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PSMA ANTIBODIES AND PROTEIN MULTIMERS

Related Applications

This application claims the benefit under 35 U.S.C. § 119 of United States provisional
application 60/335,215, filed October 23, 2001, United States provisional application
60/362,747, filed March 7, 2002, and United States provisional application 60/ ,
filed September 20, 2002, each of which is incorporated herein by reference.

Field of the Invention

This invention relates generally to the field of cancer associated polypeptides and
antibodies that recognize native epitopes on the polypeptides. In particular, the invention
relates in part to antibodies or antigen-binding fragments thereof which bind specifically to
conformational epitopes on the extracellular domain of PSMA, multimeric forms of PSMA
proteins, antibodies that selectively bind to the multimers, and compositions containing such

antibodies or multimers.

Background of the Invention

Prostate cancer is the most prevalent type of cancer and the second leading cause of
death from cancer in American men, with an estimated 179,000 cases and 37,000 deaths in
1999, (Landis, S.H. et al. CA Cancer J. Clin. 48:6-29 (1998)). The number of men diagnosed
with prostate cancer is steadily increasing as a result of the increasing population of older
men as wéll as a greater awareness of the disease leading to its earlier diagnosis (Parker et al.,
1997, CA Cancer J. Clin. 47:5-280). The life time risk for men developing prostate cancer is
about 1 in 5 for Caucasians, 1 in 6 for African Americans. High risk groups are represented
by those with a positive family history of prostate cancer or African Americans.

Over a lifetime, more than 2/3 of the men diagnosed with prostate cancer die of the
disease (Wingo et al., 1996, CA Cancer J. Clin. 46:113-25). Moreover, many patients who
do not succumb to prostate cancer require continuous treatment to ameliorate symptoms such
as pain, bleeding and urinary obstruction. Thus, prostate cancer also represents a major cause
of suffering and increased health care expenditures.

Where prostate cancer is localized and the patient's life expectancy is 10 years or

more, radical prostatectomy offers the best chance for eradication of the disease.
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Historically, the drawback of this procedure is that most cancers had spread beyond the
bounds of the operation by the time they were detected. Patients with bulky, high-grade
tumors are less likely to be successfully treated by radical prostatectomy.

Radiation therapy has also been widely used as an alternative to radical
prostatectomy. Patients generally treated by radiation therapy are those who are older and less
healthy and those with higher-grade, more clinically advanced tumors. Particularly preferred
procedures are external-beam therapy which involves three dimensional, confocal radiation
therapy where the field of radiation is designed to conform to the volume of tissue treated,
interstitial-radiation therapy where seeds of radioactive compounds are implanted using
ultrasound guidance; and a combination of external-beam therapy and interstitial-radiation
therapy.

For treatment of patients with locally advanced disease, hormonal therapy before or
following radical prostatectomy or radiation therapy has been utilized. Hormonal therapy is
the main form of treating men with disseminated prostate cancer. Orchiectomy reduces
serum testosterone concentrations, while estrogen treatment is similarly beneficial..
Diethylstilbestrol from estrogen is another useful hormonal therapy which has a disadvantage -
of causing cardiovascular toxicity. When gonadotropin-releasing hormone agonists are -
administered testosterone concentrations are ultimately reduced. Flutamide and other
nonsteroidal, anti-androgen agents block binding of testosterone to its intracellular receptors.
As aresult, it blocks the effect of testosterone, increasing serum testosterone concentrations
and allows patients to remain potent--a significant problem after radical prostatectomy and
radiation treatments.

Cytotoxic chemotherapy is largely ineffective in treating prostate cancer. Its toxicity
makes such therapy unsuitable for elderly patients. In addition, prostate cancer is relatively
resistant to cytotoxic agents.

Relapsed or more advanced disease is also treated with anti-androgen therapy.
Unfortunately, almost all tumors become hormone-resistant and progress rapidly in the
absence of any effective therapy.

Accordingly, there is a need for effective therapeutics for prostate cancer which are
not overwhelmingly toxic to normal tissues of a patient, and which are effective in selectively

eliminating prostate cancer cells.
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Summary of the Invention

The present invention relates to antibodies or antigen-binding fragments thereof
which specifically bind the extracellular domain of prostate specific membrane antigen
(PSMA), compositions containing one or a combination of such antibodies or antigen-binding
fragments thereof, hybridoma cell lines that produce the antibodies, and methods of using the
antibodies or antigen-binding fragments thereof for cancer diagnosis and treatment.

According to one aspect of the invention, isolated antibodies or an antigen-binding
fragments thereof are provided. The antibodies or fragments thereof specifically bind to an
extracellular domain of prostate specific membrane antigen (PSMA), and competitively
inhibit the specific binding of a second antibody to its target epitope on PSMA. In a second
aspect of the invention, isolated antibodies or antigen-binding fragments thereof are provided
which specifically bind to an epitope on prostate specific membrane antigen (PSMA) defined
by a second antibody. In each of the forgoing aspects of the invention, the second antibody is
selected from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA
5.4, PSMA 7.1, PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, ‘
Abgenix 4.248.2, Abgenix 4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix
4.16.1, Abgenix 4.22.3, Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1,
Abgenix 4.209.3, Abgenix 4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1,
Abgenix 4.153.1, Abgenix 4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1,
Abgenix 4.152.1, and antibodies comprising (a) a heavy chain encoded by a nucleic acid
molecule comprising the coding region or regions of a nucleotide sequence selected from the
group consisting of nucleotide sequences set forth as SEQ ID NOs: 2-7, and (b) a light chain
encoded by a nucleic acid molecule comprising the coding region or regions of a nucleotide
sequence selected from the group consisting of nucleotide sequences set forth as SEQ ID
NOs: 8-13.

In certain embodiments, the antibody or antigen-binding fragment thereof is selected
from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11 PSMA 5 4,
PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, Abgenix 4.248.2,
Abgenix 4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix
4.22.3, Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3,
Abgenix 4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1,
Abgenix 4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, and Abgenix 4.152.1.
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In other embodiments, the antibody or antigen-binding fragment thereof is selected from the
group consisting of antibodies comprising (a) a heavy chain encoded by a nucleic acid
molecule comprising the coding region or regions of a nucleotide sequence selected from the
group consisting of nucleotide sequences set forth as SEQ ID NOs: 2-7, and (b) a light chain
encoded by a nucleic acid molecule comprising the coding region or regions of a nucleotide
sequence selected from the group consisting of nucleotide sequences set forth as SEQ ID
NOs: 8-13, and antigen-binding fragments thereof.

In further embodiments, the antibody or antigen-binding fragments thereof is encoded
by a nucleic acid molecule comprising a nucleotide sequence that is at least about 90%
identical to the nucleotide sequence encoding the foregoing antibodies, preferably at least
about 95% identical, more preferably at least about 97% identical, still more preferably at
least about 98% identical, and most preferably is at least about 99% identical.

In some embodiments of the foregoing aspects, antigen-binding fragments of the
isolated antibodies are provided. The antigen-binding fragments include (a) a heavy chain
variable region encoded by a nucleic acid molecule comprising the coding regions or regions
of a nucleotide sequence selected from the group consisting of nucleotide sequences set forth
as: SEQ ID NOs: 14, 18, 22, 26 and 30, and (b) a light chain variable region encoded by a
nucleic acid molecule comprising the coding region or region of a nucleotide sequence
selected from the group consisting of nucleotide sequences set forth as: SEQ ID NOs: 16, 20,
24,28 and 32. In other embodiments, the antigen-binding fragment includes (a) a heavy
chain variable region comprising an amino acid sequence selected from the group consisting
of amino acid sequences set forth as: SEQ ID NOs: 15, 19, 23, 27 and 31, and (b) a light
chain variable region comprising an amino acid sequence selected from the group consisting
of nucleotide sequences set forth as: SEQ ID NOs: 17, 21, 25, 29 and 33.

In a further embodiments of the invention, isolated antigen-binding fragments of
antibodies, which include a CDR of the foregoing antigen-binding fragments are provided.
Preferably the CDR is CDR3.

According another aspect of the invention, expression vectors including an isolated
nucleic acid molecule encoding the foregoing isolated antibodies or antigen-binding
fragments is provided. Host cells transformed or transfected by these expression vectors also

are provided.
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In certain embodiments, the antibody or antigen-binding fragment thereof is selected
for its ability to bind live cells, such as a tumor cell or a prostate cell, preferably LNCaP cells.
In other embodiments, the antibody or antigen-binding fragment thereof mediates cytolysis of
cells expressing PSMA. Preferably cytolysis of cells expressing PSMA is mediated by
effector cells or is complement mediated in the presence of effector cells.

In other embodiments, the antibody or antigen-binding fragment thereof inhibits the
growth of cells expressing PSMA. Preferably the antibody or antigen-binding fragment
thereof does not require cell lysis to bind to the extracellular domain of PSMA.

In further embodiments, the antibody or antigen-binding fragment thereof is selected
from the group consisting of IgG1, IgG2, IgG3, IgG4, IgM, IgA1, IgA2, IgAsec, IgD, IgE or
has immunoglobulin constant and/or variable domain of IgG1, IgG2, 1gG3, IgG4, IgM, IgAl,
IgA2, IgAsec, IgD or IgE. In other embodiments, the antibody is a bispecific or multispecific
antibody.

In still other embodiments, the antibody is a recombinant antibody, a polyclonal
antibody, a monoclonal antibody, a humanized antibody or a chimeric antibody, or a mixture
of these. In particularly preferred embodiments, the antibody is a human antibody, e.g., a
monoclonal antibody, polyclonal antibody or a mixture of monoclonal and polyclonal
antibodies. In still other embodiments, the antibody is a bispecific or multispecific antibody.

Preferred antigen-binding fragments include a Fab fragment, a F(ab'), fragment, and a
Fv fragment CDR3.

In further embodiments, the isolated antibody or antigen-binding fragment is a
monoclonal antibody produced by a hybridoma cell line selected from the group consisting of
PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258), PSMA 3.11 (PTA-3269), PSMA
5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-3293), PSMA 10.3 (PTA-3247),
PSMA 1.8.3 (PTA-3906), PSMA A3.1.3 (PTA-3904), PSMA A3.3.1 (PTA-3905), Abgenix
4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428), Abgenix 4.7.1 (PTA-4429), Abgenix
4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557), Abgenix 4.16.1 (PTA-4357), Abgenix
4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359), Abgenix 4.40.2 (PTA-4360), Abgenix
4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362), Abgenix 4.209.3 (PTA-4365), Abgenix
4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367), Abgenix 4.333.1 (PTA-4368), Abgenix
4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388), Abgenix 4.232.3 (PTA-4389), Abgenix
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4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391), Abgenix 4.78.1 (PTA-4652), and
Abgenix 4.152.1(PTA-4653).

In certain other embodiments, the antibody or antigen-binding fragment thereof binds
to a conformational epitope and/or is internalized into a cell along with the prostate specific
membrane antigen. In other embodiments, the isolated antibody or antigen-binding fragment
thereof is bound to a label, preferably one selected from the group consisting of a fluorescent
label, an enzyme label, a radioactive label, a nuclear magnetic resonance active label, a
luminescent label, and a chromophore label.

In still other embodiments, the isolated antibody or antigen-binding fragment thereof
is bound to at least one therapeutic moiety, such as a drug, preferably a cytotoxic drug, a
replication-selective virus, a toxin or a fragment thereof, or an enzyme or a fragment thereof.
Preferred cytotoxic drug include: calicheamicin, esperamicin, methotrexate, doxorubicin,
melphalan, chlorambucil, ARA-C, vindesine, mitomycin C, cis-platinum, etoposide,
bleomycin, 5-fluorouracil, estramustine, vincristine, etoposide, doxorubicin, paclitaxel,
docetaxel, dolastatin 10, auristatin E and auristatin PHE. In other embodiments, the
therapeutic moiety is an immunostimulatory or immunomodulating agent, preferably one
selected from the group consisting of: a cytokine, chemokine and adjuvant.

In some embodiments, the antibodies or antigen-binding fragments of the invention
specifically bind cell-surface PSMA and/or rsPSMA with a binding affinity of about 1 X
10°M or less. Preferably, the binding affinity is about 1 X 10™°M or less, more preferably
the binding affinity is about 1 X 10'M or less. In other embodiments the binding affinity is
less than about 5 X 107%M.

In additional embodiments, the antibodies or antigen-binding fragments of the
invention mediate specific cell killing of PSMA-expressing cells with an ICsqs of less than
about 1 X 107"°M. Preferably the ICss is less than about 1 X 10"'M. More preferably the
ICsps is less than about 1 X 10"°M. In other embodiments the ICsps is less than about 1.5 X
10M.

In yet other embodiments, the isolated antibody or antigen-binding fragment thereof is
bound to a radioisotope. The radioisotope can emit o radiations, B radiations, or y radiations.
Preferably the radioisotope is selected from the group consisting of **°Ac, *'' At, 21Bj, 21°B;,

212 224
186Rh, 188Rh, 177Lu, 90Y, 1311, 67Cu, 125I, 1231, 77Br, 153Sm, 166H0, 64Cu’ Pb’ Ra and 223Ra.
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According to another aspect of the invention, hybridoma cell lines are provided that
produce an antibody selected from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9,
PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3,
PSMA A3.3.1, Abgenix 4.248.2, Abgenix 4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix
4.177.3, Abgenix 4.16.1, Abgenix 4.22.3, Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3,
Abgenix 4.49.1, Abgenix 4.209.3, Abgenix 4.219.3, Abgenix 4.288.1, Abgenix 4.333.1,
Abgenix 4.54.1, Abgenix 4.153.1, Abgenix 4.232.3, Abgenix 4.292.3, Abgenix 4.304.1,
Abgenix 4.78.1 and Abgenix 4.152.1. In some embodiments, the hybridoma cell line is
selected from the group consisting of PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-
3258), PSMA 3.11 (PTA-3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3
(PTA-3293), PSMA 10.3 (PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA A3.1.3 (PTA-
3904), PSMA A3.3.1 (PTA-3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-
4428), Abgenix 4.7.1 (PTA-4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557),
Abgenix 4.16.1 (PTA-4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359),
Abgenix 4.40.2 (PTA-4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362),
Abgenix 4.209.3 (PTA-4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367),
Abgenix 4.333.1 (PTA-4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388),
Abgenix 4.232.3 (PTA-4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391),
Abgenix 4.78.1 (PTA-4652), and Abgenix 4.152.1(PTA-4653).

According to a further aspect of the invention, compositions are provided that include
the foregoing antibodies or antigen-binding fragments thereof and a pharmaceutically
acceptable carrier, excipient, or stabilizer. Other compositions include a combination of two
or more of the foregoing antibodies or antigen-binding fragments thereof and a
pharmaceutically acceptable carrier, excipient, or stabilizer. In some embodiments, the
compositions also include an antitumor agent, an immunostimulatory agent, an
immoﬁodulator, or a combination thereof. Preferred antitumor agents include a cytotoxic
agent, an agent that acts on tumor neovasculature, or a combination thereof. Preferred
immunomodulators include a~interferon, y-interferon, tumor necrosis factor-o or a
combination thereof. Preferred immunostimulatory agents include interleukin-2,
immunostimulatory oligonucleotides, or a combination thereof.

According to another aspect of the invention, kits for detecting prostate cancer for

diagnosis, prognosis or monitoring are provided. The kits include the foregoing isolated
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labeled antibody or antigen-binding fragment thereof, and one or more compounds for
detecting the label. Preferably the label is selected from the group consisting of a fluorescent
label, an enzyme label, a radioactive label, a nuclear magnetic resonance active label, a
luminescent label, and a chromophore label.

The invention in another aspect provides one or more of the foregoing isolated
antibodies or antigen-binding fragments thereof packaged in lyophilized form, or packaged in
an aqueous medium. ’

In another aspect of the invention, methods for detecting the presence of PSMA, or a
cell expressing PSMA, in a sample are provided. The methods include contacting the sample
with any of the foregoing antibodies or antigen-binding fragments thereof which specifically
bind to an ext\racellular domain of PSMA, for a time sufficient to allow the formation of a
complex between the antibody or antigen-binding fragment thereof and PSMA, and detecting
the PSMA-antibody complex or PSMA-antigen-binding fragment complex. The presence of -
a complex in the sample is indicative of the presence in the sample of PSMA or a cell
expressing PSMA.

In another aspect, the invention provides other methods for diagnosing a PSMA-
mediated disease in a subject. The methods include administering to a subject suspected of
having or previously diagnosed with PSMA-mediated disease an amount of any of the
foregoing antibodies or antigen-binding fragments thereof which specifically bind to an
extracellular domain of prostate specific membrane antigen. The method also includes
allowing the formation of a complex between the antibody or antigen-binding fragment
thereof and PSMA, and detecting the formation of the PSMA-antibody complex or PSMA-
antigen-binding fragment antibody complex to the target epitope. The presence of a complex
in the subject suspected of having or previously diagnosed with prostate cancer is indicative
of the presence of a PSMA-mediated disease.

In certain embodiments of the methods, the PSMA-mediated disease is prostate
cancer. In other embodiments, the PSMA-mediated disease is a non-prostate cancer, such as
those selected from the group consisting of bladder cancer including transitional cell
carcinoma; pancreatic cancer including pancreatic duct carcinoma; lung cancer including
non-small cell lung carcinoma; kidney cancer including conventional renal cell carcinoma; -
sarcoma including soft tissue sarcoma; breast cancer including breast carcinoma; brain cancer

including glioblastoma multiforme; neuroendocrine carcinoma; colon cancer including
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colonic carcinoma; testicular cancer including testicular embryonal carcinoma; and
melanoma including malignant melanoma.

In preferred embodiments of the foregoing methods, the antibody or antigen-binding
fragment thereof is labeled. In other embodiments of the foregoing methods, a second
antibody is administered to detect the first antibody or antigen-binding fragment thereof.

In a further aspect of the invention, methods for assessing the prognosis of a subject
with a PSMA-mediated disease are provided. The methods include administering to a subject
suspected of having or previously diagnosed with PSMA-mediated disease an effective
amount of an antibody or antigen-binding fragment thereof according to claim Al or B1,
allowing the formation of a complex between the antibody or antigen-binding fragment
thereof and PSMA, and detecting the formation of the complex to the target epitope. The
amount of the complex in the subject suspected of having or previously diagnosed with
PSMA-mediated disease is indicative of the prognosis.

In another aspect of the invention, methods for assessing the effectiveness of a
treatment of a subject with a PSMA-mediated disease are provided. The methods include
administering to a subject suspected treated for a PSMA-mediated disease an effective
amount of the foregoing antibodies or antigen-binding fragments thereof, allowing the
formation of a complex between the antibody or antigen-binding fragment thereof and
PSMA, and detecting the formation of the complex to the target epitope. The amount of the
complex in the subject suspected of having or previously diagnosed with PSMA-mediated
disease is indicative of the effectiveness of the treatment.

In certain embodiments of these two aspects of the invention, the PSMA-mediated
disease is prostate cancer. In other embodiments, the PSMA-mediated disease is a non-
prostate cancer. In those embodiments, the non-prostate cancer preferably is selected from
the group consisting of bladder cancer including transitional cell carcinoma; pancreatic
cancer including pancreatic duct carcinoma; lung cancer including non-small cell lung
carcinoma; kidney cancer including conventional renal cell carcinoma; sarcoma including
soft tissue sarcoma; breast cancer including breast carcinoma; brain cancer including
glioblastoma multiforme; neuroendocrine carcinoma; colon cancer including colonic
carcinomay testicular cancer including testicular embryonal carcinoma; and melanoma

including malignant melanoma. In still other embodiments, the antibody or antigen-binding
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fragment thereof is labeled. In further embodiments, a second antibody is administered to
detect the first antibody or antigen-binding fragment thereof.

According to yet another aspect of the invention, methods for inhibiting the growth of
a cell expressing PSMA are provided. The methods include contacting a cell expressing
PSMA with an amount of at least one of the foregoing antibodies or antigen-binding
fragments thereof which specifically binds to an extracellular domain of PSMA effective to
inhibit the growth of the cell expressing PSMA.

According to another aspect of the invention, methods for inducing cytolysis of a cell
expressing PSMA are provided. The methods include contacting a cell expressing PSMA
with an amount of at least one of the foregoing antibodies or antigen-binding fragments
thereof which specifically binds to an extracellular domain of PSMA effective to induce
cytolysis of the cell expressing PSMA. In certain embodiments, the cytolysis occurs in the
presence of an effector cell. In other embodiments, the cytolysis is complement mediated.

According to still another aspect of the invention, methods for treating or preventing a
PSMA-mediated disease are provided. The methods include administering to a subject
having a PSMA-mediated disease an effective amount of at least one of the forgoing
antibodies or antigen-binding fragments thereof to treat or prevent the PSMA-mediated
disease. In some embodiments, the PSMA-mediated disease is a cancer, such as prostate
cancer or a non-prostate cancer (including the nonprostate cancers described elsewhere
herein).

In yet a further aspect of the invention, methods for treating or preventing a PSMA-
mediated disease are provided. The methods include administering to a subject having a
PSMA-mediated disease or at risk of having a PSMA-mediated disease an amount of at least
one of the foregoing antibodies or antigen-binding fragments thereof effective to treat or
prevent the PSMA-mediated disease.

In some embodiments, the PSMA-mediated disease is a cancer, such as prostate
cancer or a non-prostate cancer (including the nonprostate cancers described elsewhere
herein).

In other embodiments, the method also includes administering another therapeutic
agent to treat or prevent the PSMA-mediated disease at any time before, during or after the

administration of the antibody or antigen-binding fragment thereof. In some of these
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embodiments, the therapeutic agent is a vaccine, and preferably the vaccine immunizes the
subject against PSMA.

In still other embodiments, the antibody or antigen-binding fragment thereof is bound
to at least one therapeutic moiety, preferably a cytotoxic drug, a drug which acts on the tumor
neovasculature and combinations thereof. Preferred cytotoxic drugs are selected from the
group consisting of: calicheamicin, esperamicin, methotrexate, doxorubicin, melphalan,
chlorambucil, ARA-C, vindesine, mitomycin C, cis-platinum, etoposide, bleomycin, 5-
fluorouracil, estramustine, vincristine, etoposide, doxorubicin, paclitaxel, docetaxel,
dolastatin 10, auristatin E and auristatin PHE.

In other embodiments, the antibody or antigen-binding fragment thereof is bound to a
radioisotope and the radiations emitted by the radioisotope is selected from the group
consisting of a, B and vy radiations. Preferably, the radioisotope is selected from the group
consisting of 2 Ac, 2 At, 22Bj, 2*Bi, 1%6Rn, ¥R, "Ly, °°Y, UL, 'y, 12, 23, =1
13gm. 166F1o, 4Cuy, 22Pb, *Ra and 2 Ra.

The present invention provides methods for modulating at least one enzymatic
activity of PSMA. As used in preferred embodiments of the methods, “modulating” an
enzymatic activity of PSMA means enhancing or inhibiting the enzymatic activity. Thus in
certain aspects of the invention, methods for inhibiting an enzymatic activity of PSMA are
provided, and in other aspects of the invention, methods for enhancing an enzymatic activity
of PSMA are provided. The terms “enhancing’ and “inhibiting” in this context indicate that
the enzymatic activity of PSMA is enhanced or inhibited in the presence of an antibody that
specifically binds PSMA, or antigen-binding fragment thereof, relative to the level of activity
in the absence of such an antibody or antigen-binding fragment thereof. Enzymatic activities
of PSMA include folate hydrolase activity, N-acetylated o-linked acidic dipeptidase
(NAALADase) activity, dipeptidyl dipeptidase IV activity and y-glutamyl hydrolase activity.

Thus the invention in another aspect provides methods for modulating folate
hydrolase activity. In certain embodiments of these methods, the activity is inhibited and in
other embodiments, the activity is enhanced. The methods include contacting a folate
hydrolase polypeptide with an amount of the foregoing isolated antibody or antigen-binding
fragment thereof, under conditions wherein the isolated antibody or antigen-binding fragment
thereof modulates the folate hydrolase activity. The folate hydrolase polypeptide can be

isolated, contained in a sample such as a cell, a cell homogenate, a tissue, or a tissue
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homogenate, or contained in an organism. The organism preferably is an animal, particularly
preferably a mammal.

In another aspect of the invention, methods for modulating N-acetylated o-linked
acidic dipeptidase (NAALADase) activity are provided. In certain embodiments of these
methods, the activity is inhibited and in other embodiments, the activity is enhanced. The
methods include contacting a NAALADase polypeptide with an amount of the foregoing
isolated antibody or antigen-binding fragment thereof under conditions wherein the isolated
antibody or antigen-binding fragment thereof modulates NAALADase activity. The
NAATLADase polypeptide can be isolated, contained in a sample such as a cell, a cell
homogenate, a tissue, or a tissue homogenate, or contained in an organism. The organism
preferably is an animal, particularly preferably a mammal.

In yet another aspect of the invention, methods for modulating dipeptidyl dipeptidase
IV activity are provided. In certain embodiments of these methods, the activity is inhibited
and in other embodiments, the activity is enhanced. The methods include contacting a
dipeptidyl dipeptidase IV polypeptide with an amount of the foregoing isolated antibody or
antigen-binding fragment thereof under conditions wherein the isolated antibody or antigen- .
binding fragment thereof modulates dipeptidyl dipeptidase IV activity. The dipeptidyl
dipeptidase IV polypeptide can be isolated, contained in a sample such as a cell, a cell
homogenate, a tissue, or a tissue homogenate, or contained in an organism. The organism
preferably is an animal, particularly preferably a mammal.

In yet another aspect of the invention, methods for modulating y-glutamyl hydrolase
activity are provided. In certain embodiments of these methods, the activity is inhibited and
in other embodiments, the activity is enhanced. The methods include contacting a y-glutamyl
hydrolase polypeptide with an amount of the foregoing isolated antibody or antigen-binding
fragment thereof under conditions wherein the isolated antibody or antigen-binding fragment
thereof modulates y-glutamyl hydrolase activity. The y-glutamyl hydrolase polypeptide can
be isolated, contained in a sample such as a cell, a cell homogenate, a tissue, or a tissue
homogenate, or contained in an organism. The organism preferably is an animal, particularly
preferably a mammal.

Methods of specific delivery of at least one therapeutic agent to PSMA-expressing
cells are provided according to another aspect of the invention. The methods include

administering an effective amount of at least one of the foregoing antibodies or antigen-
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binding fragments thereof conjugated to the at least one therapeutic agent. In some
embodiments, the therapeutic agent is a nucleic acid molecule, an antitumor drug, a toxin or a
fragment thereof, an enzyme or a fragment thereof, a replication-selective virus, or an
immunostimulatory or immunomodulating agent. Preferred antitumor drugs include
cytotoxic drugs, drugs which act on the tumor neovasculature and combinations thereof.
Preferred cytotoxic drugs include calicheamicin, esperamicin, methotrexate, doxorubicin,
melphalan, chlorambucil, ARA-C, vindesine, mitomycin C, cis-platinum, etoposide,
bleomycin, 5-fluorouracil, estramustine, vincristine, etoposide, doxorubicin, paclitaxel,
docetaxel, dolastatin 10, auristatin E and auristatin PHE. Preferred immunostimulatory or
immunomodulating agent included cytokines, chemokines and adjuvants.

In still another aspect of the invention, isolated antibodies that selectively bind a
PSMA protein multimer are provided. In preferred embodiments, the PSMA protein
multimer is a dimer, and preferably at least one of the PSMA proteins forming the multimer
is a recombinant, soluble PSMA (rsPSMA) polypeptide. Preferably the rsPSMA polypeptide
consists essentially of amino acids 44-750 of SEQ ID NO:1.

In a further aspect of the invention, isolated antibodies are provided that selectively

- bind a PSMA protein multimer and modulate one or more enzymatic activities of the PSMA

protein multimer. As used in preferred embodiments of this aspect of the invention,
“modulating” an enzymatic activity of a PSMA multimer means enhancing or inhibiting the
enzymatic activity. Thus in certain aspects of the invention, antibodies that inhibit an
enzymatic activity of PSMA multimers are provided, and in other aspects of the invention,
antibodies that inhibit an enzymatic activity of PSMA multimers are provided. The terms
“enhancing’ and “inhibiting” in this context indicate that the enzymatic activity of a PSMA
multimer is enhanced or inhibited in the presence of an antibody that specifically binds the
PSMA multimers, or antigen-binding fragment thereof, relative to the level of activity in the
absence of such an antibody or antigen-binding fragment thereof. In some embodiments, the
enzymatic activity is selected from the group consisting of folate hydrolase activity,
NAALADase activity, dipeptidyl dipeptidase IV activity and y-glutamyl hydrolase activity.
In other embodiments, the enzymatic activity is in the extracellular domain of the PSMA
molecule. In still other embodiments, the antibody or antigen-binding fragment thereof

specifically binds to an extracellular domain of PSMA.
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In a further aspect, an isolated antibody or antigen-binding fragment thereof is
provided that selectively binds a PSMA protein multimer. In this aspect, the isolated
antibody is raised by immunizing an animal with a preparation comprising a PSMA protein
multimer. Preferred preparations used in raising the antibody include those having at least
about 10%, 20%, 30%, 40%, 50%, 75%, 90%, or 95% PSMA protein multimer. Preferably
the PSMA protein multimer is a dimer.

In yet another aspect of the invention, compositions are provided that include one or
more of the foregoing isolated antibodies, and an immunostimulatory molecule, such as an
adjuvant and/or and a cytokine. Preferably the immunostimulatory molecule is IL-2 or an
immunostimulatory oligonucleotide. In certain embodiments, the foregoing compositions
also include a pharmaceutically-acceptable carrier.

The invention also includes methods for inducing an immune response, including
administering to a subject in need of such treatment an effective amount of the foregoing
isolated antibodies or compositions.

The invention provides, in another aspect, isolated antibodies or antigen-binding
fragments thereof that selectively bind a PSMA protein multimer and modulate at least one
enzymatic activity of PSMA. As used in preferred embodiments of this aspect of the
invention, “modulating” an enzymatic activity of a PSMA means enhancing or inhibiting the
enzymatic activity. Thus in certain aspects of the invention, antibodies that inhibit an
enzymatic activity of PSMA are provided, and in other aspects of the invention, antibodies
that inhibit an enzymatic activity of PSMA are provided. The terms “enhancing’ and
“inhibiting” in this context indicate that the enzymatic activity of PSMA is enhanced or
inhibited in the presence of an antibody that specifically binds PSMA, or antigen-binding
fragment thereof, relative to the level of activity in the absence of such an antibody or
antigen-binding fragment thereof. The enzyme, in certain embodiments, is selected from the
group consisting of hydrolases and peptidases. Preferred hydrolases include folate hydrolase
and y-glutamyl hydrolase. In a particularly preferred embodiment of PSMA inhibition, the
hydrolase is folate hydrolase and the antibody is mAb 5.4 or mAb 3.9. Preferred peptidases
include NAAT ADase and dipeptidyl dipeptidase IV. In some embodiments, the enzyme is
active in cancer cells and has lesser activity in normal cells than in cancer cells or, preferably,
no activity in normal cells. In preferred embodiments, the cancer cells in which the enzyme

is active are prostate cancer cells. Compositions including the foregoing isolated antibodies
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or antigen-binding fragments thereof, and a pharmaceutically acceptable carrier, also are
provided by the invention.

In another aspect of the invention, compositions are provided that include an isolated
PSMA protein multimer. Preferably the PSMA protein multimer is a dimer. In certain
embodiments, the compositions include at least about 10%, 20%, 30%, 40%, 50%, 75%,
90%, or 95% PSMA protein multimer. In other embodiments, the PSMA protein multimer
comprises noncovalently associated PSMA proteins. The PSMA proteins preferably are
noncovalently associated under nondenaturing conditions.

In certain embodiments of the foregoing compositions, at least one of the PSMA
proteins forming the multimer is a recombinant, soluble PSMA (rsPSMA) polypeptide. In
other embodiments, the PSMA protein multimer is reactive with a conformation-specific
antibody that specifically recognizes PSMA. Preferably, the PSMA protein multimer
comprises PSMA proteins in a native conformation and/or the PSMA multimer is
enzymatically active. In preferred embodiments, the enzymatic activity is folate hydrolase
activity, NAALADase activity, dipeptidyl dipeptidase IV activity and/or y-glutamyl
hydrolase activity.

In still other embodiments, the foregoing compositions also include an adjuvant
and/or a cytokine or other immunostimulatory molecule. Preferred cytokines include IL-2,
IL-12, TL-18 and GM-CSF. In further embodiments, the foregoing compositions also include
a pharmaceutically acceptable carrier.

According to yet another aspect of the invention, methods for inducing an immune
response are provided. The methods include administering to a subject in need of such
treatment an effective amount of one or more of the foregoing compositions.

In a further aspect, the invention includes isolated recombinant soluble PSMA
(rsPSMA) protein multimers, and isolated rsPSMA protein dimers. In some embodiments,
the dimer includes noncovalently associated rsPSMA proteins, and preferably the rsPSMA
proteins are noncovalently associated under nondenaturing conditions. In other
embodiments, the isolated rsPSMA dimer is reactive with a conformation-specific antibody
that specifically recognizes PSMA.

In a certain preferred embodiment, the isolated rsPSMA dimer is enzymatically

active, with the enzymatic activity selected from the group consisting of folate hydrolase
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activity, NAALADase activity, dipeptidy! dipeptidase IV activity and y-glutamyl hydrolase
activity.

In still another aspect of the invention, methods of screening for a candidate agent that
modulates at least one enzymatic activity of a PSMA enzyme are provided. As used in
preferred embodiments of the methods, “modulating” an enzymatic activity of PSMA means
enhancing or inhibiting the enzymatic activity. Thus in certain aspects of the invention,
methods for screening for a candidate agent that inhibits an enzymatic activity of PSMA are
provided, and in other aspects of the invention, methods for screening for a candidate agent
that enhances an enzymatic activity of PSMA are provided. The terms “enhancing” and
“inhibiting” in this context indicate that the enzymatic activity of PSMA is enhanced or
inhibited in the presence of a candidate agent relative to the level of activity in the absence of
such an agent. The methods include mixing the candidate agent with an isolated PSMA
protein multimer to form a reaction mixture, followed by adding a substrate for the PSMA
enzyme to the reaction mixture, and determining the amount of a product formed from the
substrate by the PSMA enzyme. A change in the amount of product formed in comparison to
a control is indicative of an agent capable of modulating at least one enzymatic activity of the
PSMA enzyme. A decrease in the amount of product formed in comparison to a control is
indicative of an agent capable of inhibiting at least one enzymatic activity of the PSMA
enzyme. An increase in the amount of product formed in comparison to a control is
indicative of an agent capable of enhancing at least one enzymatic activity of the PSMA
enzyme. In some embodiments the PSMA enzyme is selected from the group consisting of
NAALADase, folate hydrolase, dipeptidyl dipeptidase IV and y-glutamyl hydrolase. In other
embodiments the PSMA multimer comprises recombinant, soluble PSMA. In yet other
embodiments the candidate agent is selected from the group consisting of an antibody, a
small organic compound, or a peptide.

In another aspect of the invention, candidate agents that modulate at least one
enzymatic activity of PSMA are provided. The candidate agents are identified according to
the foregoing methods. Thus in certain aspects of the invention, candidate agents that inhibit
an enzymatic activity of PSMA are provided, and in other aspects of the invention, candidate
agents that enhance an enzymatic activity of PSMA are provided. In certain embodiments,
the agent is selected from a combinatorial antibody library, a combinatorial protein library, or

a small organic molecule library.
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The invention also provides methods for identifying compounds that promote
dissociation of PSMA dimers. The methods include contacting a PSMA dimer with a
compound under conditions that do not promote dissociation of the PSMA dimer in the
absence of the compound, measuring the amount of PSMA monomer and/or dimer; and
comparing the amount of PSMA monomer and/or dimer measured in the presence of the
compound with that observed in the absence of the compound. An increase in the amount of
PSMA monomer measured in the presence of the compound indicates that the compound is
capable of promoting dissociation of the PSMA dimer. A decrease in the amount of PSMA
dimer measured in the presence of the compound indicates that the compound is capable of
promoting dissociation of the PSMA dimer. When the amounts of PSMA monomer and
PSMA dimer are measured, the methods can include calculating a ratio of PSMA monomer
to PSMA dimer and comparing the ratio obtained in the presence of the compound with that
obtained in the absence of the compound. In such methods, an increase in the ratio measured
in the presence of the compound indicates that the compound is capable of promoting
dissociation of the PSMA dimer.

The use of the foregoing compositions, molecules and agents in the preparation of
medicaments also is provided. In preferred embodiments, the medicaments are useful in the
treatment of conditions related to hyperproliferative diseases including cancer, and diseases
of inappropriate NAALADase activity, folate hydrolase activity, dipeptidy! dipeptidase IV
activity and/or y-glutamyl hydrolase activity.

These and other aspects of the invention will be described in further detail in

connection with the detailed description of the invention.

Brief Description of the Drawings

Figure 1 depicts PSMA reactivity of mAbs as determined by flow cytometry. Anti-
PSMA mAbs (3.7, 3.9,3.11,3.12, 5.4, and 10.3) incubated with either parental 3T3 cells
(denoted by black lines) or 3T3 cells engineered to express cell-surface PSMA (3T3-PSMA;
gray lines).

Figure 2 shows a digitized image of immunoprecipitation of PSMA by mAbs.
Lysates from 3T3-PSMA cells or parental 3T3 cells were incubated with each mAb and then

precipitated using Protein A/G agarose beads. After washing, proteins were resolved on a
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polyacrylamide gel, blotted onto nitrocellulose membranes and visualized using the MAB544
anti-PSMA mAb.

Figure 3 shows the recognition of non-denatured PSMA by several PSMA antibodies
that recognize PSMA conformation.

Figure 4 is a digitized image of a Western blot that shows the recognition of
denatured PSMA by two PSMA antibodies and shows that antibodies that recognize PSMA
conformation do not recognize denatured PSMA.

Figure 5 is a digitized image of a polyacrylamide gel that shows an analysis of
purified recombinant, soluble PSMA (rsPSMA) and of full-length PSMA from 37T3 cells
(3T3 PSMA) or LNCaP cells (LNCaP PSMA) by reduced and non-reduced SDS-PAGE.

Figure 6 is a digitized image of a polyacrylamide gel that depicts a Blue Native PAGE
analysis of purified recombinant, soluble PSMA (Purified rsPSMA) and of full-length PSMA
extracted from 3T3 cells (3T3 PSMA) or LNCaP cells (LNCaP PSMA).

Figure 7 shows the effect of four antibodies (mAb 3.9, mAb 5.4, mAb 7.3 and mAb
J591) on the enzymatic activity of folate hydrolase through measuring the rate of cleavage of
glutamate from methotrexate di-gamma glutamate by folate hydrolase present in 0.0002 ug
1sPSMA #7. ) ,

Figure 8 shows the effect of four antibodies (mAb 3.9, mAb/ 5.4, mAb 7.3 and mAb
J591) on the enzymatic activity of folate hydrolase through measuring the rate of cleavage of
glutamate from methotrexate di-gamma glutamate by folate hydrolase present in 0.0002 pg
rsPSMA #8.

Figure 9 shows the effect of four antibodies (mAb 3.9, mAb 5.4, mAb 7.3 and mAb
J591) on the enzymatic activity of folate hydrolase through measuring the rate of cleavage of
glutamate from methotrexate di-gamma glutamate by folate hydrolase present in lysates of
C4-2 cells.

Figure 10 depicts the cloning protocol for IgG1 antibody cloning into pcDNA.

Figure 11 provides the plasmid map of a nucleic acid molecule encoding the heavy
chain of antibody AB-PG1-XG1-006.

Figure 12 provides the plasmid map of a nucleic acid molecule encoding the heavy
chain of antibody AB-PG1-XG1-026.

Figure 13 provides the plasmid map of a nucleic acid molecule encoding the heavy

chain of antibody AB-PG1-XG1-051.
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Figure 14 provides the plasmid map of a nucleic acid molecule encoding the heavy
chain of antibody AB-PG1-XG1-069.

Figure 15 provides the plasmid map of a nucleic acid molecule encoding the heavy
chain of antibody AB-PG1-XG1-077.

Figure 16 provides the plasmid map of a nucleic acid molecule encoding the heavy
chain of antibody PSMA 10.3.

Figure 17 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody AB-PG1-XG1-006.

Figure 18 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody AB-PG1-XG1-026.

Figure 19 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody AB-PG1-XG1-051.

Figure 20 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody AB-PG1-XG1-069.

Figure 21 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody AB-PG1-XG1-077.

Figure 22 provides the plasmid map of a nucleic acid molecule encoding the light
chain of antibody PSMA 10.3.

Figure 23 depicts the cytotoxicity of *>Ac-3.9 on LNCaP target cells.

Figure 24 illustrates the reactivity of anti-PSMA monoclonal antibodies XG-006, XG-
051, 4.40.1, 4.49.1, 4.292.1 and 4.304.1 incubated with either parent 3T3 cells (black
histogram) or 3T3 cells enigineered to express cell-surface human PSMA (grey histogram)
and analyzed by flow cytometry.

Figure 25 illustrates the binding of the anti-PSMA Abs. Figure 25A shows that anti-
PSMA mAbs bind to 3T3-PSMA cells and not 3T3 cells. One representative experiment
from at least ten determinations is shown. Figure 25B illustrates that bihding to cell-surface
PSMA using serial dilutions of anti-PSMA mAb-containing culture supernatants occurred.
One representative experiment from five is shown. Figure 25C shows binding to cell-surface
PSMA using serial dilutions of purified anti-PSMA mAbs, XG-006 and 10.3 One
representative experiment is shown.

Figure 26 illustrates the immunotoxin cytotoxicity of murine anti-PSMA antibodies

on C4-2 prostate cancer cells. SJ25C-1 as a control antibody is a murine anti-CD19 IgG.
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The LD 50s (M) for 5.4, 3.9, and mJ591 antibodies were 2.27 x 10", 2.29 x 10" and 8.82 x
101, respectively.

Figure 27 illustrates the immunotoxin cytotoxicity of murine anti-PSMA antibodies
on PSMA-3T3 cells. SJ25C-1 as a control antibody is a murine anti-CD19 IgG. The LD 50s
(M) for 5.4, 3.9, and mJ591 antibodies were 1.64 x 10", 1.96 x 10! and 8.90 x 10"},
respectively.

Figure 28 provides the cytotoxicity of direct conjugated human 4.304 anti-PSMA
antibodies with saporin on PSMA-3T3. The LD50 was 1.48 x 10! M for direct conjugated
4.304 anti-PSMA antibodies with saporin.

Figure 29 illustrates the results of the competition assay of unmodified 4.304, 4.40,
mJ591 anti-PSMA antibodies used to compete with In-111 radiolabeled 4.40 and 4.304 anti-
PSMA antibodies.

Figure 30 illustrates the results of the competition assay of unmodified 4.304, mJ591
anti-PSMA antibodies used to compete with In-111 radiolabeled mJ591 anti-PSMA
antibodies.

Figure 31 shows an analysis of antibody PRGX1-XG-006 in association phase and
dissociation phase at different concentrations of rsPSMA from 100 nM to 6.25 nM.

Figure 32 shows the results of the comparison of the fully human anti-PSMA-
antibodies 4.40.1, 4.49.1, 051 and 006 and the murine anti-PSMA antibody 3.9 performed
using Biacore analysis.

Figure 33 provides results from the Scatchard analysis using In-111 labeled anti-
PSMA antibody 3.9 of the PSMA-3T3, LNCaP and C4-2 cell lines.

Figure 34 shows in vitro cytotoxicity of Ac-225 labeled human anti-PSMA antibody
4.40 on prostate cancer cells.

Figure 35 shows the results of in vivo radioimmunotherapy with Lu-177 labeled
human anti-PSMA antibodies.

Figure 36 is a series of graphs that show flow cytometry data for the binding of anti-
PSMA antisera to PSMA-3T3 cells. Antisera from mice immunized with a rsPSMA dimer
preparation (ABIM151, ABIM152, ABIM153, ABIM154 and ABIM155) exhibited strong
binding to PSMA-expressing cells. Antisera from mice immunized with a rsPSMA monomer
preparation (ABIM156, ABIM157, ABIM158, ABIM159 and ABIM160) exhibited little or
no binding to PSMA-expressing cells.
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Detailed Description of the Invention

The present invention provides antibodies or antigen-binding fragments thereof which
bind specifically to conformational epitopes on the extracellular domain of PSMA,
compositions containing one or a combination of such antibodies or antigen-binding
fragments thereof, hybridoma cell lines that produce the antibodies, and methods of using the
antibodies or antigen-binding fragments thereof for cancer diagnosis and treatment.

Prostate specific membrane antigen (PSMA) is a 100 kD Type II membrane
glycoprotein expressed in prostate tissues and was originally identified by reactivity with a
monoclonal antibody designated 7E11-C5 (Horoszewicz et al., 1987, Anticancer Res. 7:927-
935; U.S. Pat. No. 5,162,504). PSMA was obtained in purified form (Wright et al., 1990,
Antibody Immunoconjugates and Radio Pharmaceuticals 3:Abstract 193) and characterized
as a type II transmembrane protein having sequence identity with the transferrin receptor
(Israeli et al., 1994, Cancer Res. 54:1807-1811) and with NAALADase activity (Carter et al.,
1996, Proc. Natl. Acad. Sci. U.S.A. 93:749-753). More importantly, PSMA is expressed in
increased amounts in prostate cancer, and elevated levels of PSMA are also detectable in the
sera of these patients (Horoszewicz et al., 1987; Rochon et al., 1994, Prostate 25:219-223;
Murphy et al., 1995, Prostate 26:164-168; and Murphy et al., 1995, Anticancer Res. 15:1473-
1479). PSMA expression increases with disease progression, becoming highest in metastatic,
hormone-refractory disease for which there is no present therapy. Provocative recent data
indicates that PSMA is also abundantly expressed on the neovasculature of a variety of other
important tumors, including bladder, pancreas, sarcoma, melanoma, lung, and kidney tumor
cells, but not on normal vasculature.

One aspect of the invention provides an isolated antibody or an antigen-binding
fragment thereof which specifically binds to an extracellular domain of PSMA wherein the
antibody or the antigen-binding fragment thereof competitively inhibits the specific binding
of a second antibody to its target epitope on PSMA, and wherein the second antibody is
selected from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA
5.4, PSMA 7.1, PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, 4.248.2,
4.360.3,4.7.1,4.4.1,4.177.3, 4.16.1,4.22.3, 4.28.3, 4.40.2, 4.48.3, 4.49.1, 4.209.3, 4.219.3,
4.288.1,4.333.1,4.54.1, 4.153.1, 4.232.3, 4.292.3, 4.304.1, 4.78.1, and 4.152.1.
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Another aspect of the invention provides an isolated antibody or an antigen-binding
fragment thereof that specifically binds to an epitope on PSMA defined by an antibody
selected from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA
5.4, PSMA 7.1, PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, 4.248.2,
4.360.3,4.7.1,4.4.1,4.177.3, 4.16.1, 4.22.3, 4.28.3, 4.40.2, 4.48.3, 4.49.1, 4.209.3, 4.219.3,
4288.1,4.333.1,4.54.1, 4.153.1, 4.232.3, 4.292.3, 4.304.1, 4.78.1, and 4.152.1.

In particular embodiments, these antibodies are produced by hybridomas referred to
herein as PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA 7.3,
PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, Abgenix 4.248.2, Abgenix 4.360.3,
Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix 4.22.3, Abgenix
4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3, Abgenix 4.219.3,

Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1, Abgenix 4.232.3,
Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, and Abgenix 4.152.1, respectively.

These hybridomas were deposited with ATCC as an International Depository Authority and

given the following Patent Deposit Designations (Table 1):

Table 1.
Antibody Hybridoma/Plasmid Patent Deposit Date of Deposit
Designation
PSMA 3.7 PSMA 3.7 PTA-3257 April 5, 2001
PSMA 3.9 PSMA 3.9 PTA-3258 April 5, 2001
PSMA 3.11 PSMA 3.11 PTA-3269 April 10, 2001
PSMA 5.4 PSMA 5.4 PTA-3268 April 10, 2001
PSMA 7.1 PSMA 7.1 PTA-3292 April 18, 2001
PSMA 7.3 PSMA 7.3 PTA-3293 April 18, 2001
PSMA 10.3 PSMA 10.3 PTA-3347 May 1, 2001
PSMA 10.3 HC in PTA-4413 May 29, 2002
pcDNA (SEQ ID NO: 7)
PSMA 10.3 Kappa in PTA-4414 May 29, 2002
pcDNA (SEQ ID NO: 13)
PSMA 1.8.3 PSMA 1.8.3 PTA-3906 Dec. 5, 2001
B PSMA A3.1.3 PSMA A3.1.3 PTA-3904 Dec. 5, 2001
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PSMA A3.3.1 PSMA A3.3.1 PTA-3905 Dec. 5, 2001
Abgenix 4.248.2 Abgenix 4.248.2 PTA-4427 June 4, 2002
Abgenix 4.360.3 Abgenix 4.360.3 PTA-4428 June 4, 2002

Abgenix 4.7.1 Abgenix 4.7.1 PTA-4429 June 4, 2002

Abgenix 4.4.1 Abgenix 4.4.1 PTA-4556 July 18, 2002
Abgenix 4.177.3 Abgenix 4.177.3 PTA-4557 July 18, 2002

Abgenix 4.16.1 Abgenix 4.16.1 PTA-4357 May 16, 2002
Abgenix 4.22.3 Abgenix 4.22.3 PTA-4358 May 16, 2002
Abgenix 4.28.3 Abgenix 4.28.3 PTA-4359 May 16, 2002
Abgenix 4.40.2 Abgenix 4.40.2 PTA-4360 May 16, 2002
Abgenix 4.48.3 Abgenix 4.48.3 PTA-4361 May 16, 2002
Abgenix 4.49.1 Abgenix 4.49.1 PTA-4362 May 16, 2002
Abgenix 4.209.3 Abgenix 4.209.3 PTA-4365 May 16, 2002
Abgenix 4.219.3 Abgenix 4.219.3 PTA-4366 May 16, 2002
Abgenix 4.288.1 Abgenix 4.288.1 PTA-4367 May 16, 2002
Abgenix 4.333.1 Abgenix 4.333.1 PTA-4368 May 16, 2002
Abgenix 4.54.1 Abgenix 4.54.1 PTA-4363 May 16, 2002
Abgenix 4.153.1 Abgenix 4.153.1 PTA-4388 May 23, 2002
Abgenix 4.232.3 | Abgenix 4.232.3 PTA-4389 May 23, 2002
Abgenix 4.292.3 Abgenix 4.292.3 PTA-4390 May 23, 2002
Abgenix 4.304.1 Abgenix 4.304.1 PTA-4391 May 23, 2002
AB-PG1-XG1-006 | AB-PG1-XG1-006 Heavy PTA-4403 May 29, 2002
Chain (SEQ ID NO: 2)
AB-PG1-XG1-006 Light PTA-4404
Chain (SEQ ID NO: 8)
AB-PG1-XG1-026 | AB-PG1-XG1-026 Heavy PTA-4405 May 29, 2002
Chain (SEQ ID NO: 3)
AB-PG1-XG1-026 Light PTA-4406
Chain (SEQ ID NO: 9)
AB-PG1-XG1-051 | AB-PG1-XG1-051 Heavy PTA-4407 May 29, 2002
Chain (SEQ ID NO: 4)
AB-PG1-XG1-051 Light PTA-4408
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Chain (SEQ ID NO: 10)

AB-PG1-XG1-069 | AB-PG1-XG1-069 Heavy PTA-4409 May 29, 2002

Chain (SEQ ID NO: 5)
AB-PG1-XG1-069 Light PTA-4410
Chain (SEQ ID NO: 11)

AB-PG1-XG1-077 | AB-PG1-XG1-077 Heavy PTA-4411 May 29, 2002

Chain (SEQ ID NO: 6)
AB-PG1-XG1-077 Light PTA-4412
Chain (SEQ ID NO: 12)

In another aspect of the invention, antibodies having particular sequences are
provided. Specifically, the antibodies are selected from the group consisting of antibodies
comprising: a heavy chain encoded by a nucleic acid molecule comprising the heavy chain
coding region or regions of a nucleotide sequence selected from the group consisting of
nucleotide sequences set forth as SEQ ID NOs: 2-7, and a light chain encoded by a nucleic
acid molecule comprising the light chain coding region or regions of a nucleotide sequence
selected from the group consisting of nucleotide sequences set forth as SEQ ID NOs: 8-13.
Also provided are antigen-binding fragments of the foregomg antibodies.

The plasmids encoding the heavy and light chains of antibodies PSMA 10.3, AB-
PG1-XG1-006, AB-PG1-XG1-026, AB-PG1-XG1-051, AB-PG1-XG1-069, AB-PG1-XG1-
077 were also deposited with ATCC and are shown in Table 1 above. As used herein, the
names of the deposited hybridomas or plasmids may be used interchangeably with the names
of the antibodies. It would be clear to one of skill in the art when the name is intended to
refer to the antibody or when it refers to the plasmids or hybridomas that encode or produce
the antibodies, respectively. Additionally, the antibody names may be an abbreviated form of
the name shown in Table 1. For instance antibody AB-PG1-XG1-006 may be referred to as
AB-PG1-XG1-006, PG1-XG1-006, XG1-006, 006, etc. In another example, the antibody
name PSMA 4.232.3 may be referred to as PSMA 4.232.1, 4.232.3, 4.232.1, 4.232, etc. Ttis
intended that all of the variations in the name of the antibody refer to the same antibody and
not a different one.

Antibodies are also provided that are encoded by particular sets of heavy and light
chain sequences. In one embodiment an antibody (AB-PG1-XG1-006) encoded by a nucleic
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acid molecule which comprises the coding region or regions of the nucleic acid sequences set
forth as :SEQ ID NOs: 2 and 8 is provided. In another embodiment the antibody (AB-PG1-
XG1-026) is encoded by the nucleic acid molecules comprising the coding region or regions
of nucleotide sequences set forth as: SEQ ID NOs: 3 and 9. In still another embodiment the
antibody (AB-PG1-XG1-051) is encoded by the nucleic acid molecules comprising the
coding region or regions of nucleotide sequences set forth as: SEQ ID NOs: 4 and 10. In yet
another embodiment the antibody (AB-PG1-XG1-069) is encoded by the nucleic acid
molecules comprising the coding region or regions of nucleotide sequences set forth as: SEQ
ID NOs: 5 and 11. In another embodiment the antibody (AB-PG1-XG1-077) is encoded by
the nucleic acid molecules comprising the coding region or regions of nucleotide sequences
set forth as: SEQ ID NOs: 6 and 12. In yet another embodiment the antibody (PSMA 10.3) is
encoded by the nucleic acid molecules comprising the coding region or regions of nucleotide
sequences set forth as: SEQ ID NOs: 7 and 13.

In particularly preferred embodiments, the antibodies include a heavy chain variable

region encoded by a nucleic acid molecule comprising the coding regions or regions of a .

. nucleotide sequence selected from the group consisting of nucleotide sequences set forth as:

SEQ ID NOs: 14, 18, 22, 26 and 30, and a light chain variable region encoded by a nucleic
acid molecule comprising the coding region or region of a nucleotide sequence selected from
the group consisting of nucleotide sequences set forth as: SEQ ID NOs: 16, 20, 24, 28 and 32.
As used herein, a “coding region” refers to a region of a nucleotide sequence that encodes a
polypeptide sequence; the coding region can include a region coding for a portion of a protein
that is later cleaved off, such as a signal peptide.

