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CHLAMYDIAL ANTIGENS AS REAGENTS
FOR DIAGNOSIS AND TREATMENT OF
CHLAMYDIAL INFECTION AND DISEASE

[0001] This application claims the benefit, under 35 U.S.C.
§119(e), of U.S. Provisional Application Ser. No. 60/926,
997, filed May 1, 2007, the entire contents of which are
incorporated herein by reference.

STATEMENT OF GOVERNMENT SUPPORT

[0002] The present invention was funded in part by govern-
ment support under grant number RO1 A164537 from the
National Institutes of Health. The United States Government
has certain rights in this invention.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to the field of diagno-
sis of chlamydial infection and disease as well as treatment/
prevention of chlamydial infection and disease.

[0005] 2. Background Art

[0006] Chlamydia trachomatis infection is a leading cause
of sexually transmitted bacterial diseases. Although antibiot-
ics can be used effectively to treat chlamydial infection, it is
hard to determine when and whom to treat due to the asymp-
tomatic nature of the infection. Once persistent infection
occurs and pathologies develop, it can be too late to treat.
Thus, there exists a need in the art for more rapid and accurate
diagnostics and more effective and available therapeutics for
treatment and/or prevention of Chlamydia infection and dis-
ease.

[0007] The present invention overcomes previous short-
comings in the art by providing chlamydial antigens that can
be used to develop rapid and convenient means for diagnosing
chlamydial invention and to design effective treatment pro-
tocols and vaccines for treating and preventing chlamydial
infection and diseases.

[0008] The antigens of the present invention have been
identified by an approach employing fusion proteins covering
the entire genome as antigens to screen human antibody
responses, thereby allowing for a more accurate determina-
tion of the relative immunodominance of chlamydial anti-
gens. Prior studies have used either predefined antigens or
denatured antigens derived from whole organisms for similar
analyses. For example, antibody responses to C&681
(MOMP) have been linked to protective immunity, while
antibody responses to CT110 (HSP60) have been linked to
chlamydial pathogenicity. The more comprehensive
approach employed in the present invention allows for the
identification of more relevant and important chlamydial anti-
gens.

[0009] By co-relating the antibody response profiles with
patient clinical symptomology, antigens can be identified that
are involved in pathogenesis and can thus be developed as
diagnostic markers. Furthermore, antigens can be identified
that are involved in protective immunity for use as vaccine
candidates,

SUMMARY OF THE INVENTION

[0010] The present invention overcomes previous short-
comings in the art by providing, in one embodiment, a com-
position comprising an isolated Chklamydia trachomatis
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CT806 protein or a homologue of CT806 protein from a
different Chlamydia species, or an immunogenic fragment
thereof in a pharmaceutically acceptable carrier.

[0011] Further provided herein is a composition compris-
ing an isolated Chlamydia trachomatis CT823 protein or a
homologue of CT823 protein from a different Chlamydia
species; or an immunogenic fragment thereof in a pharma-
ceutically acceptable carrier.

[0012] Additionally provided herein is a composition com-
prising an isolated Chlamydia trackomatis CT841 protein or
a homologue of CT841 protein from a different Chlamydia
species, or an immunogenic fragment thereof in a pharma-
ceutically acceptable carrier.

[0013] In additional embodiments, the present invention
provides a composition comprising an isolated Chlamydia
trachomatis pCTO3 protein or a homologue of pCTO03 protein
from a different Chlamydia species, or an immunogenic frag-
ment thereof in a pharmaceutically acceptable carrier.
[0014] Furthermore, the present invention provides a com-
position comprising an isolated Chklamydia trachomatis
CT813 protein or a homologue of CT813 protein from a
different Chlamydia species, or an immunogenic fragment
thereof in a pharmaceutically acceptable carrier. It is under-
stood that the CT806, CT823, CT841, pCT03 and the CT813
protein of this invention, including immunogenic fragments
thereof and homologues thereof from a different Chlamydia
species (e.g., Chlamydia pneumoniae) can be present singly
or in any combination in the compositions of this invention.
These compositions can also comprise additional Chlamydia
proteins, homologues thereof and/or immunogenic fragments
thereof of this invention as described herein.

[0015] In some embodiments, the present invention pro-
vides a composition comprising two or more isolated
Chlamydia trachomatis proteins which can be: (a) CHO89
(CopN), (b) CT147 (EEA homology), (¢) CT226 (Inc), (d)
CT442 (15 kDa Crp), (e) CT443 (60 kDa CRP, OmeB), (f)
CT529 (Inc, CapA), (g) CT694 (HP, IB), (b) CT795 (HP, IB),
(1) CT8O06, (j) CT812 (pmpD), (k) CT813 (Inc), (1) CT823,
(m) CT841, (n) pCT03, an immunogenic fragment of any of
(a)-(n), a homologue of any of (a)-(n) from a different
Chlamydia species and any combination thereof.

[0016] Inadditional embodiments, the compositions of this
invention can further comprise an isolated Chlamydia tra-
chomatis protein which can be: (0) CT110 (HSP60), (p)
CT119 (IncA), (q) CT858 (CPAF), an immunogenic frag-
ment of any of (0)-(q), a homologue of (0)-(q) from a different
Chlamydia species and any combination thereof. The com-
positions of this invention can further comprise, consist
essentially of and/or consist of the isolated proteins listed in
Table I1, either singly, or in any combination with one another
and/or with any other protein and/or reagent of this invention.
[0017] Itis further contemplated that any of the composi-
tions of this invention can be present in a pharmaceutically
acceptable carrier and in certain embodiments, the composi-
tion can further comprise an adjuvant (e.g., CpG) and/or an
immunostimulant (e.g., an immunostimulatory cytokine such
as interleukin-12 (IL-12)), including any combination
thereof.

[0018] In additional embodiments of this invention, the
compositions of this invention can comprise a protein and/or
immunogenic fragment thereof of a different pathogenic
organism in any combination [e.g., a pathogenic organism
that is sexually transmitted, including but not limited to:
Trichomonas (e.g., Trichomonas vaginalis), a pathogenic
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yeast or fungus (e.g., Candida albicans), Neisseria (e.g., N.
gonorrhea), Treponema pallidum, and pathogenic viruses
(e.g., herpes simplex virus (HSV), human immunodeficiency
virus (HIV), human papilloma virus (HPV)]. The composi-
tions of the present invention can also comprise a protein
and/or immunogenic fragment from other Chlamydial spe-
cies, including but not limited to Chlamydia muridarium,
Chlamydia pneumoniae and Chlamydia caviae.

[0019] The present invention also provides various meth-
ods, including, for example, a method of detecting an anti-
body to Chliamydia in a sample, comprising: a) contacting the
sample with the composition of this invention under condi-
tions whereby an antigen/antibody complex can form; and b)
detecting antigen/antibody complex formation, thereby
detecting an antibody to Chlamydia in the sample.

[0020] Additionally provided herein is a method of diag-
nosing a Chlamydia infection in a subject, comprising: a)
contacting a sample from the subject with the composition of
this invention under conditions whereby an antigen/antibody
complex can form; and b) detecting antigen/antibody com-
plex formation, thereby diagnosing a Chlamydia infection in
the subject.

[0021] Further provided herein is a method of detecting a
Chlamydia protein in a sample, comprising: a) contacting the
sample with an antibody that specifically binds a protein or
immunogenic fragment thereof of this invention under con-
ditions whereby an antigen/antibody complex can form; and
b) detecting antigen/antibody complex formation, thereby
detecting a Chlamydia protein in the sample. Nonlimiting
examples of a sample of this invention can include vaginal
fluid, vaginal tissue, vaginal washing, vaginal swab, vaginal
discharge, cervical swab, cervical tissue urethral swab, ure-
thral discharge, rectal swab, rectal material, rectal washing,
urine, blood, serum, plasma, saliva, tears, skin swab, semen,
seminal fluid, sputum, bronchial fluid, bronchial washing,
peritoneal fluid, peritoneal washing, pleural fluid, pleural
washing, cerebrospinal fluid, eye fluid and/or tissue, lung
fluid and/or tissue and any combination thereof.

[0022] A method is also provided herein of diagnosing a
Chlamydia infection in a subject, comprising: a) contacting a
sample from the subject with an antibody that specifically
binds a protein or immunogenic fragment thereof of a com-
position of this invention under conditions whereby an anti-
gen/antibody complex can form; and b) detecting antigen/
antibody complex formation, thereby diagnosing a
Chlamydia infection in the subject.

[0023] In yet further embodiments, the present invention
provides a method of eliciting an immune response in a sub-
ject, comprising administering to the subject an effective
amount of a composition of this invention, thereby eliciting
an immune response in the subject.

[0024] Additionally provided is a method of treating and/or
preventing (i.e., inhibiting the development of) an infection
by Chlamydia in a subject, comprising administering to the
subject an effective amount of a composition of this inven-
tion, thereby treating and/or preventing an infection by
Chlamydia in the subject.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention is based on the unexpected
discovery of immunodominant proteins of Chlamydia tra-
chomatis. These immunodominant proteins have been iden-
tified by the screening fusion protein arrays described herein
in the EXAMPLES section. These immunodominant pro-
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teins, immunogenic fragments thereof and/or homologues of
these proteins or immunogenic fragments from other chlamy-
dial species can be employed in methods of detection and
diagnosis by identifying the presence of the protein or the
presence of an antibody to the protein in a sample, such as a
biological sample from a subject. Furthermore, these pro-
teins, immunogenic fragments there and/or homologues of
these proteins and/or immunogenic fragments thereof from
other chlamydial species can be employed in methods of
treating infection and disease caused by Chlamydia as well as
in methods of prophylaxis (e.g., as a vaccine) to prevent
infection and disease caused by Chlamydia.

[0026] Thus, as set forth herein, the present invention pro-
vides, in one embodiment, a composition comprising an iso-
lated Chlamydia trachomatis CT806 protein, CT823 protein,
CTg41 protein, pCTO3 protein CT813 protein, a homologue
of a CT806, CT823, CT841, pCTO3 or CT813 protein froma
different Chlamydia species, and/or an immunogenic frag-
ment thereof in a pharmaceutically acceptable carrier. These
proteins, homologues and immunogenic fragments can be
present in a composition of this invention in any combination
and in any ratio relative to one another.

[0027] The present invention further provides a composi-
tion comprising two or more isolated Chlamydia trachomatis
proteins which can be: (a) CHO89 (CopN), (b) CT147 (EEA
homology), (c) CT226 (Inc), (d) CT442 (15 kDa Crp), (e)
CT443 (60 kDa CRP, OmeB), (f) CT529 (Inc, CapA), (g)
CT694 (HP, IB), (b) CT795 (HP, IB), (i) CT806, (j) CT812
(pmpD), (k) CT813 (Inc), (1) CT823, (m) CT841, (n) pCTO3,
an immunogenic fragment of any of (a)-(n), a homologue of
any of (a)-(n) from a different Chlamydia species and any
combination thereof.

[0028] Inadditional embodiments, the compositions of this
invention can further comprise an isolated Chlamydia tra-
chomatis protein which can be: (0) CT110 (HSP60), (p)
CT119 (IncA), (q) CT858 (CPAF), an immunogenic frag-
ment of any of (0)-(q), a homologue of (0)-(q) from a different
Chlamydia species and any combination thereof. As noted
herein, the chlamydial proteins, immunogenic fragments and
homologues of this invention can be present in any combina-
tion and in any ratio relative to one another.

[0029] The present invention further provides an isolated
nucleic acid encoding a Chlamydia protein or immunogenic
fragment thereof of this invention, the nucleotide sequences
of which are well known in the art. Such nucleic acids can be
present in a vector (e.g., a viral vector such as vaccinia virus,
adenovirus, adeno-associated virus, lentivirus, herpes virus,
alphavirus vectors, etc., as are well known in the art), which
canbe present in a cell. The nucleic acids, vectors and/or cells
of this invention can be used in the methods of this invention.
For example, nucleic acid encoding a protein of this invention
can be detected by contacting a sample suspected of contain-
ing a nucleic acid of this invention with a nucleotide sequence
that is complementary to the nucleic acid (e.g., as a probe or
primer) under conditions whereby a hybridization complex
can form and detecting the formation of the hybridization
complex, thereby detecting the nucleic acid of this invention
in the sample. Nucleic acid hybridization protocols for detec-
tion of nucleic acids as well as diagnosis of infection and
disease are well known in the art.

[0030] In additional embodiments of this invention, the
chlamydial proteins listed in Table II can also be employed in
the methods and compositions of this invention, either singly
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orin any combination with one another and/or in combination
with any other chlamydial protein and/or reagent of this
invention.

[0031] The present invention further provides isolated
nucleic acids, vectors and cells of this invention for use in the
treatment and prevention methods described herein. Thus, in
particular embodiments, a nucleic acid of this invention
encoding a Chlamydia protein or immunogenic fragment
thereof of this invention can be introduced into a subject,
wherein the nucleic acid is expressed and the encoded product
is produced to elicit an immune response in the subject,
thereby treating or preventing a Chlamydia infection and/or
disease. Thus, the nucleic acids, vectors and/or cells of this
invention can be present in a composition comprising a phar-
maceutically acceptable carrier.

[0032] As used herein, “a,” “an” or “the” can mean one or
more than one. For example, “a” cell can mean a single cell or
a multiplicity of cells.

[0033] Also as used herein, “and/or” refers to and encom-
passes any and all possible combinations of one or more of the
associated listed items, as well as the lack of combinations
when interpreted in the alternative (“or”

[0034] Furthermore, the term “about,” as used herein when
referring to a measurable value such as an amount of a com-
pound or agent of this invention, dose, time, temperature, and
the like, is meant to encompass variations of +20%, +10%,
5%, 1%, £0.5%, or even +£0.1% of the specified amount.
[0035] As used herein, by “pharmaceutically acceptable” is
meant a material that is not biologically or otherwise unde-
sirable, i.e., the material may be administered to a subject
without causing appreciable undesirable biological effects.
Thus, such a pharmaceutical composition may be used, for
example, to prepare compositions for immunization. Physi-
ologically and pharmaceutically acceptable carriers may con-
tain other compounds including but not limited to stabilizers,
salts, buffers, adjuvants and/or preservatives (e.g., antibacte-
rial, antifungal and antiviral agents) as are known in the art.
The pharmaceutically acceptable carrier can be sterile in
some embodiments.

[0036] The term “isolated” as used herein means the pro-
tein or polypeptide or immunogenic fragment or nucleic acid
of this invention is sufficiently free of contaminants or cell
components with which polypeptides and/or nucleic acids
normally occur. “Isolated” does not mean that the preparation
is technically pure (homogeneous), but it is sufficiently pure
to provide the polypeptide or nucleic acid in a form in which
it can be used therapeutically.

