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(57) ABSTRACT

The present invention relates to antigenic polypeptides
expressed by pathogenic microbes, including antigenic
polypeptides encoded by the nucleic acid sequence of FIG. 1,
vaccines comprising the antigenic polypeptides and thera-
peutic antibodies directed to the antigenic polypeptides.
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Figure 1

(a) LYFWDTFKFFHPIT
CTTTATTTCTGGGACACATTTAAATTTTTCCACCCCATTACT

(b} GHTYGFENYTKGQAPFVG
GGTCATACATATGGATTTGAAAACTATACAAAAGGCCAAGCACCGTTTGTTGGT

{c) PYTDPSLLRASSSISQSPFTI
CCGTACACAGATCCATCATTATTAAGAGCAAGTAGTTCAATAAGTCAAAGCCCATTTACAATT
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Figure 2

ATGGAAGATAATAARATGAACCGTAGTCTTAACTCAAGACACATTTCCATGATTGCTATA
GGTGETGCAATTGGGACTGGTCTATTTGTAGCTACTGGTAATATCATTTCTCAAGCTGGT
CCTGGAGGCGCTATACTCGCTTATCTTGTTATTGGTGTCATGCTATATTTCTTAATGTCA
TCAATTGGAGAGTTGGCAACATTTTATCCAGTATCAGGTTCATTCAGCTCTTATTCAACA
CGCTTTATTGACTCATCTCTTGGCTTTACCATGGGATGGTTGTATTGGGCATTGTGGTCA
TTAGTTACAAGTGTTGATGTCATAGTAGCGTCAAATGTGCTTTATTTCTGGGACACATTT
AAATTTTTCCACCCCATTACTTGGAGCTTAATCTTTATTACAATTTTACTATTATTARAC
ATTTTTTCTGTAARATCATTIGGAGAAACTGAGTTTTGGTTATCATTGATTAAAGTGTTA
ACAATTATCGTATTCGTTATTTTTCGCTTTTTAATGATTTTCGGTATCTTAGGTGGTCAT
ACATATGGATTTGARAARCTATACAAAAGGCCAAGCACCGTTTGTTGGTGGTATCTCIGGT
TTCTTAGGCGTATTATTAGTCGCCGGATTTTCGCTTGGTGGTACAGAAGTAGTAGCAGTA
ACTGCTGGTGAATCAGATGACCCTAAAAAGTCTATGCCTAAGGCAATTAAACAAGTATTT
TGGCGTATTCTTTTATTCTATGTCTTATCAATTGCAGTAATTGGTGCAATTATTCCGTAC
ACAGATCCATCATTATTAAGAGCAAGTAGTTCAATAAGTCAAAGCCCATTTACAATTGTA
TTCGATAGAGTAGGCATAGCCTTTGCAGCATCAGTAATCAACGCGGTTATTTTAACTTCA
TTATTATCCGCTGCAAATTCAGETCTTTATACAACAGGCAGAATGTTGTATTCCTTAAGT
TCAGACAAAAAAGCACCCCAATTTTTAAGTAAATTAAACAAGACAACTARGTTACCTTTA
AGAGCATTATTAACTACTTATGCAGTCGTTATTATTGTTATTATTTATGCAAACTTTAAT
TCAAATGCCGTTTTTAATTTACTTGAAATTATTGETTCAATCGATTATAGT TGTTTGGGGA
TCAAGCATTTGGTCACAAATACGATTGCGACAAGCTATTAAAAAACAAGGTCAAGACCCT
AATAAGETCCTACCATATAAAGCACCTTTTTATCCATTAGGACCAATCATTGTCATCACT
ACACTATTATTCTTGCTATTTGGTGGCTCAGTTGAATATATTTTAAAAGATCAATGGTTA
AATGCTTTTAARAACTTTTTACCTTTAATCATTCTAGCGTTGATTTACTTTATTCATAAA
ATCATTCACARAACAAAATTTGTAAAGCTAGAAACAATTAATTTAAAACCACACGATTAT
GACAATCAAAAATAR
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Figure 3

MEDNKMNRSLNSRHISMIATIGGAIGTGLFVATGNIISQAGPGGAILAYLVIGVMLYFLMS
SIGELATFYPVSGSFSSYSTRFIDSSLGFTMGWLYWALWSLVTSVDVIVASNVLYFWDTE
KFFHPITWSLIFITILLLLNIFSVKSFGETEFWLSLIKVLTIIVFVIFGFLMIFGILGGH
TYGFENYTKGQAPFVGGISGFLGVLLVAGFSVGGTEVVAVTAGESDDPKKSMPKAIKQVF
WRILLFYVLSTAVIGATIIPYTDPSLLRASSSISQSPFTIVFDRVGIAFAASVINAVILTS
LLSAANSGVYTIGRMLYSLSSDKKAPQFLSKLNKTTKLPLRALLTTYAVVVIVIIVANFN
SNAVFNLLEIIGSMIIVVWGSSIWSQIRLRQAIKKQGQDPNKVLPYKAPFYPLGPIIVIT

TLLFLLFGGSVEY ILKDOWLNAFKNFLPLIILALIYFIHKI THKTKFVKLETINLKPHDY
DNQK
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PHEP, AN AMINO ACID PERMEASE OF
STAPHYLOCOCCUS AUREUS

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent appli-
cation Ser. No. 11/587,886, filed Aug. 8, 2007, which is the
US national stage of PCT/GB2005/001384, filed Apr. 8,
2005, which claims the benefit of Great Britain patent appli-
cation no. 0409559.2 filed Apr. 29, 2004.

FIELD OF THE INVENTION

[0002] The invention relates to antigenic polypeptides
expressed by pathogenic microbes, vaccines comprising the
antigenic polypeptides and therapeutic antibodies directed to
the antigenic polypeptides.

BACKGROUND

[0003] Microbial organisms cause a number of fatal or
debilitating diseases which affect many millions of people
around the world. Current methods to control microbial
organisms include the use of antimicrobial agents (antibiot-
ics) and disinfectants. These have proved to be problematic
since exposure to these agents places a significant selection
pressure resulting in the creation of resistant microbes which
can avoid the effects of the antimicrobial agent(s). For
example, it has been discovered that microbial organisms
have become resistant to triclosan, an agent added to many
disinfectants used in households and industrial environments.
[0004] An arguably greater problem is the evolution of
antibiotic resistant strains of a number of significant patho-
genic microbes.

[0005] An example of a pathogenic organism which has
developed resistance to antibiotics is Staphylococcus aureus.
S. aureus is a bacterium whose normal habitat is the epithelial
lining of the nose in about 20-40% of normal healthy people
and is also commonly found on people’s skin usually without
causing harm. However, in certain circumstances, particu-
larly when skin is damaged, this germ can cause infection.
This is a particular problem in hospitals where patients may
have surgical procedures and/or be taking immunosuppres-
sive drugs. These patients are much more vulnerable to infec-
tion with S. aureus because of the treatment they have
received. Resistant strains of S. aureus have arisen in recent
years. Methicillin resistant strains are prevalent and many of
these resistant strains are also resistant to several other anti-
biotics. Currently there is no effective vaccination procedure
for S. aureus. In the US, S. aureus infections are the cause of
13% ofthe two million hospitalised infections each year. This
represents 260,000 people with an infection of S. aureus, of
which 60-80,000 die.

