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CHLAMYDIA ANTIGENS

TECHNICAL FIELD

This invention is in the field of Chlamydia trahomatis proteins and their uses.

BACKGROUND ART

Vaccine development has been identified as essential to controlling infection with C. trachomatis.

Vaccines against C. trachomatis appear to elicit protective T-cell and/or B-cell immunity in the

genital tract mucosa.

Protective immunity to C . trachomatis seems to depend on a ThI -polarized cell-mediated immune

response, in particular on CD4+ lymphocytes secreting IFNγ . For example, depletion of CD4+ T

cells in mice results in loss of protective immunity, and adoptive transfer of Chlamydia-specific

CD4+ T cells confers protection against challenge with C. trachomatis. Furthermore, recent studies

report that C. trachomatis infection in mice induces a CD4-Thl protective immune response,

indicating that critical Chlamydia antigens are processed and presented via the MHC class II pathway

(Brunham RC and Rey-Ladino J (2005), Nat Rev Immunol 5 : 149-161 1; Su H and Caldwell HD

(1995), Infect Immun 63: 3302-3308).

Although B-cells and antibodies do not have a decisive role in resolution of primary infection, they

are likely to be important for enhancing the protective effector T-cell response and to be required to

control re-infection with various mechanisms such as antibody-mediated neutralization and

opsonization.

Because immune protection against infection with C. trachomatis is likely to be mediated by

immunization with C. trachomatis proteins that are targets of CD4+ T cells and that are capable of

inducing B-cell responses, identification of such proteins is particularly important. It is therefore an

object of the invention to provide further antigens for use in Chlamydia vaccines.

DISCLOSURE OF THE INVENTION

The invention provides identifies Chlamydia antigens for use in the treatment, prevention and/or

diagnosis of Chlamydia infection. In particular, the invention provides one or more of the following

antigens (e.g. 1, 2, 3. 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21. 22, 23, 24, 25, 26,

27, 28, 29 or 30) from C. trachomatis for the treatment, prevention or diagnosis of Chlamydia

infection (and, in particular, C. trachomatis infection): CT733, CTl 53, CT601, CT279, CT443,

CT372, CT456, CT381, CT255, CT341, CT716, CT745, CT812, CT869, CT387, CT166, CT175,

CT163, CT214, CT721, CT127, CT043, CT823, CT600, CT71 1, CTl 14, CT480, CT089, CT734

and CT016 for example, one or more of CT733, CT153, CT601, CT279, CT443, CT372, CT456,

CT381 , CT255, CT341, CT716 and CT745.



In particular, the invention provides proteins for use in the treatment, prevention and/or diagnosis of

Chlamydia infection (and, in particular, C. trachomatis infection). Immunisation with the proteins is

preferably able to induce a specific CD4+ ThI cell mediated response against Chlamydia.

In one embodiment, the nucleic acid sequence and/or amino acid sequence of the protein comprises

the sequence presented in SEQ ID NO:1 and SEQ ID NO:2 respectively. This protein is also known

as "CT733" and is annotated as a hypothetical protein from C. trachomatis. In another embodiment,

the nucleic acid sequence and/or amino acid sequence of the protein comprises the sequence

presented in SEQ ID NO:3 and SEQ ID NO:4 respectively. This protein is also known as "CTl 53"

and is annotated as MACPF/ membrane-attack complex (MAC)/ perforin from C . trachomatis. In

another embodiment, the nucleic acid sequence and/or amino acid sequence of the protein comprises

the sequence presented in SEQ ID NO:5 and SEQ ID NO:6 respectively. This protein is also known

as "CT601" from C. trachomatis. In another embodiment, the nucleic acid sequence and/or amino

acid sequence of the protein comprises the sequence presented in SEQ ID NO:7 and SEQ ID NO:8

respectively. This protein is also known as "CT279" from C. trachomatis. In another embodiment,

the nucleic acid sequence and/or amino acid sequence of the protein comprises the sequence

presented in SEQ ID NO:9 and SEQ ID NO: 10 respectively. This protein is also known as "CT443"

from C. trachomatis. In another embodiment, the nucleic acid sequence and/or amino acid sequence

of the protein comprises the sequence presented in SEQ ID NO:1 1 and SEQ ID NO: 12 respectively.

This protein is also known as "CT372" from C . trachomatis. In another embodiment, the nucleic

acid sequence and/or amino acid sequence of the protein comprises the sequence presented in SEQ

ID NO: 13 and SEQ ID NO: 14 respectively. This protein is also known as "CT456" from C.

trachomatis. In another embodiment, the nucleic acid sequence and/or amino acid sequence of the

protein comprises the sequence presented in SEQ ID NO: 15 and SEQ ID NO: 16 respectively. This

protein is also known as "CT381" from C. trachomatis. In another embodiment, the nucleic acid

sequence and/or amino acid sequence of the protein comprises the sequence presented in SEQ ID

NO:39 and SEQ ID NO:40 respectively. This protein is also known as "CT255" from C.

trachomatis. In another embodiment, the nucleic acid sequence and/or amino acid sequence of the

protein comprises the sequence presented in SEQ ID NO:41 and SEQ ID NO:42 respectively. This

protein is also known as "CT341" from C. trachomatis. In another embodiment, the nucleic acid

sequence and/or amino acid sequence of the protein comprises the sequence presented in SEQ ID

NO:43 and SEQ ID NO:44 respectively. This protein is also known as "CT716" from C.

trachomatis. In another embodiment, the nucleic acid sequence and/or amino acid sequence of the

protein comprises the sequence presented in SEQ ID NO:45 and SEQ ID NO:46 respectively. This

protein is also known as ''CT745" from C. trachomatis. In another embodiment, the nucleic acid

sequence and/or amino acid sequence of the protein comprises the sequence presented in SEQ ID

NO:47 and SEQ ID NO:48, respectively. This protein is also known as "CT387" from C .

trachomatis and is annotated as a hypothetical protein. In another embodiment, the nucleic acid

and/or amino acid sequence of the protein comprises the sequence presented in SEQ ID NO:49 and



SEQ ID NO:50, respectively. This protein is also known as "CT812" from C. trachomatis and is

annotated as a polymorphic outer membrane protein. In another embodiment, the nucleic acid and/or

amino acid sequence of the protein comprises the sequence presented in SEQ ID NO:51 and SEQ ID

NO:52, respectively. This protein is also known as "CT869" from C. trachomatis and is annotated as

a polymorphic outer membrane protein. In another embodiment, the nucleic acid and/or amino acid

sequence of the protein comprises the sequence presented in SEQ ID NO:53 and SEQ ID NO:54,

respectively. This protein is also known as "CTl 66" from C . trachomatis. In another embodiment,

the nucleic acid and/or amino acid sequence of the protein comprises the sequence presented in SEQ

ID NO:55 and SEQ ID NO:56, respectively. This protein is also known as "CTl 75" from C.

trachomatis. In another embodiment, the nucleic acid and/or amino acid sequence of the protein

comprises the sequence presented in SEQ ID NO: 155 and SEQ ID NO: 156, respectively. This

protein is also known as "CTl 63" from C. trachomatis. In another embodiment, the nucleic acid

and/or amino acid sequence of the protein comprises the sequence presented in SEQ ID NO: 159 and

SEQ ID NO: 160, respectively. This protein is also known as "CT214" from C . trachomatis. In

another embodiment, the nucleic acid and/or amino acid sequence of the protein comprises the

sequence presented in SEQ ID NO: 163 and SEQ ID NO: 164, respectively. This protein is also

known as "CT721" from C. trachomatis. In another embodiment, the nucleic acid and/or amino acid

sequence of the protein comprises the sequence presented in SEQ ID NO: 167 and SEQ ID NO: 168,

respectively. This protein is also known as "CT127" from C . trachomatis.

In some embodiments, the protein is a variant of a protein as described above. For example, the

protein may comprise one or more mutations (for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more

mutations) in the sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 19, 20, 21, 22, 23, 24, 40,

42, 44, 46, 48, 50, 52, 54, 56, 136, 140, 156, 160, 164 or 168, for example, in the sequence of SEQ

ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 40, 42, 44, or 46. Preferred mutations are those which do not cause

a significant conformational change in the protein such that the protein of the invention retains the

ability to elicit an immune response against the wild-type Chlamydia protein. The proteins having

the sequences presented in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 40, 42, 44, 46, 48, 50, 52, 54 and

56 are the wild-type proteins.

In some embodiments, the one or more mutations are present in the N-terminal portion of the protein,

for example, between residues 1 and 20 of the protein, between residues 2 1 and 40, between residues

4 1 and 60, between residues 1 and 60 or between residues 1 and 40 of the protein. In some

embodiments, the one or more mutations are present in the C-terminal portion of the protein, for

example, between the C-terminal 20 residues of the protein, between residues 2 1 and 40 from the

C-terminus, between residues 4 1 and 60 from the C-terminus; between residues 1 and 60 from the

C-terminus or between residues 1 and 40 from the C-terminus of the protein.

Preferably, the amino acid sequences contain fewer than twenty mutations (e.g. 19, 18, 17, 16, 15,

14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1). Each mutation preferably involves a single amino acid



and is preferably a point mutation. The mutations may each independently be a substitution, an

insertion or a deletion. Preferred mutations are single amino acid substitutions. The proteins may

also include one or more (e g 1, 2, 3, 4, 5, 6, 7, 8, 9, etc ) single amino acid deletions relative to the

Chlamydia sequences. The proteins may also include one or more (e g 1, 2, 3, 4, 5, 6, 7, 8, 9, etc )

insertions (e g each of 1, 2, 3, 4 or 5 or more amino acids) relative to the Chlamydia sequences.

Deletions, substitutions or insertions may be at the N-terminus and/or C-terminus, or may be between

the two termini. Thus a truncation is an example of a deletion. Truncations may involve deletion of

up to 40 (or more) amino acids at the N-terminus and/or C-terminus (for example, 1-10, 11-40, 41-

70, 71-100 or more amino acids).

Amino acid substitutions may be to any one of the other nineteen naturally occurring amino acids.

Preferably, a substitution mutation is a conservative substitution. Alternatively, a substitution

mutation is a non-conservative substitution. A conservative substitution is commonly defined as a

substitution introducing an amino acid having sufficiently similar chemical properties, e.g. having a

related side chain (e.g. a basic, positively charged amino acid should be replaced by another basic,

positively charged amino acid), in order to preserve the structure and the biological function of the

molecule. Genetically-encoded amino acids are generally divided into four families: (1) acidic i e

aspartate, glutamate; (2) basic / e lysine, arginine, histidine; (3) non-polar / e alanine, valine,

leucine, isoleucine, proline, phenylalanine, methionine, tryptophan; and (4) uncharged polar i e

glycine, asparagine, glutamine, cysteine, serine, threonine, tyrosine. Phenylalanine, tryptophan, and

tyrosine are sometimes classified jointly as aromatic amino acids. In general, substitution of single

amino acids within these families does not have a major effect on the biological activity. Further

examples of conversative substitutions that may be used in the invention are presented in Table 1.

TABLE 1



Examples of non-conservative substitutions that may be used in the invention include the substitution

of an uncharged polar amino acid with a nonpolar amino acid, the substitution of a nonpolar amino

acid with an uncharged polar amino acid, the substitution of an acidic amino acid with a basic amino

acid and the substitution of a basic amino acid with an acidic amino acid.

Mutations may also be introduced to improve stability, e.g., the insertion of disulphide bonds (van

den Akker et al. Protein Sci., 1997, 6:2644-2649). For example, the protein may comprise an amino

acid sequence having sequence identity to the amino acid sequence of any one of SEQ ID NOs: 2, 4,

6, 8, 10, 12, 14, 16, 18, 19, 20, 2 1, 22, 23, 24, 40, 42, 44, 46, 48, 50, 52, 54, 56, 136, 140, 156, 160,

164 and 168, for example, of any one of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16, 40, 42, 44 and 46.

The degree of sequence identity is preferably greater than 50% (e.g. 60%, 70%, 80%, 90%, 95%,

97%, 98%, 99% or more). These proteins include homologs, orthologs, allelic variants and

functional mutants. Identity between proteins is preferably determined by the Smith-Waterman

homology search algorithm as implemented in the MPSRCH program (Oxford Molecular), using an

affine gap search with parameters gap open penalty = 12 and gap extension penalty = 1.

The Chlamydia protein of the invention may comprise one or more amino acid derivatives. By

"amino acid derivative" is intended an amino acid or amino acid-like chemical entity other than one

of the 20 genetically encoded naturally occurring amino acids. In particular, the amino acid

derivative may contain substituted or non-substituted, linear, branched, or cyclic alkyl moieties, and

may include one or more heteroatoms. The amino acid derivatives can be made de novo or obtained

from commercial sources (Calbiochem-Novabiochem AG; Bachem).

In some embodiments, the variant protein is a homologous protein from C . pneumoniae, C. psiltaci,

C. pecorum, C. muridarum or C. suis.

The invention further provides a protein comprising or consisting of a fragment of a protein

comprising or consisting of the amino acid sequence of any of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14,

16, 18, 19, 20, 21, 22, 23, 24, 40, 42, 44, 46, 48, 50, 52, 54, 56, 136, 140, 156, 160, 164 or 168, for

example, of any one of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 40, 42, 44 or 46, or a fragment of a

variant thereof. The fragment should comprise at least n consecutive amino acids from the protein

and, depending on the particular sequence, n is 6 or more (e.g. 8, 11, 16, 31, 51, 76, 121, 181, 231 ,

281, 331, 38 1, 431, 440, 445, 446, 481, 531, 581, 63 1, 681, 73 1, 781, 801, 806, 808 or more). The

fragment is n-1 amino acids or less in length, wherein n = the number of amino acids in the full

length protein (e.g. n-5, n-20, n-50, n-1 10, n-1 80, n-240, n-310, n-380, n-445, n-515, n-595, n-675,

n-745, n-785, n-800 amino acids or less in length). Preferably the fragment comprises one or more



epitopes from the protein. Preferably, one or more of the epitopes is an MHC class II epitope, for

example, a CD4+ T cell epitope. In some embodiments, the fragment comprises or consists of the

amino acid sequence of any of SEQ ID NOs 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92,

94, 96, 98, 100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, 132, 134,

138, 142, 146, 150, 154, 158, 162, 166 and 170. In some embodiments, the invention provides a

protein comprising or consisting of a fragment of a protein comprising or consisting of the amino

acid sequence recited in SEQ ID NO: 122. Table 3 below shows which fragments correspond to

which full length sequences.

TABLE 3





The protein of the invention, for example the variant protein or the fragment, is preferably

immunogenic.

The term "immunogenic" in the context of "an immunogenic variant" and "immunogenic fragment",

is used to mean that the protein is capable of eliciting an immune response, such as a cell-mediated

and/or an antibody response, against the wild-type Chlamydia protein from which it is derived, for

example, when used to immunise a subject (preferably a mammal, more preferably a human or a

mouse). For example, the protein of the invention (for example, the variant or fragment) is

preferably capable of stimulating in vitro CD4+ IFNγ+ cells in splenocytes purified from mice

infected with live C. trachomatis to a level comparable with the wild-type Chlamydia protein. The

protein of the invention preferably retains the ability to elicit antibodies that recognise the wild-type

protein. For example, the protein of the invention preferably elicits antibodies that can bind to, and

preferably neutralise the activity of, the wild-type protein. In a further embodiment, the protein of

the invention is capable of eliciting antibodies that are capable of neutralising Chlamydia infectivity

and/or virulence. In some embodiments, the antibodies are able to cross-react with the protein of the



invention and the wild-type protein, but with no other homologous protein (e.g. from another

Chlamydia species). In other embodiments, the antibodies are cross-reactive with the wild-type

protein and with homologous proteins from other Chlamydia species. In some embodiments, the

antibodies are cross-reactive with the wild-type protein and with homologous protein from other

organisms (for example from E.coli or H .influenzae). Mice immunized with the protein of the

invention and the wild-type Chlamydia protein preferably show similar antigen-specific antibody

titers. Antibody titres and specificities can be measured using standard methods available in the art.

Other methods of testing the immunogenicity of proteins are also well known in the art.

For example, the variant or fragment is preferably capable of eliciting an immune response, such as a

cell-mediated and/or an antibody response, against the wild-type Chlamydia protein. In one

embodiment the fragment is capable of stimulating in vitro CD4+ IFNγ+ cells in splenocytes purified

from mice infected with live C. trachomatis to a level comparable with the wild-type Chlamydia

protein and/or retains the ability to elicit antibodies that recognise the wild-type protein.

Preferably, the variant or the fragment is capable of inducing a specific CD4-Thl cell mediated

response against the wild type Chlamydia protein.

The proteins of the invention can, of course, be prepared by various means {e.g. recombinant

expression, purification from native host, purification from cell culture, chemical synthesis etc.) and

in various forms {e.g. native, fusions, glycosylated, non-glycosylated, lipidated, non-lipidated,

phosphorylated, non-phosphorylated, myristoylated, non-myristoylated, monomeric, multimeric,

particulate, denatured, etc.). Generally, the recombinant fusion proteins of the present invention are

prepared as a GST-fusion protein and/or a His-tagged fusion protein.

The proteins of the invention are preferably prepared in purified or substantially pure form {i.e.

substantially free from host cell proteins and/or other Chlamydia proteins), and are generally at least

about 50% pure (by weight), and usually at least about 90% pure, i.e. less than about 50%, and more

preferably less than about 10% {e.g. 5%) of a composition is made up of other expressed

polypeptides. Thus the antigens in the compositions are separated from the whole organism with

which the molecule is expressed.

Whilst expression of the proteins of the invention may take place in Chlamydia, the invention

preferably utilises a heterologous host. The heterologous host may be prokaryotic {e.g. a bacterium)

or eukaryotic. It is preferably E.coli, but other suitable hosts include Bacillus subtilis, Vibrio

cholerae, Salmonella typhi, Salmonella typhimiiriυm, Neisseria lactamica, Neisseria cinerea,

Mycobacteria {e.g. M.tuberculosis), yeasts, etc.

The term "polypeptide" or "protein" refers to amino acid polymers of any length. The polymer may

be linear or branched, it may comprise modified amino acids, and it may be interrupted by

non-amino acids. The terms also encompass an amino acid polymer that has been modified naturally

or by intervention; for example, disulfide bond formation, glycosylation, lipidation, acetylation,



phosphorylation, or any other manipulation or modification, such as conjugation with a labeling

component. Also included are, for example, polypeptides containing one or more analogs of an

amino acid (including, for example, unnatural amino acids, etc.), as well as other modifications

known in the art. Polypeptides can occur as single chains or associated chains.

The invention provides polypeptides comprising a sequence -P-Q- or -Q-P-, wherein: -P- is an amino

acid sequence as defined above and -Q- is not a sequence as defined above i.e. the invention provides

fusion proteins. Where the N-terminus codon of -P- is not ATG, but this codon is not present at the

N-terminus of a polypeptide, it will be translated as the standard amino acid for that codon rather

than as a Met. Where this codon is at the N-terminus of a polypeptide, however, it will be translated

as Met. Examples of -Q- moieties include, but are not limited to, histidine tags {i.e. His,, where n = 3,

4, 5, 6, 7, 8, 9, 10 or more), maltose-binding protein, or glutathione-S-transferase (GST).

Proteins of the invention may be attached to a solid support. They may comprise a detectable label

{e.g. a radioactive or fluorescent label, or a biotin label).

Antibodies

The proteins of the invention induce antibodies that may be used as a vaccine capable of neutralising

the activity of infectious EB. The antibodies may alternatively be used for the diagnosis of

Chlamydia infection. Thus, the invention provides antibodies for use in the treatment, prevention or

diagnosis of Chlamydia infection. Preferably, the infection is by C . trachomatis, but may

alternatively be by C . psittaci, C . pecorum, C . miiridarum or C. siiis.

The term "antibody' " includes intact immunoglobulin molecules, as well as fragments thereof which

are capable of binding an antigen. These include hybrid (chimeric) antibody molecules (Winter et

al, (1991) Nature 349:293-99; US 4,816,567); F(ab')2 and F(ab) fragments and Fv molecules; non-

covalent heterodimers (Inbar et al., (1972) Proc. Natl. Acad. Sci. U.S.A. 69:2659-62; Ehrlich el al.,

(1980) Biochem 19:4091-96); single-chain Fv molecules (sFv) (Huston et al, (1988) Proc. Natl.

Acad. Sci. U.S.A. 85:5897-83); dimeric and trimeric antibody fragment constructs; minibodies Pack

et al., (1992) Biochem 31, 1579-84; Cumber et al, (1992) J . Immunology 149B, 120-26); humanized

antibody molecules (Riechmann et al, (1988) Nature 332, 323-27; Verhoeyan et al, (1988) Science

239, 1534-36; and GB 2,276,169); and any functional fragments obtained from such molecules, as

well as antibodies obtained through non-conventional processes such as phage display. Preferably,

the antibodies are monoclonal antibodies. Methods of obtaining monoclonal antibodies are well

known in the art. Humanised or fully-human antibodies are preferred.

The antibodies may be polyclonal or monoclonal and may be produced by any suitable means. The

antibody may include a detectable label.

Also provided is a method for preparing antibodies comprising immunising a mammal (such as a

mouse or a rabbit) with a protein of the invention and obtainining polyclonal antibodies or

monoclonal antibodies by conventional techniques. For example, polyclonal antisera may be



obtained by bleeding the immunized animal into a glass or plastic container, incubating the blood at

25°C for one hour, followed by incubating at 4°C for 2-18 hours. The serum is recovered by

centrifugation (eg. 1,00Og for 10 minutes). Monoclonal antibodies may be prepared using the

standard method of Kohler & Milstein [Nature (1975) 256:495-96], or a modification thereof, or by

any other suitable method.

Nucleic acids

According to a further aspect, the invention provides a nucleic acid encoding a protein or antibody of

the invention. In some embodiments, the nucleic acid sequence encoding a protein of the invention

preferably comprises or consists of any one of SEQ ID NOs:l, 3, 5, 7, 9, 11, 13, 15, 17, 39, 41, 43,

45, 47, 49, 51, 53, 55, 135, 139, 155, 159, 163 or 167, for example, of any one of SEQ ID NOs: 1, 3,

5, 7, 9, 11, 13, 15, 39, 41, 43 or 45. In some embodiments, the nucleic acid sequence encoding a

protein of the invention comprises or consists of any one of SEQ ID NOs: 63, 65, 67, 69, 71, 73, 75,

77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121,

123, 125, 127, 129, 131 and 133.

The invention also provides nucleic acid comprising nucleotide sequences having sequence identity

to such nucleotide sequences. Identity between sequences is preferably determined by the

Smith-Waterman homology search algorithm as described above. Such nucleic acids include those

using alternative codons to encode the same amino acid.

The invention also provides nucleic acid which can hybridize to these nucleic acids. Hybridization

reactions can be performed under conditions of different "stringency". Conditions that increase

stringency of a hybridization reaction of widely known and published in the art (e.g. page 7.52 of

Kaplitt, Nature Genetics (1994) (5:148). Examples of relevant conditions include (in order of

increasing stringency): incubation temperatures of 25°C, 37°C, 500C, 55°C and 68°C; buffer

concentrations of 10 x SSC, 6 x SSC, 1 x SSC, 0.1 x SSC (where SSC is 0.1 5 M NaCl and 15 mM

citrate buffer) and their equivalents using other buffer systems; formamide concentrations of 0%,

25%, 50%, and 75%; incubation times from 5 minutes to 24 hours; 1, 2, or more washing steps; wash

incubation times of 1, 2, or 15 minutes; and wash solutions of 6 x SSC, 1 x SSC, 0.1 x SSC, or

de-ionized water. Hybridization techniques and their optimization are well known in the art (e.g. see

US patent 5,707,829, Current Protocols in Molecular Biology (F.M. Ausubel et al. eds., 1987)

Supplement 30, Kaplitt, Nature Genetics (1994) 6:148, and WO 94/03622, etc.).

The nucleic acid may be used in hybridisation reactions (e.g. Northern or Southern blots, or in

nucleic acid microarrays or 'gene chips') or in amplification reactions (e.g. PCR, SDA, SSSR, LCR,

NASBA, TMA) etc.

The invention also provides a nucleic acid comprising sequences complementary to those described

above (e.g. for antisense or probing, or for use as primers). In one embodiment, the nucleic acid is

complementary to the full length of the nucleic acid described above.



Nucleic acid according to the invention may be labelled e.g. with a radioactive or fluorescent label.

This is particularly useful where the nucleic acid is to be used as a primer or probe e.g. in PCR, LCR

or TMA.

The term "nucleic acid" includes in general means a polymeric form of nucleotides of any length,

which contain deoxyribonucleotides, ribonucleotides, and/or their analogs. It includes DNA, RNA,

DNA/RNA hybrids. It also includes DNA or RNA analogs, such as those containing modified

backbones (e.g. peptide nucleic acids (PNAs) or phosphorothioates) or modified bases. Thus the

invention includes mRNA, ribozymes, DNA, cDNA, recombinant nucleic acids, branched nucleic

acids, plasmids, vectors, probes, primers, etc. . Where nucleic acid of the invention takes the form of

RNA, it may or may not have a 5' cap.

Nucleic acids of the invention can take various forms (e.g. single stranded, double stranded, vectors,

primers, probes etc.). Unless otherwise specified or required, any embodiment of the invention that

utilizes a nucleic acid may utilize both the double-stranded form and each of two complementary

single-stranded forms which make up the double-stranded form. Primers and probes are generally

single-stranded, as are antisense nucleic acids.

Nucleic acids of the invention are preferably prepared in substantially pure form (i.e. substantially

free from naturally-occuring nucleic acids, particularly from chlamydial or other host cell nucleic

acids), generally being at least about 50% pure (by weight), and usually at least about 90% pure.

Nucleic acids of the invention may be prepared in many ways e.g. by chemical synthesis (e.g.

phosphoramidite synthesis of DNA) in whole or in part, by digesting longer nucleic acids using

nucleases (e.g. restriction enzymes), by joining shorter nucleic acids or nucleotides (e.g. using ligases

or polymerases), from genomic or cDNA libraries, etc.

The invention provides vectors comprising nucleotide sequences of the invention (e.g. cloning or

expression vectors) and host cells transformed with such vectors. Nucleic acids of the invention may

be part of a vector i.e. part of a nucleic acid construct designed for transduction/transfection of one or

more cell types. Vectors may be, for example, "cloning vectors" which are designed for isolation,

propagation and replication of inserted nucleotides, "expression vectors" which are designed for

expression of a nucleotide sequence in a host cell, "viral vectors" which are designed to result in the

production of a recombinant virus or virus-like particle, or "shuttle vectors", which comprise the

attributes of more than one type of vector. Preferred vectors are plasmids.

Also provided is a host cell comprising a nucleic acid of the invention. A "host cell" includes an

individual cell or cell culture which can be or has been a recipient of exogenous nucleic acid. Host

cells include progeny of a single host cell, and the progeny may not necessarily be completely

identical (in morphology or in total DNA complement) to the original parent cell due to natural,

accidental, or deliberate mutation and/or change. Host cells include cells transfected or infected in

vivo or in vitro with nucleic acid of the invention, for example, with a vector of the invention.



Where a nucleic acid is DNA, it will be appreciated that "U" in a RNA sequence will be replaced by

"T" in the DNA. Similarly, where a nucleic acid is RNA, it will be appreciated that "T" in a DNA

sequence will be replaced by "U" in the RNA.

The term "complement" or "complementary" when used in relation to nucleic acids refers to Watson-

Crick base pairing. Thus the complement of C is G, the complement of G is C, the complement of A

is T (or U), and the complement of T (or U) is A. It is also possible to use bases such as I (the purine

inosine) e g to complement pyrimidines (C or T).

Nucleic acids of the invention can be used, for example: to produce polypeptides; as hybridization

probes for the detection of nucleic acid in biological samples; to generate additional copies of the

nucleic acids; to generate ribozymes or antisense oligonucleotides; as single-stranded DNA primers

or probes; or as triple-strand forming oligonucleotides.

The invention provides a process for producing nucleic acid of the invention, wherein the nucleic

acid is synthesised in part or in whole using chemical means.

For certain embodiments of the invention, nucleic acids are preferably at least 24 nucleotides in

length (e g 60, 120, 240, 390, 540, 720, 900, 1200, 1320, 1500, 1800, 2100, 2400, 2415 nucleotides

or longer).

For certain embodiments of the invention, nucleic acids are preferably at most 2430 nucleotides in

length (e g 2427, 2394, 2250, 2034, 1450, 1300. 1150. 1000, 850, 700, 500 nucleotides or shorter).

Primers and probes of the invention, and other nucleic acids used for hybridization, are preferably

between 10 and 30 nucleotides in length (e g 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 2 1, 22, 23, 24,

25, 26, 27, 28, 29, or 30 nucleotides).

Immunogenic compositions and medicaments

The protein, antibody, and/or nucleic acid or medicament may be in the form of a composition.

These compositions may be suitable as immunogenic compositions (e g vaccines), or as diagnostic

reagents.

Preferably, the composition is an immunogenic composition. It is particularly advantageous to use a

protein of the invention in an immunogenic composition such as a vaccine. It is also envisaged that

the immunogenic composition may comprise a nucleic acid which encodes a protein of the invention

such that the protein is generated in vivo.

An immunogenic composition of the invention comprises a protein, antibody, nucleic acid, vector

and/or host cell according to the invention. Immunogenic compositions according to the invention

may either be prophylactic (/ e to prevent infection) or therapeutic ( e to treat infection), but will

typically be prophylactic. Where the immunogenic composition is for prophylactic use, the human is

preferably a child (e g a toddler or infant) or a teenager; where the immunogenic composition is for



therapeutic use, the human is preferably a teenager or an adult. An immunogenic composition

intended for children may also be administered to adults e.g. to assess safety, dosage,

immunogenicity, etc.

In some embodiments, the immunogenic composition is for treatment or prevention of Chlamydia

infection or an associated condition {e.g. trachoma, blindness, cervicitis, pelvic inflammatory

disease, infertility, ectopic pregnancy, chronic pelvic pain, salpingitis, urethritis, epididymitis, infant

pneumonia, patients infected with cervical squamous cell carcinoma, and/or HIV infection, etc.),

preferably, C. trachomatis infection. The immunogenic composition may be effective against C.

pneumoniae.

Immunogenic compositions used as vaccines comprise an immunologically effective amount of the

protein of the invention, as well as any other components, as needed. By 'immunologically effective

amount', it is meant that the administration of that amount to an individual, either in a single dose or

as part of a series, is effective for treatment or prevention. This amount varies depending upon the

health and physical condition of the individual to be treated, age, the taxonomic group of the

individual to be treated (e.g. non-human primate, primate, etc.), the capacity of the individual's

immune system to synthesise antibodies, the degree of protection desired, the formulation of the

vaccine, the treating doctor's assessment of the medical situation, and other relevant factors. It is

expected that the amount will fall in a relatively broad range that can be determined through routine

trials.

Antigens in the composition will typically be present at a concentration of at least l µg/ml each.

In general, the concentration of any given antigen will be sufficient to elicit an immune response

against that antigen.

Dosage treatment can be a single dose schedule or a multiple dose schedule. Multiple doses may be

used in a primary immunisation schedule and/or in a booster immunisation schedule. In a multiple

dose schedule the various doses may be given by the same or different routes e.g. a parenteral prime

and mucosal boost, a mucosal prime and parenteral boost, etc. Multiple doses will typically be

administered at least 1 week apart (e.g. about 2 weeks, about 3 weeks, about 4 weeks, about 6 weeks,

about 8 weeks, about 10 weeks, about 12 weeks, about 16 weeks, etc.). In some embodiments, three

or more doses are provided (for example, three, four or five) doses. In some embodiments, three

doses are given intramuscularly at 2 week-intervals, for example, three doses of 10-20 µg of each

protein, at 2 week-intervals, given intramuscularly.

The pH of an immunogenic composition is preferably between 6 and 8, preferably about 7. pH may

be maintained by the use of a buffer. The composition may be sterile and/or pyrogen-free. The

composition may be isotonic with respect to humans.



Immunogenic compositions of the invention will generally be administered directly to a patient.

Direct delivery may be accomplished by parenteral injection (e.g. subcutaneously, intraperitoneal Iy,

intravenously, intramuscularly, or to the interstitial space of a tissue), or mucosally, such as by rectal,

oral (e.g. tablet, spray), vaginal, topical, transdermal (See e.g. WO99/27961) or transcutaneous (See

e.g. WO02/074244 and WO02/064162), intranasal (See e.g. WO03/028760), ocular, aural,

pulmonary or other mucosal administration.

Chlamydia infections affect various areas of the body and so the immunogenic compositions of the

invention may be prepared in various forms. For example, the compositions may be prepared as

injectables, either as liquid solutions or suspensions. Solid forms suitable for solution in, or

suspension in, liquid vehicles prior to injection can also be prepared (e.g. a lyophilised composition).

The composition may be prepared for topical administration e.g. as an ointment, cream or powder.

The composition may be prepared for oral administration e.g. as a tablet or capsule, or as a syrup

(optionally flavoured). The composition may be prepared for pulmonary administration e.g. as an

inhaler, using a fine powder or a spray. The composition may be prepared as a suppository or

pessary. The composition may be prepared for nasal, aural or ocular administration e.g. as drops.

The invention also provides a delivery device pre-filled with an immunogenic composition of the

invention.

The invention also provides a kit comprising a first component and a second component wherein

neither the first component nor the second component is a composition of the invention as described

herein, but wherein the first component and the second component can be combined to provide a

composition of the invention as described herein. The kit may further include a third component

comprising one or more of the following: instructions, syringe or other delivery device, adjuvant, or

pharmaceutically acceptable formulating solution.

A composition as described above may alternatively and/or additionally be used for diagnosis of

chlamydia infection.

Combinations with other antigens

The therapeutic or diagnostic efficiency of a Chlamydia antigen may be improved by combination

with a different Chlamydia antigen. For example, the immunogenicity of a protein of the invention

may be improved by comaintion with antoher protein of the invention or with another known

Chlamydia antigen. The invention thus includes an immunogenic composition comprising a

combination of Chlamydia antigens, said combination comprising a protein of the invention in

combination with one or more additional Chlamydia antigens. The one or more additional

Chlamydia antigens that are present in the composition may be in the form of a protein or nucleic

acid or any other suitable form. A protein of the invention may be combined with one or more (e.g.

2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20 or more) different proteins of the invention and/or with one or more

(e.g. 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20 or more) other known Chlamydia antigens. For example, an



immunogenic composition is provided comprising two or more (e.g. 3, 4, 5, 6, 7, 8, 9, 10, 15, 20 or

more) proteins of the invention. The proteins of the invention may alternatively and/or additionally

be provided in the composition in the form of their corresponding nucleic acids, vectors, host cells,

etc. Also provided is a protein or nucleic acid of the invention for a use as described above, wherein

the protein or nucleic acid is for use in combination with one or more additional Chlamydia antigens

(or their encoding nucleic acids). The one or more additional antigens (e.g. 2, 3, 4, 5, 6, 7 or more

additional antigens) may be administered simultaneously, separately or sequentially with the protein

or nucleic acid of the invention, for example as a combined preparation.

Likewise, the antibodies of the invention may be used in combination with one or more antibodies

specific for one or more additional Chlamydia antigens for use in diagnosis of Chlamydia infections.

In one embodiment, one or more of the additional Chlamydia antigens is selected from the antigens

presented in Table 2, or their variants. For example, one or more (for example, all) of the additional

antigens are selected from the Chlamydia trachomatis antigens listed in Table 2, but may

alternatively or additionally be selected from the Chlamydia pneumoniae antigens listed in Table 2.

In some embodiments, the one or more (for example, all) of the additional antigens are selected from

the Chlamydia trachomatis antigens and/or Chlamydia pneumoniae antigens listed in Table 2 and

CT387, CT812, CT869, CT166, CT175, CT163, CT214, CT721 and CT127. In one embodiment,

one or more of the one or more additional antigens are selected from CT372, CT443, CT043, CTl 53,

CT279, CT601 , CT71 1, CTl 14, CT480, CT456, CT381 , CT089, CT734, CT016, CT600, CT823,

CT387, CT812, CT869, CT166, CT1 75, CT163, CT214, CT721 and CT127 (or their variants), for

example, from CT372, CT443, CT043, CT153, CT279, CT601 , CT71 1, CTl 14, CT480, CT456,

CT381, CT089, CT734, CT016, CT600 and CT823. These additional antigens are listed in Table 2

and their sequences are set out in the "Sequences" section that follows Table 2 . In one embodiment,

one or more proteins of the invention is combined with CT089. In another embodiment, one or more

proteins of the invention is combined with CT089 and CT381 (or their variants). In some

embodiments, the C-terminal fragment of CT812 "CT812C" (for example, a protein comprising or

consisting of the amino acid sequence set out in SEQ ID NO: 122 or a fragment or variant thereof) is

used instead of full length CT812.

In some embodiments, the following combinations of antigens (or their variants) are used:

CT733+CT601 , CT733+CT279, CT733+CT443, CT733+CT372, CT733+CT456, CT733+CT381,

CTI 53+CT60I , CT153+CT279. CT153+CT443, CT1 53+CT372, CT153+CT456, CT153+CT381,

CT601+CT443, CT601+CT372, CT601+CT456, CT601+CT381, CT279+CT443, CT279+CT372,

CT279+CT456, CT279+CT381, CT443+CT372, CT443+CT456, CT443+CT381, CT372+CT456,

CT372+CT381, CT387+CT812+CT869, CT387+CT812C+CT869. These combinations may be

used in the absence of any other chlamydia antigens or in the presence of one or more additional

chlamydia antigens. Particularly preferred combinations are: (i) CT279+CT601 ; (ii) CT372+CT443;

(iii) CT733+CT153; (iv) CT456+CT381 ; (v) CT279+ CT601+CT733+CT1 53; (vi)



CT279+CT601+CT372+CT443; (vii) CT823+CT733+CT043+ CT456; (viii)

CT387+CT812+CT869; and (ix) CT387+CT812C+CT869 (or their variants).

The human serovariants ("serovars") of C. trachomatis are divided into two biovariants ("biovars").