Those of skill in the art will appreciate that the invention includes nucleic acids and
polypeptides that include nucleotide and amino acid sequences presented herein. In some
instances, the nucleotide and amino acid sequences may include sequences that encode or that
are signal peptides. The invention embraces each of these sequences with, or without, the
portion of the sequence that encodes or is a signal peptide.

Antibodies also are provided that include particular sets of heavy and light chain
variable sequences. In one embodiment an antibody (AB-PG1-XG1-006) includes an
immunoglobulin variable sequence encoded by nucleic acid molecules which included the
coding region or regions of the nucleic acid sequences set forth as :SEQ ID NOs: 14 and 16 is

provided. Likewise the antibody may include an immunoglobulin variable sequence which
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comprises the amino acid sequences set forth as SEQ ID NOs: 15 and 17. In another
embodiment the antibody (AB-PG1-XG1-026) includes an immunoglobulin variable
sequence encoded by nucleic acid molecules comprising the coding region or regions of
nucleotide sequences set forth as: SEQ ID NOs: 18 and 20 or includes an immunoglobulin
variable sequence which comprises the amino acid sequences set forth as SEQ ID NOs: 19
and 21. In still another embodiment the antibody (AB-PG1-XG1-051) includes an
immunoglobulin variable sequence encoded by the nucleic acid molecules comprising the
coding region or regions of nucleotide sequences set forth as: SEQ ID NOs: 22 and 24 or
includes an immunoglobulin variable sequence which comprises the amino acid sequences
set forth as SEQ ID NOs: 23 and 25. In yet another embodiment the antibody (AB-PG1-
XG1-069) includes an immunoglobulin variable sequence encoded by the nucleic acid
molecules comprising the coding region or regions of nucleotide sequences set forth as: SEQ
ID NOs: 26 and 28 or includes an immunoglobulin variable sequence which comprises the
amino acid sequences set forth as SEQ ID NOs: 27 and 29. In another embodiment the
antibody (AB-PG1-XG1-077) includes an immunoglobulin variable sequence encoded by the
nucleic acid molecules comprising the coding region or regions of nucleotide sequences set
forth as: SEQ ID NOs: 30 and 32 or includes an immunoglobulin variable sequence which
comprises the amino acid sequences set forth as SEQ ID NOs: 31 and 33.

In certain embodiments, the antibody is encoded by a nucleic acid molecule that is
highly homologous to the foregoing nucleic acid molecules. Preferably the homologous
nucleic acid molecule comprises a nucleotide sequence that is at least about 90% identical to
the nucleotide sequence provided herein. More preferably, the nucleotide sequence is at least
about 95% identical, at least about 97% identical, at least about 98% identical, or at least
about 99% identical to the nucleotide sequence provided herein. The homology can be
calculated using various, publicly available software tools well known to one of ordinary skill
in the art. Exemplary tools include the BLAST system available from the website of the
National Center for Biotechnology Information (NCBI) at the National Institutes of Health.

One method of identifying highly homologous nucleotide sequences is via nucleic
acid hybridization. Thus the invention also includes antibodies having the PSMA-binding
properties and other functional properties described herein, which are encoded by nucleic
acid molecules that hybridize under high stringency conditions to the foregoing nucleic acid

molecules. Identification of related sequences can also be achieved using polymerase chain
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reaction (PCR) and other amplification techniques suitable for cloning related nucleic acid
sequences. Preferably, PCR primers are selected to amplify portions of a nucleic acid
sequence of interest, such as a CDR.

The term “high stringency conditions” as used herein refers to parameters with which
the art is familiar. Nucleic acid hybridization parameters may be found in references that
compile such methods, e.g. Molecular Cloning: A Laboratory Manual, J. Sambrook, et al.,
eds., Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
1989, or Current Protocols in Molecular Biology, F.M. Ausubel, et al., eds., John Wiley &
Sons, Inc., New York. One example of high-stringency conditions is hybridization at 65°C in
hybridization buffer (3.5X SSC, 0.02% Ficoll, 0.02% polyvinyl pyrrolidone, 0.02% Bovine
Serum Albumin, 2.5mM NaH,PO4(pH7), 0.5% SDS, 2mM EDTA). SSC is 0.15M sodium
chloride/0.015M sodium citrate, pH7; SDS is sodium dodecyl sulphate; and EDTA is
ethylenediaminetetracetic acid. After hybridization, a membrane upon which the nucleic acid
is transferred is washed, for example, in 2X SSC at room temperature and then at 0.1 - 0.5X
SSC/0.1X SDS at temperatures up to 68°C.

In other preferred embodiments, the antibodies include a heavy chain variable region
comprising an amino acid sequence selected from the group consisting of amino acid
sequences set forth as: SEQ ID NOs: 15, 19, 23, 27 and 31, and a light chain variable region
comprising an amino acid sequence selected from the group consisting of nucleotide
sequences set forth as: SEQ ID NOs: 17, 21, 25, 29 and 33. Antigen-binding fragments of
the foregoing also are provided, as described elsewhere herein.

As used herein, the term “antibody” refers to a glycoprotein comprising at least two
heavy (H) chains and two light (L) chains inter-connected by disulfide bonds. Each heavy
chain is comprised of a heavy chain variable region (abbreviated herein as HCVR or Vi) and
a heavy chain constant region. The heavy chain constant region is comprised of three
domains, Cyl , Cy2 and Cy3. Each light chain is comprised of a light chain variable region
(abbreviated herein as LCVR or V1) and a light chain constant region. The light chain
constant region is comprised of one domain, CL. The Vy and V7, regions can be further
subdivided into regions of hypervariability, termed complementarity determining regions
(CDR), interspersed with regions that are more conserved, termed framework regions (FR).
Each Vy and V. is composed of three CDRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The
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variable regions of the heavy and light chains contain a binding domain that interacts with an
antigen. The constant regions of the antibodies may mediate the binding of the
immunoglobulin to host tissues or factors, including various cells of the immune system (e.g.,
effector cells) and the first component (C1q) of the classical complement system.

The term “antigen-binding fragment” of an antibody as used herein, refers to one or
more portions of an antibody that retain the ability to specifically bind to an antigen (e.g.,
PSMA). It has been shown that the antigen-binding function of an antibody can be performed
by fragments of a full-length antibody. Examples of binding fragments encompassed within
the term “antigen-binding fragment” of an antibody include (i) a Fab fragment, a monovalent
fragment consisting of the Vi, Vy, Cp, and Cyl domains; (ii) a F(ab’), fragment, a bivalent
fragment comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii)
a Fd fragment consisting of the Vi and CH1 domains; (iv) a Fv fragment consisting of the Vi
and Vy domains of a single arm of an antibody, (v) a dAb fragment (Ward et al., (1989)
Nature 341:544-546) which consists of a Vy domain; and (vi) an isolated complementarity
determining region (CDR). Furthermore, although the two domains of the Fv fragment, V
and Vy, are coded for by separate genes, they can be joined, using recombinant methods, by a
synthetic linker that enables them to be made as a single protein chain in which the V; and
Vu regions pair to form monovalent molecules (known as single chain Fv (scFv); see e.g.,.
Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) Proc. Natl. Acad. Sci. USA
85:5879-5883). Such single chain antibodies are also intended to be encompassed within the
term “antigen-binding portion” of an antibody. These antibody fragments are obtained using
conventional procedures, such as proteolytic fragmentation procedures, as described in J.
Goding, Monoclonal Antibodies: Principles and Practice, pp 98-118 (N.Y. Academic Press
1983), which is hereby incorporated by reference as well as by other techniques known to
those with skill in the art. The fragments are screened for utility in the same manner as are
intact antibodies.

An “isolated antibody”, as used herein, is intended to refer to an antibody which is
substantially free of other antibodies having different antigenic specificities (e.g., an isolated
antibody that specifically binds to PSMA is substantially free of antibodies that specifically
bind antigens other than PSMA). An isolated antibody that specifically binds to an epitope,
isoform or variant of PSMA may, however, have cross-reactivity to other related antigens,

e.g., from other species (e.g., PSMA species homologs). Moreover, an isolated antibody may
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be substantially free of other cellular material and/or chemicals. As used herein, “specific
binding” refers to antibody binding to a predetermined antigen. Typically, the antibody binds
with an affinity that is at least two-fold greater than its affinity for binding to a non-specific
antigen (e.g., BSA, casein) other than the predetermined antigen or a closely-related antigen.

The isolated antibodies of the invention encompass various antibody isotypes, such as
IgGl, IgG2, 1gG3, IgG4, IgM, IgAl, IgA2, IgAsec, IgD, IgE. As used herein, “isotype”
refers to the antibody class (e.g. IgM or IgG1) that is encoded by heavy chain constant region
genes. The antibodies can be full length or can include only an antigen-binding fragment
such as the antibody constant and/or variable domain of IgG1, IgG2, IgG3, IgG4, IgM, IgAl,
IgA2, IgAsec, IgD or IgE or could consist of a Fab fragment, a F(ab'), fragment, and a Fv
fragment.

The antibodies of the present invention can be polyclonal, monoclonal, or a mixture
of polyclonal and monoclonal antibodies. The antibodies can be produced by a variety of
techniques well known in the art. Procedures for raising polyclonal antibodies are well
known. For example anti-PSMA polyclonal antibodies are raised by administering PSMA
protein subcutaneously to New Zealand white rabbits which have first been bled to obtain
pre-immune serum. The PSMA can be injected at a total volume of 100 pl per site at six
different sites, typically with one or more adjustments. The rabbits are then bled two weeks
after the first injection and periodically boosted with the same antigen three times every six
weeks. A sample of serum is collected 10 days after each boost. Polyclonal antibodies are
recovered from the serum, preferably by affinity chromatography using PSMA to capture the
antibody. This and other procedures for raising polyclonal antibodies are disclosed in E.
Harlow, et. al., editors, Antibodies: A Laboratory Manual (1988), which is hereby
incorporated by reference.

Monoclonal antibody production may be effected by techniques which are also well
known in the art. The term “monoclonal antibody,” as used herein, refers to a preparation of
antibody molecules of single molecular composition. A monoclonal antibody displays a
single binding specificity and affinity for a particular epitope. The process of monoclonal
antibody production involves obtaining immune somatic cells with the potential for
producing antibody, in particular B lymphocytes, which have been previously immunized
with the antigen of interest either in vivo or in vitro and that are suitable for fusion with a B-

cell myeloma line.
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Mammalian lymphocytes typically are immunized by iz vivo immunization of the
animal (e.g., a mouse) with the desired protein or polypeptide, e.g., with PSMA in the present
invention. Such immunizations are repeated as necessary at intervals of up to several weeks
to obtain a sufficient titer of antibodies. Once immunized, animals can be used as a source of
antibody-producing lymphocytes. Following the last antigen boost, the animals are sacrificed
and spleen cells removed. Mouse lymphocytes give a higher percentage of stable fusions
with the mouse myeloma lines described herein. Of these, the BALB/c mouse is preferred.
However, other mouse strains, rabbit, hamster, sheep and frog may also be used as hosts for
preparing antibody-producing cells. See; Goding (in Monoclonal Antibodies: Principles and
Practice, 2d ed., pp. 60-61, Orlando, Fla., Academic Press, 1986). In particular, mouse
strains that have human immunoglobulin genes inserted in the genome (and which cannot
produce mouse immunoglobulins) are preferred. Examples include the HuMAb mouse
strains produced by Medarex/GenPharm International, and the XenoMouse strains produced
by Abgenix. Such mice produce fully human immunoglobulin molecules in response to
immunization.

. Those antibody-producing cells that are in the dividing plasmablast stage fuse
preferentially. Somatic cells may be obtained from the lymph nodes, spleens and peripheral
blood of antigen-primed animals, and the lymphatic cells of choice depend to a large extent
on their empirical usefulness in the particular fusion system. The antibody-secreting
lymphocytes are then fused with (mouse) B cell myeloma cells or transformed cells, which
are capable of replicating indefinitely in cell culture, thereby producing an immortal,
immunoglobulin-secreting cell line. The resulting fused cells, or hybridomas, are cultured,
and the resulting colonies screened for the production of the desired monoclonal antibodies.
Colonies producing such antibodies are cloned, and grown either in vivo or in vitro to
produce large quantities of antibody. A description of the theoretical basis and practical
methodology of fusing such cells is set forth in Kohler and Milstein, Nature 256:495 (1975),
which is hereby incorporated by reference.

Alternatively, human somatic cells capable of producing antibody, specifically B
lymphocytes, are suitable for fusion with myeloma cell lines. While B lymphocytes from
biopsied spleens, tonsils or lymph nodes of an individual may be used, the more easily
accessible peripheral blood B lymphocytes are preferred. The lymphocytes may be derived

from patients with diagnosed prostate carcinomas or another PSMA-expressing cancer. In



10

15

20

25

30

WO 03/034903 PCT/US02/33944

-31-

addition, human B cells may be directly immortalized by the Epstein-Barr virus (Cole et al.,
1995, Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Although
somatic cell hybridization procedures are preferred, in principle, other techniques for
producing monoclonal antibodies can be employed such as viral or oncogenic transformation
of B lymphocytes.

Myeloma cell lines suited for use in hybridoma-producing fusion procedures
preferably are non-antibody-producing, have high fusion efficiency, and enzyme deficiencies
that render them incapable of growing in certain selective media which support the growth of
the desired hybridomas. Examples of such myeloma cell lines that may be used for the
production of fused cell lines include P3-X63/Ag8, X63-Ag8.653, NS1/1.Ag 4.1, Sp2/0-
Agl4, FO, NSO/U, MPC-11, MPC11-X45-GTG 1.7, S194/5XX0 Bul, all derived from mice;
R210.RCY3,Y3-Ag1.2.3, IR983F and 4B210 derived from rats and U-266, GM1500-GRG2,
LICR-LON-HMy2, UC729-6, all derived from humans (Goding, in Monoclonal Antibodies:
Principles and Practice, 2d ed., pp. 65-66, Orlando, Fla., Academic Press, 1986; Campbell, in |
Monoclonal Antibody Technology, Laboratory Techniques in Biochemistry and Molecular
Biology Vol. 13, Burden and Von Knippenberg, eds. pp. 75-83, Amsterdam, Elseview,
1984).

Fusion with mammalian myeloma cells or other fusion partners capable of replicating
indefinitely in cell culture is effected by standard and well-known techniques, for example,
by using polyethylene glycol ("PEG") or other fusing agents (See Milstein and Kohler, Eur.
J. Immunol. 6:511 (1976), which is hereby incorporated by reference).

In other embodiments, the antibodies can be recombinant antibodies. The term
“recombinant antibody”, as used herein, is intended to include antibodies that are prepared,
expressed, created or isolated by recombinant means, such as antibodies isolated from an
animal (e.g., a mouse) that is transgenic for another species’ immunoglobulin genes,
antibodies expressed using a recombinant expression vector transfected into a host cell,
antibodies isolated from a recombinant, combinatorial antibody library, or antibodies
prepared, expressed, created or isolated by any other means that involves splicing of
immunoglobulin gene sequences to other DNA sequences.

In yet other embodiments, the antibodies can be chimeric or humanized antibodies.
As used herein, the term “chimeric antibody” refers to an antibody, that combines the murine

variable or hypervariable regions with the human constant region or constant and variable
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framework regions. As used herein, the term “humanized antibody” refers to an antibody that
retains only the antigen-binding CDRs from the parent antibody in association with human
framework regions (see, Waldmann, 1991, Science 252:1657). Such chimeric or humanized
antibodies retaining binding specificity of the murine antibody are expected to have reduced
immunogenicity when administered in vivo for diagnostic, prophylactic or therapeutic
applications according to the invention.

According to an alternative embodiment, the monoclonal antibodies of the present
invention can be modified to be in the form of a bispecific antibody, or a multispecific
antibody. The term “bispecific antibody” is intended to include any agent, e.g., a protein,
peptide, or protein or peptide complex, which has two different binding specificities which
bind to, or interact with (a) a cell surface antigen and (b) an Fc receptor on the surface of an
effector cell. The term “multispecific antibody” is intended to include any agent, e.g., a
protein, peptide, or protein or peptide complex, which has more than two different binding

specificities which bind to, or interact with (a) a cell surface antigen, (b) an Fc receptor on the

. surface of an effector.cell, and (c) at least one other component. Accordingly, the invention

includes, but is not limited to, bispecific, trispecific, tetraspecific, and other multispecific
antibodies which are directed to cell surface antigens, such as PSMA, and to Fc receptors on
effector cells. The term “bispecific antibodies™ further includes diabodies. Diabodies are
bivalent, bispecific antibodies in which the Vi and V, domains are expressed on a single
polypeptide chain, but using a linker that is too short to allow for pairing between the two
domains on the same chain, thereby forcing the domains to pair with complementary domains
of another chain and creating two antigen-binding sites (see e.g., Holliger, P., et al. (1993)
Proc. Natl. Acad. Sci. USA 90:6444-6448; Poijak, R.J., et al. (1994) Structure 2:1121-1123).
A bispecific antibody can be formed of an antigen-binding region specific for the
extracellular domain of PSMA and an antigen-binding region specific for an effector cell
which has tumoricidal or tumor inhibitory activity. The two antigen-binding regions of the
bispecific antibody are either chemically linked or can be expressed by a cell genetically
engineered to produce the bispecific antibody. (See generally, Fanger et al., 1995 Drug News
& Perspec. 8(3):133-137). Suitable effector cells having tumoricidal activity include but are
not limited to cytotoxic T-cells (primarily CD8" cells), natural killer cells, etc. An effective

amount of a bispecific antibody according to the invention is administered to a prostrate
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cancer patient and the bispecific antibody kills and/or inhibits proliferation of the malignant
cells after localization at sites of primary or metastatic tumors bearing PSMA.

In certain embodiments, the antibodies are human antibodies. The term “human
antibody”’, as used herein, is intended to include antibodies having variable and constant
regions derived from human germline immunoglobulin sequences. The human antibodies of
the invention may include amino acid residues not encoded by human germline
immunoglobulin sequences (e.g., mutations introduced by random or site-specific
mutagenesis in vitro or by somatic mutation in vivo). However, the term “human antibody”,
as used herein, is not intended to include antibodies in which CDR sequences derived from
the germline of another mammalian species, such as a mouse have been grafted onto human
framework sequences (referred to herein as “humanized antibodies”). Human antibodies
directed against PSMA are generated using transgenic mice carrying parts of the human
immune system rather than the mouse system.

Fully human monoclonal antibodies also can be prepared by immunizing mice
transgenic for large portions of human immunoglobulin heavy and light chain loci. See, e.g.,
U.S. patents 5,591,669, 5,598,369, 5,545,806, 5,545,807, 6,150,584, and references cited
therein, the contents of which are incorporated herein by reference. These animals have been
genetically modified such that there is a functional deletion in the production of endogenous
(e.g., murine) antibodies. The animals are further modified to contain all or a portion of the
human germ-line immunoglobulin gene locus such that immunization of these animals results
in the production of fully human antibodies to the antigen of interest. Following
immunization of these mice (e.g., XenoMouse (Abgenix), HUMAb mice
(Medarex/GenPharmy)), monoclonal antibodies are prepared according to standard hybridoma
technology. These monoclonal antibodies have human immunoglobulin amino acid
sequences and therefore will not provoke human anti-mouse antibody (HAMA) responses
when administered to humans.

Preferably, the mice are 6-16 weeks of age upon the first immunization. For example,
a purified or enriched preparation of PSMA antigen (e.g., recombinant PSMA or PSMA-
expressing cells) is used to immunize the mice intraperitoneally (IP), although other routes of
immunization known to one of ordinary skill in the art are also possible. PSMA antigen is
injected in combination with an adjuvant, such as complete Freund’s adjuvant, and preferably

the initial injection is followed by booster immunizations with antigen in an adjuvant, such as
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incomplete Freund’s adjuvant. The immune response is monitored over the course of the
immunization protocol with plasma samples obtained by, for example, retroorbital bleeds.
The plasma is screened by ELISA (as described below), and mice with sufficient titers of
anti-PSMA human immunoglobulin are used for fusions. Mice are boosted intravenously
with antigen 3 days before sacrifice and removal of the spleen.

In particular embodiments, the antibodies are produced by hybridomas referred to
herein as PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258), PSMA 3.11 (PTA-
3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-3293), PSMA 10.3
(PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA A3.1.3 (PTA-3904), PSMA A3.3.1 (PTA-
3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428), Abgenix 4.7.1 (PTA-
4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557), Abgenix 4.16.1 (PTA-
4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359), Abgenix 4.40.2 (PTA-
4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362), Abgenix 4.209.3 (PTA-
4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367), Abgenix 4.333.1 (PTA-
4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388), Abgenix 4.232.3 (PTA-
4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391), Abgenix 4.78.1 (PTA-
4652), and Abgenix 4.152.1 (PTA-4653). These hybridomas were deposited pursuant to, and
in satisfaction of, the requirements of the Budapest Treaty on the International Recognition of
the Deposit of Microorganisms for the Purposes of Patent Procedure with the American Type -
Culture Collection (“ATCC”) as an International Depository Authority and given the Patent
Deposit Designations shown above and in Table 1.

The present mvention further provides nucleic acid molecules encoding anti-PSMA
antibodies and vectors comprising the nucleic acid molecules as described herein. The
vectors provided can be used to transform or transfect host cells for producing anti-PSMA
antibodies with the specificity of antibodies described herein. In a preferred embodiment the
antibodies produced will have the specificity of the antibodies AB-PG1-XG1-006, AB-PG1-
XG1-026, AB-PG1-XG1-051, AB-PG1, XG1-069, AB-PG1-XG1-077 and PSMA 10.3. In
one embodiment the vectors can comprise an isolated nucleic acid molecule encoding the
heavy chain of the antibodies listed above encoded by a nucleic acid molecules comprising
the coding region or regions of the nucleic acid sequences set forth as SEQ ID NO: 2-7. In
another embodiment, the vectors can comprise the nucleic acid sequences encoding the light
chain of the antibodies set forth as SEQ ID NOs: 8-13. In a further embodiment the vectors
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of the invention may comprise a heavy chain and a light chain sequence. In a further
embodiment, plasmids are given which produce the antibodies or antigen binding fragments
described herein. Plasmids of the invention include plasmids selected from the group
consisting of: AB-PG1-XG1-006 Heavy Chain (SEQ ID NO: 2), AB-PG1-XG1-006 Light
Chain (SEQ ID NO: 8), AB-PG1-XG1-026 Heavy Chain (SEQ ID NO: 3), AB-PG1-XG1-
026 Light Chain (SEQ ID NO: 9), AB-PG1-XG1-051 Heavy Chain (SEQ ID NO: 4), AB-
PG1-XG1-051 Light Chain (SEQ ID NO: 10), AB-PG1-XG1-069 Heavy Chain (SEQ ID
NO: 5), AB-PG1-XG1-069 Light Chain (SEQ ID NO: 11), AB-PG1-XG1-077 Heavy Chain
(SEQ ID NO: 6), AB-PG1-XG1-077 Light Chain (SEQ ID NO: 12), PSMA 10.3 Heavy
Chain (SEQ ID NO: 7), and PSMA 10.3 Kappa (SEQ ID NO: 13).

The isolated antibody or antigen-binding fragment thereof preferably is selected for
its ability to bind live cells expressing PSMA. In order to demonstrate binding of monoclonal
antibodies to live cells expressing the PSMA, flow cytometry can be used. For example, cell
lines expressing PSMA (grown under standard growth conditions) or prostate cancer cells
that express PSMA are mixed with various concentrations of monoclonal antibodies in PBS
containing 0.1% Tween 80 and 20% mouse serum, and incubated at 37°C for 1 hour. After
washing, the cells are reacted with fluorescein-labeled anti-human IgG secondary antibody (if
human anti-PSMA antibodies were used) under the same conditions as the primary antibody
staining. The samples can be analyzed by a fluorescence activated cell sorter (FACS)
instrument using light and side scatter properties to gate on single cells. An alternative assay
using fluorescence microscopy may be used (in addition to or instead of) the flow cytometry
assay. Cells can be stained exactly as described above and examined by fluorescence
microscopy. This method allows visnalization of individual cells, but may have diminished
sensitivity depending on the density of the antigen.

Binding of the antibody or antigen-binding fragment thereof to live cells expressing
PSMA can inhibit the growth of ‘the cells or mediate cytolysis of the cells. Cytolysis can be
complement mediated or can be mediated by effector cells. In a preferred embodiment, the
cytolysis is carried out in a living organism, preferably a mammal, and the live cell is a tumor
cell. Examples of tumors which can be targeted by the antibodies of the invention include,
any tumor that expresses PSMA, such as, prostate, bladder, pancreas, lung, colon, kidney,

melanomas and sarcomas. In a preferred embodiment the tumor cell is a prostate cancer cell.
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The testing of antibody cytolytic activity iz vitro by chromium release assay can
provide an initial screening prior to testing in vivo models. This testing can be carried out
using standard chromium release assays. Briefly, polymorphonuclear cells (PMN), or other
effector cells, from healthy donors can be purified by Ficoll Hypaque density centrifugation,
followed by lysis of contaminating erythrocytes. Washed PMNs can be suspended in RPMI
supplemented with 10% heat-inactivated fetal calf serum and mixed with °'Cr labeled cells
expressing PSMA, at various ratios of effector cells to tumor cells (effector cells:tumor cells).
Purified anti-PSMA IgGs can then be added at various concentrations. Irrelevant IgG can be
used as negative control. Assays can be carried out for 0-120 minutes at 37°C. Samples can
be assayed for cytolysis by measuring >'Cr release into the culture supernatant. Anti-PSMA
monoclonal antibodies can also be tested in combinations with each other to determine
whether cytolysis is enhanced with multiple monoclonal antibodies.

Antibodies which bind to PSMA also can be tested in an in vivo model (e.g., in mice)
to determine their efficacy in mediating cytolysis and killing of cells expressing PSMA, e.g.,

tumor cells. These antibodies can be selected, for example, based on the following ¢riteria,

- which are'not intended to be exclusive:

1) binding to live cells expressing PSMA;

2) high affinity of binding to PSMA;

3) binding to a unique epitope on PSMA (to eliminate the possibility that
antibodies with complimentary activities when used in
combination would compete for binding to the same epitope);

4) opsonization of cells expressing PSMA;

5) mediation of growth inhibition, phagocytosis and/or killing of cells
expressing PSMA in the presence of effector cells;

6) modulation (inhibition or enhancement) of NAALADase, folate
hydrolase, dipeptidyl peptidase IV and/or y-glutamyl hydrolase
activities;

7) growth inhibition, cell cycle arrest and/or cytotoxicity in the absence of
effector cells;

8) internalization of PSMA;

9) binding to a conformational epitope on PSMA,;
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10) minimal cross-reactivity with cells or tissues that do not express
PSMA,; and

11) preferential binding to dimeric forms of PSMA rather than monomeric

forms of PSMA.

Preferred antibodies of the invention meet one or more, and preferably all, of these
criteria. In a particular embodiment, the antibodies are used in combination, e.g., as a
pharmaceutical composition comprising two or more different anti-PSMA antibodies or
binding fragments thereof. For example, anti-PSMA antibodies having different, but
complementary activities can be combined in a single therapy to achieve a desired therapeutic
or diagnostic effect. An illustration of this would be a composition containing an anti-PSMA
antibody that mediates highly effective killing of target cells in the presence of effector cells,
combined with another anti-PSMA antibody that inhibits the growth of cells expressing
PSMA.

In a preferred aspect of the invention, the antibody or antigen-binding fragment
thereof binds to a conformational epitope within the extracellular domain of the PSMA
molecule. To determine if the selected human anti-PSMA antibodies bind to conformational
epitopes, each antibody can be tested in assays using native protein (e.g., non-denaturing
immunoprecipitation, flow cytometric analysié of cell surface binding) and denatured protein
(e.g., Western blot, immunoprecipitation of denatured proteins). A comparison of the results
will indicate whether the antibodies bind conformational epitopes. Antibodies that bind to
native protein but not denatured protein are those antibodies that bind conformational
epitopes, and are preferred antibodies.

To determine if the selected human anti-PSMA antibodies bind preferentially (i.e.,
selectively and/or specifically) to a PSMA dimer, each antibody can be tested in assays (e.g.,
immunoprecipitation followed by Western blotting) using native dimeric PSMA protein and
dissociated monomeric PSMA protein. A comparison of the results will indicate whether the
antibodies bind preferentially to the dimer or to the monomer. Antibodies that bind to the
PSMA dimer but not to the monomeric PSMA protein are preferred antibodies.

Preferred antibodies include antibodies that competitively inhibit the specific binding
of a second antibody to its target epitope on PSMA. To determine competitive inhibition, a
variety of assays known to one of ordinary skill in the art can be employed. For example, the

cross-competition assays set forth in Examples 4 and 21 can be used to determine if an
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antibody competitively inhibits binding to PSMA by another antibody. These examples
provide cell-based methods employing flow cytometry or solid phase binding analysis. Other
assays that evaluate the ability of antibodies to cross-compete for PSMA molecules that are
not expressed on the surface of cells, in solid phase or in solution phase, also can be used.
These assays preferably use the PSMA multimers described herein.

Certain preferred antibodies competitively inhibit the specific binding of a second
antibody to its target epitope on PSMA by at least about 10%, 20%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 95%, or 99%. Inhibition can be assessed at various molar ratios or mass
ratios; for example competitive binding experiments can be conducted with a 2-fold, 3-fold,
4-fold, 5-fold, 7-fold, 10-fold or more molar excess of the first antibody over the second
antibody.

Other preferred antibodies include antibodies that specifically (i.e., selectively) bind
to an epitope on PSMA defined by a second antibody. To determine the epitope, one can use
standard epitope mapping methods known in the art. For example, fragments (peptides) of
PSMA antigen (preferably synthetic peptides) that bind the second antibody can be used to
determine whether a candidate antibody binds the same epitope. For linear epitopes,
overlapping peptides of a defined length (e.g., 8 or more amino acids) are synthesized. The
peptides preferably are offset by 1 amino acid, such that a series of peptides covering every 8
amino acid fragment of the PSMA protein sequence are prepared. Fewer peptides can be
prepared by using larger offsets, e.g., 2 or 3 amino acids. In addition, longer peptides (e.g.,
9-, 10- or 11-mers) can be synthesized. Binding of peptides to antibodies can be determined
using standard methodologies including surface plasmon resonance (BIACORE; see Example
22) and ELISA assays. For examination of conformational epitopes, larger PSMA fragments
can be used. Other methods that use mass spectrometry to define conformational epitopes
have been described and can be used (see, e.g., Baerga-Ortiz et al., Protein Science 11:1300-
1308, 2002 and references cited therein). Still other methods for epitope determination are
provided in standard laboratory reference works, such as Unit 6.8 (“Phage Display Selection
and Analysis of B-cell Epitopes™) and Unit 9.8 (“Identification of Antigenic Determinants
Using Synthetic Peptide Combinatorial Libraries”) of Current Protocols in Immunology,
Coligan et al., eds., John Wiley & Sons. Epitopes can be confirmed by introducing point
mutations or deletions into a known epitope, and then testing binding with one or more

antibodies to determine which mutations reduce binding of the antibodies.
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In one embodiment of the invention the antibody or antigen-binding fragment thereof
binds to and is internalized with PSMA expressed on cells. The mechanism by which the
antibody or antigen-binding fragment thereof is internalized with the prostate specific
membrane antigen is not critical to the practice of the present invention. For example, the
antibody or antigen-binding fragment thereof can induce internalization of PSMA.
Alternatively, internalization of the antibody or antigen-binding fragment thereof can be the
result of routine internalization of PSMA. The antibody or antigen-binding fragment thereof
can be used in an unmodified form, alone or in combination with other compositions.
Alternatively, the antibody or antigen-binding fragment thereof can be bound to a substance
effective to kill the cells upon binding of the antibody or antigen-binding fragment thereof to
prostate specific membrane antigen and upon internalization of the biological agent with the
prostate specific membrane antigen.

The human PSMA antibodies of the present invention specifically bind cell-surface
PSMA and/or rsPSMA with sub-nanomolar affinity. The human PSMA antibodies of the
present invention have binding affinities of about 1 X 10°M or less, preferably about 1 X
10°M or less, more preferably 1 X 10™'M or less. In a particular embodiment the binding
affinity is less than about 5 X 107°M. |

An antibody can be linked to a detectable marker, an antitumor agent or an
immunomodulator. Antitumor agents can include cytotoxic agents and agents that act on
tumor neovasculature. Detectable markers include, for example, radioactive or fluorescent
markers. Cytotoxic agents include cytotoxic radionuclides, chemical toxins and protein
toxins.

The cytotoxic radionuclide or radiotherapeutic isotope preferably is an alpha-emitting
isotope such as *°Ac, *'' At, 2?Bi, ’Bi, *'*Pb, ***Ra or *’Ra. Alternatively, the cytotoxic
radionuclide may a beta-emitting isotope such as 186Rh, 1¥Rh, Ly, Ny, 131, 67Cu, 4Cu,
153Sm or '*Ho. Further, the cytotoxic radionuclide may emit Auger and low energy electrons
and include the isotopes '*’I, '*I or "Br.

Suitable chemical toxins or chemotherapeutic agents include members of the enediyne
family of molecules, such as calicheamicin and esperamicin. Chemical toxins can also be
taken from the group consisting of methotrexate, doxorubicin, melphalan, chlorambucil,
ARA-C, vindesine, mitomycin C, cis-platinum, etoposide, bleomycin and 5-fluorouracil.

Other antineoplastic agents that may be conjugated to the anti-PSMA antibodies of the
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present invention include dolastatins (U.S. Patent Nos. 6,034,065 and 6,239,104) and
derivatives thereof. Of particular interest is dolastatin 10 (dolavaline-valine-dolaisoleuine-
dolaproine-dolaphenine) and the derivatives auristatin PHE (dolavaline-valine-dolaisoleuine-
dolaproine-phenylalanine-methyl ester) (Pettit, G.R. et al., Anticancer Drug Des. 13(4):243-
277, 1998; Woyke, T. et al., Antimicrob. Agents Chemother. 45(12):3580-3584, 2001), and
aurastatin E and the like. Toxins that are less preferred in the compositi;ons and methods of
the invention include poisonous lectins, plant toxins such as ricin, abrin, modeccin, botulina
and diphtheria toxins. Of course, combinations of the various toxins could also be coupled to
one antibody molecule thereby accommodating variable cytotoxicity. Other
chemotherapeutic agents are known to those skilled in the art. )
Toxin-conjugated forms of the PSMA antibodies of the present invention mediate
specific cell killing of PSMA-expressing cells at picomolar concentrations. The toxin-
conjugated PSMA antibodies of the present invention exhibit ICses at concentrations of less
than about 1 X 10™°M, preferably less than about 1 X 10"'"'M, more preferably less than about

1X10"M. Ina particular embodiment an ICsy is achieved at a concetration of less than

~about 1.5 X 10 'M.

Agents that act on the tumor vasculature can include tubulin-binding agents such as
combrestatin A4 (Griggs et al., Lancet Oncol. 2:82, 2001), angiostatin and endostatin
(reviewed in Rosen, Oncologist 5:20, 2000, incorporated by reference herein) and interferon
inducible protein 10 (U.S. Patent No. 5,994,292). A number of antiangiogenic agents
currently in clinical trials are also contemplated. Agents currently in clinical trials include:
2ME2, Angiostatin, Angiozyme, Anti-VEGF RhuMAb, Apra (CT-2584), Avicine, Benefin,
BMS275291, Carboxyamidotriazole, CC4047, CC5013, CC7085, CDC801, CGP-41251
(PKC 412), CM101, Combretastatin A-4 Prodrug, EMD 121974, Endostatin, Flavopiridol,
Genistein (GCP), Green Tea Extract, IM-862, ImmTher, Interferon alpha, Interleukin-12,
Iressa (ZD1839), Marimastat, Metastat (Col-3), Neovastat , Octreotide, Paclitaxel,
Penicillamine, Photofrin, Photopoint, PI-88, Prinomastat (AG-3340), PTK787 (ZK22584),
RO317453, Solimastat, Squalamine, SU 101, SU 5416, SU-6668, Suradista (FCE 26644),
Suramin (Metaret), Tetrathiomolybdate, Thalidomide, TNP-470 and Vitaxin. additional
antiangiogenic agents are described by Kerbel, J. Clin. Oncol. 19(18s):45s-51s, 2001, which
is incorporated by reference herein. Immunomodulators suitable for conjugation to anti-

PSMA antibodies include o-interferon, y-interferon, and tumor necrosis factor alpha (TNFa).
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The coupling of one or more toxin molecules to the anti-PSMA antibody is
envisioned to include many chemical mechanisms, for instance covalent binding, affinity
binding, intercalation, coordinate binding, and complexation. The toxic compounds used to
prepare the anti-PSMA immunotoxins are attached to the antibodies or PSMA-binding
fragments thereof by standard protocols known in the art.

The covalent binding can be achieved either by direct condensation of existing side
chains or by the incorporation of external bridging molecules. Many bivalent or polyvalent
agents are useful in coupling protein molecules to other proteins, peptides or amine functions,
etc. For example, the literature is replete with coupling agents such as carbodiimides,
diisocyanates, glutaraldehyde, diazobenzenes, and hexamethylene diamines. This list is not
intended to be exhaustive of the various coupling agents known in the art but, rather, is
exemplary of the more common coupling agents.

In preferred embodiments, it is contemplated that one may wish to first derivatize the
antibody, and then attach the toxin component to the derivatized product. Suitable cross-
linking agents for use in this manner include, for example, SPDP (N-succinimidyl-3-(2-
pyridyldithio)propionate), and SMPT, 4-succinimidyl-oxycarbonyl-methyl-(2-
pyridyldithio)toluene.

In addition, protein toxins can be fused to the anti-PSMA antibody or PSMA binding .
fragment by genetic methods to form a hybrid immunotoxin fusion protein. To make a fusion
immunotoxin protein in accordance with the invention, a nucleic acid molecule is generated
that encodes an anti-PSMA antibody, a fragment of an anti-PSMA antibody, a single chain
anti-PSMA antibody, or a subunit of an anti-PSMA antibody linked to a protein toxin. Such
fusion proteins contain at least a targeting agent (e.g., anti-PSMA antibody subunit) and a
toxin of the invention, operatively attached. The fusion proteins may also include additional
peptide sequences, such as peptide spacers which operatively attach the targeting agent and
toxin compound, as long as such additional sequences do not appreciably affect the targeting
or toxin activities of the fusion protein. The two proteins can be attached by a peptide linker
or spacer, such as a glycine-serine spacer peptide, or a peptide hinge, as is well known in the
art. Thus, for example, the C-terminus of an anti-PSMA antibody or fragment thereof can be
fused to the N-terminus of the protein toxin molecule to form an immunotoxin that retains the
binding properties of the anti-PSMA antibody. Other fusion arrangements will be known to
one of ordinary skill in the art.
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To express the fusion immunotoxin, the nucleic acid encoding the fusion protein is
inserted into an expression vector in accordance with standard methods, for stable expression
of the fusion protein, preferably in mammalian cells, such as CHO cells. The fusion protein
can be isolated and purified from the cells or culture supernatant using standard methodology,
such as a PSMA affinity column.

Radionuclides typically are coupled to an antibody by chelation. For example, in the
case of metallic radionuclides, a bifunctional chelator is commonly used to link the isotope to
the antibody or other protein of interest. Typically, the chelator is first attached to the
antibody, and the che}ator-antibody conjugate is contacted with the metallic radioisotope. A
number of bifunctional chelators have been developed for this purpose, including the
diethylenetriamine pentaacetic acid (DTPA) series of amino acids described in U.S. patents
5,124,471, 5,286,850 and 5,434,287, which are incorporated herein by reference. As another
example, hydroxamic acid-based bifunctional chelating agents are described in U.S. patent
5,756,825, the contents of which are incorporated herein. Another example is the chelating
agent termed p-SCN-Bz-HEHA (1,4,7,10,13,16-hexaazacyclo-octadecane-

NN N N™ N" N""-hexaacetic acid) (Deal et al., J. Med. Chem. 42:2988, 1999), which is an
effective chelator of radiometals such as “’Ac. Yet another example is DOTA (1,4,7,10-

tetraazacyclododecane N,N’,N’’,N°”*-tetraacetic acid), which is a bifunctional chelating agent
(see McDevitt et al., Science 294:1537-1540, 2001) that can be used in a two-step method for
labeling followed by conjugation.

In another aspect, the invention provides compositions comprising an isolated
antibody, an antibody derivatized or linked to other functional moieties, or an antigen-binding
fragment thereof or a combination of one or more of the aforementioned antibodies or
antigen-binding fragments thereof. The compositions include a physiologically or
pharmaceutically acceptable carrier, excipient, or stabilizer mixed with the isolated antibody
or antigen-binding fragment thereof. In a preferred embodiment, the compositions include a
combination of multiple (e.g., two or more) isolated antibodies or antigen-binding portions
thereof of the invention. Preferably, each of the antibodies or antigen-binding portions
thereof of the composition binds to a distinct conformational epitope of PSMA. In one
embodiment, anti-PSMA antibodies having complementary activities are used in
combination, €.g., as a pharmaceutical composition, comprising two or more anti-PSMA

antibodies. For example, an antibody that mediates highly effective cytolysis of target cells
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in the presence of effector cells can be combined with another antibody that inhibits the
growth of cells expressing PSMA. As used herein, “target cell” shall mean any undesirable
cell in a subject (e.g., a human or animal) that can be targeted by a composition of the
invention. In preferred embodiments, the target cell is a cell expressing or overexpressing
PSMA. Cells expressing PSMA typically include tumor cells, such as prostate, bladder,
pancreas, lung, kidney, colon tumor cells, melanomas, and sarcomas.

Pharmaceutical compositions of the invention also can be administered in
combination therapy, i.e., combined with other agents. For example, the combination therapy
can include a composition of the present invention with at least one anti-tumor agent,
immunomodulator, immunostimulatory agent, or other conventional therapy. The agent may
be bound or conjugated to or formed as a recombinant fusion molecule with the PSMA
antibodies of the present invention for directed targeting of the agent to PSMA-expressing
cells.

The PSMA antibodies of the present invention may be used as a targeting moiety for
delivery of replication-selective virus to PSMA-expressing cells for tumor therapy. -
Replication-competent virus such as the p53 pathway targeting adenovirus mutant d11520,
ONYX-015, kill tumor cells selectively (Biederer, C. et al., J. Mol. Med. 80(3):163-175,
2002).

As used herein, “pharmaceutically acceptable carrier” or “physiologically acceptable
carrier” includes any and all salts, solvents, dispersion media, coatings, antibacterial and
antifungal agents, isotonic and absorption delaying agents, and the like that are
physiologically compatible. Preferably, the carrier is suitable for intravenous, intramuscular,
subcutaneous, parenteral, spinal or epidermal administration (e.g., by injection or infusion).
Depending on the route of administration, the active compound, i.e., antibody may be coated
in a material to protect the compound from the action of acids and other natural conditions
that may inactivate the compound.

When administered, the pharmaceutical preparations of the invention are applied in
pharmaceutically-acceptable amounts and in pharmaceutically-acceptable compositions. - The
term “pharmaceutically acceptable” means a non-toxic material that does not interfere with
the effectiveness of the biological activity of the active ingredients. Such preparations may
routinely contain salts, buffering agents, preservatives, compatible carriers, and optionally

other therapeutic agents, such as supplementary immune potentiating agents including
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adjuvants, chemokines and cytokines. When used in medicine, the salts should be
pharmaceutically acceptable, but non-pharmaceutically acceptable salts may conveniently be
used to prepare pharmaceutically-acceptable salts thereof and are not excluded from the
scope of the invention.

A salt retains the desired biological activity of the parent compound and does not
impart any undesired toxicological effects (see e.g., Berge, S.M., et al. (1977) J. Pharm. Sci.
66: 1-19). Examples of such salts include acid addition salts and base addition salts. Acid
addition salts include those derived from nontoxic inorganic acids, such as hydrochloric,
nitric, phosphoric, sulfuric, hydrobromic, hydroiodic, phosphorous and the like, as well as
from nontoxic organic acids such as aliphatic mono- and dicarboxylic acids, phenyl
substituted alkanoic acids, hydroxy alkanoic acids, aromatic acids, aliphatic and aromatic
sulfonic acids and the like. Base addition salts include those derived from alkaline earth
metals, such as sodium, potassium, magnesium, calcium and the like, as well as from

nontoxic organic amines, such as N,N’-dibenzylethylenediamine, N-methylglucamine,

chioroprocaine, choline, diethanolamine, ethylenediamine, procaine and the like.

An anti-PSMA antibody composition may be combined, if desired, with a
pharmaceutically-acceptable carrier. The term “pharmaceutically-acceptable carrier” as used
herein means one or more compatible solid or liquid fillers, diluents or encapsulating
substances which are suitable for administration into a human. The term “carrier” denotes an
organic or inorganic ingredient, natural or synthetic, with which the active ingredient is
combined to facilitate the application. The components of the pharmaceutical compositions
also are capable of being co-mingled with the molecules of the present invention, and with
each other, in a manner such that there is no interaction which would substantially impair the
desired pharmaceutical efficacy.

The pharmaceutical compositions may contain suitable buffering agents, including:
acetic acid in a salt; citric acid in a salt; boric acid in a salt; and phosphoric acid in a salt.

The pharmaceutical compositions also may contain, optionally, suitable preservatives,
such as: benzalkonium chloride; chlorobutanol; parabens and thimerosal.

The pharmaceutical compositions may conveniently be presented in unit dosage form
and may be prepared by any of the methods well-known in the art of pharmacy. All methods
include the step of bringing the active agent into association with a carrier which constitutes

one or more accessory ingredients. In general, the compositions are prepared by uniformly
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and intimately bringing the active compound into association with a liquid carrier, a finely
divided solid carrier, or both, and then, if necessary, shaping the product.

Compositions suitable for parenteral administration conveniently comprise a sterile
aqueous or non-aqueous preparation of anti-PSMA antibodies, which is preferably isotonic
with the blood of the recipient. This preparation may be formulated according to known
methods using suitable dispersing or wetting agents and suspending agents. The sterile
injectable preparation also may be a sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example, as a solution in 1,3-butane diol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer’s
solution, and isotonic sodium chloride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose any bland
fixed oil may be employed including synthetic mono-or di-glycerides. In addition, fatty acids
such as oleic acid may be used in the preparation of injectables. Carrier formulations suitable .
for oral, subcutaneous, intravenous, intramuscular, etc. administration can be found in
Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton, PA.

The active compounds can be prepared with carriers that will protect the compound
against rapid release, such as a controlled release formulation, including implants, .
transdermal patches, and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, |
collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of such
formulations are patented or generally known to those skilled in the art. See, e.g., Sustained
and Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc.,
New York, 1978.

The therapeutics of the invention can be administered by any conventional route,
including injection or by gradual infusion over time. The administration may, for example,
be oral, intravenous, intraperitoneal, intramuscular, intracavity, intratumor, or transdermal.
When antibodies are used therapeutically, preferred routes of administration include
intravenous and by pulmonary aerosol. Techniques for preparing aerosol delivery systems
containing antibodies are well known to those of skill in the art. Generally, such systems
should utilize components which will not significantly impair the biological properties of the
antibodies, such as the paratope binding capacity (see, for example, Sciarra and Cutie,

“Aerosols,” in Remington’s Pharmaceutical Sciences, 18th edition, 1990, pp. 1694-1712;
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incorporated by reference). Those of skill in the art can readily determine the various
parameters and conditions for producing antibody aerosols without resorting to undue
experimentation.

The compositions of the invention are administered in effective amounts. An
“effective amount” is that amount of an anti-PSMA antibody composition that alone, or
together with further doses, produces the desired response, e.g. treats a malignancy in a
subject. This may involve only slowing the progression of the disease temporarily, although
more preferably, it involves halting the progression of the disease permanently. This can be
monitored by routine methods. The desired response to treatment of the disease or condition
also can be delaying the onset or even preventing the onset of the disease or condition.

Such amounts will depend, of course, on the particular condition being treated, the
severity of the condition, the individual patient parameters including age, physical condition,
size and weight, the duration of the treatment, the nature of concurrent therapy (if any), the
specific route of administration and like factors within the knowledge and expertise of the
health practitioner. These factors are well known to those of ordinary skill in the art and can
be addressed with no more than routine experimentation. It is generally preferred that a
maximum dose of the individual components or combinations thereof be used, that is, the
highest safe dose according to sound medical judgment. It will be understood by those of
ordinary skill in the art, however, that a patient may insist upon a lower dose or tolerable dose
for medical reasons, psychological reasons or for virtually any other reasons.

The pharmaceutical compositions used in the foregoing methods preferably are sterile
and contain an effective amount of anti-PSMA antibodies for producing the desired response
in a unit of weight or volume suitable for administration to a patient. The response can, for
example, be measured by determining the physiological effects of the anti-PSMA antibody
composition, such as regression of a tumor’or decrease of disease symptoms. Other assays
will be known to one of ordinary skill in the art and can be employed for measuring the level
of the response.

The doses of anti-PSMA antibodies administered to a subject can be chosen in
accordance with different parameters, in particular in accordance with the mode of
administration used and the staté of the subject. Other factors include the desired period of

treatment. In the event that a response in a subject is insufficient at the initial doses applied,
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higher doses (or effectively higher doses by a different, more localized delivery route) may
be employed to the extent that patient tolerance permits.

In general, doses can range from about 10 pg/kg to about 100,000 pg/kg. Based upon
the composition, the dose can be delivered continuously, such as by continuous pump, or at
periodic intervals. Desired time intervals of multiple doses of a particular composition can be
determined without undue experimentation by one skilled in the art. Other protocols for the
administration of anti-PSMA antibody compositions will be known to one of ordinary skill in
the art, in which the dose amount, schedule of administration, sites of administration, mode of
administration and the like vary from the foregoing.

In general, doses of radionuclide delivered by the anti-PSMA antibodies of the
invention can range from about 0.01 mCi/Kg to about 10 mCi/kg. Preferably the dose of
radionuclide ranges from about 0.1 mCi/Kg to about 1.0 mCi/kg. The optimal dose of a
given isotope can be determined empirically by simple routine titration experiments well
known to one of ordinary skill in the art.

Administration of anti-PSMA antibody compositions to mammals other than humans,
e.g. for testing purposes or veterinary therapeutic purposes, is carried out under substantially
the same conditions as described above.

The compositions (antibodies to PSMA and derivatives/conjugates thereof) of the
present invention have in vitro and in vivo diagnostic and therapeutic utilities. For example,
these molecules can be administered to cells in culture, e.g. in vitro or ex vivo, or in a subject,
e.g., in vivo, to treat, prevent or diagnose a variety of disorders. As used herein, the term
“subject” is intended to include humans and non-human animals. Preferred subjects include a
human patient having a disorder characterized by expression, typically aberrant expression
(;. g., overexpression) of PSMA.

One aspect of the present invention relates to a method of detecting cancerous cells or
portions thereof in a biological sample (e.g., histological or cytological specimens, biopsies
and the like), and, in particular, to distinguish malignant tumors from normal tissues and non-
malignant tumors. This method involves providing an antibody or an antigen-binding
binding fragment thereof, probe, or ligand, which binds to an extracellular domain of PSMA
of such cells, e.g., an anti-PSMA antibody. The anti-PSMA antibody is bound to a label that
permits the detection of the cells or portions thereof (e.g., PSMA or fragments thereof
liberated from such cancerous cells) upon binding of the anti-PSMA antibody to the cells or
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portions thereof. The biological sample is contacted with the labeled anti-PSMA antibody
under conditions effective to permit binding of the anti-PSMA antibody to the extracellular
domain of PSMA of any of the cells or portions thereof in the biological sample. The
presence of any cells or portions thereof in the biological sample is detected by detection of
the label. In one preferred form, the contact between the anti-PSMA antibody and the
biological sample is carried out in a living mammal and involves administering the anti-
PSMA antibody to the mammal under conditions that permit binding of the anti-PSMA
antibody to PSMA of any of the cells or portions thereof in the biological sample. Again,
such administration can be carried out by any suitable method known to one of ordinary skill
in the art.

In addition, the anti-PSMA antibodies of the present invention can be used in
immunofluorescence techniques to examine human tissue, cell and bodily fluid specimens. In:
a typical protocol, slides containing cryostat sections of frozen, unfixed tissue biopsy samples
or cytological smears are air dried, formalin or acetone fixed, and incubated with the
monoclonal antibody preparation in 2 humidified chamber at room temperature. The slides
are then washed and further incubated with a preparation of a secondary antibody directed
against the monoclonal antibody, usually some type of anti-mouse immunoglobulin if the
monoclonal antibodies used are derived from the fusion of a mouse spleen lymphocyte and a
mouse myeloma cell line. This secondary antibody is tagged with a compound, for instance
rhodamine or fluorescein isothiocyanate, that fluoresces at a particular wavelength. The
staining pattern and intensities within the sample are then determined by fluorescent light
microscopy and optionally photographically recorded.

As yet another alternative, computer enhanced fluorescence image analysis or flow
cytometry can be used to examine tissue specimens or exfoliated cells, i.e., single cell
preparations from aspiration biopsies of tumors using the anti-PSMA antibodies of this
invention. The anti-PSMA antibodies of the invention are particularly useful in quantitation
of live tumor cells, i.e., single cell preparations from aspiration biopsies of prostate tumors by
computer enhanced fluorescence image analyzer or with a flow cytometer. The antibodies of
the invention are particularly useful in such assays to differentiate benign from malignant
prostate tumors since the PSMA protein to which the anti-PSMA antibodies bind is expressed
in increased amounts by malignant tumors as compared to benign prostate tumors. The

percent PSMA positive cell population, alone or in conjunction with determination of other
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attributes of the cells (e.g., DNA ploidy of these cells), may, additionally, provide very useful
prognostic information by providing an early indicator of disease progression.

In yet another alternative embodiment, the antibodies of the present invention can be
used in combination with other known antibodies to provide additional information regarding
the malignant phenotype of a cancer.

The method of the present invention can be used to screen patients for diseases
associated with the presence of cancerous cells or portions thereof. Alternatively, it can be
used to identify the recurrence of such diseases, particularly when the disease is localized in a
particular biological material of the patient. For example, recurrence of prostatic disease in
the prostatic fossa may be encountered following radical prostatectomy. Using the method of
the present invention, this recurrence can be detected by administering a short range
radiolabeled antibody to the mammal and then detecting the label rectally, such as with a
transrectal detector probe.

Alternatively, the contacting step can be carried out in a sample of serum or urine or
other body fluids, including but not limited to seminal fluid, prostatic fluid, jaculate, and the
like, such as to detect the presence of PSMA in the body fluid. When the contacting is
carried out in a serum or urine sample, it is preferred that the biological agent recognize
substantially no antigens circulating in the blood other than PSMA. Since intact cells do not
excrete or secrete PSMA into the extracellular environment, detecting PSMA in serum, urine,
or other body fluids generally indicates that cells are being lysed or shed. Thus, the
biological agents and methods of the present invention can be used to determine the
effectiveness of a cancer treatment protocol by monitoring the level of PSMA in serum, urine
or other body fluids.

