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CHLAMYDIA PNEUMONIAE GENOMIC SEQUENCE AND POLYPEPTIDES,
FRAGMENTS THEREOF AND USES THEREOF, IN PARTICULAR FOR THE DIAGNOSIS

PREVENTION AND TREATMENT OF INFECTION

The subject of the invention 1s the genomic sequence and the nucleotide sequences
encoding polypeptides of Chlamydia pneumoniae, such as cellular envelope polypeptides, which are:
secreted or specific, or which are involved in metabolism, in the replication process or in virulence,
polypeptides encoded by such sequences, as well as vectors including the said sequences and cells or
animals transformed with these vectors. The invention also relates to transcriptional gene products of
the Chlamydia pneumoniae genome, such as, for example, antisense and ribozyme molecules, which
can be used to control growth of the microorganism. The invention also relates to methods of
detecting these nucleic acids or polypeptides and kits for diagnosing Chlamydia pneumoniae infection.
The invention also relates to a method of selecting compounds capable of modulating bacterial
infection and a method for the biosynthesis or biodegradation of molecules of interest using the said
nucleotide sequences or the said polypeptides. The invention finally comprises, pharmaceutical, in
particular vaccine, compositions for the prevention and/or treatment of bacterial, in particular
Chlamydia pneumoniae, infections.

Comparative analysis of the sequence of the gene encoding the ribosomal 16S RNA has
been widely used for the phylogenetic study of prokaryotes. This approach has made it possible to
classify the Chlamydiae among the eubacteria, among which they represent a well-isolated group,
with, nevertheless, a very weak link with the planctomyces. The Chlamydiae thus exhibit some unique
characteristics within the eubacteria, 1n particular their development cycle and the structure of their
membranes. They have a unique two-phase cell cycle: the elementary body, a small extracellular form,
attaches to the host and is phagocytosed; in the phagosome, it is converted to the replicative
intracellular form, the reticulate body. The Chlamydiae are obligate intracellular bacteria which
multiply in eukaryotic cells at the expense of their energy reserves and nucleotide pools; they are
responsible for a wide variety of diseases in mammals and birds. The Chlamydiae are the only
members of the order Chlamydiales, of the family Chlamydiaceae and of the genus Chlamydia. Within
the genus Chlamydi&, four species are currently described: Chlamydia trachomatis, Chlamydia
psittaci, Chlamydia pneumoniae and Chlamydia pecorum. These bacteria are grouped together and
share biological and biochemical properties. Among them, only the first three infect humans,
Chlamydia pecorum being a pathogen of ruminants.

The species Chlamydia psittaci infects many animals, in particular birds, and is

transmissible to humans. It 1s responsible for atypical pneumonia, for hepatic and renal dysfunction,

for endocarditis and for conjunctivitis.
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The species Chlamydia trachomatis 1s the best characterized. Besides a murine strain,
it is divided into two groups which are distinguishable by the nature of the diseases for which they are
responsible: trachoma, genital attack and venereal lymphogranulomatosis. There are fifteen human
serotypes of Chlamydia trachomatis (A, K) and LGV (L1, L2, L3). Strains A to C are mainly found in
eye infections, whereas strains D to K and LGV are essentially responsible for genital entry infections.
It should be mentioned that the LGV strains are responsible for systemic diseases. Historically, it was
in 1906 that Halberstaeder and Von Provaseck discovered, in trachoma patients, the presence of
inclusions in the cytoplasm of the cells derived from conjunctival scrapings. In 1940, Rake and Jones
described these same inclusions in certain cells obtained by puncturing the ganglia from a patient
suffering from venereal granulomatosis.  Characterization of the Chlamydia trachomatis
microorganism was only successfully carried out in 1957, after a series of isolations in cell cultures.

It was in 1983 that Chlamydia pneumoniae was recognized as a human pathogen
(Grayston JT et al.,, 1986); since then, special attention has been paid to this bacterium and it is
estimated (Gaydos CA et al., 1994) that 10% of pneumonias, and 5% of bronchitides and sinusites are
attributable to Chlamydia pneumoniae (Aldous MB et al., 1992). More recently, the association of

this bacterium with the pathogenesis of asthmatic disease and of cardiovascular impairments is

increasingly of interest.

Serological studies have made it possible to observe that Chlamydia pneumoniae
infection is common in children between 5 and 16 years of age. Before this age, it is rare to find
antibodies; the increase in the number of individuals carrying antibodies 1s then correlated with age up
to 20 years. Accordingly, 50% of adults are carmers of antibodies, it being possible for this prevalence
to be as high as 75%. These figures are all the more striking since a first infection induces antibody
levels of which the persistence over time 1s limited to 3 or at most 5 years, which suggests frequent
reinfection during the entire lifespan. The annual seroconversion rate is about 8% between 8 and
12 years and about 6% between 12 and 16 years (Haidl et al., 1994). Before the age of 15 years, the
seroprevalence of the disease 1s 1dentical between both sexes. After this age, men are more frequently
infected than women; this 1s true in all regions worldwide where such studies have been carried out.

These infections are geographically highly widespread, as shown by numerous studies
carmnied out throughout the world (Kanamoto Y etal., 1991; Tong CY etal.,, 1993). Developed

countries of the north such as Canada, Denmark and Norway have the lowest infection rates;

conversely, the highest prevalence rates are found in the less developed countries of tropical regions

where the infection may occur before the age of 5 years.

Humans are the only known reservoir for Chlamydia pneumoniae and it is probable that
the infection is caused by direct transmission, respiratory secretions probably being responsible for
this low-yield transmission (Aldous et al., 1992). The chain of transmission may also appear to be
indirect (Kleemola M et al., 1988), suggesting that the infection is caused by an effective transmission,

but also that asymptomatic carriers exist, which could explain the high prevalence of the disease.



