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(57) ABSTRACT 

Compounds and methods for the diagnosis and treatment of 
Chlamydial infection are disclosed. The compounds pro 
Vided include polypeptides that contain at least one antigenic 
portion of a Chlamydia antigen and DNA sequences encod 
ing Such polypeptides. Pharmaceutical compositions and 
vaccines comprising Such polypeptides or DNA sequences 
are also provided, together with antibodies directed against 
Such polypeptides. Diagnostic kits containing Such polypep 
tides or DNA sequences and a Suitable detection reagent 
may be used for the detection of Chlamydial infection in 
patients and in biological Samples. 
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COMPOUNDS AND METHODS FOR TREATMENT 
AND DIAGNOSIS OF CHLAMYDIAL INFECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to U.S. Provisioinal 
Application No. 60/198,853, filed Apr. 21, 2000, and U.S. 
Provisional Application No. 60/219,752, filed Jul. 20, 2000, 
incorporated in their entirety herein. 

TECHNICAL FIELD 

0002 The present invention relates generally to the 
detection and treatment of Chlamydial infection. In particu 
lar, the invention is related to polypeptides comprising a 
Chlamydia antigen and the use of Such polypeptides for the 
Serodiagnosis and treatment of Chlamydial infection. 

BACKGROUND OF THE INVENTION 

0.003 Chlamydiae are intracellular bacterial pathogens 
that are responsible for a wide variety of important human 
and animal infections. Chlamydia trachomatis is one of the 
most common causes of Sexually transmitted diseases and 
can lead to pelvic inflammatory disease (PID), resulting in 
tubal obstruction and infertility. Chlamydia trachomatis may 
also play a role in male infertility. In 1990, the cost of 
treating PID in the US was estimated to be $4 billion. 
Trachoma, due to ocular infection with Chlamydia tra 
chomatis, is the leading cause of preventable blindneSS 
worldwide. Chlamydia pneumonia is a major cause of acute 
respiratory tract infections in humans and is also believed to 
play a role in the pathogenesis of atherosclerosis and, in 
particular, coronary heart disease. Individuals with a high 
titer of antibodies to Chlamydia pneumonia have been 
shown to be at least twice as likely to suffer from coronary 
heart disease as Seronegative individuals. Chlamydial infec 
tions thus constitute a significant health problem both in the 
US and worldwide. 

0004 Chlamydial infection is often asymptomatic. For 
example, by the time a woman SeekS medical attention for 
PID, irreversible damage may have already occurred result 
ing in infertility. There thus remains a need in the art for 
improved vaccines and pharmaceutical compositions for the 
prevention and treatment of Chlamydia infections. The 
present invention fulfills this need and further provides other 
related advantages. 

SUMMARY OF THE INVENTION 

0005 The present invention provides compositions and 
methods for the diagnosis and therapy of Chlamydia infec 
tion. In one aspect, the present invention provides polypep 
tides comprising an immunogenic portion of a Chlamydia 
antigen, or a variant of Such an antigen. Certain portions and 
other variants are immunogenic, Such that the ability of the 
variant to react with antigen-specific antisera is not Substan 
tially diminished. Within certain embodiments, the polypep 
tide comprises an amino acid Sequence encoded by a poly 
nucleotide Sequence Selected from the group consisting of 
(a) a sequence of SEQ ID NO: 1-48, 114-121, and 125-138; 
(b) the complements of Said sequences; and (c) sequences 
that hybridize to a sequence of (a) or (b) under moderately 
Stringent conditions. In Specific embodiments, the polypep 
tides of the present invention comprise at least a portion of 
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a Chlamydial protein that includes an amino acid Sequence 
Selected from the group consisting of Sequences recited in 
SEO ID NO: 122-124 and 139-140 and variants thereof. 

0006 The present invention further provides polynucle 
otides that encode a polypeptide as described above, or a 
portion thereof (such as a portion encoding at least 15 amino 
acid residues of a Chlamydial protein), expression vectors 
comprising Such polynucleotides and host cells transformed 
or transfected with Such expression vectors. 
0007. In a related aspect, polynucleotide sequences 
encoding the above polypeptides, recombinant expression 
vectors comprising one or more of these polynucleotide 
Sequences and host cells transformed or transfected with 
Such expression vectors are also provided. 
0008. In another aspect, the present invention provides 
fusion proteins comprising an inventive polypeptide, or, 
alternatively, an inventive polypeptide and a known 
Chlamydia antigen, as well as polynucleotides encoding 
Such fusion proteins, in combination with a physiologically 
acceptable carrier or immunostimulant for use as pharma 
ceutical compositions and Vaccines thereof. 
0009. The present invention further provides pharmaceu 
tical compositions that comprise: (a) an antibody, both 
polyclonal and monoclonal, or antigen-binding fragment 
thereof that Specifically binds to a Chlamydial protein; and 
(b) a physiologically acceptable carrier. Within other 
aspects, the present invention provides pharmaceutical com 
positions that comprise one or more Chlamydia polypep 
tides disclosed herein, for example, a polypeptide of SEQID 
NO: 95-109, 122-124 and 139-140, or a polynucleotide 
molecule encoding Such a polypeptide, Such as a polynucle 
otide sequence of SEQ ID NO: 1-48, 80-94, 114-121 and 
125-138, and a physiologically acceptable carrier. The 
invention also provides compositions for prophylactic and 
therapeutic purposes comprising one or more of the dis 
closed polynucleotides and/or polypeptides and an immu 
nostimulant, e.g., an adjuvant. 
0010. In yet another aspect, methods are provided for 
Stimulating an immune response in a patient, e.g., for 
inducing protective immunity in a patient, comprising 
administering to a patient an effective amount of one or more 
of the above pharmaceutical compositions or vaccines. 

0011. In yet a further aspect, methods for the treatment of 
Chlamydia infection in a patient are provided, the methods 
comprising obtaining peripheral blood mononuclear cells 
(PBMC) from the patient, incubating the PBMC with a 
polypeptide of the present invention (or a polynucleotide 
that encodes Such a polypeptide) to provide incubated T cells 
and administering the incubated T cells to the patient. The 
present invention additionally provides methods for the 
treatment of Chlamydia infection that comprise incubating 
antigen presenting cells with a polypeptide of the present 
invention (or a polynucleotide that encodes Such a polypep 
tide) to provide incubated antigen presenting cells and 
administering the incubated antigen presenting cells to the 
patient. Proliferated cells may, but need not, be cloned prior 
to administration to the patient. In certain embodiments, the 
antigen presenting cells are Selected from the group con 
Sisting of dendritic cells, macrophages, monocytes, B-cells, 
and fibroblasts. Compositions for the treatment of Chlamy 
dia infection comprising T cells or antigen presenting cells 
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that have been incubated with a polypeptide or polynucle 
otide of the present invention are also provided. Within 
related aspects, vaccines are provided that comprise: (a) an 
antigen presenting cell that expresses a polypeptide as 
described above and (b) an immunostimulant. 
0012. The present invention further provides, within 
other aspects, methods for removing Chlamydial-infected 
cells from a biological Sample, comprising contacting a 
biological Sample with T cells that Specifically react with a 
Chlamydial protein, wherein the Step of contacting is per 
formed under conditions and for a time Sufficient to permit 
the removal of cells expressing the protein from the sample. 

0013 Within related aspects, methods are provided for 
inhibiting the development of Chlamydial infection in a 
patient, comprising administering to a patient a biological 
Sample treated as described above. In further aspects of the 
Subject invention, methods and diagnostic kits are provided 
for detecting Chlamydia infection in a patient. In one 
embodiment, the method comprises: (a) contacting a bio 
logical Sample with at least one of the polypeptides or fusion 
proteins disclosed herein; and (b) detecting in the sample the 
presence of binding agents that bind to the polypeptide or 
fusion protein, thereby detecting Chlamydia infection in the 
biological Sample. Suitable biological Samples include 
whole blood, Sputum, Serum, plasma, Saliva, cerebrospinal 
fluid and urine. In one embodiment, the diagnostic kits 
comprise one or more of the polypeptides or fusion proteins 
disclosed herein in combination with a detection reagent. In 
yet another embodiment, the diagnostic kits comprise either 
a monoclonal antibody or a polyclonal antibody that binds 
with a polypeptide of the present invention. 

0.014. The present invention also provides methods for 
detecting Chlamydia infection comprising: (a) obtaining a 
biological Sample from a patient; (b) contacting the sample 
with at least two oligonucleotide primers in a polymerase 
chain reaction, at least one of the oligonucleotide primers 
being specific for a polynucleotide Sequence disclosed 
herein; and (c) detecting in the sample a polynucleotide 
Sequence that amplifies in the presence of the oligonucle 
otide primers. In one embodiment, the oligonucleotide 
primer comprises at least about 10 contiguous nucleotides of 
a polynucleotide Sequence peptide disclosed herein, or of a 
Sequence that hybridizes thereto. 

0.015. In a further aspect, the present invention provides 
a method for detecting Chlamydia infection in a patient 
comprising: (a) obtaining a biological Sample from the 
patient; (b) contacting the sample with an oligonucleotide 
probe Specific for a polynucleotide Sequence disclosed 
herein; and (c) detecting in the sample a polynucleotide 
Sequence that hybridizes to the oligonucleotide probe. In one 
embodiment, the oligonucleotide probe comprises at least 
about 15 contiguous nucleotides of a polynucleotide 
Sequence disclosed herein, or a sequence that hybridizes 
thereto. 

0016. These and other aspects of the present invention 
will become apparent upon reference to the following 
detailed description. All references disclosed herein are 
hereby incorporated by reference in their entirety as if each 
was incorporated individually. 
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0017 Sequence Identifiers 
0018 SEQ ID NO: 1 sets forth a DNA sequence identi 
fied for clone E4-A2-39 (CT10 positive) that is 1311 bp and 
contains the entire ORF for CT460 (SWIB) and a partial 
ORF for CT461 (yael). 
0019 SEQID NO: 2 sets forth a DNA sequence for clone 
E2-B10-52 (CT10 positive) that has a 1516 bp insert that 
contains partial ORFs for genes CT827 (nrdA-ribonucleo 
side reductase large chain) and CT828 (ndrB-ribonucleoside 
reductase Small chain). These genes as were not identified in 
a Ct L2 library Screening. 
0020 SEQID NO:3 sets forth a DNA sequence for clone 
E1-B1-80 (CT10 positive) (2397 bp) that contains partial 
ORFs for several genes, CT812 (pmpD), CTO15 (phoH 
ATPase), CTO16 (hypothetical protein) and pGp1-D (C. 
trachomatis plasmid gene). 
0021 SEQID NO: 4 sets forth a DNA sequence for clone 
E4-F9-4 (CT10, CL8, CT1, CT5, CT13, and CHHO37 
positive) that contains a 1094bp insert that has a partial ORF 
for the gene CT316 (L7/L12 ribosomal protein) as well as a 
partial ORF for gene CT315 (RNA polymerase beta). 
0022 SEQID NO:5 sets forth a DNA sequence for clone 
E2-H6-40 (CT3 positive) that has a 2129 bp insert that 
contains the entire ORF for the gene CT288 and very small 
fragments of genes CT287 and CT289. Genes in this clone 
have not been identified in screening with a Ct L2 library. 
0023 SEQID NO: 6 sets forth a DNA sequence for clone 
E5-D4-2 (CT3, CT10, CT1, CT5, CT12, and CHHO37 
positive) that has a 1828bp insert that contains a partial ORF 
for gene CT378 (pgi), complete ORF for gene CT377 (ltuA) 
and a complete ORF for the gene CT376 (malate dehydro 
genase). In addition, the patient lines CT10, CT1, CT5, 
CT12, and CHHO37 also identified this clone. 
0024 SEQID NO: 7 sets forth a DNA sequence for clone 
E6-C1-31 (CT3 positive) that has a 861 bp insert that 
contains a partial ORF for gene CT858. 
0025 SEQID NO: 8 sets forth a DNA sequence for clone 
E9-E 11-76 (CT3 positive) that contains a 763 bp insert that 
is an amino terminal region of the gene for CT798 (Glyco 
gen Synthase). This gene was not identified in a previous 
screening with a Ct L2 library. 
0026 SEQID NO:9 sets forth a DNA sequence for clone 
E2-A9-26 (CT1-positive) that contains part of the gene for 
ORF-3 which is found on the plasmid in Chlamydia tra 
chomatis. 

0027 SEQ ID NO: 10 sets forth a DNA sequence for 
clone E2-G8-94 (CT1-positive) that has the carboxy termi 
nal end of Lpda gene as well as a partial ORF for CT556. 
0028 SEQ ID NO: 11 sets forth a DNA sequence for 
clone E1-H1-14 (CT1 positive) that has a 1474bp insert that 
contains the amino terminal part of an Lpda ORF on the 
complementary Strand. 
0029 SEQ ID NO: 12 sets forth a DNA sequence for 
clone E1-A5-53 (CT1 positive) that contains a 2017 bp 
insert that has an amino terminal portion of the ORF for 
dnaK gene on the complementary Strand, a partial ORF for 
the grpE gene (CT395) and a partial ORF for CT166. 
0030 SEQ ID NO: 13 sets forth a DNA sequence for 
clone E3-A1-50 (positive on CT1 line) that is 1199 bp and 
contains a carboxy terminal portion of the ORF for CT622. 
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0031 SEQ ID NO: 14 sets forth a DNA sequence for 
clone E3-E2-22 that has 877 bp, containing a complete ORF 
for CT610 on the complementary strand, and was positive 
on both CT3 and CT10 lines. 

0032) SEQ ID NO: 15 sets forth the DNA sequence for 
clone E5-E2-10 (CT10 positive) which is 427 bp and 
contains a partial ORF for the major Outer membrane protein 
omp1. SEQID NO: 16 sets forth the DNA sequence for clone 
E2-D5-89 (516 bp) which is a CT10 positive clone that 
contains a partial ORF for pmplD gene (CT812). 
0033 SEQ ID NO: 17 sets forth the DNA sequence for 
clone E4-G9-75 (CT10 positive) which is 723 bp and 
contains a partial ORF for the amino terminal region of the 
pmpH gene (CT872). 
0034 SEQ ID NO: 18 sets forth the DNA sequence for 
clone E3-F2-37 (CT10, CT3, CT11, and CT13 positive 
1377bp insert) which contains a partial ORF for the tRNA 
Trp (CT322) gene and a complete ORF for the gene secE 
(CT321). 
0035) SEQ ID NO: 19 sets forth the DNA sequence for 
clone E5-A11-8 (CT10 positive-1736 bp) which contains the 
complete ORF for groES (CT111) and a majority of the ORF 
for groEL (CT110). 
0036 SEQ ID NO: 20 sets forth the DNA sequence for 
clone E7-H11-61 (CT3 positive-1135 bp) which has partial 
inserts for fliA (CTO61), tyrS (CTO62), TSA (CT603) and a 
hypothetical protein (CT602). 

0037 SEQ ID NO: 21 sets forth a DNA sequence for 
clone E6-C8-95 which contains a 731 bp insert that was 
identified using the donor lines CT3, CT1, and CT12 line. 
This insert has a carboxy terminal half for the gene for the 
60 kDa ORF. 

0038 SEQ ID NO: 22 sets forth the DNA sequence for 
clone E4-D2-79 (CT3 positive) which contains a 1181 bp 
insert that is a partial ORF for nirdA gene. The ORF for this 
gene was also identified from clone E2-B10-52 (CT10 
positive). 

0039 SEQ ID NO: 23 sets forth the DNA sequence for 
clone E1-F9-79 (167 bp; CT11 positive) which contains a 
partial ORF for the gene CT133 on the complementary 
strand. CT133 is a predicted rRNA methylase. 

0040 SEQ ID NO: 24 sets forth the DNA sequence for 
clone E2-G12-52 (1265 bp; CT11 positive) which contains 
a partial ORF for clp3, a protease ATPase. 

0041) SEQ ID NO: 25 sets forth the DNA sequence for 
clone E4-H3-56 (463 bp insert; CT1 positive) which con 
tains a partial ORF for the TSA gene (CT603) on the 
complementary Strand. 

0042 SEQ ID NO: 26 sets forth the DNA sequence for 
clone E5-E9-3 (CT1 positive) that contains a 636 bp insert 
partially encoding the ORF for dnaK like gene. Part of this 
sequence was also identified in clone E1-A5-53. 

0043 SEQID NO: 27 sets forth the full-length serovar E 
DNA sequence of CT875. 

0044 SEQ ID NO: 28 sets for the full-length serovar E 
DNA sequence of CT622. 
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0045 SEQ ID NO: 29 sets forth the DNA sequence for 
clone E3-B4-18 (CT1 positive) that contains a 1224 bp 
insert containing 4 ORFs. The complete ORF for CT772, 
and the partial ORFs of CT771, CT191, and CT190. 
0046) SEQ ID NO: 30 sets forth the DNA sequence for 
the clone E9-E 10-51 (CT10 positive) that contains an 883 bp 
insert containing two partial ORF, CT680 and CT679. 
0047 SEQID NO:31 sets forth the DNA sequence of the 
clone E9-D5-8 (CT10, CTCT1, CT4, and CT11 positive) 
that contains a393 bp insert containing the partial ORF for 
CT68O. 

0048 SEQID NO:32 sets forth the DNA sequence of the 
clone E7-B1-16 (CT10, CT3, CT5, CT11, CT13, and 
CHHO37 positive) that contains a 2577 bp insert containing 
three ORFs, two full length ORFs for CT694 and CT695 and 
the third containing the N-terminal portion of CT969. 
0049 SEQID NO:33 sets forth the DNA sequence of the 
clone E9-G2-93 (CT10 positive) that contains a 554 bp 
insert containing a partial ORF for CT178. 
0050 SEQID NO:34 sets forth the DNA sequence of the 
clone E5-A8-85 (CT1 positive) that contains a 1433 bp 
insert containing two partial ORFs for CT875 and CTO01. 
0051 SEQID NO:35 sets forth the DNA sequence of the 
clone E10-C6-45 (CT3 positive) that contains a 196 bp 
insert containing a partial ORF for CT827. 
0.052 SEQID NO:36 sets forth the DNA sequence of the 
clone E7-H11-10 (CT3 positive) that contains a 1990 bp 
insert containing the partial ORFs of CT610 and CT613 and 
the complete ORFs of CT611 and CT612. 
0053 SEQID NO:37 sets forth the DNA sequence of the 
clone E2-F7-11 (CT3 and CT10 positive) that contains a 
2093 bp insert. It contains a large region of CT609, a 
complete ORF for CT610 and a partial ORF for CT611. 
0054 SEQID NO:38 sets forth the DNA sequence of the 
clone E3-A3-31 (CT1 positive) that contains an 1834 bp 
insert containing a large region of CT622. 

0055 SEQID NO:39 sets forth the DNA sequence of the 
clone E1-G9-23 (CT3 positive) that contains an 1180 bp 
insert containing almost the entire ORF for CT798. 
0056 SEQID NO:40 sets forth the DNA sequence of the 
clone E4-D6-21 (CT3 positive) that contains a 1297 bp 
insert containing the partial ORFs of CT329 and CT327 and 
the complete ORF of CT328. 

0057 SEQID NO: 41 sets forth the DNA sequence of the 
clone E3-F3-18 (CT1 positive) that contains an 1141 bp 
insert containing the partial ORF of CT871. 

0.058 SEQID NO: 42 sets forth the DNA sequence of the 
clone E10-B2-57 (CT10 positive) that contains an 822 bp 
insert containing the complete ORF of CTO66. 

0059 SEQID NO:43 sets forth the DNA sequence of the 
clone E3-F3-7 (CT1 positive) that contains a 1643 bp insert 
containing the partial ORFs of CT869 and CT870. 
0060 SEQID NO:44 sets forth the DNA sequence of the 
clone E10-H8-1 (CT3 and CT10 positive) that contains an 
1862 bp insert containing the partial ORFs of CT871 and 
CTS72. 
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0061 SEQID NO:45 sets forth the DNA sequence of the 
clone E3-D10-46 (CT1, CT3, CT4, CT11, and CT12 posi 
tive) that contains a 1666 bp insert containing the partial 
ORFs for CT770 and CT773 and the complete ORFs for 
CTTT1 and CT722. 

0062 SEQID NO: 46 sets forth the DNA sequence of the 
clone E2-D8-19 (CT1 positive) that contains a 2010 bp 
insert containing partial ORFs, ORF3 and ORF6, and com 
plete ORFs, ORF4 and ORF5. 
0063 SEQID NO: 47 sets forth the DNA sequence of the 
clone E4-C3-40 (CT10 positive) that contains a 2044 bp 
insert containing the partial ORF for CT827 and a complete 
ORF for CT828. 

0064 SEQID NO:48 sets forth the DNA sequence of the 
clone E3-H6-10 (CT12 positive) that contains a 3743 bp 
insert containing the partial ORFs for CT223 and CT229 and 
the complete ORFs for CT224 and CT224, CT225, CT226, 
CT227, and CT228. 
0065 SEQ ID NO: 49 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0454 of the 
Chlamydia trachomatis gene CT872. 
0.066 SEQ ID NO: 50 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0187, of the 
Chlamydia trachomatis gene CT133. 
0067 SEQ ID NO: 51 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0075 of the 
Chlamydia trachomatis gene CT321. 
0068 SEQ ID NO: 52 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0074, of the 
Chlamydia trachomatis gene CT322. 
0069 SEQ ID NO: 53 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0948, of the 
Chlamydia trachomatis gene CT798. 
0070 SEQ ID NO: 54 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0985, of the 
Chlamydia trachomatis gene CT828. 
0071 SEQ ID NO: 55 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0984, of the 
Chlamydia trachomatis gene CT827. 
0072 SEQ ID NO: 56 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0062, of the 
Chlamydia trachomatis gene CT289. 
0073 SEQ ID NO: 57 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn00065, of the 
Chlamydia trachomatis gene CT288. 
0074 SEQ ID NO: 58 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0438, of the 
Chlamydia trachomatis gene CT287. 
0075 SEQ ID NO. 59 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0963, of the 
Chlamydia trachomatis gene CT812. 
0076 SEQ ID NO: 60 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0778, of the 
Chlamydia trachomatis gene CT603. 
0077 SEQ ID NO: 61 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0503, of the 
Chlamydia trachomatis gene CT396. 
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0078 SEQ ID NO: 62 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn1016, of the 
Chlamydia trachomatis gene CT858. 

0079 SEQ ID NO: 63 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0728, of the 
Chlamydia trachomatis gene CT622. 

0080 SEQ ID NO: 64 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0557, of the 
Chlamydia trachomatis gene CT460. 

0081 SEQID NO: 65 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0454, of the 
Chlamydia trachomatis gene CT872. 

0082 SEQID NO: 66 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0187, of the 
Chlamydia trachomatis gene CT133. 

0.083 SEQID NO: 67 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0075, of the 
Chlamydia trachomatis gene CT321. 

0084 SEQID NO: 68 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0074, of the 
Chlamydia trachomatis gene CT322. 

0085 SEQID NO: 69 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0948, of the 
Chlamydia trachomatis gene CT798. 

0.086 SEQID NO: 70 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0985, of the 
Chlamydia trachomatis gene CT828. 

0087 SEQID NO: 71 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0984, of the 
Chlamydia trachomatis gene CT827. 

0088 SEQID NO: 72 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0062, of the 
Chlamydia trachomatis gene CT289. 

0089 SEQID NO: 73 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0065, of the 
Chlamydia trachomatis gene CT288. 

0090 SEQID NO: 74 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0438, of the 
Chlamydia trachomatis gene CT287. 

0091 SEQID NO: 75 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0963, of the 
Chlamydia trachomatis gene CT812. 

0092) SEQID NO: 76 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0778, of the 
Chlamydia trachomatis gene CT603. 

0093 SEQID NO: 77 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn1016, of the 
Chlamydia trachomatis gene CT858. 

0094 SEQID NO: 78 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0728, of the 
Chlamydia trachomatis gene CT622. 

0.095 SEQID NO: 79 sets forth the amino acid sequence 
for the Chlamydia pneumoniae homologue, CPn0557, of the 
Chlamydia trachomatis gene CT460. 
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0096 SEQID NO:80 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT872. 

0097 SEQID NO: 81 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT828. 

0.098 SEQID NO: 82 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT827. 

0099 SEQID NO: 83 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT812. 

0100 SEQID NO: 84 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT798. 

0101 SEQID NO: 85 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT681 
(MompF). 

0102) SEQID NO: 86 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT603. 

0103 SEQID NO: 87 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT460. 

0104 SEQID NO: 88 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT322. 

0105 SEQID NO: 89 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT321. 

0106 SEQID NO: 90 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT289. 

01.07 SEQ ID NO: 91 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT288. 

0108 SEQID NO: 92 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT287. 

0109 SEQID NO: 93 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT 133. 

0110 SEQ ID NO: 94 sets forth the full-length serovar D 
DNA sequence of the Chlamydia trachomatis gene CT113. 

0111 SEQ ID NO: 95 sets forth the full-length serovar D 
amino acid Sequence of the Chlamydia trachomatis gene 
CTS72. 

0112 SEQ ID NO: 96 sets forth the full-length serovar D 
amino acid Sequence of the Chlamydia trachomatis gene 
CT828. 

0113 SEQ ID NO: 97 sets forth the full-length serovar D 
amino acid Sequence of the Chlamydia trachomatis gene 
CTS27. 

0114 SEQ ID NO: 98 sets forth the full-length serovar D 
amino acid Sequence of the Chlamydia trachomatis gene 
CT812. 

0115 SEQ ID NO: 99 sets forth the full-length serovar D 
amino acid Sequence of the Chlamydia trachomatis gene 
CT798. 

0116 SEQ ID NO: 100 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT681. 

0117 SEQ ID NO: 101 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT603. 
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0118 SEQ ID NO: 102 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT46O. 

0119 SEQ ID NO: 103 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT322. 

0120 SEQ ID NO: 104 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT321. 

0121 SEQ ID NO: 105 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT289. 

0122) SEQ ID NO: 106 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT288. 

0123 SEQ ID NO: 107 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT287. 

0124 SEQ ID NO: 108 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT133. 

0125 SEQ ID NO: 109 sets forth the full-length serovar 
Damino acid Sequence of the Chlamydia trachomatis gene 
CT113. 

0126 SEQ ID NO: 110 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0695, of the 
Chlamydia trachomatis gene CT681. 
0127 SEQ ID NO: 111 sets forth the DNA sequence for 
the Chlamydia pneumoniae homologue, CPn0144, of the 
Chlamydia trachomatis gene CT113. 
0128 SEQ ID NO: 112 sets forth the amino acid 
Sequence for the Chlamydia pneumoniae homologue, 
CPn0695, of the Chlamydia trachomatis gene CT681. 
0129 SEQ ID NO: 113 sets forth the amino acid 
Sequence for the Chlamydia pneumoniae homologue, 
CPn0144, of the Chlamydia trachomatis gene CT 113. 
0130 SEQ ID NO: 114 sets forth the DNA sequence of 
the clone E7-B12-65 (CHHO37 positive) that contains a 
1179 bp insert containing complete ORF for 376. 
0131 SEQ ID NO: 115 sets forth the DNA sequence of 
the clone E4-H9-83 (CHHO37 positive) that contains the 
partial ORF for the heat shock protein GroEL (CT110). 
0132) SEQ ID NO: 116 sets forth the DNA sequence of 
the clone E9-B10-52 (CHHO37 positive) that contains the 
partial ORF for the the gene yScC (CT674). 
0133) SEQ ID NO: 117 sets forth the DNA sequence of 
the clone E7-A7-79 (CHHO37 positive) that contains the 
complete ORF for the histone like development gene hctA 
(CT743) and a partial ORF for the rRNA methyltransferase 
gene ygcA (CT742). 
0134) SEQ ID NO: 118 sets forth the DNA sequence of 
the clone E2-D 11-18 (CHHO37 positive) that contains the 
partial ORF for hctA (CT743). 
0135 SEQ ID NO: 119 sets forth the DNA sequence for 
the Chlamydia trachomatis serovar E hypothetical protein 
CT694. 
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0136 SEQ ID NO: 120 sets forth the DNA sequence for 
the Chlamydia trachomatis serovar E hypothetical protein 
CT695. 

0137 SEQ ID NO: 121 sets forth the DNA sequence for 
the Chlamydia trachomatis serovar E L1 ribosomal protein. 
0138 SEQ ID NO: 122 sets forth the amino acid 
Sequence for the Chlamydia trachomatis Serovar E hypo 
thetical protein CT694. 
0139 SEQ ID NO: 123 sets forth the amino acid 
Sequence for the Chlamydia trachomatis Serovar E hypo 
thetical protein CT695. 
0140 SEQ ID NO: 124 sets forth the amino acid 
Sequence for the Chlamydia trachomatis Serovar E L1 
ribosomal protein. 
0141 SEQ ID NO: 125 sets forth the DNA sequence of 
the clone E9-H6-15 (CT3 positive) that contains the partial 
ORF for the pmp B gene (CT413). 
0142) SEQ ID NO: 126 sets forth the DNA sequence of 
the clone E3-D10-87 (CT1 positive) that contains the partial 
ORFs for the hypothetical genes CT388 and CT389. 
0143 SEQ ID NO: 127 sets forth the DNA sequence of 
the clone E9-D6-43 (CT3 positive) that contains the partial 
ORF for the CT358. 

0144 SEQ ID NO: 128 sets forth the DNA sequence of 
the clone E3-D10-4 (CT1 positive) that contains the partial 
ORF for pGP3-D, an ORF encoded on the plasmid pCHL1. 
0145 SEQ ID NO: 129 sets forth the DNA sequence of 
the clone E3-G8-7 (CT1 positive) that contains the partial 
ORFs for the CT557 (LpdA) and CT558 (LipA). 
0146 SEQ ID NO: 130 sets forth the DNA sequence of 
the clone E3-F 11-32 (CT1 positive) that contains the partial 
ORF for pmpD (CT812). 
0147 SEQ ID NO: 131 sets forth the DNA sequence of 
the clone E2-F8-5 (CT12 positive) that contains the com 
plete ORF for the 15 kDa ORF (CT442) and a partial ORF 
for the 60 kDa ORF (CT443). 
0148 SEQ ID NO: 132 sets forth the DNA sequence of 
the clone E2-G4-39 (CT12 positive) that contains the partial 
ORF for the 60 kDa ORF (CT443). 
0149 SEQ ID NO: 133 sets forth the DNA sequence of 
the clone E9-D1-16 (CT10 positive) that contains the partial 
ORF for pmpH (CT872). 
0150 SEQ ID NO: 134 sets forth the DNA sequence of 
the clone E3-F3-6 (CT1 positive) that contains the partial 
ORFs for the genes accB (CT123), L1 ribosomal (CT125) 
and S9 ribosomal (CT126). 
0151 SEQ ID NO: 135 sets forth the DNA sequence of 
the clone E2-D4-70 (CT12 positive) that contains the partial 
ORF for the pmpC gene (CT414). 
0152 SEQ ID NO: 136 sets forth the DNA sequence of 
the clone E5-A1-79 (CT1 positive) that contains the partial 
ORF for ydho (CT127), a complete ORF for S9 ribosomal 
gene (CT126), a complete ORF for the L1 ribosomal gene 
(CT125) and a partial ORF for accC (CT124). 
0153 SEQ ID NO: 137 sets forth the DNA sequence of 
the clone E1-F7-16 (CT12, CT3, and CT11 positive) that 
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contains the partial ORF for the fish gene (CT841) and the 
entire ORF for the pnp gene (CT842). 
0154 SEQ ID NO: 138 sets forth the DNA sequence of 
the clone E1-D8-62 (CT12 positive) that contains the partial 
ORFs for the fish gene (CT841) and for the pnp gene 
(CT342). 
0155 SEQ ID NO: 139 sets forth the amino acid 
sequence for the serovar E protein CT875. 
0156 SEQ ID NO: 140 sets forth the amino acid 
sequence for the serovar E protein CT622. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

O157 As noted above, the present invention is generally 
directed to compositions and methods for the diagnosis and 
treatment of Chlamydial infection. In one aspect, the com 
positions of the Subject invention include polypeptides that 
comprise at least one immunogenic portion of a Chlamydia 
antigen, or a variant thereof. 
0158. In specific embodiments, the subject invention 
discloses polypeptides comprising an immunogenic portion 
of a Chlamydia antigen, wherein the Chlamydia antigen 
comprises an amino acid Sequence encoded by a polynucle 
otide molecule including a sequence Selected from the group 
consisting of (a) nucleotide sequences recited in SEQ ID 
NO: 1-48, 114-121, and 125-138 (b) the complements of 
said nucleotide Sequences, and (c) variants of Such 
Sequences. 

0159) Polynucleotide Compositions 
0160 AS used herein, the terms “DNA segment” and 
“polynucleotide” refer to a DNA molecule that has been 
isolated free of total genomic DNA of a particular species. 
Therefore, a DNA segment encoding a polypeptide refers to 
a DNA segment that contains one or more coding Sequences 
yet is Substantially isolated away from, or purified free from, 
total genomic DNA of the species from which the DNA 
segment is obtained. Included within the terms “DNA seg 
ment” and “polynucleotide' are DNA segments and smaller 
fragments of Such segments, and also recombinant vectors, 
including, for example, plasmids, cosmids, phagemids, 
phage, Viruses, and the like. 
0.161 AS will be understood by those skilled in the art, 
the DNA segments of this invention can include genomic 
Sequences, extra-genomic and plasmid-encoded Sequences 
and Smaller engineered gene Segments that express, or may 
be adapted to express, proteins, polypeptides, peptides and 
the like. Such segments may be naturally isolated, or modi 
fied synthetically by the hand of man. 
0162 “Isolated,” as used herein, means that a polynucle 
otide is Substantially away from other coding Sequences, and 
that the DNA segment does not contain large portions of 
unrelated coding DNA, Such as large chromosomal frag 
ments or other functional genes or polypeptide coding 
regions. Of course, this refers to the DNA segment as 
originally isolated, and does not exclude genes or coding 
regions later added to the Segment by the hand of man. 
0163 AS will be recognized by the skilled artisan, poly 
nucleotides may be single-stranded (coding or antisense) or 
double-stranded, and may be DNA (genomic, cDNA or 
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synthetic) or RNA molecules. RNA molecules include 
HnRNA molecules, which contain introns and correspond to 
a DNA molecule in a one-to-one manner, and mRNA 
molecules, which do not contain introns. Additional coding 
or non-coding Sequences may, but need not, be present 
within a polynucleotide of the present invention, and a 
polynucleotide may, but need not, be linked to other mol 
ecules and/or Support materials. 
0164 Polynucleotides may comprise a native Chlamydia 
Sequence or may comprise a variant, or a biological or 
antigenic functional equivalent of Such a Sequence. Poly 
nucleotide variants may contain one or more Substitutions, 
additions, deletions and/or insertions, as further described 
below, preferably Such that the immunogenicity of the 
encoded polypeptide is not diminished, relative to a native 
Chlamydia protein. The effect on the immunogenicity of the 
encoded polypeptide may generally be assessed as described 
herein. The term “variants' also encompasses homologous 
genes of Xenogenic origin. 

01.65 When comparing polynucleotide or polypeptide 
Sequences, two Sequences are Said to be “identical” if the 
Sequence of nucleotides or amino acids in the two Sequences 
is the same when aligned for maximum correspondence, as 
described below. Comparisons between two Sequences are 
typically performed by comparing the Sequences over a 
comparison window to identify and compare local regions of 
Sequence Similarity. A "comparison window” as used herein, 
refers to a Segment of at least about 20 contiguous positions, 
usually 30 to about 75, 40 to about 50, in which a sequence 
may be compared to a reference Sequence of the same 
number of contiguous positions after the two Sequences are 
optimally aligned. 

0166 Optimal alignment of Sequences for comparison 
may be conducted using the Megalign program in the 
Lasergene suite of bioinformatics Software (DNASTAR, 
Inc., Madison, Wis.), using default parameters. This pro 
gram embodies Several alignment Schemes described in the 
following references: Dayhoff, M. O. (1978) A model of 
evolutionary change in proteins-Matrices for detecting 
distant relationships. In Dayhoff, M.O. (ed.) Atlas of Protein 
Sequence and Structure, National Biomedical Research 
Foundation, Washington D.C. Vol. 5, Suppl. 3, pp. 345-358; 
Hein J. (1990) Unified Approach to Alignment and Phylo 
genes pp. 626-645 Methods in Enzymology vol. 183, Aca 
demic PreSS, Inc., San Diego, Calif., Higgins, D. G. and 
Sharp, P. M. (1989) CABIOS 5:151-153; Myers, E. W. and 
Muller W. (1988) CABIOS 4:11-17; Robinson, E. D. (1971) 
Comb. Theor 11:105; Santou, N. Nes, M. (1987) Mol. Biol. 
Evol. 4:406-425; Sneath, P. H. A. and Sokal, R. R. (1973) 
Numerical Taxonomy the Principles and Practice of 
Numerical Taxonomy, Freeman Press, San Francisco, Calif.; 
Wilbur, W.J. and Lipman, D. J. (1983) Proc. Natl. Acad, 
Sci. USA 80:726-730. 

0167 Alternatively, optimal alignment of sequences for 
comparison may be conducted by the local identity algo 
rithm of Smith and Waterman (1981) Add. APL. Math 2:482, 
by the identity alignment algorithm of Needleman and 
Wunsch (1970) J. Mol. Biol. 48:443, by the search for 
similarity methods of Pearson and Lipman (1988) Proc. 
Natl. Acad. Sci. USA 85: 2444, by computerized implemen 
tations of these algorithms (GAP, BESTFIT, BLAST, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
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Package, Genetics Computer Group (GCG), 575 Science 
Dr., Madison, Wis.), or by inspection. 
0168 One preferred example of algorithms that are suit 
able for determining percent Sequence identity and Sequence 
similarity are the BLAST and BLAST 2.0 algorithms, which 
are described in Altschul et al. (1977) Nucl. Acids Res. 
25:3389-3402 and Altschul et al. (1990) J. Mol. Biol. 
215:403-410, respectively. BLAST and BLAST 2.0 can be 
used, for example with the parameters described herein, to 
determine percent Sequence identity for the polynucleotides 
and polypeptides of the invention. Software for performing 
BLAST analyses is publicly available through the National 
Center for Biotechnology Information. In one illustrative 
example, cumulative Scores can be calculated using, for 
nucleotide sequences, the parameters M (reward Score for a 
pair of matching residues; always >0) and N (penalty Score 
for mismatching residues; always <0). For amino acid 
Sequences, a Scoring matrix can be used to calculate the 
cumulative Score. Extension of the word hits in each direc 
tion are halted when: the cumulative alignment Score falls 
off by the quantity X from its maximum achieved value; the 
cumulative Score goes to Zero or below, due to the accumu 
lation of one or more negative-Scoring residue alignments, 
or the end of either sequence is reached. The BLAST 
algorithm parameters W., T and X determine the sensitivity 
and speed of the alignment. The BLASTN program (for 
nucleotide Sequences) uses as defaults a wordlength (W) of 
11, and expectation (E) of 10, and the BLOSUM62 scoring 
matrix (see Henikoff and Henikoff (1989) Proc. Natl. Acad. 
Sci. USA 89:10915) alignments, (B) of 50, expectation (E) of 
10, M=5, N=-4 and a comparison of both strands. 
0169 Preferably, the “percentage of sequence identity” is 
determined by comparing two optimally aligned Sequences 
over a window of comparison of at least 20 positions, 
wherein the portion of the polynucleotide or polypeptide 
Sequence in the comparison window may comprise additions 
or deletions (i.e., gaps) of 20 percent or less, usually 5 to 15 
percent, or 10 to 12 percent, as compared to the reference 
Sequences (which does not comprise additions or deletions) 
for optimal alignment of the two Sequences. The percentage 
is calculated by determining the number of positions at 
which the identical nucleic acid bases or amino acid residue 
occurs in both Sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the reference sequence (i.e., the 
window size) and multiplying the results by 100 to yield the 
percentage of Sequence identity. 
0170 Therefore, the present invention encompasses 
polynucleotide and polypeptide Sequences having Substan 
tial identity to the Sequences disclosed herein, for example 
those comprising at least 50% sequence identity, preferably 
at least 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
96%, 97%, 98%, or 99% or higher, sequence identity 
compared to a polynucleotide or polypeptide Sequence of 
this invention using the methods described herein, (e.g., 
BLAST analysis using Standard parameters, as described 
below). One skilled in this art will recognize that these 
values can be appropriately adjusted to determine corre 
sponding identity of proteins encoded by two nucleotide 
Sequences by taking into account codon degeneracy, amino 
acid Similarity, reading frame positioning and the like. 
0171 In additional embodiments, the present invention 
provides isolated polynucleotides and polypeptides compris 
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ing various lengths of contiguous Stretches of Sequence 
identical to or complementary to one or more of the 
Sequences disclosed herein. For example, polynucleotides 
are provided by this invention that comprise at least about 
15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or 1000 
or more contiguous nucleotides of one or more of the 
Sequences disclosed herein as well as all intermediate 
lengths there between. It will be readily understood that 
“intermediate lengths, in this context, means any length 
between the quoted values, Such as 16, 17, 18, 19, etc.; 21, 
22, 23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101, 
102, 103, etc.; 150, 151,152, 153, etc.; including all integers 
through 200-500; 500-1,000, and the like. 
0172 The polynucleotides of the present invention, or 
fragments thereof, regardless of the length of the coding 
sequence itself, may be combined with other DNA 
Sequences, Such as promoters, polyadenylation Signals, addi 
tional restriction enzyme sites, multiple cloning Sites, other 
coding Segments, and the like, Such that their overall length 
may vary considerably. It is therefore contemplated that a 
nucleic acid fragment of almost any length may be 
employed, with the total length preferably being limited by 
the ease of preparation and use in the intended recombinant 
DNA protocol. For example, illustrative DNA segments with 
total lengths of about 10,000, about 5000, about 3000, about 
2,000, about 1,000, about 500, about 200, about 100, about 
50 base pairs in length, and the like, (including all interme 
diate lengths) are contemplated to be useful in many imple 
mentations of this invention. 

0173. In other embodiments, the present invention is 
directed to polynucleotides that are capable of hybridizing 
under moderately Stringent conditions to a polynucleotide 
Sequence provided herein, or a fragment thereof, or a 
complementary Sequence thereof. Hybridization techniques 
are well known in the art of molecular biology. For purposes 
of illustration, Suitable moderately Stringent conditions for 
testing the hybridization of a polynucleotide of this inven 
tion with other polynucleotides include prewashing in a 
solution of 5xSSC, 0.5% SDS, 1.0 mM EDTA (pH 8.0); 
hybridizing at 50° C.-65 C., 5xSSC, overnight; followed by 
washing twice at 65 C. for 20 minutes with each of 2x, 0.5x 
and 0.2xSSC containing 0.1% SDS. 
0.174 Moreover, it will be appreciated by those of ordi 
nary skill in the art that, as a result of the degeneracy of the 
genetic code, there are many nucleotide Sequences that 
encode a polypeptide as described herein. Some of these 
polynucleotides bear minimal homology to the nucleotide 
Sequence of any native gene. Nonetheless, polynucleotides 
that vary due to differences in codon usage are specifically 
contemplated by the present invention. Further, alleles of the 
genes comprising the polynucleotide Sequences provided 
herein are within the Scope of the present invention. Alleles 
are endogenous genes that are altered as a result of one or 
more mutations, Such as deletions, additions and/or Substi 
tutions of nucleotides. The resulting mRNA and protein 
may, but need not, have an altered Structure or function. 
Alleles may be identified using standard techniques (Such as 
hybridization, amplification and/or database Sequence com 
parison). 

0175 Probes and Primers 
0176). In other embodiments of the present invention, the 
polynucleotide Sequences provided herein can be advanta 
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geously used as probes or primerS for nucleic acid hybrid 
ization. AS Such, it is contemplated that nucleic acid Seg 
ments that comprise a Sequence region of at least about 15 
nucleotide long contiguous Sequence that has the same 
Sequence as, or is complementary to, a 15 nucleotide long 
contiguous Sequence disclosed herein will find particular 
utility. Longer contiguous identical or complementary 
sequences, e.g., those of about 20, 30, 40, 50, 100, 200, 500, 
1000 (including all intermediate lengths) and even up to full 
length Sequences will also be of use in certain embodiments. 
0177. The ability of such nucleic acid probes to specifi 
cally hybridize to a Sequence of interest will enable them to 
be of use in detecting the presence of complementary 
Sequences in a given Sample. However, other uses are also 
envisioned, Such as the use of the Sequence information for 
the preparation of mutant Species primers, or primers for use 
in preparing other genetic constructions. 
0.178 Polynucleotide molecules having sequence regions 
consisting of contiguous nucleotide Stretches of 10-14, 
15-20, 30, 50, or even of 100-200 nucleotides or so (includ 
ing intermediate lengths as well), identical or complemen 
tary to a polynucleotide Sequence disclosed herein, are 
particularly contemplated as hybridization probes for use in, 
e.g., Southern and Northern blotting. This would allow a 
gene product, or fragment thereof, to be analyzed, both in 
diverse cell types and also in various bacterial cells. The 
total size of fragment, as well as the size of the comple 
mentary stretch(es), will ultimately depend on the intended 
use or application of the particular nucleic acid Segment. 
Smaller fragments will generally find use in hybridization 
embodiments, wherein the length of the contiguous comple 
mentary region may be varied, Such as between about 15 and 
about 100 nucleotides, but larger contiguous complementa 
rity Stretches may be used, according to the length comple 
mentary Sequences one wishes to detect. 
0179 The use of a hybridization probe of about 15-25 
nucleotides in length allows the formation of a duplex 
molecule that is both stable and selective. Molecules having 
contiguous complementary Sequences over Stretches greater 
than 15 bases in length are generally preferred, though, in 
order to increase stability and selectivity of the hybrid, and 
thereby improve the quality and degree of Specific hybrid 
molecules obtained. One will generally prefer to design 
nucleic acid molecules having gene-complementary 
Stretches of 15 to 25 contiguous nucleotides, or even longer 
where desired. 

0180 Hybridization probes may be selected from any 
portion of any of the Sequences disclosed herein. All that is 
required is to review the sequence set forth in SEQ ID NO: 
1-48, 114-121, and 125-138, or to any continuous portion of 
the Sequence, from about 15-25 nucleotides in length up to 
and including the full length Sequence, that one wishes to 
utilize as a probe or primer. The choice of probe and primer 
Sequences may be governed by various factors. For example, 
one may wish to employ primers from towards the termini 
of the total Sequence. 
0181 Small polynucleotide segments or fragments may 
be readily prepared by, for example, directly Synthesizing 
the fragment by chemical means, as is commonly practiced 
using an automated oligonucleotide Synthesizer. Also, frag 
ments may be obtained by application of nucleic acid 
reproduction technology, such as the PCRTM technology of 
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U.S. Pat. No. 4,683.202 (incorporated herein by reference), 
by introducing Selected Sequences into recombinant vectors 
for recombinant production, and by other recombinant DNA 
techniques generally known to those of skill in the art of 
molecular biology. 
0182. The nucleotide sequences of the invention may be 
used for their ability to selectively form duplex molecules 
with complementary Stretches of the entire gene or gene 
fragments of interest. Depending on the application envi 
Sioned, one will typically desire to employ varying condi 
tions of hybridization to achieve varying degrees of Selec 
tivity of probe towards target Sequence. For applications 
requiring high Selectivity, one will typically desire to employ 
relatively Stringent conditions to form the hybrids, e.g., one 
will Select relatively low Salt and/or high temperature con 
ditions, Such as provided by a Salt concentration of from 
about 0.02 M to about 0.15 M salt at temperatures of from 
about 50° C. to about 70° C. Such selective conditions 
tolerate little, if any, mismatch between the probe and the 
template or target Strand, and would be particularly Suitable 
for isolating related Sequences. 
0183) Of course, for some applications, for example, 
where one desires to prepare mutants employing a mutant 
primer Strand hybridized to an underlying template, leSS 
Stringent (reduced Stringency) hybridization conditions will 
typically be needed in order to allow formation of the 
heteroduplex. In these circumstances, one may desire to 
employ salt conditions such as those of from about 0.15 M 
to about 0.9 M salt, at temperatures ranging from about 20 
C. to about 55 C. Cross-hybridizing species can thereby be 
readily identified as positively hybridizing Signals with 
respect to control hybridizations. In any case, it is generally 
appreciated that conditions can be rendered more Stringent 
by the addition of increasing amounts of formamide, which 
Serves to destabilize the hybrid duplex in the same manner 
as increased temperature. Thus, hybridization conditions can 
be readily manipulated, and thus will generally be a method 
of choice depending on the desired results. 
0184 Polynucleotide Identification and Characterization 
0185. Polynucleotides may be identified, prepared and/or 
manipulated using any of a variety of well established 
techniques. For example, a polynucleotide may be identi 
fied, by screening a microarray of cDNAs for Chlamydia 
expression. Such Screens may be performed, for example, 
using a Synteni microarray (Palo Alto, Calif.) according to 
the manufacturer's instructions (and essentially as described 
by Schena et al., Proc. Natl. Acad. Sci. USA 93:10614 
10619, 1996 and Heller et al., Proc. Natl. Acad. Sci. USA 
94:2150-2155, 1997). Alternatively, polynucleotides may be 
amplified from cDNA prepared from cells expressing the 
proteins described herein. Such polynucleotides may be 
amplified via polymerase chain reaction (PCR). For this 
approach, Sequence-specific primerS may be designed based 
on the Sequences provided herein, and may be purchased or 
Synthesized. 
0186. An amplified portion of a polynucleotide of the 
present invention may be used to isolate a full length gene 
from a suitable library (e.g., Chlamydia cDNA library) using 
well known techniques. Within Such techniques, a library 
(cDNA or genomic) is Screened using one or more poly 
nucleotide probes or primerS Suitable for amplification. 
Preferably, a library is size-Selected to include larger mol 
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ecules. Random primed libraries may also be preferred for 
identifying 5' and upstream regions of genes. Genomic 
libraries are preferred for obtaining introns and extending 5' 
Sequences. 

0187. For hybridization techniques, a partial sequence 
may be labeled (e.g., by nick-translation or end-labeling 
with P) using well known techniques. A bacterial or 
bacteriophage library is then generally Screened by hybrid 
izing filters containing denatured bacterial colonies (or 
lawns containing phage plaques) with the labeled probe (see 
Sambrook et al., Molecular Cloning. A Laboratory Manual, 
Cold Spring Harbor Laboratories, Cold Spring Harbor, N.Y., 
1989). Hybridizing colonies or plaques are selected and 
expanded, and the DNA is isolated for further analysis. 
cDNA clones may be analyzed to determine the amount of 
additional Sequence by, for example, PCR using a primer 
from the partial Sequence and a primer from the vector. 
Restriction maps and partial Sequences may be generated to 
identify one or more overlapping clones. The complete 
Sequence may then be determined using Standard tech 
niques, which may involve generating a Series of deletion 
clones. The resulting overlapping Sequences can then 
assembled into a single contiguous Sequence. A full length 
cDNA molecule can be generated by ligating Suitable frag 
ments, using well known techniques. 