[0037] “Epitope” or “antigenic epitope” or “antigenic pep-
tide” as used herein means a specific amino acid sequence of
limited length (e.g., 5-12 amino acids or 3-10 amino acids or
4-8 amino acids or 6-15 amino acids) which, when present in
the proper conformation, provides a reactive site for an anti-
body or T cell receptor. The identification of epitopes on
antigens can be carried out by immunology protocols that are
well known in the art. An “immunogenic fragment” of this
invention can comprise one, two, three, four or more epitopes
of a protein of this invention.

[0038] As used herein, the term “polypeptide” or “protein”
is used to describe a chain of amino acids that correspond to
those encoded by a nucleic acid. A polypeptide or protein of
this invention can be a peptide, which usually describes a
chain of amino acids of from two to about 30 amino acids. The
term polypeptide as used herein also describes a chain of
amino acids having more than 30 amino acids and can be a
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fragment or domain of a protein or a full length protein.
Furthermore, as used herein, the term polypeptide can refer to
alinear chain of amino acids or it can refer to a chain of amino
acids that has been processed and folded into a functional
protein. It is understood, however, that 30 is an arbitrary
number with regard to distinguishing peptides and polypep-
tides and the terms can be used interchangeably for a chain of
amino acids. The polypeptides of the present invention are
obtained by isolation and purification of the polypeptides
from cells where they are produced naturally, by enzymatic
(e.g., proteolytic) cleavage, and/or recombinantly by expres-
sion of nucleic acid encoding the polypeptides or fragments
of this invention. The polypeptides and/or fragments of this
invention can also be obtained by chemical synthesis or other
known protocols for producing polypeptides and fragments.
[0039] The amino acid sequences of this invention are pre-
sented in the amino to carboxy direction, from left to right.
Nucleotide sequences are presented herein by single strand
only, in the 5' to 3' direction, from left to right. However, it is
intended that the nucleic acids of this invention can be either
single or double stranded (i.e., including the complementary
nucleic acid). A nucleic acid of this invention can be the
complement of a nucleic acid described herein.

[0040] A “biologically active fragment” includes a
polypeptide of this invention that comprises a sufficient num-
ber of amino acids to have one or more of the biological
activities of the polypeptides of this invention. Such biologi-
cal activities can include, but are not limited to, in any com-
bination, binding activity and/or immunogenic activity, as
well as any other activity now known or later identified for the
polypeptides and/or fragments of this invention.

[0041] A fragment ofa polypeptide or protein of this inven-
tion can be produced by methods well known and routine in
the art. Fragments of this invention can be produced, for
example, by enzymatic or other cleavage of naturally occur-
ring peptides or polypeptides or by synthetic protocols that
are well known. Such fragments can be tested for one or more
of the biological activities of this invention according to the
methods described herein, which are routine methods for
testing activities of polypeptides, and/or according to any
art-known and routine methods for identifying such activi-
ties. Such production and testing to identify biologically
active fragments and/or immunogenic fragments of the
polypeptides described herein would be well within the scope
of one of ordinary skill in the art and would be routine.
[0042] As used herein, the term “antibody” includes intact
immunoglobin molecules as well as fragments thereof, such
as Fab, F(ab")2, and Fc, which are capable of binding the
epitopic determinant of an antigen (i.e., antigenic determi-
nant). Antibodies that bind the polypeptides of this invention
are prepared using intact polypeptides or fragments contain-
ing small peptides of interest as the immunizing antigen. The
polypeptide or fragment used to immunize an animal can be
derived from enzymatic cleavage, recombinant expression,
isolation from biological materials, synthesis, etc., and can be
conjugated to a carrier protein, if desired. Commonly used
carriers that are chemically coupled to peptides and proteins
for the production of antibody include, but are not limited to,
bovine serum albumin, thyroglobulin and keyhole limpet
hemocyanin. The coupled peptide or protein is then used to
immunize the animal (e.g., a mouse, rat, or rabbit). The
polypeptide or peptide antigens can also be administered with
an adjuvant, as described herein and as otherwise known in
the art.
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[0043] The term “antibody” or “antibodies” as used herein
refers to all types of immunoglobulins, including IgG, IgM,
IgA, IgD, and IgE. The antibody can be monoclonal or poly-
clonal and can be of any species of origin, including, for
example, mouse, rat, rabbit, horse, goat, sheep or human, or
can be a chimeric or humanized antibody. See, e.g., Walker et
al., Molec. Immunol. 26:403-11 (1989). The antibodies can be
recombinant monoclonal antibodies produced according to
the methods disclosed in U.S. Pat. No. 4,474,893 or U.S. Pat.
No. 4,816,567. The antibodies can also be chemically con-
structed according to the method disclosed in U.S. Pat. No.
4,676,980. The antibody can further be a single chain anti-
body or bispecific antibody.

[0044] Antibody fragments included within the scope of
the present invention include, for example, Fab, F(ab")2, and
Fc fragments, and the corresponding fragments obtained
from antibodies other than IgG. Such fragments can be pro-
duced by known techniques. For example, F(ab')2 fragments
can be produced by pepsin digestion of the antibody mol-
ecule, and Fab fragments can be generated by reducing the
disulfide bridges of the F(ab')2 fragments. Alternatively, Fab
expression libraries can be constructed to allow rapid and
easy identification of monoclonal Fab fragments with the
desired specificity (Huse et al., (1989) Science 254:1275-
1281).

[0045] Monoclonal antibodies can be produced in a hybri-
doma cell line according to the technique of Kohler and
Milstein, (1975) Nature 265:495-97. For example, a solution
containing the appropriate antigen can be injected into a
mouse and, after a sufficient time, the mouse sacrificed and
spleen cells obtained. The spleen cells are then immortalized
by fusing them with myeloma cells or with lymphoma cells,
typically in the presence of polyethylene glycol, to produce
hybridoma cells. The hybridoma cells are then grown in a
suitable medium and the supernatant screened for mono-
clonal antibodies having the desired specificity. Monoclonal
Fab fragments can be produced in bacterial cell such as E. coli
by recombinant techniques known to those skilled in the art.
See, e.g., W. Huse, (1989) Science 246:1275-81.

[0046] Antibodies can also be obtained by phage display
techniques known in the art or by immunizing a heterologous
host with a cell containing an epitope of interest.

[0047] The term “sample” as used herein is used in its
broadest sense. A biological sample suspected of containing a
polypeptide, fragment, antibody and/or nucleic acid of this
invention can be any biological fluid, an extract from a cell, an
extracellular matrix isolated from a cell, a cell (in solution or
bound to a solid support), a tissue, a tissue print, and the like.

[0048] A “pharmaceutically acceptable” component such
as asalt, carrier, excipient or diluent of a composition accord-
ing to the present invention is a component that (i) is compat-
ible with the other ingredients of the composition in that it can
be combined with the compositions of the present invention
without rendering the composition unsuitable for its intended
purpose, and (ii) is suitable for use with subjects as provided
herein without undue adverse side effects (such as toxicity,
irritation, and allergic response). Side effects are “undue”
when their risk outweighs the benefit provided by the com-
position. Non-limiting examples of pharmaceutically accept-
able components include, without limitation, any of the stan-
dard pharmaceutical carriers such as phosphate buffered
saline solutions, water, emulsions such as oil/water emulsion,
microemulsions and various types of wetting agents.
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[0049] As used herein, the term “consists essentially of”
(and grammatical variants) means that the immunogenic
composition comprises no other material immunogenic agent
other than the indicated agents. The term “consists essentially
of” does not exclude the presence of other components such
as adjuvants, immunomodulators, and the like.

[0050] The invention can be practiced to protect a subject
against infection and/or disease caused by chlamydial spe-
cies, including, for example Chlamydia trachomatis and
Chlamydia pneumoniae. By “protect,” “protecting,” and
“protection” and like terms it is meant any level of protection
which is of some benefit in a population of subjects, such that
there is a reduction in the incidence and/or the severity of the
discase among treated subjects, regardless of whether the
protection is partial or complete.

[0051] By “prime,” “primed” or “priming” (and grammati-
cal variations thereof) as used herein, it is meant to initiate an
active immune response that is less than the protective until a
second dose (booster) has given at a later time post hatch.
[0052] By “reduce,” “reduced,” “reducing,” and “reduc-
tion” (and grammatical variations thereof), as used herein, it
is meant a decrease in a chlamydial infection- or disease-
related parameter that is of some value or benefit.

[0053] The invention can also be practiced to induce an
immune response to Chlamydia. As used herein, the term
“Induce (or grammatical variations thereof) an immune
response against Chlamydia” is intended to encompass
agents that induce an immune response against the organism
itself and/or, e.g., toxins or secreted proteins produced by the
organism, by means of passive transfer and/or active immune
response. Optionally, the immune response that is induced is
a protective immune response, for example, in vaccination
methods. Protection is not required if there is some other
purpose for inducing the immune response, for example, for
research purposes or to produce antibody for passive immu-
nizations or as areagent (e.g., to detect, isolate and/or identify
Chlamydia species).

[0054] The terms “immunogenic amount” or “effective
amount” or “effective immunizing dose,” as used herein,
unless otherwise indicated, mean a dose of a composition of
this invention sufficient to induce a protective immune
response in the treated subject that is greater than the inherent
immunity of non-immunized subjects. An immunogenic
amount or effective amount or effective immunizing dose in
any particular context can be routinely determined using
methods known in the art.

[0055] In some embodiments, an effective immunizing
dose or immunogenic amount or effective amount can com-
prise one or more (e.g., two or three) doses of the immuno-
genic composition so as to achieve the desired level of pro-
tection.

[0056] The terms “vaccine,” “vaccination” or “immuniza-
tion” are well-understood in the art, and are used interchange-
ably herein. For example, the terms vaccine, vaccination or
immunization can be understood to be a process or composi-
tion that increases a subject’s immune reaction to antigen (by
providing an active immune response), and therefore its abil-
ity to resist, overcome and/or recover from infection (i.e., a
protective immune response).

[0057] The terms “protective immunity” or “protective
immune response,” as used herein, are intended to mean that
the host animal mounts an active immune response to the
immunogenic composition and/or that the immunogenic
composition provides passive immunity, such that upon sub-
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sequent exposure or a challenge, the animal is able to resist or
overcome infection and/or disease. Thus, a protective
immune response will decrease the incidence of morbidity
and/or mortality from subsequent exposure to the pathogen.
[0058] An “active immune response” or “active immunity”
is characterized by “participation of host tissues and cells
after an encounter with the immunogen. It involves differen-
tiation and proliferation of immunocompetent cells in lym-
phoreticular tissues, which lead to synthesis of antibody or
the development of cell-mediated reactivity, or both.” Herbert
B. Herscowitz, Immunophysiology: Cell Function and Cel-
lular Interactions in Antibody Formation, n IMMUNOL-
OGY: BASIC PROCESSES 117 (Joseph A. Bellanti ed.,
1985). Alternatively stated, an active immune response is
mounted by the host after exposure to immunogens by infec-
tion or by vaccination. Active immunity can be contrasted
with passive immunity, which is acquired through the “trans-
fer of preformed substances (antibody, transfer factor, thymic
graft, interleukin-2) from an actively immunized host to a
non-immune host.” Id.

[0059] A subject of this invention includes any animal sus-
ceptible to infection by Chlamydial species. Such a subject
can be a mammal (e.g., a laboratory animal such as a rat,
mouse, guinea pig, rabbit, primates, etc.), a farm or commer-
cial animal (e.g., a cow, horse, goat, donkey, sheep, etc.), a
domestic animal (e.g., cat, dog, ferret, etc.), an avian species
and in particular embodiments, is a human. A “subject in need
thereof” is a subject known to be, or suspected of being,
infected with Chlamydia. A subject of this invention can also
include a subject not previously known or suspected to be
infected by Chlamydia or in need of treatment for Chlamydia
infection. For example, a subject of this invention can be
administered the compositions of this invention even if it is
not known or suspected that the subject is infected with
Chlamydia (e.g., prophylactically). A subject of this inven-
tion is also a subject known or believed to be at risk of
infection by Chlamydia.

[0060] In certain embodiments, the fragments and/or
polypeptides of this invention can be fused with a “carrier”
protein or peptide to produce a fusion protein. For example,
the carrier protein or peptide can be fused to a polypeptide
and/or fragment of this invention to increase the stability
thereof (e.g., decrease the turnover rate) in the cell and/or
subject. Exemplary carrier proteins include, but are not lim-
ited to, glutathione-S-transferase or maltose-binding protein.
The carrier protein or peptide can alternatively be a reporter
protein. For example, the fusion protein can comprise a
polypeptide and/or fragment of this invention and a reporter
protein or peptide (e.g., green fluorescent protein (GFP),
[-glucoronidase, f-galactosidase, luciferase, and the like) for
easy detection. As a further alternative, the fusion protein
attached to the polypeptides and/or fragments and a carrier
protein or peptide can be targeted to a subcellular compart-
ment of interest, i.e., to affect the co-localization of the
polypeptide and/or fragment. Any suitable carrier protein as
is well known in the art can be used to produce a fusion
protein of this invention.

[0061] A variety of protocols for detecting the presence of
and/or measuring the amount of polypeptides, fragments and/
or peptides in a sample, using either polyclonal or mono-
clonal antibodies specific for the polypeptide, fragment and/
or peptide are known in the art. Examples of such protocols
include, but are not limited to, enzyme immunoassays (EI1A),
agglutination assays, immunoblots (Western blot; dot/slot
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blot, etc.), radioimmunoassays (RIA), immunodiffusion
assays, chemiluminescence assays, antibody library screens,
expression arrays, enzyme-linked immunosorbent assays
(ELISA), radioimmunoassays (RIA), immunoprecipitation,
Western blotting, competitive binding assays, immunofluo-
rescence, immunohistochemical staining precipitation/floc-
culation assays and fluorescence-activated cell sorting
(FACS). These and other assays are described, among other
places, in Hampton et al. (Serological Methods, a Laboratory
Manual, APS Press, St Paul, Minn. (1990)) and Maddox et al.
(/. Exp. Med. 158:1211-1216 (1993)).

[0062] The present invention further includes isolated
polypeptides, peptides, proteins and/or fragments that are
substantially equivalent to those described for this invention.
As used herein, “substantially equivalent” can refer both to
nucleic acid and amino acid sequences, for example a mutant
sequence, that varies from a reference sequence by one or
more substitutions (e.g., substitution with conservative amino
acids as are well known in the art), deletions and/or additions,
the net effect of which does not result in an undesirable
adverse functional dissimilarity between reference and sub-
ject sequences. In some embodiments, this invention can
include substantially equivalent sequences that have an
adverse functional dissimilarity. For purposes of the present
invention, sequences having equivalent biological activity
and equivalent expression characteristics are considered sub-
stantially equivalent.