Serovars A-K elicit epithelial infections primarily in the ocular tissue (A-C) or urogenital tract

(D-K). Serovars Ll, L2 and L3 are the agents of invasive lymphogranuloma venereum (LGV). In

some embodiments, one or more of the additional Chlamydial antigens may, for example, be of any

of Serovars A-K or Ll, L2 or L3. One or more of the additional Chlamydia antigens is preferably

from C. trachomatis serovar D, or from another epidemiological^ prevalent serotype.

In some embodiments, one or more of the additional Chlamydia antigens is a homologous antigen

from C. pneumoniae, C. psittaci, C. peconim, C. muridarum or C. snis.

In some embodiments, TC0551 (the C. muridarum homologue of CT279) is used in place of the C.

trachomatis protein. C. muridarum is the mouse adapted strain of Chlamydia trachomatis. Although

C. muridarum is not a human pathogen, infection of mice with C. muridarum phenotypically mimics

many aspects of C. trachomatis infection in humans and is frequently used to measure

immunoprotective responses against C. trachomatis. In some embodiments, TC0890 (the C.

muridarum homologue of CT601) is used in place of the C. trachomatis protein. In some

embodiments, TC0651 (the C. muridarum homologue of CT372) is used in place of the C .

trachomatis protein. In some embodiments, TC0727 (the C. muridarum homologue of CT443) is

used in place of the C . trachomatis protein. In some embodiments, TCO 106 (the C. muridarum

homologue of CT733) is used in place of the C. trachomatis protein. In some embodiments, TC0431

(the C. muridarum homologue of CTl 53) is used in place of the C. trachomatis protein. In some

embodiments, TC0660 (the C. muridarum homologue of CT381) is used in place of the C.

trachomatis protein. In some embodiments, TC0741 (the C. muridarum homologue of CT456) is

used in place of the C. trachomatis protein. In some embodiments, TC0210 (the C. muridarum

homologue of CT823) is used in place of the C. trachomatis protein. In some embodiments, TC0666

(the C. muridarum homologue of CT387) is used in place of the C. trachomatis protein. TC0666 is

annotated as a hypothetical protein. In some embodiments, TCO 197 (the C. muridarum homologue

of CT812) is used in place of the C. trachomatis protein. TCO 197 is annotated as polymorphic

membrane protein D family protein. In some embodiments, TC0261 (the C. muridarum homologue

of CT869) is used in place of the C. trachomatis protein. TC0261 is annotated as polymorphic

membrane protein E/F family protein. In some embodiments, TC0313 (the C. muridarum

homologue of CT043) is used in place of the C. trachomatis protein. In some embodiments, TC0889

(the C. muridarum homologue of CT600) is used in place of the C. trachomatis protein. In some

embodiments, TC0210 (the C. muridarum homologue of CT823) is used in place of the C.

trachomatis protein. In some embodiments in which the composition comprises a single Chlamydia

antigen, the C. muridarum homologue is used in place of the single C. trachomatis antigen. In some

embodiments in which the composition comprises a combination of Chlamydia antigens, the C.



miiridarum homologue is used in place of one or more (for example, 1, 2, 3, 4, 5, 6, 7, 8. 9, 10) or all

C. trachomatis antigens.

Advantageous combinations of the invention are those in which two or more antigens (for example,

two, three or four antigens) act synergistically. Thus, the protection against Chlamydia achieved by

their combined administration exceeds that expected by mere addition of their individual protective

efficacy.

In some embodiments, the one or more additional Chlamydia antigens may comprise an amino acid

sequence: (a) which is a variant of a Table 2 antigen (i.e. has 50% or more identity (e.g. 60%, 65%,

70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5% or more) to

a sequence presented in Table 2); and/or (b) comprising a fragment of at least 'n' consecutive amino

acids of a sequence presented in Table 2 or of a variant of a Table 2 antigen, wherein 'n' is 7 or more

(e.g. 8, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 50, 60, 70, 80, 90, 100, 150, 200, 250, 350, 450, 550,

650, 750, 780, 800 or more). Preferred fragments of (b) comprise an epitope from a sequence

presented in Table 2. Preferably, the epitope is a MHC class II epitope, for example, a CD4+ T cell

epitope. Other preferred fragments lack one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15,

20, 25 or more) from the C-terminus and/or one or more amino acids (e.g. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

15, 20, 25 or more) from the N-terminus of a sequence presented in Table 2, while retaining at least

one epitope of a sequence presented in Table 2. Other fragments omit one or more protein domains.

When an additional Chlamydia antigen comprises a sequence that is not identical to a complete

sequence from Table 2 (e.g. when it comprises a sequence with less than 100% sequence identity

thereto, or when it comprises a fragment thereof), it is preferred in each individual instance that the

additional Chlamydia antigen can elicit an antibody that recognises a protein having the complete

sequence from the Table 2 antigen from which it is derived.

In some embodiments, the combination of two or more chlamydia antigens is provided as a

combined preparation for simultaneous, separate or sequential administration. The invention also

provides a kit comprising a protein of the invention and one or more additional antigens for

simultaneous, separate or sequential administration.

The Chlamydia antigens used in the invention may be present in the composition as individual

separate polypeptides. Alternatively, the combination may be present as a hybrid polypeptide in

which two or more (i.e. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 or more) of

the antigens are expressed as a single polypeptide chain. Hybrid polypeptides offer two principal

advantages: first, a polypeptide that may be unstable or poorly expressed on its own can be assisted

by adding a suitable hybrid partner that overcomes the problem; second, commercial manufacture is

simplified as only one expression and purification need be employed in order to produce two

polypeptides which are both antigenically useful. Different hybrid polypeptides may be mixed

together in a single formulation. Within such combinations, a Chlamydia trachomatis antigen may



be present in more than one hybrid polypeptide and/or as a non-hybrid polypeptide. It is preferred,

however, that an antigen is present either as a hybrid or as a non-hybrid, but not as both.

Hybrid polypeptides can be represented by the formula NH2-A-{-X-L-},,-B-COOH, wherein: at least

one X is an amino acid sequence of a Chlamydia protein according to the invention as described

above; L is an optional linker amino acid sequence; A is an optional N-terminal amino acid

sequence; B is an optional C-terminal amino acid sequence; n is an integer of 2 or more (e g 2, 3, 4,

5, 6, etc ) . Usually n is 2 or 3.

If a -X- moiety has a leader peptide sequence in its wild-type form, this may be included or omitted

in the hybrid protein. In some embodiments, the leader peptides will be deleted except for that of the

-X- moiety located at the N-terminus of the hybrid protein i e the leader peptide of X i will be

retained, but the leader peptides of X2 ... Xn will be omitted. This is equivalent to deleting all leader

peptides and using the leader peptide of X as moiety -A-.

For each n instances of {-X-L-}, linker amino acid sequence -L- may be present or absent. For

instance, when n=2 the hybrid may be NH2-Xi-L 1-X2-L2-COOH, NH2-Xi-X 2-COOH, NH2-X -L1-X2-

COOH, NH2-Xi-X 2-L2-COOH, etc Linker amino acid sequence(s) -L- will typically be short (e g 20

or fewer amino acids 1e 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1). Examples

comprise short peptide sequences which facilitate cloning, poly-glycine linkers ( 1 e comprising GIy,,

where n = 2, 3, 4, 5, 6, 7, 8, 9, 10 or more), and histidine tags ( 7 e His,, where n = 3, 4, 5, 6, 7, 8, 9,

10 or more). Other suitable linker amino acid sequences will be apparent to those skilled in the art. A

useful linker is GSGGGG, with the Gly-Ser dipeptide being formed from a BamW\ restriction site,

thus aiding cloning and manipulation, and the (Gly)4 tetrapeptide being a typical poly-glycine linker.

-A- is an optional N-terminal amino acid sequence. This will typically be short (e g 40 or fewer

amino acids / e 40, 39, 38, 37, 36, 35, 34, 33, 32, 3 1, 30, 29, 28. 27, 26, 25, 24, 23, 22, 21, 20, 19,

18, 17, 16, 15, 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1) . Examples include leader sequences to direct

protein trafficking, or short peptide sequences which facilitate cloning or purification (e g histidine

tags i e His,, where n = 3, 4, 5, 6, 7, 8, 9, 10 or more). Other suitable N-terminal amino acid

sequences will be apparent to those skilled in the art. If X i lacks its own N-terminus methionine, -A-

is preferably an oligopeptide {e g with 1, 2, 3, 4, 5, 6, 7 or 8 amino acids) which provides a

N-terminus methionine.

-B- is an optional C-terminal amino acid sequence. This will typically be short (e g 40 or fewer

amino acids i e 39. 38. 37. 36. 35, 34. 33. 32, 3 1. 30, 29. 28, 27. 26. 25. 24. 23, 22. 2 1, 20, 19, 18.

17, 16, 15, 14, 13, 12, 11, 10. 9. 8, 7, 6, 5, 4. 3, 2. 1). Examples include sequences to direct protein

trafficking, short peptide sequences which facilitate cloning or purification (e g comprising histidine

tags i e His,, where n = 3, 4, 5, 6, 7, 8, 9, 10 or more) or sequences which enhance protein stability.

Other suitable C-terminal amino acid sequences will be apparent to those skilled in the art.



Where hybrid polypeptides are used, the individual antigens within the hybrid (i.e. individual -X-

moieties) may be from one or more strains. Where n=2, for instance, X2 may be from the same strain

as X or from a different strain. Where

(iii) X X2=X3 (iv) X Q C Q 3 or (v) X1=X
3 1

Q C2, etc.

The invention also provides a nucleic acid encoding a hybrid polypeptide of the invention.

Furthermore, the invention provides a nucleic acid which can hybridise to this nucleic acid,

preferably under "high stringency" conditions (e.g. 650C in a 0.1 x SSC, 0.5% SDS solution).

Further components of the composition

Compositions may thus be pharmaceutically acceptable. They will usually include components in

addition to the antigens e.g. they typically include one or more pharmaceutical carrier(s) and/or

excipient(s). A thorough discussion of such components is available in Remington The Science and

Practice of Pharmacy.

Compositions will generally be administered to a mammal in aqueous form. Prior to administration,

however, the composition may have been in a non-aqueous form. For instance, although some

vaccines are manufactured in aqueous form, then filled and distributed and administered also in

aqueous form, other vaccines are lyophilised during manufacture and are reconstituted into an

aqueous form at the time of use. Thus a composition of the invention may be dried, such as a

lyophilised formulation.

The composition may include preservatives such as thiomersal or 2-phenoxyethanol. It is preferred,

however, that the vaccine should be substantially free from (i.e. less than 5µg/ml) mercurial material

e.g. thiomersal-free. Vaccines containing no mercury arc more preferred. Preservative-free vaccines

are particularly preferred.

To control tonicity, it is preferred to include a physiological salt, such as a sodium salt. Sodium

chloride (NaCl) is preferred, which may be present at between 1 and 20 mg/ml e.g. about 10+2mg/ml

NaCl. Other salts that may be present include potassium chloride, potassium dihydrogen phosphate,

disodium phosphate dehydrate, magnesium chloride, calcium chloride, etc.

Compositions will generally have an osmolality of between 200 mθ sm/kg and 400 mθ sm/kg,

preferably between 240-360 mθ sm/kg, and will more preferably fall within the range of 290-310

mθ sm/kg.

Compositions may include one or more buffers. Typical buffers include: a phosphate buffer; a THs

buffer; a borate buffer; a succinate buffer; a histidine buffer (particularly with an aluminum

hydroxide adjuvant); or a citrate buffer. Buffers will typically be included in the 5-2OmM range.

The pH of a composition will generally be between 5.0 and 8.1, and more typically between 6.0 and

8.0 e.g. 6.5 and 7.5, or between 7.0 and 7.8.



The composition is preferably sterile. The composition is preferably non-pyrogenic e.g. containing

< 1 EU (endotoxin unit, a standard measure) per dose, and preferably <0.1 EU per dose. The

composition is preferably gluten free.

The composition may include material for a single immunisation, or may include material for

multiple immunisations {i.e. a 'multidose' kit). The inclusion of a preservative is preferred in

multidose arrangements. As an alternative (or in addition) to including a preservative in multidose

compositions, the compositions may be contained in a container having an aseptic adaptor for

removal of material.

Human vaccines are typically administered in a dosage volume of about 0.5ml, although a half dose

{i.e. about 0.25ml) may be administered to children.

Immunogenic compositions of the invention may also comprise one or more immunoregulatory

agents. Preferably, one or more of the immunoregulatory agents include one or more adjuvants. The

adjuvants may include a THl adjuvant and/or a TH2 adjuvant, further discussed below.

Adjuvants which may be used in compositions of the invention include, but are not limited to:

A. Mineral-containing compositions

Mineral containing compositions suitable for use as adjuvants in the invention include mineral salts,

such as aluminium salts and calcium salts (or mixtures thereof). Calcium salts include calcium

phosphate {e.g. the "CAP" particles disclosed in US patent 6355271). Aluminum salts include

hydroxides, phosphates, sulfates, etc., with the salts taking any suitable form {e.g. gel, crystalline,

amorphous, etc.). Adsorption to these salts is preferred. The mineral containing compositions may

also be formulated as a particle of metal salt [WO00/23105].

The adjuvants known as aluminum hydroxide and aluminum phosphate may be used. These names

are conventional, but are used for convenience only, as neither is a precise description of the actual

chemical compound which is present {e.g. see chapter 9 of Vaccine Design... (1995) eds. Powell &

Newman. ISBN: 030644867X. Plenum). The invention can use any of the "hydroxide" or

"phosphate' " adjuvants that are in general use as adjuvants. The adjuvants known as "aluminium

hydroxide" are typically aluminium oxyhydroxide salts, which are usually at least partially

crystalline. The adjuvants known as "aluminium phosphate" are typically aluminium

hydroxyphosphates, often also containing a small amount of sulfate {i.e. aluminium

hydroxyphosphate sulfate). They may be obtained by precipitation, and the reaction conditions and

concentrations during precipitation influence the degree of substitution of phosphate for hydroxyl in

the salt.

A fibrous morphology {e.g. as seen in transmission electron micrographs) is typical for aluminium

hydroxide adjuvants. The pi of aluminium hydroxide adjuvants is typically about 11 i.e. the adjuvant

itself has a positive surface charge at physiological pH. Adsorptive capacities of between 1.8-2.6 mg

protein per mg Al+++ at pH 7.4 have been reported for aluminium hydroxide adjuvants.



Aluminium phosphate adjuvants generally have a PO4/AI molar ratio between 0.3 and 1.2, preferably

between 0.8 and 1.2, and more preferably 0.95+0.1. The aluminium phosphate will generally be

amorphous, particularly for hydroxyphosphate salts. A typical adjuvant is amorphous aluminium

hydroxyphosphate with PO4/AI molar ratio between 0.84 and 0.92, included at 0.6mg Al3+AnI. The

aluminium phosphate will generally be particulate (e.g. plate-like morphology as seen in

transmission electron micrographs). Typical diameters of the particles are in the range 0.5-20 µm (e.g.

about 5-10 µm) after any antigen adsorption. Adsorptive capacities of between 0.7-1 .5 mg protein per

mg Al+++ at pH 7.4 have been reported for aluminium phosphate adjuvants.

The point of zero charge (PZC) of aluminium phosphate is inversely related to the degree of

substitution of phosphate for hydroxyl, and this degree of substitution can vary depending on

reaction conditions and concentration of reactants used for preparing the salt by precipitation. PZC is

also altered by changing the concentration of free phosphate ions in solution (more phosphate = more

acidic PZC) or by adding a buffer such as a histidine buffer (makes PZC more basic). Aluminium

phosphates used according to the invention will generally have a PZC of between 4.0 and 7.0, more

preferably between 5.0 and 6.5 e.g. about 5.7.

Suspensions of aluminium salts used to prepare compositions of the invention may contain a buffer

(e.g. a phosphate or a histidine or a Tris buffer), but this is not always necessary. The suspensions are

preferably sterile and pyrogen-free. A suspension may include free aqueous phosphate ions e.g.

present at a concentration between 1.0 and 2 O mM, preferably between 5 and 15 mM, and more

preferably about 10 mM. The suspensions may also comprise sodium chloride.

The invention can use a mixture of both an aluminium hydroxide and an aluminium phosphate. In

this case there may be more aluminium phosphate than hydroxide e.g. a weight ratio of at least 2:1

e.g. >5:l, >6:l, >7:l, >8:l, >9:l, c.

The concentration of Al+++ in a composition for administration to a patient is preferably less than

10mg/ml e.g. <5 mg/ml, <4 mg/ml, <3 mg/ml, <2 mg/ml, < 1 mg/ml, etc. A preferred range is

between 0.3 and 1mg/ml. A maximum of 0.85mg/dose is preferred.

Aluminium phosphates are particularly preferred, particularly in compositions which include a

H.influenzae saccharide antigen, and a typical adjuvant is amorphous aluminium hydroxyphosphate

with PO4/AI molar ratio between 0.84 and 0.92, included at 0.6mg Al +/mI. Adsorption with a low

dose of aluminium phosphate may be used e.g. between 50 and lOOµg A 1 + per conjugate per dose.

Where there is more than one conjugate in a composition, not all conjugates need to be adsorbed.

B . Oil Emulsions

Oil emulsion compositions suitable for use as adjuvants in the invention include squalene-water

emulsions, such as MF59 [Chapter 10 of Vaccine Design... (1995) eds. Powell & Newman. ISBN:

030644867X. Plenum; see also WO90/14837] (5% Squalene, 0.5% Tween 80, and 0.5% Span 85,



formulated into submicron particles using a microfluidizer). Complete Freund's adjuvant (CFA) and

incomplete Freund's adjuvant (IFA) may also be used.

Various oil-in-water emulsion adjuvants are known, and they typically include at least one oil and at

least one surfactant, with the oil(s) and surfactant(s) being biodegradable (metabolisable) and

biocompatible. The oil droplets in the emulsion are generally less than 5µm in diameter, and ideally

have a sub-micron diameter, with these small sizes being achieved with a microfluidiser to provide

stable emulsions. Droplets with a size less than 220nm are preferred as they can be subjected to filter

sterilization.

The emulsion can comprise oils such as those from an animal (such as fish) or vegetable source.

Sources for vegetable oils include nuts, seeds and grains. Peanut oil, soybean oil, coconut oil, and

olive oil, the most commonly available, exemplify the nut oils. Jojoba oil can be used e.g. obtained

from the jojoba bean. Seed oils include safflower oil, cottonseed oil, sunflower seed oil, sesame seed

oil and the like. In the grain group, corn oil is the most readily available, but the oil of other cereal

grains such as wheat, oats, rye, rice, teff, triticale and the like may also be used. 6-10 carbon fatty

acid esters of glycerol and 1,2-propanediol, while not occurring naturally in seed oils, may be

prepared by hydrolysis, separation and esterification of the appropriate materials starting from the nut

and seed oils. Fats and oils from mammalian milk are metabolizable and may therefore be used in the

practice of this invention. The procedures for separation, purification, saponification and other means

necessary for obtaining pure oils from animal sources are well known in the art. Most fish contain

metabolizable oils which may be readily recovered. For example, cod liver oil, shark liver oils, and

whale oil such as spermaceti exemplify several of the fish oils which may be used herein. A number

of branched chain oils are synthesized biochemically in 5-carbon isoprene units and are generally

referred to as terpenoids. Shark liver oil contains a branched, unsaturated terpenoids known as

squalene. 2,6,10,1 5,19,23-hexamethyl-2.6.10,14,1 8,22-tetracosahexaene. which is particularly

preferred herein. Squalane, the saturated analog to squalene, is also a preferred oil. Fish oils,

including squalene and squalane, are readily available from commercial sources or may be obtained

by methods known in the art. Other preferred oils are the tocopherols (see below). Mixtures of oils

can be used.

Surfactants can be classified by their Η LB' (hydrophile/lipophile balance). Preferred surfactants of

the invention have a HLB of at least 10. preferably at least 15, and more preferably at least 16. The

invention can be used with surfactants including, but not limited to: the polyoxyethylene sorbitan

esters surfactants (commonly referred to as the Tweens), especially polysorbate 20 and polysorbate

80; copolymers of ethylene oxide (EO), propylene oxide (PO), and/or butylene oxide (BO), sold

under the DOWFAX™ tradename, such as linear EO/PO block copolymers; octoxynols, which can

vary in the number of repeating ethoxy (oxy-l ,2-ethanediyl) groups, with octoxynol-9 (Triton X-IOO,

or t-octylphenoxypolyethoxyethanol) being of particular interest; (octylphenoxy)polyethoxyethanol

(IGEPAL CA-630/NP-40); phospholipids such as phosphatidylcholine (lecithin); nonylphenol



ethoxylates, such as the Tergitol™ NP series; polyoxyethylene fatty ethers derived from lauryl, cetyl,

stearyl and oleyl alcohols (known as Brij surfactants), such as triethyleneglycol monolauryl ether

(Brij 30); and sorbitan esters (commonly known as the SPANs), such as sorbitan trioleate (Span 85)

and sorbitan monolaurate. Non-ionic surfactants are preferred. Preferred surfactants for including in

the emulsion are Tween 80 (polyoxyethylene sorbitan monooleate), Span 85 (sorbitan trioleate),

lecithin and Triton X-IOO.

Mixtures of surfactants can be used e.g. Tween 80/Span 85 mixtures. A combination of a

polyoxyethylene sorbitan ester such as polyoxyethylene sorbitan monooleate (Tween 80) and an

octoxynol such as t-octylphenoxypolyethoxyethanol (Triton X-100) is also suitable. Another useful

combination comprises laureth 9 plus a polyoxyethylene sorbitan ester and/or an octoxynol.

Preferred amounts of surfactants (% by weight) are: polyoxyethylene sorbitan esters (such as Tween

80) 0.01 to 1%, in particular about 0.1 %; octyl- or nonylphenoxy polyoxyethanols (such as Triton

X-100, or other detergents in the Triton series) 0.001 to 0.1 %, in particular 0.005 to 0.02%;

polyoxyethylene ethers (such as laureth 9) 0.1 to 20 %, preferably 0.1 to 10 % and in particular 0.1 to

1 % or about 0.5%.

Preferred emulsion adjuvants have an average droplets size of < l µm e.g. <750nm, <500nm, <400nm,

<300nm, <250nm, <220nm, <200nm, or smaller. These droplet sizes can conveniently be achieved

by techniques such as microfluidisation.

Specific oil-in-water emulsion adjuvants useful with the invention include, but are not limited to:

• A submicron emulsion of squalene, Tween 80, and Span 85. The composition of the emulsion by

volume can be about 5% squalene, about 0.5% polysorbate 80 and about 0.5% Span 85. In

weight terms, these ratios become 4.3% squalene, 0.5% polysorbate 80 and 0.48% Span 85. This

adjuvant is known as 'MF59 " (WO90/14837, Podda & Del Giudice (2003) Expert Rev Vaccines

2:197-203, Podda (2001) Vaccine 19: 2673-2680; as described in more detail in Chapter 10 of

Vaccine Design: The Siibunit and Adjuvant Approach (eds. Powell & Newman) Plenum Press

1995 (ISBN 0-306-44867-X) and chapter 12 of Vaccine Adjuvants: Preparation Methods and

Research Protocols (Volume 42 of Methods in Molecular Medicine series). ISBN: 1-59259-083-

7. Ed. O'Hagan). The MF59 emulsion advantageously includes citrate ions e.g. 1OmM sodium

citrate buffer.

• An emulsion of squalene, a tocopherol, and Tween 80. The emulsion may include phosphate

buffered saline. It may also include Span 85 {e.g. at 1%) and/or lecithin. These emulsions may

have from 2 to 10% squalene, from 2 to 10% tocopherol and from 0.3 to 3% Tween 80, and the

weight ratio of squalene:tocopherol is preferably < 1 as this provides a more stable emulsion.

Squalene and Tween 80 may be present volume ratio of about 5:2. One such emulsion can be

made by dissolving Tween 80 in PBS to give a 2% solution, then mixing 90ml of this solution

with a mixture of (5g of DL-α-tocopherol and 5ml squalene), then microfluidising the mixture.



The resulting emulsion may have submicron oil droplets e.g. with an average diameter of

between 100 and 250nm, preferably about 180nm.

• An emulsion of squalene, a tocopherol, and a Triton detergent (e.g. Triton X-IOO). The emulsion

may also include a 3d-MPL (see below). The emulsion may contain a phosphate buffer.

• An emulsion comprising a polysorbate (e.g. polysorbate 80), a Triton detergent (e.g. Triton

X-100) and a tocopherol (e.g. an α-tocopherol succinate). The emulsion may include these three

components at a mass ratio of about 75 :11:10 (e.g. 750µg/ml polysorbate 80, 1l Oµg/ml Triton X-

100 and lOOµg/ml α-tocopherol succinate), and these concentrations should include any

contribution of these components from antigens. The emulsion may also include squalene. The

emulsion may also include a 3d-MPL (see below). The aqueous phase may contain a phosphate

buffer.

• An emulsion of squalane, polysorbate 80 and poloxamer 401 ("Pluronic™ Ll 2 1"). The emulsion

can be formulated in phosphate buffered saline, pH 7.4. This emulsion is a useful delivery

vehicle for muramyl dipeptides, and has been used with threonyl-MDP in the "SAF-I" adjuvant

(Allison & Byars (1992) Res Immunol 143:519-25) (0.05-1% Thr-MDP, 5% squalane, 2.5%

Pluronic Ll2 1 and 0.2% polysorbate 80). It can also be used without the Thr-MDP, as in the

"AF" adjuvant (Hariharan et al. (1995) Cancer Res 55:3486-9) (5% squalane, 1.25% Pluronic

L l2 1 and 0.2% polysorbate 80). Microfluidisation is preferred.

• An emulsion comprising squalene, an aqueous solvent, a polyoxyethylene alkyl ether hydrophilic

nonionic surfactant (e.g. polyoxyethylene (12) cetostearyl ether) and a hydrophobic nonionic

surfactant (e.g. a sorbitan ester or mannide ester, such as sorbitan monoleate or 'Span 80'). The

emulsion is preferably thermoreversible and/or has at least 90% of the oil droplets (by volume)

with a size less than 200 nm (US-2007/014805.). The emulsion may also include one or more of:

alditol; a cryoprotective agent (e.g. a sugar, such as dodecylmaltoside and/or sucrose); and/or an

alkylpolyglycoside. Such emulsions may be lyophilized.

• An emulsion o US-2007/014805.f squalene, poloxamer 105 and Abil-Care (SuIi et al. (2004)

Vaccine 22(25-26):3464-9). The final concentration (weight) of these components in adjuvanted

vaccines are 5% squalene, 4% poloxamer 105 (pluronic polyol) and 2% Abil-Care 85 (Bis-

PEG/PPG-1 6/1 6 PEG/PPG- 16/1 6 dimethicone; caprylic/capric triglyceride).

• An emulsion having from 0.5-50% of an oil, 0.1-10% of a phospholipid, and 0.05-5% of a

non-ionic surfactant. As described in WO95/1 1700, preferred phospholipid components are

phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol,

phosphatidylglycerol, phosphatidic acid, sphingomyelin and cardiolipin. Submicron droplet sizes

are advantageous.



• A submicron oil-in-water emulsion of a non-metabolisable oil (such as light mineral oil) and at

least one surfactant (such as lecithin, Tween 80 or Span 80). Additives may be included, such as

QuilA saponin, cholesterol, a saponin-lipophile conjugate (such as GPI-0100, described in US

patent 6,080,725, produced by addition of aliphatic amine to desacylsaponin via the carboxyl

group of glucuronic acid), dimethyidioctadecylammonium bromide and/or N,N-dioctadecyl-N,N-

bis (2-hydroxyethyl)propanediamine.

• An emulsion in which a saponin (e.g. QuilA or QS21) and a sterol (e.g. a cholesterol) are

associated as helical micelles (WO2005/097181).

• An emulsion comprising a mineral oil, a non-ionic lipophilic ethoxylated fatty alcohol, and a

non-ionic hydrophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene-

polyoxypropylene block copolymer) (WO2006/1 13373).

• An emulsion comprising a mineral oil, a non-ionic hydrophilic ethoxylated fatty alcohol, and a

non-ionic lipophilic surfactant (e.g. an ethoxylated fatty alcohol and/or polyoxyethylene-

polyoxypropylene block copolymer) (Wu et al. (2004) Antiviral Res. 64(2):79-83).

In some embodiments an emulsion may be mixed with antigen extemporaneously, at the time of

delivery, and thus the adjuvant and antigen may be kept separately in a packaged or distributed

vaccine, ready for final formulation at the time of use. In other embodiments an emulsion is mixed

with antigen during manufacture, and thus the composition is packaged in a liquid adjuvanted form,.

The antigen will generally be in an aqueous form, such that the vaccine is finally prepared by mixing

two liquids. The volume ratio of the two liquids for mixing can vary (e.g. between 5:1 and 1:5) but is

generally about 1: 1 . Where concentrations of components are given in the above descriptions of

specific emulsions, these concentrations are typically for an undiluted composition, and the

concentration after mixing with an antigen solution will thus decrease. Where a composition is to be

prepared extemporaneously prior to use (e.g. where a component is presented in lyophilised form)

and is presented as a kit, the kit may comprise two vials, or it may comprise one ready-filled syringe

and one vial, with the contents of the syringe being used to reactivate the contents of the vial prior to

injection.

Where a composition includes a tocopherol, any of the α, β, γ , δ, ε or ξ tocopherols can be used, but

α-tocopherols are preferred. The tocopherol can take several forms e.g. different salts and/or isomers.

Salts include organic salts, such as succinate, acetate, nicotinate, etc. D-α-tocopherol and

DL-α-tocopherol can both be used. Tocopherols are advantageously included in vaccines for use in

elderly patients (e.g. aged 60 years or older) because vitamin E has been reported to have a positive

effect on the immune response in this patient group ( Han et al. (2005) Impact of Vitamin E on

Immune Function and Infectious Diseases in the Aged at Nutrition, Immune functions and Health

EuroConference, Paris, 9-10 June 2005). They also have antioxidant properties that may help to

stabilize the emulsions (US-6630161). A preferred α-tocopherol is DL-α-tocopherol, and the



preferred salt of this tocopherol is the succinate. The succinate salt has been found to cooperate with

TNF-related ligands in vivo.

C. Saponin formulations (chapter 22 of Vaccine Design... (1995) eds. Powell & Newman. ISBN:

030644867X. Plenum)

Saponin formulations may also be used as adjuvants in the invention. Saponins are a heterogeneous

group of sterol glycosides and triterpenoid glycosides that are found in the bark, leaves, stems, roots

and even flowers of a wide range of plant species. Saponin from the bark of the Quillaia saponaria

Molina tree have been widely studied as adjuvants. Saponin can also be commercially obtained from

Smilax ornata (sarsaprilla), Gypsophilla paniculata (brides veil), and Saponaria officinalis (soap

root). Saponin adjuvant formulations include purified formulations, such as QS21, as well as lipid

formulations, such as ISCOMs. QS21 is marketed as Stimulon™.

Saponin compositions have been purified using HPLC and RP-HPLC. Specific purified fractions

using these techniques have been identified, including QS7, QS 17, QS18, QS21, QH-A, QH-B and

QH-C. Preferably, the saponin is QS21. A method of production of QS21 is disclosed in US

5,057,540. Saponin formulations may also comprise a sterol, such as cholesterol (WO96/33739).

Combinations of saponins and cholesterols can be used to form unique particles called

immunostimulating complexs (ISCOMs) (chapter 23 of Vaccine Design... (1995) eds. Powell &

Newman. ISBN: 030644867X. Plenum). ISCOMs typically also include a phospholipid such as

phosphatidylethanolamine or phosphatidylcholine. Any known saponin can be used in ISCOMs.

Preferably, the ISCOM includes one or more of QuilA, QHA & QHC. ISCOMs are further described

in Podda & Del Giudice (2003) Expert Rev Vaccines 2:197-203; Podda (2001) Vaccine 19: 2673-

2680; Vaccine Design: The Subunit and Adjuvant Approach (eds. Powell & Newman) Plenum Press

1995 (ISBN 0-306-44867-X); Vaccine Adjuvants: Preparation Methods and Research Protocols

(Volume 42 of Methods in Molecular Medicine series). ISBN: 1-59259-083-7. Ed. O'Hagan; Allison

& Byars (1992) Res Immunol 143:519-25; Hariharan et al. (1995) Cancer Res 55:3486-9;

US-2007/014805; SuIi et al. (2004) Vaccine 22(25-26):3464-9; WO95/1 1700; US patent 6,080,725;

WO2005/097 18 1; WO2006/1 13373; Han et al. (2005) Impact of Vitamin E on Immune Function and

Infectious Diseases in the Aged at Nutrition, Immune functions and Health EuroConference, Paris, 9-

10 June 2005; US- 6630161 ; US 5,057,540; WO96/33739; EP-A-0109942; and WO96/1 171 1.

Optionally, the ISCOMS may be devoid of additional detergent (WO00/07621).

A review of the development of saponin based adjuvants can be found in Barr et al (1998) Advanced

Drug Delivery Reviews 32:247-271 and Sjolanderet et al. (1998) Advanced Drug Delivery Reviews

32:321-338.

D . Virosomes and virus-like particles

Virosomes and virus-like particles (VLPs) can also be used as adjuvants in the invention. These

structures generally contain one or more proteins from a virus optionally combined or formulated

with a phospholipid. They are generally non-pathogenic, non-replicating and generally do not contain



any of the native viral genome. The viral proteins may be recombinantly produced or isolated from

whole viruses. These viral proteins suitable for use in virosomes or VLPs include proteins derived

from influenza virus (such as HA or NA), Hepatitis B virus (such as core or capsid proteins),

Hepatitis E virus, measles virus, Sindbis virus, Rotavirus, Foot-and-Mouth Disease virus, Retrovirus,

Norwalk virus, human Papilloma virus, HIV, RNA-phages, Qβ-phage (such as coat proteins), GA-

phage, fr-phage, AP205 phage, and Ty (such as retrotransposon Ty protein pi). VLPs are discussed

further in Niikura et al. (2002) Virology 293:273-280; Lenz et al (2001) J Immunol 166:5346-5355;

Pinto et al. (2003) J Infect Dis 188:327-338; Gerber et al (2001) J Virol 75 :47'52-47'60;

WO03/024480 and WO03/024481. Virosomes are discussed further in, for example, Gluck et al.

(2002) Vaccine 20 :B 10-Bl 6.

E . Bacterial or microbial derivatives

Adjuvants suitable for use in the invention include bacterial or microbial derivatives such as

non-toxic derivatives of enterobacterial lipopolysaccharide (LPS), Lipid A derivatives,

immunostimulatory oligonucleotides and ADP-ribosylating toxins and detoxified derivatives thereof.

Non-toxic derivatives of LPS include monophosphoryl lipid A (MPL) and 3-O-deacylated MPL

(3dMPL). 3dMPL is a mixture of 3 de-O-acylated monophosphoryl lipid A with 4, 5 or 6 acylated

chains. A preferred "small particle" form of 3 De-O-acylated monophosphoryl lipid A is disclosed in

EP-A-0689454. Such "small particles" of 3dMPL are small enough to be sterile filtered through a

0.22 µm membrane (US- 6630161). Other non-toxic LPS derivatives include monophosphoryl lipid A

mimics, such as aminoalkyl glucosaminide phosphate derivatives e.g. RC-529 (Johnson et al. (1999)

Bioorg Med Chem Lett 9:2273-2278; and Evans et al. (2003) Expert Rev Vaccines 2:21 9-229).

Lipid A derivatives include derivatives of lipid A from Escherichia coli such as OM- 174. OM-174 is

described for example in Meraldi et al. (2003) Vaccine 21:2485-2491 and Pajak et al. (2003) Vaccine

2 1:836-842.

Immunostimulatory oligonucleotides suitable for use as adjuvants in the invention include nucleotide

sequences containing a CpG motif (a dinucleotide sequence containing an unmethylated cytosine

linked by a phosphate bond to a guanosine). Double-stranded RNAs and oligonucleotides containing

palindromic or poly(dG) sequences have also been shown to be immunostimulatory.

The CpG's can include nucleotide modifications/analogs such as phosphorothioate modifications and

can be double-stranded or single-stranded. Kandimalla et al. (2003) Nucleic Acids Research 31:2393-

2400, WO02/26757 and WO99/62923 disclose possible analog substitutions e.g. replacement of

guanosine with 2'-deoxy-7-deazaguanosine. The adjuvant effect of CpG oligonucleotides is further

discussed in Krieg (2003) Nature Medicine 9:831-835; McCluskie et al. (2002) FEMS Immunology

and Medical Microbiology 32:179-185; WO98/40100; US 6,207,646; US 6,239,1 16 and US

6,429,1 99.

The CpG sequence may be directed to TLR9, such as the motif GTCGTT or TTCGTT (Kandimalla

et al. (2003) Biochemical Society Transactions 3 1 (part 3):654-658). The CpG sequence may be



specific for inducing a ThI immune response, such as a CpG-A ODN, or it may be more specific for

inducing a B cell response, such a CpG-B ODN. CpG-A and CpG-B ODNs are discussed in

Blackwell et al. (2003) J Immunol 170:4061-4068; Krieg (2002) Trends Immunol 23:64-65; and

WO01/95935. Preferably, the CpG is a CpG-A ODN.

Preferably, the CpG oligonucleotide is constructed so that the 5' end is accessible for receptor

recognition. Optionally, two CpG oligonucleotide sequences may be attached at their 3' ends to form

"immunomers". See, for example, Gluck et al. (2002) Vaccine 20:B10-B16; Kandimalla et al. (2003)

BBRC 306:948-953; Bhagat et al. (2003) BBRC 300:853-861 ; and WO03/035836.

A useful CpG adjuvant is CpG7909, also known as ProMune™ (Coley Pharmaceutical Group, Inc.).