0188 Alternatively, there are numerous amplification 
techniques for obtaining a full length coding Sequence from 
a partial cDNA sequence. Within Such techniques, amplifi 
cation is generally performed via PCR. Any of a variety of 
commercially available kits may be used to perform the 
amplification Step. PrimerS may be designed using, for 
example, Software well known in the art. Primers are pref 
erably 22-30 nucleotides in length, have a GC content of at 
least 50% and anneal to the target Sequence at temperatures 
of about 68 C. to 72 C. The amplified region may be 
Sequenced as described above, and Overlapping Sequences 
assembled into a contiguous Sequence. 

0189 One such amplification technique is inverse PCR 
(see Triglia et al., Nucl. Acids Res. 16:8186, 1988), which 
uses restriction enzymes to generate a fragment in the 
known region of the gene. The fragment is then circularized 
by intramolecular ligation and used as a template for PCR 
with divergent primers derived from the known region. 
Within an alternative approach, Sequences adjacent to a 
partial Sequence may be retrieved by amplification with a 
primer to a linker Sequence and a primer Specific to a known 
region. The amplified Sequences are typically Subjected to a 
Second round of amplification with the same linker primer 
and a Second primer Specific to the known region. A varia 
tion on this procedure, which employs two primers that 
initiate extension in opposite directions from the known 
sequence, is described in WO 96/38591. Another such 
technique is known as “rapid amplification of cDNA ends” 
or RACE. This technique involves the use of an internal 
primer and an external primer, which hybridizes to a polyA 
region or vector Sequence, to identify Sequences that are 5' 
and 3' of a known Sequence. Additional techniques include 
capture PCR (Lagerstrom et al., PCR Methods Applic. 
1:111-19, 1991) and walking PCR (Parker et al., Nucl. Acids. 
Res. 19:3055-60, 1991). Other methods employing ampli 
fication may also be employed to obtain a full length cDNA 
Sequence. 
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0190. In certain instances, it is possible to obtain a full 
length cDNA sequence by analysis of Sequences provided in 
an expressed Sequence tag (EST) database, Such as that 
available from GenBank. Searches for overlapping ESTs 
may generally be performed using well known programs 
(e.g. NCBI BLAST searches), and such ESTs may be used 
to generate a contiguous full length Sequence. Full length 
DNA sequences may also be obtained by analysis of 
genomic fragments. 

0191 Polynucleotide Expression in Host Cells 
0.192 In other embodiments of the invention, polynucle 
otide Sequences or fragments thereof which encode polypep 
tides of the invention, or fusion proteins or functional 
equivalents thereof, may be used in recombinant DNA 
molecules to direct expression of a polypeptide in appropri 
ate host cells. Due to the inherent degeneracy of the genetic 
code, other DNA sequences that encode Substantially the 
Same or a functionally equivalent amino acid Sequence may 
be produced and these Sequences may be used to clone and 
express a given polypeptide. 

0193 As will be understood by those of skill in the art, 
it may be advantageous in Some instances to produce 
polypeptide-encoding nucleotide Sequences possessing non 
naturally occurring codons. For example, codons preferred 
by a particular prokaryotic or eukaryotic host can be Selected 
to increase the rate of protein expression or to produce a 
recombinant RNA transcript having desirable properties, 
Such as a half-life which is longer than that of a transcript 
generated from the naturally occurring Sequence. 
0194 Moreover, the polynucleotide sequences of the 
present invention can be engineered using methods gener 
ally known in the art in order to alter polypeptide encoding 
Sequences for a variety of reasons, including but not limited 
to, alterations which modify the cloning, processing, and/or 
expression of the gene product. For example, DNA shuffling 
by random fragmentation and PCR reassembly of gene 
fragments and Synthetic oligonucleotides may be used to 
engineer the nucleotide Sequences. In addition, Site-directed 
mutagenesis may be used to insert new restriction sites, alter 
glycosylation patterns, change codon preference, produce 
Splice variants, or introduce mutations, and So forth. 

0.195. In another embodiment of the invention, natural, 
modified, or recombinant nucleic acid Sequences may be 
ligated to a heterologous Sequence to encode a fusion 
protein. For example, to Screen peptide libraries for inhibi 
tors of polypeptide activity, it may be useful to encode a 
chimeric protein that can be recognized by a commercially 
available antibody. A fusion protein may also be engineered 
to contain a cleavage Site located between the polypeptide 
encoding Sequence and the heterologous protein Sequence, 
So that the polypeptide may be cleaved and purified away 
from the heterologous moiety. 
0196) Sequences encoding a desired polypeptide may be 
Synthesized, in whole or in part, using chemical methods 
well known in the art (see Caruthers, M. H. et al. (1980) 
Nucl. Acids Res. Symp. Ser: 215-223, Horn, T. et al. (1980) 
Nucl. Acids Res. Symp. Ser: 225-232). Alternatively, the 
protein itself may be produced using chemical methods to 
Synthesize the amino acid Sequence of a polypeptide, or a 
portion thereof. For example, peptide Synthesis can be 
performed using various Solid-phase techniques (Roberge, J. 
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Y. et al. (1995) Science 269:202-204) and automated syn 
thesis may be achieved, for example, using the ABI 431A 
Peptide Synthesizer (Perkin Elmer, Palo Alto, Calif.). 
0197) A newly synthesized peptide may be substantially 
purified by preparative high performance liquid chromatog 
raphy (e.g., Creighton, T. (1983) Proteins, Structures and 
Molecular Principles, W H Freeman and Co., New York, 
N.Y.) or other comparable techniques available in the art. 
The composition of the Synthetic peptides may be confirmed 
by amino acid analysis or sequencing (e.g., the Edman 
degradation procedure). Additionally, the amino acid 
Sequence of a polypeptide, or any part thereof, may be 
altered during direct Synthesis and/or combined using 
chemical methods with Sequences from other proteins, or 
any part thereof, to produce a variant polypeptide. 
0198 In order to express a desired polypeptide, the 
nucleotide Sequences encoding the polypeptide, or func 
tional equivalents, may be inserted into appropriate expres 
Sion vector, i.e., a vector which contains the necessary 
elements for the transcription and translation of the inserted 
coding Sequence. Methods which are well known to those 
skilled in the art may be used to construct expression vectors 
containing Sequences encoding a polypeptide of interest and 
appropriate transcriptional and translational control ele 
ments. These methods include in vitro recombinant DNA 
techniques, Synthetic techniques, and in Vivo genetic recom 
bination. Such techniques are described in Sambrook, J. et 
al. (1989) Molecular Cloning, A Laboratory Manual, Cold 
Spring Harbor Press, Plainview, N.Y., and Ausubel, F. M. et 
al. (1989) Current Protocols in Molecular Biology, John 
Wiley & Sons, New York. N.Y. 
0199 A variety of expression vector/host systems may be 
utilized to contain and express polynucleotide Sequences. 
These include, but are not limited to, microorganisms Such 
as bacteria transformed with recombinant bacteriophage, 
plasmid, or cosmid DNA expression vectors, yeast trans 
formed with yeast expression vectors; insect cell Systems 
infected with virus expression vectors (e.g., baculovirus); 
plant cell Systems transformed with virus expression vectors 
(e.g., cauliflower mosaic virus, CaMV; tobacco mosaic 
virus, TMV) or with bacterial expression vectors (e.g., Tior 
pBR322 plasmids); or animal cell systems. 
0200. The “control elements” or “regulatory sequences” 
present in an expression vector are those non-translated 
regions of the vector--enhancers, promoters, 5' and 3 
untranslated regions—which interact with host cellular pro 
teins to carry out transcription and translation. Such ele 
ments may vary in their Strength and Specificity. Depending 
on the vector System and host utilized, any number of 
Suitable transcription and translation elements, including 
constitutive and inducible promoters, may be used. For 
example, when cloning in bacterial Systems, inducible pro 
moters such as the hybrid lacZ promoter of the PBLUE 
SCRIPT phagemid (Stratagene, La Jolla, Calif.) or 
PSPORT1 plasmid (Gibco BRL, Gaithersburg, Md.) and the 
like may be used. In mammalian cell Systems, promoters 
from mammalian genes or from mammalian viruses are 
generally preferred. If it is necessary to generate a cell line 
that contains multiple copies of the Sequence encoding a 
polypeptide, vectors based on SV40 or EBV may be advan 
tageously used with an appropriate Selectable marker. 
0201 In bacterial systems, a number of expression vec 
tors may be Selected depending upon the use intended for the 
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expressed polypeptide. For example, when large quantities 
are needed, for example for the induction of antibodies, 
vectors which direct high level expression of fusion proteins 
that are readily purified may be used. Such vectors include, 
but are not limited to, the multifunctional E. coli cloning and 
expression vectors such as BLUESCRIPT (Stratagene), in 
which the Sequence encoding the polypeptide of interest 
may be ligated into the vector in frame with Sequences for 
the amino-terminal Met and the subsequent 7 residues of 
..beta.-galactosidase So that a hybrid protein is produced; plN 
vectors (Van Heeke, G. and S. M. Schuster (1989) J. Biol. 
Chem. 264:5503–5509); and the like. pCEX Vectors 
(Promega, Madison, Wis.) may also be used to express 
foreign polypeptides as fusion proteins with glutathione 
S-transferase (GST). In general, Such fusion proteins are 
soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by elution 
in the presence of free glutathione. Proteins made in Such 
Systems may be designed to include heparin, thrombin, or 
factor XA protease cleavage Sites So that the cloned polypep 
tide of interest can be released from the GST moiety at will. 
0202) In the yeast, Saccharomyces cerevisiae, a number 
of Vectors containing constitutive or inducible promoters 
Such as alpha factor, alcohol oxidase, and PGH may be used. 
For reviews, see Ausubel et al. (Supra) and Grant et al. 
(1987) Methods Enzymol. 153:516-544. 
0203. In cases where plant expression vectors are used, 
the expression of Sequences encoding polypeptides may be 
driven by any of a number of promoters. For example, Viral 
promoters such as the 35S and 19S promoters of CaMV may 
be used alone or in combination with the omega leader 
sequence from TMV (Takamatsu, N. (1987) EMBO J. 
6:307-311. Alternatively, plant promoters such as the small 
subunit of RUBISCO or heat shock promoters may be used 
(Coruzzi, G. et al. (1984) EMBO.J. 3:1671-1680; Broglie, R. 
et al. (1984) Science 224:838-843; and Winter, J. et al. 
(1991) Results Probl. Cell Differ. 17:85-105). These con 
structs can be introduced into plant cells by direct DNA 
transformation or pathogen-mediated transfection. Such 
techniques are described in a number of generally available 
reviews (see, for example, Hobbs, S. or Murry, L. E. in 
McGraw Hill Yearbook of Science and Technology (1992) 
McGraw Hill, New York, N.Y.; pp. 191-196). 
0204 An insect system may also be used to express a 
polypeptide of interest. For example, in one Such System, 
Autographa califomica nuclear polyhedrosis virus (AcNPV) 
is used as a vector to express foreign genes in Spodoptera 
frugiperda cells or in Trichoplusia larvae. The Sequences 
encoding the polypeptide may be cloned into a non-essential 
region of the virus, Such as the polyhedrin gene, and placed 
under control of the polyhedrin promoter. Successful inser 
tion of the polypeptide-encoding Sequence will render the 
polyhedrin gene inactive and produce recombinant virus 
lacking coat protein. The recombinant viruses may then be 
used to infect, for example, S. frugiperda cells or Trichop 
lusia larvae in which the polypeptide of interest may be 
expressed (Engelhard, E. K. et al. (1994) Proc. Natl. Acad. 
Sci. 91:3224-3227). 
0205. In mammalian host cells, a number of viral-based 
expression Systems are generally available. For example, in 
cases where an adenovirus is used as an expression vector, 
Sequences encoding a polypeptide of interest may be ligated 
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into an adenovirus transcription/translation complex con 
Sisting of the late promoter and tripartite leader Sequence. 
Insertion in a non-essential E1 or E3 region of the viral 
genome may be used to obtain a viable virus which is 
capable of expressing the polypeptide in infected host cells 
(Logan, J. and Shenk, T. (1984) Proc. Natl. Acad. Sci. 
81:3655-3659). In addition, transcription enhancers, such as 
the Rous sarcoma virus (RSV) enhancer, may be used to 
increase expression in mammalian host cells. 
0206 Specific initiation signals may also be used to 
achieve more efficient translation of Sequences encoding a 
polypeptide of interest. Such signals include the ATG ini 
tiation codon and adjacent Sequences. In cases where 
Sequences encoding the polypeptide, its initiation codon, and 
upstream Sequences are inserted into the appropriate expres 
Sion vector, no additional transcriptional or translational 
control signals may be needed. However, in cases where 
only coding Sequence, or a portion thereof, is inserted, 
exogenous translational control Signals including the ATG 
initiation codon should be provided. Furthermore, the ini 
tiation codon should be in the correct reading frame to 
ensure translation of the entire insert. Exogenous transla 
tional elements and initiation codons may be of various 
origins, both natural and Synthetic. The efficiency of expres 
Sion may be enhanced by the inclusion of enhancers which 
are appropriate for the particular cell System which is used, 
such as those described in the literature (Scharf, D. et al. 
(1994) Results Probl. Cell Differ. 20:125-162). 
0207. In addition, a host cell strain may be chosen for its 
ability to modulate the expression of the inserted Sequences 
or to process the expressed protein in the desired fashion. 
Such modifications of the polypeptide include, but are not 
limited to, acetylation, carboxylation, glycosylation, phos 
phorylation, lipidation, and acylation. Post-translational pro 
cessing which cleaves a “prepro' form of the protein may 
also be used to facilitate correct insertion, folding and/or 
function. Different host cells Such as CHO, HeLa, MDCK, 
HEK293, and WI38, which have specific cellular machinery 
and characteristic mechanisms for Such post-translational 
activities, may be chosen to ensure the correct modification 
and processing of the foreign protein. 

0208 For long-term, high-yield production of recombi 
nant proteins, Stable expression is E generally preferred. For 
example, cell lines which stably express a polynucleotide of 
interest may be transformed using expression vectors which 
may contain Viral origins of replication and/or endogenous 
expression elements and a Selectable marker gene on the 
Same or on a separate vector. Following the introduction of 
the vector, cells may be allowed to grow for 1-2 days in an 
enriched media before they are Switched to Selective media. 
The purpose of the Selectable marker is to confer resistance 
to Selection, and its presence allows growth and recovery of 
cells which Successfully express the introduced Sequences. 
Resistant clones of stably transformed cells may be prolif 
erated using tissue culture techniques appropriate to the cell 
type. 

0209 Any number of selection systems may be used to 
recover transformed cell lines. These include, but are not 
limited to, the herpes Simplex virus thymidine kinase 
(Wigler, M. et al. (1977) Cell 11:223-32) and adenine 
phosphoribosyltransferase (Lowy, I. et al. (1990) Cell 
22:817-23) genes which can be employed in tk. Sup.- or 
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aprt. Sup.- cells, respectively. Also, antimetabolite, antibiotic 
or herbicide resistance can be used as the basis for Selection; 
for example, dhfr which conferS resistance to methotrexate 
(Wigler, M. et al. (1980) Proc. Natl. Acad. Sci. 77:3567-70); 
npt, which conferS resistance to the aminoglycosides, neo 
mycin and G-418 (Colbere-Garapin, F. et al (1981).J. Mol. 
Biol. 150: 1-14); and als or pat, which confer resistance to 
chlorSulfuron and phosphinotricin acetyltransferase, respec 
tively (Murry, Supra). Additional Selectable genes have been 
described, for example, trp B, which allows cells to utilize 
indole in place of tryptophan, or hisD, which allows cells to 
utilize histinol in place of histidine (Hartman, S.C. and R. 
C. Mulligan (1988) Proc. Natl. Acad. Sci 85:8047-51). 
Recently, the use of visible markers has gained popularity 
with Such markers as anthocyanins, beta-glucuronidase and 
its Substrate GUS, and luciferase and its Substrate luciferin, 
being widely used not only to identify transformants, but 
also to quantify the amount of transient or stable protein 
expression attributable to a specific vector System (Rhodes, 
C. A. et al. (1995) Methods Mol. Biol. 55:121-131). 
0210 Although the presence/absence of marker gene 
expression Suggests that the gene of interest is also present, 
its presence and expression may need to be confirmed. For 
example, if the Sequence encoding a polypeptide is inserted 
within a marker gene Sequence, recombinant cells contain 
ing Sequences can be identified by the absence of marker 
gene function. Alternatively, a marker gene can be placed in 
tandem with a polypeptide-encoding Sequence under the 
control of a Single promoter. Expression of the marker gene 
in response to induction or Selection usually indicates 
expression of the tandem gene as well. 

0211 Alternatively, host cells which contain and express 
a desired polynucleotide Sequence may be identified by a 
variety of procedures known to those of skill in the art. 
These procedures include, but are not limited to, DNA-DNA 
or DNA-RNA hybridizations and protein bioassay or immu 
noassay techniques which include membrane, Solution, or 
chip based technologies for the detection and/or quantifica 
tion of nucleic acid or protein. 
0212. A variety of protocols for detecting and measuring 
the expression of polynucleotide-encoded products, using 
either polyclonal or monoclonal antibodies Specific for the 
product are known in the art. Examples include enzyme 
linked immunosorbent assay (ELISA), radioimmunoassay 
(RIA), and fluorescence activated cell sorting (FACS). A 
two-site, monoclonal-based immunoassay utilizing mono 
clonal antibodies reactive to two non-interfering epitopes on 
a given polypeptide may be preferred for Some applications, 
but a competitive binding assay may also be employed. 
These and other assays are described, among other places, in 
Hampton, R. et al. (1990; Serological Methods, a Laboratory 
Manual, APS Press, St Paul. Minn.) and Maddox, D. E. et al. 
(1983; J. Exp. Med. 158:1211-1216). 
0213 A wide variety of labels and conjugation tech 
niques are known by those skilled in the art and may be used 
in various nucleic acid and amino acid assayS. Means for 
producing labeled hybridization or PCR probes for detecting 
Sequences related to polynucleotides include oligolabeling, 
nick translation, end-labeling or PCR amplification using a 
labeled nucleotide. Alternatively, the Sequences, or any 
portions thereof may be cloned into a vector for the pro 
duction of an mRNA probe. Such vectors are known in the 
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art, are commercially available, and may be used to Synthe 
size RNA probes in vitro by addition of an appropriate RNA 
polymerase such as T7, T3, or SP6 and labeled nucleotides. 
These procedures may be conducted using a variety of 
commercially available kits. Suitable reporter molecules or 
labels, which may be used include radionuclides, enzymes, 
fluorescent, chemiluminescent, or chromogenic agents as 
well as Substrates, cofactors, inhibitors, magnetic particles, 
and the like. 

0214) Host cells transformed with a polynucleotide 
Sequence of interest may be cultured under conditions 
Suitable for the expression and recovery of the protein from 
cell culture. The protein produced by a recombinant cell may 
be Secreted or contained intracellularly depending on the 
Sequence and/or the vector used. AS will be understood by 
those of skill in the art, expression vectors containing 
polynucleotides of the invention may be designed to contain 
Signal Sequences which direct Secretion of the encoded 
polypeptide through a prokaryotic or eukaryotic cell mem 
brane. Other recombinant constructions may be used to join 
Sequences encoding a polypeptide of interest to nucleotide 
Sequence encoding a polypeptide domain which will facili 
tate purification of Soluble proteins. Such purification facili 
tating domains include, but are not limited to, metal chelat 
ing peptides Such as histidine-tryptophan modules that allow 
purification on immobilized metals, protein A domains that 
allow purification on immobilized immunoglobulin, and the 
domain utilized in the FLAGS extension/affinity purification 
system (Immunex Corp., Seattle, Wash.). The inclusion of 
cleavable linker Sequences Such as those specific for Factor 
XA or enterokinase (Invitrogen. San Diego, Calif.) between 
the purification domain and the encoded polypeptide may be 
used to facilitate purification. One Such expression vector 
provides for expression of a fusion protein containing a 
polypeptide of interest and a nucleic acid encoding 6 histi 
dine residues preceding a thioredoxin or an enterokinase 
cleavage Site. The histidine residues facilitate purification on 
IMIAC (immobilized metalion affinity chromatography) as 
described in Porath, J. et al. (1992, Prot. Exp. Purif 3:263 
281) while the enterokinase cleavage site provides a means 
for purifying the desired polypeptide from the fusion pro 
tein. A discussion of vectors which contain fusion proteins 
is provided in Kroll, D. J. et al. (1993; DNA Cell Biol. 
12:441-453). 
0215. In addition to recombinant production methods, 
polypeptides of the invention, and fragments thereof, may be 
produced by direct peptide Synthesis using Solid-phase tech 
niques (Merrifield J. (1963) J. Am. Chem. Soc. 85:2149 
2154). Protein Synthesis may be performed using manual 
techniqueS or by automation. Automated Synthesis may be 
achieved, for example, using Applied BioSystems 431A 
Peptide Synthesizer (Perkin Elmer). Alternatively, various 
fragments may be chemically Synthesized separately and 
combined using chemical methods to produce the full length 
molecule. 

0216) Site-Specific Mutagensis 

0217 Site-specific mutagenesis is a technique useful in 
the preparation of individual peptides, or biologically func 
tional equivalent polypeptides, through Specific mutagenesis 
of the underlying polynucleotides that encode them. The 
technique, well-known to those of skill in the art, further 
provides a ready ability to prepare and test Sequence vari 
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ants, for example, incorporating one or more of the forego 
ing considerations, by introducing one or more nucleotide 
Sequence changes into the DNA. Site-specific mutagenesis 
allows the production of mutants through the use of Specific 
oligonucleotide Sequences which encode the DNA sequence 
of the desired mutation, as well as a Sufficient number of 
adjacent nucleotides, to provide a primer Sequence of Suf 
ficient Size and Sequence complexity to form a stable duplex 
on both sides of the deletion junction being traversed. 
Mutations may be employed in a Selected polynucleotide 
Sequence to improve, alter, decrease, modify, or otherwise 
change the properties of the polynucleotide itself, and/or 
alter the properties, activity, composition, Stability, or pri 
mary Sequence of the encoded polypeptide. 

0218. In certain embodiments of the present invention, 
the inventors contemplate the mutagenesis of the disclosed 
polynucleotide Sequences to alter one or more properties of 
the encoded polypeptide, Such as the antigenicity of a 
polypeptide vaccine. The techniques of Site-specific 
mutagenesis are well-known in the art, and are widely used 
to create variants of both polypeptides and polynucleotides. 
For example, Site-specific mutagenesis is often used to alter 
a Specific portion of a DNA molecule. In Such embodiments, 
a primer comprising typically about 14 to about 25 nucle 
otides or so in length is employed, with about 5 to about 10 
residues on both sides of the junction of the Sequence being 
altered. 

0219. As will be appreciated by those of skill in the art, 
Site-specific mutagenesis techniques have often employed a 
phage vector that exists in both a single Stranded and double 
Stranded form. Typical vectors useful in Site-directed 
mutagenesis include vectorS Such as the M13 phage. These 
phage are readily commercially-available and their use is 
generally well-known to those skilled in the art. Double 
Stranded plasmids are also routinely employed in Site 
directed mutagenesis that eliminates the Step of transferring 
the gene of interest from a plasmid to a phage. 

0220. In general, site-directed mutagenesis in accordance 
herewith is performed by first obtaining a Single-Stranded 
vector or melting apart of two Strands of a double-Stranded 
vector that includes within its Sequence a DNA sequence 
that encodes the desired peptide. An oligonucleotide primer 
bearing the desired mutated Sequence is prepared, generally 
Synthetically. This primer is then annealed with the Single 
Stranded vector, and Subjected to DNA polymerizing 
enzymes Such as E. coli polymerase I Kienow fragment, in 
order to complete the Synthesis of the mutation-bearing 
Strand. Thus, a heterodupleX is formed wherein one Strand 
encodes the original non-mutated Sequence and the Second 
strand bears the desired mutation. This heteroduplex vector 
is then used to transform appropriate cells, Such as E. coli 
cells, and clones are Selected which include recombinant 
vectors bearing the mutated Sequence arrangement. 

0221) The preparation of sequence variants of the 
Selected peptide-encoding DNA segments using site-di 
rected mutagenesis provides a means of producing poten 
tially useful species and is not meant to be limiting as there 
are other ways in which Sequence variants of peptides and 
the DNA sequences encoding them may be obtained. For 
example, recombinant vectors encoding the desired peptide 
Sequence may be treated with mutagenic agents, Such as 
hydroxylamine, to obtain Sequence variants. Specific details 
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regarding these methods and protocols are found in the 
teachings of Maloy et al., 1994; Segal, 1976; Prokop and 
Bajpai, 1991; Kuby, 1994; and Maniatis et al., 1982, each 
incorporated herein by reference, for that purpose. 

0222 AS used herein, the term “oligonucleotide directed 
mutagenesis procedure” refers to template-dependent pro 
ceSSes and vector-mediated propagation which result in an 
increase in the concentration of a specific nucleic acid 
molecule relative to its initial concentration, or in an 
increase in the concentration of a detectable Signal, Such as 
amplification. AS used herein, the term "oligonucleotide 
directed mutagenesis procedure' is intended to refer to a 
process that involves the template-dependent extension of a 
primer molecule. The term template dependent proceSS 
refers to nucleic acid synthesis of an RNA or a DNA 
molecule wherein the Sequence of the newly Synthesized 
strand of nucleic acid is dictated by the well-known rules of 
complementary base pairing (see, for example, Watson, 
1987). Typically, vector mediated methodologies involve the 
introduction of the nucleic acid fragment into a DNA or 
RNA vector, the clonal amplification of the vector, and the 
recovery of the amplified nucleic acid fragment. Examples 
of such methodologies are provided by U.S. Pat. No. 4,237, 
224, Specifically incorporated herein by reference in its 
entirety. 

0223 Polynucleotide Amplification Techniques 

0224) A number of template dependent processes are 
available to amplify the target Sequences of interest present 
in a sample. One of the best known amplification methods 
is the polymerase chain reaction (PCRTM) which is described 
in detail in U.S. Pat. Nos. 4,683,195, 4,683,202 and 4,800, 
159, each of which is incorporated herein by reference in its 
entirety. Briefly, in PCRTM, two primer sequences are pre 
pared which are complementary to regions on opposite 
complementary Strands of the target Sequence. An excess of 
deoxynucleoside triphosphates is added to a reaction mix 
ture along with a DNA polymerase (e.g., Taq polymerase). 
If the target Sequence is present in a Sample, the primers will 
bind to the target and the polymerase will cause the primers 
to be extended along the target Sequence by adding on 
nucleotides. By raising and lowering the temperature of the 
reaction mixture, the extended primers will dissociate from 
the target to form reaction products, exceSS primers will bind 
to the target and to the reaction product and the process is 
repeated. Preferably reverse transcription and PCRTM ampli 
fication procedure may be performed in order to quantify the 
amount of mRNA amplified. Polymerase chain reaction 
methodologies are well known in the art. 

0225. Another method for amplification is the ligase 
chain reaction (referred to as LCR), disclosed in Eur. Pat. 
Appl. Publ. No. 320,308 (specifically incorporated herein by 
reference in its entirety). In LCR, two complementary probe 
pairs are prepared, and in the presence of the target 
Sequence, each pair will bind to opposite complementary 
Strands of the target Such that they abut. In the presence of 
a ligase, the two probe pairs will link to form a single unit. 
By temperature cycling, as in PCRTM, bound ligated units 
dissociate from the target and then Serve as “target 
Sequences” for ligation of exceSS probe pairs. U.S. Pat. No. 
4,883,750, incorporated herein by reference in its entirety, 
describes an alternative method of amplification similar to 
LCR for binding probe pairs to a target Sequence. 
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0226 Qbeta Replicase, described in PCT Intl. Pat. Appl. 
Publ. No. PCT/US87/00880, incorporated herein by refer 
ence in its entirety, may also be used as Still another 
amplification method in the present invention. In this 
method, a replicative Sequence of RNA that has a region 
complementary to that of a target is added to a Sample in the 
presence of an RNA polymerase. The polymerase will copy 
the replicative Sequence that can then be detected. 
0227. An isothermal amplification method, in which 
restriction endonucleases and ligases are used to achieve the 
amplification of target molecules that contain nucleotide 
5'-(C-thiotiphosphates in one Strand of a restriction site 
(Walker et al., 1992, incorporated herein by reference in its 
entirety), may also be useful in the amplification of nucleic 
acids in the present invention. 
0228) Strand Displacement Amplification (SDA) is 
another method of carrying out isothermal amplification of 
nucleic acids which involves multiple rounds of Strand 
displacement and Synthesis, i.e. nick translation. A similar 
method, called Repair Chain Reaction (RCR) is another 
method of amplification which may be useful in the present 
invention and is involves annealing Several probes through 
out a region targeted for amplification, followed by a repair 
reaction in which only two of the four bases are present. The 
other two bases can be added as biotinylated derivatives for 
easy detection. A similar approach is used in SDA. 
0229 Sequences can also be detected using a cyclic 
probe reaction (CPR). In CPR, a probe having a 3' and 5' 
Sequences of non-target DNA and an internal or “middle’ 
Sequence of the target protein Specific RNA is hybridized to 
DNA which is present in a sample. Upon hybridization, the 
reaction is treated with RNaseH, and the products of the 
probe are identified as distinctive products by generating a 
Signal that is released after digestion. The original template 
is annealed to another cycling probe and the reaction is 
repeated. Thus, CPR involves amplifying a Signal generated 
by hybridization of a probe to a target gene Specific 
expressed nucleic acid. 
0230 Still other amplification methods described in 
Great Britain Pat. Appl. No. 2 202328, and in PCT Intl. Pat. 
Appl. Publ. No. PCT/US89/01025, each of which is incor 
porated herein by reference in its entirety, may be used in 
accordance with the present invention. In the former appli 
cation, “modified” primers are used in a PCR-like, template 
and enzyme dependent Synthesis. The primerS may be 
modified by labeling with a capture moiety (e.g., biotin) 
and/or a detector moiety (e.g., enzyme). In the latter appli 
cation, an excess of labeled probes is added to a Sample. In 
the presence of the target Sequence, the probe binds and is 
cleaved catalytically. After cleavage, the target Sequence is 
released intact to be bound by exceSS probe. Cleavage of the 
labeled probe Signals the presence of the target Sequence. 
0231. Other nucleic acid amplification procedures 
include transcription-based amplification Systems (TAS) 
(Kwoh et al., 1989; PCT Intl. Pat. Appl. Publ. No. WO 
88/10315, incorporated herein by reference in its entirety), 
including nucleic acid Sequence based amplification 
(NASBA) and 3SR. In NASBA, the nucleic acids can be 
prepared for amplification by Standard phenol/chloroform 
extraction, heat denaturation of a Sample, treatment with 
lysis buffer and minispin columns for isolation of DNA and 
RNA or guanidinium chloride extraction of RNA. These 
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amplification techniques involve annealing a primer that has 
Sequences Specific to the target Sequence. Following poly 
merization, DNA/RNA hybrids are digested with RNase H 
while double stranded DNA molecules are heat-denatured 
again. In either case the Single Stranded DNA is made fully 
double Stranded by addition of Second target-Specific primer, 
followed by polymerization. The double stranded DNA 
molecules are then multiply transcribed by a polymerase 
such as T7 or SP6. In an isothermal cyclic reaction, the 
RNAS are reverse transcribed into DNA, and transcribed 
once again with a polymerase such as T7 or SP6. The 
resulting products, whether truncated or complete, indicate 
target-Specific Sequences. 

0232 Eur. Pat. Appl. Publ. No. 329,822, incorporated 
herein by reference in its entirety, disclose a nucleic acid 
amplification process involving cyclically Synthesizing 
single-stranded RNA (“ssRNA”), ssDNA, and double 
stranded DNA (dsDNA), which may be used in accordance 
with the present invention. The ssRNA is a first template for 
a first primer oligonucleotide, which is elongated by reverse 
transcriptase (RNA-dependent DNA polymerase). The RNA 
is then removed from resulting DNA:RNA duplex by the 
action of ribonuclease H (RNase H, an RNase specific for 
RNA in a duplex with either DNA or RNA). The resultant 
SSDNA is a Second template for a Second primer, which also 
includes the Sequences of an RNA polymerase promoter 
(exemplified by T7 RNA polymerase) 5’ to its homology to 
its template. This primer is then extended by DNA poly 
merase (exemplified by the large “Klenow' fragment of E. 
coli DNA polymerase I), resulting as a double-stranded 
DNA (“dsDNA) molecule, having a sequence identical to 
that of the original RNA between the primers and having 
additionally, at one end, a promoter Sequence. This promoter 
Sequence can be used by the appropriate RNA polymerase to 
make many RNA copies of the DNA. These copies can then 
re-enter the cycle leading to very Swift amplification. With 
proper choice of enzymes, this amplification can be done 
isothermally without addition of enzymes at each cycle. 
Because of the cyclical nature of this process, the Starting 
sequence can be chosen to be in the form of either DNA or 
RNA. 

0233 PCT Intl. Pat. Appl. Publ. No. WO 89/06700, 
incorporated herein by reference in its entirety, disclose a 
nucleic acid Sequence amplification Scheme based on the 
hybridization of a promoter/primer Sequence to a target 
single-stranded DNA (“ssDNA) followed by transcription 
of many RNA copies of the Sequence. This Scheme is not 
cyclic, i.e. new templates are not produced from the result 
ant RNA transcripts. Other amplification methods include 
“RACE" (Frohman, 1990), and “one-sided PCR" (Ohara, 
1989) which are well-known to those of skill in the art. 
0234 Methods based on ligation of two (or more) oligo 
nucleotides in the presence of nucleic acid having the 
Sequence of the resulting “di-oligonucleotide', thereby 
amplifying the di-oligonucleotide (Wu and Dean, 1996, 
incorporated herein by reference in its entirety), may also be 
used in the amplification of DNA sequences of the present 
invention. 

0235 Biological Functional Equivalents 
0236 Modification and changes may be made in the 
Structure of the polynucleotides and polypeptides of the 
present invention and Still obtain a functional molecule that 
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encodes a polypeptide with desirable characteristics. AS 
mentioned above, it is often desirable to introduce one or 
more mutations into a specific polynucleotide Sequence. In 
certain circumstances, the resulting encoded polypeptide 
Sequence is altered by this mutation, or in other cases, the 
Sequence of the polypeptide is unchanged by one or more 
mutations in the encoding polynucleotide. 

0237 When it is desirable to alter the amino acid 
Sequence of a polypeptide to create an equivalent, or even an 
improved, Second-generation molecule, the amino acid 
changes may be achieved by changing one or more of the 
codons of the encoding DNA sequence, according to Table 
1. 

0238 For example, certain amino acids may be substi 
tuted for other amino acids in a protein Structure without 
appreciable loSS of interactive binding capacity with Struc 
tures Such as, for example, antigen-binding regions of anti 
bodies or binding sites on Substrate molecules. Since it is the 
interactive capacity and nature of a protein that defines that 
protein's biological functional activity, certain amino acid 
Sequence Substitutions can be made in a protein Sequence, 
and, of course, its underlying DNA coding Sequence, and 
nevertheless obtain a protein with like properties. It is thus 
contemplated by the inventors that various changes may be 
made in the peptide Sequences of the disclosed composi 
tions, or corresponding DNA sequences which encode Said 
peptides without appreciable loSS of their biological utility 
or activity. 

TABLE 1. 

Amino Acids Codons 

Alanine Ala A GCA GGG GCG GCU 

Cysteine Gys C UGG UGU 

Aspartic acid Asp D GAG GAU 

Glutamic acid Glu B GAA GAG 

Phenylalanine Phe F UUG UUU 

Glycine Gly G GGA. GGG GGG GGU 

Histidine His H GAG GAU 

Isoleucine Ile I AUA AUG AUU 

Lysine Lys K AAA AAG 

Leucine Lieu L UUA UUG GUA.. GUG GUG GUU 

Methionine Met M AUG 

Asparagine Asn. N AAG AAU 

Proline Pro P GGA. GGC. GGG GGU 

Glutamine Glin Q GAA GAG 

Arginine Arg R AGA AGG GGA. GGG GGG GGU 

Serine Ser S AGG AGU UGA. UGG UGG UGU 

Threonine Thr T AGA ACG. AGG AGU 

Waline Wall W. GUA GUG GUG GUU 
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TABLE 1-continued 

Amino Acids Codons 

Tryptophan Trp W UGG 

Tyrosine Tyr Y UAG UAU 

0239). In making such changes, the hydropathic index of 
amino acids may be considered. The importance of the 
hydropathic amino acid indeX in conferring interactive bio 
logic function on a protein is generally understood in the art 
(Kyte and Doolittle, 1982, incorporated herein by refer 
ence). It is accepted that the relative hydropathic character 
of the amino acid contributes to the Secondary Structure of 
the resultant protein, which in turn defines the interaction of 
the protein with other molecules, for example, enzymes, 
Substrates, receptors, DNA, antibodies, antigens, and the 
like. Each amino acid has been assigned a hydropathic index 
on the basis of its hydrophobicity and charge characteristics 
(Kyte and Doolittle, 1982). These values are: isoleucine 
(+4.5); Valine (+4.2); leucine (+3.8); phenylalanine (+2.8); 
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); 
glycine (-0.4); threonine (-0.7); Serine (-0.8); tryptophan 
(-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); 
glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); aspar 
agine (-3.5); lysine (-3.9); and arginine (-4.5). 
0240. It is known in the art that certain amino acids may 
be Substituted by other amino acids having a similar hydro 
pathic index or score and still result in a protein with similar 
biological activity, i.e. Still obtain a biological functionally 
equivalent protein. In making Such changes, the Substitution 
of amino acids whose hydropathic indices are within t2 is 
preferred, those within t1 are particularly preferred, and 
those within +0.5 are even more particularly preferred. It is 
also understood in the art that the Substitution of like amino 
acids can be made effectively on the basis of hydrophilicity. 
U.S. Pat. No. 4,554,101 (specifically incorporated herein by 
reference in its entirety), States that the greatest local average 
hydrophilicity of a protein, as governed by the hydrophilic 
ity of its adjacent amino acids, correlates with a biological 
property of the protein. 
0241. As detailed in U.S. Pat. No. 4,554,101, the follow 
ing hydrophilicity values have been assigned to amino acid 
residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0t1); 
glutamate (+3.0t1); Serine (+0.3); asparagine (+0.2); 
glutamine (+0.2); glycine (O); threonine (-0.4); proline 
(-0.5+1); alanine (-0.5); histidine (-0.5); cysteine (-1.0); 
methionine (-1.3); Valine (-1.5); leucine (-1.8); isoleucine 
(-1.8); tyrosine (-2.3); phenylalanine (-2.5); tryptophan 
(-3.4). It is understood that an amino acid can be Substituted 
for another having a similar hydrophilicity value and Still 
obtain a biologically equivalent, and in particular, an immu 
nologically equivalent protein. In Such changes, the Substi 
tution of amino acids whose hydrophilicity values are within 
t2 is preferred, those within t1 are particularly preferred, 
and those within +0.5 are even more particularly preferred. 
0242. As outlined above, amino acid substitutions are 
generally therefore based on the relative similarity of the 
amino acid Side-chain Substituents, for example, their hydro 
phobicity, hydrophilicity, charge, size, and the like. Exem 
plary Substitutions that take various of the foregoing char 
acteristics into consideration are well known to those of skill 
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in the art and include: arginine and lysine; glutamate and 
aspartate, Serine and threonine; glutamine and asparagine; 
and Valine, leucine and isoleucine. 

0243 In addition, any polynucleotide may be further 
modified to increase stability in vivo. Possible modifications 
include, but are not limited to, the addition of flanking 
Sequences at the 5' and/or 3' ends, the use of phosphorothio 
ate or 2 O-methyl rather than phosphodiesterase linkages in 
the backbone; and/or the inclusion of nontraditional bases 
Such as inosine, queosine and Wybutosine, as well as acetyl 
methyl-, thio- and other modified forms of adenine, cytidine, 
guanine, thymine and uridine. 
0244) 
0245. In additional embodiments, genetic constructs 
comprising one or more of the polynucleotides of the 
invention are introduced into cells in vivo. This may be 
achieved using any of a variety or well known approaches, 
several of which are outlined below for the purpose of 
illustration. 

0246 1. Adenovirus 
0247 One of the preferred methods for in vivo delivery 
of one or more nucleic acid Sequences involves the use of an 
adenovirus expression vector. "Adenovirus expression vec 
tor' is meant to include those constructs containing aden 
ovirus sequences Sufficient to (a) Support packaging of the 
construct and (b) to express a polynucleotide that has been 
cloned therein in a Sense or antisense orientation. Of course, 
in the context of an antisense construct, eXpression does not 
require that the gene product be Synthesized. 

In Vivo Polynucleotide Delivery Techniques 

0248. The expression vector comprises a genetically 
engineered form of an adenovirus. Knowledge of the genetic 
organization of adenovirus, a 36 kb, linear, double-Stranded 
DNA virus, allows substitution of large pieces of adenoviral 
DNA with foreign sequences up to 7 kb (Grunhaus and 
Horwitz, 1992). In contrast to retrovirus, the adenoviral 
infection of host cells does not result in chromosomal 
integration because adenoviral DNA can replicate in an 
episomal manner without potential genotoxicity. Also, aden 
Oviruses are Structurally stable, and no genome rearrange 
ment has been detected after eXtensive amplification. Aden 
Ovirus can infect Virtually all epithelial cells regardless of 
their cell cycle Stage. So far, adenoviral infection appears to 
be linked only to mild disease Such as acute respiratory 
disease in humans. 

0249 Adenovirus is particularly suitable for use as a gene 
transfer vector because of its mid-sized genome, ease of 
manipulation, high titer, wide target-cell range and high 
infectivity. Both ends of the viral genome contain 100-200 
base pair inverted repeats (ITRS), which are cis elements 
necessary for viral DNA replication and packaging. The 
early (E) and late (L) regions of the genome contain different 
transcription units that are divided by the onset of viral DNA 
replication. The E1 region (E1A and E1B) encodes proteins 
responsible for the regulation of transcription of the viral 
genome and a few cellular genes. The expression of the E2 
region (E2A and E2B) results in the synthesis of the proteins 
for viral DNA replication. These proteins are involved in 
DNA replication, late gene expression and host cell shut-off 
(Renan, 1990). The products of the late genes, including the 
majority of the viral capsid proteins, are expressed only after 
Significant processing of a single primary transcript issued 
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by the major late promoter (MLP). The MLP, (located at 
16.8 m.u.) is particularly efficient during the late phase of 
infection, and all the mRNA's issued from this promoter 
possess a 5'-tripartite leader (TPL) sequence which makes 
them preferred mRNA's for translation. 

0250 In a current system, recombinant adenovirus is 
generated from homologous recombination between Shuttle 
vector and provirus vector. Due to the possible recombina 
tion between two proviral vectors, wild-type adenovirus 
may be generated from this process. Therefore, it is critical 
to isolate a single clone of virus from an individual plaque 
and examine its genomic structure. 

0251 Generation and propagation of the current aden 
Ovirus vectors, which are replication deficient, depend on a 
unique helper cell line, designated 293, which was trans 
formed from human embryonic kidney cells by Ad5 DNA 
fragments and constitutively expresses E1 proteins (Graham 
et al., 1977). Since the E3 region is dispensable from the 
adenovirus genome (Jones and Shenk, 1978), the current 
adenovirus vectors, with the help of 293 cells, carry foreign 
DNA in either the E1, the D3 or both regions (Graham and 
Prevec, 1991). In nature, adenovirus can package approxi 
mately 105% of the wild-type genome (Ghosh-Choudhury et 
al., 1987), providing capacity for about 2 extra kB of DNA. 
Combined with the approximately 5.5 kB of DNA that is 
replaceable in the E1 and E3 regions, the maximum capacity 
of the current adenovirus vector is under 7.5 kB, or about 
15% of the total length of the vector. More than 80% of the 
adenovirus viral genome remains in the Vector backbone and 
is the Source of Vector-borne cytotoxicity. Also, the replica 
tion deficiency of the E1-deleted virus is incomplete. For 
example, leakage of viral gene expression has been observed 
with the currently available vectors at high multiplicities of 
infection (MOI) (Mulligan, 1993). 
0252 Helper cell lines may be derived from human cells 
Such as human embryonic kidney cells, muscle cells, 
hematopoietic cells or other human embryonic mesenchy 
mal or epithelial cells. Alternatively, the helper cells may be 
derived from the cells of other mammalian Species that are 
permissive for human adenovirus. Such cells include, e.g., 
Vero cells or other monkey embryonic mesenchymal or 
epithelial cells. AS Stated above, the currently preferred 
helper cell line is 293. 

0253) Recently, Racher et al. (1995) disclosed improved 
methods for culturing 293 cells and propagating adenovirus. 
In one format, natural cell aggregates are grown by inocu 
lating individual cells into 1 liter Siliconized spinner flaskS 
(Techne, Cambridge, UK) containing 100-200 ml of 
medium. Following stirring at 40 rpm, the cell viability is 
estimated with trypan blue. In another format, Fibra-Cel 
microcarriers (Bibby Sterlin, Stone, UK) (5 g/l) is employed 
as follows. A cell inoculum, resuspended in 5 ml of medium, 
is added to the carrier (50 ml) in a 250 ml Erlenmeyer flask 
and left Stationary, with occasional agitation, for 1 to 4 h. 
The medium is then replaced with 50 ml of fresh medium 
and Shaking initiated. For virus production, cells are allowed 
to grow to about 80% confluence, after which time the 
medium is replaced (to 25% of the final volume) and 
adenovirus added at an MOI of 0.05. Cultures are left 
Stationary overnight, following which the Volume is 
increased to 100% and shaking commenced for another 72 h. 
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0254) Other than the requirement that the adenovirus 
vector be replication defective, or at least conditionally 
defective, the nature of the adenovirus vector is not believed 
to be crucial to the Successful practice of the invention. The 
adenovirus may be of any of the 42 different known sero 
types or Subgroups A-F. Adenovirus type 5 of Subgroup C is 
the preferred Starting material in order to obtain a condi 
tional replication-defective adenovirus vector for use in the 
present invention, Since Adenovirus type 5 is a human 
adenovirus about which a great deal of biochemical and 
genetic information is known, and it has historically been 
used for most constructions employing adenovirus as a 
VectOr. 

0255 As stated above, the typical vector according to the 
present invention is replication defective and will not have 
an adenovirus E1 region. Thus, it will be most convenient to 
introduce the polynucleotide encoding the gene of interest at 
the position from which the E1-coding Sequences have been 
removed. However, the position of insertion of the construct 
within the adenovirus Sequences is not critical to the inven 
tion. The polynucleotide encoding the gene of interest may 
also be inserted in lieu of the deleted E3 region in E3 
replacement vectors as described by Karlsson et al. (1986) 
or in the E4 region where a helper cell line or helper virus 
complements the E4 defect. 
0256 Adenovirus is easy to grow and manipulate and 
exhibits broad host range in vitro and in vivo. This group of 
viruses can be obtained in high titers, e.g., 10°-10' plaque 
forming units per ml, and they are highly infective. The life 
cycle of adenovirus does not require integration into the host 
cell genome. The foreign genes delivered by adenovirus 
vectors are episomal and, therefore, have low genotoxicity 
to host cells. No side effects have been reported in studies of 
vaccination with wild-type adenovirus (Couch et al., 1963; 
Top et al., 1971), demonstrating their safety and therapeutic 
potential as in Vivo gene transfer vectors. 
0257 Adenovirus vectors have been used in eukaryotic 
gene expression (LeVrero et al., 1991, Gomez-Foix et al., 
1992) and vaccine development (Grunhaus and Horwitz, 
1992; Graham and Prevec, 1992). Recently, animal studies 
Suggested that recombinant adenovirus could be used for 
gene therapy (Stratford-Perricaudet and Perricaudet, 1991; 
Stratford-Perricaudet et al., 1990; Rich et al., 1993). Studies 
in administering recombinant adenovirus to different tissues 
include trachea instillation (Rosenfeld et al., 1991; Rosen 
feld et al., 1992), muscle injection (Ragot et al., 1993), 
peripheral intravenous injections (Herz and Gerard, 1993) 
and Stereotactic inoculation into the brain (Le Gal La Salle 
et al., 1993). 
0258 2. Retroviruses 
0259. The retroviruses are a group of single-stranded 
RNA viruses characterized by an ability to convert their 
RNA to double-stranded DNA in infected cells by a process 
of reverse-transcription (Coffin, 1990). The resulting DNA 
then Stably integrates into cellular chromosomes as a provi 
ruS and directs Synthesis of Viral proteins. The integration 
results in the retention of the viral gene Sequences in the 
recipient cell and its descendants. The retroviral genome 
contains three genes, gag, pol, and env that code for capsid 
proteins, polymerase enzyme, and envelope components, 
respectively. A sequence found upstream from the gag gene 
contains a signal for packaging of the genome into Virions. 
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Two long terminal repeat (LTR) sequences are present at the 
5' and 3' ends of the viral genome. These contain Strong 
promoter and enhancer Sequences and are also required for 
integration in the host cell genome (Coffin, 1990). 
0260. In order to construct a retroviral vector, a nucleic 
acid encoding one or more oligonucleotide or polynucle 
otide Sequences of interest is inserted into the viral genome 
in the place of certain viral Sequences to produce a virus that 
is replication-defective. In order to produce virions, a pack 
aging cell line containing the gag, pol, and enV genes but 
without the LTR and packaging components is constructed 
(Mann et al., 1983). When a recombinant plasmid containing 
a cDNA, together with the retroviral LTR and packaging 
Sequences is introduced into this cell line (by calcium 
phosphate precipitation for example), the packaging 
sequence allows the RNA transcript of the recombinant 
plasmid to be packaged into viral particles, which are then 
Secreted into the culture media (Nicolas and Rubenstein, 
1988; Temin, 1986; Mann et al., 1983). The media containing 
the recombinant retroviruses is then collected, optionally 
concentrated, and used for gene transfer. Retroviral vectors 
are able to infect a broad variety of cell types. However, 
integration and Stable expression require the division of host 
cells (Paskind et al., 1975). 
0261) A novel approach designed to allow specific tar 
geting of retrovirus vectors was recently developed based on 
the chemical modification of a retrovirus by the chemical 
addition of lactose residues to the viral envelope. This 
modification could permit the Specific infection of hepato 
cytes via Sialoglycoprotein receptors. 

