PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 : (11) International Publication Number: WO 00/37494
CO7K 14/295, 16/12, C12N 15/31, 5/10, | A2 _ o
AG1K 38/16, 39/118, 39/395, 48/00, (43) International Publication Date: 29 June 2000 (29.06.00)
GO1IN 33/569, C12P 21/00, C12Q 1/68

(21) International Application Number: PCT/IB99/02065 | (81) Designated States: CA, JP, US, European patent (AT, BE, CH,

(22) International Filing Date: 17 December 1999 (17.12.99)

(30) Priority Data:
9828000.1 18 December 1998 (18.12.98) GB
(71) Applicant (for all designated States except US): CHIRON

S.P.A. [IT/IT]; Via Fiorentina, 1, [-53100 Siena (IT).

(72) Inventor; and
(75) Inventor/Applicant (for US only): RATTI, Giulio [IT/IT]; Iris
Research Centre, Via Fiorentina, 1, I-53100 Siena (IT).

(74) Agent: HALLYBONE, Huw, George; Carpmaels & Ransford,
43 Bloomsbury Square, London WC1A 2RA (GB).

CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
Without international search report and to be republished
upon receipt of that report.

(54) Title: CHLAMYDIA TRACHOMATIS ANTIGENS
(57) Abstract

Proteins encoded by Chlamydia trachoma-
tis which are immunogenic in humans as a con-
sequence of infection have been identified using
Western blots of two-dimensional electrophoretic
maps. Several known immunogens were identified,
as were proteins not previously known to be im-
munogens, and proteins not previously reported as
expressed gene products.

NON LINEAR IPG




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
TD
TG
TJ
™
TR

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 00/37494 PCT/1B99/02065

CHLAMYDIA ANTIGENS

This invention relates to antigenic proteins from Chlamydia trachomatis. In particular, it
relates to antigens which are recognised by antibodies from chronically infected or

convalescent patient sera.

BACKGROUND

The Chlamydia are obligate intracellular parasites of eukaryotic cells which are responsible for
endemic sexually transmitted infections. trachoma, infectious pneumonitis, and various other
disease syndromes. They occupy an exclusive eubacterial phylogenic branch, having no close
relationship to any other known organisms — they are classified in their own order
(Chlamydiales) which contains a single family (Chlamydiaceae) which in turn contains a
single genus (Chlamydia). Four chlamydial species are currently known — C.trachomatis,
C.pneumoniae, C.pecorum and C.psittaci [eg. see reference 1]. A genome sequence of

C.trachomatis (serovar D) has recently been published [2].

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 L1, L2 and L3 are the agents of invasive lymphogranuloma

venereum (LGV).

Although chlamydial infection itself causes disease, it is thought that, in some patients, the
severity of symptoms is due, in fact, to an aberrant host immune response. Failure to clear the
infection results in persistent immune stimulation and, rather than helping the host, this results

in chronic infection with severe consequences, including sterility and blindness [3].

In addition, the protection conferred by natural chlamydial infection, is usually incomplete,

transient, and strain-specific.

Due to the serious nature of the disease. there is a desire to provide suitable vaccines. These
may be useful (a) for immunisation against chlamydial infection or against chlamydia-induced
disease (prophylactic vaccination) or (b) for the eradication of an established chronic
chlamydial infection (therapeutic vaccination). Being an intracellular parasite, however, the

bacterium can generally evade antibody-mediated immune responses.

Various antigenic proteins have been described for C.trachomatis, and the cell surface in
particular has been the target of detailed research [eg. 1,4]. These include, for instance, pgp3
[5,6,7}, MOMP [8], Hsp60 (GroEL) [9] and Hsp70 (DnaK-like) [10]. Not all of these have
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proved to be effective vaccines. however, and it is an object of the invention to identify
chlamydial antigens which elicit an immune response during natural infection, in order to

provide antigens and immunogens suitable for use in vaccine development.

DESCRIPTION OF THE INVENTION

The invention is based on the identification of proteins encoded by Chlamydia trachomatis

which are immunogenic in man as a consequence of infection.

The invention provides a C.trachomatis protein having the MW and pl characteristics of
protein 5, 6,7, 8,9, 11, 13, 14, 15, 16, 17. 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, or 55, as set
out in Table II on page 15.

These include proteins having, in the L2 strain of C.irachomatis, an N-terminal amino acid

sequence disclosed in Table I1I on page 16.

The invention also provides proteins having sequence identity to these C.trachomatis proteins.
Depending on the particular protein, the degree of identity is preferably greater than 50% (eg.
65%, 80%, 90%, 95%, 98%, 99% or more). These homologous proteins include mutaﬁts,
allelic variants, serovariants, and biovariants. Identity between the 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 penaltv=1. Typically, 50% identity or more between two

proteins is considered to be an indication of functional equivalence.

