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Yaccine composition
Technical Field

The present invention relates to the ficld of Neisscrial immunogenic compositions and
vaccines, their manufacture and the use of such compositions in medicine. More
particularly, it relates to vaccine compositions comprising a combination of antigens
which have qualities allowing the vaccines of the invention to elicit a surprising good

immune response as measured in a protection assay or a serum bactericidal assay.
Background

Neisserial strains of bacteria are the causative agents for a number of human
pathologies, against which there is a need for sffective vaceines to be developed. In
particular Neisseria gonorrhoeae and Neisseria meningitidis cause pathologies which

could be treated by vaccination.

Neisseria gonorrhoeae is the etiologic agent of gonorrhea, one of the most frequently
reported sexually transmitted diseases in the world with an estimated annual incidence
of 62 million cases (Gerbase et al 1998 Lancet 351; (Suppl 3) 2-4). The clinical
manifestations of gonorthea include inflammuation of the mucus membranes of the
urogenital tract, throat or rectum and neonatal eye infections. Ascending gonococcal
infections in women can lead to infertility, ectopic pregnancy, chronic pelvic
inflammatory disease and tuho-ovarian abscess formation. Septicemia, arthritis,

endocarditis and menigitis are associated with complicated gonorrhea.

The high number of gonococeal strains with resistance to antibiotics contributes to
increased morbidity and complications associated with gonorrhea. An attractive
alternative to treatment of gonorrhea with antibiotics would be its prevention using

vaccination. No vaccine cutrently exists for N. gonorrhoeae infections.

Neisseria meningitidis is an important pathogen, particularly in children and young
adults. Septicemia and meningitis are the most life-threatening forms of invasive
meningococcal disease (IMD). This disease has become a worldwide health problem

because of its high morbidity and mortality.
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Thirteen N. meningitidis serogroups have been identified based on antigenic
differences in the capsular polysaccharides, the most common being A, B and C
which are responsible for 90% of disease worldwide. Serogroup B is the most
common cause of meningococcal disease in Europe, USA and several countries in
Latin America.

Vaccines based on the capsular polysaccharide of serogroups A, C, W and Y have
been developed and have been shown to control outbreaks of meningococcal disease
(Peltola et al 1985 Pediatrics 76; 91-96). However serogroup B is poorly
immunogenic and induces only a transient antibody response of a predominantly IgM
isotype (Ala’Aldeen D and Cartwright K 1996, J. Infect. 33; 153-157). There is
therefore no broadly effective vaccine currently available against the serogroup B
meningococcus which is responsible for the majority of disease in most temperate
countries. This is particularly problematic since the incidence of serotype B disease is
increasing in Europe, Australia and America, mostly in children under 5. The
development of a vaccine against serogroup B meningococcus presents particular
difficulties because the polysaccharide capsule is poorly immunogenic owing to its
immunologic similarity to human neural cell adhesion molecule. Strategies for
vaccine production have therefore concentrated on the surface exposed structures of
the meningococcal outer membrane but have been hampered by the marked variation

in these antigens among strains.

Further developments have led to the introduction of vaccines made up of outer
membrane vesicles which will contain a number of proteins that make up the normal
content of the bactetial membrane. One of these is the VA-MENGOC-BC ® Cuban
vaccine against N. meningitidis serogroups B and C (Rodriguez et al 1999 Mem Inst.
Oswaldo Cruz, Rio de Janeiro 94; 433-440). This vaccine was designed to combat an
invasive meningococcal disease outbreak in Cuba which had not been eliminated by a
vaccination programme using a capsular polysaccharide AC vaccine. The prevailing
serogroups were B and C and the VA-MENGOC-BC ® vaccine was successful at
controlling the outbreak with an estimated vaccine efficiency of 83% against

serogroup B strains of N. meningitidis (Sierra ct al 1990 In Neisseria, Walter Gruyter,
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Berlin, m. Atchman et al (eds) p 129-134, Sierra et al 1991, NIPH Ann 14; 195-210).
This vaccine was effective against a specific outbreak, however the immune response

elicited would not protect against othor strains of N. meningitidis.

Subsequent efficacy studies conducted in Latin America during epidemics caused by
homologous and heterologous serogroup B meningococcal strains have shown some
efficacy in older children and adults but its effectiveness was significantly lower in
younger children who are at greatest risk of infection (Milagres et al 1994, Infect.
Immun. 62; 4419-4424), Tt is questionable how effective such a vaccine would be in
countries with multistrain endemic disease such as the UK. Studies of
immunogenicity against heterologous strains have demonstrated only limited cross-
reactive serum bactericidal activity, especially in infants (Tappero et al 1999, JAMA
281; 1520-1527).

A second outer membrane vesicle vaccine was developed in Norway using a serotype
B isolate typical of those prevalent in Scandinavia (Fredriksen et al 1991, NIPH Ann,
14; 67-80). This vaccine was tested in clinical trials and found to have a protective

efficacy after 29 months of 57% (Bjune et al 1991, Lancet, 338; 1093-1096).

However, the use of outer membrane vesicles in vaccines is associated with some
problems, For instance, the OMV contain toxic lipopolysaccharides and they may
contain immunodominant antigens which are either strain specific or are expressed
variably. Several processes have been described which could be used to overcome
some of the problems of outer membrane vesicle preparation vaccines. W001/09350
describes processes that address some of these problems for instance by reducing

toxicity and modifying the antigens present on the outer membrane vesicles,

WQOO01/52885 describes the possibility of combining outer membrane vesicles with
other antigens and a list of over 2,000 potential Neisserial proteins is included from
which it is speculated that a vacoines with efficacy against a broader range of

serotypes could be developed.

There are diverse problems with the anti-meningococcal vaceines currently available.

The protein based outer membrane vaccines tend to be specific and effective against
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only a few strains. The polysaccharide vaccines are also suboptimal since they tend to
elicit poor and short immune responses, particularly against serogroup B (Lepow et al
1986; Peltola 1998, Pediatrics 76; 91-96).

Neisseria infections represent a considerable health care problem for which no
vaccines are available in the case of N. gonorrhoeae or vaccines with limitations on
their efficacy and ability to protect against heterologous strains are available in the
case of N meningitidis. Clearly there is a need to develop superior vaccines against
Neisserial infections that will improve on the efficacy of currently available vaccines

and allow for protection against a wider range of strains.

The discussion of documents, acts, materials, devices, articles and the like is included
in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed
part of the prior art base or were common general knowledge in the field relevant to
the present invention as it existed before the priority date of each claim of this

application.

Throughout the description and claims of the specification, the word “comprise” and
variations of the word, such as “comprising” and “comprises”, is not intended to

exclude other additives, components, integers or steps.

Description of Figures

Figure 1. - Detection of TbpA and Hsf in OMV's prepared from a recombinant N.
meningitidis strain up-regulated for the expression of thpA and Asf. Separation of OMV
preparations (10ug) by SDS-PAGE analysis (4-20% gradient gels) stained with

Coomassie brilliant blue.
Figure 2. - Detection of recombinant Hsf passenger domain produced in E. coli, 10ug
of purified Hsf passenger protein (Lane 2 & 3) was separated by SDS-PAGE on a 12%

gel in comparison to a molecular weight marker (Lane 1).

X \Grace GSK\Specieni 734901 _speci clean doc
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Figure 3. - Analysis of Hap passenger purity as detected by (A) Coomassie staining,
(B) silver staining, (C) anti-His5 western blotting and (D) anti-£.coli. 10ug of purified
antigens was separated by SDS-PAGE on a 4-20% acrylamide gradient gel.

Figure 4. - Regions of sequence similarity shared by FrpA and FrpC proteins isolated
from N. meningitidis strain FAM20. (A) Domain organization of N. meningitidis strain
FAM20 RTX proteins FrpA and FrpC. (B) FrpA/C Amplification products obtained
from N. meningitidis strain H44/76.

Figure 5. - Expression of recombinant Frp23 (FrpA/C conserved region with 23

repeats) antigen in £. coli. SDS-PAGE analysis of non-induced (N1) and induced (I)
total cell extracts of £. coli BL21DE3 tranformed with control vectors (pET24d) or

X'GraceGSK\Specien73490) _speci clean do
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recombinant constructs (Frp3, Frp13 and Frp 23 respoctively). Gels were stained with
Coomassie blue (A) or transferred to nitrocellulose and immuno-detected with anti-

His6 mouse serum.
Figure 6. - Preferred DNA sequence of the FHAB 2/3" fragment expressed in E. coli.

Figure 7. - Purification of recombinant FHAB 2/3* from induced . coli BI2IDE3
extracts. (A) Main steps in the purification process. (B) SDS-PAGE analysis of

protein fractions sampled at different steps of the purification process.

Figure 8. — Adhesion blocking activities of anti-sera directed against the FHAB2/3™,
Hap, Hap passenger domain, Hsf and Hsf passenger domain antigens of M.

meningitidis.

Figure 9. — A Coomassie stained gel showing expression levels of Hsf, TbpA and
NspA in outer membrane vesicle preparations derived from different N. meningitidis
stains. Lane 1 - molecular weight markers; lane 2 — outer membrane vesicles prepared
from strain H44/76 in which capsular polysaccharides were downregulated; lane 3 -
outer membrane vesicles prepared from strain H44/76 in which capsular
polysaccharides and PorA were downregulated; lane 4 - outer membrane vesicles
prepared from sirain H44/76 in which capsular polysaccharides and PorA were
downregulated and NspA was upregulated; lane 5 - outer membrane vesicles prepared
from strain H44/76 in which capsular polysaccharides and PorA were downregulated
and Hsf was upregulated; lane 6 - outer membrane vesicles prepared from strain
H44/76 in which capsular polysaccharides and PorA were downregulated and ThpA
was upregulated; lane 7 - outer membrane vesicles prepared from strain H44/76 in
which capsular polysaccharides and PorA were downregulated and TbpA and Hsf
were upregulatcd; lanc 8 - outer membrane vesicles prepared from strain H44/76 in
which capsular polysaccharides and PorA were downregulated and TbpA and NspA

were upregulated.




2003250204 02 Jun 2008

20

30

Detailed description

The present invention discloses particular combinations of Neisserial antigens which
when combined, lead to a surprising enhancement of the efficacy of the vaccine

against Neisserial infection.

In one aspect, the present invention provides an immunogenic composition comprising
at least one Neisserial autotransporter antigen and at least one different antigen,
wherein the at least one antigen is selected from the following categories: a) at least
one Neisserial adhesin; b) at least one Neisserial toxin; ¢) at least one Neisserial Fe
acquisition protein; or d) at least one Neisserial membrane associated protein, and
wherein the antigens, where present in an outer membrane vesicle, have been

upregulated in the outer membrane vesicle.

In another aspect, the present invention provides a vaccine comprising one or more
polynucleotide(s) encoding at least one Neisserial autotransporter protein and at least
one different protein whose expression is driven by a eukaryotic promoter, wherein the
at least one Neisserial autotransporter protein is selected from the group consisting of
Hsf, Hap, IgA protease, AspA and NadA, and the at least one different protein is
selected from the following categories: a) at least one Neisserial adhesin selected from
the group consisting of FhaB, NspA, PilC, Hsf, Hap, MafA, MafB, Omp26,
NMBO0315, NMB0995, NMB1119 and NadA; b) at least one Neisserial toxin selected
from the group consisting of FrpA, FrpC, FrpA/C, VapD and NM-ADPRT; ¢) at least
one Neisserial Fe acquisition protein selected from the group consisting of TbpA high,
TbpA low, TbpB high, TbpB low, LbpA, LbpB, P2086, HpuA, HpuB, Lipo28, Sibp,
FbpA, BfrA, BfrB, Bcp, NMB0964 and NMB0293; or d) al least one Neisserial
membrane associated protein, selected from the group consisting of PilQ, OMPSS,
FhaC, NspA, TbpA(high), TbpA(low), LbpA, HpuB, TspA, TspB, TdfH, PorB,
HimD, HisD, GNA1870, OstA, HIpA, MitA, NMB 1124, NMB 1162, NMB 1220
NMB 1313, NMB 1953, HtrA and PIdA.

»

XGraceGSKSpecicsTH01_speci clea doc




2003250204 02 Jun 2008

20

25

6a

Neisserial infections progress through several different stages. For example, the
meningococcal life cycle involve nasopharyngeal colonisation, mucosal attachment,
crossing into the bloodstream, multiplication in the blood, induction of toxic shock,
crossing the blood/brain barrier and multiplication in the cerebrospinal fluid and/or
the meninges. Different molecules on the surface of the bacterium will be involved in
different steps of the infection cycle. By targeting the immune response against an
effective amount of a combination of particular antigens, involved in different
processes of Neisserial infection, a Neisserial vaccine with surprisingly high efficacy

can be achieved.

In particular, combinations of certain antigens from different classcs, somc of which
are involved in adhesion to host cells, some of which are involved in iron acquisition,
some of which are autotransporters and some of which are toxins, can elicit an immune
response which protects against multiple stages of infection. Such combinations of
antigens can surprisingly lead to improved (preferably synergistically improved)
vaccine efficacy against Neisserial infection where more that one function of the

bacterium is targeted by the immune response in an optimal fashion.

The efficacy of vaccines can be assessed through a variety of assays. Prolection assays
in animal models are well known in the art. Furthermore, serum bactericidal assay
(SBA) is the most commonly agreed immunological marker to estimate the efficacy of

a meningococcal vaccine (Perkins et al. J Infect Dis. 1998, 177:683-691).

Some combinations of antigens (for example, combinations of certain autotransporter
proteins and certain iron acquisition proteins) can lead to improved protection in
animal model assays and/or synergisticaily higher SBA titres, Without wishing to be
bound by theory, such synergistic combinations of antigens are enabled by a number

of characteristics of the immune response to the antigen combination. The antigens

XGraceGSK\Specia 4901 _speciclean doc
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themselves are usually surface exposed on the Neisserial cells and tend to he
conserved but also tend not to be present in sufficient quantity on the surface cell for
an optimal bactericidal response to take place using antibodies elicited against the
antigen alone. Combining the antigens of the invention can result in a formulation
eliciting an advantagcous combination of bactericidal antibodies which interact with
the Ncisserial cell beyond a critical threshold. At this critical level, sufficient
antibodies of sufficient quality bind to the surface of the bacterium to allow efficient
killing by complement and much higher bactericidal effects are seen as a

consequence.

As serum bactericidal assays (SBA) closely reflect the efficacy of vaccine candidates,
the attainment of good SBA titres by a combination of antigens is a good indication of
the protective efficacy of a vaccine containing that combination of antigens, The
invention relates to the use of a combination of two antigens either isolated or
enriched in a mixture with other antigens. When combined, such antigen
combinations interact advantageously, and preferably synergistically to elicit an
immune response that is higher in terms of baclericidal activity (for example as
measured by serum bactericidal assay or SBA), and preferably higher than the

additive response elicited by the antigens individually, more preferably by a factor of
at least 1.2, 1.5, two, three, four, five, six, seven, eight, nine, most preferably by a

factor of at least ten.

An additional advantage of the invention is that the combination of the antigens of the
invention from different families of proteins in an immunogenic composition may

enable protection against a wider range of strains.

The invention relates to immunogenic compositions comprising a plurality (two or
more) of proteins selected from at least two different categories of protein, having
different functions within Neisseria. Examples of such categories of proteins are
adhesins, autotransporter proteins, toxins, integral outer membrane proteins and Fe
acquisition proteins. The vaccine combinations of the invention show surprising
improvement in vaccine efficacy against homologous Neisserial strains (strains from
which the antigens are derived) and preferably also against heterologous Neisserial

strains.

-11-
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The invention provides immmunogenic compositions comprising at least or exactly
two, three, four, five six, seven, eight, nine or ten of different antigens selected from
at least or exactly two, three , four or all five categories of antigens sclceted from the
following:

s at least one Neisserial adhesin;

e at least one Neisserial autotransporter;

¢ at least one Neisserial toxin;

» at least one Neisserial Fe acquisition protein;

o at least one Neisserial membrane-associated protein ( preferably outer membrane

protein, particularly integral outer membrane protein).

Preferably, the invention provides immunogenic compositions that comprise at least
or exactly two, three, four, five, six, seven, eight, nine or ten different Neisseria
antigens. Most preferably these antigens are selected from at least or exactly two,

three, four or five groups of proteins selected from the following:

o  at least one Neisserial adhesin selected from the group consisting of FhaB, NspA
PilC, Hsf, Hap, MafA, MafB, Omp26, NMB 0315, NMB 0995, NMB 1119 and
NadA,;

» at least one Neisserial autotransporter selected from the group consisting of Hsf,
Hap, IgA protease, AspA,and NadA;

s at least one Neisserial toxin selected from the group consisting of FrpA, FrpC,
FrpA/C, VapD, NM-ADPRT and either or both of LPS immunotype L2 and LPS
immunotype L3;

o  at least one Neisserial Fe acquisition protein selected from the group consisting of
TbpA, TbpB, LbpA, LbpB, HpuA, HpuB, Lipo28 (GNA2132), Sibp, NMB0964,
NMB0293, FbpA, Bep, BftA, BiB and P2086 (XthA); and

» at least one Neisserial membrane-associated protein, preferably outer membrane
protein, particularly integral outer membrane protein, selected from the group
consisting of PilQ, OMP85, FhaC, NspA, TbpA, LbpA, TspA, TspB, TdfH,
PorB, MItA, HpuB, HimD, HisD, GNA1870, OstA, HIpA (GNA1946) , NMB

-12-
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1124, NMB 1162, NMB 1220, NMB 1313, NMB 1953, HirA, and PIdA
(Omp1A).

The antigens of the present invention arc all isolated, meaning that they are altered by
the hand of man. Preferably they are purified to some degree, most preferably more
than 40, 50, 60, 70, 80, 90, 95 or 99% pure (before combination with the other

components of the immunogenic compositions of the invention).

Preferably the immunogenic composition of the invention comprises at least one
Neisserial adhesin and at least one Neisserial autotranporter and optionally a
Neisserial toxin, a Neisserial Fe acquisition protein or a Neisserial membrane-
associated protein (preferably integral outer membrane protein). Preferably the

antigens are selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial adhesin and at least one Neisserial toxin and optionally a Neisserial
autotranporter, a Neisserial Fe acquisition protein or a Neisserial membrane-
associated protein (preferably infegral outer membrane protein). Preferably the

antigens are selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial adhesin and at least one Neisserial Fe acquisition protein and optionally a
Neisserial toxin, a Neisserial autotransporter or a Neisserial membrane-associated
protein (preferably integral outer membranc protein). Preferably the antigens are

selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial adhesin and at least one Neisserial membrane-associated protein
(preferably integral outer membrane protein) and optionally a Neisserial toxin, a
Neisserial Fe acquisition protein or a Neisserial autotransporter. Preferably the

antigens are selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one

Neisserial autotranporter and at least one Neisserial toxin and optionally a Neisserial

13-
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adhesin, a Neisserial Fe acquisition protein or a Neisserial membrane-associated
protein (preferably integral outer membrane protein). Preferably the antigens are

selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial autotranporter and at least one Neisserial Fe acquisition protein and
optionally a Neisserial adhesin, a Neisserial toxin or a Neisserial membrane-
associated protein (preferably integral outer membrane protein). Preferably the

antigens are selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial autotranporter and at least one Neisserial membrane-associated protein
(preferably integral outer membranc protein) and optionally a Neisserial adhesin, a
Neisserial Fe acquisition protein or a Neisserial toxin. Preferably the antigens are

selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial toxin and at least one Neisserial Fe acquisition protein and optionally a
Neisserial adhesin, a Neisserial autotransporter or a Neisserial membrane-associated
protein (preferably integral outer membrane protein). Preferably the antigens are

selected from the above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial toxin and at least one Neisserial membrane-associated protein (preferably
integral outer membrane protein) and optionally a Neisserial adhesin, a Neisserial
autotransporter or a Neisserial toxin. Preferably the antigens ar selected from the

above named antigens.

Preferably the immunogenic composition of the invention comprises at least one
Neisserial Fe acquisition protein and at least one Neisscrial membrane-associated
protein (preferably integral outer membrane protein) and optionally a Neisserial
adhesin, a Neisserial autotransporter or a Neisserial toxin, Preferably the antigens are

selected from the above named antigens.
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Preferably all five groups of antigen are represented in the immunogenic composition

of the invention.

Where a protein is specifically mentioned herein, it is preferably a reference to a
native, full-length protein, and to its natural variants (i.e. to a native protein obtainable
from a Neisserial, preferably meningococcal strain) but it may also cncompass
antigenic fragments thereof (particularly in the context of subunit vaccines). These are
fragments (often specifically described herein) containing or comprising at least 10
amino acids, preferably 20 amino acids, more preferably 30 amino acids, more
preferably 40 amino acids or most preferably 50 amino acids, taken contiguously
from the amino acid sequence of the protein. In addition, antigenic fragments denotes
fragments that are immunologically reactive with antibodies generated against the
Neisserial full-length proteins or with antibodies generated by infection of a
mammalian host with Neisseria. Antigenic fragments also includes fragments that
when administered at an effective dose, elicit a protective immune response aguinst
Neisserial infection, more preferably it is protective against N. meningitidis and/or N.
gonorrhoeae infection, most preferably it is protective against N. meningitidis

serogroup B infection.

Also included in the invention are recombinant fusion proteins of Neisserial proteins
of the invention, or fragments thereof. These may combine different Neisserial
proteins or fragments thereof in the same polypeptide. Alternatively, the invention
also includes individual fusion proteins of Neisserial proteins or fragments thereof, as
a fusion protein with heferologous sequences such as a provider of T-cell epitopes or
purification tags, for example: p-galactosidase, glutathione-S-transferase, green
fluorescent proteins (GEP), epitope tags such as FLAG, myc tag, poly histidine, or
viral surface proteins such as influenza virus haemagglutinin, tetanus toxoid,
diphtheria toxoid, CRM197,

Antigens of the invention

NMB references refer to reference numbers to sequences which can be accessed from

WWww.neisseria.org.
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1. Adhesins

Adhesins include FhaB (W098/02547), NadA (J. Exp.Med (2002) 195:1445; NMB
1994), Hsf also known as NhbA (NMB 0992) (W099/31132), Hap (NMB
1985)(W099/55873), NspA (W096/29412), MafA (NMB 0652) and MafB (NMB
0643) (Annu Rev Cell Dev Biol. 16; 423-457 (2000); Nature Biotech 20; 914-921
(2002)) , Omp26 (NMB 0181), NMB 0315, NMB 0995, NMB 1119 and PilC (Mol.
Microbiol.1997, 23; 879-892). These are proteins that are involved in the binding of
Neisseria to the surface of host cells. Hsf is an example of an adhesin, as well as being
an autotranporter protein. Immunogenic compositions of the invention may therefore
include combinations of Hsl and other autotransporter proteins where Hsf contributes
in its capacity as an adhesin. These adhesins may be derived from Neisseria
meningitidis or Neisseria gonorrhoeae or other Neisserial strains. The invention also

includes other adhesins from Neisseria.

FhaB

This antigen has been described in W098/02547 SEQ ID NO 38 (nucleotides 3083~
9025) — see also NMB0497. The present inventors have found FhaB to be particularly
effectively at inducing anti-adhesive antibodies alone and in particular with other
antigens of the invention. Although full length FhaB could be used, the inventors have
found that particular C-terminal truncates are surprisingly at least as effective and
preferably even more effective in terms of cross-strain effect. Such truncates have
also been advantageously shown to be far easier to clone. FhaB truncates of the
invention typically correspond to the N-terminal two-thirds of the FhaB molecule,
preferably the new C-terminus being situated at position 1200-1600, more preferably
at position 1300-1500, and most preferably at position 1430-1440. Specific
embodiments have the C-terminus at 1433 or 1436. Accordingly such FhaB truncates
of the invention and vaccines comprising such truncates are independent aspects of
the present invention as well as being components of the combination immunogenic
compositions of the invention. The N-terminus may also be truncated by up to 10, 20,

30, 40 or 50 amino acids.
2. Autotransporter proteins

Autotransporter proteins typically arc madc up of a signal sequence, a passenger

domain and an anchoring domain for attachment to the outer membrane. Examples of
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autotransporter proteins include Hsf (W099/31132) (NMB 0992), HMW, Hia (van
Ulsen et al Immunol. Med. Microbiol. 2001 32; 53-64), Hap (NMB 1985)
(W099/55873; van Ulsen et al Immunol. Med. Microbiol. 2001 32; 53-64), UspA,
UspA2, NadA (NMB 1994) (Comanducci et al J. Exp. Med. 2002 195; 1445-1454),
AspA (Infection and hmmunity 2002, 70(8); 4447-4461; NMB 1029), Aida-1 like
protein, SSh-2 and Tsh. NadA (J. Exp.Med (2002) 195:1445) is another example of
an autotransporter proteins, as well as being an adhesin. Immunogenic compositions
of the invention may therefore include combinations of NadA and adhesins where
NadA contribules in its capacity as an autotransporter protein. These proteins may be
derived from Neisseria meningitidis or Neisseria gonorrhoeae ot other Neiserial

strians. The invention also includes other autotransporter proteins from Neisseria.

Hsf

Hsfhas a structure that is common to autotransporter proteins. For example, Hsf from
N. meningitidis strain F44/76 consists of a signal sequence made up of amino acids 1-
51, a head region at the amino terminus of the matute protein (amino acids 52-479)
that is surfacc exposed and contains variable regions (amino acids 52-106, 121-124,
191-210 and 230-234), a neck region (amino acids 480-509), a hydrophobic alpha-
helix region (amino acids 518-529) and an anchoring domain in which four

transmembrane strands span the outer membrane (amino acids 539-591).