10

15

20

25

30

35

CA 02307846 2000-04-28

WO 99/27105 PCT/IB98/01890
. |
Other studies (Mordhorst CH et al.,, 1992) show that the efficiency of the transmission varies
according to the individuals and list cases of infection affecting all or the majority of members of one
family or of a group of families. The period of incubation is several weeks, significantly longer in this
regard than that of many other respiratory pathogenic agents. Although under conditions of high
relative humidity the infectivity of Chlamydia pneumoniae in the open air decreases rapidly,
suggesting a direct mode of transmission under these conditions, 1t is probable that the transmission

occurs In some cases indirectly since the microorganism can survive for up to 30 hours in a hostile

environment (Falsey et al., 1993).

Clinical manifestations due to Chlamydia pneumoniae are essentially respiratory
diseases. Pneumonia and bronchitis are the most frequent because they are clinically patent: since
etiological diagnosis 1s evoked in this case, the infectious agent is identified. The asymptomatic
diseases are probably numerous (Grayston JT et al., 1992; Grayston JT et al., 1986, Thom DH et al.,
1990). The disease then progresses via bronchitis or pneumonia; fever is absent at the time of
examination but is sometimes reported by the patient. The degree of seriousness of the disease is
variable and in hospitalized patients, it 1s common to observe pleural effusion; a generalized infection
may also be observed and, in severe cases, anatomicopathological examination shows Chlamydia
pneumoniae diseases.

Other syndromes such as sinusitis (Hashiguchi K et al., 1992), purulent otitis media
(Ogawa H et al., 1992), or pharyngitis (Huovinen P et al., 1989) have been described, as well as
infections with respiratory impairments similar to asthma (Hahn DL etal, 1991). Chlamydia
pneumoniae has also been associated with sarcoidosis, with erythema nodosum (Sundelof et al., 1993)
and one case of Guillain-Barré syndrome has even been described (Haidl et al., 1992). The
involvement of Chlamydia pneumoniae in Reiter’s syndrome has also been evaluated (Braun J et al.,
1994).

The association of Chlamydia pneumoniae with coronary diseases and with myocardial
infarction was first suspected from the observation of the high antibody level in 71% of patients
having a heart disease (Shor A etal, 1992; Kuo CC etal., 1993; Puolakkainen M et al., 1993;
Thomas GN et al., 1997). Studies camed out in several countries have shown similar results in
patients with atheromatous impairments (Shor A et al., 1992; Kuo CC et al., 1993; Puolakkainen M
et al., 1993; Grayston JT et al., 1996; Casas-Ciria J et al., 1996, Thomas GN et al., 1997; Jackson LA
et al., 1997) and 1n patients with carotid impairments. Anatomicopathological and microbiological
studies have detected Chlamydia pneumoniae in the vessels. The electron microscope has made it
possible to visualize the bacterrum (Ladany S et al., 1989), which has in fact been demonstrated by
other techmques such as PCR (Campbell LA et al.,, 1992; Kuo CC et al., 1993; Kuo CC et al., 1988). It
also appears that the bacterium is more frequently found in old atheromatous lesions. Other studies
carried out on young subjects from 15 to 35 years have given the opportunity to study the coronary

arteries of people without atherosclerosis, this observation not being possible in older subjects (the
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onset of the atheromatous disease 1s early). In these young subjects, the PCR studies did not find

Chlamydia pneumoniae in subjects free of atheromatous disease, but revealed the presence of

Chlamydia pneumoniae in two of the eleven subjects who showed early lesions and 1n six of the seven

subjects who developed atheroma plaques. These studies therefore show that the atheroma plaque 1s
5 very strongly correlated with the presence of Chlamydia pneumoniae, but the role played by the

bacterium in vascular pathology is not yet defined.

The data relating to controlled clinical studies analysing the effect of treatments in
Chlamydia pneumoniae infections are limited in number. Unlike penicillin, ampicillin or the
sulphamides, erythromycin, tetracycline or doxycycline show an antibiotic activity in vitro against

10 Chlamydia pneumoniae. However, a treatment at high doses should be continued for several weeks 1n
order to avoid a recurrence of the infection. Accordingly, the use of two new macrolides,
clarithromycin and azithromycin, whose diffusion, bioavailability and half-life allow shorter and better
tolerated cures, is nowadays preferred. In the absence of definitive proof based on the results of
clinical studies, an effective, without recurrences, and well-tolerated treatment of Chlamydia

15 pneumoniae infections therefore remains desirable.

An even more important need up until now relates to a specific and sensitive diagnosis,
which can be carried out conveniently and rapidly, allowing early screening for the infection. Methods
based on Chlamydia pneumoniae culture are slow and require a considerable know-how because of the
difficulty involved in the collection, preservation and storage of the strain under appropriate

20 conditions. Methods based on antigen detection (EI1A, DFA) or on nucleic acid amplification (PCR)
provide tests which are more suitable for laboratory practice. A reliable, sensitive and convenient test,
which allows distinction between serogroups and a fortiori between Chlamydia pneumoniae species 18
therefore highly desirable.

This 1s all the more important since the symptoms of Chlamydia pneumoniae infection

25 appear slowly, since all the pathologies associated with these infections have not yet been identified,

and since, as has been mentioned above, an association is suspected between these infections and

serious chronic infections, asthma or atherosclerosis.

