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PROTEL NASF K RES| STANT _SURFACE PROTEI'N OF NEI SSERI A
MENI NG TI DI S 5 TECHNI CAL FI ELD OF THE | NVENTI ON Thi s
invention relates to a highly conserved,” i mruriol ogi cal |y accessible
antigen at the surface of Nei sseria nmeningitidis organisnms. This

uni que anti gW09629412r ovi des t he basi s for new i mmunot her apeUPCOTHCA96/00157
prophylactic 10 and di agnostic agents useful in the treatnent, prevention

and di agnosis of Neisseria neningitidis diseases. Mire . particularly,
this invention relates to a pPrlodRRRSE 'k REgTsTANM A sseria

meni ngitidis surface protein having an apparent nol ecul ar wei ght of 22
kDa, the correspondi ng 15 nuBR@TRIN|OF) MFIFSERTE MENANGITIDES sequences -( SEQ
I D NO 1 to SEQ I D NO 26), recombinant DNA nethods for the

proquction of the Neisseria neningitidis 22 kDa surface protein,

anti bodies that bind to the Neisseria meni ngitidis 22 kDa surface
protein and mst hogermrehr? reappor | 4ae thveRrrbije di agnosi s, treatnent and
prevention of NE SEri.a men|{Ngit1.drs dl Seases. BACKGRQJND OF THE
| NVENTI ON AQVERR} ﬁ‘?ltﬁ"*?sl $0qaRighly; £e88eBYedeat h and 25

morbidity thr ouglimuindrugmn.n._d a&&ﬁiﬁﬂeaaﬁemgagla& dine surxfae®est bot h

dem d i dem ' ci pal itis and
mont ngococcem o TELreEt R 3RBIngbLIRH Ricets ana C Wil indglecantionsy vedr os
N. A., CRC Press prO*(:'.ﬂ_w)theSbhm t o new ;mmﬂmthen‘dpsaumhcolprﬂﬂwl,ac&:.cp. '
s118' 30 (19890 - ahd éfﬂanosEQLsaﬁﬂﬁEH“d§@¥h§ QHe¥ﬁ%)éJE% t, GRIRIL, 36

causes, after Haenmophilus influenzae ty acteri a nmeningitis in
the United Stat egnda‘%’fﬂﬂﬂﬂsliﬁg°?di’elsseé'&ﬁr Beningitidixdistases. calsae It has

been wel | docpaprd il alr @t ﬁﬁiéﬂﬂﬂﬁﬁﬁkQBhCkgﬂﬁtégnﬂdvhtﬁrbéeiﬁ&%énﬁ or 35
def ense nechani sm agai nst _Nei sseria neningitidis and
1 esistant Nelisseria meningitidis surface proteln having an

apparent molecular weight of 22 kDa, the corresponding

15 nucleotide and derived amino acid sequences (SEQ ID NO:1
to SEQ ID NO:26), recombinant DNA methods for the
production of the Neisseria meningitidis 22 kDa surface
protein, antibodies that bind to the Neisseria
meningitidis 22 kDa surface protein and methods and

20 compositions for the diagnosis, treatment and prevention
of Neisseria meningitidis diseases;

BACRGROUND OF THE INVENTION

Neisseria meningitidis is a major cause of death and

25 morbidity throughout the world. Neisseria meningitidis
causes both endemic and epidemic diseases, principally

meningitis and meningococcemia [Gold, Evolution cof

meningococcal disease, p. 69, Vedros N.A., CRC Press

- (1987); Schwartz et al., Clin. Microbiol. Rev., 2, p. S118

30 (1589)]. In fact, this organism is one of the most common
causes, after Haemophilus influenzae type b, of bacterial
meningitis in the United States, accounting for
approximately 20% of all cases. It has been well
documented that serum bactericidal activity is the major

35 defense mechanism against Neisseria meningi:cidis and that
1
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protection against invasion by the bacteria correl ates with the presence
in the serum of anti-neningococcal ~— antibodies [Goldschneider et al., J.
Exp. Med. 129, p. 1307 (1969); Coldschneider et al., J. Exp. Med., 129,
5 p. 1327 [1969)]. Nei sseria nmeningitidis are subdivided into

serol ogi cal av@bgmenaccordi ng to the presence of capsul ar FOTICADG/OMIS7
Currently, 12 serogroups are recogni zed, but serogroups A B, C Y, and

W 135 are nost conmmonly found. 10 Wthin serogroups, serotypes, subtypes

and i nmunot ypes can ,be identifi,ed_on o r.Jenbr . pr | d
| i popol ysacchar i PEPYESSHEBH2FR T ,lnl’-@??n?#gcﬁe gggégglg égl%!ea%Sgg( 1985) ] .
The capsul ar pol wir aher presersee iimesher sevwm| gf ERtivaeningecancalnot
effective agal nsi, ablo S TE] fenndTBRiNGL a6l S J Sebkd! afednd o not
effectively induce e Ero uctron_ of protecti ] Tes. in_young
i nfants [ Fr aseh,1387 {1988 by Sinlsischreidey et algy3d. BagpgMedyai Aedt ¢ et
al ., Lancet, g. g14925983pg9yp! I inger, in Woodrow and 20 Levine, New
generati on vacci nes, 1&3‘ 325, Marcel ,Deéléer l.nG. .%%.%990)]. The
capsul ar pol ysacchar (NfdS§eria meRtRgHtd3s ﬁ?e(f“b%é(ﬁ ¥ are presently
used in  vaccigfslciealSirilis aicoadiagm td hbase prebysee cdfardapeular
vaccines are effective in_the short .ter r, t.h i n d
subj ects do not YRRAIBS -afUF 'o&%cgnkoggeé@mraffe g%?%%%s%“%e
revacci nat ed wi tbérpgrdupses; yBarC, Y,pendodW-135 mienmash cormanlyefounds
resistance. g wsrthiF rsglg?g o5, g&%@ﬁ@kysﬁﬁféﬁe‘sdﬁn&%ﬁﬁiﬁesnm

of ~ba

i nduce sufficient Tevels “bactericidal antjbodies to, 30 a%t))é]ai n the
desired protectiemmibe diepsi&ied RRecutRy pembLane prgfeing oare the
principal victinsigdpdiiisacéh&Lase [F¥asch eef 4BC! | RewaLnfer: aAQdisnsSy,
serogroup B isolates_ js, resently avail abl e even though these organi sns
are one of tRe %‘H H&P?s&gmes of nmeni ngococcal diseases in devel oped 35
countries. |ndeed, thrheseapgubam fdlysarsherhde ivhcdinesopresently

2 15 available are not effective against all Neisseria

meningitidis isolates and do not effectively induce the
production of protective antibodies in young infants
[Frasch, Clin. Microbiol. Rev. 2, p. S134 (1989); Reingold
et al., Lancet, p. 114 (1985); Zollinger, in Woodrow and

20 Levine, New generation vaccines, p. 325, Marcel Dekker
Inc. N.Y. (1990)]. The capsular polysaccharide of
serogroups A, C, ¥ and W-135 are presently used in.

vaccines against this organism. These polysaccharide
- vaccines are effectivé in the short term, however the
25 vaccinated subjects do not develop an immunological
memory, so they must be revaccinated within a three-year
period@ to maintain their level of resistance.
Furthermore, these polysaccharide vaccines do not
induce sufficient levels of bactericidal antibodies to
30 obtain the desired protection in children under two years
of age, whoare the principal victims of this disease. No
effective vaccine against serogroup B isoclates is
presently available even though these organisms are one of
the primary causes of meningococcal diseases in developed
35 countries. Indeed, the serogroup B polysaccharide is not

2
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good .i munogen, inducing only a poor_response of |gM of | ow specificity
which is not protective [Gotschlich et al., J. Exp. Med., p. 129, 1349
(1969); Skevakis et al., J. Infect. Dis., 149, p. 387 (1984); Zollinger

et 5al., J. din. Invest., 63, p. 836 (1979)]. Furthernore, t he
presence of VMOPSR4M2si m | ar, crossreactive structures i N PCRCAI6/00157
gl ycoprotei ns of neonatal human brain tissue [Finne et al., Lancet, p.

355 (1983)] m ght discourage attenpts at inproving the inmunogenicity of
serogroup B 10 RObYSECffinoltn, indycing Snib! 8! fodr MshoRkLoBE! ¥ai \GECI Ne.

ot her Neisseria nenrngitrdl s surface antigens such
| i popol ysacchar #eW&PeCI%qltYpr%@Fn’ss aeF EFSF%‘F%"?)r[&"é:ﬁFhﬂhcbhe out er

nenbr ane daL eeundgr , 1TV 85, gﬁ&aonpThQ_sprtg;wcmsés)a;f leeRaKisTUNE 15
response and bac T podLes agai.nst ceria ] ese
pr ot ei naceous sﬁﬁ:fﬁ e dﬁa—»%gﬁgﬁ-r-mg a Bt gg‘}l M)Ze&°ég1"ﬁﬂ?‘%§% and

conval escent Spatlentd. v&lsin. Ideesnst r&X,e¢.[ BA6A(XI79)nd Fakkhermore, nf ect.

|2(r)1m.1?1983) Rosenqgﬁlg‘? égczB?k gggg@%%lcrobl ‘Fg&éfgtl%ugtr&é%%lggg?;

Wedege and FrohéPrth¢ g lMEOPTPREiLMS of] neonagal shyman duElin pigaye bFihne

M chael sen, eti 81 . MGdrlaico! p:. 355 2@98@)]13%{ 18850durage attempts
Furt her nore, rmnocl onal—'t"an I bodi es directed gal nst 25 outer nenbrane

proteins, such &85 UMREVipg $he impunpgepicity Of| SFeEf® 8d to be

bacteri ci dal l&nﬂal@sﬁﬂi&iﬁﬁeagal nst experi rrent aI i nfections in ani mals
[ Brodeur et al., I nf 510 asch et al, din.
vest  C ved | o 55 oRspinTgumore Sedbrivh updeid. drnE Nefssatiaoen

3, p. 261 (1987)npn$aan:kdmimsatfa¢e antigensesudh as ipopplyEaeeBatiae,

Anti gen prepara ?‘?ES &0 i ' tydi e g%[m ane
protei ns have dg%gs ra eg1 an "Sée%‘ég %gkgggtiérgl%ear?u% he 'l humans
and some of theAFpaNrdes %@ﬁt%%tfeflm n Thej presenge af Pmnezmurm

Lancet, 15 response and bactericidal an®ibodies against certain of
these proteinaceous surface antigens in the sera of
immunized volunteers and convalescent patients was
demonstrated [Mandrell and Zollinger, Infect. Immun., 57,
P. 1590 (1989); Poolman et al., Infect..Immun., 40, p. 398

20 (1983); Rosenquist et al., J. Clin. Microbiol., 26,
p. 1543 (1988); Wedege and Froholm, Infect. Immun. 51,
p.- 571 (1986); Wedege and Michaelsen, J. Clin. Microbiol.,
25, p. 1345 (1987)].
Furthermore, monoclonal antibodies directed against

25 outer membrane proteins, such as class 1, 2/3 and 5, were
also reported to be bactericidal and to protect against
experimental infections in animals [Brodeur et al., Infec.
Immun., 50, p. 510 (1985); Frasch et al, Clin. Invest.
Med., 9, p. 101 (1986); Saukkonen et al. Microb.

30 Pathogen., 3, p. 261 (1987); Saukkonen et al., Vaccine, 7,
p. 325 (1989)].

Antigen preparations based on Neisseria meningitidis

outer membrane proteins have demonstrated immunogenic
effects in animals and in humans and some of them have
35 been tested in clinical trials [Bjune et al., Lancet,

3
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1093 (1991); Costa et al., NIPH Annals, 14, p. 215 (1991); Frasch et

al., Med. Trop., 43, p. 177 (1982); —  Frasch et al., Eur. J. Tin.
Mcrobiol., 4, p. 533 (1985); Frasch et al. in Robbins, Bacterial

Vacci nes, p. 262, 5 Praeger Publications, N. Y. (1987); Frasch et al, J.
Infect. Dis. waes®o4zs. 710 (1988); Mreno et al. |nfec. | rPOXTCAS6/60457 P.
527 (1985); Rosenqvist et al., J. din. M crobiol., 26, p. 1543 (1988);

Sierra et al., N PH Annal s, 14, p. 195 (1991); Wedege and Froholm

\rec. 10 Tmmunp ShooR ¢ ;341)(1%%@:, vedege, andeVhGRAsL SO, b. PALD.

M crobi ol ., Z&I 1987); Zol | I nger ‘et—at- ” nvest., 63,
p. 836 (1979) 99l geFraschiet ay. prMed, Frop. §4 Pp 1"2’11”@%91)] _
However, the exu&ta@&@xeeefagr e@ur. Ji.NCE{H! Miidkodablgend £ p/arsaablcisss(); n the
out er rrenbrane ns, can L g}:’t thelr use LN vacel nes rasch, din.

M crob., Rev. rﬁp 1§ hogd) Re hﬂ%ema 8, 88 tations

i nduced bact e5| mnulgeanPubbzhmmlsatNV\Er e{198MesFrastikdet @lt,hg.sane or
(o3t ed serolPeiARp WD Ut p 710 9PMNARS SheRGLEA JObggEr 10
N. Y. (1990) | Zmmom- & h&¥ o €,527hd 1BE 81 ec%qmweﬁtew@ﬂbyét_hsm

vaccines in youngcglabidien 3es peishe beogdeadikrra e€SdD! ngBgd. The
hi ghly conserved Nei_sserla meni ng nmembrane proteins such as

the class 4 [MriBRakSsidt By 199 é?3gl)Pd’f?ﬂ?§€n‘ndl Frohplm,,Infedg1)] and
the lip pnot eimiupal SO, opl 1571 H18B6) Watsietjie ahd, Michfulsen, NOUNC1in,. 55,

p. 1927 (1987)] ,ar |nt e ti a C ldat es ince t do not
elicit the prod ct Q’% %.C?ggg ?féé;ﬁ)t %% Tlesgerl' = rﬁs')Lr OVM
vacci ne prepar atinest .t h§3e B0 §36 41R22b: f%ﬂllh-lnghryeeomber Ws t hat

woul d be  presgnt pat 2ihepgyihace Bbwebdr N%h?%&aecm Y b&g strains
and t hat woul d be capabl e of eliciting . bacterl cidal antibodies in order
to devel op a br GHFeTSEEPERFMSFRIC] Heriability in the outer membrane

4 15 proteins can limit their use in vaccines [Frasch, Clin.
Microb., Rev. 2, p. S134 (1989)]. Indeed, most of these
preparations induced bactericidal antibodies that were
restricted to the same or related serotype from which the
antigen was extracted tZollinger in Woodrow and Levine,

20 New Generation Vaccines, p. 325, Marcel Dekker Inc. N.Y.

(1990})]. Furthermore, the protection conferred by these
vaccines in young children has yet to be clearly
established. The highly conserved Neisseria meningitidis
outer membrane proteins such as the class 4 [Munkley

25 et al. Microb. Pathogen., 11, p. 447 (1991)] and the lip
protein (also called H.8) [Woods et al., Infect. Immun.,

55, p. 1927 (1887)] are not interesting wvaccine candidates
since they do not elicit the production of bactericidal
antibodies. To improve these vaccine preparations, there

30 is a need for highly conserved proteins that would be
present at the surface of all Neisseria meningitidis
strains and that would be capable of eliciting
bactericidal antibodies in order to develop a broad
spectrum vaccine.
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The _current | aboratory diagnosis of Neisseria meningitidis is usually
done by techni ques such as Gram stain of snear preparations, |atex
aggl utination or coaggl utination, and the culture and isolation on
enriched 5 and selective nedia [Nbrel lo et al., in Balows, Mnual of
Cinical Mcwhdseldy, p. 258, Anerican Society for M c rRSTIVGA96/8457
Washi ngton (1991)]. Carbohydrate degradation tests are usually
performed to confirmthe identification of Neisseria nmeningitidis

| sol ates. Most 10 of e descrjhb r [ g processes
requiring trained per'{‘slbnné’lr faqo&'&l%gg ?gﬁ%t% grgggqgggmg

coaggl uti nation k!ensnwﬂ@snuagummald@nﬁ bnrae@mwe@dsuch ayHinan t he

capsul ar anti gengegxpr&s Safdaby. i&fafafﬁtons, 19&@%6&@1&&&5@9&9%&5 are used
for the rapid identification 1 % Nei sseria nmeningitidis. However, these

pol yval ent sera °°39%l“{%‘ﬁ‘aﬁéﬁ§peﬂ4 ithe IcylﬁPﬁﬁsa‘F%ﬁ]\ﬁtﬁﬂno‘?’lﬁe‘?nml al
species and f&r bhatsénatdvesnedisl plor@iioberuard, iin Balowsnjmalolbfthh

Gram stain and cylture. cordingly, er n Tficient
i < < 'a?s‘afggfh en‘laafn %%%r §vé f?\re i

alternatives to rapidity
and reliabi IMiymﬁidllmdi Wgslnngton (1991D) SCLQ&MY@EaEHE | NVENTI ON

The present i nvea%bp geg{:_lg g@ms@gﬁ 1{;%@{- (f‘ﬂnéd) £%° cBREYEm WhPr OVi di ng
a highly conserve |nnun gl cal acceSS| antigen at the surface

of Neisseria 1ﬁélh¢¥fgquaitd-9§ of M%ﬁﬂaflamgélﬁgb%% %PéaF%onmcﬁ‘é'—nt DNA
nol ecul es t hafo cgdechOraddee ibes ogsduimaials 808, tifeLRidshindhg prodiides

transformed with those DNA nol ecul es, and a grocess 0 foEl maki ng
substantial |y puFETeiEthiFRiRed RRTSEIME1A o 2ga “5}%5%&&‘1 9&di es

specific to the teagghitithationNeiss afdntainihgopdliwralemtt sgea. airfa-cwai i gen
and anti bodi es_of t

f t'{__ nven |onar&rlovnge thgebas fgaeumnés
met hods and phar REGEYTY ceﬁe 58%‘6%7’&% IS TR Tet e t%P’
5 pPrevalent serogroups are used for the rapld 1dent1f1cation
15 of Neisseria meningitidis. However, these polyvalent sera
often nonspecifically cross-react with other bacterial
species and for that reason should always be used in
conjunction with Gram stain and culture. Accordingly,
there is a need for efficient alternatives to these
20 diagnostic assays that will improve the rapidity and
reliability of the diagnosis.

DISCLOSURE OF THE INVENTION
The present invention solves the problems referred to
25 above by providing a highly conserved, immunologically
accessible antigen at the surface of Neisseria
meningitidis organisms. Also provided are recombinant DNA
molecules that code for the foregoing antigen, unicellular
hosts transformed with those DNA molecules, and a process
30 for making substantially pure, recombinant antigen. Also
provided are antibodies specific to the foregoing
Neisseria meningitidis antigen. The antigen and
antibodies of this invention provide the basis for unique
methods and pharmaceutical compositions for the detection,
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prevention and treatnent of Neisseria neningitidis di seases. The
preferred antigen is the Neisseria neningitidis 22 kDa surface protein,

i ncluding fragnents, anal ogues and 5 derivatives thereof. The preferred

anti bodi es are the Me- 1 and Me-7 nonocl onal antibodies specific to the
Nei sseria wowsnpgitidis 22 kDa surface protein. These antChaddsedisy e

hi ghly bacteriolytic against Neisseria neningitidis and passi vel y
protect mce agai nst experinental infection. 10 The present invention
further provides nethods for I.sol ati novel .Neisserig.neningitidis
surface anti gensprevengﬁana?ﬂq &5&“&‘5‘“"5‘&%??‘}’ CREF TR I%IQI EF

DESCRI PTI ON OF Tdis<@R&sl NGS 15 Figure 1 depicts the nucl eotide and

derived am no aci#l_s : Ned i 4 Lngit i di.s . | n 608B
22 kDa surface prote?ﬁe(%%égﬁb I D%Elig hz\‘)glgs&'{%cﬁ\é\?gir? Tlg%g t hree

| etter synbols a#% kPgegurface Rrokfife inclyging fragments. pRalegees randli ng
frame extendssfrqupikiaei¢ls SiirecQdoPhal pha rbd3ahPiddii etl APeCON@MEL base
667. The box i ndjicates the putative, ribosone bjndi n‘__go site_whereas

the putative - 10t fFGh¥es! BARTHPDEL enbiRFISHEReCAT Q. to thefeigseris
signal peptide imeringdtidserdd @@ surface prdtiedur e Phése antlibbagespirof a
Coomassi e Bl ue stained, 25 14% SDS- PAGE i spl.aying, [err].~chynptrypsin
and trypei n { pagferiivtdR ashins N dreiRae ) PR E . 1 )
out er nenbrane ragEirvalyopsotdcanaitecagtinsts experimental limmflengianl ecul ar
wei ght mar kerg: Phosghar gé%,}b £ 9dn 28 encRONL 56 S& '
(66, 200) ; ova?bum' n SQQ(%%, 000 ;lrfgg?bqn?cﬂg%%y' r.gs_e tSl, 000; ?’Qgg%/ﬁrean
trypsin i nhi Ralgtipg 1nowrd Nejiggeryaopemngirsdigojurianee antigengont ai ns
undi gest ed cont rgla Qute@hoABdE IsHR iR BPEhEFd . Lane 3 contains
[err]-chynptrypsin treated preparation (2ng of
6

BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 depicts the nucleotide and derived amino
acid sequences of the Neisseria meningitidis strain 608B
22 kDa surface protein (SEQ ID NO:1; SEQ ID NO:2).
Conventional three letter symbols are used for the amino
acid residues. The open reading frame extends from the

20 start codon at base 143 to the stop codon at base 667. The
box indicates the putative ribosome binding site whereas
the putative -10 promoter sequence is underlined. A 19-
amino-acid signal peptide is also underlined.

Pigure 2 is a photograph of a Coomassie Blue stained

25 14% SDS-PAGE gél displaying a-chymotrypsin and trypsin
digests of Neisseria meningitidis strain 608B (B:2a:Pl1.2)
outer membrane preparations. Lane 1 contains the
following molecular weight markers: Phosphorylase b
{97,400); bovine serum albumin (66,200); ovalbumin

30 (45,000); carbonic anhydrase (31,000); soybean trypsin
inhibitor (21,500); and lysozyme (14,400). Lane 2

contains undigested control outer membrane preparation.

Lane 3 contains o~chymotrypsin treated preparation (2mg of
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enzynme per ngy of pratein); |lane 4 contains trypsin treated pr epar ati on.
Figure 3a is a photograph of a Coomuasi e Bl ue stained 14% SDS- PAGE gel
di spl ayi ng proteinase K digests of 5 Neisseria neningitidis strain 608B
(B:2a:Pl.2) outer menbr ane preparations. Lanes 1, 3, 5, and 7 contain
undi gest ed c3¥@96412 anes 2, 4, 6 and 8 contain outer MENCIVCAD6/00157
preparations digested with proteinase K (2 |IU per ng of protein). Lanes
1 to 4 contain preparations treated 10 at pH 7 2. Lanes 5 to 8 contain

preparations treg t 9 ont a

prepar ati ons trea%’ggmé1 PERT ?St pgf)g E’anes “1 éoé‘@ o %%ﬁ?‘ﬁ freated
preparations PFFEE?%’@P-qfh t he presence of SDS. Mol ecul ar wei ght mar ker s
are indicated on the irféﬁ:é i3 kil Qdﬁﬁéwb?ap 18f a codunlidi@ 3 sfained

phot ograph of a Coomassie Bl ue st ai ned 14% SDS— PAGE gel |sp ayrng the
migration profil @%.FPS-PAGE gel; S‘/slfﬂcﬁ‘lf’f'%?ed’rPéEé)ﬁﬁ’F%éﬁtd@ESKanér ot ei n.
Lane 1 COIS aNes s58t££ iNellingR 981 s PelnS 50BBOSRIA }133¢ Burer 197, 400),

bovine serum al bum val bum_n 20 (45,000), carbonic anhydrase
(31,000), soybeall %ﬁ%‘%ﬁ‘ r?rep)a‘:?ﬁﬁ?%?torl'a(“ff » ad P dz FRBERIR 400) |
Lane 2 contains und:-ﬁe#md ]cg:nui:'otontmm'iesaf'zfl |4| ta mla‘ icofta@AOsRteNt 22

econbi nant 7 Baibfene (AT dns Yigehid BhLhTbdkdisbL KT (2 1y, per
contains 5 [err]@go?fé?#Q%W -pubanesd rt@cdnﬁpnamn Zareparlaﬁaopsotmatel&at ed

at 100[err] C foor adOp@in.2.. kLanes5s captal a rified
reconbi nant 22 kEl)aOp hgat ed at d%(%l(t):aé?r Léééﬂazl%;ls Erbatdd A

rotein
Figure 4 is a phB{‘ogr%ph Igregodmedsie LS §P§Fﬁé%l %PBE%SB@PRE% s and
their correspondwmghMetstsmm Lahesns0ld,0t7s aalopd d¢hidity beaphiitionof

ronoct onal o, STLERRELE S ERRG Ll d 16 MBS ARGt St KO0,
strain 608B (B: 2areliriqased3snutie daﬁ:d,(:-@B}::.Ibumamf)e Ktreated (2 IU
per nmg of 15 Pigure 3b is a photograph7of a Coomassie Blue stained

14% SDS-PAGE gel displaying the migration profiles of
affinity purified recombinant 22 kDa protein. Lane 1
contains molecular weight markers: Phosphorylase b
{97,400}, bovine serum albumin (66,200), ovalbumin

20 (45,000), carbonic anhydrase (31,000), soybean trypsin
inhibitor (21,500) and lysozyme (14,400). Lane 2 contains
5 ng of control affinity purified recombinant 22 kDa
protein. Lane 3 contains 5 ng of affinity purified
recombinant 22 kDa protein heated at 100°C for 5 min.

25 Lane 4 contains 5 ng of affinity purified recombinant 22
kDa protein heated at 100°C for 10 min. . Lane 5 contains
5 pg of affinity purified recombinant 22 kDa protein
heated at 100°C for 15 min.

rigu:a_4 is a photograph of Cocomassie Blue stained

30 14% SDS~PAGE gels and their corresponding Western
immunoblots showing'the reactivity of monoclonal
antibodies specific to the Neisseria meningitidis 22 kDa
surface protein. Outer membrane preparation from
Neisseria meningitidis strain 608B (B:2a:P1.2) (A)

35 untreated; (B) Proteinase K treated (2 IU per mg of

9
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protein). Lane 1 contains nol ecul ar wei ght markers and characteristic
mgration profile on 14% SDS- PAGE gel of - outer nenbrane prepar ations.
Lane 2 contains Me-2; Lane 3 contains Me-3; |lane 4 contains Me-5; |ane

5 contains Me-7; 5 and | ane 6 contains an unrel ated control nonocl onal
anti body. Thavowswenl ar wei ght markers are phosphoryl ase PCIF/CASEH0180) |

bovi ne serum al bum n (66, 200), oval bum n (45, 000), carbonic anhydrase
(31,000), soybean trypsin i nhibitor (21,500) and |ysozyne (14 400)
The i mmunobl ot 1 emd1bQi1d weiolE mar -6 and
Me-7 are consi st é?éﬂ{) m"runtl)-&agggr esu%ts ob ailﬁe )é% )

Figure 5is a grabhﬁﬂt'@éfﬁiséw cﬂWﬁattﬂ?él prRfitg on 14§C§P§1'?§G%fg%lh@f
nonocl onal anti bgdi&s dé&bkﬂhé%réﬁ&t&&bab 15L4%¢ |2 coﬂ&ameau&-tz flRhe 3

representative nDnocIonaI tlbodle resented |n
counts per nFATERATS ¥B8NF § I"Eﬁl Mﬁ%d farg v%?‘? 2%
bacterial stra@ nan@skthe B bbﬂtﬁ&&wamrehamdmnﬂn@l monh@xonm‘lnt al axis. A

Haenmophilus infly e..por Q‘E%@@ b !gm(,,q as a
negative control. Sgl&%ﬁckg’r}%un %:%d&‘étrzglggpﬂe gﬁ/l\/\grggy cor %ggnd

wer e subtracbedS?x@ﬁ)t,hbmnﬁilaﬁgmmla&bgmm (66,200)Fj guatbwnins g

phot ogr aph of St%@e@bdﬂ%%%ﬂg&ase (gﬂdodmel rsogaéaxesaqmgﬂg W:stern

i mmunobl ot denonstrating 25_the purification of {'ﬁ reconpi nant 2
Nei sseri a rrehPhg‘P’t"rQY ézsuW%\ ANg JELAYPR o ANt r ARB S TWHR

super nat ant of0 Egeselt< ihawAolh nsigfxaﬂen 4BIfBi:(EJ583 Me~3,FMgub o Md+H ansl a
phot ograph of a Coopassie Blue_ a §5 d el .
Lane 1 contains gﬁe 19 gv?nnﬁlst rm ecu aerl ﬁ%l%erfarr%é'r{%ép%@sp%ggyl ase b
(97, 400), bovi nefor Msek.um aI bum n (66, 200), oval bum n (45, 000), carbonic
anhydrase (31, 000), spyhganst §.¥p§'§rﬁ) dpiP deBic £ 2dn W0 kneNHindingd YSOZYNE
(14, 400). Lane 2 contalins outer rane protein preparation extracted
from Nei sseri a meAEhgiEY difs tb@rmnpclaslaéoseteéeﬁibﬁﬁ@ Bnpach| bagyeri-ady) |

Lane 3 contaif{5 cells. The results for representatfire monoclonal
antibodies Me-5 and Me-7 are presented in counts per

minute ("CPM") on . the vertical axis. The various
bacterial strains used in the assay are shown on the
horizontal axis. A Haemophilus influenzae porin—speci'fic
20 monoclonal antibody was used as a negative control.
Background counts below 500 CPM were recorded and were
subtracted from the binding values.
FPigure 6 is a photograph of stained 14% SDS-PAGE gels
and their corresponding Western immunoblot demonstrating
25 the purification of the recombinant 22 kDa Neisseria
meningitidis surface protein from concentrated culture
supernatant of Escherichia coli strain BL21(DE3).
"Figure 6(A) is a photograph of a Coomassie Blue and silver
stained 14% SDS-Page gel. Lane 1l contains the following
30 molecular weight markers: phosphorylase b (97,400), bovine
serum albumin (66,200), ovalbumin (45,000), carbonic .
anhydrase (31,000}, soybean trypsin inhibitor (21,500) and
lysozyme (14,400). Lane 2 contains outer membrane protein
preparation extracted from Neisseria meningitidis strain
35 608B (serotype B:2a:pl.2){10 mg). Lane 3 contains

8
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concentrated culture_supernatant of _Escherichia coli BL21(DE3) (10 nm).
Lane 4 contains affinity purified reconbi nant 22 kDa Nei sseri a
meningitidis surface protein (1 ng). Figure 6(B is a photograph of a
Coonassi e Bl ue 5 stained 14% SDS- PAGE gel of [err]-chynmotrypsin, trypsin
and pr ot aves&r2941¢ di gests of affinity purified reconbi naneCREA96/0015zDa
Nei sseria meningitidis surface protein. Lane 1 contains the foll ow ng
nol ecul ar wei ght markers: phosphoryl ase b (97, 400), bovine serum

al bum n (66, 200),_ 10 oval pum n.(45, 000 carboni nhydr.ase (31, 000),
soybean trypsc|°ﬁ1°|eﬁﬁf'3 T rc“e'%f,rgoﬁ')‘ éa"fﬂf%laﬁ?go?g s%ﬁf’fgbﬁ Sphhes 2

to 5 contain puriBLi2ddDE3tofdfl mant 2DRakedA Neingednsaaffinitenpngifieds surface

protein (2 no). LaRESHI{nkfe 3 xpa ﬁaf‘éé‘éﬁé)%}}é%ﬁﬁ#ﬁ&!%%h%gg@aéﬁmg@%% Cain

Lanes 2 and 7 15 contaln undi gested protel anes

[err]-chynotrypsi{d meE:) Fidwech (Bl oteish Riwtegraph 2f dSopmpssie Bipef

protein). Lan tey | " T Efgg ed [ n ng of
enzyme per rrge%f égrgggg?nfwLs?r?gghégpé%faénfd-&l%hggﬁ% n B‘r’ott g&ﬁ%?é f{‘% K")

treated protein PEoreinasedt digestsprbiadiipityi gurifRCrerombintmt & aph of
the  Vestern i fasungblobétN0 nehifgdnhis e sdeb Ogﬂéamnﬂgi.enf'
anti body Me-5. is a graphical depiction of the

. Figure €
bact eri ci dal SOPERERS ‘E}?e ﬁP&Z@Y’H‘%— crilay WAthNSMTEEEFA neningitidis
25 22 kDadsurfaC@hprsﬁherm' (awmkama&omh iHedines sépah lrasmbuminN]gzs@ﬁﬁd)@ ]
meni ngitidis rain.p508B La-~Pl.2). .The ertica XI the grap
shows t he perf:dentogaég‘(’)’fun J?3"5521]?’\t/)lgial g%’beé: ﬁ@%/‘%(gﬁ??ea ‘ Pﬁg?t i Xt eri a
after exposur &rypsiar inhidbitonc &2 r310)oradolysozwnd didl, 4001 | baine) 2
(shown on the howbzenggheged puolelld MaRMknane 22 rod WIEELH gePi cts the

e

nucl eotide and derived am no aci d sequences o I'Sserta
meni ngitidis st r&{eﬁlmls spriace rAteice (Brogki n LESES PD:GB; SEQ ID
NO4). Convenkofpainiite! Sbidh SMMRAKS (27 fghSChdnds 2Nnd" N

15 contain undigested protein ("NT"). Lanes 3 and 8 contain
o-chymotrypsin ("C") treated protein (2 mg of enzyme per
mg of protein). Lanes 4 and 9 contain trypsin ("T*)
treated protein (2 mg of enzyme per mg of protein). Lanes
5 and 10 contain proteinase K (*K") treated protein (2 IU

20 per mg of protein). Figure 6(C) is a photograph of the
Western immunoblotting of a duplicate gel using monoclonal
antibody Me-5.

Figure 7 is a graphical depiction of the bactericidal
activicy of protein A-purified anti-Neisseria meningitidis

25 22 kDa surface protein monoclonal antibodies against
Neisseria meningitidis strain 608B (B:2a:P1.2). The
vertical axis of the graph shows the percentage of
survival of the Neisseria meningitidis bacteria after
exposure to various concentrations of monoclonal antibody

30 (shown on the horizontal axis of the graph).

Pigure B8 depicts the nucleotide and derived amino
acid sequences of the Neisseria meningitidis strain MCHS8
22 kDa surface protein (SEQ ID NO:3; SEQ ID NO:4).
Conventional three letter symbols are used for the amino
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acid residues. The open reading frane extends fromthe start codon at
base 116 to the stop codon at base 643. Figure 9 depicits the

nucl eoti de and derived am no aci d sequences of the Neisseria
meningitidis strain Z4063 5 22 kDa surface protein (SEQ 1D NO 5; SEQ ID

NG 6) . Cowoephsspnal three letter synbols are used for thRCEHOA%®0187 acid
resi dues. The open reading frame extends fromthe start codon at base
208 to the stop codon at base 732. Figure 10 depicts the nucleotide
and derived am ng,10_aci equ e s Nei L B3 RRALT PASKR rain b2,
22 k Da surfggé%p"r.%ﬁlé%r?%(‘SEéq%[#f% #Qgé§| %§£l\'llrbé 8). 3 Convg:r?t%it onal
three letter sysbart codorussdbree 1ife tenithe Stop 29dPT &% Bate 64he open

reading frane extends;&i:qng Bepicts St hueddsRidé &as@ezdbedcanit® St op
codon at base 765. 15 Figure 11 depicts the_cons%%ﬁgtggluence

est abl i shed atidnsearenyes 9 othe Al SAerige MPRIRILY 40863, | a

andhi ndi cat ess t he ﬁﬁbséﬁztﬁﬂéeOB%ogéiﬂ NeExd E:@nnofzs,- SEQ\D ®ot6Hes speg:fiﬁ Eio

each strain. Figure_ 12 icts t onsensus e t abl i she

20 fromthe proFQPﬁe‘%’é’cﬁfg‘?L#cé?"'SF fg%tqroﬁm@f’ﬁ‘ﬁi ﬁgeo‘fseds%%gle?égeﬁé‘ Cand

i ndi cat es the suakitli tesidies . or Thasepén creading frame extendd from dihes :

specific to eacl, stfaj ' I e ' ourse of
NeSLE égd?rb ar base f?g%@ the 5@%&5@&&? dth@akb M3 £

t he i mmune response reconbi nant 2 Da protein in_rabbits 25
expressed as the recPpoecs|10ELeBACts tthe mpiedepspdetanduderived aminated with
outer nenbra repa Ig_m:se I ;&4 ; BrPhddddrvhtih w2 a3 d
pN2202 or wi m (%gﬁ'tar %?&% asrﬁc 3‘3”\:ﬁe SSsoén'?hgbgevel opnent of the specific

VK
hurmor al respons&Da supface RAOFSAH ng@LJiDSNQjQVnSEQU{:%W%’rbr ane
preparations 30 ptahtesndy URARI $8€Ee¥ sSTRMMOIG hirdi ased rfairn th@84nino
(B:2a: P1.2) as coating antigen, Fi.qure_14 repr n tinme
course of the i rﬁﬁ}ﬂergs"g‘?ee%poﬁgg PBeR iﬁea}dé%‘gnglrﬁ‘aﬁte’g'ﬁ%% %?8‘%‘2‘%? in
Macaca f ascistakrar cedém yatomalsgudd 1 nonkihes seopr codenl ats balse 768%.

rlgci procal ELiSA titegr. . 106 YR TREKCYSe Wik enBRBeEbbV&lde established

from the DNA sequences of the four strains of Neisseria
"and indicates the substitutions or insertion of
nucleotides specific to each strain.
Figure 12 depicts the consensus sequence established
20 from the protein sequences of the four strains of
Neisseria and indicates the substitutions or insertion of
amino acid residues specific to each strain.
Figure 13 represents the time course of the immune
response to the recombinant 22 kDa protein in rabbits
25 expressed as the reciprocal ELISA titer. The rabbits were
injected with outer membrane preparations from E. coli
strain JM109 with plasmid pN2202 or with control plasmid
pWKS30. The development of the specific humoral response
was analysed by ELISA using outer membrane preparations
30 obtained from Neisseria meningitidis strain 608B
(B:2a:P1.2) as coating antigen.
Figure 14 represents the time course of the immune
response to the recombinant 22kDa protein in Macaca
fascicularis (cynomolgus) monkeys expressed as the

35 reciprocal ELISA titer. The two monkeys were respectively
10
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i muni zed with 100[err]g (K28) and _200[err]g (1276) of affinity

purified 22kDa protein per injection. The control nonkey (K65) was

i mmuni zed with 150[err]g of unrel ated reconbi nant protein follow ng the
sanme procedure. The devel opnent of 5 the specific hunoral response was
anal ysed by WDie®@941%i ng out er nenbrane preparations obt BFHEAYN03F

Nei sserj a meningitidis strain 608B (B:2a:Pl.2) as coating antigen.
Figure 15 is a graphic representation of the synt hetic peptides of the
i nvention as wel |, 0 e e g&{@
protein of Nei ssé’ﬁg%nwgé J'&l 1E)Bﬁidl Q&sétl)r g?‘%sggb%g %ﬁ%WPEEZ%H

Figure 16 is a nmprgflgﬁa%ﬂm pNPQQDﬂ Rﬁﬁlt’ﬁiJmcﬁgOtlhe The cgahzohtmestkeshcodes
t he Neisseria ne t I r k SafRia

meni ng| tidis 22 nggl’ tgsu%légg‘riov{:éﬁr?ﬁgi%e % &tu[ ﬁ%% P@co‘h@i

anpi ci | l'i n-resi stpamteinofibikpwing theisame rpeeduse gl'lﬂieoﬂevebbpmq ®f

cl 857, bacterlfgpfmes e 1ficerm}noea§52e§p%m%r ¥aur saSBRAd bYCEL88A 6350l gene;
[err]PL, acterlo age [err] transcription pronoter; Tltranscrlptlon
term nator. The &“FEEH‘GPPW% PEABBYA GRS Gbtained cEiom) Nejssepizhe arrows.
Bgl Il and BanHl %ﬁ;k&@ti&fé rs't‘ihh.ﬁns@aﬂeﬁa 29881 .2) ad @daksfgt ahbiged?. kDa
gene in the p629 plasnid DETAI LED DESCRI PTI ON OF THE | NVENI ON
During our study of { Fieouwe L3 iFudt I DFRTEEPRIA S REnbRene of

N]t?l zze[(l Ft gelnl ngls&\?ﬁh&w peirAdeli 68 theaived®ion ameaq#artneizght pffﬂgt ein
(0] I 1 oda has VEr q r 11 es Is_oyter ne rane
o orain i o MO et i Sotirien 1o e al 2REPR s dt R e TEedoln

enzynmes, such as mepndheibddis Iétrameﬁ(bsm (:Qae@3e2blerived 30 from the nold

Tritirachi um al bum | |gber:§/‘liry s' 5 NS Yo piaddl e%ﬁé% :CQ{I%E%B{‘%% ase K

resistant proteins are rareinn ure alise o , W de
pH opti num gede| ohi qie Hricddeb otige i Serdiat y:eningiﬁ:shsnzymené Bar rett,

surface protein 22kDa, Neisseria meningitidis 22 kDa

15 surface protein gene; Ampi®, ampicillin-resistance coding
region; ColEl, origin of replication; cI857, bacteriophage
A cIB857 temperature-sensitive repressor gene; APL,
bacteriophage A transcription promoter; Tl transcription
terminator. The direction of transcription is indicated by

20 the arrows. BglIl and BanHl are the restriction sites used
to insert the 22 kDa gene in the p629 plasmid.

DETAILED DESCRIPTION OF THE INVENTION
During our study of the ultrastructure of the outer

25 membrane of Neisseria meningitidis we identified a new low
molecular weight protein of 22 kilodaltons which has very
unigque properties. This outer membrane protein is highly
resistant to extensive treatments with proteolytic
enzymes, such as proteinase K, a serine protease derived

30 from the mold Tritirachium album limber. This is very
surprising since proteinase K resistant proteins are very
rare in nature because of the potency, wide pH optimum,
and low peptide bond specificity of this enzyme [Barrett,
A.J. and N.D. Rawlings, Biochem. Soc. Transactions (1991)

11
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11 WD 96/ 29412 L _

PCT/ CA96/ 00157 19: 707-715]. Only a few reports have descri bed

pr ot ei ns of prokaryotic origin that are resistant to the enzymatic
degradati on of proteinase K Proteinase K resistant protei ns have been
found in Leptwossrmazspeci es [Nicholson, 5 V.M and J.F. Pr ®STA96/00157
Veterinary Mcrobiol. (1993) 36:123-138], Mycopl asma species [Butler,
GH et al. Infec. Inmmun. (1991) 59:1037-1042], Spiroplasma mrum

[Bastian, F.O eggal 70%—71@1' n. oMf»raDtae@J repdPEd )have Aé86ribed prbtklinand in
Vi ruses and prions [ Onode T. 10 __M crobi.ol erﬁr‘]ol 19 3%
37:311- 316; PrusPﬁer’?”B'“lc °‘é’c9%ﬂ thﬁrtoérel\fé?s“&@é‘& lfé’ﬁ"f“f@ &%)
90: 2793-2797) .  degtdstibn o€ pesteirmse Ke uBzotdinasesKpresistards a neans

for t he |rrproveg8§‘£e enLi geen_r‘;hqﬁ,ﬁ’rq_gt L§Pg0$%@;% bSi0f Nlcf}mﬁ%ﬁe” a

meni ngi tidis inf BEP us accor aspec

invention we 5 VpMovamtd & Fhi QhechSéﬁw&EﬂhLl (1¥Pessi bl e
Nei sseria meni ngil gh$_ ﬂglf aﬁ%cB{:?&&bJ‘ s%@:@z&éamtei G.H, a&lpgques, and

derivatives theréof: seria nenlngltldls surface
protein" neans aELEQ_bEMSEI |‘&9%h|5ﬁ}|1tq3ar'§°§%|“a%rﬁPéf'é?"h BHBed by a
natural l'y occurrijagdsbeasse ioa aenwgldldnangemch1 (1987 psEF izA30-

meni ngitidis protein accordin g to the 1 nvent P be of i;atur al
origin, or may be&ddbl ARELT HEGHERS ¢ pn°35p 72 qer&’l &t ®bi&tul ar bi ol ogy
with the obj e w:.craﬁzqﬂx.ocmmnqla tmﬁmbimaaﬂ.l-p)xﬁ.el Frusinéy ot

t her eof . us e n, g C e n e gene
for the Neisseri atmg1 %MEM H_/%;l“mg@ E?%?%?eﬂn |tself
exi st in greater Herghn50We clesgpalp the upe fnthds NYAtedsr 28 APPRINF (5O s.

