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DESCRIPTION

FIELD OF THE INVENTION

[0001] The invention relates to the fields of oncology, cancer immunotherapy, molecular
biology and recombinant nucleic acid technology. In particular, the invention relates to a
genetically-modified human T cell comprising in its genome a modified human T cell receptor
alpha constant region gene, wherein the cell has reduced cell-surface expression of the
endogenous T cell receptor. The invention further relates to methods for producing such a
genetically-modified human T cell, and to such a cell for use in treating a disease, including
cancer, in a subject.

BACKGROUND OF THE INVENTION

[0002] T cell adoptive immunotherapy is a promising approach for cancer treatment. This
strategy utilizes isolated human T cells that have been genetically-modified to enhance their
specificity for a specific tumor associated antigen. Genetic modification may involve the
expression of a chimeric antigen receptor or an exogenous T cell receptor to graft antigen
specificity onto the T cell. By contrast to exogenous T cell receptors, chimeric antigen
receptors derive their specificity from the variable domains of a monoclonal antibody. Thus, T
cells expressing chimeric antigen receptors (CAR T cells) induce tumor immunoreactivity in a
major histocompatibility complex non-restricted manner. To date, T cell adoptive
immunotherapy has been utilized as a clinical therapy for a number of cancers, including B cell
malignancies (e.g., acute lymphoblastic leukemia (ALL), B cell non-Hodgkin lymphoma (NHL),
and chronic lymphocytic leukemia), multiple myeloma, neuroblastoma, glioblastoma, advanced
gliomas, ovarian cancer, mesothelioma, melanoma, and pancreatic cancer.

[0003] Despite its potential usefulness as a cancer treatment, adoptive immunotherapy with
CAR T cells has been limited, in part, by expression of the endogenous T cell receptor on the
cell surface. CAR T cells expressing an endogenous T cell receptor may recognize major and
minor histocompatibility antigens following administration to an allogeneic patient, which can
lead to the development of graft-versus-host-disease (GVHD). As a result, clinical trials have
largely focused on the use of autologous CAR T cells, wherein a patient's T cells are isolated,
genetically-modified to incorporate a chimeric antigen receptor, and then re-infused into the
same patient. An autologous approach provides immune tolerance to the administered CAR T
cells; however, this approach is constrained by both the time and expense necessary to
produce patient-specific CAR T cells after a patient's cancer has been diagnosed.

[0004] Thus, it would be advantageous to develop "off the shelf CAR T cells, prepared using T
cells from a third party donor, that have reduced expression of the endogenous T cell receptor
and do not initiate GVHD upon administration. Such products could be generated and validated
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in advance of diagnosis, and could be made available to patients as soon as necessary.
Therefore, a need exists for the development of allogeneic CAR T cells that lack an
endogenous T cell receptor in order to prevent the occurrence of GVHD

[0005] Genetic modification of genomic DNA can be performed using site-specific, rare-cutting
endonucleases that are engineered to recognize DNA sequences in the locus of interest.
Methods for producing engineered, site-specific endonucleases are known in the art. For
example, zinc-finger nucleases (ZFNs) can be engineered to recognize and cut pre-
determined sites in a genome. ZFNs are chimeric proteins comprising a zinc finger DNA-
binding domain fused to the nuclease domain of the Fokl restriction enzyme. The zinc finger
domain can be redesigned through rational or experimental means to produce a protein that
binds to a pre-determined DNA sequence ~18 basepairs in length. By fusing this engineered
protein domain to the Fokl nuclease, it is possible to target DNA breaks with genome-level
specificity. ZFNs have been used extensively to target gene addition, removal, and substitution
in a wide range of eukaryotic organisms (reviewed in Durai et al. (2005), Nucleic Acids Res 33,
5978). Likewise, TAL-effector nucleases (TALENs) can be generated to cleave specific sites in
genomic DNA. Like a ZFN, a TALEN comprises an engineered, site-specific DNA-binding
domain fused to the Fokl nuclease domain (reviewed in Mak et al. (2013), Curr Opin Struct
Biol. 23:93-9). In this case, however, the DNA binding domain comprises a tandem array of
TAL-effector domains, each of which specifically recognizes a single DNA basepair. A limitation
that ZFNs and TALENs have for the practice of the current invention is that they are
heterodimeric, so that the production of a single functional nuclease in a cell requires co-
expression of two protein monomers.

[0006] Compact TALENs have an alternative endonuclease architecture that avoids the need
for dimerization (Beurdeley et al. (2013), Nat Commun. 4:1762). A Compact TALEN comprises
an engineered, site-specific TAL-effector DNA-binding domain fused to the nuclease domain
from the |-Tevl homing endonuclease. Unlike Fokl, |-Tevl does not need to dimerize to produce
a double-strand DNA break so a Compact TALEN is functional as a monomer.

[0007] Engineered endonucleases based on the CRISPR/Cas9 system are also know in the art
(Ran et al. (2013), Nat Protoc. 8:2281-2308; Mali et al. (2013), Nat Methods 10:957-63). A
CRISPR endonuclease comprises two components: (1) a caspase effector nuclease, typically
microbial Cas9; and (2) a short "guide RNA" comprising a ~20 nucleotide targeting sequence
that directs the nuclease to a location of interest in the genome. By expressing multiple guide
RNAs in the same cell, each having a different targeting sequence, it is possible to target DNA
breaks simultaneously to multiple sites in the genome. Thus, CRISPR/Cas9 nucleases are
suitable for the present invention. The primary drawback of the CRISPR/Cas9 system is its
reported high frequency of off-target DNA breaks, which could limit the utility of the system for
treating human patients (Fu et al. (2013), Nat Biotechnol. 31:822-6).

[0008] Homing endonucleases are a group of naturally-occurring nucleases that recognize 15-
40 base-pair cleavage sites commonly found in the genomes of plants and fungi. They are
frequently associated with parasitic DNA elements, such as group 1 self-splicing introns and



DK/EP 3756682 T3

inteins. They naturally promote homologous recombination or gene insertion at specific
locations in the host genome by producing a double-stranded break in the chromosome, which
recruits the cellular DNA-repair machinery (Stoddard (2006), Q. Rev. Biophys. 38: 49-95).
Homing endonucleases are commonly grouped into four families: the LAGLIDADG (SEQ ID
NO:7) family, the GIY-YIG family, the His-Cys box family and the HNH family. These families
are characterized by structural motifs, which affect catalytic activity and recognition sequence.
For instance, members of the LAGLIDADG (SEQ ID NO:7) family are characterized by having
either one or two copies of the conserved LAGLIDADG (SEQ ID NO:7) motif (see Chevalier et
al. (2001), Nucleic Acids Res. 29(18): 3757-3774). The LAGLIDADG (SEQ ID NO:7) homing
endonucleases with a single copy of the LAGLIDADG (SEQ ID NO:7) motif form homodimers,
whereas members with two copies of the LAGLIDADG (SEQ ID NO:7) motif are found as
monomers.

[0009] I-Crel (SEQ ID NO: 6) is a member of the LAGLIDADG (SEQ ID NO:7) family of homing
endonucleases that recognizes and cuts a 22 basepair recognition sequence in the chloroplast
chromosome of the algae Chlamydomonas reinhardtii. Genetic selection techniques have been
used to modify the wild-type I-Crel cleavage site preference (Sussman et al. (2004), J. Mol.
Biol. 342: 31-41; Chames et al. (2005), Nucleic Acids Res. 33: e178; Seligman et al. (2002),
Nucleic Acids Res. 30: 3870-9, Arnould et al. (2006), J. Mol. Biol. 355: 443-58). More recently,
a method of rationally-designing mono-LAGLIDADG (SEQ ID NO:7) homing endonucleases
was described that is capable of comprehensively redesigning |-Crel and other homing
endonucleases to target widely-divergent DNA sites, including sites in mammalian, yeast, plant,
bacterial, and viral genomes (WO 2007/047859).

[0010] As first described in WO 2009/059195, |I-Crel and its engineered derivatives are
normally dimeric but can be fused into a single polypeptide using a short peptide linker that
joins the C-terminus of a first subunit to the N-terminus of a second subunit (Li et al. (2009),
Nucleic Acids Res. 37:1650-62; Grizot et al. (2009), Nucleic Acids Res. 37:5405-19). Thus, a
functional "single-chain” meganuclease can be expressed from a single transcript.

[0011] The use of engineered meganucleases for cleaving DNA targets in the human T cell
receptor alpha constant region was previously disclosed in International Publication WO
2014/191527. The '527 publication discloses variants of the |I-Onul meganuclease that are
engineered to target a recognition sequence (SEQ ID NO:3 of the '527 publication) within exon
1 of the TCR alpha constant region gene. Although the '527 publication discusses that a
chimeric antigen receptor can be expressed in TCR knockout cells, the authors do not disclose
the insertion of the chimeric antigen receptor coding sequence into the meganuclease
cleavage site in the TCR alpha constant region gene.

[0012] The use of other nucleases and mechanisms for disrupting expression of the
endogenous TCR have also been disclosed. For example, the use of zinc finger nucleases for
disrupting TCR genes in human T cells was described by U.S. Patent No. 8,95,828 and by U.S.
Patent Application Publication No. US2014/034902. U.S. Publication No. US2014/0301990
describes the use of zinc finger nucleases and transcription-activator like effector nucleases
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(TALENS), and a CRISPR/Cas system with an engineered single guide RNA for targeting TCR
genes in an isolated T cell. U.S. Patent Application Publication No. US2012/0321667 discloses
the use of small-hairpin RNAs that target nucleic acids encoding specific TCRs and/or CD3
chains in T cells.

[0013] WO 2014/191527 A1, Poirot et al. (Cancer Research 2015, 75(18):3853-3864), WO
2013/176915 A1, and WO 2014/191128 A1 disclose the inactivation of the TCR alpha gene in
human T cells combined with the introduction of a chimeric antigen receptor.

[0014] However, the present invention improves upon the teachings of the prior art. The
present inventors are the first to teach genetically-modified cells that comprise a chimeric
antigen receptor inserted into the human TCR alpha constant region gene, which
simultaneously disrupts expression of the endogenous T cell receptor at the cell surface.
Further, the prior art does not teach the meganucleases or the recognition sequences
described herein, or their use for producing such genetically-modified cells.

SUMMARY OF THE INVENTION

[0015] The invention is defined by the appended claims.

[0016] The present invention provides a genetically-modified human T cell comprising in its
genome a modified T cell receptor (TCR) alpha constant region gene. Further, such a cell has
no cell-surface expression of the endogenous TCR when compared to an unmodified control
cell. The present invention also provides a method for producing the genetically-modified cell.
The present invention further provides the genetically-modified cell for use in a method of
immunotherapy for treating cancer .

[0017] Thus, in one aspect, the invention provides a genetically-modified human T cell
comprising in its genome a modified human TCR alpha constant region gene, wherein the
modified human TCR alpha constant region gene comprises from 5' to 3': (a) a 5' region of the
human TCR alpha constant region gene; (b) an exogenous polynucleotide; and (c) a 3' region
of the human TCR alpha constant region gene. Further, the genetically-modified cell has no
cell-surface expression of the endogenous TCR when compared to an unmodified control cell.

[0018] The exogenous polynucleotide comprises a nucleic acid sequence encoding a chimeric
antigen receptor, wherein the chimeric antigen receptor comprises an extracellular ligand-
binding domain, a transmembrane domain, an intracellular co-stimulatory domain, and an
intracellular cytoplasmic signaling domain comprising an amino acid sequence as set forth in
SEQ ID NO:113.

[0019] In one such embodiment, the chimeric antigen receptor comprises an extracellular
ligand-binding domain having at least 80%, at least 85%, at least 90%, at least 95%, or up to
100% sequence identity to SEQ ID NO:112, wherein the extracellular ligand-binding domain
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binds to CD19.

[0020] In another such embodiment, the chimeric antigen receptor comprises an intracellular
co-stimulatory signaling domain comprising an amino acid sequence as set forth in SEQ ID
NO:114.

[0021] In another such embodiment, the chimeric antigen receptor further comprises a signal
peptide. In some embodiments, the signal peptide comprises an amino acid sequence as set
forth in SEQ ID NO:115.

[0022] In another such embodiment, the chimeric antigen receptor further comprises a hinge
domain. In some embodiments, the hinge domain comprises an amino acid sequence as set
forth in SEQ ID NO:116.

[0023] In some embodiments, the transmembrane domain comprises an amino acid sequence
as set forth in SEQ ID NO:117.

[0024] In another such embodiment, the chimeric antigen receptor has at least 80%, at least
85%, at least 90%, at least 95%, or up to 100% sequence identity to SEQ ID NO:111.

[0025] In another embodiment, the exogenous polynucleotide comprises a promoter sequence
that drives expression of the exogenous polynucleotide. In one such embodiment, the
promoter sequence comprises an amino acid sequence as set forth in SEQ ID NO:118.

[0026] The exogenous polynucleotide is inserted into the TCR gene between positions 13 and
14 of SEQ ID NO:3. In one such embodiment, the modified human TCR alpha constant region
gene comprises a nucleic acid sequence having at least 80%, at least 85%, at least 90%, at
least 95%, or up to 100% sequence identity to SEQ ID NO:120.

[0027] In another aspect, the invention provides a pharmaceutical composition comprising a
genetically-modified cell, as described herein, and a pharmaceutically acceptable carrier.

[0028] In another aspect, the invention provides a genetically-modified cell, as described
herein, for use as a medicament. In one such aspect, the medicament is useful in the
treatment of cancer. In some embodiments, the treatment of cancer is immunotherapy.

[0029] In another aspect, the invention provides a method for producing a genetically-modified
human T cell comprising a modified human TCR alpha constant region gene, the method
comprising: (a) introducing into a human T cell a first nucleic acid sequence encoding a
recombinant meganuclease; wherein the recombinant meganuclease produces a cleavage site
at the recognition sequence of SEQ ID NO:3 within the human TCR alpha constant region
gene; and (b) introducing into the cell a second nucleic acid sequence encoding a chimeric
antigen receptor, wherein said chimeric antigen receptor comprises an extracellular ligand-
binding domain, a transmembrane domain, an intracellular co-stimulatory domain, and an
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intracellular cytoplasmic signaling domain comprising an amino acid sequence set forth in SEQ
ID NO:113. The sequence of the exogenous polynucleotide is inserted into the human TCR
alpha constant region gene at the cleavage site. Further, the genetically-modified cell has no
cell-surface expression of the endogenous TCR when compared to an unmodified control cell.

[0030] In various embodiments of the method, the first nucleic acid sequence or the
recombinant meganuclease protein can be introduced into the cell prior to introducing the
second nucleic acid, or subsequent to introducing the second nucleic acid.

[0031] In one embodiment of the method, the second nucleic acid sequence comprises from 5'
to 3" (a) a 5' homology arm that is homologous to the 5" upstream sequence flanking the
cleavage site; (b) the exogenous polynucleotide; and (c) a 3' homology arm that is homologous
to the 3' downstream sequence flanking the cleavage site. In such an embodiment, the
sequence of the exogenous polynucleotide is inserted into the human TCR alpha constant
region gene at the cleavage site by homologous recombination.

[0032] In another embodiment of the method, the second nucleic acid lacks substantial
homology to the cleavage site, and the sequence of the exogenous polynucleotide is inserted
into the human TCR alpha constant region gene by non-homologous end-joining.

[0033] In another embodiment of the method, the exogenous polynucleotide comprises a first
promoter sequence that drives expression of the exogenous polynucleotide.

[0034] In another embodiment of the method, the first nucleic acid encoding the recombinant
meganuclease is introduced into the cell using an mRNA. In some embodiments, the mRNA
can be a polycistronic mMRNA comprising a coding sequence for at least one recombinant
meganuclease described herein and a coding sequence for at least one additional protein
(e.g., a second nuclease). In particular embodiments, a polycistronic mMRNA can encode two or
more recombinant meganucleases described herein that target different recognition
sequences within the same gene (e.g., the T cell receptor alpha constant region gene). In
other embodiments, a polycistronic mMRNA can encode a recombinant meganuclease
described herein and a second nuclease that recognizes and cleaves a different recognition
sequence within the same gene (e.g., the T cell receptor alpha constant region gene) or,
alternatively, recognizes and cleaves a different recognition sequence within another gene of
interest in the genome. In such embodiments, genetically-modified cells produced using such
polycistronic mMRNA can have multiple genes knocked out simultaneously. In additional
embodiments, a polycistronic mMRNA can encode at least one recombinant meganuclease
described herein and one additional protein that is beneficial to the cell, improves efficiency of
insertion of an exogenous sequence of interest into a cleavage site, and/or is beneficial in the
treatment of a disease.

[0035] In another embodiment of the method, at least the second nucleic acid sequence is
introduced into the cell by contacting the cell with a viral vector comprising the second nucleic
acid sequence. In some embodiments, both the first nucleic acid sequence and the second
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nucleic acid sequence are introduced by contacting the cell with a single viral vector comprising
both the first nucleic acid sequence and the second nucleic acid sequence. Alternatively, the
cell can be contacted with a first viral vector comprising the first nucleic acid sequence and a
second viral vector comprising the second nucleic acid sequence.

[0036] In such an embodiment of the method, wherein the second nucleic acid sequence is
introduced by a viral vector, the second nucleic acid can further comprise a second promoter
sequence positioned 5' upstream of the 5 homology arm or, alternatively, positioned 3'
downstream of the 3' homology arm. In embodiments where the second promoter is positioned
3' downstream of the 3' homology arm, the promoter may be inverted.

[0037] In another particular embodiment of the method, at least the second nucleic acid
sequence is introduced into the cell by contacting the cell with a recombinant adeno-associated
virus (AAV) vector comprising the second nucleic acid sequence. In some embodiments, both
the first nucleic acid sequence and the second nucleic acid sequence are introduced by
contacting the cell with a single recombinant AAV comprising both the first nucleic acid
sequence and the second nucleic acid sequence. Alternatively, the cell can be contacted with a
first recombinant AAV comprising the first nucleic acid sequence and a second recombinant
AAV comprising the second nucleic acid sequence.

[0038] In such an embodiment of the method, wherein the second nucleic acid sequence is
introduced by a recombinant AAV vector, the second nucleic acid can further comprise a
second promoter sequence positioned 5' upstream of the 5" homology arm or, alternatively,
positioned 3' downstream of the 3' homology arm. In embodiments where the second promoter
is positioned 3' downstream of the 3' homology arm, the promoter may be inverted.

[0039] In another such embodiment of the method, the recombinant AAV vector is a self-
complementary AAV vector.

[0040] In another such embodiment of the method, the recombinant AAV vector can have any
serotype. In a particular embodiment of the method, the recombinant AAV vector has a
serotype of AAV2. In another particular embodiment of the method, the recombinant AAV
vector has a serotype of AAV6.

[0041] In another embodiment of the method, at least the second nucleic acid sequence is
introduced into the cell using a single-stranded DNA template.

[0042] In a particular embodiment of the method, the first nucleic acid sequence encoding a
recombinant meganuclease described herein is introduced into the cell by an mRNA, and the
second nucleic acid sequence comprising an exogenous polynucleotide is introduced into the
cell using a viral vector, preferably a recombinant AAV vector, wherein the cell is a human T
cell, and wherein the sequence of interest encodes a chimeric antigen receptor. In such an
embodiment, the method produces a genetically-modified T cell comprising a chimeric antigen
receptor and no cell-surface expression of the endogenous T cell receptor when compared to
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a control cell.

[0043] The recombinant meganuclease recognizes and cleaves a recognition sequence
consisting of SEQ ID NO:3. Such a recombinant meganuclease comprises a first subunit and a
second subunit, wherein the first subunit binds to a first recognition half-site of the recognition
sequence and comprises a first hypervariable (HVR1) region, and wherein the second subunit
binds to a second recognition half-site of the recognition sequence and comprises a second
hypervariable (HVR2) region.

[0044] In another such embodiment of the method, the first meganuclease subunit comprises
an amino acid sequence having at least 80%, at least 85%, at least 90%, or at least 95%
sequence identity to residues 198-344 of any one of SEQ ID NOs:8-18 or residues 7-153 of
any one of SEQ ID NOs: 19-27, and the second meganuclease subunit comprises an amino
acid sequence having at least 80%, at least 85%, at least 90%, or at least 95% sequence
identity to residues 7-153 of any one of SEQ ID NOs:8-18 or residues 198-344 of any one of
SEQ ID NOs: 19-27.

[0045] In another such embodiment of the method, the HVR1 region comprises Y at a position
corresponding to: (a) position 215 of any one of SEQ ID NOs:8-18; or (b) position 24 of any
one of SEQ ID NOs: 19-27. In another such embodiment, the HVR1 region comprises G at a
position corresponding to: (a) position 233 of any one of SEQ ID NOs:8-18; or (b) position 42
of any one of SEQ ID NOs: 19-27. In another such embodiment, the HVR1 region comprises
one or more of Y and G at positions corresponding to (a) positions 215 and 233, respectively,
of any one of SEQ ID NOs:8-18; or (b) positions 24 and 42, respectively, of any one of SEQ ID
NOs: 19-27.

[0046] In another such embodiment of the method, the HVR2 region comprises T at a position
corresponding to: (a) position 26 of any one of SEQ ID NOs:8-18; or (b) position 217 of any
one of SEQ ID NOs: 19-27. In another such embodiment, the HVR2 region comprises F or Y at
a position corresponding to: (a) position 28 of any one of SEQ ID NOs:8-18; or (b) position 219
of any one of SEQ ID NOs: 19-27. In another such embodiment, the HVR2 region comprises F
at a position corresponding to: (a) position 38 of any one of SEQ ID NOs:8-18; or (b) position
229 of any one of SEQ ID NOs: 19-27. In another such embodiment, the HVR2 region
comprises S at a position corresponding to: (a) position 44 of any one of SEQ ID NOs:8-18; or
(b) position 235 of any one of SEQ ID NOs: 19-27. In another such embodiment, the HVR2
region comprises F or Y at a position corresponding to:

1. (a) position 46 of any one of SEQ ID NOs:8-18; or (b) position 237 of any one of SEQ ID
NOs: 19-27. In another such embodiment, the HVR2 region comprises one or more of T,
ForY, F, S, and F orY, and R at positions corresponding to: (a) positions 26, 28, 38, 44,
and 46, respectively, of any one of SEQ ID NOs:8-18; or (b) positions 217, 219, 229,
235, and 237, respectively, of any one of SEQ ID NOs: 19-27.
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[0047] In another such embodiment of the method, the HVR1 region comprises residues 215-
270 of any one of SEQ ID NOs:8-18 or residues 24-79 of any one of SEQ ID NOs: 19-27. In
another such embodiment, the HVR2 region comprises residues 24-79 of any one of SEQ ID
NOs:8-18 or residues 215-270 of any one of SEQ ID NOs: 19-27.

[0048] In another such embodiment of the method, the first meganuclease subunit comprises
residues 198-344 of any one of SEQ ID NOs:8-18 or residues 7-153 of any one of SEQ ID
NOs: 19-27. In another such embodiment, the second meganuclease subunit comprises
residues 7-153 of any one of SEQ ID NOs:8-18 or residues 198-344 of any one of SEQ ID
NOs: 19-27.

[0049] In another such embodiment of the method, the recombinant meganuclease is a single-
chain meganuclease comprising a linker, wherein the linker covalently joins the first subunit
and the second subunit.

[0050] In another such embodiment of the method, the recombinant meganuclease comprises
the amino acid sequence of any one of SEQ ID NOs:8-27.

[0051] In another aspect, the invention provides a pharmaceutical composition for use in a
method of immunotherapy for treating cancer in a subject in need thereof, wherein said
pharmaceutical composition comprises a genetically-modified cell, as described herein, and a
pharmaceutically acceptable carrier. In some embodiments, the method comprises
administering to the subject a pharmaceutical composition comprising a genetically-modified
cell produced according to the methods described herein, and a pharmaceutically acceptable
carrier.

[0052] In another embodiment of the method, the cancer to be treated is selected from the
group consisting of a cancer of B-cell origin, breast cancer, gastric cancer, neuroblastoma,
osteosarcoma, lung cancer, melanoma, prostate cancer, colon cancer, renal cell carcinoma,
ovarian cancer, rhabdomyo sarcoma, leukemia, and Hodgkin's lymphoma.

[0053] In another embodiment of the method, the cancer of B-cell origin is selected from the
group consisting of B-lineage acute lymphoblastic leukemia, B-cell chronic lymphocytic
leukemia, and B-cell non-Hodgkin's lymphoma.

[0054] The CAR comprises an extracellular antigen-binding domain. In some embodiments,
the extracellular ligand-binding domain or moiety can be in the form of a single-chain variable
fragment (scFv) derived from a monoclonal antibody, which provides specificity for a particular
epitope or antigen (e.g., an epitope or antigen preferentially present on the surface of a cell,
such as a cancer cell or other disease-causing cell or particle). The scFv can be attached via a
linker sequence. The extracellular ligand-binding domain can be specific for any antigen or
epitope of interest. In some embodiments, the scFv can be humanized. The extracellular
domain of a chimeric antigen receptor can also comprise an autoantigen (see, Payne et al.
(2016), Science 353(6295): 179-184), which can be recognized by autoantigen-specific B cell
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receptors on B lymphocytes, thus directing T cells to specifically target and kill autoreactive B
lymphocytes in antibody-mediated autoimmune diseases. Such CARs can be referred to as
chimeric autoantibody receptors (CAARSs), and their use is encompassed by the invention.

[0055] The foregoing and other aspects and embodiments of the present invention can be
more fully understood by reference to the following detailed description and claims. Certain
features of the invention, which are, for clarity, described in the context of separate
embodiments, may also be provided in combination in a single embodiment. All combinations
of the embodiments are specifically embraced by the present invention and are disclosed
herein just as if each and every combination was individually and explicitly disclosed.
Conversely, various features of the invention, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in any suitable sub-combination. All
sub-combinations of features listed in the embodiments are also specifically embraced by the
present invention and are disclosed herein just as if each and every such sub-combination was
individually and explicitly disclosed herein. Embodiments of each aspect of the present
invention disclosed herein apply to each other aspect of the invention mutatis mutandis.

BRIEF DESCRIPTION OF THE FIGURES

[0056]

Figure 1. TRC recognition sequences in the human TRC alpha constant region gene. A) Each
recognition sequence targeted by a recombinant meganuclease of the invention comprises two
recognition half-sites. Each recognition half-site comprises 9 base pairs, separated by a 4 base
pair central sequence. The TRC 1-2 recognition sequence (SEQ ID NO:3) spans nucleotides
187-208 of the human T cell alpha constant region (SEQ ID NO:1), and comprises two
recognition half-sites referred to as TRC1 and TRC2. The TRC 3-4 recognition sequence (SEQ
ID NO:4) spans nucleotides 93-114 of the human T cell alpha constant region (SEQ ID NO:1),
and comprises two recognition half-sites referred to as TRC3 and TRC4. The TRC 7-8
recognition sequence (SEQ ID NO:5) spans nucleotides 118-139 of the human T cell alpha
constant region (SEQ ID NO:1), and comprises two recognition half-sites referred to as TRC7
and TRC8. B) The recombinant meganucleases of the invention comprise two subunits,
wherein the first subunit comprising the HVR1 region binds to a first recognition half-site (e.g.,
TRC1, TRC3, or TRC7) and the second subunit comprising the HVR2 region binds to a second
recognition half-site (e.g., TRC2, TRC4, or TRCS8). In embodiments where the recombinant
meganuclease is a single-chain meganuclease, the first subunit comprising the HVR1 region
can be positioned as either the N-terminal or C-terminal subunit. Likewise, the second subunit
comprising the HVR2 region can be positioned as either the N-terminal or C-terminal subunit.

Figure 2A-B. Amino acid alignment of TRC1-binding subunits. A-B) Some recombinant
meganucleases encompassed by the invention comprise one subunit that binds the 9 base
pair TRC1 recognition half-site of SEQ ID NO:3. Amino acid sequence alignments are provided
for the TRC1-binding subunits (SEQ ID NOs:33-52) of the recombinant meganucleases set
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forth in SEQ ID NOs:8-27. As shown, the TRC1-binding subunit of SEQ ID NOs:8-18 comprises
residues 198-344, whereas the TRC1-binding subunit of SEQ ID NOs: 19-27 comprises
residues 7-153. Each TRC1-binding subunit comprises a 56 amino acid hypervariable region
as indicated. Variable residues within the hypervariable region are shaded, with the most
frequent amino acids at each position further highlighted; the most prevalent residues are
bolded, whereas the second most prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the exception of a Q or E residue at
position 80 or position 271 (see, U.S. Patent No. 8,021,867). All TRC1-binding subunits
provided in Figure 2 share at least 90% sequence identity to the TRC1-binding subunit
(residues 198-344) of the TRC 1-2x.87 EE meganuclease (SEQ ID NO:33). Residue numbers
shown are those of SEQ ID NOs:8-27.

Figure 3A-B. Amino acid alignment of TRC2-binding subunits. A-B) Some recombinant
meganucleases encompassed by the invention comprise one subunit that binds the 9 base
pair TRC2 recognition half-site of SEQ ID NO:3. Amino acid sequence alignments are provided
for the TRC2-binding subunits (SEQ ID NOs:58-77) of the recombinant meganucleases set
forth in SEQ ID NOs:8-27. As shown, the TRC2-binding subunit of SEQ ID NOs:8-18 comprises
residues 7-153, whereas the TRC2-binding subunit of SEQ ID NOs: 19-27 comprises residues
198-344. Each TRC2-binding subunit comprises a 56 amino acid hypervariable region as
indicated. Variable residues within the hypervariable region are shaded, with the most frequent
amino acids at each position further highlighted; the most prevalent residues are bolded,
whereas the second most prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the exceptions of a Q or E residue at
position 80 or position 271 (see, U.S. Patent No. 8,021,867), and an R residue at position 330
of meganucleases TRC 1-2x.87 EE, TRC 1-2x.87 QE, TRC 1-2x.87 EQ, TRC 1-2x.87, and
TRC 1-2x.163 (shaded grey and underlined). All TRC2-binding subunits provided in Figure 3
share at least 90% sequence identity to the TRC2-binding subunit (residues 7-153) of the TRC
1-2x.87 EE meganuclease (SEQ ID NO:58). Residue numbers shown are those of SEQ ID
NOs:8-27.

Figure 4. Amino acid alignment of TRC3-binding subunits. Some recombinant meganucleases
encompassed by the invention comprise one subunit that binds the 9 base pair TRC3
recognition half-site of SEQ ID NO:4. Amino acid sequence alignments are provided for the
TRC3-binding subunits (SEQ ID NOs:53 and 54) of the recombinant meganucleases set forth
in SEQ ID NOs:28 and 29. As shown, the TRC3-binding subunit of SEQ ID NOs:28 and 29
comprises residues 7-153. Each TRC3-binding subunit comprises a 56 amino acid
hypervariable region as indicated. Variable residues within the hypervariable region are
shaded. Residues outside of the hypervariable region are identical in each subunit, with the
exceptions of a Q or E residue at position 80 (see, U.S. Patent No. 8,021,867). The TRCS3-
binding subunits of the TRC 3-4x.3 and TRC 3-4x.19 meganucleases share 97% sequence
identity. Residue numbers shown are those of SEQ ID NOs:28 and 29.

Figure 5. Amino acid alignment of TRC4-binding subunits. Some recombinant meganucleases
encompassed by the invention comprise one subunit that binds the 9 base pair TRC4
recognition half-site of SEQ ID NO:4. Amino acid sequence alignments are provided for the
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TRCA4-binding subunits (SEQ ID NOs:78 and 79) of the recombinant meganucleases set forth
in SEQ ID NOs:28 and 29. As shown, the TRC4-binding subunit of SEQ ID NOs:28 and 29
comprises residues 198-344. Each TRC4-binding subunit comprises a 56 amino acid
hypervariable region as indicated. Variable residues within the hypervariable region are
shaded. Residues outside of the hypervariable region are identical in each subunit, with the
exceptions of a Q or E residue at position 80 (see, U.S. Patent No. 8,021,867). The TRC4-
binding subunits of the TRC 3-4x.3 and TRC 3-4x.19 meganucleases share 97% sequence
identity. Residue numbers shown are those of SEQ ID NOs:28 and 29.

Figure 6A-B. Amino acid alignment of TRC7-binding subunits. A-B) Some recombinant
meganucleases encompassed by the invention comprise one subunit that binds the 9 base
pair TRC7 recognition half-site of SEQ ID NO:5. Amino acid sequence alignments are provided
for the TRC7-binding subunits (SEQ ID NOs:55-57) of the recombinant meganucleases set
forth in SEQ ID NOs:30-32. As shown, the TRC7-binding subunit of SEQ ID NO:30 comprises
residues 7-153, whereas the TRC7-binding subunit of SEQ ID NOs:31 and 32 comprises
residues 198-344. Each TRC7-binding subunit comprises a 56 amino acid hypervariable region
as indicated. Variable residues within the hypervariable region are shaded, with the most
frequent amino acids at each position further highlighted; the most prevalent residues are
bolded, whereas the second most prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the exception of a Q or E residue at
position 80 or position 271 (see, U.S. Patent No. 8,021,867). All TRC7-binding subunits
provided in Figure 6 share at least 90% sequence identity to the TRC7-binding subunit
(residues 7-153) of the TRC 7-8x.7 meganuclease (SEQ ID NO:55). Residue numbers shown
are those of SEQ ID NOs:30-32.

Figure 7A-B. Amino acid alignment of TRC8-binding subunits. A-B) Some recombinant
meganucleases encompassed by the invention comprise one subunit that binds the 9 base
pair TRC8 recognition half-site of SEQ ID NO:5. Amino acid sequence alignments are provided
for the TRC8-binding subunits (SEQ ID NOs:80-82) of the recombinant meganucleases set
forth in SEQ ID NOs:30-32. As shown, the TRC8-binding subunit of SEQ ID NO:30 comprises
residues 198-344, whereas the TRC8-binding subunit of SEQ ID NOs:31 and 32 comprises
residues 7-153. Each TRC8-binding subunit comprises a 56 amino acid hypervariable region
as indicated. Variable residues within the hypervariable region are shaded, with the most
frequent amino acids at each position further highlighted; the most prevalent residues are
bolded, whereas the second most prevalent are bolded and italicized. Residues outside of the
hypervariable region are identical in each subunit, with the exception of a Q or E residue at
position 80 or position 271 (see, U.S. Patent No. 8,021,867). All TRC8-binding subunits
provided in Figure 7 share at least 90% sequence identity to the TRC8-binding subunit
(residues 198-344) of the TRC 7-8x.7 meganuclease (SEQ ID NO:80). Residue numbers
shown are those of SEQ ID NOs:30-32.

