression of the
lipopolyspgeharides MelrSn gleﬁd&ge ligeolignscehapdesey aﬁ’&% nggative bacteria, especially

pathogee Bk ANT S FRLiaBNofaén MBS SONESs hEAiruTAeinfdcnNdds iR PIGEEs known as
obt ai ned from Exanple 2 was subjected to qualit

blebbing.q dp thg Presay W@n(ﬁﬁgy FN(%MIVI Wpc\@plcgépg{dyceéln@om the )(/)uter membrane of

bacteria WHRHO %rﬂsgd By cﬂeﬁﬁctal H(Qla{u?atﬁh g)?oc@ﬁgs EIﬁlbeQE tpﬁ)duéégioﬁ(ml tﬁghgenetlcally
COﬂ'pOSI tion of the final uct vaccine was: Protein

modified g@aingghieh ars pgetniegdls ée\@rﬁa ran@ Baz@aghyaen gprptica]yomadifigl to improve
safety, %Iﬁl%%ﬁl% ét%m%f? thiﬂﬂla gl:'a@tﬁ'og &8R- p?(%‘éc-[fvh Sinhithe ﬁ%gofn% 0.01 M



[0081] The vacci ne conposition was further anal yzed by
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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 (LLOS); 2) inactivation of the /pxLI gene which
results in a significantly less 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 1, and FHBP variant 2); 5)
inactivation of the I/gtA gene in each strain which results in the expression of a shortened or
truncated LOS that lacks the lacto-N-neotetraose (LNnT) tetrasaccharide; and/or 6) stabilized

expression of certain outer membrane proteins, such as Opc 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
NOMYVs, deletion of the /pxII gene which reduces the endotoxin activity by resulting in a penta-
acyl lipid A structure, and/or deletion of the /gftA gene which block lacto-N-neotetraose biosynthesis
on the lipooligosaccharide (1LOS) 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 antibody
response by targeting at least one of three sets of possible protective antigens contained within the
NOMYVs. 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
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thereof. In more preferred embodiments, the genetically modified strain targets at least two of the

possible protective antigens, most preferably targeting all three of the possible protective antigens.

[0046] In some embodiments of the 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, incorporated by reference herein in its entirety. In brief summary, a pUC19-based plasmid
containing the synX gene in which 200 bp sequence was replaced by a kanamycin resistance gene is
used to transform 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 meningococci 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 5' 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 to amplify the synXB 67 to 691 base sequence. The complete construct was amplified by PCR,
purified and blunt ligated into pUC19. pUC19 was used to transform FEscherichia coli DH5a and
selected on LB agar with 50 pg kanamycin. A kanamycin resistant colony was selected, the DNA
extracted, purified, and cut with Xbal. Another copy of the presumptive uptake sequence was ligated
into this multiple cloning region site and the resulting plasmid again used to transform E. coli DH5a
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. meningitidis. 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

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

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

responsible for the endotoxic properties of the LLOS. Two acyl-oxy-acyl linked secondary fatty acids
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present in the lipid A are important for endotoii(c) activity. The genetically modified strain includes
the /pxI.I mutant as described by van der Ley and co-workers (van der Ley, P., Steeghs, L., Hamstra,
H.J., van Hove, J., Zomer, B., and van Alphen, .. 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 /pxI.1 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 monocytes from whole blood. Other methods for
disrupting the IpxL.I gene are contemplated in further embodiments of the present technology for use

in developing the genetically modified strains.

[0048] 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 OpaD). The major outer-
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 immune 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 M1080);
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, J 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 strain. 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 pUC19, using gene splicing by a modification of the overlap
extension PCR technique. 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.



[0082] The results are found in Figures 6, 7 and 8

showi ng proteins found in the NOW of the vaccine from
wo b@gssier i cal |y nodified strain 8570 HOPS- G NEBNA/US2009/045818

contain the proteins and LOS as descri bed. Exanple 4:

General Safety Test of the Vaccine [0083] The vacci ne

was tested in the General Safety Test as prescribed in

21 CFR 610.11. The resultsfor the vaccine are given
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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 IPT'G-inducible E. Coli ptac promoter.

[0050] 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 translocated to the surface of the outer
membrane. Por example, expression of v.1 under the control of IPTG-inducible E. coli Ptac
promoter in strain 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 /gtA gene which results in the expression of a shortened or truncated LOS that lacks

the lacto-N-neotetraose (LNnT) tetrasaccharide.

[0052] An important characteristic of meningococcal LOS is phase-variation, which occurs due to
high-frequency mutations in homopolymeric tracts of nucleotide residues in /gtA and other neisserial
genes. These mutations switch on or off the expression of the L gfA transferase which mediates the
assembly of the LOS a-chain (altering the configuration of substituents on heptose two). This phase-
variable activation of the /gzA gene may lead to undesirable elongation of the LOS a-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 /gfA 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 /gzA

gene are known to one skilled in the art including, but not limited to construct plasmids and
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strains @yringiat hst L wliseryedanasbagdsend e vaea sdsibradeichncgedafommio g LOS core

structurg.éﬂ‘kg )élelgt)?&np S5 tﬁ? ggtt/? el% ?abllﬁz%/ lﬁ% tpulfltc %C? bclc%g: E(t)S %Euctlge for example,

rapo sse resul ts on
providi@uglg emhcdtdalecoaeismrcb&eh asadpicred indtidute be m@memykrrengemmplalm modified

srains 5 S s B RS PP VMBS B 68 TR e srcure

The geN@rgilnenodardt esiethif G BEROI@KhIoGOBSRAL PYci®ATIY b6Y structures
its ability to induce %OI nf | arrmator ,,c%/éoki nes
g

correspeiinga | HAMEPPLE 16; 1r i 11 SEpVIAD 5K (0151 BygurerHg which an

1mmund fé%;bﬂn%@ c@ Be ﬁh@w@d i ad Fth @w&ﬁm%le@%lowdenmgrﬁ@t@n@fea 1L.8-like LOS
an of (E. Coli LPS Standard and NOW vacci

(L8-3, lr%@ @111199 ) Whlclp BeLaPlq togyill gyildstyps siraimgaPraseing leﬁgtWIrQﬁ AlgtA
strains %Il”é,( Ble ki BicitaRBbde@ls il %&om/bdf@%%ﬁ%cé%dt dhal B¢ !l-e:lagtlhtc%)ems of the LOS

tests. The error bars are the standard error

structurppegihouTfassderd ap with thedpctoN-Molarapss ageseerhaidgs fendion human blood
cells. but the E. Coli standard LPS is based on LPS by
wei ght. Not to be bound by any particular theory,

[0053] fnhﬁﬁﬁlelr %H(Lcﬂﬁerﬁygg(ﬁ% pfe@é"i‘ﬁ téctﬂﬁolgéj}r rtﬁ@ eﬁ’eﬁgzﬁi ﬁlogﬁ}fd strains of N.

have a simlar saf ety pI‘OfI eiln vol unteers as
meningifieles Towee plalydizdd etxm;essupx@fzoq_mn@mm@ mﬁgls \at @ieneormally susceptible to

phase vl RBAGH o ipu Bl HpUREE! PRe Bl bt ygrossion o
these pIN@N cMab@ $taia'liLedtby#neth®9 knggn gghpart.edd twluda¢heanethed dfyreplacing the
polyme%J szﬁll?e%lc 1n & %rtl"f‘e r%gno?egpar e&ﬁlglbtilg reatdhn S%egnlleegf the gene being

stabilizerm'tvinlod ndﬂ}—mathgche&p}en&r etoptikse fengdthl, forb nmkunaﬂ\lbﬁﬁrbsémnalfﬁr example,
chol ate

part of %6 @ 1@%&%%3ﬁ%|5}3 ;t]aeggg%og %re Oé&llese 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 I 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 a new sequence containing both C and G nucleotides.

