
VACCINES The present invention relates to vaccines,
and in particular to a method of identifying microbial
polypeptides which are vaccine candidates. The listing
or discussion of a prior-published document in this
specification should not necessarily be taken as an
acknowledgement that the document is part of the state
of the art or is common general knowledge. The
documents listed in the specification are hereby
incorporated by reference. Microbial infections remain
a serious risk to human and animal health,
particularly in light of the fact that many pathogenic
microorganisms, particularly bacteria, are or may
become resistant to anti-microbial agents such as
antibiotics. Vaccination provides an alternative
approach to combating microbial infections, but it is
often difficult to identify suitable immunogens for
use in vaccines which are safe and which are effective
against a range of different isolates of a pathogenic
microorganism, particular a genetically diverse
microorganism. Although it is possible to develop
vaccines which use as the immunogen substantially
intact microorganisms, such as live attenuated
bacteria which typically contain one or mutations in a
virulence-determining gene, not all microorganisms are
amenable to this approach, and it is not always
desirable to adopt this approach for a particular
microorganism where safety cannot always be
guaranteed. Also, some microorganisms express
molecules which mimic host proteins, and these are
undesirable in a vaccine. A particular group of
microorganisms for which it is important to develop
further vaccines is Neisseria meningitidis which
causes meningococcal disease, a life threatening
infection which in the Europe, North America,
developing countries and elsewhere remains an
important cause of childhood mortality despite the
introduction of the conjugate serogroup C
polysaccharide vaccine. This is because infections
caused by serogroup B strains (NmB), which express an
a2-8 linkedpolysialic acid capsule, are still
prevalent. The term "serogroup" in relation to N.
meningitidis refers to the polysaccharide capsule
expressed on the bacterium. The common serogroup in
the UK causing disease is B, while in Africa it is A.
Meningococcal septicaemia continues to carry a high
case fatality rate; and survivors are often left with
major psychological and/or physical disability. After
a non-specific prodromal illness, meningococcal
septicaemia can present as a fulminant disease that is
refractory to appropriate anti-microbial therapy and
full 



supportive measures. Therefore, the best approach to
combating the public health menace of meningococcal
disease is through prophylactic vaccination. The
non-specific early clinical signs and fuhninant course
of meningococcal infection mean that therapy is often
ineffective. Therefore vaccination is considered the
most effective strategy to diminish the global disease
burden caused by this pathogen (Feavers (2000) ABC of
meningococcal diversity. Nature 404, 451-2). Existing
vaccines to prevent serogroup A, C, W135, and Y N.
meningitidis infections are based on the
polysaccharide capsule located on the surface of
bacterium (Anderson et al (1994) Safety and
immunogenicity of meningococcal A and C polysaccharide
conjugate vaccine in adults. Infect Immun. 62,
3391-33955; Leach et al (1997) Induction of
immunologic memory in Gambian children by vaccination
in infancy with a group A plus group C meningococcal
polysaccharide-protein conjugate vaccine. J Infect
Dis. 175, 200-4; Lieberman etal (1996). Safety and
immunogenicity of a serogroups A/C Neisseria
meningitidis oligosaccharide-protein conjugate vaccine
in young children. A randomized controlled trial. J.
American Med. Assoc. 275, 1499-1503). Progress toward
a vaccine against serogroup B infections has been more
difficult as its capsule, a homopolymer of a2-8 linked
sialic acid, is a relatively poor immunogen in humans.
This is because it shares epitopes expressed on a
human cell adhesion molecule, N-CAMl (Finne et al
(1983) Antigenic similarities between brain components
and bacteria causing meningitis. Implications for
vaccine development and pathogenesis. Lancet 2,
355-357). Indeed, generating immune responses against
the serogroup B capsule might actually prove harmful.
Thus,there remains a need for new vaccines to prevent
serogroup B JV. meningitidis infections. The most
validated immunologic correlate of protection against
meningococcal disease is the serum bactericidal assay
(SBA). The SBA evaluates the ability of antibodies
(usually IgG2a subclass) in serum to mediate
complement deposition on the bacterial cell surface,
assembly of the membrane attack complex, and bacterial
lysis hi the SBA, a known number of bacteria are
exposed serial dilutions of the sera with a defined
complement source. The number of surviving bacteria is
determined, and the SBA is defined as the reciprocal
of the highest dilution of serum that mediates 50%
killing. The SBA is predictive of protection against
serogroup C infections, and has been widely used as a
surrogate for 



immunity against NmB infections. Importantly the SBA
is a ready marker of immunity for the pre-clinical
assessment of vaccines, and provides a suitable
endpoint in clinical trials . Most efforts at NmB
vaccine development are directed toward defining
effective protein subunits. There has been a major
investment in 'Reverse vaccinology', in which genome
sequences are interrogated for potentially surface
expressed proteins which are expressed as heterologous
antigens and tested for their ability to generate
meaningful responses hi animals. However, this
approach is limited by 1) the computer algorithms for
predicting surface expressed antigens, 2) failure to
express many of potential rmmunogens, and 3) the total
reliance on murine immune responses. The key to a
successful vaccine is to define antigen(s) that elicit
protection against a broad range of disease isolates
irrespective of serogroup or clonal group. An object
of the invention is to use a novel genetic screening
method (which we have termed Genetic Screening for
Immunogens or GSI) to isolate antigens that are
conserved across the genetic diversity of microbial
strains and this is exemplified in relation to
meningococcal strains. This may be done by identifying
microbial antigens, such as JV.meningitidis antigens,
by GSI as described in more detailbelow; and validated
by assessing the function of the immune response
elicited by the recombinant antigens and by evaluating
the protective efficacy of antigens. Although genetics
has been applied in the search for vaccine candidates
previously, it has hitherto been difficult to
establish high throughput analyses, and has been
difficult to differentiate between immunogenic and
protective antigens. A first aspect of the invention
provides a method for identifying a polypeptide of a
microorganism which polypeptide is associated with an
immune response in an animal which has been subjected
to the microorganism, the method comprising the steps
of (1) providing a plurality of different mutants of
the microorganism; (2) contacting the plurality of
mutant microorganisms with antibodies from an animal
which has raised an immune response to the
microorganism or a part thereof, under conditions
whereby if the antibodies bind to the mutant
microorganism the mutant microorganism is killed; (3)
selecting surviving mutant microorganisms from step
(2); (4) identifying the gene containing the mutation
in any surviving mutant 



microorganism; and (5) identifying the polypeptide
encoded by the gene. The immune response with which
the polypeptide is associated is a functionally
important one hi the sense that it is one that may be
associated with combating infection of the animal by
the microorganism. The microorganism may be any
microorganism, such as a bacterium or yeast It is
preferred if the microorganism is a pathogenic
microorganism, and particularly a pathogenic bacterium
such as Neisseria meningitidis which causes
meningococcaldisease, or Neisseria gonorrhoeae which
causes gonorrhoea, or Haemophilus influenzae which
causes at least one type of influenza and middle ear
infection. By "polypeptide associated with an immune
response in an animal which has been subjected to the
microorganism" we include any such polypeptide. The
method of the invention is able to identify
polypeptides of microorganisms which polypeptides are
ones for which antibodies have been raised in an
animal when the immune system of the animal has been
in contact with the polypeptide of the microorganism.
Typically, the polypeptide is one which is expressed
on the surface of the microorganism. The immune
response of the animal is an antibody response,
typically an IgG response. In one embodiment of the
invention, the animal has been subjected to the
microorganism by way of infection with the
microorganism, for example a natural infection. Thus,
the animal is typically a host for the microorganism.
In another embodiment of the invention, the animal has
purposefully been inoculated with the microorganism
(whether live or killed) or part thereof. Either way,
the animal's immune response has given rise to
antibodies directed at the microorganism, some of
which are selective for particular polypeptides of the
microorganism and which can be used to identify
polypeptides by the method of the invention. It will
be appreciated that the term "animal" includes human
and in a particularly preferred embodiment of the
invention, as discussed in more detail below, the
antibodies used in step (2) are ones from a human who
is or has been infected with a microorganism or has
been immunised with part of the microorganism. By
using antibodies from the animal which has raised an
immune response to the microorganism or part thereof,
immunologically relevant polypeptides may be
identified (in the context of immunogenicity and
vaccine design, and particularly 



polypeptides which are protective).Thus, it will be
appreciated that the polypeptides identified using the
method of the invention are antigens or immunogens
(these terms being used interchangeably in the
specification), typically surface exposed, which are
ones that give rise to an immune response in an animal
and so are vaccine candidates. The plurality (or
library) of different mutant microorganisms typically
is a sufficient large number to give a high chance
(typically >95%) of each gene within the microorganism
being mutated. The number of mutants required will
depend on the number of genes in the genome of the
microorganism. When the mutants are random mutants,
the number of mutants required to give a high chance
of a mutant of each gene within the genome being
represented is around 10 times the number of genes.
Typically, therefore, the number of mutant
microorganisms provided in step (1) is around 10 to 20
times the number of genes in the microorganism.
Typically, a bacterium has from 500 to 5000 genes, and
so the number of random mutants used is of the order
of 5000 to 100,000. hi the case of N. meningitidis a
suitable number of random mutants is around 40, 000.
The random mutants may be any type of random mutant
such as those induced chemically; preferably, the
mutants are insertion mutants, such as transposon
mutants, since it is straightforward to identify the
position of the insertions (eg using probes or PCR
primers which are selective for the inserted element
eg transposon), and typically the transposon carries
an antibiotic resistance marker which allows selection
of the mutants containing the transposon. Transposons
suitable for integration into the genome of Gram
negative bacteria include Tn5, TnI0 and derivatives
thereof. Transposons suitable for integration into the
genome of Gram positive bacteria include TnPi 6 and
derivatives or analogues thereof. Transposons
particularly suited for use with Staphylococcus aureus
include TnPi7 (Cheung et al (1992) Proc. Natl. Acad.
ScI USA 89, 6462- 6466) and TnPiS (Albus et al (1991)
Infect. Immun. 59, 1008-1014).It is particularly
preferred if the transposons have the properties of
the TnPi 7 derivatives described by Camilli et al
(1990) J. Bacteriol. 172, 3738-3744, and are carried
by a temperature-sensitive vector such as pE194Ts
(Villafane et al (1987) J. Bacteriol. 169, 4822-4829).
For N. meningitidis, TnIO is a preferred transposon
(see Sun et al (2000) Nature Med. 6, 1269-1273),
although any transposon and transposase with in vitro 



activity can be used. It will be appreciated that
although transposons are convenient for insertionally
inactivating a gene, any other known method, or method
developed in the future may be used. A further
convenient method of insertionally inactivating a
gene, particularly in certain bacteria such as
Streptococcus, is using insertionduplication
mutagenesis such as that described in Morrison et al
(1984) J.Bacteriol 159, 870 with respect to S.
pneumoniae. The general method may also be applied to
other microorganisms, especially bacteria. For fungi,
insertional mutations are created by transformation
using DNA fragments or plasmids preferably carrying
selectable markers encoding, for example, resistance
to hygromycin B or phleomycin (see Smith et al (1994)
Infect. Immunol. 62, 5247-5254). Random, single
integration of DNA fragments encoding hygromycin B
resistance into the genome of filamentous fungi, using
restriction enzyme mediated integration (REMI;
Schiestl & Petes (1991); Lu et al (1994) Proc. Natl.
Acad. Set USA 91, 12649-12653) are known. A simple
insertional mutagenesis technique for a fungus is
described in Schiestl & Petes (1994) incorporated
herein by reference, and include, for example, the use
of Ty elements and ribosomal DNA in yeast.Random
integration of the transposon or other DNA sequence
allows isolation of a plurality of independently
mutated microorganisms wherein a different gene is
insertionally inactivated in each mutant. For some
microorganisms, libraries of mutants in which each
gene is mutated by a transposon or other insertion
element are known. In this case, the plurality of
microorganisms may conveniently be produced by pooling
one or more representatives of each member of the
library. For example, a comprehensive transposon
library for Pseudomonas aeruginosa is described in
Jacobs et al (2003) Proc. Natl. Acad. Sci. USA 100,
14339-14344. hi step (2) of the method, the plurality
of mutant microorganisms is contacted with antibodies
from the annual which has raised as immune response to
the microorganism or part thereof. The antibodies may
be in any suitable form and from any suitable,
convenient source from the animal (including human).
Typically, the antibodies are present in serum derived
from the animal. However, they may be present in other
forms, such as a fraction enriched for IgG. It is
preferred if the antibodies are IgG antibodies, but
other antibody types may be 



used, such as IgA and IgM. Although it is preferred if
the antibodies are present in or derived from serum,
the antibodies may be present in or derived from other
body fluids such as saliva. The antibodies are
typically from an animal which is or has been infected
with the microorganism. One of the advantages ofthis
embodiment of the method is that it makes use of
antibodies from an animal which has raised a relevant
immune response in attempting to combat the infection
with the microorganism, and such antibodies are likely
to bind to polypeptides which are useful in vaccines.
Thus, preferred antibodies are ones which are from
humans who are or who have been infected with the
microorganism, or who have been inoculated with an
attenuated (eg vaccine) strain of the microorganism or
who have been vaccinated with a vaccine which
comprises a part of the microorganism (such as outer
membrane component parts). Typically, the antibodies
used in step (2) of the method arefrom an animal (such
as man) which has raised a protective response against
the microorganism. Alternatively, the antibodies are
from an animal, such as an experimental animal such as
mouse, rabbit, sheep or horse, which has been
inoculated with the microorganism and allowed to
generate an immune response, preferably a protective
immune response. Whether or not a protective response
has been raised may be determined by challenging the
animal with live bacteria after inoculation. The
experimental animals may have been inoculated with a
virulent, pathogenic strain of the microorganism, or
it may have been inoculated with an avirulent or
attenuated strain (whether live or killed). In a
preferred embodiment, the antibodies are raised to a
strain of microorganism "heterologous" to the strain
used to produce the mutant microorganism. Many
pathogenic microorganisms exist in different
serogroups or strains, and each serogroup or strain
may have polypeptides in common with other serogroups
or strains as well as polypeptides which are unique to
the serogroup or strains. The advantage of using
antibodies raised to one or more heterologous
strain(s) is that it increases the chances of
identifying a polypeptide which is common to all
serogroups of the microorganism (ie conserved, common
epitopes). Such polypeptides (or fragments or variants
or fusions thereof) are more likely to be effective
against the range of serogroups of a particular
microorganism. Thus, in a particularly preferred
embodiment where the microorganism is N. meningitidis,



the plurality of mutant microorganisms are derived
from a parent serogroup B strain, whereas the
antibodies are derived from an animal (such as man)
which has raised a response to a serogroup A and/or a
serogroup C strain. It will be appreciated that
antibodies may be pooled from more than one source.
For example, serum from a patient infected with (or
convalescing from an infection with) serogroup A
strain may be pooled with serum from a patient
infected with (or convalescing from an infection with)
serogroup C strain. Serum from a patient infected with
(or convalescing from an infection with) serogroup B
strain may also be pooled. Some microorganisms have,
in addition to polypeptide components oftheir cell
wall or cell membrane, polysaccharide components which
often are immunogenic. In a further preferred
embodiment, it is convenient to use a strain of the
microorganism in which some or all of the
polysaccharide components have been eliminated as the
strain against which antibodies are produced. Thus,
many bacteria have a capsule made predominantly of
polysaccharide, but typically strains exist in which
the capsule is missing. These "capsule minus" strains
may conveniently be used to raise antibodies for use
in the second step of the method. In relation to
JV.meningitidis, the antibodies may conveniently be
present in the following serum sources: from mice
immunized by the systemic route using heterologous
strains of JV.meningitidis (ie heterologous to the
mutant strain used in the selection); from both acute
and convalescent human patients infected with JV.
meningitidis; and from human patients immunized with
defined outer membrane vesicles (OMVs) vaccine derived
from the serogroup B NmB isolate H44/76. Convalescent
sera is preferred since the patient will have raised a
significant immune response to the infecting bacteria.
In some circumstance, it may be useful to use acute
patient serum as a control for the convalescent serum
since acute patients may not have raised such a
significant immune response. Equivalent sources of
antibodies are available with respect to other
microorganisms. Conditions are provided so that when
the antibodies bind to the mutant microorganism, the
mutant microorganism is killed, whereas when the
antibodies do not bind to the mutant microorganism,
the mutant microorganism is not killed. In this way,
it can be seen that those mutant microorganisms in
which a gene encoding a polypeptide which binds to the
antibody is mutated so that the antibody no longer
binds survive. TMs provides a very powerful selection
for 



such mutants, and facilitates the identification of
the polypeptides which are associated with an immune
response in an animal infected with microorganism. As
a control, it may be convenient to use wild-type
microorganisms which are also killed under the given
conditions, or to develop conditions in which all wild
type microorganisms are killed.Conveniently, once the
antibodies have been contacted with the mutant
microorganism a source of complement is added, such as
complement from human, rabbit, mouse, sheep and horse.
Conveniently, the complement is from the same source
(ie species of animal) as the antibody. Antibodies
(generally IgG 2a subclass) mediate complement
deposition on the surface of the microorganism,
assembly of the membrane attack complex and lysis of
the microorganism. Complement-mediated killing is
independent of the presence of cells from the blood,
but requires the presence of serum.
Complement-mediated killing may be inactivated by
heating the serum. Preferably, in this embodiment, the
microorganism is a bacterium, either Gram positive or
Gram negative. Complement mediated killing is
described in Walport (2001) N. Engl. J. Med. 344,
1140-1144, and Walport (2001) N. Eng l Med. 344,
1058-1066. The complement deposition approach to
killing the microorganisms which retain the ability to
bind to the antibodies is particularly suited to use
with N. meningitidis since the serum bactericidal
assay (SBA; see Goldschneider et al (1969) J. Exp.
Med. 129, 1307-1326), which is based on the same
principle, is used as discussed in the introduction.
Of course, in the case of the SBA, the number of
surviving bacteria is used to assess the effectiveness
of serum in killing bacteria (and using this as a
marker of the degree of protection conferred by the
strain used to give rise to the antibodies use). As
far as the inventors are aware there has never been
any suggestion that this method could be adapted to
identifying antigens in microorganisms. As an
alternative to using complement to kill the cells to
which the antibodies bind, a moiety may be used which
binds selectively to the antibodies (which bind the
cell) and delivers a cytotoxic agent to the cell. For
example, the moiety may be a further antibody which
recognizes the antibodies bound to the microorganism
and delivers the cytotoxic agent to the cell. Thus,
the further antibody may be ananti-human antibody when
the antibody which binds to the mutant microorganism
is a human antibody. The cytotoxic agent may be
directly cytotoxic or it may be 