[0006] S. aureus is therefore a major human pathogen
capable of causing a wide range of life threatening diseases
including septicaemia, endocarditis, arthritis and toxic shock.
This ability is determined by the versatility of the organism
and its arsenal of components involved in virulence. Patho-
genicity is multifactorial and no one component has shown to
be responsible for a particular infection, see Projan, S. J. &
Novick, R. P. (1997) in The Staphylococci in Human Disease
(Crossley, K. B. & Archer, G. L., eds.) pp. 55-81.

[0007] At the onset of infection, and as it progresses, the
needs and environment of the organism changes and this is
mirrored by a corresponding alteration in the virulence deter-
minants which S. aureus produces. At the beginning of infec-
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tion it is important for the pathogen to adhere to host tissues
and so a large repertoire of cell surface associated attachment
proteins are made. These include collagen-, fibrinogen- and
fibronectin-binding proteins. The pathogen also has the abil-
ity to evade host defences by the production of factors that
reduce phagocytosis or interfere with the ability of the cells to
be recognised by circulating antibodies.

[0008] Often a focus of infection develops as an abscess
and the number of organisms increases. S. aureus has the
ability to monitor its own cell density by the production of a
quorum sensing peptide. Accumulation of the peptide, asso-
ciated with physiological changes brought about by the
beginning of starvation of the cells, elicits a switch in viru-
lence determinant production from adhesins to components
involved in invasion and tissue penetration. These include a
wide range of hemolysins, proteases and other degradative
enzymes.

[0009] During the process of any infection, the virulence
determinants made by S. aureus are produced in response to
environmental and physiological stimuli. These stimuli will
be dependent on the niche within the body and will change as
the infection progresses. Little is known of the conditions in
vivo and it is likely that some components are produced solely
in this environment. These are therefore potential vaccine
components, which could not be discovered by previous tech-
niques.

[0010] Many vaccines are produced by inactivated or
attenuated pathogens which are injected into an individual.
The immunised individual responds by producing both a
humoral (antibody) and cellular (cytolytic T cells, CTL’s)
response. For example, hepatitis vaccines are made by heat
inactivating the virus and treating it with a cross linking agent
such as formaldehyde. An example of an attenuated pathogen
useful as a vaccine is represented by polio vaccines which are
produced by attenuating a live pathogen.

[0011] However the use of attenuated organisms in vac-
cines for certain diseases is problematic due to the lack of
knowledge regarding the pathology of the condition and the
nature of the attenuation. For certain viral agents this is a
particular problem since viruses, in particular retroviruses,
have an error prone replication cycle which results in viable
mutations in the genes which comprise the virus. This can
result in alterations to antigenic determinants which have
previously been used as vaccines.

[0012] The development of so-called subunit vaccines
(vaccines in which the immunogen is a fragment or subunit of
a protein or complex expressed by a particular pathogenic
organism) has been the focus of considerable medical
research. The need to identify candidate molecules useful in
the development of subunit vaccines is apparent not least
because conventional chemotherapeutic approaches to the
control of pathogenic organisms has more recently been sty-
mied by the development of antibiotic resistance.

SUMMARY

[0013] The invention relates to antigenic polypeptides
expressed during an infection by a pathogenic microbe and
their use in vaccination.
[0014] According to a first aspect of the invention there is
provided an antigenic polypeptide, or part thereof, encoded
by an isolated nucleic acid sequence selected from the group
consisting of:

[0015] 1) a nucleic acid sequence as shown in FIG. 1

(SEQIDNO: 9,11 and 13);
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[0016] 1ii) a nucleic acid sequence as in (i) which encodes
a polypeptide expressed by a pathogenic organism;
[0017] 1iii) a nucleic acid sequence which hybridises to
the sequence identified in (i) or
[0018] (i) above; and
[0019] iv) a nucleic acid sequence that is degenerate as a
result of the genetic code to the nucleic acid sequence
defined in (1), (ii) or (ii) for use as a medicament.
[0020] In a preferred aspect of the invention the medica-
ment is a vaccine.
[0021] In a preferred aspect of the invention, the nucleic
acid sequence encoding the antigenic polypeptide of the first
aspect of the invention is selected from the group consisting
of:
[0022] 1) a nucleic acid sequence as shown in FIG. 2
(SEQID NO: 15);
[0023] 1ii) a nucleic acid sequence as in (i) which encodes
a polypeptide expressed by a pathogenic organism;
[0024] 1iii) a nucleic acid sequence which hybridises to
the sequence identified in (i) or
[0025] (i) above; and
[0026] iv) a nucleic acid sequence that is degenerate as a
result of the genetic code to the nucleic acid sequence
defined in (1), (ii) or (ii)
[0027] Thenucleic acid encoding the antigenic polypeptide
of the first aspect of the invention may anneal under stringent
hybridisation conditions to the nucleic acid sequence shown
inFIG. 1 (SEQIDNO: 9, 11 and 13) or FIG. 2 (SEQ ID NO:
15) or to its complementary strand.
[0028] Stringent hybridisation/washing conditions are well
known in the art. For example, nucleic acid hybrids that are
stable after washing in 0.1xSSC, 0.1% SDS at 60° C. Itis well
known in the art that optimal hybridisation conditions can be
calculated if the sequences of the nucleic acid is known. For
example, hybridisation conditions can be determined by the
GC content of the nucleic acid subject to hybridisation. Please
see Sambrook et al (1989) Molecular Cloning; A Laboratory
Approach. A common formula for calculating the stringency
conditions required to achieve hybridisation between nucleic
acid molecules of a specified homology is:

7,=81.5° C.+16.6 Log [Na']+0.41[% G+C1-0.63(%
formamide).

[0029] Thenucleic acid encoding the antigenic polypeptide
ofthe first aspect of the invention may comprise the sequence
setoutin FIG. 1 (SEQIDNO: 9,11 and 13) or2 (SEQ IDNO:
15) or a sequence which is at least 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, for example 98%, or 99%, identical to
the nucleic acid sequence setoutin FIG. 1 (SEQIDNO: 9, 11
and 13) or 2 (SEQ ID NO: 15) at the nucleic acid residue level.
[0030] “Identity”, as known in the art, is the relationship
between two or more polypeptide sequences or two or more
polynucleotide sequences, as determined by comparing the
sequences. In the art, identity also means the degree of
sequence relatedness between polypeptide or polynucleotide
sequernces, as the case may be, as determined by the match
between strings of such sequences. Identity can be readily
calculated (Computational Molecular Biology, Lesk, A. M.
ed., Oxford University Press, New York, 1988, Biocomput-
ing: Informatics and Genome Projects, Smith, D. W., ed.,
Academic Press, New York, 1993, Computer Analysis of
Sequence Data, Part 1, Griffin, A. M., AND Criffin, H. G,
eds., Humana Press, New Jersey, 1994, Sequence Analysis in
Molecular Biology. von Heinje, G., Academic Press, 1987,
and Sequence Analysis Primer, Gribskov, M. and Devereux,

Jul. 14,2011

1., eds., M Stockton Press, New York, 1991). While there exist
a number of methods to measure identity between two poly-
nucleotide or two polypeptide sequences, the term is well-
known to skilled artisans (Sequence Analysis in Molecular
Biology, von Heinje, G., Academic Press, 1987, Sequence
Analysis Primer, Gribskov, M. and Devereux, J., eds., M
Stockton Press, New York, 1991; and Carillo, H., and Lip-
man, D., SIAM J. Applied Math., 48: 1073 (1988). Methods
commonly employed to determine identity between
sequences include, but are not limited to those disclosed in
Carillo, H., and Lipman, D., SIAM J. Applied Math., 48: 1073
(1988). Preferred methods to determine identity are designed
to give the largest match between the sequences tested. Meth-
ods to determine identity are codified in computer programs.
Preferred computer program methods to determine identity
between two sequences include, but are not limited to, GCG
program package (Devereux, I., et al., Nucleid Acids
Research 12(1): 387 (1984)), BLASTP, BLASTN, and
FASTA (Atschul, S.F. etal., J. Molec. Biol. 215: 403 (1990)).
[0031] Thenucleic acid encoding the antigenic polypeptide
of the first aspect of the invention may comprise of fragment
of a sequence according to the first aspect which is at least 30
bases long, for example, 40, 50, 60, 70, 80 or 90 bases in
length.