Figure 8. Schematic of reporter assay in CHO cells for evaluating recombinant meganucleases
targeting recognition sequences found in the T cell receptor alpha constant region (SEQ ID
NO:1). For the recombinant meganucleases described herein, a CHO cell line was produced in
which a reporter cassette was integrated stably into the genome of the cell. The reporter
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cassette comprised, in 5' to 3' order: an SV40 Early Promoter; the 5' 2/3 of the GFP gene; the
recognition sequence for an engineered meganuclease of the invention (e.g., the TRC 1-2
recognition sequence, the TRC 3-4 recognition sequence, or the TRC 7-8 recognition
sequence); the recognition sequence for the CHO-23/24 meganuclease (WO0/2012/167192);
and the 3' 2/3 of the GFP gene. Cells stably transfected with this cassette did not express GFP
in the absence of a DNA break-inducing agent. Meganucleases were introduced by
transduction of plasmid DNA or mRNA encoding each meganuclease. When a DNA break was
induced at either of the meganuclease recognition sequences, the duplicated regions of the
GFP gene recombined with one another to produce a functional GFP gene. The percentage of
GFP-expressing cells could then be determined by flow cytometry as an indirect measure of
the frequency of genome cleavage by the meganucleases.

Figure 9. Efficiency of recombinant meganucleases for recognizing and cleaving recognition
sequences in the human T cell receptor alpha constant region (SEQ ID NO:1) in a CHO cell
reporter assay. Each of the recombinant meganucleases set forth in SEQ ID NOs:8-32 were
engineered to target the TRC 1-2 recognition sequence (SEQ ID NO:3), the TRC 3-4
recognition sequence (SEQ ID NO:4), or the TRC 7-8 recognition sequence (SEQ ID NO:5),
and were screened for efficacy in the CHO cell reporter assay. The results shown provide the
percentage of GFP-expressing cells observed in each assay, which indicates the efficacy of
each meganuclease for cleaving a TRC target recognition sequence or the CHO-23/24
recognition sequence. A negative control (RHO 1-2 bs) was further included in each assay. A)-
C) Meganucleases targeting the TRC 1-2 recognition sequence. D) Meganucleases targeting
the TRC 3-4 recognition sequence. E)-F) Meganucleases targeting the TRC 7-8 recognition
sequence. G) Variants of the TRC 1-2x.87 meganuclease, wherein the Q at position 271 is
substituted with E (TRC 1-2x.87 QE), the Q at position 80 is substituted with E (TRC 1-2x.87
EQ), or the Q at position 80 and the Q at position 271 are both substituted with E (TRC 1-2x.87
EE).

Figure 10. Time course of recombinant meganuclease efficacy in CHO cell reporter assay. The
TRC 1-2x.87 QE, TRC 1-2x.87 EQ, and TRC 1-2x.87 EE meganucleases were evaluated in the
CHO reporter assay, with the percentage of GFP-expressing cells determined 1, 4, 6, 8, and
12 days after introduction of meganuclease-encoding mRNA into the CHO reporter cells.

Figure 11. Analysis of Jurkat cell genomic DNA following transfection with TRC 1-2
meganucleases. At 72 hours post-transfection with mRNA encoding TRC 1-2 meganucleases,
genomic DNA was harvested and a T7 endonuclease assay was performed to estimate genetic
modification at the endogenous TRC 1-2 recognition sequence.

Figure 12. Dose-response of TRC 1-2 meganuclease expression in Jurkat cells on genetic
modification at the endogenous TRC 1-2 recognition sequence. Jurkat cells were transfected
with either 3ug or 1ug of a given TRC 1-2 meganuclease mRNA. At 96 hours, genomic DNA
was analyzed using a T7 endonuclease assay.

Figure 13. Cleavage of TRC 1-2 recognition sequence in human T cells. A) CD3+ T cells were
stimulated with anti-CD3 and anti-CD28 antibodies for 3 days, then electroporated with mRNA
encoding the TRC 1-2x.87 EE meganuclease. Genomic DNA was harvested at 3 days and 7
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days post-transfection, and analyzed using a T7 endonuclease assay. B) To determine
whether mutations at the endogenous TRC 1-2 recognition sequence were sufficient to
eliminate surface expression of the T cell receptor, cells were analyzed by flow cytometry using
an anti-CD3 antibody. Control cells (transfected with water) and TRC 1-2x.87 EE-transfected
cells were analyzed at day 3 and day 7 post-transfection, and the percentage of CD3-positive
and CD3-negative T cells was determined.

Figure 14. Nucleic acid sequences of representative deletions that were observed at the TRC
1-2 recognition sequence in human T cells following expression of TRC 1-2 meganucleases.

Figure 15. Diagram illustrating sequence elements of recombinant AAV vectors and their use in
combination with an engineered nuclease to insert an exogenous nucleic acid sequence into
the endogenous TCR alpha constant region gene.

Figure 16. Map of plasmid used to produce the AAV405 vector.
Figure 17. Map of plasmid used to produce the AAV406 vector.

Figure 18. Determining the timing of meganuclease mRNA transfection and recombinant AAV
transduction to enhance AAV transduction efficiency. Human CD3+ T cells were electroporated
with mRNA encoding the TRC 1-2x.87 EE meganuclease and at 2, 4, or 8 hours post-
transfection, cells were transduced with a recombinant AAV vector encoding GFP (GFP-AAY).
T cells were analyzed by flow cytometry for GFP expression at 72 hours post-transduction to
determine transduction efficiency.

Figure 19. Analyzing human T cells for insertion of an exogenous nucleic acid sequence using
recombinant AAV vectors. CD3+ T cells transfected with TRC 1-2x.87 EE mRNA and
subsequently transduced (2 hours post-transfection) with AAV405 or AAV406. Transduction-
only controls were mock transfected (with water) and transduced with either AAV405 or
AAV406. Meganuclease-only controls were transfected with TRC 1-2x.87 EE and then mock
transduced (with water) at 2 hours post-transfection. Genomic DNA was harvested from T cells
and the TRC 1-2 locus was amplified by PCR using primers that recognized sequences beyond
the region of homology in the AAV vectors. PCR primers outside of the homology regions only
allowed for amplification of the T cell genome, not from the AAV vectors. PCR products were
purified and digested with Eagl. PCR products were then analyzed for cleavage.

Figure 20. Characterization of Eagl insertion into the TRC 1-2 recognition sequence of human
T cells using AAV405. A) Undigested PCR product generated from previous experiments was
cloned into a pCR-blunt vector. Colony PCR was performed using M13 forward and reverse
primers and a portion of PCR products from cells transfected with TRC 1-2x.87 EE and
AAV405 was analyzed by gel electrophoresis. Analysis shows a mix of full-length PCR products
(approximately 1600 bp), smaller inserts, and empty plasmids (approximately 300 bp). B) In
parallel, another portion of PCR products were digested with Eagl to determine the percent of
clones that contain the Eagl recognition site inserted in the TRC 1-2 recognition sequence.
PCR products cleaved with Eagl generated expected fragments of approximately 700 and 800

bp.
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Figure 21. Characterization of Eagl insertion into the TRC 1-2 recognition sequence of human
T cells using AAV406. A) Undigested PCR product generated from previous experiments was
cloned into a pCR-blunt vector. Colony PCR was performed using M13 forward and reverse
primers and a portion of PCR products from cells transfected with TRC 1-2x.87 EE and
AAV406 was analyzed by gel electrophoresis. Analysis shows a mix of full-length PCR products
(approximately 1600 bp), smaller inserts, and empty plasmids (approximately 300 bp). B) In
parallel, another portion of PCR products were digested with Eagl to determine the percent of
clones that contain the Eagl recognition site inserted in the TRC 1-2 recognition sequence.
PCR products cleaved with Eagl generated expected fragments of approximately 700 and 800

bp.

Figure 22. A) Nucleic acid sequences of representative deletions and insertions (i.e., indels)
that were observed at the TRC 1-2 recognition sequence in human T cells following expression
of TRC 1-2 meganucleases. B) Nucleic acid sequence of the TRC 1-2 recognition sequence
confirming insertion of the exogenous nucleic acid sequence comprising the Eagl restriction
site.

Figure 23. Enhancement of recombinant AAV transduction efficiency. Transduction efficiency
was further analyzed by optimizing the timing of meganuclease mRNA transfection and
subsequent AAV transduction. Human CD3+ T cells were electroporated with mRNA encoding
the TRC 1-2x.87 EE meganuclease and subsequently transduced with GFP-AAV immediately
after transfection or 2 hours post-transfection. Additionally, non-stimulated resting T cells were
transduced with GFP-AAV. Mock transduced cells were also analyzed. At 72 hours post-
transduction, cells were analyzed by flow cytometry for GFP expression to determine AAV
transduction efficiency.

Figure 24. Map of plasmid used to produce the AAV-CAR100 (AAV408) vector.
Figure 25. Map of plasmid used to produce the AAV-CAR763 (AAV412) vector.

Figure 26. Insertion of chimeric antigen receptor coding sequence at TRC 1-2 recognition site
in human T cells. A PCR-based assay was developed to determine whether the AAV412 HDR
template was utilized to repair double-strand breaks at the TRC 1-2 recognition sequence.

Figure 27. Insertion of chimeric antigen receptor coding sequence at TRC 1-2 recognition site
in human T cells. A PCR-based assay was developed to determine whether the AAV408 HDR
template was utilized to repair double-strand breaks at the TRC 1-2 recognition sequence. A)
PCR products generated using a primer pair that only amplifies a product on the 5' end of the
TRC 1-2 recognition sequence locus if the CAR gene has been inserted into that locus. B) PCR
products generated using a primer pair that only amplifies a product on the 3' end of the TRC
1-2 recognition sequence locus if the CAR gene has been inserted into that locus.

Figure 28. Digital PCR. A) Schematic of a digital PCR assay developed to quantitatively
determine insertion efficiency of the chimeric antigen receptor coding sequence into the TRC
1-2 recognition site in human T cells. B) Results of digital PCR on genomic DNA from human T
cells electroporated with a TRC 1-2x.87EE meganuclease mRNA and/or increasing amounts of
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AAV408.

Figure 29. Cell-surface expression of CD19 chimeric antigen receptor on human T cells. The
expression level of the anti-CD19 chimeric antigen receptor was determined in cells that had
the CAR gene inserted into the TRC 1-2 recognition sequence using AAV408 as the HDR
template. Cell-surface expression was analyzed by flow cytometry. A) Cells that were mock
electroporated and mock transduced (MOI - 0), and cells that were mock electroporated and
transduced with increasing amounts of AAV408. B) Cells that were electroporated with TRC 1-
2x.87EE and mock transduced (MOI - 0), and cells that were electroporated with TRC 1-
2x.87EE and transduced with increasing amounts of AAV408.

Figure 30. Map of plasmid used to produce the AAV421 vector.
Figure 31. Map of plasmid used to produce the AAV422 vector.

Figure 32. Insertion of chimeric antigen receptor coding sequence. PCR methods were used to
determine if the chimeric antigen receptor coding sequence introduced by AAV421 or AAV422
inserted at the TRC 1-2 recognition site cleaved by the TRC 1-2x.87EE meganuclease. A)
Analysis of insertion following transduction with AAV421. B) Analysis of insertion following
transduction with AAV422.

Figure 33. Cell-surface expression of CD19 chimeric antigen receptor on human T cells. The
expression level of the anti-CD19 chimeric antigen receptor was determined in cells that had
the CAR gene inserted into the TRC 1-2 recognition sequence using AAV421 as the HDR
template. Cell-surface expression was analyzed by flow cytometry. A) Cells that were mock
electroporated and mock transduced (MOI - 0), and cells that were mock electroporated and
transduced with increasing amounts of AAV421. B) Cells that were electroporated with TRC 1-
2x.87EE and mock transduced (MOI - 0), and cells that were electroporated with TRC 1-
2x.87EE and transduced with increasing amounts of AAV421.

Figure 34. Expansion of human T cells expressing a cell-surface chimeric antigen receptor.

Methods were determined for preferentially expanding and enriching a CD3/CAR* T cell
population following electroporation with mRNA for the TRC 1-2x.87EE meganuclease and
transduction with AAV421. A) Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL). B)
Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL), and incubation with mitomycin C-
inactivated IM-9 cells. C) Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL), and two
incubations with mitomycin C-inactivated IM-9 cells.

Figure 35. Cell-surface expression of CD19 chimeric antigen receptor on human T cells. The
expression level of the anti-CD19 chimeric antigen receptor was determined in cells that had
the CAR gene inserted into the TRC 1-2 recognition sequence using AAV422 as the HDR
template. Cell-surface expression was analyzed by flow cytometry. A) Cells that were mock
electroporated and mock transduced (MOI - 0), and cells that were mock electroporated and
transduced with increasing amounts of AAV422. B) Cells that were electroporated with TRC 1-
2x.87EE and mock transduced (MOI - 0), and cells that were electroporated with TRC 1-
2x.87EE and transduced with increasing amounts of AAV422.
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Figure 36. Expansion of human T cells expressing a cell-surface chimeric antigen receptor.

Methods were determined for preferentially expanding and enriching a CD3/CAR* T cell
population following electroporation with mRNA for the TRC 1-2x.87EE meganuclease and
transduction with AAV422. A) Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL). B)
Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL), and incubation with mitomycin C-
inactivated IM-9 cells. C) Supplementation with IL-7 (10 ng/mL) and IL-15 (10 ng/mL), and two
incubations with mitomycin C-inactivated IM-9 cells.

Figure 37. Meganuclease knockout efficiency using single-strand AAV. Experiments were
conducted to examine the knockout efficiency of two meganucleases in human T cells when
simultaneously transduced with a single-stranded AAV vector. A) Cells electroporated with
MRNA for TRC 1-2x.87EE and transduced with increasing amounts of the single-stranded
AAV412. B) Cells electroporated with mRNA for a meganuclease targeting the beta-2
microglobulin gene and transduced with increasing amounts of the single-stranded AAV412. C)
Cells electroporated with mRNA for TRC 1-2x.87EE and transduced with increasing amounts of
the single-stranded AAV422.

Figure 38. Functional activity of anti-CD19 CAR T cells. A) IFN-gamma ELISPOT assay, in
which either CD19* Raiji cells or CD19- U937 cells were the target population. B) Cell killing

assay in which luciferase-labeled CD19* Raji cells were the target.

Figure 39. Expression of chimeric antigen receptors following transduction with linearized DNA
donor templates. These experiments generated plasmids that contain an anti-CD19 CAR gene
flanked by homology arms that are homologous to the TRC 1-2 recognition sequence locus.
Different promoters were used in some plasmids, and homology arms were either "short" (200
bp on the 5' homology arm and 180 bp on the 3' homology arm) or "long" (985 bp on the 5'
homology arm and 763 bp on the 3' homology arm). CAR donor plasmids were linearized at a

restriction site in the vector backbone and gel purified. A) Background CD3-/CAR* staining. B)
Cells electroporated with TRC 1-2x.87EE mRNA alone. C) Cells co-electroporated with TRC 1-
2x.87EE mRNA and a long homology arm vector with an EF1a core promoter with an HTLV
enhancer. D) Cells co-electroporated with TRC 1-2x.87EE mRNA and a short homology arm
vector with EF1a core promoter (with no enhancer). E) Cells electroporated with a long
homology arm vector with an EF1a core promoter with an HTLV enhancer in the absence of
TRC 1-2x.87EE mRNA. F) Cells electroporated with a short homology arm vector with EF1a
core promoter (with no enhancer) in the absence of TRC 1-2x.87EE mRNA. G) Cells
electroporated with a long homology arm construct that contains an MND promoter driving
expression of the CAR and an intron in the 5' end of the CAR gene, as well as TRC 1-2x.87EE
mRNA. H) Cells electroporated with a long homology arm construct that contains an MND
promoter driving expression of the CAR and no intron, as well as TRC 1-2x.87EE mRNA. )
Cells electroporated with a short homology arm plasmid with the MND promoter and no intron,
as well as TRC 1-2x.87EE mRNA. J) Cells electroporated with a long homology arm construct
that contains an MND promoter driving expression of the CAR and an intron in the 5' end of the
CAR gene, but no TRC 1-2x.87EE mRNA. K) Cells electroporated with a long homology arm
construct that contains an MND promoter driving expression of the CAR and no intron, but no
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TRC 1-2x.87EE mRNA. L) Cells electroporated with a short homology arm plasmid with the
MND promoter and no intron, but no TRC 1-2x.87EE mRNA. M) Cells electroporated with a
short homology arm construct that contained a JeT promoter, as well as TRC 1-2x.87EE
MRNA. N) Cells electroporated with a long homology arm construct that contained a CMV
promoter, as well as TRC 1-2x.87EE mRNA. O) Cells electroporated with a short homology
arm construct that contained a JeT promoter, but no TRC 1-2x.87EE mRNA. P) Cells
electroporated with a long homology arm construct that contained a CMV promoter, but no
TRC 1-2x.87EE mRNA.

Figure 40. PCR analysis to determine whether the chimeric antigen receptor coding region
delivered by linearized DNA constructs was inserted into the TRC 1-2 recognition sequence in
human T cells.

Figure 41. Map of plasmid used to produce the AAV423 vector.

Figure 42. Cell-surface expression of CD19 chimeric antigen receptor on human T cells. The
expression level of the anti-CD19 chimeric antigen receptor was determined in cells that had
the CAR gene inserted into the TRC 1-2 recognition sequence using AAV423 as the HDR
template. Cell-surface expression was analyzed by flow cytometry. A) Cells that were mock
electroporated and mock transduced (MOI - 0), and cells that were mock electroporated and
transduced with increasing amounts of AAV423. B) Cells that were electroporated with TRC 1-
2x.87EE and mock transduced (MOI - 0), and cells that were electroporated with TRC 1-
2x.87EE and transduced with increasing amounts of AAV423.

Figure 43. Insertion of chimeric antigen receptor coding sequence. PCR methods were used to
determine if the chimeric antigen receptor coding sequence introduced by AAV423 inserted at
the TRC 1-2 recognition site cleaved by the TRC 1-2x.87EE meganuclease.

Figure 44. Phenotype analysis of anti-CD 19 CAR T cells. A) Activated T cells were
electroporated with TRC 1-2x.87 EE mRNA, then transduced with an AAV6 vector comprising
an anti-CD19 CAR expression cassette driven by a JeT promoter and flanked by homology
arms. Following 5 days of culture with IL-2 (10 ng/mL), cells were analyzed for cell-surface
CD3 and anti-CD19 CAR expression by flow cytometry. B) CD3" cells were enriched by

depleting CD3" cells using anti-CD3 magnetic beads. Depleted cells were then cultured for 3
days in IL-15 (10 ng/mL) and IL-21 (10 ng/mL) and re-analyzed for cell-surface expression of

CD3 and anti-CD19 CAR. C) The purified population of CD3” CD19-CAR T cells was analyzed
by flow cytometry to determine the percentage of cells that were CD4* and CD8*. D) The

purified population of CD3" CD19-CAR T cells was further analyzed by flow cytometry to
determine whether they were central memory T cells, transitional memory T cells, or effector
memory T cells by staining for CD62L and CD45R0O.

Figure 45. Raji disseminated lymphoma model. Raji cells stably expressing firefly luciferase

(filLuc)** were injected i.v. into 5-6 week old female NSG mice on Day 1, at a dose of 2.0 x 10°
cells per mouse. On Day 4 mice were injected i.v. with PBS or PBS containing gene edited
control TCR KO T cells prepared from the same healthy donor PBMC or PBS containing the
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indicated doses of CAR T cells prepared from the same donor. On the indicated days, live mice
were injected i.p. with Luciferin substrate (150mg/kg in saline), anesthetized, and Luciferase

activity measured after 7 minutes using VIS SpectrumCT® (Perkin Elmer, Waltham, MA). Data
was analyzed and exported using Living Image software 4.5.1 (Perkin Elmer, Waltham, MA).

Luminescence signal intensity is represented by radiance in p/sec/cm?/sr.

BRIEF DESCRIPTION OF THE SEQUENCES

[0057]

SEQ ID NO: 1 sets forth the nucleotide sequence of the human T cell receptor alpha constant
region gene (NCBI Gene ID NO. 28755).

SEQ ID NO: 2 sets forth the amino acid sequence encoded by the human T cell receptor alpha
constant region.

SEQ ID NO: 3 sets forth the amino acid sequence of the TRC 1-2 recognition sequence.
SEQ ID NO: 4 sets forth the nucleotide sequence of the TRC 3-4 recognition sequence.
SEQ ID NO: 5 sets forth the nucleotide sequence of the TRC 7-8 recognition sequence.
SEQ ID NO: 6 sets forth the amino acid sequence of I-Crel.

SEQ ID NO: 7 sets forth the amino acid sequence of the LAGLIDADG motif.

SEQ ID NO: 8 sets forth the amino acid sequence of the TRC 1-2x.87 EE meganuclease.
SEQ ID NO: 9 sets forth the amino acid sequence of the TRC 1-2x.87 QE meganuclease.
SEQ ID NO: 10 sets forth the amino acid sequence of the TRC 1-2x.87 EQ meganuclease.
SEQ ID NO: 11 sets forth the amino acid sequence of the TRC 1-2x.87 meganuclease.
SEQ ID NO: 12 sets forth the amino acid sequence of the TRC 1-2x.6 meganuclease.
SEQ ID NO: 13 sets forth the amino acid sequence of the TRC 1-2x.20 meganuclease.
SEQ ID NO: 14 sets forth the amino acid sequence of the TRC 1-2x.55 meganuclease.
SEQ ID NO: 15 sets forth the amino acid sequence of the TRC 1-2x.60 meganuclease.
SEQ ID NO: 16 sets forth the amino acid sequence of the TRC 1-2x.105 meganuclease.

SEQ ID NO: 17 sets forth the amino acid sequence of the TRC 1-2x.163 meganuclease.
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18 sets forth the amino acid sequence of the TRC 1-2x.113_3 meganuclease.
19 sets forth the amino acid sequence of the TRC 1-2x.5 meganuclease.

20 sets forth the amino acid sequence of the TRC 1-2x.8 meganuclease.

21 sets forth the amino acid sequence of the TRC 1-2x.25 meganuclease.

22 sets forth the amino acid sequence of the TRC 1-2x.72 meganuclease.

23 sets forth the amino acid sequence of the TRC 1-2x.80 meganuclease.

24 sets forth the amino acid sequence of the TRC 1-2x.84 meganuclease.

25 sets forth the amino acid sequence of the TRC 1-2x.120 meganuclease.
26 sets forth the amino acid sequence of the TRC 1-2x.113_1 meganuclease.
27 sets forth the amino acid sequence of the TRC 1-2x.113_2 meganuclease.
28 sets forth the amino acid sequence of the TRC 3-4x.3 meganuclease.

29 sets forth the amino acid sequence of the TRC 3-4x.19 meganuclease.

30 sets forth the amino acid sequence of the TRC 7-8x.7 meganuclease.

31 sets forth the amino acid sequence of the TRC 7-8x.9 meganuclease.

32 sets forth the amino acid sequence of the TRC 7-8x.14 meganuclease.

33 sets forth residues 198-344 of the TRC 1-2x.87 EE meganuclease.

34 sets forth residues 198-344 of the TRC 1-2x.87 QE meganuclease.

35 sets forth residues 198-344 of the TRC 1-2x.87 EQ meganuclease.

36 sets forth residues 198-344 of the TRC 1-2x.87 meganuclease.

37 sets forth residues 198-344 of the TRC 1-2x.6 meganuclease.

38 sets forth residues 198-344 of the TRC 1-2x.20 meganuclease.

39 sets forth residues 198-344 of the TRC 1-2x.55 meganuclease.

40 sets forth residues 198-344 of the TRC 1-2x.60 meganuclease.

41 sets forth residues 198-344 of the TRC 1-2x.105 meganuclease.

42 sets forth residues 198-344 of the TRC 1-2x.163 meganuclease.

43 sets forth residues 198-344 of the TRC 1-2x.113_3 meganuclease.

44 sets forth residues 7-153 of the TRC 1-2x.5 meganuclease.
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45 sets forth residues 7-153 of the TRC 1-2x.8 meganuclease.

46 sets forth residues 7-153 of the TRC 1-2x.25 meganuclease.

47 sets forth residues 7-153 of the TRC 1-2x.72 meganuclease.

48 sets forth residues 7-153 of the TRC 1-2x.80 meganuclease.

49 sets forth residues 7-153 of the TRC 1-2x.84 meganuclease.

50 sets forth residues 7-153 of the TRC 1-2x.120 meganuclease.
51 sets forth residues 7-153 of the TRC 1-2x.113_1 meganuclease.
52 sets forth residues 7-153 of the TRC 1-2x.113_2 meganuclease.
53 sets forth residues 7-153 of the TRC 3-4x.3 meganuclease.

54 sets forth residues 7-153 of the TRC 3-4x.19 meganuclease.

55 sets forth residues 7-153 of the TRC 7-8x.7 meganuclease.

56 sets forth residues 198-344 of the TRC 7-8x.9 meganuclease.

57 sets forth residues 198-344 of the TRC 7-8x.14 meganuclease. SEQ ID NO: 58

sets forth residues 7-153 of the TRC 1-2x.87 EE meganuclease.

SEQ ID NO:
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SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

59 sets forth residues 7-153 of the TRC 1-2x.87 QE meganuclease.
60 sets forth residues 7-153 of the TRC 1-2x.87 EQ meganuclease.
61 sets forth residues 7-153 of the TRC 1-2x.87 meganuclease.

62 sets forth residues 7-153 of the TRC 1-2x.6 meganuclease.

63 sets forth residues 7-153 of the TRC 1-2x.20 meganuclease.

64 sets forth residues 7-153 of the TRC 1-2x.55 meganuclease.

65 sets forth residues 7-153 of the TRC 1-2x.60 meganuclease.

66 sets forth residues 7-153 of the TRC 1-2x.105 meganuclease.
67 sets forth residues 7-153 of the TRC 1-2x.163 meganuclease.
68 sets forth residues 7-153 of the TRC 1-2x.113_3 meganuclease.
69 sets forth residues 198-344 of the TRC 1-2x.5 meganuclease.
70 sets forth residues 198-344 of the TRC 1-2x.8 meganuclease.

71 sets forth residues 198-344 of the TRC 1-2x.25 meganuclease.
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72 sets forth residues 198-344 of the TRC 1-2x.72 meganuclease.

73 sets forth residues 198-344 of the TRC 1-2x.80 meganuclease.

74 sets forth residues 198-344 of the TRC 1-2x.84 meganuclease.

75 sets forth residues 198-344 of the TRC 1-2x.120 meganuclease.
76 sets forth residues 198-344 of the TRC 1-2x.113_1 meganuclease.
77 sets forth residues 198-344 of the TRC 1-2x.113 2 meganuclease.
78 sets forth residues 198-344 of the TRC 3-4x.3 meganuclease.

79 sets forth residues 198-344 of the TRC 3-4x.19 meganuclease.

80 sets forth residues 198-344 of the TRC 7-8x.7 meganuclease.

81 sets forth residues 7-153 of the TRC 7-8x.9 meganuclease.

82 sets forth residues 7-153 of the TRC 7-8x.14 meganuclease.

SEQ ID NO: 83 sets forth the nucleotide sequence of the antisense strand of the TRC 1-2
recognition sequence.

SEQ ID NO: 84 sets forth the nucleotide sequence of the antisense strand of the TRC 3-4
recognition sequence.

SEQ ID NO: 85 sets forth the nucleotide sequence of the antisense strand of the TRC 7-8
recognition sequence.

SEQ ID NO:

86 sets forth nucleotides 162-233 of SEQ ID NO:1.

SEQ ID NO: 87 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 88 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 89 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 90 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 91 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 92 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.
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SEQ ID NO: 93 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 94 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising an insertion
resulting from cleavage and NHEJ.

SEQ ID NO: 95 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising an insertion
resulting from cleavage and NHEJ.

SEQ ID NO: 96 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 97 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 98 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 99 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 100 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 101 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 102 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 103 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 104 sets forth nucleotides 162-233 of SEQ ID NO:1 comprising a deletion resulting
from cleavage and NHEJ.

SEQ ID NO: 105 sets forth nucleotides 181-214 of SEQ ID NO:1.

SEQ ID NO: 106 sets forth nucleotides 181-214 of SEQ ID NO:1 comprising an exogenous
nucleic acid sequence inserted via homologous recombination.

SEQ ID NO: 107 sets forth the nucleotide sequence of a plasmid used to generate the AAV405
vector.

SEQ ID NO: 108 sets forth the nucleotide sequence of a plasmid used to generate the AAV406
vector.

SEQ ID NO: 109 sets forth the nucleotide sequence of a plasmid used to generate the AAV-
CAR100 (AAV408) vector.
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SEQ ID NO: 110 sets forth the nucleotide sequence of a plasmid used to generate the AAV-
CAR763 (AAV412) vector.

SEQ ID NO: 111 sets forth the amino acid sequence of an anti-CD 19 chimeric antigen
receptor.

SEQ ID NO: 112 sets forth the amino acid sequence of an anti-CD19 extracellular ligand-
binding domain.

SEQ ID NO: 113 sets forth the amino acid sequence of a chimeric antigen receptor intracellular
cytoplasmic signaling domain.

SEQ ID NO: 114 sets forth the amino acid sequence of a chimeric antigen receptor intracellular
co-stimulatory domain.

SEQ ID NO: 115 sets forth the amino acid sequence of a chimeric antigen receptor signal
peptide domain.

SEQ ID NO: 116 sets forth the amino acid sequence of a chimeric antigen receptor hinge
region.

SEQ ID NO: 117 sets forth the amino acid sequence of a chimeric antigen receptor
transmembrane domain.

SEQ ID NO: 118 sets forth the nucleotide sequence of an EF-1 alpha core promoter.
SEQ ID NO: 119 sets forth the nucleotide sequence of an exogenous polynucleotide insert.

SEQ ID NO: 120 sets forth the nucleotide sequence of the human TCR alpha constant region
gene comprising an exogenous nucleic acid sequence inserted within the TRC 1-2 recognition
sequence.

SEQ ID NO: 121 sets forth the nucleotide sequence of the human TCR alpha constant region
gene comprising an exogenous nucleic acid sequence inserted within the TRC 3-4 recognition
sequence.

SEQ ID NO: 122 sets forth the nucleotide sequence of the human TCR alpha constant region
gene comprising an exogenous nucleic acid sequence inserted within the TRC 7-8 recognition
sequence.

SEQ ID NO: 123 sets forth the nucleic acid sequence of a plasmid used to generate the
AAV421 vector.

SEQ ID NO: 124 sets forth the nucleic acid sequence of a plasmid used to generate the
AAV422 vector.

SEQ ID NO: 125 sets forth the nucleic acid sequence of a plasmid used to generate the
AAV423 vector.
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DETAILED DESCRIPTION OF THE INVENTION

1.1 References and Definitions

[0058] The present invention can be embodied in different forms and should not be construed
as limited to the embodiments set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. For example, features illustrated with respect to one
embodiment can be incorporated into other embodiments, and features illustrated with respect
to a particular embodiment can be deleted from that embodiment.

[0059] Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The terminology used in the description of the invention herein is for the purpose of
describing particular embodiments only and is not intended to be limiting of the invention.

[0060] As used herein, "a," "an," or "the" can mean one or more than one. For example, "a"
cell can mean a single cell or a multiplicity of cells.

[0061] As used herein, unless specifically indicated otherwise, the word "or" is used in the
inclusive sense of "and/or" and not the exclusive sense of "either/or."

[0062] As used herein, the term "meganuclease” refers to an endonuclease that binds double-
stranded DNA at a recognition sequence that is greater than 12 base pairs. Preferably, the
recognition sequence for a meganuclease of the invention is 22 base pairs. A meganuclease
can be an endonuclease that is derived from |-Crel, and can refer to an engineered variant of
I-Crel that has been modified relative to natural |-Crel with respect to, for example, DNA-
binding specificity, DNA cleavage activity, DNA-binding affinity, or dimerization properties.
Methods for producing such modified variants of I-Crel are known in the art (e.g,,

[0063] WO 2007/047859). A meganuclease as used herein binds to double-stranded DNA as a
heterodimer or as a "single-chain meganuclease" in which a pair of DNA-binding domains are
joined into a single polypeptide using a peptide linker. The term "homing endonuclease” is
synonymous with the term "meganuclease." Meganucleases of the invention are substantially
non-toxic when expressed in cells, particularly in human T cells, such that cells can be
transfected and maintained at 37°C without observing deleterious effects on cell viability or
significant reductions in meganuclease cleavage activity when measured using the methods
described herein.
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[0064] As used herein, the term "single-chain meganuclease” refers to a polypeptide
comprising a pair of nuclease subunits joined by a linker. A single-chain meganuclease has the
organization: N-terminal subunit - Linker - C-terminal subunit. The two meganuclease subunits
will generally be non-identical in amino acid sequence and will recognize non-identical DNA
sequences. Thus, single-chain meganucleases typically cleave pseudo-palindromic or non-
palindromic recognition sequences. A single-chain meganuclease may be referred to as a
"single-chain heterodimer"” or "single-chain heterodimeric meganuclease"” although it is not, in
fact, dimeric. For clarity, unless otherwise specified, the term "meganuclease"” can refer to a
dimeric or single-chain meganuclease.

[0065] As used herein, the term "linker" refers to an exogenous peptide sequence used to join
two meganuclease subunits into a single polypeptide. A linker may have a sequence that is
found in natural proteins, or may be an artificial sequence that is not found in any natural
protein. A linker may be flexible and lacking in secondary structure or may have a propensity to
form a specific three-dimensional structure under physiological conditions. A linker can include,
without limitation, those encompassed by U.S. Patent No. 8,445,251, In some embodiments, a
linker may have an amino acid sequence comprising residues 154-195 of any one of SEQ ID
NOs:8-32.