[0054] Further embodiments of the present technology provide growth of the vaccine strains in
liquid 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 NH4Cl, 0.168 g KCl, 5.85 g NaCl, 1.065
g NayHPOy, 0.17 g KH,POy4, 0.647 g sodium citrate, 6.25 g sodium lactate (60% syrup), 0.037 g
CaCl.2H;0, 0.0013 g MnSO4.H20, 5 g glycerol, 0.02 g cysteine, 10 g casamino acids, 0.616 g



(DOC) was used through out the procedure rather than
using 1.2% DOC to resuspend the ultracentrifuge
WEeivass42 The results of this conparison are sSPOWASI009/045818
Figure 11. Exanple 7: Imunogenicity in Mce and
Bactericidal antibody response [0088] M ce were given
three doses of genetically nodified vaccine strain
8570 HOPS-G at four week iptervals with or w thout
MgSOq4 %s'ﬁo(ﬁlp&ﬂeg r{x/att& t@lolﬂ@hmf mﬁﬁé @5193:( 'ugg d@ﬂ&lé’ﬂc'}arﬂédi&rﬁw %Eégfc‘)k the starter
. Goups of m ce were vacci nat
flasks an@theéplewlltltgmefwkg/oré@m@ntens and 8 weeks with 0.1, 0.3,
1.0 or 3.0 p g of NOW, the vaccine groups are listed
[0055] The Rapine c@np@iionf ePresakdechaelogy witich irglutly NN fromhas least three
dlfferen? g&%m%ﬁl& e%dgf?]eﬁi%g%élg IBfn sgﬁﬁglroﬁé BC:claﬁi ELOV%Q#Mgﬁgétgﬁlaﬁﬂ%lpgit protection or
three typ¢srodiiantiggngthgteaael mtem@llah@dceset pratentsvew&tlbrglyncﬂpnme Huberthnee antigens
rum .S HVAGS t,on
are the BRI A G SIS 1B0A SR BB e T G AT B SRR e e
VaccmeGstMms).:i the lighaigosadelecidere (thred ulifferem | I0$ e:drelstﬁlcmresgaré [f])eant in the

vaccine o it ng ol oS Porfgtie A EGbg et | doa 2. and
Opc, whlcﬂ:ﬁiw Beagsier dxyprdsell.if) thetvgecmeRahmelrdgeligtHRAA Ha® 0 893tivEyehigh level

of antlgaaglfgg{/e{lié lgIgEVgtl Q%g%xlf Fuﬁndpqd %1% gre\é\ggeglﬁg%gﬁé%%gehaggz ebseen f1dent1fled

certain P& s%fdsﬁbtﬁﬁ’k afel th@h r@fre ﬁh@ledﬂf EROEREred 8GE bMersGh@ d PfodER humber of
the genetically nodjfied stains. Two of the test

dlfferenéts‘?ra?‘ﬁl?éypﬁ%l”éy |P§E9§%1iycpf9\ﬁeftrﬁgflﬁét I}B%eeth%n oAl pharopp G flisgase.  Having

more thih bR z{htlgérrh@ﬁ%alyl@ B?mQ@crlﬁQ/l%éteh&@E‘P dnliSodRArif e atdif 8 11Qﬁ{0rtant because
repl acin @‘e‘ﬁorA gene with an alternate porA havi ng

it has b%@ﬂcfh@%ﬂ@hwh B SYBCY genssp et ansigen/is Iwoangpodigedo pigpgy not be able

to initiaR! Q1EhPRNEXPRERIEHIND RS Bk by BHIRI RSWRY & BERSER antigens are
I'n the vaccine (Pl 15 and P1.22,14), but the th

present (tRjanpibodies4oan jtegeHist 1n1t1|atﬁeccfn@pj¢m¢nt gteﬂ@ted lysisq/ Genetigpdly rgodlfled strains

of the gﬁ:gefn? EIR?QBU(JD oanl'udé1 lgitfafree ElgtnflmP a % tﬁw%@e gﬂrglﬁseﬁc%%edl‘gsﬁgure 18,

ore structure as conpared e vaccine strain

includir@U Ip@# &b mgIRB-1d], BﬂéSiﬁ@tH(BlﬁS ﬁlllbfllndsﬂﬁe((ﬂiléB@HiPésﬁﬂ) traihg. c h
deoxychol ate extracted vesicle vacci nes show t he Por A

[0056] &g prgemt eshnojpdycrrbvigest heaatowi thatrrovdsi tges, speétein egudctign against

e [ f [ t I d . €S . ...
meningfoctlPuNALE: DRl Sl ERERb SEONG A ST RLLRA pningirais
subgroughelpeAtie vhcoime dolngosierosiiilie\ppeewfintdneon anrgled cablriaddnwaimche existing

hence_ n aga| Por.A. . VD . . .
etravalgf 8 e 81 DB DS IB0U BT 0 (gt ish & BHPHL f pathogenic
serogroaypy of8.dinesingnidic edot o bt deulxy by ey §aricuioRBe&yNTMMWVaccine of the
vac e do nof show. s subt .specificit bu .
presenty ol eyo8T 51 RISHER Bhsk oo Bay LG e it Sitbagepiseseroeroups
as well a$ihg iiBorls3jogrolipeotmtiibQdb&s siktd the BEbcapJudir Antdbhy 6n WRICR it is based
und to be mainl %/rpdi, rected against the LOS. Bars are

f
are Sha@géﬂa%ﬂ SEYRBY PO PHEEEST The vacci ne was

ered with nd wi t hou dsorption to Reh dra
[0057] ﬁ\Pr FF’ AR YRR %‘8 PEAF 4 h{“ﬁo%b@g‘?lﬁen%%ﬁ ipteres %fDl‘?‘EQf interest
is deliveR@CAntli igickpatdaf int tebmeleginl Eirbiabsoaitt bP Aehyind 66 BONSBgous and/or site
agai nst the heterol ogous stral n 44/ 76 was undert aken
specificpipcorapin@iqnon Iyeerpiet Bt dagd edelpict yudhi gencdiand/orF @rerons can be
conditidria alpBehiAR L 98PRe pRAgln AC DAL AN trgﬁslf@ﬁ)ﬁ &r q{ﬂba\ﬁ'ﬁﬁN A fragments
diluted to the bacFerl ci dal endpoi nt (-50%ki |l i n%
obtained by resid¢iivat wdralysisost PGB Iamphiridicepinagseknpam by ensatkadipdyintthe art. In
some eﬂb&flﬁél@cgtln&gﬁﬁ&msrtﬁgbt@@%0 &ﬁoﬁ@%ﬁ{a@kegﬁﬁg 'd%ﬁ&%abl@‘ff(gregrowth in vitro.
4-hrs i ncubation e serumwas tested
In otheherahagliheyitd dfe geme iof intaresh o DN#’eOb@t@tféh@ﬁﬂr@ﬁﬂhwre@fo the bacterium by
bactericidal antibody determ ned Purified LOS prepared
fromthe target strain (i munotype L3,7) was able to
renove nearly all the antibody. Purified LGOS
(i munot ype L8v) prepared fromthe vaccine strain was
able to renove about 70% of the antibody. The
conser ved pr ot e| n GNA187O (pur| f| ed, reconbl nant