[0032] The nucleic acid sequence encoding the antigenic
polypeptide of the first aspect of the invention may be
genomic DNA, ¢cDNA or RNA, for example mRNA.

[0033] The antigenic polypeptide of the first aspect of the
invention may be a cell membrane protein, for example an
integral membrane protein.

[0034] The antigenic polypeptide of the first aspect of the
invention may have permease activity. As used herein “per-
mease” relates to a cell membrane protein that functions as a
channel for the transport of a specific molecule in or out of the
cell.

[0035] Preferably, the antigenic polypeptide of the first
aspect of the invention is involved in the transport of one or
more amino acids in or out of the cell, for example, the
polypeptide may have phenylalanine permease activity.
[0036] Preferably, the antigenic polypeptide of the first
aspect of the invention is expressed by a pathogenic organism,
for example, a bacterium, virus or yeast. Preferably the patho-
genic organism is a bacterium.

[0037] The bacterium may be selected from the group con-
sisting of:

Staphylococcus — aureus;  Staphylococcus — epidermidis;
Enterococcus faecalis; Mycobacterium tuberculosis; Strep-
tococcus group B; Streptoccocus pneumoniae; Helicobacter
pylori; Neisseria gonorrhea; Streptococcus group A; Borre-
lia burgdorferi; Coccidiodes immitis; Histoplasma sapsula-
tum; Neisseria meningitidis type B; Shigella flexneri;
Escherichia coli; Haemophilus influenzae.

[0038] Preferably the bacterium is of the genus Staphylo-
coccus spp. Preferably still the bacterium is Staphylococcus
aureus.

[0039] In a preferred embodiment of the invention, the
antigenic polypeptide of the first aspect of the invention is
associated with infective pathogenicity of an organism as
defined herein.

[0040] In a further preferred aspect of the invention the
antigenic polypeptide comprises all, or part of, the amino acid
sequence shown in FIG. 1 or 3 (SEQ ID NO: 10, 12, 14 and
16).
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[0041] As used herein “part” of may include a polypeptide
fragment which may be at least 10, 15, 20 or 30 amino acids
long.

[0042] The antigenic polypeptide of the first aspect of the
invention may comprise a non-protein antigen, for example a
polysaccharide antigen.

[0043] As used herein, the term “polypeptide” means, in
general terms, a plurality of amino acid residues joined
together by peptide bonds. It is used interchangeably and
means the same as peptide, protein, oligopeptide, or oligo-
mer. The term “polypeptide” is also intended to include frag-
ments, analogues and derivatives of a polypeptide wherein
the fragment, analogue or derivative retains essentially the
same biological activity or function as a reference protein.

[0044] According to a second aspect of the invention there
is provided a vector comprising a nucleic acid sequence
encoding a polypeptide according to the first aspect of the
invention.

[0045] The vector of the second aspect of the invention may
be a plasmid, cosmid or phage. The vector may include a
transcription control sequence (promoter sequence) which
mediates cell specific expression, for example, a cell specific,
inducible or constitutive promoter sequence. The vector may
be an expression vector adapted for prokaryotic or eukaryotic
gene expression, for example, the vector may include one or
more selectable markers and/or autonomous replication
sequences which facilitate the maintenance of the vector in
either a eukaryotic cell or prokaryotic host (Sambrook et al
(1989) Molecular Cloning: A Laboratory Manual, Cold
Spring Harbour Laboratory, Cold Spring Harbour, N.Y. and
references therein; Marston, F (1987) DNA Cloning Tech-
niques: A Practical Approach Vol III IRL Press, Oxford UK,
DNA Cloning: F M Ausubel et al, Current Protocols in
Molecular Biology, John Wiley & Sons, Inc. (1994). Vectors
which are maintained autonomously are referred to as episo-
mal vectors.

[0046] Promoter is an art recognised term and may include
enhancer elements which are cis acting nucleic acid
sequernces often found 5' to the transcription initiation site of
a gene (enhancers can also be found 3' to a gene sequence or
even located in intronic sequences and is therefore position
independent). Enhancer activity is responsive to trans acting
transcription factors (polypeptides) which have been shown
to bind specifically to enhancer elements. The binding/activ-
ity of transcription factors (please see Eukaryotic Transcrip-
tion Factors, by David S Latchman, Academic Press Ltd, San
Diego) is responsive to a number of environmental cues
which include intermediary metabolites (eg glucose, lipids),
environmental effectors (eg light, heat,).

[0047] Promoter elements also include so called TATA box
and RNA polymerase initiation selection (RIS) sequences
which function to select a site of transcription initiation.
These sequences also bind polypeptides which function, inter
alia, to facilitate transcription initiation selection by RNA
polymerase.

[0048] The vector of the second aspect of the invention may
include a transcription termination or polyadenylation
sequences. This may also include an internal ribosome entry
sites (IRES).