No vaccine is yet available against Chlamydia pneumoniae: this 1s due to the labile nature
of the antigens specific to the strain, which has so far prevented their specific identification.
30 Although the number of studies and of animal models developed 1s high, the antigens
used have not induced sufficient protective immunity to lead to the development of human vaccines.
In the case of Chlamydia pneumoniae, the role of the immune defense in the physiology and pathology
of the disease should probably be understood in order to develop satisfactory vaccines.
More detailed information relating to the biology of these strains, their interactions with
35 their hosts, the associated phenomena of infectivity and those of escaping the immune defenses of the
host in particular, and finally their involvement in the development of the these associated pathologies,

will allow a better understanding of these mechanisms. In the light of the preceding text which shows
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in particular the limitations of the means of controlling Chlamydia pneumoniae infection, it 1s
therefore at present essential, on the one hand, to develop molecular tools, in particular from a better
genetic knowledge of Chlamydia pneumoniae, but also to develop new preventive and therapeutic
treatments, new diagnostic methods and new vaccine strategies which are specific, effective and
tolerated. This is precisely the object of the present invention.

The subject of the present invention 1s the nucleotide sequence having the sequence
SEQ ID No. 1 of the Chlamydia pneumoniae genome. However, the invention is not limited to SEQ
ID No. 1, but encompasses genomes and nucleotides encoding polypeptides of strain vanants,

polymorphisms, allelic variants, and mutants.

Thus, the subject of the present invention encompasses nucleotide sequences

characterized in that they are chosen from:

a) the nucleotide sequence of SEQ ID No. 1, a nucleotide sequence exhibiting at least

99.9% 1dentity with the sequence SEQ ID No. 1, the nucleotide sequence of the genomic

DNA contained within ATCC Deposit No. ___, the nucleotide sequence of a clone insert
within ATCC Deposit No. __;

b) a nucleotide sequence homologous to the sequence SEQ ID No. 1;

c) a polynucleotide sequence that hybridizes to the nucleotide sequence of a) under

conditions of high or intermediate stringency as described below:

(i) By way of example and not limitation, procedures using conditions of high stringency are
as follows: Prehybridization of filters containing DNA is carried out for 8 h to overmight at 65EC in
buffer composed of 6X SSC, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll,
0.02% BSA, and 500 ug/ml denatured salmon sperm DNA. Filters are hybnidized for 48 h at 65EC,
the preferred hybridization temperature, 1n prehybridization mixture containing 100 ug/ml denatured

salmon sperm DNA and 5-20 X 10° cpm of **P-labeled probe. Alternatively, the hybridization step
can be performed at 65EC 1n the presence of SSC buffer, 1 x SSC corresponding to 0.15M NaCl and

0.05 M Na citrate. Subsequently, filter washes can be done at 37EC for 1 h in a solution containing

2X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA, followed by a wash in 0.1X SSC at S0EC for 45

min. Alternatively, filter washes can be performed in a solution containing 2 x SSC and 0.1% SDS, or

0.5 x SSC and 0.1% SDS, or 0.1 x SSC and 0.1% SDS at 68EC for 15 minute intervals. Following
the wash steps, the hybndized probes are detectable by autoradiography. Other conditions of high

stringency which may be used are well known in the art and as cited in Sambrook et al., 1989,
Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Press, N.Y ., pp. 9.47-
9.57.; and Ausubel et al., 1989, Current Protocols in Molecular Biology, Green Publishing Associates
and Wiley Interscience, N.Y. are incorporated herein in their entirety.

(11) By way of example and not limitation, procedures using conditions of intermediate

stringency are as follows: Filters containing DNA are prehybridized, and then hybndized at a
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temperature of 60EC in the presence of a 5 x SSC buffer and labeled probe. Subsequently, filters

washes are performed in a solution containing 2x SSC at 50EC and the hybndized probes are

detectable by autoradiography. Other conditions of intermediate stringency which may be used are
well known in the art and as cited in Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual,
Second Edition, Cold Spring Harbor Press, N.Y., pp. 9.47-9.57; and Ausubel et al., 1989, Current
Protocols in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. are
incorporated herein in their entirety.

d) a nucleotide sequence complementary to the sequence SEQIDNo.1 or

complementary to a nucleotide sequence as defined in a), b) or c¢) and a nucleotide

sequence of their corresponding RNA;

e) a nucleotide sequence of a representative fragment of the sequence SEQ ID No. 1, or of

a representative fragment of the nucleotide sequence as defined in a), b), ¢) or d);

f) a nucleotide sequence comprising a sequence as defined in a), b), ¢), d) or e);

g) a nucleotide sequence capable of being obtained from a nucleotide sequence as defined

in a), b), ¢), d), e) or {); and

h) a modified nucleotide sequence of a nucleotide sequence as defined in a), b), ¢), d), e),

f) or g).

Nucleotide sequence, polynucleotide or nucleic acid are understood to mean, according to
the present invention, either a double-stranded DNA, a single-stranded DNA or products of
transcription of the said DNAs.

It should be understood that the present invention does not relate to the genomic
nucleotide sequences of Chlamydia pneumoniae taken in their natural environment, that is to say in the
natural state. They are sequences which may have been isolated, purified or partially purified, by
separation methods such as, for example, 1on-exchange chromatography, molecular size exclusion
chromatography or affinity chromatography, or alternatively fractionation techniques based on
solubility in various solvents, or by genetic engineering methods such as amplification, cloning or
subcloning, it being possible for the sequences of the invention to be carried by vectors.