Preferably, the ggge; mﬁg oved] BrieenPL &t £i vk etimeht | snd)iBAGABs L HagE 99% of
known strains 1?' I sseria meningjt | dis. Exanples 2 and 4 set forth

met hods by whi ch Ned&seriapeningd tigis AnLegsdriShe able to test a

variety of dif§erent Hpisseidordsngi 6gidndliaspevtfatehe invendiehnee to

determne if the)é)r%rv(:a.dehé .*.l 1§°2§§£é’rew9ed immunologically accessible

Neisseria meningitidis surface protein, and fragments,
analogues, and derivatives thereof. As used herein,
"Neisseria men:i_ngitidis surface protein" means any

20 Neisseria meningitidis surface protein encoded by a
naturally occurring Neisseria meningitidis gene. The
Neisseria meningitidis protein according to the invention
may be of natural origin, or may be obtained through the
application of molecular biology with the object of

25 producing a recombinant protein, or fragment thereof.

As used herein, "highly conserved' means that the
gene for the Neisseria meningitidis surface protein and
the protein itself exist in greater than 50% of known
strains of Neisseria meningitidis. Preferably, the gene

30 and its protein exist in greater than 99% of known strains
of Neisseria meningitidis. Examples 2 and 4 set forth
methods by which one of skill in the art would be able to
test a variety of different Neisseria meningitidis surface
proteins to determine if they are "highly conserved-".

12
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PCILCAQ6/ 00157 As used herein, "jmmnol ogically accessible" neans
that the Neisseria neningitidis surface protein is present at the
surface of the organismand is accessible to anti bodi es. Exanple 2 sets
forth methods by which one of 5 skill in the art would be able to test a
variety of  WQi9%P¥i2ent Nei sseria neningitidis surface protePCHCA%/00157
determne if they are "i munol ogi cally accessi bl e". | mmunol ogi cal
accessibility nmay be determ ned by ot her met hods, including an
gggl utination assay, mxﬂddsf Aerain) Rnﬁmaﬂb J obEHH]DDPM&ldés%ﬁbaES%ax%

ot - enzyme assay ace_accessi bi , assay, electron mcrosco y or
a conbi nat i on’tg?tt%e 355555 34 menmgltlésug'éﬁﬁfé? SIS A% At
the Neisseria  atethegurface Qﬁrthge:mmsmnahdciswha:qmlsypépttdes havu ng
15 at | east one ' It of .
Pepti des of thi SBE{?H;&E‘;&O o ta?%e%r%]r oug Et:ﬁ”ﬂe %H }ég?lc%norg{%rfe
nol ecul ar bi old g?kbf s’sfhtq#@s?fédwﬁ%l-@]d-"e abé&n?énf—?—%‘heﬁ "lan&FH of solid

phase peptide syatbgstént NetzQQBBhEL&ﬁ‘éur?ﬁtzdzs ASreecd piekiAs t&hal ogues”
of the Neisseria meni n |t| is surface gteln | hcl ude those proteins, or

fragments ther eofetHHEMS e¥r ’Fﬁ)r ogiry Pés"rcd’l?é§lb ein the
natural |y occurr lImgumetpﬁmaa aecem{mybma&nbémtemmanbya«stmbf esi due,
providing that t al, cilo rotective ert | es of
this protein grgtég&rgésérn\?egdgﬁ # a:%lgttégggrmy e roancg%gg

synt heti cal | yl0 oRIby mdmnnahotm tasSayo| egsiot*szyme essapl & by
rotenn. Such procii s heSSibi i ey ool WHdkktLEY T QOO0
one such anal ogu€oPRinafiion; 8f Fhe$s 13RSaYS.r econbi nant protein that may be

produced from the gers fibed hetéth 224@agietsr Nok roi N@z%%@ﬂél gonor r hoeae

strain b2, as depicted..in Figure 10. A fuyrt anal o% e obt ai ned
13 meningitidis surface protein inc ude polypepti es hav;ng :

15 at least one peptide epitope, or analogues and derivatives
thereof. Peptides of this type may be obtained through
the application of molecular biology or synthesized using
conventional liquid or solid phase peptide synthesis
techniques. ' .

20 As used herein, "analogues® of the Neisseria
meningitidis surface protein include those proteins, or
fragments thereof, wherein one or more amino acid residues
in the naturally occurring sequence is replaced by another
amino acid residue, providing that the overall

25 functionality and protective properties of this protein
are preserved. Such analogues may be produced
synthetically, or by recombinant DNA technology, for
example, by mutagenesis of a naturally occurring Neisseria
meningitidis surface protein. Such procedures are well

30 known in the art.

For example, one such analogue is selected from the
‘recombinant protein that may be produced from the gene for
the 22kba protein from Neisseria gonorrhoeae strain b2, as
depicted in Figure 10. A further analog may be obtained

13
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the isolation of the corresponding gene from Nei sseria | actanm ca.

As used herein, a "derivative", of the Neisseria meningi tidis surface
protein is a protein or fragnent 5 thereof that has been covalently

nodi fied, for exanple, wi th dinitrophenol, in order to render it

| mmunogeni ¢ wosnefignans. The derivatives of this inventi onPETAYNESLIde
derivatives of the am no acid anal ogues of this invention. It will
be understood that by follow ng the exanples 10 of this invention, one of

skill in the art, pRY He! &idTaRon ofVidHiOtorvasusndRtr GeRBNEAGHMON Whet her a

particul ar fragnment, apal ogue or derivative would be useful in the
di agnosi's, prevdeErsarip 1ackaPiERt of Neisseria meni ngitidi s di seases.
15 This inventige adeéd hepeindes 1@enivativef wirahel Nebsseridei sseri a

meningitidis surface proteins, fragnents, ._ anal qques and_derivatives.
These pol yneri c”‘FBFﬁE‘QF "ij&é‘?face%&fiﬁ‘nﬁfe? Rife=oF for grﬁ%'f‘%tept i des
that have been thegeossthakddswbedn crosdientkersodifiedas fayi ekangiieot i n, 20
gl uteral dehyde or di gBLIWlSWaEDH M H21 5 aeUEB POAYEEEHC immuhObdE: 2530
i ncl ude pol ypeptlaes contarning two or nmore. ~ tandemor inverted
conti guous Nei sdumansnerfheyiderdvatives &fushéssinyAndeReglep oipclude
?ﬁ! ticistronic @B%_saefm g:tfe@hé}’axlnil.ncf %qmthgamg\QsAotfeehg! ofventi®n.

I'S 1 nvention provides supstanti a r ssgria . mepingitials '
surface proteins. Thatt&khh '@u%?%?ﬁ%fﬁjfgat )B%rg“ur?é’dﬂ? Fﬁﬁtg’faﬁ'g’ sseria
meni ngi ti di siGuifaehis iprditdon, acneral xkilld fhethensatt mep detérmine r om

ot her pr ot ei ns _of isseri | j«di S QL. A Lally 30 pure
Nei sseri a mneni ng‘j"i"tt?‘ Pge%%r ea?%p%?%%'%?#%%gpggék%%sa %ég%%g{r%i _g obt ai ned by
a variety of corfregmenhal anlogueses derivativecwewds oo Meefrdciihe

described in Exmbﬁgsng.s?%e%%nﬁion or treatméntUbf NRLisaepgat. the invention

particularly provides a 2 Da surface protein of Neisseria 35
neni ngi ti di s haWengnepEidis i-sgaF8Ssequence of Figure 1
14 15 This invention also includes polymeric forms of the

Neisseria meningitidis surface proteins, fragments,
analogues and derivatives. These polymeric forms include,
for example, one or more polypeptides that have been
crosslinked with crosslinkers such as avidin/biotin,

20 gluteraldehyde or dimethylsuberimidate. Such polymeric
forms also include polypeptides containing two or more
tandem or inverted contiguous Neisseria meningitidis
sequences, produced from multicistronic mRNAs generated by
recombinant DNA technology.

25 This invention provides substantially pure Neisseria
meningitidis surface proteins. The term "substantially
pure" means that the Neisseria meningitidis surface
protein according to the invention is free from other
proteins of Neisseria meningitidis origin. Substantially

30 pure Neisseria meningitidis surface protein preparations
can be obtained by a variety of conventional processes,
for example the procedure described in Examples 3 and 11.

In a further aspect, the invention particularly
provides a 22 kDa surface protein of Neisseria

35 meningitidis having the amino acid sequence of Figure 1

14
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(SEQ 1D NO 2), or a fragment, analogue or deriyative t her eof ,

In a further aspect, the invention particularly . provides a 22 kDa
surface protein of Neisseria 5 neningitidis having the am no acid sequence
of Figure 8 (SEQID NO4), Figure 9 (SEQ ID NO6) or a fragnent,

anal ogue or W962%412ve t hereof. Such a fragnment may be PETLAPEWISY om
the peptides listed in Figure 15 (SEQ ID NO 9 to SEQ I D NG 26). 10

In a further aspect, the invention provides a 22kDa surface protein of
Nei sseria gonor r igRpephR¥L 910, (e adFi-A8ment , Al cuR@UERCReviivatigdr € 10 ( SEQ
I D NO 8), or a fragnent, anal ogue or derivative thereof. As will be
apparent from t fabove, any reference to the Neisseria nmeningitidis 15

22kDa protein al so emmoapfsstie? 2spacpr othe nsvesglignegarticdlagiy or nmde
from genes | sol g Fo%zdegnkﬁ%f%asgﬁgkgée r?tezrl\l%fs%&bggf‘fa such as

Nei sseri a gonorrnoeae or | sser A Nei sseri a
meningi tidis 22 mapinaitidis tpw;mn rheoaminoratish seguenee | of, dignae fay be

further charact efdgfdnbio. :4), FX Bvrcgz@fns% fsq' bewnﬂratﬁmr es:

(1) it has an approxi mate ar wej ght of as eval vat ed on
SDS- PAGE gel;  analogue( oy <F€E="sn{§|té(‘,’?r sbﬁs?% c,swsm FEIIRPISHSYPREE gel -

25 not nodified duiddreat Feoh whd bebetdaesnyisgantisl Figure 15 (SER b has an

i soel ectric poi around pl 8 to pl 10; (4) it
I's highly resi st‘gcﬁ't t)(? ﬁgaaﬁ%zﬁg%r?)by proteol ytic enzynes such as
[err]-chynot AQpsin, tinyps et a’s@aeptot theabedgtion providds)a g8kDadat e

oxi dation does ngl. Al b3BeLIle Pty ia oSN nALPUL dikhS! o

agai nst the Neisseria nmeni ng proteln (6)
it is a highly dyn@bm@gueaqg|gﬁyflgure 10 (SEQ ID NO:8), or a fragment, 15

analogue or derivative thereof. As will be apparent from
the above, any reference to the Neisseria meningitidis
15 22kDa protein also encompasses 22kDa proteins isolated
from, or made from genes isolated from other species of
Neisseriacae such as Neisseria gonorrhoeae or Neisseria
lactamica. _

A Neisseria meningitidis 22 kbDa surface protein

20 according to the invention may be further characterized by
one or more of the following features:

(1) it has an approximate molecular weight of 22 kDa
as evaluated on SDS~-PAGE gel;

(2) its electrophoretic mobility on SDS~-PAGE gel is

25 not modified by treatment with reducing agents;

(3) it has an isoelectric point (pI) in a range
around pI 8 to pI 10;

{4) it is highly resistant to degradation by
proteolytic enzymes such as o~-chymotrypsin, trypsin and

30 proteinase K;

(5) periodate oxidation does not abolish the specific
binding of antibody directed against the Neisseria
meningitidis 22 kDa surface protein;

(6) it is a highly conserved antigen;

15
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(7) it is accessible_to_antibody at _the surface of I ntact Neisseria
meni ngi tidi s organi sns; _ (8) it can induce the production of

bact eri ci dal anti bodies; 5 (9) it can induce the production of
ant i bodi es t hat can protect against experinental infection;

(10) it can iWeBEW412\hen injected into an ani nal host, tHEX/C968OISPENT
of an immunol ogi cal response that can protect against Neisseria
meningitidis infection. 10 This invention also provides, for the first

tinme, a DNA seque I | : 4 I et kgl
surface protein (SEQ PﬁD’aN%p(’iis Elaéggs%\l%ﬁSj%aﬁgg%ad7§ T%!e Egirf)‘-"r‘ge%eClr?'r:)Zld DNA
sequences of thi SPtAGENVELIFEEie BERIRILLAAIS oFgRRis™ gr oup consi sting of :
15 (a) the DNA sepuaneanOinfhgs!thel pro8Ret NG bactericidal (b) the
DNA sequence of Ei gugedﬁes(.SEQ | D NO 3); (c) the DNA sequence of
Figure 9 (SEQ I D NGO 5’ ’ (d) the DNA sequence of Figure 10 (SEQ ID
NG, 7) ; 5 (e) af?l dguesnoindece viis werodottide dfokagdbogi¢iNAndt

sequences; can ﬁ;gtwa?g?ﬂggc%&qm?ﬁtgnf tqh@ﬁ_of the foregoing

DNA sequences; and fragments of any of the’foregoi ng DNA

sequences; wher ei n{3% dtsEfReiRACHN YRR Anpeetrittinthaandarimalys t he 25
i mmunol ogi cal actb¥t! ytd dele1dm&serd 2 A Rindhdidhitad? respokd® o ace

pr ot ei n. Such fracﬁ:rrrents are $r ef er,abI\é/ E)e tides as _depicted in
Figure 15 (SEQ | BRI 1T 83N SEYTI5 588 Fofrening2tidis PRIy, this

i nvention al s provi diisis finwehhto3(aXsa provides, afdNAheeqieseecadi ag f or

o1 OS2 TR et el Bodlnd T 58 BEBLE BT ) il
consi sting of: surface prereine($PQ HedPodceNOf3 FiNfsSe andSKR7)D NOh) ;
16 preferred DNA sequences of this invention are selected
from the group consisting of:
15 (a) the DNA sequence of Figure 1 (SEQ ID NO:1);
(b) the DNA sequence of Figure 8 (SEQ ID NO:3};
(c) the DNA sequence of Figure 9 {SEQ ID NO:5);
(d) ‘the DNA sequence of Figure 10 (SEQ ID NO:7);
{e) analogues of derivatives of the foregoing DNA
20 segquences;
(f) DNA sequences degenerate to any of the foregoing
DNA sequences; and
(g} <fragments of any of the foregoing DNA sequences;
wherein said sequences encode a product that displays the
25 immunological activity of the Neisseria meningitidis 22
kDa surface protein.
Such fragments are preferably peptides as depicted in
Figure 15 (SEQ ID MO:9, through SEQ ID NO:26). '
Preferably, this invention also provides, for the
30 first time, a DNA seguence codiﬁg for the Neisseria
meningitidis 22 kDa surface protein (SEQ ID NO:1). More
preferred DNA sequences of this invention are selected
from the group consisting of:
(a} the DNA sequence of Figure 1 (SEQ ID NO:1);

16
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(b)—analaogues or derivatives of the_foregoing DNA sequences;

(c) DNA sequences degenerate to any of the foregoing DNA sequences; and
5 (d) fragnents of any of the foregoi ng DNA sequences; wherein
sai d sequences encode a product that displays the I rmunol ogi cal
activity of M@96343seria neningitidis 22 kDa surface prROTCA96/00157

Anal ogues and derivatives of the Neisseria 10 neningitidis 22 kDa surface
protein coding gene wll hybridize to the 22 kDa surface protein-coding

gene under t he coqg?tlm%g bpegei.#g@&@ggl e foreg\?m o} urposes

of this invention, the fragnents anal ogues an erlvatl €s~o
Nei sseri a neni nglﬁel%ﬂe§°2§ 15 kDa surface protein have the "i nmunol ogi caI

activity" of the Nejssowa %é@@hﬂggtdéﬁéxe%%tﬁ%séﬁﬁQ‘.?l‘;etﬁ’z@OESi:Qgéi,n g hey
can induce, when_jnjected into ani mal host, the devel opnent
i munol ogical re §§qPﬁ’é? ‘et'ar?ngr ot ect agai nst Nei sseria meningiti di s

infection. Onedof ski ()i nf2dbmemtsact amy afemenforewmdlmhasaq&éhwgr_
DNA-sequence ﬁ@%@@ﬁssl 1" AEhCLDAn i hAN o bIg: | IV g cOL @Rl Vi 1Y

of the Neisseria neningit surtace protern by t he
procedures set fémmunpiegieal mebivapy ol the Neisserimendmgingsdiidis 22

meni ngitidis surf]@gesgggggé rlﬁ-c&fe;hh' S 25 | nvention may be isolated by a
met hod conprising the | owi ng step a) i solating a
cul ture of Neisseria ﬁﬁﬁ%?@%ﬁ ans en‘b%!'e‘t"ésl &% the Neisseagjia jsolating an

out er nenbrant) peieniiagitieie tdre xBa §ﬁli:£ét!ee p&fottahﬁ Saiy igenedd11 c)

i solating said aﬁg‘#’ggfromth%gter ‘-}ﬁ;{ efri)_rétlon
particul ar, the PSPEIBFRY 1 & ? B3 5 a&&e"?ﬂ% oo P8RS “%Q%fps of
treating the Nei sher candibtiowny dedesiBéd qirf ®xanpléréne protein extracts with
protei nase K, For purposes of this inventios. the fragments,
analogues and derivatives of the Neisseria meningitidis 22
15 kba surface protein have the "immunological activity" of
the Neisseria meningitidis 22 kDa surface protein if they
can induce, when injected into an animal host, the
development of an immunoclogical response that.ca.n protect
against Neisseria meningitidis infection. One of skill in
20 the art may determine whether a particular DNA sequence
encodes a product that displays the immunological activity
of the Neisseria meningitidis 22 kDa surface protein by
following the procedures set forth herein in Example 6.
The Neisseria meningitidis surface proteins of this
25 invention may be isolated by a method comprising the
following steps:
a) isolating a culture of Neisseria meningitidis
bacteria, _
b) isolating an outer membrane portion from the
30 culture of the bacteria; and
- e) isolating said antigen from the outer membrane
portion.
In particular, the foregoing step (c) may include the
additional steps of treating the Neisseria meningitidis
35 outer membrane protein extracts with proteinase K,

17
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foll owed by protein fractionation using conventi onal separati on

t echni ques such as i on exchange and gel chromat ogr aphy and ™~

el ectrophoresi s. Alternatively and preferably, the Neisseria 5
meningitidis surface proteins of this invention may be produced by the
use of nol ecwiowsnd12! ogy techni ques, as nore parti cul ar pgTadassnoasyed i n
Exanpl e 3 herein. The use of nol ecul ar bi ol ogy techniques is
particularly well - suited for the preparation of substantially pure 10
reconbi nant Neis dl S rLface rot Thus
according to a fgf’i#ﬁ%"f@g’gg ?l?hgeraicnlgven?%mn ds il % ow%%a a process for

t he production o#epmﬁnmaﬁpmlw%|m % ncemwgcmmesaeé gela surface

protein, includi Jgrﬁ% Nbsa S Qesralfsderivatives thereof,
conprising 15t e ste K?1) culturing a unicellular host organism
IR?G%I

transformed with a r Eavebriangd exabi¥} Lthehd'edsseridna sequence
coding for saisd ReRifLIbidilsa8iPPice PIULRAKE of tﬂis Cﬁﬁeﬁ%ibﬁ&n@n%eone or

nore expression control guences operative i nked to.the
sequence, and (Z?r?é i’P’ §ﬁ 2%°% %fuﬁ'é“g‘ﬁﬂ“ﬁ‘ 5£6 i"‘?\“eﬁ‘réﬁrrent
anal ogue or fiore pdxtieularly descrideds meEkammaNm herelwe. arthe umseor der

to obtain high Eéf%ﬁﬁ] geéf %e@hﬁqﬁ:&@nﬁéeﬁ‘fﬁfé{&@&ggl#m& host, the

gene nust be opefatlve O transcriptiona ransl ati onal
expressi on cont replsﬂué?cébetnﬁw%ﬁ?é:mn offugubstartialdyt RBre hosen

expressi on hogf . reés.#ﬂ&mt\/ueab.eena SR gR s CON trl sﬁ?ﬂb‘@é‘cg?r%teiﬁd the
gene of inter est be coO ntained in an exXpr essi on vect or that

further conpri sesﬂ%“%éé‘f’ef‘?b’l‘g S e hughhREr pERech @ fothgi Hrntisy
replication. |If Wwhepfxpidsa probess ficx aheupabiiattiorcelfl recombidamt

expression vectot, should further an eXRI. e si.gn mark usef ul
in the expressio 161 aedtn meningit 8‘1@(?23\%(‘1 gl‘rf &prgssr on i ’7“9ect or
conbi nati ons fragméret snphejedues amqordssshrngivhe W@équemssahgt hi s

i’g invention. jdUsehll sEPY ©FS1(2) et ihd @ uBYKEi KPTd:L HiQE! Srganism

transformed with a recombinant DNA molecule including a
DNA sequence .coding for said protein, fragment, analogue
or derivative and one or more expression control seguences
operatively linked to the DNA sequence, and (2) recovering

20 a substantially pure protein, fragment, analogue or
derivative.

As is well known in the art, in order to obtain high
expression levels of a transfected gene in a host. the
gene must be operatively linked to transcriptional and

25 translational expression control sequences that are
functional in the chosen expression host. Preferably, the
expression control sequences, and the gene of interest,
will be contained in an expreésion vector that further
comprises a bacterial selection marker and origin of

30 replication. If the expression host is a eukaryotic cell,
the expression vector should further comprise an
expression marker useful in the expression host.

A wide variety of expression host/vector combinations
may be employed in expressing the DNA sequences of this

35 invention. Useful expression vectors for eukaryotic hosts

18



WO 96/ 29412 PCT/ CA96/ 00157
I ncl ude, for exanple,..vectqQrs conprising expression control sequences

from Sv40, bovi ne papilloma virus, adenovirus and cytonegal ovirus.
Useful expression vectors . for bacterial hosts include known bacteri al
plasm ds, such 5 as plasmds fromE coli, including col E1l, pCRl, pBR322,
pMB9 and t heWO%&94R2at i ves, wi der host range pl asm ds, REAVCAR6/00157,
phage DNAs, e.g., the nunmerous derivatives of phage | anbda, e.g. NWB89,
and ot her DNA phages, such as ML3 and fil anmentous single stranded DNA

phages. Useful lqnemaéssmne&sﬁpésJéertosegaésmsﬁéﬁxd e&pHEgsidie 2 mu
pl asm d and derivatives thereof ors for I nsect cells

vec
i ncl ude pVL 941, comtrol seq“r?nﬁﬁﬂléb‘?ﬂl SV4Qy BPVipGRAPIIAPPA: V1BES expr essi on
control sequenceadsaygvirusismd cptoresaovdeter s wszemdprexpméﬁ:.éimar&!%rs

sequences of Lhi ol KENy SHED: USEiMlae knofR PLERNLANI RN L0l aSequences

I ncl ude the expré&ssion sequences aSSOCIa
genes of the 3 aBopbgwnids éx‘pmeﬁﬁgi&.vméuémimﬁ)li"ds CRlusen':Bmzz

expressi on contr e NGfs | Hﬂaec r I dlate
pronot ers of SV48L%? igt‘(%ll:gnow fuga- ;erg %ég%l‘i‘%sn% r}t‘?’ﬁ(g‘agt?{fiéésﬁ{yls‘%;rn t he

TAC or TRC syst efipchnzs ff4r P ageo‘ﬁﬂfsat(?r*gandt JHREEPUF el bR bifvesh afe
| anbda, the cont pRhge 1lanke, OBSgofmistscoahdpbehet 'DNA PRapedTodwen fay 3-

phosphogl ycer at e nas r ot her COl en tgg 25 pronot ers of
aci d phosphat aseMﬁ: g , gp%l\ﬂ?&% &ggﬁi{hné’ 253t a‘?ﬁﬁf}é‘- ting
system and otlﬂbrequemms vlenocms for tyeastntedls eiqmlesiei ohe 02 menes of
prokaryotic and or, Vi r S

ar yo! plasft AP LLE: G ived tthS{olé R I

conbi nations the | sseria nenin sur ace
protein's expresépéﬁc'écﬁﬁlrlél izetudn L §4 particularly useful in the

expression of the Ne'fx§€Hd63.tzon rmy RE fal Qh.éezé’a:ki@eysﬁﬂ‘.f HpiK/in in
E.coli (Exanple 3 cells trgnsformed with e foregoing

vectors f or nFERFERY t?é"rq“ﬁgﬁﬁitm%? b[em“‘§e NYRNERE VEC\‘RP’EE—: RArsEEESS5 of
uni cel | ul ar hidst tbel DNA avegrueseési| of rthispiasentipn he SoNA useful

19 expression control sequences include the expression
control segquences associated with structural genes of the
" foregoing expression vectors. Examples of useful
expression control sequences include, for example, the
20 early and late promoters of SV40 or adenovirus, the lac
system, the EEE system, the TAC or TRC system, the major
operator and promoter regions of phage lambda, the control
regions of f4 coat protein, the promoter for 3-
rhosphoglycerate kinase or other glycolytic enzymes, the
25 promoters of acid phosphatase, e.g., PhoS, the promoters
of the yeast alpha-mating system and other sequences known
to control expression of genes of prokaryotic and
eukaryotic cells or their wviruses, and various
combinations thereof. The Neisseria meningitidis 22 kDa
30 surface protein's expression control seguence is
particularly useful in the expression of the Neisseria
meningitidis 22 kDa surface protein in E.coli (Example 3).
Host cells transformed with the foregoing vectors
form a further aspect of this invention. A wide variety

35 of unicellular host cells are useful in expressing the DNA

19
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sequences of this invention. These hosts may include well known
eukaryotic and prokaryotic hosts, such as strains of E. col 1,

Pseudononas, Bacillus, Streptomyces, fungi, yeast, I nsect cel | s such as
Spodoptera frugi perda (SF9), animal 5 cells such as CHO and nouse cel | s,
African gr eewomssrbay cells such as COS 1, COS 7, BSC 1, rBBCaAsaoismd BMT
10, and human cells and plant cells in tissue culture. Preferred

host organi sms include bacteria such as E coli and Bacillus subtilis

and manmal i an ce| g,;ué,%etg %%uehf%“i,we% Thedd nBeH! faPlifOlaRCWRE)

under st ood that RO ors an expressi on control sequences Wil l
function equisnpyn yeuikaryet ég pand ProkarpREic Rftfce§UER afisFrains of

invention. Neither ui}] pﬂeludbﬂaﬁésfmzlzqaseqse&éﬂtdﬂ@bhs. futigil,n yeBgesane

expression system However, one of skill in t he art may. meke a
sel ection anong GRS \RELSr such as egﬁﬂd@?é'feﬁﬁ ipgraae c'es“‘&ﬁ’&lhosts
Wi t hout undues ceﬁweéddmakat:lwr‘araildlmbheullslepfﬂrtmag @rantdm@gope of

this invention. exa | e Bg ect e t oTush

consi der ed becau§5 '{r;g‘cf’grbﬁ%:f P"g)tpﬁ i éa?ga{ g'oq%sr(\: %te he gv}grfzt or’ s copy
nunber, the abil ht.u}tam(raﬂd:st epfl plant leellsopp wisane cudbure he Rpgfierzedon of
any ot her prote| e Consgeéé‘ﬁ%qulgé’lﬁc@%%%kg‘ia SHaD 23S g2Bbh Pi 4id ¢ mar kers,

shoul d al so I'n_selecting an_expression cont rol
sequence, a 25 Baridiys gubtidisrand mANRlipscobls dRstiisrerl cuiitare.

include, for gxanpl e, ¢ houghabt Veoudrde bt hneérsehfba thatSREHIENE, itsS
controllability, and its conpatibility nces of this

e
i nvention, parti (YEFE?*'?/ apd expressifn &"“ﬁﬁ?&nf?i‘fe?géowaﬁi aé‘?‘i‘if‘c?t%r es.
Uni cel | ul ar host eaquaDly Wellld tbeempitexd atheh PNBosemuscaisi of thig heir

PO e Dua s dpVhBid® RRPRAL: WeolP ! BB L0 hildeioflf ilir Y Qiq! coded

for by the DNA séquences of 't I nven
characteri stics, wihbj theilsamet gxpression system. ﬁi%{%ﬁqﬂf'ce!”‘?e%ﬂ%#ﬂ{lhénr

fermentation gy ¢ubluEe maiﬁn{aﬁeuarmgﬁonaaﬁloﬁeet&%%eveécsﬁlflcatlon from
t hem of

expression control sequences and hosts without undue
experimentation and without departing from the scope of
this invention. For example, in selecting a vector, the
host must be considered because the vector must replicaté

20 in it. The véctor's copy number, the ability to control
that copy number, and the expression of any other proteins
encoded by the vector, such as antibiotic markers, should
also be considered.

In selecting an expression control sequence, a

25 wvariety of factors should also be considered. These
include, for example, the relative strength of the
sequence, its controllability, and its compatibility with
the DNA sequences of this invention, particularly as
regards potential secondary structures. Unicellular hosts

30 should be selected by consideration of their compatibility
with the chosen vector, the toxicity of the product coded
for by the DNA sequences of this invention, their
secretion characteristics, their ability to £old the
protein correctly, their fermentation or culture

35 requirements; and the ease of purification from them of

20
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t he—products coded for_hy the DNA seguences of this I nventi on.

Wthin these paraneters, one of skill in the art may sel ect various
vect or/expression control sequence/host 5 conbinations that will express
t he DNA sequences of this i nvention on fernmentation or in |large scale
ani mal c WO 96/29412 The pol ypepti des encoded by therdiasspapseEnces
of this. i nvention may be isolated fromthe fermentation or cell 10
culture and purified using any of a variety of conventionallsrrf_t hods. ;
One of skill in t J‘Bﬁ? ation an
purification tec%%?qgéeés’dms %hggufoﬁe%%:% ng rom&%%méss?tggehgfq this

i nventi on. inveRrkiomei sseria neningitidi s surface proteins of this 15

invention are useful withiphesachatamétersipouel 6£ agKhill xgdtﬁen&% Infay d b
conposi tions for nting, treatin nosj n i seases cause y
Nelmgserl a meni ngi %ﬁ g ﬂ"f‘\’?f gg{;f:gﬁ?express;on ‘Fﬂg s’%&ﬁeﬁcﬁéﬁ?‘fﬁ;l tidis
surface proteihscombihatidts ithatnwibh expresscthe DMA Neumlenkast bf, this
Lherapeut]c and invelt 2003 'GrhlAPORI bl WS sHOLPIE RN dns b £31 1 N0 and

di agnosi ng di seases caused by Nelsseria gonorr I'sseria

| act ami ca i nf ect CYAture. The Neisseria neningitidis surface proteins
according 25 to this Ry geepame@aéﬂdcfdéaab&ytwélﬁuélgehﬁdnéeé d8'%his
generation of antibodi es an devel opnment of protective

response agai nst iREPRLLT Maye RenFetafed fr°&'1 thestermentation qReeqldi sseri a
meningitidis Hhrfcaae\;peaimi mr&ﬁt@ddxmgﬁﬁnyoothasvaﬁw b@gn are

particularly well bg{;&%{%‘g mgr:'ﬁods ge&erg&l %E‘f‘ﬁ\lea’gtst@f%ogl ggﬂ%‘?? for tgre

devel opment of a | Ve Tespons _
Nei sseri a | act anitbgs m%'emopnate isdlatignt apd| puxificapioni teckm:lniesseri a

meni ngi tidis 22 3pekEe AaESnd" £E&h Nl \WoBe 285 A a6k S6gUENCE Of
21 The Neisseria meningitidis surface proteins of this

15 invention are useful in prophylactic, therapeutic and
diagnostic compositions for preventing, treating and
diagnosing diseases caused by Neisseria meningitidis
infection.

The Neisseria meniﬁgitidis surface proteins of this

20 invention are useful in prophylactic, therapeutié and
diagnostic compositions for preventing, treating and
diagnosing diseases caused by Neisseria gonorrhoeae, or
Neisseria lactamica infection.

. The Neisseria meningitidis surface proteins according

25 to this invention are particularly well-suited for the
generation of antibodies and for the development of a
protective response against Neisseria meningitidis
diseases.

The Neisseria meningitidis surface proteins according

30 to this invention are particularly well-suited for the
generation of antibodies and for the development of a
protective response against Neisseria gonorrhoeae or
Neisseria lactamica diseases.

In particular, we provide a Neisseria meningitidis 22

35 kbDa surface protein having an amino acid sequence of

21
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Figure 1 (SEQ ID NO_2) or a fragnent, anal ogue, or derivative thereof
for use as an inunogen and as a vacci ne. In particular, we
provide a Neisseria neningitidis 22 5 kDa surface protein having an am no
aci d sequence of Figure 1 (SEQ ID NO 2), Figure 8 (SEQ ID NGO 4), Figure
9 ( SEQ | DwWad6@¥4120r Figure 10 (SEQ ID NO 8), or a fragnmeRCT/CA6/00187

anal ogue, or derivative thereof for use as an inmunogen and as a

vacci ne. 10 St andard i mrunol ogi cal techni ques may be errpl oyed W th

the Neisseria rrenwg&édi s(sipniﬁc!@op‘,r,oggl st*gbng&er anal%#& - g them as

i mmunogens and as CCI nes i cul ar, sul t may be
injected with a pReFiave @hﬁ??Of £orpERCRS AR MHPQBF L Aelsseri a

nmeni ngitidis 22 kigedinesUrface protein to generate nonocl onal or polyval ent
anti - Nei sseri a rrenln t|d anti bodi es_or_to induce

devel opment of a prot et 35 PRPVIR B Séﬁﬁlzﬁs‘f'enmg‘ﬁéfjé§e??a
meni ngi tidis d|53eHBsssurﬂic1eoprboeim1mungnamfammo leddhsequertdec olfiei sseri a

meningitidis surfgggupé qt qlsﬁgrgﬁyng%berg_gﬁpylsat@ EDaNé“:i)t a@;‘a&ghb‘:' e,

and thus we provide nmaceuti ca 0Si t nprising -oné Oor nore
Mei sseria meni ngi KS%QSI%M ate emtFigawe 3P %@%N@ 8), *hex dargment,

Preferably, the aphifi§fud,s t.—haembaﬁﬁ% fnereofBHrNGiski 8k Sar? AntidRoglhf ace
protein or fragments, 25 anal ogues or derivatives thereof together with one

or nore phar nBRR 2§ AMAFCitRept abl e exci pients. As used herein,
"phar maceut i calol y eff@&arm:anmu‘nﬂolrogﬁeu teclangquesunby dbe empmgedor nor e

Nei t d f that

licics a ourtioi BRER T Peapoahis manmaFidis s RARE bRt Rl dm PR s o
treat or prevent to usieitdwer asa meminegiensdasdiad emccdnes. In partihelar,

Nei sseria meningi Eh;‘?'&ﬁéfbflécﬁogé%a%) Be quéé"&éi withl Hvﬁﬂélglﬁis&ei‘ﬁ%%céﬁgnf orm

the basis of a diaghostic test Nei Sseria nmeningiti ectl
Several di agnost i 8ESeckisieh gmount oHIde Prdssepia é’!@éﬂ%ﬁpétlﬂﬁ £2 kpenti on

22 15 surface protein to generate monoclonal or polyvalent anti-
Neisseria meningitidis antibodies or to induce the
development of a protective immunological response against

~ Neisseria meningitidis diseases. Prior to injection of
the host, the Neisseria meningitidis surface proteins may

20 be formulated in a suitable vehicle, and thus we provide a
pharmaceutical composition comprising one or more
Neisseria meningitidis surface antigens or fragments
thereof. Preferably, the antigen is the Neisseria
meningitidis 22 kDa surface protein or fragments,

25 analogues or derivatives thereof together with one or more
pharmaceutically acceptable excipients. As used herein,
*pharmaceutically effective amount® refers to an amount of
one or more Nelsseria meningitidis surface antigens or
fragments thereof that elicits a sufficient titer of anti-

30 Neisseria meningitidis antibodies to treat or prevent
Neisseria meningitidis infection.

The Neisseria meningitidis surface proteins of this
invention may also form the basis of a diagnostic test for
Neisseria meningitidis infection. Several diagnostic

35 methods are possible. For example, this invention

22



WD 96/ 29412 PCT/ CA96/ 00157

pravides a nethod for_the detection of Neisseria meni ngi tidis antigen

in a biological sanple containing or suspected of containing Neisseria
meningitidis antigen conprising: 5 a) i sol ating the biol ogical
sanple froma patient; b) I ncubating an anti-Neisseria

meni ngi ti di SWOB6RII2 surface protein antibody or fragmenPCTiCAPEIST) t h

t he bi ol ogi cal sanple to forma m xture; and c) detecting

specifically bound anti body or bound 10 fragnent in the m xture which

i ndi cates the presgpfgedfa methbBi SS£ IR HUteRYibh 066 MYlds@a
Preferred antibodies Iin the foregoing diagngsti.c net hod are Me-1 and

Me- 7. AMEBLRGE FidES, antpgen iy ¢h I OFE 63 RATRLEEPREFLPHI OF5  the
detection of antisheg¥ceeR@f icontainns Mdisseria Meningitiddissanbidggen in a
bi ol ogi cal sanple contajnlng or suspected of containing said antibody
conpri si ng: COmPTAFINGS 5ol ating the biol ogical sanple froma patient;

b) incubatirig a Neiakeriizolstingithalilsiclngitatesaiilep forni a pitidits

i nvention or fragment,.t her, t I I %ﬁggl f

m xture; and } '&%LP&%'H%QQE&%JT ?{:eg nggg it t ?6%%5 o“;r¥ bound
fragment in the mxxtwe nitvtelin; antieads qmérmesehc@meof witht timdy

specific to Neisggpi m %ngl €0 MU0 mixearSNead skill in the art
will recognize that t gnostic, test rraéﬁt ake- several formns,

including an = i rmu"nbl oQ?ecF&Ft%E%t sRepifiraldy ibR8Y PFMRRMISHr bent
assay (ELISA)10 af&admemmmcmasmyxm:a wElX :.&ngbltéélaihé)ﬁresen@ésﬁ/,
essentially to d%term ne_whet her, g}l bocLes 30 specific for the protein
are present in afNerggffdferingicidis AUtiGRR cequences of this invention

may al so be used Pnefmeglnaﬂbwbqeﬁxmsas.rf theuferegridagt diagngstie presence
of t he pat ho rhasRaGk&r4 a i n a biol ogical suspected of
cont ai ni ng such g‘gg%;g?lf\%é%e dgt ectigon 35 nethod of this invention

conpri ses the steps ohlternatively, this invention provides ajmethod for

15 the detection of antibody specific to Neisseria
meningitidis antigen in a biological sample containing or
suspected of containing :said antibody comprising:

a) isolating the biological sample from a patient;

b) incubating a Neisseria meningitidis surface

20 protein of this invention or fragment thereof with the
biological sample to form a mixture; and

c) detecting specifically bound antigen or bound
fragment in the mixture which indicates the presence of
antibody specific to Neisseria meningitidis antigen.

25 One of skill in the art will recognize that this
diagnostic test may take several forms, including an
immunological test such as an enzyme-linked immunosorbent
assay (ELISA), a radioimmunoassay or a latex agglutination
assay, essentially to determine whether antibodies

30 specific for the protein are present in an organism.

The DNA sequences of this invention may also be used
to design DNA probes for use in detecting the presence of
the pathogenic Neisseria bacteria in a biological
suspected of containing such bacteria. The detection

35 method of this invention comprises the steps of:
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a) isolating the biological sanple froma patient,; b) incubating

a DNA probe having a DNA sequence of this invention with the biol ogical
sanple to forma m xture; and 5 c) detecting specifically bound
DNA probe in the m xture which indicates the presence of Neisseria

bacteri a. wo 9612941y ef erred DNA probes have the base pair SECREASH0IST
Figure 1 (SEQ ID NO 1), Figure 8 (SEQID NGO 3), Figure 9 10 (SEQ ID NG 5),
or Figure 10 (SEQ ID NO 7), or consensus sequence of Figure 11 (SEQ ID

NO 9). A nore preferred DNé robe has _t he S air, . .
scasence of i que's BEGTERESY BFTVSEnl ooy 938 Bt

i nvention nay al so beblise atin ey ober ey seauence ©
meningitidis nuclglse 3bicion g&e 2@ B RodliRh1 CXARPI & U85 iERgmaa PO yEr ase
chain reaction, as a metho o? di agnosi ng Neisseria neningitidis

i nffections. The FHEBTRHYAME synt hesi zed using conventi onal techniques
gnd mslyblbe : mgsalbi l'i zed)on dtﬁ%@ltiiflgzgpﬁme;d i amybaa?n@eomambadl Yhtthe
etectabl e | abel . |, . A preferre robe for_this application is an
ol i gomer havi ng E%&ﬁﬁn‘ﬁlé‘%ﬁﬁﬁéﬁﬁﬁ?%r ?SB"ﬁef“éﬁs?f éfg“tﬁﬁseprga 6 conti guous
nucl eoti des of thackersaeria neningitidis 22 kDa surface protein gene
of Figure 1 (SEQID | [+ D

NO 5), Figure 10 (SEQ %)}‘“@W),aé%}?e%_%égngﬁg%ggiﬁcl?%gqﬁfé%gdl1 ( SEQ
| D NO 9). Fignraopt ol $HR IS NR¢L DNA Isrusse Bf APEQ W NQygl i- cBigwre i an

ol igomer havipg &skedRBNGE; H0MRECEFRHEAL Y10 O gy EBA/G: ALOWr consén&@t | guous
nucl eoti des of the Neisseria neningitidis 22 30 kDa surface protein gene of

Figure 1 (SEQ | DS9GueRce of Figureph: {RRQ F8R063¢ i c nethod for the

det ecti on of Nei saembre trefegired dDMA iprobephhketihe (SR basespabe St eps
of : a) | abelin nti bo f I s.hnvention or 35 fragnent
thereof with a desteﬁteggf"eg?g:gl =S : gyg& 2 'fsfo.l) ) 24

The DNA probes of this invention may also be used for
15 detecting circulating Neisseria meningitidis nucleic acids
in a sample, for example using a polymerase chain
reaction, as a method of diagnosing Neisseria meningitidis
infections. The probe may be synthesized us;’mg
conventional techniques and may be immobilized on a solid
20 phase, or may be labeled with a detectable label.
A preferred DNA probe for this application is an
cligomer having a sequence complementary to at least about
6 contiguous nucleotides of the Neisseria meningitidis 22
kDa surface protein gene of Figure 1 (SEQ ID NO:1), Figure
25 8 (SEQ ID NO:3), Figure 9 (SEQ ID NO:5), Figure 10 (SEQ ID
NO:7)}, or consensus sequence of Figure 11 (SEQ ID NO:9).
A more preferred DNA probe for this application is an
oligomer having a sequence complementary to at least about
6 contiguous nucleotides of the Neisseria meningitidis 22
30 XxDa surface protein gene of Figure 1 (SEQ ID NO:1).
Another diagnostic method for the detection of
Neisseria meningitidis in a patient comprises the steps
of:
a) labeling an antibody of this invention or
35 fragment thereof with a detectable label;
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b) —_adm ni stering_the | abeled antibody or |abeled fragnent to the

patient; and c) detecting specifically bound |abeled anti body or
| abel ed fragnent in the patient which indicates the 5 presence of

Nei sseria meningitidis. For purification of any anti-Neisseria
meni ngi ti di s woes/29dn2f ace protein anti body, use nmay be nade HCHGAYNNIISY

chr omat ogr aphy enpl oyi ng an i mobilized Nei sseria meningitidis surface
protein as the affinity medium 10 Thus according to anot her aspect of

the invention we  yoviglf;3;NelSSa! ivhe ™BRLENLA | Mcinoay bR BaldRcs
protein havi ng an am no acid sequence which i1 ncludes the sequence

of Figure 1 (SEQfrpemenb)to mhe,patiene@ndd NO 4), Figure 9 (SEQ ID

Nﬁ 6) f or Fi g:Jre I10 (SFQ |datiotshg %eﬁ@{i&:ﬁ?&ﬂlylﬁoﬁﬁﬂ?ﬁ%ﬁalﬁa aﬂtfmiTh yO @ate

t her eof, coval en oynd to an ., i nsol y suppor.t ... us
according to a pﬁ#ﬁ??gdgm 3 e Haﬁ\}&ﬁ?i‘g‘hf& iRRRCRFES R a Nei sseria
meningitidis 22 pbesentd afk Netisserha menimgiitddian am no aci d sequence which

i ncl.udes the sequenc f s El )X QO L] ereof or
an anal ogue t her g%%, p&g&gﬁg%{:f?t}b%tﬁ%% gn gﬁ@%\%%%ﬁ% efn&h?ﬂg%%é&ﬁ .
A further featur susfacheoiobednt anbibedi.haisgswapfbe rade ofNaffirity

meni ngitidis Sur LACGRE RS Bhplb)fnd WP Gkn0R: Ph.GtP NeTIUBRgENS O he
production of specific antibodies or, the diagnosis and I.n particular
the treatnent of meninggtidis SHriafe RFQ4eI s aFnthe 13fiinisy| pagdiwmant i bodi es

nay be defer m nedriisd NEcARRLAG Edldhcthe@CAsPe-tTRIMNQNUS, ifiPéntion el €
by neasuring the ability of a particul ar ant |_bod%/1 30 to passively protect
agai nst Nei sser i RER¥H® ft Nedsseria mepingitdfis 24 ka SUrface . PEe i anpl e
of an ani mal nodakaving arf dnieonadid® seflrncdesniciperhdludebe thu agghrndeer ei n.

