
VACCINES AND THEIR USE The present invention relates
to vaccines and their use, and in particular to
vaccines for meningococcal disease. The listing or
discussion of a prior-published document in this
specification should not necessarily b e 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 imrnunogens 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-deterrnining 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 b e
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 Ameri ca
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
cc2-8 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 fulminant 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 TV. 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 et al (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 N. 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. In the SBA, a known number of bacteria are
exposed serial dilutions of the sera with a defined
complement source. The number of surviving bacteria i
s determined, and the SBA i s 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 TVmB vaccine development are
directed toward defining effective protein sbunits.
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 in animals. However, this approach i s
limited by 



1) the computer algorithms for predicting surface
expressed antigens, 2) failure to express many of
potential immunogens, and 3) the total reliance on
murine immune responses. The key to a successful
vaccine i s to define antigen(s) that elicit
protection against a broad range of disease isolates
irrespective of serogroup or clonal group. A genetic
screening method (which we have termed Genetic
Screening for Immunogens or GSI) was used to isolate
antigens that are conserved across the genetic
diversity of microbial strains and this is exemplified
in relation to meningococcal strains. This was done by
identifying microbial antigens, such as K meningitidis
antigens, by GSI as described in more detail below;
and validatedby assessing the function of the immune
response elicited by the recombinant antigens and by
evaluating the protective efficacy of antigens (see
Examples and see PCT/GB2004/005441 (published as WO
2005/060995 on 7 July 2005) incorporated herein by
reference). In essence, the GSI method relates to 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. It
will be appreciated that by the way in which the
polypeptides have been identified, they are highly
relevant as antigenic polypeptides. As described in
more detail in the Examples, particular genes
identified by the GSI method are the NBM0341 (TspA),
NMB0338, NMB1345, NMB0738, NBM0792 (NadC family),
NMB0279, NMB2050, NMB1335 (CreA), NMB2035, NMB1351
(Fmu and Fmv), NMB1574 (HvC), NMB1298 (rsuA), NMB1856
(LysR family), NMBOl19, NMB1705 (rfak), NMB2065
(HemK), NMB0339, NMB0401 (putA), NMB 1467 (PPX),
NMB2056, NMB0808, NMB0774 (upp), NMA0078, NMB0337
(branched-chain amino acid transferase), NMB0191 (ParA
family), NMB1710 (glutamate dehydrogenase (gdhA),
NMB0062 (rfbA-1), NMB1583 (MsB), NMB0377, NMB0264,
NMB1333, NMB1036, NMBl 176, NMB1359 andNMB1138 genes
of Neisseria meningitidis. The genome sequence for N.
meningitidis is available, for example from The
Institute of 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
encodehave not been produced (and have not been
isolated), and there is no indication that the
polypeptides they encode may be useful as a component
of a vaccine. Thus, the invention includes the
isolated genes as above and in the Examples and
variants and fragments and fusions of such variants
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 hi 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
neutralising antibodies may be produced in any animal
with an immune system, for example a rat, mouse or
rabbit. 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. 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 as givenabove. Of course,
replacements, deletions and insertions may b e
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. 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 antigen may be the polypeptide as
encoded by the gene identified above, 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 b e a
fusion of the polypeptide or fragment or variant.
Thus, a particular aspect of the invention provides a
polypeptide comprising the amino acid sequence
selected from any one of SEQ ID Nos 2, 4, 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, 58, 60, 62, 64,
66, 68; or a fragment or variant thereof or a fusion
of such a fragment or variant. Thus, the invention
provides the following isolated proteins, orfragments
or variants thereof, or fusion of these: NMB0341, NMB
15 83, NMB1345, NMB0738, NMB0792, NMB0279, NMB2050,
NMB1335, NMB2035, NMB1351, NMB1574, NMB1298, NMB1856,
NMB0119, NMB1705, NMB2065, NMB0339, NMB0401, NMB1467,
NMB2056, NMB0808, NMB0774, NMA0078, NMB0337, NMB0191,
NMB1710, NMB0062, NMB1333, NMB0377, NMB0264, NMB1036,
NMBl 176, NMB1359 and NMB1138 as described below.
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, 400, 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, He, 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 al,
(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. As discussed above, the variant polypeptides
or polypeptide fragments, or fusions of these, are
typically ones which give rise to neutralizing
antibodies against N. meningitidis. 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 mayb e 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 invention also
includes a pharmaceutical composition comprising a
polypeptide of the invention or variant or fragment
thereof, or fusion of these, or a polynucleotide of
the invention or a variant or fragment thereof or
fusion of these, and a pharmaceutically acceptable
carrier as discussed above. 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 an antigen) 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 usedin vaccines for the A and/or C
serogroups. It may also conveniently b e combined
antigenic components which provide protection against
Haemophilus and/or Streptococcus pneumoniae. The
additional antigenic components may b e polypeptides
or they may b e other antigenic components such as a
polysaccharide. Polysaccharides may also be used to
enhance the immune response (see, for example, Makela
et al (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 in the Examples), or a variant or fragment
or fusion as described above (or a polynucleotide
encoding said antigen), and that the disease to b e
vaccinated against is Neisseria meningitidis infection
(meningococcal disease). The invention will now b e
described in greater detail by reference to the
following non-limiting Examples. Example 1: Genetic
screening for immunogens (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. GSI is described in more
detail in PCT/GB2005/005441 (published as WO
2005/060995 on 7 July 2005). We have demonstrated the
effectiveness of GSI by screening a library of mutants
of the sequenced TVmB 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
confirmedas 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
NMKLIYTVIKIIILLLFLLLAVINTDAVTFSYLPGQKFDLPLIVYLFGAFWGII
FGMFALFGRLLSLRGENGRLRAEVKKNARLTGKELTAPPAQNAPESTKQP
There are several practical advantages of using JVwB
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 (IV-A, ET-5, and ET-37 for
serogroups A, B5 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 JVmB are 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 thesubset 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 of TV. 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 sera has 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 mB 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 FAMl 8 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
in 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-Mn antibodies 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-iminunisation 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 10
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 totransform N. meningitidis to kaiiamycin
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, EcoRV, 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 in 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 library 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
pACYC184. MC58 was chosen as it is a serogroup B
isolate of JV. 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 YHl 02. Adult mice (Balb/C) received 108 colony
forming units intra-peritoneally on three occasions,
and sera was collected 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 



CGGTCA
ACCGTATTCAGCCGCCAACCCACAGGGGATACATCTTGAAAAACAACAGACAA
ATCAA
CTGATTGCCGCCTCCGTCGCAGTTGCCGCATCCTTTCAGGCACATGCTGG CTG
GGCGGACTGAATATCCAGTCCAACCTTGACGAACCCTTTTCCGGCAGCATTACC
GTAACC
GGCGAAGAAGCCAAAGCCCTGCTAGGCGGCGGCAGCGTTACCGTTTCCGAAAAA
GGCCTG
ACCGCCAAAGTCCACAAGTTGGGCGACAAAGCCGTCATTGCCGTTTCTTCCGAA
CAGGCA
GTCCGCGATCCCGTCCTGGTGTTCCGCATCGGCGCAGGCGCACAGGTACGCGAA
TACACC GCCATCCTCGATCCTGTCGGCTACTCGCCC AAACCAA
TCTGCACTTTCAGACGGCAAG ACACACCGCAAA
CCGCTCCGACAGCAGAGTCCCAAGAA TCAAAACGCCAA GCCCTC
CGCAAAACCGATAAAAAAGACAGCGCGAACGCAGCCGTCAAACCGGCATACAAC
GGC A
ACCCATACCGTCCGCAAAGGCGAAACGGTCAAACAGATTGCCGCCGCCATCCGC
CCGAAA CACCTGACGCTCGA
CAGGTTGCCGATGCGCTGCTGAAGGCAAACCCA TGTTTCCGCA
CACGGCAGACTGCGTGCGGGCAGCGTGCTTCACATTCCGAATCTGA
CAGGATCAA GCG GAACAACCCAAACCGCAAACGGCGAA CCCAAAGCCGA
ACCGCATCCATGCCGTCCGAA
CCGTCCAAACAGGCAACGGTAGAGAAACCGGTTGAAAAACCTGAAGCAAAAGTT
GCCGCG CCCGAAGCAAAAGCGGA
AACCGGCCGTTCGACCCGAACCTGTACCCGCTGCAA TACT
GCCGCATCGGAAACCGCTGCCGAATCCGCCCCCCAAGAAGCCGCCGCTTCTGCC
ATCGAC ACGCCGACCGACGAAACCGGTA
CGCCGTTTCCGAACCTGTCGAACAGGTTTCTGCCGA  GA GAA CCGA
AGCGGACTGTTTGACGGTCTGTTCGGCGGTTCGTACACCTTGCTGCTT
GCCGGCGGAGGCGCGGCATTAATCGCCCTGCTGCTGCTTTTGCGCCTTGCCCAA
TCCAAA
CGCGCGCGCCGTACCGAAGAATCCGTCCCTGAGGAAGAGCCTGACCTTGACGAC
GCGGCA GACGACGGCATAGAAATCACCTTTGCCGAAGTCGAAACTCCGGCA
CGCCCGA CCCGCT CCGAAAA
CGATGTAAACGACACACTTGCCTTAGATGGGGAATCTGAAGAAGAGTTATCG
GCAAAACAAACGTTCGATGTCGAAACCGATACGCCTTCCAACCGCATCGACTTG
GATTTC
GACAGCCTGGCAGCCGCGCAAAACGGCATTTTATCCGGCGCACTTACGCAGGAT
GAAGAA
ACCCAAAAACGCGCGGATGCCGATTGGAACGCCATCGAATCCACAGACAGCGTG
TACGAG
CCCGAGACCTTCAACCCGTACAACCCTGTCGAAATCGTCATCGACACGCCCGA
CCGGA
TCTGTCGCCCAAACTGCCGAAAACAAACCGGAAACCGTCGATACCGATTTCTCC
GACA C
CTGCCCTCAAACAACCATATCGGCACAGAAGAAACAGCTTCCGCAAAACCTGCC
TCACCC
TCCGGACTGGCAGGCTTCCTGAAGGCTTCCTCGCCCGAAACCATCTTGGAAAAA
ACAGTT
GCCGAAGTCCAAACACCGGAAGAGTTGCACGATTTCCTGAAAGTGTACGA
ACCGATGCC GTCGCGGAA CTGCGCCTGA
CGCCCGATTTCAACGCCGCCGCAGACGATTTGTCCGCATTGCTTCAACCTGCCG
AAGCACCGTCCGTTGAGGAAAATATAACGGAAACCGTTGCCGAA
ACACCCGACTTCA
CGCCACCGCAGACGATTTGTCCGCATTACTTCAACCTTCTAA GTA
CCTGCCGTTGAGGAAAATGCAGCGGA
ACCGTTGCCGATGATTTGTCCGCACTGTTGCAA
CCTGCTGAAGCACCGGCCGTTGAGGAAAATGTAACGGAAACCGTTGCCGAAACA
CCCGAT TTCA CGCCACCGCAGACGATTTGTCCGCATTACTTCA CCTTCTGA
GCACCTGCCGTT GAGGA AATGCAGCGGA
ACCGTTGCCGATGATTTGTCCGCACTGTTGCAACCTGCTGAA
GCACCGGCCGTTGAGGAAAATGCAGCGGAAATCACTTTGGAA
CGCCTGATTCCAACACC 



TCTG
GGCAGACGCTTTGCCCGACTTCCTGAAAGACGGCGAGGAGGAAACGGTAGATTG
G AGCATCTACCTCTCGGAAGAAA
TATCCCAAATAATGCAGATACCAGTTTCCCTTCGGAA TCTGTAGGTTCTG
CGCGCCTTCCG AGCGAA TACGACCTTGCCGAA TGTATCTCGAA
ATCGGCGACCGCGATGCCGCTGCCG GACAGTGCAGAAATTGCTGGAAGA
GCGGAAGGC
GACGTACTCAAACGTGCCCAAGCATTGGCGCAGGAATTGGGTATTTGA
NBM0341 Protein sequence
MPAGRLPRRCPMMTKFTDCTRSNRIQPPTHRGYILKNNRQIKLIAASVAVAASF
QAHAGL
GGLNIQSNLDEPFSGSITVTGEEAKALLGGGSVTVSEKGLTAKVHKLGDKAVIA
VSSEQA VRDPVL
VFRIGAGAQVREYTAILDPVGYSPKTKSALSDGKTHRKTAPTAESOENQNAKAL
RKTDKKDSANAAVKPAYNGKTHTVRKGETVKQIAAAIRPKHLTLEQVADALLKA
NPNVSA HGRLRAGSVLHiPNLNRiKAEQPKPQTAKPKAETASMPS
XPSKQATVEKPVEKPEAKVAA
PEAKAEKPAVRPEPVPAANTAASETAAESAPQEAAASAIDTPTDETGNAVSEPV
EQVSAE
EETESGLFDGLFGGSYTLLLAGGGAALIALLLLLRLAQSKRARRTEESVPEEEP
DLDDAA
DDGIEITFAEVETPATPEPAPKNDVNDTLALDGESEEELSAKQTFDVETDTPSN
RIDLDF DSLA
QNGILSGALTQDEETQKRADADWNAIESTDSVYEPETFNPYNPVEIVIDTPEPE
SVAQTAENKPETVDTDFSDNLPSNNHIGTEETASAKPASPSGLAGFLKASSPET
ILEKTV
AEVQTPEELHDFLKVYETDAVAETAPETPDFNAAADDLSALLQPAEAPSVEENI
TETVAE
TPDFNATADDLSALLQPSKVPAVEENAAETVADDLSALLQPAEAPAVEENVTET
VAETPD
FNATADDLSALLQPSEAPAVEENAAETVADDLSALLQPAEAPAVEENA
EITLETPDSNT SEADALPDFLKDGEEETVDWSIYLSE
XNIPNNADTSFPSESVGSDAPSEAKYDLAEMYLE
IGDRDAAAETVQKLLEEAEGDVLKRAQALAQELGI NMB0338 DNA
sequence
ATGGAAAGGAACGGTGTATTTGGTAAAATTGTCGGCAATCGCATACTCCGTATG
TCGTCC
GAACACGCTGCCGCATCCTATCCGAAACCGTGCAAATCGTTTAAACTAGCGCAA
TCTTGG TTCAGAGTGCGA GCTGTCTGGGCGGCGTTTTTATTTACGGAGCAA
CATGA ACTTATC
TATACCGTCATCAAAATCATTATCCTGCTGCTCTTCCTGCTGCTTGCCGTCATT
AATACG
GATGCCGTTACCTTTTCCTACCTGCCGGGGCAAAAATTCGATTTGCCGCTGATT
GTCGTA
TTGTTCGGCGCATTTGTAGTCGGTATTATTTTTGGAATGTTTGCCTTGTTCGGA
CGGTTG TTGTCGTTACGTGGCGAGAACGGCAGGTTGCGTGCCGAAGTA
GAAATGCGCGTTTG
ACGGGGAAGGAGCTGACCGCACCACCGGCGCAAAATGCGCCCGAATCTACCAAA
CAGCCT TAA NMB0338 Protein sequence
MERNGVFGKIVGNRILRMSSEHAAASYPKPCKSFKLAQSWFRVRSCLGGVFIYG
ANMKLI
YTVIKIIILLLFLLLAVINTDAVTFSYLPGQKFDLPLIWLFGAFVVGIIFGMFA
LFGRL 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 b e particularly useful as immunogens. NMB 1345
DNA sequence
ATGAAAAAACCTTTGATTTCGGTTGCGGCAGCATTGCTCGGCGTTGCTTTGGGC
ACGCCT
TATTATTTGGGTGTCAAAGCCGAAGAAAGCTTGACGCAGCAGCAAAAAATATTG
CAGGAAACGGGCTTCTTGACCGTCGAATCGCACCAATATGAGCGCGGCTGGTTT
ACCTCTATGGAA
ACGACGGTCATCCGTCTGAAACCCGAGTTGCTGAATAATGCCCGAAAATACCTG
CCGGAT
AACCTGAAAACAGTGTTGGAACAGCCGGTTACGCTGGTTAACCATATCACGCAC
GGCCCT
TTCGCCGGCGGATTCGGCACGCAGGCGTACATTGAAACCGAGTTCAAATACGCG
CCTGAA
ACGGAAAAAGTTCTGGAACGCTTTTTTGGAAAACAAGTCCCGGCTTCCCTTGCC
AATACC
GTTTATTTTAACGGCAGCGGTAAAATGGAAGTCAGTGTTCCCGCCTTCGATTAT
GAGAG
CTGTCGGGCTCAGGCTGCACTGGGAAGGCCTGACGGGAGAAACGGTTTATCAAA
AGGT
TTCAAAAGCTACCGGAACGGCTATGATGCCCCCTTGTTTAAATCAAGCTGGCAG
ACAAA
GGCGATGCCGCGTTTGAAAAAGTGCATTTCGATTCGGAAACTTCAGACGGCATC
AATCCG
CTTGCTTTGGGCAGCAGCAATCTGACCTTGGAAAAATTCTCCCTAGAATGGAAA
GAGGGT
GTCGATTACAACGTCAAGTTAACGAACTGGTCAATCTTGTTACCGATTTGCAGA
TTGGC
GCGTTTATCAATCCCAACGGCAGCATCGCACCTTCCAAAATCGAAGTCGGCAAA
CTGGCT
TTTTCAACCAGACCGGGGAATCAGGCGCGTTTATCAACAGTGAAGGGCAGTTCC
GTTTC
GATACACTGGTGTACGGCGATGAAAAATACGGCCCGCTGGACATCCATATCGCT
GCCGAA
CACCTCGATGCTTCTGCCTTAACCGTATTGAAACGCAGTTTGCACAAATTTCCG
CCAA
AAAATGACCGAGGAACAATCCGCAATGATTTGATTGCCGCCGTCAAAGGAGAGG
CTTCC
GGACTGTTCACCAACAATCCCGTATTGGACATTAAAACTTTCCGATTCACGCTG
CCATCG
GGAAAAATCGATGTGGGCGGAAAAATCATGTTTAAGACATGAGAAGGAAGATTT
GAAT
CAATTGGGTTTGATGCTGAAGAAACCGAAGCCGACATCAGATGAGTATTCCCCA
AA
ATGCTGGAAGACTTGGCGGTCAGTCAAGCAGGCAATATTTTCAGCGTCAATGCC
GAAGAT
GAGGCGGAAGGCAGGGCAAGTCTTGACGACATCAACGAGACCTTGCGCCTGATG
GTGGAC
AGTACGGTTCAGAGTATGGCAAGGGAAAAATATCTGACTTTGAACGGCGACCAG
ATTGAT
ACTGCCATTTCTCTGAAACAATCAGTTGAAATTGACGGTAAAACGTTGCAAACG
AA CCGGAGCCGGATTTTGATGAAGGCGGTATGGTTTCAGAGCCGCAGCAGTAA
NMB 1345 Protein sequence
MKKPLISVAAALLGVALGTPYYLGVKAEESLTQQQKILQETGFLTVESHQYERG
WFTSME
TTVIRLKPELLNNARKYLPDNLKTVLEQPVTLVNHITHGPFAGGFGTQAYIETE
FKYAPE
TEKVLERFFGKQVPASLANTVYFNGSGKMEVSVPAFDYEELSGIRLHWEGLTGE
TVYQKG
FKSYRNGYDAPLFKIKLADKGDAAFEKVHFDSETSDGINPLALGSSNLTLEKFS
LEWKEG
VDYNVKLNELVNLVTDLQIGAFINPNGSIAPSKIEVGKLAFSTKTGESGAFINS
EGQFRF
DTLVYGDEKYGPLDIHIAAEHLDASALTVLKRKFAQISAKKMTEEQIRNDLIAA
VKGEAS
GLFTNNPVLDIKTFRFTLPSGKIDVGGKIMFKDMKKEDLNQLGLMLKKTEADIR
MSIPQK
MLEDLAVSQAGNIFSVNAEDEAEGRASLDDINETLRLMVDSTVQSMAREKYLTL
NGDQID 