The nucleotide sequence SEQ ID No.1 was obtained by sequencing the Chlamydia
pneumoniae genome by the method of directed sequencing after fluorescent automated sequencing of
the inserts of clones and assembling of these sequences of nucleotide fragments (inserts) by means of
softwares (cf. Examples). In spite of the high precision of the sequence SEQ ID No. 1, it is possible
that it does not perfectly, 100% represent the nucleotide sequence of the Chlamydia pneumoniae
genome and that a few rare sequencing errors or uncertainties still remain in the sequence
SEQ ID No. 1. In the present invention, the presence of an uncertainty for an amino acid is designated

by “Xaa” and that for a nucleotide is designated by “N” in the sequence listing below. These few rare

errors or uncertainties could be easily detected and corrected by persons skilled in the art using the

entire chromosome and/or its representative fragments according to the invention and standard
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amplification, cloning and sequencing methods, it being possible for the sequences obtained to be
easily compared, in particular by means of a computer software and using computer-readable media
for recording the sequences according to the invention as described, for example, below. After
correcting these possible rare errors or uncertamnties, the corrected nucleotide sequence obtained would

still exhibit at least 99.9% identity with the sequence SEQID No.1. Such rare sequencing

uncertainties are not present within the DNA contained within ATCC Deposit No. __ or and

whatever rare sequence uncertainties that exist within SEQ ID No. 1 can routinely be corrected

utilizing the DNA of the ATCC deposits.

Homologous nucleotide sequence for the purposes of the present invention 1s understood
to mean a nucleotide sequence having a percentage identity with the bases of the nucleotide sequence
SEQ ID No. 1 of at least 80%, preferably 90% and 95%, this percentage being purely statistical and it
being possible for the differences between the two nucleotide sequences to be distributed randomly
and over their entire length. The said homologous sequences exhibiting a percentage identity with the
bases of the nucleotide sequence SEQ ID No. 1 of at least 80%, preferably 90% and 95%, may
comprise, for example, the sequences corresponding to the genomic sequence or to the sequences of
its representative fragments of a bacterium belonging to the Chlamydia family, including the species
Chlamydia trachomatis, Chlamydia psittaci and Chlamydia pecorum mentioned above, as well as the
sequences corresponding to the genomic sequence or to the sequences of its representative fragments
of a bacterium belonging to the variants of the species Chlamydia pneumoniae. In the present
invention, the terms family and genus are mutually interchangeable, the terms vanant, serotype, strain
and subspecies are also mutually interchangeable. These homologous sequences may thus correspond
to variations linked to mutations within the same species or between species and may correspond in
particular to truncations, substitutions, deletions and/or additions of at least oné nucleotide. The said
homologous sequences may also correspond to variations linked to the degeneracy of the genetic code
or to a bias in the genetic code which 1s specific to the family, to the species or to the variant and
which are likely to be present in Chlamydia.

Protein and/or nucleic acid sequence homologies may be evaluated using any of the
variety of sequence comparison algorithms and programs known in the art. Such algorithms and
programs include, but are by no means himited to, TBLASTN, BLASTP, FASTA, TFASTA, and
CLUSTALW (Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85(8):2444-2448; Altschul et
al., 1990, J. Mol. Biol. 215(3):403-410; Thompson et al., 1994, Nucleic Acids Res. 22(2):4673-4680;
Higgins et al., 1996, Methods Enzymol. 266:383-402; Altschul et al., 1990, J. Mol. Biol. 215(3):403-
410; Altschul et al., 1993, Nature Genetics 3:266-272).

In a particularly preferred embodiment, protein and nucleic acid sequence homologies are
evaluated using the Basic Local Alignment Search Tool ("BLAST") which is well known in the art
(see, e.g., Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87.2267-2268; Altschul er al., 1990,
J. Mol. Biol. 215:403-410; Altschul et al., 1993, Nature Genetics 3:266-272; Altschul er al., 1997,
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Nuc. Acids Res. 25:3389-3402). In particular, five specific BLAST programs are used to perform the

following task:

(DBLASTP and BLLAST3 compare an amino acid query sequence against a protein

sequence database;

(2)BLASTN compares a nucleotide query sequence against a nucleotide sequence

database;

(3)BLASTX compares the six-frame conceptual translation products of a query
nucleotide sequence (both strands) against a protein sequence database;

()TBLASTN compares a query protein sequence against a nucleotide sequence database

translated in all six reading frames (both strands); and
(5)TBLASTX compares the six-frame translations of a nucleotide query sequence against

the six-frame translations of a nucieotide sequence database.

The BLAST programs identify homologous sequences by identifying similar segments, which are

referred to herein as "high-scoring segment pairs,” between a query amino or nucleic acid sequence

and a test sequence which is preferably obtained from a protein or nucleic acid sequence database.

High-scoring segment pairs are preferably identified (i.e., aligned) by means of a scoring matrix, many

of which are known in the art. Preferably, the scoring matrix used is the BLOSUMG62 matrix (Gonnet
et al., 1992, Science 256:1443-1445; Henikoff and Henikoff, 1993, Proteins 17:49-61). Less

preferably, the PAM or PAM250 matrices may also be used (see, e.g., Schwartz and Dayhoff, eds.,

1978, Matrices for Detecting Distance Relationships: Atlas of Protein Sequence and Structure,

Washington: National Biomedical Research Foundation)

The BLAST programs evaluate the statistical significance of all high-scoring segment

pairs identified, and preferably selects those segments which satisfy a user-specified threshold of

significance, such as a user-specified percent homology. Preferably, the statistical significance of a

high-scoring segment pair is evaluated using the statistical significance formula of Karlin (see, e.g.,

Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87.2267-2268).

Nucleotide sequence complementary to a sequence of the invention 1s understood to

mean any DNA whose nucleotides are complementary to those of the sequence of the invention, and

whose orientation is reversed (antiparallel sequence).

The present invention further comprises fragments of the sequences of a) through f),

above. Representative fragments of the sequences according to the invention will be understood to

mean any nucleotide fragment having at least 8 successive nucleotides, preferably at least 12

successive nucleotides, and still more preferably at least 15 or at least 20 successive nucleotides of the

sequence from which it is derived. It is understood that such fragments refer only to portions of SEQ

ID No. 1 that are not currently listed in a publicly available database.

