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NOVEL COMPOSITIONS AND METHODS IN CANCER ASSOCIATED WITH
ALTERED EXPRESSION OF PRDM11

The present application is a continuing application of U.S.8.N.s 10/034,650, filed December 20,
2001, 09/747,377, filed December 22, 2000, and 09/798,586, filed March 2, 2001 all of which are
expressly incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to novel sequences for use in diagnosis and treatment of cancer,
especially carcinomas including breast cancer, as well as the use of the novel compositions in
screening methods.

BACKGRQUND OF THE INVENTION

Oncogenes are genes that can cause cancer. Carcinogenesis can occur by a wide variety of
mechanisms, including infection of cells by viruses containing oncogenes, activation of
protooncogenes in the host genome, and mutations of protooncogenes and tumor suppressor
genes.

There are a number of viruses known to be involved in human cancer as well as in animal cancer.
Of particular interest here are viruses that do not contain ancogenes themselves; these are slow-
transforming retroviruses. They induce tumors by integrating into the host genome and affecting
neighboring protooncogenes in a variety of ways, including promoter insertion, enhancer insertion,
and/or truncation of a protooncogene or tumor suppressor gene. The analysis of sequences at or
near the insertion sites led to the identification of a number of new protooncogenes.

With respect to lymphoma and leukemia, murine leukemia retrovirus (MuLV), such as SL3-3 or Aky,

is a potent inducer of tumors when inoculated into susceptible newborn mice, or when carried in the
germline. A number of sequences have been identified as relevant in the induction of lymphoma
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and leukemia by analyzing the insertion sites; see Sorensen et al., J. of Virology
74:2161 (2000); Hansen et al., Genome Res. 10(2):237-43 (2000); Sorensen et al., J.
Virology 70:4063 (1996); Sorensen et al., J. Virology 67:7118 (1993); Joosten et al.,
Virology 268:308 (2000); and Li et al., Nature Genetics 23:348 (1999); all of which are
expressly incorporated by reference herein.

In addition, breast cancer is one of the most significant diseases that affects women. At
the current rate, American women have a 1 in 8 risk of developing breast cancer by age
95 (American Cancer Society, 1992). Treatment of breast cancer at later stages is often
futile and disfiguring, making early detection a high priority in medical management of
the disease.

PRDMI1 is a relatively uncharacterized protein. [t has contains a region of low
similarity to a region of human transcription factor PRDM4. However, its
physiological role remains unknown. As demonstrated below, mutations that interrupt
the PRDM 11 coding sequence result in cancer. Moreover, altered expression of
PRDMI1 correlates with cancer, in particular with breast cancer.

Accordingly, it is a preferred aspect of the invention to provide sequences involved in
cancer and in particular in oncogenesis and breast cancer.

SUMMARY OF THE INVENTION

The present invention provides a method of detecting a cancerous breast cell
comprising detecting the presence of increased expression of a PRDM11 gene ina
patient sample relative to expression of the PRDM11 gene in a control sample, wherein
the presence of increased expression of the PRDM11 gene in said patient sample is
indicative of a cancerous breast cell.

Also provided is a method of detecting a cancerous breast cell comprising:

a) measuring a level of PRDMI11 gene expression in a first sample, said first
sample comprising breast tissue; and

b)  comparing the level of PRDM11 gene expression in (a) to a level of
PRDMI1 gene expression in a second sample, said second sample comprising a normal
tissue type, wherein an increase in the level of PRDMI | gene expression of at least
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50% in (a) relative to the level of PRDM11 gene expression in the second sample is
indicative of a cancerous breast cell.

In one embodiment, the PRDM11 gene provides the method of the invention wherein
the PRDM11 gene comprises or encodes a nucleotide sequence at least 98% identical to
a sequence selected from the group consisting of SEQ ID NOs:1-6, or a complement
thereof.

In another embodiment, the PRDM11 gene provides the method of the invention,
wherein the PRDMI11 gene comprises or encodes a nucleotide sequence at least 99%
identical to a sequence selected from the group consisting of SEQ ID NOs:1-6, or a
complement thereof.

In yet another embodiment, the PRDM11 gene provides the method of the invention,
wherein the PRDM11 gene comprises or encodes a nucleotide sequence comprising a
sequence selected from the group consisting of SEQ ID NOs:1-6, or a complement
thereof.

The present invention further provides a method for detecting breast cancer associated
with expression of a polypeptide in a test cell sample, the method comprising:

a) detecting a level of expression of a polypeptide encoded by a nucleotide
sequence at least 95% identical to a sequence selected from the group consisting of
SEQ ID NOs:1-6, or a fragment thereof; and

b) comparing the level of expression of the polypeptide in the test cell sample
with a level of expression of the polypeptide in a normal cell sample;
wherein an increased level of expression of the polypeptide in the test cell sample
relative to the level of polypeptide expression in the normal cell sample is indicative of

the presence of breast cancer in the test cell sample.

Also provided is a method for detecting breast cancer associated with expresston of a
polypeptide in a test cell sample, the method comprising:

a) detecting a level of activity of a polypeptide encoded by a nucleotide
sequence at least 95% identical to a sequence selected from the group consisting of
SEQ ID NOs:1-6, or a fragment thereof; and

b) comparing the level of activity of the polypeptide in the test cell sample
with a level of activity of the polypeptide in a normal cell sample;
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wherein an increased level of activity of the polypeptide in the test cell sample relative
to the level of polypeptide activity in the normal cell sample is indicative of the
presence of breast cancer in the test cell sample.

Further provided is a method for detecting breast cancer associated with the presence of
an antibody in a test serum sample, the method comprising:

a) detecting a level of an antibody against an antigenic polypeptide encoded
by a nucleotide sequence at least 95% identical to a sequence selected from the group
consisting of SEQ ID NOs:1-6, or a antigenic fragment thereof, and

b) comparing the level of said antibody in the test sample with a level of said
antibody in a normal cell sample;
wherein an increased level of antibody in said test sample relative to the level of
antibody in the control sample is indicative of the presence of breast cancer in the test

serum sample.

Also provided is a method of diagnosing breast cancer comprising:

a) determining the expression of a PRDM11 gene comprising or encoding a
nucleic acid sequence selected from the group consisting of SEQ ID NOs:1-6, in a first
tissue type of a first individual; and

b) comparing said expression of said gene from a second normal tissue type
from said first individual or a second unaffected individual;
wherein an increase in (a) relative to the level of expression in the second normal tissue
type indicates that the first individual has breast cancer.

In one aspect is provided a method of screening breast cancer drug candidates
comprising:

a) providing a cell that expresses a PRDM11 gene comprising or encoding a
nucleic acid sequence selected from the group consisting of SEQ ID NOs:1-6 ora
fragment thereof:

b) adding a breast cancer drug candidate to said cell; and

¢}  determining the effect of said drug candidate on the expression of said
PRDM11 gene.
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In one embodiment, the method of screening drug candidates includes comparing the
level of PRDMI 1 expression in the absence of the drug candidate to the level of
expression in the presence of the drug candidate wherein decreased expression of the
PRDMIT gene in the presence of the drug candidate relative to the level of expression
in the absence of the drug candidate indicates the drug candidate has anti-cancer
activity.

Also provided herein is a method of screening for a bioactive agent capable of binding
to a PRDMI 1 protein, wherein said PRDM11 protein is encoded by a nucleic acid
comprising or encoding a nucleic acid sequence selected from the group consisting of
SEQ ID NOs:1-6, said method comprising:

a) combining said PRDMI1 protein and a candidate bioactive agent; and

b) determining the binding of said candidate agent to said PRDM11 protein;
wherein a candidate bioactive agent which binds to the PRDM11 protein is identified as
a hioactive agent. In one embodiment, the bioactive agent increases the expression of
the PRDM11 protein.

Further provided herein is a method for screening for a bioactive agent capable of
modulating the activity of a PRDM11 protein, wherein said PRDM11 protein is
encoded by a nucleic acid comprising or encoding a nucleic acid sequence selected
from the group consisting of SEQ ID NOs:1-6, said method comprising:

a) combining said PRDM!1 protein and a candidate bioactive agent; and

b) determining the effect of said candidate agent on the bioactivity of said
PRDM11 protein;
wherein a candidate bioactive agent which modulates the bioactivity of the PRDM11
protein is identified as a bicactive agent. In one embodiment, the bioactive agent
increases the expression of the PRDM1 1 protein,

Also provided is a method of evaluating the effect of a candidate breast cancer drug
comprising administering the drug to a patient and removing a cell sample from the
patient. The expression profile of the cell is then determined. This method may further
comprise comparing the expression profile of the patient to an expression profile of a
healthy individual.
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In a further aspect, a method for inhibiting the activity of a PRDM11 protein is
provided. In one embodiment, the method comprises administering to a patient an
inhibitor of a PRDM11 protein.

A method of neutralizing the effect of a PRDM11 protein, preferably a protein encoded
by PRDM11 is also provided. Preferably, the method comprises contacting an agent
specific for said PRDM11 protein with said PRDM11 protein in an amount sufficient to
effect neutralization.

Also provided herein is a method for diagnosing or determining the propensity to breast
cancer by sequencing a PRDM11 gene of an individual. In yet another aspect of the
invention, a method is provided for determining PRDM1 1 gene copy number,
comprising adding a PRDM1 | gene probe to a sample of genomic DNA from an
individual under conditions suitable for hybridisation.

Throughout this specification the word "comprise", or variations such as "comprises” or
"comprising", will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,
integer or step, or group of elements, integers or steps.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 depicts mRNA expression of PRDM11 in breast cancer tissue compared with
expression in normal tissue. Samples 1-50 are breast cancer samples. Samples 51 and
52 are normal tissue.

Bars represent the mean of expression level. Error bars represent standard deviation.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a number of sequences associated with carcinomas, especially
lymphama, breast cancer or prostate cancer, The relatively fight linkage between clonally-integrated
provituses and protooncogenes forms "provirus tagging", in which slow-transforming retroviruses
that act by an insertion mutation mechanism are used to isolate protooncogenes. In some models,
uninfected animals have low cancer rates, and infected animals have high cancer rates. It is known
that many of the retroviruses involved do not carry transducad host protooncogenes or pathogenic
trans-acting viral genes, and thus the cancer incidence must therefor be a diract consequence of
proviral integration effects into host protooncogenes. Since proviral integration is random, rare
integrants will "activate” host protooncogenes that provide a selective growth advantage, and these
rare events result in new proviruses at clonzl stoichiometries in tumors.

The use of oncogenic retroviruses, whose sequences insert into the genome of the host organism
resulting in carcinoma, allows the identification of host sequences involved in carcinoma. Thesa
sequences may then be used in a number of different ways, including diagnosis, prognosis,
screening for modulators (including both agonists and antagonists), antibody generation (for
immunctherapy and imaging), etc. However, as will be appreciated by those in the art, oncogenes
that are identified in one type of cancer such as breast cancer have a strong likelhood of being
involved in other types of cancers as well. Thus, while the sequences outlined herein are initially
identified as correlated with breast cancer, they can also be found in other types of cancers as well,
outfined below.

Accordingly, the present invention provides nucleic acid and protein sequences that are associated
with carcinoma, herein termed “carcinoma associated” or “CA” sequences. In a preferred
embodiment, the present invention provides nucleic acid and protein sequences that are associated
with carcinomas which originate in mammary tissue, which are known as breast cancer sequences
or “BA”.

Suitable cancers which can be diagnosed or screened for using the methods of the present
invention include cancers classified by site or by histological type. Cancers classified by site include
cancer of the oral cavity and pharynx {lip, tongue, salivary gland, fioor of mouth, gum and other
mouth, nasopharynx, tonsil, oropharynx, hypopharynx, other oral/pharynx); eancers of the digestive
system (esophagus; stomach; small intestine; colon and rectum; anus, anal canal, and anorectum;
liver; intrahepatic bile duct; galibladder; other biliary; pancreas; retroperitoneum; petitoneum,
omentum, and mesentery; other digestive); cancers of the respiratory system (nasal cavity, middle
ear, and sinuses; larynx; lung and bronchus; pleura; trachea, mediastinum, and other respiratory);

cancers of the mesaothelioma; bones and joints; and soft tissue, including heart; skin cancers,
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including melanomas and other non-epithelial skin cancers; Kaposi's sarcoma and breast cancer,
cancer of the female genital system (cervix uteri; corpus uteri; uterus, nos; ovary, vagina; vulva; and
other female genital); cancers of the male genital system (prostate gland; testis; penis; and other
male genital); cancers of the urinary system (urinary bladder; kidney and renal pelvis; ureter; and
other urinary); cancers of the eye and arbit; cancers of the brain and nervous system (brain; and
other nervous system); cancers of the endocrine system (thyroid gland and other endocrine,
including thymus); cancers of the lymphomas (hodgkin's disease and non-hodgkin's lymphoma),
multiple myeloma, and leukemias (lymphocytic leukemia; myeloid leukemia; monocytic leukemia;
and other leukemias).

Other cancers, classified by histological type, that may be associated with the sequences of the
invention include, but are not fimited to, Neoplasm, malignant; Carcinoma, NOS; Carcinoma,
undifferentiated, NOS; Giant and spindie cell carcinoma; Small cell carcinoma, NOS; Papillary
carcinoma, NOS; Squamous cell carcinoma, NOS; Lymphoepithelial carcinoma; Basal cell
carcinoma, NOS; Pilomatrix carcinoma; Transitional cell carcinoma, NOS; Papillary transitional cell
carcinoma; Adenccarcinoma, NOS; Gastrinoma, malignant; Cholangiocarcinoma; Hepatocellular
carcinoma, NOS; Combined hepatocellular carcinoma and chelangiocarcinoma; Trabecular
adenocarcinoma: Adenoid cystic carcinoma; Adenocarcinoma in adenomatous polyp;
Adenocarcinoma, familial polyposis coli; Solid carcinoma, NOS; Carcinoid tumor, malignant;
Branchiclo-alveolar adenocarcinoma; Papillary adenocarcinoma, NOS; Chromophobe carcinoma;
Acidophil carcinoma; Oxyphilic adenocarcinoma; Basophil carcinoma; Clear cell adenocarcinoma,
NOS; Granular cell carcinoma; Follicular adenocarcinoma, NOS; Papitiary and follicular
adenocarcinoma; Nonencapsulating sclerosing carcinoma; Adrenal cortical carcinoma; Endometroid
carcinoma; Skin appendage carcinoma; Apocrine adenocarcinoma; Sebaceous adenocarcinoma;
Ceruminous adenocarcinoma; Mucoepidermoid carcinoma; Cystadenocarcinoma, NOS; Papillary
cystadenocarcinoma, NOS; Papillary serous cystadenocarcinoma; Mucinous cystadenocarcinoma,
NOS; Mucinous adenocarcinoma; Signet ring cell carcinoma; infiltrating duct carcinoma; Medullary
carcinoma, NOS; Lobular carcinoma; Inflammatory carcinoma; Paget's disease, mammary; Acinar
cell carcinoma; Adenosguamous carcinoma; Adenocarcinoma w/ squamous metaplasia; Thymoma,
malignant; Ovarian stromal tumor, malignant; Thecoma, malignant; Granulesa cell tumor,
malignant; Androblastoma, malignant; Sertoli cell carcinoma; Leydig cell tumor, malignant; Lipid cell
tumor, malignant, Paraganglioma, malignant; Extra-mammary paraganglioma, malignant;
Pheachromocytoma; Glomangiosarcoma; Malignant melanoma, NOS; Amelanotic melanoma;
Superficial spreading melanoma; Malig melanoma in giant pigmented nevus; Epithelioid cell
melanoma; Blue nevus, malignant; Sarcoma, NOS; Fibrasarcoma, NOS; Fibrous histiocytoma,
malignant; Myxosarcoma; Liposarcoma, NOS; Lejomyosarcoma, NOS; Rhabdomyosarcoma, NOS;
Embryonal rhabdomyosarcoma; Alveolar rhabdomyosarcoma; Stromal sarcoma, NOS; Mixed
tumor, malignant, NOS; Mullerian mixed tumor; Nephroblastoma; Hepatoblastoma;
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Carcinosarcoma, NOS; Mesenchymoma, malignant; Brenner tumor, malignant; Phyllodes tunior,
malignant; Synovial sarcoma, NOS; Mesothelioma, malignant; Dysgerminoma; Embryonal
carcinoma, NOS; Teratoma, malignant, NOS; Struma ovarii, malignant; Choriocarcinoma;
Mesonephroma, malignant; Hemangiosarcoma; Hemangioendothelioma, malignant; Kaposi's
sarcoma; Hemangiopericytoma, malignant; Lymphangiosarcoma; Osteosarcoma, NOS;
Juxtacortical osteosarcoma; Chondrosarcoma, NOS; Chondroblastoma, malignant; Mesenchymal
chondrasarcoma; Giant cell turnor of bone; Ewing's sarcoma; Odontagenic tumor, malignant;
Ameloblastic odontosarcoma; Ameloblastoma, malignant; Ameloblastic fibrosarcoma; Pinealoma,
malignant; Chordoma; Glioma, malignant; Ependymoma, NOS; Astrocytoma, NOS; Protoplasmic
astrocytoma; Fibrillary astrocytoma; Astroblastoma; Glioblastoma, NOS; Oligodendroglioma, NOS;
Oligodendrohlestoma; Primitive neurcectodermal; Cerebellar sarcoma, NOS;
Ganglioneurcblastoma; Neuroblastoma, NOS; Retinoblastoma, NOS; Olfactory neurogenic tumor;
Meningioma, malignant; Neurofibrosarcoma; Neurilemmonma, malignant, Granular cell tumor,
malignant; Malignant lymphoma, NOS; Hodgkin's disease, NOS; Hodgkin's; paragranuloma, NOS;
Malignant lymphoma, small lymphocytic; Malignant lymphoma, large cell, diffuse; Malignant
lymphoma, follicular, NOS; Mycosis fungoides; Other specified non-Hodgkin's lymphomas;
Malignant histiocytosis; Multiple myeloma; Mast cell sarcoma; Immunoproliferative small intestinal
disease; Leukemia, NOS; Lymphoid leukemia, NOS; Plasma cell leukemia; Erythroleukemia;
Lymphosarcoma cell leukemia; Myeloid leukemia, NOS; Basophilic leukemia; Eosinophilic leukemia;
Monacyiic leukemia, NOS; Mast cell leukemia; Megakaryoblastic leukemia; Myeloid sarcoma; and

Hairy cell leukemia.

In addition, the genes may be involved in other diseases, such as but not limited to diseases

associated with aging or neurcdegenerative diseases.

Association in this context means that the nucleotide or protein sequences are either differentially
expressed, activated, inactivated or aftered in carcinomas as compared to normal fissue. As
outlined below, CA sequences include those that are up-regulated (i.e. axpressed at a higher level),
as well as those that are down-regulated (i.e. expressed at a lower level), in carcinomas. CA
sequences also include sequences which have been altered (i.e., fruncated sequences or
sequences with substitutions, deletions or insertions, including point mutations) and show either the
same expression profile or an altered profile, in a preferred embadiment, the CA sequences are
from humans; however, as will be appreciated by those in the art, CA sequances from other
organisms may be useful in animal models of disease and drug evaluation; thus, other CA
sequences are provided, from vertebrates, including mammals, including rodents (rats, mice,
hamsters, guinea pigs, efc.), primates, farm animals (including sheep, goats, pigs, cows, horses,
etc). In some cases, prokaryotic CA sequences may be useful. CA sequences from other
organisms may be abtained using the techniques outlined below.
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CA sequences can include both nucleic acid and amino acid sequences. Ina preferred
embodiment, the CA sequences are recombinant nucleic acids. By the term "recombinant nucleic
acid" herein is meant nucleic acid, originally formed in vitro, in general, by the manipulation of
nucleic acid by polymerases and endonucleases, in a form not normally found in nature. Thus an
Isolated nucleic acid, in a linear form, or an expression vector formed in vitro by ligating DNA
molecules that are not normally joined, are both considered recombinant for the purpoées of this
invention. It is understood that once a recombinant nucleic acid is made and reintroduced info a
host celf or organism, it will replicate non-recombinantly, i.e. using the in vivo cellular machinery of
the host cell rather than in vitro manipulations; however, such nucleic acids, once produced
recombinantly, although subsequently replicated non-recombinantly, are still considsred
recombinant for the purposes of the invention.

Similarly, a "recombinant protein" is a protein made using recombinant techniques, i.e. through the
expression of a recombinant nucleic acid as depicted above. A recombinant protein is distinguished
from naturally occurring protein by at least one or more characteristics. For example, the protein
may be isolated or purified away from some or all of the proteins and compounds with which it is
normally associated in its wild type host, and thus may be substantially pure. For example, an
isolated protein is unaccompanied by at least some of the material with which it is normally
associated in its natural state, preferably constituting at least about 0.5%, more preferably at least
about 5% by weight of the total protein in a given sample. A substantially pure protein comprises at
least about 75% by weight of the total protein, with at least about 80% being preferred, and at least
about 90% being particularly preferred. The definition inciudes the production of an CA protein from
one organism in a different organism or host cell. Alternatively, the protein may be made at a
significantly higher concentration than is normally seen, through the use of an inducible prometer or
high expressicn promoter, such that the protein is made at increased concentration levels.
Altematively, the protein may be in a form not normally found in nature, as in the addition of an
epitope tag or amino acid substitutions, insertions and deletions, as discussed below.

In a preferred embodiment, the CA sequences are nucleic acids. As will be appreciated by those in
the art and is more fully ouilined below, CA sequences are useful in a variety of applications,
including diagnostic applications, which will detect naturally occurring nucleic acids, as well as
screening applications; for example, biochips comprising nucleic acid probss to the CA sequences
can be generated. In the broadest sense, then, by “nucleic acid” or "oligonucleotide” or grammatical
equivalents herein means at least two nucleotides covalently linked together. A nucleic acid of the
present invention will generally contain phosphediester bonds, although in some cases, as outlined
below (for example in antisense applications or when a candidate agent is a nucleic acid), nucleic
acid analogs may be used that have alternate backbones, comprising, for example,
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phosphoramidate (Beaucage et al., Tetrahedron 49(10):1925 (1993) and references therein;
Letsinger, J. Org. Chem. 35:3800 (1970); Sprinzl et al., Eur. J. Biochem. 81:579 (1977); Letsinger et
al., Nucl. Acids Res. 14:3487 (1986); Sawai et al, Chem, Lett. 805 (1984), Letsinger etal., J. Am.
Chem. Soc. 110:4470 (1988); and Pauwels et al., Chemica Scripta 26:141 91986)),
phosphorathioate (Mag et al., Nucleic Acids Res. 19:1437 (1991); and U.S. Patent No. 5,644,048),
phosphoradithioate (Briu et al., J. Am. Chem. Soc. 111:2321 (1989), O-methylphophoroamidite
linkages (see Eckstein, Oligonucleotides and Analogues: A Practical Approach, Oxford University
Press), and peptide nucleic acid backbones and linkages (see Egholm, J. Am. Chem. Soc.
114:1895 (1992): Meier et al., Chem. Int. Ed. Eng!. 31:1008 (1982); Nielsen, Nature, 365:566
(1993); Carlsson et al., Nature 380:207 (1996), all of which are incorporated by reference). Other
analog nucleic acids include those with positive backbones (Denpcy et al., Proc. Natl. Acad. Sci.
USA 92:6097 (1995); non-ionic backbones (U.S. Patent Nos. 5,386,023, 5,637,684, 5,602,240,
5,216,141 and 4,469,863; Kiedrowshi et al., Angew. Chem. Intl. Ed. English 30:423 (1991);
Letsinger et al., J. Am. Chem. Soc: 110:4470 (1988); Letsinger et al., Nucleoside & Nucieotide
13:1597 (1994); Chapters 2 and 3, ASC Symposiurn Series 580, “Carbohydrate Madifications in
Antisense Reszarch”, Ed. ¥.S. Sanghui and P. Dan Cook; Mesmaeker et al., Bioorganic & Medicinal
Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994); Tetrahedron Lett. 37:743
(1998)) and non-ribose backbones, including those described in U.S. Patent Nos. 5,235,033 and
5,034,506, and Chapters 6 and 7, ASC Symposium Series 580, “Carbohydrate Modifications in
Antisense Research”, Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids containing one or more
carbocyclic sugars are also included within one definition of nucleic acids (see Jenkins et al., Chem.
Soc. Rev. (1995) pp169-176). Several nucleic acid analogs are described in Rawls, C & E News
June 2, 1997 page 35. All of these references are hereby expressly incorporated by reference.
These modifications of the ribose-phosphate backbone may be done for a variety of reasons, for
example to increase the stability and half-life of such molecules in physiological environments for
use in anti-sense applications or as probes on a biochip.

As will be appreciated by those in the art, all of these nucleic acid analogs may find use in the
present invention. In addition, mixtures of naturally occurring nucleic acids and analogs can be
made; alternatively, mixtures of different nucleic acid analogs, and mixtures of naturally acourring
nucleic acids and analogs may be made.

The nucleic acids may be single stranded or double stranded, as specified, or contain portions of
both double stranded or single stranded sequence. As will be appreciated by those in the art, the
depiction of a single strand “Watson” also defines the sequence of the other strand "Crick”; thus the
sequences described herein also includes the complement of the sequence. The nucleic acid may
be DNA, both genomic and ¢DNA, RNA or a hybrid, where the nucleic acid contains any
combination of deoxyribo- and ribo-nucleotides, and any combination of bases, including uracil,
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adenine, thymine, cytosine, guanine, inosine, xanthine hypoxanthine, isocytosine, isoguanine, etc.
As used herein, the term “nucleoside’ includes nucleotides and nucleoside and nucleotide analogs,
and modified nucleosides such as amino modified nucleosides. In addition, “nucleoside” includes
non-naturally occurring analog structures. Thus for exampie the individual units of a peptide nucleic
acid, each containing a base, are referred to herein as a nucleoside,

An CA sequence can be initially identified by substantial nucleic acid andfor amino acid sequence
homalogy to the GA sequences outlined herein. Such homology can be based upon the overall
nucleic acid or amina acid sequence, and is generally determined as outlined below, using either
homelogy programs or hybridization canditions.

The CA sequences of the invention were initially identified as described herein; basically, infection of
mice with murine leukemia viruses (MLV) resulted in lymphoma. The sequences were subsequently
validated by determining expression levels of the gene product, i.e. mRNA, in breast cancer

samples.

The CA sequences cutlined herein comprise the insertion sites for the virus. In general, the
retrovirus can cause carcinomas in three basic ways: first of all, by inserting upstream of a normally
silent host gene and activating it (2.g. promoter insertion); secondly, by truncating a host gene that
leads to oncogenesis; or by enhancing the transcription of a neighboring gene. For example,
retfovirus enhancers, including SL3-3, are known to act on genes up to approximately 200 kilcbases
of the insertion site.

In a preferred embodiment, CA sequences are those that are up-regulated in carcinomas; that is,
the expression of these genes is higher in carcinoma tissue as compared to normal tissue of the
same differentiation stage. “Up-regulation” as used herein means at least about 50%, more
preferably at least about 100%, more preferably at least about 150%, more preferably, at least about
200%, with from 300 to at least 1000% being especially preferred.

In a preferred embodiment, CA sequences are those that are down-regulated in carcinomas; that is,
the expression of these genes is lower in carcinoma tissue as compared to normai | tissue of the
same differentiation stage. ‘Down-regulation” as used herein means at least about 50%, more
preferably at least about 100%, more preferably at least about 150%, more preferably, at least about
200%, with from 300 to at least 1000% being especially preferred.

in a preferred embodiment, CA sequences are those that are altered but show either the same

expression profile or an altered profile as compared to normal lymphoid tissue of the same
differentiation stage. “Altered CA sequences’ as used herein refers to sequences which are
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truncated, contain insertions or contain point mutations.

CA proteins of the present invention may be classified as secreted proteins, transmembrane
proteins or intracellular proteins.

In a preferred embodiment the CA protein is an intracellular protein. Intracellular proteins may be
found in the cytoplasm and/or in the nucleus. Intraceliular proteins are involved in all aspects of
cellular function and replication (including, for example, signaling pathways); aberrant expression of
such proteins results in unreguiated or disregulated cellular processes. For example, many
intracellular proteins have enzymatic activity such as protein kinase activity, protein phosphatase
activity, protease activity, nucleotide cyclase activity, polymerase activity and the like. Intracellular
proteins also serve as docking proteins that are involved in organizing complexes of proteins, or
targeting proteins to various subcellular localizations, and are involved in maintaining the structural

integrity of organelles.

An increasingly appreciated concept in characterizing intracellular proteins is the presence in the
proteins of one or more motifs for which defined functions have been attributed. In addition to the
highly conserved sequences found in the enzymatic domain of proteins, highly conserved
sequences have been identified in proteins that are involved in protein-protein interaction. For
example, Src-homology-2 (SH2) domains bind tyrosine-phospharylated targets in a sequence
dependent manner. PTB domains, which are distinct from SH2 domains, also bind tyrosine
phosphorylated targets. SH3 domains bind to proline-rich targets. In addition, PH domains,
tetratricopeptide repeats and WD domains to name only a few, have been shown to mediate
protein-profein interactions. Some of these may also be involved in binding to phospholipids or
other second messengers. As will be appreciated by one of ordinary skill in the art, these motifs can
be identified on the hasis of primary sequence; thus, an analysis of the sequence of proteins may
provide insight into both the enzymatic potential of the molecule and/or molecules with which the
protein may associate. ’

In a preferred embodiment, the CA sequences are transmembrane proteins. Transmembrane
proteins are molecules that span the phospholipid bilayer of a cell. They may have an intracellular
domain, an extracellular domain, or both. The intracellular domains of such proteins may have a
number of functions including those already described for intracellular proteins. For example, the
intracellular domain may have enzymatic activity and/or may serve as a binding site for additional
proteins. Frequently the intracellular domain of transmembrane proteins serves both roles. For
example certain receptor tyrosine kinases have both protein kinase activity and SH2 domains. In
addition, autophosphoryiation of tyrosines an the receptor molecule iiself, creates binding sites for
additional SH2 domain containing proteins.
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Transmembrane proteins may contain from one to many transmembrane domains. For example,
recaptor tyrosine kinases, certain cytokine receptors, receptor guanylyl cyclases and receptor
serinefthreonine protein kinases contain a single transmembrane domain. However, various other
proteins including channels and adenylyl cyclases coniain numerous transmembrane domains.
Many important cell surface receptors are classified as “seven transmembrane domain” proteins, as
they contain 7 membrane spanning regions. Important transmembrane protein receptors include,
but are not limited to insulin receptor, insulin-like growth factor receptor, human growth hormone
receplor, glucose transporters, transferrin receptor, epidermal growth factor receptor, low density
lipoprotein receptor, epidenmal growth factor receptor, leptin receptor, interleukin receptors, e.g. IL-1
receptor, IL-2 receptor, etc.

Characteristics of transmembrane domains include approximately 20 consecutive hydrophobic
amino acids that may be followed by charged amino acids. Therefore, upon analysis of the amino
acid sequence of a particular protein, the localization and number of transmembrane domains within
the protein may be predicted.

The extracellular domains of transmembrane proteins are diverse; however, conserved motifs are
found repeatedly among various extracellular domains. Gonserved structure anc/or functions have
been ascribed to different extracellular motifs. For example, cytokine receptors are characterized by
a cluster of cysteines and a WSXWS (W= tryptophan, S= serine, X=any amino acid) (SEQ ID NO:7)
motif. Immunoglobulin-like domains are highly conserved. Mucin-like domains may be involved in
cell adhesion and leucine-rich repeats participate in protein-protein interactions.

Many extracellular domains are involved in binding to other molecules. In one aspect, extracellular
domains are receptors. Factors that bind the receptor domain include circulating ligands, which may
be peptides, proteins, or small molecules such as adenosine and the like. For example, growth
factors such as EGF, FGF and PDGF are circulating growth factors that bind to their cognate
receptors to initiate a variety of cellular responses. Other factors include cytokines, mitogenic
factors, neurctrophic factors and the like. Extracellular domains also bind to cell-associated
molecules. In this respect, they mediate cell-cell interactions. Cell-associated ligands can be
tethered to the cell for example via a glycosylphosphatidylinositol (GPI) ancher, or may themselves
be transmembrane proteins. Extracellular domains also assaciate with the extracellular matrix and
contribute to the maintenance of the cell structure.

CA proteins that are transmembrane are particularly preferred in the present invention as they are
good targets for immunotherapeutics, as are described herein. In addition, as outlined below,

fransmembrane proteins can be also useful in imaging modalities.

11
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It will also be appreciated by those in the art that a transmembrane protein can be made soluble by
remaving fransmembrane sequences, for example through recombinant methods. Furthermore,
transmembrane proteins that have been made soluble can be made to be secreted through
recombinant means by adding an appropriate signal sequence.

In a preferred embodiment, the CA proteins are secreted proteins; the secretion of which can be
either constitutive or reguiated. These proteins have a signal peptide or signal sequence that
targets the molecule to the secretory pathway. Secreted proteins are involved in numerous
physiological events; by virtue of their circulating nature, they serve to transmit signals to various
other cell types. The secreted protein may function in an autocrine manner (acting on the cell that
secreted the factor), a paractine manner (acting on cells in close proximity to the cell that secreted
the factor) or an endocrine manner (acting on cells at a distance). Thus secreted molecules find
use in modulating or altering numerous aspects of physiology. CA proteins that are secreted
proteins are particularly preferred in the present invention as they serve as good fargets for
diagnostic markers, for example for blood tests.

An CA sequence is initially identified by substantial nucleic acid and/or amino acid sequence
homology to the CA sequences outlined herein. Such homology can be based upon the overall
nucleic acid or amino acid sequence, and is generally determined as outlined below, using either
hamology programs or hybridization conditions.

As used herein, a nucleic acid is a "CA nucleic acid" if the overall homology of the nucleic acid
sequence to one of the nucleic acids of Table 1 is preferably greater than about 75%, more
preferably greater than about 80%, even more preferably greater than about 85% and most
preferably greater than 90%. In some embodiments the homology will be as high as about €3 o 85
or 98%. In a preferred embodiment, the sequences which are used to determine sequence identity
or similarity are selected from those of the nucleic acids of Table 1. In another embodiment, the
sequences are naturally occurring allelic variants of the sequences of the nucleic acids of Table 1.
In another embodiment, the sequences are sequence variants as further described herein.

Homolcgy in this context means sequance similarity or identity, with identity being preferred. A
preferred comparison for homology purposes is to compare the sequence containing sequencing
arrors to the correct sequence. This homolagy will be determined using standard techniques known
in the art, including, but not limited to, the local homology algorithm of Smith & Waterman, Adv.
Appl. Math. 2:482 (1881), by the homology alignment algorithm of Needleman & Wunsch, J. Mol.
Biol. 48:443 (1970), by the search for similarity method of Pearson & Lipman, PNAS USA 85:2444
(1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and

12
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TEASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Drive, Madison, W1), the Best Fit sequence program described by Devereux et al., Nucl. Acid Res.
12:387-395 (1984), preferably using the default settings, or by inspection.

One example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence alignment from
a group of related sequences using progressive, bairwise alignments. It can also plot a tree
showing the clustering refationships used to create the alignment. PILEUP uses a simplification of
the progressive alignment method of Feng & Doolittle, J. Mol. Evol. 35:351-360 (1987); the method
is similar to that described by Higgins & Sharp CABIOS 5:151-153 (1983). Useful PILEUP
parameters including a default gap weight of 3.00, a default gap length weight of 0.10, and weighted
end gaps.

Another example of a useful algorithm is the BLAST algorithm, described in Altschul et al., J. Mol.
Biol. 215, 403-410, (1990) and Karlin et al., PNAS USA 90:5873-5787 (1993). A particularly useful
BLAST pragram is the WU-BLAST-2 program which was obtained from Altschul et al., Methods in
Enzymology, 266: 460-480 (1996); hitp://blast.wustil. WU-BLAST-2 uses several search
parameters, most of which are set o the default values. The adjustable parameters are set with the
following values: overlap span =1, averlap fracfion = 0.125, word threshold (T) = 11. The HSP
and HSP S2 parametars are dynamic values and are established by the program Itself depending
upon the composition of the particular sequence and composition of the particular database against
which the sequence of interest is being searched: howsver, the values may be adjusted to increase
sensitivity. A % amino acid sequence identity value is determined by the number of matching
identical residues divided by the total number of residues of the "longer" sequence in the aligned
region. The "longer" sequence is the one having the most actual residues in the aligned regian
(gaps introduced by WU-Blast-2 to maximize the alignment score are ignored).

Thus, "percent (%) nucleic acid seguence identity” is defined as the percentage of nucleotide
residues in a candidate sequence that are identical with the nucleotide residues of the nucleic acids
of Table 1. A preferred method utilizes the BLASTN module of WU-BLAST-2 set to the default
parameters, with overlap span and overlap fraction set fo 1and 0.125, respectively.

The alignment may include the introduction of gaps in the sequences to be aligned. In addition, for
sequences which contain either more or fewer nucleotides than thoss of the nucleic acids of Table
1, it is understood that the percentage of homology will be determined based on the number of
homologous nucleosides in relation to the total number of nucleosides. Thus, for example,
homology of sequences shorter than those of the sequences identified herain and as discussed
below, will be determined using the number of nucleosides in the shorter sequence.
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In one embodiment, the nucleic acid homology Is determined through hybridization studies. Thus,
for example, nucleic acids which hybridize under high stringency to the nucleic acids identified in

the figures, or their complements, are considerad CA sequences. High stringency conditions are
known in the art; see for example Maniatis et al., Molecular Cloning: A Laboratory Manual, 2d
Edition, 1989, and Short Protocols in Molecular Biology, ed. Ausubel, et al., both of which are hereby
incorporated by reference. Stringent conditions are sequence-dependent and will be different in
different circumstances. Longer sequences hybridize specifically at higher temperatures. An
extensive guide fo the hybridization of nucleic acids is found in Tijssen, Techniques in Biochemistry
and Molecular Biology--Hybridization with Nucleic Acid Probes, "Overview of principles of
hybridization and the sfrategy of nucleic acid assays” (1993). Generally, siringent conditions are
selected to be about 5-10C lower than the thermal melting paint {Tm) for the specific sequence ata
defined ionic strength pH. The Tm is the temperature (under defined ionic strength, pH and nucleic
acid concentration) at which 50% of the probes complementary to the target hybridize to the target
sequence at equilibrium (as the target sequences are present in excess, at Tim, 50% of the probes
are occupied at equilibrium). Stringent conditions will be those in which the salt concentration is less
than about 1.0 M sadium ion, typically about 0.01 to 1.0 M sodium ion concentration {or other salts}
atpH 7.0 fo 8.3 and the temperature is at least about 30C for short probes (e.g. 10 to 50
nucleotides) and at least about 80C for long probes (e.g. greater than 50 nucleotides). Stvingent
conditions may also be achieved with the addition of dastabilizing agents such as formamide.

In another embodiment, less s’(ringént hybridization conditions are used; for example, moderate or
low stringency conditions may be used, as are known in the art; see Maniatis and Ausubel, supra,
and Tijssan, supra.

In addition, the CA nucleic acid sequences of the invention. are fragments of larger genes, i.e. they
ara nucleic acid segments. Alternatively, the CA nucleic acid sequences can serve as indicators of
ancogene position, for example, the CA sequence may be an enhancer that activates a
protooncogene. “Genes” in this context includes coding regions, non-coding regions, and mixtures
of coding and non-coding regions. Accordingly, as will be appreciated by those in the art, using the
sequences provided herein, additional sequences of the CA genes can be obtained, using
technigues well known in the art for cloning either longer sequences or the full length sequences;
see Maniztis et al., and Ausubel, et al., supra, hereby expressly incorporated by reference. In
general, this is done using PCR, for example, kinetic PCR.

Once the CA nucleic acid is identified, it can be cloned and, if necessary, its constituent parts
recombined to form the entire CA nucleic acid. Once isolated from its natural source, e.g.,
contained within a plasmid or other vector or excised therefrom as a linear nucleic ecid segment, the
recombinant CA nucleic acid can be further used as a probe to identify and isolate other CA nucleic
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acids, for example additional coding regions. |t can also be used as a "precursar” nucleic acid to
make modified or variant CA nucleic acids and proteins.

The CA nucleic acids of the present invention are used in several ways. In afirst ambodiment,
nucleic acid probes to the CA nucleic acids are made and attached to biochips to be used in
screening and diagnostic mathods, as outlined below, or for administration, for example for gene
therapy and/or antisense applications. Alternatively, the CA nucleic acids that include coding
regions of CA proteins can be put into expression vectors for the expression of CA proteins, again
either for screening purposes or for administration to a patient. '

In a prefered embodiment, nucleic acid probes to CA nucleic acids (both the nucleic acid
sequences outlined in the figures and/or the complements thereof) are made. The nucleic acid
probes attached to the biochip are designed to be substantially complementary to the CA nucleic
acids, i.e. the target sequencs (either the target sequence of the sample or fo other probe
sequences, for example in sandwich assays), such that hybridization of the target sequence and the
probes of the present invention occurs. As outlined below, this complementarity need not be
perfect; there may be any number of base pair mismatches which will interfere with hybridization
between the target sequence and the single stranded nucleic acids of the present invention.
However, if the number of mutations is so great that no hybridization can occur under even the least
stringent of hybridization conditions, the sequence is not a complementary target sequence. Thus,
by “substantially complementary” herein is meant that the probes are sufficiently complementary to
the target sequences to hybridize under normal reaction conditions, particularly high stringency
conditions, as outlined herein.

A nucleic acid probe is generally single stranded but can be partially single and partially double
stranded. The strandednass of the probe is dictated by the structure, composition, and properties of
the fargst sequence. In general, the nucleic acid probes range from about 8 to about 100 bases
long, with from about 10 to about 80 bases being preferred, and from about 30 to about 50 bases
being particutarly preferred. Thatis, generally whole genes are not used. In some embodiments,
much longer nucleic acids can be used, up to hundreds of bases.

In a preferred embodiment, more than one probe per sequence Is used, with either overlapping
probes or probes to different sections of the target being used. That is, two, three, four or more
probes, with three being preferred, are used to build in a redundancy for a particular farget. The
probes can be overlapping (i.e. have some sequence in comman), or separate.

As will be appreciated by those in the art, nucleic acids can be attached or immobilized to a solid
support in a wide variety of ways. By “immobilized” and grammatical equivalents herein is meant

the association or binding between the nucleic acid probe and the solid support is sufficient to be
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stable under the conditions of binding, washing, analysis, and removal as outlined below. The
binding can be cavalent or non-covalent. By “non-covalent binding” and grammatical equivalents
herein is meant one or moare of either electrostatic, hydraphilic, and hydrophobic interactions.
Included in non-covalent binding is the covalent attachment of a molecule, such as, streptavidin to
the support and the non-cavalent binding of the biotinylated probe to the streptavidin. By “covalent
binding” and grammatical equivalents herein is meant that the two moieties, the solid support and
the probe, are attached by at least one bond, including sigma bonds, pi bends and coordination
bonds. Covalent bonds can be formed directly between the probe and the solid support or can be
formed by a cross linker or by inclusion of a specific reactive group on either the solid support or the
probe or both molecules. Immobilization may alsc involve a combination of covalent and non-
covalent interactions.

In general, the probes are attached to the biochip in a wide variety of ways, as will be appreciated by
those in the art. As described herein, the nucleic acids can either be synthesized first, with
subsequent attachment to the biochip, or can be directly synthesized on the biachip.

The biochip comprises a suitable solid substrate. By “substrate” or "solid support” or other
grammatical equivalents harein is meant any material that can be modified to contain discrete
individual sites appropriate for the attachment or association of the nucleic acid probes and is
amenable to at least one detection methed. As will be appreciated by those in the art, the number
of possible substrates are very large, and include, but are not limited to, glass and modified or
functionalized glass, plastics (including acrylics, polystyrene and copolymers of styrene and other
materials, polypropylene, polyethylene, palybutylene, polyurethanes, Teflon0, etc.),
polysaccharides, nylon or nitrocellulose, resins, silica or silica-based materials including silicon and
modified silicon, carbon, metals, inorganic glasses, ete. In general, the substrates allow optical
detection and do not appreciably fluoresce.

In a preferred embodiment, the surface of the biochip and the probe may be derivatized with
chemical functional groups for subsequent attachment of the two. Thus, for example, the biochip is
derivatized with a chemical functional group including, but not fimited to, amino groups, carboxy
groups, oxa graups and thiol groups, with amino groups being particularly preferred. Using these
functional groups, the probes can be atfached using functional groups on the probes. For exampls,
nucleic acids containing amino groups can be attached to surfaces comprising amino groups, for
example using linkers as are known in the art; for example, homo-or hetero-bifunctional linkers as
are well knawn (see 1994 Pierce Chemical Company catalog, technicai section on cross-linkers,
pages 155-200, incorporated herein by reference). In addition, in some cases, additional linkers,
such as alkyl groups (including substituted and heteroalkyl groups) may be used.
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In this embodiment, the oligonucleotides are synthesized as is known in the art, and then attached
to the surface of the sofid support. As will be appreciated by those skilled in the art, either the 5' or
3' terminus may be attached to the solid support, or attachment may be via an internal nuclecside.

In an additional embodiment, the immobilization to the solid support may be very strong, yet non-
covalent. For example, biotinylated oligonucleotides can be made, which bind to surfaces covalently
coated with streptavidin, resulting in attachment.

Alternatively, the oligonucleotides may be synthesized on the surface, as is known in the art. For
example, photoactivation techniques utilizing photopolymerization compounds and techniques are
used. In a preferred embodiment, the nucleic acids can be synthesized in situ, using well known
photolithographic techniques, such as those described in WO 95/25116; WO 95/35505; U.S. Patent
Nos. 5,700,637 and 5,445,934; and references cited within, all of which are expressly incorporated
by reference; these methods of attachment form the basis of the Affymetrix GeneChip technology.

In addition to the solid-phase technology represented by biochip arrays, gene expression can also .
be quantified using liquid-phase arrays. One such system is kinetic polymerase chain reaction
(PCR). Kinetic PCR allows for the simultaneous amplification and quantification of specific nucleic
acid sequences. The specificity is derived from synthetic oligonucleotide primers designed to

" preferentially adhere to single-stranded nucleic acid sequences bracketing the target site. This pair
of oligonucleotide primers form specific, non-covalently bound complexes on each strand of the
target sequence. These complexes facilitate in vitro transcription of double-stranded DNA in
opposite crientations. Ternperature cycling of the reaction mixture creates a continuous cycle of
primer binding, transcription, and re-melting of the nucleic acid to individual strands. The result is an
exponential increase of the target dsDNA product. This product can be quantified in real ime either
through the use of an intercalating dye or a sequence specific probe. SYBR® Greene |, is an
example of an intercalating dye, that preferentially binds to dsDNA resulting in a concomitant
Increase in the fluorascent signal. Sequence specific probes, such as used with TagMan®@
technology, consist of a fluorochrome and a quenching molecule covalently bound to opposite ends
of an oligonucleotide. The probe is designed to selectively bind the target DNA sequence between
the two primers. When the DNA strands are synthesized during the PCR reaction, the fluorochrome
is cleaved from the probe by the exonuclease activity of the polymerase resulting in signal
dequenching. The probe signaling method can be more specific than the intercalating dye method,
hut in each case, signal strength is proportionat to the dsDNA product produced. Each type of
quantification method can be used in multi-well liquid phase arrays with each well representing
primers and/or probas specific to nucleic acid sequences of interest. When used with messenger
RNA preparations of tissues or cell lines, and an array of probe/primer reactions can simuitaneously
quantify the expression of multiple gene products of interest. See Germer, S., et al., Genome Res.
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10:258-266 (2000); Heid, C. A, et al,, Genome Res. 8, 986-994 (1996).

Ina preferred embodiment, CA nucleic acids encoding CA proteins are used to make a variety of
expression vectors to express CA proteins which can then be used in screening assays, as
described below. The expression vectors may be either self-replicating extrachromasomal vectors
or vectors which integrate into a host genome. Generally, these expression vectars include
transcriptional and franslational regulatory nucleic acid cperably linked to the nucleic acid encoding
the CA protein. The term "control sequences” refers to DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. The control
sequences that are suiteble for prokaryotes, for example, include a promoter, optionally an operator
sequence, and a ribosome binding site. Eukaryotic cells are known to utilize promoters,
polyadenytation signals, and enhancers.

Nucleic acid is "operably linked" when it is placed into a functional relationship with another nucleic
acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA
for a polypeptide if it is expressed as a preprotein that participates in the secretion of the
polypeptide; a promoter or enhancer is operably linked to a coding sequence if it affects the
transcription of the sequence; or a ribosome binding site is operably linked to a coding sequence i it
is positioned so as to facilitate translation. Generally, “operably linked" means that the DNA
sequences being linked are contiguous, and, in the case of a secretory leader, contiguous and in
reading phase. However, enhancers do not have to be contiguous. Linking is accomplished by
ligation at convenient restriction sites. If such sites da not exist, synthetic oligonucleotide adaptors
or linkers are used in accordance with conventional practice. The transcripticnal and translational
regulatory nucleic acid will generally be appropriate to the host cell used to express the CA protein;
for example, franscriptional and transational regulatory nucleic acid sequences from Bacillus are
preferably used to express the CA protein in Bacillus. Numerous types of appropriate expression
vectors, and suitable regulatory sequences are known in the art for a variety of host cells.

In general, the franscriptional and translational regulatory sequences may include, but are not
limited to, promoter sequences, ribosomal binding sites, transcriptional start and stop sequences,
translational start and stop sequences, and enhancer or activator sequences. In a prefarred
embodiment, the regulatory sequences include a promoter and transcriptional start and stop
sequences.

Promoter sequences encode either constitutive or inducible promoters, The promoters may be
sither naturally occurring promoters or hybrid promoters. Hybrid promoters, which combine
elements of more than one promoter, are also known in the art, and are useful in the present
invention.
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In addition, the expression vector may comprise additional elements. For example, the expression
vector may have two replication systems, thus allowing it to be maintained in two organisms, for
example fn mammalian or insect cells for expression and in a procaryotic host for cloning and
amplification. Furthermore, for integrating expression vectors, the expression vector contains at
least one sequence homologous to the host cell genome, and preferably two homologous
sequences which flank the expression construct. The integrating vector may be directed to a
specific locus in the host czll by selecting ths appropriate homologous sequence for inclusion in the
vector. Constructs for integrating vectors are well known in the art.

In addition, in a preferred embodiment, the expression vector coniains a salectable marker gene to
allow the selection of transformed host cells. Selection genes are weli known in the art and will vary
with the host cell used.

The CA proteins of the present invention are produced by culturing a host cell transformed with an
expression vector containing nucleic acid encoding an CA protein, under the appropriate conditions
to induce or cause expression of the CA protein. The conditions appropriate for CA protein
expression will vary with the choice of the expression vector and the host cell, and will be easlly
ascertained by ane skilled in the art through routine experimentation. For example, the use of
constitutive promoters in the exprassion vector will require optimizing the growth and proliferation of
the host cell, while the use of an inducible promoter requires the appropriate growth conditions for
induction. In addition, in some embodiments, the timing of the harvest is important. For example,
the baculoviral systems used in insect cell expression are lytic viruses, and thus harvest time’
selection can be crucial for preduct yield.

Appropriate host cells include yeast, bacteria, archasbacteria, fungi, and insect, plant and animal
cells, including mammalian cells. Of particular interest are Drosophila melanogaster cells,
Saccharomyces cerevisiae and other yeasts, E. coli, Bacilivs subtilis, 519 cells, C129 cells, 293
cells, Neurospora, BHK, CHO, COS, Hel a cells, THP1 cell line (2 macrophage cell ling) and human
cells and cell lines.

In a preferred embodiment, the CA proteins are expressed in mammalian cells. Mammalian
expression systems are also known in the art, and include retroviral systems. A preferred
expression vector system is a retroviral vector system such as is generally described in
PCT/US97/01019 and PCTIUSE7/01048, both of which are hereby expressly incorporated by
reference. Of parficular use as mammalian promoters are the promoters from mammalian viral
genes, since the viral genes are often highly expressed and have a broad host range. Examples
include the SV40 early promoter, mouse mammary tumor virus LTR promoter, adenovirus major

-25-



WO 03/081251 PCT/USO3/08808

late promoter, herpes simplex virus promoter, and the CMV promoter. Typically, transcription
termination and polyadenylation sequences recognized by mammalian cells are regulatory regions
located 3' to the translation stop codon and thus, together with the promoter elements, flank the
coding sequence. Examples of transcription terminator and pelyadenlytion signals include those
derived form SV40.

The methods of introducing exogenous nucleic acid into mammalian hosts, as well as other hosts, is
well known in the art, and will vary with the host celt used, Techniques include dextran-mediated
transfection, calcium phosphate precipitation, polybrene mediated transfection, protoplast fusion,
electroporaticn, viral infection, encapsulation of the polynucleotide(s) in liposomes, and direct
microinjection of the DNA into nuclei.

In a preferred embodiment, CA proteins are expressed in bacterial systems. Bacterial expression
systems are well known in the art. Promoters from bacteriophage may also be used and are known
inthe art. In addition, synthetic promoters and hybrid promotars are also useful; for example, the
tac promoter is a hybrid of the trp and lac promoter sequences. Furthermore, a bacterial promoter
can include naturally occurring promoters of non-bacterial origin that have the ability to bind bacterial
RNA polymerase and initiate transcription. In addition to a functioning promoter sequence, an
efficient ribosome binding site is desirable. The expression vector may also include a signal peptide
sequence that provides for secretion of the CA protein in bacteria. The protein is either secreted
into the growth media (gram-positive bacteria) or into the periplasmic space, located between the
inner and outer membrane of the cell (gram-negative bacteria). The bacterial expression vector
may also include a selectable marker gene to allow for the selection of bacterial strains that have
been transformed. Suitable selection genes include genes which render the bacteria resistant to
drugs such as ampicillin, chloramphenicol, erythromycin, kanamycin, neomycin and tetracycline.
Selectable markers also include biosynihetic genes, such as those in the histidine, tryptophan and
leucine biosynthetic pathways. These components are assembled into expression vectors.
Expression vectors for bacteria are well known in the art, and include vectors far Bacillus subtilis, E.
cofi, Streptococcus cremoris, and Streptococcus lividans, among others, The bacterial expression
vectors are transformed into bacterial host cells using techniques well known in the art, such as
calcium chloride treatment, electroporation, and others.

In one embodiment, CA proteins are produced in insect cells. Expression vectors for the
transformation of insect cells, and in particular, baculovirus-based expression vectors, are well

known in the art.

In a preferred embodiment, GA protein is produced in yeast cells. Yeast expression systems are
well known in the art, and include expression vectors for Saccharomyces cerevisiae, Candida
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albicans and C. maltosa, Hansenula polymorpha, Kiuyveromyces fragilis and K. lactis, Pichia
guilierimondii and P. pastoris, Schizosaccharomyces pombe, and Yarrowia lipolytica.

The CA protein may also be made as a fusion protein, using techniques well known in the art, Thus,
for example, for the crestion of monoclonal antibodies. If the desired epitope is small, the CA
protein may be firsed to a camier protein to form an immunogen. Alternatively, the CA protein may
be made as a fusion protein to increase expression, or for other reasons. Far example, when the
CA protein is an CA peptide, the nuclsic acid encoding the peptide may be linked to other nucleic
acid for expression purposes.

In one embodiment, the CA nucleic acids, proteins and antibodies of the invention are labeled. By
"labeled” herein is meant that a compound has at least one element, isotope or ¢chemical compound
attached to enable the detection of the compound. In general, labels fall into three classes: a)
isotopic labels, which may be radioactive or heavy isotopes; b} immune labels, which may be
antibodies or antigens; and ¢) colored or fluorescent dyes. The labels may be incorporated into the
CA nucleic acids, proteins and antibodies at any position. For example, the label should be capable
of producing, either directly or indirectly, a detectable signal. The detectable moiety may be a
radioisotope, such as °H, *C, P, s, or ', a fluorescent or chemiluminescent compound, such
as fluorescsin isothiocyanate, rhodamine, or luciferin, or an enzyme, such as alkaline phosphatase,
beta-galactosidase or horseradish peroxidase. Any method known in the art for conjugating the
antibody to the label may be employed, including those methods described by Hunter et al., Nature,
144:945 (1962); David et al., Biochemistry, 13:1014 (1974); Pain et al., J. Immunol. Meth., 40:219
(1981); and Nygren, J. Histochem. and Cytochem., 30:407 (1982).

Accordingly, the present invention also provides CA protein sequences. An CA protein of the
present invention may be identified in several ways. “Protein” in this sense includes proteins,
polypeptides, and peptides. As will be appreciated by those in the art, the nucleic acid sequences of
the invention can be used to generate protein sequences. There are a variety of ways to do this,
including cloning the entire gene and verifying its frame and amino acid sequence, or by comparing
it to known sequences fo search for homology to provide a frame, assuming the CA protein has
homology to same protein in the database being used. Generally, the nucleic acid sequences are
input into a program that will search all three frames for homology. This is done in a preferred
embodiment using the following NCBI Advanced BLAST parameters. The program is blastx or
blastn. The database is nr. The input data is as *Sequence in FASTA format”. The organism list is
‘none”. The “expect’ is 10; the filter is default. The “descriptions” is 500, the “alignments’ is 500,
and the "alignment view" is pairwise. The “query Genetic Codes” is standard (1). The matrix is
BLOSUMB2; gap existence costis 11, per residue gap cost is 1; and the lambda ratio is .85 default.
This results in the generation of a putative protein sequence.
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Also included within one embodiment of CA proteins are amino acid variants of the naturally
occurring sequences, as determined herein. Preferably, the variants are preferably greater than
about 75% homoalogous to the wild-type sequence, more preferably greater than about 80%, even
more preferably greater than about 85% and most preferably greater than 90%. In some
embodiments the homology will be as high as about 93 to 95 or 98%. As for nuclsic acids,
homology in this context means sequence similarity or identity, with identity being preferred. This
homology will be determined using standard techniques known in the art as are outfined above for
the nucleic acid homologies.

CA proteins of the present invention may be shorter or longer than the wild type amina acid
sequences. Thus, in a preferred embodiment, included within the definition of CA proteins are
portions or fragments of the wild type sequences herein. In addition, as outlined above, the CA
nucleic acids of the invention may be used to obtain additional coding regions, and thus additional
protein sequence, using technigues known in the art.

in a preferred embodiment, the CA proteins are derivative or variant CA proteins as compared to the
wild-type sequence. That is, as outlined more fully below, the derivative CA paptide will contain at
least one amino acid substitution, deletion or insertion, with amino acid substitutions being
particularly preferred. The amino acid substitution, insertion or deletion may oceur at any residue
within the CA peptide.

Also included in an embodiment of CA proteins of the present invention are amino acid sequence
variants. These variants fall into one or more of three classes: substitutional, insertional or
deletional variants. These variants ordinarily are prepared by site specific mutagenesis of
nucleotides in the DNA enceding the CA protein, using cassette or PCR mutagenesis or other
technigues well known in the art, to produce DNA enceding the variant, and thereafter expressing
the DNA in recombinant cell culture as outlinad above. However, variant GA protein fragments
having up to about 100-150 residues may be prepared by in vifro synthesis using established
techniques. Amino acid sequence variants are characterized by the predetermined nature of the
variation, a feature that sets them apart from naturally occurring alfelic or interspecies variation of
the CA protein amino acid sequence. The variants typically exhibit the same qualitative biclogical
activity as the naturally occuming analogue, although variants can also be selected which have
modified characteristics as will be more fully outlined below.

While the site or region for introducing an amino acid sequence variation is predetermined, the

mutation per se need not be predetermined. For example, in order to optimize the performance of a
mutation at a given site, random mutagenesis may be conducted at the target codon or region and
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the expressed CA variants screened for the optimal combination of desired activity. Techniques for
making substitution mutations at predetermined sites in DNA having a known sequence are well
known, for example, M13 primer mutagenesis and LAR mutagenesis. Screening of the mutants is
done using assays of CA protein activities.

Amino acid substitutions are typically of single residues; Insertions usually will be on the order of
from about 1 to 20 amino acids, although considerably larger insertions may be folerated. Deletions
range from about 1 to about 20 residues, although in some cases deletions may be much larger.

Substitutions, deletions, insertions or any combination thereof may be used to arrive at a final
derivative. Generally these changes are done on a few amino acids to minimize the alteration of the
molecule. However, larger changes may be tolerated in certain circumstances. When smalll
alterations in the characteristics of the CA protein are desired, substitutions are generally made in
accordance with the following chart:

Chart |
Original Residue Exemplary Substitutions
Ala Ser
Arg’ Lys
Asn GlIn, His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn, Gin
lle Leu, val
Leu lle, Val
Lys Arg, Gin, Glu
Met Leu, lle
Phe Met, Leu, Tyr
Ser Thr
Thr Ser
Trp Tyr
Tyr Trp, Phe
Val lle, Leu
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Substantial changes in function or immunological identity are made by selecting substitutions that
are less conservative than those shown in Chartl. For example, substitutions may be made which
more significantly affect: the structure of the polypeptide backbone in the area of the alteration, for
example the alpha-helical or beta-sheet structure; the charge or hydrophobicity of the molecule at
the target site; or the bulk of the side chain. The substitutions which in general are expected to
produce the greatest changes in the polypeptide's properties are those in which (a) a hydrophilic
residue, e.g. seryl or threonyl is substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl,
phenylalanyl, valyl or alanyl; (b) a cysteine or praline is substituted for {or by) any other residue; (c) a
residue having an electropositive side chain, e.g. lysyl, arginyl, or histidyl, is substituted for (or by) an
electronegative residue, e.g. glutamyt or aspartyl; or (d) a residue having a bulky side chain, e.g.