TAISLKNNQLKLNGKTLQNEPEPDFDEGGMVSEPQQ Selection with
vaccinees sera Sera from the Meningococcal Reference
Laboratory in Manchester has been made available to
us. This sera has come from a clinical trial of OMV
immunisation of volunteers. Mutants selected by
vaccinee Cl sera (screened once) The following
sequences were isolated NMB0338 (as above)NMB0738 DNA
sequence
ATGAAGATCGTCCTGATTAGCGGCCTGTCCGGTTCGGGCAAGTCCGTCGCACTG
CGCCAA ATGGAAGATTCGGGTTATTTCTGCGTGGACAATTTGCCTTTGGA
ATGTTGCCCGCGCTG
GTGTCGTATCATATCGAACGTGCGGACGAAACCGAATTGGCGGTCAGCGTCGAT
GTGCGT
TCCGGCATTGACATCGGACAGGCGCGGGAACAGATTGCCTCTCTGCGCAGACTG
GGGCAC
AGGGTTGAAGTTTTGTTTGTCGAGGCGGAAGAAAGCGTGTTGGTCCGCCGGTTT
TCCGAA
ACCAGGCGAGGACATCCTCTGAGCAATCAGGATATGACCTTGTTGGAAAGCTTA
AAGAAA GACGGGA TGGCTGTTCCCGCTTAAAGAAATCGCCTATTGT
TCGACACTTCCAAGATG
ATGCCCAACAGCTCCGCCATGCAGTCCGGCAGTGGCTGAAGGTCGAACGTACCG
GGCTG CTGGTGATTTTGGAGTCCTTCGGGTTCAAATACGGTGTGCCG
ACCGCGGATTTTATG TTCG TATGCGCAGCCTGCCCA
CCCGTATTACGATCCCGAGTTGAGGCCTTACACCGGT ATGGACA
GCCCGTTTGGGATTATTTGGACGGACAGCCGCTTGTGCAGGAAATGGTTGAC
GACATCGAAAGGTTTGTTACGCATTGGTTACCGCGTTTGGAGGATG
AGCAGGAGCTAC
GTTACCGTCGCCATCGGTTGCACGGGAGGACAGCACCGTTCGGTCTAT
TTGTCGAAAAA
CTCGCCCGAAGGTTGAAAGGGCGTTATGAATTGCTGATACGGCACAGACAGGCG
CAAAAC CTGTCAGACCGCTAA NMB0738 Protein sequence
MKIVLISGLSGSGKSVALRQMEDSGYFCVDNLPLEMLPALVSYHIERADETELA
VSVDVR
SGIDIGQAREQIASLRRLGHRVEVLFVEAEESVLVRRFSETRRGHPLSNQDMTL
LESLKK
EREWLFPLKEIAYCIDTSKMNAQQLRHAVRQWLKVERTGLLVILESFGFKYGVP
NNADFM
FDMRSLPNPYYDPELRPYTGMDKPVWDYLDGQPLVQEMVDDIERFVTHWLPRLE
DESRSY VTVAIGCTGGQHRSVYIVEKLARRLKGRYELLIRHRQAQNLSDR
NMB0792 NadC family (transporter) DNA sequence
ATGAACCTGCATGCAAAGGACAAAACCCAGCATCCCGAAAACGTCGAGCTGCTC
AGTGCG CAGAAGCCGATTACCGACTTTA
GGGCCTGCTGACCACCATTATTTCCGCCGTCGTCTGT
TTCGGCATTTACCACATCCTGCCTTACAGCCCCG TGCCAATA
AGGTATCGCGCTGCTG
ATTTTCGTTGCCGCACTTTGGTTTACCGAGGCCGTCCACATTACCGTA
CCGCACTGATG
GTGCCGATTCTCGCCGTCGTACTCGGTTTCCCCGACATGGACATCAAAAAGGCG
ATGGCT
GATTTTTCCAACCCGATTATCTACATTTTTTTCGGCGGCTTCGCGCTTGCCACC
GCCCTG CATATGCAGCGGCTGGACCGTAA
ATCGCCGTCAGCCTGTTGCGCCTGTCGCGCGGCA T 



ATGAA
GTGGCGGTTTTGATGTTGTTCCTCGTTACCGCCTTTCTGTCCATGTGGATCAGC
AACACCGCCACCGCCGCGATGATGCTGCCTCTAGCAATGGGTATGCTGAGCCAC
CTCGAC
CAGGAAAAAGAACACAAAACCTACGTCTTCCTCCTGCTCGGCATCGCCTATTGC
GCCAGC
ATCGGCGGCTTGGGCACGCTCGTCGGCTCGCCGCCCAACCTGATTGCCGCCAAA
GCCCTA
AATCTGGACTTCGTCGGCTGGATGAAGCTCGGCCTGCCGATGATGCTGTTGATT
CTGCCC
TTGATGCTGCTCTCCCTGTACGTCATCCTCAAACCTAATTTGAACGAACGCGTG
GA TC
AAGCCGAATCCATCCCTTGGACGCTGCACCGCGTGATCGCGCTGTTGATTTTCC
TTGCC ACAGCCGCCGCGTGGATATTCAGCTCCA ATCA
ACCGCCTTCGGCATTTCCAATCCC
GACACCGTTATCGCCCTGAGTGCCGCCGTCGCCGTCGTCGTCTTCGGCGTGGCG
CA TGG
AAGGAAGTCGCCCGCAATACCGACTGGGGCGTGTTGATGCTCTTCGGCGGCGGC
ATCAGC
CTGAGCACGCTGTTGAAAACATCCGGCGCGTCCGAAGCCTTGGGACAGCAGGTT
GCCGCC ACCTTTTCCGGCGCGCCCGCATTTTTGGTGATACTC
TCGTCGCCGCCTTCATTATTTTT
CTGACCGAGTTCACCAGCAACACCGCCTCCGCCGCATTGCTTGTACCGATTTTC
TCCGGC
ATCGCTATGCAGATGGGGCTGCCCGAACAAGTCTTGGTATTCGTCATCGGCATC
GGCGCA
TCTTGTGCCTTCATGCTGCCGGTTGCCACACCGCCTAACGCGATTGTGTTCGGC
ACGGGC TTAATCAAGCA CGCGAAATGATGA TGTCGGCATACTGCTGA
CATCCTCTGCGTAGTA TTGGTTGCTCTGTGGGCTTATGCTGTACTGATGTAA
NMB0792 Protein sequence
MNLRAKDKTQHPENVELLSAQKPITDFKGLLTTIISAVVCFGIYHILPYSPDAN
KGIALL
IFVAALWFTEAVHITVTALMVPILAWLGFPDMDIKKAMADFSNPIIYIFFGGFA
LATAL
HMQRLDRKIAVSLLRLSRGNMKVAVLMLFLVTAFLSMWISNTATAAMMLPLAMG
MLSHLD
QEKEHKTYVFLLLGIAYCASIGGLGTLVGSPPNLIAAKALNLDFVGWMKLGLPM
MLLILP LMLLSLYVILKPNLNERVEIKAESIPWTLHRVIALLIFLATAA
WIFSSKIKTAFGISNP
DTVIALSAAVAVWFGVAQWKEVARNTDWGVLMLFGGGISLSTLLKTSGASEALG
QQVAA
TFSGAPAFLVILIVAAFIIFLTEFTSNTASAALLVPIFSGIAMQMGLPEQVLVF
VIGIGASCAFMLPVATPPNAIVFGTGLIKQREMMNVGILLNILCWLVALWAYAV
LM NMB0279 DNA sequence
ATGCAACGACAAATCAAACTGAAAAATTGGCTTCAGACCGTTTATCCCGAACGG
GACTT 1C
GATCTGACTTTTGCGGCGGCGGATGCTGATTTCCGCCGCTATTTCCGTGCAACG
TTTTCA GACGGCAGCAGTGTCGTCTGCATGGATGCACCGCCCG
CAGATGAGTGTCGCACCTTAT
TTGAAAGTGCAGAAACTGTTTGACATGGTCAATGTGCCGCAGGTATTGCACGCG
GACACG
GATCTGGGGTTTGTGGTATTGAACGACTTGGGCAATACGACGTTTTTGACCGCA
ATGCTT CAGGA CAGGGCGAAACGGCGCACAA
GCCCTGCTTTTGGAGGCAATCGGCGAGTTGGTC
GAATTGCAGAAGGCGAGCCGTGAAGGGGTTTTGCCCGAATATGACCGTGAAACG
ATGTTG CGCGAAATCA CCTGTTCCCGGAATGGTTTGTCGCAA
AGATTGGGGCGCG ATTAACA TTCA
ACAACGCCAACTTTGGCAGCAAACCGTCGATACGCTGCTGCCGCCCCTGTTGGC
G
CAGCCCAAAGTCTATGTGCACCGCGACTTTATCGTCCGCAACCTGATGCTGACG
CGCGGC AGGCCGGGCGTTTTAGACTTCCAAG
CGCGCTTTACGGCCCGATTTCCTACGATTTGGTG 



TCGCTGTTGCGCGATGCCTTTATCGAATGGGAAGAAGAATTTGTCTTGGACTTG
GTTATC
CGCTACTGGGAAAAGGCGCGGGCTGCCGGCTTGCCCGTCCCCGAAGCGTTTGAC
GAGTTT
TACCGCTGGTTCGAATGGATGGGCGTGCAGCGGCACTTGAAGGTTGCAGGCATC
TTCGCA CGCCTGTACTACCGCGACGGCAAAG
CAAATACCGTCCGGAAATCCCGCGTTTCTTAAAC
TATCTGCGCCGCGTATCGCGCCGTTATGCCGAACTCGCCCCGCTCTACGCGCTC
TTGGTC GAACTGGTCGGCGATGAAGAACTGGAAACGGGCTTTACGTTTTAA
NMB0279 Protein sequence MQRQIKL
KNWLQTVYPERDFDLTFAAADADFRRYFRATFSDGSSVVCMDAPPDKMSVAPY
LKVQKLFDMVNVPQVLHADTDLGFVVLNDLGNTTFLTAMLQEQGETAHKALLLE
AIGELV
ELQKASREGVLPEYDRETMLREINLFPEWFVAKELGRELTFKQRQLWQQTVDTL
LPPLLA
QPKVYVHRDFIVRNLMLTRGRPGVLDFQDALYGPISYDLVSLLRDAFIEWEEEF
VLDLVI
RYWEKARAAGLPVPEAFDEFYRWFEWMGVQRHLKVAGIFARLYYRDGKDKYRPE
IPRFLN YLRRVSRRYAELAPLYALLVELVGDEELETGFTF NMB2050 DNA
sequence
ATGGAACTGATGACTGTTTTGCTGCCTTTGGCGGCGTTGGTGTCGGGCGTGTTG
TTTACA
TGGTTGCTGATGAAGGGCCGGTTTCAGGGCGAGTTTGCCGGTTTGAACGCGCAC
CTGGCG GAAGGCGGC
AGATGTGATTTTGTCGAACAGGCACACGGCAAAACCGTGTCGGAATTG
GCGGTGTTGGACGGGAAATACCGGCATTTGCAGGACGAAAATTATGCTTTGGGC
AACCGT TTTTCCGCAGCCGAAAAGCAG TTGCCCATTTGCAGG AAA
GAGGCGGAGTCGGCGCGG CTGA GCAGTCGTATATCGAGTTGCAGGAAA
GGCACAGGGTTTGGCGGTTGAAAACGA
CGTTTGGCAACGCAGCTCGGACAGGAACGGAAGGCGTTTGCCGACCAATATGCC
TTGGA  CGCCAAATCCGCCAA GAATCGAAACCGATTTGGAAGAA
GCCGCCAA CTGTCCGCGAC GTGCAA
ACGACCTTTCCGATGTCGGCAACCGTTTTGCCGCAGCCGAAAAACAGATTGCC
CATTTGCAGGAAAAAGAGGCGGAAGCGGAGCGGTTGAGGCAGTCGCATACCGAG
TTGCAG GAAA GGCACAGGGTTTGGCGGTTGAAA
CGAACGTTTGGCAACGCAA TCGAACAGGAA CGCCTTGCTTCTGAAGAGA
GCTGTCCTTGCTGGGCGAGGCGCGCAAAAGTTTGAGCGAT
CAGTTTCAAAATCTTGCCAACACGATTTTGGAAGAA
AAGCCGCCGTTTTACCGAGCAG
AACCGCGAGCAGCTCCATCAGGTTTTGAACCCGCTA
ACGAACGCATCCACGGTTTCGGC
GAGTTGGTCAAGCAAACCTATGATAAAGAATCGCGCGAGCGGCTGACGTTGGAA
AACGAA TTGAAACGGCTTCAGGGGTTGAACGCGCAGCTGCACAGCGAGGCAA
GGCCCTGACCAAC
GCGCTGACCGGTACGCAGAATAAGGTTCAGGGCAATTGGGGCGAGATGATTCTG
GAAACG GTTTTGGAAAATTCCGGCCTTCAGAA
GGGCGGGAATATGTGGTTCAGGCGGCATCCGTC
CGAAAAGAGGAAGACGGCGGCACGCGCCGCCTCCAGCCCGACGTTTTGGTCAAC
CTGCCC
GACAACAAGCAGATTGTGATTGATTCCAAGGTCTCGCTGACAGCTTATGTGCGC
TACACG CAGGCGGCGGATGCGGATACGGCGGC
CGCGAACTGGCGGCACACGTTGCCAGCATCCGT
GCACACATGAAAGGCTTGTCGCTGAAGGATTACACCGATTTGGAAGGTGTGAAC
ACATTG
GATTTCGTCTTTATGTTTATCCCTGTCGAACCGGCCTACCTGTTGGCGTTGCAG
AATGAC 