. o o o o g, P Y Y a1



Exanpl e 8: Imunogenicity in Rabbits [0092] The
vacci ne was al so tested for inmmunogenicity in rabbits.
w@e@apssiaf four rabbits were vacci nated i ntrankGLUB2009/§45818
with different doses of vaccine, with or w thout
adsorption to al um num hydroxi de adjuvant. Three doses
were given at six week intervals and bl ood was drawn
two weeks after the |ast ijjection. The bactericidal
A DRI L BIPR0E &5 QfculdBin ARHILRieP1fsAMds, L& HidS blagh s, 1
means wa@s det e?n?he%l T%e(?EStnstransllﬂE Bgs; &ﬁﬁso g%?c ysogenic
bacteriophirgeant dagtri@sa0iierlprigssiprgnai f Seledivn Porsdopbpremsvents can be
7 /
selectecﬁ@fI Ieﬂreg soééfo%géﬁg{édggeﬁét[ %@r‘% SZﬁ‘l X@“%&% g@r;fer‘?m res1stance to antibiotics
(e.g., ksrtamuctnu rzeam o, Aer phonesicins Cﬁﬂpreﬂaﬁthﬁlctaln @e®dmAdn, 1@'];0 wegemes conferring
res1stan€e % etavy Ig*et Er?d/\%/)rato%{ecrc?)gllpgllﬂ%ds {S §Frées acPrean\?n\%lﬁ n XE[}a%hlc mutations.
Alternaﬁﬁely,Aﬁ&memStl@f chlebec Kas&ned ebg tRROR etmqﬂifeatncml, dﬁhuencmg restriction
. .activit oward strain 44/ 76 was anal yzed in the sane
dge““WéﬁﬂéP égaP OﬁglﬂBH%%ﬁggﬁgﬂgﬁg‘the results were
ssenti al | sale. st of the cro: active
100558] 23 Eien ke R UG S8R5 4 PHATPEHOS B B bt i qoatposition used
to inocdl405am ailh0ig @uder tinidehiicahd afintledgainkiaepion B an orgamsm preferably a
r eparation. and Anl Testln of a Laboratgly h
pathogetnﬁeé) et élcm?st tly%?' li{?a(e.’l"cl"fl?]l"giantlw c11Ive OIIl one Oor more

organis@A® QRich 58 2dd MsTrh A0 Qﬁbﬁlﬁﬁﬁﬂzﬁl stid@iatelactiDe Mirhidity ahddpStect that animal
strain belongs to the genetic group ET-37 and has a

against pyfeedan yithgiepe ofelpist! RABPRENICERNSISy ansferrin bi ndi ng
rotein B. The second was strain 44/ 76

[0059] Iflg: HLgLf]p@lL Npl\igs frg pyf)parewg(?r(ﬁqnﬁéqt@ﬁ@% toy raar{nﬁéls g%ﬁfé)(lf( ]aumans mice, rats

or rabbi; Y Pockhbu® kaieh inShé @R SENE At ihMEdOfiltdiAg (&R the solution, diluting
strain responsible for the group B nenlngococca

the soluggh. addipg 20 #liwepviy siahilighg thegplrtign.and 1980' s. It
expresses a class 3 PorB Eroteln and e Il transferrin
[0060] Npasénen gt e grese imenfigooay bopdainiicsione wasn geasipathy p pumber of
routes, [Héﬂl'dfng%t Bt ﬂHﬁJ}l foh ?orse%%pﬁaﬂﬁ@rfter@l%/ Ei:egS Qﬁtiral%ﬁgchﬁfy transdermally)
strain 8570 genes were di sabl ed, nd
intranaspihy |orally; @pmalésa emoth?a &\S@Sém%)’rhml skillgthdn Hieairty il a@ Feém R@renteral as
used hel‘e%ft@ﬂﬁ:lcltl@es 1&&%&%& r&ﬁbéu%b&!s}’m@!{dehﬁﬁ 1'11%%’0\11%@ %ﬂgrterlal injection,
por A gene (subtype . 22- was | nserted 1 n place
or infusidpeechp ey eTf@ vaytand laﬁﬁ lendfle QA of 87501g(ei-‘4®)>remra¢pntqﬂr en multi-dose
i F t
flasks v&l‘r-ll-l cang[%q{:sﬁ(g koﬁsrgzﬁ ggéﬁénagé@groggglgﬁ cl:t%bd(\é/\@r{'jégﬂloﬁg 8{) fn%gar and using
VaccmepBEL E@bu@&aqRemmgtom Hfbarm@?iea&mil GeipBies, 204ck( Fid83hifg Oo., Easton, Pa.,
Osol (ed g |(119t%§ SI ! |19 rv]va&"reﬁ%sp zp'gﬁefvelg?n&?netss zng{gac gez\eésgrr\/lo frb]l‘t t% )(elcwa1 Unuiersny Park
ansImhﬁmaemme@uﬂBdmnanﬁsnﬁhnn#%mm&able 7 Source puUC
19*) Sac | site (unique) Uptake Sequence 5 NspA NCR
{0061} Bavaacihk Icomb(bsmo@eaiﬂ the geeventSachnblogg uin itmirfa)ly Rdmipstendtperenterally in

5 .fra ite (uni Lacqg.operon
dossee g FSPRRBsr SR MaRcTabaf rsd R Sl o Quighany scceptr
carriersf ddRRaftv,ani/antvehzles| eader peptide fHBP (variant 2) ORF

with stop codon SgrAl site (unique) 3" NspA and 3' NspA
(00821 MR vadenB édnmslabmspbf aR presd nahorlsgyd maNsipAhdNCGRnigpikalkae or more

. _sequenc .

adjuvants. qX acF uvant 1s a subsp tance %hat serves to enhance, accelerate, or prolong the antigen-
specific immune response of an antigen when used in combination with specific vaccine antigens but
do not stimulate an immune response when used alone. Suitable adjuvants include inorganic or

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



1-191 192-197 198-212 213-1248 1249-1254 1255-2104
2105-2110 2111-2230 2231-2236 2237-3641 3642-3673
WA FIe2 3750- 3755 3761-3766 37 64-3 823 382BCHBSB09/045818

4589- 4596 4597- 4638 4639- 4945 4946- 5432 5433-5447

5448- 5453 5454-7687 end New Engl and Bi ol abs ( NEB)

pUClQ PCR construct N. nening., 44-76, PCR construct

Gent' gene cl oni ng si te PGR_construct of GentR gene
alumlmgrgRsa‘ito RSt H&tahmnn cfepga) Fzﬁ’tﬂﬁ)t oY Catlulﬁ)%n{: %’ﬂ% i€t referably

MAL- p2X (New Eng BIO pMAL- p2X, nstruc

alumlmlehbzdl]QZi)gle) P@mel@thelﬁcsalt pf\A&IlClpoI@aItP@Rﬂd@mlsmmmbOP@Q iron or zinc,

Or may gg 812 H’s%gg &%EHnrbq aﬁllgtr%% ﬁfll%sgn%?orz%?ggﬁ %E’%ﬁ[\l catﬁwaﬂg or anionically

St ruct construct
der1v1se@rpelys@umr;dba@m0¢§/phoﬂphmw e@@lalegl’ghlﬂﬁ aqthNﬂs'lém kno@n to one skilled in
: s ' A
the art. Cglﬁl\é abl UC%Q \_/flélt C)(sglerr]nsnmay (a 1ncEé)%e ];l}t g 0o not limited to, for

exampld, I‘Mnindi];thosphphrfrlyp leid14, o'ﬁhze mha&m diem@e&wﬂﬂ)@f fILRSd dnd comblnatlon of

monopl}oglfq? Ha/h%t(jit Av\%lélll %ﬁe 6%%—%%#%@ Fno%g ven ely gﬂlgl ‘gfgﬂ gﬂﬁj together with

an alumbnipm kflagnment was renoved. Sti cky ends were filled in
and ligated to restore the plasmd. As a result sited
(00631 I0thdr (U8R} aadplkeall adjBQd) welge deat sreyed. lifriddd €, 0MISg MPLA,

f
o S R B el S P e it

glucosaﬁﬁdel I AB§phe cbBodngs (Adﬂv)ngr &Fikaives eXdMhPRESihBidoRa whic aﬁeaetv@ﬂiable from
a chai n consi sting gl.ucose_and gal act ose.