indirectly cytotoxic. By indirectly cytotoxic we
include an enzyme that is capable of activating a
relatively non-toxic compound to a cytotoxic compound.
A similar technique has been used to target tumour
cells using tumour-selective antibodies and has been
called ADEPT (antibody-directed enzyme prodrug
therapy; see WO 88/07378; Bagshawe (1987) Br. J.
Cancer 56, 531-532; Bagshawe et al (1988) Br. J.
Cancer 58, 700-703; and Senter et al (1988) Proc.
Natl. Acad. Sci USA 85, 4842-4846, all of which are
incorporated herein by reference). Enzyme - prodrug
pairs include the following: Alkaline phosphatase
useful for converting phosphate-containing prodrugs
into free drugs, aryl sulphatase useful for converting
sulphate-containing prodrugs into free drugs, cytosine
deaminase useful for converting non-toxic
5-fluorocytosine into the anticancer drug 5-
fmorouracil, proteases such as Serratia protease,
thermolysin, subtilisin, carboxypeptidases and
cathepsins that are useful for converting
peptide-containing prodrugs into free drugs,
D-alanylcarboxypeptidases, useful for converting
prodrugs that contain D-amino acid substituents,
carbohydrate-enzymes such as b- galactosidase and
neuraminidase useful for converting glycosylated
prodrugs into free drugs, b-lactamase useful for
converting drugs derivatized with b-lactams into free
drugs and penicillin amidases useful for converting
drugs derivatized at their amine nitrogens with
phenoxyacetyl or phenylacetyl groups into free drugs.
Other enzymes and prodrugs include hydrolases,
amidases, sulphatases, lipases, glucuronidases,
phosphatases and carboxypeptidases, and prodrugs be
prepared from any of the various classes of
anti-tumour compounds for example alkylating agents
(nitrogen mustards) including cyclophosphamide,
bisulphan, chlorambucil and nitrosoureas;
intercalating agents including adriamycin and
dactinomycin; spindle poisons such as vinca alkaloids;
and anti-metabolites including antifolates,
anti-purines, anti-pyrimidines or hydroxyurea.Also
included are cyanogenic prodrugs such as amygdalin
which produce cyanide upon action with a carbohydrate
cleaving enzyme. Mutant microorganisms which survive
the conditions, for example those conditions which
kill all wild type (or parent) microorganisms (and
indeed the majority of mutants), are selected for
further study since such mutant microorganisms are
likely to be mutated in a gene which encodes a
polypeptide which binds to the antibodies (and
therefore is involved in an immune response). In one
embodiment, and in order to confirm that the mutations
in the surviving 



mutants are responsible for conferring the ability to
withstand killing, the mutation of each mutant may
backcrossed into the parental strain and the ability
of the backcrossed mutant to survive the killing
conditions confirmed. The gene containing the mutation
is identified using methods well known in the art. For
example, when the mutation is an insertion mutation,
it is convenient to sequence from the insertion into
the flanking DNA of the microorganism. When a
transposon has been used to create the mutant
microorganisms, it is convenient to identify the gene
containing the transposon mutation by digesting
genomic DNA from the individual mutant selected in
step (3) with a restriction enzyme which cuts outside
the transposon, ligating size-fractionated DNA
containing the transposon into a plasmid, and
selecting plasmid recombinants on the basis of
antibiotic resistance conferred by the transposon and
not by the plasmid. The microorganism genomic DNA
adjacent to the transposon may be sequenced using two
primers which anneal to the terminal regions of the
transposon, and two primers which anneal close to the
polylinker sequences of the plasmid. The sequences may
be subjected to DNA database searches to determine if
the transposon has interrupted a known gene. Thus,
conveniently, sequence obtained by this method is
compared against the sequences present in the publicly
available databases such as EMBL and GenBank, or a
complete genome sequence, if available.By "gene"we
include not only the regions of DNA that code for a
polypeptide but also regulatory regions of DNA such as
regions of DNA that regulate transcription,
translation and, for some microorganisms, splicing of
RNA. Thus, the gene includes promoters, transcription
terminators, ribosome-binding sequences and for some
organisms introns and splice recognition sites.
Typically, sequence information of the identified gene
obtained in step 4 is derived. Conveniently, sequences
close to the ends of the transposon are used as the
hybridisation site of a sequencing primer. The derived
sequence or a DNA restriction fragment adjacent to the
inactivated gene itself is used to make a
hybridisation probe with which to identify, and
isolate from a wild-type organism, the corresponding
wild type gene. It is preferred if the hybridisation
probing is done under stringent conditions to ensure
that the gene, and not a relative, is obtained, at
least when identifying the gene. 



The gene may be sequenced using standard methods and
the polypeptide encoded by the gene identified, for
example by translating the coding sequence of the
gene, or the sequence may already be available as part
of a sequenced microorganism genome. As described in
more detail in the Example, particular genes
identified by the method of the invention are the
NBM0341 (TspA), NMB0338, NMB 1345, NMB0738, NBM0792
(NadC family), NMB0279, NMB2050, NMB1335 (CreA),
NMB2035, NMB1351 (Fmu and Fmv), NMB1574 (HvC), NMB1298
(rsuA), NMB1856 (LysR family), NMBOl 19, NMB 1705
(rfak), NMB2065 (HemK), NMB0339, NMB0401 (putA),
NMB1467 (PPX), NMB2056, NMBO8O8, NMB0774 (upp),
NMA0078, NMB0337 (branched-chain amino acid
transferase), NMB0191 (ParA family), NMB1710
(glutamate dehydrogenase (gdhA), NMB0062 (rfbA-1) and
NMBl583 (MsB) genes of Neisseria meningitidis. The
genome sequence for N. meningitidis is available, for
example from The Instituteof Genome Research (TIGR);
www.tigr.org. Although these genes form part of the
genome that has been sequenced, as far as the
inventors are aware, they have not been isolated, the
polypeptides they encode have not been produced, and
there is no indication that the polypeptides they
encode may be useful as a component ofa vaccine. Thus,
the invention includes the isolated genes as above and
in the Examples and variants and fragments and fusions
of such valiants and fragments, and includes the
polypeptides that the genes encode as described above,
along with variants and fragment thereof, and fusions
of such fragments and variants. Variants, fragments
and fusions are described in more detail below.
Preferably, the variants, fragments and fusions of the
given genes above are ones which encode a polypeptide
which gives rise to neutralizing antibodies against N.
meningitidis. Similarly, preferably, the variants,
fragments and fusions of the polypeptide whose
sequence is given above are ones which gives rise to
neutralizing antibodies against N. meningitidis. The
invention also includes isolated polynucleotides
encoding the polypeptides whose sequences are given in
the Example (preferably the isolated coding region) or
encoding the variants, fragments or fusions. The
invention also includes expression vectors comprising
such polynucleotides and host cells comprising such
polynucleotides and vectors (as is described in more
detail below). The polypeptides described in the
Examples are antigens identified 



by the method of the invention. Molecular biological
methods for use in the practice of the method of the
invention are well known in the art, for example from
Sambrook & Russell (2001) Molecular Cloning, a
laboratory manual, third edition, Cold Spring Harbor
laboratory Press, Cold Spring Harbor, New York,
incorporated herein by reference. It will be
appreciated that the invention also includes carrying
out steps (1) to (4) of the method (but not
necessarily step (5)) so that a gene encoding a
polypeptide which is associated with an immune
response in an animal which has beensubjected to the
microorganism is identified. The gene may be cloned
and sequenced or may be isolated or synthesised, for
example by using the polymerase chain reaction using
primers based on its sequence. Variants of the gene
may be made, for example by identifying related genes
in other microorganisms or in other strains of the
microorganism, and cloning, isolating or synthesizing
the gene. Typically, variants of the gene are ones
which have at least 70% sequence identity, more
preferably at least 85% sequence identity, most
preferably at least 95% sequence identity with the
genes isolated by the method of the invention. Of
course, replacements, deletions and insertions may be
tolerated. The degree of similarity between one
nucleic acid sequence and another can be determined
using the GAP program of the University of Wisconsin
Computer Group. Variants of the gene are also ones
which hybridise under stringent conditions to the
gene. By "stringent" we mean that the gene hybridises
to the probe when the gene is immobilised on a
membrane and the probe (which, in this case is >200
nucleotides in length) is in solution and the
immobilised gene/hybridised probe is washed in 0.1 x
SSC at 65C for 10 min. SSC is 0.15 M NaCl/0.015 M Na
citrate. Fragments of the gene (or the variant gene)
may be made which are, for example, 20% or 30% or 40%
or 50% or 60% or 70% or 80% or 90% of the total of the
gene. Preferred fragments include all or part of the
coding sequence. The variant and fragments may be
fused to other, unrelated, polynucleotides. Thus the
invention also includes a method for making a
polynucleotide the method comprising carrying out
steps (1) to (4) of the method of the invention and
isolating or synthesising the identified gene or a
variant or fragment thereof or a fusion of such gene
or variant or fragment. The invention also includes a 



polynucleotide obtainable or obtained by this
method.Preferably, the polynucleotide encodes a
polypeptide which is immunogenic and is reactive with
the antibodies from an animal which has been subjected
to the microorganism from which the gene was
identified. The invention also includes a method of
selecting a microorganism mutated in a gene encoding a
polypeptide which is associated with an immune
response in an animal which has been subjected to the
microorganism. This method comprises carrying out
steps (1) to (3) of the method of the invention
(whether or not steps (4) and (5) are carried out).
The invention also included a mutant microorganism
obtainable or obtained by this method which is not
able to bind to the antibodies. Although as discussed
above the method of the invention is useful in
identifying genes and selecting mutant microorganisms,
it is particularly preferred if the method is used to
identify polypeptides from a microorganism which are
associated with an immune response. Once identified,
it is desirable to make an antigen based on the
polypeptide. The antigen may be the polypeptide as
encoded by the gene identified, and the sequence of
the polypeptide may readily be deduced from the gene
sequence. In further embodiments, the antigen may be a
fragment of the identified polypeptide or may be a
variant of the identified polypeptide or may be a
fusion of the polypeptide or fragment or variant.
Fragments of the identified polypeptide may be made
which are, for example, 20% or 30% or 40 % or 50% or
60% or 70% or 80% or 90% of the total of the
polypeptide. Typically, fragments are at least 10, 15,
20, 30, 40 , 50, 100 or more amino acids, but less
than 500, 40O 300 or 200 amino acids. Variants of the
polypeptide may be made. By "variants" we include
insertions, deletions and substitutions, either
conservative or non-conservative, where such changes
do not substantially alter the normal function of the
protein. By "conservative substitutions" is intended
combinations such as GIy, Ala; VaI, lie, Leu; Asp,
GIu;Asn, GIn; Ser, Thr; Lys, Arg; and Phe, Tyr. Such
variants may be made using the well known methods of
protein engineering and site-directed mutagenesis. A
particular class of variants are those encoded by
variant genes as discussed above, for example from
related microorganisms or other strains of the
microorganism. Typically the variant polypeptides have
at least 70% sequence identity, more preferably at
least 85% sequence identity, most preferably at least
95% sequence identity with the polypeptide identified
using the method of the 



invention. The percent sequence identity between two
polypeptides may be determined using suitable computer
programs, for example the GAP program of the
University of Wisconsin Genetic Computing Group and it
will be appreciated that percent identity is
calculated in relation to polypeptides whose sequence
has been aligned optimally. The alignment may
alternatively be carried out using the Clustal W
program (Thompson et ah, (1994) Nucleic Acids Res 22,
4673-80). The parameters used may be as follows: Fast
pairwise alignment parameters: K-tuple(word) size; 1,
window size; 5, gap penalty; 3, number of top
diagonals; 5. Scoring method: x percent. Multiple
alignment parameters: gap open penalty; 10, gap
extension penalty; 0.05. Scoring matrix: BLOSUM. The
fusions may be fusions with any suitable polypeptide.
Typically, the polypeptide is one which is able to
enhance the immune response to the polypeptide it is
fused to. The fusion partner may be a polypeptide that
facilitates purification, for example by constituting
a binding site for a moiety that can be immobilised
in, for example, an affinity chromatography column.
Thus, the fusion partner may comprise oligo-histidine
or other amino acids which bind to cobalt or nickel
ions. It may also be an epitope for a monoclonal
antibody such as a Myc epitope.The invention also
includes, therefore, a method of making an antigen as
described above, and antigens obtainable or obtained
by the method. The polynucleotides of the invention
may be cloned into vectors, such as expression
vectors, as is well known on the art. Such vectors
maybe present in host cells, such as bacterial, yeast,
mammalian and insect host cells. The antigens of the
invention may readily be expressed from
polynucleotides in a suitable host cell, and isolated
therefrom for use in a vaccine. Typical expression
systems include the commercially available pET
expression vector series and E. coli host cells such
as BL21. The polypeptides expressed may be purified by
any method known in the art. Conveniently, the antigen
is fused to a fusion partner that binds to an affinity
column as discussed above, and the fusion is purified
using the affinity column (eg such as a nickel or
cobalt affinity column). 



It will be appreciated that the antigen or a
polynucleotide encoding the antigen (such as a DNA
molecule) is particularly suited for use as in a
vaccine. In that case, the antigen is purified from
the host cell it is produced in (or if produced by
peptide synthesis purified from any contaminants of
the synthesis). Typically the antigen contains less
that 5% of contaminating material, preferably less
than 2%, 1%, 0.5%, 0.1%, 0.01%, before it is
formulated for use in a vaccine. The antigen desirably
is substantially pyrogen free. Thus, the invention
further includes a vaccine comprising the antigen, and
method for making a vaccine comprising combining the
antigen with a suitable carrier, such as phosphate
buffered saline. Whilst it is possible for an antigen
of the invention to be administered alone, it is
preferable to present it as a pharmaceutical
formulation, together with one or more acceptable
carriers. The carrier(s) must be "acceptable" in the
sense of being compatible with the antigen of the
invention and not deleterious to the recipients
thereof. Typically, the carriers will be water or
saline which will be sterile and pyrogen free.The
vaccine may also conveniently include an adjuvant.
Active immunisation of the patient is preferred. In
this approach, one or more antigens are prepared in an
immunogenic formulation containing suitable adjuvants
and carriers and administered to the patient in known
ways. Suitable adjuvants include Freund's complete or
incomplete adjuvant, muramyl dipeptide, the "Iscoms"
of EP 109 942, EP 180 564 and EP 231 039, aluminium
hydroxide, saponin, DEAE-dextran, neutral oils (such
as miglyol), vegetable oils (such as arachis oil),
liposomes, Pluronic polyols or the Ribi adjuvant
system (see, for example GB-A-2 189 141). "Pluronic"
is a Registered Trade Mark. The patient to be
immunised is a patient requiring to be protected from
infection with the microorganism. The aforementioned
antigens of the invention (or polynucleotides encoding
such antigens) or a formulation thereof may be
administered by any conventional method including oral
and parenteral (eg subcutaneous or intramuscular)
injection. The treatment may consist of a single dose
or a plurality of doses over a period of time. It will
be appreciated that the vaccine of the invention,
depending on its antigen component (or
polynucleotide), may be useful in the fields of human
medicine and veterinary medicine. Diseases caused by
microorganisms are known in many animals, such as
domestic 



animals. The vaccines of the invention, when
containing an appropriate antigen or polynucleotide
encoding an antigen, are useful in man but also in,
for example, cows, sheep, pigs, horses, dogs and cats,
and in poultry such as chickens, turkeys, ducks and
geese. Thus, the invention also includes a method of
vaccinating an individual against a microorganism, the
method comprising administering to the individual an
antigen (or polynucleotide encoding an antigen) or
vaccine as described above. The invention also
includes the use of the antigen (or polynucleotide
encoding anantigen) as described above in the
manufacture of a vaccine for vaccinating an
individual. The antigen of the invention may be used
as the sole antigen in a vaccine or it may be used in
combination with other antigens whether directed at
the same or different disease microorganisms. In
relation to N. meningitidis, the antigen obtained
which is reactive against NmB may be combined with
components used in vaccines for the A and/or C
serogroups. It may also conveniently be combined
antigenic components which provide protection against
Haemophilus and/or Streptococcus pneumoniae. The
additional antigenic components may be polypeptides or
they may be other antigenic components such as a
polysaccharide. Polysaccharides may also be used to
enhance the immune response (see, for example, Makela
et at (2002) Expert Rev. Vaccines 1, 399-410). It is
particularly preferred in the above vaccines and
methods of vaccination if the antigen is the
polypeptide encoded by any of the genes as described
above (and hi the Examples), such as the NMB0338 gene,
or a variant or fragment or fusion as described above
(or a polynucleotide encoding said antigen), and that
the disease to be vaccinated against is Neisseria
meningitidis infection (meningococcal disease). The
invention will now be described in greater detail by
reference to the following non-limiting Examples and
Figure wherein: Figure 1 is a schematic representation
of a preferred embodiment of the method of the
invention Example 1: Genetic screening for impranogens
(GSI) in N. meningitidis The application of GSI in
this example involves screening libraries of
insertional mutants of N. meningitidis for strains
which are less susceptible to killing by bactericidal
antibodies.We have demonstrated the effectiveness of
GSI by screening a library of mutants 



of the sequenced NmB isolate, MC58, with sera raised
in mice against a capsule minus of the same strain. A
total of 40,000 mutants was analysed with sera raised
in mice by intraperitoneal immunisation with the
homologous strain; the SBA of this sera is around
2,000 against the wild-type strain. Surviving mutants
were detected when the library was exposed to serum at
a 1:560 dilution (which kills all wild-type bacteria).
To establish whether the transposon insertion in the
surviving mutants was responsible for the ability to
withstand killing, the mutations were backcrossed into
the parental strain, and the backcrossed mutants were
confirmed as being more resistant to killing than the
wild-type in the SBA. The sequence of the gene
affected by the transposon was examined by isolating
the transposon insertion site by marker rescue. We
found that two of the genes affected were TspA and
NMB0338. TspA is a surface antigen which elicits
strong CD4+ T cell responses and is recognized by sera
from patients (Kizil et al (1999) Infect Immun. 67,
3533-41). NMB0338 is a gene of previously unknown
function which encodes a polypeptide that is predicted
to contain two transmembrane domains, and is located
at the cell surface. The amino acid sequence encoded
by NMB0338 is:
MERNGVFGKIVGNRILRMSSEHAAASYPKPCKSFKLAQSWFRVRSCLGGVFIyG
A
NMKLIYTVIKIIILLLFLLLAVINTDAVTFSYLPGQKFDLPLIVVLFGAFWGII
FGMFALFGRLLSLRGENGRLRAEVKKNARLTGKELTAPPAQNAPESTKQP
There are several practical advantages of using NmB
for GSI aside from the public health imperative: a)
the bacterium is genetically tractable; b) killing of
the bacterium by effector immune mechanism is
straightforward to assay; c) the genome sequences are
available for three isolates of different serogroups
and clonal lineages (FV-A,ET-5, and ET-37 for
serogroups A, B, and C, respectively); and d)
well-characterised clinical resources are available
for this work. GSI has two potential limitations.
First, targets of bactericidal antibodies may be
essential. This is unlikely as all known targets of
bactericidal antibodies in NmBare non-essential, and
no currently licensed bacterial vaccine targets an
essential gene product. Second, sera will contain
antibodies to multiple antigens, and, loss of a single
antigen may not affect the survival of mutants. We
have already shown that even during selection with
sera raised against the homologus strain, relevant
antigens were still identified using appropriate
dilutions of sera. The major advantages of GSI are
that 1) the high throughput steps do not involve 



technically demanding or costly procedures (such as
protein expression/purification and immunisation), and
2) human samples can be used in the assay rather than
relying solely on animal data. GSI will rapidly
pinpoint the subset of surface proteins that elicit
bactericidal activity, allowing more detailed analysis
of a smaller number of candidates. 1. Identification
of targets of bactericidal antibodies using GSI Murine
sera raised against heterologous strains, and human
sera, are used to identify cross-reactive antigens.
The sera are obtained from: i) mice immunised by the
systemic route with heterologous strains: the strains
will be selected and/or constructed to avoid isolates
with the same immunotype and sub-serotype. ii) acute
and convalescent sera from patients infected with
known isolates ofN. meningitidis (provided by Dr R.
Wall, Northwick Park) iii) pre- and post-immunisation
samples (provided by the Meningococcal Reference
Laboratory) from volunteers receiving defined outer
membrane vesicle (OMVs) vaccines derived from the NmB
isolate, H44/76. Each of these sources of serahas
specific advantages and disadvantages.Serum source
Advantages Disadvantages Murine 1) Defined antigenic
exposure. 1) Animal source of 2) Use of genetically
modified strains to material generate immune response.
3)Nave samples available 4) Examine individuals
responses Patient sera 1) Human material 1) Background
immunity 2) Known strain exposure 2) Limited material
3) Acute and convalescent sera available Sera
following 1) Human material 1) Background immunity
immunisation 2) Defined antigenic exposure 2) Limited
material with H4476 3) Pre and post immunisation sera
OMVs available 4) Examine individuals responses a)
Sera from animals immunised with heterologous strains
(ie the sequenced serogroup A or C strains) are used
in GSI to select the library of MC58 mutants. 