Among these representative fragments, those capable of hybridizing under stringent

conditions with a nucleotide sequence according to the invention are preferred. Hybridization under
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stringent conditions means that the temperature and ionic strength conditions are chosen such that
they allow hybridization to be maintained between two complementary DNA fragments.
By way of illustration, high stringency conditions for the hybridization step for the

purposes of defining the nucleotide fragments described above, are advantageously the following.

The hybndization is carmed out at a preferred temperature of 65EC in the presence of

SSC buffer, 1 x SSC corresponding to 0.15 M NaCl and 0.05 M Na citrate. The washing steps may

be, for example, the following:

2 x SSC, 0.1% SDS at room temperature followed by three washes with 1 x SSC, 0.1% SDS;
0.5 x SSC, 0.1% SDS; 0.1 x SSC, 0.1% SDS at 68EC for 15 minutes.

Intermediate stringency conditions, using, for example, a temperature of 60EC in the

presence of a § x SSC buffer, or of low stringency, for example a temperature of SOEC in the presence

of a 5 x SSC buffer, respectively require a lower overall complementanty for the hybridization
between the two sequences.
The stringent hybridization conditions described above for a polynucleotide of about

300 bases in size will be adapted by persons skilled in the art for larger- or smaller-sized

oligonucleotides, according to the teaching of Sambrook et al., 1989.

Among the representative fragments according to the invention, those which can be used
as primer or probe in methods which make it possible to obtain homologous sequences or their
representative fragments according to the invention, or to reconstitute a genomic fragment found to be
incomplete in the sequence SEQ ID No. | or carrying an error or an uncertainty, are also preferred,
these methods, such as the polymerase chain reaction (PCR), cloning and sequencing of nucleic acid
being well known to persons skilled in the art. These homologous nucleotide sequences
corresponding to mutations or to inter- or intra-species variations, as well as the complete genomic
sequence or one of its representative fragments capable of being reconstituted, of course form part of
the invention.

Among the said representative fragments, those which can be used as primer or probe in

methods allowing diagnosis of the presence of Chlamydia pneumoniae or one of its associated

microorganisms as defined below are also preferred.

The representative fragments capable of modulating, regulating, inhibiting or inducing
the expression of a gene of Chlamydia pneumoniae or one of its associated microorganisms, and/or
capable of modulating the rephcation cycle of Chlamydia pneumoniae or one of its associated
microorganisms in the host cell and/or organism, are also preferred. Replication cycle is intended to
designate invasion, multiplication, intracellular localization, in particular retention in the vacuole and
inhibition of the process of fusion to the lysosome, and propagation of Chlamydia pneumoniae or one

of its associated microorganisms from host cells to host cells.

Among the said representative fragments, those corresponding to nucleotide sequences

corresponding to open reading frames, called ORF sequences (ORF for open reading frame), and
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encoding polypeptides, such as for example, but without being limited thereto, the ORF sequences

which will be later described, are finally preferred.

The representative fragments according to the invention may be obtained, for example,
by specific amplification, such as PCR, or after digestion, with appropriate restriction enzymes, of
nucleotide sequences according to the invention; these methods are in particular descnibed in the
manual by Sambrook et al., 1989. The said representative fragments may also be obtained by
chemical synthesis when they are not too large in size and according to methods well known to
persons skilled 1n the art. For example, such fragments can be obtained by isolating fragments of the
genomic DNA of ATCC Deposit No. ___ or a clone insert present at this ATCC Depo'sit No. __.

The representative fragments according to the invention may be used, for example, as
primer, to reconstitute some of the said representative fragments, in particular those in which a portion

of the sequence 1s likely to be missing or imperfect, by methods well known to persons skilled in the

art such as amplification, cloning or sequencing techniques.

Modified nucleotide sequence will be understood to mean any nucleotide sequence
obtained by mutagenesis according to techniques well known to persons skilled in the art, and
exhibiting modifications in relation to the normal sequences, for example mutations in the regulatory
and/or promoter sequences for the expression of a polypeptide, in particular leading to a modification
of the level of expression of the said polypeptide or to a modulation of the replicative cycle.

Modified nucleotide sequence will also be understood to mean any nucleotide sequence

encoding a modified polypeptide as defined below.

The subject of the present invention also includes Chlamydia pneumoniae nucleotide

sequences characterized in that they are chosen from a nucleotide sequence of an open reading frame
(ORF), that 1s, the ORF2 to ORF1297 sequences.

The ORF2 to ORF1297 nucleotide sequences are defined in Tables 1 and 2, infra, by
their position on the sequence SEQ ID No. 1. For example, the ORF2 sequence is defined by the
nucleotide sequence between the nucleotides at position 42 and 794 on the sequence SEQ ID No. 1,
ends included. ORF2 to ORF1297 have been identified via homology analyses as well as via analyses
of potential ORF start sites, as discussed in the examples below. It is to be understood that each
identified ORF of the invention comprises a nucleotide sequence that spans the contiguous nucleotide
sequence from the ORF stop codon immediately 3' to the stop codon of the preceding ORF and
through the 5' codon to the next stop codon of SEQ ID No.:1 in-frame to the ORF nucleotide
sequence. Table 2, infra, lists the beginning, end and potential start site of each of ORFs 1-1297. In
one embodiment, the ORF compnses the contiguous nucleotide sequence spanning from the potential
ORF start site downstream (that is, 3') to the ORF stop codon (or the ORF codon immediately adjacent

to and upstream of the ORF stop codon). ORF2 to ORF1297 encode the polypeptides of SEQ ID No.
2 to SEQ ID No. 1291 and of SEQ ID No. 6844 to SEQ ID No. 6849, respectively.