Corixa L’CIEHW% Yerep taad W%@%Hiﬁ%ﬁ’%‘t i Hg>- PeheNPeSdld: ?Wg ¢.g. 2-[(R)-3-

Tetradegﬁeﬁbkﬁa!rdd}écaﬂpﬂmﬁine}ét@t rain was desi gnabeds BLERRphono-3-0-[(R)-3-
S- &2, see Fi %ur e WO
/

tetradeczwgwstsaﬂa@nn@r l%ﬁ@@é}tem@sqaeoyozatetrﬂmwylagﬂrr%brp Alyeqyra noside,
MPL ™). @éa@ﬁatg@%Oﬁl&);ﬁfgsﬁ%ﬂ@thgﬁ%_gvdlﬂblk %nﬁé‘%aﬁ)a&fcﬁ‘ﬁé& i#S.S, Pat. No.

escribed for strain "85 he two genes, synX
4,912,0%h ¢ynthstic polyneeleotifies silsh sl obgonuplseides mntmnagépé‘smgtlf @J.S. Pat. No.

6,207 6§§C% %NA(@[E@ %5&&5{ rnglegﬂtreZ)é épo(l}#a):}%tﬁgssﬁ O%lg hd ?lféth as 8u11 A or

wWwth it rmte In pla gene,
STIMUaOg@ﬁ dost2t df)ytlgﬁllcmamnmhamné@m)edlebeihqémdl B.-SpdteAa No. 5 057,540, a

pertuss@[oqgrﬁo@ﬁﬁf qIQn%J as lile% laBih tOXﬁlR ?%ar[%cula 1 ﬁ@]lg&pgf I%%ECT S109, PT-

ogous reconb 0 i nseé
K9/G12Ma s, gendntetnm@npl Besasnt d’uBl-lCZhﬂlOIWNSS thDs%r/LBSOédndMW(h 92He265, cholera

o SR 3PR SR B R A 1 S PRSP S5 v
tyrosine( (ST, #¢&) U.Sp B@l No) 1239029), the dlpeptlde known as MDP, saponin, cholera toxin B
subunit (CTB), a heat labile enterotoxin (L'T) from FE. coli (a genetically toxoided mutant LT has been
developed), and Emulsomes (Pharmos, L'TD., Rehovot, Israel). Various cytokines 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 (IL-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, including, 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-a,
B and v, granulocyte colony stimulating factor, and the tumor necrosis factors o and 3, and are suitable

for use as adjuvants.

[0064] The vaccine compositions can be lyophilized to produce a vaccine against N. meningitidis in a

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



Sac | site (unique)l192-197 Uptake Sequencel98-212 5'
NspA NCR213-1248 Barn H sitel249-1254 Gent'
W@ewe128%2 2104 Sac |1 (uni que)2105-2110 Por A pPORDSN9I/045818
(44-76) (nodified)**2111-3266 Nde | site
(uni que) 3267-3272 NadA (allele 3) |eader
pepti de3270-3338 NadA (allele 3) ORF with stop
codon3339- 4487 Sgr Al site_uni que) 4488-4495 Por A

mixed Jagcrlﬁ@ \Qﬁ'&ﬁ’ %()Zl{éeﬂrbspttﬁgm‘gsq (Ebg%agrg%%lpg(%%lﬁs &%%@gen&%@ﬁ/ altered strains

deSCﬂbftd! Elbggﬂ@d&@ E@St@mom%%zerSSﬂnMdhe 8blyd ewighledodmgl mtedfere with the
effectiv%%egél ﬁfgﬁ? (/% g?&"&%%lcfél e?i%bt@ 9nf h& rsg %c&&ﬁsd}f{ Ilrbcftlnc[r\!eased addltlvely or

construct nt ene oni ng
synergifiCRI oFist vagcine ahn GenisR gt wﬁiﬁFthemt mugeticN. whmdn mg improve the
. A4- st t. P str
Vaccmeﬁéﬁalugﬂlﬂlg Cgesog%q {)1 E)ﬁ%cerlllg}Ra,ltcl%,geéc Ul%&ﬁ‘l%l%tlﬁ:% tn}aggailtbrﬂatlve?y decrease the
toxicity Itlien\gcmneﬁ}éhﬁﬁ],ate%ﬁttemlﬁ&tah}a ohdeNrabﬂms’mleane,ct di4Ahd GacciaERtc. Moieties

capableg% 1gt§{g g.%f%to gt?:j’ilfrfﬁu 8C1§?€{1 I\%@% %t Pc%ﬁgpnya%%urt%g}aﬁgz’%es (1980).

Proceddrésatt ¢tupling ©th pbletidsQo a Ti@ecpleagdvell Masynip tHefaited t 0
renove Nde | site for further convenient cloning as

[0065] Td kfﬁ‘o:inelrha}waﬁ siegeiat £ebayl Wale ampulekgaR: likanthe2ddsent vaccine can

ment rermvd Sticky ends re filled |n
genera”g(n‘ge PJ‘@%‘F@EF‘L(‘B tﬁ"eé?r@r 8 f‘ﬁBrakﬂlf%mf&naSﬂsv%lP‘é%}oP 81 hédi‘ose drops,
inhalan®\d&vabs OA 8kilQ e akapdile, (1398) sudginsiofles Eﬁ)ﬁ]}éaﬁr oﬁDﬁdmlmstration In the
cloning of constructs for the expression of targ

case whﬁ}:eotp% l'v:ixpcwg 1%gleaddr§gcfoqm é]ilﬁquqFlﬁﬁ is) qso]é/pq)ﬂll' W@p%lﬂ%de]él s&a[nhzed distilled

water bPfdfe ddniniStatioRN&nyl el B ﬁ ey 1s§>1%feﬂﬂ3ﬁy wkd tdien 4dsali@e, phosphate buffered
pronoter was nodi fied M/V lacing with optinal for
Va001

saline, qrgay g;@b carEigy @ﬁvhlqp@e NO ne has sultable 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, sucrose
solution, or other pharmaceutically acceptable buffer solutions. Aerosol solutions may further

comprise a surfactant.

[0067] Among the acceptable vehucles and solvents that may be used include water, Ringer's sohution,
agnd isotonic sodiam chloride solution, incliding saline soltions buffered with phosphate, laciate, Tris
and the like, In addition, sterile, fized oils are copventionally employved as a solvent or suspending
medium, inclading, bt not Hmited to, for example, synthetic mone- or di-glycerides.  In addition,

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

[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 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.

130881 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
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to be an OpcA negative phase variant, and strong OpcA positive clones were identified by colony
blotting. True transformants were distinguished from OpcA positive phase variants by PCR and

restriction enzyme (Not I) analysis.