GCGGGCTTGTTCCAAGAGTGTTTCGACAA
CGGATTATGCTGGTCGGCCCCAGTACGCTG
CTGGCGACTTTGAGGACGGTGGCGAATATTTGGCGCAACGAACAGCAAAATCAG
AACGCA
CTGGCGATTGCGGACGAAGGCGGCAAGCTGTACGACAAGTTTGTCGGCTTCGTA
CAGACG CTCGAAAGCGTCGGCAAAGGCATCGATCAGGCGCAA
GCAGTTTTCAGACGGCATTCAAG
CAACTTGCCGAA.GGGCGCGGGAATCTGGTCGGACGCGCCGAGAAACTGCGTCT
GTTGGGCGTGAAGGCAGGCAAACAACTTCAACGGGATTTGGTCGAGCGTTCCAA
TGAAACAACGGCG TTGTCGGAATCTTTGGAATACGCGGCAGA
GATGAAGCAGTCTGA NMB2050 Protein sequence
MELMTVLLPLAALVSGVLFTWLLMKGRFQGEFAGLNAHLAEKAARCDFVEQAHG
KTVSEL
AVLDGKYRHLQDENYALGNRFSAAEKQIAHLQEKEAESARLKQSYIELQEKAQG
LAVENE
RLATQLGQERKAFADQYALERQIRQRIETDLEESRQTVRDVQNDLSDVGNRFAA
AEKQIA
HLQEKEAEAERLRQSHTELQEKAQGLAVENERLATQIEQERLASEEKLSLLGEA
RKSLSD
QFQNLANTILEEKSRRFTEQNREQLHQVLNPLNERIHGFGELVKQTYDKESRER
LTLENE
LKRLQGLNAQLHSEAKALTNALTGTQNKVQGNWGEMILETVLENSGLQKGREYW
QAASV RKEEDGGTRRLQPDVLVNLPDNKQIVIDSKVSLTAYVRYTQAADADTA
RELAAHVASIR
AHMKGLSLKDYTDLEGVNTLDFVFMFIPVEPAYLLALQNDAGLFQECFDKRIML
VGPSTL LATLRTVANIWRNEQQNQNAL
IADEGGKLYDKFVGFVQTLESVGKGIDQAQSSFQTAFK
QLAEGRGNLVGRAEKLRLLGVKAGKQLQRDLVERSNETTALSESLEYAAEDEAV
NMB 133 5 CreA protein DNA sequence
ATGAACAGACTGCTACTGCTGTCTGCCGCCGTCCTGCTGACTGCCTGCGGCAGC
GGCGAA ACCGATAAAATCGGACGGGCAAGTACCGTTTTCA
CATACTGGGCAAA ACGACCGTATC GAAGTGGA
GGATTCGACGATCCCGACGTTCAAGGGGTTGCCTGTTATATTTCGTATGCA
AAAAAAGGCGGCTTGAAGGAAATGGTCAATTTGGAAGAGGACGCGTCCGACGCA
TCGGTT TCGTGCGTTCAGACGGCATCTTCGATTTCTTTTG CGAA
CCGCCGTGCGCAAACCGAAA
GAGTTTTCAAACACGGTGCGAGCTTCGCGTTCAAGAGCCGGCAGATTGTCCGTT
ATTAC
GACCCCAAACGCAAAACCTTCGCCTATTTGGTGTACAGCGATAAAATCATCCAA
GGCTCG CCG AAATTCCTTAAGCGCGGTTTCCTGTTTCGGCGGCGGCAT
CCGCAA CCGATGGG
GTGCAAGCCGATACTTCCGGCAACCTGCTTGCCGGCGCCTGCATGATTTCCAAC
CCGATA GAAAATCTCGACAAACGCTGA NMB 1335 Protein sequence
MNRLLLLSAAVLLTACGSGETDKI GRAS
TVFNILGKNDRIEVEGFDDPDVQGVACYISYA
KKGGLKEMVNLEEDASDASVSCVQTASSISFDETAVRKPKEVFKHGASFAFKSR
QIVRYY DPKRKT
FAYLVYSDKIIQGSPKNSLSAVSCFGGGIPQTDGVQADTSGNLLAGACMISNPI
ENLDKR NMB2035 DNA sequence ATGACCGCCTTTGTCCACACCCTTTC
GACGGCATGGA CTGACCGTCGAA TCAAGCGC
CGTGCCAAGAAAAACCTGATTATCCGCCCCGCCGGCACACATACCGTCCGCATC
AGCGTC
CCACCCTGCTTCTCCGTCTCCGCTCTAAACCGCTGGCTGTATGAAAACGAAGCC
GTCCTG 



CGGCAAACACTGGCGAAAAC
CCGCCGCCGCAAACTGCCGAAAACCGGCTGCCCGAATCC
ATCCTCTTCCACGGCAGACAGCTTGCCCTCACCGCCCATCAAGACACGCAAATC
CTGCTG
ATGCCGTCTGAAATCCGTGTTCCCGAAGGCGCACCCGAAAAACAGCTTGCGCTG
CTGCGG
GACTTTTTGGAACGGCAGGCGCACAGTTACCTGATTCCCCGCCTCGAACGCCAC
GCCCGC
ACCACACAACTGTTCCCCGCCTCCTCCTCGCTGACCTCTGCCAAAACCTTCTGG
GGCGTG TGCCGCAAA
CCACAGGCATACGCTTCAACTGGCGGCTGGTCGGCGCACCGGA TACGTT
GCCGACTATGTCTGCATACACGAACTCTGCCACCTCGCCCATCCCGACCACAGC
CCCGCC
TTTTGGGAACTGACCCGCCGCTTCGCCCCCTACACGCCCAAAGCGAAACAGTGG
CTCAAA ATCCACGGCAGGGAACTTTTCGCCTTAGGCTGA NMB2035
Protein sequence
MTAFVHTLSDGMELTVEIKRRAKKNLIIRPAGTHTVRISVPPCFSVSALNRWLY
ENEAVL
RQTLAKTPPPQTAENRLPESILFHGRQLALTAHQDTQILLMPSEIRVPEGAPEK
QLALLR
DFLERQAHSYLIPRLERHARTTQLFPASSSLTSAKTFWGVCRKTTGIRFNWRLV
GAPEYV
ADYVCIHELCHLAHPDHSPAFWELTRRFAPYTPKAKQWLKIHGRELFALG NMB
1351 Fmu and Fmv protein DNA sequence
ATGAACGCCGCACAACTCGACCATACCGCCAAAGTTTTGGCTGAAATGCTGACT
TTCAAA
CAGCCTGCCGATGCCGTCCTCTCCGCCTATTTCCGCGAACACAAAAAGCTCGGC
AGTCAA GATCGCCACGAAATCGCCGA
ACCGCCTTTGCCGCGCTGCGCCACTATCAAAAA
TCAGTACCGCCCTACGCCGTCCGCACGCGCAGCCGCGCAAAGCCGCTCTCGCCG
CACTGGTTCTC
GGCAGAAGCACCAACATCAGCCAAATCAAAGACCTGCTTGATGAAGAAGAAACA
GCGTTC
CTCGGCAATTTGAAAGCCCGTAAAACCGAGTTTTCAGACAGCCTGAATACCGCC
GCAGAA TTGCCGCAATGGCTGGTGGAACAACTGAA
CAGCATTGGCGCGAAGAAGAAATCCTCGCT
TTCGGCCGCAGCATCAACCAGCCTGCCCCGCTCGACATCCGCGTCAACACTTTG
AAAGGC
AAACGCGATAAAGTGCTGCCGCTGTTGCAAGCCGAAAGTGCCGATGCAGAGGCA
ACGCCT TATTCGCCTTGGGGCATCCGCCTGAAAAACAAA
TCGCGCTTAACAAACACGAACTGTTT TTAGACGGCACACTGGA
GTCCAAGACGAAGGCAGCCAGCTGCTTGCCTTATTGGTGGGC
GCAAAACGAGGCGAAATCATTGTCGATTTCTGTGCCGGTGCCGGCGGTAAAACC
TTGGCT
GTCGGTGCGCAAATGGCGAACAAAGGCAGAATCTACGCCTTCGATATCGCCGAA
AAACGC
CTTGCCAACCTCAAACCGCGTATGACCCGCGCCGGACTGACCAATATCCACCCC
GAACGC ATCGGCAGCGAACACGATGCCCGTATCGCCCGACTGGCAGGCA
AGCCGACCGTGTGTTG
GTGGACGCGCCCTGCTCCGGTTTGGGCACTTTACGCCGCAATCCCGACCTCAAA
TACCGC CAATCCGCCGAA
CCGTCGCCAACCTTTTGGAACAGCAACACAGCATCCTCGATGCCGCC
TCCAAACTGGTAAAACCGCAAGGACGTTTGGTGTACGCCACTTGCAGCATCCTG
CCCGAA
GAAAACGAGCTGCAAGTCGAACGTTTCCTGTCCGAACATCCCGAATTTGAACCC
GTCAAC TGCGCCGAACTGCTTGCCGGTTTGAAAATCGATTTGGATACCGGCAA
TACCTGCGCCTC AACTCCGCCCGACACCAAACCG
CGGCTTCTTCGCCGCCGTATTGCAACGCAA TAA NMB 1351 Protein
sequence
MNAAQLDHTAKVLAEMLTFKQPADAVLSAYFREHKKLGSQDRHEIAETAFAALR
HYQKIS 



TALRRPHAQPRKAALAALVLGRSTNISQIKDLLDEEETAFLGNLK
RKTEFSDSLNTA E
LPQWLVEQLKQHWREEEILAFGRSINQPAPLDIRVNTLKGKRDKVLPLLQAESA
DAEATP
YSPWGIRLKNKIALNKHELFLDGTLEVQDEGSQLLALLVGAKRGEIIVDFCAGA
GGKTLA
VGAQMANKGRIYAFDIAEKRLANLKPRMTRAGLTNIHPERIGSEHDARIARLAG
KADRVL
VDAPCSGLGTLRRNPDLKYRQSAETVANLLEQQHSILDAASKLVKPQGRL
VYATCSILPE
ENELQVERFLSEHPEFEPVNCAELLAGLKIDLDTGKYLRLNSARHQTDGFFAAV
LQRK NMB 1574 HvC DNA sequence
ATGCAAGTCTATTACGATAAAGATGCCGATCTGTCCCTAATCAAAGGCAAAACC
GTTGCC
ATCATCGGTTACGGTTCGCAAGGTCATGCCCATGCCGCCAACCTGAAAGATTCG
GGTGTA AACGTGGTGATTGGTCTGCGCCAAGGTTCTTCTTGGAAA
AAGCCGAAGCAGCCGGTCAT
GTCGTCAAAACCGTTGCTGAAGCGACCAAAGAAGCCGATGTCGTTATGCTGCTG
CTGCCT
GACGAAACCATGCCTGCCGTCTATCACGCCGAAGTTACAGCCAATTTGAAAGAA
GGCGCA
ACGCTGGCATTTGCACACGGCTTCAACGTGCACTACAACCAAATCGTTCCGCGT
GCCGAC
TTGGACGTGATTATGGTTGCCCCCAAAGGTCCGGGCCATACCGTACGCAGTGAA
TACAAA CGCGGCGGCGGCGTGCCTTCTCTGATTGCCGTTTACCA
GACAATTCCGGCAA GCCAAA
GACATCGCCCTGTCTTATGCGGCTGCCAACGGCGGCACCAAAGGCGGTGTGATT
GAAACC
ACTTTCCGCGAAGAAACCGAAACCGATCTGTTCGGCGAACAAGCCGTATTGTGC
GGCGGC
GTGGTCGAGTTGATCAAGGCGGGTTTTGAAACCCTGACCGAAGCCGGTTACGCG
CCTGAA ATGGCTTACTTCGAATGTCTGC CGAAATGA
ACTGATCGTTGACCTG TTTTCG AGGC
GGTATTGCCAATATGAACTACTCCATTTCCAAC ATGCGGAGTACGGCGA
TACGTTACC GGCCCTGAAGTGGTCAATGCTTCCAGCAAAG
AGCCATGCGCAATGCCCTGAAACGCATT
CAAACCGGCGAATACGCAAAAATGTTTATCCAAGAGGGTAATGTCAACTATGCG
TCTATG
ACTGCCCGCCGCCGTCTGAATGCCGACCACCAAGTTGAAAAAGTCGGCGCACAA
CTGCGT
GCCATGATGCCTTGGATTACTGCCAACAAATTGGTTGACCAAGACAAAA CTGA
NMB 1574 Protein sequence
MQVYYDKDADLSLIKGKTVAIIGYGSQGHAHAANLKDSGVNVVIGLRQGSSWKK
AEAAGH VVKTVAEATKEADVVMLLLPDETMPAVYHAEVTANLK
XGATLAFAHGFNVHYNQIVPRAD
LDVIMVAPKGPGHTVRSEYKRGGGVPSLIAVYQDNSGKAKDIALSYAAANGGTK
GGVIET TFREETETDLFGEQAVLCGGVVELIKAGFETLTEAGYAPEM
YFECLHEMKLIVDLIFEG
GIANMNYSISNNAEYGEYVTGPEVVNASSKEAMRNALKRIQTGEYAKMFIQEGN
VNYASM TARRRLNADHQVEKVGAQLRAMMPWITANKLVDQDKN NMB 1298
rsuA DNA sequence
ATGAAACTTATCAAATACCTGCAATATCAAGGCATAGGAAGCCGCAAGCAGTGC
CAATGG CTGATTGCCGGCGGTTATGTTTTCATCAACGGA
CCTGCATGGACGACACCGATGCAGACATCGATTCCTCATCCGTCGAAACGTTGG
ATATTGACGGGGAAGCAGTAACCGTCGTTCCC GAACCCTATTTCT
CATCATGCTC CAAGCCTGA GATT CGAA CTTCGCACAAACCC A
GCACTACCGC GCGTATTCAGCCTGTTCCCCGACA TATGCGGA
CATCGATATGCAG
GCGGTCGGCAGGCTGGATGCAGATACGACCGGCGTATTGCTGATTACCAACGAC
GGCAAA 