The invention further provides proteins comprising fragments of the C.trachomatis proteins of
the invention. The fragments should comprise at least » consecutive amino acids from the
proteins and, depending on the particular protein, n is 7 or more (eg. 8, 10, 12, 14, 16, 18, 20,

50, 100 or more). Preferably the fragments comprise an epitope from the protein.

The proteins of the invention can, of course, be prepared by various means (eg. recombinant
expression, purification from cell culture, chemical synthesis ezc.) and in various forms (eg.
native, fusions efc.). They are preferably prepared in substantially isolated or purified form (ie.

substantially free from other C.trachomatis or host cell proteins)

According to a further aspect, the invention provides antibodies which bind to these proteins.

These may be polyclonal or monoclonal and may be produced by any suitable means.
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According to a further aspect. the invention provides nucleic acid encoding the proteins and
protein fragments of the invention. Nucleic acid having sequence identity to this nucleic acid
is also provided. Depending on the particular nucleic acid, the degree of identity is preferably

greater than 50% (eg. 65%, 80%, 90%. 95%. 98%, 99% or more).

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

preferably under “high stringency” conditions (eg. 65°C in a 0.1xSSC, 0.5% SDS solution).

Fragments of this nucleic acid are also provided. The fragments should comprise at least n

consecutive nucleotides from the sequences and, depending on the particular sequence, n is 10

or more (eg. 12, 14, 15, 18, 20, 25, 30, 35, 40 or more).

It should also be appreciated that the invention provides nucleic acid comprising sequences

complementary to those described above (eg. for antisense or probing purposes).

Nucleic acid according to the invention can, of course, be prepared in many ways (eg. by
chemical synthesis, from genomic or cDNA libraries, from the organism itself efc.) and can

take various forms (eg. single stranded. double stranded, vectors, probes efc.).

In addition, the term “nucleic acid” includes DNA and RNA, and also their analogues, such as

those containing modified backbones, and also peptide nucleic acids (PNA) erc.

According to a further aspect, the invention provides vectors comprising nucleic acid of the

invention (eg. expression vectors) and host cells transformed with such vectors.

According to a further aspect, the invention provides compositions comprising protein,
antibody, and/or nucleic acid according to the invention. These compositions may be suitable

as immunogenic compositions (including vaccines), for instance, or as diagnostic reagents.

The invention also provides nucleic acid, protein, or antibody according to the invention for
use as medicaments (eg. as vaccines) or as diagnostic reagents. In particular, the invention
provides protein 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, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52,53, 54, or 55 (as set out in Table Il on page 15) for use as a chlamydial immunogen. Whilst
it is believed that some of the proteins described in Table II may be known per se, they have

not been disclosed as being immunogenic.

The invention also provides the use of nucleic acid, protein, or antibody according to the
invention in the manufacture of (i) a medicament for treating or preventing infection due to

Chiamydia; (ii) a diagnostic reagent for detecting the presence of Chlamydia or of antibodies
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raised against Chlamydia; and/or (iii) a reagent which can raise antibodies against Chlamydia.
The Chlamydia may be any species or strain, but is preferably C.rrachomatis. In preferred
embodiments, the invention provides a protein of the 55 proteins of Table II for use in such

manufacture.

The invention also provides a method of treating a patient, comprising administering to the
patient a therapeutically effective amount of nucleic acid, protein, and/or antibody according

to the invention.
According to further aspects, the invention provides various processes.

A process for producing proteins of the invention is provided, comprising the step of culturing

a host cell according to 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 nucleic acid of the invention is provided, comprising the steps of: (a)
contacting a nucleic probe according to the invention with a biological sample under

hybridising conditions to form duplexes: and (b) detecting said duplexes.

A process for detecting proteins of the invention is provided, comprising the steps of: (a)
contacting an antibody according to the invention with a biological sample under conditions
suitable for the formation of an antibodyv-antigen complexes; and (b) detecting said complexes.
Similarly, the invention provides a process for detecting anti-chlamydial antibodies in a
sample, comprising the steps of: (a) contacting a protein according to the invention with a
biological sample under conditions suitable for the formation of an antibody-antigen

complexes; and (b) detecting said complexes.
The invention also provides kits comprising reagents suitable for use in these processes.

A kit is provided comprising a nucleic probe according to the invention and means for
detecting duplexes formed by the probe. A kit is provided comprising an antibody according to
the invention and means for detecting antibody-antigen complexes formed by the antibody. A
kit is provided comprising a protein according to the invention and means for detecting

antibody-antigen complexes formed by the protein.

For the avoidance of doubt, the term “comprising” encompasses “including” as well as
consisting” eg. a composition “comprising” X may consist exclusively of X or may include

something additional to X, such as X+Y.
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DESCRIPTION OF THE DRAWINGS

Figure 1 shows the annotated reference 2D electrophoretic EB map, also indicating the
positions of the immunoreactive protein spots. labelled 1-55. Groups of spots which appear to
be an isolectric series of the same protein are encircled together and classified under the same

identification number.