In a particularly preferred embodiment of the method of detecting cancerous cells n
accordance with the present invention, the anti-PSMA antibodies or an antigen-binding
fragment thereof, binds to and is internalized with the prostate specific membrane antigen of
such cells. Again, the biological agent is bound to a label effective to permit detection of the
cells or portions thereof upon binding of the biological agent to and internalization of the
biological agent with the prostate specific membrane antigen.

Biological agents suitable for detecting cancerous cells include anti-PSMA antibodies,
such as monoclonal or polyclonal antibodies. In addition, antibody fragments, half-

antibodies, hybrid derivatives, probes, and other molecular constructs may be utilized. These
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biological agents, such as antibodies, antigen-binding fragments thereof, probes, or ligands,
bind to extracellular domains of prostate specific membrane antigens or portions thereof in
cancerous cells. As a result, the biological agents bind not only to cells which are fixed or
cells whose intracellular antigenic domains are otherwise exposed to the extracellular
environment. Consequently, binding of the biological agents is concentrated in areas where
there are prostate cells, irrespective of whether these cells are fixed or unfixed, viable or
necrotic. Additionally or alternatively, these biological agents bind to and are internalized
with prostate specific membrane antigens or portions thereof in normal, benign hyperplastic,
and to a greater degree in cancerous cells.

The antibodies or antigen-binding fragments thereof can also be utilized in in vivo
therapy of cancer. The antibodies can be used alone or covalently attached, either directly or
via linker, to a compound which kills and/or inhibits proliferation of the malignant cells or
tissues following administration and localization of the conjugates. When the antibody is
used by itself, it may mediate tumor destruction by complement fixation or antibody-
dependent cellular cytotoxicity. Alternatively, the antibody may be administered in
combination with a chemotherapeutic drug to result in synergistic therapeutic effects (Baslya
and Mendelsohn, 1994 Breast Cancer Res. and Treatment 29:127-138). A variety of
different types of substances can be directly conjugated to the antibody for therapeutic uses,
including radioactive metal and non-metal isotopes, chemotherapeutic drugs, toxins, etc. as
described above and known in the art (see, e.g., Vitetta and Uhr, 1985, Annu. Rev. Immunol.
3:197).

The antibodies or antigen-binding fragments thereof of the invention can also be
administered together with complement.-Accordingly, within the scope of the invention are
compositions comprising antibodies or antigen-binding fragments thereof and serum or
complement. These compositions are advantageous in that the complement is Jocated in
close proximity to the human antibodies or antigen-binding fragments thereof. Alternatively,
the antibodies or antigen-binding fragments thereof of the invention and the complement or
serum can be administered separately.

The antibodies can be administered with one or more immunostimulatory agents to
induce or enhance an immune response, such as IL-2 and immunostimulatory

oligonucleotides (e.g., those containing CpG motifs). Preferred immunostimulatory agents
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stimulate specific arms of the immune system, such as natural killer (NK) cells that mediate
antibody-dependent cell cytotoxicity (ADCC).

Antigens, such as the PSMA dimers described herein, can be administered with one or
more adjuvants to induce or enhance an immune response. An adjuvant is a substance which
potentiates the immune response. Adjuvants of many kinds are well known in the art.
Specific examples of adjuvants include monophosphoryl lipid A (MPL, SmithKline
Beecham); saponins including QS21 (SmithKline Beecham); immunostimulatory
oligonucleotides (e.g., CpG oligonucleotides described by Kreig et al., Nature 374:546-9,
1995);incomplete Freund’s adjuvant; complete Freund’s adjuvant; montanide; vitamin E and
various water-in-oil emulsions prepared from biodegradable oils such as squalene and/or
tocopherol, Quil A, Ribi Detox, CRL-1005, L-121, and combinations thereof.

Other agents which stimulate the immune response of the subject to PSMA multimer
antigens can also be administered to the subject. For example, cytokines are also useful in
vaccination protocols as a result of their lymphocyte regulatory properties. Many cytokines
useful for such purposes will be known to one of ordinary skill in the art, including
interleukin-2 (IL-2); IL-4; IL-5; TL-12, which has been shown to enhance the protective
effects of vaccines (see, e.g., Science 268: 1432-1434, 1995); GM-CSF; IL-15; 1L-18;
combinations thereof, and the like. Thus cytokines can be administered in conjunction with
antibodies, antigens, chemokines and/or adjuvants to increase an immune response.

Chemokines useful in increasing immune responses include but are not limited to
SLC, ELC, MIP3a, MIP3B, IP-10, MIG, and combinations thereof.

The antibodies or antigen-binding fragments thereof of the present invention can be
used in conjunction with other therapeutic treatment modalities. Such other treatments
include surgery, radiation, cryosurgery, thermotherapy, hormone treatment, chemotherapy,
vaccines, and other immunotherapies.

Also encompassed by the present invention is a method which involves using the
antibodies or antigen-binding fragments thereof for prophylaxis. For example, these materials
can be used to prevent or delay development or progression of cancer.

Use of the cancer therapy of the present invention has a number of benefits. Since the
anti-PSMA antibodies or antigen-binding fragments thereof according to the present
invention preferentially target prostate cancer cells, other tissue is spared. As aresult,

treatment with such biological agents is safer, particularly for elderly patients. Treatment
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according to the present invention is expected to be particularly effective, because it directs
high levels of anti-PSMA antibodies or antigen-binding fragments thereof to the bone
marrow and lymph nodes where prostate cancer metastases predominate. Moreover, tumor
sites for prostate cancer tend to be small in size and, therefore, easily destroyed by cytotoxic
agents. Treatment in accordance with the present invention can be effectively monitored with
clinical parameters such as serum prostate specific antigen and/or pathological features of a
patient’s cancer, including stage, Gleason score, extracapsular, seminal, vesicle or perineural
invasion, positive margins, involved lymph nodes, etc. Alternatively, these parameters can
be used to indicate when such treatment should be employed.

Because the antibodies or antigen-binding fragments thereof of the present invention
bind to living cells, therapeutic methods using these biological agents are much more
effective than those which target lysed cells. For the same reasons, diagnostic and imaging
methods which determine the location of living normal, benign hyperplastic, or cancerous
cells are much improved by employing the antibodies or antigen-binding fragments thereof of
the present invention. In addition, the ability to differentiate between living and dead cells
can be advantageous, especially to monitor the effectiveness of a particular treatment
regimen.

Also within the scope of the invention are kits comprising the compositions of the
invention and instructions for use. The kits can further contain at least one additional
reagent, such as complement, or one or more additional antibodies of the invention (e.g., an
antibody having a complementary activity which binds to an epitope in PSMA antigen
distinct from the first antibody). Other kits can include the PSMA multimers described
hereinbelow.

Kits containing the antibodies or antigen-binding fragments thereof of the invention
can be prepared for in vitro diagnosis, prognosis and/or monitoring cancer by the
immunohistological, immunocytological and immunoserological methods described above.
The components of the kits can be packaged either in aqueous medium or in lyophilized
form. When the antibodies or antigen-binding fragments thereof are used in the kits in the
form of conjugates in which a label moiety is attached, such as an enzyme or a radioactive
metal ion, the components of such conjugates can be supplied either in fully conjugated form,

in the form of intermediates or as separate moieties to be conjugated by the user or the kit.
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A kit may comprise a carrier being compartmentalized to receive in close confinement
therein one or more container means or series of container means such as test tubes, vials,
flasks, bottles, syringes, or the like. A first of said container means or series of container
means may contain one or more anti-PSMA antibodies or antigen-binding fragments thereof
or PSMA. A second container means or series of container means may contain a label or
linker-label intermediate capable of binding to the primary anti-PSMA antibodies (or
fragment thereof).

Kits for use in in vivo tumor localization and therapy method containing the anti-
PSMA antibodies or antigen-binding fragments thereof conjugated to other compounds or
substances can be prepared. The components of the kits can be packaged either in aqueous
medium or in lyophilized form. When the antibodies or antigen-binding fragments thereof
are used in the kits in the form of conjugates in which a label or a therapeutic moiety is
attached, such as a radioactive metal ion or a therapeutic drug moiety, the components of

such conjugates can be supplied either in fully conjugated form, in the form of intermediates

or as separate moieties to be conjugated by the user of the kit.

In one aspect of the invention, a method for modulating at least one enzymatic .
activity of PSMA, the activity selected from the group consisting of N-acetylated a-linked
acidic dipeptidase (NAALADase), folate hydrolase, dipeptidyl dipeptidase IV and y-glutamyl
hydrolase activity or combination thereof in vitro or in vivo. The modulation may be
enhancement or inhibition of at least one enzymatic activity of PSMA.

In a preferred embodiment, the invention provides methods for inhibiting at least one
enzymatic activity of PSMA, the activity selected from the group consisting of N-acetylated
a-linked acidic dipeptidase (NAALADase), folate hydrolase, dipeptidyl dipeptidase IV and
v-glutamyl hydrolase activity or combination thereof in vitro or in vivo. The method
comprises contacting a NAALADase, a folate hydrolase, a dipeptidyl dipeptidase IV and/or a
y-glutamyl hydrolase with an amount of an isolated antibody or antigen-binding fragment
thereof of the invention under conditions wherein the isolated monoclonal antibody or
antigen-binding fragment thereof inhibits NAALADase, folate hydrolase, dipeptidyl
dipeptidase IV or y-glutamyl hydrolase activity.

Tissue levels of NAALADase can be determined by detergent solubilizing
homogenizing tissues, pelleting the insoluble material by centrifugation and measuring the

NAALADase activity in the remaining supernatant. Likewise, the NAALADase activity in
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bodily fluids can also be measured by first pelleting the cellular material by centrifugation
and performing a typical enzyme assay for NAALADase activity on the supernatant.
NAALADase enzyme assays have been described by Frieden, 1959, J. Biol, Chem.,
234:2891. In this assay, the reaction product of the NAALADase enzyme is glutamic acid.
This is derived from the enzyme catalyzed cleavage of N-acetylaspartylglutamate to yield N-
acetylaspartic acid and glutamic acid. Glutamic acid, in a NAD(P)" requiring step, yields 2-
oxoglutarate plus NAD(P)H in a reaction catalyzed by glutamate dehydrogenase. Progress of
the reaction can easily and conveniently be measured by the change in absorbance at 340 nm
due to the conversion of NAD(P)* to NAD(P)H.

Folate hydrolase activity of PSMA can be measured by performing enzyme assays as
described by Heston and others (e.g., Clin. Cancer Res. 2(9):1445-51, 1996; Urology 493 A
Suppl):104-12,1997). Folate hydrolases such as PSMA remove the gamma-linked glutamates
from polyglutamated folates. Folate hydrolase activity can be measured using substrates such
as methotrexate tri-gamma glutamate (MTXGlu3), methotrexate di-gamma glutamate
(MTXGIu2) and pteroylpentaglutamate (PteGlu5), for example using capillary
electrophoresis (see Clin. Cancer Res. 2(9):1445-51, 1996). Timed incubations of PSMA
with polyglutamated substrates is followed by separation and detection of hydrolysis
products.

The invention also includes isolated antibodies and binding fragments thereof that
selectively bind PSMA multimers. As used herein, particularly with respect to the binding of
PSMA multimers by the anti-PSMA antibodies and binding fragments, “selectively binds™
means that an antibody preferentially binds to a PSMA protein multimer (e.g., with greater
avidity, greater binding affinity) rather than to a PSMA protein monomer. In preferred
embodiments, the antibodies of the invention bind to a PSMA protein multimer with an
avidity and/or binding affinity that is 1.1-fold, 1.2-fold, 1.3-fold, 1.4-fold, 1.5-fold, 1.6-fold,
1.7-fold, 1.8-fold, 1.9-fold, 2-fold, 3-fold, 4-fold, 5-fold, 7-fold, 10-fold, 20-fold, 30-fold, 40-
fold, 50-fold, 70-fold, 100-fold, 200-fold, 300-fold, 500-fold, 1000-fold or more than that
exhibited by the antibody for a PSMA protein monomer. Preferably, the antibody selectively
binds a PSMA protein multimer, and not a PSMA protein monomer, i.e., substantially
exclusively binds to a PSMA protein multimer. Most preferably, the antibody selectively
binds a PSMA protein dimer.
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The isolated antibody or binding fragment that selectively binds a PSMA protein
multimer can, in some embodiments, modulate enzymatic activity of the PSMA protein
multimer. In one such embodiment, the antibody inhibits at least one enzymatic activity such
as NAALADase activity, folate hydrolase activity, dipeptidyl dipeptidase IV activity,
v-glutamyl hydrolase activity, or combinations thereof. In another embodiment, the antibody
enhances at least one enzymatic activity such as NAALADase activity, folate hydrolase
activity, dipeptidyl dipeptidase IV activity, y-glutamyl hydrolase activity, or combinations
thereof.

A PSMA protein multimer, as used herein, is a protein complex of at least two PSMA
proteins or fragments thereof. The PSMA protein multimers can be composed of various
combinations of full-length PSMA proteins (e.g., SEQ ID NO:1), recombinant soluble PSMA
(rsPSMA, e.g., amino acids 44-750 of SEQ ID NO:1) and fragments of the foregoing that
form multimers (i.e., that retain the protein domain required for forming dimers and/or higher
order multimers of PSMA). In preferred embodiments, at least one of the PSMA proteins
forming the multimer is a recombinant, soluble PSMA (rsPSMA) polypeptide. Preferred

PSMA protein multimers are dimers, particularly those formed from recombinant soluble-

. PSMA protein. A particularly preferred embodiment is a rsPSMA homodimer.

The PSMA protein multimers referred to herein are believed to assume a native
conformation and preferably have such a conformation. The PSMA proteins in certain
embodiments are noncovalently bound together to form the PSMA protein multimer. For
example, it has been discovered that PSMA protein noncovalently associates to form dimers
under non-denaturing conditions, as described in the Examples below.

The PSMA protein multimers can, and preferably do, retain the activities of PSMA.
The PSMA activity may be an enzymatic activity, such as folate hydrolase activity,
NAALADase activity, dipeptidyl peptidase IV activity and y-glutamyl hydrolase activity.
Methods for testing the PSMA activity of multimers are well known in the art (reviewed by
O’Keefe et al. in: Prostate Cancer: Biology, Genetics, and the New Therapeutics, L.W.K.
Chung, W.B. Isaacs and J.W. Simons (eds.) Humana Press, Totowa, NJ, 2000, pp. 307-326),

some of which are described in the Examples herein below.
In certain aspects, the invention also includes compositions including one or more of
the isolated PSMA protein multimers described herein, such as the PSMA protein dimer. In

preferred embodiments, a PSMA protein multimer composition contains at least about 10%
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PSMA protein multimer. In other embodiments, the PSMA protein multimer composition
contains at least about 20%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 99%
or 99.5% PSMA protein multimer. In a preferred embodiment, the PSMA protein multimer
composition contains substantially pure PSMA protein multimer, with substantially no
PSMA protein monomer. It is understood that the list of specific percentages includes by
inference all of the unnamed percentages between the recited percentages.

As used herein with respect to polypeptides, proteins or fragments thereof, “isolated”
means separated from its native environment and present in sufficient quantity to permit its
identification or use. Isolated, when referring to a protein or polypeptide, means, for
example: (i) selectively produced by expression cloning or (ii) purified as by
chromatography or electrophoresis. Isolated proteins or polypeptides may be, but need not
be, substantially pure. The term “substantially pure” means that the proteins or polypeptides
are essentially free of other substances with which they may be found in nature or in vivo
systems to an extent practical and appropriate for their intended use. Substantially pure
polypeptides may be produced by techniques well known in the art. Because an isolated
protein may be admixed with a pharmaceutically acceptable carrier in a pharmaceutical
preparation, the protein may comprise only a small percentage by weight of the preparation.
The protein is nonetheless isolated in that it has been separated from the substances with
which it may be associated in living systems, i.e. isolated from other proteins.

Fragments of a PSMA protein preferably are those fragments which retain a distinct
functional capability of the PSMA protein. Functional capabilities which can be retained in a
fragment include binding of other PSMA molecules to form dimers and higher order
multimers, interaction with antibodies, interaction with other polypeptides or fragments
thereof, and enzymatic activity. Other PSMA protein fragments, €.g., other recombinant
soluble fragments of SEQ ID NO:1, can be selected according to their functional properties.
For example, one of ordinary skill in the art can prepare PSMA fragments recombinantly and
test those fragments according to the methods exemplified below.

Modifications to a PSMA polypeptide are typically made to the nucleic acid which
encodes the PSMA polypeptide, and can include deletions, point mutations, truncations,
amino acid substitutions and additions of amino acids or non-amino acid moieties.
Alternatively, modifications can be made directly to the polypeptide, such as by cleavage,

addition of a linker molecule, addition of a detectable moiety, such as biotin, addition of a
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fatty acid, and the like. Modifications also embrace fusion proteins comprising all or part of
the PSMA amino acid sequence.

In general, modified PSMA polypeptides include polypeptides which are modified
specifically to alter a feature of the polypeptide unrelated to its physiological activity. For
example, cysteine residues can be substituted or deleted to prevent unwanted disulfide
linkages. Similarly, certain amino acids can be changed to enhance expression of a PSMA
polypeptide by eliminating proteolysis by proteases in an expression system (e.g., dibasic
amino acid residues in yeast expression systems in which KEX2 protease activity is present).

Modifications conveniently are prepared by altering a nucleic acid molecule that
encodes the PSMA polypeptide. Mutations of a nucleic acid which encode a PSMA
polypeptide preferably preserve the amino acid reading frame of the coding sequence, and
preferably do not create regions in the nucleic acid which are likely to hybridize to form
secondary structures, such a hairpins or loops, which can be deleterious to expression of the
modified polypeptide.

Modifications can be made by selecting an amino acid substitution, or by random
mutagenesis of a selected site in a nucleic acid which encodes the PSMA polypeptide.
Modified PSMA polypeptides then can be expressed and tested for one or more activities
(e.g., antibody binding, enzymatic activity, multimeric stability) to determine which mutation
provides a modified polypeptide with the desired properties. Further mutations can be made
to modified PSMA polypeptides (or to non-modified PSMA polypeptides) which are silent as
to the amino acid sequence of the polypeptide, but which provide preferred codons for
translation in a particular host. The preferred codons for translation of a nucleic acid in, e.g.,
E. coli, are well known to those of ordinary skill in the art. Still other mutations can be made
to the noncoding sequences of a PSMA coding sequence or cDNA clone to enhance
expression of the polypeptide. The activity of modified PSMA polypeptides can be tested by
cloning the gene encoding the modified PSMA polypeptide into a bacterial or mammalian
expression vector, introducing the vector into an appropriate host cell, expressing the
modified PSMA polypeptide, and testing for a functional capability of the PSMA
polypeptides as disclosed herein. The foregoing procedures are well known to one of
ordinary skill in the art.

The skilled artisan will also realize that conservative amino acid substitutions may be

made in PSMA polypeptides to provide functionally equivalent PSMA polypeptides, i.e.,
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modified PSMA polypeptides that retain the functional capabilities of PSMA polypeptides.
As used herein, a “conservative amino acid substitution” refers to an amino acid substitution
which does not alter the relative charge or size characteristics of the protein in which the
amino acid substitution is made. Modified PSMA polypeptides can be prepared according to
methods for altering polypeptide sequence known to one of ordinary skill in the art such as
are found in references which compile such methods, e.g. Molecular Cloning: A Laboratory
Manual, J. Sambrook, et al., eds., Second Edition, Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, 1989, or Current Protocols in Molecular Biology, F.M.
Ausubel, et al., eds., John Wiley & Sons, Inc., New York. Exemplary functionally
equivalent PSMA polypeptides include conservative amino acid substitutions of SEQ ID
NO:1, or fragments thereof, such as the recombinant soluble PSMA polypeptide (amino acids
44-750 of SEQ ID NO:1). Conservative substitutions of amino acids include substitutions
made amongst amino acids within the following groups: (a) M, LL, V; 0) F, Y, W; (c) K, R,
H; () A,G;(® S, T; () Q,N; and (9) E, D.

Conservative amino-acid substitutions in PSMA polypeptides typically are made by
alteration of a nucleic acid encoding a PSMA polypeptide. Such substitutions can be made
by a variety of methods known to one of ordinary skill in the art. For example, amino acid
substitutions may be made by PCR-directed mutation, site-directed mutagenesis, or by
chemical synthesis of a gene encoding a PSMA polypeptide. Where amino acid substitutions
are made to a small fragment of a PSMA polypeptide, the substitutions can be made by
directly synthesizing the peptide. The activity of functionally equivalent fragments of PSMA
polypeptides can be tested by cloning the gene encoding the altered PSMA polypeptide into a
bacterial or mammalian expression vector, introducing the vector into an appropriate host
cell, expressing the altered PSMA polypeptide, and testing for a functional capability of the
PSMA polypeptides as disclosed herein.

The PSMA protein multimers as described herein have a number of uses, some of
which are described elsewhere herein. The multimers are useful for testing of compounds
that modulate PSMA enzymatic activity or PSMA multimerization. The multimers can be
used to isolate antibodies that selectively bind PSMA, including those selective for
conformational epitopes, those selective for binding PSMA multimers and not PSMA

monomers, and those that selectively modulate an enzymatic activity of PSMA. The



10

15

20

25

30

WO 03/034903 PCT/US02/33944
-59 .

multimers, particularly dimeric PSMA, also can be used to induce or increase immune
responses to PSMA, as vaccine compositions.

Agents that selectively modulate an enzymatic activity of PSMA include agents that
inhibit or enhance at least one enzymatic activity of PSMA, such as NAALADase activity,
folate hydrolase activity, dipeptidyl dipeptidase IV activity, y-glutamyl hydrolase activity, or
combinations thereof.

Thus methods of screening for candidate agents that modulate at least one enzymatic

activity of a PSMA enzyme are provided in accordance with the invention. The methods can

.include mixing the candidate agent with an isolated PSMA protein multimer to form a

reaction mixture, thereby contacting the PSMA enzyme with the candidate agent. The
methods also include adding a substrate for the PSMA enzyme to the reaction mixture, and
determining the amount of a product formed from the substrate by the PSMA enzyme. Such
methods are adaptable to automated, high-throughput screening of compounds. A decrease in
the amount of product formed in comparison to a control is indicative of an agent capable of
inhibiting at least one enzymatic activity of the PSMA enzyme. An increase in the amount of
product formed in comparison to a control is indicative of an agent capable of enhancing at
least one enzymatic activity of the PSMA enzyme. The PSMA enzyme can be NAALADase,
folate hydrolase, dipeptidyl dipeptidase IV and/or y-glutamyl hydrolase. The PSMA enzyme
preferably is a PSMA multimer that includes recombinant soluble PSMA, most preferably a
noncovalently associated dimer of PSMA in a native conformation.

The reaction mixture comprises a candidate agent. The candidate agent is preferably
an antibody, a small organic compound, or a peptide, and accordingly can be selected from
combinatorial antibody libraries, combinatorial protein libraries, or small organic molecule
libraries. Typically, a plurality of reaction mixtures are run in parallel with different agent
concentrations to obtain a different response to the various concentrations. Typically, one of
these concentrations serves as a negative control, i.e., at zero concentration of agent or at a
concentration of agent below the limits of assay detection.

Candidate agents encompaés numerous chemical classes, although typically they are
organic compounds, proteins or antibodies (and fragments thereof that bind antigen). In
some preferred embodiments, the candidate agents are small organic compounds, i.¢., those
having a molecular weight of more than 50 yet less than about 2500, preferably less than

about 1000 and, more preferably, less than about 500. Candidate agents comprise functional
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chemical groups necessary for structural interactions with polypeptides and/or nucleic acids,
and typically include at least an amine, carbonyl, hydroxyl, or carboxyl group, preferably at
least two of the functional chemical groups and more preferably at least three of the
functional chemical groups. The candidate agents can comprise cyclic carbon or heterocyclic
structure and/or aromatic or polyaromatic structures substituted with one or more of the
above-identified functional groups. Candidate agents also can be biomolecules such as
peptides, saccharides, fatty acids, sterols, isoprenoids, purines, pyrimidines, derivatives or
structural analogs of the above, or combinations thereof and the like.

Candidate agents are obtained from a wide variety of sources including libraries of
synthetic or natural compounds. For example, numerous means are available for random and
directed synthesis of a wide variety of organic compounds and biomolecules, including
expression of randomized oligonucleotides, synthetic organic combinatorial libraries, phage
display libraries of random or non-random peptides, combinatorial libraries of proteins or
antibodies, and the like. Alternatively, libraries of natural compounds in the form of
bacterial, fungal, plant, and animal extracts are available or readily produced. Additionally,
natural and synthetically produced libraries and compounds can be readily be modified
through conventional chemical, physical, and biochemical means. Further, known agents
may be subjected to directed or random chemical modifications such as acylation, alkylation,
esterification, amidification, etc. to produce structural analogs of the agents.

A variety of other reagents also can be included in the mixture. These include
reagents such as salts, buffers, neutral proteins (e.g., albumin), detergents, etc. which may be
used to facilitate optimal protein-protein and/or protein-agent binding. Such a reagent may
also reduce non-specific or background interactions of the reaction components. Other
reagents that improve the efficiency of the assay such as protease inhibitors, nuclease
inhibitors, antimicrobial agents, and the like may also be\used.

The mixture of the foregoing reaction materials is incubated under conditions
whereby, the candidate agent interacts with the PSMA enzyme. The order of addition of
components, incubation temperature, time of incubation, and other parameters of the assay
may be readily determined. Such experimentation merely involves optimization of the assay
parameters, not the fundamental composition of the assay. Incubation temperatures typically
are between 4°C and 40°C. Incubation times preferably are minimized to facilitate rapid,

high throughput screening, and typically are between 0.1 and 10 hours.
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After incubation, the presence or absence of PSMA enzyme activity is detected by
any convenient method available to the user. For example, the reaction mixture can contain a
substrate for the PSMA enzyme. Preferably the substrate and/or the product formed by the
action of the PSMA enzyme are detectable. The substrate usually comprises, or is coupled to,
a detectable label. A wide variety of labels can be used, such as those that provide direct
detection (e.g., radioactivity, luminescence, optical, or electron density, etc) or indirect
detection (e.g., epitope tag such as the FLAG epitope, enzyme tag such as horseradish
peroxidase, etc.). The label may be bound to the substrate, or incorporated into the structure
of the substrate.

A variety of methods may be used to detect the label, depending on the nature of the

label and other assay components. For example, the label may be detected while bound to the

" substrate or subsequent to separation from the substrate. Labels may be directly detected

through optical or electron density, radioactive emissions, nonradiative energy transfers, etc.
or indirectly detected with antibody conjugates, strepavidin-biotin conjugates, etc. Methods

for detecting a variety of labels are well known in the art.

Examples

‘Materials and Methods

DNA constructs. All secreted PSMA constructs were derived from the original human PSMA
clone p55A provided by Dr. W.D.W. Heston (Israeli et al., Cancer Res. 53: 227-230, 1993).
The constructs were subcloned into expression vector PPI4 (Trkola et al., Nature 384: 184-
187, 1996) for high-level expression and secretion in mammalian cells. Recombinant soluble
PSMA (rsPSMA) corresponds to the entire extracellular domain of PSMA (amino acids 44-
750 of SEQ ID NO:1 (GenBénk Protein Accession number AAA60209)).

pcDNA Plasmid Constructs: Nucleic acid molecules encoding the anti-PSMA antibodies
10.3, 006, 026, 051, 069 and 077 were cloned into plasmid pcDNA. The cloning protocol is
given in Figure 10. Primers (SEQ ID NOs: 33-36, sense and anti-sense) used for the variable
region amplifications are also shown. The plasmids constructed for anti-PSMA antibodies
006, 026, 051, 069, 077 and 10.3 contain nucleotide sequences encoding the heavy chain of
the antibodies (SEQ ID NOs: 2-7; PTA-4403, PTA-4405, PTA-4407, PTA-4409, PTA-4411,
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PTA-4413, respectively) or contain nucleotide sequences encoding light chain of the
antibodies (SEQ ID NOs: 8-13; PTA-4404, PTA-4406, PTA-4408, PTA-4410, PTA-4412
and PTA-4414, respectively). Plasmid maps are given in Figures 11-22.

Western blots. Cells were lysed in PBS containing 1mM EDTA, 1% NP-40, 1% Triton X-
100, and Smg/ml aprotinin and cell debris was removed by centrifugation at 3000g for 30 min
at 4°C. Lysates were separated on a 5-20% gradient gel before transfer to nitrocellulose
membranes. The resulting blots were blocked in PBS containing 5% milk, 0.02% SDS and
0.1% Triton X-100 before incubation with MAB544 primary antibody (Maine
Biotechnologies) at a concentration of 2mg/ml. After three washes, blots were incubated
with a goat anti-mouse HRP-conjugated secondary antibody at a concentration of 0.2mg/ml.
Blots are visualized using the Renaissance chemiluminescence system (Perkin-Elmer Life

Sciences, Boston, MA).

ELISA. Cells were lysed in PBS containing ImM EDTA, 1% NP-40, 1% Triton X-100, and
5mg/m] aprotinin. The resulting cell membranes were plated onto 96-well plates and dried in
a sterile hood overnight. The plates were then blocked with PBS containing casein and
Tween-20 before addition of mouse sera or hybridoma supernatants, using purified MAB544
(Maine Biotechnologies) or 7E11 (Cytogen) as a standard. After washing in PBS, an alkaline
phosphatase conjugated secondary antibody (subclass specific) was incubated and
subsequently washed in PBS. The pNPP substrate was then added for colorimetric detection

at a wavelength of 405 nm.

Flow cytometry. Wild-type 3T3 or PSMA-expressing 3T3 cells (10° cells per condition) were
washed in PBS containing 0.1% NaN3. Antibodies or sera were then added (1:100 dilution in
PBS) and incubated on ice for 30 minutes. After washing in PBS+0.1% NaN3, the cells were
incubated with anti-mouse IgG+IgM (Calbiotech) for 30 minutes on ice. Cells were washed

again in PBS+0.1% NaNj; and analyzed by flow cytometry.

Example 1: Generation of a panel of monoclonal antibodies (mAbs) to conformational

epitopes on PSMA
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A panel of anti-PSMA mAbs that represent promising candidates for therapy was
created. Briefly, the mAbs were generated as follows: BALB/c mice were immunized
subcutaneously with recombinant PSMA at approximately three-week intervals. After a total
of 4 injections, mice were sacrificed and their splenocytes fused with a myeloma cell line
using standard techniques in order to create hybridomas. Individual hybridoma supernatants
were screened by ELISA for reactivity with PSMA derived from either LNCaP human
prostate tumor cells or from 3T3 cells engineered to express full-length human PSMA (3T3-
PSMA cells). Positive clones were secondarily screened by flow cytometry for specific
reactivity with intact 3T3-PSMA and LNCaP cells so as to select antibodies that recognize
native, cell-surface PSMA and thus have the greatest therapeutic potential.

Mice having the ability to produce human antibodies (XenoMouse, Abgenix; Mendez
et al., Nature Genetics 15:146, 1997) were immunized subcutaneously once or twice weekly
with 5 X 10 LNCaP cells adjuvanted with alum or Titermax Gold (Sigma Chemical Co., St.
Louis, MO). Animals were boosted twice with 10 pug of recombinant PSMA protein

immunoaffinity captured onto protein G magnetic microbeads (Miltenyi Biotec, Auburn,

. CA). PSMA mAb 3.11 was used for capture. Splenocytes were fused with NSO myeloma

cells and the hybridomas that resulted were screened as above by flow cytometry to detect
clones producing antibodies reactive with the extracellular portion of PSMA. One clone, -
10.3 (PTA-3347), produced such antibodies.

These methods have yielded a high proportion of mAbs that react exclusively with
conformation-specific epitopes on cell-surface PSMA. As shown in Fig. 1, several (mAbs
3.7,3.9,3.11, 5.4, and 10.3) but not all (mAb 3.12) mAbs specifically bind viable PSMA-
expressing cells. Using recombinant soluble PSMA proteins expressed in Chinese hamster
ovary (CHO) cell lines, it further was demonstrated that the mAbs bind epitopes in the
extracellular region of PSMA. The mAbs were also tested for their ability to
immunoprecipitate native PSMA from 3T3-PSMA cell lysates. The mAbs positive in flow
cytometry (Fig. 1) were also effective in immunoprecipitation (Fig. 2), whereas mAD 3.12
was unreactive. Fig. 3 shows the recognition of non-denatured full-length PSMA and
recombinant soluble PSMA by several PSMA antibodies that recognize PSMA conformation.
This further confirms that these methods yield a preponderance of mAbs that efficiently
recognize native PSMA.



10

15

WO 03/034903 PCT/US02/33944
- 64 -

The mAbs were tested for reactivity with denatured PSMA by Western blot analysis
(Fig. 4). Lysates from the indicated cells and samples (controls: 3T3 cells, PSMA-negative
human prostate cell lines PC-3 and DU145, mock supernatant; PSMA-positive samples:
PSMA-expressing 3T3 cells, PSMA-positive human prostate cell line LNCaP, rsPSMA-
positive supernatant) were resolved by SDS-PAGE, electroblotted, and probed with anti-
PSMA mAbs 3.1 and 3.12 (ATCC Patent Deposit Designations PTA-3639 and PTA-3640,
respectively). Four mAbs tested in parallel (3.7, 3.8, 3.9, 3.11) showed no reactivity to either
full-length or secreted rsPSMA proteins. 7E11 mAb immunoprecipitated full-length but not
secreted rsPSMA.

The mAbs reactive in flow cytometry and immunoprecipitation (mAbs 3.7, 3.9, 3.11,
5.4, and 10.3) were all unreactive in Western blot analysis, indicating that the mAbs do not
recognize linear epitopes. Taken together, the data strongly suggest that these 5 mAbs
recognize ponformation—speciﬁc epitopes located in the extracellular domain of PSMA.
Since mAbs to conformational epitopes typically possess the greatest affinity and specificity
for antigen, they represent preferred candidates for therapy.

The reactivities of certain anti-PSMA antibodies are described in Table 2:

Table 2: anti-PSMA antibody properties

Reactivity
mAb | ELISA Flow 1P Western Epitope
Cytometry
3.1 + -+ + + Linear, Extracellular, exposed on
native PSMA
3.7 + + + - Conformational, extracellular
3.8 + + + - Conformational, extracellular
3.9 + + + - Conformational, extracellular
3.11 + + + - Conformational, extracellular
3.12 + - - + Linear, Extracellular, not exposed on
native PSMA
5.4 + + + - Conformational, extracellular
7.1 + - - + Linear, Extracellular, not exposed on
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native PSMA
7.3 + + + - Conformational, extracellular
10.3 + + - Conformational, extracellular
1.8.3 + + - Extracellular
A3.13 + + - Extracellular
A33.1 + + - Extracellular

The mAbs were determined by ELISA to be primarily of the mouse IgG2a, mouse
IgG2b and human IgG1 isotypes, which mediate potent effector functions. Although a
number of anti-PSMA mAbs have been described over the years and evaluated for
therapeutic potential (see, e.g., Liu, H. et al. Cancer Res. 57: 3629-3634, 1997; Chang, S.S. et
al. Cancer Res. 59: 3192-3198, 1999; Murphy, G.P. et al. J Urology 160: 2396-2401, 1998),
none inhibit the enzymatic activity of PSMA and few recognize conformational determinants

on PSMA.

Example 2: Production of anti-PSMA mAbs

To accurately and quantitatively assess the therapeutic potential of these mAbs, the
mAbs are produced in a quantity and quality suitable for extensive in vitro and in vivo
characterization. Briefly, the mAb-secreting hybridomas are cultured in roller bottles in
DMEM/F12 medium supplemented with 10% FBS that has been depleted of bovine IgG
(Life Technologies). During the production phase of the culture, cells are maintained at
~5 x 10° cells/mL via twice-weekly exchanges of media. Collected media are clarified by
filtration through a 0.22 micron filter and stored at —95 °C prior to purification. Given an
average antibody expression levels of ~25 mg/L, approximately 3L of roller bottle
supernatants are required for each antibody to allow for losses in purification.

Culture supernatants from a given hybridoma are pooled and loaded onto a Protein A
Sepharose affinity column. Mouse IgG2a, mouse IgG2b and human IgG1 antibodies are
loaded directly, but supernatants containing mouse IgG1 antibodies are adjusted to pH 8.5
and 1M NaCl prior to loading in order to promote binding. After washing the column, the
mADb is eluted with low pH buffer into fractions using 1M Tris, pH 8.0. Elution peak
fractions are pooled, dialyzed against PBS buffer, concentrated to 5 mg/mL and stored in

sterile aliquots at —95 °C. All purification procedures are carried out using endotoxin-free
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buffers and sanitized chromatography columns. Purified mAbs are tested for purity by
reducing and nonreducing SDS-PAGE, for PSMA binding affinity by ELISA, and for
endotoxin levels by the limulus amebocyte lysate assay. These procedures routinely yield

“animal-grade” antibody at >95% purity and <0.5 endotoxin units per milligram of protein.

Example 3: Evaluation of the therapeutic potential of the unlabeled mAbs in vitro

Purified mAbs are tested in a battery of assays for therapeutically relevant properties,
including affinity, specificity, enzyme inhibitory activity and effector functions. The ideal
product candidate binds and inhibits PSMA activity at subnanomolar concentrations and
mediates potent cell-killing through Fc-related effector functions.

First, the mAbs’ affinity for cell-surface and secreted forms of PSMA is measured by
flow cytometry and ELISA, respectively. In the flow cytometry assay, varying amounts of
mAbs are incubated with 5x10° 3T3-PSMA cells in FACS buffer (PBS containing 1% FBS
and 0.1% NaN3) for 2 hr to allow for saturation binding. Cells are washed and incubated
with a phycoerythrin-coupled goat antibody to mouse IgG (ICN/Cappel) for detection of
bound mADb by flow cytometry. Specific binding is calculated by subtracting the
fluorescence intensity observed with parental 3T3 cells.

For ELISA, CHO cell-derived recombinant soluble PSMA protein (1sPSMA,
Progenics, Tarrytown, NY) is diluted to 1 pg/ml in 50 mM carbonate buffer, pH 9.4, and
coated overnight at 4 °C onto 96-well Immulon II microtiter plates at 100 pl/well. The plates
are then blocked for 2 hr with PBS buffer containing 5% BSA. mAbs are added in a range of
concentrations in ELISA buffer (PBS buffer containing 2% BSA, 1% FBS and 0.5%

Tween 20) for 2 hours at room temperature. The piates are washed, and horseradish
peroxidase conjugated goat antibody to mouse IgG is added for 1 hr at room temperature.
The plates are washed again and 3,3°,5,5’-tetramethylbenzidine dihydrochloride (TMB)
substrate (Pierce, Rockford, IL) is added for colorimetric readout at 450 nm using an ELISA
plate reader (Molecular Devices, Sunnyvale, CA).

Example 4: mAb cross-competition binding assay

To identify whether a given group of mAbs recognize distinct or overlapping epitopes
on PSMA, cross-competition binding assays are performed (Liu, H. ez al. Cancer Res 57:

3629-3634, 1997). In this flow cytometry assay, a biotinylated test mAb is incubated with
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3T3-PSMA cells in the presence or absence of varying concentrations of unlabeled
competitor mAbs as described above. Following washing, phycoerythrin-conjugated
streptavidin is added to determine the amount of bound biotinylated mAb. The percent
inhibition is defined relative to that observed in the presence of an isotype-matched mAb of
irrelevant specificity (0% inhibition) and to that observed using excess unlabeled test mAb
(100% inhibition).

Example 5: Effects of mAbs on PSMA enzymatic activity

PSMA has been shown to possess both folate hydrolase and N-acetylated o-linked
acidic dipeptidase (NAALADase) enzymatic activities, which may influence the proliferation
and malignancies of the tumor cell (Heston, W.D.W. Prostate: Basic and Clinical Aspects
(R.X. Naz, ed.). CRC Press, New York: 219-243, 1997). Several of the mAbs described
above (mAb 3.9, mAb 5.4 and mAb 7.3) and mAb J591 (ATCC #HB-12126) were tested for
folate hydrolase modulating activity using previously described assays for measuring PSMA
enzymatic activity (Pinto, J.T. et al. Clinical Cancer Res 2: 1445-1451, 1996).

Briefly, folate hydrolase activity was measured as follows. Fifty pM methotrexate di-
gamma glutamate and 10 pg/ml rsPSMA (premixed with anti-PSMA or irrelevant mAb) was
incubated in pH 4.5 acetate buffer in a volume of 100p1 for 2 hr at 37°C. Reactions were
terminated by boiling for 5 minutes prior to separation of free, mono- and di-gamma
glutamate forms of methotrexate by capillary electrophoresis on a Spectra Phoresis 1000
(Thermo Separation, San Jose, CA). The various methotrexate derivatives were quantified
based on their retention times and absorbance at 300 nm.

The data show that mAb 5.4 potently blocks the enzymatic activity of purified
rsPSMA protein and in lysates of C4-2 cells. C4-2 is an androgen independent derivative of
the LNaCP cell line (human prostate cancer line) which expresses endogenous PSMA. More
details regarding the C4-2 cell line may be found in O’Keefe D.S. et al. Prostate 45: 149-157,
2000). Figures 7 and 8 provide the results for two production lots of rsSPSMA (rsPSMA #7
and rsPSMA #8). The results for the C4-2 cell lysates are shown in Figure 9. The figures
illustrate the effect of four antibodies (mAb 3.9, mAb 5.4, mAb 7.3 and mAb J591) on the
enzymatic activity of folate hydrolase by way of the rate of cleavage of glutamate from
methotrexate di-gamma glutamate (MTXGlu2) by folate hydrolase present in the two
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production lots of rsPSMA and in the C4-2 cell lysates. In addition to the inhibitory effects
of mAb 5.4, mAb 3.9 was also found to inhibit folate hydrolase activity.

For NAALADase activity assays, sSPSMA protein is incubated with varying amounts
of anti-PSMA or control mAbs in 50mM Tris pH 7.4, ImM CoCl, for 10 minutes at 37°C
before adding 50p1 of 0.6uM N-acetylaspartyl-[*H]glutamate. After 15 minutes, the reaction
is stopped by adding 1 ml of 100mM NaPO,. Cleaved glutamate is separated from the
substrate by ion exchange chromatography and detected by scintillation counting. Each

measurement is performed in triplicate.

Example 6: Reactivity with normal and malignant human tissues by immunohistochemistry
Anti-PSMA mAbs are tested by immunohistochemistry for reactivity with both

normal and malignant human tissues using an avidin-biotin peroxidase method (Silver, D.A.
et al. Clin Cancer Res 3: 81-85,1997). Frozen or paraffin-embedded tissues can be used.
Paraffin-embedded tissue sections are deparaffinized and endogenous peroxidase activity is
blocked by incubation with 1% H,0; for 15 minutes. Sections are blocked in a 1:10 dilution
of horse serum in 2% PBS-BSA (Sigma Chemical, St Louis, MO) for 30 minutes before
overnight incubation with 2pg/ml anti-PSMA mAb in'2% PBS-BSA. After washing,
sections are incubated with biotinylated secondary antibody, washed, and incubated with .
avidin:biotin peroxidase complexes (Vector Laboratories, Burlingame, CA) diluted 1:25 in
PBS for 30 minutes. After washing, sections are visualized by immersion in PBS containing
0.05% diaminobenzidine tetrachloride, 0.01% H>0,, and 0.5% Triton X-100. Negative
control sections are incubated with isotype-matched mAbs of irrelevant specificity. As a
positive control, 7E11 (Cytogen, Princeton, NJ), a well-characterized anti-PSMA mAb, is

used.

Example 7: Antibody-dependent cellular cytotoxicity (ADCC)
In the ADCC assay, mAbs are serially diluted and combined with *!Cr-labeled 3T3-
PSMA cells or human prostate PC-3 cells that have been engineered to express human PSMA

(PC-3-PSMA cells). NK effector cells are purified from lymph nodes or spleens using anti-
NK microbeads (Miltenyi Biotec). Sera, NK effector cells, and *'Cr-loaded target cells are
co-incubated at effector:target cell ratios of 10:1, 20:1, and 40:1, with each condition

performed in triplicate. Cells are incubated 4-5 hours at 37°C before supernatants are
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collected for measurement of >'Cr release by gamma counting. The percent specific lysis is

determined relative to that observed in the presence of isotype-matched non-specific mAb

(0% lysis) to that obtained using 10% sodium dodecyl sulfate (100% lysis).

Example 8: Complement-mediated lysis (CML)
For CML, °>'Cr-loaded 3T3-PSMA or PC-3-PSMA cells serve as target cells. Serial

dilutions of mAbs are co-incubated with rabbit complement and target cells for 4-5 hours at
37°C, with each condition being performed in triplicate. Supernatants are then collected and
counted with a gamma counter. Specific lysis is computed as previously done with the
ADCC assay data.

Example 9: Anti-proliferative effects

To test anti-proliferative effects of these antibodies, anti-PSMA mAbs are serially
diluted and incubated with LNCaP, PC-3-PSMA and parental PC-3 cells in log-phase growth.
At 4 hr, 24 hr, and 72 hr intervals, cells are removed and analyzed for density and viability by
trypan blue staining and WST-1 assay (Roche Biochemicals).

Example 10: Optimization of chelation and radiolabeling procedures
The most promising mAbs identified using the procedures described in the foregoing

examples will be optimized for biochemical and biological stability and activity after labeling
prior to evaluation in animals. Success in in vitro experiments is defined as identification of
a radiolabeled mADb that specifically kills PSMA-expressing tumor cells at >10-fold lower
concentrations than unlabeled or similarly labeled isotype control mAb.

Because the preferred o- and B-emitting isotopes are all radiometals, each of the
mAbs is first conjugated with an appropriate metal chelating agent. Based on the favorable in
vivo stability data and its proven use in human clinical trials, the bifunctional chelating agent
C-functionalized trans cyclohexyldiethylenetriaminepentaacetic acid (p-SCN-CHX-A"-
DTPA) is the preferred agent for attaching either Py or *°Bi to the antibody (Brechbiel,
M.W. et al. J. Chem. Soc. Chem. Commun. 1169-1170, 1991). A form of this chelate has
previously been tested in more than 70 doses in humans in ongoing trials at Memorial-Sloan
Kettering Cancer Center (McDevitt, M.R. et al. J. Nucl. Med. 40:1722-1727, 1999). For

25 Ac, our initial studies will examine a novel bifunctional chelating agent termed p-SCN-Bz-
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HEHA (1,4,7,10,13,16-hexaazacyclooctadecane-N,N’,N*’,N’*>’,N’*** N’****-hexaacetic acid)
(Deal, K.A. et al. J. Med. Chem. 42:2988-2992, 1999). The objective is to optimize the
antibody conjugation and chelation ratios to maximize labeling yield and activity while
maintaining suitable stability for in vivo utilization. Additional chelating agents also are used
as they become available from the N.I.H. and other sources.

Initially, the antibody is rendered metal-free by incubation with a large molar excess
of EDTA at pH=5. The EDTA and any metals scavenged from the antibody preparation are
removed via continuous buffer exchange/dialysis so as to replace the pH=5 buffer with the
conjugation buffer (Nikula, T.K. et al. Nucl. Med. Biol. 22:387-390, 1995). Conditions that
yield optimal chelator to antibody ratio but still remain immunoreactive are identified by
systematically varying the chelator:antibody ratio, reaction time, temperature, and/or buffer
systems about initial conditions that employ a 40-fold molar excess of chelator to antibody in
HEPES buffer, pH 8.5. The number of chelates bound per antibody is determined using an
established spectrophotometric method (Pippin, C.G. et al. Bioconjugate Chemistry 3: 342-
345, 1992).

For *°Y and **°Ac constructs, labeling efficiency is measured directly. For 23p;,
initial antibody constructs are tested for chelation efficiency using "1, which has similar
chelation chemistry as 2'*Bi but possesses the advantages of a longer half life (t1,=3 days),
ready availability, and traceable y-emission. Once optimized using 1, labeling efficiency
is determined for **Bi.

Radiolabeled mAb is purified over a BioRad 10DG desalting column using 1% HSA
as the mobile phase and evaluated by instant thin layer liquid chromatography (ITLC) and/or
high performance liquid chromatography (HPLC) to determine the percent incorporation of
radionuclide (Zamora, P.O. et al. Biotechniques 16: 306-311, 1994). ITLC and HPLC
provide a means of establishing purity and identifying the percent of low molecular weight
radiochemical impurities (i.e., metal chelates, colloids, and free metal). Duplicate ITLC
strips for each mobile phase are developed, dried, and cut at the Ry of 0.5 mark and counted
in a gamma counter. The HPLC system is equipped with both an online UV absorption
detector and radioactivity detector. The HPLC elution profile directly correlates radioactivity
with protein and low molecular weight species as a function of the elution time. A TSK
SW3000x;. column (TosoHaas, Montgomeryville, PA) is used and calibrated using a range of

protein molecular weight standards.
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Example 11: Affinity and immunoreactivity of radiolabeled mAbs

Once radiolabeled constructs are obtained, purified, and assessed for biochemical and
radiochemical purity, biological activity is determined. Binding activity of the radioconstruct
is performed by Scatchard analysis of binding data obtained using whole LNCaP and 3T3-
PSMA cells and/or membrane fractions as previously described (Scheinberg, D.A. et al.
Leukemia 3: 440-445 (1991).

The immunoreactivity of the synthetic constructs is evaluated in order to correlate the
chelate:antibody molar ratio with the biological activity. Briefly, 2 ng of labeled mAb is
incubated with a ~25-fold excess of PSMA as expressed on 3T3-PSMA cells. After a 30 min
incubation at 0°C, the cells are collected by centrifugation and the supernatant containing
unbound mAb is added to fresh 3T3-PSMA cells for an additional 30 min at 0°C. Both sets
of cells are centrifuged and washed twice with cold PBS. The cell pellets, supernatant and
wash fractions are counted for radioactivity. Immunoreactivity is defined as the amount of
radioactivity in the cell pellets divided by the total radioactivity in the cell pellets, supernatant

and wash fractions.

Example 12: mAb internalization

The activity of radiolabeled mAbs can be significantly modulated by their
internalization rates. Internalization of the cell surface antibody-antigen complex is measured
using ''In radiolabeled antibody constructs (Caron, P.C. et al. Cancer Res 52: 6761-6767,
1992). Briefly, 5x10° 3T3-PSMA cells are incubated at 37°C with "1 radiolabeled
antibody for varying time periods. Cells are washed with PBS and cell-surface bound
radiolabeled constructs are stripped with 1ml of 50mM glycine/150mM NaCl, pH=2.8. Total
cell-associated radioactivity and acid-resistant (internalized) radioactivity are determined by
y-counting to ascertain the rate of internalization. Parental 3T3 cells that do not express
PSMA are used as a control to determine non-specific binding. Based upon previous results
by other groups (Smith-Jones P.M. et al. Cancer Res 60: 5237-5243, 2000), significant

internalization of PSMA after binding with one or more of the mAb constructs is expected.

Example 13: In vitro cytotoxicity studies
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Assessment of in vitro cytotoxicity of a-labeled mAbs was undertaken once the
immunoreactivity of the radioimmunoconjugate was established. Approximately 50,000
target cells (either LNCaP or 3T3-PSMA cells) were treated in 96 well plates and analyzed
24-96 hours later. Quantification of cell death due to >’ Ac-labeled constructs (or 13Bj) was
accomplished by determining the uptake of >H-thymidine by surviving cells (Nikula, T.K. et
al. J. Nucl. Med. 40: 166-176, 1999). Specificity was determined by use of control cells
(PSMA-negative human prostate cell lines PC-3 and DU-145, as well as control 3T3 cells),
blocking with excess unlabeled antibody, and control radioconjugates.

The cytotoxic effects of antibody conjugate concentration, specific activity, and time
of exposure were then assessed. Cytotoxicity was expressed relative to that seen with 1M
HC1 (100% cell death) and media (background cell death). LDs, values were calculated by
plotting cell viability as a function of the number of ***Ac atoms bound on the cells
(McDevitt, M.R. et al. (1998) Eur. J. Nucl. Med. 25: 1341-1351 (1998).

Multicellular spheroids of LNCaP-FGC cells had been established and were used to
investigate the potential of radioimmunotherapy (RIT) to eradicate minimal disease in vitro.
These three-dimensional spheroids mimic tissue structures more accurately than monolayer
cultures and thus provide a more relevant model of solid tumors (O’Connor, K.C. Pharm.
Res. 16: 486-493, 1999). LNCaP-FGC is a fast growing clone of the original LNCaP cell
line, and the cells were grown using a liquid overlay technique to a size of 200-600pum
(Ballangrud, A.M. et al. Clin. Cancer Res. 5: 3171s-3176s, 1999). In larger spheroids, the
inner mass of cells becomes necrotic, while the outer rim consists of proliferating tumor cells.
Antibody penetration was measured by confocal microscopy, and prior results suggested that
an anti-PSMA antibody should penetrate to a depth of 40-50um (Ballangrud, AM. et al. 7th
Conference on Radioimmunodetection and Radioimmunotherapy of Cancer, Princeton NJ,
1998). The in vitro cytotoxicity of *>Ac-3.9 on LNCaP target cells is shown in Figure 23.
The percentage of viable PSMA"™ LNCaP cells was plotted as a function of activity of the
radioconjugate. Addition of a 100-fold excess of unlabeled antibody was used as a control for

specificity.

Example 14: Evaluation of the in vivo efficacy of unlabeled and radiolabeled mAbs in mouse

xenograft models of human prostate cancer
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Antibodies that are successful in the foregoing assays demonstrate significant
specificity and functional properties that suggest they will be useful for therapeutic use. The
most promising of these radiolabeled and “naked” mAb constructs are evaluated in the best
available mouse models of prostate cancer. The studies employ an established xenograft
model in which the LNCaP human prostate tumor cell line is injected into
immunocompromised nude mice and allowed to form solid tumors (Ellis, W.J. et al. Clin
Cancer Res 2: 1039-1048 (1996), which then are treated with both radiolabeled and unlabeled
anti-PSMA mAb constructs. Follow-on studies also utilize a mouse xenograft model,

CWR22, which reproduces many of the key biological features of human prostate cancer.

LNCaP tumor cell xenograft model

A construct showing high affinity and high specificity is taken into the LNCaP tumor
cell xenograft in vivo model for biodistribution and pharmacokinetic analysis. M labeled
anti-PSMA antibody is used for these studies due to its favorable chelation chemistry,
radioactive half-life and traceable gamma emission. Timepoints are evaluated as appropriate
for the half-lives of 213Bi, 225Ac, 7 1 and 90Y, which are the nuclides of therapeutic interest.
Labeled radioconstructs (1-5pg) are injected 1.v. into nude mice (normal and tumor bearing)
and the mice are sacrificed at 5 min, 15 min, 30 min, 60 min, 2 hrs, 4 hrs, 18hrs, and 24hrs
post-injection. Blood and major organs are taken from animals, weighed, and the percent
radioactivity injected per gram of tissue is determined (Nikula, T.K. ef al. J. Nucl. Med. 40:
166-176, 1999). Specificity is addressed by pre-injection with excess unlabeled construct.
Macroscopic tumor volume and animal survival rates is recorded throughout the experiments.