- phenylalanine, is substituted for (or by) ane not having a side chain, e.g. glycine.

The variants typically exhibit the same qualitative biological activity and will elicit the same immune
response as the naturally-occurring analogue, although variants also are selected to modify the
characteristics of the CA proteins as needed. Alternatively, the variant may be designed such that
the biological activity of the CA protein s altered. For example, glycosylation sites may be altered or
removed, dominant negative mutations created, etc.

Covalent modifications of CA polypeptides are included within the scope of this invention, for
example for use in screening. One type of covalent modification includes reacting targeted amino
acid residues of an CA polypeptide with an organic derivatizing agent that is capable of reacting with
selected side chains or the N-or C-terminal residues of an CA polypeptide. Derivatization with
bifunctional agents is useful, for instance, for crosslinking CA polypeptides to a water-insoluble
support matrix or surface for use in the method for purifying anti-CA antibodies or screening assays,
as is more fully described below. Commonly used crosslinking agents include, e.g., 1,1-
bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, esters
with 4-azidosalicylic acid, homobifunctional imidoesters, including disuccinimidy! esters such as 3,3'-
dithiobis(succinimidylpropionate), bifunctional maleimides such as bis-N-maleimido-1,8-octane and
agents such as methyl-3-[{p-azidophenyl)dithio]propicimidate.

Other modifications include deamidation of glutaminyl and asparaginy! residues to the
corresponding glutamyl and asparty! residues, respeciively, hydroxylation of proline and lysine,
phosphorylation of hydroxyl groups of seryl, threonyl ar tyrosy! residues, methylation of the a-amino
groups of lysine, arginine, and histidine side chains [T.E. Creighton, Proteins: Structure and
Molecular Properties, W.H. Freeman & Co., San Francisco, pp. 78-86 (1983)], acetylation of the N-
terminal aming, and amidation of any C-terminal carboxyl group.
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Ancther type of covalent modification of the CA polypeptide included within the scope of this
invention comprises altering the native glycosylation pattern of the polypeptide. "Altering the native
glycosylation pattern” is intended for purposes herein to mean deleting one or more carbohydrate
moieties found in native sequence GA polypeptide, and/or adding one or more glycosylation sites
that are not present in the native sequence CA polypeptide.

Addition of glycasylation sites to CA polypeptides may be accomplished by altering the amino acid
sequence thereof. The alteration may be made, for example, by the addition of, or substitution by,
one or more serine or threonine residues to the native sequence CA polypeptide (for O-linked
glycosylation sites). The CA amino acid sequence may optionally be altered through changes at the
DNA level, particularly by mutating the DNA encoding the CA polypeptide at preselected bases such
that codons are generated that will translate into the desired amino acids.

Another means of increasing the number of carbohydrate moieties on the CA polypeptide is by
chemical or enzymatic coupling of glycosides to the polypeptide. Such methods are described in the
art, e.g., in WO 87/05330 published 11 September 1887, and in Aplin and Wriston, LA Crit. Rev.
Biochem., pp. 259-306 (1881).

Removal of carbohydrate moieties present on the CA polypeptide may be accomplished chemically
or enzymatically or by mutational substitution of cadons encoding for amino acid residues that serve
as targets for glycosylation. Chemical deglycosylation techniques are known in the art and
described, for instance, by Hakimuddin, et al., Arch. Biochem. Biophys., 259:52 (1987) and by Edge
etal, Anal. Biochem., 118:131 (1981). Enzymatic cleavage of carbohydrate moisties on
polypeptides can be achieved by the use of a variety of endo-and exo-glycosidaszss as described by
Thotakura et al., Meth. Enzymol., 138:350 (1937),

Anather type of covalent modification of CA comprises linking the CA polypeptide to one of a variety
of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, or polyoxyalkylenes,
in the manner set forth in U.S. Patent Nos. 4,640,835; 4,496,689; 4,301,144, 4,670,417; 4,791,192
or 4,179,337.

CA polypeptides of the present invention may also be modified in a way to form chimeric molecules
comprising an CA polypeptide fused to another, heterologous polypeptide or amino acid sequence.
In one embodiment, such a chimeric moiecule comprises a fusion of an CA polypeptide with a tag
polypeptide which provides an epitope to which an anti-tag antibedy can selectively bind. The
epitope tag is generally placed at the amino-or carboxyl-terminus of the CA polypeptide, although
internal fusions may also be tolerated in some instances, The presence of such epitope-tagged
forms of an CA polypeptide can be detected using an antibody against the tag polypeptide. Also,
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provision of the epitope tag enables the CA polypeptide to be readily purified by affinity purification
using an anti-tag antibady or another type of affinity matrix that binds to the epitope tag. Inan
alternative embodiment, the chimeric molecule may comprise a fusion of an CA polypeptide with an
immunoglobulin or a particular region of an immunoglobulin. For a bivalent form of the chimeric
molecule, such a fusion could be to the Fc region of an 1gG molecule.

Various tag polypeptides and their respective antibodies are well known in the art. Examples
include poly-histidine (poly-his) or poly-histidine-glycine (poly-his-gly) tags; the flu HA tag polypeptide
and its antibody 12CAS5 [Field et al,, Mol. Cell. Biol., 8:2159-2165 (1988)); the c-myc tag and the
8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thersto [Evan et al., Molecular and Cellular Biology,
5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody
[Paborsky et al., Protein Engineering, 3(6):547-553 (1990)]. Other tag polypeptides include the
Flag-peptide [Hopp et al., BioTechnology, 6:1204-1210 (1988)]; the KT3 epitope peptide [Martin et
al.,, Science, 255:192-194 (1992)]; tubulin epitope peptide [Skinner et al., J. Biol. Chem., 266:15163-
15166 (1991)}; and the T7 gene 10 protein peptide tag [Lutz-F reyermuth et al., Proc. Natl. Acad. Sci.
USA, 87:6393-6397 (1990)].

Also included with the defihition of CA protein in one embodiment are other CA proteins of the CA
family, and CA proteins from other organisms, which are cloned and expressed as outlined below.
Thus, probe or degenerate polymerase chain reaction (PCR) primer sequences may be used to find
other related CA proteins from humans or other organisms. As will be appreciated by those in the
art, particularly useful probe and/or PCR primer sequences include the unique areas of the CA
nucleic acid sequence. As is generally known in the art, preferred PCR primers are from about 15
to about 35 nucleotides in length, with from about 20 to about 30 being preferred, and may contain
inosing as needed. The conditions for the PCR reaction are well known in the art.

In addition, as is outlined harein, CA proteins can be made that are longer than those encoded by
the nucleic acids of the figures, for example, by the elucidation of additionat sequences, the addition
of epitope or purification tags, the addition of other fusion sequences, etc.

CA proteins may also be identified as being encoded by CA nucleic acids. Thus, CA proteins are
encoded by nucleic acids that will hybridize to the sequences of the sequence listings, or their
complements, as outlined herein.

In a preferred embodiment, the invention provides CA antibodies. In a preferred embodiment, when
the CA protein is to be used to generate antibodies, for example for immunotherapy, the CA protein
should share at least one epitope or determinant with the full length protein. By "epitope" or

“deferminant’ herein is meant a portion of a protein which will generate and/or bind an antibody or T~
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cell receptor in the context of MHC. Thus, in most instances, antibodies made to a smaller CA
protein will be able to bind to the full length protein. In a preferred embodiment, the epitope is
unique; that is, antibodies generated to a unique epitope show little or no cross-reactivity.

In one embodiment, the term “antibody” includes antibody fragments, as are known in the art,
including Fab, Fab,, single chain antibodies (Fv for example), chimeric antibodies, etc., either
produced by the modification of whole antibodies or those synthesized de novo using recombinant
DNA technologies.

Methods of preparing polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies
can be raised in a mammal, for example, by one or more injections of an immunizing agent and, if
desired, an adjuvant. Typically, the immunizing agent and/or adjuvant will be injected in the
mammal by multiple subcutaneous or intraperitoneal injections, The immunizing agent may include
a protein encoded by a nucleic acid of the figures or fragment thereof or a fusion protein thereof. |t
may be useful to conjugate the immunizing agent fo a protein known to be immunogenic in the
mammal being immunized. Examples of such immunogenic proteins include but are not limited to
keyhole limpet hemocyanin, serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor.
Examples of adjuvants which may be employed in¢lude Freund's complete adjuvant and MPL-TDM
adjuvant (monophosphoryl Lipid A, synthetic trehalose dicorynomycolate), The immunization
protecal may be selected by one skilled in the art without undue experimentation.

The antibodies may, alternatively, be monoclonal antibodies. Monaoclonal antibodies may be
prepared using hybridoma methods, such as those described by Kohler and Milstein, Nature,
256:495 (1975). In a hybridoma method, a mouse, hamster, or other appropriate host animal, is
typically immunized with an immunizing agent to elicit lymphocytes that praduce or are capable of
producing antibodies that will specifically bind to the immunizing agent. Alternatively, the
lymphocytes may be immunized in vitro. The immunizing agent will typically include a polypeptide
encoded by a nucleic acid of Table 1, or fragment thereof or a fusion protein thereof. Generally,
either peripheral blood lymphocytes ("PBLs") are used if cells of human origin are desired, or spleen
cells or lymph node cells are used if non-human mammalian sources are desired. The lymphocytes
are then fused with an immortalized cell line using a suitable fusing agent, such as polyethylene
glycol, to form a hybridoma cell [Goding, Monoclonal Antibodies: Prirciples and Practice, Academic
Press, (1986) pp. 59-103]. Immortalized cell lines are usually transformed mammalian cells,
particularly mysloma cells of rodent, bovine end human origin. Usually, rat or mouse myeloma cell
lines are employed. The hybridoma cells may be cultured in a suitable culture medium that
preferably contains one or more substances that inhibit the growth or survival of the unfused,
immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine guanine
phosphoaribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas typically will
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include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which substances prevent the
growth of HGPRT-deficient cells,

In che embodiment, the antibodies are bispecific antibodies. Bispecific antibodies are monaclonal,
preferably human or humanized, antibodies that have binding specificities for at least two different

antigens. In the present case, one of the binding specificities is for a protein encoded by a nucleic

acid of Table 1, or a fragment thereof, the other one is far any other antigen, and preferably for

a cell-surface protein or receptor or receptor subunit, preferably one that is tumor specific.

In a preferred embodiment, the antibodies to CA are capable of reducing or eliminating the
biological function of CA, s is described below. That is, the addition of anti-CA antibodies (either
polyclonal or preferably monacional) to CA (or cells containing CA} may reduce or eliminate the CA
activity. Generally, at leest a 25% decrease in activity is preferred, with at least abaut 50% being
particularly preferred and about a 95-100% decrease being especially preferred.

In a preferred embodiment the antibodies to the CA proteins are humanized antibodies. Humanized
forms of non-human (e.g., murine) antibodies are chimeric molecules of immunoglobulins,
immunoglobulin chains ar fragments thereof (such as Fv, Fab, Fab', F(ab'); or other antigen binding
subsequences of antibodies) which contain minimal sequence derived from non-human
immunoglobulin. Humanized antibodies include human immunoglobulins (recipient antibady) in
which residues form a complementary determining region (CDR) of the recipient are replaced by
residues from a CDR of & non-human species (donor antibody) such as mouse, rat or rabbit having
the desired specificity, affinity and capacity. In some instances, Fv framework residues of the

* human immunoglobulin are reptaced by corresponding non-human residues. Humanized antibodies
may also comprise residues which are found neither in the recipient antibedy nor in the imported
CDR or framework sequances. In general, the humanized antibody will comprise substantially all of
atleast one, and typically two, variable domains, in which all or substantially all of the CDR regions
correspond to those of & nen-human immunoglobulin and all or substantially all of the framework
residues (FR) regions are those of a human immunoglobulin consensus sequence. The humanized
antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc),
typically that of a human immunoglobulin [Jones et al., Nature, 321:522-525 (1986); Riechmann et
al,, Nature, 332:323-329 (1988); and Presta, Gurr. Op. Struct. Bigl., 2:593-506 (1992)].

Methods for humanizing non-human antibﬁdies are well known in the art. Generally, a humanized
antibody has one or more amino acid residues introduced into it from a sourcs which is non-hurman.
These non-human amino acid residues are often referred to as import residues, which are typically
taken from an import variable domain. Humanization can be essentially performed following the
method of Winter and co-workers [Jones et al., Nature, 321:522-525 (1986); Riechmann et al.,
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Nature, 332:323-327 (1988); Verhoeyen et al., Science, 239:1534-1536 (1988)], by substituting
rodent CDRs or CDR sequences for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric antibodies (U.S. Patent No. 4,816,567),
wherein substantially less than an intact human variable domain has been substituted by the
corresponding sequence from a non-human species. In practice, humanized antibodies are typically
human antibodies in which some CDR residues and possibly some FR residues are substituted by
residues from analogous sites in rodent antibodies.

Human antibodies can also be produced using various techniques known in the art, including phage
display libraries [Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol,,
222:581 (1991)1. The techniques of Cole et al. and Boerner et al. are also available for the
preparation of human monoclonal antibodies [Cole et al., Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, p. 77 (1985) and Boemer et al,, J. Immunol., 147(1):86-05 (1991)). Similarly,
human antibodies can be made by introducing human immunoglobulin loci into transgenic animals,
e.g., mice in which the endogenous immunoglobulin genes have been partially or completely
inactivated. Upon challenge, human antibody production is observed, which closely resembles that
seen in humans in all respects, including gene rearrangement, assembly, and antibody repertoire,
This approach is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825,
5,625,126, 5,633,425; 5,661,016, and in the following scientific publications: Marks et al.,
Bio/Technology 10, 779-783 (11992); Lonberg et al., Nature 368 856-859 (1994); Morrison, Nature
368, 812-13 (1994); Fishwild et al., Nature Biotechnology 14, 845-51 (1996); Neuberger, Nature
Biotechnology 14, 826 (1996), l.onberg and Huszar, Intern. Rev. Immunol. 13 §5-93 {1995),

By immunotherapy is meant treatment of a carcinoma with an antibody raised against an CA
protein. As used herein, immunotherapy can be passive or acfive. Passive immunotherapy as
defined herein is the passive transfer of antibody to a recipient (patient). Active immunization is the
induction of antibody and/or T-cell responses in a recipient (patient). Induction of an immune
response is the result of providing the recipient with an antigen to which antibodies are raised. As
appreciated by one of ordinary skill in the art, the antigen may be provided by injecting a polypeptide
against which antibodies are desired to be raised into a recipient, or contacting the recipient with a
nucleic acid capable of expressing the antigen and under conditions for expression of the antigen.

In a preferred embodiment, oncogenes which encode secreted growth factors may be inhibited by
raising antibodies against CA proteins that are secreted proteins as described above. Without being
bound by theory, antibodies used for treatment, bind and prevent the secreted protein from bindin‘g

to its receptor, thereby inactivating the secreted CA protein.

In another preferred embodiment, the CA protein to which antibodies are raised is a transmembrane
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protein. Without being bound by theory, antibodies used far treatment, bind the extracellular domain
of the CA protein and prevent it from binding to other proteins, such as circulating ligands or cell-
associated molecules. The antibody may cause down-regulation of the transmembrane CA protein.
As will be appreciated by one of ardinary skill in the art, the antibody may be a competitive, non-
competitive or uncompetitive inhibitor of protein binding to the extracellular domain of the CA
protein. The antibody is also an antagonist of the CA protein. Further, the antibody prevents
activation of the fransmembrane CA protein. In one aspect, when the antibody prevents the binding
of other molecules to the CA protein, the antibody prevents growth of the cell. The antibody may
also sensitize the cell to c§totoxic agents, including, but not limited to TNF-t, TNF-B, IL-1, INF-y and
IL-2, or chemotherapeutic agents including 5FU, vinblastine, actinomycin D, cisplatin, methotrexate,
and the like. In some instances the antibody belongs to a sub-type that activates serum
complement when complexed with the transmembrane protein thereby mediating cytotoxicity. Thus,
carcinomas may be treated by administering to a patient antibodies directed against the
transmembrane CA protein.

In another preferred embediment, the antibody is conjugated to a therapeutic moiety. In one aspect
the therapeutic moiety is a small molecule that modulates the activity of the CA protein. In another
aspect the therapeutic moiety modulates the activity of molecules associated with or in close
proximity to the CA protein. The therapeutic moiety may inhibit enzymatic activity such as protease
or protein kinase activity associated with carcinoma.

In a preferred embodiment, the therapeutic molety may also be a cytotoxic agent. In this method,
targeting the cytotoxic agent to tumor tissue or cells, results in a reduction in the numbar of afflicted
cells, thereby reducing symptoms associated with carcinomas, including lymphoma or breast
cancer, Cytotoxic agents are numerous and varied and include, but are not limited to, cytotoxic
drugs or toxins or active fragments of such toxins. Suitable toxins and their corrasponding
fragments include diphtheria A chain, exotoxin A chain, ricin A chain, abrin A chain, curcin, crotin,
phenomycin, enomycin and the like. Cytotoxic agents also include radiochemicals made by
conjugating radicisotopes to antibodies raised against CA proteins, or binding of a radionuclide to a
chelating agent that has been covalently attached to the antibody. Targeting the therapeutic moiety
to transmembrane CA proteins not only serves to increase the local concentration of therapeutic
moiety in the carcinoma of interest, i.e., lymphoma or breast cancer, but also serves to reduce
deleterious side effects that may be associated with the therapeutic moiety.

In another preferred embaodiment, the CA protein against which the antibodies are raised is an
intracellular protein. In this case, the antibody may be conjugated to a protein which facilitates entry
into the cell. In one case, the antibody enters the cell by endocytosis. In another embodiment, a

nucleic acid encoding the antibody is administered to the individual or cell. Moreover, wherein the
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CA protein can be targeted within a cell, i.e., the nucleus, an antibody thereto contains a signal for
that target localization, i.e., a nuclear localization signal.

The CA antibodies of the invention specifically bind to CA proteins. By "specifically bind” herein is
meant that the antibodies bind to the protein with a binding constant in the range of at least 10 10°®
M, with a preferred range being 107 - 10° M.

In a preferred embodiment, the CA protein is purified or isolated after expression. CA proteins may
be isolated or purified in a variety of ways known to those skilled in the art depending on what other
components are present in the sample. Standard purification methods include electrophoretic,
molecular, immunological and chromatographic technigues, including ion exchange, hydrophobic,
affinity, and reverse-phase HPLC chromatography, and chromatofocusing. For example, the CA
protein may be purified using a standard anti-CA antibody column. Ulirafiltration and diafiltration
techniques, in conjunction with protein concentration, are also useful. For general guidance in
suitable purification techniques, see Scopes, R., Protein Purification, Springer-Verlag, NY (1982).
The degree of purification necessary will vary depending on the use of the CA protein. In some
instances no purification will be necessary.

Once expressed and purified if necessary, the CA proteins and nucleic acids are useful in a number
of applications.

In one aspect, the expression levels of genes are determined for different cellular states in the
carcinoma phenotype; that is, the expression levels of genes in normal tissue and in carcinoma
tissue (and in some cases, for varying severities of lymphoma or breast cancer that relate to
prognosis, as outlined below) are evaluated to provide expression profiles. An expression profile of
a particular cell state or point of development is essentially a “fingerprint” of the state; while two
states may have any particular gene similarly expressed, the evaluation of a number of genes
simultaneously allows the generation of a gene expression profile that is unique to the state of the
cell. By comparing expression profiles of cells in different states, information regarding which genes
are important (including both up- and down-regulation of genes) in each of these states is obtained.
Then, diagnosis may be dene or confirmed: does tissue from a particular patient have the gene
expression profile of normal or carcinoma tissue.

“Differential expression,” or grammatical equivalents as used herein, refers to both qualitative as
well as quantitative differences in the genes temporal and/or cellular expression patterns within and
among the cells. Thus, a differentially expressed gene can qualitatively have its expression altered,
including an activation or inactivation, in, for example, normal versus carcinoma tissue. That is,
genes may be turned on or turned off in a particular state, relative to another state. As is apparent
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to the skilled artisan, any comparison of two or more states can be made. Such a quzlitatively
regulated gens will exhibit an expression pattern within a state or cell type which is defectable by
standard techniques in one such state or cell type, but is not detectable in beth. Alternatively, the
determination is quantitative in that expression is increased or decreased; that is, the expression of
the gene is either upregulated, resulting in an increased amount of transcript, or downregulated,
resulting in a decreased amount of franscript. Tha degree to which exprassion differs need only be
large enough to quantify via standard characterization techniques as outlined below, such as by use
of Affymetrix GeneChip® expression arrays, Lockhart, Nature Biotechnology, 14:1675-1680 (1996),
hereby expressly incorporated by reference. Other techniques include, but are not limited to,
quantitative reverse transcriptase PCR, Northern analysis and RNase protection. As outlined
above, preferably the change in expression (i.e. upregulation or downregulation) is at least about
50%, more preferably at least about 100%, more preferably at least about 150%, more preferably, at
least about 200%, with from 300 to at least 1000% being especially preferred.

As will be appreciated by those in the art, this may be done by evaluation at either the gene
transcript, or the protein level; that is, the amount of gene expression may be monitored using
nucleic acid probes to the DNA or RNA equivalent of the gene transcript, and the quantification of
gene expression levels, or, alternatively, the final gene product itself (protein) can be monitored, for
example through the use of antibodies to the CA protein and standard immuncassays (ELISAs, etc.)
or other techniques, including mass spectroscopy assays, 2D gel electrophoresis assays, efc.

Thus, the proteins corresponding to CA genes, i.e. those identified as being impartant in a particular
carcinoma phenotype, i.e., breast cancer or lymphoma, can be evaluated in a diagnostic test
specific for that carcinoma.

In a preferred embodiment, gene expression monitoring is done and a number of genes, i.e. an
expression profile, is monitored simultaneously, although multiple protein expression monitoring can
be done as well. Similarly, these assays may be done on an individual basis as well.

In this embodiment, the CA nucleic acid prabes may be attached to bicchips as outlined herein for
the detection and guantification of CA sequences in a particular cell. The assays are done as is
known in the art. As will be appreciated by those in the art, any number of different CA sequences
may be used as probes, with single sequence assays being used in some cases, and a plurality of
the sequences described herein being used in other embodiments. In addition, while solid-phase
assays are described, any number of solution based assays may be done as well.

In a preferred embodiment, both solid and solution based assays may be used to detect CA

sequences that are up-regulated or down-regulated in carcinomas as compared ta normal tissue. In
instances where the CA sequence has been altered hut shows the same expression profile or an
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altered expression profile, the protein will be detected as outlined herein.

In a preferred embodiment nucleic acids encoding the CA protein are detected. Although DNA or
RNA enceding the CA protein may be detected, of particular interest are methods wherein the
mRNA encoding a CA protein is detected. The presence of mRNA in a sample is an indication that
the CA gene, such as PRDM11 has been transcribed to form the mRNA, and suggests that the
protein is expressed. Probes to detect the mRNA can be any nucleotide/deoxynucleotide probe that
is complementary to and base pairs with the mRNA and includes but is not limited to
oligonucleotides, cDNA or RNA. Probes also should contain a detectable label, as defined herain,
In ene method the mRNA is detected after immobilizing the nucleic acid to be examined on a solid
support such as nylon membranes and hybridizing the probe with the sampie. Following washing to
remove the non-specifically bound probe, the label is detected. In another method detection of the
MRNA is performed jn sifu. In this method permeabilized cells or tissue samples are contacted with
a detectably labeled nucleic acid probe for sufficient time to allow the probe fo hybridize with the
target mRNA. Following washing to remove the non-specifically bound probe, the label is detected.
For example a digoxygenin labeled riboprobe (RNA probe) that is complementary to the mRNA
encoding a CA protein is detected by binding the digaxygenin with an anti-digoxygenin secondary
antibody and developed with nitro blue tetrazolium and 5-bromo-4-chloro-3-indoyl phosphate.

In a preferred embodiment, any of the three classes of proteins as described herein (secreted,
transmembrane or intracellular proteins) are used in diagnostic assays. The CA proteins,
antibodies, nucleic acids, modified proteins and cells containing CA sequences are used in
diagnostic assays. This can be done on an individual gene or correspanding polypeptide level, or as
sets of assays.

As described and defined herein, CA proteins find use as markers of carcinomas, including breast
cancer or lymphomas such as, but not limited to, Hodgkin’s and non-Hodgkin lymphoma.
Detection of these proteins in putative carcinoma tissue or patients allows for a determination or
diagnosis of the type of carcinoma. Numercous methods known to those of ordinary skill in the art
find use in detecting carcinomas. In cne embodiment, antibodies ars used to detect CA proteins. A
preferred method separates proteins from a sample or patient by electrophoresis on a gel (typically
a denaturing and reducing protein gel, but may be any other type of gel including isoelectric focusing
gels and the like). Following separation of proteins, the CA protein is detected by immunoblotting
with antibodies raised against the CA protein. Methods of immunoblotting are well known to those
of ordinary skill in the art.

In another preferred method, antibodies to the CA protein find use in in sifu imaging techniques. In
this method cells are contacted with from ons to many antibodies to the CA protein(s). Following
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washing to remove non-specific antibody binding, the presence of the antibody or antibodies is
detected. In ane embaodiment the antibody is detected by incubating with a secondary antibody that
contains a detectable label. In another method the primary antibody to the CA protein(s) contains a
detectable label. In another preferred embodiment each one of multiple primary antibodies contains
a distinet and detectable label. This method finds particular use in simultaneous screening for a
plurality of CA proteins. As will be appreciated by one of ordinary skill in the art, numercus other
histological imaging techniques are useful in the invention.

In a preferred embodiment the label is detected in a fluorometer which has the ability to detect and
distinguish emissions of different wavelengths. In addition, a fluorescence activated cell sorter
(FACS) can be used in the method.

In another preferred embadiment, antibodies find use in diagnosing carcinomas from blood
samples. As previously described, certain CA proteins are secreted/circulating molecules. Blood
samples, therefore, are useful as samples to be probed or tested for the presence of secreted CA
proteins. Antibodies can be used fo detect the CA proteins by any of the previously described
immunoassay technigues including ELISA, immunoblotting (Western blotting), immunoprecipitation,
BIACORE technology and the like, as will be appreciated by one of ordinary skill in the art.

In a preferred embodiment, i sifu hybridization of labeled CA nucleic acid probes to tissue arrays is
done. "For example, arrays of tissue samples, including CA tissue and/or normal tissue, are made.
In situ hybridization as is known in the art can then be done.

It is understood that when comparing the expression fingerprints between an individual and a
standard, the skilled artisan can make a diagnosis as well as a prognosis. 1t is further understood
that the genes which indicate the diagnosis may differ from those which indicate the prognosis.

In a preferred embodiment, the CA proteins, antibodies, nucleic acids, modified proteins and cells
containing CA sequences are used in prognosis assays. As above, gene expression profiles can be
generated that correlate to carcinoma, especially breast cancer or lymphoma, severity, in terms of
long term prognosis. Again, this may be done on either a protein or gene level, with the use of
genes being preferred. As above, the CA probes are attached to biochips for the detection and
quantification of CA sequences in a tissue or patient. The assays praceed as outlined for diagnosis. |

In a preferred embodiment, any of the CA sequences as described herein are used in drug
screening assays. The CA proteins, antibadies, nucleic acids, modified proteins and cells
containing CA sequences are used in drug screening assays or by evaluating the effect of drug

candidates on a “gene expression profile” or expression profile of polypeptides. In ane embodiment,
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the expression profiles are used, preferably in conjunction with high thraughput screening
techniques to allow monitaring for expression profile genes after treatment with a candidate agent,
Zlokamik, et al., Science 279, 84-8 (1998), Heid, et al., Genome Res., 6:986-994 (1996).

In a preferred embodiment, the CA proteins, antibodies, nucleic acids, modified proteins and cells
containing the native or modified CA proteins are used in screening assays. That is, the present
invention provides novel methods for screening for compositions which modulate the carcinoma
phenotype. As above, this can be done by screening for modulators of gene expression or for
modulators of protein activity. Similarly, this may be done on an individual gene or protein level or
by avaluating the effect of drug candidates on a “gene expression profile’. In a preferred
embodiment, the expression profiles are used, preferably in canjunction with high throughput
screening techniques to allow monitoring for expression profile genes after treatment with a
candidate agent, see Zlokarnik, supra.

Having identified the CA genes herein, a variety of assays to evaluate the effects of agents on gene
expression may be executed. In a preferred embodiment, assays may be run on an individual gene
or protein level. That is, having identified a particular gene as aberrantly regulated in carcinoma,
candidate bioactive agents may be screened to modulate the genes response. “Modulation” thus
includes both an increase and a decrease in gene expression or activity. The preferred amount of
modulation will depend on the original change of the gene expression in normal versus tumor tissue,
with changes of at least 10%, preferably 50%, more preferably 100-300%, and in some
embodiments 300-1000% or greater. Thus, if a gene exhibits 2 4 fold increase in tumor compared
to normal tissue, a decrease of about four fold is desired; a 10 fold decrease in tumor compared to
normal tissue gives a 10 fold increase in expression for a candidate agent is desired, efe.
Alternatively, where the CA sequence has been altered but shows the same expression profile or an
altered expression profile, the protein will be detected as outlined herein.

As will be appreciated by those in the art, this may be done by evaluation at either the gene or the
protein level; that is, the amount of gene expression may be monitored using nuclsic acid probes
and the quantification of gene expression levels, or, alternatively, the level of the gene product itself
can be monitored, for example through the use of antibodies to the CA protein and standard
immunoassays. Alternatively, binding and bioactivity assays with the protein may be done as
outlined below.

In a preferred embodiment, gene expression monitoring is done and a number of genes, i.e. an
expression profile, is monitared simultaneously, although multiple protein expression monitoring can
be done as well.
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In this embodiment, the CA nucleic acid probes are attached to biochips as outlined herein for the
detection and quantification of CA sequences in a particular cell. The assays are further described
below.

Generally, in a preferred embodiment, a candidate bioactive agent is added to the cells prior to
analysis. Moreover, scresns are provided to identify a candidate bioactive agent which modulates a
particular type of carcinoma, madulates GA proteins, binds to a CA protein, or interferes between
the binding of a CA protein and an antibody.

The term "candidate bioactive agent” or "drug candidate” or grammatical equivalents as used herein
describes any molecule, e.g., protein, oligopeptide, small organic or inorganic molecule,
polysaccharide, polynuclectide, efc., to be tested for bioactive agents that are capabie of directly or
indirectly altering either the carcinoma phenotype, binding to and/or modulating the bioactivity of an
CA protein, or the expression of a CA sequence, including both nucleic acid sequences and protein
sequences. In a particularly preferred embodiment, the candidate agent suppresses a CA
phenotype, for example to a normal tissue fingerprint. Similarly, the candidate agent preferably
suppresses a severe CA phenotype. Generally a plurality of assay mixtures are run in parallel with
different agent concentrations to obtain a differential response to the various concentrations.
Typically, one of these concentrations serves as a negative control, i.e., at zero concentration or
below the level of detection.

In one aspect, a candidate agent will neutralize the effect of an CA protein. By "neutralize” is meant
that activity of a protein is either inhibited or counter acted against so as to have substantially no
effect on a cell.

Candidate agents encompass numerous chemical classes, though typically they are organic or
inorganic molecules, preferably small organic compounds having a molecular weight of more than
100 and less than about 2,500 daltons. Preferred small molecules are less than 2000, or less than
1500 or lass than 1000 or less than 500 D. Gandidate agents comprise functional groups necessary
for structural interaction with proteins, particularly hydrogen bonding, and typically include at least an
amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of the functional chemical
groups. The candidate agents often comprise cyclical carbon or heterocyclic structures and/or
aromatic or polyaromatic structures substituted with one or more of the above functional groups.
Candidate agents are also found among biomolecules including peptides, saccharides, fatty acids,
steroids, purines, pyrimidines, derivatives, structural analogs or combinations thereof. Particularly
preferred are peptides.

Candidate agents are obtained from a wide variety of sources including libraries of synthetic or
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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 oligonuclectides. Alternatively, libraries of natural compounds in the form of bacterial,
fungal, plant and animal extracts are available or readily produced. Additionally, natural or
synthetically produced libraries and compounds are readily modified through conventional chemical,
physical and biochemical means. Known pharmacological agents may be subjected to directed or
random chemical modifications, such as acylation, alkylation, esterification, amidification to produce
structural analogs.

In a preferred embodiment, the candidate bicactive agents are proteins. By “protein” herein is
meant at least two covalently attached amino acids, which includes proteins, palypeptides,
aligopeptides and peptides. The protein may be made up of naturally occurring amino acids and
peptide bonds, or synthetic peptidomimetic structures. Thus "amino acid", or "pepfide residue”, as
used herein means both naturally occurring and synthetic amino acids. For example, homo-
phenylalanine, citrulline and noreleucine are cansidered amino acids for the purposes of the
invention. "Amino acid" also includes imino acid residues such as proline and hydroxyproline. The
side chains may be in efther the (R) or the (S) configuration. In the preferred embodiment, the
amino acids are in the (S) or L-configuration. If non-naturally occurring side chains are used, non-
amino acid substituents may be used, for example to prevent or retard in vivo degradations.

In a preferred embodiment, the candidate hioactive agents are naturally occurring proteins or
fragments of naturally occurring proteins. Thus, for example, cellular extracts containing proteins, or
random or directed digests of proteinaceous cellular extracts, may be used. In this way libraries of
procaryotic and eucaryotic proteins may be made for screening in the methods of the invention.
Particularly preferred in this embodiment are libraries of bacterial, fungal, viral, and mammalian
proteins, with the latter being preferred, and human proteins being especially preferred.

In a preferred emhodiment, the candidate bioactive agents are peptides of from about 5 to about 30
amino acids, with from about 5 to about 20 amino acids being preferred, and from about 7 to about
15 being particularly preferred. The peptides may be digests of naturally occurring proeins as is
outlined above, random peptides, or *biased” random peptides. By “randomized” or grammatical
equivalents herein is meant that each nucleic acid and peptide consists of essentially random
nucleotides and amino acids, respectively. Since generally these random peptides (or nucleic acids,
discussed below) are chemically synthesized, they may incorporate any nucleotide or amino acid at
any position. The synthetic process can be designed to generate randomized proteins or nucleic
acids, to allow the formation of all or most of the possible combinations over the length of the
sequencs, thus forming a fibrary of randomized candidate bioactive proteinaceous agents.
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In ohe embodiment, the library is fully randomized, with no sequence preferences or constants at
any position. [n a preferred embodiment, the library is biased. That is, scme positions within the
sequence are either held constant, or are selected from a limited number of possibilities. For
example, in a preferred embodiment, the nucleotides or amino acid residues are randomized within
a defined class, for example, of hydrophobic amino acids, hydrophilic residues, sterically biased
(either small or large) residues, towards the creation of nucleic acid binding domains, the creation of
cysteines, for cross-linking, prolines for SH-3 domains, serines, threonines, tyrosines or histidines
for phosphorylation sites, etc., or to purines, ete.

In a preferred embodiment, the candidate bioactive agents are nucleic acids, as defined above.

As described above generally for proteins, nucleic acid candidate bioactive agents may be naturally
occurring nucleic acids, random nucleic acids, or "biased” random nucleic acids. For example,
digests of procaryotic or eucaryotic genomes may be used as is outlined above for proteins.

In a preferred embodiment, the candidate bioactive agents are organic chemical moieties, a wide
variety of which are available in the literature.

In assays for altering the expression profile of one or mare CA genes, after the candidate agent has
been added and the cells allowed to incubate for some period of time, the sample containing the
target sequences to be analyzed is added to the biochip. If required, the target sequence is
prepared using known techniques. For example, the sample may be treated to lyse the cells, using
known lysis buffers, electroporation, etc., with purification and/or amplification such as PCR
occurring as needed, as will be appreciated by those in the art. For example, an in vitro
transcription with labels covalently attached to the nucleosides is done. Generally, the nucleic acids
are labeled with a label as defined herein, with biotin-FITC or PE, cy3 and cy5 being particularly
preferred.

In a preferred embodiment, the target sequence is labeled with, for example, a fluorescent,
chemiluminescent, chemical, or radioactive signal, to provide a means of detecting the target
sequence’s specific binding to a probe. The label also can\be an enzyme, such as, alkaline
phosphatase or horseradish peroxidase, which when provided with an appropriate substrate
praduces a product that can be detected. Alternatively, the label can be a labeled compound or
small molecule, such as an enzyme inhibitor, that binds but is not catalyzed or altered by the
enzyme. The label also can be a moiety or compound, such as, an epitope tag or bictin which
specifically binds to streptavidin. For the example of biotin, the streptavidin s labeled as described
above, thereby, providing a detectable signal for the bound target sequence. As known in the art,
unbound labeled streptavidin is removed prior to analysis.
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As will be appreciated by those in the art, these assays can be direct hybridization assays or can
comprise “sandwich assays”, which include the use of multiple probes, as is generally outiined in
U.S. Patent Nos. 5,681,702, 5,597,809, 5,545,730, 5,594,117, 5,591,584, 5,571,670, 5,580,731,
5,671,670, 5,591,584, 5,624,802, 5,635,352, 5,594,118, 5,359,100, 5,124,248 and 5,681,697, all of
which are hereby incorporated by reference. In this embadiment, in general, the target nucleic acid
is prepared as ouifined above, and then added to the biochip comprising a plurality of nucleic acid
probes, under conditions that allow the formation of a hybridization complex.

A variety of hybridization conditions may be used in the present invention, including high, moderate
and low stringency conditions as outlined above. The assays are generally run under stringency
conditions which allows formation of the label probe hybridization complex only in the presence of
target. Stringency can be controlled by altering a step parameter that is a thermodynamic variable,
including, but not limited to, temperature, formamide concentration, salt concentration, chaotropic
salt concentration pH, organic solvent concentration, etc.

These parameters may also be used to control non-specific binding, as is generally outlined in U.S.
Patent No. 5,681,697. Thus it may be desirable to perform certain steps at higher stringency
conditions to reduce non-specific binding.

The reactions outlined herein may be accomplished in a variety of ways, as will be appreciated by
those in the art. Components of the reaction may be added simultaneously, or sequentially, in any
order, with preferred embodiments outlined below. In addition, the reaction may include a varlety of
other reagents may be included in the assays. These include reagents like salts, buffers, neutral
proteins, e.g. albumin, detergents, stc which may be used to facilitate optimal hybridization and
detection, and/or reduce non-specific or background interactions. Also reagents that otherwise
improve the efficiency of the assay, such as protease inhibitors, nuclease inhibitors, anti-microbial
agents, etc., may be used, depending on the sample preparation methods and purity of the target.
In addition, either sclid phase or solution based (i.e., kinetic PCR) assays may be used.

Once the assay is run, the data is analyzed to determine the expression levels, and changes in
expression levels as between states, of individual genes, forming a gene expression profile.

In a preferred embodiment, as for the diagnosis and prognosis applications, having identified the
differentially expressed gene(s) or mutated gene(s) important in any one state, screens can be run
to alter the expression of the genes individually. That is, screening for modulation of regulation of
expression of a single gene can be done, Thus, for example, particufarly in the case of target genes
whose presence or absence is unique between two states, screening is done for modulators of the
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target gene expression.

In addition, screens can be done for novel genes that are induced in response to a candidate agent.

After identifying a candidate agent based upon its ability to suppress a CA expression pattern
leading to a normal expression pattem, or modulate a single CA gene expression profile so as to
mimic the expression of the gene from normal tissue, a screen as described above can be
performed to identify genes that are specifically modulated in response to the agent. Comparing
expression profiles between normal tissue and agent treated CA tissue reveals genes that are not
expressed in normal tissue or CA tissue, but are expressed in agent treated tissue. These agent
specific sequences can be identified and used by any of the methods described herein for CA genes
or proteins. In pariicular these sequences and the proteins they encode find use in marking or
identifying agent treated cells. In addition, antibodies can be raised against the agent induced
proteins and used to targef naovel therapeutics to the treated CA fissue sample.

Thus, in one embodiment, a candidate agent is administered to a population of CA cells, that thus
has an associated CA expression profile. By “administration” or “contacting” herein is meant that
the candidate agent is added to the cells in such a manner as to allow the agent to act upon the cell,
whether by uptake and intracellular action, or by action at the cell surface. In some embodiments,
nucleic acid encoding a proteinaceous candidate agent (i.e. a peptide) may be put into a viral
construct such as a retroviral construct and added to the cell, such that expression of the peptide
agent is accomplished; see PCT US97/01019, hereby expressly incorparated by reference.

Once the candidate agent has been administered to the cells, the cells can be washed if desired
and are allowed to incubate under preferably physiological conditions for some period of time. The
cells are then harvested and a new gene expression profile is generated, as outlined herein.

Thus, for example, CA tissue may be screened for agents that reduce or suppress the CA
phenotype. A change in at least one gene of the expression profile indicates that the agent has an
effect on CA activity. By defining such a signature for the CA phenotype, screens for naw drugs that
alter the phenotype can be devised. With this approach, the drug target need not be known and
need not be represented in the original expression screening platform, nor does the level of
transcript for the target protein need to change.

In a preferred embodiment, as outlined above, screens may be dong on individual genes and gene
products (proteins). That is, having identified a particular differentially expressed gene as important
in a particular state, screening of madulators of either the expression of the gene or the gene
product itself can be done. The gene products of differentially expressed genes are sometimes
referred to herein as “CA proteins” or an “CAP". The CAP may be a fragment, or alternatively, be
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the fuil length protein to the fragment encoded by the nucleic acids of Table 1. Preferably, the CAP
is a fragment. In another embodiment, the sequences are sequence variants as further described
herein.

Preferably, the CAP Is a fragment of approximately 14 to 24 amino acids long. More preferably the
fragment is a soluble fragment. Preferably, the fragment includes a non-transmembrane region. In
a preferred embodiment, the fragment has an N-terminal Cys to aid in solubility. In one
embodiment, the c-terminus of the fragment is kept as a free acid and the n-terminus is a free
amine fo aid in coupling, i.e., to cysteine.

In one embodiment the CA proteins are conjugated to an immunogenic agent as discussed herein.
In ohe embodiment the CA protein is conjugated to BSA.

In a preferred embodiment, screening is dane to alter the biological function of the expression
product of the CA gene, such as PRDM11. Again, having identified the importance of a2 genein a
particular state, screening for agents that bind and/or modulate the biological activity of the gene
product can be run as is more fully outlined below.

In a preferred embodiment, screens are designed to first find candidate agents that can bind to CA
proteins, and then these agents may be used in assays that evaluate the ability of the candidate
agent to modulate the CAP activity and the carcinoma phenotype. Thus, as will be appreciated by
those in the art, there are a number of differant assays which may be run; binding assays and
activity assays.

In a preferred embodiment, binding assays are done. In general, purified or isclated gene product is
used; thatis, the gene products of one or more CA nucleic acids are made. In general, this is done
as is known in the art. For example, antibodies are generated to the protein gene products, and
standard immunoassays are run to determine the amount of protein present. Alternatively, cells
comprising the CA proteins can be used in the assays.

Thus, in a preferred embodiment, the methcds comprise combining a CA protein and a candidate
bioactive agent, and determining the binding of the candidate agent to the CA protein. Preferred
embodiments utilize the human or mouse CA protein, although other mammalian proteins may also
be used, for example for the development of animal models of human disease. In some
embodiments, as outlined herein, variant or derivative CA proteins may be used.

Generelly, in a preferred embodiment of the methods herein, the CA protein or the candidate agent
is non-diffusably bound to an insoluble support having isolated sample receiving areas (e.g. a
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microtiter plate, an array, etc.). The insoluble supports may be made of any composition to which
the compositions can be bound, is readily separated from soluble material, and is otherwise
compatible with the overall method of screening. The surface of such supports may be solid or
porous and of any convenient shape. Examples of suitable insoluble supports include microtiter
plates, arrays, membranes and beads. These are typically made of glass, plastic (e.g., polystyrens),
polysaccharidas, nylon or nitrocellulose, TefionD, etc. Microtiter plates and atrays are especially
convenient because a large number of assays can be carried out simultanzsously, using small
amounts of reagents and samples. The particular manner of binding of the compasition is not
crucial so long as it is compatible with the reagents and overall methods of the invention, maintains
the activity of the composition and is nondiffusable. Preferred methods of binding include the use of
antibodies (which do not sterically block sither the ligand binding site or activation sequence when
the protein is bound to the support), direct binding to “sticky” or ionic supports, chemical
crosslinking, the synthesis of the protein or agent on the surface, etc. Following binding of the
protein or agent, excess unbound material is removed by washing. The sample receiving areas
may then be blocked through incubation with bovine serum albumin (BSA), casein or other
innocuous protein or other moiety.

In a preferred embodiment, the CA protein is bound to the support, and a candidate bioactive agent
is added to the assay. Alternatively, the candidate agent is bound to the support and the CA protein
is added. Novel binding agents include specific antibodies, non-natural binding agents identified in
screens of chemical librariss, peptide analogs, etc. Of parﬁcular interest are screening assays for
agents that have a low toxicity for human cells. A wide variety of assays may be used for this
purpose, including labeled in vitro protein-protein binding assays, electrophoretic mobility shift
assays, immunoassays for protein binding, functional assays (phosphorylation assays, efc.) and the
like.

The determination of the binding of the candidate bioactive agent to the CA protein may be done in
a number of ways. In a preferred embodiment, the candidate bioactive agent is labeled, and hinding
determined directly. For example, this may be done by attaching all or a portion of the CA protein to
a solid support, adding a labeled candidate agent (for example a fluorescent label), washing off
excess reagent, and determining whether the label is present on the solid support. Various blocking
and washing steps may be utilized as is known in the art.

By “labeled” herein is meant that the compound is either directly or indirectly labeled with a label
which provides a detectable signal, e.g. radioisotope, fluorescers, enzyme, antibodies, particles
such as magnetic particles, chemiluminescers, or specific binding molecules, stc. Specific binding
molecules include pairs, such as biotin and streptavidin, digoxin and antidigoxin etc. For the specific
binding members, the complementary member would narmally be [abeled with a molecule which
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provides for detection, in accordance with known procedures, as outlined above. The label can
directly or indirectly provide a detectable signal.

In some embodiments, only one of the components is labeled. For example, the proteins (or
proteinaceous candidate agents) may be labeled at tyrosine positions using '}, or with
fluorophores. Alternatively, more than one component may be labeled with different labels; using
125 for the proteins, for example, and a fluorophor for the candidate agents.

In a preferred embodiment, the binding of the candidate bioactive agent is determined through the
use of competitive binding assays. In this embodiment, the competitor is a binding moiety known to
bind to the target molecule (i.e. CA protein), such as an antibody, peptide, binding pariner, ligand,
etc. Under certain circumstances, there may be competitive binding as between the bioactive agent
and the binding moiety, with the binding meiety displacing the bioactive agent.

In one embodiment, the candidate bioactive agent is labeled. Either the candidate bioactive agent,
or the competitor, or both, is added first to the protein for a time sufficient to allow binding, if present.
Incubations may be petformed at any temperature which facilitates optimal activity, typically
betwsen 4 and 40C. Incubation periods are selected for optimum activity, but may also be
optimized to facilitate rapid high through put screening. Typically between 0.1 and 1 hour will be
sufficient. Excess reagent is generally removed or washed away. The second componentis then
added, and the presence or absence of the labeled component is followed, to indicate binding.

In a preferred embodiment, the competitor is added first, followed by the candidate bicactive agent.
Displacement of the competitor is an indication that the candidate bioactive agent is binding to the
CA pretein and thus is capable of binding to, and potentially modulating, the activity of the CA
protein. In this embodiment, either component can be labeled. Thus, for example, if the competitor
is labeled, the presence of label in the wash solution indicates displacement by the agent.
Alternatively, if the candidate bicactive agent is labeled, the presence of the label on the support

indicates displacement.

In an alternative embodiment, the candidate bioactive agent is added first, with incubation and
washing, followed by the competitor. The absence of binding by the competitor may indicate that
the bioactive agentis bound to the CA protein with a higher affinity. Thus, if the candidate bicactive
agent is labeled, the presence of the label on the support, coupled with a lack of competitor binding,
may indicate that the candidate agent is capable of binding to the CA protzin.

In a preferred embodiment, the methods comprise differential screening to identity bioactive agents
that are capable of modulating the activity of the CA proteins. In this embodiment, the methods
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comprise combining a CA protein and a competitor in a first sample. A second sample comprises a
candidate bicactive agent, a CA protein and a competitor. The binding of the compatitor is
determined for both samples, and a change, or difference in binding between tha two samples
indicates the presence of an agent capable of binding to the CA protein and potentially modulating
its activity. Thatis, if the binding of the competitor is different in the second sample relative to the
first sample, the agent is capable of binding to the CA protein.

Alternatively, a preferred embadiment utilizes differential screening to identify drug candidates that
bind to the native CA protein, but cannot bind to modified CA proteins. The structure of the CA
protein may be modeled, and used in rational drug design to synthesize agents that interact with that
site. Drug candidates that affect CA bioactivity are also identified by screening drugs for the ability
to either enhance or reduce thé activity of the protein.

Pasitive controls and negative controls may be used in the assays. Preferably all control and test
samples are performed in at least triplicate to obtain statistically significant results. Incubation of all
samples is for a time sufficient for the binding of the agent to the protein. Following incubation, all
samples are washed free of non-specifically bound material and the amount of bound, generally
labeled agent determined. For example, where a radiolabel is employed, the samples may be
counted in a scintillation counter to determine the amount of bound compound.

Avariety of other reagents may be included in the screening assays. These include reagents like
salts, neutral proteins, e.g. albumin, detergents, etc which may be used to facilitate optimal
protein-protein binding and/or reduce non-specific or background interactions. Also reagents that
otherwise improve the efficiency of the assay, such as protease inhibitors, nuclezse inhibitors,
anti-microbial agents, etc., may be used. The mixture of components may be added in any order
that provides for the requisite binding.

Screening for agents that modulate the activity of CA proteins may also be done. In a preferred
embadiment, methods for screening for a bioactive agent capable of modulating the activity of CA
proteins comprise the steps of adding a candidate bioactive agent to a sample of CA proteins, as
above, and determining an alteration in the biclogical activity of CA proteins. "Modulating the activity
of an CA protein” includes an increase in activity, a decrease in activity, or a change in the type or
kind of activity present. Thus, in this embodiment, the candidate agent should both bind to CA
proteins (although this may not be necassary), and alter its biclogical or biochemical activity as
defined herein. The methods include both in vifro screening methods, as are generally outlined
above, and in vivo screening of cells for alterations in the presence, distribution, activity or amount of
CA proteins.
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Thus, in this embodiment, the methods comprise combining a CA sample and a candidate bioactiva
agent, and evaluating the effect on CA activity. By “CA activity” or grammatical equivalents herein is
meant one of the CA protein's biological activities, including, but not limited to, its rale in
tumorigenesis, including cell division, preferably in lymphatic tissue, cell praliferation, tumor growth
and transformation of cells. in one embodiment, CA activity includes acfivation of or by a protein
encoded by a nucleic acid of Table 1. An inhibitor of CA activity is the inhibition of any one or more
CA activities.

In a praferred embodiment, the ‘activity of the CA protein is increased; in another preferred
embodiment, the activity of the CA protein is decreased. Thus, bioactive agents that are
antagonists are preferred in some embodiments, and bioactive agents that are agonists may be
preferred in other embodiments.

In a preferred embodiment, the invention provides methods for screening for hioactive agents
capable of madulating the activity of a CA protein. The methods com prise adding a candidate
bioactive agent, as defined above, to a cell comprising CA proteins. Preferred cell types include
almost any cell. The cells contain a recombinant nucleic acid that encodes a CA protein. Ina
preferred embodiment, a library of candidate agents are testad on a plurality of cells.

In one aspect, the assays are evaluated in the presence or absence or previous or subsequent
exposure of physiological signals, for example hormones, antibodies, peptides, antigens, cytokines, .
growth factors, action potentials, pharmacological agents including chemotherapeutics, radiation,
carcinogenics, or other cells (i.e. cell-cell contacts). In another example, the detefminations are

determined at different stages of the cell cycle process.

In this way, bioactive agents are identified. Compounds with pharmacological activity are able to
enhance or interfere with the activity of the CA protein.

In one embodiment, a method of inhibiting carcinoma cancer cgll division, is provided. The method
comprises administration of a carcinama cancer inhibitor,

In a preferred embodiment, a method of inhibiting lymphoma carcinoma cell division is provided
comprising administration of a lymphoma carcinoma inhibitor,

In a preferred embodiment, a method of inhibiting breast cancer carcinoma cell division is provided
comprising administration of a breast camcer carcinoma inhibitor.

In another embodiment, a method of inhibiting tumor growth is provided. The method comprises
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adminisiration of a carcinoma cancer inhibitor. In a particularly preferred embodiment, a mathod of
inhibiting tumor growth in lymphatic tissue is provided comprising administration of a lymphama
inhibitor.

In another smbodiment, a methad of inhibiting tumor growth is provided. The method comprises
administration of a carcinoma cancer inhibitor. In a particularly preferred embodiment, a method of
inhibiting tumor growth in mammary tissue is provided comprising administration of a breast cancer

inhibitor.

In a further embodiment, methods of freating cells or individuals with cancer are provided. The
method comprises administration of a carcinoma cancer inhibitor. in one embodiment the
carcinoma is a breast cancer carcinoma. In an alternative embodiment, the carcinoma is a

lymphoma carcinoma.

In one embodiment, a carcinama cancer inhibitor is an antibody as discussed above. In anather
embodiment, the carcinoma cancer inhibitor is an antisense molecule. Antisense molecules as
used herein include antisense or sense oligonucleotides comprising a singe-stranded nucleic acid
sequence {either RNA or DNA) capable of binding to target mRNA (sense) or DNA (antisense)
sequences for carcinoma cancer molectles. Antfisense or sense oligonucleotides, according to the
present invention, comprise a fragment generally at least about 14 nucleotides, preferably from
about 14 to 30 nuclectides. The ability to derive an antisense or a sense oligonucleotide, based
upon a cDNA sequence encading a given pratein is described in, for example, Stein and Cohen,
Cancer Res. 48:2659, (1988) and van der Krol et al., BioTechniques 6:958, (1988).

Antisense molecules may be introduced into a cell containing the target nucleotide sequence by
formation of a conjugate with a figand binding molecule, as described in WO 81/04753. Suitable
ligand binding molecules include, but are not limited to, ceil surface receptors, growth factors, other
cytokines, or other ligands that bind to cell surface receptors. Preferably, conjugation of the ligand
binding molecule does not substantially interfere with the ability of the ligand binding molecule to
bind to its corresponding molecule or receptor, or block entry of the sense or antisense
oligonucleatide or its conjugated version into the cell. Alfernatively, a sense or an antisense
oligonuclectide may be introducad into a cell containing the target nucleic acid sequence by
formation of an oligonucleotide-lipid complex, as described in WO 90/10448. Itis understood that
the use of antisense molecules or knack out and knock in medels may also be used in screening

assays as discussed above, in addition to methods of treatment.

The compounds having the desired pharmacological activity may be administered ina
physiologically acceptable carrier to a host, as previously described. The agents may ba
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administered in a variety of ways, orally, parenterally e.g., subcutaneously, intraperitoneally,
intravascularly, etc. Depending upon the manner of introduction, the compounds may be formulated
i a variety of ways. The concentration of therapeutically active compound in the formulation may
vary from about 0.1-100% wgtival. The agents may be administered alone or in combination with
other treatments, i.e., radiation.

The pharmaceutical compositions can be prepared in various forms, such as granules, tabiets, pills,
suppositories, capsules, suspensions, salves, ltions and the like. Pharmaceutical grade organic or
inorganic carriers andfor diluents suitable for oral and topical use can be used to make up
compositions containing the therapeutically-active compounds. Diluents known to the art include
agueous media, vegetable and animal oils and fats. Stabilizing agents, wetting and emulsifying
agents, salts for varying the osmotic pressure or buffers for securing an adequate pH value, and
skin penetration enhancers can be used as auxiliary agents.

Without being bound by theory, it appears that the various CA sequences are important in
carcinomas. Accordingly, disorders based on mutant or variant CA genes may be determined. In
one embodiment, the invention provides methods for identifying cells containing variant CA genes
comprising determining all or part of the sequence of at least one endogenous CA genes in a cell.
As will be appreciated by those in the art, this may be done using any number of sequencing
techniques. In a preferred embodiment, the invention provides methads of identifying the CA
genotype of an individual comprising determining all or part of the sequence of at least one CA
gene, such as PRDM11 of the individual. This is generally done in at least one tissue of the
individual, and may include the evaluation of a number of tissues or different samples of the same
tissue. The mathod may include comparing the sequence of the sequenced CA gene to a known
CA gene, such as PRDM11, i.e., 2 wild-type gene. As will be appreciated by those in the art,
alterations in the sequence of same oncogenes can be an indication of either the presence of the
disease, or propensity to develop the disease, or pragnosis evaluations.

The sequence of all or part of the GA gene, such as PRDM11, can then be compared to the
sequence-of a known CA gene to determine if any differences exist. This can be done using any
number of known homology programs, such as Bestfit, etc. Ina preferred embodiment, the
presence of a difference in the sequence between the CA gene, such as PRDM11 of the patient and
the known CA gene is indicative of a disease state or a propensity for a disease state, as outlined
herein.

In a preferred embediment, the CA genes ars used as probes to determine the number of copies of
the CA gene, such as PRDM11 in the genome. For example, some cancers exhibit chromosomal

deletions or insertions, resulting in an alteration in the copy number of agene.
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In another prefered embodiment CA genes are used as probes to determine the chromosomal
location of the CA genes. Information such as chromosomal location finds use in providing a
diagnosis or prognhosis in particutar when chromosomal abnormalities such as translocations, and
the like are identified in CA gene, such as PRDM11, loci.

Thus, in one embodiment, methods of modulating GA in cells or organisms are provided. In one
embodiment, the methods comprise administering to a cell an anti-CA antibody that reduces or
eliminates the biological activity of an endogenous CA protein. Alternatively, the methods comprise
administering to a cell or organism a recombinant nucleic acid encoding a CA protein. As will be
appreciated by those in the art, this may be accomplished in any number of ways. In a preferred
embodiment, for example when the CA sequence is down-regulated in carcinoma, the activity of the
CA gene is increased by increasing the amount of CA in the cell, for example by overexpressing the
endogenous CA or by administering a gene encoding the CA sequence, using known gene-therapy
techniques, for example. In a preferred embodiment, the gene therapy techniques include the
incorporatian of the exogenous gene using enhanced homologous recombination {EHR), for
example as described in PCT/US23/03868, hereby incorporated by reference in is entirety.
Alternatively, for example when the CA sequence is up-regulated in carcinoma, the activity of the
endogenous CA gene is decreased, for example by the administration of a CA antisense nucleic

acid.

in one embodiment, the CA proteins of the present invention may be used to generate polyclonal
and monaclonal antibodies to CA proteins, which are useful as described herein. Similarly, the CA
proteins can be coupled, using standard technology, to affinity chromatography columns. These
columns may then be used to purify CA antibodies. In a preferred embodiment, the antibodies are
generated to epitopes unique to a CA proteln; that is, the antibodies show little ar no cross-reactivity
to other proteins. These antibodies find use in a number of applications. For example, the CA
antihodies may be coupled to standard affinity chromatography columns and used to purify CA
proteins. The antibodies may also be used as blocking polypeptides, as outlined above, since they
will specifically bind to the CA protein.

In one embodiment, a therapeutically effective dose of a CA or modulator thereof is administered to
a patient. By "therapeutically effective dose" herein is meant a dose that produces the effects for
which itis administered. The exact dose will depend on the purpose of the freatment, and will be
ascertainable by one skilled in the art using known techniques. As is known in the art, adjustments
for CA degradation, systemic versus localized delivery, and rate of new protease synthesis, as well
as the age, body weight, general health, sex, diet, time of administration, drug intaraction and the
severity of the candition may be necessary, and will be ascertainable with routine experimentation
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by those skilled in the art.

A"patient" for the purposes of the present invention includes both humans and other animals,
particularly mammals, and organisms. Thus the methods are applicable to both human therapy and
veterinary applications. In the preferred emhodiment the patient is a mammal, and in the most
preferred embodiment the patient is human.

The administration of the CA proteins and modulators of the present invention can be donein a
variety of ways as discussed above, including, but not limited to, orally, subcutaneously,
intravenously, intranasally, transdermally, intraperitoneally, intramuscularly, intrapulmonary,
vaginally, rectally, or intraocularly. In some instances, for example, in the treatment of wounds and
inflammation, the CA proteins and modulators may be directly applied as a solution or spray.