0262. A different approach to targeting of recombinant 
retroviruses was designed in which biotinylated antibodies 
against a retroviral envelope protein and against a specific 
cell receptor were used. The antibodies were coupled via the 
biotin components by using streptavidin (Roux et al., 1989). 
Using antibodies against major histocompatibility complex 
class I and class II antigens, they demonstrated the infection 
of a variety of human cells that bore those Surface antigens 
with an ecotropic virus in vitro (Roux et al., 1989). 
0263. 3. Adeno-Associated Viruses 
0264 AAV (Ridgeway, 1988; Hermonat and Muzycska, 
1984) is a parovirus, discovered as a contamination of 
adenoviral Stocks. It is a ubiquitous virus (antibodies are 
present in 85% of the US human population) that has not 
been linked to any disease. It is also classified as a depen 
dovirus, because its replications is dependent on the pres 
ence of a helper virus, Such as adenovirus. Five Serotypes 
have been isolated, of which AAV-2 is the best character 
ized. AAV has a Single-Stranded linear DNA that is encapsi 
dated into capsid proteins VP1,VP2 and VP3 to form an 
icosahedral virion of 20 to 24 nm in diameter (Muzyczka 
and McLaughlin, 1988). 
0265). The AAV DNA is approximately 4.7 kilobases 
long. It contains two open reading frames and is flanked by 
two ITRs (FIG. 2). There are two major genes in the AAV 
genome: rep and cap. The rep gene codes for proteins 
responsible for viral replications, whereas cap codes for 
capsid protein VP1-3. Each ITR forms a T-shaped hairpin 
Structure. These terminal repeats are the only essential cis 
components of the AAV for chromosomal integration. 
Therefore, the AAV can be used as a vector with all viral 
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coding Sequences removed and replaced by the cassette of 
genes for delivery. Three viral promoters have been identi 
fied and named p5, p19, and p40, according to their map 
position. Transcription from p5 and p19 results in produc 
tion of rep proteins, and transcription from p40 produces the 
capsid proteins (Hermonat and Muzyczka, 1984). 
0266 There are several factors that prompted researchers 
to Study the possibility of using raAV as an expression 
vector One is that the requirements for delivering a gene to 
integrate into the host chromosome are Surprisingly few. It 
is necessary to have the 145-bp ITRs, which are only 6% of 
the AAV genome. This leaves room in the vector to assemble 
a 4.5-kb DNA insertion. While this carrying capacity may 
prevent the AAV from delivering large genes, it is amply 
Suited for delivering the antisense constructs of the present 
invention. 

0267 AAV is also a good choice of delivery vehicles due 
to its Safety. There is a relatively complicated rescue mecha 
nism: not only wild type adenovirus but also AAV genes are 
required to mobilize rAAV. Likewise, AAV is not pathogenic 
and not associated with any disease. The removal of Viral 
coding Sequences minimizes immune reactions to viral gene 
expression, and therefore, raAV does not evoke an inflam 
matory response. 

0268 4. Other Viral Vectors as Expression Constructs 
0269. Other viral vectors may be employed as expression 
constructs in the present invention for the delivery of 
oligonucleotide or polynucleotide Sequences to a host cell. 
Vectors derived from Viruses Such as vaccinia virus (Ridge 
way, 1988; Coupar et al., 1988), lentiviruses, polio viruses 
and herpes viruses may be employed. They offer Several 
attractive features for various mammalian cells (Friedmann, 
1989; Ridgeway, 1988; Coupar et al., 1988; Horwich et al., 
1990). 
0270. With the recent recognition of defective hepatitis B 
Viruses, new insight was gained into the Structure-function 
relationship of different viral Sequences. In vitro Studies 
showed that the virus could retain the ability for helper 
dependent packaging and reverse transcription despite the 
deletion of up to 80% of its genome (Horwich et al., 1990). 
This Suggested that large portions of the genome could be 
replaced with foreign genetic material. The hepatotropism 
and persistence (integration) were particularly attractive 
properties for liver-directed gene transfer. Chang et al. 
(1991) introduced the chloramphenicol acetyltransferase 
(CAT) gene into duck hepatitis B virus genome in the place 
of the polymerase, Surface, and pre-Surface coding 
Sequences. It was cotransfected with wild-type virus into an 
avian hepatoma cell line. Culture media containing high 
titers of the recombinant Virus were used to infect primary 
duckling hepatocytes. Stable CAT gene expression was 
detected for at least 24 days after transfection (Chang et al., 
1991). 
0271 5. Non-Viral Vectors 
0272. In order to effect expression of the oligonucleotide 
or polynucleotide Sequences of the present invention, the 
expression construct must be delivered into a cell. This 
delivery may be accomplished in vitro, as in laboratory 
procedures for transforming cells lines, or in Vivo or eX Vivo, 
as in the treatment of certain disease States. AS described 
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above, one preferred mechanism for delivery is via viral 
infection where the expression construct is encapsulated in 
an infectious viral particle. 
0273) Once the expression construct has been delivered 
into the cell the nucleic acid encoding the desired oligo 
nucleotide or polynucleotide Sequences may be positioned 
and expressed at different Sites. In certain embodiments, the 
nucleic acid encoding the construct may be stably integrated 
into the genome of the cell. This integration may be in the 
Specific location and orientation via homologous recombi 
nation (gene replacement) or it may be integrated in a 
random, non-specific location (gene augmentation). In yet 
further embodiments, the nucleic acid may be Stably main 
tained in the cell as a separate, episomal Segment of DNA. 
Such nucleic acid Segments or “episomes' encode Sequences 
Sufficient to permit maintenance and replication independent 
of or in synchronization with the host cell cycle. How the 
expression construct is delivered to a cell and where in the 
cell the nucleic acid remains is dependent on the type of 
expression construct employed. 

0274. In certain embodiments of the invention, the 
expression construct comprising one or more oligonucle 
otide or polynucleotide Sequences may simply consist of 
naked recombinant DNA or plasmids. Transfer of the con 
Struct may be performed by any of the methods mentioned 
above which physically or chemically permeabilize the cell 
membrane. This is particularly applicable for transfer in 
vitro but it may be applied to in vivo use as well. Dubensky 
et al. (1984) successfully injected polyomavirus DNA in the 
form of calcium phosphate precipitates into liver and Spleen 
of adult and newborn mice demonstrating active viral rep 
lication and acute infection. Benvenisty and Reshef (1986) 
also demonstrated that direct intraperitoneal injection of 
calcium phosphate-precipitated plasmids results in expres 
sion of the transfected genes. It is envisioned that DNA 
encoding a gene of interest may also be transferred in a 
Similar manner in Vivo and express the gene product. 

0275 Another embodiment of the invention for transfer 
ring a naked DNA expression construct into cells may 
involve particle bombardment. This method depends on the 
ability to accelerate DNA-coated microprojectiles to a high 
Velocity allowing them to pierce cell membranes and enter 
cells without killing them (Klein et al., 1987). Several 
devices for accelerating Small particles have been devel 
oped. One Such device relies on a high Voltage discharge to 
generate an electrical current, which in turn provides the 
motive force (Yang et al., 1990). The microprojectiles used 
have consisted of biologically inert Substances Such as 
tungsten or gold beads. 

0276 Selected organs including the liver, skin, and 
muscle tissue of rats and mice have been bombarded in vivo 
(Yang et al., 1990; Zelenin et al., 1991). This may require 
Surgical exposure of the tissue or cells, to eliminate any 
intervening tissue between the gun and the target organ, i.e. 
eX Vivo treatment. Again, DNA encoding a particular gene 
may be delivered via this method and still be incorporated by 
the present invention. 
0277 Antisense Oligonucleotides 

0278. The end result of the flow of genetic information is 
the synthesis of protein. DNA is transcribed by polymerases 
into messenger RNA and translated on the ribosome to yield 
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a folded, functional protein. Thus there are Several Steps 
along the route where protein Synthesis can be inhibited. The 
native DNA segment coding for a polypeptide described 
herein, as all Such mammalian DNA Strands, has two 
Strands: a Sense Strand and an antisense Strand held together 
by hydrogen bonding. The messenger RNA coding for 
polypeptide has the same nucleotide Sequence as the Sense 
DNA strand except that the DNA thymidine is replaced by 
uridine. Thus, Synthetic antisense nucleotide Sequences will 
bind to a mRNA and inhibit expression of the protein 
encoded by that mRNA. 
0279 The targeting of antisense oligonucleotides to 
mRNA is thus one mechanism to shut down protein synthe 
sis, and, consequently, represents a powerful and targeted 
therapeutic approach. For example, the Synthesis of polyga 
lactauronase and the muscarine type 2 acetylcholine receptor 
are inhibited by antisense oligonucleotides directed to their 
respective mRNA sequences (U.S. Pat. No. 5,739,119 and 
U.S. Pat. No. 5,759,829, each specifically incorporated 
herein by reference in its entirety). Further, examples of 
antisense inhibition have been demonstrated with the 
nuclear protein cyclin, the multiple drug resistance gene 
(MDG1), ICAM-1, E-selectin, STK-1, striatal GABAA 
receptor and human EGF (Jaskulski et al., 1988; Vasantha 
kumar and Ahmed, 1989; Peris et al., 1998; U.S. Pat. No. 
5,801,154; U.S. Pat. No. 5,789,573; U.S. Pat. No. 5,718,709 
and U.S. Pat. No. 5,610,288, each specifically incorporated 
herein by reference in its entirety). Antisense constructs have 
also been described that inhibit and can be used to treat a 
variety of abnormal cellular proliferations, e.g. cancer (U.S. 
Pat. No. 5,747.470; U.S. Pat. No. 5,591.317 and U.S. Pat. 
No. 5,783,683, each specifically incorporated herein by 
reference in its entirety). 
0280 Therefore, in exemplary embodiments, the inven 
tion provides oligonucleotide Sequences that comprise all, or 
a portion of, any Sequence that is capable of Specifically 
binding to polynucleotide Sequence described herein, or a 
complement thereof. In one embodiment, the antisense 
oligonucleotides comprise DNA or derivatives thereof. In 
another embodiment, the oligonucleotides comprise RNA or 
derivatives thereof. In a third embodiment, the oligonucle 
otides are modified DNAS comprising a phosphorothioated 
modified backbone. In a fourth embodiment, the oligonucle 
otide Sequences comprise peptide nucleic acids or deriva 
tives thereof. In each case, preferred compositions comprise 
a Sequence region that is complementary, and more prefer 
ably Substantially-complementary, and even more prefer 
ably, completely complementary to one or more portions of 
polynucleotides disclosed herein. 

0281 Selection of antisense compositions specific for a 
given gene Sequence is based upon analysis of the chosen 
target Sequence (i.e. in these illustrative examples the rat and 
human Sequences) and determination of Secondary structure, 
T, binding energy, relative Stability, and antisense compo 
Sitions were Selected based upon their relative inability to 
form dimers, hairpins, or other Secondary Structures that 
would reduce or prohibit Specific binding to the target 
mRNA in a host cell. 

0282 Highly preferred target regions of the mRNA, are 
those which are at or near the AUG translation initiation 
codon, and those Sequences which were Substantially 
complementary to 5' regions of the mRNA. These secondary 
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Structure analyses and target Site Selection considerations 
were performed using V.4 of the OLIGO primer analysis 
software (Rychlik, 1997) and the BLASTN 2.0.5 algorithm 
software (Altschul et al., 1997). 
0283 The use of an antisense delivery method employing 
a short peptide vector, termed MPG (27 residues), is also 
contemplated. The MPG peptide contains a hydrophobic 
domain derived from the fusion sequence of HIV gp41 and 
a hydrophilic domain from the nuclear localization Sequence 
of SV40 T-antigen (Morris et al., 1997). It has been dem 
onstrated that several molecules of the MPG peptide coat the 
antisense oligonucleotides and can be delivered into cultured 
mammalian cells in less than 1 hour with relatively high 
efficiency (90%). Further, the interaction with MPG strongly 
increases both the Stability of the oligonucleotide to nuclease 
and the ability to cross the plasma membrane (Morris et al., 
1997). 
0284) Ribozymes 
0285 Although proteins traditionally have been used for 
catalysis of nucleic acids, another class of macromolecules 
has emerged as useful in this endeavor. Ribozymes are 
RNA-protein complexes that cleave nucleic acids in a Site 
Specific fashion. Ribozymes have specific catalytic domains 
that possess endonuclease activity (Kim and Cech, 1987; 
Gerlach et al., 1987; Forster and Symons, 1987). For 
example, a large number of ribozymes accelerate phospho 
ester transfer reactions with a high degree of Specificity, 
often cleaving only one of Several phosphoesters in an 
oligonucleotide substrate (Cech et al., 1981; Michel and 
Westhof, 1990; Reinhold-Hurek and Shub, 1992). This 
Specificity has been attributed to the requirement that the 
Substrate bind via Specific base-pairing interactions to the 
internal guide sequence (“IGS") of the ribozyme prior to 
chemical reaction. 

0286 Ribozyme catalysis has primarily been observed as 
part of Sequence-specific cleavage/ligation reactions involv 
ing nucleic acids (Joyce, 1989; Cech et al., 1981). For 
example, U.S. Pat. No. 5,354.855 (specifically incorporated 
herein by reference) reports that certain ribozymes can act as 
endonucleases with a sequence Specificity greater than that 
of known ribonucleases and approaching that of the DNA 
restriction enzymes. Thus, Sequence-specific ribozyme-me 
diated inhibition of gene expression may be particularly 
Suited to therapeutic applications (Scanlon et al., 1991; 
Sarver et al., 1990). Recently, it was reported that ribozymes 
elicited genetic changes in Some cells lines to which they 
were applied; the altered genes included the oncogenes 
H-ras, c-fos and genes of HIV. Most of this work involved 
the modification of a target mRNA, based on a specific 
mutant codon that is cleaved by a specific ribozyme. 
0287 Six basic varieties of naturally-occurring enzy 
matic RNAS are known presently. Each can catalyze the 
hydrolysis of RNA phosphodiester bonds in trans (and thus 
can cleave other RNA molecules) under physiological con 
ditions. In general, enzymatic nucleic acids act by first 
binding to a target RNA. Such binding occurs through the 
target binding portion of a enzymatic nucleic acid which is 
held in close proximity to an enzymatic portion of the 
molecule that acts to cleave the target RNA. Thus, the 
enzymatic nucleic acid first recognizes and then binds a 
target RNA through complementary base-pairing, and once 
bound to the correct Site, acts enzymatically to cut the target 
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RNA. Strategic cleavage of such a target RNA will destroy 
its ability to direct Synthesis of an encoded protein. After an 
enzymatic nucleic acid has bound and cleaved its RNA 
target, it is released from that RNA to search for another 
target and can repeatedly bind and cleave new targets. 

0288 The enzymatic nature of a ribozyme is advanta 
geous over many technologies, Such as antisense technology 
(where a nucleic acid molecule simply binds to a nucleic 
acid target to block its translation) since the concentration of 
ribozyme necessary to affect a therapeutic treatment is lower 
than that of an antisense oligonucleotide. This advantage 
reflects the ability of the ribozyme to act enzymatically. 
Thus, a Single ribozyme molecule is able to cleave many 
molecules of target RNA. In addition, the ribozyme is a 
highly specific inhibitor, with the specificity of inhibition 
depending not only on the base pairing mechanism of 
binding to the target RNA, but also on the mechanism of 
target RNA cleavage. Single mismatches, or base-Substitu 
tions, near the Site of cleavage can completely eliminate 
catalytic activity of a ribozyme. Similar mismatches in 
antisense molecules do not prevent their action (Woolf et al., 
1992). Thus, the specificity of action of a ribozyme is greater 
than that of an antisense oligonucleotide binding the same 
RNA site. 

0289. The enzymatic nucleic acid molecule may be 
formed in a hammerhead, hairpin, a hepatitis 6 virus, group 
I intron or RNasePRNA (in association with an RNA guide 
sequence) or Neurospora VS RNA motif. Examples of 
hammerhead motifs are described by Rossi et al. (1992). 
Examples of hairpin motifs are described by Hampel et al. 
(Eur. Pat. Appl. Publ. No. EP 0360257), Hampel and Tritz 
(1989), Hampel et al. (1990) and U.S. Pat. No. 5,631,359 
(specifically incorporated herein by reference). An example 
of the hepatitis 8 virus motif is described by Perrotta and 
Been (1992); an example of the RNaseP motif is described 
by Guerrier-Takada et al. (1983); Neurospora VS RNA 
ribozyme motif is described by Collins (Saville and Collins, 
1990; Saville and Collins, 1991; Collins and Olive, 1993); 
and an example of the Group I intron is described in (U.S. 
Pat. No. 4,987,071, specifically incorporated herein by ref 
erence). All that is important in an enzymatic nucleic acid 
molecule of this invention is that it has a specific Substrate 
binding Site which is complementary to one or more of the 
target gene RNA regions, and that it have nucleotide 
Sequences within or Surrounding that Substrate binding site 
which impart an RNA cleaving activity to the molecule. 
Thus the ribozyme constructs need not be limited to specific 
motifs mentioned herein. 

0290. In certain embodiments, it may be important to 
produce enzymatic cleaving agents which exhibit a high 
degree of Specificity for the RNA of a desired target, Such as 
one of the Sequences disclosed herein. The enzymatic 
nucleic acid molecule is preferably targeted to a highly 
conserved Sequence region of a target mRNA. Such enzy 
matic nucleic acid molecules can be delivered exogenously 
to Specific cells as required. Alternatively, the ribozymes can 
be expressed from DNA or RNA vectors that are delivered 
to specific cells. 

0291 Small enzymatic nucleic acid motifs (e.g., of the 
hammerhead or the hairpin Structure) may also be used for 
exogenous delivery. The Simple Structure of these molecules 
increases the ability of the enzymatic nucleic acid to invade 
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targeted regions of the mRNA structure. Alternatively, cata 
lytic RNA molecules can be expressed within cells from 
eukaryotic promoters (e.g., Scanlon et al., 1991; Kashani 
Sabet et al., 1992; Dropulic et al., 1992; Weerasinghe et al., 
1991; Ojwang et al., 1992; Chen et al., 1992; Sarver et al., 
1990). Those skilled in the art realize that any ribozyme can 
be expressed in eukaryotic cells from the appropriate DNA 
vector. The activity of Such ribozymes can be augmented by 
their release from the primary transcript by a Second 
ribozyme (Int. Pat. Appl. Publ. No. WO93/23569, and Int. 
Pat. Appl. Publ. No. WO 94/02595, both hereby incorpo 
rated by reference; Ohkawa et al., 1992; Taira et al., 1991; 
and Ventura et al., 1993). 
0292 Ribozymes may be added directly, or can be com 
plexed with cationic lipids, lipid complexes, packaged 
within liposomes, or otherwise delivered to target cells. The 
RNA or RNA complexes can be locally administered to 
relevant tissueS eX Vivo, or in Vivo through injection, aeroSol 
inhalation, infusion pump or Stent, with or without their 
incorporation in biopolymers. 
0293 Ribozymes may be designed as described in Int. 
Pat. Appl. Publ. No. WO 93/23569 and Int. Pat. Appl. Publ. 
No. WO94/02595, each specifically incorporated herein by 
reference) and Synthesized to be tested in vitro and in Vivo, 
as described. Such ribozymes can also be optimized for 
delivery. While specific examples are provided, those in the 
art will recognize that equivalent RNA targets in other 
Species can be utilized when necessary. 
0294 Hammerhead or hairpin ribozymes may be indi 
vidually analyzed by computer folding (Jaeger et al., 1989) 
to assess whether the ribozyme Sequences fold into the 
appropriate Secondary Structure. Those ribozymes with 
unfavorable intramolecular interactions between the binding 
arms and the catalytic core are eliminated from consider 
ation. Varying binding arm lengths can be chosen to opti 
mize activity. Generally, at least 5 or So bases on each arm 
are able to bind to, or otherwise interact with, the target 
RNA. 

0295) Ribozymes of the hammerhead or hairpin motif 
may be designed to anneal to various sites in the mRNA 
message, and can be chemically Synthesized. The method of 
synthesis used follows the procedure for normal RNA syn 
thesis as described in Usman et al. (1987) and in Scaringe et 
al. (1990) and makes use of common nucleic acid protecting 
and coupling groups, Such as dimethoxytrityl at the 5'-end, 
and phosphoramidites at the 3'-end. Average Stepwise cou 
pling yields are typically >98%. Hairpin ribozymes may be 
Synthesized in two parts and annealed to reconstruct an 
active ribozyme (Chowrira and Burke, 1992). Ribozymes 
may be modified extensively to enhance stability by modi 
fication with nuclease resistant groups, for example, 
2'-amino, 2'-C-allyl, 2-flouro, 2'-O-methyl, 2-H (for a 
review see e.g., Usman and Cedergren, 1992). Ribozymes 
may be purified by gel electrophoresis using general meth 
ods or by high preSSure liquid chromatography and resus 
pended in water. 
0296 Ribozyme activity can be optimized by altering the 
length of the ribozyme binding arms, or chemically Synthe 
sizing ribozymes with modifications that prevent their deg 
radation by Serum ribonucleases (see e.g., Int. Pat. Appl. 
Publ. No. WO92/07065; Perrault et al., 1990; Pieken et al., 
1991; Usman and Cedergren, 1992; Int. Pat. Appl. Publ. No. 
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WO 93/15187; Int. Pat. Appl. Publ. No. WO 91/03162; Eur. 
Pat. Appl. Publ. No. 92110298.4; U.S. Pat. No. 5,334,711; 
and Int. Pat. Appl. Publ. No. WO94/13688, which describe 
various chemical modifications that can be made to the Sugar 
moieties of enzymatic RNA molecules), modifications 
which enhance their efficacy in cells, and removal of stem II 
bases to shorten RNA Synthesis times and reduce chemical 
requirements. 

0297 Sullivan et al. (Int. Pat. Appl. Publ. No. WO 
94/02595) describes the general methods for delivery of 
enzymatic RNA molecules. Ribozymes may be administered 
to cells by a variety of methods known to those familiar to 
the art, including, but not restricted to, encapsulation in 
liposomes, by iontophoresis, or by incorporation into other 
vehicles, Such as hydrogels, cyclodextrins, biodegradable 
nanocapsules, and bioadhesive microSpheres. For Some indi 
cations, ribozymes may be directly delivered ex vivo to cells 
or tissues with or without the aforementioned vehicles. 
Alternatively, the RNA/vehicle combination may be locally 
delivered by direct inhalation, by direct injection or by use 
of a catheter, infusion pump or Stent. Other routes of delivery 
include, but are not limited to, intravascular, intramuscular, 
Subcutaneous or joint injection, aerosol inhalation, oral 
(tablet or pill form), topical, Systemic, ocular, intraperitoneal 
and/or intrathecal delivery. More detailed descriptions of 
ribozyme delivery and administration are provided in Int. 
Pat. Appl. Publ. No. WO94/02595 and Int. Pat. Appl. Publ. 
No. WO 93/23569, each specifically incorporated herein by 
reference. 

0298 Another means of accumulating high concentra 
tions of a ribozyme(s) within cells is to incorporate the 
ribozyme-encoding Sequences into a DNA expression vec 
tor. Transcription of the ribozyme Sequences are driven from 
a promoter for eukaryotic RNA polymerase I (pol I), RNA 
polymerase II (pol II), or RNA polymerase III (pol III). 
Transcripts from pol II or pol III promoters will be expressed 
at high levels in all cells, the levels of a given pol II promoter 
in a given cell type will depend on the nature of the gene 
regulatory Sequences (enhancers, silencers, etc.) present 
nearby. Prokaryotic RNA polymerase promoters may also be 
used, providing that the prokaryotic RNA polymerase 
enzyme is expressed in the appropriate cells (Elroy-Stein 
and Moss, 1990; Gao and Huang, 1993; Lieber et al., 1993; 
Zhou et al., 1990). Ribozymes expressed from such promot 
ers can function in mammalian cells (e.g. Kashani-Saber et 
al., 1992; Ojwang et al., 1992; Chen et al., 1992; Yu et al., 
1993; L'Huillier et al., 1992; Lisziewicz et al., 1993). Such 
transcription units can be incorporated into a variety of 
vectors for introduction into mammalian cells, including but 
not restricted to, plasmid DNA vectors, viral DNA vectors 
(Such as adenovirus or adeno-associated vectors), or viral 
RNA vectors (such as retroviral, Semliki forest virus, sindbis 
virus vectors). 
0299 Ribozymes may be used as diagnostic tools to 
examine genetic drift and mutations within diseased cells. 
They can also be used to assess levels of the target RNA 
molecule. The close relationship between ribozyme activity 
and the structure of the target RNA allows the detection of 
mutations in any region of the molecule which alters the 
base-pairing and three-dimensional Structure of the target 
RNA. By using multiple ribozymes, one may map nucle 
otide changes which are important to RNA structure and 
function in vitro, as well as in cells and tissues. Cleavage of 
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target RNAS with ribozymes may be used to inhibit gene 
expression and define the role (essentially) of specified gene 
products in the progression of disease. In this manner, other 
genetic targets may be defined as important mediators of the 
disease. These studies will lead to better treatment of the 
disease progression by affording the possibility of combi 
national therapies (e.g., multiple ribozymes targeted to dif 
ferent genes, ribozymes coupled with known Small molecule 
inhibitors, or intermittent treatment with combinations of 
ribozymes and/or other chemical or biological molecules). 
Other in vitro uses of ribozymes are well known in the art, 
and include detection of the presence of mRNA associated 
with an IL-5 related condition. Such RNA is detected by 
determining the presence of a cleavage product after treat 
ment with a ribozyme using Standard methodology. 
0300 Peptide Nucleic Acids 
0301 In certain embodiments, the inventors contemplate 
the use of peptide nucleic acids (PNAS) in the practice of the 
methods of the invention. PNA is a DNA mimic in which the 
nucleobases are attached to a pseudopeptide backbone 
(Good and Nielsen, 1997). PNA is able to be utilized in a 
number methods that traditionally have used RNA or DNA. 
Often PNA sequences perform better in techniques than the 
corresponding RNA or DNA sequences and have utilities 
that are not inherent to RNA or DNA. A review of PNA 
including methods of making, characteristics of, and meth 
ods of using, is provided by Corey (1997) and is incorpo 
rated herein by reference. AS Such, in certain embodiments, 
one may prepare PNA sequences that are complementary to 
one or more portions of the ACE mRNA sequence, and such 
PNA compositions may be used to regulate, alter, decrease, 
or reduce the translation of ACE-specific mRNA, and 
thereby alter the level of ACE activity in a host cell to which 
such PNA compositions have been administered. 
0302 PNAS have 2-aminoethyl-glycine linkages replac 
ing the normal phosphodiester backbone of DNA (Nielsen et 
al., 1991; Hanvey et al., 1992; Hyrup and Nielsen, 1996; 
Neilsen, 1996). This chemistry has three important conse 
quences: firstly, in contrast to DNA or phosphorothioate 
oligonucleotides, PNAS are neutral molecules; Secondly, 
PNAS are achiral, which avoids the need to develop a 
stereoselective synthesis; and thirdly, PNA synthesis uses 
standard Boc (Dueholm et al., 1994) or Fmoc (Thomson et 
al., 1995) protocols for Solid-phase peptide Synthesis, 
although other methods, including a modified Merrifield 
method, have been used (Christensen et al., 1995). 
0303 PNA monomers or ready-made oligomers are com 
mercially available from PerSeptive Biosystems (Framing 
ham, Mass.). PNA syntheses by either Boc or Fmoc proto 
cols are Straightforward using manual or automated 
protocols (Norton et al., 1995). The manual protocol lends 
itself to the production of chemically modified PNAS or the 
simultaneous synthesis of families of closely related PNAS. 
0304. As with peptide synthesis, the success of a particu 
lar PNA synthesis will depend on the properties of the 
chosen Sequence. For example, while in theory PNAS can 
incorporate any combination of nucleotide bases, the pres 
ence of adjacent purines can lead to deletions of one or more 
residues in the product. In expectation of this difficulty, it is 
Suggested that, in producing PNAS with adjacent purines, 
one should repeat the coupling of residues likely to be added 
inefficiently. This should be followed by the purification of 
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PNAS by reverse-phase high-pressure liquid chromatogra 
phy (Norton et al., 1995) providing yields and purity of 
product similar to those observed during the Synthesis of 
peptides. 

0305 Modifications of PNAS for a given application may 
be accomplished by coupling amino acids during Solid 
phase Synthesis or by attaching compounds that contain a 
carboxylic acid group to the exposed N-terminal amine. 
Alternatively, PNAS can be modified after synthesis by 
coupling to an introduced lysine or cysteine. The ease with 
which PNAS can be modified facilitates optimization for 
better Solubility or for Specific functional requirements. 
Once synthesized, the identity of PNAS and their derivatives 
can be confirmed by mass spectrometry. Several Studies 
have made and utilized modifications of PNAS (Norton et 
al., 1995; Haaima et al., 1996; Stetsenko et al., 1996; 
Petersen et al., 1995; Ulmann et al., 1996; Koch et al., 1995; 
Orum et al., 1995; Footer et al., 1996; Griffith et al., 1995; 
Kremsky et al., 1996; Pardridge et al., 1995; Boffa et al., 
1995; Landsdorp et al., 1996; Gambacorti-Passerini et al., 
1996; Armitage et al., 1997; Seeger et al., 1997; Ruskowski 
et al., 1997). U.S. Pat. No. 5,700,922 discusses PNA-DNA 
PNA chimeric molecules and their uses in diagnostics, 
modulating protein in organisms, and treatment of condi 
tions Susceptible to therapeutics. 

0306 In contrast to DNA and RNA, which contain nega 
tively charged linkages, the PNA backbone is neutral. In 
Spite of this dramatic alteration, PNAS recognize comple 
mentary DNA and RNA by Watson-Crick pairing (Egholm 
et al., 1993), validating the initial modeling by Nielsen et al. 
(1991). PNAS lack 3' to 5" polarity and can bind in either 
parallel or antiparallel fashion, with the antiparallel mode 
being preferred (Egholm et al., 1993). 
0307 Hybridization of DNA oligonucleotides to DNA 
and RNA is destabilized by electrostatic repulsion between 
the negatively charged phosphate backbones of the comple 
mentary Strands. By contrast, the absence of charge repul 
sion in PNA-DNA or PNA-RNA duplexes increases the 
melting temperature (T) and reduces the dependence of T 
on the concentration of mono- or divalent cations (Nielsen 
et al., 1991). The enhanced rate and affinity of hybridization 
are significant because they are responsible for the Surpris 
ing ability of PNAS to perform strand invasion of comple 
mentary sequences within relaxed double-stranded DNA. In 
addition, the efficient hybridization at inverted repeats Sug 
gests that PNAS can recognize Secondary Structure effec 
tively within double-stranded DNA. Enhanced recognition 
also occurs with PNAS immobilized on surfaces, and Wang 
et al. have shown that support-bound PNAS can be used to 
detect hybridization events (Wang et al., 1996). 
0308 One might expect that tight binding of PNAS to 
complementary Sequences would also increase binding to 
Similar (but not identical) sequences, reducing the Sequence 
specificity of PNA recognition. As with DNA hybridization, 
however, Selective recognition can be achieved by balancing 
oligomer length and incubation temperature. Moreover, 
selective hybridization of PNAS is encouraged by PNA 
DNA hybridization being less tolerant of base mismatches 
than DNA-DNA hybridization. For example, a single mis 
match within a 16 bp PNA-DNA duplex can reduce the T 
by up to 15° C. (Egholm et al., 1993). This high level of 
discrimination has allowed the development of Several 
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PNA-based strategies for the analysis of point mutations 
(Wang et al., 1996; Carlsson et al., 1996; Thiede et al., 1996; 
Webb and Hurskainen, 1996; Perry-O'Keefe et al., 1996). 
0309 High-affinity binding provides clear advantages for 
molecular recognition and the development of new applica 
tions for PNAS. For example, 11-13 nucleotide PNAS inhibit 
the activity of telomerase, a ribonucleo-protein that extends 
telomere ends using an essential RNA template, while the 
analogous DNA oligomers do not (Norton et al., 1996). 
0310 Neutral PNAS are more hydrophobic than analo 
gous DNA oligomers, and this can lead to difficulty Solubi 
lizing them at neutral pH, especially if the PNAS have a high 
purine content or if they have the potential to form Second 
ary Structures. Their Solubility can be enhanced by attaching 
one or more positive charges to the PNA termini (Nielsen et 
al., 1991). 
0311 Findings by Alfrey and colleagues suggest that 
Strand invasion will occur Spontaneously at Sequences 
within chromosomal DNA (Boffa et al., 1995; Boffa et al., 
1996). These studies targeted PNAS to triplet repeats of the 
nucleotides CAG and used this recognition to purify tran 
scriptionally active DNA (Boffa et al., 1995) and to inhibit 
transcription (Boffa et al., 1996). This result suggests that if 
PNAS can be delivered within cells then they will have the 
potential to be general Sequence-specific regulators of gene 
expression. Studies and reviews concerning the use of PNAS 
as antisense and anti-gene agents include Nielsen et al. 
(1993b), Hanvey et al. (1992), and Good and Nielsen 
(1997). Koppelhus et al. (1997) have used PNAS to inhibit 
HIV-1 inverse transcription, showing that PNAS may be 
used for antiviral therapies. 
0312 Methods of characterizing the antisense binding 
properties of PNAS are discussed in Rose (1993) and Jensen 
et al. (1997). Rose uses capillary gel electrophoresis to 
determine binding of PNAS to their complementary oligo 
nucleotide, measuring the relative binding kinetics and 
Stoichiometry. Similar types of measurements were made by 
Jensen et al. using BIAcore TM technology. 
0313. Other applications of PNAS include use in DNA 
strand invasion (Nielsen et al., 1991), antisense inhibition 
(Hanvey et al., 1992), mutational analysis (Orum et al., 
1993), enhancers of transcription (Mollegaard et al., 1994), 
nucleic acid purification (Orum et al., 1995), isolation of 
transcriptionally active genes (Boffa et al., 1995), blocking 
of transcription factor binding (Vickers et al., 1995), genome 
cleavage (Veselkov et al., 1996), biosensors (Wang et al., 
1996), in situ hybridization (Thisted et al., 1996), and in a 
alternative to Southern blotting (Perry-O'Keefe, 1996). 
0314 Polypeptide Compositions and Uses 
0315. The present invention, in other aspects, provides 
polypeptide compositions. Generally, a polypeptide of the 
invention will be an isolated polypeptide (or an epitope, 
variant, or active fragment thereof) derived from a mam 
malian Species. Preferably, the polypeptide is encoded by a 
polynucleotide Sequence disclosed herein or a Sequence 
which hybridizes under moderately Stringent conditions to a 
polynucleotide Sequence disclosed herein. Alternatively, the 
polypeptide may be defined as a polypeptide which com 
prises a contiguous amino acid Sequence from an amino acid 
Sequence disclosed herein, or which polypeptide comprises 
an entire amino acid Sequence disclosed herein. 
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0316. Likewise, a polypeptide composition of the present 
invention is understood to comprise one or more polypep 
tides that are capable of eliciting antibodies that are immu 
nologically reactive with one or more polypeptides encoded 
by one or more contiguous nucleic acid Sequences contained 
in SEQ ID NO: 1-48, 114-121, and 125-138, or to active 
fragments, or to variants thereof, or to one or more nucleic 
acid Sequences which hybridize to one or more of these 
Sequences under conditions of moderate to high Stringency. 

0317. As used herein, an active fragment of a polypeptide 
includes a whole or a portion of a polypeptide which is 
modified by conventional techniques, e.g., mutagenesis, or 
by addition, deletion, or substitution, but which active 
fragment exhibits Substantially the Same Structure function, 
antigenicity, etc., as a polypeptide as described herein. 

0318. In certain illustrative embodiments, the polypep 
tides of the invention will comprise at least an immunogenic 
portion of a Chlamydia protein or a variant thereof, as 
described herein. Proteins that are Chlamydia proteins gen 
erally also react detectably within an immunoassay (Such as 
an ELISA) with antisera from a patient with a Chlamydial 
infection. Polypeptides as described herein may be of any 
length. Additional Sequences derived from the native protein 
and/or heterologous Sequences may be present, and Such 
Sequences may (but need not) possess further immunogenic 
or antigenic properties. 

03.19. An “immunogenic portion,” as used herein is a 
portion of a protein that is recognized (i.e., specifically 
bound) by a B-cell and/or T-cell surface antigen receptor. 
Such immunogenic portions generally comprise at least 5 
amino acid residues, more preferably at least 10, and Still 
more preferably at least 20 amino acid residues of a Chlamy 
dia protein or a variant thereof. Certain preferred immuno 
genic portions include peptides in which an N-terminal 
leader Sequence and/or transmembrane domain have been 
deleted. Other preferred immunogenic portions may contain 
a Small N- and/or C-terminal deletion (e.g., 1-30 amino 
acids, preferably 5-15 amino acids), relative to the mature 
protein. 

0320 Immunogenic portions may generally be identified 
using well known techniques, Such as those Summarized in 
Paul, Fundamental Immunology, 3rd ed., 243-247 (Raven 
Press, 1993) and references cited therein. Such techniques 
include Screening polypeptides for the ability to react with 
antigen-specific antibodies, antisera and/or T-cell lines or 
clones. AS used herein, antisera and antibodies are “antigen 
Specific' if they specifically bind to an antigen (i.e., they 
react with the protein in an ELISA or other immunoassay, 
and do not react detectably with unrelated proteins). Such 
antisera and antibodies may be prepared as described herein, 
and using well known techniques. An immunogenic portion 
of a native Chlamydia protein is a portion that reacts with 
Such antisera and/or T-cells at a level that is not Substantially 
less than the reactivity of the full length polypeptide (e.g., in 
an ELISA and/or T-cell reactivity assay). Such immunogenic 
portions may react within Such assays at a level that is 
Similar to or greater than the reactivity of the full length 
polypeptide. Such Screens may generally be performed 
using methods well known to those of ordinary skill in the 
art, Such as those described in Harlow and Lane, Antibodies. 
A Laboratory Manual, Cold Spring Harbor Laboratory, 
1988. For example, a polypeptide may be immobilized on a 
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Solid Support and contacted with patient Sera to allow 
binding of antibodies within the sera to the immobilized 
polypeptide. Unbound Sera may then be removed and bound 
antibodies detected using, for example, 'I-labeled Protein 
A. 

0321 AS noted above, a composition may comprise a 
variant of a native Chlamydia protein. A polypeptide “vari 
ant, as used herein, is a polypeptide that differs from a 
native Chlamydia protein in one or more Substitutions, 
deletions, additions and/or insertions, Such that the immu 
nogenicity of the polypeptide is not Substantially dimin 
ished. In other words, the ability of a variant to react with 
antigen-specific antisera may be enhanced or unchanged, 
relative to the native protein, or may be diminished by leSS 
than 50%, and preferably less than 20%, relative to the 
native protein. Such variants may generally be identified by 
modifying one of the above polypeptide Sequences and 
evaluating the reactivity of the modified polypeptide with 
antigen-specific antibodies or antisera as described herein. 
Preferred variants include those in which one or more 
portions, Such as an N-terminal leader Sequence or trans 
membrane domain, have been removed. Other preferred 
variants include variants in which a Small portion (e.g., 1-30 
amino acids, preferably 5-15 amino acids) has been removed 
from the N- and/or C-terminal of the mature protein. 
0322 Polypeptide variants encompassed by the present 
invention include those exhibiting at least about 70%, 75%, 
80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 
98%, or 99% or more identity (determined as described 
above) to the polypeptides disclosed herein. 
0323 Preferably, a variant contains conservative substi 
tutions. A “conservative Substitution' is one in which an 
amino acid is Substituted for another amino acid that has 
Similar properties, Such that one skilled in the art of peptide 
chemistry would expect the Secondary Structure and hydro 
pathic nature of the polypeptide to be Substantially 
unchanged. Amino acid Substitutions may generally be made 
on the basis of Similarity in polarity, charge, Solubility, 
hydrophobicity, hydrophilicity and/or the amphipathic 
nature of the residues. For example, negatively charged 
amino acids include aspartic acid and glutamic acid; posi 
tively charged amino acids include lysine and arginine, and 
amino acids with uncharged polar head groups having 
Similar hydrophilicity values include leucine, isoleucine and 
Valine, glycine and alanine; asparagine and glutamine; and 
Serine, threonine, phenylalanine and tyrosine. Other groups 
of amino acids that may represent conservative changes 
include: (1) ala, pro, gly, glu, asp, gln, asn, Ser, thr; (2) cys, 
ser, tyr, thr; (3) Val, ile, leu, met, ala, phe; (4) lys, arg, his; 
and (5) phe, tyr, trp, his. A variant may also, or alternatively, 
contain nonconservative changes. In a preferred embodi 
ment, variant polypeptides differ from a native Sequence by 
Substitution, deletion or addition of five amino acids or 
fewer. Variants may also (or alternatively) be modified by, 
for example, the deletion or addition of amino acids that 
have minimal influence on the immunogenicity, Secondary 
Structure and hydropathic nature of the polypeptide. 
0324 AS noted above, polypeptides may comprise a 
Signal (or leader) sequence at the N-terminal end of the 
protein, which co-translationally or post-translationally 
directs transfer of the protein. The polypeptide may also be 
conjugated to a linker or other Sequence for ease of Synthe 
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sis, purification or identification of the polypeptide (e.g., 
poly-His), or to enhance binding of the polypeptide to a Solid 
Support. For example, a polypeptide may be conjugated to 
an immunoglobulin Fc region. 

0325 Polypeptides may be prepared using any of a 
variety of well known techniques. Recombinant polypep 
tides encoded by DNA sequences as described above may be 
readily prepared from the DNA sequences using any of a 
variety of expression vectors known to those of ordinary 
skill in the art. Expression may be achieved in any appro 
priate host cell that has been transformed or transfected with 
an expression vector containing a DNA molecule that 
encodes a recombinant polypeptide. Suitable host cells 
include prokaryotes, yeast, and higher eukaryotic cells, Such 
as mammalian cells and plant cells. Preferably, the host cells 
employed are E. coli, yeast or a mammalian cell line Such as 
COS or CHO. Supernatants from Suitable host/vector sys 
tems which Secrete recombinant protein or polypeptide into 
culture media may be first concentrated using a commer 
cially available filter. Following concentration, the concen 
trate may be applied to a Suitable purification matrix Such as 
an affinity matrix or an ion eXchange resin. Finally, one or 
more reverse phase HPLC steps can be employed to further 
purify a recombinant polypeptide. 

0326 Portions and other variants having less than about 
100 amino acids, and generally less than about 50 amino 
acids, may also be generated by Synthetic means, using 
techniques well known to those of ordinary skill in the art. 
For example, Such polypeptides may be Synthesized using 
any of the commercially available Solid-phase techniques, 
such as the Merrifield solid-phase synthesis method, where 
amino acids are Sequentially added to a growing amino acid 
chain. See Merrifield, J. Am. Chem. Soc. 85:2149-2146, 
1963. Equipment for automated Synthesis of polypeptides is 
commercially available from SupplierS Such as Perkin 
Elmer/Applied BioSystems Division (Foster City, Calif.), 
and may be operated according to the manufacturer's 
instructions. 

0327. Within certain specific embodiments, a polypeptide 
may be a fusion protein that comprises multiple polypep 
tides as described herein, or that comprises at least one 
polypeptide as described herein and an unrelated Sequence, 
Such as a known Chlamydia protein. A fusion partner may, 
for example, assist in providing T helper epitopes (an 
immunological fusion partner), preferably T helper epitopes 
recognized by humans, or may assist in expressing the 
protein (an expression enhancer) at higher yields than the 
native recombinant protein. Certain preferred fusion part 
ners are both immunological and expression enhancing 
fusion partners. Other fusion partners may be selected So as 
to increase the solubility of the protein or to enable the 
protein to be targeted to desired intracellular compartments. 
Still further fusion partners include affinity tags, which 
facilitate purification of the protein. 

0328 Fusion proteins may generally be prepared using 
Standard techniques, including chemical conjugation. Pref 
erably, a fusion protein is expressed as a recombinant 
protein, allowing the production of increased levels, relative 
to a non-fused protein, in an expression System. Briefly, 
DNA sequences encoding the polypeptide components may 
be assembled Separately, and ligated into an appropriate 
expression vector. The 3' end of the DNA sequence encoding 
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one polypeptide component is ligated, with or without a 
peptide linker, to the 5' end of a DNA sequence encoding the 
Second polypeptide component So that the reading frames of 
the Sequences are in phase. This permits translation into a 
Single fusion protein that retains the biological activity of 
both component polypeptides. 

0329. A peptide linker sequence may be employed to 
Separate the first and Second polypeptide components by a 
distance Sufficient to ensure that each polypeptide folds into 
its Secondary and tertiary Structures. Such a peptide linker 
Sequence is incorporated into the fusion protein using Stan 
dard techniques well known in the art. Suitable peptide 
linker Sequences may be chosen based on the following 
factors: (1) their ability to adopt a flexible extended confor 
mation; (2) their inability to adopt a secondary structure that 
could interact with functional epitopes on the first and 
Second polypeptides; and (3) the lack of hydrophobic or 
charged residues that might react with the polypeptide 
functional epitopes. Preferred peptide linker Sequences con 
tain Gly, ASn and Ser residues. Other near neutral amino 
acids, Such as Thr and Ala may also be used in the linker 
Sequence. Amino acid Sequences which may be usefully 
employed as linkers include those disclosed in Maratea et 
al., Gene 40:39-46, 1985; Murphy et al., Proc. Natl. Acad. 
Sci. USA 83:8258-8262, 1986; U.S. Pat. No.4,935,233 and 
U.S. Pat. No.4,751,180. The linker sequence may generally 
be from 1 to about 50 amino acids in length. Linker 
Sequences are not required when the first and Second 
polypeptides have non-essential N-terminal amino acid 
regions that can be used to separate the functional domains 
and prevent Steric interference. 
0330. The ligated DNA sequences are operably linked to 
Suitable transcriptional or translational regulatory elements. 
The regulatory elements responsible for expression of DNA 
are located only 5' to the DNA sequence encoding the first 
polypeptides. Similarly, Stop codons required to end trans 
lation and transcription termination signals are only present 
3' to the DNA sequence encoding the Second polypeptide. 

0331 Fusion proteins are also provided. Such proteins 
comprise a polypeptide as described herein together with an 
unrelated immunogenic protein. Preferably the immuno 
genic protein is capable of eliciting a recall response. 
Examples of Such proteins include tetanus, tuberculosis and 
hepatitis proteins (see, for example, Stoute et al. New Engl. 
J. Med., 336:86-91, 1997). 
0332 Within preferred embodiments, an immunological 
fusion partner is derived from protein D, a Surface protein of 
the gram-negative bacterium Haemophilus influenza B (WO 
91/18926). Preferably, a protein D derivative comprises 
approximately the first third of the protein (e.g., the first 
N-terminal 100-110 amino acids), and a protein D derivative 
may be lipidated. Within certain preferred embodiments, the 
first 109 residues of a Lipoprotein D fusion partner is 
included on the N-terminus to provide the polypeptide with 
additional exogenous T-cell epitopes and to increase the 
expression level in E. coli (thus functioning as an expression 
enhancer). The lipid tail ensures optimal presentation of the 
antigen to antigen presenting cells. Other fusion partners 
include the non-Structural protein from influenzae Virus, 
NS1 (hemaglutinin). Typically, the N-terminal 81 amino 
acids are used, although different fragments that include 
T-helper epitopes may be used. 
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0333. In another embodiment, the immunological fusion 
partner is the protein known as LYTA, or a portion thereof 
(preferably a C-terminal portion). LYTA is derived from 
StreptococcuS pneumoniae, which Synthesizes an N-acetyl 
L-alanine amidase known as amidase LYTA (encoded by the 
LytA gene; Gene 43:265-292, 1986). LYTA is an autolysin 
that specifically degrades certain bonds in the peptidoglycan 
backbone. The C-terminal domain of the LYTA protein is 
responsible for the affinity to the choline or to some choline 
analogues Such as DEAE. This property has been exploited 
for the development of E. coli C-LYTA expressing plasmids 
useful for expression of fusion proteins. Purification of 
hybrid proteins containing the C-LYTA fragment at the 
amino terminus has been described (see Biotechnology 
10:795-798, 1992). Within a preferred embodiment, a repeat 
portion of LYTA may be incorporated into a fusion protein. 
A repeat portion is found in the C-terminal region Starting at 
residue 178. A particularly preferred repeat portion incor 
porates residues 188-305. 
0334. In general, polypeptides (including fusion proteins) 
and polynucleotides as described herein are isolated. An 
"isolated” polypeptide or polynucleotide is one that is 
removed from its original environment. For example, a 
naturally-occurring protein is isolated if it is separated from 
Some or all of the coexisting materials in the natural System. 
Preferably, such polypeptides are at least about 90% pure, 
more preferably at least about 95% pure and most preferably 
at least about 99% pure. A polynucleotide is considered to be 
isolated if, for example, it is cloned into a vector that is not 
a part of the natural environment. 
0335) 
0336. In another aspect, the present invention provides 
methods for using one or more of the above polypeptides or 
fusion proteins (or polynucleotides encoding Such polypep 
tides or fusion proteins) to induce protective immunity 
against Chlamydial infection in a patient. AS used herein, a 
"patient” refers to any warm-blooded animal, preferably a 
human. A patient may be afflicted with a disease, or may be 
free of detectable disease and/or infection. In other words, 
protective immunity may be induced to prevent or treat 
Chlamydial infection. 
0337. In this aspect, the polypeptide, fusion protein or 
polynucleotide molecule is generally present within a phar 
maceutical composition or a vaccine. Pharmaceutical com 
positions may comprise one or more polypeptides, each of 
which may contain one or more of the above sequences (or 
variants thereof), and a physiologically acceptable carrier. 
Vaccines may comprise one or more of the above polypep 
tides and an immunostimulant, Such as an adjuvant or a 
liposome (into which the polypeptide is incorporated). Such 
pharmaceutical compositions and vaccines may also contain 
other Chlamydia antigens, either incorporated into a com 
bination polypeptide or present within a separate polypep 
tide. 

Illustrative Therapeutic Compositions and Uses 

0338 Alternatively, a vaccine may contain polynucle 
otides encoding one or more polypeptides or fusion proteins 
as described above, Such that the polypeptide is generated in 
situ. In Such vaccines, the polynucleotides may be present 
within any of a variety of delivery systems known to those 
of ordinary skill in the art, including nucleic acid expression 
Systems, bacterial and viral expression Systems. Appropriate 
nucleic acid expression Systems contain the necessary poly 
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nucleotide sequences for expression in the patient (Such as 
a Suitable promoter and terminating Signal). Bacterial deliv 
ery Systems involve the administration of a bacterium (Such 
as Bacillus-Calmette-Guerrin) that expresses an immuno 
genic portion of the polypeptide on its cell Surface. In a 
preferred embodiment, the polynucleotides may be intro 
duced using a viral expression System (e.g., vaccinia or other 
pox virus, retrovirus, or adenovirus), which may involve the 
use of a non-pathogenic (defective) virus. Techniques for 
incorporating polynucleotides into Such expression Systems 
are well known to those of ordinary skill in the art. The 
polynucleotides may also be administered as “naked' plas 
mid vectors as described, for example, in Ulmer et al., 
Science 259:1745-1749, 1993 and reviewed by Cohen, Sci 
ence 259:1691-1692, 1993.Techniques for incorporating 
DNA into such vectors are well known to those of ordinary 
skill in the art. A retroviral vector may additionally transfer 
or incorporate a gene for a Selectable marker (to aid in the 
identification or selection of transduced cells) and/or a 
targeting moiety, Such as a gene that encodes a ligand for a 
receptor on a Specific target cell, to render the vector target 
Specific. Targeting may also be accomplished using an 
antibody, by methods known to those of ordinary skill in the 
art. 