The ant i body . a tabody qQr. t) -hi ndi . _fragnent
t her eof and may P%Hgéﬁgﬁeallvﬂgkgngﬁt%&%y %gl’ﬁlﬁﬁﬂgno{]%&pi ﬁsé?g'ssglgﬁ'@
anti body or fragfedSEQeID BNO:6f , or Figure 10 (SEQ ID NO;8), or porti®n

15 thereof or an analogue thereof, covalently bound to an
insoluble support.

Thus according to a preferred aspect of the invention
we provide a Neisseria meningitidis 22 kDa surface protein
having an amino acid sequence which includes the sequence

20 of Figure 1 (SEQ ID NO:2), or portion thereof or an
analogue thereof, covalently bound to an insoluble
support.

A further feature of the invention is the use of the
Neisseria meningitidis surface proteins of this invention

25 as immunogens for' the production of specific antibodies
for the diagnosis and in particular the treatment of
Neisseria meningitidis infection. Suitable antibodies may
be determined using appropriate screening methods, for
example by measuring the ability of a particular antibody

30 to passively protect against Neisseria meningitidis
infection in a test model. One example of an animal model
is the mouse model described in the Examples herein. The
antibody may be a whole antibody or an antigen-binding
fragment thereof and may in general belong to any

35 immunoglobulin class. The antibody or fragment may be of

25



WD 96/ 29412 PCT/ CA96/ 00157

animal origin, specifically of nannallan origin and nore speC|f|caIIy of
murine, rat or human origin. It may be a natural anti body or a Tragment

thereof, or if desired, a reconbi nant anti body. or anti body fragrrent The
term 5 reconbi nant antibody or antibody fragnment neans anti body or

ant i body frawomsi2esi ch were produced using nol ecul ar bi PCICR96/00157

t echni ques. The anti body or anti body fragnents may be of polyclonal, or

preferentially, nonoclonal origin. It may be specific for a nunber of

epi topes 10 ass aTRaTa VN a ot ei ns

but it is pref e?aﬁ{);?& spec‘H}lk C@?e@?gﬁgéﬁf‘ &rae era%li%s?%eglglntgﬁgon&?/%r

fragments ther ecﬁpqmllfllcblely ofs FuEinec ¥k %@“@F"nﬁi"tg’éb-l t FFeB2¥RR@ at ed

with the Mei Siefthirdl BAEMEHdY 9r2d k&gﬁﬁa‘ AERTREE] edul‘l :.f Aestrd®, i eferred
are the nonocl onal ?ﬁtl bodi e descrj here| n.

EXAVPLES m'éraft%%%%% ?‘Wel?ﬁq ﬁrﬁave% i)
under st ood, tfie ferlombinagt exeriilody ar easibddyr tfhragﬁheSGmeans entitpddys are

for purposes of JJl I ?RBE&&%&?AA‘M: #R9cRWere prd@hetd @ﬁx@o%&éb‘@i’aﬁs

limting the scope o I nvention I n_any manner, Example 1
describes the t reisleght teshniqueser | Fhesantihadyyiori artikade fraeHeRt e

preparation wit Rndgf %eetyﬁéryclona&nzymr@&&etdmamps&wﬁimohdﬂnt i fication

of the Neisseria , , | i ace protei nple 2
describes the pr&d&t&Rri oﬁtg?a ng’ﬁoéF’SﬁéfPa élo:"'ar?t FEs° gpeé’clltPPESf or
Nei sseri a nmendngidsodiiated wikh %@Neﬁaserm ateriimgitidifxaunflaee3 descri bes

the preparati onapo!tﬁtlggbgsg“al ?’EQ—*QQ&’%? %ﬁr&qgggb%@rgneﬂ kDa surface

protein. descr obés for 't he
i dentification o?reﬁegahilznstlee(mbpﬁy Qhefm“wéﬁl shereef Widdi Pedis 22 kDa

surface protein.gpecific for one or more epitopes asséfiated with the
Neisseria meningitidis 22 kDa surface protein. Also
15 preferred are the monoclonal antibodies Me-1 and Me-7

described herein.

EXAMPLES
In order that this invention may be better

20 understcod, the following examples are set forth. These
examples are for purposes of illustration only, and are
not to be construed as limiting the scope of the invention
in any manner.
Example 1 describes the treatment of Neisseria

25 meningitidis outer membrane preparation with proteolytic
enzymes and the subsequent identification of the Neisseria
meningitidis 22 kDa surface protein.
Example 2 describes the preparation of monoclonal
antibodies specific for Neisseria meningitidis 22 kDa

30 surface protein.
Example 3 describes the preparation of Neisseria
meningitidis recombinant 22 kDa surface protein.
Example 4 describes the use of DNA probes for the
identification of organisms expressing the Neisseria

35 meningitidis 22 kDa surface protein.
26
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Exanpl e 5 describes_the use of an_antj-Nejisseria meningitidis 22 kDa

surface protein nonoclonal antibody to protect mce agai nst Neisseria
meningitidis infection. Exanpl e 6 describes the use of purified
reconmbi nant 22 kDa 5 surface protein to induce a protective response

agai nst wossdsrari a neningitidis infection. Exanpl PCTICA6BFbes t he
i dentification of the sequence for the 22kDa protein and

prot ei n-codi ng gene for other strains of Neisseria neningitidis

MCH88, d Z406 tr,al f '

(Exarrpl e gndescrl %gm?ﬂg ?mﬁfnonga c; ¢ [hes%pgﬁégg 1fFa:''a-qge[lt‘y'sregggaeand nonkeys
to the 22kDa Nei swedngitiisigRt kba sswrfifcac protein pasigilonal antibadple 9
describes the pr%%ggaéﬁedﬁ%%dabgm Hdfssekia ﬂg&iﬁé digTIHeaL oL al

ep| topes of the I sseri nmeni ngl trdls surface [Ot el n.
Exanpl e 10 descr Epasplecd ideggriben Hhe mas off purified recombinpnh 224D for

the large scalg Qﬁggyeélﬁbt@lnt ps Afduce a b%té&éi@&%d&b%h@éna afikExanpl e

11 describes a purification process for th surface protei n when
produced by recoﬁl?#ﬁﬁﬁ%‘l‘% é'lﬁﬁ‘ﬁ&géﬁ-}/dls mfeE)F&ﬁﬁl e 12 descri bes the use of

22kDa surface prekfind189 Fescribes "Bk \&éa‘eeﬂtﬂezcana& JEXRNBL Eedudi@atagnt O
Nei sseria meningiti d| s. Quter Menbrane Preparations Wth

Proteol ytic EnzyfB€ 22kDa protein and\profigdnsGRdinycHane fort PFRe%Li on OF An

Enzyne strains %lmhaabrmlmﬁmga tTesNgNEHSE S and EBDas B faee
Protein ever ant i ni cq}g) arations derived from whol e
cell, lit h| ur’r} hiPBFi §EF3%R °Sapr86§ ﬁ OfBfe used to study the

ultrastructure oExhiapiecs ideseribagi thaliisnmmmbdogical rasponaeecof Thabmitdser
renbrane of G am, nggatrltﬁleeysb%(:t g{xle aZZkDa Neisseria meningitidis surface 27
protein.
Example 9 describes the procedure used to map the
15 different immunolegical epitopes of the 22kDa Neisseria
meningitidis surface protein.
Example 10 describes the induction by heat of an
expression vector for the large scale production of the 22
kDa surface protein.
20 Example 11 describes a purification process for the 22kDa
surface protein when produced by recombinant technology.
Example 12 describes the use of 22kDa surface protein as a

human vaccine.

25 EXAMPLE 1 Treatment Of Neisseria meningitidis Outer
Membrane Preparations With Protecolytic Enzymes
And The Subsequent Identification Of an Enzyme
Resisgtant Neisseria meningitidis 22 kDa Surface
Protein

Several antigenic preparations derived from whole
cell, lithium chloride, or sarcosyl extracts were used to
study the ultrastructure of Neisseria meningitidis outer
membrane. The outer membrane of Gram—negative bacteria
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as an interface between the environnment and the interior of the cell
and contai ns nost of the antigens that are freely exposed to the host

i mmune defense. The mai n goal of the study was the identification of
new 5 antigens which can induce a protective response agai nst

Nei sseri a newowsreétdi s. One approach used by the i nvent CT/CASHOZ¥Nt i fy
such antigens, was the parti al di sruption of the antigenic preparations
menti oned above with proteolytic enzymes. The antigenic determ nants

10 generated by H&SEQEYQtﬁe&ESé‘énﬁ@éﬁeé}Plﬁﬂ &ﬁm&eﬁmt ahdegyd fied by
t he subsequent anal ysi s of he I mrunol og protective properties

of these treated1B5EF§ehiEf the EFH)a?’?ﬂﬁﬂ’l’?a“?ﬁ ’B?ﬁ’t sqfrﬁ psantigMiser ved
after el ect r apler eté cfrerd gl Ekpeéled)ftd\l&ﬂfesabsa :Im!ﬁilﬁégdléﬁdn§e 1?He|bt h:j um
chloride outer menbhra t S t..on ul ar .wei ght ban
whi ch was st ai nec‘fg\% tﬁg?ﬁ)(;on%?g‘}ee“&gﬁgaﬁ Iei:h f’dﬁ?ﬁ ﬁ%&“ %s "g
destroyed by p¥oweasigens whichegapninduesiaprrsecCoonrespenst uagdinarsed t o

stain pr ot ei i ;30d- P2 Mdiee 1828 Has di %Eysaaﬁ: 'dstetd gyathenity 20 for

t he pol ysaccharides or |ipids which are nponents of the
outer membrane. ERYERER¥S t"r?at’-dFﬁFéfYOWCh 3%98%’&4 d’fas\/\éfngh?aﬁﬁ’ﬁjgen was

S]Eai ned bly Coorrag!iseuﬁtm of th&gEﬁﬁiM%&@reﬁhréﬁﬁﬁ{sl Bﬁhheﬁedtauo'irzelmde up
o pol ypepti des, t hat, ar.e not ste ot eo yt|c e 5 or
that are protect&d anﬁr?lg?ﬂlyﬁé'casf’f tiﬁ% gﬂE m%{xmq.s surface
structures. Ml egeaerated damthet eaty!dattm:t mneatmenhse qnmrl;a phénibe enzyrre
proteinase K did; vel

after extensive htgk b# b igbs‘l:%r{@taﬁs% c%l ori ge gﬂ{ rac |g§n was
used to obtain t#Red PrOﬁRWerrEﬁBPaﬁélﬁﬁf Qfataepencreates antigerin strains

of Nei sseri apraphpgiidrli.S @adomass‘aqszfﬁrerrﬁé 6ﬁbmaﬁﬁer previously
descri bed by the inventors [Brodeur al . nfect. I mun., 50, p. 510

(1985)]. The prot®3eRtEeRR t"CBSeﬁPl‘t‘Wé%‘b %56&?%??%@%?81%@%? ni ned by

the Lowy net®dlithium chloride outer membrane extracht, that one low

molecular weight band, which was stained with Coomassie

Brilliant Blue R5250, was not destroyed by proteolytic
enzyme treatments. Coomassie Blue is used to stain
éroteins and peptides and has no or very little affinity

20 for the polysaccharides or lipids which are also key
components of the outer membrane. The fact that this low
molecular weight antigen was stained by Coomassie blue
suggested that at least part of it is made up of
polypeptides that are not digested by proteolytic enzymes,

25 or that are protected against the action of the enzymes by
other surface structures. Moreover, as demonstrated below
the very potent enzyme proteinase K did not digest this
low molecular weight antigen even after extensive
treatments.

30 Lithium chloride extraction was used to obtain the
outer membrane preparations from different strains of
Neisseria meningitidis and was performed in a manner
previously described by the inventors [Brodeur et al.,
Infect. Immun., 50, p. 510 (1985)). The protein content

35 of these preparations were determined by the Lowry method
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adapted to menmbrane_fractions [Lowy et al.. J. Biol. Chem 193, p. 265
(1951)]. Quter nmenbrane preparations derived from Neisseria
meningitidis strain 608B (B:2a:P1.2) were treated for 24 hours at
37[err]C and 5 continuous shaking with either [err]-chynotrypsin from
bovi ne PAQIRI42(E. C. 3.4.21.1) (Sigma) or trypsin type PCHGASPOIST

bovi ne pancreas (E.C. 3.4.21.4) (Sigma). The enzyne concentrati on was
adj usted at 2 ng per ng of protein to be treated. The sane outer

menbr ane prepar at wenbrantO s St sk Wirldrd EEeseNt £ORGEALrati ons
(0.5 to 24 ng per d&&B%e&'eEg protatraIL of Prot\g: nase K from TrTtiTachi um

al bum | i nber Mgnﬁ%r Bo A r‘éé?l?\bnnr@'}‘rﬁr PETRF SNECRHEAPRF At EoRs

3.4.21.14). In orgéefived promielsyepiai Mesigrididiz Byrain 08H ei nase K,
di fferent experi

al _co |t|on used The S re incubated
for 1 hour, 2 hou stz Zﬂghgﬁ e rSFEﬁ% "Eﬁn’zs4 %7[3?%%?‘“@2&”] Cwth
or w thout shaki n:@mtIheous shiiiokh wiehneidhEre oSRBPMO ExriNSsi i Hrdl Bevite

either pH 7.2 or . pH % 0) f sodi um gdodecyl  sul fate
(sD8 " s ol BTEERER 1B ortdr Ao hhp! Al R GFEVRR R 1o870% cat rent
the sanpl es wer e bogdakvpandyeasDIEPAGES gel21.4) (sliembf opiTheeEnzyhiei ng t he

M ni Proteanl|[err i a) _system on
14% (wt /vol) gel SJonEEth%%fo was Md ééé&l gérg sm?%{ UCO%:Ie rY%E be

Prot ei ns wer erieasedd t'B‘e:LG@Fer P]lt:et Gﬂe@nmwpespw@wmecapabm hanol

25 and SDS, swar&%s@eenwwcﬁ@iegahé c&%r?é:‘%'t’l%ﬂsv"(ﬁhs to 240REPSSE Gng
Brilliant Blue R-250. ure 2 presents the mgra |on profile on

14% SDS- PAGEfg€F°GF”Ehe°fprPGPgFﬁ§aﬁ? & rom FrdgiErc 1Bbum 1imber
preparations derinsigmhr o8 BidESRGed MERMMNWIn, Lavast reaﬂacm &@RB8.(B: 2a: Pl . 2)
after treatment t 335e££ notrypsi n and

Cf ho
trypsin. Extensi ve 45F ot eoi I% oréer Eo SQIO&?Q& pfﬁ'é'Lﬁ %1 é@ﬁl wei ght
proteins and of protsenesglk rruilcfrfeoettEremmJMapr oo@mmwlemom.ved

for the tysat eflesaphbiss Q@r@uaﬁcabaéé&%é 1388ud) £HURA'EI200nded NE
untreated control (Figure 2, |lane 2).
29 or 48 hours 'at 37°C or 56°C w;th or without shaking. The

PH of the mixture samples was adjusted at either pH 7.2 or
PH 9.0. One % (vol/vol) of sodium dodecyl sulfate (SDS)
was also added to certain samples. Immediately after

20 treatment the samples were resolved by SDS-PAGE gel
electrophoresis using the MiniProteanII® (Bio-Rad,
Mississauga, Ontario, Canada) system on 14% (wt/vol) gels
according to the manufacturer's instructions. Proteins
were heated to 100°C for 5 minutes with 2-mercaptoethanol

25 and SDS, separated on 14% SDS gels, and stained with
Coomassie Brilliant Blue R-250.

Figure 2 presents the migration profile on 14% SDS-

PAGE gel of the proteins present in outer membrane
preparations derived from Neisseria meningitidis strain

30 608B (B:2a:P1.2) after treatment at 37°C for 24 hours with
a~-chymotrypsin and trypsin. Extensive proteolytic
digestion of the high molecular weight proteins and of
several major outer membrane proteins can be observed for
the treated samples (Figure 2, lanes 3 and 4) compared to

35 the untreated control (Figure 2, lane 2). On the
29
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contrary, a protein band with an apparent nol ecul ar wei ght of 22 kDa-
was not affected even after 24 hours of contact with either )
proteol ytic enzyne. Thi s uni que protein was further studied using
a nore 5 aggressive proteolytic treathent with Proteinase K (Figure
3). Protei naw®9%n29a2o0ne of the nost powerful pr ot eol yt PCT/CA)OESY Si nce
it has a | ow peptide bond specificity and wi de pH optinmm

Sur pri singly, the 22 kDa protei n was. resistant to digestion by 2

| nt er nati onal | (1Y), of a Kfor 24_hours .at S6[err
(Figure 3, °L*JH: f‘?y THiZ teg‘at men @ v??’ b APRRETRY W&ﬁpuia%o‘i’%}(‘g?ﬁl
to produce i popcﬁ@@é’cbﬁarw%smm aPfcteditevanc afkaps24 fhew's of cofitact

proteins. | ndeed ;o4 glgggi.lpme\égggiédg& be seen after such an
aggressive proteolytic treatnent of the ‘out er menbrane preparation.

Furthernore, |onger This{yigug-Rpreteip yas ZFS‘rﬁBEFSSt‘ﬁlﬂ YFdRg e 2y

concentrati onss(wggtesaﬂvé Lﬁrcdﬂedls}eic atfedtriee FTENNProdeinase khe 22 kDa
protein. The armurri,t

of the 2
protein were not afngffze ?ﬁm ﬁ‘é"’ﬁif"q?’ﬁém RE F’Z%ms&hpﬁf”ffg'r‘ts was
I ncreased to pH @:@teoiytmmenzmeﬂsﬂ%@fltsmﬁs a tmwcpﬁgpq:.ldet bbnddenaturant

was added (Fi gur gy, The 'gﬁ%l 5
denat uri ng COI’ldItIOeI"l:gf\:}\.gtfd nor rvéfifg result in tﬁﬁ%@i q ?L aﬁ]%é’g i on
of the proteins RTOLEAR Vs t1REiSkeB t?@‘r%ﬂaﬁebqbr%pﬁtmmombaw ng

only anmino actdl neEitdudsy) of proekyRes iKlewmrohyl ﬁ&ﬁﬂ@la?&lsls@b W@i&mevﬂere
of ten observed ests and were assuned

t he dj ments of
sensitive protei r??“ﬁo?’ef f%ﬁq\%ﬁtﬂ?@%s’t%d’f&ﬁﬁ Be‘?h’é‘ o 1@%?9%&%
treat nents. Thesed paxgdece slipopelysatchmmlisl pr 88A prlvite cired aimost f trdener

degradation by ths Siﬁwﬁﬂwratﬁﬁeed é’da&ﬁa%%%% t.anE%QEﬁSU%%% a4

menbr ane. The ban a aren ["ecu
kDa which are  aftgresugh am qggﬁ&ﬁéW%mtwluFechWebﬁ the residual

enzyne and a ¢9NtyFeRahmlr s pRePaPiesst 'ﬂr@h&nﬁé@@oa@@rprepar ations
tested. treatments, up to 48 hours, %r higher enzyme

concentrations (up to 24 IU) did not alter the amount of
the 22 kDa protein. The amount and migration on SDS-PAGE
gel of the 22 kDa protein were not affected when the pH of

20 the reaction mixtures was increased to pH 9.0, or when
1.0% of SDS, a strong protein denaturant was added (Figure
3, lanes 4, 6 and 8). The combined use of these two
denaturing conditions would normally result in the
complete digestion of the proteins present in the outer

25 membrane preparations, leaving only amino acid residues.
Polypeptides of low molecular weight were often observed
in the digests and were assumed to be fragments of
sensitive proteins not effectively digested during the
enzymatic treatments. These fragments were most probably

30 protected from further degradation by the carbohydrates
and lipids present in the outer membrane. The bands with
apparent molecular weight of 28 kba and 34 kDa which are
present in treated samples are respectively the residual
enzyme and a contaminating protein present in all enzyme

35 preparations tested.
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Interestingly, this study about the res;i stance of the 22kDa _protein to

prot eases i ndicated that another protein band wi t h apparent nol ecul ar
wei ght of 18kDa seens to be al so resistant to enzymatic degradation
(Figure 3a). Clues 5 about this |8kDa protein band were obtained when the
m gration prwbiobreion SDS- PAGE gels of affinity purified PCHEAYWRISant
22kDa protein were analyzed (Figure 3b). The 18 kDa band was appar ent
only when the affinity purified reconbi nant 22kDa protein was heated

; 0; an eﬁtendegDslg Pﬁ{a&dfeingiﬁ tiHlsSQ'EEh9hMJterthﬁ??é§i§Eéi?:é b the

et ergen efore it was ied on the erm.nal am ng

aci d anal ysi s usFAP? RFAE§HBAt ﬁé@f%&?ﬁe é& ?r%ge that an°‘8ree%uaﬁ9tem

est abl i shed t hat bah® withappareht eml&aia@Ew&gehtSof 18ka Fseens @o be

i dentified on th r d |ds ( SEQ
ID NO 1). These glégsrgl%s?gﬁgagg éne;%i%%g_t% Fﬁgri# ?1" égggpeb géuggen on
t he SDS- PAGE i5s alhout tlf:‘actlslsuéainmtefinohandewsmqnaonedmhérhut@xel ast result
al so i ndi cat ﬁgiMont ?‘Eok?fé’serons‘é‘ﬂseﬁﬁés' efd Ve ih0l [ igjegmat ure

18 kDa protein. Further udies will he done to 20 |dent|fy t he rml ecul ar

nodi fi cati ons exﬁ?‘é?‘ﬂ?%ﬁ}ntth 2kLayignotein wRrg pRlaredWFigwieS3hlei R and to

eval uate their ippagha bandowas Weamyamerprmeeatfmlw epavilgiea of the
Nei sseri a

pr ot ei n. [ n.conclu d scove of
Teni g 1 di s out BPETPET pR0 SR iRl dareRvals? Rebcenomridhaed  of
bei ng resi st aft perjrdtedolityme cinlispaplicobuf fer weontRinddgf the atesgedy of its

nol ecul ar and i als ehixS They_ d nbi nant
22 kDa surface ngyi?é(#er%nkgr%a U%J%%hEégh%ir‘?c e|:La ?oeghhﬂ% éﬁ?’g’ 31is

al so hi ghl y Rei¢AnaYsis Ppiincithes Edpag; 3%%%4%”%‘%*%@1&) 3Bresently
trying to under staésk iy @stablasHSANENALC RheOBhens aczd kesideed\ais-gehla-

glre g![ gg: ;![ ?LS eﬁgyﬁé%ﬂ?-t{;jo dgzrxt(:)z{teie% torrllI %he 18 %a andr ggzlcéés%%etdot

1S the amino acids 1-9 (SEQ ID NO:1). These results indicate
that the 18 and 22kDa bands as seen on the SDS-PAGE is in
fact derived from the same protein. This last result also
indicates that the leader: sequence is cleaved from the
mature 18 kDa protein. Further studies will be done to

20 identify the molecular modifications explaining this shift
in apparent molecular weight and to evaluate their impact
on the antigenic and protective properties of the protein.

In conclusion, the discovery of a Neisseria

meningitidis outer membrane protein with the very rare

25 property of being resistant to proteolytic digestion
warranted further study of its molecular and immunological
characteristics. The purified recombinant 22 kDa surface
protein produced by Escherichia coli in Example 3 is also
highly resistant to proteinase K digestion. We are

30 presently trying to understand the mechanism which confers
to the Neisseria meningitidis 22 kDa surface protein this
unusual resistance to proteolytic enzymes.
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EXAMPLE 2 CGeneration of Mnocl onal Antibodies Specific for

the 22 kDa Neisseria neningitidis Surface Protein 5
The nonocl onal anti bodi es descri bed herein were obtained fromthree
I ndependent fusion experinents. Femal e Bal b/c mce (Charles River

Labor at ori es,We9620412  Const ant, Quebec, Canada) were i mmuniBECHCA¥ONRSHUt er
menbrane preparations obtained from Neisseria neningitidis 10 strains

604A, 608B and 2241C respectively serogrouped A B and C. The lithium
chioride extract| axauped 4 Gdditdtlon of Mckiolk] HndEHENIRCSPLERA P A"
was perfornmed in a manner previously described by the inventors.

[ Br odeur et al., Infecthe @ a Nelsgeriy) gepingpifiidisTRurfaceecin 15
content of these preparati Gipedghe determ ned by the Lowy met hod
adapted to nenbrane fractions [Lowy et al., J. Biol. Chem 193, . p.
265 (1951)]. G oups of mce were I njected intraperitoneally or

sugt(;_ut an_eousl y250vvi ce, hme monocilbir‘xrgﬁ-w@ib- ddile@r aeg@r%émhgggmg ‘Qébréji fferent
conbi nati ons of the outer rane. prepar at ,ons descri bed above.
Dependi ng on 't he é’&’&ﬁbnﬁ‘? %ﬁ° T&‘Fﬁ% ‘Hb‘?%fﬁ’l%tae?%u BH b SAPREIments.
i mruni zati ons wer Fematacka¥y/eundce (Cingptletse Rdvek NLabatbeies, sgdj uvant
(G bco Laboratori d d, Y3\ : | .Cedar Lane
Laboratories, Horn ?s%ﬁ? , k’%gdgf%ai%’ 'ﬁ%r&ge Hay’gybeeq?gg'ggt ‘ﬁ‘éé_?’hsi on
procedure, the infmembrage mxsparationgceitadaed from|Neisiseadenwesinglridiison
of 10 mg of ong Ofseraine (dFA0UE0ES TEAR AN PEERBEAIRAY SE65LAREAAVE

r I NES

The fusion protocol used . to produce the h | doma~ce

secreting the des@P8dCnontta dA&PidRt FIbkRRLORa 8 BEacEidFegsedotprebtadms| y by
the inventors [ Hanklesetowter mémbdhfle prepardccibAbi vils petForied 2484 (1987)].
The cl ass, subcl ass_and . Iiﬁ/ght&chai%‘gdgge ?% nmonocl onal apti bodi es
Me-1, Me-2, Me- o008 RASEOURAY 6“aT W7 “Wel® TVERTOREd biPTR9e8X as
previously report et pMartinfegt.glfmmud, 50.i ». BLGr O#85)),. ‘Bbe Afroteinl720
(1990)] and args pi-gaeeheth¢ rnkabl ﬁrélparations were determined by the Lowry 32

method adapted to membrane fractions [Lowry et al., J.
Biol. Chem. 193, p. 265 (1951)). Groups of mice were
injected. intraperitoneally or subcutaneously twice, at
three-week intervals with 10 mg of different combinations

20 of the outer membrane preparations described above.
Depending on the group of mice, the adjuvants used for the
immunizations were either Freund's complete or incomplete
adjuvant (Gibco Laboratories, Grand Island, N.Y.), or
Quila (CedarlLane Laboratories, Hornmby, Ont., Canada).

25 Three days before the fusion procedure, the immunized mice
received a final intravenous injection of 10 mg of one of
the outer membrane preparations described above. The
fusion protocol used to produce the hybridoma cell lines
secreting the desired monoclonal antibody was described

30 previously by the inventors {Hamel et al., J. Med.
Microbiol., 25, p. 2434 (1987)]. The class, subclass and
light-chain type of monoclonal antibodies Me-1l, Me-2, Me-
3, Me-5, Me-6 and Me-7 were determined by ELISA as
previously reported [Martin et al., J. Clin. Microbiol.,

35 28, p. 1720 (1990}]) and are presented in Table 1.
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The specificity of the nonocl onal anti bodi es was est abl i shed usi ng
Western i munobl otting foll owi ng The nmet hod previously described by the
i nventors [Martin et al., Eur. J. Immunol. 18, p. 601 (1988)] with the
5 followi ng nodifications. Quter nenbrane preparations obtai ned from
different stWeissgo4dd Nei sseria neningitidis wer e resol vVROT/CAS6I098S?

SDS- PACGE gels. The proteins were transferred fromthe gels to

nitrocel | ul ose nenbr anes using a sem -dry apparatus (Bio-Rad). A

current of 60 mA 10 Q:g,n): r asn the
el ectrobl ot buffer conS| S %ﬁé@% f\/\/@ﬁ?la,gnf}! éqgn%gza&n%'%& ?/’Cl ne and 20%
(vol /vol ) et harRftalifshed usine Western immunohiatsERst F?*&?%Fhﬁent s
clearly indicat afedHtd pkBoiously@eeekr2Bal By itiHOdnvenbbed, [Mftin Me- 3,

Me-5, Me-6 and Me- recogni_zed thei speC| I.C es, Qn the Neisseria
meningitidis 22 ¥p& r‘oé@f-ﬁ—‘gf-mipx 5'8 il (ggkéhg with &88- PAGE gel s
and the corresp(ﬁumrmgrmésmedifxmmnbl oteutgr rembeaha dprepathtibas t he

appar ent ol ecul ta‘&%‘ Qh?ﬁ&‘; di¥se ferent QEP%&LS o@%zggé n?{x%eéi%%trp‘g?gg strain

to another. 20 mever e anoun el n preseén
menbr ane prepar Merensesalved an d-rﬁ*oﬁ@ss?ﬁt%ﬁl reels .anBhaaproteingvenas not

related to the s&raegrfaueeaffﬁ&@ tsler gkls to niM¥RRYeh1oLd SRcFRREE! ONal
anti bodies still recognl zed hel r Sgl topes on the Neisseria

meni ngi tidis 22 4933925 SRR ﬁ‘PBFEPFI f {R¥ORaG + neft ST ante o§ubRrma
menbr ane (30 e A igedn ( 8K1 e walsoappméal e 1§ pehutds Gin Ftlh@t ein

t t t d F t ly,
he opi Topes.r ortiaEEoP AP Rer poREEElng B0 5 et 4 0L SO BN T o ng
that even if theglmeSQndoZ‘%s(Nbllévph) trhethendir, aps @rkpar‘m:tel Unsterzhhe
anti bodi es :.'iﬁ%(m%iﬁoﬂ@indjee?{pEQXﬁgnpyé ﬁE}ZXHH;%éﬁ?é fE%%f: bi's

| atter result suggested that the nechanism al ns € observed

prot ei nase K r efEOSAL Ea?'swdﬁFébﬁﬁT&' -2, Mer'éi Mesh t éﬁesér pRd e~
structures bi®cki necobfised adteief spbeidic aiprHipekOohend NdRiserigr to the

protection Offermee%i%ittggis 22 kDa protein (Figure 4A). Analy%?.{s of the
SDS-PAGE gels and the corresponding Western immunoblots
also indicated that the apparent molecular welght of this
protexn does not vary from one strain to another.

20 However, the amount of protein present in the outer
membrane preparations varied from one strain to another
and was not related to the serogroup of the strain.
Moreover, these monoclonal antibodies still recognized
their epitopes on the Neisseria meningitidis 22 kbDa

25 surface protein after treatment of the outer membrane
preparation with 2 IU of proteinase K per mg of protein
(treatment described in Example 1, supra) (Figure 4B).
Interestingly, the epitopes remained intact after the
enzyme digestion thus confirming that even if they are

30 accessible in the membrane preparation to the antibodies
they are not destroyed by the enzyme treatment. This
latter result suggested that the mechanism which explains
the observed proteinase K resistance is most probably not
related to surface structures blocking the access of the

35 enzyme to the protein, or to the protection offered by the
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menbrane to protei ns_which are deeplLy_enbedded._\Wile not shown in
Figure 4, the results of the i munoblots for M-1 were consistent with
the results for the other five nonocl onal anti bodies. 5 A series
of experinments were performed to partially characterize the Neisseria
meni ngi ti di s WO r f ace protein and to differentiat ®CH{CAPSMSTE he
ot her known meni ngococcal surface proteins. No shift in apparent

nol ecul ar wei ght on SDS- PAGE gel of the Neisseria 10 neningitidis 22 kDa

surface protein mmahedtmt@uherwmch r&@a&aﬁwr&wﬁe@”s & Awat ed
at 100[err] C for mnut ﬁt elé{s]Cand 56[err]C for m nut es
in el ectrophor esi aﬁ’(ﬁ"b‘%&f‘f Epe e Rift HBGit 17 &85?0%@#1%1

Thi s i ndi cat eterehatnsisteritgmwdthothefrévad t232i6bp Ghe faxherPERyei N, 15 when
present in the oq,;ogL Fﬁﬁ?iaé}ﬁ:ib%iegm heat- or 2-

nmer capt oet hanol - Sodi um peri odate oxi dation was used to
determine if 3 the Apohexiemsf swpebirents wexet erﬁwmdc&pbphytﬁ:anq

epi t opes present dH&rEEEePiEé?rtHEEWQE.@BSr.{H %i@{zﬁb'ieﬂéigcbze’kb&a &F&:H}

Nei sseria meningitidis organi sms.__The met hod used to per or m
experi ment was pPEPEELR| A4 to d‘é§é?¥'%’iﬂ-a¢ﬁﬂ t’-ﬁefFﬁ‘vth%@heFl\/hﬂvm et al.
I nfect. . I m’rulmemﬁBOcmaJZEiﬁEQZQSQ:(dx%&&)s] ﬁbeﬁﬁmi{ltmoﬁ Bat&it

menbr ane preparat| mVl o r| te for 25,1 hour at room
tenperature did Not eﬁ}l‘t(mﬁ HHE eggt%#f%c%{fngpg h@’?rﬂ?ﬁ)‘éf’&ﬁé? ant i bodi es

toward the Ne iGs s anenangitidisi22gkbadswr £itk Brosueih acz&e, prdt'&aal Wherd Nhuter

t r eat ment di s_that, are
specific for car bo y% ??ép%%g%lwg!\gé&clh%%tgﬁ ody % g@“ﬁfﬁﬁ/l ded
by Dr. A Bh&&t aEhéf feand \REPEr frectd mnyteaS;mtqﬂtest@bpﬂesws:h

Washi ngton, D.C. )sah«mémiézcwf;eh é@ewiﬁm;&r Qtﬁe&éﬁﬂé&hmolca'+r$% H8), a
surface anti gen CO SSErl a specl es

t th
reactivity of thi § B%é)o%ﬁ" gg €M ?e%tcn‘f%?h%ﬁt%?k%ﬁﬂ?‘éﬂ‘ée REP@AR i ons

was conpared i when present in the outer membrane, w&ks not heat- or 2-
mercaptoethanol-modifiable.

Sodium periodate oxidation was used to determine if
the monoclonal antibodies reacted.with carbohydrate
epitopes present in the outer membrane preparations .

20 extracted from Neisseria meningitidis organisms. The
method used to perform this experiment was previously
described by the inventors. [Martin et al., Infect.
Immun., 60, pp. 2718-2725 (1992)]. Treatment of outer
membrane preparations with 100 mM of sodium periodate for

25 1 hour at room temperature did not alter the reactivity of
the monoclonal antibodies toward the Neisseria
meningitidis 22 kDa surface protein. This treatment
normally abolishes the binding of antibodies that are
specific for carbohydrates.

30 Monoclonal antibody 2-1-CA2 (provided by Dr. A.
Bhattacharjee, Walter Reed Army Institute of Research,
Washington, D.C.) is specific for the lip protein (also
called H.8), a surface antigen common to all pathogenic
Neisseria species. The reactivity of this monocional

35 antibody with outer membrane preparations was conmpared to
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the_reactivity of monoclonal antibaody M:5, The |ip- specific
nonocl onal anti body reacted with a protein band havi ng an appar ent
nol ecul ar wei ght of 30 kDa, while nmonocl onal anti body Me-5 reacted

with the protein band of 5 22 kDa. This result clearly indicates that
there is no WO9%24Rat i onshi p between Nei sseria neningitidi PCTCAIMBOISYf ace
protein and the |ip protein, another highly conserved out er menbrane
pr ot ei n. To verify the exposure of the 22 kDa protein at the 10

surface of intact ¢fei $68¢tRri¥9NbE Mhdhdt TorRACBBELBbAF Md-5. The Rip-

radi oi nmunoassay was g rfornmed_as previQus desc%é ed bé t he

i nventors [ Proul x SBECFLC W@&?@ﬁrﬁ?ﬁ:‘,%@, rgached with a pygtein kand noyr
and 18- hour bact ehizelinguird Wpparent emolecularedrefiight tdif Stakpay. whbEe Si X
nonocl onal anti bogi . t | | rJ nLngi t. di
strains (the g‘é’g?%g?%aﬁ'p o?l{bﬁé?s éfi.aglmr:flelgg%faggvggfe%‘ael ?%BgFgﬂt}ﬂ&‘is"fon
Figure 5), 2 N& sgérkbagorfhishoeswlttckasardy( 'indirates that tbemzeis ao
catarrhalis strai paiftdbndnidNflebwdlh NWdderia mehdcsAILHS Sb' RHDSs zl'ﬁhil,_-"e)-
The radi oi mmunoassay confirmed 20 that the epitopes recogni zed by the
nonocl onal anti boBf@tein and,the dipRrPLain.anethenduigly fenserved sseria
meni ngi tidis isol aheérahenbriaher padteni ot ypes and serogroups and shoul d

al so be accessible to the . oteol ytic enz s.{Figure 5), The

nonocl onal anti bodi es *%é’ﬁfd‘ﬁﬁdgé? r??f?g‘%ls&)’rteo °1I}h§r$ %él)?% p§BF%‘b‘be§t di& he
surface of 10 alsbrflece sef iiataeni Mgidsatia siendngstidiat ddctébal asslided

bi ndi ng val ues (bet Elggl ar . one..strain
to ano?her, and(wlgt g@g%_ pgygla%g%)gsg%ogsﬁg;te 8¥ as %%§m8%¥t%?T%Fl E“{'
Haenophi | us i nf | ub¥zblke poventepaclfreulng@tmadoc| Bpgc admmbindy HRis usdd3as a

negative control fiepe1)}. @A%Lnbaeifid aAls-Hokdl BactOMS caekave Q%:%!V' ver e
obt ai ned and sugsggtuent,l y subtracted from each bi_nding val ue. th
r

. respect to the NePSS FRENGFEMNI s 18 S MPRETIRPAL, antibodies wereay
the results shidwnreactedwithb9of meissannid aenlingdbidiy idedias Mend and Me-7

are representative_of the re 35
sexrogroup ©

S%Lésstrain is indicated in parentheses on
Figure 5), 2 Neisseria gonorrhoeae strains ("NG"), 2
Moraxella catarrhalis strains ("MC®") and 2 Neisseria
lactamica strains (*NL"). The radioimmuﬁoassay confirmed

20 that the epitopes recognized by the monoclonal antibodies
are exposed at the surface of intact Neisseria
meningitidis isolates of different serotypes and
serogroups and should also be accessible to the
proteolytic enzymes (Figure 5). The monoclonal antibodies

25 bound strongly to their target epitopes on the surface of
all Neisseria meningitidis strains tested. The recorded
binding values (between 3,000 to 35,000 CPM}, varied from
one strain to another, and with the physiological state of
the bacteria. A Haemophilus influenzae porin-specific

30 monoclonal antibody was used as a negative control for
each bacterial strain. Counts below 500 CPM were obtained
and subsequently subtracted from each binding value. With
respect to the Neisseria meningitidis strains tested in
this assay, the results shown in Figure 5 for monoclonal

35 antibodies Me-5 and Me-7 are representative of the results
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obtai ned wi th nonoclonal antibodies Me-1, Me-2, M-3 and Me-6. Wth
respect to the other bacterial strains tested, . the binding activities
shown for Me-7 are representative of the binding activities obtained
wi th other nonoclonal 5 antibodies that recognized the sanme bacteri al
strain. WO /2P ant i geni c conservation of the epitopes RCICAHPUEY

by the nonocl onal antibodi es was al so eval uated. A dot enzyme

I rmunoassay was used for the rapid screening of the . monocl onal

antibodi es agai ngptaided 48 tAUHISKScWnalaaheibedicd) mel-n.2i B6-2,Thiss-3288ay Was
porfor e br S N SSELEES, oo fRL LBt oty Rl Gt
meningitidis  theérmindingasctieities shovnsfoxe-Thersangresentiatded 19

| sol ates of seroggotip '%i}négnlrzsé’é@{xﬁ%zi%k 32&9%&&'&:53& égh%{’ aoHYALRE1 Of

serogroup C, 1 isolate o erogroup 2 I SO . serogroup W135,
1 isolate of Serantikgiies that reopamized ghesgang)begsevial stxsim.es of

serogroup Z, and 4 rhd aakdfesid RantRiatioh SEMR ePPesbds NRdognibede

i sol at es were obtai ned fromthe Caribbean Epj dem o&g%%/ Centre, Port 20
of Spain, Trini dﬁﬁ;tlt?niWQH%a}-k?s’tﬁ’%d"SF ¥ast eva i 02 @Ptawa,
Canada; Depart neahzyhe Samkabalsawiiwas uskldafbh, tHegiapdd Seansedning @if0EREOI I e
de Sante Publique du Nont_r X = Pl | nsti.tut fur
Mol ekul ar e Genetmeclale%a\lnq,dg%dﬁntalg%gks&hc?In%ﬁ%r? gﬁ%@;‘?‘f%@%ﬁ? eal , '
Canada; Vict o0 asGeminsl Mbépi assay was perFoomed GenageyiowsiloWesgwibedr ai ns
collection. The py Al RNBIDAENGidr SRCELES yver:ﬁmahégsg?gf,t @, L

Nei sseri a gonorrhoeae, 4 Neisseria cinerea, 5 Nelss ~“lTactamca, 1

Nei sseria flava, 313 Net288ddi-a B eRKHION QENET N@ASSeris MeRH @i tidife| sseri a
pe[) ; : aval si gca, étﬁbiﬁﬁiﬂsauﬁﬂfixﬁ\kﬁmils stuayNei'nﬁael lslap $é]<c:£:ec1ulhéaeilsseri a

su ava and 5 Moraxella catarr [ 1 cal i nes_feacal i.s (ATCC
B I A e T it B s Cl A

(ATCC 15947),151 Esthatdmcifeserdgramap CATCCi28BaEs of] s@SogfoureraFacer

ggrernes (ATCC 1§9f§9es %fE§€98§féuBi%J¥§EL’llisolate of serogroup X, 2
isolates of serogroup ¥, 2 isolates of serogroup Z, and 4

isclates that were not serogrouped ("NS"). These isclates
were obtained from the Caribbean Epidemioclogy Centre, Port

20 of Spain, Trinidad; Children‘'s Hospital of Eastern
Ontario, Ottawa, Canada; Department of Saskatchewan
Health, Regina, Canada; Laboratoire de Santé Publicque du
Québec, Montreal, Canada; Max-Planck Institut fur
Molekulare Genetik, Berlin, FRG; Montreal Children

25 Hospital, Montreal, Canada; Victoria General Hospital,
Halifax, Canada; and our own strains collection. The
following bacterial species were also tested: 16 Neisseria
gonorrhoeae, 4 Neisseria cinerea, 5 Neisseria lactamica, 1
Neisseria flava, 1 Neisseria flavescens, 3 Neisseria

30 mucosa, 4 Neisseria perflava/sicca, 4 Neisseria perflava,
1l Neisseria sicca, 1 Neisseria subflava and 5 Moraxella
catarrhalis, 1 Alcaligenes feacalis (ATCC 8750), 1
Citrobacter freundii (ATCC 2080), 1 Edwarsiella tarda
(ATCC 15947), 1 Enterobacter cloaca (ATCC 23355), 1

35 Enterobacter aerogenes (ATCC 13048), 1 Escherichia coli, 1
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Fl_avobacteri um odoratum_1 Haenophilus influenzae type b ( Eagan
strain), 1 Kl ebsiella pneunoni ae (ATCC 13883), 1 Proteus rettgeri (ATCC
25932), 1 Proteus vulgaris (ATCC 13315), 1 Pseudonpnas aerugi nosa (ATCC

9027), 1 Salnmonella 5 typhinurium (ATCC 14028), 1 Serrati marcescens
(ATCC 810¥0 961294121 gel | a fl exneri (ATCC 12022), 1 Shi gel |RCT&GAS6/89187
(ATCC 9290). They were obtained fromthe Anerican Type Cul ture

Coll ection or a collection held in the Laboratory Centre for D sease

C_onL rolh, Qt awa, ﬁ%ﬂlaﬁaeté}\ﬁm_l%dbﬁ&ﬁlh.\/ii | fendphli D6s DT cgiale eﬁlsé h?di cg;
with the nost rel evant i sgerj.a, strajns _are present | e, 1. e
monocl onal ant i bdfFIaRESEE2 COanﬁsﬂsﬁ‘@%ﬁ’é'@f’f" "‘aﬁa{}b%% 198}_%;2 0% of
the 71 Nei sseri a Rroriengi rétitgezst (ATOS 255320d. 1 Proféus vmigariisndATemt i body,

as well as Me-2, 3 - = e ' certal ns
bel ongi ng to ot hélr%ﬁ, ! :V\gigssegﬁzg’%ﬁg%{g%i&é@ﬁ%gfcgﬁ?ﬁg %iaﬂ t ﬁ'e%rgh@%rz%#ﬁ C
epi t ope i S5 altyphdmpriws T 34028) clloSsryatd| merceseanssdAlECeae.