Another is CpGl 826. As an alternative, or in addition, to using CpG sequences, TpG sequences can

be used (WOO 1/22972), and these oligonucleotides may be free from unmethylated CpG motifs. The

immunostimulatory oligonucleotide may be pyrimidine-rich. For example, it may comprise more

than one consecutive thymidine nucleotide (e.g. TTTT, as disclosed in Pajak et al. (2003) Vaccine

2 1:836-842), and/or it may have a nucleotide composition with >25% thymidine (e.g. >35%, >40%,

>50%, >60%, >80%, etc.). For example, it may comprise more than one consecutive cytosine

nucleotide (e.g. CCCC, as disclosed in Pajak et al. (2003) Vaccine 2 1:836-842), and/or it may have a

nucleotide composition with >25% cytosine (e.g. >35%, >40%, >50%, >60%, >80%, etc.). These

oligonucleotides may be free from unmethylated CpG motifs. Immunostimulatory oligonucleotides

will typically comprise at least 20 nucleotides. They may comprise fewer than 100 nucleotides.

A particularly useful adjuvant based around immunostimulatory oligonucleotides is known as

IC-31™ (Schellack et al. (2006) Vaccine 24:5461-72). Thus an adjuvant used with the invention may

comprise a mixture of (i) an oligonucleotide (e.g. between 15-40 nucleotides) including at least one

(and preferably multiple) CpI motifs (i.e. a cytosine linked to an inosine to form a dinucleotide), and

(ii) a polycationic polymer, such as an oligopeptide (e.g. between 5-20 amino acids) including at

least one (and preferably multiple) Lys-Arg-Lys tripeptide sequence(s). The oligonucleotide may be

a deoxynucleotide comprising 26-mer sequence 5'-(IC)i 3-3'. The polycationic polymer may be a

peptide comprising 11-mer amino acid sequence KLKLLLLLKLK.

Bacterial ADP-ribosylating toxins and detoxified derivatives thereof may be used as adjuvants in the

invention. Preferably, the protein is derived from E.coli (E.coli heat labile enterotoxin "LT"), cholera

("CT"), or pertussis ("'PT"). The use of detoxified ADP-ribosylating toxins as mucosal adjuvants is

described in WO95/1721 1 and as parenteral adjuvants in WO98/42375. The toxin or toxoid is

preferably in the form of a holotoxin, comprising both A and B subunits. Preferably the A subunit

contains a detoxifying mutation; preferably the B subunit is not mutated. Preferably, the adjuvant is a

detoxified LT mutant such as LT-K63, LT-R72, and LT-G 192. The use of ADP-ribosylating toxins

and detoxified derivatives thereof, particularly LT-K63 and LT-R72, as adjuvants can be found in

Beignon et al. (2002) Infect Immim 70:3012-3019; Pizza et al. (2001) Vaccine 19:2534-2541 ; Pizza

et al. (2000) Int J Med Microbiol 290:455-461; Scharton-Kersten et al. (2000) Infect Immun



68:5306-5313; Ryan et al. (1999) Infect Immun 67:6270-6280; Partidos et al. (1999) Immunol Lett

67:209-21 6; Peppoloni et al. (2003) Expert Rev Vaccines 2:285-293; and Pine et al. (2002) J Control

Release 85:263-270.

A useful CT mutant is or CT-E29H (Tebbey et al. (2000) Vaccine 18:2723-34). Numerical reference

for amino acid substitutions is preferably based on the alignments of the A and B subunits of ADP-

ribosylating toxins set forth in Domenighini et al. (1995) MoI Microbiol 15:1 165-1 167, specifically

incorporated herein by reference in its entirety.

F. Human immunomodulators

Human immunomodulators suitable for use as adjuvants in the invention include cytokines, such as

interleukins {e.g. IL-I, IL-2, IL-4, IL-5, IL-6, IL-7, IL-12 (WO99/40936), etc.) (WO99/44636),

interferons {e.g. interferon- γ), macrophage colony stimulating factor, and tumor necrosis factor. A

preferred immunomodulator is IL-12.

G. Bioadhesives and Mucoadhesives

Bioadhesives and mucoadhesives may also be used as adjuvants in the invention. Suitable

bioadhesives include esterified hyaluronic acid microspheres (Singh et al. (2001) J Cont Release

70:267-276) or mucoadhesives such as cross-linked derivatives of poly(acrylic acid), polyvinyl

alcohol, polyvinyl pyrollidone, polysaccharides and carboxymethylcellulose. Chitosan and

derivatives thereof may also be used as adjuvants in the invention (WO99/27960).

H . Microparticles

Microparticles may also be used as adjuvants in the invention. Microparticles {i.e. a particle of

~100nm to ~150 µm in diameter, more preferably ~200nm to ~30 µm in diameter, and most preferably

~500nm to ~10 µm in diameter) formed from materials that are biodegradable and non-toxic {e.g. a

poly( α-hydroxy acid), a polyhydroxybutyric acid, a polyorthoester, a polyanhydride, a

polycaprolactone, etc.), with poly(lactide-co-glycolide) are preferred, optionally treated to have a

negatively-charged surface {e.g. with SDS) or a positively-charged surface {e.g. with a cationic

detergent, such as CTAB).

/ . Liposomes (Chapters 13 & 14 of Vaccine Design... (1995) eds. Powell & Newman. ISBN:

030644867X. Plenum.)

Examples of liposome formulations suitable for use as adjuvants are described in US 6,090,406; US

5,916,588; and EP-A-0626169.

J . Polyoxyethylene ether and polyoxyethylene esterformulations

Adjuvants suitable for use in the invention include polyoxyethylene ethers and polyoxyethylene

esters (WO99/52549). Such formulations further include polyoxyethylene sorbitan ester surfactants

in combination with an octoxynol (WOO 1/2 1207) as well as polyoxyethylene alkyl ethers or ester

surfactants in combination with at least one additional non-ionic surfactant such as an octoxynol

(WO01/21 152). Preferred polyoxyethylene ethers are selected from the following group:



polyoxyethylene-9-lauryl ether (laureth 9), polyoxyethylene-9-steoryl ether, polyoxytheylene-8-

steoryl ether, polyoxyethylene-4-lauryl ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-

23-lauryl ether.

K . Phosphazenes

A phosphazene, such as poly[di(carboxylatophenoxy)phosphazene] ("PCPP") as described, for

example, in Andrianov et al. (1998) Biomaterials 19:109-1 15 and Payne et al. (1998) Adv Drug

Delivery Review 3 1 :185-1 96, may be used.

L . Muramyl peptides

Examples of muramyl peptides suitable for use as adjuvants in the invention include N-acetyl-

muramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine

(nor-MDP), and N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(r-2'-dipalmitoyl-s«-

glycero-3-hydroxyphosphoryloxy)-ethylamine MTP-PE).

M . Imidazoquinolone Compounds.

Examples of imidazoquinolone compounds suitable for use adjuvants in the invention include

Imiquimod ("R-837") (US 4,680,338; US 4,988,815), Resiquimod ("R-848") (WO92/15582), and

their analogs; and salts thereof (e.g. the hydrochloride salts). Further details about

immunostimulatory imidazoquinolines can be found in Stanley (2002) Clin Exp Dermatol 27:571-

577; Wu et al. (2004) Antiviral Res. 64(2):79-83; Vasilakos et al. (2000) Cell Immunol. 204(1 ):64-

74; US patents 4689338, 4929624, 5238944, 5266575, 5268376, 5346905, 5352784, 5389640,

5395937, 5482936, 5494916, 5525612, 6083505, 6440992, 6627640, 6656938, 6660735, 6660747,

6664260, 6664264, 6664265, 6667312, 6670372, 6677347, 6677348, 6677349, 6683088, 6703402,

6743920, 6800624, 6809203, 6888000 and 6924293; and Jones (2003) Ciirr Opin Investig Drugs

4:214-218.

N. Substituted ureas

Substituted ureas useful as adjuvants include compounds of formula I, II or III, or salts thereof:



II III

as defined in WO03/01 1223, such as Ε R 803058', 'ER 803732', Ε R 804053', ER 804058", 'ER

804059 , Ε R 804442', Ε R 804680', 'ER 804764', ER 803022 or Ε R 804057' e.g.:

O. Further adjuvants

Further adjuvants that may be used with the invention include:

• An aminoalkyl glucosaminide phosphate derivative, such as RC-529 (Johnson et al. (1999)

BioorgMed Chem Lett 9:2273-2278; Evans et al. (2003) Expert Rev Vaccines 2:219-229).



• A thiosemicarbazone compound, such as those disclosed in WO2004/060308. Methods of

formulating, manufacturing, and screening for active compounds are also described in Bhagat et

al. (2003) BBRC 300:853-861. The thiosemicarbazones are particularly effective in the

stimulation of human peripheral blood mononuclear cells for the production of cytokines, such as

TNF- α.

• A tryptanthrin compound, such as those disclosed in WO2004/064759. Methods of formulating,

manufacturing, and screening for active compounds are also described in WO03/035836. The

thiosemicarbazones are particularly effective in the stimulation of human peripheral blood

mononuclear cells for the production of cytokines, such as TNF-α.

• A nucleoside analog, such as: (a) Isatorabine (ANA-245; 7-thia-8-oxoguanosine):

and prodrugs thereof; (b) ANA975; (c) ANA-025-1; (d) ANA380; (e) the compounds disclosed

in US 6,924,271, US2005/0070556 and US 5,658,731, oxoribine (7-allyl-8-oxoguanosine) (US

patent 5,01 1,828).

• Compounds disclosed in WO2004/87153, including: Acylpiperazine compounds, Indoledione

compounds, Tetrahydraisoquinoline (THIQ) compounds, Benzocyclodione compounds,

Aminoazavinyl compounds, Aminobenzimidazole quinolinone (ABIQ) compounds (US

6,605,617, WO02/1 8383), Hydrapthalamide compounds, Benzophenone compounds, Isoxazole

compounds, Sterol compounds, Quinazilinone compounds, Pyrrole compounds

(WO2004/0 18455), Anthraquinone compounds, Quinoxaline compounds, Triazine compounds,

Pyrazalopyrimidine compounds, and Benzazole compounds (WO03/082272).

• Compounds containing lipids linked to a phosphate-containing acyclic backbone, such as the

TLR4 antagonist E5564 (Wong et al. (2003) J Clin Pharmacol 43(7):735-42 ;

US2005/0215517).

• A polyoxidonium polymer (Dyakonova et al. (2004) Int Immunopharmacol 4(1 3): 161 5-23 ; FR-

2859633) or other N-oxidized polyethylene-piperazine derivative.

• Methyl inosine 5'-monophosphate ("MIMP") (Signorelli & Hadden (2003) Int

Immunopharmacol 3(8): 1177-86).

• A polyhydroxlated pyrrolizidine compound (WO2004/064715), such as one having formula:



where R is selected from the group comprising hydrogen, straight or branched, unsubstituted

or substituted, saturated or unsaturated acyl, alkyl (e.g. cycloalkyl), alkenyl, alkynyl and aryl

groups, or a pharmaceutically acceptable salt or derivative thereof. Examples include, but are

not limited to: casuarine, casuarine-6- α-D-glucopyranose, 3-e/?/-casuarine, 7- ;?/-casuarine,

3,7-die/?/-casuarine, etc.

A CDId ligand, such as an α-glycosylceramide (De Libero et al, Nature Reviews Immunology,

2005, 5 : 485-496; US patent 5,936,076 ; Oki et al, J . Clin. Investig., 113: 1631-1640 ;

US2005/0 192248; Yang et al, Angew. Chem. Int. Ed, 2004, 43: 381 8-3822; WO2005/1 02049;

Goff et al, J . Am. Chem., Soc, 2004, 126: 13602-13603; WO03/105769) e.g.

α-galactosylceramide), phytosphingosine-containing α-glycosylceramides, OCH, KRN7000

[(2S,3S,4R)-l-O-( α-D-galactopyranosyl)-2-(N-hexacosanoylamino)-l,3,4-octadecanetriol],

CRONY-101, 3"-O-sulfo-galactosylceramide, etc.

A gamma inulin (Cooper (1995) Pharm Biotechnol 6:559-80) or derivative thereof, such as

algammulin.

Adjuvant combinations

The invention may also comprise combinations of aspects of one or more of the adjuvants identified

above. For example, the following adjuvant compositions may be used in the invention: (1) a saponin

and an oil-in-water emulsion (WO99/1 1241); (2) a saponin (e.g. QS21) + a non-toxic LPS derivative

(e.g. 3dMPL) (WO94/001 53); (3) a saponin (e.g. QS21) + a non-toxic LPS derivative (e.g. 3dMPL)

+ a cholesterol; (4) a saponin (e.g. QS21) + 3dMPL + IL-1 2 (optionally + a sterol) (WO98/57659);

(5) combinations of 3dMPL with, for example, QS21 and/or oil-in-water emulsions (European patent

applications 0835318, 0735898 and 076123 1); (6) SAF, containing 10% squalane, 0.4% Tween

80™, 5% pluronic-block polymer L121, and thr-MDP, either microfluidized into a submicron

emulsion or vortexed to generate a larger particle size emulsion. (7) Ribi™ adjuvant system (RAS),

(Ribi Immunochem) containing 2% squalene, 0.2% Tween 80, and one or more bacterial cell wall



components from the group consisting of monophosphorylipid A (MPL), trehalose dimycolate

(TDM), and cell wall skeleton (CWS), preferably MPL + CWS (Detox™); and (8) one or more

mineral salts (such as an aluminum salt) + a non-toxic derivative of LPS (such as 3dMPL). In some

embodiments a combination of a toxin (e.g. LTK63) and an immunostimulatory oligonucleotide (e.g.

CpG) is used. In some embodiments, a combination of an emulsion (e.g. montanide) and an

immunostimulatory oligonucleotide (e.g. CpG) is used.

Other substances that act as immunostimulating agents are disclosed in chapter 7 of Vaccine Design,

(1995) eds. Powell & Newman. ISBN: 030644867X. Plenum.

The use of an aluminium hydroxide and/or aluminium phosphate adjuvant is particularly preferred,

and antigens are generally adsorbed to these salts. Calcium phosphate is another preferred adjuvant.

Other preferred adjuvant combinations include combinations of ThI and Th2 adjuvants such as CpG

& alum or resiquimod & alum. A combination of aluminium phosphate and 3dMPL may be used.

To improve thermal stability, a composition may include a temperature protective agent. This

component may be particularly useful in adjuvanted compositions (particularly those containing a

mineral adjuvant, such as an aluminium salt). As described in WO2006/1 10603, a liquid temperature

protective agent may be added to an aqueous vaccine composition to lower its freezing point e.g. to

reduce the freezing point to below 00C. Thus the composition can be stored below O0C, but above its

freezing point, to inhibit thermal breakdown. The temperature protective agent also permits freezing

of the composition while protecting mineral salt adjuvants against agglomeration or sedimentation

after freezing and thawing, and may also protect the composition at elevated temperatures e.g. above

400C. A starting aqueous vaccine and the liquid temperature protective agent may be mixed such that

the liquid temperature protective agent forms from 1-80% by volume of the final mixture. Suitable

temperature protective agents should be safe for human administration, readily miscible/soluble in

water, and should not damage other components (e.g. antigen and adjuvant) in the composition.

Examples include glycerin, propylene glycol, and/or polyethylene glycol (PEG). Suitable PEGs may

have an average molecular weight ranging from 200-20,000 Da. In a preferred embodiment, the

polyethylene glycol can have an average molecular weight of about 300 Da ("PEG-300 ") .

The invention provides an immunogenic composition comprising: (i) one or more proteins of the

invention; and (ii) a temperature protective agent. This composition may be formed by mixing (i) an

aqueous composition comprising one or more proteins of the invention, with (ii) a temperature

protective agent. The mixture may then be stored e.g. below O0C, from 0-200C, from 20-35 0C, from

35-55°C, or higher. It may be stored in liquid or frozen form. The mixture may be lyophilised. The

composition may alternatively be formed by mixing (i) a dried composition comprising one or more

proteins of the invention, with (ii) a liquid composition comprising the temperature protective agent.

Thus component (ii) can be used to reconstitute component (i).



The compositions of the invention may elicit either or both of a cell mediated immune response and a

humoral immune response. This immune response will preferably induce long lasting (e.g.

neutralising) antibodies and a cell mediated immunity that can quickly respond upon exposure to

chlamydia.

Two types of T cells, CD4 and CD8 cells, are generally thought necessary to initiate and/or enhance

cell mediated immunity and humoral immunity. CD8 T cells can express a CD8 co-receptor and are

commonly referred to as Cytotoxic T lymphocytes (CTLs). CD8 T cells are able to recognized or

interact with antigens displayed on MHC Class I molecules.

CD4 T cells can express a CD4 co-receptor and are commonly referred to as T helper cells. CD4 T

cells are able to recognize antigenic peptides bound to MHC class II molecules. Upon interaction

with a MHC class II molecule, the CD4 cells can secrete factors such as cytokines. These secreted

cytokines can activate B cells, cytotoxic T cells, macrophages, and other cells that participate in an

immune response. Helper T cells or CD4+ cells can be further divided into two functionally distinct

subsets: THl phenotype and TH2 phenotypes which differ in their cytokine and effector function.

Activated THl cells enhance cellular immunity (including an increase in antigen-specific CTL

production) and are therefore of particular value in responding to intracellular infections. Activated

THl cells may secrete one or more of IL-2, IFNγ , and TNF- β. A THl immune response may result in

local inflammatory reactions by activating macrophages, NK (natural killer) cells, and CD8 cytotoxic

T cells (CTLs). A THl immune response may also act to expand the immune response by stimulating

growth of B and T cells with IL-1 2. THl stimulated B cells may secrete IgG2a.

Activated TH2 cells enhance antibody production and are therefore of value in responding to

extracellular infections. Activated TH2 cells may secrete one or more of IL-4, IL-5, IL-6, and IL-IO.

A TH2 immune response may result in the production of IgGl, IgE, IgA and memory B cells for

future protection.

An enhanced immune response may include one or more of an enhanced THl immune response and

a TH2 immune response.

A THl immune response may include one or more of an increase in CTLs, an increase in one or

more of the cytokines associated with a THl immune response (such as IL-2, IFNγ , and TNF- β), an

increase in activated macrophages, an increase in NK activity, or an increase in the production of

IgG2a. Preferably, the enhanced THl immune response will include an increase in lgG2a production.

A THl immune response may be elicited using a THl adjuvant. A THl adjuvant will generally elicit

increased levels of IgG2a production relative to immunization of the antigen without adjuvant. THl

adjuvants suitable for use in the invention may include for example saponin formulations, virosomes

and virus like particles, non-toxic derivatives of enterobacterial lipopolysaccharide (LPS),



irnmunostimulatory oligonucleotides. Immunostimulatory oligonucleotides, such as oligonucleotides

containing a CpG motif, are preferred THl adjuvants for use in the invention.

A TH2 immune response may include one or more of an increase in one or more of the cytokines

associated with a TH2 immune response (such as IL-4, IL-5, IL-6 and IL-IO), or an increase in the

production of IgGl, IgE, IgA and memory B cells. Preferably, the enhanced TH2 immune resonse

will include an increase in IgGl production.

A TH2 immune response may be elicited using a TH2 adjuvant. A TH2 adjuvant will generally elicit

increased levels of IgGl production relative to immunization of the antigen without adjuvant. TH2

adjuvants suitable for use in the invention include, for example, mineral containing compositions,

oil-emulsions, and ADP-ribosylating toxins and detoxified derivatives thereof. Mineral containing

compositions, such as aluminium salts are preferred TH2 adjuvants for use in the invention.

Preferably, the invention includes a composition comprising a combination of a THl adjuvant and a

TH2 adjuvant. Preferably, such a composition elicits an enhanced THl and an enhanced TH2

response, i.e., an increase in the production of both IgGl and IgG2a production relative to

immunization without an adjuvant. Still more preferably, the composition comprising a combination

of a THl and a TH2 adjuvant elicits an increased THl and/or an increased TH2 immune response

relative to immunization with a single adjuvant (i.e., relative to immunization with a THl adjuvant

alone or immunization with a TH2 adjuvant alone).

The immune response may be one or both of a THl immune response and a TH2 response.

Preferably, immune response provides for one or both of an enhanced THl response and an enhanced

TH2 response. Preferably, the immune response includes an increase in the production of IgGl

and/or IgG2 and/or IgGA.

The invention is preferably used to elicit systemic and/or mucosal immunity. The enhanced immune

response may be one or both of a systemic and a mucosal immune response. Preferably, the immune

response provides for one or both of an enhanced systemic and an enhanced mucosal immune

response. Preferably the mucosal immune response is a TH2 immune response. Preferably, the

mucosal immune response includes an increase in the production of IgA.

Methods of treatment, and administration of the vaccine

The invention also provides a method for raising an immune response in a mammal comprising the

step of administering an effective amount of a protein, antibody, nucleic acid, vector, host cell or

composition of the invention. The immune response is preferably protective and preferably involves

antibodies and/or cell-mediated immunity. The method may raise a booster response.

The invention also provides a protein or combination, as defiend above, for use as a medicament e.g.

for use in raising an immune response in a mammal.



The invention also provides the use of a protein or combination of the invention in the manufacture

of a medicament for raising an immune response in a mammal. By raising an immune response in

the mammal by these uses and methods, the mammal can be protected against Chlamydia infection.

More particularly, the mammal may be protected against Chlamydia trachomatis. The invention is

effective against Chlamydia of various different serotypes, but can be particularly useful in

protecting against disease resulting from Chlamydia infection by strains in serovar D.

Thus, according to a further aspect, the invention also provides a nucleic acid, protein, antibody,

vector or host cell according to the invention for use as a medicament {e.g. a vaccine) or a diagnostic

reagent. In one embodiment, the protein, nucleic acid or antibody is used for treatment, prevention

or diagnosis of Chlamydia infection (preferably C . trachomatis) in a mammal. The invention also

provides a method of treating, preventing of diagnosing Chlamydia infection (preferably, C.

trachomatis infection) in a patient (preferably a mammal), comprising administering a

therapeutically effective amount of a nucleic acid, protein or antibody of the invention.

Preferably, the nucleic acid, protein or antibody according to the invention is for treatment or

prevention of Chlamydia infection or an associated condition (e.g. trachoma, blindness, cervicitis,

pelvic inflammatory disease, infertility, ectopic pregnancy, chronic pelvic pain, salpingitis, urethritis,

epididymitis, infant pneumonia, cervical squamous cell carcinoma, etc.), preferably, C. trachomatis

infection. The immunogenic composition may additionally or alternatively be effective against C.

pneumoniae.

The mammal is preferably a human. Where the vaccine is for prophylactic use, the human is

preferably a child (e.g. a toddler or infant) or a teenager; where the vaccine is for therapeutic use, the

human is preferably a teenager or an adult. A vaccine intended for children may also be administered

to adults e.g. to assess safety, dosage, immunogenicity, etc. Thus a human patient may be less than 1

year old, 1-5 years old, 5-15 years old, 15-55 years old, or at least 55 years old. Preferred patients for

receiving the vaccines are people going through purberty, teenagers, sexually active people, the

elderly (e.g. 50 years old, >60 years old, and preferably >65 years), the young (e.g. <5 years old),

hospitalised patients, healthcare workers, armed service and military personnel, pregnant women, the

chronically ill, or immunodeficient patients. The vaccines are not suitable solely for these groups,

however, and may be used more generally in a population.

Vaccines produced by the invention may be administered to patients at substantially the same time as

(e.g. during the same medical consultation or visit to a healthcare professional or vaccination centre)

other vaccines e.g. at substantially the same time as a human papillomavirus vaccine such as

Cervarix™ or Gardasil™; a tetanus, diphtheria and acellular pertussis vaccine such as TDaP, DTaP

or Boostrix™; a rubella vaccine such as MMR; or a tubercolosis vaccine such as the BCG. Examples

of other vaccines that the vaccine produced by the invention may be administered at substantially the

same time as are a measles vaccine, a mumps vaccine, a varicella vaccine, a MMRV vaccine, a

diphtheria vaccine, a tetanus vaccine, a pertussis vaccine, a DTP vaccine, a conjugated H .influenzae



type b vaccine, an inactivated poliovirus vaccine, a hepatitis B virus vaccine, a meningococcal

conjugate vaccine (such as a tetravalent A-C-Wl 35-Y vaccine), a respiratory syncytial virus vaccine,

etc.

In a preferred embodiment, the protein of the invention is used to elicit antibodies that are capable of

neutralising the activity of the wild type Chlamydia protein, for example, of one or more of wild-type

Chlamydia CT733, CT153, CT601, CT279, CT443, CT372, CT456, CT381, CT255, CT341 , CT716,

CT745, CT387, CT812, CT869, CT166, CT175, CT163, CT214, CT721, CT127, CT043, CT600

and/or CT823 for example, of one or more of wild-type Chlamydia CT733, CTl 53, CT601, CT279,

CT443, CT372, CT456 and/or CT381. Neutralizing antibodies may be used as a vaccine capable of

neutralising the activity of a native Chlamydia protein expressed by infectious EB. In one

embodiment, the protein of the invention is used to elicit antibodies that are capable of neutralising

Chlamydia infectivity and/or virulence. Thus, the invention also provides the antibodies of the

invention for neutralising wild-type Chlamydia proteins and/or Chlamydia infectivity and/or

virulence.

The invention also provides the use of a nucleic acid, protein, or antibody of the invention in the

manufacture of: (i) a medicament for treating or preventing bacterial infection; (ii) a diagnostic

reagent for detecting the presence of bacteria or of antibodies raised against bacteria; and/or (iii) a

reagent which can raise antibodies against bacteria. Said bacteria is preferably a Chlamydia, e.g.

Chlamydia trachomatis or Chlamydia pneumoniae, but is preferably Chlamydia trachomatis.

Also provided is a method for diagnosing Chlamydia infection, comprising:

(a) raising an antibody against a protein of the invention;

(b) contacting the antibody of step (a) with a biological sample suspected of being

infected with Chlamydia under conditions suitable for the formation of antibody-

antigen complexes; and

(c) detecting said complexes, wherein detection of said complex is indicative of

Chlamydia infection.

Also provided is a method for diagnosing Chlamydia infection, comprising: (a) contacting an

antibody which was raised against a protein of the invention with a biological sample suspected of

being infected with Chlamydia under conditions suitable for the formation of antibody-antigen

complexes; and (b) detecting said complexes, wherein detection of said complex is indicative of

Chlamydia infection.

Proteins of the invention can be used in immunoassays to detect antibody levels (or, conversely,

antibodies of the invention can be used to detect protein levels). Immunoassays based on well

defined, recombinant antigens can be developed to replace invasive diagnostics methods. Antibodies

to proteins within biological samples, including for example, blood or serum samples, can be



detected. Design of the immunoassays is subject to a great deal of variation, and a variety of these

are known in the art. Protocols for the immunoassay may be based, for example, upon competition,

or direct reaction, or sandwich type assays. Protocols may also, for example, use solid supports, or

may be by immunoprecipitation. Most assays involve the use of labeled antibody or polypeptide; the

labels may be, for example, fluorescent, chemiluminescent, radioactive, or dye molecules. Assays

which amplify the signals from the probe are also known; examples of which are assays which utilize

biotin and avidin, and enzyme-labeled and mediated immunoassays, such as ELISA assays.

Kits suitable for immunodiagnosis and containing the appropriate labeled reagents are constructed by

packaging the appropriate materials, including the compositions of the invention, in suitable

containers, along with the remaining reagents and materials (for example, suitable buffers, salt

solutions, etc.) required for the conduct of the assay, as well as suitable set of assay instructions.

Testing efficacy of compositions

The efficacy of the immunogenic compositions of the present invention can be evaluated in in vitro

and in vivo animal models prior to host, e.g., human, administration. For example, in vitro

neutralization by Peterson et al (1988) is suitable for testing vaccine compositions directed toward

Chlamydia trachomatis.

One way of checking efficacy of therapeutic treatment involves monitoring C . trachomatis infection

after administration of the compositions of the invention. One way of checking efficacy of

prophylactic treatment involves monitoring immune responses both systemically (such as monitoring

the level of IgGl and IgG2a production) and mucosally (such as monitoring the level of IgA

production) against the Chlamydia trachomatis antigens in the compositions of the invention after

administration of the composition. Typically, serum Chlamydia specific antibody responses are

determined post-immunisation but pre-challenge whereas mucosal Chlamydia specific antibody body

responses are determined post-immunisation and post-challenge.

One example of such an in vitro test is described as follows. Hyper-immune antisera is diluted in

PBS containing 5% guinea pig serum, as a complement source. Chlamydia trachomatis (104 IFU;

inclusion forming units) are added to the antisera dilutions. The antigen-antibody mixtures are

incubated at 370C for 45 minutes and inoculated into duplicate confluent Hep-2 or HeLa cell

monolayers contained in glass vials (e.g., 15 by 45 mm), which have been washed twice with PBS

prior to inoculation. The monolayer cells are infected by centrifugation at IOOOX g for 1 hour

followed by stationary incubation at 370C for 1 hour. Infected monolayers are incubated for 48 or 72

hours, fixed and stained with Chlamydia specific antibody, such as anti-MOMP. Inclusion-bearing

cells are counted in ten fields at a magnification of 200X. Neutralization titer is assigned on the

dilution that gives 50% inhibition as compared to control monolayers/IFU.

Another way of assessing the immunogenicity of the compositions of the present invention is to

express the proteins recombinantly for screening patient sera or mucosal secretions by immunoblot



and/or microarrays. A positive reaction between the protein and the patient sample indicates that the

patient has mounted an immune response to the protein in question. This method may also be used to

identify immunodominant antigens and/or epitopes within antigens.

The efficacy of vaccine compositions can also be determined in vivo by challenging animal models

of Chlamydia trachomatis infection, e.g., guinea pigs or mice, with the vaccine compositions. For

example, in vivo vaccine composition challenge studies in the guinea pig model of Chlamydia

trachomatis infection can be performed. A description of one example of this type of approach

follows. Female guinea pigs weighing 450 - 500 g are housed in an environmentally controlled

room with a 12 hour light-dark cycle and immunized with vaccine compositions via a variety of

immunization routes. Post-vaccination, guinea pigs are infected in the genital tract with the agent of

guinea pig inclusion conjunctivitis (GPIC), which has been grown in HeLa or McCoy cells (Rank et

al. (1988)). Each animal receives approximately 1.4x1 07 inclusion forming units (IFU) contained in

0.05 ml of sucrose-phosphate-glutamate buffer, pH 7.4 (Schacter, 1980). The course of infection

monitored by determining the percentage of inclusion-bearing cells by indirect immunofluorescence

with GPIC specific antisera, or by Giemsa-stained smear from a scraping from the genital tract (Rank

et al 1988). Antibody titers in the serum is determined by an enzyme-linked immunosorbent assay.

Alternatively, in vivo vaccine compositions challenge studies can be performed in the murine model

o Chlamydia trachomatis (Morrison et al 1995). A description of one example of this type of

approach is as follows. Female mice 7 to 12 weeks of age receive 2.5 mg of depo-provera

subcutaneously at 10 and 3 days before vaginal infection. Post-vaccination, mice are infected in the

genital tract with 1,500 inclusion-forming units of Chlamydia trachomatis contained in 5ml of

sucrose-phosphate-glutamate buffer, pH 7.4. The course of infection is monitored by determining

the percentage of inclusion-bearing cells by indirect immunofluorescence with Chlamydia

trachomatis specific antisera, or by a Giemsa-stained smear from a scraping from the genital tract of

an infected mouse. The presence of antibody titers in the serum of a mouse is determined by an

enzyme-linked immunosorbent assay.

Nucleic acid immunisation

The immunogenic compositions described above include Chlamydia antigens. In all cases, however,

the polypeptide antigens can be replaced by nucleic acids (typically DNA) encoding those

polypeptides, to give compositions, methods and uses based on nucleic acid immunisation. Nucleic

acid immunisation is now a developed field {e.g. see Donnelly et al. (1997) Anmi Rev Immunol

15:617-648; Strugnell et al. (1997) Immunol Cell Biol 75(4):364-369; Cui (2005) A/v Genet 54:257-

89; Robinson & Torres (1997) Seminars in Immunol 9:271-283; Brunham et al. (2000) J Infect Dis

18 1 Suppl 3:S538-43; Svanholm et al. (2000) Scand J Immunol 51(4):345-53; DNA Vaccination -

Genetic Vaccination (1998) eds. Koprowski et al. (ISBN 3540633928); Gene Vaccination : Theory

and Practice (1998) ed. Raz (ISBN 3540644288), etc.).



The nucleic acid encoding the immunogen is expressed in vivo after delivery to a patient and the

expressed immunogen then stimulates the immune system. The active ingredient will typically take

the form of a nucleic acid vector comprising: (i) a promoter; (ii) a sequence encoding the

immunogen, operably linked to the promoter; and optionally (iii) a selectable marker. Preferred

vectors may further comprise (iv) an origin of replication; and (v) a transcription terminator

downstream of and operably linked to (ii). In general, (i) & (v) will be eukaryotic and (iii) & (iv) will

be prokaryotic.

Preferred promoters are viral promoters e.g. from cytomegalovirus (CMV). The vector may also

include transcriptional regulatory sequences {e.g. enhancers) in addition to the promoter and which

interact functionally with the promoter. Preferred vectors include the immediate-early CMV

enhancer/promoter, and more preferred vectors also include CMV intron A. The promoter is

operably linked to a downstream sequence encoding an immunogen, such that expression of the

immunogen-encoding sequence is under the promoter's control.

Where a marker is used, it preferably functions in a microbial host (e.g. in a prokaryote, in a bacteria,

in a yeast). The marker is preferably a prokaryotic selectable marker (e.g. transcribed under the

control of a prokaryotic promoter). For convenience, typical markers are antibiotic resistance genes.

The vector of the invention is preferably an autonomously replicating episomal or extrachromosomal

vector, such as a plasmid.

The vector of the invention preferably comprises an origin of replication. It is preferred that the

origin of replication is active in prokaryotes but not in eukaryotes.

Preferred vectors thus include a prokaryotic marker for selection of the vector, a prokaryotic origin of

replication, but a eukaryotic promoter for driving transcription of the immunogen-encoding

sequence. The vectors will therefore (a) be amplified and selected in prokaryotic hosts without

polypeptide expression, but (b) be expressed in eukaryotic hosts without being amplified. This

arrangement is ideal for nucleic acid immunization vectors.

The vector of the invention may comprise a eukaryotic transcriptional terminator sequence

downstream of the coding sequence. This can enhance transcription levels. Where the coding

sequence does not have its own, the vector of the invention preferably comprises a polyadenylation

sequence. A preferred polyadenylation sequence is from bovine growth hormone.

The vector of the invention may comprise a multiple cloning site.

In addition to sequences encoding the immunogen and a marker, the vector may comprise a second

eukaryotic coding sequence. The vector may also comprise an IRES upstream of said second

sequence in order to permit translation of a second eukaryotic polypeptide from the same transcript

as the immunogen. Alternatively, the immunogen-coding sequence may be downstream of an IRES.



The vector of the invention may comprise unmethylated CpG motifs e.g. unmethylated DNA

sequences which have in common a cytosine preceding a guanosine, flanked by two 5' purines and

two 3' pyrimidines. In their unmethylated form these DNA motifs have been demonstrated to be

potent stimulators of several types of immune cell.

Vectors may be delivered in a targeted way. Receptor-mediated DNA delivery techniques are

described in, for example, Findeis et al, Trends Biotechnol. (1993) 11:202; Chiou et al. (1994) Gene

Therapeutics: Methods And Applications Of Direct Gene Transf er ed. Wolff; Wu et al, J . Biol.

Chem. (1988) 263:621 ; Wu et al, J . Biol. Chem. (1994) 269:542; Zenke et al, Proc. Natl. Acad. Sci.

(USA) (1990) 57:3655; and Wu et al., J . Biol. Chem. (1991) 266:338.

Therapeutic compositions containing a nucleic acid are administered in a range of about lOOng to

about 200mg of DNA for local administration in a gene therapy protocol. Concentration ranges of

about 500 ng to about 50 mg, about l µg to about 2 mg, about 5µg to about 500µg, and about 20µg to

about lOOµg of DNA can also be used during a gene therapy protocol. Factors such as method of

action (e.g. for enhancing or inhibiting levels of the encoded gene product) and efficacy of

transformation and expression are considerations which will affect the dosage required for ultimate

efficacy. Where greater expression is desired over a larger area of tissue, larger amounts of vector or

the same amounts re-administered in a successive protocol of administrations, or several

administrations to different adjacent or close tissue portions may be required to effect a positive

therapeutic outcome. In all cases, routine experimentation in clinical trials will determine specific

ranges for optimal therapeutic effect.

Vectors can be delivered using gene delivery vehicles. The gene delivery vehicle can be of viral or

non-viral origin (see generally Jolly, Cancer Gene Therapy (1994) 7:51 ; Kimura, Human Gene

Therapy (1994) 5:845; Connelly, Human Gene Therapy (1995) 7:185; and Kaplitt, Nature Genetics

(1994) 5:148).

Viral-based vectors for delivery of a desired nucleic acid and expression in a desired cell are well

known in the art. Exemplary viral-based vehicles include, but are not limited to, recombinant

retroviruses (e.g. WO 90/07936; WO 94/03622; WO 93/25698; WO 93/25234; US patent 5,219,740;

WO 93/1 1230; WO 93/1021 8; US patent 4,777,127; GB Patent No. 2,200,651 ; EP-A-0345242; and

WO 91/02805), alphavirus-based vectors (e.g. Sindbis virus vectors, Semliki forest virus (ATCC

VR-67; ATCC VR-1 247), Ross River virus (ATCC VR-373; ATCC VR-1246) and Venezuelan

equine encephalitis virus (ATCC VR-923; ATCC VR-1250; ATCC VR 1249; ATCC VR-532);

hybrids or chimeras of these viruses may also be used), poxvirus vectors (e.g. vaccinia, fowlpox,

canarypox, modified vaccinia Ankara, etc.), adenovirus vectors, and adeno-associated virus (AAV)

vectors (e.g. see WO 90/07936; WO 94/03622; WO 93/25698; WO 93/25234; US patent 5,219,740;

WO 93/1 1230; WO 93/1021 8; US patent 4,777,127; GB Patent No. 2,200,651 ; EP-A-0345242; WO

91/02805; WO 94/12649; WO 93/03769; WO 93/19191; WO 94/28938; WO 95/1 1984; and WO



95/00655). Administration of DNA linked to killed adenovirus (Curiel, Hum. Gene Ther. (1992)

3:147) can also be employed.