0339) Other formulations for therapeutic purposes 
include colloidal dispersion Systems, Such as macromolecule 
complexes, nanocapsules, microSpheres, beads, and lipid 
based Systems including oil-in-water emulsions, micelles, 
mixed micelles, and liposomes. A preferred colloidal System 
for use as a delivery vehicle in vitro and in Vivo is a liposome 
(i.e., an artificial membrane vesicle). The uptake of naked 
polynucleotides may be increased by incorporating the poly 
nucleotides into and/or onto biodegradable beads, which are 
efficiently transported into the cells. The preparation and use 
of Such Systems is well known in the art. 
0340. In a related aspect, a polynucleotide vaccine as 
described above may be administered simultaneously with 
or Sequentially to either a polypeptide of the present inven 
tion or a known Chlamydia antigen. For example, adminis 
tration of polynucleotides encoding a polypeptide of the 
present invention, either “naked’ or in a delivery System as 
described above, may be followed by administration of an 
antigen in order to enhance the protective immune effect of 
the vaccine. 

0341 Polypeptides and polynucleotides disclosed herein 
may also be employed in adoptive immunotherapy for the 
treatment of Chlamydial infection. Adoptive immuno 
therapy may be broadly classified into either active or 
passive immunotherapy. In active immunotherapy, treatment 
relies on the in Vivo Stimulation of the endogenous host 
immune System with the administration of immune 
response-modifying agents (for example, vaccines, bacterial 
adjuvants, and/or cytokines). 
0342. In passive immunotherapy, treatment involves the 
delivery of biologic reagents with established immune reac 
tivity (such as effector cells or antibodies) that can directly 
or indirectly mediate anti-Chlamydia effects and does not 
necessarily depend on an intact host immune System. 
Examples of effector cells include T lymphocytes (for 
example, CD8+ cytotoxic T-lymphocyte, CD4+ T-helper), 
killer cells (such as Natural Killer cells, lymphokine-acti 
vated killer cells), B cells, or antigen presenting cells (Such 
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as dendritic cells and macrophages) expressing the disclosed 
antigens. The polypeptides disclosed herein may also be 
used to generate antibodies or anti-idiotypic antibodies (as in 
U.S. Pat. No. 4,918,164), for passive immunotherapy. 
0343. The predominant method of procuring adequate 
numbers of T-cells for adoptive immunotherapy is to grow 
immune T-cells in Vitro. Culture conditions for expanding 
Single antigen-Specific T-cells to Several billion in number 
with retention of antigen recognition in Vivo are well known 
in the art. These in vitro culture conditions typically utilize 
intermittent Stimulation with antigen, often in the presence 
of cytokines, Such as IL-2, and non-dividing feeder cells. AS 
noted above, the immunoreactive polypeptides described 
herein may be used to rapidly expand antigen-Specific T cell 
cultures in order to generate Sufficient number of cells for 
immunotherapy. In particular, antigen-presenting cells, Such 
as dendritic, macrophage, monocyte, fibroblast, or B-cells, 
may be pulsed with immunoreactive polypeptides, or poly 
nucleotide sequence(s) may be introduced into antigen pre 
Senting cells, using a variety of Standard techniques well 
known in the art. For example, antigen presenting cells may 
be transfected or transduced with a polynucleotide Sequence, 
wherein Said Sequence contains a promoter region appropri 
ate for increasing expression, and can be expressed as part 
of a recombinant virus or other expression System. Several 
Viral vectors may be used to transduce an antigen presenting 
cell, including pox virus, vaccinia virus, and adenovirus, 
also, antigen presenting cells may be transfected with poly 
nucleotide Sequences disclosed herein by a variety of means, 
including gene-gun technology, lipid-mediated delivery, 
electroporation, osmotic Shock, and particlate delivery 
mechanisms, resulting in efficient and acceptable expression 
levels as determined by one of ordinary skill in the art. For 
cultured T-cells to be effective in therapy, the cultured 
T-cells must be able to grow and distribute widely and to 
survive long term in vivo. Studies have demonstrated that 
cultured T-cells can be induced to grow in Vivo and to 
Survive long term in Substantial numbers by repeated Stimu 
lation with antigen Supplemented with IL-2 (see, for 
example, Cheever, M., et al., “Therapy With Cultured T 
Cells: Principles Revisited. Immunological Reviews, 
157:177, 1997). 
0344) The polypeptides disclosed herein may also be 
employed to generate and/or isolate chlamydial-reactive 
T-cells, which can then be administered to the patient. In one 
technique, antigen-Specific T-cell lines may be generated by 
in Vivo immunization with Short peptides corresponding to 
immunogenic portions of the disclosed polypeptides. The 
resulting antigen Specific CD8+ or CD4+ T-cell clones may 
be isolated from the patient, expanded using Standard tissue 
culture techniques, and returned to the patient. 
0345 Alternatively, peptides corresponding to immuno 
genic portions of the polypeptides may be employed to 
generate Chlamydia reactive T cell Subsets by Selective in 
Vitro Stimulation and expansion of autologous T cells to 
provide antigen-Specific T cells which may be Subsequently 
transferred to the patient as described, for example, by 
Chang et al., (Crit. Rev. Oncol. Hematol., 22(3), 213, 1996). 
Cells of the immune System, Such as T cells, may be isolated 
from the peripheral blood of a patient, using a commercially 
available cell Separation System, Such as IsoleX"M System, 
available from Nexell Therapeutics, Inc. Irvine, Calif. The 
Separated cells are Stimulated with one or more of the 
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immunoreactive polypeptides contained within a delivery 
vehicle, Such as a microSphere, to provide antigen-specific T 
cells. The population of antigen-specific T cells is then 
expanded using Standard techniques and the cells are admin 
istered back to the patient. 

0346. In other embodiments, T-cell and/or antibody 
receptorS Specific for the polypeptides disclosed herein can 
be cloned, expanded, and transferred into other vectors or 
effector cells for use in adoptive immunotherapy. In particu 
lar, T cells may be transfected with the appropriate genes to 
express the variable domains from chlamydia Specific mono 
clonal antibodies as the extracellular recognition elements 
and joined to the T cell receptor Signaling chains, resulting 
in T cell activation, Specific lysis, and cytokine release. This 
enables the T cell to redirect its specificity in an MHC 
independent manner. See for example, Eshhar, Z., Cancer 
Immunol Immunother, 45(3–4): 131-6, 1997 and Hwu, P., et 
al, Cancer Res, 55(15):3369-73, 1995. Another embodiment 
may include the transfection of chlamydia antigen specific 
alpha and beta T cell receptor chains into alternate T cells, 
as in Cole, DJ, et al., Cancer Res, 55(4):748-52, 1995. 
0347 In a further embodiment, Syngeneic or autologous 
dendritic cells may be pulsed with peptides corresponding to 
at least an immunogenic portion of a polypeptide disclosed 
herein. The resulting antigen-Specific dendritic cells may 
either be transferred into a patient, or employed to Stimulate 
T cells to provide antigen-Specific T cells which may, in turn, 
be administered to a patient. The use of peptide-pulsed 
dendritic cells to generate antigen-specific T cells and the 
Subsequent use of Such antigen-Specific T cells to eradicate 
disease in a murine model has been demonstrated by 
Cheever et al., Immunological Reviews, 157:177, 1997). 
Additionally, vectors expressing the disclosed polynucle 
otides may be introduced into Stem cells taken from the 
patient and clonally propagated in vitro for autologous 
transplant back into the Same patient. 

0348 Within certain aspects, polypeptides, polynucle 
otides, T cells and/or binding agents disclosed herein may be 
incorporated into pharmaceutical compositions or immuno 
genic compositions (i.e., vaccines). Alternatively, a pharma 
ceutical composition may comprise an antigen-presenting 
cell (e.g. a dendritic cell) transfected with a Chlamydial 
polynucleotide Such that the antigen presenting cell 
expresses a Chlamydial polypeptide. Pharmaceutical com 
positions comprise one or more Such compounds and a 
physiologically acceptable carrier. Vaccines may comprise 
one or more Such compounds and an immunostimulant. An 
immunostimulant may be any Substance that enhances or 
potentiates an immune response to an exogenous antigen. 
Examples of immunostimulants include adjuvants, biode 
gradable microSpheres (e.g., polylactic galactide) and lipo 
Somes (into which the compound is incorporated; see e.g., 
Fullerton, U.S. Pat. No. 4,235,877). Vaccine preparation is 
generally described in, for example, M. F. Powell and M. J. 
Newman, eds., "Vaccine Design (the Subunit and adjuvant 
approach).” Plenum Press (NY, 1995). Pharmaceutical com 
positions and vaccines within the Scope of the present 
invention may also contain other compounds, which may be 
biologically active or inactive. For example, one or more 
immunogenic portions of other Chlamydial antigens may be 
present, either incorporated into a fusion polypeptide or as 
a separate compound, within the composition or vaccine. 
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0349 Apharmaceutical composition or vaccine may con 
tain DNA encoding one or more of the polypeptides as 
described above, Such that the polypeptide is generated in 
situ. As noted above, the DNA may be present within any of 
a variety of delivery Systems known to those of ordinary 
skill in the art, including nucleic acid expression Systems, 
bacteria and viral expression Systems. Numerous gene deliv 
ery techniques are well known in the art, Such as those 
described by Rolland, Crit. Rev: Therap. Drug Carrier 
Systems 15:143-198, 1998, and references cited therein. 
Appropriate nucleic acid expression Systems contain the 
necessary DNA sequences for expression in the patient (Such 
as a Suitable promoter and terminating Signal). Bacterial 
delivery Systems involve the administration of a bacterium 
(Such as Bacillus-Calmette-Guerrin) that expresses an 
immunogenic portion of the polypeptide on its cell Surface 
or Secretes Such an epitope. 
0350. In a preferred embodiment, the DNA may be 
introduced using a viral expression System (e.g., vaccinia or 
other pox virus, retrovirus, adenovirus, baculovirus, togavi 
rus, bacteriophage, and the like), which often involves the 
use of a non-pathogenic (defective), replication competent 
WUS. 

0351. For example, many viral expression vectors are 
derived from viruses of the retroviridae family. This family 
includes the murine leukemia viruses, the mouse mammary 
tumor viruses, the human foamy viruses, Rous Sarcoma 
Virus, and the immunodeficiency viruses, including human, 
Simian, and feline. Considerations when designing retroviral 
expression vectors are discussed in Comstock et al. (1997). 
0352 Excellent murine leukemia virus (MLV)-based 
Viral expression vectors have been developed by Kim et al. 
(1998). In creating the MLV vectors, Kim et al. found that 
the entire gag Sequence, together with the immediate 
upstream region, could be deleted without significantly 
affecting viral packaging or gene expression. Further, it was 
found that nearly the entire U3 region could be replaced with 
the immediately-early promoter of human cytomegalovirus 
without deleterious effects. Additionally, MCR and internal 
ribosome entry sites (IRES) could be added without adverse 
effects. Based on their observations, Kim et al. have 
designed a Series of MLV-based expression vectors com 
prising one or more of the features described above. 
0353 As more has been learned about human foamy 
virus (HFV), characteristics of HFV that are favorable for its 
use as an expression vector have been discovered. These 
characteristics include the expression of pol by Splicing and 
Start of translation at a defined initiation codon. Other 
aspects of HFV viral expression vectors are reviewed in 
Bodem et al. (1997). 
0354) Murakami et al. (1997) describe a Rous sarcoma 
virus (RSV)-based replication-competent avian retrovirus 
vectors, IR1 and IR2 to express a heterologous gene at a high 
level. In these vectors, the IRES derived from encepha 
lomyocarditis virus (EMCV) was inserted between the env 
gene and the heterologous gene. The IR1 vector retains the 
Splice-acceptor Site that is present downstream of the env 
gene while the IR2 vector lacks it. Murakami et al. have 
shown high level expression of several different heterolo 
gous genes by these vectors. 
0355 Recently, a number of lentivirus-based retroviral 
expression vectors have been developed. Kafri et al. (1997) 
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have shown Sustained expression of genes delivered directly 
into liver and muscle by a human immunodeficiency virus 
(HIV)-based expression vector. One benefit of the system is 
the inherent ability of HIV to transduce non-dividing cells. 
Because the viruses of Kafri et al. are pseudotyped with 
vesicular stomatitis virus G glycoprotein (VSVG), they can 
transduce a broad range of tissues and cell types. 
0356. A large number of adenovirus-based expression 
vectors have been developed, primarily due to the advan 
tages offered by these vectors in gene therapy applications. 
Adenovirus expression vectors and methods of using Such 
vectors are the Subject of a number of United States patents, 
including U.S. Pat. No. 5,698,202, U.S. Pat. No. 5,616,326, 
U.S. Pat. No. 5,585,362, and U.S. Pat. No. 5,518,913, all 
incorporated herein by reference. 

0357 Additional adenoviral constructs are described in 
Khatri et al. (1997) and Tomanin et al. (1997). Khatri et al. 
describe novel Ovine adenovirus expression vectors and their 
ability to infect bovine nasal turbinate and rabbit kidney 
cells as well as a range of human cell type, including lung 
and foreskin fibroblasts as well as liver, prostate, breast, 
colon and retinal lines. Tomanin et al. describe adenoviral 
expression vectors containing the T7 RNA polymerase gene. 
When introduced into cells containing a heterologous gene 
operably linked to a T7 promoter, the vectors were able to 
drive gene expression from the T7 promoter. The authors 
Suggest that this System may be useful for the cloning and 
expression of genes encoding cytotoxic proteins. 

0358 Poxviruses are widely used for the expression of 
heterologous genes in mammalian cells. Over the years, the 
vectors have been improved to allow high expression of the 
heterologous gene and Simplify the integration of multiple 
heterologous genes into a Single molecule. In an effort to 
diminish cytopathic effects and to increase Safety, Vaccinia 
Virus mutant and other poxviruses that undergo abortive 
infection in mammalian cells are receiving Special attention 
(Oertli et al., 1997). The use of poxviruses as expression 
vectors is reviewed in Carroll and Moss (1997). 
0359 Togaviral expression vectors, which includes 
alphaviral expression vectors have been used to study the 
Structure and function of proteins and for protein production 
purposes. Attractive features of togaviral expression vectors 
are rapid and efficient gene expression, wide host range, and 
RNA genomes (Huang, 1996). Also, recombinant vaccines 
based on alphaviral expression vectors have been shown to 
induce a strong humoral and cellular immune response with 
good immunological memory and protective effects 
(Tubulekas et al., 1997). Alphaviral expression vectors and 
their use are discussed, for example, in Lundstrom (1997). 
0360. In one study, Li and Garoff (1996) used Semliki 
Forest virus (SFV) expression vectors to express retroviral 
genes and to produce retroviral particles in BHK-21 cells. 
The particles produced by this method had protease and 
reverse transcriptase activity and were infectious. Further 
more, no helper virus could be detected in the virus StockS. 
Therefore, this System has features that are attractive for its 
use in gene therapy protocols. 

0361 Baculoviral expression vectors have traditionally 
been used to express heterologous proteins in insect cells. 
Examples of proteins include mammalian chemokine recep 
tors (Wang et al., 1997), reporter proteins Such as green 
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fluorescent protein (Wu et al., 1997), and FLAG fusion 
proteins (Wu et al., 1997; Koh et al., 1997). Recent advances 
in baculoviral expression vector technology, including their 
use in Virion display vectors and expression in mammalian 
cells is reviewed by Possee (1997). Other reviews on bacu 
loviral expression vectors include Jones and Morikawa 
(1996) and O'Reilly (1997). 
0362. Other suitable viral expression systems are dis 
closed, for example, in Fisher-Hoch et al., Proc. Natl. Acad. 
Sci. USA 86:317-321, 1989; Flexner et al., Ann. N.Y. Acad. 
Sci. 569:86-103, 1989; Flexner et al., Vaccine 8:17-21, 1990; 
U.S. Pat. Nos. 4,603,112, 4,769,330, and 5,017,487; WO 
89/01973; U.S. Pat. No. 4,777,127; GB 2.200,651; EP 
0.345,242; WO 91/02805; Berkner, Biotechniques 6:616 
627, 1988; Rosenfeld et al., Science 252:431-434, 1991; 
Kolls et al., Proc. Natl. Acad. Sci. USA 91:215-219, 1994; 
Kass-Eisler et al., Proc. Natl. Acad. Sci. USA 90:11498 
11502, 1993; Guzman et al., Circulation 88:2838-2848, 
1993; and Guzman et al., Cir. Res. 73:1202-1207, 1993. 
Techniques for incorporating DNA into Such expression 
Systems are well known to those of ordinary skill in the art. 
In other systems, the DNA may be introduced as “naked” 
DNA, as described, for example, in Ulmer et al., Science 
259:1745-1749, 1993 and reviewed by Cohen, Science 
259:1691-1692, 1993. The uptake of naked DNA may be 
increased by coating the DNA onto biodegradable beads, 
which are efficiently transported into the cells. 
0363. It will be apparent that a vaccine may comprise a 
polynucleotide and/or a polypeptide component, as desired. 
It will also be apparent that a vaccine may contain pharma 
ceutically acceptable Salts of the polynucleotides and/or 
polypeptides provided herein. Such Salts may be prepared 
from pharmaceutically acceptable non-toxic bases, includ 
ing organic bases (e.g., Salts of primary, Secondary and 
tertiary amines and basic amino acids) and inorganic bases 
(e.g., Sodium, potassium, lithium, ammonium, calcium and 
magnesium salts). While any Suitable carrier known to those 
of ordinary skill in the art may be employed in the pharma 
ceutical compositions of this invention, the type of carrier 
will vary depending on the mode of administration. Com 
positions of the present invention may be formulated for any 
appropriate manner of administration, including for 
example, topical, oral, nasal, intravenous, intracranial, intra 
peritoneal, Subcutaneous or intramuscular administration. 
For parenteral administration, Such as Subcutaneous injec 
tion, the carrier preferably comprises water, Saline, alcohol, 
a fat, a wax or a buffer. For oral administration, any of the 
above carriers or a Solid carrier, Such as mannitol, lactose, 
Starch, magnesium Stearate, Sodium Saccharine, talcum, cel 
lulose, glucose, Sucrose, and magnesium carbonate, may be 
employed. Biodegradable microSpheres (e.g., polylactate 
polyglycolate) may also be employed as carriers for the 
pharmaceutical compositions of this invention. Suitable 
biodegradable microSpheres are disclosed, for example, in 
U.S. Pat. Nos. 4,897,268 and 5,075,109. 
0364 Such compositions may also comprise buffers (e.g., 
neutral buffered saline or phosphate buffered saline), carbo 
hydrates (e.g., glucose, mannose, Sucrose or dextrans), man 
nitol, proteins, polypeptides or amino acids Such as glycine, 
antioxidants, bacterioStats, chelating agents Such as EDTA 
or glutathione, adjuvants (e.g., aluminum hydroxide), Sol 
utes that render the formulation isotonic, hypotonic or 
weakly hypertonic with the blood of a recipient, Suspending 
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agents, thickening agents and/or preservatives. Alterna 
tively, compositions of the present invention may be formu 
lated as a lyophilizate. Compounds may also be encapsu 
lated within lipoSomes using well known technology. 
0365 Any of a variety of immunostimulants may be 
employed in the vaccines of this invention. For example, an 
adjuvant may be included. Most adjuvants contain a Sub 
stance designed to protect the antigen from rapid catabolism, 
Such as aluminum hydroxide or mineral oil, and a Stimulator 
of immune responses, Such as lipid A, Bortadella pertuSSis 
or Mycobacterium tuberculosis derived proteins. Suitable 
adjuvants are commercially available as, for example, Fre 
und's Incomplete Adjuvant and Complete Adjuvant (Difco 
Laboratories, Detroit, Mich.); Merck Adjuvant 65 (Merck 
and Company, Inc., Rahway, N.J.); AS-2 (SmithKline Bee 
cham, Philadelphia, Pa.), aluminum salts Such as aluminum 
hydroxide gel (alum) or aluminum phosphate, Salts of cal 
cium, iron or Zinc, an insoluble Suspension of acylated 
tyrosine; acylated Sugars, cationically or anionically deriva 
tized polysaccharides, polyphosphaZenes, biodegradable 
microSpheres, monophosphoryl lipid A and quil A. Cytok 
ines, such as GM-CSF or interleukin-2,-7, or -12, may also 
be used as adjuvants. 
0366. Within the vaccines provided herein, under select 
circumstances, the adjuvant composition may be designed to 
induce an immune response predominantly of the Th1 type 
or Th2 type. High levels of Th1-type cytokines (e.g., IFN-y, 
TNFO, IL-2 and IL-12) tend to favor the induction of cell 
mediated immune responses to an administered antigen. In 
contrast, high levels of Th2-type cytokines (e.g., IL-4, IL-5, 
IL-6 and IL-10) tend to favor the induction of humoral 
immune responses. Following application of a vaccine as 
provided herein, a patient will Support an immune response 
that includes Th1- and Th2-type responses. Within a pre 
ferred embodiment, in which a response is predominantly 
Th1-type, the level of Th1-type cytokines will increase to a 
greater extent than the level of Th2-type cytokines. The 
levels of these cytokines may be readily assessed using 
Standard assayS. For a review of the families of cytokines, 
See Mosmann and Coffinan, Ann. Rev. Immunol. 7:145-173, 
1989. 

0367 Preferred adjuvants for use in eliciting a predomi 
nantly Th1-type response include, for example, a combina 
tion of monophosphoryl lipid A, preferably 3-de-O-acylated 
monophosphoryl lipid A (3D-MPL), together with an alu 
minum salt. MPL adjuvants are available from Corixa 
Corporation (Seattle, Wash.; see U.S. Pat. Nos. 4,436,727; 
4,877,611; 4.866,034 and 4.912,094). CpG-containing oli 
gonucleotides (in which the CpG dinucleotide is unmethy 
lated) also induce a predominantly Th1 response. Such 
oligonucleotides are well known and are described, for 
example, in WO 96/02555 and WO 99/33488. Immuno 
Stimulatory DNA sequences are also described, for example, 
by Sato et al., Science 273:352, 1996. Another preferred 
adjuvant is a Saponin, preferably QS21 (Aquila Biopharma 
ceuticals Inc., Framingham, Mass.), which may be used 
alone or in combination with other adjuvants. For example, 
an enhanced System involves the combination of a mono 
phosphoryl lipid A and Saponin derivative, Such as the 
combination of OS21 and 3D-MPL as described in WO 
94/00153, or a less reactogenic composition where the QS21 
is quenched with cholesterol, as described in WO 96/33739. 
Other preferred formulations comprise an oil-in-water emul 
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Sion and tocopherol. A particularly potent adjuvant formu 
lation involving QS21, 3D-MPL and tocopherol in an oil 
in-water emulsion is described in WO95/17210. 
0368 Other preferred adjuvants include Montanide ISA 
720 (Seppic, France), SAF (Chiron, Calif., United States), 
ISCOMS (CSL), MF-59 (Chiron), the SBAS series of adju 
vants (e.g., SBAS-2 or SBAS-4, available from SmithKline 
Beecham, Rixensart, Belgium), Detox (Corixa Corporation; 
Seattle, Wash.), RC-529 (Corixa Corporation; Seattle, 
Wash.) and other aminoalkyl glucosaminide 4-phosphates 
(AGPs), Such as those described in pending U.S. patent 
application Ser. Nos. 08/853,826 and 09/074,720, the dis 
closures of which are incorporated herein by reference in 
their entireties. 

0369. Any vaccine provided herein may be prepared 
using well known methods that result in a combination of 
antigen, immunostimulant and a Suitable carrier or excipient. 
The compositions described herein may be administered as 
part of a Sustained release formulation (i.e., a formulation 
Such as a capsule, Sponge or gel (composed of polysaccha 
rides, for example) that effects a slow release of compound 
following administration). Such formulations may generally 
be prepared using well known technology (see, e.g., 
Coombes et al., Vaccine 14:1429-1438, 1996) and admin 
istered by, for example, oral, rectal or Subcutaneous implan 
tation, or by implantation at the desired target Site. SuS 
tained-release formulations may contain a polypeptide, 
polynucleotide or antibody dispersed in a carrier matrix 
and/or contained within a reservoir Surrounded by a rate 
controlling membrane. 
0370 Carriers for use within such formulations are bio 
compatible, and may also be biodegradable; preferably the 
formulation provides a relatively constant level of active 
component release. Such carriers include microparticles of 
poly(lactide-co-glycolide), as well as polyacrylate, latex, 
Starch, cellulose and dextran. Other delayed-release carriers 
include Supramolecular biovectors, which comprise a non 
liquid hydrophilic core (e.g., a cross-linked polysaccharide 
or oligosaccharide) and, optionally, an external layer com 
prising an amphiphilic compound, Such as a phospholipid 
(see e.g., U.S. Pat. No. 5,151,254 and PCT applications WO 
94/20078, WO/94/23701 and WO 96/06638). The amount of 
active compound contained within a Sustained release for 
mulation depends upon the Site of implantation, the rate and 
expected duration of release and the nature of the condition 
to be treated or prevented. 
0371 Any of a variety of delivery vehicles may be 
employed within pharmaceutical compositions and vaccines 
to facilitate production of an antigen-Specific immune 
response that targets Chlamydia-infected cells. Delivery 
vehicles include antigen presenting cells (APCs), Such as 
dendritic cells, macrophages, B cells, monocytes and other 
cells that may be engineered to be efficient APCs. Such cells 
may, but need not, be genetically modified to increase the 
capacity for presenting the antigen, to improve activation 
and/or maintenance of the T cell response, to have anti 
Chlamydia effects per Se and/or to be immunologically 
compatible with the receiver (i.e., matched HLA haplotype). 
APCs may generally be isolated from any of a variety of 
biological fluids and organs, and may be autologous, allo 
geneic, Syngeneic or Xenogeneic cells. 
0372 Certain preferred embodiments of the present 
invention use dendritic cells or progenitors thereof as anti 
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gen-presenting cells. Dendritic cells are highly potent APCs 
(Banchereau and Steinman, Nature 392:245-251, 1998) and 
have been shown to be effective as a physiological adjuvant 
for eliciting prophylactic or therapeutic immunity (see Tim 
merman and Levy, Ann. Rev. Med. 50:507-529, 1999). In 
general, dendritic cells may be identified based on their 
typical shape (Stellate in situ, with marked cytoplasmic 
processes (dendrites) visible in vitro), their ability to take up, 
process and present antigens with high efficiency, and their 
ability to activate naive T cell responses. Dendritic cells 
may, of course, be engineered to express Specific cell 
Surface receptorS or ligands that are not commonly found on 
dendritic cells in vivo or ex vivo, and Such modified den 
dritic cells are contemplated by the present invention. AS an 
alternative to dendritic cells, Secreted vesicles antigen 
loaded dendritic cells (called exoSomes) may be used within 
a vaccine (see Zitvogel et al., Nature Med. 4:594-600, 1998). 
0373) Dendritic cells and progenitors may be obtained 
from peripheral blood, bone marrow, lymph nodes, Spleen, 
skin, umbilical cord blood or any other Suitable tissue or 
fluid. For example, dendritic cells may be differentiated ex 
vivo by adding a combination of cytokines such as GM-CSF, 
IL-4, IL-13 and/or TNFC. to cultures of monocytes harvested 
from peripheral blood. Alternatively, CD34 positive cells 
harvested from peripheral blood, umbilical cord blood or 
bone marrow may be differentiated into dendritic cells by 
adding to the culture medium combinations of GM-CSF, 
IL-3, TNFC, CD40 ligand, LPS, fit3 ligand and/or other 
compound(s) that induce differentiation, maturation and 
proliferation of dendritic cells. 
0374 Dendritic cells are conveniently categorized as 
“immature” and “mature” cells, which allows a simple way 
to discriminate between two well characterized phenotypes. 
However, this nomenclature should not be construed to 
exclude all possible intermediate Stages of differentiation. 
Immature dendritic cells are characterized as APC with a 
high capacity for antigen uptake and processing, which 
correlates with the high expression of Fcy receptor and 
mannose receptor. The mature phenotype is typically char 
acterized by a lower expression of these markers, but a high 
expression of cell Surface molecules responsible for T cell 
activation Such as class I and class II MHC, adhesion 
molecules (e.g., CD54 and CD11) and costimulatory mol 
ecules (e.g., CD40, CD80, CD86 and4-1BB). 
0375 APCs may generally be transfected with a poly 
nucleotide encoding a Chlamydial protein (or portion or 
other variant thereof) Such that the Chlamydial polypeptide, 
or an immunogenic portion thereof, is expressed on the cell 
Surface. Such transfection may take place eX Vivo, and a 
composition or vaccine comprising Such transfected cells 
may then be used for therapeutic purposes, as described 
herein. Alternatively, a gene delivery vehicle that targets a 
dendritic or other antigen presenting cell may be adminis 
tered to a patient, resulting in transfection that occurs in 
vivo. In vivo and ex vivo transfection of dendritic cells, for 
example, may generally be performed using any methods 
known in the art, such as those described in WO 97/24447, 
or the gene gun approach described by Mahvi et al., Immu 
nology and cell Biology 75:456-460, 1997. Antigen loading 
of dendritic cells may be achieved by incubating dendritic 
cells or progenitor cells with the Chlamydial polypeptide, 
DNA (naked or within a plasmid vector) or RNA; or with 
antigen-expressing recombinant bacterium or viruses (e.g., 
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vaccinia, fowlpox, adenovirus or lentivirus vectors). Prior to 
loading, the polypeptide may be covalently conjugated to an 
immunological partner that provides T cell help (e.g., a 
carrier molecule). Alternatively, a dendritic cell may be 
pulsed with a non-conjugated immunological partner, Sepa 
rately or in the presence of the polypeptide. 
0376 Routes and frequency of administration of phar 
maceutical compositions and vaccines, as well as dosage, 
will vary from individual to individual. In general, the 
pharmaceutical compositions and vaccines may be admin 
istered by injection (e.g., intracutaneous, intramuscular, 
intravenous or Subcutaneous), intranasally (e.g., by aspira 
tion) or orally. Between 1 and 3 doses may be administered 
for a 1-36 week period. Preferably, 3 doses are administered, 
at intervals of 3-4 months, and booster vaccinations may be 
given periodically thereafter. Alternate protocols may be 
appropriate for individual patients. A Suitable dose is an 
amount of polypeptide or DNA that, when administered as 
described above, is capable of raising an immune response 
in an immunized patient Sufficient to protect the patient from 
Chlamydial infection for at least 1-2 years. In general, the 
amount of polypeptide present in a dose (or produced in Situ 
by the DNA in a dose) ranges from about 1 pg to about 100 
mg per kg of host, typically from about 10pg to about 1 mg, 
and preferably from about 100 pg to about 1 lug. Suitable 
dose sizes will vary with the size of the patient, but will 
typically range from about 0.1 mL to about 5 mL. 
0377 While any suitable carrier known to those of ordi 
nary skill in the art may be employed in the pharmaceutical 
compositions of this invention, the type of carrier will vary 
depending on the mode of administration. For parenteral 
administration, Such as Subcutaneous injection, the carrier 
preferably comprises water, Saline, alcohol, a fat, a wax or 
a buffer. For oral administration, any of the above carriers or 
a Solid carrier, Such as mannitol, lactose, Starch, magnesium 
Stearate, Sodium Saccharine, talcum, cellulose, glucose, 
Sucrose, and magnesium carbonate, may be employed. Bio 
degradable microSpheres (e.g., polylactic galactide) may 
also be employed as carriers for the pharmaceutical com 
positions of this invention. Suitable biodegradable micro 
spheres are disclosed, for example, in U.S. Pat. Nos. 4,897, 
268 and 5,075,109. 
0378. In general, an appropriate dosage and treatment 
regimen provides the active compound(s) in an amount 
Sufficient to provide therapeutic and/or prophylactic benefit. 
Such a response can be monitored by establishing an 
improved clinical outcome in treated patients as compared to 
non-treated patients. Increases in preexisting immune 
responses to a Chlamydial protein generally correlate with 
an improved clinical outcome. Such immune responses may 
generally be evaluated using Standard proliferation, cytotox 
icity or cytokine assays, which may be performed using 
Samples obtained from a patient before and after treatment. 
0379 Detection and Diagnosis 
0380. In another aspect, the present invention provides 
methods for using the polypeptides described above to 
diagnose Chlamydial infection. In this aspect, methods are 
provided for detecting Chlamydial infection in a biological 
Sample, using one or more of the above polypeptides, either 
alone or in combination. For clarity, the term “polypeptide' 
will be used when describing specific embodiments of the 
inventive diagnostic methods. However, it will be clear to 
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one of skill in the art that the fusion proteins of the present 
invention may also be employed in Such methods. 
0381 AS used herein, a “biological sample” is any anti 
body-containing Sample obtained from a patient. Preferably, 
the Sample is whole blood, Sputum, Serum, plasma, Saliva, 
cerebroSpinal fluid or urine. More preferably, the Sample is 
a blood, Serum or plasma Sample obtained from a patient. 
The polypeptides are used in an assay, as described below, 
to determine the presence or absence of antibodies to the 
polypeptide(s) in the sample, relative to a predetermined 
cut-off value. The presence of Such antibodies indicates 
previous Sensitization to Chlamydia antigens which may be 
indicative of Chlamydia-infection. 
0382. In embodiments in which more than one polypep 
tide is employed, the polypeptides used are preferably 
complementary (i.e., one component polypeptide will tend 
to detect infection in Samples where the infection would not 
be detected by another component polypeptide). Comple 
mentary polypeptides may generally be identified by using 
each polypeptide individually to evaluate Serum Samples 
obtained from a series of patients known to be infected with 
Chlamydia. After determining which Samples test positive 
(as described below) with each polypeptide, combinations of 
two or more polypeptides may be formulated that are 
capable of detecting infection in most, or all, of the Samples 
tested. 

0383) A variety of assay formats are known to those of 
ordinary skill in the art for using one or more polypeptides 
to detect antibodies in a Sample. See, e.g., Harlow and Lane, 
Antibodies. A Laboratory Manual, Cold Spring Harbor 
Laboratory, 1988, which is incorporated herein by reference. 
In a preferred embodiment, the assay involves the use of 
polypeptide immobilized on a Solid Support to bind to and 
remove the antibody from the sample. The bound antibody 
may then be detected using a detection reagent that contains 
a reporter group. Suitable detection reagents include anti 
bodies that bind to the antibody/polypeptide complex and 
free polypeptide labeled with a reporter group (e.g., in a 
Semi-competitive assay). Alternatively, a competitive assay 
may be utilized, in which an antibody that binds to the 
polypeptide is labeled with a reporter group and allowed to 
bind to the immobilized antigen after incubation of the 
antigen with the Sample. The extent to which components of 
the sample inhibit the binding of the labeled antibody to the 
polypeptide is indicative of the reactivity of the Sample with 
the immobilized polypeptide. 
0384. The solid support may be any solid material known 
to those of ordinary skill in the art to which the antigen may 
be attached. For example, the Solid Support may be a test 
well in a microtiter plate, or a nitrocellulose or other Suitable 
membrane. Alternatively, the Support may be a bead or disc, 
Such as glass, fiberglass, latex or a plastic material Such as 
polystyrene or polyvinylchloride. The Support may also be a 
magnetic particle or a fiber optic Sensor, Such as those 
disclosed, for example, in U.S. Pat. No. 5,359,681. 
0385) The polypeptides may be bound to the Solid Sup 
port using a variety of techniques known to those of ordinary 
skill in the art. In the context of the present invention, the 
term “bound” refers to both noncovalent association, Such as 
adsorption, and covalent attachment (which may be a direct 
linkage between the antigen and functional groups on the 
Support or may be a linkage by way of a cross-linking agent). 
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Binding by adsorption to a well in a microtiter plate or to a 
membrane is preferred. In Such cases, adsorption may be 
achieved by contacting the polypeptide, in a Suitable buffer, 
with the solid support for a suitable amount of time. The 
contact time varies with temperature, but is typically 
between about 1 hour and 1 day. In general, contacting a 
well of a plastic microtiter plate (Such as polystyrene or 
polyvinylchloride) with an amount of polypeptide ranging 
from about 10 ng to about 1 lug, and preferably about 100 ng, 
is Sufficient to bind an adequate amount of antigen. 

0386 Covalent attachment of polypeptide to a solid Sup 
port may generally be achieved by first reacting the Support 
with a bifunctional reagent that will react with both the 
Support and a functional group, Such as a hydroxyl or amino 
group, on the polypeptide. For example, the polypeptide 
may be bound to Supports having an appropriate polymer 
coating using benzoquinone or by condensation of an alde 
hyde group on the Support with an amine and an active 
hydrogen on the polypeptide (see, e.g., Pierce Immunotech 
nology Catalog and Handbook, 1991, at A12-A13). 
0387. In certain embodiments, the assay is an enzyme 
linked immunosorbent assay (ELISA). This assay may be 
performed by first contacting a polypeptide antigen that has 
been immobilized on a Solid Support, commonly the well of 
a microtiter plate, with the Sample, Such that antibodies to 
the polypeptide within the sample are allowed to bind to the 
immobilized polypeptide. Unbound Sample is then removed 
from the immobilized polypeptide and a detection reagent 
capable of binding to the immobilized antibody-polypeptide 
complex is added. The amount of detection reagent that 
remains bound to the Solid Support is then determined using 
a method appropriate for the Specific detection reagent. 

0388 More specifically, once the polypeptide is immo 
bilized on the Support as described above, the remaining 
protein binding Sites on the Support are typically blocked. 
Any Suitable blocking agent known to those of ordinary skill 
in the art, such as bovine serum albumin (BSA) or Tween 
20TM (Sigma Chemical Co., St. Louis, Mo.) may be 
employed. The immobilized polypeptide is then incubated 
with the sample, and antibody is allowed to bind to the 
antigen. The Sample may be diluted with a Suitable dilutent, 
such as phosphate-buffered saline (PBS) prior to incubation. 
In general, an appropriate contact time (i.e., incubation time) 
is that period of time that is Sufficient to detect the presence 
of antibody within an HGE-infected sample. Preferably, the 
contact time is Sufficient to achieve a level of binding that is 
at least 95% of that achieved at equilibrium between bound 
and unbound antibody. Those of ordinary skill in the art will 
recognize that the time necessary to achieve equilibrium 
may be readily determined by assaying the level of binding 
that occurs over a period of time. At room temperature, an 
incubation time of about 30 minutes is generally sufficient. 
0389. Unbound sample may then be removed by washing 
the solid support with an appropriate buffer, such as PBS 
containing 0.1% Tween 20TM. Detection reagent may then be 
added to the Solid Support. An appropriate detection reagent 
is any compound that binds to the immobilized antibody 
polypeptide complex and that can be detected by any of a 
variety of means known to those in the art. Preferably, the 
detection reagent contains a binding agent (Such as, for 
example, Protein A, Protein G, immunoglobulin, lectin or 
free antigen) conjugated to a reporter group. Preferred 
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reporter groups include enzymes (Such as horseradish per 
oxidase), Substrates, cofactors, inhibitors, dyes, radionu 
clides, luminescent groups, fluorescent groups and biotin. 
The conjugation of binding agent to reporter group may be 
achieved using Standard methods known to those of ordinary 
skill in the art. Common binding agents may also be 
purchased conjugated to a variety of reporter groups from 
many commercial Sources (e.g., Zymed Laboratories, San 
Francisco, Calif., and Pierce, Rockford, Ill.). 
0390 The detection reagent is then incubated with the 
immobilized antibody-polypeptide complex for an amount 
of time Sufficient to detect the bound antibody. An appro 
priate amount of time may generally be determined from the 
manufacturers instructions or by assaying the level of 
binding that occurs over a period of time. Unbound detection 
reagent is then removed and bound detection reagent is 
detected using the reporter group. The method employed for 
detecting the reporter group depends upon the nature of the 
reporter group. For radioactive groups, Scintillation counting 
or autoradiographic methods are generally appropriate. 
Spectroscopic methods may be used to detect dyes, lumi 
neScent groupS and fluorescent groups. Biotin may be 
detected using avidin, coupled to a different reporter group 
(commonly a radioactive or fluorescent group or an 
enzyme). Enzyme reporter groups may generally be detected 
by the addition of Substrate (generally for a specific period 
of time), followed by spectroscopic or other analysis of the 
reaction products. 
0391 To determine the presence or absence of anti 
Chlamydia antibodies in the sample, the signal detected 
from the reporter group that remains bound to the Solid 
Support is generally compared to a Signal that corresponds to 
a predetermined cut-off value. In one preferred embodiment, 
the cut-off value is the average mean Signal obtained when 
the immobilized antigen is incubated with Samples from an 
uninfected patient. In general, a Sample generating a signal 
that is three Standard deviations above the predetermined 
cut-off value is considered positive for Chlamydia-infection. 
In an alternate preferred embodiment, the cut-off value is 
determined using a Receiver Operator Curve, according to 
the method of Sackett et al., Clinical Epidemiology. A Basic 
Science for Clinical Medicine, Little Brown and Co., 1985, 
pp. 106-107. Briefly, in this embodiment, the cut-off value 
may be determined from a plot of pairs of true positive rates 
(i.e., sensitivity) and false positive rates (100%-specificity) 
that correspond to each possible cut-off value for the diag 
nostic test result. The cut-off value on the plot that is the 
closest to the upper left-hand comer (i.e., the value that 
encloses the largest area) is the most accurate cut-off value, 
and a Sample generating a signal that is higher than the 
cut-off value determined by this method may be considered 
positive. Alternatively, the cut-off value may be shifted to 
the left along the plot, to minimize the false positive rate, or 
to the right, to minimize the false negative rate. In general, 
a Sample generating a signal that is higher than the cut-off 
value determined by this method is considered positive for 
Chlamydial infection. 
0392. In a related embodiment, the assay is performed in 
a rapid flow-through or Strip test format, wherein the antigen 
is immobilized on a membrane, Such as nitrocellulose. In the 
flow-through test, antibodies within the sample bind to the 
immobilized polypeptide as the Sample passes through the 
membrane. A detection reagent (e.g., protein A-colloidal 
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gold) then binds to the antibody-polypeptide complex as the 
Solution containing the detection reagent flows through the 
membrane. The detection of bound detection reagent may 
then be performed as described above. In the strip test 
format, one end of the membrane to which polypeptide is 
bound is immersed in a Solution containing the Sample. The 
Sample migrates along the membrane through a region 
containing detection reagent and to the area of immobilized 
polypeptide. Concentration of detection reagent at the 
polypeptide indicates the presence of anti-Chlamydia anti 
bodies in the Sample. Typically, the concentration of detec 
tion reagent at that Site generates a pattern, Such as a line, 
that can be read visually. The absence of Such a pattern 
indicates a negative result. In general, the amount of 
polypeptide immobilized on the membrane is Selected to 
generate a visually discernible pattern when the biological 
sample contains a level of antibodies that would be sufficient 
to generate a positive signal in an ELISA, as discussed 
above. Preferably, the amount of polypeptide immobilized 
on the membrane ranges from about 25 ng to about 1 lug, and 
more preferably from about 50 ng to about 500 ng. Such 
tests can typically be performed with a very Small amount 
(e.g., one drop) of patient Serum or blood. 
0393) Of course, numerous other assay protocols exist 
that are Suitable for use with the polypeptides of the present 
invention. The above descriptions are intended to be exem 
plary only. One example of an alternative assay protocol 
which may be usefully employed in Such methods is a 
Western blot, wherein the proteins present in a biological 
Sample are Separated on a gel, prior to exposure to a binding 
agent. Such techniques are well known to those of skill in the 
art. 

0394 Binding Agents and Their Uses 
0395. The present invention further provides agents, such 
as antibodies and antigen-binding fragments thereof, that 
Specifically bind to a Chlamydial protein. AS used herein, an 
antibody, or antigen-binding fragment thereof, is Said to 
“specifically bind” to a Chlamydial protein if it reacts at a 
detectable level (within, for example, an ELISA) with a 
Chlamydial protein, and does not react detectably with 
unrelated proteins under Similar conditions. AS used herein, 
“binding” refers to a noncovalent association between two 
Separate molecules Such that a complex is formed. The 
ability to bind may be evaluated by, for example, determin 
ing a binding constant for the formation of the complex. The 
binding constant is the value obtained when the concentra 
tion of the complex is divided by the product of the 
component concentrations. In general, two compounds are 
said to “bind,” in the context of the present invention, when 
the binding constant for complex formation exceeds about 
10 L/mol. The binding constant may be determined using 
methods well known in the art. 

0396 Binding agents may be further capable of differ 
entiating between patients with and without a Chlamydial 
infection using the representative assays provided herein. In 
other words, antibodies or other binding agents that bind to 
a Chlamydial protein will generate a signal indicating the 
presence of a Chlamydial infection in at least about 20% of 
patients with the disease, and will generate a negative signal 
indicating the absence of the disease in at least about 90% 
of individuals without infection. To determine whether a 
binding agent Satisfies this requirement, biological Samples 
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(e.g., blood, Sera, Sputum urine and/or tissue biopsies) from 
patients with and without Chlamydial infection (as deter 
mined using standard clinical tests) may be assayed as 
described herein for the presence of polypeptides that bind 
to the binding agent. It will be apparent that a Statistically 
Significant number of Samples with and without the disease 
should be assayed. Each binding agent should satisfy the 
above criteria; however, those of ordinary skill in the art will 
recognize that binding agents may be used in combination to 
improve Sensitivity. 

0397 Any agent that satisfies the above requirements 
may be a binding agent. For example, a binding agent may 
be a ribosome, with or without a peptide component, an 
RNA molecule or a polypeptide. In a preferred embodiment, 
a binding agent is an antibody or an antigen-binding frag 
ment thereof. Antibodies may be prepared by any of a 
variety of techniques known to those of ordinary skill in the 
art. See, e.g., Harlow and Lane, Antibodies. A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1988. In general, 
antibodies can be produced by cell culture techniques, 
including the generation of monoclonal antibodies as 
described herein, or via transfection of antibody genes into 
Suitable bacterial or mammalian cell hosts, in order to allow 
for the production of recombinant antibodies. In one tech 
nique, an immunogen comprising the polypeptide is initially 
injected into any of a wide variety of mammals (e.g., mice, 
rats, rabbits, sheep or goats). In this step, the polypeptides of 
this invention may serve as the immunogen without modi 
fication. Alternatively, particularly for relatively short 
polypeptides, a Superior immune response may be elicited if 
the polypeptide is joined to a carrier protein, Such as bovine 
Serum albumin or keyhole limpet hemocyanin. The immu 
nogen is injected into the animal host, preferably according 
to a predetermined Schedule incorporating one or more 
booster immunizations, and the animals are bled periodi 
cally. Polyclonal antibodies Specific for the polypeptide may 
then be purified from Such antiseraby, for example, affinity 
chromatography using the polypeptide coupled to a Suitable 
Solid Support. 

0398 Monoclonal antibodies specific for an antigenic 
polypeptide of interest may be prepared, for example, using 
the technique of Kohler and Milstein, Eur: J Immunol. 
6:511-519, 1976, and improvements thereto. Briefly, these 
methods involve the preparation of immortal cell lines 
capable of producing antibodies having the desired speci 
ficity (i.e., reactivity with the polypeptide of interest). Such 
cell lines may be produced, for example, from Spleen cells 
obtained from an animal immunized as described above. The 
Spleen cells are then immortalized by, for example, fusion 
with a myeloma cell fusion partner, preferably one that is 
Syngeneic with the immunized animal. A variety of fusion 
techniques may be employed. For example, the Spleen cells 
and myeloma cells may be combined with a nonionic 
detergent for a few minutes and then plated at low density 
on a Selective medium that Supports the growth of hybrid 
cells, but not myeloma cells. A preferred Selection technique 
uses HAT (hypoxanthine, aminopterin, thymidine) Selection. 
After a Sufficient time, usually about 1 to 2 weeks, colonies 
of hybrids are observed. Single colonies are Selected and 
their culture Supernatants tested for binding activity against 
the polypeptide. Hybridomas having high reactivity and 
Specificity are preferred. 
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0399 Monoclonal antibodies may be isolated from the 
Supernatants of growing hybridoma colonies. In addition, 
various techniques may be employed to enhance the yield, 
Such as injection of the hybridoma cell line into the perito 
neal cavity of a Suitable vertebrate host, Such as a mouse. 
Monoclonal antibodies may then be harvested from the 
ascites fluid or the blood. Contaminants may be removed 
from the antibodies by conventional techniques, Such as 
chromatography, gel filtration, precipitation, and extraction. 
The polypeptides of this invention may be used in the 
purification process in, for example, an affinity chromatog 
raphy Step. 

0400. Within certain embodiments, the use of antigen 
binding fragments of antibodies may be preferred. Such 
fragments include Fab fragments, which may be prepared 
using Standard techniques. Briefly, immunoglobulins may be 
purified from rabbit serum by affinity chromatography on 
Protein A bead columns (Harlow and Lane, Antibodies. A 
Laboratory Manual, Cold Spring Harbor Laboratory, 1988) 
and digested by papain to yield Fab and Fc fragments. The 
Fab and Fc fragments may be separated by affinity chroma 
tography on protein A bead columns. 
04.01 Monoclonal antibodies of the present invention 
may be coupled to one or more therapeutic agents. Suitable 
agents in this regard include radionuclides, differentiation 
inducers, drugs, toxins, and derivatives thereof. Preferred 
radionuclides include Y, I, I, I, Re, Re, 
''At, and 'Bi. Preferred drugs include methotrexate, and 
pyrimidine and purine analogs. Preferred differentiation 
inducers include phorbol esters and butyric acid. Preferred 
toxins include ricin, abrin, diptheria toxin, cholera toxin, 
gelonin, Pseudomonas eXotoxin, Shigella toxin, and 
pokeweed antiviral protein. 
0402. A therapeutic agent may be coupled (e.g. 
covalently bonded) to a suitable monoclonal antibody either 
directly or indirectly (e.g., via a linker group). A direct 
reaction between an agent and an antibody is possible when 
each possesses a Substituent capable of reacting with the 
other. For example, a nucleophilic group, Such as an amino 
or Sulfhydryl group, on one may be capable of reacting with 
a carbonyl-containing group, Such as an anhydride or an acid 
halide, or with an alkyl group containing a good leaving 
group (e.g., a halide) on the other. 
0403. Alternatively, it may be desirable to couple a 
therapeutic agent and an antibody via a linker group. A 
linker group can function as a Spacer to distance an antibody 
from an agent in order to avoid interference with binding 
capabilities. A linker group can also serve to increase the 
chemical reactivity of a Substituent on an agent or an 
antibody, and thus increase the coupling efficiency. An 
increase in chemical reactivity may also facilitate the use of 
agents, or functional groups on agents, which otherwise 
would not be possible. 