Except for a fai acti @hs it Fxggf' SR\ ' : oSl L Al ;
nonocl onal anti bgét Sbflé-ii %llad(lz%lel -?,2 y wfh@?ﬁé?gggpr?gs%rﬂe%?t%m&

i sol ates. Me-1 widdTEGr 82¥9) + e Fhey were \ghtpines: REpPmsEhp I AeFican7TYRE sseri a
neningitidis  culehbeSoRitries 8bl & ddl1eritioat h¥ld danitney LEBoLatd@dn 99%
of the total Neisseria r%renl n |t|d|§ stralllns tested, Besj des the

Nei sseria strai n$eBrEEefR% PIFFafEL a0 h & E58%Ry nGRT TR i bodi es did
not react wth ameactitvheier oefr the mbaotlonadl aspéboditespritthonbd adswe.

I n concl usion, si I [ | | C cifiakhly.re ed

wi th the Neisser igél%%{?%g@%%ﬁe?}%zgeﬂﬁ%h seugfgggn%?&(;tié r?%\%érgelgegﬁeat ed
by the inventorsmogoclenal antddedyoniiet bnalecoanibedi tts apegdFdaseptiare t hat
their specific epyl 9pgg &hb 7HORRE EMePih dfifih2t D3PS dtrains! PekSdaNt 22

kDa protein present in the outer menbrane of Nei sseria meningitidis, 2)
conserved anmpng R@i§swppeclonal drtabedydias wedflapesMeR. depdselend ank

surfgcg of i ntfRciMe-85aled SERIdtRaARitR Mddtin etkrhsnaNse RAGARG BbCotiter
ant i body,

Neisserial species indicatingglhat their specific epitope
is also expressed by other closely related Neisseriaceae.
Except for a faint reaction with one Neisseria lactamica
strain, moﬁoclonal antibody Me-1 reacted only with-

20 Neisseiria meningitidis isolates. Me-1 was further tested
with another sample of 177 Neisseria meningitidis |
isolates and was able to correctly identify more than 59%
of the total Neisseria meningitidis strains tested.
Besides the Neisseria strains presented in Table 1, the

25 monoclonal antibodies did not react with any of the other
bacterial species mentioned above.

In conclusion, six monoclonal antibodies which
specifically reacted with the Neisseria meningitidis 22
kDa surface protein were generated by the inventors.

30 Using these monoclonal antibodies we demonstrated that
their specific epitopes are 1} located on a proteinase K
resistant 22 kDa protein present in the outer membrane of
Neisseria meningitidis, 2) conserved among Neisseria
meningitidis isolates, 3) exposed at the surface of intact

35 Neisseria meningitidis cells and accessible to antibody,
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and 4) the reactivity of these nonoclonal antibodies with the Neisseria
meningitidis 22 kDa surface protein is not “nodifred by a tréatnment with
sodi um peri odat e, suggesting that their specific epitopes are not

| ocated on 5 carbohydrates. Al t hough we found that the mgration
of the Nei ssawo 9629412 neni ngitidis 22kDa protein i s noved to MIT/CASO0ISNt

nol ecul ar wei ght of about 18kDa when heated under stringent conditions,
we observed that the mgration is 10 not nodified by 2-mercaptoethanol
treat nent. and Y% £hé r&REANS LY 36 £ k¥ mbASe NethafIS AieAnBBOES Qi feirdi S

22 kDa surface protein has po antigenic,signlarit th the, li
protein, another qWﬁﬁFﬁﬁfﬁ%ﬂeﬁéf‘gﬁF’é’rﬁ ﬁ g‘RPyerg%%eréa b?d?qéﬁ n
present in the owicdifiedlsane vleathéntlaritte sodimmnperiddaties. suggesting AS

feacted with the B FREE Sestafsrnan FOH stlihor Jodlled’8l B2, 0120 diced
after transfordmatdagipobfdratessscherichia coli strain BL21 (DE3) with a
plasmi d vector 20 PNPRELRoLY blia' (a8 ROGERGIdPor! RRe\RLESRLI AL
meningitidis 22 kDa surtace protein. o,
meningitidis 22kDa protein is moved to an apparent
molecular weight of about 18kDa when heated under
stringent conditions, we observed that the migration is
10 not modified by 2-mercaptoethancl treatment. _
We also demonstrated that the Neisseria meningitidis
22 kDa surface protein has no antigenic similarity with
the lip protein, another low molecular weight and highly
conserved protein present in the outer membrane of
15 Neisseria meningitidis.
As will be presented in Example 3, these monoclonal
antibodies also reacted with the purified, recombinant 22
kDa surface protein produced after transformation of
Escherichia coli strain BL21 (DE3) with a plasmid vector
20 pNP2202 containing the gene coding for the Neisseria

meningitidis 22 kDa surface protein.
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Table 1. Reactivity of _the ponoclonal antibodies with o

Nei sseria isolates [err] 5 EXAMPLE 3 Mbl ecul ar

Cl oni ng, Sequencing O The Cene, High Yi el d Expression And
Purification O The Nei sseria neningitidis 22 kDa Surface
Protein 10 WO%2M12%cul ar C oni ng A LanbdaGEM 11 ¢ePCRICAS60PIS?

| i brary. from Nei sseri a meningitidis strain 608B (B:2a:Pl.2) was
constructed according to the manufacturer's reconmendati ons (Pronega

CO, Madison, W) raBteeily rRdditigttgndt €A mdhothondDhtibodiesi Witk s

partially digested with Sahlrje B@dﬁgngsg{aa rrsents

. pimber of Neisgaria-isclates recognized by ‘the monocléual antibodies.. -

Sexogroup of Neisseria meningitidis

Fetgl

a » [ 2 fwiss | x ] 2 ] ns |Total | Mamsrelle Nesaseris Nessvarss
S zeotype | 391 | 30 [ ] 1 | | fumpaar) o | oan - 10 " : ~
Me-1 Jiocaatki | 29 | 22 | 13 {1 1 6 ]1]2]2] 3| 69 ] o b3
ne-2 | IS8kl | 15 20 13 1 6 [+ 2] 2 4 67 0 2 0
Me=3 | 19CI tk: 19 -2 13 1 § 1 2] 2 3 65 o 2 4
Me-§ | Io52aik 19 22 13 1 8 1 =}z 3 €9 0 < 0
Mo=§ | 1o5:ik: 15 23 13 1 [ b3 212 3 70 [+] - 4
Me-7 | 1952a4k: i9 23 i3 1 6 b3 2z 4 73 5 < 4

*isolates not serogrouped

EXAMPLE 3 Molecular Cloning, Sequencing Of The Gene, High
Yield Expression And Purification Of The
Neisseria meningitidis 22 kDa Surface Protein

10 a. Molecular Cloning
A LambdaGEM-11 genomic DNA library from Neisseria

meningitidis strain 608B (B:2a:Pl1.2) was constructed
according to the manufacturer's recommendations (Promega
CO, Madison, WI). Briefly, the genomic DNA of the 608B

15 strain was g;rtially digested with Sau 3AI, and fragments
ranging between 8 and 23 Kb were purified on agarose gel
before being ligated to the Bam HI sites of the LambdaGEM-
11 arms. The resulting recombinant phages were used to
infect Escherichia coli strain LE392 (Promega) which was

20 then plated onto LB agar plates. Nineteen positive
plaques were identified after the immuno-screening of the
library with the Neisseria meningitidis 22 kDa surface
protein-specific monoclonal antibodies cf Example 2 using
the following protocol. The plates were incubated 15
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rangi ng between 9 and 23 Kb were purified on agarose gel bef ore being
ligated to the BamH sites of the LanbdaCEM 11 arnms. The resulting
reconmbi nant phages were used to “infect Escherichia coli sirain LE392
(Promega) which was 20 then plated onto LB agar plates. N neteen positive
pl agues were identified after the inmuno-screening of the library with
the Neisseri voseomig ti dis 22 kDa surface pr ot ei n- speci f IRCTHOAS60ISNal
anti bodi es of Exanple 2 using the followi ng protocol. The plates were

i ncubat ed 15 39 WD 96/ 29412

PCT/ CA96/ 00157 minui‘@é“#tes-zﬂbc Q&[kﬂrrdeﬁ ﬁ:ﬁeh%ﬂ%dﬂelﬁ.ﬁﬁo@@ﬂ[ulose

Ni trocel | ul ose # ters were efn Ileg o%léo aggrggc of, trée

pl at es for 30%AHERRYeEF 9FRYHY & s8PE°t Re® 575t otel As-pro cﬁ;(?é‘& 5%

t he reconbi nant ¢bral0 cliomtes dhedFC Ittoelabsmbethélmrot@masm@ﬂuqe@as- Tween

0.02% (vol / vol t t
i3 U iminons 38 *ﬁ%%qm FRA clopslroCIhO LI QURL Yred O O LA

purification, 5 waghedn 5‘|BSC Aen Q}é”m’*grféfpéd"‘é;brﬁ‘% imgupeRlotted as3 Kb
it R_Sert | vas S_elt ﬁcgescégsed befewbe.*,n{ll nﬁas@iaer 53951158 IAf umuﬁ@agkaﬁstlgonTﬁf
is clone w ac ag s_of nd .. re_opfalned. ese

fragments were pBri ?J(%dh\g%ms : g‘l"%éﬁﬁtf?‘b dnﬁﬁtﬁuf’h}el%:fd”f"
restriction siteoné viral kdohew damgnan&\elclphassrj dvhEiiSBad | #\alizy Kind
Kushner, Gen h 15
used to transfor?'hl?gj geﬁa%cﬁ%zégé%g Jr:flh-r% ?%gg%&‘aé%e?gﬁéﬂl% Hecer

el ectroporati th @igestieh of sh#sstamma with Sacahadio frag&“@l‘t%vﬂ'ﬁﬁé end

manufacturer’s r%cwwfdb%aineand rfﬂ?fse fraaﬁéﬂés 'Mé?h%ff&dwe
screened with the Nei sseri.a |t|d|s 22 sur

pr ot ei n- speci f i c 2HBFBRE el 288 éh?? Opfh Ex%?ﬁl’e r?StFE)EH‘?%e“&ﬂ 8fi es
wer e observed theni yw depy hhﬁbbﬁqbﬁsnﬁd/\@wxsso alwdmy amd Risindhe pl asm d

carrying the 8 Ki i nse#o Vst gen P%ﬁ\)e]analrﬁg' Sedd Sinant BF%%F%] protel N

described in Exa 8 27" of the | ones owed
expressed by lichsedchvatrza&afom B.ashwqji-l@t GOéndSlm%moﬁn!mm(BE gel

li ke the %ge&%éc%yd}%&bﬂ' PA-RElB m;ﬁs@aﬁapt %‘E déndddyt her
reduce the size o e Insert, a clone contalnlng th
following the manufacturer's recomnendat:.ons, and the

resulting colonies were screened with the Neisseria
meningitidis 22 kDa surface protein-specific monoclonal

20 antibodies of Example 2. Positive colonies were observed
only when the bacteria were transformed with the plasmid
carrying the 8 Kb insert. Western blot analysis (the
methodology was described in Example 2) of the positive
clones showed that the protein expressed by Escherichia

25 coli was complete and migrated on SDS-PAGE gel like the
Neisseria meningitidis 22 kDa surface protein. To further
reduce the size of the insert, a clone containing the 8 Kb
fragment was digested with Cla I and a 2.75 Kb fragment
was then ligated into the Cla I site of the pWKS30

30 plasmid. Western blot analysis of the resulting clones
clearly indicated once again that the protein expressed by
Escherichia coli was complete and migrated on SDS-PAGE gel
like the native Neisseria meningitidis 22 kDa surface

protein.



fragnent was digested with Cal and a 2.75 Kb fragnent was then
ligated into.the da | site of the pWKS30 30 plasm d. Western bl ot analysis

of the resulting clones clearly indicated once again that the protein
expressed by Escherichia coli was conplete and m grated on SDS- PAGE gel
| i ke the native Neisseria nmeningitidis 22 kDa surface pr ot ei n.
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PCT/ CA96/ 00157 After restriction analysis, two clones,

desi gnat ed pNP2202 and pNP2203, were shown to carry the 2.75 Kb

insert in opposite or Afseatrestriztioneatanaliect edotclones, PEeEegsatid h the

sequenci ng of th codi th I sseria nmeningitidj 2 kDa
surface protein. %h%%%z Qg&%’%ﬁ?&%ﬁdem ?ed et i k ?g

Phar naci a Bi dmselt| #n . ompRisitet avigntationsaendseer e cededcad to t he
menuf acturer's i Rsloceehi @k tt@,egge&ﬁaa@ugq 3 kRS Slnd Iy £or daiSti ONS

fromboth clones.. The resulting truncat I nserts were t eh sequenced
fromthe M3 f r\%"&sﬁﬁ"ﬁeﬂ‘e‘ungiﬁ#@%rﬁz d?Pat RET PRSI AFednor Fheh the "Taq

Dye .Deoxy Ter«uuonmers@eai&dsneseéwlmé@;b KE N OErth &aa{—msella

Bi osystens I nc. Eo teﬁ f)’t (P % g gue 03 nodel 373A
according to the B ertPESTRERERYy dgfI onse acc“é‘“%e’éﬁ’]

Anal ysi s mamzéacnman rssenstmtmwencgelnera&mtah sériegtdaf)rrsasced t he

nucl eoti de seque%gegggg%L n\agoggegl§ i ng.hgr@g&ftq_ :;’8?_2113& %pof 525

nucl eoti des ( cludlng st codon encodi ng osed of
174 amino aci ¢ r 88586ES Werqw&hpﬁgsawmﬁdctfeamnbh%MBarfomagﬂtpmers 000

Dal t ons and ambseﬁt%ﬁ&heTbmsz\%&aodewaeﬂ eieéiu QDQ%

sequences are prg, sented in F| % éc}fg NO:

To confirmthe cOFFREPRERI <! eqrenide; Kike duﬁ’é'fﬁean AP’Pﬂ‘n‘:‘*‘?xl—term nal
anino acid sequeBéespéteree I_lllﬂt.l V/Eoﬁtzaﬂ(lm.ty. en) f acmatetesaqieidased from
Nei sseri a nen'nghﬁ&gi53§§iiyc@ording to the manufacturer's

15 recommendations.

B. Sequence Analysis

After the insert was seguenced in both directions,
the nucleotide sequence revealed an open reading frame
20 consisting of 525 nucleotides (including the stop codon)
encoding a protein composed of 174 amino acid residues
having a predicted molecular weight of 18,000 Daltons and
a pI of 9.93. The nucleotide and deduced amino acid
sequences are presented in Figure 1 (SEQ ID NO:1; SEQ ID
25 NO:2).

To confirm the correct expression of the cloned gene,
the N-terminal amino acid sequence of the native 22 kba
surface protein derived from Neisseria meningitidis strain
608B was determined in orxder to compare it with the amino

30 acid sequence deduced from the nucleotide sequencing data.
Outer membrane preparation derived from Neisseria
meningitidis strain 608B was resolved by electrophoresis
on a 14% SDS-PAGE gel and transferred onto a
polyvinylidine difluoride membrane (Millipore Products,
35 Bedford MA) according to a previously described method
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deduced fromthe nucleotide sequencing data. Qut er nmenbrane_preparation
derived from Nei sseria meningitidis strain 608B was resol ved by

el ectrophoresis on a 14% SDS- PAGE gel and transferred onto a

pol yvi nylidine difluoride nmenbrane (MIIlipore Products, 35 Bedford M)
accordi ng to WO##BItbus|ly descri bed nmet hod PCT/CA96/00157
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PCT/ CA96/ 00157 [ Sanbrook et al., Ml ecular Coning;, a |laboratory

manual , Col d [Spmbngokiathad . L ajoletuiay Plesing:l 38 Iabordtmwp hakbal,
band E
protein band was %Ehsﬁr{ﬂ ?ag %Ab&‘&@owe?réé@l @%@2 1 -rhé QgAQEE”

degradation using t | OSyst ens nodel
473A aut omat ed pr @F@Fﬁ%e‘?ﬁ]@n&’éﬁ exczserdolfrrew h@et%l mrhﬁm@:@ted

recommendati ons. Ebegaﬁaxmcaegradaasmd HHGEREe Apsl fedSBobyYtehd e .
corresponded to a t he, open readi ng

fran. o TebRrer it BRacnaded 170 Rehanated prolpin reatpisaoess” 10

kDa surface pr ot eifelhewing mxeamufm@dreadeecqnmnm;ons (The ramiaoi d

residues-lgto- L 2) 2 Ry tranl gtabld d
dat abases confi rrre&g{ih E&%}!QeNQ é ﬁkles-G gr |Ya 'rbrzrlngr ti s S ra‘r?cg Jgﬂgg 22
kDa surface proteiagids 1-XSHSERDIRAID)2)o0E| £he geprn (‘SEQ’-PQ) fxame, have not
been 15 descri beqnaaexr;wlmat the Nefsseril ﬂbnifﬁﬁaé&pgeﬁa&rso%d 22

Purification of The mhi nant Nei sseria neningitidis k Da
Sur f ace 10 kPPof’EFﬁacez@mtemﬂﬂes PoPofPHRPe AT d82e% %?RFéIdeed in
order to maxi(gnifiot dcid redigiesn-1Bnadopuli 6£ CSEO @D NO:2he

reconbi nant Nei sseri a HEI’II n |t|g g% &ld%egu&ggg?% ersotc%nn ed tg{a%;?gsed in

Escherichia coli. This p?%%ess ase e ofservarton fhe
reconbi nant 22 kD&Nesgséuniz m@ﬁnpﬂ-m@&m srrednc688By 4 &kber sehface @iriotetinai n

BL21( DE3) [ St befbaﬁﬁi ﬂYbEEaits Jgexhébl(SEg' 91') "NO: ]18)9ha9e l:(e1e%86) ]

carrying the pI asm pNP2202 can be found in | arge amount In the
out er nenbr aneld bdeseaibed RFeyEoBBI¥i ned fromthe

C. High Yield Expression And Purification of The
Recombinant Neisseria menpingitidis 22 kDa Surface

Protein

20 The following process was developed in oxder to
maximize the production and purification of the
recombinant Neisseria meningitidis 22 kDa surface protein
expressed in Escherichia coli. This process is based on
the observation that the recombinant 22 kDa surface

25 protein produced by Escherichia coli strain BL21(DE3)
[Studier and Moffat, J. Mol. Biocl., 189, p. 113 (1986)]

_carrying the plasmid pNP2202 can be found in large amounts

in the outer membrane, but can also be obtained@ from the
culture supernatant in which it is the most abundant

30 protein. The culture supernatant was therefore the
material used to purify the recombinant 22 kDa protein
using affinity chromatography (Figure 6a).

To generate an affinity chromatography matrix,

monoclonal antibodies Me-2, Me-3 and Me-5 (described in

35 Example 2) were immobilized on CNBr-activated sepharose 4B
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culLture supernatant was therefore_the _Imterial used to purify the
reconbi nant 22 kDa protein using affinity chromatography (Figure 6A).
To generate an affinity chromatography matrix, nonocl onal anti bodi es

Me-2, Me-3 and Me-5 (described in 35 Exanple 2) were inmmobilized on
CNBr - act i vat W@ 962Ma2%r ose 4B PCT/EA96/00157
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(Pharmacia Biotech Inc., Piscataway, NJ) according to the

manuf acturer's |rm-tarmxatcu.an3:.otech Inc., TRigcatEway,t NG) cadcandinguper tlae ant ,

an overni ght ﬁ%ﬂiéalértﬁrgi‘: £ Ehsgiﬁggo" strain BL21 DE3), harboring 5

the plasm d pNP nocul at e th (G bco Laborat ori es,

Grand Island, N Y.) &onpacparg the ﬁ*gﬂ-ﬁ?rﬁfsupew&rlﬂr?‘(@’ésb} and was

i ncubated 4 hourauaéuz%7ber3}&éwdma cod§i setd N LR ¢pEAL] Qfa:@brgﬁ l's were
removed fromth

e cul ture two centr fugatlons at Xg for
10 10 mi nut es>atthg &lapmid FW%E?&?I f"ﬁ\ée"gﬁ‘b‘élr%%ﬁ‘%ﬁf‘ RBSPFIER e(rGég’ “8nt o
0. 22 mm nenbr anaLiddddtioptes, detidoIdiand/A)NNY tdomtaining @5C engl/mat ef
approxi mately 100 ft.i .Usi r &~ on
Co., Beverly, M@mmctnlﬁ' ég I(E:ch%'%qecuh @as %ncﬁééefda%oﬁ%%;%tggng 6\%
conpl etely 15 sodgidiatiion. thﬂimﬁ&neaifeS?kl%sﬂeMiEgeY\ecBEr(ocalt!}Pochem
Co., LaJolla, CAh)zdas added E;P%ecEﬁE‘Eff'ﬁéﬁﬁi‘:sCHU Y6 2000 xgS4Ber fgtant to

a final concentratlon of 1% | /vol). The suspensi on was i ncubated at

room t enper atlfir o¥BIEESNBENS L - *'the GPAF‘;}’Z%QS%‘W':GHF wamifiditeredeparo
liters of 10 MM JT0.22 #6 ehbluiie aMilpibdre, m&&ﬁrasngbm Ghild kErehgen

BB(vol /vol) and centrifuged at. 10, 00 or m.nutes at 4[err] C fhe
anti gen prepar at?°c§h%ﬁ§§a§8 e qroc”?'ﬁ'ggsg? ﬁ? Vit s r PRIERST B a'“"r Eubat ed

over ni ght at 4[ efi]wasiich nemistane (Agicatiom., merlx.gpﬂ) shmhrp was poured

into a chronat ogg iy, 16¢! 5 Y, nmM Tri s- HO
buffer, pH 7.3 * or:llt%gl g{lgﬂgﬁﬁc’% olgarrgpgg%ﬁé% ?bof %?jeq'?econbi nant

22 kDa prét é%%lﬁﬁehh%lmaﬁﬁoﬁﬁh@% 1@?{1 B (@albdechem jn 10

MM Tris-HCO buffes,, pidsélda, 119 )swakt h@le@OFd aind r&ancentfa{’&aelcutledrerot ein
was di al yzed extensi vel agal nst 30_.several liters %f %0 m\J/_I Tr|
buffer, pH 7.3 ciﬂﬁ?ﬁqﬁtéﬁ final concentration of 1% (vo /vol

suspension was incubated at room temperature for one hour,
dialyzed overnight against several liters of 10 mM Tris-

20 HCl buffer, pH 7.3 containing 0.05% Empigen BB{vol/vol)
and centrifuged at 10,000Xg for 20 minutes at 4°C. The
antigen preparation was added to the affinity matrix and
incubated overnight at 4°C with constant agitation. The
gel slurry was poured into a chromatography column and

25 washed extensively with 10 mM Tris-HCl buffer, pH 7.3
containing 0.05% Empigen BB (vol/vol). The recombinant 22
kDa protein was then eluted from the column with 1 M LiCl
in 10 mM Tris-HC1l buffer, pK 7.3. The solution containing
the eluted protein was dialyzed extensively against

30 several liters of 10 mM Tris-HCl buffer, pH 7.3 containing
0.05% Empigen BB. Coomassie Blue and silver stained SDS-
Page gels [Tsai and Frasch, Analvtical Biochem., 119,

pp. 19 (1982)] were used to evaluate the purity of the
recombinant 22 kDa surface protein at each step of the

35 purification process and representative results are
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PCT/ CA96/ 00109629412 hr esented in Figure 6A. Silver staini ngCHICAOISE S
clearly denonstrated that the purification process generated a fairly
pure reconbi nant 22 kDa protein with only a very small quantity of
Escherichia coli présentedpdh Bmgieabhde. Silver staifibed rafkitiieagedst o

proteol ytic cl eavateadl Gifonsexdtdl thed (86 YiiRERA: on IdRcRuEl ace protein

was al so verified and the results are presented in Figure
Purified reconbi r%ﬁﬂe‘?feF?DE ﬁﬁ’?%’c?“ﬁ?of%‘??mnﬁ 221 !Rp FFotein wikhcri bed
in Exanple 1 w thorfiye Ry Ry Y$ifd 1N dentiyPSof E¥ichericBidddgr ny of protein

and with 2 U of J’Otel nase K ng of protein for 1 hour at 37[err]C
wi th constant a% olysac T%a’&é{fmUon in the amount of protein was

observed after anyphef rébbstmaricec abnpndseclyticonpeavarn ofpahei al or 15
conpl ete digesti da z ed - \eSin 0 ved for
the control prot géh‘q%??hk'&g%@n %I ggc%lggé éﬁjégg Pne Ser um a?gggr% n (BSA
Si gma) . Furt her novexifiigdgend the r?@spééé ¥re presented 0 Fisvrer 6Bult in any’

modi fication of pyritfiedPEet&iBinabiess kﬁétéi{rfraﬁéubi'étéiﬁf"i}&%t rt%tesée&@é 20
transformed Escherichia coll cells can express the

onpl e
r econbi nant 220k&F%ﬂﬂ%@elﬁar&meahdwihhtaﬂmﬂmsmcﬁf’é ﬁrlmsahsv:
hi ghly resistant ﬁ‘h&|E%raﬁ§'6¥]ﬂybtkﬁﬁsgnd witt Br eg chﬁfauéﬁhh eeﬁd%QPS as

was the native proteln tound Nei sseria meningitid I'tion,
the purified 25 ’F%cqfnﬁ’irﬁ&ﬁ%n f?méahguFfaEébFofhéFh Wﬂ-‘dmts sﬁéﬂ"-ﬁﬁbedded
in the outer nenManedctkss b ithe am6oht o5 piotklinWgdlgbservedr agtetant to

t he action of the prat tic_en We_al so veri.fied the

effect of the enﬁ/rp tlfg%&‘Xse 5% ag%‘ﬁgﬁ?s o%nt%ogpgﬁ%s%hlpatéﬁ“gﬁ‘e?ﬁ es of the

reconbi nant 36 2omideter digestiohs dépendimg corh\rhE| eszymm seMesttednwas
cbserved for the control protein which was in this case

bovine serum albumin (BSA, Sigma). Furthermore, longer
periods of treatment did not result in any modification of
the protein. These latter results demonstrated that

20 transformed Escherichia coli cells can express the
complete recombinant 22 kDa surface protein and that this
protein is also highly resistant to the action of these
three proteolytic enzymes as was the native protein found
in Neisseria meningitidis. 1In addition, the purified

25 recombinant 22 kDa surface protein which is not embedded
in the outer membrane of Escherichia celi is still highly
resistant to the action of the proteoclytic enzymes.

We alsc verified the effect of the enzymatic

~ treatments on the antigenic properties of the recombinant

30 22 kDa protein. As determine by ELISA and Western
immunoblotting, the monoclonal antibodies described in
Example 2 readily recognized the recombinant 22 kDa
surface protein that was purified according to the process
described above (Figure 6C). Moreover, the reactivity of

35 monoclonal antibody Me-5, as well as the reactivity of
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I mmunobl otting, the nonocl onal antibodi es described in Exampl e 2

readily recogni zed_t he_reconbi nant_22 kDa surface protein_that was
“purified according to the process descri bed above (Figure 60C).

Mor eover, the reactivity of 35 nonoclonal antibody Me-5, as well as the
reactivity of 44 WO 96/ 29412
PCT/ CA96/ 0013V0 96129412 ot her 22 kDa protei n-speci fi c nonocl onaPCHAAISHNE es
W th the purified reconbinant 22 kDa surface protein was not

altered by any of the enzyne treatnents, thus confirmng that the

antigenic pr opertdmroﬁztma proreinAapec ik Benoblenal aintibediesi with to
t he ones describ for t | . r r t ta were
e Pyrit d]%tecé&b:manp 24 %3. sgrfac? ?ﬁchfmﬂ =T e 2 1)

presented in Exa Surmar |
the conpl ete nucladserdd WMQfothelwwﬁJ&#@éfrmmt%f this Qensirping

neningitidis 22 A ts'ﬂﬁéa&?tﬂéﬁtl@ Br¥féfries d?bi:ﬁénﬁgc&ﬁﬁgahlg b®) ¥na SEQ 1 D

NO 2) ; Nt erm nal |(}yuenm ng of the nati veﬁésé) p‘F
confirmed thatdt RFONEEBSERE™, SIBHLAY FP dfRe PnespdegeriPeh£or thenpative
cloned; 15 ;&)othlins protein was not described previously;

it is possible to trag 19 rgrﬂat t&g@%f\&g_g&; esentegsgge%%zgol PEN Q?cggal n

expression of the rec I'a menl nglt ace
protein in high summaréeed &0 £ollowB) it i s possi bI e to obtain the

reconbinant protein 3, {fe&dp1etlChuliotitld antERniEh tddkics s@a{zsﬁé@@s and
al nost - free of conponents produced by Escherichia_coli;

the purified ABcobitheniedsseaia PgPiRgAtiALY &2n kDa 5'1‘%1"\%&?\5”‘1?F§F1Py"’ere

resistant to the @aaj,_gedofsw qtpegbyni-csgéﬁtmwms such as
[err]-chynotrypsin, ¥p¥s‘ & n and protei nase K; ) t he
h

anti geni c properties PRIREESIY (55 the® f)’aﬁ% PEE5&3Br e to the

ones descri bed f oforifiemadttheet the Neisseria mmgttddssaQMaDgeservﬁas:e

protein. 30 indeed cloned;

15 3) this protein was not described previously;

4) it is possible to transform a host such as
Escherichia coli and obtain expression of the recombinant
Neisseria meningitidis 22 kDa surface protein in high
vield; '

20 ' 5) it is possible to obtain the recombinant protein
free of other Neisseria meningitidis molecules and almost -
free of components produced by Escherichia coli;

6) the purified recombinant 22 kDa surface protein
remains highly resistant to the action of proteolytic

25 enzymes such as o-chymotrypsin, trypsin and proteinase K;
and

7) the antigenic properties of the recombinant 22 kbDa
protein compare to the ones described for the native
Neisseria meningitidis 22 kDa surface protein.

30
EXAMPLE 4 Molecular Conservation Of The Geme Coding for

the Neisseria meningitidis 22 kDa Surface

Protein
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EXAMPLE 4 Mol ecul ar Conservation O The Gene Coding for t he
Nei sseria neningitidis 22 kDa Surface Protein

45 WO 96/ 29412

PCT/ CA96/ 00157 To verify the nol ecul ar conservat i on anong

Nei sseri a i sol ates of the gene coding for the Neisseria meningitidis
22 kDa surfaWO96/28418i n, a DNA dot bl ot hybridi zati on assay C\M&“&@ed to
test different Neisseria species and other 5 bacterial species. First, the
525 base pair gene coding for the Neisseria meningitidis 22 kDa surface
protein was anpl ifg asrify Pt nplechiles omsagaxats’engahormmdmlserﬂ by

random primng w,th, the n adi oact i we DI Il tion
syst em ( Boehr | ng&FONRTRRE %nt EIEE \é'ng ?% I §®s%91? he 9’% g %rer

i nstructions. 22 kDa s'ﬁ:éabhlﬁpmelbﬂ oe ageac}ow\d@l%ohﬁba&xﬂqﬁwg agseve
manuf acturer’s i Qéér d QS té?@%ﬁff&%ﬁt%ﬂ?@éﬁa spec:.gé 'ﬁd bthEQe

bacterial strains to be tested were onto a positively charge
nyl on menbr ané (Bé@?###@ersl’fslﬁﬁnnlfélrﬂt BFFeﬁz%rﬁi‘thEFl“E rgefe Fogdng

described in thegll Ghe NeI¥Ebelh Smatfidigitidilsdz2 fiDa @erﬁﬂdebxfdt%:.npﬁr&s

hybri di zati ons and hybri di zati ons were one at éﬁ%ﬁ?rr v%gf?% ggut I ons
cont ai ni ng 50% f BFRRhFRA PY; BER eoh ag 98tz &G P¥n al so
cont ai ned 100 ﬁgkﬂhd@ﬁ ﬁﬂnd.ﬁgairmm(tﬂeenbnngadpmcnwmeomm iYajped ibgnnhei m
as an addi tign bI ogking agter ! lﬂﬂﬂ:p: Ci

hybr i di zati on of P |’:’8b5y e (ts?;&reg%géﬁ% was e%gﬁa %*&al &afmd?l on
steps using t¥e éhbmﬂrm rt@scmufmugf@ﬁ PPD’*Strquﬁ}@@Fr ate were al so done
as described in the Dh el 8Bk SRS UsRaySwili dhe according RS dae 71

Mei sseria nmeningitidis strains tested the results obtalned W th
nonocl onal ant i bBagufRcturard s h@%twnsbég‘ée%’ﬂg PR er e i n
perfect agreemenbrideDp/ ohmgbacceﬁhn lszraeasl ts, bealtesthd Weres siedtad

meningitidis stra 30 t g lil? Sg hQQﬁH 22 k Da
surface protgng V? )éy ex p# ¥ h §EI n since t wer e
15 Mannhem) . dr:.ed and then treate as described in the DIG
System's user's guide for colony lifts. Pre-

hybridizations and hybridizations were done at 42°C with
solutions containing 50% formamide (Sigma)}. The pre-
hybridization solution also contained 100 mg/ml of

20 denatured herring sperm DNA (Boehringer Mannheim) as an
additional blocking agent to prevent non-specific
hybridization of the DNA probe. The stringency washes and
detection steps using the chemiluminescent lumigen PPD
substrate were also done as described in the DIG System's

25 user's guide.

For the 71 Neisseria meningitidis strains tested the

results obtained with monoclonal antibody Me-7 and the 525
base pair DNA probe were in perfect agreement. According
to the results, all the Neisseria meningitidis strains

30 tested have the Neisseria meningitidis 22 kDa surface
protein gene and they express the protein since they were
all recognized by the monoclonal antibody, thus confirming
that this protein is highly conserved among the Neisseria

meningitidis isolates (Table 2).
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all recognized by the nonocl onal antibody, thus confirm ng that this

protein is highly conserved anong the Neisseria meningitidis isolates
(Table 2). 46 WO 96/ 29412
PCT/ CA96/ 00157 The DNA probe al so detected the gene coding for
t he Nei sseria meningitidis 22 kDa surface protein in all Nei sseri a
gonorr hoeae VO %2912 est ed. On the contrary, the noMfEGARGRPIS?
anti body Me-7 reacted 5 only with 2 out of the 16 Nei sseria gonorrhoeae
strains tested indicating that the specific epitope is sonmehow

absent, inaccessible ohenpNi fpretel A1581 dtdtedlehar gémeadding Sbf atls, oOf
that nost of the Neisseria ﬂonor.r hﬁeae t,rai ns

do nﬁot. ex r%if t he
protein even if OV SRAVE RER&LAYS 1 RUENEERFR RFRFRgdRoREL (Tabl e 2).
A good correl at i aveisserte ngénerrhoeades e iren testldds was al so observed
for Neisseria |lactam gQ, «Sd o) tr.al ' L } ca
was found to have theagetr:]l?aé %%t\?mgﬁbuﬁ%%:rnggéga%ﬂt%?atjl'g'lr%g?elﬁ% ?Tg%%a@%
This result 155 comly wWith heowxpfarhedbWaisserifeoeremxiesagr s5Eaing in
the last paragrapfasted indicathinigStHRY €XWlisiales siBakpitdddQ40BohERow2kDa is

not expressed, or not accessible on the surface of Nejsseria
gonor r hoeae strai%,eni:he’-msﬁp%e?ﬁ-m dyéReNet S5t 22 GORRF AP

gonorrhoeae and NM¥raSak| dot aMatTin6at Sbf HHE NEH¥seria ortzetiok@e strains
construction of reconbi nant l% m ds usged ﬁtlon pf the

for . he .prod
22kDa surface pr&PePREPFRERADH RS Protedt Vel i 8{‘%’ rﬁ%'re 81 682 My be
used for the 10 ssgaesneion thddiregename @(ablieag@hosi s of Nei sseria 25

infections. MNore partpcylgy léﬁrr%itg,lpé%’é'f%e%ﬁzitﬁgyt\b@ detec%?nhﬁ%&&aéciéém

i nfections from Nei sserira nmeni ngi . Nei sseri a gonorrhoeae, an
Nei sseri a | act aniwes. alEerepsarved foriMeisgmuia JaFFaRicdr SA8FR orlunegs,

may be used for tdfigain oFBedAGrYRCIQELAnMAL Wale £8GR4 NS naYehchdf §&id ONs.
30 Moreover, the 22kDa protein or anal ogs h

: , Jmay be_ used for . t he
manuf act ure of a“&thorbrerpRessdrecEPePIRtdmadiabte df- ThisyrRsthE ecti ons.

15 could alsoc be explained by the same reasons presented in -
the last paragraph.

This may indicate that, although the 22kDa is not
expressed, or not accessible on the surface of Neisseria
gonorrhoeae strains, the 22kDa prdtein—coding gene of the

20 Neisseria gonorrhoeae and Neisseria lactamica strains may
be used for construction of recombinant plasmids used for
the production of the 22kDa surface protein or analogs.
All such protein or analogs may be used for the
prevention, detection, or diagnosis of Neisseria

25 infections. More particularly, such infections may be
selected from infections from Neisseria meningitidis,
Neisseria gonorrhoeae, and Neisseria lactamica. Therefore,
the 22kDa surface protein or analogs, may be used for the
manufacture of a vaccine against such infections.

30 Moreover, the 22kDa protein or analogs, may be used for
the manufacture of a kit for the detection or diagnosis of
such infections.

The results obtained with Moraxella catharralis
strains showed that out of the 5 strains tested, 3 reacted

35 with monoclonal antibody Me-7, but none of them reacted
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The results obtained with Moraxella catharralis strai ns showed that out

of the 5 strains tested. 3 reacted_35 wi th nonocl onal antibody Me-7, but
none of them reacted 47 ) WO

96/ 29412 PCT/ CA96/ 00157
wi th the DNA probe indicating that the gene coding for the Nei sseri a
meni ngi ti di s WO yr f ace protein is absent from t he REVRADSIOOS? t hese
strains (Table 2). Several other Neisserial species as well as

ot her 5 bacterial species (see footnote, Table 2) were tested and

none of them wer ewittiirtiet DNbube indbchyizmitialt the gewe codingesss.thEhi s
| atter result se f Egg urface
protein is shar e?g%rﬁts%ﬂégo IJegj't'ﬂ%%‘ose Q?%Ie\s"trface %Otze%%ogg srztrl acae.
10 Tabl e 2. facithei 99nQ31ie pﬁetagsebas:eam r{ ptobe and

monocl onal antibody Melephi lottieh! Re8Bberial species as wel¥ia8SBERG SPECI €S
Nunmber of stral ns

identified by 5 bacterjigl spaqies;(sgpofootnote, Table 2) were tegpad gushga)

(nunber of strai rﬁoﬂdee&tfedmé:ervie]:e foafili botye MositivONdy HyOBE the two
Nei sseria neni ngit S 71 . . 7
M :, axel : a. cat Ih a?:,itﬁlﬁtlf ((5%%}.5 latter result seems to indicate tha% the gene

Nei sseri a gonorr hi:caagh@lB; kDa surface protein is? shared only amongl6

Nei sseria | actam & 4% 5 15 The
5?0 related species of NeisSeriacae

foll ow ng Nei ssenal species and Cher —bacteria Specres were al so tested

with the two 10 assays and gave negative results: 1 Neisseria cinerea, 1

Nei sseria flava, e}l 367 Reactivitly! 8¥CERENS25 Dahiel ﬁ&ﬁflmfeesa uﬂu
Nei sseria perflaval/sicca, 1 Neisseria perflava, 1 N. sicca,

subflava, 1 Alcaligenes fecRenaglonairaptibody “er"BUFHEt‘E’rﬁf&:ﬂ&Ft ussi s N

(9340), 1 Bordetella Nbishattasepbbe@s 1 Citrobacterfreundii (ATCC
2080), 1 Edwarsiella tarda (ATCC 15947), 1 20 Ent er obacter cl oaca (ATCC
23355), 1 Enterobacter aerogenes (ATCC 13048), 1 Escherichia coli, 1
Fl avobact eri um odwwmm% 1
Kl ebsiell a pneunoni ae (ATCC 13883), 1 Frot eUgnhBbi B¥ istklifs 2593) .
1 Proteus vulgarip (ATCC 13315), 1 Pseudononas j ekt ieas dy( ATCC

9027), 1 Sal nonel Ja typhi nurium (ATCC 14028) . [==———=T=SErTray narcescerpe

(ATCC 8100), 1 Sh saeripcaprgies ATCC 12022)| Memacdepry sonnei
: number of st::a.i.ns tested) antibody Me~7 DNA probe

Neisseria meningitidis (71) 71 71
Moraxella catharallis (5) 3 0
Neisseria gonorrhoeae (1€) 2 16
Neisseria lactamica (5) 4 5

15 'Thetoliowing Neisserrial species and other bacterial species were also tested with the two
assays and gave negative results: 1 Neisseria cinerea, 1 Neisseria flava, 1 Neisseria
flavescens, 2 Neisseria mucosa, 4 Neisseria perflava/sicca, 1 Neisseria perflava, 1 N. sicca, 1
N. subflava, 1 Alcaligenes feacalis (ATCC 8750), 1 Bordetella pertussis (9340), 1 Bordetella
bronchiseptica, 1 Citrobacter freundii (ATCC 2080), 1 Edwarsielia tarda (ATCC 15947), 1

20 Enterobacter cloaca (ATCC 23355), 1 Enterobacter aerogenes (ATCC 13048), 1 Escherichia
coli, 1 Flavobacterium odoratum, 1 Haemophilus influenzae type b (Eagan strain), 1 Klebsiella

_pneumoniae (ATCC 13883), 1 Proteus rettgeri (ATCC 25932}, 1 Proteus vulgaris (ATCC
13315), 1 Pseudomonas aeruginosa (ATCC 9027), 1 Saimonella typhimurium (ATCC 14028),
1 Serrati marcescens (ATCC 8100), 1 Shigella flexneri (ATCC 12022), 1 Shigella sonnei
25  (ATCC $290), and 1 Xanthomonas makophila.