[0073] 3) Starting with the strain resulting from 2, the gene /pxLl, which is an acyl transferase
responsible 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 /px/.I gene with an insert containing the
tetM antibiotic resistance gene. 'The tetM gene was obtained from a plasmid pJS1934, which was
derived from the transposon Tn916 (Swartley, et al. 1993. Mol. Microbiol. 10:299-310). The plasmid
used to disable the /pxL.1 gene was pMn5 (Seq. ID No. 5). The presence of the insert in the IpxL! gene
was verified by PCR which produced a 3.3 kbp amplicon using primers at the beginning and end of

the IpxLl 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. ID No. 6. The PUC19 based plasmid, pBE/GNA1870/101, 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).
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Table 1
Feature Coordinates (nt ##) Source
pUC19*) 1-191 New England Biolabs (NEB)
Sac I site (unique) 192-197 pUC19 cloning site
Uptake Sequence 198-212 PCR construct
5’ NspA non coding region (NCR) 213-1248 N. mening., 44-76, PCR construct
Bam H I'site 1249-1254 Gent® gene cloning site
Gent® gene 1255-2104 PCR construct of Gent® gene
Sac 1I (unique) 2105-2110 PCR construct
Rmp promoter 5° fragment (rest) 2111-2230 Previous plasmid for NspA expression
Mfe I site (unique) 2231-2236 PCR construct
Lac? operon 2237-3641 PMAL-p2X (New England Biolabs)
Ptac promoter 3642-3673 pPMAL-p2X, PCR construct
Lac operator 3674-3702 pPMAL-p2X, PCR construct
RBS 3750-3755 pPMAL-p2X, PCR construct
Nde I site (unique) 3761-3766 PCR construct
fHBP (variant 1) leader peptide 3764-3823 N. mening., 44-76, PCR construct
fHBP (variant 1) ORF with stop codon 3824-4588 N. mening., 44-76, PCR construct
SgrAl site (unique) 4589-4596 N. mening., 44-76, PCR construct
3’NspA and 3’NspA NCR 4597-4638 Previous plasmid for NspA expression
rrnB transcription terminators 4639-4945 pBAD/Thio-E (Invitrogen), PCR
3" NspA NCR 4946-5432 N. mening., PCR construct
Uptake Sequence 5433-5447 PCR construct
Hind III 5448-5453 pUC19 cloning site
pUC 19 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 I and 213 b.p.fragment was removed. Sticky ends were filled in and ligated to restore the plasmid. As a result sited M
1(183) and EcoRI (395) were destroyed. For cloning of constructs for the expression of target protein we used Sac I and Hind III clon
sites of pUC 19.

[0075] 5) The strain resulting from step 4 was transformed with a pUC19-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.

[0076] 6) The strain resulting from step 4 was transformed with a plasmid pBE-501 containing
zeomycin gene knocking out the /gtA gene (Seq. ID No. 9). Plasmid pBE-501 contained the features
found in Table 2. Knock-out of the /gfA gene produced expression of a shortened or truncated LOS

that lacks the lacto-N-neotetraose (LNnT) tetrasaccharide (see Figure 20).
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Table 2

Feature Coordinates (nt # Source

PCR 4-TOPO TA cloning Vector 1-3667 Invitrogen. Type: pUC ori

Uptake Sequence 3668-3682 PCR construct

LgtA 5* segment 3683-4037 N. mening., 2996, PCR construct

pEM7/Zeo 4038-4122 Invitrogen. Cloning site and EM7 promoter Zeocin
4123-4497 Zeocin® gene provided ALgtA pEM7/Zeo
4498-4633 Fragment of pEM7/Zeo cloning site LgtA 3’

segment 4634-5448 N.mening.,2996,PCR construct

Uptake Sequence 5449-5463 Uptake sequence

PCR 4-TOPO TA cloning Vector 5464-5759 end Invitrogen

*) LgtA cDNA was digested by BssH II. Resulting 3’ and 5’ sticky ends were refilled and Zeocin gene was inserted in this
blunt ended cDNA. In case of excising of disruptive Zeocin gene which may occur during of the reparation of bacterial
DNA, relegated 5° and 3’ of LgtA fragments will bearing unreparable sequence

[0077] This genetically modified strain was tested to unsure retention of all five mutations and

expression of all expected antigens.
Example 2: Production of Vaccine amounts of the genetically modified strain

[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 1-5 to produce a
composition of NOMVs. The NOMVs culture is tested for the expression of the outer membrane

proteins and L.OS.
Example 3: Characterization of Vaccines

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

preclinical safety and immunogenicity testing in mice and rabbits.

[0080] The composition of the final product vaccine was:

Protein 2001ag/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 dodecyl sulfate polyacrylamide gel
electrophoresis and western blotting. Figure 6 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). 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.
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[0082] The results are found in Figures 6, 7 and 8 showing proteins found in the NOMYV 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 610.11. The

results for the vaccine are given in Table 4.

Table 4
Test Article Test Result Comments
8570 HOPS-G NOMV Passed All animals remained
Vaccine Lot # 1289 normal and healthy and
cained 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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22-
hydroxide 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
Temperature Rise for
Test Article Conc. Indicated Rabbit
Tested 1 2 3

8570 HOPS-G NOMYV Vaccine | 0.4 pg/kg 0.1 0.2 0.2
Lot # 1289
8570 HOPS-G NOMYV Vaccine| 0.5 ug/kg 0 0 0
Lot # 1289 adsorbed to
aluminum Rehydragel HPA lo
#1347

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

** Amount of aluminum hydroxide/kg that will be used in the human 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 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 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 IL-6, from fresh whole human blood. The results are
shown in Figures 9 and 10. The data are the mean of 3 (E. Coli LPS Standard and NOMYV vaccine lot
1119 with /pxL2 LOS) or 5 (Lot 0832 NOMYV with wild type LLOS, and Lot 1289 NOMYV vaccine
with IpxL! LOS) tests. The error bars are the standard error of the mean. The concentration of
NOMYV is based on protein but the E. Coli standard LPS is based on LPS by weight. Not to 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 /pxl2 LOS containing vaccine (Meningococcal

44/76 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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FIGURE 1 Master Cell Bank.JPreparation Research cel |

procedlﬁ’@'aé( d8RALed K F e linical lot of vaccine from strain 8570 HOPS-G1 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 strain (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 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.

[00100] The combined multivalent vaccine induced a geometric 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.

Table 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

B1+B2 +B3 | B2 + B3 B1 B2 B3
44/76 (15:P1.7,16:P5.11,C.1L.3,7 256 256 256 256 1
2570 4:P1.19,15:P5.5:.1.3,7v 256 256 256 256 2
816136 SaPL.2 P a2 256 256 1 1 256
0162 :15:P1.7-2,3:P5.10,11:LL3,7* 16 16 { 2 1
M1080 IO PI.T.P3.3L1.37 ) 1 1 1 1
3576 NERLEES 128 128 4 2 16
8047 B 2b:P15,2:13,4,7 64 128 1 1 128
0547 AL 256 256 128 2 64
531 2a:P1.5,2:P51a]lb4,5:137 256 256 256 1 256
7608 2b:P1.52:P5.2,¢c.14 256 128 1 1 128
6940 :8,I9:PI.NT.LT 4 4 1 1 1
1901 :§,19:PL.NT.P5.C.L1,3,7 256 32 128 1 Q
00M 2a:PI1.2:P5.1a,1b,5:1.3,7 512 512 16 g 256
6275 2a:P1.2:P5.1a,4,5:1.3,7 B 512 32 1 512
126E C:8,19:P1.52.LT:P5.c 256 256 4 2 64
0981 8, 19:PI.I4LT 32 Q 4 64 2
M4720 19PI22 1412 1 1 1 1 1
6557 HPPLIELGD 32 16 1 32 16
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[00101] Vaccine Code:B1 = 44/76 HOPS-D NOMV
B2 = 8570 HOS-GI NOMV
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] Analysis 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 involved and acted together to

produce bactericidal activity against a given strain.