CTGAACCACAGCCTGACTTCGCCGAGCAGA A ATTCCCAAGCTGT CGA
GTAACGCTC
AAACACCCCACAGGAGAAACGCTCTGCGAAACCTTGAAAAACGGCGTGCTGCTC
CACGAC GAAA
CGAACCGTTTGTGCCGCCGATGCCGTTTTGAAAAACCCGACCACCCTGCTGCTG
ACCATTACCG GGAAAATACCACCA GTCA
ACGCATGATCGCCGCCGCCGGCAACCGC
GTGCAACACCTTCATCGCCGGCGATTCGCACATCTGGAAACAGAAAACCTCAAA
CCCGGG GATGG AATTTATCGAATGTCCAA ATTCTGA NMB 1298
Protein sequence
MKLIKYLQYQGIGSRKQCQWLIAGGYVFINGTCMDDTDADIDSSSVETLDIDGE
AVTWP
EPYFYIMLNKPEDYETSHKPKHYRSVFSLFPDNMRNIDMQAVGRLDADTTGVLL
ITNDGK
LNHSLTSPSRKIPKLYEVTLKHPTGETLCETLKNGVLLHDENETVCAADAVLKN
PTTLLL
TITEGKYHQVKRMIAAAGNRVQHLHRRRFAHLETENLKPGEWKFIECPKF
NMBl 856 Lys R family (transcription regulator) DNA
sequence ATG ACCTTCAGAAG CTGACCGTATTTGTTCAAGTGGTGGAA
GCGGCAGCTTC
AGCCGTGCGGCGGAGCAGTTGGCGATGGCAAATTCTGCCGTAAGCCGCATCGTC
AAACGG CTGGAGGAAAAGTTGGGTGTGA CCTGCTCA
CCGCACCACGCGGCAACTCAGTCTGACG
GGAGGCGCGCAATATTTCCGCCGCGCGCAGAGAATCCTGCAAGAAATGGCAGCG
GCG GAA CCGAAATGCTGGCAGTGCACGAA
TACCGCAAGGCGTGTTGAGCGTGGATTCCGCG ATGCCG
TGGTGCTGCATCTGCTGGCGCCGCTGGCAGCAAAATTCA CGAACGCTATCCG
CATATCCGACTTTCGCTCGTTTCTTCCGAAGGCTATATCAATCTGATTGAACGC
AAAGTC
GATATTGCCTTACGGGCCGGAGAATTGGACGATTCCGGGCTGCGTGCACGCCAT
CTGTTT GACAGCCGCTTCCGCGTAATCGCCAGTCCTGA
TACCTGGCAAAACACGGCACGCCGCA
TCTACAGAAGAGCTTGCCGGCCACCAATGTTTAGGCTTCACCGAACCCGGTTCT
CTAAAT ACATGGGCGGTTTTAGATGCGCAGGGAAATCCCTATA
GATTTCACCGCACTTTACCGCC
AGCAGCGGTGAAATCTTACGCTCGTTGTGCCTTTCAGGTTGCGGTATTGTTTGC
TTATCA
GATTTTTTGGTTGACAACGACATCGCTGAAGGAAAGTTAATTCCCCTGCTCGCC
GAACAA ACCTCCG TA AACACACCCCTTT
ATGCTGTTTATTACAGCGATAAAGCCGTCAATCTC
CGCTTACGCGTATTTTTGGATTTTTTAGTGGAGG CTGGG A
CAATCTCTGTGGATAA NMB 1856 Protein sequence
MKTNSEELTVFVQWESGSFSRAAEQLAMANSAVSRIVKRLEEKLGVNLLNRTTR
QLSLT EEGAQYFRRAQRILQEMAAAETEMLAVHEIPQGVLSVDS
MPMVLHLLAPLAAKFNERYP HIRLSLVSSEGYINLIERKVDIALR
GELDDSGLRARHLFDSRFRVIASPEYLAKHGTPQ
STEELAGHQCLGFTEPGSLNTWAVLDAQGNPYKISPHFTASSGEILRSLCLSGC
GIVCLS
DFLVDNDIAEGKLIPLLAEQTSDKTHPFNAVYYSDKAVNLRLRVFLDFLVEELG
NNLCG NMBOl 19 DNA sequence
ATGATGAAGGATTTGAATTTGAGCAACAGCCTGTTCAAAGGCTACAACGACAAA
CATGGC
TTAATGATTTGTGGCTATGAATGGGGTTGGAGTAAAGCCGATGAGGCTGCTTAT
GTAGCA
GGTGAATACAAACTCCCTGAAAACAAAATCGACCATACATTTGCAAACAAATCC
CTCTAT 



TTCGGAGAGCAGGCAAAA AGTGGCGTTACGACAATACGATAAAAA
TTGGTTTG AATG
TGGGGACACCCCTTAGACGAAAATGGATTGGGCGGTGCATTTGAAA
TCCCTGGTTCAA
ACCAACTGGGCTGCTACACAGGGCAACACTATCGACAATCCCGACAAGTTCACA
CAACCC GAGCACATCGATAATTTTCTCTACCACATCGAA AACTGCGTCCGAA
GTCATCCTCTTC
ATGGGCAGCAGGTTGGCGGATTTTCTGAACAACCAAAATGTACTGCCACGCTTC
GAGCAG
TTGGTCGGTAAGCAGACCAAACCGCTGGAGACGGTGCAAAAAGAATTTGACGGT
ACACGT TTCA TGTCAAATTCCAATCGTTTGAAG TTGCGA
GTCGTCTGCTTTCCCCATCCCAGT
GCCAGTCGCGGTCTATCTTACGATTACATCGCCTTGTTTGCGCCTGAAATGAAC
CGGATT TTATCGGACTTTAAAACAACACGCGGATTCAAATAA NMBOl 19
Protein sequence
MMKDLNLSNSLFKGYNDKHGLMICGYEWGWSKADEAAYVAGEYKLPENKIDHTF
ANKSLYFGEQAKKWRYDNTIKNWFEMWGHPLDENGLGGAF
XKSLVQTNWAATOGNTIDNPDKFTQP
EHIDNFLYHIEKLRPKVILFMGSRLADFLNNQNVLPRFEQLVGKQTKPLETVQK
EFDGTR
FNVKFQSFEDCEVVCFPHPSASRGLSYDYIALFAPEMNRILSDFKTTRGFK
NMB1705 rfaK DNA sequence
ATGGAAAAAGAATTCAGGATATTAAATATCGTATCGGCCAAGATTTGGGGTGGA
GGCGAA
CAATATGTCTATGATGTTTCAAAAGCATTGGGGCTTCGGGGCTGCACAATGTTT
ACCGCC GTCAATAAAA TAATGA
TTGATGCACAGGCGATTTTCCGAAGTTTCTTCCGTTTTCACA
ACGCGCCTTCACACGCTCAACGGGCTGTTTTCGCTCTACGCACTTACCCGCTTT
ATCCGG
AAAAACCGCATTTCCCACCTGATGATACACACCGGCAAAATTGCCGCCTTATCC
ATACTT TTGAAAAAACTGACCGGGGTGCGCCTGAT
TTTGTCAAACATAATGTCGTCGCCAACAAA
ACCGATTTTTACCACCGCCTGATACAGAAAAACACAGACCGCTTTATTTGCGTT
TCCCGT CTGGTTTACGATGTGCAAACCGCCGACAATCCCTTTAAAGAAAAAT
CCGGATTGTTCAT AACGGTATCGATACCGGCCGTTTCCCTCCCTCTCA
GAAAAACCCGACAGCCGTTTTTTT
ACCGTCGCCTACGCCGGCAGGATCAGTCCAGAAAAAGGATTGGAAAACCTGATT
GAAGCC TGTGTGATACTGCATCGGAA TTCCTCA
ATCAGGCTCAAATTGGCAGGGGACGGACAT
CCGGATTATATGTGCCGCCTGAAGCGGGACGTATCTGCTTCAGGAGCAGAACCA
TTTGTT TCTTTTGAAGGGTTTACCGAAAA CTTGCTTCGTTTTACCGCCAA
GCGATGTCGTGGTT
TTGCCCAGCCTCGTCCCGGAGGCATTCGGTTTGTCATTATGCGAGGCGATGTAC
TGCCGA
ACGGCGGTGATTTCCAATACTTTGGGGGCGCAAAAGGAAATTGTCGAACATCAT
CAATCG GGGATTCTGCTGGACAGGCTGACACCTGA
TCTTTGGCGGACGAAATCGA CGCCTCGTC TTGAACCCTGAA CGAAA
CGCACTGGC ACGGCAGCTCATCAATGCGTCGCCGCCCGT
TTTACCATCAACCATACCGCCGACAA TTATTGGATGCAATATAA NMB 1705
Protein sequence
MEKEFRILNIVSAKIWGGGEQYVYDVSKALGLRGCTMFTA
VNKNNELMHRRFSEVSSVFT
TRLHTLNGLFSLYALTRFIRKNRISHLMIHTGKIAALSILLKKLTGVRLIFVKH
NWANK TDFYHRLIQKNTDRFICVSRL
VYDVQTADNPFKEKYRIVHNGIDTGRFPPSQEKPDSRFF
TVAYAGRISPEKGLENLIEACVILHRKYPQIRLKLAGDGHPDYMCRLKRDVSAS
GAEPFV 



SFEGFTEKLASFYRQSDVWLPSLVPEAFGLSLCEAMYCRTAVISNTLGAQKEIV
EHHQS GILLDRLTP XSLADEIERL
VLNPETKNALATAAHQCVAARFTINHTADKLLDAI NMB2065 Hemic
protein DNA sequence
ATGCAGGAACAGAATCGGAAACCAAGTTTTCCCATAGTGATGTTGCTGGTGTCG
GTTGCC
CTGTGGATAGCGTCTTTATCCAATGTTGCATTTTATTTGGGCAATCATGGAAGC
ATGGAG
GGTTTGACCGTTTTGATTTTGGGGTCGATATTTGCTTCTTTGGATATCAGGTAT
TGTGCG
GTCTATGCGAATTATGTTTGGTTGGCGGCCATTGTTTTGCTGGCGTTGCGGAAG
AAGGTC
GTGCCTGTCCATGCGGCACTTTGGGGCTTGGCGTTGGTGGCTTTCAGTGTGAAA
GCCGTA TACGTCGATGAAGCAGGGAATAC
TCGGATATTGTGCGCTACGGTGCAGGATTTTATTTG
TGGTATGCCGCATTTGCGGTTGCCACCATCGGTACGTTTGCCGGAAAGAATAAG
GAAAGA
AAAGCCGCATCAGCGGCAGACGGGATAAAAATGACGTTTGATAAATGGTTGGGC
TTGTCA AAACTGCCTAAAAATGA GCAAGA
TGCTGCTACAATATGTTTCGGAATATACGCGCGTG
CAGTTGTTGACGCGGGGCGGGGAAGAAATGCCGGACGAAGTCCGACAGCGGGCG
GACAGG CTGGCGCAACGCCGTCTGA
CGGCGAGCCGGTTGCCTATATTTTAGGTGTGCGCGA TTT
TATGGCAGACGCTTTACAGTCAATCCGAGCGTGCTGATTCCGCGCCCCGAAACC
GAACAT
TTGGTCGAAGCCGTATTGGCGCGCCTGCCCGAAAACGGGCGCGTGTGGGATTTG
GGGACG
GGCAGCGGCGCGGTTGCCGTAACCGTCGCGCTCGAACGCCCCGATGCGTTTGTG
CGCGCA
TCCGACATCAGCCCGCCCGCCCTTGAAACGGCGCGGAAAAATGCGGCGGATTTG
GGCGCG
CGGGTCGAATTTGCACACGGTTCGTGGTTCGACACCGATATGCCGTCTGAAGGG
AAATGG
GACATCATCGTGTCCAACCCGCCCTATATCGAAAACGGCGATAAACATTTGTTG
CAAGGC
GATTTGCGGTTTGAGCCGCAAATCGCGCTGACCGACTTTTCAGACGGCCTAAGC
TGCATC
CGCACCTTGGCGCAAGGCGCGCCCGACCGTTTGGCGGAAGGCGGTTTTTTATTG
CTGGAA CACGGTTTCGATCAGGGCGCGGCGGTGCGCGGCGTGTTGGCGGAGA
TGGTTTTTCAGGA
GTGGAAACCCTGCCGGATTTGGCGGGTTTGGACAGGGTTACGCTGGGGAAGTAT
ATGAAG CATTTGAAATAANMB2065 Protein sequence
MQEQNRKPSFPIVMLLVSVALWIASLSNVAFYLGNHGSMEGLTVLILGSIFASL
DIRYC  VYANYVWLAAI VLLALRKKVVPVHAALWGLAL VAFS
VKAVYVDEAGNTS DIVRYGAGFYL
WYAAFAVATIGTFAGKNKERKAASAADGIKMTFDKWLGLSKLPKNEARMLLQYV
SEYTRV
QLLTRGGEEMPDEVRQRADRLAQRRLNGEPVAYILGVREFYGRRFTVNPSVLIP
RPETEH LVEAVLARLPENGRVWDLGTGSGAVAVTV LERPDAFVRAS
DISPPALET RKNAADLGA
RVEFAHGSWFDTDMPSEGKWDIIVSNPPYIENGDKHLLQGDLRFEPQIALTDFS
DGLSCI
RTLAQGAPDRLAEGGFLLLEHGFDQGAAVRGVLAENGFSGVETLPDLAGLDRVT
LGKYMK HLK Mutants selected by vacinee's 17 D sera
(Screened once only) NMB0339 DNA sequence
ATGGACAACGAATTGTGGATTATCCTGCTGCCGATTATCCTTTTGCCCGTCTTC
TTCGCG
ATGGGCTGGTTTGCCGCCCGCGTGGATATGAAAACCGTATTGAAGCAGGCAA
AGCATC 



CCTTCGGGATTTTATAAA
GCTTGGACGCTTTGGTCGACCGCAACAGCGGGCGCGCGGCA
AGGGAGTTGGCGGAAGTCGTCG CGGCCGGCCGC ATCGTATGATTTGA CCTC
CCCTC GGCAAACTTTACCGCC GCGTGGCGAAA CGACA-AAGCCATCA
CATACACCGGACAATG
CTCGATTCTCCCGATACGGTCGGCGAAAAGCGCGCGCGCGTCCTGTTTGAATTG
GCGC
AACTACCAAAGTGCGGGGTTGGTCGATCGTGCCGAACAGATTTTTTTGGGGCTG
CAAGAC GGTAAAATGGCGCGTGA
GCCAGACAGCACCTGCTCAATATCTACCAACAGGACAGGGAT
TGGGAAAAAGCGGTTGAAACCGCCCGGCTGCTCAGCCATGACGATCAGACCTAT
CAGTTT GATCGCCCAGTTTTATTGCGAACTTGCCCAAGCCGCGCTGTTC
AGTCCAATTTCGAT
GTCGCGCGTTTCAATGTCGGCAAGGCACTCGAAGCCAACAAAAAATGCACCCGC
GCCAAC
ATGATTTTGGGCGACATCGAACACCGACAAGGCAATTTCCCTGCCGCCGTCGAA
GCCTAT GCCGCCATCGAGCAGCAA ACCATGC
TACTTGAGCATGGTCGGCGAGAAGCTTTACGAA GCCTATGCCGCGCAGGGAA
ACCTGAAGAAGGCTTGAACCGTCTG CGGATATATGCAG
ACGTTTCCCGAACTTGACCTGATCA TGTCGTGTACGAG
AATCCCTGCTGCTTA GTGC GAGAAAGAAGCCGCGCA
ACCGCCGTCGAGCTTGTCCGCCGCAAGCCCGACCTTAACGGC
GTGTACCGCCTGCTCGGTTTGAAACTCAGCGATATGAATCCGGCTTGGAAAGCC
GATGCC
GACATGATGCGTTCGGTTATCGGACGGCAGCTACAGCGCAGCGTGATGTACCGT
TGCCGC
AACTGCCACTTCAAATCCCAAGTCTTTTTCTGGCACTGCCCCGCCTGCAACAAA
TGGCAG ACGTTTACCCCGAATAA ATCGA GTTTAA NMB 0339 Protein
sequence
MDNELWIILLPIILLPVFFAMGWFAARVDMKTVLKQAKSIPSGFYKSLDALVDR
NSGRAA
RELAEVVDGRPQSYDLNLTLGKLYRQRGENDKAINIHRTMLDSPDTVGEKRARV
LFELAQ
NYQSAGLVDREQIFLGLQDGKMREARQHLLNIYQQDRDWEKAVETARLLSHDDQ
TYQF
EIAQFYCELQAALFKSNFDVARFNVGKALEANKKCTRANMILGDIEHRQGNFPA
AVEAY
AAIEQQNHAYLSMVGEKLYEAYAAQGKPEEGLNRLTGYMQTFPELDLINWYEKS
LLLKC
EKEAAQTAVELVRRKPDLNGVYRLLGLKLSDMNPAWKADADMMRSVIGRQLQRS
VMYRCR NCHFKSQVFFWHCPACNKWQTFTPNKIEV Selection -with
patient's sera We have a collection of acute and
convalescent sera available to u s for screening. This
is from individuals infected with different serogroup
of TV. meningitidis. Screens have been performed with
acute (A) or convalescent (C) sera. The period between
the acute infection and collection of sera was from 2
weeks to 3 months. NMB0401 putA DNA sequence
ATGTTTCATTTTGCATTTCCGGCACAAACTGCCCTGCGCCAAGCGATAACCGAT
GCCTAC
CGCCGTAATGAATCGAGCCGTACAGGATATGTTGCAACGTGCACAGATGAGCGA
CGAAGAGCGCAACGCCGCCTCCGAGCTTGCCCGCCGTTTGGTTACCCAAGTCCG
CGCCGGCCGC
ACCAAAGCCGGCGGCGTGGATGCGCTGATGCACGAGTTTTCACTCTCCAGCGAA
GAAGGC
ATCGCGCTGATGTGTCTGGCAGAAGCCCTGCTGCGTATCCCCGACAACGCCACG
CGCGAC CGCCTGATTGCCGACA
GATTTCAGACGGCAACTGGAAAAGCCATTTGAACAACAGCCCT 