Although full length Hsf may be used in immunogenic compositions of the invention,
various Hsf truncates and deletions may also be advantageously used depending on

the type of vaccine,

Where Hsf is used in a subunit vaccine, it is preferred that a portion of the soluble
passenger domain is used; for instance the complete domain of amino acids 52 to 479,
most preferably a conserved portion thereof, for instance the particularly
advantageous sequence of amino acids 134 to 479. Preferred forms of Hsf may be
truncated so as to delete variable regions of the protein disclosed in WO01/55182.
Preferred variants would include the deletion of one, two, three, four, or five variable
regions as defined in WO01/55182. The above sequences and those described below,
can be extended or truncated by up to 1, 3, 5,7, 10 or 15 amino acids at either or both

N or C termini.
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Preferred fragments of Hsf therefore include the entire head region of Hsf, preferably
containing amino acids 52-473. Additional preferred fragments of Hsf include surface
exposed regions of the head including one or more of the following amino acid
sequences; 52-62, 76-93, 116-134, 147-157, 157-175, 199-211, 230-252, 252-270,
284-306, 328-338, 362-391, 408-418, 430-440 and 469-479.

Where Hsf'is present in an outer membrane vesicle preparation, it may be expressed
as the full-length protein or preferably as an advantageous variant made up of a fusion
of amino acids 1-51 and 134-591(yielding a mature outer membrane protein of amino
acid sequence 134 to the C-terminus). Preferred forms of Hsf may be truncated so as
to delete variable regions of the protein disclosed in WQ01/55182, Preferred variants
would include the deletion of one, (wo, three, four, or five variable regions as defined
in WO01/55182. Preferably the first and second variable regions are deleted.
Preferred variants would delete residues from between amino acid sequence 52
through to 237 or 54 through to 237, more preferably deleting residues between amino
acid 52 through to 133 or 55 through to 133. The mature protein would lack the signal
peptide.

Hap

Computer analysis of the Hap-like protein from Neisseria meningitidis reveals at least
three structural domains. Considering the Hap-like sequence from strain H44/76 as a

reference, Domain 1, comprising amino-acid 1 to 42, encodes a sec~dependant signal

peptide characteristic of the auto-transporter family, Domain 2, comprising amino-
acids 43 to 950, encode the passenger domain likely to be surface exposed and
accessible to the immune system, Domain 3, comprising residues 951 to the C-
terminus (1457), is predicted to encode a beta-strands liksly to assemble into a barrel-
like structure and to be anchored into the outer-membrane. Since domains 2 is likely
to be surface-exposed, well conserved (more than 80% in all strain tested) and could
be produced as subunit antigens in E. coli, it represents an interesting vaccine
candidates. Since domains 2 and 3 are likely to be surface-exposed, are well
conserved (Pizza er al. (2000), Science 287: 1816-1820), they represent interesting

vaccine candidates. Domain 2 is known as the passenger domain.
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Immunogenic compositions of the invention may comprise the full-length Hap
protein, preferably incorporated into an OMV preparation. Immunogenic
compositions of the invention may also comprise the passenger domain of Hap which
in strain H44/76 is composed of amino acid residues 43-950. This fragment of Hap
would be parlicularly advantageously used in a subunit composition of the
invention.The above sequence for the passenger domain of Hap can be extended or
truncated by up to 1, 3, 5, 7, 10,15, 20, 25, or 30 amino acids at either or both N or C

termini.

3. Irom acquisition proteins

Iron aquisition proteins include ThpA (NMB 0461) (W092/03467, US5912336,
W093/06861 and EP586266), ThpB (NMB 0460) (W093/06861 and EP586266),
LbpA (NMB 1540) (Med Microbiol (1999) 32:1117), LbpB (NMB
1541)(W0/99/09176), HpuA (U73112.2) (Mol Microbiol. 1997, 23; 737-749), HpuB
(NC_003116.1) (Mol Microbiol. 1997, 23; 737-749), P2086 also known as XthA.
(NMR 0399) (13" International Pathogenic Neisseria Conference 2002), FbpA (NMB
0634), FbpB, BfrA (NMB 1207), BB (NMB 1206), Lipo28 also known as
GNA2132 (NMB 2132), Sibp (NMB 1882), HmbR, HemH, Bep (NMB 0750), Iron
(IIT) ABC transporter-permease protein (Tettelin et al Science 287; 1809-1815 2000),
Iron (1IT) ABC transporter — petiplasmic (Tettelin et al Science 287; 1809-1815 2000),
TonB-dependent receptor (NMB 0964 and NMB 0293)(Tettelin et al Science 287;
1809-1815 2000) and transferrin binding protein related protein (Tettelin et al Science
287; 1809-1815 2000). These proteins may be derived from Neisseria meningitidis,
Neisseria gonorrhoeae or other Neisserial strains. The invention also includes other

iron aquisition proteins from Neisseria.

ThpA

TbpA interacts with TbpB to form a protein complex on the outer membrane of
Neisseria, which binds transferrin. Structurally, TbpA contains an intracellular N-
terminal domain with a TonB box and plug domain, multiple transmembrane beta

strands linked by short intracellular and longer extracellular loops.
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Two families of TbpB have been distinguished, having a high molecular weight and a
low molecular weight respectively. High and low molecular weight forms of TbpB
associate with different families of ThpA which are distinguishable on the basis of
homology. Despite being of similar molecular weight, they are known as the high
molecular weight and low molecular weight families because of their association with
the high or low molecular weight form of TbhpB (Rokbi et al FEMS Microbiol. Let.
100; 51, 1993). The terms TbpA(high) and TopA(low) are used to refer to these two
forms of TbpA, and similarly for TbpB. Immunogenic compositions of the invention
may comprise TbpA and TbpB from serogroups A, B, C, Y and W-135 of N.
meningitidis as well as iron acquisition proteins from other bacteria including .
gonorrhoeae. Transferrin binding proteins TbpA and TbpB have also been referred to
as Tbp1 and Thp2 respectively (Comelissen et al Infection and Immunity 65; 822,
1997).

TbpA contains several distinet regions. For example, in the case of TbpA from N.
meningitidis strain H44/76, the amino terminal 186 amino acids form an internal
globular domain, 22 beta strands span the membrane, forming a beta barrel structure.
Thege are linked by short intracellular loops and larger extracellular loops.
Extracellular loops 2, 3 and 5 have the highest degree of sequence variability and loop

5 is surface exposed. Loops 5 and 4 are involved in ligand binding,

Preferred fragiments of TbpA include the extracellular loops of TbpA. Using the
sequence of ThpA from N. meningitidis strain H44/76, these loops correspond to
amino acids 200-202 for loop1, amino acids 226-303 for loop 2, amino acids 348-395
for loop 3, amino acids 438-471 for loop 4, amino acids 512-576 for loop 5, amino
acids 609-625 for loop 6, amino acids 661-671 for loop 7, amino acids 707-723 for
loop 8, amino acids 769-790 for loop 9, amino acids 814-844 for loop 10 and amino
acids 872-903 for loop 11. The corresponding sequences, after sequence alignment, in
other Tbp proteins would also constitute preferred fragments. Most preferred
fragments would include amino acid sequences constituting loop 2, loop 3, loop 4 or
loop S of Tbp.

‘Where the immunogenic compositions of the invention comprise TbpA, it is
preferable to include both TbpA(high) and TbpA (low).
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Although ThpA is preferably presented in an OMV vaccine, it may also be part of a
subunit vaccine. For instance, isolated iron acquisition protsins which could be
introduced into an immmunogenic composition of the invention are well known in the
art (WO00/25811). They may be expressed in a bacterial host, extracted using
dotergent (for instance 2% Elugent) and purified by affinity chromatography or using
standard column chromatography techniques well known to the art (Oakhill et al
Biochem J. 2002 364; 613-6).

‘Where TbpA is presented in an OMV vaccine, its expression can be upregulated by
genetic techiques discussed herein, or may preferably be upregulated by growth of the
parent strain under iron limitation conditions as described below, This process will
also result in the upregulation of variable iron-regulated proteins, particularly FrpB
which may become immunodominant and it is therefore advantageous to
downregulate the expression of (and preferably delete the genes encoding) such
proteins (particularly FrpB) as described below, to ensure that the immunogenic
composition of the invention elicits an immune response against antigens present in a
wide range of Neisserial strains. It is preferred to have both TbpA(high) and
TbpA(low) present in the immunogenic composition and this is preferably achieved
by combining OMVs derived from two strains, expressing the alternative forms of
ThpA.

4. Toxins

Toxins include FrpA (NMB 0585; NMB 1405), FrpA/C (see below for definition),
FrpC ( NMB 1415; NMB 1405) (W092/01460), NM-ADPRT (NMB 1343) (13®
International Pathogenic Neisseria Conference 2002 Masignani et al p135), VapD
(NMB 1753), lipopolysaccharide (LPS; also called lipooligosaccharide or LOS)
immunotype L2 and LPS immunotype L3. FrpA and FrpC contain a region which is
conserved between these two proteins and a preferred fragment of the proteins would
be a polypeptide containing this conserved fragment, preferably comprising amino
acids 227-1004 of the sequence of FrpA/C. These antigens may be derived from
Neisseria meningitidis or Neisseria gonorrhoeae or other Neisserial strains. The

invention also includes other toxins from Neisseria.
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In an alternative embodiment, toxins may include antigens involved in the regulation

of toxicity, for example OstA which functions in the synthesis of lipopolysaccharides.
FrpA and FrpC

Neisseria meningitidis encodes two RTX proteins, referred to as FrpA & FrpC
secreted upon iron limitation (Thompson et al., (1993} J. Bacteriol. 175:811-818;
Thompson et al, (1993) Infect. Immun.. 61:2906-2911). The RTX (Repeat ToXin)
protein family have in commeon a scrics of 9 amino acid repeat near their C-termini
with the consensus: Leu Xaa Gly Gly Xaa Gly (Asn/Asp) Asp Xaa.
(LXGGXGN/pDX). The repeats in E. coli HlyA are thought to be the site of Ca2+
binding, As represented in Figure 4, meningococcal FrpA and FrpC proteins, as
characterized in strain FAM20, share extensive amino-acid similarity in their central
and C-terminal regions but very limited similarity (if any) at the N-terminus.
Moreover, the region conserved between FrpA and FrpC exhibit some polymorphism
due to repetition (13 times in FrpA and 43 times in FrpC) of a 9 amino acid motif.

Immunogenic compositions of the invention may comprise the full length FrpA
and/or FrpC or preferably, a fragment comprising the sequence conserved between
FrpA and FrpC. The conserved sequence is made up of repeat unils of 9 amino acids.
Immunogenic compositions of the invention would preferably comprise more that
three repeats, more than 10 repeats, more than 13 repeats, more than 20 repeats or

more than 23 repeats.

Such truncates have advantageous properties over the full length molecules and
vaccines comprising such antigens form an independent aspect of invention as scll as

being incorporated in the immunogenic compositions of the invention.

Sequences conserved between FrpA and FrpC are designated FrpA/C and wherccver
FrpA or FrpC forms a constituent of immunogenic compositions of the invention,
FrpA/C could be advantageously used. Amino acids 277-1004 of the FrpA sequence
is the preferred conscrved region. The above sequence can be extended or truncated

byupto1,3,5,7,10, 15, 20, 25, or 30 amino acids at either or both N or C termini.
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LPS
LPS (lipopolysaccharide, also known as LOS - lipooligosaccharide) is the endotoxin
on the outer membrane of Neisseria. The polysaccharide moisty of the LPS is known

to induce bactericidal antibodies.

Heterogeneity within the oligosaccharide moiety of the LPS generates structural and
antigenic diversity among different neisserial strains (Griffiss et al. Inf. Tmmun. 1987;
55: 1792-1800). This has been used to subdivide meningococcal strains into 12
immunotypes (Scholtan et al. J Med Microbiol 1994, 41:236-243). Immunotypes L3,
L7, & L9 are immunologically identical and are structurally similar (or even the
same) and have thercfore been designated L3,7,9 (or, for the purposes of this
specification, generically as “L3”). Meningococcal LPS L3,7,9 (L3), L2 and L5 can
be modified by sialylation, or by the addition of cytidine 5-monophosphate-N-
acetylneuraminic acid. Although L2, L4 and L6 LPS are distinguishable
immunologically, they are structurally similar and where L2 is mentioned herein,
either L4 or L6 may be optionally substituted within the scope of the invention. See
M. P. Jennings ef af, Microbiology 1999, 145, 3013-3021 and Mol Microbiol 2002,
43:931-43 for further illustration of LPS structure and heterogeneity.

Where LPS, preferably meningococcal LPS, is included in a vaccine of the invention,
preferably and advantageously either or both of immunotypes L2 and L3 are present.
LPS is preferably presented in an outer mermbrane vesicle (preferably where the
vesicle is extracted with a low percentage detergent, more preferably 0-0.5%, 0.02-
0.4%, 0.04-0.3%, 0.06-0.2%, 0.08-0.15% or 0.1% , most preferably deoxycholate
[DOCY)) but may also be part of a subunit vaccine. LPS may be isolated using well
known precedure including the hot water-phenol procedure (Wesphal and Jann Meth,
Carbo. Chem. 5; 83-91 1965). See also Galanos et al. 1969, Eur J Biochem 9:245-249,
and Wu et al. 1987, Anal Bio Chem 160:281-289. LPS may be used plain or
conjugated to a source of T-cell epitopes such as tetanus toxoid, Diphtheria toxoid,
CRM-197 or OMV outer membrane proteins. Techniques for conjugating isolated
LOS are also known (see for instance EP 941738 incorporated by reforence herein).
Where LOS (in particular the LOS of the invention) is present in a bleb
formulation the LOS is preferably conjugated in situ by methods allowing the
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conjugation of LOS to one or more outer membrane proteins also present on the bleb
preparation (e.g. PorA or PorB in meningococcus).

This process can advantageously enhance the stability and/or immunogenicity
(providing T-cell help) and/or antigenicity of the LOS antigen within the bleb
formulation — thus giving T-cell help for the T-independent oligosaccharide
immunogen in its most protective conformation — as LOS in its natural environment
on the surface of meningococcal ovter membrane. In addition, conjugation of the LOS
within the bleb can result in a detoxification of the LOS (the Lipid A portion being
stably buried in the outer membrane thus being less available to cause toxcity). Thus
the detoxification methods mentioned herein of isolating blebs from htrB™ or msbB
mutants, or by adding non toxic peptide functional equivalent of polymyxin B [a
molecule with high affinity to Lipid A] to the composition (see WO 93/14115, WO
95/03327, Velucchi et al (1997) J Endotoxin Res 4: 1-12, and EP 976402 for further
details of non-toxic peptide functional equivalents of polymyxin B - particularly the
use of the peptide SAEP 2 (of sequence KTKCKFLKXC where the 2 cysteines form
disulphide bridge)) may not be required (but which may be added in combination for
additional sccurity). Thus the inventors have found that a composition comprising
blebs wherein LOS present in the blebs has been conjugated in an intra-bleb fashion
to outer membrane proteins also present in the bleb can form the hasis of a vaccine
for the treatment or prevention of discascs caused by the organism from which the
blebs have been derived, wherein such vaccine is substantially non-toxic and is
capable of inducing a T-dependent bactericidal responsc against LOS in its native
environrment.

This invention therefore further provides such an inira-bleb LOS conjugated
meningococcal bleb preparation.

Such bleb preparations may be isolated from the bacterial in question (see WO
01/09350), and then subjected to known conjugation chemistries to link groups (e.g.
NH, or COOH) on the oligosaccharide portion of LOS io groups (e.g, NHz or COOH)
on bleb outer membrane proteins. Cross-linking techniques using glutaraldehyde,
formaldehyde, or glutaraldehyde/formaldehyde mixes may be used, but it is preferred
that more selective chemistries are used such as EDAC or EDAC/NHS (J.V. Staros,
R.W. Wright and D. M. Swingle. Enhancement by N-hydroxysuccinimide of water-
soluble carbodiimide-mediated coupling reactions. Analytical chemistry 156: 220-222
(1986); and Bioconjugates Techniques. Greg T. Hermanson (1996) pp173-176). Other
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conjugation chemistries or treatments capable of creating covalent links between LOS
and protein molecules that could be used are described in EP 941738.

Preferably the bleb preparations are conjugated in the absence of capsular
polysaccharide. The blebs may be isolated from a strain which does not producc
capsular polysaccharide (naturally or via mutation as described below), or may be
purified from most and preferably all contaminating capsular polysaccharide. In this
way, the intra-bleb LOS conjugation reaction is much more efficient.

Preferably more than 10, 20, 30, 40, 50, 60, 70, 80, 90, or 95% of the LOS
present in the blebs is cross-linked/conjugated.

Intrableb conjugation should preferably incorporate 1, 2 or all 3 of the following
process steps: conjugation pH should be greater than pH 7.0, preferably greater than
or equal to pH 7.5 (most preferably under pH 9); conditions of 1-5% preferably 2-4%
most preferably around 3% sucrose should be maintained during the reaction; NaCl
should be minimised in the conjugation reaction, preferably under 0.1M, 0.05M,
0.01M, 0.005M, 0.001M, and most preferably not present at all. All these process
features make sure ihat the blebs remain stable and in solution throughout the

conjugation process.

The EDAC/NHS conjugation process is a preferred process for intra-bleb conjugation,
EDAC/NHS is preferred to formalydehyde which can cross-link to too high an extent
thus adversely affecting filterability. EDAC reacts with carboxylic acids (such as
KDO in LOS) to create an active-ester intermediate. In the presence of an amine
nucleophile (such as lysines in outer membrane proteins such as PorB), an amide
bond is formed with release of an isourea by-product. However, the efficiency of an
EDAC-mediated reaction may be increased through the formation of a Sulfo-NHS
ester intermediate. The Sulfo-NHS ester survives in aqueous solution longer than the
active cster formed from the reaction of EDAC alone with a carboxylate. Thus, higher
vields of amide bond formation may be realized using this two-stage process.
EDAC/NHS conjugation is discussed in J.V, Staros, R,W, Wright and D. M. Swingle.
Enhancement by N-hydroxysuccinimide of water-soluble carbodiimide-mediated
coupling reactions. Analytical chemistry 156: 220-222 (1986); and Bioconjugates
Techniques. Greg T. Hermanson (1996) pp173-176. Preferably 0.01-5 mg EDAC /
mg bleb is used in the reaction, more preferably 0.05-1 mg EDAC/mg bleb. The
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amount of EDAC used depends on the amont of LOS present in the sample which in
turn depends on the deoxycholate (DOC) % used to extract the blebs. At low % DOC
(e.g. 0.1%), high amounts of EDAC are used (Img/mg and beyond), however at
higher % DOC (e.g. 0.5%), lower amounts of EDAC are used (0.025-0.1mg/mg) to
avoid too much inter-bleb crosslinking,

A preferred process of the invention is therefore a process for producing intra-
bleb conmjugated LOS (preferably meningococcal) comprising the steps of conjugating
blebs in the presence of EDAC/NHS at a pH between pH 7.0 and pH 9.0 (proferably
around pH 7.5), in 1-5% (preferably around 3%) sucrose, and optionally in conditions
substantially devoid of NaCl (as described above), and isolating the conjugated blebs
from the reaction mix.

The reaction may be followed on Western separation gels of the reaction
mixture using anti-LOS (e.g. anti-L2 or anti-L3) mAbs to show the increase of LOS
molecular weight for a greater proportion of the LOS in the blebs as reaction time
goes on.

Yields of 99% blebs can be recovered using such techniques.

EDAC was found to be an excellent intra-bleb cross-linking agent in that it
cross-linked LOS to OMP sufficiently for improved LOS T-dependent
immunegenicity, but did not cross link it to such a high degree that problems such as
poor filterability, aggregation and inter-bleb cross-linking occurred. The morphology
of the blebs generated is similar to that of unconjugated blebs (by electron
microscope). In addition, the above protocol avoided an overly high cross-linking to
take place (which can decrease the immunogenicity of protective OMPs naturally

present on the surface of the bleb e.g. TbpA or Hsf).

It is preferred that the meningococcal strain from which the blebs are derived
is 2 mutant strain that cannot produce capsular polysaccharide (e.g. one of the mutant
strains described below, in particular siaD’). If is also preferred that immunogenic
compositions effective against meningococcal disease comprise both an L2 and and
L3 bleb, wherein the L2 and L3 LOS are both conjugated to bleb outer membrane
proteins. Furthermore, it is preferred that the LOS structure within the intra-bleb
conjugated bleb is consistent with it having been derived from an 1gtB” meningococcal
strain (as described below). Most preferably immunogenic compositions comprise

intrableb-conjugated blebs: derived from a mutant meningococcal strain that cannot
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produce capsular polysaccharide and is 1gtB"; comprising L2 and L3 blebs derived
from mutant meningococcal strains that cannot produce capsular polysaccharide;
comprising L2 and L3 blebs derived from mutant meningococeal strains that are 1g{B’;
or most preferably comprising L2 and L3 blebs derived from mutant meningococcal
strains that cannot produce capsular polysaccharide and are 1gtB".

Typical L3 meningococcal strain that can be used for the present invention is
H44/76 menB strain. A typical L2 strain is the B16B6 menB strain or the 39E
meningococets type C strain.

As stated above, the blebs of the invention have been detoxified to a degree by
the act of conjugation, and need not be detoxified any further, however further
detoxification methods may be used for additional security, for instance using blebs
derived from 2 meningococcal strain that is htrB™ or msbB” or adding a non-toxic
peptide functional equivalent of polymyxin B [a molecule with high affinity to Lipid
A] (preferably SEAP 2) to the bleb composition (as described abave).

In the above way meningococcal blebs and immunogenic compositions
comprising blebs are provided which have as an important antigen LOS which is
substantially non-toxic, devoid of autoimmunity problems, has a T-dependent
character, is present in its natural environment, and is capable of inducing a
bactericidal antibody response against more than 90% of meningococeal strains (in
the case of L2+L3 compositions).

Preferably intrableb LOS conjugation should incorporate 1, 2 or all 3 of the
following process steps: conjugation pH should be greater than pH 7.0, preferably
greater than or equal to pH 7.5 (most preferably under pH 9); conditions of 1-5%
preferably 2-4% most preferably around 3% sucrose should be maintained during the
reaction; NaCl should be minimised in the conjugation reaction, preferably under
0.1IM, 0.05M, 0.01M, 0.005M, 0.001M, and most preferably not present at all. All
these process features make sure that the blebs remain stable and in solution
throughout the conjugation process.

Although LOS can be conjugated within blebs to outer membrane proteins by
various techmiques and chemistries, the EDAC/NHS conjugation process is a
preferred process for intra-bleb conjugation. EDAC/NHS is preferred to
formalydehyde which can cross-link to too high an extent thus adversely affecting
filterability. EDAC reacts with carboxylic acids to create an active-ester intermediate.

In the presence of an amine nucleophile, an amide bond is formed with release of an
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isourea by-product. However, the efficiency of an EDAC-medialed reaction may be
increased through the formation of a Sulfo-NHS ester intermediate. The Sulfo-NHS
ester survives in aqueous solution longer than the active ester formed from the
reaction of EDAC alone with a carboxylate. Thus, higher yields of amide bond
formation may be realized using this two-stage process. EDAC/NHS conjugation is
discussed in J.V, Staros, R.W. Wright and D. M. Swingle. Enhancement by N-
hydroxysuccinimide of water-soluble carbodiimide-mediated coupling reactions.
Analytical chemistry 156: 220-222 (1986); and Bioconjugates Techniques. Greg T.
Hermanson (1996) pp173-176.

A preferred process of the invention is therefore a process for producing intra-
bleb conjugated LOS (preferably meningococcal) comprising the steps of conjugating
blebs in the presence of EDAC/NHS at a pH between pH 7.0 and pH 9.0 (preferably
around pH 7.5), in 1-5% (preferably around 3%) sucrose, and optionally in conditions
substantially devoid of NaCl (as described above), and isolating the conjugated blebs
from the reaction mix.

The reaction may be followed on separation gels of the reaction mixture using
anti-LOS (e.g. anti-L2 or anti-L3) mAbs to show the increase of LOS molecular
weight for a greater proportion of the LOS in the blebs as reaction time goes on.

Yields of 99% blebs can be recovered using such techniques.

EDAC was found to be an excellent intra-bleb cross-linking agent in that it cross-
linked T.OS to OMP sufficiently for improved LOS T-dependent immunogenicity, but
did not cross link it to such a high degree that problems such as poor filterability and
inter-bleb cross-linking occurred. A too high cross-linking should also avoided to
avoid any decrease in immunogenicity of protective OMPs naturally present on the
surface of the bleb e.g. TbpA.

5.Integral outer membrane proteins

Other categories of Neisserial proteins may also be candidates for inclusion in the
Neisserial vaceines of the invention and may be able to combine with other antigens
in a surprisingly effective manner. Membrane associated proteins, particularly integral
membrane proteins and most advantageously outer membrane proteins, especially
integral outer membrane proteins may be used in the compositions of the present
invention. An example of such a protein is P1dA also known as Omp1A (NMB (464)
(WO000/15801) which is a Neisserial phospholipase outer membrane protein. Further
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examples arc TspA (NMB 0341) (Infect. Immun. 1999, 67; 3533-3541) and TspB (T-
cell stimulating protein) (WO 00/03003; NMB 1548, NMB 1628 or NMB 1747).
Further cxamples include PilQ (NMB 1812) (W099/61620), OMPS5 — also known
as D15- (NMB 0182) (W000/23593), NspA. (U52066) (W096/29412), FhaC (NMB
0496 or NMB 1780), PorB (NMB 2039) (Mol. Biol. Evel. 12; 363-370, 1995), HpuB
(NC_003116.1), TdfH (NMB 1497) (Microbiology 2001, 147; 1277-1290), OstA
(NMB 0280), MItA also known as GNA33 and Lipo30 (NMB0033), HirA (NMB
0532; WO 99/55872), HimD (NMB 1302}, HisD (NMB 1581), GNA 1870 (NMB
1870), HipA (NMB 1946) , NMB 1124, NMB 1162, NMB 1220, NMB 1313, NMB
1953, HirA, TopA (NMB 0461) (W092/03467) (see also above under iron acquisition
proteins) and LbpA (NMB 1541).