[0049] The vector may include a nucleic acid sequence that
is arranged in a bicistronic or multi-cistronic expression cas-
sette.
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[0050] According to a third aspect of the invention there is
provided a method for the production of a recombinant anti-
genic polypeptide according to any previous aspect of the
invention comprising:
[0051] (i) providinga cell transformed/transfected with a
vector according to the second aspect of the invention;
[0052] (ii) growing said cell in conditions suitable for the
production of said polypeptides; and
[0053] (iii) purifying said polypeptide from said cell, or
its growth environment,
[0054] In a preferred aspect of the method of the third
aspect, the vector encodes, and thus said recombinant
polypeptide is provided with, a secretion signal to facilitate
purification of said polypeptide.
[0055] According to a fourth aspect of the invention there is
provided a cell or cell-line transformed or transfected with the
vector according to the second aspect of the invention.
[0056] Ina preferred embodiment of the invention said cell
is a prokaryotic cell, for example, yeast or a bacterium such as
E. coli. Alternatively said cell is aeukaryotic cell, for example
a fungal, insect, amphibian, mammalian, for example, COS,
CHO cells, Bowes Melanoma and other suitable human cells,
or plant cell.
[0057] According to a fifth aspect of the invention there is
provided a vaccine comprising at least one antigenic polypep-
tide, or part thereof, according to the first aspect of the inven-
tion. Preferably said vaccine further comprises a carrier and/
or adjuvant.
[0058] As used herein “part thereof” may include a frag-
ment or subunit of the antigenic polypeptide wherein the
fragment or subunit is sufficient to induce an antigenic
response in a recipient.
[0059] The vaccine according to the fifth aspect may be a
subunit vaccine in which the immunogenic part of the vaccine
is a fragment or subunit of the antigenic polypeptide accord-
ing to the first aspect of the invention.
[0060] The terms adjuvant and carrier are construed in the
following manner. Some polypeptide or peptide antigens con-
tain B-cell epitopes butno T cell epitopes. Immune responses
can be greatly enhanced by the inclusion of a T cell epitope in
the polypeptide/peptide or by the conjugation of the polypep-
tide/peptide to an immunogenic carrier protein such as key
hole limpet haemocyanin or tetanus toxoid which contain
multiple T cell epitopes. The conjugate is taken up by antigen
presenting cells, processed and presented by human leuko-
cyte antigens (HLA’s) class II molecules. This allows T cell
help to be given by T cell’s specific for carrier derived
epitopes to the B cell which is specific for the original anti-
genic polypeptide/peptide. This can lead to increase in anti-
body production, secretion and isotype switching.
[0061] An adjuvant is a substance or procedure which aug-
ments specific immune responses to antigens by modulating
the activity of immune cells. Examples of adjuvants include,
by example only, agonsitic antibodies to co-stimulatory mol-
ecules, Freunds adjuvant, muramyl dipeptides, liposomes. An
adjuvant is therefore an immunomodulator. A carrier is an
immunogenic molecule which, when bound to a second mol-
ecule augments immune responses to the latter.
[0062] Inyet a further aspect of the invention there is pro-
vided a method to immunise an animal against a pathogenic
microbe comprising administering to said animal at least one
polypeptide, or part thereof, according to the first aspect of the
invention. Preferably, the polypeptide is in the form of a
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vaccine according to the fifth aspect of the invention. In a
preferred method of the invention the animal is human.
[0063] Preferably the antigenic polypeptide of the first
aspect, or the vaccine of the fifth aspect, of the invention can
be delivered by direct injection either intravenously, intra-
muscularly, subcutaneously. Further still, the vaccine or anti-
genic polypeptide, may be taken orally. The polypeptide or
vaccine may be administered in a pharmaceutically accept-
able carrier, such as the various aqueous and lipid media, such
as sterile saline, utilized for preparing injectables to be
administered intramuscularly and subcutaneously. Conven-
tional suspending and dispersing agents can be employed.
Other means of administration, such as implants, for example
a sustained low dose releasing bio-observable pellet, will be
apparent to the skilled artisan. Preferably the vaccine is
against the bacterial species Staphylococcus aureus.

[0064] It will also be apparent that vaccines or antigenic
polypeptides are effective at preventing or alleviating condi-
tions in animals other than humans, for example and not by
way of limitation, family pets (e.g. domestic animals such as
cats and dogs), livestock (e.g. cattle, sheep, pigs) and horses.
[0065] According to a further aspect of the invention there
is provided an antibody, or at least an effective binding part
thereof, which binds at least one antigenic polypeptide, or
part thereof, according to the invention.

[0066] In a preferred aspect of the invention said antibody
is a polyclonal or monoclonal antibody.

[0067] 1In a further preferred aspect of the invention said
antibody is a chimeric antibody produced by recombinant
methods to contain the variable region of said antibody with
an invariant or constant region of a human antibody.

[0068] In a further preferred aspect of the invention, said
antibody is humanised by recombinant methods to combine
the complimentarity determining regions of said antibody
with both the constant (C) regions and the framework regions
from the variable (V) regions of a human antibody.

[0069] Preferably said antibody is provided with a marker
including a conventional label or tag, for example a radioac-
tive and/or fluorescent and/or epitope label or tag.

[0070] Preferably said humanised monoclonal antibody to
said polypeptide is produced as a fusion polypeptide in an
expression vector suitably adapted for transfection or trans-
formation of prokaryotic or eukaryotic cells.

[0071] Antibodies, also known as immunoglobulins, are
protein molecules which have specificity for foreign mol-
ecules (antigens). Immunoglobulins (Ig) are a class of struc-
turally related proteins consisting of two pairs of polypeptide
chains, one pair of light (L) (low molecular weight) chain (k
or A), and one pair of heavy (H) chains (y, a, A, d and €), all
four linked together by disulphide bonds. Both H and L
chains have regions that contribute to the binding of antigen
and that are highly variable from one Ig molecule to another.
In addition, H and [ chains contain regions that are non-
variable or constant.

[0072] TheL chains consist of two domains. The carboxy-
terminal domain is essentially identical among L chains of a
given type and is referred to as the “constant” (C) region. The
amino terminal domain varies from L chain to L chain and
contributes to the binding site of the antibody. Because of its
variability, it is referred to as the “variable” (V) region.
[0073] TheH chains of Ig molecules are of several classes,
a, A, 0, o, and y (of which there are several sub-classes). An
assembled Ig molecule consisting of one or more units of two
identical H and L chains, derives its name from the H chain
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that it possesses. Thus, there are five Ig isotypes: IgA, IgM,
IgD, IgE and 1gG (with four sub-classes based on the differ-
ences in the H chains, i.e., IgG1, IgG2, 1gG3 and 1gG4).
Further detail regarding antibody structure and their various
functions can be found in, Using Antibodies: A laboratory
manual, Cold Spring Harbour Laboratory Press.

[0074] Chimeric antibodies are recombinant antibodies in
which all of the V-regions of a mouse or rat antibody are
combined with human antibody C-regions. Humanised anti-
bodies are recombinant hybrid antibodies which fuse the
complimentarity determining regions from a rodent antibody
V-region with the framework regions from the human anti-
body V-regions. The C-regions from the human antibody are
also used. The complimentarity determining regions (CDRs)
are the regions within the N-terminal domain of both the
heavy and light chain of the antibody to where the majority of
the variation of the V-region is restricted. These regions form
loops at the surface of the antibody molecule. These loops
provide the binding surface between the antibody and anti-
gen.

[0075] Antibodies from non-human animals provoke an
immune response to the foreign antibody and its removal
from the circulation. Both chimeric and humanised antibod-
ies have reduced antigenicity when injected to a human sub-
ject because there is a reduced amount of rodent (i.e. foreign)
antibody within the recombinant hybrid antibody, while the
human antibody regions do not illicit an immune response.
This results in a weaker immune response and a decrease in
the clearance of the antibody. This is clearly desirable when
using therapeutic antibodies in the treatment of human dis-
eases. Humanised antibodies are designed to have less “for-
eign” antibody regions and are therefore thought to be less
immunogenic than chimeric antibodies.

[0076] Ina further preferred embodiment of the invention
said antibodies are opsonic antibodies. Opsonins are agents
which facilitate the phagocytosis of the above foreign bodies.
Phagocytosis is mediated by macrophages and polymorphic
leukocytes and involves the ingestion and digestion of micro-
organisms, damaged or dead cells, cell debris, insoluble par-
ticles and activated clotting factors. Opsonic antibodies are
therefore antibodies which provide the same function.
Examples of opsonins are the Fc portion of an antibody or
compliment C3.

[0077] Inanother aspect of the invention there is provided a
vector comprising a nucleic acid sequence encoding the
humanised or chimeric antibodies according to the invention.