TCCCTCTTCGTCAATGCTGCCGCCTGGGGCCTGCTGATTACCGGCAAACTGACC
GCCACA
AACGACAAACAATGAGTTCCGCACTCAGCCGCCTGATCAGCAAAGGCGGCGCAC
CGCTC
ATCCGCCAAGGCGTAAATTACGCCATGCGGCTTCTGGGCAAACAGTTCGTAACC
GGACAG
ACCATTGAAGAAGCCCTGCAAAACGGCAAAGAACGCGAAAAATGGGCTACCGCT
TCTCC
TTCGATATGTTGGGCGAAGCCGCCTACACCCAAGCCGATGCCGACCGCTACTAC
CGCGAC
TATGTCGAAGCCATCCACGCCATCGGCAAAGATGCGGCAGGACAAGGCGTTTAC
GAAGGT
AACGGTATTTCCGTCAAACTTTCCGCCATCCATCCGCGCTACTCGCGCCCCAAC
ACGGC
CGCGTGATGGGCGAACTGTTGCCGCGCCTGAAAGAGCTGTTCCTTTTGGGTAAA
TAC
GATATCGGTATCAACATCGATGCCGAAGAGCCAACCGTCTGGAGCTGTCTTTGG
ATTTG
ATGGAGGCTTTGGTTTCAGACCCTGACTTGGCTGGCTACAAAGGTATCGGTTTC
GTTGTC
CAAGCCTACCAAAAACGTTGTCCGTTCGTTATCGACTACCTGATCGACCTTGCC
CGCCGC
AACAACCAAAACTAATGATCCGCCTCGTCAAAGGCGCGTATTGGGACAGCGAAA
TCAAA
TGGGCGCAAGTGGACGGCTTGAACGGCTATCCGACCTACACCCGCAAAGTCCAC
ACCGAC
ATCTCCTACCTCGCCTGCGCGCGCAACTGCTTTCCGCGCAAGACGCGGTATTCC
CGCAA
TTTGCCACCCACAACGCCTACACTTTGGGCGCTCTACCAAATGGGTAAAGGCAA
GAT
TTTGAACACCAATGCCTGCACGGTATGGGCGAAACCCTGTACGACCAAGTCGTC
GGCCCG
CAAAACTTAGGCCGCCGCGTGCGCGTGTACGCCCCAGTCGGCACACACGAAACC
CTGCTC
GCCTACTTGGTGCGCCGCCTGTTGGAAAACGGCGCGAACTCGTCTTTCGTCACC
AAATC
GTCGATGAAACATCAGCATCGACACGCTCATCCGCAGCCCGTTCGACACCATCG
CCGAA
CAAGGCATCCACCTGCACAACGCCCTGCCGCTGCCGCGCGATTTGTCGGCAAAT
GCCGT
CTGAACTCGCAAGGCGTGGACTTGAGCAACGAAAACGTATTGCAGCAGCTTCAA
GAACAG
ATGAACAAAGCCGCCGCGCAAGACTTCCACGCCGCATCCATCGTCAACGGCAAA
GCCCGC
GATGTCGGCGAAGCGCAACCGATTAAAAACCCTGCCGACCACGACGACATCGTC
GGCACA
GTCAGCTTTGCCGATGCCGCGCTTGCCCAAGAAGCGGTTGGCGCAGCCGTTGCC
GCGTTC
CCCGAATGGAGTGCGACACCTGCCGCCGAACGCGCCGCCTGCCTGCGCCGTTTT
GCCG T
TTGCTGGAGCAGCACACCCCAGCACTGATGATGCTTGCCGTGCGCGAAGCAGGC
AAAACG
CTGACAACGCCATTGCCGAAGTGCGCGAAGCCGTCGATTTCTGCCGCTACTACG
CAAC
GAAGCCGAACATACCCTGCCTCAAGACGCAAAAGCCGTCGGCGCGATTGTCGCC
ATCAGC
CCGTGGAACTTCCCGCTCGCCATCTTTACCGGCGAAGTCGTTTCCGCATTGGCG
GCAGGC
ACACCGTCATCGCCAAACCCGCCGAACAAACCAGCCTGATTGCCGGTTATGCCG
TTTCC
CTCATGCACGAAGCCGGCATCCCGACTTCCGCCCTGCAACTCGTCCTCGGCGCA
GGCGAC
GTGGGTGCGGCATTGACCAACGATGCCCGCATCGGCGGCGTGATTTTCACCGGC
TCGACC
GAAGTGGCGCGCCTGATCAACAAAGCCCTTGCCAAACGCGGCGACAATCCCGTC
CTGATT
GCCGAAACCGGCGGACAAACGCCATGATTGTCGATTCCACCGCACTTGCCGAGC
AAGTC
TGCGCCGACGTATTGAACTCCGCCTTCGACAGCGCGGGACAACGCTGCTCCGCC
CTGCGC
ATTTTGTGCGTCCAAGAAGACGTTGCCGACCGTATGCTCGACATGATCAAAGGC
GCTATG
GACGACTCGTCGTCGGCAAACCGATTCAGCTCACTACCGATGTCGGCCCCGTCA
TCGAT 



GCCGAAGCACAGCAAAACCTGTTGAACCACATCAACAAAATGAAAGGTGTTGCC
AAGTCC
TACCACGAGTCAAACCGCCGCCGATGTCGATTCCAAAAAATCCACGTTCGTTCG
CCCC
ATCCTGTTTGAATTGAACAACCTCACGAACTGCAACGCGAAGTCTTCGGTCCCG
TCCTG
CACGTCGTCCGCTACCGCGCCGACGAACTCGACAACGTCATCGACCAAATCAAC
AGCAAA
GGCTACGCCCTGACCCACGGCGTACACAGCCGCATCGAAGGCACGGTACGCCAC
ATCCGC
AGCCGCATCGAAGCCGGCAACGTTTACGTCAACCGCAACATCGTCGGCGCAGTC
GTCGGC
GTACAGCCCTTCGGCGGACACGGTCTGTCCGGCACAGGCCCCAAAGCAGGCGGT
TCGTTC
TACCTGCAAAAACTGACCCGCGCCGGCGAATGGGTTGCCCCGACCCTGAGCCAA
TCGGA
CAGGCGGACGAAGCCGCACTCAAACGCCTCGAAGCACTGGTTCACAAACTACCG
TTCAAC
GCCGAAGAGAAAAAAGCCGCAGCGGCCGCTTTGGGACACGCCCGCATCCGCACC
CTGCGC
CGTGCCGAAACCGTCCTTACCGGACCGACCGGCGAGCGCAACAGCATCTCATGG
CACGCG
CCCAAACGCGTTTGGATACACGGCGGCAGCACGGTTCAAGCCTTTGCCGCACTG
ACCGAA
CTTGCCGCCTCCGGCATACAGGCAGTGGTCGAACCCGACAGCCCCTTGGCTTCC
TACACT
GCCGACTTGGAAGGTCTGCTGCTGGTCAACGGCAAACCCGAZVACCGCCGGCAT
CAGCCAC
GTTGCCGCCCTGTCGCCTTTGGACAGCGCGCGCAAACAGGAACTTGCCGCCCAC
GACGGC
GCACTCATCCGCATCCTCCCTTCGGAAAACGGACTCGACATCCTGCAAGTGTTT
GA GAA
ATCTCTTGCAGCGTCAACACCACAGCCGCCGGCGGCAACGCCAGCCTGATGGCG
GTCGCCGACTGA NMB0401 Protein sequence
MFHFAFPAQTALRQAITDAYRRNEIEAVQDMLQRAQMSDEERNAASELARRLVT
QVRAGR
TKAGGVDALMHEFSLSSEEGIALMCLAEALLRIPDNATRDRLIADKISDGNWKS
HLNNSP SLFVNAAAWGLLITGKLTATNDKQMSSALSRLISKGG
PLIRQGVNYAMRLLGKQFVTGQ
TIEEALQNGKEREKMGYRFSFDMLGEAAYTQADADRYYRD YVEAL
HAIGKDAAGQGVYEG
NGISVKLSAIHPRYSRTQHGRVMGELLPRLKELFLLGKKYDIGINIDAEEANRL
ELSLDL MEALVSDPDLAGYKGIGFVVQ
YQKRCPFVIDYLIDLARRNNQKLMI R LVKGAYWDSEIK
WAQVDGLNGYPTYTRKVHTDISYLACARKLLSAQDAVFPQFATHNAYTLGAIYQ
MGKGKD
FEHQCLHGMGETLYDQVVGPQNLGRRVRVYAPVGTHETLLAYLVRRLLENGANS
SFVNQI
VDENISIDTLIRSPFDTIAEQGIHLHNALPLPRDLYGKCRLNSQGVDLSNENVL
QQLQEQ MNKAAAQDFHA SIVNGK RDVGEAQPIKNPADHDDIVGTVSFAD
ALAQEAVG AVA F PEWSATPAAER ACLRRFADLLEQHTP
LMMLAVREAGKTLNNAIAEVREAVDFCRYYAN
EAEHTLPQDAKAVGAIVAISPWNFPLAIFTGEVVSALAAGNTVIAKPAEQTSLI
AGYAVS
LMHEAGIPTSALQLVLGAGDVGAALTNDARIGGVIFTGSTEVARLINKALAKRG
DNPVLI
AETGGQNAMIVDSTALAEQVCADVLNSAFDSAGQRCSALRILCVQEDVADRMLD
MIKGAM
DELWGKPIQLTTDVGPVIDAEAQQNLLNHINKMKGVAKSYHEVKTAADVDSKKS
TFVRP
ILFELNNLNELQREVFGPVLHVVRYRADELDNVIDQINSKGYALTHGVHSRIEG
TVRHIR
SRIEAGNVYVNRNIVGAWGVQPFGGHGLSGTGPKAGGSFYLQKLTRAGEWVAPT
LSQIG QADEAALKRLEALVHKLPFNAEEKKAA
AALGHARIRTLRRAETVLTGPTGERNSISWHA
PKRVWIHGGSTVQAFAALTELAASGIQAWEPDSPLASYTADLEGLLLVNGKPET
AGISH 



VAALSPLDSARKQELAAHDGALIRILPSENGLDILQVFEEISCSVNTTAAGGNA
SLMAVA D NMB 1335 CreA DNA and Protein sequences given
above NMB 1467 PPX DNA sequence
ATGACCACCACCCCCGCAAACGTCCTCGCCTCCGTCGATTTGGGTTCCAACAGT
TTCCGC CTCCAGATTTGCG AAACAACAACGGACA TTAAA
GTCATCGATTCGTTCA ACAGATG
GTGCGCTTCGCCGCCGGACTGGACGAACAGAAAA
TCTGAGTGCCGCTTCCCAAGAACAG
GCTTTGGACTGTCTGGCAAAATTCGGCGA
CGCCTGCGCGGCTTCCGCCCTGAACAGGTA
CGCGCCGTGGCAACCAACACATTCCGCGTTGCCAAAAACATCGCAGATTTCCTT
CCCAAA GCCGAAGCGGCATTGGGTTTCCCCATCGAAATCATCGCCGGGCGCG
AGAGGCGCGGCTG
TTTATACCGGCGTGATCCACACCCTCCCCCCGGGCGGCGGCAAAATGCTGGTT
TCGAC
ATCGGCGGCGGTTCGACAGAATTTGTCATCGGCTCGACGCTGAATCCCGACATT
ACCGAA
AGCCTGCCCTTGGGCTGCGTAACCTACAGCCTGCGCTTCTTCCAAAAC
AAATCACCGCC
AAAGACTTCCAATCTGCCATTTCCGCCGCCCGCAACGAAATCCAGCGTATCAGC
AAAAAT
ATGAGGCGCGAAGGTTGGGATTTCGCCGTCGGCACATCGGGTTCGGCAAAATCC
ATCCGC GACGTGCTTGCCGCCGAAATGCCCCAAGAGGCGGACATTACCTAC
AGGCATGCGCGCC CTCGCCGAACGC
TCATCGAAGCCGGTTCGGTCAAAAAAGCCAAATTTGAAAACCTGAAA
CCGGAACGC
TCGAAGTTTTTGCCGGCGGACTTGCCGTGATGATGGCGGCGTTTGAGGAA
ATGAAACTCGACAGGATGACCGTAACCGAAGCCGCCCTGCGCGACGGCGTGTTT
TACGAT TTGATCGGGCGCGGTTTAAACGAAGATATGCGCGGACAA
CGGTTGCCGAGTTCCAACAC CGCTACCACGTCAGCCTC ATCAGGCGAA
CGCACCGCCGAGACCGCGCAAACCTTTATG GAC
GCCTCTGCCACGCTAAAAACGTTACAGTTCAAGAGCTTGCCTTGTGGCAACAGT
AT CTCGGACGCGCCGCCGCGCTGCACGAAATCGGTTTGG
CATCGCCCACACCGGCTATCAC
AAGCATTCCGCCTACATCCTCGAAAACGCCGATATGCCGGGTTTCTCACGCAAA
GAACAG
ACCATACTTGCCCAACTGGTCATCGGTCATCGCGGCGATATGAAAAAAATGAGC
GGCATC
ATCGGCACCAACGAAATGTTGTGGTATGCCGTTTTGTCCCTGCGCCTTGCCGCA
CTGTTC
TGCCGTTCGCGCCAAGACCTGTCTTTCCCGAAAAATATGCAGTTGCGCACGGAT
ACGGAA AGCTGCGGCTTCATCCTGCGTATTGACAGGGA
TGGCTGGAACGCCATCCCCTGATTGCC
GACGCATTGGAATATGAAAGCGTCCAATGGCAAAA ATCA TATGCCGTTC
AAGTCGAGGCCGTCTGA NMB 1467 Protein sequence
MTTTPANVLASVDLGSNSFRLQICENNNGQLKVIDSFKQMVRFAAGLDEQKNLS
AASQEQ
ALDCLAKFGERLRGFRPEQVRAVATNTFRVAKNIADFLPKAEAALGFPIEIIAG
REEARL IYTGVIHTLPPGGGKMLVIDI
GGGSTEFVIGSTLNPDITESLPLGCVTYSLRFFQNKITA
KDFQSAISAARNEIQRISKNMRREGWDFAVGTSGSAKSIRDVLAAEMPQEADIT
YKGMRA
LAERIIEAGSVKKAKFENLKPERIEVFAGGLAVMMAAFEEMKLDRMTVTEAALR
DGVFYD
LIGRGLNEDMRGQTVAEFQHRYHVSLNQAKRTAETAQTFMDSLCHAKNVTVQEL
ALWQQY 