Non-viral delivery vehicles and methods can also be employed, including, but not limited to,

polycationic condensed DNA linked or unlinked to killed adenovirus alone (e.g. De Libero et al,

Nature Reviews Immunology, 2005, 5: 485-496), ligand-linked DNA (Wu, J . Biol. Chem. (1989)

2(54:16985), eukaryotic cell delivery vehicles cells (US patent 5,814,482; WO 95/07994;

WO 96/17072; WO 95/30763; and WO 97/42338) and nucleic charge neutralization or fusion with

cell membranes. Naked DNA can also be employed. Exemplary naked DNA introduction methods

are described in WO 90/1 1092 and US patent 5,580,859. Liposomes {e.g. immunoliposomes) that

can act as gene delivery vehicles are described in US patent 5,422,120; WO 95/13796; WO

94/23697; WO 91/14445; and EP-0524968. Additional approaches are described in Philip, MoI. Cell

Biol. (1994) 74:241 1 and Woffendin, Proc. Natl. Acad. Sci. (1994) 97:1 1581.

Further non-viral delivery suitable for use includes mechanical delivery systems such as the approach

described in Donnelly et al. (1997) Annu Rev Immunol 15:617-648. Moreover, the coding sequence

and the product of expression of such can be delivered through deposition of photopolymerized

hydrogel materials or use of ionizing radiation (e.g. US patent 5,206,152 and WO 92/1 1033). Other

conventional methods for gene delivery that can be used for delivery of the coding sequence include,

for example, use of hand-held gene transfer particle gun (US patent 5,149,655) or use of ionizing

radiation for activating transferred genes (Strugnell et al. (1997) Immunol Cell Biol 75(4):364-369

and Cui (2005) Adv Genet 54:257-89).

Delivery DNA using PLG {poly(lactide-co-glycolide)} microparticles is a particularly preferred

method e.g. by adsorption to the microparticles, which are optionally treated to have a negatively-

charged surface {e.g. treated with SDS) or a positively-charged surface {e.g. treated with a cationic

detergent, such as CTAB).

Antibody immunisation

The antibodies of the invention may be used, for example, for neutralising the activity of the wild-

type Chlamydia protein. Antibodies against Chlamydia antigens can be used for passive

immunisation (Brandt et al. (2006) J Antimicrob Chemother. 58(6):1291-4. Epub 2006 Oct 26). Thus

the invention provides the use of antibodies of the invention in therapy. The invention also provides

the use of such antibodies in the manufacture of a medicament. The invention also provides a method

for treating a mammal comprising the step of administering an effective amount of an antibody of the

invention. As described above for immunogenic compositions, these methods and uses allow a

mammal to be protected against Chlamydia infection.

Processes

According to further aspects, the invention provides various processes.



A process for producing a protein of the invention is provided, comprising the step of culturing a host

cell of the invention under conditions which induce protein expression.

A process for producing protein or nucleic acid of the invention is provided, wherein the protein or

nucleic acid is synthesised in part or in whole using chemical means.

A process for detecting Chlamydia (preferably C. trachomatis) in a biological sample is also

provided, comprising the step of contacting a nucleic acid according to the invention with the

biological sample under hybridising conditions. The process may involve nucleic acid amplification

{e.g. PCR, SDA, SSSR, LCR, TMA etc.) or hybridisation {e.g. microarrays, blots, hybridisation with

probe in solution etc.).

A process for detecting wild-type Chlamydia (preferably, C. trachomatis) is provided, comprising

the steps of: (a) contacting an antibody of the invention with a biological sample under conditions

suitable for the formation of an antibody-antigen complex(es); and (b) detecting said complex(es).

This process may advantageously be used to diagnose Chlamydia infection.

General

The practice of the present invention will employ, unless otherwise indicated, conventional methods

of chemistry, biochemistry, molecular biology, immunology and pharmacology, within the skill of

the art. Such techniques are explained fully in the literature. See, e.g., Gennaro (2000) Remington:

The Science and Practice of Pharmacy. 20th edition, ISBN: 0683306472; Methods In Enzymology

(S. Colowick and N. Kaplan, eds., Academic Press, Inc.); Handbook of Experimental Immunology,

VoIs. M V (D.M. Weir and CC. Blackwell, eds, 1986, Blackwell Scientific Publications); Sambrook

el al. (2001) Molecular Cloning: A Laboratory Manual, 3rd edition (Cold Spring Harbor Laboratory

Press); Handbook of Surface and Colloidal Chemistry (Birdi, K.S. ed., CRC Press, 1997); Ausubel et

al. (eds) (2002) Short protocols in molecular biology, 5th edition (Current Protocols); Molecular

Biology Techniques: An Intensive Laboratory Course, (Ream et al., eds., 1998, Academic Press); and

PCR (Introduction to Biotechniques Series), 2nd ed. (Newton & Graham eds., 1997, Springer

Verlag) etc.

"GI' " numbering is used herein. A GI number, or "Genlnfo Identifier' ", is a series of digits assigned

consecutively to each sequence record processed by NCBI when sequences are added to its

databases. The GI number bears no resemblance to the accession number of the sequence record.

When a sequence is updated {e.g. for correction, or to add more annotation or information) then it

receives a new GI number. Thus the sequence associated with a given GI number is never changed.

Where the invention concerns an "epitope", this epitope may be a B-cell epitope and/or a T-cell

epitope. Such epitopes can be identified empirically {e.g. using PEPSCAN (Geysen et al. (1984)

PNAS USA 8 1:3998-4002; Carter (1994) Methods MoI Biol 36:207-23) or similar methods), or they

can be predicted {e.g. using the Jameson-Wolf antigenic index (Jameson, BA et al. 1988, CABIOS

4(1): 181-1 86), matrix-based approaches (Raddrizzani & Hammer (2000) Brief Bioinform 1(2): 179-



89), MAPITOPE (Bublil et al. (2007) Proteins 68(l):294-304), TEPITOPE (De Lalla et al. (1999) J .

Immunol. 163:1725-29; Kwok et al. (2001) Trends Immunol 22:583-88), neural networks (Brusic et

al. (1998) Bioinformatics 14(2): 121-30), OptiMer & EpiMer (Meister et al. (1995) Vaccine

13(6):581-91; Roberts et al. (1996) AIDS Res Hum Retroviruses 12(7):593-610), ADEPT

(Maksyutov & Zagrebelnaya (1993) Comput Appl Biosci 9(3):291-7), Tsites (Feller & de Ia Cruz

(1991) Nature 349(631 l):720-l), hydrophilicity (Hopp (1993) Peptide Research 6:183-190),

antigenic index (Welling et al. (1985) FEBS Lett. 188:215-218) or the methods disclosed in

Davenport et al. (1995) Immunogenetics 42:392-297; Tsurui & Takahashi (2007) J Pharmacol Sci.

105(4):299-316; Tong et al. (2007) Brief Bioinform. 8(2):96-108 ; Schirle et al. (2001) J Immunol

Methods. 257(1 -2): 1-1 6; and Chen el al. (2007) Amino Acids 33(3):423-8, etc.). Epitopes are the

parts of an antigen that are recognised by and bind to the antigen binding sites of antibodies or T-cell

receptors, and they may also be referred to as "antigenic determinants".

Where an antigen "domain" is omitted, this may involve omission of a signal peptide, of a

cytoplasmic domain, of a transmembrane domain, of an extracellular domain, etc.

The term "comprising" encompasses "including" as well as "consisting" e.g. a composition

"comprising" X may consist exclusively of X or may include something additional e.g. X + Y.

The term "about" in relation to a numerical value x is optional and means, for example, x+10%.

References to a percentage sequence identity between two amino acid sequences means that, when

aligned, that percentage of amino acids are the same in comparing the two sequences. This alignment

and the percent homology or sequence identity can be determined using software programs known in

the art, for example those described in section 7.7.18 of Current Protocols in Molecular Biology

(F.M. Ausubel et al, eds., 1987) Supplement 30. A preferred alignment is determined by the Smith-

Waterman homology search algorithm using an affine gap search with a gap open penalty of 12 and a

gap extension penalty of 2, BLOSUM matrix of 62. The Smith-Waterman homology search

algorithm is disclosed in Smith & Waterman (\9S\)Adv. Appl. Math. 2 : 482-489.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a graph which shows the ability of 20 selected C . trachomatis antigens to induce IFNγ

production by CD4+ T cells.

Figure 2a shows the bacterial shedding (IFUs recovered from lungs) after Chlamydia challenge in

mice to whom EB-CM CD4+ T cells had been adoptively transferred. Figure 2b shows the ability of

various C. muridarum antigens to stimulate the protective EB-CD4+ T cell line to produce IFNγ .

Figure 3 is a histogram which shows the number of CD4+ T cells that produce IFNγ, upon specific

stimulation with C. trachomatis recombinant antigens CTl 53 and CT733.

Figure 4 shows the protective activity of TCO 106 (C muridarum homologue of CT733) and TC0431

(C muridarum homologue of CT153) as single antigens. The graph shows mean IFU/ml in BALB/C



mice immunised with the two antigens and then challendged with C.muridarum. The three bars are,

from left to right: adjuvant alone; TCO 106 as immunogen; and TC0431 as immunogen.

Figure 5 shows the protective activity of the combination TC0106+TC0431 . The graph shows mean

IFU per lung (LoglO) recovered from infected lungs of mice immunised with the combination. The

three bars are, from left to right: 103 live Ebs; adjuvant alone; antigen combination.

Figure 6 shows CD4 T cells producing IFNγ in PBMC of mice immunized with TC0106+TC0431,

TCO 106, TC0431 and LTK 63+CpG. From left to right, the bars represent stimulation with 1) LTK

63, TC0106+TC0431, TCO 106, TC0431 (all EB-immunized mice); 2) LTK 63, TC0106+TC0431,

TCO 106 (all TC 0106-immunized mice); 3) LTK63, TC0106+TC0431. TC0431 (all TC0431-

immunized mice); and 4) LTK63 and TC0106+TC0431 (both TCO 106+TC0431 -immunized mice).

It shows that immunization with TCOl 06 (C. muridarum homologue of CT733) and TC0431 (C.

miiridarum homologue of CTl 53) elicits a significant frequency of specific CD4+/IFNγ+ cells. The

Y axis shows frequency on 106 CD4.

Figure 7 is a summary of protection results for various combinations and single antigens in the

mouse model of C. muridarum intransal challenge. It shows the mean IFU/lung of mice immunised

imtramuscularly with single antigens, or antigen combinations, adjuvanted with LTK63 and CpG,

then challenged intranasally with 10 C.muridarum IFU.

Figure 8 is a summary of protection results for various combinations of antigens in the mouse model

of C . muridarum intransal challenge. It shows mean IFU/lung (log 10) o C.muridarum recovered

from infected lungs of immunised mice.

Figure 9 shows the results of the combination TC0551+TC0651+TC0727+TC0890 in the mouse

model of ovarian bursa challenge with C. muridarum. The Y axis shows IFU/swab (loglO). The three

groups, from left to right, are for different immunizing antigens: ovalbiumin; the combination; and

nMOMP.

Figure 1OA shows the protection results achieved with various antigens combinations in the mouse

model of C . muridarum intranasal challenge. Figure 1OB shows the frequency of IFNg-producing

CD4+ T cells induced by vaccination with the antigen combination TC0890+TC0551 . From left to

right, the bars represent stimutaion with 1) TC0551 , TC0890, TC0551+TC0890 (for adjuvant-

immunized mice) and 2) TC055 1, TC0890, TC0551+TC0890 (for MIX TC0890+TC0551-

immunized mice). Figure 1OC shows CD4 T cells producing TFNg and 1L2/TNF in PBMC of mice

immunized with TC0106+TC043 1 with Ltk63 + CpG. From left to right, the bars represent

stimulation with a) TC0106. TC0431, TC0106+TC043 1, CT153+CT733 (all adjuvant-immunized

mice); 2) TCO 106, TC0431, TC0106+TC0431, CT153+CT733 (all MIX TC0106+TC0431-

immunized mice).



Figure 11 shows an immunoblot analysis of CT601, CT279, CT153 and CT733 in Ct-EBs and

C.trachomatis-m' fected HeLa cells using their specific mouse immune antisera.

Figure 12 shows protective activity of antigens TC0313, TC0741, TCO 106 and TC0210 given singly

or in combination. In 12A to 12D the bars show mean IFU/lung (LoglO), with the left-hand bar being

adjuvant alone (LTK61+CpG) and the right-hand bar being the TC antigen. Figure 12E shows the

IFU reduction over time (Mean IFU/lung against days post-challenge) using the combination

(squares) or adjuvant alone (diamonds).

Figure 13A and 13B are histograms showing the antigen specific CD4 ThI response in BALB/c mice

after a primary C . trachomatis (CT) infection. Results are the mean of 4 independent experiments.

Two results are shown for each experiment: non-infected mice (left hand bar) and primary infected

mice (right hand bar). From left to right in Figure 13A, the results relate to stimulation with

CT812C, CT387, CT869, CT166 and CT175. From left to right in Figure 13B, the results relate to

stimulation with MOMP, CT163, CT812, CT812C, CT166, CT869, CT163, CT812, CT214, CT387,

CT721, CT127 and CT175. The frequency on 105 CD4 T cells is shown on the Y axis.

Figure 14 is a histogram showing C . muridarum IFUs recovered from infected lungs of immunised

mice (Day 12 post I.N. challenge with 103 IFUs). The immunisation group is shown on the X axis:

the left hand bar relates to mice immuised with LTK63+CpG; the right hand bar relates to mice

immunised with TC0197+TC0261+TC0666+LTK63+CpG. Mean IFU/lung (LoglO) is shown on the

Y axis.

Figure 15 is a histogram showing C . muridarum IFUs recovered from infected lungs of immunised

mice (Day 12 post I.N. challenge with 103 IFUs). The immunisation group is shown on the X axis:

from left to right, the results relate to mice immunised with i) LTK63+CpG, ii)

TC0261+LTK63+CpG, iii) TC0197+LTK63+CpG, and iv) TC0666+LTK63+CpG. Mean IFU/lung

(LoglO) is shown on the Y axis.

MODES FOR CARRYING OUT THE INVENTION

Example 1: Induction of population ofCD4+ T cells to produce IFN γ

20 antigens have been found which induce a population of CD4+ T cells to produce IFNγ (see Figure

1). 17 of these are newly discovered (CT016, CT043, CTl 14, CT153, CT255, CT279, CT34L

CT372, CT480, CT600, CT601, CT71 1, CT716, CT733, CT734. CT745, CT823), while three

antigens (CT681-MOMP, CT396-Hsp60 and CT587-Enolase) have already been described as targets

of CD4+ T cells (Goodall JC et al. 2001 ; Hassell AB et al. 1993). Significantly, some antigens were

able to induce a frequency of antigen-specific CD4+ responding T cells at least comparable to what

observed with the positive control antigen MOMP.



The 17 new antigens are as follows:

Of these 17 new antigens, CT341 may be the least suitable for use in immunization because it is a

heat shock protein.

Example 2: Characterization of the antigen-specifity of protective Chlamydia specific CD4+ ThI

cell lines

The relevance of the newly discovered antigens for protective immunity to Chlamydia was further

corroborated by showing that they were recognized by T cells belonging to a Chlamydia-specific

CD4+/IFN γ+ cell line, conferring protection when adoptively transferred to naϊve recipient mice. To

this aim we have derived a short-term CD4+ T cell line, produced against the extracellular EB form

of C. muridarum that showed a high capacity to protect adoptively transferred naϊve mice from C.

muridarum challenge. The protective CD4+ cell line, which had undergone only a few cycles of

expansion, maintained a polyclonal cell population with broad specificity that should correlate more

closely to the in vivo protective response than long-term lines or clones. The polyclonal cell line was

analysed for its antigen recognition profile versus the C . muridarum antigens, homologous to the C.

trachomatis CD4-Thl inducing proteins. The dissection of the antigen specificity of the protective

CD4+ T cell polyclonal population demonstrated that the Chlamydia CD4+/IFNγ+ inducing-antigens

identified during an infection are also targets of CD4+ T cells that play a part in the rapid clearance

of the bacterium in a protective response to the infection, in the absence of antibodies.



Chlamydia T cell lines were derived from Balb/c infected mice and their protective activity was

verified in naϊve mice against C. muridarum challenge. Subsequently, the antigen recognition profile

of the C. muridarum CD4+ T cell line was characterized to define the possible contribution of each

C . muridarum antigen in inducing protective CD4+ T cells. For the preparation of Chlamydia -

specific CD4+ T cells, splenic CD4+ T lymphocytes were purified from donor Balb/c mice that had

previously been infected intranasally with 103 viable Elementary Bodies (EBs) of C. muridarum. An

EB-responding CD4+ T cell line was derived (referred as EB-CD4+ cell line) and expanded in vitro

with a short term stimulation with heat inactivated EBs. The line showed the capacity to respond to

C . muridarum EBs by producing IFNγ with a high frequency (data not shown). To determine the

efficacy of the EB-CD4+ cell line in resolving an infection, 107 CD4+ T cells were adoptively

transferred into 4 Balb/c recipient naϊve mice. Mice were challenged intranasally 24 hours after i.v.

infusion of CD4+ T cells with 10 IFUs of C. muridarum. The protective effect of adoptive

immunization was evaluated by quantitating the number of IFUs recovered from lungs taken 10 days

after Chlamydia challenge. As shown in Figure 2a, naϊve mice adoptively transferred with EB-CM

CD4+ T cells shed 3 Logio fewer IFUs in the lungs 10 days after intranasal challenge with 103 IFUs

of C. muridarum, as compared to either non treated mice (p value: 0.008) or mice receiving an

unrelated CD4+ T cell line. Similarly, splenic CD4+ T cells isolated from mice that resolved an

intravaginal primary infection with 10 IFUs of C. trachomatis conferred significant IFU reduction in

adoptively transferred mice (data not shown).

To characterize the antigen recognition profile of the C. muridarum CD4+ T cells, most of the C.

muridarum proteins, homolog of the proteins identified as CD4+ ThI inducers during C. trachomatis

infection (Figure 1), were obtained in recombinant form and tested for their ability to stimulate the

protective EB-CD4+ T cell line to produce IFNγ . In this analysis we excluded both the proteins

which after purification did not reach the purity /endoxin level required for the cytokine stimulation

assay, or those which, due to their homology with human bacterial proteins were not suitable for

developing a vaccine (e.g. heat shock proteins, enolase). The protective EB-CD4+ T cell line was

stimulated in vitro with a panel of 19 C. muridarum recombinant proteins, including MOMP.

Fourteen of them were homologs of C. trachomatis CD4+ ThI inducing antigens identified in the

primary screening in infected mice, and 5 were negative controls. As shown in Figure 2b, all the 14

CD4+-inducing antigens tested were found also to be targets of the protective EB-CM CD4+ T cell

line, and able to induce IFNγ production in a percentage of CD4+ T cells at least 3 times higher than

the frequency of negative control antigens. Therefore the pattern of T cell antigens recognized by the

protective Chlamydia EB-CM T cell line is comparable to the recognition profile of T cells identified

in the C . trachomatis infected mice.



Example 3: CT733 and CT153 specific CD4+ ThI response in BALB/c mice after a primary C.

trachomatis infection.

Splenocytes of primary infected BALB/c mice and non infected controls were collected 10 days after

infection and stimulated with LPS-free recombinant antigens CT733 and CTl 53 (20mg/ml). After 4

hours of stimulation, 5mg/ml of Brefeldin A were added to the cells for the following 12 hrs to block

cytokine secretion. Afterwards, cells were fixed, permeabilized and stained. Intracellular IFNγ and

IL-5 expression were analyzed versus CD4 surface expression of the gated viable cells and assessed

by flow cytometry.

The histogram in Figure 3 shows the number of CD4+ T cells per 105 CD4+ T splenocytes of

primary infected (dark gery bars) and non-infected (light grey bars) mice that produce IFNγ upon

specific stimulation with the C. trachomatis recombinant antigens CTl 53 and CT733. The data were

confirmed in several further experiments using the same protcol.

The results indicate that CT733 and CTl 53 are able to induce significant frequencies of specific

CD4+/IFNγ+ cells in splenocytes from Balb/c mice that were infected intravaginally with C.

trachomatis, suggesting a potential role as antigen candidates for these proteins.

Example 4: Protective activity of single antigens TCO106 and TC0431 against C. muridarum

challenge.

CT733 and CTl 53 were tested in a mouse model of chlamydial infection to evaluate their protective

properties. This was done by adopting the mouse model of lung infection with the species

Chlamydia muridarum.

The C. muridarum proteins TC0106 and TC0431, homologous to CT733 and CT153, respectively,

were cloned and purified, and used for the mouse model.

Groups of BALB/c mice were immunized with either TCO 106 or TC0431 recombinant antigens

formulated with LTK63+CpG adjuvant (3 doses of 15 ug protein, at 2 week interval, given

intramuscularly). As negative control, mice were immunized with the adjuvant only. Four weeks

after the last immunization animals were infected intranasally with 10 IFU of infectious C.

muridarum. After 10 days, the protective activity conferred by the two antigens was measured by

counting the infectious IFU in the lung of challenge animals.

As shown in Figure 4, each of the two antigens (middle and right hand columns of the histogram)

was able to reduce significantly the number of IFU/lung in challenged mice as compared to adjuvant

immunized mice (left hand column of the histogram), indicating that both TCO 106 and TC0431 (and

therefore CT733 and CTl 53) confer protective immunity to Chlamydia infection



Example 5: Protective activity of the combination of TC0106+TC0431 against C. muridarum

challenge.

Groups of BALB/c mice (10 to 15 mice) were immunized with the combination of TC0106+TC0431

recombinant antigens formulated with LTK63+CpG adjuvant (3 doses of 10 ug of each protein at 2

week-interval, given intramuscularly). As negative control, mice were immunized with the adjuvant

only. Four weeks after the last immunization, animals were infected intranasally with 10J IFU of

infectious C. muridarum. After 10 days, the protective activity conferred by the two antigens was

measured by counting the infectious IFU in the lung of challenge animals. As positive control, a

group of mice receiving a primary and a secondary C. muridarum infection was also included (left

column in the histogram of Figure 5).

As shown in Figure 5, the antigen combination (right hand column of histogram) was able to

significantly reduce the number of IFU/lung in challenged mice as compared to adjuvant immunized

mice (middle column of histogram).

Thus, immunization with the CT733 and CTl 53, either alone or in combination, was able to

significantly reduce the bacterial load in the lungs of challenged mice (see Figures 4 and 5).

Example 6: Elicitation of CD4+ ThI cells in BALB/c mice after immunization with TC0431 and

TCO106 recombinant antigens, alone or in combination.

Groups of BALB/c mice (10 to 15 mice) were immunized with the recombinant antigens TC0431

and TC0106 as single antigens or in combination (i.m., 10-15 micrograms/dose, 3 doses at 2 week-

intervals) using LTK63+CpG adjuvant. Ten days after the third immunization dose, splenocytes

were collected and stimulated with LPS-free recombinant antigens (20mg/ml). As negative control,

splenocytes of adjuvant immunized mice were included. After 4 hours of stimulation, 5mg/ml of

Brefeldin A was added to the cells for the following 12 hrs to block cytokine secretion. Afterwards,

cells were fixed, permeabilized and stained. The intracellular IFNγ was analyzed versus CD4 surface

expression of the gated viable cells and assessed by flow cytometry. The histogram in Figure 6

shows the number of CD4+ T cells per 10 CD4+ T splenocytes that produce IFNγ upon specific

stimulation with the recombinant antigens in mice immunized with TCO 106, TC0431 , the

combination of TC0106+TC0431 and adjuvant immunized mice.

The results indicate that immunization with these antigens elicits a high frequency of CD4+ ThI

cells.

Example 7: Evaluation of the protective effect of the chlamydial antigen(s) against C. muridarum

challenge.

The protective effect of combinations of two antigens selected from C. trachomatis CT279, CT601,

CT372, CT443, CT733, CTl 53, CT456 and CT381 was tested in the C. muridarum mouse model

using their C. muridarum homologies TC0551 (CT279), TC0651 (CT372), TC0727 (CT443),



TC0890 (CT601), TC0106 (CT733), TC0431 (CT153), TC0660 (CT381) and TC0741 (CT456). The

protective effect of CT733 and CTl 53 individually was also tested.

BALB/c mice were immunized three times intramuscularly with a combination of two antigens or

single antigens with LTK63+CpG as adjuvant. Twenty-four days post last immunization mice were

challenged intranasally with 10 IFU C. muridarum. After 10 days, lungs were collected,

homogenized and the number of viable chlamydiae (IFU/lung) was measured. The data in Figure 7

shows the mean IFU/lung counts in antigen-immunized mice and adjuvant-immunized control. From

left to right, the lanes relate to (a) adjuvant only; (b) TC0551+TC0890 (CT279+CT601); (c)

TC0651+TC0727 (CT372+CT443); (d) TC0106+TC0431 (CT733+CT153); (e) TC0660+TC0741

(CT456+CT381); (f) TCO 106 (CT733); (g) TC0431 (CTl 53). For each antigen formulation, the

numbers of infected mice out of the total immunized are reported in the form Inf X/Y", wherein X

is the number of infected mice and Y is the total number of mice challenged. The statistical

significance of immunizing antigen/s (P), was determined by Student t-test.

Four combinations of two antigens have been identified as capable of conferring protection against

C . muridarum intranasal challenge. For three of them (TC0431+TC0106; TC0727+TC0651;

TC0551+TC0890; homologs of CT733+CT153; CT443+CT372; CT279+CT601) protection has

been confirmed in a high number of mice using LTK63+CpG adjuvant (Figure 7). Immunization

experiments with TC0431 and TCO 106 (CTl 53 and CT733) as single antigens indicate that the two

antigens are both immunogenic individually and that either of the two antigens contributes to

protection of the CT153+CT733 combination (Figure 7). A fourth antigen combination has been

recently identified (TC660+TC0741 ; homologs of CT456 and CT381) showing protection in an

immunization experiment (15 mice) (Figure 7).

The experiments were repeated where the protocol differed from that described above in that the

mice were challenged intranasally with 10J IFUs of C . muridarum three weeks after the last

immunization. Since differences in the duration of infections in the animals may occur, the presence

of infectious Chlamydiae in the lungs was determined in each mouse at days 10 and 12 after

challenge. Immunization experiments were repeated at least three times so as to generate data from a

statistically significant number of mice. Figure 8 reports the mean number of infectious chlamydiae

recovered from lungs of mice immunized with each antigen formulation, in which data obtained at

days 10 and 12 were averaged. As shown in Figure 8, two of the four combinations tested in the

mouse model, namely TC0551 (CT279 homolog, 82.6 % identity) + TC0890 (CT0601 homolog,

87.6% identity) and TCOl 06 (CT733 homolog, 84.8% identity) +TC0431 (CTl 53 homolog, 64.6%

identity), showed a statistically significant protective effect in the immunized groups with an IFU

reduction of more than 1 Log as compared to the adjuvant- injected mice (P:<0.001). Moreover, 20-

25% of the animals immunized with either of the two combinations resolved completely the infection

by days 10-12, as compared to 9% of the adjuvant group.



Example 8: Evaluation of the protective activity of the combination

TC0551+TC0890+TC0106+TC0431 against challenge with C. muή darum.

On the basis of the result discussed in the preceeding Example, groups of mice were immunized with

a combination of four antigens TC0551+TC0890+TC0106+TC0431 using the same immunization

regimen as in the Example above. As shown in Figure 8, the 4-antigen combination appeared to have

an additive protective effect over the 2-antigen combinations, showing 2.2 Logs reduction of

bacterial shedding in the lung (P:0.0003). Moreover, 39% of animals totally resolved the infection,

indicating a higher efficacy of this antigen combination in accelerating the bacterial clearance.

The remarkable reduction observed in the number of viable Chlamydiae recovered from the lungs of

immunized mice is the first demonstration of a high level of protection induced by systemic

immunization with recombinant Chlamydia proteins. It has also to be pointed out that, since

denatured forms of the recombinant antigens were used, further optimization of antigen conformation

could maximize their protective activity.

Preliminary data aimed at defining whether any of the 4 recombinant antigens were protective when

given as single antigens, indicated that a lower level of IFU reduction was observed (less than 1 log)

was obtained with any of them (data not shown). This is in agreement with the notion that, in

general, combinatorial vaccination approaches are more effective in conferring protective immunity

against a given pathogen than single vaccine approaches, since elicited immune responses target

different aspects of the bacterial developmental cycle.

Example 9: Evaluation of the protective activity of the combination

TC0551+TC0651+TC0727+TC0890 against intraovarian bursa challenge with C. muridamm.

The protective effect of the combination TC0551+TC0651+TC0727+TC0890 (homologs of C.

trachomatis CT279+CT372+CT443+CT601) was tested in the mouse model of ovarian bursa

challenge with C. mitridarum using the Montanide+CpG adjuvant. This model has previously been

described to assess the protective activity of native MOMP (nMOMP), the chlamydial major outer

membrane protein (Pal S et al, Infect Immun., 73:8153, 2005). In this model, the protective activity

of the antigens is assessed against progression of infection by counting the chlamydia shedding in

vaginals swabs.

BALB/c mice were immunized three times intranasally with a combination of the four antigens or

with MOMP, with LTK63+CpG as adjuvant. As negative control, a group of mice immunized with

ovalbumin was also included. Four weeks after the last immunization, mice received a C.

muridarum challenge in the ovarian bursa and chlamydial shedding was measured by counting the

IFU in the vaginal swabs of infected animals.

The results shown in Figure 9 represent the number of IFU/vaginal swab at two weeks post

challenge. As shown in Figure 9, mice receiving the combination of all four antigens show a reduced

bacterial shedding as compared to the negative control group (Ovalbumin). Thus, the combination



reduced the progression of infection. Interestingly, the protection level obtained with the combination

does not differ significantly from that obtained with nMOMP, which is the most protective antigen

that has been identified so far. Thus, this combination of four antigens is a particularly immunogenic

combination.

Example 10: Antigen-specific cytokine profiles of protective CD4+ T cells

Given the importance of the CD4-Thl response in mediating protection from Chlamydia infection,

the type of immune response induced by vaccination with two antigen combinations that elicited

protection in mice was analysed (TC0551+TC0890 and TC0106+TC0431). In particular, we

measured the simultaneous production from antigen-specific CD4+ T cells of IFNγ, TNF- α and IL-2,

considering this as an indication of optimal effector functions of CD4+ T cells, possibly improving

protection for vaccines aimed at targeting T-cell responses. The assessment of the cytokine profile

induced in a single antigen specific CD4+ T cell by vaccination was performed by multiparametric

flow cytometric analysis (Perfetto SP et al., Nat.Rev.Immunol. 4, 648-655, 2004) in immunized

mice. Peripheral blood was collected 12 days after the last immunization with antigen combinations

TC0551+TC0890 and TC0106+TC0431. PBMC were prepared and the frequency of CD3+, CD4+

antigen-specific IFNγ, IL-2 and TNF-producing cells was assessed by intracellular cytokine staining

and flow cytometric determination. As shown in Figure 1OB, vaccination with the antigen

combination TC0551-TC0890 induced a high frequency of TC0551 -responding CD4+ T cells

producing IFNγ (93 TC0551 specific CD4+ T cells on I O CD4+ cells), while the response to

TC0890 was very low, with a frequency of 16 IFNγ+ responding T cells on 105 CD4+ cells. The

response to the antigen combination used for immunization showed an increased response compared

to single antigens, with 132 IFNγ producing T cells on I O CD4+ cells. Furthermore, there was a

predominant frequency of multifunctional CD4+ T cells, producing either IFNγ and TNF- α or

IFNγ/TNF- α/IL-2 simultaneously. In the control group of mock immunized mice there was no

cytokine secretion in response to any recombinant antigen used for stimulation, indicating the

specificity of the response observed in the vaccinated mice. As far as the CD4+ response to the

antigen combination TC0106-TC0431 is concerned (Figure 10C) both antigens, TCO 106 and TC0431

induced a similar response with a frequency respectively of 120 and 98 IFNγ antigen-specific T cells

on I O CD4+, while the antigen combination showed a frequency of 145 lFNγ+ responding T cells

on I O CD4+ cells. The further analysis of cytokines produced simultaneously with IFNγ showed

that about 50% of IFNγ+ cells produced also TNF- α and IL-2, while about 30% of them produced

TNF- α. Overall these data underline that the ThI cytokines produced by antigen-specific CD4+ T

cells induced by vaccination showed a functional difference that could reflect differences in the

capacity to clear the infection.



Example: 11. Expression analysis ofCD4+ inducing Chlamydia antigens.

We then investigated the expression of CT279 (subunit C of Na(+)-translocating NADH-quinone

reductase), CT601 (Invasin repeat family phosphatase), CT733 (-Hypothetical protein) and CTl 53

(MAC-Perforin Protein) by immunoblot analysis both in Ct-EBs and within C. trachomatis infected

HeLa cells, using their specific mouse immune antisera (Figure 11A). Total protein lysates of

renografin-purified EBs (corresponding to approximately 107 EBs per lane) showed that each tested

antiserum was able to react with a protein band of the expected molecular weight in both EB

samples, showing in general a higher reactivity against CM EBs. For analysis of antigen expression

in Chlamydia-infected cells, total protein extracts were prepared from HeIa 229 cells at different time

points after infection (24 - 48 - 72 h ) and tested by immunoblot.

The amount of Chlamydial proteins loaded on the gel was normalized on the basis of MOMP

expression as described. As shown in Figure HB, the four antigens appeared to be expressed at

different phases of the Chlamydia development.

Finally, we also investigated antigen cellular localization within infected HeLa cells by confocal

microscopy in infected HeIa cells at 6, 24, 48 and 72 h post infection. As shown in Figure HB,

expression of all antigens was clearly detected within the inclusions at 24h post infection and was

still visible at 72h. Interestingly, CTl 53 staining appeared to accumulate at the inclusion membrane

while the other proteins were homogeneously distributed. Since CTl 53 encodes a MAC-Perforin

protein, belonging to a protein family capable of disrupting the cell membrane, the ammassing of this

protein at the inclusion membrane might anticipate its involvement in the Chlamydia exit from

infected cells.

The analysis of the immune response after vaccination with the combinations has shown that all the

recombinant antigens induced a robust humoral response, with the production of IgG2a antibody

titers higher than IgGl, as expected for a ThI driven immune response. Since the resolution of a

Chlamydia infection requires a ThI type of cellular immune response, the regulation of CD4+ ThI

effector and memory cells after vaccination has also been investigated. Differences in the type of

cytokines produced by individual cells have important implications for their capacity to mediate

effector functions, be sustained as memory T cells or both. CD4+ T cells that secrete only IFNγ have

limited capacity to develop into memory T cells as compared with IL-2-IFNγ double positive cells

(Hayashi N . et al. 2002). Therefore vaccines eliciting high frequency of single-positive IFNγ

producing cells may be limited in their ability to provide long-lasting protection. Furthermore the

majority of CD4+ T cells that produce IL-2, IFNγ and TNF are classified as effector memory cells,

playing an essential role for mediating protection against intracellular pathogens (Darrah PA et al.

2007). We demonstrated that antigen-specific CD4+ T cells induced by immunization with the

protective combinations were predominantly multifunctional, being differentiated to ensure a

population of ThI cells that included either effectors and memory cells. An appropriate balance of



ThI lineage cells that can be maintained and those with immediate protective functions might be the

successful formula for an effective vaccine.

Example 12: Combination ofCT823+CT733+CT043+CT456

To evaluate the protective activity of antigens TC0106, TC0313, TC0210, TC0741 and their

combination, groups of mice were immunized with the 4 antigens either as single or in a 4 antigen-

combination, using the same immunization regimen described in Example 7. The protective activity

of the single antigens was assessed by measuring the IFU/Lung at day 12 post infection. The

protective activity of the 4-ag combination was measured at days 10, 12, 14 post infection, to

evaluate the kinetics of the infection clearance. As shown in Figure 12, the single antigens conferred

approximately 0.5-1 log IFU reduction in the lung of infected animals.

The four antigens combination showed a highest protective property, indicating a synergic activity of

the four antigens in conferring protection, eliciting approximately 4 logs reduction of bacterial

shedding in the lung (P<0.0001) at day 12 and showing the tendency to resolve the infection at day

12. Moreover a high number of mice (42 %) totally resolved the infection, indicating the efficacy of

the antigen combination in accelerating the bacterial clearance.

Example 13: Evaluation of antigenicity ofCT812, CT387, CT869, CT166 and CTl 75

Antigen specific CD4 TgI response in BΛLB/c mice after a primary C.trachomatis (CT infection

The antigen specific CD4 ThI response in BALB/c mice after a primary C. trachomatis (CT)

infection was evaluated. C. trachomatis antigens identified by the proteomic characterization of the

membrane fraction of CT infected HeLa cells were tested for their capability to induce specific

CD4+ ThI response in mice that received an experimental CT infection. Splenocytes of primary

infected BALB/c mice and non infected controls were collected 10 days after infection and

stimulated with LPS-free recombinant antigens (20µg/ml). After 4 hours of stimulation, 5µg/ml of

Brefeldin A was added to the cells for the following 12 hrs, to block cytokine secretion. Afterwards,

cells were fixed, permeabilized and stained. The intracellular IFN-γ expression was analyzed versus

CD4 surface expression of the gated viable cells, and assessed by flow cytometry. The histogram in

Figure 13A and figure 13B show the number of CD4+ T cells that produce IFNγ . upon specific

stimulation with CT recombinant antigens per 10 CD4+ T splenocytes of primary infected (right

hand bars) and not-infected (left hand bars) mice. Data are representative of 4 different experiments.

As shown in Figure 13A, CT812C, CT387, CT869 and CTl 66 induced a significant frequency of

CD4+-IFNγ+ cells in splenocytes of infected animals (Pval <0.05). As shown in Figure 13B,

CT812C (a C-terminal fragment of CT812) surprisingly induced a higher frequency of CD4+-IFNγ+

cells in splenocytes of infected animals than did the full length CT812 sequence.