Figure 2 shows typical immunoblots. The whole map area is shown. Major known
immunogens are marked for easier comparison. For other spot identification, refer to Figure 1
and table II. Blot A is from PID patient JO51 (MIF titre 256), and has a serum dilution 1:5000.
Blot B is from patient JO35 (MIF titre 64)'affected by secondary sterility, and has a serum
dilution 1:2500. Blot C is similar to blot B, but is from patient JO52. Blot D is from PID
patient JO31 (MIF titre 256), and gas a serum dilution 1:5000.

EXAMPLES

Human sera

Sera (Table I) were obtained from women who had responded to a chlamydial infection of the
genital tract. The seventeen sera (A...Q) were obtained from 4 cases of lower genital tract
infection and 13 laparoscopically-confirmed cases of PID (pelvic inflammatory disease),
including 2 cases of secondary sterility. All sera were positive for a standard
microimmunofluorescence test (MIF) with purified C.trachomatis L2 elementary bodies [11],

and confirmed as C.trachomatis immune sera by an ELISA test with the plasmid-encoded
pgp3 antigen [5].
A group of 10 seronegative control sera from healthy blood donors was tested by

immunoblotting in the same way, and using the same dilutions as for patient sera, in order to

exclude the occurrence of non-specific reactions.

Most sera were obtained from the Chlamydia collection of the Biobanque de Picardie
(Amiens, France). Some PID and control sera from healthy blood donors were obtained from

the Ospedale Policlinico S.Orsola (Bologna, Italy).

Preparation of protein samples

Purified chlamydial cells were obtained as described in reference 12, by growing
C.trachomatis strain 12/343/Bu in Vero cell cultures according to standard procedures,
followed by two cycles of density gradient centrifugation [13]. The average protein

concentration of the purified elementary body (EB) preparation was determined using a biuret
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assay. Aliquots (2mg protein/ml) were stored in water at —20°C for subsequent electrophoretic
analysis. The cells used were mainly in the form of EBs — all known chlamydial antigens to

date have been found in elementary bodies. rather than reticular bodies.

Separation of chlamydial proteins

Chlamydial proteins were separated using high resolution 2D electrophoresis, performed using

the immobiline/polyacrylamide system. essentially as described in references14 and 15.

For analytical gels, approximately 45ug total elementary body protein was used per gel. For
semipreparative gels (for microsequencing), approximately 1mg protein was used. Aliquots of
the EB proteins were pelleted by low-speed centrifugation and resuspended in 8M urea, 4%
CHAPS (3-[(3-cholamidopropyl)dimethylammonium]-1-propane sulfonate), 40mM Tris base,
65mM dithioerythritol (DTE) and trace amounts of bromophenol blue.

Isoelectric focusing was carried out on immobiline strips providing a non-linear 3 to 10 pH
gradient (IPG strips, Amersham Pharmacia Biotech). Voltage was linearly increased from 300
to 3500 V during the first three hours, then stabilised at 5000 V for 22 hours (total Volts-hour
product = 110kVh). After electrophoresis. IPG strips were equilibrated for 12 min against 6 M
urea, 30% glycerol, 2% SDS, 0.05 M Tris.HCI, pH 6.8, and 2% DTE. The second dimension
was carried out in a Laemmli system on 9-16% polyacrylamide linear gradient gels (18 cm x
20 cm x 1.5 mm), at 40 mA/gel constant current. for approximately 5 hours until the dye front
reached the bottom of the gel. Analytical gels were stained with ammoniacal silver nitrate
[16]. The protein maps were scanned with a laser photodensitometer (Molecular Dynamics)
and converted into electronic files which were then analysed with the Melanie 11 computer

software (Bio-Rad).

Figure 1 shows the annotated reference EB map which was used to identify proteins on
immunoblots. MW and pl coordinates for the reference map were calibrated by co-migration
of the chlamydial proteins with human serum proteins acting as reference proteins. The

isoelectric point values used for serum proteins were those described in reference 17.

Immunoblot analysis

Immunoblotting resuits are summarised in Figure 2 and Table II.

After two-dimensional electrophoresis, the gels were electroblotted onto nitrocellulose
membranes [18], and processed according to standard procedures, modified as described in

reference 19. Briefly, before immunodetection, the membranes were stained in 0.2% (w/v)
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Ponceau S in 3% (w/v) trichloroacetic acid for 3 minutes and the positions of selected anchor
spots were marked on the blot to assist matching of the immunoblots with the silver stained
map. Immunoreactive spots were detected by overnight incubation at room temperature with
patient sera (1500-5000x dilutions), followed by incubation with rabbit anti-human IgGs
conjugated with peroxidase (Cappel, 7000x dilution), and detection with a chemiluminescence

based kit (Pharmacia Amersham Biotech).

Typically, six identical 2D maps were prepared in parallel for each experiment — five were
blotted onto nitrocellulose and one was stained with silver nitrate for subsequent correlation

with the immunoblots and computer-assisted matching to the reference map.