OMPS5

Immunogenic compositions of the invention may comprise the full length OMPS83,
preferably as part of an OMV preparation. Fragments of OMP85 may also be used in
immunogenic compositions of the invention, in particularly, the surface exposed
domain of OMP85 made up of amino acid residues 1-475 or 50-475 is preferably
incorporated into a subunit component of the immunogenic compositions of the
invention. The above sequence for the surface exposed domain of OMP85 can be
extended or truncated by up to 1, 3, 5, 7, 10, 15, 20, 25, or 30 amino acids at either or
both N or C termini. It is preferred that the signal sequence is omilled [rom the
OMP85 fragment.

OstA

OstA finctions in the synthesis of lipopolysaccharides and may be considered to be a
regulator of toxicity. OstA may alternatively be included in the toxin category where

the toxin category is broadened to contain regulators of toxicity as well as toxins.

Immunogenic compositions

An immunogenic composition is a composition comprising at least one antigen which

is capable of generating an immune response when administered to a host. Preferably,
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such immunogenic preparations are capable of generating 3 protective immune
response against Neisserial, preferably Neisseria meningitidis or Neisseria

gonorrhoeae infection.

The invention relates to immunogenic compositions comprising at least two antigens,
which preferably elicit one or more of a synergistic bactericidal, protective, or

adhesion blocking response.

SBA bactericidal assays of the invention

Such a synergistic response may be characterised by the SBA elicited by the
combination of antigens being at least 50%, two times, three times, preferably four
times, five times, six times, seven times, eight times, nine times and most preferably
ten times higher than the SBA elicited by each antigen separately. Preferably SBA is
measured against a homologous strain from which the antigens are derived and
preferably also against a panel of heterologous strains. (See below for a representative
panel for instance BZ10 (B:2b:P1.2) belonging to the A-4 cluster; B16B6 (B:2a:P1.2)
belonging to the ET-37 complex; and H44/76 (B:15:P1.7,16)). SBA is the most
commionly agreed immunological marker to estimate the efficacy of a meningococcal
vaccine (Perkins et al. J Infect Dis. 1998, 177:683-691). Satisfactory SBA can be
acertained by any known method. SBA. can be carried out using sera obtained from

animal models (see examples 17-20), or from human subjects.

A preferred method of conducting SBA with human sera is the following. A
blood sample is taken prior to the first vaccination, two months after the second
vaccination and one month after the third vaccination (three vaccinations in one year
being a typical human primary vaccination schedule administered at, for instance, 0, 2
and 4 months, or 0, 1 and 6 months). Such human primary vaccination schedules can
be carried out on infants under 1 year old (for instance at the same time as Hib
vaccinations are carried out) or 2-4 year olds or adolescents may also be vaccinated to
test SBA with such a primary vaccination schedule. A further blood sample may be
taken 6 to 12 months after primary vaccination and one month after a booster dose, if
applicable.

SBA will be satisfactory for an antigen or bleb preparation with homologous

bactericidal activity if ome month after the third vaccine dose (of the primary
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vaccination schedule) (in 2-4 year olds or adolescents, but preferably in infants in the
first year of life) the percentage of subjects with a four-fold increase in terms of SBA
(antibody dilution) titre (compared with pre-vaccination titrc) against the strain of
meningococens from which the antigens of the invention were derived is greater than
30%, preferably greater than 40%, more preferably greater than 50%, and most
preferably greater than 60% of the subjects.

Of course an antigen or bleb preparation with heterologous bactericidal
activity can also constitute bleb preparation with homologous bactericidal activity if it
can also elicit satisfactory SBA against the meningococcal strain from which it is
derived.

SBA will be satisfactory for an antigen or bleb preparation with heterologous
bactericidal activity if one month after the third vaccine dose (of the primary
vaccination schedule) (in 2-4 year 0lds or adolescents, but preferably in infants in the
first year of life) the percentage of subjects with a four-fold increase in terms of SBA
(antibody dilution) titre (compared with pre-vaccination titre) against three
heterologous strains of meningococcus is greater than 20%, preferably greater than
30%, more preferably greater than 35%, and most preferably greater than 40% of the
subjects. Such 2 test is a good indication of whether the antigen or bleb preparation
with hetcrologous bactericidal activity can induce cross-bactericidal antibodies
against various meningococcal strains. The (hree heterologous  strains  should
preferably have different electrophoretic type (ET)-complex or multilocus sequence
typing (MLST) pattern (sec Maiden et al. PNAS USA 1998, 95:3 140-5) to each other
and preferably to the strain from which the antigen or bleb preparation with
heterologous bactericidal activity is made or derived. A skilled person will readily be
able to determine three strains with different ET-complex which reflect the genetic
diversity observed amongst meningococci, particularly amongst meningococcus type
B strains that are recognised as being the cause of significant disease burden and/or
that represent recognised MenB hyper-virulent lineages (see Maiden et al. supra). For
instance three strains that could be used are the following: BZI10 (B:2b:P1.2)
belonging lo the A-4 cluster; B16B6 (B:2a:P1.2) belonging to the ET-37 complex;
and H44/76 (B:15:P1.7,16) belonging to the ET-5 complex, or any other strains
belonging to the same ET/Cluster. Such strains may be used for testing an antigen or
bleb preparation with heterologous bactericidal activity made or derived from, for
instance, meningococcal strain CU385 (B:4:P1.15) which belongs to the ET-5
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complex. Another sample strain that could be used is from the Lineage 3 epidemic
clone (e.g. NZ124 [B:4:P1.7,4]). Another ET-37 strain is NGP165 (B:22:P1.2).
Processes for measuring SBA activity are known in the art. For instance a
method that might be used is described in WO 99/09176 in Example 10C. In general
terms, a culture of the strain to be tested is grown (proferably in conditions of iron
depletion — by addition of an iron chelator such as EDDA to the growth medium) in
the log phase of growth. This can be suspended in a medium with BSA (such as
Hanks medium with 0.3% BSA) in order to obtain a working cell suspension adjusted
to approximately 20000 CFU/ml. A series of reaction mixes can be made mixing a
series of two-fold dilutions of sera to be tosted (preferably heat-inactivated at 56°C for
30 min) [for example in a SOul/well volume] and the 20000 CFU/ml meningococcal
strain suspension to be tested [for example in a 25pl/well volume]. The reaction vials
should be incubated (e.g. 37°C for 15 minutes) and shaken (e.g. at 210 rpm). The final
reaction mixture [for example in a 100ul volume] additionally contains a complement
source [such as 25 % final volume of pretested baby rabbit serum], and is incubated as
above [e.g. 37°C for 60 min]. A sterile polystyrene U-bottom 96-well microtiter plate
can be used for this assay. A aliquot [e.g. 10 pl] can be taken from each well using a
multichannel pipette, and dropped onto Mueller-Hinton agar plates (preferably
containing 1 % Isovitalex and 1 % heat-inactivated Horse Serum) and incubated (for
example for 18 hours at 37°C in 5 % CO,). Preferably, individual colonies can be
counted up to 80 CFU per aliquot. The following three test samples can be used as
controls: buffer + bacteria + complement; buffer + bacteria + inactivated complement;
serum + bacteria + inactivated complement. SBA titers can be straightforwardly
calculated using a program which processes the data to give a measurement of the

dilution which corresponds to 50 % of cell killing by a regression calculation.

Animal protection assays

Alternatively, the synergistic response may be characteriscd by the efficacy of the
combination of antigens in an animal protection assay. For instance, the assays
described in example 12 or 13 may be used. Preferably the number of animals
protected by the combination of antigens is significantly improved compared with

using the antigens by themselves, particularly at suboptimal doses of antigen.
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A successful vaccine for the prevention of infection by N. gono may require
more than one of the following elements: generation of serum and/or mucosal
antibodies to facilitate complement mediated killing of the gonococcus, and/or to
enhance phagocytosis and microbial killing by leukocytes such as polymorphonuclear
leukocytes, and/or to prevent attachment of the gonococei to the host tissues;
induction of a cell mediated immune response may also participate to protection.

The improvement of efficacy 6f a bleb gono vaccine preparation of the
invention can be evaluated by analyzing the induced immune response for serum
and/or mcosal antibodies that have antiadherence, and/or opsonizing properties,
and/or bactericidal activity, as described by others (McChesney D ef al, Infect.
Tmmun, 36: 1006, 1982; Boslego T et al: Efficacy trial of a purified gonococcl pilus
vaccine, in Program and Abstracts of the 24th Interscience Conference on
Antimicrobial Agents and Chemotherapy, Washington, American Society for
Microbiology, 1984; Siegel M et al, J. Infect. Dis 145: 300, 1982; de la Pas,
Microbiology, 141 (Pt4): 913-20, 1995).

A mouse model of genital infection by N. gono has recently been described (Plante M,
J. Infect. Dis., 182: 848-55, 2000). The improvement of efficiency of a bleb gono
vaccine of the invention could also be evaluated by its ability to prevent or to reduce

colonization by N. gono in this mouse model of infection.
Adhesion blocking assay

Alternatively, the synergisic response may be characterised by the efficacy of the
combination of anigens in an adhesion blocking assay. For instance, the assay
described in example 11 may be used. Preferably the extent of blocking induced by
antisera raised against the combination of antigens is significantly improved

compared with using antisera raised against the antigens by themselves, particularly at

- suboptimal doses of antibody.

Subunit compositions

The immunogenic composition of the invention may be a subunit composition.
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Subunit compositions are compositions in which the components have been isolated
and purified to at least 50%, preferably at least 60%, 70%, 80%, 90% pure before

mixing the components to form the antigenic composition.

The immunogenic subunit composition of the invention preferably comprises at least
2 antigens selected from the following list: FhaB, PilC, Hsf, Hap, NadA, OMPg3,
IgA protease, AspA, passenger domain of AspA, passenger domain of Hsf, passenger
domain of Hap, FrpA, FrpC, TbpA, TbpB, LbpA, LbpB, HpuA, HpuB, TspA, TspB,
PIdA, PilQ, FhaC, NspA, and either or both of LPS immunotype 1.2 and LPS

immunotype L3.

Subunit compositions may be aqueous solutions of water soluble proteins. They may
comprise detergent, preferably non-ionic, zwitterionic or ionic detergent in order to
solubilise hydrophobic portions of the antigens. They may comprise lipids so that
liposome structures could be formed, allowing presentation of antigens with a

structure that spans a lipid membrane.

Outer membrane vesicle preparations

N. meningitidis serogroup B (menB) excretes outer membrane blebs in
sufficient quantities to allow their manufaciure on an industrial scale. An outer
membrane vesicles may also be prepared via the process of detergent extraction of the

bacterial cells (see for example EP 11243).

The immunogenic composition of the invention may also comprise an outer
membrane vesicle preparation having at least two antigens which have been
upregulated, either recombinantly or by other means including growth under iron-
depleted conditions. Examples of antigens which would be upregulated in such a
outer membrane vesicle preparation include; NspA, Hsf, Hap, OMP85, TbpA (high),
TbpA (low), LbpA, TbpB, LbpB, PilQ, AspA, TdfH, PorB, HpuB, P2086, NM-
ADPRT, MafA, MafB and PIdA. Such preparations would optionally also comprise
sither or both of T.PS immunotype L2 and LPS immunotype L3.

The manufacture of bleb preparations from Neisserial strains may be achieved by any

of the methods well known to a skilled person. Preferably the methods disclosed in
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EP 301992, US 5,597,572, EP 11243 or US 4,271,147, Frederikson et al. (NIPH
Anmals [1991], 14:67-80), Zollinger et al. (J. Clin. Invest. [1979], 63:336-848),
Saunders et al. (Infect. Immun, [1999], 67:113-119), Drabick et al. (Vaccine [2000],
18:160-172) or WO 01/09350 (Example 8) are used. In general, OMVs are extracted
with a detergent, preferably deoxycholate, and nucleic acids are optionally removed
enzymatically. Purification is achieved by ultracentrifugation optionally followed by
size exclusion chromatography. If 2 or more different blebs of the invention are
included, they may be combined in a single container to form a multivalent
preparation of the invention (although a preparation is also considered multivalent if
the different blebs of the invention are separate compositions in separate containers
which are administered at the same time [the same visit to a practitioner] to a host).
OMYV preparations are usually sterilised by filtration through a 0.2 pm filter, and are
preferably stored in a sucrose solution (e.g. 3%) which is known to stabilise the bleb

preparations.

Upregulation of proteins within outer membrane vesicle preparations may be
achieved by insertion of an extra copy of a gene into the Neisserial strain from which
the OMV preparation is derived. Alternatively, the promoter of a gene can be
exchanged for a stronger promoter in the Neisscrial strain from which the OMV
preparation is derived. Such techniques are described in WO01/09350. Upregulation
of a protein will lead to a higher level of protein being present in OMV compared to
the level of protein present in OMV derived from unmodified N. meningitidis (for
instance strain H44/76). Preferably the level will be 1.5, 2, 3,4, 5, 7, 10 or 20 times
higher.

Where LPS is intended to be an additional antigen in the OMYV, a protocol using a low
concentration of extracting detergent ( for example deoxycholate or DOC) may
preferably be used in the OMV preparation method so as to preserve high levels of
bound LPS whilst removing particularly toxic, poorly bound LPS. The concentration
of DOC used is preferably 0-0.5% DOC, 0.02-0.4% DOC, 0.04-0.3% DOC more
preferably 0.06%-0.2% DOC or 0.08-0.15% DOC most preferably around or exactly
0.1% DOC.
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“Stronger promoter sequence” refers to a regulatory control element that

increases transcription for a gene encoding antigen of interest.
“Upregulating expression” refers to any means to enhance the expression of an
antigen of interest, relative to that of the non-modified (i.e., naturally occurring) bleb.
It is understood that the amount of ‘upregulation’ will vary depending on the
particular antigen of interest but will not exceed an amount that will disrupt the
membrane integrity of the bleb. Upregulation of an antigen refers to expression that
is at least 10% higher than that of the non-modified bleb. Prefcrably it is at least 50%
higher. More preferably it is at least 100% (2 fold) higher. Most preferably it is 3, 4,
5, 7, 10, 20 fold higher. Alternatively or additionally, upregulating expression may
refer to rendering expression non-conditional on metabolic or nutritional changes,
particularly in the case of TbpA, ThpB, LbpA and LbpB. Preferably the level of
expression is assessed when blebs have been derived from bacteria grown in iron
limited conditions (for instance in the presence of an iron chelator).

Again for the purpose of clarity, the terms ‘engineering a bacterial strain to
produce less of said antigen’ or down regulation refers to any means to reduce the
expression of an antigen (or the expression of a functional gene product) of interest,
relative to that of the non-modified (i.e., naturally occurring bleb), preferably by
deletion, such that expression is at least 10% lower than that of the non-modified bleb.
Preferably it is at least 50% lower and most preferably completely absent. If the down
regulated protein is an enzyme or a functional protein, the downregulation may be
achieved by introducing one or more mutations resulling in a 10%, 20%, 50%, 80% or
preferably a 100% reduction in enzymatic or functional activity.

The engineering steps required to modulate the expression of Ncisserial
proteins can be carried out in a variety of ways known to the skilled person. For
instance, sequences (e.g. promoters or open reading frames) can be inserted, and
promoters/genes can be disrupted by the technique of transposon insertion. For
instance, for upregulating a gene’s expression, a strong promoter could be inserted via
a transposon up to 2 kb upstream of the gene’s initiation codon (more preferably 200-
600 bp upstream, most preferably approximately 400 bp upstream). Point mutation or
deletion may also be used (particularly for down-regulating expression of a gene).

Such methods, however, may be quite unstable or uncertain, and therefore it is
preferred that the engincering step is performed via a homologous recombination

event. Preferably, the event takes place between a sequence (a recombinogenic
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region) of at least 30 nucleotides on the bacterial chromosome, and a sequence (a
second recombinogenic region) of at least 30 nucleotides on a vector transformed
within the strain. Preferably the regions are 40-1000 nucleotides, more preferably
100-800 nucleotides, most preferably 500 nucleotides). These recombinogenic regions
should be sufficiently similar that they are capable of hybridising to one another under

highly stringent conditions.

Methods used to carry out the genetic modification events herein described (such as
the upregulation or downregulation of genes by recombination cvents and the
introduction of further gene scquences into a Neisserial genome) are described in
W001/09350. Typical strong promoters that may be integrated in Neisseria are pord,
porB, IgtF, Opa, pl10, Ist, and hpudB. PorA and PorB are preferred as constitutive,
strong promoters. 1t has been established that the PorB promoter aclivity is contained
in a fragment corresponding to nucleotides -1 to ~250 upstream of the initation codon

of porB.

Upregulation of expression of antigens by growth in jron limitation media

The upregulation of some antigens in an outer membrane vesicle preparation of the
invention is preferably achieved by isolating outer membrane vesicles from a parental
strain of Neisseria grown under iron limitation conditions. A low concentration of
iron in the medium will result in increased expression of proteins involved in iron
acquisition including TbpA, TbpB, LbpA, LbpB, HpuA, HpuB and P2086. The
expression of these profeins is thereby upregulated without the need for
recombinantly modifying the gene involved, for instance by inserting a stronger
promoter or inserling an additional copy of the gene. The invention would also
encompass upregulation of iron acquisition proteins by growth in iron limitation

medium where the gene has also been recombinantly modified.

Tron limitation is achieved by the addition of an iron chelator to the culture medium.
Suitable iron chelators include 2,2-Dipyridil, EDDHA (ethylenediamine-di(o-
hydraxyphenylacetic acid) and Desferal (deferoxamine mesylate, Sigma). Desferal is

the preferred iron chelator and is added to the culture medium at a concentration of
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between 10 and 1001M, preferably 25-75uM, more preferably 50-70uM, most
preferably at 60pM. The iron content of medium comes primarily from the yeast
extract and soy peptone constitucnts and the amount present may vary beiween
batches. Therefore different concentrations of Desferal may be optimal to achieve
upregulation of iron acquisition proteins in different batches of medium. The skilled
artisan should easily be able to determine the optimal concentration. In basic terms,
enough iron chelator should be added to the medium to upregulate the expression of
the desired iron-regulated protein, but not so much so as to adversely affect the

growth of the bacteria.
Preferably, upregulation of iron acquisition proteins by growth under iron limited
conditions is combined with recombinant upregulation of other antigens so that the

outer membrane vesicle of the invention is achieved.

Down regulation/Remaval of Variable and non-protective immunodominant antigens

Many surface antigens are variable among bacterial strains and as a
consequence are protective only against a limited set of closely related strains. An
aspect of this invention covers outer membrane vesicles of the invention in which the
expression of other proteins is reduced, or, preferably, gene(s) encoding variable
surface protein(s) are deleted. Such deletion results in a bacterial strain producing
blebs which, when administered in a vaccine, have a stronger potential for cross-
reactivity against various strains due to a higher influence exerted by conserved
proteins (retained on the outer membranes) on the vaccinee’s immune system.
Examples of such variable antigens in Neisseria that may be downregulated in the
bleb immunogenic compositions of the invention include PorA, PorB, Opa.

Other types of gene that could be down-regulated or swiiched off are genes
which, in vivo, can easily be switched on (expressed) or off by the bacterium. As outer
membrane proteins encoded by such genes are not always present on the bacteria, the
presence of such proteins in the bleb preparations can also be detrimental to the
effectiveness of the vaccine for the reasons stated above. A preferred example to
down-regulate or delete is Neisseria Opc protein. Anti-Opc immunity induced by an
Ope containing bleb vaccine would only have limited protective capacity as the

infecting organism could easily become Opc’.
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For example, these variable or non-protective genes may be down-regulated in
expression, or terminally switched off. This has the advantage of concentrating the
immune system on better antigens that are present in low amounts on the outer surface
of blebs. By down-regulation it is also meant that surface exposed, variable
immunodominant loops of the above outer membrane proteins may be altered or
deleted in order lo make the resulting outer membrane protein less immunodominant.

Methods for downregulation of expression are disclosed in W001/09350.
Preferred combinations of proteins to be downregulated in the bleb immunogenic
compositions of the invention include PorA and OpA; PorA and OpC; OpA and OpC;
PorA and OpA and OpC.

Four different Opa genes are known to exist in the meningococcal genome
(Aho et al. 1991 Mol. Microbiol. 5:1429-37), therefore where Opa is said to be
downregulated in expression it is meant that preferably 1, 2, 3 or (preferably) all 4
genes present in meningococcus are so downregulated. Such downregulation may be
performed genetically as described in WO 01/09350 or by secking readily-found,
natural, stable meningococcal strains that have no or low expression from the Opa
loci. Such strains can be found using the technique described in Poolman et al (1985
J. Med. Micro, 19:203-209) where cells that are Opa’ have a different phenotype to
cells expressing Opa which can be seen looking at the appearance of the cells on
plates or under a microscope. Once found, the strain can be shown to bo stably Opa’
by performing a Western blot on cell contents after a fermentation run to establish the
lack of Opa.

Where upregulation of some antigens in the outer membranc vesicle is
achieved by growth under iron limitation conditions, the variable protein FrpB
(Microbiology 142; 3269-3274, (1996); J. Bacteriol. 181; 2895-2901 (1999)) will also
be upregulated. The inventors have found that it is advantageous to downregulate
expression of FrpB under these circumstances by downregulating expression of the
entire protein as desctibed in WO01/09350 or by deleting variable region(s) of FrpB.
This will ensure that the immune response clicited by the immunogenic composition
is directed towards antigens that are present in a wide range of strains. Down
regulation of FrpB is preferably combined with down regulation of PorA and OpA;
ParA and OpC; OpA and OpC; PorA and OpA and OpC in the bleb immunogenic

compositions of the invention.
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In an alterpative embodiment of the invention, FrpB is downregulated in outer
membrane vesicles which have been prepared from Neisseria strains not grown under

iron limitation conditions.

Detoxification of LPS

The blebs in the immunogenic compositions of the invention may be detoxified via
methods for detoxification of LPS which are disclosed in WO001/09350. In particular
methods for detoxification of LPS of the invention involve the
downrcgulation/deletion of htrB and/or msbB enzymes which are disclosed in
‘W001/09350. The msbB and htrB genes of Neisseria are also called IpxL1 and lpxL2
, respectively (WO 00/26384) and deletion mutationsof thesc genes are characterised
pnenoltypically by the msbB- mutant LOS losing one secondary acyl chain), and the
htrB- mutain LOS losing both secondary acyl chains. W093/14155 and WO 95/03327
describe nontoxix peptide functional equivalents of polymycin B that may be used in

compositions of the invention.

Such methods are preferably combined with methods of bleb extraction involving
low levels of DOC, preferably 0-0.3% DOC, more preferably 0.05%-0.2% DOC,
most preferably around or exactly 0.1% DOC.

Further methods of LPS detoxification include adding to the bleb preparations a non-
toxic peptide functional equivalent of polymyxin B (preferably SAEP 2) as described
above,

Cross-reactive polysaccharides
The isolation of bacterial outer-membrane blebs from encapsulated Gram-

negative bacteria often results in the co-purification of capsular polysaccharide. In
some cases, this “contaminant” material may prove useful since polysaccharide may
enhance the immune response conferred by other bleb components. In other cases
howcever, the presence of contaminating polysaccharide material in bacterial bleb
preparations may prove detrimental to the use of the blebs in a vaccine, For instance,
it has been shown at lcast in the case of N. meningitidis that the serogroup B capsular
polysaccharide does not confor protective immunity and is susceptible to induce an
adverse auto-immune response in humans. Consequently, outer membrane vesicles of
the invention may be isolated from a bacterial strain for bleb production, which has

been engineered such that it is free of capsular polysaccharide. The blebs will then be
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suitable for use in humans. A particularly preferred example of such a bleb
proparation is ome from N. meningitidis Setogroup B devoid of capsular
polysaccharide.

This may be achieved by using modified bleb production strains in which the
genes necessary for capsular biosynthesis and/or export have been impaired.
Tnactivation of the gene coding for capsular polysaccharide biosynthesis or export can
be achieved by mutating (point mutation, deletion or insertion) either the control
region, the coding region or both (preferably using the homologous recombination
techniques described above), or by any other way of decreasing the enzymatic
fanction of such genes. Moreover, inactivation of capsular biosynthesis genes may
also be achieved by antisense over-expression or transposon mutagenesis. A preferred
method is the deletion of some or all of the Neisseria meningitidis cps genes required
for polysaccharide biosynthesis and export. For this purpose, the replacement plasmid
pMF121 (described in Frosh et al.1990, Mol. Microbiol. 4:1215-1218) can be used to
deliver a mutation deleting the ¢psCAD (+ galE) gene cluster.

The safety of antibodies raised to L3 or L2 LPS has been questioned, due to the
presence of a structure similar to the lacto-N-neotetraose oligosaccharide group
(Galp1-4GIcNAcp1-3Galp1-4GlcB1- ) present in human glycosphingolipids. Even if
a large mumber of people has been safely vaccinated with deoxycholate extracted
vesicle vaccines containing residual amount of 1.3 LPS (G. Bjune ef af, Lancet (1991),
338, 1093-1096; GVG. Sietra et a, NIPH amn (1991), 14, 195-210), the deletion of
the terminal part of the LOS saccharidic is advantageous in preventing any cross-
reaction with structures present at the surface of human tissues. Tn a preferred
embodiment, inactivation of the /gtB gee results in an intermediate LPS structurc in
which the terminal galactose residue and the sialic acid are absent ( the mutation
leaves a 4GleNAcP1-3Galpl-4Glefl- structure in L2 and L3 LOS). Such
intermediates could be obtained in an L3 and an L2 LPS strain. An aliernative and
less preferred (short) version of the LPS can be obtained by turning off the /gtF gene.
A further altemative and less preferred version of the LPS can be obtained by turning
off the 1gtA geme. If such an lgtA” mutation is selected it is preferred to also turn off

1gtC expression to prevent the non-immunogenic L1 immunotype being formed.
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LgtB" mutants are most preferred as the inventors have found that this is the
optimal truncation for resolving the safety issue whilst still retaining an LPS
protective oligosaccharide epitope that can still induce a bactericidal antibody
response.