LGRAAALHEIGLDIAHTGYHKHSAYILENADMPGFSRKEQTILAQLVI
GHRGDMKKMSGI IGTNEMLWYAVLSLRLAALFCRSRQDLS
FPKNMQLRTDTESCGFILRIDREWLERHPLIA
DALEYESVQWQKINMPFKVEAV NMB2056 HemIC
ATGAACGGTAAATACTACTACGGCACAGGCCGCCGCAAAAGTTCAGTGGCTCGT
GTATTC CTG TTAA GGTACAGGTCAA TCATCGTAA
CGGTCGTCCCGTTGACG ATTCTTCGCA
CGGGAAACCAGCCGAATGGTTGTTCGCCAACCCTTGGTTCTGACTGAAA
CGCCG TCT
TTCGACATCAAAGTCAATGTTGTTGGCGGCGGCGAAACCGGCCAGTCCGGCGCA
ATCCGC
CACGGCATTACCCGTGCCCTGATCGACTTCGATGCCGCGTTGAAACCCGCCTTG
TCTCAA GCTGGTTTTGTTACCCGCG TGCCCGCGAAGTCGAACGTAAA
AACCGGGTCTGCGCAAA GCACGCCGTGCAAAACAATTCTCCAAACGTTAA
NMB2056 Protein sequence
MNGKYYYGTGRRKSSVARVFLIKGTGQIIVNGRPVDEFFARETSRMWRQPLVLT
ENAES FDIKVNVVGGGETGQSGAIRHGITRALIDFDAALKP
ALSQAGFVTRDAR XVERKKPGLRK ARRAKQFSKR NMB0808 DNA
sequence
ATGTCCGCCCTCCTCCCCATCATCAACCGCCTGATTCTGCAAAGCCCGGACAGC
CGCTCG GAACTTGCCGCCTTTGCAGGC
AAACACTGACCCTGAACATTGCCGGGCTGAA CTGGCG
GGACGCATCACGGAAGACGGTTTGCTCTCGGCGGGA
ACGGCTTTGCAGACACCGAA TT ACCTTCCGCA CAGCGCGGTACAGA
AATCCTCCAAGGAGGCGAACCCGGGGCGGGCGAC
TCGGGCTCGAAGGCGACCTCATCCTCGGCATCGCGGTACTGTCCCTGCTCGGCA
GCCTG
CGTTCCCGCGCATCGGACGAATTGGCACGGATTTTCGGCACGCAGGCAGACATC
GGCAGC CGTGCCGCCGACATCGGACACGGCATCAA
CAAATCGGCAGGAACATCGCCGAACA ATC
GGCGGATTTTCCCGCGAATCCGAGTCCGCAAACATCGGCAACGAAGCCCTTGCC
GACTGC
CTCGACGAAATAAGCAGACTGCGCGACGGCGTGGAACGCCTCAACGAACGCCTC
GACCGG CTCGAACGCGACATTTGGATAGACTAA NMB0808 Protein
sequence
MSALLPIINRLILQSPDSRSELAAFAGKTLTLNIAGLKLAGRITEDGLLSAGNG
FADTEI
TFRNSAVQKILQGGEPGAGDIGLEGDLILGIAVLSLLGSLRSRASDELARIFGT
QADIGS
RAADIGHGIKQIGRNIAEQIGGFSRESESANIGNEALADCLDEISRLRDGVERL
NERLDR LERDIWID NMB0774 upp DNA sequence
ATGAACGTTAATGTTATCAACCATCCGCTCGTCCGCCACAAATTAACCCTGATG
AGGGAG
GCGGATTGCAGCACCTACAAATTCCGGACGCTTGCCACCGAGCTGGCGCGCCTG
ATGGCA
TACGAGGCAAGCCGTGATTTTGAAATCGAAAAATACCTTATCGACGGATGGTGC
GGTCAG
ATTGAAGGCGACCGCATCAAGGGCAAAACATTGACCGTCGTTCCCATACTGCGT
GCAGGT
TTGGGTATGCTTGACGGTGTGCTCGACCTGATTCCGACTGCCAAAATCAGTGTA
GTCGGA 



CTGCAGCGCGACGAAGAAACGCTGAAGCCTATTTCCTATTTTGAGAAATTTGTG
GACAGT ATGGACGAACGTCCGGCTTTGATTATCGATCCTATGCTGGCGAC
GGCGGTTCGATGGTT
GCCACCATCGACCTTTTGAAAGCCAAGGGCTGCAAAAATATCAAGGCACTGGTG
CTGGTT
GCCGCGCCCGAGGGTGTGAAGGCGGTCAACGACGCGCACCCTGACGTTACGATT
TACACC
GCCGCGCTCGACAGCCACTTGAACGAGAACGGCTACATCATCCCCGGCTTGGGC
GATGCGGGCGACAAGATTTTCGGCACGCGCTAA NMB0774 Protein
sequence
MNVNVINHPLVRHKLTLMREADCSTYKFRTLATELARLMAYEASRDFE
ERYLIDGWCGQ
IEGDRIKGKTLTWPILRAGLGMLDGVLDLIPTAKISVVGLQRDEETLKPISYFE
KFVDS MDERPALI
IDPMLATGGSMVATIDLLKAKGCKNIKALVLVAAPEGVKAVNDAHPDVTIYT
AALDSHLNENGYIIPGLGDAGDKIFGTR NMA0078 putative integral
membrance protein DNA sequence
TTGGCGTTTACTTTAATGCGTCGCGCCATGATACGTAAAATGCCCTATACGGAA
GATATG
CGCCCAGGCGATACCGCTAATCCTTATGGTGCGTCCAAAGCGATGGTGGA
CGGATGTTA
ACCGACATCCAAAAAGCCGATCCGCGCTGGAGCATGATTTTGTTGCGTTATTTC
AATCCG
ATTGGCGCGCATGAAAGCGGCTTGATTGGCGAGCAGCCAAACGGCATCCCGAAT
AATTTG TTGCCTTAT
TCTGCCAAGTGGCGGCAGGCAAACTGCCGCAATTGGCGGTATTTGGCGAT
GACTACCCTACCCCCGACGGCACGGGGATGCGTGACTATATTCATGTGATGGAT
TTGGCA
GAAGGCCATGTCGCGGCTATGCAGGCAAAAAGTAATGTAGCAGGCACGCATTTG
CTGAAC
TTAGGCTCCGGCCGCGCTTCTTCGGTGTTGGAAATCATCCGCGCATTTGAAGCA
GCTTCG
GGTTTGACGATTCCGTATGAAGTCAAACCGCGCCGTGCCGGTGATTTGGCGTGC
TTCTAT GCCGACCCTTCCTATACAAAGGCGCA ATCGGCTGGC
ACCCAGCGTGATTTAACCCA  TGATGGAAGACTCATGGCGCTGGGTGAGT
ATAATCCGA TGGCTACGACGATTAA NMA0078 Protein sequence
MAFTLMRRAMIRKMPYTEDMRPGDTANPYGASKAMVERMLTDIQKADPRWSMIL
LRYFNP
IGAHESGLIGEQPNGIPNNLLPYICQVAAGKLPQLAVFGDDYPTPDGTGMRDYI
HVMDLA
EGHVAAMQAKSNVAGTHLLNLGSGRASSVLEIIRAFEAASGLTIPYEVKPRRAG
DLACFY ADPSYTKAQIGWQTQRDLTQMMEDSWRWVSNNPNGYDD NMB0337
Branched-chain amino acid aminotransferase DNA
sequence
ATGAGCAGACCCGTACCCGCCGTATTCGGCAGCGTTTTTCACAGTCAAATGCCC
GTCCTC
GCCTACCGCGAAGGCAAATGGCAGCCGACCGAATGGCAATCTTCCCAAGACCTC
TCCCTC GCACCGGGCGCGCACGCCCTGCACTACGGCAGCGAATGTTTCGAGGG
CTGAAAGCCTTC
CGTCAGGCAGACGGCAAAATCGTGCTGTTCCGTCCGACTGCCAATATCGCGCGT
ATGCGG
CAAAGTGCGGACATTTTGCACCTGCCGCGCCCCGAAACCGAAGCTTATCTTGAC
GCGCTA
ATCAAATTGGTCAAACGTGCCGCCGATGAAATTCCCGATGCGCCTGCCGCCCTG
TACCTG
CGTCCGACCTTAATCGGTACCGATCCCGTTATCGGCAAGGCCGGTTCTCCTTCC
GAAACC
GCCCTGCTGTATATTTTGGCTTCCCCCGTCGGCGACTATTTCAAAGTCGGATCG
CCCGTC
AAAATTTTGGTGGAAACCGAACACATCCGCTGCGCCCCGCATATGGGCCGCGTC
AAATGC 



GGCGGCAACTACGCTTCCGCCATGCACTGGGTGCTGA GGCGA
AGCCGAATATGGCGCA
AATCAAGTCCTGTTCTGCCCGAACGGCGACGTGCAGGAAACCGGCGCGTCCAAC
TTTATC
CTGATTAACGGCGATGAAATCATTACCAAACCGCTGACCGACGAGTTTTTGCAC
GGCGTA
ACCCGCGATTCCGTACTGACGGTTGCCAAAGATTTGGGCTATACCGTCAGCGAA
CGCAAT TTC
CGGTTGACGAACTCAAAGCTGCGGTGGAAAACGGTGCGGAAGCC
TTTTGACCGGT
ACGGCAGCCGTCATCTCGCCCGTTACTTCCTTCGTCATCGGCGGCA AGA
ATCGAAGTG
AAAAGCCAAGAACGCGGCTATGCCATCCGTAAGGCGATTACCGACATCCAGTAT
GGTTTG GCGGAAGACAAATACGGCTGGCTGGTTGAAGTGTGCTGA NMB0337
Protein sequence
MSRPVPAVFGSVFHSQMPVLAYREGKWQPTEWQSSQDLSLAPGAHALHYGSECF
EGLKAF
RQADGKIVLFRPTANIARMRQSADILHLPRPETEAYLDALIKLVKRAADEIPDA
PAALYL
RPTLIGTDPVIGKAGSPSETALLYILASPVGDYFKVGSPVKILVETEHIRCAPH
MGRVKC
GGNYASAMHWVLKAKAEYGANQVLFCPNGDVQETGASNFILINGDEIITKPLTD
EFLHGV
TRDSVLTVAKDLGYTVSERNFTVDELKAAVENGAEAILTGTAAVISPVTSFVIG
GKEIEV K SQERGYAI RKAI TDIQYGLAEDKY GWL VEVC NMB0191
ParA family protein DNA sequence
ATGAGTGCGAACATCCTTGCCATCGCCAATCAGAAGGGCGGTGTGGGCAAAACG
ACGACGACGGTAAATTTGGCGGCTTCGCTGGCATCGCGCGGCAAACGCGTGCTG
GTGGTCGATTTG GATCCGCAGGGCAATGCG
CGACGGGCAGCGGCATCGACAAGGCGGGTTTGC GTCCGGC
GTTTATCAGGTCTTATTGGGCGATGCGGACGTGCAGTCGGCGGCGGTACGCAGC
A GAG
GGCGGATACGCTGTGTTGGGTGCGAACCGCGCGCTGGCCGGCGCGGAAATCGAA
CTGGTG CAGGAA TCGCCCGGGAAGTGCGTTTGA AACGCGCTCA
GGCGTGGAAGAAGATT C GACTTT
TCCTGATCGACTGCCCGCCTTCGCTGACGCTGTTGACGCTTAACGGGCTGGTG
GCGGCGGGCGGCGTGATTGTGCCGATGTTGTGCGA TATTACGCGCTGGA
GGGATTTCC GTTTGATTGCGACCGTGCGC ATCCGTC GGCGGTC
ATCCCGATTTGGACATCACG
GGCATCGTGCGCACGATGTACGACAGCCGCAGCAGGCTGGTTGCCGAAGTCAGC
GAACAG
TTGCGCAGCCATTTCGGGGATTTGCTTTTTGAAACCGTCATCCCGCGCAATATC
CGCCTT GCGGA GCGCCG
GCCACGGTATGCCGGTGATGGCTTACGACGCGCAGGCAA GGGTACC
AAGGCGTATCTTGCCTTGGCGGACGAGCTGGCGGCGAGGGTGTCGGGGAAATAG
NMB0191 Protein sequence
MSANILAIANQKGGVGKTTTTVNLAASLASRGKRVL
WDLDPQGNATTGSGIDKAGLQSG VYQVLLGD
DVQSAAVRSKEGGYAVLGANRALAGAEIELVQEIAREVRLKNALKAVEEDY
DFILIDCPPSLTLLTLNGL
VAAGGVIVPMLCEYYALEGISDLIATVRKIRQAVNPDLDIT
GIVRTMYDSRSRLVAEVSEQLRSHFGDLLFETVIPRNIRLAEAPSHGMPVMAYD
AQAKGT KAYLALADELAARVS GK NMB 1710 Glutamate
dehydrogenase(gdhA) DNA sequence
ATGACTGACCTGAACACCCTGTTTGCCAACCTCAAACAACGCAATCCCAATCAG
GAGCCG
TTCCATCAGGCGGTTGAAGAAGTCTTCATGAGTCTCGATCCGTTTTTGGCA
AAAATCCG 



AAATACACCC
GCAAAGCCTGCTGGAACGCATCGTCGAACCCGAACGCGTCGTGATGTTC
CGCGTAACCTGGCAGGACGATAAAGGGCAAGTCCAAGTCAACCGGGGCTACCGC
GTGCAA
ATGAGTTCCGCCATCGGTCCTTACAAAGGCGGCCTGCGCTTCCATCCGACCGTC
GATTTG GGCGTATTG ATTCCTCGCTTTTG ACAAGTGTTCA
AACGCCTTGACCACCCTGCCT
ATGGGCGGCGGCAAAGGCGGTTCCGACTTCGACCCCAAAGGCAAATCCGATGCC
GAAGTA
ATGCGCTTCTGCCAAGCCTTTATGACCGAACTCTACCGCCACATCGGCGCGGAC
ACCGAT
GTTCCGGCCGGCGACATCGGCGTAGGCGGGCGCGAAATCGGCTACCTGTTCGGA
CAATAC
AAAAAAATCCGCAACGAGTTTTCTTCCGTCCTGACCGGCAAAGGTTTGGAATGG
GGCGGC AGCCTCATCCGTCCCGA
GCGACCGGCTACGGCTGCGTCTATTTCGCCCAAGCG TGCTG
CAAACCCGCAACGATAGTTTTGAAGGC
AACGCGTCCTGATTTCCGGCTCCGGCAATGTG GCGCAATACGCCGCCGAAAA
GCCATCCA CTGGGTGCGA GTACTGACCGTTTCCGAC
TCCAACGGCTTCGTCCTCTTCCCCGACAGCGGTATGACCGAAGCGCAACTCGCC
GCCTTG
ATCGAATTGAAAGAAGTCCGCCGCGAACGCGTTGCCACCTACGCCAAAGAGCAA
GGTCTG CATACTTTGAAAAACAAAAACCGTGGGGCGTCGCCGCCGA
ATCGCCCTGCCCTGCGCG ACCCAGAACGAATTGGACGAAGA
GCCGCCAAAACCCTGTTGGC AACGGCTGCTACGTC
GTTGCCGAAGGTGCGAATATGCCGTCGACTTTGGGCGCGGTCGAGCAATTTATC
AAAGCC
GGCATCCTCTACGCCCCGGGAAAAGCCTCCAATGCCGGCGGCGTGGCAACTTCA
GGTTTG GAA TGAGCCAAAACGCCATCCGCCTGTCTTGGACTCGTGA
GAAGTCGACCAACGCCTG
TTCGGCATCATGCAAAGCATCCACGAATCCTGTCTGAAATACGGCAAAGTCGGC
GACACA GTA
ACTACGTCAATGGTGCGAACATTGCCGGTTTCGTCAAAGTTGCCGATGCGATGC
TG GCGCAAGGCTTCTAA NMB 1710 Protein sequence
MTDLNTLFANLKQRNPNQEPFHQAVEEVFMSLDPFLAKNPKYTQQSLLERIVEP
ERWMF
RVTWQDDKGQVQVNRGYRVQMSSAIGPYKGGLRFHPTVDLGVLKFLAFEQVFKN
ALTTLP MGGGKGGSDFDPKGKSDAEVMRFCQ
FMTELYRHIGADTDVPAGDIGVGGREIGYLFGQY
KKIRNEFSSVLTGKGLEWGGSLIRPEATGYGCVYFAQAMLQTRNDSFEGKRVLI
SGSGNV
AQYAAEKAIQLGAKVLTVSDSNGFVLFPDSGMTEAQLAALIELKEVRRERVATY
AKEQGL
QYFEKQKPWGVAAEIALPCATQNELDEEAAKTLLANGCYWAEGANMPSTLGAVE
QFIKA GILYAPGKASNAGGVATSGLEMSQNAI
RLSWTREEVDQRLFGIMQSIHESCLKYGKVGDT
VNYVNGANIAGFVKVADAMLAQGF NMB0062 Glucose-1-phosphate
thymidylytransferase(rfbA-l) DNA sequence
ATGAAAGGCATCATACTGGCAGGCGGCAGCGGCACGCGCCTCTACCCCATCACG
CGCGGC
GTATCCAAACAGCTCCTGCCCGTGTACGACAAACCGATGATTTATTACCCCTTG
TCGGTTTTGATGCTGGCGGGAATCCGCGATATTTTGGTGATT CCGCGCC
GGAAGACA CGCCTCT TTCA
ACGCCTGCTTGGCGACGGCAGCGATTTCGGCATTTCCATCAGTTATGCCGTGCA
A CCC GTCCGGACGGCTTGGCACAGGCATTT TCATCGGCGAAGA
TTTATCGGC ACGAC
AATGTTTGCTTGGTTTTGGGCGACAATATTTTTTACGGTCAGTCGTTTACGCAA
ACATTG
AAACAGGCGGCAGCGCAAACGCACGGCGCAACCGTGTTTGCTTATCAGGTCAAA
AACCCC 