In conclusion, the DNA hybridization assay clearly

indicated that the gene coding for the Neisseria
48



25 (ATCC 9290), and 1 Xant hononas mal t ophi | a. I n concl usi on,

the DNA hybridi zation_assay clearly . Indicated that the gene codi ng
for the Neisseria 48 WO
96/ 29412 " PCT/CA96/00157

meningi tidis 22 kDa surface protein is highly conserved the

pat hogeni c NNPS¥M1Z. Furthernore, the results obt ai nBﬁr

showed that this DNA probe could becone a val uabl e tool for the rapid

and direct detection of 5 pat hogeni c Nei sseria bacteria in clinical

specimen. This penipERReg£e i kexegumdeefpreeemo;glmmm @ohSebgéaeen the
Nei sseri a neni ngl tidis and Nei SSell a norr,| hoeae .

Bacteri ol yti c An@™OPgt EBe|RALhSOSRiF( NeLsIgriph Fypthermore, tg{ﬁ/bﬁﬁ%‘l‘%‘?ﬁal
Ant i bodi es obtainedhe€ldmQie showyd i thaac tthist pNRfpitdie ronillli Pecdie sHeri a

meni ngitidis 22 k face proteip-specifi apti bodi es was
evaluated in vit r%&?@%?d?%"gl forahﬁr%tﬁ%d“{ f@d”ggg%gr@ eﬁrtel\c/’f‘ogtgl y [ Brodeur
et al., Infectd pathngent® Neisserpa Bactqri@sin; cMmidal apegiment nfBais

| mun., 60, p. 2@:%3«; couicr?f%%}ﬂ pe! Pem?eaortesa@serah&wuaeaeehgtﬁ@rum
conpl errent purified nonoclonal antibodies Me-1 and Me-7 efficiently

killed NeisseriaNedseagiei meringiitddis ob Neisgerie FORUILPOCER -
concentrations of each of these nobnocl onal ant i bodi es reduced by nore
t han 50% t he nunber of viable a. The utili zatlo her
concentrations offXAMPL pﬁr?*‘?t@&"ﬁﬁ%g‘l’m P&ﬁf?ﬁﬁg s?’i\‘?@‘f ?/g '&‘
resulted in ai1p sharp OesdcRasaafumntibddi¥s i N t he nunber of bacteri al
25 colony formng units. Inportantly, the bacteriolytic activity of

t hese nonocl onal anti bodies is conpl ement dependent, since

heat -i nactivati on of the m&uaaomygieeamVlty oEOthe(buﬁimiteasNalisﬁéfﬁr] C

conpl etely abol i shed thgf%lsl I$n2f>8 S?rgé:ét to)é n‘_[h% l{lt'ﬁc ggc# JolyF:
ni

anti bodi es di d nél*2@%Ar e eri I'C actI'vrty agai nst
t he sane antibodies was evaluated in v1tro accordzng to a method
15 described previously [Brodeur et al., Infect. Immun., 50,
p. 510 (1985); Martin et al., Infect. Immun., 60, p. 2718

(1992)]. 1In the presence of a guinea pig serum

complement, purified monoclonal antibodies Me-l and Me-7
efficiently killed Neisseria meningitidis strain 608B.

20 Relatively low concentrations of each of these monoclonal
antibodies reduced by more than 50% the number of viable
bacteria. The utilization of higher concentrations of
purified monoclonal antibodies Me-1 and Me-7 resulted in a
sharp decrease (up to 99%) in the number of bacterial

25 colony forming units. Importantly, the bacteriolytic
activity of these monoclonal antibodies is complement
dependent, since heat-inactivation of the guinea pig serum
for 30 minutes at 56°C completely abolished the killing
activity. The other monoclonal antibodies did not exhibit

30 significant bacteriolytic activity against the same
strain. The combined, representative results of several
experiments are presented in Figure 7, wherein the results
shown for Me-7 are representative and consistent with the
results obtained for Me-l. The results shown for Me-2 are
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strain. The conbined, representative results of several experinments

are presented in FI_g_LLI’_Q_Z._eI’eI n_the results shown for Me-7 are
representative and consistent with the results obtained for Me-1. The
results shown for Me-2 are 49

WO 96/ 29412 PCT/ CA96/ 00157

repr esent at i VNO@4Ebnsi stent with the results obtained PCF/CA9680157 her
nonocl onal anti bodies Me-3, Me-5 and Me-6. A mouse nodel of

i nfection, which was descri bed previ ously by one of the inventors

BBr odeuR/| et gl llﬁa‘pﬁéﬁent&:lvamnd cOhsigredrl ithO8he ; rd¥id8UEbEAIMda . Can.
cr obi 0

986 d.to h rotfective
activity of each fr'T?(’)" ghfo%t}fe %\%nsc%l’?g\% Urfll die saﬁﬁg‘f'b/% E’Ed ®-
i njected intraperi tonbaM\;se/\nntOIdeGOOf niniﬁctzon,aghachmds diedcedlbédi ni ng t he

ronoc onal - ant| bagieged g e ehes obebl Vi diRE! Palaleuthal! gn0c g m ce

were then chal | enged one suspensi on contai nin

col ony form ng® udEE¥ngf @i KePfl H:?ﬁ-‘l'l)gq tBxpdeust ehi - _aB.Q.&B.. 4% nuci n

(Si gma) atnd 1. GWmeﬁaai@bJ n 3(2?5 s1r.[a%3 fies86) ] w&grrbsa@fha t%%t'sla&§ ?ﬁe fﬁvtef al |
experi ments are prese in a ant, tq note that only
t he bact eri ol ﬁrl‘% ﬁ%h%%lﬁ&l‘uﬁﬁt?goﬁc& Wpf&gaﬁ{ NREibodY n BRAGHY t he

m ce agai nst expeaallbléntmice!\lmmennmectedrmnmgbeirdltmeaﬁmtnu.en 600 aREdE t he
i nj ection of ascigfd. nQGl. bodles
before 20 the bac{seg'lt1 E*}Hﬁj cBRQLngIg}!ﬁ %%J;ﬁ%ﬁow@nﬁ) s gf’ﬁ an#é

'ncreased
survival of BH bmuﬁc@i@e?G%oPaﬁﬁﬁ’éﬁbbmléence t [ithe miceYers erherd | n

the control grouphal®esbed REth bHEIMPAYE a suBben2éd dd?ﬂusﬁs!n&S%éd ¢ fluid
or 600 M ascitic fluid . cont aj m(gg uny el ated nonocl onal anti bodi es.

Resul ts have 25 &P487¥ ntRTHAEIVPRES RN S ard anreringiticd&dsEFRin nf ect i on
i f they were prewo8Bs!| 4% injcdct edigma h oHiD 1. 68 hgmodldbiiol Qcligta) . e i fi ed

Me-7 18 hours bef (r%;ngaﬁgg {)éasq_ltﬁgl §k §£@zlaeln%ﬁ=geﬁ‘;ﬂ?r§-ﬁbse ggta extpeél ent s

are presently bei eterm ne
concentratlonlﬁe@ébéa@' toTQ@SpmpeuarSO%oohon:hetmfcemlh{ouhe survival rates

from20 to AU-veE S0 QRS ¥BHoE Dond 1 GurtliBRh: M| M8 Ia8a"RALAYI ti dis 22
protected the mice against experimental Neisseria
meningitidis infection. Indeed, the injection of ascitic
fluid.containing these two monoclonal antibodies before

20 the bacterial challenge significantly increased the rate
of survival of Balb/c mice to 70% or more compared to the
9% observed in the control groups receiving either 600
ml Sp2/0 induced ascitic fluid or 600 ml ascitic fluid
containing unrelated monoclonal antibodies. Results have

25 also indicated that 80% of the mice survived the infection
if they were previously injected with 400 pg of protein 2
purified Me-7 18 hours before the bacterial challenge.
Subsequent experiments are presently being done to
determine the minimal antibody concentraticn necessary to

30 protect 50% of the mice. Lower survival rates from 20 to
40% were observed for the other Neisseria meningitidis 22
kDa surface protein-specific monoclonal antibodies.
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kDa surface protein-specific nonoclonal antibodies.

5 __ WO 96/ 29412 . .
PCT/ CA96/ 00157 Tabl e 3. Eval uation of the inmunoprotective potenti al
of the 22 kDa surface protein-specific nonocl ona
anti bodi es agai nst Neisseria nmeningitidis strain 608B
(B: 2a: P1. 2) 96/29412 Nunber of 1iving nice ZGIGA6/00157
chal | enge Monocl onal : % of
ant i bodi es 24 h 72 h survi val Me- 1
29/ 30 23b86 3. Evaluatifn of thebifmunoprotective potieuitlinl of
3/ 20 25 3
- ifi
20 Me- 5 Vil 22 kpa surface ppPdth-specific ngpdfionar
10/ 10 7/ 10 antibodi@s againsyr Weigsenfa meningitidig strain
12/ 15 80 CodleeClm 31/100 9/ 100
9 I n concl usi on, ?héBF%%iﬁ%E?hﬂ early indicated that an
anti body speci¥ic for the Neisseria neningitidis 22 kDa surface protein
can.efficiently ' e 0f Tov A REees qL A teTpe.
The induction o
challenge
Monoclonal % of
antibodies 24 h 72 h survival
|Me-1 29/30 23730 76
Me-2 17/20 3/20 25
Me-3 5/10 2/10 20
Me-5 11/20 8/20 40
Me-7 10/10 7/10 70
purified Me-7 13/15 12715 80
Contzrol 31/100 97100 9

In conclusion, the results clearly indicated that an
antibody specific for the Neisseria meningitidis 22 kba
surface protein can efficiently protect mice against an

10 experimental lethal challenge. The induction of
protective antibodies by an antigen is one of the most
important criteria to justify further research on
potential vaccine candidate.

15 EXAMPLE 6 Immunization With Purified Recombinant 22 kDa
Surface Protein Confers Protection Against

Subsequent Bacterial Challenge

Purified recombinant 22 kDa surface protein was
20 prepared according to the protocol presented in Example 2,
and was used to immunize Balb/c mice to determine its

protective effect against challenge with a lethal dose of
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protective anti bodies by an antigen is one of the nost | mpor t ant
fy further research on potential vaccine candi date.

criteria to justi

15 EXAMPLE 6 | mmuni zation Wth Purified Reconbi nant 22 kDa

Surface Protein Confers Protection Agai nst Subsequent

Bacterial Challenge

was used to inmun

ize Balb/c mce to deternmine its protective effect

agai nst challenge with a | ethal dose of

WO 96/ 29412

Nei sseri a neningi
purified recomnbin
protein in order

Neisseria meningitidis 608B (B:2a:P1.BCT/ (PO Hetided
tidis 608B (B;gaégl.e(zs_)'o. .t was d?[:el.ded oég_J(ng1 t he
KR{UHH G RO HELEh FaSPIPIRERE PIOTER O IRERTH Gt cO8
hatives eninhatotds) Pproteinain nirdeirhéo imswreyddmdc ghere

antigen in the vaccine

nouse nodel o

CELNS, GHRZCRELAMANAIASafiddiy (1EhE GaREdTEN S, The

on use ese experinents was descri bed

_ Purified reconbi nant 22 kDa surface protein
was 20 preparwoseesstz ding to the protocol presented in ExanpP@/GA6/00157 and
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rarn ) carrying the asm d .
containing either 10 or 20 ug per mouse of the purified
recombinant 22 kDa surface protein. QuilA was the

adjuvant used for these experiments at a concentration of
25 pg per injection. Mice in the control groups were
injected following the same procedure with either 10 or 20
Mg of BSA, 20 pg of concentrated culture supernatant of
Escherichia coli strain BL21(DE3) carrying the plasmid
pWKS30 without the insert gene for the meningococcal
protein prepared as described in Example 3, or phosphate-
buffered saline. Serum samples from each mouse were
obtained before each injection in order to analyze the
development of the immune response against the recombinant
protein. Two weeks following the third immunization the
mice in all groups were injected intraperitoneally with 1
ml of a suspension containing 1000 colony forming units of
Neisseria meningitidis strain 608B in 4% mucin (Sigma) and
1.6% hemoglobin (Sigma).

The results of these experiments are presented in
Table 4. Eighty percent (80%) of the mice immunized with
the purified recombinant 22 kDa surface protein survived
the bacterial challenge compared to 0 to 42% in the
control groups. Importantly, the mice in the control
group injected with concentrated Escherichia coli culture

supernatant were not protected against the bacterial
52
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PVKS30 wi thout the insert gene for the meningococcal 20 protein prepared

as_described in Exanple _3, or phosphate- buffered saline. Serum
sanpl es from each nouse were obt ai ned before each injection in order
to anal yze the devel opment of the immune response against the
reconbi nant protein. Two weeks follow ng the third inmunization the
25 mice in alWVoOgs¥4tE: were injected intraperitoneally wth 1PCT/CA9/PISEf o
suspensi on cont ai ni ng 1000 col ony form ng units of Nei sseri a
meningitidis strain 608B in 4% nucin (Signma) and 1. 6% henogl obi n
(Sigma). chall@ng€suis AhcibLSfefNRCIERREY @ddordteacRhCthdd) 30

Tabl e 4. Ei ghty percent é‘ge()r?s of the nce  imunized wth the purified
recombi nant 22 ki5%esGPFR oPERACRE R e culturpamedia apdafhenal | enge

conpared to O to Bk2Herichie coli’scantigingnhansmighpdsd Pirielsentt e sh i N
the control atoBHPs ' &Y sl ?ﬁrﬁ’kié‘a@f’é}fe’%?r %%‘Ed Eﬁ&t‘:ﬁ{dt%h't% gRL! culture
te st the

35 supernatant were not prote agarn acterra

52 WO 9gbeexrved protection against Neisseria meningitidis.
PCT/.CA96/ 00157 challenge. This latter result clearly denonstrated
t hat t he conponents present in the culture nmedia and the

Escherichi a col i 'T@8P3fit § gefdmupizaricon Wikh Fugified Reagpbiinant 22 Jghmt s
after purification do not gig¥arebpieedin idihfe2sOBSEtd At AGREHEON agai Nst

Nei sseria nmeningitidis. Table 4. lnmmuni zation Wth Purified
Recombi nant 22 kDa Subsequent; Bactarigl,Chphlenss stishpNgdissesrim
Agai nst 10 Subsaweat 1886t edded (Bhaht A0S Wdashei sseria 10

meningitidis 608B (B:2a:Pl.2) strain.

Nunmber of living mce after chal | enge

1 % of ExpdrTent & oup 1 hudbe t 1 SOTVTvet—
10 [err]g of 20/ 20 16/ 40 afl’:ggci:ﬁﬁgfm
% of
Experiment Group 24 h 48 h 72 h survival
1 10 pg of 20720 | - 16/20 80
purified 22kDa
10 ng of BSa 17718 8719 42
2 20 pg of 9/10 8/10 8710 80
purified
22 kDa protein _
20 ng of 7/10 5/10 2/10 20
concentrated
E. coli
supernatant
20 ug of BSz 6/10 4/10 2/10 20
Phosphate 8/10 0/10 0/10 0
hbuffered
saline
CONCLUSION

The injection of purified recombinant 22 kDa surface
15 protein greatly protected the immunized mice against the
development of a lethal infection by Neisseria
meningitidis.
Antibodies according to this invention are
exemplified by murine hybridoma cell lines producing
20 monoclonal antibodies Me-1 and Me-7 deposited in the
American Type Culture Collection in Rockville, Maryland,
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purified 22kDa

42 2
purified
5/10 2/10

super nat ant
20
buf f er ed

: 10 [err]g of BSA  17/19 8/ 19
20 _pg _of . 9/10 8/10__ 8/10 80
22 kDa protein 20 pg of 7/ 10
20 concentrat ed E. col
20 [err]g of BSA 6/10 4/10 2/ 10
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sal i ne CONCLUSI ON The injection of
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USA on July 23 1995. Then&%esﬁs M iRl ESHUH hA@FCNelifFeria Nunbers HB

11959 (Me-1)and HB 11958 (Me- 7).

strains of
gonor r hoeae

5

10

15

25

30

EXAMPLE 7 Sequence anal ysis of
9HEP§§@??%Fnen|ng|t|d|s and of Neisseria

The 2.75 kb clal digested DNA fragment containing the
gene coding for the 22kDa surface protein was isolated
from the genomic DNA of the different strains of Neisseria
meningitidis and Neisseria gonorrhoeae as described in
Example 3.

a) MCHS88 strain: The nucleotide sequence of strain MCHSS
{clinical isolate) is presented in Figure 8§ (SEQ ID NO:3).
From experimental evidence obtained from strain 608B
(Example 3), a putative leader sequence was deduced
corresponding to amino acid -19 to -1 (M-K-K-A-L-A-A-L~I-
A-L-A-L-P-A-A-A-L-A). A search of established databases
confirmed that 22kDa surface protein from Neisseria
meningitidis strain MCH 188 (SEQ ID NO:4) or its gene (SEQ
ID NO:3) have not been described previously.

b) Z4063 strain: The nucleotide sequence of strain 24063
{(Wang J.-F. et al. Infect. Immun., 60, p.5267 (1992)) is
presented in Figure 9 (SEQ ID NO:5). From experimental

evidence obtained from strain 608B (Example 3), a putative
leader sequence was deduced corresponding to amino acid -
19 to -1 (M-K-K-A-L-A-T-L-I-2-L-A-L~-P-4-3A-5-L-A)}. A search
of established databases confirmed that 22kDa surface
protein from Neisseria meningitidis strain Z4063 (SEQ ID
NO:6) or its gene {SEQ ID NO:5) have not been described

previously.
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The 2.75 kb clal digested DNA fragment containing the gene coding for
t he—22kbBa-surface protein was isolated 10 fromthe genom c DNA of the

different strains of Neisseria meni ngitidis and Nei sseria gonorrhoeae
as described in Exanpl e 3. a) MCH88 strain: The nucleotide
sequence of stral n MCH88 15 (clinical isolate) is presented in Figure 8
(SEQ I D NO 3)WO%9413 o experinental evidence obtai ned from BEHGAIGOBISEE
(Exanmpl e 3), a putative | eader sequence was deduced corresponding to
amno acid -19 to -1 (MK-K-A-L-A-A-L-1- A-L-A-L-P-A-A-A-L-A). A search

of established daiphpsfmerdd goRod+HIHRG Eéﬂl@%@a'ﬁiﬂr haEfedtiddeSi N from
Nei sseri a meningitidis strain MCH 188 (SEQ ID NGO 4) or its gene(SEQ

I D NO: 3) have not SHBMNFe O NeLESFid, iggneF Fhoeae Strﬁ)mZQ%)G(F&ftqté{Pﬁ 1The
nucl eoti de sequern#r HefSt CahBeX 43 NedBsé¥ba0 Lopd,. ottawd, dadagaly. ikmmun.

92 d EQ.I D
ggpelrol ﬁégZal( 0 )%?/sl‘c ahes (%Bt aent ge ﬁ:"&‘%@ﬁ‘?ﬁ%&i Qfﬁﬁﬁrﬁ?f‘gr?f'enémbut ative
| eader sequencé vewidenfecobtazinedfromishgain GIBEdExeimgle 3), alputativde
(M K-K-A-L- A-T- L-] g ftady é‘e%ggncbe %ra% lgeGlhced é@:.a:ré;.ajf:o ?9:18“ Sénﬁ‘?:' | EQEQ

dat abases confirnmed that kDa surface protern rom i sse
nmeningitidis strath 221083 ‘{“Sﬁ'(?"IPDL'A‘AN@'Ejﬂ'dr‘?‘r'tlspgéné°1("SE'(§)l DAN®E§37Chave

not been descri begf estapl@¥hédidatabases confirmed that 22kDa surface 54
WO 96/ 29412 PCT/ CA96/ 00157 c)

Nei sseria gonorr RRSRE: FAPR Yoissardangeperthorae strain ohclSES IReNQ:sR} i a
gonor r hoeae stlfaior hizs( genet Y$EQ IID NO:7NahawrefnotCheear déserideidsseri a, LCDC,
O tawa, Canada) iﬁreviou@?ﬁgri bed in Figure 10 (SEQ ID NO 7). From

experi ment al ]
Figure i1 shows the consensus sequence established

from the DNA sequence of all four strains tested. The
MCHB8 strain showed an insertion of one codon (TCA) at
15 nucleotide 217, but in geheral the four strains showed
striking homology. _
Figure 12 depicts the homology between the deduced
amino acid sequence obtained from the four strains. There

is greater than 90% identity between all four strains.
20

Example 8 Immunological response of rabbits and monkeys to

the 22kDa Neisseria meningitidis surface protein

Rabbits and monkeys were immunized with the
25 recombinant 22kDa protein to assess the antibody response
in species other than the mouse.
a) Rabbits
Male Néw Zealand rabbits were immunized with outer
membrane preparations obtained from E. coli strain JM109
30 with the plasmid pN2202 or with the control plasmid pWKS30
{the strain and the plasmids are described in Example 3).
The lithium chloride.extraction used to obtain these outer

membrane preparations was performed in a manner previously
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5 evidence obtained fromstrain 608B (Exanple 3), a putative | eader
sequence was deduced _corresponding to amno acid - 19 to -1
(MK-K-A-L-A-A-L-1 -A-L-A-L-P-A-A-A-L-A). A search of established

dat abases confirnmed that 22kDa surface protein from Neisseria
gonorrhoeae strain b2 (SEQ ID NO8) 10 or its gene (SEQ ID NO 7) have not
been descri bw®96/2941pr evi ousl y. Fi gure 11 shows t heP€H N
sequence established fromthe DNA sequence of all four strains tested.
The MCH88 strain showed an insertion of one codon (TCA) at 15

nucl eoti de 217, but in general the four strains showed striking

honol ogy. desFr joed 2 thepioventors hdnodeyy eetadoe Fnfrot d chuuey

am no acid sequence obt ai ned fromthe four, strains. is greater

ere
than 90% i dentity beﬂ\%eh"%ﬁfﬂ) ]f'ou'rmgtﬁ’ﬁ‘?'i%ln f@ntent I&grﬁﬁeé% I m*runol ogi cal
response of rabbi Q:Eg Pl JRK AT ! aetemuﬁdbbl . the - %'ﬁ@%ﬁﬁ' §§

meni ngitidis sur prote n keys wer nnunlzed
with the 25 recory pembravk 2raReabas N[ LewAs etsall he. emtdlbOdnemesmxse

in species other than the nouse. a) Rabbits Mal e New Zeal and
rabbits were i m265z¢t95ixh Ghecrabbits mery dndeptedsulicuganeobsty readfl f r om
E. coli strain JMLO9 30 with the plasmd pN2202 or with_the control

pl asm d pWKS30 intrpmpscwdariy, a&nae’t’??éa]pl%i‘stﬁsd§wé?% HedbreBelieeh Exanpl e

3)- The it mmwmﬁf aébrggtaenoﬁe%% tBeOBiALD nfetmsneut er

menbr ane preparati ons was in a manner previous
95 WO %@éﬁgﬂéglons described above. QuilA, at a final

PCT/ CA96/ 00157

concentration of 20% (vol./vol.) (CedarLane Laboratories,

10 Hornby, Ont., Canada), was the adjuvant used for these
immunizations. The development of the specific humoral
response was analyzed by ELISA using outer membrane
preparations extracted from Neisseria meningitidis strain
608B (B:2a:P1.2) as coeoating antigen and by Western

15 immunoblotting following methods already described by the
inventors [Brodeur et al., Infect. Immun. 50, 510 (1985);
Martin et al, Bur. J. Immunol. 18, 601 (1988)]. Alkaline
phosphatase or peroxydase-labeled Donkey anti-rabbit
immunoglobulins (Jackson Immhnonesearch Laboratories, West

20 Grove, PA) were used for these assays.

The injection of E. colj outer membrane preparation
containing the 22 kDa recombinant protein in combination
with Quila adjuvant induced in the rabbit a strong
specific humoral response of 1/32,000 as determined by

25 ELISA (Figure 13). The antibodies induced after the
injection of the recombinant 22 kDa protein reacted with
the purified recombinant 22 kDa protein, but more

importantly they also recognized the native protein as
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described by the inventors [Brodeur et al, Infect. | mmun. 50, 510

(1985)]. The protein content of these . Dpreparations were_determ ned by
the Lowy nethod adapted to menbrane fractions [Lowy et al, J. Biol.
Chem 193, 5 265 (1951)]. The rabbits were injected subcut aneously and

I ntramuscul arly at several sites twice at three week intervals with
150 [err] g OWO@6®4EX t he outer menbrane prepar ati ons BEHEAYMAY7ahove.
Qi lA at a final concentration of 20% (vol./vol.) (CedarlLane

Laborat ori es, 10 Hornby, Ont., Canada), was the adjuvant used for these

| muni zations. The devel opnent of the specific hunoral response was

anal yzed by ELI Skme#geéut%qlmmndn@\bedded prnephe v taws mepbrave cof f rom .
Nei sseria meningitidis strain, 08 2a;. Pl. 2 coating apti gen and
by Vestern 16 INRIGRBEROURRHSHGAdR: HiE Sharo SRR TR, ERPBEURES he

i nventors [BrOdeQﬁeﬁklgl1ndiégéﬂa:th$eﬂ@ﬁb éﬂ%nbgégegjﬁgggent after“@ﬂé'n et

al, Eur. J. | nmmunol 601 (1988)] Al kal I ne phosphat ase or
per oxydase- | abel edconaktyjédtiion aebbgnized on mﬁogéMdswnéﬂmkﬁ@rthe
| mmunoResearch Laboratories, West 20 Gove, PA) were used for these
assays. 5 samehprphfmtham 68 the ig r@WéieMrmlﬁsrapar ation

containing the 22 k Da recgnbl nant Rro%el n | N conbl nat j wth 1A

adj uvant i nduced {4%SFRaPE hich %ﬁeﬁ???’c‘é')’tﬁu‘fﬁf'afzh?e%%
1/ 32,000 as det erp[porg_ggnby 25 ELI SA (F| gure 13). The anti bodi es induced
after the

b) Monkeys

10 Two Macaca fascicularis (cynomolgus) monkeys were
respectively immunized with two injections of 100 png (K28)
and 200 pg (I276) of affinity purified recombinant 22 kDa
protein per injection. The methods used to produce and
purify the protein from E. coli strain BL21De3 were

15 described in Example 3. Alhydrogel, at a final
concentration of 20% (vol./vol.) {(CedarlLane Laboratories,
Hornby, Ont., Canada), was the adjuvant used for these
immunizations. The monkeys received two intramuscular
injections at three weeks interval. A control monkey

20 (K65) was immunized with an unrelated recombinant protein
preparation following the same procedures. The sera were
analyzed as deséribed above. Alkaline phosphatase or
Peroxydase~labeled Goat anti-human immunoglobulins
{Jackson ImmunoResearch Laboratories, West Grove, PA) were

25 used for these assays.

The specific antibody response of monkey K28 which

was immunized with 100ng of purified protein per injection
appeared faster and was stronger than the one observed for
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I njection of the reconbinant 22 kDa protein reacted with the purified
reconbi nant 22 kDa protein, but nore importantly they also recogni zed
the native protein as '_' 56 VO
96/ 29412 _ PCT/ CA96/ 00157
expressed, folded and enbedded in the outer menbrane of Nei sseri a
meni ngi ti di s WO'S&29¢12n | nmrunobl ot ti ng experi nents cl earRCH/GCAIEPUAT od
that the antibodi es present after the second injection recogni zed on
nitrocel | ul ose nenbrane the 5 sanme protein band as the one reveal ed by
Mab Me- 2 (described in Exanple 2), which is specific for the 22 kDa
pr ot ei n. mnkdynNlI2Y6 which was ifjected aitl 200hguwhirirotednnonol gus)
nonkeys were respectively immuni zed with two injectiaons %f %80 [err]g
32kR®a

(KZES)_ and 200 Eé?a) tikodifst §PETH T SPT BBt
rotein per in t ol : '
P otein [rom b ©corqeuiny 48, BRHON BCHeb el Cifinoiifering yedd' pi¥eddlf

Al hydrogel, at a ﬁféﬁﬂnt in the sera of the immunized monkeys twenty one

5 days after the first injection, but were absent in thé
sera of the control monkey after two injections of the
control antigen.

Conclusion
The data presented in Examples 2 and 5 cleaxrly showed

10 that the injection of the recombinant 22 kPa protein can
induce a protective humoral response in mice which is
directed against Neisseria meningitidis strains. More
importantly, the results presented in this example
demonstrate ‘that this immunological response is not

15 restricted to only one species, but this recombinant
surface protein can also stimulate the immune system of

other species such as rabbit or monkey.

Example 9 Epitope mapping of the 22kDa Neisseria

20 meningitidis protein

Néisserié meningitidis 22 kDa surface protein was
epitope mapped using a method described by one of the
inventors [Martin et al. Infect. Immun (1991): 59:1457-

25 1464]. 1Identification of the linear epitopes was
accomplished using 18 overlapping synthetic peptides
covering the entire Neisseria meningitidis 22 kDa protein
sequence derived from strain 608B (Figure 15) and
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concentration of 20% (vol./vol.) (CedarLane Laboratories, Hor nby,
Ont.. Canada), was_the_adjuvant used for these | mmuni zations. The

nonkeys received two intranuscul ar i njections at three weeks
interval. A control nonkey 20 (K65) was inmunized with an unrel ated
reconbi nant protein preparation foll ow ng the sanme procedures. The
sera were WORMIRyzed as descri bed above. Al kaline phospF&E 157
Per oxydase- | abel ed Goat anti-human i mrunogl obul i ns (Jackson

| mmunoResearch Laboratories, Wst Gove, PA were 25 used for these
assays. The specific anti body response of nonkey K28 which
was i mmuni zed wi thydéMimounpgsefa mhtafined pfoer|impaizehjentwish this

appeared faster and was stronger than the ong observed for
57 WO gB¥okeipy The identification o immunodominant portions on

EF(I)-{ ?26/ 0015(7F| gur % WA%#%J? \eﬁqs;&g%gm ﬂ*f(;r%.t;f%g\éﬂngtgsfgqu[g E%g' °
protein as det ecteﬂfm&ést:aéamémmltaémaﬁemﬂﬁ abegdfiyation oF ehesk in
the sera of the inmunized nonkeys twenty one 5 days after the first
i nj ection, but SweBeceldseptitopes wlso provides valuable information about
the structural configuration of the protein in the outer
membrane of Neisseria meningitidis.
All peptides were synthesized by BioChem Immunosystems
Inc. (Montreal, Canada) with the Applied Biosystems

10 (Foster City, Calif.) automated peptide synthesizer.
Synthetic peptides were purified by reverse-phase high-
pressure liquid chromatography. Peptides CS-845, CS5-847,
CsS-848, CS-851, CS-852 and CS-856 (Figure 15) were
solubilized in a small volume of éM guanidine-HCl (J.T.

1S Baker, Ontario, Canada) or dimethyl sulfoxide (J.T.
Baker). These peptides were then adjusted to 1 mg/ml with
distilled water. All the other peptides were freely
soluble in distilled water and were also adjusted to 1
mg/ml.

20 Peptide enzyme-linked immunosorbent assays (ELISA)
were performed by coating synthetic peptides onto
microtitration plates (Immulon 4, Dynatech Laboratories
Inc., Chantilly, VA) at a concentration of 50 ng/ml in 50
mM carbonate buffer, pH 9.6. After overnight incubation

25 at room temperature, the plates were washed with
phosphate-buffered saline (PBS) containing 0.05% (wt/vol)
Tween 20 (Sigma Chemical Co., St.-Louis, Mo.) and blocked
with PBRS containing 0.5% (wt/vol) bovine serum albumin
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sera of the control nonkey after two injections of the control
antigen. Concl usi on The data presented in Exanples 2 and 5
clearly showed T0 that the injection of the reconbi nant 22 kDa protein
can i nduce a protective hunoral response in mce which is
directed agai nst Neisseria neningitidis strains. Mre I nportantly,
the results woeemaized in this exanple denonstrat e t hARCHGAIG/O01ST
i mmunol ogi cal response is not 15 restricted to only one species, but this
r econbi nant surface protein can also stinulate the i Mmune system of
ot her species such as rabbit or nonkey. Exanpl e 9 Epitope mappi ng
of the 22kDa Nei 38¢fiha&) . 2Z@ra obtained rfeomnmide dirsl pookeys immunized
Nei sseria nmeningitidis 22 kDa surface protein was epi t ope mapped
using a met hod deithiatfindpyoperbfiedcecombinant &7 P8 FWEF2¢H RHotgin
Infect. Imun (1991): 59:1457- 1464] . .ldentificatiop. of the |inear
epi t opes was werg -dhinkeds aad ﬁ%&‘ﬁg% ksé#l% ST g;’/?ﬂ‘gh?‘? "Bépti des
covering the ent hasegle%%%?{g 2980 POl dddiafa2Pn M UL EBENL b at 3FRQUENCE

n 60 | and

derived fromstrail gure 1
58 5 The plates were washed three times, and 100 ul of alkaline

phosphatase-conjugated goat anti-mouse or anti-human
immunoglobulins (Jackson ImmunoResearch Laboratories, West
Grove, PA ) diluted according to the manufacturer's
recommendations was added. After incubation for 1 h at

10 37°¢C, the plates were washed and 100 ul of diethanolamine
(10% (vol/vol), pH 9.8) containing p-nitro-phenylphosphate
(Sigma) at 1 mg/ml was added. After 60 min., the reaction
{A=410 nm) was read spectrophotometrically with a
microplate reader.

15 Mouse and monkey antisera obtained after immunization
with affinity purified recombinant 22 kDa protein (Example
8) were successfully used in combination with eighteen
overlapping synthetic peptides to localize B-cell epitopes
on the protein. These epitopes are clustered within three

20 antigenic domains on the protein.

The first region is located between amino acid
residues 51 and 86. Computer analysis using diiferent
algorithms suggested that this region has the highest
probability of being immunologically important since it is

25 hydrophilic and surface exposed. Furthermore, comparison
of the four'protein segquences which is presented in Figure

12 indicates that one of the major variation, which is the
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hyperi nmune sera obtained after inmunization with this protein. The

i dentification of i munodonm nant portions on " the 22 kDa protein nmay
be hel pful in the design of new efficient vaccines. Furthernore, the
| ocal i zati on of these 5 B-cell epitopes al so provides val uabl e

i nformati on 0629412 the structural configuration of the RFHEAS60ISH t he
out er menbrane of Neisseria neningitidis. Al'l peptides were
synt hesi zed by Bi oChem | munosyst ens Inc. (Montreal, Canada) with the
Appl i ed Bi osystens 10 (Foster City, Calif.) automated peptide

synt hesi zer. insgypibetof dimpiamdns aeid® ymrsiiduecdt hyosimiens#3phise hi gh-
pressure liquid chromatography. Peptides CS-845, CS-847, CS- 848,

CS- 851, CS-852 arfdseSlgsatediipthissyegion- solubilized in a small

vol ume of 6M guaniding: HCO (J.T. .15 Baker, ntari.o, Canada) .or_di nethyl
sul foxi de (J.T. shﬁki?él.sefﬁeé&‘eﬁéb?’r%‘isa RECEPE RIS SR 1 gl
Wi th o distilledeuat Bhewddd aifo0hEsd RERIGASS 118! &ad 1Q0L.Y

soluble in distilled water and were also adjusted to 1 mg/ m . 20

Pepti de enzynes | imntettes thhfs onthenksegadmys (fallySAs revealedethapeséwsmed by
coating synthetic peptides onto X )
out of the fourteen amino acid residues that are not
. conserved among the four protein seguences are clustered
within this region of the protein.
A third antigenic domain located in a highly
10 conserved portion of the protein, between amino acid

residues 31 and 55, was recognized only by the

monkeys '’ sera.

Example 10 Heat-inducible expression vector for the

15 ' large scale production of the 22 kDa

surface protein
The gene coding for the Neisseria meningitidis 22

kDa surface protein was inserted into the plasmid p629
[George et al. Bio/technology 5: 600-603 (1987)]. A

20 cassette of the bacteriophage A cI857 temperature
sensitive repressor gene, from which the functional Pr
promoter has been deleted, is carried by the plasmid p629
that uses the PL promoter to control the synthesis of the
22kDa surface protein. The inactivation of the cI857

25 repressor by a temperature shift from 30°C to temperatures
above 38°C results in the production of the protein
encoded by the plasmid. The induction of gene expression
in E. coli cells by a temperature shift is advantageous
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mcrotitration plates (Inmulon 4, Dynatech Laboratories I nc.,
Chantilly, VA) at a concentration of 50 [err]Jg/m in 50 nmM car bonat e
buffer, pH 9.6. Aff'er overnight incubation 25 at roomtenperature, the
pl ates were washed wth phosphat e- buf fered sal i ne (PBS) containing
0.05% (wt/vol) Tween 20 (Sigma Chemical Co., St.-Louis, M.) and

bl ocked wowsnda1PBS contai ning 0.5% (wt/vol) bovine ser UPCRICARGOPIST
59 WO 96/ 29412

PCT/ CA96/ 00157 (Sigma). Sera obtained fromm ce and nonkeys
I muni zed with affinity purified reconbinant 22 kDa surface protein

were diluted andghOQ[ge] bcdBs feeneht bRt idiceuttocamesasily be added to
the ELI SA plates and incubated for 1 h at 37[err]C 5 The plates were

washed three tineshieved ¥OCh madekn Sermentansne Other InAGHPALase- conj ugat ed

goat anti-nouse or anti-human i nogl qbul i ns kson l.nmunoResear ch
Labor atori es, Wress;on@g@@rspﬂsyam ot "5&%?&%%3#0“1 gt

ot e cpop S MATEAUA Atk Baenieds Abbgroppiutini s or 1 1 o
(10% (vol /vol §, pdladt@Bsigentop1d)ndnpthet cuktilrenyeghaspinadmier to induce
the expression of the desired gene.

A 540 nucleotide fragment was amplified by PCR from
the Neisseria meningitidis strain 608B genomic DNA using
the following two oligonucleotide primers (OCRR8: 5°-

10 TAATAGATCTATGAMSAAAGCACTTGCCAC-3* and OCRRS: 3°-
CACGCGCAGTTTAAGACTTCTAGATTA-5’). These primers correspond
to the nucleotide sequences found at both ends of the 22
kDa gene. To simplify the cloning of the PCR product, a
Bgl II (AGATCT) restriction site was incorporated into the
15 nucleotide sequence of these primers. The PCR product was
purified on agarose gel before being digested with Bgl II.
This Bgl II fragment of approximately 525 base pairs was
then inserted into the Bgl II and Bam HI sites of the
plasmid p629. The plasmid containing the PCR product
20 insert named ﬁNP2204 was used to transform E. coli strain
DHSOF’'IQ. A partial map of the plasmid pNP2204 is
presented in Figure 16. The resulting colonies were
screened with Neisseria meningitidis 22 kDa surface-
protein specific monoclonal antibodies described in
25 Example 2. Western blot analysis of the resulting clones
clearly indicated that the protein synthesized by E. coli
was complete and migrated on SDS-PAGE gel like the native

Neisseria meningitidis 22 kDa surface protein. Plasmid
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(Sigma) at 1 nmg/mM was added. After 60 mn., the reaction ([err] =410
nm—was .read spectrophatonetrical ly with a croplate reader. 15

Mouse and nonkey anti sera obtai ned after i mrunization with affinity
purified reconbi nant 22 kDa protein (Exanple 8) were successfully

used in conbination with ei ghteen over |l apping synthetic peptides to
| ocal i ze B- ceVO%BMIBpes on the protein. These epi tope?cg’ﬂé’m ered
within three 20 antigenic domai ns on the protein. The first
region is | ocated between am no acid resi dues 51 and 86. Conputer
anal ysis using different al gorithns suggested that this region has

t he hi ghest %mmﬂ-’ﬁ-ﬁi@ Mmgmmmgcogdmm antpothant since it
S 25 hydr ophi I | c and surface pose%@ Furt her nore, n‘l}l)arl son of
the four protein F%H“f nF%@“‘F’?‘F?Sl"gquEe insert) presengat es

%Bat one of {/\?)egg%géﬁéz/ %’m@h&&%em&ﬁf fatbfed the nucleotide sequence

PCT/ CA96/ 00157  of the igener tbd@ingffcanehanagss6ith mealidper f4iHP kban 73,
'S 5 protein presented in Figure 1.

To study the level of synthesis of the 22 kDa surface
protein, the temperature-inducible plasmid pNP2204 was
used to transform the following E. coli strains: W3110,
JM105, BL21, TOPP1l, TOPP2 and TOPP3. The level of

10 synthesis of the 22 kDa surface protein and the
localization of the protein in the different cellular
fractions were determined for each strain. Shake flask
cultures in LB broth (Gibco BRL, Life Technologies, Grand
Island, ﬁY) indicated that a temperature shift from 30°C

15 to 39°C efficiently induced the expression of the gene.
Time course evaluation of the level of synthesis indicated
that the protein appeared, as determined on SDS-PAGE gel,
as soon as 30 min after induction and that the amount of
protein increased constantly during the induction period.

20 Expression levels between 8 to 10 mg of 22 kDa protein
‘per liter were determined for E. coli strains W3110 and

TOPPl. For both strains, the majority of the 22 kDa

protein is incorporated in the bacterial ocuter membrane.
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al so located in this region. The antisera identified a second
antigeni c domain | ocat ed between am no acid residues 110 and 140. 5
Interestingly, the sequence anal ysis reveal ed that seven out of the
fourteen am no acid residues that are not .conserved anong the four
protein sequences are clustered within this region of the protein.