Therefore, immunogenic compositions of the invention further comprising L2
or L3 preparations (whether purified or in an isolated bleb) or meningococcal bleb
preparations in general are advantageously derived from a Neisserial strain
(preferably meningococcal) that has been genctic engineered to permanently
downregulate the expression of finctional gene product from the 1giB, 1gtA or 1gtE
gene, preferably by switching the gene off, most preferably by deleting all or part of
the promoter and/or open-reading frame of the gene.

Where the above immunogenic compositions of the invention are derived from
a meningococcus B strain, it is further preferred that the capsular polysaccharide
(which also contains human-like saccharide structures) is also removed. Although
many genes could be switched off to achieve this, the inventors have advantageously
shown that it is prefored that the bleb production strain has been genetically
engineered to permancntly downregulate the expression of functional gene product
from the siaD gene (ic. downregulating o-2-8 polysialyltransferase activity),
preferably by switching the gene off, most preferably by deleting all or part of the
promoter and/or open-reading frame of the gene. Such an inactivation is described in
WO 01/09350. The siaD (also known as synD) mutation is the most advantageous of
many mutations that can result in removing the human-similar epitope from the
capsular polysaccharide, because it one of the only mutations that has no effect on the
biosynthesis of the protective epitopes of LOS, thus being advantageous in a process
which aims at ultimately using LOS as a protective antigen, and has a minimal effect
on the growth of the bacterium. A preferred aspect of the invention is therefore a bleb
immunogenic preparation as described above which is derived from an IgtE" siaD™, an
1gtA” siaD" or, preferably, an 1gtB” siaD” meningococcus B mutant strain. The strain
itselfis a further aspect of the invention.

Although siaD” mutation is preferable for the above reasons, other mutations
which switch off meningococcus B capsular polysaccharide synthesis may be used.
Thus bleb production strain can be genetically engineered to permanently

downregulate the expression of functional gene product from one or more of the
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following genes: ctrA, cttB, ctrC, cttD, synA (equivalent to synX and siad), synB
(equivalent to siaB) or synC (equivalent to siaC) genes, preferably by switching the
gene off, most preferably by deleting all or part of the promoter and/or open-reading
frame of the gene. The 1gtE” mutation may be combined with one or more of these
mutations. Preferably the IgtB™ mutation is combined with one or more of these
mufations. A further aspect of the invention is therefore a bleb immunogenic
preparation as described above which is detived from such a combined mutant strain
of meningococcus B. The strain itself is a further aspect of the invention.

A Neisserial locus containing various Jg¢ genes, including 1gtB and IgtE, and
its sequence is known in the art (see M. P. Jennings et al, Microbiology 1999, 145,
3013-3021 and references cited therein, and J. Exp. Med. 180:2181-2190 [1994]).

Where full-length (non-truncated) LOS is to be used in the final product, it is
desirable for LOS not to be sialyated (as such LOS generates an immune response
against the most dangerous, invasive meningococcal B strains which are also
unsialylated). In such case using a capsule negative strain which has a deleted synA
(equivalent to synX and siaA), synB (equivalent to siaB) or synC (equivalent to siaC)
gene is advantageous, as such a mutation also renders menB LOS incapable of being

sialylated.

In bleb preparations, particularly in preparations extracted with low DOC
concentrations LPS may be used as an antigen in the immunogenic composition of the
invention. It is however advantageous to downregulate/delete/inactivate enzymatic
function of either the 1gtE, 1gtA (particularly in combination with 1gtC), o, preferably,
IgtB genes/gene products in order to remove human like lacto-N-neotetraose
structures. The Neisserial locus (and sequence thereof) comprising the lgt genes for
the biosynthesis of LPS oligosaccharide siructure is known in the art (Jennings et al
Microbiology 1999 145; 3013-3021 and references cited therein, and J. Exp. Med.
180:2181-2190 [1994]). Downregulation/deletion of 1gtB (or functional gene product)
is preferred since it leaves the LPS protective epitope intact.

In N. meningitidis serogroup B bleb preparations of the invention, the
downregulation/deletion of both siaD and IgtB is preferred, (although a combination
of IgtB” with any of ctrA’, ctrB’, ctrC’, ctrD’, synA” (equivalent to synX and siad’),
synB’ (equivalent to siaB’) or synC" (cquivalent to siaC’) in a meningococcus B bleb
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production strain may also be used) leading to 2 bleb preparation with optimal safety
and LPS protective epitope retention.

A further aspect of the invention is therefore a bleb immunogenic preparation
as described above which is derived from such a combined mutant strain of

meningococeus B, The strain itself is a further aspect of the invention.

TImmunogenic composition of the invention may comprise at least, one, two, three,
four or five different outer membrane vesicle preparations. Where two or more OMV
preparations are included, at least one antigen of the invention is upregulated in each
OMYV. Such OMV preparations may be derived from Neisserial strains of the same
species and serogroup or preferably from Neisserial strains of different class,
scrogroup, serotype, subserotype or immunotype. For example, an immunogenic
composition may comptise one or more outer membrane vesicle preparation(s) which
contains LPS of immunotype L2 and one or more outer membrane vesicle preparation
which contains LPS of immunotype L3. .2 or L3 OMV preparations are preferably
derived from a stable strain which has minimal phase variability in the LPS

oligosaccharide synthesis gene locus.

Quter membrane vesicles combined with subunit compositions

The immunogenic compositions of the invention may also comprisc both a subunit
composition and an outer membrane vesicle, There are several antigens that are
particularly suitable for inclusion in a subunit composition due to their solubility.
Examples of such proteins include; FhaB, NspA, passenger domain of Hsf, passenger
domain of Hap, passenger domain of AspA, AspA, OMPS8S, FrpA, FrpC, TbpB,
LbpB, PilQ. The outer membrane vesicle preparation would have at least one different
antigen selected from the following list which has been recombinantly upregulated in
the outer membrane vesicle: NspA, Hsf, Hap, OMP8S5, TbpA (high), TbpA (low),
LbpA, TbpB, LbpB, NadA, TspA, TspB, PilC, PilQ, TdfH, PorB, HpuB, P2086, NM-
ADPRT, MafA, MafB and P1dA; and optionally comprise either or both of LPS
immunotype L2 and LPS immunotype L3.
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Snecific immunogenic compositions of the invention

In the specific combinations listed below, where combinations of antigens are present

in a bleb, such combinations of antigens should be uprcgulated as descibed above.

A particularly preferred embodiment of the invention comprises an autotransporter
prolein and an iron acquisition protein, more preferably Hsf and ThpA (high) and/or
TbpA (low). Such immunogenic compositions may more preferably further comprise
at least one of OMP 85, FrpA, FipC, LbpA, LbpB, Lipo28, Sibp, NMB0964,
NMB0293, TspA, NadA, TspB, PilQ, FhaC, NspA, P1dA, HimD, HisD, GNA1870,
OspA, HlpA, FhaB, PilC, Omp26, NMB0315, NMB0995, NMB1119, TdfH, PorB,
HpuB, P2086, NM-ADPRT, VapD and Hap. All the above immunogenic
compositions may further comprise either or both of LPS immunotype L2 and LPS

immunotype L3.

A further preferred embodiment of the invention comprises Hsf and at least one
further antigen selected form the group consisting of FrpA, FrpC,NM-ADPRT, VapD,
LbpB, LbpA, TbpB, TbpA, P2086, HpuA, HpuB, Lipo28, Sibp, Hap, AspA, IgA
protease, OMP8S5, NspA, PilQ, HimD, HisD, GNA1870, OspA, HIpA, FhaC, NadA,
PIdA, TspA, TspB, TdfH, PorB and FhaB. All the above immunogenic compositions
may further comprise either or both of LPS immunotype L2 and LPS immunotype L3.
Preferred combinations comprise Hsf and OMP8S5 (optionally with one or more of
Hap, FrpA or LbpB); Hsf and Hap(optionally with one or more of FrpA, LbpB or
OMP85); Hsf and FipA. (optionally with one or more of Hap, LbpB or OMP85); Hsf
and LbpB (optionally with one or more of Hap, OMP85 or TrpA). In as much as Hsf
is an adhesin and an autotransporter protein, a particularly preferred combination
comprises Hsf, OMP85, TbpA, LPS immunotype L2 and/or L3, preferably in a
mullivalent bleb preparation, which has members of all five groups of antigens
represented. Preferably both TbpA(low) and TbpA(high) are present.

A further immunogenic composition of the invention comprises FhaB and at least one
further antigen selected from the group consisting of FrpA, FrpC, NM-ADPRT,
VapD, LbpB, LbpA, ThpB, HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964,
NMB0293, TdfH, PorB, PIdA, Hap, IgA protease, AspA, PilQ, HimD, HisD,
GNAI870, OspA, HipA, OMP85, NspA, PilC, Omp26, NMB0315, NMB(995,
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NMB1119, NadA, PIdA, TbpA, Hsf, TspA and TspB, and either or both of LPS
immunotype L2 and LPS immunotype L3. Preferred combinations comprise FhaB
and Hsf (optionally with one or more of OMP85, LbpB, Hap or FipA); FhaB and
OMPS5 (optionally with one or more of LbpB, Hap or FrpA); FhaB and LbpB
(optionally with one or more of Hap or FrpA); FhaB and Hap (optionally with FrpA).
A prefered combination comprises FhaB, LbpB, st (as an OMP) and FrpA which

has members of all five groups of antigen represented.

A further immunogenic composition of the invention comprises NspA and at least one
further antigen selected from the group consisting of FrpA, FipC, NM-ADPRT,
VapD, LbpB, LbpA, TbpB, TbpA, HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964,
NMB0293, Hap, OMP8S, PilQ, AspA, IgA protease, NadA, PldA, Hsf, Hap, TspA,
TspB, TdfH, PorB, and either or both of LPS immunotype L2 and LPS immunotype
L3. Preferred combinations comprise NspA and Hsf (optionally with one or more of
OMPS5, Hap, LbpA or TbpA); NspA and OMP85 (optionally with one or more of
Hap, LbpA or TopA); NspA and Hap (optionally with one or more of LbpA or
ThpA); NspA and LbpA (optionally with TopA). A particularly preferred
combination comprises NspA, Hsf, TbpA, LPS immunotype L2 and/or L3, preferably
in a multivalent bleb preparation, which has members of all five groups of antigens

represented. Preferably both TbpA(low) and TbpAchigh) are present.

Tmmunogenic compositins with individualised combinatins of antigens disclosed in
WO 00/25811 are not claimed in this invention. Preferably, immunogenic
compositions or vaccines ate not covered by the present invention if they have an
antfigen content consisting solely of transferrin binding protein and NspA (or in the
case of a bleb vaccine, have an upregulated or enriched antigen content consisting
solcly of transferrin binding protein and NspA), however specific combinations of
antigens (or upregulated antigens) consisting of or including NspA as well as both
TopA(high) and TbpA (low) may be included. Optionally, compositions or vaccines
comprising a combination (subunit) or upregulation (bleb) of transferrin binding

protein and NspA are not claimed.

A further immunogenic composition of the invention comprises NadA and at least one

further antigen selected from the group consisting of FrpA, FrpC, NM-ADPRT,
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VapD, LbpB, LbpA, TbpB, ThpA, P2086, Lipo28, Sibp, NMB0964, NMB0293, Hap,
OMPS5, NspA, PilQ, HimD, HisD, GNA1870, OspA, HipA, HpuA, HpuB, AspA,
IgA protease, PIdA, Hsf, TspA, TspB, TdffI, PorB, and either or both of LPS
immunotype L2 and LPS immunotype L3.

A further immunogenic composition of the invention comprises TbpA (low) and at
least one further antigen selected from the group consisting of FrpA, FrpC, NM-
ADPRT, VapD, LbpB, LbpA, TbpB, IgA protease, NspA, HpuA, HpuB, Hap,
OMPSS5, NspA (when further combined with TbpA(high)), PilQ, HimD, HisD,
GNA1870, OspA, HipA, PilC, , Omp26, NMB0315, NMB0995, NMB1119, MafA,
MafB, AspA, NadA, PldA, Hsf, TspA, TspB, TdfH, PorB and FhaB, and either or
both of LPS immunotype L2 and LPS immunotype L3. Preferred combinations
comprise TbpA(low) and Hsf and LbpA; TbpA(low) and OMP85 (optionally with
either or both of LbpA and Hap); TopA(low) and LbpA and Hap.

A further immunogenic composition of the invention comprises TopA (high) and at
least onc further antigen selected from the group consisting of FipA, FrpC, NM-
ADPRT, VapD, LbpB, LbpA, TbpB, Hap, OMP85, NspA (when further combined
with TbpA(low)), PilC, Omp26, NMB0315, NMB0995, NMBI119, PilQ, HimD,
HisD, GNA1870, OspA, HipA, MafA, MafB, AspA, IgA protease, PidA, FhaB,
NadA, P1dA, Hsf, TspA, TspB, TdfH, PorB and FhaB, and either or both of LPS
immunotype L2 and LPS immunotype L3. Preferred combinations comprisc
TbpA(high) and Hsf and LbpA; TbpA(high) and OMP85 (optionally with either or
both of LbpA and Hap); TbpA(high) and LbpA and Hap.

A further immunogenic composition of the invention comprises LbpA and at least one
further antigen selected from the group consisting of FrpA, FrpC, NM-ADPRT,
VapD, LbpB, ThpB, Hap, OMPS8S, NspA, PilC, Omp26, NMB0315, NMB0995,
NMB1119, NadA, PIdA, TbpA, Hsf, TspA, TspB, MafA, MafB, IgA protease, AspA,
FhaB, PilQ, HimD, HisD, GNA1870, OspA, HIpA, TdfH, PorB and FhaB and either
or both of LPS immunotype L2 and LPS immunotype L3. Preferred combinations
comprise LbpA and Hsf (optionally with Hap).
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A further immunogenic composition of the invention comprises LbpB and at least one
further antigen selected from the group consisting of FipA, FrpC, NM-ADPRT,
VapD, LbpA, TbpB, Hup, OMP85, NspA, PilC, , Omp26, NMB0315, NMB0995,
NMB1119, NadA, PIdA, TbpA, Hsf, TspA, TspB, MafA, MafB, IgA protease, AspA,
FhaB, PilQ, HimD, HisD, GNA1870, OspA, HIpA, TdfH, PorB and FhaB, and either
or both of LPS immunotype 1.2 and LPS immunotype L3. Preferred combinations
comprise LbpB and Hsf (optionally with one or more of OMP8S5, Hap or FrpA); LbpB
and OMP85 (optionally with one or more of Hap or FrpA); LbpB and Hap (optionally
with FrpA).

A further immunogenic composition of the invention comprises OMP85 and at least
one further antigen selected from the group consisting of FrpA, FrpC, NM-ADPRT,
VapD, LbpB, LbpA, TbpB, TbpA, HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964,
NMB0293, Hap, IgA protease, AspA, Hsf, NspA, PilC, , Omp26, NMBO0315,
NMB0995, NMB1119, MafA, MafB, NadA, PIdA, Hsf, TspA, TspB, PilQ, Tdfl1,
PorB and FhaB, and either or both of LPS immunotype L2 and LPS immunotype L3.
Preferred combinations comprise OMP8S and Hsf (optionally with either or both of
LbpA or NspA); OMPS5 and LbpA (optionally with either or both of Hap and NspA);
OMP85 and Hap (optionally with NspA).

A further immunogenic composition of the invention comprises Hap and at least one
firther antigen selected from the group consisting of FrpA, FrpC, NM-ADPRT,
VapD, LbpB, LbpA, TopB, TbpA, HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964,
NMB0293, PilQ, HimD, HisD, GNA1870, OspA, HIpA, NspA, IgA protease, AspA,
OMPSS, NspA, PIIC, Omp26, NMB0315, NMB0995, NMB1119, MafA, MaiB,
NadA, PldA, Hsf, TspA, TspB, TdfH, PorB and FhaB, and either or both of LPS
immunotype L2 and LPS immunotype L3.

A further immunogenic composition of the invention comprises FrpA and at least one
further antigen selected from the group consisting of LbpB, LbpA, TbpA, TbpB,
HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964, NMB0293, PilQ, HimD, HisD,
GNA1870, OspA, HipA, TspA, TspB, Hap, IgA protease, AspA, NadA, FhaB, PilQ,
HimD, HisD, GNA1870, OspA, HlpA, OMP8S5, NspA, PilC, Omp26, NMB0315,
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NMB0995, NMB1119, MafA, MafB, PIdA, Hsf, TspA, TspB, TdfH, PorB and FhaB,
and either or both of LPS immunotype L2 and LPS immunotype L3.

A further immunogenic composition of the invention comprises FrpC and at least one
further antigen selected from the group consisting of LbpB, LbpA, ThpA, TbpB,
HpuA, HpuB, P2086, Lipo28, Sibp, NMB0964, NMB0293, PilQ, HimD, HisD,
GNAI1870, OspA, HipA, TspA, TspB, Hap, IzA protease, AspA, NadA, FhaB,
OMP85, NspA, PilC, Omp26, NMB0315, NMB0995, NMB1119, MafA, MafB, PIdA,
Hsf, TspA, TspB, Td{H, PorB and FhaB, and either or both of LPS immunotype 1.2
and LPS immunotype L3.

A further immunogenic composition of the invention comprises either or both of LPS
immunotype L2 and LPS immunotype L3 and at least one further antigen selected
from the group consisting of LbpB, LbpA, ThpA, ThpB, HpuA, HpuB, P2086,
Lipo28, Sibp, NMB0964, NMB0293, PilQ, HimD, HisD, GNA1870, OspA, HipA,
TspA, TspB, Hap, IgA protease, AspA, NadA, FhaB, OMP8S5, NspA, PilC, Omp26,
NMB0315, NMB0995, NMB1119, MafA, MafB, P1dA, Hsf, TspA, TspB, TdfH,
PorB and FhaB.

Preferred combinations of antigens in an immunogenic composition of the invention
include combinations comprising an iron acquisition protein, an autotransporter
protein and FhaB; an iron acquisition protein, an autotransporter protein and PilC; an
iron acquisition protein, an autotransporter protein and NadA; an iron acquisition
protein, an autotransporter protein and FrpA; an iron acquisition protein, an
autotransporter protein and PilQ; an iron acquisition protein, an autotransporter
protein and TspA; an iron acquisition protein, an autotransporter protein and TspB; an
iron acquisition protein, an autotransporter protein and NspA; an iron acquisition
protein, an autotransporter protein and FrpC; more preferably comprising an iron
acquisition protein, an autotransporter protein and Hap; an iron acquisition protein, an
autotransporter protein and FrpA/C; an iron acquisition protein, an autotransporter
protein and LbpB; an iron acquisition protein, an autotransporter protein and OMP85
(D15). Most preferably, OMP85 (D15) would be incorporated as part of an outer

membrane vesicle preparation.
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Tmmunogenic compositions of the invention which contain LPS will preferably have
the LPS conjugated to a source of T-helper epitopes, preferably proteins, and in the
case of LPS in OMVs, preferably outer membrane proteins. A particularly preferred
embodiment contains LPS which have been (preferably intra-bleb) conjugated to
OMP in situ in the outer membrane vesicle preparation (for instance as described

above).

The immunogenic compositions of the invention may comprise antigens (proteins,
LPS and polysaccharides) derived from Neisseria meningitidis serogroups A, B, C, Y,

'W-135 or Neisseria gonorrhoeae.

Preferably the immunogenic compositions or vaccines of the invention do not consist
of and/or comprise the particular combinations of SEQ IDs listed in the table
spanming from page 3, line 18 to page 52, line 2 of WO 00/71725 and/or any
individual combination described in the examples 1-11 of WO 00/71725.

Preferably, any individualised combinations disclosed in WO 01/52885 are not

claimed in this invention.

Further combinations

The immunogenic composition of the invention may further comprise bacterial
capsular polysaccharides or oligosaccharides. The capsular polysaccharides or
oligosaccharides may be derived from one or more of: Neisseria meningitidis
serogroup A, C, Y, and/or W-135, Haemophilus influenzae b, Streptococcus
pneumoniae, Group A Streptococci, Group B Streptococei, Staphylococcus aureus

and Staphylococcus epidermidis.

A further aspect of the invention are vaccine combinations comprising the
antigenic composition of the invention with other antigens which are advantageously
used against cerlain disease states including those associated with viral or Gram
positive bacteria,

In one preferred combination, the antigenic compositions of the invention are

formulated with 1, 2, 3 or preferably all 4 of the following meningococcal capsular
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polysaccharides or oligosaccharides which may be plain or conjugated fo a protein
carrier: A, C, Y or W-135. Preferably the immunogenic compositions of the invention
are formulated with A and C; or C; or C and Y. Such a vaccine containing proteins
from N. meningitidis, preferably setogroup B may be advantageously used as a global
meningococcus vaceine.

In a further preferred embodiment, the antigenic compositions of the
invention, preferably formulated with 1, 2, 3 or all 4 of the plain or conjugated
meningococcal capsular polysaccharides or oligosaccharides A, C, Y or W-135 (as
described above), are formulated with a conjugated H. influenzae b capsular
polysaccharide or oligosaccharides, and/or one or more plain or conjugated
pneumococcal capsular polysaccharides or oligosaccharides, Optionally, the vaccine
may also comprise one or more protein antigens that can protect a host against
Streptococcus preumoniage infection. Such a vaccine may be advantageously used as a
global meningitis vaccine.

In a still farther preferred embodiment, the immunogenic composition of the
invention is formulated with capsular polysaccharides or oligosaccharides derived
from one or more of Neisseria meningitidis, Haemophilus influenzae b, Streptococcus
pneumoniae, Group A Streptococci, Group B Streptogocci, Staphylococcus aureus or
Staphylococcus epidermidis. The pneumococcal capsular polysaccharide antigens are
preferably selected from serotypes 1, 2, 3,4, 5, 6B, 7F, 8, 9N, 9V, 10A, 11A, 12F, 14,
15B, 17F, 18C, 194, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3,
4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F). A further preferred embodiment would
contain the PRP capsular polysaccharides of Haemophilus influenzae. A further
preferred embodiment would contain the Type 5, Type 8 or 336 capsular
polysaccharides of Staphylococcus aureus. A further preferred embodiment would
contain the Type I, Type II or Type III capsular polysaccharides of Staphylococcus
epidermidis. A farther preferred embodiment would contain the Type Ia, Type Ic,
Type I or Type III capsular polysaccharides of Group B streptocoocus. A further
preferred embodiment would contain the capsular polysaccharides of Group A
streptococcus, preferably further comprising at least one M protein and more
preferably multiple types of M protein.

Such capsular polysaccharides of the invention may be unconjugated or
conjugated to a carrier protein such as tetatus toxoid, tetanus toxoid fragment C,
diphtheria toxoid, CRMI197, pneumolysin, Protein D (US6342224). The
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polysaccharide conjugate may be prepared by any known coupling technique. For
examuple the polysaccharide can be coupled via a thioether linkage. This conjugation
method relies on activation of the polysaccharide with 1-cyano-4-dimethylamino
pyridinium tetrafluoroborate (CDAP) to form a cyanate ester. The activated
polysaccharide may thus be coupled directly or via a spacer group to an amino group
on the carrier protein. Preferably, the cyanate cster is coupled with hexane diamine
and the amino-derivatised polysaccharide is conjugated to the carrier protein using
heteroligation chemistry involving the formation of the thioether linkage. Such
conjugates are desctibed in PCT published application W093/15760 Uniformed
Services University.

The conjugates can also be prepared by direct reductive amination methods as
described in US 4365170 (Jennings) and US 4673574 (Anderson). Other methods are
described in EP-0-161-188, EP-208375 and EP-0-477508. A further method involves
the coupling of a cyanogen bromide activated polysaccharide derivatised with adipic
acid hydrazide (ADH) to the protein cartier by Carbodiimide condensation (Chu C. et
al Infect. Immunity, 1983 245 256). Where oligosaccharides are included, it is
preferred that they be conjugated.

Proferred pneumococcal proteins antigens are those pneumococcal proteins
which are exposed on the outer surface of the pneumococcus (capable of being
rccognised by a host’s immune system during at least part of the life cycle of the
prneumococcus), or are proteins which are secreted or released by the pneumococcus.
Most preferably, the protein is a toxin, adhesin, 2-component signal tranducer, or
lipoprotein of Streptococcus preumoniae, or fragments thereof. Particularly preferred
proteins include, but are not limited to: pneumolysin (preferably detoxified by
chemical treatment or mutation) [Mitchell et a/. Nucleic Acids Res. 1990 Jul 11;
18(13): 4010 "Comparison of pneumolysin gencs and proteins from Streptococcus
pneumoniae types 1 and 2.", Mitchell et al. Biochim Biophys Acta 1989 Jan 23;
1007(L): 67-72 "Expression of the pncumolysin gene in Escherichia coli: rapid
purification and biological properties.”, WO 96/05859 (A. Cyanamid), WO 90/06951
(Paton et al), WO 99/03884 (NAVA)]; PspA and transmembrane deletion variants
thereof (US 5804193 - Briles et al.); PspC and transmembrane deletion variants
thereof (WO 97/09994 - Briles et al); PsaA and transmembrane deletion variants
thereof (Berry & Paton, Infect Immun 1996 Dec;64(12):5255-62 "Sequence

-52-




10

25

30

WO 2004/014418 PCT/EP2003/008571

49

heterogencity of PsaA, a 37-kilodalton putative adhesin essential for virulence of
Streptococcus  preumoniae"); pneumococcal  choline binding  proteins and
transmembranc deletion variants thereof; CbpA and transmembrane deletion variants
thereof (WO 97/41151; WO  99/51266); Glyceraldchyde—3-phosphate  —
dehydrogenase (Infect. Immun. 1996 64:3544); HSP70 (WO 96/40928); PcpA
(Sanchez-Beato et al. FEMS Microbiol Lett 1998, 164:207-14); M like protein, (EP
0837130) and adhesin 18627, (EP 0834568). Further preforred pneumococcal protein
antigens are those disclosed in WO 98/18931, particularly those selected in WO
98/18930 and PCT/US99/30390.

The immunogenic composition/vaccine of the invention may also optionally comprise
outer membrane vesicle preparations made from other Gram negative bacteria, for

example Moraxella catarrhalis or Haemophilus influenzae.

