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COMPOSITIONS AND METHODS FOR TARGETING HPV-INFECTED CELLS 

RELATED APPLICATIONS 

This application claims the benefit of priority to U.S. Provisional Patent Application serial 

number 62/993,442, filed March 23, 2020, which is incorporated by reference in its entirety.  

5 BACKGROUND 

Adoptive cell transfer (ACT) involves implanting or infusing particular cells, typically 

immune cells and/or cells derived from the immune system (e.g., sensitized, modified, and/or 

engineered lymphocytes), into a patient with the aim of recognizing, targeting, and/or destroying 

disease-associated cells. Adoptive immunotherapies (e.g., T cell therapies) have become a 

10 promising approach for the treatment of many diseases and disorders, including post-transplant 

lymphoproliferative disorders, infectious diseases (e.g., viral infections), and autoimmune diseases.  

Adoptive T cell therapy is also a promising cancer treatment modality, showing encouraging results 

in clinical trials. Infusion of tumor-infiltrating lymphocytes (TIL), isolated from metastatic tumors 

of the patient and expanded ex vivo have been associated with complete regression of metastatic 

15 melanoma and cervical cancer in some patients. However, manufacturing of such autologous 

adoptive T cell therapies is often time-consuming and of limited use to terminally ill patients. Thus, 

there exists an urgent and unmet need to develop an "off-the-shelf" strategy for rapid delivery of 

adoptive T cell therapy. This can potentially be achieved by genetically engineering lymphocytes 

(e.g., T cells such as cytotoxic T cells) to express a tumor or disease-targeting moiety, such as a 

20 chimeric antigen receptor (CAR) or an engineered T cell receptor (TCR). This strategy has shown 

encouraging early results in clinical trials for B-cell malignancies, melanoma, and synovial cell 

sarcoma. However, efforts to extend this approach to epithelial cancers have generally relied on 

targets (e.g., antigens) that are shared by both tumors and healthy tissues, and are thus limited by T 

cell-mediated on-target, off-tumor toxicity. Such off-tumor toxicity might be avoided by targeting a 

25 tumor antigen that is not expressed by healthy tissues, but few antigens are both exclusive to 

malignant cells and expressed commonly by a particular family of epithelial cancers.  
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Selective infection of skin or mucous membranes is a classic feature of HPVs, and their 

replication is closely linked to the maturation of the cells in these membranes. Globally, HPV 

infection accounts for an estimated 530,000 cervical cancer cases (-270,000 deaths) annually, with 

the majority (86% of cases, 88% of deaths) occurring in developing countries. In total, HPV 

5 accounts for 5.2% of the worldwide cancer burden. Each year in the United States, an estimated 

26,000 new cancers are attributable to HPV, about 17,000 in women and 9,000 in men. The most 

common HPV types are the low-risk HPV-6 and HPV-11, which are responsible for 90% of genital 

warts and a disease known as recurrent respiratory papillomatosis, in which tumors grow in the 

airway. HPV also plays a role in the development of non-melanoma skin cancer (NMSC), including 

10 cutaneous squamous cell carcinoma (SCC), among chronic lymphocytic leukemia (CLL) and blood 

and marrow transplant (BMT) patients. HPV-16 and HPV-18, in particular, account for the majority 

of head and neck cancers (HNSCCs) and cancers of the cervix, anus, vagina, vulva, penis, tongue 

base, larynx, and tonsil. Current standard therapeutic options for HNSCCs include and incorporate 

surgery and radiotherapy with concurrent chemotherapy (e.g., cisplatin and/or cetuximab).  

15 Unfortunately, the post-treatment burden on the patient following such modalities can be significant 

and permanent and may include dysphagia, dysphonia, xerostomia, scarring and disfigurement, and 

trismus. However, HPV-associated precancerous lesions, such as those of the vulva, vagina, anus, 

penis, as well as genital warts, are typically treated using physical elimination by cryotherapy (i.e., 

using extreme cold to destroy tissue), chemical cauterization (i.e., using a chemical to destroy 

20 tissue), and laser or surgical removal. Notably, in such pre-cancerous lesions physical elimination 

alone is not very effective, since 20-30% or more cases recur, with lesions both at previously 

treated sites due to failure of the procedure to eliminate the HPV, and at new sites due to new 

infections. When this occurs, radiotherapy and chemotherapy are then used with relative success; 

however, about 50% of the HPV-associated cancer patients still die of the disease. Clearly, new 

25 treatment strategies are urgently needed to control the burden of HPV-related cancer.  

SUMMARY 

The present invention is based, at least in part, on the discovery that HPV antigens, 

particularly those apart from E6 and E7, can be used for the targeted treatment of HPV-associated 
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diseases (e.g., HPV-associated cancers such as head and neck, gastrointestinal, genitourinary, and 

gynecologic cancers). In some aspects, provided herein are immune cells that express an engineered 

TCR (e.g., TCR-T cells, TCR-Ts) that target HPV antigens.  

Aspects of the invention disclosed herein include a T cell receptor (TCR) polypeptide 

5 having antigenic specificity for human papillomavirus (HPV) 16. In some embodiments, said TCR 

comprises at least one complementary determining region 3 a (CDR3 a) and at least one CDR3 

amino acid sequence selected from the amino acid sequences set forth in Tables 1 and/or 13. In 

some embodiments of the invention, TCR polypeptides disclosed herein are specific for antigens 

comprising at least one epitope having an amino acid sequence selected from the amino acid 

10 sequences set forth in Tables 1, 11 and/or 13, e.g., SEQ ID NOs: 1-12, 217, or 218.  

In certain aspects of the invention, disclosed herein are methods of treating a cancer or 

precancerous lesions in a subject, the method comprising administering an effective amount of an 

adoptive immunotherapy composition comprising the cells expressing the TCR polypeptides 

contemplated herein. In preferred embodiments, the cancer or lesion is an HPV-associated cancer or 

15 lesion. In some aspects of the invention, disclosed herein are cell banks comprising cells for 

adoptive immunotherapy. In some embodiments, the cells of such banks express the TCRs 

contemplated herein. In certain preferred embodiments, the HLA restriction of said TCR-expressing 

cells is known. In certain embodiments, treating an HPV-associated cancer or precancerous lesion, 

as disclosed herein, comprises administering an effective amount of an adoptive immunotherapy 

20 composition comprising TCR-expressing cells selected from the cell banks contemplated herein.  

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the sorting path of HPV16-E5-NLD epitope specific CD8' T cells detected 

by a dual cytokine capture assay, and sorted by double positive (IFNy and TNFu) single cells into 

96 well PCR plates.  

25 Figure 2 shows an agarose gel electrophoresis image of TCR segments containing CDR3a 

and CDR3 . Briefly, RT-PCR is performed on individual cells and the resultant cDNA is subjected 

to two rounds of nested PCR. In the first round, TCR and TCR transcript amplification is 

achieved with a multiplexed, comprehensive panel of external, sense Vu and VP segment-specific 
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primers and antisense Ca and C segment-specific primers. The first-round PCR products are 

subjected to two separate second-round PCRs, incorporating, respectively, (1) a multiplexed panel 

of external sense Vu and antisense Ca segment-specific primers or (2) external sense V and 

antisense C segment-specific primers. Paired TCRu and TCRP products from the same cell were 

5 loaded in adjacent lanes and shown in paired, labeled columns. Negative control (Hi-H12) PCR 

reactions are shown in the bottom row (right lanes). In the ladder lane, a 300 bp label is shown.  

Figure 3 shows the E2-TLQ-TCR amino acid sequence (SEQ ID NO. 209), indicating 

relevant features.  

Figure 4 shows the E5-NLD-TCR amino acid (SEQ ID NO. 210), indicating relevant 

10 features.  

Figure 5 shows an exemplary lentiviral construct (E5-NLD-TCR), indicating relevant 

features. Figure 5 discloses "SGSG linker" as SEQ ID NO: 233.  

Figure 6 shows the E6-AFR-TCR amino acid sequence (SEQ ID NO. 211), indicating 

relevant features.  

15 Figure 7 shows the E6-TIH-TCR amino acid sequence (SEQ ID NO. 212), indicating 

relevant features.  

Figure 8 shows the E6-HDI-TCR amino acid sequence (SEQ ID NO. 213), indicating 

relevant features.  

Figure 9 shows the E6-KQR-TCR amino acid sequence (SEQ ID NO. 214), indicating 

20 relevant features.  

Figure 10 shows the E7-TPT-TCR amino acid sequence (SEQ ID NO. 215), indicating 

relevant features.  

Figure 11 shows the E5-SAF-TCR amino acid sequence (SEQ ID NO. 216), indicating 

relevant features.  

25 Figure 12, A-C, shows lentiviral transfer of HPV-specific TCR into Jurkat cells, TCR 

expression confirmed by flow cytometry. Dot plots show the TCR expression in nontransduced 

controls and Jurkat cells transduced with (A) E2-TLQ-TCR, (B) E5-NLD-TCR, and (C) E6-TIH

TCR.  
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Figure 13, A and B, shows lentiviral transfer of HPV-specific TCR into Jurkat cell confers 

antigen specificity. Lentiviral TCR-transduced Jurkat cells were co-incubated with peptide-pulsed, 

HLA-matched or mismatched LCLs. After 24 hours, CD69 expression was checked by flow 

cytometry. Cytometric analysis shows (A) E5-NLD-lentiTCR (restricted to HLA-C*05:01 & 

5 C*08:02) and (B) E2-TLQ-lentiTCR (restricted to HLA A*02:01) transduced Jurkat cell express 

CD69.  

Figure 14 shows lentiviral transfer of HPV-specific TCR into PBMCs confers TCR 

expression. Briefly, lentiviral transduction of PBMC was performed 48h post stimulation. At day 8 

and day 15 (day 7 after re-stimulation) TCR expression was assessed by flow cytometry.  

10 Representative data is shown for E5-NLD-TCR-transduced PBMC TCR expression, i.e., anti

TCRVul2.1-positive, CD8* cells.  

Figure 15 shows antigenic specificity of transgenic TCR assessed by multiparametric 

intracellular cytokine staining (ICS) assay. Briefly, nontransduced and E5-NLD-lentiviral

transduced PBMCs were stimulated with the E5 antigen peptide (NLD peptide; SEQ ID NO. 1) and 

15 incubated for 5 hours. Dot plots show CD107, IFNy, TNFu and IL-2 expression in CD8* cells and 

CD4* cells (last row).  

Figure 16 shows avidity of TCR-T cells for cognate antigen measured by recall ICS assay.  

Transduced and nontransduced PBMC were stimulated with HLA-matched LCL pulsed with 

different concentration of peptide (10-6, 10-7, 10-, 10-9, 10, 10-", 10-O and 10- 3 mole/L) for 4 

20 hours and IFNy expression was measured by ICS assay. The line graph is showing E5-NLD 

lentivirus transduced PBMC IFNy expression after stimulating with HLA matched (C*05:01 and 

C*08:02) LCL.  

Figure 17, A-C, shows cytolysis for CaSki cell line (HPV16' and HLA-A*02:01') with E2

TLQ-T (A), cytolysis for CaSki cell line (HPV16* and HLA-A*02:01 +ve) with untransduced T 

25 cells (B), and cytolysis for SCC70 cell line (HPV16-ve and HLA-A*02:01*) with E2-TLQ-T and 

untransduced T cells (C). UT = untransduced T cells; E2 TCR = E2-TLQ-TCR-transduced T cells.  
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DETAILED DESCRIPTION 

General 

The use of engineered TCR therapy provides several advantages. The patients' own T cells 

5 may be equipped with desired specificities and allow generation of sufficient numbers of T cells in a 

short period of time while avoiding T cell exhaustion. In some embodiments of the invention, as 

disclosed herein, TCRs may be transduced into immune effector cells such as central memory T 

cells or T cells with stem cell characteristics, which may ensure better persistence and function upon 

transfer. Preferably, TCRs are transduced into cytotoxic T cells (CD8* T cells; CTLs). Such TCR

10 engineered T cells (TCR-T cells) can be infused into cancer patients, such as cancer patients 

rendered lymphopenic by chemotherapy or irradiation, allowing for efficient engraftment but 

inhibiting immune suppression. As disclosed herein, the present invention relates, at least in part, to 

immune cells which recombinantly express an artificial T cell receptor (TCR) that targets HPV 

antigens.  

15 Notably, HPV oncoproteins E6 and E7 are constitutively expressed and important for the 

survival of HPV-associated cancers but are absent from healthy tissues. In at least HNSCCs, HPV16 

has been reported to integrate into the host genome leading to disruption of E2 early genes, which is 

a negative regulator of E6 and E7 oncogene expression, thus making E6 and E7 antigens the 

primary focus of research. However, recent cancer genome sequencing in HNSCCs suggests that the 

20 majority of such cancers (e.g., tumors) that contain hybrid episomal forms of HPV, comprise other 

HPV antigens, apart from E6 and E7. In addition, higher E2 expression represses E6 and E7 

expression, further changing the expression profile of HPV antigens and subsequent immune T cell 

infiltration within tumors. Moreover, adoptive T cell therapies directed against HPV oncoproteins 

have typically been restricted to HLA-A*02:01 which is the most common class I allele in the 

25 United States, expressed in approximately 40-50 percent of people of European descent.  

Unfortunately, HPV infection can selectively downregulate HLA-A and HLA-B from the surface of 

infected cells without affecting HLA-C expression. Thus, other early proteins might be targeted 

instead of, or in combination with, E6 and E7 antigens through adoptive T cell therapy (e.g., TCR-T 

therapy), offering better efficacy than targeting E6 and E7 alone. Likewise, TCR sequences specific 
6
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for different early antigens (e.g., other than, or in addition to, E6 and E7 antigens) and restricted to 

HLA B and HLA-C alleles may provide better efficacy and prognosis of HPV-associated disease, 

including various cancers. Accordingly, aspects of the invention disclosed herein include TCRs that 

specifically target HPVI6 antigens, preferably early HPV16 antigens El, E2, E4, and E5, with 

5 restriction to HLA-A, HLA-B and HLA-C alleles. Also provided herein are immune effector cells 

(e.g., T cells) genetically engineered to express said antigen-specific TCRs (e.g., TCR-Ts).  

In some embodiments, TCR-T cells, as described herein, are engineered to counteract any 

tolerogenic effects of the malignant cellular microenvironment (e.g., a tumor microenvironment) by, 

for example and without limitation, suppressing or inhibiting PD-i signaling. In certain 

10 embodiments, the TCRs described herein may be sensitized to or selectively target a viral or non

viral antigen. An ideal target should not be expressed on any normal tissue/organ, or at least not in 

vital normal tissues (heart, liver, CNS, lung, and other tissues that may be particularly sensitive to 

transient damage) nor in closely related normal cellular counterparts (e.g., stem and/or progenitor 

cells), in order to minimize side effects (e.g., on target/off tumor or bystander effects). Also 

15 disclosed herein are immune effector cells, such as T cells or Natural Killer (NK) cells, that are 

engineered to express recombinant TCR polypeptides that selectively bind HPV antigens (e.g., 

wildtype and/or mutant HPV16). Therefore, also disclosed are methods for providing targeted 

immunity (e.g., anti-tumor immunity) in a subject with an HPV-associated disease or malignancy 

that involves adoptive transfer of the disclosed immune effector cells engineered to express the 

20 disclosed TCR polypeptides.  

In the tumor microenvironment cancer cells and host immune cells interact, potentially 

leading to promotion or inhibition of cancer progression. Ideally, the immune system would identify 

cancer cells and mobilize an immune response to eliminate the cancer. Unfortunately, at the T cell 

level, upregulation of inhibitory receptors, such as PD-i and Tim-3, correlates with T cell 

25 dysfunction. This has been observed on both hepatitis C virus (HCV)-specific and HCV-nonspecific 

CD8* T cells in the circulation and livers of patients with chronic HCV infection. Partial restoration 

of T cell proliferation and IFN-y secretion can be achieved ex vivo by inhibiting the binding of PD-I 

and Tim-3 to their respective ligands (i.e., B7-HI, also known as PD-Li, and Galectin-9). What is 

more, recent reports have demonstrated that prolonged administration of IFN-a, a standard therapy 

7
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for persistent HCV infection, promoted telomere loss in naive T cells. Given the correlation 

between shortened T cell telomeres and terminal differentiation (characterized by diminished 

proliferative potential), IFN-a-induced T cell "exhaustion" likely represents a significant barrier for 

immunotherapy in HCV-infected patients. In certain aspects disclosed herein, the invention employs 

5 checkpoint inhibition strategies. Checkpoint inhibitor therapies target key regulators of the immune 

system that either stimulate or inhibit the immune response. Such immune checkpoints can be 

exploited in the cancer disease state (e.g., by tumors) to evade attacks by the immune system.  

Checkpoint inhibitor studies have noted the activity of PD-i inhibitor therapy (El-Khoueiry et al., 

(2017). "Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): an open

10 label, non-comparative, phase 1/2 dose escalation and expansion trial." Lancet 389 (10088): 2492

2502) and the FDA has approved Nivolumab for second line treatment of HCC with an objective 

response rate of 20%.  

Definitions 

For convenience, certain terms employed in the specification, examples, and appended 

15 claims are collected here.  

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to at least 

one) of the grammatical object of the article. By way of example, "an element" means one element 

or more than one element.  

As used herein, the term "administering" means providing a pharmaceutical agent or 

20 composition to a subject, and includes, but is not limited to, administering by a medical professional 

and self-administering. Such an agent can contain, for example, peptide described herein, an antigen 

presenting cell provided herein and/or a CTL provided herein.  

The term "amino acid" is intended to embrace all molecules, whether natural or synthetic, 

which include both an amino functionality and an acid functionality and capable of being included 

25 in a polymer of naturally-occurring amino acids. Exemplary amino acids include naturally

occurring amino acids; analogs, derivatives and congeners thereof; amino acid analogs having 

variant side chains; and all stereoisomers of any of the foregoing.  

As used herein, the term "antibody" may refer to both an intact antibody and an antigen 

binding fragment thereof Intact antibodies are glycoproteins that include at least two heavy (H) 
8
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chains and two light (L) chains inter-connected by disulfide bonds. Each heavy chain includes a 

heavy chain variable region (abbreviated herein as VH) and a heavy chain constant region. Each 

light chain includes a light chain variable region (abbreviated herein as VL) and a light chain 

constant region. The VH and VL regions can be further subdivided into regions of hypervariability, 

5 termed complementarity determining regions (CDR), interspersed with regions that are more 

conserved, termed framework regions (FR). The variable regions of the heavy and light chains 

contain a binding domain that interacts with an antigen. The constant regions of the antibodies may 

mediate the binding of the immunoglobulin to host tissues or factors, including various cells of the 

immune system (e.g., effector cells) and the first component (Clq) of the classical complement 

10 system. The term "antibody" includes, for example, monoclonal antibodies, polyclonal antibodies, 

chimeric antibodies, humanized antibodies, human antibodies, multispecific antibodies (e.g., 

bispecific antibodies), single-chain antibodies and antigen-binding antibody fragments.  

The terms "antigen-bindingfragment" and "antigen-binding portion" of an antibody, as 

used herein, refers to one or more fragments of an antibody that retain the ability to bind to an 

15 antigen. Examples of binding fragments encompassed within the term "antigen-binding fragment" 

of an antibody include Fab, Fab', F(ab')2, Fv, scFv, disulfide linked Fv, Fd, diabodies, single-chain 

antibodies, camelid antibodies, isolated CDRH3, a Designed Ankyrin Repeat Protein (DARPin) and 

other antibody fragments that retain at least a portion of the variable region of an intact antibody.  

These antibody fragments can be obtained using conventional recombinant and/or enzymatic 

20 techniques and can be screened for antigen binding in the same manner as intact antibodies.  

The term "antigen binding site" refers to a region of an antibody or T cell that specifically 

binds the epitope(s) of an antigen.  

The term "binding" or "interacting" refers to an association, which may be a stable 

association, between two molecules, e.g., between a peptide and a binding partner or agent, e.g., 

25 small molecule, due to, for example, electrostatic, hydrophobic, ionic and/or hydrogen-bond 

interactions under physiological conditions.  

The term "biological sample," "tissue sample," or simply "sample" each refers to a 

collection of cells obtained from a tissue of a subject. The source of the tissue sample may be solid 

tissue, as from a fresh, frozen and/or preserved organ, tissue sample, biopsy, or aspirate; blood or 

9
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any blood constituents, serum, blood; bodily fluids such as cerebral spinal fluid, amniotic fluid, 

peritoneal fluid or interstitial fluid, urine, saliva, stool, tears; or cells from any time in gestation or 

development of the subject.  

As used herein, the term "cancer" includes, but is not limited to, solid tumors and blood 

5 borne tumors. The term cancer includes diseases of the skin, tissues, organs, bone, cartilage, blood, 

and vessels, including the cervix, anus, vagina, vulva, penis, tongue base, larynx, and tonsil. The 

term "cancer" further encompasses primary and metastatic cancers.  

The term "chimeric molecule" refers to a single molecule created by joining two or more 

molecules that exist separately in their native state. The single, chimeric molecule has the desired 

10 functionality of all of its constituent molecules. One type of chimeric molecules is a fusion protein.  

The term "epitope" means a protein determinant capable of specific binding to an antibody 

or immune cell (e.g., T cell). Epitopes usually consist of chemically active surface groupings of 

molecules such as amino acids or sugar side chains. Certain epitopes can be defined by a particular 

sequence of amino acids to which a T cell receptor (TCR) or antibody is capable of binding.  

15 The term "fusion protein" refers to a polypeptide formed by the joining of two or more 

polypeptides through a peptide bond formed between the amino terminus of one polypeptide and 

the carboxyl terminus of another polypeptide. The fusion protein can be formed by the chemical 

coupling of the constituent polypeptides, or it can be expressed as a single polypeptide from nucleic 

acid sequence encoding the single contiguous fusion protein. A single chain fusion protein is a 

20 fusion protein having a single contiguous polypeptide backbone. Fusion proteins can be prepared 

using conventional techniques in molecular biology to join the two genes in frame into a single 

nucleic acid, and then expressing the nucleic acid in an appropriate host cell under conditions in 

which the fusion protein is produced.  

"Gene construct" refers to a nucleic acid, such as a vector, plasmid, viral genome or the like 

25 which includes a "coding sequence" for a polypeptide or which is otherwise transcribable to a 

biologically active RNA (e.g., antisense, decoy, ribozyme, etc.), may be transfected into cells, e.g., 

mammalian cells, and may cause expression of the coding sequence in cells transfected with the 

construct. The gene construct may include one or more regulatory elements operably linked to the 

10
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coding sequence, as well as intronic sequences, polyadenylation sites, origins of replication, marker 

genes, etc.  

The term "linker" is art-recognized and refers to a molecule or group of molecules 

connecting two compounds, such as two polypeptides. The linker may be comprised of a single 

5 linking molecule or may comprise a linking molecule and a spacer molecule, intended to separate 

the linking molecule and a compound by a specific distance.  

The term "operably linked to" refers to the functional relationship of a nucleic acid with 

another nucleic acid sequence. Promoters, enhancers, transcriptional and translational stop sites, 

and other signal sequences are examples of nucleic acid sequences operably linked to other 

10 sequences. For example, operable linkage of DNA to a transcriptional control element refers to the 

physical and functional relationship between the DNA and promoter such that the transcription of 

such DNA is initiated from the promoter by an RNA polymerase that specifically recognizes, binds 

to and transcribes the DNA.  

As used herein, the phrase "pharmaceutically acceptable" refers to those agents, 

15 compounds, materials, compositions, and/or dosage forms which are, within the scope of sound 

medical judgment, suitable for use in contact with the tissues of human beings and animals without 

excessive toxicity, irritation, allergic response, or other problem or complication, commensurate 

with a reasonable benefit/risk ratio.  

As used herein, the phrase "pharmaceutically-acceptable carrier" means a 

20 pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid filler, 

diluent, excipient, or solvent encapsulating material, involved in carrying or transporting an agent 

from one organ, or portion of the body, to another organ, or portion of the body. Each carrier must 

be "acceptable" in the sense of being compatible with the other ingredients of the formulation and 

not injurious to the patient. Some examples of materials which can serve as pharmaceutically

25 acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches, such as 

corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl 

cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6) gelatin; (7) 

talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, 

cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and soybean oil; (10) glycols, such as 

11
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propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; (12) 

esters, such as ethyl oleate and ethyl laurate; (13) agar; (14) buffering agents, such as magnesium 

hydroxide and aluminum hydroxide; (15) alginic acid; (16) pyrogen-free water; (17) isotonic saline; 

(18) Ringer's solution; (19) ethyl alcohol; (20) pH buffered solutions; (21) polyesters, 

5 polycarbonates and/or polyanhydrides; and (22) other non-toxic compatible substances employed in 

pharmaceutical formulations.  

The terms "polynucleotide", and "nucleic acid" are used interchangeably. They refer to a 

natural or synthetic molecule, or some combination thereof, comprising a single nucleotide or two 

or more nucleotides linked by a phosphate group at the 3' position of one nucleotide to the 5' end of 

10 another nucleotide. The polymeric form of nucleotides is not limited by length and can comprise 

either deoxyribonucleotides or ribonucleotides, or analogs thereof Polynucleotides may have any 

three-dimensional structure, and may perform any function. The following are non-limiting 

examples of polynucleotides: coding or non-coding regions of a gene or gene fragment, loci (locus) 

defined from linkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA, ribosomal 

15 RNA, ribozymes, cDNA, recombinant polynucleotides, branched polynucleotides, plasmids, 

vectors, isolated DNA of any sequence, isolated RNA of any sequence, nucleic acid probes, and 

primers. A polynucleotide may comprise modified nucleotides, such as methylated nucleotides and 

nucleotide analogs. If present, modifications to the nucleotide structure may be imparted before or 

after assembly of the polymer. A polynucleotide may be further modified, such as by conjugation 

20 with a labeling component. In all nucleic acid sequences provided herein, U nucleotides are 

interchangeable with T nucleotides. The polynucleotide is not necessarily associated with the cell in 

which the nucleic acid is found in nature, and/or operably linked to a polynucleotide to which it is 

linked in nature.  

The term "polypeptide" or "isolatedpolypeptide" refers to a polypeptide, in certain 

25 embodiments prepared from recombinant DNA or RNA, or of synthetic origin, or some 

combination thereof, which (1) is not associated with proteins that it is normally found with in 

nature, (2) is isolated from the cell in which it normally occurs, (3) is isolated free of other proteins 

from the same cellular source, (4) is expressed by a cell from a different species, or (5) does not 

occur in nature.  
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The terms "polypeptidefragment" or"fragment", when used in reference to a particular 

polypeptide, refers to a polypeptide in which amino acid residues are deleted as compared to the 

reference polypeptide itself, but where the remaining amino acid sequence is usually identical to 

that of the reference polypeptide. Such deletions may occur at the amino-terminus or carboxy

5 terminus of the reference polypeptide, or alternatively both. Fragments typically are at least about 5, 

6, 8 or 10 amino acids long, at least about 14 amino acids long, at least about 20, 30, 40 or 50 amino 

acids long, at least about 75 amino acids long, or at least about 100, 150, 200, 300, 500 or more 

amino acids long. A fragment can retain one or more of the biological activities of the reference 

polypeptide. In various embodiments, a fragment may comprise an enzymatic activity and/or an 

10 interaction site of the reference polypeptide. In other embodiments, a fragment may have 

immunogenic properties.  

The term "precancerous lesions" or "precancerous condition" refers to atypical cells and/or 

tissues that are associated with an increased risk of cancer. The term "precancerous lesions" may 

refer, for example, to dysplasia, benign neoplasia, or carcinoma in situ.  

15 As used herein, a therapeutic that "prevents" a condition refers to a compound that, when 

administered to a statistical sample prior to the onset of the disorder or condition, reduces the 

occurrence of the disorder or condition in the treated sample relative to an untreated control sample, 

or delays the onset or reduces the severity of one or more symptoms of the disorder or condition 

relative to the untreated control sample.  

20 As used herein, "specific binding" refers to the ability of an antibody or TCR to bind to a 

predetermined antigen or the ability of a peptide to bind to its predetermined binding partner.  

Typically, an antibody or peptide specifically binds to its predetermined antigen or binding partner 

with an affinity corresponding to a KD of about 10-7 M or less, and binds to the predetermined 

antigen/binding partner with an affinity (as expressed by KD) that is at least 10 fold less, at least 

25 100 fold less or at least 1000 fold less than its affinity for binding to a non-specific and unrelated 

antigen/binding partner (e.g., BSA, casein).  

A "spacer" as used herein refers to a peptide that joins the proteins comprising a fusion 

protein. Generally, a spacer has no specific biological activity other than to join the proteins or to 

preserve some minimum distance or other spatial relationship between them. However, the 
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constituent amino acids of a spacer may be selected to influence some property of the molecule 

such as the folding, net charge, or hydrophobicity of the molecule.  

The term "specifically binds" or "specific binding", as used herein, when referring to a 

polypeptide (including antibodies) or receptor, refers to a binding reaction which is determinative of 

5 the presence of the protein or polypeptide or receptor in a heterogeneous population of proteins and 

other biologics. Thus, under designated conditions (e.g., immunoassay conditions in the case of an 

antibody), a specified ligand or antibody "specifically binds" to its particular "target" (e.g., an 

antibody specifically binds to an endothelial antigen) when it does not bind in a significant amount 

to other proteins present in the sample or to other proteins to which the ligand or antibody may 

10 come in contact in an organism. Generally, a first molecule that "specifically binds" a second 

molecule has an affinity constant (Ka) greater than about 10' M-' (e.g., 106 M-1, 107 M-1, 10 M-1, 

109 M-, 100 M-, 10" M-, and 101 M-V or more) with that second molecule. For example, in the 

case of the ability of a TCR to bind to a peptide presented on an MHC (e.g., class I MHC or class II 

MHC); typically, a TCR specifically binds to its peptide/MHC with an affinity of at least a KD of 

15 about 10-4 M or less, and binds to the predetermined antigen/binding partner with an affinity (as 

expressed by KD) that is at least 10 fold less, at least 100 fold less or at least 1000 fold less than its 

affinity for binding to a non-specific and unrelated peptide/MHC complex (e.g., one comprising a 

BSA peptide or a casein peptide).  

As used herein, the term "subject" means a human or non-human animal selected for 

20 treatment or therapy.  

The terms "transformation", "transfection", or "transduction" mean the introduction of a 

nucleic acid, e.g., an expression vector, into a recipient cell (e.g., a mammalian cell) including 

introduction of a nucleic acid to the chromosomal DNA of said cell.  

As used herein, the term "treatment" refers to clinical intervention designed to alter the 

25 natural course of the individual being treated during the course of clinical pathology. Desirable 

effects of treatment include decreasing the rate of progression, ameliorating or palliating the 

pathological state, and remission or improved prognosis of a particular disease, disorder, or 

condition. An individual is successfully "treated," for example, if one or more symptoms associated 

with a particular disease, disorder, or condition are mitigated or eliminated.  
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The term "variant" refers to an amino acid or peptide sequence having conservative amino 

acid substitutions, non-conservative amino acid substitutions (e.g., a degenerate variant), 

substitutions within the wobble position of each codon (e.g., DNA and RNA) encoding an amino 

acid, amino acids added to the C-terminus of a peptide, or a peptide having 60%, 70%, 80%, 90%, 

5 95%, 96%, 97%, 98%, 99% sequence identity to a reference sequence.  

The term "vector" refers to the means by which a nucleic acid can be propagated and/or 

transferred between organisms, cells, or cellular components. Vectors include plasmids, viruses, 

bacteriophage, pro-viruses, phagemids, transposons, and artificial chromosomes, and the like, to 

which the nucleic acid has been linked, and may or may not be able to replicate autonomously or 

10 integrate into a chromosome of a host cell. Such vectors may include any vector, (e.g., a plasmid, 

cosmid or phage chromosome) containing a gene construct in a form suitable for expression by a 

cell (e.g., linked to a transcriptional control element).  

In certain embodiments, agents of the invention may be used alone or conjointly 

administered with another type of therapeutic agent. As used herein, the phrase "conjoint 

15 administration" or "administered conjointly" refers to any form of administration of two or more 

different therapeutic agents (e.g., a composition comprising a TCR-T cell disclosed herein and an 

inhibitor of an immune checkpoint) such that the second agent is administered while the previously 

administered therapeutic agent is still effective in the body (e.g., the two agents are simultaneously 

effective in the subject, which may include synergistic effects of the two agents). For example, the 

20 different therapeutic agents can be administered either in the same formulation or in separate 

formulations, either concomitantly or sequentially. In some preferred embodiments, the TCR-T 

cells express (e.g., present on the cell surface or secrete) further therapeutic agents. In certain 

embodiments, the different therapeutic agents (e.g., TCR-Ts and immune checkpoint-blocking 

molecules) can be administered within about one hour, about 12 hours, about 24 hours, about 36 

25 hours, about 48 hours, about 72 hours, or about a week of one another. Similarly, in some 

embodiments, such compositions as are described herein may be used conjointly in a therapeutic 

regimen combined with other treatments, therapies, or interventions appropriate for the particular 

disease, condition, injury or disorder being treated. Thus, the therapeutic agents and compositions of 

the invention can be administered either concomitantly or sequentially in combination with one or 
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more treatment modalities, e.g., chemotherapy, radiotherapy, surgery, or any combination thereof 

For example and without limitation, the different therapeutic agents and compositions of the 

invention (e.g., TCR-Ts alone or in combinations with immune checkpoint-blocking molecules) can 

be administered during, within about one hour, within about 12 hours, within about 24 hours, within 

5 about 36 hours, within about 48 hours, within about 72 hours, or within about a week of 

chemotherapy, radiotherapy, or surgery. Thus, a subject who receives such treatment can benefit 

from a combined effect of different therapeutic agents and modalities.  

T cell Receptors (TCRs) 

A TCR is a heterodimeric cell-surface protein of the immunoglobulin super-family which is 

10 associated with invariant proteins of the CD3 complex involved in mediating signal transduction.  

TCRs exist in a and y6 forms, which are structurally similar but have distinct anatomical locations 

and functions. The extracellular domains of native upTCRs consist of two polypeptides (an a-chain 

and a p-chain), each of which comprise a membrane-proximal constant domain, and a membrane

distal variable domain, each of which include an intra-chain disulfide bond. A short segment, 

15 analogous to an immunoglobulin hinge region, connects the immunoglobulin-like domains to the 

membrane (via the transmembrane region) and contains the cysteine residue that forms an 

interchain disulfide bond.  

The variable domain contains the highly polymorphic loops referred to as complementarity 

determining regions (CDRs) which are responsible for binding to the peptide-presenting major 

20 histocompatibility complex (MHC). Within the variable domain, each u-chain and p-chain of a 

native heterodimeric upTCR comprises variable, joining, and constant regions; the P-chain also 

usually contains a short diversity region between the variable and joining regions, but this diversity 

region is often considered as part of the joining region. Each variable region comprises three CDRs 

(Complementarity Determining Regions) embedded in a framework sequence, one being the hyper

25 variable region named CDR3, the main CDR responsible for recognizing the antigen presented on 

the MHC. There are several types of u-chain variable (Vu) regions and several types of p-chain 

variable (Vp) regions distinguished by their framework, CDR1 and CDR2 sequences, and by a 

partly defined CDR3 sequence.  
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In some aspects of the invention, provided herein are engineered TCRs that can be expressed 

in immune effector cells to enhance activity against specific targets (e.g., antitumor activity). The 

TCR sequences provided herein are capable of specifically binding antigenic peptides comprising 

HPV epitopes (i.e., have antigenic specificity). T cells (e.g., cytotoxic T cells; CTLs) expressing 

5 such engineered TCRs are useful in the prevention and/or treatment of HPV infection, and/or cancer 

(e.g., a cancer expressing an HPV epitope), and/or precancerous lesions. In some embodiments, the 

TCR sequence (and the HPV epitope sequence to which it specifically binds) comprises a sequence 

listed in Table 1. Therefore, in some embodiments, the antigen-recognizing constructs of the 

invention (e.g., TCRs) comprise CDR1, CDR2 and CDR3 sequences in a combination which 

10 display the respective variable chain allele together with the CDR3 sequence. Preferred 

embodiments of the invention comprise TCR constructs that comprise at least one or more of the 

CDR3s set forth in Tables 1 and 13 (e.g., SEQ ID NOs. 13 to 52, or 219 to 226), or variants thereof 

(e.g., having conservative substitutions in the amino acid sequence, e.g., 1-5 such conservative 

substitutions), but more preferably all three CDR sequences CDR1, CDR2 and CDR3. In some such 

15 embodiments, said TCR comprises at least one complementary determining region 3 a (CDR3a) 

and at least one CDR3 amino acid sequence selected from the amino acid sequences set forth in 

SEQ ID NOs. 13 to 52, or 219 to 226. In certain preferred embodiments, the TCR polypeptide 

comprises a CDR3a amino acid sequence and CDR3 amino acid set forth in SEQ ID NOs. 13 and 

14, SEQ ID NOs. 15 and 16, SEQ ID NOs. 17 and 18, SEQ ID NOs. 25 and 26, SEQ ID NOs. 27 

20 and 28, SEQ ID NOs. 29 and 30, SEQ ID NOs. 51 and 52, SEQ ID NOs. 219 and 220, or SEQ ID 

NOs. 225 and 226.  

In some embodiments, the TCR polypeptides disclosed herein are specific for HPV 

antigens, preferably HPV antigens derived from HPV peptides other than E6 and E7. In particularly 

preferred embodiments of the invention, the TCR polypeptides disclosed herein have antigenic 

25 specificity for any one of HPV16 peptides El, E2, E4, E5, or combinations thereof Most preferred, 

the TCR polypeptides are specific for antigens comprising at least one epitope having an amino acid 

sequence selected from the amino acid sequences set forth in SEQ ID NOs: 1-12, 217, or 218.  
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Table 1: HPV-specific TCR sequences 

Antigen Epitope HLA Population CDR3 sequence TCRa and TCR 
restriction Coverage gene 

CDR3a sequence: TRAV19-01 
CALSEGGGSQGNLIF 

(SEQ ID NO. 13) TRAJ42-01 

CDR30 sequence: TRBV7-6*01 
CASSPELAGPQETQYF TRBJ2-5*01 

(SEQ ID NO. 14) TRBD2*01 

CDR3a sequence: TRAV8-4*07 
42.40% CAVSDRHDMRF 

NLDTASTTL C*05:0l (15.33%, (SEQ ID NO. 15) TRAJ43*01 
HPV16-E5 (SEQ ID NO. 1) C*0:01& 7.88% & CDR30 sequence: TRBV6-5*01 

23.24%) CASSYSPERHEQFF TRBJ2-1*01 
(SEQ ID NO. 16) TRBD2*01 

CDR3a sequence: TRAV27*01 
CASEGHDMRF 

(SEQ ID NO. 17) TRAJ43*01 

CDR30 sequence: TRBV6-5*01 
CASSTEAGGPTGELFF TRBJ2-2*01 

(SEQ ID NO. 18) TRBD2*01 

CDR3a sequence: TRAV26-1*01 
CIVRDRSYGQNFVF TRAJ26*01 

(SEQ ID NO. 19) 

CDR30 sequence: TRBV20-1*01 
CSAREGYRSYF TRBJ2-1*01 
(SEQ ID NO. 20) TRBD1*01 

CDR3a sequence: TRAV17*01 
CARGLENAGNMLTF TRAJ39*01 

HDIILECVY B*18:01 (SEQ ID NO. 21) 
HPV16-E6 (SEQ ID NO. 2) (B44 super 8.03% CDR30 sequence: TRBV27*01 

family) CATSVRGTQPQHFF TRBJ1-5*01 
(SEQ ID NO. 22) TRBD1*01 

CDR3a sequence: TRAV19*01 
CALSERGSGGFKTIF TRAJ9*01 

(SEQ ID NO. 23) 
CDR30 sequence: TRBV7-8*01, 

CASSSGEKGQGAPVSSYE TRBJ2-7*01 
QYFF 

(SEQ ID NO. 24) TRBD1*01 

CDR3a sequence: TRAV38-01*03 
CAFTYGGSQGNLIF TRAJ42-01 

HPV16-E2 TLQDVSLEVYL A*02:01 47.41% (SEQ ID NO. 25) 

(SEQ ID NO. 3) CDR30 sequence: TRBV2*01 

CASRASVGVGTGELFF TRBJ2-2*01 
(SEQ ID NO. 26) TRBD1*01 
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CDR3a sequence: TRAV38-1*01 
CALSGNMLTF 
(SEQ ID NO. 27) TRAJ39*01 

CDR3 sequence: TRBV11-2*03 
CASSEGVGQRDEQFF TRBJ2-1*01 

(SEQ ID NO. 28) TRBD2*01 

CDR3a sequence: TRAV27*01 
CAASWEGGGADGLTF TRAJ45*01 

(SEQ ID NO. 29) 

CDR3 sequence: TRBV27*01 
CASRGQGVYRSSYNEQFF TRBJ2-1*01 

(SEQ ID NO. 30) TRBD1*01 

CDR3a sequence: TRAV1-2*01 
CAVRDTGYGQNFVF TRAJ26*01 

(SEQ ID NO. 31) 

CDR3 sequence: TRBV27*01 

CASSPQGRINSPLHF TRBJ1-6*02 
(SEQ ID NO. 32) TRBD1*01 

CDR3a sequence: TRAV26-2*01 
CILSAHDYKLSF TRAJ20*01 
(SEQ ID NO. 33) 

CDR3 sequence: TRBV10-2*01 

CASSQGGLNSPLHF TRBJ1-6*02 

TIHDIILECV (SEQ ID NO. 34) TRBD1*01 

HPV16-E6 (SEQ ID NO. 4) A*02:01 47.41% CDR3a sequence: TRAV14/DV4*0 
CAMRVAEGSQGNLIF 3 

(SEQ ID NO. 35) TRAJ42*01 

CDR3 sequence: TRBV5-8*01 

CASSPWGRGGSPLHF TRBJ1-6*02 
(SEQ ID NO. 36) TRBD1*01 

CDR3a sequence: TRAV12-2*01 
CAVKFNTDQGGKLTF TRAJ23*01 

(SEQ ID NO. 37) 

CDR3 sequence: TRBV9*01, 
CASSPQGRINSPLHF TRBJ2-3*01 

(SEQ ID NO. 38) TRBD2*01 

CDR3a sequence: TRAV19*01 
CALGSSGTYKYI TRAJ40*01 
(SEQ ID NO. 39) 

CDR3 sequence: TRBV25-1*01 

AFRDLCIVY CASSGPGQGHNQPQHF TRBJI-5*01 
HPV16-E6 (SEQ D NO. 5) C*07:02 25.32% (SEQ ID NO. 40) TRBD1*01 

CDR3a sequence: TRAV14/DV4*0 

CAMREANDMRF 3 
(SEQ ID NO. 41) TRAJ43*01 

CDR3 sequence: TRBV11-2*01 
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CASSFLVLAVSYNEQFF TRBJ2-1*01 
(SEQ ID NO. 42) TRBD2*01 

CDR3a sequence: TRAV13-2*01, 
CAETLGLDQGGKLIF TRAJ23*01 

(SEQ ID NO. 43) 

CDR3 sequence: TRBV20-1*03 

CSTAGETDTQYF TRBJ2-3*01 
(SEQ ID NO. 44) TRBD2*01 

CDR3a sequence: TRAV17*01 
CATDEGTASKLTF TRAJ49*01 

(SEQ ID NO. 45) 

CDR3 sequence: TRBV29-1*01, 
CSVEWTSGSGETQYF TRBJ2-5*01, 

HPV16-E6 KQRFHNIRGRWTGRC DQB1*03:01 24.73% (SEQ ID NO. 46) TRBD2*02 
(SEQ ID NO. 6) /DRB1*15:01 CDR3a sequence: TRAV17*01, 

CATDAGSDYKLSF TRAJ20*01 
(SEQ ID NO. 47) 

CDR3 sequence: TRBV28*01, 
CASSLEPQYF TRBJ2-3*01, 

(SEQ ID NO. 48) TRBD1*01 

CDR3a sequence: TRAV17*01, 
CATDEGTGNQFYF TRAJ49*01 

(SEQ ID NO. 49) 

CDR3 sequence: TRBV7-2*01, 
CASSWDTGTETQYF TRBJ2-5*01, 

(SEQ ID NO. 50) TRBD1*01 

CAFPSSGTYKYIF TRAV24*01 
(SEQ ID NO. 51) TRAJ40*01 

HPV16-E4 WPTTPPRPI B*07:02 23.23% TRBV27*01 
(SEQ ID NO. 7) CASTAGTDTQYF TRBJ2-3*01 

(SEQ ID NO. 52) 
TRBD1*01 

CDR3a sequence: TRAV4*01 
CLVGPYFGGGSYQLTF 

(SEQ ID NO. 219) TRAJ28*01 

CDR3 sequence: TRBV3-1*01 

CASSQGTGRGNTEAFF TRBJ1-1*01 

(SEQ ID NO. 220) TRBD1*01 

HPV16-E7 TDLY DRB1*03:01/ 41.63% CDR3a sequence: TRAV3*01 
(SEQ ID NO. 217) DQB1*02:01 CAVREKGTGNQFYF 

(SEQ ID NO. 221) TRAJ49*01 

CDR3 sequence: TRBV5-4*01 

CASSLPQGTPETQYF TRBJ2-5*01 

(SEQ ID NO. 222) TRBD1*01 

TRAV8-6*02 
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CDR3a sequence: 
CGLSWGDKTDKLIF TRAJ34*01 

(SEQ ID NO. 223) 

CDR30 sequence: TRBV14*01 

CASSPSLAGVVPGELFF TRBJ2-2*01 
(SEQ ID NO. 224) TRBD2*01 

CDR3a sequence: TRAV38-1*01 
CAFMKPDGSGNTGKLIF 

SAFRCFIVY 
(SEQ ID NO. 225) TRAJ37*01 

HPV16-E5 (SEQ ID NO. 218) B*35:01 11.87% CDR3 sequence: TRBV7-2*01 

CASSLGQGAVGTDTQYF TRBJ2-3*01 
(SEQ ID NO. 226) TRBD1*01 

The a and p chains that comprise the T-cell receptors of the invention disclosed herein may be 

produced by recombinant methodologies and strategies known to those skilled in the art. See, for 

example, Walchli et al. (2011) A Practical Approach to T-Cell Receptor Cloning and Expression.  