Upon introduction of minor frameshifts, certain individual ORFs can comprise larger
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“combined” ORFs. A lhist of such putative ‘“combined” ORFs is shown in Table 3, below.
For example, a combined ORF can comprise ORF 25, ORF 26 and ORF 27, including intervening in-
frame, nucleotide sequences. The order of ORFs (5' to 3'), within each “combined” ORF 1s as listed.
It is to be understood that when ORF2 to ORF1297 are referred to herein, such reference is also meant

to include “combined” ORFs. Polypeptide sequences encoded by such “combined” ORFs are also part

of the present invention.

Table 3

ORF 25, ORF 26, ORF 27,
ORF 28, ORF 29, ORF 30;
ORF 31, ORF 32;

ORF 33, ORF 35;

ORF 466, ORF 467;

ORF 468, ORF 469;

ORF 477, ORF 476, ORF 474;
ORF 480, ORF 482;

ORF 483, ORF 485, ORF 486, ORF 500;

- ORF 503, ORF 504, ORF 505;

ORF 506, ORF 507;

ORF 1211, ORF 647;

ORF 1286, ORF 1039;

ORF 691, ORF 690;

ORF 105, ORF 106;

ORF 170, ORF 171:0RF 394, ORF 393;
ORF 453, ORF 452, ORF 451;
ORF 526, ORF 525:

ORF 757, ORF 756, ORF 755;
ORF 856, ORF 855:

ORF 958, ORF 957:

ORF 915, ORF 914, ORF 913;
ORF 543, ORF 544;

ORF 1266, ORF 380;

ORF 745, ORF 744:

ORE 777, ORF 776;

ORF 343, ORF 1297, and representative fragments.

Table 1 also depicts the results of homology searches that compared the sequences of the
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polypeptides encoded by each of the ORFs to sequences present in public published databases.
It 1s understood that those polypeptides listed 1n Table 1 as exhibiting greater than about 95% identity

to a polypeptide present in a publicly disclosed database are not considered part of the present
invention; likewise 1n this embodiment, those nucleotide sequences encoding such polypeptides are
not considered part of the invention. In another embodiment, it 1s understood that those polypeptides
listed in Table 1 as exhibiting greater than about 99% i1dentity to a polypeptide present in a publicly
disclosed database are not considered part of the invention; likewise, in this embodiment, those
nucleotide sequences encoding such polypeptides are not considered part of the invention.

The invention also relates to the nucleotide sequences characterized in that they comprise

a nucleotide sequence chosen from:

a) an ORF2 to ORF1297, a “combined” ORF nucleotide sequence, the nucleotide sequence of the
genomic DNA contained within ATCC Deposit No. or the nucleotide sequence of a clone

insert in ATCC Deposit No. according to the invention;

b) a homologous nucleotide sequence exhibiting at least 80% 1dentity across an entire ORF2 to

ORF1297 nucleotide sequence according to the invention or as defined in a);

c) a polynucleotide sequence that hybridizes to ORF2 to ORFI1297 under conditions of high or

intermediate stringency as described below:

(i) By way of example and not limitation, procedures using conditions of high stringency are as
follows: Prehybridization of filters containing DNA is carried out for 8 h to overnight at 65EC 1n
buffer composed of 6X SSC, 50 mM Tns-HCI (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll,
0.02% BSA, and 500 pg/ml denatured salmon sperm DNA. Filters are hybridized for 48 h at 65EC,

the preferred hybndization temperature, in prehybndization mixture containing 100 pg/ml denatured

salmon sperm DNA and 5-20 X 10° cpm of **P-labeled probe. Alternatively, the hybridization step
can be performed at 65EC in the presence of SSC buffer, 1 x SSC corresponding to 0.15M NaCl and

0.05 M Na citrate. Subsequently, filter washes can be done at 37EC for 1 h in a solution containing

2X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA, followed by a wash in 0.1X SSC at S0EC for 45
min. Alternatively, filter washes can be performed in a solution containing 2 x SSC and 0.1% SDS, or

0.5 x SSC and 0.1% SDS, or 0.1 x SSC and 0.1% SDS at 68EC for 15 minute intervals. Following

the wash steps, the hybridized probes are detectable by autoradiography. Other conditions of high
stringency which may be used are well known in the art and as cited in Sambrook et al., 1989,
Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Press, N.Y., pp.
9.47-9.57, and Ausubel] et al.,, 1989, Current Protocols in Molecular Biology, Green Publishing
Associates and Wiley Interscience, N.Y. are incorporated herein in their entirety. Preferably, such

sequences encode a homolog of a polypeptide encoded by one of ORF2 to ORF1297. In one

embodiment, such sequences encode a Chlamydia pneumoniae polypeptide.

(1) By way of example and not limitation, procedures using conditions of intermediate
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stringency are as follows: Filters containing DNA are prehybridized, and then hybndized at a

temperature of 60EC in the presence of a 5 x SSC buffer and labeled probe. Subsequently, filters

washes are performed in a solution containing 2x SSC at 50EC and the hybndized probes are

detectable by autoradiography. Other conditions of intermediate stringency which may be used are
well known in the art and as cited in Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual,
Second Edition, Cold Spring Harbor Press, N.Y., pp. 9.47-9.57; and Ausubel et al., 1989, Current
Protocols in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. are
incorporated herein in their entirety. Preferably, such sequences encode a homolog of a polypeptide
encoded by one of ORF2 to ORF1297. In one embodiment, such sequences encode a Chlamydia

pneumoniae polypeptide.

d) complementary or RNA nucleotide sequence corresponding to an ORF2 to ORF1297 sequence

according to the invention or as defined in a), b) or c);

e) a nucleotide sequence of a representative fragment of an ORF2 to ORF1297 sequence according

to the invention or of a sequence as defined in a), b), ¢) or d);

f) a nucleotide sequence capable of being obtained from an ORF2 to ORF1297 sequence according

to the invention or as defined in a), b), ¢), d) or e); and
g) a modified nucleotide sequence of an ORF2 to ORF1297 sequence according to the mmvention or
as defined in a), b), ¢), d), e) or f);