[0078] In a yet further aspect of the invention, there is
provided a cell or cell line which comprises the vector encod-
ing the humanised or chimeric antibody according to the
invention. The cell or cell line may be transformed or trans-
fected with the vector encoding the humanised or chimeric
antibody according to the invention.

[0079] Ina yet further aspect of the invention there is pro-
vided a hybridoma cell line which produces a monoclonal
antibody as hereinbefore described.

[0080] Ina further aspect of the invention there is provided
a method of producing monoclonal antibodies according to
the invention using hybridoma cell lines according to the
invention.
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[0081] In a yet further aspect of the invention there is pro-
vided a method for the production of the humanised or chi-
meric antibody according to the invention comprising:

[0082] (i) providing a cell transformed or transfected
with a vector which comprises a nucleic acid molecule
encoding the humanised or chimeric antibody according
to the invention;

[0083] (ii) growingsaid cell in conditions suitable for the
production of said antibody; and

purifying said antibody from said cell, or its growth environ-
ment.

[0084] Ina further aspect of the invention there is provided
amethod for preparing a hybridoma cell-line according to the
invention comprising the steps of:

[0085] 1) immunising an immunocompetent mammal
with an immunogen comprising at least one polypeptide
having an amino acid sequence as represented in FIG. 1
(SEQIDNO: 9,11 and 13) or FIG. 3 (SEQ ID NO: 15),
or fragments thereof;

[0086] 1i) fusing lymphocytes of the immunised immu-
nocompetent mammal with myeloma cells to form
hybridoma cells;

[0087] 1iii) screening monoclonal antibodies produced by
the hybridoma cells of step (ii) for binding activity to the
amino acid sequences of (i);

[0088] iv) culturing the hybridoma cells to proliferate
and/or to secrete said monoclonal antibody; and

[0089] V) recovering the monoclonal antibody from the
culture supernatant.

[0090] The immunocompetent mammal may be a mouse,
rat or rabbit.

[0091] The production of monoclonal antibodies using
hybridoma cells is well-known in the art. The methods used to
produce monoclonal antibodies are disclosed by Kohler and
Milstein in Nature 256, 495-497 (1975) and also by Donillard
and Hoffman, “Basic Facts about Hybridomas™ in Compen-
dium of Immunology V.II ed. by Schwartz, 1981, which are
incorporated by reference.

[0092] Ina further aspect of the invention there is provided
the use of an antigenic polypeptide according to the first
aspect of the invention in the manufacture of a medicament
for the treatment or prophylaxis of a Staphylococcus aureus-
associated disorder.

[0093] Ina further aspect of the invention there is provided
the use of antibodies according to the invention in the manu-
facture of a medicament for the treatment of Staphylococcus
aureus-associated disorder.

[0094] In a further aspect of the invention there is provided
amethod of treating a patient comprising administering to the
patient an antigenic polypeptide according to the first aspect
of the invention, or a vaccine according to the fifth aspect of
the invention, or an antibody according to the invention. Pref-
erably the method is for the treatment of a Staphylococcus
aureus-associated disorder.

[0095] A Staphylococcus aureus-associated disorder may
include, for example, septicaemia; tuberculosis; bacteria-as-
sociated food poisoning; blood infections; peritonitis;
endocarditis; osteomyelitis; sepsis; skin disorders, meningi-
tis; pneumonia; stomach ulcers; gonorrhoea; strep throat;
streptococcal-associated toxic shock; necrotizing fasciitis;
impetigo; histoplasmosis; Lyme disease; gastro-enteritis;
dysentery; shigellosis
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[0096] An embodiment of the invention will now be
described by example only and with reference to the follow-
ing materials, methods and figures:

BRIEF DESCRIPTION OF THE DRAWINGS

[0097] FIG. 1 shows DNA sequences (a, b and c; SEQ 1D
NO: 9, 11 and 13, respectively), and corresponding amino
acid sequences (SEQ 1D NO: 10, 12 and 14, respectively),
encoding putative extracytoplasmic loops of a Staphylococ-
cus aureus PheP;

[0098] FIG. 2 shows the DNA sequence of a Staphylococ-
cus aureus PheP (SEQ ID NO: 15);

[0099] FIG. 3 shows the amino acid sequence (SEQ ID NO:
16) corresponding to the DNA sequence shown in FIG. 2.
[0100] FIG. 4. Schematic representation of the pheP-katA
locus. The direction of pheP and katA transcription is shown
with large arrows and putative transcription terminator struc-
tures with ball and stick. (A) 8325-4 (wild-type). (B) Mutant
ST1 showing the insertion of Tn917 with the corresponding
380 bp deletion ofthe 1542 bp coding region of the pheP gene
and 1,329 by deletion of the 1419 bp coding region of the
katA gene. (C) MTH600 (pheP) showing allelic replacement.
[0101] FIG. 5. Pathogenicity of S. aureus strains in a
murine skin abscess model of infection. Approximately 10®
cfu of each strain was inoculated subcutaneously into six to
eight-week old BALB/C mice: 8325-4 (wild-type) (n=10),
ST1 (pheP katA) (n=10), MJH600 (pheP) (n=10) and
PC1839 (sarA) (n=10). Seven days after infection mice were
euthanized, lesions removed and homogenised and viable
bacteria were counted after dilution and growth on BH1 agar
plates (3, 7). Significantly reduced recovery was observed for
ST1 (pheP katA) (0.15%) (P<0.003), MJHG00 (pheP) (1.9%)
(P<0.003) and PC1839 (sarA) (0.04%) (P<0.003). The
dashed line shows the limit of recovery. Bar indicates mean
value of recovery. Statistical significance was evaluated on
the recovery of strains using the Student’s t-test with a 5%
confidence limit.

[0102] FIG. 6. Starvation survival capabilities of 8325-4
(wild-type) (), ST1 (@), ST16 (katA) (O) and MIH600
(pheP) (A) MJH621 (pheP Pmal43R) (OJ) after prolonged
aerobic incubation in glucose-limiting CDM (22). Samples
were aseptically removed at the times indicated and viability
was assessed by dilution and counting colonies after 14 h
incubation on BHI agar. The experiment was repeated three
times giving very similar results; results from a representative
experiment are shown.

[0103] FIG. 7. Growth phenotype and complementation of
MIH600 (pheP). Strains were incubated overnight in a
microaerobic environment on pig serum agar without (A) or
with (B) added phenylalanine (1 mM final concentration).
Growth of MJTH620 (8325-4 pMAL43R) and MJH621 (pheP
Pmal43R) on pigserum agar (C). For complementation stud-
ies pMAL43 and Pmal43R were electroporated into 8325-4
(wild-type) and MJH600 (pheP). The pheP gene was cloned
directly in S. aureus due to toxicity of the gene in E. coll,
which prevented complementation of transport mutants of E.
coli.

EXAMPLES
Tn917 Library Screen

[0104] A screen of S. aureus Tn917 library transposants
with an altered ability to survive carbon starvation identified
strain ST1. Sequencing determined that the transposon inser-
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tion had produced a large deletion of the katA gene, encoding
catalase, and a smaller deletion in the divergently transcribed
pheP gene, which encodes a putative amino acid permease
(FIG. 4A, B).