04.04. It will be evident to those skilled in the art that a 
variety of bifunctional or polyfunctional reagents, both 
homo- and hetero-functional (Such as those described in the 
catalog of the Pierce Chemical Co., Rockford, Ill.), may be 
employed as the linker group. Coupling may be effected, for 
example, through amino groups, carboxyl groups, Sulfhydryl 
groups or oxidized carbohydrate residues. There are numer 
ous references describing Such methodology, e.g., U.S. Pat. 
No. 4,671,958, to Rodwell et al. 

04.05) Where a therapeutic agent is more potent when free 
from the antibody portion of the immunoconjugates of the 
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present invention, it may be desirable to use a linker group 
which is cleavable during or upon internalization into a cell. 
A number of different cleavable linker groups have been 
described. The mechanisms for the intracellular release of an 
agent from these linker groups include cleavage by reduc 
tion of a disulfide bond (e.g., U.S. Pat. No. 4,489,710, to 
Spitler), by irradiation of a photolabile bond (e.g., U.S. Pat. 
No. 4,625,014, to Senter et al.), by hydrolysis of derivatized 
amino acid side chains (e.g., U.S. Pat. No. 4,638,045, to 
Kohn et al.), by Serum complement-mediated hydrolysis 
(e.g., U.S. Pat. No. 4,671,958, to Rodwell et al.), and 
acid-catalyzed hydrolysis (e.g., U.S. Pat. No. 4,569,789, to 
Blattler et al.). 
0406. It may be desirable to couple more than one agent 
to an antibody. In one embodiment, multiple molecules of an 
agent are coupled to one antibody molecule. In another 
embodiment, more than one type of agent may be coupled 
to one antibody. Regardless of the particular embodiment, 
immunoconjugates with more than one agent may be pre 
pared in a variety of ways. For example, more than one agent 
may be coupled directly to an antibody molecule, or linkers 
which provide multiple sites for attachment can be used. 
Alternatively, a carrier can be used. 
0407. A carrier may bear the agents in a variety of ways, 
including covalent bonding either directly or via a linker 
group. Suitable carriers include proteins Such as albumins 
(e.g., U.S. Pat. No. 4,507,234, to Kato et al.), peptides and 
polysaccharides Such as aminodextran (e.g., U.S. Pat. No. 
4,699,784, to Shih et al.). A carrier may also bear an agent 
by noncovalent bonding or by encapsulation, Such as within 
a liposome vesicle (e.g., U.S. Pat. Nos. 4,429,008 and 
4,873,088). Carriers specific for radionuclide agents include 
radiohalogenated Small molecules and chelating com 
pounds. For example, U.S. Pat. No. 4,735,792 discloses 
representative radiohalogenated Small molecules and their 
Synthesis. A radionuclide chelate may be formed from 
chelating compounds that include those containing nitrogen 
and Sulfur atoms as the donor atoms for binding the metal, 
or metal oxide, radionuclide. For example, U.S. Pat. No. 
4,673,562, to Davison et al. discloses representative chelat 
ing compounds and their Synthesis. 

0408. A variety of routes of administration for the anti 
bodies and immunoconjugates may be used. Typically, 
administration will be intravenous, intramuscular, Subcuta 
neous or in Site-specific regions by appropriate methods. It 
will be evident that the precise dose of the antibody/ 
immunoconjugate will vary depending upon the antibody 
used, the antigen density, and the rate of clearance of the 
antibody. 
04.09 Antibodies may be used in diagnostic tests to detect 
the presence of Chlamydia antigens using assays Similar to 
those detailed above and other techniques well known to 
those of skill in the art, thereby providing a method for 
detecting Chlamydial infection in a patient. 
0410 Diagnostic reagents of the present invention may 
also comprise DNA sequences encoding one or more of the 
above polypeptides, or one or more portions thereof. For 
example, at least two oligonucleotide primerS may be 
employed in a polymerase chain reaction (PCR) based assay 
to amplify Chlamydia-specific cDNA derived from a bio 
logical Sample, wherein at least one of the oligonucleotide 
primerS is Specific for a DNA molecule encoding a polypep 
tide of the present invention. The presence of the amplified 
cDNA is then detected using techniques well known in the 
art, Such as gel electrophoresis. Similarly, oligonucleotide 



US 2003/0175700 A1 

probes Specific for a DNA molecule encoding a polypeptide 
of the present invention may be used in a hybridization assay 
to detect the presence of an inventive polypeptide in a 
biological Sample. 
0411 The following Examples are offered by way of 
illustration and not by way of limitation. 

EXAMPLE 1. 

0412 CD4 T Cell Expression Cloning for the Identifica 
tion of T Cell Stimulating Antigens from Chlamydia Tra 
chomatis Serovar E 

0413. In this example, a CD4+ T cell expression cloning 
Strategy was used to identify Chlamydia trachomatis anti 
gens recognized by patients enrolled in Corixa Corpora 
tion's blood donor program. A genomic library of Chlamy 
dia trachomatis Serovar E was constructed and Screened 
with Chlamydia Specific T cell lines generated by Stimulat 
ing PBMCs from these donors. Donor CT1 is a 27 yr. old 
male whose clinical manifestation was non-gonococcal ure 
thritis and his urine was tested positive for Chlamydia by 
ligase chain reaction. Donor CT3 is a 43 yr. old male who 
is asymptomatic and infected with serovar J. Donor CT10 is 
a 24 yr. old female who is asymptomatic and was exposed 
to Chlamydia through her partner but did not develop the 
disease. Donor CT11 is a 24 yr. old female with multiple 
infections (serovar J, F and E). 
0414 Chlamydia specific T-cell lines were generated 
from donors with chlamydial genital tract infection or 
donors exposed to chlamydia who did not develop the 
disease. T cell lines from donor CT-1, CT-3 and CT-10 were 
generated by stimulating PBMC's with reticulate bodies of 
C. trachomatis Serovar E. T-cell lines from donor CT-11 
were generated by stimulating PBMC's with either reticulate 
bodies or elementary bodies of C. trachomatis serovar E. A 
randomly sheared genomic library of C. trachomatis Serovar 
E was constructed in lambda Zap II vector and an amplified 
library plated out in 96 well microtiter plates at a density of 
25 clones/well. Bacteria were induced to express the recom 
binant protein in the presence of 2 mM IPTG for 2 hr, then 
pelleted and resuspended in 200ul RPMI/10% FBS. 10 ul of 
the induced bacterial suspension was transferred to 96 well 
plates containing autologous monocyte-derived dendritic 
cells. After a 2 hour incubation, dendritic cells were washed 
to remove E. coli and the T cells were added. Positive E. coli 
pools were identified by determining IFN gamma production 
and proliferation of T cells in the pools. The number of pools 
identified by each T-cell line is as follows: CT1 line: 30/480 
pools; CT3 line: 91/960 pools; CT10 line: 40/480 pools; 
CT11 line : 51/480 pools. The clones identified using this 
approach are set forth in SEQ ID NO: 1-14. 
0415. In another example using substantially the same 
approach described above, we identified 12 additional T-cell 
reactive clones from Chlamydia trachomatis serovar E 
expression screening. Clone E5-E9-3 (CT1 positive) con 
tains a 636 bp insert that encodes partially the ORF for dnaK 
like gene. Part of this Sequence was also identified in clone 
E1-A5-53. Clone E4-H3-56 (CT1 positive, 463 bp insert) 
contains a partial ORF for the TSA gene (CT603) on the 
complementary strand. The insert for clone E2-G12-52 
(1265 bp) was identified with the CT11 line. It contains a 
partial ORF for clpB, a protease ATPase. Another clone 
identified with the CT11 line, E1-F9-79 (167 bp), contains 
a partial ORF for the gene CT133 on the complementary 
strand. CT133 is a predicted rRNA methylase. Clone E4-D2 
79 (CT3 positive) contains a 1181 bp insert that is a partial 
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ORF for nrdA gene. The ORF for this gene was also 
identified in clone E2-B10-52 (CT10 positive). Clone 
E6-C8-95 contains a 731 bp insert that was identified using 
the donor lines CT3, CT1, and CT12. This insert has a 
carboxy terminal half for the gene for the 60 kDa ORF. 
Clone E7-H11-61 (CT3 positive-1135 bp) has partial inserts 
for fliA (CTO61), tyrS (CTO62), TSA (CT603) and a hypo 
thetical protein (CT602). The insert for clone E5-A11-8 
(CT10 positive-1736 bp) contains the complete ORF for 
groES (CT111) and a majority of the ORF for groEL 
(CT110). Clone E3-F2-37 (CT10, CT3, CT11, and CT12 
positive-1377 bp insert) contains a partial ORF for gene 
tRNA-Trp (CT322) and a complete ORF for the gene secE 
(CT321). E4-G9-75 is another CT10 clone that contains a 
partial ORF (723 bp insert) for the amino terminal region of 
the pmpH gene (CT872). Clone E2-D5-89 (516 bp) is also 
a CT10 positive clone that contains a partial ORF for pmp) 
gene (12). The insert for clone E5-E2-10 (CT10 positive) is 
427 bp and contains a partial ORF for the major outer 
membrane protein Omp 1. 

EXAMPLE 2 

0416 Additional CD4 T Cell Expression Cloning for the 
Identification of T Cell Stimulating Antigens from Chlamy 
dia Trachomatis Serovar E 

0417 Twenty sequences were isolated from single clones 
using a Chlamydia trachomatis serovar E (Ct E) library 
expression Screening method. Descriptions of how the 
clones and lines were generated are provided in Example 1. 
0418 Clone E5-A8-85 (identified using the CT1 patient 
line) was found to contain a 1433 bp insert. This insert 
contains a large region of the C-terminal half of the CT875, 
a Chlamydia trachomatis hypothetical Specific gene that is 
disclosed in SEQ ID NO. 34. Also present in the clone is a 
partial open reading frame (ORF) of a hypothetical protein 
CTO01 which is on the complementary strand. 
0419) The clone E9-G2-93 (identified using the C10 
patient line) was shown to contain a 554 bp insert, the 
sequence of which is disclosed in SEQ ID NO: 33. This 
sequence encodes a partial ORF for CT178, a hypothetical 
CT protein. 
0420) Clone E7-B1-16 (identified using the patient lines 
CT10, CT3, CT5, CT11, CT13, and CHHO37) has a 2577 bp 
insert, the sequence of which is disclosed in SEQID NO:32. 
This clone was found to contain three ORFs. The first ORF 
contains almost the entire ORF for CT694, a Chlamydia 
trachomatis (CT) specific hypothetical protein. The second 
ORF is a full length ORF for CT695, another hypothetical 
CT protein. The third ORF is the N-terminal portion of 
CT696. 

0421 Clone E9-D5-8 (identified using the patient lines 
CT10, CT1, CT4, and CT11) contains a 393 bp insert, which 
is disclosed in SEQ ID NO: 31. It was found to encode a 
partial ORF for CT680, the S2 ribosomal protein. 
0422 Clone E9-E 10-51 (identified using the patient line 
CT10) contains an 883 bp insert, the sequence of which is 
disclosed in SEQID NO:30. This clone contains two partial 
ORF. The first of these is for the C-terminal half of CT680, 
which may show Some overlap with the insert present in 
clone E9-D5-8. The second ORF is the N-terminal partial 
ORF for CT679, which is the elongation factor TS. 
0423 Clone E3-B4-18 (identified using the CT1 patient 
line) contains a 1224 bp insert, the sequence of which is 
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disclosed in SEO ID NO: 29. This clone contains 4 ORFs. 
At the N-terminal end of the clone is the complete ORF for 
CT772, coding for inorganic pyrophosphatase. The Second 
ORF is a small portion of the C-terminal end of CT771, on 
the complementary frame. The third is a partial ORF of the 
hypothetical protein, CT191 and the fourth is a partial ORF 
for CT190, DNA gyrase-B. 
0424) Clone E10-B2-57 (identified using the CT10 
patient line) contains an 822 bp insert, the sequence of which 
is disclosed in SEQ ID NO: 42. This clone contains the 
complete ORF for CTO66, a hypothetical protein, on the 
complementary Strand. 
0425) Clone E3-F3-18 (identified using the CT1 patient 
line) contains an 1141 bp insert, the Sequence of which is 
disclosed in SEQ ID NO: 41. It contains a partial ORF for 
pmpG (CT871) in frame with the 5-gal gene. 
0426 Clone E4-D6-21 (identified using the CT3 patient 
line) contains a 1297 bp insert, the Sequence of which is 
disclosed in SEQ ID NO: 40. This clone contains a very 
Small portion of Xse A (CT329), the entire ORF for tpiS 
(CT328) on the complementary Strand, and a partial amino 
terminal ORF for trpC (CT327) on the top frame. 
0427 Clone E1-G9-23 (identified using the CT3 patient 
line) contains an 1180 bp insert, the Sequence of which is 
disclosed in SEQ ID NO:39. This clone contains almost the 
entire ORF for glycogen synthase (CT798). 
0428 Clone E3-A3-31 (identified using the CT1 patient 
line) contains an 1834bp insert, the sequence of which is 
disclosed in SEQ ID NO: 38. This clone contains a large 
region of the hypothetical gene CT622. 

0429 Clone E2-F7-11 (identified using both the CT3 and 
CT10 patient lines) contains a 2093 bp insert, the sequence 
of which is disclosed in SEQID NO:37. This clone contains 
a large region of the rpoN gene (CT609) in frame with P-gal 
and the complete ORF for the hypothetical gene CT610 on 
the complementary Strand. In addition, it also contains the 
carboxy-terminal end of CT611, another hypothetical gene. 
0430) Clone E7-H11-10 (identified using the CT3 patient 
line) contains a 1990 bp insert, the sequence of which is 
disclosed in SEQ ID NO:36. This clone contains the amino 
terminal partial ORF for CT610, a complete ORF for 
CT611, another complete ORF for CT612, and a carboxy 
terminal portion of CT613. All of these genes are hypotheti 
cal and all are present on the complementary Strand. 
0431) Clone E10-C6-45 (identified using the CT3 patient 
line) contains a 196 bp insert, the Sequence of which is 
disclosed in SEQ ID NO:35. This clone contains a partial 
ORF for nrdA (CT827) in frame with 0-gal. This clone 
contains a relatively Small insert and has particular utility in 
determining the epitope of this gene that contributes to the 
immunogenicity of Serovar E. 

0432 Clone E3-H6-10 (identified using the CT12 patient 
line) contains a 3734 bp insert, the sequence of which is 
disclosed in SEO ID NO: 48. This clone contains ORFs for 
a series of hypothetical proteins. It contains the partial ORFs 
for CT223 and CT229 and the complete ORFs for CT224, 
CT225, CT226, CT227, and CT228. 

0433) Clone E4-C3-40 (identified using the CT10patient 
line) contains a 2044 bp insert, the Sequence of which is 
disclosed in SEQ ID NO: 47. This clone contains a partial 
ORF for nrdA (CT827) and the complete ORF for nrdB 
(CTS28). 
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0434 Clone E2-D8-19 (identified using the CT1 patient 
line) contains a 2010 bp insert, the sequence of which is 
disclosed in SEO ID NO: 46. This clone contains ORF from 
the Chlamydia trachomatis plasmid as well as containing 
partial ORFs for ORF3 and ORF6, and complete ORFs for 
ORF4 and ORF5. 

0435 Clone E3-D10-46 (identified using the patient lines 
CT1, CT3, CT4, CT11, and CT12) contains a 1666 bp insert, 
the sequence of which is identified in SEQ ID NO: 45. This 
clone contains a partial ORF for CT770 (fab F), a complete 
ORF for CT771 (hydrolase/phosphatase homologue), a 
complete ORF for CT772 (ppa, inorganic phosphatase), and 
a partial ORF for CT773 (Idh, Leucine dehydrogenase). 
0436 Clone E10-H8-1 (identified using both the CT3 and 
CT10 patient lines) contains an 1862 bp insert, the sequence 
of which is disclosed in SEQ ID NO: 44. It contains the 
partial ORFs for CT871 (pmpG) as well as CT872 (pmpH). 
0437 Clone E3-F3-7 (identified using the CT1 patient 
line) contains a 1643 bp insert, the sequence of which is 
identified in SEQID NO:43. It contains the partial ORFs for 
both CT869 (pmpE) and CT870 (pmpF). 

EXAMPLE 3 

0438. Additional CD4 T Cell Expression Cloning for the 
Identification of T Cell Stimulating Antigens from Chlamy 
dia Trachomatis Serovar E 

0439. The T cell line CHHO37 was generated from a 22 
year-old healthy female sero-negative for Chlamydia. This 
line was used to screen the Chlamydia trachomatis serovar 
E library. Nineteen clones were identified from this screen, 
as described below. 

0440 Clone E7-B12-65, contains an 1179 bp insert, the 
sequence of which is disclosed in SEQ ID NO: 114. It 
contains the complete ORF of the gene for Malate dehy 
drogenase (CT376) on the complementary strand. 
0441 Clone E4-H9-83 contains a 772 bp insert, the 
sequence of which is identified in SEQ ID NO: 115. It 
contains the partial ORF for the heat shock protein GroEL 
(CT110). 
0442) Clone E9-B10-52 contains a 487 bp insert, the 
sequence of which is identified in SEQ ID NO: 116. It 
contains a partial ORF for the gene yScC(CT674), a general 
Secretion pathway protein. 

0443) Clone E7-A7-79 contains a 1014 bp insert, the 
sequence of which is disclosed in SEQ ID NO: 117. It 
contains the complete ORF for the histone like development 
gene, hctA (CT743) and a partial ORF for the rRNA 
methyltransferase gene ygcA (CT742). 
0444 Clone E2-D11-18 contains a 287 bp insert, the 
sequence of which is disclosed in SEQ ID NO: 118. It 
contains the partial ORF for hctA (CT743). 
0445) Clone E9-H6-15, identified using the CT3 line, 
contains a 713 bp insert the Sequence of which is disclosed 
in SEQ ID NO: 125. It contains the partial ORF of the pmpB 
gene (CT413). 
0446 Clone E3-D10-87, identified using the CT1 line, 
contains a 780 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 126. It contains the partial ORF for CT388, 
a hypothetical gene, on the complementary Strand, and a 
partial ORF for CT389, another hypothetical protein. 
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0447 Clone E9-D6-43, identified using the CT3 line, 
contains a 433 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 127. It contains a partial ORF for CT858. 
0448 Clone E3-D10-4, identified using the CT1 line, 
contains an 803 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 128. It contains a partial ORF for pGP3-D, 
an ORF encoded on the plasmid pCHL1. 
0449) Clone E3-G8-7, identified using the CT1 line, 
contains an 842 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 129. It contains partial ORFs for CT557 
(Lpda) and CT558 (LipA). 
0450 Clone E3-F11-32, identified using the CT1 line, 
contains an 813 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 130. It contains a partial ORF for pmplD 
(CTS12). 
0451 Clone E2-F8-5, identified using the CT12 line, 
contains a 1947 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 131. It contains a complete ORF for the 15 
kDa ORF (CT442) and a partial ORF for the 60 kDa ORF 
(CT443). 
0452 Clone E2-G4-39, identified using the CT12 line, 
contains a 1278 bp insert, the Sequence of which is disclosed 
in SEQID NO: 132. It contains the partial ORF of the 60kDa 
ORF (CT443). 
0453 Clone E9-D1-16, identified using the CT10 line, 
contains a 916 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 133. It contains the partial ORF for the 
pmpH (CT872). 
0454 Clone E3-F3-6, identified using the CT1 line, con 
tains a 751 bp insert, the Sequence of which is disclosed in 
SEQ ID NO: 134. It contains the partial ORFs, all on he 
complementary strand, for genes accB (CT123), L13 ribo 
somal (CT125), and S9 ribosomal (CT126). 
0455 Clone E2-D4-70, identified using the CT12 line, 
contains a 410 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 135. It contains the partial ORF for the 
pmpC gene (CT414). 
0456) Clone E5-A1-79, identified using the CT1 line, 
contains a 2719 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 136. It contains a partial ORF for ydhC) 
(CT127), a complete ORF for S9 ribosomal gene (CT126 on 
the complementary strand), a complete ORF for the L13 
ribosomal gene (CT125 on the complementary Strand) and a 
partial ORF for accC(CT124 on the complementary strand). 
0457 Clone E1-F7-16, identified using the lines CT12, 
CT3, and CT11, contains a 2354 bp insert, the sequence of 
which is disclosed in SEQ ID NO: 137. It contains a partial 
ORF of the fish gene (CT841) and the entire ORF for the 
pnp gene (CT842) on the complementary Strand. 

Patients Gender 

CT1 M 
CT2 M 
CT3 M 

0458 Clone E1-D8-62, identified using the CT12 line, 
contains an 898 bp insert, the Sequence of which is disclosed 
in SEQ ID NO: 138. It contains partial ORFs for the fish 
gene (CT841) and for the pnp gene (CT842). 

EXAMPLE 4 

04.59 Expression of Chlamydia Tracomatis Recombinant 
Proteins 

0460) Several Chlamydia trachomatis serovar E specific 
genes were cloned into p.T17b. This plasmid incorporates 
a 6x histidine tag at the N-terminal to allow for expression 
and purification of recombinant protein. 

0461 Two full-length recombinant proteins, CT622 and 
CT875, were expressed in E. coli. Both of these genes were 
identified using CtLGVII expression Screening, but the 
Serovar E homologues were expressed. The primers used to 
amplify these genes were based on Serovar D Sequences. The 
genes were amplified using Serovar E genomic DNA as the 
template. Once amplified, the fragments were cloned in 
pET-17b with a N-terminal 6x-His Tag. After transforming 
the recombinant plasmid in XL-I blue cells, the DNA was 
prepared and the clones fully sequenced. The DNA was then 
transformed into the expression host BL21-pl ySS cells 
(Novagen) for production of the recombinant proteins. The 
proteins were induced with IPTG and purified on Ni-NTA 
agarose using Standard methods. The DNA sequences for 
CTE622 and CTE875 are disclosed in SEO ID NO: 28 and 
27 respectively, and their amino acid Sequences are dis 
closed in SEQ ID NO: 140 and 139, respectively 

0462 Five additional Chlamydia trachomatis genes were 
cloned. The Chalmydia trachomatis specific protein CT694, 
the protein CT695, and the L1 ribosomal protein, the DNA 
sequences of which are disclosed in SEQ ID NO: 119, 120 
and 121 respectively. The protein Sequences of these 6x-his 
tidine recombinant proteins are disclosed in SEQ ID NO: 
122 (CT694), 123 (CT695), and 124 (L1 ribosomal protein). 
The genes CT875 and CT622, from serovar E were also 
cloned using pET17b as 6x-His fusion proteins. These 
recombinant proteins were expressed and purified and their 
the amino acid sequences disclosed in SEQ ID NO: 139 and 
140, respectively. 

EXAMPLE 5 

0463 Recombinant Chlamydial Antigens Recognized by 
T Cell Lines 

0464) Patient T cell lines were generated from the fol 
lowing donors: CT1, CT2, CT3, CT4, CT5, CT6, CT7, CT8, 
CT9, CT10, CT11, CT12, CT13, CT14, CT15, and CT16. A 
summary of their details is included in Table II. 

TABLE II 

C. trachomatis patients 

Clinical 
Age Manifestation Serovar IgG titer Multiple Infections 

27 NGU LCR Negative No 
24 NGU D Negative E 
43 Asymptomatic J Ct 1:51.2 No 

Shed Eb Cp 
Dx was HPV 1:1024 

Cps 
1:256 
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Clinical 
Patients Gender Age Manifestation Serovar IgG titer Multiple Infections 

CT4 F 25 Asymptomatic J Ct 1:1024 Y 
Shed Eb 

CTS F 27 BV LCR Ct 1:256 F/F 
C 1:256 

CT6 M 26 Perinial rash G C N 
Discharge, 1:1024 
dysuria 

CT7 F 29 BV E Ct 1512 N 
Genital ulcer C 

1:1024 
CTS F 24 Not Known LCR Not NA 

tested 
CT9 M 24 asymptomatic LCR Ct 1:128 N 

C 1:128 
CT10 F 20 Mild itch vulvar negative negative 12/1/98 
CT11 F 21 BV J Ct 1:512 F/F/J/E/E 

Abnormal pap PID 6/96 
Sea 

CT12 M 20 asymptomatic LCR C 1512 N 
CT13 F 18 BV, gonorrhea, G Ct 1:1024 N 

Ct vaginal 
discharge, 
dysuria 

CT14 M 24 NGU LCR Ct 1:256 N. 
C 1:256 

CT15 F 21 Muco-purulint culture Ct 1:256 N. 
cerviciitis Ct IgM 
Vaginal 1:32O 
discharge C 1:64 

CT16 M 26 Asymptomatic/contact LCR NA N 
CL8 M 38 No clinical negative negative No 

history of disease 

NGU = Non-Gonococcal Urethritis; 
BV = Bacterial Vaginosis; 
CT = Chlamydia trachomatis; 
Cp = Chlamydia pneumoniae; 
Eb = Chlamydia elementary bodies; 
HPV = human papilloma virus; 
Dx = diagnosis; 
PID = pelvic inflammatory disease; 
LCR = Ligase change reaction. 

0465 PBMC were collected from a second series of 
donors and T cell lines have been generated from a Sub-set 
of these. A summary of the details for three such T cell lines 
is listed in the table below. 

TABLE III 

Normal Donors 

Donor Gender Age CT IgG Titer CP IgG Titer 

CHHO11 F 49 1:64 1:16 
CHHO37 F 22 O O 
CHHO42 F 25 O 1:16 

0466 Donor CHHO11 is a healthy 49 year old female 
donor sero-negaitve for C. trachomatis. PBMC produced 
higher quantities of IFN-gamma in response to C. trachoma 
tis elementary bodies as compared to C. pneumoniae 
elementary bodies, indicating a C. trachomatis-specific 
response. Donor CHHO37 is a 22 year old healthy female 
donor sero-negative for C. trachomatis. PBMC poruced 
higher quantities of IFN-gamma in response to C. trachoma 

tis elementary bodies as compared to C. pneumoniae 
elementary bodies, indicating a C. trachomatis-specific 
response. CHHO42 is a 25 year old healthy female donor 
with an IgG titer of 1:16 to C. pneumoniae. PBMC produced 
higher quantities of IFN-gamma in response to C. trachoma 
tis elementary bodies as compared to C. pneumoniae 
elementary bodies, indicating a C. trachomatis-specific 
response. 

0467 Recombinant proteins for several Chlamydia tra 
chomatis genes were generated as described above. 
Sequences for MOMP was derived from serovar F. The 
genes CT875, CT622, pmp-B-2, pmp A, and CT529 were 
derived from Serovar E and Sequences for the genes gro-EL, 
Swib, pmpl), pmpG, TSA, CT610, pmpC, pmpE, S13, lpdA, 
pmp, and pmpH-C were derived from LII. 

0468. Several of the patient and donor lines described 
above were tested against the recombinant Chlamydia pro 
teins. Table IV Summarizes the results of the T cell responses 
to the recombinant Chlamydia proteins. 
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TABLE IV 

Recombinant Chlamydia Antigens Recognized By T Cell Lines 

CHH- CHH 
#of CL8 CT10 CT1 CT3 CT4 CT5 CT11. CT12 CT13 O11 O37 

Antigen Serovar hits L2 E E E L2 E E E E E E 

gro-EL L2 1O -- -- -- -- -- -- -- -- -- -- 

(CT110) 
MompF F 1O -- -- -- -- -- -- -- -- -- -- 

(CT681) 
CTS75 E 8 -- -- -- -- -- -- -- -- 

SWIB L2 8 -- -- -- -- -- -- -- -- 

(CT460) 
pmpl) L2 5 -- -- -- -- -- -- 

(CT812) 
pmpG L2 6 -- -- -- -- int -- -- 

(CT871) 
TSA L2 6 -- -- -- -- -- -- 

(CT603) 
CT622 E 3 -- -- -- 
CT61O L2 3 -- -- -- 
pmpB-2 E 3 -- -- -- 
(CT413) 
pmpC L2 4 -- -- -- -- 

(CT414) 
pmpE L2 3 -- -- -- 

(CT869) 
S13 L2 2 -- -- 

(CT509) 
1pdA L2 3 -- -- -- 

(CT557) 
pmp L2 2 -- -- 

(CT874) 
pmpH-C L2 1. -- 
(CT372) 
pm.p.A E O 
(CT412) 
CT529 E O 

0469 Although the present invention has been described cations can be carried out without departing from the Scope 
in Some detail by way of illustration and example for of the invention which is intended to be limited only by the 
purposes of clarity of understanding, changes and modifi- Scope of the appended claims. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 140 
<210> SEQ ID NO 1 
<211& LENGTH: 1311 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 1 

taattic.gctt ttacctotct tottgctgaa gacttggcta tattttittat tttgacgata 60 

aacctagtta aggcataaaa gagttgc gala ggalaga.gc.cc taaacttitt c titat catctt 120 

citttalactag gagtcatcca toagtcaaaa taagaactcit gctttcatgc agcctdtgaa 18O 

cgitatcc.gct gatttagct g ccatcgttgg togcaggacct atgcct cqca cagagatcat 240 

taagaaaatg toggattaca ttaagaagaa tag ccttcaa gatcct acaa acaaacgtaa 3OO 

tat caatcc c gatgataaat tdgctaaagt ttittggaact gaaaaaccta to gatatgtt 360 

ccaaatgaca aaaatggttt citcaiacacat cattaaataa aatagaaatt gacticacgtg 420 

titcctcgtot ttaagatgag gaactagttc attctttittg titcgtttctg tdgg tattac 480 
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-continued 

tgitatctitta acaactatot tag cago acc tattittgaca taggitttggg ccaatcactt 540 

agagcctaac citattgagag taacg.cgttt aaattggaat citgcctaaaa aatttgcto a 600 

tottcatggg ctitc.gcatta tacagattitc ggatttacac ctaaaccact cqacgcctga 660 

tgcctittcta aaaaaagtat citcgtaagat citcttctott totccagata ttcttgtatt 720 

tacaggagac tttgtctgtc. gcgctaaagt agaaacticct gaaagattaa alacatttcct 78O 

atgttctotg catgc.gc.cct taggctgttt to cittgccta ggaaatcat g attacgc.cac 840 

citacgitatcc cqtgatatto acgggaaaat taataccatc. tcago aatga atago.cgtoc 9 OO 

tittaaaaaga gcttttacct citgtttatca aagttctatto goctottcto goaatgaatt 96.O 

tgcagatact citgaatccac aaatticcitaa tocacaccita gtcagtatat tacgcaatac 1020 

to catttcaa ttattgcata atcaaag.cgc gacacttitcc gatacaatca acatcgtggg 1080 

attagg.cg at ttttittgcca aacaatticga toccaaaaaa gottt tact g actataatcc 1140 

cacgttacct g g tattatcc tittctdataa toccgatacg attcaccatc. tccaagatta 1200 

cccaggtgat gttgttttitt coggg cactc gcatgg.ccct caaatctotc titccctggcc 1260 

taagtttgcc aatacgataa ccaataaact titcagggitta gaaaaccoag a 1311 

<210> SEQ ID NO 2 
&2 11s LENGTH 1516 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400s. SEQUENCE: 2 

tittgagctcg tdcc.gctcgt gcc.ggtgcgt gtgaaccgct tcttcaaaag cittgtc.ttaa 60 

aagatattgt citc.gctitccg gattagttac atgtttaaaa attgctagaa caatattatt 120 

cc calaccalag citctotg.cgg togctgaaaaa accitaaattic aaaagaatga citc.gc.cgctic 18O 

atcttcagaa agacgatc.cg actitccataa titc gatgtct titc.cc catgg g gatctotgt 240 

agggagccag titatttgcgc agc cattcaa ataatgttcc caag.cccatt totacittaat 3OO 

aggaacaagt toggttgacat cq acctggitt gcagttcact agacgcttgc tatttagatt 360 

aacg.cgtttctgtttitccat citaaaatato tgcttgcata agaaccqtta attittattgt 420 

taatttatat gattaattac tdacatgctt cacaccottc titccaaagaa cag acaggtg 480 

citttctitc.gc tictittcaaca ataatticcitg cc.gaag caga cittattottc atccaac gag 540 

gctgaattcc totcttatta atatotacaa aag atttittcaacggtogtt gctgatgaag 600 

atctoagata atacgtagitt ttcaaaccitt tttitccaagc cqttaaatac atattogaca 660 

gttttittc.cc gtctggctgg gcaagataaa gqttgaggga ttgcc.ccata totaatcc att 720 

tttgtc.ttcg agacgc.gcat to gataatcc attctggttcaatctoaaaa gotgtcaaga 78O 

aaatatgttt taagttgatct g gtatacgct cqattitccaa taaag accoa toaaaatatt 840 

tdaggtoatc taacatatoa gcatcccaga tacctaattt cittcaacttic toaattaaat 9 OO 

acacatttgg aatcgtgaat totcc.ggaca aattagacitt cacaaacaaa totttgtacg 96.O 

ttggct caat agattgagtt acticcitataa tottggagat cqtc.gctgtc. ggagctatag 1020 

ccataagctg acaatgtc.gc ataccatgct citttalaccala actacggata ggttc.ccaat 1080 

cittittcttga tigacgitatcc atctggag at ttgcttctoc togatagttc gctaacaact 1140 

gaatcgitatc aatagg gagc aaaccitctat cocatttcga toctittataa gagct gtaag 1200 
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-continued 

tgccitc gttc tittagc gagc agacaagaag cittgaatc.gc. atagtaagaa atcaactctg 1260 

aactgtag to agcaaattct acagottctt gcgaag cata gcttatatot agcttataca 1320 

aggcatcttg gaatcc catc accoctaatc caatagogog gtgagcaaag titcgcct citt 1380 

tagctitccitt tattggataa aagttaatat caatcacgtt atccaacata cqg actgcta 1440 

tagagatcgt citcagagagt tttitcctoat caaacco atc cccitacgata tattgaacta 15 OO 

agittaatcga toctaa 1516 

<210> SEQ ID NO 3 
&2 11s LENGTH 2397 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 3 

agagtgtgct g gaggagcta tttittgcaaa acgggttcgt attgtagata accala gaggc 60 

cgttgtatto tcgaacaact tctotgatat titatgg.cggc gccatttitta caggttctot 120 

to gaga agag gataagttag atgggcaaat coctogaagtc. ttgat citcag goaatgcagg 18O 

ggatgttgtt tttitcc.ggaa attcc to gaa gogtgatgag catctitcctic atacaggtogg 240 

gggagc catt totactcaaa atttgacg at ttcto agaat acagg gaatgttctgttitta 3OO 

taacaacgtg gcc tottcgg gaggagctgt togtatagag gat catggta atgttcttitt 360 

agaagcttitt gaggagata ttgtttittaa aggaaattct tctitt cagag cacaaggatc 420 

cgatgccatc tattittgcag gtaaagaatc gcatattaca gcc.ctgaatg citacggaagg 480 

acatgctatt gttittccacg acgcattagt ttittgaaaat citagaagaaa goaaatctgc 540 

tgaagtattg ttaatcaata gtc.gagaaaa toc aggttca aaatttctoa agtttgatgc 600 

aattgtgcta titcgctacct ttagttittct atgtc.cacgg taaagggat.c ggaaagatac 660 

gcatttattt toatagtctt tagctitcg at coctagtgct tcc.gcatgga citcgtctg.cc 720 

aag acttittg gttacgaaaa caa.caggctd. tcgttgagaa atgatttgga gtagctotag 78O 

cgtgaggtgt tttittctgtt totcgtggitt togaaagattg act agaggag agacittcaat 840 

acatalacticg ctg.ccgttitt ttaataaaat ttgaccagag gagggtottt cog acto citc 9 OO 

tagtaataga cqaatattgc ccaatgctct ggaag cattt titc.cctgatt catctogaaa 96.O 

citttgcgcag gattccaatt citt.cgattac totaaaaggg ataatgatgc gagtgttaga O20 

aaaagaggaa agg gccittag gatcgtaaat caaaacgctd gtatcaataa cagaggttitt O8O 

tittcattaca aatticcitaaa toacticaagt gtaaggggga gatagtactt to attgttgta 14 O 

toatat coag aaaaattaaa acatgtc.ttt gttagagaga agtcgggaga gagggitttitt 200 

agcaatcaac citcc.gc.gtgt gctaatctgt ttgttcaaaaa totacccctt aactacaatg 260 

cc gaggaaag cqagtc.cittctgttggaggit tottatcaaa gtcaaaatta atgat cagtt 320 

catttgtatt tocccataca tttctgctcg atggaatcag atagotttca tag agtcttg 38O 

tgatggaggg acggaagggg gtatt actitt gaaactc.cat ttaattgat g gagagacagt 4 40 

citctataccc aatctaggac aag.cgattgttgatgagg to titccaagagc acttgctata 5 OO 

tittagagtcc acagotcc to agaaaaacaa gqaagaggaa aaaattagot citttgttagg 560 

agctgttcaa caaatggcta aag gatgcga agtacaggitt ttittctoaaa agggcttggit 62O 

ttctatotta citaggaggag citggttcg at taatatgttg ttgcaa.catt citccagaa.ca 680 
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taaggatcat cotgat cittc citaccgattt actggagagg atagogcaaa to atgcgttc 1740 

attatctata ggaccaactt citattittagc taagccagag cotcattgca actgtttgca 1800 

ttgtcaaatt goacgagcta cagtggaaga agaggatgcc ggagtatcgg atgaggatct 1860 

cacttittcgt to atgggata totcitcaaag to gagaaaag atgtacact g ttacagatcc 1920 

tittgaatcca gaagtatacc titttgtttitt tittatacgag coag cactcc aatttctgac 1980 

tgtgagaata tat cataaat agaccggcct citagcgctgc gaatagaaaa agt ctittgct 20 40 

atagdactat caa.gc.cittcc ctittatacgc ticaa.gcaata gaaacggaga totacgcaat 2100 

ggattittcat totact catt aaacgagcgg aaaatgaaat tactcaaatt ttcttcagog 216 O 

citacacacgc. tcaaatcatc gaggaaaacc gitatgagaaa cqgatctact c gtgc.cgaat 2220 

togg cacgag gtc.tctaatc ttgcagaagg agcacaaatt tittgctgtcc aagggittaaa 228O 

tact gctgga gaaataggat actg.ccctico ttgcc citcca gatgc galagc atc.gctatta 234. O 

cittittatgct tatgcgctic g atgttgttgct titc.cgatgaa gaaggagtga ccaaaga 2397 

<210> SEQ ID NO 4 
&2 11s LENGTH 1094 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 4 

tgatgcagaa gacactgtta agaagttaca agaag.ccggit gctaaggct g ttgctaaagg 60 

gctgitaattig titatgggaaa gagaatgctt togggggttgc titgcaa.gctt citcttittcgt. 120 

ttagctgcac agtagctggg cacagagggg titc.ccggtac gtc.ttaa.cag atttgttctgg 18O 

acttaactitt tagtgtttgg catc.gcaaac agaatatttctgttgcaatg gttttittctt 240 

aatggaatca aggtgatagt atttgtcgga tiggacaagtg tatagagagt atccagtgtc 3OO 

totgitattgg atagacitctg. titttgtc.cta gctggaaag.c atctgtcgta titcctgttta 360 

gagatcacag agggactaaa tagggaaatg gtatcgc.caa aagttcttaaa gttcttaggag 420 

agctic gcatg ttcaagtgcc cqgagcgggt cagcgtoaaa aagaaagaag atattittaga 480 

tottcc taat cittgtcgaag ttcaaatcaa gttcgtataag cagtttcttic aaatcgggaa 540 

gcttgctgaa gag.cgagaaa acattggttt agaagaagttc titcagagaaa tttitc.ccitat 600 

caagttctitat aatgaagcta cqattittaga gtacctotct tataact tag gagtgcc caa 660 

atactic coca gaagagtgta titcgtcgggg aatcaccitat agtgttactt taalaggttcg 720 

tittcc.gttta act gatgaaa cqgggattaa agaagaagaa gtctatatgg galaccatcc c 78O 

catcatgact cataagggaa cctittatt at taatgggg.ca gagaga.gtog ttgtttcto a 840 

agtccaccgt totcCaggaa totaattittga acaagaaaaa cattctaaag g gaatgttitt 9 OO 

attittcttitt agaattatto cittatcgagg aagttggitta gaagctgtct tcgacattaa 96.O 

tgaccittatc tatato cata ttgataggaa aaaacg.tc.gc agaaagattt tagctattga 1020 

cgtttatc.cg agctittagga tattoaiacag atgcagatat tattgaagag ttcttittctg 1080 

tagaggagcg titcc 1094 

<210 SEQ ID NO 5 
&2 11s LENGTH 2129 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 
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<400 SEQUENCE: 5 

gcttctittaa gagataag ca acaa.ccgagg aatcc actoc toccagacata gcaacaatga 60 

tagttttacg cacaatgagc ccagaaaacg cittitcgttta ttgaagtttg cacattacaa 120 

agggccatca tottagcaaa aaaac aggat caaaaaaacc tatttcticaa gocgcct citt 18O 

ttaaatctta attacaaaaa taaaaatcaa ttcaacttitt caaaaaaaga atttaaacat 240 

taattgttat aaaaacaata tittattataa aataataacc atagttgcg g g gaaatctot 3OO 

ttcatggittt attittagagc ticatcaacct agg catacgc ctaaaacatt toctittggaa 360 

gttcaccatt cqttct coga taagcatcct caaattgcta aag citat gog gattacgggg 420 

atalacc citcg cagotcitatc. tctgctogct gtagt cqcct gcgittattgc cqtctctg.cg 480 

ggaggagctg. ccattccitct togctgtcatt gotggaattg citgcaatgtc. togccitctta 540 

to cqct gcca ccattatctg. ittctgcaaaa aaggctctgg citcaacgaala acaaaaacaa 600 

citagaagagt togctitc.cgtt agataatgcg accgagcatc. toga attacct gacct cagac 660 

acctcittatt ttaatcaatg g gaatccitta gatgctotaa ataag cagtt gtotcagatt 720 

gacittalacta ttcaagctico C gaaaaaaaa citattaaaag aagttcttgg titccagatac 78O 

gattccatta atcacticcat cqaagagatc. tcc gatc.gct ttacgaaaat gctcitctott 840 

cittcgattaa gagaac attt ttgtc gagga gaagagc gtt atgcc.ccct a tittaa.gc.cct 9 OO 

cctotactta acaagaatcg tittgctgacc caaatcacat coaatatgat taggatgcta 96.O 

ccaaaatccg gtggtgttitt titcccitcaaa gCCaatacac taagttcatgc cago.cgcaca O2O 

citatatacag tattgaaagt c gctittatcc ttaggagttc. tcgctggagt c gctgct citt O8O 

atcatcttitc titccccctag cotgccttitt atc.gctgtta taggagtatc titccittagoa 14 O 

ttggggatgg catcttitcct tatgattogg ggcattaagt atttgcticga acattcticct 200 

citgaatagaa agcaattago taaagatatt caaaaaacca ttatc.ccaga tigtc.ttggcc 260 

totatggttc attaccagoa toaattacta toacatctac atgaaactot attagatgaa 320 

gccatcacag citagatggag cqagcc.ctitc tittattgaac acgctaatct taaggcaaaa 38O 

attgaagatt togacaaaa.ca atatgatata ttgaacgcag cctittaataa atctttacaa 4 40 

caagatgagg cqctcc gttc. tca attagag aaacgagctt acttattocc aattic ctaat 5 OO 

aacgacgaaa atgctaaaac taaagaatcg cagcttctag acticagaaaa to attcaaat 560 

totgaattitc aggagattat aaataaagga citagaagctg. ccaataaacg acgagctgac 62O 

gctaagttcaa aattctatac ggaagacgaa accitctgaca aaagattct c tatatggaaa 680 

cc cacaaaga acttgg catt agaagatttg tdgaga.gtgc atgaagcttg caatgaagag 740 

caacaagctc. tcc tottaga agattatatg agittataaaa cct cagaatgtcaagctgca 800 

citccaaaaag tdagtcaaga actgaaggcg gcacaaaaat cattcgcagt cotagaaaag 860 

catgctictag acagat citta toaatccagt gtagc catga tiggatttagc tagagcgaat 920 

caagaalacac accggcttct galacatcc to tctgaattac aacaactago acaatacctg 98O 

ttagataatc actaacggitt citt cataaat gacaaaaaga aaaaggagag citgttgctgt 20 40 

gctdtccttt ttctotaaat attcctgaaa gactaacctt tittatggttg cgttgagcct 2100 

ccitcct cotg titc.ccgagga gcc.cgcaac 2129 

<210> SEQ ID NO 6 
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ggg.cgcacta ctittaaag at togtogtoct tittgg tacta cq agagaagt togtgtgaaa 60 

tggc gttatgttcctgaagg totaggagat ttggctacca tag citcc titc tat cagggct 120 

ccacagttac agaaatcg at gagaagcttt titc.cctaaga aagatgatgc gtttcatcgg 18O 

totagttc.gc tattotactic tocaatggitt cog catttitt g g g cagagct tcgcaatcat 240 

tatgcaacga gtggtttgaa aag.cgggtac aatattggga gtacc gatgg gtttctocct 3OO 

gtoattgggc ctdttatatg ggagtcggag ggtotttitcc gcgcttatat ttctt.cggtg 360 

actgatgggg atggtaagag ccataaagta ggatttctaa gaatticcitac atatagttgg 420 

caggacatgg aagattittga toctitcagga cc.gc.citccitt goggaagaatt togctaagatt 480 

attcaagtat tittcttctaa tacagaagct ttgattatcg accaaacgaa caaccoaggit 540 

ggtagtgtcc tittatctitta to cactgctt tocatgttga cag accgtoc tittagaactt 600 

cctaaacata gaatgattct gacticaggat gaagtggttg atgctittaga ttggittalacc 660 

citgttggaaa acgtag acac aaacgtggag totc.gc.cittg citctgggaga caa.catggaa 720 

ggatatactg toggatctaca ggttgcc.gag tatttaaaaa gotttggacg tdaagtattg 78O 

aattgttgga gtaaagggga tatcgagitta toaacgc.cta titcct cittitt togttittgag 840 

aag attcatc. cacatcctcg a 861 

<210 SEQ ID NO 8 
&2 11s LENGTH 763 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 8 

ataacaaaaa catcttgatt attitttgtta aaagaaatac ttaatgagtt ttatttaatt 60 

aacgaaacga aaagcttgct aatgaaaatt attcacacag citatc gaatt to citc.cggta 120 

atcaaag.ccg gaggcctggg agacgc.gcta tacggactag caaaagctitt agcc.gctaat 18O 

cacacaacgg aagtggtaat coctittatac cctaaattat titactittgcc caaagaacaa 240 

gatctttgct c gatccaaaa attatctitat ttttittgctd gaga.gcaaga agcaactgct 3OO 

ttct cotact tittatgaagg aattaaagta actictattoa aactcgacac acago cagag 360 

ttatto gaga atgcggaaac aatctacaca agc gatgatg cct tcc.gttt ttgcgcttitt 420 

totgctgctg. c.ggcct cota catccaaaaa gaaggagcca atato gttca tttacac gat 480 

tggcatacag gattagttgc tigg actactic aaacaa.cago cotgctotca attacaaaag 540 

attgttctta ccctacataa ttittggittat cqaggctata caa.cacgaga aat attagaa 600 

gcctccitctt togaatgaatt ttatatoagc cagtaccaac tatttc.gcga tocacaaact 660 

tgtgtgttgc taaaaggagc tittatact.gt toagattitcg tdactacggit ttctoctaca 720 

tacgc.caaag aaattcttga agattattoc gattacgaaa titc 763 

<210 SEQ ID NO 9 
&2 11s LENGTH 665 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 9 

ttgaaactaa aaacctaatt tatttaaagc ticaaaataaa aaagagttitt aaaatgggaa 60 

attctggittt ttatttgtat aac actgaaa actg.cgtott tactgataat atcaaagttg 120 
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ggcaaatgac agagcc.gcto aag gaccago aaataatcct toggacaa.ca toaac acctg 18O 

togcagocaa aatgacagct tctgatggaa tat ctittaac agt citccaat aattcatcaa 240 

ccaatgctitc tattacaatt gotttggatg cqgaaaaagc titaccagott attctagaaa 3OO 

agttgg gaga toaaattctt gatggaattg citgatacitat tdttgatagt acagtccaag 360 

atattittaga caaaatcaaa acagaccott citctaggittt gttgaaagct tittaacaact 420 

titccaatcac taataaaatt caatgcaacg g gttattoac toccagtaac attgaaactt 480 

tattaggagg aactgaaata ggaaaattica cagtcacacc caaaagctot goggag catgt 540 

tottagtc.tc agcagatatt attgcatcaa gaatggaagg cqgcgttgtt citagctttgg 600 

tacgagaagg tattotaag ccctd.cgcga ttagttatgg atact catca ggcattccta 660 

attta 665 

<210> SEQ ID NO 10 
&2 11s LENGTH 84.3 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 10 

tgggaatgtc gaagaatacg attacgttct c gitatictata ggacgcc gtt togaatacaga 60 

aaatattggc titggataaag citggtgttat ttgttgatgaa cqcggag to a toccitac.cga 120 

tgccacaatig cigcacaaacg tacctaac at titatgctatt goagatato a caggaaaatg 18O 

gcaacttgcc catgtagctt citcatcaagg aatcattgca gcacggaata tagctggcca 240 

taaagaggaa atcgattact citgcc.gtocc ttctgttgatc tttacctitcc ctgaagtc.gc 3OO 

ttcagtaggc citctocccala cagcagotca acaacaaaaa atcc.ccgtoa aagtaacaaa 360 

attcc.cattt cqagctattg gaaaag.cggit cqcaatgggc gaggc.cgatg gatttgcago 420 

cattatcago catgagacita citcagcagat cotaggagct tatgtgatt g g cc ct catgc 480 

citcatcactg attitcc.gaaa ttaccctago agttcgtaat gaactgactic titccttgitat 540 

ttacgaaact atccacgcac atcca accitt agcagaagtt toggctgaaa gtgcgttgtt 600 

agctgctgat accocattac atatgcc.ccc tactaaaaaa td accgattc agaatctoct 660 

actcctaaaa aatctatacc cgc.cagattc cctaagtggc tacgc.cagaa actcc ctitta 720 

ggg.cgggitat ttgctdaaac toataatact atcaaaaata aagggctitcc tacagtctgt 78O 

gaggaagcct cittgtc.cgaa togcacccat tdttggtota gacatacago gtacctatot 840 

agc 843 

<210> SEQ ID NO 11 
<211& LENGTH: 1474 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 11 

acagaaggga cqgcagagta atcgattitcc totttatggc cagotatatt cogtgctgca 60 

atgatticcitt gatgagaagc tacatgggca agttgccatt titcctgttgat atctocaata 120 

gcataaatgt tagg tacgtt totg.cgcatt gtggcatcgg tagg gatgac tocc go gttca 18O 

toacaaataa caccagottt atccaagcca atattittctg. tattoaaacg gcgtoctata 240 

gatacgagaa cqtaatcgta ttctt.cgaca titcc.cattga tagttaa.ccg aacgc gatct 3OO 
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tacgattgtg agcaatcc.gc aag caaatca agaagagatt atgcagaa.gc ticacggcatc 9 OO 

tattagcaaa gotccaca at ttgggitatico togctgttcag aattctg.cgg atagottgca 96.O 

gaagtttgct gcgcaattgg aaaga gagtt tottgatggg gaacgtagt c togcagaatc 1020 

toaa.gaga at gcgtttagaa alacago.ccgc titt cattcaa caggtgttgg taalacattgc 1080 

ttct citatto tctggittatc titt cittaacg tdtgattgaa gtttgttgaat gagggggagc 1140 

caaaaaagaa tittcttttitt ggctotttitt t 1171 

<210> SEQ ID NO 14 
&2 11s LENGTH 877 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 14 

cagaga attc. tcgacatact atctaatcgg atatgtaaag citgctttaca toccittgaac 60 

tagaaataaa atggaaataa aaag.cccaga acaagagaag ttgttctggg citgacagaag 120 

citgtcagatc attittaataa gattgatgac alactacgaca agttcctgga tocaaaaaag 18O 

aatctaaaaa gocatacaaa gattgcgitta cittcttgcga tigcctctaac actittatcag 240 

cgtdatctitt gagaag catc. tcaatgag cq citttittctitc. tctag catgc cqcacatcc.g 3OO 

cittctt catg ttctgttgaaa tatgcatagt cittcaggatt goaaaatcca aagtacticag 360 

tdaatccacg aattittct ct citagc gatac gtggaatttg act citcaitaa gaatacaaag 420 

cagocactcc togcagotaaa gaatctoctg tacaccaccg cacgaaagta gctacttitcg 480 

cittittgctgc titcactaggc toatgagcct citaactottctggagtaact cotagagcaa 540 

acacaaactg. cittccacaaa toaatatgat tagggitaacc gttctottca tocatcaagt 600 

tatctaacaa taacttacgc gccitctaaat catc.gcaacg act at gaatc gcagataaat 660 

atttaggaaa goctttgata totaaataat agtc.tttggc atacgc.ctgt aattgct citt 720 

tagtaagcto coccittcgac catttcacat aaaacgtgttg ttctagoata tacttattitt 78O 

gaataattaa atctaactga totaaaaaat tcataaacac citccatcatt tottttcttg 840 

actccacgta accgcttgca aaaaaggtoc gtataag 877 

<210 SEQ ID NO 15 
&2 11s LENGTH 396 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis serovar E 