The spot signals on the immunoblot almost always corresponded to a spot on the silver stained
gel. However, in at least two instances (spots 13 and 14 in Figure 1), immunoblot analysis
detected protein spots which were not visible in the silver stained map. This shows that this
technique has a superior sensitivity and should be taken into consideration as a valuable tool

also for systematic proteomics studies.

To assist matching of the immunoblot with the reference map shown in Figure 1, the
nitrocellulose blots were marked with a number of internal “anchor” spots using transient
Ponceau Red staining. After incubation with the sera and detection of bound antibodies by
chemiluminescence, the immunoblot images were matched to the reference map and spots
were assigned the corresponding pl and MW coordinates (see Table II). When the position and
shape of the spot (or isoelectric series of spots) coincided with a previously-identified EB
antigen, an immune response against such antigen was recorded. In all other cases the
immunoblot spot was identified by the MW and pl coordinates taken at the baricentre of the
stained area (or the coordinate range, in the case of complex spot patterns). It will be
appreciated that the MW and pl values are determined electrophoretically, and may have a

potential average error of +/-10%. The higher MW measurements will tend to be less accurate.

While control blots were totally blank, patient blots showed individually different patterns
comprising a number of spots, which varied from 2 to 28, with an average of around 15 (see
Table II). The number of immunoreactive spots had did not correlate with the serum MIF titres
(see Tables 1 and 1I), so blot patterns appear to reflect a real individual variation in humoral
responses, and not just the difference of antibody titres. This was also confirmed by comparing

the results of each serum at various dilutions.
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Typical immunoblot results are shown in Figure 2. The only constant feature for all examined
sera was the presence of antibodies against a complex cluster of spots previously identified as
due to the cysteine-rich outer membrane protein OMP2 [12]. This cluster is shown as spot 1 in
Figure 1 — all the spots labelled “17 were scored as a single antigen, but a number of accessory
spots with lower MW and pl values which usually appear associated to OMP2 reactivity were
separately scored, as their relationship to the OMP2 polypeptide is still unclear. Because the
OMP2 protein is chlamydia-specific. and does not seem to undergo any relevant antigenic

variation, it can be considered probably the best marker of chlamydial infection in this study.
The next-most frequent spots which were observed correspond to the following:

e Spot 2 — the GroEL-like (hsp60) protein (15/17 patients)

e Spot 3 — the major outer membrane protein MOMP (13/17 patients)

e Spot 4 — the DnaK-like (hsp70) protein (11/17 patients).

Reactivity with these known immunogens can be considered as an internal control which
demonstrates the quality of the human sera used in this study. The lack of pgp3 reactivity on
the blots, however, is significant because all the sera had been found positive in an ELISA
confirmatory assay with a purified soluble form of pgp3. This suggests that antibody response
to pgp3 in human infections occurs mainly against epitopes available only in a correctly folded

protein structure. which would be lost in these experiments.

Patient immune reactions were also detected against the following proteins [cf. ref. 12]:
e Spot 10 — protein elongation factor EF-Tu (8/17)
e Spot 19 —ribosomal proteins S1 (5/17)
¢ Spot 12 —ribosomal protein L7/L12 (7/17)

Besides these known proteins, several new immunoreactive proteins were detected with
frequencies ranging from 11/17 down to 1/17. The MW and pl characteristics of these proteins
are shown in Table II. In addition. in a few cases, further analysis was performed by

N-terminal amino acid sequencing supplemented with database homology searches.

Spot microsequencing

2D maps were prepared as described above, starting from 1mg total EB protein per run,
followed by blotting onto polyvinylidene difluoride membranes (BioRad PVDF membranes

20 x 20 cm, 0.2 micron pore size), as in reference 20. The blots were stained with 0.1% (w/v)
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Coomassie Brilliant Blue R250 in 50% aqueous methanol for 5 minutes, and de-stained in
40% methanol, 10% acetic acid. Membranes were dried at 37°C and stored at —20°C for
further analysis. Selected protein spots were cut out and submitted to amino acid sequencing
by Edman degradation using an automatic Protein/Peptide Sequencer (mod 470A; Applied
Biosystem Inc.) connected on-line with a phenylthiohydantoin-amino acid analyser model
120A and a control/Data Module model 900A (Applied Biosystems Inc.). Typically 3 or 4
equivalent spots from similar blots were used. according to the estimated relative molar

amount of protein in the spot.

The results of the sequencing are shown in Table 111 on page 16.

Computer analysis of sequences

Using the N-terminal sequence data, database searches for protein similarity were performed
using the BLAST program [21] available from NCBI [http://www.ncbi.nlm.nih.gov] and
programs of the GCG software (Wisconsin Package Version 9.0) [22]. Theoretical pI and MW
values were calculated by the pI/MW computer program available from the ExXPASy internet

server [http://www.expasy.ch].