Protective activity of the combination of TC0197+TC0261+TC0666 against C. muή darum

challenge

The protective effect of the combination of the three C. trachomatis antigens CT387+CT812+CT869

was tested in the C. muridarum mouse model using their C. muridarum orthologues TC0666,

TCO 197 and TC0261, respectively. TCO 197, TC0261 and TC0666 were cloned and purified for

protection studies in the mouse model of intranasal infection with C. muridarum. Groups of BALB/c

mice (16 mice per group) were immunized with the combination of the three recombinant antigens

TC0197+TC0261+TC0666 formulated with LTK63+CpG adjuvant (3 doses of 10 µg of each

protein, at 2 week-interval, given intramuscularly). As a negative control, mice were immunized

with the adjuvant only. Four weeks after the last immunization, animals were infected intranasally

with 10 IFU of infectious C. muridarum. After 12 days, the protective activity conferred by the two

antigens was measured by counting the infectious IFU in the lung of challenge animals. As shown in

Figure 14, the antigen combination TC0197+TC0261+TC0666 was able to reduce significantly the

number of IFU/lung in challenged mice as compared to adjuvant immunized mice (1.4 log IFU

reduction with Pval <0.05). The finding that the combination of TC0197+TC0261+TC0666 is able

to protect mice against C. muridarum challenge (Figure 14) provides evidence that the combinations

CT812+CT869+CT387 and CT812C+CT869+CT387 from C. trachomatis are protective against

infection by C. trachomatis.

Protective activity of TCOl97, TC0261 and TC0666 as single antigens against C. muridarum

challenge

The protective activity of TCO 197, TC0261 and TC0666 as single antigens against C. muridarum

challenge was assessed. 3 Groups of BALB/c mice (16 mice per group) were immunized with the

three recombinant antigens individually formulated with LTK63+CpG adjuvant (3 doses of 20 ug of

each protein, at 2 week-interval, given intramuscularly). As a negative control, mice were

immunized with the adjuvant only. Four weeks after the last immunization, animals were infected

intranasally (I.N.) with 10 IFU of infectious C. muridarum. After 12 days, the protective activity

conferred by the three single antigens was measured by counting the infectious IFU in the lung of

challenge animals. As shown in Figure 15, none of the 3 antigens individually were able to reduce

significantly the number of IFU/lung in challenged mice as compared to adjuvant immunized mice.

Thus, the combination of TC0197+TC0261+TC0666 is able to protect mice against C. muridarum

challenge (Figure 14). In particular, Figure 14 shows protection in terms of reduction in the mean

number of IFUs recovered from lungs of immunized mice versus adjuvant immunized controls

[p=0.0024]. In contrast, the three antigens are not protective when administered individually (Figure

15).



Example 14: Materials and methods

The experimental protocols used in Examples 1, 2, 7 (repeated experiments), 8, 10 and 11 are

described in further detail in this Example.

Bacterial strains, cultures and reagents

Chlamydia muridarum Nigg and Chlamydia trachomatis serovar D strain D/UW-3/CX were grown

on confluent monolayers of LLCMK2 (ATCC CCL7) or HeLa 229 cells (ATCC CCL 2.1) in Earle

minimal essential medium (EMEM) as described (Caldwell et al. (1981) Infect Immun 3 1: 1161-

1176). Purification of C . trachomatis and C. muridarum EBs was carried out by Renografin density

gradient centrifugation as described (Montigiani et al. (2002) Infect Immun 70: 368-379.). Bacteria

were aliquoted and stored at -7O0C in sucrose-phosphate-glutamine buffer (SPG) until use. When

indicated, EBs were heat inactivated at 56°C for 3 hours.

E. coli DH5 α or BL21 (DE3) was grown aerobically in Luria Broth (LB) medium (Difco) at 37°C.

When appropriate, ampicillin (100 µg/ml) and isopropyl-beta-D-galactopyranoside (IPTG, 0.5 mM)

were added to the medium.

Unless specified, all chemicals were purchased from Sigma. Restriction enzymes and DNA

modification enzymes were from New England Biolabs. Unless differently stated, all reagents and

antibody for intracellular cytokine staining were from BD Biosciences Pharmingen. Confocal

microscopy reagents were from Molecular Probes.

Gene cloning, protein expression andpreparation ofantisera

To produce C. trachomatis recombinant proteins and their C. muridarum homologs, genes were

PCR-amplified from C . trachomatis and C . muridarum chromosomal DNA using specific primers

annealing at the 5* and 3* ends of either gene. The genes were cloned into plasmid pET21b +

(Invitrogen) or pGEXKG (Amersham) in order to express them both as a C-terminal His-tag fusion

and as a double fusion protein with an N-terminal Glutathione transferase-encoding sequence and a

C-terminal His-tag.

Cloning and purification of His- and GST fusions were performed as already described (Montigiani

el al., 2002). CT0681 and TC0052, encoding for C.trachomatis and C. muridarum MOMP

respectively (Ct MOMP and Cm MOMP. respectively) were expressed as His fusions and purified

from the insoluble protein fraction. With the exception of TC031 3 and TC0210, all the C. muridarum

proteins used in this work were purified only from the insoluble protein fraction in a denatured form.

For T cell in vitro stimulation assays, LPS-free proteins were prepared by washing of column-

immobilized proteins with buffer Tris-HCl 1OmM, pH 8, containing 1% Triton X l 14 (35 ml) at 4°C.

The amount of residual endotoxin was determined using a Limuhis Amebocyte Lysate Analysis Kit

(QCL-100, BioWhittaker, Walkerville, MD).



Mouse antisera were generated and treated as described (Montigiani et al, 2002). Where specified,

sera from mice immunized with 20 µg of E . coli contaminant proteins (IMAC-purified proteins from

E. coli bacteria containing pET21b+ empty vector) were used as negative control. Western blot,

ELISA and Flow cytometry of C. trachomatis EBs were performed as described (Finco et al. (2005)

Vaccine 23: 1178-1 188.).

Screening of antigen specific CD4-Thl response in splenocytes from infected mice

Groups of 6 week-old female BALB/c mice purchased from Charles River Laboratories (3 mice/

group) received a subcutaneus hormonal treatment with 2.5 mg of Depo-provera

(Medroxyprogesterone acetate) and after five days mice were inoculated intravaginally with 15 µl of

SPG buffer containing 106 of C. trachomatis IFU. The level of infection was analyzed 7 days post-

challenge, by collecting vaginal swabs and counting chlamydial inclusions 48h later stained with

FITC-conjugated anti Chlamydia antibody (Merifluor) using a UV microscope.

The swabs were collected in 400 µl of SPG and were inoculated on LLCMK2 cell monolayers

seeded on 96w flat bottom plates. After 48 hours incubation the number of infectious chlamydiae

was determined by counting chlamydial inclusions.

Ten days post challenge mice were sacrificed and their spleens were taken. Splenocytes were

prepared by homogenization through a nylon filter (BD) and the erythrocytes were removed by

hypotonic lysis in Ack lysis buffer (NH4Cl 0,155 M, KHCO 3 10 mM, Na2EDTA 0,1 mM) for 3

minutes at RT, then the cells were plated in 96 wells plates at 2x1 06 cells per well and stimulated

with 20 µg/ml of endotoxin-free specific antigen or with 4 µg/ml of purified EBS in presence of 1

µg/ml anti-CD28 antibody (BD Biosciences Pharmingen) for 4 h at 37 0C. Brefeldin A (BFA;

Sigma-Aidrich) was then added at a final concentration of 2.5 µg/ml and ceils were incubated for an

additional 16 h before intracellular cytokine staining. Cells were stained for viability with

LIVE/DEAD® (Molecular Probes) dye according to the manufacturer's instructions. Cells were then

fixed and permeabilized using the Cytofix/Cytoperm kit (BD Biosciences Pharmingen) and stained

with fluorochrome-labelled monoclonal antibodies for the detection of cells expressing CD3, CD4 on

the surface and intracellular IFNγ and IL-4. Finally, cells were resuspended in PBS 1% BSA. All

antibodies for intracellular cytokine staining were purchased from BD Pharmingen. Acquisition of

the samples was performed using a BD Canto flow cytometer and data were analyzed using FlowJo

software (Tree Star Inc., Ashland, USA). The intracellular expression of IFNγ and IL-4 was analysed

in CD4 expressing singlet cells, previously gated for, morphology, CD3 expression and viability.

Cells were then harvested and stained for CD4 surface expression and IFNγ , or IL-4 intracellular

production, to investigate whether the observed responses were of the ThI (IFNγ) or Th2 (IL-4) type.

As negative control, spleens from not infected mice were harvested and analyzed in parallel.



Preparation ofCD4+ ThI cell lines and of antigen presenting cells (APCs)

Splenocytes were prepared by homogenization from spleens from donor Balb/c mice that had

previously been infected intranasally with 10J viable Elementary Bodies (EBs) of Chlamydia

muridarum (C. muridarum) as decribed above. Following centrifugation at 1200 rpm and suspension

in Macs Buffer (PBS PH 7,2 0,5% BSA and 2mM EDTA), the cells were incubated with CD4

(L3T4) microbeads (Milteny Biotec) for 15 minutes and then loaded on a LS columns. The CD4 cells

bound to the magnet were recovered, washed and suspended in RPMI 1640 supplemented with 2,5%

fetal bovine serum (Hyclone), antibiotics, L-Glutammine 2mM, Sodium Piruvate ImM, MEM Not

essential amino Acids.MEM Vitamins (Gibco) and Beta-mercaptoethanol 0.5 µM. Then the cells

were plated in 6 multiwell plates, 107 cells/wells. After the first stimulation, the purified CD4 were

washed twice and then plated with APCs as described below.

Also a CD4+ cell line with C. trachomatis was obtained by spleens from donor Balb/c mice that had

previously been infected intravaginally with 106 viable Elementary Bodies (EBs) of Chlamydia

trachomatis and it was performed as described above for Chlamydia muridarum.

The CD4 cells were plated (6xlO6/well) with APCs (2xlO7/well) prepared by naive mice spleens.

Splenocytes were prepared as described above, then were washed twice with the medium, gamma

irradiated for 7 minutes washed again and suspended in medium.

Cultures were then incubated at 37°C in a humidified atmosphere containing 5%CU2. After 24 h,

Aldesleukin Proleukin (IL2) was added at a concentration of 20U/ml.

C . muridarum and C. trachomatis-mouse model of adoptive transfer

Groups of 6 week-old female BALB/c mice purchased from Charles River Laboratories (4 mice/

group), were adoptively transferred by intravenous administration of 107 CD4+ T cells in lOOµl of

RPMI-1640 medium (Sigma). Mice were challenged intranasally 24 hours after with 10 IFUs of C.

muridarum or 10 IFUs of C. trachomatis. The effect of adoptive immunization was evaluated by

quantitating the number of IFUs recovered from lungs taken 10 days after C. muridarum challenge or

6 days after C. trachomatis challenge, as described above.

Characterization of the C. muridarum CD4+ T cell line

The same day of the adoptive transfer, an aliquot of purified CD4+ T cells were taken to assess the

capability of C. muridarum antigens identified in the previous CD4+ ThI+ screening to stimulate

them in vitro. 250000 cells/w were plated in 96 multiwell plates with 106 mouse splenocytes CD4

depleted as APC and stimulated with 20 µg/ml of C. muridarum proteins, homologous to the C.

trachomatis proteins identified as CD4+ ThI inducers, in presence of 1 µg/ml anti-CD28 antibody

(BD Biosciences Pharmingen) for 3 h at 37 0C. Then BFA was added and intracellular staining was

carried out as described for the splenocytes.



Mouse protection model

Groups of 6 week-old female BALB/c mice (10-15 mice/group), were immunized intramuscularly

(Lm.) with 3 doses of the antigen combinations TC0551-TC890 (15 µg/dose) and TC0106-TC0431

(containing 10 µg of each protein/dose) at days 1, 15, and 28 formulated with 5µg of LTK63 (Ryan

et al., 2000) + 10 µg of CpG (ODN 1826) adjuvant dissolved in 50 µl PBS. As negative control,

groups of mice that received the adjuvant alone were included and treated in parallel.

Three weeks after the last immunization mice were inoculated intranasally (Ln.) with 40 µl of SPG

buffer containing 103 IFU of C. muή darum. The Chlamydia challenge dose given to each mouse was

confirmed by culturing in triplicate serial dilutions of the inoculating dose on LLCMK2 cell

monolayers seeded on 96 wells flat bottom plates. After 24 hours incubation the number of infectious

chlamydiae was determined by counting chlamydial inclusions. In the time period between 10- and

12 days post challenge mice were sacrificed, lungs were isolated and their homogenates were used to

assess chlamydia growth.

Analysis of antigen specific CD4-Thl response in PBMC of mice

PBMC from mouse were isolated from up to 2 ml of heparinized blood, diluted 1/5 in HBSS (Hanks'

Balanced Salt Solution) and separated by density gradient centrifugation over Lympholite-M

(Cedarlane). 106 PBMC were plated in duplicate in 96 multiwell plates with 106 mouse splenocytes

CD4 depleted as APC and stimulated and stained as described above for mouse splenocytes for 16 h .

In this staining was analyzed the expression of IFNγ , TNF α and IL-2.

Confocal microscopy

To examine cellular localization of C .trachomatis proteins after infection, HeLa cells (20000 ) were

plated on onto glass coverslides (0 13 mm) and after 24 hours were infected with CT EBs in 1: 1

ratio as described above. At 6, 24, 48 and 72 hours post infection the cells were fixed in 2%

paraformaldehyde in PBS buffer for 20 minutes at room temperature. After 2 washes with PBS the

cells were permeabilized with a solution of l%/saponin-0.1% Triton in PBS for 20 minutes.

After washing twice and blocking with PBS containing 1% BSA (PBS-BSA), the cell samples were

subjected to antibody and chemical staining. The samples were incubated for Ih at RT (standard

dilution 1:5000 in PBS-BSA) with polyclonal antisera obtained from mice immunized with TC601,

TC279, TC733 and TCl 53, previously pre-adsorbed overnight at 4°C onto nitrocellulose strips

containing E . coli BL21 cell total proteins. Goat anti-mouse Alexa Fluor (Molecular Probes)

conjugated antibodies (excitation at 488) were used to visualize the localization of each antigen.

Propidium Iodide and Phalloidin conjugated with Alexa Fluor dye A620 (Molecular Probes) were

used to visualize respectively DNA and actin.

After extensive washes in PBS, cells were mounted with Anti-Fade reagent (Molecular Probes) and

observed under a laser scanning confocal microscope (Bio-Rad) with IOOX oil immersion objective

lens.



It will be understood that the invention has been described by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.

TABLE 2









SEQUENCE LISTING

SEQ ID NO: 1- CT733 nucleotide sequence

ATGTTAATAAACTTTACCTTT CGCAACTGTCTTTTGTTCCTTG TCACACTGT CTAGT GTCCCTGTTTTCTCAGCACC

GGAAATTGTTTTAGATTTCTCAGAAACT GCAGCTTC TT GCCAAGGATT GGATATCTTTTC CGAGAATGTC CT GTTC
AAATTCACTTAAAT GGAACCGTTAGTATCCATTTATAA

SEQ ID NO: 2 - CT733 protein sequence

YATTLSLVVK SLKAHKE LNI K( I LSKEI VL]) FSETAASC( GLDI FSENVAV I HLNGT VS I HL

SEQ ID NO:3 - CTl 53 nucleotide sequence

CGAGTCTATCT CAAAGAACATAAAGTAGATGAGCAAGGAGAACGTACTACATTTACATCAGGAATCGATAATCCTT C

CTGTGAAGATGCTAT CTTT ATTATTAAAAAAT CTTC AGGTTATTGA



SEQ ID NO:4 CTl 53 protein sequence

KHVSSGKYL ATTP LKDT HGTLT RTT NCE AI F I I KKS S GY

SEQ ID NO:5 - CT601 nucleotide sequence

TAATAAACTAAATTCGGATACTATTTTTACAGATCAAAGAATTCGCCTTCCGAAAAAGAAATAG

SEQ I D NO:6 - CT601 protein sequence

LANRLFLI TLLGLSSSVYGAGK APSL AI LAf
3 RLET]) (3 KALAKTLAI LS SV DI RSSV(SN KLc
HI VK GETLSKI ASKYNI PVVEL KKLNKL NS TIFTD RIRL PKKK

SEQ ID NO: 7 - CT279 nucleotide sequence

CCTAGT GGAGAGTCTCAT GACCACTAA

SEQ ID NO:8 - CT2 79 protein sequence

PSGE SHD H

SEQ ID NO:9 - CT443 nucleotide sequence

TCCGTTCGGTTACAAAAT GTGGACAACCTGCTATCTGT GTTAAACAAGA AGGCCCAGAGAAT GCTTG TTTGCGTTGC



CTGCTACTCATATGTGCGTAGTAGATACTTGTGACCCTGTTTGTGTAGGAGAAAATACTGTTTACCGTATTTGTGTC

CTCTGGACCAACTAAAGGAACGATTACAGGCAATACAGTAGTATTCGATTCGTTACCTAGATTAGGTTCTAAAGAAA
CTGTAGAGTTTTCTGTAACATTGAAAGCAGTATCAGCTGGAGATGCTCGTGGGGAAGCGATTCTTTCTTCCGATACA
TTGACTGTTCCAGTTTCTGATACAGAGAATACACACATCTATTAA

SEQ ID NO:10 - CT443protein sequence

LTVPVSDTENTHIY

SEQ ID NO: 11 - CT372 nucleotide sequence

GAGCTAATTTAGCTATCTAA

SEQ ID NO: 12 - CT3 72 protein sequence

ASPNTKRK YET VIEGF ATIGCGP YLSF APDF LYLYPALRPNKdJS ARVYSVRANL AI

SEQ ID NO: 13 - CT456 nucleotide sequence

TGATTATCAATAATAAATTCAAAACTTGCGTTGCTTATGGTCCTTGGAATAGCCAGGAAGCAAGTTCTGGTTATACA
CCTTCTGCTTGG AGACGTGGTC ATCG AGT AGATTTTGG AGG AATTTTTG AGAAAGCC AACG ACTTTA ATA AAATC AA
CTGGGGAACTCAAGCCGGGCCTAGTAGCGAAGACGATGGCATTTCCTTCTCCAATGAAACTCCTGGAGCTGGTCCTG



TATCGATGACATAAATACCAACAACCAAACTGATGATATCAATACGACAGACAAAGACTCTGACGGAGCTGGTGGAG

AATGCCTCTGTCGGAAATGACGGACCTGCTATGAAAGATATCCTTTCTGCCGTGCGTAAACACCTAGACGTCGTTTA
CCCTGGCGAAAATGGCGGTTCTACAGAAGGGCCTCTCCCAGCTAACCAAACTCTCGGAGACGTAATCTCTGATGTAG

GCTGTAGGTAATGGAGCGGAAGAGATCACTCTTTCCGACACAGATTCTGGTATCGGAGATGATGTATCCGATACAGC

AGAAACCGTTGTATCCCCATGGAAAGGAAGCACTTCTTCAACGGAATCAGCAGGAGGAAGTGGTAGCGTACAAACAC

GCTGCTCCCTCGT ATACGTGCGC ACTT AGACATATCCTTTG ATGCGC AAGGCG ATCTCGT AAGT ACTG AAGAGCCTC

GATACCGTAGGATAA

SEQ ID NO:14 - CT456protein sequence

PSAlϋRRGHRVDFGGI FEKANDFNKI NUGT AGPSSEDDGI SFSNETPGA GPAAAPSPTPSSI PI I NVN NVGG TNVN

DTVG

SEQ ID NO.15: CT381 nucleotide sequence

AAGGAGAGAATAAGCATCCATTGCCACTCACTCAATATCGTTCTGTA GCTGTTCAAACAGGAACCTATC AAGAGGCC

AAAATCGAGGCAGCTGTGCAAGAGATCCGAAAAGAAGGAGTGCTAGCAGAGTTGGAACAGAAGTGGGGTTTGAACAA
CTAA

SEQ ID NO: 16: CT381 protein sequence

NCIKRKKTUJIAFLAVVCSFCL TGCLKEGGDSNSEKFIVGTNATYPPF EFVDKRGEVVGFDIDLAREISNKLGKTLDV
REFSFD ALILNLK(3HRID AVITGdSITPSRLKEILfiIP YYGEEIKHL VLVFKGENKHPLPLT YRS VAV TGTY EA

KIEAAV EIRKEGVLAELE KUGLNN

SEQ ID NO.l 7: CT043 nucleotide sequence

ATGTCCAGGCAGAATGCTGAGGAAAATCTAAAAAATTTTGCTAAAGAGCTTAAACTCCCCGACGTGGCCTTCGATCA

ATGTTTACGCACCTCTTCTTGACGGACTGCCAGACAATCCGCAAAGAAGGTTAGCTCTATATGAGAAGTTGTTAGAA
GGCTCTATGCTCGGAGGCCAAATGGCTGGTGGAGGGGTAGGAGTCGCTACTAAGGAACAGTTGATCTTAATGCACTG
CGTGTT AGACATG AAGT ATGC AGAGACC AACCT ACTC AAAGCl
GGCG AACTGTTTGTTCTG ATATC AGCGCTGG ACG AGAACCC A <

GGCGGAGGAATTCAACCTCCTCCAGCAGGAATCCGTGCATAA



SEQ ID NO:18: CT043 protein sequence

[I SR NAEENL KNF AKEL KL P I) VAF D NNT CI L F V ]) CEF SL HL T YEEHSI) RL YVYAPL L I) GL P ]) NP RRL AL YE KL L E

GGGI OPPPAGI RA

SEQID NO.19: CT711 / hypothetical protein (AAC68306)

MSIOPTSISLTKNITAALAGEOVD AAA VYMPOA VFFFOOLDEKSKGLKOALGLLEEVDLEKFIPSLEKSPTPITTGT

KOOSLTDDEYTKLYAIPONFVKEIESLKNENNVRLIPKSKVTNFbiONIMLTYNSVTSLSEPVTD AMN TTM AEYSLYI

KNDKNED VIHT AIDDY VNSL ADLK ANEO VKLNGLLSL VYA YYASTLGFAKKDVFNNAOASFTDYTNFLNOEIO YUTP
RETSSFN Ϊ SNOALOTFKNKPS ADYNG VYLFDNKGLETNLFNPTFFFDVVSLMTADPTKTMSROD YNK VIT ASESSIO
KINO AIT AWEL AIAECGTKK AKLEPSSLN YFN AMVEAKKTF VETSPI(JM VYSSLdLDK YLPNOO YILETLGS(J [ITFS

NKAARYLNDIIAYAVSFOTADVYYSLGMYLROMNOOEFPE VISR ANDTVKKEIDRSR ADLFHCKK AIEKIKEL VTS V

SAVIEGGRNG VMPGGEOOVLOSLESKOODYTSFNONOOLALOMES AAIO (3EL)TMVAAALALMN IFAKLIRRFK

SEQID NO:20: CTl 14 /hypotheticalprotein (ΛΛC67705)

MCFIGIGSLLLPT ALR ATERMRKEPIPLLDKOOSFUN VDP YCLESIC ACF VAHRDPLS AKOLM YLFPOLSEED VSVF
ARCILSSKRPE YLFSKSEEELF AKLILPR VSLG VHRDDDL ARVLVLAEPS AEE KARYYSL YLD VLALR AYVERERL

TPPGHIYLRYKDKVNIETTSGGRHLPTERYCECIKESOLKVRSOMEL IGL TFM NRGAFFLOKGEFLOASLA YEOAOS

LSKK YPKSGSLRLRL ATT ALELGL VKEG VOLLEES VKD APEDLSLRLOFCKILCNRHD YVRAKYHFDO AOALLIKEG
LFSEKTSYTLLKTIGKKLSLFAPS

SEQ ID N0:21: CT480 / oppAJ (AAC68080)

FPNLLCEDP YVEKVVPSLLKEGFVPKGILRTAOVGRPDNL SPFNGFVNI VRF YELCVPNLAVEHVGK YEEFAP SLAL
KIEEH YVEDGSGDKEFHI YLRPNMFUEPIDPTLFPKNITL ADSFLRPHP VTAHD VKF YYDVVMNP YVAEMR AVAMRS
YFEDM VSVRVENDLKLI VRUR AHT VRNE GEEEKK VLYSAFANTL AL PLPCF VY HFANGEKI VPEDSDPDT YRKD
SVh)AONFSSHkIA YNYIVSCG AFRF AGMDDEKITL VRNPN YHNPF AALVEKR YIYMKDSTDSLFODFK AGK VDI AYFP
PNHVDNLASFM TSAYKE AARGEAILEKNSSDRSYSYIGUNCLSLFFNNRSVROAMNMLIDRDRIIE CLDGRGVS

YEYDSNKRO ALYHRFHE VIHEESP YAFL YSR YSL VYKEF VKNIF VPTEH DLIPG AODET VNLSMLU VDKEEGRCS
AIS

SEQ ID NO:22: CT089/lcrE (AAC67680)

SDGKLKS TLI AKHOLMSONP AIVGGRNVLLASETFASRANTSPSSLRSL YFUVTSSP SNCANLHOMLAS YLPSEK

FLOLVEDKFPSSSKAOKALNELVGPDTGPOTE VLNLFFRALNGCSPR IFSGAEKKO LASVITNTLDAIN ADNEDYP
KPGDFPRSSFSSTPPHAPVPOSEIPTSPTSTOPPSP

SEQ ID NO:23: CT734 / hypothetical protein (AAC68329)

MKKFIYKYSFGALLLLSGLSGLSSCCANSYGSTLAKNTAEIKEESVTLREKPDAGCKKKSSCYLRKFFSRKKPKEKT
EPVLPNFKS YADPMTDSERKDLSF VVSAAADKSSI ALAMAOGEIKG ALSRIREIHPL ALLO ALAEDP ALI AGMKKMO
GRDUVUNIFITELSKVFSOAASLGAFSVADVAAFASTLGLDSGTVTSIVDGERUAELIDVVIONPAI

SEQID NO:24: CTOl6 / hypothetical protein (AAC67606)

MKVKINDOFICISPYISARUN lAFIESCDGGTEGGITLKLHLIDGE TVSIPNLGOAIVDEVFOEHLL YLESTAPOK
NKEEEKISSLLG AVOOM AKGCE VOVFSOKGL VSMLLGG AGSIN VLLOHSPEHKDHPDLPTDLLERI AOMMRSLSIGP

YCEHVKAVLYT

SEQ ID NO.-25: CM homolog ofCT279 = TC_0551

ATGGCATCCAAGTCTCGTCATTATCTTAACCAGCCTTGGTACATTATCTTATTCATCTTTGTTCTTAGTCTGGTTGC
TGGT ACCCTTCTTTCTTCAGTTTCCTATGTTCTATCTCC AATCCA AAAAC AAGCTGC AGAATTTGATCGTAATCAGC
AAATGTTGATGGCCGCACAAATTATTTCCTATGACAATAAATTCCAAATATATGCTGAAGGGGATTGGCAACCTGCT
GTCTATAATACAAAAAAACAGATACTAGAAAAAAGCTCTTCCACTCCACCACAAGTGACTGTGGCGACTCTATGCTC
TTATTTTCAAAATTTTGTTAGAGTTTTGCTTACAGACTCCCAAGGGAATCTTTCTTCTTTTGAAGATCACAATCTTA
ACCTAGAAGAGTTCTTATCCCACCCCACATCTTCAGTACAAGATCACTCTCTGCATGTAATTTATGCTATTCTAGCA
AACGATGAATCCTCTAAAAAGTTATCATCCTCCCAAGTAGCAAAAAATCCGGTATCCATAGAGTCTATTATTCTTCC



TATA AAAGGATTTGGTTTATGGGGACCAATCTA TGGA TTTCTTG CTTTAGAAAAGGACGG TAATACGGTTCTAGGGA
CATGCTGGTATCAACATGGTGAGACTCCAGGATTAGGAGCAAATATAACTAATCCCCAATGGCAACAAAATTTCAGA
GGAAAAAAAGTATTTCTCGCTTCCTCTTCCGGAGAAACCGATTTTGCTAAAACAACTCTAGGACTAGAAGTTATAAA
AGGATCTGTTTCTGCATTATTAGGGGACTCTCCCAAAGCTAATTCCGCTGTTGATGGAATTTCAGGAGCTACACTGA
CCTGTA ATGGAGTT ACTGAAGCTTTTGCTA ATTCGCTAGCTCCTT ACCGCCCCTTATTG ACTTTCTTCGCC AATCTT
AACTCTAGTGGAGAATCTCATGACAACCAATAA

SEQ ID NO:26: CM homologue of CT2 79 protein sequence = TC 0551 protein sequence

HASKSRHYL N iS P YI I L F I F VL SL VAGT L L SSVSY V L S P I (S K IS AAEF DRN( (J ML MA A iS I I SYDN KF iS IYA EGDLJtS PA

VYNTKK(JILEKSSS T P P(JVTVATL CSYFUNFVR VLL TI)SU GNLS SFE ])HNL NLEEFLSHP TSSVIJ])HSLH VIYAIL A

N ]) E S S K K L S S S I V A K N P V S I E S I I L P I KGF GH J GP I Y GF L A L E K ]) GN TVL GT C UJ Y ( HGE T P GL GA NI TNP ( L] I I N F R

GKK V F L A S S S GE T ]) F A K TTL GL E V I K GS V S A L L G]) S P K A N S A V]) GI S GA T L T C NGV T E A F A N S L A P Y R P L L T F F A N L
NSS GE SH ]) N(J

SEQ ID NO:27: CM homologue ofCT372 = TC 0651 nucleotide sequence

ATGAATGGAAAAGTTCTGTGTGAGGTTTCTGTGTCCTTCCGTTCGATTCTGCTGACGGCTCTGCTTTCACTTTCTTT
TACAAACACTATGC AGGCTGCACACCATCATTATCACCGTTATG ATGATAAACTACGCAG ACAATACCATA AAAAGG
ACTTGCCCACTCAAGAGAATGTTCGGAAAGAGTTTTGTAATCCCTACTCTCATAGTAGTGATCCTATCCCTTTGTCA
CAACAACGAGGAGTCCTATCTCCTATCTGTGATTTAGTCTCAGAGTGCTCGTTTTTGAACGGGATTTCCGTTAGGAG
TCTTAAACAAACACTGAAAAATTCTGCTGGGACTCAAGTTGCTTTAGACTGGTCTATCCTTCCTCAATGGTTCAATC
CTAGATCCTCTTGGGCTCCTAAGCTCTCTATTCGAGATCTTGGATATGGTAAACCCCAGTCCCTTATTGAAGCAGAT
TCCCCTTGTTGTCAAACCTGCTTCAACCCATCTGCTGCTATTACGATTTACGATTCTTCATGTGGGAAGGGTGTTGT
CCAAGTGTCATACACCCTTGTTCGTTATTGGAGAGAAACGGCTGCACTTGCAGGGCAAACTATGATGCTTGCAGGAA
GTATTAATGATTATCCTGCTCGCCAAAACATATTCTCTCAACTTACATTTTCCCAAACTTTCCCTAATGAGAGAGTA
AATCTAACTGTTGGTCAATACTCTCTTTACTCGATAGACGGAACGCTGTACAACAATGATCAGCAGCTAGGATTTAT
TAGTTATGCGTTGTCGCAAAATCCAACAGCGACTTATTCCTCTGGAAGCCTTGGCGCCTATCTACAAGTCGCTCCAA
CAGAAAGCACCTGTCTTCAAGTTGGGTTCCAAGATGCCTATAATATTTCAGGTTCCTCGATCAAATGGAATAATCTT
ACAAAAAATAAGTATAACTTCCATGGCTATGCATCTTGGGCTCCACACTGTTGCTTAGGACCTGGACAATACTCTGT
TCTTCTTTATGTAACCAGAAAGGTTCCTGAGCAAATGATGCAGACAATGGGCTGGTCTGTGAATGCAAGTCAATACA
TCTCTTCTAAACTTTATGTATTTGGAAGATACAGCGGAGTCACAGGCCAATTGTCTCCTATTAACCGAACCTATTCA
TTTGGCTTAGTCTCTCCTAATTTATTGAACCGTAACCCACAAGACTTATTTGGAGTAGCTTGCGCATTCAATAATAT
ACACGCCTCCGCCTTTCAAAATGCTCAAAGAAAATATGAAACTGTGATCGAGGGATTTGCAACTATTGGTTGCGGAC
CTTACATCTCCTTTGCTCCAGATTTCCAACTTTACCTCTATCCTGCTCTGCGTCCAAATAAACAAAGCGCCCGAGTC
TATAGCGTTCGCGCAAACCTAGCTATTTAG

SEQID NO:28: CM homologue ofCT372 = TC 0651 protein sequence

1I N GK V L C E V S V S F R S I L L T A L L S L S F T N T [I I A A H H H Y H R Y I) DK L R R I Y HK K I)L P T(J E N V R K E F C N P Y S H S S DP I P L S
(J (JRG VLS PIC DL VSE CSF L NGIS VRSL KiJ TLKN SA GTIS VALD SILP iSlϋF NPRSS ϋJAPK L SIR DL GYGKPISSL I E AD
S P C C I T C F N P S AAI T I YDSSCGKGVV IS VSYTL VRYId RET AAL AG(S T M L AGSI NDYPAR iJ NI F S J L T F S T F PNERV

T KNKYNF HGYAS LJ APHCCL GPG(SY SVL L YV T RKVPE OMM IS TiI GIJ SV NAS(S YIS SKL YVF GRYS GVT G(S L SPIN RT YS

F GL V S P N L L N R NP (S D L F GV A CA F N N I H A S A F IS N A (S R K Y E T V I E GF A TIG C GP Y I S F A P D F ISL Y L Y P A L R P N K ( S A R V
YSVRANL AI

SEQID NO.29: CM homologue ofCT443 = TCJ727

ATGCGAATAGGAGATCCTATGAACAAACTCATCAGACGAGCTGTGACGATCTTCGCGGTGACTAGTGTGGCGAGTTT
ATTTGCTAGCGGGGTGTTAGAGACCTCTATGGCAGAGTCTCTCTCTACCAACGTTATTAGCTTAGCTGACACCAAAG
CGAAAGAGACCACTTCTCATCAAAAAGACAGAAAAGCAAGAAAAAATCATCAAAATAGGACTTCCGTAGTCCGTAAA
GAGGTTACTGCAGTTCGTGATACTAAAGCTGTAGAGCCTAGACAGGATTCTTGCTTTGGCAAAATGTATACAGTCAA
AGTTAATGATGATCGTAATGTAGAAATCGTGCAGTCCGTTCCTGAATATGCTACGGTAGGATCTCCATATCCTATTG
AGATTACTGCTATAGGGAAAAGAGACTGTGTTGATGTAATCATTACACAGCAATTACCATGCGAAGCAGAGTTTGTT
AGCAGTGATCCAGCTACTACTCCTACTGCTGATGGTAAGCTAGTTTGGAAAATTGATCGGTTAGGACAGGGCGAAAA
GAGTAAAATTACTGTATGGGTAAAACCTCTTAAAGAAGGTTGCTGCTTTACAGCTGCAACGGTTTGTGCTTGTCCAG
AGATCCGTTCGGTTACGAAATGTGGCCAGCCTGCTATCTGTGTTAAACAGGAAGGTCCAGAAAGCGCATGTTTGCGT
TGCCCAGTAACTTATAGAATTAATGTAGTCAACCAAGGAACAGCAACAGCACGTAATGTTGTTGTGGAAAATCCTGT
TCCAGATGGCTATGCTCATGCATCCGGACAGCGTGTATTGACATATACTCTTGGGGATATGCAACCTGGAGAACAGA
GAACAATCACCGTGGAGTTTTGTCCGCTTAAACGTGGTCGAGTCACAAATATTGCTACAGTTTCTTACTGTGGTGGA
CACAAAAATACTGCTAGCGTAACAACAGTGATCAATGAGCCTTGCGTGCAAGTTAACATCGAGGGAGCAGATTGGTC
TTATGTTTGTAAGCCTGTAGAATATGTTATCTCTGTTTCTAACCCTGGTGACTTAGTTTTACGAGACGTTGTAATTG
AAGATACGCTTTCTCCTGGAATAACTGTTGTTGAAGCAGCTGGAGCTCAGATTTCTTGTAATAAATTGGTTTGGACT
TTGAAGGAACTCAATCCTGGAGAGTCTTTACAATATAAGGTTCTAGTAAGAGCTCAAACTCCAGGGCAATTCACAAA
CAACGTTGTTGTGAAAAGTTGCTCTGATTGCGGTATTTGTACTTCTTGCGCAGAAGCAACAACTTACTGGAAAGGAG
TTGCTGCTACTCATATGTGCGTAGTAGATACTTGTGATCCTATTTGCGTAGGAGAGAACACTGTTTATCGTATCTGT
GTGACAAACAGAGGTTCTGCTGAAGATACAAATGTGTCCTTAATTTTGAAATTCTCTAAAGAATTACAACCTATATC
TTTCTCTGGACCAACTAAAGGAACCATTACAGGAAACACGGTAGTGTTTGATTCGTTACCTAGATTAGGTTCTAAAG
AAACTGTAGAGTTTTCTGTAACGTTGAAAGCAGTATCCGCTGGAGATGCTCGTGGGGAAGCTATTCTTTCTTCCGAT
ACATTGACAGTTCCTGTATCTGATACGGAGAATACACATATCTATTAA