The pharmaceutical compositions of the present invention comprise a CA pratein in a form suitable
for administration to a patient. In the preferred embodiment, the pharmacautical compositions are in
a water soluble form, such as being present as pharmaceutically acceptable salts, which is meant o
include both acid and base addition salts. "Pharmaceutically acceptable acid addition salt” refers to
those salts that retain the biological effectiveness of the free bases and that are not biologically or
otherwise undesirable, formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid, phospheric acid and the like, and organic acids such as acetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic
acid, ethanesuifonic acid, p-toluenesulfonic acid, salicylic acid and the like. "Pharmaceutically
acceptable base addition salts” include those derived from inorganic bases such as sodium,
potassium, lithium, ammonium, calcium, magnesium, iron, zinc, copper, manganese, aluminum
salts and the like. Particularly preferred are the ammonium, potassium, sodium, calcium, and
magnesium salts. Salts derived from pharmaceutically acceptable organic non-toxic bases include
salts of primary, secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, and ethanolamine.

The pharmaceutical compoesitions may also include one or more of the following: carrier proteins
such as serum albumin; buffers; fillers such as microcrystalline cellulose, lactose, corn and other
starches; binding agents; sweeteners and other flavoring agents; coloring agents; and polyethylene

glycol. Additives are well known in the art, and are used in a variety of formulations.

In a preferred embodiment, CA proteins and modulators are administered as therapeutic agents,
and can be formulated as outlined above. Similarly, CA genes (including both the fulldength
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sequence, partial sequences, or regulatory sequences of the CA coding regions) can be
administered in gene therapy applications, as is known in the art. These CA genes can include
antisense applications, either as gene therapy (i.e. for incorporation into the genome) or as

antisense compositions, as will be appreciaied by those in the art.

In a preferred embodiment, CA genes, such as PRDM11, are administered as DNA vaccines, either
single genes or combinations of CA genes. Naked DNA vaccines are generally known in the art.
Brower, Nature Biotechnology, 16:1304-1305 (19£8).

In one embodiment, CA genes of the present invention are used as DNA vaccines. Methods for the
use of genes as DNA vaccines are well known to one of ordinary skill in the art, and include placing
a CA gene or portion of a CA gene under the control of a promoter for expression in a patient with
carcinoma. The CA gene used for DNA vaccines can encode full-length CA proteins, but more
preferably encades portions of the CA proteins including peptides derived from the CA protein. ina
preferred embodiment a patient is immunized with a DNA vaccine comprising a plurality of
nucleofide sequences derived from a CA gene. Similarly, it is possible to immunize a patient with a
plurality of CA genes or portions thereof as defined herein. Without being bound by theory,
expression of the polypepfide encoded by the DNA vaccine, cytotoxic T-cells, helper Tcells and
antibodies are induced which recognize and destroy or eliminate cells expressing CA proteins.

In a preferred embodiment, the DNA vaccines include a gene encoding an adjuvant molecule with
the DNA vaccine. Such adjuvant molecules include cytokines that Increase the immunogenic
response {o the CA polypeptide encoded by the DNA vaccine. Additional or alternative adjuvants
are known to those of ordinary skill in the art and find use in the invention.

In another preferred embodiment CA genes find use in generating animal models of carcinomas,
particularly breast cancer or lymphoma carcinomas. As is appreciated by one of ordinary skill in the
art, when the CA gene identified is repressed or diminished in CA tissue, gene therapy technology
wherein antisense RNA directed to the CA gene will also diminish or repress expression of the
gene. An animal generated as such serves as an animal model of CA that finds use in screening
bioactive drug candidates. Similarly, gene knockout technology, for example as a result of
homologous recombination with an appropriate gene targeting vectar, will result in the absence of
the CA protein. When desired, tissue-specific expression or knockout of the CA protein may be
necessary.

Itis also possible that the CA protein is overexpressed in carcinoma. As such, transgenic animals
can be generated that overexpress the CA protein. Depending on the desired expression level,

promoters of various strengths can be employed to express the transgene. Also, the number of
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copies of the integrated transgene can be determined and compared for a determination
of the expression level of the transgene. Animals generated by such methods find use
as animal models of CA and are additionally useful in screening for bioactive

molecules to treat carcinoma.

The CA nucleic acid sequences of the invention are depicted in Table 1. The sequences
in each Table include genomic sequence, mRNA and coding sequences for both mouse
and human. N/A indicates a gene that has been identified, but for which thete has not
been a name ascribed. The different sequences are assigned the following SEQ ID
Nos:

Table 1 (mouse gene: mCG2257; human gene PRDM11)
Mouse genomic sequence (SEQID NO: 1)

Mouse mRNA sequence (SEQ ID NO: 2)

Mouse coding sequence (SEQ ID NO: 3)

Human genomic sequence (SEQ 1D NO: 4)

Human mRNA sequence (SEQ ID NO: 5)

Human coding sequence (SEQID NO: 6)

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
field relevant to the present invention as it existed before the priority date of each claim
of this application.
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TABLE 1

MOUSE NOMENCLATURE

ICSGNM n/a
Celera nCG2257
HUMAN NOMENCLATURE
HGNC PRDM11
Celera hCE25389

MOUSE SEQUENCE - GENOVIC (SEQ ID NO:1 )

CACCTCACACAGTGACTTATAATATCTTCAGATTATTATGGGCATTACT CGTACATARCCCTGCCAGARGTTCAGATGCCCCTECACAGGGC
ACTACACTCCAATGRAGGAATTGGGECTCCTCACTCTATCASTG GGAGGAAATATAAAAGATARARCCAGRGGGCTTGTAGT TARRAGA
ARRATAGARATCTCACGAGGTCAAGAATTACTCAARGEAGACTAGGAACCARCT GATAGAAATATAARAAGTTRAAAGCTGGARCAGT TCAGT
ARTARARTCAACAGEGCGCTATTIGGATTAAAGTGAAAGCATARAACAGAGATTCCCORAATCOACACTGAT! CAATTAGTGTGCACACTGATC
AACTAGTITTGTCATSAGT TAGGAAC TGGAGAGAGGGAGGGGGAGGGI‘CTCACACAGAACAP.'I‘:CCGGCTAACTGATI‘AGTTGGAGGACTAT
GCCCCGCTTGTTGETGTCCAGTGTGCACAGCGIGGAGGAGEETGGTETITACCATGAGEA ACCIGGTAGATCCTTCCCATCAGGTGTCTAGS
TCIGCCCTARGCTATATTGACARGAGAGAT TCCTGGCACAATGTGATGGAARTGGAAC TTGETCTCT GCCTCCTTCCACTCCACAGTCCAT
GACCTCGAT! CAGATCSGTGAATGTGGAATATTGAA'I‘TTATTGCTGTGTAGCCAAGGCTATCCTCAAAI'GGGTGATATTTCTGCCTAAGC CT
CACAAGTGCTGEGECTAGGAGGTATCTGC TACCRCACCTGGAGACTIACACTATTCTCAAT TTATGATAGGACAGEATTAACCAGT GGCTT
CTGTTCATTGTCATACTGAATAACTCAARAGGGCTATCAGARGGGCTTETTGTT CCATGACACAGATATARARCAGGCTAGAT TGGCAGCT
AGCATAGACCATATTAGCACACTAGCTARAGARCC] "I CAARGGACT GGAATTCTGTGRAC TATGCTCCCTCACAGCAGTGGAATGRRATG
GEGAAGTTTATSGAARARGCACAGCAAGATCTCTAATGCTTGCARAT TAACCAGCATATT GCTATATAGCGCATGGGTTCAAGAAGARACC
ATGCCARAGACACTGGGARATACTTGGARNTGACARGATAGCCAGAATCAT GAGATGTGTATAAGGGTARAATAAAATTEGARAGTTGGAGT
CATTAGARGAACARAC [CAGCTATGAGGATTGTCTAATAT TCGTGAGACCCCTGCCACTGACAT CAGCCAGTCTGCTAGGECCTTTCIGC
ATGCCGICTAGTTTAATCTGCAACAGCTTALGT TARAT SALCACAT! CCATTARAAATTTAACTTGCCATCCGGETAGCEGTGGTECATTCC
TTTRATCCCAGHACTT! GGGAGGCAGAGGCAGGCAGATTTCTAAGT‘I‘TGAGGACAGCCTGGTCTACAGAGTGAGTTCCAGGACAGC CAGGCA
TACACAGRGAAACCCTGTCTCANAAARAGAAAGA: AAGAAAGAAACLARGAAAGAAAGAARGAAGARRAATTCACATTGCCACATCA
ARGGAAGTTAAAGTGAGRCAGTATGGAGCEATGECTCACTGGT TAAGAGCACTGECTGCCCTT CCAGAGGTCCTGAGTTCTATTCCCAGCA
ACCACATGGTEGCTCACARCCATCTATAATAGEATC TAATGCCCTCTTCTGECATATGAR TGTATATGCAARATARATABATAAATAAATA
AATAAATAAATAAATARATARATARAGT GACAGTGTGGTAGAGGTGCARRATGLART TATTTTARATTAARAACAGTCCTGCACASGAGA
TGACAGGGTTAACCAGTTTTATCCAGTTGGCATACATTCTGAAGAAT TACAGRAGGGCTGTC ' GUTTGTCTT TCCATAGTACATATATARL
ACAGACTAGATTGTTTCAGGCTCACATAGCTGTGCTGGEARTTTTCART GCPAATCTTECATAAATCC T I TCAGAAMTAGACAAAGAGGA
AATAACTCCAAAGTCGTTCTGCAACGCCAGCTACTCC TTGIGACARAATATGACATTTCCTTATATTTTTATAGSAAAGCGAARATTT TAGA
CACATCTGTCTCATAAATATARATAGARAAGTTGTATGTARA ATATTTACRAATCAAACTAAATAAZAGGTTALSATGTGCARGTGTGTCT
ATGLGIGTCTGTGI TTGTGTGTGTCTCTGTHT G I GTGTGTCTEACACAGAGAGA AGNGAGAGAGAGAGAGAGCTTATCTGCATGTCCA
CTATGTACTTGCASGTGTCTCCAAGGCCACGAGAGEGCATCART TACAACTGACAGAGCTGCCCCATCTCTGTCOT GGGRACCTGRCCCAG
STCCTTGGCAAGCI’CCACTAACC'T‘CTGAGCA‘.[‘L‘TGTTCAGCCCCATCAAT'ITT‘ITCTAAGGATTGTTTTAAACAATCTTTCAATGTAACTI‘
ACCACATTAACCTATCAGGGGAGAAAAAACAAAAACAAAAAATAAAACAAAACAAARABACAF\AATCBACTC GAGACACAGARACATCGTS
AGRCRAAARATTCAGCAGTTTTTCATAGCATACAGCAACAGARAGEAGCCTCE! CCCATCTAGTCTCAAGTATCTAGACARACCCTTAGAGAA
CTTTG’T’AT‘TTTAA‘].‘&I‘TCCAATAGCAAATGTGCTCTCCCTCCCCTGTCTCTGGAGT'IAAGGAATGCAAAGCTACTGTCAGI‘GTT‘l‘CTGTTG
CAGCACTGTGCTGAGGAC T'GTAGCCAGTGCTCTAGAGAAGAAAAAGCATATGATTTGAGAGAAAAGCATAAACGCACTET CATTTCGCACA
TGGTGAATGATGATGAATGCCGGARATCCTANAG GATTCAACGACARACTGTTAGART TTIARAAAAGGGCARACCTTCASGY GTTGTTTT
AZARAGGTGATGATGTGTTGTTTAAACATGGT GACTTCCAAATCAATTGTAT TTCTATAAACRAGTAARATAAATTCGAASGCCTTTCATT
PGCAGTTGARCTGTTAAAATCGAATGCTGAATGCTTACGAATAAGTGGTATACACCCTGGATAT TATGAGTACCAGCTGGGTAGCAGTAAN
AGTRAAGATTACATGTGTATCAACTSGAGGACTTGATACTTT GTCACCARRCCRAAGATCTAATTCYACATGCACAGRBATTCAGAGALGS
CAGACTGCCAAGCCTCACCAGACAGI'AACCCTAAATTTAAAGCTACAC—TC-AGGAGGTAGCTTTCCTGCAGCT’IT GCCTAGGAGAATGGGGT
CTTAGTGTTACTTTTGCTGEGATAAAACATGAGGACCAARAGCAAC TTGEEEAGRARGE AGUTTATTTCATCTTACATGTTCCAGGTCATC
ARCCCAGGGAAGTCAGGGCAGGAACTTGGAGECAGGRAACTGATACAGAGAL TGTGAAGGAACCACCTGAAGGARTTTACTARCTTACTCTA
CTATAGS'E'I‘TGCTCCC—CCCAT'ITCCTTTTATCATTCAGAATZACCAGGTCGGGGG‘I‘AC—CACCACCCACP.GAGAGCTGATTCTTCTATATCA
GITATCAATCARRARAATGTACTACAGGCT TECCTACAGGUTAATCACATAGAGECATTTCCTCAAT GGAALGTCCCTCTTCCCAAATRAAC
TCTAGCTTGTGICAGCT TGACATARARCTAGCCAGCACAARCAGAGTAAGATAGACTCCAAATAGACTCACACAT CTACAGT TGET TGATA
TGTATGTGCGGGGCACATATATGAAGTGGGC‘I‘GATAATCTGGGAGGGGAATGGCAGGCATGTGTATGGAGGTCAGAGGACAATGTT CAGGA
GTTGETTCTCCATTCLTACCITCTT TTAAGATGACGETATTACGGCETCECCCTEECTGGGTTEGACACAGCEATCC CTGTTTGGACTSA
AGGTGTGTACTACCAACACATCTZ\GCTTCAGCCTTCCTCCTGATGATSCAGGACCTLL GCTTTCTCTGTTIGCTGTGTTGL T GCAGGCTGGE
TGGCCTGCGAGCTTCTGGCTGACTCI‘CCTGCCTCTGZ\TTTCCCTCTAGCCA’Z‘AGGAGAGCTGGSGTTACATGGGCTCMCGAATCAATAGG
CATTTTCACACGCTGAGCTETCTCCCTTGATTGAT T I TT GGCAARATAAAA T TAGTGAGGAGASGATAGCET TTAAATGCATGTTICCCARA
CTCATTTTTTATGAGATCCACAAATACCAAATATTCTAGAAAGTTGTTT. CAARCTTTCARAARTGAAATTARCCGTACATCCACCCATCAC
TGAGTARCCTGRATCCTGACCTACAATAGGAGABAGCTARTATACACACATCCATCARARCCCATE GCCTAGCGCTITATGGTGTCTGTTT
ARRGGAGCCAGGAGTTAGGTACRACCCARGTGTCTACAAGCACTAAAAGGALTCACCAT GTGTTCATACAATGCTATGTTCATACAAATAT
TATACAGCARCAAGAGGAACATGICTGCTATTC TCAGTATGETGGCTGARTCCCACACATATACAATGAGCAGARGAAGCAAAL CTGGAAG
TTTATGGACTATATGATTTCCCTATATGARGT TCAAGATTGGCTGTAGCAALGGCTGOCTCT GGGGTATCAGCTGTATARRATGCAAGTCT
TGAGCCTGCAATTGCTTTGTTGCACARTTCAGTGTTGACTGCATAGTGAT G T TCAGGATTT! GAGAGTGAGACT TTACAGTTGCASTTATTA
’I‘AGCCCAAATTCCTGSTAAGCATGAACAGAAGGAGGATACCTGI‘TGGTTTGCAG’Z‘TTGAGGGGATCCAGI‘TAC'Z‘GTGGATGGSAGGGTTGC—
AABCAGAGGECTCAGETCCTGGTI TGTGEC IGLGEEARTGTEGAAACCECT! CATTCACATCTCAGTAGATCAGGAAGCGAAAGGAGCATCCTE
CCTAGTTGCCACCTCCCTTGTCCTATTTTTATTCAATCCAGGATCCCACTGGGTTTGTCCCGGCCTCATI'CATTAATCCTCTCTGGAAACC
CARAGGTCTGCTCCCTGGATGACCCTAAGTATTTCTT GACCTGATCAAGGTCACAAAGTITACCATTCCATCGGTACARATGGTGTGCTCA
CTRAGCAAGTT! GSTAGCASTAACAGGAGTATGTGTGTGCTCAGACTC’Z‘GCTGACAGCATTACAGATCZAATGGAAAGT TCTCGRGAGARACT
TARGGRAAATCTEARAAAGCTGCTATGST TTGAATATGCTTGGCCTAGGARCTCGCAC TATTTGGAGGTATGGECCCTGTTGGAGTAGGTGT
GCCAL"l'GTGGGCA’IGAGCTTTZ\AGACCTTCATCCTAGCTTCCTAGAAATCAGTCTTCCAC‘IAGCATCCT'[‘CASATGAAGA‘l‘G'I‘AGAACTCT
CABTTCTGCCTGCACCATGTCTGCCTGEACACTGECATGOTCCRACT TGATGATARTGGACTGAACCT CTGAACIGATAAGCCATOCCCA
AT'J.’AAATETTGTCCTTTATGAGAC’I‘TGCCTTGGTCATGGTGTCTGTTCACAGCAGTAAAACCCTAACTAAGACACAAGGCATTGATGATT'I}
CCCTAGTAATTTCATTCCTAGARAATTTTC! CCTCAGAGCAARTGAGGATATTAC CATGCCATTATTTATARTGGCAGAAATTGGCAACACC
CARACACGICACAATACGCTGTGCACAGTGCAGCCATT TARBATCATCTTAGAGCTAAARAAGTGCTTGTRAAAARALAAAGAGTTGTARAR
AGGGCTTGRAAAGGTGTTCATEGTSIGT T GTGAGACRAARGEGT GCGTTGAARATGRATCCATACATACTATACTGTTTCTCTGCAACCTTT
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AGAATGTTTTTACAGCAAGTCCCAGGAGGCAGAGGGAAGTGACTCTCCAATCACGGGGTCGGAAGASGGGTCAGATGCTGCCCAGTTATCC
AACCTGCTTCAGTAGCTTTACCGGGGGCATAGCGCAGTTCTTTTGAGCTATCACCAGACCAGGCTGAGGGGCAGAACGAGAACTGTGAGCA
GAACARATCCTTTCTCTATTRAGCTGCTTT TGCCAGEGTAATTCAGCACAGCAACAGGABRAGATACCAGGACAGARATTGGTCCOGGGAR
CIGGGECCETTGCTGEATARGCCTICTCETECGTTTCT TASGCCACTGEAACTGTICTETGCCT GAARCTTACAGARGAATCGGRACTITG
GAACCTTGGGCTAGAAAAGCTCTTSAATACTGGACACAGASATTACTGGGCAATTCTGTTGGGAGCTGAGAAGACAAGAAATGTGGAGTGT
GGGGCCAGCTCAAGGGGTTTCTGACAAGACCTCTGTCAGGAACCGGTAAGAGGACATTTGTGTGATGTTTTGTCCACATAGTCTGGCTTCA
TTCTGACCCAGCCCTCCACCTCCTAGAACCTGAATGAAGTTGAATGTAAAGGTACCAGACTAACTTGTTTAGCAGAAGAACTTCAAGCCAG
GAGAGCTTTCAGACCCGGGCTGGGGAAGCGGCTCTAACTGTAGCAGATATTCGCACTATTGTGGAGAACCTCTTGATCCTACTGGGAGAAG
GATCCTGAGGACAAAACCATCAGAAGCTCTCTTTTGTGAAGATGCACTGACTGGATTCCCTTCTGGAAAAAATGTTTCCCIGGGATCAGCA
CACAGGRAGTCTATAGAGCTGTTGGOAC, APPPAFPCAGG”5FFPAFPFAFGCTTCATCTCAAGGGGGCAGCAGAACTCAGCAGCAGCATCC
ATATAATGCTGGCTTTGCGAGTATGSAAAAATACAGGECTGAGGGAGGAGCTCATGGAATCTTGCTSAATATTTTCAGRGAGCTGCTAAGG
CCAGGTAATGTGTATGGGGTTTGAGTCCCTGCAAGGAGGCCAATGTGAAGCAGGGACCACAGAATACTGGAGATGCCAGAACGAAGGGACA
CACACTGTGAGAGCTGTGAACATGGACTGGAGCCAGCCCAGGAGAAAACCTGTGTGPGTGAAGGCAGTATAGCTGAATGGCTGATGCTATC
CTAGTCTTTTGGAGCCCAGCTGATTTTGTCACAAGCTCCGGATGCCAGACATGGAGCTCAGGATTTGATGTTTTCCCCTGTTTGATTTTGG
TTTTGTTTTTGGGAGAAGAGGGTATCAGATCCTCTGGAAGTAGAATTATAGGTGGTTACGAGTCATTGGACAGGGTGCTGGGAACCAAGGC
CAGATTCTCTACAAAAGCAGAAAGTGCTCATAACTGCTCCCACCCTCTCACCAGCCCATGGACTCCCAGCTTTTTTTTTTTTAAGTTCTAC
TACTTTAACAGTCAGCACTTTAGTGTTCACCCPTATGTACTGTCTGAATGTGGTAACAGGCACATAAGTTACCATTGTGTAGAGTTTGTTT
GGTGAGTCCTCCTCCTCGCTACATCTATTTATTTTTTTGTACAAATGTACACAGATAAGATAAGAAACATTCCTTATCCCCTTGGTCCAGA
TGTTTTTATTGAACCTCATTTCAATGTGCACATCTGGAATCCCCATCCTCATGGCAAATTTCTGGATTTGGATAUCCAGGGAGCACACCIC
TTGAAGCCCACATGGGTGCACTTGTAGATTTTGATCTTTGGGTCACTACCTCATTGATGGCAGARTGGCTCTTGTCTTAGTCAGGGGTTCT
ATTCCTGCACAAAACATCATGACCAAGAAGCAAGTTGGGGAGGAAAGGGTTTATTCAGCTTATACTTCCACATTGCTGTTCATCACCAAAG
GAAGTCAGGACTGGAACTCACACAAGGCAGGAGTTGATGCBGAGGCCATGGAGGGGTGCTGCTTAL1babl1&L11CCCCTAGL11;b_uﬂ
GCTTGCTTTCTTATAGAACCCATGACCACCAGCCCAGGGACGGCACCACCCACAAIGGGCTGGGCCCTJCTTCCTTGATCACTAATTGAGA
AAATGCCTTACAGCTGGATCTCATGGAGGCACTTCCTCAAGGGAGGCTCCTTTCTCTGTGATGACTCCAGCTGTGTCAAGTTGACACAGAA
CCAGCTGGTACAGCCCTTCTTTTTGCCACCATTSTTTGTGGGAGCCATCCTGCCAGGTTCAAGTTGGAAAAAAGGATGAGACTCTAGACTT
TTAAAGTGTTCAAATTGTTAAASACTATGGAGACTTTTAALATTGGACTGGGGAGSGGGTGCTAGAGAGATGGCTTAGTGCTTAAGGGCAC
e LLublbllLlahAGGACLLucui1MAAATCCCAGCACCCACACCGCAGCTCAGAACTGTCTACAACTCCAAGATCTGACACTCTCACA
TAGACACCCATGCAGACATAACAEEAATGCCCATACAATAAAGGTCAATAGATTTTTTIAAAAGAACATTTGAAGTTGGACTGGGTGTATT
ITAAAGTATAACAATGTCATGAGRCTTTGAGGAAGGGTGTAGAAGTTTATGGCGTGAATCCATGTTTGGGCATCAGGTTGACAAGAAAAGS
AACTAAATATGCCTGTGGGGTATTATCTTGCTTATATGAATTGATGTAGGAAACCCATCTTGATCACTGCTGAGSCCGTTCCTGGACTGTS
TAAGACAGGGAAAGCAGGCTGAGTACTAGCATGTATCTATCCCTCCCCCTCTCTGGATTCGGTGAGACCCAACTCCTTCAAGCTCCCTCCG
TTCTCCCTTCTAGCCACTGTGGATTGTGGCTRAAATCTCAAGCTTCAATAAGCCL1JlLiLLLlLATGTCALJJpillACAGACTATTTCC
TCATGGCAACAGAAAAGAAGCTATGATCCCATGGCAGTGAGGCGAGCTCTTGCCAACACAAATCAGAGCCTT1GTCTCTCAGCTCIGGGGC
TCATCGGCTCCTGCTCTTCACACAGATCTCACTGGGGAGGCTGGGCTTGGACCCCACTGCCACCTTCCTCATCTTTGCCACTTCCTCCCAT
ACTGTGTCCTCCTTCCTGCCACAGTGTCTTCACAGGGGCTGTGTGCCCTGCAGAGACTCTGDCGTTCTTCTCTTGGCAAGACTGATGTGTG
CACCTAGCACATCCCCCATGCCCCAAAGTGTCACCTCCTCAGAGAGCTTGTCCCCGGTCTAAAAATAGTCATCAGTGCTTSGGCCCCCCAC
CCCCRCCTCCCACCTGAALLLJbLlGCCTCTCLLlbbi1blLACACAGTAGAAATCCATTGACCATGGTTCCTCCAGAGGGAAGAGGCTGT
CTTTTGCATTGCTCAATGGAATGGATCCTTAGGGGACACTTGGGGTGT!GAGTTGGGGATGTGGTTTGTGCTCCTGGGGADCTAGCAGGAG
TCAGGCGAGTTGCCTGTCAGTAGCITACAGAAGAGCAAGAGGACCTGACCCTGGCCCTTTGATCTTASCCTTTGCCGGCAGCTGTGTGAGC
ARTCCCTTGETCTTAAGCCAGTCCCTCTT TCCTTCCARGAGAGAG: ~CCTCAGCTGETTGGECANGTSCCCARAGAGTGGARCCATECCTGG
CCAGGAAGATGGCCCATGGGATCCGGGTCACTTCAGCAATTCTTCCAAAAGCAGAGTCATTGGAAAGATTTATGTCTTGCCATTAACAAAG
GGAGACAJLILlL.LLLJL11L1¢1¢_11L111IVHATGAAAGGCAGAGAAGCAAGGCTTSGCCAGTAGGATTAGACATGGGGAAACAGAA
ATGAGAAGGAAACAACTGCCAATGCTGTTGGGAATGAATTTGGAATTTGGCTCTGAGCTTCCTGGCAGCCCAAGTAAAAAGGGAAGCCTGA
TCGGTTACASAGTTCCTCTCATTAGCAAGGAAGACGCCTGLLbhithlubbbb GATGTAATTTGTTCCAGI TTTAGAT TTTCCAGGCA
ATAAATCCTGAGTCAAATTTCTCCCPTGAGGATGTGAGAGAPATCATCAATTGATGGGATAAATAATATGCTTGTCTTATAGTARGTATCA
AAAAGACTCTCCAGGGACCTGGGGG:ACCCACCATGCAGCTCACTGGGTGACAGTTTTGTTTGGGTATTCTTATTTTTAAATTTTACTAGT
ATTTATTTATTTATTTATTTATTTATTTATTTATTTATTTATTTATAAGACAAGGTCTCTCTCTGTAGCACTGGCTTTCC”GGATGGATAT
CTAACTATTCATGGATCTCACATGGAGTTTTCCTCCTGAAGAGCTAAGACTATTCATAAGTCACATCICGRTGACTTCATGGGGACAATTT
TGECA F"“"“”"”l“”””“”"““"”TGGCTTCCTCTCACAACACACTGGTAAACTCTGTGTGTGCAGTATTTGTGGAAGAAAGCAGCAGAA
ATCCATAGTTGCTTTGTGGGAAAGGGCAGCTAACTGGAAGTGGCAGAGAAGACATTGTCTGATGGAGGGAGGCAGGCTGSCTTGGGTCTCC
CCGTGCCCCCAACTAGCTCTGTGATTTGTGGCATGTTGAACATCTCTGAGCATGTTGZCTCTTGGTAAAAAAGCCATACTTGCTTTGGAAG
ACTGGAAGGGAAACGGGTTAGTGGCAAAGCATGGGATGTGTGTGCGTGGATGCCATGCACCTACTGACTTTAGCTCCCATCCTGAGGTCCT
CAGGGAATTCCAGGGAGCACCCTCTCACCCACATTTCTGGGATTCCGGCCCAACTTAGTGAGAGGCAAGCTTGAGACRCACACTGACCTTG
CCTTGGCCACATGTCTCTAGGGGGGTCCCACGAGCCCTGCCAAATGGTTCAGACCGGAGGAAACTAGTCTCCAAGGTCTGCTCATCCTCCG
GGCCATTGECCATACCCTICTTTICCIETGCCTCTTTGTGGTCTGTCTCAGTTTCTTCGT CCCACCCACTCTCTCCAGCAGGCACTAGTCA
CTGCAGGCCCTGTGCCAACCCCTGGGCACTTGGGTCTTCACTGTTTGCCTTCCTGGCATGTGGTCCTGTGGATTCCTGGCCCACCCCTGAT
GTTGTTTCATGTATGGTCICTTCCCCTCATAAGGGACAAGTGGCTAATTCCTCAGCCTCTCTTCCTGA CCTGCCCTCTCCCAGGTGTTAG
TTAGAACTTGAGGTAGTCCTACAGACTTCTGACTGGGCTGGAGCCACAATGGGATACACAGATCCAGGTCTTCATCCATATCCCACACACG
ACCCGGTSCTTCAGRAAGCTACACTGTGGACACACAGCAAGCACCTAGCCATTTCCATAGCATTACAGCTGCTTCTGGGCICTTTACATAC
ACCCTCAGGGCTCACCCTAGAGCTGGCAGCTGGACCTTTACAGCTTTGCAAGAAGAGGARACAGGGTCATAGCTACAGACACTCAAGGPCA
TACTGCAAGTGACAGACAAGGGAGCCGAAGAAGCGTTTATGTTACCAAGSTCAAGAGAAATAAGAGAAGTTGCCTCCTGTCCCAGZCCCCA
TCAEGTCTCCTAAGCARAGCATCCTCAGGAGTACTTGACCTTCCARA CCTCTGEGATCGCCCTGETGEAAGCTCCTTTCCCTGEGTAAT
CGGCTCCCCTGAGGTGACACCTTCTTGGGACTATCTGGACCTTCCTGGACTACCTGGCACTGGGCAGGCCTTCCAAGATCTCTTACTCAGG
TAGAATCCTTTTTGGCAACTTCCAGCCTAAGGTGAGGCCCTCCTTCGGCCAGGGAACCCACCCTGCAGCAGCCTCCCCTTGGGGTCATTAC
ARAGRAGGHH ilbuhGTAGbulLalihlbhl1LLLFCTGACCACTCACACTTCCTTTAAACACCCCAGCCTTACTACATCCCTTCACTATC
TTTCTTGCTGGGTGCCATTTTGCAGATSGATACAATGAGGCACTAGGCAAGTTAAGTTAGGACACAGTCCCGTTCCBGCTTTCTATTCAGA
TTTGGTACTGTACTTTGATCTGAACRGCAAGTGACACTCACCCTTTAGTCCCCACGTAAATAGTTAATTTTTCTCACAGGCCCCAGGGCCC
TTTTCCCTTGGTGTTCTATGGGACGCATGTTACCCAACTTCAGTTGATACTTCCAAACGGCTGAGCAACCAAAGGGTTAAAGGGGCCCGGA
AGAGGACCCTGTAASGGTTAAAATTATAAACGCATTTATCGCCCTCTGACTATTTATTGGGTTGTAGACCGACAACGTCGAAGCCGGGCAG
AGCCAGGAGGCACCCTCGGATGGGCTTGCGCAAACGCCACAACTTTCTAGCACGACCCPP GAARGTATCCCAGGCACARASTIGGCGCAG
CCCGCTCCTCCTCCGCAGCGTCGCCCTCCCCGTGGGSCGCGCGGCGGGGTACGCGCGAGCTCCCGCSCGGGGCCGGCTCGGGGGACGCGGG
GCTCAGCGAGGCTCGGCTCCGGCCCCCTGAATTGGGGGGTCCGCGTCTGCCCCAAACGCCGCTTTCTTCCGTTTTCCATGTCATTTCCTGT
ACTAATARGATGGTEGTCARAGCACGGGAGGAGA CAGCAGCGGAGTCGCCECCECECTECCGCTEGCECTGARAGTGECCACCATEGCCA
TGAACGTGAACATGGCTfCGGAAGACGATGGGCGGCTCGCCAACCGGCGCGGGGGCCGCGGCGAASAGCGCGCGGGGACACTGGGGAGCGG
FPFP”“DFFFAFFPPHFFPFPFLFGGACCGGAGCACCGGAAGCGGGGCGGGTCTCAAGGTGGCCCGGSCCCGCAGGTCGTCGCCACCSCCC
GACGCGGGCCTCGGGCGGCCCAGCCTCCGCCTCCTTCCTCCGCGCACTCGCCCGCCTTGTTCCACTGTAGCCTTTTCCTCGGCTCCGCCGC
GCGCTGACGGACGCGGCCGCCGGCCAATGGGAGCGGCTGTTCGGGCCCGGCGTTCGCAAAGAGAGCGCGTAGACAGGGGGCAGGGCGGGG:
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GAGGGCGGGATGCAGCCGCTGGCCTAGTTGCAGSGACCCGGTCGCCGGTGCTTCGGGGCCGGGCTGGGGGGCTTAGGGACCGCATGCCTCT
CTETGACCTECCECOEECC IGEEECEETAGAGEEAGECECGTGCCTTTTATCTATT T TARGTC TTCCTTCCAGCACGEACT T TCGGEAATT
CGCCCCTGRAGTETCGTCTCCACCCCCCACCTCCTCAT TCCCEGTCCCCAAGETACTATGTGATGCAGRAACTGCAGRARC TTGGTGGCCAR
TGACCTTCCTCTGTCAAGGCCAGCGTGCCCTAGGCAAGTCGCTGCAGGGACTACTGAGCAGCCTTGGGCTAATAAGGCAAAAAGTTGCTAG
TGICTTGAGCCCATCTGAGT TGGAGCTCAGACCCTTAGAATCAGT TGATGACCTAGAGALGEAAAGT CTETCTTTTGTT TT TTTTGACCAT
GGCTTCGTGTGGAGGACAGCCGTGGTTTGTGATTAAGAGTGATCAGAAAGAAGCACGCCCAGTCCTTTGTGCGTGGGGACTGCGAGCAGTG
AAGGGAGCCTTCTTTTCATCTTGAGAACCCTATAAACTTTGGGAGTTTTGTCTATCTGAAGCAGAATAGTTTTCCATGAAGTGTGATTCCC
GTGGCACCCCTGTCCCCCGAAGAGGAAGGCAGGGACTTTCCTAGGTCTTGGTTGATGGTGTAGGGTGTATGGGTCAGAAGTCCCATA?CCC
CCTCATCCCTFF“Fﬂ""PFﬂFTATGGTCTCTGCTFFFAlFFTTCTGGGCATATGGCCCAGACCCCCTGGTTTATTTAGTTTCTTGGAAAGG
ACATCTTCAGGATCCTTCCCACGGGGCTTTGGATTTTGCAGGGCTGTAGTTGATCTCTTCAAGGGGATTCTCCTTCCCTGCAGTGGGTCCA
GTACAGCCTGTGTGGGAGTCAGCTGGGAGAGCATTGAGATAGGATCAATTAAGTACCTGGCCCAGGGTCAGACTCCTGGTTTCAGAATCTA
GAGCTGTEATCCTGGGCEATGCTCTGTGAACCATTTTGGGARTCACGAL I GLCAGACCCCAGCCTGCTCCACCCAGCCCOTAACTGACAGH
GCCCCTARGGAGCAGATGCTCTCAGGETGTGGTACCTTCTGAGTATCCGTCTCARAAATGAGGARCACTTGTCCCAGGGECCCTTGATCTE
TCATCACGGCCATCACCCCCAGCCTGGAGL T TCTGGET CCARATGTTTC TTAGGT TGGTTCTCCGAGG TG CTGATCACACTCCTTCATCT
GGCTTACTCTTCAC“TAGATTCAATGTGGGATTATCAGAAAGCCTGAAAGAGGCAAAGACTATTGGAAGAGGAATTGGGGGGTTGGAGTTA
TGCTGCCTTTGTEETCTCTCACTTGECTTTCCTCCATARGCT TCCTCCAGGGT TGATCTCACTGT GTCCCTGCCTGCCTCATCCAGTCAGT
CCACCCATCTGCAAGCCCAGGGRAGCTCTCTTTAGTGAATCCAACCCATCCTGGC T TCCTART TTCTCCCCACTAGCACACTCEGGAACAGT
ACTTCCTGTTCCCAGGACRACTGCTAGCSTCTGAGATANGGCACCTCCTCTTGCCCTGTTCCCCETAGTACAATTGEGGETCACCTCAGTCT
CCCTAGTTCCTGCTCCCGCTCCCCCTCCACTCTGCCTGGTGCACTTCT GATARAGGATCARAT TRTTGCTARCT GTAAAGCCTATAACATG
ACTCFCCCTTATCTTCAGCCTCATCTCCTGCCCTTCTICACCTCTCTGT "ECCCAGCCCAGCCCAGCOTGRCCTGGCCAGCCTCTCTTGEAT
CCTGACCTAGGATTTRTGAATGAATGAAAGACAGTGAGGGGCAGAGTGGTGTGGAAATGTCTGCTGGCCTTTACTTTTTGTTTTTGTTTTT
Z2GATTTATTATGTGAGCACACAATCACTCAACACCEG ATGGGATCCCATTACAGATGGT TCTGAGCCACCATGTCGTTGCTAG
2RATTGAACTCAGGACCTCTGGAAGAGCAGTCAGTACTCTTAACCTCTGAGCCATCTCTCCAGCCCCTCTATCTGETERTC TTATTGCCC
TCCTAAAAATATTTCCAGCAGCTCCAGGTATACCACAGGGTTGCCTTCAGTCCTCTTATTCTAGGTCAAGGCCATGTGACTAGCTGGTGAG
ICTGEEACATCAGT T3ATTGTGGCTCARAGCAGTTAGCTGT L AATGCAAGACTCT CCTAAGATCTCCTTCT TGRTGETGT GGCATCTGAT
GCAGAATTGGAACTGCTTCTGTGTCATTCCATGAGCAGTGTACCTTGGTGCTCCACCATAAATGTGCAGTACAACTGAGGGATAGACCTTT
GTTGTITGAAACCACTGAGACCCAGGTTEGCTTAT TCT TACAGGATAGC T TATGTCACCTS TCCAGGAAGCCTTTCTGGGTTAGGCTAAR
CTTGGETTACAGETGITTCTGGTCTCATCCTCGTCTCCTTGSATTCCIGTTGTTACT TAGTGATGATC T TCATC G CACCAGACCATGEE
ICCTGTTTTACGTAAGAGECTTGTGTC GAGAGCTGCT GGETGRATGCCCT CTGTGAGTACTTGGCCCTGACTEAGGRCAGGCAGTGTGET
CCGAGCCTCCCTGAGCTGCAGTTCCAGCAGGAAGGTTTCAGATGCAGCLGTAAGTCACTGGTCGAGGGCAGATGCAAAGCTCTTGGTCTTT
GCAGGTGTCTGGACCCAGIGECACTGAGCTCCAGAGAAC TATGATAGECAAT TCCAGCAGAGATACAGGATGAGAT GECAGGCOCCGAGAT
CTCTGCTGACATARGEGGTGAT TCAGTGCAAGGGT GEGAAACCAATGETGETGATATCAGCTAGTCTCCCCGAGEGCTTATACCTGTCAGE
CACTRAGCAGCTCTEICCTGTATARGTCAGTTTCTCARGACTGTGTATCACCTEAGGCCETTTACTGT CTCAGGCARCGECATTCATTTAG
CTAACAGTTTTGGAATCTGAAGGTCCARACAGCATGGCCCCAGCT CCAGGEACATCTCTT T GEAGTG T TTC AT TETGCTGEGATAGCACAGT
GGAGGGGCATGTCACAGGGGRGATCACATGETARNGACAACRAAAGAGAGAGACAGAGAGAGAGAGACAGAGAGAGRGAAACAGAGAGAGAG
BGAGAGL: AGAGACL.CGAGAGAGAAACAGARACCCAGGGACCTCCTAATAGGCCCCATGTCTTCARATCCTGCSTCTTTARACATGTGAR
CCATTATCACTAGEGTACACTCANGTGCTAGCCACTCCATACTACATCCCTGTTC TGGRAGATACCCACARGTGTTTTACAGATCGIGERAC
TGAGECTCT GAGACGTGGGETGAGAGGTATAGAGC TTATGECACAGT CAGGATCAGAARGTGGEGEATSTCACCTGRRAGCAGCCACINIGEAS
CARAGGCAGRGEACCCTGGGAGCTCCCTGGATAGGGTCCATACACACACAGACACACACACACACAGACACACACACACACACACACEACAC
ACACACACACACACACACACGGAGACAGGGGAGGGGGGEGGCATCAATGTGGAGAAGGGACCTGTGGCCAGCCTTGGAGASGCAGTGGCTG
GIGAGTGTETCTGEETCTGRGRGEETCGARAGGGTATATCATAGAGCAAT C TCTATGARAGT GTCGTGT3GGETGAGTGACCETTOTGGAC
ACCCCTCTAATATAGACTTTTGAGCAGAGGAGTGCCTGGCCCAGGAGTACCTGSGAGTGGGGCTTGAGGEAATGAAGCTGGCTGGTAATCT
CCACCTCTEGCTGGAGCCTGCRAGTCCT I GEAGGCCCCAGAGLCTCATET T CT SAGAG! GGCCAGGGAGGGAGGGGCTTCTCEGECAGCT
GECCCAGGGGCCATGECGGARRAACAAGCCGTECAGARAGARAARAAAAGCCAGARGARRARARATGOGIGT TGTTATT " TTAAAAAGCCT
ATTTCCTATTGCAGATITGTATCTGCTGATACCAAGGGGGCTGATGTTCACACGCACAGTGTACCTACACTAGTGATATCCCTCAGCCCAG
CACCCCAAAAAAGGATTGCAGGAGGGGAAGCCTGGGCCTGGGTGTCATCCTGCCCTTTGTTCCTACCTGAAGCTTATATATTCTTGCCGTG
CTAGGCTTGGGGCCACCCAGCCCTTGTCTTACACAAUTCATAGSCCCGCGCTCAGCTAGGCACCAGGAAAGGTGGTCATAGGGTTACAGTT
GATGGGGAAGGEGAGAGCT GTCAAT CCCACTCARGGAGCAGTCTCCTCAGTGGAGGACACCTTCAGGATGGGC T T ICARGGATGGECTEGA
CGCAGAGGAA AGAGRRAGAAGAGAGGCGTCTGAGTGGETCAGRGCTGGCGEGCAGCCT TGEAAACATCETCTATGG T TGGTGAGTGTT
GHIGCAGGAGESTGEGATGGATATCAGAGCACAGT GTCCTGGTCCTGCCCTTEEECATCGGCTCCCTAGAGTACTSCTCCCAGTTECCTCT

SACTGGCTCTSTCTTCAGCAGCAGGGCTGCCAAAACTACTGCCTTCTGGGACAETTTCCTGTTTAGAATTGCAGCCCGCACGATTCCCTG
CAGCITCCIGCTTTCPCTCTTTATGACAGATCTTACGCCTTCCT TACATGT TT TG TCTTTCTCTCCCTCGCTETTCT TAGCCCTGTAT
CTGGCACTTGGTTTACCCCTGTGAACAGTGTAGGGTTTTAGTGATTGTGGCCTGGAAGCTGTGTGAAGTTGTGAACGAATGGGGAGCGTTC
AZCCTTCACAACCTGCSTATAAGGETANATARAATTCCARACT TGGAGT CAT TACGAAGAACAAACCGTCAGCTATSCGGATTGTCTARTA
TTGTGAGACCCCTGCCACTGACATCAGCCAGTCATACTCCAbeLlb_GCTAGGGLLiLLL1hbﬂibuthLlﬂGTTTAATCTGCAACAGC
TTAAGTTAAATGAACACATCCATTGAAAATTTAACTTGCCAGCCAGGCASTGGTTGTGCATTCTTTTAATCCCAGCACTTGGGAGGCAGAG
GCAAGCAGATTTCGAAGTTCAAGGCCAGCCTGGTCTACAGAGTGAGTTC:AGGACAGCCAGGGCTACACAGAGAAACCCTGTCTCAAAAAA
ARAAAARAAAGAARGARAARRAAGT GTTTCCCCAGCCTAGGETTIGAGACACCGAGEC TCAGCANGGGGAAGAGACTTCACTGTTGGTAZA
CTGTSCAGCTGGGACTTGAAGCTGGGTCACCTGGCTCCTGCCTTACCTAACCCCCAGTTGCCAGCTAGGCTGGAGTAGCTGTGCTGGCCAA
GAAGGAGTTTGTGCACTGGTGGGCTGCAGGGAGCCCCTGAGGGATTTTATGAGACACCGTGACCAGATCCTTGGTCAAGAGPSCACAGGCT
GCATAGAAGTGGTTGCAGAAGTGATAGAGAATGAGGAGGAAGCCAGCAGAAGAGATGATTACAGGTTGGAGTGGACAGGTAAAGGCTCAGC
TEAGGTGEGCAGRAGAATCCTAGTGT TCSTTGTTTGETTCGGEGAGEAC TTEGATC TEGGGECCCEGCAGGEAGTGGGANGTIGEEARCGEA C
AGGTTGGTGGGGTTGGCATTGTGTCCTGCAGAGSACCTGTGCCACCTTCCTCTGTGAACCAGGGAAGCGTGTCCTGGGCRTGGACACAATC
TTGTATTCTTTACCAAGSACAASATACDTGAAAAGAGATGGACAGAGGCCACACCCTCGGGCACTCATTCCACACACTGAATGCTGCTTGA
GGCCTGTCTGGLICCAGTGTCCTCTGGLCACAGAGATAAGGETETCAGTCCCECCTCATATTCTGTCCAAAAAAATCOCTTTATATTGTTG
GTACCARATTGAAGTCACTGCTCCCCAGGAGGEETCGGCTGCTGGAAGGARCATGTTTTARGTACCATGGTCCTTG, CAACAGTGCTTTIC
ACATCCATTTATGGAAC:TGGGCTCAGAGAGGTTSATTGAGCAGCTGAAGGGCACACAGCTTRGASTCTTTCCAGTCACCCCGTGAAAGCT
ACATCACARAGEAGGECTTTATGTCTTATCTAATAAT TCCCAGCAGECGACT TTGECGCT TTAARAACGATTTGAT AGGTAGGETCTTGAN
ACAGATGTTGTCAGGACCTTTTTCCACCCTGGGBACCTCAGAGTCAGAACATGGAGTCACAGTTGGCTAGACCCAGBGTCTCAGATGAAGT
GATGATGGGGGAGGGGAGCAGACATGGGCAGCTGGCATTCTGCCTCCTGGCATCASCTTCAGAGTAGAGTAGCAGTGGAGGGCTGGGTTUT
ATCTTTCAATGAGACACCTGAACCTCTGGAGCTCTCTGTGGCCTGTGGAATTTTCCCTCCCCTCTGACACASAAGGAAACCCAGCATTCTC
TTCCAGGTTCTGCCTTITTCTCAAAACATTTATCCARAGTCCCAAGGCAGGC TGGCTACCCCE AGGACACCCCATTGTGCCATTGEAGARR
COAGTGTCITAGTCAGEEGT TCTAT TCCTGCACARARCATCATGATCAAGAAGCAAGT GG AGGAAAGGGTTIATTCAGCTGACACTTC
CACATTGCTGTTCATCACCAGAGGAAGCCAGGACTSGAACTCAAGCAGGTCAGGAAGCAGGAGCTGATGCAGAGGCCGTGGAGGGATGTTA
CTTACTGGCTTGCTTCCCCTGGCTTGCTCAGCTTGTTTTCTTATAGAACCCAAGACTACCAGCCCAGGAATGGCACCACCCACAAGGGATC
CTCCCCCCCTTGATCACTAATTGAGAAAATGCCCCACAGCTGGATCTCATGGAAGCATTTCCTCAACTGAAGCTCCTTTCTCTGTGATAAC
TCCAGCCTGTGTGTCAAGTTGACACACAAAACCACCCAGTAZACTGAGGCTCAGAGAGCAGAACAGACCiTATAGGAATCATTTGCTTTCG
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AGAGGCCAGACTCCARATCCAGCCTTCCTCTGTGCCCARGET TCTCCCICCTCEATGTATTTGTAGTAACCAGTGTCCATACTCACGARAG
GGTTGTTAGTGAACACAGGAGAGCAGGCTACEGGTGGTATATGETGTGACT TAACCT TGN GCTGAGCTCCTETECT CATATCTGAGAAGET
AGATGTGGAGACACCCCCCACCCCCACCCCACATACRATCC CAGAGCTCCCAGTCTGTTATCTCCCCCTTTCTAGRACTTTCCTAGAGGER
AAGGATGASGGCTARCAAAGEGTCCCGCTGCCAGCTTCCCTCECTGATCEAGCTGGCT GCCTTGEGETACAARAAGAGGCTEAGTAGACCOTC
AGI'ICCTCAGCGAGGEEGICTGTTATGAGAGA TTGICATATCGCCACCACATGGGACCGAGCTACAGTAGACCCAGCATTGTCATTGTCT
GCGATAGGGTGTGACCTGEAGGGTGGGCAGCTATTGATTTGACCTGECT! CAGACCTCACAACCCCAGCAGAGT CAGGGTGACTGETCTTET
ATGTETCCCTGTATATCTGTGI GCCTETARAGCCCCTETGCAGACTAGCAGGGT TCCAGGAAGCARGT! CAGAGAAGCCAGGEAGGTTGATC
TTTGCCAAGGGTTCAGTG’I‘CCCAGCCAGAAGGTGTGATGAAGAGCGAGAAGCCCCTTACCTCAGGAAAGGGAAGAGACTTGTGACTTAGTC—
CATGAGAGAACAGGACTAATCCCTCCCAAGAAATACTGAGCCCCAGTACCAGC%TGCCTGCAGGAGGCACA’[’GCGTGTGCACAGCCCTGC
CAGCC'I‘CAGCTGCCCCACTGI‘GCCCATGTTATTGGATCTGGCTTGTAAAGGTGAAATGGAAGCCCAAAGAAGAAGTGACCCAGAGI‘CACAC
AGATAGGAAAGGCTGAGCCGAGATCACCCACTCTGGGTCACTGCTGGTGGTGGCTGGGTTGAGGATCTTTGCACGC—GGTGACTGGPGGCTT
PCCCETTTCACCCCTGRAGCTGCAGGETAGTGAAGCGANARCATAGAC CATGAAGAACCGTAGCCCAGGCCAGTCTGEEGCATEGASCACTC
I‘TGGCACAGTGCAGCTGCATTC—TGGGGTGGTTGGGCCTATC‘T‘A\“("FAAF‘N‘TTTGCCAT(‘N“AT‘Al’T‘TGACCAGTATTCCCT'I'GGGGTCTG
GGAATTCAAGCACACI'GCTGGATGGCTCTCCT'IGGAAGGCAAGGGTGACAGCAGACTGGCCCATGCCACSCTGGGAATCCTGGGTGGACCT
CTGCCCTAGGTGAGCACCTGCEAGT TACTGTTCTGCTACAGAT CCATCARGGGAGTGAGTGTCACAGGACTTGGAGAACARACTCAAGAAG
CTCTTACTGCACCGTGAGGTCCCCCTGCCATTTTCACTGTAGT TTGCARACGCATCCANGGGCCACTET TTGGARGCTGARACAALGTGET
TGAGGTT‘l‘GTTST'I'GT’ITTGGGGTTTI‘TTGTT'IG‘I’TG‘I‘TGT’I‘T’I‘TZ\ATCACAGGTAGTTTGAGCCATTCT‘GGCTCCCATCCTGACTA’I‘AAG
TGARGGCAGGGRGTGTCAGGATT GECGITEGCARTCEGCAAGAGAGTCCAGGT TCACTTCCCAGAGE AGGGGAGCAGCTEAG CACCCCTC
AGGAAAAGCRGAAGTETGTCTGCABAGECEAGECAAGCECAT T TGCGCACTGAGARCAGGTATGTGTAGETAAGCATTGGGARGGCCAGAA
GCCATTGAATSACAAGACET CTTGGCATTTGAGAGAGCCGGAGEEGAT GACCCTAGAGACTGGARGAACTTGCGTSGAGCTACTGAGGAGE
TCTTGATCATTCCT’F‘M"T‘AFA’f"FGAGAT('{"1&rfrr’7.\."r"ITTTATTTTAGGTTGAGAACTTCTGTCCCTGCRGCAGSAGGCTTGGAACC—GT'L‘
ASAGGAGGGACAAGACCACCCI‘GGGGTGCGGTCCTTGTTTTTCTCTTGTCTGGGAGGCTS'ICCTTGCACTCAGTGSBGI‘GAG‘TTGCCAGGG
AGGAGCTATCTSCCCATTCTATCGGECAGTCCIGEGGT GGTCAGCCAGCAAGGCCCCTAGGETGAGGCCACAGCOITCO TAGGCTEATORE
GI‘CCTGAGC’I‘I’GTGG’I‘I‘GCTGGCTGTGGGTGAAGCTTCATTCCCCCACCTCTAACACTAGAGC'I‘GCAC—GGTCTGATCTGGAGAGCAGCCAG
TSGAGTGGCCAGGT CTTTGCEGCCTGETGGGECTCGT GCACGGAGGAGSGAAGCTGEGGCTTGTTGTAGRGACTEGGEETTACCCTCETTT
GTGGCCTACCATCTGGAGAGCTGGGGTCAGAAGGC-ACAGI‘GGCCTGCAGI‘TGTTTCCCA‘PGTTGATTTCCTGATGGCCAGG‘I’CTGAGGCCA
GCATI‘TCTGCCACACCTGGAAGCTAGGCCCAGCCTGTGCCACTTCAAGGGAGCACAGCGI‘ACCGTGACGASGT‘IACTCCTTCAGC'I‘T’I‘CTC
CTAGGCTCTTTTCTGAGCTTGAGGGAC:CACCTTGCCCTTGG’[“[‘TCTGGGAAGAACCCAAGGTGTGCCC’GGGCCTGCATGTGGCCACAAGC
CCAAGG TGCCCAGGAGGEGAACTGT GRGAGCACCCCTCCCACTAGCACCAGCCTCTCCCTTCTCCTTGEEGCCCLGTTARGEET -
GCCCCTGGCTCACTCTCTCTGTTAGGCI‘CCCAGACCAGCTGGGTCCTGCAGCAGCCGCAGGCTGGGCTAGCTGCTG’[‘TCAGGGGAG'Z‘CTC—CG
CTCCTGCAGAATGGGGTGGGGCAGGGCAGGCCTTCT’I‘CACC'I‘GACCCAGCTTGGGCT'ICAGCCCAACCAGCCTGGAGTCACI‘SAGGTGCCT
TGGTTTCGACGTGGCTCTGET CACACTBEAAGAGTGECECTCTGTGT CTETGTGTGAGGEGETGAGGAGCAGATCC TAGGTCGGTGETCTC
AGGTTTCCCCCTGC'I‘GUCTGCCCACCCTGAAGCTGGCAGCTTCCCTGGT'L‘AATGTCATGCAGGACTGCCTAAGTCCTGTTTCTCAAAGGAC
ATCCAAAGCCT GCTCGECAGGETCCCCCAATGTAATCCTCTTAGGTTGCACCCAGGAGTCAGGGCTCAGTCAAGGECTTGGTTTGCCTCAG
GCACCATTTAGTATGCCCCAGTAGCAACTCCCCGCTCCTCTCT TGTC T TGCTTTEATT GTTTTGACACAGEGTCCAACCATGTAGTCCTG
G'[‘TGCTCTC-AAACTCTCI‘AGGGTGGCCATCACCGTGGTCTCAAGTTTACAAGGATCTGCCTACCTCTGCCTAGAAAGAAAGGCACATGCCA
CC\ACACCCAGCAAGTCTAACTGTCTTGGTAGCCCAGIICATTGCCCATTTATTTTCTTGGTGCCTTGGGTCTCCCTAGASTGTGGCCGTGACA
GCC—CGTGTTACTGC—I‘J\C:ACTGTTT'I"Z‘CACAGAGGGGTGAGCTGATCTTAACTTATTCA’L‘AGCCAGCCTGGGAGTTGTGCCATTGACCCAG
TTEGCAGAT! GGACTAACI‘GAGGCTCCCAAGAGTTCAGTGAAGATGGTAGGGTCTTGTGTGGGTACTTGAGGGCAGAGCTGAGGCTCAGGTC
TACTCCTCCTGGCTCTTCTGTCTACZ-\CTGGAGTTGGCTTGAAGTAGTGATGTCATCAGTATTTGACTATTACACGG'I‘CC‘l‘GACCTGGGG‘IT
TAGCTGGGTTCGGTCTGTTTGGGGTTAGGATTCACTGGACAGTTAGGACCCTTGCCTGGGTACRGTGTCACCGTCAAGTACTTAGCCI‘ATG
AACACTTCAGATGI‘TTGTCTGCTTTTGCCTCTCTCCTTTTGGAACTTCACCTTTGAATCATTCf‘T“I’TCAGATGCACCCTCTATCCTGGAAC
ACCCCAGAAGCTGEGCAGGAGCTAGGCAGCCTCTEGTARGGAGGCTGAGETCACTETGEAA 5GGAGGGEGCCCTGGGTCCCTGCTTCC
CTAACCGGCTSGGCAGGGACACCCAATCCAGCTGTCCATGG%CATTAGACTTTTCTCTGATGCTCCCAGCCTTGTTGTAGGTGA’ITGTAI‘
TGCTETGEEETGAGETGAAC CACCATTTCCCAAGECAGATCTTTGTGTC T AAAAT T TGTGETGCTGAGT TTTAACCCTATAAZGET ca
TAPAN""‘i"‘AT‘A'T‘TTGCTF“T1“AAN‘TGGAATGTTGACAAATAAGGCGTTCCTTAGCAGACGGGGCATTCCTGACTCTTCCACAAGC—CTASC
ATCACAGTAGCCGTGETCCTGCACAGT TCTTTCTGGATTLAGLCT TGTAGTGTGTAGGACACAGACAGCGAGAGT TGCCTCTACTATT GAC
TATTGGGTACATTAACTTTCRACATLC ACCTAGRAARATCTEECT T T TCTETAGEE TG TGT GTETETG T GTGTGTGTGTCCGTGCGTETE
TGTETCTGIGTGTGIETGTGCTTGCAC T TRTTGEETETGTETATACATGTGCTCGT GCAT P TATACACCAGAGET CAGCACTGGATATTTT
CCTCEETCACTTTCCALG IGAGATGCGTGECTGCCAGEGTCTCTCTCTCTCTCTCTCTCTOTCT CCATGGGGCATTATACTTTTCTCTGA
TCTCCCAGCCTTGTTGTAGGTGATTGTATTGCTGTGGGGTGAGGTGAACCACCATE‘TCCCAAGGCAGATCT'[“IGTGTCTTTTAAAATTTGT
GGTGCTGAE—‘TT’TTAAUCC‘I‘ATAAAGGTCATACAACTATATATI“IGCTGTAAAAGTGGAATGTTGACAAA’IAAGGCGTTCCTTAGCAGACGG
GGCATTCCTGACTCTTCCACAAGGCTAGCATCACAGTAGCCETGGTCCTGCACAGT TCT TTCTGGATT CAGTCTTGTAGTGTCTAGGACAC
AGACAGCGAGAGTTGCCTGTAGTATTSACTATTGGGTACATTAACTTTCLACATTCTACCTAGAAAAATCTGGCI‘TTTCTG‘IAGGGI‘G':GI‘
GTGTGTGTGI‘GTGI‘GTGCGCGCGCGCGCGTGCGTGCGTGCGTGCATGCGTGTGTGCGTGCGTGCGTGCGTGTGTGTGTGTGTGTGTGTGTG
TGTGTGTGTGTGTGTGTGCTTGCACTTGCTGGG’Z‘GTGTGTATACA‘I’GTGCTGGTGCATTTATAGACCAGAGGTCAGTACTGGATATTTTCC
TCEETCACTTTCCACGT TGTGAT GCGTGGCTGCCAGGGTCTCTCTCT CTCTCTCICTCTCTCTCTCTC CTCTCTC TRICCICTCTCTCT
CTCTCTCTCTCCTAACC’?GGAGCTCTCTGATTTGGCTGGGCTGACTGGCCAGCAAGCCCAGGGACACTCTCTGCC’ICCCCGGA?TTCAGGA
ACTCACTCGETGCACCTGACT TATTTTTACATCCCTGGGETTTGAACTCIGGTCCITAT GCACAGLT AGCACTTTCCCARC TGGECOGTCTT
CCTGTTCTCCCCCECCAGCCCCCCTCTCTACTATGTAGCCCAGGCTGGCTTCCAGCTCSTTGETCTTCOTGCOTCAGTGTTCT GAATACTG
AGATTATGGGCTTGACCCAT CAGACCTAGTCTGGCTCTGACT TCACAT GGAGACCTACCATCT TTCTARAGACAL TRALTGCATAGTSCTITG
GARGTCATTGTTATTTAGCCATTCCCCTACCGATAGACATGGAGGT TAGCTATGATTTTATTCCAGAACTTCCT T GEECCTCTCTOSAGTT
GCTCTTECTGEETTATGGGAACCTGCTGTGCTTTAR ARATGTATTATCCAATATTTARAATGTGTCCSTTAAGAGTTGGTGARGCACCEAAR
CACCTCCCATGC—ACGCCAGTTATCCCAGGCTCAL‘T‘I‘CTT‘ITGAGCTGGA‘IGGAAAATCTGCATCCTTGACCCCAGTGTCTCCTC‘I‘CCTTCA
GTCTCCI‘CTGCC[GTCCT’I‘GTTCTAG'I‘GGGAGCCGCAGGGAGGCGCGGTGGTGGTGCGTGTCCAGAZ{GATCAGCAGCCTCTGGPATCGGAAT
GCCCAGGCTGAPATCCTGACCCAGCTCCTCCAAGAGCCACCATTTCTAGAACTGI‘GGCACCTCTGTGGCTI’GGCTGTATCCACTGTGAACC
AGAAATAACAGCACICGCGICAT TGAGCAGCCTTGAGTGCARAGEECT GGCCAGSCAMACGETAGGCAGE: CAGCAGTGTCCCTGTAGTGEG
G‘LCCCGCCTCT’GCCTI‘CGTTCACCATCC-CCTCACTGGGCGCAGAGCCCACGTCCCTGGTGAGCAGCCTGGSTTGGCTCTCGCCTTTGTGAC
GCCTCCATTCCCCGGTCAGTGEGTGTCCCAGRGGACAT TGCTGCCTGGEAATECAACEERTGATCAGATTTCTACCCTGCTTCGCCCTGAR
GGTTCTGGAC'I‘GGGGCC‘TGCAGAGAGGGAAAGTGGCTGTCCTGGTCATTI‘GCTCTCFPPA’“’“T(‘(‘F(‘AF(‘AF(‘N‘MF(‘ZKF‘CTAA'IGTAACC
CCACACCGTSGACACATT'I’Z\CTGGTCCTCAATGGGGCCGTTGTGGCTGTGGA‘ITTGATCTCTGTTGGCCTGCATGGI‘C—GGCAAGAGAAGAA
AGCAGCGTGSGGCCAGACTTGCCCCCTGGGAGCTGGGTGTCTTAGCACCA’I‘GTTGGCCCAGGCAAGGGTTTGCCTQQGCCTTTGGAGTACA
SCAT'ICTCCTGGITCCGTGTTGAGAGAATGGCTTCTGACTCTTCCTTACAGCCCTGGCAAGCAGCAGAGTCTGCCCI‘GCCTGACCAGCT’I‘G
CCTTGTGARACAGETGCCCOGET TGTGECCETTGCCCAGGAGGAGAGRARCCAAGGTTACAGAT TCCTAANTGACARTCTCARAGC CACCT
ACATGGTTGACCACTGGCAGGGC’I'GGGAGTGGTAGCCAGGCCATCTGGCTGTCTATTCACTCC’I‘TTC’I‘TACAAGGCCACCCAATGTGAI‘CIL
TT]‘TGGCAGAGGGTGGCCAGCCGGGCGGCCTGCT‘IAGCCT'l‘GCC'L'C‘i‘CCGGGCAG‘IC—GCGTGTGGTCAGCGAGTGCAGACAGCTGGGATTA
CATTTTARAAGCAGAGGAGTGTGTGGCTEGCCCCAGCCCAGCCCTCCCCAGCACCAAGCTATACACCCTCC TGGTCRTTGAAATGGCCACC
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IGRARAGRETCGCTGCTCCARGGTCCTCTGCCCTGTTAGAGGGAGGACACTCGGEACTC! CCAGGGRAGCACAGRARAGCCATCACTGGGCCAG
TTTTCAACGGGGAARAGTAAGTCTCCHARAGACTAGTGGEC TAGACERTGUTGETCEETAGTACCGCATCT GCCTGCCCCCTCTGTCCAGC
IGCTGECTLGTECGELCIGCTGTCACCTCAPTCTGARGGTACTGACCTGRCCOT GCTCAGAGTGAAGGT TGTARGCATAGTGTCAGAGGE
ATTTGTACACGEGTTTCACACATCGCIT GIGTACTGAGCGCTTACCTATGCCTAGATGATGTTCAGT GCCTTATCATGAGCCARCTACTCC
TCZAGAATAACCZATGAIGGCCGCTGTTG’I‘TI\G‘ITCCCA’IGTGTAGCTGGGAAAGCCTCACCACGTAGCCCAGAC‘IGGCCGCAGATTCACAG
GGCTTCTCTTGCCTCCGCCTCCCAAGTCCTGGAG’Z‘TACAGGTGAACT'I‘GGCTAGCCCCATCCCAGTCTI‘CTAGCACAGGCTGTATSAGCAA
GGGAGCCATCAGECTGTGGAATAAGGECTTTTCT! CAGTGETGACTGBIGCEGTCT TGCGGEAGT TACGTGGAC ST TTEIACECC
AGTTTT%TGGGAAGAGGCCCAGCAGTC—CAGTTTGAAAGCTCTSTACCCAGGG:CCCGGCCACAGCAGCTGTGCTCRCTCTGGGASACCTG
CAGCAGAGCTGATTGGAGC TACATCCTAGCGGGGAGETGCTECTTCTCCCAGCTGGCCATACACACGCTCAGCTECCAGCCCCTGSAGT GG
Z\Z\GTACATTCTCTCE‘GCAAGGSCGGCTGTGGGTGTTACTGGTGCTCTGSGACCAGAGGGACAGAGGGCAGATAGTGTGCCCACCTTC?—‘.’Z‘AC
AGGACACTTC—TGTTGCCATTGAP_CTCTTTCAGCCTACAGTGCTCGCTCCCCCCCCCACCCCCCGCAA'I'CCCCTCCCCGCCCCAAGDCTCCA
CTGAGCC’IBTCTCTAACACAGCTCAGGAAGGTCTGGTAACTTACCTGAC'LCACTCGCCTTCAGATGAAC:CCTCCTTCAGTGGCTCCTGTG
TTCCTCATGGGTCC CACRAATAGAARCAGCTGCUCTAGATGAGAGCTATACCCAGGGTCTCTACTGGETC PGGTTAGTTCTATGAGTGACAC
AGCCACATAGGCCCCTBTATGCAGGGAATCCTTCA CCCTCAGCCACGTTTACT CTGCACAANTAGCCTAATAGCAGGATCTCTACRATG
GITATTCACACTTGCTCTGTGGCC I TTSTAAGCCCCACTC CCTGGGTCAGTAAGGGATCTCCCCCCACCTTGCCAGTGGATAGAACATSGA
GEGCTTGCTGTTGGETCTGAGACTGGAARACACATAGTAGGTATGAGGGCT GCCAGTGTCCCCTTGTCACACTCACCTGAGGGCTGGAGAT
CAAGGGGTCTGGG‘I’TCAGATCCTGCTTCGTCGCATCCCTGTI\.GTTGCCCAAGTATCCTCI‘CGGAGCTC-ACTCTCCC‘ICACCTGTGAACTCG
GACGGCAGCAGAATGGGCAGCTCACTGEAACCCACECATGTCTGCTIGCTCRAGETCTGLT! GCCAGGGAGGGRACARGGAGGGACTTAGGA
ARCCTCIAGAGCCCETGCCAACAGCCCAGGAACCAGAGECCAGARATAGARGAGCCCGEAGACAGGGGCTCCAGATEECE AGECT6ECCCTC
T3CCBACCCCAGAGGCCAACCCAAGCCCATGTACAGTCCTCTCTCCAGGEGCTGRT CACAGCATAARTTACTCCTIGGCAGGGCAGACTAA
TITTACCTTCGTGGET TTICATGATTCATTTCCCATTCCGEGACCTGTGAGAGAARTGGAAAGSA TCTGCTAGTTGGEGTGCTAGCATGCTG
T3TCCETGIGGEET TCCICTGEECTGTCAT GATTTGET ATAAATGGTGCAGTGEATCCCAGGECTGEAAT CCATCAGGETTTTGTTTGTTT
GTTTGTT’I‘GTT‘:‘GTTTGI‘TTACCATAGCTTATGTTGGCTTCTGTGGTAGAGTAAGGAGGTTGATGGGAAGGTGTTTGTCACTTGCTGGTCC
AGTGCTETCAGT TTITGEATGCCECCCCCCCCACCCCATCCCACCCCTACATTGTAGTCACAGARAG CCAGAGCAAGCAGGTAATGAAGGA
AATGARGCCCAGTCGCCTCAT TGTTCAGACAGGEAGAGTGEGECTCAGCGCCTAAGTGGAACAG GTCCCAGGCTCACAGCAGCACAGECCE
ACTTGTCTCATE‘TTATAAAC—GGACAATGGGAGGCTTCTCTAGTTCTGATCACAGCAGGGCGTGTCCCTCTGCCZ«.CT‘I‘GCCTTCCCCGATTC
TACTTGAGCTGCTCCTTGCAGGGACCTGGCTGCCTG’I’GCTCTCATTTCCGGCCTCCTGTACCTCTGGGAGCACAAGATGTCATCCACTTGA
GLTCCGAGTCTGCEGEGLTCAGGGTAGGGAGCAGTCCAGAGGAAGT GAGCTGGCAGCTGGATGCATCCCAGET CCTCACTCTGCCATACA
GGTCACCAGCTCGGACGCCACCACAGGARACTCAGAGGCTGECTECCTGECTECCTGCCT TCAGAGCTEGGEAGECT GGCTCATCTGAGCA
GGECTCCCACTTGCETCCAGCACACCGECACTRTGTGEAGCCACCTGCGCAATGTGACCAGCCTGTCT GACTGTAGRGAGCAGACACCTCA
GGCTTTCCTEAGGET TCTTCTETTTCI TTARAACCGGCAGAAAGARARGTTGAGATAGCAACAGCTGCOAGTETGE CACCTACATATACTT
CCTTCCTTCCTGTTGCCTCAGGGTGGAGCAGGTTCGACASTGATITTCTTGIGGGATCCTCTCAGGAAGACCTGTCCTGEACACA ATCCCT
TCCTCTCTTAGTTECAGY TCATCACCTGTCCTACAGGGGIGCCACCTCACAATAGTAGCAGGACGGTAGGCTTTGTGC GGTAAGATTGCA
TATGGCIGCTETGCAGCTTTGGTCAAGCCACT TAACCTCTCTGAACTTCCATCT GAAAAGCGARGGAAAACTGTTTGCARGGTCGTGGACT
TTATGGARTCACCACCTGCCAGARACTCAGCCGTCACGCAAAAATCEALTGCATGTGECTGAGCTE GAGGTCCAAGRGGATCCTGAGAGLT
TCAGGCAGCATTGGCTCCAGGGGCTCGTACAGTGTCTTCAGGACACCGTCCAGCCI‘TCTCTGCTTTCI‘TCTGTACTGGCTCTCCTCACAGG
CAGCCACTEGEGTGEGETTGTGEETGGGECTGAEECACAAGCCTGECAGCAGGCACAGE TGTCTECATCCTTTTCTC TTCGCAGIGETCT
CCTGEGACRCTCCACCCCTECAT CCATTGECTGGGTCTCCTACCTETCCACCCTGAGGCAATAGGARGEAACGTGCAC TAATCACTGAGGA
COGCTEATCCAGECTCTGACT GG TGETCT TCACAATCACACACC TAAGTGTCCC CARGACACCAGACAGTT GGTGCCAGAAAAAATAAGE
GUCAGTAAGGCATTCCCATAGGCATAGCTGCTGACCCATGAGGACAGGARCCCTGTTCTCTGSATTCCCAG CAGGTAGGACAGTGCTGGECA
TGCAGRACTGCAGGAGGACAGGCCACRACGGAGGGA TGGETECCCTCCACTGEGTTTAGAAGACACCCCACTCTGCCAGGGCATTGTCAL
A’."I‘AGAGCGTCCCCCCTCCCACCTCCTTCCTGGAGGCCCGTGAGGAAGGTCACCTTCCTGGCAGTGTCACTGCTCTGCAGAGCCTCTTCCT
TCTGAGCTTETCAGCTCCACCAGTGCAGTCCCACARCCGCAGTCTGTCCCACAGG TG IGACARGCAGA CRATTACGAGTGGTAGTGCCCETE
TCACCATACATACGCAGGTTTATTAGCCGACATCATCCCCCCTTGGTCTCOTTCAT CTGTAAGCTTCAGTAGCTCCCCACGCTGCTTETCN
TTTTGRAGCAGAGCTCCTGCCCT GTCACCCATAGGARGGGAACAGTGACGAGTGAGATCATGT GTAGAGIAGCTGCTTGCGARAGEGCAGS
GCCAAGCCAGGATCTCTGCCAACTCATGGATCTGTACGTGAGCCCTTCCACCTTCG’I‘GGAAAAACTGCTTAC‘ICTGGTGTT‘IATACATGAC
TACCACACACACACACACACACACACACACACACACACAAGAGTCATAGAAGAATCCCAGGACCATACTGTCT! GTACTRAGAGTACARAGEA
TCAGRACARCTTTATTGCCAGCAGCTCCGCGCACAGTAGGCTCCCCCTBCATGGCAGATARCT GCATTGGCAGGACAGETAGATCACCCTG
CCCTCRAARTCACAGGGRAGAATGTGATGAGCATACAGTGEGTCGCTGCETAGGGGAAGAGCCCACCETTGAGGEDT CAGCACCTTCCAGGG
CARACAGAGRAGCCAATGTCIGTCTTCIGEAAGCCATCAGGTACAT GCTCAARCTCCCCTTGACTTACTTTATTAC TATGTGACCCGECGGT
AGRAATSGTTTGGGEGECCAGAGAACAGCARGCCCTTACAGCCAGAGATECTCTGT GGAGATCTTGCAAGGATGE CCAGRACTCAGGCGGGC
AGCCCTACCCCATCTTEAGCATGCACTTGEACAGTCCCCTARACCAGGCATGT TAGACAG CTGTGGETCAGGAAGTCGGESETGGAGCLT
AGGETTCTGETTAACCRGCGAGT TCACCTCTCACCTCACTTCACCAGCTGTCCAGAGCCGCTC GETACATGCGAGTACATCIGAGTATCAG
AGCCATTCTATATGTGCTGCCRATGECATCARGTATTTCAAAATGGAT T CT T TGTCTATGTGTGTGTACETGT GIGTGTGTCTGTETGLG
TGGETGCACACGTGCCATGGTGTATGT CTGGAGGTCAGRRGATAACTTGAGTCASTCCACTCCTTCCACTATGT TATGCCTCCGGATTGAG
CICAAGTCATCAGGCTTGGCARCAAGGACCTGARGEGCTTT TAACTCATTGAGCICTGAGTACATT TCACACAGT ARCCTUACCAAGTAGA
TGCTGCCCATGTCCACI\GGCCCAGAGASATTCAGGCGCCTCCCCAGTCGCACTACP.ATAACTTGAAGCAT;"A‘l‘GGAAZ‘GCTCTTCTCATCA
GCCATTCTGTTTCAGGICTTGCTGTCACCAT! ECCGTECATCCCAGRGCCTGTTGAGTGTCCACT TTGCACCAAGCCCTETTCTG
GCTGCAGGGGACACAGCAAGGGACAGAATAGATAAGCATCTTCACTTCCTGGAGTCTACATTCTAGTT GGAGAGAGACCGGGCCGATCTTA
TARATAAATACCATGCACATTGET TSGATAACGGTGTCETCGGCAGARAGTACAGCAGE CAGGAGAGARAGAGUAAGEGGTACTACTTARY