Moraxella catarrhalis bleb preparations

Tmmunogenic compositions of the invention may further comprise OMV
preparations derived from Moraxella catarrhalis. Engineered OMV preparations can
be derived from Moraxella catarrhalis as described in WO001/09350. One or more of
the following genes (encoding protective antigens) are preferred for upregulation:
OMP106 (WO 97/41731 & WO 96/34960), HasR (PCT/EP99/03824), PilQ
(PCT/EP99/03823), OMP85 (PCT/EP00/01468), Tipo06 (GB 9917977.2), lipo10 (GB
9918208.1), lipol1 (GB 9918302.2), lipo18 (GB 9918038.2), P6 (PCT/EP99/03038),
ompCD, CopB (Helminen ME, et al (1993) Tnfect. Immun. 61:2003-2010), D15
(PCT/EP99/03822), OmplAl (PCT/EP99/06781), Hly3 (PCT/EP99/03257), LbpA
and LbpB (WO 98/55606), TbpA and TbpB (WO 97/13785 & WO 97/32980), OmpE,
UspAl and UspA2 (WO 93/03761), and Omp21. They are also preferred as genes
which may be heterologously introduced into other Gram-negative bacteria.

One or more of the following genes arc preferred for downregulation: CopB,
OMP106, OmpB1, TbpA, TbpB, LbpA, and LbpB.

One or more of the following genes are preferred for downregulation: htrB,
msbB and IpxK.

One or more of the following genes are preferred for upregulation: pmrA,

pmuB, pmrE, and pmrF.
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Huaemophilus influenzae bleb preparations

Iumumogenic compositions of the invention may further comprise OMV
preparations derived from Haemophilus influenzae. Engineered OMV preparations
can be derived from Haemophilus influenzae as described in W0O01/09350. One or
more of the following gemes (encoding protoctive antigens) are preferred for
upregulation: D15 (WO 94/12641), P6 (EP 281673), TbpA (WQ96/40929;
W095/13370), ThpB (WQ96/40929; W095/13370), P2, PS5 (WO 94/26304), OMP26
(WO 97/01638), TMW1, HMW2, HMW3, HMW4, Hia, Hsf, Hap, Hind7, and Hif
(all genes in this operon should be upregulated in order to upregulate pilin). They are
also preferred as genes which may be heterologously introduced into other Gram-
negative bacteria.

One or more of the following genes are preferred for downregulation: P2, PS5,
Hif, IgAl-protease, HgpA, HgpB, HMW1, HMW2, Hxu, htrB, msbB and lpxK.

One or morc of the following genes are preferred for upregulation: pmrA,

pmrB, pmrE, and pmrF.

The immunogenic composition/vaccine of the invention may also optionally
comprise antigens providing protection against one or more of Diphtheria, tetanus and
Bordetella pertussis infections. The pertussis component may be killed whole cell B.
pertussis (Pw) or acellular pertussis (Pa) which contains at least one antigen
(preferably 2 or all 3) from PT, FHA and 69kDa pertactin, Typically, the antigens
providing protection against Diphtheria and tetanus would be Diphtheria toxoid and
tetanus toxoid. The toxoids may chemically inactivated toxins or toxins inactivated by
the introduction of point mutations.

The immunogenic composition/vaccine may also optionally comprise one or
more antigens that can protect a host against non-typeable Huemophillus influenzae,
RSV and/or one or more antigens that can protect a host against influenza virus. Such
a vaccine may be advantageously used as a global otitis media vaccine.

Preferred non-typeable H. influenzae protein antigens include Fimbrin protein
(US 5766608) and fusions comprising peptides therefrom (eg LB1 Fusion) (US
5843464 - Ohio State Research Foundation), OMP26, P6, protein D, ThpA, TbpB,
Hia, Hmw1, Hmw2, Hap, and D15.

Preferred influenza virus antigens include whole, live or inactivated virus, split

influenza virus, grown in eggs or MDCK cells, or Vero cells or whole flu virosomes
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(as described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or recombinant

proteins thereof, such as HA, NP, NA, orM proteins, or combinations thereof.
Preferred RSV (Respiratory Syncytial Virus) antigens include the F

glycoprotein, the G glycoprotein, the HN protein, the M protein or derivatives thereof.

Immunogenic compositions of the invention may include proteins of
Moraxella catarrhalis include ThpA (WQ97/13785; W099/52947), ThpB
(W097/13785; W0Q99/52947; Mathers et al FEMS fmmunol Med Microbiol 1997 19;
231-236; Myers et al Infect Immun 1998 66; 4183-4192), LbpA, LbpB (Du et al
Infect Immun 1998 66; 3656-3665), UspAl, UspA2 (Aebi et al Infect Imnmm. 1997
65; 4367-4377), OMP106 (US6214981), Ton-B dependent receptor (WO00/78968),
CopB (Sethi et al Infect. Immun. 1997 63; 3666-3671), and HasR receptor
(WO00/78968); proteins of Haemophilus influenzae include HMW (St Geme et al
Infect Immun 1998 66; 364-368), Hia (St Geme et al J. Bacteriol. 2000 182; 6005-
6013), Tbpl (WO96/40929; W095/13370), Tbp2 (W096/40929; W(95/13370;
Gray-Owen et al Infect Immun 1995 63; 1201-1210), LbpA, LbpB (Schryvers et al
1989, 29:121-130), HasR, TonB-dependent receptor (Fleishmarn et al Science 1995
269; 496-512), hemoglobin-binding protein, HhuA (Cope et al Infect Immun 2000 68;
4092-4101), HgpA (Maciver et al Infect Immun 1996 64; 3703-3712), HgbA, HgbB
and HgbC (Jin et al Tnfect Tmmun 1996 64; 3134-3141), HxuA (Cope et al Mol
Microbiol 1994 13; 863-873), HxuC (Cope et al Infect Immun 2001 69; 2353-2363),
proteins from Neisseria meningitidis include Tbpl, Tbp2, FbpA, FopB, BftA, BftB
(Tettelin et al Science 2000 287; 1809-1815), LbpA, LbpB and HmbR.

Vaccine Formulations

A preferred embodiment of the invention is the formulation of the
immunogenic composition of the invention in a vaccine which may also comprise 2
pharmaceutically acceptable excipient or carrier.

The manufacture of outer membrane vesicle preparations from any of the
aforementioned modified strains may be achieved by any of the methods well known
to a skilled person. Preferably the methods disclosed in EP 301992, US 5,597,572, BP
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11243 or US 4,271,147 are used. Most preferably, the method described in WO
01/09350 is used.

Vaccine preparation is generally described in Vaceine Design (“The subunit
and adjuvant approach” (eds Powell M.F. & Newman M.J.) (1995) Plenum Press New
York).

The antigenic compositions of the present invention may be adjuvanted in the
vaceine formulation of the invention. Suitable adjuvants include an aluminium salt
such as aluminum hydroxide gel (alum) or aluminium phosphate, but may also be a
salt of calcium (particularly calcium carbonate), iron or zine, or may be an insoluble
suspension of acylated tyrosine, or acylated sugars, cationically or anionically
derivatised polysaccharides, or polyphosphazenes.

Suitable Thl adjuvant systems that may be used include, Monophosphoryl
lipid A, particularly 3-de-O-acylated monophosphoryl lipid A, and a combination of
monophosphoryl lipid A, preferably 3-de-O-acylated monophosphoryl lipid A (3D-
MPL) together with an aluminium salt (preferably aluminium phosphate). An
enhanced system ivolves the combination of a monophosphoryl lipid A and a
saponin derivative particularly the combination of QS21 and 3D-MPL as disclosed in
WO 94/00153, or a less reactogenic composition where the QS21 is quenched with
cholesterol as disclosed in W096/33739. A particularly potent adjuvant formulation
involving QS21 3D-MPL and tocopherol in an oil in water emulsion is described in
‘W095/17210 and is a preferred formulation.

The vaccine may comprise a saponin, more preferably QS21. It may also
comprise an oil in water emulsion and tocopherol. Unmethylated CpG containing
oligo nucleotides (WO 96/02555) are also preferential inducers of a TH1 response and
are suitable for use in the present invention.

The vaccine preparation of the present invention may be used to protect or
treat 2 mammal susceptible to infection, by means of administering said vaccine via
systetnic or mucosal route. These administrations may include injection via the
intramuscular, intraperitoneal, intradermal or subcutancous routes; or via mucosal
administration to the oral/alimentary, respiratory, genitourinary tracts, Thus one
aspect of the present invention is a method of immunizing a human host against a
disease caused by infection of a gram-negative bacteria, which method comprises
administering to the host an immunoprotective dose of the OMV preparation of the

present invention.
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The amount of antigen in each vaceine dosc is selected as an amount which
induces an immunoprotective response without significant, adverse side effects in
typical vaccinees. Such amount will vary depending upon which specific immunogen
is employed and how it is presented. Generally, it is expected that cach dose will
comprise 1-100pg of protein antigen or OMV preparation, preferably 5-50pg, and
most typically in the range 5 - 25pg.

An optimal amount for a particular vaccine can be ascertained by standard
studies involving observation of appropriate immune responses in subjects.
Following an initial vaccination, subjects may receive one or several booster

immunisations adequately spaced.

The vaccines of the invention are preferably immunoprotective and non-toxic
and suitable for paediatric or adolescent use.

By paediatric use it is meant use in infants less than 4 years old.

By immunoprotective it is meant that the SBA and/or animal protection model
and/or adhesion blocking assay described above are satisfactorily met.

By non-toxic it is meant that there is no more than a satisfactory level of
endotoxin activity in the vaccine as measured by the well-known LAL and

pyrogenicity assays.

Polynucleotides of the invention

“Polynucleotide” generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified RNA
or DNA. “Polynucleotides” include, without limitation single- and double-stranded
DNA, DNA that is a mixture of single- and double-stranded regions, single- and
double-stranded RNA, and RNA that is mixture of single- and double-stranded
regions, hiybrid molecules comprising DNA and RNA that may be single-stranded or,
more typically, double-stranded or a mixture of single- and double-stranded regions.
In addition, “polynucleotide” refers to triple-stranded regions comprising RNA or
DNA or both RNA and DNA. The term polynucleotids also includes DNAs or RNAs
containing one or more modified bases and DNAs or RNAs with backbones modified
for stability or for other reasons. “Modified” bases include, for example, tritylated

bases and unusual bases such as inosine. A variety of modifications has becn made to
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DNA and RNA; thus, “polynucleotide” embraces chemically, enzymatically or
metabolically modified forms of polynucleotides as typically found in nature, as well
as the chemical forms of DNA and RNA characteristic of viruses and cells.
“Polymucleotide” also embraces relatively short polynucleotides, often referred to as

oligonucleotides.

Another aspect of the invention relates to an immunological/vaccine formulation
which comprises one or more polynucleotide(s). Such techniques arc known in the art,

see for example Wolff et al., Science, (1990) 247: 1465-8.

Such vaccines comprise one or more polynucleotide(s) encoding a plurality of

proteins corresponding to protein combinations of the invention described above.

The expression of proteins from such polynucleotides would be under the control of a
eukaryotic promoter capable of driving expression within a mammalian cell. The
polynucleotide may additionally comprise sequence encoding other antigens.
Examples of eukaryotic promoters that could drive the expression include viral
promoters from viruses including adenoviral promoters, retroviral promoters.

Alternatively, mammalian promoters could be used to drive expression.

Further aspcets of the invention

Another aspect of the invention involves a method for treatment or prevention of
Neisserial disease comprising administering a protective dose (or effective amount) of
the vaccine of the invention to a host in need thereof. Neisseria meningitidis
serogroups A, B, C, Y or W135 and/or Neisseria gonorrhoeae infection could be

advantageously prevented or treated.

The invention also includes a use of the vaccine of the invention in the preparation of
a medicament for treatment of prevention of Neisserial infection. Again Neisserial
infection encompasses infection by Neisseria meningitidis serogroups A, B, C, Y, W-

135 and/or Neisseria gonorrhoeae.
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Another aspect of the invention is a genetically engineered Neisserial strain from
which an outer membrane vesicle of the inventions (having at least two proteins of
the invention recombinantly uprcgulated, as described above) may be derived. Such

Neisserial strains may be Neisseria meningitidis or Neisseria gonorrhoeae .

The strain may also have been engineered (as described above) to downregulate the
expression of other Neisserial proteins including the expression of one, two, three,
four, five, six, seven or eight of LgtB, Lg(E, SiaD, OpC, OpA, PorA, FrpB, msbB and
HirB. Preferred combinations for downregulation include down regulation (preferably
deletion) of at least LgtB and SiaD, downregulation of at least PorA and OpC,
downregulation of at least PorA and OpA and downregulation of at least PorA, OpA
and OpC.

TFurther aspects of the invention are methods of making the immunogenic composition
or vaccine of the invention, These include a method comprising a step of mixing
together at least two isolated antigens or proteins from Neisseria, which may be
present in the form of blebs derived from the Neisserial strains of the invention, to
make an immunogenic composition of the invention, and a method of making the
vaccine of the invention comprising a step of combining the immunogenic

composition of the invention with a pharmaceutically acceptable carrier.

Also included in the invention are methods of making the immunogenic composition
of the invention comprising a step of isolating outer membrane vesicles of the
invention from a Neisserial culturc, Such a method may involve a further step of
combining at least two outer membrane vesicle preparations, preferably wherein at
least onc outer membrane vesicle preparation containg LPS of immunotype L2 and at
least one outer membrane vesicle preparation contains LPS of immunotype L3. The
invention also includes such methods wherein the outer membrane vesicles are
isolated by extracting with a concentration of DOC of 0 - 0.5%. DOC concentrations
0£0.3%-0.5% are used to minimise LPS content. In OMYV preparations where LPS is
to be conserved as an antigen, DOC concentrations of 0-0.3%, preferably 0.05%-~

0.2%, most preferably of about 0.1% are used for extraction.
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Ghost or Killed Whole cell vaccines

The inventors envisage that the above improvements to bleb preparations and
vaceines can be easily extended o ghost or killed whole cell preparations and
vaceines (with identical advantages). The modified Gram-negative strains of the
invention from which the bleb preparations are made can also be used to made ghost
and killed whole cell preparations. Methods of making ghost preparations (empty
cells with intact envelopes) from Gram-negative strains are well known in the art (see
for example WO 92/01791). Methods of killing whole cells to make inactivated cell
preparations for use in vaccines are also well known. The terms ‘bleb [or OMV]
preparations’ and ‘bleb [or OMV] vaccines’ as well as the processes described
throughout this document are therefore applicable to the terms ‘ghost preparation” and
‘ghost vaccine’, and ‘killed whole cell preparation’ and “killed whole cell vaccine’,

respectively, for the purposes of this invention.

Antibodies and passive immunisation

Another aspect of the invention is a method of preparing an immune globulin for use
in prevention or treatment of Neisscrial infection comprising the steps of immunising
a recipient with the vaccine of the invention and isolating immune globulin from the
recipient. An immune globulin prepared by this method is a further aspect of the
invention. A pharmaceutical composition comprising the immune globulin of the
invention and a pharmaceutically acceptable carrier is a further aspect of the invention
which could be used in the manufacture of a medicament for the {reatment or
prevention of Neisserial disease. A method for treatment or prevention of Neisserial
infection comprising a step of administering to a patient an effective amount of the

pharmaceutical preparation of the invention is a further aspect of the invention.

Inocula for polyclonal antibody production are typically prepared by dispersing the
antigenic composition in a physiologically tolerable diluent such as saline or other
adjuvants suitable for human use to form an aqueous composition. An
immunostimulatory amount of inoculum is administered to a mammal and the
inoculated mammal is then maintained for a time sufficiont for the antigemic

composition to induce protective antibodies.
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The antibodies can be isolated to the extent desired by well known techniques such as

affinity chromatography (Harlow and Lane Antibodies; a laboratory manual 1988).

Antibodies can include antiserum preparations from a variety of commonly used
animals e.g. goats, primates, donkeys, swine, horses, guinea pigs, rats or man. The

animals are bled and serum recovered.

An immunc globulin produced in accordance with the present invention can include
whole antibodies, antibody fragments or subfragments. Antibodies can be whole
immunoglobulins of any class e.g. IgG, 1gM, IgA, IgD or IgE, chimeric antibodies or
hybrid antibodies with dual specificity to two or more antigens of the invention. They
may also be fragments e.g. F(ab’)2, Fab’, Fab, Fv and the like including hybrid
fragments. An immune globulin also includes natural, synthetic or genetically
engineered proteins that act like an antibody by binding to specific antigens to form a

complex.

A vaccine of the present invention can be administered to a recipient who then acts as
a source of immune globulin, produced in response to challenge from the specific
vaccine. A subject thus treated would donate plasma from which hyperimmune
globulin would be obtained via conventional plasma fractionation methodology. The
hyperimmune globulin would be administered to another subject in order to impart
resistance against or treat Neisserial infection. Hyperimmune globulins of the
invention are particularly useful for treatment or prevention of Neisserial disease in
infants, immune compromised individuals or where treatment is required and there is
1o fime for the individual to produce antibodies in response to vaccination.

An additional aspect of the invention is a pharmaceutical composition comprising two
of more monoclonal antibodies (or fragments thereof, preferably human or
humanised) reactive against at least two constituents of the immunogenic composition
of the invention, which could be used to treat or prevent infection by Gram negative
bacteria, preferably Neisseria, more preferably Neisseria meningitidis or Neisseria

gonorrhoeae and most preferably Neisseria meningitidis serogroup B.

Such pharmaceutical compositions comprise monaclonal antibodies that can be whole

imrunoglobulins of any class e.g. IgG, IgM, IgA, TgD or IgE, chimeric antibodies or
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hybrid antibodies with specificity to two or more antigens of the invention. They may

also be fragments e.g. F(ab’)2, Fab’, Fab, Fv and the like including hybrid fragments.

Methods of making monoclonal antibodies are well known in the art and can include
the fusion of splcnocytes with myeloma cells (Kohler and Milstein 1975 Nature 256;
495; Antibodies — a laboratory manual Harlow and Lane 1988). Alternatively,
monoclonal Fv fragments can be obtained by screening a suitable phage display
library (Vaughan T et al 1998 Nature Biotechnology 16; 535). Monoclonal

antibodies may be humanised or part humanised by known methods.

All references or patent applications cited within this patent specification are

incorporated by reference herein.
The terms “comprising”, “comprise” and “comprises” herein is intended by the

inventors to be optionally substitutable with the terms “consisting of”, “consist of”,

and “consists of”, respectively, in every instance.
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Method of Industrial Application of the Invention

The examples below are carried our using standard techniques, which are well known
and routine to those of skill in the art, except where otherwise described in detail. The

examples are illustrative, but do not limit the invention.

Example 1: Methods for constructing strains of Neisseria meningitidis serogroup B

used in outer membrane vesicle preparations

W001/09350 provides detailed methods for preparing outer membrane vesicles and
manipulating the bacterial strains from which the outer membrane vesicles are
derived. Where the outer membrane vesicles are to retain lipoproteins such as TbpB
and or lipopolysaccharides, methods of isolation with low levels or no deoxycholate

are preferred.

Example 2: Up-regulation of the Hs[ protein antigen in a recombinant Neisseiria

meningitidis serogroup B strain lacking functional cps genes but expressing PorA.

As described in WO01/09350 examples, in certain countries, the prescnce of
PorA in outer membrane vesicles may be advantageous, and can strengthen the
vaceine efficacy of recombinant improved blebs. In the following example, we have
used a modified pCMK(+) vector to up-regulate the expression of the Hsf protein
antigen in a strain lacking functional cps genes but expressing PorA. The original
pCME(+) vector contains a chimeric pord/lacO promoter repressed in E. coli host
expressing Jacl? but transcriptionally active in Neisseria meningitidis. In the modified
pCMEK(+), the native pord promoter was used to drive the transcription of the Asf
gene. The gene coding for Hsf was PCR amplified using the HSF 01-Ndel and HSF
02-Nhel oligonucleotide primers, presented in the table below. Because of the
sequence of the HSF 01-Ndel primer the Hsf protein expressed will contain two
methionine residues at the 5° end. The conditions used for PCR amplification were
those described by the supplier (HiFi DNA polymerase, Boehringer Mannheim,
GmbH). Thermal cycling was the following: 25 times (94°C 1min., 48°C 1min., 72°C
3min.) and 1 time (72°C 10min., 4°C up to recovery). The corresponding amplicon
was subsequently cloned in the corresponding restriction sites of pCMEK(+) delivery
vector. In this recombinant plasmid, designed pCMK(+)-Hsf, we deleted the lacO
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present in the chimeric pord/lacO promoter by a recombinant PCR strategy. The
pCMK (+)-Hsf plasmid was used as a template o PCR amplify 2 separate DNA
fragments:

-fragment 1 contains the pord 5° recombinogenic region, the Kanamycin
resistance gene and the porA promoter. Oligonucleotide primers used, RP1(Sacll) and
RP2, are presented in the table below. RP1 primer is homologous to the sequence just
upstream of the Jac operator.

—fragment 2 contains the Shine-Dalgamo sequence from the pord gene, the Asf
gene and the pord 3’ recombinogenic region. Oligonucleotide primers used, RP3 and
RP4(dpal), are presented in the table below. RP3 primer is homologous to the
sequence just downstream of the /ac operator. The 3’ end of fragment 1 and the 5’end
of fragment 2 have 48 bases overlapping. 500ng of each PCR (1 and 2) were used for
a final PCR reaction using primers RP1 and RP4. The final amplicon obtained was
subcloned in pSL1180 vector restricted with Sacll and Apal. The modificd plasmid
PCMK(+)-Hsf was purified at a large scale using the QTAGEN maxiprep kit and 2 pg
of this material was used to transform a Neisseiria meningitidis serogroup B strain
lacking functional cps genes. In order to preserve the expression of pord, integration
resulting from a single crossing-over was selected by a combination of PCR and
Western blot screening procedures. Kanamycin resistant clones testing positive by
pord-specific PCR and western blot were stored at —70°C as glycerol stocks and used
for further studies. Bactetia (corresponding to about 5.10° bacteria) were re-suspended
in 50 pl of PAGE-SDS buffer, frozen (-20°C) / boiled (100°C) three times and then
were separated by PAGE-SDS electrophoresis on a 12,5 % gel. The expression of
Hisf was examined in Whole-cell bacterial lysates (WCBL) derived from NimB [Cps-,
PorA+] or NmB [Cps-, PorA+, Hsft]. Coomassic staining detected a significant
increase in the expression of Hsf (with respect to the endogenous Hsf level). This
result confirms that the modified pCMK (+)-Hsf vector is functional and can be used
successfully to up-regulate the expression of outer membrane proteins, without

abolishing the production of the major PorA outer membrane protein antigen.

Oligonucleotides used in this work

Oligonucleotides Sequence Remark(s)
Hsf 01-Nde 57- GGA ATT CCA TAT GAT GAA CAA | Ndel cloning site
AAT ATA CCG C3'
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Hsf 02-Nhe 5.GTA GCT AGC TAG CTT ACC ACT | Nke I cloning site
GAT AACCGAC-3’

GFP-mut-Asn 5-AAC TGC AGA ATT AAT ATG AAA | AsnI cloning site
GGA GAA GAA CTT TTC-3’ Compatible with Ndel

GFP-Spe 5'-GAC ATA CTA GTT TAT TTG TAG | Spel cloning site
AGC TCA TCC ATG -3’ Compatible with Nhel

RP1 (Sacll} 5. TCC CCG CGG GCC GTC TGA ATA | Sucll cloning site
CAT CCC GTC-3’

RP2 5-CAT ATG GGC TIC CIT TTG TAA
ATT TGA GGG CAA ACA CCC GAT ACG
TCT TCA-3’

RP3 5'-AGA CGT ATC GGG TGT TTG CCC
TCA AAT TTA CAA AAG GAA GCC CAT
ATG -3’

RP4(Apal) 5-GGG TAT TCC GGG CCC TIC AGA | Apal cloning site
CGG CGC AGC AGG -3

Example 3: Up-regulation of the N. meningitidis scrogroup B thpA gene by promoter

replacement.

The aim of the experiment was to replace the endogenous promoter region of
the 7bpA gene by the strong pord promoter, in order to up-regulate the production of
the TbpA antigen. For that purpose, a promoter replacement plasmid was constructed
using E. coli cloning methodologies. A DNA region (731bp) located upstream from
the thpd coding sequence was discovered in the private Incyte PathoSeq data base of
the Neisseria meningitidis strain ATCC 13090. This DNA contains the sequence
coding for ThpB antigen. The genes are organized in an operon. The thpB gene will
be deleted and replaced by the CmR/porA promoter cassetie. For that purpose, a DNA
fragment of 3218bp corresponding to the 509bp 5’ flanking region of thpB gene, the
2139bp #hpB coding sequence, the 87bp intergenic sequence and the 483 first
nucleotides of zbpA coding sequence was PCR amplified from Neisseria meningitidis
serogroup B genomic DNA using oligonucleotides BAD16 (5- GGC CTA GCT
AGC CGT CTG AAG CGA TTA GAG TTT CAA AAT TTA TTC-3’) and BAD17
(5’-GGC CAA GCT TCA GAC GGC GTT CGA CCG AGT TTG AGC CIT TGC-
3") containing uptake sequences and Nhel and Hindlll restriction sites (underlined).
This PCR fragment was cleaned with a High Pure Kit ( Boerhinger Mannheim,
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Germany) and directly cloned in a pGemT vector (Promega, USA). This plasmid was
submitted to circle PCR mutagenesis (Jones & Winistofer (1992)) in order to (i) inscrt
suitable restriction sites allowing cloning of a CmR/PorA promoter cassette and (ii) to
delete 209bp of the 5” flanking sequence of thpB and the hpB coding sequence, The
circle PCR was performed using the BAD 18 (5°-TCC CCC GGG AAG ATC TGG
ACG AAA AAT CTC AAG AAA CCG-3") & the BAD 19 (5’-GGA AGA TCT CCG
CTC GAG CAA ATT TAC AAA AGG AAG CCG ATA TGC AAC AGC AAC ATT
TGT TCC G -3”) oligonucleotides containing suitable restriction sites Xmal, Bg/Il and
Xhol (underlined). The CmR/PorA promoter cassette was amplified from the pUC
D15/0mp85 plasmid previously described, using primers BAD21 (5°- GGA AGA
TCT CCG CIC GAG ACA TCG GGC AAA CAC CCG-3°) & BAD20 (5°- TCC
CCC GGG AGA TCT CAC TAG TAT TAC CCT GTIT ATC CC-3°) containing
suitable restriction sites Xmal, Spel, Bg/ll and Xhol (underlined). This PCR fragment

was cloned in the circle PCR plasmid. This plasmid will be used to transform
Neisseria meningitidis serogroup B (cps-) and (cps- pord-) strains. Integration by
double crossing-over in the upstream region of thp4 will direct the insertion of the

porA promoter directly upstream of the tbp4 ATG.