SEQ ID NO.-30: CM homologue ofCT443 = TCJ727

MRIGDPNNKL IRR AVTIF AVTSVASLF ASG VLETSIIAESLSTNVISLADTKAKETTSHdKDRKARKNHfSNRTSV VRK

SSDP ATTPT ADGKL VL)KIBR LGQG EKSKIT V VKPLKEGC CFT AATVCACPEIRS VTKC G(SP AIC VK EGPES ACLR

LKELNPGESL YKVLVRA TPG FTNN VVVKSCSDCGICTSC AEATT YL)KG VAATHIIC VVDTCDPIC VGENT VYRIC

TLTVPVSDTENTHIY

SEQID NO:31: CM homologue ofCT043 = TC 0313 nucleotide sequence

CGTGTTAGATATGAAATATGCAGAGACTAATCTATTGAAAGCTTTTGCACAGCTTTTCATTGAAACTGTTGTGAAAT

AGCGGAGGAATTCAACCTCCTCCAACAGGAATTCGTGCGTAG

SEQID NO:32: CM homologue ofCT043 = TC 0313 protein sequence

GS LGG(3 HAGGGVGVATKE LI L II HCVLDII KYAET NLLKAFA LFI ETVVKL) RTVCSDI SAGREPSVDTII Pi nP( GG
SGGI PPPT GI RA

SEQ ID NO:33: CM homologue ofCT601 = TC 0890 nucleotide sequence

ATGCTCGCTAATCGGTTATTTCTAATCACCCTTATAGGTTTTGGCTATTCTGCTTACGGTGCCAGCACAGGGAAATC

TGCTCTCGGA ACGTTTAG ATGAGCAAG ACACAAAACTTCA ACAACTCTCGTC AACTCAGGCCCGTAATCTTCCTC AA
CAAGTTCAACGGCTTGAGATTGATCTGAGAGCTCTGGCTAAAACAGCTGCTGTGCTCTCGCAATCTGTTCAGGATAT
CCGATC ATCCGTGCAA AATA AATTACA AGA AATCCAACAAGAAC AAA AAA ATTTAGCTC AAAATTTACGAGCGCTTC

CATATTCACGTTGTTAAACAAGGAGAAACCCTGAGTAAAATCGCTAGTAAGTACAATATCCCTGTCGCAGAATTGAA
AAAACTTAATAAATTAAATTCCGATACTATTTTTACTGATCAAAGAATCCGACTTCCAAAAAAGAAATAA

SEQID NO:34: CM homologue ofCT601 = TC 0890 protein sequence

V RLEI DLRALAKTAAVLS SVι2DI RSSV( NKL ( EI ι2 E KNLA(2 NL RALRNSL ( ALVDGSSPENYI DFLAGETPE
HI HVVK C GETLSKI ASKYNI PVAELKKLNKLNSDTI FTD RI RLPKKK

SEQ ID NO.35: CM homologue ofCT456 = TCJ741

ATGACGACTCCAATAAGTAATTCTCCATCTTCTATTCCAACTG
TCTCGGAACTTCTACTGTATCATCAACGACTACAAGTACTTC AGTCG CACAAACAGCAACAACAACATCTTCTGCTT

TCAACATCCGCTCCATCTCCTAAAGCCTCCGCCACTGCAAACAAAACTTCAAGCGCTGTTTCTGGGAAAATTACCTC
ACAAGAAACTTCTGAGGAATCCGAAACCCAAGCCACTACATCTGATGGAGAAGTTAGTAGTAATTACGATGATGTTG
ATACCCCGACCAATTCGTCCGATTCGACAGTTGATAGTGATTACCAAGATGTTGAGACTCAGTACAAAACAATTAGC
AACAATGGTGAAAACACTTATGAAACAATCGGAAGTCATGGTGAGAAAAACACACACGTCCAGGAAAGCCATGCATC
CGGAACAGGAAATCCCATAAATAATCAGCAAGAAGCTATTAGACAGCTCCGATCATCTACCTATACAACCAGCCCTC
GTAATGAGAATATATTTAGTCCAGGACCGGAAGGTCTACCTAATATGTCTCTTCCTAGTTACAGCCCTACAGATAAA

AGACACAACTAGAAGTAGCTTTATCTTTGTTCCGAATGGAAATTGGGATCAAGTCTGTTCCATGAAGGTTCAGAATG
GGAAAACTAAAGAAGACCTTGGCTTAAAGGACTTAGAAGATATGTGTGCAAAGTTTTGCACAGGATACAATAAATTC
TCCTCTGATTGGGGAAATCGAGTTGACCCCTTGGTCTCTTCTAAGGCCGGGATAGAAAGTGGGGGGCACCTCCCAAG
CTCAGTTATCATCAACAACAAATTTAGAACCTGTGTTGCCTATGGGCCGTGGAACCCCAAAGAAAACGGCCCCAATT
ATACTCCTTCAGCCTGGAGACGTGGGCATCGAGTAGATTTTGGAAAGATCTTTGATGGAACAGCGCCGTTTAATAAA
ATCAACTGGGGCTCTTCCCCTACCCCTGGTGATGACGGCATCTCCTTCTCTAATGAAACTATTGGGTCTGAACCATT
CGCGACACCTCCCTCATCCCCATCGCAAACCCCCGTTATCAACGTCAATGTTAATGTCGGTGGAACCAATGTTAATA
TTGGGGATACAAACGTATCTAAAGGATCCGGCACACCAACATCTTCTCAATCTGTGGACATGTCTACAGATACTAGC
GATTTAGATACCAGTGATATTGATACAAACAACCAAACTAACGGCGATATCAACACGAATGACAACTCCAATAATGT
CGATGGAAGTTTATCTGACGTTGATTCAAGGGTGGAAGACGATGACGGTGTATCGGATACAGAGTCCACTAATGGCA

CACCTAGACACTGTCTATCCAGGAGAAAATGGCGGATCTACAGAAGGACCTCTCCCTGCTAATCAAAATCTGGGGAA
CGTTATCCATGATGTGGAGCAGAATGGATCTGCTAAAGAAACTATTATCACTCCAGGAGATACAGGGCCTACAGACT
CAAGCTCCTCTGTAGATGCTGATGCAGACGTTGAAGATACTTCTGATACTGACTCTGGAATCGGAGACGACGACGGT
GTATCGGATACAGAGTCCACTAATGGTAATAACTCTGGTAAAACTACTTCCACAGAAGAAAATGGTGACCCAAGCGG
ACCAGACATCCTGGCTGCTGTACGTAAACACCTAGACACTGTCTATCCAGGAGAAAATGGCGGATCTACAGAAGGAC



CTCTCCCTGCTAATCAAAATCTGGGGAACGTTATCCATGATGTAGAACAAAACGGAGCCGCTCAAGAAACTATTATC

TGATTCAGGATTCGGGGATGATGACGGTATATCGGATACAGAGTCCACTAATGGTAACGACTCTGGAAAAAATACTC

GGAGAAAATGGTGGATCTACAGAGAGACCTTTACCCGCTAATCAAAATTTAGGAGATATCATTCATGATGTAGAACA
AAACGGAAGCGCTAAAGAAACTGTAGTATCGCCTTATCGAGGAGGAGGAGGAAATACATCTTCCCCAATTGGATTAG

TTGATGATAAAAGGAGGAGAAACTCAAGCCAAGCTAGTTAAGAATGGCGGCAATATCCCTGGAGAAACCACATTAGC

CTCAACTTGGAGCCATCATAGACCAATTCCGCAAAGAAACGGGTTCCGGAGGAATCATAGCTCATACAGATAGTGTT
CCAGGAGAGAACGGAACAGCCTCTCCTCTCACAGGAAGTTCAGGGGAAAAAGTCTCTCTCTATGATGCAGCGAAAAA
CGTCACTCAAGCTTTAACAAGTGTTACGAACAAAGTAACCCTAGCAATGCAAGGACAAAAACTGGAAGGAATTATAA
ACAACAACAATACCCCCTCTTCTATTGGACAAAATCTTTTCGCAGCAGCGAGGGCAACGACACAATCCCTCAGTTCA
TTAATTGGAACCGTACAATAA

SEQ ID NO.36: CM homologue ofCT456 = TC 0741 protein sequence

MTTP ISN SPS SIPTVTVSTTTA SSGSL GTSTVS STTTSTSVA(STATTTSS AST SII(SSS GENI(SSTTGTPSPI TSS V

NNGENTYETI GSHGEKNT HVI ESHASGT GNPI NNQQ EAI RS LRSSTYTTS PRNENI FSPGPEGLPNHSLPSYSPTDK
SSLL AFL SNPNTKAKML EHSGHL VFI DTTRSSFI FVP NGNUDI VCSMKV (S NGKTKEDLGLKDLEDMCAKFCTGYNK F
SSDL J GNRVDPLVSSKAGI ESGGHLPSSVIIN NKFRTCVAYGPUNPKENGP NYTPSALJR RGHRVDFGKIFD GTAPFNK

DL DTSDI DT NN(S TNGD I NTNDNSNNVDGSL SDVDSRVEDDDGV SDT EST NGNDSGKTTSTEENGDPSGPDI LAAVRK

VSDTESTN GNNS GKTTSTEENGDPSGPDI LAAVRK HL ]) TVYPGE N GGSTE GP L PAN NL GNVI HDVE NGAAI ETI I

GENGGSTERPL PAN(S NLGDI I HDVE(S NGSAKETVVSPY RGGGGNTSSPI GLASLLPATPSTPLMTTP RTNGK AAASS

P GENGTASPLT GSSGEKVSLYDAAKNVTiS ALTSVT NKVT LA G( KLE GI I NNNNTPSSI GiS NLFAAARATT iS SLSS
LIG TV (S

SEQ ID NO:37: CM homologue ofCT381 = TC 0660

GTGAGTATGTATATAA AAAG AAAGAA AGCTTGG ATGACTTTCTTAGCAATTGTCTGTAGTTTCTGTTTGGCGGGCTG

TTGATGAAAGAGGTGAGACGGTTGGCTTTGATATTGATTTAGCTAGGGAGATTAGTAAAAAGCTAGGGAAAAAATTA

TGTTTAAGGATGGAGACTCAAAGTCTTTACCACTAGATCAGTATAATTCTGTTGCTGTTCAAACTGGCACGTACCAA
GAGGAATATTTACAGTCTCTTCCAGGGGTGCGTATTCGCTCTTTTGATAGTACTTTAGAAGTGCTTATGGAAGTTTT
GCATAGCAAGTCTCCTATAGCTGTTTTAGAACCGTCTATTGCGCAGGTCGTTTTAAAAGATTTTCCGACGCTCACTA
CTGAAACGATAGATCTTCCTGAAGATAAATGGGTTTTAGGGTATGGAATTGGAGTTGCTTCTGATCGACCATCTCTA

GAACGGCTAA

SEQ ID NO:38: CM homologue ofCT381 = TC 0660

sπYIKRKK AϋJriTFL AIVCSFCL AGCSKESKDS VSEKFI VGTN ATYPPFEF VDERGETVGFDIDL AREISKKLGKKL
EVREFAFDALVLNLK HRIDAIMAGVSITSSRLKEILIIIPYYGEEIKSLVLVFKDGDSKSLPLD YNSVAVflTGTY
EEYL SLPG VRIRSFDSTLE VLHE VLHSKSPI AVLEPSI A VVLKDFPTLTTETIDLPEDKDVLG YGIG VASDRPSL
ASDIEAAV EIKKEGVLAELE KLJGLNG

SEQ ID NO.39 - CT255 nucleotide sequence

ATGGAAGAAAAAGGCATCTTACAATTGGTTGAAATTTCGCGAGCAATGGCTTTACAGGGAGTTTGTCCTTGGACTAA

AAGCTTCGTTGGAAATCGCTTCGGAAGCCGGAGACGTACTTACTTTAGTATTGACCTTGTGTTTCTTGCTAGAAAGA
GAAGGAAAGCTTAAAGCTGAAGAAGTATTTGTAGAAGCTTTGGCTAAGTTGCGTCGTCGATCTCCTCATGTTTTTGA

SEQ ID NO:40 - CT255 protein sequence

HEEKGI L ( LVEI SRAMAL GVCPtd TNL SVESML YI AGEC ELADAV ENKASLEI ASEAGDVLTL VLTLCFLLER
EGKLKAEEVFVEALAKLRRRSPHVFDPHN I SLEι AEEYL J ARI1 K( (SE KI S

SEQ ID TS 0:4 1 - CT341 nucleotide sequence

ATGGATTACTACA CGATATTGGGTG TAGCGAAGACTGCTACTCCTGAAGAAATAAAGAAAGCTTACCGTA AGCTCGC
TGTAAAGTACCATCCAGATAAGAATCCTGGGGATGCTGAAGCGGAGCGACGCTTTAAAGAAGTTTCTGAAGCCTATG
AAGTATTAGGTGATGCGCAGAAGCGGGAGTCATATGATCGTTACGGCAAAGACGGTCCATTTGCTGGTGCTGGAGGA
TTCGGTGGCGCTGGCATGGGGAATATGGAAGACGCTTTGCGAACATTTATGGGAGCTTTTGGCGGCGATTTCGGTGG



TAATGGAGGCGGTTTCTTTGAAGGGCTTTTTGGAGGACTTGGAGAAGCTTTCGGAATGCGTGGAGGCTCAGAAAGTT

TGCCGTTTGAGTATCCCAGAAGGGATTCAGAGCGGAACAGTTCTTAAAGTTAGAGGGCAGGGATTCCCTAATGTGCA

TTTTTTTCTGACTTTGCTGTATAG

SEQ ID NO:42 - CT341 protein sequence

MDYYTILGVAKTATPEEIKKAYRKLAVKYHPI)KNPG])AEAERRFKEVSEAYEVLG])A(SKRESY])RYGKI)GPFAGAGG
FGG AGNGNMEDALRTFHG AFGGDFGGNGGGFFEGLFGGLGE AFGMRGGSESSR GASKK VHITLSFEE AAKGVEKEL

F F S DF A V

SEQ ID NO:43 - CT716 nucleotide sequence

A T GA A T A A A A AA C T CC AA GA T CT GT CT A A A CT GCT C
A A AA A A A GCGCT CT CC AC A A T AGA A CA T CGCT T A CA A CA A AT AC A GGA GCA CA T CGCGA A A AT T T CC T T A A CA A GGC

A AA A A T T A T CGA A AA GAT CC AT GA CAGT A A A T A T CCT A T A AA GA GCGCGA A T A A CT AA

SEQ I D NO:44 - CT716protein sequence

L Y K (J H T L K T S L K D A Y GD I (2 K (J L D (J RK I I E K I HDS K Y P I K SA NN

SEQ I D NO.45 - CT745 nucleotide sequence

ATGAAACATGCTCTCATTGTTGGCTCAGGTATTGCCGGCCTTTCTGCCGCGTGGTGGCTACACAAACGATTCCCTCA
TGTGCAGCTGTCTATTCTAGAAAAAGAGTCTCGATCTGGAGGGCTAATTGTCACAGAGAAACAACAAGGGTTTTCCC
TCAATATGGGCCCTAAAGGTTTTGTTTTAGCTCATGATGGGCAACACACCCTTCACCTCATTCAGTCTTTAGGCCTA
GCAGACGAGCTATTATATAGCTCTCCAGAGGCTAAAAACCGCTTTATCCACTATAATAATAAAACCCGAAAAGTCTC
GCCTTGGACTATTTTCAAACAAAATCTCCCTCTCTCTTTTGCTAAGGATTTCTTTGCGCGTCCTTACAAACAAGACA

GGATGGGAATGCTAACCCAGGCTTTGCATGATAAATTGCCTGCTACCTGGTATTTTTCTGCACCCGTCAGCAAAATC

GTCCGTGCACGATCTCCCTTCCTGTCTAGAAGGGATCCCTGAAACCAAGCTTATCAAGCAAACGACTTCATCTTGGG
ATCTCTCTTGTGTATCTTTAGGATGGCATGCATCCTTCCCTATCCCTCATGGATATGGCATGCTTTTCGCTGATACG

CTCCTCCCCAAGCTTTCTCACTATTCTCTCCTCGAGAGGGACTTCCCCAACACCATGTTGGATTTATCCAATCCCGC
CAACGCCTTCTATCTAAACTTCCTCACAATATAAAAATTGTAGGGCAGAATTTTGCAGGTCCAGGTCTCAACCGCGC
TACAGCGTCTGCTTATAAAGCTATAGCTTCTTTACTATCATGA

SEQ ID NO:46 - CT745protein sequence

K HA L I V GS GI AGL S A A t U WL HKRF P HV iJ L S I L E K E S RS GGL I V T E K iJ J GF S L NII GP K GF V L A HDG J HT L HL I iJ S L GL
A DE L L Y S S P E AK N RF I HY NN K T RK V S PϋJT I F K NL P L SF A K F F A RP YK DSS VE A F F K RHS S S K L RRN L L NP I S I A
I RA GHS HI L S A MAY P EL T R REA T GS L L RS Y L K DF P K E K RT GP Y L A T L R S G[1 GML T ι2 A L HDK L P A T Ii)Y F S A P V S K I
R I L A NGK I S L SS P GE I T GD [I L I Y A GS V HDL P S CL E GI P E T K L I K ( T T S S IJ DL S CV S L GL) HA S F P I P H GY Gr IL F A DT

P P L L GI V F NT EV F P (2 P E RP N T I V S L L L E GRbJH (2 E E AY AF S L A A I S EY L ( I Y T P P ( A F S L F S P RE GL P HHV GF I S R

(J RL L S K L P HN I K I VG NF A GP GL NRA T A S A Y K A I A SL L S

SEQ ID NO: 47- CT387 nucleotide sequence

ATGACGCTCTTTCATTCTCATCATGATGCCGTCTCTCCAGACAGCTACCTATGTTCTTCCCTTCAGTTAGTTGGTAC

TACACCTTAATTTAAAGAGCTCTCTAGCTCAATTAGGAATAGATGCCTCCCTTCTTCACTGCGAATTGAGCAAAAAT
CAACATCGAGCACATATACATGCTCAATTTACCGGTCATGGCCCCATTGCTGAATCTATGCTAGCCCTTCTCCAACC
AGGAGATCGTGTAGCAAAACTATTTGCTGCAGACGATCGCAGACTGGTCCGATCTCCAGATTACCTCGAAAGCATGC
TGAAAAATACAGATAAAGCTGGCCATCCTTTGCTCTGTTTTGGGAAAAAATTAGAACACTTGATTTCTTTTGATGTG



GTAGATGATCGCCTTGTCGTCTCCCTTCCTACCCTGCCGGGAGTTGTTCGTTATGATTCGGATATTTATGGACTCCT
TCCTCTTATTCAAAAATCACTCAGTAATCCCAAACTCAGCATTCGTCACTTTTTAGCTCTGTACCAACAGATTGTGG
AAGGGCAACATGTCTCTTGCGGAAACCATATTCTTCTGATCAAAACAGAACCGCTGCACATCCGCACTGTATTTGCT
CGCGTGGTAAATC AACTCCTCCCTCAAGGTCTCTCCC ACACTTCTGCCA ATATTTTGGAACCAACC ACTCG AGAATC
CGGGGATATCTTTGAATTTTTTGGGAACCCTTCTGCACAGATAGAAAGAATTCCTTTAGAATTTTTCACTATCGAAC
CCTATAAAGAACATTCTTACTTCTGTAATCGGGATTTATTACAAACCATCTTACAATCAGAAAGCGAAATCAAAAAA
ATATTCGAAACAGCGCCCAAAGAACCTGTCAAAGCTGCCACCTATTTATCAAAAGGCAGTGAAATCTCTTCCCTGCA
CACAGACTCTTGGCTCACAGGATCCGCAGCTGCCTATCAATATAGTGAGCAAGCAGATAAAAACGAGTACACTCATG
CTCAACCTTGCTATCCTTTCTTAGAAGCAATGGAAATGGGCCTGATCAATAGCGAAGGAGCCTTACTCACTCGTTAT
TTCCCTTCAGCTAGCTTAAAAGGAATGTTGATTTCCTACCATGTGCGCCACTATCTCAAACAAATCTACTTTCAAGT
TCCCTCTTATACACATGGAAACTATTTCTCTCATAATGACAGAGGTTTGCTATTAGATCTGCAGCAAGCAGATATTG
ATGTTTTCTGGGCAGATGAAGAAAGCGGCCGTGTGTTGCAATATACAAAACGACGCGATAAGAATAGCGGTATGTTC
GTGATCAAAAATCGTGTTGAAGAGTTTCGATCAGCTTATTTTATTGCTATTTATGGCTCTCGTCTCCTTGAGAATAA
TTTCTCTGCTCAGCTCCATACCCTCCTAGCGGGCTTACAGCAAGCAGCACATACTCTCGGCATTCCTGGATTCTCAA
AGCCTACCCCACTTGCAGTCATCACCGGAGGCGGCACTGGAGTTATGGCCACAGGAAATCGTGTAGCTAAAGAACTA
GGAATCCTATCTTGTGGAACCGTTCTTGATTTAGAAGCTTCTCCAGCACAAATCGACCAACCTACCAATGAATTCTT

TAGTTGGCGGTGTAGGAACCGATTTCGAACTCTACCTAGAACTTGTCTATCTCAAAACAGGAGCTAAACCACCGACT
CCCATTTTCCTAATTGGACCTATTGAATACTGGAAAGAAAAAGTGGCCCACGCCTACGAGATCAACCTCAAAGCAGG
AACCATCCGTGGATCCGAATGGATCAGCAACTGCCTATATTGTATCACTTCTCCGGAAGCTGGAATTGCCGTATTCG
AACAATTCCTAGCTGGAGAACTCCCTATAGGATACGACTATCCTCCAGCTCCAGATGGATTAGTGATCGTCTAA

SEQ ID NO:48 - CT387protein sequence

1I T L F H S H H D A V S P D S Y L C S S L (JL V G T G V Y E G E I E I(J N I P S Y F L G F CJ L P S H C I H L N L K S S L A CJ L G I D A S L L H C E L S K N

C H R A H I H A cJ F T G H G P I A E S II L A L L (J P G D R V A K L F A A D D R R L V R S P D Y L E S M L K N T D K A G H P L L C F G K K L E H L I S F D V

V D R L V V S L P T L P G V V R Y D S D I Y G L L P L I K S L S N P K L S I R H F L A L Y ( C I V E G ( H V S C G N H I L L I K T E P L H I R T V F A

R V V N CJL L P CJ G L S H T S A N I L E P TTR E S G D I F E F F GNP S A C I E R I P L E F F T I E P Y K E H S Y F C N R D L L (JT I L CJ S E S E I K K

F P S A S L K G II L I S Y H V R H Y L K CJ I Y F (J V P S Y T H G N Y F S H N D R G L L L D L ( CJA D I D V F A D E E S G R V L CJ Y T K R R D K N S G rI F

V I K N R V E E F R S A Y F I A I Y G S R L L E N N F S A cJ L H T L L A G L cJ ( A A H T L G I P G F S K P T P L A V I T G G G T G V H A T G N R V A K E L

P I F LI GP I EYL) KEKVAHAYEI NLKAGTI RGSE IJ I S NCLYCITS P EAGI AVF ECJ F LAGELP I GYDYPP AP DGLVI V

SEQ ID NO:49 - CT812 nucleotide sequence

ATGAGTTCCGAGAAAGATATAAAAAGCACCTGTTCTAAGTTTTCTTTGTCTGTAGTAGCAGCTATCCTTGCCTCTGT
TAGCGGGTTAGCTAGTTGCGTAGATCTTCATGCTGGAGGACAGTCTGTAAATGAGCTGGTATATGTAGGCCCTCAAG
CGGTTTTATTGTTAGACCAAATTCGAGATCTATTCGTTGGGTCTAAAGATAGTCAGGCTGAAGGACAGTATAGGTTA
ATTGTAGGAGATCCAAGTTCTTTCCAAGAGAAAGATGCGGATACTCTTCCCGGGAAGGTAGAGCAAAGTACTTTGTT
CTCAGTAACCAATCCCGTGGTTTTCCAAGGTGTGGACCAACAGGATCAAGTCTCTTCCCAAGGGTTAATTTGTAGTT
TTACGAGCAGCAACCTTGATTCTCCTCGTGACGGAGAATCTTTTTTAGGTATTGCTTTTGTTGGGGATAGTAGTAAG
GCTGGAATCACATTAACTGACGTGAAAGCTTCTTTGTCTGGAGCGGCTTTATATTCTACAGAAGATCTTATCTTTGA
AAAGATTAAGGGTGGATTGGAATTTGCATCATGTTCTTCTCTAGAACAGGGGGGAGCTTGTGCAGCTCAAAGTATTT
TGATTCATGATTGTCAAGGATTGCAGGTTAAACACTGTACTACAGCCGTGAATGCTGAGGGGTCTAGTGCGAATGAT
CATCTTGGATTTGGAGGAGGCGCTTTCTTTGTTACGGGTTCTCTTTCTGGAGAGAAAAGTCTCTATATGCCTGCAGG
AGATATGGTAGTTGCGAATTGTGATGGGGCTATATCTTTTGAAGGAAACAGCGCGAACTTTGCTAATGGAGGAGCGA
TTGCTGCCTCTGGGAAAGTGCTTTTTGTCGCTAATGATAAAAAGACTTCTTTTATAGAGAACCGAGCTTTGTCTGGA
GGAGCGATTGCAGCCTCTTCTGATATTGCCTTTCAAAACTGCGCAGAACTAGTTTTCAAAGGCAATTGTGCAATTGG
AACAGAGGATAAAGGTTCTTTAGGTGGAGGGGCTATATCTTCTCTAGGCACCGTTCTTTTGCAAGGGAATCACGGGA
TAACTTGTGATAAGAATGAGTCTGCTTCGCAAGGAGGCGCCATTTTTGGCAAAAATTGTCAGATTTCTGACAACGAG
GGGCCAGTGGTTTTCAGAGATAGTACAGCTTGCTTAGGAGGAGGCGCTATTGCAGCTCAAGAAATTGTTTCTATTCA
GAACAATCAGGCTGGGATTTCCTTCGAGGGAGGTAAGGCTAGTTTCGGAGGAGGTATTGCGTGTGGATCTTTTTCTT
CCGCAGGTGGTGCTTCTGTTTTAGGGACCATTGATATTTCGAAGAATTTAGGCGCGATTTCGTTCTCTCGTACTTTA
TGTACGACCTCAGATTTAGGACAAATGGAGTACCAGGGAGGAGGAGCTCTATTTGGTGAAAATATTTCTCTTTCTGA
GAATGCTGGTGTGCTCACCTTTAAAGACAACATTGTGAAGACTTTTGCTTCGAATGGGAAAATTCTGGGAGGAGGAG
CGATTTTAGCTACTGGTAAGGTGGAAATTACTAATAATTCCGAAGGAATTTCTTTTACAGGAAATGCGAGAGCTCCA
CAAGCTCTTCCAACTCAAGAGGAGTTTCCTTTATTCAGCAAAAAAGAAGGGCGACCACTCTCTTCAGGATATTCTGG
GGGAGGAGCGATTTTAGGAAGAGAAGTAGCTATTCTCCACAACGCTGCAGTAGTATTTGAGCAAAATCGTTTGCAGT
GCAGCGAAGAAGAAGCGACATTATTAGGTTGTTGTGGAGGAGGCGCTGTTCATGGGATGGATAGCACTTCGATTGTT
GGCAACTCTTCAGTAAGATTTGGTAATAATTACGCAATGGGACAAGGAGTCTCAGGAGGAGCTCTTTTATCTAAAAC
AGTGCAGTTAGCTGGGAATGGAAGCGTCGATTTTTCTCGAAATATTGCTAGTTTGGGAGGAGGAGCTCTTCAAGCTT
CTGAAGGAAATTGTGAGCTAGTTGATAACGGCTATGTGCTATTCAGAGATAATCGAGGGAGGGTTTATGGGGGTGCT
ATTTCTTGCTTACGTGGAGATGTAGTCATTTCTGGAAACAAGGGTAGAGTTGAATTTAAAGACAACATAGCAACACG
TCTTTATGTGGAAGAAACTGTAGAAAAGGTTGAAGAGGTAGAGCCAGCTCCTGAGCAAAAAGACAATAATGAGCTTT
CTTTCTTAGGGAGAGCAGAACAGAGTTTTATTACTGCAGCTAATCAAGCTCTTTTCGCATCTGAAGATGGGGATTTA
TCACCTGAGTCATCCATTTCTTCTGAAGAACTTGCGAAAAGAAGAGAGTGTGCTGGAGGAGCTATTTTTGCAAAACG
GGTTCGTATTGTAGATAACCAAGAGGCCGTTGTATTCTCGAATAACTTCTCTGATATTTATGGCGGCGCCATTTTTA
CAGGTTCTCTTCGAGAAGAGGATAAGTTAGATGGGCAAATCCCTGAAGTCTTGATCTCAGGCAATGCAGGGGATGTT
GTTTTTTCCGGAAATTCCTCGAAGCGTGATGAGCATCTTCCTCATACAGGTGGGGGAGCCATTTGTACTCAAAATTT



GA CGATTTC TCAGAATACAGGGAATGTTCTGTTTTATA ACAACGTGGCCTGTTCGGGAGGAGCTGTTCGTATAGAGG

ATCATGGTAATGTTCTTTTAGAAGCTTTTGGAGGAGATATTGTTTTTAAAGGAAATTCTTCTTTCAGAGCACAAGGA
TCCGATGCTATCTATTTTGCAGGTAAAGAATCGCATATTACAGCCCTGAATGCTACGGAAGGACATGCTATTGTTTT
CCACGACGCATTAGTTTTTGAAAATCTAGAAGAAAGGAAATCTGCTGAAGTATTGTTAATCAATAGTCGAGAAAATC
CAGGTTACACTGGATCTATTCGATTTTTAGAAGCAGAAAGTAAAGTTCCTCAATGTATTCATGTACAACAAGGAAGC
CTTGAGTTGCTAAATGGAGCCACATTATGTAGTTATGGTTTTAAACAAGATGCTGGAGCTAAGTTGGTATTGGCTGC
TGGAGCTAAACTGAAGATTTTAGATTCAGGAACTCCTGTACAACAAGGGCATGCTATCAGTAAACCTGAAGCAGAAA
TCGAGTCATCTTCTGAACCAGAGGGTGCACATTCTCTTTGGATTGCGAAGAATGCTCAAACAACAGTTCCTATGGTT
GATATCC ATACT ATTTCTGT AGATTT AGCCTCCTTCTCTTCT AGTC AACAGG AGGGG AC AGTAG AAGCTCCTC AGGT

TATTGTTCCTGGAGGAAGTTATGTTCGATCTGGAGAGCTTAATTTGGAGTTAGTTAACACAACAGGTACTGGTTATG
AAAATCATGCTTTATTGAAGAATGAGGCTAAAGTTCCATTGATGTCTTTCGTTGCTTCTGGTGATGAAGCTTCAGCC
GAAATCAGTAACTTGTCGGTTTCTGATTTACAGATTCATGTAGTAACTCCAGAGATTGAAGAAGACACATACGGCCA
TATGGGAGATTGGTCTGAGGCTAAAATTCAAGATGGAACTCTTGTCATTAGTTGGAATCCTACTGGATATCGATTAG
ATCCTCAAAAAGCAGGGGCTTTAGTATTTAATGCATTATGGGAAGAAGGGGCTGTCTTGTCTGCTCTGAAAAATGCA

CGCTTTGCTCATAATCTCACTGCTCAGCGTATGGAATTCGATTATTCTACAAATGTGTGGGGATTCGCCTTTGGTGG
TTTCCGAACTCTATCTGCAGAGAATCTGGTTGCTATTGATGGATACAAAGGAGCTTATGGTGGTGCTTCTGCTGGAG
TCGATATTCAATTGATGGAAGATTTTGTTCTAGGAGTTAGTGGAGCTGCTTTCCTAGGTAAAATGGATAGTCAGAAG
TTTGATGCGGAGGTTTCTCGGAAGGGAGTTGTTGGTTCTGTATATACAGGATTTTTAGCTGGATCCTGGTTCTTCAA
AGGACAATATAGCCTTGGAGAAACACAGAACGATATGAAAACGCGTTATGGAGTACTAGGAGAGTCGAGTGCTTCTT
GGACATCTCGAGGAGTACTGGCAGATGCTTTAGTTGAATACCGAAGTTTAGTTGGTCCTGTGAGACCTACTTTTTAT
GCTTTGCATTTCAATCCTTATGTCGAAGTATCTTATGCTTCTATGAAATTCCCTGGCTTTACAGAACAAGGAAGAGA
AGCGCGTTCTTTTGAAGACGCTTCCCTTACCAATATCACCATTCCTTTAGGGATGAAGTTTGAATTGGCGTTCATAA
AAGGACAGTTTTCAGAGGTGAACTCTTTGGGAATAAGTTATGCATGGGAAGCTTATCGAAAAGTAGAAGGAGGCGCG
GTGCAGCTTTTAGAAGCTGGGTTTGATTGGGAGGGAGCTCCAATGGATCTTCCTAGACAGGAGCTGCGTGTCGCTCT
GGAAAATAATACGGAATGGAGTTCTTACTTCAGCACAGTCTTAGGATTAACAGCTTTTTGTGGAGGATTTACTTCTA
CAGATAGTAAACTAGGATATGAGGCGAATACTGGATTGCGATTGATCTTTTAA

SEQ ID NO:50 - CT812 protein sequence

[ISSEKDIKSTCSKFSLSVVAAILASVSGLASCVDLHAGG(JSVNELVYVGP(JAVLLLDIJIRDLFVGSKDSCJAEGIJYRL

IVGDPSS F(JE KDADTL PGK VE(JSTLFS VTNP VVF(JG VDcJ(JD (J VSS(JGLIC SFTSSNLDS PRDGE SFLGI AFVGDSSK
AGITLTD VKASLSG AALYSTEDLIFEKIKGGLEFASCSSLE GGACAAcJSILIHDCiJGLiJ VKHCTT AVNAEGSS AND
HLGFGGG AFF VTGSLSGEKSL Y PAGDII VVANCDG AISFEGNS ANF ANGG AIA ASGK VLF VANDKKTSFIENR ALSG
GAIAASSDI AF NCAEL VFKGNC AIGTEDKGSLGGG AISSLGTVLL GNHGITCDKNES AS(JGG AIFGKNC lSDNE
GPVVFRDSTACLGGGAIAAIJEIVSI(JNN(JAGISFEGGKASFGGGIACGSFSSAGGASVLGTIDISKNLGAISFSRTL

CTTSDLGCJ [IE Y(JGGG ALFGENISLSEN AGVLTFKDNI VKTF ASNGKILGGG AIL ATGK VEITNNSEGISFTGN ARAP
(JALPT(JEEFPLFSKKEGRPLSSGYSGGGAILGREVAILHNAAVVFE(JNRL(JCSEEEATLLGCCGGGAVHG[IDSTSIV

GNSSVRFGNNYAIIG(JGVSGGALLSKTV(JLAGNGSVDFSRNIASLGGGAL(JASEGNCELVDNGYVLFRDNRGRVYGGA

ISCLRGDVVISGNKGRVEFKDNIATRLYVEETVEKVEEVEPAPE(JKDNNELSFLGRAE(JSFITAANUALFASEDGDL

SPESSISSEELAKRRECAGGAIFAKRVRIVDN(JEAVVFSNNFSDIYGGAIFTGSLREEDKLDG(JIPEVLISGNAGDV

SDAIYFAGKESHITALNATEGHAIVFHDALVFENLEERKSAEVLLINSRENPGYTGSIRFLEAESKVP(JCIHV(J(JGS

LELLNGATLCSYGFK(JDAGAKLVLAAGAKLKILDSGTPV(J(JGHAISKPEAEIESSSEPEGAHSLUIAKNA(JTTVPnV
DIHTISVDLASFSSS(J(JEGTVEAP(JVIVPGGSYVRSGELNLELVNTTGTGYENHALLKNEAKVPLMSFVASGDEASA

EISNLSVSDL(JIHVVTPEIEEDTYGHIIGDUSEAKI(JDGTLVISL)NPTGYRLDP(JKAGALVFNALUEEGAVLSALKNA

RFAHNLTA(JRIIEFDYSTNVUGFAFGGFRTLSAENLVAIDGYKGAYGGASAGVDI(JLIIEDFVLGVSGAAFLGKrIDS(JK

ALHFNP YVEVSYASMKFPGFTE GRE ARSFED ASLTNITIPLGMKFEL AFIKG(JFSE VNSLGIS YAUE AYRK VEGG A
V(JLLEAGFDUEGAPIIDLPR(JELRVALENNTEUSSYFSTVLGLTAFCGGFTSTDSKLGYEANTGLRLIF

SEQ ID NO:51 - CT869 nucleotide sequence

ATGAAAAAAGCGTTTTTCTTTTTCCTTATCGGAAACTCCCTATCAGGACTAGCTAGAGAGGTTCCTTCTAGAATCTT

TCTTATGCCC AACTCAGTTCC AGATCCTACGAA AGAGTCGCTATCAA ATAAAATTAGTTTGACAGG AGAC ACTCAC A
ATCTCACTAACTGCTATCTCGATAACCTACGCTACATACTGGCTATTCTACAAAAAACTCCCAATGAAGGAGCTGCT
GTCACAATAACAGATTACCTAAGCTTTTTTGATACACAAAAAGAAGGTATTTATTTTGCAAAAAATCTCACCCCTGA
AAGTGGTGGTGCGATTGGTTATGCGAGTCCCAATTCTCCTACCGTGGAGATTCGTGATACAATAGGTCCTGTAATCT

TTGAAAATAATACTTGTTGCAGACTATTTACATGGAGAAATCCTTATGCTGCTGATAAAATAAGAGAAGGCGGAGCC
ATTCATGCTCAAAATCTTTACATAAATCATAATCATGATGTGGTCGGATTTATGAAGAACTTTTCTTATGTCCAAGG
AGGAGCCATTAGTACCGCTAATACCTTTGTTGTGAGCGAGAATCAGTCTTGTTTTCTCTTTATGGACAACATCTGTA
TTCAAACTAATACAGCAGGAAAAGGTGGCGCTATCTATGCTGGAACGAGCAATTCTTTTGAGAGTAATAACTGCGAT

CTCTTCTTCATCAATAACGCCTGTTGTGCAGGAGGAGCGATCTTCTCCCCTATCTGTTCTCTAACAGGAAATCGTGG
TAACATCGTTTTCTATAACAATCGCTGCTTTAAAAATGTAGAAACAGCTTCTTCAGAAGCTTCTGATGGAGGAGCAA

TTAAAGTAACTACTCGCCTAGATGTTACAGGCAATCGTGGTAGGATCTTTTTTAGTGACAATATCACAAAAAATTAT
GGCGGAGCTATTTACGCTCCTGTAGTTACCCTAGTGGATAATGGCCCTACCTACTTTATAAACAATATCGCCAATAA
TAAGGGGGGCGCTATCTATATAGACGGAACCAGTAACTCCAAAATTTCTGCCGACCGCCATGCTATTATTTTTAATG
AAAATATTGTGACTAATGTAACTAATGCAAATGGTACCAGTACGTCAGCTAATCCTCCTAGAAGAAATGCAATAACA