Analysis of PheP Gene

[0105] Analysis of the PheP sequence revealed that it has
twelve non-contiguous regions of hydrophobicity indicative
of membrane-spanning domains. The protein has significant
homology with members of the amino acid-polyamine-orga-
nocation (APC) superfamily of transport proteins (Jack et al.
Microbiology. 146:1797-814 (2000) and Saier, M. H. Micro-
biology. 146:1775-1795 (2000)). S. aureus PheP exhibits
greatest sequence identity with E. coli LysP (44.6%), which
functions as a lysine permease, and B. subtilis RocE (34.9%),
which functions as an arginine and ornithine permease.
[0106] When the virulence of ST1 (pheP katA) was tested
in a murine abscess model of infection it had significantly
reduced recovery (0.15%) (P<0.003) compared to the
isogenic parent strain, 8325-4. The level of recovery for ST1
(pheP katA) was similar to that for the virulence regulator
mutant, sarA (0.04%) (P<9,993) (FIG. 5). In contrast the
recovery of ST16 (katA), as described previously (Hors-
burgh, et al. Infect. Immun. 69:3744-3754 (2001)), was not
significantly different from that of the 8325-4 (wild-type—
suggesting that the reduced virulence of ST1 (pheP katA) was
due to inactivation of the pheP gene.

[0107] An allelic replacement mutant, MJH600 (pheP)
(FIG. 4C) was constructed to determine if inactivation of
pheP was the contributing factor for the reduced virulence of
ST1. Allelic replacement was achieved by amplifying the
pheP gene in upstream and downstream fragments using
primers CCAGAATTCTGCCAATGATTAACTCTAATCG
(SEQ ID NO: 1) with ATGATGGTACCAGTAGCTA-
CAAATAGACCAGTCC (SEQIDNO: 2) and AGAGGATC-
CGCATGTCGCAATCGTATTTGTGACC (SEQ ID NO: 3)
with GGACTGGTCTATTTCTAGCTACTGGTACCATCAT
(SEQ ID NO: 4). The tetracycline resistance gene (tet) from
pDG1513 (Guerot-Fleury, et al. Gene 167:335-336 (1995))
was amplified using primer CCGGTACCCGGATTTTAT-
GACCGATGATGAAG (SEQ ID NO: 5) with CCGGTAC-
CTTAGAAATCCCTTTGAGAATGTTT (SEQ ID NO: 6).
Following purification, the three separate PCR products were
digested with BamHI/Kpnl, EcoRI/Kpnl and Kpnl, respec-
tively, and simultaneously ligated to BamHI/EcoRI digested
pAZ106 (Kemp et al, J. Bacteriol. 173:4646-4652 (1991),
Sambrook etal. One tetracycline resistant clone, Pmal32, was
used to transform electrocompetent S. aureus RN4220
(Schenk, S, and R. A. Ladagga. Lett. 94:133-138 (1992)) and
resolved by outcross via transduction of S. aureus 8325-4
using ¢11.

PheP Mutant Studies

[0108] MJHG600 (pheP) had reduced virulence (P<0.003)
compared with 8325-4 (wild-type) when tested in a murine
abscess model (FIG. 5). This demonstrated that reduced viru-
lence was associated with mutation of pheP and confirmed
that the inactivated permease gene was the determinant
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responsible for the reduced virulence of ST1. The virulence
of ST1 (katA pheP) was significantly reduced (P<0.02) rela-
tive to that of MJH600 (pheP), suggesting that katA might
contribute to survival in a pheP mutant. MJH600 (pheP)
showed a similar exoprotein profile to 8325-4 (wild-type)
ruling out major effects of the mutation on expression of
known extracellular virulence factors (data not shown).
Reduced virulence of MTH600 (pheP) was similarly observed
in a Drosophila melonogaster model of infection (A.
Needham and S. J. Foster, unpublished data).

Mutant Complementation Studies

[0109] ST16 (katA) has reduced capacity to survive glu-
cose starvation (Horsburgh et al. Infect. Immun. 69:3744-
3754 (2001) and Watson et al, J. Bacteriol. 180:1750-1758
(1998)). Since ST1 (katA pheP) had reduced survival com-
pared to ST16 (katA) during prolonged aerobic incubation in
glucose-limiting CDM, the starvation survival of MJH600
(pheP) was tested. MTH600 (pheP) lost viability more rapidly
than the parental strain, such that after five days viability was
ten times lower than 8325-4 (wild-type) (FIG. 6). Survival
was restored by the presence of pMAL43R, containing a
full-length copy of the pheP gene on the complementation
vector pMK4 (Sullivan et al, Gene 29:21-26 (1984)) (FIG. 6).
Plasmid pMAL43R was constructed by PCR amplifying
pheP using primer GAGAGGATCCTAGATGGGAGAC-
TAAATATGG (SEQ ID NO: 7) with CACAGAATTC-
GAATGGTAACATGGTAATAAT (SEQ ID NO: 8); the
product was digested with BamHI/EcoR], ligated to pMK4
and cloned directly in S. aureus RN4220.

[0110] MIH600 (pheP) grew similarly to the present strain,
8325-4 on nutrient and chemically defined medium (CDM)
under all conditions tested (data not shown). In contrast, a
strong growth defect was observed on pig serum agar (Wilt-
shire et al, Infect. Immun. 69:5198-5202 (2001)) for MIH600
(pheP) in microaerobic (5% CO,, 87% N,, 8% O,) (FIG. 7A)
and anaerobic conditions (data not shown); normal growth
was observed for aerobic growth on pig serum agar. Addition
of micromolar concentrations of components from CDM
identified that phenylalanine completely restored normal
growth of MJH600 (pheP) (FIG. 7B), indicating that the
permease mutant was likely to have a defect in phenylalanine
uptake. The growth defect was also rescued by complemen-
tation using Pmal43R indicating that only the pheP mutation
was responsible for the observed phenotype (FIG. 7C).

CONCLUSIONS

[0111] The ability of S. aureus to scavenge amino acids
from the host during infection would appear to be an impor-
tant adaptation to growth in vivo. S. aureus 8325-4 is not
auxotrophic for phenylalanine (Taylor, D. and K. T. Holland.
J. Appl. Bacteriol. 66:319-329 (1989)). Biosynthesis must not
be sufficient, however, to fulfil cellular growth requirements
in an environment such as the abscess, thereby creating a
requirement for phenylalanine uptake during infection.
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<160>

<210>
<21l>
<2l2>
<213>
<220>
<223>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 16

SEQ ID NO 1

LENGTH: 31

TYPE: DNA

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 1

ccagaattet gecaatgatt aactctaate g

<210>
<211>
<212>
<213>
«220>
<223>

<400>

SEQ ID NO 2

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 2

atgatggtac cagtagctac aaatagacca gtcc

<210>
<211>
«212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 3

agaggatccg catgtcgcaa tcogtatttgt gacce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 4

ggactggtct atttctaget actggtacca tcat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 5