[0063] The invention further provides homologues, as well
as methods of obtaining homologues, of the polypeptides
and/or fragments of this invention from other strains of
Chlamydia and/or other organisms included in this invention.
As used herein, an amino acid sequence or protein is defined
as a homologue of a polypeptide or fragment of the present
invention if it shares significant homology to one of the
polypeptides and/or fragments of the present invention. Sig-
nificant homology means at least 75%, 80%, 85%, 90%, 95%,
98% and/or 100% homology with another amino acid
sequence. Specifically, by using the nucleic acids that encode
the Chlamydial proteins of this invention (as are known in the
art and incorporated by reference herein), as a probe or
primer, and techniques such as PCR amplification and
colony/plaque hybridization, one skilled in the art can iden-
tify homologues of the polypeptides and/or fragments of this
invention in Chlamydia and/or other organisms on the basis of
information available in the art. As one non-limiting example,
alisting of Chlamydia pneumoniae proteins and the Chlamy-
dia trachomatis homologues of these proteins can be found in
U.S. Pat. No. 6,822,071, the entire contents of which are
incorporated by reference herein for these teachings.

[0064] The present invention also provides an antibody that
specifically binds the polypeptides and/or immunogenic frag-
ments of this invention, as well as a method of making an
antibody specific for a polypeptide and/or fragment of this
invention comprising: a) immunizing an animal with a
polypeptide and/or fragment of this invention under condi-
tions whereby the animal produces antibodies that specifi-
cally bind the polypeptide and/or fragment of this invention;
and b) removing biological materials comprising the antibod-
ies from the animal. Also provided herein is an antibody
produced by the methods set forth herein.

[0065] Antibodies of this invention can be generated using
methods that are well known in the art. Such antibodies and
immunoglobulin molecules of this invention can include, but
are not limited to, polyclonal antibodies, monoclonal anti-
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bodies, chimeric antibodies, humanized antibodies, single
chain antibodies (e.g., scFv), Fab fragments, and fragments
produced by a Fab expression library.

[0066] In general, techniques for preparing polyclonal and
monoclonal antibodies as well as hybridomas capable of pro-
ducing a desired antibody are well known in the art. Any
animal known to produce antibodies can be immunized with
a polypeptide, fragment and/or antigenic epitope of this
invention. Methods for immunization of animals to produce
antibodies are well known in the art. For example, such meth-
ods can include subcutaneous or intraperitoneal injection of
the polypeptide, fragment and/or antigenic epitope of this
invention.

[0067] The polypeptide, fragment or antigenic epitope that
is used as an immunogen can be modified and/or adminis-
tered in an adjuvant in order to increase antigenicity. Methods
of increasing the antigenicity of a protein or peptide are well
known in the art and include, but are not limited to, coupling
the antigen with a heterologous protein (such as globulin or
[-galactosidase) and/or through the inclusion of an adjuvant
during immunization.

[0068] For example, for the production of antibodies, vari-
ous hosts including goats, rabbits, rats, mice, humans, and
others, can be immunized by injection with the polypeptides
and/or fragments of this invention, with or without a carrier
protein. Additionally, various adjuvants may be used to
increase the immunological response. Such adjuvants
include, but are not limited to, Freund’s complete and incom-
plete adjuvants, mineral gels such as aluminum hydroxide,
and surface-active substances such as lysolecithin, pluronic
polyols, polyanions, peptides, oil emulsions, keyhole limpet
hemocyanin, and dinitrophenol. Nonlimiting examples of
adjuvants used in humans include BCG (bacilli Calmette-
Guerin) and Corynebacterium parvum.

[0069] Polypeptides, peptides and/or fragments of this
invention used as antigens to produce the antibodies of this
invention can have an amino acid sequence consisting of at
least about five amino acids and in certain embodiments, at
least about ten amino acids. In one embodiment, the antigen
is identical to a portion of the amino acid sequence of the
natural protein, and it can contain the entire amino acid
sequence of a small, naturally-occurring molecule. Short
stretches of the polypeptides and/or fragments of this inven-
tion can be fused with all or a fragment of another protein that
acts as a carrier protein (e.g., keyhole limpet hemocyanin) and
antibodies can be produced against the chimeric polypeptide
or peptide.

[0070] Monoclonal antibodies to the polypeptides and/or
fragments of'this invention are prepared using any technique,
which provides for the production of antibody molecules by
continuous cell lines in culture. These include, but are not
limited to, the hybridoma technique, the human B-cell hybri-
doma technique, and the EBV-hybridoma technique (Kohler
etal. 1975. Nature 256:495-497; Kozbor etal. 1985. J. Immu-
nol. Methods 81:31-42; Coteetal. 1983. Proc. Natl. Acad Sci.
80:2026-2030; Cole et al. 1984. Mol. Cell Biol. 62:109-120).
[0071] For example, to produce monoclonal antibodies,
spleen cells from the immunized animal are removed, fused
with myeloma cells, and cultured in selective medium to
become monoclonal antibody-producing hybridoma cells,
according to techniques routine in the art. Any one of a
number of methods well known in the art can be used to
identify the hybridoma cell, which produces an antibody with
the desired characteristics. These include screening the hybri-
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domas by ELISA assay, Western blot analysis, or radioimmu-
noassay. Hybridomas secreting the desired antibodies are
cloned and the class and subclass are identified using standard
procedures known in the art.

[0072] For polyclonal antibodies, antibody-containing
serum is isolated from the immunized animal and is screened
for the presence of antibodies with the desired specificity
using any of the well known procedures as described herein.
[0073] The present invention further provides antibodies of
this invention in detectably labeled form. Antibodies can be
detectably labeled through the use of radioisotopes, affinity
labels (such as biotin, avidin, etc.), enzymatic labels (such as
horseradish peroxidase, alkaline phosphatase, etc.), fluores-
cence labels (such as FITC or rhodamine, etc.), paramagnetic
atoms, gold beads, etc. Such labeling procedures are well-
known in the art. The labeled antibodies of the present inven-
tion can be used for in vitro, in vivo, and in situ assays to
identify a polypeptide and/or fragment of this invention in a
sample.

[0074] Insome embodiments, the present invention further
provides the antibodies and/or antigens of this invention
immobilized on a solid support (e.g., beads, plates, slides or
wells formed from materials such as, e.g., latex or polysty-
rene). Nonlimiting examples of such solid supports include
polycarbonate, agarose, nitrocellulose, sepharose, acrylic
resins, polyacrylamide and latex beads, as well as any other
solid support known in the art. Techniques for coupling anti-
bodies and antigens to such solid supports are well known in
the art (Weir et al., Handbook of Experimental Immunology
4th Ed., Blackwell Scientific Publications, Oxford, England,
Chapter 10 (1986)). Antibodies and/or antigens of this inven-
tion can likewise be conjugated to detectable groups such as
radiolabels (e.g., *°S, '#°I, 1*'1), enzyme labels (e.g., horse-
radish peroxidase, alkaline phosphatase), and fluorescence
labels (e.g., fluorescein) in accordance with known tech-
niques. Conditions suitable for the formation of an antigen/
antibody complex are routine in the art and form the basis for
all immunoassays. Such conditions may vary depending on
the particular reagents, samples and/or steps employed in a
given immunoassay, as would be readily determined by one
of ordinary skill in the art. Determination of the formation of
an antibody/antigen complex in the methods of this invention
can be by detection of, for example, precipitation, agglutina-
tion, flocculation, radioactivity, color development or change,
fluorescence, luminescence, etc., as is well know in the art.
[0075] Inaddition, techniques developed for the production
of chimeric antibodies or humanized antibodies by splicing
mouse antibody genes to human antibody genes to obtain a
molecule with appropriate antigen specificity and biological
activity can be used (Morrison et al. 1984. Proc. Natl. Acad.
Sci. 81:6851-6855; Neuberger et al. 1984. Nature 312:604-
608; Takeda et al. 1985. Nature 314:452-454). Alternatively,
techniques described for the production of single chain anti-
bodies can be adapted, using methods known in the art, to
produce single chain antibodies specific for the polypeptides
and fragments of this invention. Antibodies with related
specificity, but of distinct idiotypic composition, can be gen-
erated by chain shuffling from random combinatorial immu-
noglobin libraries (Burton 1991. Proc. Natl Acad. Sci.
88:11120-3).

[0076] Antibody fragments that specifically bind the
polypeptides and/or fragments of this invention can also be
generated. For example, such fragments include, but are not
limited to, the F(ab'), fragments that can be produced by
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pepsin digestion of the antibody molecule and the Fab frag-
ments that can be generated by reducing the disulfide bridges
of the F(ab"),. fragments. Alternatively, Fab expression librar-
ies may be constructed to allow rapid and easy identification
of monoclonal Fab fragments with the desired specificity
(Huse et al. 1989. Science 254:1275-1281).

[0077] Various immunoassays can be used for screening to
identify antibodies having the desired specificity for the pro-
teins and peptides of this invention. Numerous protocols for
competitive binding or immunoradiometric assays using
either polyclonal or monoclonal antibodies with established
specificity are well known in the art. Such immunoassays
typically involve the measurement of complex formation
between an antigen and its specific antibody (e.g., antigen/
antibody complex formation). For example, a two-site,
monoclonal-based immunoassay utilizing monoclonal anti-
bodies reactive to two non-interfering epitopes on the pro-
teins or peptides of this invention can be used, as well as a
competitive binding assay.

[0078] Itis further contemplated that the present invention
provides kits for detection of the polypeptides and/or frag-
ments and/or antibodies of this invention in a sample. In one
embodiment, the kit can comprise one or more antibodies of
this invention, along with suitable buffers, wash solutions
and/or other reagents for the detection of antibody/antigen
complex formation. In an alternative embodiment, a kit ofthis
invention can comprise a polypeptide, an antigenic peptide of
the polypeptide of this invention, a fragment of this invention
and/or an antigenic peptide of a fragment of this invention,
along with suitable buffers, wash solutions and/or other
reagents for the detection of antibody/antigen complex for-
mation.

[0079] The present invention further provides a kit for the
detection of nucleic acid encoding the polypeptides and/or
fragments of this invention. For example, in one embodiment,
the kit can comprise one or more nucleic acids of this inven-
tion, along with suitable buffers, wash solutions and/or other
reagents for the detection of hybridization complex forma-
tion.

[0080] Itwould be well understood by one of ordinary skill
in the art that the kits of this invention can comprise one or
more containers and/or receptacles to hold the reagents (e.g.,
antibodies, antigens, nucleic acids) of the kit, along with
appropriate buffers and/or wash solutions and directions for
using the kit, as would be well known in the art. Such kits can
further comprise adjuvants and/or other immunostimulatory
or immunomodulating agents, as are well known in the art.
[0081] Furthermore, any of the compositions of this inven-
tion can comprise a suitable adjuvant. As used herein, “suit-
able adjuvant” describes an adjuvant capable of being com-
bined with the polypeptide and/or fragment of this invention
to further enhance an immune response without deleterious
effect on the subject or the cell of the subject. A suitable
adjuvant can be, but is not limited to, CpG, MONTANIDE
ISAS1 (Seppic, Inc., Fairfield, N.J.), SYNTEX adjuvant for-
mulation 1 (SAF-1), composed of 5 percent (wt/vol) squalene
(DASF, Parsippany, N.I.), 2.5 percent Pluronic, [.121 poly-
mer (Aldrich Chemical, Milwaukee), and 0.2 percent
polysorbate (Tween 80, Sigma) in phosphate-buffered saline.
Other suitable adjuvants are well known in the art and include
QS-21, Freund’s adjuvant (complete and incomplete), alum,
aluminum phosphate, aluminum hydroxide, N-acetyl-mu-
ramyl-L-threonyl-D-isoglutamine (thr-MDP), N-acetyl-nor-
muramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to
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as nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminy]l-
L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero-3-hydroxyphos-
phoryloxy)-ethylamine (CGP 19835A, referred to as MTP-
PE) and RIBI, which contains three components extracted
from bacteria, monophosphoryl lipid A, trealose dimycolate
and cell wall skeleton (MPL+TDM+CWS) in 2% squalene/
Tween 80 emulsion.

[0082] The compositions of the present invention can also
include other medicinal agents, pharmaceutical agents, car-
riers, diluents, immunostimulatory cytokines, etc. Actual
methods of preparing such dosage forms are known, or will be
apparent, to those skilled in this art.

[0083] Itis contemplated that the above-described compo-
sitions of this invention can be administered to a subject or to
a cell of a subject to impart a therapeutic benefit. Thus, the
present invention further provides a method of producing an
immune response in a subject, comprising administering to
the subject or to a cell of the subject an effective amount of a
polypeptide and/or immunogenic fragment of this invention
and/or a nucleic acid comprising a nucleotide sequence
encoding a polypeptide and/or immunogenic fragment of this
invention. The cell of the subject can be in vivo or ex vivo and
can be, but is not limited to a CD8+ T lymphocyte (e.g., a
cytotoxic T lymphocyte) or an MHC I-expressing antigen
presenting cell, such as a dendritic cell, a macrophage and/or
amonocyte. Detection of an immune response in the subject
or in the cells of the subject can be carried out according to
methods standard in the art for detecting a humoral and/or
cellular immune response.

[0084] Furthermore, the present invention provides a
method of eliciting an immune response in a subject, com-
prising administering to the subject an effective amount of a
polypeptide and/of fragment of this invention.

[0085] In additional embodiments, the present invention
provides a method of providing passive, immunity to a sub-
ject, comprising administering to the subject an effective
amount of an antibody of this invention to the subject.
[0086] The compositions of this invention can also be
employed as a therapeutic and/or prophylactic formulation
and administered to a subject in need thereof. Thus, the
present invention provides a method of treating or preventing
infection by Chlamydia in a subject, comprising administer-
ing to the subject an effective amount of a polypeptide and/or
fragment of this invention, a nucleic acid and/or vector of this
invention, and/or an antibody of this invention.

[0087] Inaddition, the present invention provides a method
of treating or preventing infection or intoxication caused by
Chlamydia in a subject comprising contacting an immune cell
of the subject withany of the polypeptides, fragments, nucleic
acids, vectors and/or antibodies of this invention. The cell can
be in vivo or ex vivo and can be, for example, a CD8* T cell
which is contacted with the polypeptide and/or fragment of
this invention in the presence of a class I MHC molecule,
which can be a soluble molecule or it can be present on the
surface of a cell which expresses class I MHC molecules. The
cell can also be an antigen presenting cell or other class I
MHC-expressing cell which can be contacted with the
nucleic acids and/or vectors of this invention under condi-
tions whereby the nucleic acid or vector is introduced into the
cell by standard methods for uptake of nucleic acid and vec-
tors. The nucleic acid encoding the polypeptide and/or frag-
ment of this invention is then expressed and the polypeptide
and/or fragment product is processed within the antigen pre-
senting cell or other MHC I-expressing cell and presented on
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the cell surface as an MHC I/antigen complex. The antigen
presenting cell or other class | MHC-expressing cell is then
contacted with an immune cell of the subject which binds the
class IMHC/antigen complex and elicits an immune response
which treats or prevents Chlamydia infection in the subject.