GIAGAATGCCCASAGATTTGACATCAGTCGAAGCCTGGA G ARGCCATGCGCATCCTCTGGAAMGAGCATTCSTTACAGAGGAA
AIAGCCACCACAAAGTCATGTGGGAGGCAGGGCAGGCTCCTGGEGCTATGCTAGES GTAGTGGGAGARAGAACCATSAGTCACGAGETCEC
AGGAAA’[‘GGGTATC—GTGTCCTGI’ATAATCTGCTCTGCATGAGATGGTCACTGTGCAGGGTTTGAAGCAAGGGGCCC:ATGGTGATAGATTC

BCCTTEACTCIGECTGCCCAGTAGEGCGLCACTUTGEEEAGGCTGCTATGTGTGASTAGCTCAGTTCAGGAAGAGT CACTGGGAAGGAGTA
GCTTCCTICTTTAGTAAAGCTGCCTGAT GTGTTGATGTGACGGAGCTCC! CAAACCCTAGGEAAGCTCGGAGARAACTAGAGARATGETEEC

ATGGAAGCCCACGTGTARCTTTTACCY GITTTCETGCTEIGAGATCAGATCACACTATGTAGCAGEGECT GCCCTTEAGTT CCAGATCIGG
GGTGAAGEIETGAGGTATCACATCCAGGI'TC TGTCCATCCTGEAGAGGCCICCGTACCAGGTCCCTCTCC GIAGAGTGCCCASTGCARACT

CCCAACCCAGRAGAGCATGCATCTGAGTTEGT TTCCAAGECCCAGACGECGACCTCAAGE CACCAGGAACAAGCCTAGTCAGARGGGGCCCE

GTACCTGCAGTGEGECAGGCCANRGCAAECCTGGETGACAGCTGATCAGASCGETGACCCTGTCT TCAGAGECTICAGAGAGAGAGAGARA

GAGAGRGAGAGAGAGAGAGAAGCTTCCAGCCAGTGAAGAGETGGGCTGGCTTTCCCATCTECT GACCGECACTC! CAGCTTIGCCCATCGAR

PTCCCCCCTTCCAGTGTGTCCAGTACCARACAGTTCTCAGATCCTCCAGCCTCAC CTGTICCACACTGGCT U TCCAGGCTCAGCACAGACTC

CAGAGGACTGCGECTCAGTCTCACGECACGTCCACTTCAGACTATTTTT TTCAGATCCTAAGTGTCTATGCTTCAGACCACTGTAGATCAR
GGCTCCGASCC‘I‘TCCTCAGTCTCTCTCCATCATCCCCTGGGTTGATTTBCAGAATGAAGGAI-\ATGGTG‘I‘TTCTCACCAI'TCCTGGCTTATA
GRARRGGCCCAAGCCAGACACTGCCAGATAGAAGAGCTGCATAGGGAATGGTGTGTECATGCATGTECGT GCGTGCETETCTGTETGTETG

TCPGTGTGCETGT CTGTGATACGTAGCACATACATCTGTGCTCTGEGATGCACATGTGAAGACTCCCCGTT GACGTCCACCCCCATTTICTG

’.[‘C:ACCTTCC‘I“I".‘TGAGA:AGGGTTTCT’L‘GTTGAACCTGCAGCTCACTGTTTCAGCAGACTGGATAGCCTGCAAGTCCCTAAGCTCTGTCT

GQTCCCCTCCCCCACAGBACCCCATACTCGEATTGEETGTGEGTGCTGEGAACTGAACTCAGTCTCT GTGCTAGCCCAGCGCTTTACTCACT
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GAGCACTTCCCCAARGCCCATATTTTAAAAAATTGTTTAGTTTAGTTTT! CIEGCTCTGETCATTEGATCCAGTGICCTGTGCATACCAGECA
AGCACTCTGCCI‘CAGAATCA'lACCCCAGCCATGTGAAGTAGGGCTTAATCTCCAGCCCC’I‘GTTCCCCAGTTTCAGAGCTCAGTGGGTGAGG
CTGRARGC TCTAGCACTGGCCCCACCCTGARGCTCTCTGEAGTCOACAGAAGTARAG™S CAGGTGCTGGCCARAGGGCTTCTGRGEAATANG
AAGRGATATTCCCTTTAGAGAGTGTGCCAGRAACCARGGACAAGGTCAAAT, TGTTTCTTATTGTACCCATGTCCTTICCECTCTGTTGGEET
CECTICATGGATGTECCCTGCAARGCCTTCTGCAGACC TGO TECCTTGECTGCCTTGECTGCGEGCTTTCT CACTGRAGTCACAAAATA
BACRCCTTTCACTCACTT TGACTASCCCARAGTEGGTCAGCTGT CAGCTGCAGAGSAGAGARATC GTGTGTAATGATATTCCTTAAACACT
AGGTTCTTGCTGG'E‘I\GGGATGGCGZ}ACGCCTTAAATCCCAGCACTTTGGAAGCAGAGGCTGCCAGATCTCTGTGAGTTCGAGGCCAGCCTG
GTGTACAGAATGAGT TTTAGGACAGCCAGGACTACACAGARAAACTCTTT! CTTGAAAACTARAGCCAAACCAGAGRRCTEGCTGGAGAGAT
GGCTCAGGGATTAAGAGCACTGGCIGCTCTTCCAGAGGACCCAGETCCARTT CCCAGCACCCACATGACAGCTCACRACTCCAGCTCCAGG
GGACCCAGTACCTTCACT CACGAATGCAGGCAAAACACCAA'I‘TCACATAAAATAAAAAG‘I‘AAAACCAATCATAAAAAAGAAAAGAAAAGAA
AGRARARRAGGCCAGGCTTCATGTCCAGTCECCOETAMGACCATGEAGGTGTACCATT GATTGACACGGTGECTCCTGCTICTGEEGCTEA
GAGTGECCCAGCTGGTGCTTGARGGGAGCTGT! GACACCTGAGTCTETCAAACACAGTGGGATGCAACCCCACAARARTAGTGCCAC TCTGA
AACAGCTTCTTCAGGGCTTGTTCTGACCTCTGCCTTTC TGAGTCCTACCAACAGAAGAGRACATGTGGTACAT "TCAGAAGTCCTCCCAGA
GGGAGCACCTTACGAGGAGCACAGTTCGACAGGCCCALACAGTT! GGGTTCCACAGCAGGAAGCCCTGAGCTGACTACAGCT CAGTTCCACA
GT'Z‘GCCTATGGTC—’I’TTCCTGCCT’I‘T‘GGG’I‘CCCC‘Z’GCCTTASGTCTTGCCTTTGCATGCTAGTT(‘ TACAAGTACACACACACACACLACACA
CACACACCTTACAGARGCATGACAAGAGATACTTCCACARATATACCCAT! GGAACCAGCACCCAGGCTGAGRAATCARACCTEATITTTACC
ACCCTAGGACTCTTG'I‘I‘TTCTACCTATTCCAGTTGGCTCCAAGAATAACTCTGAACT"IGACCCCTAC’ITTACTTCC%‘CTCGTAGATGTGAC
TACATACCTGATAGRAACZATTTGACGGAGGAAGGCTGTATT TTGECTCATGETCCEEEGEATATAGACCATT GTGGTGAGAAGGGETAGT
GICTGGARCTCTACCTGTGATACATCEEETEAGGCTTATTCACCTCTCAGTGACAGEC CATGCTGCAGAGAGACCTTAGTGGSAACCGETA
AGCCCCGACTTTGGGTTCTCCTCTACCTGCTGGAACCTAGTGCAAAAGGTTCCCACACCTTCZCCAAACAGTGTCAGCAGCGGGGACTAAC
TICTCARACCCTGAGCCTGGGAGGGRACTGEECTAGGAAACAGT TTCACACTACAG CIGTCCIGGGTTTGTTCCCTITCTTTATATAARTC
ARATCCCACAGGGETTACGGT TGAGUCATAGTGTTCATATAGTTGT GATTAGAALIACICCCCTTCCCGCATTGCATTCTATCCATTGATTG
GET TTATTTTAAAACATGAAGCTGAATACATTGGTATATGCTTGTCATC TCAGC TCAGGAGGET GAGGCAGGAGGATCAAGAATTCARAGC
TAGACTCGGCT T TAGCAGACTGTCTCCARAACARCAAAACAATCAANACCAGGAAGTTT GCTEAGCCATGCATGCTTCAGGAGGAGGCACG
GCRGAGTGAGTGTGCATGETCCTT TAGGGCCTL I GCTTAGEATGCTGACCGCTCGCCAGT CTGTITGATCTGATTGECACATAGCCTEAGIG
TGGTETGA AG 3TGCAI‘F'('N“"f"""'"RFr‘l"ﬂANI‘C‘I‘TTCAGAGCAGSACCATAAGACAAGCCCAGGGATGCI'TCAI‘GGTGAACAT
ACCAGGCI‘GCCTTGCTCCATTGGTGGGCCCCT:ACCCATCACGTZ\TGTGCCCAGTGCCCCCTTTGTACI‘CAGT'ITCTAACCTGGATCCC'l‘C
CCTTTGCCACCCC GGGGETTCARTC TAAGAGTC TGTTGACACATGGGAAGAATTCCTT TARAGCAGCGEITCTCAATCTGTGGCTCTGGATT
GCRATCCCTTCGTSGATCARAGGACCCTTTCACAGEGETT GCTTAAGATCATCCTACATGTCAGACAT I'TATGT TAGGACTGCAGTTATGA
AGCAACAGIGGAAACAGT! TTTATGCTTGGGCETCACCACAACGTGAGTAACT GTATTAARGTGIGCAGTGTTAGARRGGL IGAGARGCACT
GCTTTAAGTGCTTAATTCTCTCAGCCCCTCCCTCT I TICCTCOCTTTCCCCCTCCTCCOC TCCCCATCTTCCCCTCCCTCCTCTOCCOTOT
CATGC’IGAGGTCAAACCTCATGTGGTI‘TACCCAGATCCTCCAATGGGATTACTTTGTGTC‘ICTTTGTGCCACTCCTGGGCTCACI'CCAC.’\C
TGTA’I‘AGCAGTTTTHGACTCACCGCAAAACAGTTCCATGI‘CCCTGCTCC’I‘CGCTCACCCACCACAAGAGCATGTC—TGTTATTTCACTTGGT
GACCTTACAGCCAGAACATTGTCARAGTCCACTGGCAT! GGEAGTCCCTCITGETATTGECGT CTCIGATTCCARACAAATGGETGACT! GG
GTGCTGA’I‘ATG'IGTCTGCTATCAGAGTGTCTGTCACT’I‘CC‘]‘GAGCAGTCTAGTCC’I'C',‘GCTGCTTCCCCCCCCCCATTACTGTCCCCACAS
GCGTCCTTTCTCAGAAT GTCACACAGTGGTAGCCGTGCARTACACAAAT: ITCCTCAGTGACCGTCTCCACTCTCCTTTCATGTGTGGAGCA
CGTGT'I'GTGTGTTGAGAGTCGCCCAGCAGATTGTGAACTGCCATCCAGCCTTCTA(:LLL&;L GCTCTGTGCCAGGTTCTCTCTGGTTITGGAR
GTTTAAAGCACTTCTGTGTCTTGG“IGAGCATAAATCCCAA‘J'GTAGGGGACAGCTC‘I‘GCAAATCCGGGTTTGCTTGAGCCATCGCCIGTACG
ATTGCTTCCTATTGCTTCCTTACAGCGGATTCCTAGGGGGRGATCTCTCATGCAGAGAGAGCTGGCCCTTGGATI‘GAGGACTCACCCT GTA
GAAACAC’Z[‘CTCCCACGAATGTCZ\CAC’I'CCAGCCCC’I’I-\ACATTT(-}AGTAAAAAC’[‘TCTCGC‘I‘C’I‘f“f‘f'm\P'T““['T(‘A7A AGGCTTG: AGTTT
AAGGTTT GTGIGTTTACTAATGEAGATGTACAATGGAAAGGEC TGCCTAGGACTAAGAAAGATCCCGATCCGARCTCGAGT TCARGCCGE
GAAAGGRTGAGRACTCTGATGATGAGTCATGTCTGCCATGCGT GTCACATTGGAGACTATAGGAGACTATAGETSCTCAT CATCTCTGACA
CCCAGAGCCCARGGTTAATAAGAITTTACACT T TTCCACIGAGCATTT TAGTGTTTATCACTTCTIT ATARAATGTITCARRATTI"'ICT
ATTGAGTTGAGCATCGTGATAGCT GCAGGAGAAGTATTTTTCTATTGAGTGTAGTAACTGCTGTBAAGC TCTTCATC AASTCS TABAGGT
ACGATTI‘AGGGCTTC]-\CACATGATTGGCAAAAGGCCTACTTCTCACCTGTA‘I‘TCTCAGGCCAACTCCAACCCCCCCTTTTT‘G’IT’I"l'GTTTT
GTTTTIGrITTGTTTTETTT P GTT T TG T I TTTT TCEACACAGGGTTTCTC TGTATAGCCCTGACTGTCCTGGARCTCACTCTGTAGACCAGG
C'I‘GGC.CTTGAAC1‘CAGAAATT’IGCCTGCCTC‘I‘GCCI‘CTGCCTCCCAAGTC—CTGGGAI‘TAAGGGCL:1 GCGCCACCACTGCCTGGCTCCCTTT
AATGCGTATACTI‘TTCTT'I’CTT‘I’CTI‘TCTTTCTTTTGGAGACATGATCT’IACTAAGTTTCCA'IGGCTGGCC‘."TGCACTTGCGACTCI‘CCTG
PCAACCTCCCAAGCAGCTGGECTTGETITATCATACTTT TAAATGACACTAACATTTBACTAACATTAGAACTACTGTTAATAAAGAAACC
CIGTCTCAAARAARTGTAAGAACTACTGT T AATAAAGTATTTACTAGEGACTARACATT GTGTGCGCAZACCTGACCTGCGAAGCAGAAAT
GTGCAGATACTCAGTCCCTCTARACARATGGGARGCCAAGATGACARGTGETCAT G CAAAGCCTGGGTGTGACCATGCTGETATTIGST
GACAGRATGTATGCTGGTGTAARACTCCCATAARRTTAACTGGTTTETAGTCCCT CACACCTTTAATCCCAGTACT PEGGACGCAGAGGTA
GATGTGAGTTCAAGGCCAGCCTGATTTACATAGTGAATTTCAGGACAGTCAGEAC TATGTAGAAGGATCTTGTC CTAAAAGCAGGGTGCA
GTCCCATGAATTCTGTARCATGT TTTAATAGAT TTATCTCACGAT GATGCACTC TAGTAATCCTGGCTTGTGAGGAAGACAGGAGGATTAT
GAATTAGCCAGACTCTTATCTTAGTGAGICTTGGAACTCACTATGTAGACTAGCCTGET CTAGAACTCAGAGAGTTCTACTTCTGCCTCCC
CAGTGCI'TGGA‘I‘I‘P_AAGGTGGGCTCCACTGCACCTGGCTCAGACTCTTAAAAAAG’IAGGTAATAGG’I‘T‘ITTTTTTTT’Z‘TTTTTAATGCCTT
TTGCATGCCCTAGCAGCAGCTACCTGCATTTECAGGCGTATCT TACAGGTAAATTCAACGAATATTGATCATTC TCCCCATAGATAGTGCT
CGCTGEGCACATAAGCTCAACCATTCAGGAGCT GGAGAGATGGCTCACCGCTTARGAGCATTTGCTACTC T TACAGAGTATCCARGT GGG
TTCTTAGGACCCACACTGGG‘L‘GACCCACAGCTGCCTGTAAC‘I‘CCAGTTCCAGGGGATTTGATG:TCTCTTCTGGCCTCCATGAACACACAC
ATTTACACATACCTTGGTATAT: STGTGTACACATCTATACATACATGT’GCACACATATACAAATARAATATAAT TTTAAATTCAGCTATTC
CTTCTAATACTTCCCARATGTCCCCGCTCCCGITCCCGTEETCIATT GATTARCACCATTAATTGATGLGGTACAGATTAGGAGGETTGANT
CGGGAGGATTGCCACARGTTTGAGACTACATAGTGAAACCCTGTCT TAARAGAARATGACTTTTCAAGAAGGGEAAACTCAGSCTTAGAAC
ATAGGTAGAAAATGTCTCAATT TATGGCACARACAAGACCAAGCGCCCACGTATACATCT GACCTTGAGICCTTTAGATATTCANCGGGAC
AGGCAGGGTGGATZ\CCI‘.’XACAGCAC’Z‘GCAAACTCTCCGGGGGCCAGACTTAAGGAAGCCAAGTGGGCACAGCCTCCTGATGCCCCAGTCTC
CTGGCTGCCAGGCAATCTGGGGTCCTGGC‘ICTCTGCCAAGGGTGAAAATGAGCI'GCAGGCCTCTGGCCACTCTCIGCCCCTCCTCTTGGGT
TTGCATCTCATTGCTGCAGGTTCCACCAGECT TAATCTCTGCGAGTGCAGRCTCGGAGGAGCCAGACTESAGE GATCAGTCCCAGCAGCTT
GGAGAGCTTCAIGAGGCTGCCCTCTGCTTGGGCAAGGAGAACAGAAGAASTGGCTT1’C‘AGAGCCTCACCI‘GGCCTGTGCCITCCCCTGATA
TPGGABTCCGETGAGGGTCACCAGCCCCAAGCGETAGTTCACT TAGTCACATCATAT TCTGACGCAT GTTCCTGTARGCCTICCATTGAGAT
AGGGTCTAI’TTCAGAG'I‘AAAGGTTCCTGTGACCCACTTCAGGCTTCAAACGCACAGCACTCAGACAAGI‘GAGGCTTGGCCAT GGCCTCCAG
GCAGCTGGGCTTTT T GAGRATGGAGAGGCCTGACTAGATGTCAGGGACAGCTGAGAGCACCGGCAC CCTTTTTGTTTTGTTTTCCEGGAAG
CTGICCCATCAC! TAACCATCTAI-\CAI-CAGGTTATTATAATTCATTGGGTCCCACATGGAAGAGCATAGAAGACAGGGCAGGCTCGTCA‘[‘AT
CTGACACTCTGTTT CCIAAGCATCC TACTTTG‘I‘ACAAGTTGATTAAC’I‘AT‘:‘CCTTGTCTGAAAACCCAAATC CARTGTATGTCARRATCTG
ACATGTTCARCAGATAATCAAGTTTTGGAGCTTTGGGATTTGGTAAAGAGTATGCCAGCATCCTAG’[GCCAGGACACTGCCAGGTCI‘GAAA
CACITTTGGTGGAACATCTCAGATAZAAGTCATGTTACE TGAGTGTGATT:! CTGTAAGAAAAACGTGAAGAACCACATGCAAAATGCACATG
TGAAAGCCACAGGCC'ICTCTACTCGGAGGTGGAGGTGCTG’IC’I‘GGTGGCTGTTTGTTTTGGATTGTCTATGTGTCI‘CTTCTAGTTCCTAGC
CATGTGTC'I‘CTTTCCCTCCCATTGGGTGCC:TTGI‘CTCTGGGCAGCCAATGAAATACBGCCCTTGTAAAGCCCTGS‘IACTCAGCTCTCCAA
GTCCTCCCCTCACTCTGTATCCCARTTCT CCCATARGATGECTCTGGCAGCTATGATCAT MM 'GAC TTACCCATGAAGACTICTTARGGCT

57

-83-



WO 03/081251 PCT/US03/08808

TAGCACACGECCTTCTGATGTGECTGCT GATGCTGTCA'I‘CTACAATGT'TCATACCCCAGACCTTGAACF\AAGCAGAGTCTGGAGAGATGGC
ACRGAGGCTCACGCTECCCTGTCATGGGACTCGCATTCACTCCCCACCATC CACACCAGGTGACTCACAAACACCTACAATTCCAGCTECA
AGGGATCTCACAACCTCTCTGATCTCCALGEGCECCTC CACTGACATGTACAGACAGACAGACCTARATCAATAAARAGCT TTARACACLA
TTGTAAGTTTATTTATTCTTATCTGATGTGTATGAGTGTT‘I‘TGCATGCATGTA’I‘GTCTGCACACCACATGCATGCCTGGTGCCCACAGAC—G
CCAGAAGAGSGTGTTGGATTCTCTGGAACTGGZAGTTACAGATGGTTG’IGAGCTGCCTGCCAAGTGCCAGGGATCAAAACTGGGT'lGTTTGG
ARGAGCAACARRACTGCTCAGCTATCTCITCAGCE! CCTATTAAAARACATGTARAAAGAAANGAAAATC TCATGATGTCT TAAGTARGGTT
ACGETTTTGTCTTAGCCATCCTTGCL J.GCACGTGAGCGTGTGAACCAAGGACGTACTGTAAGAATTGGGCTCCCAGCTCTATAATCTGAGT
CAGCTETGCCTGTCACTGCGCTAGCCICTCAATGTCAGCCTTGTCAT CTTTCTTGACACGCACCTTGCCCTGCCATATGGGGAAGGAGART
CAARCATAGCCCACAAGGCTTCTCCTTCTGARGTCTCTTGTACAGCT! SAGTGTCTGTGCAGCCEGTGGGACACAGGCGACACAGTGCATTT
‘IGACCI‘GGGCCATTTGATCATCAGTTCATTGGGCAGATGCAAGTTCTGCCGGGSTGGGATGGGCCCGAGGCCGGGGTGGGATGGGCCCGAG
ACCAGGGTSHGACACAGCAGATGCT CAGAGTGCAGAACTGAAGGATGTC CACTZCTATGCCTCACAGACTCCCTGGSARTGGAGEAGETCC
CTTCCATTICATCCTCCAGTCCTTGTETCCTTTCCCAGCCT CCARGCATTTCCLGGCGCCCETTACAGGTGCTECCACASCAGTGGTAAGC
CTGAGAGCCTGEGARAGCCATTTGTICCCGCCTTC! TGGGAGCTTACAGTTGCAASCTAGCTARAGGCCGTTT! TATATATATATATATGTATA
TATAGTCTEGGS GGGTCCCAGGCATTGTGGCTGSET GGAGTAGACAGGGTCCAGAGAAGGGGI\ACACTACAAAATGCCCCCAAGCTGT
GIGGTCCCAGARAGCCAGCGT TTGTCAGT GATTGACTAAARRAGAGARACTCAACAACCTAGT GGAGAGCATTCTIAAGCTECACTIGTTGS
TGCTGCCTGGCTGTSTI'ICTGA’ITAGCTGTCTTTTTTCTTCGTTTCTTATTTTTATTCATTTTACCTTATCTATCTATCTATGTAI‘TTTTG
AGTCAGGGTCTCACTATGTAATTICTGGCTETCCTGEAACTTGCCATGTAGRS CAGGCTGGCTTCAAACTCACAGAGATCTGTCTGLOTCNG
CCTCCTGAACTCTGGGGTTAAAGGTGTGCACCACTATAAGTGGC'I‘CCTGATCAGCTTTCTATCCTGGGG:’IGTAGCCTC‘I‘TCCACATTTAT
CTCTGTCCCTGCCACCCACCACATCTGATGGAATCTGTCATT”FAPAPN‘FTTCATT""I‘ A TGGACTCCTACAARCTGGCTCTGA
CCTCCACACATTCATGACCCCCCCCCC CCCATACACACACACATTAGATAGACTTACTGAGAGAAAT GAAAAGGTAGGGAAGTCAGACAAC
CTTTGTAAGACTCTGGGGAGCCTTAGCI‘TACCAGGGZ\CCCCCTSAGTGAAACTCGTGGAGTCGGGATCGATGCAAAF«ACCAA_GAGAAAT'Z‘T
ATTGI''CCAGTECACTGEGETCATCCCACACCCARAGEAGTG CGECGACTCCCAGCACCAGT TCTGCTECGTTTTATATCGTTTCCAGGE
GCAGARTAGAGCATCAG :AAC‘I‘AGGCACAATATGATTGGTGGAACAGTG:ATCCTTTAAACTGATTGGT'[‘TTTAGGGAATAGGTGACAAGG
ACTTCCCTTGTCTGAAGGTGACCAA‘IGGTCAGTCCTGCCGALTGTGTCCZCCACCCGCAGTTCC‘l'GCCCTGTGTGTGGTCTGAGAAATGCT
ACTAGTAGTAGCCTCTACCTTCTGGARGCGCEGAGTGTTTCCC CGACCTTCCCAARATTCCTGAGTTGACCTTTTCACCTTCATTATCARG
CTTGCCARCCAT GGCCAAGTACCACAGACTGGCCACATGGCTTTBCTTCCCAAGTT‘CTGAAGGTTAAGAGGTCAAAGGCCAACGT GCACTC
AGCCAGATGAGGGCTGTCTACATTGCAGATGGGEAC TTTTCTACTGTATCCTCACAGGCAGRGAGCCCTGTETCACSTTTCTTTAT GAGGETT
ACCTGACCCTGAACACCTATCCAGTCTTTGCCTCCTCTCCARATAGTGTOAT, TAGGATTTAGGACTTGAATGTAGICCAGCGACAARGEAT
TCGEGCTCCTAACACCT GCTCCATGCCTGCGLAGCETCATTCAGRCTT GARCTCTCAGAGTGAAGECTGTICCTASACECAGT TG GGGAC
TCCTSCCC’ITGCAACTGCATCCCAGTCAGCTTGCGTGACCT'IGGGCCAGTCCCTTCTCAGCCTTCAGCCCTTCGCACCCCCTTTCTCCGCG
GGTGGCARGGGAGCCATCGCCARGGCE! TEGAGCRARAACECGGCECTCCCACCCEEEGCEETCCAGGTCETGCAGEELGCGRGETG
CGETGGECCEASETEEGTGTCEGCEECEGECGCTGLEGRGEEEGCCTGCGEGCCEaC: CGACCATCCGCCCGTGAACCCGEARGABGAGTETC
C CGGGGTCTGSCA’I‘GAGGACCGTGGGGAGGGGC‘I.‘GCAGCCAGGTTC‘I’GTGGTCAGGGCGGTAAGCATGC TCTGGGGACACTCICCCCTGRA
GAGAGAGGTGEGC TTGGAGTCAGGGCAGGGCTAGCCCTGGCTGGCACACAACCAGCTCCCCAGCCCCGC CTGETACCTGCTGTGAGCTGCCC
AAGGGGCCCC-GCTI‘CTTCCTCC’FGGCAGCCCCTCGCT'TGGGGCCTCACAGCCAGCCATGCAGAGCTCATTTCAGCTTTCCACTCCCT‘CGGG
CCCAGTTGSATTTGTGGAGTCCCCTTCCTGCCCACT’I"I'GGCAGTTTGTCAGGTTCTTGGGGGTTCCTTGTGTCCTTTGGACG AGTETCCG
GGCTGTGCTTCTCAGGCCTGCCTCCTGGCCTGAGCTGCCCCTGCGCC'ITGACCCCATGAGGCTGGTGSCTCCAG‘TCGTCC GGACCAGT
CCGGGATAGAAATGGCRTTTCCTCTTGGCCAGGC’I‘ACAGCTGTTTTTGTTGTC'IGAGTTCTCAAGGCTTCCTCTTGGGA‘IGGCAGGGAGGG
TARCCAGACTCCTAGGGACCCCTGCTCTCTCTCCCAGCCALTCACCCCTCTECCCCT GTCTCTTTCATCTTCTICCTSTGCTEETCCCELC
TCCCTTGCCTGTCCC! CAGGACAGANPCACTGAGAACATGAAGGAGTGCTTGGCCCACACCARGGCEEET G AGGGGACATGGTERCAGTAG
'I'GAAGRCAGAGETCTSCTCACCACTCC GGGACCAGGRGTATGGCCAGCCC TGETGAGGCCCOTGEGTEGETGACTTCAGEAG GEGACGTGGE
TGGCCATGCTGEGCTGETTGGEGACCCAGGGGATGTTCT TACTGGATGCCAGCCT TCCTTGT TGGACAGTTCTGEGETCAGAGCTGACCAR
GCACTAGACGGATGGGGGCAGAGTTTCCCAGAGCCCAACTCTCRGGAATTCCCGCGCTCCACTGCTCCTACAGTGAACAGCCAGCCTGTTG
GAGT'I“I‘TTTTGCCCATCTGCAACTCTCTGCCTCCTGGACAGGTGTCCAGTCTGTCTTCCCCC‘TGGGT‘I‘G‘ITTCTC—ATGGCTTCATTGCTTT
CCTTTTTTTTTTTTTCTGGGCCCTTGCCC GGAGCAGCTCTCGEAGACTGGAGCCAYCTTCCATGGAAGTTGAACT CAAGRAACTGAAGGGA
ALGCGTGACCTCATTGTGACCAARAGCTTCCAACA: GTGGACTICTGGIGTAAGTAGAGCTGAGECTCICTCGGETGGCTCOT CCCTTCACC
CCI\TATCCCATCTGCCCCTGGGTCATTGTGCCAGAGI‘CGCAGT(—AGAGSL‘ATCCACCTGGGGCACACCAGGGCTCAGCAGCCTGTCTTGCG
TCT TAGAGTCCACAGA’I‘GACCCCAAACCCAATTTTTTTCZA.AAI‘TTGAGACAGAAGCC‘I‘TGACATTATAGCATGTCCTTCASTCCTCCAGG G
AGTAAGTATCATGGTTTATTGCTTCT GATGEACCTGGGACTGCAGCTAGCT GGGCAGATCTAGGET TGGTAGGCTTGAGCTACATGCACAG
TATI‘TTCTACTGATCCTCAGTGGCCCCCAGT’!'G‘I‘TTCCCCAGCCAGTAAGGCGGCGGTTCTTATATCSCACCTCTACTGAACTTTC:CTCT
TCTTCACATTCCTCCAGICTGTGAGTCCTGCCARGAGTAC TTCETGEATGAATGICCGARCCACGETCCCCCCEICT T TETGTCTGACACE
CCAGTGCCTETGGGCATCCCAGATCEGECAGCCCTCACCATTCCTCAGECCATGIACET GGTAARGGATGCT GGCEGECAGAGRCATRIGC
GETGTATARRCGAGGTCATCCLUARSGECCACATCT TTGGCCCCTATGAGGGGCAGATCTCTACCCARGACAAGTCAGCT GGCTTCTTCTC
A'IGGCTGGTGAGI‘GTCCCCTGTACCATTCATTCCC'I‘GGGAGAGGTCCACAAGGGACTCGGAGGGAAACAGI’CAGGIGATAATTTATGCGTG
CACAAGTGCTTT I TGTGCACATCTGGATGACGEGTCTPGCTACCGTCTTGTC CAGCCATGTGGCTTTTGICCT I TGGTGTCCARAGGCCA
TGCTGARGGEACCCCACCTCAGCAGCAAGCAR GIGAGTCATCACCAGETAATAGETAAGECTGAT TTTCCCAAGTGTCCTC CIGTGTEGET
GTGTATGECATGTEECTCTCCATTCAGTGETAT T TACARAGACCTCAGCCAACCCETCT TCTARAATGGARGACUTATAGCTCEGGGCTGCA
AGGTCATAGAACATGACGTITCTGCTCAGAAAATCGGCACCCARGEGACTCGAC AGGCCTTCCARGACAGGCACGGPTCCCATTEEITGR
GAGTGAGCAGCGARCAAGCATETAGATGTGAT TGT TGCCACCAGAGGGGEAGCACAGCATACTT TGGGACATTATCT TG TGETACCTCCA
GCCTGCATTGGGARTGTCAGCCAGCT TTACTGTCTACAGICTAATGGCC TIGAGTGTATCACTTTTT TCTCTGGGCCTETTTTGCGACACE
GGCTAATAAGAGCTECEETCAAGATARCTCCAGGTGGCCTGGCACCETTCTTGEGAATGT GATTTCTCAGTCACTARAGCATTTATCATTG
CITGATGITACTGCTET TGGCCT GG T IGARGGCTGAGT TCC T TCAGAATAAGAR™ TGGAGAATGAGG. GCAGCTGEICTTGEEAGEEEATA
GACCCTCATTCCATGTAGACAGGAGAGATGGAGAAGRAGTCE GCTGTGETAGCAATGGAGATCAGCAGAGACGATGSCEEGEACTGRECaT
GATTAATTT! CCCARGACTSAGGACTCAGGGARGCTCGTGAT G GECCAAGCAGAARTCTGGCTGAGT CAGGCTGTGECACAGAAAGTCTTG
ATCTCGEGEAGGAGGT TGEGGAGARGGTTCATGTCAGATGAGCATGGTGAT! GGCTTGAATTCARGTCTGGACGT GGGTGACTCTGAGAGAT
TCAGGAGGEAGAGCCCTGAGGCTGETGGGACAGCTAGGETGCCAANGTCAGGAGTAGGCGCTT TCGAARACATARGGAGGGAGTCCTARGA
CTECTCACGGGGGACACATGEACAGT TEEIGGGECAGTGGAGTCCTARAG GAAAGCAGCGGGACCATTTATACCACATETATECCTCTCCR
TGACCATCICCTCGETGCCAGGCCOGEGHAGCAGECCAGATCAGGTGTAAATCCTALCTT CATGGGCAGGAGATGGAGCTAACCARAGAAT
AATGAARATGCACATARAACCACGEGCACECCTTGATGACATAGGARGOT. AGGAAGTGAAGAACCAS ATCCALGTGRACAGAGS
ACAGRAGAGECOGACAGATGCTGAGCTGEGETTGAAGCAACAACATGGTCCT. CTGTATTAGTTACGETTCTCCACAATARC SAATCCATC
CATCCATCCATCCATCCATCCATCCATCCGTCTZSTCTATCTATCTATCTATCTATC'[‘A'ICTATCTCTCTATCTATCTATC‘IATCTA‘TCTTT
CTATGATTTATTAGACTGACTGACTATC! TATCTATCTATCTATCTATCTATCTATCTATCTATCTAC CTACCTRCCTACATACCTACCTAT
CTACGATTTATTAGAACGACCTACAGANT GIGGTCCAGC TAATCCARCAGTGGCIGTGTGTGAATGRR: AGGARGETCCCATGARTCIAGCA
GTTGTTCATTCCATGAGGCTGEATGTCICAGCTGGTCT TCAGGATACACGAGARTCTT! GRAGTAGCAGGCTCCAATGCCAGTGAAGEAATG
AACTTGATAGCAAGGCAAGAGCEAG CAGGCAAAGAACAAAAATCTCCCTACTTCCATATCCTTOTATAGGCTT! CTGGCCCCAGATTAGAGG
TGTGACTTCCCACCTCAZAGAT! CCAGATTAGAAGTGGATCCCCAATCCATCCCATAA’1"I'AGCCTCCAAGCPATGGCACCATTGCAI‘ACACT
AGCBAGCCTTTGTTGCAAGGACGGTGATLTAGCT GTCCCT'I‘GTGAGACTAGGCCAGGGCC'I‘AGCAAACACAGAAGIGGATACTCACAGTCA
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ACTATTGGATCGATCACAGGGCCCCCARTGGAGGAGCTAGAGARAGTAT CCAAGGAGCTAAARGAGATCIGCAACC! CTATCGGAGGARCAAC
ZTTATGAACTAACCAGTACCCCAGAGCTC TTGACTCTAGCTGCATATGTATCARARGATGACCTACTCCGCCATCACT GEAAAGAGRGGCC
CATTGGTCAGGCARACCTTATATGCCCCAGACAGGGEGRATEC CAGGGCCAMMAAAT:! GAGAATGGGT TEGTAGEGGAGTGEGEEGGACGAC
TTTTGGGATAGCATTGCAAATGTAATTGAR GAAAATACGTAATARRARARRANAAGAAAAARRAAGCAGAGAGRATAT CCARAGTAACAAR
GTTARAATTGAATGGTEGTGETG GBGGGEAGGEGCACAACGACAGATATCAAGGAAT TGTGATCACACACTT TATTCAATARRAIMTGAAR
AAAARARAAAGRAGTEGATCC CCACGTCAAGTTAAGCAAAAAAAAAAAAAAAAAAAAACAAPACAAAACAAAACPAAAAAAAAAAAACAAA
AARCARAAAACARARAAAAACARAATCCTTTGCAGGAGT CCCCCTCAGTTCTTGGGTTTTACTTAATT CCAGATGCAGI'CRAGTTGACAAT
TAAGAATAGCCATCACATCACCAAAGCACACATTGGTEAGGEGGTAT: CAGATCAGTAGATCTGCTTGAGCAGAGEC CCTGTGETGGGAACG
GGCACACAGCATATGTGAACAGCAAACCTGGCECTEGAGAAGGCCTGEAG GTGSGGACTEGEAGGGGTCT TCTGCAGACTTTACTOTGTGA
AGGATGCTGGGAAGT'I‘I’CCAGGTAATTGTTTCAP.GTAATGATGAATGACCAGATFACTTTTGl TTCTTTATTTATTTGCTTGSCTSTGTGT
ATATGTGTTCAGGGTGGTGATGTGTG'I‘GTGTGTG’I’GTTTATGTGTGTG‘ICTAAT'IATTC‘I‘CTCCCTTATC—TTTGAGACAGGGTCT:TCTCT
AAACCTC—GAGCTCI;CCAATTCAGC'I‘Z-kGACTGGTTGACCP.ATAAACCTCCAGGGAT CCCCGTACCTCCCCAGCACTEGEATAGTATSTGIAC
GCCACGGCATTEGGCTTTTAC CTGCGATGTGGEEATCAGCTCAGT TCTTCACGATTACACAGCARACAC TGTCCACTGAGTCATGTCCOCA
GCCCCACATTAATGTCTTGAAAGGACAACATTGEGCT GCAGCCTTTAGAGCTGACTGEEECAGAGATCTCICACTCCTTAGGRAGE CGCTAG
TCAATGTAATTCCAARCCTTCAATGGASGTGECETGGET GGAGACAGEGACACAGAGACACAGACTGARGGATCGACT T GAGGACEAGAT G
GGGEATGAAGGCCAGTCAGGATGECATGGCT TTAGTAAGGEACCCAAGTAT CAAGGCCAGCTTAGGTCCTCCCTGCCTCCCACCGAGCACT
TCTGARATGAGGATTGC, TGGATGGAGAGA AGGTGGAGAGTGACTGGGATTCTCCTGTTGGCCT! TECTGAATGGCGATGTCAGCAGACAGGT
GGATGTACCGTCCTGGCTCATGCAGCAGGAGT GTAGAGRTGETGACTTATGTTCGTAGCTGGCTAGTGGANGTG GATGGGGCCTAGCCTCAA
TGTCARGGGACTICARARGT TARCAG CCAGAACGAAGCAT GGGAGAGAGCGGCACTGGGCERAGECAGECCAGGAGAGCRATCI'GCICAL
ATAGCARGARGAGAGGTGIACARAGGCTCTAGCCTCTCATGE TAATGGGSAGCCCAGGGTGACAGACCTCAGAAGTGTCTATTGATATTCT
AGCCACAARAGCATTGTGACAT CAGAGGAACGGTAGGTCCAACCTGEGATCTTGAGCTCCTATGETCTTT GGCCATGCTGACAGCTCAGGG
TEEEEECATGCIACTCGTACCTARAGACAGAGECTCCCCECCAGET TTAAGTGGTITGTACTGCCTAGRACTGCAGCCTACARCAARGGCT
TATCAGGAGCCCCTTGCAGGAGAGTACAGGAGCTGEG CACCTGATTAGCATAGAGGETGGCCTGTAGARCARCTTCTCAGAATT TGGCTAGA
GCTCAGAAGTGAARALGAGAGATNAGAGAGGTGGATGETGAT TAGAGGGTAAGGGEAGCTGGTACAGCARGAEAGCATTCT TACCGS CAG
CAGGAAGAGGCTTTCCAARGGAGCAGGAGGATGAGGTGAGAACACC ATCCATACATGCAT TTGTAGCACCTCTGTCTCGAAGGTTCTGOAG
AAGCCGCTGAGTATCEANACEEGCGGCTCAGCACATTTTCCATCACCTANGGEACA, ACCCAGGGTAGCTCEETGTGGTAGACTAATTAATT
GCTCTTTGAAGATTAATAGTETTCATTG CCAAGTTGACARGATCTGGAGTCACCTAGGARACARGTTTC CAGGAGATTGITSAGCCTETGG
GGAGRATTGTCTEATAGGTTGATGGAT GTGGGARGACCCATGEETEE EECAT TCCCTAGACRGGGATGCTTGACTGTATACAGTGIAGT
GAGGTGAGCATAGGCACTCATCCCTCTTT:TTCTGGATTGCAGGTGTAATGCAACCAGCTACCTAGTGCTCCTGCCCATGTGGCTTCCCTG
TTATGATACACACTGGGGCTATGAGCCARATCACCCT TTCTTC  TOTTTHT SUITTTITTAATTT T TTAAARGACCATTTTATTTTAT TTA
TATGTATACACTGTCACTGTCTTCAGACACCCTAGARGAGGEC, ATCAGATCTCATTACA CATGGTTATGAGCAACCATGTGGTTGCTEAGA
TTTGAACTCAGGACCTC TAGARGAGCAGTCAGTGCTCTTALCE GCTGAGCCATCTCTCCAGCCCCCACCCTTTCTTCT AAGTTGGGTTTE
TCAGTATTTTATGSCAGGAATGAGATTZ-AGATAGGTCCCACAGTGTCCCCAJ. TCTTGTCCTCAGAGCTEGTEACTGTCTTTCGETCGOAGA
AGGTGCTAGCATCTGT GGTTACCATGAACATCTTGAGTCAGGGAGATCATCTTAGGT T TCT! GGCTGGGTTCARGATAATTACAARATTCT
IC CATGGAGGAAGCRTCAGAGTCAAA'T‘CAGATGTGGGGAAAA‘I'GGTTTCTGTTGACCTCCCAGAAATGGPAGGGACTGGGAAGTG’ITAGGT
CTCARAGCCICTCTCTTCCT CICTGECTCTCTTCCCCAT CCTTTCTCATGGTTGGCTTCAGTCTGCACCCTTCCGGATGCCCCTGCCTGTG
CTCTCCCTTGTATGTATAATAAAGACCTCAGCCCT‘I‘TAGGAGCZ\CCCTGTCCTCTCTGGTCTTCTCA‘I’CCAGGAGGCAGGCA'T‘GL‘TGGCTC
CCTA’I‘TGACGTGACAAC—ACAGGTTCTTGATCAGAI\GAGGTCTGACC'I‘GCAGAATTGTAAAAGAATACAT’IGGCTTTG I'TCAGAGAGAGAGA
Gi A A AGARGGAGA T'I’AG‘ITCAGCAATAGGAGACTTAGACTAACAGAGGAGGCTI‘GTGGG'ICAGGGCTATCTGC‘I‘ACAATCA
C-TGTCTTCTTCATTTGCTCCCACTACA‘ITGATCAAGGCAGTACCTTTTGCTGACTCTGI‘AGCCAGCTTTTGCCT%KTTTCCCTGGCTCGC
CTTCCLGAGTACTGCCACACCTGCCCAGCTTTCACAGRGTCT! GCGGACATGAACT CCACCTGTGCAGCAAGCACTTTATCCACCAAGCCE C
AGTAATCTCI‘TTATTTTCCCCGTGTTTGTCCCTGACTTTGATI‘ACTGTTAC\" CCACABGGAGCTTTGCCAGAAGGAAGATTTTATTTACT
TAGACAATGAGTATCTGICACTCTCTAGTGACRAGTAGT GATAACTGATATTGCATAGTCAACTCT TGTGTGACACTACCTAC CTCAATGT
CAGBAARCACAGCCAATCGCTAT T TTCTGTAATGGGCAAGAT GAGARACTAT CCCGTTTTGTEGATCGCAGTGTCTCTTGCARGGATAGAT
G‘I‘CCTTGAGATGGTGCTAAACCCAGAATGTACGCAGGTCACCTCCTCTCCCCAG:ATCCCAGC TTTGTGTETCACACAGTGCTCTGIGCAG
GATCAGTTGTCCCATGTGACTGCAGGGGTGCCAGGATGTGACTCGGTGC‘IGTTGGPAACCCTTCTZ‘.AAGCACGGTATGGTACTTCGCATCC
TCATCCATTGZ‘TTGATTTTTTCGCCTGGCCATTTCAGCTTGCACTGGTG‘L(JACCTGCAGGGCAGGCBGGTCCTTCTAGGTTI‘GCTCAAGGT
I‘CTTCCTGCTCCAAGCCATCCTTC—TCAGTCCCACCTCCTACACT‘I‘CCAAAGGTCTACTGTAGGACCTGATGATGCCCTTTGCTTCCCTGGG
AGAGCCTACTCCTCACCCIGAGEAAGGEGT AGGIGGTTAGTACTGATACTECETC CGTGGGATCAGGTGCICCTCCCAGGCACAACCATAG
GACCCTTAAGEGGAAGCACTGTCTGACATGGCCACAGGGCTCT GEACAGTTCAGAICCTGETTCTICARCTGGL TGGARGTAC GGCTTTGA
GTTTGTCATCTGTTCTCTCAGT GETCTASCTTCAACGTGT GACACAAGCACACAGCCTCTGCAAGACAGAAACCCAGGEAGCTAGAACTAT
':‘GA'I‘C—TTCASTGAGCCTGGCGCCTGTGGTGATGGGCAGGTGACAGGCTGCTTTGAT'IGTCCTTGGCTAACTTCATGI‘C—GCTTCAGGAAGAC—
AGAGAGAARGAT GRAAGTATGTAAGATIGGATATARGGTCTGGETTICTETGAACAGGCCT! CATTTAACACATCTCCASGGCCACACACACAC
AGACACACACACACACACACACACAT GCAATATTTTATATGTGTGTGTCTCTCTGCETT TATGGCAATGAATACACAGAAGGAAAGAARAT
CCACCCCACAGCAGTCCAACAGTICTAGGEAGCATCAGARAT CACCCAATSCTAAGAGGCGGAGGCACAGAGTCTGECAGTTGCCEAGRED
TGAGTTACAGGGARGCAAAGCACCAAGTGTICTCTCATGTARGAC GACAGTCCTCGAGGTCACTGTAGAGCTCAGEGT CTGGAACAGTGTTG
TGICAGGRCIGCCARGGGLAGTCTGGATAATTCATCGAGTCACAGGAACARTGE CTARGGCAGAGGTAGGTCGEGCATGGETTGGGCTER
TETATCAAGGTGTECACTTCTTCCCAGACTCCTCTAGGGCAGACTET TACAAGTGAACTCCCAGTGGGTGTGACAGACCCCTEGRACTTGA
CTTTACAAACACARATTTTAT CAACAGCAGTCTTAGAACAGTEAAAGGAAGTCCTCATGGCTT CATTGGAACGATGGTARTAGACTAAACC
CCIGRARCTGTARGCARGCCCCAATTAAATGGTTTTTTCATAAGATTTGCCT TGGTCGTGETATCTCTTTACAGCAATAGAACACAGACTA
AGACGGTAGTTGETACCGAGGCCTAGEETGTCGETGTGACACGCACGACCATATTGT TTGCTGGAGGATATAGAAGACTTTCEGCCTTTER
GCTAGGAGAGCGTTTGGATGCTTTACGTGEGGC TTACTGGECCAC TGTGAGGGCCTAGATCAAGRAGTTT TATACCGARAGCATATTACCA
AGTGTCCTAGAAACCTTTCCTGTARGAT GTTGGCAARGATTGTAGCTGC GTTAT CATTGTCCTARRRRTCCGCCTAAGCTTAAGTTGARS
AGTTTTGCATTAATGECACTGECAGAGGAGAT TGTGAATCTTCAC TGTATGTAT GAGTTATTAGTAATCACTCTGGCAGACCCATARGRAG
HAGGAGCAARCTGTACAACCAGAAAT CCARRATATGCAGTTTGAGGAGACAGECAGCAGCACCARAC GTGATACTGGAGCCAGGATCTGTG
CCCAGGGGGARCAATGTGTARAGAARAA A"CGATGCTAAAAG‘IAATAAAGGGCTTGG’I’GACCTGAGGATAGGACCCCATCCAGCCAAGGTC
CTAACGGATGAGAAGGRACCAGTGGCARGCEICAACAGTGAACGGAAGCATCCACAAC GAGCTGATACACTGCCATTCTGAGARGEGCCA
AGTGECTTGCCCCAGCARGCAGCAGARCTTGGCAGCTITGGCTACATAGTTCTCCCTT TAGAGTTCAGGATACAAGAARGGCETTGTAGAAT
CTCCTTTCATGGCTACGGARAGTTGCCARGED CAGGCATATGTGAGGGC—TATCCCTACATGGAGGCCTAGP.GAGAC CATTGTGTGTAGCTE
TGARGGTGAAGCCTEGET TTGCCT TEEAGATCCCCARGGTET TGGTTATGTCAGAGTCCT GGGAGACTTECAGAGGAGRGC I GCTARCCTC
TTAGET TGGGACCCAGCCTARGAGAAGTGT GTTGAGCTGGACARAGCTGAAGGGATTTAGAGATCT GARGRCCATITTEACCTCAGCCRAG
GAGATGCAGAAT’]‘TGGASTTCATTCTGCTGAGCTGTGGTCCTGTTTTGGCCCAGTATTTCCCCCCCACCCCAACTGCTTCCTTGGCTCCCT
TT GCARTGATAATGTATGTTATAT GCCATTGTATGCTGGARGTAGGTGATCTGCTTTTCAT TTTGGTT TACAGGGGGTTACAGTTAAGA
GATGECATGAATCTCAGRAGAGACT TTGTACTTTTAAARGAGTCT TAAGACTGTGRTAGACTATGGGARTTTTTGARGT TEEACTGAGTGC
ATTTITGTATTAAGATATGGCTATARACC TATGEGGGCCCAGGGAGTCCRATETGETCETT TGARTAAGARTGGCCCCACGATCATATATT
TGAATGCATNGTCACCAGGAAGTCGCACCATT TGARAGGACAGGAGAGAT TAGGRAGLGLGGCTTETTS GAGAAAGGGGGETGGGCTTIGAG
GTTTCAAAAGCCCTGCCAAGCCCAGCATGGCTCTCTCTGTcTGCCTATGGATTAGGATATAGCTCTCAGCTACAGCATCCCCTGTCASCAT
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GCCACCATGCCTCCCACCTTGATGATGATGTGITAAACCTCTGAAGCCATAAGCCCTCAGTTAAATGCTTTCTTTCACAAGAGTTGCCTAG
ATTGTGGTGTCTCTTCAAAGCAGTAGAACAGGGACTAAGATTTCTAAGTCTTCACCATTTTGTCCCTAAAGCTTGTCACTCTAGCTGCTCC
TCTGATGGCATGTACTGAACAAGCTTGAATAAAGAAAATCCTGGGGCTGGAGAGACGGCTCAGGGGTTAAGAGCACTGACTGCTCTTCCAG
AGGACCTGAGTTCAATICCCAGCAACCACATGGTGGCTCACAGCCATCTGTAATGGGATCCGATGCCCT:TTCTGGTGTGTA?GAAGACAG
CAACAGTGTAGICATATAAATAAAATAAATCTTTAAAAAGAAAGAAAGAAAATCCTAAATGGCAGTAAAGCTAAGCCAGGAACGTCCCCCA
GGAAGCCTTTTSGCCTGCGCCAGCCACCATAGAGGCCACASAGGCTTTGGGTTGCTTCCGTGTCCTTCCCAGCACAGTTAGATCC:TCCGC
TCCACTSAAGCTCTAAGGAACCAAAAGGTAATTAGTACCACTCTGTGTTGACTCGCATACACCACGCCTCAACCTAGAATTAACAACAGGG
AATTTTCCTCAATGGCAGTCATAGTCATGATGCTAATACCCACCATTAGCCTTTTGCTATGCTCAAGGCTGCAAGGCTGCAAGGCTGCAAG
GIGGTGTTACCGAGACAACTTGCCGGAGGCCACACATGCATGTCCTAAACTGTGGAGGTGTGACATAGGTGTGCAGTGTTGGTGTGAGGAC
GSAACTCCCGGGTATACTAGGCCATCTGTCACCTGGGAACTGGTGGAGGAGGGGGCCTGAGCTGCAACACATATGACCTGAATATCTTAAA
CATGTGTACTTGTGTGCACATTTGAATTATTCATTTACTTTATGTATATGAGTATACCGTAGCTGTCTTCATACAGAAGAGGGCAGTGGAT
CCCTTACAGATTTTGTGATTGCTGGGAATTGAACTCAAGACCTTAGGAAGAATAATCAGAGCTCTTAACCACTGAGCCATCTCTCCAGCCC
TCTTATCTCTGTTTTG: AACAAGJLLLLlLACTGACCTGGGTGTGCAGATTGGCTAGCCTGGCTGGCCAGCAAGCCCCAGAGATCTTCTGT
CCATTTCCACAGCATTAGGATTACAAGGTTATATCACGATGTCCAGCTCTTTTATTTGGGTTCTGAATGGGAGAGAAAGAAAAAAAAAARG
AAGGAAGGAAGEAA AGGAAGRAAGEAAGGAAGGAAGRALGCAAGCAL AA AGE, AnFFPTGTG':IGCGCCTGGGAATGGTAGAGGA
GAAAATGTAGATAAAAGGGAGAGCAGAGGCAGGGACATCCAGGAGAGTCCAGAGTGGGTATPGCCAGACTGAGCTGGATCATGAGGGGAGA
GGGAAGAGGAGAGCCAGGTACAACAGCUAGGAGATCCAAAAGAGGAGAGGTAAATTAAAATGGCTGGATTATACAAGGAAGGACAACCCAG
CCCACGAGCTGEAGRACT CATGEGAGAGEATGEEETATGCCAGCCATACCCTETARCAGET: GEGACTGAGGGATGC TEEGALAGCCCARC
TGCCAGGTTAGCATGGATATGTTAAGCAGGCACCTCAGCAGCTTGTCCAAGGGTTSGAGACTAGCAGAACTCAGGTCTTCACGCTTGAATG
GCAAACATGATACCAATGAGGTCATCTTCCCAGCACCCTGTGACTGAGAAGTATAAAGCACAAATGCAGATCAGGCTCATACAGATAAGTG
AGGAGCACCCCACTTC CTCTCCTCCTCTAGCAATAAAGCGGAGTTGAATGTTGGCAGAGTGCAGCCTGGGTCCCCATAGCTCTGTGCTCG
TGACCACCTGCTGGTAATAGTGGAGCATACATGCTGGATTGTGGAGTGTCAATGCTCTTGATACACCTGGCTCACAGCTCCTTTGCCCGTA
GCTGTGACAGAATACGTGAGCCAGTCAAGGTAAGACCTGGGCTCACAGTTCCAGTGGTTTCAGTCCCTGACTCTGACTGCTTTGCTTPGTG
7"”GCTGTGAGGCAGTACATTATGCCAGGGAGCACCAGGAAGCAAGTTGCTACACCATGTGGCCCCTAGAAAGAGACTGGCCTTCCATAAG
CACCTTGAAGGTCATGTCTTTGTGACCCAAGACCTCCCAGTAGGCCCTACCTCATAAAGGTTCCATCACTTTCCAATTACACTGAGGGCCA
AGTTACTAACTCAGSGTCTTTGGGGGACAATCCAGGTCTAATATACACAGATGTAATGCATGCAAGCTGCACAGCCATTACCAGCAGGGGG
TCACACACFAFFAFPFAPFAFAPBFPPGTGCTHDTAFFDFP"”EFFBTCTGTGTGGCACTCCG:AGTGTGGTAAGGCAGTGAAGAGTCCAA
AGITCTGACGEGTTTIGE T T IGGT TTTGGT T TANGI TTGC T TG T T TEG TGS TTTTTCGTTTTETCTTCT T TCTTCTTTTTTITTTTT
CAAGACAGGGTTTCTCTGTATAACAGCCATGGCTGTCCTAGAACTCCCTCTGTAGACCAGGCTAGCTTTGATCTCACAGTCTGCTTCTGCC
TCCAGRGCGCCATCAPECCTGECTCT CRGTGGTACCTCTTARAAATGTGAR TGTGTTGCCTTETARGGTATARGAGGGTIGTGTCOCACA
GCTGGTTGAGGGAAGCCTAGCAAATTAATTGTTGGCCCCRGTTGGTACAGGCTGTCCTGGTGTACCCACTCATCZCTTCTTTTCTAACATG
TCAACACTGTCACGTTGTGGGTbeL_leGLLLILGLLlLLL.CTTAAAAGGCLLLLth1CCATCACCCTCCAATCAACCAGGATTCTA
CCATGTATATACACTAAGAAAGGCAGTGGGGGTGCTACCGGGGATGGCAGAGCCCTGTGTCTTGTCTCCACTCCTTAGACCTGGTGAGGGA
GCCTCTCGAGACTCGGAGCTAACCAACACACCATCAACAGAAATGTTCTTTATCACTAGGGTCTGGAGAGAAGTAATGGGTGTCATGGGAG
TAATCCTGAGAGTCCAGGGCTGTGGCTCARACCAGGAGCTGCAGAGGTGGCCTAGTCTCAGTCCCACAGATTAGAAGGGAACAGGTCCCCA
CAGCTCGTCAAGGARATGCTTACAGCAGGATGTGTGGTCCCTTGGAGGCCACTT:AGTGAGCATTAGTTACTADTGCATGTCTGTAACTAA
ATGCCCAGTAGAAAAGAGGAAAGGAAGAAATGCTGATTTTAGCTCAGGGTTTCASAGGGATTTCAGAGCATCGTAGCAAGGAAGTGCTGCA
GAGTGTATGGTCTTGAAAATGTCTCACGTCTAAACCACAGGGAGGGGCAGGAACCAGAGTCTGTCACCTGGGCCCCTAAAGICTTCAAATA
TAGTGGCACCAGCAGGGGACCAACCACACTGTCAAAGCACAAGCCTGCAGGGAACAGTCAAGRCTAAACTGTAATATTTTCTAGAGTTTTG
CAAAPGATCTAGTATTGCATATTGTTCTPAGGAGAGAAAAATGTACGTCICAAAAATGGGGTGGGGGAATCTTCCGGCTCCAGCATGTGCT
GAGTATGTCCTGTCAGGGAAAAAGTGGAAAGGAGTTGGAGGCTGAGAGGGTCTTTATTTGGAATTTGTAATGTTTATTTATTTGGAGTGTG
TGTblbLbiblblblhlalblhlhlbiblblblG¢uLuLUllbbll GAGGACAG”TTTCAGGAACTGGTTCTTTCCTATCTGCATCTGTG
ATCTGGEEATTARACTCAGT T 6TCAGGCCCARGTCTTAGCGCCTATACCCAC STCATCTTCCTGTCTCAACTAGCAATITTGGCGGA
GCAAAGGGAAAGATCTGAGCTGGAATTGACTGGTGTGCATTTTGTCGGCGCTTGCGGTCAGCTACGTTATCCTCTTATAATTTCTGCGTAT
TTGAAATSCTTCATGAGTGTGATGCACTTGAGCTATGGAAAGGAGGTTCTAGGCGTCGTCCCAAGCTGGGCTGATCGCCCCTCAGAGCAGG
CGACAGTGACTGAGGGACACAGAGGCTGCATTATACTGACTTTTTTCTTTACTATGACAAATGCCTGACATAAATGCTAAACAAAGGAAAG
GAPATTTTCGCTCATGGTSTAGAAGGTTCCGGTCCATAGTCTTTGGTTCCATTAATGCTGGGCCTGTGGTGAGGCAGAACACGGCAGTAGG
AGZCTGTGGAGGAGGETGITCACCTCACAGTGGACAACAGGCACAGAGCARGGARRGEA CTCTTCACAGCATTCTCTARGTAGAACTCAR
AACGGAATCTCCTGTTGTTCTTGGGAGAGGAAAACGCATGTTTCAAAAATSGGGTGTTCTAAAATAAGCATCGTCATCCGGAAAAGCATGC
GCTCAACACAGACACAGGAGCCTGATGTCCACAGTTCATGTTCAGACCATAACAGGCCAGAGTCAGTCTGACAGGTGGGCAGGGCTCAGSC
GTGCAAACCTGACCAGAAATGAATCTCATCAGAAGCTCAATGGATAAAACCTTGAGATCACATGAGTCACATGGTCTGATTACAATTGACA
ACAGTTTGTTCTGCCATTGTTGAGGBGRATGGCGGAATGCTAGCGCCAGTGTCAAGGGGCTTGTGATTSCTCTGCTCCACCAAGTCCTCAG
GGAACCAGCCTCGATCTAAAAAGTTTCCACAATCAAGTGTGTGTTGTATGCAATTTATACCTCAACTAAGCTGTGGAAACAAAGAGGAAGG
ATCATGTCACTGTGAAACCCAAGGAGACAAATGAAAAAGAGACAGATCTTCAAAAAGAGTCAGTAACACTGAAAGTGAAAAATATCAATTG
AATGAAAGATACTCATTACAAAGGAAGCAAAGCCTTGGGCACAGTGGTGAGTGCCTGCAGTTCTFPACFFIPPLPPATGTGTF"”B”F“TT
GAAAGTTCAAGGCCAGCCTAGGTACAGAGTGAAGGGCTGCCCCCAAAATTTTACAAACCGAAACGAAAACFAAACATCAGAAAAGCRAGAG
AAGTAAGAAAGGAAAAAACCCCGATGGATGGAACAGACTGGAGTAGGCAGAGAAAGCACTGGTGGUCTGAAAGAGAGCAGAGAAATGTTCC
CTGACACGGCTCCGAACGACAGAGGAAACTATGGAGAAGCAGCTAAAAGGCATGGGGGCTGAATSAGCCATTCTGTTTATTTAATAGAAAT
TCTACCGCAGGAGAGTGGTGTGAAGGAGBGGTTGTACCGAAAAACACAAAAGCCGGGGATTTCCAGGAAGTAAAATGTGCACGTGC!CATT
AAGGAGTGAAGAGAACTTTATAATCTTTGCTTCACAAATAATF”EAAATFATPPPARFTAPEPEnATCGAAAGGCTATACACTGATCACCT
ACAAAAGATCCATAGTAGACTAACAGTAGGTTGCTTATAACTTGGGTCAGGAAAGAACTAGAGACACCATTAGATAAGCTGACACCCGTGC
TCTCTGATGAATATTCCITTCTGAGTGTATCTCTCTTCCTGCTTTAGACTTCAAGCTTAAAATCTATATCAGAAATGCCTTTTAAGGGCTC
CTGCCCTCCACAAAGRAAGTAAGGGACAACCTAGAATTCCATGGATCTCGATACTCAAAATCATAGTAGAGTATAGACATTTGGACACAAC
CCCACCCCAAACCCCAAGGGTCTTGAGCATTTGAGATTTCAGCAGAGGATGAACCCTTTCAGGTCACTCGTGCCTGGGCCCCBGTGACGAT
CTTCACCTCCTACACA:GCAGCAGAGAAAGAGGCTGCCTTCAGCTTTTGTCACAACAGCCTGGCACCTGTATGGAGIGGCAACCCTGGGCC
AGGTTACCCAGGATCCTGATTCAGTCAGCACGGATGAGAGTGGCGTCCCTTCTCAGGTCGTCTCCAGGGTCTCTAAGACAATGGSAATGGG
TGGAGAGGAGACAGCGAAACTTAGACAGCGGCTGAGGTTGTGGTGGGGGCCATGTAGGAGGGCAGAGGGAAGAGGTGAGATGGGAGGATGG
AGCTGGCTCCTGGGCCTCAGGTAGGGAGCCCAGGCACGTSCGAGCCCCTTCTCTAATGGCCCACTTCAGACAGTCTCTCTGTrTTCCAGAT
TGTGGACAAGAACAACCGCTACAAGTCCATAGATGGGTCGGATGAGACCAAGGCCAACTGGATGAGGTGAGTCCC ICCCTGCCAGCTCCA
GTGAGCCTCACCAGCCTCTGGGCTGGGCCCAGGAAGTATCTTGGGCCTCCEGGATCTCAGAGCTCTCCAGGCTGCTCCAGAACTGCAGCTG
ACPGGGTTTGAAAGAAGTGTTCTGTTCCCCAGGCTTCCATCAGASGCTCTRAAGAGCCTGTGGCCAGACCAGCAGGCTGCAGGGATCGGGC
TGCATGCCATGACTCCCAGTAGAATCCTGCAAAGAGGRAAATGTCCCCAACCTAGGITGGACCACTAACATTTATCCTAGGGCAGATTCTT
GTTGTCTGGATGACATCATTCCAGGGAAGACCCAGAAGTCATCCTATGGTTTTATGGGAATGAAGGTTTCTAACATCTCCAGCTCCCTTCC
CTATGGGGCTCACATTAAACTTGACTGCTSACCAGCATGGGTCTACCCTGSCCAAGGCTGTGGCCTAGGACTGTGTGTCAGAAGCATCCTT
AMAGTCTAGCCRGA AGCAGA ““TTFQZ”““F”"TCACTTCCCAGGTGGCCACAATGAGTTGGCATCCATGCTCAGAGCTGGCCTGTG
TGGTAIGTGTGGGTCCTACCAGTGGGTGTGTATTAGGAAAAAAGTCAGTTTAACTCCAGTACCACTTGGTGGCCTGGATCCATGGGCAACG
ATGGAGCATTTAGATTTGTTTAGAAGAAAGGAAGACCTTTGAGGACCAGAGACCCAG:TACATCATGAATCGAGGCCCTATCATGTATAGT
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TCTGT’I‘CZ\TCTCAGATAGCAGATGGGTSACCTTTGGGAACCAATGGGTAGGTGAGAGATGC—GGGCAG CAAGAGATGCCTCAGGATGTCTGR
GCACATGZ\AGAGGACCTGGTTGGAAGTmAAAG‘ICATGAGGBGGTCCCCTGTGTCCTTCTCCGTGGCTTCACTGACACCTGTATGACCTCA
GGGCTGCGGCTGGTTTGCAGGACAGTTGGGCTCA‘I‘CCTCTTATI‘GAGAGTGCAGCTGTT‘I‘CCACTGCGGCAGGCAGGTGCRGAATCAGCGC
CCACATGTGECCTCCTCCTCTACAAGATGGTC TG lATCCTAAAAGTGGCACCAGAAGTTG’I‘ACTTGACGCTCC‘I‘AGCTGCCGTCT‘Z‘CTCT