A dose-ranging study is also conducted to determine the toxicity of the constructs
when administered via i.v. or i.p. injection to normal and tumor-bearing mice. These animals
are routinely examined for toxic side effects during the course of the studies by blood
chemistry and physical examination. Animals are sacrificed during and at the conclusion of
the study in order to collect blood and body tissues for further evaluation. Previous data has
demonstrated an approximate maximum tolerated dose of 250pCi/mouse, so total doses are
kept below that level.

Once i.v. biodistribution and toxicity is documented, radiotherapy of tumors is
assessed. Groups of five mice are injected with <1pg radiolabeled anti-PSMA mAb

construct both pre- and post-tumor challenge to assess anti-tumor activity. Antigen negative
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(RAJI or RAMOS) xenografted tumors are also used as a control. Other controls include (1)
treatment with unlabeled anti-PSMA mAb only and (2) excess unlabeled anti-PSMA mAb
pretreatment before *°Bi, 25 A¢, "L and/or *°Y-labeled anti-PSMA to block specific
targeting.

Groups of tumor bearing mice are injected with unlabeled anti-PSMA mAbs (at
equimolar concentrations) and several dose levels of radiolabeled anti-PSMA or a similarly
labeled isotype control antibody. The effect on tumor growth is assessed over time.
Statistical differences between therapy groups is determined using an analysis of variance
(ANOVA) method and animal survival is illustrated using Kaplan-Meier plots. The efficacy
of 213Bi, 255 A¢, YL and/or Dy -labeled anti-PSMA constructs is correlated to the data
obtained in vitro. Success in these experiments is defined as the ability to significantly (p
<0.05) increase life-span and/or decrease tumor volume as compared to a radiolabeled
isotype control mAb.

Furthermore, the tumor models are used to test whether predosing with unlabeled
antibody prior to injection of radiolabeled antibody improves delivery of the radiolabeled
antibody to the tumor. The tumor-bearing mice are injected with <lpg radiolabeled anti-
PSMA antibody with or without a prior single injection of 5-100ug of unlabeled antibody.
After several days, animals are sacrificed for evaluation of the distribution of radioactivity in
the tumor, normal tissue, and blood. If predosing with unlabeled antibody improves delivery
and targeting of radiolabeled antibody to the tumors, this approach is applied and optimized
in toxicity and therapeutic studies.

In addition to overall survival, the role of timing of the injection after tumor
transplantation (Day 1 vs 3 vs 7), the role of dosage (dose-response curves using 3-4 dose
levels), the role of schedule (single vs multiple divided daily injections) and the specificity of
the treatment (pre-treatment with unlabeled anti-PSMA to block targeting) is examined.

These in vivo studies are designed to address the maximum tolerated dose of
radiolabeled antibody, the activity of the antibody, the optimal dosing schedule (single or
multiple injections), and the effect on tumor size. Successful completion of this work enables
determination of the feasibility of PSMA-targeted alpha particle radioimmunotherapy (RIT)
of prostate cancer and identifies the optimal *'*Bi and/or ***Ac-labeled constructs to enter into

clinical development.
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CWR22 mouse xenograft model

The most promising anti-PSMA mAbs in unlabeled, toxin-labeled and/or radiolabeled
form are tested in the CWR22 human prostate cancer xenograft mouse model, (Wainstein,
M.A. et al. Cancer Res 54:6049-6052 (1994); Nagabhushan, M. et al. Cancer Res 56:3042-
3046 (1996); Pretlow, T.G. et al. J Natl Cancer Inst 85:394-398 (1993)). This model has
many features of the human condition including a dependence on androgens, a correlation
between measured levels of PSA in serum and tumor size, and high-level expression of
PSMA. Following androgen withdrawal, PSA levels decrease to nearly undetectable levels
and tumor volume decreases. Later, the tumor regrows as an androgen-independent
neoplasm, manifest initially by a rise in PSA and later, measurable tumor growth. After
androgen withdrawal, tumors regrow at variable time periods.

Four to six week old nude athymic BALB/c male mice are obtained from the National
Cancer Institute-Frederick Cancer Center and maintained in pressurized ventilated caging.

While immunodeficient in many respects, these mice mediate wild-type levels of ADCC and

‘CML. The CWR22 tumor line is propagated in the animals by the injection of minced tumor

tissue from an established tumor into the subcutaneous tissue of the flanks of athymic nude
mice together with reconstituted basement membrane (Matrigel, Collaborative Research,
Bedford, MA). To maintain serum androgen levels, the mice are administered 12.5-mg
sustained-release testosterone pellets (Innovative Research of America, Sarasota, FL)
subcutanéously before receiving tumors. Three to four weeks after inoculation, tumors of
approximately 1.5 x 1.0 x 1.0 cm are measured. Androgens are withdrawn by surgical
castration under pentobarbital anesthesia and removal of the sustained-release testosterone
pellets. Tumor size is determined by caliper measurements of height, width and depth. PSA
values are performed on the serum of the mice after tail bleeding using a Tandem-R PSA
immuno-radiometric assay (Hybritech, San Diego, CA).

Groups of five mice are injected with anti-PSMA mADb or a similar isotype control
mAD at dosages from 5-100pg to assess anti-tumor activity. The effect of scheduling single
doses vs. multiple divided daily injections is also examined. Macroscopic tumor volume and
animal survival rates are recorded throughout the experiments. Statistical differences
between therapy groups are determined using an analysis of variance (ANOVA) method and

animal survival are illustrated using Kaplan-Meier plots, with success defined as a difference
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of p<0.05. Similarly, the efficacy of “naked” mAbs is compared to that seen with 2y, L,
2138i and/or 2*° Ac-labeled anti-PSMA constructs.

These in vivo studies are designed to address the maximum tolerated dose of mAb, the
activity of the antibody, the optimal dosage and dosing schedule (single or multiple divided
injections), and the effect of treatment on tumor size. Successful completion of this work
will enable determination of the feasibility of PSMA-targeted immunotherapy of prostate

cancer and identification of the optimal constructs to enter into clinical development.

Example 15: Investigation Of Native PSMA Protein Conformation

Extraction of PSMA from the cell surface of LNCaP and 313 cells

LNCaP or 3T3 cells were grown to confluency in a T150 cell culture flask, detached
using cell dissociation solution (Mediatech, Herndon, VA) and transferred to a 15ml conical
tube. The cells were washed twice with PBS and resuspended with 2ml of M-Per™
Mammalian Protein Extraction Reagent (Pierce, Rockford, IL). Following incubation for 10 :

min at 4°C, cell debris and insoluble aggregates were removed by centrifugation at 15,000

* 1pm for 30 min at 4°C. The supernatant was transferred to a cryogenic vial and stored at -.

80°C until further use.

Production and Purification of Recombinant, Soluble PSMA (rsPSMA)

The extraceltular domain of PSMA (amino acids 44-750 of the full-length protein,
SEQ ID NO:1) was obtained as a secreted protein from a DXB11 Chinese hamster ovary
(CHO) cell line, stably transfected with an rsPSMA expression vector. The cells were grown
in a Celligen Plus 2.2L Packed Bed Bioreactor (New Brunswick Scientific, Edison, NJ) in
protein-free media. The Bioreactor was operated in perfusion mode, and supernatant was
collected aseptically into collection bags maintained at 4°C. The protease inhibitor aprotinin
was added to the harvest supematant, which was concentrated 25-fold prior to storage at -
90°C. For purification, the concentrate was thawed and purified using subsequent steps of
Concanavalin A lectin affinity chromatography and Butyl-Sepharose hydrophobic interaction
chromatography. The purified protein was dialyzed against 10mM potassium phosphate, pH
7.0. The purified rsPSMA protein is dimeric, and possesses folate hydrolase enzymatic

activity when tested according to published procedures (Pinto et al., Clinical Cancer
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Research 2:1445, 1996) and reacts with each of a panel of conformation-specific monoclonal

antibodies, indicating that rsPSMA adopts a native conformation.

Polyacrylamide Gel Electrophoresis (PAGE) and Western Blotting of the different PSMA
proteins

For each individual PAGE analysis, 15p1 of each cell lysate and 5pl of the purified
rsPSMA were used.

SDS-PAGE was performed using standard procedures. Samples were prepared by
boiling for 5 minutes in the presence of Laemmli sample buffer (with or without the reducing
agent dithiothreitol [DTT]). Samples were then applied on a 4-15% Tris-Glycine gel
(BioRad, Hercules, CA). After electrophoresis for 1h at 200V, the proteins were transferred
onto nitrocellulose (BioRad) and analyzed by Western blotting.

The oligomeric nature of the different PSMA proteins was analyzed using Blue
Native PAGE (BN-PAGE). Each sample was diluted with an equal volume of 2x BN-PAGE
sample buffer (0.1M MOPS / 0.1M Tris / 40% glycerol / 0.1% Coomassie G-250) prior to
loading onto the gel. BN-PAGE was performed using 4-12% BisTris gels (Invitrogen,
Carlsbad, CA) and 50mM MOPS / 50mM Tris, pH 7.7 as running buffer. Coomassie Blue
was omitted from the cathode buffer to avoid interference with protein binding during the
transfer of the proteins onto nitrocellulose. Following electrophoresis for 2.5hrs at 125V, the
proteins were transferred onto a nitrocellulose membrane (BioRad) and analyzed by Western
blotting.

Western blotting was performed as follows: Subsequent to transfer, the nitrocellulose
membrane was blocked with 5% milk in PBS / 0.1% Triton X-100/ 0.02% SDS, which was
also used for the subsequent wash and antibody incubation steps. PSMA proteins were
detected using the anti-PSMA mAbs 3.1 or 3.9 (Progenics Pharmaceuticals) as primary
antibody and HRP-labeled anti-mouse IgG as secondary antibody and 1h incubation at room
temperature. The membranes were colorimetrically developed using chemiluminescence

(NEN Plus, Perkin Elmer Life Sciences, Boston, MA).

Results
Both full-length PSMA and recombinant, soluble PSMA (1sPSMA) migrate on
reducing and non-reducing SDS-PAGE with a molecular weight of ~100 kDa (Fig. 5). The
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result for full-length PSMA is in accordance with prior observations (Israeli et al., U.S. Patent
5,538,866; Murphy et al., U.S. Patent 6,158,508; Israeli, et al., Cancer Research 54:1807,
1994; Troyer et al. Int. J. Cancer 62:552, 1995; Troyer et al., The Prostate 30:233, 1997,
Grauer et al., Cancer Research 58:4787, 1998). In each of these reports, full-length PSMA
migrated as a major band of 100-120 kDa, with a minor (typically <5% of the total PSMA
protein) 180-200 kDa band observed in a subset of reports (U.S. Patent 6,158,508; Troyer et
al., 1995; Troyer et al., 1997). Troyer et al. (1995) describe the 180-200 kDa species as being
a noncovalently associated PSMA dimer that can be disrupted with increasing concentrations
of SDS detergent.

rsPSMA contains 94% (707 of 750) of the amino acids present in full-length PSMA,

.and the two proteins are not clearly resolved in this analysis, as expected.

SDS-PAGE allows the analysis of denatured proteins only. In order to examine
native proteins in their native state, other techniques have to be employed, such as Blue
Native PAGE (BN-PAGE). BN-PAGE is used to determine the native molecular weight of
proteins and their noncovalent complexes (Schiagger & v. Jagow, Anal. Biochem. 199:223-
231, 1991; Schigger et al., Anal. Biochem. 217:220-230, 1994). The dye Coomassie Blue
G-250 binds to the hydrophobic domains on the surface of most proteins, enhances solubility,
and introduces a charge shift on the native proteins resulting in migration towards the anode
at pH 7.5 irrespective of the isoelectric point of the protein. Although the migration velocity
of proteins in BN-PAGE varies somewhat, the molecular mass of proteins can be determined
by their respective end points of migration due to the decreasing pore size of the acrylamide
gradient present in the gels.

When analyzed by BN-PAGE, full-length PSMA (extracted from LNCaP or 3T3
cells) as well as purified rsPSMA migrate with a molecular weight of ~190kDa (Fig. 6). This
surprising observation for full-length PSMA indicates that the predominant form of cell-
surface PSMA is a noncovalently associated dimer. This unexpected result can be contrasted
with that of previous reports (U.S. Patent 6,158,508; Troyer et al. 1995; Troyer et al., 1997),
where the PSMA dimer represents a minor species in SDS-PAGE analyses. Presumably, the
noncovalent PSMA dimer is largely dissociated by boiling in the presence of the denaturing
detergent SDS.

Moreover, the result for the purified rsPSMA protein indicates that the dimer is

stabilized via interactions between extracellular amino acids in addition to or exclusive of
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amino acids in the transmembrane or intracellular segments, which are not present in
rsPSMA.

Example 16: Dissociation of PSMA Multimers

PSMA is a putative zinc metalloprotease, and site-directed mutagenesis of amino
acids implicated in zinc binding results in a profound loss of enzymatic activity (Speno et al.,
Molecular Pharmacology, 55:179, 1999). These amino acids include His-377, Asp-387,
Glu-425, Asp-453 and His-553. Ethylenediaminetetraacetic acid (EDTA) is a strong
chelating agent for Zn”" and other divalent cations, and thus has the potential to remove Zn>*
or other coordinate divalent cations from PSMA. We have determined that EDTA treatment
causes the PSMA homodimer to dissociate into monomeric subunits. Similar results can be
expected for other agents that possess similar chelating properties, such as ethyleneglycol-
bis(beta-aminoethyl ether) (EGTA).

The purified rsPSMA protein was incubated with or without 10mM EDTA for 16 hr
at 4°C and then analyzed by BN-PAGE. Under these conditions, the EDTA-treated protein
was monomeric, whereas rsSPSMA remained dimeric in the absence of EDTA. Although the
dissociation of the PSMA dimer into monomer was essentially complete, any residual
dimeric protein can be removed if desired by gel filtration, ultracentrifugation or other size-

based separation methods that are well-known to those skilled in the art.

Example 17: Methods for identifying promoters of PSMA dissociation

Compounds are screened for the ability to promote dissociation of PSMA dimers
using a method that includes:

@ contacting a PSMA dimer with a compound under conditions that do not
promote dissociation of the PSMA dimer in the absence of the compound;

(b) measuring the amount of PSMA monomer; and

(c) comparing the amount of PSMA monomer measured in the presence of the
compound with that observed in the absence of the compound.

An increase in the amount of PSMA monomer measured in the presence of the
compound indicates that the compound is capable of promoting dissociation of the PSMA

dimer.
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In a further embodiment, compounds are screened for the ability to promote
dissociation of PSMA dimers using 2 method that includes:

(2) contacting a PSMA dimer with a compound under conditions that do not
promote dissociation of the PSMA dimer in the absence of the compound;

(b)  measuring the amount of PSMA dimer; and

(©) comparing the amount of PSMA dimer measured in the presence of the
compound with that observed in the absence of the compound.

A decrease in the amount of PSMA dimer measured in the presence of the compound

indicates that the compound is capable of promoting dissociation of the PSMA dimer.

In a further embodiment, compounds are screened for the ability to promote
dissociation of PSMA dimers using a method that includes:

(a) contacting a PSMA dimer with a compound under conditions that do not
promote dissociation of the PSMA dimer in the absence of the compound;

(b)  measuring the amounts of PSMA monomer and PSMA dimer;

© calculating a ratio of PSMA monomer to PSMA dimer; and

(d  comparing the ratio obtained in (c) with that obtained in the absence of the

. compound.

An increase in the ratio measured in the presence of the compound indicates that the

compound is capable of promoting dissociation of the PSMA dimer.

Example 18: Cell surface PSMA binding studies

Flow cytometry
Parent 3T3 cells or PSMA-expressing 3T3 cells (2 x 10° cells per condition) were

washed in PBS and incubated with PBS containing goat serum (10% v/v) for 20 minutes on
ice to block non-specific binding sites. Anti-PSMA monoclonal antibodies (unpurified form
in supernatants or purified mAbs) were added in serial dilutions to cells in 100pl PBS and
incubated on ice for 30 minutes. Control anti-human IgG (Caltag, Burlingame, CA) was used
to establish background binding. After two washes in PBS, the cells were incubated with
anti-human IgG (BD Pharmingen, San Diego, CA) for 30 minutes on ice. Cells were washed
twice in PBS, resuspended in 250pl PBS and analyzed by flow cytometry using a FACScan
machine (Becton Dickinson, Franklin Lakes, NJ) and CellQuest software. Viable cells were
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gated by forward scatter and side scatter parameters, and binding was quantified using

histogram plots of mean fluorescence intensity (MFI) levels.

Anti-PSMA mAbs XG-006 (PTA-4403 and PTA-4404, heavy and light chain
plasmids), XG-051 (PTA-4407 and PTA-4408), 4.40.1 (PTA-4360; 4.40, 4.40.1 and 4.40.2
are the same antibody that represent different stages of subcloning the hybridoma), 4.49.1,
4.292.1 (PTA-4390) and 4.304.1 were found to avidly bind to cell surface PSMA (Figure 24).

Maximal Binding

Flow cytometry data (mean fluorescence intensity v. antibody concentration) were
transposed and plotted using Excel software (Microsoft, Redmond, WA). Results from
representative experiments of at least three determinations are depicted in Figures 25A-25C.
Binding was compared by calculation of 50% effective concentration (EC50) using the
Forecast function in Excel. The EC50 value represents the concentration of antibody
required for half-maximal binding.

Anti-PSMA mAbs 10.3 (PSMA 10.3) and XG-006 were found to bind to 3T3-PSMA
cells and not 3T3 cells (Figure 25A). Antibody (26nM) was added to cells, which were
analyzed by flow cytometry. Binding to cell-surface PSMA using serial dilutions of anti-
PSMA mAb-containing culture supernatants of XG-006, 4.304.1, XG-026 (PTA-4405 and
PTA-4406) and 4.49.1 also was demonstrated (Figure 25B). Binding to cell-surface PSMA
using serial dilutions of purified anti-PSMA mAbs XG-006 and 10.3 is represented by Figure
25C.

Example 19: Cytotoxicity of toxin-labeled antibody

PSMA-3T3, LNCaP, and/or C4-2 cells (and control cell lines 3T3 and PC3 that do not
express PSMA) were plated at 2,500 cells/100 pL/well in 96-well microplates (Falcon) and
were incubated overnight at 37 °C in the presence of 5% CO,. The media used for PSMA-
3T3 (and 3T3) and LNCaP (and C4-2 and PC3) was DMEM or RMPI 1640, respectively,
containing 2 mM L-glutamine, 10% FBS, and 1% penicillin-streptomycin. 50 ng (in 50 pL)

of Mab-Zap or Hum-ZAP (Advanced Targeting Systems, San Diego, CA) in medium was
added in each well. Mab-Zap and Hum-Zap are goat anti-mouse IgG antibody or goat anti-

human IgG antibody covalently linked to saporin, the most potent of the plant ribosome-
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inactivating proteins (RIP) from the seeds of the plant Saponaria officinalis. Saporin induces
cell death by apoptosis (Bergamaschi, G., Perfetti, V., Tonon, L., Novella, A., Lucotti, C.,
Danova, M., Glennie, M.J., Merlini, G.,Cazzola, M. Saporin, a ribosome-inactivating protein
used to prepare immunotoxins, induces cell death via apoptosis. Br J Haematol 93, 789-94.
(1996)). The Mab-Zap did not bind to or internalize in cells in the absence of an appropriate
primary antibody.

Murine 3.9, 5.4, mJ591 (ATCC# HB-12126) and human 006, 4.40, 4.304 anti-PSMA
antibodies (and control IgG antibodies) were added into plates at different concentrations to
bring the total volume to 200 pL in triplicate. The plates were kept cold on ice for at least 30
min to maximize Map-Zap or Hum-Zap binding to PSMA antibodies before internalization.
The plates were incubated for 2 days and then the medium was changed and incubated for
another 2 days. After 4 days incubation, the medium was withdrawn and fresh medium
containing’ 10 % Alamar Blue (20 pL, Bioscience, Camarillo, CA) was added into each well
and incubated for 2 hrs. A CytoFlour plate reader was used to measure fluorescence in 96-
well plates at wavelengths of 530 nm excitation and 590 nm emission. Internalization of
toxin was mediated by anti-PSMA antibodies. The cell kill is illustrated in Figure 26 on C4-2
cells and in Figure 27 on PSMA-3T3 cells.

Human 4.304 anti-PSMA antibody was directly conjugated with saporin (Wrenn et
al., Brain Res. 740:175-184, 1996), and its cytotoxicity was demonstrated using a similar
protocol as described above (see Figure 28).

Example 20: Immunoreactivity
PSMA-3T3, LNCaP and C4-2 were used as PSMA expressing cell lines and 3T3 was

used as a control cell line not expressing PSMA. The cells were blocked with 10% goat
serum on ice to reduce non-specific binding in this assay.

A small amount (1-5 ng) of labeled mAb was added into a cell pellet of 10 million
cells and incubated at 0°C (on ice) with gentle mixing. After a 1 hour incubation, the cells
were collected by centrifugation and the supernatant containing unbound mAb was
transferred to a fresh cell pellet for an additional 1 hour incubation at 0°C. Both sets of cells
were centrifuged and washed twice with cold PBS. The cell pellets, supernatant and wash

fractions were counted for radioactivity. Immunoreactivity is defined as the amount of
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radioactivity in the cell pellets divided by the total radioactivity in the cell pellets, supernatant

and wash fractions. These data are shown below in Table 3.

Table 3. Immunoreactivity of In-111 radiolabeled antibody on PSMA expressing cells

Radiolabeled mAb | Immunoreactivity (%) | Cell line
In-111 4.304 92.6 (1.4) PSMA-3T3 (3T3)
92.6 PSMA-3T3
91.4 (1.7) PSMA-3T3 (3T3)
89.1 LNCaP
92.4 C4-2
Average= | 91.6 £ 1.5
In-111 4.40 87.7 (0.5) PSMA-3T3 (3T3)
86.8 PSMA-3T3
89.4 (1.5) PSMA-3T3 (3T3)
Average= | 88.0+1.3
In-111 mJ591 58.5 PSMA-3T3
54.9(1.1) PSMA-3T3 (3T3)
Average= | 56.7+£2.5
In-111 3.9 38 LNCaP
87 C4-2
89 (2) PSMA-3T3 (3T3)
95.3 (0.5) PSMA-3T3 (3T3)
88.6 PSMA-3T3
84.8 C4-2
89.3 PSMA-3T3
Average= | 88.6 £ 3.2

Antibodies 4.40, 4.304 and mJ591 were conjugated to the bifunctional chelate
CHX-A”-DTPA and antibody 3.9 was conjugated to C-DOTA.
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Example 21: Competitive binding assay to identify binding epitopes

To identify whether a given group of mAbs recognize distinct or overlapping epitopes
on PSMA, competition binding assays were performed with In-111 radiolabeled antibodies.
2x 10° cells (100 pL) of PSMA-3T3 were plated into 96-well microplates, and antibodies
4.40, 4.304 and mJ591 (100 pL) at different concentrations (series dilution) were added. The
cells were incubated at 0°C for 30 min. 20 uL of In-111 radiolabeled CHX-A”-DTPA
antibody constructs were added into each well. After a 2 hour incubation on ice for
competition binding, the cells were washed 5 times using cold PBS. The cells containing
bound In-111 antibodies were recovered from microplates into test tubes and counted in a
gamma counter.

Results detailed in Figures 29 show that mJ591 blocked In-111 4.40 binding to
PSMA-3T3 cells and did not block In-111 4.304. In addition, 4.40 and 4.304 did not block
each other. Unmodified antibodies 4.304 and mJ591 were also used to compete with In-111
radiolabeled mJ591. Human 4.304 did not compete with In-111 mJ591 for binding to
PSMA-3T3 (Figure 30).

Example 22: Binding affinity using Biacore 3000

To determine the kinetics and affinity of the antibodies, the antibodies in crude
supernatants, in purified form and in bifunctional chelate modified forms were analyzed
using a Biacore 3000 instrument (Biacore Inc., Piscataway, NJ). Biacore 3000 is a fully
automated surface plasmon resonance (SPR)-based biosensor system that is designed to
provide real-time kinetic data from assay formats that require no tags or labeling of
compounds for biomolecular interactions. It is ideal for screening crude supernatants.

The streptavidin-coated sensor chips (SA chips, Biacore) were used to capture
biotinylated anti-human IgG antibody (Sigma, St. Louis, MO). The entire sensor chip surface
was conditioned with five injections of conditioning solution (1 M NaCl, 50 mM NaOH) and
equilibrated with PBS buffer containing 0.005% polysorbate 20. Two to three thousand
resonance units (RU) of biotinylated anti-human IgG antibody (Sigma) were immobilized
onto the SA chip followed by an injection of regeneration buffer (glycine-HCI, pH 2.2).
Antibodies in supernatants were diluted to 2 pg/ml. in PBS buffer and captured onto one anti-
human IgG flow cell, while isotype-matched control human antibody (Sigma) was similarly

captured on a second flow cell. rsPSMA at different concentrations in PBS buffer was



10

15

WO 03/034903 PCT/US02/33944
-85 -

flowed over the cells at 30 pL/min for 3 min in an “association phase” followed by a
“dissociation phase” for 10 min. SPR was monitored and displayed as a function of time.
For each antibody at one concentration, the chip was regenerated and equilibrated. An
example of the analysis of antibody PRGX1-XG-006 in association phase and dissociation
phase at different concentrations of rsPSMA from 100 nM to 6.25 nM is shown in Figure 31.
Thermodynamic and kinetic rate constants of binding were calculated using the Biacore
Evaluation software. For example, the affinity of XG-006 antibodies in a supernatant to
rsSPSMA was determined to be 4.92x1071° M with a K, of 1.3x10° M s and a K4 of 6.4x10
s, Selective data for several human PSMA antibodies in crude supernatant, purified form,
and modified with bifunctional chelate is listed in Table 4 for comparison.

Binding activity of In-111 radiolabeled antibodies was determined by Scatchard
analysis of binding data obtained using PSMA-expressing cells (LNCaP, C4.2, PSMA-3T3
and parental 3T3 as a control). The experimental procedures and methods of data analysis

have been described previously (Scheinberg, D.A. et al. Leukemia 3: 440-445 (1991).

Table 4: Kinetic rate constants of antibodies in crude supernatant, purified, bifunctional
chelate modified forms along with KD determined using In-111 radiolabeled Scatchard

analysis.
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Antibodies Ka (M™,s™) Kd (s™”) KD (M7 Avg KD

006 Supernatant 1.30E+05 6.40E-05 4.92E-10 4.92E-10
Purified 006-1 2.94E+05 1.37E-04 4.66E-10

Purified 006-2 2.26E+05 1.27E-04 5.62E-10 5.14E-10
4.40 Supernatant 2.10E+05 1.25E-04 5.95E-10 5.95E-10
Purified 4.40-1 2.54E+05 1.52E-04 5.98E-10

Purified 4.40-2 2.43E+05 2.37E-04 9.75E-10 7.87E-10
CHX-4.40-1 2.57E+05 1.60E-04 6.23E-10

CHX-4.40-2 2.47E+05 1.55E-04 6.28E-10 6.25E-10
IN-111CHX-4.40-1 4.44E-09
IN-111CHX-4.40-2 4.95E-09 4.70E-09
4.304 Supernatant 1.40E+05 1.25E-04 8.93E-10 8.93E-10
Purified 4.304-1 8.31E+04 1.20E-04 1.44E-09

Purified 4.304-2 1.06E+05 6.33E-05 5.97E-10 1.02E-09
CHX-4.304-1 6.19E+04 1.21E-04 1.95E-09

CHX-4.304-2 6.79E+04 1.49E-04 2.19E-09 2.07E-09
IN-111CHX-4.304-1 9.63E-09
IN-111CHX-4.304-2 5.97E-09 7.80E-09
10.3 Supernatant 1.90E+05 3.63E-04 1.91E-09 1.91E-09
Purified 10.3-1 3.28E+05 6.32E-05 1.93E-10

Purified 10.3-2 2.96E+05 6.43E-05 2.17E-10 2.05E-10

A comparison of the fully human antibodies 4.40.1, 4.49.1, 051 and 006 and the
murine antibody 3.9 was performed by Biacore. For each antibody for comparison, response
was normalized to 100 RU. The graph of time vs. response difference for these antibodies is

given in Figure 32. The binding affinities for these antibodies were determined to be 6.1 ,
6.7,5.8, 4.8 and 13.7x10"°M, respectively.

Example 23: Characterization of cell lines for in vitro and in vivo studies

Results from a Scatchard analysis using In-111 labeled anti-PSMA antibody 3.9 are

represented in Figure 33. Transfected murine 3T3 cells express >1 million copies of PSMA
per cell, LNCAP cells (androgen dependent human prostate cancer cell line) express 0.64
million copies, while C4-2 cells (androgen independent) express 0.25 million copies per cell.
The affinity of 3.9 for cell surface PSMA is 6.4 nM for PSMA-3T3, 4.0 nM for LNCAP and
3.3 nM for C4-2 (4.6 nM is the average of these data).

A summary of the analyses of crude supernatants for the human anti-PSMA

antibodies is given in Table 5 below.
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Table 5: Characterization of anti~-PSMA monoclonal antibodies

Ab Conc Binding to 3T3- Biacore studies
(mg/mL) PSMA (FACS)
Supernatant | PGNX | Lysate | PGNX AVG AVG C4.2 Anti-PSMA | KD, M-1 Ka, Kd, s-1
EIA | FACS | Max | EC50 | FACS Western | (x10™) | M-1s1 [ (x10-5)
binding (x10°%
PRGX1-XG1- | 47 ND' ND 148 | 24 ND Conf.? 2.0 1.5 2.9
492.61 47 | 0.08 7 8 ND 5.2 Conf. 42 23 9.7
‘I,&PRG)%-XG‘( -1 18 | 0.39 114 183 3.4 9.5 Conf. 4.8 1.3 6.4
u PRG?« ESXG1 - | 35 ] 048 83 202 2.0 9.9 Conf. 5.8 1.4 8.2
R .,42;50‘1‘..3\ | 43 | 0.33 53 163 2.3 10.8 Conf. 6.1 2.1 12.5
T 4.49.1 26 | 0.36 362 162 0.9 16.2 Conf. 6.7 3.1 20.7
42021 | 27 | 018 | 75 195 | 6.0 9.2 Con. 6.8 12 85
43041 | 4 0.39 92 184 9.1 8.4 Conf. 8.7 1.4 12.5
4.232.1 24 | 049 97 .138 2.7 6.0 Linear’ 9.4 1.5 13.8
4.153.1 59 | 0.29 279 182 5.3 14.8 Conf. 9.5 1.2 11.8
4.333.1 29 | 0.18 82 168 3.1 6.6 Conf. 11 0.7 8.5
PRGX1-XG1- | 39 | 045 | 392 227 6.0 12.4 Conf. 16 0.6 10.4
077
10.3 85 | 1.06 ND ND ND ND ND 19 1.9 36.4
pure 10.3 0.44 130 181 7.5 ND Conf. ND
4.7
4.22.1 28 | 0.08 7 ND ND 4.7 ND 20 - 17 33
4.248.1 35 | 0.37 7 ND ND 4.1 Conf. 27 1.0 28
4.54.1 10 0.14 267 162 3.9 13.6 ND 30 1.9 56°
4.7.1 5 0.23 156 141 1.6 10.2 Conf. 32 1.7 56
4.78.1 53 | 0.00 205 118 1.0 7.9 Conf. 53 2.4 125
4.48.1 49 | 0.06 14 ND ND 7.7 ND 62 0.9 59
4.209.1 35 | 022 60 ND ND 6.7 ND 142 0.9 125
4.177.1 1.1 0.15 | 236 174 2.4 10.6 ND 155 0.6 93
4.152.1 34 | 038 81 85 4.0 7.5 ND 163 0.8 126
4.28.1 42 | 0.04 112 155 4.2 11.3 ND 167 1.2 192
4.16.1 53 | 0.00 8 ND ND 7.8 ND 177 1.8 313
4.360.1 1.5 | 0.02 112 130 22 7.9 ND 197 1.0 201
4.288.1 154 [ 0.02 67 141 4.1 6.5 ND 198 1.3 257
4.219.2 05 | 034 69 ND ND 5.9 ND ND
PRGi)(géXG‘I- 6.5 ND ND 71 7.9 ND ND No Binding
Murine 3.9 13.7 0.7 9.7
Control : 6.34 2.24 14.2

' ND=not determined
* conf.=conformational epitope
? linear=linear epitope
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Example 24: Cytotoxicity of radiolabeled antibody

The in vitro cytotoxicity of Ac-225 labeled anti-PSMA antibody was determined
using methodology similar to that used in Example 19. Prostate cancer cells (100 pL of
C4-2, LNCaP, and PC3 cells at a concentration of 2 x 10* cells/mL) were placed into separate
well of a 96 well microplate. Afier overnight incubation, the cells were treated with Ac-225
labeled human anti-PSMA 4.40 antibody at different concentrations for over 4 days. Cell
cytotoxicity was quantified using Alamar Blue (Biosource International, Camarillo, CA).

Figure 34 shows a plot of cell survival vs. Ac-225 activity concentration. The EC50
for PSMA expressing cells (C4-2 and LNCaP) was < 2 nCi/mL. However, the EC50 was 420
nCi/mL for PC3 cells, which do not express PSMA on the cell surface. Therefore, the Ac-
225 labeled human anti-PSMA 4.40 antibody shows > 200-fold selectivity in killing PSMA
expressing prostate cancer cells (C4-2 and LNCaP) vs. control cells (PC3).

Example 25: In Vivo Radioimmunotherapy with Lu-177 Labeled Antibodies
Athymic nude mice from the National Cancer Institute were implanted

subcutaneously with 2 x 10° PSMA-3T3 cells. After measurable tumors appeared at day 7
post implantation, the mice were treated by injecti;)n with either a single 250 pCi dose human
anti-PSMA antibody 4.40 or 4.304 labeled with Lu-177 (University of Missouri Research
Reactor), or were injected with buffer only as control. The tumor size of iﬁdividual animals
was measured using an electronic caliper. Figure 35 shows a plot of the median tumor size in
each group over time. Tumor growths were substantially reduced in Lu-177 antibody treated

groups compared to the control group.

Example 26: Immunization with rsPSMA dimer preparations

Immunization

BALB/c mice were immunized by subcutaneous injection at days 0, 7, 14, and 42
with either 5 pg clinical rsPSMA lot # 4019-C001 (75 % dimer/25 % monomer) or 5 pg
rsPSMA batch # TD045-003 run 1/peak 2 (100 % monomer) and adjuvanted with 50 pg
alhydrogel per dose. Serum was drawn 10 days after the fourth immunization and analyzed

by enzyme-linked immunoassay (EIA) and flow cytometry.
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EI4

rsPSMA lot # 4019-C001 or rsPSMA batch # TD045-003 run 1/peak 2 was passively
adsorbed to 96-well microtiter plates. Remaining binding sites on the plate were blocked
with a PBS/Casein/Tween 20 buffer. Serially diluted mouse serum or controls were added
and bound antibody was detected using a goat anti-mouse IgG antibody conjugated to
alkaline phosphatase. The EIA was developed with the substrate pNPP which produces a
color change that is directly proportional to the amount of anti-PSMA antibody bound.
Absorbance was read at 405 nm with a correction of 620 nm. Antibody titer was defined as
the highest dilution of mouse serum yielding a blank corrected absorbance of 0.1. Immune
mouse serum with a known anti-PSMA titer or normal mouse serum with no anti-PSMA

reactivity was used as controls.

Flow Cytometry Analysis

PSMA-3T3 cells were incubated with 200 pL of immune serum at a dilution of 1/50
in PBS with 0.1 % sodium azide on ice for 30 minutes. -Immune mouse serum with known
anti-PSMA titer or normal mouse serum with no anti-PSMA reactivity was used as controls.

The cells were washed twice with PBS with 0.1 % sodium azide and incubated for 30

. minutes on ice with FITC-conjugated goat anti-mouse IgG. Cells were washed once,

resuspended in PBS with 0.1 % sodium azide and subjected to flow cytometric analysis on

FACScaliber (Becton Dickinson).

Results

5/5 mice immunized with rsPSMA lot # 4019-C001 showed an anti-PSMA antibody
response by EIA. Antibody titer was similar for assay plates coated with rsPSMA lot # 4019-
C001 (75 % dimer/25 % monomer) and assay plates coated with rsPSMA batch # TD045-003
run 1/peak 2 (100 % monomer). Median response for the group was 1/6400.

4/5 mice immunized with rsPSMA batch # TD045-003 run 1/peak 2 showed an anti-
PSMA antibody response by EIA. One mouse was negative. Antibody titer was similar for
assay plates coated with rsPSMA lot # 4019-C001 (75 % dimer/25 % monomer) and assay
plates coated with rsPSMA batch # TD045-003 run 1/peak 2 (100 % monomer). Median
response for the group was 1/6400.

The results of the EIA analysis are provided in Table 6.
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Table 6: Specificity of the anti-PSMA antibody response in mice vaccinated 4 times with
rsPSMA 5 pg/dose and 50 pg/dose Alhydrogel

Mouse ID # | Immunogen EIA Titer vs. EIA Titer vs. Median RFI vs.
Lot 4019-C001 | Batch TD045-003 PSMA-3T3
runl/peak 2 cells

ABIM151 4019-C001 Dimer 1/3200 1/3200 84
ABIM152 4019-C001 Dimer 1/3200 1/3200 41
ABIM153 4019-C001 Dimer 1/25600 1/25600 76
ABIM154 4019-C001 Dimer 1/12800 1/12800 63
ABIM155 4019-C001 Dimer 1/6400 1/6400 74
ABIM156 Monomer 1/1600 1/1600 5
ABIM157 Monomer 1/6400 1/12800 8
ABIM158 Monomer 0 0 6
ABIM159 Monomer 1/6400 1/6400 6
ABIM160 Monomer 1/6400 1/6400 12

As shown in Fig. 36, anti-PSMA antibody in the serum of mice immunized with a
dimer preparation of rsPSMA (lot # 4019-C001) showed stroﬁg binding to PSMA-3T3 cells.
~Anti-PSMA antibody in the serum of mice immunized with a 100% monomer preparation of
rsPSMA (batch # TD045-003 run 1/peak 2) showed no binding to PSMA-3T3 cells.

Although the invention has been described in detail for the purpose of illustration, it is
understood that such detail is solely for that purpose and variations can be made by those
skilled in the art without departing from the spirit and scope of the invention which is defined
by the following claims.

The contents of all references, patents and published patent applications cited

throughout this application are incorporated herein by reference.
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Claims
1. An isolated antibody or an antigen-binding fragment thereof which specifically binds
to an epitope on prosta"ce specific membrane antigen (PSMA), wherein the antibody or the
antigen-binding fragment thereof competitively inhibits the specific binding of a second
antibody to its target epitope on PSMA, wherein the second antibody is selected from the
group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1,
PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, Abgenix 4.248.2,
Abgenix 4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix
4.22.3, Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3,
Abgenix 4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1,
Abgenix 4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, Abgenix 4.152.1, and
antibodies comprising:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence selected from the group consisting of nucleotide sequences
set forth as SEQ ID NOs: 2-7, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence selected from the group consisting of nucleotide sequences
set forth as SEQ ID NOs: 8-13.

2. The isolated antibody or antigen-binding fragment of claim 1, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 2, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 8.

3. The isolated antibody or antigen-binding fragment of claim 1, wherein the second
antibody comprises:

(2) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 3, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 9.
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4. The isolated antibody or antigen-binding fragment of claim 1, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 4, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 10.

5. The isolated antibody or antigen-binding fragment of claim 1, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 5, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 11.

6. The isolated antibody or antigen-binding fragment of claim 1,‘ wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 6, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 12.

7.+ The isolated antibody or antigen-binding fragment of claim 1, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 7, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 13.

8. The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA
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7.3, PSMA 10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, Abgenix 4.248.2, Abgenix

4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix 4.22.3,
Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3, Abgenix
4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1, Abgenix
4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, Abgenix 4.152.1 and antigen-
binding fragments thereof.

9. The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of antibodies comprising:

(2) a heavy chain encoded by a nucleic acid molecule comprising the heavy chain
coding region or regions of a nucleotide sequence selected from the group consisting of
nucleotide sequences set forth as SEQ ID NOs: 2-7, and

(b) a light chain encoded by a nucleic acid molecule comprising the light chain coding
region or regions of a nucleotide sequence selected from the group consisting of nucleotide
sequences set forth as SEQ ID NOs: 8-13,
and antigen-binding fragments thereof.

10.  The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or .
regions of a nucleotide sequence set forth as SEQ ID NO: 2, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 8.

11. The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 3, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 9.
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12.  The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 4, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 10.

12.  The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 5, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 11.

13.  The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 6, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 12.

14.  The isolated antibody or antigen-binding fragment of claim 9, wherein the second
antibody comprises:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence set forth as SEQ ID NO: 7, and

(b) a light chain encoded by a nucleic acid molecule comprising the coding region or

regions of a nucleotide sequence set forth as SEQ ID NO: 13.

15.  Anisolated antibody which specifically binds to an extracellular domain of prostate
specific membrane antigen, wherein the antibody is encoded by a nucleic acid molecule
comprising a nucleotide sequence that is at least about 90% identical to the nucleotide

sequence encoding the antibody of claim 9.
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16. The isolated antibody of claim 15, wherein the antibody is encoded by a nucleic acid

molecule comprising a nucleotide sequence that is at least about 95% identical.

17. The isolated antibody of claim 15, wherein the antibody is encoded by a nucleic acid

molecule comprising a nucleotide sequence that is at least about 97% identical.

18. The isolated antibody of claim 15, wherein the antibody is encoded by a nucleic acid

molecule comprising a nucleotide sequence that is at least about 98% identical.

19. The isolated antibody of claim 15, wherein the antibody is encoded by a nucleic acid

molecule comprising a nucleotide sequence that is at least about 99% identical.

20.  An antigen-binding fragment of the isolated antibody of claim 9, comprising:

(a) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding regions or regions of a nucleotide sequence selected from the group consisting of -
nucleotide sequences set forth as: SEQ ID NOs: 14, 18, 22, 26 and 30, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the
coding region or region of a nucleotide sequence selected from the group consisting of

nucleotide sequences set forth as: SEQ ID NOs: 16, 20, 24, 28 and 32.

21. An antigen-binding fragment of the isolated antibody of claim 20, comprising:

(a) 2 heavy chain variable region encoded by a nucleic acid molecule comprising the
coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 14, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the

coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 16.

22. An antigen-binding fragment of the isolated antibody of claim 20, comprising:

(a) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 18, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the

coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 20.
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23, An antigen-binding fragment of the isolated antibody of claim 20, comprising:

(a) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 22, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the

coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 24.

24, An antigen-binding fragment of the isolated antibody of claim 20, comprising:

(a) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 26, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the

coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 28.

25. An antigen-binding fragment of the isolated antibody of claim 20, comprising:

(a) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 30, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the

coding region or regions of a nucleotide sequence set forth as SEQ ID NO: 32.

26.  The antigen-binding fragment of the isolated antibody of claim 9, comprising:

(a) a heavy chain variable region comprising an amino acid sequence selected from
the group consisting of amino acid sequences set forth as: SEQ ID NOs: 15, 19, 23, 27 and
31, and

(b) a light chain variable region comprising an amino acid sequence selected from the

group consisting of nucleotide sequences set forth as: SEQ ID NOs: 17, 21, 25, 29 and 33.

27.  An antigen-binding fragment of the isolated antibody of claim 26, comprising:

(a) aheavy chain variable region comprising an amino acid sequence set forth as SEQ
ID NO: 15, and

(b) a light chain variable region comprising an amino acid set forth as SEQ ID NO:
17.
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28.  An antigen-binding fragment of the isolated antibody of claim 26, comprising:

(2) a heavy chain variable region comprising an amino acid sequence set forth as SEQ
ID NO: 19, and

(b) a light chain variable region comprising an amino acid set forth as SEQ ID NO:
21. ’

29.  An antigen-binding fragment of the isolated antibody of claim 26, comprising:

(a) a heavy chain variable region comprising an amino acid sequence set forth as SEQ
ID NO: 23, and

(b) a light chain variable region comprising an amino acid set forth as SEQ ID NO:
25.

30.  An antigen-binding fragment of the isolated antibody of claim 26, comprising:

(a) a heavy chain variable region comprising an amino acid sequence set forth as SEQ
ID NO: 27, and

(b) a light chain variable region comprising an amino acid set forth as SEQ ID NO:
29.

31.  Anantigen-binding fragment of the isolated antibody of claim 26, comprising:

(a) a heavy chain variable region comprising an amino acid sequence set forth as SEQ
ID NO: 31, and

(b) a light chain variable region comprising an amino acid set forth as SEQ ID NO:
33.

32. Anisolated antigen-binding fragment which comprises a CDR of the antigen-binding

fragment according to claim 20 or claim 26.
33. The isolated antigen-binding fragment of claim 32, wherein the CDR is CDR3.

34.  An expression vector comprising an isolated nucleic acid molecule encoding the

isolated antibody or antigen-binding fragment of any one of claims 1-33.
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35.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-XG1-006 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 2.

36.  An expression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-006 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 8.

37.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy and light chains of AB-PG1-XG1-006 encoded by the nucleic acid molecules
comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID
NOs: 2 and 8.

38.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-X(G1-026 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 3.

39.  An expression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-026 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 9.

40.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy and light chains of AB-PG1-XG1-026 encoded by the nucleic acid molecules
comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID

NOs: 3 and 9.

41.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-XG1-051 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 4.
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42, An expression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-051 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 10.

43.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy and light chains of AB-PG1-XG1-051 encoded by the nucleic acid molecules
comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID
NOs: 4 and 10.

44, An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-XG1-069 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 5.

45, An expression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-069 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 11.

46. An expression vector comprising an isolated nucleic acid molecule encoding the -
heavy and light chains of AB-PG1-XG1-069 encoded by the nucleic acid molecules
comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID

NOs: 5 and 11.

47. An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-XG1-077 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 6.

48.  An expression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-077 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 12.

49, An expression vector comprising an isolated nucleic acid molecule encoding the

heavy and light chains of AB-PG1-XG1-077 encoded by the nucleic acid molecules



10

15

20

25

30

WO 03/034903 PCT/US02/33944
- 100 -

comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID
NOs: 6 and 12.

50. An expression vector comprising an isolated nucleic acid molecule encoding the
heavy chain of AB-PG1-XG1-006 encoded by a nucleic acid molecules comprising the
coding region or regions of the nucleotide sequence set forth as SEQ ID NO: 7.

51.  Anexpression vector comprising an isolated nucleic acid molecule encoding the light
chain of AB-PG1-XG1-006 encoded by a nucleic acid molecules comprising the coding
region or regions of the nucleotide sequence set forth as SEQ ID NO: 13.

52.  An expression vector comprising an isolated nucleic acid molecule encoding the
heavy and light chains of AB-PG1-XG1-006 encoded by the nucleic acid molecules

comprising the coding region or regions of the nucleotide sequences set forth as SEQ ID

"NQOs: 7 and 13.

53. A host cell transformed or transfected by the expression vector of claim 34.

54. A plasmid which produces the antibody or antigen binding fragments of any one of

claims 1-33

55.  The plasmid of claim 54, wherein the plasmid is selected from the group consisting
of: AB-PG1-XG1-006 Heavy Chain (SEQ ID NO: 2), AB-PG1-XG1-006 Light Chain (SEQ
ID NO: 8), AB-PG1-XG1-026 Heavy Chain (SEQ ID NO: 3), AB-PG1-XG1-026 Light
Chain (SEQ ID NO: 9), AB-PG1-XG1-051 Heavy Chain (SEQ ID NO: 4), AB-PG1-XG1-
051 Light Chain (SEQ ID NO: 10), AB-PG1-XG1-069 Heavy Chain (SEQ ID NO: 5), AB-
PG1-XG1-069 Light Chain (SEQ ID NO: 11), AB-PG1-XG1-077 Heavy Chain (SEQ ID
NO: 6), AB-PG1-XG1-077 Light Chain (SEQ ID NO: 12), PSMA 10.3 Heavy Chain (SEQ
ID NO: 7), and PSMA 10.3 Kappa (SEQ ID NO: 13).
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56. The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof is selected for its ability to bind

live cells.

57.  The isolated antibody or antigen-binding fragment thereof of claim 56 , wherein the

cell is a tumor cell.

58.  The isolated antibody or antigen-binding fragment thereof of claim 57, wherein the

tumor cell is a prostate tumor cell.

59.  The isolated antibody or antigen-binding fragment thereof of claim 58, wherein the
tumor cell is a LNCaP cell.

60.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof mediates cytolysis of cells

expressing PSMA.

61.  The isolated antibody or antigen-binding fragment thereof of claim 60 wherein
cytolysis of cells expressing PSMA is mediated by effector cells.

62.  The isolated antibody or antigen-binding fragment thereof of claim 60 wherein

cytolysis of cells expressing PSMA is complement mediated in the presence of effector cells.

63.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof inhibits the growth of cells
expressing PSMA.

64.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof does not require cell lysis to bind

to the epitope on PSMA.
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65.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of IgG1, IgG2, 1gG3, IgG4, IgM, IgAl, IgA2, IgAsec, IgD, IgE or has
immunoglobulin constant and/or variable domain of IgG1, IgG2, IgG3, IgG4, IgM, IgAl,
IgA2, IgAsec, IgD or IgE.

66.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a recombinant antibody.

67.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a polyclonal antibody.

68.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a monoclonal antibody.

69.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a humanized antibody.

70.  The isolated antibody or antigen-binding fragment thereof according to claim 69,

wherein said antibody is a monoclonal antibody.

71.  The isolated antibody or antigen-binding fragment thereof according to claim 69,

wherein said antibody is a polyclonal antibody.

72.  The isolated antibody or antigen-binding fragment thereof according to claim 69,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.

73.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a chimeric antibody.

74.  The isolated antibody or antigen-binding fragment thereof according to claim 73,

wherein said antibody is a monoclonal antibody.
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75.  The isolated antibody or antigen-binding fragment thereof according to claim 73,

wherein said antibody is a polyclonal antibody.

76.  The isolated antibody or antigen-binding fragment thereof according to claim 73,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.

77.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a human antibody.

78.  The isolated antibody or antigen-binding fragment thereof according to claim 77,

wherein said antibody is a monoclonal antibody.

79.  The isolated antibody or antigen-binding fragment thereof according to claim 77,

wherein said antibody is a polyclonal antibody.

80.  The isolated antibody or antigen-binding fragment thereof according to claim 77,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.

81.  Theisolated antibody or antigen-binding fragment thereof according to claim 1,

wherein said antibody is a bispecific or multispecific antibody.

82.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein the isolated antigen-binding fragment is selected from the group consisting of a Fab

fragment, a F(ab'), fragment, and a Fv fragment CDR3.

83.  The isolated antibody or antigen-binding fragment thereof according to claim 1,
wherein the antibody is a monoclonal antibody produced by a hybridoma cell line selected
from the group consisting of PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258),
PSMA 3.11 (PTA-3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-
3293), PSMA 10.3 (PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA A3.1.3 (PTA-3904),
PSMA A3.3.1 (PTA-3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428),
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Abgenix 4.7.1 (PTA-4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557),
Abgenix 4.16.1 (PTA-4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359),
Abgenix 4.40.2 (PTA-4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362),
Abgenix 4.209.3 (PTA-4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367),
Abgenix 4.333.1 (PTA-4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388),
Abgenix 4.232.3 (PTA-4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391),
Abgenix 4.78.1 (PTA-4652), and Abgenix 4.152.1(PTA-4653).

84.  The isolated antibody or antigen-binding fragment thereof according to claim 1,

wherein the antibody or antigen-binding fragment thereof binds to a conformational epitope.

85.  The isolated monoclonal antibody or antigen-binding fragment thereof according to
claim 1, wherein the antibody or antigen-binding fragment thereof is internalized into a cell

with the prostate specific membrane antigen.

86. A hybridoma cell line that produces an antibody selected from the group consisting of
PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA 7.3, PSMA
10.3, PSMA 1.8.3, PSMA A3.1.3, PSMA A3.3.1, Abgenix 4.248.2, Abgenix 4.360.3,
Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix 4.22.3, Abgenix
4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3, Abgenix 4.219.3,
Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1, Abgenix 4.232.3,
Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1 and Abgenix 4.152.1.

87.  The hybridoma cell line of claim 86, wherein the hybridoma cell line is selected from
the group consisting of PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258), PSMA
3.11 (PTA-3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-3293),
PSMA 10.3 (PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA A3.1.3 (PTA-3904), PSMA
A3.3.1 (PTA-3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428), Abgenix
4.7.1 (PTA-4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557), Abgenix 4.16.1
(PTA-4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359), Abgenix 4.40.2
(PTA-4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362), Abgenix 4.209.3
(PTA-4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367), Abgenix 4.333.1
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(PTA-4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388), Abgenix 4.232.3
(PTA-4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391), Abgenix 4.78.1
(PTA-4652), and Abgenix 4.152.1(PTA-4653).

88. A composition comprising:
an antibody or antigen-binding fragment thereof according to any one of claims 1-33

and a pharmaceutically acceptable carrier, excipient, or stabilizer.

89. The composition of claim 88, further comprising an antitumor agent, an

immunostimulatory agent, an immunomodulator, or a combination thereof.

90.  The composition of claim 89, wherein the antitumor agent is a cytotoxic agent, an

agent that acts on tumor neovasculature, or a combination thereof.

91. The composition of claim 89, wherein the immunomodulator is a-interferon,

v-interferon, tumor necrosis factor-o or a combination thereof.

'92.  The composition of claim 89, wherein the immunostimulatory agent is interleukin-2,

immunostimulatory oligonucleotides, or a combination thereof.

93. A composition comprising:
a combination of two or more antibodies or antigen-binding fragments thereof
according to any one of claims 1-33 and a pharmaceutically acceptable carrier, excipient, or

stabilizer.

94.  The composition of claim 93, further comprising an antitumor agent, an

immunostimulatory agent, an immunomodulator, or a combination thereof.

95.  The composition of claim 94, wherein the antitumor agent is a cytotoxic agent, an

agent that acts on tumor neovasculature, or a combination thereof.
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96.  The composition of claim 94, wherein the immunomodulator is a-interferon,

y-interferon, tumor necrosis factor-o or a combination thereof.

97.  The composition of claim 94, wherein the immunostimulatory agent is interleukin-2,

immunostimulatory oligonucleotides, or a combination thereof.

98.  The isolated antibody or antigen-binding fragment thereof of claim 1, bound to a
label.

99.  The isolated monoclonal antibody or antigen-binding fragment thereof according to
claim 98, wherein the label is selected from the group consisting of a fluorescent label, an
enzyme label, a radioactive label, a nuclear magnetic resonance active label, a luminescent

label, and a chromophore label.

100. A composition comprising:
an antibody or antigen-binding fragment thereof according to claim 98 and

a pharmaceutically acceptable carrier, excipient, or stabilizer.

101. The isolated antibody or antigen-binding fragment thereof of claim 1, wherein the
antibody or antigen-binding fragment thereof specifically binds cell-surface PSMA and/or
rsPSMA with a binding affinity of about 1 X 10°M or less.

102. The isolated antibody or antigen-binding fragment thereof of claim 101, wherein the
binding affinity is about 1 X 107°M or less.

103. The isolated antibody or antigen-binding fragment thereof of claim 102, wherein the
binding affinity is about 1 X 10'M or less.