We have shown that immunisation with live, attenuated
NmB elicits cross-reactive bactericidal antibody
responses against serogroup A and C strains. The
antigen absent in mutants with enhanced survival in
the face of human sera are identified by marker rescue
of the disrupted gene. b) Mutations are identified
that confer resistance against killing by heterologous
sera, and it is determined whether the gene product is
also a target for killing of the sequenced, serogroup
A and C strains, Z2491 and FAM18 respectively. The
genome databases are inspected for homologues of the
genes. If a homologue is present, the transposon
insertion is amplified from the MC58 mutant and
introduced into the serogroup A and C strains by
transformation. The relative survival of the mutant
and wild-type strain of each serogroup arecompared.
Thus, GSI can quickly give information whether the
targets of bactericidal activity are conserved and
accessible in diverse strains of N. meningitidis,
irrespective of serogroup, immunotype and subserotype.
c) Mutants with enhanced survival against sera raised
in mice are tested using human sera from either
convalescent patients or vaccinees receiving
heterologous OMV vaccines (derived from H44/76). This
addresses the important question of whether the
targets are capable of eliciting bactericidal
antibodies in human. With other vaccine approaches,
this information is only gained at the late, expensive
stage of clinical trials that requires GMP manufacture
of vaccine candidates. The advantages are that GSI is
a high-throughput analysis performed using simple,
available techniques. Antigens which elicit
bactericidal antibodies in humans and which mediate
killing of multiple strains can be identified rapidly
as GSI is flexible with respect to the bacterial
strain and sera used. Mutants selected using human
sera are analysed in the same way as those selected by
murine sera. 2. Assessment of the antibody response of
recombinant GSI antigens Proteins which are targets of
bactericidal antibodies that are recognised by sera
from convalescent patients and vaccines are expressed
hi E. coli using commercially available vectors. The
corresponding open reading frames are amplified by PCR
from MC58, and ligated into vectors such as pCR Topo
CT or pBAD/His, to allow protein expression under the
control of a T7 or arabinoseinducible promoter,
respectively. Purification of the recombinant proteins
from total cellular protein is performed via the His
Tag fused to the C terminus of the protein on a Nickel
or Cobalt column. 



Adult New Zealand White rabbits are immunized on two
occasions separated by four weeks by subcutaneous
injection with 25 mg of purified protein with Freund's
incomplete adjuvant. Sera from animals will be checked
prior to immunisation for pre-existing
anti-iV/wantibodies by whole cell ELISA. Animals which
have aninitial serum titre of <1:2 are used for
immunisation experiments. Postimmunisation serum are
obtained two weeks after the second immunisation. To
confirm that specific antibodies have been raised,
pre- and post-immunisation serum is tested by i)
Western analysis against the purified protein and ii)
ELISA using cells from the wild-type and the
corresponding mutant (generated by GSI). SBAs will be
performed against MC58 (the homologous strain), and
the sequenced serogroup A and C strains with the
rabbit immune serum. The assay will be performed in
triplicate on at least two occasions. SBAs of >8 will
be considered significant. The results provide
evidence of whether the protein candidates can elicit
bactericidal antibodies as recombinant proteins. 3.
Establishing theprotective efficacy of GSI antigens AU
the candidates are tested for their ability to protect
animals against live bacterial challenge as this
allows any aspect of immunity (cellular or humoral) to
be assessed in a single assay. We have established a
model of active immunisation and protection against
live bacterial infection. In this model, adult mice
are immunised on days 0 and 21, and on day 28 receive
live bacterial challenge of 106 or 107 CFU of MC58
intraperitoneally in iron dextran (as the supplemental
iron source). The model is similar to that described
for evaluation of the protective efficacy of
immunisation with Tbps Danve et al (1993) Vaccine 11,
1214-1220. Non-immunised animals develop bacteraemia
within 4 hours of infection, and show signs of
systemic illness by 24 hours. We have already been
able to demonstrate the protective efficacy of both
attenuated Nm strains and a protein antigen against
live meningococcal challenge; PorA is an outer
membrane protein that elicits bactericidal antibodies,
but which is not a lead vaccine candidate because of
extensive antigenic variation(Bart et al (1999) Infect
Immun. 67, 3832- 3846. Six week old, BALB/c mice
(group size, 35 animals) receive 25 mg of recombinant
protein with Freund's incomplete adjuvant
subcutaneously on daysday 0 and 21, then are
challenged with 106 (15 animals) or 107 (15 animals)
CFU of MC58 intraperitoneally on day 28. Two challenge
doses are used to examine the vaccine efficacy at a
high and low challenge dose; sera are obtained on day
28 



from the remaining five animals in each group, and
from five animals before the first immunisation and
stored at - 7O0C for further immunological assays.
Animals in control groups receive either i) adjuvant
alone, ii) recombinant refolded PorA, and iii) a live,
attenuated Nm strain. To reduce the overall number of
animals in control groups, sets of five candidates
will be tested at one time (number of groups = 5
candidates + 3 controls). Survival of animals in the
groups is compared by Mann Whitney U Test. With group
sizes of 15 mice/dose, the experiments are powered to
show a 25% difference in survival between groups. For
vaccines which show significant protection against
challenge, a repeat experiment is performed to confirm
the finding. Furthermore, to establish that
vaccination with a candidate also elicits protection
against bacteraemia, levels of bacteraemia are
determined during the second experiment; blood is
sampled at 22 hr post-infection in immunised and
un-immunised animals (bacteraemia is maximal at this
time). The results are analysed using a two-tailed
Student-T test to determine if there is a significant
reduction in bacteraemia in vaccinated animals.Further
materials and methods used Mutagenesis of Neisseria
meningitidis For work with Neisseria meningitidis,
mutants were constructed by in vitro mutagenesis.
Genomic DNA from N. meningitidis was subjected to
mutagenesis with a Tn5 derivative containing a marker
encoding resistance to kanamycin, and an origin of
replication which is functional in E. coli. These
elements are bound by composite Tn5 ends.
Transposition reactions were carried out with a
hyperactive variant of Tn5 and the DNA repaired with
T4 DNA polymerase and ligase in the presence of ATP
and nucleotides. The repaired DNA was used to
transform N. meningitidis to kanamycin resistance.
Southern analysis confirmed that each mutant contained
a single insertion of the transposon only. Serum
bactericidal assays (SBAs) Bacteria were grown
overnight on solid media (brain heart infusion media
with Levanthals supplement) and then re-streaked to
solid media for four hours on the morning of
experiments. After this time, bacteria were harvested
into phosphate buffered saline and enumerated. SBAs
were performed in a 1 ml volume, containing a
complement source (baby rabbit or human) and
approximately 105 colony forming units. The bacteria
were collected at the end of the incubation and plated
to solid media to recover surviving bacteria. 



Isolating the transposon insertion sites Genomic DNA
will be recovered from mutants of interest by standard
methods and digested with PvuTL,EcoKV, and Dral for
three hours, then purified by phenol extraction. The
DNA will then be self-ligated in a 100 microlitre
volume overnight at 160C hi the presence of T4 DNA
ligase, precipitated, then used to transform E. coli
to kanamycin resistance by electroporation.Example 2:
Further screening and results thereof GSI has been
used to screen a librae of approximately 40,000
insertional mutants of MC58. The library was
constructed by in vitro Tn5 mutagenesis, using a
transposon harbouring the origin of replication from
pACYC 184. MC58 was chosen as it is a serogroup B
isolate of N. meningitidis, and the complete genome
sequence of this strain is known. The library is
always screened in parallel with the wild-type strain
as a control, and the number of colonies recovered
from the library and the wild-type is shown. Selection
with murine sera Initially the library was analysed
using sera from animals immunised with the attenuated
strain YHl02. Adult mice (Balb/C) received 108 colony
forming units intra-peritoneally on three occasions,
and sera was collectd 10 days after the final
immunisation, The screen identified several mutants
with enhanced resistance to serum killing: This was
confirmed by isolating individual mutants,
reconstructing the mutation in the original genetic
background, and re-testing the individual mutants for
their susceptibility to complement mediated lysis
against the wild-tye. The transposon insertions are in
the following gene: NMB0341 (TspA)DNA sequence
ATGCCCGCCGGCCGACTGCCCCGCCGATGCCCGATGATGACGAAATTTACAGAC
TGTACG
CGGTCAAACCGTATTCAGCCGCCAACCCACAGGGGATACATCTTGAAAAACAAC
AGACAA
ATCAAACTGATTGCCGCCTCCGTCGCAGTTGCCGCATCCTTTCAGGCACATGCT
GGACTG
GGCGGACTGAATATCCAGTCCAACCTTGACGAACCCTTTTCCGGCAGCATTACC
GTAACC
GGCGAAGAAGCCAAAGCCCTGCTAGGCGGCGGCAGCGTTACCGTTTCCGAAAAA
GGCCTG ACCGCC AAGTCC
CAAGTTGGGCGACAAAGCCGTCATTGCCGTTTCTTCCGAACAGGCA
GTCCGCGATCCCGTCCTGGTGTTCCGCATCGGCGCAGGCGCACAGGTACGCGAA
TACACC
GCCATCCTCGATCCTGTCGGCTACTCGCCCAAAACCAAATCTGCACTTTCAGAC
GGCAAG
ACACACCGCAAAACCGCTCCGACAGCAGAGTCCCAAGAAAATCAAAACGCCAAA
GCCCTC 



CGCAAAACCGATAA AAGACAGCGCGAACGCAGCCGTCAAACCGGCAT
CACGGC AA ACCCATACCGTCCGCAAAGGCGAAACGGTCAA
CAGATTGCCGCCGCCATCCGCCCGAAA
CACCTGACGCTCGAACAGGTTGCCGATGCGCTGCTGAAGGCAAACCCAAATGTT
TCCGCACACGGCAGACTGCGTGCGGGCAGCGTGCTTCACATTCCGAATCTGAAC
AGGATCAAAGCG
GACAACCCAAACCGCAAACGGCGAAACCCAAAGCCGAAACCGCATCCATGCCGT
CCGAA
CCGTCCAAACAGGCAACGGTAGAGAAACCGGTTGAAAAACCTGAAGCAAAAGTT
GCCGCG CCCGAAGCA
AAGCGGAAAAACCGGCCGTTCGACCCGAACCTGTACCCGCTGCAAATACT
GCCGCATCGGAAACCGCTGCCGAATCCGCCCCCCAAGAAGCCGCCGCTTCTGCC
ATCGAC ACGCCGACCGACGAAACCGGTAACGCCGTTTCCGAACCTGTCGAAC
GGTTTCTGCCGAA
GAAGAAACCGAAAGCGGACTGTTTGACGGTCTGTTCGGCGGTTCGTACACCTTG
CTGCTT
GCCGGCGGAGGCGCGGCATTAATCGCCCTGCTGCTGCTTTTGCGCCTTGCCCAA
TCCAAA
CGCGCGCGCCGTACCGAAGAATCCGTCCCTGAGGAAGAGCCTGACCTTGACGAC
GCGGCA GACG CGGCATAGAAATCACCTTTGCCGA GTCGAAACTCCGGCA
CGCCCGAACCCGCT CCGAAAA
CGATGTAAACGACACACTTGCCTTAGATGGGGAATCTGAAGAAGAGTTATCG
GCA
AACAAACGTTCGATGTCGAAACCGATACGCCTTCCAACCGCATCGACTTGGATT
TC
GACAGCCTGGCAGCCGCGCAAAACGGCATTTTATCCGGCGCACTTACGCAGGAT
GAAG A ACCCAAA ACGCGCGGATGCCGATTGGA
CGCCATCGAATCCACAGACAGCGTGTACG G CCCGAG CCTTCA
CCCGTACAACCCTGTCGAAATCGTCATCGACACGCCCGAACCGGAA
TCTGTCGCCCAAACTGCCGAAAACAA CCGGAAACCGTCGATACCG
TTTCTCCG CAAC CTGCCCTC AACAACCATATCGGCAC
GAGAAACAGCTTCCGCA AACCTGCCTCACCC
TCCGGACTGGCAGGCTTCCTGAAGGCTTCCTCGCCCGAA CCATCTTGGA
AACAGTT
GCCGAAGTCCAAACACCGGAAGAGTTGCACGATTTCCTGAAAGTGTACGA
ACCGATGCC
GTCGCGGAAACTGCGCCTGAAACGCCCGATTTCAACGCCGCCGCAGACGATTTG
TCCGCA
TTGCTTCAACCTGCCGAAGCACCGTCCGTTGAGGAAAATATAACGGAAACCGTT
GCCGAA ACACCCGACTTCAACGCCACCGCAGACG
TTTGTCCGCATTACTTCAACCTTCTAA GTA
CCTGCCGTTGAGGAAAATGCAGCGGAA
CCGTTGCCGATGATTTGTCCGCACTGTTGCA
CCTGCTGAAGCACCGGCCGTTGAGGAAAATGTAACGGAAACCGTTGCCGAAACA
CCCGAT
TTCAACGCCACCGCAGACGATTTGTCCGCATTACTTCAACCTTCTGAAGCACCT
GCCGTT GAGGAAAATGCAGCGGA
ACCGTTGCCGATGATTTGTCCGCACTGTTGCAACCTGCTGA
GCACCGGCCGTTGAGGAA ATGCAGCGGAAATC
CTTTGGAAACGCCTGATTCCAACACC TCTGAGGCAG
CGCTTTGCCCGACTTCCTG AAGACGGCGAGGAGGAAACGGTAG TTGG
AGCATCTACCTCTCGGAAGAAA TATCCCA
ATAATGCAGATACCAGTTTCCCTTCGGAA
TCTGTAGGTTCTGACGCGCCTTCCGAAGCGAAATACGACCTTGCCGAAATGTAT
CTCGAA
ATCGGCGACCGCGATGCCGCTGCCGAGACAGTGCAGAAATTGCTGGAAGAAGCG
GAAGGC 



GACGTACTCAAACGTGCCCAAGCATTGGCGCAGGAATTGGGTATTTGA
NBM0341 Proteinsequence
MPAGRLPRRCPMMTKFTDCTRSNRIQPPTHRGYILKNNRQIKLIAASVAVAASF
QAHAGL
GGLNIQSNLDEPFSGSITVTGEEAKALLGGGSVTVSEKGLTAKVHKLGDKAVIA
VSSEQA
VRDPVLVFRIGAGAQVREYTAILDPVGYSPKTKSALSDGKTHRKTAPTAESQEN
QNAKAL
RKTDKKDSANAAVKPAYNGKTHTVRKGETVKQIAAAIRPKHLTLEQVADALLKA
NPNVSA
HGRLRAGSVLHIPNLNRIKAEQPKPQTAKPKAETASMPSEPSKQATVEKPVEKP
EAKVAA
PEAKAEKPAVRPEPVPAANTAASETAAESAPQEAAASAIDTPTDETGNAVSEPV
EQVSAE EETESGLFDGLFGGSYTLLLAGGG
ALIALLLLLRLAQSKRARRTEESVPEEEPDLDD A
DDGIEITFAEVETPATPEPAPKNDVNDTLALDGESEEELSAKQTFDVETDTPSN
RIDLDF
DSLAAAQNGILSGALTQDEETQKRADADWNAIESTDSVYEPETFNPYNPVEIVI
DTPEPE
SVAQTAENKPETVDTDFSDNLPSNNHIGTEETASAKPASPSGLAGFLKASSPET
ILEKTV
AEVQTPEELHDFLKVYETDAVAETAPETPDFNAAADDLSALLQPAEAPSVEENI
TETVAE TPDFNATADDLSALLQPSKVPAVEENAAETVADDLSALLQP
EPVEENVTETVAETPD
FNATADDLSALLQPSEAPAVEENAAETVADDLSALLQPAEAPAVEENAAEITLE
TPDSNT
SEADALPDFLKDGEEETVDWSIYLSEENIPNNADTSFPSESVGSDAPSEAKYDL
AEMYLE IGDRDAAAETVQKLLEEAEGDVLKRAQALAQELGI NMB0338 DNA
sequence
ATGGAAAGGAACGGTGTATTTGGTAAAATTGTCGGCAATCGCATACTCCGTATG
TCGTCC
GAACACGCTGCCGCATCCTATCCGAAACCGTGCAAATCGTTTAAACTAGCGCAA
TCTTGG
TTCAGAGTGCGAAGCTGTCTGGGCGGCGTTTTTATTTACGGAGCAAACATGAA
CTTATC
TATACCGTCATCAAAATCATTATCCTGCTGCTCTTCCTGCTGCTTGCCGTCATT
AATACG
GATGCCGTTACCTTTTCCTACCTGCCGGGGCAAAAATTCGATTTGCCGCTGATT
GTCGTA
TTGTTCGGCGCATTTGTAGTCGGTATTATTTTTGGAATGTTTGCCTTGTTCGGA
CGGTTG TTGTCGTTACGTGGCGAGAACGGCAGGTTGCGTGCCGA GTAAAG
AAATGCGCGTTTGACGGGGAAGGAGCTGACCGCACCACCGGCGCAATGCGCCCG
ATCTACCAAACGCCT TAA NMB0338 Protein sequence
MERNGVFGKIVGNRILRMSSEHAAASYPKPCKSFKLAQSWFRVRSCLGGVFIYG
ANMKLI
YTVIKIIILLLFLLLAVINTDAVTFSYLPGQKFDLPLIVVLFGAFVVGIIFGMF
ALFGRL LSLRGENGRLRAEVKKNARLTGKELTAPPAQNAPESTKQP
Analysis of the polypeptide indicates that it is
predicted to have two membrane spanning domains, from
residues 54 to 70 and 88 to 107. Thus, fragments from
the regions 1 to 53, and 108 to the end (C-terminal)
may be particularly useful as 