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: 5

ccggtacceyg gattttatga cecgatgatga ag

<210>
<211l>
<2l2>
<213>
<220>
<223>

<400>

SEQ ID NO ¢

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

OTHER INFORMATION: primer

SEQUENCE: €

ceggtacett agaaatcect ttgagaatgt tt

31

34

34

34

32

32
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«210> SEQ ID NO 7

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 7

gagaggatcc tagatgggag actaaatatg g

<210> SEQ ID NO 8

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 8

cacagaattc gaatggtaac atggtaataa t

<210> SEQ ID NO 9

<211> LENGTH: 42

<212> TYPE: DNA

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 9

ctttatttct gggacacatt taaatttttc caccccatta ct
<210> SEQ ID NO 10

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 10

Leu Tyr Phe Trp Asp Thr Phe Lys Phe Phe His Pro Ile Thr

1 5 10

<210> SEQ ID NO 11

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Staphylococcus aureus

«<400> SEQUENCE: 11

ggtcatacat atggatttga aaactataca aaaggccaag caccgtttgt tggt
<210> SEQ ID NO 12

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 12

Gly His Thr Tyr Gly Phe Glu Asn Tyr Thr Lys Gly Gln Ala Pro Phe

1 5 10 15
Val Gly

<210> SEQ ID NO 13

<211> LENGTH: 63

<212> TYPE: DNA

«213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 13

31

31

42

54
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-continued

ccgtacacag atccatcatt attaagagca agtagttcaa taagtcaaag cccatttaca 60

att 63

<210> SEQ ID NO 14

<211> LENGTH: 21

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 14

Pro Tyr Thr Asp Pro Ser Leu Leu Arg Ala Ser Ser Ser Ile Ser Gln
1 5 10 15

Ser Pro Phe Thr Ile
20

<210> SEQ ID NO 15

<211> LENGTH: 1455

<212> TYPE: DNA

«213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 15

atggaagata ataaaatgaa ccgtagtctt aactcaagac acatttccat gattgctata 60
ggtggtgcaa ttgggactgg tctatttgta gctactggta atatcattte tcaagctggt 120
cctggaggcyg ctatactcge ttatcttgtt attggtgtca tgctatattt cttaatgtca 180
tcaattggag agttggcaac attttatcca gtatcaggtt cattcagetc ttattcaaca 240

cgetttattyg actcatetet tggetttace atgggatggt tgtattggge attgtggtea 300

ttagttacaa gtgttgatgt catagtagcg tcaaatgtgc tttatttctg ggacacattt 360

aaatttttcc accccattac ttggagctta atctttatta caattttact attattaaac 420
attttttctg taaaatcatt tggagaaact gagttttggt tatcattgat taaagtgtta 480
acaattatcg tattcgttat ttttggettt ttaatgattt teggtatett aggtggteat 540
acatatggat ttgaaaacta tacaaaagge caagcaccegt ttgttggtgg tatetetggt 600

ttettaggeg tattattagt cgecggattt teggttggty gtacagaagt agtagcagta 660

actgctggtyg aatcagatga ccctaaaaag tctatgccta aggcaattaa acaagtattt 720
tggcgtattc ttttattcta tgtcttatca attgcagtaa ttggtgcaat tattccgtac 780
acagatccat cattattaag agcaagtagt tcaataagtc aaagcccatt tacaattgta 840
ttcgatagag taggcatage ctttgcagca tcagtaatca acgceggttat tttaacttceca 900
ttattatccg ctgcaaattc aggtgtttat acaacaggca gaatgttgta ttcecttaagt 960

tcagacaaaa aagcacccca atttttaagt aaattaaaca agacaactaa gttaccttta 1020
agagcattat taactactta tgcagtcgtt gttattgtta ttatttatgc aaactttaat 1080
tcaaatgecg tttttaattt acttgaaatt attggttcaa tgattatagt tgtttgggga 1140
tcaagecattt ggtcacaaat acgattgcega caagctatta aaaaacaagyg tcaagaccect 1200
aataaggtcc taccatataa agcacctttt tatccattag gaccaatcat tgtcatcact 1260
acactattat tcttgctatt tggtggctca gttgaatata ttttaaaaga tcaatggtta 1320
aatgctttta aaaacttttt acctttaatc attctagcgt tgatttactt tattcataaa 1380
atcattcaca aaacaaaatt tgtaaagcta gaaacaatta atttaaaacc acacgattat 1440

gacaatcaaa aataa 1455
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-continued

<210> SEQ ID NO 16

<211> LENGTH: 484

<212> TYPE: PRT

<213> ORGANISM: Staphylococcus aureus

<400> SEQUENCE: 16

Met Glu Asp Asn Lys Met Asn Arg Ser Leu Asn Ser Arg His Ile Ser
1 5 10 15

Met Ile Ala Ile Gly Gly Ala Ile Gly Thr Gly Leu Phe Val Ala Thr
20 25 30

Gly Asn Ile Ile Ser Gln Ala Gly Pro Gly Gly Ala Ile Leu Ala Tyr
35 40 45

Leu Val Ile Gly Val Met Leu Tyr Phe Leu Met Ser Ser Ile Gly Glu
50 55 60

Leu Ala Thr Phe Tyr Pro Val Ser Gly Ser Phe Ser Ser Tyr Ser Thr
Arg Phe Ile Asp Ser Ser Leu Gly Phe Thr Met Gly Trp Leu Tyr Trp
85 90 95

Ala Leu Trp Ser Leu Val Thr Ser Val Asp Val Ile Val Ala Ser Asn
100 105 110

Val Leu Tyr Phe Trp Asp Thr Phe Lys Phe Phe His Pro Ile Thr Trp
115 120 125

Ser Leu Ile Phe Ile Thr Ile Leu Leu Leu Leu Asn Ile Phe Ser Val
130 135 140

Lys Ser Phe Gly Glu Thr Glu Phe Trp Leu Ser Leu Ile Lys Val Leu
145 150 155 160

Thr Ile Ile Val Phe Val Ile Phe Gly Phe Leu Met Ile Phe Gly Ile
165 170 175

Leu Gly Gly His Thr Tyr Gly Phe Glu Asn Tyr Thr Lys Gly Gln Ala
180 185 190

Pro Phe Val Gly Gly Ile Ser Gly Phe Leu Gly Val Leu Leu Val Ala
195 200 205

Gly Phe Ser Val Gly Gly Thr Glu Val Vval Ala Val Thr Ala Gly Glu
210 215 220

Ser Asp Asp Pro Lys Lys Ser Met Pro Lys Ala Ile Lys Gln Val Phe
225 230 235 240

Trp Arg Ile Leu Leu Phe Tyr Val Leu Ser Ile Ala Val Ile Gly Ala
245 250 255

Ile Ile Pro Tyr Thr Asp Pro Ser Leu Leu Arg Ala Ser Ser Ser Ile
260 265 270

Ser Gln Ser Pro Phe Thr Ile Val Phe Asp Arg Val Gly Ile Ala Phe
275 280 285

Ala Ala Ser Val Ile Asn Ala Val Ile Leu Thr Ser Leu Leu Ser Ala
290 295 300

Ala Asn Ser Gly Val Tyr Thr Thr Gly Arg Met Leu Tyr Ser Leu Ser
305 310 315 320

Ser Asp Lys Lys Ala Pro Gln Phe Leu Ser Lys Leu Asn Lys Thr Thr
325 330 335

Lys Leu Pro Leu Arg Ala Leu Leu Thr Thr Tyr Ala Val Val Val Ile
340 345 350

Val Ile Ile Tyr Ala Asn Phe Asn Ser Asn Ala Val Phe Asn Leu Leu
355 360 365
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-continued