A third anti j¥Qse29dtznai n | ocated in a highly 10 conserved ROT/CA96/00#57t he
protein, between am no acid resi dues 31 and 55, was recogni zed only by
t he nonkeys' ser a. Exanpl e 10 Heat - i nduci bl e expressi on
vector for the 15 | arge scal e production of the 22 kDa
surface protein Example 11The (ansificdtignfaf thec Mudsserxia meamimgigidisgli s 22
kDa surface protein was inserted into the plasm d p629 [ George et al.
Bi o/ t echnol ogy 5: 600- 603 (198733kDaspropeinssette of the bacteri ophage

| 857 t t I ti f which th
uncti onal Pro - - pr GABES: RS RGBT SEBE" FOLRP, 1B BRPERE P acm d

p629 that usgs,ddenBealt® M She! Sutehihdinddhe s¥NEhed s Qhrhifs,
22kDa surface protein. The inactivation of the cl857 25 repressor %y a

t enper at ure shif ttie @uri@featidn proteapdrpteseted in shiy Exdtpaer k€ results
I n the production of the protein
different from the one already described in Example 3
. where a large amount of protein was released in the

culture supernatant. an overnight culture incubated at
30°C of either E. coli strain W311l0 or TCPPl harboring the

10 plasmid pNP2204 was inoculated in LB broth containing 50
ng/ml of Ampicillin (Sigma) and was grown at 30°C with
agitation (250 rpm) until it reached a cell density of 0.6
(A=600nm), at which point the incubation temperature was
shifted to 39°C for three to five hours to.induce the

15 production of the protein. The bacterial cells were
harvested by centrifugation at 8,000 xg for 15 minutes at
4°C and washed twice in phosphate buffered saline (PBS),
pH 7.3. The bacterial cells were ultrasonically broken
(ballistic disintegration or mechanical disintegration

20 with a French press may also be used). Unbroken cells
were removed by centrifugation at 5,000 xg for 5 minutes
and discarded. The outer membranes were separated from
cytoplasmic components by centrifugation at 100,000 xg for
1 h at 10°C. The membrane-containing pellets were

25 resuspended in a small volume of PBS, pH 7.3. To
solubilize the 22 kDa surface protein from the membranes,
detergents such as Empigen BB {(Calbiochem Co., LaJdolla,

Cx), Zwittergent-3,14 (Calbiochem Co.), or B-
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encoded by the plasm d. The induction of gene expression in E coli

cells by a tenperature_shift is advantageous

61 WD 96/ 29412 .
PCT/ CA96/ 00157 for large scale fernentation since it can easily be
achieved with nodern fernmentors. O her inducible expressi on vectors
usual |y requvioP6R32 addi ti on of speci fic nol ecul es | i KBCF/EAHMOESTor

i sopropylthio-[err]-D 5 galactoside (IPTG in the culture nedia in order
to i nduce t he expression of the desired gene. A 540

nucl eoti de fragnment was anplified by PCR from the Neisseria
meni ngi tidis stredtyiflidogtdeni Signdd wekraegused. (The fAetéxgentywagoadded

ol i gonucl eotide priners (OCRR3: 5 - 10 TAATAGATCTATGAAAAAA TG£§M(}3'
and OCRR9: 3 - to c@mmmmwgnf@ﬁ%wm%sw

COLTESPOM ., e S RESLFRR, S BRRATERR S G 3b-e D Al (e 22
(AGATCT) restricibpihid hiacl@sal WY Rensed by icenthe fugdidiiateqbodeoo
sequence of these priners. The PCR product was purified on agarose
gel before beiSngxgli frasticth act OB | 1.

The 22 kDa protein was efficiently solubilized by
either three of the detergents, however B-octylglucoside
had the advantage of easily removing several unwanted
membrane proteins since they were not solubilized and

10 could be separated from the supernatant by centrifugation.
To remove the detergent, the 22 kDa'containing
supernatant was dialyzed extensively against several
changes of PBS buffer.Proteinase K treatment {as in
Example 1) can be used to further remove unwanted proteins

15 from the 22kDa surface protein preparation. Differential
precipitation using ammonium sulfate or organic solvents,
and ultrafiltration are two additional steps that can be
used to remove unwanted nucleic acid and
lipopolysaccharide contaminants f£rom the proteins before

20 gel permeation and ion-exchange chromatography can be
efficiently used to obtain the purified 22 kDa protein.
Affinity chromatogréphy, as described in Example 3, can

also be used to purify the 22 kDa protein.

25 Example 12 Use of 22kDa surface protein As a Human
Vaccine

To formulaté a vaccine for human use, appropriate

22kbDa surface protein antigens may be selected from the
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This Bgl Il fragnment of approxi mately 525 base pairs was then inserted

into the Bgl Il and Bam H sites of the pl asm d p629. The plasmd
cont ai ni ng the PCR product 20 insert naned pNP2Z04 was used T0O transform
E. coli strain DH5[err]F1Q A partial map of the plasm d pNP2204 is
presented in Figure 16. The resulting colonies were screened with

Nei sseri a nmenwegiei2dqaizs 22 kDa surface- protei n specifi croCcase/dsy
ant i bodi es described in 25 Exanple 2. Western bl ot analysis of the
resulting clones clearly indicated that the protein synthesized by E
col i was conplete and m grated on SDS- PAGE gel |ike the native

Nei sseri a nmeni ngi poIiseptd déPadestrided pepétnn. ForPlexanplle, one of skill
62 WO 96/ 29412

PCT/ CA96/ 00157  in thepmatugeulshdesion fArvareine sareptethe|2@¥Paand t hen
ol asm d perf oct | yOHRAREGSEn g rATATBBI:do CEBH T GORCAIAL] 3,4 BERESERS ng
o oty s oy TSR i ¥ e B K oAl U,
t enper at ur e- i nGucpénttei uilaxdiy dwelNRA(4edafor the preparation of
substantially pure recombinant antigens.
The vaccine composition may take a variety of forms.
These include, for example, solid, semi-solid. and liguid
dosage forms, such as powders, liquid solutions or
10 suspensions, and liposomes. Based on our belief that the
22kDa surface protein antigens of this invention may
elicit a protective immune response when administered to a
human, the compositions of this invention will be similar
to those used for immunizing humans with other proteins
15 and polypeptides, e.g. tetanus and diphteria. Therefore,
the compositions of this invention will preferably
comprise a pharmaceutically acceptable adjuvant such as
incomplete Preund’s adjuvant, aluminum hydroxide, a
muramyl peptide, a water-in-oil emulsion, a liposome, an
20 1IsCOM or CTB, or a non-toxic B subunit form cholera toxin.
Most preferably, the compositions will include a water-in-
oil emulsion or aluminum hydroxide as adjuvant.
The composition would be administered to the patient
in any of a number of pharmaceutically acceptable forms
25 including intramuscular, intradermal, subcutaneous or
topic. Preferrably, the vaccine will be administered

intramuscularly.
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used to transformthe following E. coli strains: W110, JMLO5, BL21,
TCRRL, _TCAPP2 and TOPP3._ _The | evel of 10 synthesis of the 22 kDa surface

protein and the | ocalization of the protein in the different cerrurar
fractions were determ ned for each strain. Shake flask cultures in LB
broth (G bco BRL, Life Technol ogies, G and I sl and, NY) indicated that
a tenperat ur WeH2P412f rom 30[err]C 15 to 39[err] C ef fi ci ent IPETIOASE00387 t he
expression of the gene. Ti me course evaluation of the |evel of

synt hesi s i ndi cat ed that the protein appeared, as determ ned on

SDS- PACE gel , as soon as 30 mn after induction and that the anount of
protein increased conGemerddlyduthagdesmgd ndddt conspst iafd an 2OiEKP essi on

| evel s between 8 tq 10_n% of 22 kDa protein _, er Ié’ata%rg Wehe det er.m ned
for E coli straiifdensian masy probaliyymi th-gAIRYeRt o195 308t ReOhefVri% y of

the 22 kba ROt §h8 pfeddiaBiPOs 3t &b i of B BRCIAA!suthEE SESRLADE-
antigen per patient, followed most probably by cone dr more

5 booster injections. Preferably, boosters will be
administered at about 1 and 6 months after the intial
injection.

| A consideration relating to vaccine development is
the question of mucosal immunity. The ideal mucosal

10 +waccine will be safely taken orally or intranasally as one
or a few doses and would elicit protective antibodies on
the appropriate surfaces along with systemic immunity. The
mucosal vaccine composition may include adjuvants, inert
particulate carriers or recombinant live vectors.

15 The anti-22kDa surface protein antibodies of this
invention are useful for passive immunotherapy and
immunoprophylaxis of humans infected with Neisseria
meninigitidis or related bacteria such as Neisseria
gonorrhoeae or Neisseria lactamica. The dosage forms and

20 regimens for such passive immunization would be similar to
those of other passive immunotherapies.

An antibody according to this invention is
exemplified by a hybridoma producing MAbs Me-1 or Me-7
deposited in the American Type Culture Collection in

25 Rockville, Maryland, USA on July 21, 1995, and identified
as Murine Hybridoma Ceil Lines, Me-l1l and Me-7
respectively. These deposits were assigned accession
numbers HB 11959 (Me-l) and HB 11958 (Me-7).
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Exanple 11 Purification of the Neisseria neningitidis

22kDa protein Since the vast majority of the 22 kDa protein is
found enbedded in the outer nmenbrane of E. coli strains, 5 the
purification protocol presented in this Exanple is different fromthe
one al ready dweeerdstd in Exanple 3 where a | arge anountPGHCANSOSY n was
rel eased in the cul ture supernatant. An overnight culture incubated at

30[err]C of either E. coli strain WB110 or TOPPl harboring the 10 plasm d
PNP2204 was i nocul ated in LB broth containing 50 umLerr /'m  of
Anpicillin (Sigm) anﬁzi/hswgrhmeadem[lbﬁﬂ] Eewﬂtlha numdayi ati on (250 rpm

until it reached a cell densi tz 6 rég% 600n é% whi ch poi nt
the incubation t embediments fREsthis ’-’§‘Fﬁ“ﬂ"88 t SFPREE 5r 3 &8t o five

hour's to induce thgs dbAOMEL! oL, le LGePeatel roligebaoier |2l cells

wer e har ves ugation at 000 xg for 15 m nutes at

4[err] C and washggnbid fdhts tRReSRbAL frd thietofpesitions( BRBS)processesHol. 3.
The bacterial cells were ultrasonically broken (ballistic
di si nt egr ati ors orthischaventdondi Thetefpxrs.i 4t widb Rf EPPxeriatrd ads$hfay

al so be used). Unbroken_cells were, r ved ntri ation at 5,000
xg for 5 m nutesScope @f dhiss AFVERELOTHRG 35@8? ﬂ&tﬁ&%nes é\eu?ee separ at ed

from embodiments and variations that are defined in the
foregoing specification and by the claims appended
thereto; and the invention is not to be limited by the

10 specific embodiments which have been presented herein by

way of example.
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cytoplasm c conponents by centrifugation at 100,000 xg for 1 h at
10ferr1 C__The nenbrane-containing pellets were 25 resuspended in a snall

vol une of PBS, pH 7.3. To solubilize the 22 kDa surface protein from
t he menbr anes, detergents such as Enpi gen BB (Cal bi ochem Co.,

LaJdol | a, CA), Zwmttergent-3,14 (Cal biochem Co.), or [err]-

64 WO 253941841 PCT/CA96/00157

PCT/ CA96/ 00157 octyl glucosi de (Sigm) were used. The detergent was
added to the nenbrane fraction at final concentration of 3% and

the m xture was incubated for 1 h at 20[err]C The non sol ubl e
material was renmpved by centrifugation agedBe0DQ@rne® xg for 1 h at
10[err] C The 22 kDa protein was efficiently solubilized by
either three qf the detergents, however [err]-octylglucoside had t he
advant age of e&asf¥ Wﬁﬁv? R al  unwant ed nmenbr ane proteins since
they were not sol ub| dll)Zﬁ:@Lm Bisie@PUBErdaea separated from the supernatant
by centrifugati on. To remdeerinhd@edist er gent, the 22 kDa cont ai ni ng
super nat ant Viﬁs di al yzed extensrgé‘éﬁly 38t nst several changes of PBS
buffer. Protei'nase K treatnent {as

(ii) TITLE OF INVENTION. PROTEINASE K RESISTANT SURFACE PROTEIN
OF NEISSERIA MENINGITIDIS

15 (iii) NUMBER OF SEQUENCES: 26

{iv) CORRESPONDENCE ADDRESS:

(A) ADDRESSEE: Goudreau Gage Dubuc & Martineau Walker

(B) STREET: 800 Place Victoria, Suite 3400, Tour de la
20 Bourse

(C) CITY: Montreal

(D) STATE: Quebec

(E) COUNTRY: Canada

{F) ZIP: H4Z 1E9

25
(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
{B) COMPUTER: IBM PC compatible
(C} OPERATING SYSTEM: PC-DOS/MS-DOS
30 {D) SOFTWARE: PatentIn Release #1.0, Version #1.25
{vi) CURRENT APPLICATION DATA:
(A} APPLICATION NUMBER:
(B) FILING DATE:
35 (C) CLASSIFICATION:
(vii} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/406,362
0 (B) FILING DATE: 17~MAR-1995

(vii} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US (PROVIS)é&60/001,983
(B) FILING DATE: 04-AUG-18995

45 tviii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Leclerc/Dubuc/Prince, Alain/Jean/Gaetan
{C) REFERENCE/DOCKET NUMBER: ZIOVAC-1 PCT

{ix) TELECOMMUNICATION INFORMATION:

50 (A) TELEPHONE: 514-397-7400
{B) TELEFAX: 514-397-4382

{2) INFORMATION FOR SEQ ID NO:1:

55
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 830 base pairs
(B} TYPE: nucleic acid
, (C) STRANDEDNESS: double
60 (D} TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)
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Exanpl e 1) can be used to further

22kDa surface protein preparation. Differential __ preci pitation using
anmoni um sul fate or organi c sol vents,

addi ti onal steps that can be

| i popol ysacchari de contam nants fromthe proteins before

renove unwant ed proteins

and i on- exchweopsnsdiz omat ogr aphy can be
purified 22 kDa protein

Exanpl e 3, can
Exanpl e 12
Vacci ne

22kDa surface prot ef¥y) aMNTE gENEE: iR
WO 96/ 234 1gricnaL SOURCE:

65
PCT/ CA96/ 00157
skil'l

Affinity chromatography,

15 fromt he

and ultrafiltration are two
used to renove unwanted nucl eic acid and

20 gel

pernmeati on

efficiently useBCT/GAPNOIST t he

al so be used to purify the 22 kDa protein.

Use @f;i324Perdatdagcaoprotein As a Human
To fornul ate a vacci ne for

human use,

be selected fromthe

as described in

25

appropriate

poiay oRpANISES Ndoweridmeningitddis For exanpl e,

pol ypeptide or fragpgjt spalrti@s €of containing an i munogenic
10 {A) NAME/KEY: §2§ c6r

15

20

25

30

35

45

50

55

{B) LOCATION:

(ix) FEATURE:

{a)

NAME/KEY:

{B) LOCATION:

(ix) FEATURE:
{A) NAME/KEY:
{B) LOCATION:

sig_peptide
143..198%

t_peptide
200..667

{xi) SEQUENCE DESCRIPTION: SEC ID NO:1:

in the art cot® FTBA: o§P88 vacci ne around the 22kDa

one of

TCGGCAAAGS AGCCGGATAC CGCTACGTAT CTTGAAGTAT TGAAAATATT ACGATGCAAA 60

AAAGAAAATT TAAGTATAAT ACAGCAGGAT TCTTTAACGG ATTICTTAACA ATTTTTCTAA 120

CTGACCATAA AGGAACCAAA AT ATG AAA AAA GCA CTT GCC ACA CTG ATT GCC 172.
Met Lys Lys Ala Leu Ala Thr Leu Ile Ala
-15

CcTC
Leu

GTC
Val

GCC
Ala

Leu
40

TCC
Ser

Phe

CTC
Leu

ACC
Thr

GCT CTC CCG

Ala

CAA
Gln

AAA

Lys
25

cGC
Arg

ACC
Thr

GAC
Asp

AAC
Asn

TCC
Ser
108

Leu

GCC
Ala
10

GGC
Gly

TTC
Phe

GAT
Asp

ACC
Thr

CGC
Arg
90

ATC
Ile

Pro

GAT
Asp

TrC
Phe

GCC
Ala

Phe

CAA
Gln
75

GCC
Ala

Gly

GCC
Ala

GCcC
Ala

-5 .

GCC
Ala

AGC
Ser

GTC
val

Lys
60

TCG
Ser

Tcc
Ser

CTC
Leu

GCA
Ala

cce
Pro

GAT
Asp
45

cTIT
Leu

ccc
Pro

GTC
Val

Gly

-19

GCA
Ala

CAC
His

CGC
Arg
30

TAC
Tyr

TAC

GTC
val

GAC
Asp

GTA
val
110

CTG
Leu

GCaA
Ala

15
ATC
Ile

ACG
Thr

AGC
Serxr

Lys

TIG

Leu

Leu

GCG
Ala

AAA
Lys

TCC
Ser

cGC
Arg

ATC
Ile

olelc
Pro
80

GGC
Gly

ACG
Thr

GAA
Glu
1

GCC
Ala

GCA
Ala

TAC
Tyr

lod
1

Gly
€5

TAT

>
-

GGC
Gly

GGC
Gly

70

GGC
Gly

TCA
Ser

GGC
Gly

AAA
Lys
50

GCG
Ala

CTC
Leu

AGC
Ser

GTA
val

GCA
Ala

AGC
Ser

TAC

Tyr
35

AAC
Asn

TCC
Ser

GGC
Gly

GAC
Asp

AGC
Ser
115

TCC
Ser

T
Ser
20

cGT
Arg

TAT
TyT

GZC
Ala

GCG
Ala

AGZ
Sexr
100
TAT
Tyr

GGC
Gly
5

TTA
Leu

ATC
1le

AAA
Lys

ATT
Ile

cGT
Arg
85

™c
Phe

GCC
Ala

TTT
Phe

GGT
Gly

AAC
Asn

GCC
Ala

TAC
70

Leu

Ser

Val

-10

TAC
Tyr

TCT
Ser

GAC
Asp

CCA
Pro
55

GAC
Asp

Gln

ACC
Thr

220

268

316

364

412

460

508

556



epi tope. The use of nol ecul ar biol ogy techniques is 5 particularly

well-suited for the preparation of substantially pure reconbi nant

anti gens. The vacci ne conposition may take a variety of forns.
These include, for exanple, solid, sem-solid, and liquid dosage
forms, such as powders, liquid solutions or 10 suspensions, and |iposones.
Based on ourWDosRM2 t hat t he 22kDa surface protei n ant PGEGAYHOINTh| s

i nventi on may elicit a protective inmune response when adm nistered to
a human, the conpositions of this invention will be simlar to

those used for i|COSUANTZETIYGATUMER SATVGED GOC IWAC QECORASi AFS TALSATMNGGQ AN pepddi des,
e.g. tetanus andPlz’gi ¥alj Asp %P%%g%ﬁw Tyr RRETVEMBoSt Pc?nglyog!'% hi s
i nvention wl | p’f' ferably ¢ riseapharr‘rlaceutically accf)able
adj uvant suchS5aseTc aac AdIcerphsd aad-ked dt Srcadjcuvaat crcatarnsmueasd gt oxXeste, a
mur anyl pepti de,Vad Aant B Vel byd AsmVRLidge Sex Gl fdyobry, SexnVal2ely $&OM or CTB,
or a non-toxic B subunit forf%hol era toxin.43 Most pr ef &bl y, the
conposi tions W ldeci d¥®l MieTfe YEHTREGIGH-cTTATTCTEd hAtatdceh GicBiceaddlM NUMNY o,
hydr oxi de as 18djArgaval. Lys Phe The conposition would be admi nistered to
t he patient in any ot3%a nunber of pharmaceutically acceptable forns
25 including i ntgmamret dfgechdtictaderimblan SHREHEADOREIARATA ATCCCERINGCT64
Preferrably, the vaccine will be adm nistered i ntramuscul arly.

IS CTGCGGCTTS TGCCGCCCTA TTTTTIGAGG AATCCGAART GTCCAAAACC ATCATCCACA

824
ACa 830

20 (2) INFORMATION FOR SEQ ID NO:2:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 174 aminc acids
{B) TYPE: aminc acid
25 {D) TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
30 {xi) SEQUENCE DESCRIPTION: SEC ID NO:2:
Met Lys Lys Ala Leu Ala Thr Leu Ile Ala Leu Ala Leu Pro Ala Ala
-19 -15 -10 -5

35 Ala Leu Ala Glu Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala
1l 5 1¢

His Ala Lys Ala Ser Ser Ser Leu Gly Ser ila Lys Gly Phe Ser Pro
15 20 zs

40 Arg Ile Ser Ala Gly Tyr Arg lle Asn Asp Leu Arg Phe Ala Val Asp

30 a5 40 45
Tyr Thr Arg Tyr Lys Asn Tyr Lys Ala Pro Ser Thr Asp Phe Lys Leu
: 50 85 60
45
Tyr Ser lle Gly Ala Ser Ala Ile Tyr Asp Phe Asp Thr Gln Ser Pro
65 70 75
Val Lys Pro 'ryr'Leu Gly Ala Arg Leu Ser Leu Asn Arg Ala Ser Val
50 80 85 90

Asp Leu Gly Gly Ser Asp Ser Phe Ser Gln Thr Ser Ile Gly Leu Gly
95 100 108

55 Val Leu Tar Gly Val Ser Tyr Ala Val Thr
110 1315

Asn Val Asp Leu Asp
125

v o
g
o0

Ala Gly Tyr Arg Tyr Asn Tyr Ile Gly Lys Val Asn Thr Val Lys Asn
130 135 140
60
Val Arg Ser Gly Glu Leu Ser Val Gly Val Arg Val Lys Phe
145 150 158

n
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PCT/ CA96/ 00157 ) CGeneral Ly, the dosage will consist_of an initial
i nj ection, nost probably with adjuvant, of about 0.01 to 10 ng, and
preferably 0.1 to 1.0 ng of 22kDa surface protein antigen per patient,

fol |l oned nost probably by one or nore 5 booster injections. Preferably,
boosters wi | IW@86129412 ~ adni ni stered at about 1 and 6 nonths RGIEGASRUS] nti al

i njection. A consideration relating to vacci ne devel opnent is
t he question of mucosal imunity. The ideal nucosal 10 vaccine will be
safely taken orally or intranasally as one or a few doses and woul d

elicit protectivelZAntFEBRTEY R SEQ ID MNRed:qppropriate surfaces along with

systemic immunity. Thg, spoyenfbeRfBlorageidde conposition may include
adj uvant s, i nest parhj weRGIHe Marbasermicy reconbi nant |ive vectors.

15 The anti-22kDa sugf pEemieihagift | bodi es of this i nvention
are useful for passive irfgl BYs g2 i munoprophyl axi s of humans
infected with Neisseria meninigitidis or related bacteria such as
Nei sseri a 10gonor tihd MQLESYEE [WPEs B¥A do¢nemicini ca. The dosage forns and

tiii) BYPOTHETICAL: NO

15 {iv) ANTI-SENSE: NO

{vi] CRIGINAL SOURCE:
{4) ORGANISM: Neisseria meningitidis
{B} STRAIM: MCHS88

20 {ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATIQN: 116..643

tix) FEATURE:
25 {A) NAME/KEY: sig_peptide
{B) LOCATION: 116..172

{ix) FEATURE:
(A) NAME/KEY: mat_peptide
30 {B) LOCATION: 173..643

{xi} SEQUENCE DESCRIPTION: SEQ ID NO:3: .
35 GTATCTTGAG GCATTGAAAA TATTACAATG CAAAAAGAAA ATTTCAGTAT AATACGGCAG 60

GATTCTTTAA CGGATTCTTA ACCATTTITC TCCCTGACCA TAAAGGAATC AAGAT RIS 118
Met
-13

AAA AAA GCA CTT GCC GCA CTG ATT GCC CTC GCC CTC CCG GCC GCC GCA 166
Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro Ala Ala Ala
-15 ' -10 -5

45 C¢TG GCG GAA GGC GCA TCC GGC TTT TAC GTC CAA GCC GAT GCC GCA CAC 214
Leu Ala Glu Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala His
1 5 10

GCC AAA GCT TCA AGC TCT TTA GGT TCT GCC AAA GGC TTC AGC CCG C 262
50 &ala Lys Ala Ser Ser Ser Leu Gly Ser Ala Lys Gly Phe Ser Pro Arg
15 20 25 30

RTC TCC GCA GGC TAC CGC ATC AAC GAC CTC CGC TTC GCC GTC GAT TAC 310
Ile Ser Aia Gly Tyr Arg lle Asn Asp Leu Arg Phe Ala Val Asp r
35

55 40 45
ACG CSC TAC AAA AAC TAT AAA CAA GTC CCA TCC ACC GAT TTC AAA CTT 358
r Arg Tyr Lys Asn Tyr Lys Gln Val Pro Ser Thr Asp Phe Lys Leu
60 S0 55 60

TAC AGC ATC GGC GCG TCC GCC ATT TAC GAC TTC GAC ACC CAA TCC CCC 406
T™yr Ser ile Gly Ala Ser Ala Ile Tyr Asp Phe Asp Thr Gln Ser Pro
€5 70 75
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20 reginmens for such passive inmunization would be simlar to t hose of

ot her passive i mrunotherapies. An_antibody according to this
i nvention is exenplified by a hybridoma produci ng MAbs Me-1 or Me-7

deposited in the American Type Culture Collection in 25 Rockvil | e,

Maryl and, USA on July 21, 1995, and identified as Murine Hybridoma
Cel | Lines, NNO28412 \&- 7 respectively. These deposits DRIEA$98153ned
accessi on nunbers HB 11959 (Me-1) and HB 11958 (Me-7).

67 WO 96/ 29412

PCT/ CA95/ 00157 ?ﬁ%lcgq \A1£¢ have descri bed hereicélc 2ccnunber of
enbodi nents of th jGBC 454
enbodi nents nay bﬁegamged o LBt §&Y ?ﬁﬁﬂeﬁ‘“ Serhggn%if‘%ﬁ%as SEhatlutilize
the conpositiods and processes of this invention. Therefore, it wll
be appreci at ed t hgAC FIfoAAC GGC A% GAC dﬁc tTTF AGCRAANAGCOTCT Acd G@ResTtaIGBc 502

al ternative REoth MEhEY SR AERSParPE Tt Hat Tagr BTN bl Lrh

f oregoi ng specification and by the cl ai s append t her et o; and'the

invention is Bt W TS EIG1HEIRATHWGT ITAT GCC GTT ACC CCG AAT GTC GAT TTG GAT 550
Val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu Asp

115 120 125

GCC GGC TAC CGC TAC AAC TAC ATC GGC AAA GTC AAC ACT GTC AAA AAT 598
15 Ala Gly Tyr Arg Tyr Asn Tyr Ile Gly Lys Val Asn Thr Val Lys Asn
130 135 140

GTC CGT TCC GGC GAA CTG TCC GCC GGC GTA CGC GTC AAA TTC TGATATACGC 650
Val Arg Ser Gly Glu Leu Ser Ala Gly Val Arg Val Lys Phe
20 145 150 155

GTTATTCCGC AAACCGCCGA GCCTTTCGGC GGTTTTETTT TCCGCCGCCG CAACTACACA  7iC

25
{2) INFORMATION FOR SEQ ID NO:4:

{{) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 175 amino acids
30 (B) TYPE: amino acid
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: protein

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:
Met Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro Aia Ala
-19 . =15 -10 -5

40 Ala Leu Ala Glu Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala

1 5 ' 10
His Ala Lys Ala Ser Ser Ser Leu Gly Ser Ala Lys Gly Phe Ser Pro
15 20 25
45
- Arg Ile Ser Ala Gly Tyr Arg Ile Asn Asp Leu Arg Phe Ala Val Asp

30 35 40 45
Tyr Thr Arg Tyr Lys Asn Tyr Lys Gln Val Pro Ser Thr Asp Phe Lys

50 50 55 60

Leu Tyxr Ser Ile Gly Ala Ser Ala Ile Tyr Asp Phe Asp Thr Gln Ser
65 70 75

55 Pro Val Lys Pro Tyr Leu Gly Ala Arg Leu Ser Leu Asn Arg Ala Ser
BO 85 90

Val Asp Phe Asn Gly Ser Asp Ser Phe Ser Gln Thr Ser Thr Gly Leu
95 100 105
60
Gly Val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu
110 115 120 125
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10 specific enbodi nents which have been presented herein by way of

exanpl e.

68 WD 96/ 29412

PCT/ CA96/ 00157

WO 96/29412 PCTICA96/00157

10

15

30

35

45

50

55

60

Asp Ala Gly Tyr Arg Tyr Asn Tyr Ile Gly Lys Val Asn Thr Val Lys
130 135 140

Asn Val Arg Ser Gly Glu Leu Ser Ala Gly Val Arg Val Lys Phe
145 150 155

{2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 850 base pairs
(B) TYPE: nucleic acicd
(C) STRANDEDNESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE TYPE: CNA (genomic)
(iii) RYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
(vi} ORIGINAL SOURCE:
(A) ORGANISM: Neisseria meningitidis
{B) STRAIN: 2Z240&3
(ix) FEATURE:
{A) NAME/KEY: CDS
(B} LOCATION: 208..732
(ix) FEATURE:
(A} NAME/KEY: sig_peptide
" (B) LOCATION: 208..264
(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 285..732
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
CACCCATCCG CCGCGTGATG CCGCCACCAC CATTTAAAGG CAACGCGCGG GTTAACGGCT 60
TTGCCGTCGG CAAAGCAGCC GGATACCGCT ACGTATCTTG AAGTATTAAA AATATTACGA 120
TGCAAAAAGA AAATTTAAGT ATAATAAAGC AGAATTCTTT AACGGATTCT TAACAATTTT 180
TCTAACTGAC CATAAAGGAA CCAAAAT ATG AAA ARA GCA CTT GCC ACA CTG 231
Met Lys Lys Ala Leu Ala Thr Leu
~-19 -15
ATT GCC CTC GCT CTC CCG GCC GCC GCA CTG GCG GAA GGC GCA TCC GGC 279
Ile Ala Leu Ala Leu Pro Ala Ala Ala Leu Ala Glu Gly Ala Ser Gly
-10 -5 1 5
TTT TAC GTC CAA GTT GAT GCC GCA CAC GCA AAA GCC TCA AGC 72T TTA 327
Phe Tyr Val Gln Ala Asp Ala Ala His Ala Lys Ala Ser Ser Ser Leu
10 15 20
GGT TCT GCC AAA GGCT TTC AGC CTG CGC ATC TCC GCA GGT TAC CGC ATC 375

Gly Ser Ala Lys Gly Phe Ser Pro Arg Ile Ser Ala Gly Tyr Arg lle
25 30 35
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SEQUENCE LI STI NG 5 (1) GENERAL | NFORNMATI ON: (1) APPLI CANT:

Brodew, Bernard R ; Martin, Denis

Hanel , Josee 10 Ri oux, C ement . (ii) TITLE OF
I NVENTI ON:  PROTEI NASE K RESI STANT SURFACE PROTEI N OF

NEI SSERIA MENING TIDIS 15 (iii) NUMBER OF SEQUENCES: 26 (iv)
CORRESPONDENWM® %{3p4g SS: (A) ADDRESSEE: Goudr ®&T/CA6/@018,buc &
Marti neau Wl ker (B) STREET: 800 Place Victoria, Suite 3400,
Tour de la 20 Bour se (© CTY: Mntreal

(D) STATE: QuebedAC GAC CTC CGC TIC GC [GFC GADNIARYACGCEGFAEAC AAA AAC TAT AAk  4fF)
ZIP: HAZ 1EQ 25 Asn Asp Leu “{%)"ht&;sgﬁéjg%@ﬁ“ﬁom Lys Asn Tyr Lys (A
VEDI UM TYPE: Fl oppy di sk (B) COVPUTER TBM PC conpati bl e
(C) OPERATI NGSSYSTERFA PG BOSEMSTDOBAB(TT TAC AGC ATC GEDBFCHOETMARBTT Pauent | n
Rel ease #1.0, Vefld BEf #9% For Asp Phe Lys ley; TyrcRampENTCAPPLY EAACN TDATA:

(A) APPLI CATI ON NUMBER: | (B) FILING DATE: 35 (O
CLASSI FI CATI Q\: Tac GAC TTC €Ad AyC PR @RG ARPLATCATHAOKGDATALTC Goc oG ¢z 515 (A)
APPLI CATI ON NOVBERY A9SPEiBASrOBRI362n Ser Pro Val Lys Prof Byr Ly FNGHDIREY
17- MAR- 1995 40 (vii) PRI GR APPLI CATI ON CHTA: 8 (A
APPLI CATI ON NUVBEf® a¢dSctPREVES) Go¢ @04 a8 Fbac TIe cac 6oc AGe chBhreE ek NGsPATE:
04- AUG 1995 45 Leu fexi L¢d ARNTAGRNEY/SACINT AsNFAGRMATH G, Ser Asp Ser Phe (A
NAME: Lecl er dPDubuc/ Prince, A% n/ Jean/ Gaet ar® 109 ¢
REFERENCE/ DOCKETaddUMBER:: Bt-ONACedc Bed cac cta e cdd ¥dc Ehl ESOYMINECATELN

| NFORMATI ON: Ser Gln Thr Ser Thr Gly Leu Gly Val Leu Ala Gly Val Ser Tyr Ala
20 105 _ 110 115

GTT ACC CCS AAT GTC GAT TTG GAT GCC GGC TAC CEC TAC ~iC Tal ATC 663
Val Thr Prc Asn Val Asp Leu Asp &la Gly Tyr Arg Tyr isn Tvr Ile

w22 125 130
25 GGC AAA GTC AAC ACT GTC AAA AAC GTC CGT TIC GGC GAA CTC TIC GO 711
Gly Lys Val Asn Thr Val Lys Asn Val Arg Ser Gly Glu Leu Ser Ala
135 140 145
GGT GTG CGC GTZ AhA TTC TGATATGCGS CTTATTCTGC AAACCSCCGA 759
30 Gly val Arg val Lys Phe
150 155

GCCTTCGGTE GTTTIGTTTT CTGCCACCGC AACTACACAR GCCGGCGGTT TTGTACGATA B19
35 ATCCCGAATG CTGCGGCTTC TGCCGCCCTA T 850

(2) INFORMATION FOR SEQ ID NO:6:
40 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTE: 174 amino acids
(B) TYPE: amino acid
(D} TOPOLOGY: linear
45 {ii) MOLECULE TYPE: protein
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Met Lys Lys Ala Leu Ala Thr Leu lle Ala Leu Ala Leu Pro Ala Ala

50 -19 -15 . -10 -5

Ala Leu Ala Glu Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala
1l 5 10
55 His Ala Lys Ala Ser Ser Ser Leu Gly Ser hla Lys Gly Phe Ser Pro
15 20 25
Arg Ile Ser Ala Gly Tyr Arg Ile Asn Asp Leu Arg Phe Ala Val Asp
30 35 40 45
60

Tyr Thr Arg Tyr Lys Asn Tyr Lys Ala Pro Ser Thr Asp Phe Lys Leu

50 5% 60
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50
514-397- 4382

(A) TELEPHONE: 514-397- 7400

(2) I NFORVATION FOR SEQ I D NO 1: 55

SEQUENCE CHARACTERI STI CS:
(B) TYPE: nucleic acid

(D) TOPOLOGY:

69

NO 5
meningitidis

(A) NAVE/ KEY: CDS

FEATURE:

i near

WOQ\Os241220412
PCT/ CA96/ 00157

LOCATI ON: 143 3.

mat _pepti de

10
15
20
25
30

35

45
50
55

60

(B) TELEFAX:
(1)

(A) LENGTH: 830 base pairs
(C) STRANDEDNESS: doubl e 60

(iii) HYPOTHETI CAL: NO
(vi) ORI G NAL SOURCE:
Tyr Ser Ile Gly(qu SYTRYaNIles

(i1) MOLECULE TYPE: DNA (genom c)

PCTICA96/00157
(iv) ANTI - SENSE;

(A) ORGANI SM Nei sseri a

143. . 667

Asp Phe Asp ThY i SEEATORE: 10
(B) L@Ai??B G%g

(i x)

val Lys prb /Ay NAYRIKEA 2 AdQLaepéd deu .'hEn Arg Ala Ser va(lDB)

199 80 (i x) FEATRIRE:

90

(A) NANME/ KEY:

Asp Le\sz Gly Glg@erllmr%e ng'O GlnGQZr %Qr Thr Gly Leu Gly

100 105

Val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu Asp

110 115

120

125

Ala Gly Tyr Arg Tyr Asn Tyr Ile Gly Lys Val Asn Thr Val Lys Asn

130

135

140

Val Arg Ser Gly Glu Leu Ser Ala Gly Val Arg Val Lys Phe

145

150

{2} INFORMATION FOR SEQ ID NO:7:

{i} SEQUENCE CHARACTERISTICS:
tA) LENGTH: 810 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double

(D) TOPOLOGY:
(ii) MOLECULE TYPE:

linear

DNA (genomic)

(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM:

{B) STRAIN: b2

tix) FEATURE:

(A) NAME/KEY:
(B) LOCATION:

(ix) FEATURE:

(A) NAME/KEY:
{B) LOCATION:

{ix) FEATURE:

{A) NAME/KEY:
(B} LOCATION:

Neisseria gonorrhoeae

CcDs
241..765

sig_peptide
241..297

mat_peptide
298..765

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:

155

CCCCGCCTTT GCGOTTTTIT CCAAACCGTT TGCAAGTTTC ACCCATCCGC CGCGTGATGC 60

CGCCGTTTAA GGGCAACGCG CGGGTTAACG GATTTGCCGT CGGCAAAGCA GCCGGATGCC 120

GCCGCGTATC TTGAGGCATT GAAAATATTA CGATGCAAAA AGRAAATTTC AGTATAATAC 180

GGCAGGATTC TTTAACGGAT TATTAACAAT TTTICTCCCT GACCATAAAG GAACCAAAAT 240

ATG AAA AAA GCA CTT GCC GCA CTG ATT GCC CTC GCA CTC CCG GCC GCC 288
Mez Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro Ala Ala

-19 -15

-10
76
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: TCGGCAAAGC AGCCGGATAC
CCCTACGTAT CTTGAAGTAT TCAAAATATT ACGATCCAAA 00 25 ~ AAAGAMAAILT. .
TAAGTATAAT ACAGCAGGAT TCTTTAACGG ATTCTTAACA ATTTTTAA 120 CTGACCATAA
AGGAACCAAA AT ATG AAA AAA GCA CTT GCC ACA CTG ATT &CC 172

Met Lys Lys Ala Leu Ala Thr Leu Ile Ala 30 -19
-15 W0 96120412 - 10 CTC GCT CTC COG GCC GOC GCA CPETGANART oo
GCA TCC G&C TTT TAC 220 Leu Ala Leu Pro Ala Ala Ala Leu AIa Gu Gy
Ala Ser Ay Phe Tyr -5

5 35 GTCCAAGCCGATGCCGCACACGCAAAAGCCTCAAGCTCTTTAGGTTCT

GAGRA CQ\GEC 3
oo On MEURYED SR LGk B e ints M), cor
CGC ATC TCC GCh GCC TAC CGC \TC AAC GAC 316 - Ala Lys Ay Phe Ser Pro
Arg Ile Ser Al a Gaz oo Ay ged IPeh AST TEE (JTA GGT TCT GCCAPA GGC TTC AGC CCG 38
35 CTC OGC WFCMECHTGHe BRT STREsneey G SPACAAIARY FRrSEAR Boc oca
364 45 Leu Arg Phe a Val Asp Tyr“Thr Arg Tyr Lys Asn Tyr Lys Ala Pro
40 10 cGcdATC TCC GCA GGC TAC CGC ATS(RAC GAC CTC CGC TTC GCC §BC GAT  432TCC
ACC GAT TTC AAA GRT TRCSRGELATY TrAaDEiTcerdse ETrpalhhts Vah fsp Ser
Thr Asp Phe Lys Le\d Tyr Ser Ile Ala Ser Ala ITe Tyr Asp 50
60 TAC §% CcGC TAC AAA AAC TAT AAX(BCC CCA TCCTAR GUCTHCEACART TCECCC
GTC AAA CCG TAS (&€ BECARCHNCOS FRGTAGLYS A460Pr° Ser T aspnEhe hsﬁg Lefn Ser Pro
Val Lys Pro Tyr Leu Gy Ala Argl Leu Ser

80 TAC fict aROaec cee Ted GTdATr Qe EACCrTeCEAdGASE GﬁCTEd’ @cGCsGC

AGC GAC AGC TTC Afie &hViile BOBAla Ser VRBU1ASTy=/bsp PearSeMhn/gln AspPreu Gy Gy

Ser Asp Ser PH8® Ser Gn €5 90 7° &%

100 60 ACC TCCATE,Cik GHC-ReaSEAs TES ASGEGE IR AGCTATEGE: GTH6ACC

igg Thr Servdil eysSpyo rgtl Pht BGlWaha lpeg LElor se@ Jeu/a$n Seq ATy sepl2daVal Thr
110 s8¢ 15

70 25

CAC TTG GGC GGC AGC GAC AGC TTC AGC AAA ACC TCC GCC GGC CTC GGC - 624
His Leu Gly Gly Ser Asp Ser Phe Ser Lys Thr Ser Ala Gly Leu Gly
95 100 105

30 GTA TTG GCG GGC GTA AGC TAT GCC GTT ACC CCG AAT GTC GAT TTG GAT - 672
Val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu Asp
110 115 120 125

GCC GGC TAC CGC TAC AAC TAC GTC GGC AAA GTC AAC ACT GTC AAA AAC 720
35 Ala Gly Tyr Arg Tyr Asn Tyr Val Gly Lys Val Asn Thr Val Lys Asn
130 135 140

GTC CGT TCC GGC GAA CTG TCC GCC GGC GTG CGC GTC AAA TTC TGATATACGC 772
Val Arg Ser Gly Glu Leu Ser Ala Gly Val Arg Val Lys Phe
40 145 150 155

GTTATTCCGC AAACCGCCGA GCCTTCGGCG GTTTTTTIG 810

45 (2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 174 amino acids
(B) TYPE: amino acid
50 (D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
Met Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro Ala Ala
-19 -15 -10 -5

60 Ala Leu Ala Glu Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala
5 10

His Ala Lys Ala Ser Ser Ser Leu Gly Ser Ala Lys Gly Phe Ser Pro
15 20 25

m



WO 96/ 29412

PCT/ CA96/ 00157 ) CCG AAT GIC_GAT TTG GAT_GCC GEC TAC CGC_TAC AAC TAC
ATC GGC AAA 604 Pro Asn Val Asp Leu Asp b Ala Gy Qy Tyr Arg Tyr Asn Tyr
Ile Ay Lys 120 125 130

135 5 GIC AAC ACT GIC AAA AAC GIC CGI TCC GEC GAA CTG TCC GIC G&XC GIG
652 Val Ws262912 Val Lys Asn Val Arg Ser Ay A u Leu SePCUGASGROISA/;|
140 145 150 CGC GIC AAA TTC
TGATATGCGC CTTATTCTGC AAACCGCCGA GCCTTCGECG 704 10 Arg Val Lys Phe
155 CTTTTGITTT CTGCCACCGC AACTACACAA GCCAECGGIT TTGTACGATA ATCCGAATG
764 15 ﬂmﬁqmﬁmmm Mm?hm
ATCATCCACA 8% ACA

830 20 (2) 3 NrERWAT AN THORySHEh l19rN@s2hla Pro Ser Thr Asp fPhe LPE@QENCE

CHARACTERI STI CS: 50 (A) LENGTHES 174 ami no aci @8

(B) TYPE: am no 2 (E)D)%E%E

(ii) MOLECULE TY%E': gfn’? gtl‘" iCgy Ma Ser Val i} Oﬂ&xﬁﬁgﬁrffﬁ P80 1D
NO 2: 30 1vet Lys Lys Ala Leu Ala Thr Leu Ile Ala Leu Ala Leu Pro Al a
Al a -19 Val Lys Pro Tyy, Phe Gly Ala Arg Leu Ser|jeu Asn Arg Ala ser ala _g

Ala Leu Ala Au Gy Al a%er Ay Phe Tyr Val d@n Aa Asp Ala Ala 35

1 HDs Leu Gly Gly Ser Asp setOPhe ser Lyd Shriker hys GAY a.e\SenySer Ser
Leu Ay Ser Al Lys @y Phe Ser Prdo00 15 105

25 40 Arg lle gef 4 3afoty DI <t Oyl BNl £8P pheHs 0l RES 1 A'ag el

30 110 115 120

Thr Arg Tyr L%/s Asn Tyr Lys Ala Pro Ser Thr Asp Phe L s Leu 45
50 0 2la Glgwyr arg "'yr Asn Tyr Val @Yy li.gz Val Asn Thr val 2.34(3 Asn

Val Arg Ser Gly Glu ieu Ser Ala Gly Val Arg Val ilys Phe
145 150 185

{2) INFORMATION FOR SEQ ID NO:9:

(i) SEQUENCE CHARACTERISTICS:
30 (2) LENGTH: 156 amino acids
(B) TYPE: amino acid .
(D) TOPOLOGY: linear

35 (ii) MOLECULE TYPE: protein
{(vi] ORIGINAL SOURCE:
{A) ORGANISM: Neisseria meningitidis
{B) STRAIN: 6088