104. The isolated antibody or antigen-binding fragment thereof of claim 101, wherein the
binding affinity is less than about 5 X 107°M.
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105. The isolated antibody or antigen-binding fragment thereof of claim 1, bound to at

least one therapeutic moiety .

106. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the
antibody or antigen-binding fragment thereof mediates specific cell killing of PSMA-
expressing cells with an ICsps of less than about 1 X 1071°M.

107. The isolated antibody or antigen-binding fragment thereof of claim 106, wherein the
ICsgs 1s less than about 1 X 10 M.

108. The isolated antibody or antigen-binding fragment thereof of claim 107, wherein the
ICsos is less than about 1 X 10*M.

109. The isolated antibody or antigen-binding fragment thereof of claim 106, wherein the
ICsps is less than about 1.5 X 10 M.

110. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the
therapeutic moiety is a drug.

111. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the

therapeutic moiety is a replication selective virus.

112. The isolated antibody or antigen-binding fragment thereof of claim 110, wherein the

drug is a cytotoxic drug.

113. The isolated antibody or antigen-binding fragment thereof of claim 112, wherein the
cytotoxic drug is selected from the group consisting of: calicheamicin, esperamicin,
methotrexate, doxorubicin, melphalan, chlorambucil, ARA-C, vindesine, mitomycin C, cis-
platinum, etoposide, bleomycin, 5-fluorouracil, estramustine, vincristine, etoposide,

doxorubicin, paclitaxel, docetaxel, dolastatin 10, auristatin E and auristatin PHE.
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114. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the

therapeutic moiety is a toxin or a fragment thereof.

115. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the

therapeutic moiety is an enzyme or a fragment thereof.

116. The isolated antibody or antigen-binding fragment thereof of claim 105, wherein the

therapeutic moiety is an immunostimulatory or immunomodulating agent.

117. The isolated antibody or antigen-binding fragment thereof of claim 116, wherein the
immunostimulatory or immunomodulating agent is selected from the group consisting of: a

cytokine, chemokine and adjuvant.

118. A composition comprising:
the antibody or antigen-binding fragment of claim 105 and a pharmaceutically

acceptable carrier, excipient, or stabilizer.

'119. The isolated antibody or antigen-binding fragment thereof of 1, bound to a

radioisotope.

120. The isolated antibody or antigen-binding fragment thereof according to claim 119,

wherein the radioisotope emits o radiations.

121. The isolated antibody or antigen-binding fragment thereof according to claim 119,

wherein the radioisotope emits 3 radiations.

122. The isolated antibody or antigen-binding fragment thereof according to claim 119,

wherein the radioisotope emits y radiations.

123. The isolated antibody or antigen-binding fragment thereof according to claim 119,
wherein the radioisotope is selected from the group consisting of A, 211At, 212g; 213p;4.

1317 67 1257 123 64 212 224
1%Rn, ¥¥Rh, "Ly, *Y, 1, Cu, 'L, 2L, 7By, 1Sm, '“Ho, *Cu, *'*Pb, **Ra and **’Ra.
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124. A composition comprising the isolated antibody or antigen-binding fragment thereof

of claim 119 and a pharmaceutically acceptable carrier, excipient, or stabilizer.

125. A kit for detecting prostate cancer for diagnosis, prognosis or monitoring comprising:
the isolated labeled antibody or antigen-binding fragment thereof of claim 98, and one or

more compounds for detecting the label.

126.  AKkit according to claim 125, wherein the label is selected from the group consisting
of a fluorescent label, an enzyme label, a radioactive label, a nuclear magnetic resonance

active label, a luminescent label, and a chromophore label.

127.  The isolated antibody or antigen-binding fragment thereof of any of claims 1, 98, 105
or 119 packaged in lyophilized form.

128.  The isolated antibody or antigen-binding fragment thereof of any of claims 1, 98, 105

or 119 packaged in an aqueous medium.

129.  Anisolated antibody or an antigen-binding fragment thereof which specifically binds
to an epitope on prostate specific membrane antigen (PSMA) defined by an antibody selected
from the group consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5 .4,
PSMA 7.1, PSMA 7.3, PSMA 10.3, PSMA 1.8.3, PSMA B3.1.3, PSMA B3.3.1, Abgenix
4.248.2, Abgenix 4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1,
Abgenix 4.22.3, Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix
4.209.3, Abgenix 4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix
4.153.1, Abgenix 4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, Abgenix
4.152.1, and antibodies comprising:

(a) a heavy chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence selected from the group consisting of nucleotide sequences

set forth as SEQ ID NOs: 2-7, and
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(b) a light chain encoded by a nucleic acid molecule comprising the coding region or
regions of a nucleotide sequence selected from the group consisting of nucleotide sequences
set forth as SEQ ID NOs: 8-13.

130. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA
7.3, PSMA 10.3, PSMA 1.8.3, PSMA B3.1.3, PSMA B3.3.1, Abgenix 4.248.2, Abgenix
4.360.3, Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix 4.22.3,
Abgenix 4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3, Abgenix
4.219.3, Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1, Abgenix
4.232.3, Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1, Abgenix 4.152.1 and antigen-
binding fragments thereof.

131. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of antibodies comprising:

(a) a heavy chain encoded by a nucleic acid molecule comprising the heavy chain
coding region or regions of a nucleotide sequence selected from the group consisting of
nucleotide sequences set forth as SEQ ID NOs: 2-7, and

(b) a light chain encoded by a nucleic acid molecule comprising the light chain coding
region or regions of a nucleotide sequence selected from the group consisting of nucleotide
sequences set forth as SEQ ID NOs: 8-13,
and antigen-binding fragments thereof.

132. Anisolated antibody which specifically binds to an epitope on prostate specific
membrane antigen, wherein the antibody is encoded by a nucleic acid molecule comprising a
nucleotide sequence that is at least about 90% identical to the nucleotide sequence encoding

the antibody of claim 131.

133.  Theisolated antibody of claim 132, wherein the antibody is encoded by a nucleic

acid molecule comprising a nucleotide sequence that is at least about 95% identical.
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134.  The isolated antibody of claim 132, wherein the antibody is encoded by a nucleic

acid molecule comprising a nucleotide sequence that is at least about 97% identical.

135.  The isolated antibody of claim 132, wherein the antibody is encoded by a nucleic

acid molecule comprising a nucleotide sequence that is at least about 98% identical.

136.  The isolated antibody of claim 132, wherein the antibody is encoded by a nucleic

acid molecule comprising a nucleotide sequence that is at least about 99% identical.

137. An antigen-binding fragment of the isolated antibody of claim 131, comprising:

(2) a heavy chain variable region encoded by a nucleic acid molecule comprising the
coding regions or regions of a nucleotide sequence selected from the group consisting of
nucleotide sequences set forth as: SEQ ID NOs: 14, 18, 22, 26 and 30, and

(b) a light chain variable region encoded by a nucleic acid molecule comprising the
coding region or region of a nucleotide sequence selected from the group consisting of

nucleotide sequences set forth as: SEQ ID NOs: 16, 20, 24, 28 and 32.

138. The antigen-binding fragment of the isolated antibody of claim 131, comprising:

(a) a heavy chain variable region comprising an amino acid sequence selected from
the group consisting of amino acid sequences set forth as: SEQ ID NOs: 15, 19, 23, 27 and
31, and

(b) a light chain variable region comprising an amino acid sequence selected from the

group consisting of nucleotide sequences set forth as: SEQ ID NOs: 17, 21, 25, 29 and 33.

139. An isolated antigen-binding fragment which comprises a CDR of the antigen-binding

fragment according to claim 137 or claim 138.
140. The isolated antigen-binding fragment of claim 139, wherein the CDR is CDR3.

141. An expression vector comprising an isolated nucleic acid molecule encoding the

isolated antibody or antigen-binding fragment of any one of claims 129-137.
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142. A host cell transformed or transfected by the expression vector of claim 141.

143.  The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof is selected for its ability to bind

live cells.

144. The isolated antibody or antigen-binding fragment thereof of claim 143 , wherein the

cell is a tumor cell.

145. The isolated antibody or antigen-binding fragment thereof of claim 144, wherein the

tumor cell is a prostate tumor cell.

146. The isolated antibody or antigen-binding fragment thereof of claim 145, wherein the
tumor cell is 2 LNCaP cell.

147. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof mediates cytolysis of cells

expressing PSMA.

148. The isolated antibody or antigen-binding fragment thereof of claim 147 wherein
cytolysis of cells expressing PSMA is mediated by effector cells.

149. The isolated antibody or antigen-binding fragment thereof of claim 147 wherein

cytolysis of cells expressing PSMA is complement mediated in the presence of effector cells.

150. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof inhibits the growth of cells
expressing PSMA.
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151. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody or antigen-binding fragment thereof does not require cell lysis to bind

to the epitope on PSMA.

152. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein said antibody or antigen-binding fragment thereof is selected from the group
consisting of IgG1, IgG2, IgG3, IgG4, IgM, IgAl, IgA2, IgAsec, IgD, IgE or has
immunoglobulin constant and/or variable domain of IgG1, 1gG2, IgG3, IgG4, IgM, IgAl,
IgA2, IgAsec, IgA or IgE.

153. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a recombinant antibody.

154. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a polyclonal antibody.

155. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a monoclonal antibody.

156. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a humanized antibody.

157. The isolated antibody or antigen-binding fragment thereof according to claim 156,

wherein said antibody is a monoclonal antibody.

158. The isolated antibody or antigen-binding fragment thereof according to claim 156,

wherein said antibody is a polyclonal antibody.

159. The isolated antibody or antigen-binding fragment thereof according to claim 156,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.
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160. Theisolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a chimeric antibody.

161. The isolated antibody or antigen-binding fragment thereof according to claim 160,

wherein said antibody is a monoclonal antibody.

162. The isolated antibody or antigen-binding fragment thereof according to claim 160,

wherein said antibody is a polyclonal antibody.

163. The isolated antibody or antigen-binding fragment thereof according to claim 160,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.

164. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a human antibody.

165. Theisolated antibody or antigen-binding fragment thereof according to claim 164,

wherein said antibody is a monoclonal antibody.

166. The isolated antibody or antigen-binding fragment thereof according to claim 164,

wherein said antibody is a polyclonal antibody.

167. The isolated antibody or antigen-binding fragment thereof according to claim 164,

wherein said antibody is a mixture of monoclonal and/or polyclonal antibodies.

168. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein said antibody is a bispecific or multispecific antibody.

169. The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein the isolated antigen-binding fragment is selected from the group consisting of a Fab

fragment, a F(ab")2 fragment, and a Fv fragment CDR3.
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170.  The isolated antibody or antigen-binding fragment thereof according to claim 129,
wherein the antibody is a monoclonal antibody produced by a hybridoma cell line selected
from the group consisting of PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258),
PSMA 3.11 (PTA-3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-
3293), PSMA 10.3 (PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA B3.1.3 (PTA-3904),
PSMA B3.3.1 (PTA-3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428),
Abgenix 4.7.1 (PTA-4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557),
Abgenix 4.16.1 (PTA-4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359),
Abgenix 4.40.2 (PTA-4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362),
Abgenix 4.209.3 (PTA-4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367),
Abgenix 4.333.1 (PTA-4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388),
Abgenix 4.232.3 (PTA-4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391),
Abgenix 4.78.1 (PTA-4652), and Abgenix 4.152.1(PTA-4653).

171. The isolated antibody or antigen-binding fragment thereof according to claim 129,

wherein the antibody or antigen-binding fragment thereof binds to a conformational epitope.

172. The isolated monoclonal antibody or antigen-binding fragment thereof according to
claim 129, wherein the antibody or antigen-binding fragment thereof is internalized into a cell

with the prostate specific membrane antigen.

173. A hybridoma cell line that produces an antibody selected from the group consisting of
PSMA 3.7, PSMA 3.8, PSMA 3.9, PSMA 3.11, PSMA 5.4, PSMA 7.1, PSMA 7.3, PSMA
10.3, PSMA 1.8.3, PSMA B3.1.3, PSMA B3.3.1, Abgenix 4.248.2, Abgenix 4.360.3,
Abgenix 4.7.1, Abgenix 4.4.1, Abgenix 4.177.3, Abgenix 4.16.1, Abgenix 4.22.3, Abgenix
4.28.3, Abgenix 4.40.2, Abgenix 4.48.3, Abgenix 4.49.1, Abgenix 4.209.3, Abgenix 4.219.3,
Abgenix 4.288.1, Abgenix 4.333.1, Abgenix 4.54.1, Abgenix 4.153.1, Abgenix 4.232.3,
Abgenix 4.292.3, Abgenix 4.304.1, Abgenix 4.78.1 and Abgenix 4.152.1.

174. The hybridoma cell line of claim 173, wherein the hybridoma cell line is selected
from the group consisting of PSMA 3.7 (PTA-3257), PSMA 3.8, PSMA 3.9 (PTA-3258),
PSMA 3.11 (PTA-3269), PSMA 5.4 (PTA-3268), PSMA 7.1 (PTA-3292), PSMA 7.3 (PTA-
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3293), PSMA 10.3 (PTA-3247) , PSMA 1.8.3 (PTA-3906), PSMA B3.1.3 (PTA-3904),
PSMA B3.3.1 (PTA-3905), Abgenix 4.248.2 (PTA-4427), Abgenix 4.360.3 (PTA-4428),
Abgenix 4.7.1 (PTA-4429), Abgenix 4.4.1 (PTA-4556), Abgenix 4.177.3 (PTA-4557),
Abgenix 4.16.1 (PTA-4357), Abgenix 4.22.3 (PTA-4358), Abgenix 4.28.3 (PTA-4359),
Abgenix 4.40.2 (PTA-4360), Abgenix 4.48.3 (PTA-4361), Abgenix 4.49.1 (PTA-4362),
Abgenix 4.209.3 (PTA-4365), Abgenix 4.219.3 (PTA-4366), Abgenix 4.288.1 (PTA-4367),
Abgenix 4.333.1 (PTA-4368), Abgenix 4.54.1 (PTA-4363), Abgenix 4.153.1 (PTA-4388),
Abgenix 4.232.3 (PTA-4389), Abgenix 4.292.3 (PTA-4390), Abgenix 4.304.1 (PTA-4391),
Abgenix 4.78.1 (PTA-4652), and Abgenix 4.152.1(PTA-4653).

175. A composition comprising:
an antibody or antigen-binding fragment thereof according to any one of claims 129-

140 and a pharmaceutically acceptable carrier, excipient, or stabilizer.

176. The composition of claim 175, further comprising an antitumor agent, an

- immunostimulatory agent, an immunomodulator, or a combination thereof.

177. The composition of claim 176, wherein the antitumor agent is a cytotoxic agent, an

agent that acts on tumor neovasculature, or a combination thereof.

178. The composition of claim 176, wherein the immunomodulator is a-interferon, y- -

interferon, tumor necrosis factor-o. or a combination thereof.

179. The composition of claim 176, wherein the immunostimulatory agent is interleukin-2,

immunostimulatory oligonucleotides, or a combination thereof.

180. A composition comprising:
a combination of two or more antibodies or antigen-binding fragments thereof
according to any one of claims 129-140 and a pharmaceutically acceptable carrier, excipient,

or stabilizer.
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181.  The composition of claim 180, further comprising an antitumor agent, an

immunostimulatory agent, an immunomodulator, or a combination thereof.

182.  The composition of claim 181, wherein the antitumor agent is a cytotoxic agent, an

agent that acts on tumor neovasculature, or a combination thereof.

183.  The composition of claim 181, wherein the immunomodulator is a-interferon, y-

interferon, tumor necrosis factor-o or a combination thereof.

184.  The composition of claim 181, wherein the immunostimulatory agent is interleukin-2,

mmunostimulatory oligonucleotides, or a combination thereof.

185. The isolated antibody or antigen-binding fragment thereof of claim 129, bound to a
label.

186. The isolated monoclonal antibody or antigen-binding fragment thereof according to -
claim 185, wherein the label is selected from the group consisting of a fluorescent label, an
enzyme label, a radioactive label, a nuclear magnetic resonance active label, a luminescent

label, and a chromophore label.

187. A composition comprising:
an antibody or antigen-binding fragment thereof according to claim 185 and

a pharmaceutically acceptable carrier, excipient, or stabilizer.

188. The isolated antibody or antigen-binding fragment thereof of claim 129, wherein the
antibody or antigen-binding fragment thereof specifically binds cell-surface PSMA and/or
rsPSMA with a binding affinity of about 1 X 10°M or less.

189. The isolated antibody or antigen-binding fragment thereof of claim 188, wherein the
binding affinity is about 1 X 10"°M or less.
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190. The isolated antibody or antigen-binding fragment thereof of claim 189, wherein the
binding affinity is about 1 X 107'M or less.

191. The isolated antibody or antigen-binding fragment thereof of claim 188, wherein the
binding affinity is less than about 5 X 107"°M.

192. The isolated antibody or antigen-binding fragment thereof of claim 129, bound to at

least one therapeutic moiety .

193. The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the
antibody or antigen-binding fragment thereof mediates specific cell killing of PSMA-
expressing cells with an ICss of less than about 1 X 107°M.

194. The isolated antibody or antigen-binding fragment thereof of claim 193, wherein the
ICsps is less than about 1 X 1071'M.

195. The isolated antibody or antigen-binding fragment thereof of claim 194, wherein the
ICsos is less than about 1 X 107°M.

196. The isolated antibody or antigen-binding fragment thereof of claim 193, wherein the
ICsps is less than about 1.5 X 107'M.

197. The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the
therapeutic moiety is a drug.

198  The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the

therapeutic moiety is a replication-selective virus.

199. The isolated antibody or antigen-binding fragment thereof of claim 197, wherein the
drug is a cytotoxic drug.
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200. The isolated antibody or antigen-binding fragment thereof of claim 199, wherein the
cytotoxic drug is selected from the group consisting of: calicheamicin, esperamicin,
methotrexate, doxorubicin, melphalan, chlorambucil, ARA-C, vindesine, mitomycin C, cis-
platinum, etoposide, bleomycin, 5-fluorouracil, estramustine, vincristine, etoposide,

doxorubicin, paclitaxel, docetaxel, dolastatin 10, auristatin E and auristatin PHE.

201. The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the

therapeutic moiety is a toxin or a fragment thereof.

202. The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the

therapeutic moiety is an enzyme or a fragment thereof.

203. The isolated antibody or antigen-binding fragment thereof of claim 192, wherein the

therapeutic moiety is an immunostimulatory or immunomodulating agent.

204. The isolated antibody or antigen-binding fragment thereof of claim 203, wherein the
immunostimulatory or immunomodulating agent is selected from the group consisting of: a

cytokine, chemokine and adjuvant.

205. A composition comprising:
the antibody or antigen-binding fragment of claim 192 and a pharmaceutically

acceptable carrier, excipient, or stabilizer.

206. The isolated antibody or antigen-binding fragment thereof of 129, bound to a

radioisotope.

207. The isolated antibody or antigen-binding fragment thereof according to claim 206,

wherein the radioisotope emits o radiations.

208. The isolated antibody or antigen-binding fragment thereof according to claim 206,

wherein the radioisotope emits [ radiations.



10

15

20

25

30

WO 03/034903 PCT/US02/33944
- 120 -

209. The isolated antibody or antigen-binding fragment thereof according to claim 206,

wherein the radioisotope emits y radiations.

210. The isolated antibody or antigen-binding fragment thereof according to claim 206,
wherein the radioisotope is selected from the group consisting of 25 Ac, 21 AL, 212Bi, 21%Bj,

1 3 4
86Rh, 188Rh, 177L11, 90Y, 13]1’ 67Cll, 1251, 12 I, 77BI', 153SII1, 166H0, 64CH, 212Pb, 22 Ra and 223Ra,

211. A composition comprising the isolated antibody or antigen-binding fragment thereof

of claim 206 and a pharmaceutically acceptable carrier, excipient, or stabilizer.

212. A kit for detecting prostate cancer for diagnosis, prognosis or monitoring comprising:
the isolated labeled antibody or antigen-binding fragment thereof of claim 185, and

one or more compounds for detecting the label.

213. A kit according to claim 212, wherein the label is selected from the group consisting
of a fluorescent label, an enzyme label, a radioactive label, a nuclear magnetic resonance

active label, a luminescent label, and a chromophore label.

214. The isolated antibody or antigen-binding fragment thereof of any of claims 129, 185,
192 or 206 packaged in lyophilized form.

215. The isolated antibody or antigen-binding fragment thereof of any of claims 129, 185,

192 or 206 packaged in an aqueous medium.

216. A method for detecting the presence of PSMA, or a cell expressing PSMA, in a
sample comprising:

contacting the sample with an antibody or antigen-binding fragment thereof according
to claim 1 or 129 for a time sufficient to allow the formation of a complex between the
antibody or antigen-binding fragment thereof and PSMA, and

detecting the PSMA-antibody complex or PSMA-antigen-binding fragment complex,

wherein the presence of a complex in the sample is indicative of the presence in the

sample of PSMA or a cell expressing PSMA.
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217. A method for diagnosing a PSMA-mediated disease in a subject comprising:

administering to a subject suspected of having or previously diagnosed with PSMA-
mediated disease an isolated amount of an antibody or antigen-binding fragment thereof
according to claim 1 or 129,

allowing the formation of a complex between the antibody or antigen-binding
fragment thereof and PSMA,

detecting the formation of the PSMA-antibody complex or PSMA-antigen-binding
fragment complex to the target epitope,

wherein the presence of a complex in the subject suspected of having or previously
diagnosed with PSMA-mediated disease is indicative of the presence of a PSMA-mediated

disease.

218. The method of claim 217 wherein the PSMA-mediated disease is prostate cancer.

219. The method of claim 217 wherein the PSMA-mediated disease is a non-prostate

cancer.

220. The method of claim 219 wherein the non-prostate cancer is selected from the group
consisting of bladder cancer including transitional cell carcinoma; pancreatic cancer
including pancreatic duct carcinoma; lung cancer including non-small cell lung carcinoma;
kidney cancer including conventional renal cell carcinoma; sarcoma including soft tissue
sarcoma; breast cancer including breast carcinoma; brain cancer including glioblastoma
multiforme; neuroendocrine carcinoma; colon cancer including colonic carcinoma; testicular
cancer including testicular embryonal carcinoma; and melanoma including malignant

melanoma.

221. The method of claim 216 or claim 217 wherein the antibody or antigen-binding
fragment thereof is labeled.

222. The method of claim 216 or claim 217 wherein a second antibody is administered to

detect the first antibody or antigen-binding fragment thereof.
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223. A method for assessing the prognosis of a subject with a PSMA-mediated disease:

administering to a subject suspected of having or previously diagnosed with PSMA-
mediated disease an effective amount of an antibody or antigen-binding fragment thereof
according to claim 1 or 129,

allowing the formation of a complex between the antibody or antigen-binding
fragment thereof and PSMA,

detecting the formation of the complex to the target epitope,

wherein the amount of the complex in the subject suspected of having or previously

diagnosed with PSMA-mediated disease is indicative of the prognosis.

224. A method for assessing the effectiveness of a treatment of a subject with a PSMA-
mediated disease:

administering to a subject suspected treated for a PSMA-mediated disease an effective
amount of an antibody or antigen-binding fragment thereof according to claim 1 or 129,

allowing the formation of a complex between the antibody or antigen-binding
fragment thereof and PSMA,

detecting the formation of the complex to the target epitope,

wherein the amount of the complex in the subject suspected of having or previously

diagnosed with PSMA-mediated disease is indicative of the effectiveness of the treatment.

225.  The method of claim 223 or 224 wherein the PSMA-mediated disease is prostate

cancer.

226. The method of claim 223 or 224 wherein the PSMA-mediated disease is a non-

prostate cancer.

227. The method of claim E4 wherein the non-prostate cancer is selected from the group
consisting of bladder cancer including transitional cell carcinoma; pancreatic cancer
including pancreatic duct carcinoma; lung cancer including non-small cell lung carcinoma;
kidney cancer including conventional renal cell carcinoma; sarcoma including soft tissue

sarcoma; breast cancer including breast carcinoma; brain cancer including glioblastoma
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multiforme; neuroendocrine carcinoma; colon cancer including colonic carcinoma; testicular
cancer including testicular embryonal carcinoma; and melanoma including malignant

melanoma.

228. The method of claim 223 or claim 224 wherein the antibody or antigen-binding
fragment thereof is labeled.

229. The method of claim 223 or claim 224 wherein a second antibody is administered to
detect the first antibody or antigen-binding fragment thereof.

230. A method for inhibiting the growth of a cell expressing PSMA comprising:
contacting a cell expressing PSMA with an amount of an antibody or antigen-binding
fragment thereof according to claim 1 or 129 which specifically binds to an extracellular

domain of PSMA effective to inhibit the growth of the cell expressing PSMA.

231. A method for inducing cytolysis of a cell expressing PSMA comprising:
contacting a cell expressing PSMA with an amount of an antibody or antigen-binding
fragment thereof according to claim 1 or 129 which specifically binds to an extracellular

domain of PSMA effective to induce cytolysis of the cell expressing PSMA.

232. The method of claim 231 wherein the cytolysis occurs in the presence of an effector

cell.

233. The method of claim 231 wherein the cytolysis is complement mediated.

234. A method for treating or preventing a PSMA-mediated disease comprising:
administering to a subject having a PSMA-mediated disease or at risk of having a PSMA-
mediated disease an effective amount of an antibody or antigen-binding fragment thereof

according to claim 1 or 129 to treat or prevent the PSMA-mediated disease.

235. The method of claim 234 wherein the PSMA-mediated disease is a cancer.
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236. The method for claim 235 wherein the cancer is a prostate cancer.
237. The method for claim 235 wherein the cancer is a non-prostate cancer.

238. A method for treating or preventing a PSMA-mediated disease comprising:
administering to a subject having a PSMA-mediated disease or at risk of having a
PSMA-mediated disease an amount of an antibody or antigen-binding fragment thereof

according to claim 1 or 129 effective to treat or prevent the PSMA-mediated disease.
239. The method of claim 238, wherein the PSMA-mediated disease is a cancer.
240. The method of claim 239, wherein the cancer is prostate cancer.

241. The method of claim 239 wherein the cancer is a non-prostate cancer.

242. The method of claim 241, wherein the non-prostate cancer is selected from the group
consisting of: bladder cancer including transitional cell carcinoma; pancreatic cancer
including pancreatic duct carcinoma; lung cancer including non-small cell lung carcinoma;
kidney cancer including conventional renal cell carcinoma; sarcoma including soft tissue
sarcoma; breast cancer including breast carcinoma; brain cancer including glioblastoma
multiforme; neuroendocrine carcinoma; colon cancer including colonic carcinoma; testicular
cancer including testicular embryonal carcinoma; and melanoma including malignant

melanoma.

243. The method of claim 238, further comprising administering another therapeutic agent
to treat or prevent the PSMA-mediated disease at any time before, during or after the
administration of the antibody or antigen-binding fragment thereof.

244. The method of claim 243, wherein the therapeutic agent is a vaccine.

245. The method of claim 244, wherein the vaccine immunizes the subject against PSMA.
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246. The method of claim 243, wherein the antibody or antigen-binding fragment thereof is

bound to at least one therapeutic moiety.

247. The method of claim 246, wherein the therapeutic moiety is a cytotoxic drug, a drug

which acts on the tumor neovasculature and combinations thereof.

248. The method of claim 247, wherein the cytotoxic drug is selected from the group
consisting of: calicheamicin, esperamicin, methotrexate, doxorubicin, melphalan,
chlorambucil, ARA-C, vindesine, mitomycin C, cis-platinum, etoposide, bleomycin, 5-
fluorouracil, estramustine, vincristine, etoposide, doxorubicin, paclitaxel, docetaxel,

dolastatin 10, auristatin E and auristatin PHE.
249. The method of claim 246, wherein the antibody or antigen-binding fragment thereof is
bound to a radioisotope, wherein the radiations emitted by the radioisotope is selected from

the group consisting of o, B and y radiations.

250. The method of claim 249, wherein the radioisotope is selected from the group

.. . 2135 1257 12
-consisting of *’Ac, *!' At, ?1Bi, B4, 185Rh, ¥R, 7Ly, 2%y, 'L, ¢Cu, 121, 171, "Br,

1538 156510, %Cu, 212Pb, 2*Ra and Ra.

251. A method for inhibiting folate hydrolase activity comprising:

contacting a folate hydrolase polypeptide with an amount of isolated antibody or
antigen-binding fragment thereof according to claim 1 or claim 129 under conditions wherein .
the isolated antibody or antigen-binding fragment thereof inhibits the folate hydrolase

activity.
252. The method of claim 251 wherein the folate hydrolase polypeptide is isolated.
253, The method of claim 251 wherein the folate hydrolase polypeptide is contained in a

sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a tissue

homogenate.
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254. The method of claim 251 wherein the folate hydrolase polypeptide is contained in an

organism.
255. The method of claim 254 wherein the organism is an animal.
256. The method of claim 255 wherein the animal is a mammal.
257. A method for enhancing folate hydrolase activity comprising:

contacting a folate hydrolase polypeptide with an amount of isolated antibody or
antigen-binding fragment thereof according to claim 1 or claim 129 under conditions wherein
the isolated antibody or antigen-binding fragment thereof enhances the folate hydrolase
activity.

258. The method of claim 257 wherein the folate hydrolase polypeptide is isolated.

259. The method of claim 257 wherein the folate hydrolase polypeptide is contained in a

_sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a tissue

homogenate.

260. The method of claim 257 wherein the folate hydrolase polypeptide is contained in an

organism.

261. The method of claim 260 wherein the organism is an animal.

262. The method of claim 261 wherein the animal is a mammal.

263. A method for inhibiting N-acetylated a-linked acidic dipeptidase (NAALADase)
activity comprising:

contacting a NAAL ADase polypeptide with an amount of an isolated antibody or
antigen-binding fragment thereof according to claim 1 or claim 129 under conditions wherein

the isolated antibody or antigen-binding fragment thereof inhibits NAALADase activity.
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264. The method for claim 263 wherein the NAALADase polypeptide is isolated.

265. The method for claim 263 wherein the NAALADase polypeptide is contained in a
sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a tissue

homogenate.

266. The method for claim 263 wherein the NAALADase polypeptide is contained in an

organism.
267. The method for claim 266 wherein the organism is an animal.
268. The method for claim 267 wherein the animal is a mammal.

269. A method for enhancing N-acetylated a-linked acidic dipeptidase (NAALADase)
activity comprising:

contacting a NAALADase polypeptide with an amount of an isolated antibody or -
antigen-binding fragment thereof according to claim 1 or claim 129 under conditions wherein

the isolated antibody or antigen-binding fragment thereof enhances NAALADase activity:.
270.  The method for claim 269 wherein the NAALADase polypeptide is isolated.

271. The method for claim 269 wherein the NAATLADase polypeptide is contained in a
sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a tissue

homogenate.

272.  The method for claim 269 wherein the NAALADase polypeptide is contained in an

organism.
273. The method for claim 272 wherein the organism is an animal.

274. . The method for claim 273 wherein the animal is a mammal.
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275. A method for inhibiting dipeptidyl dipeptidase IV activity comprising:
contacting a dipeptidyl dipeptidase IV polypeptide with an amount of an isolated

antibody or antigen-binding fragment thereof according to claim 1 or claim 129 under

conditions wherein the isolated antibody or antigen-binding fragment thereof inhibits

dipeptidy! dipeptidase IV activity.

276. The method for claim 275 wherein the dipeptidyl dipeptidase IV polypeptide is

isolated.

277. The method for claim 275 wherein the dipeptidyl dipeptidase IV polypeptide is
contained in a sample selected from the group consisting of a cell, a cell homogenate, a

tissue, or a tissue homogenate.

278. The method for claim 275 wherein the dipeptidyl dipeptidase IV polypeptide is

contained in an organism.

279. The method for claim 278 wherein the organism is an animal.

280. The method for claim 279 wherein the animal is a mammal.

281. A method for inhibiting dipeptidyl dipeptidase IV activity comprising:
contacting a dipeptidyl dipeptidase IV polypeptide with an amount of an isolated

antibody or antigen-binding fragment thereof according to claim 1 or claim 129 under

conditions wherein the isolated antibody or antigen-binding fragment thereof inhibits

dipeptidyl dipeptidase IV activity.

282. The method for claim 281 wherein the dipeptidyl dipeptidase IV polypeptide is

isolated.

283. The method for claim 281 wherein the dipeptidyl dipeptidase IV polypeptide is
contained in a sample selected from the group consisting of a cell, a cell homogenate, a

tissue, or a tissue homogenate.
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284. The method for claim 281 wherein the dipeptidyl dipeptidase IV polypeptide is

contained in an organism.
285. The method for claim 284 wherein the organism is an animal.
286. The method for claim 285 wherein the animal is a mammal.

287. A method for inhibiting y—glutamyl hydrolase activity comprising:

contacting a y—glutamyl hydrolase polypeptide with an amount of an isolated antibody
or antigen-binding fragment thereof according to claim 1 or claim 129 under conditions
wherein the isolated antibody or antigen-binding fragment thereof inhibits y—glutamyl
hydrolase activity.

288. The method for claim 287 wherein the y—glutamy! hydrolase polypeptide is isolated.

289. The method for claim 287 wherein the y—glutamyl hydrolase polypeptide is contained
in a sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a

tissue homogenate.

290. The method for claim 287 wherein the y—glutamyl hydrolase polypeptide is contained

in an organism.
291. The method for claim 290 wherein the organism is an animal.
292. The method for claim 291 wherein the animal is a mammal.

293. A method for inhibiting y—glutamyl hydrolase activity coﬁlprising: '

contacting a y—glutamyl hydrolase polypeptide with an amount of an isolated antibody
or antigen-binding fragment thereof according to claim 1 or claim 129 under conditions
wherein the isolated antibody or antigen-binding fragment thereof inhibits y—glutamyl
hydrolase activity.
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294,  The method for claim 293 wherein the y—glutamyl hydrolase polypeptide is isolated.

295. The method for claim 293 wherein the y—glutamyl hydrolase polypeptide is contained
in a sample selected from the group consisting of a cell, a cell homogenate, a tissue, or a

tissue homogenate.

296. The method for claim 293 wherein the y—glutamyl hydrolase polypeptide is contained

in an organism.
297. The method for claim 296 wherein the organism is an animal.
298. The method for claim 297 wherein the animal is a mammal.

299. A method of specific cielivery of at least one therapeutic agent to PSMA-expressing
cells, comprising:

administering an effective amount of an antibody or antigen-binding fragment thereof
according to claim 1 or 129 conjugated to the at least one therapeutic agent.

\

300. The method of claim 299, wherein the therapeutic agent is a nucleic acid molecule.
301. The method of claim 299, wherein the therapeutic agent is an antitumor drug.

302. The method of claim 301, wherein the antitumor drug is selected from the group
consisting of: a cytotoxic drug, a drug which acts on the tumor neovasculature and

combinations thereof.

303. The method of claim 302, wherein the cytotoxic drug is selected from the group
consisting of: calicheamicin, esperamicin, methotrexate, doxorubicin, melphalan,
chlorambucil, ARA-C, vindesine, mitomycin C, cis-platinum, etoposide, bleomycin, 5-
fluorouracil, estramustine, vincristine, etoposide, doxorubicin, paclitaxel, docetaxel,

dolastatin 10, auristatin E and auristatin PHE.
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304. The method of claim 299, wherein the therapeutic moiety is a toxin or a fragment
thereof.

305. The method of claim 299, wherein the therapeutic moiety is an enzyme or a fragment
thereof.

306. The method of claim 299, wherein the therapeutic moiety is a replication-selective

virus.

307. The method of claim 299, wherein the therapeutic moiety is an immunostimulatory or

immunomodulating agent.

308. The method of claim 307, wherein the immunostimulatory or immunomodulating

agent is selected from the group consisting of: a cytokine, chemokine and adjuvant.

309. Anisolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer.

310. The isolated antibody or antigen-binding fragment thereof of claim 309, wherein the

PSMA protein multimer is a dimer.

311. The isolated antibody or antigen-binding fragment thereof of claim 310, wherein at
least one of the PSMA proteins forming the multimer is a recombinant, soluble PSMA

(rsPSMA) polypeptide.

312. The isolated antibody or antigen-binding fragment thereof of claim 311, wherein the
rsPSMA polypeptide consists essentially of amino acids 44-750 of SEQ ID NO:1.

313. Anisolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer, wherein the isolated antibody inhibits at least one enzymatic

activity of the PSMA protein multimer.
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314. The isolated antibody or antigen-binding fragment thereof of claim 313, wherein the
enzymatic activity is selected from the'group consisting of folate hydrolase activity,
NAALADase activity, dipeptidyl dipeptidase IV activity, y-glutamyl hydrolase activity and

combinations thereof.

315. The isolated antibody or antigen-binding fragment thereof of claim 313, wherein the

enzymatic activity is in the extracellular domain of the PSMA molecule.

316. The isolated antibody or antigen-binding fragment thereof of claim 313, wherein the
antibody or antigen-binding fragment thereof specifically binds to an extracellular domain of
PSMA.

317. An isolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer, wherein the isolated antibody enhances at least one enzymatic

activity of the PSMA protein multimer.

318. The isolated antibody or antigen-binding fragment thereof of claim 317, wherein the
enzymatic activity is selected from the group consisting of folate hydrolase activity,
NAALADase activity, dipeptidyl dipeptidase IV activity, y-glutamyl hydrolase activity and

combinations thereof.

319. The isolated antibody or antigen-binding fragment thereof of claim 317, wherein the

enzymatic activity is in the extracellular domain of the PSMA molecule.

320. The isolated antibody or antigen-binding fragment thereof of claim 317, wherein the
antibody or antigen-binding fragment thereof specifically binds to an extracellular domain of
PSMA.

321. A composition comprising an isolated antibody or antigen-binding fragment thereof

as in any of claims 309 — 320, and an immunostimulatory oligonucleotide.
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322. A composition comprising an isolated antibody or antigen-binding fragment thereof

as in any of claims 309 —~ 320, and a cytokine.

323. The composition of claim 322, wherein the cytokine is selected from the group
consisting of TL-2, IL-12, IL-18 and GM-CSF.

324. The composition of any of claims 321 — 323, further comprising a pharmaceutically-

acceptable carrier.

325. A method for inducing an immune response comprising administering to a subject in
need of such treatment an effective amount of the isolated antibody or composition of any of

claims 309-324.

326. Anisolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer and inhibits at least one enzymatic activity of PSMA.

327. The isolated antibody or antigen-binding fragment thereof of claim 326, wherein the

enzyme is selected from the group consisting of hydrolases and peptidases.

328. The isolated antibody or antigen-binding fragment thereof of claim 327, wherein the
hydrolase is selected from the group consisting of folate hydrolase and y-glutamyl hydrolase.

329. The isolated antibody or antigen-binding fragment thereof of claim 328, wherein the
hydrolase is folate hydrolase and the antibody is mAb 5.4 or mAb 3.9.

330. The isolated antibody or antigen-binding fragment thereof of claim 327, wherein the
peptidase is selected from the group consisting of NAALADase and dipeptidyl dipeptidase
Iv.

331. The isolated antibody or antigen-binding fragment thereof of claim 326, wherein the
enzyme is active in cancer cells and has lesser activity in normal cells than in cancer cells or

no activity in normal cells.
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332. The isolated antibody or antigen-binding fragment thereof of claim 331, wherein the

cancer cells are prostate cancer cells.

333. Anisolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer and enhances at least one enzymatic activity of PSMA.

334. The isolated antibody or antigen-binding fragment thereof of claim 333, wherein the

enzyme is selected from the group consisting of hydrolases and peptidases.

335. The isolated antibody or antigen-binding fragment thereof of claim 334, wherein the

‘ hydrolase is selected from the group consisting of folate hydrolase and y-glutamyl hydrolase.

336. The isolated antibody or antigen-binding fragment thereof of claim 334, wherein the
peptidase is selected from the group consisting of NAALADase and dipeptidyl dipeptidase
Iv.

337. Theisolated antibody or antigen-binding fragment thereof of claim 333, wherein the
enzyme is active in normal cells and has lesser activity in cancer cells than in normal cells or

no activity in cancer cells.

338. The isolated antibody or antigen-binding fragment thereof of claim 337, wherein the

cancer cells are prostate cancer cells.
339. Anisolated antibody or antigen-binding fragment thereof that selectively binds a
PSMA protein multimer, wherein the isolated antibody is raised by immunizing an animal

with a preparation comprising a PSMA protein multimer.

340. A composition comprising the isolated antibody or antigen-binding fragment thereof

of claims 326 — 339, and a pharmaceutically acceptable carrier.

341. A composition comprising an isolated PSMA protein multimer.
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342. The composition of claim 341, wherein the PSMA protein multimer is a dimer.

343. The composition of claim 341, wherein the composition comprises at least about 10%

PSMA protein multimer.

344. The composition of claim 343, wherein the composition comprises at least about 20% -

PSMA protein multimer.

345. The composition of claim 344, wherein the composition comprises at least about 30%

PSMA protein multimer.

346. The composition of claim 345, wherein the composition comprises at least about 40%

PSMA protein multimer.

347. The composition of claim 346, wherein the composition comprises at least about 50%

PSMA protein muitimer.

348. The composition of claim 347, wherein the composition comprises at least about 75%

PSMA protein multimer.

349. The composition of claim 348, wherein the composition comprises at least about 90%

PSMA protein multimer.

350. The composition of claim 349, wherein the composition comprises at least about 95%

PSMA protein multimer.

351. The composition of claim 341, wherein the PSMA protein multimer comprises

noncovalently associated PSMA proteins.

352. The composition of claim 351, wherein the PSMA proteins are noncovalently

associated under nondenaturing conditions.
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353. The composition of any of claims 341-352, wherein at least one of the PSMA proteins
forming the multimer is a recombinant, soluble PSMA (rsPSMA) polypeptide.

354. The composition of claim 341, wherein the PSMA protein multimer is reactive with a

conformation-specific antibody that specifically recognizes PSMA.

355. The composition of claim 341, wherein the PSMA protein multimer comprises PSMA

proteins in a native conformation.

356. The composition of claim 341, wherein the PSMA multimer is enzymatically active.
357. The composition of claim 356, wherein the enzymatic activity is selected from the
group consisting of folate hydrolase activity, NAAL ADase activity, dipeptidyl dipeptidase IV
activity, y-glutamyl hydrolase activity and combinations thereof.

358. The composition of any of claims 341-357, further comprising an adjuvant.

359. The composition of any of claims 341-357, further comprising a cytokine.

360. The composition of claim 359, wherein the cytokine is selected from the group
consisting of IL-2, IL-12, IL-18 and GM-CSF.

361. The composition of any of claims 341-360, further comprising a pharmaceutically

acceptable carrier.

362. A method for inducing an immune response comprising administering to a subject in

need of such treatment an effective amount of the composition of any of claims 341-361.
363. Anisolated recombinant soluble PSMA (rsPSMA) protein multimer.

364. Anisolated rsPSMA protein dimer.
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365. Theisolated rsPSMA protein dimer of claim 364, wherein the dimer comprises

noncovalently associated rsPSMA proteins.

366. The isolated rsPSMA protein dimer of claim 365, wherein the rsPSMA proteins are

noncovalently associated under nondenaturing conditions.

367. The isolated rsPSMA protein dimer of claim 364, wherein the isolated rsPSMA dimer

is reactive with a conformation-specific antibody that specifically recognizes PSMA.

368. The isolated rsPSMA protein dimer of claim 364, wherein the isolated rsPSMA dimer -

is enzymatically active.

369. The isolated rsPSMA protein dimer of claim 368, wherein the enzymatic activity is
selected from the group consisting of folate hydrolase activity, NAALADase activity,
dipeptidyl dipeptidase IV activity, y-glutamyl hydrolase activity and combinations thereof.

370. A method of screening for a candidate agent that inhibits at least one enzymatic
activity of a PSMA enzyme comprising

a) mixing the candidate agent with an isolated PSMA protein multimer to form a
reaction mixture, followed by

b) adding a substrate for the PSMA enzyme to the reaction mixture, and

¢) determining the amount of a product formed from the substrate by the PSMA
enzyme, wherein a decrease in the amount of product formed in comparison to a control is
indicative of an agent capable of inhibiting at least one enzymatic activity of the PSMA

enzyme.

371. The method of screening of claim 370, wherein the PSMA enzyme is selected from
the group consisting of NAALADase, folate hydrolase, dipeptidyl dipeptidase IV and
y-glutamyl hydrolase.
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372. The method of screening of claim 370, wherein the PSMA multimer comprises

recombinant soluble PSMA.

373. The method of screening of claim 370, wherein the candidate agent is selected from

the group consisting of an antibody, a small organic compound, or a peptide.

374. A candidate agent that inhibits at least one enzymatic activity of PSMA identified
according to the method of claim 370.

375. The candidate agent according to claim 374, wherein the agent is selected from a

combinatorial antibody library, a combinatorial protein libraty, or a small organic molecule

library.

376. A method of screening for a candidate agent that enhances at least one enzymatic
activity of a PSMA enzyme comprising
. a) mixing the candidate agent with an isolated PSMA protein multimer to form a -

reaction mixture, followed by

b) adding a substrate for the PSMA enzyme to the reaction mixture, and

¢) determining the amount of a product formed from the substrate by the PSMA
enzyme, wherein an increase in the amount of product formed in comparison to a control is
indicative of an agent capable of enhancing at least one enzymatic activity of the PSMA

enzyme.

377. The method of screening of claim 376, wherein the PSMA enzyme is selected from
the group consisting of NAAL ADase, folate hydrolase, dipeptidyl dipeptidase IV and
v-glutamyl hydrolase.

378. The method of screening of claim 376, wherein the PSMA multimer comprises
recombinant soluble PSMA.

379. The method of screening of claim 376, wherein the candidate agent is selected from

the group consisting of an antibody, a small organic compound, or a peptide.
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380. A candidate agent that enhances at least one enzymatic activity of PSMA identified
according to the method of claim 376.

381. The candidate agent according to claim 380, wherein the agent is selected from a

combinatorial antibody library, a combinatorial protein library, or a small organic molecule

library.

382. A method for identifying a compound that promotes dissociation of PSMA dimers,
comprising

contacting a PSMA dimer with a compound under conditions that do not promote
dissociation of the PSMA dimer in the absence of the compound;

measuring the amount of PSMA monomer; and

comparing the amount of PSMA monomer measured in the presence of the compound
with that observed in the absence of the compound;

wherein an increase in the amount of PSMA monomer measured in the presence of
the compound indicates that the compound is capable of promoting dissociation of the PSMA

dimer.

383.: A method for identifying a compound that promotes dissociation of PSMA dimers,
comprising

contacting a PSMA dimer with a compound under conditions that do not promote
dissociation of the PSMA dimer in the absence of the compound;

measuring the amount of PSMA dimer; and

comparing the amount of PSMA dimer measured in the presence of the compound
with that observed in the absence of the compound;

wherein a decrease in the amount of PSMA dimer measured in the presence of the
compound indicates that the compound is capable of promoting dissociation of the PSMA

dimer.

384. A method for identifying a compound that promotes dissociation of PSMA dimers,

comprising
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contacting a PSMA dimer with a compound under conditions that do not promote
dissociation of the PSMA dimer in the absence of the compound;

measuring the amounts of PSMA monomer and PSMA dimer;

calculating a ratio of PSMA monomer to PSMA dimer; and

comparing the ratio obtained in the presence of the compound with that obtained in
the absence of the compound;

wherein an increase in the ratio measured in the presence of the compound indicates

that the compound is capable of promoting dissociation of the PSMA dimer.
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Human IgGl cloning - into pcDNA

Construction of pcDNA-huCk and pcDNA-hulgGl

PCR product Vector
Ck Sense 5' Xbal HindIII BamHI NheI 3! 5" Nhel NotI 3!
Anit-sense EcoRI NotI (pcDNA. neo)
Cyl  Sense 5' Xbal Kpnl HindIII BamHI NheI 3' 5' NheI/Pmel 3'
Anti-sense EcoRI XhoI Pmel (pcDNA Hygro)
Construction of pcDNA-Ab (V-C cassette)
PCR product Vector
VK Sense BglII or BamHI (if necessary)* 5' BamHI NheI 3!
Anti-sense Nhel (pcDNA-huCk)
V1  Sense BglII or BamHI (if necessary)* 5' BamHI NheI 3!
.Anti-gense Xbal (pcDNA-huIgGl)

*BamHI primer is used if the V region has an internal BqlII site

fuman IgG cloning- V-C cassette from pcDNA into "production" vector
Insert from pcDNA

Igk 5' HindIII or BanHI (if alternate sense primer used)
3" EcoRI, NotI, XhoI, Xbal or Pmel
IgG1 5' KpnI, HindIII or BamHI (if alternate sense primer used)

3" EcoRI*, XhoI or Pmel ‘
* 2nd EcoRI site present in hygromycin resistance gene

Primers used for V region amplification
VK-sense:
5" GAAGATCTS ATG + 20-23 bp leader sequence 3!
BglII Kozak
VK anti-sense(reverse/complementary):
5'AACTA GCT AGC AGT TCC AGA TTT CAA CTG CTC ATC AGA T 3!
S AT 6S XK L Q E D S (aa. 23-13 Ck)
NheI

CLONING SITE OF NheI CODES FOR A S - THEREFORE NO AMINO ACID CHANGE DUE TO CLONING.