GTAGCAAGCTCCTCTGGTGAAATTCTATTAGGAGCAGGGAGTAGCCAAAATTTAATTTTTTATGATCCTATTGAAGT

TAGCAATGCAGGGGTCTCTGTGTCCTTCAATAAGGAAGCTGATCAAACAGGCTCTGTAGTATTTTCAGGAGCTACTG
TTAATTCTGCAGATTTTCATCAACGCAATTTACAAACAAAAACACCTGCACCCCTTACTCTCAGTAATGGTTTTCTA



ACAGCAGATACTGCAGCTACCTTTTCATTAAGTGATGTAAAACTCTCACTCATTGATGACTACGGGAACTCTCCTTA

AATCAGAAAATATAGATTTTTCGGGACTAAATGTCCCTCATTATGGATGGCAAGGACTTTGGACTTGGGGCTGGGCA

GGAGCCTATCCGCGAAGCTTTTCTACAAAGACTCCTTTGATCAATGTCCTAGTCCCTATTGGAGTTAAAGGTAGCTT

AACCTTCTGTAATTATCTCAATGGGGAAATTGCTCTGCGATTCTAG

SEQ ID NO: 52 - CT869 protein sequence

riKKAFFFFLiGNSLSGL ARE VPSRIFLMPNS VPI

V T I T ]) Y L S F F D T (J K E GI Y F A K NL T P E S GGA I GY A S P N S P T V E I R ]) T I GP V I F E NN T C CR L F T IJ R N P Y A A ]) K I R E GGA

V A S S S GE I L L GA GS S ( N L I F Y DP I E V S N A GV S V S F N K E A ]) I T GS V V F S GA T V N S A I) F HIJ R N L I T K T P A P L T L S NGF L

T ADT AAT F SL SDVKL SL I DDYGNSPYEST DL T HAL SS P r I L SI SEASDN ( L i SENI DF SGL NVPHYGL] ( GH JT L) G A

TGGGL GMHVY iJ DPRENHPGF HII RSSGYSAGII I A G (J T HT F S L K F S ( T Y T K L N E R YAKNNVSSKNYSd J GEML F SL (JE G
FL L T KL VGL YSYGDHNCHHF YT(J GENL T ScJ GTF RS (J T MGG
GAYPRSF ST KT PL I NVL VPI GVKGSF MNAT HRP (J ALi TVEL /
YKI S (J (J T J PL S L J L T L HF ( YHGFYSSST F CNYL NGEI AL RF

SEQ ID NO:53 - CTl 66 nucleotide sequence

GACC TATTA AATA AACTGA AAAAG GTC ATTA GTGC TTAC AACTCTA TGCCAGA TAAAAA TTCGG AAG CGG GAC AGA A

AGGCAAAAGCTAAGGAACAGAAAGCCGAAGAAAAACCTAAGACGACTCCGATTGAAGGTGTTCTTGAAACCATCAAA

CGAACAGTATAAAAAGCTTAAAGAGACGAACAAAGAGAAGATAGCCGCTATTGTAAAACAACTAAACGAGAAACTTG

CAGGAAATGTTTCTGCGCTGGAACTATGCAGCCGCAACAGATCAGATTCGTATGTATATGTTGGAGGAACTTGGAGG

ACCGAATGTTTGAGGATATGAGCTCTAGACGGGCGATTTCTGATGCGGTTTTAAAGATGGCTGTAGGTAAGGCGACA
ACAGTTTCCATGGAAGAGGTAGCAAAGGATATCGATGTTTCTCGCTTAACAGAAGAGGATAAGACAAAATTAAATGC

CACTATCCTGAGTTAGGATGGTTTATTCGAGGATTGAACGGATTGATGGTCTCTCATAAGGGAAGCACTGCGGTTTC

AAAAGTCTCTTTTTTGATTACTGCCAAGATTCAGTGATGCCGGAGGCTGTAAGTACCTTAGGTATTAGATGA

SEQ ID NO: 54 - CTl 66 protein sequence

MNVRTYSVIJRGGVKTISASAVPPTAAVLSRKKRAIEEKKEEASSGKIENLDASKYDLTPKNIEEKLGITPE(JKSTVK

DLLNKLKKVISAYNSMPDKNSEAGIJNSLIIJCJGKYVDAIIJKKLPASSCJAIJPKIJAKAKEIJKAEEKPKTTP IEGVLETIK

DESTKAFVKDYDELK(JKYEKKVAETTSIJAEKDIJYLKDLKDLLEKFTKISDEIRGKFDRLFLKNVIVACJNGFFNFCLL



KGLGNI N ETRAEYL EKELKLPTEEI E YKKLKETNKEKI AAI VK L NE KLGS RVKI K I KEL Sri K ARNVYNYE
( E FLRUNYAAAT D I RMYMLEELGGLYTDL II !1 PSYS EVLELI KKHS DGNR F EDMSSRRAI S AVLK AVGK AT
TVSNEEVAKDI DVSRLTEEDKTKL ALFKDLEPFAKPDSKGAEAEGGE GAKGMKKSFF PI DLNI VRNT MPI LRRYH
HYPELGWFI RGLNGLNVSHKGSTAVSAVI VG< <2 AAY I EL AAL R DVL S GEF F HSL ENL T HRNHKERI GNHL VANYL A
KSLFFDYC DSVMPEAVSTLGI R

SEQ ID NO.-55 - CTl 75 nucleotide sequence

ATGCATCACAGGAAGTTTTTAGCAGTTTCCATTGCTTTCGTAAGTTTAGCTTTTGGGCTAACATCTTGTTATCATAA

TTGGCAGAAAGATATCATCAATCTGATGATGGTTGTGTTTATACTTTTTTTCTAAAAAATACATTCTGGAGCAACGG

TTATCCGGTGCACACCTCTTTACGAGAATATTACAAAGATAAGCGTAACAAACGCGTTTTCCCGATAATTTCTAATG
GTCCTTTTGCGATTCAATGTTATGAGCCGCAAAGATATTTACTAATCAACAAAAACCCTCTGTATCATGCCAAGCAC
GATGTTCTGTTAAATTCGGTATGTTTGCAGATAGTTCCTGATATCCATACAGCTATGCAGTTATTCCAAAAAAATCA

TTGATTATCCTGTATTGAGTTGCTCTGTTTTATTCTGTAACATTCATCAAACACCTTTAAATAATCCCTCGCTGAGA
ACAGCCCTCTCTTTAGCAATCAATCGAGAAACTTTATTAAAACTAGCAGGTAAAGGCTGTAGCGCTACGAGCTTTGT

CCGAAGCTTTAAAGACTTTATCTCAAGAAGATTTAGAAAAAATTACATTAATTTATCCTATAGAATCTGTTTGCTTA

CTTCTCGTGGAGAAATTGATTTAAAAAGAGTTTCATTAGCTGAAGGATAG

SEQ ID NO: 56 - CTl 75 protein sequence

TALSLAINRETLLKLAGKGCSATS FVHP LS lPATTLS DERIALAKGYLTEALKTLS EDLEKITLIYPIESVCL

YTNIVAC2LLI<2ESSDL(3L[1AE[2LLLKESPLIPLYHLDYVYAKi2PRVSDL<2TSSRGEIDLKRVSLAEG

SEQ ID NO: 57- TC0666 nucleotide sequence (homologue ofCT387)

ATGAGGATTCCAATGACACTCTTTCACACTCATCACGATGCCGTCTCTCCGGACGGCTACTTATGTTCTTCCCTTCA

CCACCCATTGCGTTC ATCTTAATTTGAAGAGTTCTCTAGCCCAGTT AGGAGTAGATGCATCTCTTCTTC ACTG CGAA
CTAAGCAAAAATCAACAACGTGCACATATGCACGTGCAGTTCACCGGCTATGGCCCTATCGCTGAGTCCATGCTATC

AGAAGATCGTAGAAGGACCACACATCCCTTATGAAGGAAACATTTTGTTAATCAAAACAGAGCCTCTTCATATCCGC

GTTATCGTCTAA



SEQ ID NO: 58 - TC0666 protein sequence (homologue ofCT387)

VIV

SEQ ID NO: 59 - TCOl 9 7 nucleotide sequence

CATTATGGGAGGAAGAGGCTGTATTGTCTACTCTAAAAAATGCTCGGATTGCCCATAACCTTACCATTCAGAGAATG

TTGAATATCGTAGTTTAGTCGGTCCAGCACGACCTAAATTTTATGCTTTGCATTTTAATCCTTATGTCGAGGTATCT



GAATGCGTTTGATTTTCTAG

SEQ ID NO: 60 - TC0197protein sequence

GAI LCSYGVK DPRAKI VLSAGSKLKI LDSE ENNAEI GDLEDSVNSE TPSL I GKNA AKVP LVJ) I HTI SI DLAS

GSPI DLPK ELRVALENNTE SSYFSTALGVTAFCGGFSSM NKL YEANAGI RLI F

SEQIDNO: 61 - TC0261 nucleotide sequence



T CT A A

SEQ ID NO: 62 - TC0261 protein sequence

GMY SKL S SF T EVGAYP RT F I T ET PL I NVL I P I GVKGSF I1 NAT HRP ( AL)TV EL A Y (3 PVL YR EPS I ST L L AGK G UJ F
GH GSPASRHAL AYKI S & 7 L L RF AT L aYHGYYS SSTF CNYL NGE VSL RF

SEQ ID NO: 63 - CT '33 fragment nucleotide sequence

CAGCT AT CGT CT T ACGT CACT T AGGCT GT T CAA CT A AGGCT GT T GCT GC GTTT AAACCT T ATTT CT CAGAAAT GCA A

TGTTCAAATTCACTTAAATGGAACCGTTAGTATCCATTTA

SEQ ID NO: 64 - CT733fragment protein sequence

AP PRGT L PSST T KI GSEVUI E K VR YPEL L l L VEPSST G
I (2 GSR< AYA ( L I ( L i2 T SE SPL T F K c2 F L AL HK (2 L T L F L NSP KE
REAF YT K AL HVL HT F P EL SPSF ARL SPE KT L F F SL RKL A NY EL L SL T NT PS F L L SAGRS RAL L AL L YL YAL
SCGE GMSS F HT NF A PL SIΪ L i YAT VEE AF SRYF TYR
TLPTEEAD TLINSF YTNKGDSL ALSLRGLP TLVSELTRT;
SKEIVLDFSET AASC GLDIFSEN VAVdIHLNGT VSIHL

SEQ ID NO:65 - CTl 53fragment nucleotide sequence

ACTAAGCCTTCTTTCTTATACGTTATTCAACCTTTTTCCGTATT
AGATACTTATATCGAAGAAGAAAACCGCCTAGCATCGTTCATTGAGAGTTTGCCACTGGAGATCTTCGATATACCTT

ATTCTTGAACCCAAACTCTCAGCTTGCGCAGCCACTTGCCTGGTAGCCCCTTCTATACAAATGAAATCCGATGCGGA

TCTCTCCAGAAAAGAAAACTCCTAAGGTTGCTCTAGTCGATGACGATATTGAATTGATTCGCAATGTCGACTTTTTG
GGTAGAGCTGTTGACATTGTCAAATTAGACCCTATTAATATTCTGAATACCGTAAGCGAAGAGAATATTCTAGATTA

AACCTTCTTTTGATGTAGAAATCAGTACCTCCATTTTCGAAGAAACAACTTCATTTACTCGAAGTTTTTCTGCATCG

AGGCTAAGATCTTGATTAACAAGCTTGCCTTTGGAATGTTATGGCGACATCGGGCTAAAAGCCAAATCCTCACCGAG
GGAAGCGTACGTCTAGACTTACAAGGATTCACAGAATCGAAGTACAATTACCAGATTCAAGTAGGATCCCATACGAT

AATCAGGCTTTCAACGTAGCTTGGATGACTATCATATTTATCAAATTGAAAGAAAACAAACCTTTTCTTTTTCTCCG
AAGCATCGCAGCCTCTCATCCACATCCCATTCCGAAGATTCTGATTTGGATCTTTCTGAAGCAGCCGCCTTTTCAGG

CCCTATACACACTCAAAGAAGATGACAGCTCGAACCCCTCTGAAAAACGATTAGATAGTTGTTTCCGCAATTGGATT
GAAAACAAACTAAGCGCCAATTCTCCAGATTCCTGGTCAGCGTTTATTCAAAAATTCGGAACACACTATATTGCATC

\CTAT



GTCT ATCTC AAA AACATA AAGT A ATG AGC AAGG A AACGTACT ACATTT ACATC AGG AATCG ATA ATCCTTCTTC

TGAAGATGCTATCTTTATTATTAAAAAATCTTCAGGTTAT

SEQ ID NO:66 - CTl 53fragment protein sequence

VYLKEHK VDE GERTTFTSGIDNPSSy FTLE AAHSPLI VSTP YIASUSTLP YLFPTLRERSS ATPI VFYFC VDNNEH
ASCKILNCSYCFLGSLPIRUKIFGSEFASFPYLSFYGNAl!
HVSSGK YLATTPL KDTHGTL TRTTN CEDAIF IIKKSSG Y

SEQ ID NO:67 - CT601 fragment nucleotide sequence

GAATT AAAAAAAC TTAATAAACTA AATTCGGATACTATTTTT ACAGA TCAAAGAATTCGCCTTCCGAAAAAGAAA

SEQ ID NO: 68 - CT601 fragment protein sequence

GKAPSL AIL AEVEDTSSRLH AHHNE
(2DIRSSV(2NKL[2EI(2(2E(2KKLA(2NLF
ELKKLNKLNSDTIFTD RIRLPKKK

SEQ ID NO:69 - CT279 fragment nucleotide sequence

GGCGAGACTCCTGGATTAGGAGCAAATATCGCTAACCCTCAATGGCAAAAAAATTTCAGAGGCAAAAAAGTATTTCT

TCATGACCAC

SEQ ID NO: 70 - CT279fragment protein sequence

ESFSHSLAPYRALLTFFANSKPSGESHDH

SEQ ID NO:71 - CT443 fragment nucleotide sequence

GGGGTGTTAGAGACCTCTATGGCAGAGTCTCTCTCTACAAACGTTATTAGCTTAGCTGACACCAAAGCGAAAGACAA

CGC AATGTTG AAATC ACACAAGCTGTTCCTG AATATGCT ACGGT AGG ATCTCCCT ATCCT ATTG AAATTACTGCTAC
AGGTAAAAGGGATTGTGTTGATGTTATCATTACTCAGCAATTACCATGTGAAGCAGAGTTCGTACGCAGTGATCCAG

iAATT



CAGTTTCTGATACAGAGAATACACACATCTAT

SEQ ID NO: 72 - CT443fragment protein sequence

T KGTIT GNT VVF]) SL PRL GSKET VEF SVT L KAVSAGJD ARGEAI L SS ]) TL T VPVS ]) T ENT HI Y

SEQ ID NO: 73 - CT3 72 fragment nucleotide sequence

CTAATTTAGCTATC

SEQ ID NO: 74 - CT3 72 fragment protein sequence

DL
LKNSAGTUIAL])IJSILPUL)FNPRVSHAPKLSIR])FGYSAHCTVTEATPPCUJCNCFNPSAAVTIY])SSYGKGVF(JISY

S NPTAT YSSGSLG AYL VAPTASTSL lGF AYNISGSSIKLISNLTKNR YNFHGF ASIilAPRCCLGSGCYSVLL YV

SPNTKRK YET VIEGF ATIGCGP YLSF APDF LYLYPALRPNKflS ARVY VRANL AI

SEQ ID NO: 75 - CT4 56fragment nucleotide sequence

ACAAATTCAGCGGCTACATCTTCTATCCAAACGACTGGAGAGACTGTAGTAAACTATACGAATTCAGCCTCCGCCCC

GAAA AATCACTTCTCC AGATACTTCAGAAAGCTC AGAAACTAGCTCTACCTCATC AAGCG ATCATATCCCTAGCGAT

AATTATGACGATGCTGCTGCTGATTACGAGCCGATAAGAACTACTGAAAATATTTATGAGAGTATTGGTGGCTCTAG

AGTGGCCCAGAAAATACGAGTGATGGTGCAGCAGCAGCAGCACTCAATTCTCTAAGAGGCTCCTCCTACACAACAGG
GCCTCGTAACGAGGGTGTATTCGGCCCTGGACCGGAAGGACTACCAGACATGTCTCTTCCTTCATACGATCCTACAA

TTCATTGATACAGATAGAAGTAGTTTCATTCTTGTTCCTAACGGAAATTGGGACCAAGTCTGTTCAATTAAAGTTCA



CGCACT GATT AT ACCGT A GA

SEQ ID NO: 76 - CT456fragment protein sequence

L VND GKGSVGR L F AAA TT(J VL SAL I DTVG

SEQ ID NO: 77: CT381fragment nucleotide sequence

TT GAACAAC

SEQID NO: 78: CT381 fragment protein sequence

L NN

SEQ ID NO:79: CT043fragment nucleotide sequence

GGAGGAATTC AACCTCCT CCAGCAGGAATCCGT GCA



SEQ ID NO:80: CT043fragment protein sequence

SR NAEENLKNF
Si L GG( MAGGGVi:

GGK PPPAGI RA

SEQ ID NO:81: CT711 fragment nucleotide.seq Length: 2298

CTATGGTAGCAGCAGCCTTAGCATTAATGAAT CAGATTTTTGCTAAGTT GAT CCGTAGATTTAAA

SEQ ID NO: 82: CT711fragment protein sequence (AAC68306)

AVI EGGRNGV(1 PGGE(3 (3 VL (3 SLES K(3 t YTSFN(2 Nι3 (3 LAL(3 l1 ESAAI ( ι E τ n VAAALALII N l FAKLI RRFK

SEQ ID NO.-83: CTl 14 fragment nucleotide sequence - Length: 1296



AATCG ACATGATTATGTCCG AGCA AAATATCATTTTGATCAAGCGCA AGCTCTTCTC ATTAAAGAAGGGTTGTTTTC

CGAAAAAACTTCCTATACTCTCTTAAAAACTATCGGGAAAAAGCTATCTCTTTTTGCTCCGAGT

SEQ ID NO:84: CTlU fragment protein sequence (AAC67705)

DPLS AK(3LI1YLFP(3LSEED VSVFARCILSSKRPE YLFSKSEEELF AKLILPR VSLG VHRDDBL ARVLVLAEPS AEE(2

NRHDYVR AKYHFD(3A(2 ALLIKEGLFSEKTS YTLLKTIGKKLSLF APS

SEQ ID NO:85: CT480 fragment nucleotide sequence

AAGAGGAGGGTCGATGCTCCGCTATATCT

SEQID NO: 86: CT480 / oppΛ_4fragment protein sequence (AAC68080)

SSDLLEKD VKSIKRELK ALHED VLEL VRISH KNDV STDFS VSPEIS VLKDCGDP AFPNLLCEDP YVEK VVPSLL

S(3 ALEEKNFD AILSGUCLGTPPEDPR ALL)HSEG ALEKGS ANAVGFCNEE ADRIIEflLS YEYDSNKR(J ALYHRFHE VI
HEESP YAFL YSR YSL VYKEF VKNIF VPTEHC3DLIPGAUDETVNLSNLU VDKEEGRCS AIS

SEQ ID NO:87: CT089 fragment nucleotide.sequence -Length: 1194

GCTGCAGCTACTCAAGATGCACAAGAGGTTATCGGCTCTCAGGAAGCTTCTGAGGCAAGTATGCTCAAAGGATGTGA
GGATCTCATAAATCCTGCAGCTGCAACCCGAATCAAAAAAAAAGGAG AGAAGTTTGAATCATT AGAAGCTCGTCGCA
AACCAACAGCGGATAAAGCAGAAAAGAAATCCGAGAGCACAGAGGAAAAAGGCGATACTCCTCTTGAAGATCGTTTC
ACAGAAGATCTTTCCGAAGTCTCCGGAGAAGATTTTCGAGGATTGAAAAATTCGTTCGATGATGATTCTTCTCCTGA
CGAAATTCTCGATGCGCTCACAAGTAAATTTTCTGATCCCACAATAAAGGATCTAGCTCTTGATTATCTAATTCAAA

ATTGTTGGAGGACGCAATGTTCTGTTAGCTTCAGAAACCTTTGCTTCCAGAGCAAATACATCTCCTTCATCGCTTCG

CCTGCAAAATTGCAAGTATATATGACGGAACTAAGCAATCTCCAAGCCTTACACTCTGTAAATAGCTTTTTTGATAG
AAATATTGGGAACTTGGAAAATAGCTTAAAGCATGAAGGACATGCCCCTATTCCATCCTTAACGACAGGAAATTTAA
CTAAAACCTTCTTACAATTAGTAGAAGATAAATTCCCTTCCTCTTCCAAAGCTCAAAAGGCATTAAATGAACTGGTA
GGCCCAGATACTGGTCCTCAAACTGAAGTTTTAAACTTATTCTTCCGCGCTCTTAATGGCTGTTCGCCTAGAATATT
CTCTGGAGCTGAAAAAAAACAGCAGCTGGCATCGGTTATCACAAATACGCTAGATGCGATAAATGCGGATAATGAGG



A TCCTAAACCAGGT ACTTC CCACGATCTTCCTT CT<
ATTCCAACGTCACCTACCT CAACACAGCCTCCAT CACCC

SEQ ID NO:88: CT089 / lcrEfragment protein sequence (AAC67680)

IPTSPTST PPSP

SEQ ID NO:89: CT 734fragment nucleotide sequence - Length: 591

T GGGGAAAGG T GGGCTGAGCT GAT CGATGTCGTGATTCAGAACCCT GCT ATA

SEQID NO:90: CT734fragment protein sequence (AAC68329)

CCANSYGS TL AKN TAEIKEE SVTLREK PDA GCKKKSS CYL RKFF
VVSAAA KSSI AL ANA GEI KGAL SRI RE I HPL AL L < AL AEDP
AFSVADVAAFASTL GL DS GTVTSI V GERL) AEL I DVVI 3 NPAI

SEQ ID NO:91:CT016fragment nucleotide sequence

T GTGAACACGTGAAAGCT GTTCTTTATACT

SEQ ID NO:92: CTO16fragment protein sequence (AAC67606)

CEHVKAVLYT

SEQ ID NO.93: CM homolog ofCT279 = TC 0551 fragment nucleotide sequence

TCTAGTGGAGAATCTCAT GACAACCAA

SEQID NO:94: CM homologue ofCT279 = TC 0551 fragment protein sequence

SSGESHDN



SEQ ID NO:95: CM homologu βof CT3 72 = TC 0651 fragment nucleotide sequence

GATCCTCTTGGGCTCCT AAGCTCTCTATTCG A ATCTTGG ATATGGTAAACCCCAGTCCCTTATTCA AGC A ATTCC

AGTGTCATACACCCTTGTTCGTT ATTG GAGAGAAACGGCTGC ACTTG CAGGGC AAACTATGATGCTTGC AGGAAGTA

TTATGCGTTGTCGCAAAATCCAACAGCGACTTATTCCTCTGGAAGCCTTGGCGCCTATCTACAAGTCGCTCCAACAG

AAAAATAAGTATAACTTCCATGGCTATGCATCTTGGGCTCCACACTGTTGCTTAGGACCTGGACAATACTCTGTTCT

CTTCTAAACTTTATGTATTTGGAAGATACAGCGGAGTCACAGGCCAATTGTCTCCTATTAACCGAACCTATTCATTT

AGCGTTCGCGCAAACCTAGCTATT

SEQ ID NO:96: CM homologue ofCT372 = TC 0651 fragment protein sequence

PCC T CFNPSAAI TI Y SSCGKGVV VSYTLVRYUR ETAALAG T PI LAGSI N YPAR<2 NI FS(2 LTFS( TFPNERVN

SVRANLAI

SEQ ID NO:97: CM homologue ofCT443 = TC 0727fragment nucleotide sequence

AGCGGGGTGTTAGAGACCTCTATGGCAGAGTCTCTCTCTACCAACGTTATTAGCTTAGCTGACACCAAAGCGAAAGA

CTGCAGTTCGTGATACTAAAGCTGTAGAGCCTAGACAGGATTCTTGCTTTGGCAAAATGTATACAGTCAAAGTTAAT

TGCTATAGGGAAAAGAGACTGTGTTGATGTAATCATTACACAGCAATTACCATGCGAAGCAGAGTTTGTTAGCAGTG

ATTACTGTATGGGTAAAACCTCTTAAAGAAGGTTGCTGCTTTACAGCTGCAACGGTTTGTGCTTGTCCAGAGATCCG

GGCTATGCTCATGCATCCGGACAGCGTGTATTGACATATACTCTTGGGGATATGCAACCTGGAGAACAGAGAACAAT

ATACTGCTAGCGTAACAACAGTGATCAATGAGCCTTGCGTGCAAGTTAACATCGAGGGAGCAGATTGGTCTTATGTT

ACAGAGGTTCTGCTGAAGATACAAATGTGTCCTTAATTTTGAAATTCTCTAAAGAATTACAACCTATATCTTTCTCT

AGAGTTTTCTGTAACGTTGAAAGCAGTATCCGCTGGAGATGCTCGTGGGGAAGCTATTCTTTCTTCCGATACATTGA
CAGTTCCTGTATCTGATACGGAGAATACACATATCTAT

SEQ ID NO:98: CM homologue ofCT443 = TC 0727fragment protein sequence

SGVLETSII AESLST VI SLADT AKETTSH K RKARKNHc NRTSVVRKEVTAVRDT AVEPRi SCFGKri YTVKVN

I TV VKPLKEGCCFTAAT VCACPEI RSVTKCG PAI CVK EGPESACLRCPVTYRI NVV GTATARNVVVENPVPI)

GP T KGT I T GNT VVF DS L P RL GS KE T VE F S VTL KAVS AGDARGE AI L S S ]) T L T VP VS ])TE NT HI Y

SEQ ID NO:99: CM homologue ofCT043 = TC 0313 fragment nucleotide sequence

TCCAGACAGAATGCTGAGGAAAATCTAAAAAATTTTGCTAAAGAGCTCAAGCTCCCCGACGTGGCCTTCGATCAGAA

TTTACGCACCTCTCCTTGACGGACTCCCAGATAATCCGCAAAGAAAGTTGGCTCTGTATGAGAAATTGTTGGAAGGC



GTT A ATATG AAATATGC A A ACTAATCTATTGAAAGCTTTTGC ACAGCTTTTC ATTG AAACTGTTGTG AAATGGC

GGAGGAATTCAACCTCCTCCAACAGGAATTCGTGCG

SEQ ID NO.-100: CM homologue ofCT043 = TC 0313fragment protein sequence

GGI PPPTGIRA

SEQ ID NO.-101: CM homologue ofCT όOl = TC 0890fragment nucleotide sequence

CTCGCTAATCGGTTATTTCTAATCACCCTTATAGGTTTTGGCTATTCTGCTTACGGTGCCAGCACAGGGAAATCACC
TTCTTTACAGGTTATTTTAGCTGAAGTCGAGGATACATCTTCGCGCTTACAAGCTCATCAGAATGAGCTTGTTATGC
TCTCGGAACGTTTAGATGAGCAAGACACAAAACTTCAACAACTCTCGTCAACTCAGGCCCGTAATCTTCCTCAACAA
GTTCAACGGCTTGAGATTGATCTGAGAGCTCTGGCTAAAACAGCTGCTGTGCTCTCGCAATCTGTTCAGGATATCCG
ATCATCCGTGCAAAATAAATTACAAGAAATCCAACAAGAACAAAAAAATTTAGCTCAAAATTTACGAGCGCTTCGCA

ATTCACGTTGTTAAACAAGGAGAAACCCTGAGTAAAATCGCTAGTAAGTACAATATCCCTGTCGCAGAATTGAAAAA
ACTTAATAAATTAAATTCCGATACTATTTTTACTGATCAAAGAATCCGACTTCCAAAAAAGAAA

SEQID NO:102: CM homologue ofCT όOl = TC 0890fragment protein sequence

IHVVK GETLSKIASKYNIPVAELKKLNKLNSDTIFTD RIRLPKKK

SEQ ID NO:103: CM homologue ofCT456 = TC 0741 fragment nucleotide sequence

CGGAACTTCTACTGTATCATCAACGACTACAAGTACTTCAGTCGCACAAACAGCAACAACAACATCTTCTGCTTCTA

ACATCCGCTCCATCTCCTAAAGCCTCCGCCACTGCAAACAAAACTTCAAGCGCTGTTTCTGGGAAAATTACCTCACA

CCCCGACCAATTCGTCCGATTCGACAGTTGATAGTGATTACCAAGATGTTGAGACTCAGTACAAAACAATTAGCAAC

AACAGGAAATCCCATAAATAATCAGCAAGAAGCTATTAGACAGCTCCGATCATCTACCTATACAACCAGCCCTCGTA
ATGAGAATATATTTAGTCCAGGACCGGAAGGTCTACCTAATATGTCTCTTCCTAGTTACAGCCCTACAGATAAAAGT

AAACTAAAGAAGACCTTGGCTTAAAGGACTTAGAAGATATGTGTGCAAAGTTTTGCACAGGATACAATAAATTCTCC

AACTGGGGCTCTTCCCCTACCCCTGGTGATGACGGCATCTCCTTCTCTAATGAAACTATTGGGTCTGAACCATTCGC

TTAGATACCAGTGATATTGATACAAACAACCAAACTAACGGCGATATCAACACGAATGACAACTCCAATAATGTCGA

ACTCTGGTAAAACTACTTCCACAGAAGAAAATGGTGACCCAAGCGGACCAGACATCCTGGCTGCTGTACGTAAACAC

TATCCATGATGTGGAGCAGAATGGATCTGCTAAAGAAACTATTATCACTCCAGGAGATACAGGGCCTACAGACTCAA

TCGGATACAGAGTCCACTAATGGTAATAACTCTGGTAAAACTACTTCCACAGAAGAAAATGGTGACCCAAGCGGACC

TCCCTGCTAATCAAAATCTGGGGAACGTTATCCATGATGTAGAACAAAACGGAGCCGCTCAAGAAACTATTATCACT
CCAGGAGATACGGAATCTACAGACACAAGCTCTAGTGTAAATGCTAATGCAGACTTAGAAGATGTTTCTGATGCTGA

TAGGGGATGGTGGTACACCAAGCGGACCAGATATCCTAGCTGCTGTACGCAAACATCTAGACACTGTCTATCCAGGA
GAAAATGGTGGATCTACAGAGAGACCTTTACCCGCTAATCAAAATTTAGGAGATATCATTCATGATGTAGAACAAAA

CCCTGCTTCCAGCAACACCATCCACACCTTTGATGACAACACCTAGAACAAATGGGAAAGCTGCAGCTTCTTCTTTG
ATGATAAAAGGAGGAGAAACTCAAGCCAAGCTAGTTAAGAATGGCGGCAATATCCCTGGAGAAACCACATTAGCAGA

AACTTGGAGCCATCATAGACCAATTCCGCAAAGAAACGGGTTCCGGAGGAATCATAGCTCATACAGATAGTGTTCCA
GGAGAGAACGGAACAGCCTCTCCTCTCACAGGAAGTTCAGGGGAAAAAGTCTCTCTCTATGATGCAGCGAAAAACGT

ACAACAATACCCCCTCTTCTATTGGACAAAATCTTTTCGCAGCAGCGAGGGCAACGACACAATCCCTCAGTTCATTA
ATTGGAACCGTACAA



SEQ ID NO:104: CM homologuβ ofCT456 = TC O 741fragment protein sequence

TTP I SNSPSSI PTVTV STTT ASSGSL GT ST VSSTTT STSVA( TATTTSSASTS I I SSGENI iJ STTGTPSPI TSSVS
TSAPSPKASATANKTSSAVSGKI TSiJE TSEESETfJ ATTS]) GE VSSNYDDVDTPT NSSDSTVDSDY(2 DVET (J YKTI SN
NGENTYETI GSHGEKNTHV( ESHASGTGNPI NNCJ (J EAI R(J LRSSTYTTSPRNENI FSPGPEGL PNn SLPSYSPTDKS
SLLAFLSNPNTKAKfIL EHSGHLVF I DTTRSSFI FVPNGNL J D J VCSHK V(J NGKTKEDLGLKDLEDnCAKFCT GYNKFS
SDL] GNRVDPL VSSKAGI ESGGHL PSSVI I NNKF RT CVAYGP IU NPKENGP NYTPSA LI RRGHRV I) F GKI F DGT APFNKI
N G SSPTPGDDGI SFSNETI GSEPFATPP SSPS TPVI NVNVNVGGTNV NI GDT NVSKGSGTPTSSiJ SVDnSTDTSD
LDTSDI DTNN TNGDI NT NDNSNNVDGSLSDVDSRVEDDDGVSDTEST NGNDSGKTTSTEENGDPSGPDI LAAVRKH
L DT VYPGEN GGST EGP L PAN NL GNVI HDVE ( NGSAKET I I TPGDT GPT DSSSSVDADADVEDT SDT DSGI GDDDGV
S TESTNGNNSGKTTSTEE NGDPSGP DI LAAVRKHLDTVYPGENGGSTEGPLPAN C3 NLGNVI HDVE NGAAC ETI I T
PGDTESTDTSSSVNA NADLEDVSDADSGFGDDDGI SDTEST NGNDSGKNTPVGDGGTPSGPDI LAAVRKHLDTVYPG
ENGGST ERPL PAN(JN L GDI I HDVE NGSAKET VVSPYRGGGGNT SSPI GL ASL L PAT PST PL MT T PRT NGKAAASSL
[1 I KGGET AKL VKNGGNI PGETTL AEL L PRL RGHL DKVF T SDGK FT NL NGP L GAI I D( F RKET GSGGI I AHT DSVP
GENGT ASPL T GSSGEKVSL YDAAKNVT I AL T SVT NKVT L A II G( KL EGI I NNNNTPSSI G( NL F AAARAT T (JS L SSL
I GTV (J

SEQ ID NO:105: CM homologue ofCT381 = TC 0660fragment nucleotide sequence

TGTTCAAAAGAGAGCAAAGACTCTGTTAGTGAAAAATTTATTGTAGGAACTAACGCAACGTATCCTCCTTTTGAGTT
TGTTGATGAAAGAGGTGAGACGGTTGGCTTTGATATTGATTTAGCTAGGGAGATTAGTAAAAAGCTAGGGAAAAAAT
TAGAAGTCCGAGAATTTGCTTTTGATGCACTCGTTCTCAATTTAAAACAGCATCGTATTGATGCAATTATGGCAGGG

AGTGTTTAAGGATGGAGACTCAAAGTCTTTACCACTAGATCAGTATAATTCTGTTGCTGTTCAAACTGGCACGTACC
AAGAGGAATATTTACAGTCTCTTCCAGGGGTGCGTATTCGCTCTTTTGATAGTACTTTAGAAGTGCTTATGGAAGTT
TTGCATAGCAAGTCTCCTATAGCTGTTTTAGAACCGTCTATTGCGCAGGTCGTTTTAAAAGATTTTCCGACGCTCAC
TACTGAAACGATAGATCTTCCTGAAGATAAATGGGTTTTAGGGTATGGAATTGGAGTTGCTTCTGATCGACCATCTC
TAGCTTCTGATATAGAAGCTGCTGTACAAGAGATCAAGAAAGAAGGAGTGTTAGCAGAGTTAGAGCAAAAATGGGGT
TTGAACGGC

SEQ ID NO:106: CM homologue ofCT381 = TC 0660fragment protein sequence

CSKESKDSVSEKFIVGTNATYPPFEFVDERGETVGFDIDLAREISKKLGKKLEVREFAFDALVLNLK(JHRIDAInAG
VSITSSRLKEILnIPYYGEEIKSLVLVFKDGDSKSLPLD(JYNSVAV(JTGTY(JEEYL(JSLPGVRIRSFDSTLEVLIIEV
LHS*
LNG

SEQ ID NO:107- CT255fragment nucleotide sequence

GAAGAAAAAGGCATCTTACAATTG GTTGAAATTTCGCGAGCAATG
ACAGAGTGTGGAGT CTAT GTT GCAGTATATAGCAGGGGAGTGTCAGGA GTT GGCT GATGCT GTACAAGAAAATAAAG
CTTCGTTGGAAATCGCTTCGGAAGCCGGAGACGTACTTACTTTAGTATTG ACCTTGTGTTT CTTGCTAGAAAGAGAA

T CATAATCAAATTT CTTTAGAACAGGCTGA AGAATACTGGGCT CGTAT GAAACAGCAAGAAAAAATTTCT

SEQ ID NO: 108 - CT255 fragment protein sequence

EEKGI L tJ LVEI SRAri AL GVCP TNL iJ SVESnL YI AGEC J ELADAV ENKASLEI ASE AGDVLTLVLTLCFLLERE
GKLKAEEVFVEALAKLRRRSPHVFDPHN(J I SLE( AEEYLI ARn K(J (J EKI S

SEQ ID NO:109 - CT341 fragment nucleotide sequence

GATTACTACACGATATTGGGTGTAGCGAAGACTGCTACTCCTGAA
AAAGTACCATCCAGATAAGAATCCTGGGGATGCTGAAGCGGAGCGACGCTTTAAAGAAGTTTCTGAAGCCTATGAAG
TATTAGGTGATGCGCAGAAGCGGGAGTCATATGATCGTTACGGCAAAGACGGTCCATTTGCTGGTGCTGGAGGATTC
GGTGGCGCTGGCATGGGGAATATGGAAGACGCTTTGCGAACATTTATGGGAGCTTTTGGCGGCGATTTCGGTGGTAA
TGGAGGCGGTTTCTTTGAAGGGCTTTTTGGAGGACTTGGAGAAGCTTTCGGAATGCGTGGAGGCTCAGAAAGTTCTC