{xi} SEQUBNCE DESCRIPTION: SEQ ID NO:9:
: Met Lys Lys Ala Leu Ala Thr Leu Ile Ala Leu ila Leu Pro Ala Ala
45 1 5 10 15
(2} INFORMATION FOR SBQ_ID NO:10:
50 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 15 amino acids
(B) TYPE: amino acid
{D) TOPOLOGY: linear
55 {ii) MOLECULE TYPE: protein
{vi) ORIGINAL SOURCE:

tA) ORGANISM: Neisseria meningitidis
(B) STRAIN: 608B

78



Tyr Ser Ile Gy Ala Ser Ala Ile Tyr Asp Phe Asp Thr A n Ser Pro

65 70 75 Val Lys Pro Tyr Leu Gy
Ala Arg Leu Ser Leu Asn Arg Ala Ser Val 50 80

85 90 Asp Leu Ay Ay Ser Asp Ser Phe Ser d@n Thr
Ser Ile Ay Leu Gy ' 95 100 105
55 Val Leu wWoee®M32 Val Ser Tyr Ala Val Thr Pro Asn Val AspPEEGA6091S7
110 115 120 125 Al a
Ay Tyr Arg Tyr Asn Tyr Ile Ay Lys Val Asn Thr Val Lys Asn 60

130 (xi) SBGYENCE DESCRIPTION: SEQ Ib4é:10: Val Arg Ser Gy Gu Leu
Ser Val dy Val Arg Val Lys Phe ' 145 150
155 Leu Ala Leu Pro Ala Ala Ala Leu Alflslu Gly Ala Ser \WQEe29412
PCT/ CA96/ 001575 1 (2) INFGRWATI ON FOR SEQHT D NO 3: (i)

SEQUENCE CHARACTRE SHFERBATIONSFOR SEQ ID No:11:(A) LENGTH: 710 base pairs
(B) TYPE: nucleic acid ( STRANDEDNESS: doubl e

(D) TCPOLOGY: i near ) FERVENCE SHRETRRPECH £ TYPE: DNA (genomic)
(ii1) HYPOTHEI® CAL: NO (B} TYPE: an{in®)acfNTI| - SENSE: NO 15 (vi)
ORI G NAL SOURCE: (D) TOPOLOGY: linear :

(ii) MOLECULE TYPE: protein

15 {vi) ORIGINAL SOURCE:
. (4) ORGANISM: Neisseria meningitidis
(2) STRAIN: 608B

20
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:11l:
Gly Ala Ser Gly Phe Tyr Val Gln Ala Asp Ala Ala His Ala Lys
Z 5 10 1E
25

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:

{(A) LENGTH: 15 amino acids

30 (B) TYPE: amino acid -
(D) TOPOLOGY: linear :

(ii) MOLECULE TYPE: protein
35 (vi) ORIGINAL SOURCE:

(A} ORGANISM: Neisseria meningitidis
(B) STRAIN: 60BB

40

(xi) SEQUENCE DESCRIPTION: SEQ ID NC:12:

Ala Ala His Ala Lys Ala Ser Ser Ser Leu Gly Ser Ala Lys Gly
45 1 S 1D 15

{2) INFORMATION FOR SEQ ID ND:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
50 {B) TYPE: amino acid
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: protein
55 (vi} ORIGINAL SOURCE:

(A} ORGANISM: Neisseria meningitidis
{(B) STRAIN: 608EB

60



(A) ORGANI SM Neisseria nmeningitidis (B) STRAIN: MCH88 20

(i x) FEATURE: (A) NAVE/ KEY: CDS (B)
LOCATI ON:  116. . 643 (i x) FEATURE: 25 (A) NANE/ KEY:
si g_peptide (B) LOCATION: 116..172 (i x) FEATURE:
(A) NAME/ KEY: mat _peptide 30 (B) LOCATI ON. 173 ..643
(xi) SEQUENCEwdRsao2PTI ON: SEQ I D NO 3: 35 GTATCITGAG GCRFTW‘-""
TATTACAATG CAAAAAGAAA ATTTCAGTAT AATACGECAG 60 GATTCTTTAA CGCGATTCTITA
ACCATTTTTC TCCCTGACCA TAAAGGAATC AAGAT ATG 118
et (xi) SEQUENCE DESCRIPTION: SEQ ID NO:13: -19
40 AAA AAA GCA CTT GCC GCA CTG ATT GCC CTC GCC GCC GCA
166 Lys Lys Al aShegendda Ava QL Foe| RemaPep 8L i éeié%a ) "XFat‘rﬂl a Ala
-15 5 *10 5 45'CTG GOG GAA GAB GCA TCC
GEC TTT TAC GIC @AAnESHMATIdN X6RGSERCID 880 4: 214 Leu Ala Gu Gy Al a
Ser Ay Phe Tyr VaIGInAIaAspAIaAIaHls 1
5 1d% "EEWZ@%AGC TCT TTA GGT TCT GCC AAA
GGC TTC AGC C@ CGC 26:§ E:AbinbVieidl a Ser Ser Ser Leu Gy Ser Ala Lys
Ay Phe Ser Pro Arg (D) TEPOLOGY: linear 20 25
30 ATC TCC / C GAC CTC CGC TTC GCC GIC GAT TAC
310 ~Ile Ser %‘S%ﬁ r“érg"g%: é?-g ﬁ@n Asp Leu Arg Phe Ala Val Asp Tyr
55 15 {v3D ORIGINAL SOURCE: 45 ACG
CGC TAC AAA AAC TAT AAA (AN CRFANI %ANWWW%SAAA CTT 358 Thr
Arg Tyr Lys Asn Tyr Lys &Eh S p8%er  Thr Asp Phe Lys Leu
50 55 60 60 TAC AGC ATC GGC GCG
TCC GCC ATT TR GAC TTC GAC ACC CAA TCC CCC _ 406 Tyr Ser Ile Ay A a
Ser Ala Ile Tyr Asp 1#id SEQYENGH DERSRIPHON: jEQ ID NO:14: 65
70 Jé* hla Gly Tyr arg Ile Asn Asp Leu A;g Phe Ala Val Asp 'F,SEE

i 5 :

25
{2} INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 16 amino acids
30 {B) TYPE: amino acid
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
35 (vi) ORIGINAL SOURCE:

{A) ORGANISM: Neisseria mem.ng:ttidxs
{B) STRAIN: 608B

40 .
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
Phe Ala Val Asp 'IYr Thr Arg Tyr Lys Asn Tyr Lys Ala Pro s§- Thr
1 10 1

45

(2) INFORMATION FOR SEQ ID NO:16:

{i) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 15 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein

55
{vi) ORIGINAL SOURCE: L
{A) ORGANISM: Neisseria meningitidis
(B} STRAIN: 608B
60



WD 96/ 29412

PCTLCA96/00157 —GIC AAA TTG

GCC TCC GIC 454 Val Lys Pro Tyr Leu Ay Ala Arg Leu Ser Leu Asn Arg
Al a Ser Val 80 - 85 90 GAC
TTT AAC GGC AGC GAC AGC TTC AGC CAA ACC TCC ACC GGC CTC G=C__ 502 Asp
Phe Asn Gy ¥O%R#2Ser Phe Ser G n Thr Ser Thr Ay Leu Gy PCICA96/80157

100 105 110 10 GTA TTG GCG GGEC GTA ACGC
TAT GCC GIT ACC CCG AAT GIC GAT TTG GAT 550 Val Leu Ala Ay Val Ser
Tyr Ala Val Thr Pro(mnSmNCAs@SEwu@b SEQ ID NO:16: 115

MG ACT GTC AAA AAT : W Mp? ;gc%reg,; I$§ %"Iﬁ‘ n&%ﬁﬁﬁ%y%s Y

Asn Thr Val Lys Asn

140 GTC CGR ! TBECHBAEIPhECRFER 1’8@‘0@&3 GGC GTA CGC GTC AAA TTC
TGATATACGC 650 M3l serBvcReEuafdhorefdsttéssu Ser Ala Gy Val Arg Val Lys Phe
20 145 (A) LENGTH: 155@mino acids 155 GITATTCCGC
AAACCGCCGA GABTTTCOGEC GGFT‘I"F%TOE‘“ CAACTACACA 7IC 25 (2)

| NFORMATI ON FOR SEQ | D N& 477" ineaX (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 175 am i) aeoLasuLBOTYPE: protein (B) TYPE: am no acid '
(D) TOPOLOG 5I i near | |) MOLECULE TYPE: protein 35

(xi) SEQUENcé DESCRI'¥t1 %@Q"ﬁ  Sheria peninbBliakys Lys Ala Leu Ala Ala
LeuIIeAIaLeuAIaLeu 19 -15

-10 -5 40 AIaLeuAIaGIuGIyAI.aSerGIy Phe Tyr Val
G@n Ala Asp %a Al a

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

TYyr Ser Ile Gly Ala Ser Ala Ile Tyr Asp Pne Asp Thr Gln Ser
1 5 10 15
25
{2) INFORMATION FOR SEQ ID NO:18:

{i) SEQUENCE CHARACTERISTICS:
. tA) LENGTH: 15 amino acids
30 {B) TYPE: amino acigd
{D)} TOPOLOGY: linear .
{ii) MOLECULE TYPE: protein
35 (vi) ORIGINAL SOURCE:
(A) ORGANISM: Neisseria meningitidis
(B) STRAIN: 6DBB
40 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

Phe Asp Thr Gln Ser Pro Val Lys Pro Tyr Leu Gly Ala Arg Leu
1 5 15

45 {2} INFORMATION FOR SEQ ID NO:19:
(i) SEQUENCE CHARACTERISTICS:
() LENGTH: 15 amino acids
(B) TYPE: amino acid
50 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
{vi) ORIGINAL SOURCE:
55 (A) ORGANISM: Neisseria meningitidis
(B) STRAIN: 608B
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:
Leu Gly Ala Arg Leu Ser Leu Asn Arg Ala Ser Val Asp Leu Gly
5 10 15
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1 5 10 Hs Ala Lys Ala Ser Ser Ser Leu

Gy Ser Ala Lys Ay Phe Ser Pro 45 15 20

25 Arg Ile Ser Ala Ay Tyr Arg ITe Asn ASp Leu Arg Phe Ara val Asp

30 35 40 45 Tyr
Thr Arg Tyr Lys Asn Tyr Lys G n Val Pro Ser Thr Asp Phe Lys 50

50 ' W0 96120412 55 60 Leu Tyr Setrichssidonsy Al a
Ser Ala Ile Tyr Asp Phe Asp Thr A n Ser 65

70 75 55 Pro Val Lys Pro Tyr Leu Ay Ala Arg Leu Ser Leu
Asn Arg Ala Ser (2) inForMaTION FOROSEQ ID NO:20: 85 90
Val Asp Phe Asn Gy csfgg sé\g CSéar Ph(ca:msgeg A n Thr Sea Thr IGly LeuI g I
95 1 CHARA :60 y Val Leu Ala Gy Va
Ser Tyr Ala Vaj Thr Pro Agh2Ei™ads 1%ae a‘”‘53“110 115

120 125 (D) TOPOLOGY: linear 73

WD 96/ 29412 - .

PCT/ CA96/ 00157 f11) NOLECREE T8 B g Tyr Asn Tyr Ile Ay Lys Val Asn
Thr Val Lys 10 (vi) ORIGINAL sourcisO 135

140 Asn Val Arg Ser(AGO%P@%F stwameal’&iyidlal Arg Val Lys Phe 5
145 150! IN: 6088 155 (2) 1 NFORMATI ON FOR SEQ
| D NG 5: 10 (i) SEQUENCE CHARACTERI STI CS: (A

LENGTH: 850 bd%e paitx$) SEQUENCE DESCRIPTION: SEQ ID NO:20:

Ser Val Asp Leu Gly Gly Ser Asp Ser Phe Ser Gln Thr Ser lle
5 10 15

20 (2) INFORMATION FCR SEQ ID NO:21:
{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 amine acids
(B) TYPE: amino acid
25 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
(vi) ORIGINAL SOURCE:

30 (A) ORGANISM: Neisseria meningitidis
(B) STRAIN: 608B

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

35
Ser Gln Thr Ser Ile Gly Leu Gly Val Leu Thr Gly Val Ser Tyr
1 10 15
40 {2) INFORMATION FOR SEQ ID NO:22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 15 amino acids
(B} TYPE: amino acid
45 {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(vi) ORIGINAL SOURCE:
{A) ORGANISM: Neisseria meningitidis
50 {B) STRAIN: 608B
55 {xi) SEQUENCE DESCRIPTIOM: SEQ ID NO:22:

Thr Gly Val Ser "‘yr Ala Val Thr Pro Asn Val Asp Leu Asp Ala
10 is
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(B) TYPE: nucleic acid (C) STRANDEDNESS: doubl e

(D)_TOPOLOGY: linear_ 15 (i) MIAECULE TYPE: CNA (genom c)

(iii1) HYPOTHETI CAL: NO 20 (1v) ANTI-SENSE: NO (vi)

ORI G NAL SOURCE: (A) ORGANI SM Neisseria neningitidis

(B) STRAIN: Z4063 25 (i x) FEATURE: (A) NAME/ KEY:
CDS wW096129412( B) LOCATI ON: 208.. 732 30 (i x) FERCINGXI6001S?

(A) NAME/ KEY: sig _peptide (B) LOCATI ON: 208.. 264

(i x) FEATURE: 35 (A) NAME/ KEY: mat peptide (B)

LOCATI ON:  265. . 73%) INFORMATION FéRCisEo SBQuEREE DESCRI PTION: SEQ I D NO 5: 40
CACCCATCOG OCGOGTGATG CCGCCACCACCATTTAAAGG CAACGCGCGG GTTAACGGECT 60

TTGCCGTCGG CAAAGCAGCCH A Ol iy ! y dAAGT ATTAAA AATATTACCGA 120 45
TGCAAAAAGA AAATTTAAGT ATABY ARBR L e b dig AACGGATTCT TAACAATTTT 180 '
TCTAACTGAC CATAAAGGAA CCAAAA‘EPW&@!AAMMA GCA CTT GCC ACA CTG 231

Met Lys Lys Ala Leu Al -19

-15 50 ATT occ Bl '&Lf‘:’cﬁ‘g’%’&f‘m GCA CTG GOG GAA GGC GCA TCC GGC
279 Il e ADa LeunAbaorIeinabrspurtEa Al a Al a Leu Aldfl Gu @y Ala Ser Ay
-10 -5 {A) ORGANISM: Neisseria meningitidis 5 55 TTT TAC
GTC CAA GCC GAT GCC GCA CRE AN RSBcc Tca AGC TCT TTA 327 Phe Tyr
Val A n Ala Asp Al a AIa Hs Ala Lys Al a Ser Ser Ser Leu

10 15 TCT GCC AAA GGC TTC

AGC CCG CGC ATC TCC &A%@E@R@E&%’Kﬁ% 5%775“ Nee” Ay Ser Ala Lys Ay Phe

ggr Pro Arg Ile Ser Na& ;pr:,e'ﬁyispﬂﬁﬁ &l 1yr arg Tyr hsn Tyr Lle &Y Lys va:
15

20
{2) INFORMATION FOR SEQ ID NO:24:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 15 amino acids
25 (B) TYPE: amino acid
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
30 {vi) ORIGINAL SOURCE: .

{A) ORGANISM: Neissena. meningitidis
{B} STRAIN: 608B

35

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

Tyr lle Gly Lys Val Asn Thr Val Lys Asn Val Arg Ser Gly Glu
40 1 5 10 15

{2) INFORMATION FOR SEQ ID NO:25:

(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 14 amino acids
45 {B) TYPE: amino acid
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: protein
50 {vi) ORIGINAL SOURCE:

(A) ORGANISM: Neisseria meningitidis
(B) STRAIN: 608B

55

(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:25:

Val Arg Ser Gly Glu Leu Ser Val Gly Val Arg Val Lys Phe
60 1 5 10
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74

WD 96/ 29412

PCT/ CA96/ 00157 . . AAC GAC CTC CGC TTC GCC GIC GAT TAC ACG CGC TAC AAA

AAC
Asn
GCC
Al a
55

TCG

TAT AAA 423 Asn Asp Leu Arg Phe Ala Val Asp Tyr Thr "Arg Tyr Lys
Tyr Lys 40 45 50 5
CCA TCC ACC GAT TTC AAA CTT TAC AGC ATC GGC GCG TCC GCC ATT 471
Pro Ser Tiwiosasmuthe Lys Leu Tyr Ser Ile Ay Ala Ser A a pEBCcas6/00187
60 65 TAC GAC TTC GAC ACC CAA
CCC GIC AAA CCG TAT CTC GGC GCG CCC 519 10 Tyr Asp Phe Asp Thr dn
Pro Val Lys Pif Iforhfiyoitedr AL@ 10 %b: 26: 70 75
85 TTG AGC CTC AAC CGC GCC TCC GIC GAC TTG GGC
AGC GAC AGC TTC (i3GSEQUENCE CHABACTERISTE@S; Asn Arg Ala Ser Val Asp Leu Ay
Ser Asp Seig Phe 15  (A) SRISTH: 23 aminc afjds 95
AGC CAA ACC TCGDA(or6idey (tEndaeC GTA TTG GOG GGC GTA AGC TAT GOC
Ser An Thr Ser Thr G%Leu Gy Val Leu Ala Ay Val Ser Tyr Ala
fiiy MOLECULE TYPE: proteinjjig pg GIT ACC CCG AAT GIC
TTG GAT G3G GCC FAG dsceanhlGobdée. TAC ATC 663 Val Thr Pre Asn Val
Leu Asp Ala Ay Tyr Am\g %ﬁnnﬂyssetiaemeningitidis 120
130 B4 S : jRRBGTC AAC ACT GIC AAA AAC GTC CGT TCC
GAA CTG TCC ccc 711 Gy Lys Val Asn Thr Val Lys Asn Val Arg Ser
GQu Leu Sda5 Al a 135 140 145
GTG CGC GIC AAA Wi SEQRENSEF (UESERIETIONT TRERGD B®RECGCCGA 759 30

Val Arg Val Lys R 1 . T
GITTTGITT ~ CTGOCACCGR SRR DA BRI dyg ME b i

Asp Phe Lys Leu Tyr Ser Ile Gly Ala
20 25



35 ATCCCGAATG CTGCGECTTC TGCCGCCCTA T 850
(2) _INFORVATION FOR SEQ I D NO 6: 40 (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 174 am no aci ds B) TYPE: ami no acid
(D TOPOLOGY: linear 45 I\/O_ECULE TYPE: protein

) T 2 TR e
Leu Il e A awgegaddia Leu Pro Al a - 1 PCTICA96/00157

-10 -5 AIa L*euCAIa Qudy Ala Ser Ay Phe Tyr Val
An Ala Asp Ala Al a 5

10 55 Hs A aw%@iﬁ,ﬁer Ser Ser Leu Gly Ser Ala Lys Ay Phe Ser Pro

15 25 Arg Ile Ser Ata Ay Tyr Arg
Ile Asn Asp Leu Arg Phe Ala Val Asp 30 35

40 1. ant3s6lated aitigehr oAr grdgiierty shasaoTwhiays i&l a Pro Ser
'(I;Br Asp Phe Lys Leu immunologically access:.bf’gﬁ greater tha.t‘, 3056?59 412

PCT/ CA96/ 001573 knowhy stSeing |of GleysstuiSaneningiitidigyr Asp Phe Asp Thr
Adn Ser Pro 65 70 75

Val Lys Pro Tyr Leu Ay Ala Arg Leu Ser Leu Asn Arg Ala Ser Val 5
80 TI®S isolated antigen orgfragment of claim 1 which is

immunoclogically accessible on about 99% of known

strains of Neisseria meningitidis.

10
3. The isolated antigen or fragment of claim 1 in which
immunological accessibility is determined by using an
agglutination assay, an ELISA, a RI2Z, an
immunoblotting assay, a dot-enzyme assay, a surface
15 accessibility assay, or a combination of these assays.

4. The isolated antigen or fragment of claim 1 which is a

protein.

20 5. The protein of claim 4 which has a molecular weight of
about 22 kiledaltons.

6. The protein of claim 4 which has a molecular weight of
about 18 kilodaltons.

25
7. The protein of claim 5 which has the amino acid
sequence selected from the sequences of: Figure 1 (SEQ
ID NO:2), Figure 8 (SEQ ID NO:4), Figure 9 (SEQ ID
NO:6), and Figure 10 (SEQ ID NO:8).
30

8. The protein of claim 5 which has the amino acid
sequence of Figure 1 (SEQ ID NO:2).

8. The protein of claim 5 in substantially pure form.
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Asp Leu Ay Gy Ser Asp Ser Phe Ser Gn Thr Ser Thr Ay Leu Gy

95 100 105 10 Val Leu Ala Ay Val Ser Tyr
Ala val Thr Pro Asn Val Asp LeuwAsp_— 110 ———— 15—

120 125 - Tlaﬁl rl'll' yr Arg Tyr Asn Tyr Ile Gy Lys Val
Asn Thr Val Lys Asn Jlmm uﬂﬂﬂmm 135

140 15 Vabo 6§rid4 er Ay d Val Arg Val

145 Wo é 155° 20 (2) | NFO?NIIK#’&B%SSEQ
I D NO 7: (| ) SEQJENCE CHARACTERI STI CS: (A
"LENGTH: 810 base pairs (B) TYPE: nucleic acid 25

(C) STRANDEDNESS: doubl e (D) TOPOLOGY: i near (i)
MOLECULE TYPE: DNALG g&henbocptedn of claimi 9, WireyRdmTsEid: sypghtantially (jv)
ANTI - SENSE: NO pure( tbim R gM&n@@%ﬁh@@teps of: (A) ORGANI SM
Nei sseri a gonorrhoeae i X) FEATURE:

(A) NANE/ KEY: CDS 40 @) isolating @BF &;mmNegﬁferz?%enzngzt(zdis (i x)
FEATURE: bArcbAM/ KEY: sig_peptide (B)
LOCATI ON: 241 NAVE/ KEY:

mat_peptide 207 ) 15°8‘§5‘11%I°&%A Tzﬁ%mbrfé’be pogfjion from t A)“f

SEQUENCE DESCRI PTI ON:  SEQuABuNO G% the bacOOCEGCERAT GOGGTTTTTT CCAAACCGTT

TGCAAGTTTC ACCCATCOGC (GOGGISATIRG flla abiq &l 18 GaRAMERER00CTTAACS
GATTTGOCGT CGGCAAAGCA %@T& 150 g _
porcaion.

10
11. The protein of claim 10, wherein step (c) includes the
additional step of treating the outer membrane portion

with proteinase K followed by protein fractionacion.

IS 12. A DNA seguence encoding at least a portion of at least
one antigen of the Neisseria meningitidis 22 kDa
surface protein, said segquence being selected from the
group consisting of: _

a) the DNA sequence of Figure 1 (SEQ ID NO:1);

20 b) the DNA seguence of Figure 8 (SEQ ID NO:3);
c) the DNA seguence of Figure 9 (SEQ ID NO:5);
d) the DNA sequence of Figure 10 (SEQ ID NO:7);
e) analogues or derivatives of the foregoing DNA

sequences;

25 £) DNA sequences degenerate to any of the foregoing

DNA sequences; and
g} fragments of any of the foregoing DNA seguences;
wherein said seguences encode a product that displays
the immunological activity of the Neisseria

30 meningitidis 22 kba surface protein.

13. A DNA sequence encoding at least a portion of at least
one antigen of the Neisseria meningitidis 22 kDa
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GCCGCGTATC TTGAGGCATT GAAAATATT. TTTC AGTATAATAC 180
CAAT TTTTCTCCCT GACCATAAAG GAACCAAAAT 240 60

GGCAGGATTC. TTTAACGCGAT TATTAA
ATGAAAAAAGCACTTGCCGCAH“[" Immﬂm CTC CCG GCC GCC 288
Mer Lys Lys Ala Leu Ala Ala 'l a Leu Pro Ala Ala -19
-15 -10

76 WOWERWEY 20412 PCT/CA96/00157

PCT/ CA96/ 00157 GCA CTG GCG GAA GGC GCA TCC GGC TTT TAC GIC CAA
GCC GAT GCC GCA 336 Ala Leu Ala u Gy Ala Ser Ay Phe Tyr Val dn
Ala Asp Ala Al a surface proteln, sdid sequence beind selected from the 10

5 CAC GCC AAA CcCC CT ITA GGT TCT GCC AAA GGC TTC AGC CCG
384 Hs Aa Lﬁ"’ﬂ? %ﬁl é‘rngs‘e)r Leu Ay Ser Ala Lys Ay Phe Ser Pro
15 a)Othe DNA sequence of JBigure|d (8B JUBOFAC:GCA GGC TAC

CGC ATC AAC GAC CT Cb@%liwog Eie%Tam%’e? of the £5:5dd igSBiaA a Ay Tyr
Arg Ile Asn Asp Leu Arg Phe Al a Val

40 45equence; TAC ACG CGC TAC AAA AAC TAT AAA GCC CCA TCC

ACC GAT TTC AAA CTTc) 8RR sedifenctyl débénd¥dtel\to byg d‘ﬁrtﬁélrfolﬂﬁoﬂi@ Pro Ser
Thr Asp Phe Lys Leu 50

60 TAC AGC ATC B IePISREESETRMATT TAC GAC TTC GAC ACC CAA TCG CCC
528 Tyr Ser Ilde GraoniértsSof eay ¢f cthe rfokegoihe DA sEigueites Ser Pro
20

COG TAT TTC GGC GCGW&&eﬁCE alfeﬁea‘ﬁnii% VR PG th;g glsplaysGT ite

Lys Pro Tyr Phe Q y theaimpynolagical aetivkty Afg thepaNebssexia

80 n&znq;ztzdzs 22 kDa su%ce &otezrx CAC_ TTG G&C GEC ACC
GAC AGC TTC AGC AAA ACC TCC GCC G&C CT Hs Leu Ay Ay Ser
Asp Ser Phe Ser Lys Thr Ser Ala Gy Leu Gly 95

100 14. & BRR sequence according to claim 12, wherein said
analog is selected from the DNA of Neisseria

15 gonorrhoeae.

15. A DNA sequence according to claim 12, wherein said
analog is selected from the DNA of Neisse;'ia
lactamica.

20

16. A DNA sequence of the formula of Figure 1 (SEQ ID

NO:1) from base 143 to base 667.

17. A DNA sequence of the formula of Figure 1 (SEQ ID
25 NO:1) from base 200 to base 667.

18. A DNA sequence of the formula of Figure B (SEQ ID
NO:3) from base 116 to base 643.

30 19. A DNA sequence of the formula of Figure B (SEQ ID
NO:2) from base 173 to base 643.

20. A DNA sequence of the formula of Figure 5 (SEQ ID
NO:5) from base 208 to base 732.
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30 GIA TTG GCG GGC GTA AGC TAT GCC GIT ACC CCG AAT GIC GAT TTG GAT 672

Val Leu Ala Ay Val_Ser Tyr ro Asn Val Asp Leu Asp 110
115 120 125 GCC GGC TAC CGC TAC AAC
TAC GTC GGC AAA GTC AAC ACT gm m”m 35 Ala @y Tyr Arg Tyr Asn
Tyr Val Ay Lys Val Asn Thr I 130

135 wo 96120412 140 CEC GAA CTG TCC pEficabdmoisiC CCC
GIC AAA TTC TGATATACGC 772 VaI Arg Ser Gy GQu Leu Ser Ala Ay Val

Arg Val Lys Phe 40 145 150

155 GITATTCCGC AAACCGCCGA GCCT TCGGCG GITTTTTG

810 45 (2) | NFORVATI ON FOR SEQ | D_.NC 8 [ SEQJENCE

CHARACTERI STI CS: 21. A DNA sequence of the fEENG‘m of) FAGUFPENY EREQYL
(B) TYPE: amino aci dyo:%$0 from base 265 to bRbe TEF¥LOGY: |inear

(ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTI ON: SEQ I D
NQ. 8: 55 Met Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro '
Ala Al a s-22. A DNA sequencdSf the formula of Fibire 10 (SEQ ID -5

Ala Leu Ala Gu Gy Ala,S P r. val a Asp Ala Ala 60
1 5 l%‘a” q:rmg‘ gasge?% to %asg 9?—!?&\"5 Ala Lys Ala Ser Ser Ser

Leu Ay Ser Ala Lys Gy Phe Ser Pro 15 20
E’?ZT/ CA96/ 00157 23. A DNA sequence of the formuzz of Pigure 10%&55/1%9412
NO:7) from base 298 to base 765.

10

24. A fragment of a DNA 'sequence according to claim 13,

wherein said fragment is selected from the group
congisting of: one of the peptides illustrated in
"Figure 15 (SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11,

l!S SEQ ID NO:12, SEQ ID NO:13, SEQ ID NO:14, SEQ ID
NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:18, SEQ
ID NO:19, SEQ ID NO:20, SEQ ID NO:21, SEQ ID NO:22,
SEQ ID NO:23, SEQ ID NO:24, SEQ ID N0:2_5, and SEQ ID
NO:26) .

25. A fragment of a DNA sequence comprising from amino
acid 31 to amino acid 55 of Figure 1 (SEQ ID NO:1).

26. A fragment of a DNA sequence comprising from amino
25 acid 51 to amino acid 86 of Figure 1 ({SEQ ID NO:1l).

27. A fragment of a DNA seguence comprising from amino
acid 110 to amino acid 140 of Figure 1 (SEQ ID NO:1).

30 28. 2 recombinant DNA molecule comprising a DNA sequence
selected £rom the group consisting of the DNA
sequences of claims 13, 16, or 17, and one or more
expression control sequences coperatively linked to the
DNA sequence.
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Arg Ile Ser Ala Gy Tyr Arg Ile Asn Asp Leu Arg Phe Ala Val Asp 30
35 40 _ 5—Tyr Thr Arg Tyr Lys Asn

Tyr Lys Ala Pro Ser Thr

—
ip e An Ser Pro 60 Ty imnmal“ﬁmnﬂ“a Ser Val |7 l) e Tyr Asp Phe

75 10 weo sgzpa2Pr o Tyr Phe ny ANa Al'g Leu Ser Leu Asn prmcadbmoiSer Al a
80 85 _ 90 H.s Leu Ay Ay Ser Asp
Ser Phe Ser Lys Thr Ser Ala Ay Leu Ay 15 95 100
105 Val Leu A a GI y Val Ser Tyr Al a VaI Thr Pro Asn Val Asp Leu Asp
110 125 20 Ala
Ay Tyr Arg Tyr #2n ’fﬁe‘\?&!b’-@?tL%A %leﬁé‘ﬂleTﬁ?“%“E‘?saAW sequence

130 defected from the groupléens:.st:.ng\/aalf Ahg Bkx Ay Qu Leu

Ser Ala Ay Val Arg Val Lys Ph
155 25 O (2; Y {EEke OQEF&?EEQH“D Xy oox /' dne of fl3“‘§Ec5§Eﬁ&E

CHARACTERI STI GS: 302‘7 and one or (mi)rd ENGTRissidn arntgyodcsdguences

(B) .TYPE: am no acid ( ar (i)
MOLECULE TYPE: prot erfe- g vely linked '“@ d; Q&Q%f‘d 58\1g

(A) ORGANI SM Neisseria neningitidis (B) STRAI N. 608B 40
(xi) SEQUENCE DESERI ffld QMcombihhht Nﬁh?molecule of clM?Lh b¥s Wéxéﬁ!r@sh@ﬂ Al a
Thr Leu Ile Ala Leu Ala Ley Pro Ala Al 45

10 expression copgyol eguRRTS i ﬁ@q%é&ﬁblwessxsa

(i) SEQUENCE f{gHARACTrRtoH.CS: (A) LENGTH:. 15 amino acids

31. The recombinant DNA molecule of claim 29, wherein said
expression contrcl seguence is an inducible expression
vector.

15

32. The recombinant DNA molecule of claim 30 or 31,
wherein said vector is induced by stimuli selected
from: temperature, presence of lactose, and presence
of IPIG.

20

33. The recombinant DNA molecule of claim 32, wherein said

vector is selected from: A PL, A PR, TAC, T7, T3, LAC,

and TRP promoters.

25 34. A plasmid selected from the group consisting of:
pNP2202, pNP2203, and pNP2204.

35. A unicellular host transformed with a recombinant DNA
molecule of claim 28.
30
36. A unicellular host transformed with a recombinant DNA

molecule of claim 29.
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(B) TYPE: am no acid I D) TOPOLOGY: |i near 55 (i)
MOLECULE TYPE: protein __ —  (vi)—6R-G.NAL SOURCE: (A
ORGANI SM Nei sseri a neni ngi ti d| (B) STRAIN: 6U8B 60

78 VO 96/ 29412 Qﬂmw![ L

PCT/ CA96/ 00157 (xi) SE ON: SEQ I D NO 10:

Leu Ala Leu W@ﬁ,ﬁzAlaAlaLeuAlaGuGyAraSerGy Phe p m1571
5 10 15 5 (2) 1 NFCRI\/ATI ON FOR

SEQ I D NO 11:
LENGTH 15 anmi no

ORl Gl NAL SOURCE:
(B) STRAIN: 608B

(i) SEQUENCE CHARACTERI STI CS:

wherein the hqsf) isrepipehed N&ows he OTRM FgRsigking

20 strains oi( g )caigm Q2R PELEINDESHQ ED B 11:

Ay Ala Ser Ay Phe Tyr Val Gn Ala Asp Ala A aHlsAIaLys

5

10

15

20

a5

30

DHSOF’IQ, E.coli W311l0, E.coli OM10S, E.coli BL21,
E.coli TOPPl, E.coli TOPP2, and E.coli TOPP3.

38. The unicellular host according to claim 35 or 36,
wherein the host is selected from the group consisting
of strains of E.colii JM109 and E.coli BL21(DE3).

39. A Neisseria meningitidis 22kDa surface protein in
substantially pure form obtained by the culturing of a
unicellular host according to claim 35 or 26 and
isolating said protein.

40. A polypeptide coded for by a DNA secuence of any one
of claims 13, 16 and 17.

41. A polypeptide coded for by a DNA sequence of any one
of claims 14, 15 and 18 to 27.

42. A method for producing a DNA sequence comprising the
steps of culturing the unicellular host of claim 25 or
36 and isolating said DNA seguence.

43. A method for producing a polypeptide comprising the
steps of culturing the unicellular host of claim 25 or
36 and isolating said polypeptide.

44. A polypeptide in substantially pure form as obtained

by the method of claim 43.

90
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41 dghe JuQu.celluJ(ar h°ﬁ&é&ﬁ§f‘$?ong%gtﬁg%ns oF g 5 (vi)

(D) TOPOLOGY: I|near



5 10 15 25 (2) | NFORMVATI ON FOR

SEQ I D NO 12: (i) SEQJENEECHARACT, (A
LENGTH. 15 amino aci ds 30 E anlno aci d
(D) TOPOLOGY: |inear ‘“\“ \%“MM TYPE: protein 35 (vi)
ORI G NAL SOURCE: M Neisseria neningitidis
(B) STRAIN: Wwedgae412 40 (xi) SEQUENCE DESCRI PTI ON: PEFQAYMONSY 12:
Ala Ala Hs Ala Lys Ala Ser Ser Ser Leu Ay Ser Ala Lys Gy 1
5 10 15 45 (2) 1 NFORMATI ON FOR
SEQ I D NO 13: 45. A method EoSEQASNGRAGWRACIERISEH GF claim 1 (A
LENGTH: 15 amino acids 50, (B) TYPE: am no acid
(D) TOPOLOGY: |inearSOmPEiSing: iy VO FCULE TYPE: protein 55 (vi)
ORI G NAL SOURCE: a} isolating a <UtuRGeN Sklissleriserandnpeniddsti di s
(B) STRAIN: 608B 60 pacteria, 79

S b} isolating an outer membrane portion from the

culture of the bacteria; and
c) isolating said antigen from the outer membrane

pcr;ion.

10 46. The method of claim 45, wherein step (¢} includes the
addltlonal steps of treating the outer membrane
portion with proteinase K followed by protein

fractionation.

15 47. A pharmaceutical composition comprising one or more
antigens or fragments thereof according to any one of
claims 1 to 5, 8, 13, 16, and 17.

48. A pharmaceutical composition comprising one or more

20 antigens or fragments thereof according to claim 40.

49. A pharﬁaceutical composition comprising one or more
antigens or fragments thereof according to claim 41.

25 50. A pharmaceutical composition comprising one or more
antigens or fragments thereof according to any one of
claims 6, 7, 9, 12, 14, 15, and 18 to 27.

51. The pharmaceutical composition of claim 49, which is a

30 vaccine.

52. The pharmaceutical composition of claim 50, which is a

wracoine.
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WD 96/ 29412

PCT/ CA96/ 00157 TI ON: SEQ | D NO 13:

Gy Ser Ala Lys Gy Phe Ser”liﬁmmlllﬂﬁigm Ala gy Tyr Arg —  — 1
(2) | NFORMATI ON FOR SEQ

I D NO 14: (| ) SEQJENCE CHARACTERI STI CS: (A

LENGTH: 15 awgownesnzds 10 ~ (B) TYPE: am no acid pcricA96/00187

(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: protein 15 (vi)

ORI G NAL SOURCE: (A) ORGANI SM Neisseria neningitidis

(B) STRAIN. 608Bg I S 14:

Sor Alady Tyr Ar3g IP‘ %snrnxsceuﬁﬁbgl S.EQSEQ g%lgﬁ\s/g 5:519\'49 ERul RO

5 somprising one or more:Egargaceutlcaygg)apgﬁgraniﬁ ON EOR

SEQ I D NO 15: excipiénts SEQUENCE CHARACTERI STI CS: (A

LENGTH: 16 ami no acids 30 (B) TYPE: am no acid

(D) TOPOLOGY: i near (i1) MOLECULE TYPE. protein 35 (vi)

ORI G NAL SOURCE: 54. The phamaceutﬁ.&l RénfddsSiohled £ selidim BONi Pgtthed S

B) STRAIN. 608B [.D NO 15:
I(Dh)e Al a Val Asp Tyr %gtrnpﬁ l"ﬁ/rml"_"ys A%% rg&gg?c%;tr%bg 1

5 gacips.ents 15 45

85. A method for preventing infection of a patient by
10 Neisseria meningitidis comprising the administration
of a pharmaceutically effective amount of the vaccine
of claim 51 or 52.

. The use of a pharmaceutically effective amount of the

n
[« ]

15 Neisseria meningitidis 22kDa surface protein or a
fragment, analogue, or derivative thereof for the
prevention of Neisseria meningitidis infection in
humans.

20 57. The use of a pharmaceutically effective amount of the
Neisseria meningitidis 22kDa surface protein or a
fragment, analogue, or derivative thereof for the
prevention of Neisseria gonorrhoeae infection in

humans.
25
58. The use of the Neisseria meningitidis 22 kDa surface
protein or a fragment, analogue, or derivative thereof
for the manufacture of a vaccine for the prevention of
Neisseria meningitidis infection in humans.
30

59. The use of the Neisseria meningitidis 22 kDa surface
protein or a fragment, analogue, or derivative thereof
for the manufacture of a vaccine for the prevention of

Neisseria gonorrhoeae infection in humans.

52



(2) | NFORMATI ON FOR SEQ | D NO 16: (i) SEQUENCE CHARACTERI STI CS:
50 (A) LENGIH 15 anino acids——— (B) TYPE: anino

acid (D) TCPC]_OGY nea “(ii) MOCECUCE TYPE
protein 55 (vi) CfNﬂ‘W‘WML (A) ORGANI SM
Nei sseria nmeningitidis RAI N. 608B 60

80 W042D 412 PCT/CA96/00157
PCT/ CA96/ 00157 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 16:

Tyr Lys Ala Pro Ser Thr Asp Phe Lys Leu Tyr Ser Ile Ay A a 1
5 10 15 5. (2) I NFORVATI ON FOR SEQ

ID NO 17: (i) SEQUENCE CHARACTERI STI CS: (A
LENGTH: 15 ani no SR A8 #ptibody or fragmeny\ghereqf shahcspecifically

(D) TOPOLOGY: |inear binds to a ;{ﬁdr)e:.HC{vEﬂaJLaE moiREu1BEOf€idhe bE - (vi)
S
?é; Gs.ll\.lg&l ElwgggB approx:.matel} @2 W f':\{l:nsN%rségg;z{: aorgre gnzl'ena IerI tlhan
5

50% of known strains of Neisseria meningitidis.

61. The antibody or fragment of claim 60 that specifically
binds to about 99% of known strains of Neisseria

meningitidis.
10
62. The antibody or fragment of claim 60 which is a
monoclonal antibody or fragment thereof.
63. The monoclonal antibody or fragment of claim 62 which
15 is of murine origin.

64. The monoclonal antibody or fragment of claim 63 which
is of an IgG isotype.

20 65. The monoclonal antibody or fragment of claim 62 which
is Me-1, Me-2, Me-3, Me-5, Me-6, or Me-7.

66. The monoclonal antibody of claim 62 which is the
monoclonal antibody Me-~l1 or Me-7.
25
67. A method for isolating the antibody of claim 60
comprising:
a} introducing a preparation of Neisseria meningitidis
into a mammal; and
30 b) isclating serum from the mammal containing said
antibody.

68. A method for isoclating the monoclonal antibody of
claim 62 comprising:
93



20 (xi) SEQUENCE DES . SEQ ID NO 17: Tyr Ser Ile
Gy Ala Ser Ala Ile Tyr Asp Phe Thr n 1 5

10 15 25 (m?[iﬂm FORSEQ ID NO I8 —

(1) SEQUENCE CHARACTERI STI CS: b m LENGTH: 15 ami no acids 30
(B) TYPE: am no acid ( . linear (i)
MOLECULE TYPEwosgégizn 35 (vi) ORI G NAL SOURCE: PCT/CA%6/001572)
ORGANI SM Nei sseria neningitidis (B) STRAIN. 608B 40

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 18: Phe Asp Thr A n Ser Pro

Val Lys Pro Tyr Leu Gy Al .leu . e ;
1o 32 SyRoShSii o mroRrTEki AL LS S eRES Mieningitidis
(i) SEQUENCE CHARACTERI ¥ @8tibody producing ¢e}ls RNGRHmam®abiti no aci ds
(B) TYPE: amino acid B0 fysing the adﬂ@boﬁ?ﬁ?&géag%§§'yﬁiﬁs with myelofhi )

MOLECULE TYPE: protein (V|)hCR_ NAL SQURCE: 55

ORGANI SM  Nei sseri a nmeniGfdil6i §psform hybridoma cekks; gpda N 608B 60

(xi) SEQUENCE BESCRI RH) QNol8Ethd A hidnoclonal antideddd fréhaehd g Leu Ser

Iigu Asn Arg Al a Ser Vi|5 iR ihsY: Qs 1 >

69. A pharmaceutical composition comprising one or more
antibodies or fragments thereof according to any one
10 of claims 60-66.

70. The pharmaceutical composition of claim €2 which is a

vaccine.

15 71. The pharmaceutical composition of claim 69, further

comprising a pharmaceutically acceptable excipient.

72. The pharmaceutical composition of claim 69, wherein
the antibody is Me-l1 or Me-7.

20
73. A method for treating a patient infected with or
suspected of being infected with Neisseria
meningitidis comprising the administration of a
pharmaceutically effective amount of the vaccine of
25 claim 70.
74. A method for the detection of Neisseria meningitidis
~ antigen in a biological sample containing or suspected
of containing Neisseria meningitidis antigen
30 comprising:

a) isolating the bioclogical sample from a patient;
b} incubating the antibody or fragment of claim 60
with the biclogical sample to form a mixture; and
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WD 96/ 29412

PCGH-GA96/ 00157 (2) | NFORMATI ON NO 20: (1)
SEQUENCE CHARACTERI STI CS: I l"lm m N 15 anminoacids 5
(B) TYPE: am no acid 'H",” I i near (i)
MOLECULE TYPE: protein 10 vi'y (A
ORGANI SM Newassrzsgrzeni ngi tidi s (B) STRAI Npcgit3Bsmo1s7 ©
(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 20: Ser Val Asp Leu Gy
Gy Ser Asp Ser Phe Ser G@n Thr Ser Ile 5

10

detdedifly 'sPECRMTA (Y %%nﬁ%éﬁd@

MOLECULE TYPE: protein presence of Néh¥s§}§éadﬁﬁhn§£biﬁlé antige

ORGANI SM Nei sseria neningitidis ~(B) STRAI N 6088

(xi) SEQUENCE DESCRI PTION. SEQ ID NG 21: 35 Ser An Thr Ser
Gy Leu Gy Vai 178u The fkthodlofSelain 72 wherein thd antibody is Me-ﬁ or

10

10

15

20

25

30

(1) SEQUENCE CHARA
(B) TYPE: am no acid
(ii) MOLECULE TYRE:

77.