Example 4: Construction of a N. meningitidis serogroup B strain up-regulated for the

expression of two antigens: TbpA and Hsf,

The aim of the experiment was to up-regulate the expression of TbpA and Hsf
simultaneously in the same N. meningitidis serogroup B strain. The production of
TbpA was up-regulated by replacing its endogenous promoter region by the strong
pord promoter (promoter replacement). In this context, the tbpB gene, located
upstream of tbpA is deleted, and the TbpB protein no longer present in the outer-
membrane, The expression of Hsf was up-regulated by insertion (homologous
recombination) of a second copy of the corresponding gene at the pord locus (gene
delivery). Both strains have been described in a separate patent refeired to as
WO01/09350. The selection markers used in both sirategies (Cm® or Kan®) allowed
the combination of both integrations into the same chromosome.

Total genomic DNA was extracted from the recombinant Nm.B cps-/TbpA+/PorA+
strain by the Qiagen Genomic tip 500-G pratocol. Ten pg of DNA was restricted o/n
with Dralll restriction enzyme and used to transform Neisseria meningitidis

serogroup B by the classical transformation protocol. Cells used for transformation
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were cither recombinant NmB cps-/Hsf+/PorA+ (homologous recombination by 1
crossing over into the pord locus) or recombinant NmB cps-MHsfH/PorA- (Allelic
exchange/homologous recombination by 2 crossing over into the pord locus). They
were plated over-night on GC agar containing 200pg/ml kanamycine, diluted to
DOgse= 0.1 in GC liquid medium 10mM MgCl, and incubated 6 hours at 37°C under
vigorous agitation with 10pg of Dralll restricted genomic DNA. Recombinant
Neisseria meningitidis resulting from a double crossing over event (PCR screening)
were selected on GC medium containing 200pg/ml kanamycin and Sug/ml
chloramphenicol and analyzed for ThpA and Hsf expression in OMV preparations, As
represented in Figure 1, the production of both TbpA and Hsf was significantly
increased in the OMV prepared from the TbpA/Hsf recombinant NmB strain when
compared to the OMV prepared from the conirol NmB cps- strains. The level of over
expression of each protein in the dual recombinant is comparable with the level of
expression obtained in the corresponding single recombinants. The level of over
expression of TbpA and Hsf was comparable in PorA+ and PorA- strains (data not
shown). All together, these data demonstrate that: (i) expression of TbpA and Hsf can
be jointly and concomitantly up-regulated into . meningitidis and (ii) recombinant

blebs enriched for ThpA and Hsf can be obtained and used for immunization.

Example 5: Construction of a N. meningitidis serogroup B strain up-regulated for the

expression of two antigens: ThpA and NspA.
The aim of the experiment was to up-regulate the expression of TbpA and NspA.

simultaneously in the same N. meningitidis serogroup B strain. The production of
TbpA was up-regulated by replacing its endogenous promoter region by the strong
pord promoter (promoter replacement). The expression of NspA was up-regulated by
insertion (homologous recombination) of a second copy of the corresponding gene at
the pord locus (genc delivery). Both individual strains have been described in a
separate patent WO001/09350. The selection markers used in both strategies (Cm™ or
Kan®) allowed the combination of both integrations into the same chromosome.

Total genomic DNA was extracted from the recombinant NmB cps-ITopA+/PorA+
strain by the Qiagen Genomic tip 500-G protocol. Ten pg of DNA was restricted o/n
with AafTl restriction enzyme and used to transform Neisseria meningitidis seregroup
B by the classical transformation protocol. Cells used for transformation were

recombinant NmB ¢ps-/NspA+/PotA-. They were plated over-night on GC agar
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containing 200ug/ml kanamycine, diluted to DOgso = 0.1 in GC liquid medium 10mM
MgCl,, and incubated 6 hours at 37°C under vigorous agitation with 10pg of Aadl
restricted genomic DNA. Recombinant Neisseria meningitidis resulting from a double
crossing over event (PCR screening) were sclected on GC medium containing
200ug/ml kanamycine and 5yig/ml chloramphenicol and analyzed for ThpA and NspA
expression in OMV preparations. The production of both TbpA and NspA was
significantly increased in the OMV prepared from the ThpA/NspA recombinant NmB
strain when compared to the OMV prepared from the control NmB cps- sirains. The
level of over-expression of each protein in the dual recombinant is comparable with
the level of expression obtained in the corresponding single recombinants. All
together, these data demonstrate that: (i) expression of ThbpA and NspA can be jointly
and concomitantly up-regulated into N. meningitidis and (ii) recombinant blebs

enriched for ThpA and NspA can be obtained and used for immunization.
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Example 6: Construction of a N. meningitidis serogroup B strain up-regulated for the

expression of {wo antigens: NspA and D15/0mp85.
The aim of the experiment was to up-regulate the expression of NspA and

D15/0mp85 simultaneously in the same N. meningifidis serogroup B strain. The
production of D15/0mp85 was up-regulated by replacing its endogenous promoter
region by the strong por4 promoter (promoter replacement). The expression of NspA
was up-regulated by insertion (homologous recombination) of a second copy of the
corresponding gene at the pord locus (gene delivery). Both strains have been
described in a separate patent W001/09350. The selection markers used in both
strategies (Cm™ or Kan®) allowed the combination of both integrations into the same
chromosome.

Total genomic DNA was extracted from the recombinant NmB cps-/D15-
Omp85/PorA+ strain by the Qiagen Genomic tip 500-G protocol. Ten pg of DNA was
restricted o/n with Aafll restriction enzyme and used to transform Neisseria
meningitidis seregroup B by the classical transformation protocol. Cells used for
transformation were recombinant NmB cps-/NspA+/PorA-, They were plated o/n on
GC agar containing 200pg/ml kanamycine, diluted to DOsse= 0.1 in GC liquid
medium 10mM MgCl,, and incubated 6 hours at 37°C under vigorous agitation with
10pg of Aatll restricted genomic DNA. Recombinant Neisseria meningitidis resulting
from a double crossing over event (PCR screening) were selected on GC medium
containing 200pg/ml kanamycine and Spg/ml chloramphenicol and analyzed for
NspA and D15/0Omp85 expression in OMV prepatations. The production of both
NspA and D15/0Omp85 was significantly increased in the OMV prepared from the
NspA/D15-Omp85 recombinant NB strain when compared to the OMV prepared
from the control NmB cps- strains. The level of over expression of each proteins in the
dual recombinant is comparable with the level of expression obtained in the
corresponding single recombinants. All together, these data demonstrate that: (i)
expression of NspA and Omp85 can be jointly and concomitantly up-regulated into N.
meningitidis and (ii) recombinant blebs enriched for NspA and Omp85 can be

obtained and used for immunization.
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Example 7: Production and purification of recombinant Hsf forms in E. coli
Computer analysis of the Hsf-like protein from Neisseria meningitidis reveals at least

four structural domains. Considering the Hsf sequence from strain H44/76 as a

reference, Domain 1, comprising amino-acid 1 toS1, encodes a sec-dependant signal

peptide characteristic of the auto-transporter family, Domain 2, comprising amino-
acids 52 to 473, encode the passenger domain likely to be surface exposed and
accessible to the immune system, Domain 3, comprising amino-acids 474 to 534,
encodes a putative coiled-coil domain required for protein oligomerisation and a
hinge (neck), Domain 4, comprising residues 535 to the C-terminus, is predicted to
encode a beta-strands likcly to assenble into a barrel-like structure and to be anchored
into the outer-membrane (Henderson et al. (1998), Trends Microbiol. 6: 370-378;
Hoiozyk et al. (2000), EMBO 22: 5989-5999). Since domains 2 and 3 are likely to be
surface-exposed, are well conserved (more than 80% in all strain tested; as described
in Pizza et ol. (2000), Science 287: 1816-1820), they represent interesting vaccine
candidates. For that purpose, domain 2 (referred to as Hsf passenger domain) and
domain 2 + 3 (referred to as Hsf neck + coiled-coil domain) were expressed in and
purified from E. coli. DNA fragments encoding amino-acids 52-473 (IIsf passenger)
and 52-534 (Hsf n+ec) were PCR amplified using oligonucleotides adding terminal
Real (forward primer) and X&ol (reverse primer) restriction sites. Purified amplicons
were digested with Real/Xhol in the conditions recommended by the supplier, and
were subsequently cloned into the Neol (compatible with rcal) / Xhol sites of the
pET24d (Novagen Inc., Madison WI) E. coli expression vector. Recombinant
plasmids were selected and used to prepare purified recombinant plasmids. For
expression study, these vectors (pET-Hsf pas & pET-Hsf noc) were introduced into
the Escherichia coli strain BI2IDE3 (Novagen), in which, the gene for the T7
polymerase is placed under the control of the isopropyl-beta-D thiogalactoside
(IPTG)-regulatable lac promoter. Liquid cultures (700 ml) of the Novablue (DE3)
[PET-24b/BASB029] E. coli recombinant strain were grown at 37°C under agitation
until the optical density at 600nm (OD600) reached 0.6. At that time-point, [PTG was
added at a final concentration of 1mM and the culture was grown for 4 additional
hours. The culture was then centrifuged at 10,000 rpm and the pellet was frozen a -
20°C for at least 10 hours. After thawing, the pellet (680 ml culture) was resuspended
during 30 minutes at 22°C in 20 mM phosphate buffer pH 7.0 prior cell lysis by two
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passes through a Rannie distuptor. Lysed cells were pelleted 30 min at 15,000 rpm
(Beckman J2-HS centrifuge, JA-20 totor) at 4°C. The supernatant was loaded on a Q-
Sepharose fast flow column (Pharmacia) equilibrated in 20 mM Tris-HCI buffer ph
8.0. After passage of the flowthrough, the column was washed with 5 column
volumes of 20 mM Tris-HC] buffer pH 8.0. The recombinant protein was eluted from
the column by 250 mM NaCl in 20 mM Tris-HCI buffer pH 8.0. Antigen positive
fractions were pooled and dialyzed overnight against 20 mM phosphate buffer pH 7.0.
0.5M NaCl and 20 mM Imidazole were added to the dialyzed sample. Sample was
then applied onto Ni-NTA Agarose column (Qiagen) equilibrated in 20 mM
phosphate buffer pt 7.0 containing 500 mM NaCl and 20 mM Imidazole. After
passage of the flowthrough, the column was washed with 5 column volumes of 20
mM phosphate buffer pH 7.0 containing 500 mM NaCl and 20 mM Imidazole.
Contaminants were eluted by 100 mM Imidazole in 20 mM phosphate buffer pH 7.0.
The recombinant protein was cluted from the column by 250 mM Imidazole in 20
mM phosphate buffer pH 7.0. Antigen positive fractions were pooled and dialyzed
versus 10 mM phosphate buffer pH 6.8 containing 150 mM NaCl. As shown in figure
2, an enriched (purity estimated to more than 90 % pure in CBB stained SDS-PAGE)
Hsf-like passenger protein, migrating at around 47 kDa (estimated relative molecular
mass), was cluted from the column. This polypeptide was reactive against a mouse
monoclonal antibody raised against the 5-histidine motif. Taken together, these data
indicate that the both Hsf passenger and Hsf nce gene can be expressed and purified

under a recombinant form in E.coli.
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Example 8: Production and purification of recombinant Hap passenger in £, coli
Computer analysis of the Hap-like protein from Neisseria meningitidis reveals at least
three structural domains., Considering the Hap-like sequence from strain H44/76 as a
reference, Domain 1, comprising amino-acid 1 to 42, encodes a sec-dependant signal
peptide characteristic of the auto-transporter family, Domain 2. comprising amino-
acids 43 to 950, encode the passenger domain likely to be surfacc exposed and
accessible to the immune system, Domain 3, comprising residues 951 to the C-
terminus (1457), is predicted to encode a beta-strands likcly to assemble into a barrel-
like structure and to be anchored into the outer-membrane. Since domains 2 is likely
to be surfuce-exposed, well conserved (morc than 80% in all strain tested) and could
be produced as subunit antigens in E. cofi, it represents an interesting vaccine
candidates. Since domains 2 and 3 are likely to be surface-exposed, are well
conserved (more than 80% in all strain tested; as desciibed in Pizza et al. (2000),
Science 287: 1816-1820), they represent interesting vaccine candidates. For that
purpose, domain 2 (referred to as Hap passenger domain was expressed in and
purified from E. coli. A DNA fragment encoding amino-acids 43-950 (Hap
passenger) was PCR amplified using oligonucleotides adding terminal Neol (forward
primer) and Xhol (reverse primer) restriction sites. Purified amplicons were digested
with NcollXhol in the conditions recommended by the supplier, and were
subsequently cloned into the Neol / Xhol sites of the pET24d (Novagen Inc., Madison
W) E. coli expression vector. Recombinant plasmids were selected and purified to
large scale. For expression study, these vectors (pET-Hap pass) were introduced into
the Escherichia coli strain BI21DE3 (Novagen), in which, the gene for the T7
polymerase is placed under the conirol of the isopropyl-beta-D thiogalactoside
(IPTG)-regulatable /ac promoter.

Cultivation of E. coli BL21[pET-Hap pass] in fermentor: An aliquote fraction
(100p1) from the master seed was spread on FECO13AA plates (Soja peptone A3

20g/L, yeast extract 5¢/L, NaCl 5¢/L, Agar 18g/L, distillated H20 up to 1L) and
grown 20hours at 37°C. The bacterial lawn was harvested and resuspended in sterile
water containing NaCl 0.9%. This solution was used to inoculate a 201 fermentor
used in the batch mode in FECO11AC medium (Soja peptone 24g/L, Yeast extract
43g/L, MgSO4/7H20 0.5 gL, K2HPO4 2g/L, NaH2PO4/2H20 0.45¢/L, Glycerol
(87%) 40g and distilated H20 up to 1 L). Temperature (30°C ), pH (6.8, NaOH 25% /
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H;3P0, 25%), pressure (500mbar), were maintained constant and aeration was set to
20L/min. In these conditions dissolved oxygen pressure was maitained to 20% by
tuning agitation (100 to 1000rpm). Inducer (IPTG, 1mM) was added after 8 hours of
growth (OD = 27.8). Samples (6L) were collected after 6 hours (OD = 49.2) and
16H30 (OD = 48.6), biomass was harvested by cenirifugation and corresponding
pellets stored at —20°C.

Purification of IIap passenger:
HAP passenger was purified from a fermentor in batch mode. A purification scheme

was developed (see below).

French Prcss
(Tris 50 mM/EDTA 5 mM, pH 8.0)
0
30° at 10000 rpm (TA10)
M
solubilize pellet in Pi 20 mM/urea 8M, pH7.0
1 H stirring at RT°
i
30¢ at 10000 rpm (JA10)
b
SP-Sepharose-XL
Pi 20mM/Urea 8M; elution +/-50 mM NaCl
$
Chelating Sepharose-FF — Cu™
Pi 20mM/NaCl 0.5M/Urea 8M; elution +/~ 100 mM imidazole
)
Dialysis
(PBS pH6.8/arginine 0.5M)
1

sterile filtration

The majority of Hap passenger is recovered in the centrifugation pellet after cell
breakage. Solubilization was made possible by 8M urea. Despite N-term His-tail,
IMAC was not operative as 1 st step, but well after a first step on SP-XL cation-
exchanger. On this SP-Sepharose-XL, the protein is eluted quantitatively in the
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middle of a linear NaCl (0-250 mM) gradient. IMAC was done with Cu™*-loaded
Chelating Sepharose FF, as for FHAb. This time, contrary to FHAD, TMAC shows a
significant purification factor. On SDS-PAGE, HAP2/3 seems pure after IMAC. The
HAP?2/3 peak was however very broad on 0-200 mM imidazole gradient, so we tried
elution by imidazole steps (10 mM-100 mM); gradient mode seems however more
efficient in terms of purity.As final step, we tried the urea-fo-arginine buffer exchange
by gel permeation however in this case the protein eluted on two peaks. These two
peaks show a comparable profilc on SDS-PAGE; so it can be hypothetized that it is
due to a partial refolding of HAP passenger.We then went back to the classical
dialysis as final step for buffer exchange. SDS-PAGE analysis shows good purity of
the final material (sec in figure 3). HAP passneger purity is further confirmed by WB
anti-his. Tt is recognized by anti-E. coli. A Molecular weight of 96.1 KD is found .
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Example 9: Production and purification of recombinant FrpA/C forms in £. coli

Neisseria meningitidis encodes two RTX proteins, referred to as FrpA & FrpC
secreted upon iron limitation (Thompson et al, (1993) J. Bacteriol. 175:811-818;
Thompson ez al., (1993) Infect. Immun.. 61:2006-2911). The RTX (Repeat ToXin)
protein family have in common a series of 9 amino acid repeat near their C-termini
with the consensus: Leu Xaa Gly Gly Xaa Gly (Asn/Asp) Asp Xaa. (
LXGGXGNpDX). The repeats in £. cofi HIyA are thought to be the site of Ca2+
binding. As represented in Figure 4, meningococcal FrpA and FrpC proteins, as
characterized in strain FAM?20, share extensive amino-acid similarity in their central
and C-terminal regions but very limited similarity (if any) at the N-terminus.
Mareover, the region conserved between FrpA and FrpC exhibit some polymorphism
due to repetition (13 times in FrpA and 43 times in FrpC) of a 9 amino acid motif. To
evaluate the vaccine potential of FrpA & FipC, we produced recombinantly in E. coli
protein regions conserved between FrpA and FrpC. For that purpose, DNA segment
covering aminoacids 277 to 1007 (with regard to the N. meningitidis FAM20 peptide
sequence) was PCR amplified from the N. meningitidis serogroupB H44/76 genome
using forward primers FrpA-19 (5°-CTCGAGACCATGGGCAAA
TATCATGTCTACGACCCCCTCGC-3") and reverse primer FrpA-18 (3’-GTG
CATAGTGTCAGAGTTTTTGTCGACGTCGTAATTATAGACC-3’). Three
amplicons of respectively ~1530 bp (3 repeats), ~2130 bp (13 repeats) and 2732 bp
(23 repeats) were obtained and digested with Neol and Sall restriction endonucleases.
These fragments were then inserted into the Neol/Xhol (compatible with Sall) sites of
pET24d and recombinant plasmids (pET-Frp3, pET-Frpl3 and pET-Frp23
respectively) were selected and used to transform Z. coli BL21DE3 cells. As
represented in figure 5, all three constructs produced recombinant FrpA/C conserved
domains upon induction. Moreover, increasing the number of repeats increased the
solubility of the recombinant protein, as determined by cell fractionation analysis

(data not shown).

Purification of FrpA/C conserved domain containing 23 repeats of the

nonapeptide LXGGXGN/DDX (911 aa in total): 3.5 liters of E. coli BI21DE3[pET-
Frp23] were cultivated and induced for 4 hours by addition of 2 mM IPTG when OD

reached 0.6. Cell werc harvested by centrifugation and the correspondeing pellet was

pressure-disrupted, clarified by centrifugation and the corresponding supernatent
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loaded on a Ni2+on metal affinity column (Ni-NTA-agarose, Qiagen GmBh).
Imidazole (ywas used for elution and was finally removed by the extensive dialysis

against 10 mM Na phosphate pH6.8, 150 mM NaCl.
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Example 10: Production and purification of recombinant FHA forms in E, col;

Cloning of a truncated FhaB from N.meningitidis
Genomic DNA was extracted from from 10'° cells of N. meningitidis serogroup B

strain H44/76 using the QITAGEN genomic DNA extraction kit (Qiagen Gmbh). This
material (1pug) was then submitted to Polymerase Chain Reaction DNA amplification
using the following primers specific of the FhaB gene: JKP: S'AAT GGA ATA CAT
ATG AAT AAA GGT TTA CAT CGC ATT ATC3' and 57TKP S'CCA ACT AGT
GIT TIT CGC TAC TTG GAG CTG T3'. A DNA fragment of about 4200 bp,
encoding the first 1433 N-terminal amino acids of the protein, was obtained, digested
by the Ndel/Spel resiriction endonucleases and inserted into the corresponding sites of
the pMG MCS (pMG derivative, Proc Natl Acad Sci U S A 1985 Jan;82(1):88-92)
using standard molecular biology techniques (Molecular Cloning,a Laboratory
Manual, Second Edition, Bds: Sambrook, Fritsch & Maniatis, Cold Spring Harbor
press 1989).). The DNA sequence of the cloned FhaB fragment was determined using
the Big Dye Cycle Sequencing kit (Perkin-Elmer) and an ABI 373A/PRISM DNA
sequencer (see fig. 1). The recombinant pMG-FhaB plasmid (1ug) was then submitted
to Polymerase Chain Reaction DNA amplification using primers specific FhaB (
XIKP03 SAATGGAATACATATGAATAAAGGTTTACATCGCATTATCTTTAGS!
and XJKP5702 5'GGGGCCACTCGAGGTTTTITCGCTACTTGGAGCTGTTITCAG
ATAGG3'). A 4214 bp DNA fragment was obtained, digested by the Ndel/Xhol
restriction endonucleases and inserted into the corresponding sites of the pET-24b
cloning/expression vector (Novagen) using standard molecular biology techniques
(Molecular Cloning,a Laboratory Manual, Second Edition, Eds: Sambrook, Fritsch &
Maniatis, Cold Spring Harbor press 1989). Confirmatory sequencing of the
recombinant pET-24b containing the truncated FhaB (pET24b/FhaB2/3) was
performed using using the Big Dyes kit (Applied biosystems) and analysis on a ABI
373/A DNA sequencer in the conditions described by the supplier. The resulting

nucleotide sequence is presentedin Figure 6.

Expression and purification _of recombinant truncated FhaB protein in

Escherichia coli.
The construction of the pET24b/FhaB2/3 cloning/expression vector was described
above. This vector harbours the truncated FhaB gene isolated from the strain F44/76 in
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fusion with a stretch of 6 Histidine residues (at the C-terminus of the recombinant
product), placed under the control of the strong bacteriophage T7 gene 10 promoter. For
expression study, this vector was iniroduced into the Escherichia coli strain Novablue
(DE3) (Novagen), in which, the gene for the T 7 polymerase is placed under the control
of the isopropyl-beta-D thiogalactoside (IPTG)-regulatable lac promoter. Liquid
cultures (100 ml) of the Novablue (DE3) [PET24b/FhaB2/3] E. coli recombinant strain
were grown at 37°C under agitation until the optical density at 600nm (OD600) reached
0.6. At that time-point, IPTG was added at a final concentration of ImM and the culture
was grown for 4 additional hours. The culture was then centrifuged at 10,000 rpm and
the pellet was frozen at -20°C for at least 10 hours. After thawing, the pellet was
resuspended during 30 min at 25°C in buffer A (6M guanidine hydrochloride, 0.1M
NaH2PO4, 0.01M Tris, pH 8.0), passed three-times through a needle and clarified by
centrifugation (20000rpm, 15 min). The sample was then loaded at a flow-rate of
1ml/min on a Ni2+ -loaded Hitrap column (Pharmacia Biotech). After passsage of the
flowthrough, the column was washed succesively with 40m] of buffer B (8M Urea, .
0.1MNaH2PO4, 0.01M Tris, pH 8.0), 40ml of buffer C (8M Urea, 0.1MNaH2PO4,
0.01M Tris, pH 6.3). The recombinant protein FhaB2/ 3/His6 was then eluted from the
column with 30ml of buffer D (8M Urea, 0.IMNaH2PO4, 0.01M Tris, pH 6.3)
containing 500mM of imidazole and 3ml-size fractions were collected. As presented in
figure 7, a highly enriched FhaB-2/3/His6 protein, migrating at around 154 kDa
(estimated relative molecular mass), was eluted from the column. This polypeptide was
reactive against a mouse monoclonal antibody raised against the S-histidine motif.
Taken together, these data indicate that the FhaB2/3 can be expressed and purified

under a recombinant form in E.coli.

Immunization of mice with recombinant FhaB2/3/His
Partially purified recombinant FhaB2/3/His6 protein expressed in E. coli was injected

{hree times in Balb/C mice on days 0, 14 and 29 (10 animals/group). Animals were
injected by the subcutaneous route with around 5pg of antigen in two different
formulations : either adsorbed on 100ug AIPO, or formulated in SBAS2 emulsion
(SB62 emulsion containing 5ug MPL and Sug QS21 per dose). A negative control
group consisting of mice jmmunized with the SBAS2 emulsion only has also been
added in the experiment. Mice were bled on days 29 (15 days Post 10) and 35 (6 days
Post II) in order to detect specific anti-FhaB antibodies. Specific anti-FhaB
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antibodies were measured on pooled sera (from 10 mice/group) by ELISA on purified

recombinant FhaB2/3/His.
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Example 11: Adhesion blocking activities of mouse and rabbit sera raised against
FHA, Hap and Hsf antigens

Proteins homologous to the meningococcal FHAB-like, Hsf-like and Hap-like have
been described previously to be important virulence determinant and to mediate
bacterial adhesion of Bordetella pertussis (FHA) and Haemophilus influcnzae (Hap
and Hsf). Adhesion to epithelial and endothelial cells is known to be crucial for
colonization of the nasopharynges and crossing of the blood-brain barrier by the
meningococcus. Thus interfering with the adhesion of N. meningitidis represent a
valuable approach to controle meningococcal colonization and infection. Here we
tested if anti-sera directed against the meningococcal FHAB 2/3", Hap-like and Hsf-
like antigens werc able to interfer the adhesion of Neisseria meningitidis to

endothelial cells. The following experimental procedure was used:

Inhibition of adhesion to HUVEC’s: the meningococcal test strain used in this study

was a non-capsulated, non-piliated, Opa- and Ope- derivative of strain NmAS8013.
Mcningococcal cells (2.10ES colony forming units (CFU) of the NmAS§013
detivative) were incubated during 30 minutes at 37°C in a medium composed of
4001 of RPMI, 50ul of fetale bovine serum and 50 pl of the serum to be tested for
adhesion blocking properties. This mixture was then placed in a well containing
confluent monolayers of human umbilical vein endothelial cells (HUVEC’s) whose
culture medium has been previously removed. Bacteria and HUVEC’s cells were
incubated during 4 hours at 37°C, under 5% CO2. Cell monolayers were then washed
three times with fresh RPMI serum and subsequently scrapped off the plate. CFU
associated to HUVEC’s cells was then determined serial dilution and plating of the
cell lysate onto GC plates. Plates were incubated during 48 hours at 37°C to allow the

. recovery and growth of cell-associated meningococei.