[0088] As set forth above, it is contemplated that in the
methods wherein the compositions of this invention are
administered to a subject or to a cell of a subject, such meth-
ods can further comprise the step of administering a suitable
adjuvant to the subject or to a cell of the subject. The adjuvant
canbe in the composition of this invention or the adjuvant can
be in a separate composition comprising the suitable adjuvant
and a pharmaceutically acceptable carrier. The adjuvant can
be administered prior to, simultaneous with, or after admin-
istration of the composition containing any of the polypep-
tides, fragments, nucleic acids and/or vectors of this inven-
tion. For example, Q8-21, similar to alum, complete Freund’s
adjuvant, SAF, etc., can be administered within days/weeks/
hours (beforeor after) of administration of the composition of
this invention. The effectiveness of an adjuvant can be deter-
mined by measuring the immune response directed against
the polypeptide and/or fragment of this invention with and
without the adjuvant, using standard procedures, as described
herein and as are well known in the art.

[0089] The compositions of this invention can be adminis-
tered to a cell of a subject or to a subject either in vivo or ex
vivo. For administration to a cell of the subject in vivo, as well
as for administration to the subject, the compositions of this
invention can be administered orally, parenterally (e.g., intra-
venously), by intramuscular injection, by intraperitoneal
injection, subcutaneous injection, transdermally, extracorpo-
really, topically or the like. Also, the compositions of this
invention can be pulsed onto dendritic cells, which are iso-
lated or grown from a subject’s cells, according to methods
well known in the art, or onto bulk peripheral blood mono-
nuclear cells (PBMC) or various cell subfractions thereof
from a subject.

[0090] The exact amount of the composition required will
vary from subject to subject, depending on the species, age,
weight and general condition of the subject, the particular
composition used, its mode of administration and the like.
Thus, it is not possible to specify an exact amount for every
composition of this invention. However, effective amount can
be determined by one of ordinary skill in the art using only
routine experimentation given the teachings herein.

[0091] As anexample, to a subject diagnosed with Chlanmy-
dia infection or known to be at risk of being infected with
Chlamydia or in whom it is desirable to induce an immune
response to Chlamydia, between about 50-1000 nM, or
between about 100-500 nM of a polypeptide and/or immu-
nogenic fragment of this invention can be administered, e.g.,
subcutaneously, and can be in an adjuvant, at one to three
hour/day/week intervals until an evaluation of the subject’s
clinical parameters indicate that the subject is not infected by
Chlamydia and/or the subject demonstrates the desired
immunological response. Alternatively, a polypeptide and/or
fragment of this invention can be pulsed onto dendritic cells at
a concentration of between about 10-100 uM and the den-
dritic cells can be administered to the subject intravenously at
the same time intervals. The treatment can be continued or
resumed if the subject’s clinical parameters indicate that
Chlamydia infection is present and can be maintained until
the infection is no longer detected by these parameters and/or
until the desired immunological response is achieved.
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[0092] Parenteral administration of the peptides, polypep-
tides, nucleic acids and/or vectors of the present invention, if
used, is generally characterized by injection. Injectables can
be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution of suspen-
sion in liquid prior to injection, or as emulsions. As used
herein, “parenteral administration” includes intradermal,
intranasal, subcutaneous, intramuscular, intraperitoneal,
intravenous and intratracheal routes, as well as a slow release
or sustained release system such that a constant dosage is
maintained. See, e.g., U.S. Pat.No. 3,610,795, which s incor-
porated by reference herein in its entirety.

[0093] The efficacy of treating or preventing Chlamydia
infection by the methods of the present invention can be
determined by detecting a clinical improvement as indicated
by a change in the subject’s symptoms and/or clinical param-
eters, as would be well known to one of skill in the art.
[0094] Tt is further contemplated that the compositions of
the present invention can be used in diagnostic and therapeu-
tic applications. Thus, the present invention provides a
method of detecting the presence of a polypeptide and/or
fragment of this invention in a sample, comprising contacting
the sample with an antibody of this invention under condi-
tions whereby an antigen/antibody complex can form and
detecting formation of an antigen/antibody complex, thereby
detecting the presence of a Chlamydia polypeptide and/or
fragment of this invention in the sample.

[0095] Additionally, the present invention provides a
method of detecting the presence of an antibody of this inven-
tion in a sample, comprising contacting the sample with a
polypeptide and/or fragment of this invention under condi-
tions whereby an antigen/antibody complex can form and
detecting formation of an antigen/antibody complex, thereby
detecting the presence of a Chlamydia antibody of this inven-
tion in the sample.

[0096] The sample of this invention can be any sample in
which a Chlamydia protein can be present. For example, the
sample can be a body fluid, cells or tissue that can contain a
Chlamydia protein, including but not limited to, vaginal fluid,
vaginal tissue, vaginal washing, vaginal swab, urethral swab,
urine, blood, serum, plasma, saliva, semen, urethral dis-
charge, vaginal discharge, sputum, bronchoalveolar lavage,
joint fluid, cerebrospinal fluid and cells, fluids and/or tissue
from any organs to which a Chlamydia protein can dissemi-
nate, including lung, liver, heart, brain, kidney, spleen,
muscle, etc., and any combination thereof.

[0097] Additionally, the present invention provides a
method of diagnosing Chlamydia infection in a subject, com-
prising contacting a biological sample from the subject with a
polypeptide and/or fragment of this invention under condi-
tions whereby an antigen/antibody complex can form; and
detecting formation of an antigen/antibody complex, thereby
diagnosing Chlamydia infection in the subject.

[0098] A method of diagnosing Chlamydia infection in a
subject is further provided, comprising contacting a biologi-
cal sample from the subject with an antibody of this invention
under conditions whereby an antigen/antibody complex can
form; and detecting formation of an antigen/antibody com-
plex, thereby diagnosing Chlamydia infection in the subject.
As set forth herein, the term “immunogenic fragment” means
a fragment (e.g., a peptide) of a protein that can stimulate
either humoral or cellular immune responses in the subject.
[0099] To stimulate the humoral arm of the immune sys-
tem, i.e., the production of antigen-specific antibodies, an
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immunogenic fragment can include at least about 5-10 con-
tiguous amino acid residues of the full-length molecule, or at
least about 15-25 contiguous amino acid residues of the full-
length molecule, or at least about 20-50 or more contiguous
amino acid residues of the full-length molecule, that define
oneor more epitopes, or any integer between five amino acids
and the full-length sequence, provided that the fragment in
question retains immunogenic activity, as measured by any
art-known assay, such as, e.g., the ones described herein
and/or those known in the art.

[0100] Regions of a given polypeptide that include an
epitope can be identified using any number of epitope map-
ping techniques, well known in the art. (See, e.g., Epitope
Mapping Protocols in Methods in Molecular Biology, Vol. 66,
GlennE. Morris, Ed., 1996, Humana Press, Totowa, N.J.). For
example, linear epitopes can be determined by e.g., concur-
rently synthesizing large numbers of peptides on solid sup-
ports, the peptides corresponding to portions of the protein
molecule, and reacting the peptides with antibodies while the
peptides are still attached to the supports. Such techniques are
known in the art and described in, e.g., U.S. Pat. No. 4,708,
871; Geysen et al. (1984) Proc. Natl. Acad. Sci. USA
81:3998-4002; Geysen et al. (1986) Molec. Immunol. 23:709-
715, all incorporated herein by reference in their entireties.
[0101] Similarly, conformational epitopes are readily iden-
tified by determining spatial conformation of amino acids
such as by e.g., x-ray crystallography and 2-dimensional
nuclear magnetic resonance. Antigenic regions of proteins
can also be identified using standard antigenicity and hydr-
opathy plots, such as those calculated using, e.g., the Omiga
version 1.0 software program available from the Oxford
Molecular Group. This computer program employs the Hopp/
Woods method (Hopp et al., Proc. Natl. Acad. Sci USA
(1981) 78:3824-3828) for determining antigenicity profiles
and the Kyte-Doolittle technique (Kyte et al., J. Mol. Biol.
(1982) 157:105-132) for hydropathy plots.

[0102] Generally, T-cell epitopes that are involved in stimu-
lating the cellular arm of a subject’s immune system are short
peptides of about 8-25 amino acids, and these are not typi-
cally predicted by the above-described methods for identify-
ing humoral epitopes. A common way to identify T-cell
epitopes is to use overlapping synthetic peptides and analyze
pools of these peptides, or the individual ones, that are rec-
ognized by T cells from animals that are immune to the
antigen of interest, using, for example, an enzyme-linked
immunospot assay (ELISPOT). These overlapping peptides
can also be used in other assays such as the stimulation of
cytokine release or secretion, or evaluated by constructing
major histocompatibility (MHC) tetramers containing the
peptide. Such immunogenic fragments can also be identified
based on their ability to stimulate lymphocyte proliferation in
response to stimulation by various fragments from the antigen
of interest.

[0103] The term “epitope™ as used herein refers to at least
about 3 to 5, or about 5 to about 10 or about 5 to about 15, and
not more than about 1,000 amino acids (or any integer ther-
ebetween), which define a sequence that by itself or as part of
a larger sequence, binds to an antibody generated in response
to such sequence or stimulates a cellular immune response.
There is no critical upper limit to the length of the fragment,
which can comprise nearly the full-length of the protein
sequence, or even a fusion protein comprising two or more
epitopes from a single or multiple chlamydial proteins. An
epitope for use in the subject invention is not limited to a
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polypeptide having the exact sequence of the portion of the
parent protein from which it is derived. Indeed, there are
many known strains or isolates of Chlamydia and there are
several variable domains that exhibit relatively high degrees
of variability between isolates. Thus, the term “epitope”
encompasses sequences identical to the native sequence, as
well as modifications to the native sequence, such as dele-
tions, additions and substitutions (generally, but not always,
conservative in nature).

[0104] “Boost” or “booster” means a second immuniza-
tion, after an initial (or “priming”) immunization that
enhances the immune response of the subject. Therefore, in
some embodiments, the invention provides a composition
that produces an anamnestic response against a Chlamydia
infection, in a sensitized subject, comprising an anamnestic
response-inducing amount of a Chlamydia protein immuniz-
ing component. As used herein, the term “anamnestic
response” means a secondary (booster) immune response in a
sensitized subject. By “sensitized subject” is meant a subject
that has previously been in contact with a chlamydial antigen
or antigens, either by natural exposure or by vaccination
(primary immunization) with Chlamydia protein immunizing
components.

[0105] The pharmaceutical compositions of this invention
include those suitable for oral, rectal, topical, inhalation (e.g,,
via an aerosol) buccal (e.g., sub-lingual), vaginal, rectal,
intraurethral, parenteral (e.g., subcutaneous, intramuscular,
intradermal, intraarticular, intrapleural, intraperitoneal,
intracerebral, intraarterial, or intravenous), topical (i.e., both
skin and mucosal surfaces, including airway surfaces) and/or
transdermal administration. The compositions herein may
also be administered via a skin scarification method, or trans-
dermally via a patch or liquid. The compositions may be
delivered subdermally in the form of a biodegradable material
that releases the compositions over a period of time. The most
suitable route in any given case will depend, as is well known
in the art, on such factors as the species, age, gender and
overall condition of the subject, the nature and severity of the
condition being treated and/or on the nature of the particular
composition (i.e., dosage, formulation) that is being admin-
istered.

[0106] An adjuvant of this invention, such as, for example,
an immunostimulatory cytokine, can be administered before,
concurrent with, and/or within a few hours, several hours,
and/or1,2,3,4,5,6,7,8,9,and/or 10 days before or after the
administration of a composition of'this invention to a subject.
[0107] Furthermore, any combination of adjuvants, such as
immunostimulatory cytokines, can be co-administered to the
subject before, after or. concurrent with the administration of
a composition of this invention. For example, combinations
of immunostimulatory cytokines, can consist of two or more
immunostimulatory cytokines of this invention, such as
GM/CSF, interleukin-2, interleukin-12, interferon-gamma,
interleukin-4, tumor necrosis factor-alpha, interleukin-1,
hematopoietic factor flit3L, CD40L, B7.1 co-stimulatory mol-
ecules and B7.2 co-stimulatory molecules. The effectiveness
of an adjuvant or combination of adjuvants can be determined
by measuring the immune response produced in response to
administration of a composition of this invention to a subject
with and without the adjuvant or combination of adjuvants,
using standard procedures, as described herein and as known
in the art.

[0108] Pharmaceutical compositions comprising a compo-
sition of this invention and a pharmaceutically acceptable
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carrier are also provided. The compositions described herein
can be formulated for administration in a pharmaceutical
carrier in accordance with known techniques. See, e.g., Rem-
ington, The Science and Practice of Pharmacy (latest edi-
tion). In the manufacture of a pharmaceutical composition
according to embodiments of the present invention, the com-
position of this invention is typically admixed with, inter alia,
a pharmaceutically acceptable carrier. Consistent with previ-
ous descriptions provided herein, by “pharmaceutically
acceptable carrier” is meant a carrier that is compatible with
other ingredients in the pharmaceutical composition and that
is not harmful or deleterious to the subject. The carrier may be
a solid or a liquid, or both, and is preferably formulated with
the composition of this invention as a unit-dose formulation,
for example, a tablet, which may contain from about 0.01 or
0.5% to about 95% or 99% by weight of the composition. The
pharmaceutical compositions are prepared by any of the well-
known techniques of pharmacy including, but not limited to,
admixing the components, optionally including one or more
accessory ingredients.

[0109] The pharmaceutical compositions of this invention
include those suitable for oral, rectal, topical, inhalation (e.g.,
via an aerosol) buccal (e.g., sub-lingual), vaginal (e.g., vagi-
nal ring), rectal, intraurethral, parenteral (e.g., subcutaneous,
intramuscular, intradermal, intraarticular, intrapleural, intra-
peritoneal, intracerebral, intraarterial, or intravenous), topical
(i.e., both skin and mucosal surfaces, including airway sur-
faces) and transdermal administration. The compositions
herein can also be administered via a skin scarification
method or transdermally via a patch, liquid or gel. The com-
positions can be delivered subdermally in the form of a bio-
degradable material that releases the compositions over time.
The most suitable route in any given case will depend, as is
well known in the art, on such factors as the species, age,
gender and overall condition of the subject, the nature and
severity of the condition being treated and/or on the nature of
the particular composition (i.e., dosage, formulation) that is
being administered.