[0066] As used herein, the term "TALEN" refers to an endonuclease comprising a DNA-binding
domain comprising 16-22 TAL domain repeats fused to any portion of the Fokl nuclease
domain.

[0067] As used herein, the term "Compact TALEN" refers to an endonuclease comprising a
DNA-binding domain with 16-22 TAL domain repeats fused in any orientation to any
catalytically active portion of nuclease domain of the I-Tevl homing endonuclease.

[0068] As used herein, the term "CRISPR" refers to a caspase-based endonuclease
comprising a caspase, such as Cas9, and a guide RNA that directs DNA cleavage of the
caspase by hybridizing to a recognition site in the genomic DNA.

[0069] As used herein, the term "megaTAL" refers to a single-chain nuclease comprising a
transcription activator-like effector (TALE) DNA binding domain with an engineered, sequence-
specific homing endonuclease.

[0070] As used herein, with respect to a protein, the term "recombinant” means having an
altered amino acid sequence as a result of the application of genetic engineering techniques to
nucleic acids that encode the protein, and cells or organisms that express the protein. With
respect to a nucleic acid, the term "recombinant’ means having an altered nucleic acid
sequence as a result of the application of genetic engineering techniques. Genetic engineering
techniques include, but are not limited to, PCR and DNA cloning technologies; transfection,
transformation and other gene transfer technologies; homologous recombination; site-directed
mutagenesis; and gene fusion. In accordance with this definition, a protein having an amino
acid sequence identical to a naturally-occurring protein, but produced by cloning and
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expression in a heterologous host, is not considered recombinant.

[0071] As used herein, the term "wild-type" refers to the most common naturally occurring
allele (i.e., polynucleotide sequence) in the allele population of the same type of gene, wherein
a polypeptide encoded by the wild-type allele has its original functions. The term "wild-type"
also refers a polypeptide encoded by a wild-type allele. Wild-type alleles (i.e., polynucleotides)
and polypeptides are distinguishable from mutant or variant alleles and polypeptides, which
comprise one or more mutations and/or substitutions relative to the wild-type sequence(s).
Whereas a wild-type allele or polypeptide can confer a normal phenotype in an organism, a
mutant or variant allele or polypeptide can, in some instances, confer an altered phenotype.
Wild-type nucleases are distinguishable from recombinant or non-naturally-occurring
nucleases.

[0072] As used herein with respect to recombinant proteins, the term "modification” means any
insertion, deletion or substitution of an amino acid residue in the recombinant sequence
relative to a reference sequence (e.g., a wild-type or a native sequence).

[0073] As used herein, the term "recognition sequence” refers to a DNA sequence that is
bound and cleaved by an endonuclease. In the case of a meganuclease, a recognition
sequence comprises a pair of inverted, 9 basepair "half sites" that are separated by four
basepairs. In the case of a single-chain meganuclease, the N-terminal domain of the protein
contacts a first half-site and the C-terminal domain of the protein contacts a second half-site.
Cleavage by a meganuclease produces four basepair 3' "overhangs". "Overhangs", or "sticky
ends" are short, single-stranded DNA segments that can be produced by endonuclease
cleavage of a double-stranded DNA sequence. In the case of meganucleases and single-chain
meganucleases derived from |-Crel, the overhang comprises bases 10-13 of the 22 basepair
recognition sequence. In the case of a Compact TALEN, the recognition sequence comprises a
first CNNNGN sequence that is recognized by the |-Tevl domain, followed by a nonspecific
spacer 4-16 basepairs in length, followed by a second sequence 16-22 bp in length that is
recognized by the TAL-effector domain (this sequence typically has a 5' T base). Cleavage by
a Compact TALEN produces two basepair 3' overhangs. In the case of a CRISPR, the
recognition sequence is the sequence, typically 16-24 basepairs, to which the guide RNA binds
to direct Cas9 cleavage. Cleavage by a CRISPR produced blunt ends.

[0074] As used herein, the term "target site” or "target sequence” refers to a region of the
chromosomal DNA of a cell comprising a recognition sequence for a nuclease.

[0075] As used herein, the term "DNA-binding affinity” or "binding affinity” means the tendency
of a meganuclease to non-covalently associate with a reference DNA molecule (e.g., a
recognition sequence or an arbitrary sequence). Binding affinity is measured by a dissociation
constant, K4. As used herein, a nuclease has "altered" binding affinity if the K4 of the nuclease

for a reference recognition sequence is increased or decreased by a statistically significant
percent change relative to a reference nuclease.
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[0076] As used herein, the term "homologous recombination” or "HR" refers to the natural,
cellular process in which a double-stranded DNA-break is repaired using a homologous DNA
sequence as the repair template (see, e.g., Cahill et al. (2006), Front. Biosci. 11:1958-1976).
The homologous DNA sequence may be an endogenous chromosomal sequence or an
exogenous nucleic acid that was delivered to the cell.

[0077] As used herein, the term "non-homologous end-joining" or "NHEJ" refers to the natural,
cellular process in which a double-stranded DNA-break is repaired by the direct joining of two
non-homologous DNA segments (see, e.g., Cahill et al. (2006), Front. Biosci. 11:1958-1976).
DNA repair by non-homologous end-joining is error-prone and frequently results in the
untemplated addition or deletion of DNA sequences at the site of repair. In some instances,
cleavage at a target recognition sequence results in NHEJ at a target recognition site.
Nuclease-induced cleavage of a target site in the coding sequence of a gene followed by DNA
repair by NHEJ can introduce mutations into the coding sequence, such as frameshift
mutations, that disrupt gene function. Thus, engineered nucleases can be used to effectively
knock-out a gene in a population of cells.

[0078] As used herein, a "chimeric antigen receptor” or "CAR" refers to an engineered
receptor that confers or grafts specificity for an antigen onto an immune effector cell (e.g., a
human T cell). A chimeric antigen receptor typically comprises an extracellular ligand-binding
domain or moiety and an intracellular domain that comprises one or more stimulatory domains
that transduce the signals necessary for T cell activation. In some embodiments, the
extracellular ligand-binding domain or moiety can be in the form of single-chain variable
fragments (scFvs) derived from a monoclonal antibody, which provide specificity for a particular
epitope or antigen (e.g., an epitope or antigen preferentially present on the surface of a cancer
cell or other disease-causing cell or particle). The extracellular ligand-binding domain can be
specific for any antigen or epitope of interest. In a particular embodiment, the ligand-binding
domain is specific for CD19.

[0079] The extracellular domain of a chimeric antigen receptor can also comprise an
autoantigen (see, Payne et al. (2016), Science 353 (6295). 179-184), that can be recognized
by autoantigen-specific B cell receptors on B lymphocytes, thus directing T cells to specifically
target and kill autoreactive B lymphocytes in antibody-mediated autoimmune diseases. Such
CARs can be referred to as chimeric autoantibody receptors (CAARs), and their use is
encompassed by the invention.

[0080] The scFvs can be attached via a linker sequence. The intracellular stimulatory domain
can include one or more cytoplasmic signaling domains that transmit an activation signal to the
immune effector cell following antigen binding. Such cytoplasmic signaling domains can
include, without limitation, CD3-zeta. The intracellular stimulatory domain can also include one
or more intracellular co-stimulatory domains that transmit a proliferative and/or cell-survival
signal after ligand binding. Such intracellular co-stimulatory domains can include, without
limitation, a CD28 domain, a 4-1BB domain, an OX40 domain, or a combination thereof. A
chimeric antigen receptor can further include additional structural elements, including a
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transmembrane domain that is attached to the extracellular ligand-binding domain via a hinge
or spacer sequence.

[0081] As used herein, an "exogenous T cell receptor” or "exogenous TCR" refers to a TCR
whose sequence is introduced into the genome of an immune effector cell (e.g., a human T
cell) that may or may not endogenously express the TCR. Expression of an exogenous TCR
on an immune effector cell can confer specificity for a specific epitope or antigen (e.g., an
epitope or antigen preferentially present on the surface of a cancer cell or other disease-
causing cell or particle). Such exogenous T cell receptors can comprise alpha and beta chains
or, alternatively, may comprise gamma and delta chains. Exogenous TCRs useful in the
invention may have specificity to any antigen or epitope of interest.

[0082] As used herein, the term "reduced expression” refers to any reduction in the expression
of the endogenous T cell receptor at the cell surface of a genetically-modified cell when
compared to a control cell. The term reduced can also refer to a reduction in the percentage of
cells in a population of cells that express an endogenous polypeptide (i.e., an endogenous T
cell receptor) at the cell surface when compared to a population of control cells. Such a
reduction may be up to 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or up to
100%. Accordingly, the term "reduced" encompasses both a partial knockdown and a complete
knockdown of the endogenous T cell receptor.

[0083] As used herein with respect to both amino acid sequences and nucleic acid sequences,
the terms "percent identity,” "sequence identity,” "percentage similarity," "sequence similarity"”
and the like refer to a measure of the degree of similarity of two sequences based upon an
alignment of the sequences that maximizes similarity between aligned amino acid residues or
nucleotides, and that is a function of the number of identical or similar residues or nucleotides,
the number of total residues or nucleotides, and the presence and length of gaps in the
sequence alignment. A variety of algorithms and computer programs are available for
determining sequence similarity using standard parameters. As used herein, sequence
similarity is measured using the BLASTp program for amino acid sequences and the BLASTn
program for nucleic acid sequences, both of which are available through the National Center
for Biotechnology Information (www.ncbi.nim.nih.gov/), and are described in, for example,
Altschul et al. (1990), J. Mol. Biol. 215:403-410; Gish and States (1993), Nature Genet. 3:266-
272; Madden et al. (1996), Meth. Enzymol.266:131-141; Altschul et al. (1997), Nucleic Acids
Res. 25:33 89-3402); Zhang et al. (2000), J. Comput. Biol. 7(1-2):203-14. As used herein,
percent similarity of two amino acid sequences is the score based upon the following
parameters for the BLASTp algorithm: word size=3; gap opening penalty=-11; gap extension
penalty=-1; and scoring matrix=BLOSUM®62. As used herein, percent similarity of two nucleic
acid sequences is the score based upon the following parameters for the BLASTn algorithm:
word size=11; gap opening penalty=-5;, gap extension penalty=-2; match reward=1; and
mismatch penalty=-3.

[0084] As used herein with respect to modifications of two proteins or amino acid sequences,
the term "corresponding to" is used to indicate that a specified modification in the first protein is
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a substitution of the same amino acid residue as in the modification in the second protein, and
that the amino acid position of the modification in the first proteins corresponds to or aligns with
the amino acid position of the modification in the second protein when the two proteins are
subjected to standard sequence alignments (e.g., using the BLASTp program). Thus, the
modification of residue "X" to amino acid "A" in the first protein will correspond to the
modification of residue "Y" to amino acid "A" in the second protein if residues X and Y
correspond to each other in a sequence alignment, and despite the fact that X and Y may be
different numbers.

[0085] As used herein, the term "recognition half-site,” "recognition sequence half-site," or
simply "half-site" means a nucleic acid sequence in a double-stranded DNA molecule that is
recognized by a monomer of a homodimeric or heterodimeric meganuclease, or by one
subunit of a single-chain meganuclease.

[0086] As used herein, the term "hypervariable region” refers to a localized sequence within a
meganuclease monomer or subunit that comprises amino acids with relatively high variability. A
hypervariable region can comprise about 50-60 contiguous residues, about 53-57 contiguous
residues, or preferably about 56 residues. In some embodiments, the residues of a
hypervariable region may correspond to positions 24-79 or positions 215-270 of any one of
SEQ ID NOs:8-32. A hypervariable region can comprise one or more residues that contact
DNA bases in a recognition sequence and can be modified to alter base preference of the
monomer or subunit. A hypervariable region can also comprise one or more residues that bind
to the DNA backbone when the meganuclease associates with a double-stranded DNA
recognition sequence. Such residues can be modified to alter the binding affinity of the
meganuclease for the DNA backbone and the target recognition sequence. In different
embodiments of the invention, a hypervariable region may comprise between 1-20 residues
that exhibit variability and can be modified to influence base preference and/or DNA-binding
affinity. In particular embodiments, a hypervariable region comprises between about 15-18
residues that exhibit variability and can be modified to influence base preference and/or DNA-
binding affinity. In some embodiments, variable residues within a hypervariable region
correspond to one or more of positions 24, 26, 28, 29, 30, 32, 33, 38, 40, 42, 44, 46, 66, 68,
70, 72, 73, 75, and 77 of any one of SEQ ID NOs:8-32. In other embodiments, variable
residues within a hypervariable region correspond to one or more of positions 215, 217, 219,
221, 223, 224, 229, 231, 233, 235, 237, 248, 257, 259, 261, 263, 264, 266, and 268 of any
one of SEQ ID NOs:8-32.

[0087] As used herein, the terms "T cell receptor alpha constant region gene" and "TCR alpha
constant region gene" are used interchangeably and refer to the human gene identified by
NCBI Gen ID NO. 28755 (SEQ ID NO:1).

[0088] The terms "recombinant DNA construct,” "recombinant construct,” "expression
cassette,” "expression construct,” "chimeric construct,” "construct,” and "recombinant DNA
fragment" are used interchangeably herein and are single or double-stranded polynucleotides.
A recombinant construct comprises an artificial combination of single or double-stranded
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polynucleotides, including, without limitation, regulatory and coding sequences that are not
found together in nature. For example, a recombinant DNA construct may comprise regulatory
sequences and coding sequences that are derived from different sources, or regulatory
sequences and coding sequences derived from the same source and arranged in a manner
different than that found in nature. Such a construct may be used by itself or may be used in
conjunction with a vector.

[0089] As used herein, a "vector” or "recombinant DNA vector” may be a construct that
includes a replication system and sequences that are capable of transcription and translation
of a polypeptide-encoding sequence in a given host cell. If a vector is used then the choice of
vector is dependent upon the method that will be used to transform host cells as is well known
to those skilled in the art. Vectors can include, without limitation, plasmid vectors and
recombinant AAV vectors, or any other vector known in that art suitable for delivering a gene
encoding a meganuclease of the invention to a target cell. The skilled artisan is well aware of
the genetic elements that must be present on the vector in order to successfully transform,
select and propagate host cells comprising any of the isolated nucleotides or nucleic acid
sequences of the invention.

[0090] As used herein, a "vector" can also refer to a viral vector. Viral vectors can include,
without limitation, retroviral vectors, lentiviral vectors, adenoviral vectors, and adeno-
associated viral vectors (AAV).

[0091] As used herein, a "polycistronic® mRNA refers to a single messenger RNA that
comprises two or more coding sequences (i.e., cistrons) and encodes more than one protein.
A polycistronic mMRNA can comprise any element known in the art to allow for the translation of
two or more genes from the same mRNA molecule including, but not limited to, an IRES
element, a T2A element, a P2A element, an E2A element, and an F2A element.

[0092] As used herein, a "human T cell" or "T cell” refers to a T cell isolated from a human
donor. Human T cells, and cells derived therefrom, include isolated T cells that have not been
passaged in culture, T cells that have been passaged and maintained under cell culture
conditions without immortalization, and T cells that have been immortalized and can be
maintained under cell culture conditions indefinitely.

[0093] As used herein, a "control" or "control cell" refers to a cell that provides a reference
point for measuring changes in genotype or phenotype of a genetically-modified cell. A control
cell may comprise, for example: (a) a wild-type cell, i.e., of the same genotype as the starting
material for the genetic alteration that resulted in the genetically-modified cell; (b) a cell of the
same genotype as the genetically-modified cell but that has been transformed with a null
construct (i.e., with a construct that has no known effect on the trait of interest); or, (c) a cell
genetically identical to the genetically-modified cell but that is not exposed to conditions or
stimuli or further genetic modifications that would induce expression of altered genotype or
phenotype.
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[0094] As used herein, the recitation of a numerical range for a variable is intended to convey
that the invention may be practiced with the variable equal to any of the values within that
range. Thus, for a variable that is inherently discrete, the variable can be equal to any integer
value within the numerical range, including the end-points of the range. Similarly, for a variable
that is inherently continuous, the variable can be equal to any real value within the numerical
range, including the end-points of the range. As an example, and without limitation, a variable
that is described as having values between 0 and 2 can take the values 0, 1 or 2 if the variable
is inherently discrete, and can take the values 0.0, 0.1, 0.01, 0.001, or any other real values =0
and =2 if the variable is inherently continuous.

2.1 Principle of the Invention

[0095] The invention is defined by the appended claims.

[0096] The present invention is based, in part, on the discovery that engineered nucleases can
be utilized to recognize and cleave recognition sequences found within the human TCR alpha
constant region gene (SEQ ID NO: 1), such that NHEJ at the cleavage site disrupts expression
of the TCR alpha chain subunit and, ultimately, expression of the T cell receptor at the cell
surface. Moreover, according to the invention, an exogenous polynucleotide sequence is
inserted into the TCR alpha constant region gene at the nuclease cleavage site, for example
by homologous recombination, such that a sequence of interest is concurrently expressed in
the cell. Such exogenous sequences encode a chimeric antigen receptor.

[0097] Thus, the present invention allows for both the knockout of the endogenous T cell
receptor and the expression of a chimeric antigen receptor by targeting a single recognition
site with a single engineered nuclease. The invention provides a simplified method for
producing an allogeneic T cell that expresses an antigen-specific CAR and has complete
knockout, of the endogenous TCR. Such cells can exhibit reduced or no induction of graft-
versus-host-disease (GVHD) when administered to an allogeneic subject.

2.2 Nucleases for Recognizing and Cleaving Recognition Sequences Within the T Cell
Receptor Alpha Constant Region Gene

[0098] It is known in the art that it is possible to use a site-specific nuclease to make a DNA
break in the genome of a living cell, and that such a DNA break can result in permanent
modification of the genome via mutagenic NHEJ repair or via homologous recombination with a
transgenic DNA sequence. NHEJ can produce mutagenesis at the cleavage site, resulting in
inactivation of the allele. NHEJ-associated mutagenesis may inactivate an allele via generation
of early stop codons, frameshift mutations producing aberrant non-functional proteins, or could
trigger mechanisms such as nonsense-mediated mRNA decay. The use of nucleases to induce
mutagenesis via NHEJ can be used to target a specific mutation or a sequence present in a
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wild-type allele. The use of nucleases to induce a double-strand break in a target locus is
known to stimulate homologous recombination, particularly of transgenic DNA sequences
flanked by sequences that are homologous to the genomic target. In this manner, exogenous
nucleic acid sequences can be inserted into a target locus. Such exogenous nucleic acids can
encode, for example, a chimeric antigen receptor, an exogenous TCR, or any sequence or
polypeptide of interest.

[0099] The invention is practiced using recombinant meganucleases.

[0100] In preferred embodiments, the nucleases used to practice the invention are single-
chain meganucleases. A single-chain meganuclease comprises an N-terminal subunit and a C-
terminal subunit joined by a linker peptide. Each of the two domains recognizes half of the
recognition sequence (i.e., a recognition half-site) and the site of DNA cleavage is at the middle
of the recognition sequence near the interface of the two subunits. DNA strand breaks are
offset by four base pairs such that DNA cleavage by a meganuclease generates a pair of four
base pair, 3' single-strand overhangs.

[0101] Recombinant meganucleases of the invention have been engineered to recognize and
cleave the TRC 1-2 recognition sequence (SEQ ID NO:3). Such recombinant meganucleases
are collectively referred to herein as "TRC 1-2 meganucleases." Exemplary TRC 1-2
meganucleases are provided in SEQ ID NOs:8-27.

[0102] Disclosed are also recombinant meganucleases that have been engineered to
recognize and cleave the TRC 3-4 recognition sequence (SEQ ID NO:4). Such recombinant
meganucleases are collectively referred to herein as "TRC 3-4 meganucleases." Exemplary
TRC 3-4 meganucleases are provided in SEQ ID NOs:28 and 29.

[0103] Disclosed are also recombinant meganucleases that have been engineered to
recognize and cleave the TRC 7-8 recognition sequence (SEQ ID NO:5). Such recombinant
meganucleases are collectively referred to herein as "TRC 7-8 meganucleases." Exemplary
TRC 7-8 meganucleases are provided in SEQ ID NOs:30-32.

[0104] Recombinant meganucleases of the disclosure comprise a first subunit, comprising a
first hypervariable (HVR1) region, and a second subunit, comprising a second hypervariable
(HVR2) region. Further, the first subunit binds to a first recognition half-site in the recognition
sequence (e.g., the TRC1, TRC3, or TRC7 half-site), and the second subunit binds to a
second recognition half-site in the recognition sequence (e.g., the TRC2 , TRC4, or TRCS8 half-
site). In embodiments where the recombinant meganuclease is a single-chain meganuclease,
the first and second subunits can be oriented such that the first subunit, which comprises the
HVR1 region and binds the first half-site, is positioned as the N-terminal subunit, and the
second subunit, which comprises the HVR2 region and binds the second half-site, is positioned
as the C-terminal subunit. In alternative embodiments, the first and second subunits can be
oriented such that the first subunit, which comprises the HVR1 region and binds the first half-
site, is positioned as the C-terminal subunit, and the second subunit, which comprises the
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HVR2 region and binds the second half-site, is positioned as the N-terminal subunit. Exemplary
TRC 1-2 meganucleases of the invention are provided in Table 1. Exemplary TRC 3-4
meganucleases are provided in Table 2. Exemplary TRC 7-8 meganucleases are provided in
Table 3.

Table 1. Exemplary recombinant meganucleases engineered to recognize and cleave the TRC
1-2 recognition sequence (SEQ ID NO:3)

Meganuclease{AA {TRC1 TRCA1 *TRC1 {TRC2 TRC2 {*TRC2
SEQ;Subunit }Subunit {SubunitiSubunit {Subunit {Subunit
ID {Residues{SEQID {% Residues {SEQID {%
TRC 1-2x.87 {8 198-344 {33 100 7-153 58 100
EE
TRC 1-2x.87 {9 198-344 {34 100 7-153 59 99.3
QE
TRC 1-2x.87 {10 {198-344 {35 99.3 7-153 60 100
EQ
TRC 1-2x.87 {11 {198-344 {36 99.3 7-153 61 99.3
TRC 1-2x.6 12 §198-344 37 99.3 7-153 62 94.6
TRC 1-2x.20 {13 {198-344 {38 99.3 7-153 63 91.2
TRC 1-2x.55 {14 {198-344 {39 95.9 7-153 64 91.8
TRC 1-2x.60 {15 {198-344 {40 91.8 7-153 65 91.2
TRC 1-2x.105 {16 {198-344 {41 95.2 7-153 66 95.2
TRC 1-2x.163 {17 {198-344 {42 99.3 7-153 67 99.3
TRC 1- 18 §198-344 143 99.3 7-153 68 91.2
2x.113_3
TRC 1-2x.5 19 {7153 44 99.3 198-344 {69 93.2
TRC 1-2x.8 20 {7-153 45 92.5 198-344 {70 92.5
TRC 1-2x.25 {21 {7-153 46 99.3 198-344 {71 98.6
TRC 1-2x.72 {22 {7-153 47 99.3 198-344 {72 92.5
TRC 1-2x.80 {23 {7-153 48 99.3 198-344 {73 92.5
TRC 1-2x.84 {24 {7-153 49 95.2 198-344 {74 98.6
TRC 1-2x.120 {25 {7-153 50 99.3 198-344 {75 92.5
TRC 1- 26 {7-153 51 100 198-344 {76 92.5
2x.113_1
TRC 1- 27 {7-153 52 99.3 198-344 {77 92.5
2x.113_2
*TRC1 Subunit %" and "TRC2 Subunit %" represent the amino acid sequence
identity between the
TRC1-binding and TRC2-binding subunit regions of each meganuclease and the
TRC1-binding and
TRC2-binding subunit regions, respectively, of the TRC 1-2x.87 EE meganuclease.
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Table 2. Exemplary recombinant meganucleases engineered to recognize and cleave the TRC
3-4 recognition sequence (SEQ ID NO:4)

Meganuclease{AA {TRC3 TRC3 *TRC3 {TRC4 TRC4 TRC4
SEQ{Subunit {Subunit { Subunit{Subunit {Subunit jSubunit
ID {ResiduesiSEQID {% Residues {SEQID {%

TRC 3-4x.3 28 {7-153 53 100 198-344 {78 100

TRC 3-4x.19 29 {7-153 54 96.6 198-344 {79 96.6

*'TRC3 Subunit

%" and "TRC4 Subunit %" represent the amino acid sequence

identity between the
TRC3-binding and TRC4-binding subunit regions of each meganuclease and the
TRC3-binding and
TRC4-binding subunit regions, respectively, of the TRC 3-4x.3 meganuclease.

Table 3. Exemplary recombinant meganucleases engineered to recognize and cleave the TRC
7-8 recognition sequence (SEQ ID NO:5)

Meganuclease{AA {TRC7 TRC7 *TRC7 {TRCS8 TRCS8 TRCS8
SEQ{Subunit {Subunit { Subunit{Subunit {Subunit {Subunit
ID {ResiduesiSEQID {% Residues {(SEQID {%

TRC 7-8x.7 30 {7-153 55 100 198-344 {80 100

TRC 7-8x.9 31 198-344 i56 97.3 7-153 81 91.2

TRC 7-8x.14 32 198-344 {57 97.9 7-153 82 90.5

*TRC7 Subunit %" and "TRC8 Subunit %" represent the amino acid sequence
identity between the

TRC7-binding and TRC8-binding subunit regions of each meganuclease and the
TRC7-binding and

TRCB8-binding subunit regions, respectively, of the TRC 7-8x.7 meganuclease.

2.3 Methods for Producing Genetically-Modified Cells

[0105] The invention provides methods for producing genetically-modified cells using
engineered nucleases that recognize and cleave recognition sequences found within the
human TCR alpha constant region gene (SEQ ID NO: 1). Cleavage at such recognition
sequences can allow for NHEJ at the cleavage site and disrupted expression of the human T
cell receptor alpha chain subunit, leading to reduced expression and/or function of the T cell
receptor at the cell surface. Additionally, cleavage at such recognition sequences can further
allow for homologous recombination of exogenous nucleic acid sequences directly into the
TCR alpha constant region gene.

[0106] Recombinant meganucleases of the invention can be delivered into a cell in the form of
protein or, preferably, as a nucleic acid encoding the recombinant meganuclease. Such nucleic
acid can be DNA (e.g., circular or linearized plasmid DNA or PCR products) or RNA. For
embodiments in which the recombinant meganuclease coding sequence is delivered in DNA
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form, it should be operably linked to a promoter to facilitate transcription of the meganuclease
gene. Mammalian promoters suitable for the invention include constitutive promoters such as
the cytomegalovirus early (CMV) promoter (Thomsen et al. (1984), Proc Natl Acad Sci USA.
81(3):659-63) or the SV40 early promoter (Benoist and Chambon (1981), Nature.
290(5804):304-10) as well as inducible promoters such as the tetracycline-inducible promoter
(Dingermann et al. (1992), Mol Cell Biol. 12(9):4038-45).

[0107] In some embodiments, mMRNA encoding the recombinant meganuclease is delivered to
the cell because this reduces the likelihood that the gene encoding the recombinant
meganuclease will integrate into the genome of the cell. Such mRNA encoding a recombinant
meganuclease can be produced using methods known in the art such as in vitro transcription.
In some embodiments, the mRNA is capped using 7-methyl-guanosine. In some embodiments,
the mRNA may be polyadenylated.

[0108] In particular embodiments, an mMRNA encoding a recombinant meganuclease of the
invention can be a polycistronic mRNA encoding two or more nucleases that are
simultaneously expressed in the cell. A polycistronic mMRNA can encode two or more nucleases
of the invention that target different recognition sequences in the same target gene.
Alternatively, a polycistronic mMRNA can encode at least one nuclease described herein and at
least one additional nuclease targeting a separate recognition sequence positioned in the
same gene, or targeting a second recognition sequence positioned in a second gene such that
cleavage sites are produced in both genes. A polycistronic mMRNA can comprise any element
known in the art to allow for the translation of two or more genes (i.e., cistrons) from the same
MRNA molecule including, but not limited to, an IRES element, a T2A element, a P2A element,
an E2A element, and an F2A element.

[0109] In some embodiments, DNA/mRNA encoding recombinant meganucleases, are coupled
to a cell penetrating peptide or targeting ligand to facilitate cellular uptake. Examples of cell
penetrating peptides known in the art include poly-arginine (Jearawiriyapaisarn, et al. (2008)
Mol Ther. 16:1624-9), TAT peptide from the HIV virus (Hudecz et al. (2005), Med. Res. Rev.
25: 679-736), MPG (Simeoni, et al. (2003) Nucleic Acids Res. 31:2717-2724), Pep-1
(Deshayes et al. (2004) Biochemistry 43: 7698-7706, and HSV-1 VP-22 (Deshayes et al.
(2005) Cell Mol Life Sci. 62:1839-49. In an alternative embodiment, DNA/mRNA encoding
recombinant meganucleases, are coupled covalently or non-covalently to an antibody that
recognizes a specific cell-surface receptor expressed on target cells such that the nuclease
protein/DNA/mMRNA binds to and is internalized by the target cells. Alternatively, recombinant
meganuclease DNA/mMRNA can be coupled covalently or non-covalently to the natural ligand
(or a portion of the natural ligand) for such a cell-surface receptor. (McCall, et al. (2014) Tissue
Barriers. 2(4):€944449; Dinda, et al. (2013) Curr Pharm Biotechnol. 14:1264-74; Kang, et al.
(2014) Curr Pharm Biotechnol. 15(3):220-30; Qian et al. (2014) Expert Opin DrugMetab
Toxicol. 10(11): 1491-508).

[0110] In some embodiments, DNA/mRNA encoding recombinant meganucleases, are coupled
covalently or, preferably, non-covalently to a nanoparticle or encapsulated within such a
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nanoparticle using methods known in the art (Sharma, et al. (2014) Biomed Res Int. 2014). A
nanoparticle is a nanoscale delivery system whose length scale is <1 ym, preferably <100 nm.
Such nanoparticles may be designed using a core composed of metal, lipid, polymer, or
biological macromolecule, and multiple copies of the recombinant meganuclease proteins,
MRNA, or DNA can be attached to or encapsulated with the nanoparticle core. This increases
the copy number of the protein/mRNA/DNA that is delivered to each cell and, so, increases the
intracellular expression of each recombinant meganuclease to maximize the likelihood that the
target recognition sequences will be cut. The surface of such nanoparticles may be further
modified with polymers or lipids (e.g., chitosan, cationic polymers, or cationic lipids) to form a
core-shell nanoparticle whose surface confers additional functionalities to enhance cellular
delivery and uptake of the payload (Jian et al. (2012) Biomaterials. 33(30): 7621-30).
Nanoparticles may additionally be advantageously coupled to targeting molecules to direct the
nanoparticle to the appropriate cell type and/or increase the likelihood of cellular uptake.
Examples of such targeting molecules include antibodies specific for cell-surface receptors and
the natural ligands (or portions of the natural ligands) for cell surface receptors.

[0111] In some embodiments, the DNA/mMRNA encoding the recombinant meganucleases, are

encapsulated within liposomes or complexed using cationic lipids (see, e.g., Lipofectamine™,
Life Technologies Corp., Carlsbad, CA; Zuris et al. (2015) Nat Biotechnol. 33: 73-80; Mishra et
al. (2011) J Drug Deliv. 2011:863734). The liposome and lipoplex formulations can protect the
payload from degradation, and facilitate cellular uptake and delivery efficiency through fusion
with and/or disruption of the cellular membranes of the cells.

[0112] In some embodiments, DNA/mMRNA encoding recombinant meganucleases, are
encapsulated within polymeric scaffolds (e.g., PLGA) or complexed using cationic polymers
(e.g., PEI, PLL) (Tamboli et al. (2011) Ther Deliv. 2(4): 523-536).

[0113] In some embodiments, DNA/mMRNA encoding recombinant meganucleases, are
combined with amphiphilic molecules that self-assemble into micelles (Tong et al. (2007) J
Gene Med. 9(11): 956-66). Polymeric micelles may include a micellar shell formed with a
hydrophilic polymer (e.g., polyethyleneglycol) that can prevent aggregation, mask charge
interactions, and reduce nonspecific interactions outside of the cell.

[0114] In some embodiments, DNA/mMRNA encoding recombinant meganucleases, are
formulated into an emulsion or a nanoemulsion (i.e., having an average particle diameter of <
1nm) for delivery to the cell. The term "emulsion” refers to, without limitation, any oil-in-water,
water-in-oil, water-in-oil-in-water, or oil-in-water-in-oil dispersions or droplets, including lipid
structures that can form as a result of hydrophobic forces that drive apolar residues (e.g., long
hydrocarbon chains) away from water and polar head groups toward water, when a water
immiscible phase is mixed with an aqueous phase. These other lipid structures include, but are
not limited to, unilamellar, paucilamellar, and multilamellar lipid vesicles, micelles, and lamellar
phases. Emulsions are composed of an aqueous phase and a lipophilic phase (typically
containing an oil and an organic solvent). Emulsions also frequently contain one or more
surfactants. Nanoemulsion formulations are well known, e.g., as described in US Patent
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Application Nos. 2002/0045667 and 2004/0043041, and US Pat. Nos. 6,015,832, 6,506,803,
6,635,676, and 6,559,189.

[0115] In some embodiments, DNA/mMRNA encoding recombinant meganucleases, are
covalently attached to, or non-covalently associated with, multifunctional polymer conjugates,
DNA dendrimers, and polymeric dendrimers (Mastorakos et al. (2015) Nanoscale. 7(9): 3845-
56; Cheng et al. (2008) J Pharm Sci. 97(1): 123-43). The dendrimer generation can control the
payload capacity and size, and can provide a high payload capacity. Moreover, display of
multiple surface groups can be leveraged to improve stability and reduce nonspecific
interactions.