Adhesion-blocking _activities of mouse and _rabbit scra raised against

recombinant FHABZ/S“‘, Hap & hsf antigens: anti-FHA 2/3, anti-Hsf full-length
(described in WO99/58683) and anti-Hap full-length (WO99/55873) antibodies, as
well as anti-sera directed against corresponding Hsf & Hap passenger domains,
interfere with meningocaccal adhesion to endothelial HUVEC’s cells. Figure 8
iltustrates that specific antibodies induced by FHA 2/3 formulated in AIPO4 was able
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to inhibit Neisseria_meningiiidis B adhesion to the HUVEC cells compared to the
adjuvant only. When compared to the SBAS2 adjuvant only (without antigen, group
4), the anti-FHA 2/3 abs (SBAS2 formulation) is still effective, but less potent than
AIPO,. The SBAS?2 adjuvant only (without antigen) does not induce antibodies able to
interfere with the adhesion. Compared lo group 4, anti-Hap antibodies (group 1) may
have a slight inhibition effect. In group 5, when a mixture of anti-FHA 2/3, anti-Hsf
and anti-Hap antibodies is tested, inhibition of the adhesion is stronger than with anti-
FHA 2/3 only, suggesting a synergetic offect given by anti-Hap and anti-Hsf
antibodies. In a second inhibition experiment (Fig 2), a specific rabbit antiserum
directed against anti OMVs over-expressing Hsf (as a candidate protein) was able to
inhibit partially the fixation of Neisseria meningitidis B to the endothelial cells
compared to the negative control (group 3 vs 4). This rabbit antiserum has been
demonsirated to contain a very high specific anti-Hsf antibody titer. Antibodies
against rec Hsf (Hsf passenger and Hsf full length) are also able to inhibit adhesion of
bacteria on the HUVEC cells. This is true both with mice sera (groups 5 - 6) as well
as with rabbit sera (in a laser extend) (groups 7 -8). In this second experiment,
specific anti-rec FIIA 2/3 antibodies (group 1) already tested in the first experiment
confirm their very high inhibitory effect. These results indicate that these specific
antigens (Hap, FHA2/3 and Hsf), isolated or in combination, are interesting vaccine

antigens.
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Example 12: Protective effect of recombinant OMV’s in the mouse challenge
model

Several recombinant OMVs have been evaluated in Balb/C mice for their protective
effect after lethal challenge. This active immunisation model involved intraperitoneal
injection of meningococei from scveral sirains (suspended in iron depleted TSB
medinm) into adult Balb/C or OF1 mice (6 — § weeks old), after a series of
{mmunization by the subcutancous route. The iron dextran, used as an external iron
source seems to be needed to maintain bacteraemia and induce mortalily in infected
animal. Although this IP model in mice has been shown 1o be effective for assessing
virulence, immune protection and the role of iron in infection, they do not incorporate
the pharyngeal carriage phase, which precedes bacteraemia and meningitis in humans.
This model has been used to screen our several OMV candidates over-expressing
NspA, ThpA, ot Hsf. In the following experiments, Balb/C (inbred) or OF 1 (outbred)
mice were immunized three times on days 0, 14 and 28 by the subcutaneous route
with 3 (PVOON049) to 5pg (PVOONO35 and PVOON043 experiments) of rec. OMV
over-expressing Hsf, NspA or TbpA formulated on Al(OH); (100 pg Al(OH)3
/animal) (PVOON035 and PYOON043) or on Al POy (100 ug Al POy/animal). Then,
animals are bled on days 28 (day 14 past II) and 35 (day 7 past IIT) for specific Ab
cvaluation. On day 35, 10 mg of iron dextran are injected intrapcritaneally one hour
before the challenge. The challenges were done with H44/76 (B:15:P1.7,16) or CU-
385 (B:4:P1.19,15) strains, with around 1.10 &7 CFU/animal (see the table of results
for the exact challenge doses). The heterologous strain done with the CU-385 strain
is more stringent than when using the homologous strain. Mortalities were recorded
from days 1 1o 5. The table 1 hereafter illustrates that when compared to OMV porA
(-) and with OMV porA (+) in a lesser extend, there is already a better protection
observed with OMV TbpA (+) (1/10 and 3/5 for porA(-) and 9/10 and 3/5 for porA
(+)), with OMV NspA (+) ( 4/10 and 4/5) and with OMV Hsf (+) (3/10, 2/10 and 3/5).
This is the global observation we can make in these three experiments. These data
support that TbpA, Hsf and NspA antigens, expressed at the bleb surface, are of

interest for a future menB vaccine.
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Table 1: Protective activity in the mouse model of recombinant outer-membrane

vesicles. The table summarizes the results obtained during three experiments
(PVOON35, PYOON043 & PVOON049)

Rec OMVS

(H44/76 background =
“porAPLI7,16)

OMVs (blebs)
Survival rate (on.day
Active tiouse protection
:| PVOONO35 | PVOONO43. |.-PVOOND4S
“fin OF1 miee [ih Balb/C mice| In'OF1 mice
Challenge strain (+ i
CH44/76 | o Haaf7e | cu-3s5
{@uspr7, | @15P17, | (B:4:P1.19,1
A T

o Imiuno

4 ‘5p;gc.ifi_é: A bs

“ by Elisa
Mean. -~
PVOONO49 only

OMV porA(-)

No antigen

NT : Not tested.
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Example 13: Protective effect of recombinant subunit antigens in the mouse
challenge model

Several recombinant purified proteins have becn evaluated in Balb/C mice for their
protective effect after lethal challenge. This active immunization model involved
introperitoneal injection of meningococci from several strains (suspended in iron
depleted TSB medium) into adult Balb/C or OF 1 mice (638 weeks old) after a series
of immunization by the subcutaneous route.

The iron dextran, used as an cxtcrnal iron source seems to be needed to maintain
bacteraemia and induce mortality in infected animal. Although this IP model in mice
has been shown to be effective for assessing virulence, immune protection and the
role of iron in infection, they do not incorporate the pharyngeal carriage phase, which
precedes bacteraemia and meningitis in humans. This model has been used to screen
several menB sub-unit vaccine candidates like recombinant FrpC, TbpA, FHA2/3 and
Hap molecules.

Tn this experiment, OF 1 (outbred) mice were immunized three times on days 0, 14
and 28 by the subcutaneous route with 5 pg (PVOONO50) of these proteins formulated
on Al PO, (100 pg) in presence of 10 ug MPL (per animal).

Then, animals are bled on days 28 (day 14 past II) and 35 (day 7 past IIT) for specific
Ab evaluation, while they are challenged on day 35. The day of challenge, 10 mg of
iron dexiran are injected intraperitancally one hour before the challenge. The
challenges were done with CU-385 strains (B:4:P1.19,15), which is heterologoﬁs n
this case, indeed, the antigens sequence coming from the H44/76 (B:15:P1.7,16),
except for the TbpA for which the sequence comes from the B16B6 strain
(B:2a:P1.2).

The results illustrated in table 2 indicate that FrpC, TbpA, FHAB2/3", Hap induced
significant protection in this model : from 2 to 4 out of 5 mice survived after
challenge, compared to only 1/5 with the adjuvant only. In all groups but one, the
specific antibody titer were high (specific anti-TbpA titer was moderate). All these
data support that FrpC, FipA, FrpA/C conserved domain, TbpA, FHAB2/3®, Hap
presented as sub-unit antigens, isolated or in combination, are of interest for the

development of a menB vaccine.
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Table 2: Protective activity in the mouse model of recombinant outer-membrane

vesicles. The table summarizes the results obtained during ome experiment
(PVOONO50).

Sub-unit antigens
[ Survival rate onday B) |-

- ¢ ‘ActiVe mouse profecﬁonlmi')_del e

e " PYOONOSO (in OFf micé) | " Immuno
' ,»}»Re'clsub‘-u'r]if.‘ i i Challerige strgin (+ dosé) . Specific Abs
i o0 cu-sss ¢ byElisa

y Antigens”
k’ _(frmjt Ha4/76
‘Ag sequence)-
FrpC Ca2++ treated

ean-(ohT)

(B:4PL19,05)
1410077

31477 - (27068)

10
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Example 14: Method to show synergetic effect of vaccine antigens combinations.

Different recombinant OMVs available (OMVs porA (+) rmp-LbpB, OMVs porA (-)
TbpA (+) Hsf (+), OMVs porA (-) ThpA (+), OMVs parA (=) NspA (+), OMVs porA
(-) Hsf (1), OMVs porA (-) TbpA (+) NspA (1)) can be tested alone or in combination
to determine statistically the best combinations, in terms of detecting a synergetic
effect of such combinations of vaccine candidates. This work can also be performed
with combinations of subunit antigens, as well as combination of subunit antigens +
recombinant OMV’s, 32 groups of 5 OF1 mice/group can be injected and tested for
serum bactericidal & opsonic activity, active and passive protection in the mouse
model (if needbe using suboptimal amounts of individual antigens). An indication of
synergistic antigen combinations is if the level of protective conferred after combined

immunization is higher that the sum of individual antigens.
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Example 15:_Analysis of Hsf and TbpA content of Outer Membrane Vesicles
Coommassie blue stained SDS-PAGE

15pg of protein in outer membrane vesicle preparations with up-regulation of Hsf or
TbpA or both Hsf and TbpA, were diluted in a sample buffer containing p-
mercaptoethanol and heated at 95°C for 10 minutes. The samples were then run on
SDS-PAGE polyacrylamide gel (Novex 4-20% Tris-glycine 1.5 mm 2Dwell SDS
Page), stained in Coomassie blue for one hour and destained in several washes of
destain. Results are shown in Figure 9, which shows that the level of Hsf and ThpA
are considerably higher in outer membrane vesicle preparations, derived from N,

meningitidis where their level of expression had been enhanced.

Example 16: Immunogenicity of OMVs with upregulation of Hsf and/or ThpA

Groups of 20 mice were immunised three times with OMV by the intra-muscular
route on days 0, 21 and 28. Each innoculation was made up of Sug (protein content)
of OMVs formulated on AIPO4 with MPL. The OMVs were derived from N,
meningitidis strain H44/76, engineered so that capsular polysaccharides and PorA
were down regulated. A comparison was made of OMVs in which Hsf, ThpA, both
Hsf and TbpA or neither were upregulated. On day 41, blood samples were taken for
analysis by ELISA or by serum bactericidal assay.

ELISA to detect antibodies against Hsf

96 well microplates (Nunc, Maxisorb) were coated overnight at 4°C with 100 ul of 1
ng/ml of specific antigen in PBS. After washing with NaCl 150 mM Twecen 20
0.05%, plates were saturated with 100 ul of PBS-BSA 1% under shaking at room
temperature for 30 minutes. Between each step (performed under shaking at room
temperature during 30 min and with PBS-BSA 0.2% as diluant buffer), reagents in
excess were removed by washing with NaCl-Tween 20, One hundred micro-liters of
diluted serum samples were added per micro-well. Bound antibodies were recognized

by a biotinylated anti-mouse Ig (Prosan) (1/2000). The antigen-antibody complex was

-87-




15

20

25

30

WO 2004/014418 PCT/EP2003/008571
84

revealed by incubation with streptavidin-biotinylated —peroxidase conjugate
(Amersham) (1/4000). OrthoPhenileneDiamine/H,02 (4 mg/10 ml citrate buffer 0.1M
pH 4.5 + 5 pl H;0,) is used to roveal the assay. Plates were incubated for 15 min at
room temperature in the dark before stoping the reaction by addition of 50 pl of IN
HC] . The absorbance was read at 490nm.

Titre Mid-Point (on pooled sera)

91, blebs TopA-HSF, IM 15471
92, blebs TbpA, IM 15.41

g3, blebs HSF, IM 14508
94, blebs CPS(-)PorA(-), IM -

g5, MPL/AIPO4, IM

The results shown in the table above, show that high and equivalent antibody titres
against Hsf were raised by immunisation with OMVs with upregulation of Hsfor
both Hsfand TbpA. Virtually no antibody against Hsf could be detected in sera
raised after inoculation with adjuvant alone or OMV in which neither Hs[nor TbpA

had been upregulated or OMV in which only TbpA had been upregulated.

Example 17: Serum Bactericidal Activity of antisera raised against OMVs with up-
regulation of Hsf and/or TbpA

The serum bactericidal activity of antisera from the mice inoculated with OMVs with
upregulation of Hsf, TbpA, both Hsf and TbpA or without upre gulation were
compared in assays using either the homologous strain H44/76 or the heterologous
strain Cu385. The serum bactericidal assay has been shown to show good correlation
with the protection and is therefore a good indication of how effective a candidate

composition will be in eliciting a protective immune response.

Neisseria meningitidis serogroup B wild type strains (H44/76 strain =B:15 P1.7,16
1.3,7,9 and CU385 strain =B: 4P1.19,15 1.3,7,9) were cultured overnight on MH +
1% Polyvitex + 1% horse serum Petri dishes at 37°C + 5% CO2. They were sub-
cultured for 3 hours in a liquid TSB medium supplemented with 50 uM of Desferal
(Iron chelator) at 37°C under shaking to reach an optical density of approximately 0.5
at 470 nm.
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Pooled or individual serum were inactivated for 40 min at 56°C. Serum samples were
diluted 1/100 in IBSS-BSA 0.3% and then serially diluted two fold (8 dilutions) in a

volume of 50 pl in round bottom microplates.

Bacteria, at the appropriate OD, were diluted in HBSS-BSA 0.3% to yield 1.3 10e4
CFU per ml. 37.5 pl of this dilution was added to the serum dilutions and microplates
were incubated for 15 minutes at 37°C under shaking. Then, 12.5 pl of rabbit
complement were added to each well. After 1 hour of incubation at 37°C and under

shaking, the microplates were placed on ice to stop the killing.

Using the tilt method, 20u1 of each well were platted on MH + 1% Polyvitex + 1%
horse scrum Petri dishes and incubated overnight at 37°C +CO2. The CFU’s were
counted and the percent of killing calculated. The serum bactericidal titer is the last

dilution yielding > 50% killing.

H44/76 CU385
OMV GMT  %responders  GMT  %responders
CPS(-) PorA (-) 93 30% 58 5%
CPS(-) PorA (-) Hsf 158 40% 108 20%
CPS(-) PorA (-) ThpA 327 60% 147 30%
CPS(-) PorA (-) Hsf - ThpA 3355 100% 1174 80%

Similar results to those shown in the abave table were obtained in two other similar
experiments.

A dramatic increase in the bactericidal titres (GMT) against the homologous strain
and 4 heterologous strain were seen after vaccination with OMV in which both Hsf
and TbpA were upregulated. By comparison, bactericidal GMTs measured on mice
vaccinated with Hsf or ThpA upregulated OMVs were similar to those obtained with

mice vaccinated with control OMVs.
The benefit of double up-regulation was also clearly observed in the percentage of

mice producing a significant level of bactericidal antibodies (titres greater than

1/100), particularly in experiments using the heterologous strain.
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Example 18:_Effect of mixing anti-Hsf and anti-TbpA sera on bactericidal activi

Groups of 20 mice were immumised three times with OMV by the intra-muscular
route on days 0, 21 and 28. Each inoculation was made up of Spg (protein content) of
OMV's formulated on AIPO4 with MPL. The OMV's were derived from N.
meningitidis strain H44/76, engineered so that capsular polysaccharides and PorA
were down regulated. One group of mice was immunised with control OMVs in
which there was no up-regulation of proteins. In a second group, Hs{ expression was
up-regulated, in a third group TbpA expression was up-regulated and in a fourth
group, the expression of both Hsf and TbpA was up-regulated.

The sera were pooled, either using sera from mice in the same group or by mixing
sera isolated from the group in with Hsf alone or ThpA alone had been up-regulated.
Serum bactericidal activity was measured for each of the pooled sera and the results

are shown in the table below.

SBA done on pooled sera SBA
from mice immunized with titer
TbpA-Hsf blebs 774

ThpA blebs 200

Hsf blebs 50

CPS(-) PorA(-) blebs 50
Mix anti-TbpA + anti-Hsf sera 1162

The results in the above table show that mixing of anti-Hsf and anti-TbpA antisera
resulted in a much higher serum bactericidal activity than was achieved by either
antisera individually. The synergistic effect seems to be achieved by the presence of

antibodies against both Hsf and TbpA.

Example 19: Truncated Hsf proteins may combine synergistically with TbpA

A series of truncated Hsf constructs were made using standard molecular biology
procedures, These include a construct that encodes amino acids 1 to 54 which

contains the signal sequence of Hsf and amino acids 134 to 592 of Hsf (Tr1Hsf). A
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second truncated Hsf contained amino acids 1-53 of the signal sequence of Hsf
followed by amino acids 238-592 of Hsf (T12Hsf). These two truncated Hsf
constructs and full length Hsf were introduced into N. Meningitidis B strain MC58
siaD-, Opc-, PorA- so that their expression would be up-regulated and outer

membrane vesicles were produced using the methods described above.

The outer membrane vesicle preparations were adsorbed onto AI(OH)3 and injected
into mice on days 0, 21 and 28. On day 42, the mice were bled and sera prepared. The

sera were mixed with sera from mice vaccinated with up-regulated TbpA OMV's and

serum bactericidal assays were performed as described above.

Results

Serum Bactericidal titrcs
Group H44/76 CU385
MC58 PorA+ siaD- 25600 25600
MCS58 PorA- siaD- Hsf 1530 800
MCS58 PorA- siaD- Tr1Hsf 1015 1360
MC58 PorA- siaD- Tr2Hsf 50 50
Negative control 50 50
TbpA +MC58 PorA+ siaD+ 25600 24182
TbpA + MC58 PorA- siaD- Hsf 2595 1438
TbpA + MC58 PorA- siaD- Tr1Hsf 4383 2891
TbpA +MC58 PorA- siaD- Tr2Hsf 1568 742
ThbpA + Negative control 778 532

The results shown in the abave table reveal that the first truncation (Tr1Hsf) elicits an

immune response which is capable of combining with antisera against TbpA to

produce a larger serum bactericidal activity than when full length Hsf is used.

However, the extent of the truncation is important and the truncation produced in Tr2

has a deleterious effect compared to the full length Hsf. The enhanced bactericidal

activity of Tr1Hsf was seen against both the strains used.
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Example 20; Serum bactericidal activity of antibodies against ThpA, Hsf and a third

meningococcal protein

N. meningitidis strain H66/76 in which PorA and capsular polysaccharides were
down regulated as described above, was used as the background strain for up-
regulating TbpA and Hsf, LbpB, D15, PilQ or NspA using the procedure described
above. Outer membrane vesicles were prepared from each strain as described above.
Recombinant FHAb, FrpC, FrpA/C and Hap were made using techniques
hereinbefore described and known in the art (as described in PCT/EP99/02766,
W092/01460 and W098/02547).

The outer membrane vesicle preparations and recombinant proteins were adsorbed
onto Al(OH)3 and injected into mice on days 0, 21 and 28, On day 42, the mice were
bled and sera prepared. The sera against TbpA and Hsf up-regulated OMVs were
mixed with sera from mice vaccinated with OMV’s containing up-regulated LbpB,
D15, PilQ or NspA OMVs or recombinant FEIAb, FrpC, FrpA/C or Hap and serum

bactericidal assays were performed as described above.

Results

Results are shown in the table below. In assays using the homologous H44/76 stain,
{he addition of antibodies against a third meningococcal antigen, with the exception of
FrpC, did not produce a serum bactericidal titre higher than that produced using
antibodies against TbpA and Hsf alone.

However, the addition of antibodies against a third antigen was advantageous in
serum bactericidal assays using a heterologous strain. Antibodies against D15
(OMPSS), Hap, FrpA/C and LbpB were particularly effective at increasing the serum
bactericidal titre against the CU385 strain.
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Scrum Bactericidal Titre
Antisera Mix H44/76 CU385
anti-TbpA-Hsf and nonimmune sera 5378 2141
anti-TbpA-Hsf and anti-FHA 5260 2563
anti-TbpA-Hsf and anti-Hap 4571 5150
anti-TbpA-Hsf and anti-FrpA/C 5034 4358
anti-TbpA-Hsf and anti-LbpB 5400 4834
anti-TbpA-Hsf and anti-D15 4823 4657
anti-TbpA-Hsf and anti-PilQ 4708 2242
anti-TbpA-Hsf and anti-NspA 4738 2518
anti-TbpA-Hsf and anti-FrpC 6082 2300

Example 21: Effect of FrpB KO in outer membrane vesicles on their ability to elicit

a bactericidal immune response in homologous and heterologous strains

Two strains of H44/76 N. meningitidis were used to prepare outer membrane vesicle
preparations as described in WO01/09350, using a 0.1% DOC exiraction so that the
LOS content was around 20%. Strain B1733 is siaD(-), PorA(-), has upregulation of
Trl Hsf (example 19) and lgtB is knocked out. Strain B1820 B1733 is siaD(-), PorA(-
), has upregulation of Tr1 Hsf, 1giB is knocked out and FrpB is also knocked out.
Both strains were cultured in media supplemented with 60uM Desferal so that iron

regulated proteins such as LbpA/B and TbpA/B are upregulated.

The bleb preparations were adsorbed onto A(OH)3 and Sug were injected
intrantuscularly into groups of 30 mice on day 0 and day 21. Blood samples were
taken on day 28.

Serum bactericidal assays were carried out on three L3 strains (the homologous wild

type strain H44/76 and two heterologous L3 strains; NZ124 and M97250687), as

described in example 17.
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Results
| Blebs used for Ha4/76 M97250687 Nz124
inoculation GMT SC GMT SC GMT SC
B1733 | 15187 3080 | 151 1130 | 70 4m9
B1520 7811930 | 1316 24530 | 276 19730

GMT indicates the geometric mean titre of the sera in the SBA.
SC indicates the number of mice seroconverting (SBA titre >1/1 00).

The results clearty show that FrpB KO (B1820) blebs induce a better heterolo gous
cross-bactericidal response than FrpB(+) blebs (B1733). The SBA titres were higher
and a higher proportion of mice seroconverted in strains M97250687 and NZ124. The
results in the homologous strain was not quite as good when FrpB was deleted.

These data suggest that FrpB drives the immune response, but since this outer
membrane protein is highly variable, antibodies against this protein are only able to

induce killing of the homologous strain,
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The Claims Defining The Invention Are As Follows:

3.

An immunogenic composition comprising at least one Neisserial autotransporter
antigen and at least one different antigen, wherein the at least one antigen is
selected from the following categories:

a)  at least one Neisserial adhesin;

b)  at least one Neisserial toxin;

c) atleast one Neisserial Fe acquisition protein; or

d) at least one Neisserial membrane associated protein,

and wherein the antigens, where present in an outer membrane vesicle, have been

upregulated in the outer membrane vesicle.

The immunogenic composition of claim 1, wherein the at least one Neisserial
autotransporter antigen is selected from the group consisting of Hsf, Hap, IgA
protease, AspA and NadA; and

the at least one antigen is selected from the following categories:

a)  at least one Neisserial adhesin selected from the group consisting of FhaB,
NspA, PilC, Hsf, Hap, MafA, MafB, Omp26, NMB0315, NMB0995,
NMBI1119 and NadA;

b)  at least one Neisserial toxin selected from the group consisting of FrpA,
FrpC, FrpA/C, VapD, NM-ADPRT, and either or both of LPS immunotype
L2 and LPS immunotype L3;

¢) at least one Neisserial Fe acquisition protein selected from the group
consisting of TbpA high, TbpA low, TbpB high, TbpB low, LbpA, LbpB,
P2086, HpuA, HpuB, Lipo28, Sibp, FbpA, BfrA, BfrB, Bcp, NMB0964 and
NMB0293; or

d)  at least one Neisserial membrane associated protein, selected from the group
consisting of PilQ, OMP8S5, FhaC, NspA, TbpA(high), TbpA(low), LbpA,
HpuB, TspA, TspB, TdfH, PorB, HimD, HisD, GNA1870, OstA, HIpA,
MItA, NMB 1124, NMB 1162, NMB 1220, NMB 1313, NMB 1953, HtrA
and PIdA.

The immunogenic composition of claim 1 or 2 which is a subunit composition.
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4. The immunogenic composition of claim 3 wherein the at least one Neisserial
autotransporter antigen comprises the passenger domain of Hsf and the at least one
different antigen is selected from the following list: FhaB, NspA, passenger
domain of Hap, surface exposed domain of OMP85, FrpA, FrpC, TbpB, LbpB,
PIdA, PilC, Lipo28 and either or both of LPS immunotype L2 and LPS

immunotype L3.

5. The immunogenic composition of claim 1 or 2 comprising an outer membrane
vesicle preparation, wherein the antigens have been upregulated in the outer

membrane vesicle.