5 PLOS ONE 6(11): e27930, incorporated herein by reference in its entirety. Gene sequences that 

may be used in constructing the a and p chains of the TCRs of the invention are known to those of 

skill in the art and can be found in immunogenetics and immunoinformatics databases such as the 

International ImMunoGeneTics Information System©(IMGT©), referenced herein for exemplary 

purposes and without limitation. Such genes may be used as the framework for inserting the 

10 sequences provided herein for the TCRs of the invention. Those of skill in the relevant art, knowing 

that TCRs will be expressed at the cell surface of the immune cell (e.g., T cell, or precursor cell 

thereof) will understand that a signal peptide sequence (i.e., localization sequence) is generally 

included (e.g., at the amino-terminus). It is understood that, once a polypeptide containing a signal 

peptide is expressed at the cell surface, the signal peptide has generally been proteolytically 

15 removed during processing of the polypeptide in, for example, the endoplasmic reticulum and 

translocation to the cell surface. Thus, polypeptides, such as the TCRs disclosed herein, are 

generally expressed at the cell surface as a mature protein lacking the signal peptide, whereas the 

precursor form of the polypeptide includes the signal peptide. The signal peptide can be the 

naturally occurring signal peptide of the receptor, or alternatively can be derived from a different 

20 protein, or synthetic.  

21



WO 2021/191677 PCT/IB2021/000158 

Preferably, the nucleotide sequence of the TCRs of the invention (e.g., the a-and p-chains) 
are cloned into vectors, e.g., as vector inserts. Said insert sequence may be codon optimized for 

expression in human tissues. In some such embodiments, the TCRs of the invention are fully human 

TCRs. The TCRs of the invention may be partially murinized (e.g., the amino acids of the constant 

5 regions of each TCR u and chain may be replaced with those of mouse constant regions).  

Preferably, the vector inserts are designed such that the a-and p-chains of the TCR are synthesized 

from a single, contiguous open reading frame. Such vector inserts may comprise a contiguous open 

reading frame wherein the sequence encoding the a-and p-chains of the TCR are separated by a 

linker sequence, such as a linker comprising a self-cleaving 2A oligopeptide sequence that is in 

10 frame. In certain preferred embodiments, such self-cleaving linkers further comprise a Furin 

cleavage site. For example and without limitation, nucleotide sequences of TCR constructs 

contemplated herein, and their sequence features, are described in Tables 2-9.  

Table 2: E5-NLD-TCR constructfeatures 

E5-NLD-TCR lentivirus construct (SEQ ID NO. 53) 
FEATURES Location (nt) 

Amp(R) 7316 ... 8176 
pUC ori promoter 8377 ... 8917 
RSV promoter 7 ... 235 
3'LTR 5921 ... 6155 
Intron 526 ... 1690 
fl origin 6730 ... 7185 
5'LTR 236 ... 416 
SV40 ori 6358 ... 6571 
WPRE seq 5242 ... 5838 
human EF l a promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4308 ... 4319 
SGSG linker (SEQ ID NO: 233) 4320 ... 4331 
F2A 4332 ... 4403 
Kozak seq 3363 ... 3371 
TCR beta 3372 ... 4307 
TCR apha 4404 ... 5234 

15 
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Table 3: E6-HDI-TCR constructfeatures 

E6-HDI-TCR lentivirus construct (SEQ ID NO. 54) 
FEATURES Location (nt) 

Amp(R) 7307 ... 8167 
pUC ori promoter 8368 ... 8908 
RSV promoter 7... 235 
3'LTR 5912 ... 6146 
Intron 526 ... 1690 
fI origin 6721 ... 7176 
5'LTR 236 ... 416 
SV40 ori 6349 ... 6562 
WPRE seq 5233 ... 5829 
human EFla promoter 1933 ... 2328 
Intron 2361 ... 3303 
Furin 4323 ... 4334 
SGSG linker (SEQ ID NO: 233) 4335 ... 4346 
F2A linker 4347 ... 4418 
Kozak _segq 3363 ... 3371 
TCR beta 3372 ... 4322 
TCR apha 4419 ... 5225 

Table 4: E2-TLQ-TCR constructfeatures 

E2-TLQ-TCR lentivirus construct (SEQ ID NO. 55) 
FEATURES Location (nt) 

Amp(R) 7319 ... 8179 
pUC ori promoter 8380 ... 8920 
RSV promoter 7 ... 235 
3'LTR 5924 ... 6158 
Intron 526 ... 1690 
fl origin 6733 ... 7188 
5'LTR 236 ... 416 
SV40 ori 6361 ... 6574 
WPRE seq 5245 ... 5841 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4314 ... 4325 

SGSG linker (SEQ ID NO: 233) 4326 ... 4337 
F2A linker 4338 ... 4409 
Kozak seg 3363 ... 3371 
TCR beta 3372 ... 4313 
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TCR alpha 4410 ... 5237 

Table 5: E6-TIH-TCR constructfeatures 

E6-TIH-TCR lentivirus construct (SEQ ID NO. 56) 
FEATURES Location (nt) 

Amp(R) 7286 ... 8146 

pUC ori promoter 8347 ... 8887 

RSV promoter 7 ... 235 
3'LTR 5891 ... 6125 
Intron 526 ... 1690 
fl origin 6700 ... 7155 
5'LTR 236 ... 416 
SV40 ori 6328 ... 6541 
WPRE seq 5212 ... 5808 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4302 ... 4313 

SGSG linker (SEQ ID NO: 233) 4314 ... 4325 
F2A linker 4326 ... 4397 

Iozakseqg 3363 ... 3371 
TCR beta 3372 ... 4301 
TCR apha 4398 ... 5204 

Table 6: E6-AFR-TCR constructfeatures 

E6-AFR-TCR lentivirus construct (SEQ ID NO. 57) 
FEATURES Location (nt) 

Amp(R) 7307 ... 8167 
pUC ori promoter 8368 ... 8908 
RSV promoter 7 ... 235 
3'LTR 5912 ... 6146 
Intron 526 ... 1690 
fI origin 6721 ... 7176 
5'LTR 236 ... 416 
SV40 ori 6349 ... 6562 
WPRE seq 5233 ... 5829 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4305 ... 4316 
SGSG linker (SEQ ID NO: 233) 4317 ... 4328 
F2A linker 4329 ... 4400 
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Kozakse 3363 ... 3371 
TCR beta 3372 ... 4304 
TCR apha 4401 ... 5225 

Table 7: E6-KQR-TCR constructfeatures 

E6-KQR-TCR lentivirus construct (SEQ ID NO. 58) 
FEATURES Location (nt) 

Amp(R) 7328 ... 8188 
pUC ori promoter 8389 ... 8929 
RSV promoter 7 ... 235 
3'LTR 5933 ... 6167 
Intron 526 ... 1690 
fl origin 6742 ... 7197 
5'LTR 236 ... 416 
SV40 ori 6370 ... 6583 
WPRE seq 5254 ... 5850 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4326 ... 4337 
SGSG linker (SEQ ID NO: 233) 4338 ... 4349 
F2A linker 4350 ... 4421 
Kozakseg 3363 ... 3371 
TCR beta 3372 ... 4325 
TCR alpha 4422 ... 5246 

Table 8: E7-TPT-TCR constructfeatures 

E7-TPT-TCR lentivirus construct (SEQ ID NO. 227) 
FEATURES Location (nt) 

Amp(R) 7295 ... 8155 
pUC ori promoter 8356 ... 8896 
RSV promoter 7 ... 235 
3'LTR 5900 ... 6134 
Intron 526 ... 1690 
fl origin 6709 ... 7164 
5'LTR 236 ... 416 
SV40 ori 6337 ... 6550 
WPRE seq 5221 ... 5817 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Furin 4305 ... 4316 
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SGSG linker (SEQ ID NO: 233) 4317 ... 4328 
F2A linker 4329 ... 4400 
Kozak _seg 3363 ... 3371 
TCR beta 3372 ... 4304 
TCR alpha 4401 ... 5213 

Table 9: E5-SAF-TCR constructfeatures 

E5-SAF-TCR lentivirus construct (SEQ ID NO. 228) 
FEATURES Location (nt) 

Amp(R) 7340 ... 8200 
pUC ori promoter 8401 ... 8941 
RSV promoter 7 ... 235 
3'LTR 5945 ... 6179 
Intron 526 ... 1690 
fI origin 6754 ... 7209 
5'LTR 236 ... 416 
SV40 ori 6382 ... 6595 
WPRE seq 5266 ... 5862 
human EFla promoter 1933 ... 3322 
Intron 2361 ... 3303 
Funn 4326 ... 4337 
SGSG linker (SEQ ID NO: 233) 4338 ... 4349 
F2A linker 4350 ... 4421 
Kozak seq 3363 ... 3371 
TCR beta 3372 ... 4325 
TCR alDha 4422 ... 5258 

Likewise, exemplary TCRs (e.g., TCR u/ peptide chains) encoded by the constructs 

5 contemplated herein are described in in Figures 3, 4, and 6-11. In some embodiments, the TCRs 

expressed at the cell surface comprise at least one TCR chain comprising an amino acid sequence 

set forth in Table 10. In preferred embodiments, such TCRs comprise a TCR chain and TCR 

chain, each respectively comprising an amino acid sequence set forth in Table 10. For example, the 

TCR may comprise a TCRP chain having the amino acid sequence set forth in SEQ ID NO. 59 and 

10 a TCRu chain having the amino acid sequence set forth in SEQ ID NO. 60; or a TCRP chain having 

the amino acid sequence set forth in SEQ ID NO. 61 and a TCRu chain having the amino acid 

sequence set forth in SEQ ID NO. 62 
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Table 10: Engineered TCR a and P chains 

TCR Construct u/p chain Amino Acid Sequence 

EPEVTQTPSHQVTQMGQEVILRCVPISNHLYFYWYRQILGQ 

KVEFLVSFYNNEISEKSEIFDDQFSVERPDGSNFTLKIRSTKL 

EDSAMYFCASRASVGVGTGELFFGEGSRLTVLEDLKNVFPP 

EVAVFEPSKAEIAHTQKATLVCLATGFFPDHVELSWWVNG 
TCR3 

KEVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNP 

RNIFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRAD 

CGITSASYHQGVLSATILYEILLGKATLYAVLVSALVLMAM 

E2-TLQ-TCR VKRKDSRG (SEQ ID NO. 59) 

AQTVTQSQPEMSVQEAETVTLSCTYDTSESNYYLFWYKQPP 

SRQMILVIRQEAYKQQNATENRFSVNFQKAAKSFSLKISDSQ 

LGDTAMYFCAFTYGGSQGNLIFGKGTKLSVKPNIQNPDPAV 

TCRu YQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVL 

DMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSS 

DVPCDVKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLL 

MTLRLWSS (SEQ ID NO. 60) 

GVSQSPRYKVTKRGQDVALRCDPISGHVSLYWYRQALGQG 

PEFLTYFNYEAQQDKSGLPNDRFSAERPEGSISTLTIQRTEQR 

DSAMYRCASSPELAGPQETQYFGPGTRLLVLEDLNKVFPPE 

VAVFEPSKAEIAHTQKATLVCLATGFFPDHVELSWWVNGK 
TCR3 

EVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPR 

E5-NLD-TCR NIFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADC 

GITSASYHQGVLSATILYEILLGKATLYAVLVSALVLMAMV 

KRKDF (SEQ ID NO. 61) 

AQKVTQAQTEISVVEKEDVTLDCVYETRDTTYYLFWYKQP 

TCR u PSGELVFLIRRNSFDEQNEISGRYSWNFQKSTSSFNFTITASQ 

VVDSAVYFCALSEGGGSQGNLIFGKGTKLSVKPNIQNPDPA 
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VYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCV 

LDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSS 

DVPCDVKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLL 

MTLRLWSS (SEQ ID NO. 62) 

MTIRLLCYMGFYFLGAGLMEADIYQTPRYLVIGTGKKITLEC 

SQTMGHDKMYWYQQDPGMELHLIHYSYGVNSTEKGDLSS 

ESTVSRIRTEHFPLTLESARPSHTSQYLCASSGPGQGHNQPQ 

HFGDGTRLSILEDLNKVFPPEVAVFEPSKAEIAHTQKATLVC 
TCR3 

LATGFFPDHVELSWWVNGKEVHSGVCTDPQPLKEQPALND 

SRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQ 

DRAKPVTQIVSAEAWGRADCGITSASYHQGVLSATILYEILL 

E6-AFR-TCR GKATLYAVLVSALVLMAMVKRKDF (SEQ ID NO. 63) 

QKVTQAQTEISVVEKEDVTLDCVYETRDTTYYLFWYKQPPS 

GELVFLIRRNSFDEQNEISGRYSWNFQKSTSSFNFTITASQVV 

DSAVYFCALGSSGTYKYIFGTGTRLKVLANIQNPDPAVYQL 

TCRu RDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVLDMR 

SMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSSDVPC 

DVKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLR 

LWSS (SEQ ID NO. 64) 

QVTQNPRYLITVTGKKLTVTCSQNMNHEYMSWYRQDPGL 

GLRQIYYSMNVEVTDKGDVPEGYKVSRKEKRNFPLILESPSP 

NQTSLYFCASSPQGRINSPLHFGNGTRLTVTEDLNKVFPPEV 

AVFEPSKAEIAHTQKATLVCLATGFFPDHVELSWWVNGKE 
TCR3 

VHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQNPRN 
E6-TIH-TCR 

HFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRADCG 

ITSASYHQGVLSATILYEILLGKATLYAVLVSALVLMAMVK 

RKDF (SEQ ID NO. 65) 

QNIDQPTEMTATEGAIVQINCTYQTSGFNGLFWYQQHAGEA 
TCRu 

PTFLSYNVLDGLEEKGRFSSFLSRSKGYSYLLLKELQMKDS 
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ASYLCAVRDTGYGQNFVFGPGTRLSVLPYIQNPDPAVYQLR 

DSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVLDMRS 

MDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSSDVPCD 

VKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRL 

WSS (SEQ ID NO. 66) 

TCR GSGLGAVVSQHPSWVICKSGTSVKIECRSLDFQATTMFWYR 

QFPKQSLMLMATSNEGSKATYEQGVEKDKFLINHASLTLST 

LTVTSAHPEDSSFYICSAREGYRSYFGPGTRLTVLEDLKNVF 

PPEVAVFEPSKAEIAHTQKATLVCLATGFFPDHVELSWWVN 

GKEVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQN 

PRNIIFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRA 

DCGITSASYHQGVLSATILYEILLGKATLYAVLVSALVLMA 

E6-HDI-TCR MVKRKDSRG (SEQ ID NO. 67) 

TCRu KTTQPPSMDCAEGRAANLPCNHSTISGNEYVYWYRQIHSQG 

PQYIIHGLKNNETNEMASLIITEDRKSSTLILPHATLRDTAVY 

YCIVRDRSYGQNFVFGPGTRLSVLPYIQNPDPAVYQLRDSKS 

SDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVLDMRSMDFK 

SNSAVAWSNKSDFACANAFNNSIIPEDTFFPSSDVPCDVKLV 

EKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRLWSS 

(SEQ ID NO. 68) 

TCR GSGLGAVVSQHPSWVICKSGTSVKIECRSLDFQATTMFWYR 

QFPKQSLMLMATSNEGCKATYEQGVEKDKFLINHASLTLST 

LTVTSAHPEDSSFYICSTAGETDTQYFGPGTRLTVLEDLKNV 

FPPEVAVFEPSKAEIAHTQKATLVCLATGFFPDHVELSWWV 
E6-KQR-TCR 

NGKEVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQ 

NPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGR 

ADCGITSASYHQGVLSATILYEILLGKATLYAVLVSALVLM 

AMVKRKDSRG (SEQ ID NO. 69) 
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TCR ESVGLHLPTLSVQEGDNSIINCAYSNSASDYFIWYKQESGKG 

PQFIIDIRSNMDKRQGQRVTVLLNKTVKHLSLQIAATQPGDS 

AVYFCAETLGLDQGGKLIFGQGTELSVKPNIQNPDSVKPNP 

AVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKC 

VLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFP 

SSDVPCDVKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFN 

LLMTLRLWSS (SEQ ID NO. 70) 

TCR DTAVSQTPKYLVTQMGNDKSIKCEQNLGHDTMYWYKQDS 

KKFLKIMFSYNNKELIINETVPNRFSPKSPDKAHLNLHINSLE 

LGDSAVYFCASSQGTGRGNTEAFFGQGTRLTVVEDLNKVFP 

PEVAVFEPSKAEIAHTQKATLVCLATGFYPDHVELSWWVN 

GKEVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSATFWQN 

PRNIIFRCQVQFYGLSENDEWTQDRAKPVTQIVSAEAWGRA 

DCGITSASYHQGVLSATILYEILLGKATLYAVLVSALVLMA 

E7-TPT-TCR MVKRKDF (SEQ ID NO. 229) 

TCR LAKTTQPISMDSYEGQEVNITCSHNNIATNDYITWYQQFPSQ 

GPRFIIQGYKTKVTNEVASLFIPADRKSSTLSLPRVSLSDTAV 

YYCLVGPYFGGGSYQLTFGKGTKLSVIPNIQNPDPAVYQLR 

DSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVLDMRS 

MDFKSNSAVAWSNKSDFACANAFNNSIIPEDTFFPSSDVPCD 

VKLVEKSFETDTNLNFQNLSVIGFRILLLKVAGFNLLMTLRL 

WSS (SEQ ID NO. 230) 

TCR GAGVSQSPSNKVTEKGKDVELRCDPISGHTALYWYRQSLG 

QGLEFLIYFQGNSAPDKSGLPSDRFSAERTGGSVSTLTIQRTQ 

QEDSAVYLCASSLGQGAVGTDTQYFGPGTRLTVLEDRKTL 
E5-SAF-TCR 

KNVFPPEVAVFEPSKAEIAHTQKATLVCLATGFYPDHVELS 

WWVNGKEVHSGVCTDPQPLKEQPALNDSRYCLSSRLRVSA 

TFWQNPRNHFRCQVQFYGLSENDEWTQDRAKPVTQIVSAE 
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AWGRADCGITSASYHQGVLSATILYEILLGKATLYAVLVSA 

LVLMAMVKRKDSRG (SEQ ID NO. 231) 

TCRu AQTVTQSQPEMSVQEAETVTLSCTYDTSENNYYLFWYKQP 

PSRQMILVIRQEAYKQQNATENRFSVNFQKAAKSFSLKISDS 

QLGDTAMYFCAFMKPDGSGNTGKLIFGQGTTLQVKPNIQNP 

DPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITD 

KCVLDMRSMDFKSNSAVAWSNKSDFACANAFNNSIIPEDTF 

FPSSDVPCDVKLVEKSFETDTNLNFQNLSVIGFRILLLKVAG 

FNLLMTLRLWSS (SEQ ID NO. 232) 

Similarly, embodiments of the invention include immune effector cells (e.g., T cells) which 

have been transduced with such constructs so as to express the engineered TCRs.  

In some embodiments, the TCRs disclosed herein specifically bind an epitope listed in Table 

5 11.  

Table 11: HPV-specific epitopes 

Antigen Epitope restncton 

HPV16-El YLHNRLVVF B*08:01 
(SEQ ID NO. 8) 

HPV16-El ALDGNLVSMDV A*02:01 
(SEQ ID NO. 9) 

HPV18-E6 TVLELTEVFEF A*02:01 
(SEQ ID NO. 10) 

HPV18-E5 SPATAFTVY B*35:01 
(SEQ ID NO. 11) 

HPV16-E7 VQSTHVDIRTLEDLLMGTL DQB1*03:01 
(SEQ ID NO. 12) 

In certain embodiments, the TCR (e.g., the immune effector cell expressing the engineered 

10 TCR) can be applied and/or administered using a plurality of strategies known in the art. For 

example (and without limitation), TRUCKs (T cells redirected for universal cytokine killing) co

express a modified (e.g., artificial/recombinant/exogenous) TCR and an antitumor cytokine.  

Cytokine expression may be constitutive or induced by T cell activation. Targeted by TCR
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specificity, localized production of pro-inflammatory cytokines recruits endogenous immune cells 

to tumor sites and may potentiate an antitumor response.  

Alternatively, allogeneic TCR-T cells may be engineered by means known in the art to no 

longer express endogenous T cell receptor (TCR) and/or major histocompatibility complex (MHC) 

5 molecules, thereby improving expression and/or function of the exogenous TCR and/or preventing 

or reducing graft-versus-host disease (GVHD) or rejection, respectively.  

A TCR-T cell may be engineered to co-express a TCR and a chemokine receptor, which 

binds to a tumor ligand, thereby enhancing tumor homing.  

TCR-T cells engineered to be resistant to immunosuppression may be genetically modified 

10 to no longer express various immune checkpoint molecules (e.g., cytotoxic T lymphocyte

associated antigen 4 (CTLA4) or programmed cell death protein 1 (PD-1)). Exemplary 

"Knockdown" and "Knockout" techniques include, but are not limited to, RNA interference (RNAi) 

(e.g., asRNA, miRNA, shRNA, siRNA, etc.) and CRISPR interference (CRISPRi) (e.g., CRISPR

Cas9). In certain embodiments, TCR-T cells are engineered to express a dominant-negative form of 

15 a checkpoint molecule. In some such embodiments, the extracellular ligand-binding domain (i.e., 

ectodomain) of the immune checkpoint molecule is fused to a transmembrane membrane in order to 

compete for ligand binding. For example, the extracellular ligand-binding domain of PD-i may be 

fused to a CD8 transmembrane domain, thus competing for PD-i ligand from the target cell. In 

some embodiments, TCR-T cells are engineered to express an immune checkpoint switch receptor 

20 to exploit the inhibitory immune checkpoint ligand present on a target cell. In such embodiments, 

the extracellular ligand-binding domain of the immune checkpoint molecule is fused to a signaling, 

stimulatory, and/or co-stimulatory domain. For example, the extracellular ligand-binding domain of 

PD-i may be fused to a CD28 domain, thus providing CD28 co-stimulation while blocking PD-i 

signaling. In further embodiments, the TCR-T cells may be administered with an aptamer or a 

25 monoclonal antibody that blocks immune checkpoint signaling. In some such embodiments, the 

TCR-T cell (e.g., TCR-T cell therapy) is combined with a PD-i blockade method, such as 

administration with PD-i/PD-Li antagonistic aptamers or anti-PD-i/PD-Li antibodies. In preferred 

embodiments, the TCR-T cells and PD-i pathway-blocking antibodies are administered conjointly.  

In further embodiments, the TCR-T cells are engineered to express or express and secrete an 
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immune checkpoint-blocking antibody, such as anti-PD-i or anti-PD-Li, or fragments thereof In 

yet further embodiments, the TCR-T cells are administered with a vector (e.g., an engineered virus) 

that expresses an immune checkpoint-blocking molecule described herein.  

A self-destruct TCR-T cell may be designed using inducible apoptosis of the T cell, e.g., by 

5 ganciclovir binding to thymidine kinase in gene-modified lymphocytes or by activation of human 

caspase 9 by a small-molecule dimerizer.  

A marked TCR-T cell expresses a modified TCR plus a tumor epitope to which an existing 

monoclonal antibody agent binds. In the setting of intolerable adverse effects, administration of the 

monoclonal antibody clears the TCR-T cells and alleviates symptoms with no additional off-tumor 

10 effects.  

A bi-specific TCR-T cell may further express another TCR or a chimeric antigen receptor 

(CAR) with different antigen/ligand binding targets relative to the first modified TCR, such as other 

cancer-associated antigens, including tumor antigens.  

Tumor antigens include proteins that are produced by tumor cells that elicit an immune 

15 response; particularly T cell mediated immune responses. The additional antigen binding domain 

can be an antibody or a natural ligand of the tumor antigen. The selection of the additional antigen

binding domain will depend on the particular type of cancer to be treated. Tumor antigens are well 

known in the art and include, for example, a glioma-associated antigen, carcinoembryonic antigen 

(CEA), EGFRvIII, IL-lRa, IL-3Ra, EGFR, FAP, B7H3, Kit, CA LX, CS-1, MUC1, BCMA, bcr

20 abl, HER2, -human chorionic gonadotropin, alphafetoprotein (AFP), ALK, alternate and/or 

specific CD19 epitopes, TIM3, cyclin Bl, lectin-reactive AFP, Fos-related antigen 1, ADRB3, 

thyroglobulin, EphA2, RAGE-1, RUl, RU2, SSX2, AKAP-4, LCK, OY-TES, PAX5, SART3, 

CLL-1, fucosyl GMi, GloboH, MN-CA IX, EPCAM, EVT6-AML, TGS5, human telomerase 

reverse transcriptase, plysialic acid, PLACi, RUl, RU2 (AS), intestinal carboxyl esterase, lewisY, 

25 sLe, LY6K, HSP70, HSP27, mut hsp70-2, M-CSF, MYCN, RhoC, TRP-2, CYPIBI, BORIS, 

prostase, prostate-specific antigen (PSA), PAX3, PAP, NY-ESO-1, LAGE-la, LMP2, NCAM, p53, 

p53 mutant, Ras mutant, gplOO, prostein, OR51E2, PANX3, PSMA, PSCA, Her2/neu, hTERT, 

HMWMAA, HAVCRi, VEGFR2, PDGFR-beta, survivin and telomerase, legumain, HPV E6,E7, 

sperm protein 17, SSEA-4, tyrosinase, TARP, WTI, prostate-carcinoma tumor antigen-i (PCTA-1), 
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ML-IAP, MAGE, MAGE-Al, MAGE-A2, MAGE-Ci, MAGE-C2, Annexin-A2, MAD-CT-1, 

MAD-CT-2, MelanA/MART 1, XAGE1 , ELF2M, ERG (TMPRSS2 ETS fusion gene), NAI7, 

neutrophil elastase, sarcoma translocation breakpoints, NY-BR-1, EphrinB2, CD20, CD22, CD24, 

CD30, TIM3, CD38, CD44v6, CD97, CD171, CDI79a, androgen receptor, FAP, insulin growth 

5 factor (IGF)-I, IGFII, IGF-I receptor, GD2, o-acetyl-GD2, GD3, GM3, GPRC5D, GPR20, 

CXORF61, folate receptor (FRa), folate receptor beta, RORi, Flt3, TAG72, TN Ag, Tie 2, TEMi, 

TEM7R, CLDN6, TSHR, UPK2, and mesothelin. In certain preferred embodiments, the tumor 

antigen is selected from folate receptor (FRa), mesothelin, EGFRvIII, IL-I3Ra, CD123, CD19, 

TIM3, BCMA, GD2, CLL-1, CA-IX, MUCl, HER2, and any combination thereof 

10 Further non-limiting examples of tumor antigens include the following: Differentiation 

antigens such as tyrosinase, TRP-1, TRP-2 and tumor-specific multilineage antigens such as 

MAGE-1, MAGE-3, BAGE, GAGE-1, GAGE-2, pi 5; overexpressed embryonic antigens such as 

CEA; overexpressed oncogenes and mutated tumor-suppressor genes such as p53, Ras, HER-2/neu; 

unique tumor antigens resulting from chromosomal translocations; such as BCR-ABL, E2A-PRL, 

15 H4-RET, IGH-IGK, MYL-RAR; and viral antigens, such as the Epstein Barr virus antigens EBVA 

and the human papillomavirus (HPV) antigens E6 and E7. Other large, protein-based antigens 

include SCCA, GP73, FC-GP73, TSP-180, MAGE-4, MAGE-5, MAGE-6, RAGE, NY-ESO, 

pl85erbB2, pl80erbB-3, c-met, nm- 23H, PSA, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, beta

Catenin, CDK4, Mum-1, p 15, p 16, 43-9F, 5T4, 791Tgp72, alpha-fetoprotein, beta-HCG, BCA225, 

20 BTAA, CA 125, CA 15-3\CA 27.29\BCAA, CA 195, CA 242, CA-50, CAM43, CD68\P, CO-029, 

FGF-5, G250, Ga733\EpCAM, HTgp-175, M344, IA-50, MG7-Ag, MOV18, NB/70K, NY-CO-1, 

RCAS1, SDCCAGi 6, TA-90\Mac-2 binding protein\cyclophilin C-associated protein, TAAL6, 

TAG72, TLP, TPS, GPC3, MUC16, TAG-72, LMPi, EBMA-1, BARF-1, CSI, CD319, HERi, 

B7H6, LICAM, IL6, and MET.  

25 Generally, with respect to the methods disclosed herein, almost any strategy applied to 

CAR-T cells may be applied to the TCR-T cells disclosed herein.  

Nucleic Acids and Vectors 

Also disclosed are polynucleotides and polynucleotide vectors encoding the disclosed HPV 

antigen-specific TCRs that allow expression of the HPV antigen-specific TCRs in the disclosed 
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immune effector cells. In some embodiments, polynucleotides and polynucleotide vectors disclosed 

herein comprise any one of the nucleic acid seqences set forth in Tables 2-9. In certain aspects of 

the invention, provided herein are isolated nucleic acids comprising a nucleotide sequence encoding 

a peptide (or peptides) comprising a TCRu and/or TCRP chain. In some embodiments, the peptides 

5 encoded by the nucleic acids disclosed herein comprise an amino acid sequence selected from any 

one of SEQ ID NOs. 13-52, 59-70, 209-216, or fragments thereof 

Nucleic acid sequences encoding the disclosed TCRs, and regions thereof, can be obtained 

using recombinant methods known in the art, such as, for example by screening libraries from cells 

expressing the gene, by deriving the gene from a vector known to include the same, or by isolating 

10 directly from cells and tissues containing the same, using standard techniques. Alternatively, the 

gene of interest can be produced synthetically, rather than cloned.  

Expression of nucleic acids encoding TCRs is typically achieved by operably linking a 

nucleic acid encoding the TCR polypeptide to a promoter, and incorporating the construct into an 

expression vector. Typical cloning and/or expression vectors contain transcription and translation 

15 terminators, initiation sequences, and promoters useful for regulation of the expression of the 

desired nucleic acid sequence.  

The nucleic acid sequences encoding the a and p chains of the TCRs of the present invention 

may be placed in a single expression vector by methods known in the art. For example and without 

limitation, the nucleic acid sequences encoding the TCRs described herein may comprise a nucleic 

20 acid sequence encoding a ribosomal skip sequence such as a sequence encoding a 2A peptide. 2A 

peptides, which were identified in the Aphthovirus subgroup of picornaviruses, causes a ribosomal 

"skip" from one codon to the next without the formation of a peptide bond between the two amino 

acids encoded by the codons. Thus, two polypeptides can be synthesized from a single, contiguous 

open reading frame within an mRNA when the polypeptides are separated by a 2A oligopeptide 

25 sequence that is in frame (e.g., when the alpha and beta chains of the TCR are separated by a 2A 

oligopeptide sequence). Such ribosomal "skip" or "self-cleaving" mechanisms or are well known in 

the art and are known to be used by several vectors for the expression of several proteins encoded 

by a single messenger RNA. For example, the 2A oligopeptide sequence may be used with a furin 

cleavage recognition site. Preferably, the furin recognition site is upstream from the 2A oligopeptide 
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sequence. Most preferably, the furin recognition site sequence and the 2A oligopeptide sequence are 

separated by a GSG linker. Such bicistronic lentiviral vectors combining a furin cleavage site, and 

an amino acid spacer followed by a 2A ribosomal skip peptide are known in the art. See, for 

example, Yang et al. (2008) Development of optimal bicistronic lentiviral vectors facilitates high

5 level TCR gene expression and robust tumor cell recognition, Gene Therapy volume 15, 

pagesl4l1-1423, incorporated herein by reference in its entirety. The resultant peptide upstream 

from the self-cleaving furin-spacer-2A site may retain the furin recognition sequence at its carboxy

terminus (e.g., the FURINcleavageite sequence indicated in Figures 3, 4, and 6-11). Likewise, in 

the absence of any post-translational modifications, such as the removal of a signal peptide 

10 sequence, the resultant peptide downstream from the self-cleaving furin-spacer-2A site may retain 

amino acids at its amino-terminus (e.g., the terminal proline of the F2A linker sequence indicated in 

Figures 3, 4, and 6-11). Alternatively the a and p chains may each be placed in a separate expression 

vector.  

The disclosed nucleic acids can be cloned into a number of types of vectors. For example, 

15 the nucleic acid can be cloned into a vector including, but not limited to a plasmid, a phagemid, a 

phage derivative, an animal virus, and a cosmid. Vectors of particular interest include expression 

vectors, replication vectors, probe generation vectors, and sequencing vectors.  

Further, the expression vector may be provided to a cell in the form of a viral vector. Viral 

vector technology is well known in the art and is described, for example, in Sambrook et al. (2001, 

20 Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, New York), and in other 

virology and molecular biology manuals. Viruses which are useful as vectors include, but are not 

limited to, retroviruses, adenoviruses, adeno-associated viruses, herpes viruses, and lentiviruses. In 

general, a suitable vector contains an origin of replication functional in at least one organism, a 

promoter sequence, convenient restriction endonuclease sites, and one or more selectable markers.  

25 In some embodiments, the polynucleotide vectors are lentiviral or retroviral vectors.  

A number of viral based systems have been developed for gene transfer into mammalian 

cells. For example, retroviruses provide a convenient platform for gene delivery systems. A selected 

gene can be inserted into a vector and packaged in retroviral particles using techniques known in the 
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art. The recombinant virus can then be isolated and delivered to cells of the subject either in vivo or 

ex vivo. Preferably, gene transfer is into mammalian cells (e.g., PBMCs).  

One example of a suitable promoter is the immediate early cytomegalovirus (CMV) 

promoter sequence. This promoter sequence is a strong constitutive promoter sequence capable of 

5 driving high levels of expression of any polynucleotide sequence operatively linked thereto.  

Another example of a suitable promoter is Elongation Growth Factor-lu (EF-l a; EFla). However, 

other constitutive promoter sequences may also be used, including, but not limited to the simian 

virus 40 (SV40) early promoter, MND (myeloproliferative sarcoma virus) promoter, mouse 

mammary tumor virus (MMTV), human immunodeficiency virus (HIV) long terminal repeat (LTR) 

10 promoter, MoMuLV promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate 

early promoter, a Rous sarcoma virus promoter, as well as human gene promoters such as, but not 

limited to, the actin promoter, the myosin promoter, the hemoglobin promoter, and the creatine 

kinase promoter. The promoter can alternatively be an inducible promoter. Examples of inducible 

promoters include, but are not limited to a metallothionine promoter, a glucocorticoid promoter, a 

15 progesterone promoter, and a tetracycline promoter.  

Additional promoter elements, e.g., enhancers, regulate the frequency of transcriptional 

initiation. Typically, these are located in the region 30-110 bp upstream of the start site, although a 

number of promoters have recently been shown to contain functional elements downstream of the 

start site as well. The spacing between promoter elements frequently is flexible, so that promoter 

20 function is preserved when elements are inverted or moved relative to one another.  

In order to assess the expression of a TCR polypeptide or portions thereof, the expression 

vector to be introduced into a cell can also contain either a selectable marker gene or a reporter gene 

or both to facilitate identification and selection of expressing cells from the population of cells 

sought to be transfected or infected through viral vectors. In other aspects, the selectable marker 

25 may be carried on a separate piece of DNA and used in a co-transfection procedure. Both selectable 

markers and reporter genes may be flanked with appropriate regulatory sequences to enable 

expression in the host cells. Useful selectable markers include, for example, antibiotic-resistance 

genes.  
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Reporter genes are used for identifying potentially transfected cells and for evaluating the 

functionality of regulatory sequences. In general, a reporter gene is a gene that is not present in or 

expressed by the recipient organism or tissue and that encodes a polypeptide whose expression is 

manifested by some easily detectable property, e.g., enzymatic activity. Expression of the reporter 

5 gene is assayed at a suitable time after the DNA has been introduced into the recipient cells.  

Suitable reporter genes may include genes encoding luciferase, beta-galactosidase, chloramphenicol 

acetyl transferase, secreted alkaline phosphatase, or the green fluorescent protein gene. Suitable 

expression systems are well known and may be prepared using known techniques or obtained 

commercially. In general, the construct with the minimal 5' flanking region showing the highest 

10 level of expression of reporter gene is identified as the promoter. Such promoter regions may be 

linked to a reporter gene and used to evaluate agents for the ability to modulate promoter-driven 

transcription.  

Methods of introducing and expressing genes into a cell are known in the art. In the context 

of an expression vector, the vector can be readily introduced into a host cell, e.g., mammalian, 

15 bacterial, yeast, or insect cell by any method in the art. For example, the expression vector can be 

transferred into a host cell by physical, chemical, or biological means.  

Physical methods for introducing a polynucleotide into a host cell include calcium 

phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and the 

like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are well 

20 known in the art. See, for example, Sambrook et al. (2001, Molecular Cloning: A Laboratory 

Manual, Cold Spring Harbor Laboratory, New York).  

Biological methods for introducing a polynucleotide of interest into a host cell include the 

use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become the 

most widely used method for inserting genes into mammalian, e.g., human cells.  

25 Chemical means for introducing a polynucleotide into a host cell include colloidal 

dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and 

lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes. An 

exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome (e.g., an 

artificial membrane vesicle).  
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In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle is a 

liposome. In another aspect, the nucleic acid may be associated with a lipid. The nucleic acid 

associated with a lipid may be encapsulated in the aqueous interior of a liposome, interspersed 

within the lipid bilayer of a liposome, attached to a liposome via a linking molecule that is 

5 associated with both the liposome and the oligonucleotide, entrapped in a liposome, complexed with 

a liposome, dispersed in a solution containing a lipid, mixed with a lipid, combined with a lipid, 

contained as a suspension in a lipid, contained or complexed with a micelle, or otherwise associated 

with a lipid. Lipid, lipid/DNA or lipid/expression vector associated compositions are not limited to 

any particular structure in solution. For example, they may be present in a bilayer structure, as 

10 micelles, or with a "collapsed" structure. They may also simply be interspersed in a solution, 

possibly forming aggregates that are not uniform in size or shape. Lipids are fatty substances which 

may be naturally occurring or synthetic lipids. For example, lipids include the fatty droplets that 

naturally occur in the cytoplasm as well as the class of compounds which contain long-chain 

aliphatic hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino alcohols, 

15 and aldehydes. Lipids suitable for use can be obtained from commercial sources. For example, 

dimyristyl phosphatidylcholine ("DMPC") can be obtained from Sigma, St. Louis, Mo.; dicetyl 

phosphate ("DCP") can be obtained from K & K Laboratories (Plainview, N.Y); cholesterol 

("Choi") can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol ("DMPG") 

and other lipids may be obtained from Avanti Polar Lipids, Inc, (Birmingham, Ala.).  

20 Immune cells 

The a and p chains of the TCRs of the invention disclosed herein may be expressed 

independently in different host cells or in the same host cell. In preferred embodiments, the a and p 
chains are introduced into the same host cell to allow for formation of a functional T-cell receptor.  

Most preferably, the host cells engineered to express all or part of the disclosed TCRs of the 

25 invention include immune cells (e.g., immune effector cells). Such cells may be obtained from the 

subject (i.e., the donor) to be treated (i.e., autologous cells). However, in some embodiments, 

immune cell lines or donor cells other than the subject's own cells (i.e., allogeneic cells) are used.  

Immune effector cells can be obtained from a number of sources, including peripheral blood 

mononuclear cells (PBMCs), bone marrow, lymph node tissue, cord blood, thymus tissue, tissue 
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from a site of infection, ascites, pleural effusion, spleen tissue, and tumors. Immune effector cells 

can be obtained from blood collected from a subject and/or donor using any number of techniques 

known to the skilled artisan, such as FicollTM separation. For example, cells from the circulating 

blood of an individual may be obtained by apheresis. In some embodiments, immune effector cells 

5 are isolated from peripheral blood lymphocytes by lysing the red blood cells and depleting the 

monocytes, for example, by centrifugation through a PERCOLLTM gradient or by counterflow 

centrifugal elutriation. A specific subpopulation of immune effector cells can be further isolated by 

positive or negative selection techniques. For example, immune effector cells can be isolated using 

a combination of antibodies directed to surface markers unique to the positively selected cells, e.g., 

10 by incubation with antibody-conjugated beads for a time period sufficient for positive selection of 

the desired immune effector cells. Alternatively, enrichment of immune effector cells population 

can be accomplished by negative selection using a combination of antibodies directed to surface 

markers unique to the negatively selected cells.  

In some embodiments, the immune effector cells comprise any leukocyte involved in 

15 defending the body against infectious disease and foreign materials. For example, the immune 

effector cells can comprise lymphocytes, monocytes, macrophages, dendritic cells, mast cells, 

neutrophils, basophils, eosinophils, or any combinations thereof For example, the immune effector 

cells can comprise T lymphocytes, preferably cytotoxic T lymphocytes (CTLs).  

T cells or T lymphocytes can be distinguished from other lymphocytes, such as B cells and 

20 natural killer cells (NK cells), by the presence of a T cell receptor (TCR) on the cell surface. They 

are called T cells because they mature in the thymus (although some also mature in the tonsils).  

There are several subsets of T cells, each with a distinct function.  