[0116] In some embodiments, genes encoding a recombinant meganuclease are introduced
into a cell using a viral vector. Such vectors are known in the art and include lentiviral vectors,
adenoviral vectors, and adeno-associated virus (AAV) vectors (reviewed in Vannucci, et al.
(2013 New Microbiol. 36:1-22). Recombinant AAV vectors useful in the invention can have any
serotype that allows for transduction of the virus into the cell and insertion of the nuclease
gene into the cell genome. In particular embodiments, recombinant AAV vectors have a
serotype of AAV2 or AAV6. Recombinant AAV vectors can also be self-complementary such
that they do not require second-strand DNA synthesis in the host cell (McCarty, et al. (2001)
Gene Ther. 8:1248-54).

[0117] If the recombinant meganuclease genes are delivered in DNA form (e.g. plasmid)
and/or via a viral vector (e.g. AAV) they must be operably linked to a promoter. In some
embodiments, this can be a viral promoter such as endogenous promoters from the viral
vector (e.g. the LTR of a lentiviral vector) or the well-known cytomegalovirus- or SV40 virus-
early promoters. In a preferred embodiment, nuclease genes are operably linked to a promoter
that drives gene expression preferentially in the target cell (e.g., a human T cell).

[0118] The invention further provides for the introduction of an exogenous nucleic acid into the
cell, such that the exogenous nucleic acid sequence is inserted into the TRC alpha constant
region gene at a nuclease cleavage site. In some embodiments, the exogenous nucleic acid
comprises a 5' homology arm and a 3' homology arm to promote recombination of the nucleic
acid sequence into the cell genome at the nuclease cleavage site.

[0119] Exogenous nucleic acids of the invention may be introduced into the cell by any of the
means previously discussed. In a particular embodiment, exogenous nucleic acids are
introduced by way of a viral vector, such as a lentivirus, retrovirus, adenovirus, or preferably a
recombinant AAV vector. Recombinant AAV vectors useful for introducing an exogenous
nucleic acid can have any serotype that allows for transduction of the virus into the cell and
insertion of the exogenous nucleic acid sequence into the cell genome. In particular
embodiments, the recombinant AAV vectors have a serotype of AAV2 or AAV6. The
recombinant AAV vectors can also be self-complementary such that they do not require
second-strand DNA synthesis in the host cell.
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[0120] In another particular embodiment, an exogenous nucleic acid can be introduced into
the cell using a single-stranded DNA template. The single-stranded DNA can comprise the
exogenous nucleic acid and, in preferred embodiments, can comprise 5' and 3' homology arms
to promote insertion of the nucleic acid sequence into the nuclease cleavage site by
homologous recombination. The single-stranded DNA can further comprise a 5' AAV inverted
terminal repeat (ITR) sequence 5' upstream of the 5" homology arm, and a 3' AAV ITR
sequence 3' downstream of the 3' homology arm.

[0121] In another particular embodiment, genes encoding an endonuclease of the invention
and/or an exogenous nucleic acid sequence of the invention can be introduced into the cell by
transfection with a linearized DNA template. In some examples, a plasmid DNA encoding an
endonuclease and/or an exogenous nucleic acid sequence can be digested by one or more
restriction enzymes such that the circular plasmid DNA is linearized prior to transfection into
the cell.

[0122] When delivered to a cell, an exogenous nucleic acid of the invention can be operably
linked to any promoter suitable for expression of the encoded polypeptide in the cell, including
those mammalian promoters and inducible promoters previously discussed. An exogenous
nucleic acid of the invention can also be operably linked to a synthetic promoter. Synthetic
promoters can include, without limitation, the JeT promoter (WO 2002/012514).

[0123] Human T cells may require activation prior to introduction of a meganuclease and/or an
exogenous nucleic acid sequence. For example, T cells can be contacted with anti-CD3 and
anti-CD28 antibodies that are soluble or conjugated to a support (i.e., beads) for a period of
time sufficient to activate the cells.

[0124] Genetically-modified cells of the invention can be further modified to express one or
more inducible suicide genes, the induction of which provokes cell death and allows for
selective destruction of the cells in vitro or in vivo. In some examples, a suicide gene can
encode a cytotoxic polypeptide, a polypeptide that has the ability to convert a non-toxic
prodrug into a cytotoxic drug, and/or a polypeptide that activates a cytotoxic gene pathway
within the cell. That is, a suicide gene is a nucleic acid that encodes a product that causes cell
death by itself or in the presence of other compounds. A representative example of such a
suicide gene is one that encodes thymidine kinase of herpes simplex virus. Additional
examples are genes that encode thymidine kinase of varicella zoster virus and the bacterial
gene cytosine deaminase that can convert 5-fluorocytosine to the highly toxic compound 5-
fluorouracil. Suicide genes also include as non-limiting examples genes that encode caspase-
9, caspase-8, or cytosine deaminase. In some examples, caspase-9 can be activated using a
specific chemical inducer of dimerization (CID). A suicide gene can also encode a polypeptide
that is expressed at the surface of the cell that makes the cells sensitive to therapeutic and/or
cytotoxic monoclonal antibodies. In further examples, a suicide gene can encode recombinant
antigenic polypeptide comprising an antigenic motif recognized by the anti-CD20 mAb
Rituximab and an epitope that allows for selection of cells expressing the suicide gene. See, for
example, the RQR8 polypeptide described in WO2013153391, which comprises two
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Rituximab-binding epitopes and a QBEnd10-binding epitope. For such a gene, Rituximab can
be administered to a subject to induce cell depletion when needed.

2.4 Pharmaceutical Compositions

[0125] In some embodiments, the invention provides a pharmaceutical composition comprising
a genetically-modified cell of the invention, or a population of genetically-modified cells of the
invention, and a pharmaceutical carrier. Such pharmaceutical compositions can be prepared in
accordance with known techniques. See, e.g.,

[0126] Remington, The Science And Practice of Pharmacy (21sted. 2005). In the manufacture
of a pharmaceutical formulation according to the invention, cells are typically admixed with a
pharmaceutically acceptable carrier and the resulting composition is administered to a subject.
The carrier must, of course, be acceptable in the sense of being compatible with any other
ingredients in the formulation and must not be deleterious to the subject. In some
embodiments, pharmaceutical compositions of the invention can further comprise one or more
additional agents useful in the treatment of a disease in the subject. In additional
embodiments, where the genetically-modified cell is a genetically-modified human T cell (or a
cell derived therefrom), pharmaceutical compositions of the invention can further include
biological molecules, such as cytokines (e.g., IL-2, IL-7, IL-15, and/or IL-21), which promote in
vivo cell proliferation and engraftment. Pharmaceutical compositions comprising genetically-
modified cells of the invention can be administered in the same composition as an additional
agent or biological molecule or, alternatively, can be co-administered in separate compositions.

[0127] Pharmaceutical compositions of the invention can be useful for treating any disease
state that can be targeted by T cell adoptive immunotherapy. In a particular embodiment, the
pharmaceutical compositions of the invention are useful in the treatment of cancer. Such
cancers can include, without limitation, carcinoma, lymphoma, sarcoma, blastomas, leukemia,
cancers of B-cell origin, breast cancer, gastric cancer, neuroblastoma, osteosarcoma, lung
cancer, melanoma, prostate cancer, colon cancer, renal cell carcinoma, ovarian cancer,
rhabdomyo sarcoma, leukemia, and Hodgkin's lymphoma. In certain embodiments, cancers of
B-cell origin include, without limitation, B-lineage acute lymphoblastic leukemia, B-cell chronic
lymphocytic leukemia, and B-cell non-Hodgkin's lymphoma.

2.5 Methods for Producing Recombinant AAV Vectors

[0128] Disclosed are also recombinant AAV vectors for use in the methods of the invention.
Recombinant AAV vectors are typically produced in mammalian cell lines such as HEK-293.
Because the viral cap and rep genes are removed from the vector to prevent its self-replication
to make room for the therapeutic gene(s) to be delivered (e.g. the endonuclease gene), it is
necessary to provide these in frans in the packaging cell line. In addition, it is necessary to
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provide the "helper" (e.g. adenoviral) components necessary to support replication (Cots D,
Bosch A, Chillon M (2013) Curr. Gene Ther. 13(5): 370-81). Frequently, recombinant AAV
vectors are produced using a triple-transfection in which a cell line is transfected with a first
plasmid encoding the "helper" components, a second plasmid comprising the cap and rep
genes, and a third plasmid comprising the viral ITRs containing the intervening DNA sequence
to be packaged into the virus. Viral particles comprising a genome (ITRs and intervening
gene(s) of interest) encased in a capsid are then isolated from cells by freeze-thaw cycles,
sonication, detergent, or other means known in the art. Particles are then purified using
cesium-chloride density gradient centrifugation or affinity chromatography and subsequently
delivered to the gene(s) of interest to cells, tissues, or an organism such as a human patient.

[0129] Because recombinant AAV particles are typically produced (manufactured) in cells,
precautions must be taken in practicing the current invention to ensure that the site-specific
endonuclease is NOT expressed in the packaging cells. Because the viral genomes of the
invention comprise a recognition sequence for the endonuclease, any endonuclease
expressed in the packaging cell line will be capable of cleaving the viral genome before it can
be packaged into viral particles. This will result in reduced packaging efficiency and/or the
packaging of fragmented genomes. Several approaches can be used to prevent endonuclease
expression in the packaging cells, including:

1. 1. The endonuclease can be placed under the control of a tissue-specific promoter that
is not active in the packaging cells. For example, if a viral vector is developed for delivery
of (an) endonuclease gene(s) to muscle tissue, a muscle-specific promoter can be used.
Examples of muscle-specific promoters include C5-12 (Liu, et al. (2004) Hum Gene
Ther. 15:783-92), the muscle-specific creatine kinase (MCK) promoter (Yuasa, et al.
(2002) Gene Ther. 9:1576-88), or the smooth muscle 22 (SM22) promoter (Haase, et al.
(2013) BMC Biotechnol. 13:49-54). Examples of CNS (neuron)-specific promoters
include the NSE, Synapsin, and MeCP2 promoters (Lentz, et al. (2012) Neurobiol Dis.
48:179-88). Examples of liver-specific promoters include albumin promoters ( such as
Palb), human a1-antitrypsin (such as Pa1AT), and hemopexin (such as Phpx) (Kramer,
MG et al., (2003) Mol. Therapy 7:375-85). Examples of eye-specific promoters include
opsin, and corneal epithelium-specific K12 promoters (Martin KRG, Klein RL, and
Quigley HA (2002) Methods (28): 267-75) (Tong Y, et al., (2007) J Gene Med, 9:956-66).
These promoters, or other tissue-specific promoters known in the art, are not highly-
active in HEK-293 cells and, thus, will not expected to yield significant levels of
endonuclease gene expression in packaging cells when incorporated into viral vectors of
the present invention. Similarly, the viral vectors of the present invention contemplate the
use of other cell lines with the use of incompatible tissue specific promoters (i.e., the
well-known Hela cell line (human epithelial cell) and using the liver-specific hemopexin
promoter). Other examples of tissue specific promoters include: synovial sarcomas
PDZD4 (cerebellum), C6 (liver), ASB5 (muscle), PPP1R12B (heart), SLC5A12 (kidney),
cholesterol regulation APOM (liver), ADPRHL1 (heart), and monogenic malformation
syndromes TP73L (muscle). (Jacox E, et al., (2010) PLoS One v.5(8):e12274).

2. 2. Alternatively, the vector can be packaged in cells from a different species in which the
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endonuclease is not likely to be expressed. For example, viral particles can be produced
in microbial, insect, or plant cells using mammalian promoters, such as the well-known
cytomegalovirus- or SV40 virus-early promoters, which are not active in the non-
mammalian packaging cells. In a preferred embodiment, viral particles are produced in
insect cells using the baculovirus system as described by Gao, et al. (Gao, H., et al.
(2007) J. Biotechnol. 131(2): 138-43). An endonuclease under the control of a
mammalian promoter is unlikely to be expressed in these cells (Airenne, KJ, et al. (2013)
Mol. Ther. 21(4):739-49). Moreover, insect cells utilize different mRNA splicing motifs
than mammalian cells. Thus, it is possible to incorporate a mammalian intron, such as
the human growth hormone (HGH) intron or the SV40 large T antigen intron, into the
coding sequence of an endonuclease. Because these introns are not spliced efficiently
from pre-mRNA transcripts in insect cells, insect cells will not express a functional
endonuclease and will package the full-length genome. In contrast, mammalian cells to
which the resulting recombinant AAV particles are delivered will properly splice the pre-
MRNA and will express functional endonuclease protein. Haifeng Chen has reported the
use of the HGH and SV40 large T antigen introns to attenuate expression of the toxic
proteins barnase and diphtheria toxin fragment A in insect packaging cells, enabling the
production of recombinant AAV vectors carrying these toxin genes (Chen, H (2012) Mol
Ther Nucleic Acids. 1(11): e57).

. 3. The endonuclease gene can be operably linked to an inducible promoter such that a
small-molecule inducer is required for endonuclease expression. Examples of inducible
promoters include the Tet-On system (Clontech; Chen H., et al., (2015) BMC Biotechnol.
15(1):4)) and the RheoSwitch system (Intrexon; Sowa G., et al., (2011) Spine, 36(10):
E623-8). Both systems, as well as similar systems known in the art, rely on ligand-
inducible transcription factors (variants of the Tet Repressor and Ecdysone receptor,
respectively) that activate transcription in response to a small-molecule activator
(Doxycycline or Ecdysone, respectively). Practicing the current invention using such
ligand-inducible transcription activators includes: 1) placing the endonuclease gene
under the control of a promoter that responds to the corresponding transcription factor,
the endonuclease gene having (a) binding site(s) for the transcription factor; and 2)
including the gene encoding the transcription factor in the packaged viral genome The
latter step is necessary because the endonuclease will not be expressed in the target
cells or tissues following recombinant AAV delivery if the transcription activator is not also
provided to the same cells. The transcription activator then induces endonuclease gene
expression only in cells or tissues that are treated with the cognate small-molecule
activator. This approach is advantageous because it enables endonuclease gene
expression to be regulated in a spatio-temporal manner by selecting when and to which
tissues the small-molecule inducer is delivered. However, the requirement to include the
inducer in the viral genome, which has significantly limited carrying capacity, creates a
drawback to this approach.

. 4. In another preferred embodiment, recombinant AAV particles are produced in a
mammalian cell line that expresses a transcription repressor that prevents expression of
the endonuclease. Transcription repressors are known in the art and include the Tet-
Repressor, the Lac-Repressor, the Cro repressor, and the Lambda-repressor. Many
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nuclear hormone receptors such as the ecdysone receptor also act as transcription
repressors in the absence of their cognate hormone ligand. To practice the current
invention, packaging cells are transfected/transduced with a vector encoding a
transcription repressor and the endonuclease gene in the viral genome (packaging
vector) is operably linked to a promoter that is modified to comprise binding sites for the
repressor such that the repressor silences the promoter. The gene encoding the
transcription repressor can be placed in a variety of positions. It can be encoded on a
separate vector; it can be incorporated into the packaging vector outside of the ITR
sequences; it can be incorporated into the cap/rep vector or the adenoviral helper
vector; or, most preferably, it can be stably integrated into the genome of the packaging
cell such that it is expressed constitutively. Methods to modify common mammalian
promoters to incorporate transcription repressor sites are known in the art. For example,
Chang and Roninson modified the strong, constitutive CMV and RSV promoters to
comprise operators for the Lac repressor and showed that gene expression from the
modified promoters was greatly attenuated in cells expressing the repressor (Chang BD,
and Roninson IB (1996) Gene 183:137-42). The use of a non-human transcription
repressor ensures that transcription of the endonuclease gene will be repressed only in
the packaging cells expressing the repressor and not in target cells or tissues
transduced with the resulting recombinant AAV vector.

2.6 Engineered Nuclease Variants

[0130] Disclosed are engineered nucleases, and particularly the recombinant meganucleases,
described herein, and variants thereof. Further disclosed are isolated polynucleotides
comprising a nucleic acid sequence encoding the recombinant meganucleases described
herein, and variants of such polynucleotides.

[0131] As used herein, "variants" is intended to mean substantially similar sequences. A
"variant" polypeptide is intended to mean a polypeptide derived from the "native” polypeptide
by deletion or addition of one or more amino acids at one or more internal sites in the native
protein and/or substitution of one or more amino acids at one or more sites in the native
polypeptide. As used herein, a "native" polynucleotide or polypeptide comprises a parental
sequence from which variants are derived. Variant polypeptides encompassed by the
embodiments are biologically active. That is, they continue to possess the desired biological
activity of the native protein; ie., the ability to recognize and cleave recognition sequences
found in the human T cell receptor alpha constant region (SEQ ID NO:1), including, for
example, the TRC 1-2 recognition sequence (SEQ ID NO:3), the TRC 3-4 recognition
sequence (SEQ ID NO:4), and the TRC 7-8 recognition sequence (SEQ ID NO:5). Such
variants may result, for example, from human manipulation. Biologically active variants of a
native polypeptide (e.g., SEQ ID NOs:8-32), or biologically active variants of the recognition
half-site binding subunits described herein (e.g., SEQ ID NOs:33-82), will have at least about
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40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about
95%, about 96%, about 97%, about 98%, or about 99%, sequence identity to the amino acid
sequence of the native polypeptide or native subunit, as determined by sequence alignment
programs and parameters described elsewhere herein. A biologically active variant of a
polypeptide or subunit may differ from that polypeptide or subunit by as few as about 1-40
amino acid residues, as few as about 1-20, as few as about 1-10, as few as about 5, as few as
4,3, 2, oreven 1 amino acid residue.

[0132] The polypeptides may be altered in various ways including amino acid substitutions,
deletions, truncations, and insertions. Methods for such manipulations are generally known in
the art. For example, amino acid sequence variants can be prepared by mutations in the DNA.
Methods for mutagenesis and polynucleotide alterations are well known in the art. See, for
example, Kunkel (1985) Proc. Natl. Acad. Sci. USA 82:488-492; Kunkel et al. (1987) Methods
in Enzymol. 154:367-382; U.S. Pat. No. 4,873,192; Walker and Gaastra, eds. (1983)
Techniques in Molecular Biology (MacMillan Publishing Company, New York) and the
references cited therein. Guidance as to appropriate amino acid substitutions that do not affect
biological activity of the protein of interest may be found in the model of Dayhoff et al. (1978)
Atlas of Protein Sequence and Structure (Natl. Biomed. Res. Found., Washington, D.C)).
Conservative substitutions, such as exchanging one amino acid with another having similar
properties, may be optimal.

[0133] A substantial number of amino acid modifications to the DNA recognition domain of the
wild-type |-Crel meganuclease have previously been identified (e.g., U.S. 8,021,867) which,
singly or in combination, result in recombinant meganucleases with specificities altered at
individual bases within the DNA recognition sequence half-site, such that the resulting
rationally-designed meganucleases have half-site specificities different from the wild-type
enzyme. Table 4 provides potential substitutions that can be made in a recombinant
meganuclease monomer or subunit to enhance specificity based on the base present at each
half-site position (-1 through -9) of a recognition half-site.

Table 4.
Favored Sense-Strand Base

Posn.i A C { G| T |AT|{AC;AG]|CIT {GIT{AGIT{ACIGIT
1§ Y75 {R70* { K70 | Q70" T46* G70
L75* {H75*{E70* { C70 AT70
C75* {R75*{E75*{ L70 S70
Y139*{ H46* { E46* | Y75* G46*

C46* | K46* | D46*{ Q75"

A46* { R46* H75*

H139
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Favored Sense-Strand Base

Posn.i A C G T { AIT { AIC { AIG §{ C/T {GIT{AIGIT{AIC/IGIT

Q46"
H46*

22 1 Q70 { E70 { H70 {Q44* { c44*

T44* { D70 { D44~
A44* | K44* | E44*
V44* | R44*
144*
L44*
N44*

-3 { Q68 { E6G8 { R68 { M68 H68 Y68 { K68
C24* | F68 Cce8

124* | kog* LG8

R24* Fes

4 { a0 | E77 { R77 S77 S26*
Q77 (k26" i E26* Q26*

5 E42 | R42 K28* { cog* M66
Q42 K66

-6 Q40 { E40 { R40 { C40 § A40 S40

C28* | R28* 140 { A79 S28*
V40 { pog*

C79 { H2g*

179
V79
Q28*

-7 | N30* | E38 | K38 | 138 C38 H38
Q38 | k30| R38 | L38 N38

R30*{ E30* Q30*

8 | F33 { E33 { F33 | L33 R32*| R33

Y33 { D33 { H33 | V33
133
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Favored Sense-Strand Base

Posn.i A C G T AT { AIC { AIG { C/T {GIT {AIGIT{AIC/IGIT
F33
C33

-9 E32 { R32 { L32 D32 $32

K32 §{ V32 132 N32

A32 H32

C32 Q32

T32

[0134] For polynucleotides, a "variant" comprises a deletion and/or addition of one or more
nucleotides at one or more sites within the native polynucleotide. One of skill in the art will
recognize that variants of the nucleic acids disclosed herein will be constructed such that the
open reading frame is maintained. For polynucleotides, conservative variants include those
sequences that, because of the degeneracy of the genetic code, encode the amino acid
sequence of one of the polypeptides disclosed herein. Variant polynucleotides include
synthetically derived polynucleotides, such as those generated, for example, by using site-
directed mutagenesis but which still encode a recombinant meganuclease disclosed herein.
Generally, variants of a particular polynucleotide disclosed herein will have at least about 40%,
about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about
80%, about 85%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%,
about 96%, about 97%, about 98%, about 99% or more sequence identity to that particular
polynucleotide as determined by sequence alignment programs and parameters described
elsewhere herein. Variants of a particular polynucleotide (i.e., the reference polynucleotide)
can also be evaluated by comparison of the percent sequence identity between the
polypeptide encoded by a variant polynucleotide and the polypeptide encoded by the reference
polynucleotide.

[0135] The deletions, insertions, and substitutions of the protein sequences encompassed
herein are not expected to produce radical changes in the characteristics of the polypeptide.
However, when it is difficult to predict the exact effect of the substitution, deletion, or insertion
in advance of doing so, one skilled in the art will appreciate that the effect will be evaluated by
screening the polypeptide for its ability to preferentially recognize and cleave recognition
sequences found within the human T cell receptor alpha constant region gene (SEQ ID NO:1).

EXAMPLES

[0136] This invention is further illustrated by the following examples, which should not be
construed as limiting. Examples not falling within the scope of the claims are provided for
illustrative purposes only.
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EXAMPLE 1

Characterization of Meganucleases That Recognize and Cleave TRC Recognition
Sequences

1. Meganucleases that recognize and cleave the TRC 1-2 recognition sequence

[0137] Recombinant meganucleases (SEQ ID NOs:8-27), collectively referred to herein as
"TRC 1-2 meganucleases," were engineered to recognize and cleave the TRC 1-2 recognition
sequence (SEQ ID NO:3), which is present in the human T cell receptor alpha constant region.
Each TRC 1-2 recombinant meganuclease comprises an N-terminal nuclease-localization
signal derived from SV40, a first meganuclease subunit, a linker sequence, and a second
meganuclease subunit. A first subunit in each TRC 1-2 meganuclease binds to the TRC1
recognition half-site of SEQ ID NO:3, while a second subunit binds to the TRC2 recognition
half-site (see, Figure 1A).

[0138] As illustrated in Figures 2 and 3, TRC 1-binding subunits and TRC2-binding subunits
each comprise a 56 base pair hypervariable region, referred to as HVR1 and HVR2,
respectively. TRC1-binding subunits are identical outside of the HVR1 region except at position
80 or position 271 (comprising a Q or E residue), and are highly conserved within the HVR1
region. Similarly, TRC2-binding subunits are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue), and at position 330 of
meganucleases TRC 1-2x.87 EE, TRC 1-2x.87 QE, TRC 1-2x.87 EQ, TRC 1-2x.87, and TRC
1-2x.163, which comprise an R residue (shaded grey and underlined). Like the HVR1 region,
the HVR2 region is also highly conserved.

[0139] The TRC1-binding regions of SEQ ID NOs:8-27 are illustrated in Figure 2 and are
provided as SEQ ID NOs:33-52, respectively. Each of SEQ ID NOs:33-52 share at least 90%
sequence identity to SEQ ID NO:33, which is the TRC1-binding region of the meganuclease
TRC 1-2x.87 EE (SEQ ID NO:8). TRC2-binding regions of SEQ ID NOs:8-27 are illustrated in
Figure 3 and are provided as SEQ ID NOs:58-77, respectively. Each of SEQ ID NOs:58-77
share at least 90% sequence identity to SEQ ID NO:58, which is the TRC2-binding region of
the meganuclease TRC 1-2x.87 EE (SEQ ID NO:8).

2. Meganucleases that recognize and cleave the TRC 3-4 recognition sequence

[0140] Recombinant meganucleases (SEQ ID NOs:28 and 29), collectively referred to herein
as "TRC 3-4 meganucleases,” were engineered to recognize and cleave the TRC 3-4



DK/EP 3756682 T3

recognition sequence (SEQ ID NO:4), which is present in the human T cell receptor alpha
constant region. Each TRC 3-4 recombinant meganuclease comprises an N-terminal nuclease-
localization signal derived from SV40, a first meganuclease subunit, a linker sequence, and a
second meganuclease subunit. A first subunit in each TRC 3-4 meganuclease binds to the
TRC3 recognition half-site of SEQ ID NO:4, while a second subunit binds to the TRC4
recognition half-site (see, Figure 1A).

[0141] As illustrated in Figures 4 and 5, TRC3-binding subunits and TRC4-binding subunits
each comprise a 56 base pair hypervariable region, referred to as HVR1 and HVR2,
respectively. TRC3-binding subunits are identical outside of the HVR1 region except at position
80 or position 271 (comprising a Q or E residue), and are highly conserved within the HVR1
region. Similarly, TRC4-binding subunits are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue), and are highly conserved within the
HVR2 region.

[0142] The TRC3-binding regions of SEQ ID NOs:28 and 29 are illustrated in Figure 4 and are
provided as SEQ ID NOs:53 and 54, respectively. SEQ ID NOs:53 and 54 share 96.6%
sequence identity. TRC4-binding regions of SEQ ID NOs:28 and 29 are illustrated in Figure 5
and are provided as SEQ ID NOs:78 and 79, respectively. SEQ ID NOs:78 and 79 also share
96.6% sequence identity.

3. Meganucleases that recognize and cleave the TRC 7-8 recognition sequence

[0143] Recombinant meganucleases (SEQ ID NOs:30-32), collectively referred to herein as
"TRC 7-8 meganucleases," were engineered to recognize and cleave the TRC 7-8 recognition
sequence (SEQ ID NO:5), which is present in the human T cell receptor alpha constant region.
Each TRC 7-8 recombinant meganuclease comprises an N-terminal nuclease-localization
signal derived from SV40, a first meganuclease subunit, a linker sequence, and a second
meganuclease subunit. A first subunit in each TRC 7-8 meganuclease binds to the TRC7
recognition half-site of SEQ ID NO:5, while a second subunit binds to the TRC8 recognition
half-site (see, Figure 1A).

[0144] As illustrated in Figures 6 and 7, TRC7-binding subunits and TRC8-binding subunits
each comprise a 56 base pair hypervariable region, referred to as HVR1 and HVR2,
respectively. TRC7-binding subunits are identical outside of the HVR1 region except at position
80 or position 271 (comprising a Q or E residue), and are highly conserved within the HVR1
region. Similarly, TRC8-binding subunits are also identical outside of the HVR2 region except at
position 80 or position 271 (comprising a Q or E residue), and are highly conserved within the
HVR2 region.

[0145] The TRC7-binding regions of SEQ ID NOs:30-32 are illustrated in Figure 6 and are
provided as SEQ ID NOs:55-57, respectively. Each of SEQ ID NOs:55-57 share at least 90%
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sequence identity to SEQ ID NO:55, which is the TRC7-binding region of the meganuclease
TRC 7-8x.7 (SEQ ID NO:30). TRC8-binding regions of SEQ ID NOs:30-32 are illustrated in
Figure 7 and are provided as SEQ ID NOs:80-82, respectively. Each of SEQ ID NOs:80-82
share at least 90% sequence identity to SEQ ID NO:80, which is the TRC8-binding region of
the meganuclease TRC 7-8x.7 (SEQ ID NO:30).

4. Cleavage of human T cell receptor alpha constant reqgion recognition sequences in a
CHO cell reporter assay

[0146] To determine whether TRC 1-2, TRC 3-4, and TRC 7-8 meganucleases could
recognize and cleave their respective recognition sequences (SEQ ID NOs:3, 4, and 5,
respectively), each recombinant meganuclease was evaluated using the CHO cell reporter
assay previously described (see, WO/2012/167192 and Figure 8). To perform the assays,
CHO cell reporter lines were produced which carried a non-functional Green Fluorescent
Protein (GFP) gene expression cassette integrated into the genome of the cells. The GFP
gene in each cell line was interrupted by a pair of recognition sequences such that intracellular
cleavage of either recognition sequence by a meganuclease would stimulate a homologous
recombination event resulting in a functional GFP gene.

[0147] In CHO reporter cell lines developed for this study, one recognition sequence inserted
into the GFP gene was the TRC 1-2 recognition sequence (SEQ ID NO:3), the TRC 3-4
recognition sequence (SEQ ID NO:4), or the TRC 7-8 recognition sequence (SEQ ID NO:5).
The second recognition sequence inserted into the GFP gene was a CHO-23/24 recognition
sequence, which is recognized and cleaved by a control meganuclease called "CHO-23/24".
CHO reporter cells comprising the TRC 1-2 recognition sequence and the CHO-23/24
recognition sequence are referred to herein as "TRC 1-2 cells." CHO reporter cells comprising
the TRC 3-4 recognition sequence and the CHO-23/24 recognition sequence are referred to
herein as "TRC 3-4 cells.” CHO reporter cells comprising the TRC 7-8 recognition sequence
and the CHO-23/24 recognition sequence are referred to herein as "TRC 7-8 cells.”

[0148] CHO reporter cells were transfected with plasmid DNA encoding their corresponding
recombinant meganucleases (e.g., TRC 1-2 cells were transfected with plasmid DNA encoding

TRC 1-2 meganucleases) or encoding the CHO-23/34 meganuclease. In each assay, 4e® CHO
reporter cells were transfected with 50 ng of plasmid DNA in a 96-well plate using
Lipofectamine 2000 (ThermoFisher) according to the manufacturer's instructions. At 48 hours
post-transfection, cells were evaluated by flow cytometry to determine the percentage of GFP-
positive cells compared to an untransfected negative control (TRC 1-2bs). As shown in Figure
9, all TRC 1-2, TRC 3-4, and TRC 7-8 meganucleases were found to produce GFP-positive
cells in cell lines comprising their corresponding recognition sequence at frequencies
significantly exceeding the negative control.

[0149] The efficacy of the TRC 1-2x.87 QE, TRC 1-2x.87 EQ, and TRC 1-2x.87 EE
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meganucleases was also determined in a time-dependent manner. In this study, TRC 1-2 cells

(1% were electroporated with 1e® copies of meganuclease mRNA per cell using a BioRad
Gene Pulser Xcell according to the manufacturer's instructions. At 1, 4, 6, 8, and 12 days post-
transfection, cells were evaluated by flow cytometry to determine the percentage of GFP-
positive cells. As shown in Figure 10, each TRC 1-2 meganuclease exhibited high efficiency at
2 days post-transfection, with greater than 50% GFP-positive cells observed. This effect
persisted over the 12 day period, with no evidence of cell toxicity observed.

5. Conclusions

[0150] These studies demonstrated that TRC 1-2 meganucleases, TRC 3-4 meganucleases,
and TRC 7-8 meganucleases encompassed by the invention can efficiently target and cleave
their respective recognition sequences in cells.

EXAMPLE 2

Cleavage of TRC Recognition Sequences in T Cells and Suppression of Cell-Surface T
Cell Receptor Expression

1. Cleavage of the TRC 1-2 recognition sequence in Jurkat Cells

[0151] This study demonstrated that TRC 1-2 meganucleases encompassed by the invention
could cleave the TRC 1-2 recognition sequence in Jurkat cells (an immortalized human T

lymphocyte cell line). 1e® Jurkat cells were electroporated with 8e® copies of a given TRC 1-2
meganuclease mRNA per cell using a BioRad Gene Pulser Xcell according to the
manufacturer's instructions. At 72 hours post-transfection, genomic DNA (gDNA) was
harvested from cells and a T7 endonuclease | (T7E) assay was performed to estimate genetic
modification at the endogenous TRC 1-2 recognition sequence (Figure 11). In the T7E assay,
the TRC 1-2 locus is amplified by PCR using primers that flank the TRC 1-2 recognition
sequence. If there are indels (random insertions or deletions) within the TRC 1-2 locus, the
resulting PCR product will consist of a mix of wild-type alleles and mutant alleles. The PCR
product is denatured and allowed to slowly reanneal. Slow reannealing allows for the formation
of heteroduplexes consisting of wild-type and mutant alleles, resulting in mismatched bases
and/or bulges. The T7E1 enzyme cleaves at mismatch sites, resulting in cleavage products
that can be visualized by gel electrophoresis. Figure 11 clearly demonstrates that thirteen
different versions of the TRC 1-2 meganucleases generated positive results in the T7E1 assay,
indicating effective generation of indels at the endogenous TRC 1-2 recognition sequence.



DK/EP 3756682 T3

[0152] To further examine the cleavage properties of TRC 1-2 meganucleases, a dose-

response experiment was performed in Jurkat cells. 1e® Jurkat cells were electroporated with
either 3ug or 1ug of a given TRC 1-2 meganuclease mRNA per cell using a BioRad Gene
Pulser Xcell according to the manufacturer's instructions. At 96-hours post-transfection, gDNA
was harvested and the T7E1 assay was performed as described above. As seen in Figure 12,
fifteen different TRC 1-2 meganucleases showed cleavage at the endogenous TRC 1-2
recognition site, including three different versions of the TRC 1-2x.87 meganuclease. TRC 1-
2x.87 EE worked especially well, generating a strong signal in the T7E1 assay with little to no
toxicity in Jurkat cells.