[0110] Pharmaceutical compositions suitable for oral
administration can be presented in discrete units, such as
capsules, cachets, lozenges, or tables, each containing a pre-
determined amount of the composition of this invention; as a
powder or granules; as a solution or a suspension in an aque-
ous or non-aqueous liquid; or as an oil-in-water or water-in-
oil emulsion. Oral delivery can be performed by complexing
a composition of the present invention to a carrier capable of
withstanding degradation by digestive enzymes in the gut of
an animal. Examples of such carriers include plastic capsules
or tablets, as known in the art. Such formulations are prepared
by any suitable method of pharmacy, which includes the step
of bringing into association the composition and a suitable
carrier (which may contain one or more accessory ingredients
as noted above). In general, the pharmaceutical composition
according to embodiments of the present invention are pre-
pared by uniformly and intimately admixing the composition
with a liquid or finely divided solid carrier, or both, and then,
if necessary, shaping the resulting mixture. For example, a
tablet can be prepared by compressing or molding a powder
or granules containing the composition, optionally with one
or more accessory ingredients. Compressed tablets are pre-
pared by compressing, in a suitable machine, the composition
in a free-flowing form, such as a powder or granules option-
ally mixed with a binder, lubricant, inert diluent, and/or sur-
face active/dispersing agent(s). Molded tablets are made by
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molding, in a suitable machine, the powdered compound
moistened with an inert liquid binder.

[0111] Pharmaceutical compositions suitable for buccal
(sub-lingual) administration include lozenges comprising the
composition of this invention in a flavored base, usually
sucrose and acacia or tragacanth; and pastilles comprising the
composition in an inert base such as gelatin and glycerin or
sucrose and acacia.

[0112] Pharmaceutical compositions of this invention suit-
able for parenteral administration can comprise sterile aque-
ous and non-aqueous injection solutions of the composition
of this invention, which preparations are preferably isotonic
with the blood of the intended recipient. These preparations
can contain anti-oxidants, buffers, bacteriostats and solutes,
which render the composition isotonic with the blood of the
intended recipient. Aqueous and non-aqueous sterile suspen-
sions, solutions and emulsions can include suspending agents
and thickening agents. Examples of non-aqueous solvents are
propylene glycol, polyethylene glycol, vegetable oils such as
olive oil, and injectable organic esters such as ethyl oleate.
Aqueous carriers include water, alcoholic/aqueous solutions,
emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chloride solution,
Ringer’s dextrose, dextrose and sodium chloride, lactated
Ringer’s, or fixed oils. Intravenous vehicles include fluid and
nutrient replenishers, electrolyte replenishers (such as those
based on Ringer’s dextrose), and the like. Preservatives and
other additives may also be present such as, for example,
antimicrobials, anti-oxidants, chelating agents, and inert
gases and the like.

[0113] The compositions can be presented in unit\dose or
multi-dose containers, for example, in sealed ampoules and
vials, and can be stored in a freeze-dried (lyophilized) con-
dition requiring only the addition of the sterile liquid carrier,
for example, saline or water-for-injection immediately prior
1o use.

[0114] Extemporaneous injection solutions and suspen-
sions can be prepared from sterile powders, granules and
tablets of the kind previously described. For example, an
injectable, stable, sterile composition of this invention in a
unit dosage form in a sealed container can be provided. The
composition can be provided in the form of a lyophilizate,
which can be reconstituted with a suitable pharmaceutically
acceptable carrier to form a liquid composition suitable for
injection into a subject. The unit dosage form can be from
about 1 ug to about 10 grams of the composition of this
invention. When the composition is substantially water-in-
soluble, a sufficient amount of emulsifying agent, which is
physiologically acceptable, can be included in sufficient
quantity to emulsify the composition in an aqueous carrier.
One such useful emulsifying agent is phosphatidyl choline.
[0115] Pharmaceutical compositions suitable for rectal
administration are preferably presented as unit dose supposi-
tories. These can be prepared by admixing the composition
with one or more conventional solid carriers, such as for
example, cocoa butter and then shaping the resulting mixture.
[0116] Pharmaceutical compositions of this invention suit-
able for topical application to the skin preferably take the
form of an ointment, cream, lotion, paste, gel, spray, aerosol,
or oil. Carriers that can be used include, but are not limited to,
petroleum jelly, lanoline, polyethylene glycols, alcohols,
transdermal enhancers, and combinations of two or more
thereof. In some embodiments, for example, topical delivery
can be performed by mixing a pharmaceutical composition of
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the present invention with a lipophilic reagent (e.g., DMSQ)
that is capable of passing into the skin.

[0117] Pharmaceutical compositions suitable for transder-
mal administration can be in the form of discrete patches
adapted to remain in intimate contact with the epidermis of
the subject for a prolonged period of time. Compositions
suitable for transdermal administration can also be delivered
by iontophoresis (see, for example, Pharmaceutical Research
3:318 (1986)) and typically take the form of an optionally
buffered aqueous solution of the composition of this inven-
tion. Suitable formulations can comprise citrate or bis'tris
buffer (pH 6) or ethanol/water and can contain from 0.1 to
0.2M active ingredient.

[0118] “Effective amount” refers to an amount of a com-
pound or composition of this invention that is sufficient to
produce a desired effect, which can be a therapeutic and/or
beneficial effect. The effective amount will vary with the age,
general condition of the subject, the severity of the condition
being treated, the particular agent administered, the duration
of the treatment, the nature of any concurrent treatment, the
pharmaceutically acceptable carrier used, and like factors
within the knowledge and expertise of those skilled in the art.
As appropriate, an “effective amount” in any individual case
can be determined by one of ordinary skill in the art by
reference to the pertinent texts and literature and/or by using
routine experimentation. (See, for example, Remington, The
Science and Practice of Pharmacy (20th ed. 2000)). As a
general proposition, a dosage from about 0.01 pg/kg to about
50 mg/kg will have therapeutic efficacy, with all weights
being calculated based upon the weight of the composition.

[0119] Also as used herein, the terms “treat,” “treating” or
“treatment” refer to any type of action that imparts a modu-
lating effect, which, for example, can be a beneficial and/or
therapeutic effect, to a subject afflicted with a condition,
disorder, disease or illness, including, for example, improve-
ment in the condition of the subject (e.g., in one or more
symptoms), delay in the progression of the disorder, disease
or illness, prevention or delay of the onset of the disease,
disorder, or illness, and/or change in clinical parameters of
the condition, disorder, disease or illness, etc., as would be
well known in the art.

[0120] The frequency of administration of a composition of
this invention can be as frequent as necessary to impart the
desired therapeutic effect. For example, the composition can
be administered one, two, three, four or more times per day,
one, two, three, four or more times a week, one, two, three,
four or more times a month, one, two, three or four times a
year or as necessary to control the condition. In some embodi-
ments, one, two, three or four doses over the lifetime of a
subject can be adequate to achieve the desired therapeutic
effect. In some embodiments, alternate day dosing can be
employed (e.g., every other day). The amount and frequency
of administration of the composition of this invention will
vary depending on the particular condition being treated or to
be prevented and the desired therapeutic effect.

[0121] In additional embodiments of this invention, the
compositions of this invention can comprise a protein and/or
immunogenic fragment thereof of a different pathogenic
organism in any combination [e.g., a pathogenic organism
that is sexually transmitted, including but not limited to:
Trichomonas (e.g., Trichomonas vaginalis); a pathogenic
yeast or fungus (e.g., Candida albicans), Neisseria (e.g., N.
gonorrhea), Treponema pallidum, and pathogenic viruses
(e.g., herpes simplex virus (HSV), human immunodeficiency
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virus (HIV), human papilloma virus (HPV)]. The composi-
tions of the present invention can also comptise a protein
and/or immunogenic fragment from other Chlamydial spe-
cies, including but not limited to Chlamydia muridarium,
Chlamydia pneumoniae and Chlamydia caviae.

[0122] As used herein, “detecting” or “detection” means
testing, screening or otherwise determining the presence and/
or absence of a Chlamydia protein and/or antibody in a sub-
ject. Such detecting or detection can be carried out by meth-
ods well known in the art.

[0123] As used herein “effective response” or “responding
effectively” means a positive or beneficial response to a par-
ticular treatment in contrast to a “lack of an effective
response” which can be an ineffectual, negative or detrimen-
tal response as well as the lack of a positive or beneficial
response. An effective response or lack of effective response
(i.e., ineffective response) is detected by evaluation, accord-
ing to known protocols, of various immune functions (e.g,,
cell-mediated immunity, humoral immune response, etc.) and
pharmacological and biological functions as would be known
in the art.

[0124] The following examples are included to demon-
strate various embodiments of the invention. It should be
appreciated by those of skill in the art that the techniques
disclosed in the examples that follow represent techniques
discovered by the inventors to function well in the practice of
the invention. However, those of skill in the art should, in light
of the present disclosure, appreciate that many changes can be
made in the specific embodiments that are disclosed and still
obtain a like or similar result without departing from the spirit
and scope of the invention.

EXAMPLES
Example |

Profiling of Human Antibody Responses to Chlamy-
dia trachomatis Urogenital Tract Infection Using
Microplates Arrayed with 156 Chlamydial Fusion

Proteins

[0125] Chlamydial infection. C. trachomatis serovar D
(provided by Cho-Chou Kuo, University of Washington,
Seattle) was used to infect HeLa cells (ATCC, Manassas, Va.)
as described elsewhere (Greene et al. Infect. Immun. 72:451-
460). Infection was allowed to proceed for various periods of
time as indicated for individual experiments at a multiplicity
ofinfection of 1 or as indicated for individual experiments. At
the end of infection, the culture samples were either fixed and
permeabilized for immunofluorescence staining or lysed to
produce whole-cell lysates for precipitation or Western blot
assays.

[0126] Cloning of chlamydial genes and expression of
chlamydial proteins. A total of 156 open reading frames
(ORFs) were selected from the C. trachomatis serovar D
genome sequence. These ORFs are distributed across the
entire genome, with representatives in every genome sector.
Although no particular programs were used to selectively
include or exclude any particular gene classes, the 156 ORFs
are mainly composed of hypothetical genes. The 156 ORFs
from the serovar D genome plus MOMP genes from eight
other C. trachomatis serovar genomes were cloned into a
pGEX vector system (Amersham Biosciences Corp., Piscat-
away, N.J.). This vector system allows the protein of interest
to be expressed as a fusion protein with glutathione S-trans-
ferase (GST) fused to the N terminus of the chlamydial pro-
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tein (Dong et al. (2004) Mol. Microbiol. 52:1487-1494;
Sharma et al. (2004) Infect. Immun. 72:7164-7171; Zhong et
al. (2001) J. Exp. Med. 193:935-942). Protein expression was
induced with isopropyl-f-D-thiogalactoside (IPTG; Invitro-
gen, Carlsbad, Calif.). To ensure that each fusion protein is
produced with adequate quantities of full-length fusion pro-
teins, induction of fusion protein expression was individually
optimized using the following variables: IPTG concentration
(0.1 to 5 mM), starting number of bacteria (optical density
[OD], 0.5 to 1.5), incubation temperature (10° C. to 37° C.),
and time (0.5 h to overnight). After protein induction, bacteria
were harvested via centrifugation. The bacterial pellets were
resuspended in a Triton lysis buffer (1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride, 75 IU/ml of aprotinin, 20 pM
leupeptin, and 1.6 uM pepstatin in PBS [phosphate-buffered
saline at pH 7.5]) and were lysed by short pulses of sonication
on ice. After a high-speed centrifugation to remove debris,
bacterial lysates were aliquoted and stored at —-80° C. The
quality of the expressed fusion proteins was assessed by
purifying the fusion proteins from a portion of the lysates
using glutathione-conjugated agarose beads (Amersham Bio-
sciences Corp.). The fusion proteins were checked on sodium
dodecyl sulfate (SDS)-polyacrylamide gels stained with a
Coomassie blue dye (Sigma). Bacterial lysate samples that
showed a prominent band at the expected molecular weight
position were used for the subsequent microplate array
assays.

[0127] Arraying chlamydial proteins onto microplates pre-
coated with glutathione. The bacterial lysates containing the
fusion proteins were added to glutathione-coated 96-well
microplates (Pierce, Rockford, 111.) at a 1:10 dilution in PBS
with a total volume of 200 pl/well. The plates were incubated
overnight at 4° C. to allow GST fusion proteins to bind to the
glutathione immobilized on the plate. To minimize differ-
ences in the quantity of fusion proteins captured on the plates
between lysate samples, an excessive amount of each fusion
protein was used to saturate the glutathione-coated assay
plates. 20 pl bacterial lysate per well was found to be suffi-
cient for saturating the assay plate if the amount of full-length
fusion protein precipitated from the 20-ul bacterial lysate was
visible on a SDS gel after Coomassie blue staining. After two
washes with PBS-0.05% Tween (Sigma) and blocking with
2.5% milk in PBS (2.5 g of nonfat dry milk in 100 m1 PBS) at
room temperature for 1 h, the plates were ready for use.

[0128] Use of microplates arrayed with chlamydial fusion
proteins to detect human antibodies. Human sera were col-
lected from women seen in the Project SAFE research clinic
in San Antonio, Tex., who had been diagnosed with C. tra-
chomatis cervical infections. Women enrolled in this 5-year
follow-up study were screened annually for sexually trans-
mitted infections, including chlamydial infection. The diag-
nosis was based on detection of C. trachomatis-specific
nucleic acids in endocervical secretions using a ligase chain
reaction method without distinguishing the serotypes of the
organisms (Abbott LCX; Abbot Laboratories, Chicago, II1.).
The sera were collected at the time of clinic visits and stored
in aliquots at —20° C. The human sera used in the current
study were from the initial visit. An institutional review board
exempt permit is in place for the current study.

[0129] A total of eight sera from healthy female individuals
without C. trachomatis infection were used as negative con-
trols. To minimize the detection of cross-reactive antibodies
(human sera may contain antibodies reactive with bacterial
antigens that potentially contaminate the microplate wells
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during the fusion protein array), all serum samples were
preabsorbed with bacterial lysates. The bacterial lysates were
made in the same way as the fusion protein-containing lysates
except that XIL1-Blue bacteria transformed with the pGEX-
6p-2 vector plasmid alone were used. Note that the bacterial
lysates used for preabsorption contain free GST. After preab-
sorption, both the serum samples from patients and those
from healthy individuals were titrated for their ability to
recognize chlamydial antigens in an immunofluorescence
assay. Although the patient sera displayed high antibody titers
(>1:1,000) in recognizing chlamydial antigens, the healthy
sera did not show any significant binding to the chlamydial
antigens (<1:20). For the microplate array assay, the preab-
sorbed serum samples were diluted in PBS containing 10%
fetal calfserum and applied to the microplates with the bound
fusion proteins for 2 h at room temperature. After a wash,
alkaline phosphatase-conjugated goat anti-human immuno-
globulin G (IgG; Jackson ImmunoResearch Laboratories,
Inc., West Grove, Pa.) in combination with the substrate p-ni-
trophenylphosphate (Sigma) was used to visualize the pri-
mary antibody binding. The human antibody binding to
chlamydial fusion proteins was quantitated by reading the
absorbance (OD) at 405 nm with a microplate reader (Mo-
lecular Devices, Ramsey, Minn.). In some assays, the human
antibody samples were also preabsorbed with lysates made
from either HelLa cells alone or C. trachomatis serovar D-in-
fected HeLa cells at 4° C. overnight in addition to the bacterial
lysate absorption.