Vy-SENSE:

5' GAAGATCIEAEE ATG + 17-29bp leader sequence 3!
BglIT KOZAK

Vyanti-sense(reverse/complementary) :

5' GC TCT AGA GGG TGC CAG GGG GAA GAC CGA T 3
R)S P A L P F V S (aa. 14-7 Cy1)
Xbal

Cloning into

5" CG GCT AGC
S (a)

CLONING SITE JUNCTION OF Xbal/NheI (TCT AGC) CODES FOR S S - THEREFORE NO AMINO ACID
CHANGE DUE TO CLONING .
4 Fig. 10

SUBSTITUTE SHEET (RULE 26)



WO 03/034903 PCT/US02/33944

10/33

AMPICILLIN RESISTANCE

pcDNA-Ab-PG1-006-G1 mggMA'N
7570 bp

CH2 DOMAIN

HYGROMYCIN
RESISTANCE

Fig. 11

SUBSTITUTE SHEET (RULE 26)



WO 03/034903 PCT/US02/33944

11733

AMPICILLIN RESISTANCE

T

B

pcDNA-Ab-PG1-026-G1 AN
7597 bp
CH2 DOMAIN
CH3 DOMAIN
HYGROMYCIN
RESISTANCE

Fig. 12

SUBSTITUTE SHEET (RULE 26)



WO 03/034903 PCT/US02/33944

12/33

AMPICILLIN RESISTANCE
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Ala
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Tyr
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Phe
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Phe
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Pro

Leu

Thr

50

Lys

Ser

Asp

Ile

130

Pro

Sex

Asn

Ile

Arg

210

Ile

TYyY

Arg

Leu

35

Asn

Ala

Leu

Gln

Val

115

Ile

Pro

Ala

Tyr

Asn

195

Gly

Leu

Pro

Trp
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Gly

Ile

Glu

Ala

Trp
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Leu

Asn

Pro

Phe
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Cys

Asn

Tyr
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Leu

Phe

Thr

Asn

Gly
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Lys

Leu

Glu
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Ser
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Arg
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Lys

Ser
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Pro

Ile
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Thxr

Glu
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Pro

Thr

Gly

Val
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230

Trp

Ala

Phe

Lys
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Glu
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Tyr
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Lys
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Asn
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Gly
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Lys
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Asn

Glu
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Asp
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Asn

Ala
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Ala
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Trp

Asn

Phe
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Leu
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Asn

Glu

Asn

Met

Phe
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Val

Ala

Asp

Pro
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Leu

Phe

Met

Leu

Phe
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Asp

Lys

Ile

Val
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170

Phe

Ile

Gln

Tyxr

Gly
250

Val

Ile

Lys

Tyx

75

Gln

Ser

Thr

Phe

Ser

155

Glu

Lys

Ala

Leu

Phe

235

Gly

Leu

Lys

Ala
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Asn

Leu

val

His

Asn

140

Asp

Gly

Leu

Arg

Ala
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Ala

Gly

Ala

Ser
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Phe

Phe

Ala

Glu
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Thr

Ile

Asp

Glu

Tyr
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Gly

Pro
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Gly
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Ser

Leu

Thr

Lys

Leu
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Ala
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Lys
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Leu
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Phe

Thr

Asp
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Tyr
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Leu

Trp
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Ile

Ala

Pro

290

Leu

Ser

Ser

Arg

Arg

370

Ile

Phe

Phe

Trp

Ile

450

Cys

Lys

Thr

Leu

Asn
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Ser

Glu

Leu

Thr

Ile

355

Tyr

Asp

Gly

Ala

Ala

435

Asn

Thr

Ser

Lys

Asn

260

Glu

Ile

Lys

Lys

Gln

340

Tyxr

Val
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Thr

Ser
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Glu

Ala

Pro

Pro

Lys
500

Leu

Tyr
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Met

Val
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Lys

Asn

Ile

Gln

Leu
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Trp

Glu

Asp

Leu

Asp

485

Ser

Asn

Ala

val

Gly

310

Pro
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vVal

Leu

Ser

390

Lys

Asp

Asn

Ser

Met

470

Glu

Pro

Gly

Tyr

His

295

Gly

Tyr

Lys

Ile

Gly

375

Gly

Lys

Ala

Ser

Ser

455

Tyr

Gly

Ser

Ala

Arg

280
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Ser

Asn

Met

Gly

360

Gly

Ala

Glu

Glu

Arg

440

Ile

Ser

Phe
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Gly

265

Arg

Ile

Ala

Val
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345

Thr

Ala

Gly

Glu
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Leu

Glu

Leu

Glu

Glu
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Gly
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Pro

Gly
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Ile

Leu

Arg

val
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Phe

Leu
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Val

Gly
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Phe

Pro

Ile

Tyr

Pro

315

Pro

His

Arg

Asp

Val

395

Arg

Gly

Gln

Asn

His

475

Lys

Ser

Leu

Ala

Tyr

300

Asp

Gly

Ser

Gly

Ser

380

His

Pro

Leu

Glu

Tyr

460

Asn

Ser

Gly

Thr

Glu

285

Asp

Ser

Phe

Thr

Ala

365

Trp

Glu

Arg

Leu

Arg

445

Thr

Leu

Leu

Met

Pro

270

Ala

Ala

Ser

Thr

Asn

350

Val

Val

Ile

Arg

Gly
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Gly

Leu

Thx

Tyr

Pro
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Gly

Val

Gln

Trp

Gly

335

Glu

Glu

Phe

Val

Thr
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Ser
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Glu
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Arg
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Glu
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Arg
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Phe
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Pro

Phe
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Lys

Ile
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Phe

Val

Gln

Pro

Lys

610

Ser

Ile

Pro

Ala

val

690

Pro

ser

Thr

Leu

515

Ala

Ser

Glu

Val

Phe

595

Ile

Val

Ala

Ile

Phe

675

Tle

Gly

Lys

val

Gly

Ser

Gly

Lys
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580
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Tyr

Ser

Ser

Val
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Ile

Tyr

Ile

Ala

Gln
740

Ser

Gly

Tyr

Phe

565

Gly

Cys
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Phe

Lys
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Leu
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Ala

Tyr

Trp
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Ala
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Pro
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Tyr

Gly
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Ile
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Phe
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Asp
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Ala
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Ala
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Leu

Asp

Met

Asp

Ser

615

Ser

Ser

Met

Leu

Ser

695
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Glu

Ala
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520
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Tyr

Pro

Val

Tyr
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Met

Leu

Glu

Met

Gly
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Leu
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Glu
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Tyr
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Phe
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Lys
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Leu
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Phe

Lys

Thx
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Thr

Ser

Phe
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Glu

Val
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Leu

650

Asp
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Asn
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Leu

Val

Lys

Val
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Lys

Leu

Val
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Ala
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Gln

Gln

Asp

Lys

Ile
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Gln
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Phe

Asn
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Leu

Gln
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Tyr
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Glu

Phe
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Trp
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Asn
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605
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Lys

Phe

Met
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Ser

Tyr
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Gln

Glu

Thr

Leu

Ser

590

Lys

Met

Asn

Asp

Phe

670

Phe

Gly

Lys

Val

Ala
750

Arg

Thr

Tyxr

Thr
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Tyr

Lys

Phe

Lys
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Leu
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Glu
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Ala
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<210> 2
<211l>
<212> DNA
<213>
<220>

<223>

<400> 2
gacggategg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
cccgeccatt
attgacgtca
atcatatgcce
atgcccagta
tcgctattac
actcacgggyg
aaaatcaacg
gtaggcgtgt
ctgcttactg
ggtaccaagc
tttaagaggt
tgggaggtcc
gcactgggtc
tggaagtaat
ttccaagaac
ttactgtgeg
ccaagggacce
ggcaccctet

ctactteccce

7570

Plasmid

gagatctecce
aagccagtat
ttaagctaca
gecgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
ttggatctca
gtccagtgte
ctgagactct
cgccecaggcte
aaatactatg
acgcagtatc
agaggcggtg
acggtcaccg
agcaagagca

gaaccggtga

Artificial Sequence

gatcccetat
ctgecteectg
acaaggcaag
ctgecttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctececacccea
aaatgtcgta
gtctatataa
attaatacga
ccatggagtt
aggtgcaatt
cctgtgcagce
caggcaaggd
cagactcecgt
tgcaaatgaa
acttcctcta
tcteceteage
cctetggggg

cggtgtcgtg
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ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggc
ttacggggte
atggceccgece
ttcccatagt
aaactgeccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccgce
gcagagctcet
ctcactatag
gggactgcge
ggtggagtct
gtectggattce
gctggagtgg
gaagggccga
cagcctgaga
ctactactat
ctccaccaag
cacagcggcce

gaactcagge

cagtacaatc
ggaggtcgct
caattgcatg
cagatatacg
attagttcat
tggctgaccyg
aacgccaata
cttggcagta
taaatggccecce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
tggggecttce
gggggaggcg
gccttcagta
gtggcagtta
ttcaccatct
gccgaggaca
tacggtatgg
ggcccategg
ctgggctgcece

gcecctgacca
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tgetctgatg
gagtagtgcg
aagaatctge
cgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca
tagcggtttg
ttttggcacc
caaatgggcg
agagaaccca
gctggctaga
tegttgetcet
tggtccagce
gatatggcat
tatggtatga
ccagagacaa
cggctgtgta
acgtctgggg
tecttecceceet
tggtcaagga

geggegtgcea

60
120
N

180
240
300
360
420
480
540
600
660
720
780
840
200
960
1020
1080
1140
1200
1260
1320
1380
1440

1500
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cacctteceg
gccctcecage
caccaaggtg
aagccaggcect
gcaaggcagg
gggagagggt
acccaggccce
gggaggaccc
tcggacacct
aatcttgtga
cctecagete
cegggtgetg
tcagtcttec
gtcacatgceg
gtggacggcg
acgtaccgtg
tacaagtgca
gccaaaggtg
ctctgecectg
acaggtgtac
ctgecctggte
gccggagaac
ctatagcaag
cgtgatgcat
taaatgagaa
gccttetagt
aggtgccact
taggtgtcat
agacaatagc
cagctgggge

tgtggtggtt

gctgtecctac
agcttgggca
gacaagagag
cagcgctect
ccecegtetge
cttetggett
tgcacacaaa
tgcccectgac
tctctcetec
caaaactcac
aaggcgggac
acacgtccac
tettecececcee
tggtggtgga
tggaggtgca
tggtcagegt
aggtctccaa
ggacccgtgg
agagtgaccg
accctgeceece
aaaggcttct
aactacaaga
ctcaccgtgg
gaggctctgce
ttcetegagt
tgeccagecat
cccactgtee
tctattetgg
aggcatgctg
tectagggggt

acgcgeageg

agtcctecagg
cccagaccta
ttggtgagag
gectggacge
ctcttecacce
tttceeccagg
ggggcaggtg
ctaagcccac
cagattccag
acatgcccac
aggtgceccta
ctcecatctct
aaaacccaag
cgtgagccac
taatgccaag
cctcaccgte
caaagccctce
ggtgcgaggg
ctgtaccaac
catccecggga
atcccagega
ccacgcectece
acaagagcag
acaaccacta
ctagagggcce
ctgttgtttg
tttcctaata
ggggtggggt
gggatgcggt
atccceacge

tgaccgctac
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actctactcecc
catctgcaac
gccagcacag
atcceggeta
ggaggcctcet
ctectgggecag
ctgggctcag
cccaaaggcc
taactcccaa
cgtgeccecagg
gagtagccetg
tcetecageac
gacaccctca
gaagaccctg
acaaagccgce
ctgcaccagg
ccagccccca
ccacatggac
ctctgtcecet
ggagatgacc
catecgeccgtg
cgtgctggac
gtggcagcag
cacgcagaag
cgtttaaacc
ccecteceee
aaatgaggaa
ggggcaggac
gggctctatg
gcectgtage

acttgccage

ctecagcagcg
gtgaatcaca
ggagggaggg
tgcagtcccea
gccecgeccea
gcacaggcta
acctgccaag
aaactctcca
tcttetectet
taagccagec
catccaggga
ctgaactcect
tgatctccecg
aggtcaagtt
gggaggagca
actggctgaa
tcgagaaaac
agaggccggce
acagggcagc
aagaaccagg
gagtgggaga
tcecgacggcet
gggaacgtct
agcctctecec
cgctgatcag
gtgecttecet
attgcatcgce
agcaaggggg
gcttetgagg
ggcgcattaa

gecctagege
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tggtgaccgt
agcccagcaa
tgtctgctgg
gteccagggca
ctecatgctca
ggtgcccecta
agccatatcece
ctcecteage
gcagagccca
caggcctcege
caggccccag
ggggggaccg
gacccctgag
caactggtac
gtacaacagc
tggcaaggayg
catctccaaa
tcggeccace
cccgagaacce
tcagcctgac
gcaatgggca
ccttettect
tcteatgete
tgteteeggg
cctegactgt
tgaccctgga
attgtcectgag
aggattggga
cggaaagaac
gcgeggeggy

ccgeteettt

1560

1620

1680

1740

1800

1860

1820

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360
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cgctttette
gggcatccct
ttagggtgat
gttggagtcc
tatcteggte
aaatgagctg
gggtgtggaa
ttagtcagca
catgcatctc
aactecegecce
agaggccgag
aggcctaggce
gcacgtgatg
gttcgacage
cttegatgta
caaagatcgt
tgacattggg
cacgttgcaa
catggatgcg
gcaaggaatc
tgtgtatcac
cgatgagctg
ttteggetece
cgaggcgatg
gttggcttgt
atcgcegegg
ggttgacggc
atccggagece
cgatggcetgt
ggcaaaggaa

gggcttegga

ccttecttte
ttagggttcc
ggttcacgta
acgttcttta
tattettttg
atttaacaaa
agtccccagg
accaggtgtg
aattagtcag
agttecegecece
gececgectetg
ttttgcaaaa
aaaaagcctg
gtctecegacce
ggagggcgtg
tatgtttatc
gaattcagcg
gacctgectg
atcgctgcegg
ggtcaataca
tggcaaactg
atgctttggg
aacaatgtcc
tteggggatt
atggagcagc
ctcegggegt
aatttcgatg
gggactgteg
gtagaagtac
tagcacgtgce

atcgttttec

tegecacgtt
gatttagtgce
gtgggccecatce
atagtggact
atttataagg
aatttaacge
ctccececagge
gaaagtcccc
caaccatagt
attcteegee
cctetgaget
agctcceggg
aactcaccgce
tgatgcagcet
gatatgtcct
ggcactttgce
agagcctgac
aaaccgaact
ccgatcttag
ctacatggceg
tgatggacga
ccgaggactg
tgacggacaa
cccaatacga
agacgcgcta
atatgctceg
atgcagcttg
ggcgtacaca
tecgecgatag
tacgagattt

gggacgccegg
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cgeeggettt
tttacggcac
gccctgatag
cttgttecaa
gattttgggg
gaattaattc
aggcagaagt
aggctcceca
ccecgeecceta
ccatggctga
attccagaag
agcttgtata
gacgtctgtce
ctcggaggge
gcgggtaaat
atcggccgeg
ctattgcatc
gcccgetgtt
ccagacgagc
tgatttcata
caccgtcagt
ccecgaagte
tggcecgcata
ggtcgccecaac
cttcgagegg
cattggtcett
ggcgcagggt
aatcgcecege
tggaaaccga
cgattccacc

ctggatgatc

cccecgtcecaag
ctcgacccea
acggtttttce
actggaacaa
atttcggcct
tgtggaatgt
atgcaaagca
gcaggcagaa
actcecgcececa
ctaatttttt
tagtgaggag
tecatttteg
gagaagtttc
gaagaatctc
agctgecgecg
ctceccgattce
tcececgeegtg
ctgcageccgg
gggttcggce
tgcgegattg
gcgtecgteg
cggcaccteg
acagcggtca
atcttettcet
aggcatcegg
gaccaactct
cgatgcgacg
agaagcgegg
cgccccagea
gccgecettet

ctcecagegeg

PCT/US02/33944

ctctaaatceg
aaaaacttga
gcectttgac
cactcaaccce
attggttaaa
gtgtcagtta
tgcatctcaa
gtatgcaaag
tececegececet
ttatttatgce
gcttttttgg
gatctgatca
tgatcgaaaa
gtgctttcag
atggtttcta
cggaagtgcet
cacagggtgt
tcgeggagge
cattecggacc
ctgatccceca
cgcaggctet
tgcacgcgga
ttgactggag
ggaggcegtyg
agcttgcagg
atcagagctt
caatcgteccg
ccgtcetggac
ctegtecgay
atgaaaggtt

gggatctcat

3420
3480
3540
3600
3660
3720
3780
3840
3900
35960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160

5220
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gctggagtte
caatagcatc
gtccaaactc
ggcgtaatca
caacatacga
cacattaatt
gcattaatga
ttectegete
ctcaaaggcg
agcaaaaggc
taggctecge
cccgacagga
tgttcecgace
gctttctcaa
gggctgtgtg
tcttgagtec
- gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcageg
aactacgata
acgctcaccg
aagtggtcct
agtaagtagt
ggtgtcacge
agttacatga

tgtcagaagt

ttcgececace
acaaatttca
atcaatgtat
tggtcatage
gccggaagcea
gcegttgegcet
atcggecaac
actgactecge
gtaatacggt
cagcaaaagg
ccecectgacg
ctataaagat
ctgeccgcetta
tgctcacget
cacgaacccc
aacccggtaa
gcgaggtatg
agaaggacag
ggtagctctt
cagcagatta
tctgacgete
aggatcttceca
tatgagtaaa
atctgtctat
cgggagggct
gctccagatt
gcaactttat
tcgeccagtta
tegtegtttg
tccecececatgt

aagttggccg

ccaacttgtt
caaataaagc
cttatcatgt
tgtttecectgt
taaagtgtaa
cactgecege
gcgeggggag
tgegcetcecggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcgtt
ccggatacct
gtaggtatct
ccgttcagece
gacacgactt
taggcggtgce
tatttggtat
gatccggcaa
cgcgcagaaa
ag£ggaacga
cctagatcect
cttggtectga
ttcgttcate
taccatctgg
tatcagcaat
ccgectecat
atagtttgcg
gtatggcttc
tgtgcaaaaa

cagtgttatc

8/63
tattgecaget
atttttttceca
ctgtataccg
gtgaaattgt
agcctggggt
tttecagteg
aggeggtttyg
cgttcggetg
atcaggggat
taaaaaggcc
aaatcgacgce
tceceectgga
gtccgecttt
cagttcggtg
cgaccgctge
atcgccactg
tacagagttce
ctgcgetetg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcc
cccecagtget
aaaccagcca
ccagtctatt
éaacgttgtt
attcagctcc
agcggttage

actcatggtt

tataatggtt
ctgcattcta
tecgacctcta
tatccgceteca
gcctaatgag
ggaaacctgt
cgtattggge
cggcgagcgg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agcteccteg
ctecccttegyg
taggtecgttce
gccttatecg
gcagcagcca
ttgaagtggt
ctgaagcecag
gctggtageg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactccceg
gcaatgatac
gccggaaggg
aattgttgec
gcecattgcecta
ggttcccaac
tecctteggte

atggcagcac

PCT/US02/33944

acaaataaag
gttgtggttt
gctagagcett
caattccaca
tgagctaact
cgtgccaget
gctettecge
tatcagctca
agaacatgtg
cgtttttcca
ggtggcgaaa
tgcgetetee
gaagcgtgge
gctccaaget
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttegg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tegtgtagat
cgcgagacce
ccgagcegeay
gggaagctag
caggcatcgt
gatcaaggcg
ctcecgategt

tgcataattce

5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000

6060

- 6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080
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tcttactgte
attctgagaa
taccgcgeca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa
tgaatgtatt

acctgacgtc

<210> 3
<211>
<212>
<213>
<220>
<223>

<400> 3
gacggatcgg

ccgeatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttceg
ccegeccecatt
attgacgtca
atcatatgcc
atgcccagta
tecgcectattac
actcacgggg
aaaatcaacg
gtaggcegtgt

ctgcttactg

7587

DNA

atgccatceg
tagtgtatge
catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa

tagaaaaata

Plasmid

gagatctccc
aagccagtat
ttaagctaca
gegttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag

gcttatcgaa

taagatgctt
ggcgaccgag
ctttaaaagt
cgekgttgag
ttactttcecac
gaataagggc
gcatttatca

aacaaatagg

Artificial Sequence

gatcccctat
ctgetecectg
acaaggcaag
ctgcttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccaccccea
aaatgtcgta
gtctatataa

attaatacga

9/63
ttetgtgact
ttgctettge
gctcatecatt
atccagttceg
cagcgtttet
gacacggaaa
gggttattgt

ggttecgege

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtc
atggcececgece
ttceccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct

ctcactatag

ggtgagtact
ccggegtcaa
ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgageg

acatttccce

cagtacaatc
ggaggtcgcet
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggcecc
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact

ggagacccaa

PCT/US02/33944

caaccaagtc
tacgggataa
ctteggggeyg
ctcgtgeace
aaacaggaag
tcatactctt
gatacatatt

gaaaagtgcce

tgctcetgatg
gagtagtgcyg
aagaatctgc
cgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gecetggeatt
gtattagtca
tagcggtttyg
ttttggcacce
caaatgggcyg
agagaaccca

gctggctaga

7140

7200

7260

7320

7380

7440

7500

7560

7570

60

120

i80

240

300

360

420

480

540

600

660

720

780

840

900
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ggtaccaagce
gcgetgggtt
gtctggggga
attcaccttce
gtgggtggca
ccgattcace
gagagccgag
ccactactac
caccaagggc
agcggeectg
ctcaggcgece
ctactceccte
ctgcaacgtg
agcacaggga
ccggetatge
ggcctctgcece
tgggcaggea
ggctcagacc
aaaggccaaa
ctcccaatct
gcccaggtaa
tagcctgeat
tcagcacctg
accctecatga
gaccctgagg
aagccgcggyg
caccaggact
gcccccateg
catggacaga
tgtccctaca

gatgaccaag

ttggatctca
ctectegttg
ggcgtggtec
agtaactatg
attatatggt
atctccagag
gacacggctg
ggtatggacg
ccatcggtct
ggctgcctgg
ctgaccagcg
agcagecgtgg
aatcacaagc
gggagggtgt
agtcccagtce
cgccccacte
caggctaggt
tgccaagage
ctectccacte
tctectetgea
gccagcccag
ccagggacag
aactcctggg
tcteceggac
tcaagttcaa
aggagcagta
ggctgaatgg
agaaaaccat
ggccggcteg

gggcagceec

aaccaggtca

ccatggggtc
ctcttttaag
agcctgggag
tcatgcactg
atgatggaag
acaattccaa
tgtattactg
tectggggeca
teccecectgge
tcaaggacta
gcgtgcacac
tgaccgtgec
ccagcaacac
ctgctggaag
cagggcagca
atgctcaggg
gcccctaace
catatccggg
cctecagcteg
gagcccaaat
gcetegecect
gcccecageceg
gggaccgtca
ccctgaggte
ctggtacgtg
caacagcacg
caaggagtac
ctccaaagcc
gccecacccete
gagaaccaca

gcctgaccetg

10/63
aaccgccatce
aggtgtccag
gtccctgaga
ggtccgcecag
taataaatac
gaacacgcetg
tgegggtgga
agggaccacg
accctetage
cttcececgaa
ctteeecggcet
ctccagecage
caaggtggac
ccaggctecag
aggcaggccce
agagggtctt
caggccctge
aggaccctge
gacaccttet
cttgtgacaa
ccagctcaag
ggtgctgaca
gtcttectcet
acatgcgtgg
gacggcgtgg
taccgtgtgg
aagtgcaagg
aaaggtggga
tgcectgaga
ggtgtacacc

cctggtcaaa

ctcaccatgg
tgtcaggtgc
ctctectgtg
gctccaggca
tatgcagact
tatctgcaaa
tataactgga
gtcacecgtet
aagagcacct
ccggtgacgg
gtcctacagt
ttgggcaccc
aagagagttg
cgctcecectgee
cgtctgecte
ctggettttt
acacaaaggg
ccctgaccta
ctccteccag
aactcacaca
gcgggacagg
cgtccaccte
tcceecccaaa
tggtggacgt
aggtgcataa
tcagegtect
tctccaacaa
ccegtggggt
gtgaccgctg
ctgcccccat

ggcttctate

PCT/US02/33944

agttggggcet
agctggtgga
cagcgtectgg
aggggctgga
cecgtgaaggg
tgaacagcct
actacgagta
cctecagecete
ctgggggcac
tgtcgtggaa
ccteaggact
agacctacat
gtgagaggcce
tggacgcatc
ttcaccecgga
ccececaggcetce
gcaggtgcetg
agcccacccee
attccagtaa
tgceccaccegt
tgcectagag
catctcttece
acccaaggac
gagccacgaa
tgccaagaca
caccgtecctg
agcecctececca
gcgagggcca
taccaacctc
cccgggagga

ccagcgacat

260

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

- 1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760
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cgcecgtggag
gctggactcc
gcagcagggyg
gcagaagagce
ttaaaccege
ctceeccegtg
tgaggaaatt
gcaggacagc
ctctatggct
ctgtagecgge
tgccagegec
cggetttecce
acggcacctc
ctgatagacg
gttccaaact
tttggggatt
ttaattctgt
cagaagtatg
ctceccecagea
gcecectaact
tggctgacta
ccagaagtag
ttgtatatcc
gtctgtegag
ggagggcgaa
ggtaaatagc
ggccgcgcetce
ttgcatctce
cgctgttcetyg
gacgagcggg

tttcatatgce

tgggagagca
gacggctcct
aacgtcettcet
ctctecectgt
tgatcagect
cctteecttga

gcatcgeatt

aagggggagg
tctgaggegg
gcattaagcg
ctagcgecceg
cgtcaagcte
gaccccaaaa
gtttttcgece
ggaacaacac
teggectatt
ggaatgtgtg
caaagcatgc
ggcagaagta
ccgeccatcee
atttttttta
tgaggaggct
atttteggat
aagtttctga
gaatctegtg
tgcgecgatg
ccgattecgg
cgcegtgeac
cagccggteg
tteggccecat

gcgattgetg

atgggcagcc
tcttecteta
catgctecegt
cteccgggtaa
cgactgtgce
cecctggaagg
gtctgagtag
attgggaaga
aaagaaccag
ctggcgggtgt
ctectttege
taaategggg
aacttgatta
ctttgacgtt
tcaaccctat
ggttaaaaaa
tcagttaggg
atctcaatta
tgcaaagcat
cgcccetaac
tttatgcaga
tttttggagg
ctgatcagca
tcgaaaagtt
ctttcagett
gtttctacaa
aagtgcttga
agggtgtcac
cggaggccat
tecggacegea

atcceccatgt

11/63
ggagaacaac
tagcaagctc
gatgcatgag
atgagaattc
ttetagttge
tgeccactcecece
gtgtecattct
caatagcagg
ctggggcetcet
ggtggttacyg
tttecttcect
catcccttta
gggtgatggt
ggagtccacg
ctecggtctat
tgagctgatt
tgtggaaagt
gtcagcaacc
gcatctcaat

tcegeecagt

‘ggccgaggcec

cctaggettt
cgtgatgaaa
cgacagcgtc
cgatgtagga
agatcgttat
cattggggaa
gttgcaagac
ggatgcgatc
aggaatecggt

gtatcactgg

tacaagacca
accgtggaca
gctctgecaca
ctecgagtcta
cagccatctg

actgtcettt

attctggggg
catgctgggg
agggggtatc
cgecagegtga
tcettteteg
gggtteccgat
tcacgtagtg
ttectttaata
tcttttgatt
taacaaaaat
céccaggctc
aggtgtggaa
tagtcagcaa
tcegeccatt
gcctetgect
tgcaaaaagce
aagcctgaac
teecgacctga
gggcgtggat
gtttatcgge
ttcagcgaga
ctgcctgaaa
gctgeggecg
caatacacta

caaactgtga

PCT/US02/33944

cgcctcoegt
agagcaggtg
accactacac
gagggcecegt
ttgtttgcee

cctaataaaa

gtggggtggg
atgcggtggg
cccacgcgec
ccgctacact
ccacgttcege
ttagtgettt
ggccatecgece
gtggactctt
tataagggat
ttaacgcgaa
ccecaggcagg
agtccccagg
ccatagtcce
ctcegeecca
ctgagcetatt
tccegggage
tcaccgegac
tgcagctcte
atgtcctgeg
actttgeatce
gcectgaccta
ccgaactgcee
atcttagccea
catggcgtga

tggacgacac

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620
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cgtcagtgcg
cgaagtccgg
ccgecataaca
cgecaacatce
¢gagcggagyg
tggtcttgac
gcagggtcga
cgcccgecaga
aaaccgacgc
ttcecaccgece
gatgatcctc
tgcagcttat
tttttcactg
tataccgteg
aaattgttat
ctggggtgcce
ccagtcggga
cggtttgegt
tcggetgegyg
aggggataac
aaaggccgcg
tcgacgcectcea
ccctggaagce
cgeetttete
ttcggtgtag
ccgetgegece
gccactggcea
agagttecttg
cgctetgetg
aaccaccgcet

aggatctcaa

tcecgtegege
cacctegtge
gcggteattg
ttcttectgga
catccggagce
caactctate
tgcgacgcaa
agcgceggecg
cccagcacte
gccttetatg
cagcgcgggg
aatggttaca
cattctagtt
acctctagcet
ccgctcacaa
taatgagtga
aacctgtcegt
attgggcgét
cgagcggtat
gcaggaaaga
ttgctggcegt
agtcagaggt
tcecetegtge
ccttcgggaa
gtegtteget
ttatccggta
gcagccactg
aagtggtggc
aagccagtta
ggtagcggtg

gaagatcctt

aggctctecga
acgcggattt
actggagcga
ggccgtggtt
ttgcaggatce
agagcttggt
tcgtecgate
tctggaccga
gtccgagggce
aaaggttggg
atctcatgcet
aataaagcaa
gtggtttgtc
agagcttggce
ttccacacaa
gctaacteac
gccagctgcea
cttecgette
cagctcactc
acatgtgage
ttttccatag
ggcgaaaccc
gctcteetgt
gegtggeget
ccaagctggg
actatcgtcet
gtaacaggat
ctaactacgg
ccttecggaaa
gtttttttgt

tgatctttte

12/63
tgagctgatg
cggctccaac
ggcgatgtte
ggcttgtatg
gccgeggcetce
tgacggcaat
cggagccggg
tggctgtgta
aaaggaatag
ctteggaatc
ggagttcttc
tagcatcaca
caaactcatc
gtaatcatgg
catacgagcc
attaattgcg
ttaatgaatc
ctcgcetcact
aaaggcggta
aaaaggccag
gctccgecece
gacaggacta
tecegaccctg
ttctcaatge
ctgtgtgcac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
ttgcaagcag

tacggggtcet

ctttgggeceg
aatgtcctga
ggggattccce
gagcagcaga
cgggcgtata
ttcgatgatg
actgteggge
gaagtactcg
cacgtgctac
gttttecggg
gcccacccca
aatttcacaa
aatgtatctt
tcatagctgt
ggaagcataa
ttgcgcetceac
ggccaacgceg
gactcgcetge
atacggttat
caaaaggcca
cctgacgage
taaagatacc
ccgcettaceg
tcacgctgta
gaacccceceg
ccggtaagac
aggtatgtag
aggacagtat
agctcttgat
cagattacgc

gacgctcagt

PCT/US02/33944

aggactgcecece
cggacaatgg
aatacgaggt
cgegetactt
tgctcecgeat
cagcttgggce
gtacacaaat
ccgatagtgg
gagatttcga
acgcecggcetg
acttgtttat
ataaagcatt
atcatgtctg
ttcectgtgtg
agtgtaaagc
tgcecegettt
cggggagagyg
gcteggtegt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttce
gatacctgtc
ggtatctcag
ttcagcccga
acgacttatc
gcggtgcetac
ttggtatctg
ccggcaaaca
gcagaaaaaa

ggaacgaaaa

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480
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ctcacgttaa
aaattaaaaa
ttaccaatgc
agttgectga
cagtgctgcea
ccagccagcce
gtctattaat
cgttgttgee
cagcteceggt
ggttagctcce
catggttatg
tgtgactggt
ctettgceccg
catcattgga
cagttcgatg
cgtttetggg
acggaaatgt
ttattgtcte

tcegegecaca

<210> 4
<211>
<212>
<213>
<220>
<223>

<400> 4
gacggatcgg

ccgecatagtt
cgagcaaaat
ttagggttag

gattattgac

7579

DNA

gggattttgg
tgaagtttta
ttaatcagtg
ctecececgteg
atgataccge
ggaagggccg
tgttgceggyg
attgctacag
tceccaacgat
tteggtecte
gcagcactgce
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat

tttccecegaa

Plasmid

gagatctececc
aagccagtat
ttaagctaca
gegttttgeg

tagttattaa

tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacg
agcgcagaag
aagctagagt
gecategtggt
caaggcgagt
cgatecgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa
caggaaggca
tactcttcet
acatatttga

aagtgccacc

Artificial Sequence

gatcccctat
ctgetecctg
acaaggcaag
ctgcttegeg

tagtaatcaa

13/63

atcaaaaagg
aagtatatat
ctecagegatce
tacgatacgg
ctecaccggcet
tggtcctgea
aagtagttcg
gtcacgcteg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgccacat
actctcaagg
ctgatcttca
aaatgccgcea
ttttcaatat
atgtatttag

tgacgtc

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggc

ttacggggtc

atcttcacct
gagtaaactt
tgtctattte
gagggcttac
ccagatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggcecgecag
ccatccgtaa
tgtatgcgge
agcagaactt
atecttaccge
gcatctttta
aaaaagggaa
tattgaagca

aaaaataaac

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg

attagttcat

PCT/US02/33944

agatcctttt
ggtctgacag
gtteatccat
catctggecce
cagcaataaa
cctecatcea
gtttgcgcaa
tggcttcatt
gcaaaaaagce
tgttatcact
gatgetttte
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggyg

aaataggggt

tgctctgatg
gagtagtgeg
aagaatctgc
cgttgacatt

agcccatata

$

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7597.

60

120

180

240

300
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tggagttccé
cecegeccatt
attgacgtca
atcatatgcee
atgcccagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
ggtaccaagc
tttaagaggt
tgggaggtcc
gcactgggte
tggaagtaat
ttccaagaag
ttactgtgcg
cgtetgggge
cttceccectg
ggtcaaggac
cggegtgceac
ggtgacecgtg
gcccagcaac
gtctgctgga
tccagggecag
tcatgctcecag
gtgccectaa
gccatatceg
tcectecaget
cagagcccaa

aggcctegec

cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttategaa
ttggatctca
gtccagtgte
ctgagactct
cgccaggcete
aaatactatg
acgctgtacc
agagcttggyg
caagggacca
gcaccctcta
tacttceceeg
accttcecegg
cccteccagea
accaaggtgg
agccaggctce
caaggcaggc
ggagagggtc
cccaggecct
ggaggaccct
cggacacctt
atcttgtgac

ctcecagetceca

cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttce
cggttttgge
ctcecacccca
aaatgtegta
gtctatataa
attaatacga
ccatggagtt
aggtccagcet
cctgtgcage
caggcaaggg
cagactccgt
tgcaaatgaa
cctatgacta
cggtcaccgt
gcaagagcac
aaccggtgac
ctgtecctaca
gcttgggcac
acaagagagt
agcgcteetg
ccegtetgece
ttetggcettt
gcaéacaaag
gcecectgace
ctetectece
aaaactcaca

aggcgggaca

14/63

atggcecegece
ttcececatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct
ctcactatag
gggacttage
ggtggagtct
gtctggattce
gctggactgg
gaagggccga
cagtttgaga
cggtgactat
ctecteagece
ctctggggge
ggtgtcgtgg
gtcctcagga
ccagacctac
tggtgagagg
cctggacgca
tettecacceg

ttecececagge
gggcaggtge
taagcccacce
agattccagt
catgcccacce

ggtgccctag

tggctgaccg
aacgccaata
cttggcagta
taaatggccce
gtacatctac
tgggcgtgga
tgggagtttg
ccecattgacg
ctggctaact
ggagacccaa
tgggttttcce
gg9ggaggcg
accttcagta
gtggcaatta
ttcaccatct
gccgaggaca
gaatactact
tccaccaagg
acagcggccce
aactcaggceg
ctctactece
atctgcaacg
ccagcacagg
tceceggcetat
gaggcctctg
tctgggcagg
tgggctcaga
ccaaaggcca
aactcccaat
gtgccecaggt

agtagcctge

PCT/US02/33944

cccaacgacce
gggactttcc
catcaagtgt
gcectggeatt
gtattagtca
tageggtttg
ttttggecace
caaatgggcg
agagaaccca
gctggcectaga
tegttgetet
tggtccagec
gctatggeat
tttggcatga
ccagagacaa
cggctgtgta
tcggtatgga
gcccateggt
tgggctgect
ccctgaccag
tcagcagegt
tgaatcacaa
gagggagggt
gcagtcccag
ccecgecceac
cacaggctag
cctgccaaga
aactctccac
cttctetetg
aagccagccce

atccagggac

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

19280

2040

2100

2160
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aggccccage
gggggaccgt
acccctgagg
aactggtacg
tacaacagca
ggcaaggagt
atctccaaag
cggeccacece
ccgagaacca
cagcctgacc
caatgggcag
cttcttecte
ctcatgcetce
gtctcecegggt
ctcgactgtg
gaccctggaa
ttgtectgagt
ggattgggaa
ggaaagaacc
cgcggcgggt
cgctecttte
tctaaatcgg
aaaacttgat
cccetttgacg
actcaaccct
ttggttaaaa
tgtcagttag
gcatctcaat
tatgecaaagce
ccecgceccececta

tatttatgca

cgggtgctga
cagtcttecct
tcacatgegt
tggacggegt
cgtacecgtgt
acaagtgcaa
ccaaaggtgg
tectgcectga
caggtgtaca
tgectggtca
ccggagaaca
tatagcaagce
gtgatgcatg
aaatgagaat
ccttectagtt
ggtgccactce
aggtgtcatt
gacaatagca
agctggggcet
gtggtggtta
gctttettec
ggcatccctt
tagggtgatg
ttggagtcca
atctcggtet
aatgagctga
ggtgtggaaa
tagtcagcaa
atgcatctca
actccgccca

gaggccdgagg

cacgteccace
cttececccca
ggtggtggac
ggaggtgcat
ggtcagecgtce
ggtctccaac
gaccegtggyg
gagtgaccgce
ccetgececcee
aaggcttcta
actacaagac
tcaccgtgga
aggctctgea
tcectegagte
gccagceccecatce
ccactgtect
ctattctggg
ggcatgctgg
ctagggggta
cgcgcagegt
cttecetttet
tagggttceg
gttcacgtag
cgttctttaa
attcettttga
tttaacaaaa
gtccccagge
ccaggtgtgg
attagtcage
gttececgceecea

cegectetge

15/63
tccatctett
aaacccaagg
gtgagccacg
aatgccaaga
ctcaccgtee
aaagccctcece
gtgcgaggge
tgtaccaacc
atcccgggag
tccecagegac
cacgcctece
caagagcagg
caaccactac
tagagggccec
tgttgtttge
ttcctaataa
999tgggagty
ggatgcggtg
tccccacgeg
gaccgctaca
cgccacgtte
atttagtgct
tgggccatcg
tagtggactc
tttataaggg
atttaacgcg
tecececaggea
aaagtcceccca
aaccatagtc
ttetecgece

ctctgagcta

ccteagceace
acaccctecat
aagaccctga
caaagccgeg
tgcaccagga
cagcceccecat
cacatggaca
tctgtcecta
gagatgacca
atcgeegtgg
gtgctggact
tggcagcagg
acgcagaaga
gtttaaacce
cceteeceeg
aatgaggaaa
gggcaggaca
ggctectatgg
ccetgtageg
cttgececageg
gccggettte
ttacggcacc
ccctgataga
ttgttccaaa
attttgggga
aattaattct
ggcagaagta
ggctccccag
ccgecccctaa
catggctgac

ttccagaagt

PCT/US02/33944

tgaactectg
gatctcecegg
ggtcaagttce
ggaggagcag
ctggctgaat
cgagaaaacce
gaggcegget
cagggcagcec
agaaccaggt
agtgggagag
ccgacggcetce
ggaacgtctt
gcctceteect
gctgatcage
tgcctteett
ttgcatcgea
gcaaggggga
cttctgagge
gcgcattaag
ccctagegece
cccgteaage
tcgaccccaa
cggttttteg
ctggaacaac
ttteggecta
gtggaatgtg
tgcaaagcat
caggcagaag
ctecegeccat
taattttttt

agtgaggagg

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

. 3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020
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cttttttgga
atctgatcag
gatcgaaaag
tgctttcecage
tggtttctac
ggaagtgctt
acagggtgtc
cgcggaggcec
attcggaccg
tgatcececcat
gcaggctcte
gcacgcggat
tgactggagc
gaggccgtgg
gcttgcagga
tcagagcttyg
aatcgtccga
cgtctggace
tcgtccgagg
tgaaaggttg
ggatctcatg
caaataaagc
ttgtggtttg
ctagagcttg
aattccacac
gagctaactc
gtgccagetg
ctectteeget
atcagctcac
gaacatgtga

gtttttcecat

ggcctaggcet
cacgtgatga
ttcgacagcg
ttcgatgtag
aaagatcgtt
gacattgggg
acgttgcaag
atggatgcga
caaggaatcg
gtgtatcact
gatgagctga
ttcggctecca
gaggcgatgt
ttggcttgta
tecgeegegge
gttgacggca
tccggaéccg
gatggctgtg
gcaaaggaat
ggcttcggaa
ctggagttct
aatagcatca
tccaaactca
gcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcetcgetcea
tcaaaggcgg
gcaaaaggcc

aggctccgece

tttgcaaaaa
aaaagcctga
tctecgacct
gagggcgtgg
atgtttatcg
aattcagcga
acctgcectga
tegetgegge
gtcaatacac
ggcaaactgt
tgetttggge
acaatgtccet
tcggggattc
tggagcagca
tcegggegta
atttcgatga
ggactgtegg
tagaagtact
agcacgtgct
tegttttecg
tegececacce
caaatttcac
tcaatgtafc
ggtcatagct
ccggaageat
cgttgégctc
tecggecaacyg
ctgactcget
taatacggtt
agcaaaaggc

ccectgacga

16/63
gctcececggga
actcaccgeg
gatgcagctc
atatgtecctg
gcactttgea
gagcctgacce
aaccgaactg
cgatcttage
tacatggcgt
gatggacgac
cgaggactge
gacggacaat
ccaatacgag
gacgcgctac
tatgctecege
tgcagcttgg
gcgtacacaa
cgccgatagt
acgagatttc
ggacgcecegge
caacttgttt
aaataaagca
ttatcatgtc
gttteectgtg
aaagtgtaaa
actgceccget
cgcggggaga
gcgeteggte
atccacagaa
caggaaccgt

gcatcacaaa

PCT/US02/33944

gcttgtatat ccattttegg
acgtctgteg agaagtttet
tcggagggeg aagaatcteg
cgggtaaata gctgegccga
tecggeccgege tccegattee
tattgcatect ccegecegtge
ccegetgtte tgcagecggt
cagacgagcg ggttcecggccec
gatttcatat gcgcgattge
accgtecagtg cgtcegtege
ccecgaagtee ggcacctegt
ggccgcataa ~cagcggtcat
gtcgeccaaca tcttcettcetg
ttecgagegga ggcatcecgga
attggtcttg accaactcta
gcgcagggtce gatgcgacge
atcgcccgeca gaagcgegge
ggaaaccgac gccccagcac
gattccaccg ccgecttceta
tggatgatce tccagegegg
attgcagctt ataatggtta
tttttttcac tgcattctag
tgtataccgt cgacctctag
tgaaattgtt atcecgctceac
gcetggggtg cctaatgagt
ttcecagtcgg gaaacctgte
ggcggtttge gtattgggeg
gtteggctge ggegageggt
tcaggggata acgcaggaaa
aaaaaggccg cgttgetgge

aatcgacgct caagtcagag

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880
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gtggcgaaac
gegetetect
aagcgtggeg
ctcecaagcetg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcettt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tcecgategtt
gcataattct
aaccaagtca
acgggataat
ttcggggcga
tcgtgecacce
aacaggaagg
catactctte
atacatattt

aaaagtgcca

<210> 5

ccgacaggac
gttececgaccce
ctttctcaat
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaage
tectacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctecacegg
agtggtecctg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttetgagaat
accgcgccac
aaactctcaa
aactgatctﬁ
caaaatgccg
ctttttcaat
gaatgtattt

cctgacgte

tataaagata
tgcegettac
gctcacgcectg
acgaaccccce
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tetgtcetatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtegtttgg
ccecccatgtt
agttggccge
tgcecatecegt
agtgtatgceg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggyg
attattgaag

agaaaaataa

17/63

ccaggcegttt
cggatacctg
taggtatctc
cgttecageccec
acacgactta
aggcggtgcet
atttggtatc
atcecggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcett
ttggtctgac
tegttecatce
accatctggce
atcagcaata
cgcctecate
tagtttgege
tatggcttceca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacc
aataagggcg
catttatcag

acaaataggg

cceceectggaa
tcegecttte
agttcggtgt
gaccgetgeg
tecgecactgg
acagagttct
tgcgetetge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgccet
cceagtgetg
aaccagccag
cagtctatta
aacgttgttg
ttecagcteeg
gcggttaget
ctcatggtta
tctgtgactg
tgctcttgec
ctcatcattg
tccagttcega
agcgtttcectg
acacggaaat
ggttattgtc

gtteccgegea

PCT/US02/33944

gctcectegt
tecectteggg
aggtecgttceg
ccttateegg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagegg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcecccgt
caatgatacc
ccggaagggce
attgttgeccg
ccattgctac
gtteccaacyg
cctteggtee
tggcagcact
gtgagtactc
cggegtceaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagegg

catttccceg

5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
%260
7320
7380
7440
7500
7560

7579
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<211>
<212> DNA
<213>
<220>
<223>

<400> 5
gacggatcgg

ccgecatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
ccegeceatt
attgacgtca
atcatatgcc
atgceccagta
tcgctattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
ggtaccaagc
tcteccaagga
cggggagtcet
cggctgggtg
tgactctgat
gteccatcagce
ttactgtgcg
ggtcaccgtce
caagagcacc
accggtgacg

tgtcectacag

7558

Plasmid

gagatctcce
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttategaa
ttggatccceca
gtctgtgeeg
ctgaagatct
cgccagatge
accagataca
accgcecctacce
agacggatgg
tcctecagecet
tctgggggea
gtgtcgtgga

tectecaggac

Artificial Sequence

gatcccctat
ctgcteectg
acaaggcaag
ctgcttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctccaccceca
aaatgtcgta
gtctatataa
attaatacga
ccatggggtce
aggtgcaget
cctgtaaggg
ccgggaaagg
gccecegtectt
tgcagtggag
cagcagctgg
ccaccaaggg
cagcggcccet
actcaggcge

tctactcect

18/63

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtc
atggcccgee
ttccecatagt
aaactgccca
tcaatgacgg
ctacttggeca
agtacatcaa
ttgacgtcaa
acaactcecge
gcagagctcet
ctcactatag
aaccgtcatc
ggtgcagtct
ttctggatac
cctggagtgyg
ccaaggccag
cagcctgaag
ccectttgac
ccecatcggte
gggetgcctg
cctgaccage

cagcagcdgtg

cagtacaatc
ggaggteget
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ctcgcecectec
ggagcagagg
agctttacca
atggggatca
gtcaccatcet
gcectecggaca
tactggggcc
ttececeectgg
gtcaaggact
ggcgtgcaca

gtgaccgtgc

PCT/US02/33944

tgctctgatg
gagtagtgcg
aagaatctgce
cgttgacatt
agcccatata
cccaacgace
gggactttec

catcaagtgt

gcectggeatt

gtattagtca -

tagcggtttg
ttttggceace
caaatgggcg
agagaaccca
gctggctaga
tecectggetgt
tgaaaaagcce
gttactggat
tctatcctgg
cagccgacaa
ccgecatgta
agggaaccct
caccctctag
acttcccega
ccttecegge

cctecageag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
966

1020
1080
1140
1200

1260

- 1320

1380

1440

1500

1560
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cttgggcacc
caagagagtt
gcgectectge
ccgtetgect
tetggetttt
cacacaaagqg
ccectgaccet
tctectecca
aaactcacac
ggcgggacag
acgtccacct
tteccececcaa
gtggtggacg
gaggtgcata
. gtcagecgtcec
gtctccaaca
acccgtgggg
agtgaccgcet
cctgccceca
aggcttctat
ctacaagacc
caccgtggac
ggctectgcac
cctegagtet
ccagccatcet
cactgtectt
tattctgggg
gcatgctggg
tagggggtat
gcgeagegtg

ttectttete

cagacctaca
ggtgagaggc
ctggacgcat
cttcaccegg
tecececagget
ggcaggtgcet
aagcccaccce
gattccagta
atgcccaccg
gtgccctaga
ccatcetettce
aacccaagga
tgagccacga
atgccaagac
tcaccgtcct
aagccctccce
tgegagggcec
gtaccaacct
tccecgggagg
cccagcgaca
acgccteeceg
aagagcaggt
aaccactaca
agagggcccg
gttgtttgec
tcctaataaa
ggtggggtgg
gatgcggtgg
ccccacgege
accgctacac

gccacgtteg

tetgecaacgt
cagcacaggg
cecggcectatg
aggcctctge
ctgggcaggce
gggctcagac
caaaggccaa
actcccaatc
tgceccaggta
gtagcctgea
ctcagcacct
caccctcecatg
agaccctgag
aaagccgegyg
gcaccaggac
agcccccatc
acatggacag
ctgtecectac
agatgaccaa
tecgeegtgga
tgctggacte
ggcagcaggyg
cgcagaagag
tttaaacccg
ccteccecegt
atgaggaaat
ggcaggacag
gctcectatgge
cctgtagegg
ttgccagcege

ccggetttece

19/63
gaatcacaag
agggagggtg
cagtcccagt
ccgecececcact
acaggctagg
ctgccaagag
actctccact
ttctetetge
agccagccca
tecagggaca
gaactcctgg
atctceccgga
gtcaagttca
gaggagcagt
tggctgaatg
gagaaaacca
aggccggctce
agggcagcce
gaaccaggtc
gtgggagagce
cgacggctcc
gaacgtctte
cctcteeetg
ctgatcagee
gccttecttg
tgcatcgeat
caagggggag
ttetgaggeg
cgcattaagce
cctagegecce

ccgtcecaagcet

cccagcaaca
tctgectggaa
ccagggeage
catgctcagg
tgcccectaac
ccatatececgg
cceteagetce
agagcccaaa
ggcctegecce
ggccccagcec
ggggaccgtc
ccectgaggt
actggtacgt
acaacagcac
gcaaggagta
tctccaaage
ggcccaccct
cgagaaccac
agcectgaccet
aatgggcagc
ttcttectet
tcatgcteceg
tcteegggta
tcgactgtge
accctggaag
tgtctgagta
gattgggaag
gaaagaacca
gcggegggtg
gcteccttteg

ctaaatcggg

PCT/US02/33944

ccaaggtgga
gccaggctca
aaggcaggcec
gagagggtet
ccaggccectg
gaggaccctg
ggacaccttc
tcttgtgaca
tcecagctcaa
gggtgctgac
agtcttecte
cacatgcgtg
ggacggcgtg
gtacegtgtg
caagtgcaag
caaaggtggg
ctgccctgag
aggtgtacac
gcctggtcaa
cggagaacaa
atagcaagct
tgatgcatga
aatgagaatt
cttectagttyg
gtgccactcece
ggtgteatte
acaatagcag
gctggggcete
tggtggttac
ctttettece

gcatcccttt

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420
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agggttccga
ttcacgtagt
gttectttaat
ttettttgat
ttaacaaaaa
tceccagget
caggtgtgga
ttagtcagca
ttcecgeccat
cgcctetgec
ttgcaaaaag
aaagcctgaa
ctcecgacctg
agggcgtgga
tgtttategg
attcagcgag
cctgecetgaa
cgctgcggcece
tcaatacact
gcaaactgtg
gectttgggece
caatgtcctg
cggggattcecce
ggagcagcag
ccgggcegtat
tttegatgat
gactgtcggg
agaagtactc
gcacgtgcta
cgtttteegg

cgceccaccce

tttagtgett
gggccatcgce
agtggactct
ttataaggga
tttaacgcga
ccccaggeag
aagtccccag
accatagtcc
tcteegeccee
tctgagctat
étcccgggag
ctecacecgega
atgcagctct
tatgtcctge
cactttgcat
agcctgacct
accgaactgce
gatcttagcce
acatggegtg
atggacgaca
gaggactgcc
acggacaatg
caatacgagg
acgcgctact
atgcteccgea
gcagcttggg
cgtacacaaa
gccgatagtg
cgagatttcg
gacgcecggcet

aacttgttta

tacggcacct
cctgatagac
tgttccaaac
ttttggggat
attaattctg
gcagaagtat
gctceecage
cgcecctaac
atggctgact
tccagaagta
cttgtatatc
cgtetgtega
cggagggcga
gggtaaatag
cggcecgeget
attgcatctc
ccgetgttet
agacgagcgg
atttcatatg
ccgtecagtge
ccgaagtceg
gccgcataac
tcgeccaacat
tegageggag
ttggtcttga
cgcagggteg
tegecegeag
gaaaccgacg
attccaccgce
ggatgatcct

ttgcagctta

20/63
cgaccccaaa
ggtttttecge
tggaacaaca
ttcggectat
tggaatgtgt
gcaaagcatg
aggcagaagt
tcecgeccate
aatttttttt
gtgaggaggc
cattttcgga
gaagtttctg
agaatctegt
ctgcgecgat
cccgattecg
ccgccgtgea
gcagccggte
gttecggecca
cgcgattget
gtecegtegeg
gcacctegtg
agcggtcatt
cttcttetgg
gcatccggag
ccaactctat
atgecgacgea
aagcgcggec
ccccagcact
cgccttcetat
ccagcgeggg

taatggttac

aaacttgatt
cctttgacgt
ctcaacccta
tggttaaaaa
gtecagttagg
catctcaatt
atgcaaagca
ccgeccectaa
atttatgecag
ttttttggag
tctgatcage
atcgaaaagt
gctttcagct
ggtttctaca
gaagtgcttg
cagggtgtca
gcggaggcca
ttecggaccge
gatcceccatg
caggctcteg
cacgcggatt
gactggagcg
aggccgtggt
cttgcaggat
cagagcttgg
atcgtcegat
gtectggacceg
cgtccgaggg
gaaaggttgg
gatctcatgce

aaataaagca

PCT/US02/33944

agggtgatgg
tggagtccac
tcteggtceta
atgagctgat
gtgtggaaag
agtcagcaac
tgcatctcaa
ctcegeccayg
aggccgaggc
gcctaggett
acgtgatgaa
tcgacagcegt
tcgatgtagg
aagatcgtta
acattgggga
cgttgcaaga
tggatgcgat
aaggaatcgg
tgtatcactg
atgagctgat
tcggctcecaa
aggcgatgtt
tggcttgtat
cgecegegget
ttgacggcaa
ccggagecgg
atggctgtgt
caaaggaata
gctteggaat
tggagttcectt

atagcatcac

3480

3540

3600

3660

3720

3780

3840

- 3900

3960

4020

4080

4140

4200

. 4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280



WO 03/034903

aaatttcaca
caatgtatct
gtcatagctg
cggaagcata
gttgcgetca
cggccaacgc
tgactegetg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gcecgcecttacce
ctcacgetgt
cgaacccecc
cccggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtegtttggt
cccecatgttg
gttggccgca

gcecatccgta

aataaagcat
tatcatgtct
tttecctgtgt
aagtgtaaag
ctgececegett
gcggggagag
cgeteggteg
tccacagaat
aggaaccgta
catcacaaaa
caggcgttte
ggatacctgt
aggtatctca
gttcagccceg
cacgacttat
ggcggtgeta
tttggtatct
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggece
tcagcaataa
gcctecatcec
agtttgegea
atggcttcecat
tgcaaaaaag
gtgttatcac

agatgctttt

ttttttcact
gtataccgtce
gaaattgtta
cctggggtge
tececagteggg
gcggtttgeg
ttecggetgeg
caggggataa
aaaaggccgce
atcgacgcete
cccetggaag
ccgcecetttet
gttcggtgta
accgctgege
cgccactgge
cagagttctt
gcgctetget
aaaccaccgce
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgcctg
ccagtgetge
accagccagc
agtctattaa
acgttgttge
tcagctecegg
cggttagete
tcatggttat

ctgtgactgg

21/63
gcattctagt
gacctctagce
tecegeteaca
ctaatgagtg
aaacctgteg
tattgggege
gcgagecggta
cgcaggaaag
gttgctggeg
aagtcagagg
ctccctegtg
ccctteggga
ggtegttcge
cttatcecggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actcccegte
aatgataccg
cggaagggcc
ttgttgcecgg
cattgctaca
ttcccaacga
ctteggtect
ggcagcactg

tgagtactca

tgtggtttgt
tagagcttgg
attccacaca
agctaactceca
tgcecagetge
tcttecgett
tcagctecact
aacatgtgag
tttttccata
tggcgaaacc
cgctectectg
agcgtggege
tccaagctgg
aactatcgtc
ggtaacagga
cctaactacg
acctteggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgategttg
cataattcte

accaagtcat

PCT/US02/33944

ccaaactcat
cgtaatcatg
acatacgagc
cattaattge
attaatgaat
cctegeteac
caaaggeggt
caaaaggcca
ggctccgeee
cgacaggact
ttecegacect
tttctcaatg
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggtce
tatcaaaaag
aaagtatata
tctecagegat
ctacgatacg
gctcaccgge
gtggtcctge
taagtagttec
tgtcacgcete
ttacatgatc
tcagaagtaa
ttactgtcat

tctgagaata

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140



WO 03/034903

gtgtatgegg
tagcagaact
gatcttaccg
agcatectttt
aaaaaaggga
ttattgaage

gaaaaataaa

<210> 6
<211>
<212> DNA
<213>
<220>

<223>

<400> 6
gacggatcgg

ccgecatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttceg
ccegeccatt
attgacgtca
atcatatgcc
atgcccagta
tcgetattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
ggtaccaagce

tttaagaggt

7576

cgaccgagtt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagg

caaatagggg

Plasmid

gagatcéccc
aagccagtat
ttaagctaca
gegttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccecc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
ttggatcteca

gtccagtgte

gctecttgece
tcatcattgg
ccagttcgat
gegtttetgg
cacggaaatg
gttattgtct

ttecegegeac

Artificial Sequence

gatccectat
ctgctccctg
acaaggcaag
ctgcttcgeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctcecacccca
aaatgtcgta
gtctatataa
attaatacga
ccatggagtt

aggtgcagct

22/63
ggcgtcaata
aaaacgttct
gtaacccact
gktgagcaaaa
ttgaatactc
catgagcgga

atttccecega

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacggge
ttacggggtc
atggcccgcee
ttceccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccgce
gcagagctcet
ctcactatag
tgggctgtge

ggtggaétct

cgggataata
tcggggcgaa
cgtgcaccca
acaggaaggc
atactcttcc
tacatatttg

aaagtgccac

cagtacaatc
ggéggtcgct
caattgcatg
cagatatacg
attagttcat
tggctgaceg
aacgccaata
cttggcagta
taaatggccce
gtacatctac
tgggegtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
tggattttece

gg9g9ggaggcg

PCT/US02/33944

ccgecgecaca
aactctcaag
actgatcttc
aaaatgecge
tttttcaata
aatgtattta

ctgacgte

tgctctgatg
gagtagtgcg
aagaatctgce
cgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gcetggeatt
gtattagtca
tagcggtttyg
ttttggcacc
caaatgggcg
agagaaccca
gctggctaga
tcgttgetet

tggtccagee

7200

7260

7320

7380

7440

7500

7558

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



WO 03/034903

tgggaggtcc
gcactgggtc
tggaagtaat
ttccaagaac
ttactgtgeg
ctggggccaa
cccectggea
caaggactac
cgtgcacacc
gacecgtgecce
cagcaacacc
tgectggaage
agggcagcaa
tgctcaggga
cccctaaccce
atatccggga
ctcagctegyg
agcccaaatc
cctcgecectce
ccececagecgg
ggaccgtcag
cctgaggtcea
tggtacgtgg
aacagcacgt
aaggagtaca
tccaaagcca
cccaccctet
agaaccacag
cctgacctge
tgggcageeg

cttcecctctat

ctgagactct
cgccaggcetce
aaatactatg
acgctgtatc
agagtattag
gggaccacgg
ccctctagea
ttececeegaac
tteceggetg
tccagcaget
aaggtggaca
caggctcage
ggcaggcecc
gagggtctte
aggccctgca
ggaccctgec
acaccttcte
ttgtgacaaa
cagctcaagg
gtgctgacac
tettectett
catgegtggt
acggcgtgga
accgtgtggt
agtgcaaggt
aaggtgggac
gccctgagag
gtgtacaccc
ctggtcaaag
gagaacaact