As regards the homology with the ORF2 to ORF1297 nucleotide sequences, the
homologous sequences exhibiting a percentage identity with the bases of one of the ORF2 to
ORF1297 nucleotide sequences of at least 80%, preferably 90% and 95%, are preferred. Such
homologous sequences are identified routinely via, for example, the algorithms described above and in
the examples below. The said homologous sequences correspond to the homologous sequences as
defined above and may comprise, for example, the sequences corresponding to the ORF sequences of
a bacterium belonging to the Chlamydia family, including the species Chlamydia trachomatis,
Chlamydia psittaci and Chlamydia pecorum mentioned above, as well as the sequences corresponding
to the ORF sequences of a bacterium belonging to the variants of the species Chlamydia pneumoniae.
These homologous sequences may likewise correspond to vanations linked to mutations within the
same species or between species and may correspond in particular to truncations, substitutions,
deletions and/or additions of at least one nucleotide. The said homologous sequences may also
correspond to variations linked to the degeneracy of the genetic code or to a bias in the genetic code

which is specific to the family, to the species or to the variant and which are likely to be present 1n
Chlamydia.

The invention comprises polypeptides encoded by a nucleotide sequence according to the
invention, preferably by a rcpreéentative fragment of the sequence SEQ ID No. 1 and corresponding to
an ORF sequence, in particular the Chlamydia pneumoniae polypeptides, characterized in that they are

chosen from the sequences SEQ ID No. 2 to SEQ ID No. 1291 or SEQ ID No. 6844 to SEQ ID No.
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6849 and representative fragments thereof. However, the invention i1s not limited to

polypeptides encoded by ORFs mn SEQ ID No. 1 and its corresponding ORF sequences, but

encompasses polypeptides of strain varnants, polymorphisms, allelic variants, and mutants.

Thus, the invention also comprises the polypeptides characterized in that they comprise a

polypeptide chosen from:

a) a polypeptide encoded by a polynucleotide sequence in SEQ ID No. 1 (e.g., any polypeptide
encoded by a polynucleotide sequence corresponding to ORF2 to ORF1297 and/or representative

fragments thereof) according to the invention;

b) a polypeptide homologous to a polypeptide according to the invention, or as defined in a);

c) a polypeptide encoded by a polynucleotide sequence that hybndizes to SEQ ID No. 1 or ORF2 to
ORF1297 under high or intermediate stringency as described below:

(1) By way of example and not limitation, procedures using conditions of high stringency are as

follows: Prehybridization of filters containing DNA ts carried out for 8 h to overnight at 65EC in
buffer composed of 6X SSC, 50 mM Tns-HCI (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll,

0.02% BSA, and 500 pg/ml denatured salmon sperm DNA. Filters are hybridized for 48 h at 65EC,
the preferred hybridization temperature, in prehybridization mixture containing 100 pg/ml denatured

salmon sperm DNA and 5-20 X 10° cpm of “*P-labeled probe. Alternatively, the hybridization step
can be performed at 65EC in the presence of SSC buffer, 1 x SSC corresponding to 0.15M NaCl and

0.05 M Na citrate. Subsequently, filter washes can be done at 37EC for 1 h in a solution containing

2X SSC, 0.01% PVP, 0.01% Ficoll, and 0.01% BSA, followed by a wash in 0.1X SSC at SOEC for 45

min. Alternatively, filter washes can be performed in a solution containing 2 x SSC and 0.1% SDS, or

0.5 x SSC and 0.1% SDS, or 0.1 x SSC and 0.1% SDS at 68EC for 15 minute intervals. Following
the wash steps, the hybridized probes are detectable by autoradiography. Other conditions of high

stringency which may be used are well known in the art and as cited in Sambrook et al., 1989,
Molecular Cloning, A Laboratory Manual, Second Edition, Cold Spring Harbor Press, N.Y., pp. 9.47-
9.57; and Ausube] et al., 1989, Current Protocols in Molecular Biology, Green Publishing Associates
and Wiley Interscience, N.Y. are incorporated herein in their entirety. Preferably such polypeptide
represents a homolog of a polypeptide encoded by ORF2 to ORF1297. Preferably, such sequences
encode a homolog of a polypeptide encoded by one of ORF2 to ORF1297. 1In one embodiment, such
sequences encode a Chlamydia pneumoniae polypeptide.

- (1) By way of example and not limutation, procedures using conditions of intermediate

stringency are as follows: Filters containing DNA are prehybridized, and then hybridized at a
temperature of 60EC in the presence of a 5 x SSC buffer and labeled probe. Subsequently, filters

washes are performed Iin a solution containing 2x SSC at 50EC and the hybridized probes are

detectable by autoradiography. Other conditions of intermediate stringency which may be used are

well known in the art and as cited in Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual,
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Second Edition, Cold Spring Harbor Press, N.Y., pp. 9.47-9.57; and Ausubel et al., 1989, Current
Protocols in Molecular Biology, Green Publishing Associates and Wiley Interscience, N.Y. are
incorporated herein in their entirety. Preferably, such sequences encode a homolog of a polypeptide

encoded by one of ORF2 to ORF1297. In one embodiment, such sequences encode a Chlamydia

5 pneumoniae polypeptide.
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d) a fragment of at least 5 amino acids of a polypeptide according to the invention, or as defined in
a), b) orc);
e) a biologically active fragment of a polypeptide according to the invention, or as defined in a), b),
c) or d); and '
f) a modified polypeptide of a polypeptide according to the invention, as defined in a), b), ¢),d) or
e).
In the present description, the terms polypeptide, peptide and protein are interchangeable.
It should be understood that the invention does not relate to the polypeptides in natural
form, that is to say that they are not taken mn their natural environment but that they may have been
isolated or obtained by punfication from natural sources, or alternatively obtammed by genetic

recombination, or else by chemical synthesis and that they may, in this case, comprise nonnatural

amino acids, as will be described below.