immunogens. NMB 1345 DNA sequence
ATGAAAAAACCTTTGATTTCGGTTGCGGCAGCATTGCTCGGCGTTGCTTTGGGC
ACGCCT TATTATTTGGGTGTCAAAGCCGAAGA AGCTTGACGC GCAGCA
AAAATATTGCAGGAA ACGGGCTTCTTGACCGTCGAATCGC CCA
TATGAGCGCGGCTGGTTTACCTCTATGGAA
ACGACGGTCATCCGTCTGAAACCCGAGTTGCTGAATAATGCCCGAAAATACCTG
CCGGAT
AACCTGAAAACAGTGTTGGAACAGCCGGTTACGCTGGTTAACCATATCACGCAC
GGCCCT
TTCGCCGGCGGATTCGGCACGCAGGCGTACATTGAAACCGAGTTCAAATACGCG
CCTGAA ACGGAAAAAGTTCTGG ACGCTTTTTTGGAAA
CAAGTCCCGGCTTCCCTTGCC ATACC GTTTATTTTA
CGGCAGCGGTAAAATGGA GTCAGTGTTCCCGCCTTCGATTATGAAGAG
CTGTCGGGCATCAGGCTGC CTGGGA
GGCCTGACGGGAGAAACGGTTTATCAAAAAGGT
TTCAAAAGCTACCGGAACGGCTATGATGCCCCCTTGTTTAAAATCAAGCTGGCA
GACAAA
GGCGATGCCGCGTTTGAAAAAGTGCATTTCGATTCGGAAACTTCAGACGGCATC
AATCCG CTTGCTTTGGGCAGCAGCA TCTGACCTTGGAA
AATTCTCCCTAGAATGGAAAGAGGGT GTCGATT CACGTCA
GTTAAACGAACTGGTCAATCTTGTTACCGATTTGCAGATTGGC
GCGTTTATCAATCCCA CGGC GCATCGCACCTTCCA AATCGA
GTCGGCAAACTGGCT TTTTCA
CCAGACCGGGGAATCAGGCGCGTTTATCAACAGTGAAGGGCAGTTCCGTTTC
GATACACTGGTGTACGGCGATGAAAAATACGGCCCGCTGGACATCCATATCGCT
GCCGAA CACCTCGATGCTTCTGCCTTAACCGTATTGA ACGC AGTTTGCACA
ATTTCCGCCAAA AAA
TGACCGAGGAACAAATCCGCAATGATTTGATTGCCGCCGTCAAAGGAGAGGCTT
CC
GGACTGTTCACCAACAATCCCGTATTGGACATTAAAACTTTCCGATTCACGCTG
CCATCG
GGAAAAATCGATGTGGGCGGAAAAATCATGTTTAAAGACATGAAGAAGGAAGAT
TTGAAT
CAATTGGGTTTGATGCTGAAGAAAACCGAAGCCGACATCAGAATGAGTATTCCC
CAAAAA
ATGCTGGAAGACTTGGCGGTCAGTCAAGCAGGCAATATTTTCAGCGTCAATGCC
GAAGAT
GAGGCGGAAGGCAGGGCAAGTCTTGACGACATCAACGAGACCTTGCGCCTGATG
GTGGAC AGTACGGTTCAGAGTATGGCAAGGG AAA
TATCTGACTTTGAACGGCGACCAGATTGAT ACTGCCATTTCTCTGA
AACAATCAGTTGA ATTGAACGGTAAAACGTTGCA AACGAA
CCGGAGCCGGATTTTGATGAAGGCGGTATGGTTTCAGAGCCGCAGCAGTAA
NMB 1345Proteinsequence
MKKPLISVAAALLGVALGTPYYLGVKAEESLTQQQKILQETGFLTVESHQYERG
WFTSME
TTVIRLKPELLNNARKYLPDNLKTVLEQPVTLVNHITHGPFAGGFGTQAYIETE
FKYAPE
TEKVLERFFGKQVPASLANTVYFNGSGKMEVSVPAFDYEELSGIRLHWEGLTGE
TVYQKG
FKSYRNGYDAPLFKIKLADKGDAAFEKVHFDSETSDGINPLALGSSNLTLEKFS
LEWKEG 



VDYNVKLNELVNLVTDLQIGAFINPNGSIAPSKIEVGKLAFSTKTGESGAFINS
EGQFRF
DTLVYGDEKYGPLDIHIAAEHLDASALTVLKRKFAQISAKKMTEEQIRNDLIAA
VKGEAS
GLFTNNPVLDIKTFRFTLPSGKIDVGGKIMFKDMKKEDLNQLGLMLKKTEADIR
MSIPQK
MLEDLAVSQAGNIFSVNAEDEAEGRASLDDINETLRLMVDSTVQSMAREKYLTL
NGDQID
TAISLKNNQLKLNGKTLQNEPEPDFDEGGMVSEPQQSelectionwith
vaccinees sera Serafrom theMeningococcal Reference
Laboratoryin Manchester has been made availableto
us.This serahas come from a clinicaltrialof OMV
immunisation of volunteers. Mutants selectedby
vaccineeC l sera(screenedonce) The
followingsequenceswere isolated NMB0338 (asabove)
NMB0738 DNA sequence
ATGAAGATCGTCCTGATTAGCGGCCTGTCCGGTTCGGGCAAGTCCGTCGCACTG
CGCCAA
ATGGAAGATTCGGGTTATTTCTGCGTGGACAATTTGCCTTTGGAAATGTTGCCC
GCGCTG
GTGTCGTATCATATCGAACGTGCGGACGAAACCGAATTGGCGGTCAGCGTCGAT
GTGCGT
TCCGGCATTGACATCGGACAGGCGCGGGAACAGATTGCCTCTCTGCGCAGACTG
GGGCAC GGGTTGAAGTTTTGTTTGTCG GGCGGA
GAAAGCGTGTTGGTCCGCCGGTTTTCCGAA
ACCAGGCGAGGACATCCTCTGAGCAATCAGGATATGACCTTGTTGGAAAGCTTA
AAGAAA
GAACGGGAATGGCTGTTCCCGCTTAAAGAAATCGCCTATTGTATCGACACTTCC
AAGATG AATGCCCAAC GCTCCGCCATGC GTCCGGC
GTGGCTGAAGGTCGAACGT CCGGGCTG
CTGGTGATTTTGGAGTCCTTCGGGTTCAA TACGGTGTGCCGA
CAACGCGGATTTTATG
TTCGATATGCGCAGCCTGCCCAACCCGTATTACGATCCCGAGTTGAGGCCTTAC
ACCGGT
ATGGACAAGCCCGTTTGGGATTATTTGGACGGACAGCCGCTTGTGCAGGAAATG
GTTGAC
GACATCGAAAGGTTTGTTACGCATTGGTTACCGCGTTTGGAGGATGAAAGCAGG
AGCTAC
GTTACCGTCGCCATCGGTTGCACGGGAGGACAGCACCGTTCGGTCTATATTGTC
GAAAAA
CTCGCCCGAAGGTTGAAAGGGCGTTATGAATTGCTGATACGGCACAGACAGGCG
CAAA C CTGTCAGACCGCTA  NMB0738Protein sequence
MKIVLISGLSGSGKSVALRQMEDSGYFCVDNLPLEMLPAL
VSYHIERADETELAVSVDVR
SGIDIGQAREQIASLRRLGHRVEVLFVEAEESVLVRRFSETRRGHPLSNQDMTL
LESLKK
EREWLFPLKEIAYCIDTSKMNAQQLRHAVRQWLKVERTGLLVILESFGFKYGVP
MNADFM
FDMRSLPNPYYDPELRPYTGMDKPVWDYLDGQPLVQEMVDDIERFVTHWLPRLE
DESRSY VTVAIGCTGGQHRSVYIVEKLARRLKGRYELLIRHRQAQNLSDR 



NMB0792 NadC family (transporter)DNA sequence
ATGAACCTGCATGCAAAGGACAAAACCCAGCATCCCGAAAACGTCGAGCTGCTC
AGTGCG
CAGAAGCCGATTACCGACTTTAAGGGCCTGCTGACCACCATTATTTCCGCCGTC
GTCTGT
TTCGGCATTTACCACATCCTGCCTTACAGCCCCGATGCCAATAAAGGTATCGCG
CTGCTG
ATTTTCGTTGCCGCACTTTGGTTTACCGAGGCCGTCCACATTACCGTAACCGCA
CTGATG GTGCCGATTCTCGCCGTCGTACTCGGTTTCCCCGACATGGAC TCAA
AAGGCGATGGCT
GATTTTTCCAACCCGATTATCTACATTTTTTTCGGCGGCTTCGCGCTTGCCACC
GCCCTG
CATATGCAGCGGCTGGACCGTAAAATCGCCGTCAGCCTGTTGCGCCTGTCGCGC
GGCAAT
ATGAAAGTGGCGGTTTTGATGTTGTTCCTCGTTACCGCCTTTCTGTCCATGTGG
ATCAGC
AACACCGCCACCGCCGCGATGATGCTGCCTCTAGCAATGGGTATGCTGAGCCAC
CTCGAC CAGGAAAA GAACACA AACCT CGTCTTCCTCCTGCTCGGC
TCGCCTATTGCGCCAGC
ATCGGCGGCTTGGGCACGCTCGTCGGCTCGCCGCCCAACCTGATTGCCGCCAAA
GCCCTAAATCIGGACTTCGTCGGCTGGATGAAGCTCGGCCTGCCGATGATGCTG
TTGATTCTGCCC TTGATGCTGCTCTCCCTGT
CGTCATCCTCAAACCTAATTTGA CGAACGCGTGGAAATC AAAGCCGAATCC
TCCCTTGG CGCTGC CCGCGTG TCGCGCTGTTGATTTTCCTTGCC
CGCCGCCGCGTGGAT TTCAGCTCCAAAATCAAA CCGCCTTCGGC TTTCCA
TCCC
GACACCGTTATCGCCCTGAGTGCCGCCGTCGCCGTCGTCGTCTTCGGCGTGGCG
CAATGG
AAGGAAGTCGCCCGCAATACCGACTGGGGCGTGTTGATGCTCTTCGGCGGCGGC
ATCAGC
CTGAGCACGCTGTTGAAAACATCCGGCGCGTCCGAAGCCTTGGGACAGC
GGTTGCCGCC
CCTTTTCCGGCGCGCCCGCATTTTTGGTGATACTCATCGTCGCCGCCTTCATT
TTTTT
CTGACCGAGTTCACCAGCAACACCGCCTCCGCCGCATTGCTTGTACCGATTTTC
TCCGGC
ATCGCTATGCAGATGGGGCTGCCCGAACAAGTCTTGGTATTCGTCATCGGCATC
GGCGCA
TCTTGTGCCTTCATGCTGCCGGTTGCCACACCGCCTAACGCGATTGTGTTCGGC
ACGGGC TTAATCAAGCAACGCGAAATGATGA
TGTCGGCATACTGCTGAACATCCTCTGCGTAGTA TTGGTTGCTCTGTGGGCTT
TGCTGTACTGATGTAA NMB0792 Proteinsequence
MNLHAKDKTQHPENVELLS QKPITDFKGLLTTIIS
VVCFGIYHILPYSPDANKGIALL IFVAALWFTE
VHITVTALMVPILAVVLGFPDMDIKKAMADFSNPIIYIFFGGFALATAL
HMQRLDRKIAVSLLRLSRGNMKVAVLMLFLVTAFLSMWISNTATAAMMLPLAMG
MLSHLD
QEKEHKTYVFLLLGIAYCASIGGLGTLVGSPPNLIAAKALNLDFVGWMKLGLPM
MLLILP LMLLSLYVILKPNLNERVEIK
AESIPWTLHRVIALLIFLATAAAWIFSSKIKTAFGISNP DTVI
ALSAAVAVVVFGVAQWKEVARNTDWGVLMLFGGGI
SLSTLLKTSGASEALGQQVAA TFSGAP
FLVILIVAAFIIFLTEFTSNTASAALLVPIFSGIAMQMGLPEQVLVFVIGIGA
SCAFMLPVATPPNAIVFGTGLIKQREMMNVGILLNILCWLVALWAYAVLM 



NMB0279 DNA sequence
ATGCAACGACAAATCAAACTGAAAAATTGGCTTCAGACCGTTTATCCCGAACGG
GACTTC GATCTG
CTTTTGCGGCGGCGGATGCTGATTTCCGCCGCTATTTCCGTGCAACGTTTTCA
GACGGCAGCAGTGTCGTCTGCATGGATGCACCGCCCGACAAGATGAGTGTCGCA
CCTTAT
TTGAAAGTGCAGAAACTGTTTGACATGGTCAATGTGCCGCAGGTATTGCACGCG
GACACG
GATCTGGGGTTTGTGGTATTGAACGACTTGGGCAATACGACGTTTTTGACCGCA
ATGCTT
CAGGAACAGGGCGAAACGGCGCACAAAGCCCTGCTTTTGGAGGCAATCGGCGAG
TTGGTC GAATTGCAGA GGCGAGCCGTGA GGGGTTTTGCCCGA
TATGACCGTGAAACGATGTTG CGCGAA
TCAACCTGTTCCCGGAATGGTTTGTCGCAAA GAATTGGGGCGCGAATTAAC
TTCAA CAACGCCAACTTTGGC GCA
ACCGTCGATACGCTGCTGCCGCCCCTGTTGGCG
CAGCCCAAAGTCTATGTGCACCGCGACTTTATCGTCCGCAACCTGATGCTGACG
CGCGGC
AGGCCGGGCGTTTTAGACTTCCAAGACGCGCTTTACGGCCCGATTTCCTACGAT
TTGGTG TCGCTGTTGCGCGATGCCTTTATCGAATGGGAAG
AGAATTTGTCTTGG CTTGGTT TC
CGCTACTGGGAAAAGGCGCGGGCTGCCGGCTTGCCCGTCCCCGAAGCGTTTG
CGAGTTT
TACCGCTGGTTCGAATGGATGGGCGTGCAGCGGCACTTGAAGGTTGCAGGCATC
TTCGCA
CGCCTGTACTACCGCGACGGCAAAGACAAATACCGTCCGGAAATCCCGCGTTTC
TTAAAC
TATCTGCGCCGCGTATCGCGCCGTTATGCCGAACTCGCCCCGCTCTACGCGCTC
TTGGTC GAACTGGTCGGCGATGAAGAACTGGAAACGGGCTTTACGTTTTAA
NMB0279 Proteinsequence
MQRQIKLKNWLQTVYPERDFDLTFAAADADFRRYFRATFSDGSSVVCMDAPPDK
MSVAPY
LKVQKLFDMVNVPQVLHADTDLGFVVLNDLGNTTFLTAMLQEQGETAHK LLLE
IGELV
ELQKASREGVLPEYDRETMLREINLFPEWFVAKELGRELTFKQRQLWQQTVDTL
LPPLLA
QPKVYVHRDFIVRNLMLTRGRPGVLDFQDALYGPISYDLVSLLRDAFIEWEEEF
VLDLVI
RYWEKARAAGLPVPEAFDEFYRWFEWMGVQRHLKVAGIFARLYYRDGKDKYRPE
IPRFLN YLRRVSRRYAELAPLYALLVELVGDEELETGFTF NMB2050 DNA
sequence
ATGGAACTGATGACTGTTTTGCTGCCTTTGGCGGCGTTGGTGTCGGGCGTGTTG
TTTACA TGGTTGCTG
TGAAGGGCCGGTTTCAGGGCGAGTTTGCCGGTTTGAACGCGCACCTGGCG
GAAAAGGCGGCAAGATGTGATTTTGTCGAACAGGCACACGGCAAAACCGTGTCG
GAATTG
GCGGTGTTGGACGGGAAATACCGGCATTTGCAGGACGAAAATTATGCTTTGGGC
AACCGT TTTTCCGCAGCCGAAAAGCAGATTGCCCATTTGCAGGAAAAAG
GGCGGAGTCGGCGCGG CTGAAGCAGTCGTATATCGAGTTGCAGGAAAAGGCAC
GGGTTTGGCGGTTGAAAACGAACGTTTGGCAACGCAGCTCGGACAGGAACGGA
GGCGTTTGCCGACCA TATGCCTTGGAA CGCCAAATCCGCCAAAGA
TCGAAACCGATTTGGA GAGCCGCCAAACTGTCCGCGAC 