agcaagctca

cctgtgeage
caggcaaggg
cagactcegt
tgcaaatgaa
tgggagcttt
tcaccgtete
agagcacctce
cggtgacggt
tcctacagte
tgggcaccca
agagagttgg
gctecctgecet
gtctgectct
tggectttttce
cacaaagggg
cctgacctaa
tcctceecaga
actcacacat
cgggacaggt
gtccacctcece
ccccccaaaa
ggtggacgtg
ggtgcataat
cagcgtecetce
ctccaacaaa
cegtggggtg
tgacegetgt
tgccccecatce
gcttetatcee
acaagaccac

cegtggacaa

23/63
ctetggatte
gctggagtgyg
gaagggccga
cagcctgaga
atattattat
ctcagcctcee
tgggggcaca
gtecgtggaac
ctcaggacte
gacctacatc
tgagaggcca
ggacgcatcce
tcacccggag
cccaggctcf
caggtgctgg
gcccacceca
ttccagtaac
gcccaccgtg
gccctagagt
atctcttect
cccaaggaca
agccacgaag
gccaagacaa
accgtcctge
gcccecteccag
cgagggccac
accaacctct
ccgggaggag
cagcgacate
gcctececegtg

gagcaggtgg

accttcatta
gtggcagtta
ttcaccatct
gctgaggaca
aactactacg
accaagggcce
gcggecctgg
tcaggcgcce
tactccctea
tgcaacgtga
gcacagggag
cggctatgcea
gcctetgecee
gggcaggceac
gctcagacct
aaggccaaac
teccaatett
cccaggtaag
agcectgcatc
cagcacctga
ccctecatgat
accctgaggt
agccgeggga
accaggactg
cccecatega
atggacagag
gtccctacag
atgaccaaga
gccgtggagt
ctggactccg

cagcagggga

PCT/US02/33944

gctatggeat
tatcatatga
ccagagacaa
cggctgtgta
ggatggacgt
catcggtctt
gctgectggt
tgaccagcgg
gcagcgtggt
atcacaagcc
ggagggtgte
gtcecagtec
gccceccactea
aggctaggtg
gccaagagcec
tctecactee
ctctetgeag
ccagccecagg
cagggacagg
actcctgggg
ctececeggace
caagttcaac
ggagcagtac
gctgaatgge
gaaaaccatc
gceggetegg
ggcagcccecy
accaggtcag
gggagagcaa
acggctccett

acgtecttcte

1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880



WO 03/034903

atgctcegtg
tccgggtaaa
gactgtgcct
cctggaaggt
tctgagtagg
ttgggaagac
aagaaccagc
ggcgggtgtg
tecttteget
- aaatcggggce
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat
- cagttagggt
tctcaattag
gcaaagcatg
gcccctaact
ttatgcagag
ttttggagge
tgatcagcac
cgaaaagttc
tttcagcttce
tttctacaaa
agtgcttgac
gggtgtcacg
ggaggccatg
cggaccgcaa
tccccatgtg
ggctctcegat

cgcggattte

atgcatgagg
tgagaattcc
tctagtigece
gccacteccea
tgtcattcta
aatagcaggc
tggggctcta
gtggttacge
ttettceett
atccctttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
gtggaaagtc
tcagcaacca
catctcaatt
ccgeccagtt
gcegaggecg
ctaggctttt
gtgatgaaaa
gacagcgtct
gatgtaggag
gatcgttatg
attggggaat
ttgcaagacc
gatgcgatcg
ggaatcggtce
tatcactggc
gagctgatgce

ggctccaaca

ctctgcacaa
tcgagtctag
agccatctgt

ctgteecttte

ttctgggggg
atgctgggga
gggggtatce
gcagecgtgac
cctttetege
ggttccgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
cccaggctcece
ggtgtggaaa
agtcagcaac
ccgeccatte
cctetgecte
gcaaaaagct
agcctgaact
ccgacctgat
ggcgtggata
tttatcggea
tcagcgagag
tgecctgaaac
ctgecggecega
aatacactac
aaactgtgat
tttgggcecga

atgtcctgac

24/63

ccactacacg
agggcecgtt
tgtttgecece

ctaataaaat

tggggtgggy
tgcggtggge
ccacgegece
cgctacactt
cacgttegece
tagtgcttta
gccategece
tggactcttg
ataagggatt
taacgcgaat
ccaggcaggce
gtececccagge
catagtceecg
tcegeccecat
tgagctatte
ccegggaget
caccgcgacg
gcagctcteg
tgtcectgegg
ctttgeatceg
cctgacctat
cgaactgcce
tettagecag
atggcgtgat
ggacgacacc
ggactgccce

ggacaatggc

cagaagagcce
taaacccgcet
teceecegtge
gaggaaattg
caggacagca
tctatggett
tgtageggeg
gccagegcecece
ggctttccecce
cggcacctceg
tgﬁtagacgg
ttecaaactg
ttggggattt
taattctgtg
agaagtatgce
tccececageag
ccectaacte
ggctgactaa
cagaagtagt
tgtatatcca
tctgtecgaga
gagggcgaag
gtaaatagct
gececgegetece
tgcatctcce
gctgttetge
acgagcgggt
ttcatatgeg
gtcagtgcgt
gaagtccggce

cgcataacag

PCT/US02/33944

tectececectgte
gatcagcctce
cttcecttgac
catcgcattg
agggdgagga
ctgaggcgga
cattaagcgce
tagcgeccege
gtcaagctct
accccaaaaa
tttttegece
gaacaacact
cggqctattg
gaatgtgtgt
aaagcatgca
gcagaagtat
cgcececatcce
ttttttttat
gaggaggctt
tttteggatc
agtttctgat
aatctcgtge
gcgecgatgyg
cgattcegga
gcegtgeaca
agceggtege
tcggecceatt
cgattgetga
ccgtegegea
acctcecgtgca

cggtcattga

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

. 3720

3780

3840

3900

3960

© 4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740
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ctggagcgag
geegtggttg
tgcaggatceg
gagcttggtt
cgteccgatece
ctggaccgat
tccgagggea
aaggttgggc
tctcatgetg
ataaagcaat
tggtttgtce
gagcttggeg
tccacacaac
ctaactcaca
ccagctgcecat
ttccgettec
agctcactca
catgtgagca
tttccatagg
gcgaaacccyg
ctctectgtt
cgtggcgett
caagctgggce
ctatcgtcett
taacaggatt
taactacggce
ctteggaaaa
tttttttgtt
gatcttttet
catgagatta

atcaatctaa

gcgatgtteg
gecttgtatgg
ccgeggcetece
gacggcaatt
ggagccggga
ggctgtgtag
aaggaatagc
ttcggaatcg
gagttctteg
agcatcacaa
aaactcatca
taatcatggt
atacgagccg
ttaattgegt
taatgaatcg
tcgctcactg
aaggcggtaa
aaaggccagc
ctcecgeecece
acaggactat
ccgaccetge
tctcaatget
tgtgtgcacg
gagtccaacc
agcagagcga
tacactagaa
agagttggta
tgcaagcagc
acggggtctg
tcaaaaagga

agtatatatg

gggattccca
agcagcagac
gggcgtatat
tegatgatge
ctgtegggeg
aagtactcgce
acgtgctacg
ttttccggga
cccaccccaa
atttcacaaa
atgtatctta
catagctgtt
gaagcataaa
tgegcectcecact
gccaacgcgc
actcgetgeg
tacggttatc
aaaaggccag
ctgacgagca
aaagatacca
cgcttaccgg
cacgctgtag
aaccccecgt
cggtaagaca
ggtatgtagg
ggacagtatt
gctcttgatce
agattacgcg
acgctcagtg
tcttecaccta

agtaaacttg

25/63
atacgaggtc
gcgctactte
gctececgeatt
agcttgggeg
tacacaaatc
cgatagtgga
agatttegat
cgecggetgg
cttgtttatt
taaagcattt
tcatgtctgt
tcectgtgtga
gtgtaaagcc
gcecegettte
ggggagaggc
ctcggtegtt
cacagaatca
gaaccgtaaa
tcacaaaaat
ggcgtttece
atacctgtce
gtatctecagt
tcagccegac
cgacttateg
cggtgctaca
tggtatctgce
cggcaaacaa
cagaaaaaaa
gaacgaaaac
gatcctttta

gtctgacagt

gccaacatct
gagcggagge
ggtcttgace
cagggtcgat
gcecegcagaa
aaccgacgcc
tcecaccgeeg
atgatcctec
gcagcttata
ttttcactge
ataccgtcga
aattgttatce
tggggtgcet
cagtcgggaa
ggtttgegta
cggctgegge
ggggataacg
aaggccgegt
cgacgctcaa
cctggaaget
gcectttetee
tcggtgtagg
cgctgegect
ccactggcag
gagttecttga
gctctgetga
accaccgetg
ggatctcaag
tcacgttaag
aattaaaaat

taccaatgcet

PCT/US02/33944

tcttetggag
atccggagcet
aactctatceca
gcgacgcaat
gcgeggecgt
ccagcactcg
ccttctatga
agcgegggga
atggttacaa
attctagttg
cctctagcecta
cgctcacaat
aatgagtgag
acctgtcgtg
ttgggcgcete
gagcggtate
caggaaagaa
tgctggegtt
gtcagaggtyg
ccectegtgeg
cttegggaag
tegttegete
tatccggtaa
cagccactgyg
agtggtggcee
agccagttac
gtageggtgyg
aagatccttt
ggattttggt
gaagttttaa

taatcagtga

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600
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ggcacctatc
gtagataact
agacccacgce
gcgcagaagt
agctagagta
catcgtggtg
aaggcgagtt
gatcgttgtce
taattctctt
caagtcattc
ggataatacc
ggggcgaaaa
tgcacccaac
aggaaggcaa
actcttcctt
catatttgaa

agtgccacct

<210> 7
<211>
<212> DNA
<213>
<220>

<223>

<400> 7
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg

ccegeccatt

7561

tcagecgatcet
acgatacggg
tcaccggete
ggtcctgcaa
agtagttege
tcacgctegt
acatgatccc
agaagtaagt
actgtcatge
tgagaatagt
gcgccacata

ctctecaagga

tgatcttcag

aatgcecgceaa
tttcaatatt
tgtatttaga

gacgtc

Plasmid

gagatctccc
aagccagtat
ttaagctaca
gegttttgeg
tagttattaa
cgttacataa

gacgtcaata

gtctattteg
agggcttace
cagatttate
ctttatcege
cagttaatag
cgtttggtat
ccatgttgtg
tggccgecagt
catccgtaag
gtatgeggeg
gcagaacttt
tcttaceget
catcttttac
aaaagggaat
attgaagcat

aaaataaaca

Artificial Sequence

gatcccectat
ctgctcectyg
acaaggcaag
ctgecttegeg
tagtaatcaa
cttacggtaa

atgacgtatg

26/63
ttcatccata
atctggccecce
agcaataaac
ctccatcecag
tttgcgcaac
ggcttcattce
caaaaaagcg
gttatcactc
atgcttttct
accgagttge
aaaagtgcte
gttgagatcc
tttcaccagce
aagggcgaca
ttatcagggt

aataggggtt

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtc
atggccegec

tteecatagt

gttgectgac
agtgctgca;
cagccagecg
tectattaatt
gttgttgcea
agctccggtt
gttagctect
atggttatgg
gtgactggtg
tcttgecegg
atcattggaa
agttcgatgt
gtttctgggt
cggaaatgtt
tattgtctea

ccgcgcacat

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg
attagttcat
tggctgaceg

aacgccaata

PCT/US02/33944

tcceegtegt
tgataccgeg
gaagggccga
gttgccggga
ttgctacagg
cccaacgatce
teggtcectece
cagcactgca
agtactcaac
cgtcaatacg
aacgttcttce
aacccactceg
gagcaaaaac
gaatactcat
tgagcggata

ttcececgaaa

tgctctgatg
gagtagtgcg
aagaatctge
cgttgacatt
agcccatata
cccaacgacc

gggactttce

6660

6720

6780

6840

6500

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7576

60

120

180

240

300

360

420
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attgacgtca
atcatatgcc
atgcccagta
tegetattac
actcacgggg
aaaatcaacg
gtaggecgtgt
ctgcttactg
ggtaccggat
aggtgtccag
gtcecctgaga
ggtecegecag
taataaatac
gaacacgctg
tgecgagagga
agggaccacg
accctetage
cttcececgaa
cttecegget
ctccagcagce
caaggtggac
ccaggctcag
aggcaggccc
agagggtctt
caggccetgce
aggaccctgce
gacaccttct
cttgtgacaa
ccagctcaag
ggtgctgaca

gtcttectcet

atgggtggac

aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
ctcaccatgg
tgtcaggagce
ctctectgtg
gcteccaggca
tatgcagact
tatctgcaaa
ggagtgggag
gtcaccgtcet
aagagcacct
ccggtgacgg
gtcctacagt
ttgggcaccc
aagagagttg
cgctcctgece
cgtctgecte
ctggettttt
acacaaaggg
ccctgaccta
ctecteccag
aactcacaca
gcgggacagg
cgtccaccte

tccceccecaaa

tatttacggt
cctattgacg
tgggacttte
cggttttggce
ctccaccccea
aaatgtcgta
gtctatataa
attaatacga
agttgggget
agctggtgga
cagegtctgg
aggggctgga
ccgtgaaggg
tgaacagcct
caacttacta
cctcagecte
ctgggggcac
tgtegtggaa
cctecaggact
agacctacat
gtgagaggcc
tggacgcatc
ttcaccecgga
ccccaggcete
gcaggtgctg
agcccacccce
attccagtaa
tgcccacegt
tgcectagag
catctcttece

acccaaggac

27/63
aaactgccca
tcaatgacgg
ctacttggea
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctct
ctcactatag
gagctgggtt
gtctggggga
attcacctte
gtgggtggca
cecgattcacc
gagagccgag
ctactactac
caccaagggc
agcggccctg
ctcaggcgece
ctactcccte
ctgcaacgtg
agcacaggga
ceggetatge
ggcctctgec
tgggcaggca
ggctcagacc
aaaggccaaa
ctcccaatct
gcccaggtaa
tagcctgecat
tcagcacctg

accctecatga

cttggcagta
taaatggcce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ttectegttg
ggcgtggtee
agtacctatg
gttacatggce
atctccagag
gacacggctg
ggtatggacg
ccatcggtcet
ggctgectgg
ctgaccageg
agcagcgtgg
aatcacaagc
gggagggtgt
agtcccagte
cgccccacte
caggctaggt
tgccaagagce
ctctecacte
tctctetgea
gccagcccag
ccagggacag
aactcctggg

tecteccggac

PCT/US02/33944

catcaagtgt
gcetggeatt
gtattagtca
tagcggtttg
ttttggcacce
caaatgggcg
agagaaccca
gctggctaga
ctcttttaag
agectgggag
gcatgcactg
atgatggaag
acaactccaa
tgtattactg
tctggggcecca
tceceectgge
tcaaggacta
gcgtgcacac
tgaccgtgee
ccagcaacac
ctgctggaag
cagggcagca
atgctcaggg
gccectaace
catatccggg
ccteagcecteg
gagcccaaat
gcctegececet
gccccageey
gggaccgtca

ccectgaggte

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280
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acatgcgtgg
gacggegtgg
tacegtgtgg
aagtgcaagg
aaaggtggga
tgccctgaga
ggtgtacacc
cctggtcaaa
ggagaacaac
tagcaagctc
gatgcatgag
atgactcgag
ttgccagccea
tcececactgtce
ttctattctg
caggcatgct
ctctaggggg
tacgcgcecagce
ccctteettt
tttagggttc
tggttcacgt
cacgttettt
ctattctttt
gatttaacaa
aagtccccag
aaccaggtgt
caattagtca
cagttececgec
ggccgectcet
cttttgcaaa

gaaaaagcct

tggtggacgt
aggtgcataa
tecagcgtect
tctccaacaa
ccegtggggt
gtgaccgetg
ctgeccceceat
ggcttctatc
tacaagacca
accgtggaca
gctcetgeaca
tctagagggc
tectgttgttt
ctttectaat
gggggtgggy
ggggatgcgg
tatcceccecacg
gtgaccgcta
ctcgccacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gctcceeccagg
ggaaagtccc
gcaaccatag
cattcteege
gcctctgagce
aagctccegg

gaactcaccg

gagccacgaa
tgccaagaca
caccgtectg
agccctcccea
gcgagggcca
taccaaccte
ccecgggagga
ccagcgacat
cgcctecegt
agagcaggtyg
accactacac
ccgtttaaac
geccecteece
aaaatgagga
tggggcagga
tgggctctat
cgccctgtag
cacttgccag
tegeecggett
ctttacggca
cgcectgata
tcttgttcca
ggattttggg
cgaattaatt
caggcagaag
caggctcececcee
tceegececect
cccatggetyg
tattccagaa
gagettgtat

cgacgtetgt

28/63
gaccctgagg
aagccgeggg
caccaggact
gcccecateg
catggacaga
tgtcecctaca
gatgaccaag
tgccgtggag
gctggactce
gcagcagggg
gcagaagagc
ccgcectgatcea
cgtgecttcece
aattgcatcyg
cagcaagggg
ggcttctgag
cggcgcatta
cgcectageg
tceceegteaa
cctegaccece
gacggttttt
aactggaaca
gatttcggcc
ctgtggaatg
tatgcaaagce
agcaggcaga
aactccgceccce
actaattttt
gtagtgagga
atccatttte

cgagaagttt

tcaagttcaa
aggagcagta
ggctgaatgyg
agaaaaccat
ggccggceteg
gggcagccea
aaccaggtca
tgggagagca
gacggctccet
aacgtcttcet
ctcteectgt
gcctegactg
ttgaccctgg
cattgtctga
gaggattggg
gcggaaagaa
agcgeggcegg
cccegcetectt
gcgctaaatc
aaaaaacttg
cgccctttga
acactcaacc
tattggttaa
tgtgtcagtt
atgcatctca
agtatgcaaa
atcecegeccec
tttatttatg
ggcttttttg
ggatctgatc

ctgatcgaaa

PCT/US02/33944

ctggtacgtg
caacagcacg
caaggagtac
ctccaaagec
gcccacccte
gagaaccaca
gectgacctg
atgggcagcc
tettectcta
catgctcegt
ctcegggtaa
tgccttetag
aaggtgccac
gtaggtgtca
aagacaatag
ccagetgggg
gtgtggtggt
tcgetttctt
ggggcatcce
attagggtga
cgttggagte
ctatcteggt
aaaatgagct
agggtgtgga
attagtcagce
gcatgcatct
taactccgee
cagaggccga
gaggcctagg
agcacgtgat

agttcgacag

2340

2400

2460

2520

2580

2640

2700

2760

12820

2880

2940

3000

3060

. 3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140
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cgtctecgac
aggagggcgt
ttatgtttat
ggaattcagce
agacctgccet
gatcgectgeg
cggtcaatac
ctggcaaact
gatgectttgg
caacaatgtc
gtteggggat
tatggagcag
gctccgggeg
caatttcgat
cgggactgtce
tgtagaagta
atagcacgtg
aatcgttttce
cttcgeccceac
cacaaatttc
catcaatgta
atggtcatag
agccggaagc
tgecgttgege
aatcggccaa
cactgactcg
ggtaatacgg
ccagcaaaag
ccecccetgac
actataaaga

cctgecgett

ctgatgcage
ggatatgtcc
cggcactttg
gagagcctga
gaaaccgaac
gccgatctta
actacatggce
gtgatggacg
gcegaggact
ctgacggaca
tcccaatacg
cagacgcgcet
tatatgctcc
gatgcagctt
gggcgtacac
ctcgccgata
ctacgagatt
cgggacgccg
cccaacttgt
acaaataaag
tcttatcatg
ctgtttectg
ataaagtgta
tcactgecceg
cgegegggga
ctgcgectegg
ttatccacag
gcéaggaacc
gagcatcaca
taccaggecgt

accggatacc

tectcggaggy
tgecgggtaaa
catcggecge
cctattgcat
tgcecegetgt
gccagacgag
gtgatttcat
acaccgtcag
gceccgaagt
atggccgcat
aggtcgccaa
acttcgageg
gcattggtct
gggcgcaggg
aaatcgecceg
gtggaaaccg
tcgattccac
gctggatgat
ttattgecage
catttttttce
tctgtatacc
tgtgaaattg
aagcctgggyg
ctttcecagte
gaggcggttt
tegttegget
aatcagggga
gtaaaaaggc
aaaatcgacg
tteccectgg

tgtccgeett

29/63
cgaagaatct
tagctgegece
gctecegatt
ctcececgeegt
tctgecagecy
cgggttegge
atgegegatt
tgcegteegte
ccggcaccte
aacagcggtce
catcttcectte
gaggcateccg
tgaccaactc
tcgatgcgac
cagaagcgcg
acgccccagce
cgcecgectte
ccteccagege
ttataatggt
actgcattct
gtcgacctct
ttatcegete
tgcctaatga
gggaaacctg
gcgtattggg
gcggcegagceg
taacgcagga
cgcgttgetg
ctcaagtecag
aagctcecte

tcteectteg

cgtgctttca
gatggtttct
ccggaagtge
gcacagggtyg
gtcgeggagg
ccattcggac
gctgatcece
gcgcaggcecte
gtgcacgcgg
attgactgga
tggaggcegt
gagcttgeag
tatcagagct
gcaatcgtcecce
gcegtetgga
actcgtcecga
tatgaaaggt
ggggatctca
tacaaataaa
agttgtggtt
agctagagcet
acaattccac
gtgagctaac
tcgtgecage
cgctettecg
gtatcagctce
aagaacatgt
gegtttttece
aggtggcgaa
gtgcgctcte

ggaagcgtgg

PCT/US02/33944

gcttecgatgt
acaaagateg
ttgacattgg
tcacgttgea
ccatggatge
cgcaaggaat
atgtgtatca
tcgatgagcet
atttecggetce
gcgaggcgat
ggttggcttg
gatcgccgeg
tggttgacgy
gatccggage
ccgatggcetyg
gggcaaagga
tgggecttegg
tgctggagtt
gcaatagcat
tgtccaaact
tggcgtaate
acaacatacg
tcacattaat
tgcattaatg
cttecteget
actcaaaggc
gagcaaaagg
ataggctecyg
acccgacagg
ctgtteccgac

cgetttctea

4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940

6000
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atgctecacge
gcacgaacce
caacccggta
agcgaggtat
tagaaggaca
tggtagctct
gcagcagatt
gtctgacgcet
aaggatcttc
atatgagtaa
gatctgtcta
acgggagggce
ggctccagat
tgcaacttta
ttcgccagtt
ctegtegttt
atccecccatg
taagttggece
catgccatcc
atagtgtatg
acatagcaga
aaggatctta
ttcagcatct
cgcaaaaaag
atattattga
ttagaaaaat

c

<210> 8
<211> 6082

<212> DNA

tgtaggtatc
ccegtteage
agacacgact
gtaggcggtg
gtatttggta
tgatccggcea
acgcgcagaa
cagtggaacg
acctagatcc
acttggtcectg
tttcgttecat
ttaccatctg
ttatcagcaa
tcecgecteca
aatagtttgce
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgct
cggcgaccga
actttaaaag
ccgetgttga
tttactttca
ggaataaggg
agcatttatc

aaacaaatag

tcagtteggt
ccgaccgcetg
tatcgecact
ctacagagtt
tetgegetet
aacaaaccac
aaaaaggatc
aaaactcacg
ttttaaatta
acagttacca
ccatagttge
gcecccagtge
taaaccagcc
tccagtctat
gcaacgttgt
cattcagctce
aagcggttag
cactcatggt
tttctgtgac
gttgctettg
tgctcatcat
gatccagttce
ccagegttte
cgacacggaa
agggttattg

gggttcecgeg

30/63
gtaggtcgtt
cgccttatcece
ggcagcagcc
cttgaagtgg
gctgaagceca
cgctggtage
tcaagaagat
ttaagggatt
aaaatgaagt
atgcttaatc
ctgactccce
tgcaatgata
agccggaagg
taattgttge
tgccattgcet

cggttcccaa

ctecectteggt

tatggcagca
tggtgagtac
cceggegtea
tggaaaacgt
gatgtaaccc
tgggtgagca
atgttgaata
tcteatgage

cacatttccec

cgctccaage
ggtaactatc
actggtaaca
tggecctaact
gttacctteg
ggtggttttt
cctttgatet
ttggtcatga
tttaaatcaa
agtgaggcac
gtegtgtaga
ccgcgagacé
gccgagcgcea
cgggaagcta
acaggcateg
cgatcaaggce
ccteecgatag
ctgcataatt
tcaaccaagt
atacgggata
tcttegggge
actcgtgcac
aaaacaggaa
ctcatactct
ggatacatat

cgaaaagtgc

PCT/US02/33944

tgggctgtgt
gtcttgagtce
ggattagcag
acggctacac
gaaaaagagt
ttgtttgecaa
tttctacggg
gattatcaaa
tctaaagtat
ctatctcage
taactacgat
cacgctcacce
gaagtggtcc
gagtaagtag
tggtgtcacg
gagttacatg
ttgtcagaag
ctecttactgt
cattctgaga
ataccgegee
gaaaactctc
ccaactgatc
ggcaaaatgce
tectttttca
ttgaatgtat

cacctgacgt

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

. 6780

6840

6900

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7561
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<213>
<220>
<223>

<400> 8
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
ccegeccecatt
attgacgtca
atcatatgcc
atgcccagta
tcgcetattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactg
aagcttggat
cccagatacc
aggagacaga
gtatcagcag
atcaggggtc
cagcagcctg
attcacttte
cttcatectte
gctgaataac
atcgggtaac
cagcagcacc
agtcacccat

ggaattecgeg

Plasmid

gagatctcce
aagccagtat
ttaagctaca
gecgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
ctcaccatga
agatgtgaca
gtcaccatca
aaaacaggga
ccatcteggt
cagcctgaag
ggccctggga
ccgccatetg
ttctatccea
tcecaggaga
ctgacgctga
cagggcctga

gccgcetcgag

Artificial Sequence

gatcccctat
ctgctecectg
acaaggcaag
ctgcttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc
cggttttgge
ctcecacceca
aaatgtcgta
gtctatataa
attaatacga
gggtccctge
tccagatgac
cttgeceggge
aagttcctaa
tcagtggegy
atgttgcaac
ccaaagtgga
atgagcagtt
gagaggccaa
gtgtcacaga
gcaaagcaga
gctegeecegt

tctagaggge

31/63

ggtegactcet
cttgtgtgtt
gcettgacega
atgtacgggce
ttacggggtce
atggcccgece
ttecccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctcet
ctcactatag
tcagctectg
ccagtctcca
gagtcagggc
gttectgate
tggatctggg
ttattactgt
tatcaaacga
gaaatctgga
agtacagtgg
gcaggacagc
ctacgagaaa
cacaaagagc

ccgtttaaac

cagtacaatc
ggaggtcgct
caattgcatg
cagatatacg
attagttcat
tggctgacceg
aacgccaata
cttggcagta
taaatggccec
gtacatctac
tgggegtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ggactecctge
tecetecectgt
attagcaatt
tatgaagcat
acagatttca
caaaattata
actgtggctg
actgctagcg
aaggtggata
aaggacagca
cacaaagtct
ttcaacaggg

ccgetgatea

PCT/US02/33944

tgctctgatg
gagtagtgceg
aagaatctgce
cgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gcctggeatt
gtattagtca

tageggtttyg

ttttggcace .

caaatgggcyg
agagaaccca
gctggctaga
tgetetggcet
ctgecatctgt
atttagectg
ccactttgca
ctctcaccat
acagtgcccce
caccctetgt
ttgtgtgecect
acgccctcceca
cctacagect
acgcctgega
gagagtgtta

gcctegactg

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680
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tgecttctag
aaggtgccac
gtaggtgtca
aagacaatag
ccagctgggg
gtgtggtggt
tegetttett
ggggcatccce
attagggtga
cgttggagtc
ctatctcggt
aaaatgagct
agggtgtgga
attagtcage
gcatgcatct
taactcecgcee
.cagaggccga
gaggcctagg
aagagacagg
cggecgettg
ctgatgccege
acctgteccgg
cgacgggcgt
tgctattggg
aagtatccat
cattcgacca
ttgtcgatca
ccaggctcaa
gcttgecegaa
tgggtgtgge

ttggecggcega

ttgccagecea
teccecactgte
ttctattctg
caggcatgct
ctctaggggg
tacgcgcecage
ccettecettt
tttagggttce
tggttcacgt
cacgttettt
ctattctttt
gatttaacaa
aagtccecag
aaccaggtgt
caattagtca
cagtteegec
ggcecgectet
cttttgcaaa
atgaggatcg
ggtggagagg
cgtgttecgg
tgccctgaat
tcecttgegea
cgaagtgceg
catggctgat
ccaagcgaaa
ggatgatctg
ggcgcgcatg
tatcatggtg
ggaccgctat

atgggctgac

tctgttgttt

ctttcctaat

gg9999tgggy
ggggatgcgg
tatccccacg
gtgaccgcta
ctegececacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gctececcagg
ggaaagtcce
gcaaccatag
cattctececge
gcctetgage
aagctccegyg
tttegcatga
ctattcgget
ctgtecagege
gaactgcagg
gctgtgeteg
gggcaggatc
gcaatgcgge
catcgcatcg
gacgaagagc
cccgacggeg
gaaaatggcc
caggacatag

cgettecteg

32/63
gcccecteccee
aaaatgagga
tggggcagga
tgggctctat
cgccctgtag
cacttgccag
tegecggett
ctttacggca
cgccectgata
tecttgtteca
ggattttggg
cgaattaatt
caggcagaag
caggctececece
tcecgeceect
cccatggetg
tattccagaa
gagcttgtat
ttgaacaaga
atgactgggc
aggggcgecc
acgaggcagce
acgttgtcac
tcctgteate
ggctgeatac
agcgagcacg
atcaggggct
aggatctcgt
gcttttetgg
cgttggctac

tgctttacgg

cgtgecettee
aattgcatcg
cagcaagggg
ggcttctgag
cggcgcatta
cgcectageg
tcecececgtceaa
cctecgacccee
gacggttttt
aactggéaca
gatttcggce
ctgtggaatg
tatgcaaagc
agcaggcaga
aactcecgccee
actaattttt
gtagtgagga
atccatttte
tggattgcac
acaacagaca
ggttcttttt
gcggctateg
tgaagcggga
tcaccttget
gcttgatceeg
tactcggatg
cgcgccagcec
cgtgacccat
attcatcgac
ccgtgatatt

tategecget

PCT/US02/33944

ttgaccectgg
cattgtectga
gaggattggg
gcggaaagaa
agcgeggegg
ccecgetectt
gctctaaate
aaaaaacttg
cgcectttga
acactcaacc
tattggttaa
tgtgtcagtt
atgcatctca
agtatgcaaa
atececegecce
tttatttatg
ggcttttttg
ggatctgatc
gcaggttcecte
atcggetget
gtcaagaccy
tggctggeca
agggactgge
cctgecgaga
gctacctgee
gaageccggtce
gaactgtteg
ggcgatgect
tgtggeegge
gctgaagage

cccgattege

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

. 2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540



WO 03/034903

agcgcatcge
aatgaccgac
ctatgaaagg
cggggatctce
ttacaaataa
tagttgtggt
tagctagagce
cacaattcca
agtgagctaa
gtecgtgccag
gcgetcttee
ggtatcagcect
aaagaacatg
ggegttttte
gaggtggcga
cgtgcgetcet
gggaagcgtyg
tcgctecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcetttgate
tttggtcatg
ttttaaatca
cagtgaggca
cgtegtgtag
accgcgagac
ggccgagegce

ccgggaaget

cttectatege
caagcgacgc
ttgggctteg
atgctggagt
agcaatagca
ttgtccaaac
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gcttectege
cactcaaagg
tgagcaaaag
cataggctcc
aacccgacag
cctgtteccga
gcgetttete
ctgggctgtg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgea
ttttectacgg
agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctecac
agaagtggtc

agagtaagta

cttcettgacg
ccaacctgcece
gaatcgtttt
tecttegecca
tcacaaattt
tcatcaatgt
catggtecata
gagccggaag
ttgegttgeg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gececececctga
gactataaag
ccectgecget
aatgctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagcecte
agcagcagat
ggtctgacgc
aaaggatctt
tatatgagta
cgatctgtcect
tacgggaggg
cggctccaga
ctgecaacttt

gttegecagt

33/63
agttcttctg
atcacgagat
ccgggacgec
ccccaackttg
cacaaataaa
atcttatcat
gctgtttecet
cataaagtgt
ctcactgccece
acgcgegggg
gctgegeteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccecegtteag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccgge
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtect
atttcgttea
cttaccatct
tttatcagca
ateccgectec

taatagtttg

agcgggactce
ttegatteca
ggctggatga
tttattgcag
gcattttttt
gtectgtatac
gtgtgaaatt
aaagcctggg
gcttteccagt
agaggcggtt
gtcgttegge
gaatcagggg
cgtaaaaagg
aaaaatcgac
ttteccecectg
ctgtecegect
ctcagttegg
ccecgaccget
ttatcgcececac
gctacagagt
atctgegete
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tcecatagttg
ggccccagtg
ataaaccagce
atccagtcta

cgcaacgttg

PCT/US02/33944

tggggttcga
ccgecagectt
tectecageg
cttataatgg
cactgcattce
cgtecgaccte
gttatececget
gtgectaatg
cgggaaacct
tgcgtattgg
tgeggegage
ataacgcagg
cegegttget
gctcaagtca
gaagctccct
ttecteectte
tgtaggtcgt
gcgecttate
tggcagcage
tcttgaagtg
tgctgaagcce
ccgcetggtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactcece
ctgcaatgat
cagccggaag
ttaattgttg

ttgeccattge

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400



WO 03/034903

tacaggcatc
acgatcaagg
tccteegate
actgcataat
ctcaaccaag
aatacgggat
ttettegggg
cactcgtgca
aaaaacagga
actcatactc
cggatacata

ccgaaaagtg

<210> 9
<211>
<212> DNA
<213>
<220>

<223>

<400> 9
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttceg
ccecgeceatt
attgacgtca
atcatatgcce
atgcccagta

tegetattac

actcacgggg

6082

gtggtgtcac
cgagttacat
gttgtcagaa
tctettactg
tcattctgag
aataccgege
cgaaaactct
cccaactgat
aggcaaaatg
ttcetttttc
tttgaatgta

ccacctgacg

Plasmid

gagatcteccc
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg

atttccaagt

gctegtegtt
gatccccecat
gtaagttgge
tcatgccatc
aatagtgtat
cacatagcag
caaggatctt
cttecageatc
ccgcaaaaaa
aatattattg
tttagaaaaa

'

tc

Artificial Sequence

gatcccctat
ctéctccctg
acaaggcaag
ctgcttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttc

cggttttggce

ctccacccecea

34/63
tggtatggcet
gttgtgcaaa
cgcagtgtta
cgtaagatge
geggegaccg
aactttaaaa
accgetgttg
ttttactttce
gggaataagg
aagcatttat

taaacaaata

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtc
atggccecgece
ttcececatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa

ttgacgtcaa

tcattcagct
aaagcggtta
tcactcatgg
ttttetgtga
agttgctctt
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt

ggggttcege

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg
attagttcat
tggetgacceg
aacgccaata
cttggcagta
taaatggccc
gtacatctac
tgggegtgga

tgggagtttg

PCT/US02/33944

ccggttecea
gcteccttegg
ttatggecagce
ctggtgagta
gcecggegte
ttggaaaacg
cgatgtaacc
ctgggtgage
aatgttgaat
gtctcatgag

gcacatttcce

tgctectgatg
gagtagtgcyg
aagaatctgc
cgttgacatt
agcccatata
cccaacgace
gggactttce
catcaagtgt
gcctggeatt
gtattagtca
tageggtttyg

ttttggcace

5460

5520

5580

5640

5700

5760

5820

5880

5940

. 6000

- 6060

. 6082

60

120

180

240

300

360

420

480

540

600

660

720



WO 03/034903

aaaatcaacg
gtaggcgtgt
ctgcttactg
aagcttggat
cccaggtgcee
aggagacaga
gtttcagcag
aagtggggte
cagcagcctg
gatcaccttce
cttcatctte
’gctgaataac
atcgggtaac
cagcagcacc
agtcacccat
ggaattcgceg
tgecttcetag
aaggtgccac
gtaggtgtca
aagacaatag
ccagctgggg
gtgtggtggt
tegetteett
ggggcatccc
attagggtga
cgttggagtc
ctatcteggt
aaaatgagct
agggtgtgga
attagtecage

gcatgcatct

ggactttcca
acggtgggag
gcttatcgaa
ctcaccatga
agatgtgaca
gtcaccatca
aaaccaggga
ccatcaaagt
cagcctgaag
ggccaaggga
ccgeceatcetg
ttctatecca
tccecaggaga
ctgacgctga
cagggcctga
gccgetegag
ttgccagcecca
tcecactgtce
ttctattctg
caggcatgct
ctctaggggg
tacgcgeage
ccecttecttt
tttagggtte
tggttcacgt
cacgttecttt
ctattcetttt
gatttaacaa
aagtccccag
aaccaggtgt

caattagtca

aaatgtegta
gtctatataa
attaatacga
gggtcccege
tcecagatgac
cttgteggge
aagcccctaa
tcagecggcag
attttgecaac
cacgactgga
atgagcagtt
gagaggccaa
gtgtcacaga
gcaaagcaga
gctegeecegt
tctagagggc
tctgttgttt
ctttcctaat
99999tgggyg

ggggatgcgg

tatcceccacg
gtgaccgcta
ctcgecacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gctccccagg
ggaaagtccc

gcaaccatag

35/63
acaactccge
gcagagctct
ctcactatag
tecagctectg
ccagtctcca
gagtcagggc
gtceccttate
tggatctggg
ttattactge
gattaaacga
gaaatctgga
agtacagtgg
gcaggacagce
ctacgagaaa
cacaaagagc
ccgtttaaac
gccecteece
aaaatgagga
tggggcagga
tgggctctat
cgcectgtag
cacttgeccag
tcgecggett
ctttacggca
cgccctgata
tcttgttecea
ggattttggg
cgaattaatt
caggcagaag
caggctccece

tcecegecect

cccattgacg
ctggctaact
ggagacccaa
gggctecectge
tcetecactgt
attaccaatt
tatgctgceat
acagatttca
caacagtata
actgtggectg
actgctageg
aaggtggata
aaggacagca
cacaaagtct
ttecaacaggg
ccgctgatceca
cgtgecettece
aattgcatcg
cagcaagggg
ggcttctgag
cggcgcatta
cgcectageg
tccecegteaa
cctegacecece
gacggttttt
aactggaaca
gattteggece
ctgtggaatg
tatgcaaagc
agcaggcaga

aactccgcce

PCT/US02/33944

caaatgggcg
agagaaccca
gctggetaga
tgectetgttt
ctgecatctgt
atttagcctg
ccagtttgea
gtectcaccat
atagttaccc
caccatctgt
ttgtgtgect
acgccctceccea
cctacagcect
acgcctgega
gagagtgtta
gcctcgactg
ttgaccctgg
cattgtctga
gaggattggg
gcggaaagaa
agcgcggcegyg
ccegetectt
gctctaaate
aaaaaacttg
cgccetttga
acactcaacc
tattggttaa
tgtgtcagtt
atgcatctceca
agtatgcaaa

atcccgececcee

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

- 1560

1620 .

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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taactccgec

cagaggccga
gaggcctagg
aagagacagg
cggeegettg
ctgatgccecge
acctgtecegg
cgacgggcgt
tgctattggg
aagtatccat
cattcgacca
ttgtcgatca
ccaggctcaa
gcttgeegaa
© tgggtgtgge
ttggcggega
agcgcatcge
aatgaccgac
ctatgaaagg
cggggatcte
ttacaaataa
tagttgtggt
tagctagagce
cacaattcca
agtgagctaa
gtcgtgecag
gcgctcecttee
ggtatcagct
aaagaacatg
ggcgttttte

gaggtggcga

cagttcegee
ggccgectet
cttttgcaaa
atgaggatcg
ggtggagagyg
cgtgtteecgg
tgcecectgaat
tcettgegea
cgaagtgccg
catggctgat
ccaagcgaaa
ggatgatctg
ggcgcgcatg
tatcatggtyg
ggaccgctat
atgggctgac
cttetatege
caagcgacgce
ttgggcttcg
atgctggagt
agcaatagca
ttgtccaaac
ttggcgtéat
cacaacatac
ctcacattaa
ctgcattaat
gcttectege
cactcaaagg
tgagcaaaag
cataggctcce

aacccgacag

cattctcege
gcctetgage
aagctccegg
tttcgecatga
ctattegget
ctgtecagecge
gaactgcagyg
gctgtgcteg
gggcaggatc
gcaatgcggc
catcgcatcg
gacgaagagc
cccgacggeg
gaaaatggcc
caggacatag
cgctteccteg
cttcttgacg
ccaacctgece
gaatcgtttt
tcttegecea
tcacaaattt
tcatcaatgt
catggtcata
gagccggaag
ttgcgttgeg
gaatcggceca
tcactgactce
cggtaatacg
gccagcaaaa
gcececcectga

gactataaag

36/63
cccatggetg
tattccagaa
gagcttgtat
ttgaacaaga
atgactgggce
aggggcgecc
acgaggcagc
acgttgtcac
tectgteatce
ggctgcatac
agcgagcacg
atcaggggct
aggatctcgt
gcttttctgg
cgttggctac
tgctttacgg
agttcttctg
atcacgagat
ccgggacgcec
cceccecaacttg
cacaaataaa
atcttatcat
gctgtttect
cataaagtgt
ctcactgcee
acgcgcegggg
gctgegetceg
gttatccaca
ggccaggaac
cgagcatcac

ataccaggceg

actaattttt
gtagtgagga
atccatttte
tggattgcac
acaacagaca
ggttcttttt
gcggcectateg
tgaagcggga
tcaccttgcet
gcttgatceg
tactcggatg
cgecgccagcec
cgtgacccat
attcatcgac
ccgtgatatt
tatcgececget
agcgggactce
ttcgattcca
ggctggatga
tttattgcag
gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggg
gctttccagt
agaggcggtt
gtegttcegge
gaatcagggg
cgtaaaaagg
aaaaatcgac

ttteccceetg

PCT/US02/33944

tttatttatg
ggecttttttyg
ggatctgate
geaggttcte
atcggetget
gtcaagaccg
tggctggeca
agggactgge
cctgececgaga
gctacctgee
gaagccggte
gaactgttcg
ggcgatgect
tgtggcegge
gctgaagagce
cccgaftcgc
tggggttcga
ccgecgectt
tccteecageg
cttataatgg
cactgcattc
cgtcgacctce
gttatcecgcet
gtgcectaatg
cgggaaacct
tgcgtattgg
tgcggecgage
ataacgcagg
ccgegttget
gctcaagteca

gaagctccct

2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4209
4260
4320
4380

4440



WO 03/034903

cgtgcgctcet
gggaagcgtyg
tecgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttce
cggtggtttt
tcctttgate
tttggtcatg
ttttaaatca
cagtgaggca
cgtegtgtag
accgcgagac
ggccgagegce
ccgggaaget
tacaggcatc
acgatcaagg
tcctecgatce
actgcataat
ctcaaccaag
aatacgggat
ttettcgggg
cactcgtgceca
aaaaacaggda
actcatactc
cggatacata

ccgaaaagtg

<210> 10

<211l> 6082

cctgttecega
gcgetttete
ctgggctgtyg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg
agattatcaa
atctaaagta
cctatctecag
ataactacga
ccacgctcac
agaagtggtce
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctettactg
tcattctgag
aataccgcge
cgaaaactct
cccaactgat
aggcaaaatg
ttecettttte
tttgaatgta

ccacctgacg

ccetgeceget
aatgctcacg
tgcacgaacc
ccaacceggt
gagcgaggta
ctagaaggac
ttggtagctce
agcagcagat
ggtctgacgce
aaaggatctt
tatatgagta
cgatetgtet
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
gctegtegtt
gatccccecat
gtaagttggce
tcatgccatc
aatagtgtat
cacatagcag
caaggatcett
cttcagcatc
ccgcaaaaaa
aatattattg
tttagaaaaa

tec

37/63
taccggatac
ctgtaggtat
ccecegtteag
aagacacgac
tgtaggeggt
agtatttggt
ttgatcecgge
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtcect
atttcgttca
cttaccatct
tttatcagca
atcegectee
taatagtttg
tggtatggct
gttgtgcaaa
cgcagtgtta
cgtaagatge
gcggcgaccg
aactttaaaa
accgetgttg
ttttactttc
gggaataagy
aagcatttat

taaacaaata

ctgtecegecet
ctecagttecgg
cccgaccget
ttatcgecac
gctacagagt
atctgcgcete
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tcecatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcaget
aaagcggtta
tcactcatgg
ttttctgtga
agttgctett
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt

ggggttcege

PCT/US02/33944

ttctecette
tgtaggtegt
gcegecttate
tggcagecage
tettgaagtg
tgctgaagce
ccgectggtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactccc
ctgcaatgat
cagccggaag
ttaattgttg
ttgcecattge
ccggttcceca
gctecttegy
ttatggcagce
ctggtgagta
gceceggegte
ttggaaaacyg
cgatgtaacc
ctgggtgage
aatgttgaat
gtctcatgag

gcacatttec

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6082
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<212> DNA
<213>
<220>
<223>

<400> 10
gacggatcgg

ccgeatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttcecg
ccecgececatt
attgacgtca
atcatatgce
atgcccagta
tcgctattac
actcacgggyg
. aaaatcaacg
gtaggcgtgt
ctgettactg
aagcttggat
cccaggtgec
aggagacaga
gtttcagcag
aagtggggtc
cagcagccta
gctecactttce
cttcatcttce
gctgaataac
atcgggtaac
cagcagcacc

agtcaceccat

Plasmid

gagatctcce
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta
catggtgatg
attfccaagt
ggactttceca
acggtgggag
gcttatcgaa
ctcaccatga
agatgtgaca
gtcaccatca
aaaccaggga
ccatcaaagt
cagcctgaag
ggcggaggga
ccgccatcectg
ttctatcceca
tceccaggaga
ctgacgctga

cagggcctga

Artificial Sequence

gatcccctat
ctgctcectg
acaaggcaag
ctgecttegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccacccca
aaatgtcgta
gtctatataa
attaatacga
gggtccctge
tccagatgac
cttgtegggce
aagcccctaa
tcagecggcag
attttgcaac
ccaaggtgga
atgagcagtt
gagaggccaa
gtgtcacaga
gcaaagcaga

gctegecegt

38/63

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggc
ttacggggtc
atggceccgec
ttecccatagt
aaactgccca
tcaatgacgg
ctacttggca
agtacatcaa
ttgacgtcaa
acaactccge
gcagagctcet
ctcactatag
tcagctectg
ccagtctcca
gagtcagggc
gtcectgatce
tggatctggyg
ttattactge
gatcaaacga
gaaatctgga
agtacagtgg
gcaggacagc
ctacgagaaa

cacaaagagc

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggccce
gtacatctac
tgggegtgga
tgggagtttyg
cccattgacg
ctggctaact
ggagacccaa
gggctcectge
tcctecactgt
attagccatt
tatgctgcat
acagatttca
caacagtata
actgtggctg
actgctagcg
aaggtggata
aaggacagca
cacaaagtct

ttcaacaggg

PCT/US02/33944
tgctctgatg 60
gagtagtgceg 120
aagaatctge 180
cgttgacatt 240
agcccatata 300
cccaacgace 360
gggactttcc 420
catcaagtgt 480
gcctggcatt 540
gtattagtca 600
tagcggtttg 660
ttttggcacc 720
caaatgggcyg 780
agagaaccca 840
gctggctaga 900
tgctectgttt 960
ctgcatctgt 1020
atttagccetg 1080
ccagtttgca 1140
ctctcecaccat 1200
atagtttccce 1260
caccatctgt 1320
ttgtgtgect 1380
acgcccteca 1440
cctacagect 1500
acgcctgecga 1560
gagagtgtta 1620
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ggaattcgcg
tgcettctag
aaggtgccac
gtaggtgtca
aagacaatag
ccagetgggg
gtgtggtggt
tegectttett
ggggcatccce
attagggtga
cgttggagtc
ctatectecggt
gaaatgagct
agggtgtgga
attagtcagc
gcatgcatct
taactcecgee
cagaggccga
gaggcctagg
aagagacagg
cggcecgettg
ctgatgcege
acctgteccgg
cgacgggegt
tgctattggg
aagtatccat
cattcgacca
ttgtcgatca
ccaggctcaa
gcttgecgaa

tgggtgtggc

gccgctegag
ttgccageca
tcccecactgte
ttctattcetg
caggcatgcet
ctectaggggg
tacgegecage
ccecttecttt
tttagggtte
tggttcacgt
cacgttcttt
ctattctttt
gatttaacaa
aagtccccag
aaccaggtgt
caattagtca
cagttccgece
ggccgectet
cttttgcaaa
atgaggatcg
ggtggagagg
cgtgttecgg
tgecectgaat
tccttgegea
cgaagtgccg
catggctgat
ccaagcgaaa
ggatgatctg
ggcgcgcatg
tatcatggtg

ggaccgctat

tctagaggge
tetgttgttt

ctttcctaat

99999tgggg
ggggatgegg
tatcccecacg
gtgaccgceta
ctcgecacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gctccccagg
ggaaagtccc
gcaaccatag
cattcteege
gactetgage
aagctccegg
tttcgcatga
ctattcgget
ctgtcagcege
gaactgcagg
gctgtgeteg
gggcaggatc
gcaatgecgge
catcgcatecg
gacgaagagc
cccgacggceg
gaaaatggcc

caggacatag

39/63
ccgtttaaac
gcccecteccece
aaaatgagga
tggggcagga
tgggctctat
cgccectgtag
cacttgcecag
tcgeeggett
ctttacggca
cgccctgata
tcttgtteca
ggattttggg
cgaattaatt
caggcagaag
caggctceccec
tcecegececcecet
ccecatggetg
tattccagaa
gagcttgtat
ttgaacaaga
atgactgggce
aggggcegecc
acgaggcagce
acgttgtecac
teectgteatce
ggctgecatac
agcgagcacyg
atcaggggct
aggatctecgt
gecttttetgg

cgttggctac

ccgctgatca
cgtgcecttec
aattgcatcg
cagcaagggg
ggcttctgag
cggcgecatta
cgecctageg
tcceecgtceaa
cctecgacccee
gacggttttt
aactggaaca
gatttcggcce
ctgtggaatg
tatgcaaagc
agcaggcaga
aactccgecce
actaattttt
gtagtgagga
atccattttc
tggattgcac
acaacagaca
ggttcttttt
gcggcetateg
tgaagcggga
tcaccttget
gcttgatceg
tactcggatg
cgcgccagcece
cgtgacccat
attcatcgac

ccgtgatatt

PCT/US02/33944

gcctegactyg
ttgaccctgg
cattgtctga
gaggattggg
gcggaaagaa
agcgeggegyg
ccegetectt
gctctaaate
aaaaaacttyg
cgcectttga
acactcaacc
tattggttaa
tgtgtcagtt
atgcatctca
agtatgcaaa
atccecgeece
tttatttatg
ggcttttttyg
ggatctgatc
gcaggttcte
atcggcetget
gtcaagaccg
tggctggceca
agggactgge
cctgcecgaga
gctacctgee
gaagccggtce
gaactgtteg
ggcgatgect
tgtggccgge

getgaagagce

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

+ 2340

2400

. 2460

2520
2580
2640
2700
2760
2820
2880
2940
3000

3060

+ 3120

3180

3240

3300

3360

3420

3480



WO 03/034903

ttggcggcga
agcgcategce
aatgaccgac
ctatgaaagg
cggggatctce
ttacaaataa
tagttgtggt
tagctagagce
cacaattcca
agtgagctaa
gtcgtgecag
gcgetettece
ggtatcagcect
aaagaacatg
ggegttttte
gaggtggcga
cgtgcgetcet
gggaagcgtg
tcgctcecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tecctttgatce
tttggtcatg
ttttaaatca
cagtgaggca
cgtegtgtag
accgcgagac

ggccgagcegce

atgggctgac
cttctatcge
caagcgacgc
ttgggctteg
atgctggagt
agcaatagca
ttgtccaaac
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gctteectege
cactcaaagg
tgagcaaaag
cataggctcce
aacccgacag
cctgttecga
gcgcectttcte
ctgggctgtg
cgtettgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttetacgg
agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctcac

agaagtggtc

cgcttecteg
cttettgacg
ccaacctgcee
gaatcgtttt
tcttegececa
tcacaaattt
tcatcaatgt
catggtcata
gagccggaag
ttgecgttgeg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcceeccctga
gactataaag
ccectgeeget
aatgctcacg
tgcacgaacc
ccaacceggt
gagcgaggta
ctagaaggac
ttggtagetce
agcagcagat
ggtctgacgc
aaaggatctt
tatatgagta
cgatctgtect
tacgggaggg
cggctceccaga

ctgcaacttt

40/63
tgctttacgg
agttcttctg
atcacgagat
ccgggacgec
ccccaacttg
cacaaataaa
atcttatcat
gctgtttcct
cataaagtgt
ctcactgcece
acgcgcegggg
getgegeteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccecegttecag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccgge
tacgcgecaga
tcagtggaac
cacctagatc
aacttggtct
atttcgttca
cttaccatct
tttatcageca

atccgectece

tatcgeceget
agcgggacte
ttcgattcca
ggctggatga
tttattgcag
gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggg
gcttteccagt
agaggcggtt
gtcgttegge
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttcccectg
ctgtccgect
ctcagttcgg
ccecgaccgcet
ttatcgeccac
gctacagagt
atetgegetce
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccecagtg
ataaaccagc

atccagtcta

PCT/US02/33944

ceccgattege
tggggttega
ccgecgecett
tectecageg
cttataatgg
cactgcattc
cgtegaccte
gttatecget
gtgcctaatyg
cgggaaacct
tgcgtattgg
tgcggegage
ataacgcagg
cegegttget
gctcaagtca
gaagctccct
ttctecectte
tgtaggtcgt
gcgcecttate
tggcagcage
tcttgaagtg
tgctgaagcce
ccgetggtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactece
ctgcaatgat
cagccggaag

ttaattgttg

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

- 4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340



WO 03/034903

ccgggaagcet
tacaggcatc
acgatcaagg
tcecteecgate
actgcataat
ctcaaccaag
aatacgggat
ttecttegggg
cactcgtgea
aaaaacagga
actcatactc
cggatacata

ccgaaaagtg

<210> 11
<211>
<212> bNA
<213>
<220>
<223>

<400> 11
gacggatcgg

ccgcatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttceg
ccegeceatt
attgacgtca
atcatatgcc
atgcccagta

tegetattac

6085

agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttactg
tcattctgag
aataccgcge
cgaaaactct
cccaactgat
aggcaaaatg
ttecettttte
tttgaatgta

ccacctgacg

Plasmid

gagatctcce
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccc
catgacctta

catggtgatg

gttcgccagt
gctegtegtt
gatcccceat
gtaagttggc
tcatgececatc
aatagtgtat
cacatagcag
caaggatctt
cttcagecate
ccgcaaaaaa
aatattattg
tttagaaaaa