TGTGGGGGTCCAGATGGAATAGGGAGGAGCCTTTGATATGTGCCTTCTGAGGGTCCAGGACTTTGTTGAGGACAGCTGGAGCAAGTGGGCA
TGAACCTTGCAGAAAGASTGCTGACGGACAGCACAGCCCTGGGCTAGGCCTTCGCATGCGTCACCACAGTCAGGTZCAGGCTTGCTGAAAG
AGIGAACCTGATGTATCOTGTGACACT CTTACT TGCAGAGCTCCAGAAGOTATGOCTTACE PCCCCTETCCCATGTGTCCTCCCATT
TCTGAuLiL11&111hh1TGGGCAAAGthL1iuLLbCPGCCCCCTAGAAAATAGTGCCTCATCTCAACCATCTTGGCCACTGTTTAGCAC
AGCAGGGCTGCTGGTGTAACTTGGCTGGGGATGGGTCCGGAGCATCACGATTCTGCAAGTTCTTGATGGTGATTCCAATGTGGCCGCTCAG
GCTGACAGCCGTTGTGCTGGTGGTCATGCCCCAGTGACAAACTGAGACCCAGAGCAGGGCAAAGTCTTGTTCACATTCATGTCACCTGTGG
CAAAATGAGGCCTGGGGTCCTGTGTCTCTAGCTAGACCTGCAAGCCACAGTTCTTTCTGATAATATACAAGGGACCAAGCAGAGCATGGCT
CCTTATGACTGTGGGTGGGTTCCGTGGGTGGGAGACTGCrGCTTCCTCCACCTTTGTTAATATGACTCTGTCCTGCTACCCCTAGCCTGTC
CoGACCCCAGACGACTCTGEETGETCT TGECTGACETGICCTGAGTTAAGAAGGTTAC GGAGCTGETEATTGTIGTTTGIGIGTGGCTTTG
CTTTTGGGAGCTCTTGCTAATTTACAGACTCTTAGTTGTGTTGTCACCCCAGGGCTTTGGGGGTGATGTTGTAGATCGACATCCTTATGAA
ar ACTGGTGGACCCAGTAAAGAGTAGGTACAAAGGTACTCATGTCTTGAGTGTTAACCTGTGCAAGCTCTGTGTTAGGTGCTCTGCATGC
AGTAAGTCTCAGCCTGGGGCATTTGGGACGCATGGGCAGTGCTTTCAGACGTTCTAGGTAAGCACAGCTTCATGCGTGGGTACTCCTGSTT
TTGCAGGAGTALAAGGTAAGTGTATTATTGAACATTCTACACTGTACAGTAATCTCCTCTCCTGACCCAGACTCIGATTTCCCATGGCGGC
GTAATTAGGGCCCIATAGGCTTCACTCTAGTCTTATAGAGGCCCTGTGGTCCCCAGGGATAGTCTCAAGTCTGTCTGAGCTCAAGGCCTTT
GTCCTGAGCTGGGTATCGAAGCCGCGAGCTTTCCTTTGACTGATTACACGCGCTTGGCTGAAAGGACTCAGAAGTAAGGGTGGAGGAACCG
AGAGCTGCTGGGGCTTCTGTGATTCTGGAAGCATCCAGAGGTGTGGGTTGGGATCCGASITAGCCTCAACACCCTGCTTCCTCCTGGGTGG
AACTcTTGTTTcAAAACTATAGCAAAAGGCAGGTAGAACCGGAATGCTCTTTGAATTCTAAAeCCAGAGcAAGGTCASGTTGAAeAACcrc
AGCAGAATCAGTTATCCTGGTGCCTTTGCTAGGGTAGCATGTCTCTTGGTGGAIGCTCACGGGTGCCTCGCATCPTAACTAGAATACCACA
GCAGCCACGCCATGAGGAAGGAGCCTGTGGTGGTGCCCCTGAGGGAGAAGAGATTGTTCTTCTCTGAACATACATGTTCAGAAGTAGGGAC
AIGAGAGACACTGGAAGATGGGAGACAAGTCACAGGTGACAGAATAAGCTTTCTGTGGTTGCAACATGATGGACACCAGCAACCAGTGCCA
CAGCCACTGCAGGCCACTGTAGGCTGTGTTTTAAACTCACTTGAihiblblblu1hiblhibl&EGTGTGIGTGTGTGTGTGTGTGAGAAG
ATGCCCARAGAGGCTAGAGAGGIGCA CAGATCCATTCEAGT TTGARTCAAGGG AT T TGICANTTACCT SATG GATTTCTGAGATOCRA
ATTCTAATACTCAGCAGAGAGTTGTAGTAAATGTCCTTAACCCCTGAGCTGCTTCTCCAGTCCCTTAAGTGGTTAAAGCTCGTGTACGTAG
ATGGAACCCTCAGAAACTGGTCTGGACGSGGAGAACGAGGCAGCAAAAGCTGAGTGAACTIGAACTTCCTGGTGCTCAAGGCTSATGAGAG
GTAGGGCAGCCTACCCTGCAGTCACTGGGCTCCTACTACCTCCTTCCTGCCTTCCCTCTGAGGAGGCATCGCTGTAGGAGGAGGGTGTGGT
GGGGCCTTGGTGGCCCCAGATGTCCCCTGGCTTCCCAGATGGGGCCAGTGATTAGGAAGGAGGACCATCCTCATTAACGGTCATTTACCCA
ATTATGCTTTGTSGGATATTCAACCCAAGGAACGTGCTGCCCCTGGCCGAGCGTAAGAGGAAGCCTAAATTCTCCAAGGAGGAGCTSGACA
TTCTGETCACAGAGGTGACCCGTCACGAAGCCCTTCTC TTTGGGAGAGAGA CATGCGGCTGTCCCATGCCGACAGGGACARGATTTGGGEA
AGSCATAGCTCGEAAAATCACCTCCGTCASCCAGGTTCCCCGCTCCATCAAGGACATTAAGCACAGGTGGGATGACAuGAAGCGCAGGACC
AASGACAAGCTGGCTITCATGCGGEAGTCACTGTCGGGCCCAGGGATCGGGGGCCACACCTACCCCATCATGCTCGCTGCCCACGAGAGAG
CCATCGAGGCAGCACTGCICACCACCAGGGCCGGGCATGGCTTCCCCAGG3CAGAG:TGGACAGAACCGACAGCCCGTCTACCAGCTGTGA
GTATCGATGCCGAGTGTGSGGCTTGCTTCCTCGTGTGCACTTATTCCCATSCTAGCTCTCAGCCCTGCCTGTCTCCCTGACTCTCTCCATG
GCCCCATCICGCTTCTGTSTTGCCTCCACTTCTTGCTCATCCACTGTGTGCCAGAAGCCCGCTTGGGAGCAGGAAGGACAGGGCTGCATCT
AAAACCTACACAGACACTTGTCGGACTAAATAAGCCCCAGGTGGATCCATCCTGTGGCCTAAGGGTTACGTGCACATAGCTATGAAGGTGG
CCGAACCCARACCATAACCTTGTTT, BACAGTACAAGTET TTTGTTGGT T TGT T GGTACCTGGAGCAGAAACTCTCGTTGACCT GTET
TACAGTGTCAAAAGGTTAGACGTGCCTTCTTGGATTAGATTATTGTTCACCTTAGAGGAAGGATAAGGGCTCACCCAGTCCASGACATCCC
AGAITTCCAGUTTTGAGCTTGTGTGATCTCCAGGCCPCCCACCCTGGGCCTGCTGCTCTGCASTCTGTGCTGGGTCTGSGACACACATGAA
TGGAGGGCTGCAGCTETAGAGAAGGCTTGAGGCTGGCTGAGGRAAG TGTTTGAAGGECGAGGAAGAGT TAACCAGGCCTGGTGOGAGGCEC
GAGGAGGGGAGGEGAAGE CACCACECTGEEAACAGCATGTACAAGGCCCACATCAGERAGGCECTTGECACGTTCCAGGAACTGCAGAR
GCCAGGGAAGCCCCATCCTAGCCAGCCGGCAGGGGGAGGGGCACCACCACAGCAGCCGAGTGGCASGGCTGGGCTGGGCCGGGGAGAGACC
TTTCTCCGTGACTCTGTCTGCITTGTCCACTTCTCTCCCGTCTTCTGAGCTTGATCCACTTCTCTTTGGCTCCTGCTTCTTGGTGCTCACC
TGGGACTGGCTGGCCCTGCTTTCTTGCTTCCTGGGACTTTTAGCGGTTCTAGCTGTTCTAGCTGTGTTCACCAGGAGGGGGAGCCATCGGA
GTCCATCCCTGAAGAACTATCCCCTCCCZCCCACTTCTTCACAEACCCATACCCTTCCTCATCTGCTG?CCTCAGTGGAGTCCTGTGAGCA
GGGCAGGAGGATCCAAGGAGGCTGTGGGGCCGAGCATTCAGCCAGCGGGAGAGTGGTTCACCAAGTCCGA:TTCCTCCCTGGCCCTITGCC
GCGGGGATCTGCTTATTTCCTGTTTGGCTGAGGTCTCTGACAGGTGGCCACTCACAAAGTCAGCCTCGGGAGTAGARAAGAGTGGTCATGA
TGLGGGTGACTTCCTTGTTAACCAGATGAGGCAAACAGTCTTCCAGAAAGTGGAGGTGGCCCTGAGACATCAGAACCAGACTTGGGCCTGG
ACCTGCCAGGGTTTGCTAAAACCTCGGGSCGGGCAGCATCTGGAAAAGCCTATTTCCTGAATCCTGCCCTGITCACCCCTCCGTCTCCTAG
AGATCGAAGATGATGAGATTAGCAGAGGTAACATGGACTGCAGGGGCTCCCAAATCTACTAACTAATCACAAGCTTAGCCTGGCTGGGACC
GTAGTGGCCTCAGGGCTTGGGGAAAGGGTAATGGCCGTTCTGAGTGCTCCTTTCTACCCTTTCTGGCATCCCAAGAGGTTGGCTGCCACTT
ATGGAGTATGCTCAGGAAGCAGTAGGCTCCACTGCGCCAGCATCAGGAGACCCACAGATCASTGTGGTCAGATCAAGCACTChCGGGTGGG
CCATGATGTG:CTGACCTCACAGCCCACATCAGGGGGACAACAAGGCTGGTGGCTCGCCCCACATAATCCTGAGTCCTGCATCAGCC:TTC
CCTCTCATCTCCAGCCATTTGGCATCTCCZTGTGGTGGTTTGTTAGGATTCCAGCAAGGCCACAAGGTGGCCCCAAGCAACTTTGAAAAGT
CCCTCCCTTGTGGAGACCAGTGCTCACAAGRGACCAGCTTAGAACCTCTCACAGGGATGGGTAGCTCTCTCAGCTCTGCAATACACCGTAG
GGTCTGGGAGCCCCACTAAGAGCC:AGCCGGGGCCCCGGGGGTTCAGCAGAGCAGTCATTATTGTTTCTCTGAAGGTAGTGAAATGTAATG
GCACAATCGTGGTZATGAGCCCTTAGGCTGGCATGGCTGCCACTGGAGCTGGGGTCTCCTTTGCTGGACAATCCTTTCCTGGAATGTAGCT
GCCTCTGTGGGAASAAGGGAACCAGCTCCCGCTCACCCTTCIACCGATGCTGGACCTACACGTCCCAGGGACTTAGAAGCTGGCATTTCTC
TGTSTGTGGTGCCAGTGTAGGCTGACGGGTGGCCAGCAGGGACTTTTCAAASCTGTGACCTGTGACCTGGGCTGCCCCCTCCACCCTTTTG
TAATCACCTGTCCTTCTCTCCTTGTCTGATCCAAGATGATGAAGACGAGGAAGCTCCCGGGCCCTCACAGCAGCCTCTCCGGATGCCCCTG
CTTCGTCCTCCAGAGGAAGAGGCCCCCCTGGCCAGGCCCACGCTGCTCTATTCATCTTCCTCAGACCCATCCAAGATGTTGGACCCTAAGC
CAGAGGTCCTGCCCCATCC:TCACTCCAGGCCCGCAGGACCCCAGAACCACATCCCAGSTCGCCTACCCTGGGCCTGGACTGGCATCTCCT
GCATGCCCATGCCCATCAGACTGAAATGTTCCAGAAGTTCTGCCAGGAGCTGATGACTGTGCACCGAGACATGGCCGGCAGCATGCATGTC
ATCAGCCAGGCCATGGCTGAGCTGAACAGCCGTGTTGGTCAGATGTGTGAGACGCTTATGGAGATCCGAGATGCAGTTCAGGCATCTCAGC
GTGGGCCAGAAGGGGCAGCCCCCATGGACCACACTTTCCAGTCTCAGGCACCCCTGCTGGGCCCTACACCAGCACCCCCAGAACCAGCCCC
AATACGGACTACCAGGTCTCGGAAGAGAAAGCACAATTTCTAACCTGGCCAGTTTGCCTAAGGAGAAGCAATGSCGGTGGTGTCTGGCCTT
GAGTTGGGGGAGTCT TTGTE -ACRRRCRARGACTGATGACCGTGEEECACAGTCG CTCTTCACCTGETCCAGTCCAGTCTCOTOTGRT
TTCACCGAGCGGGTGTACAGGCGCACCACCCCCTTATCTCAGGAAGATACTCAAGACACAAGAAAAGCTGCCTGCTTGAATGCTTGCTTGG
ccTAGAAGGCTGCTCTCCTCGTGGCCTGTRTCCTGTATCCTATGGAGCAGGCCTTGCTGGGGCAGGGGGCAGCATCCLACAGAATCTTGCT
TTCAACTCAGGGCTGCTGCAGAGCTGACCTCCCAGGTCCTGATTCTGCCCTTTCTCAGGTGGTGCGGGGCTGTGGGTGGSCGGGGCTGGCT
CAGCTGGGTGGGTGGGGCCCGGCCATGGCCCTGTGCTTGCCCTGC@TTGCTCGGCTGCTGTGCTTGCCTTTGGGAGGGGTTGGTGGGGGGA
GAAGAATGGGATGTGCTGGTGAGGGGAAAGAGATGATTTTGCATTCTTAGCATACTATAAACTTTTCCCCCCCCCCCCCCGAGCCTGCACA
TGGCAGGCCATCTCAGGAAGCCAAGTCAGTCTTTACAATCACTGATTACTGGTCATTCCAGTCATTGTCATGCATCTCAGGGTTCAGAAAT
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GAPACAGCCATGATAGTGGGGACCTGGCCTGCTTTCTTCAAGAGGCCAGATCTGGAGTACPAATAATAGATGAGGATCCTGCTCCTCACC”
AAGCTCTGCCTCAGCTTCTACAGTTAGAAGAGGGAACAAAACCAGCGTGATGAGTATGCCAGCCTGTGATGGCCTTGAGTCTCACAGCCAA
TGAAGGGGAGGTTCTSGGCCCTGGCCPCAGGAGCCAGCAGGCAGACTGTCCGCTCACTGGCTCCTAATAAGGCCATAAACCAATGAGACTG
TGTCCAGTCCAGCTCCCAGCATGCCTTGCCTCTGCTTGCTTGGGCTGTATACTCACCTAGCCAPACAGACTTGTAGCTTTGAGTTTTGTTT
AGGGGGCCCAGTCAGAGAGCTGGGATCTTTGAGTGAGGGAGGAGAAAAGAAGCCAAAGGCTTCACTCTGACCTAGGTGCAGCTTTGACCTC
GATCCCTGGCCTGAGGCTGACCCCAGCAGALL11LuACACCCTALLbLJLLLubbLAAGAAACAGAGTGGACCTGGAAGCCTACTGGACCC
AGTGCTCACTGAGGCTGTTGCTAGCGCTGTTTATAAACACACACCATGCTTCGTCCTACATGAGATGATGGACGGAIGGCACCTGCTGTGC
CCCTGAGCCCTGEECTCCAT TGCC AR CT GGG TTCT TTGGTGETT CCTECCCCATCCATCAGACTGOATATTGI CTTATOTAGTARTE
GCCTGGTGCCTGGAATTGCCCCGCCTGTCCATGCTGGAACCCAAGTTGGCCTTCTCAAATATTTTT3GITAAGATGGCAATAAAATGAATC
AGATGTCACACTTTGAACACAECCAGGSTCCAGGATCTTTTTTTGGTGTGTATTCTCTTTCTTCCTATCCCAGGGAACCCCCATGAGCCTC
CRGATCAGGCATTAGATGCCTARTGGRARGTGIAT GAGGTCCCTGTGGACCTTGCATATTCTGGATTCCATAMACTCCCTAGGGE
CGTGCTCAACCCCATGCTTGGCCCTCCAAACGAAAGGCAGTGACTTGTAGGCCAAAGGCAGCTGAACATCCATGGATGTCAACTTTTAAT1
TTTCCTGCACATCAAAAGTAAATTTAACCTTATGCTCCCCCAAAGTATTACAGTTTCCAGGGAAGGAAATAGTTTCTGGCTGGAGACTTGA
GAGGCTCCTGGCTGTCCATTAGGGGTTATCCTGGGATACTCCrCAGTAGTGGCTACATCTCCACTGACCPCAGTAGCTGCCTGTGAAAGGC
AAGGCCCTGCCTACCAAGACTCCTCAGAAGAACCAGAGTTCTTCCTCTTGGATTCACTGGAGTGTGCCT:ACCACAGAGCTGTGTTCTGAC
CCGTCAGCCTGECTAACCTCCTGTCATGGA T TCCOTEAGRGEARTCCICARATGCTAGCCTATBATATACTTTCIGARTAGT I CT
TAGCTACCTTTGGCTTTGGAATCCAGATCATTCTCTTAAGTTCCTGACCAAAATGCATAACCATGGAAATTAAGATTGCAGTTGGCAGGAG
ATACAGACATELAGCTGECCTGEGTCTC T CTAATACCCAAGACCTG T SAGAC TG T TGECCTCTATTTCTGETGITGECEA ACAAGACED
CACATTAAAGGCTGTGTACAAGAACCAAGGTCAGAGTCCAGGGACAGTGGTCAGTTTGAGATSGAAATGGTTTCCATTTTGGTGTCTTGGT
GGCAGTGGGGACCASGAAGCCAGAATATATTCAATATATTCAATAGGAAGAGGAAATGAATGGGGAGCCTGTCCCAGCTCTTCCCAAAAGG
AAGCCTTGARARGAAGCCATAGC AT AT CTGGGCAAC T CCCTGEATATCACAGACC TAACCCAOTGACATCACAGACCCOAGOTTCTTOTO
CAGTCTTCCCATTTCTCTCTTCCIGEECAACTTCC T T TCTGGTAGARAGCTGCETTGGCCATGACAGGETIGTGTCAGTCCOA TTARACAR
AGTGGACGACTCCCTGASCCATTTTCTTTCTTGAGTCGGAACCCATAGTCATTTCCTGACCCAGCTAGAAAATATGGTGCACTTGATAAGA
CCCAGTGGGTGAGGCCTSAGAATTGTCTCCCGGTGCTTATCiGTCCAGTACCCAAGGCTAGTGAGGAGACAGGACTCAAAACAATGTGTTA
TCTTCTGECAAGAT TCASTCCACAACCCCTGCCCTTCCCACCACTGTCASTCACCTACTTAT T ICTAGEATGCCTEACTCTOAAGGoCAG
ACTTGAACTCAGTCTCTACAGGACAGCCTGGACCCGGGTGTTTCCCACCDTGCUETGTTTTCCCAACAAGGGAGTGTGAGCTAGGAATTCA
GACCCCCTGGTAGACAACTGGTCTTGACCACAAGGAGGAGACAGTTCCTGGAAACCCTGGGGTCCTTGSCCACGTGACACAGGACAGTATT
TCGTAAGAATGAGCACAGCAGAATTCCGAGAATGTGCCAAGCCACTGAGTGTCGCCACTGTAAAGGGAGGGGACCTCATTAGAGGTGATGG
GTCCTGAGTCTTAGCTGGATGCAGTAAACTTTCTCTTGAAAGTTCTGTCACATAAACATGTTAAGTCCTGGGACTCGGTGACTGTGATTCA
CCCACAGTTGCCATCTGTATCTCATTICAAAAGCCARGT T TTAARAC AACCAR LT GCANGATGCTCARCACATTT T CATOTORTGOTG AR
ATACTTTGTGATCTCTATCAAGACTGAGTRAGAGLGC TCTCTC TAAR TGO TGEC TCTT G T TAGGTAGAA COACAT EoACGOEEACEREEE
ACGAAGGGAAATGCCTGCAAACCATTTGAAATGGTTAGACCCACTCCAGACATTGCTGTTTTGAATCAGCAAATCGTGATAGTGACTTGTT
CCCCATGTACCCTT TTCTCTGECATTTRAAY ATTGRATGGCTGGCCAGAAACTCARR GGG TGCTCTTGGGIBTICTATG
AACCAGTGGTTCCCCAGAGAACACAAGAATGGGATTTCTACCTTCCAGATGTGTCTGGAACAGAAAAACTTGGAGCTACATTCATTCTGGG
ICCTCCTGACCATPACACTGGATGGFTTGGGACCAATCCTAGACTCTTGTTAAATTGGAAACTTGGAGZTGAGGCTGGTCCTGTGAGTGGA
GCARTAAGGCTGAGCATGGEITGCT GCAGTCTTGGEETCTCCCTTTT GICCTTGCTGACTATGTIGT GGC’.[GGG‘J.’GCTTGGAGAGCCTCAI‘G
BEATTTTCACAGCTCATGREETT AGGGAGC TCTCTGATGCTCATGTAAGATACAGETEE6CATGCAAGOETEUTGAGECTAAGECCOTRS
CAAGACGGCTGACCCAGGGCTGTGAGCACCATTCATCTTGTCCAGATTGGAGGAGCTTGGTGTTTGCTCTCCCACTGCTTGGGTCTTCATC
CCTCAGCT A AT T C T TS TCGCCAGAATGCATTGT TAACTGGGCT CCRGEGEATETGTTT T AR CGTGOCAGECTCOTOTORECTAG
TCAAGTTGATTCTYCAGGACCTGTCCAGATAAGAGE, TGGGAT, TCTG(‘nl‘F‘F‘A(‘AGGTCTAGCGGTCTCCAGTGTAAGTTCTT
BEACCIGTCAGCCECTCATIGTCACCT TCCARAGAATCTGACATCTGTC TRARTG T T TCTCTTTGCC TOT TGACTGACAGA AGCACCACA
ARCATTAT TGAGGARACCTGEAACCTACAGACAAT *CCAGAGACGATCCACCCARAGTGATGECCOTCCTGGTTARAACACCEOTOTETTE
A AR GCAGTT CTGCTGOCAGACAC AT NGl TAGAGCACAGTATAC T GGC T GGCTCCAACCTGTCTCACTC TGCATCACACOARCAG
T T TG AGTTGEETARGGT GATTCCASG AT 6T TOGRAGTGTCATTT G AGGARACT GGG GACGECTEIGEAT ICATTCAT S TOT TR
CATTGCTGAGTCCATGCGTTCCGGGCCCACATGSAAACTGTGAGTTGTAGCTCAGGGAATGATAGGCCACAAATTTGCATCATTAGCTGTG
CCTTTGGACAAGTTTCTCAGCCTCTCCAAGCCTTTCTGTTGTTGCCGATCTTCTaL1u1Lluluhli1AT3TATTCCLLL111GTCCTTAT
TGGCCANCTATAA BEATGC TG CTCTARAE CTGAGC TATCATCAGI CACT CTTAZAGEATCGG T AT TCTGCTARGCOTAGCARANTA
GAAACAGCCCAAAGCTTCCCCCTGCCCTAACTGAGGTTAAAGGTCAGTGAAAGTGGAGCTGGAGCTTAAGAGCCTGCTCTTTCATAGGACC
CAGGTTTGAGTCCCAGCACTCACATGGTAGTTCACAACCATCTGTAACTCCACTTTCAGGAGATCTAATGGCCTCTTCTGGCCTCTGGGAG
GECTCTATCATATCETACACAGACATAARTGUGEGARARACACCCCTACACACARAAT AT IARAATAARAT ARG TTTTT T TAACGLCAST
AAAGAGGAGARGSGATAGCCACCTGCTATTGAGTCTGGGGTTGACTGTGACTCTCAAGGTTGGCAGGGCAGATATAATTTCCAGTCTCAGA
I TARRCAGET TCCTAGGGTCCAGAGAAT GG 1 TAACAT GATACTGAATAGACATETANGL TAGGAGGACCAGCTCTAT AR TIGECTETOTC
FESATCAGACAGLAGCTCTTCL TATGTGCCCACATACT TTAAGCTCTTG TGCCCTCCACCTAAGGOACTCARCCAGETGICALCOATCOTT
CTCACCTGTCCCCTCCCCACCAGGTACGTGGTCATTTCCCGGGAGGAGAGGGAGCAGAACCTCCTGGCGTTCCAGCACAGCGAGCGCATCT
ACTTCCEEGCATECCEAGACATCCEGCCACGACARCEGCTSCGEETCTERTACACCGAGGACTACATGAAGUGCCT GOATAGCATERCocs
CGARACCATCCACCGCAATTTAGC CERGETCAGTATGACCATEGEARGRACCEAGTGTGCCCTCAGGECAGCEACATCOCOATAATECT
AAGTCCACAAGTCTAGGTEAGTACTGATTGTGAAGTGACTCGCCCACAAAGCTAGGGTCACGCCTACAGSACCAAGACCACGCCCACGGGG
CTARGSCCATCTCAACCASCARAGE T TACACCCACTCTGAACCACARARGLOCAGARAGCACCTC TEGGAACCTTCC AACOARACCANTGA
GGAATGCAGTATCGAGCAGTGCAAAGAGCCAGGACAGGCAAGACCTCAGCAAAGTAAGCCAGTGGCCACCCCGAGGGAATTCTCTAGTGTG
CAGTCCTGAGAGATCACCARRTCCCRACCARATARATCAGT TGAATAACACCARTCT IGTTACCCCARCACTAACTGATGARAAGACACTT
CTCACTCAGTACCTCAATAGATAACTTCCTGTGTGCTAGCTGGGTTGCCTTCACTTTGCCATGGGATCAAGGTAATGASAACTAACCTGCC
AAGATGTTCTGAGASTCCGTGGAGCAATGTACTTACCACCGTTGATGCAATCTCTACCTCGACIGTCACTAAGTCCTTGGCTGTAAAATTC
TAGACCAGTGATTTTCGTGACATCAGCTCCACCATTGTACAATTGTCCAAACTGAGCTTTACAGAAATGCAGTGACTTACCCAGSGTCACG
TGACTAATGAGGACAGAGCCAGCTTTCCAACTTGAGGCATCTGAAGTGAGGATCTAAGTTTTATCCAGACAAAGCCAGCCTTGGTGTTGTT
CGAZCTTCTTCCTGGGAGCCARRRTGATACACAGC ATGAAGEAATGOTTTC ACCGGACGAAGACTAGTACAGEA ARGATGGGCTCAGECT
CCGACRRACATAGTGEETTGECTETCOATCCATETGCCACT GGANT CGCTCATTTARMAGEARCT TGGCT TACTCOC TOCCTOTGEM LT0D
AGCTETAGATGCCATCCTCAGCC GLCAGGETACACAGGTGCACCCAGGTCCTTT T TICCARGAGAGCCATCTTTGCACACARGLTCETAC
ATTCACACACCCAGAGTCAATTTGGTCClCGGAGGCAGAGCCATGCCCAACGICTTCTCCGCCGTCATQTTAACTAACCTCTTCACTGGAT
AGCCT -G T TAGRAGR G AGCEGACCACATCCGAGCAGATGACTCACTGAGGTCARGATCAT TAGE ARG ACAR AGTACAACAGGTOTTCES
GI6CCCARARGCTGTCTGACT TAGT CAARAGCA T  TGGCAG T TRCCAGCEAGCTGAGAGACCTET GGETAAGCCTATCI COTCACTOCTR T
GGAGCTGAGCTTGGGCCATGCTSGTTTCATTGGGATGGCATGCTTCTGGGATAAAGGGTGGCTACTGTTTGGCCTCTTCCTGAAATTCCAG
,AAGGGTTCCTGT@GGCCTCGGAACcTCCAGAAATGTTTGGTGAACCTCAGTTGCATCGATAAAAGCAGAAGTGAACEAAAACAGccAsGGG
BT T CCAGARGAATCACAT TACCCAAAGAR A AGAAA ACCARGATGRATCACARCTGL TETEGCACACATTCAT CTCTTTCCCACOATOTTG
. GBTTCTTCTGGAATATGICTTCCTGTCTTcTcCAAAGcAccTCAACCTGAATCATngCAAGAAGAccTGA:AQCCAGGGACATCTCAAAG
AGAGGAGAGAGCTTGGGGAAATGAAGGCTCACAssAAéATwGAGAAGAGAGAGAGAGCGAGCCTrchgsarACAGGATTAASGTAT:TAT
OO e e GACCACECIGGAT TG TAGGC T I CAGGARGRANCCAGCARCCACAGTGIACCCAGC ACEAGCTCTGATCEARGTERTCOTIGAG
AGIGACCGTGGGACTTGGCAGCTGATGGArGCATGCTAGATGTTAGGTACAGAGTrCTAGAccTTTAAATGTGTCTTGGATGACCTATCAG
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CCCTGCTTAGAAAGGTCCCCATTGCCCAGTCACTTAAGGTATTACAGCTATATTAGCTTTGTGTGTGTATGTGTGTGCGTGTGTGTACATG
TGTGTGTATATGTATATGTGCTATACATGTATATGTGTGTGCGTGTGTGTACATGTGTGTCTACATGTGTTTGTGTATGTGCATATGTGTG
TTCATATGCAGGTGCATGCATGTATGAATCAGCCTCATGTGPCATTCCTCAGTAATCGCTTTGCTTTTGAGACAACTCTCACTGACCTGGA
ACTTGAAAAATGTGCTAGGCTGGCTGGTCAGTGCACCTCAGGGGTCTACCTGAACCCACCGTCCCAGCACTGGGATTGCAAGTGCCTGCCA
CAACACAGAbLLALLLAJ1111111111_¢;;x;LAlxxibbllbxx;J1ﬂAATGTGAATTCTGGAGATTGAAACTTAAGﬂCCTCATACTT
GCAAAGCAAACGTCTTATCAGCTGAGCTATCTGCCAGTCCCCCCGCGCCCCCTTTGTGAGACACAGTTTCATCTATCCCGGG?TGGCCTTG
AATTCCATATGAAGCTGAGGCPGGCTTTGAACTCCAGAGCCTCCGTCTCTACCTCCCAAGCACTGGGGCCATTGATGGGCACCACTGCATC
TTGCTTTTAGAGAGAGGAGCATCTTCAPGGTCAGAGGCTGCTTAGCCAGATCGTACTTATTGTCGTTTTTTTTTTTTTTTTTTTTPTTAAT
GAAAGAGTGTTSTGTGGAGCCCAGAGCTCCTGGAGAGGATATTCTTTATTCCTTTGTGGTTATCTTTGAAGGATACGAGTCGACACACTTA
GGTGATCTGTGFGATTTGTGTGGGGATTATAAATTTTTTTCTTTGATTITTATCCATGAATGTCGTGGAGGATTTGGAATAGAAGTCATGG
TGACCTTTATTAAAGGTTGTCCGTGGACCAGGGATTTTACATGGAAGCCACAASTTCAGAAGGCTTTCCTGCTCAGCCTAGAAAACATGGG
TSACTTTATCTTCCATTACAGAGACAATGAGAGTCTTCTGTGATGTAACACCCAGCATCTTCAACGGTCTGATGTCTGGGGAGCCCAAGAC
GAGGCAATAGGGCACCCTTGACTTTTCAGAGATTCAGCTTGGCSAGCACCCCACCTGTCCTGTGACACAAATACCTTGCATTACATTTTTA
AAATTGAATTTGATTTATGTAGTGTATGTAATGGGTGTTTTGTCTTCATATATGCCTGTGTACCGCATGTATGCCAGCTGCCCTTTGAGGT
ATCTTCTGGGTACCCTGGGACTAGAGTCTGTCACAGAGGGTTGTGAGCTGTCATGTGGGTGCTGGGAACTGAACTCAGSTCTTTTGGAAGA
GCATCCAGAGCTTCCAATCTCTGAGATGTCTCTCCAGCTCACAAAAGGCATTTTITAAAGGGCTCCATCTCGCCCCCGAGCTTTCTGCAGT
TCTGCTGGCACAGATACAGGGGCTTCTGGGAGCCGCCCGAGTGCCAGGAGTCCGGGATGAGGTTGTTGCTTAAGCASCGCCTGTGAGGACA
GAATAGGGACTTGAGTGSCTTAAACCCTGCTGTGCTGTTTTCTGTGGGAGCCTAGAGGCGTGAGGGAAGCAGCTGGGGGAGGCCAAGCATG
GAGCCTCCTGACCTTCASCCAGGRCCTATUARATCCT TTCACAGAACCCTGGACACTGA CAGAGECTCANGGTTRCAGCACCAGGACCCT
GCCCAATTCAGGTGGCCTTTGAGATTGCGCAACCCCACAGGTTCTGCTGECAGAACCTTCTGAAGGCTGGGAAACAACTCTCCTCAGCATG
TCACCCCCTGGGCATCCCAGEACTTCTGTAGCAGTCTGTGCTCGCCTCGCTAAAGGATCTAAAATAGCTTACTATTGGTGATCTCACCAAC
ATTTCAAGGTAATTAAAAATGAAGGAAAGAGAGGCATCTTTTGACAGGTGGGGAAATGGCTGTATCTGAGAATACTTTGGGTTTCGCAACT
ACCTTGCCCTAATCTTGAGGGAGGCTGATACTCTGGTATGTTTAGGAATCTTTCCCAAGGCACCCCCACTTCTTTTTTCAACCTTLGCCAT
GAchAGAnc:ACAAGACTTTGAcCCATCTTTCTTrGTGTATTTCTTATcTTTAGACTGcTGGGAGAATAGAGAGGCAGCAGCTGTAGGGT
GGCTGTTTCCCTTGGCTCTCTGGGCCCRTGAGCATGGGAGGAAGGCAbbuLL1uibLl1CCCCCbLbL1A.U1ACTGAGGCCCTGCAACCA
CCGTGTAGTCTCTAGGTCTGAAGCATAGCPTGTCCCATGGCGGGCAGACAGACACTSAGCTCTGAAAGCTGTTGCATTAGTCASATGGAGT
GAGATGCTGTCTCCTGGGGTCATAGTATGGCAAGCCCCATCCCCATAGGATGATGACTCCTTTTCAGTCTCCGCTTGAGACATATGCCAAC
TCACAAGTGTAGCATTTATCCCATGTGAGGCCTTTCTGTAAAGGTCCTGTGACTCTAGAGCCCACGATCCGTTCTTCTCTCCATTTGGGIC
TCACCTGACCCAGATGGTCAGATCCAGGTGGATGTGTCAGGCAATCCTCTCGCAGAAGGCCTGCTCTGTTCCCTGTCAATTTCTCTGTTTG
GGGCTTTCCCCCACATCTTCACACCCTGGTTTTCCTICCTASGAGAGAAGAGGTTGCAGAGAGAGAAGGCTGAGCAASCCCTGGAAAACCC
AGAAGACCTAAGGGGTCCCACTCAGTTCCCTGTGTTGAAGCAGGGCAGAAGTCCTTACAAGCGCAGCTTTGATGAGGGAGACATACACCCT
CAGECARAGAACAAGARAATAG TCTCRTCTTCAAGEATGTGCTAGAGGCCTCACTGGAGT CTGETAACGTGGAAGCOCGCOAGETAEOCE
PGAGCACCTCCCTGGTCATCCGGAAAGTCCCCAAGTACCAGGACGATGACTATGGTAGAGCTGCCCTGACGCAAGGCATCTGCAGGACCCC
GGGGGAAGGGGACTGGAAGGTCCCTCAAAGGGTGGCCAAAGAGCTGGGCCCACTGGAAGATGAAGAGGAGGAGCCTACATCATTCAAGGCT
GACAGCCCTGCAGAGGCCTCTCTGGCATCTGACCCCCATGAGCTGCCTACCACCTCCTTTTGTCCTAACTGCATTCGCCTGAAAAAGAAAG
TGCGGGAATTGCAGGCGGAGCTAGACATGCTTAAGTCTGGAAAGCTGCCTGAGCCCTCCCTTCTGCCACCACAGGTGCTTGAGCTCCCAGA
ST CAGATCCTGCRAGGTAAGT TCOTCAGGATGAGE T TGCTGTTAAA GGGAAGAGTGTECAGTECOACT O TGUGE CTGTGTGEACGET
GGCCCAGAGCGCTCTGCTCTGTCACAACCACCTGCCAGGAGACCAGAGGAATGCAACTCAGCAGAGGCAGCCCCCTCTTGGGGTGGSAGCC
CAGTCCCTCAGGTGACAGAGGCAGGCTGSCTTGAAGATCGGGGGAGGGAGGGCATTGCATGTGCCAACCTGTATATCCTCCTTGTCAATAA
AATATGTCCCATTTGCAGGAGGSCTGTGPGCTGTGTTCTTGACCTGGTGTTTTCTCTTGGGGGCGGGGCCCACTGTTGTCTCCCCTGACCC
AACTTCTCTCTTCCCCCAGTCTCTGCTGGGAGCTTTTACAGCTCCCCAAACTCASGCCAGGAGCACAGCCTCGTCCACTTCTTCCAGACIC
TGTCCCACCTACATGGTECTCTETTCCCACCCTGCAGT TCTAGA TGAGGRACCAGAGAALCTGGGECCGACAGCTGTATGACTGTCC
1LLA1LhulthrGCCTGGA;LLhi1CAAGTTGTTGGACCAAGGAAGAACTGTGGTTCGAITCTGTGCAGATTTGCAGCTAASCCGGGCTG
TTTCCCTCAGGTPTCCCTTCTCAGCCACCCTCAGAATGGGTTGGGGTGGACGTAAAAACCACATTTTGCCTCAATAICGAGGCTGCCCGCA
GTTAAGAGCCACATGCTCACCCTSACCATAGCGGTGGGCATTCCAGGGCCAGGTCCTCCAGTGTAACCTGAATGTGTGACATCAAACATTC
TG:CTCTTCTAAAACATICCACCCCAGAAGCACCCACAAATCAAAACTGAGCTCAGGTGCAGGCAGCGTGGAGCATAGTGAGTAACGTCCA
AGRACACCATGGGCAACTCATGGGEA ARCCTCRCTGTGGAGAGTAGAG TACCCTTGACT CAACTCCAGGCTGEGCTTCCATC CTGT
GGGGCCCGCGCTCCCTCAGAGGCCCTTGCTGAGTCTGTGCTGTCAACAGCCCACGCGAACTTCTCCTTCCCCTCTTATTTTCCAGCCTCAG
AGAGTATGGTCTCCGGCCCCGCCATCATGGAGGACGATGAZCPGGAAGTGGATTCTGCAGATGAATCTGTCTCCAACGACGTGATGACGGC
AACCGATGAACCCTCCAAGATGTCCTCTGCCACAGSACGCCGCATCCGGCGCTTCAAGCAGGAGTGGCTGAAAAAGTTCTGGTTCCTACGG
TACTCCCCGACCCTGAATSAGATGTGGTGTCACGTGTGCCGCCAGTACACGGTTCAGTCCTCACGCACTTCCGCTTTCATCATCGGCTC:A
AGCAGTTTAAGATCCACA:CATCAAGCIGCACAGCCAGAGCAACCTGCACAAGAAATGCCTGCAGCTGTACAAACTGCGCATGCACCCGGA
GAAGACTGAGGAGAIGTGCCGCAACATGACCCTGCTCTTCAACACCGCCTACCACCTGGCGCTGGAGGGGAGGCCCTACCTCGACTTCCGG
CCCCTGGCAGAGCTGCTGCGGAAGTGCGAGUTCAAGGTGGTGGACCAGTATATGAATGAGGGGGACTGCCAGATCCTTATCCATCACATCG
CCCGGGCACTGAGAGAAGACCTGGTGGAGCGCATCCGTCAGTCGCCCTGCCTCAGCATCATCCTGGATGGGCAGASTGACGACCTTCTGGC
TGACACAGTGGCCGTCTATGTGCAGTATACCAGCAGTGATGGACCCCCAGCCACAGAATTCCTATCCCTGCAGGAGCTAGGCTTCTCCAGC
ACAGARAGCTATCTCCAAGCACTCGACCGGECCTTTCCTGCTCT GGECATCCGCT TACAGGACGAGAAGCCARCTGTGEGCCTGECAGTGE
ATGGSGCCAACATCACCGCCAGCTTGCGCGCCAGCATGTTCATSACCATCCGCARGAM:L.{ TCCGTGGCTCECTGTGCTIGCCCTTCATGET
GCACCGGCCCCACCTGGAGATCCTGGATGCCATCAGTGGGAR TGCCCTGCCTAGAGGAGCTGGAGRACAACTTSAANCAGCTCCTC
AGTTTCTACCGCTACTCACCACGCCTCATGTGTGAGCTGCGCTCCACGGCCTCCACCCTGTGCGAGGAGACCGAATTCCTGGGGGACATCC
GIGCCGTGAEGTGGATCATTGGTGAGCAGAATGTCTTGAACGCCCTTATCAAGGACTACCTGGAAGTGGTGGCTCACCTGAAGGATGTCAG
CAGCCAGACACAGCGGGCTGACGCCTCAGCCATAGCCCTGGCCCTGCTGCAGTTCCTCATGGACTACCAATCCATGAAGCTCATCTACTTC
CTCCTGGACGTGATCGCTGTGCTGTCACGCCTGGCCTACATCTTCCAGGGCGAGTACCTCCTGGTGTCACACGTGGETGACRAGATCGAGG
AGGCAATCCAGGAGATCAGCCGGCTTGCGGACTCCCCGGGAGAGTACCTGCAGGAATTCGAGGAGAATTTCCGAGAGAGTTTCAATGGGAT
CGCCGTGAAGAACCTCAGGGTGGCAGAAGCCAAGTTCCAGTCCATCAGAGAGAAGAiblaLLAGAAGACACAthLALILLGGCTCASAGG
TTTGACTCCCGAAGCCGGGTCTTTGTGAAGGCCTGCCAGGTGTTCGACTPAGCGGCCTGGCCCAGGAACAG:GAGGAGCTCCTGAGCFTTG
GCAAGGAGGACATGGTTCAGATCTTCGACCACCTGGAAGCCATTCCTGCCTTCTCCCGGGATGTGTGCCGCGAAGGGACGGASCCCCGGGG
GAGCCTGCTGATGGAGTGGAGAGACCTQAAGGCTGATTACTACACCAAAAATGGCTTCAAAGACCTCCTCAGCCACATCTGCAAGUACAAG
CAGAGGTTTCCGCTCTTGAACAAGATCATICAGGTCCTTAAAGTTCTCCCCACCTCCACAGCCTGCTGCGAGAAAGGCCGGAGCGCCCTCC
AGCGGGTCCGCAAAAACCACCGCPCCCGCZTGACCCTGGAGCAGCTCAGTGACCTSTTGACAATTGCTGTGAACGGAECGCCCATCGCCAA
CTTTGATGCCAAGCGAGCCCTGGACAGCTGGTTTGAGGAGAAGTCTGGCAATAGCTECACACTGTCAGCCGAGGTCCTCAGTASGATGTCT
GCCTTGGAGCAGAAGCCCATGCTGCATGTGGTQGA@CATGGCTCTSAGTTCTACCCAGACATGTAGGGGGCCTGAGCTCCAGAGGCCACAA
AGCCGGTGAATATTTTTTTAATcTATACTCATAAGCTTTGATATATTATATnhtwAmATATTATATmATATATarzwumAm TATATATAT
ATATAAACCTACACTGAAATTTTTTTAAAGACTAAGTTAA?TATGTCCACCAGAAGCCACTGGCAGCTTTCAGAAAGGAGCAATGTTGGCA
ACTGACTCTTGTCTCCGCACTTGGCAGCTGCAGCCICCACGGCAACTCATCCTEACTTACACGAGLQFQL1LlbbthLACAbblhi;CCC
ACCAAACAGTCAAAGCGGCATAAGCTAAATGATGATTCTCTTGTCACTTTTAGGTGGCTTCTTCTGTTTCTGTTCTCATGTGTTGGTAGAG
GGCTGGGGGTTGGGTGCCTGCCTTCTCL1LL;AAuuTATGGLLJ1eibuLbabuuLGGGGGGGSCGGTGAAACTTTGTGGTCTCCTCATTG
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GCATCCTGGTCCAGTTACATTACATCTGGGTTTCCATGAGSGTGAATTGGATTTCTGGACTAGACTAICTGGTCTTTCTCCCCTCACCTGA
CTTCAGCTTGGGAGATCTTTCTTTGTTCATTTTCTGATTGATTCCTTCCCTTGTCCCACCGTCAAATGGTCAAATGCATCAACCTCCCTCC
GCTGTGAGCCAGCTGCGTTCCCCTCCCACCCCCCCCCATGTCGCCGCTCCCCTGTGTCACCTCTGCCAACCCTAGGTTGTCAGTTCCCTTC