<400 SEQUENCE: 15 

tgtaccaaat atgagcttag atcaatctgttgttgaactt tacacagata citgccttcto 60 

ttggag cqtg gg.cgcticgag cagctttgttg ggagtgcgga tigtgcgacitt taggggcttic 120 

tittccaatac gotcaatcta aacctaaagt cqaagaatta aac gttctot gtaacgcago 18O 

tgagtttact atcaataagc ctaaaggata totagggcaa gaatticcict c ttgcact cat 240 

agcaggaact gatgcagoga cqggcactaa agatgccitct attgattacc atgagtggca 3OO 

agcaagttta gctcitctott acagattgaa tatgttcact coctacattg gagittaaatg 360 

gtotcgagca agttittgatg cc.gatacgat togtat 396 

<210> SEQ ID NO 16 
&2 11s LENGTH 516 
&212> TYPE DNA 
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<213> ORGANISM: Chlamydia trachomatis serovar E 

<400 SEQUENCE: 16 

citcaaaattt gacgatttct cagaatacag g gaatgttct gttittataac aacgtggcct 60 

gttcgg gagg agctgttcgt. atagaggatc atggtaatgttcttittagaa gottttggag 120 

gagatattgt ttittaaagga aattcttctt to a gag caca aggat.ccgat gcc atctatt 18O 

ttgcaggtaa agaatcgcat attacagocc tdaatgctac ggaagga cat gctattgttt 240 

to cacgacgc attagtttitt gaaaatctag aagaaaggaa atctgctgaa gtattgttaa 3OO 

tdaatagt cq agaaaatcca ggittacactg gatctattog atttittagaa goagaaagta 360 

aagttcctica atgtatto at gtacaacaag gaa.gc.cittga gttgctaaat ggagctacat 420 

tatgtagitta togttittaaa caagatgctg gagctaagtt got attggct tctggat.cta 480 

aactgaagat tittagattica ggaactcc to tacaag 516 

<210 SEQ ID NO 17 
&2 11s LENGTH 723 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis serovar E 

<400 SEQUENCE: 17 

citcc ttittaa gogggacg at gtttacittga atggagacto cqcttttgtc. aatgtctato 60 

cagggg caga gaacggctica attatctoag citaatgg.cga caatttalacg attaccggac 120 

aaaaccatac attatcattt acagattcto aagggccagt tottcaaaat tatgccttca 18O 

tittcagoagg agagacactt actctgaaag atttittc gag tittgatgttc. tcgaaaaatg 240 

tittcttgcgg agaaaaggga atgat citcag ggaaaac cqt gag tattitcc ggagcaggcg 3OO 

aagtgattitt ttgggataac totgtggggt attct cottt gtctattgttg ccago atcga 360 

citccaactcc toccago acca gcaccagotc ctgctgcttcaagctctitta totccaacag 420 

ttagtgatgc ticggaaaggg totattttitt citgtagagac tagtttggag atcto aggcg 480 

toaaaaaagg ggtoatgttc gataataatg ccgggaattt toggaacagtt titt.cgaggta 540 

atagtaataa taatgctggit agtgggggta gtgggtotgc tacaiacacca agttttacag 600 

ttaaaaactg taaagggaaa gtttctttca cagataacgt agcct cotgt ggaggcggag 660 

tagt citacaa aggaactgtg cittittcaaag acaatgaagg agg catatto titc.cgaggga 720 

a Ca 723 

<210> SEQ ID NO 18 
&2 11s LENGTH 1377 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis serovar E 

<400 SEQUENCE: 18 

aaac agctaa togtoactac got cacgtgg actg.ccctgg to acgctgac tatgttaaaa 60 

acatgatcac cqgtgcggct caaatggacg g g gctattot agtagtttct gcaacagacg 120 

gagctatocc toaaactaaa gag catatto ttittggcaag acaagttggg gttcc ttaca 18O 

togttgttitt totcaataaa attgacatga titt.ccgaaga agacgctgaa ttggtogact 240 

tggttgagat ggagttggct gag cittcttg aagagaaagg atacaaaggg to tccaatca 3OO 

to agaggttctgctotgaaa gotttggaag gggatgctgc atacatagag aaagttc gag 360 
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<400 SEQUENCE: 21 

ttgaag acac totttctocc ggagt cacag ttcttgaagc tigcaggagct caaatttctt 60 

gtaataaagt agtttgg act gtgaaagaac taatcc togg agagt citcta cagtataaag 120 

ttctagtaag agcacaaact cotggacaat to acaaataa tottgttgttg aagagctgct 18O 

citgactgtgg tacttgtact tcttgcgcag aag.cgacaac titactggaaa goagttgctg 240 

citacticatat gtgcgtagta gat acttgtg accctgtttg totaggagaa aatactgttt 3OO 

accg tatttg tdtcaccaac agaggttctg cagaagatac aaatgtttct ttaatgctta 360 

aattct citaa agaactgcaa cct gtatcct tctctgg acc aactaaagga acgattacag 420 

gcaatacagt agtatto gat togttaccta gattaggttc taaagaaact gtagagttitt 480 

citgitaa catt gaaag.cagtt acagotggag atgctic gtgg ggaag.cgatt citttctt.ccg. 540 

atacattgac tagttccagtt totgatacag agaatacaca catctattaa totttgattit 600 

tatc gatgtg taggtgcc.gt ccagggattc ctdgg.cggct tttittttgtt atctatatga 660 

aaataaaaga gttcatttitc ggtotcagag catattotag acgggtttitt gaaaaaaata 720 

agtgtttgtg t 731 

<210> SEQ ID NO 22 
<211& LENGTH: 1181 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis serovar E 

<400s. SEQUENCE: 22 

citatcgtotgaatgctgaac toaaa.catct ttittgattta gacgc gttag cc gatgctat 60 

ggatctatot cq agatctac agittittctta catggg tatt caaaatctgt atgatcgitta 120 

ttittaatcac cacgaagatt gcc gtttaga aactc.cccaa attttittgga tigcgc gttgc 18O 

tatggggttg gcattgaatg agcaagacaa gacittcttgg gct attactt tittataattit 240 

gcttitcgaca titc.cgatata caccagotac gocaaccttg ttcaatticag gtatgcggca 3OO 

ttctoagitta agctottgct atcttitccac totacaagat aatttggtoa atatotataa 360 

gg to attgct gataacgcta togctatotaa gtggg cagga gggataggta atgattggac 420 

ggcggttcgt gcaa.cagggg ctittaattaa aggaaccaat ggaagaagtic agg gagtaat 480 

to cittittatt aaggtgacaa atgatacago agtc.gcagtg aatcaaggtg gtaaacgcaa. 540 

gggagctgta togc gtctatt tagaagtttg gcaccitcgac tacgaagatt to cittgaatt 600 

gagaaagaat acaggggatg agcgtcgacg ggctdatgat gtcaatatag citagctggat 660 

to cagatctt ttcttcaaac gtttacagca aaaagggaca togg actotat to agcc.caga 720 

tgatgttc.cg ggattacacg atgct tatgg ggaagaattt gag.cgtttgt acgaagaata 78O 

tgag cqgaag gttgat accq gagagatticg gttattoaag alaggtagaag citgaagatct 840 

gtggagaaaa atgctdag ca togctttittga aacgggacac ccato gatga cittittaaaga 9 OO 

to catccaac atc.cgttcgg citcaagat.ca taaaggcgtg gtgcgttgtt coaatctgtg 96.O 

tacggagatt ttgttaaact gctic ggagac agaaactgct gtttgtaatt taggatc gat 1020 

taacttagtt caa.cat atcg taggggatgg gttagatgag gaaaaactot citgagacgat 1080 

citctatagoa gtc.cgitatgt toggataacgt gattgatatt aacttittatc caacaaagga 1140 

agctaaagag gCdaactittg citcaccgc.gc tattggatta g 1181 
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aggattcaaa acaccaaaag cittctgat at tittaaaagaa goggtotgcta acagaggata 120 

ttctgttccc totattocto citgcatttct cqctacagog agccaac gag aatgttgttcto 18O 

aatgtcgt.ca acggagcaac caa.gcacgac tocaccc.cgc ticttcaaaat citaccaatct 240 

atcttgaaaa goatgcaatt citgtaggaca cacataggtog aaatctittag gataaaagaa 3OO 

gag cactaca tacttaccac gaaagtctg.c tag agagatt totttctott citccacaaac 360 

aacggctitta ccagaaaaat cog gagcctg. tctitccalatt agtgatcc.ca taatacticct 420 

ccitagaaaga aacaacgcac cagagaggat ttgaaccitct gac 463 

<210> SEQ ID NO 26 
&2 11s LENGTH 636 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis serovar E 

<400 SEQUENCE: 26 

ggtagaaaat totctgaagt c gaatctgaa attaaaa.ca.g. tcc cctacaa agttgcticct 60 

aacticgaaag gagatgcggit citttgatgtg gaacaaaaac totacacto c agaagaaatc 120 

ggcgcticaga to citcatgaa gatgaaggaa actgctdagg cittatctogg agaaacagta 18O 

acggaagcag to attaccgt accagcttac tittaacgatt citcaaagagc titctacaaaa 240 

gatgctggac gitatc.gcagg attagatgtt aaacgcatta titcct galacc aac agcggcc 3OO 

gctcittgctt atgg tattga taaggaagga gataaaaaaa togcc.gtctt cqact tagga 360 

ggaggaactt togatattitc tatcttggaa atcggtgacg gagtttittga agttctotca 420 

accaacgggg atactic actt goggaggagac gacitt.cgacg gag to atcat caactggatg 480 

cittgatgaat tdaaaaaa.ca agaaggcatt gatctaag.ca aagataa.cat ggctttgcaa. 540 

agattgaaag atgctgctga aaaagcaaaa atagaattgt citggtgitatic gttctactgaa 600 

atcaatcago cattcatcac tatcgacgct aatgga 636 

<210 SEQ ID NO 27 
&2 11s LENGTH 1797 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis serE 

<400 SEQUENCE: 27 

atgcatcacc atcaccatca catgagcatc aggggagtag gaggcaacgg gaatagt cqa 60 

atcc cittcto ataatgggga tiggat.cgaat cqcagaagttcaaaatacga a gqgtaataat 120 

aaagttgaag atcgagtttgttctotatat tdatctogta gtaac gaaaa tagagaatct 18O 

ccittatgcag tagtag acgt cagotctato atc.gaga.gca ccc.caac gag toggagaga.cg 240 

acaagagctt cqcgtggagt gcticagtcgt titccaaagag gtttagtacg aatagctgac 3OO 

aaagtaagac gagctgttca gtgtgcgtgg agttcagtct citacaag cag atcgtctgca 360 

acaagagc.cg cagaatcc.gg atcaagtagt cqtactgcto gtggtgcaag ttctgggitat 420 

agg gag tatt citccttcago agctagaggg ctg.cgtotta tottcacaga tittctggaga 480 

actcgg gttt tacgc.ca.gac citctoctato gotggagttt ttgggaatct to atgtgaac 540 

gaggctcqtt tatggctgc gtacacaagt gagtgc.gcgg atcatttaga agcigaaggag 600 

ttggctggcc ctdacggggit agcggcc.gcc cqggaaattg citaaaagat g g gagaaaaga 660 

gttagagatc tacaagataa aggtgctgca cqaaaattat taaatgatcc tittagg.ccga 720 
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cgaacaccita attatcagag caaaaatcca ggtgagtata citgtagg gala titc catgttt 78O 

tacgatgg to citcaggtagc gaatctocag aacgt.cgaca citggtttittg gctggacatg 840 

agcaatctot cagacgttgt attatccaga gagatto aaa caggactitcg agcacgagct 9 OO 

actittggaag aatccatgcc gatgttagag aatttagaag agc gttt tag acgtttgcaa. 96.O 

gaaacttgtg atgcggctic g tactgagata gaagaatcgg gatgg actog agagtcc.gca O20 

tdaagaatgg aaggcgatga gg.cgcaagga cctitctagag tacaacaa.gc titttcagagc O8O 

tttgtaaatgaatgtaacag catcgagttc. tcatttggga gctittggaga gcatgtgcga 14 O 

gttctotgcg citagagtatc acgaggatta gct gcc.gcag gag aggc gat togcc gttgc 200 

ttct cittgtt gtaaaggatc gacgcatcgc tacgctc.citc gcgatgacct atctoctogaa 260 

ggtgcatcgt tag cagagac tittggctaga titcgcagatg atatgggaat agagc gaggit 320 

gctgatggaa cctacgatat toctittggta gatgattgga gaa gaggggit toctagtatt 38O 

gaaggagaag gatctgactic gatctatoaa atcat gatgc citatctatoa agittatgaat 4 40 

atggat.ctag aaacac gaag atcttittgcg gtacago aag gg cactato a ggacccalaga 5 OO 

gcttcagatt atgaccitc.cc acgtgctago gactatoatt toccitagaag cccatat cot 560 

actccaccitt toccitcc tag atato agcta cagaatatgg atgtagaa.gc agg gttcc.gt 62O 

gagg cagttt atgcttcttt totagcagga atgtacaatt atgtagtgac acago.cgcaa. 680 

gag.cgitatto coaatagtica gcaggtggaa gqgattotgc gtgatatgct taccalacggg 740 

toacagacat ttagag acct gatgaag.cgt toggaatagag aagttctgatag g gaataa 797 

<210> SEQ ID NO 28 
&2 11s LENGTH 1983 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis serE 

<400 SEQUENCE: 28 

atgcatcacc atcaccatca catggaatca ggaccagaat cagtttcttic taatcagagc 60 

to gatgaatc caattattaa toggcaaatc gcttctaatt cqgagaccala agagtccacg 120 

aaggcgtocg aag.cgagtcc titcagcatcg to citctgtaa goagctggag titttittatcc 18O 

tdag caaaga atgcattaat citctottcgt gatgccatct tdaataaaaa titccagtc.ca 240 

acagacitcto tctotcaatt agaggcctct acttctacct citacggittac acgtgtagcg 3OO 

gcaaaagatt atgatgaggc taaatcga at tittgatacgg cqaaaagtgg attagagaac 360 

gctaag acac ttgctgaata cqaaacgaaa atggctdatt to atggcago totccaagat 420 

atggag cqtt tagctaattic agatcc tagt aacaatcata cc.gaagaagt aaataatatt 480 

aagaaag.cgc ticgaag caca aaaagatact attgataagc tigaataaact c gttacgctg 540 

caaaatcaga ataaatctitt aacagaagtg ttgaaaacaa citgacitctgc agatcagatt 600 

ccagogatta atagtcagtt agagatcaac aaaaattctg cagatcaaat tatcaaagat 660 

citggaaagac aaaacataag titatgaagct gttct cacta acgcaggaga ggittatcaaa 720 

gcttcttctgaag.cgg gaat taagttagga caagctttgc agtictattgt ggatgctggg 78O 

gaccaaagtc. aggctgcagt totgcaa.gca cagcaaaata atagoccaga taatattgca 840 

gccacgaagg aattaattga tigctgctgaa acgaaggtaa acgagittaaa acaagag cat 9 OO 

acagggctaa cqgacitcgcc tittagtgaaa aaagctdagg agcagattag toaag cacaa 96.O 









US 2003/0175700 A1 Sep. 18, 2003 
59 

-continued 

gttitccctac agattatt at ttacgitatcc tagaattagt catccgg gat gcttcttgta 228O 

aattggtata taaccqacgc citgcatatgttggaggc gat coctottgat caaaaactitt 234. O 

citactgatca agagggggaa toaagtattt tacgagaagt gattagc gag citacttgc.gc 24 OO 

attctgggga aagttatgcg atttcagotc aattacittgc cqtaatc gat atttatttaa 2460 

aacaagagca accgtoga at tdatggttcg citc gaatctt toggaagaga gag.cgggcta 252O 

gaaaacgaca aacaattaat aagttgcttt tattaaaaag tatcc tattt tittgaac 2577 

<210 SEQ ID NO 33 
&2 11s LENGTH 554 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis serE 

<400 SEQUENCE: 33 

ttctittatta aaaaaaactt totcttittct citcag actitc titatgagtca agaaactcaa 60 

cgagtc.ttgg totato gaga aggattittitt agaaaatgtt tatcgtoatt toc gttaccg 120 

tttittittaaa ttaagtgtac titccagotct tctogg acto tggctattitt ttacticcitaa 18O 

tattottaac tatttggatt cittctgttat tittatcagat aaaatttgcg gcgtoctittt 240 

aattittatta toagctittat cottttataa toct9ttatt ttgcaactag goatttittat 3OO 

tgggctctgg gtttctittct tittcttgttc titccg accta cittcctittag tatttgctoa 360 

tgattc.gcta citaggittittg ccacactago tattatttitt citactcc cta atcgtoctoga 420 

agatctagaa gttggtocta citatto.caga aacttgccat tataatcctt cittccggagg 480 

gaaaagagct gcggttctta tttittgcttt totaggatgg ttacaaagtic got acttaac 540 

titcc.gcggca cqag 554 

<210> SEQ ID NO 34 
&2 11s LENGTH 1433 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis serE 

<400 SEQUENCE: 34 

citgcac galaa attattaaat gatcc tittag gCC gacgaac acctaattat cagagcaaaa 60 

atcCaggtga gtatactgta gggaatticca tottttacga tigg to citcag gtagc gaatc 120 

to cagaacgt. c q acactggit ttittggctgg acatgagcaa totcitcagaci gttgtattat 18O 

ccagagagat tdaaac agga citt.cgagcac gagctactitt goaagaatcc atgcc gatgt 240 

tagaga attt agaagagcgt tittagacgtt togcaagaaac ttgttgatgc g g citcgtactg 3OO 

agatagaaga atcgggatgg actic gagagt cogcatcaag aatggaaggc gatgaggcgc 360 

aagg acct tc tagagcacaa caagctttitc agagctttgt aaatgaatgt aac agcatcg 420 

agttct catt toggagctitt goaga.gcatg tdcgagttct citgc.gctaga gitatcac gag 480 

gattagctgc cqcaggagag gogattc.gcc gttgcttcto ttgttgtaaa goatcgacgc 540 

atc.gctacgc. tcc togcg at gaccitatcto citgaaggtgc atcgittago a gag actittgg 600 

citagattcgc agatgatatg g gaatagagc gaggtgctga tiggaaccitac gatattoctit 660 

tggtagatga ttggagaaga ggggttcc ta gtattgaagg agaaggatct gactic gatct 720 

atgaaatcat gatgccitatc tatgaagtta taatatgga totagaaa.ca cqaagat citt 78O 

ttgcggtaca gcaagggcac tat caggacc caagagctitc agattatgac citc.ccacgtg 840 
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citagcqacta to atttgcct agaagcc.cat atcctactcc acctttgcct cotagatato 9 OO 

agctacagaa tatggatgta gaagcagggit toc gtgaggc agtttatgct tcttttgtag 96.O 

caggaatgta caattatgta gtgacacago cqcaagagcg tattoccaat agt cago agg 1020 

tggaagggat totg.cgtgat atgcttacca acgggtoaca gacatttaga gacct gatga 1080 

agcgttggaa tagagaagttc gatagggaat aaactggitat citaccatagg tttgtag caa 1140 

aaaactaagc ccaccaagaa gaaattctict ttggtgggct tctttittitta ttcaaaaaag 1200 

aaag.cccitct tcaagattat accalagatgg gatgtataat citgaaaggaa goc gtttitat 1260 

totcitatcca tatgatgg to gtggitatcct cotttagagg agcagoagtic to catgacgt. 1320 

tttittgaagc agc acttcaa gaagtttagg cagaccataa ccc.cago gait toccgttact 1380 

acataagctg. cittgttgtc.ca catggttcct tcaccalagca ggtgagtaag tag 1433 

<210 SEQ ID NO 35 
&2 11s LENGTH 196 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 35 

citcgtgcc.ga tigatacagoa gtc.gcagtga atcaaggtgg taaacgcaag ggagctgitat 60 

gcqtctattt agaagtttgg caccitcgact acgaagattt cottgaattig agaaagaata 120 

caggggatga gcgtogacgg gct catgatg tdaatatago tagctggatt coagatctitt 18O 

tottcaaacg tttaca 196 

<210 SEQ ID NO 36 
&2 11s LENGTH 1990 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 36 

ttcact aggc ticatgagcct cita actottctggagta act cotagagcaa acacaaactg 60 

cittccacaaa toaatatgat tagggitaacc gttctottca tocatcaagt tatctaacaa 120 

taacttacgc gccitctaaat catc.gcaacg act at gaatc gcagataaat atttaggaaa 18O 

ggctittgata totaaataat agt ctittggc atacgc.ctgt aattgct citt tagtaagctic 240 

cccctitcgac catttcacat aaaacgtgtg ttctagdata tacttattitt gaataattaa 3OO 

atctaactga totaaaaaat tdataaacac citccatcatt tottttcttg acticcacgta 360 

accgcttgca aaaaaggtoc gtataagttcc totgttt cat citatgc.gcaa agaacaatac 420 

tottct cqag aagtag gatg togaatggtag accatattag gtgcctgctic tat caccgct 480 

aacggtgttt gct cattccc citctoccata caaacaa.cag cc.gcaactgc talagg catct 540 

acaagattac tittgcgtcat citgitalagaga cqaccgaaac aatctagoga toctatatag 600 

ttgttgtaatg gagaaaatcc ataccalacac agc.ccgatac ccagtactcc acgcc.gcatt 660 

ggagtagtat ggctatotgt aatgattacg cctagotcitt to acticgaaa ataatttctt 720 

alaccattcto cqatgc gatt acacgatc.cc aaaatat citt taggatataa aacaaaaggc 78O 

tggtocgitat tcg attcatc aatcc ctgca gaaggaatca aaatacctitc tttitttcgtt 840 

agatatatoc cqcttittcto acaaaacaaa taag catcc.g. cittcttttitt tatcagotct 9 OO 

gctttgcaca ttcttgcatc agcgacagcg cct tcacata aacto acaat citttgaagag 96.O 
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acaactacca cactcc gttc ttgcagaggc ggcaaag.cct cittgcaagat citcttgaagc O20 

gaatcatgtg caaatactitt acgtgttittg atcggagitta ttittcataat aataaatact O8O 

gaaatcctct gtattacaaa tacattccitt cittccatcct gataatc.gcg tdatagg gaa 14 O 

gaaagtatcg ccc caatatt cotttittgat atgtgttgaca aaacaagctt to agaiaggitt 200 

ttgttggaaa aaactittcaa agagctoc go toccc caatt aaaaacggat gattoaaaga 260 

tagtgtc.cca tactctgcaa aggaagaaac toccitatgcat tdtggtggat gcatcct gcg 320 

agaaaagaca acgatatocc gcc catgctt atacttgtct ggaagagact cocaagttctt 38O 

togtoccata atgatgggat gattitcgaat ggtttctgca aaaaaacgta gatctitcggg 4 40 

ataacticcaa gogagcttgc ctaaagctcc catcacticct citgggatcaa tag caac gat 5 OO 

acctgttgct toggatcatac aaa.catacca gcc caag cag cagoggctaa gocacgtctg 560 

ttacct tcaa cct gatgcac gogtagataa toaactc.citc gat catgaag agatacagaa 62O 

cago.cg atcg tittcccaatc acg atcgitta citattaaatc gg.cccaacat actcaaacac 680 

gattittctag aatggccitat taatacagga cactctaaaa cacgtttaaa citgctttact 740 

ccatccatca ataa.catcga citgaacggga gtc.ttcc caa atcc tattoc toggat.cgaaa 800 

acaacttgcc aacttgitatc taaacctact tdag caaatt gttctaact g g g actictocc 860 

caacgcaa.ca tttgct caat aggagattct tcataagaaa gtacacaatc tdgtottgga 920 

ggcago gaac acgaatgatt tattaatago cqtagcc caa acticcitt.cgc caaatgagcc 98O 

attitccaaag 990 

<210 SEQ ID NO 37 
&2 11s LENGTH 2.093 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 37 

cagaaactict atcc.gcatac cittctitcggc aaattgatac caattittgcc tottcto agg 60 

aacgtact at agctcagtat attgtaggca accitctocco agaaggactic tttittagaaa 120 

atcc tagt ct totggctgca gatttaaacg titt.ccgaaca cctttitccac aagg tatggc 18O 

aacgitatcca acaattacat cotttaggag toggagcgcc titc.cctacag toc tactggg 240 

tatc.gctact acagacatct coccataagg aggctittago tattattogic aaccatttcc 3OO 

citagattagc ticgttgttgat titcactacta togctaggaa aatgcatcca accacaa.ca.g 360 

agattottac atttcttaga cacgcttittg ctitccatccc ttggtgtcca gcago aggct 420 

tittcc.gagac actgcacccc cct gotccag cqctitcctga tigcctacctt toctitctogc 480 

gaaactcitta ttgggatgtc. tctattaata aag attgttct coccitctatt agacitcaacg 540 

acaccqtact agatatotat cottctottc citcgtgaaga gaaag accac citatc.gcaac 600 

aaatcc gagc agcaaaacaa ttgctitc.gca atgtaaaaaa acgagaagaa acgttattgg 660 

citatcc titcg agttctdatc cccitaccaag aag agttcct tcttaaaaaa cqcaccitcto 720 

ctaaagcttt ttctgtaaaa caaatagotc gcgaactcitc. tcttcatgaa got accgttt 78O 

gtogcgc.cat tdataataaa acgttagcaa ccc.ctgttgg attactic cot atgcgatc.gc 840 

tattitccaca agcggttgga toc toccc.cg atcaatctaa agcaactatt ttgcattgga 9 OO 

to caccagtg gatttctaca gaaaaa.catc citctatotga tigcagotatt agccaaaaaa 96.O 
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ttattgagaa gqgcatcc cc toc goacgac goacagtagc caaat atcgt togcaactga O20 

atat cocacc toc goaccala cqcaaacacc tatgctotgt tittaacaa.ca acacgcacag O8O 

agaattictog acatactato taatcggata totaaagctg. citttacatcc cittgaactag 14 O 

aaataaaatg gaaataaaaa goccagaa.ca agagaagttg ttctgggct g acagaagctg 200 

toagat catt ttaataag at tdatgacaac tacgacaagt toctoggatcc aaaaaagaat 260 

ctaaaaag.cc atacaaag at tdcgttacitt cittgc gatgc citctaac act ttatcagogit 320 

catctittgag aag catctoa atgag cqctt tttcttctot agcatgcc.gc acatcc.gctt 38O 

cittcatgttctgttgaaatat gcatagtc.tt caggattgga aaatccaaag tacticagtca 4 40 

atccac gaat tittctotcta gcgatacgtg gaatttgact citcataagaa tacaaag cag 5 OO 

ccactcct gc agctaaagaa totcc totac accaccgcac gaaagtag ct actitt.cgctt 560 

ttgctoctitc act aggctica toagc citcta act cittctgg agtaacticct agagcaaaca 62O 

caaactgctt coacaaatca atatgattag g gtaaccgtt citcttcatcc atcaagttat 680 

citaacaataa cittacgc.gcc totaaatcat cqcaacg act atgaatcgca gataaatatt 740 

taggaaaggc tittgatatgt aaataatagt citttgg cata cqcct gtaat to citctittag 800 

taagctcc cc ctitcgaccat titcacataaa acgtgttgttc tag catatgc titattittgaa 860 

taattaaatc taactgatct aaaaaattica taaacaccitc catcatttct tittcttgact 920 

ccacgtaacc gcttgcaaaa aaggtocgta taagttcc tot gtttcatcta toc goaaaga 98O 

acaatactict tctogagaag taggatgttga atggtag acc atattaggtg cct gctotat 2040 

caccgctaac ggtgtttgct cattccccitc. tcc catacaa acaacago.cg caa 2093 

<210 SEQ ID NO 38 
&2 11s LENGTH 1834 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 38 

citct acttct accitctacgg ttacacgtgt agcggcaaaa gattatgatg aggctaaatc 60 

gaattittgat acggcgaaaa gtggattaga gaacgctaag acacttgct g aatacgaaac 120 

gaaaatggct gatttgatgg cagotcitcca agatatggag cqtttagcta attcagatcc 18O 

tagtaacaat cataccgaag aagtaaataa tattaagaaa gogctic gaag cacaaaaaga 240 

tact attgat aagctgaata aactcgttac gotgcaaaat cagaataaat citttalacaga 3OO 

agtgttgaaa acaactgact citgcagat.ca gattccagog attaatagtic agittagagat 360 

caacaaaaat totgcagatc aaattatcaa agatctggaa agacaaaa.ca taagttatoga 420 

agctgttcto actaacgcag gagaggittat caaagcttct tctgaag.cgg gaattaagtt 480 

aggacaagct ttgcagtcta ttgttggatgc tiggggaccala agt caggct g cagttctgca 540 

agcacagoaa aataatagoc cagataat at tdcagocacg aagga attaa ttgatgctoc 600 

tgaaacgaag gtaaacgagt taaaacaaga gcatacaggg citaacgg act c gcctittagt 660 

gaaaaaagct gaggag caga ttagt caagc acaaaaagat attcaagaga toaaacctag 720 

tggttcggat atticcitatic g ttggtocgag toggtoagct gct tcc.gcag gaagtgcggc 78O 

aggagc gttgaaatccitcta acaattcagg aagaattitcc ttgttgcttg atgatgtaga 840 

caatgaaatg gcagogattg cactgcaagg tttitc gatct atgatcgaac aatttaatgt 9 OO 
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aaacaatcct gcaa.ca.gcta aagagctaca agctato gag gotcagotga citgcgatgtc 96.O 

agatcaactg gttggtgcgg atggc gagct cocagoc gala atacaa.gcaa toaaagatgc O20 

tottgcgcaa gotttgaaac aaccatcago agatggtttg gctacagcta toggacaagt O8O 

ggcttittgca gct gccaagg ttggaggagg citcc.gcagga acagotggca citgtccagat 14 O 

gaatgtaaaa cagotttaca agacagogtt ttctitcg act tctitccagot cittatgcago 200 

agcacttitcc gatggatatt citgcttacaa aac actogaac totttatatt cogaaag cag 260 

aag.cgg.cgtg cagtcagota ttagt caaac tocaaatccc gcgctitt coa gaag.cgtttc 320 

to gttctggc atagaaagttcaaggacgcag togcagatgct agccaaagag cagoagaaac 38O 

tattgtcaga gatago caaa cqttaggtga tigtatatago cqcttacagg ttctggattic 4 40 

tittgatgtct acgattgttga gcaatcc.gca agcaaatcaa gaagagatta toc agaa.gct 5 OO 

cacggcatct attagcaaag citccacaatt toggt atcct gctgttcaga attctg.cgga 560 

tagcttgcag aagtttgctd cqcaattgga aagagagttt gttgatgggg aacgtag tot 62O 

cgcagaatct caa.gagaatg cqtttagaaa acagoccgct titcattcaac aggtgttggit 680 

aaacattgct tctotattot citggittatct ttcttaacgt gtgattgaag tttgttgaatg 740 

agggggagcc aaaaaagaat ttcttttittg gct cittttitt cittittcaaag gaatctogtg 800 

totacagaag tottttcago acgag cqgca cqag 834 

<210 SEQ ID NO 39 
&211's LENGTH 1180 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 39 

agaaatttct caaaaatcaa agtttitttac atttaagggg catcttacca ccacaacaac 60 

cittctatgag cagaaactat coattaaata aaagtaatta aatataacaa aaacatcttg 120 

attatttittg ttaaaagaaa tacttaatga gttittattta attaacgaaa cqaaaagctt 18O 

gctaatgaaa attattocaca cagot atcga atttgcticcg gtaatcaaag cc.ggaggcct 240 

gggagacgcg citatacggac tag caaaagc tittagcc.gct aatcacacaa cqgaagtggit 3OO 

aatccctitta taccctaaat tatttactitt gcc caaagaa caagatctitt gctcg atcca 360 

aaaattatct tatttittittg citggagagca agaag caact gctttctoct acttittatga 420 

agga attaaa gtaactictat tdaaactcga cacacagoca gagittattog agaatgcgga 480 

aacaatctac acaag.cgatg atgcctitccg tttittgcgct ttittctgctg ctg.cggcctc 540 

citacatccaa aaagaaggag ccaat atcgt to atttacac gattggcata caggattagt 600 

tgctgg acta citcaaacaac agccctgcto tcaattacaa aagattgttc ttaccctaca 660 

taattittggit tatcgaggct ataca acacg agaaatatta gaa.gc.citcot citttgaatga 720 

attittatato agc.cagtacc aactatttcg cqatccacaa acttgttgtgttgctaaaagg 78O 

agctittatac tagttcagatt togtgactac g gtttctoct acatacgc.ca aagaaattct 840 

tgaagattat toc gattacg aaattcacga t gccattact gctag acaac atcatctoc g 9 OO 

cgggattitta aatggaatcg acacgacaat ttgggggcct gaaacggat.c cca atttagc 96.O 

gaaaaactac actaaagagc titttc gagac cccittcaatt ttttittgaag citaaag.ccga 1020 

gaataaaaaa gocttgtacg aaagattagg cct citctitta galacactic to cittgcgtgtg 1080 
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cattatttct agaattgctg agcagaaagg to citcactitt atgaaac agg ccattct coa 1140 

tgcactagaa aacgcttaca cqc to attat tatagg tacc 118O 

<210> SEQ ID NO 40 
&2 11s LENGTH 1297 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 40 

agaaacttct ataggagggg atgtgatcga cataggtacg tdtgagttat gggatat cqa 60 

tttgttgtat aatggataag aaattctotg aagataaaga ggctcct coa actaaaagac 120 

cattaa.catc agggcagagg gcaagtgagc gag cattatc ggctttcaca gatcc to cqt 18O 

aaagaatggg g g to cqttcc gcaat atctt toggaaaagag agaa.gcaatc gtttittctac 240 

agaaag catg g gtttcct ga act agatcag gatgagctac tttitc.cggtg cctatagocc 3OO 

agacitggttc ataagctaga atgaaagagg cittgcto agg gagtttagat aatccitatag 360 

toagttgatt taaaagaata tottgagttg citccagatto ttgttcttct aaagtttcto 420 

caatacacag aactggaatc attccactat ggatagotgc agcagotttt to agcaagta 480 

caggattittg titcatgaaag atatgacg to titt.cggaatg toc gatgaga acaaaatcga 540 

citcc gatato tttgag catt goggctgaaa totcaccagt aaaagct cot gag to agctt 600 

catgagtggit ttgggctcca agaaagatgg g g gaatcgct tacagottgttgacaagctg 660 

acagoagtgt gaaaggagga atgattcctg taatgatttg gggattagac agaatgtcac 720 

tagagatgaa actttittaaa alaggtotgag citt.cggtaag cqtcttgttc attitt.ccaat 78O 

taccgaaaac aaattgctitt gatggctdag agtggagaag gtgggcc caa gttggaaatg 840 

gttittctgtg agtttctttgtctgtaaaca tagagatttgc tigaataacct gtgcatgitat 9 OO 

tttgtttgta agatagat.ca aag.cgtaata citcgatttct togcaaggaag gottatttitt 96.O 

atatgattta ttittctattg ctittgatata aatctottgg atatgctaat cittcctgtct 1020 

tacttittttctgtgaatttg cittaaatagt tdgttittago coctttgtta tatgaaggtg 1080 

aaaatttgtg gtattacgca toctogatgat gctcgggaag citgccaaagc gggagcc gat 1140 

tacattggca tatttittgc taaagattct c galagatgtg tdagtgaaga aaaag caaag 1200 

tatatogtag aggctataca ggaagggaat toggaac citg ttggagtatt cocagag cat 1260 

toagtagaag aaattittagc tattactgag acgacag 1297 

<210> SEQ ID NO 41 
<211& LENGTH: 1141 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 41 

cittitccataa gttctttctt toaatgattc tag cittatto ttgctgctot ttaagtgggg 60 

ggggg tatgc agcagaaatc atgattcc to aagga attta cqatggggag acgittaactg 120 

tatcatttcc ctatactgtt ataggagatc cqagtgggac tactgtttitt totgcaggag 18O 

agittaacgtt aaaaaatctt gacaattcta ttgcagottt gcctittaagt tattittggga 240 

actt attagg gagttt tact gttittaggga gagga cactc gttgactitt c gagaacatac 3OO 

ggacittctac aaatggagct gcactaagtg acagogctaa tag.cgggitta tttactattg 360 
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agggittittaa agaattatct tttitccaatt gcaactoatt acttgcc.gta citgcctgctg 420 

caacgacitaa taatggtagc cagacitcc ga cqacaa.catc tacaccgtot aatgg tact a 480 

tittattotaa aacagatctt ttgttactica ataatgagaa gttctoattc tatagitaatt 540 

tagt citctgg agatggggga gctatagatg citaagagctt aacggttcaa gaattagca 600 

agctttgttgt citt.ccaagaa aatactgctd aagct gatgg gggagcttgt caagtag to a 660 

ccagtttcto tdctatogct aac gaggcto citattgc citt tatago gaat gttgcaggag 720 

taagaggggg agggattgct gctgttcagg atggg cagoa gggagtgtca to atctactt 78O 

caacagaaga to cagtagta agtttittcca gaaatactgc ggtag agttt gatgggaacg. 840 

tagc.ccgagt aggaggaggg atttactic ct acgggaacgt togcttitcct g aataatggaa 9 OO 

aaaccttgtt totcaacaat gttgcttcto citgtttacat tigctgctgag caaccaacaa 96.O 

atggacaggc titctaatacg agtgataatt acggagatgg aggagctato ttctgtaaga 1020 

atggtgcgca agcago agga tocaataact citggatcagt titcctittgat ggagagg gag 1080 

tagttittctt tagtag caat gtagctgctg ggaaaggggg agctattitat gccaaaaag.c 1140 

t 1141 

<210> SEQ ID NO 42 
&2 11s LENGTH 822 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400s. SEQUENCE: 42 

cggcacgagt gtatgctgaa caa.gcagaag ggcc.cactga gaacgagcct citgagaaaaa 60 

aagcttitt at taaaaaatta aaaaaatact ttacaaaact tattotgtag gttgagaaag 120 

agcttcaacg taag cattcc aaagctoc gt acttacaata ttattgcgga tagagcgaat 18O 

taattctott tittagt gatg gaa gaggttt tittggggctgaag.cgagcca aaagatctitt 240 

atc.gc.caact tacgagcta actictaacac cc.gttcgata toggtttittg tdaaattcac 3OO 

aaagttctotg cqctttittag aacct cqagg agctogtggit ttagg gctaa toggatctggg 360 

agtgatagaa to gatcacaa acgtotttaa catttittaac agttgcticag gag cagagtt 420 

cittcatttitt tittaaagtaa aatgatgcat gtagcc.gc.ct gttggcc ct g g gagataacg. 480 

acaaag atca ttittctttac titcctcc.gac tittgctaatc gctittagtta tdag citgctc 540 

tatttcttct toggatagitaa totgtgcc.gt agc catgaat agctcct tag toggtag tot 600 

agttctacag atggtagttt ttgctittatt aattgtaata gtcaactaag totgttttitt 660 

to gatttaat gttcagtcga aataaaaatc aattagtgtt tatcttittgg tdaattctat 720 

agtggitttitt gcttttittcg caatctoatt ttagagattt ttittgatttg gacaaaagaa 78O 

aataaagtac titcagattgt tittctaagtt tatttgcata aa 822 

<210> SEQ ID NO 43 
&2 11s LENGTH 1634 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 43 

ataaaaaatt aaattittggc tactic cotgc ticcitaataga atttcaccag aggagcttgc 60 

tactgttatt gcatttctitc taggaggatt agctgacgta citggtaccat ttgcattagt 120 
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tacattagtc acaatattitt cattaaaaat aatagoatgg cqgtcgg cag aaattittgga 18O 

gttactggitt cogtctatat agatagogcc ccccittatta ttgg.cgatat tigtttataaa 240 

gtagg taggg ccattatcca citagg gtaac tacaggagcg taaatagotc cqc cataatt 3OO 

ttttgttgata ttgtcactaa aaaagatcct acciac gattg cct gtaa.cat citagg.cgagt 360 

agttactitta attgctccitc catcagaagc titctgaagaa gotgtttcta catttittaaa 420 

gcagogattg ttatagaaaa cqatgttacc acgattitcct gttagagaac agatagggga 480 

gaagat.cgct cotcctgcac aac aggcgtt attgatgaag aagagat.cgc agittattact 540 

citcaaaagaa ttgctogttc cagdatagat agcgccacct tittcctgctg. tattagtttg 600 

aatacagatg ttgtccataa agagaaaa.ca agacitgatto tcgct cacaa caaagg tatt 660 

agcggtacta atggcticcitc cittggacata agaaaagttc titcataaatc cqaccacatc 720 

atgattatga tittatgtaaa gattittgagc atgaatggct cogccttcto ttattittatc 78O 

agcago ataa goatttct co atgtaaatag totgcaacaa gtatt attitt caaagattac 840 

agg accitatt gtatcacgaa totccacggit aggagaattg ggacitc.gcat aaccaatc.gc 9 OO 

accaccactt toaggggtga gatttitttgc aaaataaata cottctttitt gtgitatcaaa 96.O 

aaag cittagg taatctgtta ttgttgacago agctoctitca ttgggagttt tttgtagaat O20 

agcc agtatg tag.cgtaggit tatcgagata gcagttagtg agattgtgag tdt citcc tot O8O 

caaactaatt ttatttgata gcgacitctitt cqtaggatct ggaactgagt togg cataag 14 O 

aaag attcta gaaggaacct citctagotag toctgatagg gagttitccga taaggaaaaa 2OO 

gaaaaacgct tttittcataa ttaaaag acc agagcto citc citgcattgat gtagtgtgag 260 

acagtggaag tagccactitc togcttgatag ttagcaaata gtttcagatg agaaaatttg 320 

agggagtgag aaccitctocc ataaaaggaa totttagcta atgggg tatt totggtgacc 38O 

caagaaccgt tattittggat taatagtgtg ttgagtagag gacgttt coa gtagagggtg 4 40 

ggttggtaag citagttcc at titc.ccaagag agtgttggcc atgitatcaga agaataagct 5 OO 

cctttgattc ctattggaga gacaacggca gtatgggctt gctictaatgt aaataatcta 560 

gctagatcac cqctttct cq gatagaagct g gttctgttc gagagaataa agcctgagca 62O 

aatggggtga gCat 634 

<210> SEQ ID NO 44 
&2 11s LENGTH 1862 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 44 

gttagotttc cctocaggga tittgcaattit aatgattitta atgatttittt tattogacat 60 

attcaa.ccct titcatttggc aag acatgga gtcatagitta gagggtotat gtatgcttct 120 

citaacaag.ca atatagaagt atatggcc at ggaagatatg agtatcgaga tacttct cqa 18O 

ggittatggitt tagtgcagg aagtaaagttc cqgttctaaa aatattggitt agatagittaa 240 

gtgttagoga tigcctttittc tittgagatct acatcattitt gttttittagc titgtttgtgt 3OO 

toctattogt atggattc.gc gagctcitcct caagttgttaa cacctaatgt aaccacticct 360 

tittaaggggg acgatgttta cittgaatgga gactg.cgctt ttgtcaatgt citatgcaggg 420 

gcagagaacg gct caattat citcagctaat gg.cgacaatt taacgattac cqgacaaaac 480 
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cc cctaggat gaaaaaaact togttaggag g g gcc gttgt ggaatctocc acaa.cagoct 660 

tittctttittctgtcgattta cataaaaaga ttgcaatagt citt.cgtgagc aagacgaatg 720 

acttitttgag cittcttttitt gcc.gtataaa cctacaattt caattittagc tiggittittgct 78O 

tgaattaa.gc tittctggagt agctittatag gttaagaaat agtgttggat catgtccaaa 840 

actgtgcct g g g cattcaga aatatottct atattgccat agactaaatc atcttctaga 9 OO 

acagogatga ttittatcatc ggcttctitcc gag totaaaa tacgaatc.cc tocc gatagga 96.O 

cgc.gcttgca agaggatgtt cocttgttgta atatttittitt cogittaacac acagatato a O20 

agag gatc.gc catc.gc.ctitt gatattotct citgttactitt gttgaccact gtattotcca O8O 

gaaagatcto cacaataagt cittaggtaac agc.ccgtata agcaaggaca aaagttagaa 14 O 

aactitttgttg goc gatccac ttittaggata ccagtttctt tatccagttc gaatttaacg 200 

gagtcggctg gagtgattitc tatatagdaa caaagagatt cataatcatc gcgtgttaat 260 

actggcc.cat gccaaggatg agctato gat aatggtottt tag acataag atcactcitct 320 

attaaagtgt tittatgcgca attatcctgc gcatcc.ggct tattogtoca gatagittitta 38O 

gtottctgtt citc.gcagtaa aacttittatt ttatcgg cag cotttcttitt tacttittatt 4 40 

cittgtcattg tdaaaaatgt tdaaaagtta citcgtggcaa cctitt cagac aggttttittg 5 OO 

tacgaaagac gagagtgatt gtact gcaaa ataatatgag ccggacgtag gatatgaaat 560 

actcitttgca aatagaagac citacatattg aaggatatga acaggttittgaaagttacitt 62O 

gcgagtctgt acagttagtt gctgtaattig citattoatca gacaaaag 668 

<210> SEQ ID NO 46 
&2 11s LENGTH 2010 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 46 

atat caaagt toggcaaatg acagagcc.gc ticaag gacca gcaaataatc cittgggacaa 60 

catcaa.cacc tdtc.gcagoc aaaatgacag cittctgatgg aatat ctitta acagt citcca 120 

ataattcatc aaccalatgct tct attacaa ttggtttgga tigcggaaaaa gottaccago 18O 

ttattotaga aaagttggga gatcaaattic ttgatggaat togctgatact attgttgata 240 

gtacagtc.ca agatattitta gacaaaatca aaacagacco ttctotaggit ttgttgaaag 3OO 

cittittaacaa cittitccaatc actaataaaa ttcaatgcaa cqggittatto actcc cagta 360 

acattgaaac titt attagga ggaactgaaa taggaaaatt cacagtcaca cccaaaagct 420 

citgg gag cat gttcttagtc. tcagoagata ttattgcatc aagaatggaa gocgg.cgttg 480 

ttctagottt got acgagaa gotgattota agcc.ctg.cgc gattagttat ggatact cat 540 

cagg cattcc taattitatgt agtictaagaa ccagtattac taatacagga ttgacitcc.ga 600 

caacgtatto attacgtgta gg.cggtttag aaag.cggtgt gg tatgggitt aatgcc.ctitt 660 

ctaatggcaa tdatattitta ggaataacaa atacttctaa totatotttt ttagaggtaa 720 

tacctdaaac aaacgcttaa acaatttitta ttggatttitt cittataggitt ttatatttag 78O 

agaaaa.cagt to gaattacg g g gtttgtta tocaaaataa aagaaaagtg agg gacgatt 840 

ttattaaaat tdttaaagat gtgaaaaaag attitcc.ccga attag accta aaaatac gag 9 OO 

taaacaagga aaaagtaact ttcttaaatt citcccittaga actictaccat aaaagtgtct 96.O 
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cactaattct agg actgctt caacaaatag aaaactottt aggattatto coag acticto O20 