GTGCAAAACGACCTTTCCGATGTCGGCAACCGTTTTGCCGCAGCCGAAAAACAG
ATTGCC CATTTGCAGGAA AAGAGGCGGAAGCGGAGCGGTTG
GGCAGTCGCATACCGAGTTGCAG GAAA GGCACAGGGTTTGGCGGTTGAA
ACGAACGTTTGGCAACGCA ATCGA CAGG A
CGCCTTGCTTCTGAAGAGAAGCTGTCCTTGCTGGGCGAGGCGCGCAAA
GTTTGAGCGAT CAGTTTCAAAATCTTGCCA CACGATTTTGGA GAAA
AAGCCGCCGTTTTACCGAGCAG
AACCGCGAGCAGCTCCATCAGGTTTTGAACCCGCTAAACGA
CGCATCCACGGTTTCGGC GAGTTGGTCA GCAA CCTATGATA
AGAATCGCGCGAGCGGCTGACGTTGGAAAACGAA
TTGAAACGGCTTCAGGGGTTGAACGCGCAGCTGCACAGCGAGGCAAAGGCCCTG
ACCAAC GCGCTGACCGGTACGCAGAATA
GGTTCAGGGCAATTGGGGCGAGATGATTCTGGAAACG GTTTTGGA
AATTCCGGCCTTCAGAAAGGGCGGGAATATGTGGTTCAGGCGGCATCCGTC
CGAAA GAGGAAGACGGCGGCACGCGCCGCCTCCAGCCCGACGTTTTGGTCA
CCTGCCC GACA CAAGCAGATTGTGATTGATTCC
GGTCTCGCTGACAGCTTATGTGCGCTACACG
CAGGCGGCGGATGCGGATACGGCGGCACGCGAACTGGCGGCACACGTTGCCAGC
ATCCGT GCACACATGAAAGGCTTGTCGCTGA
GGATTACACCGATTTGGAAGGTGTGAACACATTG
GATTTCGTCTTTATGTTTATCCCTGTCGAACCGGCCTACCTGTTGGCGTTGCAG
AATG C GCGGGCTTGTTCCAAGAGTGTTTCGACA
ACGGATTATGCTGGTCGGCCCCAGTACGCTG
CTGGCGACTTTGAGGACGGTGGCGA TATTTGGCGCA CGAACAGCAA
ATCAGA CGCA
CTGGCGATTGCGGACGAAGGCGGCAAGCTGTACGACAAGTTTGTCGGCTTCGTA
CAGACG CTCGAAAGCGTCGGCAA GGCATCGATCAGGCGCAA
GCAGTTTTCAGACGGCATTCAAG CAACTTGCCGA
GGGCGCGGGAATCTGGTCGGACGCGCCGAGAAACTGCGTCTGTTGGGC
GTGAAGGCAGGCAAACA CTTCAACGGGATTTGGTCGAGCGTTCC ATGAA
CAACGGCG TTGTCGG TCTTTGGAATACGCGGCAGA GATGA GCAGTCTGA
NMB2050 Protein sequence
MELMTVLLPLAALVSGVLFTWLLMKGRFQGEFAGLNAHLAEKAARCDFVEQAHG
KTVSEL
AVLDGKYRHLQDENYALGNRFSAAEKQIAHLQEKEAESARLKQSYIELQEKAQG
LAVENE
RLATQLGQERKAFADQYALERQIRQRIETDLEESRQTVRDVQNDLSDVGNRFAA
AEKQIA
HLQEKEAEAERLRQSHTELQEKAQGLAVENERLATQIEQERLASEEKLSLLGEA
RKSLSD
QFQNLANTILEEKSRRFTEQNREQLHQVLNPLNERIHGFGELVKQTYDKESRER
LTLENE LKRLQGLNAQLHSEAKALTN
LTGTQNKVQGNWGEMILETVLENSGLQKGREYWQAASV
RKEEDGGTRRLOPDVLVNLPDNKQIVIDSKVSLTAYVRYTQAADADTAARELAA
HVASIR
AHMKGLSLKDYTDLEGVNTLDFVFMFIPVEPAYLLALQNDAGLFQECFDKRIML
VGPSTL
LATLRTVANIWRNEQQNQNALAIADEGGKLYDKFVGFVQTLESVGKGIDQAQSS
FQTAFK
QLAEGRGNLVGRAEKLRLLGVKAGKQLQRDLVERSNETTALSESLEYAAEDEAV



NMB 1335 CreA proteinDNA sequence
ATGAACAGACTGCTACTGCTGTCTGCCGCCGTCCTGCTGACTGCCTGCGGCAGC
GGCGAA
ACCGATAAAATCGGACGGGCAAGTACCGTTTTCAACATACTGGGCAAAAACGAC
CGTATC
GAGTGGAAGGATTCGACGATCCCGACGTTCAAGGGGTTGCCTGTTATATTTCGT
TGCA AAAAAAGGCGGCTTGAAGGAA
TGGTCAATTTGGAAGAGGACGCGTCCGACGCATCGGTT
TCGTGCGTTCAGACGGCATCTTCGATTTCTTTTGACGAAACCGCCGTGCGCA
CCGAAA
GAGTTTTCAAACACGGTGCGAGCTTCGCGTTCAAGAGCCGGCAGATTGTCCGTT
ATTAC
GACCCCAAACGCAAAACCTTCGCCTATTTGGTGTACAGCGATAAAATCATCCAA
GGCTCG CCGAAA
TTCCTTAAGCGCGGTTTCCTGTTTCGGCGGCGGCATACCGCAAACCGATGGG
GTGCA GCCGATACTTCCGGCA CCTGCTTGCCGGCGCCTGCATGATTTCCA
CCCGATA GAAAATCTCGACA ACGCTGA NMB 1335Proteinsequence
MNRLLLLSAAVLLTACGSGETDKIGRASTVFNILGKNDRIEVEGFDDPDVQGVA
CYISYA
KKGGLKEMVNLEEDASDASVSCVQTASSISFDETAVRKPKEVFKHGASFAFKSR
QIVRYY
DPKRKTFAYLVYSDKIIQGSPKNSLSAVSCFGGGIPQTDGVQADTSGNLLAGAC
MISNPI ENLDKR NMB2035 DNA sequence
ATGACCGCCTTTGTCCACACCCTTTCAGACGGCATGGAACTGACCGTCGAAATC
AAGCGC CGTGCCAAGAAAA
CCTGATTATCCGCCCCGCCGGCACACATACCGTCCGCATCAGCGTCCCACCCTG
CTTCTCCGTCTCCGCTCTA ACCGCTGGCTGTATGAA ACG AGCCGTCCTG
CGGCAA
CACTGGCGAAAACACCGCCGCCGCAAACTGCCGAAAACCGGCTGCCCGAATCC
ATCCTCTTCCACGGCAGACAGCTTGCCCTCACCGCCCATCAAG
CACGCAAATCCTGCTG
ATGCCGTCTGAAATCCGTGTTCCCGAAGGCGCACCCGAAAAACAGCTTGCGCTG
CTGCGG GACTTTTTGGA CGGCAGGCGCACAGTTACCTGATTCCCCGCCTCG
CGCCACGCCCGC
ACCACACAACTGTTCCCCGCCTCCTCCTCGCTGACCTCTGCCAA
ACCTTCTGGGGCGTG TGCCGCAA
ACCACAGGCATACGCTTCAACTGGCGGCTGGTCGGCGCACCGGAATACGTT
GCCGACTATGTCTGCATACACGAACTCTGCCACCTCGCCCATCCCGACCACAGC
CCCGCC TTTTGGGAACTGACCCGCCGCTTCGCCCCCTACACGCCCA
AGCGAAACAGTGGCTCA  ATCCACGGCAGGGAACTTTTCGCCTTAGGCTGA
NMB2035 Proteinsequence
MTAFVHTLSDGMELTVEIKRRAKKNLIIRPAGTHTVRISVPPCFSVSALNRWLY
ENEAVL RQTL
KTPPPQTAENRLPESILFHGRQLALTAHQDTQILLMPSEIRVPEGAPEKQL
LLR
DFLERQAHSYLIPRLERHARTTQLFPASSSLTSAKTFWGVCRKTTGIRFNWRLV
GAPEYV ADYVCIHELCHLAHPDHSPAFWELTRRFAPYTPK
KQWLKIHGRELFALG 



NMB 1351Fmu and Fmv proteinDNA sequence ATGAACGCCGCACA
CTCGACCATACCGCCA AGTTTTGGCTGAA TGCTGACTTTCAA
CAGCCTGCCGATGCCGTCCTCTCCGCCTATTTCCGCGAACACA
AAGCTCGGCAGTCA  GATCGCCACGA TCGCCGA
CCGCCTTTGCCGCGCTGCGCCACTATCAA AAATCAGT
ACCGCCCTACGCCGTCCGCACGCGCAGCCGCGCAAAGCCGCTCTCGCCGCACTG
GTTCTC GGCAGAAGCACCAACATCAGCCAAATCAA GACCTGCTTGATGAAGA
GAACAGCGTTC CTCGGCAATTTGA
GCCCGTAAAACCGAGTTTTCAGACAGCCTGA TACCGCCGCAGAA
TTGCCGCAATGGCTGGTGGAACAACTGAA CAGCATTGGCGCGAAGAAGA
ATCCTCGCT TTCGGCCGCAGCATCAACC
GCCTGCCCCGCTCGACATCCGCGTCAACACTTTGAAAGGC
AAACGCGATAAAGTGCTGCCGCTGTTGCAAGCCGAAAGTGCCGATGCAG
GGCAACGCCT TATTCGCCTTGGGGCATCCGCCTGA  CAAA
TCGCGCTTAACAAACACGAACTGTTT TTAGACGGCACACTGG
GTCCAAGACGAAGGCAGCCAGCTGCTTGCCTTATTGGTGGGC
GCAAAACGAGGCGAAATCATTGTCGATTTCTGTGCCGGTGCCGGCGGTAAAACC
TTGGCT
GTCGGTGCGCAAATGGCGAACAAAGGCAGAATCTACGCCTTCGATATCGCCGAA
A ACGC CTTGCCA
CCTCAAACCGCGTATGACCCGCGCCGGACTGACCAATATCCACCCCGAACGC
ATCGGCAGCGAACACGATGCCCGTATCGCCCGACTGGCAGGCAAAGCCGACCGT
GTGTTG
GTGGACGCGCCCTGCTCCGGTTTGGGCACTTTACGCCGCAATCCCGACCTCAAA
TACCGC
CAATCCGCCGAAACCGTCGCCAACCTTTTGGAACAGCAACACAGCATCCTCGAT
GCCGCC
TCCAAACTGGTAAAACCGCAAGGACGTTTGGTGTACGCCACTTGCAGCATCCTG
CCCGAA GAAAACGAGCTGCA GTCGAACGTTTCCTGTCCGAACATCCCGA
TTTGAACCCGTCA C TGCGCCGAACTGCTTGCCGGTTTG
AAATCGATTTGGATACCGGCA ATACCTGCGCCTC
ACTCCGCCCGACACCAAACCGACGGCTTCTTCGCCGCCGTATTGCAACGCAAAT
AA NMB 1351 Protein sequence
MNAAQLDHTAKVLAEMLTFKQPADAVLSAYFREHKKLGSQDRHEIAETAFAALR
HYQKIS TALRRPHAQPRKAALAALVLGRSTNI
SQIKDLLDEEETAFLGNLKARKTEFSDSLNTAAE
LPQWLVEQLKQHWREEEILAFGRSINQPAPLDIRVNTLKGKRDKVLPLLQAESA
DAEATP
YSPWGIRLKNKIALNKHELFLDGTLEVQDEGSQLLALLVGAKRGEIIVDFCAGA
GGKTLA
VGAQMANKGRIYAFDIAEKRLANLKPRMTRAGLTNIHPERIGSEHDARIARLAG
KADRVL
VDAPCSGLGTLRRNPDLKYRQSAETVANLLEQQHSILDAASKLVKPQGRLVYAT
CSILPE
ENELQVERFLSEHPEFEPVNCAELLAGLKIDLDTGKYLRLNSARHQTDGFFAAV
LQRK NMB 1574 HvC DNA sequence
ATGCAAGTCTATTACGATAAAGATGCCGATCTGTCCCTAATCAAAGGCAAAACC
GTTGCC ATCATCGGTTACGGTTCGCA GGTCATGCCCATGCCGCCAACCTGA
GATTCGGGTGTA 



AACGTGGTGATTGGTCTGCGCCAAGGTTCTTCTTGGAA AAAGCCGA
GCAGCCGGTCAT GTCGTCAAAACCGTTGCTGAAGCGACCAA
GAAGCCGATGTCGTTATGCTGCTGCTGCCT
GACGAAACCATGCCTGCCGTCTATCACGCCGAAGTTACAGCCAATTTGAAAGAA
GGCGCA
ACGCTGGCATTTGCACACGGCTTCAACGTGCACTACAACCAAATCGTTCCGCGT
GCCGAC TTGGACGTGATTATGGTTGCCCCCAAAGGTCCGGGCCAT
CCGTACGCAGTGAATACA A
CGCGGCGGCGGCGTGCCTTCTCTGATTGCCGTTTACCAAGACAATTCCGGCAAA
GCCAAAGACATCGCCCTGTCTTATGCGGCTGCCAACGGCGGCACCAAAGGCGGT
GTGATTGAA CC ACTTTCCGCGA GAAACCGAAACCGATCTGTTCGGCGAACA
GCCGTATTGTGCGGCGGC GTGGTCG
GTTGATCAAGGCGGGTTTTGAAACCCTGACCGAAGCCGGTTACGCGCCTGA
ATGGCTTACTTCGA TGTCTGCACG ATGA CTGATCGTTGACCTGATTTTCGA
GGC
GGTATTGCCAATATGAACTACTCCATTTCCAACAATGCGGAGTACGGCGAATAC
GTTACC GGCCCTGA GTGGTCAATGCTTCCAGCAAAGA
GCCATGCGCAATGCCCTGAAACGCATT
CAAACCGGCGAATACGCAAAAATGTTTATCCAAGAGGGTAATGTCAACTATGCG
TCTATG
ACTGCCCGCCGCCGTCTGAATGCCGACCACCAAGTTGAAAAAGTCGGCGCACAA
CTGCGT GCCATGATGCCTTGGATTACTGCCAACAA TTGGTTGACCA GAC
AAA CTGA NMB 1574 Proteinsequence
MQVYYDKDADLSLIKGKTVAIIGYGSQGHAHAANLKDSGVNVVIGLRQGSSWKK
AEAAGH
VVKTVAEATKEADVVMLLLPDETMPAVYHAEVTANLKEGATLAFAHGFNVHYNQ
IVPR D
LDVIMVAPKGPGHTVRSEYKRGGGVPSLIAVYQDNSGKAKDIALSYAAANGGTK
GGVIET
TFREETETDLFGEQAVLCGGVVELIKAGFETLTEAGYAPEMAYFECLHEMKLIV
DLIFEG
GIANMNYSISNNAEYGEYVTGPEVVNASSKEAMRNALKRIQTGEYAKMFIQEGN
VNYASM TARRRLNADHQVEKVGAQLRAMMPWITANKLVDQDKN NMB1298
rsuA DNA sequence
ATGAAACTTATCAAATACCTGCAATATCAAGGCATAGGAAGCCGCAAGCAGTGC
CAATGG
CTGATTGCCGGCGGTTATGTTTTCATCAACGGAACCTGCATGGACGACACCGAT
GCAGAC ATCGATTCCTCATCCGTCGAAACGTTGGATATTGACGGGGA
GCAGTA CCGTCGTTCCC GACCCTATTTCTACATCATGCTCA
CAAGCCTGAAGATTACGAAACTTCGCACA ACCC
AAGCACTACCGCAGCGTATTCAGCCTGTTCCCCGACA
TATGCGGAACATCGATATGCAG
GCGGTCGGCAGGCTGGATGCAGATACGACCGGCGTATTGCTGATTACCAACGAC
GGCAAA CTGAACCACAGCCTGACTTCGCCGAGCAG
AAATTCCCAAGCTGTACGA GTAACGCTC A ACACCCCACAGGAGA
ACGCTCTGCGAA CCTTGA A CGGCGTGCTGCTCCACGAC
GAAAACGAAACCGTTTGTGCCGCCGATGCCGTTTTGAAAAACCCGACCACCCTG
CTGCTG ACCATTACCGA
GGAAAATACCACCAAGTCAAACGCATGATCGCCGCCGCCGGCA CCGC
GTGCAACACCTTCATCGCCGGCGATTCGCACATCTGGA ACAGAA ACCTC
CCCGGG 



GAATGGAAATTTATCGAATGTCCAAA TTCTGA NMB 1298
Proteinsequence
MKLIKYLQYQGIGSRKQCQWLIAGGYVFINGTCMDDTDADIDSSSVETLDIDGE
AVTVVP
EPYFYIMLNKPEDYETSHKPKHYRSVFSLFPDNMRNIDMQAVGRLDADTTGVLL
ITNDGK
LNHSLTSPSRKIPKLYEVTLKHPTGETLCETLKNGVLLHDENETVCAADAVLKN
PTTLLL
TITEGKYHQVKRMIAAAGNRVQHLHRRRFAHLETENLKPGEWKFIECPKF
NMBl856 Lys R family(transcriptrieognulatorD)NA
sequence
ATGAAAACCAATTCAGAAGAACTGACCGTATTTGTTCAAGTGGTGGAAAGCGGC
AGCTTC
AGCCGTGCGGCGGAGCAGTTGGCGATGGCAAATTCTGCCGTAAGCCGCATCGTC
AAACGG CTGGAGGA
AGTTGGGTGTGAACCTGCTCAACCGCACCACGCGGCAACTCAGTCTGACG
GAAGAAGGCGCGCAATATTTCCGCCGCGCGCAGAGAATCCTGCAAGAAATGGCA
GCGGCG GAAACCGA
TGCTGGCAGTGCACGAAATACCGCAAGGCGTGTTGAGCGTGGATTCCGCG
ATGCCGATGGTGCTGCATCTGCTGGCGCCGCTGGCAGCAAAATTCAACGAACGC
TATCCG
CATATCCGACTTTCGCTCGTTTCTTCCGAAGGCTATATCAATCTGATTGAACGC
AA GTC
GATATTGCCTTACGGGCCGGAGAATTGGACGATTCCGGGCTGCGTGCACGCCAT
CTGTTT
GACAGCCGCTTCCGCGTAATCGCCAGTCCTGAATACCTGGCAAAACACGGCACG
CCGCAA TCTACAGA
GAGCTTGCCGGCCACCAATGTTTAGGCTTCACCGAACCCGGTTCTCTAAAT
ACATGGGCGGTTTTAGATGCGCAGGGAAATCCCTATAAGATTTCACCGCACTTT
ACCGCC
AGCAGCGGTGAAATCTTACGCTCGTTGTGCCTTTCAGGTTGCGGTATTGTTTGC
TTATCA
GATTTTTTGGTTGACAACGACATCGCTGAAGGAAAGTTAATTCCCCTGCTCGCC
GAACAA ACCTCCGAT AACACACCCCTTTAATGCTGTTTATTACAGCGATAA
GCCGTCA TCTC
CGCTTACGCGTATTTTTGGATTTTTTAGTGGAGGAACTGGGAAACAATCTCTGT
GGATAA NMB1856 Protein sequence
MKTNSEELTVFVQVVESGSFSRAAEQLAMANSAVSRIVKRLEEKLGVNLLNRTT
RQLSLTEEGAQYFRRAQRILQEMAAAETEMLAVHEIPQGVLSVDSAMPMVLHLL
APLAAKFNERYP
HIRLSLVSSEGYINLIERKVDIALRAGELDDSGLRARHLFDSRFRVIASPEYLA
KHGTPQ
STEELAGHQCLGFTEPGSLNTWAVLDAQGNPYKISPHFTASSGEILRSLCLSGC
GIVCLS DFLVDNDIAEGKLIPLLAEQTSDKTHPFNAVYYSDK
VNLRLRVFLDFLVEELGNNLCG NMBOl 19 DNA sequence ATGATGA
GGATTTGAATTTG GCAACAGCCTGTTCAAAGGCTACAACGAC ACATGGC
TTAATGATTTGTGGCTATGAATGGGGTTGGAGTAAAGCCGATGAGGCTGCTTAT
GTAGCA GGTGA TACAA CTCCCTGAAAACAAAATCGACCATACATTTGC
CAAATCCCTCTAT
TTCGGAGAGCAGGCAAAAAAGTGGCGTTACGACAATACGATAAAAAATTGGTTT
GAAATG TGGGGACACCCCTTAGACGAAAATGGATTGGGCGGTGCATTTGAAAA
TCCCTGGTTCAA 