2. Cleavage of TRC 1-2 recognition sequence in human T cells

[0153] This study demonstrated that TRC 1-2 meganucleases encompassed by the invention
could cleave the TRC 1-2 recognition sequence in human T cells obtained from a donor. CD3+
T cells were stimulated with anti-CD3 and anti-CD28 antibodies for 3 days, then electroporated
with mRNA encoding the TRC 1-2x.87 EE meganuclease using the Amaxa 4D-Nucleofector
(Lonza) according to the manufacturer's instructions. At 3 days and 7 days post-transfection,
gDNA was harvested and the T7E1 assay was performed as described above. Figure 13A
demonstrates that TRC 1-2x.87 EE effectively introduced mutations in the endogenous TRC 1-
2 recognition sequence in human T cells, indicating that the meganuclease recognized and
cleaved the TRC 1-2 recognition sequence. The intensity of cleavage products does not
appear to change between day 3 and day 7 post-transfection, suggesting little or no toxicity
due to the TRC 1-2x.87 EE meganuclease. To determine whether the mutations at the
endogenous TRC 1-2 recognition sequence were sufficient to eliminate surface expression of
the T cell receptor, cells were analyzed by flow cytometry using an anti-CD3 antibody. Figure
13B shows that approximately 50% of transfected T cells stained negative for CD3, indicating
knockout of the T cell receptor. The CD3 negative population did not change significantly
between day 3 and day 7 post-transfection, further indicating little or no toxicity associated with
the TRC 1-2x.87 EE meganuclease, or the loss of T cell receptor expression.

[0154] To verify that loss of CD3 expression was due to mutations in the TRC 1-2 recognition
site, gDNA was harvested from transfected T cells and the TRC 1-2 recognition site locus was
amplified by PCR. PCR products were cloned into the pCR-blunt vector using the Zero Blunt
PCR cloning kit (Thermo Fisher) according to the manufacturer's instructions. Individual
colonies were picked and mini-prepped plasmids were sequenced. Figure 14 shows
sequences of several representative deletions that were observed at the TRC 1-2 recognition
sequence. The observed sequences are typical of deletions resulting from the non-
homologous end joining repair of DNA double-strand breaks generated by endonucleases.

[0155] In addition to TRC 1-2x.87 EE, other TRC 1-2 meganucleases were able to knockout
the T cell receptor in human T cells, including TRC 1-2x.55, and TRC 1-2x.72, albeit to a lesser
extent than knockout previously observed for TRC 1-2x.87 EE (Tables 5 and 6). TRC 1-2x.72
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Q47E carries a mutation in the active site of the meganuclease (amino acid 47) and serves as
a negative control.

Table 5.

% CD3" Cells
Meganuclease Day 3 Day 6
TRC 1-2x.72 Q47E 0.38 1.1
TRC 1-2x.55 3.1 10.84
Table 6.

% CD3" Cells
Meganuclease Day 3 Day 5
TRC 1-2x.72 Q47E 0.29 0.4
TRC 1-2x.72 2.09 419

3. Conclusions

[0156] These studies demonstrated that TRC 1-2 meganucleases encompassed by the
invention can recognize and cleave the TRC 1-2 recognition sequence in both Jurkat cells (an
immortalized T lymphocyte cell line) and in T cells obtained from a human donor. Further,
these studies demonstrated that NHEJ occurs at the meganuclease cleavage site, as
evidenced by the appearance of indels. Moreover, TRC 1-2 meganucleases were shown to
reduce cell-surface expression of the T cell receptor on human T cells obtained from a donor.

EXAMPLE 3

Recombinant AAV Vectors For Introducing Exogenous Nucleic Acids into Human T
Cells

1. Recombinant AAV vectors

[0157] In the present study, two recombinant AAV vectors (referred to as AAV405 and AAV406)
were designed to introduce an exogenous nucleic acid sequence, comprising an Eagl
restriction site, into the genome of human T cells at the TRC 1-2 recognition sequence via
homologous recombination. Each recombinant AAV vector was prepared using a triple-
transfection protocol, wherein a cell line is transfected with a first plasmid encoding "helper"”
components (e.g., adenoviral) necessary to support replication, a second plasmid comprising
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the cap and rep genes, and a third plasmid comprising the viral inverted terminal repeats
(ITRs) containing the intervening DNA sequence to be packaged into the virus (e.g., the
exogenous nucleic acid sequence) (see, Cots D, Bosch A, Chillon M (2013) Curr. Gene Ther.
13(5): 370-81). Figure 15 illustrates the general approach for using recombinant AAV vectors
to introduce an exogenous nucleic acid sequence into the cell genome at the nuclease
cleavage site.

[0158] AAV405 was prepared using the plasmid illustrated in Figure 16 (SEQ ID NO: 107). As
shown, the AAV405 plasmid generally comprises sequences for a 5' ITR, a CMV enhancer and
promoter sequence, a 5 homology arm, a nucleic acid sequence comprising the Eagl
restriction site, an SV40 poly(A) signal sequence, a 3' homology arm, and a 3' ITR. AAV406
was prepared using the plasmid illustrated in Figure 17 (SEQ ID NO: 108). As shown, the
AAV406 plasmid comprises similar sequences to those of AAV405, but lacks the CMV
enhancer and promoter sequences upstream of the 5' homology arm. The present AAV studies
further included the use of an AAV vector encoding GFP (GFP-AAV), which was incorporated
as a positive control for AAV transduction efficiency.

2. Introducing exogenous nucleic acid sequences into the TRC 1-2 recognition
sequence

[0159] To test whether AAV templates would be suitable for homology directed repair (HDR)
following generation of a double-strand break with TRC 1-2 meganucleases, a series of
experiments were performed using human T cells. In the first experiment, the timing of
electroporation with TRC 1-2 RNA and transduction with recombinant AAV vectors was
determined. Human CD3+ T cells were stimulated with anti-CD3 and anti-CD28 antibodies for
3 days, then electroporated with mRNA encoding the TRC 1-2x.87 EE meganuclease (1g)
using the Amaxa 4D-Nucleofector (Lonza) according to the manufacturer's instructions. At

either 2, 4, or 8 hours post-transfection, cells were transduced with GFP-AAV (1e5 viral
genomes per cell). Cells were analyzed by flow cytometry for GFP expression at 72 hours
post-transduction. As shown in Figure 18, the highest transduction efficiency was observed
when cells were transduced at 2 hours post-transfection (88% GFP-positive cells).
Transduction efficiency decreased significantly as the time between transfection and
transduction increased, with 78% GFP-positive cells at 4 hours and 65% GFP-positive cells at 8
hours.

[0160] Having determined that efficient viral transduction occurred when cells were transduced
2 hours post-transfection, the AAV405 and AAV406 vectors were used as HDR templates in
human T cells. CD3+ T cells were stimulated and transfected with 1 uyg TRC 1-2x.87 EE mRNA
as described above. At 2 hours post-transfection, cells were either transduced with AAV405 or

AAV406 (1e® viral genomes per cell). As transduction-only controls, cells were mock

transfected (with water) and transduced with either AAV405 or AAV406 (1e° viral genomes per
cell). For a meganuclease-only control, cells were transfected with TRC 1-2x.87 EE and then
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mock transduced (with water) at 2 hours post-transfection.

[0161] To determine whether the AAV vectors served as HDR templates, gDNA was harvested
from cells and the TRC 1-2 locus was amplified by PCR using primers that recognized
sequences beyond the region of homology in the AAV vectors. PCR primers outside of the
homology regions only allowed for amplification of the T cell genome, not from the AAV
vectors. PCR products were purified and digested with Eagl. Figure 19 shows cleavage of the
PCR products amplified from cells that were transfected with TRC 1-2x.87 EE and transduced
with either AAV vector (see arrows), indicating insertion of the Eagl site into the TRC 1-2
recognition sequence. The PCR products from all of the control cell populations are not
cleaved by Eagl, demonstrating that the insertion of the Eagl site requires creation of a DNA
double-strand break by a TRC 1-2 meganuclease.

[0162] To further define the insertion of the Eagl site into human T cells, individual products
from the bulk PCR product were examined. Undigested PCR product generated from the
above experiment was cloned into the pCR-blunt vector using the Zero Blunt PCR cloning kit
(Thermo Fisher) according to the manufacturer's instructions. Colony PCR was performed
using M13 forward and reverse primers (pCR blunt contains M13 forward and reverse priming
sites flanking the insert) and a portion of PCR products from cells transfected with TRC 1-2x.87
EE and either AAV405 or AAV406 were analyzed by gel electrophoresis (Figures 20A and 21A,
respectively). In both cases, there are a mix of full-length PCR products (approximately 1600
bp), smaller inserts, and some empty plasmids (approximately 300 bp). In this assay, bands
smaller than full-length but larger than empty plasmids are often times sequences containing
large deletions within the TRC 1-2 recognition sequence. In parallel, another portion of PCR
products were digested with Eagl to determine the percent of clones that contain the Eagl
recognition site inserted into the TRC 1-2 recognition sequence. Figures 20B and 21B show
that several PCR products were cleaved with Eagl (e.g., Figure 20B, second row, 6 lanes from
the left), generating the expected fragments of approximately 700 and 800 bp. These gels
allow for the estimation of Eagl insertion to be approximately 25% and 6% for AAV405 and
AAV406, respectively (adjusted for empty vectors).

[0163] To confirm observations from gel electrophoresis of uncut PCR products and digest with
Eagl, the remaining portion of each PCR product was sequenced. Figure 22A shows
sequences of several representative deletions and insertions that were observed at the TRC 1-
2 recognition sequence. These sequences are typical of sequences resulting from the non-
homologous end joining repair of DNA double-strand breaks generated by endonucleases. All
PCR products that were cleaved with Eagl contained an Eagl site inserted into the TRC 1-2
recognition sequence (Figure 22B).

3. Enhanced AAV transduction efficiency

[0164] In light of the observation that AAV transduction was more efficient when it was carried
out 2 hours post-transfection than when it was carried out later, an experiment was performed
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to optimize the timing of transfection and transduction. Human CD3+ T cells were stimulated
with anti-CD3 and anti-CD28 antibodies for 3 days, then electroporated with the TRC 1-2x.87
EE meganuclease (1pg) using the Amaxa 4D-Nucleofector (Lonza) according to the
manufacturer's instructions. Immediately after transfection or 2 hours post-transfection, cells

were transduced with GFP-AAV (1e® viral genomes per cell). Additionally, non-stimulated cells

were transduced with GFP-AAV (1e° viral genomes per cell). At 72 hours post-transduction,
cells were analyzed by flow cytometry for GFP expression. Figure 23 shows that GFP-AAV
transduction performed 2 hours post-transfection resulted in 90% GFP-positive cells, but that
transduction immediately after transfection resulted in 98% GFP-positive cells. Resting T cells
appeared refractive to AAV transduction, with approximately 0% GFP-positive cells. Non-
transduced cells also showed approximately 0% GFP-positive cells.

4. Summary

[0165] These studies demonstrate that AAV vectors can be used in conjunction with
recombinant meganucleases to incorporate an exogenous nucleic acid sequence into a
cleavage site in the TCR alpha constant region via homologous recombination.

EXAMPLE 4

Recombinant AAV Vectors For Introducing Exogenous Nucleic Acids Encoding a
Chimeric Antigen Receptorin Human T Cells

1. Recombinant AAV vectors

[0166] In the present study, two recombinant AAV vectors (referred to as AAV-CAR100 and
AAV-CAR763) were designed to introduce an exogenous nucleic acid sequence, encoding a
chimeric antigen receptor, into the genome of human T cells at the TRC 1-2 recognition
sequence via homologous recombination. Each recombinant AAV vector was prepared using
the triple-transfection protocol described previously.

[0167] AAV-CAR100 (also referred to herein as AAV408) was prepared using the plasmid
illustrated in Figure 24 (SEQ ID NO: 109). As shown, the AAV-CAR100 (AAV408) is designed
for producing a self-complementary AAV vector, and generally comprises sequences for a 5'
ITR, a 5 homology arm, a nucleic acid sequence encoding an anti-CD19 chimeric antigen
receptor, an SV40 poly(A) signal sequence, a 3' homology arm, and a 3' ITR. AAV-CAR763
(also referred to herein as AAV412) was prepared using the plasmid illustrated in Figure 25
(SEQ ID NO: 110). As shown, the AAV-CAR763 (AAV412) plasmid generally comprises the
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same sequences as AAV-CAR100 (AAV408), but is designed for producing a single-stranded
AAV vector. Because a single-stranded AAV vector can accommodate a larger payload, the 5'
homology arm and the 3' homology arm are longer in AAV-CAR763 (AAV412) than in AAV-
CAR100 (AAV408). The present AAV studies will further include the use of an AAV vector
encoding GFP (GFP-AAV), which will be incorporated as a positive control for AAV transduction
efficiency.

2. Introducing a chimeric antigen receptor sequence into the TRC 1-2 recognition
sequence

[0168] Studies will be conducted to determine the efficiency of using recombinant AAV vectors
to insert a chimeric antigen receptor sequence into the TCR alpha constant region gene while,
simultaneously, knocking out cell-surface expression of the endogenous TCR receptor.

[0169] To confirm transduction efficiency, human CD3+ T cells will be obtained and stimulated
with anti-CD3 and anti-CD28 antibodies for 3 days, then electroporated with mRNA encoding
the TRC 1-2x.87 EE meganuclease (1ug) using the Amaxa 4D-Nucleofector (Lonza) according

to the manufacturer's instructions. Cells will be transduced with GFP-AAV (1e° viral genomes
per cell) immediately after transfection as described above. Cells will be analyzed by flow
cytometry for GFP expression at 72 hours post-transduction to determine transduction
efficiency.

[0170] AAV-CAR100 (AAV408) and AAV-CAR763 (AAV412) vectors will then be used as HDR
templates in human T cells for the insertion of the anti-CD 19 chimeric antigen receptor
sequence. Human CD3+ T cells will be stimulated and transfected with 1 ug TRC 1-2x.87 EE
MRNA as described above. Cells will then be transduced with AAV-CAR100 (AAV408) or AAV-

CAR763 (AAV412) (1e° viral genomes per cell) either immediately after transfection or within 0-
8 hours of transfection. As transduction-only controls, cells will be mock transfected (with

water) and transduced with either AAV-CAR100 (AAV408) or AAV-CAR763 (AAV412) (1e? viral
genomes per cell). For a meganuclease-only control, cells will be transfected with mRNA
encoding TRC 1-2x.87 EE and then mock transduced (with water) immediately post-
transfection.

[0171] Insertion of the chimeric antigen receptor sequence will be confirmed by sequencing of
the cleavage site in the TCR alpha constant region gene. Cell-surface expression of the
chimeric antigen receptor will be confirmed by flow cytometry, using an anti-Fab or anti-CD19
antibody. Knockout of the endogenous T cell receptor at the cell surface will be determined by
flow cytometry as previously described.

EXAMPLE 5
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Insertion and Expression of Chimeric Antigen Receptor

1. Insertion of chimeric_antigen receptor sequence into the TRC 1-2 recognition
sequence

[0172] In the present study, we test whether AAV can provide HDR templates that can be used
to insert a chimeric antigen receptor sequence into the TCR alpha constant region gene and,
simultaneously, knock out cell-surface expression of the endogenous TCR receptor. In the first

experiment, human CD3+ T cells (1e® cells ) were stimulated and electroporated with mRNA
encoding the TRC 1-2x.87 EE meganuclease (2 ug) as described above, then immediately

transduced with AAV412 (1e°® viral genomes/cell). As controls, cells were mock electroporated,
then transduced with AAV412 or electroporated with mRNA encoding TRC 1-2x.87EE, then
mock transduced. An additional control of mock electroporated, mock transduced cells was
included.

[0173] A PCR-based assay was developed to determine whether the AAV HDR template was
utilized to repair double-strand breaks at the TRC 1-2 recognition sequence. Three sets of
primer pairs were used for PCR analysis. The first set was designed to amplify a region with
the homology arms of AAV412. Since this first primer set (referred to as "Inside homolog
arms/CAR region” in Table 7) lies within the homology region, it will either amplify the
unmodified TRC 1-2 recognition sequence locus of the genome (349 bp), the AAV412 vector
input (2603 bp), or the TRC 1-2 recognition sequence into which the CAR gene has been
inserted (2603 bp). The second primer set (referred to as "Outside 5' homology arm" in Table
7) includes one primer that anneals within the CAR region of the AAV412 HDR template, one
primer that anneals in the human genome, outside of the 5' homology arm of the AAV412 HDR
template and will amplify an 1872 bp fragment only if the CAR gene was successfully inserted
into the TRC 1-2 recognition sequence. The third primer set (referred to as "Outside 3'
homology arm” in Table 7) includes one primer that anneals within the CAR region of the
AAV412 HDR template, and one primer that anneals in the human genome, outside of the 3'
homology arm of the AAV412 HDR template. Similarly to the second primer set, the third
primer set will amplify an 1107 bp fragment only if the CAR gene was successfully inserted into
the TRC 1-2 recognition sequence. Taken together, PCR products from all three primer sets
will indicate whether the CAR sequence is present in cells (primer set 1), and whether it has
been inserted into the TRC 1-2 recognition sequence (primer sets 2 and 3).

[0174] On day 4 post-transduction cells were analyzed using the PCR primer pairs described
above. Briefly, approximately 3,000 cells were harvested, pelleted, and lysed and PCR was
performed to determine whether the CAR gene was inserted into the TRC 1-2 recognition
sequence. PCR products were resolved on an agarose gel, shown in Figure 26 (lane
descriptions can be found in Table 7). Lanes 1-3 are PCR products from the sample that was
electroporated with mRNA encoding TRC 1-2x.87EE and mock transduced.
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[0175] As expected, the first primer pair ("Inside homolog arms/CAR region") amplified the
unmodified TRC 1-2 recognition sequence locus, generating a 349 bp band shown in lane 1.
Lanes 2 and 3 correspond to primer pairs that only generate a product if the CAR gene has
been inserted into the TRC 1-2 recognition sequence, and do not show products. Lanes 7-9
represent samples that were mock electroporated and mock transduced and show the same
bands as the TRC 1-2x.87EE mRNA only control described above. Lanes 4-6 show PCR
products from the sample that was electroporated with TRC 1-2x.87EE mRNA and transduced
with AAV412. Lane 4 shows two bands generated by the first primer pair ("Inside homolog
arms/CAR region"), indicating amplification of the unmodified TRC 1-2 recognition sequence
locus of the genome (349 bp) and the AAV412 vector input (2603 bp) or the TRC 1-2
recognition sequence into which the CAR gene has been inserted (2603 bp). Lanes 5 and 6
show products generated by the primer pairs that only amplify products if the CAR nucleic acid
sequence has been inserted into the TRC 1-2x.87EE recognition site. Both bands are the
predicted size (1872 and 1107 bp, respectively). Lanes 10-12 represent the sample that was
mock electroporated and transduced with AAV412. Lane 10 shows two bands generated by the
first primer pair ("Inside homolog arms/CAR region"), indicating amplification of the unmodified
TRC 1-2 recognition sequence locus of the genome (349 bp) and the AAV412 vector input
(2603 bp). Lanes 11 and 12 correspond to primer pairs that only generate a product if the CAR
gene has been inserted into the TRC 1-2 recognition sequence, and do not show products.
The absence of bands in lanes 11 and 12 (which include primers outside of the homology arm)
indicates that the 2603 bp band in lane 10 was generated from amplification of the AAV412
input.

[0176] Taken together, the PCR analysis clearly demonstrates that CAR genes are introduced
into the TRC 1-2x.87EE recognition site when both TRC 1-2x.87EE mRNA and AAV412 are
present in cells. Thus, we conclude that AAV412 serves to produce suitable HDR templates
that can be used to insert a CAR gene into the TRC 1-2x.87EE recognition sequence.

[0177] In a second experiment, human CD3+ T cells were stimulated and electroporated with
MRNA encoding the TRC 1-2x.87 EE meganuclease as described above, then immediately
transduced with increasing amounts of AAV408 (0 uL, 3.125 L, 6.25 pL, 12.5 uL, or 25 L,

which corresponds to approximately 0, 3.125e3, 6.250e3, 1.25e# and 2.5e# viral genomes/cell).
As controls, cells were mock electroporated, then transduced with increasing amounts of
AAV408. Additional controls included cells that were mock electroporated and mock
transduced, as well as cells that were electroporated with TRC 1-2x.87EE mRNA then mock
transduced. On day 4 post-transduction, cells were harvested and analyzed as described
above, but only using the primer pairs that amplified a product only if the CAR gene has been
inserted into the TRC 1-2 recognition sequence. PCR products were resolved on agarose gels,
shown in Figure 27. Figure 27A shows the PCR products generated using the primer pair
described above ("Outside 5' homology arm") which only amplifies a product on the 5' end of
the TRC 1-2 recognition sequence locus if the CAR gene has been inserted into that locus.
Figure 27B shows the PCR products generated using the primer pair described above
("Outside 3' homology arm") which only amplifies a product on the 3' end of the TRC 1-2
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recognition sequence locus if the CAR gene has been inserted into that locus. Lane
descriptions can be found in Table 8. Lanes 1-5 in both Figure 27A and 27B represent the
samples that were either mock electroporated or mock electroporated then mock transduced.
No PCR products are visible in mock electroporated cells, indicating the HDR templates
produced by AAV408 are unable to insert the CAR gene into the TRC 1-2 recognition
sequence in the absence of TRC 1-2x.87EE mRNA. Lane 6 represents the sample that was
electroporated with TRC 1-2x.87EE mRNA and mock transduced. No PCR products are visible,
indicating that the CAR gene had not been inserted into the TRC 1-2 recognition sequence.
Lanes 7-10 represent samples that were electroporated with TRC 1-2x.87EE mRNA and
transduced with increasing amounts of AAV408. The appropriately sized bands for each PCR
are evident, indicating that AAV408 can produce HDR donors for repair of the TRC 1-2

recognition sequence, resulting in insertion of the CAR gene.

Table 7.
Sample {Nucleofection{Virus PCR Product Size
(100k
MOI)
1 TRC1-2x87EE §--- Inside homolog arms/CAR jGenomic = 349
region bp
+ CD19 = 2603
bp
2 TRC1-2x87EE §{--- Outside 5' homology arm {1872 bp
3 TRC1-2x87EE §--- Outside 3' homology arm {1107 bp
TRC1-2x87EE {AAV412 Inside homolog arms/CAR {Genomic = 349
region bp
+ CD19 = 2603
bp
5 TRC1-2x87EE {AAV412 Outside 5' homology arm 1872 bp
6 TRC1-2x87EE {AAV412 Outside 3' homology arm 1107 bp
7 Mock (Water) §{--- Inside homolog arms/CAR {Genomic = 349
region bp
+ CD19 = 2603
bp
8 Mock (Water) {--- Outside 5' homology arm 1872 bp
9 Mock (Water) §{--- Outside 3' homology arm 1107 bp
10 Mock (Water) {AAV412 Inside homolog arms/CAR {Genomic = 349
region bp
+ CD19 = 2603
bp
11 Mock (Water) {AAV412 Outside 5' homology arm 1872 bp
12 Mock (Water) {AAV412 Outside 3' homology arm 1107 bp

Table 8.
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Sample Nucleofection Virus (AAV408)
ML

1 Mock (Water) 0

2 Mock (Water) 3.125

3 Mock (Water) 6.25

4 Mock (Water) 12.5

5 Mock (Water) 25

6 TRC1-2x87EE 0

7 TRC1-2x87EE 3.125

8 TRC1-2x87EE 6.25

9 TRC1-2x87EE 12.5

10 TRC1-2x87EE 25

[0178] The PCR-based assays described above are useful in determining whether the CAR
gene had been inserted into the TRC 1-2 recognition sequence, but do not give information on
efficiency. To determine the efficiency of CAR insertion, we developed a digital PCR-based
assay (schematic shown in Figure 28A). In this assay, two primer sets are used. The first set
amplifies an irrelevant gene sequence and serves a reference sequence to control for template
number. The second set consists of one primer that anneals within the CAR gene and one
primer that anneals outside of the 3' homology arm, such that a product is only amplified if the
CAR gene has been inserted into the TRC 1-2 recognition sequence. A VIC-labeled probe
anneals within the amplicon generated from the first primer set and FAM-labeled probe
anneals within the amplicon generated by the second set of primers. By dividing the number of
amplicons detected by the FAM-labeled probe to the number of reference sequence amplicons
detected by the VIC-labeled probe, it is possible to accurately quantitate the percent of TRC 1-
2 recognition sequence loci that were modified by insertion of the CAR gene.

[0179] Figure 28B shows the results of the digital PCR assay for samples that were either
mock electroporated then transduced, electroporated with TRC 1-2x.87EE mRNA then mock
transduced, or electroporated with TRC 1-2x.87EE mRNA then transduced with increasing
amounts of AAV408. Digital PCR was performed using genomic DNA isolated from cells
approximately 1 week post-transduction. Consistent with the observations from the PCR
described in Figure 27, both control samples (transduction only or electroporation only) were
found to have 0% CAR gene inserted into the TRC 1-2x.87EE recognition sequence. Samples
that were electroporated with mRNA encoding TRC 1-2x.87EE then transduced with increasing
amounts of AAV408 were found to have between approximately 1.5% and 7%. The assay was
performed on two different instruments (labeled QX200 and QS3D) and showed remarkable
agreement, demonstrating the sensitivity and precision of this digital PCR-based assay.

2. Expression of anti-CD19 chimeric antigen receptoron T cells
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[0180] In addition to determining whether CAR insertion occurred at the molecular level, we
sought to determine the expression level of the anti-CD 19 chimeric antigen receptor in cells
that had the CAR gene inserted into the TRC 1-2 recognition sequence using AAV408 as the
HDR template. Additionally, we examined the efficiency in which insertion of the CAR into the
TRC 1-2x.87EE recognition sequence resulted in knockout of the T cell receptor. Samples
described above and analyzed in Figures 27 and 28 were also analyzed for CAR and CD3
expression by flow cytometry. Approximately 4 days post-transduction, cells were labeled with

antibodies that recognize the anti-CD19 CAR (anti-Fab-Alexa647) or CD3 (CD3°BB515) and
analyzed by flow cytometry. Figure 29A shows flow cytometry plots, with anti-CAR labeling
shown on the Y axis and anti-CD3 labeling shown on the X axis. Cells that were mock

electroporated and mock transduced (MOI-0) were overwhelmingly CD3*/CAR" (the lower right
quadrant, 98.7%). Cells that were mock electroporated then transduced with increasing

amounts of AAV408 looked essentially identical to the control cells, with the CD3*/CAR"
populations at 98.8%, 99, 99%, and 99.1%. Thus we conclude that the AAV408 virus alone is
not driving detectable levels of CAR expression, nor is it capable of disrupting expression of the
T cell receptor.

[0181] Figure 29B shows flow cytometry plots for samples that were either electroporated with
MRNA encoding TRC 1-2x.87EE then mock transduced or cells that were electroporated with
TRC 1-2x.87EE then transduced with increasing amounts of AAV408. Cells that were

electroporated then mock transduced show 47.1% CD3" cells, indicating efficient knockout of
the T cell receptor complex. Background labeling with the anti-CD19 CAR was very low, with

0.6% in the CD3  population and 0.78% in the CD3* population. Samples that were
electroporated with mRNA encoding TRC 1-2x.87EE then transduced with increasing amounts

of AAV408 showed CAR labeling in the CD3" population, ranging from 2.09% to 5.9%. There
was also a slight increase in CAR labeling in the CD3* population, ranging from 1.08% to

1.91%. We did not determine the cause of the increase in CAR* cells in the CD3* population,
although it is possible that the CAR was inserted into the non-expressed T cell receptor allele
(only one allele of the T cell receptor alpha chain is expressed and incorporated into the T cell
receptor complex).

[0182] These data correlated well with the quantitative digital PCR-based assay described

above. For example, at the highest MOI of AAV408 (2.5e4 viral genomes/cell), the digital PCR
assay showed approximately 6% CAR insertion, and the flow cytometry assay showed 5.9%

CAR*/CD3- cells. If one takes into account the CAR*/CD3* population, the data are still quite
comparable, with the flow cytometry assay showing approximately 7.8% CAR* compared to 6%
by digital PCR.

EXAMPLE 6
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Characterization of Additional AAV Vectors

1. Insertion of a chimeric antigen receptor sequence into the TRC 1-2 recognition
sequence

[0183] Having shown that AAV vectors could provide suitable HDR templates to insert CAR
genes into the TRC 1-2x.87EE recognition sequence, we sought to optimize the configuration
of the AAV vector. We generated a vector that could be used to produce self-complementary
AAV genomes that included the CAR gene expression cassette driven by a JeT promoter,
flanked by short regions of homology to the TRC 1-2 recognition sequence locus and AAV
ITRs. This vector is referred to as AAV421 (Figure 30; SEQ ID NO: 123). Short homology arms
were necessary due to limited packaging capacity of self-complementary AAV. Additionally, we
generated a vector that could be used to produce single-strand AAV genomes that includes the
CAR gene expression cassette driven by a CMV promoter, flanked by long homology arms and
AAV ITRs. This vector is referred to as AAV422 (Figure 31; SEQ ID NO: 124). Since single-
strand AAV genomes have a larger cargo capacity, we were able to utilize longer homology
arms than in the self-complementary vector.

[0184] To test whether AAV421 and AAV422 were useful to target insertion of the CAR gene
into the TRC 1-2 recognition sequence, several experiments similar to those described above

were carried out in human CD3* T cells. In a first experiment, human CD3* T cells (1e® cells)
were either mock electroporated then transduced with increasing amounts of AAV421 or 422,
or electroporated with TRC 1-2x.87EE mRNA (2 ug) then transduced with increasing amounts
of AAV421 or AAV422. AAV422 MOIs were significantly higher than AAV421 in this experiment

than in the experiments described above (approximate MOls were 1.25e4, 2.5e4, 5e4 and 1e°
viral genomes/cell) because earlier experiments with AAV408 suggested that higher MOls
would result in more efficient CAR insertion. The AAV421 virus stock was not concentrated
enough to allow for titers significantly higher than in the experiments described earlier. As
controls, cells were electroporated (mock or with TRC 1-2x.87EE mRNA) then mock
transduced. As an additional component to this experiment, a "large scale" condition was

performed, in which 10e8 cells (10 times more than a typical experiment) were electroporated

with TRC 1-2x.87EE mRNA then transduced with AAV422 (2.5e4 viral genomes/cell). Lastly, we
also tested a second virus stock of AAV421 to compare to the primary virus stock.

[0185] Insertion of the CAR was determined by PCR as described above, using primer pairs
that only amplify products if the CAR gene has been inserted into the TRC 1-2x.87EE
recognition sequence. PCR was resolved by agarose gel, shown in Figure 32A and 32B (lane
descriptions can be found in Tables 9 and 10). Sample 1 in Figure 32A was mock
electroporated then mock transduced, and samples 2-5 were mock electroporated then
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transduced with AAV421. The gel shows that none of these samples generated PCR products,
indicating that AAV421, in the absence of TRC 1-2x.87EE mRNA, is unable to drive insertion of
the CAR gene into the TRC 1-2 recognition sequence. Additionally, the control sample that was
electroporated with TRC 1-2x.87EE mRNA then mock transduced (sample 6), did not show any
PCR products. Samples 7-10 in Figure 32A were electroporated with TRC 1-2x.87EE mRNA,
then transduced with increasing amounts of AAV421. The gel shows PCR bands for products
extending beyond both the 5 and 3' homology arm (the two bands under each sample
number), demonstrating integration of the CAR gene into the TRC 1-2 recognition sequence.
Lastly in Figure 32A, lanes 11 and 12 represent samples that were electroporated with TRC 1-

2x.87EE mRNA then transduced with AAV422, either starting with 1e® or 10e® cells/sample,
respectively. The presence of both PCR bands (larger in the first set, because different primer
was used to account for a longer homology arm) indicate successful insertion of the CAR gene
into the TRC 1-2 recognition sequence.

[0186] Sample 1 in Figure 32B was mock electroporated then mock transduced, and samples
2-5 were mock electroporated then transduced with increasing amounts of AAV422 (Table 10).
The gel shows that none of these samples generated PCR products, indicating that AAV422, in
the absence of TRC 1-2x.87EE mRNA, is unable to drive insertion of the CAR gene into the
TRC 1-2 recognition sequence. Samples 7-10 in Figure 32B were electroporated with TRC 1-
2x.87EE mRNA, then transduced with increasing amounts of AAV422. The gel shows PCR
bands for products extending beyond both the 5 and 3' homology arm, demonstrating
integration of the CAR gene into the TRC 1-2 recognition sequence. Lastly, sample 11
represents the sample that was electroporated with TRC 1-2x.87EE mRNA then transduced
with a AAV421 from a different virus stock than samples shown in Figure 32A. The presence of
bands indicate insertion of the CAR gene into the TRC 1-2 recognition sequence and confirms
reproducibility between different virus stocks. Taken together, Figure 32 clearly demonstrates
that both AAV421 and AAV422 are capable of generating HDR templates suitable for inserting
the CAR gene into the TRC 1-2 recognition sequence.