In addition to the usual databases, the genomic sequencing data of the C.trachomatis
D/UW-3/Cx strain provided by the Chlamydia Genome Project [Attp://chlamydia-
www.berkeley.edu:4231] was searched. Although the present study used a C.trachomatis
serovar L2 strain (lymphogranuloma biovar), which has a different pathogenicity phenotype,

several protein sequences could be safely correlated to the serovar D genes.

These searches with N-terminal data allowed the correlation of seven immunoreactive spots to

known sequences (in addition to the seven noted above):

e Spot 15: predicted to be a periplasmic peptidase (currently annotated in the serovar D

genomic database as htr4).

e Spots 18 & 46: predicted to be an outer membrane protein (currently annotated in the

genomic database as ompB).

e Spot 21: Although the amino acid sequence does not match any previously-described
proteins, it shows homology to an internal sequence from EF-Tu. This protein may be

a breakdown or processing product of EF-Tu, or a variant.

e Spot 24: the RNA polymerase alpha subunit (rpo4)
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¢ Spot 25: homologous to bacterial leucine peptidases (currently annotated in the

genomic database as pep4).
* Spot 38: predicted to be a GTP-binding protein (currently annotated as ychF).

The N-terminal sequences of spots 26, 31 and 33 do not match any database sequences,

including the published serovar D sequence.

Table IV shows a summary of identifications (some putative) of several immunoreactive
antigens, which were obtained either by comparison with previous 2D mapping data, or by

homology searches with the N-terminal sequencing data obtained above.

Proteins of particular interest

Of particular interest are the following proteins identified from the immunoblots:

Spot 24
This spot is believed to be the alpha chain of the C.trachomatis RNA polymerase (gi620029),

based on its MW/pl position, and on its N-terminus sequence. Although the RNAP alpha chain
has previously been described [23], it has never been reported as a chlamydial immunogen.
Four patients showed reactivity to this protein, demonstrating that it is immunogenic in
humans as a consequence of chlamydial infection. Whilst the intracellular parasitic nature of
Chlamydia means that it can generally evade antibody-mediated immune responses, the
antibody reactivity demonstrated above indicates that the immune system does encounter these
proteins during natural infection, and the formation of antibodies may, for instance, also help

to prime the T-cell-mediated immune responses.

Spots 18 & 46
Spots 18 and 46 appear to be homologous to the ompB gene in the serotype D genome,

annotated as encoding a putative outer membrane protein. The N-terminal sequences and pl &
MW values (at least for spot 18 — 5.08/34.09 vs predicted theoretical values of 5.06/34.5) are
in agreement with the expected properties of an ompB gene product, after cleavage of the

predicted N-terminal signal peptide.

It has also been found that that both spot 46 and 18 are present in a 2D electrophoretic map of
a purified preparation of chlamydial outer membrane complex, which also supports the view

that spots 18 and 46 represent the homologs of the serotype D ompB gene.
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The reason why this protein appears as two distinct electrophoretic species was not
investigated, but a spot shift of this type is usually associated to a variation of amino acid
composition, either due to amino acid sequence variation, and/or to true or artefactual

derivatisation of some amino acid residues.

Five patients showed reactivity to this protein, demonstrating that it is immunogenic in

humans as a consequence of chlamydial infection.

Spot 25

This spot is believed to be an aminopeptidase, based on its MW/pl position and on its
N-terminus sequence (both in comparison with the published serovar D sequence pep4). Four
patients showed reactivity to this protein. demonstrating that it is immunogenic in humans as a

consequence of chlamydial infection.

Spot 38
This spot is believed to be a GTP-binding protein, based on its MW/pl position and on its

N-terminus sequence (both in comparison with the published serovar D sequence ychF). Two
patients showed reactivity to this protein. demonstrating that it is immunogenic in humans as a

consequence of chlamydial infection.

Spot 15

This spot is believed to be a stress-induced protease, based on its MW/pI position and on its
N-terminus sequence (both in comparison with the published serovar D sequence hirA). Seven
patients showed reactivity to this protein. demonstrating that it is immunogenic in humans as a

consequence of chlamydial infection.

Spot 8

Nine patients showed reactivity towards protein spot 8, which could not be characterised by
N-terminal sequencing. It does, however, have the following ‘constellation type 2° amino acid

composition (molar percentages):

aa % aa % aa % aa %

e —— —— s e S S SR
Ala 6.5 Gly 225 Lys 3.7 Ser 13.7

Arg 3.5 His 0.5 Met 0.5 Thr 5.1
Asx 8.4 Ile 3.7 Phe 2.8 Tyr 2.2
Glx 12.5 Leu 6.7 Pro 34 Val 4.3
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Cys and Trp are not determined in this tvpe of analysis, and it is not possible to distinguish

between Glu/Gln and Asp/Asn.