citgttcttga aaaattagag gataa.cagtt taaagctaaa aaaggctittg attatgctta O8O 

tottgtctag aaaaga catg tttitccaagg citgaatagac alactitacticit aac gttggag 14 O 

ttgatttgca caccittagtt ttittgctott tta agg gagg aactdgaaaa acaac actitt 200 

citctaaacgt gggatgcaac ttggcc.ca at ttittagg gala aaaagtgtta cittgctgacc 260 

taga.ccc.gca atccaattta tottctggat togggggctag tdtcagaagt gaccaaaaag 320 

gcttgcacga catagtatac acatcaaacg atttaaaatc aatcatttgc gaaacaaaaa 38O 

aagatagtgt ggacctaatt cotgcatcat titt catc.cga acagtttaga gaattggata 4 40 

ttcatagagg accitagtaac aacttaaagt tatttctgaatgagtactgc gctcctttitt 5 OO 

atgacatctg cataatagac acticcaccita gcc taggagg gttaacgaaa gaagcttittg 560 

ttgcaggaga caaattaatt gcttgtttaa citccagaacc tttittctatt citagg gttac 62O 

aaaagatacg tdaattctta agttcggtcg gaaaacctga agaagaacac attcttggaa 680 

tagctttgtc. tttittgggat gatcgtaact c gactaacca aatgtatata gacattatcg 740 

agtctattta caaaaacaag cittttittcaa caaaaattcg to gagatatt totctdagcc 800 

gttctottct taaagaag at totgtagcta atgtctatoc aaattictagg gcc.gcagaag 860 

atattotgaa gttaacgcat gaaatagoaa atattittgca tatcgaatat galacgagatt 920 

actcitcagag gacaacgtga acaaactaaa aaaagaag.cg gatgtc.ttitt ttaaaaaaaa 98O 

toaaactgcc gcttctotag attittaagaa 2010 

<210> SEQ ID NO 47 
<211& LENGTH 2044 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 47 

gtocatcaaga aaagattggg aaccitatc.cg tagtttggitt aaagagcatg gtatgcgaca 60 

ttgtcagott atggctatag citcc.gacago gacgatctoc aac attatag gagta actca 120 

atctattgag ccaacgtaca aac atttgtt totgaagttct aatttgtc.cg gagaattcac 18O 

gatticcaaat gtgtatttaa ttgagaagtt gaagaaatta ggitatctggg atgctgatat 240 

gttagatgac citgaaatatt ttgatggg to tittattggaa atcgagc gta taccagatca 3OO 

cittaaaac at attittcttga cagottttga gattgaacca gaatggatta to gaatgcgc 360 

gtotcgaaga caaaaatgga ttgatatggg gcaatcc citc aacctittatc ttgcc.ca.gc.c 420 

agacgg galaa aaactgtcga atatgtattt aacggcttgg aaaaaaggitt togaaaactac 480 

gtattatctg agatcttcat cagdaacgac cqttgaaaaa tottttgtag atattaataa 540 

gagaggaatt cagoctogtt goatgaagaa taagttctgct tcggcaggaa ttattgttga 600 

aagagcigaag aaag cacctg. tctgttctitt goaagaaggg totgaag cat gttcagtaatt 660 

aatcatataa attaacaata aaattaacgg ttctitatgca agcagatatt ttagatggaa 720 

aacagaaacg cqttaatcta aatagdaagc gtctagtgaa citgcaaccag gttc gatgtca 78O 

acca acttgttcc tattaag tacaaatggg cittgg galaca ttatttgaat ggctg.cgcaa. 840 

ataactggct coctacagag atc.cc catgg ggaaaga cat cqaattatgg aagttcggatc 9 OO 

gtotttctga agatgagcgg cqagt cattc ttittgaattt aggttttitt.c agcaccgcag 96.O 
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agagcttggit toggaataat attgttctag caatttittaa acatgtaact aatcc.ggaag O20 

cgagacaata tottttalaga caagcttittg aagaag.cggit to acacgcac acatttttgt O8O 

atatttgttga gtcacticgga ttagacgaga aagaaattitt caatgccitat aac gag.cgtg 14 O 

citgc gattaa goccaaagat gattitccaga tiggaaatcac togcaaggta ttggatccta 200 

atttitcgcac ggacitctgtt gagggtotac aggagtttgt taaaaactta gtaggatact 260 

acatcattat ggaagggatt ttcttctata gtgggitttgt gatgatcctt toctitccaca 320 

gacaaaataa gatgattggt attggagaac aatat caata catcttalaga gatgagacaa 38O 

to cacttgaa citttgg tatt gatttgatca acgggataaa agaag agaac ccggggattit 4 40 

ggacitccaga gttacago aa gaaattgtcg aattaattaa gogagctgtc gatttagaaa 5 OO 

ttgagtatgc gcaagacitgt citc.ccitagag ggattittggg attgaga.gct tcgatgttca 560 

to gattatgt gcagoatatt gcagaccg to gtttggaaag aatcggatta aaacctattt 62O 

atcatacgaa aaa.cccattc ccttggatga gcgaaacaat agaccittaat aaagagaaaa 680 

acttctittga aacaagggitt atagaatato aacatgcago aag cittaact togtagt cot 740 

gatato aaaa taggagaaag cct calaccat agagttgagg cittitttitttgtcatacggta 800 

acctgataag aatttittaga titttcaggitt agaagitaaat gtatttaccc atgaatttitt 860 

tittaattittc toataatato ttgtagccct tittattaaaa taggaaaaggc tag to acctc 920 

to citatgact actgttagag togtoagatt toggggttgga gcaggtgtag cctitt.cgcat 98O 

acgaagtatt titcctgttgaa accacaag at ttgaaacttic cctatttittg ggaagaacgt. 2040 

totc 2044 

<210> SEQ ID NO 48 
&2 11s LENGTH 3734 
&212> TYPE DNA 

<213> ORGANISM: Chlamydia trachomatis 

<400 SEQUENCE: 48 

gttattogct tctacticcat tagaagttccc taatgctaaa citcaccattt titcctcctitt 60 

cc.gittaaaac aggaaagaaa ttgtacagaa acatttittitt aaagaaatca aaaagcc att 120 

tgcagg caga tat caggcca tittatato aa aaacagaaag aatgattagg ataaaactitt 18O 

gtottgcc at cqttccagag agcattgaga agcc.gtttitt attataaata cattgcacta 240 

agaatcttaa aatcgaacag acaacacaat ggcto galaca gacto atcca cacgcactaa 3OO 

ttcaaatgca aaaaacttct aaaatgaaca cagcaa.gctt gataaaaa.ca tataaaagaa 360 

ttggat cata gagctttacg agaagggg.cg cactgcaatc tdt citcg acc aaatagdaat 420 

gcaaacagat aaatacccct aatcattggg aaaaattgag totagaatag cct ctitt citc 480 

titccitctatt tattgcttag citaacg.cg at ttcttctitta gagatatotg caagttctotg 540 

cittatccaaa aag cottgtc. tctoatttitc caatacaaat citgtccagag aaacttittitt 600 

tggctotcca ccatagotag aaattictagt aagaacagoa cctagoatca cagatccaaa 660 

aacaac cagg gtaaccacta cqtcaatcat aggaag.cgta gtc.ca acct g ccc caataaa 720 

taaggctgct cotgtaacta togaataaaat actaagaata cc gag cqcaa goacagdaat 78O 

acgttcgcta caacaagaaa citctogctitt agaag.cgcta tocaccaaag gag cotctgg 840 

catataactt citaagaggta cactatotcc aacaaaactc atggcatccc ccttaaggta 9 OO 
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aaag agaa.gc titt.cctictaa atagaaaagc gitatcgtcaa citcttittata gatctaaaaa 96.O 

gtottgctitt cottaatccc accoatgaaa tittag cataa aaaccatcca acatattoac O20 

acgctottct aaaagg ccta tittcc ctatt tttctgagtc. tctaaaacco tataatggct O8O 

ggaaattittc cqcgcactitt cottggctitc ttgtaatago to atctgaat tigcgitatcac 14 O 

agataa.cagg taagaalacta atccaaaagc ticcitatacaa galaccaataa ttgcagotct 200 

cc cact actc ctaaaactaa goaagaatag acticc cc caa gacaaagaaa aactcct cot 260 

aaagctgcaa goaaacttgt tagaacaact acaaataact gg tatgttitt agaacggtoga 320 

ataaaggagt tottagccac attitt cactg tacctcagtt tittgctgaac aacaatticcc 38O 

taaaaaattg gtaggacgcc aaacgttcat aattacticta cittggaalacc attaataatt 4 40 

atatoag act ttctitccaat acacatttca accoactittg aagctgttct atttittittct 5 OO 

gag caagcto taaatctittg citcttittgag caag caatcc ttcaacttct ttcaaatctt 560 

cittctgctitc atatagaagt tottgataag atalacactaa to caggagtic acggc citctg 62O 

gagctaactc agatgactict galagg gag to tcgtoggttt taaagaaaac ccatacatat 680 

aaactagact tcc toctata caggcagaac ccagtgtcat togctaataag citaagaatag 740 

gagcaaaaag agagaccaca cittcc tdaaa aaagaag cag aagag cacca cctaaaactg 800 

citagtacccc taataccalag goaccitattg ccaacaattg citctttacgg cittgtag tag 860 

totgag cacc gatagtttca gitatgatcgg cacgcaatgg tittgctggala ttacaacaaa 920 

aagaaatatt aaacatgg.cg cctotattitc gcaaaaaaaa ggccaacatg citacaggaaa 98O 

gctaattaaa gtaaaaattt ttatatattt caatgg tagt taaataccta atctacccaa 20 40 

ccaaaagatg totaaatgac aaaaaaataa togtattitat attatcatga gacacttata 2100 

gtoacgtotg citt cattcag citcaaattct aatgaaaaat cqgatttaga agaaaataga 216 O 

citcgaagagt cagaactago caaaatgttt gttctaattic tattittgcaa tocco gacta 2220 

caag accalat agagaaacgt talacc ctact cotaaag.cca cagaaccalat cataatcgct 228O 

ccaataccta aaccqgcaaa cacaag.cgac gatcc.ccc.gc aaa.gcaaaca aag caaggct 234. O 

acacaactta aaatagdaaa aatticcitaag gaaacg.gcaa attctatatt toctottcgt 24 OO 

ttgcaataaa tatgcgtott atacagacac aactctg.cgg ggctcitccag agttggagcg 2460 

caagaggaac aaaaaagata agacattgtc gacitcc.ggac caaaaaaagg cqagataata 252O 

cgc.gagatgg taaaaataca gaaatattitt tacatagaa aaccota acc citcctitt cat 258O 

cgc.gtgagac tagagtgtaa aacaagatgc gaaag caagg titcgctatot ttggaaacaa 264 O 

acct coacac ggtoccggat tatcaaaa.ca agt ctitccag ggatatgtta gagaacgtoc 27 OO 

tatccatacc aaa.gcaa.cat atagacgtct tttgttgaaaa gactgaatag aggaatctaa 276 O. 

gaagcttggit tag.cgtctat agatgctitta agag cagott tttccttittc agcactatoc 282O 

alaccatcttg totagotaga taaaactaag cqcacatcgg acaataaagc titgct cattt 2880 

ttctotaatc tdtccaaaca atcaatctoa acttctattg ccttagctitc caaagcttgg 2.940 

agat.cgtocg taag acct cq cagaalacatc ttattaatga aagagacgga gaccaaag.cg 3OOO 

toctitctott citgaaagatt acgcaaacgt tacticago.ca aaacatttitt tacttctaag 3060 

citagcataag aggatcgaca catalagacga gatattoccg cac coacaca agcagatcca 312 O 

ataattaatg cagdaatacc tattgcagta aatatgacat togctago go a caaaaccalaa 318O 
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gctaataccc cagogacaac alactaaag.cg cctacgatag citaaagctat atccaaaatt 324 O 

ttggaacaag tattoccittt togttgaagac gaagtagatt ttatctotac goaggaagct 33OO 

gttggcaatg gtaaagaaga agcgtc.to cq citaatagtag tactcatttt to cacattitt 3360 

tatttittaaa acggaaaaac totatoagaa cqgcgctitta titc.gcaaatc attataaatc 342O 

cgcaa.catgc agaactaaag cqc.cgtaagc aaaagga acc cctaact citc agatgcaata 3480 

totgaggagt ctittaattat tttittacgac gggatgcctg. cacct gcago cqctotgata 354. O 

atgtcttatt citcagatcto aatttacaca actctgctgt taattgact g caagttgttct 3600 

gactittgttg caaccqctgt ttaaaccott citgtctgatg acgaatttct tattoag cat 3660 

cctoctoaat ggagcaaact gtttcgg cat aacgcttaca caaatctaat atttgttctt 372 O 

ccaact cittg gcaa. 3734 

<210 SEQ ID NO 49 
&2 11s LENGTH 2937 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 49 

atgcctctitt citttcaaatc titcatcttitt tdtctacttig cct gtttatg tagtgcaagt 60 

tgcgc.gtttg citgagacitag acticggaggg aactttgttc. citcca attac gaatcagggit 120 

gaagagat.ct tactcactitc agattttgtt tottcaaact tcttgggggc gagtttittca 18O 

agttcc titta totaatagttc cag caatcto tccittattag ggaagggcct titccttaacg. 240 

tttacctott gtcaagctcc tacaaatagt aactatgcgc tactittctgc cqcagag act 3OO 

citgacct tca agaatttittc ttctataaac tttacaggga accaatcgac agg acttggc 360 

ggccitcatct acggaaaaga tattgtttitc caatctatoa aag atttgat cittcactacg 420 

aaccgtgttg cctattotcc agcatctgta actacgtogg caactccc.gc aatcactaca 480 

gtaactacag gagccitctgc tictocaacct acagacticac toactgtcga aaa.catato c 540 

caatcgatca agttttittgg galaccittgcc aactitcggct citgcaattag cagttct coc 600 

acgg cagtcg ttaaattcat caataacacc gctaccatga gcttctocca taactttact 660 

togtoaggag gCdgcgtgat titatggagga agctotcitcc tttittgaaaa caattctgga 720 

tgcatcatct tcaccgc.caa citcctgtgttgaacagottaa aagg.cgtcac cccittcatca 78O 

ggaaccitatg ctittaggaag togcggagcc atctgcatcc citacgggaac titt.cgaatta 840 

aaaaacaatc aggggaagtg caccittctict tataatggta caccalaatga tigcgggtgcg 9 OO 

atctacgc.cg aaacct gcaa catcgtaggg aaccagggtg ccttgct cot agatagoaac 96.O 

actgcagoga gaaatggcgg agc catctgt gctaaagtgc ticaatattoa aggacgcggit 1020 

ccitattgaat totctagaaa cc.gc.gcggag aaggg to gag citattitt cat aggcc cctot 1080 

gttggaga.cc ctd.cgaag ca aac atcgaca cittacgattt togct tcc.ga aggtgatatt 1140 

gcqttccaag gaalacatgct caatacaaaa cct ggaatcc gcaatgc.cat cactgtagaa 1200 

gcagggggag agattgttgtc. tctatotgca caaggaggct cacgtc.ttgt attittat gat 1260 

cccattacac atagoctocc aaccacaagt cogtctaata aag acattac aatcaacgct 1320 

aatggcgctt caggatctgt agtc.tttaca agtaagg gac totcc totac agaactcctg 1380 

ttgcct gcca acacgacaac tatacttcta ggaac agtca agatcgctag toggagaactg 1440 
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aagattactg acaatgcggit totcaatgtt cittggctitcg citacticaggg citcaggtoag 5 OO 

cittaccctgg gctctggagg aaccittaggg citggcaa.cac ccacgggagc acctg.ccgct 560 

gtag actitta cqattggaaa gttagcattc gatcctttitt cottcctaaa aagagattitt 62O 

gtttcago at cagtaaatgc agg cacaaaa aacgtcactt taa.caggagc tict ggttctt 680 

gatgaacatg acgttacaga totttatgat atggtgtcat tacaatctoc agtag caatt 740 

ccitatcgctg ttittcaaagg agcaa.ccgtt actaaga cag gattitcc to a tiggggagatt 800 

gcqacticcaa gocactacgg citaccaagga aagtggtoct acacatgg to cogtc.ccctg 860 

ttaatticcag citcctgatgg aggattitcct g gaggtocct citcc tag cqc aaatact citc 920 

tatgct gtat gga attcaga cactcitcgtg cqttctacct atatottaga toccgagcgt. 98O 

tacggaga aa ttgtcagdala cagct tatgg attitcc titct taggaaatca ggcattctot 20 40 

gatattotcc aagatgttct tittgatagat catcc.cgggit totccataac cqc gaaagct 2100 

ttaggagcct atgtcgaaca cacaccalaga caaggacatg agggcttitt.c aggtogctat 216 O 

ggaggctacc aagctg.cgct atctatoaac tacacgg acc acactacgtt agg actttct 2220 

titcggg cago tittatggaaa alactaacgcc aaccoctacg attcacgttg citcagaacaa 228O 

atgtatttac totcgttctt toggtoaattic cctato.gtga citcaaaagag cq aggccitta 234. O 

attitcctgga aag cagotta tagttattoc aaaaatcacc taaataccac citacctdaga 24 OO 

cctgacaaag citccaaaatc. tca agggcaa togcatalaca atagittact a tigttcttatt 2460 

totgcagaac atccttitcct aaactggtgt cittcttacaa gacctctggc ticaa.gcttgg 252O 

gatctttcag gttittattitc cqcagaattic citaggtogtt gocaaagtaa gttcacagaa 258O 

actggagatc togcaacgtag ctittagtaga ggtaaagggit acaatgtttc cct accgata 264 O 

ggatgttctt citcaatggitt cacaccattt aagaaggcto cittctacact gaccatcaaa 27 OO 

cittgcctaca agcctgatat citatcgtgtc. aaccotcaca atattgttgac tdtcgtotca 276 O. 

alaccalagaga gcactitcg at citcaggagca aatctacgcc gcc acggttt gtttgtacaa 282O 

atccatgatg tagtag atct caccgaggac acticaggcct ttctaaacta tacctittgac 2880 

gggaaaaatg gatttacaaa ccaccgagtg totacaggac taaaatccac attittaa 2937 

<210 SEQ ID NO 50 
&2 11s LENGTH 801 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 50 

atgcattcaa aatttcttitc. tcgaagaaaa aaaaatagitt citcataagga ggaalaccitct 60 

tgggattgta tagcct caag ttacaataag atagt coaag ataaagggca citact atcat 120 

agagaaacta toctitccc.ca acticcitgcct tcacticacct taggttcaaa aagttctgta 18O 

ttggatattg gctg.cggtoa aggttttitta gaaaggg.ccc titcctaagga atgtcgittat 240 

citaggcatag atatotictitc tag attgatt gctictagdaa agaaaatgcg atcggtaaac 3OO 

totcatcagt ttalaggttgc agatcttagc aaacgcc tag agttcgtaga accgacatta 360 

ttct ct catg cagtag caat cotcitcc.citt caaaatatgg aattic cocq g a gaggctata 420 

cgtaatacag citacgctoct cqaaccactc gg.gcaattitt ttatagittitt aaaccatcct 480 

tgttitt.cgta titcc tagg gc atcatcctgg cactatoatgaaaataaaaa agctatotct 540 
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cgtoatatag atcgittatct citc.cccaatgaaaatcc caa totato gotca cccaggacaa 600 

aaag attc.gc cittctaccct citcctttcac tittccitctaa got attggitt taaagaactg 660 

tottct catg gattcttagt titcaggtott gaggaatgga catcttcaaa aacct caa.ca 720 

ggaaaacgag citaagg caga aaacctttgt cqaaaggaat titc cattatt cottatgatt 78O 

tdatgcatta agataaaata a 801 

<210 SEQ ID NO 51 
&2 11s LENGTH 252 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 51 

atgaaacaac alacacaatcg taaggctitta totc.gcaaga ttggcacagt gaaaaaacaa 60 

gccaaatttg caggaagctt tittagatgag attaaaaaaa ttgaatgggit aag caag cac 120 

gatcttaaga aatacataaa agtagttctt atcagtattt ttggittittgg atttgctatt 18O 

tattitcgtag atcttgttgtt gcgtaagttca atcacatgtt tagatggitat aacaacctitt 240 

ttgttcggitt aa 252 

<210> SEQ ID NO 52 
&2 11s LENGTH 1185 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400s. SEQUENCE: 52 

atgtcaaaag aaacttitt.ca acgtaataag ccc catatoa atattgggac gatcggg cac 60 

gttgac catg gtaaaactac gotiaacagcg gcaattacac go.gc.gctato aggggatgga 120 

ttgg cctott toc gtgacta tagttcaatt gacaatactic cagaagaaaa goctogtgga 18O 

attactatoa acgcttctoa cqttgaatac gaaaccocaa atcgtcacta cqctoacgta 240 

gactg.ccctg gtcacgctga citatgttaaa aatatgatta caggcgcc.gc. tcaaatggac 3OO 

ggagctatoc tagtcgtttc agctacagac ggagctatoc cacaaactaa agaac at atc 360 

ttgctagotc gcc aggttgg agttccittat atcgttgttt tottgaataa agtagatatg 420 

atctotcaag aagatgctga acttattgac cittgttgaga tiggaact tag tdagcttctt 480 

gaagaaaaag gCtacaaagg atgcc ctatt atc.cgtggitt citgctittgaa agctottgaa 540 

ggtgatgcaa attatatoga aaaagttcga gaact tatgc aagctgtgga tigacaa.catc 600 

cctacaccag aaa.gagaaat tdata agcct ttcttaatgc citatcgaaga cqtattoto a 660 

atctotgg to gtgg tact.gt ggittacagga agaatcgagc gtggaatcgt taaagtttct 720 

gataaagttc agctcgtggg attaggagag actaaagaaa caatcgttac toggagtcgaa 78O 

atgttcagga aagaactitcc tdaaggtogt gcaggagaaa acgttggttt acticcitcaga 840 

gg tattggaa agaacgatgt togaaagaggt atggtggttt gtcagoctaa cagogtgaag 9 OO 

ccitcatacga aatttalag to agctgtttac gttcttcaga aagaagaagg cqgacgtcat 96.O 

aagc ctittct tcagoggata cag accitcag ttcttctitcc gtact acaga cqtgacagga 1020 

gtogtaactc titcctgaagg aactgaaatg gtaatgcctd gagataacgt tdagcttgat 1080 

gttgagctica ttggaacagt to citcttgaa gaaggaatga gatttgcaat togtgaaggt 1140 

ggtogtacta toggcgctgg aac gatttica aagat caatig cittaa 1185 
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<210 SEQ ID NO 53 
<211& LENGTH: 1431 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 53 

atgagaatcg tacaagtc.gc tigtagaattic acticcaatcg ttaaagtagg cqgtotaggc 60 

gatgct gtag citagtctato taaggagitta gcgaaacaaa atgatgtgga agtacttct c 120 

cctoattatc ctittaattitc caaattctot togtotcaag ttcttitccga gcgttctittc 18O 

tattatgaat ttittaggcaa goagcaa.gcc totgcaattt cittattotta cq agggtott 240 

acgcttacta taattacgitt ggattcacaa atagagcttt totcaaccac gitcc.gtgitac 3OO 

totgagaata atgttgtacg tittctotgct tittgcag citg cagotgcago ttatcttcaa 360 

gaag.cggatc. citctgacat tdtgcacttg catgactggc atgtaggttt acttgcgggit 420 

ttattaaaaa accotttaaa ccctgtgcat tcgaagattg totttacitat coataattitt 480 

ggittatcgag g g tattgtag tacgcagota ttagcagogt cqcaaattga tigattitt cat 540 

ttgagt cact accalactatt togcgatc.cg caaacttctg titctaatgaa goggagct citc 600 

tattgttcgg attacattac gacagtgtct cittacittatg togcaggaaat tataaacgac 660 

tattotgatt acgaacttica tagatgcgatt citagcaagaa attctgtatt ttctgg gatc 720 

atcaatggca ttgatgaaga cqtttggaac cc.gaaga cag atcctgctitt agctgtacag 78O 

tacgatgcaa gCCtattaag cqaacctgac gttctottta citaaaaaaga agagaacaga 840 

gcqg tatt at atgagaagtt goggatcagt to agacitatt titcctittgat ttgttgttgatc 9 OO 

to acgcattg ttgaggaaaa goggtoctogaa tittatgaaag agattattot coatgctato 96.O 

gag cacagtt atgcctittat cittgattggg acaagttcaaa atgaggttct tcttaatgag 1020 

titcc.gtaact tacaag attg tittagcgagc ticccccaaca titcgtttgat cittgg actitt 1080 

aatgatccitt tag coaggct aactitatgct gctg.ccgata to atctgcat coctitcacat 1140 

agg gaggctt gtgg acttac ccagotgata gcgatgc gtt atggcacagt toctittagtt 1200 

cgtaaaactg gagggcttgc tigatacagtg attcc togggg taaatggttt cactittctitt 1260 

gatacaaaca attittaatga attitcgggct atgcttagca acgct gtaac ga.cgitatic git 1320 

caggagcctg acgtttggitt gaatttgatt gag togggaa toctitcgggc citctggctta 1380 

gatgccatgg citaag catta cqtaaatctt tatcaatctt tactcitcatg a 1431 

<210> SEQ ID NO 54 
<211& LENGTH 1041 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 54 

atggaagcag atattittaga tiggaaagcto aaacgggttg aggtaagtaa aaaaggattg 60 

gtgaattgta atcaagtaga tigtcaatcag citagt cocta toaagtataa atgggcttgg 120 

gaac attacc toaatggatg togcaaacaac togct tccta citgaagttcc tatggcaaga 18O 

gatato gagt totggaaatc agatgaactg. tctgaagacg aacgcagggit cattttgtta 240 

aaccitaggat tttitcagtac cqcggaaagc ctagt cq gala ataa.catcgt tottgctato 3OO 

ttcaaacata toacaaacco togaa.gcaaga cagtatttac togc gtcaa.gc titttgaggaa 360 
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gcc.gtacata cacatacatt totctatatt toc gaatctt taggacittga tigaaggc gala 420 

gtattoaatg cctataatga aagagcctica attagggcta aagatgattt toaaatgaca 480 

ttaa.ca.gtcg atgtc.cittga toctaattitt totgtacagt cittcaga agg ccttggg cag 540 

ttcattaaaa acttagtagg atactatato attatggaag gaatcttctt citatagtggit 600 

tttgtaatga ttctotctitt coatagacaa aataaaatga cagga attgg agaac agtac 660 

caatacatcc to agagatga aaccatacat ttaaattittg gaatc gatct tat caatgga 720 

attaaagaag aaaaccocga agtttggact acggalactac aagaagaaat cqtc.gct citt 78O 

attgaaaaag citgtagagct togalaattgag tacgctaaag attgcttacc to gaggaatc 840 

ttgggattaa gatctt.cg at gtttatagat tacgttcgtc. atattgcaga togtogttta 9 OO 

gagaga attg g gttgaagcc tat citatcac toccagaaatc cittitcc.cittg gatgagc gala 96.O 

accatggatc tdaataaaga aaagaattitc tittgaaacco gggttaccga ataccaaacc 1020 

gctggtaatt taagttggta a 1041 

<210 SEQ ID NO 55 
&2 11s LENGTH 31.35 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 55 

atgg to gaag titgaagaaaa goattacacc atcgtcaaac gtaatggaat gtttgtc.cca 60 

tittaatcaag atcggattitt coaggctittg gaggcagott titc.gagatac gogtagctta 120 

gaaact agtt citccactacc taaagacitta gaagaatcta ttgc.gcaaat tacticataaa 18O 

gtogtgaagg aagtc.citc.gc taaaattitca gaagg to agg tag to actgt agaga gaatc 240 

caggat.cttg tagaaagtica gctictatatt agcgg gttgc aggatgtggc ticgcgattat 3OO 

attgtttaca gggiaccaacg caaggcagag cqcggtaact citt.cg to cat aattgccatc 360 

atacgtagag acgggggaag cqctaaattit aatcc tatga agatctotgc agctotcgaa 420 

aaag cattca gag.cgacgct coaaattaat gggatgactic citcctgcaac act atcc gala 480 

attaatgacc ttacccittag gatcgttgaa gatgtcc taa goctt catgg togaagaagct 540 

attaatctgg aagagatcca agatattgtt gaaaa.gcaac titatggttgc cqgct attat 600 

gatgtggcca agaattatat tittatataga gaagctogtog cacgagcc.cg togctaataaa 660 

gatcaagatg gacaagaaga gtttgtc.ccc caagaggaaa cqtacgttgttcaaaaagaa 720 

gacggcacca cctaccttct gagaaaaa.ca gatttagaaa agaggtttitc ttggg catgc 78O 

aaacgcttitc ctaaaactac agattctdaa citgcttgcag atatggcatt tatgaatttg 840 

tattoaggaa toaaagaaga cqaggtocacc acago atgca toatggcggc acgtgccaat 9 OO 

atc.gagagag aacctgatta cqcttittatc gcago agaac toctoac gag titccttgtat 96.O 

gaagagacct taggatgcag citctoaagac cccaattitat cagaaataca taaaaaacat 1020 

tittaaagaat a catcc to aa toggagaagag tatcgcttga atcct caatt aaaggattat 1080 

gatcto gatg citcttagtga agticcitagac citctotagag accalacagtt titcctatatg 1140 

ggagtccaaa atctotacga togctattitt aatctgcatc. aaggacgacg tittagagact 1200 

gcqcagat.ct tittggatgc g g gtttctato ggcttagcct taaatgaagg agaacaaaag 1260 

aatttittggg caatcactitt citataatctg. ittatccacat tcc.gctatac cccagdaact 1320 
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cctacattgt ttaactccgg aatgcgtoat tcc caactca gttcatgcta totttccaca 38O 

gtaaaagatg accitaagtica catttataag gtgatttctg. ataatgctitt gctttctaaa 4 40 

tggg cagggg gaattggaaa to attggaca gatgtc.cgtg citacaggagc tigtaattaag 5 OO 

ggalaccalatg gaaagagtica aggcgtoatt coctt catta aggttgccaa toatactgca 560 

attgcagtga atcagggggg caaacgtaaa gqtgctatot gcgtatattt agaaaactogg 62O 

cacttggatt acgaag actt tittagaattg cqgaagaata caggagatga gcgtogtaga 680 

actcacgata totaatacago aagctggatt cotgatctot totttaa gag act agaaaaa 740 

aaaggcatt goacactcitt tagcc.ccg at gatgtcc cag gtttacacga agccitatggg 800 

ttagagtttgaaaagctitta togaagaatat gaacgtaagg ttgaatctgg ggaaatcc.gt 860 

citttataaaa aagtagaagc cqaagtgctg togcgtaaaa tottaag cat gctttacgaa 920 

acaggg catc. cittggattac atttaaagat cottc gaata titcgctdaaa ccaagat cat 98O 

gttggcgt.cg tacgctgttc taatctatot acagagattt tattgaact g titcggaatca 20 40 

gag actgcag tttgtaattt aggttccata aacttggtag aac at atcc.g. taatgacaag 2100 

ttagatgaag aaaaattaaa agaalactato tcaatagoca toc gtattitt goataac gtt 216 O 

attgacct ga acttct acco tacaccagag gCtaaacaag cca acctaac to acagagct 2220 

gtggggttgg g g gttatggg attcCaggat gttctttacg agttgaacat tagctatocc 228O 

to acaagaag citgtcgaatt ttctgacgag togctoggaga to atc.gcata citacgctatt 234. O 

ctagoctoga gCttactc.gc gaaagaacga ggtacatatg cittcttatto agg atctaag 2400 

tgggat.cgtg ggitatctacc cittagatact atcgagctitc. tcaaagaaac togcggagag 2460 

cataatgttc ttgtag acac atcaagtaaa aaagattgga citccagttcg tdatact atc 252O 

cagaaatacg gaatgagaaa tagcc agg to atggcaattg citcctacago aac gatctog 258O 

aatatoatag g g g to accoa atctatagag cccatgtata aac atctott totaaagttcc 264 O 

aaccttitc.cg gagagtttac gatcc.ccaac accitacctga ttaaaaaact taaggaatta 27 OO 

ggactittggg atgcagaaat gttagatgat citaaaatatt ttgacggatc. tctattggaa 276 O. 

attgaaagga toccitaatca cittgaaaaag cittitt cotta cqg catttga aatcgaacco 282O 

gagtggatta tagagtgtac citctagaaga cagaaatgga ttgatatggg agtttct cita 2880 

aatctgitatc ttgctgagcc agatggtaaa aaact citcca atatgtatct cacggcttgg 2.940 

aaaaaaggat taalagacitac citatt attta agatcto aag citgcaa.catc agtagagaaa 3OOO 

to atttatag atatocaataa acgcggcatt cagccitcgtt goatgaaaaa taaatcagog 3060 

to cacaagta ttgtggtoga aagaaaaa.ca accoccgttt gttcaatgga agaaggttgc 312 O 

gaatcttgtc. aataa 3135 

<210 SEQ ID NO 56 
&2 11s LENGTH 1386 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 56 

atgatgagct citaag.cgitac citcgaaaata gcggtgctitt caattittatt aacatttact 60 

cactictatag g gttc.gcaaa toc gaatticg toc gtagg to ttggcacggit citacattaca 120 

to cq aggttg taaagaagcc to agaaagga totagaaagga aacaa.gc.caa aaaagaacct 18O 
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cgtgctcqta aaggatactt agtcc cittct tcaaggactic titt cagotcg agcc.caaaag 240 

atgaaaaact cotcitcgtaa agagtc.ttca ggtggttgta acgaaatttic togcaa attct 3OO 

acacco agat citgtaaaatt acgaagaaac aaacgtgcag aacaaaaggc agctaaacaa 360 

ggattittcag citttittctaa cotaactittg aaaag.cctac titcctaaact tccttcaaaa 420 

caaaaaactt caattcacga gagagaaaaa goalaccitcaa gatttgttaa toagt citcag 480 

cittagttcc.g. cacgaaaacg citactgcaca ccatcttcag cogctcc titc cctatttitta 540 

gaaacagaaa togttcgagc ticcitgtagaa agaactaaag aacttcaaga taatgaaatt 600 

catattoctog tagtgcaagt coaaacgaac cccaaagaac aaaatacaaa gacaactaaa 660 

cagttggcat cocaa.gcc to gattoaacaa totgaaggaa cc gag caatc attgc gagag 720 

citc.gcc caag gtgctagoct acctgtc.tta gtgcgcticta atcctgaagt gttctgtacaa 78O 

agacaaaaag aagagittatt aaaagaactc gtagctdaac gtag acaatig taaaagaaag 840 

totgtaagac aag citcttga agcto gttct ttalactaaga aagttgctag aggcggttct 9 OO 

gtgaccitcga citttacgata cqatccagaa aaag.cgg.cgg aaatcaaaag tag acgcaat 96.O 

tgcaaagtaa gtc.ctgaagc acgtgaacaa aaatattoat cittgcaaaag agatgctcgc 1020 

gctaatggga aacaag acaa gacaactcct agtgaagatg cittct caaga agaacaacaa 1080 

actggggcag gacitcgtacg caagacitcct aaatcto agg ttgcaagtaa to citcagaac 1140 

ttctaccgaa attctaaaaa tacaaacata gatagotato ttacagotaa ccaatacago 1200 

tgtagttctgaagaaacaga ttggccatgttctitcctg.cg totctaaacg cagaacticac 1260 

aacagtatat citgitatgtac catgg tagtt actgtcattg cqatgatcgt aggggctittg 1320 

attatagota atgctacaga atctoaaaca acatcag atc caacticcitcc aactcctact 1380 

ccatag 1386 

<210 SEQ ID NO 57 
&2 11s LENGTH 1731 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 57 

atgacagatt titcctactica cittcaaagga cccaaactta accocattaa agtaaatcca 60 

aactitttittg a gaggaatcc taaagtc.gca agggtactgc aaattacago cqtagtc.tta 120 

ggaatcattg cccitcttatc cqgtatagta citcattatag goaccccitct cqgagctcct 18O 

ataagtatga to citcggcgg atgtc.ttitta gcttctggag gogccittatt tottggtggit 240 

acgattgcta cqatattgca agctagaaat agittataaga aggcc.gtgaa ccaaaagaaa 3OO 

citcticagagc ctittgatgga acgcc.ccgaa ttgaaag.cct tag attatto coltagatctg 360 

aaagaggitat ggg accitaca to attctgtt gtcaaac atc ttaaaaaatt agacctgaat 420 

citttccaaaa cccaaaggga agttctaaat caaatcaaaa ttgatgatga ggg accotcc 480 

citaggggaat gcgcc.gctat gatttcagaa alactacgacg catgcttaaa gatgctogcg 540 

tatcgtgagg agctoctogala agaacaaacc caataccaag agacacgatt caatcagaac 600 

citcacticata gaaataaagt tittgctotcc atcctcitcaa ggatcacgga caatatttct 660 

aaag.cggg.cg g g g totttitc tittgaaattt tocacgctaa gotc.gcggat gttcac gaatt 720 

cataccacca ccactgtgat totggctitta agtgcc.gttg tittctgtcat ggtogtagca 78O 
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gctotaattic caggtgg cat tittagcacta cctatactitt togctgttgc tatttctgca 840 

ggagtgattg to accgg act titccitatcta gttcgtoaga ttittaagtaa caccalag cqt 9 OO 

aatcgtcagg atttittataa agattttgta aaaaatgtag atatagagct tcttalaccala 96.O 

acggta actt tacago gatt cotcitttgaa atgctcaaag gtgttctgaa agaagaagaa O20 

gaagttcto ct tagaaggtoa agattggitat acacaataca talaccalatgc accolatagaa O8O 

aaaagattga togaa.gagat cagagttacc tacaaagaga to gatgcto a gaccaaaaaa 14 O 

atgaag acag acttggagtt cittagaaaat gaggtgc gtt cogggag act gttctgtagcg 200 

toccc.gtogg aagatccaag togaaactcct attitt tactic alaggtaagga gtttgcaaag 260 

ttacgtc.gcc aaacct citca gaatatat co acgattitatg gtc.cggacaa toaaaatatt 320 

gatc.ccgaat titt.ccttacc citggatgcct aaaaaagaag aagaaataga ccatagotta 38O 

galacctgtta caaagttgga accoggttca agaga agagt tottgttggt agagggggto 4 40 

aaccoa acct taagagaact caatatgaga attgcactitc tacaacaa.ca act atcaagt 5 OO 

gtocgaaaat ggagacacco to gaggggaa cattacggga atgttatcta ttcagataca 560 

gaactc gatc gtattoagat gctagaaggc gcattittata atcacct cag ggaagctcaa 62O 

gaggaaatca cccagt citct c ggag accitt gttgacattcaaaac cqtat tittagg gatc 680 

atagttgaag g g g acticaga ttcaagaaca gaagaagagc citcaggaata g 731 

<210 SEQ ID NO 58 
&211's LENGTH 1086 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 58 

atgcaacaaa citgtaattgt agcaatgtca ggaggcgtgg attcttctgt c gttgccitat 60 

ttattoaaaa aatttaccala ttataaggitt attggcc tot to atgaagaa ttgggaagag 120 

gatago gaag gCdgcctttg citcgtctact aaagattato aagatgtcga gaggg tatgt 18O 

cittcagctcg atatoc citta ttacaccgta tottttgcta aagaatatag agaaagagtg 240 

titc.gctcgitt toctoaagga atactictitta ggctacactc ctaaccocga cattctttgt 3OO 

aaccgagaaa toaaatttga cctitctacaa aagaaagttcc aggaacttgg cqgagattac 360 

citc.gctacag ggcact acto cog attaaat accgagctoc aagaaaccoa acticcittaga 420 

ggttgc gatc. citcaaaaaga totagagct at tttittatcag gaacticcitaa aagtgct citt 480 

cacaatgtgc tictittccitct toggggaaatgaataagacto aagttcgtgc gattgcagot 540 

caag cagotc titc.ccacago agaaaaaaaa gatagtacag goatttgctt tatagggaag 600 

cgcc cittitta aagagttcct agagaagttt citt.cccalata aaa.caggcaa cqttatc gat 660 

tgggatacca aggaaattgt agggcaa.cat cagggagctc act attatac tataggg cag 720 

cggc gaggac ttgatcttgg aggat.ccgag aaaccotgtt atgttgttggg aaaaaatata 78O 

gaggaaaata gcatttatat tdtgaggggg galagaccatc cccagotcta cctacgggaa 840 

ttaa.ca.gcta gagagctcaa ttggitttacc cct cotaaat coggatgtca citgtagcgct 9 OO 

aaagttcc.gct accgttct co to atgaagct tocacgatag attatagotc aggtgac gag 96.O 

gtocaaggtgc gattitt caca accogtcaag gCdgtaacto caggacaaac aatagcgttt 1020 

tatcaaggag atacct gcct togtagtgga gttatcgacg titcc tatgat to caagtgag 1080 
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ggctag 1086 

<210 SEQ ID NO 59 
&2 11s LENGTH 48.30 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 59 

atggtagcga aaaaaa.cagt acgatctitat aggtott cat tittct cattc cqtaatagta 60 

gcaatattgt cago agg cat to cittittgaa goacattcct tacacagotc agaactagat 120 

ttaggtgitat tdaataaa.ca gtttgaggaa cattctgctc atgttgaaga ggcto aaa.ca 18O 

totgttittaa agg gatcaga toctotaaat coctotcaga aagaatc.cga galaggttittg 240 

tacacticaag toccitcttac ccaaggaagc tict ggagaga gtttggatct c gcc.gatgct 3OO 

aatttcttag agcatttitca gcatctttitt gaagagacta cagtatttgg tatcg atcaa 360 

aagctggttt gotcagattt agatactagg aatttitt.ccc aacco actoa agaacct gat 420 

acaagtaatg citgtaagtga gaaaatctoc toagatacca aagagaatag aaaag accita 480 

gag actgaag atccttcaaa aaaaagtggc cittaaagaag titt catcaga totcc ctaaa 540 

agtc.ctgaaa citgcagtagc agctatttct galagatcttgaaatctoaga aaa.catttca 600 

gcaagagatc citcttcaggg tittagcattt ttittataaaa atacatctitc. tcagtctato 660 

totgaaaagg attctt catt toaaggaatt atcttittctg gttcaggagc taatticaggg 720 

citaggittittg aaaatcttaa gg.cgc.cgaaa totggggctg cagtttatto tigatc.gagat 780 

attgtttittg aaaatcttgt taaaggattg agttittatat cittgttgaatc tittagaagat 840 

ggctctg.ccg caggtgtaaa cattgttgtg acccattgttg gtgatgtaac totcact gat 9 OO 

tgtgcc actd gtttagacct togaa.gctitta cqtctggitta aagatttittc. tcgtggagga 96.O 

gctgttitt.ca citgctogcaa ccatgaagtg caaaata acc ttgcaggtgg aattctato c O20 

gttgtaggca ataaaggagc tattgttgta gagaaaaata gtgct gaga a gttccalatgga O8O 

ggagcttittg cittgcggaag titttgtttac agtaacaacg aaaac accqc cittgttggaaa 14 O 

gaaaatcaag cattatcagg aggagccata to citcagdaa gtgatattga tattolaaggg 200 

aact gtag cq citattgaatt ttcaggaaac cagtc.tctaa ttgct cittgg agagcatata 260 

gggcttacag attttgtagg toggaggagct ttagctocto aagggacgct taccttalaga 320 

aataatgcag tagtgcaatg tdttaaaaac acttctaaaa cacatggtgg agctattitta 38O 

gcaggtactg ttgatcto aa cqaaacaatt agcigaagttg cctittaa.gca gaatacago a 4 40 

gctctaactg gaggtgctitt aagtgcaaat gataaggitta taattgcaaa taactittgga 5 OO 

gaaattctitt ttgagcaaaa cqaagtgagg aatcacggag gag coattta ttgttggatgt 560 

cgatctaatc ctaagttaga acaaaaggat totggagaga acatcaatat tattggaaac 62O 

to cqgagcta toactitttitt aaaaaataag gCttctgttt tagaagtgat gacacaa.gct 680 

gaagattatgctggtggagg cqctt tatgg g g g cataatg ttcttctaga titccalatagt 740 

gggaatatto aatttatagg aaatataggt ggaagtacct tctggatagg agaatatgtc 800 

ggtggtggtg cqattctotc tactgataga gtgacaattt citaataactic toggagatgtt 860 

gtttittaaag gaaacaaagg ccaatgtc.tt gctcaaaaat atgtagctoc toaagaaa.ca 920 

gctc.ccgtgg aatcagatgc titcatctaca aataaagacg agaagagcct taatgcttgt 98O 
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agtcatggag atcattatcc toctaaaact gtagaag agg aagtgccacc titcattgtta 20 40 

gaagaacatc ctdttgtttc titcgacagat attcgtggtg gtggggc cat totagctcaa 2100 

catatottta ttacagataa tacaggaaat citgagattct citgggaacct togtggtggit 216 O 

gaag agtc.tt citactgtcgg to atttagct atcgtag gag gaggtgctitt gctttctact 2220 

aatgaagtta atgtttgcag taaccaaaat gttgttttitt citgataacgt gacittcaaat 228O 

ggttgttgatt cagggggagc tattittagct aaaaaagtag atatotcc.gc galaccactcg 234. O 

gttgaatttgtctictaatgg titcagggaaa titcggtogtog cc.gtttgcgc tittaaacgaa 24 OO 

toagtaaa.ca ttacggacaa toggctcqgca gitatcattct citaaaaatag alacacgt.citt 2460 

ggcggtgctg gagttgcago to citcaaggc tict gtaacga tttgtggaaa totagggaaac 252O 

atago attta aagagaactt totttittggc tict gaaaatc aaagatcagg toggaggagct 258O 

atcattgcta acticttctgt aaatattoag gataacgcag gagatat cot atttgtaagt 264 O 

aact citacgg gatctitatgg aggtgctatt tttgtaggat citttggttgc titctgaaggc 27 OO 

agcaa.cccac gaacgcttac aattacaggc aacagtgggg atatoctatt togctaaaaat 276 O. 

agcacgcaaa cago.cgctitc tittatcagaa aaagatticct ttggtggag g g g c catcitat 282O 

acacaaaacc toaaaattgt aaagaatgca gggaacgttt citttctatog caacagagct 2880 

ccitagtggtg citggtgtc.ca aattgcagac ggaggaacto tttgtttaga ggcttittgga 2.940 

ggagatat cit tatttgaagg gaatatoa at tittgatggga gtttcaatgc gattcactta 3OOO 

tgcgggaatg actcaaaaat cqtagagctt totgctgttcaagataaaaa tattatttitc 3060 

caagatgcaa ttacittatga agaga acaca attcgtggct toccagataa agatgtcagt 312 O 

cctittaagtg ccccttcatt aatttittaac tocaag.ccac aagatgacag cqctdaacat 318O 

catgaaggga cqatacggitt ttcto gaggg gtatctaaaa titcct cagat tdctgctata 324 O 

caagagggaa ccttagctitt atcacaaaac goaga.gctitt gottggcagg acttaaa.ca.g 33OO 

gaaacaggaa gttctatogt attgttctg.cg g gatctatto tcc.gt attitt to attcc cag 3360 

gttgatagoa gtgc.gc.citct tcc tacagaa aataaag agg agacitcttgt ttctg.ccgga 342O 

gttcaaatta acatgagcto tcc tacaccc aataaagata aagct gtaga tactic cagta 3480 

cittgcagata toataagtat tactgtag at ttgtc.ttcat ttgttcc to a gcaagacgga 354. O 

actcittccitc titcctoctga aattatcatt cotaagg gaa caaaattaca ttctaatgcc 3600 

atagat citta agattataga toctaccalat gtgggatatgaaaatcatgc ticittctaagt 3660 

totcataaag atatto catt aatttctott aag acagogg aag gaatgac agggacgc.ct 372 O 

acag cagatg cittctotato taatataaaa atagatgitat citttacctitc gatcacacca 378 O. 

gcaacg tatg gtcacacagg agtttggtct gaaagtaaaa toggaagatgg aag acttgta 384 O 

gtoggttggc aaccitacggg atataagtta aatcc toaga agcaaggggc tictagttittg 39 OO 

aataatctot goagtc atta tacagatctt agagctotta agcaggagat citttgct cat 396 O 

catacgatag citcaaagaat ggagittagat ttctogacaa atgtctgggg atcaggatta 4020 

ggtgttgttg aagattgtca gaa catcgga gagtttgatg ggttcaaaca to atcto aca 408 O 

ggg tatgc.cc taggcttgga tacacaacta gttgaag act tcttaattgg aggatgtttc 414 O 

to acagttct ttggtaaaac togaaag.ccaa toctacaaag citaagaacga tigtgaagagt 4200 

tatatgggag citgctitatgc ggggattitta gcaggtoctit ggittaataaa aggagcttitt 4260 
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togacaccgg toc gttgg.cg ttatactcca gag catatog gagatttitt.c tittagttgct 660 

cctittgatto citgaacataa accitcaatta cctacacaaa gttgttgttgct attcc gttcc 720 

ggggtaaatt cacagtctitc tagtagctct ttattoagitt cotacatggit gccittatttc 78O 

tgggaagaat tdcgggttca aaataagcag cqttittgaca gtaatcacca tatagggagc 840 

cgtaatggat ttttacctac gtttggtoct attctittggg aacaagacaa goggcccitat 9 OO 

cgttccitata totttaaag.c aaaag attct caggg caatc cccatc.gcat aggatttitta 96.O 

agaatttctt cittatgtttg gactgattta gaagg acttg aagaggatca taaggatagt O20 

ccittgg gagc tictittggaga gatcatcgat catttggaaa aagagacitga tigctttgatt O8O 

attgatcaga cccataatcc toggaggcagt gttittctato tctattogitt actatotatg 14 O 

ttaacagatc atcctittaga tacticcitaaa catagaatga titttcactca ggatgaagttc 200 

agctic ggctt to cactggca agatctacta gaagatgtct tcacagatga gcagg cagtt 260 

gcc.gtgctag g g gaalactat ggaaggatat to catggata to catgctgt agcct citctt 320 

caaaacttct citcagagtgt cotttctitcc tagg gtttcag gtgatattaa cctittcaaaa 38O 

cctatoccitt togctaggatt to cacaggitt cq accitcatc ctaaacatca atatactaaa 4 40 

cctttgttta tottgataga cqaggatgac ttctottgttg gagatttagc gcc tocaatt 5 OO 

ttgaaggata atggcc.gc.gc tactcitcatt gaaag.ccaa cagoaggagc tiggaggttitt 560 

gtattocaag toactittccc taaccgttct g gaattaaag gtctttctitt aacaggatct 62O 

ttagctgtta ggaaagatgg tagtttatt gaaaacttag gagtggctoc toatattgat 68O 

ttaggattta cctocaggga tittgcaaact tcc aggttta citgattacgt tagg cagtg 740 

aaaactatag ttittaactitc tttgttctgag aacgctaaga agagtgaaga gcagacittct 800 

cc.gcaa.gaga cqcctgaagt tatto gag to tcttatcc.ca caacg acttic toctitcgtaa 860 

<210 SEQ ID NO 63 
&2 11s LENGTH 1956 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 63 

atggittaatc ctattggtoc aggtoctata gacgaalacag aacgcacacic toccgcagat 60 

citttctgctc. aaggattgga gg.cgagtgca gcaaataaga gtgcggaagc ticaaagaata 120 

gcaggtgcgg aagctaagcc taaagaatct aag accqatt citgtagagcg atggagcatc 18O 

ttgc gttctg cagtgaatgc tictoratgagt citggcagata agctgggitat togcttctagt 240 

aacagotcgt cittctactag cagatctgca gacgtgg act caacgacago gaccgcacct 3OO 

acgc.cticcitc. cacccacgtt to atgattat aagacitcaag cqcaaac agc titacgatact 360 

atctttacct caa.cat cact agctgacata caggctocitt togtogagcct coaggatgct 420 

gtoactaata taaaggatac agcggctact gatgaggaaa cc.gcaatcgc tigcggagtgg 480 

gaaactaaga atgcc.gatgc agittaaagtt go go.gcaaa ttacagaatt agc galaatat 540 

gctitcggata accaag.cg at tottgactict ttaggitaaac to actitcctt cq accitctta 600 

caggctgctc ttctocaatc totagcaaac aataacaaag cagotgagct tcttaaagag 660 

atgcaagata accoagtagt cocagggaaa acgcc togcaa ttgct caatc tittagttgat 720 

cagacagatg citacagogac acagatagag aaagatggaa atgcgattag g gatgcatat 78O 
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tittgcaggac agaacgctag toggagctgta gaaaatgcta aatctaataa cagtataagc 840 

aacatagatt cagotaaag.c agcaatc.gct actgctaaga cacaaatago toaa.gcticag 9 OO 

aaaaagttcc ccg act citcc aattcttcaa gaag.cggaac aaatggtaat acaggct gag 96.O 

aaagat citta aaaatatoaa acctgcagat ggttctgatg titccaaatcc aggaactaca O20 

gttggaggct coaa.gcaa.ca aggaagtagt attgg tagta titcgtgtttc catgctgtta O8O 

gatgatgctgaaaatgagac cqctt.ccatt ttgatgtctg. g.gtttcgtoa gatgattcac 14 O 

atgttcaata cqgaaaatcc to attcto aa gotgcc.caac aggagcticgc agcacaagct 200 

agag cagoga aagcc.gctgg agatgacagt gctgctdcag cqctdgcaga tigctdagaaa 260 

gctittagaag cqgctotagg taaagctggg caacaac agg gcatacticaa toctittagga 320 

cagatcgctt citgctgctgt tdtgagcgca ggagttcc to cogctgcago aagttctata 38O 

gggtocatctg taaaac agct ttacaagacc toaaaatcta caggttctga ttataaaa.ca 4 40 

cagatatoag caggittatga tigcttacaaa to catcaatg atgcc tatgg taggg cacga 5 OO 

aatgatgcga citcgtgatgt gataaacaat gtaagtacco cogct citcac acgatcc gtt 560 

ccitagagcac galacagaagc ticgaggacca gaaaaaa.cag atcaag.ccct c gctagg gtg 62O 

atttctggca atagoagaac tottggagat gtctatagito aagtttcggc act acaatct 680 

gtaatgcaga to atccagtc gaatccitcaa gogaataatg aggagat cag acaaaag citt 740 

acatcggcag togacaaagcc toccacagttt gottatcctt atgttgcaact ttctaatgac 800 

totacacaga agttcatago taaattagaa agtttgtttg citgaaggatc tagg acagoa 860 

gctgaaataa aag cacttitc ctittgaaacg aactc.cittgt ttattoagca ggtgctggto 920 

aatatoggct citctatatto tdgittatcto caataa 956 

<210> SEQ ID NO 64 
<211& LENGTH: 264 
&212> TYPE DNA 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 64 

atgagtcaaa aaaataaaaa citctgcttitt atgcatcccg tdaatattitc. cacagattta 60 

gcagttatag ttggcaaggg accitatgc.cc agaac cqaaa ttgtaaagaa agtttgggaa 120 

tacattaaaa alacacaacto tcaggatcaa aaaaataaac gitaat atcot toccgatgcg 18O 

aatcttgcca aagtc.tttgg citctagtgat cottatcgaca tottccaaat gaccalaagcc 240 

cittitccaaac atattgtaaa ataa 264 

<210 SEQ ID NO 65 
&2 11s LENGTH 978 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 65 