ACCA CTGGGCTGCTACACAGGGCA CACTATCGACAATCCCGACA
GTTCACACAACCC GAGCACATCGATAATTTTCTCTACCACATCGAAAA
CTGCGTCCGAAAGTCATCCTCTTC
ATGGGCAGCAGGTTGGCGGATTTTCTGAACA CCAA
TGTACTGCCACGCTTCGAGCAG
TTGGTCGGTAAGCAGACCAAACCGCTGGAGACGGTGCAAAAAGAATTTGACGGT
ACACGT TTCA TGTCAAATTCCA
TCGTTTGAAGATTGCGAAGTCGTCTGCTTTCCCCATCCCAGT
GCCAGTCGCGGTCTATCTTACGATTACATCGCCTTGTTTGCGCCTGAAATGAAC
CGGATT TTATCGGACTTTAA ACAACACGCGGATTCAA TAA NMBO 119
Proteinsequence
MMKDLNLSNSLFKGYNDKHGLMicGYEWGWSKADEAAYVAGEYKLPENKIDHTF
ANKSLY
FGEQAKKWRYDNTIKNWFEMWGHPLDENGLGGAFEKSLVQTNWAATQGNTIDNP
DKFTQP
EHIDNFLYHIEKLRPKVILFMGSRLADFLNNQNVLPRFEQLVGKQTKPLETVQK
EFDGTR
FNVKFQSFEDCEVVCFPHPSASRGLSYDYIALFAPEMNRILSDFKTTRGFK
NMB 1705rfaKDNA sequence ATGGA AAGA
TTCAGGATATTAAATATCGTATCGGCCAAGATTTGGGGTGGAGGCGAA
CAATATGTCTATGATGTTTCAAAAGCATTGGGGCTTCGGGGCTGCACAATGTTT
ACCGCC GTCAATAAAAATA TGAATTGATGCACAGGCGATTTTCCGA
GTTTCTTCCGTTTTCACA
ACGCGCCTTCACACGCTCAACGGGCTGTTTTCGCTCTACGCACTTACCCGCTTT
ATCCGG AAAACCGCATTTCCCACCTGATGATACACACCGGC
AAATTGCCGCCTTATCCATACTT TTGA
AAAACTGACCGGGGTGCGCCTGATATTTGTC
AACATAATGTCGTCGCCAACAAA
ACCGATTTTTACCACCGCCTGATACAGAAAAACACAGACCGCTTTATTTGCGTT
TCCCGT CTGGTTTACGATGTGCAA CCGCCGACAATCCCTTTAA
GAAATACCGGATTGTTCAT
AACGGTATCGATACCGGCCGTTTCCCTCCCTCTCAAGAAAAACCCGACAGCCGT
TTTTTT
ACCGTCGCCTACGCCGGCAGGATCAGTCCAGAAAAAGGATTGGAAAACCTGATT
GAAGCC TGTGTGATACTGCATCGGAAATATCCTCAAATCAGGCTCAAATTGGC
GGGGACGGACAT
CCGGATTATATGTGCCGCCTGAAGCGGGACGTATCTGCTTCAGGAGCAGAACCA
TTTGTT
TCTTTTGAAGGGTTTACCGAAAAACTTGCTTCGTTTTACCGCCAAAGCGATGTC
GTGGTT
TTGCCCAGCCTCGTCCCGGAGGCATTCGGTTTGTCATTATGCGAGGCGATGTAC
TGCCGA ACGGCGGTGATTTCCA TACTTTGGGGGCGCAAAAGGAA
TTGTCGAACATCATCAATCG GGGATTCTGCTGGACAGGCTG
CACCTGAATCTTTGGCGGACGAAATCGA CGCCTCGTC
TTGAACCCTGAAACGAAAAACGCACTGGCAACGGCAGCTCATCAATGCGTCGCC
GCCCGT TTTACCATCAACCATACCGCCGACAAATTATTGGATGCAATATAA
NMB 1705 Protein sequence
MEKEFRILNIVSAKIWGGGEQYVYDVSKALGLRGCTMFTAVNKNNELMHRRFSE
VSSVFT 



TRLHTLNGLFSLYALTRFIRKNRISHLMIHTGKIAALSILLKKLTGVRLIFVKH
NVVANK
TDFYHRLIQKNTDRFICVSRLVYDVQTADNPFKEKYRIVHNGIDTGRFPPSQEK
PDSRFF
TVAYAGRISPEKGLENLIEACVILHRKYPQIRLKLAGDGHPDYMCRLKRDVSAS
GAEPFV
SFEGFTEKLASFYRQSDVVVLPSLVPEAFGLSLCEAMYCRTAVISNTLGAQKEI
VEHHQS
GILLDRLTPESLADEIERLVLNPETKNALATAAHQCVRAFTINHTADKLLDAI
NMB2065 Hemic protein DNA sequence
ATGCAGGAACAGAATCGGAAACCAAGTTTTCCCATAGTGATGTTGCTGGTGTCG
GTTGCC
CTGTGGATAGCGTCTTTATCCAATGTTGCATTTTATTTGGGCAATCATGGAAGC
ATGGAG
GGTTTGACCGTTTTGATTTTGGGGTCGATATTTGCTTCTTTGGATATCAGGTAT
TGTGCGGTCTATGCGAATTATGTTTGGTTGGCGGCCATTGTTTTGCTGGCGTTG
CGGA GAGGTC
GTGCCTGTCCATGCGGCACTTTGGGGCTTGGCGTTGGTGGCTTTCAGTGTGAAA
GCCGTA TACGTCGATGAAGCAGGGA
TACATCGGATATTGTGCGCTACGGTGCAGGATTTTATTTG TGGTATGCCGC
TTTGCGGTTGCCACCATCGGTACGTTTGCCGGAAAGAATAAGGA AGA
AAAGCCGCATCAGCGGCAGACGGGATAAAAATGACGTTTGATAAATGGTTGGGC
TTGTCA AAACTGCCTAAAAATGAAGCA
GAATGCTGCTACAATATGTTTCGGAATATACGCGCGTG
CAGTTGTTGACGCGGGGCGGGGA
GAATGCCGGACGAAGTCCGACAGCGGGCGGACAGG
CTGGCGCAACGCCGTCTGAACGGCGAGCCGGTTGCCTATATTTTAGGTGTGCGC
GA TTT
TATGGCAGACGCTTTACAGTCAATCCGAGCGTGCTGATTCCGCGCCCCGAAACC
GA CAT
TTGGTCGAAGCCGTATTGGCGCGCCTGCCCGAAAACGGGCGCGTGTGGGATTTG
GGGACG GGCAGCGGCGCGGTTGCCGTAACCGTCGCGCTCGA
CGCCCCGATGCGTTTGTGCGCGCA TCCGACATCAGCCCGCCCGCCCTTGA
CGGCGCGGAAAAATGCGGCGGATTTGGGCGCG
CGGGTCGAATTTGCACACGGTTCGTGGTTCGACACCGATATGCCGTCTGAAGGG
AAATGG
GACATCATCGTGTCCAACCCGCCCTATATCGAAAACGGCGATAAACATTTGTTG
CAAGGC
GATTTGCGGTTTGAGCCGCAAATCGCGCTGACCGACTTTTCAGACGGCCTAAGC
TGCATC
CGCACCTTGGCGCAAGGCGCGCCCGACCGTTTGGCGGAAGGCGGTTTTTTATTG
CTGG A
CACGGTTTCGATCAGGGCGCGGCGGTGCGCGGCGTGTTGGCGGAGAATGGTTTT
TCAGGA
GTGGAAACCCTGCCGGATTTGGCGGGTTTGGACAGGGTTACGCTGGGGAAGTAT
ATGAAG CATTTGAAATAA NMB2065 Protein sequence
MQEQNRKPSFPIVMLLVSVALWIASLSNVAFYLGNHGSMEGLTVLILGSIFASL
DIRYCA
VYANYVWLAAIVLLALRKKVVPVHAALWGLALVAFSVKAVYVDEAGNTSDIVRY
GAGFYL
WYAAFAVATIGTFAGKNKERKAASAADGIKMTFDKWLGLSKLPKNEARMLLQYV
SEYTRV
QLLTRGGEEMPDEVRQRADRLAQRRLNGEPVAYILGVREFYGRRFTVNPSVLIP
RPETEH LVEAVLARLPENGRVWDLGTGSGAVAVTVALERPDAFVRASDISPP
LETARKN AADLGA 



RVEFAHGSWFDTDMPSEGKWDIIVSNPPYIENGDKHLLQGDLRFEPQIALTDFS
DGLSCI
RTLAQGAPDRLAEGGFLLLEHGFDQGAAVRGVLAENGFSGVETLPDLAGLDRVT
LGKYMK HLK Mutantsselected by vacinee's17 D
sera(Screenedonce only) NMB0339 DNA sequence
ATGGACAACGAATTGTGGATTATCCTGCTGCCGATTATCCTTTTGCCCGTCTTC
TTCGCG ATGGGCTGGTTTGCCGCCCGCGTGGAT TGAAA
CCGTATTGAAGCAGGCA AAAGCATC CCTTCGGGATTTTATA
AGCTTGGACGCTTTGGTCGACCGCAACAGCGGGCGCGCGGCA
AGGGAGTTGGCGGAAGTCGTCGACGGCCGGCCGCAATCGTATGATTTGAACCTC
ACCCTC GGCAA CTTTACCGCCAGCGTGGCGAA
ACGACAAAGCCATCAACATACACCGGACAATG
CTCGATTCTCCCGATACGGTCGGCGAAA
GCGCGCGCGCGTCCTGTTTGAATTGGCGCA
AACTACCAAAGTGCGGGGTTGGTCGATCGTGCCGAACAGATTTTTTTGGGGCTG
CAAGAC GGTAA ATGGCGCGTGAAGCCAGACAGCACCTGCTCA
TATCTACCAACAGGACAGGGAT
TGGGAAAAAGCGGTTGAAACCGCCCGGCTGCTCAGCCATGACGATCAGACCTAT
CAGTTT
GAAATCGCCCAGTTTTATTGCGAACTTGCCCAAGCCGCGCTGTTCAAGTCCAAT
TTCGAT GTCGCGCGTTTCAATGTCGGCAAGGC CTCGAAGCCA
CAAAAAATGCACCCGCGCCAAC
ATGATTTTGGGCGACATCGAACACCGACAAGGCAATTTCCCTGCCGCCGTCGAA
GCCTAT GCCGCCATCGAGCAGCAAA
CCATGCATACTTGAGCATGGTCGGCGAGAAGCTTTACGAA
GCCTATGCCGCGCAGGGA
ACCTGAAGAAGGCTTGAACCGTCTGACAGGATATATGCAG ACGTTTCCCGA
CTTGACCTGATCAATGTCGTGTACGAGA TCCCTGCTGCTTAAGTGC GAGAA
GAAGCCGCGCAAACCGCCGTCGAGCTTGTCCGCCGCAAGCCCGACCTTAACGGC
GTGTACCGCCTGCTCGGTTTGAAACTCAGCGATATGAATCCGGCTTGGAAAGCC
GATGCC
GACATGATGCGTTCGGTTATCGGACGGCAGCTACAGCGCAGCGTGATGTACCGT
TGCCGC
AACTGCCACTTCAAATCCCAAGTCTTTTTCTGGCACTGCCCCGCCTGCAACAA
TGGCAG ACGTTTACCCCGAATAAAATCGAAGTTTAA NMB0339
Proteinsequence
MDNELWIILLPIILLPVFFAMGWFAARVDMKTVLKQAKSIPSGFYKSLDALVDR
NSGRAA
RELAEVVDGRPQSYDLNLTLGKLYRQRGENDKAINIHRTMLDSPDTVGEKRARV
LFELAQNYQSAGLVDRAEQIFLGLQDGKMAREARQHLLNIYQQDRDWEKAVETA
RLLSHDDQTYQF
EIAQFYCELAQAkLFKSNFDVARFNVGKALEANKKCTRANMILGDIEHRQGNFP
AAVEAY
AAIEQQNHAYLSMVGEKLYEAYAAQGKPEEGLNRLTGYMQTFPELDLINVVYEK
SLLLKC
EKEAAQTAVELVRRKPDLNGVYRLLGLKLSDMNPAWKADADMMRSVIGRQLQRS
VMYRCR NCHFKSQVFFWHCPACNKWQTFTPNKIEV Selection
-withpatient's sera 



W e have a collectionof acuteand
convalescentseraavailableto us forscreening. This
isfrom individualsinfectedwith differentserogroupofN
.meningitidis. Screenshave been performed with
acute(A) or convalescent(C) sera.The period between
theacuteinfectionand collectionof serawas from 2 weeks
to 3 months. NMB0401 putA DNA sequence
ATGTTTCATTTTGCATTTCCGGCACAAACTGCCCTGCGCCAAGCGATAACCGAT
GCCTAC CGCCGTAATGAA TCGA
GCCGTACAGGATATGTTGCAACGTGCACAGATGAGCGACGA
GAGCGCAACGCCGCCTCCGAGCTTGCCCGCCGTTTGGTTACCCAAGTCCGCGCC
GGCCGC
ACCAAAGCCGGCGGCGTGGATGCGCTGATGCACGAGTTTTCACTCTCCAGCGA
GAAGGC ATCGCGCTGATGTGTCTGGCAGA
GCCCTGCTGCGTATCCCCGACAACGCCACGCGCGAC CGCCTGATTGCCGACA
GATTTC GACGGCA CTGGA AAGCCATTTGAACA CAGCCCT
TCCCTCTTCGTCAATGCTGCCGCCTGGGGCCTGCTGATTACCGGCAAACTGACC
GCCACA A CGACAAACAA
TGAGTTCCGCACTCAGCCGCCTGATCAGCAAAGGCGGCGCACCGCTC
ATCCGCCAAGGCGTAAATTACGCCATGCGGCTTCTGGGCAAACAGTTCGTAACC
GGACAG ACCATTGAAGAAGCCCTGCAAA CGGCAA
GAACGCGAAAAAATGGGCTACCGCTTCTCC
TTCGATATGTTGGGCGAAGCCGCCTACACCCAAGCCGATGCCGACCGCTACTAC
CGCGAC
TATGTCGAAGCCATCCACGCCATCGGCAAAGATGCGGCAGGACAAGGCGTTTAC
GAAGGT A CGGTATTTCCGTCAAACTTTCCGCCATCC
TCCGCGCTACTCGCGCACCC ACACGGC
CGCGTGATGGGCGAACTGTTGCCGCGCCTGA AGAGCTGTTCCTTTTGGGTA
AAAATAC
GATATCGGTATCAACATCGATGCCGAAGAAGCCAACCGTCTGGAGCTGTCTTTG
GATTTG
ATGGAGGCTTTGGTTTCAGACCCTGACTTGGCTGGCTACAAAGGTATCGGTTTC
GTTGTC CAAGCCTACCAA
AACGTTGTCCGTTCGTTATCGACTACCTGATCGACCTTGCCCGCCGC A
CAACCAAA ACTAATGATCCGCCTCGTCAAAGGCGCGTATTGGGACAGCG
AATCAAA
TGGGCGCAAGTGGACGGCTTGAACGGCTATCCGACCTACACCCGCAAAGTCCAC
ACCGAC ATCTCCTACCTCGCCTGCGCGCGC
CTGCTTTCCGCGCAAGACGCGGTATTCCCGCAA TTTGCCACCCAC
CGCCTACACTTTGGGCGCA TCTACCAAATGGGTA AGGCA GAT
TTTGAACACCAATGCCTGCACGGTATGGGCGAA CCCTGTACGACCA
GTCGTCGGCCCG CAA
CTTAGGCCGCCGCGTGCGCGTGTACGCCCCAGTCGGCACACACGA
ACCCTGCTC
GCCTACTTGGTGCGCCGCCTGTTGGAAAACGGCGCGAACTCGTCTTTCGTCAAC
CAAATC
GTCGATGAAAACATCAGCATCGACACGCTCATCCGCAGCCCGTTCGACACCATC
GCCGAA
CAAGGCATCCACCTGCACAACGCCCTGCCGCTGCCGCGCGATTTGTACGGCAAA
TGCCGT CTGAACTCGCAAGGCGTGGACTTGAGCAACG A
CGTATTGCAGCAGCTTCA GAACAG ATGAACAA
GCCGCCGCGCAAGACTTCCACGCCGCATCCATCGTCAACGGCA AGCCCGC 



GATGTCGGCGAAGCGCA CCGATTAAAA
CCCTGCCGACCACGACGACATCGTCGGCACA
GTCAGCTTTGCCGATGCCGCGCTTGCCCAAGAAGCGGTTGGCGCAGCCGTTGCC
GCGTTC
CCCGAATGGAGTGCGACACCTGCCGCCGAACGCGCCGCCTGCCTGCGCCGTTTT
GCCGAT
TTGCTGGAGCAGCACACCCCAGCACTGATGATGCTTGCCGTGCGCGAAGCAGGC
AA CG
CTGAACAACGCCATTGCCGAAGTGCGCGAAGCCGTCGATTTCTGCCGCTACTAC
GCAAAC GAAGCCGAACATACCCTGCCTCAAGACGCA
GCCGTCGGCGCGATTGTCGCCATCAGC
CCGTGGAACTTCCCGCTCGCCATCTTTACCGGCGAAGTCGTTTCCGCATTGGCG
GCAGGC
AACACCGTCATCGCCAAACCCGCCGAACAAACCAGCCTGATTGCCGGTTATGCC
GTTTCC
CTCATGCACGAAGCCGGCATCCCGACTTCCGCCCTGCAACTCGTCCTCGGCGCA
GGCGAC
GTGGGTGCGGCATTGACCAACGATGCCCGCATCGGCGGCGTGATTTTCACCGGC
TCGACCGAAGTGGCGCGCCTGATCAACAGCCCTTGCCAAACGCGGCGACAATCC
CGTCCTGATT
GCCGAAACCGGCGGACAACGCCATGATTGTCGATTCCACCGCACTTGCCGAGCA
AGTC
TGCGCCGACGTATTGACTCCGCCTTCGACGCGCGGGCAACGCTGCTCCGCCCTG
CGC
ATTTTGTGCGTCCAAGAAGACGTTGCCGACCGTATGCTCGACATGATCAAAGGC
GCTATG
GACGAACTCGTCGTCGGCAAACCGATTCAGCTCACTACCGATGTCGGCCCCGTC
ATCGAT
GCCGAAGCACGCAAAACCTGTTGACCCATCACAAATGAAAGGTGTTGCCAGTCC
TACCACGAAGTCAAAACCGCCGCCGATGTCGATTCCAA
AAATCCACGTTCGTTCGCCCC
ATCCTGTTTGAATTGAACAACCTCAACGAACTGCAACGCGAAGTCTTCGGTCCC
GTCCTG
CACGTCGTCCGCTACCGCGCCGACGAACTCGACAACGTCATCGACCAAATCAAC
AGCAAA
GGCTACGCCCTGACCCACGGCGTACACAGCCGCATCGAAGGCACGGTACGCCAC
ATCCGC
AGCCGCATCGAAGCCGGCAACGTTTACGTCAACCGCAACATCGTCGGCGCAGTC
GTCGGC
GTCAGCCCTTCGGCGGACACGGTCTGTCCGGCACAGGCCCCAAAGCAGGCGGTT
CGTTC
TACCTGCAAAAACTGACCCGCGCCGGCGATGGGTTGCCCCGACCCTGAGCCAAT
CGGA
CAGGCGGACGAAGCCGCACTCAACGCCTCGAGCACTGGTTCACAACTACCGTTC
AAC
GCCGAAGAGAAAAAAGCCGCAGCGGCCGCTTTGGGACACGCCCGCATCCGCACC
CTGCGC
CGTGCCGAACCGTCCTTACCGGACCGACCGGCGAGCGCAACAGCATCTCATGGC
ACGCG
CCCAAACGCGTTTGGATACACGGCGGCAGCACGGTTCAAGCCTTTGCCGCACTG
ACCGAA CTTGCCGCCTCCGGCATACAGGCAGTGGTCGA
CCCGACAGCCCCTTGGCTTCCTACACT
GCCGACTTGGAAGGTCTGCTGCTGGTCACGGCAAACCCGAACCGCCGGCATCAG
CCAC
GTTGCCGCCCTGTCGCCTTTGGACAGCGCGCGCAAACAGGAACTTGCCGCCCAC
GACGGC
GCACTCATCCGCATCCTCCCTTCGGAAAACGGACTCGACATCCTGCAAGTGTTT
GAAGAA ATCTCTTGCAGCGTCAACACCACAGCCGCCGGCGGC
CGCCAGCCTGATGGCGGTCGCC GACTGA NMB0401 Protein sequence