ATGCAAGGGCTCTGGTCAGGTAGTGCAAAGCCGAGGCTTTTTCTCCATGGCTTCTACTTGCCCTGATTGTAGTGGTG

AATATCCCAGCTGGAGTCGATTCTGGGATGAGATTAAAGATGGAAGGCTATGGAGATGCTGGCCAAAATGGAGCGCC
TGCAGGGGATCTGTATGTTTTTATTGATGTAGAGCCTCATCCTGTTTTCGAGCGCCATGGGGATGATTTAGTTTTAG
AGCTTCCTATTGGATTTGTTGATGCGGCTTTAGGGATCAAGAAGGAAATCCCTACACTCTTAAAAGAAGGTACTTGC
CGTTTGAGTATCCCAGAAGGGATTCAGAGCGGAACAGTTCTTAAAGTTAGAGGGCAGGGATTCCCTAATGTGCATGG

TGAGACAGTTTGCTGCTACGGAGAAGGCTGAAAATTTCCCTAAGAAACGGAGTTTCTTAGACAAAATCAAAGGTTTT
TTTTCTGACTTTGCTGTA



SEQ ID NO.-110 - CT341 fragment protein sequence

I) YYT I L GVAKT AT PEEI KKAY RKL AVKYHP KNPG]) AEAERRF KEVSEA YEVL GDA C KRESYDRY GK ]) GPF AGAGGF

VSGYKSCDACSGSGA NTAKGVKVCDRCKGSG VV SRGF FSMAST CPDC SGEGRVI TDPCSVCRG GRI KDKRSVHV
NI PAGV I
RLSI PEC
FS DF AV

SEQ ID NO.-lll - CT716fragment nucleotide sequence

AATAAAAAACTCCAAGATCTGTCTAAACTGCTCACTATTGAGCTT
AAAAGCGCTCTCCACAATAG AACATCGCTTACA ACAAATACAGGAGC ACATCGCG AAAATTTCCTTA ACA AGGCAC A

TATAAACAGCATCAGACCCTGAAAACGTCTTTGAAAGATGCTTATGGCGACATACAAAAACAACTAGACCAAAGAAA
AATTATCGAAAAGATCCATGACAGTAAATATCCTATAAAGAGCGCGAATAAC

SEQ ID NO:112 - CT716fragment protein sequence

NKKL DLSKLLTIELFKKRTRLETVKKALSTIEHRL l EH:

YK H TLKTSLKDAYGDI K LD RKIIEKIHDSKYPIKSANN

SEQ ID NO:113 - CT745fragment nucleotide sequence

GCGTGGTGGCTACACAAACGATTCCCTCATGTGCAGCTGTCTATT
TGTCACAGAGAAACAACAAGGGTTTTCCCTCAATATGGGCCCTAAAGGTTTTGTTTTAGCTCATGATGGGCAACACA

CACTATAATAATAAAACCCGAAAAGTCTCGCCTTGGACTATTTTCAAACAAAATCTCCCTCTCTCTTTTGCTAAGGA

GAAATCTTTTAAATCCCATTAGCATTGCTATTCGTGCAGGACATAGTCATATATTGTCTGCACAGATGGCTTACCCA

ATAACGGGAGATATGCTCATTTATGCTGGGTCCGTGCACGATCTCCCTTCCTGTCTAGAAGGGATCCCTGAAACCAA

AATTTTGCAGGTCCAGGTCTCAACCGCGCTACAGCGTCTGCTTATAAAGCTATAGCTTCTTTACTATCA

SEQ ID NO: 114 - CT74 5fragment protein sequence

ITGI)IILIYAGSVHDLPSCLEGIPETKLIKUTTSSIJDLSCVSLGUHASFPIPHGYGnLFADTPPLLGIVFNTEVFP(JP

NFAGPGLNRATASAYKAIASLLS

SEQ ID NO: 115 - CT387fragment nucleotide sequence

ACGCTCTTTCATTCTCATCATGATGCCGTCTCTCCAGACAGCTACCTATGTTCTTCCCTTCAGTTAGTTGGTACTGG

ACCTTAATTTA AAGAGCTCTCTAGCTCAATTAGG AATAG ATGCCTCCCTTCTTC ACTGCGA ATTGAGCAA AAATCA A

AGATCGTGTAGCAAAACTATTTGCTGCAGACGATCGCAGACTGGTCCGATCTCCAGATTACCTCGAAAGCATGCTGA

GATGATCGCCTTGTCGTCTCCCTTCCTACCCTGCCGGGAGTTGTTCGTTATGATTCGGATATTTATGGACTCCTTCC
TCTTATTCAAAAATCACTCAGTAATCCCAAACTCAGCATTCGTCACTTTTTAGCTCTGTACCAACAGATTGTGGAAG
GGCAACATGTCTCTTGCGGAAACCATATTCTTCTGATCAAAACAGAACCGCTGCACATCCGCACTGTATTTGCTCGC
GTGGTAAATCAACTCCTCCCTCAAGGTCTCTCCCACACTTCTGCCAATATTTTGGAACCAACCACTCGAGAATCCGG

TTCGAAACAGCGCCCAAAGAACCTGTCAAAGCTGCCACCTATTTATCAAAAGGCAGTGAAATCTCTTCCCTGCACAC
AGACTCTTGGCTCACAGGATCCGCAGCTGCCTATCAATATAGTGAGCAAGCAGATAAAAACGAGTACACTCATGCTC

CCTTCAGCTAGCTTAAAAGGAATGTTGATTTCCTACCATGTGCGCCACTATCTCAAACAAATCTACTTTCAAGTTCC
CTCTTATACACATGGAAACTATTTCTCTCATAATGACAGAGGTTTGCTATTAGATCTGCAGCAAGCAGATATTGATG
TTTTCTGGGCAGATGAAGAAAGCGGCCGTGTGTTGCAATATACAAAACGACGCGATAAGAATAGCGGTATGTTCGTG
ATCAAAAATCGTGTTGAAGAGTTTCGATCAGCTTATTTTATTGCTATTTATGGCTCTCGTCTCCTTGAGAATAATTT
CTCTGCTCAGCTCCATACCCTCCTAGCGGGCTTACAGCAAGCAGCACATACTCTCGGCATTCCTGGATTCTCAAAGC



CTACCCCACTTGCAGTCATCACCGGAGGCGGCACTGGAGTTATGGCCACAGGAAATCGTGTAGCTAAAGAACTAGGA
ATCCTATCTTGTGG AACCGTTCTTG ATTT AGAAGCTTCTCC AGC ACAAATCG ACC AACCT ACC AATG AATTCTTAG A

TTGGCGGTGTAGGAACCGATTTCGAACTCTACCTAGAACTTGTCTATCTCAAAACAGGAGCTAAACCACCGACTCCC

AATTCCTAGCTGGAGAACTCCCTATAGGATACGACTATCCTCCAGCTCCAGATGGATTAGTGATCGTC

SEQ ID NO:116 - CT387 fragment protein sequence

HRAHIHAUFTGHGPIAESIILALLOPGDRVAKLFAA])DRRLVRSP])YLESIILKNTI)KAGHPLLCFGKKLEHLISF])VV

PSASLK GMLIS YHVRH YLK IYF(J VPS YTHGN YFSHNDRGLLLD L& &ADID VF ADEESGR VL YTKRRDKNS GIIF V
IKNR VEEFRS AYFI AIYGSRLLENNFS A(2LHTLLAGL(2 AAHTLGIPGFSKPTPL AVITGGGTG VHATGNR VAKELG

I FL I GPI EYIJ KEKVAHAYE I NLKAGTI RGSEL)I SNCLYCI TSPEAGI AVFEI FLAGELPI GYDYPPAPDGLVI V

SEQ I D NO: 11 7- CT8'12 fragment nucleotide sequence

CCAAATTCGAGATCTATTCGTTGGGTCTAAAGATAGTCAGGCTGAAGGACAGTATAGGTTAATTGTAGGAGATCCAA

GTGGTTTTCCAAGGTGTGGACCAACAGGATCAAGTCTCTTCCCAAGGGTTAATTTGTAGTTTTACGAGCAGCAACCT

CTGACGTGAAAGCTTCTTTGTCTGGAGCGGCTTTATATTCTACAGAAGATCTTATCTTTGAAAAGATTAAGGGTGGA

AGGATTGCAGGTTAAACACTGTACTACAGCCGTGAATGCTGAGGGGTCTAGTGCGAATGATCATCTTGGATTTGGAG

AATTGTGATGGGGCTATATCTTTTGAAGGAAACAGCGCGAACTTTGCTAATGGAGGAGCGATTGCTGCCTCTGGGAA

CTTCTGATATTGCCTTTCAAAACTGCGCAGAACTAGTTTTCAAAGGCAATTGTGCAATTGGAACAGAGGATAAAGGT

TGAGTCTGCTTCGCAAGGAGGCGCCATTTTTGGCAAAAATTGTCAGATTTCTGACAACGAGGGGCCAGTGGTTTTCA

GACATTATTAGGTTGTTGTGGAGGAGGCGCTGTTCATGGGATGGATAGCACTTCGATTGTTGGCAACTCTTCAGTAA

AATGGAAGCGTCGATTTTTCTCGAAATATTGCTAGTTTGGGAGGAGGAGCTCTTCAAGCTTCTGAAGGAAATTGTGA

GAGATGTAGTCATTTCTGGAAACAAGGGTAGAGTTGAATTTAAAGACAACATAGCAACACGTCTTTATGTGGAAGAA

AGAACAGAGTTTTATTACTGCAGCTAATCAAGCTCTTTTCGCATCTGAAGATGGGGATTTATCACCTGAGTCATCCA

AACCAAGAGGCCGTTGTATTCTCGAATAACTTCTCTGATATTTATGGCGGCGCCATTTTTACAGGTTCTCTTCGAGA
AGAGGATAAGTTAGATGGGCAAATCCCTGAAGTCTTGATCTCAGGCAATGCAGGGGATGTTGTTTTTTCCGGAAATT

ACAGGGAATGTTCTGTTTTATAACAACGTGGCCTGTTCGGGAGGAGCTGTTCGTATAGAGGATCATGGTAATGTTCT

TTGCAGGTAAAGAATCGCATATTACAGCCCTGAATGCTACGGAAGGACATGCTATTGTTTTCCACGACGCATTAGTT
TTTGAAAATCTAGAAGAAAGGAAATCTGCTGAAGTATTGTTAATCAATAGTCGAGAAAATCCAGGTTACACTGGATC

GAGCCACATTATGTAGTTATGGTTTTAAACAAGATGCTGGAGCTAAGTTGGTATTGGCTGCTGGAGCTAAACTGAAG
ATTTTAGATTCAGGAACTCCTGTACAACAAGGGCATGCTATCAGTAAACCTGAAGCAGAAATCGAGTCATCTTCTGA
ACCAGAGGGTGCACATTCTCTTTGGATTGCGAAGAATGCTCAAACAACAGTTCCTATGGTTGATATCCATACTATTT
CTGTAGATTTAGCCTCCTTCTCTTCTAGTCAACAGGAGGGGACAGTAGAAGCTCCTCAGGTTATTGTTCCTGGAGGA
AGTTATGTTCGATCTGGAGAGCTTAATTTGGAGTTAGTTAACACAACAGGTACTGGTTATGAAAATCATGCTTTATT

CGGTTTCTGATTTACAGATTCATGTAGTAACTCCAGAGATTGAAGAAGACACATACGGCCATATGGGAGATTGGTCT
GAGGCTAAAATTCAAGATGGAACTCTTGTCATTAGTTGGAATCCTACTGGATATCGATTAGATCCTCAAAAAGCAGG
GGCTTTAGTATTTAATGCATTATGGGAAGAAGGGGCTGTCTTGTCTGCTCTGAAAAATGCACGCTTTGCTCATAATC
TCACTGCTCAGCGTATGGAATTCGATTATTCTACAAATGTGTGGGGATTCGCCTTTGGTGGTTTCCGAACTCTATCT



CTCGGAAGGGAGTTGTTGGTTCTGTATATACAGGATTTTTAGCTGGATCCTGGTTCTTCAAAGGACAATATAGCCTT

ACTGGCAGATGCTTTAGTTGAATACCGAAGTTTAGTTGGTCCTGTGAGACCTACTTTTTATGCTTTGCATTTCAATC

CTTATGTCGAAGTATCTTATGCTTCTATGAAATTCCCTGGCTTTACAGAACAAGGAAGAGAAGCGCGTTCTTTTGAA

TGGAGTTCTTACTTCAGCACAGTCTTAGGATTAACAGCTTTTTGTGGAGGATTTACTTCTACAGATAGTAAACTAGG
ATATGAGGCGAATACTGGATTGCGATTGATCTTT

SEQ ID NO.-118 - CT812 fragment protein sequence

NCDG AISFEGNS ANF ANGG AIAASGK VLF VANDKKTSFIENR ALSGG AIAASSDI AFONC AEL VFKGNC AIGTEDKG

ISFEGGK ASFGGGIACGSFSS AGG ASVLGTIDISKNLG AISFSRTLCTTSDLG HEY GGG ALFGENISLSEN AGVL

ILDSGTP VC3 (5GHAISKPEAEIESSSEPEGAHSLbIIAKN AOTTVPM VDIHTIS VDL ASFSSS fiEGT VEAPO VIVPGG

EAKI(2DGTLVISWNPTGYRLDP(2KAGALVFNALb)EEGAVLSALKNARFAHNLTA(2RI1EF» YSTN VϋJGFAFGGF RTLS

GETONDMKTR YGVLGESS ASWTSRG VLADALVEYRSL VGP VRPTF YALHFNP YVEVSYASMKFPGFTEOGRE ARSFE
DASLTNITIPLGHKFEL AFIKG FSE VNSLGIS YAL)E/
L)SS YFST VLGLT AFCGGFTSTDSKLG YEANTGLRLIF

SEQ ID NO:119 - CT812N nucleotide sequence

GTTCTTTCCAAGAGAAAGATGCGGATACTCTTCCCGGGAAGGTAGAGCAAAGTACTTTGTTCTCAGTAACCAATCCC

GTGGTTTTCCAAGGTGTGGACCAACAGGATCAAGTCTCTTCCCAAGGGTTAATTTGTAGTTTTACGAGCAGCAACCT

CTGACGTGAAAGCTTCTTTGTCTGGAGCGGCTTTATATTCTACAGAAGATCTTATCTTTGAAAAGATTAAGGGTGGA

TCTTTAGGTGGAGGGGCTATATCTTCTCTAGGCACCGTTCTTTTGCAAGGGAATCACGGGATAACTTGTGATAAGAA

GAGATAGTACAGCTTGCTTAGGAGGAGGCGCTATTGCAGCTCAAGAAATTGTTTCTATTCAGAACAATCAGGCTGGG

TAAGGTGGAAATTACTAATAATTCCGAAGGAATTTCTTTTACAGGAAATGCGAGAGCTCCACAAGCTCTTCCAACTC

GACATTATTAGGTTGTTGTGGAGGAGGCGCTGTTCATGGGATGGATAGCACTTCGATTGTTGGCAACTCTTCAGTAA

AATGGAAGCGTCGATTTTTCTCGAAATATTGCTAGTTTGGGAGGAGGAGCTCTTCAAGCTTCTGAAGGAAATTGTGA

GCTAGTTGATAACGGCTATGTGCTATTCAGAGATAATCGAGGGAGGGTTTATGGGGGTGCTATTTCTTGCTTACGTG

ACTGTAGAAAAGGTTGAAGAGGTAGAGCCAGCTCCTGAGCAAAAAGACAATAATGAGCTTTCTTTCTTAGGGAGAGC
AGAACAGAGTTTTAl
TTTCTTCTGAAGAA



SEQ ID NO:120: CT812N protein sequence

TVEKVEEVEPAPE K NNELSFLGRAE SFI TAAN ALFASEDGDLSPESSI SSEE

SEQ I D NO:121: CT812C nucleotide sequence

C AATACT G ATTGCGATT ATCTTT

SEQ ID NO.-122: CT812C protein sequence

D EGAPPI DLPR ELRVALENNTEIU SSYFSTVL GL T AF CGGF T ST SKL GYEANT GLRLI F

SEQ I D NO: 123: CT869 fragment nucleotide sequence

CTTTTGAGAGTAATAACTGCGATCTCTTCTTCATCAATAACGCCTGTTGTGCAGGAGGAGCGATCTTCTCCCCTATC



TGTTCTCTAACAGGAAATCGTGGTAACATCGTTTTCTATAACAATCGCTGCTTTAAAAATGTAGAAACAGCTTCTTC
AGAAGCTTCTGATGGAGGAGCAATTAAAGTAACTACTCGCCTAGATGTTACAGGCAATCGTGGTAGGATCTTTTTTA
GTGACAATATCACAAAAAATTATGGCGGAGCTATTTACGCTCCTGTAGTTACCCTAGTGGATAATGGCCCTACCTAC
TTTATAAACAATATCGCCAATAATAAGGGGGGCGCTATCTATATAGACGGAACCAGTAACTCCAAAATTTCTGCCGA
CCGCCATGCTATTATTTTTAATGAAAATATTGTGACTAATGTAACTAATGCAAATGGTACCAGTACGTCAGCTAATC

TGTAGTATTTTCAGGAGCTACTGTTAATTCTGCAGATTTTCATCAACGCAATTTACAAACAAAAACACCTGCACCCC

GATGACTACGGGAACTCTCCTTATGAATCCACAGATCTGACCCATGCTCTGTCATCACAGCCTATGCTATCTATTTC

GCCTGTCTCACTTTACTGAGGTGGGAGCCTATCCGCGAAGCTTTTCTACAAAGACTCCTTTGATCAATGTCCTAGTC

CGTTCTGTATAGACAAGAACCAGGGATCGCAGCCCAGCTCCTAGCCAGTAAGGGTATTTGGTTCGGTAGTGGAAGCC

TAT CAT GGATTCTACTCCTCTTCAACCTTC T GTAATTATCTCAATGGGGAAATTGC TCTGCGATT C

SEQIDNO: 124: CT869 fragment protein sequence

CSL T GNRGNI VFYNNRCF KNVET ASSEAS ]) GG AI KVTTR L ]) VT GNRGRI F F S ]) NI T KNYGGAI YAPVVTL V ]) NGPT Y

DY GNSPYESTDLTHALSS P LSI SEASDN L SENI DFSGLNVPHY G Id (2 GL tUT UGL J AKT DPEPASSATIT P( K

YHGFYS SSTF CNYLNGEI ALRF

SEQ ID NO:125: CT166fragment nucleotide sequence

CAGCAGCTAAATTTTCT AGC ATTTTGAAGAAGGTCGCTTTCG ATGCGGCT ATTCAAGATCTACGATCTGCC ACAGAT

TCAAGCAGAAAAAGACCAATATCTCAAAGATCTAAAGGATCTTTTAGAGAAATTTACAAAAATCAGTGATGAGATTC
GTGGAAAATTTGATCGGCTGTTTCTTAAGAATGTGATTGTTGCTCAGAACGGATTCTTTAATTTCTGCTTGCTGAAA

ACAGTATAAAAAGCTTAAAGAGACGAACAAAGAGAAGATAGCCGCTATTGTAAAACAACTAAACGAGAAACTTGGAT

TTATACTGATCTGGATATGATGCCTTCATACTCTCAGGAAGTATTGGAGCTTATCAAAAAGCACAGTGATGGAAACC

ATTTAAGGATCTAGAGCCATTTGCAAAACCGGATTCTAAAGGAGCTGAAGCAGAAGGGGGTGAAGGAGCAAAAGGTA



AGT CT CTTTTTT ATTACTGCCAAGATTCAGT AT C A CT TAA TA CTTAG TATTAGA

SEQ ID NO: 126 - CTl 66fragment protein sequence

NVRT YSV RGGVKT I SASAVPPT AAVL SRKKRAI EEKKEEASSGKI ENL ]) ASKYBL T PKNI EEKL GI T PE ( KST VK ])

YPE L G F I RGL NGL VSHKGSTAVSAVI VG( (2 AAYs3 ELAALRi VL SGE FFHSLENLTHRNHKE RI GNHL VANYL AK
SLFF Y C DSV PEAVSTL GI R

SEQ ID NO:127 —CTl 75 fragment nucleotide sequence

TGTTATCATAAAAAAGAAGAACCAAAAGATGTTTTG CGGATTGCGATCTG T CAT ATCCAAT GTCTTTA GATCCGCG

TGGAGCAACGGAGATGTTGTAACAGCATATGATTTTGAAGAGT CTATTAAACAAATTTATTT CCGAGAAATT GATAA

ACGAGCTTTGTTCACCCACAATTAT CTCAGATACCTGCTACTACTTTGT CT CAAGAT GAGCGGATTG CTTTAGCAAA

GGATTA GAATATCATTGTTTTTTA GACAAACGTTCC AGAGGAGAATTCT CCTTAGCAACTGGTAATTGGATTG CAGA
CTAT CATCAAGCTAGTGC TTTCCTGTCT GTCCTAGGTAATGGGACAAGA TATAAAGACTTT CAATTG ATTAACTGG C

TCTCCAAACCTCTT CTCGTGGAGAAATTG ATTTAAAAAGAGTTT CATTAGCTGAAGGATAG

SEQ ID NO: 128 - CTl 75 fragment protein sequence

CY HKKEEPK VLRI AI CH P SL PR VFL SKDVSI VKALYEGLVREKEAAF LAL AERYH S DGCVYT FFLKNTF

HPVFYPVHT SLREYYKDKRNKRVFPI I SNGPFAI CYEP RYL LI NKNPL YHAKHDVLLNSVCL l VPDI HTAM( LF
( KNHI DL VGLPI- SSSF SLEE(J RNLPREKLFDYPVLSCSVLFCNI H TPLNNPSLRTAL SL AI NRETLLKL AGKGCSA

GL EYHCFL DKRSRGEFSLATGNL) I ADYH( ASAFLSVLGNGT RYKDF (2 L I NUI N(2 KYT N I VA ( L L I (3 ESSDL I3L ΠAE (

LL LKESPLI PLYHLDYVYAK(2 PRVSDL (2 TSSRGEI DLKRVSLAEG

SEQ ID NO: 129 - TC0666fragment nucleotide sequence (homologue ofCT387)

ATGACACTCTTTCACACTCATCACGATGCCGTCTCTCCGGACGGCTACTTATGTTCTTCCCTTCAGTTAGTTGGCTC
TGGC ACATATGA AGGAGAA ATCGA AATCCAAAATATTCCTTCTTATTTCCTTGGATTCCG ATTACCCACCCATTGCG

CAACAACGTGCACATATGCACGTGCAGTTCACCGGCTATGGCCCTATCGCTGAGTCCATGCTATCTCTTCTCAAACC
CGGAGATCGAGTAGCCAAACTGTTTGCTGCAGATGATCGTAGACTAGTCCGCTCCCCTGATTATCTTGAAAGCATGC
TAAAAAATACTGATAAGACAGGACATCCTCTGCTCCGATTTGGAAAAAAACTCGAGCATCTTATCTCTTTTGATGTG
GTGGACGATCGCCTCGTTGTATCACTCCCCACCTTGCCAGGCATAGTCAATTATGACCCAGACATCTATGGACTTCT

AAGGACCACACATCCCTTATGAAGGAAACATTTTGTTAATCAAAACAGAGCCTCTTCATATCCGCACAGTATTTGCT
CGCGTGGTCGATCAAATGCTCCCTCAAGGTCTATTTCACACTTCTGCCAACATTTTAGAACCCACAACGCGAGAGTC
TGGAGATATTTTTGAATTTTTTGGAAATCCCTCCACTCTTGTAGAAAGAATCCCTCTAGAATTCTTCACTATCGAAC
CCTACAAAGAACACTCTTACTTCTGTAATCGAGATCTATTGCAAACTACCTTGCAATCGGAAAGTGAAATCAAAAAA
ATATTCGATACAGCTCCTCAAGAGCCTGTAAAAGCCGCCACTTATTTATCAAAAGGAAGTGAAATTTCTTCTCTTGA
TGCAGATTCTTGGCTTACGGGATCCGCAGCTGCATACCAATGTAGCGAAAAACAGGCAGCTAAAGACGAATACATCC
ACGCTCAACCCTGTTATCCATTTTTGGAAGCAATGGAAACGGGACTCATCAATAGCGAAGGAGCTTTACTCACTCGG
TTTTTCCCCTCTTCCAGCTTAAAAGGGATGTTGATCTCCTATCATGTACGCCACTATCTTAAGCAAATTTACTTTCA
AGTTCCTTCTTATACATATGGAGACTACTTCTCTCATAATGACCGAGGATTACTGTTAGATCTATATCAGGCGAACA

TTCGTCGTTAAAAATCGAGTAGAAGAGTTCCAATCAGCATATTTCGTAGCGATTTATGGATCACGTCTCCTGGAAAA



T C AACAGTTCCTCGCT GGAGAA TTCCCATAGGATAT GATTATCCTCCA TCCA GAC ATTAGTTATCGTC

SEQ ID NO: 130 - TC0666fragment protein sequence (homologue ofCT387)

TPIFL IGP VEY KEKVAHAYEINL KAG TIRGSE UJISNCL FCITSPE AGIA VFE(JFL AGEL PIGYDYPPAP I)GL VI V

SEQ ID NO: 131 - TCOl97fragment nucleotide sequence

AGGAT CTGA AAGTAAGGTTC CTCA ATGGATTCAT GTGC AACAGGGAG GTCTTG AGTTGCTACATGGAGCTATTTTAT



TTTCTAG

SEQ ID NO: 132 - TCOl97fragment protein sequence

VTAFCGGF SSHDNKL YE A AGHR L I F

SEQ ID NO: 133 - TC0261 fragment nucleotide sequence



TCTGAATGGAGAGGTATCTTTACGTTTC

SEQID NO: 134 - TC0261 fragment protein sequence

KT LLRFATL L YHGYYSSSTFCNYL NGEVSLRF

SEQ ID NO: 135 - CT600 nucleotide sequence

TACTGAATTTAAGATCCATGCTCGCTAA

SEQ ID NO: 136 - CT600 protein sequence

HRKTIFK AFNLLFSLLFLSSCS YPCRDUECHGCD!
SFRNITF ATDSYSIKGEDNLTIL ASLVRHLHKSP*
LFTISYGKEHP VHPGHNEL AU NRRTEFKIH AR

SEQ ID NO: 137- CT600fragment nucleotide sequence

T GGCAACAAAATCGTCGTACT GAATTTAAGATCCATGCTCGC

SEQID NO: 138 - CT600fragment protein sequence

CSYPCR ldE CHGC
TI LASLVRHLHKSPI

LI (2 NRRTEFKI HAR

SEQ ID NO: 139 - CT823 nucleotide sequence



CGATTCATCGTCTT AAATCA AC AGTA

SEQ I D NO: 140 - CT823 protein sequence

VEEL N VL KNSKGE VL L MVS GDVVRFI VL KSDE

SEQ ID NO:141 - CT823 fragment nucleotide sequence

CTCCTTATGGTTT CTCAAGGAGATGT GGTGCGATTC AT CGT CTTGAAATCA AC AG

SEQ ID NO:142 - CT823 fragment protein sequence

LLiiVS GDVVRFIVLKSDE

SEQ ID NO:143 - TC0106 nucleotide sequence

AAATCCACTTGAATGGAT CTGTCAGCATCCAT CTATAA

SEQ I D NO: 144 - TCOl 06protein sequence



YATTLSLVAKSLKAHKEM K l LPEEVVL DFSETASSC GLDI FSENV AV( I HL NGSVSI HL

SEQ ID NO:145 - TCOl06fragment nucleotide sequence

GATTG ACATCTT CTCT AGAACGTTGCTGTTCAAAT CCACTT AAT G ATCT GTCAGCATCCATCTA

SEQ ID NO: 146 - TCO106fragment protein sequence

GL J) I FSENV AV 3 I HLNGSVSI HL

SEQ ID NO:147 - TC0431 nucleotide sequence

ATCGAATGCTGTTTTTATTAT CAAAAAACCTTCGAGCTATTGA



SEQ ID NO: 148 - TC0431 protein sequence

HVYSGEYLSTIPIKDSHCTLSRTCTESNAVFIIKKPSSY

SEQ ID NO: 149 - TC0431 fragment nucleotide sequence

GAATGCTGTTTTTATTATCAAAAAACCTTCGAGCTAT

SEQ ID NO: 150 - TC0431 fragment protein sequence

ENKLNANSP])SCTAFI(JKFGTHYITSATFGGSGF(JVLKLSFE(JVEGLRSKKISLEAAAANSLLKSSVSNSTESGYST

VYSGE YLSTIPIK DSHC TLSRTCTESNAVFIIKKPSSY

SEQ ID NO.-151 - TC0210 nucleotide sequence

ATGATGAAAAGATTATTATGTGTGTTGCTATCGACATC
GAAAGATTCCAGTACTGGCATTTGTCTTGCAGCATCTC
AAGTGTCTAGAGGATTTTCCAAAGTCGCTGCTCAGGCAACTCCAGGAGTTGTGTATATAGAAAATTTTCCTAAAACT



TCGATTCGTTGTTTTAAAGTCTGATGAATAG

SEQ ID NO:152 - TC0210protein sequence

VEELN VLKNAKGENVLLMVS GEVI RFVVLKSDE

SEQ ID NO.153 - TC0210fragment nucleotide sequence

CTCCTT ATGGTTT CTCAAGGAGAAGTCATTCGATT CGTTGTTTT AAAGTCTGATGAA

SEQID NO:154 - TC0210fragment protein sequence

LLHVS GEVI RFVVLKSDE

SEQ ID NO:155 - CT163 nucleotide sequence

AGCGCATACGAGCACCACGCGCTAGAGTTTATCAAAACTTTATATT CGAAGAAAAACTTCCTGTTTCACGAATTT CT



GAAGGGCAGTATTGTCGCATTCGTTATTAG

SEQ ID NO:156 - CTl 63 protein sequence

EG YCRI RY

SEQ ID NO:157- CTl 63 fragment nucleotide sequence

GGGCAGTATTGT CGCATTC GTTAT

SEQ ID NO.-158 - CTl 63 fragment protein sequence

G YCRIRY

SEQ ID NO: 159 - CT214 nucleotide sequence

ATGCGAACAGACTCTCTTTTCAATCCTCCCGACTCTA
AGCCGTGGCTCGGTCCAGACAAAGCCAATTTATAGGGTTAGTCTCTGCTGTAGCAGCTGCAGCATTATTATTGTTGC

GATTAGCGCTTTAATTCCTACAGAAAAAGATGCTCCATTCCCTATAGAACCTTCTCATTTAGCAGGTGTTTTTTTAG



CGAGCTCTACCTGCATTATTTGGTTAA

SEQ ID NO:160 - CT214 protein sequence

RALPALFG

SEQ ID NO:161 - CT214fragment nucleotide sequence

CATTTTCACCAGACAA AATCCGATTCTAAA ATTAC CGTCATGCTGA GAAGAT TTACAGCCTCCTCAAG CGGA

GCTCTACCT GCATTATTTGGT

SEQ ID NO:162 - CT214fragment protein sequence

ALPALFG

SEQ ID NO:163 - CT721 nucleotide sequence

GCGAATGGTATGACAGGATTTCTGGAAGCGATCCCTGAGCTTGCTGCGTTATGTAAAGAACGCGGGGTAATTTTCCA

CACAGTCTCTTGGTGGGATTGGTCCCTCAGGAGCGATGTTTATTTCTCCCGCTTTAACAAAATATTTTTCCTTATGG



SEQ ID NO: 164 - CT721 protein sequence

SEQ ID NO: 165 - CT721 fragment nucleotide sequence

ACTTCTCTGCATTAGCAACCGCCTTACAAGAAGGGATCTCTCACCTACAACCACTGGTTACTCAATCCTTA

SEQ ID NO: 166 - CT721 fragment protein sequence

LGFFLSOKNIF VGLG YERF(2PLSI2IL(3SSGISPFLCHS ALH VSFTERTPTTHFS ALATAL EGISHLflPLVT SL

SEQID NO: 167 - CT127 nucleotide sequence

ACCCTGGCGACTCTCTACAGAATATTCCTCTATTCTCTTCCCAACTGCAGCCTCCTAATGCTGTTGTCTGCTCTCAA

GTTTGGGGTGGCCGGTGCATTCATAAACAGCTTCCTCGTAATGGTGTAGATTGTTCGGGGTATATTCAACTACTTTA

TTTGA

SEQ ID NO:168 - CTl 27protein sequence

VL)G GRCI HKI LPRNGV]) CSGYI LLY ( VTGRNI PRNARD( Y R ]) CSPVK DFSSLPI GGLI FLKKASTG( I NHVn [I KI S
EHEFI HAAEKI GKVEKVI LGNRAFFKGNLFCSLGEPPI EAVFGVPKNRK AFF

SEQ ID NO:169 - CT127fragment nucleotide sequence

CCGCACCAAGTCTTATTGTCTCCTGTTTGCGATCTTTTATCGAATGCTGAAGGTATAGAGACGCAAGTACTGTTTGG
AGAAAGGATATGCAACCATAACCATCGACACTA TGCCTA TTCTCAAC TAGTCTTTTCTTCTATATGGAAGCCATACC



AGTCACAGGAAGAAATATCCCTCGCAATGCTAGAGATCAATACAGAGACTGTTCTCCAGTAAAAGATTTCTCGTCTC

GAATCTATTCTGCTCATTAGGTGAACCGCCTATAGAAGCTGTTTTTGGCGTTCCTAAAAATAGAAAAGCCTTCTTT

SEQ ID NO:1 70 -CTl 2 7fragment protein sequence

HEFIHAAEKIGKVEKVILGNRAFFKGNLFCSLGEPPIEAVFGVPKNRKAFF



CLAIMS

1. A protein comprising the amino acid sequence of any one of SEQ ID NO: 2, SEQ ID NO:4, SEQ

ID NO:6, SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:16, SEQ

ID NO: 18, SEQ ID NO:40, SEQ ID NO:42, SEQ ID NO:44, SEQ ID NO:46, SEQ ID NO: 48,

SEQ ID NO:50, SEQ ID NO:52, SEQ ID NO:54, SEQ ID NO:136 or SEQ ID NO:140 for use in

therapy or diagnosis.

2. A protein having 50% or greater sequence identity to a protein according to claim 1.

3. A protein comprising a fragment of the amino acid sequence of claim 1 or claim 2.

4 . A protein according to claim 3, wherein the fragment comprises at least 8 consecutive amino

acids of the amino acid sequence of claim 1 or claim 2.

5. An antibody which binds to a protein according to any one of claims 1 to 4 for use in therapy or

diagnosis.

6. A nucleic acid molecule which encodes a protein or antibody according to any one of claims 1 to

5 for use in therapy or diagnosis.

7. A nucleic acid molecule according to claim 6, comprising the amino acid sequence of any one of

SEQ ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:1 1,

SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17, SEQ ID NO:39, SEQ ID NO:41, SEQ ID

NO:43, SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ

ID NO:135 or SEQ ID NO:139.

8. A nucleic acid molecule comprising of a fragment of the nucleotide sequence of any one of SEQ

ID NO: 1, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:1 1, SEQ ID

NO:13, SEQ ID NO:1 5, SEQ ID NO:17, SEQ ID NO:39, SEQ ID NO:41, SEQ ID NO:43 or

SEQ ID NO:45, SEQ ID NO:47, SEQ ID NO:49, SEQ ID NO:51, SEQ ID NO:53, SEQ ID

NO:135 or SEQ ID NO:139.

9. A nucleic acid molecule comprising a nucleotide sequence complementary to a nucleic acid

molecule according to any one of claims 6 to 8.

10. A nucleic acid molecule comprising a nucleotide sequences having 50% or greater sequence

identity to a nucleic acid molecule according to any one of claims 6 to 9.

11. A nucleic acid molecule which can hybridise to a nucleic acid molecule according to any one of

claims 6 to 10 under high stringency conditions.

12. A vector comprising a nucleic acid according to any one of claims 6 to 11 for use in therapy or

diagnosis.

13. A host cell comprising a nucleic acid or vector according to any one of claims 6 to 12 for use in

therapy or diagnosis.



14. A composition comprising a protein, antibody, nucleic acid molecule, vector or host cell

according to any preceding claim for use in therapy or diagnosis.

15. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim for use as a vaccine composition.

16. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim for use as a pharmaceutical.

17. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim, for use in the treatment, prevention or diagnosis of Chlamydia.

18. A protein, antibody, nucleic acid, vector, host cell or composition according claim 17, for use in

the treatment, prevention or diagnosis of Chlamydia trachomatis.

19. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim, for raising an immune response in a mammal.

20. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim, for eliciting antibodies that are capable of neutralising Chlamydia infection.

21. A protein or nucleic acid according to any one of claims 1 to 19, wherein the immune response is

a CD4+ ThI cell-mediated response.

22. The use of a protein, antibody, nucleic acid, vector or host cell according to any one of claims 1

to 13 in the manufacture of a medicament for the treatment or prevention of infection due to

Chlamydia bacteria, particularly Chlamydia trachomatis.

23. A method of treating, preventing or diagnosing Chlamydia in a patient, comprising administering

a therapeutically effective amount of a protein, antibody, nucleic acid, vector, host cell or

composition according to any preceding claim.

24. A protein, antibody, nucleic acid, vector, host cell or composition according to any preceding

claim, for use as a medicament in combination with one or more additional Chlamydia antigens

or their encoding nucleic acids.

25. A protein, antibody, nucleic acid, vector, host cell or composition according to claim 24, wherein

the combination comprises CT279+CT601 , CT372+CT443, CT733+CT153, CT456+CT381,

CT279+CT1 53+CT733+CT601, CT279+CT601+CT372+CT443, CT823+CT733+CT043+

CT456, CT387+CT812+CT869, CT387+CT812C+CT869 (or variants thereof).

26. A protein, antibody, nucleic acid, vector, host cell or composition according to claim 24 or claim

25, wherein the protein, antibody, nucleic acid, vector, host cell or composition and the one or

more additional Chlamydia antigens or their encoding nucleic acids are a combined preparation

for simultaneous, separate or sequential administration.

27. A method for diagnosing Chlamydia infection, comprising:



(a) raising an antibody against a protein according to any one of claims 1 to 4;

(b) contacting the antibody of step (a) with a biological sample suspected of being

infected with Chlamydia under conditions suitable for the formation of antibody-

antigen complexes; and

(c) detecting said complexes, wherein detection of said complex is indicative of

Chlamydia infection.
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