GACGTTTCGGCGTGGTTGAATTTAACGAAA
CTTCCGCGCCGTTTCCATCGAAGAAAAA
CCGCAACGGCCCAAATCCGATTGGGCGGTAACCGGCTTGTATTTCTACGACAAC
CGCGCC
GTCGAGTTCGCCAAACAGCTCAAACCGTCCGCACGCGGCGAATTGGAAATTACC
G CCTC
AACCGGATGTATTTGGAAGACGGCTCGCTCTCCGTTCAAATATTGGGACGCGGT
TTCGCG
TGGCTGGACACCGGCACCCACGAGAGCCTGCACGAAGCCGCTTCATTCGTCCAA
ACCGTG CA ATATCCAAAACCTGCACATCGCCTGCCTCGAAGA
TCGCTTGGCGCAACGGTTGG
CTTTCCGATGAAAAACTGGAAGAATTGGCGCGCCCGATGGCGAAAAACCAATAC
GGCCAA TATTTGCTGCGCCTGTTGAA AAATA  NMB 0062 Protein
sequence MKGIILAGGSGTRLYPITRGVSKQLLPVYDKPMI
YYPLSVLMLAGIRDILVITAPEDNAS
FKRLLGDGSDFGISISYAVQPSPDGLAQAFIIGEEFIGNDNVCLVLGDNIFYGQ
SFTQTL KQAA QTHGATVFAYQVKNPERFGVVE
FNENFRAVSIEEKPQRPKSDWAVTGLYFYDNR
VEFAKQLKPSARGELEITDLNRMYLEDGSLSVQILGRGFAWLDTGTHESLHEAA
SFVQTV
QNIQNLHIACLEEIAWRNGWLSDEKLEELARPMAKNQYGQYLLRLLKK NMB
1583 Imidazoleglycerol-phosphate dehydratase(hisB) DNA
sequence ATGAATTTGACTAAA
CACAACGCCAACTGCACAACTTTCTGACCCTCGCCCA GAAGCA
GGTTCGCTGTCCAAGCTCGCCAAACTCTGCGGCTACCGTACCCCCGTCGCACTC
TACA A
CTCAAACAACGCCTTGAAAAGCAGGCAGAAGACCCAGATGCACGCGGCATCCGT
CCCAGC CTGATGGCAA ACTCGAAAAACACACCGGCA ACCCA
AGGCTGGCTCGACAGA AACAC CGCGAACGCACTGTCCCCGAA
CCGCCGCAGAAAGCACCGGA CTGCCGAA CCCAAATT
GCCGAAACCGCATCTGCTGCCGGCTGCCGCAGCGTTACCGTCAACCGCAATACC
TGCGAA
ACCCAAATCACCGTCTCCATCAACCTCGACGGCAGCGGCAAAAGCAGGCTGGAT
ACCGGC
GTACCCTTCCTCGAACACATGATCGATCAAATCGCCCGCCACGGCATGATTGAC
ATCGAC
ATCAGCTGCAAAGGCGACCTGCACATCGACGACCACCACACCGCCGAAGACATC
GGCATC ACACTCGGAC
AGCAATCCGGCAGGCACTCGGCGACAAAAAAGGCATCCGCCGTTACGGA
CATTCCTACGTCCCGCTCGACGAAGCCCTCAGCCGCGTCGTCATCGACCTTTCC
GGCCGC
CCCGGACTCGTGTACAACATCGAATTTACCCGCGCACTAATCGGACGTTTCGAT
GTCG T
TTGTTTGAAGAATTTTTCCACGGCATCGTCAACCACAGTATGATGACCCTGCAC
ATCGAC
ACCTCAGCGGCAAAAACGCCCACCATCAGGCGGAAACCGTATTCAAAGCCTTCG
GGCGC
GCCCTGCGTATGGCAGTCGAACACGACCCGCGCATGGCAGGACAGACCCCCTCG
ACCAAA GGCACGCTGACCGCATAA NMB 1583 Protein sequence
MNLTKTQRQLHNFLTLAQEAGSLSKLAKLCGYRTPVALYKLKQRLEKQAEDPDA
RGIRPS
LMAKLEKHTGKPKGWLDRKHRERTVPETAAESTGTAETQIAETASAAGCRSVTV
NRNTCE TQITVSINLDGSGKSRLDTGVPFLEHMI
DQIARHGMIDIDISCKGDLHIDDHHTAEDIGI
TLGQAIRQALGDKKGIRRYGHSYVPLDEALSRVVIDLSGRPGLVYNIEFTR
LIGRFDVD
LFEEFFHGIVNHSMMTLHIDNLSGKNAHHQAETVFKAFGRALRMAVEHDPRMAG
QTPSTK 



GTLTA The following additional antigens were
identified using essentially the methodology described
above: NMB 1333 Nucleic acid sequence
ATGCGCTACAAACCCCTTCTGCTTGCCCTGATGCTCGTTTTTTCCACGCCCGCC
GTTGCC
GCCCACGACGCGGCACACAACCGTTCCGCCGAAGTGAAAAAACAGACGAGAACA
AAAAA
GAACAGCCCGAAGCGGCGGAAGGCAAAAAAGAAAAAGGCAAAAATGGCGCAGTG
AAAGATAAAA
-AAACAGGCGGCAAAGAGGCGGCAAAAGAGGGCAAAGAGTCCAAAAAAACCGCC
AAA
AACCGCAAAGAAGCAGAGAAGGAGGCGACATCCAGGCAGTCTGCGCGCAAAGGA
CGCGAA GGGGATAAGAAATCGAAGGCGGA CCAAAAAGGCACATGGCA
GCCCGTGTCCGGATCC
AAAGAAAAAAACGCAAAAACACAGCCTGAAAACAAACAAGGCAAAAAAGAGGCA
AAAGGA
CAGGGCAATCCGCGCAAGGGCGGCAAGGCGGAAAAAGACACTGTTTCTGCAAAT
AAAAAA GTCCGTTCCGACA GAACGGCAA GCAGTGAA CAGGACAAA
AATACAGGGAAGAGAAA
AATGCCAAAACCGATTCCGACGAATTGAAAGCCGCCGTTGCCGCTGCCACCAAT
GATGTC
GAAAACAAAAAAGCCCTGCTCAAACAAAGCGAAGGAATGCTGCTTCATGTCAGC
AATTCC
CTCAAACAGCTTCAGGAAGAGCGTATCCGCCAAGAGCGTATCCGTCAGGCGCGC
GGCAAC
CTTGCTTCCGTCAACCGCAAACAGCGCGAGGCTTGGGACAAGTTCCAAAAACTC
AATACC GAGCTGAACCGTTTGAAAACGGAAGTCGCCGCTACGAA
GCGCAGATTTCCCGTTTCGTA
TCGGGGAACTATAAAAACAGCCAGCCGAATGCGGTTGCCCTGTTCCTGAAAAAC
GCCGAA
CCGGGTCAGAAAAACCGCTTTTTGCGTTATACGCGTTATGTAAACGCCTCCAAT
CGGGAA
GTTGTCAAGGATTTGGAAAAACAGCAGAAGGCTTTGGCGGTACAAGAGCAGAA
ATCA C AATGAGCTTGCCCGTTTGA
GAATTCAGGCAAACGTGCAATCTCTGCTGA AAACAG
GGTGTAACCGATGCGGCGG
ACAGACGGAAAGCCGCAGACAGAATGCCAAAATCGCCAAA GATGCCCGAA
ACTGCTGGAACAGAAAGGGAACGAGCAGCAGCTGAACAAGCTCTTGAGC
AATTTGGAGAAGAAAAAGGCCGAACACCGCATTCAGGATGCGGAAGCAAAA
GAAAATTG GCTGA
GCCAGACTGGCGGCAGCCGAAAAAGCCAGAAAAGAAGCGGCGC GCAGAAGGCT
GAAGCACGACGTGCGGAAATGTCCAACCTGACCGCCGAAGACAGGAACATCCAA
GCGCCT TCGGTTATGGGTATCGGCAGTGCCGACGGTTTC
GCCGCATGCAAGGACGTTTGAAAAAA CCGGTTG
CGGTGTGCCGACCGGACTTTTCGGGCAGAACCGGAGCGGCGGCGATATTTGG
AAAGGCGTGTTCTATTCCACTGCACCGGC
CGGTTGAAAGCATTGCGCCGGGAACGGTA AGCTATGCGG
CGAGTTGGACGGCTACGGCAA GTGGTCGTGGTCGATCACGGCGAGAAC
TACATCAGCATCTATGCCGGTTTGAGCGAAATTTCCGTCGGCAAGGGTTATATG
GTCGCG GCGGAAGCAAAATCGGCTCG
GCGGGTCGCTGCCGGACGGGGAAGAGGGGCTTTACCTG
CAAATACGTTATCAAGGTCAGGTATTGA CCCTTCGAGCTGGATACGTTGA
NMB 1333 Amino acid sequence
MRYKPLLLALMLVFSTPAVAAHDAAHNRSAEVKKQTKNKKEQPEAAEGKKEKGK
NGAVKD
KKTGGKEAAKEGKESKKTAKNRKEAEKEATSRQSARKGREGDKKSKAEHKKAHG
KPVSGS KEKNAKTQPENKQGKKEAKGQGNPRKGGK
EKDTVSANKKVRSDKNGKAVKQDKKYREEK 



NKTDSDELKAAVAAATNDVENKKALLKQSEGMLLHVSNSLKQLQEERIRQERIR
QARGN
LASVNRKQREAWDKFQKLNTELNRLKTEVAATKAQISRFVSGNYKNSQPNAVAL
FLKNAE
PGQKNRFLRYTRYVNASNREWKDLEKQQKALAVQEQKINNELARLKKIQANVQS
LLKKQ
GVTDAAEQTESRRQNAKIAKDARKLLEQKGNEQQLNKLLSNLEKKKAEHRIQDA
EAKRKL AEARLAAAEKARKEAAQQK
EARRAEMSNLTAEDRNIQAPSVMGIGSADGFSRMQGRLKK
PVDGVPTGLFGQNRSGGDIWKGVFYSTAPATVESIAPGTVSYADELDGYGKWWD
HGEN
YISIYAGLSEISVGKGYMVAAGSKIGSSGSLPDGEEGLYLQIRYQGQVLNPSSW
IR NMB0377 Nucleic acid sequence
ATGGCGTTTTGCACCAGTTTGGGAGTGATGATGGAAACACAGCTTTACATCGGC
ATCATG
TCGGGAACCAGCATGGACGGGGCGGATGCCGTACTGATACGGATGGACGGCGGC
AAATGG
CTGGGCGCGGAAGGGCACGCCTTTACCCCCTACCCCGGCAGGTTACGCCGCCAA
TTGCTG
GATTTGCAGGACACAGGCGCAGACGAACTGCACCGCAGCAGGATTTTGTCGCAA
GAACTC AGCCGCCTATATGCGCAAACCGCCGCCGAACTGCTGTGCAGTCAA
ACCTCGCACCGTCC GACATTACCGCCCTCGGCTGCCACGGGCAA
CCGTCCGACACGCGCCGGAACACGGTTAC
AGCATACAGCTTGCCGATTTGCCGCTGCTGGCGGAACGGACGCGGATTTTTACC
GTCGGC
GACTTCCGCAGCCGCGACCTTGCGGCCGGCGGACAAGGCGCGCCACTCGTCCCC
GCCTTT CACGAAGCCCTGTTCCGCG CAACAGGGAAACACGCGCGGTACTGA
CATCGGCGGGATT
GCCAACATCAGCGTACTCCCCCCCGACGCACCCGCCTTCGGCTTCGACACAGGG
CCGGGC
AATATGCTGATGGACGCGTGGACGCAGGCACACTGGCAGCTTCCTTACGACAAA
AACGGT
GCAAAGGCGGCACAAGGCAACATATTGCCGCAACTGCTCGACAGGCTGCTCGCC
CACCCG
TATTTCGCACAACCCCACCCTAAAAGCACGGGGCGCGAACTGTTTGCCCTAAAT
TGGCTC
GAAACCTACCTTGACGGCGGCGAAAACCGATACGACGTATTGCGGACGCTTTCC
CGTTTT
ACCGCGCAAACCGTTTGCGACGCCGTCTCACACGCAGCGGCAGATGCCCGTCAA
ATGTAC
ATTTGCGGCGGCGGCATCCGCAATCCTGTTTTAATGGCGGATTTGGCAGAATGT
TTCGGCACACGCGTTTCCCTGCACAGCACCGCCGACCTGAACCTCGATCCGCAA
TGGGTGGAAGCC
GCCGCATTTGCGTGGTTGGCGGCGTGTTGGATTAATCGCATTCCCGGTAGTCCG
CACAAA
GCAACCGGCGCATCCAAACCGTGTATTCTGGGCGCGGGATATTATTATTGA
NMB 0377 Amino acid sequence
MAFCTSLGVMMETQLYIGIMSGTSMDGADAVLIRMDGGKWLGAEGHAFTPYPGR
LRRQLL DLQDTGADELHRSRILSQELSRL
YAQTAAELLCSQNLAPSDITALGCHGQTVRHAPEHGY
SIQLADLPLLAERTRIFTVGDFRSRDLAAGGQGAPLVPAFHEALFRDNRETRAV
LNIGGI
ANISVLPPDAPAFGFDTGPGNMLMDAWTQAHWQLPYDKNGAKAAQGNILPQLLD
RLLAHP
YFAQPHPKSTGRELFALNWLETYLDGGENRYDVLRTLSRFTAQTVCDAVSHAAA
DARQMY
ICGGGIRNPVLMADLAECFGTRVSLHSTADLNLDPQWVEAAAFAWLAACWINRI
PGSPHK ATGASKPCILGAGYYY NMB 0264 Nucleic acid sequence
ATGTTGAACAAAATATTTTCCTGGTTCGAGTCCCGAATCGACCCTTATCCCGAA
GCCGCC CCG ACGCCAGAAAA
GGCTTGTGGCGGTTTGTCTGGAGCAGCATGGCCGGCGTGCGG 