Table 9.
Sample Nucleofection AAV 1] MOI
Virus AAV (approximate)

1 Mock (Water) 421 0 0

2 Mock (Water) 421 3.125 3906
3 Mock (Water) 421 6.25 7813
4 Mock (Water) 421 12.5 15625
5 Mock (Water) 421 25 31250
6 TRC1-2x87EE 421 0 0

7 TRC1-2x87EE 421 3.125 3906
8 TRC1-2x87EE 421 6.25 7813
9 TRC1-2x87EE 421 12.5 15625
10 TRC1-2x87EE 421 25 31250
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Sample Nucleofection AAV 1] MOI
Virus AAV (approximate)
11 TRC1-2x87EE 422 6.25 25000
12 TRC1-2x87EE 422 62.5 25000
Large Scale
Table 10.
Sample Nucleofection AAV 1] MOI
Virus AAV (approximate)
1 Mock (Water) 422 0 0
2 Mock (Water) 422 3.125 12500
3 Mock (Water) 422 6.25 25000
4 Mock (Water) 422 12.5 50000
5 Mock (Water) 422 25 100000
6 TRC1-2x87EE 422 0 0
7 TRC1-2x87EE 422 3.125 12500
8 TRC1-2x87EE 422 6.25 25000
9 TRC1-2x87EE 422 12.5 50000
10 TRC1-2x87EE 422 25 100000
11 TRC1-2x87EE 421B 25 10000

2. Expression of anti-CD19 chimeric antigen receptoron T cells using AAV421

[0187] Here, we sought to determine the expression level of the anti-CD 19 chimeric antigen
receptor in cells that had the CAR gene inserted into the TRC 1-2 recognition sequence using
AAV421. Samples described above and analyzed in Figures 32A were also analyzed for CAR
and CD3 expression by flow cytometry. Approximately 4 days post-transduction, cells were
labeled with antibodies that recognize the anti-CD19 CAR or CD3 and analyzed by flow
cytometry. Figure 33A shows flow cytometry plots for cells that were mock electroporated and
transduced with AAV421, along with control cells that were mock electroporated and mock
transduced. Cells that were mock electroporated and mock transduced (MOI-0) were

overwhelmingly CD3*/CAR" (the lower right quadrant, 98.8%). Cells that were mock
electroporated then transduced with increasing amounts of AAV421 looked essentially identical

to the control cells, with the CD3*/CAR- populations at 98.8%, 98.6%, 98.8% and 97.9%. Thus,
we conclude that the AAV421 virus alone is not driving detectable levels of CAR expression,
nor is it capable of disrupting expression of the T cell receptor.

[0188] Figure 33B shows flow cytometry plots for samples that were either electroporated with
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TRC 1-2x.87EE mRNA then mock transduced or cells that were electroporated with TRC 1-
2x.87EE then transduced with increasing amounts of AAV421. Cells that were electroporated

then mock transduced show 56.7% CD3" cells, indicating efficient knockout of the T cell
receptor complex. Background labeling with the anti-CD19 CAR was very low, with 0.48% in

the CD3" population and 0.36% in the CD3* population. Samples that were electroporated with
MRNA encoding TRC 1-2x.87EE then transduced with increasing amounts of AAV412 showed

significant amounts of CAR labeling in the CD3" population, ranging from 4.99% to 13.4%.

There was also a slight increase in CAR labeling in the CD3* population, ranging from 1.27%
to 3.95%. As mentioned above, it is possible that the CAR gene was inserted into the non-

expressed T cell receptor allele. Also in contrast to experiments with AAV408, the CAR™
population was much better defined, with a higher mean fluorescence intensity, suggesting that
the JeT promoter drives higher expression than the eF1a core promoter.

[0189] While evaluating insertion of the CAR gene using AAV421 in conjunction with TRC 1-
x.87EE, we sought to determine a method that would allow us to preferentially expand and

enrich the CD3-/CAR* population. From the experiment described above and shown in Figure
33, we used cells that were electroporated with TRC 1-2x.87EE mRNA (2ug) then transduced

with AAV421 (3.13e4 viral genomes/cell). Control samples were mock electroporated and mock
transduced, mock electroporated and transduced with AAV421, or electroporated with TRC 1-
2x.87EE and mock transduced taken from the experiment described above and shown in
Figure 33. As a control enrichment and expansion process, these cells were incubated for 6
days in complete growth medium supplemented with IL-7 and IL-15 (both at 10 ng/mL). Cells
were then labeled with antibodies against the anti-CD19 CAR and CD3 and analyzed by flow
cytometry (Figure 34A). Cells that were mock electroporated and mock transduced showed low

levels of background staining in the CD3"/CAR* quadrant (0.13%). The CD3/CAR™* population
was essentially the same in samples that were either mock electroporated then transduced
with AAV or electroporated with TRC 1-2x.87EE mRNA then mock transduced (0.16% and
0.55%, respectively). Cells that were electroporated with TRC 1-2x.87EE mRNA and mock

transduced had a CD3/CAR population of 53.2%, very close to the amount stained in the first
part of this experiment shown in Figure 33B (56.7%). Cells that were electroporated with TRC

1-2x.87EE and transduced with AAV showed 12.6% CD3/CAR™* cells, almost identical to the
original labeling of these cells shown in Figure 33 (13.4%), demonstrating that mixture of IL-7

and IL-15 is insufficient to enrich or expand the specific CD3/CAR* cell population.

[0190] We next sought to enrich for the CD3/CAR" population in an antigen-specific manner
by incubating the 4 samples described above with IM-9 cells, which present CD19 on the cell
surface. IM-9 cells were inactivated by pre-treatment with mitomycin C and incubated with
samples at a 1:1 ratio for 6 days in the presence of IL-7 and IL-15 (10ng/mL). Cells were then
labeled with antibodies against CD3 and the anti-CD19 CAR and analyzed by flow cytometry
(Figure 34B). Cells that were mock electroporated and mock transduced showed low levels of

background staining in the CD3/CAR™* quadrant (0.2%). The CD3/CAR* population was the
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same in samples that were mock electroporated then transduced with AAV (0.2%) and slightly
higher in cells that were electroporated with TRC 1-2x.87EE and mock transduced (1.24%).

The increase in CD3/CAR* cells the TRC 1-2x.87EE alone control is considered background
since no CAR nucleic acid was ever introduced into the system. Cells that were electroporated

with TRC 1-2x.87EE mRNA and mock transduced had a CD3/CAR" population of 42.5%, which
is significantly lower than they were prior to expansion (56.7%, Figure 33) suggesting that CD+
cells may have a growth advantage in this system. However, cells that were electroporated

with TRC 1-2x.87EE and transduced with AAV showed 49.9% CD3 /CAR* cells, a dramatic
increase compared to the original labeling of these cells shown in Figure 33 (13.4%),
demonstrating that incubation of this sample with IM-9 cells in the presence of IL-7 and IL-15 is

quite effective in enriching and expanding the CD37/CAR* population. The CD3*/CAR*
population was also expanded under these conditions, with the mock electroporated/AAV
transduced sample and the TRC 1-2x.87EE electroporated/AV transduced sample showing

2.53% and 15.3% CD3*/CAR", respectively.

[0191] In the cells that were electroporated with TRC 1-2x.87EE then transduced with AAV421,
24.2% of the CD3" population was CAR™ prior to expansion (Figure 33B). After incubation in

medium supplemented with IL-7 and IL-15, that 25.3% of the CD3- cells were CAR* (Figure
34A) indicating that the ratio of gene knock-in to gene-knockout was unchanged. However,
after incubation with IM-9 cells in addition to IL-7 and IL-15, over 80% (80.35%, Figure 34B) of

the CD3" cells were CAR*, demonstrating that incubation with IM-9 cells resulted in antigen-
specific enrichment.

[0192] Since mitocmyin C inactives cells very potently and IM-9 cells were not persisting long
in the mixed culture, we reasoned that a second infusion of IM-9 cells might further increase

enrichment of CD3/CAR™ cells. Some of the cells described above and shown in Figure 34B
would mixed with fresh IM-9 cells (pre-treated with mitocmycin C) in medium containing IL-7
and IL-15 and were incubated another 6 days. Cells were then stained for CD3 and anti-CD19

CAR and analyzed by flow cytometry (Figure 34C). The percentage of CD3"/CAR* cells in any
of the control samples were essentially unchanged compared to the first round of enrichment
on IM-9 cells.

[0193] However, the cells that were electroporated with TRC 1-2x.87EE and transduced with

AAV421 showed a significant enrichment of the CD3/CAR* population, increasing from 49.9%
(after the first round if incubation with IM-9 cells, Figure 34B) to 65.7% (Figure 34C).

Importantly, 93.75% of the CD3™ population was CAR®, indicating further antigen-specific
expansion.

3. Expression of anti-CD19 chimeric antigen receptoron T cells using AAV422
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[0194] We also examined expression of the anti-CD19 CAR from cells in which AAV422 was
used to provide the HDR template (described above, PCR results shown in Figure 32B).
Approximately 4 days post-transduction, cells were labeled with antibodies that recognize the
anti-CD19 CAR or CD3 and analyzed by flow cytometry. Figure 35A shows flow cytometry plots
for cells that were mock electroporated and transduced with increasing amounts of AAV422,
along with control cells that were mock electroporated and mock transduced. Cells that were

mock electroporated and mock transduced (MOI-0) were overwhelmingly CD3*/CAR" (the
lower right quadrant, 98.8%). Cells that were mock electroporated then transduced with
increasing amounts of AAV422 looked essentially identical to the control cells, with the

CD3*/CAR" populations at 98.6%, 98.6%, 98.9% and 98.4%. Thus, the AAV422 vector alone is
not driving detectable levels of CAR expression, nor is it capable of disrupting expression of the
T cell receptor.

[0195] Figure 35B shows flow cytometry plots for samples that were either electroporated with
TRC 1-2x.87EE mRNA then mock transduced or cells that were electroporated with TRC 1-
2x.87EE then transduced with increasing amounts of AAV422. Cells that were electroporated

then mock transduced show 59.3% CD3" cells, indicating efficient knockout of the T cell
receptor complex. Background labeling with the anti-CD19 CAR was very low, with 1.47% in

the CD3" population and 0.52% in the CD3* population. Samples that were electroporated with
MRNA encoding TRC 1-2x.87EE then transduced with increasing amounts of AAV422 showed

significant amounts of CAR labeling in the CD3" population, ranging from 14.7% to 20.3%.

There was also a slight increase in CAR labeling in the CD3* population, ranging from 2.3% to
2.7%.

[0196] Surprisingly, we observed a noticeable increase in T cell receptor knockout efficiency in
the presence of AAV422. Overall CD3 knockout efficiency with increasing AAV422 was 71.6%,
74.9%, 77.8% and 74.4% compared to 59.3% in the TRC 1-2x.87EE electroporation alone. In
contrast, overall CD3 knockout efficiency with increasing AAV421 was 56.99%, 56.62%, 57.4%
and 55.4% compared to 57.18% in the TRC 1-2x.87EE electroporation alone (Figure 33B).
Thus, it appears that electroporation with TRC 1-2x.87EE in the presence of single-stranded
AAV genomes, but not self-complimentary AAV genomes, results in an increase in the overall
knockout efficiency of the TRC 1-2x.87EE nuclease. Because of this increase, the percent of

CD3" cells that are CAR™ is not significantly different between cells transduced with AAV421
and AAV422 despite the higher numbers of CD3/CAR* cells. The highest percent of CD3" cells
that were CAR* using AAV421 was 24.18% (MOl = 3.13e# viral genomes/cell) compared to

26.48% with AAV422 (MOI = 1e° viral genomes/cell). This observation is particularly interesting
considering the large difference in MOI between AAV421 and AAV422.

[0197] The concept of utilizing IM-9 cells to specifically enrich for CD3/CAR" cells was tested
using cells from this experiment. Again, rather than testing the entire panel, we only attempted
enrichment of either cells mock electroporated then transduced with AAV422 or electroporated
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with TRC 1-2x.87EE then transduced with AAV422 (2.5e4 viral genomesicell) in a new
experiment. Figure 36A shows flow cytometry plots at approximately day 4 post-transduction.

Mock electroporated/transduced cells showed background staining of CD3/CAR™* cells at
0.13%. In comparison, cells electroporated with TRC 1-2x.87EE the transduced with AAV422

showed 4.44% CD3/CAR* cells. Cells were incubated with IM-9 cells (pre-treated with
mitomycin) in the presence of IL-7 and IL-15 for 6 days as described above, then analyzed by
flow cytometry. Figure 36B shows that incubation with IM-9 cells dramatically increased the

CD37/CAR* population in AAV422 transduced cells to 35.8%. The CAR™ cells make up 45.2%

of the total CD3" population, compared to 6.69% prior to enrichment (Figure 36A). As above,
we also further enriched by a second addition of IM-9 cells (Figure 36C). Two rounds of

incubation with IM-9 cells resulted in 65.1% CD3/CAR* cells. The CAR™ cells make up 78.25%
of the total CD3" population, indicating significant, antigen-dependent enrichment of

CD37/CAR" cells.

[0198] These data, in conjunction with the data presented above, clearly demonstrate that
cells that have had an anti-CD19 CAR gene inserted into the TRC 1-2 recognition sequence
can be successfully enriched by incubation with IM-9 cells in the presence of IL-7 and IL-15,

and can result in a CD3" population that is over 90% CAR?* in as little as 12 days of culture.

4. Increased knockout efficiency observed when using single-strand AAV vectors

[0199] In the present study, we followed up on the observation that single-stranded AAV
vectors increased knockout efficiency of the TRC 1-2x.87EE nuclease. In a first experiment,
cells were electroporated with TRC 1-2x.87EE (2 pg) and either mock transduced or

transduced with increasing amounts of AAV412 (6.25e4 1.25e% 2.5e* or 5e* viral
genomes/cell). On day 4 post-transduction, cells were labeled with an antibody against CD3

and analyzed by flow cytometry (Figure 37A). In the mock transduced cells, 20.7% are CD3"
compared to 21.6%, 23.7%, 25.5% and 25% with increasing AAV412, indicating that TRC 1-
2x.87EE knockout efficiency is up to 23% higher in the presence of AAV412 (25.5% compared
to 20.7%).

[0200] To determine whether this increase in knockout efficiency was nuclease specific, in an
additional experiment, cells were electroporated with mRNA (2 ug) encoding a nuclease
targeting the B2-microglobulin gene and either mock transduced or transduced with increasing
amounts of AAV412. Cells were stained for f2-microglobulin on day 4 post-transduction and
analyzed by flow cytometry (Figure 37B). In the mock transduced cells, B2-microglobulin
knockout efficiency was 64.5% and increased in the transduced cells to 68.6%, 70.7%, 77.2%
and 82.5% with increasing amounts of AAV412, demonstrating an increase in knockout
efficiency of up to 27.9% (82.5% compared to 64.5%).
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[0201] In a parallel experiment, cells were electroporated with TRC 1-2x.87EE mRNA and
either mock transduced or transduced with AAV422 (using the same MOIs as AAV412). Cells
were labeled with an antibody against CD3 and cells were analyzed by flow cytometry (Figure
37C). The mock transduced cells showed 62.2% T cell receptor knockout, and with increasing
amounts of AAV, the T cell receptor knockout frequency increased to 72.6%, 75.5%, 78.3% and
75.1%. Here, the presence of AAV422 increases the knockout efficiency of TRC 1-2x.87EE by
up to 25.8% (78.3% compared to 62.2%). It is striking that the increase in percent knockout
efficiency is almost identical between these three experiments, using two different nucleases
and two different AAV vectors. Taken together, these data strongly indicate that transduction of
cells with single strand AAV vectors increase the knockout efficiency of our nucleases,
irrespective of nuclease or AAV cargo.

5. Activity of T cells expressing anti-CD19 chimeric antigen receptor

[0202] The above experiments clearly demonstrate the generation of CAR T cells by
electroporating cells with TRC 1-2x.87EE mRNA, then immediately transducing cells with

AAV421, and that these cells can be enriched for a CD3/CAR* population by co-culture with
CD19 expressing IM-9 cells. We next examined the activity of these CAR T cells against target
cells. In the first experiment, the cells described above and shown in Figure 34C were used in

an IFN-gamma ELISPOT assay, in which either CD19"* Raji cells or CD19" U937 cells were the
target population. As shown in Figure 38A, when anti-CD19 CAR T cells were incubated with
U937 cells, they did not secrete IFN-gamma regardless of the target:effector ratio. Incubating
CAR T cells with Raiji cells, however, resulted in high levels of IFN-gamma secretion, in a dose-
dependent manner, indicating that secretion of IFN-gamma is antigen-specific.

[0203] These CAR T cells were also used in a cell killing assay in which luciferase-labeled Raiji
cells were the target. Briefly, CAR T cells were incubated with luciferase-labeled Raji cells at a
ratio of 10:1. At several time points, cells were washed and lysed to measure luciferase activity
as a measure of how many cells remained. Control cells showed luciferase activity greater than
5500 arbitrary units (Figure 38B). Co-incubation for 2, 3, 4 and 5 hours resulted in a decrease
in luciferase activity to 4598, 3292, 2750 and 1932 arbitrary units, respectively. Thus, within 5
hours of co-incubation, luciferase activity was reduced approximately 65%, indicating strong
cytolytic activity of the CAR T cells.

[0204] Taken together, these data demonstrate that anti-CD19 CAR T cells generated

according to the methods described herein are effective at killing CD19* cells.

EXAMPLE 7

Linearized Plasmid DNA
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1. Expression of chimeric antigen receptor from linearized plasmid DNA

[0205] Since HDR templates produced by AAV are linear DNA molecules, we hypothesized that
linear DNA from any source may be a suitable HDR template for inserting a CAR gene into the
TRC 1-2 recognition sequence. To test this, we generated several plasmids that contain an
anti-CD19 CAR gene flanked by homology arms that are homologous to the TRC 1-2
recognition sequence locus. Different promoters were used in some plasmids, and homology
arms were either "short" (200 bp on the 5' homology arm and 180 bp on the 3' homology arm)
to mimic the self-complimentary AAV vectors, or "long" (985 bp on the 5 homology arm and
763 bp on the 3' homology arm) to mimic the single strand AAV vectors. Plasmids with short
homology arms are labeled "pDS" and those with long homology arms are labeled "pDI."
Additionally, some plasmid contained an intron upstream of the CAR gene.

[0206] The CAR donor plasmids were linearized at a restriction site in the vector backbone and

gel purified. Human CD3* T cells were either electroporated with the linearized CAR donor
plasmid alone (varying amounts between 500 ng and 1000 ng, depending on the concentration
of the purified linearized plasmid), or co-electroporated with TRC 1-2.87EE mRNA (2 pg). As
controls, cells were either mock electroporated or electroporated with TRC 1-2x.87EE alone.
The graphs in Figure 39 are labelled with descriptions for all electroporations. Approximately 4
days post-electroporation, cells were labelled with antibodies against CD3 and the anti-CD19

CAR and analyzed by flow cytometry (Figure 39). Figure 39A shows background CD3/CAR*

staining of 0.15%. It should be noted that the background CD3*/CAR™ staining was unusually
high at 4.31%. Figure 39B shows cells that were electroporated with TRC 1-2x.87EE mRNA
alone, demonstrating 60.8% CD3 knockout. Figures 39C and 39D represent samples that were
co-electroporated with TRC 1-2x.87EE mRNA and either the long homology arm vector with an
EF1a core promoter with an HTLV enhancer or the short homology arm vector with EF1a core
promoter (with no enhancer). Interestingly, the linearized CAR donor with the EF1a core

promoter alone generated a CD3"/CAR* population of 2.38%, while the vector harboring the
EF1a core promoter with the HTLV enhancer did not generate a significant percentage of

CD37/CAR* cells. Cells that were electroporated with these two vectors in the absence of TRC
1-2x.87EE mRNA showed no significant increase in the CD3/CAR* population (Figure 39E and
39F). The increase in the CD3/CAR* population with the EF1a core promoter vector in the

presence of TRC 1-2x.87EE suggested that a linearized plasmid could serve as an HDR
template to repair double strand breaks at the TRC 1-2 recognition sequence.

[0207] Figures 39G and 39H show two long homology arm constructs that both contain an
MND promoter driving expression of the CAR. One of these constructs, shown in Figure 39G,
also contains an intron in the 5' end of the CAR gene. Surprisingly, the long homology arm
plasmid with an MND promoter and intron showed significant CAR expression (Figure 39G,
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4.14% CD3/CAR*) while the intron-less construct (Figure 39H) did not show detectable CAR
expression when co-electroporated with TRC 1-2x.87EE mRNA. A short homology arm plasmid
with the MND promoter, but with no intron, was also tested with TRC 1-2x.87EE mRNA and did
not demonstrate any CAR expression (Figure 391). None of the MND promoter-containing

constructs generated any CAR™ cells in the absence of TRC 1-2x.87EE mRNA (Figures 39J,
39K, and 39L).

[0208] Lastly in this experiment, we tested a short homology arm construct that contained a
JeT promoter driving expression of the CAR and a "long" homology arm construct with a CMV
promoter driving expression of the CAR. Alone, neither of these linearized plasmids resulted in

significant CAR* cells (Figure 390 and 39P). When cells were co-electroporated with TRC 1-
2x.87EE mRNA, the JeT containing construct showed 2.69% CD3 CAR™* cells and the CMV
containing construct yielded 2.7% CD3/CAR" cells.

[0209] The flow plots shown in Figure 39 clearly demonstrate that linearized plasmid DNA that
encodes the CAR, flanked by homology arms, can serve as HDR templates to repair DNA
breaks caused by TRC 1-2x.87EE, resulting in insertion of the CAR nucleic acid. It is clear that
promoter strength plays a significant role in expression of the CAR, and some promoters drive
more efficient expression when there is an intron in the gene.

[0210] To confirm that insertion of the CAR using linearized DNA constructs was specific to the
TRC 1-2 recognition sequence locus, we analyzed cells as described above using primers that
sat within the CAR and outside of the homology arms (Figure 40, Table 11). Samples 1 and 2
are PCR products from cells that were either mock electroporated or electroporated with only
MRNA encoding TRC 1-2x.87EE. Consistent with results shown above, no PCR bands are
present indicating the lack of CAR gene in the TRC 1-2 recognition site. Samples 3, 4 and 5
are from cells that were co-electroporated with TRC 1-2x.87EE and a linearized CAR homology
plasmid (samples names in Figure 40). Each sample shows two PCR bands of the predicted
size indicating insertion of the CAR gene expression cassette into the TRC 1-2 recognition site.
Samples 6, 7, and 8 are from cells that were electroporated with the same linearized CAR
homology plasmids as samples 3, 4, and 5 but without TRC 1-2x.87EE mRNA. As expected, no
PCR bands are present. Samples 9 and 10 are PCR products from cells that were either mock
electroporated or electroporated with only mRNA encoding TRC 1-2x.87EE and show no PCR
bands. Samples 11, 12, 13 and 14 are from cells that were co-electroporated with TRC 1-
2x.87EE and a linearized CAR homology plasmid (samples names in Figure 40). Each sample
shows two PCR bands of the predicted size indicating insertion of the CAR gene into the TRC
1-2 recognition site. Samples 15, 16, 17, and 18 are from cells that were electroporated with
the same linearized CAR homology plasmids as samples 11, 12, 13, and 14 but without TRC 1-
2x.87EE mRNA. As expected, no PCR bands are present.

[0211] Figures 39 and 40 clearly demonstrate that co-electroporating human CD3* T cells with
MRNA encoding TRC 1-2x.87EE and a linearized CAR homology plasmid is an effective
method to insert the CAR gene into the TRC 1-2 recognition sequence.
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Table 11.

Sample Nucleofection Linearized plasmid
1 Mock (Water) -

2 TRC1-2x87EE -

3 TRC1-2x87EE pDS EF1-a Core

4 TRC1-2x87EE pDS 200 MND NC
5 TRC1-2x87EE pDS 200 JET NC

6 Mock (Water) pDS EF1-a Core

7 Mock (Water) pDS 200 MND NC
8 Mock (Water) pDS 200 JET NC

9 Mock (Water) -

10 TRC1-2x87EE -

11 TRC1-2x87EE pDI EF1-a NC

12 TRC1-2x87EE pDI MND intron NC
13 TRC1-2x87EE pDI MND NC

14 TRC1-2x87EE pDI CMV 985 NC 763
15 Mock (Water) pDI EF1-a NC

16 Mock (Water) pDI MND intron NC
17 Mock (Water) pDI MND NC

18 Mock (Water) pDI CMV 985 NC 763
19 Mock (Water) -

20 TRC1-2x87EE -

21 TRC1-2x87EE pDS MCS

22 Mock (Water) PDS MCS
EXAMPLE 8

Characterization of Additional AAV Vectors

1. Use of AAV with JeT promoter and long homology arms

[0212] Collectively, the data shown above indicate that vectors utilizing the JeT promoter drive
high, consistent expression of the CAR and that longer homology arms may increase gene
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insertion efficiency. We designed and generated the vector shown in Figure 41 (SEQ ID NO:
125), which was used to make single-strand AAV with long homology arms, and a JeT
promoter driving expression of the anti-CD19 CAR (referred to herein as AAV423). Human

CD3* T cells were electroporated with mRNA encoding TRC 1-2x.87EE and transduced with
increasing amounts of AAV423. Since data shown above suggested that higher MOls may

result in increased insertion efficiency, we used titers ranging from 1.875e% to 1.5e°. As
controls, cells were either electroporated with mRNA encoding TRC 1-2x.87EE then mock
transduced or mock electroporated then transduced with increasing amounts of AAV423. On
day 6 post-transduction, cells were labeled with antibodies recognizing CD3 or the anti-CD19
CAR and analyzed by flow cytometry. As shown in Figure 42, cells that were mock
electroporated then transduced with increasing amounts of AAV423 are overwhelmingly

CD3*/CAR™ (ranging from 96.6% to 98.5%). Cells that were electroporated with mRNA

encoding TRC 1-2x.87EE and mock transduced were 39% CD3" indicating efficient knockout of
the T cell receptor. In these cells, background CAR staining was very low (around 2%). Cells
that were electroporated with mRNA encoding TRC 1-2x.87EE then transduced with increasing
amounts of AAV423 showed dramatic CAR staining in conjunction with CD3 knockout.

CD3/CAR* populations ranged from 21.6% to 22.7%, while CD3*/CAR™ populations were
around 2%. As described above, the presence of single-strand AAV increased the overall gene

modification efficiency at the TRC 1-2 recognition site, with total CD3" populations increasing
from 41.44% in the control cells to 57.6%, 59.2%, 58.7%, and 56.1% in cells that were

electroporated then transduced with increasing amounts of AV423. The percent of CD3" cells

that were CAR™ ranged from 37.5% to 39.9% indicating a dramatic increase in insertion
efficiency compared to data described above.

[0213] To confirm that insertion of the CAR using AAV423 was specific to the TRC 1-2
recognition sequence locus, we analyzed cells as described above using primers that sat within
the CAR and outside of the homology arms (Figure 43, Table 12).

Table 12.

Sample Nucleofection AAV (pl) MOI

1 Mock (Water) - -

2 Mock (Water) - -

3 Mock (Water) pDI JET Prep A (3.125) 18750
4 Mock (Water) pDI JET Prep A (6.25) 37500
5 Mock (Water) pDI JET Prep A (12.5) 7500
6 Mock (Water) pDI JET Prep A (25) 150000
7 TRC1-2x87EE --- -

8 TRC1-2x87EE pDI JET Prep A (3.125) 18750
9 TRC1-2x87EE pDI JET Prep A (6.25) 37500
10 TRC1-2x87EE pDI JET Prep A (12.5) 7500
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Sample Nucleofection AAV (pl) MOI
11 TRC1-2x87EE pDI JET Prep A (25) 150000

[0214] Samples 1 and 2 are PCR products from cells that were mock electroporated.
Consistent with results shown above, no PCR bands are present indicating the lack of CAR
gene in the TRC 1-2 recognition site. Samples 3-6 are from cells that were mock
electroporated then transduced with increasing amounts of AAV423. Consistent with results
above, there are no PCR bands present. Sample 7 is from cells electroporated with mRNA
encoding TRC 1-2x.87EE then mock transduced, and shows no PCR bands. Samples 8-11 are
from cells electroporated with mRNA encoding TRC 1-2x.87EE then transduced with increasing
amounts of AAV423, and show the PCR bands expected if the CAR is inserted into the TRC 1-
2 recognition sequence.

[0215] Given the ability of AAV423 to insert the CAR sequence into the TRC 1-2 recognition
site following cleavage, it is further envisioned that the AAV423 plasmid (Figure 41) could be
linearized by digestion with a and delivered to the cell by digestion with one or more restriction
enzymes, such that the T cells could be transfected with a linearized DNA template which could
integrate into the TRC 1-2 recognition site and encode an anti-CD19 CAR.

EXAMPLE 9

In Vivo Efficacy of Anti-CD19 TCR-Negative CAR T cells

1. Murine model of disseminated B cell lymphoma

[0216] The efficacy of the gene-edited anti-CD19 CAR T cells was evaluated in a murine
model of disseminated B cell ymphoma. Activated T cells were electroporated with TRC 1-
2x.87 EE mRNA as described above, then transduced with an AAV6 vector comprising an anti-
CD19 CAR expression cassette driven by a JeT promoter and flanked by homology arms.
Following 5 days of culture with IL-2 (10 ng/mL), cells were analyzed for cell-surface CD3 and

anti-CD19 CAR expression by flow cytometry as previously described (Figure 44A). CD3™ cells

were enriched by depleting CD3" cells using anti-CD3 magnetic beads. Depleted cells were
then cultured for 3 days in IL-15 (10 ng/mL) and IL-21 (10 ng/mL) and re-analyzed for cell-

surface expression of CD3 and anti-CD 19 CAR (Figure 44B). Isolation of the CD3" population
was quite efficient, yielding 99.9% purity as measured by flow cytometry following depletion of

CD3* cells (Figure 44B). The purified CD3" population comprised 56% CD4" and 44% CD8™*
cells (Figure 44C), and had primarily central memory/transitional memory phenotypes,
determined by staining for CD62L and CD45RO (Figure 44D).
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[0217] Studies utilizing the Raji disseminated lymphoma model were conducted by Charles
River Laboratories International Inc. (Morrisville, NC, USA). CD19*Raiji cells stably expressing
firefly luciferase (filLuc)** were injected i.v. into 5-6 week old female NSG mice on Day 1, at a

dose of 2.0 x 10° cells per mouse. On Day 4 mice were injected i.v. with PBS or PBS containing
gene edited control TCR KO T cells prepared from the same healthy donor PBMC or PBS
containing the indicated doses of CAR T cells prepared from the same donor. On the indicated
days, live mice were injected i.p. with Luciferin substrate (150mg/kg in saline), anesthetized,
and Luciferase activity measured after 7 minutes using IVIS SpectrumCT (Perkin Elmer,
Waltham, MA). Data was analyzed and exported using Living Image software 4.5.1 (Perkin
Elmer, Waltham, MA). Luminescence signal intensity is represented by radiance in

p/sec/icm?/sr.

2. Results

[0218] As shown in Figure 45, growth of CD19" Raji cells was evident in all mice at low levels

by day 8, and increased significantly in untreated and TCR™ control groups by day 11. In control
groups, significant tumor growth was observed by day 15, and by day 18 or 19 all control
groups were euthanized. In contrast, all groups of mice treated with anti-CD 19 CAR T cells
showed no evidence of tumor growth by day 11 and, with the exception of a single mouse in
the low dose group, remained tumor-free through day 29 of the study. Tumor regrowth was
observed in three mice in the low dose cohort around day 36. One of the three died at day 42,
though imaging revealed only low levels of tumor in this animal, so it is unlikely that death was
tumor-related.

3. Conclusions

[0219] These results provide clear evidence for in vivo clearance of CD19* tumor cells by

gene-edited CD3" CAR T cells and support further preclinical development of this platform for
allogeneic CAR T cell therapy.

SEQUENCE LISTING

[0220]
<110> Precision Biosciences, Inc.