[00104] Additional groups of mice were vaccinated with NOMYV 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 expressing no PorA protein. Bactericidal titers induced by

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

Table 10

Test Strain Mutant of 8570 HOPS-G1 from Which NOMYV Vaccine Was
Prepared

8570 (P1.19,15| 8570 (P1.19,15)| 8570 (P1.22,14)| 8570 APorA
and P1.22,141
8570 256 256 256 256
44/76 256 256 256 256
B16B6 1 1 1 1
3576 2 8 8 8
9547 2 4 4 2
2981 64 1 16 1
6557 32 1 128 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 strain, which both express P1.14,
the presence of the P1.14 epitope in the vaccine 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 depletion

assay. Results of one such assay are given in Figure 16. The results shown in Figure 17 demonstrate
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that antibodies to LOS and FHBP (GNA1870) were involved in the killing of strain 8570 by antiserum

to PorA knockout mutant of 8570 HOPS-G1.
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CLAIMS

1. A vaccine comprising native outer membrane vesicles obtained from at least two
meningococcal strains that have been genetically modified to provide broad based protection,
wherein the native outer membrane vesicles include three different sets of antigens based on
PorA, LOS, and conserved outer membrane proteins; and wherein the genetically modified strains
have been modified to provide enhanced safety based on inactivation of IpxLi, synX, and IgtA

genes.

2. The vaccine of claim 1 where the LOS expressed by each strain has a different LOS core

structure and has an alpha 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 (GNA1870) variants 1, FHBP variants 2, and FHBP variants 3; NadA; App;
NspA; TbpA and TbpB.

5. A combination of NOMVs from three genetically modified, antigenically diverse Neisseria

meningitidis strains, wherein at least one of the strains is selected from:
(1) H44/76 HOPS-DL which has the following genetic modifications or characteristics:
inactivation of the genes synX, IpxL], and IgtA;
insertion of a second porA gene (subtype P1.7-1,1) in the place of opaD;
increased expression of NadA; and
stabilized high expression of Opc and PorA;
(2) 8570 HOPS-G4lL. which has the following genetic modifications or characteristics:

inactivation of the genes synX, IpxLl, and IgtA;
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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-G2A which has the following genetic modifications or characteristics:
inactivation of the genes synX, lpxL 1, and [giA;

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.

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 (B:15: P1.7,16: 1,3,7:P5.5,C).

7. The combination of vaccine strains of claim 5 wherein strain 8570 HOPS-Gil. was derived from

the ET-5 wild type strain 8570 (B:4: P 1.19,15: 1.3,7v: P5.5,11,C).

8. The combination of vaccine strains of claim 5 wherein strain B16B6 HPS-G,L is derived from

the ET-37 wild type strain B16B6 (B:2a:P 1.5,2: 1.2:P5.1,2,5).

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

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

12. A method of using the vaccine of claim 1 administered intramuscularly and/or intranasally for

immunization against meningococcal disease.

13. A method of using the vaccine of claim 1 administered intramuscularly and/or intranasally for

immunization against group B meningococcal disease.

14. A vaccine composition against meningococcal disease comprising native outer membrane
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vesicles (NOMVs) from one or more genetically modified strains of Neisseria meningitidis,

wherein the one or more genetically modified strains has been modified by:

i. inactivation of the synX gene,
ii. inactivation of the IpxL1 gene,
fii. inactivation of the /gfA gene in each strain resulting in expression of a

shortened or truncated lipooligosaccharides (1.OS) that lacks lacto-N-

neotetraose tetrasaccharide, and

iv. insertion of at least one second antigenically different porA gene in place

of the opa gene.

15. The vaccine composition of claim 14, wherein the genetically modified strain further

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

16. The vaccine composition of any one of claims 14-15, wherein the genetically modified strain
further comprises stabilized expression of at least one outer membrane protein, wherein the outer

membrane protein is selected from the group comprising Opc and PorA.

17. The vaccine composition of any of claims 14-16, wherein the at least one second antigenically
different porA gene expresses at least one PorA subtype protein or subtype epitope selected from the

most prevalent of PorA subtypes of meningitidis group B isolates.

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 (GNA1870) variants 1, FHBP
variant 2, FHBP variant 3; NadA; App, NspA, TbpA and B.

19. A genetically modified vaccine strain of Neisseria meningitidis subtype B strain: comprising

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,

ii) inactivation of the /pxLI gene,
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iii) inactivation of the 1gtA gene,

iv) insertion of a second porA gene in the place of a opaD gene,
v) increased expression of NadA compared with the native strain, and
vi) stabilized increased expression of Opc and PorA proteins.

21. The genetically modified strain of claim 19 or 20, wherein strain H44/76 HOPS-DL was
derived from the E'T-5 wild type strain H44/76 (B:15: P1.7,16: L,3,7:P5.5,C).

22. A genetically modified vaccine strain of Neisseria meningitidis subtype B comprising 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 /pxLI gene,
iii) inactivation of the 1gtA 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 22 or 23, wherein the genetically modified strain

was derived from the ET-5 wild type strain 85 70(B:4: P 1.19,15: 1.3,7v: P5.5,11,C).

25. A genetically modified vaccine strain of Neisseria meningitidis subtype B comprising 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,

ii) inactivation of the /pxLI gene,
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iii) inactivation of the /gtA gene,

iv) insertion of a second porA gene (subtype P1.22-1,4) 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 25 or 26, wherein the genetically modified strain is

derived from the ET-37 wild type strain B16B6 (B:2a:P 1.5,2: L2:P5.1,2,5).

28. The genetically modified strain of any one of claims 19-27, wherein the strain is grown in

iron deficient medium.

29. The genetically modified strain of any one of claims 19-28, wherein inactivation of synX
gene, Ipx[.1 gene, or [gtA gene is by an insertion of a drug resistance gene within the sequence of

the inactivated gene.

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

any one of claims 20-29.

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

from two or more genetically modified strains.

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

from three or more genetically modified strains.

34. The vaccine composition of any one of claims 1-18, and 30-33, wherein the NOMYV are
prepared from packed cells or spent culture medium without exposure to a detergent or denaturing

solvent.

35. The vaccine composition of any one of claims 1-18 and 30-33, where the vaccine

composition is suspended in 5% glucose as an excipient.

36. The vaccine composition of any one of claims 1-18 and 30-33, where the NOMYV are

combined with one or more adjuvants.

37. The vaccine composition of any one of claims 1-18 and 30-33, wherein the genetically

altered strain is altered to express iron uptake proteins.
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38. A vaccine against meningococcal disease comprising a variety of native outer membrane

vesicles (NOMVs), wherein at least some of the NOMVs are essentially free of expression or
sialylation of lipooligosaccharide (LLOS), contain LOS that includes a lipid A with a penta-acyle
structure and contain 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.

39. The vaccine of claim 38, 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.

40. The vaccine of claim 38, wherein at least some of the NOMYV comprise shortened or

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

41. The vaccine of claim 38, wherein at least some of the NOMYV comprise two or more different

PorA proteins.

42. The vaccine of claim 43, wherein the at least two or more different PorA proteins are selected

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

43. A method of eliciting an immune response to meningococcal disease in an animal or human
comprising administering the composition of any one of claims 1-18 and 30-33 to the animal or

human for immunization against meningococcal disease.

44. The method of claim 43, wherein the vaccine is used for immunization against group B

meningococcal disease.

45. 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 IpxLI gene,

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

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

outer membrane proteins.



WO 2009/158142 PCT/US2009/045818

-36-
46. The method of claim 45, further comprising the steps of:

genetically modifying the strain by inserting at least one second antigenically different porA

gene into the open reading frame of the opa gene.