AAATGGATAGCCGCCCTGGCTGCGCTGACCGCCGGCATCGGCATTATGGA
GCCCTGGTT TTTCAATTTATGGGCAAAATCGTGGAGTGGCTCGGCAA
TACGCGCCCGCCG ACTGTTT
GCCGAAAAAAGTTGGGAACTGGCGGCAATGGCGGCGATGATGGTATTTTCGGTT
GCGTGG
GCGTTTGCCGCGTCCAACGTGCGCCTGCAAACCCTTCAGGGCGTGTTCCCCATG
CGCCTG CGCTGGAACTTCCACCGCCTGATGCTGAACC
AAGCCTCGGTTTTTATCAGGACGAATTT GCCGGACGCGTGTCCGCC AAGTC
TGCAGACCGCGCTGGCGTTGCGCGACGCGGTG TG
ACGGTTGCCGATATGGTCGTTTATGTGTCGGTGTATTTCATTACCTCCGGCGTG
ATTCTC
GCCTCGCTCGACTCATGGCTGCTGCTGCCCTTTATCGGCTGGATTGTCGGTTTC
GCTTCG
GTGATGCGCCTGCTGATTCCCAAATTGGGGCAAACCGCCGCATGGCAGGCGGAT
GCCCGC
TCGCTGATGACCGGCCGCATTACCGATGCCTATTCCAATATCGCCACCGTCAAA
CTCTTC
TCCCACGGCGCGCGTGAAGCCGCCTATGCCAAGCAGTCGATGGAAGAATTTATG
GTTACG GTGCGCGCCC AATGCGGCTGGCG
CGCTGCTGCATTCGTGCAGCTTCATCGTCAACACC
TCCCTGACCCTCTCCACCGCCGCACTGGGCATCTGGCTCTGGC
CCGGGCAGGTCGGC
GTGGGCGCGGTTGCTACAGCCACCGCCATGGCGTTGCGCGTCAACGGTTTGTCG
CAATAC
ATTATGTGGGAATCCGCGCGGCTGTTTGAAAACATCGGCACCGTCGGCGACGGC
ATGGCA
ACCCTGTCCAAACCGCACACCATCCTCGACAAGCCCCGGGCACTGCCGCTGAAC
GTGCCG CAGGCGCAATCAA
TTTGAACACGTCGATTTCTCCTACGAAGCGGGCA ACCGCTGCTC
AACGGCTTCAACCTCACCATCCGCCCGGGCGA
AGTCGGCTTGATCGGACGCAGCGGC
GCGGGCAAATCCACCATCGTCAACCTGCTTTTGCGCTTCTACGAACCGCAAAGC
GGCACG GTTTCGATCGACGGGC
GGACATAAGCGGCGTTACCCAAGAATCTTTACGCGCCCAAATC
GGTTTGGTCACGCAAGATACCTCGCTGCTGCACCGTTCCGTGCGCGACA
CATTATTTAC
GGCCGCCCCGACGCGACCGATGCCGAAATGGTTTCTGCCGCCGAACGCGCCGAA
GCCGCC
GGCTTCATCCCCGACCTTTCCGATGCCAAAGGGCGGCGCGGCTACGACGCACAC
GTCGGC
GAACGCGGCGTGAAACTCTCCGGCGGGCAACGCCAGCGCATCGCCATCGCCCGC
GTGATG CTCAAAGACGC
CCGATTCTTCTTTTGGACGAAGCCACCAGCGCGCTCGATTCCGAAGTC
GAAGCCGCCATCCAAGAA
GCCTCGACAAAATGATGGACGGCAAAACCGTCATCGCC TC
GCCCACCGCCTCTCCACC TCGCCGCA TGGACAGGCTCGTCGTCCTCG CAA
GGCCGC
ATCATCGAAGAAGGCACACACGCCGAACTCCTCGAAAAACGCGGGCTTTACGCC
AAACTC
TGGGCGCACCAGAGCGGCGGCTTCCTCAACGAACACGTCGAGTGGCAGCACGAC
TGA NMB0264 Amino acid sequence
MLNKIFSWFESRIDPYPEAAPKTPEKGLWRFVWSSMAGVRKWIAALAALTAGIG
IMEALV
FQFMGKIVEWLGKYAPAELFAEKSWELAAMAAMMVFSVAWAFAASNVRLQTLQG
VFPMRL
RWNFHRLMLNQSLGFYQDEFAGRVSAKVMQTALALRDAVMTVADMVVYVSVYFI
TSGVIL
SLDSWLLLPFIGWIVGFASVMRLLIPKLGQTAAWQADARSLMTGRITDAYSNI
TVKLF
SHGAREAAYAKQSMEEFMVTVRAQMRLATLLHSCSFIVNTSLTLSTAALGIWLW
HNGQVG
VGAVATATAMALRVNGLSQYIMWESARLFENIGTVGDGMATLSKPHTILDKPRA
LPLNVP
QGAIKFEHVDFSYEAGKPLLNGFNLTIRPGEKVGLIGRSGAGKSTIVNLLLRFY
EPQSGT 



VSIDGQDISGVTQESLRAQIGLVTQDTSLLHRSVRDNIIYGRPDATDAEMVSAA
ERAEAA
GFIPDLSDAKGRRGYDAHVGERGVKLSGGQRQRIAIARVMLKDAPILLLDEATS
ALDSEV
EAAIQESLDKMMDGKTVIAIAHRLSTIAMDRLWLDKGRIIEEGTHAELLEKRGL
YAKL WAHQSGGFLNEHVEWQHDNMB 103 6 Nucleic acid sequence
ATGACAGCACAAACCCTCTACG
CAAACTTTGGAACAGCCACGTCGTCCGCGAAGAAGA
GACGGCACCGTCCTGCTCTACATCGACCGCCATTTGGTGCACGAAGTTACCAGC
CCTCAG
GCATTTGAAGGCTTGAAAATGGCGGGGCGCAAGCTGTGGCGCATCGACAGCGTC
GTCTCC ACCGCCG
CCACAACACCCCGACCGGCGATTGGGACAAAGGCATCCAAGACCCGATTTCC
AAGCTGCAAGTCGATACTTTGGACAAAAACATTAAAGAGTTTGGCGCACTCGCC
TATTTT CCGTTTATGGAC AAGGTCAGGGC
TCGTACACGTTATGGGCCCCGAACAAGGCGCGACC CTGCCCGGTATG
CCGTCGTCTGCGGCGACTCGCACACTTCCACCCACGGCGCATTCGGC
GCACTGGCGCACGGCATCGGCACTTCCGAAGTCGAGCACACCATGGCGACCCAA
TGTATT
ACCGCGAAAAAATCCAAATCCATGCTGATTTCCGTTGACGGCAAATTAAAAGCG
GGCGTT
ACCGCCAAAGACGTGGCGCTCTACATCATCGGGCAAATCGGCACGGCAGGCGGT
ACAGGC
TACGCCATCGAGTTTGGCGGCGAAGCCATCCGCAGCCTTTCTATGGAAAGCCGC
TGACT TTATGC ATATGGCGATTG GGC
GGCGCGCGCTCAGGCATGGTTGCCGTCGACCAA CC
ACCATCGACTACGTAAAAGATAAACCCTTCGCACCCGAAGGCGAAGCGTGGGAC
AAAGCC
GTCGAGTACTGGCGTACGCTGGTGTCTGACGAAGGTGCGGTATTCGACAA
GATACCGT
TTCAACGCCGAAGACATCGAACCGCAAGTCACTTGGGGTACCTCGCCTGAAATG
GTTTTA GACATCAGCAGCAAAGTGCCG ATCCTGCCGAAGAA
CCGATCCGGTCAAACGC GCGGT ATGGAACGCGCCCTTGAAT
CATGGGCTTGGAAGCCGGTACGCCATTAAACGAA TCCCC
GTCGACATCGTATTCATCGGCTCTTGCACCAACAGCCGCATCGAAGACTTGCGC
GAAGCC GCCGCCATCGCCAA
GACCGCAAAAAAGCCGCCAACGTACAGCGCGTGTTAATCGTCCCC
GGCTCCGGTTTGGTTA AGAACA GCCGAA AAGAAGGCTTGGACAAAATTTTC
TCGA
GCCGGTTTTGAATGGCGCGAACCGGGCTGTTCGATGTGTCTCGCCATGAACGCC
GACCGC
CTGACCCCGGGGCAACGCTGCGCCTCCACCTCCAACCGTAACTTTGAAGGCCGT
CAAGGC
AACGGCGGACGTACCCACCTCGTCAGCCCCGCTATGGCAGCAGCCGCCGCCGTT
ACCGGC CGCTTTACCGACATCCGCATGATGGCGTAA NMB 1036 Amino
acid sequence
MTAQTLYDKLWNSHWREEEDGTVLLYIDRHLVHEVTSPQAFEGLKMAGRKLWRI
DSVVS
TADHNTPTGDWDKGIQDPISKLQVDTLDKNIKEFGALAYFPFMDKGQGIVHVMG
PEQGAT LPGMTWCGDSHTSTHGAFGALAHGIGTSEVEHTM TQCIT
KKSKSMLISVDGKLKAGV TAKDVALYIIGQIGTAGGTGYAIEFGGEAI
RSLSMESRMTLCNMAIEAGARS GMVAVDQT
TIDYVKDKPFAPEGEAWDKAVEYWRTLVSDEGAVFDKEYRFNAEDIEPQVTWGT
SPEMVL
DISSKVPNPAEETDPVKRSGMERALEYMGLEAGTPLNEIPVDIVFIGSCTNSRI
EDLREA AAIAKDRKKAANVQRVLIVPGSGLVKEQAE
KEGLDKIFIEAGFEWREPGCSMCLAMNADR
LTPGQRCASTSNRNFEGRQGNGGRTHLVSPAMAAAAAVTGRFTDIRMMA 



NMB 1176 Nucleic acid sequence
ATGAAAGACAAGCACGATTCTTCCGCCATGCGGCTGGACAAATGGCTTTGGGCG
GCACGT TTTTTCA
GACCCGTTCCCTTGCGCAAAAGCACATCGAACTGGGTAGGGTTCAAGTAAAC
GGCTCGAAGGTCAAAAACAGTAAAACCATAGACATCGGCGATATTATCGACCTG
ACGCTC AATTCCCTTCCCTATAAAATCAAGGTTA
AGGTTTGAACCACCAACGCCGCCCGGCATCC
GAGGCGCGGCTTCTGTATGAAGAGGACGCGAAAACGGCAACATTGAGGGAAGAG
CGCAAA
CAGCTCGACCAATTCAGCCGCATCACTTCCGCCTATCCCGACGGCAGACCGACC
AAGCGC GACCGCCGCCAACTGGACAGGCTGAAAAAAGGAGACTGGTAA NMBl
176 Amino acid sequence
MKDKHDSSAMRLDKWLWAARFFKTRSLAQKHIELGRVQVNGSKVKNSKTIDIGD
IIDLTL
NSLPYKIKVKGLNHQRRPASEARLLYEEDAKTATLREERKQLDQFSRITSAYPD
GRPTKR DRRQLDRLKKGDW NMB 13 59 Nucleic acid sequence
ATGAACCACACCGTTACCCTGCCCGACCAAACCACCTTTGCCGCCAACGACGGC
GAAACC
GTTTTGACCGCTGCCGCCCGTCAAAACCTCAACCTGCCCCATTCCTGCAAAAGC
GGTGTC
TGCGGACAATGCAAAGCCGAACTGGTCAGCGGCGATATTCAAATGGGCGGACAC
TCGGAA
CAGGCTTTATCCGAAGCAGAAAAAGCGCAAGGCAAGATTTTGATGTGCTGCACC
ACTGCGCAAGCGTATCAACATCAACATCCCCGGCTACAAAGCCGATGCCCTACC
CGTCCGCACC CTGCCCGCACGCATCGAAAGTATTATTTTCAA
CCGATGTCGCCCTCCTGAA CTTGCC
CTGCCCAAAGCCCCGCCGTTTGCCTTCTACGCCGGGCAATACATTGATTTACTG
CTGCCG GGCA
CGTCAGCCGCAGCTACTCCATCGCCAATTTACCCGACCAAGAAGGCATTTTGGA
A
CTGCACATCCGCAGGCACGAAAACGGTGTCTGCTCGGAAATGATTTTCGGCAGC
GAACCC AAAGTC AGAA
AAGGCATCGTCCGCGTTAAAGGCCCGCTCGGTTCGTTTACCTTGCAG
GAGACAGCGGCAAACCCGTCATCCTGCTGGC ACCGGCACAGGCT
CGCCCCCATCCGC
AGCATCCTGCTCGACCTTATCCGCCAAGGCAGCAACCGCGCCGTCCATTTCTAC
TGGGGC
GCGCGTCATCAGGATGATTTGTATGCCCTCGAAGAAGCACAAGGGTTGGCATGC
CGTCTG AAAACGCCTGCTTCACCCCCGT
TTGTCCCGCCCCGGAGAGGGCTGGC GGGGAAAT
GGTCACGTACAAGACATCGCGGCACA GACCACCCCGACCTGTCGGA
TACGAGTATTT
GCCTGCGGTTCTCCGGCCATGACCGAACAAACAAAGAATCTGTTTGTGCAACAG
CATAAG CTGCCGGAA
CTTGTTTTTCTCCGACGCATTCACGCCGTCCGCATCATAA NMB 1359
Amino acid sequence
MNHTVTLPDQTTFAANDGETVLTAAARQNLNLPHSCKSGVCGQCKAELVSGDIQ
MGGHSE
QALSEAEKAQGKILMCCTTAQSDININIPGYKADALPVRTLPARIESIIFKHDV
ALLKLA
LPKAPPFAFYAGQYIDLLLPGNVSRSYSIANLPDQEGILELHIRRHENGVCSEM
I FGSEP
KVKEKGIVRVKGPLGSFTLQEDSGKPVILLATGTGYAPIRSILLDLIRQGSNRA
VHFYWG
ARHQDDLYALEEAQGLACRLKNACFTPVLSRPGEGWQGRNGHVQDIAAQDHPDL
SEYEVF ACGSPAMTEQTKNLFVQQHKLPENLFFSDAFTPSAS NMBl 138
Nucleic acid sequence 



ATGAAAGACAAGCACGATTCTTCCGCCATGCGGCTGGACAAATGGCTTTGGGCG
GCACGT
TTTTTCAAGACCCGTTCCCTTGCGCAAAAGCACATCGAACTGGGTAGGGTTCAA
GTAAAC GGCTCGAAGGTCAAA
CAGTAAAACCATAGACATCGGCGATATTATCGACCTGACGCTC
AATTCCCTTCCCTATAAAATCAAGGTTAAAGGTTTGAACC
CCAACGCCGCCCGGCATCC
GAGGCGCGGCTTCTGTATGAAGAGGACGCGAAAACGGCAACATTGAGGGAAGAG
CGCAAA
CAGCTCGACCAATTCAGCCGCATCACTTCCGCCTATCCCGACGGCAGACCGACC
AAGCGC GACCGCCGCCAACTGGACAGGCTGAAA AGGAGACTGGTAA NMBl
138 Amino acid sequence
MKDKHDSSAMRLDKWLWAARFFKTRSLAQKHIELGRVQVNGSKVKNSKTIDIGD
IIDLTL
NSLPYKIKVKGLNHQRRPASEARLLYEEDAKTATLREERKQLDQFSRITSAYPD
GRPTKR DRRQLDRLKKGDW Schedule of SEQ ID Nos SEQ BD No
Sequence 1 NMB0341 DNA 2 NMB0341 Protein 3 NMB 1583
DNA 4 NMB1583 Protein 5 NMB1345 DNA 6 NMB 1345
Protein7 NMB0738 DNA 8 NMB073 8 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 NMB 1351 Protein 2 1 NMB 1574 DNA 22
NMB 1574 Protein 23 NMB 1298 DNA 24 NMB 1298 Protein
25 NMB 1856 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 NMB 0339
Protein 35 NMB0401 DNA 36 NMB0401 Protein 37 NMB 1467
DNA 38 NMB 1467 Protein39 NMB2056 DNA 40 NMB2056
Protein 41 NMB0808 DNA 42 NMB0808 Protein 43 NMB0774
DNA 44 NMB0774 Protein 45 NMA0078 DNA 46 NMA0078
Protein 47 NMBO337 DNA 48 NMB0337 Protein 49 NMB0191
DNA 50 NMB0191 Protein 51 NMB 171ODNA 52 NMB 1710
Protein 53 NMB0062 DNA 54 NMB0062 Protein 55 NMB1333
DNA . 56 NMB1333 Protein 57 NMB0377 DNA 58 NMB0377
Protein 59 NMB0264 DNA 60 NMB0264 Protein 61 NMB 1036
DNA 62 NMB 1036 Protein 63 NMB 1176 DNA 



64 NMB 1176 Protein 65 NMB 1359 DNA 66 NMB 1359
Protein 61 NMBl 138 DNA 68 NMB 1138 ProteinCLAIMS 1. A
polypeptide comprising the amino acid sequence
selected from any one of SEQ ID Nos 2, 4, 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, 58, 60, 62,
64, 66, 68; or a fragment or variant thereof or a
fusion of such a fragment or variant. 2. A
polynucleotide encoding a polypeptide according to
Claim 1. 3. A polypeptide according to Claim 1 or
polynucleotide according to Claim 2 for use in
medicine. 4. A polypeptide according to Claim 1 or
polynucleotide according to Claim 2 for use in a
vaccine. 5. A method for making a polypeptide
according to Claim I 5 the method comprising
expressing the polynucleotide of Claim 2 in a host
cell and isolating said polypeptide. 6. A method for
making a polypeptide according to Claim 1 comprising
chemically synthesising said polypeptide. 7. . A
method of vaccinating an individual against Neisseria
meningitidis, the method comprising administering to
the individual a polypeptide according to Claim 1 or a
polynucleotide according to Claim 2 . 8. Use of a
polypeptide according to Claim 1 or a polynucleotide
according to Claim 2 in the manufacture of a vaccine
for vaccinating an individual against Neisseria
meningitidis.9. A pharmaceutical composition
comprising a polypeptide according to Claim 1 or a
polynucleotide according to Claim 2 and a
pharmaceutically acceptable carrier. 