T helper cells (THcells) assist other white blood cells in immunologic processes, including 

maturation of B cells into plasma cells and memory B cells, and activation of cytotoxic T cells and 

25 macrophages. These cells are also known as CD4*T cells because they express the CD4 

glycoprotein on their surface. Helper T cells become activated when they are presented with peptide 

antigens by IHC class II molecules, which are expressed on the surface of antigen-presenting cells 

(APCs). Once activated, they divide rapidly and secrete small proteins called cytokines that regulate 

or assist in the active immune response. These cells can differentiate into one of several subtypes, 
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including THI, TH2, TH3, TH17, TH9, or TFH, which secrete different cytokines to facilitate a 

different type of immune response.  

Cytotoxic T cells (Tc cells, or CTLs) destroy virally infected cells and tumor cells, and are 

also implicated in transplant rejection. These cells are also known as CD8* T cells since they 

5 express the CD8 glycoprotein at their surface. These cells recognize their targets by binding to 

antigen associated with MHC class I molecules, which are present on the surface of all nucleated 

cells. Through IL-10, adenosine and other molecules secreted by regulatory T cells, the CD8* cells 

can be inactivated to an anergic state, which prevents autoimmune diseases.  

Memory T cells are a subset of antigen-specific T cells that persist long-term after an 

10 infection has resolved. They quickly expand to large numbers of effector T cells upon re-exposure 

to their cognate antigen, thus providing the immune system with "memory" against past infections.  

Memory cells may be either CD4* or CD8*. Memory T cells typically express the cell surface 

protein CD45RO.  

Regulatory T cells (Treg cells), formerly known as suppressor T cells, are crucial for the 

15 maintenance of immunological tolerance. Their major role is to shut down T cell-mediated 

immunity toward the end of an immune reaction and to suppress auto-reactive T cells that escaped 

the process of negative selection in the thymus. Two major classes of CD4 Treg cells have been 

described - naturally occurring Treg cells and adaptive Treg cells.  

Natural killer T (NKT) cells (not to be confused with natural killer (NK) cells) bridge the 

20 adaptive immune system with the innate immune system. Unlike conventional T cells that recognize 

peptide antigens presented by major histocompatibility complex (MIHC) molecules, NKT cells 

recognize glycolipid antigen presented by a molecule called CD1d.  

In some embodiments, the T cells comprise a mixture of CD4' cells. In other embodiments, 

the T cells are enriched for one or more subsets based on cell surface expression. For example, in 

25 some cases, the T comprise are cytotoxic CD8* T lymphocytes. In some embodiments, the T cells 

comprise y6 T cells, which possess a distinct T cell receptor (TCR) having one y chain and one 6 

chain instead of a and p chains.  

Natural-killer (NK) cells are CD56*CD3- large granular lymphocytes that can kill virally 

infected and transformed cells, and constitute a critical cellular subset of the innate immune system 
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(Godfrey J, et al. Leuk Lymphoma 2012 53:1666-1676). Unlike cytotoxic CD8 T lymphocytes, 

NK cells launch cytotoxicity against tumor cells without the requirement for prior sensitization, and 

can eradicate MHC--negative cells (Narni-Mancinelli E, et al. Int Immunol 201123:427-431). NK 

cells are safer effector cells, as they may avoid the potentially lethal complications of cytokine 

5 storms (Morgan RA, et al. Mol Ther 2010 18:843-851), tumor lysis syndrome (Porter DL, et al. N 

Engl J Med 2011 365:725-733), and on-target, off-tumor effects. Although NK cells have a well

known role as killers of cancer cells, and NK cell impairment has been extensively documented as 

crucial for progression of Multiple myeloma (MM) (Godfrey J, et al. Leuk Lymphoma 2012 

53:1666-1676; Fauriat C, et al. Leukemia 2006 20:732-733), the means by which one might 

10 enhance NK cell-mediated anti-MM activity has been largely unexplored prior to the disclosed 

TCRs.  

While innate immune responses play an important role in controlling initial HPV infection, 

long-term protection is dependent on adaptive immune responses including humoral and cell

mediated immunity. In immunocompetent individuals, the majority of HPV infections are cleared 

15 within 2 years of initial infection. Infiltration of CD4 and CD8m T cells is frequently observed in 

spontaneously regressing lesions. Though the HPV vaccines act prophylactically and are based on 

the LI protein, this viral antigen is not relevant for the treatment of HPV-associated diseases. LI 

protein is only expressed in the late stages of HPV replication especially in terminally differentiated 

keratinocytes. In contrast, other proteins associated with the HPV replicative cycle, i.e., E1, E2, E4, 

20 E5, E6, and E7, may provide important targets for immunotherapeutic strategies. This is primarily 

due to the fact that the expression of all these proteins are retained through multiple stages of 

infection. While much of the emphasis on the design of immunotherapeutic strategies has focused 

on E6 and E7 antigens, it is important to appreciate that other early proteins are implicated in HPV 

replication and thus the expression of these proteins is retained throughout multiple stages of 

25 infection. This highlights the importance of these proteins as potential targets for immunotherapy 

aimed at eliminating persistently HPV-infected cells regardless of the stage of pathogenesis. Indeed, 

previous studies using animal models (canine and rabbit) have shown that immunization with a 

DNA vaccine encoding codon-optimised El or E2 genes results in complete regression of 

papillomas. The primary mode of protection in these animal models is mediated through the 
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induction of an effective T cell response to El and E2 antigens. Further clinical studies using a 

modified vaccinia Ankara vector encoding E2 in human subjects with HPV-induced cervical lesions 

(CINI to ClN3) demonstrated complete elimination of cervical lesions to regression from ClN3 to 

CINI and significant reduction in HPV viral load. Here again, the induction of E2-specific T cell 

5 immunity correlated strongly with clinical response. Development of anti-vector antibodies 

resulted in a poor response to booster immunization and some patients showed recurrence of lesions 

after the completion of the study. Moreover, this therapy required direct injection of the vector into 

uterine tissue to be effective, thus limiting its wider use in the general population.  

Thus, provided herein are methods for prophylaxis and treatment of HPV-associated 

10 diseases and cancers by the adoptive transfer of autologous or allogeneic HPV-specific, TCR

expressing cells (e.g., TCR-T cells described herein). Such methods may include the generation of 

and/or the use of peptide-specific T cells (e.g., CTLs, CD8* T cells, and/or CD4* T cells). The 

generation of peptide-specific T cells is known in the art and may include, for example, incubating a 

sample comprising T cells (e.g., a PBMC sample, an enriched sample, or a sample of isolated T 

15 cells) with antigenic peptides (i.e., peptides comprising T cell epitopes) or with antigen-presenting 

cells (APCs) that present one or more of such T cell epitopes (e.g., APCs that present a peptide 

comprising a CTL epitope on a class I MHC complex), thereby inducing the sensitization (e.g., 

activation and proliferation) of peptide-specific T cells. In some embodiments, the antigenic 

peptides comprise a sequence of any viral protein (i.e., antigen). For example, and without 

20 limitation, the immune cell (e.g., CTL) is sensitized to a viral antigen from any one of human 

papilloma virus (HPV), Epstein-Barr virus (EBV), cytomegalovirus (CMV), B.K. virus (BKV), 

John Cunningham virus (JCV), picornavirus (e.g., Hepatitis A virus), hepadnavirus (e.g., Hepatitis 

B virus), hepacivirus (e.g., Hepatitis C virus), deltavirus (e.g., Hepatitis D virus), hepevirus (e.g., 

Hepatitis E virus), or any combination thereof In preferred embodiments, a sample comprising 

25 CTLs (i.e., a PBMC sample) is incubated in culture with the antigenic peptide (e.g., antigenic 

HPV16 peptides such as those disclosed in Tables 1, 11 and 13) or with antigen-presenting cells 

(APC) provided herein (e.g., "peptide-pulsed" cells that present said peptide, comprising an HPV 

epitope described herein, on a class I MHC complex). In some embodiments, the APCs are 

autologous to the subject from whom the T cells were obtained. In some embodiments, the sample 
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containing T cells is incubated 2 or more times with APCs provided herein. In some embodiments, 

the T cells are incubated with the APCs in the presence of at least one cytokine. In some 

embodiments, the cytokine is IL-4, IL-7 and/or IL-15. Exemplary methods for inducing 

proliferation of T cells using APCs are provided, for example, in U.S. Pat. Pub. No. 2015/0017723, 

5 which is hereby incorporated by reference. In some embodiments, the antigens are HPV antigens 

other than E6 and E7.  

In some aspects, provided herein are compositions (e.g., prophylactic and/or therapeutic 

compositions) comprising the TCR-T cells provided herein. In some embodiments, such 

compositions are used to treat and/or prevent a cancer, and/or precancerous lesions and/or an HPV 

10 infection in a subject by administering to the subject an effective amount of the composition. In 

some embodiments, the engineered TCR-T cells are not autologous to the subject. In some 

embodiments, the TCR-T cells are autologous to the subject. In some embodiments, the TCR-T 

cells are stored in a cell bank before they are administered to the subject. Therefore, in some 

embodiments, the disclosed immune effector cells that comprise one or more of the engineered TCR 

15 polypeptides of the present invention are allogeneic or autologous immune effector cells.  

Preferably, the allelic HLA restriction (i.e., restriction to a specific HLA-A, HLA-B, or HLA-C 

allele) of such TCR-T cells is known. In some embodiments, the T cells used for generating the 

TCR-T cells of the invention are peptide-specific (i.e., sensitized to an antigenic peptide such as a 

viral peptide). In some embodiments, the T cells used for generating the TCR-T cells of the 

20 invention are polyfunctional T cells, i.e., those T cells that are capable of inducing multiple immune 

effector functions, that provide a more effective immune response to a pathogen than do cells that 

produce, for example, only a single immune effector (e.g. a single biomarker such as a cytokine or 

CD107a). Less-polyfunctional, monofunctional, or even "exhausted" T cells may dominate immune 

responses during chronic infections, thus negatively impacting protection against virus-associated 

25 complications. In further preferred embodiments, the TCR-T cells of the invention are 

polyfunctional. In certain embodiments, at least 50% of the T cells used for generating the TCR-T 

cells of the invention are CD4* T cells. In some such embodiments, said T cells are less than 50% 

CD4' T cells. In still further embodiments, said T cells are predominantly CD4' T cells. In some 

embodiments, at least 50% of the T cells used for generating the TCR-T cells of the invention are 
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CD8* T cells. In some such embodiments, said T cells are less than 50% CD8* T cells. In still 

further embodiments, said T cells are predominantly CD8* T cells. In some embodiments, the T 

cells (e.g., the donor samples, the sensitized T cells, and/or TCR-T cells described herein) are stored 

in a cell library or bank before they are administered to the subject.  

5 In some embodiments, the engineered TCR-T cells expressing the disclosed TCRs further 

express a dominant-negative mutation that effects immune checkpoint blockade (e.g., express a 

dominant-negative form of an immune checkpoint molecule such as PD-1). Without intending to be 

an exhaustive list, the immune checkpoint molecule is selected from programmed death 1 (PD-1), 

cytotoxic T lymphocyte antigen-4 (CTLA-4), B- and T-lymphocyte attenuator (BTLA), T cell 

10 immunoglobulin mucin-3 (TIM-3), lymphocyte-activation protein 3 (LAG-3), T cell 

immunoreceptor with Ig and ITIM domains (TIGIT), leukocyte-associated immunoglobulin-like 

receptor 1 (LAIRi), natural killer cell receptor 2B4 (2B4), and CD160. The immune checkpoint 

molecule may also be transforming growth factor 0(TGF-3) receptor. In certain preferred 

embodiments, the immune checkpoint molecule is CTLA-4. In particularly preferred embodiments, 

15 the immune checkpoint molecule is PD-1.  

Therapeutic Methods 

Immune effector cells expressing the disclosed TCRs can elicit a therapeutically beneficial 

immune response against HPV antigen-expressing cancer cells (e.g., HPV-associated cancers). For 

example, an anti-tumor immune response elicited by the disclosed TCR-modified immune effector 

20 cells may be an active or a passive immune response. In addition, the TCR-mediated immune 

response may be part of an adoptive immunotherapy approach in which TCR-modified immune 

effector cells induce an immune response specific to an HPV antigen, preferably an HPV antigen 

other than, or in addition to, E6 and E7 antigens.  

Adoptive transfer of immune effector cells expressing engineered TCRs is a promising anti

25 cancer therapy. Accordingly, in some aspects of the invention, provided herein are methods of 

treating a HPV-associated cancer or precancerous lesions in a subject, the method comprising 

administering an effective amount of an adoptive immunotherapy composition comprising the TCR

expressing cells contemplated herein. Following the collection of a patient's immune effector cells, 

the cells may be genetically engineered to express the disclosed HPV antigen-specific TCRs, thus 
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tailoring the specific antigenicity of said immune effector cells (e.g., T cells) and infusing them 

back into the patient. Moreover, immune effector cells obtained from a donor other than the patient 

(i.e., allogeneic to the patient) may be genetically engineered to express the disclosed HPV antigen

specific TCRs, then the TCR-containing cells are infused into the patient. In certain specific 

5 embodiments, the immune effector cells which comprise an anti-HPV antigen TCR polypeptide are 

allogeneic HPV-specific cytotoxic T cells.  

The disclosed TCR-modified immune effector cells may be administered either alone, or as 

a pharmaceutical composition in combination with diluents and/or with other components such as 

IL-2, IL-15, or other cytokines or cell populations. Briefly, pharmaceutical compositions may 

10 comprise a targeting cell population as described herein, in combination with one or more 

pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such compositions 

may comprise buffers such as neutral buffered saline, phosphate buffered saline and the like; 

carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins; polypeptides or 

amino acids such as glycine; antioxidants; chelating agents such as EDTA or glutathione; adjuvants 

15 (e.g., aluminum hydroxide); and preservatives. Compositions for use in the disclosed methods are in 

some embodiments formulated for intravenous administration. Pharmaceutical compositions may be 

administered in any manner appropriate treat MM. The quantity and frequency of administration 

will be determined by such factors as the condition of the patient, and the severity of the patient's 

disease, although appropriate dosages may be determined by clinical trials.  

20 When "an immunologically effective amount", "an anti-tumor effective amount", "an 

tumor-inhibiting effective amount", or "therapeutic amount" is indicated, the precise amount of the 

compositions of the present invention to be administered can be determined by a physician with 

consideration of individual differences in age, weight, tumor size, extent of infection or metastasis, 

and condition of the patient (subject).  

25 In certain embodiments, it may be desired to administer activated T cells to a subject and 

then subsequently re-draw blood (or have an apheresis performed), activate T cells therefrom 

according to the disclosed methods, and reinfuse the patient with these activated and expanded T 

cells. This process can be carried out multiple times every few weeks. In certain embodiments, T 

cells can be activated from blood draws of from 10 cc to 400 cc. In certain embodiments, T cells are 
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activated from blood draws of 20 cc, 30 cc, 40 cc, 50 cc, 60 cc, 70 cc, 80 cc, 90 cc, or 100 cc. Using 

this multiple blood draw/multiple reinfusion protocol may serve to select out certain populations of 

T cells.  

The administration of the disclosed compositions may be carried out in any convenient 

5 manner, including by injection, transfusion, or implantation. The compositions described herein 

may be administered to a patient by direct administration to an organ, subcutaneously, 

intradermally, intratumorally, intrathecally, intranodally, intramedullary, intramuscularly, 

intrapleurally, intracranially, by intravenous (i.v.) injection, or intraperitoneally. In some 

embodiments, the disclosed compositions are administered to a patient by intradermal or 

10 subcutaneous injection. In some embodiments, the disclosed compositions are administered by i.v.  

injection. The compositions may also be injected directly into a tumor, lymph node, or site of 

infection.  

In certain embodiments, provided herein are methods of treating an HPV infection, and/or a 

cancer, and/or precancerous lesions in a subject comprising administering to the subject a 

15 pharmaceutical composition provided herein.  

In some embodiments, provided herein is a method of treating an HPV infection in a subject.  

In certain such embodiments, the subject treated is immunocompromised. For example, the subject 

may have a T cell deficiency. The subject may have leukemia, lymphoma or multiple myeloma. In 

some embodiments, the subject is infected with HIV and/or has AIDS. In further embodiments, the 

20 subject has undergone a tissue, organ and/or bone marrow transplant. In some such embodiments, 

the subject is being administered immunosuppressive drugs. In some embodiments, the subject has 

undergone and/or is undergoing chemotherapy. In some embodiments, the subject has undergone 

and/or is undergoing radiation therapy.  

In certain embodiments, the disclosed TCR-modified immune effector cells are administered 

25 to a patient in conjunction with (e.g., before, simultaneously or following) any number of relevant 

treatment modalities, including but not limited to thalidomide, dexamethasone, bortezomib, and 

lenalidomide. In further embodiments, the TCR-modified immune effector cells may be used in 

combination with chemotherapy, radiation, immunosuppressive agents, such as cyclosporin, 

azathioprine, methotrexate, mycophenolate, and FK506, antibodies, or other immunoablative agents 
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such as CAM PATH, anti-CD3 antibodies or other antibody therapies, cytoxin, fludaribine, 

cyclosporin, FK506, rapamycin, mycophenolic acid, steroids, FR901228, cytokines, and irradiation.  

In some embodiments, the TCR-modified immune effector cells are administered to a patient in 

conjunction with (e.g., before, simultaneously or following) bone marrow transplantation, T cell 

5 ablative therapy using either chemotherapy agents such as, fludarabine, external-beam radiation 

therapy (XRT), cyclophosphamide, or antibodies such as OKT3 or CAMPATH. In other 

embodiments, the cell compositions of the present invention are administered following B-cell 

ablative therapy such as agents that react with CD20, e.g., Rituxan. For example, in some 

embodiments, subjects may undergo standard treatment with high dose chemotherapy followed by 

10 peripheral blood stem cell transplantation. In certain embodiments, following the transplant, 

subjects receive an infusion of the expanded immune cells of the present invention. The expanded 

cells may be administered before or after surgery. In some embodiments, the subject is also 

administered an anti-viral drug that inhibits HPV replication. For example, in some embodiments, 

the subject is administered podofilox, imiquimod, sinecatechins, podophyllin resin, trichloroacetic 

15 acid, or bichloracetic acid. In some embodiments, the subject is also treated with an intervention 

that physically affects the HPV infected lesions and/or HPV-associated tumors. For example, in 

some embodiments, the lesions are treated with surgical excision, chemical ablation, cryotherapy, or 

cauterization.  

The cancer of the disclosed methods can be any HPV infected cell (e.g., any HPV antigen

20 expressing cell) undergoing unregulated growth, invasion, or metastasis in a subject. In some 

embodiments, the subject has cancer or precancerous lesions. The methods described herein may be 

used to treat any such cancerous or pre-cancerous lesion. In some embodiments, the cancer and/or 

precancerous lesions express one or more of the HPV epitopes provided herein (e.g., the HPV 

epitopes listed in Tables 1, 11 and 13). In some embodiments, the precancerous lesions include 

25 abnormal cell changes and/or precancerous cell changes. Precancerous lesions that may be treated 

by methods and compositions provided herein include, but are not limited to, cervical intraepithelial 

neoplasia (CIN), squamous intraepithelial lesions (SIL), or warts on the cervix. Cancers that express 

HPV antigens are known in the art and include, squamous cell carcinomas and solid tumors.  

Cancers that may be treated by methods and compositions provided herein include, but are not 
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limited to, cancer cells from the cervix, anus, vagina, vulva, penis, tongue base, larynx, tonsil, 

bladder, blood, bone, bone marrow, brain, breast, colon, esophagus, gastrointestine, gum, head, 

kidney, liver, lung, nasopharynx, neck, ovary, prostate, skin, non-melanoma skin cancer (NMSC), 

cutaneous squamous cell carcinoma (SCC), stomach, testis, tongue, or uterus. In addition, the 

5 cancer may specifically be of the following histological type, though it is not limited to these: 

neoplasm, malignant; carcinoma; carcinoma, undifferentiated; giant and spindle cell carcinoma; 

small cell carcinoma; papillary carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma; 

basal cell carcinoma; pilomatrix carcinoma; transitional cell carcinoma; papillary transitional cell 

carcinoma; adenocarcinoma; gastrinoma, malignant; cholangiocarcinoma; hepatocellular 

10 carcinoma; combined hepatocellular carcinoma and cholangiocarcinoma; trabecular 

adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma in adenomatous polyp; 

adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor, malignant; branchiolo

alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma; acidophil 

carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell adenocarcinoma; granular cell 

15 carcinoma; follicular adenocarcinoma; papillary and follicular adenocarcinoma; nonencapsulating 

sclerosing carcinoma; adrenal cortical carcinoma; endometrioid carcinoma; skin appendage 

carcinoma; apocrine adenocarcinoma; sebaceous adenocarcinoma; ceruminous adenocarcinoma; 

mucoepidermoid carcinoma; cystadenocarcinoma; papillary cystadenocarcinoma; papillary serous 

cystadenocarcinoma; mucinous cystadenocarcinoma; mucinous adenocarcinoma; signet ring cell 

20 carcinoma; infiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory 

carcinoma; mammary paget's disease; acinar cell carcinoma; adenosquamous carcinoma; 

adenocarcinoma w/squamous metaplasia; malignant thymoma; malignant ovarian stromal tumor; 

malignant thecoma; malignant granulosa cell tumor; and malignant roblastoma; sertoli cell 

carcinoma; malignant leydig cell tumor; malignant lipid cell tumor; malignant paraganglioma; 

25 malignant extra-mammary paraganglioma; pheochromocytoma; glomangiosarcoma; malignant 

melanoma; amelanotic melanoma; superficial spreading melanoma; malignant melanoma in giant 

pigmented nevus; epithelioid cell melanoma; malignant blue nevus; sarcoma; fibrosarcoma; 

malignant fibrous histiocytoma; myxosarcoma; liposarcoma; leiomyosarcoma; rhabdomyosarcoma; 

embryonal rhabdomyosarcoma; alveolar rhabdomyosarcoma; stromal sarcoma; malignant mixed 
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tumor; mullerian mixed tumor; nephroblastoma; hepatoblastoma; carcinosarcoma; malignant 

mesenchymoma; malignant brenner tumor; malignant phyllodes tumor; synovial sarcoma; 

malignant mesothelioma; dysgerminoma; embryonal carcinoma; malignant teratoma; malignant 

struma ovarii; choriocarcinoma; malignant mesonephroma; hemangiosarcoma; malignant 

5 hemangioendothelioma; kaposi's sarcoma; malignant hemangiopericytoma; lymphangiosarcoma; 

osteosarcoma; juxtacortical osteosarcoma; chondrosarcoma; malignant chondroblastoma; 

mesenchymal chondrosarcoma; giant cell tumor of bone; ewing's sarcoma; malignant odontogenic 

tumor; ameloblastic odontosarcoma; malignant ameloblastoma; ameloblastic fibrosarcoma; 

malignant pinealoma; chordoma; malignant glioma; ependymoma; astrocytoma; protoplasmic 

10 astrocytoma; fibrillary astrocytoma; astroblastoma; glioblastoma; oligodendroglioma; 

oligodendroblastoma; primitive neuroectodermal; cerebellar sarcoma; ganglioneuroblastoma; 

neuroblastoma; retinoblastoma; olfactory neurogenic tumor; malignant meningioma; 

neurofibrosarcoma; malignant neurilemmoma; malignant granular cell tumor; malignant lymphoma; 

Hodgkin's disease; Hodgkin's lymphoma; paragranuloma; small lymphocytic malignant lymphoma; 

15 diffuse large cell malignant lymphoma; follicular malignant lymphoma; mycosis fungoides; other 

specified non-Hodgkin's lymphomas; malignant histiocytosis; multiple myeloma; mast cell 

sarcoma; immunoproliferative small intestinal disease; leukemia; lymphoid leukemia; plasma cell 

leukemia; erythroleukemia; lymphosarcoma cell leukemia; myeloid leukemia; basophilic leukemia; 

eosinophilic leukemia; monocytic leukemia; mast cell leukemia; megakaryoblastic leukemia; 

20 myeloid sarcoma; and hairy cell leukemia.  

The disclosed TCR-modified immune effector cells (e.g., TCR-T cells) can be used in 

combination with any compound, moiety or group that has a cytotoxic or cytostatic effect. Drug 

moieties include chemotherapeutic agents, which may function as microtubulin inhibitors, mitosis 

inhibitors, topoisomerase inhibitors, or DNA intercalators, and particularly those which are used for 

25 cancer therapy. Exemplary anti-cancer compounds include, but are not limited to, Alemtuzumab 

(Campath@), Alitretinoin (Panretin@), Anastrozole (Arimidex®), Bevacizumab (Avastin®), 

Bexarotene (Targretin®), Bortezomib (Velcade®), Bosutinib (Bosulif®), Brentuximab vedotin 

(Adcetris®), Cabozantinib (CometriqTM), Carfilzomib (KyproliSTM), Cetuximab (Erbitux®), 

Crizotinib (Xalkori@), Dasatinib (Sprycel®), Denileukin diftitox (Ontak®), Erlotinib hydrochloride 
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(Tarceva@), Everolimus (Afinitor@), Exemestane (Aromasin@), Fulvestrant (Faslodex®), Gefitinib 

(Iressa@), Ibritumomab tiuxetan (Zevalin®), Imatinib mesylate (Gleevec®), Ipilimumab 

(YervoyTM), Lapatinib ditosylate (Tykerb), Letrozole (Femara®), Nilotinib (Tasigna®), 

Ofatumumab (Arzerra®), Panitumumab (Vectibix®), Pazopanib hydrochloride (Votrient®), 

5 Pertuzumab (PerjetaTM), Pralatrexate (Folotyn), Regorafenib (Stivarga®), Rituximab (Rituxan), 

Romidepsin (Istodax®), Sorafenib tosylate (Nexavar®), Sunitinib malate (Sutent), Tamoxifen, 

Temsirolimus (Torisel®), Toremifene (Fareston®), Tositumomab and 1311-tositumomab 

(Bexxar®), Trastuzumab (Herceptin®), Tretinoin (Vesanoid®), Vandetanib (Caprelsa®), 

Vemurafenib (Zelboraf), Vorinostat (Zolinza®), and Ziv-aflibercept (Zaltrap®). Examples of 

10 further chemotherapeutic agents include Examples of such chemotherapeutic agents include, but are 

not limited to, alkylating agents such as thiotepa and cyclosphosphamide; alkyl sulfonates such as 

busulfan, improsulfan and piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and 

uredopa; ethylenimines and methylamelamines including altretamine, triethylenemelamine, 

triethylenephosphoramide, triethiylenethiophosphoramide and trimethylolomelamine; acetogenins 

15 (especially bullatacin and bullatacinone); a camptothecin (including the synthetic analogue 

topotecan); bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin 

synthetic analogues); cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; 

duocarmycin (including the synthetic analogues, KW-2189 and CB1-TM1); eleutherobin; 

pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine, 

20 cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide 

hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard; 

nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and ranimustine; 

antibiotics such as the enediyne antibiotics (e.g., calicheamicin, especially calicheamicin gammal 

and calicheamicin omegall; dynemicin, including dynemicin A; bisphosphonates, such as 

25 clodronate; an esperamicin; as well as neocarzinostatin chromophore and related chromoprotein 

enediyne antibiotic chromophores, aclacinomysins, actinomycin, authrarnycin, azaserine, 

bleomycins, cactinomycin, carabicin, caminomycin, carzinophilin, chromomycins, dactinomycin, 

daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin (including morpholino

doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxydoxorubicin), 
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epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C, mycophenolic 

acid, nogalamycin, olivomycins, peplomycin, porfiromycin, puromycin, quelamycin, rodorubicin, 

streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metabolites such as 

methotrexate and 5-fluorouracil (5-FU); folic acid analogues such as denopterin, methotrexate, 

5 pteropterin, trimetrexate; purine analogs such as fludarabine, 6-mercaptopurine, thiamiprine, 

thioguanine; pyrimidine analogs such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, 

dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusterone, 

dromostanolone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as 

aminoglutethimide, mitotane, trilostane; folic acid replenisher such as folinic acid; aceglatone; 

10 aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; 

edatraxate; defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate; an epothilone; 

etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine 

and ansamitocins; mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; 

pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide; procarbazine; PSK polysaccharide 

15 complex); razoxane; rhizoxin; sizofuran; spirogermanium; tenuazonic acid; triaziquone; 2,2,2"

trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A, roridin A and anguidine); 

urethan; vindesine; dacarbazine; mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; 

arabinoside ("Ara-C"); cyclophosphamide; thiotepa; taxoids, e.g., paclitaxel and doxetaxel; 

chlorambucil; gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum coordination 

20 complexes such as cisplatin, oxaliplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); 

ifosfamide; mitoxantrone; vincristine; vinorelbine; novantrone; teniposide; edatrexate; daunomycin; 

aminopterin; xeloda; ibandronate; irinotecan (e.g., CPT-11); topoisomerase inhibitor RFS 2000; 

difluoromethylornithine (DMFO); retinoids such as retinoic acid; capecitabine; and 

pharmaceutically acceptable salts, acids or derivatives of any of the above.  

25 In some embodiments, the subject is also administered an immunotherapeutic agent.  

Immunotherapy refers to a treatment that uses a subject's immune system to treat cancer, e.g., 

cancer vaccines, cytokines, use of cancer-specific antibodies, T cell therapy, and dendritic cell 

therapy.  
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In some embodiments, the subject is also administered an immune modulatory protein.  

Examples of immune modulatory proteins include, but are not limited to, B lymphocyte 

chemoattractant ("BLC"), C-C motif chemokine 11 ("Eotaxin-1"), Eosinophil chemotactic protein 2 

("Eotaxin-2"), Granulocyte colony-stimulating factor ("G-CSF"), Granulocyte macrophage colony

5 stimulating factor ("GM-CSF"), 1-309, Intercellular Adhesion Molecule 1 ("ICAM-1"), Interferon 

gamma ("IFN-gamma"), Interlukin-1 alpha ("IL-i alpha"), Interleukin-1 beta ("IL-i beta"), 

Interleukin 1 receptor antagonist ("IL-i ra"), Interleukin-2 ("IL-2"), Interleukin-4 ("IL-4"), 

Interleukin-5 ("IL-5"), Interleukin-6 ("IL-6"), Interleukin-6 soluble receptor ("IL-6 sR"), 

Interleukin-7 ("IL-7"), Interleukin-8 ("IL-8"), Interleukin-10 ("IL-10"), Interleukin- 11 ("IL-11"), 

10 Subunit beta of Interleukin-12 ("IL-12 p40" or "IL-12 p70"), Interleukin-13 ("IL-13"), Interleukin

15 ("IL-15"), Interleukin-16 ("IL-16"), Interleukin-17 ("IL-17"), Chemokine (C-C motif) Ligand 2 

("MCP-1"), Macrophage colony-stimulating factor ("M-CSF"), Monokine induced by gamma 

interferon ("MIG"), Chemokine (C-C motif) ligand 2 ("MIP-1 alpha"), Chemokine (C-C motif) 

ligand 4 ("MIP-1 beta"), Macrophase inflammatory protein--delta ("MIP-1 delta"), Platelet-derived 

15 growth factor subunit B ("PDGF-BB"), Chemokine (C-C motif) ligand 5, Regulated on Activation, 

Normal T cell Expressed and Secreted ("RANTES"), TIMP metallopeptidase inhibitor 1 ("TIMP

1"), TIMP metallopeptidase inhibitor 2 ("TIMP-2"), Tumor necrosis factor, lymphotoxin-alpha 

("TNF alpha"), Tumor necrosis factor, lymphotoxin-beta ("TNF beta"), Soluble TNF receptor type 

1 ("sTNFRI"), sTNFRIIAR, Brain-derived neurotrophic factor ("BDNF"), Basic fibroblast growth 

20 factor ("bFGF"), Bone morphogenetic protein 4 ("BMP-4"), Bone morphogenetic protein 5 ("BMP

5"), Bone morphogenetic protein 7 ("BMP-7"), Nerve growth factor ("b-NGF"), Epidermal growth 

factor ("EGF"), Epidermal growth factor receptor ("EGFR"), Endocrine-gland-derived vascular 

endothelial growth factor ("EG-VEGF"), Fibroblast growth factor 4 ("FGF-4"), Keratinocyte 

growth factor ("FGF-7"), Growth differentiation factor 15 ("GDF-15"), Glial cell-derived 

25 neurotrophic factor ("GDNF"), Growth Hormone, Heparin-binding EGF-like growth factor ("HB

EGF"), Hepatocyte growth factor ("HGF"), Insulin-like growth factor binding protein 1 ("IGFBP

1"), Insulin-like growth factor binding protein 2 ("IGFBP-2"), Insulin-like growth factor binding 

protein 3 (" IGFBP-3"), Insulin-like growth factor binding protein 4 ("IGFBP-4"), Insulin-like 

growth factor binding protein 6 ("IGFBP-6"), Insulin-like growth factor 1 ("IGF-1"), Insulin, 
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Macrophage colony-stimulating factor ("M-CSF R"), Nerve growth factor receptor ("NGF R"), 

Neurotrophin-3 ("NT-3"), Neurotrophin-4 ("NT-4"), Osteoclastogenesis inhibitory factor 

("Osteoprotegerin"), Platelet-derived growth factor receptors ("PDGF-AA"), Phosphatidylinositol

glycan biosynthesis ("PIGF"), Skp, Cullin, F-box containing complex ("SCF"), Stem cell factor 

5 receptor ("SCF R"), Transforming growth factor alpha ("TGFalpha"), Transforming growth factor 

beta-i ("TGF beta 1"), Transforming growth factor beta-3 ("TGF beta 3"), Vascular endothelial 

growth factor ("VEGF"), Vascular endothelial growth factor receptor 2 ("VEGFR2"), Vascular 

endothelial growth factor receptor 3 ("VEGFR3"), VEGF-D 6Ckine, Tyrosine-protein kinase 

receptor UFO ("Axl"), Betacellulin ("BTC"), Mucosae-associated epithelial chemokine ("CCL28"), 

10 Chemokine (C-C motif) ligand 27 ("CTACK"), Chemokine (C-X-C motif) ligand 16 ("CXCL16"), 

C-X-C motif chemokine 5 ("ENA-78"), Chemokine (C-C motif) ligand 26 ("Eotaxin-3"), 

Granulocyte chemotactic protein 2 ("GCP-2"), GRO, Chemokine (C-C motif) ligand 14 ("HCC-1"), 

Chemokine (C-C motif) ligand 16 ("HCC-4"), Interleukin-9 ("IL-9"), Interleukin-17 F ("IL-17F"), 

Interleukin-18-binding protein ("IL-18 BPa"), Interleukin-28 A ("IL-28A"), Interleukin 29 ("IL

15 29"), Interleukin 31 ("IL-31"), C-X-C motif chemokine 10 ("IP-10"), Chemokine receptor CXCR3 

("I-TAC"), Leukemia inhibitory factor ("LIF"), Light, Chemokine (C motif) ligand 

("Lymphotactin"), Monocyte chemoattractant protein 2 ("MCP-2"), Monocyte chemoattractant 

protein 3 ("MCP-3"), Monocyte chemoattractant protein 4 ("MCP-4"), Macrophage-derived 

chemokine ("MDC"), Macrophage migration inhibitory factor ("NF"), Chemokine (C-C motif) 

20 ligand 20 ("IP-3 alpha"), C-C motif chemokine 19 ("IP-3 beta"), Chemokine (C-C motif) ligand 

23 ("MPIF-1"), Macrophage stimulating protein alpha chain ("MSPalpha"), Nucleosome assembly 

protein 1-like 4 ("NAP-2"), Secreted phosphoprotein 1 ("Osteopontin"), Pulmonary and activation

regulated cytokine ("PARC"), Platelet factor 4 ("PF4"), Stroma cell-derived factor- 1 alpha ("SDF-1 

alpha"), Chemokine (C-C motif) ligand 17 ("TARC"), Thymus-expressed chemokine ("TECK"), 

25 Thymic stromal lymphopoietin ("TSLP 4- IBB"), CD 166 antigen ("ALCAM"), Cluster of 

Differentiation 80 ("B7-1"), Tumor necrosis factor receptor superfamily member 17 ("BCIA"), 

Cluster of Differentiation 14 ("CD14"), Cluster of Differentiation 30 ("CD30"), Cluster of 

Differentiation 40 ("CD40 Ligand"), Carcinoembryonic antigen-related cell adhesion molecule 1 

(biliary glycoprotein) ("CEACAM-1"), Death Receptor 6 ("DR6"), Deoxythymidine kinase ("Dtk"), 
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Type 1 membrane glycoprotein ("Endoglin"), Receptor tyrosine-protein kinase erbB-3 ("ErbB3"), 

Endothelial-leukocyte adhesion molecule 1 ("E-Selectin"), Apoptosis antigen 1 ("Fas"), Fms-like 

tyrosine kinase 3 ("Flt-3L"), Tumor necrosis factor receptor superfamily member 1 ("GITR"), 

Tumor necrosis factor receptor superfamily member 14 ("HVEM"), Intercellular adhesion molecule 

5 3 ("ICAM-3"), IL- IR4, IL-i RI, IL-10 Rbeta, IL-17R, IL-2Rgamma, IL-21R, Lysosome membrane 

protein 2 ("LIMPII"),Neutrophil gelatinase-associated lipocalin ("Lipocalin-2"), CD62L ("L

Selectin"), Lymphatic endothelium ("LYVE-1"), IHC class I polypeptide-related sequence A 

("ICA"), IHC class I polypeptide-related sequence B ("MVICB"), NRGl-betal, Beta-type platelet

derived growth factor receptor ("PDGF Rbeta"), Platelet endothelial cell adhesion molecule 

10 ("PECAM-1"), RAGE, Hepatitis A virus cellular receptor 1 ("TIM-I"), Tumor necrosis factor 

receptor superfamily member IOC ("TRAIL R3"), Trappin protein transglutaminase binding 

domain ("Trappin-2"), Urokinase receptor ("uPAR"), Vascular cell adhesion protein 1 ("VCAM

1"), XEDAR, Activin A, Agouti-related protein ("AgRP"), Ribonuclease 5 ("Angiogenin"), 

Angiopoietin 1, Angiostatin, Cathepsin S, CD40, Cryptic family protein IB ("Cripto-1"), DAN, 

15 Dickkopf-related protein 1 ("DKK-1"), E-Cadherin, Epithelial cell adhesion molecule ("EpCAM"), 

Fas Ligand (FasL or CD95L), Fcg RIIB/C, FoUistatin, Galectin-7, Intercellular adhesion molecule 

2 ("ICAM-2"), IL-13 R, IL-13R2, IL-17B, IL-2 Ra, IL-2 Rb, IL-23, LAP, Neuronal cell adhesion 

molecule ("NrCAM"), Plasminogen activator inhibitor- 1 ("PAI-I"), Platelet derived growth factor 

receptors ("PDGF-AB"), Resistin, stromal cell-derived factor 1 ("SDF-1 beta"), sgpl30, Secreted 

20 frizzled-related protein 2 ("ShhN"), Sialic acid-binding immunoglobulin-type lectins ("Siglec-5"), 

ST2, Transforming growth factor-beta 2 ("TGF beta 2"), Tie-2, Thrombopoietin ("TPO"), Tumor 

necrosis factor receptor superfamily member 1OD ("TRAIL R4"), Triggering receptor expressed on 

myeloid cells 1 ("TREM-1"), Vascular endothelial growth factor C ("VEGF-C"), VEGFR1, 

Adiponectin, Adipsin ("AND"), Alpha-fetoprotein ("AFP"), Angiopoietin-like 4 ("ANGPTL4"), 

25 Beta-2-microglobulin ("B2M"), Basal cell adhesion molecule ("BCAM"), Carbohydrate antigen 125 

("CA125"), Cancer Antigen 15-3 ("CA15-3"), Carcinoembryonic antigen ("CEA"), cAMP receptor 

protein ("CRP"), Human Epidermal Growth Factor Receptor 2 ("ErbB2"), Follistatin, Follicle

stimulating hormone ("FSH"), Chemokine (C-X-C motif) ligand 1 ("GRO alpha"), human chorionic 

gonadotropin ("beta HCG"), Insulin-like growth factor 1 receptor ("IGF-i sR"), IL-i sRII, IL-3, IL
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18 Rb, IL-21, Leptin, Matrix metalloproteinase- ("MIP-1"), Matrix metalloproteinase-2 ("MMVIP

2"), Matrix metalloproteinase-3 ("MMVP-3"), Matrix metalloproteinase-8 ("MVIP-8"), Matrix 

metalloproteinase-9 ("MIP-9"), Matrix metalloproteinase-10 ("MVIP-10"), Matrix 

metalloproteinase-13 ("MIP-13"), Neural Cell Adhesion Molecule ("NCAM-1"), Entactin 

5 ("Nidogen-1"), Neuron specific enolase ("NSE"), Oncostatin M ("OSM"), Procalcitonin, Prolactin, 

Prostate specific antigen ("PSA"), Sialic acid-binding Ig-like lectin 9 ("Siglec-9"), ADAM 17 

endopeptidase ("TACE"), Thyroglobulin, Metalloproteinase inhibitor 4 ("TIMP-4"), TSH2B4, 

Disintegrin and metalloproteinase domain-containing protein 9 ("ADAM-9"), Angiopoietin 2, 

Tumor necrosis factor ligand superfamily member 13/ Acidic leucine-rich nuclear phosphoprotein 

10 32 family member B ("APRIL"), Bone morphogenetic protein 2 ("BMP-2"), Bone morphogenetic 

protein 9 ("BMP-9"), Complement component 5a ("C5a"), Cathepsin L, CD200, CD97, Chemerin, 

Tumor necrosis factor receptor superfamily member 6B ("DcR3"), Fatty acid-binding protein 2 

("FABP2"), Fibroblast activation protein, alpha ("FAP"), Fibroblast growth factor 19 ("FGF-19"), 

Galectin-3, Hepatocyte growth factor receptor ("HGF R"), IFN-alpha/beta R2, Insulin-like growth 

15 factor 2 ("IGF-2"), Insulin-like growth factor 2 receptor ("IGF-2 R"), Interleukin-1 receptor 6 ("IL

1R6"), Interleukin 24 ("IL-24"), Interleukin 33 ("IL-33", Kallikrein 14, Asparaginyl endopeptidase 

("Legumain"), Oxidized low-density lipoprotein receptor 1 ("LOX-"), Mannose-binding lectin 

("MBL"), Neprilysin ("NEP"), Notch homolog 1, translocation-associated (Drosophila) ("Notch

1"), Nephroblastoma overexpressed ("NOV"), Osteoactivin, Programmed cell death protein 1 ("PD

20 1"), N-acetylmuramoyl-L-alanine amidase ("PGRP-5"), Serpin A4, Secreted frizzled related protein 

3 ("sFRP-3"), Thrombomodulin, Toll-like receptor 2 ("TLR2"), Tumor necrosis factor receptor 

superfamily member 10A ("TRAIL R"), Transferrin ("TRF"), WIF-1ACE-2, Albumin, AMICA, 

Angiopoietin 4, B-cell activating factor ("BAFF"), Carbohydrate antigen 19-9 ("CAl9-9"), CD 163, 

Clusterin, CRT AM, Chemokine (C-X-C motif) ligand 14 ("CXCL14"), Cystatin C, Decorin 

25 ("DCN"), Dickkopf-related protein 3 ("Dkk-3"), Delta-like protein 1 ("DLLi"), Fetuin A, Heparin

binding growth factor 1 ("aFGF"), Folate receptor alpha ("FOLR"), Furin, GPCR-associated 

sorting protein 1 ("GASP-I"), GPCR-associated sorting protein 2 ("GASP-2"), Granulocyte colony

stimulating factor receptor ("GCSF R"), Serine protease hepsin ("HAI-2"), Interleukin-17B 

Receptor ("IL-17B R"), Interleukin 27 ("IL-27"), Lymphocyte-activation gene 3 ("LAG-3"), 
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Apolipoprotein A-V ("LDL R"), Pepsinogen I, Retinol binding protein 4 ("RBP4"), SOST, Heparan 

sulfate proteoglycan ("Syndecan-1"), Tumor necrosis factor receptor superfamily member 13B 

("TAC"), Tissue factor pathway inhibitor ("TFPI"), TSP-1, Tumor necrosis factor receptor 

superfamily, member 1Ob ("TRAIL R2"), TRANCE, Troponin I, Urokinase Plasminogen Activator 

5 ("uPA"), Cadherin 5, type 2 or VE-cadherin (vascular endothelial) also known as CD144 ("VE

Cadherin"), WNT-inducible-signaling pathway protein 1 ("WISP-I"), and Receptor Activator of 

Nuclear Factor K B ("RANK"). In certain preferred embodiments, the subject is also administered 

IFN-gamma (IFNy). In particularly preferred embodiments, the subject is pretreated with IFNy, 

such as with low doses of IFNy, prior to administering the TCR-modified immune effector cells 

10 disclosed herein (e.g., the adoptive immunotherapy compositions disclosed herein comprising the 

TCR-T cells disclosed herein).  