<120> GENETICALLY-MODIFIED CELLS COMPRISING A MODIFIED HUMAN T CELL
RECEPTOR ALPHA CONSTANT REGION GENE



<130> 229-013T1

<140>
<141>2016-10-05

<150> EP 16 782 371.5
<151>2016-10-05

<150> PCT/US2016/055492
<151>2016-10-05

<150> US 62/237,394
<151>2015-10-05

<150> US 62/297,426
<151>2016-02-19

<160> 125
<170> PatentIn version 3.5

<210>1
<211> 4627
<212> DNA

<213> Homo sapiens

<400> 1

atatccagaa
ctgtctgect
atgtgtatat

gtgctgtgge

ttattccaga
getgtttect
aaactcctcet
agaaacagtg
agaaggtgge
gecctgecttt
ttctccaagt
aagtcagtct
tgcaccaggt

caccattcta

ggaatgtgtt

ggctetetga

cecctgaccecet
attcacecgat
cacagacaaa
ctggagcaac
agacaccttc
tgettecagga
gattggtggt
agccttgttc
aggagagggce
gctcagactg
tgecctctect
cacgcagtca
gttgaagtgg
gttgggggag

ttaactcagg

agaaatgcta

gecgtgtace

tttgattcte
actgtgctag
aaatctgact
ttcececagec
atggccaggt
ctcggcctta
tggcagtcca
acgtggeccca
tttgeccett
tatttctcee
ctcattaacc
aggaattaaa

cccatctgte

agctgagaga
aaacaaatgt
acatgaggtc
ttgecatgtge
caggtaaggg
tetgeeccaga
teccattgeca
gagaatgaca
gectecagtcet
actgetctte
tgtctgccaa
caccaatcac
aagtcagatg

agctgggaaa

ctetasatee
gtcacaaagt
tatggacttec
aaacgectte
cagctttggt
gctetggtea
ccaaaaccct
cgggaaaaaa
ctecaactga
taggecctecat
aaaatctttc
tgattgtgee
aggggtgtge

agtccaaata

gttgagaaaa cagctacctt caggacaaaa

agtgacaagt

aaggattctg
aagagcaaca
aacaacagca
geccttcgcag
atgatgtceta
ctttttacta
gcagatgaag
gtteetgecet
tetaageccee
ccagctcact
ggcacatgaa
ccagaggaag
acttcagatt

gtcagggaag

cttgaagata ccagccectac caagggcagg gagaggaccee
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60
120
180
240
300
360
420
480
540
600
660
720
780
840

900

960



tatagaggecce
tgaaggagge
aaggacgccea
cttttttttt
ctggagtgea
ctecotgecte
ttttttgtat
ctgacctcag
caccacacec
taagccaaga
cagggtggtg
gatgagaaag
caatgatagt
aactttttgg
tgcctcgetg
atggecacatg
aatagaaatg
gcaggtgctc
tgtagttgtt
gatgctgaaa
gaaaagcttt
tgatgaacce
aatgaatgat
tectgaatee
agctteaata
tcaagagage
gatagcecta
gacaagecaac
ccactectca

catccttect

gataaattet
tctagteggt
tctgtttgta
ccteoceccac
caggectggg
taaactttca
ttaatctget

actacaattt

tgggacagga
agggecegggt
gaaagctgtt
tttttttttt
atggtgcate
agccteoccga
ttttagtaga
gtgatccacc
ggecectgettt
gtagaagecag
gecagggaggt
caaagagggg
geegtttact
aacatatgaa
ccteccattgg
tggcecagggt
gtgtccagga
atatgctgta
cacctgeocea
gaatgtcetgt
gaaacaggta
geaataaccee
gaggaatgga
ctctcaccat
gaccaaggac
cagagagagc
aacgaaccag
agtactcaca

cacccacect

gtggtagegg

gagcacctae
gtttectgtce
aggggatatg
ccageetget
acatgcaage
aaacctgtca
catgacgcetg

aggaacaoocac

gctcaatgag
cacagggect
gateggette
tttttttttt
ttggetcact
gtagetgaga
gacagggttt
cgettecagee
tettaaagat
aaagggagca
aaccaacace
atcaaggaag
aagaagaaac
agtacgtgtt
actctagaat
catgcaacat
gecgaggtat
agttcectce
agaactagga
ttttectttt
agacaggggt
tgectggatyg
aacageggtt
ctetgacttt
tetetectag
ttctgggtgg
atcatcctga
taggetgtgg
gggcecatat

aactcactaa

ceecatececa
ttgaaacaca
cacagaagct
ctgecttggg
ccataaccge
gtgattgggt

cggetgtggt

otetotacat

aaaggagaag
tctaggecat
aageagggga
tgagatggag
gcaaccteeg
ttacaggeac
cactatgttg
teccaaagtg
caatctgagt
gttgcageag
attcaggttt
gcagctggat
caaggaaaaa
tatactecttt
gaagccaggc
gtactttgta
cggtectgee
agatctctce
ggtetggggt
agaaagttce
ctagcctggg
agggagtggg
caagacctge
ccattctaag
gectetgtat
cccagetgtg
ggacageccaa
gcaatggtce
tcatttccat

ggggeccecate

agcagcaggce
gagagggtag
gggacaccta
ttttgetett
ceteccaggt
cogecaccat
gecaggetgg
ctgggattac
getgtacgga
agagatgatg
caaaggtaga
tttggeectga
atttggggtyg
atggecettg
aagagcaggg
caaacagtgt
agggccaggyg
acaaggaggc
gggagagtca
tgtgatgtca
tttgcacagg
aagaaattag
cecagagetgg
cactttgagy
tectttecaac
aaatttctga
gaggttttge
tgtectcteaa
ttgagttgtt

tggacccgag

atgagttgaa
acagtattct
atttgetttt
gttgeccagg
tcaagtgatt
gectggcetaa
tetcgaacte
aggcgtgage
gagtgggttg
gaggectggg
accatgcagg
gcagctgagt
cagggatcaa
tcactatgta
tctatgtgtg
atattgagta
getcteccta
atggaaaggc
gectgetetg
agctggtega
attgcggaag
tagatgtggg
gtggggtcte
atgagtttet
agetecactyg
gteccttagg
cttectttecaa
gaatcccetg
cttattgagt

gtattgtgat

gaagggetea
atactgttgyg
gcaagggaca
gaaaaccgtg
tgtggcetct
teccgaatcet
ccagctgagg

acatcctaac

gaaataaaat
ccctggaaga
ggaggtgcag
ggtgtgteect
tggttttaca
cctcctgaaa

tgaggggcct

cteoetagacaac

aagagccaag
atgcacagaa
gagctgcagg
goaggecatyg
gatacgaacc
gtggcegggt
tgaagctggg

aaacctocoet
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1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
17490
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700

27690

2820
2880
2940
3000
3060
3120
3180

3240
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gcagggtctt

tacaaattce
ccgectcagt
actgaggecee
gtgttgtact
tagetcagta
gcaccctect
catcaaaaaa
gaggcagagg
cgectetaca
tacttaagag
ctgtgattge
aaaaaaaata
agageccatca
ctgttettee
cctetgeatt
gtgaaagctg
atttatgatt
attgectgett
getgtgcaca
cttecagtggg
ttaatagtgt
tectcattate

tgeette

<210>2
<211> 142

<212> PRT

gcttttaagt
tettgtgcaa
tgcacttete
cacagctaat
tectctcaccg
gaaagaagac
cecccagggt
aaactccagg
caggaggage
aaaagtgaaa
getgagatgg
gtcactgeac
agaactccag
ccatcacate
tecatteceaga
geccctette
ctaccaccte
aagattgetg
gtecactgect
ttecctectg
ttetettggg
tcataaagaa

gaggecectge

<213> Homo sapiens

<400> 2
Pro Asn
1

Lys Ser

Thr Asn

Thr Val

50

Ala Trp

Ile

Ser

val

35

Leu

Ser

Gln
5

Asp

20

Ser

Asp

Asn

Asn Pro

Lys Serx

Gln Ser

Met Arg

Lys Ser

ccaaagcctg
taataatgge
coctatgagg
gagtggagga
tgtaacctcee
attacactea
ccecagtegt
ctgggtgcgg
acaggagetg
aaattaacca
gaggatcget
tccagectgg
ggtacatttg
cctaacagte
tetgeaagat
tcectcteca
tgtgeececee
aagagctgee
gacattcacg
ctccccagag
ctctaggtec
atacatagta

tatgctgtgt

Asp Pro

Val Cys

Lys Asp

40

Ser Met

55

Asp Phe

agcccaccaa
ctgaaacgct
taggaagaac
agagagacac
tcatgteccte
tattacacce
cttgetgaca
gggctcacac
gagacecagece
ggtgtggtge
tgagecctgy
aagacaaagce
ctectagaac
ctgggtette
tgtaagacag
aacagaggga
cggcaatgee
aaacactget
gcagaggcaa
actgectecg
tgcagaatgt
ttettettet

atctgggegt

Ala val

10

Leu Phe

25

Ser Asp

Phe

Asp

Ala Cys

Tyr

Thr

Val

Lys

Ala

actctcctac
gtaaaatatc
agttgtttag
ttgtgtacac
tctccecagt
caatectgge
actgcatect
ctgtaatcce
tgggcaacac
tgcacacetg
aatgttgagyg
aagatcctgt
tctaccacat
ctecagtgtee
cetgtgetee
actctcctac
accaactgga
gccaccceet
ggctgctgeca
ccatecccaca
tgtgaggggt
caagacgtgg

gttgtatgte

Gln Leu

Phe

Asp

Ile
45

Tyr

Ser Asn

60

Asn Ala

ttetteectgt
ctcatttcag
aaacgaagaa
cacatgeett
acggctctcet
tagagtctee
gttcecatcac
agcactttgg
agggagacce
tagteecage
ctacaatgag
ctcaaataat
agccccaaac
agecctgactt
ctegeteett
ccccaaggag
tectacecga
ctgttecett
gcctececectg
gatgatggat
ttattttttt
ggggaaatta

ctgctgecega

Arg Asp Ser

15

Asp Ser Gln

Thr Asp Lys
Ala Vval

Ser

Phe Asn Asn
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3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620

4627



65 70 75 80

Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys
85 920 95

Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn
100 105 110

Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val
115 120 125

Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser
130 135 140

<210>3

<211> 22
<212>DNA

<213> Homo sapiens

<400> 3
tggcctggag caacaaatct ga 22

<210>4

<211> 22
<212>DNA

<213> Homo sapiens

<400> 4
acaaatgtgt cacaaagtaa gg 22

<210>5

<211> 22
<212>DNA

<213> Homo sapiens

<400> 5
ctgatgtgta tatcacagac aa 22

<210>6

<211> 163

<212> PRT

<213> Chlamydomonas reinhardtii

<400> 6
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Ile Ala Gln Ile Lys Pro Asn Gln Ser
20 25 30

Tyr Lys Phe Lys His Gln Leu Ser Leu Ala Phe Gln Val Thr Gln Lys
35 40 45
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Thr

Gly

65

Ile

Leu

Pro

Val

Ser

145

Ser

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Ser

<210>7
<211>9
<212> PRT
<213> Chlamydomonas reinhardtii

<400> 7
Leu Ala Gly Leu Ile Asp Ala Asp Gly

1

<210> 8
<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 8

Met

1

val

Ala

Thr

Asn

Asp

Lys

Gln
50

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Pro

Thr

Gly

Phe
35

Arg

Arg

Arg

Leu

Lys

100

Lys

Ile

Val

Trp

Asp

His

85

Gln

Glu

Ala

Arg

5

Phe

Arg

70

Asn

Ala

Ser

Ala

Ala
150

Lys Tyr Asn

5

Asp Gly Ser

20

Lys His Phe

Arg Trp Phe

Leu

55

Gly

Phe

Asn

Pro

Leu

135

vVal

Lys

Ile

Leu

Leu
55

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Glu

Phe

Lys

40

Asp

Lys

Val

Thr

val

105

Lys

Asp

Asp

Phe

Ala

25

Leu

Lys

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Leu

10

Ser

Thr

Leu

vVal

Asp

75

Leu

Lys

Leu

Lys

Leu
155

Leu

Ile

Phe

Val

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Ser

Tyr

Tyr

Ala

Asp
60

Glu

Ile

Pro

Ile

Val

125

Arg

Glu

Leu

Pro

val

45

Glu

Ile

Leu

Phe

Trp

110

Cys

Lys

Lys

Ala

His

30

Tyr

Tle

Gly Val

Ser Glu

80

Leu Lys

95

Arg Leu

Thr Trp

Thr Thr

Lys Lys
160

Gly Phe

15

Gln Arg

Gln Lys

Gly Val
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Gly

65

Ile

Leu

Pro

Val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

val

Tyr

Leu

Lys

100

Lys

Ile

val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Ser

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Tle

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Gly

Phe

Asn

Pro

Leu

135

val

Ala

Ser

Glu

Tyx

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Val

Thr

280

val

Lys

Asp

Asp

Val

Thr

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Glu

75

Leu

Lys

Leu

Arg

Leu

155

Ala

Arg

Tyr

Ala

Ala

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Glu

Val

Pro

Ile

300

Val

Arg

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

180

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
350

Ser

Leu

95

Gln

Thr

Thr

val

Ser

175

Gly

Phe

Gly

Lys

val

255

Glu

Lys

Leu

Trp

Thr

335

Lys

Glu

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ser

Thr

240

Gly

Ile

Leu

Pro

val

320

Ser

Ser
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Ser Pro

<210>9

<211> 354

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 9

Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
15

1 5

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg

20

Ala Lys Phe Lys His Phe
35

Thr Gln Arg Arg Trp Phe
50

Gly Tyr Val Tyr Asp Ser
65 70

Ile Lys Pro Leu His Asn
85

Leu Lys Gln Lys Gln Ala
100

Pro Ser Ala Lys Glu Ser
115

Val Asp Gln Ile Ala Ala
130

Ser Glu Thr Val Arg Ala
145 150

Gly Leu Ser Pro Ser Gln
165

Ser Pro Gly Ser Gly Ile
180

Gly Thr Gly Tyr Asn Lys
195

Asp Gly Asp Gly Ser Ile
210

Lys Phe Lys His Arg Leu
228 230

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Lys

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

25

Leu

Lys

val

Thr

Val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

10

Thr

Leu

Ser

Gln

20

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Phe

Vval

Glu

75

Leu

Lys

Leu

Arg

Leu

155

Ala

Arg

Tyr

Ala

Ala
238

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Val

45

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

30

Tyr

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gln

Gly

Ser

Leu

95

Gln

Thxr

Thr

val

Ser

175

Gly

Phe

Gly

Lys

Lys

Vval

Gln

80

Lys

Leu

Trp

Thr

Gly

1690

Ser

Ser

Val

Ser

Thr
24n
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Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Arg

Tyr

Leu

275

Lys

Lys

Ile

Val

<210>10

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 10

Met Asn Thr

1

val

Ala

Thr

Gly

65

Ile

Leu

Asp

Lys

Gln

50

Tyr

Lys

Lys

Gly

Phe

35

Arg

Val

Pro

Gln

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Lys

Asp

20

Lys

Arg

Tyxr

Leu

Lys
100

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Tyr

Gly

His

Trp

Asp

His

85

Gln

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Asn

Ser

Phe

Phe

Ser

70

Asn

Ala

Asp Lys Leu Val

250

Ser Val Ser Glu

265

Leu Thr Gln Leu

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

280

Val

Lys

Asp

Asp

Glu

Phe

Lys

40

Asp

Ser

Leu

Leu

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

Val

Thr

Val
105

Lys

Leu

Lys

330

Leu

Leu

10

Ser

Thr

Leu

Ser

Gln

20

Leu

Asp Glu Ile Gly Vval Gly
255

Tyr Val Leu Ser Glu Ile
270

Gln Pro Phe Leu Lys Leu

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

Val

Glu

75

Leu

Lys

Ile

300

Val

Arg

Glu

Tyx

Tyr

Ala

Asp

60

Tyr

Gln

Ile

285

Glu

Cys

Lys

Lys

Leu

Pro

val

45

Glu

Arg

Pro

Ile

Gln

Thr

Thr

Lys
350

Ala

His

30

Tyr

Ile

Leu

Phe

Glu
110

Leu Pro

Trp Val
320

Thr Ser
335

Lys Ser

Gly Phe
15

Gln Arg

Gln Lys

Gly Val

Ser Glu
80

Leu Lys
95

Gln Leu
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Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

<210> 11

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Ala
115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

val

<211> 354
<212> PRT
<213> Artificial Sequence

<220>

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

Val

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Asp
120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

Val

Lys

Asp

Asp

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Vval

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Leu

Arg

Leu

155

Ala

Arg

Tyr

Ala

Ala

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Glu

val

Pro

Ile

300

Val

Arg

Glu

val
125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Cys

Lys

Ser

Ala

Ala

180

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
350

Thr

Thr

Val

Ser

175

Gly

Phe

Gly

Lys

Val

255

Gln

Lys

Leu

Trp

Thr

335

Lys

Trp

Thr

Gly

160

Ser

Ser

val

Ser

Thr

240

Gly

Ile

Leu

Pro

Val

320

Ser

Ser
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<223> Synthesized

<400> 11
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg
20 25 30

Ala Lys Phe Lys His Phe Leu Lys Leu Thr Phe Ala Val Tyr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 90 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Arg Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser
210 215 220

Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285



Lys Gln Lys

290

Ser
305

Ala Lys

Asp Gln Ile

Glu Thr Val

Ser Pro

<210>12
<211> 354
<212> PRT

Gln Ala Asn

Glu Ser Pro
310

Ala Ala Leu
325

Arg Ala Val
340

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 12
Met Asn Thr
1

Val Asp Gly

Ala Phe

35

Lys

Thr Gln

50

Arg

Gly
65

Tyr Val

Ile Lys Pro

Leu Lys Gln

Ala
115

Pro Ser

VvVal Asp Gln

130

Ser Glu Thr

145

Gly Leu Ser

Lys Tyr Asn
5

Asp Gly Ser
20

Lys His Leu

Arg Trp Phe

Ala
70

Tyr Asp

His Asn

85

Leu

Lys Gln Ala

100

Lys Glu Ser

Ile Ala Ala

Ala
150

val arg

Pro Ser Gln

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu
55

Gly

Phe

Asn

Pro

Leu

135

val

Ala

Val

Lys

Asp

Asp

Glu

Tyr

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Leu

Phe

Ser

Ser
345

Phe

Ala
25

Leu

Lys

Val

Thr

Val

105

Lys

Asp

Asp

Ser

Ser

Gln

20

Leu

Phe

Ser

Ser

Ala

Lys

Leu

Lys

330

Leu

Leu

10

Cys

val

Leu

Glu

Ile Ile

300

Glu

Glu
315

Val Cys

Thr Arg Lys

Ser Glu Lys

Leu Tyr Leu

Ile Tyr Pro

Phe Ala Val

45

Val Asp Glu

60

Tyr Axrg

75

Leu

Lys

Leu

Lys

Leu

Gln Fro

Ile Ile

Leu

Phe

Glu

Gln Leu Pro

Thr Trp Val
320

Thr Thr Ser
335

Lys Lys Ser
350

Ala Gly Phe

15

His
30

Gln Arg

His Gln Lys

Tle Gly Val

Gln
80

Ser

Leu
95

Lys

Gln Leu

110

Glu Vval

125

Thr
140

Arg

Pro Gly

155

Ala

Ser Ser

Cys

Lys

Ser

Ala

Thr Trp

Thr Thr

val Gly

160

Ser Ser
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Ser

Gly

Asp

Lys

225

Gln

Tyxr

Lys

Lys

Ser
305

Asp

Glu

Ser

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

val

<210> 13
<211> 354
<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 13

Met Asn Thr Lys Tyr Asn

1

Val Asp Gly Asp Gly Ser
20

Thr Lys Phe Lys His Gly

35

165

Ser Gly
180

Tyr Asn

Gly Ser

His Arg

Trp Phe

245

Asp Arg

260

His Asn

Gln Ala

Glu Ser

Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser

325

Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser

340

5

Tle

Lys

Tle

Leu

230

Leu

Gly

Phe

Asn

Pro
310

Ser

Glu

Tyr

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe

Ile Tyr Ala Cys Ile Tyr Pro Asp Gln Arg

Leu Arg Leu Asn Phe Ser Val Phe Gln Lys

Glu

Phe

200

Ala

Leu

Lys

Val

Thr

280

val

Lys

40

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

345

25

170

Leu

Leu

Ile

Phe

val

250

Glu

Leu

Lys

Leu

Arg

Tyr

Ala

Ala

235

Asp

Tyxr

Gln

Ile

Glu
315

330

10

Ala

Leu

Pro

220

Val

Glu

Val

Pro

Ile

300

Val

Gly

Ala

205

Arg

Gly

Ile

Leu

Phe

285

Glu

Cys

45

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

175

Gly

Phe

Gly

Lys

Val

255

Gln

Lys

Leu

Trp

33

350

30

15

Ser

Val

Ser

Thr

240

Gly

Ile

Leu

Pro

Val
320

5
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Thr

Gly

65

Ile

Leu

Pro

val

Ser
145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Arg

val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

Val

Arg

Phe

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Phe

Ala

70

Asn

Ala

Ser

Ala

Ala
150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

Asp

Lys

val

Thr

Val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Leu

Ser

Gln

il

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Val

Glu

75

Leu

Lys

Leu

Lys

Leu
155

Ala

Arg

Tyr

Ala

Ala

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Asp

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Glu

val

Pro

Ile

300

val

Arg

Glu

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
350

Gly

Ser

Leu

95

Gln

Thr

Thr

val

Ser

175

Gly

Phe

Gly

Lys

Val

255

Gln

Lys

Leu

Trp

Thr

335

Lys

val

Gln

80

Lys

Leu

Trp

Thr

Gly
160

Ser

Ser

Val

Ser

Thr

240

Gly

Ile

Leu

Pro

val

320

Ser

Ser
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Ser Pro

<210> 14

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 14

Met Asn Thr

1

Val

Thr

Gly

65

Ile

Leu

Pro

Val

Ser

145

Gly

Ser

Gly

Asp

Lys
225

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Lys

Asp

20

Lys

Arg

Tyxr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Tyr

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Asn

Ser

Tyr

Phe

Ala

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu
230

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Lys

Glu

Phe

Arg

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Phe

Ala

Leu

Lys

Val

Thr

Val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Thr

Gly

Leu

10

Thr

Phe

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Leu

Ile

Phe

Val

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Ala

Thr
235

Tyr

His

Ser

Asp

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Leu

Pro

Val

45

Glu

Arg

Pro

Ile

Val

125

Arg

Gly

Ser

Gly

Ala

205

Cys

Gly

Ala

Asp

Phe

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

15

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

Val

Ser

175

Gly

Phe

Arg

Lys

Phe

Arg

Lys

Val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ala

Thr
240
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Gln

His

Lys

Lys

Ser

305

Asp

Glu

Ser

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly

Tyr

Leu

275

Lys

Lys

Ile

Val

<210>15

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 15

Met Asn Thr

1

Val

Met

Thr

Gly

65

Tle

Leu

Pro

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

245

Asp Arg Gly
260

His Asn Phe

Gln Ala Asn

Glu Ser Pro
310

Ala ARla Leu
325

Arg Ala Val
340

Lys Tyr Asn

Asp Gly Ser
20

Lys His Tyr

Arg Trp Phe

Tyr Asp Gly
70

Leu His Asn
85

Ser

Leu

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu

55

Gly

Phe

Val

Thr

280

Vval

Lys

Asp

Asp

Glu

Phe

Ser

40

Asp

Ser

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

Val

Thr

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Leu

10

Gln

His

Leu

Ser

Gln
20

Tyr

Gln

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

Vval

Glu

75

Leu

Val

Pro

Ile

300

val

Arg

Glu

Tyr

Lys

Ser

Asp

60

Tyr

Gln

Leu

Phe

285

Glu

Cys

Lys

Lys

Leu

Pro

Val

45

Glu

Arg

Pro

255

Ser Glu Ile
270

Leu Lys Leu

Gln Leu Pro

Thr Trp Val
320

Thr Thr Ser
335

Lys Lys Ser
350

Ala Gly Phe
15

Asp Gln Lys

Phe Gln Lys

Ile Gly Val

Leu Ser Gln

80

Phe Leu Lys
95

Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
110

100

105

Lys Glu Ser Pro Asp Lvs Phe Leu Glu Val Cvs Thr Trp
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Val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

val

Pro

Gln

290

Ala

Gln

Thr

Pro

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Ile

Leu

275

Lys

Lys

Ile

val

<210> 16

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 16

Met Asn Thr Lvse Tvr Asn Lvs Glu Phe Leu Leu Tvr Leu Ala Glv Phe

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Leu

Asp

Gly

Leu

Leu

295

Asp

Asn

Leu

120
Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

Asp

Asp

Asp

Ser

Ala

185

Leu

Gln

Ala

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Lys

Leu

155

Ala

Arg

Tyr

Lys

Thr

235

Asp

Tyxr

Gln

Ile

Glu

315

Thr

Ser

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Glu

Ile

Pro

Ile

300

Val

Arg

Glu

125

Arg

Gly

Ser

Gly

Ala

205

Gln

Ser

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
350

Thr

Vval

Ser

175

Gly

Phe

Arg

Lys

Val

255

Glu

Lys

Leu

Txp

Thr

335

Lys

Thr

Gly

160

Ser

Ser

VvVal

Ala

Thr

240

Gly

Ile

Leu

Pro

val

320

Ser

Ser
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val

Ala

Thr

Gly

65

Ile

Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyx

Lys

Lys

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Vval

Pro

Gln
290

Gly

Phe

335

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

185

Asp

Lys

Arg

Tyr

Leu

275

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser
180

Tyr

Gly

His

Trp

Asp

260

His

Gln

i

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Lys

Phe

245

Arg

Asn

Ala

Ser

Ser

Phe

Thr

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Tyr

215

Gly

Asp

Ser

Leu

Leu
295

Phe

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Ala

25

Leu

Lys

Val

Thr

val

105

Lys

Asp

Asp

Ser

Ala
185

Leu

Ser

Gly

Leu

Ser

265

Gln

Leu

10

Ser

Thr

Leu

Ser

Gln

20

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Ile

Phe

val

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Arg

Ala

235

Asp

Tyxr

Gln

Ile

Asn

Ser

Asp

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Glu

Val

Pro

Ile
300

Pro

Val

45

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Ser

Gly

Ile

Leu

Phe

285

Glu

Asp

30

Tyr

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala
190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

——a

15

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

Val

Ser

175

Gly

Phe

Arg

Lys

Val

255

Gln

Lys

Leu

Arg

Lys

val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ser

Thr

240

Gly

Ile

Leu

Pro
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Ser

305

Asp

Glu

Ser

Ala Lys Glu Ser Pro

310

Gln Ile Ala Ala Leu

325

Thr Val Arg Ala Val

Pro

<210> 17

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 17

Met Asn Thr

1

Val

Ala

Thr

Gly

Ile

Leu

Pro

val

Ser

145

Gly

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

340

Lys

Asp

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Vval

Pro

Tyr

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser
165

Asn

Ser

Phe

Phe

Ser

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Asp Lys Phe

Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser

Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser

Lys Glu

Ile Phe

Leu Lys

Leu

55

Gly

Phe

Asn

Prao

Leu

135

val

Ala

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

330

345

Phe Leu Leu Tyr Leu Ala Gly Phe

10

Ala Ser Ile Tyr Pro His Gln Arg

25

Leu Thr Phe Ala Val Tyr Gln Lys

Lys Leu

Val Ser

Thr Gln

80

Val Leu

105

Lys Phe

Asp Ser

Asp Ser

Ser Ala
170

315

Val

Glu

75

Leu

Lys

Len

Arg

Leu

155

Ala

Asp

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

45

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

350

30

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

335

15

Gly

Ser

Leu

95

Gln

Thr

Thr

val

Ser
175

Leu Glu Val Cys Thr Trp Val

320

val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser
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Ser Pro Gly

Gly Thr Gly

185

Asp Gly

210

Asp

Lys Phe

225

Lys

Gln Arg Arg

Tyr Val Tyr

Leu
275

Lys Pro

Gln
290

Lys Lys

Ser Ala

305

Lys

Asp Gln Ile

Glu Thr Val

Ser Pro

<210> 18
<211> 354
<212> PRT

Ser Ile

180

Gly

Tyr Asn Lys

Gly Ser 1Ile

His Leu

230

Arg

Phe
245

Trp Leu

Asp
260

Arg Gly

His Asn Phe

Gln Ala Asn

Glu Ser Pro

310

Ala Ala

325

Leu

Arg Ala Val

340

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 18

Met Asn Thr
1

Val Asp Gly

Ala Lys Phe
35

Thr Gln Arg
50

Lys Tyr Asn
5

Asp Gly Ser
20

Lys His Tyr

Arg Trp Phe

Ser

Glu

Ty

215

Lys

Asp

Ser

Leu

Leu Val

295

Asp

Asn Asp

Leu Asp

Lys

Ile

Leu

Leu
55

Glu

Phe

200

Ala

Leu

Lys

Val

Thr
280

Lys

Glu

Tyr

Arg

40

Asp

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Leu

10

Cys

Gln

Leu

Arg

Tyr

Ala

Ala

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

val

Ala

Leu

Pro

220

Val

Glu

Val

Pro

Ile Glu

300

val

Gly

Ala

205

Arg

Gly

Ile

Leu

Phe
285

Cys

Arg Lys

Glu

Tyr

Ala

Ser

Asp

Lys

Leu

Pro

val

45

Glu

Ala
190

Gly Ser

Gly Phe Val

Gln Gly Ser

Gln Thr

240

Lys

val
255

Gly Gly

Ser Gln Ile

270

Leu Lys Leu

Gln Leu Pro

Thr Trp Val
320

Thr Thr Ser
335

Lys Lys Ser
350

Ala Gly Phe
15

Asp Gln Arg
30

Phe Gln Lys

Ile Gly Val
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Gly

65

Ile

Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

val

Phe

Leu

Lys

100

Lys

Ile

val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Arg

Asn

Ala

Ser

Ala

325

Ala

Ala

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Gly

Phe

Asn

Pro

Leu

135

val

Ala

Ser

Glu

Tyr

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

Asp

Val

Thr

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
245

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Ala

Ala

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Glu

Val

Pro

Ile

300

val

Arg

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Arg

Gly

Tle

Leu

Phe

285

Glu

Cys

Lys

Lys

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
3580

Ser

Leu

95

Gln

Thr

Thr

val

Ser

175

Gly

Phe

Gly

Lys

Val

255

Gln

Lys

Leu

Trp

Thr

335

Lys

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

val

Ser

Thr

240

Gly

Ile

Leu

Pro

val

320

Ser

Ser
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Ser

Pro

<210>19

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 19

Met Asn Thr

1

val

Ser

Thr

Gly

65

Ile

Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly
210

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

Tyr

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Asn

Ser

Arg

Phe

Arg

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

val

Ala

Ser

Glu

Tyr
215

Glu

Tyr

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Phe

Ala

25

Leu

Lys

Val

Thr

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Thr

Leu

10

Cys

Gly

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Leu

Ile

Phe

val

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Tyr

Tyr

Ala

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro
220

Leu

Pro

val

45

Glu

Val

Pro

Ile

Val

125

Arg

Gly

Ser

Gly

Ala

205

Asp

Ala

Arg

30

Gly

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gly

15

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

val

Ser

175

Gly

Phe

Arg

Phe

Gly

Lys

val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ala
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Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Phe Lys

Arg Arg

Val Tyr

Pro Leu

275

Gln Lys

290

Ala Lys

Gln Ile

Thr Val

Pro

<210> 20

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 20

Met
1

val

Ala

Thr

Gly
65

Ile

Asn Thr

Asp Gly

Lys Phe
35

Gln Arg
50

Tyr Val

Lys Pro

His Ala

Trp Phe
245

Asp Gly

260

His Asn

Gln Ala

Glu Ser

Ala Ala

325

Arg Ala
340

Lys Tyr

Asp Gly

20

Lys His

Arg Trp

Tyr Asp

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Asn

Ser

Arg

Phe

Gly
70

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu

55

Gly

Leu

Lys

Val

Thr

280

Vval

Lys

Asp

Asp

Glu

Tyr

Val

40

Asp

Ser

Ile

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

val

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

Leu

10

Thr

Gly

Leu

Ser

Ser

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

val

Lys
75

val

Glu

Arg

Pro

Ile

300

Val

Arg

Glu

Tyr

Arg

Glu

Asp

60

Tyr

Phe

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Leu

Pro

Val

45

Glu

Arg

Gln Lys

Gly Val
255

Ser Gln
270

Leu Lys

Gln Leu

Thr Trp

Thr Thr
335

Lys Lys
350

Ala Gly
15

Ala Gln

30

Gly Gln

Ile Gly

Leu Ser

Thr

240

Gly

Ile

Leu

Pro

val

320

Ser

Ser

Phe

Arg

Lys

val

Gln
80

Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

85

20

95
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Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

TYyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

val

Pro

Gln

290

Ala

Gln

Thr

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

TyrY

Leu

275

Lys

Lys

Ile

Vval

<210=> 21

<211> 354
<212> PRT
<213> Artificial Sequence

Lys Gln
100

Lys Glu

Ile ala

Val Arg

Pro Ser
165

Ser Gly
180

Tyr Asn

Gly Ser

His Gln

Trp Phe
245

Asp Thr
260

His Asn

Gln Ala

Glu Ser

Ala Ala

325

Arg Ala
340

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

Val

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Phe

215

Arg

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

vVal

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Thr

Ile

Leu

Ser

265

Gln

Leu

Phe

Ser

345

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

val

250

Glu

Leu

Lys

Leu

Lys

330

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Ala

Asn

235

Asp

TyY

Gln

Ile

Glu

315

Thr

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Glu

Arg

Pro

Ile

300

Val

Arg

Tle

val

125

Arg

Gly

Ser

Gly

Ala

205

Asp

Cys

Ile

Leu

Phe

285

Glu

Cys

Lys

Glu Gln
110

Cys Thr

Lys Thr

Ser Val

Ala Ser

175

Ala Gly

190

Gly Phe

Gln Arg

Gln Lys

Gly val

255

Ser Glu

270

Leu Lys

Gln Leu

Thr Trp

Thr Thr

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Pro

Thr

240

Gly

Ile

Leu

Pro

Val

320

Ser

335

350
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<220>
<223> Synthesized

<400> 21

Met Asn Thr

1

Val

Ser

Thr

Gly

65

Ile

Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

val

Gly

Phe

35

Arg

val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp
260

Tyr

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser
165

Gly

Asn

Ser

Phe

Phe

245

Ser

Asn

Ser

Arg

Phe

Arg

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Phe

215

Lys

Asp

Ser

Glu

Tyr

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Val

Phe

Ala

25

Leu

Lys

val

Thr

Val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Ser

Thr

Leu

Ser
265

Leu

10

Cys

Gly

Leu

Ser

Gln

20

Leu

Phe

Ser

Ser

Ala
170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Ile

Phe

val

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Tyxr

Ala

235

Asp

Tyr

Tyr

Ala

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

vVal

Glu

Arg

Leu

Pro

Val

45

Glu

vVal

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

His

Tyr

Tle

Leu

Ala

Arg

30

Gly

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser
270

Gly

Gln

Gln

Gly

Ser

Leu

85

Gln

Thr

Thr

Val

Ser
175

Gly

Phe

Arg

Lys

Val

255

Gln

Phe

Gly

Lys

val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val

Ala

Thr

240

Gly

Ile
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Lys

Lys

Ser

305

Asp

Glu

Ser

Pro

Gln

290

Ala

G1ln

Thr

Pro

Leu

275

Lys

Lys

Ile

val

<210> 22

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 22
Met Asn Thr

1

val

Ser

Thr

Gly

Ile

Leu

Pro

Val

Ser
145

Asp

Lys

Gln
50

Tyxr

Lys

Lys

Ser

Asp

130

Glu

Gly

Phe

35

Arg

vVal

Pro

Gln

Ala

115

Gln

Thr

His

Gln

Glu

Ala

Arg

340

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Asn

Ala

Ser

Ala

325

Ala

Phe

Asn

Pro

310

Leu

val

Leu

Leu

295

Asp

Asn

Leu

Thr

280

Vval

Lys

Asp

Asp

Gln

Leu

Phe

Ser

Ser

Leu

Leu

Lys

Lys

Gln

Ile

Glu

Pro

Ile

Phe

285

300

315

330

345

Leu

Thr

Ser

val

Arg

Glu

Glu

Cys

Lys

Lys

Gln

Thr

Leu Ly

Thr Th

33

Lys Ly

350

s Leu

Leu Pro

Trp Val

320

r Ser
5

s Ser

Tyr Ash Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe

5

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

Arg

Phe

Arg

70

Asn

Ala

Ser

Ala

Ala
150

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

Val

Tyr

Lys

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ala

25

Leu

Lys

val

Thr

vVal

105

Lys

Asp

Asp

10

Cys

Gly

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Ile

Phe

Val

Glu

75

Leu

Lys

Leu

Lys

Leu
155

Ala

Ala

Asp

Tyr

Gln

Ile

Glu

Thr

140

Pro

Pro

vVal

45

Glu

vVal

Pro

Ile

Val

125

Arg

Gly

Arg

30

Gly

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

15

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

val

Gly

Lys

Val

Gln

80

Lys

Leu

Trp

Thr

Gly
160
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Gly Leu Ser Pro Ser Gln
165