TTATAATTATGGGATGTGTTGTGGGATTTGTGTTTCTTTTCATAACCAAGGAGCAGCTGTTTTGTAGETCAAGGGCAGAGCAATCAACGAA
AGTCATGCCCTGGGCTACCCAGAACTCAGAGAGTGCCTAGAGAGGTTTTTCCTTTTGCAAAAGGCTGATAATGTGTTCCTCAGCCTTGCAG
GAAGGTCACAGGACACCAGGCAGAbbiLLlLTGCCTGTGAACLLllL41ATTTTGAGTAGAGTTGAGATGTCCTATAGAATAGGAGAAAAC
AGGAAATGAGGTGGGATTCTCAAGGTACAAGCATGTATACATACFTA”DFlfAFRF“FAFlFl"ﬂFl“AFAPEFBPDFAFAWFACATGCAC
ATACATGCACACACACCACATGCACACATACACACACAACACATGCACATACATGCACACACATGCACACACACCACTCACACACATACCA
CATGCACATACATGCRCACACACCACATGCACACACACACACACACCACATGCACATACATGCACACACACCACACACACTTTGCAACTAC
ATATAAGCTTTAGAAATGCCTCTCGCCTCCCCCCATAGCGGGGAAGAGAGTGGTTTAAACTAGAGGAGTCTGBCCAATGTTCATTTATCTA
CCAGTATACCTCGCAAAGAGTTTTCAGAAATGTGCATGAGCTGTTAAAAACTPCTCTCTAATTTCCACATCTGATCTGTGTAGTCTGTGCA
GATCTCAGAATGTGGATACAGGGTTGTCTTGGEGARAGERR ““””TCTGAAGGACCTGCCCATGGTCAGTICTSCAGAGAACTGTCCCTC
TCCTTCAGTGGAGTATTGGGGGTTCAACCACAAGGAAAGGCCCCCGTACCCTCAACCTCCCTGGTGGGGCCTGCAGCTATGGTAGCTTCCT
TCCTTCTGGGTCTGTCTCBCCT:TGAGGCCTAACAGAAATGTCATTAACACTGAACACGTTGCTALLL1LlLClbblLLiGCAGTCTGlLC
GTCCTCCCTCAGAGCCTCCCTTTGCCTCCATGGTCTTGGTGCTAAGATAAATTTAGAATCATTGCTGCTAGCCAATAGCTTTTCATGATAT
AAATATTATATATATATATTATATATTAL1ilLGAAALbLJLLlbx1L1LAACAGTGATGTAGCATGTTAAAACAAGAAACAAAACTGAAC
AAACGAAAATCTGSGTCTTTCCAACTGTCCCACTGCCAGGTCTCTTAATGCTGCCTTCTTCALCAAGTTGATACACCCCACCTGGTGACTT
TCACCCCTCATCT:ACTCTGGTCCCCATCTTAACCCCTCACCCTCTGAGCAGGGAGAGTTAGCAGGAACTAGGTAGGABAACTCAAAGCCC
CTTGCAGAGGCCT! 'GAATCCCCCAGCCTCAGCACCCTTGCCCACGCTGAGTTTGTGTCTCTCTTCASCTGCCCCTCCTACCCCGGCCCAA
GCCTAGCTGGAGCCACACGGGCAGCTGTTGCGAAGCACAAGGTCTCCACTTGCCTCGCTCCTGCCTCAGGACCCCATCTCCTCACAGACAC
AGACTTTGGTCTGGGACAATTTTATTGAAAATTGAATAGGCCGAGGTGGGTTCAGAGTAGGGATGGGTGGCAAGGCTGGTCTCTCATGGGC
AGCCTGTAGGCATAAACCGTGGCCTGGGCCCTTCCTTCTTSCCAACAGTTGCCTTACATCTGTCCTTCCCAGTGCATGGGGCTCCCTCACC
CAGGAAGGGACCTCTCCCAGATGGTCCTAAGCCAGACATGTAAAACCAGGACTGACCGTCCCCTCCCAAGGAGCTATAGCTGAGTGAACTC
AGGTCCTCATCCATAGAGACAGGTTCTGCCAGGCCAAGCCATTGTTACCTGAGTCTCCTCAAGATACCCAGGATCAGTGGACCTGTDTTGA
GGCCTAGAAGAATGAGCTGTTCTGGCAGTATCATGTGGCTTCAGAGTCACCCATTTCCTTGGTCCTCTGTCTCCTCAACCCCACCTCTGTC
CTCTGCTGCAATGACCTCTGCCTCAGAGCCACTGAGAAGCTGAGCTCTACACGTGTCTTCTGCTCAGTCTCCGAAACTCTGGGTGCTGGTG
ACTGTGCAGCCAAGCAGGGCTGTGACAGRTGCACCATGGGCSACTTTGCCTCGGGATATTGAATGACTAAGGGACACYGAGGTTGAACCCC
TTGTAGTCAGCTTGGATGTTCCCTGGGAGGGTCAGGGCTTCTGCCCAGTGAGTTCCATTTGTGATGCCCTGTGATTTCAGACCTGTTCTTA
TCCTCCTCTIGGAGAAGGGCTTGGGTCTGCCCACCCTTCATGTCTGGCCCGAGAACCATATGCCTGGCTCACCCCATATCTTGGCTGGGTT
AACAGACTGTGGGAASGTAGGGCTTAGAGTGTATATGCAGTCATTTCTGATGGGACAGGGACTGTAATTCAGTCTCTGGAGTAGAACTGGT
AGTCACGGGCATAGAATGAAATGTATCTGAGGGGCTGAGACTTATTCTCTCTGGGCTGGTAGTSGCTTBCATTGGTTCACGTTGGTGAGAG
TAAGAAGTGAGGFAGTGTTGAAGACTSAGGCTIGTGGCCATTGTGCCAAATGGGTACCTTGCTGAAACACAGGGTTACAGTGTGCCCCCCC
CCCCAGCAAAGGAAAACAATGACCACTGAGACAGGTGGACCACTCAGCTGCGTGGGCAGCTCCTGCCCAGTTAGAATCCCTCCAGAGACAT
CAGAGTGCGGGCATCAGAGGTGCCAGAGCTATTGTTTTATAATGTCTGCTTGTGGCATCTCCAGCTGCCPTACCCCCTCCTCACTGGGGAA
GGAGAGTGCACTCAGCTCCGGGACTCTGTGTAGTTAAGTTCTGCCTGGAGCCCTGAATCTGAGGTCCCAGAGCTTCTGCCCTCTGCTCTGG
CTGTGTGTTCCCAGCCTGCbllbllLLhLlGAballllelAlGALlLbllCAAGTCAGATCTTTGATTTTCAGCAAGGACCTTGGAGTGA
CTTGAAGCACCTTTTAAATGCCTTTCATTTGTGTGAAGGGGGAGGGGATGGGGGAAGGTGTGGAGAGGGTGGGTGTGGCCGAAGAGAGGAA
GAAATSGACTTTAAGATGTTACCCBGCCTGAGCTGGCGGTCCTTTGCTGCCCCCCTGGAGCCAGGTGATGGGGGCCAGGAGATGCCGGATG
GGTTGAAGTCTTCTAGAACAClLLJAlullliLLLATTTuthLLLLLLbGAAGGcATCCCAACCTGTTTTCAGTSGATAGTCTGGGTTAA
ATTCTAACCCGGKTTTGTGCTTTTTTTTTTCTTTTTGTGATCCATGCACCTCATTTGGCTGCAGGCCCCAGGTTCACTGGAGCTCATGTGT
GCCCTGGATCTCCTCTAAGAAGCAGCCCAGCCAGACTGGGCATGCAACGGAAGCAGGGASAACAGGGCCTCTGGAGTGAGGAAAGGAGGGC
AGAGCCGACAGTTAGGGTGGGATCACCCCTTTACACACTGCCCTGGATTCCAGCCTGACGGTTCCTCCCTTCTTTGAGGGGGTGGGGAATG
TGTGCCGGGTGTGCATGGTCCTCCTACTCGGAGGAATGCTCTTTTCTACTCCTCTGTTAGTCAGGGTCACTTTAAGAGTCTTTGAGGTAAT
CTTTGCATETTAGTGAGAGGGAGAAAAGTGCTCTCTGGAGAGAAAAATAGTCTGGCCCTCCTCTCCCATCTAGCACTCTCTCCCCTCCCCC
CATCCCTTCAAATGGTATCHCCCTAUAAATACCTATGCAATGCAGTCTCCCCAGGAGGCTGTGCATGGAGGCAGGGGTATGTGCAGTGTAT
CATACTGATGCTAAGGCATATCAATTGTATATACGSACATATACAGTACGTATACATGCAGAGTAAGAGAGTAAATCACGT:TATATATCT
ATAAATAATATCCTATATATTTATACATTTTTATGTTTTAAATAGATATAAAAATAGTCTATAGAGCPGGAAGGGTGGCGGGGAAGCCTGG
TCCTGEET TEEECT TGEGEEEAGGAGACAGGCCTCTEGAGA TGGGGATAATGCGCATCAGAATGGGTTGCTAGCCACTGAGATGGG
GGCATCTTTCTTGGECTG Y TEGAGACEAL LbbhluAGCCTGGGCTCTCTCICCATGCACTTTCTCTCCTTTCCTGCCAGCBAAGGCTGA
GATTGGAAGGAGATAGCCCTGAGCTGCATGCAACTGCAGTACCCTACCTCCCAGCACCACCAGCCTGCACTPAGCTCCTCACTGCTGCTTA
GCAGTAGGgGGTTGGACTTGGTCCCTGACCCCCAGTGAAGGGACCTCTTGCACAAACTCCCCAATACCCGCCCCIATCAGGAGTGAGCAGC
ATTGATGGCAACGGGAAAGGGGCACCCGGGACAAACCGTGGTCCAGAACGATGTCAGTCCCATTTCCCAATGCCTCTGCCTACCCCCTGGA
G CAAGCCTCCCCTGCCTACCCCCTGGAGGCCAAGCCTCTGACACACAGTCCTGSCCTCCTTCACCCATTTAACCACTGTCTCTAGAGCA
CTGGGAGCTGGGGAGGGCGGCGTGCACTTCAGGTGCACTTGATGCCTTTCCCCATCCAAAGGCCCCACCTGGTGGAAGAGATATATCTGCA
CACTGACATTTTCAATGGCAACTCAAATTCAGGAGCAGGGCCTTGGCCCACCCGACTCTGCACAGCTGCAGCAGCTG:TGGCTGTACTCAG
GACAATGTTCTCCCCTCTTCCCAAAC:AACCAAGCAGCCCAACCACCTCCGCTGTGTCAGCAGGTTTAGGTTTASTTCACAAACACTGTTC
TCATTCTGTGACCAGATACCCAAACCDACTCTTTCTAGGGAGGGTATCTTCTTCAGCTTGTCCC:AGGCAACACCTCCCCCCTCAAGCTGG
GTAGGGATGTCTGTGGTCCCTGGAAGTCCAGTCAGCTTGCTCCCAGCATCCTCTATTCCCTTCTCTCTCCTGGAAFTTGACAGGGTCTGAT
GACAGATGCCCTCCCTGCTCTCGAGGAGCAGCCTGCCTTTGGGCTCCTCAGACACACTCATTTCCCATACCGAGCCTTCGTAGGTCTCTCC
CTGCTTCTCCTCACCATCCTACCAACGGACCTCAGTCTCCAGCAGACCAGTCCCATACCACAGTTGAGACCAGGTCTGCTCTGCCAATGCC
CGTCTCCTTGAGCCACAGCTAGCTGCCAACTGGGCTGAACACCTCCTAGTGCCTGGCTCAGTAGAGTTCASGACCAATGGCCCAAGCCTTC
CTCCCACTACAATGGGTCAGAGCTTGGCCAGGGGATAGGCATTCCCAGTAGCAATCCCACAATGCACTGTACCTCAGAGAGAGAGAGCATG
CCACAGGGCATCTAGTGGACCAGTCTCCATGCAGAGGAGGCAACGGCTCACAATACTGCTCACGAGAAGACBAAGGCCAGGCTGTCCTAGG
GCATCCCTCAGTCTACCCTTTGGCCTCTCTGGAAGAACCAGTAATCTTTTTCAGCCCTGATCTCTCTCCTCCTCTCCACCCCCAAGCTGCT
. GAACCATTTTTCATGTCAATCACAAAGAAAAAAAAAAGTGGQQGTGGGGGGGGACTCCTAGGAGCCTATTACQACAPACATATTAATATGT
TAATACTTTCTTTATTAAAAACAATTCTCAATGTTAITATTTGGCAGACTGTGCTTTCTAGTACCTGTGTGTTGGGSCTAGAACACTGGAT
ACAAATAGAGCTATGCTGGITTATAATCTGTATGCAGCGTCTTTCCTTTTGTCACATTATCCTTGTAATGTAAGAAGATTATTAATAAAAG
CATTTAAATTGCCACCCCAAGCTTGGCTCCTTGCTTCTGTGACAGGCCTCCATAAGTCGTGCATACCCTGTCAAAGGGCTCAGGTGTGGGT
TTGGAAGQATCACAGGTCCTCTTTASCTGGTCTC1QLLLlLLCCCACTA;bbLLlLATTTCCCACTGCAGTCCABTTCTSGCAGGAAGCCC
CTGAGCATGTCAGGTGGGCCAAAGAAGATATGACTGAAACCGTGTTAAACACCTGCCCCCATGACACTGGCCCTGCAAGAATCGCTGTGGG
s GAAGCATCCAGGGCCTCTGCAAAGCCRATGGCTCCAGCTCTCTTGCTTACCTGCAITTGGTTGCTCTCCATGAGCGGGCCTGATCCCCACT
TAGAAAAGTCTTAGAACTTTGTTGATAGCACTAGGGACAGAGGGTGACAAECAAGATCTTTTCCACATTTTTTAAGGAAGGTATTTGACAG
GAATATAGGCAGTATTGTGAATGTAGTCAAATACCTCTAAGTGCAGGTTTATCCTCTTGAGATGLTGAGGCCTUTGCTCTCAGTCCCTATG
CCCCTAACTTCCTCATAGTGGTCTT:CCTCTTCL1bL TCCTTACTTCTGCCT O PTATCATTACACATCTETCG T CAGCCARGAAGEAC
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UATCACCTTGACAGTGGCCACCAAGCAGCTGTTGTGTGATACTATTTATGGAGAAGTGTGAACAAAAGTCTTCTCAATCCAGATATAGAAC
CAATAGCAGACCAAAGTAAGGGTACTATCAAAGTCCAACTTGGTGAGCCAATGAGCTTATTGGGGCTRCTTGGAGAAATATGAGTGAGAGC
TTTCTTACAACAATATGGGTAACTCAAAGGCTGCTACATTACCAAAAGCCCATTCCAAGGTGAGTAGTCPCATGAAAACCAGAACCCTGGC
CATCTCTTGGTAGCTTGCATCAACTCAACAAGTAGGACAGCCTACTCTTATAATATAACATTGGAGAGGGAGGAGCTTTAGAACTCTGATT
AAGTTTCAGGGACTTCCTGAGACTTATGAGTTGTTTATTT:CAGAGTCTTAAGAAGCCTCTCTTTAGAACCTCTCAAGTCCTAATGAGACT
CTATTCAGGACGCATTGTTTCAGTTGCTACACAGTACTCTACCCCTTCCTGCCAGCTCTTTCTGCTCICCTTCCATTGT

MOUSE SEQUENCE - mRNA [SEQ NO:2)
TCCCCAGGACAGAATGACTGAGAACATGAAGGAGTGCTTGGCCCACACCAAGGCGGCTGTAGGGGACATGGTGACAGTAGTGAAGACAGAG
GTCTGCTCACCACTCCGGGACCAGGAGTATGGCCAGCCCTGCTCTCGGAGACTGGAGCCATCTTCCATGGAAGTTGAACCCAAGAAACTGA
AGGGAAAGCGTGRCCTCATTGTGACCAAAAGCTTCCAACAAGTGGACTTCTGGTTCTGTGAGTCCTGCCAAGAGTACTTCGTGGATGAATG
CCCGAACCACGGTCCCCCCGTGTTTGTGTCTGACACGCCAGTGCCTGTGGGCATCCCAGATCGGGCAGCCCTCACCAPTCCTCAGGGCATG
GAGGTGGTAAAGGATGCTGGCGGGGAGAGCGACGTGCGGTGTATAAACGAGGTCATCCCCAAGGGCCACATCTETGGCCCCTATGAGGGGC
AGATCTCTACCCAAGACAAGTCAGCTGGCTTCTTCTCATGGCTGATTGTGFAPBAPDEFALF"PFTAFE!FWCFAT GATGGCTCGEATGA
GACCAAGECCARCTSGATGAGETACGTGGTCATTTCCC AGGAGAG SAGCAGARCCTCCIGGCGTICCAGCACAGCGAGCECATCTAC
TTCCGGSCATGCCGAGACATCCGGCCAGGAGAGCGGCTGCGGGTCTGGTACAGCGAGGACTACATGAASCGCCTGCATAGCATGTCCCAGG
AMMCCATCCACCECAACT TAGCCCEEGEAGAGAAGAGGTTGCAGAGA AAGCCTGAGCAAGCCCTEEAAAACCCAGAAGACTIARGGEE
TCCCACTCAGTTCCCTGTGTTGAAGCAGGGCAGAAGTCCTTACAAGCGCAGCTTTGATGAGGGAGACATACACCCTCAGGCAAAGAAGAAG
AAAATAGATCTCATCTTCAAGGATGTGCTAGAGGCCTCACTGGAGTCTGGTAACGTGGAAGCCCGCCAGCTGGCCCTGAGCACCTCCCTGG
TCATCCGGAAAGTCCCCAAGTACCAGGACGATGACTATGGTAGAGCTGCCCTGACGCAAGGCATCTGCAGGACCCCGGGGGAAGGGGACTG
GAAGGTCCCTCAAAGGGTGGCCAAAGAGCTGGGCCCACTGGAAGATGAAGAGGAGGAGCCTACATCATTCAAGGCTGACAGCCCTGCAGAG
GCCTCTCTGGCATCTGACCCCCATGAGCTGCCTACCACCTCCTTTTGTCCTAACTGCATTCGCCTGAAAAAGAAAGTGCGGGAATTGCAGG
CGGAGCTAGACATGCTTAAGTCTGGAAAGCTGCCTGAGCCCTCCCTTCTGCCACCACAGGTGCTTGAGCTCCCASAGTTCTCAGATCCTGC
2G

MOUSE SEQUENCE - CCDING {SEQ NO:3
ATGACTGAGAACATGAAGGAGTGCTTEEONC, PAPFAAFGFPFCTGTAGSGGACATGGTGACAGTAGTGAAGACAGAGGTCTGCTCACCA:
TCCGGGACCAGGASTATGGCCAGCCCTGCTCTCGGAGACTGGAGCCATCTTCCATGGAAGTTGAACCCAAGAAACTGRAGSGAAAGCGTGA
CCTCATTGTGACCAAAAGCTTCCAACAAGTGGACTTCTGGTTCTGTGAGTCCTGCCAAGAGTACTTCGTGGATGAATGCCCGAACCACGGT
CCCCCCGTGTTTGTGTCTGACACGCCAGTGCCTGTGGGCATCCCAGATCGGGCAGCCCTCACCATTCCTCAGGGCATGGAGGTGGTARAGG
ATGCTGGCGGGGAGAGCGACGTGCGGTGTATAAACGAGGTCATCCCCAAGGGCCACATCTTTGGCCCCTATGAGGGGCAGATCTCTACCCA
AGACAAGTCAGCTGGCTTCTTCTCATGGCTGATTGTGGACAAGAACAACCGCTACAAGTCCATAGATGGGTCGGATGAGACCAAGGCCAAC
TGGATGAGGTACGTGGTCATTTCCCGGGAGGAGAGGGASCAGAACCTCCTGGCGTTCCAGCACAGCGAGCGCATCTACTTCCGGGCATGCC
GAGACATCCGGCCAGGAGAECGGCTGCGGGTCTGGTACAGCGAGGACTACATGAAGCGCCIGCATAGCRTGTCCCAGGAAACCATCCACCG
CAACTTAGCCCGGGGAGAGAAGAGGITGCAGAGAGAGAACGCTGAGCAAGCCCTGGAAAACCCAGAAGACCTAAGGGGTCCCACTCAGTTC
CCTGTGTTFAACPAGFVFnPnnFTCCTTAPAAFFPFAGCTTTGATGAGGGAGACATACACCCTCAGGCAAAGAAGAAGAAAATAGAPCTCA
TCTTCAAGGATGTGCTAGAGGCCTCACTGGAGTCTGGTRACSTGGAAGCCCGCCAGCTGGCCCTGAGCACCTCCCTGGTCATCCGCAAAGT
CCCCAAGTACCAGGACGATGACTATGGTAGAGCTGCCCTGA:GCAAGGCATCTGCAGGACCCCGGGGGAAGGGGACTGGAAGGTCCCTCAA
AGGGTGGCCAAAGAGCTGGGCCCACPGGAAGATGAAGAGGAGGAGCCTACATCATTCAAGGCTGACAGCCCTGCAGAGGCCTCTCTGSCAT
CTGACCCCCATGAGCTGCCTACCAC:TCCTTTTGTCCTAACTGCATTCGCCTEAAAAAGAAAGTGCGGGAATTGCAGGCGGAGCTAGACAT
GCTTAAGTCTGGAAAGCTGCCTGAGCCCTCCCTTCTGCCACCACAGGTGCTTGAGCTCCCAGAGTTCTCAGATCCTGCAGGTAAGTTCCTC
AGSATGAGGTTGCTGTTAAAGGGAAGAGTGGATTCTGCAGATGAATCTGTCTCCAACGACGTGATGACGGCAACCGATGAACCCTCCAAGA
TGTCCTCTGCCACAGGACGCCGCATCCGGCGCTTCAAGCAGGAGTGGGTGAAAAAGTTCTGGTTCCTACGGTACTCCCCGACCCTGBATGA
GATGTGGTGTCACGTGTGCCGCCAGTACACGGTTCAGTCCTCACGCACTTCCGCTTTCATCATCGGCTCCAAGCAGTTTAAGATCCACACC
ATCAAGCTGCACAGCCAGAGCAACCTGCACARGAAATGCCTGCAGCTGTACAAACTGCGCATF"LF"PPﬁnhnnnanrnnr TGTGCC
GCAACATGACCCTGCTCTTCAACACCGCCTACCACUTGGCGCTGGAGGGGAGGCCCTACCTCGACTTCCSGCCCCTGGCAGASCTGCTGCG
GAAGTSCGAGCTCRAGGTGGTGGACCAGTATATGAATGAGGGGGACTGCCAGATGCTTATCCATCACATCGCCCGGGCACTGAGAGAAGAC
CTGGTGGAGCGCATCCGTCAGTCGCCCTGCCTCAGCATCATCCTGGATGCGCAGAGTGACGACCTTCTGGCTGACACAGTGGCCGTCTATG
TGCAGTATACCASCAGTGATGGACCCCCAGCCACAGAATTCCTATCCCTGCAGGAGCTAGGCTTCTCCAGCACAGAAAGCTATCTCCAAGC
ACTCGACCGGGCCTTTGCTGCTCTGGGCATCCGCTTACAGGACGAGAAGCCAACTGTGGGCCTGGGAGTGGATGGGGCCAACATCACCGCC
AGCTTGCGCGCCAGCATGTTCATGACCATCCGCAAGACGCTTCCGTGGCTGCTGTGCTTGCCCTTCATGGTGCACCGGCCCCACCTGGAGA
TCCTGGATCCCATCAGTEEGAAAGAGCTGCCCTGCCTAGACGA TGGAGAACAACTTGAAACAGCTCCTCAGTTTCTACCGCTACTCACC
ACGCCTCATGTGWGAGCTGCGCTCCACGGCCTCCACCCTGTGCGAGGAGACCGAATTCCTGGGGGACATCCGTGC:GTGAGGTGGATCATT
GGTGAGCAGAATGTCTTGAACGCCCTTATCAAGGACTACCTGGAAGTGGTGGCTCACCTGAAGGATGTCAGCAGCCRGACACAGCGGGCTG
ACGCCTCAGCCATAGCCCTGGCCCTGCTGCAGTTCCTCATGGACTACCAATCCATGAAGCTCATCTACTTCCTCCTGGACGTGATCGCTGT
GCTGTCACGCCTGGCCTACATCTTCCASGGCGAGTACCTCCTGGTGTCACAGGTGGATGACAAGATCGAGGAGGCAATCCAGGAGATCAGC
CGGCTTGCGGACTCCCCGGGAGAGTACCTGCAGGAATTCGAGGAGAATTTCCGAGAGAGTTTCAATGGGATCGCCGTGAAGAACCTCAGGG
TGGCAGAAGCCABGTTCCAGTCCATCAGAGAGAAGATCTGCCAGAAGACACAGGTCATTCTGGCTCACAGGTTTGACTCCCSAAGCCGGGT
CTTTGTGAAGGCCTGCCAGGTGTTCGACTTAGCGGCCTGGCUCAGGAACAGCGAGGAGCTCCTGAGCTTTGGCAAGGAGGACATGGTTCAG
ATCTTCGACCACCTSGAAGCCATTCCTGCCTTCTCCCGGGATGTGTGCFFﬂ”B3"””"”GGACCP"F“ AGCCTGCTGATCGAGTGGA,
GAGACCTCAAGGCTEATTACTACACCAAAAATGGCTTCAAASACCTCCTCAGCCACATCTGCAAGTACAAGCAGAGGTTTCCGCTCTTGAA
CAAGATCATTCAGGTCCTTAAAGTTCTCCCCACCTCCACAGCCTGCTGCGAGAAAGGCCGGAGCGCCCTCCAGCGGGTCCGCAAAAACCAC
CGCTCCCGCCTGACCCTGGAGCAGCTCAGTGACCTGTTGACAATTGCIGTGAACGGACCGCCCATCGCCAACTTTGATGCCAAGCGAGCCC
TGGACAGCTGGTTTGAGGAGAAGTCTGGCAATAGCTACACACTGTCAGCCGAGGTCCTCAGTAGGATGTCTGCCTTGGAGCAGAAGCCCAT
GCTGCATGTGGTGGACCATGGCTCTGAGTTCTACCCAGACATGTAG

HUMAN SEQURNCE ~ GENOMIC (SEQ =D ¥Q:4)

. AACCCTGTTGCAGACAGGCCCAGGCAATAAAGCAGTGTAAGAGGAAGTGCAGAGQTAGCGTGGATTTCAGGAQCTGTPGGT?CAGCACCTC
AACCGTGTCAGTTACAGTTTCTGTCTCTGAGATGGTTCCCAACACCAGCCCCTTCTTGGATTCTCCAACCCAACTGGGTGTCCAACAATTC
AATTCAATTCAATTCTGTAACTATCTAGAGCTGGTGCAGACCCCACAAGATAAGAGCTCAGTTACACAAGACTGCCCTCAATTCAGACACT
GGTCATAAGTCCCAGGGGACTTGTACCTCTGACCAACAlAAATCCAGGGCTCCTACAAACCCCTTTCTCAGGTGTGATAATTCACTTGAAT
.QACQCACAAAGCTCAGSAAAGTGATTTACTTACTATTACTGGTTTACATAAAGGCTACAACECAGGAACGGCCAGATGGAAGAGCTGTGCA
SGGCAAGGTGTAGAGGAAGGGACCTGGAGCTTCCATGTTCTCGCTGGACCCTCCACCCTTCCAGZACCTTGCTGTGTTCACTAATCCAGAA
GTTTTCTAAATCTCCTTCAAGAGTCTTCACRGBGCTTCATCTCCAGCCCCTCTTCTTGTTGQCAGAGGCCAGTGGTTGGGATTGAAAGTTC
CAACCTTCCAATCACGTGTTCTTTCTGSTGACTCAGCCTCATCCTGAAGdTiTCTGGGGGGTCCCACCCTCAGTCATCTCATTAGCATAAA
CTCAGGTATGATCCGGTGGGGCTCCTTATGAAGCACCAAAGRCACTCCTATAACCCAGGAAATTCCBAGGTTTTAGEAGCTCTGTTTTATT
AGCCAGGAACCAGGGACAAAGACCAAATACAGTCAACCCCTCCTATCCATGGGCATCCATGGATTCAACCAGCCATGGCTCAACAGACTTT
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CTCCTTETGATTATTCCCTARACGATACAGTATACCAGTGAT TTACATAGCATTAACATTGTATAAGGCATTATAAGTAATCTAGAGATGA
TTTAARGTATAT GGGAGGATAT CCANAGGTTATGTGCATATACTATGE: TATTTTATATCCAGGACTTGAGCATCCTTGGACTTTGETATCL
GAGAGEGTCCTGGARCCAATTCCCCTCAGATACCAGGET GCAARTGAATGTGTGTTTCTTGTCCTACCACCCTGRTC CCCCTGCTCTGAGGA
ACTCGCTTCATGCTGAAGATGCTTCCTGCTGGGGTCC‘J.'C‘I'SCAGGACATGGCTCCCATTTGCAACAATGGC’IGTGTGCTTTCTCCTTCTAG
TCATGAAATARAAGTCCTTCCCTTCCCTTTGATTTGGT LAAAATAAGTCAAATGTCTGATCTTGGAGGGAAATGTCA'IGTGCTGATTAAAG
GCCAGGTTCCTGATCCAGTCATTGGGGAGGSAGGTGGCATTGCTAGAATTGGCTTAGA’I’GAACCTGAGCCCAGCCCTGGTGCTGGGCA'AAG
GCTCGETIGTCTCTGARTCTCACTTAGTTGETC CTATARGGEAGGTCTCCCACCTGAACARAGTCCARCTT CCAGTGCGGAGIAATEAGGTA
Al GGATACCATAGAAC—CCACCAGCAGGA‘I‘CCAC’l‘GTGAGAAGCAAACACATAAAAAAGTTCTGGC TCGGCGCEGTAGCTCACGCCTGTAAT
CCCAGCRCTTTAGGAGGCTGAGGCAGGTGANTCACCTCAGETCAGGAGTT! CAAGACCAACCIGGTCARCATGATGARACCCTRTCTCTACT
AAAAATCCAAAAATTAGCTGGGCGTGGTGGCGCACGGCTGTAATCCCAGCI‘ACTCGGGAGGCTGAGGCAGGAGAATCGCTTGAACCCGGGA
GGCGGAGGTTECAGTGAGCCGRGATCACGCCACTGCAT TCCAGCCTGGACARCAAGAGAGARACACCECGTCARAAAARAAAAT, \ARARAAR
AGTTCTGCGGGAGGGACCECCT TGEGAGAATETETT LCACCAGCCCTGGCCAGC'I‘A’.L"ACCCATGATGCTTAGTGGCGAC’JGCCCTGTGGGT
ARBAGCTCAARACCTCATTTTCCATGACCC CAGCAGGAGCCTCCACTGGCTGGACCCCAGTITCCTGCERET! GCAARATCAGGGACTGGACA
GGETTAGAGETCCCCATATGGEAGT TCCTTECC CTCRGGAGGCTCCAGCAGATGGTT T TTCTTTATGTT TATTAACATATATATATTCAGA
ARAGTGCACATATTSTAAARGCTGE: CTGAGTATATTTCCACRAACTTAT ATACCCATGGGATCAGCAT CCAGATGAAGAAATAGAACATG
GCCAGAATCTTAGAACTCCTTTTCCTGCCTTTTTCCAGTTATTCC CARGAATAACCACAAACTTCACCTCTAACACCATAGTTGTECCTGG
TTGGTTTTTTTTGGTAACTCTATTTPAATGGAA‘I‘CATACAGTATGAGTCTGTAC'ICTTTGL:L—:(:L:LL, TCCTTTCITTTCTTGGCATTATCAT
TCATCCAGATTATAGCATGTAGTTCTAGTTTGICTATTCT CATTTCTGCATAGTATTCTATCCACTGAATTTEET! GAATATTGTACAGTAT
CCIATGATCAGGTAGEACARGTGARCARACATETCAAAT PPCTTTGCTTTT GCTTAGGATGACGGCCECTAACCAGTGTATTAACTCTGCT
TATCATGCACC CTGTGTGTATACARRGAACTAGCRAGATGAATTAAPTATTACC TAATGCATE3CAGTCTTTT "AGTAGACATGATCTTCCA
AART GGGAATCCTAAACAAAAATAAAAACAGGTATGC’I‘TCGGGTAGAGATATGGGGGICCTTAC CGATTGATTGATTCATTSAGTCATTGA
TTCATTCHT PCATCARATATGCATCARGCGCCACTTGT! GTGCCTGATACTCAGTCTCTAATCTGGAT'T‘CCTCC‘l‘TTCTCCTAACCAZ\TTCG
CAGGATCTCAGCATCTAATGACAAGTGECTARAGGTCATTGGABTTATCT TCTTTAGCAATTTCTAAACTAAATGATTATGAASAGGTCCT
CTAAAGARTATTTRAGTGAC TATTTTTCAGAAGCAAARAGAAGAAAACAGARATACACARCCOTCT TGAACTAACCACTAGSTGATACTC
TTAARATATATCCTCCCACACCCATET GTACAGATCTGCAT CATTATGTATAGACT"'AAGT GGRATTATTT TGIACACCTGTGTAGTGTG
GGRAATTARAAGTGT T TTAATGERATTATT T GTATCTATC TTTTCATAGCTTTCATTAACAAARTCCTTGT TTT I TACAGCAGT T TTAGE
TTCACAGCAARACTGAGCAGARACTAGAGTTCCCCATACACCO TGO CCCCACACA CATCCAGCTTCCCEETTATTAACATCCCACACCARA.
GTGCARCATTTGTTACAATTGATCAACCTCCATTGAAACATCETTATCAAC CAAAGTCCATAGTTTACATTAGGSTTCACTCATEGTSTTE
TACCTTCTGTGGGITTTGACCAAT GTACAATGACATGTGCCTTCCATTCTAGTATCATACAGACTAAT TTTACTSCCTARAAATCCTCTAT
ATTCCACCTATTTGTTCCTCTCTCCCCGCAACCCL‘,‘I‘GCCAACCTCTGATCTTTTTI\CAGCCTTCGTGATTTTGCC‘ITTTCCAGAA’IGTCAT
ATAGTTGGAATCATACAGTATGTACCCTTI‘TCAGGTTGGCATCTTTCACATAATAACTTGCATTATCATTTAGCAATATGI‘TGAACGTGTG
TTTTCATGTCARTAAATATTCCTCTACAGCATTGTTAAT TGC GTCTATTATTTCATTGTATGCTAATATTTCAT TGTGATATAGCATAGT
AATI‘TCCCCCATTT'IGGAGGTTTAAATTCT‘TTCCTA’I‘TTTTTGCTTTTAAAAATAATATTGCAGAGGACAGCTTTGTAGGTAAATCT’I‘TG:
ACGCAATTTAAATACATCCTTAGGATCCATTCCTGGATGTGGGCTTCCTCCTACAAAGGGTTTACTTACTTTGAGGATTTTG ''ACATGTS
CCARRTTACCCT CCAGA}MGGTTACACCAATTTACACTCCAACCAGTGGGATATGAAGTACTAAT’I‘TCCCCTACACTCT T3CCAACTCTGA
ATARCATCAAGATTTTTCATCTTTGCCAATTTAT TAGAGGAGAAATGATATT TATTTGTTTTAAT TTGTATTTATTTGAGTATTAATCTCT
TCATGGTTTTCCTTAAAGCATAT TAGCCATCTATTGCTCTTT GCAGATTGCTTGTTCATGTTTTCTTT T TATCCATT I TTTTT CTATTGA
GGTAAGCATCTTCAGAGCATATAT TTATAARRAGTATTTATTAGGGGTATTCACT GCTTGTALAGEC CCTCTICTAATGTCLAAACARTTTT
TGGCCGGGTGTGETAGLTCATGCC TGTAATCCCAGCACGGATCCCAGGGCAGATE ACCTGAGGTCAGGAGTTCGAGACCABTCTGGCCAAC
ATGGTGRARACCCTGTCTCTACTAAARARATACAAAAAAT TAGGCAGGTGTGGTGGCAGGTACCTGTAATCCCAGC“I’AT'ICGGGAGGCTGAG
ACAGGAGAATCCCTTCAACCCAGGACGCAGARGTTGCAAT GAGCCGAGATCGTGCCATTGTACTCCAGCCTCATCAACAGAGCEAGACTCA
ATCTAARARAACAGAAATTTCACCAC CATGTGCACATCTGATGICTGTTATACTTT TAARTATTAATAAAATGAATGATAATATTTATAGE
GTACTTACGATAGGTCAGGCAT TATGCTGT GITAARCAGCCLTAT! GAGATAGGTTCTGATATCAGTGCCACAGEACGEATGEGGANACCAG
GTAGGCGTGGTTAATECAGT TTCTCARGET TACACAGTTTGT CAGTGGCTGTGCT GGIGTTAATTGATTAACARAATACATGGTGACATAR
GGTTTCTATGAATTCAATARCACT TTTAAATACAT T TATCL ' TGTGTTCATCACAARAGTATTCATTTGCARAT CTGTCTTATACATGTA
AGTTTAAGGCATATATTTATGTTCT 2TATAGGCATGCTTGOT GAGAATATAAATTCAATAACTCCCTATAATARTTCCAAGCCCTTE CCCA
CCTCTCACATGGTATACTGT TAAGGACTATGAGTTGGACCTT TTATTTTACACGAAACAGRAACTGABEGCAAGGCAGARACTTTATCAGG
GTCACCTAAAAARCTGACAGCACAGCCAGA 1\FW‘CACAFFPAFF‘(‘I‘TTGGGATTCCCAGCCCAAGTCAAGGTCAGCA‘I‘GTGGC‘T‘TGGGCCAG
CACCCTARACCTCATGTCC I TTGGTAT! CAATGGGAACAACACAGATGCTGTCCTAGGTACCAGAGTAAAC CTTCTAGATICTCATGGETGCC
BGCCTCTAGGGARACCARGTGEECACAGATCCCCAGTCCCCTEGT TACACTGECTCCTGEECATTCCAGGATCCTGECACCCIGCCANGEE
TGRRARCAGAGCTGCAGACTCCTGGGSTGCATTCTCCCCCCTTCTITTGGGTTT GCAGCTCACTGCTGGGTTTGCAACARGCCTAATCTCT
GCATGTGCAGACT TAGAGGAGCCAGCTCAGAGGEA ""ATTGCCAGCAGCTTGGAATCCTCCATGAAGCCTGCCGACCCCCCTTCCCCCAAG
ACT‘TTT‘GCTGGGCAGGTAGGACTAGAGCATTCTTCAGAAAAGGCAACAGGGGCTTTACCTGGGCCAGGSCTTAGAGTGTCTGC‘I‘GAGATGG
AC‘L‘CAGTGAAGGACACCAGCACATGT'ICTCCCTC’[CTCTCTCCCCAGTGGAAGTTCATTTGbL CCTGCCACATCCCATCTTCTCCCTCCCT
GTCCCTATGGCCTITATCACAAGCACAARRGTCTGTIC TAI‘TTCAAAGTAGAGATGTC’PATGGG:CACTTGAGAGTTGGAATGCACATTAG‘I
CCTTTGAGGCTTGATCCTGGTTCTCCGGECAGCCAGCTCCAAGRETAGAMAGA ATTATATGTECATATAGTCAATARATAGGTGTCAGAT
AATAAGGACTCGETAACTCATTATGTTTCCC TT'I‘AIGCTTTGGCTGCCAGGAGGCTCAGAAT‘I‘GI-\ATGAAGAACTCAATCACTAACCCTTT
TACAACAGA’I‘TCCCGGCATAACCAACACCCCTCTTTCTCCATGAGGCCTCTAACACTATCTCTGGTTGTTTCTTAACTGTCCTGTTTAGTA
TGTGTTTCTTTTATAARRCATT! GCAAATCT’I‘TTGTGTGGTGAAGSTGGGATGTGAGAGA’I‘AGGACATAAATGCAAATGGCCCACAGATGTC
TCTACT *TGAGATACARAGTAATACTTTGCCCACAGEGEETGETTTCCT GGGAATGAT TTAAGACAGGARAACGTTTATATGCCTCGGTCC
TTCTICTTTCAATCTCCCTTCCCCTCETCATC N CICT TTTCTCCCTTCTCTCOTCOTT CTCTCCCTETICTTACCCTCCGTCCTTTATICTC
TTACTATTGCCTATCCTCCCTCCAAACCCCTTCCGCATCCCTCTGTGCCCTCCTCG’I‘TTATTCCTAATGGGGACCACCTCCTCCTGGCAAG
TATCAGTATTTCCATTTT GCARBAGAAGACACTAAGGCCCTAGAARAGTGTAAGTGACGTECCAT GGCCACACTGATTATCCTCCCCAACTT
ATCGTCAGAATCCGGC','CTGAGTCTCATGAGTCTAI\TTCCA’ICC‘I‘ACCCCCTAGTGCTCCATCCTACCCCCCAGTGCAEC'I‘CTGCACCCTT
CAGTGCCCACCCTGCCAGCA‘I’CTCTCACTACCTGCTCTGCC’IGGCGGAGATCACTGGAAGAGAGCTCCATAGGGAAICAAACCCCCACCCT
GITTTTCCTGCTGACGTCTCT TTCAGAGTTGRAGATTCCCAATGE! GACCAGTGGGACACAT CAGAGEGACCAGTGAGATATGAAGGGGARCA
TTIEEGARTATTTACTGAGAL TATGCTGTGIGE TGEGCAAAGTGGAGAGTCAGCCAAGCAASGTTCTCAGGGTGCARAAT IGRAAAGRGGT
TCTCACTCTCAGGTGCCAGQCCTGQPAGQG’_I‘A‘I“GACCCTCAG_AGT{SAAAGCCTCCTAGTACCI GGCTTGTCTTTCCCTAGTCTTGGCCCTG
GTGCCAGGCACTGTTZ\.CAGGTGCTGC—CAGTTCAATGGTGGCCTGCACCCTGTCCTCGGGGAGCTTACAGTCTATTAAGGGAAACAGATATT '
ARTCAAGTARTCCTGCTAACARARGAC GETTATACATGTCACACTGCCATGAAG TG TGACATGGGGCTAGCAGACGET GITTTTGGTGGCA
GTTGEAGGGEEECACTGAGETCTGARGTCT GGATAGGAGTTCCCCAGGTGTTCTGCAGGCTAGGACTCAGCAAGT T CACAGECE CCATGGC
AGGATGGAGAATGGCATA,CAGGTGGGGCTTGTGGAG"{"“T GAG CACAGCAAGGCAGCCCCATGCARAGCAGTCCTCAGCASTCOGTT .
CCAATAARGCGTCAGAGTTT CCAAATGACTGACT'T‘AAAAAAAATAAA'ICCCAGCCAATGGASAGAAT TTGAAGCCACCCCTTGATGATETC
ACTAGCACTCATCT! TCCTGATCAGCATTC'L‘TTAGTGGGZ\TGTSCAGAGACTGGCCC CTCCACACTCGTCTGTGTCCACGGARTACAGCTAT
GICTETGATAGAATCIATTATTAGCCACATTTT CTAGATGAAGAAATGAGAACACAGAGAAGT'IAGATAACCTGCTGTATTAGTCATC TCA
GGCTGCCATGACAARATACCGTRAGATGE GEGTCCTIAAACRACAGCCATTTATTTSTCACGGTIT TAGAGCCTAGGAAGTCCA BGATCAGR
ATGCCAGCC‘I‘ATTGGT'TCCTGGTGGTGGCZ\CTCCGCCTTG’IGGATGGCTGCCTTCTGGATGTGTCCTCI-\TGGTGGAGAGGGCCCTGG’[‘GTG
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TCTTCCTCTCCTTATAAGGGCACCTAACCCTTATGACCTCAATTAATCTTGATCACCTCCTCACAGCCCCRTCTGCAAATACAGATACTCT
GGGGCTGAGGGCTTCAACATATGAAGGGGAGTGGSGTCCATAACACCTGCCCAGGATCACACCGCCCATCAGTGGGATTTGAACTCAGGCA
CTGCCTGTCCAGTGCCCAGGCACCTAACCACTGAGGCTCCGCCCCAGGATGTATGGTGGGGGGTACTGCCCATCCCAGTSAGAGITCCTCA
GGGCAGCAGGTGTTCAGGGATCCITCACAAATCCACAGGGCCTTGCTCCCACCTGGCAGCTGGACTTCTGAGCTGGGACCTGAACCCACTT
AAGGGTGATCCCAGCGATTGTTCGGTAGAGGACTGGACTGAGGATACTGCATGGTGAAGCCAACTTGAAACACTTGAATCTGGGGGTTCAG
CCAGTTTCCAATTTACTAAGCAGCCATCGGGTGTGGTCTGCATGACCTTCGGCAAGTCGCTTGACATCTTCCAGGCCCCAATTCCTGCGCC
CTCACAGGAGGCAGGGGGCUATCCCACAGGCTTTGAGGTCGGTCGAGCACCCAGCGGGGAGTCCCTGGCATAACGCAGCCAGGAGGCAGTA
GAGTGGCAGGCGCCCCAGGCGGTGCAGGTGCGGCCGCGGCTGAGCGAGCGGGTGTCCGGTGTCCGCACGGGTGGCAGCGCAGGCCCTGTCG
TCGCCGCCACACCAAGGCAGCTCGGAGGCTGGGGACACCCGCCCGGCCTCCGCGGCGCTGTCGCCCAGCCCTGGCACCCCCCGGGCCGAGT
GCGCATCGGGCCCCGTGGGAGGCCCTGGAATGCGTCCACCGCCTGACCCGGAGCGACCCCCCGCGGCGCCCTCTCCCACCGCCCCGCCCGG
GCGCCLULlJLLlLLCGCTCcCibuhLbLbLLCCTCCCGG:CGCCAGCCAACTGCGTGCCCCCAGZGCCGGCAAGAAGCCACATG:CCCCG
CAAGGAATGCCGGGCCTGGCGGGCSGGGGGCGGGCGCTGGGCAGGGCCGGSCGSGCCGGGCCGGGCAGGGAGCTCCCCGCCGGGAAGGCTG
GCGAGAGGGGGAGAGCCCGCCCGCGCCCGCCCCGGCCGCAGCCTACACCGGCCCGAGACGGGGCGGCCACGGGGCAGGGGGCGGCGCGCCC
GGCCTGGGCAGCCCTCCCCTTCCCCACCGCGCGCCCCCGGCCCTGCTGGCTCGGAGGAGGGGGCAGGCCGTCACGTTTCCCCGCACCCCTC
CCAGTCGCCGCCGCCGGCTTTGGGGCCCCGGTGGGGAGCAGGGGGCTGATTAGCCGAGGAGCAGGGGTGTGGCCAGCGGGGCCCCGGGTAG
TGAGTCACACACGCCGCTCGCCCAGTCCCAGGGCCCAGCGCCGTCCCAGCCCCAGGCTGCGTGCCACCCTCGCCCCGAAGAGTGTCCCCGG
GCTTGGCATGAGGACCCCGGGGTGCCGAGGGAGGGGCTGAAGCCCGGCGCGGTGGTSGAGGGCGGTAAGCGGCGGGCTGGGGAGTGTCCCC
TTGAGAGAGTCGGGTGGGGCTGGAGCLL1thlbbLLL1LGLLAGCGCCCCCAGuLLL1bhbib.ACCTGCTCTGAGCTGGCAAAGGGGCC
TGGCTGCGCTCCCGGCAGTCCCAGGGTGAGGGGCTGCCCTGCCAGGCGCTGAGGGCCCGTTCGGTCTGCCCACTACCCCTTGGCCCAAGTT
GGGCTTGAGTTGTGAACCCTCCCTTCTCGCCCTTTGCAGTTTTGCGCCCAGGCTCATGTGGGATCCTCCTGCCCTTTGCCCTTTGGTCTAG
GGGTCCAGGCTATGCTTCCCAGCGCGGCCTCCTGGCCTGAGCTGCTCTAGGCTCCTGACCCCATGGGGCTGGTGGCTCCAGTCGTCCCCRG
GACCAGCCCGGGATAGAAACGGCALLlLLlLllbchGGGCTACAbble1LLLGTTGTCTGTGTTCTCAAGTGCTTCCTCTGGGCATGGC
AGGGAGGGTAACCAGACTCCGCGAGACCCCCACTTGCCCTCTCLbbbuLILALLLLLLLlLL;LlullLLl1LbATCCTCTTCCLbLhLiG
GTCCCACCTCCTGCGTCCCAGGACAGAATGACCGAGAACATGAAGGAGTGCTTGGCCCAGACCAATGCAGCCGTGGGGGATATGGTGACGG
TGGTGAAGACGGAGGTCTGCTCACCACTCCGAGACCAGGAGTATGGCCAGCCCTGGTGAGGCCCCTGTGTGGGAACTGGAGAGGGAGAAGT
GGGAGTGGGAGGTGCCTGGGCTCGGTTGGTTGGGAACCCTGGGAAACGTTCTCACTCCTTGCCCACCTTCCCTAACCCTGCTCCCGGCAGC
TcCTGGGCGCAGGCTCTAGAAAAATCCAAGCAUlthLlAGGGAGGLlelbLlLbLAlCTCAATCCT:CAGTTTTTCCACCACCTCCTGC
ACTGAACAGCAGGCTGGCTGGGACTCCTCTGCCCACCCCACATCTTCTCGGTCTCCTGGCCAGGTCCCSAGCTTTTGTCCCCACTGGGCTC
TCACTCTCTGATGA»L1&11lbullLLLLLbLbthLLLlbLLL1bGLuAGCTCTAGGAGACCGCACTCCTCGGCCATGGAAGTTGAGCCC
AAGAAACTGHAGGGGAAGCGCGACCTCATCGTGCCCAAAAGCTTCCAGCAAGTGGACTICTGGTGTAAGTGGAGCTTGGGGCTCTGGGCTG
CTCCTCCCTTCACCCCCATCGCCCCAT TCCTGGCTAGGGALTTCACA, CRATGCTACTARGATAGGTCCTCACCTGCAATATACCAGECCS
AGGTCCAGGCCTTSGTTCGTCATCATCATTAGCCATCCAAATGGCTATTGTTGGCCCCATTTTCCAGATAGCACACTGAGTCTTGGTGAGG
GTTAAGTATCCCA:GCCTCGAGTCCTCTGGCCCAAAGGGGTACAGTTGCACTTGGACTCCAAAGCCATGCTCTTTCTTCCAGTTTTTTAAA
ACTTGAGACAAAGSTAGCTGCTG:LLILLlJbACGTAGGCAbbLLLhilLllGGAGCCCCCAGGGAGAGTATGGGTTATTECTACCGATGA
CCCTGGGGCCTGCAGCTGGCTGTCCATGAGJbbhbhibblklCAGLLLLLL1ACCTCCCCCATGGGGGTCTTACCTCCCTGCAACAACTGA
GGCCCTCCCTTCTCTTTCCATCCCTCCAGTCTGTGAGTCCTGCCAGGAGTACTTCGTGGATSAATGCCCAAACCATGGCCCCCCGGTGTTT
GTGTCTGACACACCGGTGCCCGTGGGCATCCCAGACCGGGCGGCGCTCACCATCCCACAGGGCATGGAGGTGGTCAAGGA:ACTAGTGCAG
AGAGTGACGTGCGATGTGTAAACGAGGTCATCCCCAAGGGCCACATCTTCGGCCCCTATGAGGGGCAGATCTCCACCCAGGACAAATCAGC
TGGCTTZTTCTCCTGGCTGGTGAGTGTGCCCTGGGCTATTCATGGGAGAGGTTGCCAAGAAACATGGAAGGAAACCACCAGGGGGAGCCAT
ACTGGCCCAGCTTGGCCCCACAACTTTTCTACCATCGCTTCTGGACCTGTCGATGATGGATCTTGCTGTCCCCTGGCCCCGGCTGAGTGGC
TGCAACGCTTGGTGTCCAAGGGCAATGCTGAGAGCACCCACCTGGCAGTASTCAGCAGATCAGGAAATCACCAAGCAGAACTCAGGGCAAT
TTCCCCATGAATCCTCATGTGTGTGTCTGGTGGACCATTGGGCAGTBTTGAACCAACCGATCTTCTAGAGTGCGTGACTCGGAGCTGGCCT
TTGGGGATGCAGAGCATGACTTCCCACTTCCAAACCAGTAATATCAGGCTCTGGGCTAGGTGCTGGGGGTAAACCCTTCAACAAGACAGAC
ATGGTTCCTGCCCTCAGGGAGCAGACGATCTGGTAGGAAGAEAGGCATTGAACAAGCAGGTACACATGTGATATCAGTTGCAACACAGGGT
ACTATCAATAGATGGGTTGCAAAGATGAGGAAGAGGGGTTTTCAAGGGTAT”’”"“ AAGCCTTACCAARGCAACT TTAAGGAATCATGC
TTGAGCTACTAGACAGAGATAGGGGAGGGTGGGGTAATAGASAAAAGCAITCTAGAGGGTAAGAAGATCCTTATTCACTACAAAAACACTT
CTTGAGTATC&LLALlblGCCAGGCALlbthlbbCCCTGGAAATACAGTGGTGGGCCAGATAAGGCAATCAGATAAATCCTGCC“TCATG
GAGTTCTCTGTGGGAAAGATAGAATFAATCAAAGACTAAGACAAATCCATGTCAAATAATAACTCTGAGGGTGATGGAGAAACAGTGAGAC
TGGGAA nz‘"T(‘AZAf“lhlf‘(‘m"f‘f'f‘i’l"f‘'I’AATATGGGI‘AGAGG'ICAGAGAAGCC’.l'TCCI‘GC’I‘AGTTC-‘u'-\GCTGTGATTEHAGGAGGTGI—\JB.TGC
CTACCAGGTGAASATTGGAGAGGTGCATCCAGATGCCTTGGACAGCAAGAGCAAAGGCCCTGTGGCAGGAGAGCATGGTACATCTGAGCTA
CTGGATGRAGGTCAGTGTGCCTGGAGTGCAGCACACACAGGGGCCTGGAGATGATGGAGGCTTGATTTTGTAGGGCCCAGTGGACCAAATT
AGGACTTCTGTCCTTTTAATAATGTAGGAGTTGGGGGAGTGACTTGGTCACATTTATGTTTTP AAAGATGACTTTGECTACAGCCTCGAG
AACTGATTGAGCTCAGGGGTGCTGGTCAAGAATGGGTACCCACACCCCTTTCCCCAGGZAGAGCGTGTGGGAGTTCTGTAGTCGGCAATGG
TGGAAGACTGGGCTAGGGTTGGGGCAAAGACTTGGAGCCAAACGAACTGCTTTGTGAACTGTATCAGAGAGGAGAGCTCTGACTTAGACAT
AGACTAACTGGCCTAASGAAGGGAGCAGGAGGTATCAAGGACATCTGCAGTCTCCCAACAGGTIGTTAATGGTGTCTTTCTCTGAGAAATG
GAGGAGGCTGGAAGGGGACTGGSTTGAGGGAAAAATCATGHTTTGGGTTTGGGACTTGTTGAGTTTGGAGTAACAACAAGATATCCAAGTG
GTGATGTCAAGTAGGCAGTTGGATATATGGGTCCGAAGCTTGGAGAGGAGGCTTGGAGATGTTGCTTASTGAGTCACCTGTGCATGGGTGG
TCAGTGGGGGTGTGGGTGTGGAGCGCAGAACCTAGGGAGAATGTGCTGAGTGAAAGGTGGAAAGGCCTGTGAGCAAGCTTTGAGGGACTTT
AGCAGT TCATGGTCTAGAAGGGEGAGCTTGATCCTGCARAGGAG CRAGAGRAGGTTTGCAGCCAGAG TAGGAGGGAAACCAGGA TG
GGTGACCTGGAAGTCAGGGGAGAAGAGAGGTTCPCCAGGCCACAATGGCTGTCAGTGCCAAGTGCTGCTEAGAAACCAGCCAGAAAGACTG
AAAAGTGTCCCGTGGATTTACTACCAGGGAAGCCATGGGTGACTTTAGCAAGAGCTATTGTAGAAAGCASTGGGTCTGAACCTGAGGCAAT
TTTGECAGCCCAGCCTCCTGTCCCCGEACATTGGECAATCTCTCEAGACC TTTTGGTTG TCACAGCTCAGZATAGGGGTAAGCTGCTGGIAT
CTAGCAGTTGGAGACCAGGATTACTGTAAACATTTTACAATGGACAGAATAGTCCCTCAIAACAAAGAGTTATCTSCAGAAACCCTGCTGG
AGAGTGATGGGGGTGGAACCTGATTAGCATGGAGGTGACCAGGCATAGTCATTTCCTAGAAGTTTGGTTACAGATAAGATCAGAAGTGGAG
GRAGAARGATAAGAGTGAGETGGGAGG TGTGTGGTFA“P““’”TTTGTTCATTAGAAAGACTTTAGCATCCTCAAAAAGCCAAGGGAGGGG
TTCTGCTGAAGTGCTTGAGTGTAGAGTAGAGATAAGGCATGATTCCTAACCTTTTACATCACCTCAGAGGGTTCACATSGAGATACTGGAC
AAAAAAGGGGGTGGATCAGCATCATTTCTGTCCCTACAGGGTTAGCCCAGAGGATTAGAGCAGATAGAGATAGTTAGGTBTAGTAGGCCAC