78.

L (2) | NFORVATI ON FOR SEQ I D NO 22:
7811 Cs: (A) LENGTH. 15 ani o aci ds

(D) TOPOLOGY: linear 45

. Rrﬁgéﬂéh for the detection of antibody specific to

Neisseria meningitidis antigen in a biological sample

containing or suspected of containing said antibody

comprising:

al iso}ating the biological sample from a patient;

b) incubating the antigen or fragment of ciaim 1 with
the biological sample to form a mixture; and

¢) detecting specifically bound antigen or bound
fragment in the mixture which indicates the
presence of antibody specific to Neisseria

meningitidis antigen.

The method of claim 76 wherein the antigen is the

Neisseria meningitidis 22 kDa surface protein.

A method for the detection of pathogenic Neisseria
bacteria in a biological sample containing or
suspected of containing such bacteria comprising:

a) isolating the biological sample from a patient;
b) incubating a DNA probe having the DNA sequence of
claim 13 with the bioclogical sample to form a

mixture; and
¢) detecting specifically bound DNA probe in the
mixture which indicates the presence of Neisseria

bacteria.

95

(i) SEQUENCE CHARACTERI STI CS: é A) LENGIH: %% amn no aci ds
(B) TYPE: amino acid 25ragment in the mjx h ipdicates the (ii)

(A)

Il e



(vi) ORI G NAL SOURCE: (A) ORGANI SM Neisseria nmeningitidis

50 (B) STRAIN: W@u) SEQUENCE DESCRI PTI ON:  SEQ
| D NO 22:  Thr C mm ﬁ I Val Thr Pro Asn Val~"Asp Leu
hop A - AR 10

15 WO 96/ 29412
PCT/ CA96/ 0016 96129412 (2) | NEQRVATI ON FOR. SEQ | D NQ 23:  pericassioors? (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH 15 amino acids . 5
(B) TYPE: am no acid (D TOPOLOGY: |inear (i)

MOLECULE TYPE: Phgt }sr}neth"a% fgr tl(xé.{ : aetggltgomf WWI NFi%f)%t&a (A)

ORGANI SM  Nei sseria nmeningit 15
(xi) SEQUENCE DESCRI mmxasm ppigigmgical sample conggiining ¢eu Asp Ala Gy

Tyr Arg Tyr Asn Tyr &hépddeedl¥g &@htaining such bacteria comprising:
a) isolating the bioclogical sample from a patient;
5 -b) incubating a DNA probe having the DNA sequence of
claim 12 with the biological sample to form a
mixture; and
c) detecting specifically bound DNA probe in the
mixture which indicates the presence of Neisseria
10 bacteria.

80. The method of claim 78 wherein the DNA probe has the
525 base pair sequence of Figure 1 (SEQ ID NO:1).

15 81. The method of claim 78 wherein the DNA probe has a
portion of the 525 base pair sequence of Figure 1 (SEQ
ID NO:1).

82. The method of claim 79 wherein the DNA probe.has the
20 full or a portion of the 528 base pair sequence of
Figure 8 (SEQ ID NO:3).

83. The method of claim 79 wherein the DNA probe has the
full or a portion of the 525 base pair sequence of
25 Figure 9 (SEQ ID NO:5).

84. The method of claim 79 wherein the DNA probe has the a
portion or the full 525 base pair sequence of Figure
10 (SEQ ID NO:7).
30

[+
tn

. The method of claim 78 wherein the DNA probe is an
oligomer having a sequence complementary to at least

about 6 contiguous nucleotides of the Neisseria

96



1 5 —T10 15 (2)

(A) LENGTH 15 am no acids TYPE: am no acid

| NEORMVATI ON FOR SEQ 1D _NO 24‘2“““! “\lg “|“ \m‘ \H“\ SEQUENCE CHARACTERI STI CS:

(D TOPOLOGY: |inear MOLECUEE TYPE: protein 30 (vi)
ORI G NAL SOURCE: (A) ORGANI SM Neisseria nmeningitidis

(B) STRAI N: w@fd9dq12 35 (xi) SEQUENCE DESCRI PTI ON:pc3ucassoons) 24:
Tyr Ile Ay Lys Val Asn Thr Val Lys Asn Val Arg Ser Ay Gu 1

5 : 10 15 40 (2) | NFORVATI ON FOR
SEQ I D NG 25: menmgliﬂdhssmﬁﬂeécﬁ’i&&l@ Figure 1 (SEQ (A
LENGTH. 14 am no ac# (B) TYPE: am no acid

(D) TOPOLOGY: |ineafP wo (ii) MOLECULE TYPE: protein 50 (vi)
ORI G NAL SOURCE: (A) ORGANI SM Neisseria nmeningitidis

(B) STRAIN: 608 TILON _SEQ I D NO 25:
Val Arg Ser %él Tﬁ%d“%té’fpd\/gf EJ{?/“%/ %{ %Tl Dﬁg%ﬁe p%e 15 an g

5 olibgorgd having a sequence complementary to at least 83

about 6 contiguous nucleotides of the Neisseria
meningitidis 22 kDa surface protein of sequences
selected from: Figure 8 (SEQ ID NO:3), Figure 9 (SEQ
ID NO:5), and Figure 10 (SEQ ID NO:7).
10
87. The method of claim 85 or 86 which further comprises:
a) providing a set of oligomers which are primers for
a polymerase chain reaction method and which flank
the target region:; and
15 b) amplifying the target region via the polymerase
chain reaction method.

88. A method for the detection of Neisseria meningitidis
in a patient comprising: .
20 a) labeling the antibody or fragment of claim 60 with
a detectable label;
b) administering the labeled antibody or labeled
fragment to the patient; and
c) detecting specifically bound labeled antibody or
25 labeled fragment in the patient which indicates the
presence of Neisseria meningitidis.

89. The use of a pharmaceutically effective amount of an
antibody specific to the Neisseria meningitidis 22 kDa
30 surface protein for the preventibn of Neisseria
meningitidis infection in humans.

90. The use of the Neisseria meningitidis 22 kDa surface
protein or a fragment, analogue, or derivative thereof
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WD 96/ 29412 - PCT/ CA96/ 00157
3 LSS M e s

(D) TOPOLOGY: |inear ¥COLE*TYPE: protein 10 (vi)
ORI G NAL SOURCE: (A) ORGANI SM Neisseria nmeningitidis

(B) STRAI N: widi2941215 (xi) SEQUENCE DESCRI PTI ON: BEQCASSNIS726:
Phe Ala Val Asp Tyr Thr Arg Tyr Lys Asn Tyr Lys Ala Pro Ser Thr 5
10 15 20 Asp Phe Lys Leu Tyr Ser Ile Ay A a
20 fcx® the manufacture of a kit for the detection or

diagnosis of Neisseria meningitidis infection in

humans.
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W claim

84

1. An isolated antigen or fragnent

2. The isol ated antrgenor

i munol ogi cal Iy .accessi bl e on about 99%

Lominol ogi cal l y_accessi bl e on greater than 50% of 5

t hereef whiehi-s

known strains of Neisseria nmeningitidis.

fragment of claim1l which is

3. The isol at ed

10

strains of Neisseria neningitidis."

antigen or fW&pBMI20f claim 1l in which

of known

PCTI/CA96/00157
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i mmunol ogi cal accessibility is determ ned by using an aggl utination

assay, an FIISA a_RA_an i nunobl otting assay, a dot-enzyne assay,
a surface 15 accessibility assay, or a conbination of these assays.

4. The isolated antigen or fragnment of claiml1l which is a pr ot ei n.
20 5. The protein of claim4 which has a nol ecul ar wei ght of about
22 kil odal tons. 6. The protein of claim4 which has a nol ecul ar wei ght
of awosndsz ki | odal t ons:. 25 7. The protein of cledrckospbiseh has
the am no acid sequence selected fromthe sequences of: Figure 1
(SEQ ID NO 2), Figure 8 (SEQID NGO 4), Figure 9 (SEQ ID

NG 6), and Figure 10 (SEQ ID NO 8). 30 8. The protein of claimb5 which
has the am no acid sequence of Figure 1 (SEQ I D NG 2). 9. The
protein of claim5 in substantially pure form

85 WD 96/ 29412

PCT/ CA96/ 00157 10. The protein of claim9, wherein said
susbtantial ly pure formis Lned by the steps of: a)
isolating a culture of Neisseria neri 1 dis 5 bacteri a,

b) isolating an outer menbrane portion fromthe culture of the
bacteria; and c) isolating said antigen fromthe outer nenbrane

2/16
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portion. 10 11. The protein of claim 10, wherein step (c) includes
t heo additional step of treating the outer nenbrane portion

with proteinase K foll owed by protein fractionation. 15 12. A DNA
sequence encoding at |east a portion of at |east one antigen of
the Neisseria nmeningitidis 22 kDa surface protein, said sequence
bei ng selected fromthe group consisting of: a) the DNA
sequence of vhoegeszl (SEQ ID NGO 1); 20 b) the DNA seqpeheasfidors? gure 8
(SEQ I D NO 3); c) the DNA sequence of Figure 9 (SEQ ID NG 5);

d) the DNA sequence of Figure 10 (SEQ ID NO 7); e) anal ogues or
derivatives of the foregoi ng DNA sequences; 25 f) DNA
sequences degenerate to any of the’*‘ﬂ?@ga?‘ng DNA sequences; and
g) fragnments of any of the foregoi ng DNA sequences; wherein said
sequences encode a product that displays t he i munol ogi cal
activity of the Neisseria 30 meni ngitidis 22 kDa surface protein.

13. A DNA sequence encoding at | a portj f at | east one
antigen of the Neisseria neni ngnﬁgﬁ.&’ 22 k]*ﬁé(g

86 WD 96/ 29412 f 11 ' 1

PCT/ CA96/ 00157 sur £8F¥S p# 3} N r d 4xggyence being selected from
t he group consi sti ngf"‘O’T‘T"H‘iq‘j‘s'l %@mﬁ% sequence of Figure 1
(SEQ ID NO 1); b) anNToJueNToT dNT Wat NMesTof the foregoing DNA 5
sequence; c) DNA sequ¢nces Ile@enehaig tp g@y of the foregoing

DNA sequences; and

FIGURE 3b
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d) fragnments of any of the foregoi ng DNA sequences; wherein said
sequences encode a product that displays 10 ~ the inmunological activity

of the Neilsseria meningitidis 22 kDa surface protein. 14. A
DNA sequence according to claim 12, wherein said anal og is sel ected
fromthe DNA of Neisseria 15 gonor r hoeae. 15. A DNA sequence
according to claim 12, wherein said analog is selected fromthe DNA
of Nei sserl | actam ca. 20 16. A DNA sequencepcajcAokoorsor mul a
of Figure 1 ?%FD NO 1) from base 143 to base 667. 17. A
DNA sequence of the fornmula of Figure 1 (SEQ ID 25 NG 1) from base 200
to base 667. 18. A DNA sequencecoRetdwe fornula of Figure 8 (SEQ ID
NO 3) from base 116 to base 643. 30 19. A DNA sequence of the fornula of
Figure 8 (SEQ ID NO 3) fronlbase 173 to base 643. 20. A DNA
sequence of the fornmula of F|g i DB NG 5) from base 208 to
base 732. WO 96/ 29412

PCT/ CA96/ 00157

FIGURE 4b
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21. A DNA sequence of the fornmula of Figure 9 (SEQ ID NG 5) from
base-265 to hase 732 o 22. A DNA_sequence of the fornula of Figure 10

(SEQ I D NO 7) from base 241 to base 765. 23. A DNA sequence
of the fornmula of Figure 10 (SEQ ID NO 7) from base 298 to base
765. 10 24. A fragnent of a DNA sequence according to claim 13,
wher ei n sai dwblogadgest is selected fromthe group &g@,&%ﬁf . one
of the peptides illustrated in Figure 15 (SEQ ID NO 9,
NO 10, SEQ I D NO 11, 15 SEQ ID NO 12, SEQ ID NG 13, SEQ I D NG 14, SEQ
| D NO 15, SEQ ID NO 16, SEQ ID NO 17, SEQ I D NO 18, SEQ | D
NO 19, SEQ ID NO 20, SEQ ID 'NO 21, SEQ ID NO 22, SEQ I D NO 23, SEQ
I D NO 24, SEQ ID NO 25, and SEQ ID rrourdOs26) . 20 25. A fragnent of
a DNA sequence conprising fromam no acid 31 to am no acid 55 of
Figure 1 (SEQID NG 1). 26. A fragnment of a DNA sequence conpri sing
fromamno 25 acid 51 to amno acid 86 of Figure 1 (SEQ ID NO1).
27. A fragment of a DNA sequence conprising fromam no acid 110 to
am no acid 140 of Fi gw D NO 1) 30 28 rEcawdishhnt DNA
nol ecul e conprising a Sk quenc sel ected [f r dih tMe-Yjoup
consi sting of the DNA30000 bgquences of clains 13% , and one or
nor e expresg on Congrq (quences opgyatively o the

nce.
DNA sequence o 25000 88
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WD 96/ 29412 PCT/ CA96/ 00157
29—A—+recombi-nant DNA nolecul e comprising g DNA sequence sel ect ed
fromthe group consisting of the DNA sequences of clainms 14,15, or
any one of clains 18 to 5 27, and one or nore expression control
sequences operatively linked to the DNA sequence. 30. The
reconbi nant DNA nol ecul e of claim 28, wherein said expr essi on
control seqy®2&9%KR an i nduci bl e expression 10 vect or pericaosinodsy T1he
reconbi nant DNA nol ecul e of claim 29, wherein said expressi on
control sequence is an inducible expression vector. 15 32. The
reconbi nant DNA nol ecul e of claim30 or 31, wherein said vector is
i nduced by stimuli selected from tenperature, presence of |actose,
and presence of IPTG 20 FIGHRE $fe reconbi nant DNA nol ecul e of
claim 32, wherein said wee gcted from [err] PL, [err]
PR, TAC, T7, T3, LAC, S. 25 34. A plasm d

sel ected fromthe group consi st pNP2202, pNP2203, and
pNP2204. 35. A unicellula med with a recomnbi nant DNA
nol ecul e of claim28. 30 3 r host transformed with a
reconbi nant DNA nmol ecul é.

89
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FIGURE 6B
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WD 96/ 29412 PCT/ CA96/ 00157
37—The unicellul ar_hast _according to claim35 or 36, _wherein the

host is selected fromthe group consisting of : " strains of E.coli
JMLO9, E.coli BL21(DE3), E.coli DH5[err] F1Q E.coli WB110,

E.coli JMLO5, E.coli BL21, 5 E.coli TOPPl, E.coli TOPP2. and E.coli
TOPP3. woaenesie unicel lul ar host according to clai m 3rcIEA9800157
wherein the host is selected fromthe group consisting of strains
of E.coli JMLO09 and E. coli BL21(DE3). 10 39. A Neisseria
meningitidis 22kDa surface protein in substantially pure form

obt ai ned by the culturing of a uni cel lular host according to claim
35 or 36 and i sol ating said protein. 15 40. A pol ypepti de
coded for by a DNA sequence of any one FIGURE 7 of clains 13, 16 and 17.
41. (A pol ypeptide coded for by a DNA sequence of any one 20 of cl ains
14, 15 and 18 to 27. 42. A nethod for produci ng a DNA sequence
conprising the steps of culturing the unicellular host of claim35
or - 36 and isol ating said DNA sequence. 25 43. A nethod for
produci ng a pol ypeptide conpri si st-eps—ef—cul turing the

uni cel lubar host of claim35 or |—@—Me36 and isolatind said pol ypeptide.

30 44. A polypeptide in substanti a-l-g:ﬂﬂr'é form as obtai fled by the
met hod of cl ai m 43. Me-7 inactivated complement
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% of survival
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90 WD 96/ 29412

PGILCAQ6/ 00157 45__ A nethod for isolating the antigen of claiml
conpri si ng: a) isolating a culture of Neisseria neningitidis
bacteria, 5 b) isolating an outer menbrane portion fromthe

cul ture of the bacteria; and c) isolating said antigen fromthe
outer menbr 412 portion. 10 46. The net hod of pelritiaSkdois7
wherein stega?gvminqludes t he additional steps of treating the
out er nenbr ane portion with proteinase K followed by protein
fractionation. 15 47. A pharnmaceutical conposition conprising one or
nor e antigens or fragnents thereof according to any one of
claims 1 to 5, 8, 13, 16, and 17. har maceuti cal conposition
conprising one or nmore 20 antigens Or tragnents thereof according to
cl ai m 40. 49. A pharnmaceutical conposition conprising one or nore

ant i gens or 11 agent $rkehs ShmO0AANAG! bk Frkdons oo, A
phar maceut i caf conposition ¢ S | e D G R ti gens or
At °‘3Koma’!’n“y‘{°§‘ne S Thacgure st 40 SIL 12, 14

GA'
fragnents thereof accd?ﬂfhg N5 Omet 7, ,
15, and 18 to 27. 51. The pharmaceutical conposition™df claim 49,
which is a 10 AAA AAA GCA CTT GCC GCA CTG ATT GCC CTC GCC CTC CCG GOC GCC GCA 186
Lys Lys Ala Leu Ala Ala Leu Ile Ala Leu Ala Leu Pro Ala Ala Ala
, -15 -10 -
CTG GCG GAA GGC GCA TCC GGC TIT TAC GTC CAA GCC GAT GCC GCA CAC 214
15 Leu Ala Glu Gly Ala Ser Gly Phe Tyx Val Gln Ala Asp Ala Ala His
1 S 10
GCC AAA GCOC TCA AGC TCT TTA GGT TCT GCC AAA GGC TTC AGC CCG CGC 262
Ala Lys Ala Ser Ser Ser Leu Gly Ser Ala Lys Gly Phe Ser Pro Axg
20 15 20 25 30
ATC TCC GCA GGC TAC CGC ATC AAC GAC CTC CGC TTC GCOC GTC GAT TAC 310
Ile Ser Ala Gly Tyr Arg Ile Asn Asp Leu Arg Phe Ala Val As:s: Tyr
3s 40 4
25
ACG COGC TAC AAA AAC TAT AAA CAA GTC CCA TCC ACC GAT TTC AARA CTT 358
Thr Arg Tyr Lys Asn Tyr Lys Glan Val Pro Ser Thr Asp Fhe Lys Leu
50 1 1] 60
30 TAC AGC ATC GGC 6CG TCC GOC ATT TAC GAC TTC GAC ACC CAA TCC €CC 406
Tyr Ser Ile Gly Ala Ser Ala Ile Tyr Asp Phe Asp Thr Gln Ser Pro
65 70 75
GTC AAA CCG TAT CTC GGC GCG CGC TTG AGC CTC AAC CGC GCC TCC GIC 454
35 Val Lys Pro Tyr Leu Gly Ala Arg Leu Ser Leu Asn Arg Ala Ser val
' 80 ' 85 90
GAC TTT AAC GGC AGC GAC AGC TTC AGC CAA ACC TCC ACC GGC CTC GGC 502
Asp Phe Asn Gly Ser Asp Ser Phe Ser Gln Thr Ser Thr Gly Leu Gly
40 95 100 105 110
GTA TTG GCG GGC GTA AGC TAT GCC GTT ACC CCG AAT GTC GAT TTG GAT S50
Val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu Asp
45 115 120 125
GCC GGC TAC CGC TAC AAC TAC ATC GGC AAA GTC AAC ACT GTC AAA AAT 598
Ala Gly Tyr Arg Tyr Asn Tyx Ile Gly Lys Val Asn Thr Val Lys Asn
130 135 140
S0 GTC COT TCC GGC GAA TG TCC GCC GG GTA OGC CTC AAA TTC TGATATACGC 650
Val Arg Ser Gly Glu Leu Ser Ala Gly Val Arg Val Lys Phe
145 150 155
CTTATICOGC AAACCGOCGA GOCTTICGGC GOTTTTGTTT TCCGOCGOCG CAACTACACA 710
55
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30 vacci ne.

I S -

Macci ne_

52. The pharnaceuti cal

96/ 29412
The pharnaceuti cal

conposition of claimb50, which

conposition of claim49, f

or nore pharnmaceutically acceptable

phar maceut i cho szReaesi ti on of claimb50, further

91 WO
PCTTTA96/ 00157 53
urt her conpri sing one
exci pi ents. 5 54. The

nore pharmaceutically acceptabl e
for preventing infection of a patient by

exci pi ents.
10 Nei sseri

“ORRRERR o

a meningitidis

conprising the adm nistration

of a pharmaceutically effective

anount of the vacci ne

of claimb51 or

52. 56. The use of a

pharmaceutically effective anmount of the
22kDa surface protein or a
t her.eof for the
humans.

fraggg
prevention of Neisseria nmeningitidis infection in
20 57. Thecut&ntd ccacoRlAR dieteRtic] camtrlaite Rfulk@6dst vamaERUNt o the

15 Nei sseria meningitidis
al ogue, or derivative

Nei sseria meni Agitidig ggEg? §FE;§C Egg;qig QF ag ,
anal-ogue, or derivative thereo oré% e » aﬁ?ﬁ@%ﬁfﬁ%ﬁL%ﬁ Régéseria

gonor r hoeae i nf ect i on™fAAGA AATTTAAGT ATANTMAGC AGKAETCTTT

TTCT TAACAATTIT 180

10 TCTAACTGAC CATAAAGGAA CCAAAAT ATG AAR RAA GCA CTT GCC ACA CIG 231
Mat Lys Lys Ala Leu Ala Thr Leu
~-19 -15
. ATT GCC CTIC GCT CIC CCG GCC GCC GCA CTG GCG GAA GGC GCA TCC GGC 27
15 Ile Ala Leu Ala Leu Pro Ala Ala Ala Leu Ala Glu Gly Ala Ser Gly
=10 -5 1 5
TIT TAC GTC CAA GCC GAT GCC GCA CAC GCA AAA GCC TCA AGC TCT TTA 327
Phe Tyr Val Gln Ala Asp Ala Ala His Ala Lys Ala Ser Ser Ser leu
20 10 18 20
GGT TCT GCC AAA GGC TTC AGC CCG CGC ATC TCC GCA GGC TAC CGC ATC 375
Gly Ser Ala Lys Gly Phe Ser Pro Arg Ile Ser Ala Gly Tyr Arg lle
25 25 30 3s
AARC GAC CTC CGC TIC GCC GTC GAT TAC ACG CGC TAC AAA AARC TAT AAA 423
Asn Asp Leu Arg Phe Ala Val Asp Tyr Thr arg Tyr Lys Asn Tyr Lys
40 [ 13 So
30 GCC CCA TCC ACC GAT TTC AAA CIT TAC AGC ATC GGC GCG TCC GCC ATT 471
Ala Pro Ser Thr Asp Phe Lys Leu Tyr Sexr lle Gly Ala Ser Ala Ile
$5 60 &5
TAC GAC TTC GAC ACC CAA TCG CCC GTC AM\ CCG TAT CTC GGC GCG CGC 519
35 Tyr Asp Phe Asp Thr Gln Ser Pro Val Lys Pro Tyr Leu Gly Ala Arg
70 - ki 840 8s
TTG AGC CTC AAC CGC GCC TCC GTC GAC TTG GGC GGC AGC GAC AGC TTC 587
Leu Ser Leu Asn Avrg Ala Ser Val Asp Leu Gly Gly Ser Asp Ser FPhe
40 90 95 200
AGC CAA ACC TCC ACC GGC CTC GGC GTA TTG GLG GGC GTA AGC TAT GCC €15
Ser Gln Thr Ser Thr Gly Leu Gly Val Leu Ala Gly Val Ser Tyr Ala
4s 105 110 115
GTT ACC CCG AAT GTC GAT TTG GAT GCC GGC TAC OGC TAC AAC TAC AIC 6§63
Val Thr Pro Asn Val Asp Leu Asp Ala Gly Tyr Arg Tyr Asn Tyr 1le
130 125 . 130
50 mmmmmmmmmmmmmmmm 711
Gly Lys Val Asn Thr Val Lys Asn Val Axg Ser Gly Glu Leu Ser Ala
135 140 145
GGT GG CGC GTC ARA TIC TGATATGCGC CTTATICTGC AAACCGCCOGA 759
55 Gly Val Arg Val Lys Phe
150 155
GCOTTOGGCOG GTTTIGTTIT CTGCCACCGE AACTACACAA GOCGGOGGTT TTGTACGATA 819
60 ATCOCGAATG CTGCGGCTTC TGCCGCOCTA T 850

ane



58. The use of the Neisseria neningitidis 22 kDa surface protein
or—a fragnent, analogue. or derivative {hereof for_the manufacture

of a vaccine for the prevention of Nei sseria meningitidis
i nfection in humans. 30 - 59. The use of the Neisseria neningitidis 22
kDa surface protein or a fragnment, anal ogue, or derivative thereof

for the mamq,awﬁ of a vaccine for the prevention of PCT/CASDIBO1BEr | @
gonorrhoeae T nfection in hunans. 92

WO 96/ 29412 PCT/ CA96/ 00157

60. An antibody or fragnent thereof that specifically binds to a
protein with a nol ecul ar wei ght of approxi mately 22 kil odal tons
present on greater than 5 50% of kn? tifi ns of Nei sseria

neni ngi tidis. 61. The anti body or ir%’é'%e of claim 60 that

speci fi caljl y . lgécgggn.;z B &Gab,qwb < ;m&m aéckAradod) Scoftardie SS&LI a

meni ngitidis. e antibo ggr‘_@gg Q; ¢l alm. is a
nonocl onal ant 'body orcscf’??ggner ereo GR m)no onal ﬁanti body
‘or fragnment of clai m GRS FRPSAT m’%‘fﬁfc"%"‘r"hé%'?"?’@? PETATAATAC 8% The

nonocl onal ant i body oOmcchecagererniac@it TITAMMTOSTIIIECE [FACCATAMG GAACCRATO 349 | gG

i sotype. . 20 '85. The \pneala0gibrrant biAQEY s@loed ERGEEAE ol act bizi M 63sanhi Ch
is |\/E-1, Me- 2 Me- 3 %g:nws&;umlammlleunLeullnbuul’rohlnalu

10 -5
15 GCA CTG GCG GAA GGC GCA TCC GGC TTT TAC GTC CAA GCC GAT GCC GCA 316
Ala Leu Ala Glu Gly Ala Ser Glg Phe Tyr Val Gln Ai: Asp Ala Ala
1
CAC GCC AAA GCC TCA AGC TCT TTA GGT TCT GCC AAA GGC TIC AGC €CCG 384
20 His Ala Lys Ala Ser Ser Ser Leu Gly Ser Ala lys Gly Phe Ser Pro
15 20 25
CGC ATC TCC GCA GGC TAC CGC ATC AAC GAC CTIC CGC TIC GCC GTC GAT 432
Arg Ile Ser Ala Gly Tyr Arg Ile Asn Asp Leu Arg Phe Ala Val Asp
25 30 35 40 45
TAC ACG CGC TAC AAA AAC TAT AAA GOC CCA TCC ACC GAT TTC AAA CTT 480
mmmmwsnnmw-uaprosozmmrmmsr:m
50 S5
30 '
TACAGCATCGGCGCGTCCG‘ICATI‘IACGAC'HCGACACCCAATCGCCC 528
Tyr Ser Ile Gly Ala Sexr Val Ile '13: Asp Phe Asp Thr G%xsx Ser Pro
6 .
a GTC AAA CCG TAT TTC GGC GCG CGC TTG AGC CTC AAC CGC GCT TCC 6CC 576
. Val Lys Pro Tyr Fhe Gly Ala Arg Leu Ser Leu Asn Arg Ala Ser Ala
80 a5 50
CAC TIG GGC GGC AGC GAC AGC TTC AGC AAA ACC TCC GCC GGC CIC GGC 624
40 His Leu Gly Gly Ser Asp Ser Phe Ser Lys Thr Ser Ala Gly Leu Gly
85 100 105
GTA TIG GCG GGC GTA AGC TAT GCC GTT ACC CCG AAT GTC GAT TTG GAT 672
val Leu Ala Gly Val Ser Tyr Ala Val Thr Pro Asn Val Asp Leu Asp
45 110 115 120 125
GCC GGC TAC CGC TAC AAC TAC GTC GGC AAA GTC AAC ACT GTC AAM AAC 720
Ala Gly Tyr Arg Tyr Asn Tyxr Val Gly Lys Val Asn Thr Val Lys Asn
50 130 135 140
GTC COGT TCC GSC GAA CTG TCC GCC GGC GTG CGC GTC AAA TTC TGATATACGC 772
Val Arg Ser Cly Glu Leu Ser Ala Gly Val Arg Val Lys Fhe
145 150 155
55 GTTATTCCGC AAACCGCCGA GCCTTCGGCG GTTITITG 810
60
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nonocl onal
| sol ati ng the anti body of

66. The nonocl onal anti body of claim®62 which is the

antibody Me-1 or Me-7. 25 67. A nethod for

cl ai m 60 conpri si ng: a)
Nei sseria neningitidis into a mammal ;
serum fromthe mammal containing said ant i body. 68. A

nmet hod for Hﬁ@%@%%ﬁg t he nonocl onal anti body of cl aip@PrRaokebi®y | Si NA:
29412

93

PCT/ CA96/ 00157 a) introducing a preparation of Neisseria
meningitidis to anti body producing cells of a mammal; b)
fusing the anti body producing ceIIs with nmyel oma cells to form
hybri doma cells; and 5 4 nonocl onal antibody fromthe

|solathq&u§§
hybri donme cells. 69. A pharnaceutlca conposition conprising one or

i ntroduci ng a preparation of
and 30 b) isolating

nor e anti bodi es or fragnments thereof accordlng to any one 10
of clains 60- 566H<=H!8-°Rr 70:..The. phar.naceut i cal-. corrpos; t4.on of...cl.ai.m 68 whi ch
is a atlbioke  1507T0 The:phhr mageutizal coofositigm:of: cl 3 m 69,
further I RPPPSi ng--a-phar raceudd cal-ky- aocepiab*e exci-pi-ent . so
Consensus ATGAAAAAAG CACTTGCCRC ACTGATTGCC CTCGCHCTCC CGGLCGCCGC 50
10 MCHBB=ORF .icvvvecee  eeneorasss  sesseosese  seesosesss  cosesssees 100
BOBB-ORF = .cvttrecees  soneasmsce  sesesesass  sesevssese  eememesens 100
ZA0B3=ORF = .icttteere  semecnusss  eessesanse seeesssees  seeasecsens 100
gono B2-ORP  ..cceieeris tivenrnscs  aeimsesess asessesess  eeessessen 100
15 Consensus ACTGGCGGAA GGCGCATCCG GCTTTTACGT CCAAGCCGAT GCCGCACACG 100
MCH8B8-ORF e erentet’  easesmcsse eemmessracs  esesavsess  semessemms 150
608B-0ORP ePeortatss  sresesssses  eesnessass  asececessr eveeessmne 150
24063-ORP ePeesatssr  smascnrssss  mesacssacs seeesesess  essessesas 150
gono b2-ORP Bt i s i iiiieee eesssseses secesveres  eseeecssnss 150
20 Consensus CMAAAGCCTC AAGCTCTTTA GGTTCTGCCA AAGGCTTICAG CCCGCGCATC 150
MCHBB=ORF . ..iiiiiit teeoancnon  eseessooss  seessnsens  sesssncans 200
G0BB~ORF = . ..i.tiivie aasccnness  eeeasesenra  seessssass  sessceseee 200
ZROBI=ORF . ...c.i.iiir temeredese  esaausenrs  ssesssrese  seseconawa 200
25 QoMo B2-ORF  ...cvivive eivensscne eeesneness eeenserieee reeeeeneen 200
Consensus TCCGCAGGCT ACCGCATCAA CGACCTCCGC TTCGCCGTCG ATTACACGCG 200
MCHBB-ORF = .....cceve  ceecesssoon B 250
S0B8B-ORF = ....ivince  eenenn - L 247
30 24063-O0RF ........c.  eeinnn - Corvrrener aevensnner  eeeeenneen 247
gono B2-ORF = ..........  cesens -— Citrrrnner  ceverecess  sassennens 247
Consensus CTACAAAMAC TATAAACAAG YCCCATCCAC CGATTTCAAA CTTTACAGCA 250
MCHEB-ORF = ....ie0cee .. Chireeeer  enasesemes  sesanss Cee tenceveras -300
35 608R-ORF .......... .. Carcieer treerrrene esennan Gee  cedeirannn. 297
Z4063-0RF = .....cevee oo Ciceeere tnaessnces esessess < 297
gono b2-ORF  ......c..0 .. o Gir cesereieas 298
Consensus TCGGCGCETC CGYCATTTAC GACTTCGACA COCAATCSCC CGTCAAACCG 300
40 MCRe8-ORF R S e i, ..C....T.G ..TAA.. 350
&§08B-ORP o€ttt iiiiiietet teseesmens ee€.a. . T.G ves 0G0 .. M7
Z4063-ORP eeeCooenas  sescesecar sesevassss «eCee. . T.G e 86G. .. 347
gonc b2-ORF weelectacs  eesavessss ermecscsss «eTea..L.C een GGG, .. 347
4s - Consensus TATITCOGECG CGCGCTTGAG CCTCAACCGC GCYTCOGYCS ACTTKRROGG aso
MCHBB~ORF = t..ccesene eouasa Coee  tones ACere  cecesccnse  aas L T 400
GO0BB-ORF = ...c.cvees  soeeces Covr senns ATcve ctcscanase sae Aivvnee 397
Z4063=ORF .. ...vevee  cosnee Ceve  sensee Aleve  cneanessan  aee [ - YO, 397
gono D2-ORP  ....c.voee  cuvees A... O - o G.ovnene 397
50 Consensus CAGCGACAGC TTCAGCMAAA CCTCCRYCGG CCTCGGOGTA TTGRCGGGLG 400
MCHBB-ORP = _....cveee  cesescence  eeeesveacsss  seesscaces  seceasnase 450
GOBB-ORF = . ..icrreee  casescenne  seeovecsce  seseesascte  emmeonecass 447
24063-0RP .....iieee  cesenssner  sevesvseses  emasescess  seemsmeess 447
S5 gomo B2-ORP  tcinvrveee cennenniice cmeanenese ereseseese  asesseenes a7
Consensus TAAGCTATGC CGTTACCCCG AATGTOGATT TGGATGCOGE CTACCGCTAC 450
MCH88-ORF = ...... Reee  cessrscass essssceses  ww Tecesrss  cvanssanne S00
608B-ORP = ...... RAere  cecesrsess  sessseacsa  aa Cuitiener  tseteseene 497
60 <zd063-0RF @ ...... Acii tieieiienr eeesenneme e Ceveoonr  erneevenes - 497
gono b2-ORP  ...... Gers ' tietinness seesesmese  se Coivevsre  censssenne 497
Consensus AARCTACRTCG GCAMGTCAA CACTGTCAAA AAYCTCCGTT CCGGCGAACT 500
MCHBO-ORP = ..... C...C ceRersaese  cevasenme 528
65 ecoeB-oRP @ ..... T...C cBeiinnes ereaeens 528
Z4063-0RF = ..... c...?T eeBicienne  dencacns 525
gono b2-ORP  ..... c...C eeGerecess  emveeses 525
Consensus GICOGYCGGY GTRCGCGTCA AATTCTGA 528
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72. The pharmaceutical conposition of claim®69, wherein t he

antibody is Me-1 or Me-7 20 /3. A nethod for treating a patient
infected with or suspected of being infected with Neisseria
meningitidis conprising the adm nistration of a phar maceutical |y
effective anount of the vaccine of 25 cl aim 70. 74. A method for
the detecti Quygnoklgi SSeria neningitidis anti gen i npgr/eiaodegécal
sanpl e contal ning or suspected of containing Neisseria nmeningitidis
antigen 30 conpri si ng: a) isolating the biological sanple from
a patient; b) incubating the antibody or fragnment of claim®60
with the biological sanple to forma m xture; and
94 WO 96/ 29412 FIGURE 12
PCT/ CA96/ 00157 c) detecting specifically bound anti body or bound
fragment in the mxture which indicates the presence of
Nei sseria neningitidis antigen. 5 75. The nmethod of claim 72 wherein
the antibody js gh®B2 or------ Ao oMR=7iee eeeeeo 76, -A-mret-hod -for--the defdetion
of antibody spedfFc to T INellsseri IR NGl (i diS antilgenlin aso
bi ol ogi cal sanplueussl0 ..... aont ai ni-ng-.or - suspect ed-of--cont-ai-ni-ng sai &P
ant i body Cof@fidRis |MBKALS).LIA LALPARALAR) GASGIYNQAD| MAKAKNSESLD| GPAJGASERN sabdl e
froma patieny; ... D) incubating the antigen oryfragnent..of clgmil
Wi th _zabe” bi ol.0gical sanple.to.farm.a.m.xtu.e; .and...15 99 c)
detecting speci T38| |y bound-antigen-or -hgund: i fragment i the
mxture which | Cons(ig;ugssag&?mm FAVDYTRYKN YK~-APSTDFK LYSIGASAIY DFDTQSEVKP 100
15 gonoB2 [ . AHL. ... veKedloioe cuescecses  ssessseces 149
ZA063 .ieeeeaeee  csenaienen eees Devve veeriesnes  aeesersnes 149
B08B  ..ucueinie eenenienne aeeen  SURE 149
MCHB8  .....eun.s U . | IO O T T T Ty 150
20 cConsensus YLGARLSLNR ASVDLGGSDS FSQTS.GLGYV LAGVSYAVTP NVDLDAGYRY 150
; 174
Jaoes. ...l 174
B0BB cieececene cenniens Vo eeens : 174
25 MCOHB8 ...iceiinsee  cesnsseaces sessae 175
Consensus NYIGKVNTVK NVRSGELSAG VRVKF 175
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presence of antibody specific to Neisseria - meningitidis antigen.
2077 __.The nethod of claim76 wherei antigen is the

Nei sseri a
meningitidis 22 kDa surface protein. 78. A nmethod for the detection
of pathogenic Neisseria bacteria in a biol ogi cal sanple containing
or 25 suspected of containing such bacteria conpr|5|ng
i sol ating t ical sanple froma patient; a DNA
probe havi ng ?E&fy sequence of claim13 with tWO ogi cal
sanple to forma m xture; and 30 c) detecting specifically
bound DNA probe in the m xture which indicates the presence of
Nei sseri a bacteri a. 95
WO 96/ 29412 PCT/ CA96/ 00157 79.
A nethod for the detection of pathogeni c FEFBEer? a bacteria in a
bi ol ogi cal sanpl e contai ni ng or suspected of containing such
bacteria conpri sing: a) isolating the biological sanple froma
patient; 5 b) incubating a DNA probe having the DNA sequence of
claim1l2 with the biological sanple to forma m xture; and
c) detecting specifically bound DNA probe in_the mxtiar e which

i ndi cates the presegce of Neisseria 10
met hod of cl ai m 78 \&00@00
sequence of Figure & (SEQ |

—&acEseolilOMP + 22 kBOHJ The
+Hm— E. coli cona®OMBselpai r

10000

1000

Reciprocal ELISA titer against N.meningitidis O

100 s 2 s § 4 2 2 2 0 2 2 a4 $ 3.2 3 o 0 o 2 g 4
0 14 28 42 56
Time (days)

A tstinjection J\ 2nd injection
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15 81. The nethod of claim 78 wherein the DNA probe has a portion

of-the 525 base pair_sequence of Figure 1 _(SEQ - ID NO 1). 82.
The net hod of claim 79 wherein the DNA probe has the 20 full or a
portion of the 528 base pair sequence of Figure 8 (SEQ I D NG 3).
83. The nethod of claim 79 wherein the DNA probe has the full or a
portion of Wzbase pair sequence of 25 Figure 9 pch/oabdioi¥? 5) .
84. The nethod of claim79 wherein the DNA probe has the a portion
or the full 525 base pair sequence of Figure 10 (SEQ ID NO 7). 30
85. The nethod of claim 78 wherein the DNA probe is an ol i gomer
havi ng a sequence conplenentary to at | east about 6 conti guous
nucl eoti des of the Neisseria 96

WO 96/ 29412 FIGURE 14 PCT/ CA96/ 00157

menj ngitidis 22 kDa surface protein of Figure 1 (SEQ ID NO1).

86. The nethod of claim79 wherein the DNA probe is an 5 ol i goner
havi ng a sequence conplenentary to at | east about 6 conti guous
nucl eoti des of the i sseria meningitidis 22 kDa surface protein of
sequences sg

&QOQth-crrrr—ﬁ-gure—a—(-SEQ.m\ua),ngre 9 (SEQ
ID NGO 5), and Figur%10 (SEQID NO 7). 10

t

e

-

g

e

g

Z 1000

£ .

g |

5 i —eo— K28 (100ug)
< —8— 1276 (200.;?)
5 ~—— K65 Control
(17}

g‘loo..-.l..l.ll..Jlg.i.

] 0 21 42

« Time (days)

A 1stinjection A 2nd injection
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87. The nethod of claim85 or 86 which further conprises: a)

providing a set of oligoners which are priners for a pol ynerase
chain reaction nmethod and which flank the Target Tegion, and 15
b) amplifying the target region via the pol ynerase chain
reacti on nethod. 88. A nethod for the detection of Neisseria

meni ngi tidi

in a patient conprising: 20 a) la i
ant i body ors‘”’%m of claim60 with a detect a%’%&

b) admi nistering the | abel ed anti body or | abel ed fragnent to the
patient; and c) detecting specifically bound | abel ed anti body or 25
| abel ed fragnent in the patient which indicates the presence of
Nei sseria meningitidis. 89. The use of a pharnaceutically effective
anount of an anti body specific tyxctie a¥eci sseria neningitidis 22 kDa
30 surface protein for the prevention of Neisseria meningitidis
i nfection in humans. 90. The use of the Neisseria neningitidis 22 kDa
surface PREMATR I r LALBARARME nGASGEXUQAR) u AABRFASSER | GBAKGFSPRRer 80

97

PCT/ CA96/ 0015% és:Mf’or the manuf acf¥¥2f a kit for CRP%etection or
di agnosi s of Neisseria nmenrmgrggfsy T fecti on Co-843 frerrans .

SAGYRINDLR FAVDYTRYKN YKAPSTDFKL YSIGASAIYD FDTQSPVKPY 100

N CS-846 CS-848
CS-845 CS-847 ~ CS-849

15 CS-857

LGARLSLNRA SVDLGGSDSF SQTSIGLGVL TGVSYAVTPN VDLDAGYRYN 150

CS-850 CS-852 T CS-854

®— | Cs-851 CS-853

25 YIGKVNTVKN VRSGELSVGV ‘RVKF 174

CS-856 |

CS-855

30
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98

WO 96/29412 PCT/CA96/00157

FIGURE 16

Cl857

Ampi R

pNP2203

ColEl ori
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(54) Title: PROTEINASE K RESISTANT SURFACE PROTEIN OF NEISSERIA MENINGITIDIS

(57) Abstract

A highly conserved, immunologically accessible antigen at the surface of Neisseria meningitidis organisms. Immunotherapeutic,
prophylactic and diagnostic compositions and methods useful in the treatment, prevention and diagnosis of Neisseria meningitidis discases.
A proteinase K resistant Neisseria meningitidis surface protein having an apparent molecular weight of 22 kDa, the corresponding nucleotide
and derived amino acid sequences (SEQ ID NO:1, NO:3, NO:5, and NO:7: SEQ ID NO:2, NO:4, NO:6, and NO:8), recombinant DNA
methods for the production of the Neisseria meningitidis 22 kDa surface protein, and antibodies that bind to the Neisseria meningitidis 22

kDa surface protein.