[0130] Immunoprecipitation and Western blotting. Immu-
noprecipitation and Western blotting were carried out as
described previously (Dong et al. (2004) Infect. Immun.
72:3869-3875; Dong et al. (2004) Infect. Immun. 72:3863-
3868; Su et al. (2004) 1. Biol. Chem. 279:9409-9416; Zhong
etal. (1996) J. Exp. Med. 184:2061-2066; Zhong et al. (2001)
J. Exp. Med. 193:935-942). For immunoprecipitation, human
sera were bound to protein G/A agarose beads (Amersham
Biosciences Corp.) and the bead complexes were used to
precipitate bacterial lysates containing the desired chlamy-
dial fusion proteins or chlamydia-infected HeLa cell lysates
containing endogenous chlamydial proteins. The precipitates
were resolved in a SDS-polyacrylamide gel and transferred to
nitrocellulose membranes. The blots were detected with anti-
bodies specific to individual chlamydial proteins (mono-
clonal antibody 100a to chlamydial protease-like activity fac-
tor [CPAF], amouse antiserum to MOMP, and another mouse
antiserum to CTO089) as previously described (Dong et al.
(2004) Infect. Immun. 72:3869-3875; Sharma et al. (2004)
Infect. Immun. 72:7164-7171; Zhong et al. (2001) J. Exp.
Med. 193:935-942). The primary antibody binding was
detected by a goat anti-mouse [gG conjugated with horserad-
ish peroxidase (Jackson ImmunoResearch Laboratories).

[0131] For Western blotting, which was used to confirm the
reactivity of human serum antibodies with chlamydial fusion
proteins in the present study, the purified chlamydial fusion
proteins were resolved in the SDS gel and transferred to
nitrocellulose membranes. The preabsorbed human serum
samples, after the appropriate dilution as indicated for indi-
vidual experiments, were applied to the nitrocellulose mem-
branes. Human antibody binding was detected with a goat
anti-human IgG conjugated with horseradish peroxidase
(Jackson ImmunoResearch Laboratories). A standard
enhanced chemiluminescence (ECL) detection system was
used to visualize antibody detection (Su et al. (2004) J. Biol.
Chem. 279:9409-9416).
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[0132] Immunofluorescence assay. C. trachomatis-in-
fected HelLa monolayers grown on coverslips for various
times as indicated for individual experiments were processed
for antibody staining as previously described (Greene et al.
Infect. Immun. 72:451-460; Xiao et al. (2004) Infect. Immun.
72:5470-5474). For monitoring human serum absorption effi-
ciency, human antibody samples that had or had not been
absorbed previously with uninfected or chlamydia-infected
Hel a cell lysates as described above were added to the cov-
erslips. The primary antibody binding was visualized with a
Cy2-conjugated goat anti-human IgG. The Hoechst DNA dye
(Sigma) was used to visualize both host nuclei and chlamy-
dial inclusions. For localization of endogenous chlamydial
antigens, antibodies against individual chlamydial proteins
raised in mice with the corresponding chlamydial fusion pro-
teins were used in combination with a rabbit anti-chlamydial
heat shock protein as primary antibodies. The reactivities of
the two primary antibodies were visualized with Cy3-conju-
gated goat anti-mouse and Cy2-conjugated goat anti-rabbit
antibodies together with the Hoechst dye. Images were
acquired under an Olympus (Seattle, Wash.) AX-70 fluores-
cence microscope using SimplePCI software (Olympus) as
previously described (Fan et al. (1998) J. Exp. Med. 187:487-
496; Sharma et al. (2004) Infect. Immun. 72:7164-7171).

[0133] Development of a microplate assay using chlamy-
dial fusion proteins. A total of 156 chlamydial proteins (Table
1) were selected to establish a microplate-based protein array
assay. The 156 chlamydial proteins were expressed as GST
fusion proteins. The quality of the chlamydial fusion proteins
was monitored on a SDS-polyacrylamide gel. As an example,
26 representative fusion proteins induced under a single pro-
tein expression condition were examined on a SDS gel
stained with Coomassie blue. In most cases, a dominant band
migrating at the expected molecular weight was purified from
the corresponding bacterial lysates by using glutathione-con-
Jugated agarose beads, indicating that the GST fusion pro-
teins are readily captured from the bacterial lysates by the
immobilized glutathione. For the fusion proteins with obvi-
ous degradation and/or contaminated bands (GST-CT101,
-CT119, -CT141, -CT449, and -CT618), the expression con-
ditions were further optimized so that a dominant full-length
band was produced in each of these samples.

[0134] To evaluate whether the GST-chlamydia fusion pro-
teins can be recognized by human antibodies generated dur-
ing natural chlamydial infection, the human antibodies were
reacted with protein G/A-agarose beads and the bead com-
plexes were used to precipitate either the bacterial lysates
containing the GST-chlamydia fusion proteins or chlamydia-
infected Hela cell lysates containing the endogenous
chlamydial antigens. The human antibodies precipitated both
the recombinant GST-cklamydia fusion proteins and endog-
enous chlamydial proteins CT089, MOMP and CPAF, sug-
gesting that the fusion proteins can be used to detect human
antichlamydial antibodies.

[0135] Identification of immune-reactive antigens recog-
nized by human antibodies. Microplates arrayed with 156
chlamydial fusion proteins were used to measure the reactivi-
ties of 15 sera from women urogenitally infected with C.
trachomatis. The binding of a given human serum to a given
fusion protein with an OD four times above the background
was determined as positive. Differences in the number of
chlamydial fusion proteins recognized by different human
serum samples were observed. For example, serum 14 recog-
nized 18 of the 156 chlamydial fusion proteins, while serum
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2 recognized only 2. Although each serum displayed a unique
reactivity pattern in terms of the types of chlamydial fusion
proteins, many of the 15 sera recognized the same fusion
proteins. The number of human sera that positively recog-
nized a given fusion protein is defined as the recognition
frequency. Chlamydial proteins recognized at a higher fre-
quency are considered to be more immunodominant during
chlamydial infection.

[0136] Based on the criteria used in previous antigenicity
analyses (Getzoff et al. (1988) Adv. Immunol. 43:1-98; Gey-
sen et al. (1987) 235:1184-1190; Zhong et al. (1990) Infect.
Immun. 58:1450-1455), the chlamydial fusion proteins that
were recognized by 8 ormore of the 15 human serum samples
were considered to be the dominant antigens. Seven out of the
156 chlamydial proteins meet this requirement: CTO89 (an
LerE homologue, recognized by 9 human sera), CT147 (a
hypothetical protein, recognized by 13 sera), CT226 (a hypo-
thetical protein, recognized by 8 sera), CT681 (MOMP, rec-
ognized by 8 sera), CT694 (a hypothetical protein, recog-
nized by 8 sera), CT795 (a hypothetical protein, recognized
by 9 sera), and CT858 (CPAF, recognized by 14 sera). Since
immunodominance of a given protein is also affected by
antibody titers, the titers of antibodies reactive to each
chlamydial fusion protein were further compared. The raw
ODs measured between each serum antibody and chlamydial
fusion protein were used to represent the antibody titers (ac-
cumulative ODs from all 15 antibody samples and average
OD:s). Interestingly, the seven fusion proteins that were rec-
ognized by human antibodies with the highest frequency also
maintained the highest accumulative and average. ODs. The
15 human sera were pooled at an equal ratio and reacted with
the 156 fusion proteins. The raw ODs obtained with the
pooled human serum samples were similar to the average
OD:s obtained with the individual samples, indicating that the
pooled serum samples can be used to measure the overall
reactivity of the individual human sera. As a negative control,
sera were pooled from eight healthy individuals without
chlamydial infection and the reactivity of the pooled negative
serum samples with the chlamydial fusion proteins was simi-
larly measured. No significant reactivity was found (none of
the ODs was near or above 0.2). By considering both the
recognition frequency and the titer, it was determined that the
fusion proteins recognized by >50% of the human antiserum
samples with a raw OD significantly above background (with
an average OD equal to or above 0.2) were relatively immu-
nodominant antigens under the current assay conditions. The
same seven antigens recognized by eight or more human
serum samples—CTO089 (LerE), CT147, CT226, CT681
(MOMP), CT694, CT795, and CT858 (CPAF)—also meet
the new requirement for immunodominant antigens.

[0137] To confirm that the antibody binding to the arrayed
fusion proteins is specific to chlamydial antigens, an addi-
tional absorption experiment was carried out using the endog-
enous chlamydial proteins. The pooled patient sera were
absorbed with either uninfected or chlamydia-infected HelLa
cell lysates before the sera were reacted with the fusion pro-
teins arrayed on the plate. The antibody binding to all seven
immune-reactive fusion proteins was completely removed by
absorption withthe chlamydia-infected but not the uninfected
Hel a cell lysates.

[0138] Antigenicity titration of the identified immun-
odominant antigens. The pooled sera from either the 15
patients or the 8 healthy individuals were serially diluted and
analyzed against the seven immune-reactive antigens and
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eight other MOMPs by both a fusion protein array enzyme-
linked immunosorbent assay (ELISA) and a Western blot
assay. The ODs decreased as the pooled positive serum
samples were diluted from 1:100to 1:12,500, suggesting that
the chlamydial protein-specific antibodies were not saturated
under these dilutions. The GST-CPAF fusion protein was
significantly recognized by the pooled positive sera at a dilu-
tion of 1:12,500, CT795 and CTO089 at 1:2,500, and CT147,
CT226,CT694, and various MOMPs at 1:500, demonstrating
that CPAF, CT795, and CT089 are more immunodominant
than MOMP regardless of the types of MOMPs analyzed.
Comparing the nine MOMPs, higher ODs were obtained with
MOMPs from serovars B, Ba, D, E, and L2, all of which
belong to the C. trachomatis subspecies B complex, suggest-
ing that the 15 patients were predominantly infected with B
complex serovars, most likely serovars D and E, in agreement
with the epidemiological finding that both serovars D and E
are among the most prevalent C. trachomatis serotypes in
individuals with sexually transmitted chlamydial infections
(Bandea et al. (2001) Sex. Transm. Infect. 77:419-422; Choi
etal. (2001) J. Korean Med. Sci. 16:15-19; Lan et al. (1995)
J. Clin. Microbiol. 33:3194-3197; Lan et al. (1993) I. Clin.
Microbiol. 31:1060-1065; Singh et al. (2003) J. Clin. Micro-
biol. 41:2700-2702). The GST-alone control was not signifi-
cantly recognized at any dilution. The pooled negative sera
from eight normal individuals displayed a minimal level of
reactivity even at a 1:100 dilution The above results, obtained
with varying dilutions of human serum samples, not only
confirmed the observations presented regarding identification
of immune reactive antigens recognized by human antibodies
presented above, more importantly, provided a more detailed
analysis of the relative antigenicities of the immunodominant
antigens and of the various MOMPs.

[0139] A Western blot assay was used to confirm the above
observations. The same seven immunodominant fusion pro-
teins, together with eight other MOMPs and several control
proteins, were used as antigens. A dominant full-length
fusion protein band migrating at the expected molecular
weight position was identified for each fusion protein sample.
When the antigens were detected on the Western blot, the
pooled positive serum samples recognized CPAF ata 1:1,000,
000 dilution, CT795 and CTO089 at 1:100,000, and the rest of
the chlamydial fusion proteins at 1:10,000. The control fusion
proteins CT112, CT574, CT606, and GST alone were not
detected regardless of the serum dilution. Among the nine
MOMPs, the pooled patient sera preferentially recognized
MOMPs from the B complex serovars, including B, Ba, D, E,
and 1.2. The pooled negative sera displayed no detectable
reactivity with the chlamydial fusion proteins at 1:10,000.
These Western blot results were largely consistent with the
ELISA data.

[0140] Characterization of the immune-reactive antigens.
To evaluate the expression patterns and determine the loca-
tions of the endogenous proteins, antibodies were generated
against each of the newly identified immune-reactive anti-
gens and used to track the endogenous proteins in chlamydia-
infected cultures. As a control, MOMP was detected com-
pletely overlapping with intravacuolar organisms at both
early (8-h) and late (48-h) stages of infection, while CPAF
was detected only in the infected-cell cytosol at the late infec-
tion stage. The hypothetical protein, CT226, was detected on
the inclusion membrane at the late infection stage but was not
detectable at the early stage. The hypothetical protein,
CT147, was detected during the entire infection course,
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inside the inclusion at the early infection stage and in the
peripheral region of the inclusion at the late stage. The hypo-
thetical protein, CT795, was expressed early and appeared to
be restricted to some but not all inclusions, while CT694 was
detected only at the late stage of infection within the inclusion
(mostly overlapping with chlamydial organisms). Finally,
CTO089 was detected throughout the infection cycle overlap-
ping with the intravacuolar chlamydial organisms, an expres-
sion/localization pattern similar to that of MOMP.

EXAMPLE I

The Hypothetical Protein CT813 is Localized in the

Chlamydia trachomatis Inclusion Membrane and is

Immunogenic in Women Urogenitally Infected with
C. trachomatis

[0141] Chlamydial organisms and infection. The chlamy-
dial serovars/strains used for the present study include A, B,
C,D,E, F, G, I, K, L1, L3, and Ba (obtained from Harlan
Caldwell at the Rocky Mountain Laboratory, NIAID, NIH,
Hamilton, Mont.), 6BC (Thomas Hatch at the University of
Tennessee, Memphis) (Everett et al. (1991) Infect. Immun.
59:2853-2855), MoPn (Louis De La Maza, University of
California, Irvine) (Pal et al. (1996) Infect. Immun. 64:5341-
5348), and 1.2 and GPIC. These organisms were grown, puri-
fied, and titrated as previously described (Greene et al. (2004)
Infect. Immun. 72:451-460). Aliquots of the organisms were
stored at —=80° C. until use. HeLa cells (ATCC, Manassas, Va.)
maintained in Dulbecco modified Eagle medium (GIBCO
BRL, Rockville, Md.) with 10% fetal calf serum (GIBCO
BRL) at 37° C. in an incubator supplied with 5% CO, were
used for the present study. To prepare chlamydial infection
samples for an immunofluorescence assay, Hel.a cells were
grown on glass coverslips in 24-well plates overnight prior to
chlamydial inoculation. Chlamydial organisms diluted in
Dulbecco modified Eagle medium with 10% fetal calf serum
and 2 pg/ml of cycloheximide (Sigma, St. Louis, Mo.) were
directly inoculated onto the cell monolayers. The infection
dose was pretitrated for individual serovars, and an infection
rate of ~50% was applied for all serovars. The cell samples
were cultured at 37° C. in a CO, incubator and processed at
various time points after infection as indicated for the indi-
vidual experiments. For the Western blot assay, the chlamy-
dial infection was carried out similarly as described above
except that the cell samples were grown in 75-cm? tissue
culture flasks and collected via lysis with a 2% sodium dode-
cyl sulfate (SDS) sample buffer.