Inability to obtain N-terminal sequence. despite repeated attempts, suggests that the
N-terminal residue is blocked due to some form of modification (eg. a lipoprotein).
Modification is often a characteristic of membrane-associated proteins in eukaryotes, but is
also a characteristic of outer surface proteins or secreted proteins in bacterial species (eg.
lipoproteins [24], mycoplasma outer membrane proteins [25], the FHA virulence factor of

B.pertussis [26] etc.).

Spot 12
This spot is believed to be due to the ribosomal protein L7/L12. Seven patients showed

reactivity to this protein, demonstrating that it is immunogenic in humans as a consequence of
chlamydial infection. Although this protein has previously been described in chlamydia
[accession number P38001] , it has never been reported as a chlamydial immunogen. It has,

however, been described as an immunogen in Brucella infections [27,28].

Spot 19

This spot is believed to be due to the ribosomal protein S1. Five patients showed reactivity to
this protein, demonstrating that it is immunogenic in humans as a consequence of chlamydial
infection. Although this protein has previously been described in chlamydia [accession

number P38016] . it has never been reported as an immunogen.

Spot 10
This spot is believed to be due to the protein synthesis elongation factor EF-Tu. Eight patients

showed reactivity to this protein, demonstrating that it is immunogenic in humans as a
consequence of chlamydial infection. Although the chlamydial EF-Tu has previously been

described [accession number P26622] . it has never been reported as an immunogen.

Spots 10, 12, 15. 19 & 24

Given the importance, in chronic infections, of a possible previous sensitisation to conserved
microbial antigens that may trigger immunopathogenic reactions, it is noteworthy that several
of these new immunoreactive antigens belong to conserved families of bacterial proteins: four
(23%) sera reacted with spot 24 (the alpha subunit of the RNA polymerase); five (29%)
recognised spot 19 (ribosomal protein S1); eight (47%) recognised spot 10 (EF-Tu); seven
(41%) recognised spot 15 (putative stress-induced protease of the HtrA (S2C peptidase)
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family); and seven sera (41%) recognised spot 12 (the ribosomal protein L7/L.12). In the group
of sera used in this study, 12/17 (70.6%) reacted with at least one of these five antigens and,
including the hsp60 and hsp70 antigens. all sera had antibodies reacting with between 1 and 7

(average 3.7) chlamydial proteins which have homologs in other bacteria.

Theories which postulate a role for immunological sensitisation mechanisms in chlamydial
pathology, as described for the hsp60 GroEL-like antigen [29], should in fact be extended to
several other common bacterial antigens, which may be immunogenic in other bacterial
infections. For instance the protein elongation factor EF-Tu is immunogenic during the acute
phase of infection with Haemophilus influenzae, and both L7/L12 and the HtrA stress-induced
protease homologues are immunogenic in Brucella infections. In the case of EF-Tu, the
abundance of this protein in the bacterial cell may favour its “visibility” by the immune
system. It should be noted, however, that EF-Tu has been described as associated to outer
membrane and periplasmic cell fractions [30], and more recently data suggest that EF-Tu, in
addition to its function in peptide elongation, has also a chaperone activity implicated in
protein folding and protection from stress [31]. Particularly intriguing is the response to the
L7/L.12 ribosomal protein, since in Brucella melitensis infections the homologous L7/L.12
antigen induces a DTH cell-mediated response [27]. Furthermore vaccination of BALB/c mice
with L7/LL12 was shown to give protection against infection by B.abortus [32]. The
unexpected finding that antibodies to L7/L12 are fairly frequent in patients infected by
C.trachomatis suggests that perhaps further attention should be paid to this antigens also in

chlamydia-induced disease.

Spots 5,6,7, & 9

These proteins, whilst not yet correlated with any available genome sequence, and not yet

having been sequenced, are of obvious interest given their prevalence (>50%) in the sera

tested.

It will be understood that the invention is described above by way of example only and

modifications may be made whilst remaining within the scope and spirit of the invention.
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TABLE I - SUMMARY OF PATIENT SERA

The letters in the first column correspond to those given in Table II. The codes in the second
column refer to the original serum collection. The pathology associated with each patient is
broadly indicated as cervicitis (lower genital tract infection), PID or sterility (secondary to
infection). All sera were characterised by MIF assay with purified L2 elementary bodies. The
MIF titre given in the table is the highest two-fold dilution which gave a positive signal. The
‘Best Dilution’ is the dilution which was found to give minimum background without loss of

signal on weaker spots.