MFHFAFPAQTALRQAITDAYRRNEIEAVQDMLQRAQMSDEERNAASELARRLVT
QVRAGR
TKAGGVDALMHEFSLSSEEGIALMCLAEALLRIPDNATRDRLIADKISDGNWKS
HLNNSP
SLFVNAAAWGLLITGKLTATNDKQMSSALSRLISKGGAPLIRQGVNYAMRLLGK
QFVTGQ TiEEALQNGKEREKMGYRFSFDMLGEAYTQ
DADRYYRDYVEAIHAIGKDAAGQGVYEG
NGISVKLSAIHPRYSRTQHGRVMGELLPRLKELFLLGKKYDIGINIDAEEANRL
ELSLDL
MELVSDPDLAGYKGIGFVVQAYQKRCPFVIDYLIDLARRNNQKLMIRLVKGAYW
DSEIK
WAQVDGLNGYPTYTRKVHTDISYLACARKLLSAQDAVFPQFATHNAYTLGAIYQ
MGKGKD
FEHQCLHGMGETLYDQVVGPQNLGRRVRVYAPVGTHETLLAYLVRRLLENGANS
SFVNQI
VDENISIDTLIRSPFDTIAEQGIHLHNALPLPRDLYGKCRLNSQGVDLSNENVL
QQLQEQ
MNKAAQDFHASIVNGKARDVGEAQPIKNPADHDDIVGTVSFADALAQEAVGAAV
AAF
PEWSATPAAERAACLRRFADLLEOHTPALMMLAVREAGKTLNNAIAEVREAVDF
CRYYAN
EAEHTLPQDAKAVGAIVAISPWNFPLAIFTGEVVSALAAGNTVIAKPAEQTSLI
AGYAVS
LMHEAGIPTSALQLVLGAGDVGAALTNDARIGGVIFTGSTEVARLINKALAKRG
DNPVLI
AETGGQNAMIVDSTALAEQVCADVLNSAFDSAGQRCSALRILCVQEDVADRMLD
MIKGAM
DELVVGKPIQLTTDVGPVIDAEAQQNLLNHINKMKGVAKSYHEVKTAADVDSKK
STFVRP
ILFELNNLNELQREVFGPVLHVVRYRADELDNVIDQINSKGYALTHGVHSRIEG
TVRHIR
SRIEAGNVYVNRNIVGAVVGVQPFGGHGLSGTGPKAGGSFYLQKLTRAGEWVAP
TLSQIG
QADEAALKRLEALVHKLPFNAEEKKAAAAALGHARIRTLRRAETVLTGPTGERN
SISWHA
PKRVWIHGGSTVQAFAALTELAASGIQAVVEPDSPLASYTADLEGLLLVNGKPE
TAGISH VAALSPLDSARKQELAAHDGALIRILPSENGLDILQVFEEI
SCSVNTTAAGGNASLMAVA D NMB1335 CreA DNA and Protein
sequences given above NMB 1467 PPX DNA sequence
ATGACCACCACCCCCGCAAACGTCCTCGCCTCCGTCGATTTGGGTTCCAACAGT
TTCCGC
CTCCAGATTTGCGAAAACAACAACGGACAATTAAAAGTCATCGATTCGTTCAAA
CAGATG
GTGCGCTTCGCCGCCGGACTGGACGAACAGAAAAATCTGAGTGCCGCTTCCCAA
GAACAGGCTTTGGACTGTCTGGCAAAATTCGGCGAACGCCTGCGCGGCTTCCGC
CCTGAACAGGTA CGCGCCGTGGCAACCAACACATTCCGCGTTGCCA
ACATCGCAGATTTCCTTCCCAAA
GCCGAAGCGGCATTGGGTTTCCCCATCGAAATCATCGCCGGGCGCGAAGAGGCG
CGGCTG ATTTATACCGGCGTGATCCACACCCTCCCCCCGGGCGGCGGCAA
ATGCTGGTTATCGAC
ATCGGCGGCGGTTCGACAGAATTTGTCATCGGCTCGACGCTGAATCCCGACATT
ACCGAA
AGCCTGCCCTTGGGCTGCGTAACCTACAGCCTGCGCTTCTTCCAAAACA
ATCACCGCC
AAGACTTCCAATCTGCCATTTCCGCCGCCCGCAACGAAATCCAGCGTATCAGCA
A AAT 



ATGAGGCGCGAAGGTTGGGATTTCGCCGTCGGCACATCGGGTTCGGCAAA
TCCATCCGC
GACGTGCTTGCCGCCGAAATGCCCCAAGAGGCGGACATTACCTACAAAGGCATG
CGCGCC CTCGCCGAACGCATCATCG AGCCGGTTCGGTCAAAAA GCCAA
TTTGAAAACCTGAAA
CCGGAACGCATCGAAGTTTTTGCCGGCGGACTTGCCGTGATGATGGCGGCGTTT
GAGGAA
ATGAAACTCGACAGGATGACCGTAACCGAAGCCGCCCTGCGCGACGGCGTGTTT
TACGAT TTGATCGGGCGCGGTTTA CGA GATATGCGCGGACAA
CGGTTGCCGAGTTCCA CAC
CGCTACCACGTCAGCCTCAATCAGGCGAAACGCACCGCCGAGACCGCGCAAACC
TTTATG GACAGCCTCTGCCACGCTA AACGTTACAGTTCA
GAGCTTGCCTTGTGGCAACAGTAT
CTCGGACGCGCCGCCGCGCTGCACGAAATCGGTTTGGACATCGCCCACACCGGC
TATCAC AGCATTCCGCCTACATCCTCGA
ACGCCGATATGCCGGGTTTCTCACGCAAAGA CAG
ACCATACTTGCCCAACTGGTCATCGGTCATCGCGGCGATATG AAAAATG
GCGGCATC
ATCGGCACCAACGAAATGTTGTGGTATGCCGTTTTGTCCCTGCGCCTTGCCGCA
CTGTTC TGCCGTTCGCGCCA GACCTGTCTTTCCCGA
AATATGCAGTTGCGCACGGATACGGA
AGCTGCGGCTTCATCCTGCGTATTGACAGGGAATGGCTGGAACGCCATCCCCTG
ATTGCC GACGCATTGGAATATGAAAGCGTCCAATGGCAA
AATCAATATGCCGTTCA AGTCGAG GCCGTCTGA NMB 1467
Proteinsequence
MTTTPANVLASVDLGSNSFRLQICENNNGQLKVIDSFKQMVRFAAGLDEQKNLS
AASQEQ ALDCLAKFGERLRGFRPEQVR
VATNTFRVAKNIADFLPKAEAALGFPIEIIAGREEARL
IYTGVIHTLPPGGGKMLVIDIGGGSTEFVIGSTLNPDITESLPLGCVTYSLRFF
QNKITA
KDFQSAISAARNEIQRISKNMRREGWDFAVGTSGSAKSIRDVLAAEMPQEADIT
YKGMRA LAERI
IEAGSVKKAKFENLKPERIEVFAGGLAVMMAAFEEMKLDRMTVTEAALRDGVFY
D
LIGRGLNEDMRGQTVAEFQHRYHVSLNQAKRTAETAQTFMDSLCHAKNVTVQEL
ALWQQY LGRA ALHEIGLDIAHTGYHKHSAYILENADMPGFSRKEQTIL
QLVIGHRGDMKKMSGI
IGTNEMLWYAVLSLRLAALFCRSRQDLSFPKNMQLRTDTESCGFILRIDREWLE
RHPLIA DALEYESVQWQKINMPFKVEAV NMB2056 HemK
ATGAACGGTAAATACTACTACGGCACAGGCCGCCGCAAAAGTTCAGTGGCTCGT
GTATTC
CTGATTAAAGGTACAGGTCAAATCATCGTAAACGGTCGTCCCGTTGACGAATTC
TTCGCA CGGGAAACCAGCCGAATGGTTGTTCGCCAACCCTTGGTTCTGACTGA
ACGCCGAATCT TTCGACATCAA
GTCAATGTTGTTGGCGGCGGCGAAACCGGCCAGTCCGGCGCAATCCGC
CACGGCATTACCCGTGCCCTGATCGACTTCGATGCCGCGTTGAAACCCGCCTTG
TCTCAA GCTGGTTTTGTTACCCGCGATGCCCGCGAAGTCGA CGTAA
AACCGGGTCTGCGCAA  



GCACGCCGTGCAAAACAATTCTCCAAACGTTAA NMB2056 Protein
sequence
MNGKYYYGTGRRKSSVARVFLIKGTGQIIVNGRPVDEFFARETSRMVVRQPLVL
TENAES
FDIKVNWGGGETGQSGAIRHGITRALIDFDAALKPALSQAGFVTRDAREVERKK
PGLRK ARRAKQFSKR NMB0808 DNA sequence
ATGTCCGCCCTCCTCCCCATCATCAACCGCCTGATTCTGCAAAGCCCGGACAGC
CGCTCG
GAACTTGCCGCCTTTGCAGGCAAAACACTGACCCTGAACATTGCCGGGCTGAAA
CTGGCG
GGACGCATCACGGAAGACGGTTTGCTCTCGGCGGGAAACGGCTTTGCAGACACC
GAAATT ACCTTCCGCA CAGCGCGGTACAGA AATCCTCCA
GGAGGCGAACCCGGGGCGGGCGAC
ATCGGGCTCGAAGGCGACCTCATCCTCGGCATCGCGGTACTGTCCCTGCTCGGC
AGCCTG
CGTTCCCGCGCATCGGACGAATTGGCACGGATTTTCGGCACGCAGGCAGACATC
GGCAGC
CGTGCCGCCGACATCGGACACGGCATCAAACAAATCGGCAGGAACATCGCCGAA
CAAATCGGCGGATTTTCCCGCGAATCCGAGTCCGCAA CATCGGCAACGA
GCCCTTGCCGACTGC
CTCGACGAAATAAGCAGACTGCGCGACGGCGTGGAACGCCTCAACGA
CGCCTCGACCGG CTCGA CGCGACATTTGGATAGACTAA NMB0808
Proteinsequence
MSALLPIINRLILQSPDSRSELAAFAGKTLTLNIAGLKLAGRITEDGLLSAGNG
FADTEI TFRNSAVQKILQGGEPGAGDIGLEGDLILGIAVLSLLGSLRSR
SDELARIFGTQADIGS
RAADIGHGIKQIGRNIAEQIGGFSRESESANIGNEALADCLDEISRLRDGVERL
NERLDR LERDIWID NMB0774 upp DNA sequence
ATGAACGTTAATGTTATCAACCATCCGCTCGTCCGCCACA TTA
CCCTGATGAGGGAG GCGGATTGCAGCACCTACAA
TTCCGGACGCTTGCCACCGAGCTGGCGCGCCTGATGGCA TACGAGGCA
GCCGTGATTTTGAAATCGAA AATACCTTATCGACGGATGGTGCGGTCAG
ATTGAAGGCGACCGCATCAAGGGCAAAACATTGACCGTCGTTCCCATACTGCGT
GCAGGT TTGGGT TGCTTGACGGTGTGCTCGACCTGATTCCGACTGCCA
TCAGTGTAGTCGGA CTGCAGCGCGACGAAGAAACGCTGA
GCCTATTTCCTATTTTGAGA ATTTGTGGACAGT ATGGACGA
CGTCCGGCTTTGATTATCGATCCTATGCTGGCGACAGGCGGTTCGATGGTT
GCCACCATCGACCTTTTGAAAGCCAAGGGCTGCAAA TATCA
GGCACTGGTGCTGGTT
GCCGCGCCCGAGGGTGTGAAGGCGGTCAACGACGCGCACCCTGACGTTACGATT
TACACC GCCGCGCTCGACAGCCACTTGAACGAGAACGGCTACATC
TCCCCGGCTTGGGCGATGCG GGCGACAAGATTTTCGGCACGCGCTAA
NMB0774 Proteinsequence 



MNVIWINHPLVRHKLTLMREADCSTYKFRTLATELARLMAYEASRDFEIEKYLI
DGWCGQ
IEGDRIKGKTLTVVPILRAGLGMLDGVLDLIPTAKISVVGLQRDEETLKPISYF
EKFVDS
MDERPALIIDPMLATGGSMVATIDLLKAKGCKNIKALVLVAAPEGVKAVNDAHP
DVTIYT AALDSHLNENG YIIPGLGDAGDKI FGTR NMA0078 putative
integral membrance protein DNA sequence
TTGGCGTTTACTTTAATGCGTCGCGCCATGATACGTAAAATGCCCTATACGGAA
GATATG
CGCCCAGGCGATACCGCTAATCCTTATGGTGCGTCCAAAGCGATGGTGGAACGG
ATGTTA ACCGACATCCAAAAAGCCGATCCGCGCTGGAGC
TGATTTTGTTGCGTTATTTCAATCCG
ATTGGCGCGCATGAAAGCGGCTTGATTGGCGAGCAGCCAAACGGCATCCCGAAT
AATTTG
TTGCCTTATATCTGCCAAGTGGCGGCAGGCAAACTGCCGCAATTGGCGGTATTT
GGCGAT
GACTACCCTACCCCCGACGGCACGGGGATGCGTGACTATATTCATGTGATGGAT
TTGGCA GAAGGCCATGTCGCGGCTATGCAGGCA AAGTA
TGTAGCAGGCACGCATTTGCTGAAC
TTAGGCTCCGGCCGCGCTTCTTCGGTGTTGGAAATCATCCGCGCATTTGAAGCA
GCTTCG
GGTTTGACGATTCCGTATGAAGTCAAACCGCGCCGTGCCGGTGATTTGGCGTGC
TTCTAT GCCGACCCTTCCTATACA
AGGCGCAAATCGGCTGGCAAACCCAGCGTGATTTA CCCA
ATGATGGAAGACTCATGGCGCTGGGTGAGTAATAATCCGAATGGCTACGACGAT
TAA NMA0078 Proteinsequence
MAFTLMRRAMIRKMPYTEDMRPGDTANPYGASKAMVERMLTDIQKADPRWSMIL
LRYFNP
IGAHESGLIGEQPNGIPNNLLPYICQVAAGKLPQLAVFGDDYPTPDGTGMRDYI
HVMDLA
EGHVAAMQAKSNVAGTHLLNLGSGRASSVLEIIRAFESAGLTIPYEVKPRRAGD
LACFY ADPSYTKAQIGWQTQRDLTQMMEDSWRWVSNNPNGYDD NMB0337
Branched-chain amino acid aminotransferase DNA
sequence
ATGAGCAGACCCGTACCCGCCGTATTCGGCAGCGTTTTTCACAGTCAAATGCCC
GTCCTC
GCCTACCGCGAAGGCAAATGGCAGCCGACCGAATGGCAATCTTCCCAAGACCTC
TCCCTC
GCACCGGGCGCGCACGCCCTGCACTACGGCAGCGAATGTTTCGAGGGACTGAAA
GCCTTC
CGTCAGGCAGACGGCAAAATCGTGCTGTTCCGTCCGACTGCCAATATCGCGCGT
ATGCGG
CAAAGTGCGGACATTTTGCACCTGCCGCGCCCCGAAACCGAAGCTTATCTTGAC
GCGCTA
ATCAAATTGGTCAAACGTGCCGCCGATGAAATTCCCGATGCGCCTGCCGCCCTG
TACCTG CGTCCGACCTTAATCGGTACCGATCCCGTTATCGGCA
GGCCGGTTCTCCTTCCGAA
CCGCCCTGCTGTATATTTTGGCTTCCCCCGTCGGCGACTATTTCAAAGTCGGAT
CGCCCGTC
AAATTTTGGTGGAAACCGAACACATCCGCTGCGCCCCGCATATGGGCCGCGTCA
AATGC GGCGGCA CTACGCTTCCGCCATGCACTGGGTGCTGA
GGCGAAAGCCGA TATGGCGCA AATCA
GTCCTGTTCTGCCCGAACGGCGACGTGCAGGAA CCGGCGCGTCCAACTTTATC
CTGATTAACGGCGATGAAATCATTACCAAACCGCTGACCGACGAGTTTTTGCAC
GGCGTA 