Homologous polypeptide will be understood to designate the polypeptides exhibiting, in
relation to the natural polypeptide, certain modifications such as in particular a deletion, addition or
substitution of at least one amino acid, a truncation, an extension, a chimenc fusion, and/or a mutation,
or polypeptides exhibiting post-translational modifications. Among the homologous polypeptides,
those whose amino acid sequence exhibits at least 80%, preferably 90%, homology or 1dentity with the
amino acid sequences of the polypeptides according to the invention are preferred. In the case of a
substitution, one or more consecutive or nonconsecutive amino acids are replaced by “equivalent”
amino acids. The expression “equivalent” amino acid is intended here to designate any amino acid
capable of being substituted for one of the amino acids in the basic structure without, however,
essentially modifying the biological activities of the corresponding peptides and as will be defined
later.

Protein and/or nucleic acid sequence homologies may be evaluated using any of the
variety of sequence comparison algorithms and programs known in the art. Such algorithms and
programs include, but are by no means limited to, TBLASTN, BLASTP, FASTA, TFASTA, and
CLUSTALW (Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. USA 85(8):2444-2448; Altschul ez
al., 1990, J. Mol. Biol. 215(3).403-410; Thompson et al., 1994, Nucleic Acids Res. 22(2):4673-4680;
Higgins et al., 1996, Methods Enzymol. 266:383-402; Altschul ez al., 1990, J. Mol. Biol. 215(3):403-
410; Altschul et al., 1993, Nature Genetics 3:266-272).

In a particularly preferred embodiment, protein and nucleic acid sequence homologies are

evaluated using the Basic Local Alignment Search Tool ("BLAST") which is well know in the art (see,
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e.g., Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2267-2268; Altschul et al., 1990, J.
Mol. Biol. 215:403-410; Altschul et al., 1993, Nature Genetics 3:266-272; Altschul et al., 1997, Nuc.
Acids Res. 25:3389-3402). In particular, five specific BLAST programs are used to perform the

following task:

(1)BLASTP and BLAST3 compare an amino acid query sequence against a protein

sequence database;

(2)BLASTN compares a nucleotide query sequence against a nucleotide sequence

database,

(3 BLASTX compares the six-frame conceptual translation products of a query

nucleotide sequence (both strands) against a protein sequence database;

() TBLASTN compares a query protein sequence against a nucleotide sequence database

translated in all six reading frames (both strands); and

(5)TBLLASTX compares the six-frame translations of a nucleotide query sequence against

the six-frame translations of a nucleotide sequence database.

The BLAST programs identify homologous sequences by identifying similar segments, which are
referred to herein as "high-scoring segment pairs,” between a query amino or nucleic acid sequence
and a test sequence which is preferably obtained from a protein or nucleic acid sequence database.
High-scoring segment pairs are preferably identified (i.e., aligned) by means of a scoring matrix, many
of which are known in the art. Preferably, the scoring matrix used 1s the BLOSUM®62 matrix (Gonnet
et al., 1992, Science 256:1443-1445; Henikoff and Henikoff, 1993, Proreins 17.49-61). less
preferably, the PAM or PAM250 matrices may also be used (see, e.g., Schwartz and Dayhoff, eds.,
1978, Matrices for Detecting Distance Relationships: Atlas of Protein Sequence and Structure,
Washington: National Biomedical Research Foundation)

The BILLAST programs evaluate the statistical significance of all high-scoring segment
pairs identified, and preferably selects those segments which satisfy a user-specified threshold of
significance, such as a user-specified percent homology. Preferably, the statistical significance of a
high-scoring segment pair is evaluated using the statistical significance formula of Karlin (see, e.g.,
Karlin and Altschul, 1990, Proc. Natl. Acad. Sci. USA 87:2267-2268).

Equivalent amino acids may be determined either based on their structural homology
with the amino acids for which they are substituted, or on results of comparative tests of biological

activity between the various polypeptides which may be carried out.
By way of example, there may be mentioned the possibilities of substitutions which may
be carmied out without resulting in a substantial modification of the biological activity of the

corresponding modified polypeptides; the replacements, for example, of leucine with valine or
isoleucine, of aspartic acid with glutamic acid, of glutamine with asparagine, of arginine with lysine,
and the like, the reverse substitutions naturally being feasible under the same conditions.

The homologous polypeptides also correspond to the polypeptides encoded by the
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homologous nucleotide sequences as defined above and thus comprise in the present definition
the mutated polypeptides or polypeptides corresponding to inter- or intra-species variations which may
exist in Chlamydia, and which correspond 1n particular to truncations, substitutions, deletions and/or
additions of at least one amino acid residue.
Biologically active fragment of a polypeptide according to the invention will be

understood to designate in particular a polypeptide fragment, as defined below, exhibiting at least one

of the characteristics of the polypeptides according to the invention, in particular in that 1t is:

- capable of eliciting an immune response directed against Chlamydia pneumoniae; and/or

- capable of being recognized by an antibody specific for a polypeptide according to the invention;
and/or

- capable of binding to a polypeptide or to a nucleotide sequence of Chlamydia pneumoniae; and/or

- capable of modulating, regulating, inducing or inhibiting the expression of a gene of Chlamydia
pneumoniae or one of its associated microorganisms, and/or capable of modulating the
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