Serum ID in Original Serum MIF _
Table I D Pathology titre Best Dilution

A JO45/7931 BB cervicitis 256 1:5000
B J028/7935 BB cervicitis 16 1:1500
C JO29/7936 BB © cervicitis 16 1:2000
D JO51/7997 BB cervicitis 256 1:5000
E hs-C (Bologna) P.L.D. 256 1:5000
F 14293 BB P.1.D. 1024 1:10000
G hs-B (Bologna) P.1.D. 32 1:2000
H JO6/7942BB P.1.D. 256 1:5000
| JO17/7953 BB P.L.D. 256 1:5000
J JO43/7989 P.1.D. 256 1:5000
K JO20=/7956 BB P.I.D. 256 1:5000
L JO42/7988 BB P.1.D. 256 1:5000
M JO41/7987 BB P.i.D. 256 1:5000
N JO31/7977 BB P.L.D. 256 1:5000
o 13839 BB P.L.D. 256 1:5000
P JO35/7934 BB sterility 64 1:2500
Q JO52/7933 BB sterility 64 1:2500
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TABLE 11 - PATIENT REACTIVITY WITH PROTEIN SPOTS

Spot # pl T Mw A|B|C|DIE|F[G|H|I|J|K]J]L|M|N|O|P|Q]|FREQ
1 complex + [+ [+ |+ ]+ +[+}+|+]+]+[+]+1+]+]+]|+] 17
2 5.2-5.3 59.7 + |+ |+ [+ ++]+{+]+]+1]+ + |+ |+ |+ 15
3 4.6-4.9 40 £ TR S T N A + | + + + |+ + 13
4 4.92-5.04 70.5 + |+ ]+ [+ ]+ ]+ + |+ |+ + + | 11
5 5.09 36.6 + |+ + i+ ]+ |+ + |+ + + |+ 11
6 6.34 46250 | + + |+ |+ + |+ | + + + |+ 10
7 6.59 462502 | + + |+ |+ + |+ [+ + + 1+ 10
8 4,96 36,6 + + + | + + | + + + | + 9
9 6.36 377394 | + | + + |+ + [+ ]+ + | + 9

10 544564 | 422 + 1+ |+ + + + + |+ 8
11 6.66 26.1 + + | + + + + |+ + 8
12 4.80 15.8 + + | + + + | + 6
13 6.1 374392 | + | + + + + + |+ 7
14 6.24 47.9 + + |+ + |+ |+ + 7
15 5.89 48.4 + |+ + + | + + T 7
16 6.15 46-50 | + + + |+ |+ + |+ 7
17 5.92 253 + + |+ + | + + 6
18 5.08 34.09 + | + + + " 5
19 5.14-5.28 69 + + | + + + 5
20 5.44 26.2 + + + | + + 5
21 5.27 40.5 + + + + + 5
22 4.81 46.3 + + + | + + 5
23 497 342 + + + 4
24 5.32 40.5 + + + + 4
25 5.97 476 + |+ T |+ p)
26 5.68 48.6 + + + + p)
27 629642 | 1245 | + + + + 4
28 5.39 25.5 + | + + 3
29 5.1 28.7 + + + 3
30 4.8 36.7 + + + 3
31 5.43 404 + ¥ T 3
32 5.2-5.37 62.4 + + + 3
33 6.64 25.4 + + 2
34 4.79 28.1 + + 2
35 4.82 29.5 + T 2
36 6.55 375 + + 2
37 5.14 40.3 + T 2
38 5.23 40.1 + |+ 2
39 4.69 457 + + 2
40 6.89 50 + + 2
41 6.39-6.55 105 + + 2
42 4.57 20.3 + 1
43 4.72 26.5 + 1
44 7.6 26.95 + 1
45 6.9 297 + 1
46 5.19 334 + 1
47 6.99 35.8 + 1
48 6.54 358 + 1
49 5.44 39.0 - 1
50 5.37 41.0 + 1
51 7.59 426 + 1
52 8.73 49.2 + + 1
53 7.98 494 + 1
54 7.4 50.2 + 1
55 7.4 51.56 + 1
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TABLE 111 - N-TERMINAL SEQUENCES OF PROTEINS

Spot # N-terminal sequence
10 SKETFQRNK
12 TTESLETLVE
15 LAVSSGDQEVSQEDLLKE
18 XPAGNPAFPVIP
21 AKTRTLKGDG
24 SDSSHNLLYNK
25 VLLYSQASWDQRSKADAL
26 KAVYVQDA/Q)E(V/D)Q
31 KDxxTNGQR
33 MSKGGQtxD(Y/G)
38 XQXENGIVGL
46 MPAGNPAFPVIP

TABLE 1V — IDENTIFICATION OF ANTIGENS

“CT-D gene” refers to the gene name from reference 2 and gives the names of genes likely to
encode homologue proteins in C.trachomatis D. Theoretical pI/MW values in the last column,

to be compared to the experimental values, were calculated the from CT-D gene sequences.