.‘ATAATGTCCCCCCAAAAATGTCCCTGTCCTAATCCFTAFRArT?GTAAATATDFTATCTTSATFFP“FE‘ GGATTTITTTGCACATSTGAT
TAAGTTAAGGATCTPGAGATGGGASCGATGATCTTGGATTACCTGGGTGGGCCCAGTGTAATCACAGGCATCTTAATAAGASGGAGGTGGG

AGGCTCAGAGTCAGAGAGAAAGGGATTGGAGGATGCTGCTCTGCTGGCCTTCGAGATAGAGTAAGGAGCCGQGAGTCAAGGGATGCAGGCA
cCTTCTGGAAGCCAGAAAAGTCAAAGAAACACATTAATTCCCAGAGCTTCCTGAAAGAATGTGGCCCTGCCAACACCTTGATTGTAGGACT
TCTGACCTCTAGAACTATAAGGTAATACATGTGTGTTGTTTTAAGCCACTGTGGTTTTGGCAGTTTATTGGCAATTTATTACAGGAGCAAC
AGGGAACTCATATAGGAGGCTTTTATGTTTGTGGGGSGACATCTACTAAAATATGCAGGGAGGTGGATTGAGGTGGCCTGAAATCGAGGAG
ATCAGAGAAGGTGAGTTCTGCTTGGGATGAGTAGAGTTCCTGGTGCCCGTGAGATGCTCAGSGGAGCTSTCCAGAGCACTCTGGTGTSTGT
GGCTCTGCAGTAGAGAGATGCTGGGATGACAGGGAAAACTAAGTATATAAATTAATGCAGCTGAAGCCCGGAGAAGGGAGGGCATTTCCTA
CRCAARREGTGCTTEGGEAGGAGAGAAGAGECATT T CCTTTCGAATATGAGTT TGAGE ATCCTTGG; GAGGAGTTGAGGAGGCATG
GAGCAGTAGGAGGAGACAGTAGGAAGTCTCCTTGGCCCCCTTGGCAGGAGCAGTCTCATGGGCEGAAGCCAGATTGCCATGGATTAAGGTG
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TCAGTGGGAGGTGAGGAAAGGGAACTAGCAAGGGTGCATGGCTTGTTTTAAAAGTCTGGTTGCCCACTGAGCAATTATTATATGCCAGGTG
CATACTGGACACCTCTGGCATCTC&TACTCTTCCTCGAAAEAGTCCATAGGGTGGGGGTTGCTGCCCCTCTTGTTCTGACGAGGAAACACA
GGACTCCCACAGCTGGTCCACAGTAGACCTTGGGTTCCTTCAAAGATAGTGTCCCTCCACCATGTGAGGACTTCCCTTATTGGGAGACATT
GCTAATGGGGTGGAGCAGTTAATAGCTACCCTGAGCCAGTTTTGGTTATGTGTCCAGGTTCAACCCAACCTCACATACACAGAGCAACTCC
AGAGCACTAGGTCCTGAGCAGGGAECTCTGGGGATAACAGSGCTGCGTGAGGTTTGCTGTCTGTTCTTATGGAGCCTGTGGTTCAGTTATG
AGGAGCAGGGGCCATGGTGGATAGSAGGGGAGGAAGCTTAPTCCCAACCAAGTAATACAGAGGCASAGTATTGCTTGGTGATCGCASTGCT
GCAGAGGGCTGTAGCRGTAGEGAGA ””“"“TTGGTTTCAACAGGGCAGATTGGAGATGGATCTTGTCTTGAAGGATGGATAGACGTTCAA
CAGAGGAAGCCTATGGCTTCACAG:CTATTGGAAAATTGCAGGAGAAAAAATCTRGGACTGTGCCCAAGSAATGGCTATTAGGATCCCTTT
CIGCAGCTGCTAGAGTCTGTACCTTGGGACAGCCCAGCCATGGAAAGTTGAGAATCTTTAAAGCAGATGAACTTTCCCRGGTTGGCTGCCT
GGCACAGGTCTRCGGTGAGAAGAAAGGAGGAATAGAAGGCCCTGGTGTTTGCAACCTGGTTCTAGACTAGCTCCACCAGTCACGAGTAGGC
GTGGCCCCAGTTCAGGAGGTGGGACTGGTGGCCTGGAGGTTATTCCCTCTGAGGTTTCTTCCTAGGGCCTTAGCTGCAGCCAGCAGCCAGC
AGCCAGCAGCCAGCAGATGGGCACAGGGAGSCAGTGGTTAGAGGCTGCAAGGCCATATGGGGGCTTTGACCTTTGGGAACCCAAGAGGTGA
GAGACATTGAAGGCCTAGAGCCACCAGATGCTTAAAGTGGCTCAAGAAAAGTTCGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTATGTG
TGTGTTGGGCATGGSTTTTTGGCCTCCACTGGGGAAAAGCAGGCGTGAAGAACGGCTCTGCCTGCTCTGCTGATGGGTAGGCCAAATGGTG
GGAGAGTACGGGGAAGGTGGGGTGAACAGTGGTGCTGATTTTTGGACCAAGATCTAGAAGCCCCATATCCTAAATAAACTGCCCTCATTTG
TCAAGTCCTGTCCCAAAGCCATACTGGATATCAJLllbllLEGALLLILJGLLLhbblQCAAAAGCTCTGGCCCCCATTCAGCACAACACA
TTTCCCTCCACACTCCCTCCCTCAGTATATGCACTCTACTCTGTAGAAATCATGGTGGTGGTCATGACAAGCATAGCTGTTABTGTTTATT
GAGCACTTACTATGTGTCTGGGTCTGTGCTCAGTGCTTTATAGCATAAICTCATCTGATCCTAACAACGCTCCTGTGACATAGGTATTATT
CCATCCATTGCACAGCTGAGAAAACTGAGGCCTGGAGAGGATSAGTCATTCTGCACAAAGCTAAACAGCTGGTGAGTCACTGAGCTGGGGT
TCAAACCTGTGCAGTCFGACTCCAGAACCTACCCTCTCATTCCGCCTCTTGGCCCTCTAGCCTCCCTTACTTAGCACGCCTCTTCTTACCT
CCTTGCCTGGGTAGACTCTATTCTACTCATTCTTCCTGCCCAGCACAAGTTCCCTCTTTGTCTTCGCTTAACCTGGAGGAAAGCTGGCCTG
ACTTTGGGCAGAGTGGTACAAGGCATGGGCCTGGGTCATAATGGACCGAATGGCCATTICCACTCCACAACTCTCCTTCGTGGCCTGGCTG
ACTTGGCAGGAGTTGGACACTCACCTCTGCCTGTCTAGSAAAGACATGCCCCTTGCTCTGCTTTTTCATCCTATTGGAAATTATAAATGCT
GTGATTCATTGCCAAGATCACCCAGGCTACCCTCEGACACTGCAGGCCAGGAACCATGCTGCTGGCACGAGGCATTTGGGGGTGCTGCGCA
GCCATGTGGTTTGCTARACAGGCAGARGACAGRGEAN CAACATGGGﬂiJl1thlllblllbllxllllal1lb1i1UﬂGATGGAGTTT
TGCTCTCGTTACCCAGGCEGGAGTGCAGTGGTACGATCTCAGCTCACCGCAACCTCTGCCTCCTGGGTTCAAGCAATTCTCCTGCETCAGC
CTCCCTAGTAGCTGGGATTACAGGCATGCGCCACCACATCCAGCTAATTTTGTATTTTTAGTAGACACGGGGTTTCTZCATGTTGSCCAGS
CTCGTCTTGAACTCCCGACCTCAAGTGATCCGCCCACCTCAGCCTCCCAAAGTGCTGGGATTACAGGCTTGAGCCACCACACCCGGCCGCS
AGCACAbbbLL.CPATGTAAb,L11iubl1LAGACCTTGGCTTGTTCCAGAAGGGATTTAGGCTAGCCTAGCAGTATACATAAAATATACC
ACAATGGCATATTAAAACTGGGAGAGAGAAAGAAGAAAGGAAAACAAGGGTGGACACCCTAAGTGAAGCCAGGAATGAAG:TAAAAATGCA
TACTATAATGACCTCTATCTGCACTTTTAGCTATACAGGCTCCAAATCTGGCAGCCACTGGGAGAGTAGCTGGTACATTCTGTCCATAATG
TGA le] C. TCCTGA TCCGCCCTTCTGGGCGCTGATACTGGATAGGTTTCCCAGGGGCCCTTATAAAGAGGACACTG
TGTGGTGGAATTGTCCACTCCATGCGAGGCAGCCTCCCCACCTGCCAGACTGCTACCGTTCTGGGGAGAAGCAGA&ATGAAATGGTGTTTT
AGTGTTTCCCATTTCAGCTTTTATAGTAAATTGACAATTTCTTTTAAAACPTGAAAGTGGACGTGCCAGAGCTCATGGCACATCCTCCAGA
AAAGCCTCTGAGAGACCCTGAGTGCTTAGCTAGATGAAATAAGCAGACAGTTGCAGTGCCATGACATGTGGTGGGGACAGGCAGGTGTTAC
CRAGTTCGGGEATECTCAGRGAAGTGACCACTAACAGGT T TE T TCGAGARGARAGANRAGEGGE TTTGAGACAGGGTAGTCGTGCAGTGY
GTGAGCATGCACGAGCAuulbLLLiibATGLlLbulJhi1AATTTCTRCTCTTTATTTTGAAAGTTGCAAACTCGGTTGAAAAGTTGCAAG
AATAGTGTAATGAATACCCTCACACCTGCCTGTAGATTCATCTATTGCTAACACTTTATACCCATTGCTTTATCTCACTTTCTACACTTAC
ACCACCTACACACACACGTGCACACACACACACACTTTTTTTTTTTTTCTTGAGATGGAGTCTCACTCTATCACCCAGGCTGGAGTGCAGT
GGCATGATCTCAGCTCACTCCAACCTCCACCTCACAGGTTCAAGCAATTTTACCACCCCAGCCTCCCAAGTAGCTGGGACTACAGGCGCAC
ACCACCATGTCTGGTTAATTTTTTTGTATTTTAGTAGAGATGGGGTTTTACTGTGTTACCCAGGCTGGTCSCAAACTCCTGAGCTCAGGCA
ALLLBLLCGCCTCthLlLLLAAAuLbbihbbATTACAGGCATGAGCCACCGCGCCCGGCCATACATTCTTTTTTTTTTTTTTTCTGAACT
GTTTGAGATATAGTTACAGAGACATSATGACACTTTACCTCAAAACACTTCAGCCAAATTCCTAAGAGCAAGGTGTTCTICTATRCCAGGG
TGAGCAAACTTTTTTTTTTTTAAAGSCTACCTGGTAAATACTTTCGGCTTTATGGACTGTGCAGCCTCTGTCATAACTACTCCACTCTGCC
TTTGCACTGCAAAAGCAGTCATAGATGATACATGAATGAATGAGTGTIGCTATGTTTCAATAAAACTTIATATGAACACTGAAATTTGAAT
TGCATATTATTTCAAATGAAATTTGAAAGTCATAGAAATAAAATTACATAAAAATAATTTTTTAGTCATTAAAAAAATGCAACATGATTCT
TASCTTGCAGGCTGTATAAAAACAGACAATGGGGGCTGGATTTGACCTACAGCCATAGTTGGCTGACCCCTGAGCTATTTAACCACCATAT
AATGATTACACCCAGGAAATTTGACATGGATACAATACTGTCTCAGCTATAGTTCGTATTCAGATTTCCCTAATTGCCATTAGTAACATCC
TTTGTGGTTTTTTCCCCATCCAGGACCCGTGCAGGTATCACACATTGCATTTAGTTGTCACAT:TCATTAGTCTCCTTTATTCTAGAAAAG
TCTCCCCTGTATTGTTTTTTTTCTTCATGATATTGATACTTTTGAAAAGTTCAGGCTAGTTGTTTGCATAATGTTCCACAGTTTAGATTTG
TCTGATTGTTTCTTCATGGTGGATTCCGATTACAGCTTTTTGGCACAAGCAATGTTAGGTCTTTCTCACGGTGTGCCATCAGGAGGCACCT
GGTGGCASTTTGTCTTGTCTTTTACTCAATGGTTTTAACAACTATTGATGATTCTTGTCTGTATCAATTATTATTCATGGTTAAAATGATT
TTTCTATTTTTTCTCTTCTBCATTTATTATTTSACATTCTTCTGTTTAAAAAAGATAGTGCTCAACCTTCACCCCCACTCAATCCTCATTT
AAAGCTATTTTTAGTATTCATATGAACATGAATTCTTTTTTTATTCAATGTGTTGGAATCCATGTCTGTCATTATTCATTTTGATGTTTAA
ATTGCCCTAGATTTGGCCAGTGGGAACGCTTTCAAACTGGCTCCTTGTTCTTTTGACACATCCCCATCATTATTTTAGCACTTTTTCCTTA
CTTTCTGGCACAAAAAGATATTCCCACTGTCTCTCGTAGGAGCTGTGATTCCTTTCAGTGGGAAATGGTGTTTAGSAGCCAAAATCTCTGA
ATGGTAGGTGTGCAATTGCTACTGGGGTGTCCTTGCTTCTAAGCCAAACTAGGTTTTATTATTATTATTATTATTATTACTATTATTATTA
TTTTATTTTACTTTGAGTTCTGGGATACATGTGCAGAACCTGCAGGTTTATTACATTGGTATACATGTGCCATGGTGGTTTGCTGTACCTA
ACAACCCGTCATCTAGGTTTTAAGCCTCCCATACATTAGGTATPTGTCTTAATGCTCTCCCTCCCCTCACCTCCCACCCCCGCAACAGGCC
GCCGTGTGTGACTTTCCCCTCCCTGTGTCCATGTGTTCTCATTAGCCAAACTAGGTTTTGAGGGAGGGATGGATGAGTTGAIGCAAATGTC
CTACCAiGTCAGAAACTGAGGGAACGCAGCATAGCAGTGGTCATGGAATTTACAAAGGCCCTGGGGCACACACGTAACRGT3AGGTGGGGA
TGGTATTAATATTAEGGTATAACAGAGGTACCAAGTGTGTTTAGAAGGAAAAGTGGAAGATGAGACTAGAGTGAAAGTCACTTTTCTTGTG
TTCTCAGATGCABTGGATCATAAAACACTGTTGATTCAATATCAGCTTTTCCAGGAGTAAAAATGAATACCTCRATCCAAAGATTCTGAAT
ATCAGAAGCATTAAATGGGCTCAGCTTGTGTAGCTGTTTTATAAGTGCTGGTAGTTTAGTTATTGAATCACAAACCAAACCAAAGATTTCC
CCAGGAAAATGTAATATGCTCATGAACCAGTTCTGGCTGGAGCCAAGTCTGTACATCTATTGTATCAGAGCAAAAGTAGAACATGAAAAAT
TATTCTGAACCTGTATAATATTTCCAGTACAGACCAGCTCCTAACCTGACCTCCTCTATTTCTTGGCTTTCCAGTCCATTCTACTGTAGCT
GTGTTTCTCACACCTGAACAGTGTTAAGTTCAGGTGATTTTIAATGTTCCTSGAGTCiTCAIGTTACATTAATTTTATTTTCATGTTACTT
AAAAAGGTATAAACATATAGCTTGGTAAACACAAAGTGTCTTGTACTTATAACTTTTAAACAACTGTAAAGCCAAAACAAGTTTACACATA
TAAAATTAACTACAARAACCTCAACATAATACACATIAACAAAGTCATTCTAATGGGATAGTTGATGATGTGTCACTGAAACAAAATTGCI

ATTTATAAGGCGAATATCGTAGTGACTACTGAGACACAGCAAGAGTCTTTGGAGTTTGGAATGCCTGTACTTTTGTGTTCAGTGTGATATC ..

TTIACTTTCCTACTATTTGTCTCTATTTGAAACACTGGGAAATCTTTTATTTATGTATGTATTTATTTATTTAGAAATGGGAACTTACTCT
ATTGCCCAGGCTGAGTGCAATGGCAAGATCATAGCTCACTATAACCTCAAACTCCTGGACTTAAGCCATCCPCCTGCCTCAGCCTCCAGAG
TAGCTGCGATCACAGGAGTGTGCCATCACACCCATCTATCTTFGTTATTGCAACTGCCATGALbibLLllhbbLLJ1ubillbbbbbAGTG
CAACATTTACATATTAAGTTTATATCTGTTCTTTTTTTGTTGGCTCATAGCAAGTAGTCATAATTGGGGTTGTATGGTCAACTGTTGGGGT
AAAACAAGCTACCTAAAAACCCAGTGGCATAGAACAAGGGTCAGCAAGTGTTCTCTGTAAAGGGCTAGAIAGTGAATATTTTAGGTTTTGC
ACACTATACAGTGTCTGTCTCPATGACTCAATTCTGCCATCATGGTGCAAAAGCAGCCATCAGTGTGCCATGTT”‘AATAAAAGTTTATTT
ATATAIAGTGAAGTTTGAATTCCATATAATTTTCACATCATGAAATATTGTTTTTCTCTTGATTTATTTTCAACAATTTAAAAATCATTCT
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TAGCCTGGTGGGCCATGCAGAAACAGGTGGTGGGCTGGAATTAGCCCACAAGCCGTAGTTTGCTGAGCCCTGACATBGAACGACAATCATT
TACTCTTGCTCACGTATCTGCTGGPCAGCL&LLbl1LL1LATTTCTAL11b1bx TCTGCTGGTTGGCTGCAGT TTGGCTGACATAGCTGE
GCTTGCTGGGCTGCCCGGACTCCAJLlbLibhbhuiLLilthL1LlL1L1LﬂGGAGCCAGGTCTGCTCCAGACACTTGGAGCATGTCTGT
TCTEGGECCCCAGCTGARGGAGCAAGGGCTCCCTGEEGEEA 1LLILlACATTTTGAbbLLLLbLlbATATCATGTTTGCTAATATCTCATT
GGCTACATCAATTTCACAGTTGAACGTAAGGTCAAGGAGCAAAGAAGTGCAGGCTGCCTGTTAAACAGTCTAGTTCAGAATCCTGTGGCAA
AAGGTGGTACGGATGGCTGAAGHGCTGGGGCCAGGGATTCAATCTGACACGGATGCCACCTCAGCCATAAATTCASTACTCTTGCGGGTGC
AGAAATCTCATGRGGATTCCCGCATATTGATTTTTTTAAATGAAAACATGGAATTAAAAATTCTTAGAGAAAACATTCAGATCCTGAGAAT
ATATCCAAAGACCCTAGTTTGAGAGACACTAATTTTTAGTAAACTTCCTGGCTTTGDCGCAGAAGATTTGGGGTTTCTTGGTGTTTGAAAA
TTCCCCAAGGAGAGCTCTTGTTGAACTAGGCTCTCTGAACCTAATTCAG:ACTCCAAACCCCAGTGGGTCCTCCAAAGATGCTAGTTAGGG
TTGATPABFADFBLTnﬂP1AFAEWAATnPTAFTAAPAATDlTAFFTGCTGTTCACTGAGTACTAAATGATTTGTATATCTCACAACAGTAC
TGTGGGATABLL.JLMTCTTLLLLLLLLLLLJLJLLlill.lrTTTGAGACGGAGTCTCGCTSTGTCGCCCAGGCTGGAGTGCAGTGGCGG
GATCTCGGCTCACTGCAAGCTCCGCCTCCCGGGTTCACGCCATTCTCCTGCCTCAGCCTCCCAAGTAGCTGGGACTACAGGCGCCCGCCAC
TACG:CCGGCTAATTTTTTGTATTTTTAGTAGAGACGGGGTTTCACCGTTTTAGCCGGGATGGTCTCGATCTCCTGACCTCGTGATCCGCC
CGCCTCGGCCTCCCAAAGTGCTGGGATTACAGGCGTGAGCCACCGCGCCCGGCCAGTTATTATCTTCTTTTTAAAGATTGGGAAACTGGGG
CTTAARAGGCCATGTTACTTATCTAAGGTTATACAGGTCATTTATGGGSCCAGGACTTTTAACTAGATCTCCAGTTCATCATCTCCAGGCC
TCAGATGTGAATATCTAGAATGCC“TCCTGGCATCCCATTGCTGGTCTTCCCACTTGCATGGAAA CTGTTTCTTTAGGCGE " CACTETTD
AAGCATAGGATATGTAGGACGTAAGATCGTTCCCTTCT:CTTGAJAu TTGETAACAATGAACCTTTGGCAGATT IATTT T TTAACAGCT
TTATTGAGATGTAATTCACATACTATATAATTCACCCATTTAAAATGTATGATTCAATGATTTTGACTATATTCACAGGTATGTGCAACCA
TCATCACAGTCGGTTTCATCAAATCCTGTATCCTCTGGCTGTCGTTCCCCTCTTCCAATCCCCTTAACSCACATCTTCAACCCCTCACCCC
CACCCATCCCTAGGCAACCACTAATCTACTTTCTGACCCTATGGATTTTTCTATTCTGGCCTTTCATAPAAATGAGATTATGTAGTATGTG
GTCTTTGTGACAAGCTTCTTTCACTTCGCTTCATGTTTTCAAGGTTCATCTGTGTGGCAGCATGTATCATTCCCITTTACTTTCTTTCTTT
TTTTTTTTCTTTTPTTATCTGAGACATCATCTCTCTCTGTCACCCAGGCTGGAATGCAGTAGCTCGA[bllbbblLACTGCAbLLLbLblu
TCCCGGGTICAAGTGATCCTCCTGCCTCAGCCTCCCAAGTAGCTGGGATTACAGGTGTACACCACTATGCCCAGCTCTTTTTTTTTTGTAC
TTTAGTAGAGATGAGGTTTTGCATGTTGGCCAGGCTCGTCTTGAACTCCTAGCCTCAAGTGATCCACCCACCTTGGCCTCCCAAAGTGCTG
GGGTTACAGGCATGAGACACCACACCTGGCCGTATCATTCCCTTTTATGGCCTAAAAATGTTCCATATATTGTTGATCTCTTCATCCATTG
ATGGACAGICTCTGCCTTTTGGCTATTATGA TAATGCTGCTFTAAEFATTTGTFTnPnanTTCCATGCGGAcAgGTGTTTTTATTTCTT
TCGGGCATAATACCTAGGAGTGGAATGGTAACTCAAGGTTTCATCATTTGAAGATCTGCCAGGCTGTTTTCCAAAGCAGCTGATCAAUTTT
GCTTTCCCACCAGTTGTATATGAGGGCTCrGATTTCTCCACATTCTTGTCAACCC1LULLLLJbTCTGALLLJLLLHLlLTAGCCATCCTA
GTGGATGTGAAGTGATACCTCATTGTGAAGCATGAGGGTTTTGCTCTGCCTTTTTTCTATCTCTTGTTCATTTCAGTGGTTATTTGGGGAG
AGCTACCCAGGATGGATGCGCCGGTTGTGTACTTAACAGCTCCATGGGGTGCTTTTCATGTCAGCCCTGTTAACTACGTTCTTCTGCCAGG
TTAACTTGGAAGACTCTTCCAATCTGCAGCATGATAATTAAAGTGTAillblATCTGALLlLiLLleuLLLAliLLAGTTTACATTTTTG
CTGCCCCCTAAATAGGCAGCAAACTCCTGATCCAGATACTCCTGGATCTCTCTCTCACCCTTGCCCAAGACCAT?CATAAAAAGGCATAAC
TAAGAGATGSGATTGAGGCCAGTCTGCTTGACAGCTGCTTCTCTAGTTCTTCCCCAAGGGTCCAAACTAGTACTCAGAATGCTATTGCCTT
TCACCAGGA! CTGCCTCCTTACCAAGGAGAGCAAGGCTGTGTGTGGTCAGGGTAGCGGGTGETTGGTCCTGAGGCTGGTCCATAGTCCTG
GCACCTTTTACAGGCAGAAAAGAAGGACTTGTGAAGGGAAGAGCTGTCTGAGTTGGTTA”AGGCTCTGTTCCTGGATTCCGATCCTGGCTC
TACCACCTGCGAGAAATGTGTCTTTGGGCTGCTCACCTRTTCTCTCGGAGCTCCAGTGGTTTTATCCATAAAATGAGGATGCACAGCCTAA
TGGAACACACCCCTATGAGTTGTTGTAAATACTAATGCTTGTTGCATGCCTAGTACTTAGCATGTGATGAGCAGLTCACAGCCAGCTTTAG
TATCCACAGTTATCATCAGATGGGTrTCAGGAATGGTTGAGGGTGGGAGGTGAAATCAAAGTGTATAAAACCTGGAPGTSGAATTTAGGAT
TGITIGTCAACATGCCTCATTAACTAGGTCTCCAGAGTCT T ITAA CAGTAAAAAGAAGGAAATTCTGCCATTTGCAACAACATGGGTAA
ACCTGGAGTACATTATGCTAAGTGAAGTAAGCCAGACACGGGACAAATACTACCTGATACCAGTTATAGGAGGAATCTGAAATAGTCAAAT
TCATAGAGACAGAGAGTAGAATGGTGGTTTCCAGTGGCTGGGAAAGAGGGAAATAGGGAAATATTAGTCCAAGGGTATAAAGTTTCAGTTA
TGCAAGATGAGTAAGTCCCAGAGATCTACTGTACAGCATAGAGCCTATAGTTTACTGTATTGCATGCTTAAAAATTTGCTAAAAGGGTAGA
TCTTATGTTAAGTATTATCACAATAATAATAATAATAAGAGCAGGAGGAATCTTTTGGAGGTAATGGATATGTTTATATCATAGTTTGTGG
CGACGGTTTGACAGGIGTACACTTATTTCCAAACTCATCAAGTTAGATATGTTAAATACATACAGCTTTTTGTATGCCAGTCATACCTCAA
BAAGCGGTCTAAACCGBAAAGAAATTTGAAAAAAGGACGAGTTCATGTCCTTTGTAGGGACATGGATGAAGTTGGAAACCATCAlICTGAG
CAAACTATCGCAAGGACAGAAAACCAAACACTGCATGTTCTCACTCATAGGTGGGAATTGAACAATGAGAACACTTGGACACGGGGTGGGG
AACATCACACACCAGGGCDTGTCGTGGGGTGCGGGGAAGGGGGAGGGATAGCATTAGGAGATATACCTAATGTAAATGACGAGTTAACGGG
TGCHGCACACCAACBTGGCACATGTATACATATGTAACAAACCTGCATGITGTGCACATGTACCCTAGAACTTAAAGTATAATAATAATAA
TAAAASGAAGTTTTGGATTAATAAAAGGAAGTTCTCATTTCCTTATCAGTTAAATTAGGGCAGATGGGTTAAATCATGGTTCTTGAGCTTT
TTTGAATCACCTAGGAAGTTATACTCACGTGCCAATGTTCACAAAATGTTGCACACATTTTAAGGGATGCCCCCTTTCCCAGACACCAGGT
TAGAAACCTAGAGCATGGATAATCTCAGATGCCCTCATCTAGCTTAAGTATTCTTCACTCCATGTCTGTGGCCATAGCAGAGGCCAGAGTT
CAAGTTCAAGTTCAGGTTATCTCTATCTCTCAGGTCTTCAGTTGGCTGGGCTGGGGAGTAGCTAGAGAAAAGAAGTGATGCCATCTGCCTC
CTGGGGCTTGGGAGAGGAGCATTTGAGGTATGCCAAAGTGCTTCATCAACTGTGAATGGCTTCACCAGTCATTCTTGTAACTACTTTGCTC
TATGAAGAAATGCAGGATTGAATTATGAATGCTTTATGGATTCAATGAATTCCTGGAAAGTTGCAAACAAATGAGGTTTTTGAAAATCCAT
CTCTGCAGCATCTGGTCATGACACCATTTAGAGGAGCCCAACAGTGAATCTTCGACTGGGSCAGACAGACATTCTGTTGCAAAGCAGAGCA
TTCTTCCCTATTAAAATGCCAACCTGCAGATAGCAGATTTGCTCAGAGGCAAAGCTGGAAGTTCAGAGAGGGGCCCAGAAGAGTCCTGGTT
GATTCTGGGTTTCAGGAATGGTTGAGGGTGGTTAATGGAGTCATTAGGAAAATCTTGGGGCTAACATCCATTGCTCTACAAAGTGGTTAAA
GCATGGACTGTACTSTCAGAGACCCAAGTTTAAACTCCAGCTTCCCGTGTGGAAAATTCCTTTGTGGCCTCAGGCAGGTTACCAACAGCCC
TCAGCCTCAGTTTTCCAATCTGTAAAAGGAGGATAATCATAGTAGCTGTGAGAATTAATAGTGTGTCAAAGCACTTGACATAGTSAAGGTA
CTCCATAAGTGGTAGCTGTTAATGAGGCTTTATTTTTATTGTCTTTATTAATTATTACCATGGTCTAAAATAGCATGTGGATCCACCTGGA
CCATGCTTCGCTCAGGE -LAAACTCCALJLLLAL“TCTTALl,LLATGAGCATCTCTCAGTCTICATTTTAGACAGAACTTTGAGSTCA
TTTAGGACAGATTTCCACTGAGTGAGGAAGTCCTTTTTTCAGCCTCCCTGCTAGCAAATCATCCCCTGGTTGAACACTCCCATTAACAGGA
AGCTCACCACCTCACAGGGTTCTTGTCCTATCTTAGGACTCTTCTGCATGTTAGACCATCACTTTTTGTGCTGAGTTCAGGCCTGTATCCC
TCTASATGCATGCGCGTTCTAACCATCCTGTCCCCACGACATGGTCGTCCTTCCCACATCTGAlGATGATGGCTCTGCTTTCTCAGGCCTC
TTCTTCTCCAGGCTAAGGGASCCTCTCACCATGCAGSTTCCCCAGGTTATCAGCCTGSTTCCGGGTTATCAAAGGCCTTGTACCACAATGC
TCAGAGCTTCTGGGCTGGTCCRAAGTGCTGAGTTCAGAGGGA:CAAGGAGTTGACCTTGAGGGATAAGGQAAGGSAAGTCACTGSGAGACC
AGTCTTCTGGGGGGCTTGTCCTGAGCATCTGGCCCTGCTGTCATTCCTGGACCCATGTCAGTCCCAGAATAGGAAGCCCACAGCCTGCTCT
CTACTCAGGATGGCCTGGGCTCATCAETGGCATGTAACGTGGTCCACAGGCCCTGCGAGATCCTGCCTGCCCTGCACZCTCTGCCTAGGGC
ACCATCTCTCTCTTCTCTAAGATCTCAGCTTAGACTCCATGTCCCCAGAAAAGGTCCTCAGTAGATTCCCAGATCCAGGGCTGCAGCTCAG
“vAGATCCCATAATCCCACATAATTCTC:ACCATGGGACTGGCCATGCCATAICBCRGTGGCCTCTCTTCTGCGECCCGCTAGGCTGTGAGCT
TTCTAAGAGCAAAGACACTCTCTGCCTGGGTCAACATTTTATCCCCAGAGCCTGTCACTGTGGCCTCTCCCTCCATGACATTTGTTGGTTG
. AATGAATGAATGAGTGAAiAAATGCTTGATATGAGACAATCCCAATTCGTGGGeAAGATAAGCCAAAAACACCTSTCAGAAAASCTCTAGA
:CTGAACCCAGCASACAGTGGTCTCAGGCGGTTCCTATGTCCTTCACAGCCCTCACCCAGTCCTCTCTGTCCAGATGAAACTGCCAAGACT
GATTACAACTCAGTGTTGAACCACAGGCCTCCCACCACCCCAAATTAGTAATTAATATTTGAACICTTAATAATCCCGATTATGATCACAG
TGCTAACAGTGACTGTTCACTGAGTGTCTTCCACTTCCATTATGACAGCAGTGCTACAAGGTTGGTTTTTATCCAATTTTAIAGATAAGGA
AACTGAGECATGGTCAGCAAAGATCTGCCCAAGGCCACTCAGCTTGTGTGCAGTGAAGCTGAAATTCTAGCCAATTCCTCTGCCTCGATGG
CTCTTACTACCC'l‘UL‘ATGTGCTCC‘I‘ACTACTGGCTGTAGGAACTAGAGATGCTTCTCTTTTCCCCFn"f‘nP CAGGGGAGCAATCAGAAAT
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CATARTGTAGGGGCAGTAGTGT TATGATAAAATCCAGGGlTCTCTGAGATI‘CCAGGGGAGGGTCCCTGCAGACT GGAGCATCACTITGGGSA
AACTGCCATGEAAGCGGAAGCTTGAGT I GCATGTTTTCTCT TP TAGTTTTC TGAGAT PTTTAAAACACAARGECAGTACAGTCTITATASA
CAARTTAAGCARBAGCATCCCTGCTTCCCTCTTTCCTCCCCT CCAGAGTARTGAGAGTTGAGAT TTTGATGTGTATCTC CTAGACTATCTA
TGCTCATGTAAACAT! GCA’I‘AG‘J.'GG'I‘GTGC'IGG'I‘AGATGT‘I“I‘ACAACTGATGGTGATGGTGATGGTGATGGT GAGGCRATGTGCCRATTTCC
ATGETGTARATGCTCCCCCCATGECTGATT TCARGCTACTAGCATGAAATCACTGRAT GTGCAATTGGGAAGARATATGCARTCECALCTA
TTGTATGGTATT 'CTACTCTGCAGE TACAGTAGAGCCCAGTACCCTAGAGAGCATAGAAARTCATCAGTCALAL TACTARRATAATTGGG
RATGGT TAAGTTTTGAGTATTTATTGCCTTT TAAAAATATATCATTTATTGAAT TGTAAGTTTATATCATTTAGT TTTTCAATAATGGCTG
TGTTTGACAACTGGT TCACAAAATTCCTGAAART TTAACAZTTGGCTCT CAGTCAACATAACCTGGECTCCAGCATAGCACTCAT TTCATTT
TTACTARAATCTTAACATTTTATART T TTCTTCTTTCTICCTTCCTGCCTTCCTTCCI T CT TGP T TOTTTCOT TCCTTCTTTCCTTCT
TTC‘I‘TI‘CTTCTTTTCTTT'l’CTTTTAGAAACAGGATCTTGCT‘ITGTCACCCGGGCTTGAGTACAGTGGCACAA’I‘CATGGGTTACTGCAGCCT
CRAACTCTTGGECTTAAGCAATCCTCCTECC TCAGCCTCCTGAGTATCTGEGACCACACECGTG CACTACCACACTTGGCTARTTTTTTAA
DABATTCTTTGTAGAGAGGCTGGECGCAGTGGCTCAT GCCTGTAATCCCAGCACTTIGGGAGGCCCAGETCEECGGATCACGAGET CAGGA
GATCRAGACCATCC I‘GGCTAACACGGTGAAACGCTGTCTC'[‘ACTAAAAAAAAACACAAAAAAAATTAGT CAGGCATGETGECAGGCACCCA
TAGTCCCAGCTACTTGGGAGECTGAGTCAGGAGARTGGCGT: GAACCTGGGAGGCEGAGCTTGCACTGAGECGAGGTGCACCAC TGCACTCC
ASCCTGGGTGAI‘GGAGCGAGACTC'[‘GTCTCAAAAAAAAAAAATTCTTTGTAGAGACAGGGTCTCGCTATGTTGCCCAGGCTTGTCTCAAAC
TCCTGGCCTCAAC-CAATTCTCTGGCCTCAG:CTCCCAAAGTGATGGGAGTACAGGTGTGAGCATCACACTTAACCAATI‘T’PTL‘TCTCTTTA
ACTTGCTTTTTACTTARRAGGC TCTTTTT CCCATCATTCT T J.LATTCAACCAGTATTCCACCATGTGCCATGCCCTCCCTGCGTTAGGAAC
CAGGECCACCATTGTGATCAGGGCAGCCACGTGC T TIGCACTCATTAGCT! TACGETCTAGCCAGGGACGCAGTCAGT TACCARATCCACAR,
ATAGATATCAACAAALTG CTCACTGCAATTAGGGCTC T TAAGGGAAGTTACAGGAT! GATGTAACAGAGATAATGCCATGATAGACCAGEGA
TEAGGTATGGC CAGGRAGRACTTCCT TTAGGGTCAAGGCTAGGAGAGGCTTCTTCTGT CAAACTCACATARTCTGAGACCCAAARGCTAAG
ARGGGACCACATATT CARAGCTTAGTGEGARRALATTGARARAGGATAT GTTCACTTGGGTECCATTICTGTARACTTTACACACATGCAA
ACAGTCCTGTATGITGCTCTTTGAAAAGTCCTTGTGTC TAAAAATGGGAAGGCTTCCCACCATCTCTAGGATGGTGGTTASTCTTGGAGG
GAGGAAAGGAAAGRAGRAAGAAGTTGGAGECAGAGAGGGTCTTCCACTG! CATCTCAGCATITTCTTGAASCAARAGCAGAGRGAGECCTGAGA
CAAATATAZ\CI‘CGTGTTAATTTTTCTTGGCTI’TRGCTGAI‘GGGCACAGGGTTGTCAGC'IGCATTCTTCTTTATAAT'ITCTGAATGCTTGAA
ATRATTTCATGATTATTSTTATT TTTARGEGTACATARAAGAGGCTCTAGGCTCACCCICAGEECATCAAGGC! TGCAGARRAGTGAAAAGGA
AGTGAGAGCCCCAGGGETAAGT TCGGEEGECAGECT TGTAGEGTATGRAGGCTGTGGCCATARATATGAGTS TTATIGTAACTGCAGTGGATG
CCATTTTGAGCTGETGCEEGACATGATCTGAT L 'ACAT TEATAAAGGGCTTCTCTECTGCTTTEAAGASAACGATGGAGECT! TATGAATGG
CACTAGGTTAGGTAGGAGTCTA%CATGGTGACTATCCATCTGTTTCCCA‘TCTCCCAGGAGTTCTCCCAGGCTCTGCTTCACCAAGTCTTC
AGGGGACCARCCCTGATCIAGCTCATGTGTCAARACT TATCAAGTTGTACCTTATATGTCAATGATGCCTCAATARAGE TGTTAGABAGGA
AAAAGAAGGAI—\CAI‘GT('.AC‘I‘ATGARACAGAAAGAGGCI\,GGATGTATAAAAGGGTGGACCTGAAAAAAAAACTAATTAA'AAATTCTGGGAAT
GARARATATTCATCAAMATAAAGGTAC! TCATTAAAAAAAAAAACAAAGAAAGTTGGAAAAACCTCAGTAGAT GGGAGABACCCCEEATTAG
ACACAGCCRARGAGATAATTAGTGEGACTCGANCACA "‘TC‘IGAGATATTTTTCCAGAGAGTGCCCAGAATAAL'AAAGAGAAAAATATGGAA
GAG’FAGT‘I‘AAAAGACATGAAGG}’\T‘ZXTATTGZAGCTACTCCCATAA1 ALTTTETTTTT TTTTTGAGALGEGAGTCTT3CTETCTCACCCAGGCT
GGAGTGCAGTGC—TGCCA'I‘CTTGACTCACTCCAAGCTCCGCCTCCCGGGTTCACACCRTTCTCCTGCC‘A'CAGCCTCCCAAGTAGCTGGGACI‘
ACAGGTGCCCECCACCACNCCCAGCTAATTTTT TITGCCATACGTGT TTAACAGAAATTGIACTGARAGAGAATGGAGANAATGEICGAGA
AGCTGTATTCAAARGCCTAATGACTGAGAAT T TCCAGAATTGARAAGGATAT! GAGTCTTGGAGT TGAARGGTGTTCATCARGTAGTAAGS
AGARTTTCAGGAAAGTAAATCTTCACT TCAARACCACATAGCARARCT! GCAGARRATCAAGAGTAARAGGAANGTCTTAARATTTACCACA
GACAGATTATCCACARAAGAACAACAT TAGACTGACAGC TETTECT T TGCGCCEATGECAGTCTTTT TAGCAGTCTTCAGAGTCCTCAAN
GAAMATAARACTTAGCCTAGAAT TTCATACCCAGCTGAACTCT GATTARAGAGTGATGATGAAATGAL \AGAGAAARCCAGCCAGCTTCARAC
CCTEAGECTCTTGARCAT T TAGAGGT TCGECACAGGAGGAAC CCLCTICARATCACATATATTCAGTCATCCAGCACTGGCCTCTGTCTOCE
ACRGAAACTGTAAGGAGAGAAGGA T'TGGTT’IAGCCTTTGTAGTTGCAGTC—CGAGGCCAGTGGAAAAG:CCCTTGTCAGCCATGTTGCTGAG
TATTCCATCAAGACAGAGGAGGGAGATCETCCC ATCTGCTTCCCATCTTCCAGGAATTCARRACACCTCTGARGE GCTTT! GTGTGICTAGG
RGAATAGGATCTCCAGTGTCTCTACBAGAALG GGAATGGGTSGAGCECACGTAGCAGAGATTCTGAACCCAGCC TGCATTTCAGTI'CTGTA
GCAGTGETGACATTTS GGGAGGGAG! APF"I‘GGSAC”1"‘W‘f‘(‘T‘GGGCCCTGGT'IGGGAAGGAGCCCAGGGACATGAGAACCC
CTCTAGAATGGCCCATCCTAGACTC ITTCTCTTTCTTCCAGAT TGTGGACAAGAACAACCGCTATAAGTCCA’I‘AGATGGCTCAGAC GAGAC
CAAAGCCAACTGGATGRGGTGAGCCITGCTCPGCTGAT GTCCCEGEEETCTTGCCTEGCCT CTGGAARGGAGCCAAGGGAGTGTGTTGGAC
CTGTGECRAGCTCCAGTCETEEAGACTTCTGEAGGCTGCCGTTTG CAGGGTTTGGATGCATCTRAGCTCTGAAGGACCCACCOTTT CCCCTAG
GCCTCCATCAGEGGGCTCTAGAGGACGECETETE GTPCAGCCCGTTGGEATGCAGGGACCGCTCERGD TGCLICACTTGCCAGTGTGTCTCCA
GGTCCTEEGECCOCAGECTCCTGECAGCATT COTAGGGAGGAS GRGGAZACTGTCCCCCACCTAGGACTGTGACACCTCAGAGCAGECTCCT
GCAGGGEETGETGTGAGAATCGTCCCACTGCAGCCCCAGCAGTTETT TAARCAGCCTCCATGGARGARAGGECTCTGACAALGTCTTCAGCT
CAGTTTTTGACAGTGI‘TGCTCCCTA'I’GTTTGAGTACTT‘IGAAGTGTCAACTTTACCC‘L’Gl TCCGGTGTTTGCGACAGRATTTTGCACCAGA
AGTTTTCTTARATGCCAACCAGAGGAGGCAGSAGACTGECCCCAG GCAGGGTCRCCCAGGGATSGCTGAGCTGAGCCLAGRACCATEEGTC
CAGCGTGATGCTSI‘.TGGTCTGTGCCATGTGCGAGGGACTCTGCCTGGTGGGGTT'I‘GTGGACAGSGGTGGGAGAI‘CTGACATGCCTTGTTGC
CTGCTTGCTGGCCTCT CTCTGGGACCTAGGABCACTCCCTGGAGATTTGGATCTEGETG GGAGSGGAAGGAAGCCTCAGATGTCTGGAGTC
AGGGGCACAGCCACACCATGGGCCTGGGGCCCTCTGCCGGCATTTGCACAG‘I‘TTTCTGACCCATGGGGCCTTGAC—GCTGGTGGTSGGATTG
TACTTSGAGAGASCGCAACTTCCTAARRRGGAGTGGCTGTCTTARACTC GGAGACTTTCTAAGCARATGAGEAGAACCAGGTTTCACGCE
TABAGTATGTGATGAGGGCTCCTEYGTCCTTCCCAGTGECTCCACTGCC CACCTATACTCCTATCASAGAGTGGCTCAGCAGCAGTTCACA
CCTCCCAGATTACTT TAGCGTTCGC! CCTCTTATGEGTTAGSCARGGTGTTCTCATTGCCGTTT GATGGGTGCAGAACAGACGCTCCAGAGA
! CCAGCGEECCCCCIGCCTTGCAGTG GGAGAATAGCACCGACTGCCT CCARCCTCCTTGGACACAGCTGEATCCGACACTGCC CTGARRGTG
GCCCCAGGGAGGTGGCTTEACACCCTGACTGCCTTCTCT TCTCACTCCCACGEEGTCCAGGTCAGCTGASCACT TACAGT TCATCACCTGT
GTACTGAGCACCTRAGTTTGAGY! CAGACTGTGAMNTCEETACCAGGGTGGATCACCCAGCTCTGCOC CACCACACCCCATGCCCCACCCTCE
CTEGCCCTTCCCEEECTCACACCTCCTACCACAGAGGT GACT TTCCAGTGTAGT TTTTGOACCE GGCACAATGTGCTGCAGAGGCCCAGA
TGARAGAGGAGGGGTTCGTTGACAT GGGCCT TCARAGEGECCAGGATTGTGTCT! GGGGACACTGEGTTGTGGTGTCTAGTCAGGCTGTTGE
GCGGCTGCTCRGTTTGGACCCCAAGCCTG‘I’GCTGCTGTGCTGCCTGCCCTGTGGCTGCAGCCTGGCTCCAGGCAASCAGGGGAGACCGTGC
GTGTGTCCACTTGGGAATCAGGCTTTCTGTGCTA’ITGC'ITT'IAAGGCGCCSGGAGCT‘]‘TGCCCA‘I‘AGAACCGAATCTGTTCCACTCTTTCA
[ CCCATCTCTGATCT I’TCCQCCTGGGGACAAGG_CCTICTCAAPACC CCRAAAARNAGGGGAGT TATCATCCAARCTAACTTAT CTATCCICTGG
CZ\CCCCGCZ\GZ\TTCI‘GACTTAA'ITGGGCTGGGGATTGGCCT‘IGGGCCTTGG‘I‘ATTT’I"I‘AAAGCTAGTGA‘I‘TCTGATGTGCCACTAGCAT’IG
AGAACCACTGCTCTSTACAGATCT ICATGCCACRGTGGTCAAGCTGAGAGCAGGGCAAGGTCTT GCTTAAGAGCATACAGTCAGCGTAGCA
' GAATCAGGATTTGAACTCCTGGC'I‘CTGTAATCCTAGGTCGGTGTTCTTCCTGC'I'TGTGCACAAGGGACCAGGTC-AAGCGTGGCTTCCTGGG
. CCTGGATGGGCACTGGTGAGCAGGGGTTTGGGGGTTTCTG,CTACTGCCACCI‘TGCTAGCATGGTTTCTG’I’CCTGTTCTGCTCCCAGCCTG,T_
CCTGATTCARGATGECATCTGEGTACTUACAGCTEETCGEE TCTCATCTTATGACCACTCAAAGAGCAGGTITGGEGT TAGGGATSCAGITT
GTTGCCACGGAGRCGCCCCI‘CCTG’L‘TGCTGTTGGAGTGACG%IMGCTCTTAATCCTGGGAATCCTCCTTTCCCTTCATGTCCAGCT‘I‘CC
GIGGTGTGGCTCTTTCTGACT‘TGCAGATGCTCTCCTTTGCACTGTCATGGCACCGCTTGGGGATGATTGAATGGACT‘CTGT’[‘AGTTTCTTA
ACAAAATTAATGGTGGGCCASGAGG CGAATGEGCACTGTCATGT TGAGCTTATCTT TATGACACCCCCATCIAGGTGATCTETCTGTECTE
GTTCTCARCCGAGCACTATTTTG’Z‘GCCCC'I‘GGGGGCATT,I‘GGCAAGGCC’I‘GGAGACAI‘GTTTGATGGTTGGATGCE‘ATCAGATAGAAGCCA
AGGATGTTGATARBATCCT! GCATTACACAGGACACCCCTTCCCCCCAACABAAAATTTT CTAGCCCCARCTGCCAATAGTGGCAAGATTCA
GACACCCACATTAAGTCCTCCTGATAGCCCTGGACAGTGRCACTAGAATT! GTCACCCTAGTTITATSGAGAAGGAGACTCGGTTCACACGA
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GTCCCATGGCTTGGCCCAAGGAGACTCAGTCTCTAGTTCCAGGTCTAGTCCCATAT”CCTGCCACCATCTTGGACTGGGTRATGAGGCCCC
CAGCCPTCTTCCCATCTTCTGGGCCCTGGTGTTTTGGGTGCTTGAGTAGGAAGGTGAGGGCTGAAGGATGTTGGTGCCGCCGGCCTTCCCC
TCTTGGTTTCAGAAGGAAACCAAGSAGTGAATGCECTCTGAGCTTTCCTCCATACCCTCATGTCCTCTCTTGGGTGGATTTTTTAACCTTT
TATCACTAGTTAAAAGGGTGACAGAGCCACGATGTGGAGAAATCAAGTTCCAAAGCCAGAGCAGGAGCCAAGTGGGATGGAAGGGCCATGC
TGTGCCCCTTGCCCAGGGCCTCTGGCTGCTCAGTTGAGAGSGAATCCCAGGTCCCCCTGGTGTCCACCAAAGTGGAACTTGACTCCCTCAG
CGACAGTCETGGECTTCTCARATTCIACCAAARAGTCACAGEGCCCACCCCCCAAGAAAGCACT COOATEEER AGEART CTETTTGCOTG
CACATATGCARAGGTGGGEECTTGEAGAACTGACCCEOACECEGAAGGGEARGAGAGAS, CTAGGCRGAAIARGCTTTCTGTGGCEACACC
CIARTCATGECATTGICACTGC TACACCCARCGGTAGCCAGTG T ARATAGTTTCCCTGAT TACGTATTC T TCCGAGCCAT TCATTOACCTE
TAGGAC TG AGET AN TATCECT I T T AGAGECANTGECCTAATCCT AR, TTCARTARGATCC T TACT SCTATCT T TAAGAGATITTAAG
CCCCTTACATCATGATGTTTTTCCCTCCTTAGTAATAAACCCGAAGAGTTGTGGTTGTTATTCTGGACAGGGAGAATAAGGTGTGAAAGGT
TGAACATGAACTGCCCTAGCTCTCACCGCTAGTAAGAGCTAAAGCAGGCCCTGAAACCAAGGCCTTCGACTCTGAGTTCAGTGCTCCCTCC
CATETAACGCCETCTCTICTTTCCACCCTCCCCTCORRGEAGTAGTGGARGERACCTC TCAGTAGTACGAGEETGIETGRGGECCAGETT
GCCCCAGGTGCCTCCTGGCTCCCCAGCTGGGGGCCAGCAATTAGGAAGGAGAACCACCTGCATTGACGGTCATTTACCCAATTGTGCTTTG
TEGGATATTCARCCCAASGAATGTGECACACCTGRCTGAGCRTARGAGGARGCCCAAGTTCTECAAGEAGEAGCTGRACETTCTTGTCACA
GAGGTGACCCACCATGAAGCAKJLL‘:LLLL TTGREGLG ‘GGGAGACCALQL‘:(:Ll(rJ.LLLATGCT(‘?U‘ZJ‘I‘PN"A TTT LAGGCATAGCCC
CGRRARTCACCTCCETCAGCCAGGTGCCCCAOTCCETCAMGGACATT ARGCACAGATCECATGACA TGAA ACHGAGGARCARGAACARGCT
ECC T CATGCAGCAC T CC LT 6T AGGCCCTEEECCCGGEEE0CGEECCCCCACCATCGTEETCACGI0CCARCARAGIGOCATCARGTOR
LG0T ECTCACEECCCETGCAGGECECEGCTTCCCCAGEECECAACTERATEECACCGACAGCCCTTOGACCACCTCTOARTATOACOAT
CCCCCCCECCACCORAECEGE0TGCCTEECCCCCAGCTTACAGTCCACAGTCTCCCACCACTTTCCCTOTGRICTCTCOTETCOCTOTOT
GoCCAGCCCACTCT T CCATCCTCCCCCCTTCTCCCACTCTICTCCTCECCATCCCTT T T TGCA T CAT O CEAATAT TTACTCAGCAT
O OCG TG ARG CGTGC T A GEAGCT GGG AAGACAG TG TG TGTAARCCCCACGAGGCCCTEOTCT TGGEEACACCATEEADTORTACS
AATRARCCAALGTT2AATAAT I GCACEACTANRCTGEAARCGAAGGGATCEAGGATACAGEAGICCAGIAGET CCCCACAGOARECOTCAG
L CATGAGCATGCAACCTGRACAGTCACAGGGACCGTGIEET T TCAGECTCTRCTETCECCATCTGCACATT CTTCATAGT TT T TCAGOCA
GGGGCCCCACGTTTTCATTTTGCATTTGACCCTGCAGGTTATGTAGCAGCTCTGTCTGAGAGTTAAGGAGTGGGTAAAACTGGCTCCACTS
SCeACTGEECACEECTCCLTGAAGRAGTCCAGCCCACTAGGAT 6 TGAAGACTARGAGTTAACCAGCCCAGGUAGCAGCOTEC0ECa0GONS
AAGGGGAGGGGAGGCGCGCAGGCAGAGAACAGCATGTACGAGGCCCCGCATCAGGAAGGCGCTTGGCACGTTCCAGGAACAGTGAGAAGCC
AR AAGCCC ARG G T AGCAG AL CE6 G GAGGEECCTCEACACGAGGCEGOCAAG TG TEARCCOCCGORCCOEICCATORARA GAT CAGT
IO T QT G TCT 66T GCTGACTECT T TSI TC L CTATT AT ACTCCUC TECCT GAGCCACGOTECCTOCCCEACT T T ICTGIRTECTS
CCTCTCAGCTCCCTCTCCATCCTCCTGGCTGCTCCGCCACCCGCTCCCCALLLL1LiJLLLLLLLLGTAbl1biuCCTGC:TTTCCTCTCT
A6 TG T CACA T ECAC T T TG A AR CC ABEECCCCAGC AL CEAGECREETEICCCTTGOG T GEAGTTCTAG T ECCEUTCAGE:
AACGEGCAGCACT R AAGGOCTCCRCACEEACTECANCCCTTCCT TTCCACT TCT GCACA T TGCCOCGTRCCCOACCAGOTROAGTEN0E
ACTAGAGGCCGTCTGCCTGACCGGCTCGTGAGTGGTGGGAGCCAGGCAGGAGGGGCCCCGGGGAAGCAGCCGTGGCTCAGCCCAEGGGAAG
GTECTITGCARRGACT CACT TECACCTTCCCT TCOCGEECCCCCTGACAT TR TGATCCACT TGO TCC TG M GECTCGRECTCCTCACAG
CTGGCAGTTCACAGAGTCAGATGT T1ACGACTGGARAAGANCA TGGAGACCAT TTAGT TCARC TTCOT TGOA K1/ GUACARA CTARGOTOTE
AAAACCAAGGTGGCCC"AGCTCAATTCAGAAGCAGGACTTGAACCCGGGTCTGCTSGCTTCCTGTGAATCAGTGTTTTCCTAAGTCTTAA
BAGEATTCCACCCCGTCATAAGAARAR AT GGGGEETTCAGCATCCAGTARAGCC TGTTCCC TGCATECTGOTCCECTCACCCOTOOATCTE
O GACACTGAAT GTARTGAGGCCASCAA A GETAACCTOEG TGO AGEEAGCCCGACTETGCCATCAGGUAGAGUCCACTCACCOCOATG
GCAGGCPCACAGCCCTCCTTTTCCTSGCAGTGGCCAGCTGCSGCAGCACTCGGCCAGGGGCTTGGCAGAACGGCCACCTGGGAGGGAAGGA
BCAGCATCACCTCGECEEGTCTCACTCCT T CCAACACTGEC AT G TAGACAGGT CTCTGEGATCTCAGGEGATCOOTAGTCCOACCAS
ACACTGCCRAGAGACACAGCACTC T TACCARGCTE6CCCARGTGAGCCCCCAGGACCCC TGECAGGCATCAGGTAACTETARGATAAACET
GTCTGICCTCCCCATCACCTTCCTEEGGGEIGETTCTCAGTTGAGTCOCCACATCCAGECAGEAAGHICTTECOTGTCAGT, GTCAGCE
CATACAT AT T AR TCCTGC CACAGEGAT CAGCCCATACCCT TGRTCACCAGARAGCAGCACCOACATE TECAGAGIETAEEC00COTO00
TGTGTCCGGCTGCAAGGAGCAGTCTGTCCGATGGCCCCTGUG:GGTCAGATGCTCCTGCATGGGAGCACGATGTGACTGAACTGGAAGCCT
GCCTTGGGGGACA ACAGCAGEECTGET TGCAGAGETEECTC T CCTGCTCTGCACTGTCOTGCCAGT TTCTTCATCCTETCAGEATE
O GC AT GAT T 1ARAGATGCAGAT ICCATATTAGTACTC T TTTATCCCTCACCCCTTCOCACTOTTCCCCOCAAGTCORCARAGICCE
TTGTATCANT CT T ATGCC T T TG TG TC AL AT GECACACTG AT ACTGCT TG ETCA TG AT CCACCAAARTCT CACAAGTLACCACTOAAGE
ACTTCCTCATGTARCCARACACCACCTGTACCCCAATAACT T ATGEARARARARG TG TGCAGATTCOAGCA AGEC CACAAGA T GR0C0As
AR ECAGCACGTGGCCTCAGAAAG CTGE TGN TCACAGEGCCAAGAGCET CTTAGTACCT T TAGGC AGO TG OO CITCAGOOTTAC
CABCRCCTICATG T T TG CATC TG T ATGACTC T TCTTAACAACCCART TAGGTAGCCAR GGG TCGATG TG TAGACAGEEUACTCOT
TATCTTIGCAGARAGTGAGETGCAGACAGATGAACTGACTGCTGAGG T CAGGAGCTCC TEGETTGRCAC AL AR LCEETGEa0CANCETOTC
CRRCTCCCETGaCCT GEECTCT I CCCCACTAC AT AGRGCTGTTCCGTTGAGASGAAGAGE AACITCCO OO0 GRRATGOTEOCO0CACEE
ACCICAGGER T TEECEAAC T GGA T T C IO T ATGGGC6GGGECCARACTACACCOCAGEETCECAGGGOAGGEEEATACTOACGTCTTIT
IOAGEEGCAGEECCARCCCCTGGECCTCOCTCoTTCTCCCT T TGTAACCAC T TTCCATCI TTGT T TCTGTCCCOCAACATGATGARGAT
AGCAGGE GCCT 6GECCCTCARGECAGCCTCTTCCOGTGCCTCTGCAGCGETCTCCGGAGEAAGAGECCEACOTGE0CAGGCCOGO00TEE
TCCGTTCATCCTCCTCCTCAGACCAGTCTGAGACGGTGGGCCCCAAGCCAGAGGCCCTGCCCCATCCCTCGCCCCAGGCCCAGGCTGCCTG
CAGEACCOCTCEGCCECACCCCARCCCACCCACCACGRGLCTTGACTGECAGCTCCTCCACGTCCATGCCARCARACCAGETOTICOGE
CAGTICTGCCAGGAGCTGEIGACCETGCACCGEEACATGECCAACAGCATECACGTCATCEECCAGECOATGACCIAGCTEACCAGEOETE
RO CT AR TG TGCCACACGC T GACAGAGATCCGRGATCAGET TCAGGCATCTCAGCGGEGCCCACAR GEGECATACCOTARGOEUTOOAD
TCCCCAGGCCACCCAGGCCCARGCCCCCCTaUCASAGCCCCCACCAGCT CCCCAGCATCAGTCOCCACACGEACTACCAGEICTOGOAAD
ASRRAGCACAATTTC T ARCCCAGCTAGT CTGCACTAGEAGEAAGAGTC AT GCAGGAGGGATGTCTEACCTCACAACACEEECCAGHUTTTe
GTGTCCAGGAACAGGATCGATGACCCTTGTAGGACACTGGGGGCGCTGTTACCTCCTCACCGAGCSCAGGTCGCTGCCUTGTGGTCTAACA
CAGCATGIATT CAGACCCGCRACCCICATCTITCECGRATECTGARGATGCAAGARRACCCACCTCL TTAATECTTECTTCOCOTACARATE
ST TC T CT T T GG CTGT GTCCCR GG GECACEC LT TCCASGCAGGOGEECECARCAGTCEEARCAT COGARTGEAGTCOCALTTTCER
AL T GGEeC T GCTCLATC6ECC T CO A ATE TG ASCTCCCAGGCOCTEATGOTGC T TC T TTTCARGGE0GTGEGECCT GATCRECARGTC
AAGTCGGTCCTTCAGGGAGGGGTCTACCCTCCCTTGCCCGGGGGTGGTGCCCGCCTTSGCCCTCCGCTTGCCCTTGTGCGCGTGCTCAGCT
QCTGTGCIjGCCTTTTITGGAGTGGGGACAAGAATGGGAIGACGTCGGAGGEAQGAAAAGACTGTCTTGCATTQA:AGAGAGCACTTTATG
GLTTTCCTCGCCCT - GCAGAGTCTCGaTGGTCTCACTGEIEGCTCAGEACAGICAGCICARGACACCOAAGTCAGOTATTANTATGATEAT
rTTTAICATCATCATcTGTATAAGACAAATGACACAGCCAGTrAGTGAGAGGGQCAGGACTGGAAGCCAGGGTATCGGTTTTCCCAGCTCC
TG CACAG G CCAGAT CTOEAG T AG TG CCAACAGGACGLAG SCGGCAGEICTIGC COC T TRCCACECCTC T GCCCTTGCCAGSOOTCTE
“CCCCCTGTATCTCTGCTTCTGCCTCAGCTGTCCTGGGTGAGGTGGGAGGCACCTAGCATTTAGCAGGTSATTCTCCCACCCTGCCCTGGCT
SATCGCTCATAGC A G T GEC T TG EAGAGGCAGRC AGATCTCAGCATTCEACGEC AR CTCTTCCCTCCOT T T ARAAGRAT CORGAGE
G GGEECT AT G T CCCA T TC G AGET T e CAGCATECC TG LCTC TG TGCTCEaGCTCCCTACGOACTA GCTACATACAC L TOTACOT
TCRT G TCAT GT GGG TG CGEGAGARAACTCCGTTICTTAGCA TTAGAGAGGEAAGTCCCAGETGOCAGATACAAGCTTAGCICTCACD
PR CACC T CAG e G G CC T M T T TG C TG ACCTGAAGCTGACC L CACCAGARG T COICCAGCCARCECCTCCACOCAACAAGE
COCCACCCICCCATCCTRCCCCCARCCATAG EaGAGCTEECACCATTECATCATCTAGTGCCTTCCAAGECTETTCCTEGAGOECTGOTo
STAARCCCARGCCARGCT TGO CACGTACGEAGAATGGAAGETCAC TG AATGTCCCTGTGOCT I TR T COMTCTCCCC ATIOTETCE
T TG EGGT T CC TR T T e TCARACT GAACACTCTCCTGTCCARCAGCCTGATGECTTAM T AT TECCTOGARTTACOCGGOCTCOG