[0142] Prokaryotic expression of chlamydial fusion pro-
teins and production of antifusion protein antibodies. The
ORFs coding for hypothetical proteins, including the CT813
protein, and various known proteins, including IncG, IncA,
MOMP, HSP60, and CPAF from the C. trachomatis serovar D
genome, were cloned into pGEX vectors (Amersham Phar-
macia Biotech, Inc., Piscataway, N.J.) and expressed as
fusion proteins with glutathione S-transferase (GST) fused to
the N terminus of the chlamydial proteins. Expression of the
fusion proteins was induced with isopropyl-f3-D-thiogalacto-
pyranoside (IPTG; Invitrogen, Carlsbad, Calif.), and the
fusion proteins were extracted by lysing the bacteria via soni-
cation in Triton X-100 lysis buffer (1% Triton X-100, 1 mM
phenylmethylsulfonyl fluoride, 75 units/ml of aprotinin, 20
uM leupeptin, and 1.6 uM pepstatin). After high-speed cen-
trifugation to remove debris, the fusion protein-containing
supernatants were either directly used in various assays or
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further purified using glutathione-conjugated agarose beads
(Pharmacia). The bead-bound fusion proteins were also used
to deplete antigen-specific antibodies from antiserum
samples. For antibody production, the purified fusion pro-
teins were used to immunize mice as described previously
(Zhong et al. (1994) Infect. Immun. 62:1576-1583; Zhong
and Brunham. (1992) Infect. Immun. 60:3143-3149; Zhong
et al. (1997) Proc. Natl. Acad. Sci. USA 94:13856-13861;
Zhong et al. (1993) J. Immunol. 151:3728-3736; Zhong et al.
(19910 Infect. Immun. 59:1141-1147). After the titers of
specific antibody reached 1:2,000 or higher, the mice were
sacrificed. The mouse sera were collected and stored in 50%
glycerol at =20° C. until use.

[0143] Transient transfection of mammalian cells. The
ORF coding for the CT813 protein from the C. trachomatis
serovar D genome was cloned into the pDsRed-Monomer-C1
(BD Biosciences Clontech, San Jose, Calif.) and pFLAG-
CMV-4 (Sigma, St. Louis, Mo.) mammalian expression vec-
tor systems with either a red fluorescence protein (RFP) gene
or a FLAG tag coding sequence (24 nucleotides) fused to the
5"end of CT813. The recombinant plasmids were transfected
into HeLa cells by using Lipofectamine 2000 transfection
reagent following the protocol recommended by the manu-
facturer (Invitrogen, Carlsbad, Calif.). At various time points
after transfection, indicated for the individual experiments,
CT813 protein expression was visualized via either the fusion
tag RFP or mouse anti-D813 antibody labeling.

[0144] Immunofluorescence staining. Hel.a cells grown on
coverslips were fixed with 4% paraformaldehyde dissolved in
phosphate-buffered saline for 20 min at room temperature,
followed by permeabilization with 0.1% Triton X-100 for an
additional 4 min. After being washed and blocked, the cell
samples were subjected to various combinations of antibody
and chemical staining. Hoechst (blue) (Sigma) was used to
visualize nuclear DNA. A rabbit antichlamydial organism
antibody (R1 L2, raised with C. trachomatis serovar 1.2
organisms) (data not shown), anti-CT395 antibody (raised
with the CT395 fusion protein; the CT395 protein is a GrpE-
related chaperonin with >70% amino acid sequence identity
among all chlamydial species), or anti-IncG antibody (pro-
vided by Ted Hackstadt at the Rocky Mountain Laboratory,
NIAID, NIH, Hamilton, Mont.) (Scidmore-Carlson et al.
(1999) Mol. Microbiol. 33:753-765), plus a goat anti-rabbit
immunoglobulin G (IgG) secondary antibody conjugated
with Cy2 (green) (Jackson ImmunoResearch Laboratories,
Inc., West Grove, Pa.) was used to visualize chlamydial inclu-
sions or the inclusion membrane. The mouse antibodies
against the CT813 protein, IncG, MOMP (monoclonal anti-
body, clone MC22), and CPAF (monoclonal antibody, clone
100a) plus goat anti-mouse 1gG conjugated with Cy3 (red)
(Jackson ImmunoResearch) were used to visualize the corre-
sponding antigens. In some cases, the primary antibodies
were preabsorbed with either the corresponding or heterolo-
gous fusion proteins immobilized onto agarose beads (Phar-
macia) prior to the staining of cell samples. The preabsorption
approach was carried out by incubating the antibodies with
bead-immobilized antigens for 1 h at room temperature or
overnight at 4° C., followed by pelleting of the beads. The
remaining supernatants were used for immunostaining. For
the transfected cell samples, the CT813 protein was visual-
ized either by the fusion tag RFP or by costaining with a
mouse anti-CT813 antibody. In addition, the transfected cells
were also costained with phalloidin conjugated with Alexa
488 (green) (Molecular Probes, Eugene, Oreg.) to visualize
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F-actin, an anti-o-tubulin antibody (clone B-5-1-2; Sigma) to
detect microtubules, and an anti-cytokeratin 8 antibody
(clone M20; Sigma) to detect intermediate filaments (IF). The
costainings were visualized by goat anti-mouse 1gG conju-
gated with Cy2 (green) (Jackson ImmunoResearch).

[0145] Fluorescence and confocal microscopy. After the
appropriate immunolabeling, the cell samples were used for
image analysis and acquisition with an Olympus AX-70 fluo-
rescence microscope equipped with multiple filter sets
(Olympus; Melville, N.Y.) as described previously (Fan et al.
(1998) I.Exp. Med. 187:487-496; Greene et al. (2004) Infect.
Immun. 72:451-460; Xiao et al. (2005) J. Immunol. 174:
1701-1708; Zhong et al. (2001) J. Exp. Med. 193:935-942).
Briefly, the multicolor-labeled samples were exposed under a
given filter set at a time and the single-color images were
acquired using a Hamamatsu digital camera. The single-color
images were then superimposed with the software SimplePCI
to display multiple colors. An Olympus FluoView laser con-
focal microscope was used to further analyze the costained
samples at the UTHSCSA institutional core facility. All
microscopic images were processed using the Adobe Photo-
shop program (Adobe Systems, San Jose, Calif.).

[0146] Western blot assay. The Western blot assay was car-
ried out as described elsewhere (Dong et al. (2005) Infect.
Immun. 73:1861-1864; Dong et al. (2005) Infect. Immun.
73:1868-1872; Fan et al. (1998) J. Exp. Med. 187:487-496;
Sharma et al. (2005) Infect. Immun. 73:4414-4419; Zhong et
al. (1996) J. Exp. Med. 184:2061-2066). Briefly, the fusion
protein, infected whole-cell lysate, or purified chlamydial
organism samples were solubilized in 2% SDS sample buffer
and loaded to SDS-polyacrylamide gel wells. After electro-
phoresis, the proteins were transferred to nitrocellulose mem-
branes and the blots were detected with primary antibodies.
Primary antibody binding was probed with a horseradish
peroxidase-conjugated secondary antibody and visualized
with an ECL kit (Santa Cruz Biotechnology, Inc., Santa Cruz,
Calif).

[0147] The Western blot assay was used for the following
purposes. To determine whether the CT813 protein is associ-
ated with the purified chlamydial organisms, the chlamydia-
infected whole-cell lysate and purified EB samples were
compared for their reactivities with the mouse anti-CT813
antibody. To validate the preabsorption efficiency, the mouse
anti-CT813 and anti-IncG antibodies were preabsorbed with
or without the corresponding or heterologous fusion proteins
as described above and then applied to the nitrocellulose
membrane. To monitor the time course of CT813 protein
expression, the infected HeLa cell samples were harvested at
various time points after infection and resolved by SDS-
polyacrylamide gel electrophoresis (PAGE). After the cell
samples were transferred onto nitrocellulose membranes, the
corresponding protein bands were detected with the mouse
antibodies recognizing the CT813 protein, MOMP (clone
MC22), and host beta-actin (clone Ac-15). To ftitrate the
pooled human sera for reactivity with chlamydial fusion pro-
teins, the purified fusion proteins were loaded at equal
amounts to the corresponding lanes of SDS-polyacrylamide
gels in multiple sets. One set was stained with brilliant blue
R-250 (Sigma) to visualize the total amount of protein in each
lane, and the rest of the sets were transferred onto nitrocellu-
lose membrane to assess human antibody binding to the
chlamydial fusion proteins after a serial dilution of the sera.
[0148] ELISA. Ten human sera collected from women
diagnosed with C. trachomatis urogenital infections (positive
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sera) and eight human sera collected from women without
chlamydial infection (negative sera) were used in the current
study. These human sera were measured for their reactivity
with the CT813 protein and other chlamydial fusion proteins
by using an enzyme-linked immunosorbent assay (ELISA) as
described elsewhere (Sharma et al. (2004) Infect. Immun.
72:7164-7171; Zhong et al. (1993) J. Immunol. 151:3728-
3736; Zhong and Brunham. (1990) Infect. Immun. 58:3438-
3441), except that the fusion proteins were immobilized onto
96-well ELISA microplates (Pierce, Rockford, II1.) via the
interactions between GST and glutathione precoated onto the
microplates. Briefly, bacterial lysates containing the GST
fusion proteins were directly added to the glutathione plates.
After the plates were washed to remove excess fusion pro-
teins and blocked with 2.5% nonfat milk (in phosphate-buff-
ered solution), the human serum samples were approximately
diluted and added to the antigen-immobilized microplates.
Serum antibody binding was detected with horseradish per-
oxidase-conjugated goat anti-human IgG (Jackson Immu-
noResearch Laboratories, Inc., West Grove, Pa.) in combina-
tion with the soluble substrate 2,2'-azinobis(3-
ethylbenzothiazoline-6-sulforic acid) (ABTS) diammonium
salt (Sigma) and quantitated by reading the absorbance (opti-
cal density [OD]) at 405 nm using a microplate reader (Mo-
lecular Devices Corporation, Sunnyvale, Calif.).

[0149] Localization of CT813 protein to C. trachomatis
inclusion membrane. To search for new inclusion membrane
proteins of C. trachomatis, antibodies raised with chlamydial
fusion proteins were used to localize the corresponding
endogenous proteins in chlamydia-infected cells in an immu-
nofluorescence assay. After screening ~300 antibodies, it was
found that the antibody raised with the CT813 fusion protein
appeared to label the inclusion membrane. The anti-CT813
antibody staining pattern is similar to that of the antibody
specifically recognizing IncG, a known chlamydial inclusion
membrane protein. As controls, the anti-MOMP antibody
detected the intrainclusion organisms and anti-CPAF anti-
body labeled the cytosol of chlamydia-infected cells. To more
closely compare the staining patterns of anti-D813 and anti-
IncG antibodies, the two antibodies were used to costain the
same cell samples. Both conventional fluorescence and laser
confocal microscopes revealed that the two antibodies cos-
tained the inclusion membrane and that the staining over-
lapped, confirming that anti-CT813 selectively labeled the C.
trachomatis inclusion membrane. In a Western blot assay, the
anti-CT813 and anti-IncG antibodies detected the corre-
sponding endogenous proteins in the infected whole-cell
lysates but not the purified EBs while an equivalent amount of
MOMP was detected in both samples, supporting the notion
that the CT813 protein is localized mainly in the inclusion
membrane.

[0150] A preabsorption procedure was used to evaluate
whether inclusion membrane labeling by the anti-CT813
antibody is specific to the CT813 protein. In this experiment,
the anti-CT813 and control anti-IncG antibodies were preab-
sorbed with or without the corresponding and heterologous
fusion proteins, respectively, before being applied to the
chlamydia-infected cell samples. Both the anti-D813 and
anti-IncG antibodies labeled the chlamydial inclusion mem-
brane. Anti-CT813 staining was removed by preabsorption
with the GST-CT813 but not GST-IncG fusion proteins, while
anti-IncG staining was blocked by GST-IncG but not GST-
D813. The efficiency of the preabsorption procedure was
further verified in a Western blot assay. The ability of the
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anti-D813 and anti-IncG antibodies to recognize both the
fusion proteins and endogenous proteins was removed by
preabsorption with the homologous but not the heterologous
fusion proteins, confirming that the preabsorption was both
efficient and specific. Thus, inclusion membrane staining by
the anti-CT813 antibody is specific to the CT813 protein.
[0151] Expression of CT813 protein in cklamydia-infected
cultures. CT813 protein expression was monitored in cultures
over time by both Western blot and immunofluorescence
assays. The anti-D813 antibody detected a band correspond-
ing to the endogenous CT813 protein in chlamydia-infected
but not uninfected cultures 24 h after infection. The lack of
detection of the CT813 protein at earlier time points may be
due to an insufficient amount of samples loaded since MOMP,
a constitutively expressed major outer membrane protein,
was also first detected 24 h after infection. The amounts of
total cellular protein loaded to the lanes were similar, as
indicated by the detection of host beta-actin. The GST-CT813
fusion protein was detected only by the anti-CT813 but not by
the anti-MOMP or anti-beta-actin antibodies, validating the
antibody binding specificity.

[0152] Inanimmunofluorescence assay, the CT813 protein
was detected as early as 12 h after infection and was present
in the inclusion membrane throughout the entire infection
course. Since the single-cell-based immunofluorescence
microscopy assay is known to be sensitive enough to detect
other newly synthesized chlamydial proteins as early as 8 h
(Belland et al. (2003) Proc. Natl. Acad. Sci. USA 100:8478-
8483) and since MOMP was visualized at 8 h after infection
in the same assay, the failure to detect the CT813 protein at 8
h postinfection suggests that it may not be expressed by C.
trachomatis at this time point. This conclusion is consistent
with the observation that CT813 was not among the immedi-
ate-early genes identified by microarray analysis (Belland et
al. (2003) Proc. Natl. Acad. Sci. USA 100:8478-8483). How-
ever, more-extensive, -sensitive, and -careful analyses are
required for determining the precise time points at which the
CT813 protein is first expressed.

[0153] By BLAST sequence searching, homologues of the
CT813 protein were found only in strains/serovars of C. tra-
chomatis species, including the mouse biovar MoPn. A
mouse polyclonal anti-CT813 antibody was used to screen
cell cultures infected with multiple chlamydial serovars/
strains from four different species. The anti-CT813 antibody
labeled the inclusion membrane in cells infected with all C.
trachomatis human serovars but not other strains. Although
DNA sequence analysis determined that the MoPn genome
contains a gene (designated Tc0199 [Read et al. (2000)
Nucleic Acids Res. 28:1397-1406]) homologous to CT813,
the anti-CT813 antibody failed to label the MoPn-infected
culture. To test whether this failure is due to the lack of
TC0199 protein expression by MoPn or the relative low
homology (~36% amino acid identity) between TC0199 and
the CT813 protein (thus lack of sufficient cross-reactivity), an
antibody raised with the CT0199 fusion protein was used to
detect the MoPn-infected culture. The anti-CT0199 antibody
labeled the inclusion membrane of MoPn-infected cells,
demonstrating that the CT0199 protein is not only expressed
but also, like its homologue, the CT813 protein from the C.
trachomatis human biovar, is localized in the inclusion mem-
brane.