ACCCGCGATTCCGTACTGACGGTTGCCAA
GATTTGGGCTATACCGTCAGCGAACGCA T TTCACGGTTG CGAACTCAA
GCTGCGGTGGAAAACGGTGCGGA GCCATTTTGACCGGT
ACGGCAGCCGTCATCTCGCCCGTTACTTCCTTCGTCATCGGCGGCA
AGAAATCG GTG AAA GCCAAG
CGCGGCTATGCCATCCGTAAGGCGATTACCG CTCCAGTATGGTTTG
GCGGAAGACAAATACGGCTGGCTGGTTGAAGTGTGCTGA NMB0337
Proteinsequence
MSRPVPAVFGSVFHSQMPVLAYREGKWQPTEWQSSQDLSLAPGAHALHYGSECF
EGLKAF
RQADGKIVLFRPTANIARMRQSADILHLPRPETEAYLDALIKLVKRAADEIPDA
PA LYL
RPTLIGTDPVIGKAGSPSETALLYILASPVGDYFKVGSPVKILVETEHIRCAPH
MGRVKC
GGNYASAMHWVLKAKAEYGANQVLFCPNGDVQETGASNFILINGDEIITKPLTD
EFLHGV
TRDSVLTVAKDLGYTVSERNFTVDELKAAVENGAEAILTGTAAVISPVTSFVIG
GKEIEV KSQERGYAIRK ITDIQYGLAEDKYGWLVEVC NMBO 191 ParA
familyproteinDNA sequence
ATGAGTGCGAACATCCTTGCCATCGCCAATCAGAAGGGCGGTGTGGGCAAAACG
ACGACG ACGGTA ATTTGGCGGCTTCGCTGGCATCGCGCGGCA
CGCGTGCTGGTGGTCGATTTG
GATCCGCAGGGCAATGCGACGACGGGCAGCGGCATCGAC
GGCGGGTTTGCAGTCCGGC
GTTTATCAGGTCTTATTGGGCGATGCGGACGTGCAGTCGGCGGCGGTACGCAGC
AAAGAG
GGCGGATACGCTGTGTTGGGTGCGAACCGCGCGCTGGCCGGCGCGGAAATCGAA
CTGGTG CAGGAAATCGCCCGGGA GTGCGTTTGAAAA CGCGCTCA
GGCAGTGGA GAAG TTAC
GACTTTATCCTGATCGACTGCCCGCCTTCGCTGACGCTGTTG
CGCTTAACGGGCTGGTG
GCGGCGGGCGGCGTGATTGTGCCGATGTTGTGCGAATATTACGCGCTGGAAGGG
ATTTCC GATTTGATTGCGACCGTGCGCA
ATCCGTCAGGCGGTCAATCCCGATTTGG CATCACG
GGCATCGTGCGCACGATGTACGACAGCCGCAGCAGGCTGGTTGCCGAAGTCAGC
GAACAG TTGCGCAGCCATTTCGGGGATTTGCTTTTTGA
ACCGTCATCCCGCGCAATATCCGCCTT
GCGGAAGCGCCGAGCCACGGTATGCCGGTGATGGCTTACGACGCGCAGGCA
GGGTACC
AGGCGTATCTTGCCTTGGCGGACGAGCTGGCGGCGAGGGTGTCGGGGAAATAG
NMB0191 Proteinsequence
MSANiLAiANQKGGVGKTTTTVNLAASLASRGKRVLVVDLDPQGNATTGSGIDK
GLQSG
VYQVLLGDADVQSAAVRSKEGGYAVLGANRALAGAEIELVQEIAREVRLKNALK
AVEEDY
DFILIDCPPSLTLLTLNGLVAAGGVIVPMLCEYYALEGISDLIATVRKIRQAVN
PDLDIT
GIVRTMYDSRSRLVAEVSEQLRSHFGDLLFETVIPRNIRLAEAPSHGMPVMAYD
AQAKGT KAYLALADELAARVSGK NMB 1710
Glutamatedehydrogenase(gdhA)DNA sequence 



ATGACTGACCTGAACACCCTGTTTGCCAACCTCAAACAACGCAATCCCAATCAG
GAGCCG
TTCCATCAGGCGGTTGAAGAAGTCTTCATGAGTCTCGATCCGTTTTTGGCAAAA
A TCCG
AAATACACCCAGCAAAGCCTGCTGGAACGCATCGTCGAACCCGAACGCGTCGTG
ATGTTC CGCGTAACCTGGCAGGACGATAAAGGGCA GTCCA
GTCAACCGGGGCTACCGCGTGCAA
ATGAGTTCCGCCATCGGTCCTTACAAAGGCGGCCTGCGCTTCCATCCGACCGTC
GATTTG
GGCGTATTGAAATTCCTCGCTTTTGAACAAGTGTTCAAAAACGCCTTGACCACC
CTGCCT
ATGGGCGGCGGCAAAGGCGGTTCCGACTTCGACCCCAAAGGCAAATCCGATGCC
GAAGTA
ATGCGCTTCTGCCAAGCCTTTATGACCGAACTCTACCGCCACATCGGCGCGGAC
ACCGAT GTTCCGGCCGGCGACATCGGCGTAGGCGGGCGCGA
TCGGCTACCTGTTCGGACAATAC
AAAAAAATCCGCAACGAGTTTTCTTCCGTCCTGACCGGCA GGTTTGGA
TGGGGCGGC
AGCCTCATCCGTCCCGAAGCGACCGGCTACGGCTGCGTCTATTTCGCCCA
GCGATGCTG CAAACCCGCAACGATAGTTTTGA
GGCAAACGCGTCCTGATTTCCGGCTCCGGCAATGTG
GCGCAATACGCCGCCGAAAAAGCCATCCAACTGGGTGCGAAAGTACTGACCGTT
TCCGAC
TCCAACGGCTTCGTCCTCTTCCCCGACAGCGGTATGACCGAAGCGCAACTCGCC
GCCTTG ATCGAATTGAAAGAAGTCCGCCGCGAACGCGTTGCCACCTACGCCAA
GAGCAAGGTCTG
CAATACTTTGAAAAACAAAAACCGTGGGGCGTCGCCGCCGAAATCGCCCTGCCC
TGCGCGACCCAGA
CGATTGGACGAAGAAGCCGCCAAAACCCTGTTGGCAAACGGCTGCTACGTC
GTTGCCGAAGGTGCGA
TATGCCGTCGACTTTGGGCGCGGTCGAGCAATTTATCAA GCC
GGCATCCTCTACGCCCCGGGA
GCCTCCAATGCCGGCGGCGTGGCAACTTCAGGTTTG GAAATGAGCCA
AACGCCATCCGCCTGTCTTGGACTCGTGAAGAAGTCGACCAACGCCTG
TTCGGCATCATGCAAAGCATCCACGAATCCTGTCTGAAATACGGCAAAGTCGGC
GACACA GTAAACTACGTCAATGGTGCGAACATTGCCGGTTTCGTC
AAGTTGCCGATGCGATGCTG GCGCAAGGCTTCTAA NMB1710 Protein
sequence
MTDLNTLFANLKQRNPNQEPFHQAVEEVFMSLDPFLAKNPKYTQQSLLERIVEP
ERWMF
RVTWQDDKGQVQVNRGYRVQMSSAIGPYKGGLRFHPTVDLGVLKFLAFEQVFKN
ALTTLP
MGGGKGGSDFDPKGKSDAEVMRFCQAFMTELYRHIGADTDVPAGDIGVGGREIG
YLFGQY
KKIRNEFSSVLTGKGLEWGGSLIRPEATGYGCVYFAQAMLQTRNDSFEGKRVLI
SGSGNV
AQYAAEKAIQLGAKVLTVSDSNGFVLFPDSGMTEAQLAALIELKEVRRERVATY
AKEQGL QYFEKQKPWGVAAEIALPCATQNELDEE AKTLL
NGCYVVAEGANMPSTLGAVEQFIK
GILYAPGKASNAGGVATSGLEMSQNAIRLSWTREEVDQRLFGIMQSIHESCLKY
GKVGDT VNYVNGANIAGFVKVADAMLAQGF NMB0062
Glucose-1-phosphattheymidylytransferase(rfbDAN-Al)sequ
ence
ATGAAAGGCATCATACTGGCAGGCGGCAGCGGCACGCGCCTCTACCCCATCACG
CGCGGC 



GTATCCA ACAGCTCCTGCCCGTGTACGACA ACCGATGATTTATT
CCCCTTGTCGGTT TTGATGCTGGCGGGA
TCCGCGATATTTTGGTGATTACCGCGCCTGA GACAACGCCTCT
TTCAAACGCCTGCTTGGCGACGGCAGCGATTTCGGCATTTCCATCAGTTATGCC
GTGCAA CCCAGTCCGGACGGCTTGGCACAGGCATTTATC TCGGCGAAGA
TTTATCGGCAACGAC
AATGTTTGCTTGGTTTTGGGCGACAATATTTTTTACGGTCAGTCGTTTACGCAA
ACATTG AAACAGGCGGCAGCGCAAACGCACGGCGCA
CCGTGTTTGCTTATCAGGTCA ACCCC
GAACGTTTCGGCGTGGTTGAATTTAACGAA
ACTTCCGCGCCGTTTCCATCGAAGAA AA CCGCA CGGCCCA
TCCGATTGGGCGGTAACCGGCTTGTATTTCTACGACA CCGCGCC
GTCGAGTTCGCCAAACAGCTCAAACCGTCCGCACGCGGCG
ATTGGAAATTACCGACCTC
AACCGGATGTATTTGGAAGACGGCTCGCTCTCCGTTCAAATATTGGGACGCGGT
TTCGCG TGGCTGGACACCGGCACCCACGAGAGCCTGCACGA
GCCGCTTCATTCGTCCA ACCGTG
CAAAATATCCAAAACCTGCACATCGCCTGCCTCG
GAAATCGCTTGGCGCAACGGTTGG CTTTCCGATGAAAAACTGGAAGA
TTGGCGCGCCCGATGGCGAAAAACCAAT CGGCCA
TATTTGCTGCGCCTGTTGAAAAAATAA NMB0062 Protein sequence
MKGIILAGGSGTRLYPITRGVSKQLLPVYDKPMIYYPLSVLMLAGIRDILVITA
PEDNAS FKRLLGDGSDFGI SISYAVQPSPDGLAQAFI IGEEFI
GNDNVCLVLGDNI FYGQSFTQTL
KQAAAQTHGATVFAYQVKNPERFGVVEFNENFRAVSIEEKPQRPKSDWAVTGLY
FYDNRA
VEFAKQLKPSARGELEITDLNRMYLEDGSLSVQILGRGFAWLDTGTHESLHEAA
SFVQTV
QNIQNLHIACLEEIAWRNGWLSDEKLEELARPMAKNQYGQYLLRLLKK NMB
1583 Imidazoleglycerol-phospdheahtyedratase(hisDBN)A
sequence ATGAATTTGACTAAA CACAACGCCA
CTGCACAACTTTCTGACCCTCGCCCAAGAAGCA
GGTTCGCTGTCCAAGCTCGCCAAACTCTGCGGCTACCGTACCCCCGTCGCACTC
TACAAA
CTCAAACAACGCCTTGAAAAGCAGGCAGAAGACCCAGATGCACGCGGCATCCGT
CCCAGC CTGATGGCAAA CTCGAAAAACACACCGGCA
ACCCAAAGGCTGGCTCGACAGAA ACAC CGCGACGCACTGTCCCCGA
ACCGCCGCAGAAAGCACCGGAACTGCCGAAACCCAAATT
GCCGAAACCGCATCTGCTGCCGGCTGCCGCAGCGTTACCGTCAACCGCAATACC
TGCGA
ACCCAAATCACCGTCTCCATCAACCTCGACGGCAGCGGCAAAAGCAGGCTGGAT
ACCGGC
GTACCCTTCCTCGAACACATGATCGATCAAATCGCCCGCCACGGCATGATTGAC
ATCGAC
ATCAGCTGCAAAGGCGACCTGCACATCGACGACCACCACACCGCCGAAGACATC
GGCATC ACACTCGGACAAGCAATCCGGCAGGCACTCGGCGACAA
AAGGCATCCGCCGTTACGGA
CATTCCTACGTCCCGCTCGACGAAGCCCTCAGCCGCGTCGTCATCGACCTTTCC
GGCCGC
CCCGGACTCGTGTACAACATCGAATTTACCCGCGCACTAATCGGACGTTTCGAT
GTCGAT 



TTGTTTGAAGAATTTTTCCACGGCATCGTCA
CCACAGTATGATGACCCTGCACATCGAC
AACCTCAGCGGCAAAAACGCCCACCATCAGGCGGAAACCGTATTCAAAGCCTTC
GGGCGC
GCCCTGCGTATGGCAGTCGAACACGACCCGCGCATGGCAGGACAGACCCCCTCG
ACCA AGGCACGCTGACCGCATAA NMBl583 Proteinsequence
MNLTKTQRQ L H FL TLQEAGS L SKL KLCGYR T PVALYKLKQRLEKQ
EDPDARG I RPS
LMAKLEKHTGKPKGWLDRKHRERTVPETAAESTGTAETQIAETASAAGCRSVTV
NRNTCE
TQITVSINLDGSGKSRLDTGVPFLEHMIDQIARHGMIDIDISCKGDLHIDDHHT
AEDIGI TLGQAIRQALG DKKGIRRYGHSYVPLDE LSRVVIDLSGRPGL
VYNIEFTRALIGRFDVD
LFEEFFHGIVNHSMMTLHIDNLSGKNAHHQAETVFKAFGRALRMAVEHDPRMAG
QTPSTK GTLTA Schedule of SEQ ID Nos SEQ ID No Sequence
1 NMB0341 DNA 2 NMB0341 Protein 3 NMB0338 DNA 4
NMB0338 Protein 5 NMB 1345 DNA 6 NMB 1345 Protein 7
NMB0738 DNA 8 NMB0738 Protein 9 NMB0792 DNA 10 NMB0792
Protein 11 NMB0279 DNA 12 NMB0279 Protein 13 NMB2050
DNA 14 NMB2050 Protein 15 NMB1335 DNA 16 NMB 1335
Protein 17 NMB2035 DNA 18 NMB2035 Protein 19 NMB1351
DNA 20 NMB1351 Protein 2 1 NMB 1574 DNA 



22 NMB 1574 Protein 23 NMB 1298 DNA24 NMB 1298 Protein
25 NMBl 856 DNA 26 NMB 1856 Protein 27 NMBOl 19 DNA 28
NMBOl 19 Protein 29 NMB 1705 DNA 30 NMB 1705 Protein
31 NMB2065 DNA 32 NMB2065 Protein 33 NMB0339 DNA 34
NMB0339 Protein 35 NMB0401 DNA 36 NMB0401 Protein 37
NMB 1467 DNA 38 NMB 1467 Protein 39 NMB2056 DNA 40
NMB2056 Protein 4 1 NMBO8O8DNA 42 NMBO8O8Protein 43
NMB0774 DNA 44 NMB0774 Protein 45 NMA0078 DNA 46
NMA0078 Protein 47 NMB0337 DNA 48 NMB0337 Protein 49
NMB0191 DNA 50 NMB0191 Protein 5 1 NMB 1710 DNA 52 NMB
1710 Protein 53 NMB0062 DNA 54 NMB0062 Protein 55 NMB
1583 DNA56 NMB 1583 ProteinCLAIMS 



1. A method for identifying a polypeptide of a
microorganism which polypeptide is associated with an
immune response in an animal which has been subjected
to the microorganism, the method comprising the steps
of (1) providing a plurality of different mutants of
the microorganism; (2) contacting the plurality of
mutant microorganisms with antibodies from an animal
which has raised an immune response to the
microorganism or a part thereof, under conditions
whereby if the antibodies bind to the mutant
microorganism the mutant microorganism is killed; (3)
selecting surviving mutant microorganisms from step
(2); (4) identifying the gene containing the mutation
in any surviving mutant microorganism; and (5)
identifying the polypeptide encoded by the gene. 2. A
method according to Claim 1 wherein the microorganism
is a pathogenic microorganism. 3. A method according
to Claim 1 or 2 wherein the animal subjected to the
microorganism is a host of the microorganism. 4. A
method according to any of Claims 1 to 3 wherein the
animal subjected to the microorganism is a human who
is or has been infected with the microorganism.5. A
method according to any of the preceding claims
wherein the microorganism is a bacterium. 6. A method
according to Claim 5 wherein the bacterium is
Neisseria meningitidis. 7. A method according to any
of the preceding claims wherein the mutant
microorganisms have insertional mutations. 8. A method
according to any of the preceding claims wherein any
surviving mutant selected in step (3) is backcrossed
into a parental strain of the microorganism and it is
determined whether the resulting cross is resistant to
killing under conditions as set out in step (2). 9. A
method according any one of the preceding claims
wherein in step (2) complement mediates killing of the
microorganisms to which the antibodies are bound. 10.
A method of identifying a gene encoding a polypeptide
of a 



microorganism which polypeptide is associated with an
immune response in an animal which has been subjected
to the microorganism, the method comprising carrying
out steps (1) to (4) as defined in Claim 1. 11. A
method of selecting a microorganism mutated in a gene
encoding a polypeptide which polypeptide is associated
with an immune response in an animal which has been
subjected to the microorganism, the method comprising
carrying out steps (1) to (3) as defined in Claim 1.
12. A method for making an antigen the method
comprising carrying out the method according to any of
Claims 1 to 9 and synthesising the polypeptide
identified in step (5) or an antigenic fragment or
variant thereof, or fusion of such polypeptide or
fragment or variant.13. A method according to Claim 12
wherein the variant is a homologous polypeptidefrom a
related microorganism. 14. A methodfor making a
vaccine for combatinga microorganism the method
comprisingmaking an antigen according to the method of
Claim 12 or 13 or polynucleotide encoding said antigen
and combining the antigen or polynucleotide,with a
suitable carrier. 15. A method according to Claim 14
wherein the antigen or polynucleotide is combinedwith
an adjuvant. 16. An antigen obtainable according to
the method of Claim 12 or 13 or a
polynucleotideencoding said antigen. 17. A vaccine
obtainable by the method of Claims 14 or 15. 18. An
antigen or polynucleotide according to Claim 16 for
use in a vaccine. 19. A method of vaccinating an
individual against a microorganism, the method
comprising administering an antigen or polynucleotide
according to Claim 16, or a vaccine according to Claim
17, to the individual. 20. Use of an antigen or
polynucleotide according to Claim 16, or a vaccine
according to Claim 17 in the manufacture of a vaccine
for vaccinating an individual against a microorganism.
2 1. A method for making a polynucleotide the method
comprising carrying out the steps of Claim 10 and
isolating or synthesising the identified gene or a
variant or fragment thereof or a fusion of such gene
or variant or fragment. 22. A polynucleotide
obtainable by the method of Claim 20.23. A mutant
microorganism obtainable by the method of Claim 11.
24. Any novel method for identifying antigens of
microorganisms as herein 



described. 25. A polypeptide comprising the amino acid
sequence selected from any one of SEQ ID Nos 4, 2, 6,
8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56; or a
fragment or variant thereof or a fusion of such a
fragment or variant. 26. A polynucleotide encoding a
polypeptide according to Claim 25. 27. A polypeptide
according to Claim 25 or polynucleotide according to
Claim 26 for use in medicine. 28. A polypeptide
according to Claim 25 or polynucleotide according to
Claim 26 for use in a vaccine. 29. A method for making
a polypeptide according to Claim 25, the method
comprising expressing the polynucleotide of Claim 26
in a host cell and isolating said polypeptide. 30. A
method for making a polypeptide according to Claim 26
comprising chemically synthesising said polypeptide.
31. A method of vaccinating an individual against
Neisseria meningitidis, the method comprising
administering to the individual a polypeptide
according to Claim 25 or a polynucleotide according to
Claim 26.32. Use of a polypeptide according to Claim
25 or a polynucleotide according to Claim 26 in the
manufacture of a vaccine for vaccinating an individual
against Neisseria meningitidis. 33. Any novel
Neisseria meningitidis vaccine as herein disclosed. 