47. The method of claim 45 or 46, 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.

48. 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:

i. inactivation of the synX gene,

ii. inactivation of the IpxL1 gene,

fii. inactivation of the IgtA gene,

iv. insertion 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 a) to inoculate medium in a

fermentor;
¢) inactivating the fermented culture;

d) harvesting N. meningitidis cultured cells by continuous flow centrifugation and collecting cell

paste;

e) isolating NOMVs from the cell paste; and
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) resuspending NOM Vs in buffer or carrier suitable for vaccine administration.
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FIGURE 1

Master Cell Bank Preparation

Research cell bank
8570 HOPS-G

Streak on GC/DS and TSA agar
plates to verify culture purity

y

Set up and grow overnight on GC/DS agar
plates. Use growth of one plate to inoculate
100 ml of Catlins Modified liquid medium in
a 500 ml Erlenmeyer flask

h 4

Grow for 1-2 hr and transfer culture to 1.0 L
Catlins Modified medium in a 2.8 L Fernbach
flask. Incubate culture at 37°C with rotary
shaking at 160 rpm until culture reaches OD
600nm of 0.7 to 1.0

Gram stain sample of culture to test for
purity

v

\4

Harvest cells by centrifugation, discard
supernatant and suspend cells in 100 ml of
cryopreservative medium.

Test sample for:
1. Contamination on GC/DS and
LB plates
2. Viable cell count by plating
serial dilutions

\ 4

Dispense cell suspension in labeled vials @1
ml/vial and freeze in liquid Nitrogen bath. 90
vials filled. Store at -80+10°C

This is the master cell bank for
Strain 8570 HOPS-G Test final frozen product after 1 week

for:
1. Viable cell count
2. Correct species by sugar
fermentation, oxidase test, gram
stain
3. Correct phenotype and antigen
expression by colony blotting with
panel of monoclonal antibodies.

v
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Grow for 1-2 hr and transfer culture to 1.0 L
Catlins Modified medium in a 2.8 L. Fernbach
flask. Incubate culture at 37°C with rotary
shaking at 160 rpm until culture reaches OD
600nm of 0.7 to 1.0

1

Gram stain sample of culture to test
for purity

v

v

Harvest cells by centrifugation, discard
supernatant and suspend cells in 100 ml of
cryopreservative medium.

Test sample for:
1. Contamination on GC/DS
and TSA plates
v 2. Viable cell count by plating
serial dilutions

v

Dispense cell suspension in labeled vials @1
ml/vial and freeze in liquid Nitrogen bath. 90
vials filled. Store at -80+10°C

This is the production cell bank for

Strain 8570 HOPS-G Test final frozen product for:

1. Correct species by sugar
fermentation, oxidase test,
gram stain

2. Correct phenotype and
antigen expression by colony
blotting with panel of
monoclonal antibodies.
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stationary phase (5 + 0.5 h). Monitor OD at hourly Plate out on TSA plates for purity and
intervals plate serial dilutions on GC/DS agar to
determine viable CFUs;

Gram stain sample of culture to
¥ crosscheck purity

v

Inactivate culture with phenol to 0.5% for 2 h.

Verify Inactivation: Plate out 100 ul
samples on 2 plates each of GC/DS and

Harvest cells by continuous flow centrifugation
using a Sharples Centrifuge. Weigh and freeze TSA agar. Incubate GS/DS plates for

cell paste in 500 g portions at -80 + 10°C. 18__2.4 hat37°Cand TSA plf tes for
Yield was 2639 g of cell paste. minimum of 48 h at 30-35°C.

This is the 8570 HOPS-G Cell Paste, lot #
1267.
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Second Extraction
Suspend pellets in 0.01 M Tris-HCI, pH 7.5,
37 + 3°C; shear in a Waring blender for 3 min
at high speed; centrifuge at 23,600 x g for 20
min, 4 £ 2°C; retain supernatant as extract 2;
re-extract pellets.

l

PCT/US2009/045818

Centrifuge combined extraets-at-23-600-efor
20 min, 4 + 2°C; discard pellets and retain
supernatant containing extracted membrane
vesicles. Store overnight at 2-8°C. Prior to
further processing, centrifuge at 4200xg max
for 15 min at 2-8°C and discard the small
white pellets

yield from the 2 extractions is adequate.

Visual inspection of combined supernatant by
PI to determine, based on turbidity, that the

}

Add 100X MgCl; to 15 mM final
concentration. Add Benzonase (nuclease) to
100 units per ml and stir at 20 +5° C for 60-80
min.
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Preparation of Native Outer Membrane Vesicles (Continued)
( Room 3, Bldg. 501)

'

Remove degraded nucleic acids and soluble
proteins, etc by ultrafiltration/diafiltration (UFP-
750-E-6A cartridge, 750 K MWCO) with 0.01 M
Tris-HCL, pH 7.5, buffer and concentrate sample to
about 1 liter, recover retentate.

\4

Monitor filtrate for OD at 260 nm
And continue diafiltration until OD
falls below 0.05.

\d

Ultracentrifuge vesicles at 225,000 x g for 60 min at
2 — 8°C to remove all soluble, non-vesicle material.
Retain and resuspend pellets.

A

Pass suspended vesicles through microfluidizer to
reduce vesicle size and insure passage through
sterile 0.2 pum filter, 2 cycles at 4-10°C, 19,000 psi.

v

Perform UV scan to evaluate removal
of nucleic acid and to estimate protein
concentration

l

Sterile filter vaccine using (.2 um pore size
membrane filter (Millipak 60 filtration unit).

v

Perform UV scan to estimate protein
concentration prior to sterile filtration

A4

Store sterile filtered vaccine at —80 + 10°C
This is the bulk vaccine Lot # 1277

l

Vialing
Bring to 5% Dextrose, adjust concentration to 200
ug/ml protein and dispense into 10 ml vials. Store
at -80 + 10°C.
This is final product vaccine, lot # 1289.

Samples taken for QC tests of bulk
vaccine.

Vials of final product taken for QC
tests and preclinical tests of final
product vaccine.
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FIGURE 11

TNF-o Release by Whole Human Blood Following Incubation with Different
Concentrations of Vaccine Lot 1289 or DOC-extracted OMYV from strain 44/76.,
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FIGURE 12

Mean Log2 Bactericidal Titer

Dose response of mice to 8570 HOPS-G Vaccine Lot# 1289 with and without adsorption to
Rehydragel LV. Sera from the final bleed after three doses were tested for bactericidal activity
against four different test strains.

B8570P1.19,15:L3,7v ©8570P1.22,14:L3,7v 0O8570P1.22-1,4:L3,7v DO44/76 P1.7,16:L3,7
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Vaccine Group

Yaccine Groups:

1) 0.1pg 5) 0.1 ug + Rehydragel LV
2) 0.3 pg 6) 0.3 pg + Rehydragel LV
3) 1.0pug 7) 1.0 ug + Rehydragel LV
4) 3.0 pg 8) 3.0 ug + Rehydragel LV

9) 1.0 ug + Rehydragel HPA
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FIGURE 13
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GM Bactericidal Titer of Sera from Mice Vaccinated
with 3 pg Dose of B2 (8570 HOPS-G) NOMV Vaccine vs
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FIGURE 14
Depletion of Bactericidal Antibody vs 44/76 L3,7 by Serum from
Mice Vaccinated with B2 (8570 HOPS-G) NOMV Vaccine
100 B = \W\ -
90 S - “’““*‘\\
> 8 — \\
o 70 S e PUFTi
S5 o \\w »\\\ N Purified fHbp
s 0 S S -4~ 126E L1 LOS
35 50 NS i 44176 L3,7 NOMV
2 g 40 \ \,\ W1 |~ 44/76 L3,7 LOS
Qe 30 o N 8532L8-5 LOS
o 20 A ve——— L . ¥ | [ Purified Opc
m 10 S\WM BN \\\\\&.‘““ ‘ ‘\;;\5\\_:\\’
0 ¥ ‘--\7\\\:‘\@..«-‘\ \‘n\\:,\k\\‘..“::u:;f—‘ —’:
'10 T T T T T T T T
100 50 25 125 6.25 3.13 156 0.78 0.39 0.2
Antigen Concentration (pg/ml)