[0154] Exogenously expressed CT813 protein displayed a
cytoskeleton-like structure. To evaluate how the CT813 pro-
tein behaves in Hela cells in the absence of chlamydial
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infection, the CT813 protein was expressed as a fusion pro-
tein with an RFP fused to its N terminus (designated RFP-
CT813). Surprisingly, the RFP-CT813 fusion protein formed
fibers in the transfected cells while the overly expressed RFP
alone evenly distributed throughout the cells, including the
nuclei. The fibrous structure displayed by the RFP-CT813
fusion protein overlapped with anti-CT813 antibody costain-
ing but did not overlap with either F-actin or microtubules.
Although the pattern of RFP-CT813 fibers looks like the
pattern of IF visualized by containing cytokeratin 8, the two
did not overlap. To confirm the relationship between RFP-
CT813 structure and IF, the costained samples were subjected
to aconfocal microscopy analysis. The RFP-CT813 fibers did
notoverlap with the intermediate filaments. The RFP-CT813
fibers were designated as a cytoskeleton-like structure, which
was observed throughout the transfection period (from 6 to 24
h posttransfection). The cytoskeleton-like structure formed
by RFP-CT813 was unlikely caused by the RFP fusion tag,
since the RFP tag alone did not form any obvious fibers and
the CT813 protein expressed with only an 8-amino-acid
FLAG tag by the pFLAG-CMYV vector also displayed a simi-
lar cytoskeleton-like structure.

[0155] CT813 protein is both expressed and immunogenic
during C. trachomatis infection in humans. The human anti-
body responses to the CT813 protein was used to indirectly
assess its expression by chlamydia in humans. Serum samples
from 10 women diagnosed with C. trachomatis urogenital
infection were each assayed against chlamydial fusion pro-
teins in an ELISA. The titer of human antibodies specific to
the CT813 fusion protein was as high as that of human anti-
bodies specific to the MOMP fusion protein. The observation
that the titer of anti-CPAF antibody was the highest is con-
sistent with a previous finding (Sharma et al. (2004) Infect.
Immun. 72:7164-7171). The titers of antibody to both HSP60
and IncA were lower than that to the CT813 protein. No
significant background antibody levels were detected against
GST alone. This is probably due to the fact that all human
serum samples assayed here were preabsorbed with bacterial
lysates containing free GST. To confirm the ELISA specific-
ity, the pooled human samples were subjected to preabsorp-
tion with HeLa lysates or chiamydia-infected cell lysates in
addition to bacterial lysates. Human antibody reactivity with
the various chlamydial fusion proteins was blocked by pre-
absorption with cklamydia-infected HeLa lysates but not
Hela-alone lysates. Furthermore, sera from eight women
without chlamydial infection reacted minimally with these
chlamydial fusion proteins. Human antibody reactivity with
the CT813 protein was further confirmed in a Western blot
assay. The pooled positive sera recognized all fusion proteins,
including GST-CT813 but not GST alone, at a dilution of
1:500. As human serum dilution increased, fewer fusion pro-
teins were recognized. However, the positive sera still recog-
nized CT813, MOMP, and CPAF fusion proteins at a dilution
of 1:62,500 while the pooled negative sera failed to recognize
any antigens even at 1:500. The Western blot assay result
largely supported the above ELISA observation.

EXAMPLE I1I
Additional Immunodominant Proteins Identified

[0156] Identification of 19 additional chlamydial proteins
as immunodominant was made using the methods described
in Example 1, differing only in the human patient antisera
used. These 19 proteins are listed in Table II.
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TABLE 1

C. trachomatis ORFs expressed as GST-chlamydia fusion proteins

ORF no.”

C. trachomatis gene

[ I R Y U

CT001, hypothetical
CT005, hypothetical
CT006, hypothetical
CT011, hypothetical
CT018, hypothetical
CT021, hypothetical
CT036, hypothetical
CT049, hypothetical
CT056, hypothetical
CT058, hypothetical
CTO085, hypothetical
CTO088, sycE
CTO089, lertE

CT101, hypothetical
CT110, groEL1
CT111, groES
CT112, pepF
CT113, clpB
CT115, incD
CT116, incE
CT117, incF
CT118, incG
CT119, incA
CT133, hypothetical
CT134, hypothetical
CT135, hypothetical
CT141, secA
CT147, hypothetical
CT149, hydrolase?
CT151, hypothetical
CT153, hypothetical
CT154, hypothetical
CT155, hypothetical
CT161, hypothetical
CT162, hypothetical
CT163, hypothetical
CT164, hypothetical
CT165, hypothetical
CT171, trpA
CT173, hypothetical
CT174, hypothetical
CT181, hypothetical
CT191, hypothetical
CT192, hypothetical
CT195, hypothetical
CT196, hypothetical
CT214, hypothetical
CT223, inc

CT224, hypothetical
CT225, hypothetical
CT226, hypothetical
CT227C, hypothetical
CT228, hypothetical
CT229, inc

CT232, incB
CT233, incC
CT260, hypothetical
CT266, hypothetical
CT277, hypothetical
CT286, clpC
CT288, hypothetical
CT296, hypothetical
CT300, hypothetical
CT309, hypothetical
CT321, secE
CT324, hypothetical
CT338, hypothetical
CT341, dnal
CT343, endopeptidase
CT344, lon

CT345, hypothetical
CT351, hypothetical
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TABLE 1-continued
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TABLE 1-continued

C. trachomatis ORFs expressed as GST-chlamydia fusion proteins

C. trachomatis ORFs expressed as GST-chlamydia fusion proteins

ORF no.” C. trachomatis gens ORF no.” C. trachomatis gene
73 CT357, hypothetical 118 CT657, hypothetical
74 CT358, hypothetical 119 CT659, hypothetical
75 CT365N, hypothetical 120 CT668, hypothetical
76 CT372, hypothetical 121 CT670, hypothetical
77 CT375, D-aa dehydrogenase” 122 CT671, hypothetical
78 CT383, hypothetical 123 CT676, hypothetical
79 CT384, hypothetical 124 CT681, ompA
80 CT395, gipE 125 CT694, hypothetical
81 CT396, dnak 126 CT700, hypothetical
82 CT406, hypothetical 127 CT701, secA2
83 CT407, dksA 128 CT705, clpX
84 CT421, hypothetical 129 CT706, clpP2
g5 CT422, metalloproteas 130 CT712, hypothetical
86 CT425, hypothetical 131 CT717, 1l
87 CT427, hypothetical 132 CT718, hypothetical
88 CT431, clpP 133 CT724, hypothetical
89 CT442, crpA 134 CT728, hypothetical
90 CT446, euo 135 CT733, hypothetical
91 CT449, hypothetical 136 CT734, hypothetical
22 CT457C, yebC 137 CT739C, ftsK
93 CT473, hypothetical 138 CT741, hypothetical
94 CT474, hypothetical 139 CT753, hypothetical
95 CT482, hypothetical 140 CT755, groEL3
96 CT484, hypothetical 141 CT716, hypothetical
97 CT493C, polA . 142 CT764, hypothetical
98 CT546, hypothetical 143 CT768, hypothetical
99 CT548, hypothetical 144 CT779, hypothetical

100 CT560, hypothetical 145 CT789b, hypothetical

101 CTS65, hypothetical 146 CT795, hypothetical

102 CT569, hypothetical 147 CT814, hypothetical

103 CTS7IN, gspF 148 CT814.1, hypothetical

104 CT572, gspD 149 CT820, ftY

105 CT573, hypothetical 150 CT82323 hirA

106 CT514, pepP P .

107 CT576, letH 151 CT825C, hypoth‘lstlcal

108 CT577, hypothetical ig ggig E.Vpoﬁegci

109 CT604, groEL2 > ypothetic

110 CT606, hypothetical 154 CT849, hypothetical

111 CT611, hypothetical 155 CT850, hypothetical

112 CT618, hypothetical 156 CT858, cpaf

113 CT627, yceA

114 CT638, hypothetical “Renumbered from 1 to 156 for the convenience of the present study. The
115 CT647, hypothetical suffix N or C after the ORF designation indicates either the N terminus or
116 CT648, hypothetical the C terminus of the ORF expressed as a GST fusion protein.

117 CT654, hypothetical #D-aa, D amino acid.

TABLE 2

Chlamydial proteins identified to be immunodominant using antisera
from patients urogenitally infected with C. trachomatis

12

—
9%}

14

CT001 (9.8 kDa), 2 membrane domain, Chlamydia-specific hypothetical protein
CT017 (48 kDa), signal leader peptide, Chlamydia-specific hypothetical protein (basic)
CTO088 (16 kDa), sycE sccl, probable chaperone for type III pathway

CT101 (18 kDa), Chlamydia-specific hypothetical protein (basic)

CT105 (68 kDa), conserved hypothetical protein

CT142 (31 kDa), Chlamydia-specific hypothetical protein

CT143 (31 kDa), Chlamydia-specific conserved hypothetical protein

CT214 (59 kDa), Chlamydia trachomatis-specific hypothetical protein (basic)
CT240 (22 kDa), recR, Recombination/repair protein

CT241 (89 kDa), probable outer membrane protein (Omp&5 analog)

CT268 (29 kDa), amiA, probable N-acetylmuramoyl-1-alanine amidase

CT381 (29 kDa), art], ABC transporter, probable solute binding protein; possible
arginine-binding periplasmic protein 2.

CT456 (102 kDaj, Tarp, conserved hypothetical protein (acidic) (related to outer
membrane proteins)

CT480 (80 kDa), dppA, ABC transporter solute binding protein; oligopeptide
transport system



US 2010/0119549 Al

TABLE 2-continued
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Chlamydial proteins identified to be immunodominant using antisera

from patients urogenitally infected with C. trachomatis

15 CT541 (27 Kda), mip, FkbP-type peptidyl-prolyl cis-trans isomerase (MIP-like

protein)

16 CT557 (49 kda), Ipd A, pyruvate dehydrogenase E3 component (dihydrolipoamide

dehydrogenase)
17 CT622 (69 kda), conserved hypothetical protein (acidic)
18 CT866 (85 kDa), glgB, 1,4-alpha-glucan branching enzyme
19 CT875 (66 kDa), hypothetical protein

1. A composition comprising an isolated Chlamydia tra-
chomatis protein selected from the group consisting of:

a) CT806 protein or a homologue of CT806 protein from a
different Chlamydia species, or an immunogenic frag-
ment thereof;

b) CT823 protein or a homologue of CT823 protein from a
different Chlamydia species, or an immunogenic frag-
ment thereof;

¢) CT841 protein or a homologue of CT841 protein from a
different Chlamydia species, or an immunogenic frag-
ment thereof’

d) pCTO03 protein or a homologue of pCT03 protein from a
different Chlamydia species, or an immunogenic frag-
ment thereof;

¢) CT813 protein or a homologue of CT813 protein from a
different Chlamydia species, or an immunogenic frag-
ment thereof, and

) any combination thereof,
in a pharmaceutically acceptable carrier.

2-5. (canceled)

6. A composition comprising two or more isolated Chlamy-
dia trackomatis proteins selected from the group consisting
of (a) CHOR9, (b) CT147, (c) CT226, (d) CT442, (e) CT443,
() CT529, (g) CT694, (h) CT795, (i) CT806, (j) CT812, (k)
CT813, (1) CT823, (m) CT841, (n) pCT03, an immunogenic
fragment of any of (a)-(n), a homologue of any of (a)-(n) from
a different Chlamydia species and any combination thereof.

7. The composition of claim 6, further comprising an iso-
lated Chlamydia trachomatis protein selected from the group
consisting of (0) CT110 (HSP60), (p) CT119 (IncA), (q)
CT858 (CPAF), an immunogenic fragment of any of (0)-(q),
a homologue of (0)-(q) from a different Chlamydia species
and any combination thereof.

8. The composition of claim 6 in a pharmaceutically
acceptable carrier.

9. The composition of claim 1, further comprising an adju-
vant and/or an immunostimulant.

10. The composition of claim 9, wherein the adjuvant and/
or immunostimulant is selected from the group consisting of
CpG, IL-12 and any combination thereof.

11. The composition of claim 1, further comprising a pro-
tein or immunogenic fragment thereof of a pathogenic organ-
ism other than Chlamydia trachomatis.

12. The composition of claim 11, wherein the pathogenic
organism is selected from the group consisting of Chlamydia
muridarium, Chlamydia pneumoniae, Chlamydia caviae,
Trichomonas vaginalis, Candida albicans, Neisseria gonor-
rheae, Treponema pallidum, Herpes simplex virus, human
papilloma virus and human immunodeficiency virus.

13. A method of detecting an antibody to Chlamydia in a
sample, comprising

a) contacting the sample with the composition of claim 1
under conditions whereby an antigen/antibody complex
can form; and

b) detecting antigen/antibody complex formation, thereby
detecting an antibody to Chlamydia in the sample.

14. A method of diagnosing a Chlamydia infection in a

subject, comprising

a) contacting a sample from the subject with the composi-
tion of claim 1 under conditions whereby an antigen/
antibody complex can form; and

b) detecting antigen/antibody complex formation, thereby
diagnosing a Cklamydia infection in the subject.

15. A method of detecting a Chlamydia protein in a sample,

comprising

a) contacting the sample with an antibody that specifically
binds a protein or immunogenic fragment thereof of
claim 1 under conditions whereby an antigen/antibody
complex can form; and

b) detecting antigen/antibody complex formation, thereby
detecting a Chlamydia protein in the sample.

16. A method of diagnosing a Chlamydia infection in a

subject, comprising:

a) contacting a sample from the subject with an antibody
that specifically binds a protein or immunogenic frag-
ment thereof of claim 1 under conditions whereby an
antigen/antibody complex can form; and

b) detecting antigen/antibody complex formation, thereby
diagnosing a Cklamydia infection in the subject.

17. The method of claim 13, wherein the sample is selected
from the group consisting of vaginal fluid, vaginal tissue,
vaginal washing, vaginal swab, urethral swab, urine, blood,
serum, plasma, saliva, semen, urethral discharge, vaginal dis-
charge and any combination thereof.

18. A method of eliciting an immune response in a subject,
comprising administering to the subject an effective amount
of the composition of claim 1, thereby eliciting an immune
response in the subject.

19. A method of treating or preventing an infection by
Chlamydia in a subject, comprising administering to the sub-
ject an effective amount of the composition of claim 1,
thereby treating or preventing an infection by Chlamydia in
the subject.

20. The method of claim 14,
human.

21. The method of claim 16,
human.

22. The method of claim 18,
human.

23. The method of claim 19,
human.

wherein the subject is a
wherein the subject is a
wherein the subject is a

wherein the subject is a
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