6. The immunogenic composition of claim 5 wherein the at least one Neisserial
autotransporter antigen comprises Hsf and the at least one different antigen is
selected from the following list: NspA, Hap, OMP85, HpuA, HpuB, TspA, TspB,
FhaC, TbpA (high), TbpA (low), LbpA, TbpB, LbpB, PilQ, NM-ADPRT, P2086,
TdfH, PorB, MafA, MafB, HimD, HisD, GNA1870, OstA, HIpA, MItA and PIdA;
and optionally comprising either or both of LPS immunotype L2 and LPS
immunotype L3,

wherein Hsf and the at least one different antigen are upregulated in the outer

membrane vesicle.

7. The immunogenic composition of claim 1 or 2 comprising a subunit composition
having one or more of the antigens, and an outer membrane vesicle preparation
having at least one antigen which has been upregulated in the outer membrane

vesicle.

8. The immunogenic composition of claim 7 comprising a subunit composition and
an outer membrane vesicle preparation
wherein the subunit composition comprises at least one antigen selected from
the following list: FhaB, NspA, passenger domain of Hsf, passenger domain of Hap,
surface exposed domain of OMP85, FrpA, FrpC, TbpB, LbpB, PilC, Lipo28; and

wherein the outer membrane vesicle preparation having at least one antigen
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which has been upregulated in the outer membrane vesicle comprises at least one
upregulated antigen selected from the following list, which is different from the at least
one antigen in the subunit compositions: NspA, Hsf, Hap, OMP85, AspA, HpuA,
HpuB, TspA, TspB, FhaC, TbpA (high), TbpA (low), LbpA, TbpB, LbpB, PilQ, NM-
ADPRT, P2086, Td{H, PorB, MafA, MafB, HimD, HisD, GNA1870, OstA, HipA,
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MItA and PIdA; and

optionally comprising either or both of LPS immunotype L2 and LPS

immunotype L3.

13.

14.

The immunogenic composition of any one of claims 5-8 comprising at least two

different outer membrane vesicle preparations of claim 5 or 6.

. The immunogenic composition of claim 9 wherein one outer membrane vesicle

preparation is immunotype L2 and one outer membrane vesicle preparation is

immunotype L3.

. The immunogenic composition of any one of claims 1-2 or 5-10 wherein NspA is

further selected.

. The immunogenic composition of any one of claims 1-2 or 5-11 wherein Omp85

is further selected.

The immunogenic composition of any one of claims 1-2 or 5-12 wherein the at
least one Neisserial autotransporter antigen comprises Hsf and the at least one

different antigen comprises TbpA (high).

The immunogenic composition of any one of claims 1-2 or 5-13, wherein the at
least one Neisserial autotransporter antigen comprises Hsf and the at least one

different antigen comprises TbpA (low).

. The immunogenic composition of claims 13 or 14 further comprising one or more

additional antigens selected from a list consisting of Hap, LbpB, OMP 85 and
FrpA.
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16. The immunogenic composition of any one of claims 13-15 wherein LPS

immunotype L2 is further selected.

17. The immunogenic composition of any one of claims 13-16 wherein LPS

immunotype L3 is further selected.

18. The immunogenic composition of any one of claims 1-17 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

FhaB; and
at least one further antigen selected from the group consisting of : PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HtrA, Hsf, LbpB, FrpA, FrpC, FrpA/C, OMP85, PIdA,

LbpA, TbpA (low), TbpA(high), TbpB(low), TbpB(high), HpuA, HpuB, PilQ, MItA,

HimD, HisD, GNA1870, OstA, HIpA, NspA, TspA, TspB, P2086, Lipo28, Sibp,

NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT, VapD and

either or both of LPS immunotype L2 and LPS immunotype L3.

19. The immunogenic composition of any one of claims 1-18 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
[gA protease, AspA and NadA,

NspA; and
at least one further antigen selected from the group consisting of : PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bcp, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HtrA, LbpB, FrpA, FrpC, FrpA/C, OMP85, PIdA, LbpA,

TbpA (low), TbpA(high), TopB(low), TbpB(high), HpuA, HpuB, PilQ, MItA, HimD,

HisD, GNA1870, OstA, HIpA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964,

NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT, VapD and either or

both of LPS immunotype L2 and LPS immunotype L3.
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20. The immunogenic composition of any one of claims 1-19 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA; and
TbpA (low); and
at least one further antigen selected from the group consisting of: PilC, MafA,
MafB, Omp26, NMB0995, FhaC, FbpA, Bcp, NMB 1124, NMB 1162, NMB 1220,
NMB 1313, NMB 1953, HtrA, LbpB, FrpA, FrpC, FrpA/C, OMP8S, PIdA, LbpA,
TbpA(high), TbpB(low), TbpB(high), HpuA, HpuB, PilQ, MItA, HimD, HisD,
GNA1870, OstA, HlpA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB(293,
NMBO0315, NMB1119, TdfH, PorB, NM-ADPRT, VapD and either or both of LPS
immunotype L2 and LPS immunotype L3.

21. The immunogeric composition of any one of claims 1-20 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA,

TbpA (high); and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HirA, LbpB, FrpA, FrpC, FrpA/C, OMPSS, PIdA, LbpA,

TbpB(low), TbpB(high), HpuA, HpuB, PilQ, MItA, HimD, HisD, GNA1870, OstA,

HIpA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB0293, NMB0315,

NMBI1119, TdfH, PorB, NM-ADPRT, VapD and either or both of LPS immunotype

L2 and LPS immunotype L3.

22. The immunogenic composition of any one of claims 1-21 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

LbpB; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HtrA, FrpA, FrpC, FrpA/C, OMPSS, PIdA, LbpA,

TbpB(low), TbpB(high), HpuA, HpuB, PilQ, MItA, HimD, HisD, GNA1870, OstA,

HipA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB0293, NMB0315,
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NMBI1119, TdfH, PorB, NM-ADPRT, VapD and cither or both of LPS immunotype
L2 and LPS immunotype L3.

23. The immunogenic composition of any one of claims 1-22 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
[gA protease, AspA and NadA;
OMPS8S; and
at least one further antigen selected from the group consisting of: PilC, MafA,
MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,
NMB 1313, NMB 1953, HtrA, FrpA, FipC, FrpA/C, PIdA, LbpA, TbpB(low),
TbpB(high), HpuA, HpuB, PilQ, MItA, HimD, HisD, GNA1870, OstA, HIpA, TspA,
TspB, P2086, Lipo28, Sibp, NMB0964, NMB0293, NMB0315, NMB1119, TdfH,
PorB, NM-ADPRT, VapD and either or both of LPS immunotype L2 and LPS

immunotype L3.

24. The immunogenic composition of any one of claims 1-23 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

Frp A; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HtrA, FrpC, FrpA/C, PIdA, LbpA, TbpB(low), TbpB(high),

HpuA, HpuB, PilQ, MItA, HimD, HisD, GNA1870, OstA, HlpA, TspA, TspB, P2086,

Lipo28, Sibp, NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-

ADPRT, VapD and either or both of LPS immunotype L2 and LPS immunotype L3.

25. The immunogenic composition of any one of claims 1-24 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

FrpC; and

at least one further antigen selected from the group consisting of: PilC, MafA,
MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,
NMB 1313, NMB 1953, HirA, PIdA, LbpA, TbpB(low), TopB(high), HpuA, HpuB,
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PilQ, MItA, HimD, HisD, GNA1870, OstA, HlpA, TspA, TspB, P2086, Lipo28, Sibp,
NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT, VapD and
either or both of LPS immunotype L2 and LPS immunotype L3.

26. The immunogenic composition of any one of claims 1-25 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

LPS immunotype L2; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HirA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB,

PilQ, MItA, HimD, HisD, GNA1870, OstA, HlpA, TspA, TspB, P2086, Lipo28, Sibp,

NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT, VapD and

LPS immunotype L3.

27. The immunogenic composition of any one of claims 1-26 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA,

LPS immunotype L3; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HirA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB,

PilQ, MItA, HimD, HisD, GNA1870, OstA, HIpA, TspA, TspB, P2086, Lipo28, Sibp,

NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT and VapD.

28. The immunogenic composition of any one of claims 1-27 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

PilQ; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HirA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB,

MItA, HimD, HisD, GNA1870, OstA, HIpA, TspA, TspB, P2086, Lipo28, Sibp,
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NMB0964, NMB0293, NMB0315, NMB1119, TdfH, PorB, NM-ADPRT and VapD.

29. The immunogenic composition of any one of claims 1-28 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
[gA protease, AspA and NadA;

GNA1870; and
at least one further antigen selected from the group consisting of: PilC, MafA,

MafB, Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220,

NMB 1313, NMB 1953, HtrA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB,

HimD, HisD, OstA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB0293,

NMBO0315, NMB1119, TdfH, PorB, NM-ADPRT and VapD.

30. The immunogenic composition of any one of claims 1-29 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
[gA protease, AspA and NadA;

NMBO0315; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, NMB099S, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB

1313, NMB 1953, HtrA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB, HimD,

HisD, OstA, TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB(293, NMB1119,

TdfH, PorB, and VapD.

31. The immunogenic composition of any one of claims 1-30 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

NMB1119; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB

1313, NMB 1953, HtrA, PIdA, LbpA, TbpB(low), TbpB(high), HpuA, HpuB, HimD,

HisD, OstA, TspA, TspB, P2086, Lipo28, Sibp, NMB(0964, NMB0293, NMB1119,

TdfH, PorB, and VapD.
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32. The immunogenic composition of any one of claims 1-31 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA,

LbpA; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, NMB0995, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB

1313, NMB 1953, HtrA, PIdA, TbpB(low), TbpB(high), HpuA, HpuB, HimD, OstA,

TspA, TspB, P2086, Lipo28, Sibp, NMB0964, NMB0293, NMB1119, TdfH, PorB,

and VapD.

33. The immunogenic composition of any one of claims 1-32 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA,

NMB 0995; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB 1313, NMB

1953, HtrA, PIdA, TbpB(low), TbpB(high), HpuA, HpuB, HimD, OstA, TspA, TspB,

P2086, Lipo28, Sibp, NMB0964, NMB0293, NMB1119, TdfH, PorB, and VapD.

34. The immunogenic composition of any one of claims 1-33 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

Lipo28; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB 1313, NMB

1953, HtrA, PIdA, TbpB(low), TbpB(high), HpuA, HpuB, HimD, OstA, TspA, TspB,

P2086, Sibp, NMB0964, NMB0293, NMB1119, TdfH, PorB, and VapD.

35. The immunogenic composition of any one of claims 1-34 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

NMBI1313; and

at least one further antigen selected from the group consisting of: PilC, MafB,
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Omp26, FhaC, FbpA, Bep, NMB 1124, NMB 1162, NMB 1220, NMB 1953, HtrA,
PIdA, TbpB(low), TbpB(high), HpuA, HpuB, OstA, TspA, TspB, P2086, Sibp,
NMB0964, NMB0293, NMB1119, TdfH, PorB, and VapD.

36. The immunogenic composition of any one of claims 1-35 comprising at least one
Neisserial autotransporter antigen selected from the group consisting of Hsf, Hap,
IgA protease, AspA and NadA;

NMB1953; and
at least one further antigen selected from the group consisting of: PilC, MafB,

Omp26, FhaC, FbpA, Becp, NMB 1124, NMB 1162, NMB 1220, HtrA, PIdA,

TbpB(low), TbpB(high), HpuA, HpuB, OstA, TspA, TspB, P2086, Sibp, NMB0964,

NMB0293, NMBI1119, TdfH, PorB, and VapD.

37. The immunogenic composition of any one of claims 5-36 wherein a host cell from
which the outer membrane vesicle preparation is derived has been engineered so

as to down-regulate the expression from one or more of IgtB or IgtE.

38. The immunogenic composition of any one of claims 5-37 wherein a host cell from
which the outer membrane vesicle preparation is derived is unable to synthesize

capsular polysaccharide.

39. The immunogenic composition of claim 38 wherein the host cell has been
engineered so as to down-regulate the expression from one or more of siaD, ctrA,
ctrB, ctrC, ctrD, synA (equivalent to synX and siaA) or synB (equivalent to siaB
and synC (equivalent to siaC).

40. The immunogenic composition of any one of claims 5-39 wherein a host cell from
which the outer membrane vesicle preparation is derived has been engineered so

as to down-regulate the expression of one or more of OpC, OpA, PorA or FrpB.

41. The immunogenic composition of any one of claims 5-40 wherein a host cell from
which the outer membrane vesicle preparation is derived has been engineered so

as to down-regulate the expression from msbB and/or htrB.
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101

The immunogenic composition of any one of claims 1-41 wherein all neisserial

antigens are derived from N.meningitidis.

The immunogenic composition of claim 42 wherein all Neisserial antigens are

defined from serogroup B.

The immunogenic composition of any one of claims 1-43 further comprising one

or more bacterial capsular polysaccharides or oligosaccharides.

The immunogenic composition of claim 44 wherein the capsular polysaccharides
or oligosaccharides are derived from bacteria selected from the group consisting
of: Neisseria meningitidis serogroup A, C, Y and W-135, Haemophilus influenzae
b, Streptococcus pneumoniae, Group A Streptococci, Group B Streptococci,

Staphylococcus aureus and Staphylococcus epidermidis.

The immunogenic composition of claims 44 or 45 wherein the capsular

polysaccharide or oligosaccharide is conjugated to a protein.

The immunogenic composition of any one of claims 1-46 comprising an adjuvant.

The immunogenic composition of claim 47 comprising aluminium salts or

comprising 3D-MPL.

A vaccine comprising the immunogenic composition of any one of claims 1-48

and a pharmaceutically acceptable carrier.

A vaccine comprising one or more polynucleotide(s) encoding at least one
Neisserial autotransporter protein and at least one different protein whose
expression is driven by a eukaryotic promoter, wherein the at least one Neisserial
autotransporter protein is selected from the group consisting of Hsf, Hap, IgA
protease, AspA and NadA, and the at least one different protein is selected from

the following categories:
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a) at least one Neisserial adhesin selected from the group consisting of FhaB,
NspA, PilC, Hsf, Hap, MafA, MafB, Omp26, NMB0315, NMB0995,
NMBI1119 and NadA;

b) at least one Neisserial toxin selected from the group consisting of FrpA, FrpC,
FrpA/C, VapD and NM-ADPRT;

c) at least one Neisserial Fe acquisition protein selected from the group
consisting of TbpA high, TbpA low, TbpB high, TbpB low, LbpA, LbpB,
P2086, HpuA, HpuB, Lipo28, Sibp, FbpA, BfrA, BfrB, Bep, NMB0964 and
NMB0293; or

d) at least one Neisserial membrane associated protein, selected from the group
consisting of PilQ, OMP8S5, FhaC, NspA, TbpA(high), TbpA(low), LbpA,
HpuB, TspA, TspB, TdfH, PorB, HimD, HisD, GNA1870, OstA, HipA, MItA,
NMB 1124, NMB 1162, NMB 1220, NMB 1313, NMB 1953, HtrA and P1dA.

A method for treatment or prevention of Neisserial disease, Neisseria meningitidis
infection or Neisseria gonorrhoeae infection comprising administering a

protective dose of the vaccine of claims 49 or 50 to a host in need thereof.

A use of the vaccine of claims 49 or 50 in the preparation of a medicament for
treatment or prevention of Neisserial infection, Neisseria meningitidis infection or

Neisseria gonorrhoeae infection.

A method of making the immunogenic composition of any one of claims 1-48

comprising a step of mixing together at least two antigens from Neisseria.

A method of making the immunogenic composition of any one of claims 5-48

comprising a step of isolating outer membrane vesicles from a Neisserial culture.

The method of claim 54 wherein the outer membrane vesicles are isolated by
extracting with a concentration of DOC of 0 - 0.5%, 0.02%-0.4%, 0.04%-0.3%,
0.06%-0.2%, 0.08%-0.15% or around or exactly 0.1%.
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The immunogenic composition of any one of claims 5-48, comprising a

meningococcal bleb of immunotype L2 and a meningococcal bleb of immunotype

L3.

The immunogenic composition of claim 56 wherein TbpA(high) is upregulated in

one of the blebs,

The immunogenic composition of claim 56 or 57 wherein TbpA(low) is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-58 wherein Hsf is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-59 wherein OMP8S5 is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-60 wherein NspA is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-61 wherein GNA1870 is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-62 wherein Lipo28 is

upregulated in one of the blebs.

The immunogenic composition of any one of claims 56-63 wherein the blebs are

isolated from meningococcal strains incapable of making capsular polysaccharide.

The immunogenic composition of any one of claims 56-64 wherein the L2 and/or
L3 LPS oligosaccharide structures are truncated consistent with the blebs having

been isolated from meningococcal strains that are 1gtB’.
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66. The immunogenic composition of any one of claims 56-65 wherein the blebs are

isolated from meningococcal strains that have downregulated expression of msbB.
67. The immunogenic composition of claim 5 wherein the antigens have been
upregulated in the outer membrane vesicle by growth of a parental strain of
Neisseria under iron limitation conditions.
68. The immunogenic composition of claim 7 wherein the at least one antigen

upregulated in the outer membrane vesicle has been upregulated by growth of a

parental strain of Neisseria under iron limitation conditions.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6

5’_
ATGAATAAAGGTTTACATCGCATTATCTTTAGTAAAAAGCACAGCACCATGGTTGCAGTAGCCGAAACT
GCCAACAGCCAGGGCAAAGGTAAACAGGCAGGCAGTTCGGTTTCTGTTTCACTGAAAACTTCAGGCGAC

CTTTGCGGCAAACTCAAAACCACCCTTAAAALllLbblleLlLllLbblLrLLCTGAGTATGGTATTG
CCTGCCCATGCCCAAATTACCACCGACAAATCAGCACCTAAAAACCAGCAGGTCGTTATCCTTAAAACC
AACACTGATGCCCCCTTGGTGAATATCCARACTCCGAATGGACGCGEATTGAGCCACAACCECTATACG
CAGTTTGATGTTCGACAACANAGGEGCACTGTTARAACAACGACCETAACARTAATCCGTTTATGGTCARR
GGCAGTGCGCAATTGATTTTGAACGAGGTACGCGGTACGGCTAGCAAACTCAACGGCATCGTTACCGTA
GGCGGTCAAAAGGCCGACGTGATTATTGCCAACCCCAACGGCATTACCGTTAATGGCGGCGGCTTTAAA
AATGTCGGTCGGGGCATCTTAACTACCGGTGCGCCCCAAATCGGCAAAGACGGTGCACTGACAGGATTT
GATGTGCGTCAAGGCACATTGACCGTAGGAGCAGCAGGTTGGAATGATAAAGGCGGAGCCGACTACACC
GGGGTACTTGCTCGTGCAGTTGCTTTGCAGGGGAAATTACAGGGTAAAAACCTGGCGGTTTCTACCGGT
COTCAGRAAGTACATTACGCCAGCCCCCAAATCAGTGCACETACCECAGCEGGTACGARACCGACTATT
GCCCTTGATACTGCCACACTAAECGATATGTACCCCGACAGCATCACACTGATTGCCAATGARARAGGC
GTAGGCGTCAAAAATGCCGECACACTCCAAGCAGCCAAGCAATTGATTGTGACTTCETCAGGCCGCATT
GAAAACAGCGGCCGCATCGCCACCACTGCCGACGGCACCGAAGCTTCACCGACTTATCTCTCCATCGAA
ACCACCGAAAAAGGAGCGGCAGGCACATTTATCTCCAATGGTGGTCGGATCGAGAGCAAAGGCTTATTG
.GTTATTGAGACGGGAGAAGATATCAGCTTGCGTAACGGAGCCGTGGTGCAGAATAACGGCAGTCGCCCA
GCTACCACGGTATTAAATGCTGGTCATAAITTGGTGATTGAGAGCAAAACTAATGTGAACAATGCCAAA
GGCCCGGCTACTCTGTCGGCCGACGGCCGIACCGTCATCAAGGAGGCCAGTATTCAGACTGGCACTACC
CTATACAGTTCCAGCARAGECAACGCCGARTTAGGCAATAACACACGCATTACCCGGGCAGATGTTACC
GTATTATCCAACGGCACCATCAGCAGTTCCGCCGTAATAGATGCCAAAGACACCGCACACATCGARGCA
GGCAAACCGCTTTCTTTGGAAGCTTCAACAGTTACCTCCGATATCCGCTTAAACGGAGGCAGTATCAAG
GGCGGCAAGCAGCTTGCTTTACTGGCAGACGATAACATTACTGCCAAAACTACCAATCTGAATACTCCC
GGCAATCTGTATGTTCATACAGGTAAAGATCTGAATTTGAATGTTGATAAAGATTTGTCTGCCGCCAGC
ATCCATTTGAAATCGGATAACGCTGCCCATATTACCGGCACCAGTAAAACCCTCACTGCCTCAAAAGAC
ATGGGTGTGGAGGCAGGCTCGCTGAATGTTACCAATACCAATCTGCGTACCAACTCGGGTAATCTGCAC
ATTCAGGCAGCCARAGGCAATATTCAGCTTCGCAATACCAAGCTGAACGCAGCCAAGGCTCTCGAAACC
ACCGCATTGCAGGGCAATATCETTTCAGACCECCTTCATECTGTTICTGCAGACGETCATGTATCCTTA
TTGGCCAACGGTAATGCCGACTTTACCGGTCACAATACCCTGACAGCCAAGGCCGATGTCAATGCAGGA
TCGGTTGGTAAAGGCCGTCTGAAAGCAGACAATACCAATATCACTTCATCTTCAGGAGATATTACGTTG
GTTGCCGGCAACGGTATTCAGCTTGGTGACGGAAAACAACGCAATTCAATCAACGGAAAACACATCAGC
AICAAAAACAACGGTGGTAATGCCGACTTAAAAAACCTTAACGTCCATGCCAAAAGCGGGGCATTGAAC
ATTCATTCCGACCGGGCATTGAGCATAGAAAATACCAAGCTGGAGTCTACCCATAATACGCATCTTAAT
GCACAACACGAGCGGGTAACGCTCAACCAAGTAGATGCCTACGCACACCGTCATCTAAGCATTACCGGC
AGCCAGATTTEGCAAAACGACAAACTGCCTTCTECCAACAAGCTGETCGCCTARCGETGTATTGGCACTC
AATGCGCGCTATTCCCAAATTGCCGACAACACCACGCTGAGAGCGGGTGCAATCAACCTTACTGCCGGT
ACCGCCCTAGTCAAGCGCGGCAACATCAATTGGAGTACCGTTTCGACCAAAACTTTGGAAGATAATGCC
GAATTAAAACCATTGGCCGGACGGCTGAATATTGAAGCAGGTAGCGGCACATTAACCATCGAACCTGCC
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ARCCGCATCAGTGCGCATACCEACCTCGAGCATCAARACACGCGGARAATTGCTGTITGTCTGCAAAAGGA
GGARATGCAGGTGCGCCTAGTGCTCAAGTTTCCTCATTGEARGCAAARGGCAATATCCGTCTGEGTTACA
GGAGAAACAGATTTAAGAGGTTCTAARATTACAGCCGETAAAAACTTGGTTGTCGCCACCACCARAGET
ARGTTCARTATCGARGCCGTAAACAACTCATTCAGCAATTATTTTCCTACACAAAAAGCAECTCAACTC
ARCCARARATCCAARGRATTGGAACAGCAGATTGCGCAGTTGAAARARAGCTCGCCTAARAGCAAGCTG
ATTCCAACCCTGCAAGAAGAACGCGACCGTCTCGCTTTCTATATTCAAGCCATCAACAAGGAAGTTAAA
GGTAAAAAACCCARAGGCAAAGAATACCTGCAAGCCAAGCTTTCTGCACAAAATATTGACTTGATTTCC
GCACAAGGCATCGAAATCAGCEGTTCCGATATTACCGCTTCCARARAACTGAACCTTCACGCCGCAGET
GTATTGCCABAGGCAGCAGATTCAGACGGCGECTACTATTCTGATTGACGGCATAACCGACCAATATGAA
ATTGGCAAGCCCACCTACAAGAGTCACTACGACAAAGCTCCTCTGAACRAGCCTTCACGTTTGACCGGA
COTACAGGGETAAGTATTCATGCAGCTGCEGCACTCGATCATGCACGTATTATTATCGGTGCATCCGRA
ATCAAAGCTCCCTCAGGCAGCATAGACATCAAAGCCCATAGTGATATTGTACTGGAGGCTGGACAAAAC
GATGCCTATACCTTCTTAAAAACCARAGGTAAAAGCGGCAAAATCATCAGAARAACCAAGTTTACCAGC
ACCCCECGACCACCTGATTATGCCACCCCCCGTCGAGCTGACCGCCAACGGCATAACGCTTCAGGCAGGC
GGCAACATCCARGCTAATACCACCCGCTTCAATGCCCCTGCAGGTARRGTTACCCTGGTTCGCGGGTGAA
GAGCTGCAACTGCTCCCACAAGAAGGCATCCACAAGCACGAGTTGGATGTCCAAAARAGCCGCCGCTTT
ATCCGCATCAAGETAGGCAAGAGCAATTACAGTAARAACGAACTGAACGAAACCAAATTGLCTGTICCGC
GTCGTCGCCCAAACTGCAGCCACCCGTTCAGGCTGGGATACCGTECTCGAAGEGTACCGAATTCAAAACC
ACGCTEGCCEGTECEGACATTCAGCCAGETETAGGCGARAARGCCCGTGCCEATGCGARAATTATCCTC
AAAGGCATTGTCAACCGTATCCAGTCGGAAGARAAATTACARACCAACTCAACCETATGECAGAAACAG
GCCGGACGCGGCAGCACTATCGAAACGCTGAAAéTGCCdAGCTTCGAAAGCCCTACTC CGCCCAMACTCG
ACCECCCCOGETEGECTATATCGTCGACATTCCEARAGGCAATTTGAARAACCGAAATCGAAAAGCTGGCC!
AAACAGCCCGAGTATGCCTATCTGAAACAGCTCCAAGTAGCGARARACACTAGTGGCCACCATCACCAT
CACCATTA STOP -3'
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Figure 7
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Figure 8 A
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