tc

Artificial Sequence

gatccecctat
ctgcteccecctyg
acaaggcaag
ctgettecgeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggactttce

cggttttggce

41/63
taatagtttg
tggtatggct
gttgtgcaaa
cgecagtgtta
cgtaagatge
gcggcgaccyg
aactttaaaa
accgetgttyg
ttttactttce
gggaataagg
aagcatttat

taaacaaata

ggtcgactcet
cttgtgtgtt
gcttgaccga
atgtacggge
ttacggggte
atggcccegece
ttecccecatagt
aaactgecccea
tcaatgacgg
ctacttggca

agtacatcaa

cgcaacgttg
tcattcagcet
aaagcggtta
tcactecatgg
ttttetgtga
agttgctett
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt

ggggttcege

cagtacaatc
ggaggtcgct
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggcce
gtacatctac

tgggcgtgga

PCT/US02/33944

ttgccattge
ccggttecca
gcetecttegg
ttatggcage
ctggtgagta
gcceggegte
ttggaaaacy
cgatgtaacc
ctgggtgagce
aatgttgaat
gtctcatgag

gcacatttecc

tgctctgatg
gagtagtgcg
aagaatctge
cgttgacatt
agcccatata
cccaacgace
gggactttece
catcaagtgt
gcctggeatt
gtattagtea

tagcggtttg

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

. 6000

6060

6082

60

120

180

240

300

360

420

480

540

600

660
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actcacgggg
aaaatcaacg
gtaggcegtgt
ctgcttactg
aagcttggat
cccagatacce
aggggaaaga
gtaccaacag
cactggtatce
cagcagcctg
catgtgcagt
- tgtcttceatc
cctgctgaat
ccaatecgggt
cctcagecagce
cgaagtcacc
ttaggaattc
ctgtgectte
tggaaggtgc
tgagtaggtyg
gggaagacaa
gaaccagctg
cgggtgtggt
ctttegettt
atcggggcat
ttgattaggg
tgacgttgga
accctatctc
taaaaaatga
gttagggtgt

tcaattagtc

attteccaagt
ggactttcca
acggtgggag
gcttatcgaa
ctcaccatga
actggaggaa
gccaccctcet
aaacctggcc
ccagccaggt
cagtctgaag
tttggccagg
ttcececgecat
aacttctatc
aactcccagg
accctgacge
catcagggcecce
gcggcecgcete
tagttgccag
cactcccact
tcattctatt
tagcaggcat
gggctctagg
ggttacgcgce
cttecccttee
ccctttaggg
tgatggttca
gtccacgttce
ggtctattct
gctgatttaa
ggaaagtccce

agcaaccagg

ctccacccca
aaatgtegta
gtctatataa
attaatacga
gggtccecge
tagtgatgac
cctgecaggac
aggctcccag
tcagtggcag
attctgcagt
ggaccgagct
ctgatgagca
ccagagaggce
agagtgtcac
tgagcaaagc
tgagctegcee
gagtctagag
ccatctgttg
gtcctttect
ctggggggtyg
gctggggatg
gggtatcccc
agcgtgaccg
tttctcgcca
ttccgattta
cgtagtgggce
tttaatagtg
tttgatttat
caaaaattta
caggctcecc

tgtggaaagt

42/63
ttgacgtcaa
acaactccge
gcagagctet
ctcactatag
tcagettcete
gcagtctcecca
cagtcagagt
gctccetecatce
tgggtctggg
ttattactgt
ggagatcaaa
gttgaaatct
caaagtacag
agagcaggac
agactacgag
cgtcacaaag
ggcccgttta
tttgcececte
aataaaatga
gggtggggca
cggtgggete
acgcgececetg
ctacacttge
cgttegeegg
gtgctttacg
catcgeectg
gactcttgtt
aagggatttt
acgcgaatta
aggcaggcag

ccecaggcete

tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
ttecttcetge
gccaccctgt
attggctgga
tatggtgcat
acagagttca
cagcattatg
cgaactgtgg
ggaactgcta
tggaaggtgg
agcaaggaca
aaacacaaag
agcttcaaca
aacccgctga
ccecegtgect
ggaaattgca
ggacagcaag
tatggcttet
tagcggcgca
cagcgcccta
ctttcecegt
gcacctcgac
atagacggtt
ccaaactgga
ggggattteg
attetgtgga
aagtatgcaa

cccageagge

PCT/US02/33944

ttttggcacc
caaatgggcg
agagaaccca
gctggctaga
tactctgget
ctgtgtctec
acttagectg
cttccaggac
ctctcaccat
ataactggcec
ctgcaccatc
gcgttgtgtg
ataacgccct
gcacctacag

tctacgectg

ggggagagtg

tcagecectcega

tcettgaccece
tecgecattgte
ggggaggatt
gaggcggaaa
ttaagcgegg
gcgcceccgcete
caagctctaa
cccaaaaaac
tttegeeett
acaacactca
gcctattggt
atgtgtgtca
agcatgcatc

agaagtatgc

720

780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520



WO 03/034903

aaagcatgca
ccctaactece
atgcagagge
ttggaggcect
atcaagagac
cteecggecge
gctctgatge
ccgacctgte
ccacgacggyg
ggctgetatt
agaaagtatc
gcccattega
gtecttgtcega
tegecagget
cctgettgece
ggctgggtgt
agcttggegg
cgcagcgeat
cgaaatgacc
cttctatgaa
gegeggggat
tggttacaaa
ttctagttgt
ctectagctag
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgcetct
agcggtatca
aggaaagaac

gctggegttt

tctcaattag
gccecagttee
cgaggcegec
aggcttttge
aggatgagga
ttgggtggag
cgecegtgtte
cggtgecectg
cgttecttge
gggcgaagtg
catcatggct
ccaccaagceyg
tcaggatgat
caaggcgegce
gaatatcatg
ggcggaccege
cgaatgggct
cgccttetat
gaccaagcga
aggttggget
ctecatgctgg
taaagcaata
ggtttgtcca
agcttggegt
ccacacaaca
taactcacat
cagectgeatt
tcegettect
gctcactcaa
atgtgagcaa

tteccatagge

tcagcaacca
gcccattete
tctgectetg
aaaaagctcc
tegtttegea
aggctattcg
cggctgtcecag
aatgaactgc
gcagctgtge
ccggggcagg
gatgcaatgce
aaacatcgeca
ctggacgaag
atgcececgacg
gtggaaaatg
tatcaggaca
gaccgcttcee
cgcettettg
cgcccaacct
tcggaategt
agttcttege
gcatcacaaa
aactcatcaa
aatcatggtce
tacgagccgg
taattgcegtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca

tecegecceecce

43/63
tagtcececgece
cgeecccatgg
agctattcca
cgggagcttyg
tgattgaaca
gctatgactg
cgcaggggcg
aggacgagge
tegacgttgt
atctcctgtce
ggcggctgea
tcgagegage
agcatcaggg
gcgaggatcet
gccgetttte
tagegttgge
tcgtgettta
acgagttcett
gccatcacga
tttcecgggac
ccaccccaac
tttcacaaat
tgtatettat
atagectgttt
aagcataaag
gcgctcactg
ccaacgcgeg
ctecgetgege
acggttatcc
aaaggccagg

tgacgagcat

cctaactceceg
ctgactaatt
gaagtagtga
tatatccatt
agatggattg
ggcacaacag
cceggttett
agcgcggcta
cactgaagcg
atctcacctt
tacgcttgat
acgtactcgg
gctecgegeeca
cgtegtgacc
tggattcatc
taccegtgat
cggtategece
ctgagecggga
gatttcgatt
gccggetgga
ttgtttattg
aaagcatttt
catgtectgta
cctgtgtgaa
tgtaaagcct
ccegetttee
gggagaggcg
tecggtegtte
acagaatcag
aaccgtaaaa

cacaaaaatc

PCT/US02/33944

ccecatececge
ttttttattt
ggaggetttt
tteggatctg
cacgcaggtt
acaatecggcet
tttgtcaaga
tcgtggetgg
ggaagggact
gctecctgeeg
ccggctaccet
atggaagceg
gccgaactgt
catggcgatg
gactgtggec
attgctgaag
gctceccgatt
ctetggggtt
ccaccgecge
tgatcctceca
cagcttataa
tttcactgca
taccgtcgac
attgttatce
ggggtgccta
agtecgggaaa
gtttgcgtat
ggctgcggcg
gggataacgc
aggccgegtt

gacgctcaag

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380
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tcagaggtgg
cctegtgege
ttcgggaagce
cgttcgetcece
atcecggtaac
agccactggt
gtggtggect
gccagttacce
tagcggtggt
agatcectttg
gattttggte
aagttttaaa
aatcagtgag
ccecgtegtg
gataccgcga
aagggccgag
ttgcecgggaa
tgetacaggce
ccaacgatca
cggtecectecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttceg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac

tcececgaaaa

<210> 12

cgaaacccga
tctectgtte
gtggcgettt
aagctgggcet
tatcgtcecttg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg
gggcgaaaac
gcacccaact
ggaaggcaaa
ctettecttt
atatttgaat

gtgeccacctg

caggactata
cgaccctgee
ctcaatgcte
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctece
gtcctgecaac
gtagttcgece
cacgctegtce
catgatccce
gaagtaagtt
ctgtecatgcee
gagaatagtg
cgccacatag
tctecaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa

acgtc

44/63
aagataccag
gcttaccgga
acgctgtagg
accceceegtt
ggtaagacac
gtatgtagge
gacagtattt
ctcttgatec
gattacgcge
cgctecagtgg

cttcacctag

‘gtaaacttgg

tctatttegt
gggcttacca
agatttatca
tttatccgee
agttaatagt
gtttggtatg
catgttgtge
ggccgcagtyg
atcecgtaaga
tatgcggega
cagaacttta
cttacegectg
atcttttact
aaagggaata
ttgaagcatt

aaataaacaa

gcgttteccee
tacctgtceg
tatctcagtt
cagccecgacce
gacttategce
ggtgctacag
ggtatctgceg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcateccatag
tctggceccceca
gcaataaacc
tcecatccagt
ttgcgcaacg
gcttcecattcea
aaaaaagcgg
ttatcactca
tgcttttcetg
ccgagttgcet
aaagtgctca
ttgagatcca
ttecaccagceg
agggcgacac
tatcagggtt

ataggggttc

PCT/US02/33944

ctggaagctc
cctttcteee
cggtgtaggt
gctgegectt
cactggcagc
agttcttgaa
ctctgetgaa
ccaccgetgg
gatctcaaga

cacgttaagg

attaaaaatg -

accaatgcett
ttgcctgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgecat
gcteceggtte
ttagctcctt
tggttatgge
tgactggtga
cttgececegge
tcattggaaa
gttcgatgta
tttetgggtg
ggaaatgttg
attgtctcat

cgcgcacatt

4440
4500
4560
4620
4680\
4740
4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6085
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<211>
<212> DNA
<213>
<220>

<223>

<400> 12
gacggatcgg

ccgeatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttcecg
ccecgeecatt
attgacgtca
atcatatgcc
atgcccagta
tcgectattac
actcacgggg
aaaatcaacg
gtaggcgtgt
ctgettactg
aagcttggat
acctggatcc
tggacagccg
gacctttttg
ggtttccaac
tttcacactg
aagtatacag
ggctgcacca
tagegttgtg
ggataacgcc

cagcacctac

6097

Plasmid

gagatctccce
aagccagtat
ttaagctaca
gcgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccce
catgacctta
catggtgatg
atttcecaagt
ggactttcca
acggtgggag
gcttatcgaa
ctcaccatga
agtgcagata
gcctcececatet
tattggtatc
cggttctctyg
aaaatcagcce
cttcegctea
tetgtcettea
tgcctgetga
ctccaatecgg

agcctcagea

Artificial Sequence

gatcccctat
ctgctceectg
acaaggcaag
ctgettegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg
tgggacttte
cggttttgge
ctccacccea
aaatgtcgta
gtctatataa
attaatacga
gggtccctge
ttgtgatgac
cctgcecaagte
tgcagaagcc
gagtgccaga
gggtggaggce
ctttcggcgg
tcttecegece
ataacttcta
gtaactccca

gcaccctgac

45/63

ggtcgactct
cttgtgtgtt
gcttgaccga
atgtacgggce
ttacggggtce

atggccegcee

. ttcececatagt

aaactgccca
tcaatgacgg
ctacttggca
agtacétcaa
ttgacgtcaa
acaactccge
gcagagctcet
ctcactatag
tcagctectg
ccagactcca
tagtcagagc
aggccagect
taggttcagt
tgaggatgtt
agggaccaag
atctgatgag
tcecagagag
ggagagtgtc

gctgagcaaa

cagtacaatc
ggaggtcget
caattgcatg
cagatatacg
attagttcat
tggctgaccg
aacgccaata
cttggcagta
taaatggccce
gtacatctac
tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
gggctgctaa
ctetctetgt
ctcetgeata
ccacagctcce
ggcagcgggt
gggctttatt
gtggagatca
cagttgaaat
gccaaagtac
acagagcagg

gcagactacg

PCT/US02/33944

tgctetgatg
gagtagtgcg
aagaatctgce
cgttgacatt
agcccatata
cccaacgacce
gggactttce
catcaagtgt
gcctggceatt
gtattagtca
tageggtttg
ttttggcacc
caaatgggcg
agagaaccca
gctggctaga
tgectetggat
ccgtcaccce
gtgatggaaa
tgatctatga
cagggacaga
actgcatgca
aacgaactgt
ctggaactgce
agtggaaggt
acagcaagga

agaaacacaa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560
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agtetacgcce
caggggagag
gatcagccte
cttecttgac

catcgecattg

agggggagga
ctgaggcgga
cattaagcge
tagcgcecge
gtcaagctct
accccaaaaa
tttttegecee
gaacaacact
cggectattg
gaatgtgtgt
aaagcatgca
gcagaagtat
cgcccatcce
ttttttttat
gaggaggctt
tttteggate
tgcacgcagg
agacaatcgg
tttttgtcaa
tategtggcet
€gggaaggga
ttgcteectge
atcecggcectac
ggatggaagc
cagccgaact

ccecatggecga

tgcgaagtca
tgttaggaat
gactgtgcect
cctggaaggt
tetgagtagg
ttgggaagac
aagaaccagce
ggcgggtgtg
tcettteget
aaatcggggce
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat
cagttagggt
tectcaattag
gcaaagcatg
gcccectaact
ttatgcagag
ttttggaggce
tgatcaagag
ttcteeggece
ctgctctgat
gaccgacctg
ggccacgacyg
ctggctgeta
cgagaaagta
ctgccecattce
cggtcttgtce
gttcgccagg

tgcctgettyg

cccatcaggg
tcgeggeege
tetagttgece
gccactecca
tgtcattcta
aatagcaggce
tggggctceta
gtggttacge
ttetteeett
atccctttag
ggtgatggtt
gagtccacgt
tcggtctaft
gagctgattt
gtggaaagtc
tcagcaacca
catctcaatt
cecgeccagtt
gccgaggecg
ctaggetttt
acaggatgag
gcttgggtgg
gececgecgtgt
teceggtgece
ggcgttecett
ttgggcgaag
tccatcatgg
gaccaccaag
gatcaggatg
cteaaggege

ccgaatatca

46/63
cctgageteg
tecgagtetag
agccatetgt
ctgteettte
ttctgggggg
atgetgggga
gggggtatcc
gcagcgtgac
cetttetege
ggttcegatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
cccaggctec
ggtgtggaaa
agtcagcaac
ccgeccatte
cctetgecete
gcaaaaagct
gatcgttteg
agaggctatt
teceggetgte
tgaatgaact
gcgeagetgt
tgccggggea
ctgatgcaat
cgaaacatcg
atctggacga
gcatgcccga

tggtggaaaa

cccgtcacaa
agggccegtt
tgtttgcece

ctaataaaat

tggggtgggy
tgeggtggge
ccacgcgece
cgctacactt
cacgttegece
tagtgcttta
gccatcgece
tggactettg
ataagggatt
taacgcgaat
ccaggcaggce
gtcececcagge
catagtcccg
tcegecccat
tgagctattc
ccegggaget
catgattgaa
cggctatgac
agcegecagggyg
gcaggacgag
gctcgacgtt
ggatctcctg
geggceggctg
catcgagcga
agagcatcag
cggcgaggat

tggccgettt

PCT/US02/33944

agagcttcaa
taaacccget
teecececegtge
gaggaaattg
caggacagca
tctatggcett
tgtagcggeg
gcecagegcece
ggcttteccc
cggcaccteg
tgatagacgg
ttccaaactg
ttggggattt
taattctgtg

agaagtatgc

tcecececageag

cccctaacte
ggctgactaa
cagaagtagt
tgtatatcca
caagatggat
tgggcacaac
cgceceggtte
gcagcgeggce
gtcactgaag
tcatctcace
catacgcttyg
gcacgtactc
gggctcgege
ctegtegtga

tctggattca

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

.2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420
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tecgactgtgg
atattgctga
cegeteecga
gactctgggg
ttccacecgece
gatgatcctc
tgcagcttat
tttttecactg
tatacecgtceg
aaattgttat
ctggggtgec
ccagteggga
cggtttgegt
tcggetgegg
aggggataac
aaaggccgcg
tcgacgctca
ccectggaage
cgectttete
tteggtgtag
ccgetgegcece
gccactggca
agagttcttg
cgetectgetyg
aaccaccgcet
aggatctcaa
ctcacgttaa
aaattaaaaa
ttaccaatgce
agttgcctga

cagtgctgca

ceggetgggt
agagcttgge
ttecgecagege
ttcgaaatga
gccttctatg
cagcgcegggg
aatggttaca
cattctagtt
acctctagcet
ccgctecacaa
taatgagtga
aacctgtcgt
attgggcegcet
cgagcggtat
gcaggaaaga
ttgctggegt
agtcagaggt
tcectegtge
ccttegggaa
gtcgtteget
ttatccggta
gcagccactyg
aagtggtgge
aagccagtta
ggtageggtg
gaagatcctt
gggattttgg
tgaagtttta
ttaatcagtg
ctceecegteg

atgataccgce

gtggcggacc
ggcgaatggg
atcgecttcet
ccgaccaage
aaaggttggg
atctcatgct
aataaagcaa
gtggtttgtc
agagcttgge
ttcecacacaa
gctaactcac
gccagctgea
cttecgette
cagctcactc
acatgtgagce
ttttcecatag
ggcgaaacce
gctctectgt
gcgtggeget
ccaagctggg
actatcgtct
gtaacaggat
ctaactacgg
ccttcggaaa
gtttttttgt
tgatctttte
tecatgagatt
aatcaatcta
aggcacctat
tgtagataac

gagacccacyg

47/63
gctatcagga
ctgaccgcett
atcgecttct
gacgcccaac
cttcggaatce
ggagttctte
tagcatcaca
caaactcatc
gtaatcatgg
catacgagcc
attaattgeg
ttaatgaate
ctcecgeteact
aaaggcggta
aaaaggccag
gctceocgeccece
gacaggacta
tcecgacccetg
ttctecaatgce
ctgtgtgcac
tgagtecaac
tagcagagcg
ctacactaga
aagagttggt
ttgcaagcag
tacggggtct
atcaaaaagg
aagtatatat
ctcagcgatce
tacgatacgg

ctcaccgget

catagcgttg
cctegtgett
tgacgagtte
ctgccatcac
gttttecggg
gcccacccea
aatttcacaa
aatgtatctt
tcatagctgt
ggaagcataa
ttgcgctceac
ggccaacgeg
gactcgctge
atacggttat
caaaaggcca
cctgacgagce
taaagatacc
ccgcttacceg
tcacgctgta
gaacccceeg
ccggtaagac
aggtatgtag
aggacagtat
agctcttgat
cagattacgc
gacgctcagt
atcttcacct
gagtaaactt
tgtectatttce
gagggcttac

ccagatttat

PCT/US02/33944

gctaccegtg
tacggtateg
ttetgagegg
gagatttcga
acgccggetg
acttgtttat
ataaagcatt
atcatgtctg
ttectgtgtg
agtgtaaage
tgceegettt
cggggagagg
gcteggtegt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttece
gatacctgtc
ggtatctecag
ttcageccececga
acgacttatc
gcggtgcetac
ttggtatctg
ccggcaaaca
gcagaaaaaa
ggaacgaaaa
agatcctttt
ggtectgacag
gttecatccat
catctggece

cagcaataaa

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280
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ccagccagcece
gtctattaat
cgttgttgece
cagctececggt
ggttagctce
catggttatg
tgtgactggt
ctecttgcccg
catcattgga
cagttcgatg
cgtttetggg
acggaaatgt
ttattgtcte

tcegegeaca

<210> 13
<211>
<212>
<213>
<220>

<223>

<400> 13
gacggatcgg

ccgecatagtt
cgagcaaaat
ttagggttag
gattattgac
tggagttccg
ccegeceatt
attgacgtca
atcatatgcc

atgcccagta

6094

DNA

ggaagggccg
tgttgceggg
attgctacag
tccecaacgat
ttcggtcecte
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat

tttececgaa

Plasmid

gagatctcce
aagccagtat
ttaagctaca
gecgttttgeg
tagttattaa
cgttacataa
gacgtcaata
atgggtggac
aagtacgccce

catgacctta

agcgcagaag
aagctagagt
gcategtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac
cggggcgaaa
gtgcacccaa
caggaaggca
tactcttcect
acatatttga

aagtgccacc

Artificial Sequence

gatccectat
ctgctecctg
acaaggcaag
ctgettegeg
tagtaatcaa
cttacggtaa
atgacgtatg
tatttacggt
cctattgacg

tgggacttte

48/63

tggtecctgea
aagtagttceg
gtcacgcteg
tacatgatcc
cagaagtaag
tactgtecatg
ctgagaatag
cgcgccacat
actctcaagg
ctgatettca
aaatgccgea
ttttcaatat
atgtatttag

tgacgtce

ggtecgactct
cttgtgtgtt
gcttgaccga
atgtacggge
ttacggggtce
atggccegcece
ttccecatagt
aaactgccca
tcaatgacgg

ctacttggeca

actttatcceg
ccagttaata
tegtttggta
cccatgttgt
ttggccgeag
ccatcecgtaa
tgtatgcegge
agcagaactt
atcttaccge
gcatctttta
aaaaagggaa
tattgaagca

aaaaataaac

cagtacaatc
ggaggteget
caattgcatg
cagatatacg
attagttcat
tggctgacceg
aacgccaata
cttggcagta
taaatggcce

gtacatctac

PCT/US02/33944

ccteccatceca
gtttgcgceaa
tggctteatt
gcaaaaaagc
tgttatcact
gatgecttttce
gaccgagttg
taaaagtgct
tgttgagate
ctttecaccag
taagggcgac
tttatcaggg

aaataggggt

tgctctgatg
gagtagtgcyg
aagaatctge
cgttgacatt
agcccatata
cccaacgace
gggactttcc
catcaagtgt
gcctggeatt

gtattagtca

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6097

60

120

180

240

300

360

420

480

540

600
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tecgetattac

actcacgggg
aaaatcaacg
gtaggcgtgt
ctgcttactyg
aagcttggat
ctetggtgece
gggcgagagg
taagaactat
ttgggcatte
agatttcact
ccaatattat
ygtggctgcea
tgetagegtt
ggtggataac
ggacagcacc
caaagtctac
caacagggga
cagcctegac
ccttgaccect
cgcattgtcet
gggaggattg
aggcggaaag
taagcgegge
cgceccgcetee
aagctctaaa
ccaaaaaact
ttecgeceettt
caacactcaa
cctattggtt

tgtgtgtcag

catggtgatg
atttccaagt
ggactttcca
acggtgggag
gcttatcgaa
ctcaccatgg
tacggggaca
gccaccatca
ttagcttggt
ctcecgggaat
ctcaccatca
tctactttat
ccatctgtcet
gtgtgcctge
gccctceaat
tacagcctca
gcctgecgaag
gagtgttagg
tgtgccﬁtct
ggaaggtgcc
gagtaggtgt
ggaagacaat
aaccagctgg
gggtgtggtg
tttcgettte
teggggeate
tgattagggt
gacgttggag
ccctatcteg
aaaaaatgag

ttagggtgtg

cggttttgge
ctccacccea
aaatgtegta
gtctatataa
attaatacga
tgttgcagac
tegtgatgac
actgcaagtc
accagcagaa
ccggggtcecce
gcagcctgea
atactttegg
tecatcttece
tgaataactt
cgggtaactc
gcagcaccct
tcacccatca
cggecgceteg
agttgecagce
actcccactg
cattctattc
agcaggcatg
ggctctaggg
gttacgcgca
ttceccttect
ccetttagggt
gatggttcac
tccacgttet
gtctattett
ctgatttaac

gaaagtccece

49/63

agtacatcaa
ttgacgtcaa
acaactccgce
gcagagctcet
ctcactatag
ccaggtctte
ccagtcteca
caaccagagt
accaggacag
tgaccgette
ggctgaagat
cggagggacc
gccatctgat
ctatcececaga
ccaggagagt
gacgctgagce
gggcctgage
agtctagagg
catctgttgt

tcectttecta

tggggggtgg
ctggggatge
ggtatccccea
gcgtgaccge
ttctecgecac
tccgatttag
gtagtgggce
ttaatagtgg
ttgatttata
aaaaatttaa

aggctccccea

tgggcgtgga
tgggagtttg
cccattgacg
ctggctaact
ggagacccaa
atttctctgt
gactcecctgg
gtcttacaca
cctectaaat
agtggcagceg
gtggcagttt
aaggtagaga
gagcagttga
gaggccaaag
gtcacagagc
aaagcagact
tcgecegtea
gccegtttaa
ttgcecectee
ataaaatgag
ggtggggcag
ggtgggctet
cgecgeectgt
tacacttgce
gttcegeegge
tgctttacgg
atcgecectga
actettgtte
agggattttg
Cgcgaattaa

gdcaggcaga

PCT/US02/33944

tagcggtttg
ttttggcacc
caaatgggeg
agagaaccca
gctggctaga
tactctggat
ctgtgtectet
gctccaacaa
tgcteattta
ggtctgggac
attactgtca
tcaaacgaac
aatctggaac
tacagtggaa
aggacagcaa
acgagaaaca
caaagagctt
accecgetgat
ccegtgectt
gaaattgcat
gacagcaagdg
atggcttctyg
agcggcegceat
agcgccctag
ttteceegte
cacctcgace
tagacggttt
caaactggaa
gggatttegg
ttctgtggaa

agtatgcaaa

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

» 1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460
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gcatgcatct
gaagtatgca
ccatceegec
tttttattta
gaggcttttt
tcggatctga
acgcaggttc
caatcggetg
ttgtcaagac
cgtggetgge
gaagggactg
ctcetgeega
cggctacctg
tggaagccgg
ccgaactgtt
atggcgatge
actgtggcceg
ttgctgaaga
ctcecgatte
tctggggttce
caccgcegec
gatcctccag
agcttataat
ttcactgcat
accgtcgacc
ttgttateccg
gggtgcctaa
gtcgggaaac
tttgegtatt
gctgeggega

ggataacgca

caattagtca
aagcatgcat
cctaactceg
tgcagaggcce
tggaggccta
tcaagagaca
teceggeeget
ctctgatgece
cgacctgtce
cacgacgggce
gctgctattg
gaaagtatce
cccattecgac
tcttgtegat
cgccaggcectce
ctgettgecg
gctgggtgtg
gcttggegge
gcagcgcatce
gaaatgaccg
ttctatgaaa
cgcggggatc
ggttacaaat
tctagttgtg
tctagctaga
ctcacaattce
tgagtgagct
ctgtegtgece
gggcgcectett
gcggtatcag

ggaaagaaca

gcaaccaggt
ctcaattagt
cccagttecg
gaggccgect
ggettttgea
ggatgaggat
tgggtggaga
gcecgtgttcee
ggtgccetga
gtteccttgeg
ggcgaagtgce
atcatggctg
caccaagcga
caggatgatc
aaggcgcgca
aatatcatgg
gcggaccgcet
gaatgggctg
gccttctate
accaagcgac
ggttgggett
tcatgctgga
aaagcaatag
gtttgtccaa
gcttggegta
cacacaacat
aactcacatt
agctgcecatta
ccgcettecte
ctcactcaaa

tgtgagcaaa

50/63
gtggaaagte
cagcaaccat
ccecattetec
ctgectetga
aaaagctccc
cgtttegeat
ggctattecgg
ggctgtcage
atgaactgca
cagctgtgct
¢ggggcagga
atgcaatgcg
aacatcgcat
tggacgaaga
tgccegacgg
tggaaaatgg
atcaggacat
accgettect
gccttettga
gcccaacctg
cggaatcgtt
gttcttegece
catcacaaat
actcatcaat
atcatggtca
acgagccgga
aattgegttg
atgaatcgge
gctcactgac
ggcggtaata

aggccagcaa

cccaggctcec
agtcccgecc
gcceccatgge
gctattccag
gggagcttgt
gattgaacaa
ctatgactgg
gcaggggcgce
ggacgaggca
cgacgttgte
tcteetgtea
gcggcectgeat
cgagcgagca
gcatcagggyg
cgaggatctc
ccgettttet
agcgttggct
cgtgetttac
cgagttcttce
ccatcacgag
ttcecegggacg
caccccaact
ttcacaaata
gtatcttatc
tagctgttte
agcataaagt
cgctcactge
caacgcgegg
tegetgeget
cggttatcca

aaggccagga

PCT/US02/33944

ccagcaggcea
ctaactccege
tgactaattt
aagtagtgag
atatccattt
gatggattge
gcacaacaga
ccggttettt
gcgeggetat
actgaagcgg
tcteaccttg
acgcttgatc

cgtactegga

ctcgegecag

gtcgtgacce
ggattcatcg
acccgtgata
ggtatcgecg
tgagegggac
atttcgatte
ccggctggat
tgtttattge
aagcattttt
atgtctgtat
ctgtgtgaaa
gtaaagcctg
ccgetttcecea
ggagaggcgyg
cggtegtteg
cagaatcagg

accgtaaaaa

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240.

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320
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ggccgegttg
acgctecaagt
tggaagctecce
ctttcteect
ggtgtaggtc
ctgcgectta
actggcagca
gttettgaag
tectgctgaag
caccgctggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgcectta
tgcctgactc
tgctgcaatg
gccagccgga
tattaattgt
tgttgecatt
ctceggttcece
tagctecttce
ggttatggca
gactggtgag
ttgcecggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg

gcgcacattt

ctggegtttt
cagaggtggc
ctecgtgcget
tegggaageg
gttcgctcea
tcecggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
cccgtegtgt
ataccgcgag
agggccgagce
tgccgggaag
gctacaggca
caacgatcaa
ggtcctecga
gcactgcata
tactcaacca
tcaatacggg
cgttcttegg
cccactegtg
gcaaaaacag
atactcatac
agcggataca

ccccgaaaag

tcecatagget
gaaacccgac
ctcecctgttec
tggcgettte
agctgggetg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tettttcetac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgcetce
gcagaagtgg
ctagagtaag
tcgtggtgte
ggcgagttac
tegttgteag
attectcttac
agtcattctg
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tetteetttt
tatttgaatg

tgccacctga

51/63

ccgecececect
aggactataa
gaccctgecg
tcaatgctceca
tgtgcacgaa
gtecaacccg
cagagcgagg
cactagaagg
agttggtage
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctceca
tcetgeaact
tagttcgccea
acgctecgtceg
atgatccccce
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatage
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa

cgte

gacgagcatce
agataccagg
cttaccggat
cgctgtaggt
ccececeegtte
gtaagacacg
tatgtaggcg
acagtatttg
tecttgatceeg
attacgcgcea
gctcagtgga
ttcacctaga
taaacttggt
ctatttcegtt
ggcttaccat
gatttatcag
ttatccgecet
gttaatagtt
tttggtatgg
atgttgtgca
gccgecagtgt
tcegtaagat
atgcggcgac
agaactttaa
ttaccgcetgt
tcttttactt
aagggaataa
tgaagcattt

aataaacaaa

PCT/US02/33944

acaaaaatcg
cgtttcccee
acctgtecege
atctcagtte
agcccgacceg
acttatcgee
gtgctacaga
gtatctgcge
gcaaacaaac
gaaaaaaagg
acgaaaactc
tccttttaaa
ctgacagtta
catccatagt
ctggccccag
caataaacca
ccatccagte
tgcgcaacgt
cttcattecag
aaaaagcggt
tatcactcat
gettttectgt
cgagttgcete
aagtgctcat
tgagatccag
tcaccagegt
gggcgacacg
atcagggtta

taggggttce

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6094



WO 03/034903

<210> 14
<211> 481
<212> DNA
<213>
<220>
<223>

junction

<400> 14
ggatctcacc

ccagtgtcag
gagactctec
ccaggctccea
atactatgca
gcagtatctg
aggcggtgac
ggtcaccgtc

c

<210> 15

<211l> 142

<212> PRT

<213> Homo

<400> 15
Met Glu Leu
1

Val Gln Cys

Pro Gly Arg

35

Ser Arg
50

Tyr

Glu Trp Val

65

Asp Ser Val

atggagttgg
gtgcaattgg
tgtgcagcgt
ggcaaggggc
gactcecgtga
caaatgaaca
ttecetctact

tecetecagecet

sapiens

Gly Leu
Gln Val
20

Ser Leu
Gly Met

Ala Val

Lys Gly
85

Arg

Gln

Arg

His

Ile

70

Arg

Artificial Sequence

gactgcgetg
tggagtcetgg
ctggattege
tggagtgggt
agggccgatt

gcectgagage

-actactatta

ccaccaaggg

Trp Gly

Val

Leu

Ser
40

Leu

Trp Val

55

Trp Tyxr

Phe Thr

Arg

Asp

52/63

gggcttecte
gggaggcgtg
cttcagtaga
ggcagttata
caccatctcc
cgaggacacg
cggtatggac

cccateggte

Phe Leu Val

10

Glu
25

Ser Gly

Cys Ala Ala

Gln Ala

Gly Ser

75
Ile Ser
20

Arg

gttgctcecttt
gtccagectg
tatggcatge
tggtatgatg
agagacaatt
gctgtgtatt
gtctggggece

ttecccectgg

Ala Leu Leu

Val
30

Gly Gly

Ser Gly Phe

45
Pro Gly
60

Lys

Asn Lys Tyr

Asp Asn Ser

PCT/US02/33944

taagaggtgt
ggaggtccct
actgggtccg
gaagtaataa
ccaagaacac
actgtgcgag
aagggaccac

caccctctag

Arg Gly
15

Val Gln
Ala Phe
Gly Leu
Tyr Ala

80

Lys Asn
95

Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’Xbal/Nhel (heavy) or Nhel (1ight) cloning

60

120

180

240

300

- 360

420

480

481



WO 03/034903
Thr Gln Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Vval

Tyr Tyr Cys Ala Arg Gly Gly Asp Phe Leu Tyr Tyr

115

Met Asp Val Trp Gly Gln Gly Thr Thr Val Thr Val

130
<210> 16
<211> 463
<212> DNA
<213>

<220>

100

120

135

Artificial Sequence

53/63

105

110

Tyr Tyr
125

Ser Ser
140

PCT/US02/33944

Tyr Gly

<223> Includes BamHI/BglII cloning junction, signal peptide, V region,

portion of C region and 3'XbaI/NheI (heavy) or NheI (

junction

<400> 16
ggatctcacc

taccagatgt
cagagtcacc
gcagaaaaca
ggtcccatcet
cctgeagect
ttteggecect

ctteccgeca

<210> 17

<211> 127
<212> PRT
<213> Homo
<400> 17

Met Arg Val
1

Asp Thr Arg
Ala Sser Vval
35

Ile Ser Asn
50

atgagggtcc
gacatccaga
atcacttgcc
gggaaagttc
cggttcagtg
gaagatgttg
gggaccaaag

tctgatgage

sapiens

ctgectcaget
tgacccagtce
gggcgagtcea
ctaagttcct
geggtggate
caacttatta
tggatatcaa

agttgaaatc

cctgggactc
tcecatectece
gggcattage
gatctatgaa
tgggacagat
ctgtcaaaat
acgaactgtg

tggaactgct

Pro Ala Gln Leu Leu Gly Leu Leu

5

10

Cys Asp Ile Gln Met Thr Gln Ser
25

20

Gly Asp Arg Val Thr Ile Thr Cys

40

ctgctgcetet
ctgtctgceat
aattatttag
gcatccactt
ttcactctca
tataacagtg
gctgecaccct

agc

Leu Leu Trp

Pro Ser Ser
30

Arg Ala Ser
45

light) cloning

ggctcccaga
ctgtaggaga
cctggtatca
tgcaatcagg
ccatcagcag
cccceatteac

ctgtctteat

Leu Pro
i5

Leu Ser

Gln Gly

Tyr Leu Ala Trp Tyr Gln Gln Lys Thr Gly Lys Val Pro

55

60

60

120

180

240

300

360

420

463
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Lys Phe Leu Ile Tyr Glu Ala Ser Thr Leu

65

Arg Phe Ser Gly Gly Gly Ser Gly Thr Asp
Ser Leu Gln Pro Glu Asp Val Ala Thr Tyr

Ser Ala Pro Phe Thr Phe Gly Pro Gly Thr

115
<210> 18
<21l> 508
<212> DNA
<213>
<220>
<223>

junction

<400> 18
ggatctcacc

cctegttget
cgtggteccag
taactatgtc
tatatggtat
ctccagagac
cacggetgtg
tatggacgtc

atcggtette

<210> 19

<211> 143
<212> PRT
<213>

<400> 19

70

85

100

atggggtcaa
cttttaagag
cctgggaggt
atgcactggg
gatggaagta
aattccaaga
tattactgtg

tggggccaag

ccectggeac

Homo sapiens

120

Artificial Segquence

ccgeceatcecet
gtgtccagtg
ccctgagact
tcecgecagge
ataaatacta
acacgctgta
cgggtggata
ggaccacggt

cctetage

54/63

75

90

105

caccatggag
tcaggtgcag
ctcectgtgea
tccaggcaag
tgcagactcc
tctgcaaatg
taactggaac

caccgtctce

125

ttggggetge
ctggtggagt
gcgtetggat
gggctggagt
gtgaagggcce
aacagcctga
tacgagtacc

tecagccteeca

PCT/US02/33944

Gln Ser Gly Val Pro Ser

80

Phe Thr Leu Thr Ile Ser

95

Tyr Cys Gln Asn Tyr Asn
110

Lys Val Asp Ile Lys

gctgggttcet
ctgggggagg

tcacctteag

gggtggcaat
gattcaccat
gagccgagga
actactacgg

ccaagggecee

Met Glu Leu Gly Leu Arg Trp Val Leu Leu Val Ala Leu Leu Arg Gly

1

5

10

15

Val @Gln Cys Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val val Gln

20

25

30

Includes BamHI/BglII cloning junction, signal peptide, V region, -
portion of C region and 3’'Xbal/Nhel (heavy) or NheI (light) cloning

60

120

180

240

300

360

420

480

508
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Pro Gly Arg

35

Asn
50

Ser Tyr

Glu val

65

Trp

Asp Ser Val

Thr Leu Tyxr

Tyr Tyr Cys

115
Gly Met
130

Asp

<210> 20

<211l> 463
<212> DNA

<213>
<220>

Ser Leu

Val Met
Ala Tle

Gly
85

Lys

Leu Gln

100

Ala

Val Trxp

Ile
70

Arg
Met

Gly Gly

Gly

Ser
40

Leu

Trp Val

55

Trp Tyr

Phe Thr
Ser

Asn

Asn
120

Tyr

Gln
135

Gly

Artificial Sequence

55/63

Cys Ala Ala

Arg Gln Ala

Ser
75

Asp Gly

Ile Ser

90

Arg

Leu Ala

105

Arg

Trp Asn Tyr

Thr Thr Val

Ser Gly

45

Pro
60

Gly

Asn Lys

Asp Asn

Glu Asp

Glu Tyr

125
Thr val
140

Phe

Lys

Tyr

Ser

Thr

110

Hisg

Ser

PCT/US02/33944

Thr Phe

Leu

Gly

Ala
80

Tyr

Lys Asn

95

Ala Vval

Tyr Tyr

Ser

<223> TIncludes BamHI/BglII cloning junction, signal peptide, V region,

portion of C region and 3’XbaI/Nhel (hea

junction

<400> 20
ggatctcacc

tgccagatgt
cagagtcacc
gcagaaacca
ggtcccatca
cctgecagecet
cttcggccaa

cttcecegecea

<210> 21

<211> 127
<212> PRT
<213> Homo

<400> 21

atgagggtcc
gacatccaga
atcacttgtce
gggaaagcce
aagttcagcg
gaagattttg
gggacacgac

tctgatgagce

sapiens

ccgctcaget
tgacccagte
gggcgagtca
ctaagtcect
gcagtggatc
caacttatta
tggagattaa

agttgaaatc

cctggggcete
tcecatcectea
gggcattacc
tatctatgcet
tgggacagat
ctgccaacag
acgaactgtg

tggaactgcet

ctgctgetet
ctgtctgcat
aattatttag
gcatccagtt
ttcagtctca
tataatagtt
gctgcaccat

agc

vy) or NheI (light) cloning

gtttceccagyg
ctgtaggaga
cctggtttea
tgcaaagtgg
ccatcagcag
acccgatcac

ctgtctteat

60

120

180

240

300

360

420

463
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Met Arg Val
1
Ala

Gly Arg

Val
35

Ala Ser

Thr
50

Ile Asn

Lys Ser Leu

65
Phe

Lys Ser

Ser Leu Gln

Pro
115

Ser Tyr

<210> 22

<211> 490
<212> DNA
<213>
<220>
<223>

junction

<400> 22
ggatctcacc

ccagtgtcag
gagactctcc
ccaggctcca
atactatgca
gctgtacctg
agcttgggcecc
agggaccacg

accctctage

<210> 23

<211> 145

Pro Ala

Cys
20

Asp
Gly Asp
Tyr Leu
Ile Tyr

Ser
85

Gly

Pro Glu

100

Ile Thr

atggagttgg
gtcecagetgg
tgtgcagegt
ggcaaggggc
gactccgtga
caaatgaaca
tatgactacg

gtcaccgtct

Gln

Ile

Arg

Ala

Ala

70

Gly

Asp

Phe

Leu Leu

Gln Met

val Thr

40
Trp Phe
55

Ala Ser

Ser Gly
Phe Ala

Gln
120

Gly

Artificial Sequence

gacttagetg
tggagtctgg
ctggattceac
tggactgggt
agggccgatt
gtttgagagce
gtgactatga

cctcagecte

56/63

Gly Leu Leu
10

Thr Gln

25

Ser

Ile Thr Cys

Gln Gln Lys

Gln
75

Ser Leu

Thr Asp Phe

90

Thr
105

Tyr Tyr

Gly Thr Arg

ggttttcecte
gggaggcgtyg
cttcagtage
ggcaattatt
caccatctec
cgaggacacg
atactacttc

caccaagggce

Leu Leu

Pro Ser

30

Ala
45

Arg

Pro
60

Gly
Ser Gly
Ser Leu
Cys Gln

Glu
125

Leu

gttgectecttt
gtccagectg
tatggecatgce
tggcatgatg
agagacaatt
gctgtgtatt
ggtatggacg

ccateggtet

Cys

Ser

Ser

Lys

Val

Thr

Gln

110

Ile

PCT/US02/33944

Phe Pro
15

Leu Ser
Gln Gly
Ala

Pro

Ser
80

Pro

Ile
95

Ser

Tyr Asn

Lys

taagaggtgt
ggaggtcceccet
actgggtccg
gaagtaataa
ccaagaagac
actgtgcgag
tctggggcca

teccecectgge

Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’Xbal/Nhel (heavy) or Nhel (light) cloning

60

120

180

240

300

360

420

480

490
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57/63

<212> PRT

<213> Homo sapiens

<400> 23

Val Phe Leu Val Ala

10

Leu Arg Gly
15

Met Glu Leu Gly Leu Ser Trp Leu

1 5
Val Val Gln
30

Val Gln Val Glu

25

Gln
20

Val Gln Cys Leu Ser Gly Gly Gly

Ser Ala Ala Ser Phe Thr Phe

40

Pro Gly Arg Ser Leu Leu

35

Arg Cys Gly

45
Val Gln

Ala Pro Leu

60

Ser Met His Gly Gly

50

Ser Tyr Gly Trp

55

Arg Lys

Ala
80

Ile
70

Val Ile Ser Asn

75

Asp Ala Gly Lys Tyr Tyr

65

Trp Trp Asp

Val Phe Thr Ile Ser Asn Ser

920

Asp Ser Lys Gly Arg Asp Lys Lys

85

Arg

Ala Glu Thr Ala Vval

110

Met Leu

105

Thr Leu Gln Asn Ser

100

Leu Tyr Arg Asp

Ala Glu

120

Tyr Ala Ala Ty Tyr Gly Asp Tyxr

125

Tyr

Tyr Cys

115

Arg Trp Asp

Gln Thr Thr val Thr Vval

140

Phe Val Ser

130

Tyxr Gly Met Asp Trp Gly Gly

135

Ser
145

<210> 24
<211> 463
<212> DNA
<213> Artificial Sequence

<220>

<223> Includes BamHI/BglII cloning junction, signal peptide, V region,

portion of C region and 3'Xbal/Nhel (heavy) or Nhel (light) cloning
junction

;;gg?:tczic atgagggtcc ctgctecaget cctggggcete ctgctgctct gttteccagg 60
tgccagatgt gacatccaga tgacccagtc tccatcctca ctgtctgcat ctgtaggaga 120
cagagtcacc atcacttgtc gggcgagteca gggcattage cattatttag cctggtttca 180
geagaaacca gggaaagccce ctaagtccct gatctatget geatccagtt tgecaaagtgg 240
ggtcecatca aagttcageg gcagtggatc tgggacagat ttcactctea ccatcagcag 300
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58/63
cctacagect gaagattttg caacttatta ctgeccaacag tataatagtt tceegeteac 360
ttteggegga gggaccaagg tggagatcaa acgaactgtg getgcaccat ctgtetteat 420
cttececegeeca tctgatgage agttgaaatce tggaactget age 463

<210> 25
<211> 127
<212> PRT

<213> Homo sapiens
<400> 25

Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Cys Phe Pro
1 5 10 15

Gly Ala Arg Cys Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser
20 25 30

Ala ser Val Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly
35 40 45

Ile Ser His Tyr Leu Ala Trp Phe Gln Gln Lys Pro Gly Lys Ala Pro
50 55 60

Lys Ser Leu Ile Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser
65 70 75 80

Lys Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser
85 90 95

Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn
100 105 110

Ser Phe Pro Leu Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys

115 120 125
<210> 26
<211> 469
<212> DNA

<213> Artificial Sequence

<220>

<223> Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’Xbal/Nhel (heavy) or NheI (light) cloning

junction

<400> 26
ggatcccacc atggggtcaa cecgtcatcct cgecectecte ctggetgtte tccaaggagt 60

ctgtgecgag gtgcagetgg tgcagtetgg agcagaggtg aaaaagcecg gggagtctcet 120

gaagatctcc tgtaagggtt ctggatacag ctttaccagt tactggateg gectgggtgceg 180
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59/63
ccagatgcec gggaaaggcce tggagtggat ggggatcate
cagatacagc ccgtecttec aaggccaggt caccatctca
cgectacctg cagtggagca gcctgaagge ctcggacacce
acggatggca gcagctggcc cctttgacta ctggggccag
ctcagecctee accaagggec catcggtett cececctggcea
<210> 27
<211l> 138
<212> PRT
<213> Homo sapiens
<400> 27
Met Gly Ser Thr Val Ile Leu Ala Leu Leu Leu
1 5 10
Val Cys Ala Glu Val Gln Leu Val Gln Ser Gly

20 25
Pro Gly Glu Ser Leu Lys Ile Ser Cys Lys Gly
35 40
Thr Ser Tyr Trp Ile Gly Trp Val Arg Gln Met
50 55
Glu Trp Met Gly Ile Ile Tyr Pro Gly Asp Ser
65 70 75
Pro Ser Phe Gln Gly Gln Val Thr Ile Ser Ala
85 90
Thr Ala Tyr Leu Gln Trp Ser Ser Leu Lys Ala
100 105
Tyr Tyr Cys Ala Arg Arg Met Ala Ala Ala Gly
115 120
Gly Gln Gly Thr Leu Val Thr Val Ser Ser
130 135
<210> 28
<211> 466
<212> DNA
<213> Artificial Sequence
<220>
<223>

junction

tatcctggtg
gccgacaagt
gccatgtatt
ggaaccctgg

ccctetage

Ala Val Leu

Glu val

30

Ala

Ser Gly

45

Tyr

Pro
60

Gly Lys

Asp Thr Arg

Asp Lys Ser

Thr
110

Ser Asp

Phe
125

Pro Asp

PCT/US02/33944

actctgatac
ccatcagcac
actgtgcgag

tcaccgtete

Gln
15

Gly
Lys Lys
Ser Phe
Leu

Gly

Ser
80

Tyr

Ile
95

Ser

Ala Met

Tyr Trp

240

300

360

420

469

Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’XbaI/NheI (heavy) or NheI (light) cloning
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PCT/US02/33944

60/63
<400> 28
ggatctcacc atgagggtce ccgctcaget tetettectt ctgetactet ggctcccaga 60
taccactgga ggaatagtga tgacgcagte tccagccacc ctgtctgtgt ctecagggga 120
aagagccacc ctctcctgea ggaccagtca gagtattgge tggaacttag cctggtacca 180
acagaaacct ggccaggcte ccaggctect catctatggt gcatctteca ggaccactgg 240
tatcccagee aggttecagtg geagtgggte tgggacagag ttcactcteca ccatcagcag 300
cctgcagtct gaagattctg cagtttatta ctgtcageat tatgataact ggcccatgtg 360
cagttttgge caggggaccg agctggagat caaacgaact gtggctgcac catctgtcett 420
catcttceceg ccatctgatg agecagttgaa atctggaact gctagce 466
<210> 29
<211> 128
<212> PRT
<213> Homo sapiens
<400> 29
Met Arg Val Pro Ala Gln Leu Leu Phe Leu Leu Leu Leu Trp Leu Pro
1 5 10 15
Asp Thr Thr Gly Gly Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser
20 25 30
Val Ser Pro Gly Glu Arg Ala Thr Leu Ser Cys Arg Thr Ser Gln Ser
35 40 45
Ile Gly Trp Asn Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro
50 55 60
Arg Leu Leu Ile Tyr Gly Ala Ser Ser Arg Thr Thr Gly Ile Pro Ala
65 70 75 80
Arg Phe Ser Gly Ser Gly Ser Gly Thr Glu Phe Thr Leu Thr Tle Ser
85 90 95
Ser Leu Gln Ser Glu Asp Ser Ala Val Tyr Tyr Cys Gln His Tyr Asp
100 105 110
Asn Trp Pro Met Cys Ser Phe Gly Gln Gly Thr Glu Leu Glu Ile Lys
115 120 125
<210> 30
<211> 487
<212> DNA
<213> Artificial Sequence

<220>
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61/63

PCT/US02/33944

<223> Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’'Xbal/NheI (heavy) or Nhel (light) cloning
junction
<400> 30
ggatctcace atggagtttg ggctgtgetg gattttecte gttgetettt taagaggtgt 60
ccagtgteag gtgcagectgg tggagtetgg gggaggegtg gtecagectg ggaggtecct 120
gagactctcec tgtgecagect ctggattcac cttcattage tatggcatgc actgggtceg . 180
ccaggctcca ggcaaggggc tggagtgggt ggcagttata tcatatgatg gaagtaataa 240
atactatgca gactccgtga agggccgatt caccatctce agagacaatt ccaagaacac 300
gctgtatctg caaatgaaca gcctgagage tgaggacacg gctgtgtatt actgtgcgag 360
agtattagtg ggagctttat attattataa ctactacggg atggacgtct ggggccaagg 420
gaccacggtc accgtctcet cagectecac caagggccca teggtettee ccetggeace 480
ctctagce 487
<210> 31
<211> 144
<212> PRT
<213> Homo sapiens
<400> 31
Met Glu Phe Gly Leu Cys Trp Ile Phe Leu Val Ala Leu Leu Arg Gly
1 5 10 15
Val Gln Cys Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln
20 25 30
Pro Gly Arg Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe
35 40 45
Ile Ser Tyr Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu
50 55 60
Glu Trp Val Ala Val Ile Ser Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala
65 70 75 80
Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn
85 90 95
Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val
100 105 110
Tyr Tyr Cys Ala Arg Val Leu Val Gly Ala Leu Tyr Tyr Tyr Asn Tyr
115 120 125
Tyr Gly Met Asp Val Trp Gly Gln Gly Thr Thr val Thr Val Ser Ser
130 135 140

<210> 32
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<211l> 478

<212> DNA
<213>
<220>
<223>

junction

<400> 32
ggatctcacc

atccagtgca
gcecggectec
tttgtattgg
caaccggttce
actgaaaatc
acagcttceg

accatctgtc

<210> 33

<211l> 132

<212> PRT

<213> Homo

<400> 33

Met Arg Vval
1
Ser

Gly Ser

Pro
35

Val Thr

Leu His

50

Leu

Pro Gln

65

Gly

Ser Gly Vval

Thr Leu Lys

atgagggtcc
gatattgtga
atctcectgea
tatetgcaga
tetggagtge
agccgggtgg
ctcactttcg

ttcatettcee

sapiens

Pro Ala Gl

Ala Il

20

Asp

Gly Gln

Ser Asp Gl

Gl
70

Pro Pro

Pro Asp

85

Ile
100

Ser

Pro

Arg

Arg

Artificial Sequence

ctgctcagcet
tgacccagac
agtctagtca
agccaggcca
cagataggtt
aggctgagga
gcggagggac

cgccatctga

n Leu Leu

e Val Met

Ala Ser

40

y Lys Thr

55

n Leu Leu

Phe

Ser

Val Glu

Gly

Thr

25

Ile

Phe

Ile

Gly

Ala
105

62/63

cctggggetg

teccactctet
gagcctectg
gcctecacag
cagtggcagce
tgttgggcett
caaggtggag

tgagcagttg

Leu Leu

10

Gln Thr

Ser Cys
Leu

Tyr

Glu
75

TyT

Ser
90

Gly

Glu Asp

ctaatgctet
ctgtccgtea
catagtgatg
ctcectgatcet
gggtcaggga
tattactgca
atcaaacgaa

aaatctggaa

Met Leu Trp

Ser
30

Pro Leu

Ser Ser

45

Lys

Trp Leu

60

Tyr

Val Ser Asn

Ser Gly Thr

Val Leu

110

Gly

PCT/US02/33944

ggatacctgg
cccetggaca
gaaagacctt
atgaggtttc
cagatttcac
tgcaaagtat
ctgtggetge

ctgctage

Ile
15

Pro
Ser

Leu

Gln Ser

Gln Lys

Phe
80

Arg

Asp Phe

95

Tyr Tyr

Includes BamHI/BglII cloning junction, signal peptide, V region,
portion of C region and 3’XbaI/NheI (heavy) or Nhel (light) cloning
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Cys Met Gln Ser Ile Gln Leu Pro Leu Thr Phe Gly Gly Gly Thr Lys

115 120 125

Val Glu Ile Lys
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