Glu Ile Ile Gly Ser Met Ile Ile Val Val Trp Gly Ser Ser Ile Trp

370 375 380

Ser Gln Ile Arg Leu Arg Gln Ala Ile Lys Lys Gln Gly
385 390 395

Asn Lys Val Leu Pro Tyr Lys Ala Pro Phe Tyr Pro Leu
405 410

Ile Val Ile Thr Thr Leu Leu Phe Leu Leu Phe Gly Gly
420 425

Tyr Ile Leu Lys Asp Gln Trp Leu Asn Ala Phe Lys Asn
435 440 445

Leu Ile Ile Leu Ala Leu Ile Tyr Phe Ile His Lys Ile
450 455 460

Thr Lys Phe Val Lys Leu Glu Thr Ile Asn Leu Lys Pro
465 470 475

Asp Asn Gln Lys

Gln Asp Pro

400

Gly Pro Ile

415

Ser Val Glu

Phe Leu Pro

Ile His Lys

His Asp Tyr

480

1. An isolated antigenic polypeptide, or part thereof,
encoded by an isolated nucleic acid sequence selected from
the group consisting of:

1) a nucleic acid sequence as shown in SEQ ID NO: 9, 11,

or 13;

ii) a nucleic acid sequence as in (i) which encodes a

polypeptide expressed by a pathogenic organism;

1) a nucleic acid sequence which hybridises to the

sequence identified in (i) or (ii) above; and

iv) a nucleic acid sequence that is degenerate as a result of

the genetic code to the nucleic acid sequence defined in
(1), (ii) or (iii).

2. A medicament comprising the antigenic polypeptide of
claim 1.

3. The antigenic polypeptide of claim 1 wherein the nucleic
acid sequence is selected from the group consisting of:

1) a nucleic acid sequence as shown in SEQ ID NO: 15;

ii) a nucleic acid sequence as in (i) which encodes a

polypeptide expressed by a pathogenic organism;

ii1) a nucleic acid sequence which hybridises to the

sequence identified in (i) or (ii) above; and

iv) a nucleic acid sequence that is degenerate as a result of

the genetic code to the nucleic acid sequence defined in
(1), (i1) or (iit).

4. The antigenic polypeptide of claim 1 wherein the nucleic
acid sequence anneals under stringent hybridisation condi-
tions to the nucleic acid sequence shown in SEQID NO: 9, 11,
13, or 15 or its complementary strand.

5. The antigenic polypeptide of claim 1 wherein the
polypeptide has activity as a permease.

6. The antigenic polypeptide of claim 5 wherein the
polypeptide has phenylalanine permease activity.

7. The antigenic polypeptide of claim 1 wherein the
polypeptide is expressed by a pathogenic organism.

8. The antigenic polypeptide of claim 7 wherein the patho-
genic organism is a bacterium.

9. The antigenic polypeptide of claim 8 wherein the bac-
terium is selected from the group consisting of: Staphylococ-
cus aureus; Staphylococcus epidermidis; Enterococcus
Jaecalis; Mycobacterium tuberculosis; Streptococcus group

B; Streptoccocus pneumoniae; Helicobacter pylori; Neis-
seria gonorrhea, Streptococcus group A; Borrelia burgdor-
feri; Coccidiodes immitis; Histoplasma sapsulatum; Neis-
seria meningitidis type B; Shigella flexneri; Escherichia coli,
and Haemophilus influenzae.

10. The antigenic polypeptide of claim 8 wherein the bac-
terium is of the genus Staphvlococcus spp.

11. The antigenic polypeptide of claim 8 wherein the bac-
terium is Staphylococcus aureus.

12. The antigenic polypeptide of claim 1 wherein the
polypeptide is associated with infective pathogenicity of a
pathogenic organism.

13. The antigenic polypeptide of claim 1 wherein the
polypeptide comprises all, or part of, the amino acid sequence
shown in SEQ ID NO: 10, 12, 14, or 16.

14. A vector comprising a nucleic acid sequence encoding
the antigenic polypeptide of claim 1.

15. A method for producing a recombinant antigenic
polypeptide, comprising:

1) providing a cell transformed/transfected with the vector

according to claim 14;

ii) growing said cell in conditions suitable for the produc-

tion of said polypeptides; and

iil) purifying said polypeptide from said cell, or its growth

environment.

16. The method of claim 15, wherein the vector encodes a
secretion signal to facilitate purification of said polypeptide.

17. A cell or cell-line transformed or transfected with the
vector according claim 14.

18. A vaccine comprising at least one antigenic polypep-
tide of claim 1.

19. The vaccine of claim 18 wherein the vaccine comprises
a carrier and/or adjuvant.

20. A subunit vaccine comprising a fragment or subunit of
the antigenic polypeptide according to claim 1, wherein the
fragment or subunit is immunogenic.

21. A method to immunize an animal against a pathogenic
microbe comprising administering to said animal at least one
antigenic polypeptide of claim 1.

22. The method of claim 21 wherein the polypeptide is
present in a vaccine.
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23. The method of claim 21 wherein the animal is human.
24. An antibody, or at least an effective binding part
thereof, which binds at least one antigenic polvpeptide of
claim 1.
25. The antibody of claim 24 wherein the antibody is a
monoclonal antibody.
26. The antibody of claim 24 wherein the antibody is a
chimeric antibody, humanised antibody or opsonic antibody.
27. A vector comprising a nucleic acid sequence encoding
the antibody of claim 26.
28. A cell or cell line transformed or transfected with the
vector of claim 27.
29. A hybridoma cell line which produces the monoclonal
antibody of claim 25.
30. A method for the production of the humanised or chi-
meric antibody comprising:
1) growing the cell of claim 28 in conditions suitable for the
production of said antibody; and
11) purifying said antibody from said cell, or its growth
environment.
31. A method for preparing a hybridoma cell-line accord-
ing to claim 29 comprising
1) immunizing an immunocompetent mammal with an
immunogen comprising at least one polypeptide having
an amino acid sequence as represented in SEQ ID NO:
10, 12, 14, or 16, or fragments thereof;
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ii) fusing lymphocytes of the immunised immunocompe-
tent mammal with myeloma cells to form hybridoma
cells;

i) screening monoclonal antibodies produced by the
hybridoma cells of step (ii) for binding activity to the
amino acid sequences of (1);

iv) culturing the hybridoma cells to proliferate and/or to
secrete said monoclonal antibody; and

v) recovering the monoclonal antibody from the culture
supernatant.

32. A method of treating or preventing a Staphylococcus
aureus-associated disorder in a subject, comprising adminis-
tering the antigenic polypeptide of claim 1 to the subject.

33. A method of treating or preventing a Staphylococcus
aureus-associated disorder in a subject, comprising adminis-
tering the antibody of claim 24 to the subject.

34. The method of claim 34 wherein the Staphylococcus
aureus-associated disorder is selected from the group consist-
ing of: septicaemia; tuberculosis; bacteria-associated food
poisoning; blood infections; peritonitis; endocarditis; osteo-
myelitis; sepsis; skin disorders, meningitis; pneumonia;
stomach ulcers; gonorrhoea; strep throat; streptococcal-asso-
ciated toxic shock; necrotizing fasciitis; impetigo; histoplas-
mosis; Lyme disease; gastro-enteritis; dysentery; and
shigellosis.
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