The disclosed TCRs can be used in combination with an immune checkpoint inhibitor.  

Immune Checkpoint inhibition broadly refers to inhibiting the checkpoints that cancer cells can 

produce to prevent or downregulate an immune response. Two known immune checkpoint 

15 pathways involve signaling through the cytotoxic T-lymphocyte antigen-4 (CTLA-4) and 

programmed-death I (PD-1) receptors. These proteins are members of the CD28-B7 family of co

signaling molecules that play important roles throughout all stages of T cell function. The PD-I 

receptor (also known as CD279) is expressed on the surface of activated T cells. Its ligands, PD-Li 

(B7-Hi; CD274) and PD-L2 (B7-DC; CD273), are expressed on the surface of APCs such as 

20 dendritic cells or macrophages. PD-Li is the predominant ligand, while PD-L2 has a much more 

restricted expression pattern. When the ligands bind to PD-1, an inhibitory signal is transmitted into 

the T cell, which reduces cytokine production and suppresses T cell proliferation. Checkpoint 

inhibitors include, but are not limited to aptamers and antibodies that block PD-I (Nivolumab 

(BMS-936558 or MDX1106), CT-011, MK-3475, AMP-514), PD-Li (MDX-1105 (BMS-936559), 

25 MPDL3280A, MSBOO10718C), PD-L2 (rHIgM2B7, AMP-224), CTLA-4 (Ipilimumab (MDX

010), Tremelimumab (CP-675,206)), IDO, B7-H3 (MGA271), B7-H4, TIM3, LAG-3 (BMS

986016).  

Human monoclonal antibodies to programmed death I (PD-1) and methods for treating 

cancer using anti-PD-i antibodies alone or in combination with other immunotherapeutics are 
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described in U.S. Patent No. 8,008,449, which is incorporated by reference for these antibodies.  

Anti-PD-Li antibodies and uses therefor are described in U.S. Patent No. 8,552,154, which is 

incorporated by reference for these antibodies. Anticancer agent comprising anti-PD-i antibody or 

anti-PD-Li antibody are described in U.S. Patent No. 8,617,546, which is incorporated by reference 

5 for these antibodies.  

In some embodiments, the PDLi inhibitor comprises an antibody that specifically binds 

PDLi, such as BMS-936559 (Bristol-Myers Squibb) or MPDL3280A (Roche). In some 

embodiments, the PD-i inhibitor comprises an antibody that specifically binds PD-1, such as 

lambrolizumab (Merck), nivolumab (Bristol-Myers Squibb), or MED14736 (AstraZeneca). Human 

10 monoclonal antibodies to PD-i and methods for treating cancer using anti-PD-i antibodies alone or 

in combination with other immunotherapeutics are described in U.S. Patent No. 8,008,449, which is 

incorporated by reference for these antibodies. Anti-PD-Li antibodies and uses therefor are 

described in U.S. Patent No. 8,552,154, which is incorporated by reference for these antibodies.  

Anticancer agent comprising anti-PD-i antibody or anti-PD-Li antibody are described in U.S.  

15 Patent No. 8,617,546, which is incorporated by reference for these antibodies.  

The disclosed TCRs can be used in combination with other cancer immunotherapies. There 

are two distinct types of immunotherapy: passive immunotherapy uses components of the immune 

system to direct targeted cytotoxic activity against cancer cells, without necessarily initiating an 

immune response in the patient, while active immunotherapy actively triggers an endogenous 

20 immune response. Passive strategies include the use of the monoclonal antibodies (mAbs) produced 

by B cells in response to a specific antigen. The development of hybridoma technology in the 1970s 

and the identification of tumor-specific antigens permitted the pharmaceutical development of 

mAbs that could specifically target tumor cells for destruction by the immune system. Among them 

is rituximab (Rituxan, Genentech), which binds to the CD20 protein that is highly expressed on the 

25 surface of B cell malignancies such as non-Hodgkin's lymphoma (NHL). Rituximab is approved by 

the FDA for the treatment of NHL and chronic lymphocytic leukemia (CLL) in combination with 

chemotherapy. Another important mAb is trastuzumab (Herceptin; Genentech), which 

revolutionized the treatment of HER2 (human epidermal growth factor receptor 2)-positive breast 

cancer by targeting the expression of HER2.  
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Generating optimal "killer" CD8 T cell responses also requires T cell receptor activation 

plus co-stimulation, which can be provided through ligation of tumor necrosis factor receptor family 

members, including OX40 (CD134) and 4-1BB (CD137). OX40 is of particular interest as treatment 

with an activating (agonist) anti-OX40 mAb augments T cell differentiation and cytolytic function 

5 leading to enhanced anti-tumor immunity against a variety of tumors.  

In some embodiments, such an additional therapeutic agent may be selected from an 

antimetabolite, such as methotrexate, 6-mercaptopurine, 6-thioguanine, cytarabine, fludarabine, 5

fluorouracil, decarbazine, hydroxyurea, asparaginase, gemcitabine or cladribine.  

In some embodiments, such an additional therapeutic agent may be selected from an 

10 alkylating agent, such as mechlorethamine, thioepa, chlorambucil, melphalan, carmustine (BSNU), 

lomustine (CCNU), cyclophosphamide, busulfan, dibromomannitol, streptozotocin, dacarbazine 

(DTIC), procarbazine, mitomycin C, cisplatin and other platinum derivatives, such as carboplatin.  

In some embodiments, such an additional therapeutic agent may be selected from an anti

mitotic agent, such as taxanes, for instance docetaxel, and paclitaxel, and vinca alkaloids, for 

15 instance vindesine, vincristine, vinblastine, and vinorelbine.  

In some embodiments, such an additional therapeutic agent may be selected from a 

topoisomerase inhibitor, such as topotecan or irinotecan, or a cytostatic drug, such as etoposide and 

teniposide.  

In some embodiments, such an additional therapeutic agent may be selected from a growth 

20 factor inhibitor, such as an inhibitor of ErbBl (EGFR) (such as an EGFR antibody, e.g.  

zalutumumab, cetuximab, panitumumab or nimotuzumab or other EGFR inhibitors, such as 

gefitinib or erlotinib), another inhibitor of ErbB2 (HER2/neu) (such as a HER2 antibody, e.g.  

trastuzumab, trastuzumab-DM 1 or pertuzumab) or an inhibitor of both EGFR and HER2, such as 

lapatinib).  

25 In some embodiments, such an additional therapeutic agent may be selected from a tyrosine 

kinase inhibitor, such as imatinib (Glivec, Gleevec ST1571) or lapatinib.  

Therefore, in some embodiments, a disclosed antibody is used in combination with 

ofatumumab, zanolimumab, daratumumab, ranibizumab, nimotuzumab, panitumumab, hu806, 
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daclizumab (Zenapax), basiliximab (Simulect), infliximab (Remicade), adalimumab (Humira), 

natalizumab (Tysabri), omalizumab (Xolair), efalizumab (Raptiva), and/or rituximab.  

In some embodiments, a therapeutic agent for use in combination with a TCRs for treating 

the disorders as described above may be an anti-cancer cytokine, chemokine, or combination 

5 thereof Examples of suitable cytokines and growth factors include IFNy, IL-2, IL-4, IL-6, IL-7, IL

10, IL-12, IL-13, IL-15, IL-18, IL-23, IL-24, IL-27, IL-28a, IL-28b, IL-29, KGF, IFNu (e.g., 

INFa2b), IFN, GM-CSF, CD40L, Flt3 ligand, stem cell factor, ancestim, and TNFa. Suitable 

chemokines may include Glu-Leu-Arg (ELR)-negative chemokines such as IP-10, MCP-3, IG, 

and SDF-la from the human CXC and C-C chemokine families. Suitable cytokines include cytokine 

10 derivatives, cytokine variants, cytokine fragments, and cytokine fusion proteins.  

In some embodiments, a therapeutic agent for use in combination with a CARs for treating 

the disorders as described above may be a cell cycle control/apoptosis regulator (or "regulating 

agent"). A cell cycle control/apoptosis regulator may include molecules that target and modulate 

cell cycle control/apoptosis regulators such as (i) cdc-25 (such as NSC 663284), (ii) cyclin

15 dependent kinases that overstimulate the cell cycle (such as flavopiridol (L868275, H MR1275), 7

hydroxystaurosporine (UCN-01, KW-2401), and roscovitine (R-roscovitine, CYC202)), and (iii) 

telomerase modulators (such as BIBRI532, SOT-095, GRN163 and compositions described in for 

instance US 6,440,735 and US 6,713,055). Non-limiting examples of molecules that interfere with 

apoptotic pathways include TNF-related apoptosis-inducing ligand (TRAIL)/apoptosis-2 ligand 

20 (Apo-2L), antibodies that activate TRAIL receptors, IFNs, and anti-sense Bcl-2.  

In some embodiments, a therapeutic agent for use in combination with a TCRs for treating 

the disorders as described above may be a hormonal regulating agent (e.g., hormone therapy), such 

as agents useful for anti-androgen and anti-estrogen therapy. Examples of such hormonal regulating 

agents are tamoxifen, idoxifene, fulvestrant, droloxifene, toremifene, raloxifene, diethylstilbestrol, 

25 ethinyl estradiol/estinyl, an antiandrogen (such as flutaminde/eulexin), a progestin (such as such as 

hydroxyprogesterone caproate, medroxy-progesterone/provera, megestrol acepate/megace), an 

adrenocorticosteroid (such as hydrocortisone, prednisone), luteinizing hormone-releasing hormone 

(and analogs thereof and other LHRH agonists such as buserelin and goserelin), an aromatase 
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inhibitor (such as anastrazole/arimidex, aminoglutethimide/cytraden, exemestane) or a hormone 

inhibitor (such as octreotide/sandostatin).  

In some embodiments, a therapeutic agent for use conjointly with TCRs for treating the 

disorders as described above may be an anti-cancer nucleic acid or an anti-cancer inhibitory RNA 

5 molecule.  

In some embodiments, the disclosed TCRs is administered conjointly with radiotherapy.  

Radiotherapy may comprise radiation or associated administration of radiopharmaceuticals to a 

patient is provided. The source of radiation may be either external or internal to the patient being 

treated (radiation treatment may, for example, be in the form of external beam radiation therapy 

10 (EBRT) or brachytherapy (BT)). Radioactive elements that may be used in practicing such methods 

include, e.g., radium, cesium-137, iridium-192, americium-241, gold-198, cobalt-57, copper-67, 

technetium-99, iodide-123, iodide-131, and indium-111.  

In some embodiments, the disclosed TCRs are administered conjointly with surgery.  

Exemplification 

15 Example 1: Generation of HPV-specific T cell lines: 

Cryopreserved, HPV* PBMCs from HNSCC patients were washed and re-suspended in 

complete RPI medium and incubated overnight (i.e., at 37C, 6.5% C02). Cells (5x106) were 

stimulated with HPVi6 antigen epitope at a concentration of I pg/ml and incubated for an hour. The 

cells were then washed and further grown (i.e., incubated) for 14 days in 24 well plates. The 

20 cultures were supplemented with RI0 medium containing interleukin-2 (IL-2) at 200 IU/ml on day 

2 and then every 3 days thereafter, until 14 days. On day 14, viable T cells were counted by trypan 

blue exclusion and subsequently cryopreserved in liquid nitrogen.  

Example 2: Sortin2 of anti2en-specific CTLs by dual cytokine capture assay: 

The cryopreserved T cells (iOxi06) were rapidly thawed, washed and re-suspended in IOml 

25 complete medium containing 120 IU/ml of IL-2 and incubated overnight. A Iml aliquot of cells 

from the overnight culture was used as a "stimulator" (e.g., antigen-presenting) population. To the 

stimulator culture, I pg/ml of the antigenic peptide (e.g., the corresponding peptide selected from 
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SEQ ID NOs. 1-12, 217, and 218) was added and incubated for 1 hour; followed by three washes 

with complete medium. The stimulator cells were then added to CTLs (i.e., "responder" cells) at a 

1:9 ratio, into 48 wells (approx. 5-10 x106 per well) and incubated for 3 hours. Following 

incubation, CTLs were washed in ice cold buffer (PBS, 2mM EDTA, and 0.5% BSA) and 

5 centrifuged at 400g for 10 minutes at 4°C. Cells were then re-suspended in 80 pl of cold complete 

medium and 10Il of IFNy and TNFu catch reagent (anti-cytokine antibody conjugated to a cell 

surface-specific antibody, Miltenyi Biotec; Bergisch Gladbach, Germany) per 106 cells and incubate 

on ice for 5 minutes. Cells were then centrifuged in warm complete medium to dilute cells to 105 

cells/ml and tubes were gently mixed (e.g., manually turning tubes every five minutes or placing in 

10 rotating mixer such as a the Miltenyi MACSmixTM, atlowrotationsetting)ina37C incubator for 

45mins. After incubation, each tube was topped-up with ice cold buffer and centrifuged (300g, 10 

minutes, 4°C) followed by one more wash with cold buffer. The cells were re-suspended in 80pl of 

cold buffer per 106, containing x2.5ptl of anti-CD3 BV421, x1 pl of anti-CD8 perCPCy5.5, x2.5ptl 

of anti-CD4 PE, x0.2pl NIR live-dead, x10pl IFNy detection antibody PE, x10Il of TNFu detection 

15 antibody APC and incubated on ice for 10 minutes followed by wash in ice cold buffer. Cells were 

then re-suspended in 300pl cold buffer and filtered (0.45ptm) and used for fluorescence-activated 

cell sorting (FACS). Single, IFNy and TNFu double-positive HPV-specific CD8* T cells were 

sorted into individual wells of a 96-well PCR plate (Figure 1), the last row of wells remaining 

empty for use as PCR negative controls. After sorting, plates were stored at -80°C until 

20 downstream processing.  

Example 3: RT-PCR, multiplex nested PCR, and sequencing: 

Complementary DNA (cDNA) was synthesized from single cells in the 96-well PCR plates 

using the SuperScriptTM VILOTM cDNA Synthesis Kit (InvitrogenTM, Thermo Fisher Scientific; 

IA, U.S.A.) in 2.5ptl reaction mixes, each containing 0.5ptl of 5x VILO reaction mix, 0.25pl of lOx 

25 Superscript reverse transcriptase, and 0.1% Triton X-100.  

TCR transcripts from each cell were amplified by multiplex nested PCR in 25pl reaction 

mixes containing 2.5pl of cDNA. Primers of 17- to 23-base pair length were designed to target each 

family of related V genes and the TRAC and TRBC genes, allowing for up to three degenerate base 
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pairs. A total of 40 external/internal pairs of sense TRAV, 27 sense TRBV, and 1 each of antisense 

TRAC and TRBC gene segment-specific primers were generated (Table 12). For inclusion in nested 

PCRs, TRAV and TRBV primers were multiplexed to a concentration of 5 pM for each primer, and 

TRAC and TRBC primers were reconstituted to a concentration of 5 pM.The first-round (external) 

5 PCR was performed with 0.75U of Taq DNA polymerase, 2.5ptl of lOx PCR Buffer (containing 

KCl, (NH4)2SO4, and 15mM MgCl2, 0.5ptl of 10mM deoxynucleotide triphosphates (dNTPs), 

0.1 pM each of the external sense TRAV (T cell receptor a variable) and TRBV (T cell receptor 

variable) primers, and each of the external antisense TRAC (T cell receptor a constant) and TRBC 

(T cell receptor constant) primers listed in Table 12. Aliquots (2.5pl) of the external PCR products 

10 served as templates for two separate second-round (internal) PCRs in 25pl reactions that 

incorporated, respectively, either 

(i) internal sense TRAV primers and internal antisense TRAC primer or 

(ii) internal sense TRBV primers and internal antisense TRBC primer, listed in Table 12.  

Instead of 10 x PCR Buffer, the second-round PCR used CoralLoad© PCR Buffer (Qiagen GmbH; 

15 Hilden, Germany) containing two marker dyes for gel loading. Internal PCR product (5pl) was run 

on 2% agarose gel at 80V to select the positive wells for further analysis (Figure 2).  

Table 12: PCR primers 

Gene SEQ ID SEQ ID 
name External PCR primer Sequence NO. Internal PCR primer Sequence NO.  

TRAVI AACTGCACGTACCAGACATC 71 GCACCCACATTTCTKTCTTAC 140 

TRAV2 GATGTGCACCAAGACTCC 72 CACTCTGTGTCCAATGCTTAC 141 

TRAV3 AAGATCAGGTCAACGTTGC 73 ATGCACCTATTCAGTCTCTGG 142 

TRAV4 CTCCATGGACTCATATGAAGG 74 ATTATATCACGTGGTACCAACAG 143 

TRAV5 CTTTTCCTGAGTGTCCGAG 75 TACACAGACAGCTCCTCCAC 144 

TRAV6 CACCCTGACCTGCAACTATAC 76 TGGTACCGACAAGATCCAG 145 

TRAV7 AGCTGCACGTACTCTGTCAG 77 ACAATTTGCAGTGGTACAGG 146 

TRAV8-1 CTCACTGGAGTTGGGATG 78 GTCAACACCTTCAGCTTCTC 147 

TRAV8-2 GCCACCCTGGTTAAAGG 79 AGAGTGAAACCTCCTTCCAC 148 

TRAV8-3 CACTGTCTCTGAAGGAGCC 80 TTTGAGGCTGAATTTAAGAGG 149 

TRAV8-6 GAGCTGAGGTGCAACTACTC 81 AACCAAGGACTCCAGCTTC 150 

TRAV8-7 CTAACAGAGGCCACCCAG 82 ATCAGAGGTTTTGAGGCTG 151 

TRAV9-1 TGGTATGTCCAATATCCTGG 83 GAAACCACTTCTTTCCACTTG 152 

TRAV1O CAAGTGGAGCAGAGTCCTC 84 GAAAGAACTGCACTCTTCAATG 153 
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TRAV12-1 CARTGTTCCAGAGGGAGC 85 AAGATGGAAGGTTTACAGCAC 154 

TRAV13-1 CATCCTTCAACCCTGAGTG 86 TCAGACAGTGCCTCAAACTAC 155 

TRAV13-2 CAGCGCCTCAGACTACTTC 87 CAGTGAAACATCTCTCTCTGC 156 
TRAV14 AAGATAACTCAAACCCAACCAG 88 AGGCTGTGACTCTGGACTG 157 

TRAV16 AGTGGAGCTGAAGTGCAAC 89 GTCCAGTACTCCAGACAACG 158 

TRAV17 GGAGAAGAGGATCCTCAGG 90 CCACCATGAACTGCAGTTAC 159 

TRAV18 TCCAGTATCTAAACAAAGAGCC 91 TGACAGTTCCTTCCACCTG 160 

TRAV19 AGGTAACTCAAGCGCAGAC 92 TGTGACCTTGGACTGTGTG 161 

TRAV20 CACAGTCAGCGGTTTAAGAG 93 TCTGGTATAGGCAAGATCCTG 162 

TRAV21 TTCCTGCAGCTCTGAGTG 94 AACTTGGTTCTCAACTGCAG 163 

TRAV22 GTCCTCCAGACCTGATTCTC 95 CTGACTCTGTGAACAATTTGC 164 

TRAV23 TGCTTATGAGAACACTGCG 96 TGCATTATTGATAGCCATACG 165 
TRAV24 CTCAGTCACTGCATGTTCAG 97 TGCCTTACACTGGTACAGATG 166 
TRAV25 GGACTTCACCACGTACTGC 98 TATAAGCAAAGGCCTGGTG 167 

TRAV26-1 GCAAACCTGCCTTGTAATC 99 CGACAGATTCACTCCCAG 168 
TRAV26-2 AGCCAAATTCAATGGAGAG 100 TTCACTTGCCTTGTAACCAC 169 

TRAV27 TCAGTTTCTAAGCATCCAAGAG 101 CTCACTGTGTACTGCAACTCC 170 

TRAV29 GCAAGTTAAGCAAAATTCACC 102 CTGCTGAAGGTCCTACATTC 171 
TRAV30 CAACAACCAGTGCAGAGTC 103 AGAAGCATGGTGAAGCAC 172 
TRAV34 AGAACTGGAGCAGAGTCCTC 104 ATCTCACCATAAACTGCACG 173 
TRAV35 GGTCAACAGCTGAATCAGAG 105 ACCTGGCTATGGTACAAGC 174 

TRAV36 GAAGACAAGGTGGTACAAAGC 106 ATCTCTGGTTGTCCACGAG 175 

TRAV38-1 GCACATATGACACCAGTGAG 107 CAGCAGGCAGATGATTCTC 176 

TRAV39 CTGTTCCTGAGCATGCAG 108 TCAACCACTTCAGACAGACTG 177 

TRAV40 GCATCTGTGACTATGAACTGC 109 GGAGGCGGAAATATTAAAGAC 178 
TRAV41 AATGAAGTGGAGCAGAGTCC 110 TTGTTTATGCTGAGCTCAGG 179 

TRAC GACCAGCTTGACATCACAG 111 TGTTGCTCTTGAAGTCCATAG 180 

TRBV2 TCGATGATCAATTCTCAGTTG 112 TTCACTCTGAAGATCCGGTC 181 

TRBV3-1 CAAAATACCTGGTCACACAG 113 AATCTTCACATCAATTCCCTG 182 

TRBV4-1 TCGCTTCTCACCTGAATG 114 CCTGCAGCCAGAAGACTC 183 

TRBV5-1 GATTCTCAGGKCKCCAGTTC 115 CTTGGAGCTGGRSGACTC 184 

TRBV5-5 GTACCAACAGGYCCTGGGT 116 TCTGAGCTGAATGTGAACG 185 

TRBV6-1 ACTCAGACCCCAAAATTCC 117 GTGTRCCCAGGATATGAACC 186 

TRBV6-4 ACTGGCAAAGGAGAAGTCC 118 TGGTTATAGTGTCTCCAGAGC 187 

TRBV7-1 TRTGATCCAATTTCAGGTCA 119 TCYACTCTGAMGWTCCAGCG 188 

TRBV7-4 GSWTCTYTGCAGARAGGCC 120 TGRMGATYCAGCGCACA 189 

TRBV9 GATCACAGCAACTGGACAG 121 GTACCAACAGAGCCTGGAC 190 

TRBV1o-1 TGTWCTGGTATCGACAAGACC 122 TCCYCCTCACTCTGGAGTC 191 
TRBV11-1 CGATTTTCTGCAGAGACGC 123 GACTCCACTCTCAAGATCCA 192 

TRBV12-3 ARGTGACAGARATGGGACAA 124 CYACTCTGARGATCCAGCC 193 

TRBV13 AGCGATAAAGGAAGCATCC 125 CATTCTGAACTGAACATGAGC 194 

TRBV14 CCAACAATCGATTCTTAGCTG 126 ATTCTACTCTGAAGGTGCAGC 195 

TRBV15 AGTGACCCTGAGTTGTTCTC 127 ATAACTTCCAATCCAGGAGG 196 

TRBV16 GTCTTTGATGAAACAGGTATGC 128 GAAAGATTTTCAGCTAAGTGCC 197 
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TRBV17 CAGACCCCCAGACACAAG 129 TGTTCACTGGTACCGACAG 198 

TRBV18 CATAGATGAGTCAGGAATGCC 130 CGATTTTCTGCTGAATTTCC 199 

TRBV19 AGTTGTGAACAGAATTTGAACC 131 TTCCTCTCACTGTGACATCG 200 

TRBV20-1 AAGTTTCTCATCAACCATGC 132 ACTCTGACAGTGACCAGTGC 201 

TRBV23-1 GCGATTCTCATCTCAATGC 133 GCAATCCTGTCCTCAGAAC 202 

TRBV24-1 CCTACGGTTGATCTATTACTCC 134 GATGGATACAGTGTCTCTCGA 203 

TRBV25-1 ACTACACCTCATCCACTATTCC 135 CAGAGAAGGGAGATCTTTCC 204 

TRBV27 TGGTATCGACAAGACCCAG 136 TTCYCCCTGATYCTGGAGTC 205 

TRBV29-1 TTCTGGTACCGTCAGCAAC 137 TCTGACTGTGAGCAACATGAG 206 

TRBV30 TCCAGCTGCTCTTCTACTCC 138 AGAATCTCTCAGCCTCCAGAC 207 

TRBC TAGAACTGGACTTGACAGCG 139 TTCTGATGGCTCAAACACAG 208 

These positive PCR products were purified and used as templates for dye-terminator 

sequencing. Each reaction mixture, comprising 0.5 pM of TRAC or TRBC internal primer, was 

added to a 96-well plate containing -7ptl purified PCR product (-20ptl total/well), and the reactions 

5 underwent PCR thermocycling. Extension sequencing product was purified by ethanol precipitation 

and samples were used for capillary electrophoresis sequencing. Sequence from TCR and TCR 

plates were analyzed by IMGT/V-QUEST, an integrated alignment tool for immunoglobulin and T 

cell receptor nucleotide sequences, available online from the international ImMunoGeneTics 

information system (IMGT©) home page. Briefly, nucleotide sequence from each sequenced well 

10 was entered into the IMGT/V-QUEST online tool as a T cell receptor (TR) nucleotide sequence and 

IMGT/V-QUEST identified the CDR3 region, the V, D, and J genes, and alleles by alignment of the 

input sequence with the IMGT reference directory. Out of sequenced clones, the maximum co

expressed TCRu and TCRP sequences were selected and used to generate TCR lentivirus constructs.  

Results 

15 The identified and sequenced clones (i.e., HPV-specific TCR amino acid sequences), whose 

expression and functional activity was checked in Jurkat cells (primary screening) and in PBMCs 

(secondary screening) are represented below in Table 13.  

Table 13: HPV-specific TCRs sequences 

HPV16 Epitope HLA TCRa TCRp CDR3 sequence (a/p) 
Antigen restriction gene gene 

E2 TLQDVSLEVYL A*02:01 TRAV38- CDR3a sequence: 
(SEQ ID NO. 3) 01*03 CAFTYGGSQGNLIF 
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TRAJ42-01 (SEQ ID NO. 25) 

TRBV2*01 CDR3 sequence: 
CASRASVGVGTGELFF (SEQ 

TRBJ2-2*01 ID NO. 26) 

TRBD1*01 

E5 NLDTASTTL C*05:01 & TRAV19-01 CDR3a sequence: 
(SEQ ID NO. 1) C*08:02 CALSEGGGSQGNLIF 

TRAJ42-01 (SEQ ID NO. 13) 

TRBV7- CDR3 sequence: 
6*01 CASSPELAGPQETQYF 

TRBJ2-5*01 (SEQ ID NO. 14) 

TRBD2*01 

E6 AFRDLCIVY C*07:02 TRAV19*01 CDR3a sequence: 
(SEQ ID NO. 5) CALGSSGTYKYI 

TRAJ40*01 (SEQ ID NO. 39) 

TRBV25- CDR3 sequence: 
1*01 CASSGPGQGHNQPQHF 

TRBJ1 5*01 (SEQ ID NO. 40) 

TRBD1*01 

E6 TIHDIILECV A*02:01 TRAVI- CDR3a sequence: 
(SEQ ID NO. 4) 2*01 CAVRDTGYGQNFVF 

TRAJ26*01 (SEQ ID NO. 31) 

TRBV27*01 CDR3 sequence: 
CASSPQGRINSPLHF 

TRBJ1-6*02 (SEQ ID NO. 32) 

TRBD1*01 

E6 HDIILECVY B*18:01 TRAV26- CDR3a sequence: 
(SEQ ID NO. 2) (B44 super 1*01 CIVRDRSYGQNFVF 

family) TRAJ26*01 (SEQ ID NO. 19) 

TRBV20- CDR3 sequence: 
1*01 CSAREGYRSYF 

TRBJ2-1*01 (SEQ ID NO. 20) 

TRBD1*01 
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E6 KQRFHNIRGRWTGRC DQB1*03:01 TRAV13- CDR3a sequence: 
(SEQ ID NO. 6) /DRB1*15:01 2*01, CAETLGLDQGGKLIF 

TRAJ23*01 (SEQ ID NO. 43) 

TRBV20- CDR30 sequence: 
1*03 CSTAGETDTQYF 

TRBJ2-3*01 (SEQ ID NO. 44) 

TRBD2*01 

Example 4: TCR lentivirus constructs: 

TCR nucleotide sequences were synthesized and a vector insert was cloned into the pLV 

5 lentivirus backbone. The insert sequence was codon optimized for expression in human tissues. For 

partial murinization of human constant region, some amino acids were replaced with mouse 

constant regions. For the T cell receptor a constant region amino acid Pro9l, Glu92, Ser93, Ser94 

(see International ImMunoGeneTics information system, Accession # X02883|TRAC*1|Homo 

sapiens) were replaced with Ser, Asp, Val, Pro amino acid respectively. For T cell receptor 

10 constant region Glul8, Ser22, Phel33, Glul36, Gln139 (see International ImMunoGeneTics 

information system, Accession #'s M12887|TRBC1*O1|Homo sapiens and 

M12888|TRBC2*01|Homo sapiens) were replaced with Lys, Ala, Ile, Ala, His amino acid 

respectively. For constructs with an additional interchain disulfide bond, cysteine was substituted in 

place of Thr48 of the a chain and Ser57 of the 0 chain. The vector inserts were also designed to 

15 encode the a-and p-chains of the identified TCR (with the constant regions of each TCR chain 

partially murinized) linked by a furin-2A self-cleaving peptide.  

The nucleotide sequence for each TCR lentivirus construct, and its relevant features, are 

illustrated in Tables 2 to 11. Similarly, the amino acid sequence of each expressed TCR construct, 

and it's sequence features, is described, respectively, in Figure 3, Figure 4, and Figures 6-11.  
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Example 5: Jurkat cells engineered to express la HPV-TCR from different HPV antigens (E2, 

E5, and E6) and displaying antigen recognition (primary screening): 

TCR lentivirus supernatants were generated by co-transfection of 293T cells with TCR pLV 

vector and packaging plasmid (pVSV, pMDL and pREV). Two days after transfection, TCR 

5 lentiviral supernatants were harvested.  

40,000 Jurkat cells in 40pl were transduced with lentivirus (Multiplicity of infection (MOI) 

of 50) in 96 well plates. Transduction was checked at day 3, post-transduction, by measuring TCR 

expression by flow cytometry.  

Transduced Jurkat cells were further confirmed to have antigen specificity and HLA 

10 restriction of the engineered TCR. Briefly, lymphoblastoid cells (LCLs) were stimulated with 

peptide (1 g/ml) in R-0 (no FBS) media and incubated for Ihour. The stimulated, antigen

presenting LCLs were then washed (5x) with complete RPI medium 2300 rpm for 2 min. The 

transduced Jurkat cells (2x10 51 well) were then co-cultured with an equal number of the peptide

pulsed LCLs (either HLA-matched or mismatched) in complete medium in 96-well U-bottom plates 

15 and incubated for 24 hours and analyzed by flow cytometry.  

For cytometry analysis cells were washed with PBS containing 2% FBS (wash buffer) and 

the pellet was re-suspended in 50 L of wash buffer containing FITC-conjugated anti-Val2.1 (E5

NLD TCR, clone-6D6.6; Thermofisher) or PE-conjugated anti-V32 (E6-HDI, clone- MPB2D5, 

Beckman Coulter), anti-V 11 (E6-AFR-TCR, C21; Beckman Coulter), anti-V314 (E6-TIH-TCR, 

20 clone- REA557; Miltenyi Biotec), or anti-V22 (E2-TLQ-TCR, clone- IMVIU 546; Beckman 

Coulter); and Near IR live-dead exclusion dye, and then incubated at 4°C for 30 minutes. Cells were 

then washed twice with wash buffer, re-suspended in PBS containing 1% paraformaldehyde prior to 

analysis.  

Results 

25 By day 3, post transduction with E2-TLQ-TCR, E5-NLD-TCR, E6-TIH-TCR lentivirus, 

Jurkat cells showed TCR expression as detected by anti-VO22, Vul2.1, and V 14 antibodies, 

respectively (see Figure 12).  

Similarly, Jurkat cells transduced with E5-NLD-TCR (restricted to HLA-C*05:01 and 

C*08:02) and E2-TLQ-TCR (restricted to HLA-A*02:01) exhibit CD69 expression (as detected 
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with anti-human CD69 antibody, Clone-FN50) after co-incubation with peptide pulsed LCL (see 

Figure 13).  

Example 6: T cells engineered to express a TCR from E5 anti2en (E5-NLD-TCR) displayed 

multifunctional activity and hi2h functional avidity (secondary screening) 

5 Human peripheral blood mononuclear cells (PBMCs) were isolated from healthy donors.  

Prior to transduction, PBMCs were cultured in complete media with CD3 and CD28 agonists to 

provide primary and co-stimulatory signals for optimized and efficient T cell activation and 

expansion for 2 days.  

Transductions were performed by adding lentiviral supernatant (up to 80-90pl/ well) to 

10 RetroNectin©-coated 96-well plates (Takara Bio USA, Inc.; CA, U.S.A.). The plates were 

centrifuged for 2 hours at 2,000g and 32°C. The supernatant was discarded and the plates were 

washed with PBS. PBMCs were added (20,000/ well) and the plates were centrifuged at 1,500rpm 

for 10 minutes at 32°C. After approximately 16 hours, the cells were transferred to 24-well tissue 

culture-treated plates and cultured for 7 days in the presence of IL-2 (2001U/ml). At day 8, 

15 transduced T cells were re-stimulated with peptide-pulsed autologous PBMCs at a 2:1 effector-to

target ratio and cultured in complete RPMI media. IL-2 was added at 2001U/ml on day 2 and then 

every 3 days thereafter until 21 days. On days 7 and 14, post re-stimulation, viable T cells were 

visually counted by Trypan Blue exclusion and used for TCR expression studies and functional 

assays. Any remaining cells were cryopreserved.  

20 The transduced T cells were incubated with cognate peptide antigen in RI0 media 

containing monensin, brefeldin and anti-CD107a antibody. After 4hrs incubation, the cells were 

washed with PBS containing 2% FBS (wash buffer) and the pellet was re-suspended in wash buffer 

containing FITC-conjugated anti-CD4 and PerCP-Cy5.5 conjugated anti-CD8 antibodies for IFNy 

analysis, or with PerCP-Cy5.5-conjugated anti-CD8 and PE-Cy7-conjugated anti-CD4 and then 

25 incubated at 4°C for 30 minutes. Cells were then washed twice with PBS, fixed and permeabilized 

for 20 min. Cells were then washed and incubated with PE-conjugated anti-IL-2, Alexa Fluor 700

conjugated anti-IFNy and APC-conjugated anti-TNF 4°C for 30 minutes. Stained cells were washed 
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twice with permeablizing wash buffer, resuspended in PBS containing 1% paraformaldehyde and 

analyzed by flow cytommetry.  

Results 

Data demonstrate successful transduction of E5-NLD-TCR in PBMCs (see Figure 14). In 

5 addition, transduced CD8' T cells showed higher CD107, IFNy, TNFu and IL-2 expression 

compared to nontransduced cells stimulated with the same peptide (see Figure 15). Transduced 

CD4* T cells displayed relatively comparable TNFu and IL-2 expression to CD8* T cells. However, 

IFNy and CD107 are notably lower in CD4* T cells, which suggest the contribution of CD8 co

receptor in target binding.  

10 Example 7: T cells engineered to express a TCR from E5 anti2en (E5-NLD-TCR) 

displayed hi2h functional avidity (secondary screening) 

Transduced and un-transduced T cells were stimulated with HLA-matched LCL pulsed with 

different concentrations of cognate antigenic peptide (i.e., (10-6, 10-7, 10-8, 10-10, 10-11, 10-12 and 10
13 mole/L)) for 4 hours in RI media containing monensin and brefeldin at 37°C, 6.5% C02. Cells 

15 were then washed and the pellet re-suspended in wash buffer containing FITC-conjugated anti-CD4 

and PerCP-Cy5.5-conjugated anti-CD8 antibodies. Following incubation with conjugated antibodies 

at 4°C for 30 minutes, cells were washed, fixed, and permeabilized for 20 min. Cells were then 

washed and incubated with PE-anti-IFNy for 4°C for 30 minutes. The stained cells were further 

washed and re-suspended in PBS containing 1% paraformaldehyde and analyzed by flow cytometry.  

20 Results 

As shown in Figure 16, IFNy expression was induced in E5-NLD-lenti-transduced PBMC 

stimulated with HLA-matched (C*05:01 and C*08:02), pulsed LCL. Notably, CD8' T cells showed 

recognition of LCL pulsed with as little as 1Opmol/L NLD peptide (SEQ ID NO. 1); essentially 

demonstrating functional aviditygreater than that of TCR gene-engineered T cells used in other gene 

25 therapy trials that have mediated tumor regression (Draper et al., Clin Cancer Res 21: 4431-4439, 

2015; Doran et al., Journal of Clinical Oncology 2019 37:30, 2759-2768).  

Example 8: T cells engineered to express a TCR from E2 anti2en (E5-TLQ-TCR) 

specifically recognized and killed HLA-A2* HPV-16* tumor cells. (in vitro cytolysis) 
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E2-TLQ-TCR-T cell-mediated cytolysis of tumor cell lines at effector-to-target (E/T) ratios 

of 10:1 and 5:1. Briefly, 2 x 10 4 target cells per well (CaSki (HPV*) and SCC70 (HPV-)) were 

seeded and cultured overnight (17 hours). Effector T cells (E2-TLQ-TCR-T cells) were added at the 

indicated ratios (see Figure 17) when the cell index approached plateau and co-cultured for 

5 approximately 4 days to assess cytolosis over time. IFNy treated (100p/ml) target cells were also 

included as control; IFNy being added to the target cell culture for 24 hours and the culture washed 

with complete RPI media prior to assay.  

Target cell lysis was evaluated by real time cell analysis through electrical impedance of 

adherent cells in each well every 15 minutes, until the end of the experiment. Results are reported as 

10 a cell index value.  

The CaSki cell line (HPV16*; HLA-A*02:01*) was challenged with E2-TLQ-TCR-T cells 

(Figure 17, A) and with "untransduced" control T cells (Figure 17, B). E2-TLQ-TCR-T cells (HLA

A*02:01 restricted) induced cytolysis of the HPV16* cancer cell line (CaSki) as indicated by the 

drop in cell index following addition of E2-TLQ-TCR-T cells. Greater cytolysis of IFNy-treated 

15 target (CaSki) cells, relative to untreated, was observed and may be related to enhanced antigen 

processing and expression of IHC molecules. However untransduced T cells showed no cytolysis 

when added at the same effector-to-target ratio.  

Control cell line SCC70 (HPV16- and HLA-A*02:01*) was challenged with both E2-TLQ

TCR T cells and untransduced T cells (UT). E2-TLQ-T cells induce antigen-specific cytolysis as no 

20 cytolysis was observed in the HPV16- cell line (SCC70) at 10:1 effector-to-target ratio. (Figure 17, 

C) 

INCORPORATION BY REFERENCE 

All publications, patents, patent applications and sequence accession numbers mentioned 

herein are hereby incorporated by reference in their entirety as if each individual publication, patent 

25 or patent application was specifically and individually indicated to be incorporated by reference. In 

case of conflict, the present application, including any definitions herein, will control.  

EQUIVALENTS 
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A number of embodiments of the invention have been described. Nevertheless, it will be 

understood that various modifications may be made without departing from the spirit and scope of 

the invention. Accordingly, other embodiments are within the scope of the following claims.  

Unless defined otherwise, all technical and scientific terms used herein have the same meanings as 

5 commonly understood by one of skill in the art to which the disclosed invention belongs.  

Those skilled in the art will recognize, or be able to ascertain using no more than routine 

experimentation, many equivalents to the specific embodiments of the invention described herein.  

Such equivalents are intended to be encompassed by the following claims.  
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WHAT IS CLAIMED IS: 

1. A T cell receptor (TCR) polypeptide having antigenic specificity for human papillomavirus 

(HPV) 16, wherein the TCR comprises at least one complementary determining region 3 a (CDR3 

a) amino acid sequence and at least one CDR3 amino acid sequence selected from the amino acid 

sequences set forth in SEQ ID NOs. 13 to 52, or 219-226.  

2. A TCR polypeptide having antigenic specificity for HPV16, wherein the TCR is specific for 

antigens comprising at least one epitope having an amino acid sequence selected from the amino 

acid sequences set forth in SEQ ID NOs: 1-12, 217 or 218.  

3. The TCR polypeptide of claim 1 or 2, wherein the TCR has antigenic specificity for HPV16 

peptides other than E6 and E7.  

4. The TCR polypeptide of any one of claims 1 to 3, wherein the TCR has antigenic specificity 

for any one of HPV16 peptides El, E2, E4, or E5.  

5. The TCR polypeptide of any one of claims 1 to 4, wherein the TCR has antigenic specificity 

for antigens comprising at least one epitope having an amino acid sequence selected from the amino 

acid sequences set forth in SEQ ID NOs. 1-7.  

6. The TCR polypeptide of claim 4, wherein the TCR comprises a CDR3a amino acid 

sequence and CDR30 amino acid set forth in SEQ ID NOs. 13 and 14, SEQ ID NOs. 25 and 26, or 

SEQ ID NOs. 51 and 52.  

7. The TCR polypeptide of claim 4, wherein the TCR comprises a TCRP amino acid sequence 

and TCRu chain amino acid set forth in SEQ ID NOs. 59 and 60 or SEQ ID NOs. 61 and 62.  

8. A nucleic acid encoding the TCR polypeptide of any one of claims 1 to 7.  

9. The nucleic acid of claim 8, comprising any one of the nucleic acid sequences set forth in 

SEQ ID NOs. 53 to 58, 227, 228, and/or fragments thereof 
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10. An isolated nucleic acid comprising a nucleotide sequence encoding one or more 

polypeptides comprising a TCR comprising an amino acid sequence selected from SEQ ID NOs. 59 

to 70,229-232, or209to216.  

11. The nucleic acid of any one of claims 8 to 10, wherein the nucleic acid is an expression 

vector.  

12. The nucleic acid of claim 11, wherein the expression vector is a viral vector.  

13. The nucleic acid of claim 12, wherein the viral vector is lentiviral expression vector.  

14. An immune cell comprising the nucleic acid of any one of claims 8 to 13.  

15. An immune cell expressing the TCR polypeptide of any one of claims 1 to 6.  

16. The immune cell of claim 14 or 15, wherein the immune cell is a leukocyte.  

17. The immune cell of any one of claims 14 to 16 wherein the immune cell is a lymphocyte, a 

monocyte, a macrophage, a dendritic cell, a mast cell, a neutrophil, a basophil, or an eosinophil.  