100 50 25 12.5 6.25 3.13 1.56 0.78 0.39 0.2 Antigen

Concentration (pg/m) 14/18 FIGURE 15 FI GURE 16
whepbasiian of Bactericidal Activity from Pool eBCIVOS2@9/045818

Serum Vacci ne: 8570 HOS1§48APor A Test Strain: W 8570

100256. 251. 560. 39 0. 0975 Antigen Concentration (pg/m)

15/ 17 FI GURE 17 Depl et IMBUBRE Bact eri ci dal Anti bodi es

to Strain 6557(P1.14) from Mouse Serum by Different

/—\n[l ﬁan Yarcine = 3070 HOS- ll—’l 22 ILL]

100256. 25E. %@)F@@Oﬁ 9(%@75Ant| gen Conc%riﬁf;%ﬁgfqug L‘g?ﬂ)ﬁ ml)
o

O 8570 P1.22-14: 1

L

]

-

B

=]

Mean Log 2 Bactericidal Titer
[k J_., Py

o]

T

Vacoine Group

FIGURE 16
Depletion of Bactericidal Activity from Pooled Mouse
Serum
Vaccine: 8570 HOS-G1 APorA
Test Strain: WT 8570

120
c 100 .
=
® 80
o '&"\\ 8570 WT NOMV
g M\ N —+—8570 L7-5 LOS
= 40 % T ~4 8570 L8-5 LOS
g 20 N%\w - fHbp v.1
o S
o 9 \

'20 T T

100 25 6.25 156 0.39 0.0975
Antigen Concentration (ug/ml)




FIGURE 18 Strain Bl Strain B2Strai n B3

Par ent Pxent Pat ent

HA4/ 768570B18B5 13*. 15: P1. 7, 16;

waogassipl, 19. 15:L(3,7)-5B".2a: P1.5,2: L2 ET-BCT/US2009/045818
Cl oneET-5 C oneET- 37 d driglPor B3Par B3Por B2 Thpl3

i sotype |1 ThpB i sotypeTbpB i sotype

del etion | pxLi

Mitatiotls synX

del eti on FAGURE 17 Por A (P1.7-1,1) Over
express NadA, Stable expression of L8-3 LOS and opt

MOtati OnS - syradetetion Upxtl defetion Add Po PorA
(Pl. 2Dhdiiotidiver Bt @88 Antrpd(as th)StRiinBEST(PXAURHFEMON
of L. $ LOS and pliRe sayims t@qbiﬁbfmg!nﬂgghgel etion Add
2to Por A (P1. 22-4%@necy957@p1@5g§§(g_2 ’ 4)v. 2) Stable
expression of L8-
100
W,
ol ‘«,A,ﬁ’a
an AN
E 70 \
kT o LN
§' 5{; N —8—B557 NOMY
= ™ 8557 LOS
5 40 B ) —h—
5 A N
10 \\ = e
CI ,\\‘ ‘ " : i R
100 25 6.25 1,56 0.32 0.008
Antigen Concentration {pg/ml)
FIGURE 18
Strain Bl Strain B2 Strain B3
Farent Sarent Parernt
H44/76 | 8570 B16B6
BASPLYAGILSY B:4:P1.19,15:L3.73-8 B:2aP1L52:L2
ET-5 Clone ET-5 Clone ET-37 Clone
PgrB‘S Pori3 Porg2
TopBisotype li ThpBisotype H TopBisotype |
synx deletion synX defetion sy deletion
p“gd 2 PorA {P:'i?;ikﬂ Add 2 PorA (P1.22.14} Add 20t Porh (F1.2241,4)
ver express Nadé, Qver express tHbp (V1) Over express fHEp(.2)
Stable expression of L8-3 Stable expression of L8~ Stable e}gmssgﬂn gé;;giz
LOSand Opc 5LOSand Opo



WO 2009/ 158142PCT/ US2009/ 045818 16/ 18 FlI GURE 19 a.
Addi ti oAdditi o UP kenal nal Upt ake :lay 5'
wo guophisgdenci nlly 3' IgtAIr ----1""+ 1 pBE-501P&Y/YsM09/045818
Stop Duc ) Le der Upt%lig take lir5 Qpa C
or Por Apr onot er 2d Por A3’ Olir Al b. pBE 2dPor A

DucSt op ) FIGURE 19 Pl ac
Upt akeUpt ake |1 r5 NspAGent am ci Lacq operon II!
l'irfHbprrnB nzszzszizzli sterm 3 p Alir
Cls...... 0k 101/ c;\ms?ﬁf“BUG 198tAdd'!\I§odon ( Wake
¢ 5’ IgtA ¢ Zeocin ¢ 3’ IgtA ¢
/—— ATAARE A AR
a. | pBE-501/AlgtA
\ pUC
Leader
Untake opa ¢ Untake
5! )
> pa PorA promote 2d PorA :r0paC ¢
& A S B
- —» 4 AN

b. k pBE/2dPorA Stop )
pUC

Leader peptide

Uptake Uptake
rrnB

5 NspA  Gentamici Lac" operon¢ @Q term 3 NSPA

PR AR

C. K pBE-101/GNA1870 Stopcodon

pUC 19

Leader
Uptake PorA Neb A Uptake
, - term. 3’ Ns
¢ 5 NspA  Gentamici PorA promoter NadA R ¢

/ﬂ B NCR L
/'

d. | pBE-311/NadA Stop codon
™~ pUC 19

Leader peptide
Ptac promoter ‘

5 NspANCR  Gent® Lac” operon

c.

rrnB

term. 3 NsPANCR

Expression
“““““ : o plasmid

B ch?:::::%e
5 NspA NCR Replaced NspA ORF 3’ NspA NCR



Upt akePor AUPl ake 4,5 NspA Gentam ci Por A

pronoter NadAterm 3' NCR Nsp A4, ....r=7.7. 1 +N
wWEBHIARsIANadASt op codon | DUG 19 Leader peptiPET/BSB09/045818

pr onot er 5" NspA NCRRep7aged NspA ORF3" NspA NCR

WD 2009/ 158142PCT/ US2009/ 045818 17/18 FI GURE 20 A.

Strain Bl (L8-3)Strain BIGURE2()Strain B3 (L8-2)

ilgtA Kdo Gal - AeNP\ pi-4 Gal - Ac - Hep - Kdo -

Li pid A Lacto-N-neotetraoseHep - PEA (3) G eNAc
AAIgtA Edo - Gal - Gc - Hep - Kdo - Lipid A a-chain

rd-3

Strain B1 (18-3) Strain B2 (1.8-5 Strain B3 (1.8-2)
Algid Algg Agia
S J Kd ¥ Kd
\\\\i\\\s Kdo \::. 0 \\g% o
Gal- GlcNAg & B4 § o LS
A& Gal - Glc - Hep - Kdo— Lipid A & Gal = Glc - Hep - Kdo - Lipid A & Gal - Glc - Hep - Kdo - Lipid A
N N, T o $ wchain
® \““.“““““\\y...““m“-* al-3 al-3
Lacto-N-neotetraose Hep- PEA(3) Hep-Gle [ PEA (6) -- Hep - Glc
al-2 F 012 g al2 %
GlcNAc = GleNAc GleNAc =5
B.
~ mAblL3.7.9 mADb L8
AlgtA mutants

—

Non transformed
bacteria of parental
strain B16B6



Hep - Ac al-2 dcl\TAc AlgtA Edo Gal - dc - Hep -
Kdo - Lipid A a-chain al-3 PEA (6) -- Hep - Gc al-2
W@ER@MNASS142 B. PCT/US2009/045818

18/18
FIGURE 21
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