spot |Map location |N-terminal AA seq Annotation CT-D gene |Predicted pl/MW
1 |OMP2 cluster |- OMP2 omcB 7.65-7.92/54.5-58.7
2 |52-5.3/59.7 |VA(D/K)NKK/FYYNEE GroEL-like groEL1 5.11/58.1
3 14.6-4.9/40 LPVGN MOMP ompA 4.69/40.3
4 14.92-5.04/70.5 | SEKRK(S/A)N(K/S).... DnaK-like dnaK 4.88/70.7
10 [5.44-5.64/42.2 | SKETFQRNK EF-Tu tufA 5.36/43.1
12 14.80/15.8 TTESLETLVE Ribosomal protein L7/12 n7 5.09/13.5
15 [5.89/48.4 LAVSSGDQEVSQEDLLKE |stress induced protease htrA 5.83/49.5
18 {5.08/34.09 XPAGNPAFPVIP outer membrane protein ompB 5.06/34.5
19 ]5.14-5.28/69 |Not determined Ribosomal protein S1 rs1 5.17/63.6
21 |5.27/405 AKTRTLKGDG EF-Tu related peptide? - -
24 5.32/40.5 SDSSHNLLYNK RNAP alpha chain rpoA 5.34/41.7
25 15.97/47.6 VLLYSQASWDQRSKADAL | Aminopeptidase pepA 5.74/54.0
26 |5.68/48.6 KAVYVQD(A/Q)E(V/D)Q Not identified - -
31 15.43/404 KDxxTNGQR Not identified - -
33 16.64/254 MSKGGQtxD(Y/G) Not identified - -
38 |5.23/40.1 XQXENGIVGL GTP-binding protein ychF 5.16/39.5
46 |[5.19/33.4 MPAGNPAFPVIP outer membrane protein ompB 5.06/34.5
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CLAIMS

1.

10.

11.

12.

13.

14.

A C.trachomatis protein having the MW and pl characteristics of protein 5, 6, 7, 8, 9, 11,
13, 14, 15, 16, 17, 18, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31 32, 33, 34, 35, 36, 37,
38, 39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, or 55, as set out in Table II
on page 15.

A protein according to claim 1 having, in the L2 strain of C.trachomatis, an N-terminal

amino acid sequence disclosed in Table III on page 16.
A protein having 50% or more sequence identity to a protein according to claim 1

A protein comprising a fragment of at least 7 consecutive amino acids of a C.trachomatis

protein according to claim 1

An antibody which binds to a protein according to any one of claims 1 to 4.
Nucleic acid encoding a protein according to any one of claims 1 to 4.

Nucleic acid having 50% or more sequence identity to the nucleic acid of claim 6.
Nucleic acid which can hybridise to the nucleic acid of claim 6.

Nucleic acid comprising a fragment of 10 or more consecutive nucleotides of the nucleic

acid according to claim 6.
A vector comprising nucleic acid according to claim 6.
A host cell transformed with a vector according to claim 10.

A composition comprising a protein according to any one of claims 1 to 4, an antibody

according to claim 5, and/or nucleic acid according to any one of claims 6 to 9.

A protein according to any one of claims 1 to 4, an antibody according to claim 5, and/or
nucleic acid according to any one of claims 6 to 9 for use as a medicament or as a

diagnostic reagent.

A C.trachomatis protein having the MW and pl characteristics of protein 5, 6, 7, &, 9, 10,
11,12,13, 14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37, 38, 39,40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, or 55 (as set out

in Table II on page 15) for use as a chlamydial immunogen.
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. The use of a protein according to any one of claims 1 to 4, an antibody according to claim
5, and/or nucleic acid according to any one of claims 6 to 9, in the manufacture of a

medicament for treating or preventing infection due to Chlamydia.

The use of a protein according to any one of claims 1 to 4, an antibody according to claim
5, and/or nucleic acid according to any one of claims 6 to 9, in the manufacture of a
diagnostic reagent for detecting the presence of Chlamydia or of antibodies raised against

Chlamydia.

The use of a protein according to any one of claims 1 to 4, an antibody according to claim
5, and/or nucleic acid according to any one of claims 6 to 9, in the manufacture of a

reagent which can raise antibodies against Chlamydia.

A method of treating a patient, comprising administering to the patient a therapeutically
effective amount of a protein according to any one of claims 1 to 4, an antibody according

to claim 5, and/or nucleic acid according to any one of claims 6 to 9.

A process for producing a protein according to any one of claims 1 to 4, comprising the
step of culturing a host cell according to claim 11 under conditions which induce protein

expression.

A process for producing a protein according to any one of claims 1 to 4 or nucleic acid
according to any one of claims 6 to 9, wherein the protein or nucleic acid is synthesised in

part or in whole using chemical means.

A process for detecting nucleic acid according to claim any one of claims 6 to 9,
comprising the steps of: (a) contacting a nucleic acid probe with a biological sample under

hybridising conditions to form duplexes; and (b) detecting said duplexes.

A process for detecting a protein according to any one of claims 1 to 4, comprising the
steps of: (a) contacting an antibody according to claim 5 with a biological sample under
conditions suitable for the formation of an antibody-antigen complexes; and (b) detecting

said complexes.

A process for detecting an antibody according to claim 5, comprising the steps of: (a)
contacting a protein according to any one of claims 1 to 4 with a biological sample under
conditions suitable for the formation of an antibody-antigen complexes; and (b) detecting

said complexes.

A kit comprising reagents suitable for use in a process according to any one of claims 21 to 23.
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