18. The immune cell of any one of claims 14 to 17 wherein the immune cell is a lymphocyte 

selected from an aT cell, y6T cell, a Natural Killer (NK) cell, a Natural Killer T (NKT) cell, a B 

cell, an innate lymphoid cell (ILC), a cytokine induced killer (CIK) cell, a cytotoxic T lymphocyte 

(CTL), a lymphokine activated killer (LAK) cell, a regulatory T cell, or any combination thereof 

19. The immune cell of claim 18, wherein the immune cell is a cytotoxic T lymphocyte (CTL).  

20. The immune cell of claim 18 or 19, wherein the immune cell is a viral antigen-sensitized 

CTL.  

21. The immune cell of any one of claims 18 to 20, wherein the immune cell is a CTL sensitized 

to a viral antigen from any one of human papilloma virus (HPV), Epstein-Barr virus (EBV), 

cytomegalovirus (CMV), B.K. virus (BKV), John Cunningham virus (JCV), picornavirus (e.g., 
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Hepatitis A virus), hepadnavirus (e.g., Hepatitis B virus), hepacivirus (e.g., Hepatitis C virus), 

deltavirus (e.g., Hepatitis D virus), hepevirus (e.g., Hepatitis E virus), or any combination thereof 

22. The immune cell of any one of claims 18 to 21, wherein the immune cell is an HPV

sensitized CTL.  

23. The TCR-expressing cell of any one of claims 15 to 22, wherein the TCR-expressing cell is 

genetically modified to no longer express one or more immune checkpoint molecules.  

24. The TCR-expressing cell of any one of claims 15 to 22, wherein said cell also expresses a 

dominant-negative form of one or more immune checkpoint molecules.  

25. The TCR-expressing cell of any one of claims 15 to 22, wherein said cell also expresses 

switch receptors specific for one or more immune checkpoint molecules.  

26. The TCR-expressing cell of any one of claims 15 to 22, wherein said cell also expresses 

antibodies, or functional fragments thereof, capable of blocking signaling by one or more 

checkpoint molecules.  

27. The TCR-expressing cell of any one of claims 21 to 26, wherein the immune checkpoint 

molecules are selected from programmed death 1 (PD-1), programmed death-ligand 1 (PD-Li), 

programmed death-ligand 2 (PD-L2), cytotoxic T lymphocyte antigen-4 (CTLA-4), B- and T

lymphocyte attenuator (BTLA), T cell immunoglobulin mucin-3 (TIM-3), lymphocyte-activation 

protein 3 (LAG-3), T cell immunoreceptor with Ig and ITIM domains (TIGIT), leukocyte

associated immunoglobulin- like receptor 1 (LAIRi), natural killer cell receptor 2B4 (2B4), CD160, 

and transforming growth factor (TGF-) receptor.  

28. The immune cell of any one of claims 23 to 27, wherein the immune checkpoint molecule is 

PD-i and/or CTLA-4.  

29. A method of treating a HPV-associated cancer or precancerous lesions in a subject, the 

method comprising administering an effective amount of an adoptive immunotherapy composition 

comprising the TCR-expressing cells of any one of claims 14 to 28.  
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30. The method of claim 29, wherein the HPV-associated cancer is a squamous cell carcinoma.  

31. The method of claim 29 or 30, wherein the HPV-associated cancer is selected from head and 

neck cancer (e.g., HNSCCs and the like) and cancers of the cervix, anus, vagina, vulva, penis, 

tongue base, larynx, and tonsil.  

32. The method of claim 28, wherein the HPV-associated precancerous lesion comprises 

abnormal cell changes and/or precancerous cell changes selected from: cervical intraepithelial 

neoplasia (CIN), squamous intraepithelial lesions (SIL), or warts on the cervix.  

33. The method of any one of claims 29 to 32, wherein the subject has received, is receiving, or 

will receive an additional anti-cancer therapy.  

34. The method of claim 33, wherein the additional anti-cancer therapy comprises surgery, 

radiation, chemotherapy, immunotherapy, or hormone therapy.  

35. The method of claim 34, wherein the subject has received IFNy prior to administering the 

adoptive immunotherapy composition.  

36. The method of any one of claims 29 to 35, wherein the adoptive immunotherapy 

composition is administered intrapleurally, intravenously, subcutaneously, intranodally, 

intratumorally, intrathecally, intraperitoneally, intracranially, or by direct administration to an 

organ.  

37. The method of any one of claims 29 to 36, wherein the subject is human.  

38. The method of claim 37, wherein the TCR-expressing cells of the adoptive immunotherapy 

composition are derived from the subject.  

39. The method of claim 37, wherein the TCR-expressing cells of the adoptive immunotherapy 

composition are derived from a donor sample, or from a bank or library of donor samples.  
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40. The method of any one of claims 29 to 39, further comprising administering at least one 

immune checkpoint inhibitor.  

41. The method of claim 40, wherein the immune checkpoint inhibitor comprises an anti-PD-I 

antibody, anti-PD-Li antibody, anti-PD-L2 antibody, anti-CTLA-4 antibody, or a combination 

thereof 

42. The method of claim 40, wherein the immune checkpoint inhibitor comprises an RNAi 

molecule such as an antisense RNA molecule (asRNA), micro RNA molecule (miRNA), short 

hairpin RNA molecule (shRNA), or small interfering RNA molecule (siRNA).  

43. The method of claim 40, wherein the immune checkpoint inhibitor comprises a CRISPR 

RNA (crRNA) molecule.  

44. The method of claim 40, wherein the immune checkpoint inhibitor comprises a dominant

negative form of an immune checkpoint molecule.  

45. The method of claim 40, wherein the immune checkpoint inhibitor comprises a recombinant 

switch receptor.  

46. The method of any of claims 40 to 45, wherein immune checkpoint inhibitor is expressed by 

a vector comprising a nucleic acid molecule encoding the immune checkpoint inhibitor, wherein the 

vector is selected from a DNA vector, an RNA vector, a plasmid, or a viral vector.  

47. The method of claim 46, wherein the vector comprising a nucleic acid molecule encoding 

the immune checkpoint inhibitor is expressed in the TCR-expressing cells of the adoptive 

immunotherapy composition.  

48. A cell bank of comprising cells for adoptive immunotherapy, wherein the cells are the TCR

expressing cells of any one of claims 14 to 28, and wherein the HLA restriction of the TCR

expressing cells is known.  
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49. A method of treating HPV-associated cancer or precancerous lesions in a subject, the 

method comprising administering an effective amount of an adoptive immunotherapy composition 

comprising TCR-expressing cells selected from the cell bank of claim 48.  
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                               SEQUENCE LISTING

<110> THE COUNCIL OF THE QUEENSLAND INSTITUTE OF MEDICAL RESEARCH
 
<120> COMPOSITIONS AND METHODS FOR TARGETING HPV‐INFECTED CELLS

<130> QAH‐02325

<140>
<141>

<150> 62/993,442
<151> 2020‐03‐23

<160> 233   

<170> PatentIn version 3.5

<210> 1
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 1
Asn Leu Asp Thr Ala Ser Thr Thr Leu 
1               5                   

<210> 2
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 2
His Asp Ile Ile Leu Glu Cys Val Tyr 
1               5                   

<210> 3
<211> 11
<212> PRT
<213> Human papillomavirus 16

<400> 3
Thr Leu Gln Asp Val Ser Leu Glu Val Tyr Leu 
1               5                   10      

<210> 4
<211> 10
<212> PRT
<213> Human papillomavirus 16

<400> 4



Thr Ile His Asp Ile Ile Leu Glu Cys Val 
1               5                   10  

<210> 5
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 5
Ala Phe Arg Asp Leu Cys Ile Val Tyr 
1               5                   

<210> 6
<211> 15
<212> PRT
<213> Human papillomavirus 16

<400> 6
Lys Gln Arg Phe His Asn Ile Arg Gly Arg Trp Thr Gly Arg Cys 
1               5                   10                  15  

<210> 7
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 7
Trp Pro Thr Thr Pro Pro Arg Pro Ile 
1               5                   

<210> 8
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 8
Tyr Leu His Asn Arg Leu Val Val Phe 
1               5                   

<210> 9
<211> 11
<212> PRT
<213> Human papillomavirus 16

<400> 9
Ala Leu Asp Gly Asn Leu Val Ser Met Asp Val 
1               5                   10      



<210> 10
<211> 11
<212> PRT
<213> Human papillomavirus 18

<400> 10
Thr Val Leu Glu Leu Thr Glu Val Phe Glu Phe 
1               5                   10      

<210> 11
<211> 9
<212> PRT
<213> Human papillomavirus 18

<400> 11
Ser Pro Ala Thr Ala Phe Thr Val Tyr 
1               5                   

<210> 12
<211> 19
<212> PRT
<213> Human papillomavirus 16

<400> 12
Val Gln Ser Thr His Val Asp Ile Arg Thr Leu Glu Asp Leu Leu Met 
1               5                   10                  15      

Gly Thr Leu 
            

<210> 13
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 13
Cys Ala Leu Ser Glu Gly Gly Gly Ser Gln Gly Asn Leu Ile Phe 
1               5                   10                  15  

<210> 14
<211> 16
<212> PRT
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 14
Cys Ala Ser Ser Pro Glu Leu Ala Gly Pro Gln Glu Thr Gln Tyr Phe 
1               5                   10                  15      

<210> 15
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 15
Cys Ala Val Ser Asp Arg His Asp Met Arg Phe 
1               5                   10      

<210> 16
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 16
Cys Ala Ser Ser Tyr Ser Pro Glu Arg His Glu Gln Phe Phe 
1               5                   10                  

<210> 17
<211> 10
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 17
Cys Ala Ser Glu Gly His Asp Met Arg Phe 
1               5                   10  

<210> 18
<211> 16
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 18
Cys Ala Ser Ser Thr Glu Ala Gly Gly Pro Thr Gly Glu Leu Phe Phe 
1               5                   10                  15      

<210> 19
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 19
Cys Ile Val Arg Asp Arg Ser Tyr Gly Gln Asn Phe Val Phe 
1               5                   10                  

<210> 20
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 20
Cys Ser Ala Arg Glu Gly Tyr Arg Ser Tyr Phe 
1               5                   10      

<210> 21
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 21
Cys Ala Arg Gly Leu Glu Asn Ala Gly Asn Met Leu Thr Phe 
1               5                   10                  

<210> 22
<211> 14



<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 22
Cys Ala Thr Ser Val Arg Gly Thr Gln Pro Gln His Phe Phe 
1               5                   10                  

<210> 23
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 23
Cys Ala Leu Ser Glu Arg Gly Ser Gly Gly Phe Lys Thr Ile Phe 
1               5                   10                  15  

<210> 24
<211> 22
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 24
Cys Ala Ser Ser Ser Gly Glu Lys Gly Gln Gly Ala Pro Val Ser Ser 
1               5                   10                  15      

Tyr Glu Gln Tyr Phe Phe 
            20          

<210> 25
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 25



Cys Ala Phe Thr Tyr Gly Gly Ser Gln Gly Asn Leu Ile Phe 
1               5                   10                  

<210> 26
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 26
Cys Ala Ser Arg Ala Ser Val Gly Val Gly Thr Gly Glu Leu Phe Phe 
1               5                   10                  15      

<210> 27
<211> 10
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 27
Cys Ala Leu Ser Gly Asn Met Leu Thr Phe 
1               5                   10  

<210> 28
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 28
Cys Ala Ser Ser Glu Gly Val Gly Gln Arg Asp Glu Gln Phe Phe 
1               5                   10                  15  

<210> 29
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide



<400> 29
Cys Ala Ala Ser Trp Glu Gly Gly Gly Ala Asp Gly Leu Thr Phe 
1               5                   10                  15  

<210> 30
<211> 18
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 30
Cys Ala Ser Arg Gly Gln Gly Val Tyr Arg Ser Ser Tyr Asn Glu Gln 
1               5                   10                  15      

Phe Phe 
        

<210> 31
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 31
Cys Ala Val Arg Asp Thr Gly Tyr Gly Gln Asn Phe Val Phe 
1               5                   10                  

<210> 32
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 32
Cys Ala Ser Ser Pro Gln Gly Arg Ile Asn Ser Pro Leu His Phe 
1               5                   10                  15  

<210> 33
<211> 12



<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 33
Cys Ile Leu Ser Ala His Asp Tyr Lys Leu Ser Phe 
1               5                   10          

<210> 34
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 34
Cys Ala Ser Ser Gln Gly Gly Leu Asn Ser Pro Leu His Phe 
1               5                   10                  

<210> 35
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 35
Cys Ala Met Arg Val Ala Glu Gly Ser Gln Gly Asn Leu Ile Phe 
1               5                   10                  15  

<210> 36
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 36
Cys Ala Ser Ser Pro Trp Gly Arg Gly Gly Ser Pro Leu His Phe 
1               5                   10                  15  



<210> 37
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 37
Cys Ala Val Lys Phe Asn Thr Asp Gln Gly Gly Lys Leu Ile Phe 
1               5                   10                  15  

<210> 38
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 38
Cys Ala Ser Ser Pro Gln Gly Arg Ile Asn Ser Pro Leu His Phe 
1               5                   10                  15  

<210> 39
<211> 12
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 39
Cys Ala Leu Gly Ser Ser Gly Thr Tyr Lys Tyr Ile 
1               5                   10          

<210> 40
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 40
Cys Ala Ser Ser Gly Pro Gly Gln Gly His Asn Gln Pro Gln His Phe 
1               5                   10                  15      



<210> 41
<211> 11
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 41
Cys Ala Met Arg Glu Ala Asn Asp Met Arg Phe 
1               5                   10      

<210> 42
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 42
Cys Ala Ser Ser Phe Leu Val Leu Ala Val Ser Tyr Asn Glu Gln Phe 
1               5                   10                  15      

Phe 
    

<210> 43
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 43
Cys Ala Glu Thr Leu Gly Leu Asp Gln Gly Gly Lys Leu Ile Phe 
1               5                   10                  15  

<210> 44
<211> 12
<212> PRT
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 44
Cys Ser Thr Ala Gly Glu Thr Asp Thr Gln Tyr Phe 
1               5                   10          

<210> 45
<211> 13
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 45
Cys Ala Thr Asp Glu Gly Thr Ala Ser Lys Leu Thr Phe 
1               5                   10              

<210> 46
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 46
Cys Ser Val Glu Trp Thr Ser Gly Ser Gly Glu Thr Gln Tyr Phe 
1               5                   10                  15  

<210> 47
<211> 13
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 47
Cys Ala Thr Asp Ala Gly Ser Asp Tyr Lys Leu Ser Phe 
1               5                   10              

<210> 48
<211> 10
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 48
Cys Ala Ser Ser Leu Glu Pro Gln Tyr Phe 
1               5                   10  

<210> 49
<211> 13
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 49
Cys Ala Thr Asp Glu Gly Thr Gly Asn Gln Phe Tyr Phe 
1               5                   10              

<210> 50
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 50
Cys Ala Ser Ser Trp Asp Thr Gly Thr Glu Thr Gln Tyr Phe 
1               5                   10                  

<210> 51
<211> 13
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 51
Cys Ala Phe Pro Ser Ser Gly Thr Tyr Lys Tyr Ile Phe 
1               5                   10              

<210> 52
<211> 12



<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 52
Cys Ala Ser Thr Ala Gly Thr Asp Thr Gln Tyr Phe 
1               5                   10          

<210> 53
<211> 9395
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 53
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960



gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580



atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgggcaca agcctgctgt gttgggtcgt gctgggcttt ctgggcacag     3420

atcatacagg cgccggtgtc agccagtctc ctcggtacaa agtgaccaag cgcggacagg     3480

atgtggccct gagatgcgat cctatctctg gccacgtgtc cctgtactgg tacagacagg     3540

ctctcggaca gggccccgag ttcctgacct acttcaatta cgaggcccag caggacaaga     3600

gcggcctgcc taacgataga ttcagcgccg aaagacccga gggcagcatc agcacactga     3660

ccatccagag aaccgagcag agggacagcg ccatgtacag atgtgccagc tctcctgaac     3720

tggccggacc tcaagagaca cagtacttcg gccctggcac cagactgctg gtgctggaag     3780

atctgaacaa ggtgttccct ccagaggtgg ccgtgttcga gccttctaag gccgagattg     3840

cccacacaca gaaagccaca ctcgtgtgcc tggccaccgg cttttttccc gatcacgtgg     3900

aactgtcttg gtgggtcaac ggcaaagagg tgcacagcgg cgtctgtacc gatcctcagc     3960

ctctgaaaga gcagcccgct ctgaacgaca gcagatactg cctgagcagc agactgagag     4020

tgtccgccac cttctggcag aaccccagaa accacttcag atgccaggtg cagttctacg     4080

gcctgagcga gaacgatgag tggacccagg atagagccaa gcctgtgaca cagatcgtgt     4140

ctgccgaagc ctggggcaga gccgattgtg gaattaccag cgccagctac catcagggcg     4200



tgctgtctgc cacaatcctg tacgagattc tgctgggcaa agccactctg tacgccgtgc     4260

tggtgtctgc cctggtgctg atggccatgg tcaagcggaa ggacttcaga gccaagagat     4320

ccggctccgg cgcaccggtg aaacagactt tgaattttga ccttctcaag ttggcaggag     4380

acgttgagtc caaccctggg cccatgctga cagccagcct gctgagagcc gtgatcgcct     4440

ctatctgtgt ggtgtccagc atggctcaga aagtgacaca ggcccagacc gagatcagcg     4500

tggtggaaaa agaagatgtg accctggact gcgtgtacga gacacgggac accacctact     4560

acctgttttg gtacaagcag cctcctagcg gcgagctggt gttcctgatc agacggaaca     4620

gcttcgacga gcagaacgag atctccggcc ggtacagctg gaacttccag aagtccacca     4680

gcagcttcaa cttcaccatc accgcctctc aggtggtgga ctccgccgtg tatttttgcg     4740

ccctgtctga aggcggcgga agccagggca atctgatctt tggcaagggc accaagctga     4800

gcgtgaagcc caacattcag aaccccgatc ctgccgtgta ccagctgaga gacagcaaga     4860

gcagcgacaa gtccgtgtgt ctgttcaccg acttcgacag ccagaccaac gtgtcccaga     4920

gcaaggacag cgacgtgtac atcaccgata agtgcgtgct ggacatgcgg agcatggact     4980

tcaagagcaa cagcgccgtg gcctggtcca acaagagcga tttcgcctgc gccaacgcct     5040

tcaacaacag cattatcccc gaggacacat tcttccccag ctccgatgtg ccctgcgacg     5100

tgaagctggt cgagaagtcc tttgagacag acaccaacct gaatttccag aacctgtccg     5160

tgatcggctt cagaatcctg ctgctgaaag tggccggctt caacctgctg atgaccctga     5220

gactctggtc cagctaatga gtcgacaatc aacctctgga ttacaaaatt tgtgaaagat     5280

tgactggtat tcttaactat gttgctcctt ttacgctatg tggatacgct gctttaatgc     5340

ctttgtatca tgctattgct tcccgtatgg ctttcatttt ctcctccttg tataaatcct     5400

ggttgctgtc tctttatgag gagttgtggc ccgttgtcag gcaacgtggc gtggtgtgca     5460

ctgtgtttgc tgacgcaacc cccactggtt ggggcattgc caccacctgt cagctccttt     5520

ccgggacttt cgctttcccc ctccctattg ccacggcgga actcatcgcc gcctgccttg     5580

cccgctgctg gacaggggct cggctgttgg gcactgacaa ttccgtggtg ttgtcgggga     5640

agctgacgtc ctttccatgg ctgctcgcct gtgttgccac ctggattctg cgcgggacgt     5700

ccttctgcta cgtcccttcg gccctcaatc cagcggacct tccttcccgc ggcctgctgc     5760

cggctctgcg gcctcttccg cgtcttcgcc ttcgccctca gacgagtcgg atctcccttt     5820



gggccgcctc cccgcctgga attcgagctc ggtaccttta agaccaatga cttacaaggc     5880

agctgtagat cttagccact ttttaaaaga aaagggggga ctggaagggc taattcactc     5940

ccaacgaaga caagatctgc tttttgcttg tactgggtct ctctggttag accagatctg     6000

agcctgggag ctctctggct aactagggaa cccactgctt aagcctcaat aaagcttgcc     6060

ttgagtgctt caagtagtgt gtgcccgtct gttgtgtgac tctggtaact agagatccct     6120

cagacccttt tagtcagtgt ggaaaatctc tagcagtagt agttcatgtc atcttattat     6180

tcagtattta taacttgcaa agaaatgaat atcagagagt gagaggaact tgtttattgc     6240

agcttataat ggttacaaat aaagcaatag catcacaaat ttcacaaata aagcattttt     6300

ttcactgcat tctagttgtg gtttgtccaa actcatcaat gtatcttatc atgtctggct     6360

ctagctatcc cgcccctaac tccgcccatc ccgcccctaa ctccgcccag ttccgcccat     6420

tctccgcccc atggctgact aatttttttt atttatgcag aggccgaggc cgcctcggcc     6480

tctgagctat tccagaagta gtgaggaggc ttttttggag gcctagggac gtacccaatt     6540

cgccctatag tgagtcgtat tacgcgcgct cactggccgt cgttttacaa cgtcgtgact     6600

gggaaaaccc tggcgttacc caacttaatc gccttgcagc acatccccct ttcgccagct     6660

ggcgtaatag cgaagaggcc cgcaccgatc gcccttccca acagttgcgc agcctgaatg     6720

gcgaatggga cgcgccctgt agcggcgcat taagcgcggc gggtgtggtg gttacgcgca     6780

gcgtgaccgc tacacttgcc agcgccctag cgcccgctcc tttcgctttc ttcccttcct     6840

ttctcgccac gttcgccggc tttccccgtc aagctctaaa tcgggggctc cctttagggt     6900

tccgatttag tgctttacgg cacctcgacc ccaaaaaact tgattagggt gatggttcac     6960

gtagtgggcc atcgccctga tagacggttt ttcgcccttt gacgttggag tccacgttct     7020

ttaatagtgg actcttgttc caaactggaa caacactcaa ccctatctcg gtctattctt     7080

ttgatttata agggattttg ccgatttcgg cctattggtt aaaaaatgag ctgatttaac     7140

aaaaatttaa cgcgaatttt aacaaaatat taacgcttac aatttaggtg gcacttttcg     7200

gggaaatgtg cgcggaaccc ctatttgttt atttttctaa atacattcaa atatgtatcc     7260

gctcatgaga caataaccct gataaatgct tcaataatat tgaaaaagga agagtatgag     7320

tattcaacat ttccgtgtcg cccttattcc cttttttgcg gcattttgcc ttcctgtttt     7380

tgctcaccca gaaacgctgg tgaaagtaaa agatgctgaa gatcagttgg gtgcacgagt     7440



gggttacatc gaactggatc tcaacagcgg taagatcctt gagagttttc gccccgaaga     7500

acgttttcca atgatgagca cttttaaagt tctgctatgt ggcgcggtat tatcccgtat     7560

tgacgccggg caagagcaac tcggtcgccg catacactat tctcagaatg acttggttga     7620

gtactcacca gtcacagaaa agcatcttac ggatggcatg acagtaagag aattatgcag     7680

tgctgccata accatgagtg ataacactgc ggccaactta cttctgacaa cgatcggagg     7740

accgaaggag ctaaccgctt ttttgcacaa catgggggat catgtaactc gccttgatcg     7800

ttgggaaccg gagctgaatg aagccatacc aaacgacgag cgtgacacca cgatgcctgt     7860

agcaatggca acaacgttgc gcaaactatt aactggcgaa ctacttactc tagcttcccg     7920

gcaacaatta atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctcggc     7980

ccttccggct ggctggttta ttgctgataa atctggagcc ggtgagcgtg ggtctcgcgg     8040

tatcattgca gcactggggc cagatggtaa gccctcccgt atcgtagtta tctacacgac     8100

ggggagtcag gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact     8160

gattaagcat tggtaactgt cagaccaagt ttactcatat atactttaga ttgatttaaa     8220

acttcatttt taatttaaaa ggatctaggt gaagatcctt tttgataatc tcatgaccaa     8280

aatcccttaa cgtgagtttt cgttccactg agcgtcagac cccgtagaaa agatcaaagg     8340

atcttcttga gatccttttt ttctgcgcgt aatctgctgc ttgcaaacaa aaaaaccacc     8400

gctaccagcg gtggtttgtt tgccggatca agagctacca actctttttc cgaaggtaac     8460

tggcttcagc agagcgcaga taccaaatac tgttcttcta gtgtagccgt agttaggcca     8520

ccacttcaag aactctgtag caccgcctac atacctcgct ctgctaatcc tgttaccagt     8580

ggctgctgcc agtggcgata agtcgtgtct taccgggttg gactcaagac gatagttacc     8640

ggataaggcg cagcggtcgg gctgaacggg gggttcgtgc acacagccca gcttggagcg     8700

aacgacctac accgaactga gatacctaca gcgtgagcta tgagaaagcg ccacgcttcc     8760

cgaagggaga aaggcggaca ggtatccggt aagcggcagg gtcggaacag gagagcgcac     8820

gagggagctt ccagggggaa acgcctggta tctttatagt cctgtcgggt ttcgccacct     8880

ctgacttgag cgtcgatttt tgtgatgctc gtcagggggg cggagcctat ggaaaaacgc     8940

cagcaacgcg gcctttttac ggttcctggc cttttgctgg ccttttgctc acatgttctt     9000

tcctgcgtta tcccctgatt ctgtggataa ccgtattacc gcctttgagt gagctgatac     9060



cgctcgccgc agccgaacga ccgagcgcag cgagtcagtg agcgaggaag cggaagagcg     9120

cccaatacgc aaaccgcctc tccccgcgcg ttggccgatt cattaatgca gctggcacga     9180

caggtttccc gactggaaag cgggcagtga gcgcaacgca attaatgtga gttagctcac     9240

tcattaggca ccccaggctt tacactttat gcttccggct cgtatgttgt gtggaattgt     9300

gagcggataa caatttcaca caggaaacag ctatgaccat gattacgcca agcgcgcaat     9360

taaccctcac taaagggaac aaaagctgga gctgc                                9395

<210> 54
<211> 9386
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 54
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960



gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580



atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgctgctg ctcctgctgc ttctcggccc tggaatttct ctgctgctgc     3420

ctggatctct ggccggctct ggacttggag ctgtggtgtc tcagcacccc tcttgggtca     3480

tctgcaagag cggcaccagc gtgaagatcg agtgcagaag cctggacttc caggccacca     3540

ccatgttctg gtacagacag ttccccaagc agagcctgat gctgatggcc acctctaacg     3600

agggcagcaa ggccacatat gagcagggcg tcgagaagga caagttcctg atcaaccacg     3660

ccagcctgac actgagcacc ctgacagtga caagcgccca tcctgaggac agcagcttct     3720

acatctgcag cgccagagag ggctacagaa gctactttgg ccctggcacc agactgaccg     3780

tgctggaaga tctgaagaac gtgttcccac ctgaggtggc cgtgttcgag ccttctaagg     3840

ccgagattgc ccacacacag aaagccacac tcgtgtgcct ggccaccggc ttttttcccg     3900

atcacgtcga actgtcttgg tgggtcaacg gcaaagaggt gcacagcggc gtctgtaccg     3960

atcctcagcc tctgaaagag cagcccgctc tgaacgacag cagatactgc ctgagcagca     4020

gactgagagt gtccgccacc ttctggcaga accccagaaa ccacttcaga tgccaggtgc     4080

agttctacgg cctgagcgag aacgatgagt ggacccagga tagagccaag cctgtgacac     4140

agatcgtgtc tgccgaagcc tggggcagag ccgattgtgg aattaccagc gccagctacc     4200



atcagggcgt gctgtctgcc acaatcctgt acgagatcct gctgggcaaa gccactctgt     4260

acgccgtgct ggtgtctgcc ctggtcctga tggctatggt caagagaaag gacagccggg     4320

gccgggccaa gcggtccggc tccggcgcac cggtgaaaca gactttgaat tttgaccttc     4380

tcaagttggc aggagacgtt gagtccaacc ctgggcccat gagactggtg gccagagtga     4440

ccgtgttcct gaccttcggc accatcatcg acgccaagac aacccagcct cctagcatgg     4500

attgtgccga gggcagagcc gccaacctgc cttgtaatca cagcaccatc agcggcaacg     4560

agtacgtgta ctggtacaga cagatccact ctcagggccc tcagtacatc atccacggcc     4620

tgaagaacaa cgagacaaac gagatggcca gcctgatcat caccgaggac agaaagagca     4680

gcaccctgat cctgcctcac gccacactga gagataccgc cgtgtactac tgcatcgtgc     4740

gggacagaag ctacggccag aacttcgtgt ttggccctgg caccagactg agcgtgctgc     4800

cctatattca gaaccccgat ccagccgtgt accagctgag agacagcaag tccagcgaca     4860

agagcgtgtg cctgttcacc gacttcgaca gccagaccaa cgtgtcccag agcaaggaca     4920

gcgacgtgta catcaccgat aagtgcgtgc tggacatgcg gagcatggac ttcaagagca     4980

acagcgccgt ggcctggtcc aacaagagcg atttcgcctg cgccaacgcc ttcaacaaca     5040

gcattatccc cgaggacaca ttcttcccca gctccgatgt gccctgcgac gtgaagctgg     5100

tggaaaagag cttcgagaca gacaccaacc tgaacttcca gaacctgagc gtgatcggct     5160

tccgcatcct gctgctgaaa gtggccggct tcaacctgct gatgaccctg agactgtggt     5220

ccagctaatg agtcgacaat caacctctgg attacaaaat ttgtgaaaga ttgactggta     5280

ttcttaacta tgttgctcct tttacgctat gtggatacgc tgctttaatg cctttgtatc     5340

atgctattgc ttcccgtatg gctttcattt tctcctcctt gtataaatcc tggttgctgt     5400

ctctttatga ggagttgtgg cccgttgtca ggcaacgtgg cgtggtgtgc actgtgtttg     5460

ctgacgcaac ccccactggt tggggcattg ccaccacctg tcagctcctt tccgggactt     5520

tcgctttccc cctccctatt gccacggcgg aactcatcgc cgcctgcctt gcccgctgct     5580

ggacaggggc tcggctgttg ggcactgaca attccgtggt gttgtcgggg aagctgacgt     5640

cctttccatg gctgctcgcc tgtgttgcca cctggattct gcgcgggacg tccttctgct     5700

acgtcccttc ggccctcaat ccagcggacc ttccttcccg cggcctgctg ccggctctgc     5760

ggcctcttcc gcgtcttcgc cttcgccctc agacgagtcg gatctccctt tgggccgcct     5820



ccccgcctgg aattcgagct cggtaccttt aagaccaatg acttacaagg cagctgtaga     5880

tcttagccac tttttaaaag aaaagggggg actggaaggg ctaattcact cccaacgaag     5940

acaagatctg ctttttgctt gtactgggtc tctctggtta gaccagatct gagcctggga     6000

gctctctggc taactaggga acccactgct taagcctcaa taaagcttgc cttgagtgct     6060

tcaagtagtg tgtgcccgtc tgttgtgtga ctctggtaac tagagatccc tcagaccctt     6120

ttagtcagtg tggaaaatct ctagcagtag tagttcatgt catcttatta ttcagtattt     6180

ataacttgca aagaaatgaa tatcagagag tgagaggaac ttgtttattg cagcttataa     6240

tggttacaaa taaagcaata gcatcacaaa tttcacaaat aaagcatttt tttcactgca     6300

ttctagttgt ggtttgtcca aactcatcaa tgtatcttat catgtctggc tctagctatc     6360

ccgcccctaa ctccgcccat cccgccccta actccgccca gttccgccca ttctccgccc     6420

catggctgac taattttttt tatttatgca gaggccgagg ccgcctcggc ctctgagcta     6480

ttccagaagt agtgaggagg cttttttgga ggcctaggga cgtacccaat tcgccctata     6540

gtgagtcgta ttacgcgcgc tcactggccg tcgttttaca acgtcgtgac tgggaaaacc     6600

ctggcgttac ccaacttaat cgccttgcag cacatccccc tttcgccagc tggcgtaata     6660

gcgaagaggc ccgcaccgat cgcccttccc aacagttgcg cagcctgaat ggcgaatggg     6720

acgcgccctg tagcggcgca ttaagcgcgg cgggtgtggt ggttacgcgc agcgtgaccg     6780

ctacacttgc cagcgcccta gcgcccgctc ctttcgcttt cttcccttcc tttctcgcca     6840

cgttcgccgg ctttccccgt caagctctaa atcgggggct ccctttaggg ttccgattta     6900

gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca cgtagtgggc     6960

catcgccctg atagacggtt tttcgccctt tgacgttgga gtccacgttc tttaatagtg     7020

gactcttgtt ccaaactgga acaacactca accctatctc ggtctattct tttgatttat     7080

aagggatttt gccgatttcg gcctattggt taaaaaatga gctgatttaa caaaaattta     7140

acgcgaattt taacaaaata ttaacgctta caatttaggt ggcacttttc ggggaaatgt     7200

gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag     7260

acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtatga gtattcaaca     7320

tttccgtgtc gcccttattc ccttttttgc ggcattttgc cttcctgttt ttgctcaccc     7380

agaaacgctg gtgaaagtaa aagatgctga agatcagttg ggtgcacgag tgggttacat     7440



cgaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag aacgttttcc     7500

aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta ttgacgccgg     7560

gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg agtactcacc     7620

agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca gtgctgccat     7680

aaccatgagt gataacactg cggccaactt acttctgaca acgatcggag gaccgaagga     7740

gctaaccgct tttttgcaca acatggggga tcatgtaact cgccttgatc gttgggaacc     7800

ggagctgaat gaagccatac caaacgacga gcgtgacacc acgatgcctg tagcaatggc     7860

aacaacgttg cgcaaactat taactggcga actacttact ctagcttccc ggcaacaatt     7920

aatagactgg atggaggcgg ataaagttgc aggaccactt ctgcgctcgg cccttccggc     7980

tggctggttt attgctgata aatctggagc cggtgagcgt gggtctcgcg gtatcattgc     8040

agcactgggg ccagatggta agccctcccg tatcgtagtt atctacacga cggggagtca     8100

ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgcctcac tgattaagca     8160

ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa aacttcattt     8220

ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta     8280

acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag gatcttcttg     8340

agatcctttt tttctgcgcg taatctgctg cttgcaaaca aaaaaaccac cgctaccagc     8400

ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag     8460

cagagcgcag ataccaaata ctgttcttct agtgtagccg tagttaggcc accacttcaa     8520

gaactctgta gcaccgccta catacctcgc tctgctaatc ctgttaccag tggctgctgc     8580

cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac cggataaggc     8640

gcagcggtcg ggctgaacgg ggggttcgtg cacacagccc agcttggagc gaacgaccta     8700

caccgaactg agatacctac agcgtgagct atgagaaagc gccacgcttc ccgaagggag     8760

aaaggcggac aggtatccgg taagcggcag ggtcggaaca ggagagcgca cgagggagct     8820

tccaggggga aacgcctggt atctttatag tcctgtcggg tttcgccacc tctgacttga     8880

gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgc     8940

ggccttttta cggttcctgg ccttttgctg gccttttgct cacatgttct ttcctgcgtt     9000

atcccctgat tctgtggata accgtattac cgcctttgag tgagctgata ccgctcgccg     9060



cagccgaacg accgagcgca gcgagtcagt gagcgaggaa gcggaagagc gcccaatacg     9120

caaaccgcct ctccccgcgc gttggccgat tcattaatgc agctggcacg acaggtttcc     9180

cgactggaaa gcgggcagtg agcgcaacgc aattaatgtg agttagctca ctcattaggc     9240

accccaggct ttacacttta tgcttccggc tcgtatgttg tgtggaattg tgagcggata     9300

acaatttcac acaggaaaca gctatgacca tgattacgcc aagcgcgcaa ttaaccctca     9360

ctaaagggaa caaaagctgg agctgc                                          9386

<210> 55
<211> 9398
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 55
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900



aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520



gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catggatacc tggctcgtgt gctgggccat cttcagcctg ctgaaagccg     3420

gactgaccga gcctgaagtg acccagacac ctagccacca agtgacacag atgggccaag     3480

aagtgatcct gcgctgcgtg cccatcagca accacctgta cttctactgg tacagacaga     3540

tcctgggcca gaaagtggag ttcctggtgt ccttctacaa caacgagatc agcgagaagt     3600

ccgagatctt cgacgaccag ttcagcgtgg aaagacccga cggcagcaac ttcaccctga     3660

agatcagaag caccaagctg gaggacagcg ccatgtactt ttgcgccagc agagcctctg     3720

tcggcgttgg aacaggcgag ctgtttttcg gcgagggcag cagactgacc gtgctggaag     3780

atctgaagaa cgtgttccca cctgaggtgg ccgtgttcga gccttctaag gccgagattg     3840

cccacacaca gaaagccaca ctcgtgtgcc tggccaccgg cttttttccc gatcacgtgg     3900

aactgtcttg gtgggtcaac ggcaaagagg tgcacagcgg cgtctgtacc gatcctcagc     3960

cactgaaaga gcagcccgct ctgaacgaca gcagatactg cctgtcctcc agactgagag     4020

tgtccgccac cttctggcag aaccccagaa accacttcag atgccaggtg cagttctacg     4080

gcctgagcga gaacgatgag tggacccagg atagagccaa gcctgtgact cagatcgtgt     4140



ctgccgaagc ctggggcaga gccgattgtg gaattaccag cgccagctac catcagggcg     4200

tgctgtctgc cacaatcctg tacgagatcc tgctgggcaa agccactctg tacgccgtgc     4260

tggtgtctgc cctggtgctg atggccatgg tcaagcggaa ggatagcaga ggcagagcca     4320

agagatccgg ctccggcgca ccggtgaaac agactttgaa ttttgacctt ctcaagttgg     4380

caggagacgt tgagtccaac cctgggccca tgaccagagt gtctctgctg tgggccgtcg     4440

tggtgtccac atgtctggaa tctggcatgg cccagaccgt gacacagagc cagcctgaga     4500

tgtctgtgca agaggccgag acagtgaccc tgagctgcac ctacgatacc agcgagagca     4560

actactacct gttctggtac aagcagcctc ctagccggca gatgatcctg gtcatcagac     4620

aagaggccta taagcagcag aacgccaccg agaacagatt cagcgtgaac ttccagaagg     4680

ccgccaagag cttcagcctg aagatcagcg atagccagct gggcgacacc gccatgtact     4740

tttgcgcctt tacctacggc ggcagccagg gcaatctgat ctttggcaag ggcaccaagc     4800

tgagcgtgaa gcccaacatt cagaaccccg atcctgccgt gtaccagctg agagacagca     4860

agagcagcga caagagcgtg tgcctgttca ccgacttcga cagccagacc aacgtgtccc     4920

agagcaagga cagcgacgtg tacatcaccg ataagtgcgt gctggacatg cggagcatgg     4980

acttcaagag caacagcgcc gtggcctggt ccaacaagag cgatttcgcc tgcgccaacg     5040

ccttcaacaa cagcattatc cccgaggaca cattcttccc cagctccgat gtgccctgcg     5100

acgtgaagct ggtggaaaag agcttcgaga cagacaccaa cctgaatttc cagaacctgt     5160

ccgtgatcgg cttcagaatc ctgctgctga aagtggccgg cttcaacctg ctgatgaccc     5220

tgcgactttg gagcagctaa tgagtcgaca atcaacctct ggattacaaa atttgtgaaa     5280

gattgactgg tattcttaac tatgttgctc cttttacgct atgtggatac gctgctttaa     5340

tgcctttgta tcatgctatt gcttcccgta tggctttcat tttctcctcc ttgtataaat     5400

cctggttgct gtctctttat gaggagttgt ggcccgttgt caggcaacgt ggcgtggtgt     5460

gcactgtgtt tgctgacgca acccccactg gttggggcat tgccaccacc tgtcagctcc     5520

tttccgggac tttcgctttc cccctcccta ttgccacggc ggaactcatc gccgcctgcc     5580

ttgcccgctg ctggacaggg gctcggctgt tgggcactga caattccgtg gtgttgtcgg     5640

ggaagctgac gtcctttcca tggctgctcg cctgtgttgc cacctggatt ctgcgcggga     5700

cgtccttctg ctacgtccct tcggccctca atccagcgga ccttccttcc cgcggcctgc     5760



tgccggctct gcggcctctt ccgcgtcttc gccttcgccc tcagacgagt cggatctccc     5820

tttgggccgc ctccccgcct ggaattcgag ctcggtacct ttaagaccaa tgacttacaa     5880

ggcagctgta gatcttagcc actttttaaa agaaaagggg ggactggaag ggctaattca     5940

ctcccaacga agacaagatc tgctttttgc ttgtactggg tctctctggt tagaccagat     6000

ctgagcctgg gagctctctg gctaactagg gaacccactg cttaagcctc aataaagctt     6060

gccttgagtg cttcaagtag tgtgtgcccg tctgttgtgt gactctggta actagagatc     6120

cctcagaccc ttttagtcag tgtggaaaat ctctagcagt agtagttcat gtcatcttat     6180

tattcagtat ttataacttg caaagaaatg aatatcagag agtgagagga acttgtttat     6240

tgcagcttat aatggttaca aataaagcaa tagcatcaca aatttcacaa ataaagcatt     6300

tttttcactg cattctagtt gtggtttgtc caaactcatc aatgtatctt atcatgtctg     6360

gctctagcta tcccgcccct aactccgccc atcccgcccc taactccgcc cagttccgcc     6420

cattctccgc cccatggctg actaattttt tttatttatg cagaggccga ggccgcctcg     6480

gcctctgagc tattccagaa gtagtgagga ggcttttttg gaggcctagg gacgtaccca     6540

attcgcccta tagtgagtcg tattacgcgc gctcactggc cgtcgtttta caacgtcgtg     6600

actgggaaaa ccctggcgtt acccaactta atcgccttgc agcacatccc cctttcgcca     6660

gctggcgtaa tagcgaagag gcccgcaccg atcgcccttc ccaacagttg cgcagcctga     6720

atggcgaatg ggacgcgccc tgtagcggcg cattaagcgc ggcgggtgtg gtggttacgc     6780

gcagcgtgac cgctacactt gccagcgccc tagcgcccgc tcctttcgct ttcttccctt     6840

cctttctcgc cacgttcgcc ggctttcccc gtcaagctct aaatcggggg ctccctttag     6900

ggttccgatt tagtgcttta cggcacctcg accccaaaaa acttgattag ggtgatggtt     6960

cacgtagtgg gccatcgccc tgatagacgg tttttcgccc tttgacgttg gagtccacgt     7020

tctttaatag tggactcttg ttccaaactg gaacaacact caaccctatc tcggtctatt     7080

cttttgattt ataagggatt ttgccgattt cggcctattg gttaaaaaat gagctgattt     7140

aacaaaaatt taacgcgaat tttaacaaaa tattaacgct tacaatttag gtggcacttt     7200

tcggggaaat gtgcgcggaa cccctatttg tttatttttc taaatacatt caaatatgta     7260

tccgctcatg agacaataac cctgataaat gcttcaataa tattgaaaaa ggaagagtat     7320

gagtattcaa catttccgtg tcgcccttat tccctttttt gcggcatttt gccttcctgt     7380



ttttgctcac ccagaaacgc tggtgaaagt aaaagatgct gaagatcagt tgggtgcacg     7440

agtgggttac atcgaactgg atctcaacag cggtaagatc cttgagagtt ttcgccccga     7500

agaacgtttt ccaatgatga gcacttttaa agttctgcta tgtggcgcgg tattatcccg     7560

tattgacgcc gggcaagagc aactcggtcg ccgcatacac tattctcaga atgacttggt     7620

tgagtactca ccagtcacag aaaagcatct tacggatggc atgacagtaa gagaattatg     7680

cagtgctgcc ataaccatga gtgataacac tgcggccaac ttacttctga caacgatcgg     7740

aggaccgaag gagctaaccg cttttttgca caacatgggg gatcatgtaa ctcgccttga     7800

tcgttgggaa ccggagctga atgaagccat accaaacgac gagcgtgaca ccacgatgcc     7860

tgtagcaatg gcaacaacgt tgcgcaaact attaactggc gaactactta ctctagcttc     7920

ccggcaacaa ttaatagact ggatggaggc ggataaagtt gcaggaccac ttctgcgctc     7980

ggcccttccg gctggctggt ttattgctga taaatctgga gccggtgagc gtgggtctcg     8040

cggtatcatt gcagcactgg ggccagatgg taagccctcc cgtatcgtag ttatctacac     8100

gacggggagt caggcaacta tggatgaacg aaatagacag atcgctgaga taggtgcctc     8160

actgattaag cattggtaac tgtcagacca agtttactca tatatacttt agattgattt     8220

aaaacttcat ttttaattta aaaggatcta ggtgaagatc ctttttgata atctcatgac     8280

caaaatccct taacgtgagt tttcgttcca ctgagcgtca gaccccgtag aaaagatcaa     8340

aggatcttct tgagatcctt tttttctgcg cgtaatctgc tgcttgcaaa caaaaaaacc     8400

accgctacca gcggtggttt gtttgccgga tcaagagcta ccaactcttt ttccgaaggt     8460

aactggcttc agcagagcgc agataccaaa tactgttctt ctagtgtagc cgtagttagg     8520

ccaccacttc aagaactctg tagcaccgcc tacatacctc gctctgctaa tcctgttacc     8580

agtggctgct gccagtggcg ataagtcgtg tcttaccggg ttggactcaa gacgatagtt     8640

accggataag gcgcagcggt cgggctgaac ggggggttcg tgcacacagc ccagcttgga     8700

gcgaacgacc tacaccgaac tgagatacct acagcgtgag ctatgagaaa gcgccacgct     8760

tcccgaaggg agaaaggcgg acaggtatcc ggtaagcggc agggtcggaa caggagagcg     8820

cacgagggag cttccagggg gaaacgcctg gtatctttat agtcctgtcg ggtttcgcca     8880

cctctgactt gagcgtcgat ttttgtgatg ctcgtcaggg gggcggagcc tatggaaaaa     8940

cgccagcaac gcggcctttt tacggttcct ggccttttgc tggccttttg ctcacatgtt     9000



ctttcctgcg ttatcccctg attctgtgga taaccgtatt accgcctttg agtgagctga     9060

taccgctcgc cgcagccgaa cgaccgagcg cagcgagtca gtgagcgagg aagcggaaga     9120

gcgcccaata cgcaaaccgc ctctccccgc gcgttggccg attcattaat gcagctggca     9180

cgacaggttt cccgactgga aagcgggcag tgagcgcaac gcaattaatg tgagttagct     9240

cactcattag gcaccccagg ctttacactt tatgcttccg gctcgtatgt tgtgtggaat     9300

tgtgagcgga taacaatttc acacaggaaa cagctatgac catgattacg ccaagcgcgc     9360

aattaaccct cactaaaggg aacaaaagct ggagctgc                             9398

<210> 56
<211> 9365
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 56
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900



aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520



gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgggacct cagctgctgg gatacgtggt gctgtgtctg cttggagccg     3420

gacctctgga agcccaagtg acacagaacc ccagatacct gatcaccgtg accggcaaga     3480

aactgaccgt gacctgcagc cagaacatga accacgagta catgagctgg tacagacagg     3540

accctggcct gggcctgaga cagatctact acagcatgaa cgtggaagtg accgacaagg     3600

gcgacgtgcc cgagggctac aaggtgtcca gaaaagagaa gcggaacttc ccactgatcc     3660

tggaaagccc atctcctaac cagaccagcc tgtacttctg cgccagctct cctcagggca     3720

gaatcaacag ccctctgcac ttcggcaacg gcaccagact gacagtgacc gaggacctga     3780

acaaggtgtt ccctccagag gtggccgtgt tcgagccttc taaggccgag attgcccaca     3840

cacagaaagc cacactcgtg tgcctggcca ccggcttttt tcccgatcac gtggaactgt     3900

cttggtgggt caacggcaaa gaggtgcaca gcggcgtctg taccgatcct cagcctctga     3960

aagagcagcc cgctctgaac gacagcagat actgcctgag cagcagactg agagtgtccg     4020

ccaccttctg gcagaaccct cggaaccact tcagatgcca ggtgcagttc tacggcctga     4080

gcgagaacga tgagtggacc caggatagag ccaagcctgt gactcagatc gtgtctgccg     4140



aagcctgggg cagagccgat tgtggaatta ccagcgccag ctaccatcag ggcgtgctgt     4200

ctgccacaat cctgtacgag atcctgctgg gcaaagccac tctgtacgcc gtgctggttt     4260

ctgctctggt gctgatggcc atggtcaagc ggaaggactt cagagccaag agatccggct     4320

ccggcgcacc ggtgaaacag actttgaatt ttgaccttct caagttggca ggagacgttg     4380

agtccaaccc tgggcccatg tggggagtgt tcctgctgta cgtgtccatg aagatgggcg     4440

gcaccaccgg ccagaacatc gatcagccta cagagatgac cgccaccgag ggcgccatcg     4500

tgcagatcaa ttgcacctac cagaccagcg gcttcaacgg cctgttctgg tatcagcagc     4560

atgccggcga ggcccctacc ttcctgagct acaatgtgct ggacggcctg gaagagaagg     4620

gcagattcag cagcttcctg tccagaagca agggctacag ctacctgctg ctgaaagaac     4680

tgcagatgaa ggacagcgcc tcctacctgt gcgccgtcag agatacaggc tacggccaga     4740

atttcgtgtt cggccctggc accagactga gcgtgctgcc ctatattcag aaccccgatc     4800

ctgccgtgta ccagctgaga gacagcaaga gcagcgacaa gagcgtgtgc ctgttcaccg     4860

acttcgacag ccagaccaac gtgtcccaga gcaaggactc cgacgtgtac atcaccgata     4920

agtgcgtgct ggacatgcgg agcatggact tcaagagcaa cagcgccgtg gcctggtcca     4980

acaagagcga tttcgcctgc gccaacgcct tcaacaacag cattatcccc gaggacacat     5040

tcttcccaag cagcgacgtg ccctgcgacg tgaagctggt ggaaaagagc ttcgagacag     5100

acaccaacct gaacttccag aacctgagcg tgatcggctt cagaatcctg ctgcttaagg     5160

tggccggctt caatctgctg atgaccctga gactgtggtc cagctaatga gtcgacaatc     5220

aacctctgga ttacaaaatt tgtgaaagat tgactggtat tcttaactat gttgctcctt     5280

ttacgctatg tggatacgct gctttaatgc ctttgtatca tgctattgct tcccgtatgg     5340

ctttcatttt ctcctccttg tataaatcct ggttgctgtc tctttatgag gagttgtggc     5400

ccgttgtcag gcaacgtggc gtggtgtgca ctgtgtttgc tgacgcaacc cccactggtt     5460

ggggcattgc caccacctgt cagctccttt ccgggacttt cgctttcccc ctccctattg     5520

ccacggcgga actcatcgcc gcctgccttg cccgctgctg gacaggggct cggctgttgg     5580

gcactgacaa ttccgtggtg ttgtcgggga agctgacgtc ctttccatgg ctgctcgcct     5640

gtgttgccac ctggattctg cgcgggacgt ccttctgcta cgtcccttcg gccctcaatc     5700

cagcggacct tccttcccgc ggcctgctgc cggctctgcg gcctcttccg cgtcttcgcc     5760



ttcgccctca gacgagtcgg atctcccttt gggccgcctc cccgcctgga attcgagctc     5820

ggtaccttta agaccaatga cttacaaggc agctgtagat cttagccact ttttaaaaga     5880

aaagggggga ctggaagggc taattcactc ccaacgaaga caagatctgc tttttgcttg     5940

tactgggtct ctctggttag accagatctg agcctgggag ctctctggct aactagggaa     6000

cccactgctt aagcctcaat aaagcttgcc ttgagtgctt caagtagtgt gtgcccgtct     6060

gttgtgtgac tctggtaact agagatccct cagacccttt tagtcagtgt ggaaaatctc     6120

tagcagtagt agttcatgtc atcttattat tcagtattta taacttgcaa agaaatgaat     6180

atcagagagt gagaggaact tgtttattgc agcttataat ggttacaaat aaagcaatag     6240

catcacaaat ttcacaaata aagcattttt ttcactgcat tctagttgtg gtttgtccaa     6300

actcatcaat gtatcttatc atgtctggct ctagctatcc cgcccctaac tccgcccatc     6360

ccgcccctaa ctccgcccag ttccgcccat tctccgcccc atggctgact aatttttttt     6420

atttatgcag aggccgaggc cgcctcggcc tctgagctat tccagaagta gtgaggaggc     6480

ttttttggag gcctagggac gtacccaatt cgccctatag tgagtcgtat tacgcgcgct     6540

cactggccgt cgttttacaa cgtcgtgact gggaaaaccc tggcgttacc caacttaatc     6600

gccttgcagc acatccccct ttcgccagct ggcgtaatag cgaagaggcc cgcaccgatc     6660

gcccttccca acagttgcgc agcctgaatg gcgaatggga cgcgccctgt agcggcgcat     6720

taagcgcggc gggtgtggtg gttacgcgca gcgtgaccgc tacacttgcc agcgccctag     6780

cgcccgctcc tttcgctttc ttcccttcct ttctcgccac gttcgccggc tttccccgtc     6840

aagctctaaa tcgggggctc cctttagggt tccgatttag tgctttacgg cacctcgacc     6900

ccaaaaaact tgattagggt gatggttcac gtagtgggcc atcgccctga tagacggttt     6960

ttcgcccttt gacgttggag tccacgttct ttaatagtgg actcttgttc caaactggaa     7020

caacactcaa ccctatctcg gtctattctt ttgatttata agggattttg ccgatttcgg     7080

cctattggtt aaaaaatgag ctgatttaac aaaaatttaa cgcgaatttt aacaaaatat     7140

taacgcttac aatttaggtg gcacttttcg gggaaatgtg cgcggaaccc ctatttgttt     7200

atttttctaa atacattcaa atatgtatcc gctcatgaga caataaccct gataaatgct     7260

tcaataatat tgaaaaagga agagtatgag tattcaacat ttccgtgtcg cccttattcc     7320

cttttttgcg gcattttgcc ttcctgtttt tgctcaccca gaaacgctgg tgaaagtaaa     7380



agatgctgaa gatcagttgg gtgcacgagt gggttacatc gaactggatc tcaacagcgg     7440

taagatcctt gagagttttc gccccgaaga acgttttcca atgatgagca cttttaaagt     7500

tctgctatgt ggcgcggtat tatcccgtat tgacgccggg caagagcaac tcggtcgccg     7560

catacactat tctcagaatg acttggttga gtactcacca gtcacagaaa agcatcttac     7620

ggatggcatg acagtaagag aattatgcag tgctgccata accatgagtg ataacactgc     7680

ggccaactta cttctgacaa cgatcggagg accgaaggag ctaaccgctt ttttgcacaa     7740

catgggggat catgtaactc gccttgatcg ttgggaaccg gagctgaatg aagccatacc     7800

aaacgacgag cgtgacacca cgatgcctgt agcaatggca acaacgttgc gcaaactatt     7860

aactggcgaa ctacttactc tagcttcccg gcaacaatta atagactgga tggaggcgga     7920

taaagttgca ggaccacttc tgcgctcggc ccttccggct ggctggttta ttgctgataa     7980

atctggagcc ggtgagcgtg ggtctcgcgg tatcattgca gcactggggc cagatggtaa     8040

gccctcccgt atcgtagtta tctacacgac ggggagtcag gcaactatgg atgaacgaaa     8100

tagacagatc gctgagatag gtgcctcact gattaagcat tggtaactgt cagaccaagt     8160

ttactcatat atactttaga ttgatttaaa acttcatttt taatttaaaa ggatctaggt     8220

gaagatcctt tttgataatc tcatgaccaa aatcccttaa cgtgagtttt cgttccactg     8280

agcgtcagac cccgtagaaa agatcaaagg atcttcttga gatccttttt ttctgcgcgt     8340

aatctgctgc ttgcaaacaa aaaaaccacc gctaccagcg gtggtttgtt tgccggatca     8400

agagctacca actctttttc cgaaggtaac tggcttcagc agagcgcaga taccaaatac     8460

tgttcttcta gtgtagccgt agttaggcca ccacttcaag aactctgtag caccgcctac     8520

atacctcgct ctgctaatcc tgttaccagt ggctgctgcc agtggcgata agtcgtgtct     8580

taccgggttg gactcaagac gatagttacc ggataaggcg cagcggtcgg gctgaacggg     8640

gggttcgtgc acacagccca gcttggagcg aacgacctac accgaactga gatacctaca     8700

gcgtgagcta tgagaaagcg ccacgcttcc cgaagggaga aaggcggaca ggtatccggt     8760

aagcggcagg gtcggaacag gagagcgcac gagggagctt ccagggggaa acgcctggta     8820

tctttatagt cctgtcgggt ttcgccacct ctgacttgag cgtcgatttt tgtgatgctc     8880

gtcagggggg cggagcctat ggaaaaacgc cagcaacgcg gcctttttac ggttcctggc     8940

cttttgctgg ccttttgctc acatgttctt tcctgcgtta tcccctgatt ctgtggataa     9000



ccgtattacc gcctttgagt gagctgatac cgctcgccgc agccgaacga ccgagcgcag     9060

cgagtcagtg agcgaggaag cggaagagcg cccaatacgc aaaccgcctc tccccgcgcg     9120

ttggccgatt cattaatgca gctggcacga caggtttccc gactggaaag cgggcagtga     9180

gcgcaacgca attaatgtga gttagctcac tcattaggca ccccaggctt tacactttat     9240

gcttccggct cgtatgttgt gtggaattgt gagcggataa caatttcaca caggaaacag     9300

ctatgaccat gattacgcca agcgcgcaat taaccctcac taaagggaac aaaagctgga     9360

gctgc                                                                 9365

<210> 57
<211> 9386
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 57
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840



caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460



cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgaccatc cggctgctgt gctatatggg cttctacttc ctcggagccg     3420

gcctgatgga agccgacatc taccagacac ctagatacct ggtcatcggc accggcaaga     3480

aaatcaccct ggaatgcagc cagaccatgg gccacgacaa gatgtactgg tatcagcagg     3540

accccggcat ggaactgcac ctgatccact acagctacgg cgtgaacagc accgagaagg     3600

gcgatctgtc tagcgagagc accgtgtcca gaatccggac cgagcacttc ccactgacac     3660

tggaaagcgc tagacccagc cacaccagcc agtacctgtg tgcctcttct ggacctggac     3720

agggccacaa tcagcctcag cactttggcg acggcaccag actgagcatc ctggaagatc     3780

tgaacaaggt gttccctcca gaggtggccg tgttcgagcc ttctaaggcc gagattgccc     3840

acacacagaa agccacactc gtgtgcctgg ccaccggctt ttttcccgat cacgtggaac     3900

tgtcttggtg ggtcaacggc aaagaggtgc acagcggcgt ctgtaccgat cctcagcctc     3960

tgaaagagca gcccgctctg aacgacagca gatactgcct gagcagcaga ctgagagtgt     4020

ccgccacctt ctggcagaac cccagaaacc acttcagatg ccaggttcag ttctacggcc     4080



tgagcgagaa cgacgagtgg acccaggata gagccaagcc tgtgacacag atcgtgtctg     4140

ccgaagcctg gggcagagcc gattgtggaa ttaccagcgc cagctaccat cagggcgtgc     4200

tgtctgccac aatcctgtac gagatcctgc tgggcaaagc cactctgtac gccgtgctgg     4260

tgtctgccct ggtgctgatg gccatggtca agcggaagga cttcagagcc aagagatccg     4320

gctccggcgc accggtgaaa cagactttga attttgacct tctcaagttg gcaggagacg     4380

ttgagtccaa ccctgggccc atgctgacag cctctctgct gagagccgtg atcgccagca     4440

tctgtgtggt gtctagcatg gcccagaaag tgacacaggc ccagaccgag atcagcgtgg     4500

tggaaaaaga agatgtgacc ctggactgcg tgtacgagac acgggacacc acctactacc     4560

tgttctggta caagcagcct cctagcggcg agctggtgtt cctgatcaga cggaacagct     4620

tcgacgagca gaacgagatc tccggccggt acagctggaa cttccagaag tccaccagca     4680

gcttcaactt caccatcacc gccagccagg tggtggatag cgccgtgtat ttttgtgccc     4740

tgggcagcag cggcacctac aagtacatct ttggcaccgg caccagactg aaggtgctgg     4800

ccaacattca gaaccccgat cctgccgtgt accagctgag agacagcaag agcagcgaca     4860

agagcgtgtg cctgttcacc gacttcgaca gccagaccaa cgtgtcccag agcaaggaca     4920

gcgacgtgta catcaccgat aagtgcgtgc tggacatgcg gagcatggac ttcaagagca     4980

acagcgccgt ggcctggtcc aacaagagcg atttcgcctg cgccaacgcc ttcaacaaca     5040

gcattatccc cgaggacaca ttcttcccca gctccgatgt gccctgcgac gtgaagctgg     5100

tcgagaagtc cttcgagaca gacaccaacc tgaatttcca gaacctgagc gtgatcggct     5160

tcagaatcct gctgctgaaa gtggccggct tcaacctgct gatgaccctg agactctggt     5220

ccagctaatg agtcgacaat caacctctgg attacaaaat ttgtgaaaga ttgactggta     5280

ttcttaacta tgttgctcct tttacgctat gtggatacgc tgctttaatg cctttgtatc     5340

atgctattgc ttcccgtatg gctttcattt tctcctcctt gtataaatcc tggttgctgt     5400

ctctttatga ggagttgtgg cccgttgtca ggcaacgtgg cgtggtgtgc actgtgtttg     5460

ctgacgcaac ccccactggt tggggcattg ccaccacctg tcagctcctt tccgggactt     5520

tcgctttccc cctccctatt gccacggcgg aactcatcgc cgcctgcctt gcccgctgct     5580

ggacaggggc tcggctgttg ggcactgaca attccgtggt gttgtcgggg aagctgacgt     5640

cctttccatg gctgctcgcc tgtgttgcca cctggattct gcgcgggacg tccttctgct     5700



acgtcccttc ggccctcaat ccagcggacc ttccttcccg cggcctgctg ccggctctgc     5760

ggcctcttcc gcgtcttcgc cttcgccctc agacgagtcg gatctccctt tgggccgcct     5820

ccccgcctgg aattcgagct cggtaccttt aagaccaatg acttacaagg cagctgtaga     5880

tcttagccac tttttaaaag aaaagggggg actggaaggg ctaattcact cccaacgaag     5940

acaagatctg ctttttgctt gtactgggtc tctctggtta gaccagatct gagcctggga     6000

gctctctggc taactaggga acccactgct taagcctcaa taaagcttgc cttgagtgct     6060

tcaagtagtg tgtgcccgtc tgttgtgtga ctctggtaac tagagatccc tcagaccctt     6120

ttagtcagtg tggaaaatct ctagcagtag tagttcatgt catcttatta ttcagtattt     6180

ataacttgca aagaaatgaa tatcagagag tgagaggaac ttgtttattg cagcttataa     6240

tggttacaaa taaagcaata gcatcacaaa tttcacaaat aaagcatttt tttcactgca     6300

ttctagttgt ggtttgtcca aactcatcaa tgtatcttat catgtctggc tctagctatc     6360

ccgcccctaa ctccgcccat cccgccccta actccgccca gttccgccca ttctccgccc     6420

catggctgac taattttttt tatttatgca gaggccgagg ccgcctcggc ctctgagcta     6480

ttccagaagt agtgaggagg cttttttgga ggcctaggga cgtacccaat tcgccctata     6540

gtgagtcgta ttacgcgcgc tcactggccg tcgttttaca acgtcgtgac tgggaaaacc     6600

ctggcgttac ccaacttaat cgccttgcag cacatccccc tttcgccagc tggcgtaata     6660

gcgaagaggc ccgcaccgat cgcccttccc aacagttgcg cagcctgaat ggcgaatggg     6720

acgcgccctg tagcggcgca ttaagcgcgg cgggtgtggt ggttacgcgc agcgtgaccg     6780

ctacacttgc cagcgcccta gcgcccgctc ctttcgcttt cttcccttcc tttctcgcca     6840

cgttcgccgg ctttccccgt caagctctaa atcgggggct ccctttaggg ttccgattta     6900

gtgctttacg gcacctcgac cccaaaaaac ttgattaggg tgatggttca cgtagtgggc     6960

catcgccctg atagacggtt tttcgccctt tgacgttgga gtccacgttc tttaatagtg     7020

gactcttgtt ccaaactgga acaacactca accctatctc ggtctattct tttgatttat     7080

aagggatttt gccgatttcg gcctattggt taaaaaatga gctgatttaa caaaaattta     7140

acgcgaattt taacaaaata ttaacgctta caatttaggt ggcacttttc ggggaaatgt     7200

gcgcggaacc cctatttgtt tatttttcta aatacattca aatatgtatc cgctcatgag     7260

acaataaccc tgataaatgc ttcaataata ttgaaaaagg aagagtatga gtattcaaca     7320



tttccgtgtc gcccttattc ccttttttgc ggcattttgc cttcctgttt ttgctcaccc     7380

agaaacgctg gtgaaagtaa aagatgctga agatcagttg ggtgcacgag tgggttacat     7440

cgaactggat ctcaacagcg gtaagatcct tgagagtttt cgccccgaag aacgttttcc     7500

aatgatgagc acttttaaag ttctgctatg tggcgcggta ttatcccgta ttgacgccgg     7560

gcaagagcaa ctcggtcgcc gcatacacta ttctcagaat gacttggttg agtactcacc     7620

agtcacagaa aagcatctta cggatggcat gacagtaaga gaattatgca gtgctgccat     7680

aaccatgagt gataacactg cggccaactt acttctgaca acgatcggag gaccgaagga     7740

gctaaccgct tttttgcaca acatggggga tcatgtaact cgccttgatc gttgggaacc     7800

ggagctgaat gaagccatac caaacgacga gcgtgacacc acgatgcctg tagcaatggc     7860

aacaacgttg cgcaaactat taactggcga actacttact ctagcttccc ggcaacaatt     7920

aatagactgg atggaggcgg ataaagttgc aggaccactt ctgcgctcgg cccttccggc     7980

tggctggttt attgctgata aatctggagc cggtgagcgt gggtctcgcg gtatcattgc     8040

agcactgggg ccagatggta agccctcccg tatcgtagtt atctacacga cggggagtca     8100

ggcaactatg gatgaacgaa atagacagat cgctgagata ggtgcctcac tgattaagca     8160

ttggtaactg tcagaccaag tttactcata tatactttag attgatttaa aacttcattt     8220

ttaatttaaa aggatctagg tgaagatcct ttttgataat ctcatgacca aaatccctta     8280

acgtgagttt tcgttccact gagcgtcaga ccccgtagaa aagatcaaag gatcttcttg     8340

agatcctttt tttctgcgcg taatctgctg cttgcaaaca aaaaaaccac cgctaccagc     8400

ggtggtttgt ttgccggatc aagagctacc aactcttttt ccgaaggtaa ctggcttcag     8460

cagagcgcag ataccaaata ctgttcttct agtgtagccg tagttaggcc accacttcaa     8520

gaactctgta gcaccgccta catacctcgc tctgctaatc ctgttaccag tggctgctgc     8580

cagtggcgat aagtcgtgtc ttaccgggtt ggactcaaga cgatagttac cggataaggc     8640

gcagcggtcg ggctgaacgg ggggttcgtg cacacagccc agcttggagc gaacgaccta     8700

caccgaactg agatacctac agcgtgagct atgagaaagc gccacgcttc ccgaagggag     8760

aaaggcggac aggtatccgg taagcggcag ggtcggaaca ggagagcgca cgagggagct     8820

tccaggggga aacgcctggt atctttatag tcctgtcggg tttcgccacc tctgacttga     8880

gcgtcgattt ttgtgatgct cgtcaggggg gcggagccta tggaaaaacg ccagcaacgc     8940



ggccttttta cggttcctgg ccttttgctg gccttttgct cacatgttct ttcctgcgtt     9000

atcccctgat tctgtggata accgtattac cgcctttgag tgagctgata ccgctcgccg     9060

cagccgaacg accgagcgca gcgagtcagt gagcgaggaa gcggaagagc gcccaatacg     9120

caaaccgcct ctccccgcgc gttggccgat tcattaatgc agctggcacg acaggtttcc     9180

cgactggaaa gcgggcagtg agcgcaacgc aattaatgtg agttagctca ctcattaggc     9240

accccaggct ttacacttta tgcttccggc tcgtatgttg tgtggaattg tgagcggata     9300

acaatttcac acaggaaaca gctatgacca tgattacgcc aagcgcgcaa ttaaccctca     9360

ctaaagggaa caaaagctgg agctgc                                          9386

<210> 58
<211> 9407
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 58
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840



caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260

gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460



cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880

ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgctgctg ctcctgctgc ttctcggccc tggaatttct ctgctgctgc     3420

ctggatctct ggccggctct ggacttggag ctgtggtgtc tcagcacccc tcttgggtca     3480

tctgcaagag cggcaccagc gtgaagatcg agtgcagaag cctggacttc caggccacca     3540

ccatgttctg gtacagacag ttccccaagc agagcctgat gctgatggcc acctctaacg     3600

agggctgcaa ggccacatat gagcagggcg tcgagaagga caagttcctg atcaaccacg     3660

ccagcctgac actgagcacc ctgacagtga caagcgccca tcctgaggac agcagcttct     3720

acatctgtag cacagccggc gagacagaca cccagtattt tggccctggc accagactga     3780

ccgtgctgga agatctgaag aacgtgttcc cacctgaggt ggccgtgttc gagccttcta     3840

aggccgagat tgcccacaca cagaaagcca cactcgtgtg tctggccacc ggcttctatc     3900

ccgatcacgt cgaactgtct tggtgggtca acggcaaaga ggtgcacagc ggcgtctgta     3960

ccgatcctca gcctctgaaa gagcagcccg ctctgaacga cagcagatac tgcctgagca     4020

gcagactgag agtgtccgcc accttctggc agaaccccag aaaccacttc agatgccagg     4080



tgcagttcta cggcctgagc gagaacgatg agtggaccca ggatagagcc aagcctgtga     4140

cacagatcgt gtctgccgaa gcctggggca gagccgattg tggaattacc agcgccagct     4200

accatcaggg cgtgctgtct gccacaatcc tgtacgagat cctgctgggc aaagccactc     4260

tgtacgccgt gctggtgtct gccctggtcc tgatggctat ggtcaagaga aaggacagcc     4320

ggggcagagc caagagatcc ggctccggcg caccggtgaa acagactttg aattttgacc     4380

ttctcaagtt ggcaggagac gttgagtcca accctgggcc catggccgga atcagagccc     4440

tgttcatgta cctgtggctg cagctggact gggtgtccag aggcgaatct gtgggactgc     4500

atctgcccac actgagcgtg caagagggcg acaacagcat catcaactgc gcctacagca     4560

acagcgccag cgactacttc atctggtaca agcaagagag cggcaagggc cctcagttca     4620

tcatcgacat ccggtccaac atggacaagc ggcaaggcca gagagtgacc gtcctgctga     4680

acaagaccgt gaagcacctg agcctgcaga tcgccgctac acagcctggc gatagcgccg     4740

tgtacttctg tgccgaaaca ctgggcctcg accaaggcgg caagctgatc tttggacagg     4800

gcacagagct gagcgtgaag cccaacattc agaaccccga tcctgccgtg taccagctga     4860

gagacagcaa gtccagcgac aagagcgtgt gcctgttcac cgacttcgac agccagacca     4920

acgtgtccca gagcaaggac agcgacgtgt acatcaccga taagtgcgtg ctggacatgc     4980

ggagcatgga cttcaagagc aactccgccg tggcctggtc caacaagagc gatttcgcct     5040

gcgccaacgc cttcaacaac tctattatcc ccgaggacac attcttcccc agctccgatg     5100

tgccctgcga cgtgaagctg gtggaaaaga gcttcgagac agacaccaac ctgaacttcc     5160

agaacctgtc cgtgatcggc ttccgcatcc tgctgctgaa agtggccggc ttcaacctgc     5220

tgatgaccct gagactgtgg tccagctaat gagtcgacaa tcaacctctg gattacaaaa     5280

tttgtgaaag attgactggt attcttaact atgttgctcc ttttacgcta tgtggatacg     5340

ctgctttaat gcctttgtat catgctattg cttcccgtat ggctttcatt ttctcctcct     5400

tgtataaatc ctggttgctg tctctttatg aggagttgtg gcccgttgtc aggcaacgtg     5460

gcgtggtgtg cactgtgttt gctgacgcaa cccccactgg ttggggcatt gccaccacct     5520

gtcagctcct ttccgggact ttcgctttcc ccctccctat tgccacggcg gaactcatcg     5580

ccgcctgcct tgcccgctgc tggacagggg ctcggctgtt gggcactgac aattccgtgg     5640

tgttgtcggg gaagctgacg tcctttccat ggctgctcgc ctgtgttgcc acctggattc     5700



tgcgcgggac gtccttctgc tacgtccctt cggccctcaa tccagcggac cttccttccc     5760

gcggcctgct gccggctctg cggcctcttc cgcgtcttcg ccttcgccct cagacgagtc     5820

ggatctccct ttgggccgcc tccccgcctg gaattcgagc tcggtacctt taagaccaat     5880

gacttacaag gcagctgtag atcttagcca ctttttaaaa gaaaaggggg gactggaagg     5940

gctaattcac tcccaacgaa gacaagatct gctttttgct tgtactgggt ctctctggtt     6000

agaccagatc tgagcctggg agctctctgg ctaactaggg aacccactgc ttaagcctca     6060

ataaagcttg ccttgagtgc ttcaagtagt gtgtgcccgt ctgttgtgtg actctggtaa     6120

ctagagatcc ctcagaccct tttagtcagt gtggaaaatc tctagcagta gtagttcatg     6180

tcatcttatt attcagtatt tataacttgc aaagaaatga atatcagaga gtgagaggaa     6240

cttgtttatt gcagcttata atggttacaa ataaagcaat agcatcacaa atttcacaaa     6300

taaagcattt ttttcactgc attctagttg tggtttgtcc aaactcatca atgtatctta     6360

tcatgtctgg ctctagctat cccgccccta actccgccca tcccgcccct aactccgccc     6420

agttccgccc attctccgcc ccatggctga ctaatttttt ttatttatgc agaggccgag     6480

gccgcctcgg cctctgagct attccagaag tagtgaggag gcttttttgg aggcctaggg     6540

acgtacccaa ttcgccctat agtgagtcgt attacgcgcg ctcactggcc gtcgttttac     6600

aacgtcgtga ctgggaaaac cctggcgtta cccaacttaa tcgccttgca gcacatcccc     6660

ctttcgccag ctggcgtaat agcgaagagg cccgcaccga tcgcccttcc caacagttgc     6720

gcagcctgaa tggcgaatgg gacgcgccct gtagcggcgc attaagcgcg gcgggtgtgg     6780

tggttacgcg cagcgtgacc gctacacttg ccagcgccct agcgcccgct cctttcgctt     6840

tcttcccttc ctttctcgcc acgttcgccg gctttccccg tcaagctcta aatcgggggc     6900

tccctttagg gttccgattt agtgctttac ggcacctcga ccccaaaaaa cttgattagg     6960

gtgatggttc acgtagtggg ccatcgccct gatagacggt ttttcgccct ttgacgttgg     7020

agtccacgtt ctttaatagt ggactcttgt tccaaactgg aacaacactc aaccctatct     7080

cggtctattc ttttgattta taagggattt tgccgatttc ggcctattgg ttaaaaaatg     7140

agctgattta acaaaaattt aacgcgaatt ttaacaaaat attaacgctt acaatttagg     7200

tggcactttt cggggaaatg tgcgcggaac ccctatttgt ttatttttct aaatacattc     7260

aaatatgtat ccgctcatga gacaataacc ctgataaatg cttcaataat attgaaaaag     7320



gaagagtatg agtattcaac atttccgtgt cgcccttatt cccttttttg cggcattttg     7380

ccttcctgtt tttgctcacc cagaaacgct ggtgaaagta aaagatgctg aagatcagtt     7440

gggtgcacga gtgggttaca tcgaactgga tctcaacagc ggtaagatcc ttgagagttt     7500

tcgccccgaa gaacgttttc caatgatgag cacttttaaa gttctgctat gtggcgcggt     7560

attatcccgt attgacgccg ggcaagagca actcggtcgc cgcatacact attctcagaa     7620

tgacttggtt gagtactcac cagtcacaga aaagcatctt acggatggca tgacagtaag     7680

agaattatgc agtgctgcca taaccatgag tgataacact gcggccaact tacttctgac     7740

aacgatcgga ggaccgaagg agctaaccgc ttttttgcac aacatggggg atcatgtaac     7800

tcgccttgat cgttgggaac cggagctgaa tgaagccata ccaaacgacg agcgtgacac     7860

cacgatgcct gtagcaatgg caacaacgtt gcgcaaacta ttaactggcg aactacttac     7920

tctagcttcc cggcaacaat taatagactg gatggaggcg gataaagttg caggaccact     7980

tctgcgctcg gcccttccgg ctggctggtt tattgctgat aaatctggag ccggtgagcg     8040

tgggtctcgc ggtatcattg cagcactggg gccagatggt aagccctccc gtatcgtagt     8100

tatctacacg acggggagtc aggcaactat ggatgaacga aatagacaga tcgctgagat     8160

aggtgcctca ctgattaagc attggtaact gtcagaccaa gtttactcat atatacttta     8220

gattgattta aaacttcatt tttaatttaa aaggatctag gtgaagatcc tttttgataa     8280

tctcatgacc aaaatccctt aacgtgagtt ttcgttccac tgagcgtcag accccgtaga     8340

aaagatcaaa ggatcttctt gagatccttt ttttctgcgc gtaatctgct gcttgcaaac     8400

aaaaaaacca ccgctaccag cggtggtttg tttgccggat caagagctac caactctttt     8460

tccgaaggta actggcttca gcagagcgca gataccaaat actgttcttc tagtgtagcc     8520

gtagttaggc caccacttca agaactctgt agcaccgcct acatacctcg ctctgctaat     8580

cctgttacca gtggctgctg ccagtggcga taagtcgtgt cttaccgggt tggactcaag     8640

acgatagtta ccggataagg cgcagcggtc gggctgaacg gggggttcgt gcacacagcc     8700

cagcttggag cgaacgacct acaccgaact gagataccta cagcgtgagc tatgagaaag     8760

cgccacgctt cccgaaggga gaaaggcgga caggtatccg gtaagcggca gggtcggaac     8820

aggagagcgc acgagggagc ttccaggggg aaacgcctgg tatctttata gtcctgtcgg     8880

gtttcgccac ctctgacttg agcgtcgatt tttgtgatgc tcgtcagggg ggcggagcct     8940



atggaaaaac gccagcaacg cggccttttt acggttcctg gccttttgct ggccttttgc     9000

tcacatgttc tttcctgcgt tatcccctga ttctgtggat aaccgtatta ccgcctttga     9060

gtgagctgat accgctcgcc gcagccgaac gaccgagcgc agcgagtcag tgagcgagga     9120

agcggaagag cgcccaatac gcaaaccgcc tctccccgcg cgttggccga ttcattaatg     9180

cagctggcac gacaggtttc ccgactggaa agcgggcagt gagcgcaacg caattaatgt     9240

gagttagctc actcattagg caccccaggc tttacacttt atgcttccgg ctcgtatgtt     9300

gtgtggaatt gtgagcggat aacaatttca cacaggaaac agctatgacc atgattacgc     9360

caagcgcgca attaaccctc actaaaggga acaaaagctg gagctgc                   9407

<210> 59
<211> 295
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 59
Glu Pro Glu Val Thr Gln Thr Pro Ser His Gln Val Thr Gln Met Gly 
1               5                   10                  15      

Gln Glu Val Ile Leu Arg Cys Val Pro Ile Ser Asn His Leu Tyr Phe 
            20                  25                  30          

Tyr Trp Tyr Arg Gln Ile Leu Gly Gln Lys Val Glu Phe Leu Val Ser 
        35                  40                  45              

Phe Tyr Asn Asn Glu Ile Ser Glu Lys Ser Glu Ile Phe Asp Asp Gln 
    50                  55                  60                  

Phe Ser Val Glu Arg Pro Asp Gly Ser Asn Phe Thr Leu Lys Ile Arg 
65                  70                  75                  80  

Ser Thr Lys Leu Glu Asp Ser Ala Met Tyr Phe Cys Ala Ser Arg Ala 
                85                  90                  95      

Ser Val Gly Val Gly Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg 
            100                 105                 110         



Leu Thr Val Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala 
        115                 120                 125             

Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala Thr 
    130                 135                 140                 

Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser 
145                 150                 155                 160 

Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp Pro 
                165                 170                 175     

Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu 
            180                 185                 190         

Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn 
        195                 200                 205             

His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu 
    210                 215                 220                 

Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu 
225                 230                 235                 240 

Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His Gln 
                245                 250                 255     

Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala 
            260                 265                 270         

Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val 
        275                 280                 285             

Lys Arg Lys Asp Ser Arg Gly 
    290                 295 

<210> 60
<211> 256
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 60
Ala Gln Thr Val Thr Gln Ser Gln Pro Glu Met Ser Val Gln Glu Ala 
1               5                   10                  15      

Glu Thr Val Thr Leu Ser Cys Thr Tyr Asp Thr Ser Glu Ser Asn Tyr 
            20                  25                  30          

Tyr Leu Phe Trp Tyr Lys Gln Pro Pro Ser Arg Gln Met Ile Leu Val 
        35                  40                  45              

Ile Arg Gln Glu Ala Tyr Lys Gln Gln Asn Ala Thr Glu Asn Arg Phe 
    50                  55                  60                  

Ser Val Asn Phe Gln Lys Ala Ala Lys Ser Phe Ser Leu Lys Ile Ser 
65                  70                  75                  80  

Asp Ser Gln Leu Gly Asp Thr Ala Met Tyr Phe Cys Ala Phe Thr Tyr 
                85                  90                  95      

Gly Gly Ser Gln Gly Asn Leu Ile Phe Gly Lys Gly Thr Lys Leu Ser 
            100                 105                 110         

Val Lys Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg 
        115                 120                 125             

Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp 
    130                 135                 140                 

Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr 
145                 150                 155                 160 

Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser 
                165                 170                 175     

Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe 
            180                 185                 190         



Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val 
        195                 200                 205             

Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn 
    210                 215                 220                 

Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu 
225                 230                 235                 240 

Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
                245                 250                 255     

<210> 61
<211> 291
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 61
Gly Val Ser Gln Ser Pro Arg Tyr Lys Val Thr Lys Arg Gly Gln Asp 
1               5                   10                  15      

Val Ala Leu Arg Cys Asp Pro Ile Ser Gly His Val Ser Leu Tyr Trp 
            20                  25                  30          

Tyr Arg Gln Ala Leu Gly Gln Gly Pro Glu Phe Leu Thr Tyr Phe Asn 
        35                  40                  45              

Tyr Glu Ala Gln Gln Asp Lys Ser Gly Leu Pro Asn Asp Arg Phe Ser 
    50                  55                  60                  

Ala Glu Arg Pro Glu Gly Ser Ile Ser Thr Leu Thr Ile Gln Arg Thr 
65                  70                  75                  80  

Glu Gln Arg Asp Ser Ala Met Tyr Arg Cys Ala Ser Ser Pro Glu Leu 
                85                  90                  95      

Ala Gly Pro Gln Glu Thr Gln Tyr Phe Gly Pro Gly Thr Arg Leu Leu 
            100                 105                 110         



Val Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe 
        115                 120                 125             

Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala Thr Leu Val 
    130                 135                 140                 

Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp 
145                 150                 155                 160 

Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp Pro Gln Pro 
                165                 170                 175     

Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser 
            180                 185                 190         

Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe 
        195                 200                 205             

Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr 
    210                 215                 220                 

Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp 
225                 230                 235                 240 

Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His Gln Gly Val 
                245                 250                 255     

Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu 
            260                 265                 270         

Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg 
        275                 280                 285             

Lys Asp Phe 
    290     

<210> 62
<211> 257
<212> PRT
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 62
Ala Gln Lys Val Thr Gln Ala Gln Thr Glu Ile Ser Val Val Glu Lys 
1               5                   10                  15      

Glu Asp Val Thr Leu Asp Cys Val Tyr Glu Thr Arg Asp Thr Thr Tyr 
            20                  25                  30          

Tyr Leu Phe Trp Tyr Lys Gln Pro Pro Ser Gly Glu Leu Val Phe Leu 
        35                  40                  45              

Ile Arg Arg Asn Ser Phe Asp Glu Gln Asn Glu Ile Ser Gly Arg Tyr 
    50                  55                  60                  

Ser Trp Asn Phe Gln Lys Ser Thr Ser Ser Phe Asn Phe Thr Ile Thr 
65                  70                  75                  80  

Ala Ser Gln Val Val Asp Ser Ala Val Tyr Phe Cys Ala Leu Ser Glu 
                85                  90                  95      

Gly Gly Gly Ser Gln Gly Asn Leu Ile Phe Gly Lys Gly Thr Lys Leu 
            100                 105                 110         

Ser Val Lys Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu 
        115                 120                 125             

Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe 
    130                 135                 140                 

Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile 
145                 150                 155                 160 

Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn 
                165                 170                 175     

Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala 
            180                 185                 190         

Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp 
        195                 200                 205             



Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr 
    210                 215                 220                 

Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu 
225                 230                 235                 240 

Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser 
                245                 250                 255     

Ser 
    

<210> 63
<211> 311
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 63
Met Thr Ile Arg Leu Leu Cys Tyr Met Gly Phe Tyr Phe Leu Gly Ala 
1               5                   10                  15      

Gly Leu Met Glu Ala Asp Ile Tyr Gln Thr Pro Arg Tyr Leu Val Ile 
            20                  25                  30          

Gly Thr Gly Lys Lys Ile Thr Leu Glu Cys Ser Gln Thr Met Gly His 
        35                  40                  45              

Asp Lys Met Tyr Trp Tyr Gln Gln Asp Pro Gly Met Glu Leu His Leu 
    50                  55                  60                  

Ile His Tyr Ser Tyr Gly Val Asn Ser Thr Glu Lys Gly Asp Leu Ser 
65                  70                  75                  80  

Ser Glu Ser Thr Val Ser Arg Ile Arg Thr Glu His Phe Pro Leu Thr 
                85                  90                  95      

Leu Glu Ser Ala Arg Pro Ser His Thr Ser Gln Tyr Leu Cys Ala Ser 
            100                 105                 110         



Ser Gly Pro Gly Gln Gly His Asn Gln Pro Gln His Phe Gly Asp Gly 
        115                 120                 125             

Thr Arg Leu Ser Ile Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu 
    130                 135                 140                 

Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys 
145                 150                 155                 160 

Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu 
                165                 170                 175     

Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr 
            180                 185                 190         

Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr 
        195                 200                 205             

Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro 
    210                 215                 220                 

Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn 
225                 230                 235                 240 

Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser 
                245                 250                 255     

Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr 
            260                 265                 270         

His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly 
        275                 280                 285             

Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala 
    290                 295                 300                 

Met Val Lys Arg Lys Asp Phe 
305                 310     



<210> 64
<211> 254
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 64
Gln Lys Val Thr Gln Ala Gln Thr Glu Ile Ser Val Val Glu Lys Glu 
1               5                   10                  15      

Asp Val Thr Leu Asp Cys Val Tyr Glu Thr Arg Asp Thr Thr Tyr Tyr 
            20                  25                  30          

Leu Phe Trp Tyr Lys Gln Pro Pro Ser Gly Glu Leu Val Phe Leu Ile 
        35                  40                  45              

Arg Arg Asn Ser Phe Asp Glu Gln Asn Glu Ile Ser Gly Arg Tyr Ser 
    50                  55                  60                  

Trp Asn Phe Gln Lys Ser Thr Ser Ser Phe Asn Phe Thr Ile Thr Ala 
65                  70                  75                  80  

Ser Gln Val Val Asp Ser Ala Val Tyr Phe Cys Ala Leu Gly Ser Ser 
                85                  90                  95      

Gly Thr Tyr Lys Tyr Ile Phe Gly Thr Gly Thr Arg Leu Lys Val Leu 
            100                 105                 110         

Ala Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser 
        115                 120                 125             

Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln 
    130                 135                 140                 

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys 
145                 150                 155                 160 

Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val 
                165                 170                 175     



Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn 
            180                 185                 190         

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys 
        195                 200                 205             

Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn 
    210                 215                 220                 

Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val 
225                 230                 235                 240 

Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
                245                 250                 

<210> 65
<211> 289
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 65
Gln Val Thr Gln Asn Pro Arg Tyr Leu Ile Thr Val Thr Gly Lys Lys 
1               5                   10                  15      

Leu Thr Val Thr Cys Ser Gln Asn Met Asn His Glu Tyr Met Ser Trp 
            20                  25                  30          

Tyr Arg Gln Asp Pro Gly Leu Gly Leu Arg Gln Ile Tyr Tyr Ser Met 
        35                  40                  45              

Asn Val Glu Val Thr Asp Lys Gly Asp Val Pro Glu Gly Tyr Lys Val 
    50                  55                  60                  

Ser Arg Lys Glu Lys Arg Asn Phe Pro Leu Ile Leu Glu Ser Pro Ser 
65                  70                  75                  80  

Pro Asn Gln Thr Ser Leu Tyr Phe Cys Ala Ser Ser Pro Gln Gly Arg 
                85                  90                  95      



Ile Asn Ser Pro Leu His Phe Gly Asn Gly Thr Arg Leu Thr Val Thr 
            100                 105                 110         

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro 
        115                 120                 125             

Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala Thr Leu Val Cys Leu 
    130                 135                 140                 

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn 
145                 150                 155                 160 

Gly Lys Glu Val His Ser Gly Val Cys Thr Asp Pro Gln Pro Leu Lys 
                165                 170                 175     

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu 
            180                 185                 190         

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys 
        195                 200                 205             

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp 
    210                 215                 220                 

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg 
225                 230                 235                 240 

Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His Gln Gly Val Leu Ser 
                245                 250                 255     

Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala 
            260                 265                 270         

Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp 
        275                 280                 285             

Phe 
    

<210> 66
<211> 251



<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 66
Gln Asn Ile Asp Gln Pro Thr Glu Met Thr Ala Thr Glu Gly Ala Ile 
1               5                   10                  15      

Val Gln Ile Asn Cys Thr Tyr Gln Thr Ser Gly Phe Asn Gly Leu Phe 
            20                  25                  30          

Trp Tyr Gln Gln His Ala Gly Glu Ala Pro Thr Phe Leu Ser Tyr Asn 
        35                  40                  45              

Val Leu Asp Gly Leu Glu Glu Lys Gly Arg Phe Ser Ser Phe Leu Ser 
    50                  55                  60                  

Arg Ser Lys Gly Tyr Ser Tyr Leu Leu Leu Lys Glu Leu Gln Met Lys 
65                  70                  75                  80  

Asp Ser Ala Ser Tyr Leu Cys Ala Val Arg Asp Thr Gly Tyr Gly Gln 
                85                  90                  95      

Asn Phe Val Phe Gly Pro Gly Thr Arg Leu Ser Val Leu Pro Tyr Ile 
            100                 105                 110         

Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser 
        115                 120                 125             

Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val 
    130                 135                 140                 

Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu 
145                 150                 155                 160 

Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser 
                165                 170                 175     

Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile 
            180                 185                 190         



Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys 
        195                 200                 205             

Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn 
    210                 215                 220                 

Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe 
225                 230                 235                 240 

Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
                245                 250     

<210> 67
<211> 296
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 67
Gly Ser Gly Leu Gly Ala Val Val Ser Gln His Pro Ser Trp Val Ile 
1               5                   10                  15      

Cys Lys Ser Gly Thr Ser Val Lys Ile Glu Cys Arg Ser Leu Asp Phe 
            20                  25                  30          

Gln Ala Thr Thr Met Phe Trp Tyr Arg Gln Phe Pro Lys Gln Ser Leu 
        35                  40                  45              

Met Leu Met Ala Thr Ser Asn Glu Gly Ser Lys Ala Thr Tyr Glu Gln 
    50                  55                  60                  

Gly Val Glu Lys Asp Lys Phe Leu Ile Asn His Ala Ser Leu Thr Leu 
65                  70                  75                  80  

Ser Thr Leu Thr Val Thr Ser Ala His Pro Glu Asp Ser Ser Phe Tyr 
                85                  90                  95      

Ile Cys Ser Ala Arg Glu Gly Tyr Arg Ser Tyr Phe Gly Pro Gly Thr 
            100                 105                 110         



Arg Leu Thr Val Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val 
        115                 120                 125             

Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala 
    130                 135                 140                 

Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu 
145                 150                 155                 160 

Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp 
                165                 170                 175     

Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys 
            180                 185                 190         

Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg 
        195                 200                 205             

Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp 
    210                 215                 220                 

Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala 
225                 230                 235                 240 

Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His 
                245                 250                 255     

Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys 
            260                 265                 270         

Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met 
        275                 280                 285             

Val Lys Arg Lys Asp Ser Arg Gly 
    290                 295     

<210> 68
<211> 250
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 68
Lys Thr Thr Gln Pro Pro Ser Met Asp Cys Ala Glu Gly Arg Ala Ala 
1               5                   10                  15      

Asn Leu Pro Cys Asn His Ser Thr Ile Ser Gly Asn Glu Tyr Val Tyr 
            20                  25                  30          

Trp Tyr Arg Gln Ile His Ser Gln Gly Pro Gln Tyr Ile Ile His Gly 
        35                  40                  45              

Leu Lys Asn Asn Glu Thr Asn Glu Met Ala Ser Leu Ile Ile Thr Glu 
    50                  55                  60                  

Asp Arg Lys Ser Ser Thr Leu Ile Leu Pro His Ala Thr Leu Arg Asp 
65                  70                  75                  80  

Thr Ala Val Tyr Tyr Cys Ile Val Arg Asp Arg Ser Tyr Gly Gln Asn 
                85                  90                  95      

Phe Val Phe Gly Pro Gly Thr Arg Leu Ser Val Leu Pro Tyr Ile Gln 
            100                 105                 110         

Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp 
        115                 120                 125             

Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser 
    130                 135                 140                 

Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp 
145                 150                 155                 160 

Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn 
                165                 170                 175     

Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro 
            180                 185                 190         



Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu 
        195                 200                 205             

Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu 
    210                 215                 220                 

Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn 
225                 230                 235                 240 

Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
                245                 250 

<210> 69
<211> 297
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 69
Gly Ser Gly Leu Gly Ala Val Val Ser Gln His Pro Ser Trp Val Ile 
1               5                   10                  15      

Cys Lys Ser Gly Thr Ser Val Lys Ile Glu Cys Arg Ser Leu Asp Phe 
            20                  25                  30          

Gln Ala Thr Thr Met Phe Trp Tyr Arg Gln Phe Pro Lys Gln Ser Leu 
        35                  40                  45              

Met Leu Met Ala Thr Ser Asn Glu Gly Cys Lys Ala Thr Tyr Glu Gln 
    50                  55                  60                  

Gly Val Glu Lys Asp Lys Phe Leu Ile Asn His Ala Ser Leu Thr Leu 
65                  70                  75                  80  

Ser Thr Leu Thr Val Thr Ser Ala His Pro Glu Asp Ser Ser Phe Tyr 
                85                  90                  95      

Ile Cys Ser Thr Ala Gly Glu Thr Asp Thr Gln Tyr Phe Gly Pro Gly 
            100                 105                 110         



Thr Arg Leu Thr Val Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu 
        115                 120                 125             

Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys 
    130                 135                 140                 

Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu 
145                 150                 155                 160 

Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr 
                165                 170                 175     

Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr 
            180                 185                 190         

Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro 
        195                 200                 205             

Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn 
    210                 215                 220                 

Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser 
225                 230                 235                 240 

Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr 
                245                 250                 255     

His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly 
            260                 265                 270         

Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala 
        275                 280                 285             

Met Val Lys Arg Lys Asp Ser Arg Gly 
    290                 295         

<210> 70
<211> 259
<212> PRT
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 70
Glu Ser Val Gly Leu His Leu Pro Thr Leu Ser Val Gln Glu Gly Asp 
1               5                   10                  15      

Asn Ser Ile Ile Asn Cys Ala Tyr Ser Asn Ser Ala Ser Asp Tyr Phe 
            20                  25                  30          

Ile Trp Tyr Lys Gln Glu Ser Gly Lys Gly Pro Gln Phe Ile Ile Asp 
        35                  40                  45              

Ile Arg Ser Asn Met Asp Lys Arg Gln Gly Gln Arg Val Thr Val Leu 
    50                  55                  60                  

Leu Asn Lys Thr Val Lys His Leu Ser Leu Gln Ile Ala Ala Thr Gln 
65                  70                  75                  80  

Pro Gly Asp Ser Ala Val Tyr Phe Cys Ala Glu Thr Leu Gly Leu Asp 
                85                  90                  95      

Gln Gly Gly Lys Leu Ile Phe Gly Gln Gly Thr Glu Leu Ser Val Lys 
            100                 105                 110         

Pro Asn Ile Gln Asn Pro Asp Ser Val Lys Pro Asn Pro Ala Val Tyr 
        115                 120                 125             

Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr 
    130                 135                 140                 

Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val 
145                 150                 155                 160 

Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys 
                165                 170                 175     

Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala 
            180                 185                 190         

Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser 
        195                 200                 205             



Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr 
    210                 215                 220                 

Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile 
225                 230                 235                 240 

Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu 
                245                 250                 255     

Trp Ser Ser 
            

<210> 71
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 71
aactgcacgt accagacatc                                                   20

<210> 72
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 72
gatgtgcacc aagactcc                                                     18

<210> 73
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 73



aagatcaggt caacgttgc                                                    19

<210> 74
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 74
ctccatggac tcatatgaag g                                                 21

<210> 75
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 75
cttttcctga gtgtccgag                                                    19

<210> 76
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 76
caccctgacc tgcaactata c                                                 21

<210> 77
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 77
agctgcacgt actctgtcag                                                   20



<210> 78
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 78
ctcactggag ttgggatg                                                     18

<210> 79
<211> 17
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 79
gccaccctgg ttaaagg                                                      17

<210> 80
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 80
cactgtctct gaaggagcc                                                    19

<210> 81
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 81
gagctgaggt gcaactactc                                                   20

<210> 82



<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 82
ctaacagagg ccacccag                                                     18

<210> 83
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 83
tggtatgtcc aatatcctgg                                                   20

<210> 84
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 84
caagtggagc agagtcctc                                                    19

<210> 85
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 85
cartgttcca gagggagc                                                     18

<210> 86
<211> 19
<212> DNA



<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 86
catccttcaa ccctgagtg                                                    19

<210> 87
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 87
cagcgcctca gactacttc                                                    19

<210> 88
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 88
aagataactc aaacccaacc ag                                                22

<210> 89
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 89
agtggagctg aagtgcaac                                                    19

<210> 90
<211> 19
<212> DNA
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 90
ggagaagagg atcctcagg                                                    19

<210> 91
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 91
tccagtatct aaacaaagag cc                                                22

<210> 92
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 92
aggtaactca agcgcagac                                                    19

<210> 93
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 93
cacagtcagc ggtttaagag                                                   20

<210> 94
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



      primer

<400> 94
ttcctgcagc tctgagtg                                                     18

<210> 95
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 95
gtcctccaga cctgattctc                                                   20

<210> 96
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 96
tgcttatgag aacactgcg                                                    19

<210> 97
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 97
ctcagtcact gcatgttcag                                                   20

<210> 98
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer



<400> 98
ggacttcacc acgtactgc                                                    19

<210> 99
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 99
gcaaacctgc cttgtaatc                                                    19

<210> 100
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 100
agccaaattc aatggagag                                                    19

<210> 101
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 101
tcagtttcta agcatccaag ag                                                22

<210> 102
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 102
gcaagttaag caaaattcac c                                                 21



<210> 103
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 103
caacaaccag tgcagagtc                                                    19

<210> 104
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 104
agaactggag cagagtcctc                                                   20

<210> 105
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 105
ggtcaacagc tgaatcagag                                                   20

<210> 106
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 106
gaagacaagg tggtacaaag c                                                 21



<210> 107
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 107
gcacatatga caccagtgag                                                   20

<210> 108
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 108
ctgttcctga gcatgcag                                                     18

<210> 109
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 109
gcatctgtga ctatgaactg c                                                 21

<210> 110
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 110
aatgaagtgg agcagagtcc                                                   20

<210> 111
<211> 19



<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 111
gaccagcttg acatcacag                                                    19

<210> 112
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 112
tcgatgatca attctcagtt g                                                 21

<210> 113
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 113
caaaatacct ggtcacacag                                                   20

<210> 114
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 114
tcgcttctca cctgaatg                                                     18

<210> 115
<211> 20
<212> DNA
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 115
gattctcagg kckccagttc                                                   20

<210> 116
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 116
gtaccaacag gycctgggt                                                    19

<210> 117
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 117
actcagaccc caaaattcc                                                    19

<210> 118
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 118
actggcaaag gagaagtcc                                                    19

<210> 119
<211> 20
<212> DNA
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      primer

<400> 119
trtgatccaa tttcaggtca                                                   20

<210> 120
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 120
gswtctytgc agaraggcc                                                    19

<210> 121
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 121
gatcacagca actggacag                                                    19

<210> 122
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 122
tgtwctggta tcgacaagac c                                                 21

<210> 123
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer



<400> 123
cgattttctg cagagacgc                                                    19

<210> 124
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 124
argtgacaga ratgggacaa                                                   20

<210> 125
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 125
agcgataaag gaagcatcc                                                    19

<210> 126
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 126
ccaacaatcg attcttagct g                                                 21

<210> 127
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 127



agtgaccctg agttgttctc                                                   20

<210> 128
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 128
gtctttgatg aaacaggtat gc                                                22

<210> 129
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 129
cagaccccca gacacaag                                                     18

<210> 130
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 130
catagatgag tcaggaatgc c                                                 21

<210> 131
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 131
agttgtgaac agaatttgaa cc                                                22



<210> 132
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 132
aagtttctca tcaaccatgc                                                   20

<210> 133
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 133
gcgattctca tctcaatgc                                                    19

<210> 134
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 134
cctacggttg atctattact cc                                                22

<210> 135
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 135
actacacctc atccactatt cc                                                22

<210> 136



<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 136
tggtatcgac aagacccag                                                    19

<210> 137
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 137
ttctggtacc gtcagcaac                                                    19

<210> 138
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 138
tccagctgct cttctactcc                                                   20

<210> 139
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 139
tagaactgga cttgacagcg                                                   20

<210> 140
<211> 21
<212> DNA



<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 140
gcacccacat ttctktctta c                                                 21

<210> 141
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 141
cactctgtgt ccaatgctta c                                                 21

<210> 142
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 142
atgcacctat tcagtctctg g                                                 21

<210> 143
<211> 23
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 143
attatatcac gtggtaccaa cag                                               23

<210> 144
<211> 20
<212> DNA
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 144
tacacagaca gctcctccac                                                   20

<210> 145
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 145
tggtaccgac aagatccag                                                    19

<210> 146
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 146
acaatttgca gtggtacagg                                                   20

<210> 147
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 147
gtcaacacct tcagcttctc                                                   20

<210> 148
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



      primer

<400> 148
agagtgaaac ctccttccac                                                   20

<210> 149
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 149
tttgaggctg aatttaagag g                                                 21

<210> 150
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 150
aaccaaggac tccagcttc                                                    19

<210> 151
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 151
atcagaggtt ttgaggctg                                                    19

<210> 152
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer



<400> 152
gaaaccactt ctttccactt g                                                 21

<210> 153
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 153
gaaagaactg cactcttcaa tg                                                22

<210> 154
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 154
aagatggaag gtttacagca c                                                 21

<210> 155
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 155
tcagacagtg cctcaaacta c                                                 21

<210> 156
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 156
cagtgaaaca tctctctctg c                                                 21



<210> 157
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 157
aggctgtgac tctggactg                                                    19

<210> 158
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 158
gtccagtact ccagacaacg                                                   20

<210> 159
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 159
ccaccatgaa ctgcagttac                                                   20

<210> 160
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 160
tgacagttcc ttccacctg                                                    19



<210> 161
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 161
tgtgaccttg gactgtgtg                                                    19

<210> 162
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 162
tctggtatag gcaagatcct g                                                 21

<210> 163
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 163
aacttggttc tcaactgcag                                                   20

<210> 164
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 164
ctgactctgt gaacaatttg c                                                 21

<210> 165
<211> 21



<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 165
tgcattattg atagccatac g                                                 21

<210> 166
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 166
tgccttacac tggtacagat g                                                 21

<210> 167
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 167
tataagcaaa ggcctggtg                                                    19

<210> 168
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 168
cgacagattc actcccag                                                     18

<210> 169
<211> 20
<212> DNA
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 169
ttcacttgcc ttgtaaccac                                                   20

<210> 170
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 170
ctcactgtgt actgcaactc c                                                 21

<210> 171
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 171
ctgctgaagg tcctacattc                                                   20

<210> 172
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 172
agaagcatgg tgaagcac                                                     18

<210> 173
<211> 20
<212> DNA
<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
      primer

<400> 173
atctcaccat aaactgcacg                                                   20

<210> 174
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 174
acctggctat ggtacaagc                                                    19

<210> 175
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 175
atctctggtt gtccacgag                                                    19

<210> 176
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 176
cagcaggcag atgattctc                                                    19

<210> 177
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer



<400> 177
tcaaccactt cagacagact g                                                 21

<210> 178
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 178
ggaggcggaa atattaaaga c                                                 21

<210> 179
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 179
ttgtttatgc tgagctcagg                                                   20

<210> 180
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 180
tgttgctctt gaagtccata g                                                 21

<210> 181
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 181



ttcactctga agatccggtc                                                   20

<210> 182
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 182
aatcttcaca tcaattccct g                                                 21

<210> 183
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 183
cctgcagcca gaagactc                                                     18

<210> 184
<211> 18
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 184
cttggagctg grsgactc                                                     18

<210> 185
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 185
tctgagctga atgtgaacg                                                    19



<210> 186
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 186
gtgtrcccag gatatgaacc                                                   20

<210> 187
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 187
tggttatagt gtctccagag c                                                 21

<210> 188
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 188
tcyactctga mgwtccagcg                                                   20

<210> 189
<211> 17
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 189
tgrmgatyca gcgcaca                                                      17

<210> 190



<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 190
gtaccaacag agcctggac                                                    19

<210> 191
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 191
tccycctcac tctggagtc                                                    19

<210> 192
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 192
gactccactc tcaagatcca                                                   20

<210> 193
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 193
cyactctgar gatccagcc                                                    19

<210> 194
<211> 21
<212> DNA



<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 194
cattctgaac tgaacatgag c                                                 21

<210> 195
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 195
attctactct gaaggtgcag c                                                 21

<210> 196
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 196
ataacttcca atccaggagg                                                   20

<210> 197
<211> 22
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 197
gaaagatttt cagctaagtg cc                                                22

<210> 198
<211> 19
<212> DNA
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 198
tgttcactgg taccgacag                                                    19

<210> 199
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 199
cgattttctg ctgaatttcc                                                   20

<210> 200
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 200
ttcctctcac tgtgacatcg                                                   20

<210> 201
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 201
actctgacag tgaccagtgc                                                   20

<210> 202
<211> 19
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic



      primer

<400> 202
gcaatcctgt cctcagaac                                                    19

<210> 203
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 203
gatggataca gtgtctctcg a                                                 21

<210> 204
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 204
cagagaaggg agatctttcc                                                   20

<210> 205
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 205
ttcyccctga tyctggagtc                                                   20

<210> 206
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer



<400> 206
tctgactgtg agcaacatga g                                                 21

<210> 207
<211> 21
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 207
agaatctctc agcctccaga c                                                 21

<210> 208
<211> 20
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      primer

<400> 208
ttctgatggc tcaaacacag                                                   20

<210> 209
<211> 622
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 209
Met Asp Thr Trp Leu Val Cys Trp Ala Ile Phe Ser Leu Leu Lys Ala 
1               5                   10                  15      

Gly Leu Thr Glu Pro Glu Val Thr Gln Thr Pro Ser His Gln Val Thr 
            20                  25                  30          

Gln Met Gly Gln Glu Val Ile Leu Arg Cys Val Pro Ile Ser Asn His 
        35                  40                  45              

Leu Tyr Phe Tyr Trp Tyr Arg Gln Ile Leu Gly Gln Lys Val Glu Phe 
    50                  55                  60                  



Leu Val Ser Phe Tyr Asn Asn Glu Ile Ser Glu Lys Ser Glu Ile Phe 
65                  70                  75                  80  

Asp Asp Gln Phe Ser Val Glu Arg Pro Asp Gly Ser Asn Phe Thr Leu 
                85                  90                  95      

Lys Ile Arg Ser Thr Lys Leu Glu Asp Ser Ala Met Tyr Phe Cys Ala 
            100                 105                 110         

Ser Arg Ala Ser Val Gly Val Gly Thr Gly Glu Leu Phe Phe Gly Glu 
        115                 120                 125             

Gly Ser Arg Leu Thr Val Leu Glu Asp Leu Lys Asn Val Phe Pro Pro 
    130                 135                 140                 

Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln 
145                 150                 155                 160 

Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val 
                165                 170                 175     

Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys 
            180                 185                 190         

Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg 
        195                 200                 205             

Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn 
    210                 215                 220                 

Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu 
225                 230                 235                 240 

Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val 
                245                 250                 255     

Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser 
            260                 265                 270         



Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu 
        275                 280                 285             

Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met 
    290                 295                 300                 

Ala Met Val Lys Arg Lys Asp Ser Arg Gly Arg Ala Lys Arg Ser Gly 
305                 310                 315                 320 

Ser Gly Ala Pro Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu 
                325                 330                 335     

Ala Gly Asp Val Glu Ser Asn Pro Gly Pro Met Thr Arg Val Ser Leu 
            340                 345                 350         

Leu Trp Ala Val Val Val Ser Thr Cys Leu Glu Ser Gly Met Ala Gln 
        355                 360                 365             

Thr Val Thr Gln Ser Gln Pro Glu Met Ser Val Gln Glu Ala Glu Thr 
    370                 375                 380                 

Val Thr Leu Ser Cys Thr Tyr Asp Thr Ser Glu Ser Asn Tyr Tyr Leu 
385                 390                 395                 400 

Phe Trp Tyr Lys Gln Pro Pro Ser Arg Gln Met Ile Leu Val Ile Arg 
                405                 410                 415     

Gln Glu Ala Tyr Lys Gln Gln Asn Ala Thr Glu Asn Arg Phe Ser Val 
            420                 425                 430         

Asn Phe Gln Lys Ala Ala Lys Ser Phe Ser Leu Lys Ile Ser Asp Ser 
        435                 440                 445             

Gln Leu Gly Asp Thr Ala Met Tyr Phe Cys Ala Phe Thr Tyr Gly Gly 
    450                 455                 460                 

Ser Gln Gly Asn Leu Ile Phe Gly Lys Gly Thr Lys Leu Ser Val Lys 
465                 470                 475                 480 

Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser 
                485                 490                 495     



Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln 
            500                 505                 510         

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys 
        515                 520                 525             

Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val 
    530                 535                 540                 

Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn 
545                 550                 555                 560 

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys 
                565                 570                 575     

Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn 
            580                 585                 590         

Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val 
        595                 600                 605             

Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
    610                 615                 620         

<210> 210
<211> 621
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 210
Met Gly Thr Ser Leu Leu Cys Trp Val Val Leu Gly Phe Leu Gly Thr 
1               5                   10                  15      

Asp His Thr Gly Ala Gly Val Ser Gln Ser Pro Arg Tyr Lys Val Thr 
            20                  25                  30          

Lys Arg Gly Gln Asp Val Ala Leu Arg Cys Asp Pro Ile Ser Gly His 
        35                  40                  45              



Val Ser Leu Tyr Trp Tyr Arg Gln Ala Leu Gly Gln Gly Pro Glu Phe 
    50                  55                  60                  

Leu Thr Tyr Phe Asn Tyr Glu Ala Gln Gln Asp Lys Ser Gly Leu Pro 
65                  70                  75                  80  

Asn Asp Arg Phe Ser Ala Glu Arg Pro Glu Gly Ser Ile Ser Thr Leu 
                85                  90                  95      

Thr Ile Gln Arg Thr Glu Gln Arg Asp Ser Ala Met Tyr Arg Cys Ala 
            100                 105                 110         

Ser Ser Pro Glu Leu Ala Gly Pro Gln Glu Thr Gln Tyr Phe Gly Pro 
        115                 120                 125             

Gly Thr Arg Leu Leu Val Leu Glu Asp Leu Asn Lys Val Phe Pro Pro 
    130                 135                 140                 

Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln 
145                 150                 155                 160 

Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val 
                165                 170                 175     

Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys 
            180                 185                 190         

Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg 
        195                 200                 205             

Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn 
    210                 215                 220                 

Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu 
225                 230                 235                 240 

Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val 
                245                 250                 255     



Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser 
            260                 265                 270         

Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu 
        275                 280                 285             

Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met 
    290                 295                 300                 

Ala Met Val Lys Arg Lys Asp Phe Arg Ala Lys Arg Ser Gly Ser Gly 
305                 310                 315                 320 

Ala Pro Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly 
                325                 330                 335     

Asp Val Glu Ser Asn Pro Gly Pro Met Leu Thr Ala Ser Leu Leu Arg 
            340                 345                 350         

Ala Val Ile Ala Ser Ile Cys Val Val Ser Ser Met Ala Gln Lys Val 
        355                 360                 365             

Thr Gln Ala Gln Thr Glu Ile Ser Val Val Glu Lys Glu Asp Val Thr 
    370                 375                 380                 

Leu Asp Cys Val Tyr Glu Thr Arg Asp Thr Thr Tyr Tyr Leu Phe Trp 
385                 390                 395                 400 

Tyr Lys Gln Pro Pro Ser Gly Glu Leu Val Phe Leu Ile Arg Arg Asn 
                405                 410                 415     

Ser Phe Asp Glu Gln Asn Glu Ile Ser Gly Arg Tyr Ser Trp Asn Phe 
            420                 425                 430         

Gln Lys Ser Thr Ser Ser Phe Asn Phe Thr Ile Thr Ala Ser Gln Val 
        435                 440                 445             

Val Asp Ser Ala Val Tyr Phe Cys Ala Leu Ser Glu Gly Gly Gly Ser 
    450                 455                 460                 

Gln Gly Asn Leu Ile Phe Gly Lys Gly Thr Lys Leu Ser Val Lys Pro 
465                 470                 475                 480 



Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys 
                485                 490                 495     

Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr 
            500                 505                 510         

Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Cys 
        515                 520                 525             

Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala 
    530                 535                 540                 

Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser 
545                 550                 555                 560 

Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys Asp 
                565                 570                 575     

Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe 
            580                 585                 590         

Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala 
        595                 600                 605             

Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
    610                 615                 620     

<210> 211
<211> 618
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 211
Met Thr Ile Arg Leu Leu Cys Tyr Met Gly Phe Tyr Phe Leu Gly Ala 
1               5                   10                  15      

Gly Leu Met Glu Ala Asp Ile Tyr Gln Thr Pro Arg Tyr Leu Val Ile 
            20                  25                  30          



Gly Thr Gly Lys Lys Ile Thr Leu Glu Cys Ser Gln Thr Met Gly His 
        35                  40                  45              

Asp Lys Met Tyr Trp Tyr Gln Gln Asp Pro Gly Met Glu Leu His Leu 
    50                  55                  60                  

Ile His Tyr Ser Tyr Gly Val Asn Ser Thr Glu Lys Gly Asp Leu Ser 
65                  70                  75                  80  

Ser Glu Ser Thr Val Ser Arg Ile Arg Thr Glu His Phe Pro Leu Thr 
                85                  90                  95      

Leu Glu Ser Ala Arg Pro Ser His Thr Ser Gln Tyr Leu Cys Ala Ser 
            100                 105                 110         

Ser Gly Pro Gly Gln Gly His Asn Gln Pro Gln His Phe Gly Asp Gly 
        115                 120                 125             

Thr Arg Leu Ser Ile Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu 
    130                 135                 140                 

Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys 
145                 150                 155                 160 

Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu 
                165                 170                 175     

Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr 
            180                 185                 190         

Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr 
        195                 200                 205             

Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro 
    210                 215                 220                 

Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn 
225                 230                 235                 240 



Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser 
                245                 250                 255     

Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr 
            260                 265                 270         

His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly 
        275                 280                 285             

Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala 
    290                 295                 300                 

Met Val Lys Arg Lys Asp Phe Arg Ala Lys Arg Ser Gly Ser Gly Ala 
305                 310                 315                 320 

Pro Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp 
                325                 330                 335     

Val Glu Ser Asn Pro Gly Pro Met Leu Thr Ala Ser Leu Leu Arg Ala 
            340                 345                 350         

Val Ile Ala Ser Ile Cys Val Val Ser Ser Met Ala Gln Lys Val Thr 
        355                 360                 365             

Gln Ala Gln Thr Glu Ile Ser Val Val Glu Lys Glu Asp Val Thr Leu 
    370                 375                 380                 

Asp Cys Val Tyr Glu Thr Arg Asp Thr Thr Tyr Tyr Leu Phe Trp Tyr 
385                 390                 395                 400 

Lys Gln Pro Pro Ser Gly Glu Leu Val Phe Leu Ile Arg Arg Asn Ser 
                405                 410                 415     

Phe Asp Glu Gln Asn Glu Ile Ser Gly Arg Tyr Ser Trp Asn Phe Gln 
            420                 425                 430         

Lys Ser Thr Ser Ser Phe Asn Phe Thr Ile Thr Ala Ser Gln Val Val 
        435                 440                 445             

Asp Ser Ala Val Tyr Phe Cys Ala Leu Gly Ser Ser Gly Thr Tyr Lys 
    450                 455                 460                 



Tyr Ile Phe Gly Thr Gly Thr Arg Leu Lys Val Leu Ala Asn Ile Gln 
465                 470                 475                 480 

Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp 
                485                 490                 495     

Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser 
            500                 505                 510         

Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp 
        515                 520                 525             

Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn 
    530                 535                 540                 

Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro 
545                 550                 555                 560 

Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu 
                565                 570                 575     

Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu 
            580                 585                 590         

Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn 
        595                 600                 605             

Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
    610                 615             

<210> 212
<211> 611
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 212
Met Gly Pro Gln Leu Leu Gly Tyr Val Val Leu Cys Leu Leu Gly Ala 
1               5                   10                  15      



Gly Pro Leu Glu Ala Gln Val Thr Gln Asn Pro Arg Tyr Leu Ile Thr 
            20                  25                  30          

Val Thr Gly Lys Lys Leu Thr Val Thr Cys Ser Gln Asn Met Asn His 
        35                  40                  45              

Glu Tyr Met Ser Trp Tyr Arg Gln Asp Pro Gly Leu Gly Leu Arg Gln 
    50                  55                  60                  

Ile Tyr Tyr Ser Met Asn Val Glu Val Thr Asp Lys Gly Asp Val Pro 
65                  70                  75                  80  

Glu Gly Tyr Lys Val Ser Arg Lys Glu Lys Arg Asn Phe Pro Leu Ile 
                85                  90                  95      

Leu Glu Ser Pro Ser Pro Asn Gln Thr Ser Leu Tyr Phe Cys Ala Ser 
            100                 105                 110         

Ser Pro Gln Gly Arg Ile Asn Ser Pro Leu His Phe Gly Asn Gly Thr 
        115                 120                 125             

Arg Leu Thr Val Thr Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val 
    130                 135                 140                 

Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala 
145                 150                 155                 160 

Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu 
                165                 170                 175     

Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp 
            180                 185                 190         

Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys 
        195                 200                 205             

Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg 
    210                 215                 220                 



Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp 
225                 230                 235                 240 

Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala 
                245                 250                 255     

Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His 
            260                 265                 270         

Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys 
        275                 280                 285             

Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met 
    290                 295                 300                 

Val Lys Arg Lys Asp Phe Arg Ala Lys Arg Ser Gly Ser Gly Ala Pro 
305                 310                 315                 320 

Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp Val 
                325                 330                 335     

Glu Ser Asn Pro Gly Pro Met Trp Gly Val Phe Leu Leu Tyr Val Ser 
            340                 345                 350         

Met Lys Met Gly Gly Thr Thr Gly Gln Asn Ile Asp Gln Pro Thr Glu 
        355                 360                 365             

Met Thr Ala Thr Glu Gly Ala Ile Val Gln Ile Asn Cys Thr Tyr Gln 
    370                 375                 380                 

Thr Ser Gly Phe Asn Gly Leu Phe Trp Tyr Gln Gln His Ala Gly Glu 
385                 390                 395                 400 

Ala Pro Thr Phe Leu Ser Tyr Asn Val Leu Asp Gly Leu Glu Glu Lys 
                405                 410                 415     

Gly Arg Phe Ser Ser Phe Leu Ser Arg Ser Lys Gly Tyr Ser Tyr Leu 
            420                 425                 430         

Leu Leu Lys Glu Leu Gln Met Lys Asp Ser Ala Ser Tyr Leu Cys Ala 
        435                 440                 445             



Val Arg Asp Thr Gly Tyr Gly Gln Asn Phe Val Phe Gly Pro Gly Thr 
    450                 455                 460                 

Arg Leu Ser Val Leu Pro Tyr Ile Gln Asn Pro Asp Pro Ala Val Tyr 
465                 470                 475                 480 

Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr 
                485                 490                 495     

Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val 
            500                 505                 510         

Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys 
        515                 520                 525             

Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala 
    530                 535                 540                 

Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser 
545                 550                 555                 560 

Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr 
                565                 570                 575     

Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile 
            580                 585                 590         

Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu 
        595                 600                 605             

Trp Ser Ser 
    610     

<210> 213
<211> 618
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide



<400> 213
Met Leu Leu Leu Leu Leu Leu Leu Gly Pro Gly Ile Ser Leu Leu Leu 
1               5                   10                  15      

Pro Gly Ser Leu Ala Gly Ser Gly Leu Gly Ala Val Val Ser Gln His 
            20                  25                  30          

Pro Ser Trp Val Ile Cys Lys Ser Gly Thr Ser Val Lys Ile Glu Cys 
        35                  40                  45              

Arg Ser Leu Asp Phe Gln Ala Thr Thr Met Phe Trp Tyr Arg Gln Phe 
    50                  55                  60                  

Pro Lys Gln Ser Leu Met Leu Met Ala Thr Ser Asn Glu Gly Ser Lys 
65                  70                  75                  80  

Ala Thr Tyr Glu Gln Gly Val Glu Lys Asp Lys Phe Leu Ile Asn His 
                85                  90                  95      

Ala Ser Leu Thr Leu Ser Thr Leu Thr Val Thr Ser Ala His Pro Glu 
            100                 105                 110         

Asp Ser Ser Phe Tyr Ile Cys Ser Ala Arg Glu Gly Tyr Arg Ser Tyr 
        115                 120                 125             

Phe Gly Pro Gly Thr Arg Leu Thr Val Leu Glu Asp Leu Lys Asn Val 
    130                 135                 140                 

Phe Pro Pro Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala 
145                 150                 155                 160 

His Thr Gln Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe Pro 
                165                 170                 175     

Asp His Val Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser 
            180                 185                 190         

Gly Val Cys Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn 
        195                 200                 205             



Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe 
    210                 215                 220                 

Trp Gln Asn Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly 
225                 230                 235                 240 

Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr 
                245                 250                 255     

Gln Ile Val Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr 
            260                 265                 270         

Ser Ala Ser Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu 
        275                 280                 285             

Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu 
    290                 295                 300                 

Val Leu Met Ala Met Val Lys Arg Lys Asp Ser Arg Gly Arg Ala Lys 
305                 310                 315                 320 

Arg Ser Gly Ser Gly Ala Pro Val Lys Gln Thr Leu Asn Phe Asp Leu 
                325                 330                 335     

Leu Lys Leu Ala Gly Asp Val Glu Ser Asn Pro Gly Pro Met Arg Leu 
            340                 345                 350         

Val Ala Arg Val Thr Val Phe Leu Thr Phe Gly Thr Ile Ile Asp Ala 
        355                 360                 365             

Lys Thr Thr Gln Pro Pro Ser Met Asp Cys Ala Glu Gly Arg Ala Ala 
    370                 375                 380                 

Asn Leu Pro Cys Asn His Ser Thr Ile Ser Gly Asn Glu Tyr Val Tyr 
385                 390                 395                 400 

Trp Tyr Arg Gln Ile His Ser Gln Gly Pro Gln Tyr Ile Ile His Gly 
                405                 410                 415     

Leu Lys Asn Asn Glu Thr Asn Glu Met Ala Ser Leu Ile Ile Thr Glu 
            420                 425                 430         



Asp Arg Lys Ser Ser Thr Leu Ile Leu Pro His Ala Thr Leu Arg Asp 
        435                 440                 445             

Thr Ala Val Tyr Tyr Cys Ile Val Arg Asp Arg Ser Tyr Gly Gln Asn 
    450                 455                 460                 

Phe Val Phe Gly Pro Gly Thr Arg Leu Ser Val Leu Pro Tyr Ile Gln 
465                 470                 475                 480 

Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp 
                485                 490                 495     

Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser 
            500                 505                 510         

Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp 
        515                 520                 525             

Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn 
    530                 535                 540                 

Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro 
545                 550                 555                 560 

Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu 
                565                 570                 575     

Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu 
            580                 585                 590         

Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn 
        595                 600                 605             

Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
    610                 615             

<210> 214
<211> 630
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 214
Met Leu Leu Leu Leu Leu Leu Leu Gly Pro Gly Ile Ser Leu Leu Leu 
1               5                   10                  15      

Pro Gly Ser Leu Ala Gly Ser Gly Leu Gly Ala Val Val Ser Gln His 
            20                  25                  30          

Pro Ser Trp Val Ile Cys Lys Ser Gly Thr Ser Val Lys Ile Glu Cys 
        35                  40                  45              

Arg Ser Leu Asp Phe Gln Ala Thr Thr Met Phe Trp Tyr Arg Gln Phe 
    50                  55                  60                  

Pro Lys Gln Ser Leu Met Leu Met Ala Thr Ser Asn Glu Gly Cys Lys 
65                  70                  75                  80  

Ala Thr Tyr Glu Gln Gly Val Glu Lys Asp Lys Phe Leu Ile Asn His 
                85                  90                  95      

Ala Ser Leu Thr Leu Ser Thr Leu Thr Val Thr Ser Ala His Pro Glu 
            100                 105                 110         

Asp Ser Ser Phe Tyr Ile Cys Ser Thr Ala Gly Glu Thr Asp Thr Gln 
        115                 120                 125             

Tyr Phe Gly Pro Gly Thr Arg Leu Thr Val Leu Glu Asp Leu Lys Asn 
    130                 135                 140                 

Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile 
145                 150                 155                 160 

Ala His Thr Gln Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Phe 
                165                 170                 175     

Pro Asp His Val Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His 
            180                 185                 190         



Ser Gly Val Cys Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu 
        195                 200                 205             

Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr 
    210                 215                 220                 

Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr 
225                 230                 235                 240 

Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val 
                245                 250                 255     

Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile 
            260                 265                 270         

Thr Ser Ala Ser Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr 
        275                 280                 285             

Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala 
    290                 295                 300                 

Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Ser Arg Gly Arg Ala 
305                 310                 315                 320 

Lys Arg Ser Gly Ser Gly Ala Pro Val Lys Gln Thr Leu Asn Phe Asp 
                325                 330                 335     

Leu Leu Lys Leu Ala Gly Asp Val Glu Ser Asn Pro Gly Pro Met Ala 
            340                 345                 350         

Gly Ile Arg Ala Leu Phe Met Tyr Leu Trp Leu Gln Leu Asp Trp Val 
        355                 360                 365             

Ser Arg Gly Glu Ser Val Gly Leu His Leu Pro Thr Leu Ser Val Gln 
    370                 375                 380                 

Glu Gly Asp Asn Ser Ile Ile Asn Cys Ala Tyr Ser Asn Ser Ala Ser 
385                 390                 395                 400 

Asp Tyr Phe Ile Trp Tyr Lys Gln Glu Ser Gly Lys Gly Pro Gln Phe 
                405                 410                 415     



Ile Ile Asp Ile Arg Ser Asn Met Asp Lys Arg Gln Gly Gln Arg Val 
            420                 425                 430         

Thr Val Leu Leu Asn Lys Thr Val Lys His Leu Ser Leu Gln Ile Ala 
        435                 440                 445             

Ala Thr Gln Pro Gly Asp Ser Ala Val Tyr Phe Cys Ala Glu Thr Leu 
    450                 455                 460                 

Gly Leu Asp Gln Gly Gly Lys Leu Ile Phe Gly Gln Gly Thr Glu Leu 
465                 470                 475                 480 

Ser Val Lys Pro Asn Ile Gln Asn Pro Asp Ser Val Lys Pro Asn Pro 
                485                 490                 495     

Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys 
            500                 505                 510         

Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp 
        515                 520                 525             

Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met 
    530                 535                 540                 

Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe 
545                 550                 555                 560 

Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe 
                565                 570                 575     

Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser 
            580                 585                 590         

Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly 
        595                 600                 605             

Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr 
    610                 615                 620                 



Leu Arg Leu Trp Ser Ser 
625                 630 

<210> 215
<211> 614
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 215
Met Gly Cys Arg Leu Leu Cys Cys Val Val Phe Cys Leu Leu Gln Ala 
1               5                   10                  15      

Gly Pro Leu Asp Thr Ala Val Ser Gln Thr Pro Lys Tyr Leu Val Thr 
            20                  25                  30          

Gln Met Gly Asn Asp Lys Ser Ile Lys Cys Glu Gln Asn Leu Gly His 
        35                  40                  45              

Asp Thr Met Tyr Trp Tyr Lys Gln Asp Ser Lys Lys Phe Leu Lys Ile 
    50                  55                  60                  

Met Phe Ser Tyr Asn Asn Lys Glu Leu Ile Ile Asn Glu Thr Val Pro 
65                  70                  75                  80  

Asn Arg Phe Ser Pro Lys Ser Pro Asp Lys Ala His Leu Asn Leu His 
                85                  90                  95      

Ile Asn Ser Leu Glu Leu Gly Asp Ser Ala Val Tyr Phe Cys Ala Ser 
            100                 105                 110         

Ser Gln Gly Thr Gly Arg Gly Asn Thr Glu Ala Phe Phe Gly Gln Gly 
        115                 120                 125             

Thr Arg Leu Thr Val Val Glu Asp Leu Asn Lys Val Phe Pro Pro Glu 
    130                 135                 140                 

Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys 
145                 150                 155                 160 



Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu 
                165                 170                 175     

Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr 
            180                 185                 190         

Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr 
        195                 200                 205             

Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro 
    210                 215                 220                 

Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn 
225                 230                 235                 240 

Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser 
                245                 250                 255     

Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr 
            260                 265                 270         

His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly 
        275                 280                 285             

Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala 
    290                 295                 300                 

Met Val Lys Arg Lys Asp Phe Arg Ala Lys Arg Ser Gly Ser Gly Ala 
305                 310                 315                 320 

Pro Val Lys Gln Thr Leu Asn Phe Asp Leu Leu Lys Leu Ala Gly Asp 
                325                 330                 335     

Val Glu Ser Asn Pro Gly Pro Met Arg Gln Val Ala Arg Val Ile Val 
            340                 345                 350         

Phe Leu Thr Leu Ser Thr Leu Ser Leu Ala Lys Thr Thr Gln Pro Ile 
        355                 360                 365             

Ser Met Asp Ser Tyr Glu Gly Gln Glu Val Asn Ile Thr Cys Ser His 
    370                 375                 380                 



Asn Asn Ile Ala Thr Asn Asp Tyr Ile Thr Trp Tyr Gln Gln Phe Pro 
385                 390                 395                 400 

Ser Gln Gly Pro Arg Phe Ile Ile Gln Gly Tyr Lys Thr Lys Val Thr 
                405                 410                 415     

Asn Glu Val Ala Ser Leu Phe Ile Pro Ala Asp Arg Lys Ser Ser Thr 
            420                 425                 430         

Leu Ser Leu Pro Arg Val Ser Leu Ser Asp Thr Ala Val Tyr Tyr Cys 
        435                 440                 445             

Leu Val Gly Pro Tyr Phe Gly Gly Gly Ser Tyr Gln Leu Thr Phe Gly 
    450                 455                 460                 

Lys Gly Thr Lys Leu Ser Val Ile Pro Asn Ile Gln Asn Pro Asp Pro 
465                 470                 475                 480 

Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys 
                485                 490                 495     

Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp 
            500                 505                 510         

Ser Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met 
        515                 520                 525             

Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe 
    530                 535                 540                 

Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe 
545                 550                 555                 560 

Phe Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser 
                565                 570                 575     

Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly 
            580                 585                 590         



Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr 
        595                 600                 605             

Leu Arg Leu Trp Ser Ser 
    610                 

<210> 216
<211> 629
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 216
Met Gly Thr Arg Leu Leu Phe Trp Val Ala Phe Cys Leu Leu Gly Ala 
1               5                   10                  15      

Asp His Thr Gly Ala Gly Val Ser Gln Ser Pro Ser Asn Lys Val Thr 
            20                  25                  30          

Glu Lys Gly Lys Asp Val Glu Leu Arg Cys Asp Pro Ile Ser Gly His 
        35                  40                  45              

Thr Ala Leu Tyr Trp Tyr Arg Gln Ser Leu Gly Gln Gly Leu Glu Phe 
    50                  55                  60                  

Leu Ile Tyr Phe Gln Gly Asn Ser Ala Pro Asp Lys Ser Gly Leu Pro 
65                  70                  75                  80  

Ser Asp Arg Phe Ser Ala Glu Arg Thr Gly Gly Ser Val Ser Thr Leu 
                85                  90                  95      

Thr Ile Gln Arg Thr Gln Gln Glu Asp Ser Ala Val Tyr Leu Cys Ala 
            100                 105                 110         

Ser Ser Leu Gly Gln Gly Ala Val Gly Thr Asp Thr Gln Tyr Phe Gly 
        115                 120                 125             

Pro Gly Thr Arg Leu Thr Val Leu Glu Asp Arg Lys Thr Leu Lys Asn 
    130                 135                 140                 



Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile 
145                 150                 155                 160 

Ala His Thr Gln Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Tyr 
                165                 170                 175     

Pro Asp His Val Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His 
            180                 185                 190         

Ser Gly Val Cys Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu 
        195                 200                 205             

Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr 
    210                 215                 220                 

Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr 
225                 230                 235                 240 

Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val 
                245                 250                 255     

Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile 
            260                 265                 270         

Thr Ser Ala Ser Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr 
        275                 280                 285             

Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala 
    290                 295                 300                 

Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Ser Arg Gly Arg Ala 
305                 310                 315                 320 

Lys Arg Ser Gly Ser Gly Ala Pro Val Lys Gln Thr Leu Asn Phe Asp 
                325                 330                 335     

Leu Leu Lys Leu Ala Gly Asp Val Glu Ser Asn Pro Gly Pro Met Thr 
            340                 345                 350         

Arg Val Ser Leu Leu Trp Ala Val Val Val Ser Thr Cys Leu Glu Ser 
        355                 360                 365             



Gly Met Ala Gln Thr Val Thr Gln Ser Gln Pro Glu Met Ser Val Gln 
    370                 375                 380                 

Glu Ala Glu Thr Val Thr Leu Ser Cys Thr Tyr Asp Thr Ser Glu Asn 
385                 390                 395                 400 

Asn Tyr Tyr Leu Phe Trp Tyr Lys Gln Pro Pro Ser Arg Gln Met Ile 
                405                 410                 415     

Leu Val Ile Arg Gln Glu Ala Tyr Lys Gln Gln Asn Ala Thr Glu Asn 
            420                 425                 430         

Arg Phe Ser Val Asn Phe Gln Lys Ala Ala Lys Ser Phe Ser Leu Lys 
        435                 440                 445             

Ile Ser Asp Ser Gln Leu Gly Asp Thr Ala Met Tyr Phe Cys Ala Phe 
    450                 455                 460                 

Met Lys Pro Asp Gly Ser Gly Asn Thr Gly Lys Leu Ile Phe Gly Gln 
465                 470                 475                 480 

Gly Thr Thr Leu Gln Val Lys Pro Asn Ile Gln Asn Pro Asp Pro Ala 
                485                 490                 495     

Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu 
            500                 505                 510         

Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser 
        515                 520                 525             

Asp Val Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp 
    530                 535                 540                 

Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala 
545                 550                 555                 560 

Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe 
                565                 570                 575     



Pro Ser Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe 
            580                 585                 590         

Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe 
        595                 600                 605             

Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu 
    610                 615                 620                 

Arg Leu Trp Ser Ser 
625                 

<210> 217
<211> 19
<212> PRT
<213> Human papillomavirus 16

<400> 217
Thr Pro Thr Leu His Glu Tyr Met Leu Asp Leu Gln Pro Glu Thr Thr 
1               5                   10                  15      

Asp Leu Tyr 
            

<210> 218
<211> 9
<212> PRT
<213> Human papillomavirus 16

<400> 218
Ser Ala Phe Arg Cys Phe Ile Val Tyr 
1               5                   

<210> 219
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 219
Cys Leu Val Gly Pro Tyr Phe Gly Gly Gly Ser Tyr Gln Leu Thr Phe 
1               5                   10                  15      



<210> 220
<211> 16
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 220
Cys Ala Ser Ser Gln Gly Thr Gly Arg Gly Asn Thr Glu Ala Phe Phe 
1               5                   10                  15      

<210> 221
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 221
Cys Ala Val Arg Glu Lys Gly Thr Gly Asn Gln Phe Tyr Phe 
1               5                   10                  

<210> 222
<211> 15
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 222
Cys Ala Ser Ser Leu Pro Gln Gly Thr Pro Glu Thr Gln Tyr Phe 
1               5                   10                  15  

<210> 223
<211> 14
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 223
Cys Gly Leu Ser Trp Gly Asp Lys Thr Asp Lys Leu Ile Phe 
1               5                   10                  



<210> 224
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 224
Cys Ala Ser Ser Pro Ser Leu Ala Gly Val Val Pro Gly Glu Leu Phe 
1               5                   10                  15      

Phe 
    

<210> 225
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 225
Cys Ala Phe Met Lys Pro Asp Gly Ser Gly Asn Thr Gly Lys Leu Ile 
1               5                   10                  15      

Phe 
    

<210> 226
<211> 17
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 226
Cys Ala Ser Ser Leu Gly Gln Gly Ala Val Gly Thr Asp Thr Gln Tyr 
1               5                   10                  15      

Phe 
    



<210> 227
<211> 9374
<212> DNA
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 227
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260



gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880



ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgggctgc agactgctgt gctgtgtggt gttctgcctg ctgcaagccg     3420

gacctctgga tacagccgtg tctcagaccc ctaagtacct ggtcacccag atgggcaacg     3480

acaagagcat caagtgcgag cagaacctgg gccacgacac catgtactgg tacaagcagg     3540

acagcaagaa attcctgaag atcatgttca gctacaacaa caaagagctg atcatcaacg     3600

agacagtgcc caaccggttc agccctaaga gccctgataa ggcccacctg aacctgcaca     3660

tcaacagcct ggaactgggc gacagcgccg tgtacttttg tgccagctct caaggcaccg     3720

gcagaggcaa taccgaggcc ttttttggcc aaggcacccg gctgaccgtg gtggaagatc     3780

tgaacaaggt gttccctcca gaggtggccg tgttcgagcc ttctaaggcc gagattgccc     3840

acacacagaa agccacactc gtgtgtctgg ccaccggctt ctatcccgat cacgtggaac     3900

tgtcttggtg ggtcaacggc aaagaggtgc acagcggcgt ctgtaccgat cctcagcctc     3960

tgaaagagca gcccgctctg aacgacagca gatactgcct gagcagcaga ctgagagtgt     4020

ccgccacctt ctggcagaac cccagaaacc acttcagatg ccaggtgcag ttctacggcc     4080

tgagcgagaa cgatgagtgg acccaggata gagccaagcc tgtgacacag atcgtgtctg     4140

ccgaagcctg gggcagagcc gattgtggaa ttaccagcgc cagctaccat cagggcgtgc     4200

tgtctgccac aatcctgtac gagatcctgc tgggcaaagc cactctgtac gccgtgctgg     4260

tgtctgccct ggtgctgatg gccatggtca agcggaagga cttcagagcc aagagatccg     4320

gctccggcgc accggtgaaa cagactttga attttgacct tctcaagttg gcaggagacg     4380

ttgagtccaa ccctgggccc atgagacagg tggccagagt gatcgtgttc ctgacactga     4440

gcaccctgag cctggccaag accacacagc ccatcagcat ggacagctac gagggccaag     4500



aagtgaacat cacctgtagc cacaacaata tcgccaccaa cgactacatc acgtggtatc     4560

agcagttccc cagtcaaggc cccagattca tcatccaagg ctacaagacc aaagtgacca     4620

acgaggtggc ctctctgttc atccccgccg acagaaagag cagcaccctg tctctgccta     4680

gagtgtccct gagcgatacc gccgtgtact actgtctcgt gggcccttat tttggcggcg     4740

gaagctacca gctgaccttc ggcaagggca caaagctgag cgtgatcccc aacattcaga     4800

accccgatcc tgccgtgtac cagctgcggg atagcaagag cagcgacaag agcgtgtgcc     4860

tgttcaccga cttcgacagc cagaccaacg tgtcccagag caaggacagc gacgtgtaca     4920

tcaccgataa gtgcgtgctg gacatgcgga gcatggactt caagagcaac agcgccgtgg     4980

cctggtccaa caagagcgat ttcgcctgcg ccaacgcctt caacaacagc attatccccg     5040

aggacacatt cttccccagc tccgatgtgc cctgcgacgt gaagctggtg gaaaagagct     5100

tcgagacaga caccaacctg aacttccaga acctgtccgt gatcggcttc cgcatcctgc     5160

tgctgaaagt ggccggcttc aacctgctga tgaccctgag actgtggtcc agctaatgag     5220

tcgacaatca acctctggat tacaaaattt gtgaaagatt gactggtatt cttaactatg     5280

ttgctccttt tacgctatgt ggatacgctg ctttaatgcc tttgtatcat gctattgctt     5340

cccgtatggc tttcattttc tcctccttgt ataaatcctg gttgctgtct ctttatgagg     5400

agttgtggcc cgttgtcagg caacgtggcg tggtgtgcac tgtgtttgct gacgcaaccc     5460

ccactggttg gggcattgcc accacctgtc agctcctttc cgggactttc gctttccccc     5520

tccctattgc cacggcggaa ctcatcgccg cctgccttgc ccgctgctgg acaggggctc     5580

ggctgttggg cactgacaat tccgtggtgt tgtcggggaa gctgacgtcc tttccatggc     5640

tgctcgcctg tgttgccacc tggattctgc gcgggacgtc cttctgctac gtcccttcgg     5700

ccctcaatcc agcggacctt ccttcccgcg gcctgctgcc ggctctgcgg cctcttccgc     5760

gtcttcgcct tcgccctcag acgagtcgga tctccctttg ggccgcctcc ccgcctggaa     5820

ttcgagctcg gtacctttaa gaccaatgac ttacaaggca gctgtagatc ttagccactt     5880

tttaaaagaa aaggggggac tggaagggct aattcactcc caacgaagac aagatctgct     5940

ttttgcttgt actgggtctc tctggttaga ccagatctga gcctgggagc tctctggcta     6000

actagggaac ccactgctta agcctcaata aagcttgcct tgagtgcttc aagtagtgtg     6060

tgcccgtctg ttgtgtgact ctggtaacta gagatccctc agaccctttt agtcagtgtg     6120



gaaaatctct agcagtagta gttcatgtca tcttattatt cagtatttat aacttgcaaa     6180

gaaatgaata tcagagagtg agaggaactt gtttattgca gcttataatg gttacaaata     6240

aagcaatagc atcacaaatt tcacaaataa agcatttttt tcactgcatt ctagttgtgg     6300

tttgtccaaa ctcatcaatg tatcttatca tgtctggctc tagctatccc gcccctaact     6360

ccgcccatcc cgcccctaac tccgcccagt tccgcccatt ctccgcccca tggctgacta     6420

atttttttta tttatgcaga ggccgaggcc gcctcggcct ctgagctatt ccagaagtag     6480

tgaggaggct tttttggagg cctagggacg tacccaattc gccctatagt gagtcgtatt     6540

acgcgcgctc actggccgtc gttttacaac gtcgtgactg ggaaaaccct ggcgttaccc     6600

aacttaatcg ccttgcagca catccccctt tcgccagctg gcgtaatagc gaagaggccc     6660

gcaccgatcg cccttcccaa cagttgcgca gcctgaatgg cgaatgggac gcgccctgta     6720

gcggcgcatt aagcgcggcg ggtgtggtgg ttacgcgcag cgtgaccgct acacttgcca     6780

gcgccctagc gcccgctcct ttcgctttct tcccttcctt tctcgccacg ttcgccggct     6840

ttccccgtca agctctaaat cgggggctcc ctttagggtt ccgatttagt gctttacggc     6900

acctcgaccc caaaaaactt gattagggtg atggttcacg tagtgggcca tcgccctgat     6960

agacggtttt tcgccctttg acgttggagt ccacgttctt taatagtgga ctcttgttcc     7020

aaactggaac aacactcaac cctatctcgg tctattcttt tgatttataa gggattttgc     7080

cgatttcggc ctattggtta aaaaatgagc tgatttaaca aaaatttaac gcgaatttta     7140

acaaaatatt aacgcttaca atttaggtgg cacttttcgg ggaaatgtgc gcggaacccc     7200

tatttgttta tttttctaaa tacattcaaa tatgtatccg ctcatgagac aataaccctg     7260

ataaatgctt caataatatt gaaaaaggaa gagtatgagt attcaacatt tccgtgtcgc     7320

ccttattccc ttttttgcgg cattttgcct tcctgttttt gctcacccag aaacgctggt     7380

gaaagtaaaa gatgctgaag atcagttggg tgcacgagtg ggttacatcg aactggatct     7440

caacagcggt aagatccttg agagttttcg ccccgaagaa cgttttccaa tgatgagcac     7500

ttttaaagtt ctgctatgtg gcgcggtatt atcccgtatt gacgccgggc aagagcaact     7560

cggtcgccgc atacactatt ctcagaatga cttggttgag tactcaccag tcacagaaaa     7620

gcatcttacg gatggcatga cagtaagaga attatgcagt gctgccataa ccatgagtga     7680

taacactgcg gccaacttac ttctgacaac gatcggagga ccgaaggagc taaccgcttt     7740



tttgcacaac atgggggatc atgtaactcg ccttgatcgt tgggaaccgg agctgaatga     7800

agccatacca aacgacgagc gtgacaccac gatgcctgta gcaatggcaa caacgttgcg     7860

caaactatta actggcgaac tacttactct agcttcccgg caacaattaa tagactggat     7920

ggaggcggat aaagttgcag gaccacttct gcgctcggcc cttccggctg gctggtttat     7980

tgctgataaa tctggagccg gtgagcgtgg gtctcgcggt atcattgcag cactggggcc     8040

agatggtaag ccctcccgta tcgtagttat ctacacgacg gggagtcagg caactatgga     8100

tgaacgaaat agacagatcg ctgagatagg tgcctcactg attaagcatt ggtaactgtc     8160

agaccaagtt tactcatata tactttagat tgatttaaaa cttcattttt aatttaaaag     8220

gatctaggtg aagatccttt ttgataatct catgaccaaa atcccttaac gtgagttttc     8280

gttccactga gcgtcagacc ccgtagaaaa gatcaaagga tcttcttgag atcctttttt     8340

tctgcgcgta atctgctgct tgcaaacaaa aaaaccaccg ctaccagcgg tggtttgttt     8400

gccggatcaa gagctaccaa ctctttttcc gaaggtaact ggcttcagca gagcgcagat     8460

accaaatact gttcttctag tgtagccgta gttaggccac cacttcaaga actctgtagc     8520

accgcctaca tacctcgctc tgctaatcct gttaccagtg gctgctgcca gtggcgataa     8580

gtcgtgtctt accgggttgg actcaagacg atagttaccg gataaggcgc agcggtcggg     8640

ctgaacgggg ggttcgtgca cacagcccag cttggagcga acgacctaca ccgaactgag     8700

atacctacag cgtgagctat gagaaagcgc cacgcttccc gaagggagaa aggcggacag     8760

gtatccggta agcggcaggg tcggaacagg agagcgcacg agggagcttc cagggggaaa     8820

cgcctggtat ctttatagtc ctgtcgggtt tcgccacctc tgacttgagc gtcgattttt     8880

gtgatgctcg tcaggggggc ggagcctatg gaaaaacgcc agcaacgcgg cctttttacg     8940

gttcctggcc ttttgctggc cttttgctca catgttcttt cctgcgttat cccctgattc     9000

tgtggataac cgtattaccg cctttgagtg agctgatacc gctcgccgca gccgaacgac     9060

cgagcgcagc gagtcagtga gcgaggaagc ggaagagcgc ccaatacgca aaccgcctct     9120

ccccgcgcgt tggccgattc attaatgcag ctggcacgac aggtttcccg actggaaagc     9180

gggcagtgag cgcaacgcaa ttaatgtgag ttagctcact cattaggcac cccaggcttt     9240

acactttatg cttccggctc gtatgttgtg tggaattgtg agcggataac aatttcacac     9300

aggaaacagc tatgaccatg attacgccaa gcgcgcaatt aaccctcact aaagggaaca     9360
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<210> 228
<211> 9419
<212> DNA
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<220>
<223> Description of Artificial Sequence: Synthetic
      polynucleotide

<400> 228
aagcttaatg tagtcttatg caatactctt gtagtcttgc aacatggtaa cgatgagtta       60

gcaacatgcc ttacaaggag agaaaaagca ccgtgcatgc cgattggtgg aagtaaggtg      120

gtacgatcgt gccttattag gaaggcaaca gacgggtctg acatggattg gacgaaccac      180

tgaattgccg cattgcagag atattgtatt taagtgccta gctcgataca taaacgggtc      240

tctctggtta gaccagatct gagcctggga gctctctggc taactaggga acccactgct      300

taagcctcaa taaagcttgc cttgagtgct tcaagtagtg tgtgcccgtc tgttgtgtga      360

ctctggtaac tagagatccc tcagaccctt ttagtcagtg tggaaaatct ctagcagtgg      420

cgcccgaaca gggacttgaa agcgaaaggg aaaccagagg agctctctcg acgcaggact      480

cggcttgctg aagcgcgcac ggcaagaggc gaggggcggc gactggtgag tacgccaaaa      540

attttgacta gcggaggcta gaaggagaga gatgggtgcg agagcgtcag tattaagcgg      600

gggagaatta gatcgcgatg ggaaaaaatt cggttaaggc cagggggaaa gaaaaaatat      660

aaattaaaac atatagtatg ggcaagcagg gagctagaac gattcgcagt taatcctggc      720

ctgttagaaa catcagaagg ctgtagacaa atactgggac agctacaacc atcccttcag      780

acaggatcag aagaacttag atcattatat aatacagtag caaccctcta ttgtgtgcat      840

caaaggatag agataaaaga caccaaggaa gctttagaca agatagagga agagcaaaac      900

aaaagtaaga ccaccgcaca gcaagcggcc gctgatcttc agacctggag gaggagatat      960

gagggacaat tggagaagtg aattatataa atataaagta gtaaaaattg aaccattagg     1020

agtagcaccc accaaggcaa agagaagagt ggtgcagaga gaaaaaagag cagtgggaat     1080

aggagctttg ttccttgggt tcttgggagc agcaggaagc actatgggcg cagcgtcaat     1140

gacgctgacg gtacaggcca gacaattatt gtctggtata gtgcagcagc agaacaattt     1200

gctgagggct attgaggcgc aacagcatct gttgcaactc acagtctggg gcatcaagca     1260



gctccaggca agaatcctgg ctgtggaaag atacctaaag gatcaacagc tcctggggat     1320

ttggggttgc tctggaaaac tcatttgcac cactgctgtg ccttggaatg ctagttggag     1380

taataaatct ctggaacaga tttggaatca cacgacctgg atggagtggg acagagaaat     1440

taacaattac acaagcttaa tacactcctt aattgaagaa tcgcaaaacc agcaagaaaa     1500

gaatgaacaa gaattattgg aattagataa atgggcaagt ttgtggaatt ggtttaacat     1560

aacaaattgg ctgtggtata taaaattatt cataatgata gtaggaggct tggtaggttt     1620

aagaatagtt tttgctgtac tttctatagt gaatagagtt aggcagggat attcaccatt     1680

atcgtttcag acccacctcc caaccccgag gggacccgac aggcccgaag gaatagaaga     1740

agaaggtgga gagagagaca gagacagatc cattcgatta gtgaacggat ctcgacggta     1800

tcggttaact tttaaaagaa aaggggggat tggggggtac agtgcagggg aaagaatagt     1860

agacataata gcaacagaca tacaaactaa agaattacaa aaacaaatta caaaattcaa     1920

aattttatcg atgcctcccc gtcaccaccc cccccaaccc gccccgaccg gagctgagag     1980

taattcatac aaaaggactc gcccctgcct tggggaatcc cagggaccgt cgttaaactc     2040

ccactaacgt agaacccaga gatcgctgcg ttcccgcccc ctcacccgcc cgctctcgtc     2100

atcactgagg tggagaagag catgcgtgag gctccggtgc ccgtcagtgg gcagagcgca     2160

catcgcccac agtccccgag aagttggggg gaggggtcgg caattgaacc ggtgcctaga     2220

gaaggtggcg cggggtaaac tgggaaagtg atgtcgtgta ctggctccgc ctttttcccg     2280

agggtggggg agaaccgtat ataagtgcag tagtcgccgt gaacgttctt tttcgcaacg     2340

ggtttgccgc cagaacacag gtaagtgccg tgtgtggttc ccgcgggcct ggcctcttta     2400

cgggttatgg cccttgcgtg ccttgaatta cttccacgcc cctggctgca gtacgtgatt     2460

cttgatcccg agcttcgggt tggaagtggg tgggagagtt cgaggccttg cgcttaagga     2520

gccccttcgc ctcgtgcttg agttgaggcc tggcctgggc gctggggccg ccgcgtgcga     2580

atctggtggc accttcgcgc ctgtctcgct gctttcgata agtctctagc catttaaaat     2640

ttttgatgat atcctgcgac gctttttttc tggcaagata gtcttgtaaa tgcgggccaa     2700

gatctgcaca ctggtatttc ggtttttggg gccgcgggcg gcgacggggc ccgtgcgtcc     2760

cagcgcacat gttcggcgag gcggggcctg cgagcgcggc caccgagaat cggacggggg     2820

tagtctcaag ctggccggcc tgctctggtg cctggcctcg cgccgccgtg tatcgccccg     2880



ccctgggcgg caaggctggc ccggtcggca ccagttgcgt gagcggaaag atggccgctt     2940

cccggccctg ctgcagggag ctcaaaatgg aggacgcggc gctcgggaga gcgggcgggt     3000

gagtcaccca cacaaaggaa aagggccttt ccgtcctcag ccgtcgcttc atgtgactcc     3060

acggagtacc gggcgccgtc caggcacctc gattagttct cgagcttttg gagtacgtcg     3120

tctttaggtt ggggggaggg gttttatgcg atggagtttc cccacactga gtgggtggag     3180

actgaagtta ggccagcttg gcacttgatg taattctcct tggaatttgc cctttttgag     3240

tttggatctt ggttcattct caagcctcag acagtggttc aaagtttttt tcttccattt     3300

caggtgtcgt gaaaactacc cctctagata atacgactca ctatagggcc cgggttggat     3360

ccgccgccac catgggcacc agactgctgt tctgggtcgc cttttgtctg ctgggcgccg     3420

atcatacagg tgccggtgtt tctcagagcc ccagcaacaa agtgaccgag aagggcaaag     3480

acgtggaact gagatgcgac cccatcagcg gacacacagc cctgtactgg tacagacagt     3540

ctctcggcca gggcctcgag ttcctgatct acttccaagg caacagcgcc cctgacaaga     3600

gcggcctgcc tagcgataga ttcagcgccg aaagaacagg cggcagcgtg tccacactga     3660

ccatccagag aacccagcaa gaggacagcg ccgtgtacct gtgtgccagc tctcttggac     3720

aaggcgccgt gggcacagac acccagtatt ttggccctgg caccaggctg accgtgctgg     3780

aagatagaaa gaccctgaag aacgtgttcc cacctgaggt ggccgtgttc gagccttcta     3840

aggccgagat tgcccacaca cagaaagcca cactcgtgtg tctggccacc ggcttctatc     3900

ccgaccatgt ggaactgtct tggtgggtca acggcaaaga ggtgcacagc ggcgtctgta     3960

ccgatcctca gcctctgaaa gagcagcccg ctctgaacga cagcagatac tgcctgagca     4020

gcagactgag agtgtccgcc accttctggc agaaccccag aaaccacttc agatgccagg     4080

tgcagttcta cggcctgagc gagaacgatg agtggaccca ggatagagcc aagcctgtga     4140

cacagatcgt gtctgccgaa gcctggggca gagccgattg tggaattacc agcgccagct     4200

accatcaggg cgtgctgtct gccacaatcc tgtacgagat cctgctgggc aaagccactc     4260

tgtacgccgt gctggtgtct gccctggtgc tgatggccat ggtcaagcgg aaggatagca     4320

gaggcagagc caagagatcc ggctccggcg caccggtgaa acagactttg aattttgacc     4380

ttctcaagtt ggcaggagac gttgagtcca accctgggcc catgaccaga gtgtctctgc     4440

tgtgggccgt cgtggtgtcc acatgtctgg aatctggcat ggcccagacc gtgacacaga     4500



gccagcctga gatgtctgtg caagaggccg agacagtgac cctgagctgc acctacgata     4560

ccagcgagaa caactactac ctgttctggt acaagcagcc tcctagccgg cagatgatcc     4620

tggtcatcag acaagaggcc tataagcagc agaacgccac cgagaacaga ttcagcgtga     4680

acttccagaa ggccgccaag agcttcagcc tgaagatcag cgatagccag ctgggcgaca     4740

ccgccatgta cttttgcgcc tttatgaagc ccgacggcag cggcaatacc ggcaagctga     4800

tttttggcca gggcaccaca ctgcaagtga agcccaacat tcagaacccc gatcctgccg     4860

tgtaccagct gagagacagc aagagcagcg acaagagcgt gtgcctgttc accgacttcg     4920

acagccagac caacgtgtcc cagagcaagg acagcgacgt gtacatcacc gataagtgcg     4980

tgctggacat gcggagcatg gacttcaaga gcaacagcgc cgtggcctgg tccaacaaga     5040

gcgatttcgc ctgcgccaac gccttcaaca acagcattat ccccgaggac acattcttcc     5100

ccagctccga tgtgccctgc gacgtgaagc tggtggaaaa gagcttcgag acagacacca     5160

acctgaattt ccagaacctg agcgtgatcg gcttccgcat cctgctgctg aaagtggccg     5220

gcttcaacct gctgatgacc ctgcgacttt ggagcagcta atgagtcgac aatcaacctc     5280

tggattacaa aatttgtgaa agattgactg gtattcttaa ctatgttgct ccttttacgc     5340

tatgtggata cgctgcttta atgcctttgt atcatgctat tgcttcccgt atggctttca     5400

ttttctcctc cttgtataaa tcctggttgc tgtctcttta tgaggagttg tggcccgttg     5460

tcaggcaacg tggcgtggtg tgcactgtgt ttgctgacgc aacccccact ggttggggca     5520

ttgccaccac ctgtcagctc ctttccggga ctttcgcttt ccccctccct attgccacgg     5580

cggaactcat cgccgcctgc cttgcccgct gctggacagg ggctcggctg ttgggcactg     5640

acaattccgt ggtgttgtcg gggaagctga cgtcctttcc atggctgctc gcctgtgttg     5700

ccacctggat tctgcgcggg acgtccttct gctacgtccc ttcggccctc aatccagcgg     5760

accttccttc ccgcggcctg ctgccggctc tgcggcctct tccgcgtctt cgccttcgcc     5820

ctcagacgag tcggatctcc ctttgggccg cctccccgcc tggaattcga gctcggtacc     5880

tttaagacca atgacttaca aggcagctgt agatcttagc cactttttaa aagaaaaggg     5940

gggactggaa gggctaattc actcccaacg aagacaagat ctgctttttg cttgtactgg     6000

gtctctctgg ttagaccaga tctgagcctg ggagctctct ggctaactag ggaacccact     6060

gcttaagcct caataaagct tgccttgagt gcttcaagta gtgtgtgccc gtctgttgtg     6120



tgactctggt aactagagat ccctcagacc cttttagtca gtgtggaaaa tctctagcag     6180

tagtagttca tgtcatctta ttattcagta tttataactt gcaaagaaat gaatatcaga     6240

gagtgagagg aacttgttta ttgcagctta taatggttac aaataaagca atagcatcac     6300

aaatttcaca aataaagcat ttttttcact gcattctagt tgtggtttgt ccaaactcat     6360

caatgtatct tatcatgtct ggctctagct atcccgcccc taactccgcc catcccgccc     6420

ctaactccgc ccagttccgc ccattctccg ccccatggct gactaatttt ttttatttat     6480

gcagaggccg aggccgcctc ggcctctgag ctattccaga agtagtgagg aggctttttt     6540

ggaggcctag ggacgtaccc aattcgccct atagtgagtc gtattacgcg cgctcactgg     6600

ccgtcgtttt acaacgtcgt gactgggaaa accctggcgt tacccaactt aatcgccttg     6660

cagcacatcc ccctttcgcc agctggcgta atagcgaaga ggcccgcacc gatcgccctt     6720

cccaacagtt gcgcagcctg aatggcgaat gggacgcgcc ctgtagcggc gcattaagcg     6780

cggcgggtgt ggtggttacg cgcagcgtga ccgctacact tgccagcgcc ctagcgcccg     6840

ctcctttcgc tttcttccct tcctttctcg ccacgttcgc cggctttccc cgtcaagctc     6900

taaatcgggg gctcccttta gggttccgat ttagtgcttt acggcacctc gaccccaaaa     6960

aacttgatta gggtgatggt tcacgtagtg ggccatcgcc ctgatagacg gtttttcgcc     7020

ctttgacgtt ggagtccacg ttctttaata gtggactctt gttccaaact ggaacaacac     7080

tcaaccctat ctcggtctat tcttttgatt tataagggat tttgccgatt tcggcctatt     7140

ggttaaaaaa tgagctgatt taacaaaaat ttaacgcgaa ttttaacaaa atattaacgc     7200

ttacaattta ggtggcactt ttcggggaaa tgtgcgcgga acccctattt gtttattttt     7260

ctaaatacat tcaaatatgt atccgctcat gagacaataa ccctgataaa tgcttcaata     7320

atattgaaaa aggaagagta tgagtattca acatttccgt gtcgccctta ttcccttttt     7380

tgcggcattt tgccttcctg tttttgctca cccagaaacg ctggtgaaag taaaagatgc     7440

tgaagatcag ttgggtgcac gagtgggtta catcgaactg gatctcaaca gcggtaagat     7500

ccttgagagt tttcgccccg aagaacgttt tccaatgatg agcactttta aagttctgct     7560

atgtggcgcg gtattatccc gtattgacgc cgggcaagag caactcggtc gccgcataca     7620

ctattctcag aatgacttgg ttgagtactc accagtcaca gaaaagcatc ttacggatgg     7680

catgacagta agagaattat gcagtgctgc cataaccatg agtgataaca ctgcggccaa     7740



cttacttctg acaacgatcg gaggaccgaa ggagctaacc gcttttttgc acaacatggg     7800

ggatcatgta actcgccttg atcgttggga accggagctg aatgaagcca taccaaacga     7860

cgagcgtgac accacgatgc ctgtagcaat ggcaacaacg ttgcgcaaac tattaactgg     7920

cgaactactt actctagctt cccggcaaca attaatagac tggatggagg cggataaagt     7980

tgcaggacca cttctgcgct cggcccttcc ggctggctgg tttattgctg ataaatctgg     8040

agccggtgag cgtgggtctc gcggtatcat tgcagcactg gggccagatg gtaagccctc     8100

ccgtatcgta gttatctaca cgacggggag tcaggcaact atggatgaac gaaatagaca     8160

gatcgctgag ataggtgcct cactgattaa gcattggtaa ctgtcagacc aagtttactc     8220

atatatactt tagattgatt taaaacttca tttttaattt aaaaggatct aggtgaagat     8280

cctttttgat aatctcatga ccaaaatccc ttaacgtgag ttttcgttcc actgagcgtc     8340

agaccccgta gaaaagatca aaggatcttc ttgagatcct ttttttctgc gcgtaatctg     8400

ctgcttgcaa acaaaaaaac caccgctacc agcggtggtt tgtttgccgg atcaagagct     8460

accaactctt tttccgaagg taactggctt cagcagagcg cagataccaa atactgttct     8520

tctagtgtag ccgtagttag gccaccactt caagaactct gtagcaccgc ctacatacct     8580

cgctctgcta atcctgttac cagtggctgc tgccagtggc gataagtcgt gtcttaccgg     8640

gttggactca agacgatagt taccggataa ggcgcagcgg tcgggctgaa cggggggttc     8700

gtgcacacag cccagcttgg agcgaacgac ctacaccgaa ctgagatacc tacagcgtga     8760

gctatgagaa agcgccacgc ttcccgaagg gagaaaggcg gacaggtatc cggtaagcgg     8820

cagggtcgga acaggagagc gcacgaggga gcttccaggg ggaaacgcct ggtatcttta     8880

tagtcctgtc gggtttcgcc acctctgact tgagcgtcga tttttgtgat gctcgtcagg     8940

ggggcggagc ctatggaaaa acgccagcaa cgcggccttt ttacggttcc tggccttttg     9000

ctggcctttt gctcacatgt tctttcctgc gttatcccct gattctgtgg ataaccgtat     9060

taccgccttt gagtgagctg ataccgctcg ccgcagccga acgaccgagc gcagcgagtc     9120

agtgagcgag gaagcggaag agcgcccaat acgcaaaccg cctctccccg cgcgttggcc     9180

gattcattaa tgcagctggc acgacaggtt tcccgactgg aaagcgggca gtgagcgcaa     9240

cgcaattaat gtgagttagc tcactcatta ggcaccccag gctttacact ttatgcttcc     9300

ggctcgtatg ttgtgtggaa ttgtgagcgg ataacaattt cacacaggaa acagctatga     9360



ccatgattac gccaagcgcg caattaaccc tcactaaagg gaacaaaagc tggagctgc      9419

<210> 229
<211> 292
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 229
Asp Thr Ala Val Ser Gln Thr Pro Lys Tyr Leu Val Thr Gln Met Gly 
1               5                   10                  15      

Asn Asp Lys Ser Ile Lys Cys Glu Gln Asn Leu Gly His Asp Thr Met 
            20                  25                  30          

Tyr Trp Tyr Lys Gln Asp Ser Lys Lys Phe Leu Lys Ile Met Phe Ser 
        35                  40                  45              

Tyr Asn Asn Lys Glu Leu Ile Ile Asn Glu Thr Val Pro Asn Arg Phe 
    50                  55                  60                  

Ser Pro Lys Ser Pro Asp Lys Ala His Leu Asn Leu His Ile Asn Ser 
65                  70                  75                  80  

Leu Glu Leu Gly Asp Ser Ala Val Tyr Phe Cys Ala Ser Ser Gln Gly 
                85                  90                  95      

Thr Gly Arg Gly Asn Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu 
            100                 105                 110         

Thr Val Val Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val 
        115                 120                 125             

Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr Gln Lys Ala Thr Leu 
    130                 135                 140                 

Val Cys Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp 
145                 150                 155                 160 



Trp Val Asn Gly Lys Glu Val His Ser Gly Val Cys Thr Asp Pro Gln 
                165                 170                 175     

Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser 
            180                 185                 190         

Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His 
        195                 200                 205             

Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp 
    210                 215                 220                 

Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala 
225                 230                 235                 240 

Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala Ser Tyr His Gln Gly 
                245                 250                 255     

Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr 
            260                 265                 270         

Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys 
        275                 280                 285             

Arg Lys Asp Phe 
    290         

<210> 230
<211> 254
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 230
Leu Ala Lys Thr Thr Gln Pro Ile Ser Met Asp Ser Tyr Glu Gly Gln 
1               5                   10                  15      

Glu Val Asn Ile Thr Cys Ser His Asn Asn Ile Ala Thr Asn Asp Tyr 
            20                  25                  30          



Ile Thr Trp Tyr Gln Gln Phe Pro Ser Gln Gly Pro Arg Phe Ile Ile 
        35                  40                  45              

Gln Gly Tyr Lys Thr Lys Val Thr Asn Glu Val Ala Ser Leu Phe Ile 
    50                  55                  60                  

Pro Ala Asp Arg Lys Ser Ser Thr Leu Ser Leu Pro Arg Val Ser Leu 
65                  70                  75                  80  

Ser Asp Thr Ala Val Tyr Tyr Cys Leu Val Gly Pro Tyr Phe Gly Gly 
                85                  90                  95      

Gly Ser Tyr Gln Leu Thr Phe Gly Lys Gly Thr Lys Leu Ser Val Ile 
            100                 105                 110         

Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser 
        115                 120                 125             

Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln 
    130                 135                 140                 

Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys 
145                 150                 155                 160 

Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val 
                165                 170                 175     

Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn 
            180                 185                 190         

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Ser Asp Val Pro Cys 
        195                 200                 205             

Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn 
    210                 215                 220                 

Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val 
225                 230                 235                 240 

Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser 
                245                 250                 



<210> 231
<211> 299
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 231
Gly Ala Gly Val Ser Gln Ser Pro Ser Asn Lys Val Thr Glu Lys Gly 
1               5                   10                  15      

Lys Asp Val Glu Leu Arg Cys Asp Pro Ile Ser Gly His Thr Ala Leu 
            20                  25                  30          

Tyr Trp Tyr Arg Gln Ser Leu Gly Gln Gly Leu Glu Phe Leu Ile Tyr 
        35                  40                  45              

Phe Gln Gly Asn Ser Ala Pro Asp Lys Ser Gly Leu Pro Ser Asp Arg 
    50                  55                  60                  

Phe Ser Ala Glu Arg Thr Gly Gly Ser Val Ser Thr Leu Thr Ile Gln 
65                  70                  75                  80  

Arg Thr Gln Gln Glu Asp Ser Ala Val Tyr Leu Cys Ala Ser Ser Leu 
                85                  90                  95      

Gly Gln Gly Ala Val Gly Thr Asp Thr Gln Tyr Phe Gly Pro Gly Thr 
            100                 105                 110         

Arg Leu Thr Val Leu Glu Asp Arg Lys Thr Leu Lys Asn Val Phe Pro 
        115                 120                 125             

Pro Glu Val Ala Val Phe Glu Pro Ser Lys Ala Glu Ile Ala His Thr 
    130                 135                 140                 

Gln Lys Ala Thr Leu Val Cys Leu Ala Thr Gly Phe Tyr Pro Asp His 
145                 150                 155                 160 

Val Glu Leu Ser Trp Trp Val Asn Gly Lys Glu Val His Ser Gly Val 
                165                 170                 175     



Cys Thr Asp Pro Gln Pro Leu Lys Glu Gln Pro Ala Leu Asn Asp Ser 
            180                 185                 190         

Arg Tyr Cys Leu Ser Ser Arg Leu Arg Val Ser Ala Thr Phe Trp Gln 
        195                 200                 205             

Asn Pro Arg Asn His Phe Arg Cys Gln Val Gln Phe Tyr Gly Leu Ser 
    210                 215                 220                 

Glu Asn Asp Glu Trp Thr Gln Asp Arg Ala Lys Pro Val Thr Gln Ile 
225                 230                 235                 240 

Val Ser Ala Glu Ala Trp Gly Arg Ala Asp Cys Gly Ile Thr Ser Ala 
                245                 250                 255     

Ser Tyr His Gln Gly Val Leu Ser Ala Thr Ile Leu Tyr Glu Ile Leu 
            260                 265                 270         

Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu Val Ser Ala Leu Val Leu 
        275                 280                 285             

Met Ala Met Val Lys Arg Lys Asp Ser Arg Gly 
    290                 295                 

<210> 232
<211> 259
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      polypeptide

<400> 232
Ala Gln Thr Val Thr Gln Ser Gln Pro Glu Met Ser Val Gln Glu Ala 
1               5                   10                  15      

Glu Thr Val Thr Leu Ser Cys Thr Tyr Asp Thr Ser Glu Asn Asn Tyr 
            20                  25                  30          

Tyr Leu Phe Trp Tyr Lys Gln Pro Pro Ser Arg Gln Met Ile Leu Val 
        35                  40                  45              



Ile Arg Gln Glu Ala Tyr Lys Gln Gln Asn Ala Thr Glu Asn Arg Phe 
    50                  55                  60                  

Ser Val Asn Phe Gln Lys Ala Ala Lys Ser Phe Ser Leu Lys Ile Ser 
65                  70                  75                  80  

Asp Ser Gln Leu Gly Asp Thr Ala Met Tyr Phe Cys Ala Phe Met Lys 
                85                  90                  95      

Pro Asp Gly Ser Gly Asn Thr Gly Lys Leu Ile Phe Gly Gln Gly Thr 
            100                 105                 110         

Thr Leu Gln Val Lys Pro Asn Ile Gln Asn Pro Asp Pro Ala Val Tyr 
        115                 120                 125             

Gln Leu Arg Asp Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr 
    130                 135                 140                 

Asp Phe Asp Ser Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val 
145                 150                 155                 160 

Tyr Ile Thr Asp Lys Cys Val Leu Asp Met Arg Ser Met Asp Phe Lys 
                165                 170                 175     

Ser Asn Ser Ala Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala 
            180                 185                 190         

Asn Ala Phe Asn Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser 
        195                 200                 205             

Ser Asp Val Pro Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr 
    210                 215                 220                 

Asp Thr Asn Leu Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile 
225                 230                 235                 240 

Leu Leu Leu Lys Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu 
                245                 250                 255     



Trp Ser Ser 
            

<210> 233
<211> 4
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
      peptide

<400> 233
Ser Gly Ser Gly 
1               
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