Met Pro Leu Ser Phe Lys Ser Ser Ser Phe Cys Lieu Lleu Ala Cys Lieu 
5 10 15 

Cys Ser Ala Ser Cys Ala Phe Ala Glu Thir Arg Lieu Gly Gly Asn. Phe 
2O 25 30 

Val Pro Pro Ile Thr Asn Gln Gly Glu Glu Ile Leu Leu Thir Ser Asp 
35 40 45 

Phe Val Cys Ser Asn Phe Leu Gly Ala Ser Phe Ser Ser Ser Phe Ile 
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5 O 55 60 

Asn Ser Ser Ser Asn Lieu Ser Lieu Lieu Gly Lys Gly Lieu Ser Lieu. Thr 
65 70 75 8O 

Phe Thr Ser Cys Glin Ala Pro Thr Asn Ser Asn Tyr Ala Leu Leu Ser 
85 90 95 

Ala Ala Glu Thr Leu Thr Phe Lys Asn Phe Ser Ser Ile Asin Phe Thr 
100 105 110 

Gly Asn Glin Ser Thr Gly Lieu Gly Gly Lieu. Ile Tyr Gly Lys Asp Ile 
115 120 125 

Val Phe Glin Ser Ile Lys Asp Leu Ile Phe Thir Thr Asn Arg Val Ala 
130 135 1 4 0 

Tyr Ser Pro Ala Ser Val Thir Thr Ser Ala Thr Pro Ala Ile Thr Thr 
145 15 O 155 160 

Val Thr Thr Gly Ala Ser Ala Leu Gln Pro Thr Asp Ser Leu Thr Val 
1.65 170 175 

Glu Asn. Ile Ser Glin Ser Ile Llys Phe Phe Gly Asn Lieu Ala Asn. Phe 
18O 185 190 

Gly Ser Ala Ile Ser Ser Ser Pro Thr Ala Val Val Lys Phe Ile Asn 
195 200 2O5 

Asn Thr Ala Thr Met Ser Phe Ser His Asn Phe Thr Ser Ser Gly Gly 
210 215 220 

Gly Val Ile Tyr Gly Gly Ser Ser Lieu Lleu Phe Glu Asn. Asn. Ser Gly 
225 230 235 240 

Cys Ile Ile Phe Thr Ala Asn. Ser Cys Val Asn. Ser Lieu Lys Gly Val 
245 250 255 

Thr Pro Ser Ser Gly Thr Tyr Ala Leu Gly Ser Gly Gly Ala Ile Cys 
260 265 27 O 

Ile Pro Thr Gly Thr Phe Glu Leu Lys Asn Asn Gln Gly Lys Cys Thr 
275 280 285 

Phe Ser Tyr Asn Gly Thr Pro Asn Asp Ala Gly Ala Ile Tyr Ala Glu 
29 O 295 3OO 

Thr Cys Asn. Ile Val Gly Asn Glin Gly Ala Lieu Lleu Lieu. Asp Ser Asn 
305 310 315 320 

Thr Ala Ala Arg Asn Gly Gly Ala Ile Cys Ala Lys Val Lieu. Asn. Ile 
325 330 335 

Glin Gly Arg Gly Pro Ile Glu Phe Ser Arg Asn Arg Ala Glu Lys Gly 
340 345 350 

Gly Ala Ile Phe Ile Gly Pro Ser Val Gly Asp Pro Ala Lys Glin Thr 
355 360 365 

Ser Thr Lieu. Thir Ile Leu Ala Ser Glu Gly Asp Ile Ala Phe Glin Gly 
370 375 38O 

Asn Met Lieu. Asn. Thir Lys Pro Gly Ile Arg Asn Ala Ile Thr Val Glu 
385 390 395 400 

Ala Gly Gly Glu Ile Val Ser Lieu Ser Ala Glin Gly Gly Ser Arg Lieu 
405 410 415 

Val Phe Tyr Asp Pro Ile Thr His Ser Leu Pro Thr Thr Ser Pro Ser 
420 425 430 

Asn Lys Asp Ile Thr Ile Asn Ala Asn Gly Ala Ser Gly Ser Val Val 
435 4 40 4 45 

Phe Thr Ser Lys Gly Lieu Ser Ser Thr Glu Lieu Lleu Lleu Pro Ala Asn 
450 455 460 
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Thir Thr Thr Ile Leu Leu Gly Thr Val Lys Ile Ala Ser Gly Glu Leu 
465 470 475 480 

Lys Ile Thr Asp Asn Ala Val Val Asn. Wall Leu Gly Phe Ala Thr Glin 
485 490 495 

Gly Ser Gly Glin Lieu. Thir Lieu Gly Ser Gly Gly Thr Lieu Gly Lieu Ala 
5 OO 505 510 

Thr Pro Thr Gly Ala Pro Ala Ala Val Asp Phe Thr Ile Gly Lys Leu 
515 52O 525 

Ala Phe Asp Pro Phe Ser Phe Leu Lys Arg Asp Phe Val Ser Ala Ser 
530 535 540 

Val Asn Ala Gly Thr Lys Asn Val Thr Lieu. Thr Gly Ala Lieu Val Lieu 
545 550 555 560 

Asp Glu His Asp Val Thr Asp Leu Tyr Asp Met Val Ser Lieu Glin Ser 
565 570 575 

Pro Val Ala Ile Pro Ile Ala Val Phe Lys Gly Ala Thr Val Thr Lys 
58O 585 59 O 

Thr Gly Phe Pro Asp Gly Glu Ile Ala Thr Pro Ser His Tyr Gly Tyr 
595 600 605 

Gln Gly Lys Trp Ser Tyr Thr Trp Ser Arg Pro Leu Leu Ile Pro Ala 
610 615 62O 

Pro Asp Gly Gly Phe Pro Gly Gly Pro Ser Pro Ser Ala Asn Thr Leu 
625 630 635 640 

Tyr Ala Val Trp Asn Ser Asp Thr Leu Val Arg Ser Thr Tyr Ile Leu 
645 650 655 

Asp Pro Glu Arg Tyr Gly Glu Ile Val Ser Asn. Ser Leu Trp Ile Ser 
660 665 670 

Phe Leu Gly Asn. Glin Ala Phe Ser Asp Ile Leu Glin Asp Wall Leu Lieu 
675 680 685 

Ile Asp His Pro Gly Lieu Ser Ile Thr Ala Lys Ala Leu Gly Ala Tyr 
69 O. 695 7 OO 

Val Glu His Thr Pro Arg Glin Gly His Glu Gly Phe Ser Gly Arg Tyr 
705 710 715 720 

Gly Gly Tyr Glin Ala Ala Leu Ser Met Asn Tyr Thr Asp His Thr Thr 
725 730 735 

Leu Gly Lieu Ser Phe Gly Glin Leu Tyr Gly Lys Thr Asn Ala Asn Pro 
740 745 750 

Tyr Asp Ser Arg Cys Ser Glu Gln Met Tyr Leu Leu Ser Phe Phe Gly 
755 760 765 

Gln Phe Pro Ile Val Thr Gln Lys Ser Glu Ala Leu Ile Ser Trp Lys 
770 775 78O 

Ala Ala Tyr Gly Tyr Ser Lys Asn His Lieu. Asn. Thir Thr Tyr Lieu Arg 
785 790 795 8OO 

Pro Asp Lys Ala Pro Lys Ser Glin Gly Glin Trp His Asn. Asn. Ser Tyr 
805 810 815 

Tyr Val Lieu. Ile Ser Ala Glu. His Pro Phe Lieu. Asn Trp Cys Lieu Lieu 
820 825 830 

Thr Arg Pro Leu Ala Glin Ala Trp Asp Leu Ser Gly Phe Ile Ser Ala 
835 840 845 

Glu Phe Leu Gly Gly Trp Gln Ser Lys Phe Thr Glu Thr Gly Asp Leu 
85 O 855 860 
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Glin Arg Ser Phe Ser Arg Gly Lys Gly Tyr Asn. Wal Ser Lieu Pro Ile 
865 870 875 88O 

Gly Cys Ser Ser Gln Trp Phe Thr Pro Phe Lys Lys Ala Pro Ser Thr 
885 890 895 

Lieu. Thir Ile Lys Lieu Ala Tyr Lys Pro Asp Ile Tyr Arg Val Asn Pro 
9 OO 905 910 

His Asn. Ile Val Thr Wal Wal Ser Asn Glin Glu Ser Thr Ser Ile Ser 
915 920 925 

Gly Ala Asn Lieu Arg Arg His Gly Lieu Phe Val Glin Ile His Asp Wal 
930 935 940 

Val Asp Leu Thr Glu Asp Thr Glin Ala Phe Leu Asn Tyr Thr Phe Asp 
945 950 955 96.O 

Gly Lys Asn Gly Phe Thr Asn His Arg Val Ser Thr Gly Lieu Lys Ser 
965 970 975 

Thir Phe 

<210 SEQ ID NO 66 
&2 11s LENGTH 266 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 66 

Met His Ser Lys Phe Lieu Ser Arg Arg Lys Lys Asn. Ser Ser His Lys 
5 10 15 

Glu Glu Thir Ser Trp Asp Cys Ile Ala Ser Ser Tyr Asn Lys Ile Val 
2O 25 30 

Glin Asp Lys Gly His Tyr Tyr His Arg Glu Thir Ile Lieu Pro Glin Lieu 
35 40 45 

Leu Pro Ser Lieu. Thir Lieu Gly Ser Lys Ser Ser Val Lieu. Asp Ile Gly 
5 O 55 60 

Cys Gly Glin Gly Phe Leu Glu Arg Ala Lieu Pro Lys Glu Cys Arg Tyr 
65 70 75 8O 

Leu Gly Ile Asp Ile Ser Ser Arg Lieu. Ile Ala Leu Ala Lys Lys Met 
85 90 95 

Arg Ser Val Asn. Ser His Glin Phe Lys Val Ala Asp Leu Ser Lys Arg 
100 105 110 

Leu Glu Phe Wall Glu Pro Thr Leu Phe Ser His Ala Wall Ala Ile Leu 
115 120 125 

Ser Lieu Glin Asn Met Glu Phe Pro Gly Glu Ala Ile Arg Asn. Thir Ala 
130 135 1 4 0 

Thr Leu Leu Glu Pro Leu Gly Glin Phe Phe Ile Val Leu Asn His Pro 
145 15 O 155 160 

Cys Phe Arg Ile Pro Arg Ala Ser Ser Trp His Tyr Asp Glu Asn Lys 
1.65 170 175 

Lys Ala Ile Ser Arg His Ile Asp Arg Tyr Lieu Ser Pro Met Lys Ile 
18O 185 190 

Pro Ile Met Ala His Pro Gly Gln Lys Asp Ser Pro Ser Thr Leu Ser 
195 200 2O5 

Phe His Phe Pro Leu Ser Tyr Trp Phe Lys Glu Leu Ser Ser His Gly 
210 215 220 

Phe Leu Val Ser Gly Leu Glu Glu Trp Thr Ser Ser Lys Thr Ser Thr 
225 230 235 240 
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Gly Lys Arg Ala Lys Ala Glu Asn Lieu. Cys Arg Lys Glu Phe Pro Leu 
245 250 255 

Phe Leu Met Ile Ser Cys Ile Lys Ile Lys 
260 265 

<210 SEQ ID NO 67 
&2 11s LENGTH 83 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 67 

Met Lys Glin Gln His Asn Arg Lys Ala Leu Ser Arg Lys Ile Gly Thr 
5 10 15 

Wall Lys Lys Glin Ala Lys Phe Ala Gly Ser Phe Lieu. Asp Glu Ile Lys 
2O 25 30 

Lys Ile Glu Trp Val Ser Lys His Asp Leu Lys Lys Tyr Ile Llys Val 
35 40 45 

Val Leu Ile Ser Ile Phe Gly Phe Gly Phe Ala Ile Tyr Phe Val Asp 
5 O 55 60 

Leu Val Leu Arg Lys Ser Ile Thr Cys Leu Asp Gly Ile Thr Thr Phe 
65 70 75 8O 

Leu Phe Gly 

<210 SEQ ID NO 68 
&2 11s LENGTH 394 
212s. TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 68 

Met Ser Lys Glu Thr Phe Glin Arg Asn Lys Pro His Ile Asn. Ile Gly 
5 10 15 

Thir Ile Gly His Val Asp His Gly Lys Thr Thr Leu Thr Ala Ala Ile 
2O 25 30 

Thr Arg Ala Leu Ser Gly Asp Gly Lieu Ala Ser Phe Arg Asp Tyr Ser 
35 40 45 

Ser Ile Asp Asn Thr Pro Glu Glu Lys Ala Arg Gly Ile Thir Ile Asn 
5 O 55 60 

Ala Ser His Val Glu Tyr Glu Thr Pro Asn Arg His Tyr Ala His Val 
65 70 75 8O 

Asp Cys Pro Gly His Ala Asp Tyr Val Lys Asn Met Ile Thr Gly Ala 
85 90 95 

Ala Gln Met Asp Gly Ala Ile Leu Val Val Ser Ala Thr Asp Gly Ala 
100 105 110 

Met Pro Gln Thr Lys Glu His Ile Leu Leu Ala Arg Glin Val Gly Val 
115 120 25 

Pro Tyr Ile Val Val Phe Leu Asn Lys Val Asp Met Ile Ser Glin Glu 
130 135 1 4 0 

Asp Ala Glu Lieu. Ile Asp Leu Val Glu Met Glu Lieu Ser Glu Lieu Lieu 
145 15 O 155 160 

Glu Glu Lys Gly Tyr Lys Gly Cys Pro Ile Ile Arg Gly Ser Ala Lieu 
1.65 170 175 

Lys Ala Lieu Glu Gly Asp Ala Asn Tyr Ile Glu Lys Val Arg Glu Lieu 
18O 185 190 

Met Glin Ala Val Asp Asp Asn. Ile Pro Thr Pro Glu Arg Glu Ile Asp 
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195 200 2O5 

Lys Pro Phe Leu Met Pro Ile Glu Asp Val Phe Ser Ile Ser Gly Arg 
210 215 220 

Gly Thr Val Val Thr Gly Arg Ile Glu Arg Gly Ile Val Lys Val Ser 
225 230 235 240 

Asp Llys Val Glin Leu Val Gly Lieu Gly Glu Thir Lys Glu Thir Ile Val 
245 250 255 

Thr Gly Val Glu Met Phe Arg Lys Glu Lieu Pro Glu Gly Arg Ala Gly 
260 265 27 O 

Glu Asn Val Gly Lieu Lleu Lleu Arg Gly Ile Gly Lys Asn Asp Val Glu 
275 280 285 

Arg Gly Met Val Val Cys Gln Pro Asn Ser Val Lys Pro His Thr Lys 
29 O 295 3OO 

Phe Lys Ser Ala Val Tyr Val Lieu Gln Lys Glu Glu Gly Gly Arg His 
305 310 315 320 

Lys Pro Phe Phe Ser Gly Tyr Arg Pro Glin Phe Phe Phe Arg Thr Thr 
325 330 335 

Asp Val Thr Gly Val Val Thr Leu Pro Glu Gly. Thr Glu Met Val Met 
340 345 350 

Pro Gly Asp Asin Val Glu Lieu. Asp Val Glu Lieu. Ile Gly Thr Val Ala 
355 360 365 

Leu Glu Glu Gly Met Arg Phe Ala Ile Arg Glu Gly Gly Arg Thr Ile 
370 375 38O 

Gly Ala Gly Thir Ile Ser Lys Ile Asn Ala 
385 390 

<210 SEQ ID NO 69 
&2 11s LENGTH 476 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 69 

Met Arg Ile Val Glin Val Ala Val Glu Phe Thr Pro Ile Val Lys Val 
5 10 15 

Gly Gly Lieu Gly Asp Ala Wall Ala Ser Lieu Ser Lys Glu Lieu Ala Lys 
2O 25 30 

Glin Asn Asp Val Glu Val Lieu Lleu Pro His Tyr Pro Lieu. Ile Ser Lys 
35 40 45 

Phe Ser Ser Ser Glin Val Leu Ser Glu Arg Ser Phe Tyr Tyr Glu Phe 
5 O 55 60 

Leu Gly Lys Glin Glin Ala Ser Ala Ile Ser Tyr Ser Tyr Glu Gly Lieu 
65 70 75 8O 

Thr Leu Thir Ile Ile Thr Leu Asp Ser Glin Ile Glu Leu Phe Ser Thr 
85 90 95 

Thr Ser Val Tyr Ser Glu Asn Asn Val Val Arg Phe Ser Ala Phe Ala 
100 105 110 

Ala Ala Ala Ala Ala Tyr Lieu Glin Glu Ala Asp Pro Ala Asp Ile Val 
115 120 125 

His Lieu. His Asp Trp His Val Gly Lieu Lieu Ala Gly Lieu Lleu Lys Asn 
130 135 1 4 0 

Pro Leu Asn Pro Val His Ser Lys Ile Val Phe Thr Ile His Asn Phe 
145 15 O 155 160 
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Gly Tyr Arg Gly Tyr Cys Ser Thr Glin Leu Lieu Ala Ala Ser Glin Ile 
1.65 170 175 

Asp Asp Phe His Leu Ser His Tyr Glin Leu Phe Arg Asp Pro Glin Thr 
18O 185 190 

Ser Val Leu Met Lys Gly Ala Leu Tyr Cys Ser Asp Tyr Ile Thr Thr 
195 200 2O5 

Val Ser Leu Thr Tyr Val Glin Glu Ile Ile Asn Asp Tyr Ser Asp Tyr 
210 215 220 

Glu Lieu. His Asp Ala Ile Leu Ala Arg Asn. Ser Val Phe Ser Gly Ile 
225 230 235 240 

Ile Asin Gly Ile Asp Glu Asp Val Trp Asn Pro Lys Thr Asp Pro Ala 
245 250 255 

Leu Ala Val Glin Tyr Asp Ala Ser Lieu Lleu Ser Glu Pro Asp Val Lieu 
260 265 27 O 

Phe Thr Lys Lys Glu Glu Asn Arg Ala Wall Leu Tyr Glu Lys Lieu Gly 
275 280 285 

Ile Ser Ser Asp Tyr Phe Pro Leu Ile Cys Val Ile Ser Arg Ile Val 
29 O 295 3OO 

Glu Glu Lys Gly Pro Glu Phe Met Lys Glu Ile Ile Lieu. His Ala Met 
305 310 315 320 

Glu His Ser Tyr Ala Phe Ile Leu Ile Gly. Thir Ser Glin Asn Glu Val 
325 330 335 

Leu Lieu. Asn. Glu Phe Arg Asn Lieu Glin Asp Cys Lieu Ala Ser Ser Pro 
340 345 350 

Asn. Ile Arg Lieu. Ile Lieu. Asp Phe Asn Asp Pro Leu Ala Arg Lieu. Thr 
355 360 365 

Tyr Ala Ala Ala Asp Met Ile Cys Ile Pro Ser His Arg Glu Ala Cys 
370 375 38O 

Gly Leu Thr Gln Leu Ile Ala Met Arg Tyr Gly Thr Val Pro Leu Val 
385 390 395 400 

Arg Lys Thr Gly Gly Lieu Ala Asp Thr Val Ile Pro Gly Wall Asn Gly 
405 410 415 

Phe Thr Phe Phe Asp Thr Asn Asn Phe Asin Glu Phe Arg Ala Met Leu 
420 425 430 

Ser Asn Ala Val Thr Thr Tyr Arg Glin Glu Pro Asp Val Trp Leu Asn 
435 4 40 4 45 

Lieu. Ile Glu Ser Gly Met Leu Arg Ala Ser Gly Lieu. Asp Ala Met Ala 
450 455 460 

Lys His Tyr Val Asn Lieu. Tyr Glin Ser Lieu Lleu Ser 
465 470 475 

<210 SEQ ID NO 70 
&2 11s LENGTH 346 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 70 

Met Glu Ala Asp Ile Lieu. Asp Gly Lys Lieu Lys Arg Val Glu Val Ser 
5 10 15 

Lys Lys Gly Lieu Val Asn. Cys Asn Glin Val Asp Wall Asn Glin Leu Val 
2O 25 30 

Pro Ile Lys Tyr Lys Trp Ala Trp Glu His Tyr Lieu. Asn Gly Cys Ala 
35 40 45 
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Asn Asn Trp Lieu Pro Thr Glu Val Pro Met Ala Arg Asp Ile Glu Lieu 
5 O 55 60 

Trp Llys Ser Asp Glu Lieu Ser Glu Asp Glu Arg Arg Val Ile Leu Lieu 
65 70 75 8O 

Asn Lieu Gly Phe Phe Ser Thr Ala Glu Ser Lieu Val Gly Asn. Asn. Ile 
85 90 95 

Val Leu Ala Ile Phe Lys His Ile Thr Asn Pro Glu Ala Arg Glin Tyr 
100 105 110 

Leu Leu Arg Glin Ala Phe Glu Glu Ala Val His Thr His Thr Phe Leu 
115 120 125 

Tyr Ile Cys Glu Ser Lieu Gly Lieu. Asp Glu Gly Glu Val Phe Asn Ala 
130 135 1 4 0 

Tyr Asn. Glu Arg Ala Ser Ile Arg Ala Lys Asp Asp Phe Glin Met Thr 
145 15 O 155 160 

Leu Thr Val Asp Val Leu Asp Pro Asn Phe Ser Val Glin Ser Ser Glu 
1.65 170 175 

Gly Leu Gly Glin Phe Ile Lys Asn Leu Val Gly Tyr Tyr Ile Ile Met 
18O 185 190 

Glu Gly Ile Phe Phe Tyr Ser Gly Phe Val Met Ile Leu Ser Phe His 
195 200 2O5 

Arg Glin Asn Lys Met Thr Gly Ile Gly Glu Glin Tyr Glin Tyr Ile Leu 
210 215 220 

Arg Asp Glu Thir Ile His Leu Asn Phe Gly Ile Asp Leu Ile Asn Gly 
225 230 235 240 

Ile Lys Glu Glu Asn Pro Glu Val Trp Thr Thr Glu Leu Glin Glu Glu 
245 250 255 

Ile Val Ala Lieu. Ile Glu Lys Ala Val Glu Lieu Glu Ile Glu Tyr Ala 
260 265 27 O 

Lys Asp Cys Lieu Pro Arg Gly Ile Leu Gly Lieu Arg Ser Ser Met Phe 
275 280 285 

Ile Asp Tyr Val Arg His Ile Ala Asp Arg Arg Lieu Glu Arg Ile Gly 
29 O 295 3OO 

Leu Lys Pro Ile Tyr His Ser Arg Asn Pro Phe Pro Trp Met Ser Glu 
305 310 315 320 

Thr Met Asp Leu Asn Lys Glu Lys Asn Phe Phe Glu Thr Arg Val Thr 
325 330 335 

Glu Tyr Glin Thr Ala Gly Asn Leu Ser Trp 
340 345 

<210 SEQ ID NO 71 
<211& LENGTH 1044 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 71 

Met Val Glu Val Glu Glu Lys His Tyr Thr Ile Val Lys Arg Asn Gly 
5 10 15 

Met Phe Val Pro Phe Asn Gln Asp Arg Ile Phe Glin Ala Leu Glu Ala 
2O 25 30 

Ala Phe Arg Asp Thr Arg Ser Lieu Glu Thir Ser Ser Pro Leu Pro Lys 
35 40 45 

Asp Leu Glu Glu Ser Ile Ala Glin Ile Thr His Lys Wal Wall Lys Glu 
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5 O 55 60 

Val Leu Ala Lys Ile Ser Glu Gly Glin Val Val Thr Val Glu Arg Ile 
65 70 75 8O 

Glin Asp Lieu Val Glu Ser Glin Leu Tyr Ile Ser Gly Lieu Glin Asp Wal 
85 90 95 

Ala Arg Asp Tyr Ile Val Tyr Arg Asp Glin Arg Lys Ala Glu Arg Gly 
100 105 110 

Asn Ser Ser Ser Ile Ile Ala Ile Ile Arg Arg Asp Gly Gly Ser Ala 
115 120 125 

Lys Phe Asn Pro Met Lys Ile Ser Ala Ala Leu Glu Lys Ala Phe Arg 
130 135 1 4 0 

Ala Thr Leu Glin Ile Asn Gly Met Thr Pro Pro Ala Thr Leu Ser Glu 
145 15 O 155 160 

Ile Asin Asp Lieu. Thir Lieu Arg Ile Val Glu Asp Wall Leu Ser Lieu. His 
1.65 170 175 

Gly Glu Glu Ala Ile Asn Lieu Glu Glu Ile Glin Asp Ile Val Glu Lys 
18O 185 190 

Glin Leu Met Val Ala Gly Tyr Tyr Asp Wall Ala Lys Asn Tyr Ile Leu 
195 200 2O5 

Tyr Arg Glu Ala Arg Ala Arg Ala Arg Ala Asn Lys Asp Glin Asp Gly 
210 215 220 

Gln Glu Glu Phe Val Pro Gln Glu Glu Thr Tyr Val Val Glin Lys Glu 
225 230 235 240 

Asp Gly Thir Thr Tyr Lieu Lleu Arg Lys Thr Asp Leu Glu Lys Arg Phe 
245 250 255 

Ser Trp Ala Cys Lys Arg Phe Pro Llys Thir Thr Asp Ser Glin Leu Lieu 
260 265 27 O 

Ala Asp Met Ala Phe Met Asn Lieu. Tyr Ser Gly Ile Lys Glu Asp Glu 
275 280 285 

Val Thir Thr Ala Cys Ile Met Ala Ala Arg Ala Asn. Ile Glu Arg Glu 
29 O 295 3OO 

Pro Asp Tyr Ala Phe Ile Ala Ala Glu Lieu Lieu. Thir Ser Ser Leu Tyr 
305 310 315 320 

Glu Glu Thir Lieu Gly Cys Ser Ser Glin Asp Pro Asn Lieu Ser Glu Ile 
325 330 335 

His Lys Lys His Phe Lys Glu Tyr Ile Lieu. Asn Gly Glu Glu Tyr Arg 
340 345 350 

Lieu. Asn Pro Glin Leu Lys Asp Tyr Asp Lieu. Asp Ala Lieu Ser Glu Val 
355 360 365 

Leu Asp Leu Ser Arg Asp Glin Glin Phe Ser Tyr Met Gly Val Glin Asn 
370 375 38O 

Leu Tyr Asp Arg Tyr Phe Asn Lieu. His Glu Gly Arg Arg Lieu Glu Thr 
385 390 395 400 

Ala Glin Ile Phe Trp Met Arg Val Ser Met Gly Leu Ala Leu Asn Glu 
405 410 415 

Gly Glu Gln Lys Asn. Phe Trp Ala Ile Thr Phe Tyr Asn Lieu Lleu Ser 
420 425 430 

Thr Phe Arg Tyr Thr Pro Ala Thr Pro Thr Leu Phe Asn Ser Gly Met 
435 4 40 4 45 

Arg His Ser Glin Leu Ser Ser Cys Tyr Lieu Ser Thr Val Lys Asp Asp 
450 455 460 
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Leu Ser His Ile Tyr Lys Val Ile Ser Asp Asn Ala Lieu Lleu Ser Lys 
465 470 475 480 

Trp Ala Gly Gly Ile Gly Asn Asp Trp Thr Asp Val Arg Ala Thr Gly 
485 490 495 

Ala Val Ile Lys Gly Thr Asn Gly Lys Ser Glin Gly Val Ile Pro Phe 
5 OO 505 510 

Ile Llys Val Ala Asn Asp Thr Ala Ile Ala Wall Asn. Glin Gly Gly Lys 
515 52O 525 

Arg Lys Gly Ala Met Cys Val Tyr Lieu Glu Asn Trp His Lieu. Asp Tyr 
530 535 540 

Glu Asp Phe Leu Glu Lieu Arg Lys Asn Thr Gly Asp Glu Arg Arg Arg 
545 550 555 560 

Thr His Asp Ile Asn Thr Ala Ser Trp Ile Pro Asp Leu Phe Phe Lys 
565 570 575 

Arg Lieu Glu Lys Lys Gly Met Trp Thr Lieu Phe Ser Pro Asp Asp Val 
58O 585 59 O 

Pro Gly Lieu. His Glu Ala Tyr Gly Lieu Glu Phe Glu Lys Lieu. Tyr Glu 
595 600 605 

Glu Tyr Glu Arg Lys Val Glu Ser Gly Glu Ile Arg Lieu. Tyr Lys Lys 
610 615 62O 

Val Glu Ala Glu Val Lieu Trp Arg Lys Met Leu Ser Met Leu Tyr Glu 
625 630 635 640 

Thr Gly. His Pro Trp Ile Thr Phe Lys Asp Pro Ser Asn. Ile Arg Ser 
645 650 655 

Asn Glin Asp His Val Gly Val Val Arg Cys Ser Asn Lieu. Cys Thr Glu 
660 665 670 

Ile Leu Lieu. Asn. Cys Ser Glu Ser Glu Thir Ala Val Cys Asn Lieu Gly 
675 680 685 

Ser Ile Asn Lieu Val Glu His Ile Arg Asn Asp Lys Lieu. Asp Glu Glu 
69 O. 695 7 OO 

Lys Lieu Lys Glu Thir Ile Ser Ile Ala Ile Arg Ile Lieu. Asp Asn. Wal 
705 710 715 720 

Ile Asp Lieu. Asn. Phe Tyr Pro Thr Pro Glu Ala Lys Glin Ala Asn Lieu 
725 730 735 

Thr His Arg Ala Val Gly Leu Gly Val Met Gly Phe Glin Asp Val Leu 
740 745 750 

Tyr Glu Leu Asn Ile Ser Tyr Ala Ser Glin Glu Ala Val Glu Phe Ser 
755 760 765 

Asp Glu Cys Ser Glu Ile Ile Ala Tyr Tyr Ala Ile Leu Ala Ser Ser 
770 775 78O 

Leu Lieu Ala Lys Glu Arg Gly Thr Tyr Ala Ser Tyr Ser Gly Ser Lys 
785 790 795 8OO 

Trp Asp Arg Gly Tyr Lieu Pro Leu Asp Thir Ile Glu Lieu Lleu Lys Glu 
805 810 815 

Thr Arg Gly Glu His Asn. Wall Leu Val Asp Thr Ser Ser Lys Lys Asp 
820 825 830 

Trp Thr Pro Val Arg Asp Thir Ile Gln Lys Tyr Gly Met Arg Asin Ser 
835 840 845 

Glin Val Met Ala Ile Ala Pro Thr Ala Thr Ile Ser Asn Ile Ile Gly 
85 O 855 860 
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Val Thr Glin Ser Ile Glu Pro Met Tyr Lys His Leu Phe Val Lys Ser 
865 870 875 88O 

Asn Lieu Ser Gly Glu Phe Thr Ile Pro Asn. Thr Tyr Lieu. Ile Lys Lys 
885 890 895 

Leu Lys Glu Lieu Gly Lieu Trp Asp Ala Glu Met Leu Asp Asp Leu Lys 
9 OO 905 910 

Tyr Phe Asp Gly Ser Lieu Lleu Glu Ile Glu Arg Ile Pro Asn His Lieu 
915 920 925 

Lys Lys Leu Phe Leu Thr Ala Phe Glu Ile Glu Pro Glu Trp Ile Ile 
930 935 940 

Glu Cys Thir Ser Arg Arg Gln Lys Trp Ile Asp Met Gly Wal Ser Lieu 
945 950 955 96.O 

Asn Lieu. Tyr Lieu Ala Glu Pro Asp Gly Lys Lys Lieu Ser Asn Met Tyr 
965 970 975 

Lieu. Thir Ala Trp Lys Lys Gly Lieu Lys Thir Thr Tyr Tyr Lieu Arg Ser 
98O 985 99 O 

Glin Ala Ala Thr Ser Val Glu Lys Ser Phe Ile Asp Ile Asn Lys Arg 
995 10 OO 1005 

Gly Ile Glin Pro Arg Trp Met Lys Asn Lys Ser Ala Ser Thr Ser Ile 
1010 1015 1020 

Val Val Glu Arg Lys Thr Thr Pro Val Cys Ser Met Glu Glu Gly Cys 
1025 1030 1035 1040 

Glu Ser Cys Glin 

<210 SEQ ID NO 72 
<211& LENGTH 461 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 72 

Met Met Ser Ser Lys Arg Thr Ser Lys Ile Ala Val Leu Ser Ile Leu 
5 10 15 

Leu Thr Phe Thr His Ser Ile Gly Phe Ala Asn Ala Asn Ser Ser Val 
2O 25 30 

Gly Leu Gly Thr Val Tyr Ile Thr Ser Glu Val Val Lys Llys Pro Glin 
35 40 45 

Lys Gly Ser Glu Arg Lys Glin Ala Lys Lys Glu Pro Arg Ala Arg Lys 
5 O 55 60 

Gly Tyr Lieu Val Pro Ser Ser Arg Thr Lieu Ser Ala Arg Ala Glin Lys 
65 70 75 8O 

Met Lys Asn. Ser Ser Arg Lys Glu Ser Ser Gly Gly Cys Asn. Glu Ile 
85 90 95 

Ser Ala Asn. Ser Thr Pro Arg Ser Wall Lys Lieu Arg Arg Asn Lys Arg 
100 105 110 

Ala Glu Gln Lys Ala Ala Lys Glin Gly Phe Ser Ala Phe Ser Asn Lieu 
115 120 125 

Thr Lieu Lys Ser Lieu Lleu Pro Llys Lieu Pro Ser Lys Glin Lys Thr Ser 
130 135 1 4 0 

Ile His Glu Arg Glu Lys Ala Thir Ser Arg Phe Val Asn. Glu Ser Glin 
145 15 O 155 160 

Leu Ser Ser Ala Arg Lys Arg Tyr Cys Thr Pro Ser Ser Ala Ala Pro 
1.65 170 175 
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Ser Leu Phe Leu Glu Thr Glu Ile Val Arg Ala Pro Val Glu Arg Thr 
18O 185 190 

Lys Glu Lieu Glin Asp Asn. Glu Ile His Ile Pro Val Val Glin Val Glin 
195 200 2O5 

Thr Asn Pro Lys Glu Glin Asn. Thir Lys Thir Thr Lys Glin Leu Ala Ser 
210 215 220 

Glin Ala Ser Ile Glin Glin Ser Glu Gly Thr Glu Glin Ser Lieu Arg Glu 
225 230 235 240 

Leu Ala Glin Gly Ala Ser Leu Pro Val Lieu Val Arg Ser Asn Pro Glu 
245 250 255 

Val Ser Val Glin Arg Glin Lys Glu Glu Lieu Lleu Lys Glu Lieu Val Ala 
260 265 27 O 

Glu Arg Arg Glin Cys Lys Arg Lys Ser Val Arg Glin Ala Leu Glu Ala 
275 280 285 

Arg Ser Leu Thr Lys Lys Val Ala Arg Gly Gly Ser Val Thr Ser Thr 
29 O 295 3OO 

Leu Arg Tyr Asp Pro Glu Lys Ala Ala Glu Ile Lys Ser Arg Arg Asn 
305 310 315 320 

Cys Lys Val Ser Pro Glu Ala Arg Glu Gln Lys Tyr Ser Ser Cys Lys 
325 330 335 

Arg Asp Ala Arg Ala Asn Gly Lys Glin Asp Llys Thr Thr Pro Ser Glu 
340 345 350 

Asp Ala Ser Glin Glu Glu Glin Glin Thr Gly Ala Gly Lieu Val Arg Lys 
355 360 365 

Thr Pro Llys Ser Glin Val Ala Ser Asn Ala Glin Asn Phe Tyr Arg Asn 
370 375 38O 

Ser Lys Asn. Thir Asn. Ile Asp Ser Tyr Lieu. Thir Ala Asn Glin Tyr Ser 
385 390 395 400 

Cys Ser Ser Glu Glu Thr Asp Trp Pro Cys Ser Ser Cys Val Ser Lys 
405 410 415 

Arg Arg Thr His Asn Ser Ile Ser Val Cys Thr Met Val Val Thr Val 
420 425 430 

Ile Ala Met Ile Val Gly Ala Lieu. Ile Ile Ala Asn Ala Thr Glu Ser 
435 4 40 4 45 

Gln Thr Thr Ser Asp Pro Thr Pro Pro Thr Pro Thr Pro 
450 455 460 

<210 SEQ ID NO 73 
&2 11s LENGTH 576 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 73 

Met Thr Asp Phe Pro Thr His Phe Lys Gly Pro Lys Leu Asn Pro Ile 
5 10 15 

Lys Val Asn Pro Asn. Phe Phe Glu Arg Asn Pro Llys Val Ala Arg Val 
2O 25 30 

Leu Glin Ile Thr Ala Val Val Lieu Gly Ile Ile Ala Lieu Lleu Ser Gly 
35 40 45 

Ile Val Leu Ile Ile Gly Thr Pro Leu Gly Ala Pro Ile Ser Met Ile 
5 O 55 60 

Leu Gly Gly Cys Lieu Lieu Ala Ser Gly Gly Ala Leu Phe Val Gly Gly 
65 70 75 8O 
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Thir Ile Ala Thir Ile Leu Glin Ala Arg Asn. Ser Tyr Lys Lys Ala Wal 
85 90 95 

Asn Gln Lys Lys Lieu Ser Glu Pro Leu Met Glu Arg Pro Glu Lieu Lys 
100 105 110 

Ala Lieu. Asp Tyr Ser Lieu. Asp Leu Lys Glu Val Trp Asp Lieu. His His 
115 120 125 

Ser Val Val Lys His Leu Lys Lys Lieu. Asp Lieu. Asn Lieu Ser Lys Thr 
130 135 1 4 0 

Glin Arg Glu Val Lieu. Asn Glin Ile Lys Ile Asp Asp Glu Gly Pro Ser 
145 15 O 155 160 

Leu Gly Glu Cys Ala Ala Met Ile Ser Glu Asn Tyr Asp Ala Cys Lieu 
1.65 170 175 

Lys Met Leu Ala Tyr Arg Glu Glu Lieu Lleu Lys Glu Glin Thr Glin Tyr 
18O 185 190 

Glin Glu Thir Arg Phe Asn Glin Asn Lieu. Thir His Arg Asn Lys Val Lieu 
195 200 2O5 

Leu Ser Ile Leu Ser Arg Ile Thr Asp Asn. Ile Ser Lys Ala Gly Gly 
210 215 220 

Val Phe Ser Leu Lys Phe Ser Thr Leu Ser Ser Arg Met Ser Arg Ile 
225 230 235 240 

His Thir Thir Thir Thr Val Ile Leu Ala Leu Ser Ala Wal Wal Ser Wall 
245 250 255 

Met Val Val Ala Ala Leu Ile Pro Gly Gly Ile Leu Ala Leu Pro Ile 
260 265 27 O 

Leu Leu Ala Val Ala Ile Ser Ala Gly Val Ile Val Thr Gly Leu Ser 
275 280 285 

Tyr Lieu Val Arg Glin Ile Leu Ser Asn. Thir Lys Arg Asn Arg Glin Asp 
29 O 295 3OO 

Phe Tyr Lys Asp Phe Wall Lys Asn. Wall Asp Ile Glu Lieu Lieu. Asn Glin 
305 310 315 320 

Thr Val Thr Leu Glin Arg Phe Leu Phe Glu Met Leu Lys Gly Val Leu 
325 330 335 

Lys Glu Glu Glu Glu Val Ser Lieu Glu Gly Glin Asp Trp Tyr Thr Glin 
340 345 350 

Tyr Ile Thr Asn Ala Pro Ile Glu Lys Arg Lieu. Ile Glu Glu Ile Arg 
355 360 365 

Val Thr Tyr Lys Glu Ile Asp Ala Glin Thr Lys Lys Met Lys Thr Asp 
370 375 38O 

Leu Glu Phe Leu Glu Asn. Glu Val Arg Ser Gly Arg Lieu Ser Val Ala 
385 390 395 400 

Ser Pro Ser Glu Asp Pro Ser Glu Thr Pro Ile Phe Thr Glin Gly Lys 
405 410 415 

Glu Phe Ala Lys Lieu Arg Arg Glin Thr Ser Glin Asn. Ile Ser Thr Ile 
420 425 430 

Tyr Gly Pro Asp Asn. Glu Asn. Ile Asp Pro Glu Phe Ser Lieu Pro Trp 
435 4 40 4 45 

Met Pro Llys Lys Glu Glu Glu Ile Asp His Ser Leu Glu Pro Val Thr 
450 455 460 

Lys Lieu Glu Pro Gly Ser Arg Glu Glu Lieu Lleu Lleu Val Glu Gly Val 
465 470 475 480 
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Asn Pro Thr Lieu Arg Glu Lieu. Asn Met Arg Ile Ala Leu Lieu Glin Glin 
485 490 495 

Glin Leu Ser Ser Val Arg Lys Trp Arg His Pro Arg Gly Glu His Tyr 
5 OO 505 510 

Gly Asn. Wal Ile Tyr Ser Asp Thr Glu Lieu. Asp Arg Ile Glin Met Lieu 
515 52O 525 

Glu Gly Ala Phe Tyr Asn His Leu Arg Glu Ala Glin Glu Glu Ile Thr 
530 535 540 

Glin Ser Lieu Gly Asp Lieu Val Asp Ile Glin Asn Arg Ile Leu Gly Ile 
545 550 555 560 

Ile Val Glu Gly Asp Ser Asp Ser Arg Thr Glu Glu Glu Pro Glin Glu 
565 570 575 

<210> SEQ ID NO 74 
&2 11s LENGTH 361 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 74 

Met Glin Gln Thr Val Ile Val Ala Met Ser Gly Gly Val Asp Ser Ser 
5 10 15 

Val Val Ala Tyr Leu Phe Lys Llys Phe Thr Asn Tyr Lys Val Ile Gly 
2O 25 30 

Leu Phe Met Lys Asn Trp Glu Glu Asp Ser Glu Gly Gly Lieu. Cys Ser 
35 40 45 

Ser Thr Lys Asp Tyr Glu Asp Val Glu Arg Val Cys Lieu Glin Lieu. Asp 
5 O 55 60 

Ile Pro Tyr Tyr Thr Val Ser Phe Ala Lys Glu Tyr Arg Glu Arg Val 
65 70 75 8O 

Phe Ala Arg Phe Leu Lys Glu Tyr Ser Leu Gly Tyr Thr Pro Asn Pro 
85 90 95 

Asp Ile Lieu. Cys Asn Arg Glu Ile Llys Phe Asp Leu Lleu Gln Lys Lys 
100 105 110 

Val Glin Glu Lieu Gly Gly Asp Tyr Lieu Ala Thr Gly. His Tyr Cys Arg 
115 120 125 

Lieu. Asn Thr Glu Lieu Glin Glu Thr Glin Leu Lieu Arg Gly Cys Asp Pro 
130 135 1 4 0 

Glin Lys Asp Glin Ser Tyr Phe Leu Ser Gly Thr Pro Lys Ser Ala Lieu 
145 15 O 155 160 

His Asn Val Leu Phe Pro Leu Gly Glu Met Asn Lys Thr Glu Val Arg 
1.65 170 175 

Ala Ile Ala Ala Glin Ala Ala Lieu Pro Thr Ala Glu Lys Lys Asp Ser 
18O 185 190 

Thr Gly Ile Cys Phe Ile Gly Lys Arg Pro Phe Lys Glu Phe Leu Glu 
195 200 2O5 

Lys Phe Lieu Pro Asn Lys Thr Gly Asn. Wal Ile Asp Trp Asp Thr Lys 
210 215 220 

Glu Ile Val Gly Gln His Glin Gly Ala His Tyr Tyr Thr Ile Gly Glin 
225 230 235 240 

Arg Arg Gly Lieu. Asp Lieu Gly Gly Ser Glu Lys Pro Cys Tyr Val Val 
245 250 255 

Gly Lys Asn. Ile Glu Glu Asn. Ser Ile Tyr Ile Val Arg Gly Glu Asp 
260 265 27 O 



US 2003/0175700 A1 Sep. 18, 2003 
99 

-continued 

His Pro Gln Leu Tyr Lieu Arg Glu Lieu. Thir Ala Arg Glu Lieu. Asn Trp 
275 280 285 

Phe Thr Pro Pro Lys Ser Gly Cys His Cys Ser Ala Lys Val Arg Tyr 
29 O 295 3OO 

Arg Ser Pro Asp Glu Ala Cys Thir Ile Asp Tyr Ser Ser Gly Asp Glu 
305 310 315 320 

Val Lys Val Arg Phe Ser Gln Pro Val Lys Ala Val Thr Pro Gly Glin 
325 330 335 

Thir Ile Ala Phe Tyr Glin Gly Asp Thr Cys Leu Gly Ser Gly Val Ile 
340 345 350 

Asp Val Pro Met Ile Pro Ser Glu Gly 
355 360 

<210 SEQ ID NO 75 
&2 11s LENGTH 1609 
&212> TYPE PRT 
<213> ORGANISM: Chlamydia pneumoniae 

<400 SEQUENCE: 75 

Met Val Ala Lys Lys Thr Val Arg Ser Tyr Arg Ser Ser Phe Ser His 
5 10 15 

Ser Val Ile Val Ala Ile Leu Ser Ala Gly Ile Ala Phe Glu Ala His 
2O 25 30 

Ser Lieu. His Ser Ser Glu Lieu. Asp Leu Gly Val Phe Asn Lys Glin Phe 
35 40 45 

Glu Glu His Ser Ala His Val Glu Glu Ala Gln Thr Ser Val Leu Lys 
5 O 55 60 

Gly Ser Asp Pro Val Asn Pro Ser Glin Lys Glu Ser Glu Lys Val Lieu 
65 70 75 8O 

Tyr Thr Glin Val Pro Leu Thr Glin Gly Ser Ser Gly Glu Ser Leu Asp 
85 90 95 

Leu Ala Asp Ala Asn. Phe Leu Glu His Phe Glin His Lieu Phe Glu Glu 
100 105 110 

Thir Thr Val Phe Gly Ile Asp Glin Lys Lieu Val Trp Ser Asp Lieu. Asp 
115 120 125 

Thr Arg Asin Phe Ser Glin Pro Thr Glin Glu Pro Asp Thr Ser Asn Ala 
130 135 1 4 0 

Val Ser Glu Lys Ile Ser Ser Asp Thir Lys Glu Asn Arg Lys Asp Lieu 
145 15 O 155 160 

Glu Thr Glu Asp Pro Ser Lys Lys Ser Gly Lieu Lys Glu Val Ser Ser 
1.65 170 175 

Asp Leu Pro Lys Ser Pro Glu Thir Ala Val Ala Ala Ile Ser Glu Asp 
18O 185 190 

Leu Glu Ile Ser Glu Asn. Ile Ser Ala Arg Asp Pro Leu Glin Gly Lieu 
195 200 2O5 

Ala Phe Phe Tyr Lys Asn. Thir Ser Ser Glin Ser Ile Ser Glu Lys Asp 
210 215 220 

Ser Ser Phe Glin Gly Ile Ile Phe Ser Gly Ser Gly Ala Asn Ser Gly 
225 230 235 240 

Leu Gly Phe Glu Asn Lieu Lys Ala Pro Lys Ser Gly Ala Ala Val Tyr 
245 250 255 

Ser Asp Arg Asp Ile Val Phe Glu Asn Lieu Val Lys Gly Lieu Ser Phe 








































































































