71

-77-



WO 03/081251 PCT/US03/08808

ATGCTGGAATCAAAGATTGCCTTCCGAAGTATTTTTGTTAAGATGGCAATAAAAAGAAATCAATCTCACTCTTTGAACACACCCAGTGTCC
AGGATCTTTCTTTCCTGTGTAT TCTCTTTCTTCGTTICCTGT CARAACCTCGAGGRCCCCANRGCAGGGET TAGATGTTTAAGSEANAGCR
GGPTGGTGAGAAGCGCTCAAGTGCCCCTTGATTTCCCTGATTCTATAAACTGCCAGATTCCCTGTATCCAGCACCATGCCAGGCCCTCGGA
GGAAAGGAAGGGCATGCATGCACGAAACCACTCAGTTATATTTCATTTCTCTGCTCAAAAGTGAGGTGTTGCTAAGTCAATTTTACCTTTT
GTTCCCTAAAAGTAAGCGAGAAGTTCTGGAAAAACAATCACCGTTTCGGACAGGAGGCTCTAGAAGGGICAGGGGCPGTCCATGTGCCAGT
GCACTTTAGGGGCCACCTGGAGGCATGACCCTCCCCACCAATCCAGGTGTCTGTGTGTCTGGCACTGGCAAGGCTCTGCCCACCTAGATCI
GAGGCTTCTCAAAGTAACCAAAGCTGCCTCCTCTGCCAAGAGGAAGCCTCCTCACCTSTGCATTGCCCTGGCTTAATACCAGTCTCAGAGA
GCUTCTCTCAGGCAGGAAATCCCCTAGTCTTGCCCACAGATCCCCTTTCTAGAAGGTTCTAACTTGCCATCCTCCACAGTTCTTGSCCAAA
AAGCATGGCCAIAGAAATGGAGGACTACCCAATTTCCGAGAGATGCAAAGATGTCGTGAAACCATTCCCAGGGCCTTCTCTCCCAAGGTCA
ATGTATGAAGCAGTGAClbhbluuuthiClLib.Llele GAGGGAAGGAGCCAAATTGGAAGCTGTAAAACTGAAATGGAAGTCAG
AGCAAAAGGGACAGTGAGGACPTGTCAACTTGGGATGGAAAAGATTTTCAGTTTCTGTTTCTTGGCTTCAGTGGGGATTGTTGGGCTAGCA
CATTAAAACAGGAAGAGGAAACTTGGGTGAGAGACAGAAATGAATT"”"“ AGGCCTCTAGCCATEACCAGGTGACCATCTGGTEEE
TGGATGTGTGACCCAAAGCCCCTCCTAGCCCGGAGACCTATGCATGTGAGAACACAGAGCCCAGCCTCTTCTCAGTCGGTCTTTTCCTAGT
PCTGCCTCCTTAACTGGGGCAGCTTCCPTTGTATTGAAGATACCCACTATGCAATAGTGTCTGAGCCTGSCCTAGTCAATTCCCTCCAGCA
AAATGGATGCCCTGTGTTATGTTTTCTTTGCGTTAGAAACAATAGTCATGTGCTGACCCAGCTAGAAAATATGATGCACTTGATAAGACAC
AGTGGGTGAGGTCTGAGAATTGTTGTCTTAGTACTTACCTATCCAGTCCCCAAGGTCAGCTGGGAGGTTGGAATAAAAACAATCCAGGATC
ATCATGACAGGTTTAGTCCAGASCTCTCCACCGCCATCAGCAGCACCACCACCTTCCCCTTGATTGCTCCAAAGGTCCCAAATTCTGTGGG
TIGGAGTTGAAATGCCT:AATAAGCACTAGCATTTGCAGAACAGTCTCAGCCAGGCATTCTCTGTGCCTTCTCTCAAGAGGTAGTGACCTG
GTAACTCTTCAAACCTCDTTGCAAAGAGCTGCTCAGCCACAGTGGATAGATTTTGCCCCTCCTGGTAGCCTTCCASTCCTTGGGGAGGGCT
T:TGATTTCTGCAGCCATGTAATGAATGGAACAGGCACAGTTCTTCATAAAGGGGTTGTTGTGAATGGGGACAGAAGGGTTCTGGGGGGTG

TAAGTTTCAGAACAACAAATACAACAAAATCTGAATAAGCATTGATCTGCCTTTGAAAATACTTTGTGATTTAWACAACGCCTTGAGGTTA
GCTTTCCAAATATTGATTCTTGATGGATAGAAAAAGACCACAAGATGGAAAGTTAAATTGACTTGAGTCTTTCTAAACCTTTTGACACACC
CTAGAAGTTGCTCTTTTGAATAAATAAATCCCAGATAGGAATGTATTTCTCATCTAGCTTTTTCTCTTGATGTCAAGTGTCAGAGAAATAA
TTCTAGCTTTTAGAGGTTEGTGETTE T T TAGAAACTGGAAGAARARANGEA AGA "AA’"T‘NI"TCTCCAATCATAGTGCTATGATTCAAGTG
AGTCTTGTGAGAAAAAAGACGBATGAATGGTTTCCCTTTTGTATCTGGGAGCAGGAAAGTTTGGAACAACTTCTATTCTGTGCTAACCGCA
AGGTTGATTATTTTTGGATGTCAAATCCTAGACTCTCACTAAATTGGGGACTGGAAATATTTTGCATATTCAGAAGAAATCTCAGCTATGG
AGAAAAGACTGACTCACAGTTGTAGAATTGAGATTGGGAATTATTAATTTGGAGTGACTTCTCTCACTCCAAATTAAAGGAAAAGGGGCTC
T.LLLLillplLFTAAGTCCii1bllﬂBTAACATClebLlbbblbbbibbAAﬂTCACLLLbihhlCTTCACTACTCAGGGATAGCGATGC
TTATATCCGATGTGATLAGAACACCGATGTGTTGGGGCTAACAGAGAACACAGACCTAGGACAAGATGCAAATTCTGGCGGATCTAAGCAC
CGTAAATCTTGCAAGTTCTACACCTCCATGGTGGAGCCTGTGGCTTGCTTCTCTCAAAAGGTTGAAGCAGCCAAAGCCAGCATTTGCTCTC
CCATCTGCCTTGGTCTTACTCCTTCTGAGGTCTTGCAGCATCCTGTTGCCAGAATGGATTGTTCCCTGGACTCCAGTGATCCTCCTTGGAA
GGCAACAGCCTCCTCCCAGGCTCTCCAGATGAGCAAGGCAGGATATAGATGAGGGGCAGCTGGTGCCATCCCTGGGACCTCTAGAATGTAG
ATTCTCCRTGCTGCTAGCTGCCHCCACTGTCACCTCATACTGGAATTGGCATTCGTATATTTCTTTTCTTTATATGTGTGTCAGGAGTGAG
STGCGTGACAGTAATAGTTGCTTATTGAGGGAAACTTTGAAAGTATGCAAAATTACAAAGATGATCCACCTGTAAGGGGTTGT:ACIGTTA
AAACATTGGTATATTTCCTTCAAGTCGTTTACTGGGGCTTGTTTTTAAAGCATTATTGGAACCATBGTCTACTTCCAGTCCTATTGPTCTC
ACACTATCTTATTTCAACACCATTTTTCCATGTCATAAAAGATTCTTTGAAAACATTTTTCTATAGATGAATAGCATTCCATTATATAAAT
GTAACATCATTTACGAAATCTTATCTAGTATTAGACATTTAAATGTTTTGCCTTTGTACTGCTATACACAATGATACAAGTCAGCATATIG
GTATGCCGGGTTTGCATACTTCATCCATAACTTATGTTTCTTGAGCCATATTGCCAAATTGTTTCCTAAAEGGTTGCACCTGTTAATTCTG
CATCATCAGTACAGGAGRCACCTTTCTTACCACCTTTACCAATAGAGATATTATCATCTTTTAGAAATCTGTGCCAATGAGACAATGTACT
ACGCTGTGTTTCTTTTATTAGTGATGCTGAATACTTTTCATTTGTTTATTATCCATCTGAATTCTTCTGTSAATTTTTGTTTCCCCTGGAC
TTTTCCAGATATAATTCATTGGGCTACACCAATCAGACAGACTTTGATTTTTGTCCCTTGTTTTTGAGACAAACCATAACATAAAGAAGTT
TATTTTTTACTADAAATTTCCTAGGTGCTTGTGTAGCTCAGAACCCTAAAACGTCAACTAATTTCCTCTTGCCCTCTGATCTGTACACCTT
CALlLLlLbGCAGhlalrbLLLLAlCCCALbllLlbbAGGTGGGTAbeLbulhbaLTGGATGTCGCBCATGTTGTTTCAGTGAGAATSGG
CGAGGGCCATAGATTCTGAGGGTTTGACAGAACTTTAAAGGTTTTCTGGGCATTGCCG TTGGTGCTTTACATGCCCACATAGGAGCCAT
GAGTTACAGTGGGAAACGTGCATAGGACTCAAAGCTCCATCTCCCATTTATTAGCTGT 'SACTTTGGGCARGT TGCTTGGCCTCTCTGAG
CCTCAGTCICCTTACCTTAAAATCATTTAGTAAGATTAACCAGTGGTTGT:AACCTTTTGTEGICTGTTATTTACCTTCCTCCCCTGTCCC
CACTGGAGCCCCCATTTTTTAAAAGATTTTGATCTTTAGCATTTATTAATTGATCTCTTGGACACCTTGTCACAGGGGCTATTTCAGCAAG
GCTTTGTGAAATACTGGAAACAGTTGAAGGACCCCAGCCTTACCACCTTCAGAGGCCTGTGGGTATCTGGGAACCCCAGTGGTTAAAAGTT
AGTGAAGAGTAGAAGAGAPAACCTTTCAGTTTTTCAATCACTTATAATATTTAGTTGATATATTTTCCATATGGTGTGAGGCAGGCAGGGC
AGSTGTCATATCCAGTCTCAGAAAACAGAGATTCTTAGAGGTTTGGAGATCTGCTTGAGGTCCCACAACACGGTGACGTTGGGACAGGSA&
GGGTTCTGGCTGGTGCTGCTTCTCCGGACAGGGCAGCTGCTCTGCTGATGTTCACATGGGCCCACGTGCCTGTGGACTTCTAACCATCCAC
ACTTGCCCASCACTGTGCCGGCACCAGCGGGCACTCAACAAAGGGTGGCCCGTGCGTTCTCACCTGTCTCCCCTCCCCACCAGGTBCGUGG
TCATCTCCCGGGAGGAGAGGGAGCAGBACCTGCTGGCGTTCCAGCACAGTGAGCGCATCTACTTCCGGGCGTGCAGGGACATCCGGCCTGS
GGAGTGGCTGCGGGTCTGGTACAGCGAGGACTACATGAAGZGCCTGCACAGCATGTCCCAGGAAACCATTCACCGCAACCTGGCCAGAGGT
GAGTGCCATGCTCCACATGAGCTGCGCCGACCTCTGAGCCCCAGGGGAGGCCTGGATAGCTTGTTTTGGAGCTTCC!GAGAAATACGGTTC
CCAGCAATGGGAAGACCCAGAGTGATTCGGGGGAACAGATGGTTGAGGTCTGAGCAGCAGCTCTGGGCCAAGCAGGGGCCACCCCAGCATG
TTATCGACCCCTAGAAATGGTCTCAGAAATCCTTACCACACACATTTCAGAGTATTCATGAGAGAGACGCCCCCAAAACCGAGCAAATRTG
TTTAATCAAAATGTACCCTATTTCCCCALCTCCAGTTGATGAAAAGATGTTACAAACTGCCACTGCCTCAATAATGATCGTAATAATAGGT
AACATTTACTAAATACTCAATATGTGAAATACTGACAACAGTCCAAGGACCCCAGTCTACCACCGTCAGAGGCCTGTTSGGTATCTGGGAA

GCCTGTGAGCAGATTTTCTGCATGTTCCCATGTAATTATCATAGCAGCCATCCCTACCCTGTCAGIGCACCCTGAGAAGTAGATGGASTCA
TGGACATGTGGCATTTAGGACAATGCCCACCTCCATCATCBGAAGTCCTCAGETATAAAUTTTTAATACTCATGATCCCACATGCATTCTT
TTACCCATCTTACAGATGTGCAAACCGAATATCAAATGAATACAGTGATTCATCCAGGGCCACCTGGCTAGGAAGSACAGAACTAGGTTTC
TAATCCATATTSGTCTGACTTCBAGGTCTAAGTTCTGAQCTGCAATGTTACCTGATGTCCCAGACAAAACCAGTCCCCTCCT@GGTTCCIE
CTGGTGTCTGTACTGCAGTCCTAATGAGATGAGGTGAAAAAACAATCTCTATCAAAAGAAGAAGGTTGGCAGGAGGIGGGATGGTGACTTA
GETGTGGGAAGCCGGGTGGGTTCGGTGTCCATCCAGAAGCAGUTTTAACTACTCTCAGCCCCTAGTCCTTTACCCTTTTATTCCATCCTCA
TCCTGACCAGTGTAGACTGGTGAGTCCAGGCCCTTCTTTCAAGGGTGTTTTTTTTSTTTGTTTGTTTGTTTITTTCCCCACTAAAA CG
CATCCAAACRCCTAGAGTCTATCTGGTGSCAGGAACCAAGGCTGTTCCCAAGCCTCACCATATCGTGTTCCTGACCAACTTACTAATTGGA
AATAAATCTTCACT TGEARTATGAGGGGAGAAGATGAARAGGE “GGGAGTGACTTATTCAAATTAAGCTATCTTTAAAAGCAAAACAGA
GCAAAGCAAATTGTGGAQATTGAGTGCACAGCTGCTGCCTGACTTGGTAAAAGGTATCTGGAGATGATGGGCAGTAAAAGGAGACCCCATA
AACATACTCATTTSTTGTCTTCTTTGGATCTCAGGGTTTGGCACATGTTGGTTTCACTTGGCAAGGTGTGCTTCCATGATGAGGCTGCAGT
GGTTTCCATGTGA:CTCTGGAGATGCCTCATGTAAAAGTGCCTGATACATAGTAGGGACTCAATAAGTCTTTGTTGAATGGATAAAAGAAG
AAATGAA'l‘\’:"rAAGACAGCCAAGAAGE‘I‘'I“TCCZI\AAAGAI\.T.CA'[‘ZAACCAC’T"*"‘B GARAAGRAR CCCAGAGARATCATATCTGAGAACACAGATT
TCATCCCTTGGTCATAACCTTCTTGCATTCTTCTGGATTTGTGATGTCCTTTTCTTCCCCTCAGTGGTCTTCTCCAGAGCACCTGRAGCTG
CATCATCCTCCATGAGCCCCARGACCACAGGGGATTGCTCAGAGBAGGGTGTGAGCTTTCTGGAGTGGTTCAAAGGAGSCGTGTCAGRCAG
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ACTTGAAAGGAGATACACCGAGACATATGAAGATACAGGAGGGAAGAGGGTCTATTCCTGGICAGGCTGAGCAGTAAGAAATAGGAAGGAA
ATTGAAAGTCACAGTGGGGCAGTTPCACAGCTGTGGGTGATCCTGAAGCCCTTGGGAATGGTCATGGAGCTCAGTSGCTTTTAAATGTGTG
CCTCTATAGCCTGTAGCTTCAGCGGACTCTGGTTAGTSGTGTCCCAGATGGGTGTGCCATTGCTGCTCTGAAAGGGAGATCCCCTATGCCC
AATCACTCTTGGTCTTATATAGAAGGAGGTTTCTTTGTAATTGGAGGTTGGCACCCTGATGGAGTCCAGAGCATGAATTATTAGTTCTTAT
TAAGTAGGGATATTGGTTGTTGCCAGAAGTCTTCCTGAAGAGAGTGTAAACTATTCCTTTGTGGTTACCTTTTAAGAATAGATTGCATCTA
AAGCTCGCATTCAAACAATTTATGTTATTTGACCTACTTTGATTCACTAATTTACTTTGAGGTTTTCTTTGTTTTTGTTTTCCATGTTGTA
TGGAGGCTTTGGAACCAATTTCATGATGCTTAAAGGTCTCTTTTGGCCTGTAGATTTTTCTGAAAGCCTTAAGTCCACAAAGATCATACTA
AGAAATTTGAACAACGTTGTTTTCAAACAATGACGAGGAATCTCTGGTGATTTCTAGGCTTGATTTCCCGATGTCCTCAGTTGTTTGCTGC
CTGATTGTCCCAIGAGGAAAGGAAAATGTGGCTCTTGATTTTTAGAGATTTTCAATGGGCAASTGCTGCATCTGATCTGTAAGACATACAG
GTGGCATTTTCAAGTTATCTCCATCTCTCCCCTTTCTGTAGCTCAGCTGATATAPAAFTGCAGGCTGTP GGAGCTGCCTGGGTTCCAGAR
GCCTTGGAGATAAAGTTGTTCCTTAGGTATTCATGTGAGGACAGAAAAGGTGCATCCTGAATAGATAACTCCCTTTTGTGCTGTAACCTAA
ASGAAACCTGAAGTCAAACATGGGGCAGGGCACAGCACCCATACCAGCTATGGGAAACCAGACGTGGAACATCTGGACTGCTTATTGSCAA
ACCCTTGGCCTTCAATCAGAAGTCTTTTGCAAATGGAGCCATCAGAAGCCTAAGTACGTTTTAGTTCAAGTCATTGTTCAGCGGCACATCA
CCTAGGGCCCCTGCACCTGGTCTAGGAAACCTTTGAGATTTCTGAGTTCCATAGGCTACTTTCAGGAC:CTCTAAGGGCTGAAGAGATTCC
TCTGCCTTTTTAGCATCTCTCACCAGCAAGCATCAGCACTTCTSTGGCAGTTTATGAAACTATGTTGGTAATTTTTAAAGAATCAGGCTAG
CTGGGTGCCATGGCTCATGCCTGTAATCTCAGCACTTTGGGAGGCCAAGGTGGGCAGATGGCTTGAGCCTAGGAGTTTGAGACCAGCCTG:
GCAACATGGCGAAACCCTATCTCCACAAABAGTACAAAAATTAGGGTGTGATGGCTTGTGTCTGTAGTCCCAGCTACTTGGGAGGCTGAAG
TGGGGGGATCACTTGAGCCTGGAAGGTGGAGGCTGCGTGAGCACCACTGCACTTCAGCCTGGACAACAGAGTGGGTCTCTGTCTCAAAAAA
TAAAAATTAAAAACAAGGAATCAGTCTAAAATAATTTATGGTTGAGGAGCTCACCAAAGTCTTTGAAACAATTGAAAGTAATTCAAAGTGA

GGACAGTTGCCATAGGATGGACTTTGCCTTAAGTAGGCTGTCTCCAGAGCAACGAAGGAGSAGGAAGSAGTGAGGCCTATGGTGTTICATG
TGTACCTTTTACCAAGTCGAAGCAGCCATCTTGTCATTGCTAGGGCTGAGGGGAAGCTGCAAAGGTTGGGGGAGTTGATACTCACTTGGCU
CTGAGGTATGTTCCCACCACCCAGTGTGATTAAGTGGGATGITGTTTTCTAGGGTCATAGGAAAGAATGTTCAATTACTCTCCCTTATAGA
TTTCTCTTAACTTATAACCGTAGAGCTTGTAGACATGAGGCTTCTTGGAAACTGTCTCTTTCTAAAAGGTCTTTCCACCGTTCAGGTCCTA
TGAGTCTAGCTCTGATGGACCACTGAGTGATTCGTATCTCCCCTTTGCAACACTTGCCCCAAAAGCCCAGATCTAGAGGGATGTGTCAGGT
GACCTAACAGGAGGCCTGLLL;uALLJblullthLIUTCCAﬁlilbbbbﬁllilcCCCATTTCCTTACACCCTGGTTTTCCTTCCTAGGA
GAGAAGAGGTTGCAGAGGGAGAAGTCTGAGCAGGTTCTGGAPAACCCAGAAGACCTGAGGGGTCCCATTCATCTCTCTGTGCTGAGACAGG
GCAAAAGTCCCTACAAGCGTGGCTTTGATGAGGGGGATGTACACCCCCAAGCTAAGAAGAAGAAAATTGACCTGATTTTCAAGGATGTTCT
GGAGGCCTCACTGGAATCTGCGAAGGTGGAAGCCCACCAGTTGGCCCTGASCACCTCACTGGTCATCAGGAAAGTCCCCAAATACCAGGAT
vGACGCCTACAGTCAGTGTGCAACAACAATGACCCATGGTGTGCAGAATATAGGCCAGACCCAGSGGGAGGGGGACTGGAAGGTCCCCCAGG
GGGTCTCCAAGGAGCCRGGCCAATTGGAGGATGAAGAAGAGGAGCCTTCATCATTCAAEGCCGACAGTCCTGCCGAGGCCTCCCTTGCATC
TGACCCTCATGAACTTCCCACCACCTCTTTTTGCCCTAACTGTATTCGCCTAAAGAAGAAGGTTCGGGAGCTCCAGGCAGAATTAGACATG
CTTAAGTCTGGGAAACTTCCTGAGCCCCCCGTATTGCCACCACAGGTACTGGAGCTCCCAGPGTTCTCGGACCCKGCAGGTAAGTTGGTTT
GGATGAGATTATTGTCGGAGGGCAGAGTACGCAGTGGGCTGTGTGGAGGGTAGCCTAAAGCTCTCTGTGGAAACCACCTTCCGGGAGACCT
GAGGAGTGTAACGTGGAGGCGGCTACCTCCGTGGGTGGGAGCCCAGGTCCTCAGTGTCTCTGGCAGACCCATCGGCAGCTCTGCCAGGTGC
TCCATGTGTTGCCCTTGTATCCTCCTTGTCAATAAAGGAAGTTCCGCTGCAGAAGGGGTGTGTGCTGTGTTCTTGACCCGTTGCCTTTCTC
TGGTACTGGTGYCTTBCCCCAAAGCCCAATTTCTAAACCCAGTCTTTCTCTGTCCCCAGTCTCAAGCAGGGTGTCCCACTGGAGAGATCTC
TTGGCTTCCCTAACTTAGTCCAGGALCACAGCC1LbiLLLlLlLJTCCTGAﬂlLLLlblbbiGCCACBCATGGTCCCAGTTCCCTAGCCTG
GAGTTCTGGAAGGATGGAGAGTGAGGGGATCCAGGCCATTCACCTGCATGGCTTTGCCCTATTCTGTTGGCTACCTGGATTTCTAGAGTTG
GTCGACAACTAGGCAGGTGTTCTAGTTCATATCTGCAGCTGAGGGAGACTGTTTACATAGCACTTACTCTTTTAA:CACATCCCTTAGCTC
AGAATGAGGTGTTTCTTGTATTCAAAGCATGCGTCTGAACTRAACTGCATTTTGATCCTGAAATCACTTGGGGCCATATCCAAGATGCCTT
TGTTCACATTAATGAAGGGCAAATGAATCCCAAGTCCTTGCCATATAACTTPGGAATGTGTGATGTGCTTTTCCTCCTCCATTAGATCTAC
TCTCCTAGCTTGTGCTGTCCAGTTGATAGGGGGCATTTAAA&CCCTCAAACACCCACACATGGAGGSCAAGGGCAGGCAUCCTGAAATCTG
GTGGGTGTGACAAGGCAACCGTGGACAATCACAGGGAGAGTAAAAGTCACATGGGCAAGCAGGAGTGCICATAAACTAATTCTGGGCTGGG

GACCAGGAAGTCGATTCAGCAGATGAATCTGTCTCCAATGATATGATGACAGCGACGGATGAGCCCTCCAAGATGTCATCGGCCACCGGGC
GCCGAATCCGGCGCTTTAAGCAGGAATGGCTGAAGAAGTTCTGGTTCCTGCGGTACTCCCCAACCCTCAATGAGATGTGGTCCCACGTCTG
CCGCCAGTACACGGTGCAGTCCTCACGCACCTCGGCCTTCATCATTGGCTCCAAGCAGTTTAAGATTCACACCATCAAACTTCACAGCCAG
AGCAACCTGCACAAGAAGTGCCTGCAACTGTACAAGCTCCGCATCP CCCGGAGAACATCAGAGGE ATGTGTCGUAACATGACCOTGOTCT
TCAACACCGCCTACCACCTGGCCTTGGAGGGCAGGCCCTACCIGGACTTCCGGCCCCTGGCGGAGCTGCTGAGGAAGTGTGAGCTCAAGGT
GGTGGACCAGTACATGAATGAGGGAGACTGCCAGATCCTCATCCATCACATCGCCCGGGCCCTGCGGGAAGACCTGGTGGAGCGCATCCGC
CAGTCACCTTGCCTCAGCGTCATCCTGGATGGGCAGAGCGACGACCTGCTGGCCGACACGGTGGCTGTCTATGTTCAGTACACCAGCAGTG
ATGGGCCCCCGGCCACASAGTTCCTGTCCCTGCAGGAGCTGGGATTCTCTAGCACAGAAAGCTATCTCCAGGCACTTGACCGGGCClTCTC
GGCCTTGGGCATCCGGTTGCAGGATGAAAAGCCAACTGTTGGCTTGGGTGTAGACGGAGCCAACATCACAGCCAGCCTCCGTGCCAGCATG
TTCATGACCATCCGCAAGACGCTSCCCTGGCTGCTGTGCCTGCCCTTCATGGTGCACCGGCCCCACCTGGAGATCCTGGATGCCATCAGCG
GGARA GCTCCCATGCCTACAGS, TGCAG Z«AF('U‘(‘AAFPAF{‘TGZTGAGCTTCTACCGCTACTCACCGCGCCTCATGTGCGAGCT
GCGGTCCACGGCGGCCACCCTTTGTGAGGAGACAGAGTTCCTGGGCGATATCCGGGCAGTGCGGTGGATCATCGGCGAGCAGAACGTCCTC
AACGCTCTCATCAAGGACTACCTGGAGGTGGTGGCCCATCTCAAGGAGGTCAGCAGCCAGACCCAGCGGGCAGACGCCTCGGCCATCGCAC
TGGCCCTGCTGCAGTTCCTCATGGACTACCAGTCCATCAAGCTCATCTACTTCCTGCTGGACGTGATTGCTGTGCTCTCGCGTCTGGCCTA
CATCTTCCAGGGCGAGTACCTGCTGGTGTCCCAGGTGGATGACAAGATCGAGGAGGCCATCCAGGAGATCAGCCGGCTGGCTGACTCCCCG
GGAGAATACCTGCAGGAGTTCGAGGAGAATTTCCGAGAGAGCTTCAACGGGATCGCCATGAAGAACCTCAGGGTGG:TGAAGGCAAGTTCC
AGTCCATCAGGGAGAAGATCTGCCAGAAGACCCAGGTCATCCTGGCTCAGAGGTTCGACTCCCGCAGCCGGATCTTIGTGAASGCCTGCCA
GGTGTTTGACCTGGCTGCCTGGCCCAGGAGCAGTGAGGAGCTGATGAGCTATQGQAAGGAGGATATGGTGCAAATATTTGATCACCTGGAG
GCCATCCCGACCTTTfCCCGGGATGTCTGTAGGGAAGGGCTGGACCCCCGGGGTAGTCTGTTGATGGAGTGGCGAGAACTCAAGGCCGATT
ACTACACCAAAAATGGCTTCAAAGACCTGATCAGCCACATTTGCAAGTACAAACAGAGGTTTCCACTCTTGAACAAGATCATCCAGGTTCT
TAAAGTCCTCCCCACTTCCACCGCTTGCTGCGAGAAAGGCCGCAATGCCCTCCAGCGAGTTCGCEAAAACCACCGCTCCCGCCTGACCCTG
GAGCAGCTTAGCGACCTGTTGACAATCGCTGTAAACGGACCGCCAATCACCAACTTTGATGCCAAGCGAGCCCTGGACAGCTGGTTTGAGG
AGAAGTCTGGGAACAGTTACG:GCTGTCTGCAGAAGICCTCAGTAGGATGTCTGCGCTGGAGCAGAAGCCAGCACTACAGACCATGGACCA
CGGGACGGAGTTTTACCCCGACATTTAGGGAGCTGGCGCTGCAGAGTTCACTAAGCTGTTGAATATTTTTTTAATCTATACTCATAAGCTT
TGATATATTATATAAATATATATTATATTATATTATATTATATATATATATATATATAAACTCACACTGARAATTTTTAAAAACCAAGGTG
ACSCGTCCACCACEAGCCACTGGGAGATTTCAGAAAGGAAAAATGTTGGAAACTGACTCTTGTCTACAAAATTTGGCAGCTGCAACATACA
TGGCAACTSATTTTCACTCACAGAAGCACGTGCTGGGGGCTCCrGTGTTCCCACCTTACTGTCCACCAACAGCATAAGCTAAAATGACAGG
TCTCTSTCATCACCTTTACGTAGCTCATTTTGTT TATGTTTTCATT 1(,LubGTGGCubbL:(,1(.J.GGGTT‘I'GGG'I‘TTATGTTCTTGCCTTTT
CTTTTTTCATTTGGTTTTATGATGGGAGGGAGCTCCTCAGCCTCCTCATTGACATTCTGGTCCGGETGAATCAGATCTCTGACTTAAGTCA
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GGGTGGGTTGTCTGTCTGCATTTGGGAGGCAGGGGGGTTGACCTTTCTCCCTCCCCACCTGACTTCAGCTTGAGATCTTTTTTTATTCATT
TCCTGATGAGGGTTCCTTCACTGTCCTACAAACAAAAGTGTCGGTCAAACTGTGACACTGCCACACCTCACCTCTGTTGCCTCGTCCATCC
LLbhbllbleAlLLLlLLLLlLLAGCCCCCCCTGGAAACTCACAATATTACCCATTATACTGAAGGCAACATTGCCTCACCGCTGAGCTT
GAAATCCTGGGGAAGGGAGAAGGGGTAAGCTTTTAGCAITCCTGTTTTTACGAGGTGGAGGATAAAACAATATAATTCCATTCCAATCCAG
GGCTTTTGECCAGATGARGAGCCAAGAR TCCAGACCCCAACAGGGGAGTGATTTTTGGCTAAAAAACAAGGAAAATGAAAAGTACATATT
CGAGTTACATGGATTATTTATACTTTTTCTTTATAATCATATCATGTGTTGAGGGTATTTTTTTTCCTTTAATAATCAAGAAATGCCTGDT
ATAGTTCAGTGGCAGGTAGTGTCAATGCAAATTGTGCCCTAAGTTATGCATAACTCAAATGAGAGTCTGTAGASATGTGGTCCTCCTTTTG

TAGAGGAGTCTGATCAATGCTCTTTCATTCATTTAACTACCGGTATACCTCGCAAGGGAGTTTTAAAAAATGTGCGTGASCTGTTAAAAAC
TTCTGTTCATGTTCCTACATCTGATTTATGCATATTTTATATGCAGAGATCCTATCACGTGGATGCAGGTCATTTTGGGGGAGGGAGGAAG
ATCTGAATTATATACATGTGGTCASTTCTGCTGAGAGCTitkTCTCTTGGTTGGCAGAGGGTGGTGTTATCTGGCCACAGGCAAGGCCCCA
ATGTCTTCAGCCTGC“TGGTTCAGACATTATAAAACTGTGGTGGCTTCCTTCCTTCTTGGTTTATGTTGTCTCTGAGCCCTCATGCCACCG
TTGAGAACCATAGTGGAAATGTCATCAACACTGAACATGTTATAGCCCTTTCTTGGTTCCACCAGTCCCTTCATCCCCTACCAATCCCTTC
CCCITCACCTCCRTGGTCTTGGTGCTAAGATAACTTTAGAATCATTGCTGCTAGTCAATAGCTTTTCATTATATAAATATATTATATATRT
TATATATTATTTTTSAAATATTTTTGTTTGTTTTCAACAGIGRTGTAGCATGTTAAAAAACAAAAAACAAAAAAAAATGGGTTCCTCCAAC
TGTCCCACTGCCAGGCCTCATATGCTGCCTTCTTCAACAAATCAATSCACCCCTGCCTGGTGACATSCACCCCACCTCCCAACCCAGTTGC
ACACATGCTTCCCTACCCTCCTCTGAGCAAGAAGA AFTTAGCAGGAACTAFFﬂﬂFFB”AF”PTGAAAGCCTCCTTCTGAGGCTTTGAGAT
TCCCAGCCCCATTCCACITCCCCACTTTAAACTGATGTCTCCCTCCATCTGCTCCTCCCATCAGGGTCAAAACCTAACTGTGGTCAAATGG
GATGCTGTTGCAAEGCACCAGGTCCCACCTGGCCCAGCCCCAGCCTTGGGACTTCCTCTCCCCTCACACACGCAAACTGCTGTGTCTGGGG
AGTTTTCACTGAACATTGCAGAGACTAAGAAGGGTTGAGGGCAGAGATGGCTAGCAAGACAGGGCTTGGTGAGGGCAGAAACAGTAGGTIG
ACATCCTTTCTTCTAGCCAACAGTTGCCTTACACCTTACATTGGGTAATFFFVAF G, AGCAGGCTRAGCGCTCCCGCTCATTTGAAARC
CAGGAAGAGAGAACCAGTGTCTTCCTGAGCACCTGGTCAGTTGGAGCTACTCTTTTTCCTCTCAAGAGAWCATGGCCAAAATGAGCTAAAA
TCTTCAGCTAGAAGGGGAAAAGCTTATGGGCCAGTGCCACTGCCTACCCTGTAGTICCIGAGAAAGCTSAGAGCAGGTGACCCACTTCTGG
CCTAGCAGAATGAGCTGCTATGCACAGCATGCAGCTGCAGGGGTCACTTCCTGAGCTGGCCACCAGAC:TCGGAAAAGCTAACCTCTCAGG

AAAAGCAGTTGGTGGATCCCAAATGTTGTTACTTCAGACAAGACAGAGCCCTTTAACTCAGCCTCTGGCTTAGGAGTGATGACTACAGGCT
TAGAATGAAGTGTGTCTCTGGGGCTGAGACTTGSCATAACTGGGCTGGCTGATTAGTGACTTTCTTTGGCTCGTAGGGTTGGTGGGAAGTG
AGATCAACCTTGAGGCCCAGGTTTGTGGCCAACTGTGCCAAGGTGATACCTGGCAGAGCCTGGGAGCCAGAGCC:TTATGATTAATATGAT
CTGCTTTTCCTTCATGGAGEACAAAGAAAAAATCCACTGCCATCTAGTATCTGTGAAACATGAGGACAGCGCAGTCAAGTCTGTRACTCTT
GCCATGTCAGARTCCCCAAGTTTTGCCTGCCTGGTTGAATATGAGAGTCCAGGCATCAGAAACAGCAGCCTTATTTAATTTAATTTTTCTA
ATGACTGCCCTATGACACCTTGTGATGCTAGGCAUATCCTCATTTCCCCATCCTCACTTGSGACTGAGAGCAGGCTCAAGTTCCAGGGTCC
CTGGATGGCAAGGTTCAGTGCTGGGCCCTGGAATCTATGGCACTTGGGGGTCTCTGACCTCAGCCTCTGCCACATGTTTCCAAGTTGAGTT
GTTTTGCTGAGGTGGTCCTCCCCTTGAGTTGCTTATGCCAACCCTTTAATTTAGSAAAAGTACCTTGTAATTACTTAAGGTAATGTTTAAA
TGTTTTCCATTCATTTGGAGGTGGTGCCAACAGGGGGGAAAGCATGCAGAASGCTGGAAACAATAGCTGAGACCCTACTGTGGGCCCACAG
CCCTGGCCCAGCCGGCACTGAGGGGSTGGTGCCATGTTACTTCATCACCTGGAGCCTGATGGGACCCAGGAGGTGGCCiGAGGCGATSAAG

GCTTCAAGAGGCAGATCTAGCCAGGCCAGGCTGAAACAGCTGAAACAGGCAGGCCAGTCCTCCTCAGACAAGAAAGGGGTTTTCAGAGGGC
AGTGGTGTGCCCATTCCAGACACCAGTCTTCTGGGGAGGTGSTGCCGIGTCATGGGTTCTAGTCTGGCCTCTTCCTCAGTCCTCAGGAGGA
CCCAAGAGACTGGCACGGCCCTTCTCCTGCTTGGAGGGAAACCCATCTCCCACTTGGTGGGGGCCCTTCTCTTGCCATCTGTTGGTTAGGG
TGCTTGAGCTGAGTGGATGGTGCTGTGATATTTTTAAGGAGCCTTTCAGGCAATGTTTGCATGITAGCCAGAGGGAGAAAAAGTGCCCTTT
TGGGAGGAAAATGGTACGCCCCICCACTTCCATCTGGCACTCCCTTCCCCCCCACCCCCTCAAGTGGTATCACCCTGGAAATACCTATGCA
ATCCAGTCTCCCTAGGAGAGAGTGCATGGAAGCAGGGGTATGTGCAGTGTAGAATACAGATGCTACAGCATATATGTTGTATATATGGACA
TATACAGTACGTATACACACAGAGTAAGAGAGTAAATCACGTCTATATATCTATAAATAATATCCTATATATTTATACATTTCTATGTTTT
AAATAGATATAAAAATAGAGTCTATAGAGCTGGGAGAGCAGTGGGAAGCCTGGCGCTGTGCTGTGCAAAGGGGAAGGGAGCACGGUCTTCG
GAGAGGGAGCCCEGEAR: GCCAGCAGBCACGETTGGCTGECARGEGGECCTCCTACCCGRA TGTTGGASAGGAGAGTGELTEEETCCCCE
CTCGCTCCATGCALLlLLLLJbeiiLLCACAbbLilbblLJGAubilb .AGGAGATACCCCCTGAGCTCCAGCTGAGGTGCCCCCTACC
TCTCCCCACCCCCACAGCCCACGCTTAGGCGGTCACTGCTGCTTGGCAGTAGGACGTGGTCTCTGACTCCTGGTGGAGGGACCACTGCACA
AACTCCTTCAAAACCCTCCCCCACCAGGACTGAGCAGCGTCAGTGGCAATAGGAAAGGTCCAAACTGGATCAAGAGCTGGTCCAGGAAAGA
TACCGCCCCTGCCCTGTTAGATGCTTCTGCTGCCCCTAGAGGCCAAGCCCCTGAAGTGCAGCCGTCCTGGCCTCCCTCACTTGCTCAACCA
CTGTCAGGAGGAGASGATGTGGGCAGCATGAGCATQGCCAGGCAGCGCTGCCCACCATCCACAGGCTTTCTGSCCAGGGCAGGGGGCATCA
GCTAGCAGGAAACGSTGGGAGAGACATATCTGCACACTCATAAATTCAATGGCTACTCCAGTCCAGAAGCAGGGCTTTGGCCCAGCCCGCT
CCGCGCAGCAGCTGCTGCTGGCTGTACTCAGGACAACGCTGTTCpCCCTCCCTCACAGAGGCCCCGTGGCCCCTACCCCACTCCCGCCGTA
ACAGGCAGGTTTAGTTCACATACACTGTTCSCATTCTGTGACTTGAGGCAGAGGCTGAGCTGGGATACCCCAAGCTCATCCACTTTCGTTG
GGGAGGGCCCCTCCCTGGGTTTATCACCAGCTCCTAGCCCGGGCCGGGCGGGGATGTCTGGGGGCCACGCGGGGGCACTGGPGCAAGCTGG
CAGCATGACAGAGGGCTTGTGCAGCCCTGACGGGACCCAGAAGCCCATTTGCTCGCAGTTTCCTCPCTCTGTTTTTITCCT:CTGGAGGTA
GGAGAGAGGGCCTGACCAGGCACCAGATGATGGAGCAAGGGCAGCTGCATGCTCCCTCTCTCCAGACCAGCCTTCTGCTTTTGGGGTCCGA
AGGGGCATTTGCTCCCATCCTGAGCCTCCTCTGCCCCTGTCTTGCTCTTCCCTACCATCCTACAAGTACCTCAGTCTCCAGCAGGCCCACC
CCTCCACCTGCAGCCCAGGGCGGGTCTGTTCTGCCAATGCCEACCTCCTTGAGCCACACTTAGCTGCCAACTGGGTCTTGGGACACCCTCC
AGTACCIGGCTCAAGAGAGA F“”PPFFFP”CGAbL_i1LL1LCCACTGCAGTGGACTAGACCCACGGCCAGGGGATGGGCATCCCCAGGT
AGCAATCCCACAATGCACTGTACCTCAGAGAGAGAGCACGCCAGQGGCACCAACGGACCGAGCCCTCTGICCAGAGGSGGACAGCGGTCAC
AATACTGCTCACCAAAAGACAAAGGCCAGGCTGCCCTCGSGCACCTCTCAGTCITCACTTTTGTCTCTCCGGAAGAACCAGCAGTCTGATT
CCGTCTATTTCAGCCCCCGTCTCTCT:TTCTCCACCCCCACGZTGCTGAACCATTTTCATGTCAATCACAAAGGAAAAATAAGTGGGGATG
SGGGGAAATACCTAGGAGTCTATTATCACATACATATTAATAPGTTAATACTTTCTTTAAAAAAAACCTCTTGATGTTATTATTTTGCAGA
CTACGCTTTATAGTACCTGTGTGACGGGACCTAGAACACTGGATACAAATAGAGCTATGTTGGTTTATCATAATATGTACGCAGAAACTTT
CTTTTTGTCATATTRTCCTTGTAATGTAAGAAGATTGTTAATAAAAGCATTIAAATTTACTCACCACTGTTGAATTGCTGCCTCCTTGCCT
CTATCCCCGGCCTGTGCTCTGGTTGACTCAGAACGGGCCCCACCACAAGSGCTCAGGTGTCAGAATAGGAGCTTGCCTGCTGCCASGTTGG
AAGGAACTAGAAGAGGCCACTAGCCCCTTCTTGCTGCTCTCATTGTTCCCCGATTAGAGTCTCTTTCCASCAAGTAACCTACGTGCCTCGC

. CCACCAGGCAGGCCAAAAGAGGT3TGACCGAAACCGTTTAAAATAAATCTCTCTGCCCCCATATGCATTCATCCCACAAGAATCTCCTGSA

GGCAGCACACARGGECTGTT

HUMAN SEQUENCE - mRNA (SEQ ID NO:3)
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GTCTTGAGGACCATCTCTCCCGGCAGCATACCGTGTGGCTTCACAL1bLLL;uLLlLLleAACCTCGGAllbllCATCTATAAAATGGSA
ATAAGRGTAAGCCACCTCAATGGACTGTGGGAGGCTTAAGTAAATTGAAGTGCCATGCAAGTAGCTAGCATGCAGTTGCAGCTCAATGAAT
ATTATGATGGCCGCAGATACGATGGCTACAGCTGGGGCACCCATTTCGGGTCACAAGGTAGGGTTCAATGTTGAAGATGGCAGAECCAATT
GCATCCCTGATGATCGTGGAGTGCCGGGCCTGCCTGAGATGCTCACCTCPCTTCCTTTACCRGAGAGAGAAAGACAGAATGACCGAGAACA
TGAAGSAGTGCTTGGCCCAGACCAATGCAGCCGTGGGGGATATGGTGACGGTGGTGAATCCGAGCCAGGAGTATGGCCAGCCCTGCTCTAG
GAGACCGGACTCCTCGGCCATGGAAGTTGAGCCCAAGAAACTGAAAGGGAAGCGCGALL1L TCGTGCCCAAAAGCTTCCAGCARGTGEAC
TTCTGGTTTTGTGAGTCCTGCCAGSAGTACTTCGTGGATGAATGCCCAAACCATGGCCCCCCGGTGTTTGTGTCTGACACACCGGTGCCCG
TGGGCATCCCAGACCGGGCGGCGCPCACCATCCCACAGGGCATGGAGGTGGTCAASGACACTAGTGGAGAGAGTGACGTGCGATGTGTAAA
CGAGGTCATCCCCAAGGGCCACATCTTCGGCCCCTATGAGGGGCAGATCTCCACCCAGGACAAATCAGCTGGCTTCTTCTCCTGGCTGATT
GTGGACAAGAACAACCGCTATAAGTCCATAGATGGCTCAGACGAGACCGAAGCCAACTGGATGAGGTACGTGGTCATCTECCGGGAGGAGA
GGGAGCAGAACCTGCTGGCGTTCCAGCACAGTGAGCGCATCTACTTCCGGGCGTGCAGGGACATCCGGCCTGGGGAGTGGCTGCGGGTCTG
GTACAGCGAGGACTACATGAAGCGCCTGCACAGCATGTCCCAGGAAACCATTCACCGCAACCTGGCCAGAGGAGAGAAGAGGTTGCAGAGG
GAGAAGTCTGAGCAGSTTCTGGATAACCCAGAAGACCTGAGGGGTCCCATTCATCTCTCTGTGCTGAGACAGGGCAAAAGTCCCTACAAGC
GTGGCTTCGATGAGGGGGATGTACACCCCCAAGCTAAGAAGAAGAAAATTGACCTGATTTTCAAGGATGTTCTGGAGGCCTCACTGGAATC
TGCGAAGGTGGAAGCCCACCAGTTGGCCCTGAGCACCTCACTGGTCATCAGGAAAGTCCCCAAATACCAGGATGACGCCTACAGTCAGTGT
GCAACAACAATGACCCATGGTGTGCAGAATATAGGCCAGA:CCAGGGGGAGGGGGACTGGAAGGTCCCCCAGGGGGTCTCCAAGGAGCCAG
GCCAATTGGACGATGAAGAAGAGGAGCCTTCATCATTCAAGGCCGACAGTCCTGCCGAGGCCTCCCTTGCBTCTGACCCTCATGAACTTCC
CACCACCTCTTTTTGCCCTAACTGTATTCGCCTAAAGAAGAEGGTTCGGGAGCTCCAGGCAGAATTAGACATGCTTAAGTCTGGGAAACTT
CCTGAGCCCCCCGTATTGCCACCACAGGTACTGGAGCTCCCAGAGTTCTCGGACCCTGCAGGTAAGTTGGTTTGGATGAGATTATTGTCGG
AGGGCAGAGTACGCAGTGGGCTGTGTGGAGGGTAGCCTAAAGC1LLLLbithAACCACCLLuLh AGACCTGAGEAGTCTARCETGGAG
GCGGCTACCTCCGTGGGTGGGAGCCCAGGTCCTCAGTGTCTCTGGCAGACCCATCGGCAGCTCTGCCAGGTGCTCCATGTGTTGCCCTTGT
ATCCTCCTTGTCAATAAAGGAAGllLLbLleLAGAAGGGGThlulbL1blbLLLLibACCCGL1&9L11LLLLIGGVACTGGTGTCTTACC
CCARAGCCCAATTTCTAAACCCAGTCTTTCTCTGTCCCCAGTCTFAAGFEFFPTGTCCCACT GRAGAGATCTCTTGECT CCOTAACTTRAG
TCCAGGAACACAGCL[1hl1LllLlCTTCCTGAAiLLLLbLLLLGCCACACATGGTCCCAGTTCCCTAGCCTGGASTTCTAGAAGGATGGA
GAGTGRGGGGATCCAGGCCATTCA

HUMAN 3EQUENCE - CODING (SEQ ID NO:6)

ATGTTGAAGATGGCAGAGCCAATTGCATCCCTGATGATCGTGGAGTGCCGGGCCTGCCTGAGATGCTCACCTCTCTTCCTTTACCAGAGAG
AGAAAGACAGAATSACCGAGAACATGAAGGAGTGCTTGGCCCAGACCAATGCAGCCGTGGGGGATATGGTGACGGTGGTGABTCCGAGCCA
GGAGTATGGCCAGSCCTGCTCTAGGAGACCGGACTCCTCGGCCATGGAAGTTGAGCCCAAGAAACTGAAAGGGAAGCGCGACCTCATCGTG
CCCAAAAGCTTCCAGCAAGTGGACTTETGGTTTTGTGAGTCCTGCCAGGAGTACTTCGTGGATGAATG:CCAAACCATGGCCCCCCGGTGT
TTGTGTCTGACACACCGGTGCCCGTGGGCATCCCAGACCGGGCGGCGCTCACCATCCCACAGCGCATGGAGGTGGTCAAGGACACTAGTGG
AGAGAGTGACGTGCGATGTGTAAACGAGGTCATCCCCAAGGGCCACATCTTCGGCCCCTATGAGGGGCAGATCTCCACCCAGGACAAATCA
GCTGGCTTCTTCTCCTGGCTGATTGTGGACAAGKACAACCGCTATAAGTCCATAGATGGCTCAGACGAGACCGAAGCCAACTGGATGAGGF
ACGTGGTCATCTCCCGGGASGAGAGGGAGCAGAAECTGCTGGCGTTCCAGCACAGTGAGCGCATCTACTTCCGGGCGTGCAGGGACATCCG
GCCTGGGGAGTGGCTGCGGGTCTGGTACAGCGAGGACTACATGAAGCGCCTGCACAGCATGTCCCAGGAAACCATTCACCGCAACCTGGCC
AGAGGAGAGAAGAGGTTGCAGAGGGAGAAGTCTGAGCAGGTTCTGGATAACCCAGAAGACCTGAGGGGTCCCATTCATCTCTCTGTGCTGA
GACRGGGCARARGTCCC I ACAAGCETGGCTTCEATCAGE TGTACACCCCCAAGCTARGARGARGARRA I SACCTGATT I TCARCGA
TGTTCTGGAGE CTCACTGGAATCTGCGAAGGTGGAAGCCCACCAGTTGGCCCTGAGCACCTCACTGGTCATCAGGAAAGTCCCCAAATAC
CRGGATGACGCCTACAGTCAGTGTGCAACAACAATGACCCATGGTGTGCAGAATATAGGCCAGACCCAGGGGGAGGGGGACTGGAAGCTCC
CCCAGGGGGTCTCCAAGGAGCCAGGCCAATTGGAGGATGAAGAAGAGGAGCCTTCATCATTCAASGCCGACAGTCCTGCCGAGGCCTCCCT
TGCATCTGACCCTCATGAACTTCCCACCACCTCTTTTTGCCCTAACTGTATTCGCCTAAAGAAGAAGGTTCGGGAGCTCCAGGCAGAATTA
GACATGCTTAAGTCTSGGAAACTTCCTGAGCCCCCCGTATTGCCACCACAGGTACTGGAGCTCCCAGAGTTCTCGGACCCTGCAGGTAAGT
TGEGTTTGGATGAGATTATTGTCC GASGGCAGRGTACGCAGTCGGCTGTETGE GSGTAG
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Examples
Example 1 mRNA Expression Analysis of PROM11 in Breast Cancer Samples

mRNA was prepared from breast cancer samples as by standard procedures as are known in the
art. Gene expression was measures by quantitative PCR on the ABI 7900HT Sequence Detection
System using the 5' nuclease (TagMan) chemistry. This chemistry differs from standard PCR by the
addition of a dual-labeled (reporter and quencher) fluorescent probe which anneals between the two
PCR primers. The fluorescence of the reporter dye is quenched by the quencher being in close
proximity. During thermal cycling, the 5' nuclease activity of Tag DNA polymerase cleaves the
annealed probe and liberates the reporter and quencher dyes. An increase in fluorescence is seen,
and the cycle number in which the fluorescence increases above background is related to the
starting template concentration in a log-linear fashion.

For data analysis, expression level of the target gene was normalized with the expression level of a

house keeping gene. The mean level of expression of the housekeeping gene was subtracted from
the mean expression level of the target gene. Standard deviation was then determined. In addition,
the expression level of the target gene in cancer tissue is compared with the expression level of the

{arget gene in normal tissue.

As shown in Figure 1, PRDM11 was up-regulated in approximately 46% of breast cancer samples
examined.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method of detecting a cancerous breast cell comprising detecting the presence
of increased expression of a PRDMI11 gene in a patient sample relative to expression of
the PRDM1 1 gene in a control sample, wherein the presence of increased expression of
the PRDMI1 gene in said patient sample is indicative of a cancerous breast cell.

2. A method of detecting a cancerous breast cell comprising:

a) measuring a level of PRDM11 gene expression in a first sample, said first
sample comprising breast tissue; and

b) comparing the level of PRDMI11 gene expression in (a) to a level of
PRDMI1 gene expression in a second sample, said second sample comprising a normal
tissue type, wherein an increase in the level of PRDM11 gene expression of at least
50% in (a) relative to the level of PRDMI1 gene expression in the second sample is
indicative of a cancerous breast cell.

3. The method of claim | or 2 wherein the PRDM11 gene comprises or encodes a
nucleotide sequence at least 98% identical to a sequence selected from the group
consisting of SEQ ID NOs:1-6, or a complement thereof,

4. The method of claim 1 or 2, wherein the PRDM11 gene comprises or encodes a
nucleotide sequence at least 99% identical to a sequence selected from the group
consisting of SEQ ID NOs:1-6, or a complement thereof.

5. The method of ¢laim 1 or 2, wherein the PRDMI 1 gene comprises or encodes a
nucleotide sequence comprising a sequence selected from the group consisting of SEQ
ID NOs:1-6, or a complement thereof.

6. A method for detecting breast cancer associated with expression of a
polypeptide in a test cell sample, the method comprising:

a) detecting a level of expression of a polypeptide encoded by a nucleotide
sequence at least 95% identical to a sequence selected from the group consisting of
SEQ ID NOs:1-6, or a fragment thereof; and

b) comparing the level of expression of the polypeptide in the test cell sample
with a level of expression of the polypeptide in a normal cell sample;
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wherein an increased level of expression of the polypeptide in the test cell sample
relative to the level of polypeptide expression in the normal cell sample is indicative of
the presence of breast cancer in the test cell sample.

7. A method for detecting breast cancer associated with expression of a
polypeptide in a test cell sample, the method comprising:

a) detecting a level of activity of a polypeptide encoded by a nucleotide
sequence at least 95% identical to a sequence selected from the group consisting of
SEQ ID NOs:1-6, or a fragment thereof, and

b) comparing the level of activity of the polypeptide in the test cell sample
with a level of activity of the polypeptide in a normal cell sample;
wherein an increased level of activity of the polypeptide in the test cell sample relative
to the level of polypeptide activity in the normal cell sample is indicative of the
presence of breast cancer in the test cell sample.

8. A method for detecting breast cancer associated with the presence of an
antibody in a test serum sample, the method comprising:

a) detecting a level of an antibody against an antigenic polypeptide encoded
by a nucleotide sequence at least 95% identical to a sequence selected from the group
consisting of SEQ ID NOs:1-6, or a antigenic fragment thereof, and

b) comparing the level of said antibody in the test sample with a level of said
antibody in a normal cell sample;
wherein an increased level of antibody in said test sample relative to the level of
antibody in the control sample is indicative of the presence of breast cancer in the test
serum sample.

9. A method of diagnosing breast cancer comprising;

a) determining the expression of a PRDMI 1 gene comprising or encoding a
nucleic acid sequence selected from the group consisting of SEQ 1D NQs:1-6, in a first
tissue type of a first individual; and

b) comparing said expression of said gene from a second normal tissue type
from said first individual or a second unaffected individual;
wherein an increase in (a) relative to the level of expression in the second normal tissue

type indicates that the first individual has breast cancer.
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10. A method of screening breast cancer drug candidates comprising:

a) providing a cell that expresses a PRDM11 gene comprising or encoding a
nucleic acid sequence selected from the group consisting of SEQ ID NOs:1-6 or a
fragment thereof;

b) adding a breast cancer drug candidate to said cell; and

c) determining the effect of said drug candidate on the expression of said
PRDMI1 gene.

11. A method according to claim 10 wherein said determining comprises comparing
the level of PRDMI11 expression in the absence of said drug candidate to the level of
PRDMI1 expression in the presence of said drug candidate, wherein decreased
expression of the PRDMI11 gene in the presence of the drug candidate relative to the
level of expression in the absence of the drug candidate indicates the drug candidate
has anti-cancer activity.

12. A method of screening for a bioactive agent capable of binding to a PRDMI1
protein, wherein said PRDM11 protein is encoded by a nucleic acid comprising or
encoding a nucleic acid sequence selected from the group consisting of SEQ ID NOs:1-
6, said method comprising:

a) combining said PRDMI11 protein and a candidate bicactive agent; and

b) determining the binding of said candidate agent to said PRDM11 protein;
wherein a candidate bioactive agent which binds to the PRDM11 protein is identified as

a bioactive agent.

13. The method according to claim 10, wherein the drug candidate increases the
expression of the PRDM11 protein.

14, A method for screening for a bioactive agent capable of modulating the activity
of a PRDM11 protein, wherein said PROMI 1 protein is encoded by a nucleic acid
comprising or encoding a nucleic acid sequence selected from the group consisting of
SEQ ID NOs:1-6, said method comprising:

a) combining said PRDM11 protein and a candidate bioactive agent; and

b) determining the effect of said candidate agent on the bioactivity of said
PRDMI1 protein;
wherein a candidate bioactive agent which modulates the bioactivity of the PRDM11
protein is identified as a bioactive agent.
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15.  The method of screening for a bioactive agent according to claim 14, wherein
the bioactive agent increases the expression of the PRDM11 protein.

16. A method of evaluating the effect of a candidate breast cancer drug comprising:

a) administering said drug to a patient;

b) removing a cell sample from said patient; and

¢) determining alterations in the expression or activation of a PRDM11 gene
comprising or encoding a nucleic acid sequence selected from the group consisting of
SEQ ID NOs:1-6.

17. A method for inhibiting the activity of a PRDM11 protein, wherein said
PRDMI1 protein is encoded by PRDM1 1, said method comprising binding an inhibitor
to said PRDM11 protein,

18. A method of treating breast cancer comprising administering to a patient an
inhibitor of a PRDMI1 protein, wherein said PRDM11 protein is encoded by
PRDMI1.

19. A method of neutralizing the effect of a PRDM11 protein, wherein said
PRDMI1 protein is encoded by PRDM1 1, comprising contacting an agent specific for
said PRDM11 protein with said PRDM11 protein in an amount sufficient to effect
neutralization.

20. A method of diagnosing breast cancer or a propensity to breast cancer by
sequencing a PRDM11 gene of an individual.

21, A method of determining PRDMI1 gene copy number comprising adding a
PRDMI11 gene probe to a sample of genomic DNA from an individual under conditions
suitable for hybridization.

22, Use of an inhibitor of a PRDM11 protein, whetein said PRDMI1 protein is

encoded by PRDM11, for the manufacture of a medicament for the treatment of breast
cancer.
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23. A method of detecting or diagnosing a cancerous breast cell comprising
detecting or measuring PRDM11 gene expression, substantially as hereinbefore

described with reference to any one of the Examples or Figures.
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