Ser Pro Gly Ser Gly Tle
180

Gly Thr Gly Tyr Asn Lys
195

Asp Gly Asp Gly Ser Ile
210

Lys Phe Lys His Tyr Leu
225 230

Gln Arg Arg Trp Phe Leu
245

Tyr Val Tyr Asp Ala Gly
260

Lys Pro Leu His Asn Phe
275

Lys Gln Lys Gln Ala Asn
290

Ser Ala Lys Glu Ser Pro
305 310

Asp Gln Ile Ala Ala Leu
325

Glu Thr Val Arg Ala Val
340

Ser Pro

<210> 23

<211> 354

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 23
Met Asn Thr Lys Tyr Asn
1 5

Val Asp Gly Asp Gly Ser
20

Ser Lys Phe Lys His Arg

Ala

Ser

Glu

Phe

215

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Arg

Val

Thr

280

Val

Lys

Asp

Asp

Ser Ala
170

Ala Leu
185

Leu Leu

Thr Ile

Thr Phe

Leu Val

250

Ser Glu
265

Gln Leu

Leu Lys

Phe Leu

Ser Lys

Ala

Arg

Tyr

Val

Ser

235

Asp

Tyr

Gln

Ile

Glu

Ser

Ala

Leu

Pro

220

Val

Glu

Arg

Pro

Ile

Ser

Gly

Ala

205

Glu

Phe

Ile

Leu

Phe

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser
270

285

300

315

330

Ser Leu

345

Thr

Ser

val

Arg

Glu

Glu

Cys

Lys

Lys

Leu

Gln

Thr

Thr

Lys

Ser

175

Gly

Phe

Arg

Lys

val

255

Gln

Ser

Ser

Val

Ser

Thr

240

Gly

Ile

Lys Leu

Leu Pro

Trp Val

320

Thr Ser

335

350

Lys Ser

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe

10

15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly

25

30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
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Thr

Gly
65

Ile

Leu

Pro

Val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

val

Pro

Gln

290

Ala

Gln

35

Arg

val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

Arg

Tyr

Leu

Lys
100

Lys

Ile

val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Gln

Phe

245

Ser

Asn

Ala

Ser

Ala
325

Phe Leu
55

Arg Gly
70

Asn Phe

Ala Asn

Ser Pro

Ala Leu
135

Ala Val
150

Gln Ala

Ile Ser

Lys Glu

Ile Phe
215

Leu Arg
230

Leu Asp

Gly Ser

Phe Leu

Asn Leu
295

Pro Asp
310

Leu Asn

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

Lys

Val

Thr

Val
105

Lys

Asp

Asp

Ser

Ala

185

Leu

Thr

His

Leu

Ser

265

Gln

Leu

Phe

Ser

Leu

Ser

Gln

20

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys
330

val

Glu

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Iyr

Phe

Cys

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Asp

60

Tyxr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

Val

Glu

Pro

Ile
300

Val

45

Glu

Val

Pro

Tle

val

125

Arg

Gly

Ser

Gly

Ala

205

Asp

His

Tle

Leu

Phe

285

Glu

Cys

Lys

Ile

Leu

Phe

Glu
110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Gly Vval

Ser Gln

Leu Lys

25

Gln Leu

Thr

Thr

Val

Ser

175

Gly

Phe

Arg

Lys

Val

255

Gln

Lys

Leu

Trp

Thr
335

80

Trp

Thr

Gly

160

Ser

Ser

Val

Met

Thr

240

Gly

Ile

Leu

Pro

Val

320

Ser
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Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> 24

<211> 354

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 24
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Thr Ile Ala Pro Cys Gln Arg
20 25 30

Ala Lys Phe Lys His Arg Leu Lys Leu Gly Phe Thr Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly His Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Gln

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 20 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Ser Ile Tyr Pro His Gln Arg Ala
210 215 220



Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Lys His Phe

Arg Trp Phe
245

Tyr Asp Ser
260

Leu His Asn
275

Lys Gln Ala

Lys Glu Ser

Ile Ala Ala
325

Val Arg Ala
340

<210=> 25

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 25

Met Asn Thr Lys Tyr Asn

1

val

Ser

Thr

Gly

Ile

Leu

5

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Asp Gly Asp Gly Ser

Lys

Gln

50

Tyr

Lys

Lys

20

Phe Lys His
35

Arg Arg Trp

Val Tyr Asp

Pro Leu His

85

Gln Lys Gln

Arg

Lys

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Leu

Lys

val

Thr

280

val

Lys

Asp

Asp

Thr Phe

Leu Val

Ala Val Tyr Gln

235

250

Ser Glu

265

Gln Leu

Leu Lys

Phe Leu

Ser Lys

Asp Glu Ile Gly

Tyr Arg Leu Ser

Lys Thr

240

Val Gly

255

270

Gln Pro Phe Leu

285

Ile Ile Glu Gln

300

Glu vVal Cys Thr

315

330

Ser Leu

345

Thr Arg Lys Thr

Ser Glu Lys Lys

Gln Ile

Lys Leu

Leu Pro

Trp Val

320

Thr Ser

335

350

Lys Ser

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe

10

15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly

25

30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys

Phe Leu

55

Arg Gly

70

Asn Phe

Ala Asn

40

Asp

Ser

Leu

Leu

Lys Leu

Val Ser

Thr Gln

90

Val Leu

Val

Glu

75

Leu

Lys

45

Asp Glu Ile

60

Tyr Val Leu

Gln Pro Phe

Ile TIle Glu

Gly

Ser

Leu

95

Gln

Val

Gln

Lys

Leu
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Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyxr

Lys

Lys

Ser

305

Asp

Glu

Ser

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

val

Pro

Gln
290

Ala

Gln

Thr

Pro

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

Val

<210> 26

<211> 354
<212> PRT
<213> Artificial Sequence

<220>

100 105 110

Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
120 125

Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
135 140

Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
150 155 160

Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
200 205

Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
215 220

His Gln Leu Arg Leu His Phe Cys Val His Gla Lys Thr
230 235 240

Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
280 285

Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
295 300

Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
310 315 320

Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350
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<223> Synthesized

<400> 26
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly
20 25 30

Ser Lys Phe Lys His Arg Leu Lys Leu Gly Phe Ala Val Gly Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Tyr Asp Arg Gly Ser Val Ser Glu Tyr Val Leu Ser Glu
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 1%0

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met
210 215 220

Lys Phe Lys His Gln Leu Arg Leu His Phe Cys Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ser Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285



Lys

Ser

305

Asp

Glu

Ser

Gln

290

Ala

Gln

Thr

Pro

Lys

Lys

Ile

Val

<210=> 27

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 27

Met Asn Thr

1

Val

Ser

Thr

Gly

Ile

Leu

Pro

val

Ser
145

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Gly

Phe

35

Arg

val

Pro

Gln

Ala

115

Gln

Thr

Gln

Glu

Ala

Arg
340

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Ala

Ser

Ala

325

Ala

Tyr

Gly

His

Trp

asp

His

85

Gln

Glu

Ala

Arg

Asn

Pro

310

Leu

Val

Asn

Ser

Arg

Phe

Arg

70

Asn

Ala

Ser

BAla

Ala
150

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

val

val

Lys

Asp

Asp

Glu

Tyx

Lys

40

Asp

Ser

Leu

Len

Asp

120

Asn

Leu

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

val

Thr

Val

105

Lys

Asp

Asp

Lys

Leu

Lys

330

Leu

Leu

10

Cys

Gly

Leu

Ser

Gln

20

Leu

Phe

Ser

Ser

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

val

Glu

75

Leu

Lys

Leu

Lys

Leu
155

Ile

300

val

Arg

Glu

Tyr

Ala

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Glu

Cys

Lys

Lys

Leu

Pro

Val

45

Glu

val

Pro

Ile

val

125

Arg

Gly

Gln

Thr

Thr

Lys
350

Ala

Gly

30

Gly

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Leu Pro

Trp Val

320

Thr Ser
335

Lys Ser

Gly Phe

Gln Gly

Gln Lys

Gly val

Ser Glu

80

Leu Lys

95

Gln Leu

Thr Trp

Thr Thr

Val Gly
160
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Gly Leu Ser Pro Ser Gln
165

Ser Pro Gly Ser Gly Ile
180

Gly Thr Gly Tyr Asn Lys
195

Asp Gly Asp Gly Ser Ile
210

Lys Phe Lys His Gln Leu
225 230

Gln Arg Arg Trp Phe Leu
245

Tyr Val Tyr Asp Arg Gly
260

Lys Pro Leu His Asn Phe
275

Lys GIn Lys Gln Ala Asn
290

Ser Ala Lys Glu Ser Pro
305 310

Asp Gln Ile Ala Ala Leu
325

Glu Thr Val Arg Ala Val
340

Ser Pro

<210> 28

<211> 354

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 28
Met Asn Thr Lys Tyr Asn
1 5

Val Asp Gly Asp Gly Ser
20

Leu Lys Phe Lys His Tyr
35

Ala

Ser

Glu

Phe

215

Arg

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

val

Thr

280

val

Lys

Asp

Asp

Ser

Ala

185

Leu

Thr

Gly

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Ala Ala Ser
170

Leu Arg Ala

Leu Tyr Leu

Ile Phe Pro
220

Phe Ala Vval
235

val Asp Glu
250

Glu Tyr Arg

Leu Gln Pro

Lys Ile Ile
300

Leu Glu Vval
315

Lys Thr Arg
330

Leu Ser Glu

Ser

Gly

Ala

205

Asp

His

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Ala Ser Ser
175

Ala Gly Ser
190

Gly Phe Val

Gln Arg Met

Gln Lys Thr
240

Gly VvVal Gly
255

Ser Gln Ile
270

Leu Lys Leu

Gln Leu Pro

Thr Trp Val
320

Thr Thr Ser
335

Lys Lys Ser
350

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe

10

15

Ile Tyr Ala Thr Ile Cys Pro Cys Gln Thr

25

30

Leu Thr Leu Ser Phe Ser Val Tyr Gln Lys

40

45
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Thr

Gly
65

Ile

Leu

Pro

val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Gln
50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Arg

val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

Arg

Tyr

Leu

Lys

100

Lys

Ile

Val

Pro

Ser

180

Tyxr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Gln

Phe

245

Ala

Asn

Ala

Ser

Ala
325

Phe

Gln

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

Leu
55

Gly

Phe

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

His

215

His

Asp

Ser

Leu

Leu

295

Asp

Asn

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Val

Thr

280

Val

Lys

Asp

Lys

val

Thr

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Cys

Arg

Leu

Ser

265

Gln

Leu

Phe

Ser

Leu Val Asp Glu Ile Gly Val

Ser Cys Tyr Arg Leu Ser Gln

Gln Leu Gln Pro Phe Leu Lys

920

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Thr

Leu

Lys

Leu

Lys
330

75

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Gln

Thr

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

60

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Pro

220

val

Glu

Cys

Pro

Tle

300

Val

Arg

Ile

val

125

Arg

Gly

Ser

Gly

Ala

205

Gln

His

Ile

Leu

Phe

285

Glu

Cys

Lys

Glu

110

Cys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

95

Gln

Thr

Thr

Val

Ser

175

Gly

Phe

Asp

Lys

val

255

Gln

Lys

Leu

Trp

Thr
335

80

Leu

Trp

Thr

Gly

160

Ser

Ser

val

Vval

Thr

240

Gly

Ile

Leu

Pro

Val

320

Ser
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Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser

Ser

Pro

<210> 29

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 29

Met Asn Thr

1

Val

Leu

Thr

Gly

65

Ile

Leu

Pro

Val

Ser

145

Gly

Ser

Gly

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

Phe

35

Arg

Val

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly
195

340

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

val

Pro

Ser

180

Tyr

Tyr

Gly

His

Trp

Asp

His

85

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Asn

Ser

Tyr

Phe

Gln

70

Asn

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu

135

val

Ala

Ser

Glu

Glu

Tyr

Ser

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe
200

345

Phe

Ala

25

Leu

Lys

Val

Thr

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Leu

10

Thr

Thr

Leu

Ser

Gln

90

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Leu

Ile

Phe

val

Cys

75

Leu

Lys

Leu

Lys

Leu

155

Ala

Arg

Tyr

Tyr

Cys

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr

140

Pro

Ser

Ala

Leu

Leu

Pro

val

45

Glu

Arg

Pro

Ile

val

125

Arg

Gly

Ser

Gly

Ala
205

350

Ala

Asp

30

Tyr

Ile

Leu

Phe

Glu

110

Cys

Lys

Ser

Ala

Ala

180

Gly

Gly

Gln

Gln

Gly

Ser

Leu

95

Gln

Thr

Thr

Vval

Ser

175

Gly

Phe

Phe

Ala

Lys

val

Gln

80

Lys

Leu

Trp

Thr

Gly

160

Ser

Ser

Val
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Asp Gly Asp Gly Ser TIle His Ala Cys Ile Gln Pro Met Gln Ser Met
210 215 220

Lys Phe Lys His Tyr Leu His Leu Arg Phe Thr Val His Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Thr Gly Val Gly
245 250 255

Tyr Val Tyr Asp Ala Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile
260 265 270

Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu
275 280 285

Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro
290 295 300

Ser Ala Lys Glu Ser Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val
305 310 315 320

Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser
325 330 335

Glu Thr Val Arg Ala Val Leu Asp Ser Leu Ser Glu Lys Lys Lys Ser
340 345 350

Ser Pro

<210> 30

<211> 354

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 30
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp
20 25 30

Met Lys Phe Lys His Arg Leu Gln Leu Arg Phe Cys Val Thr Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Gln Asp Cys Gly Ser Vval Ser Glu Tyr Arg Leu Ser Glu
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
RR an aR
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Leu

Pro

Val

Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Lys

Ser

Asp

130

Glu

Leu

Pro

Thr

Gly

210

Phe

Arg

Val

Pro

Gln

290

Ala

Gln

Thr

Pro

Gln

Ala

115

Gln

Thr

Ser

Gly

Gly

185

Asp

Lys

Arg

Tyr

Leu

275

Lys

Lys

Ile

Val

<210> 31
<211> 354

Lys

100

Lys

Ile

val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

-

Gln

Glu

Ala

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Leu

Asn

Ala

Ser

Ala

325

Ala

Ala

Ser

Ala

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

val

Asn

Pro

Leu

135

Val

Ala

Ser

Glu

Val

215

Met

Asp

Gly

Leu

Leu

295

Asp

Asn

Leu

Leu

Asp

120

Asn

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Ala

Thr

280

Val

Lys

Asp

Asp

val

105

Lys

Asp

Asp

Ser

Ala

185

Leu

Ser

Glu

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Leu

Phe

Ser

Ser

Ala

170

Leu

Leu

Ile

Phe

val

250

Arg

Leu

Lys

Leu

Lys

330

Leu

Lys Ile

Leu Glu

Lys Thr
140

Leu Pro
155

Ala Ser

Arg Ala

Tyr Leu

Lys Pro

220

Tyr Val

235

Asp Glu

Tyxr Val

Gln Pro

Ile Ile

Ile

Val

125

Arg

Gly

Ser

Gly

Ala

205

Gln

Tyr

Ile

Leu

Phe

Glu Gln Leu

110

Cys Thr Trp

Lys Thr Thr

Ser Val Gly

160

Ala Ser Ser
175

Ala Gly Ser

1920

Gly Phe Vval

Gln Val Ala

Gln Lys Thr

240

Gly val Gly
255

Ser Gln Ile

270

Leu Lys Leu

285

300

Glu val

315

Thr Arg

Ser Glu

Glu GIn

Cys Thr

Lys Thr

Lys Lys

350

Leu Pro

Trp Val
320

Thr Ser
335

Lys Ser
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<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 31
Met Asn Thr Lys Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe
1 5 10 15

Val Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Lys Pro Asp Gln Ala
20 25 30

Ala Lys Phe Lys His Arg Leu Leu Leu Glu Phe Thr Val Cys Gln Lys
35 40 45

Thr Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val
50 55 60

Gly Tyr Val Val Asp Gln Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln
65 70 75 80

Ile Lys Pro Leu His Asn Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys
85 30 95

Leu Lys Gln Lys Gln Ala Asn Leu Val Leu Lys Ile Ile Glu Gln Leu
100 105 110

Pro Ser Ala Lys Glu Sexr Pro Asp Lys Phe Leu Glu Val Cys Thr Trp
115 120 125

Val Asp Gln Ile Ala Ala Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr
130 135 140

Ser Glu Thr Val Arg Ala Val Leu Asp Ser Leu Pro Gly Ser Val Gly
145 150 155 160

Gly Leu Ser Pro Ser Gln Ala Ser Ser Ala Ala Ser Ser Ala Ser Ser
165 170 175

Ser Pro Gly Ser Gly Ile Ser Glu Ala Leu Arg Ala Gly Ala Gly Ser
180 185 190

Gly Thr Gly Tyr Asn Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val
195 200 205

Asp Gly Asp Gly Ser Ile Tyr Ala Cys Ile Thr Pro Gln Gln Asp Met
210 215 220

Lys Phe Lys His Arg Leu Gln Leu Arg Phe Cys Val Thr Gln Lys Thr
225 230 235 240

Gln Arg Arg Trp Phe Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly
245 250 255



Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Vval

Pro

Gln

290

Ala

Gln

Thr

Pro

Gln

Leu

275

Lys

Lys

Ile

val

<210> 32

<211> 354
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 32

Met Asn Thr

1

val

Ala

Thr

Gly

65

Ile

Leu

Pro

val

Asp

Lys

Gln

50

Tyr

Lys

Lys

Ser

Asp
130

Gly

Phe

35

Arg

val

Pro

Gln

Ala

115

Gln

Asp

260

His

Gln

Glu

Ala

Arg
340

Lys

Asp

20

Lys

Arg

Tyr

Leu

Lys

100

Lys

Ile

His

Asn

Ala

Ser

Ala

325

Ala

Tyr

Gly

His

Trp

Asp

His

Gln

Glu

Ala

Gly

Phe

Asn

Pro

310

Leu

val

Asn

Ser

Ala

Phe

Ser

70

Asn

Ala

Ser

Ala

Gly

Leu

Leu

295

Asp

Asn

Leu

Lys

Ile

Leu

Leu

55

Gly

Phe

Asn

Pro

Leu
1356

Ala

Tht

280

Val

Lys

Asp

Asp

Glu

Trp

Trp

40

Asp

Ser

Leu

Leu

Asp

120

Asn

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Phe

Ala

25

Leu

Lys

val

Thr

Val

105

Lys

Asp

Glu

Leu

Lys

Leu

Lys

330

Leu

Leu

10

Ser

Gly

Leu

Ser

Gln

Leu

Phe

Ser

Tyr

Gln

Ile

Glu

315

Thr

Ser

Leu

Ile

Phe

Val

Lys

75

Leu

Lys

Leu

Lys

Arg

Pro

Ile

300

Val

Arg

Glu

Tyr

Arg

Ala

Asp

60

Tyr

Gln

Ile

Glu

Thr
140

Leu

Phe

285

Glu

Cys

Lys

Lys

Leu

Pro

Val

45

Glu

Thr

Pro

Ile

Val

125

Arg

Ser

270

Leu

Gln

Thr

Thr

Lys
350

Ala

Thr

30

Tyr

Ile

Leu

Phe

Glu

110

Cys

Lys

Glu

Lys

Leu

Trp

Thr

335

Lys

Gly

15

Gln

Gln

Gly

Ser

Leu

Gln

Thr

Thr

Ile

Leu

Pro

Val

320

Ser

Ser

Phe

Leu

Lys

val

Glu

80

Lys

Leu

Trp

Thr
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Ser

145

Gly

Ser

Gly

Asp

Lys

225

Gln

Tyr

Lys

Lys

Ser

305

Asp

Glu

Ser

Glu

Leu

Pro

Thr

Gly
210

Phe

Arg

Vval

Pro

Gln

290

Ala

Gln

Thr

Pro

Thr

Ser

Gly

Gly

195

Asp

Lys

Arg

Gln

Leu

275

Lys

Lys

Ile

val

<210> 33

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 33

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

1

val

Pro

Ser

180

Tyr

Gly

His

Trp

Asp

260

His

Gln

Glu

Ala

Arg
340

Arg

Ser

165

Gly

Asn

Ser

Arg

Phe

245

Lys

Asn

Ala

Ser

Ala

325

Ala

5

Ala

150

Gln

Ile

Lys

Ile

Leu

230

Leu

Gly

Phe

Asn

Pro

310

Leu

VvVal

val

Ala

Ser

Glu

Tyr
215

Gln

Asp

Ser

Leu

Leu

295

Asp

Asn

Leu

Leu

Ser

Glu

Phe

200

Ala

Leu

Lys

Ala

Thr

280

Val

Lys

Asp

Asp

Asp

Ser

Ala

185

Leu

Cys

Arg

Leu

Ser

265

Gln

Leu

Phe

Ser

Ser
345

Ser

Ala

170

Leu

Leu

Ile

Phe

Val

250

Glu

Leu

Lys

Leu

Lys

330

Leu

10

Leu

155

Ala

Arg

Tyr

Thr

Cys

235

Asp

Tyr

Gln

Ile

Glu

315

Thr

Ser

Pro

Ser

Ala

Leu

Pro
220

val

Glu

Pro

Ile

300

Val

Glu

Gly

Ser

Gly

Ala

205

Gln

Thr

Ile

Leu

Phe

285

Glu

Cys

Lys

Lys

Ser

Ala

Ala

190

Gly

Gln

Gln

Gly

Ser

270

Leu

Gln

Thr

Thr

Lys
350

val

Ser

175

Gly

Phe

Asp

Lys

Val

255

Glu

Lys

Leu

Trp

Thr

335

Lys

15

Gly

160

Ser

Ser

Val

Met

Thr

240

Gly

Ile

Leu

Pro

Val

320

Ser

Ser

DK/EP 3756682 T3



Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Tyr

Lys

Asp
50

Ser

Leu

Leu

Asp

Asn

130

Leu

aAla

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Asp

<210> 34

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 34
Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

TYyr

Lys

Asp

50

Ser

Leu

Leu

Ala

Leu

35

Lys

val

Thr

Val

Cys
20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys

20

Gly

Leu

Ser

Gln

Leu

Ile

Phe

val

Glu

Leu

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Ala

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Ala

Ala

Asp

Tyr

70

Gln

Tle

Pro

Val

Glu
55

val

Pro

Ile

val

Arg
135

Leu

Pro

val

Glu

55

val

Pro

Ile

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

Gly

Lys

val

Glu

Lys

90

Leu

Trp

Thr

Phe

10

Gly

Lys

val

Glu

Lys

90

Leu

Ser

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Ser

Thr

Gly

Ile

75

Leu

Pro

Lys

Gln

Tyr
60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

Val

Pre

Gln

Ala

Lys
30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

His

Trp

Asp

His

Gln

Glu

Ala

Arg

Gly

15

His

Txrp

Asp

His

Gln

95

Glu

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser
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100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> 35

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 35
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg
20 25 30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Arg
50 55 60

Gly Ser Val Ser Glu Tyr Val Leu Ser Gln Ile Lys Pro Leu His Asn
65 70 75 80

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 90 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> 36

<211> 147

<212> PRT

<213> Artificial Sequence
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<220>
<223> Synthesized

<400> 36
Lys Glu Phe Leu Leu
1 5

Tyr

Ile Tyr Ala Cys Ile Ala

20

Leu Phe Ala

35

Leu Lys Gly

Leu Asp Lys Leu Val Asp

Gly val Glu

65

Ser Ser Tyr

70

Phe Leu Thr Gln Leu Gln

Val Leu Ile

100

Asn Leu Lys

Pro Asp Lys Phe Leu Glu

115

Asn Ser Thr

130

Leu Asp Lys

Val
145

Leu Asp

<210> 37

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 37
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Ala
20

Leu Lys Leu Gly Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Leu

Pro

Val

Glu

55

val

Pro

Ile

val

Arg
135

Leu

Pro

Val

Glu
55

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thx

Phe

10

Gly

Lys

Val

Gln

Lys

S0

Leu

Trp

Thr

Ala Gly Phe

10

Arg Gln Gly

25

Gly Gln Lys

40

Ile Gly Vval

Val Asp Gly Asp Gly Ser

15

Ser Lys Phe Lys His

30

Arg

Thr Gln Arg Phe

45

Arg Trp

Gly Tyr Val

60

Tyr Asp Arg

Ile
75

Asn
80

Lys Pro Leu His

Leu Lys Gln Lys Gln Ala

Pro Ser Ala Lys Glu Ser

110

val Gln

125

Asp Ile Ala Ala

Glu
140

Ser Thr Val Arg Ala

Val Asp Gly Asp Gly Ser
15

Ser Lys Phe Lys His Arg
30

Thr Giln Arg Arg Trp Phe
45

Gly Tyr Val Tyr Asp Arg
€0
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Gly

65

Phe

Asn

Pro

Leu

Val
145

Ser

Leu

Leu

Asp

Asn

130

Leu

Val

Thr

val

Lys

115

Asp

Asp

<210> 38

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 38

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Tyr

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn

LYo

Ala

Leu

35

Lys

Val

Thr

Val

Lys

115

Asp

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys

20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Lys

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Ala

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

Val

Pro

Ile

val

Arg
135

Leu

Pro

Val

Glu

55

Val

Pro

Ile

val

Arg

P

Leu

Phe

Glu

Cys

120

Lys

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gln

Lys

S0

Leu

Trp

Thr

Phe

10

Gly

Lys

vVal

Gln

Lys
20

Leu

Trp

Thr

Ile

75

Leu

Pro

val

Ser

val

Ser

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu

4 an

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Leu

Lys

Lys

110

Ile

val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

His

Gln

95

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala
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13U

Val Leu Asp
145

<210> 39

<211> 147

<212> PRT

<213> Artificial Sequence

<220>

<223> Synthesized
<400> 39

Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Thr Ile Ala
20

Leu Lys Leu Gly Phe Thr

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thx
130

Val Leu Asp
145

<210> 40

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 40

13D

Leu

Pro

val

Glu

55

vVal

Pro

Ile

vVal

Arg
135

Ala

Cys

Gly

40

Ile

Leu

Phe

Glu

Cys
120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe

10

Arg

Lys

Val

Glu

Lys

20

Leu

Trp

Thr

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

14y

Asp

Lys

Gln

His

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln
125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

1 5

10

15
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Ile Tyr Ala Gln Ile Lys
20

Leu Leu Leu Ala Phe Thr
35

Leu Asp Lys Leu Val Asp
50

Gly Gly Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 41

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 41
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Ser Ile Arg
20

Leu Gly Leu Gly Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Pro

val

Glu

55

Ile

Pro

Ile

vVal

Arg
135

Leu

Pro

Vval

Glu

55

val

Pro

Gln

Ser

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Ser

Gly

40

Ile

Leu

Phe

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Arg

Lys

Val

Glu

Lys

20

Leu

Trp

Thr

Phe

10

Arg

Lys

val

Gln

Lys
90

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Ser

Thr

Gly

Ile

75

Leu

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Lys

30

Arg

Ile

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

His

Trp

Asp

His

Gln

S5

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln
95

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Lys

Phe

Arg

Asn

80

Ala
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Asn

Pro

Leu

val
145

Leu

Asp

Asn

130

Leu

val

Lys

115

Asp

Asp

<210> 42

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 42
Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Tyr

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

Val

Thr

val

Lys

115

Asp

Asp

<210> 43
<211> 147
<212> PRT

Leu Lys Ile Ile Glu

100

Phe Leu Glu Val Cys

120

Ser Lys Thr Arg Lys

Leu

Cys
20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Lys

Tyr

Ala

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

135

Leu

Pro

val

Glu

55

Val

Pro

Ile

val

Arg
135

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gln
105

Thr

Thr

Gly

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Leu Pro Ser Ala

Trp Val Asp Gln

125

Thr Ser Glu Thr

Phe
10

Gly

Lys

Val

Gln

Lys

90

Leu

Trp

Thr

val

Ser

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Lys Glu Ser

110

Ile Ala Rla

Val Arg Ala

Asp

Lys
30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala
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<213> Artificial Sequence

<220>
<223> Synthesized

<400> 43
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Ala
20

Leu Lys Leu Gly Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp

145

<210> 44

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 44
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Ala
20

Leu Lys Leu Gly Phe Ala
35

Leu

Pro

Val

Glu

55

val

Pro

Ile

Val

Arg
135

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly Phe
10

Gln Gly
25

Gln Lys

Gly val

Ser Gln

Leu Lys
20

Gln Leu
105

Thr Trp

Thr Thr

val

Ser

Thr

Gly

Tle
75

Leu

Pro

val

Ser

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly Asp Gly Ser

Phe Lys His Arg
30

Arg Arg Trp Phe
45

Val Tyr Asp Arg

Pro Leu His Asn
80

Gln Lys Gln Ala
95

Ala Lys Glu Ser
110

Gln Ile Ala Ala
125

Thr Val Arg Ala

Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

10

15

Pro Arg Gln Gly Ser Lys Phe Lys His Arg

25

30

Val Gly Gln Lys Thr Gln Arg Arg Trp Phe

40

45
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Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Asp

Ser

Leu

Leu

Asp

Asn
130

Leu

Lys

val

Thr

Val

Lys
115

Asp

Asp

<210> 45

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 45
Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Tyr

val

Asp

50

Ser

Leu

Leu

Asp

Asn

ann

Ala

Leu

35

Lys

Val

Thr

val

Lys

115

Asp

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Thr

20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

val

Lys

Leu

85

Lys

Leu

Lys

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Arg

Glu

Asp

Tyr

70

Gln

Ile

Glu

Thr

Glu

55

val

Pro

Ile

val

Arg
135

Leu

Pro

Val

Glu

55

Arg

Pro

Ile

Val

Arg

anc

Ile

Leu

Phe

Glu

Cys
120

Lys

Ala

Ala

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Val

Gln

Lys

90

Leu

Trp

Thr

Phe

10

Arg

Lys

val

Gln

Lys

20

Leu

Trp

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Ala

Thr

Gly

Ile

75

Leu

Pro

Val

Ser

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu

aan

Val

Pro

Gln

Ala

Gln
125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

val

Asp

His

Gln

95

Glu

Ala

Axrg

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Gly

Asn

80

Ala

Ser

Ala

Ala
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1oV

Val Leu Asp
145

<210> 46

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 46
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Ala
20

Leu Lys Leu Gly Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 47

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 47

132

Leu

Pro

val

Glu

55

Val

Pro

Ile

val

Arg
135

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Lys Glu Phe Leu Leu Tyr Leu Ala Gly
“ [

Phe

10

Gly

Lys

val

Gln

Lys

90

Leu

Trp

Thr

Phe Val Asp Gly Asp G

1an

val

Ser

Thr

Gly

Ile

75

Leu

Pro

val

Ser

18y

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

val

Gly Ser
15

His Arg

Trp Phe

Asp Arg

His Asn

80

Gln Ala
95

Glu Ser

Ala Ala

Arg Ala

1

ly Ser
=
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Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Tyr

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Asp

<210> 48

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 48
Lys Glu Phe

1

Tle

Leu

Leu

Gly

Phe

Tyr

Lys

Asp

50

Ser

Leu

Ala

Leu

35

Lys

val

Thr

Cys
20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys

20

Gly

Leu

Ser

Gln

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu

Ala

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Ala

Ala

Asp

Tyr

70

Gln

Pro

val

Glu

55

val

Pro

Ile

Val

Arg
135

Leu

Pro

val

Glu

55

val

Pro

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Arg

Gly

40

Ile

Leu

Phe

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gly

Lys

Val

Gln

Lys

90

Leu

Trp

Thr

Phe

10

Gly

Lys

val

Gln

Lys

Ser

Thr

Gly

Ile

75

Leu

Pro

Val

Ser

val

Ser

Thr

Gly

Ile

75

Leu

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Lys
30

Arg

Tyr

Leu

Lys

Lys

110

Tle

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Arg

Asn

80

Ala
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85

Asn Leu Val Leu Lys Tle Ile Glu Gln

Pro

100

Asp Lys Phe Leu Glu Val Cys

115

120

Leu Asn Asp Ser Lys Thr Arg Lys

vVal
145

130

Leu

Asp

<210> 49

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 49

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Val
145

Tyr

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn
130

Leu

Ala

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Asp

<210> 50

Leu

Thr

20

Gly

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Tyr

Ala

Thr

Asp

Tyr

70

Gln

Ile

Glu

Thr

135

Leu

Pro

val

Glu

55

Val

Pro

Ile

val

Arg
135

Ala

Cys

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

80

85

Leu Pro Ser Ala Lys Glu Ser

110

Trp Val Asp Gln Ile Ala Ala

125

Thr Ser Glu Thr Val Arg Ala

Phe

10

Arg

Lys

Val

Gln

Lys

S0

Leu

Trp

Thr

Val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

His

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Tyx

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala

Ala
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<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 50
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Ala
20

Leu Lys Leu Gly Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210=> 51

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 51
Lys Glu Phe Leu Leu Tyr
1 5

Leu

Pro

Val

Glu

55

val

Pro

Ile

val

Arg
135

Ala

Arg

Gly

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe Val Asp
10

Gly Ser Lys

Lys Thr Gln

Val Gly Tyr
60

Gln Ile Lys
75

Lys Leu Lys
90

Leu Pro Ser

Trp Val Asp

Thr Ser Glu
140

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Asp Gly Ser
15

Lys His Arg
30

Arg Trp Phe

Tyr Asp Arg

Leu His Asn
80

Lys Gln Ala
95

Lys Glu Ser
110

Ile Ala Ala

Val Arg Ala

Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

10

15

Ile Tyr Ala Cys Ile Ala Pro Arg Gln Gly Ser Lys Phe Lys His Arg

20

25

30

Leu Lys Leu Gly Phe Ala Val Gly Gln Lys Thr Gln Arg Arqg Trp Phe

DK/EP 3756682 T3



Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Asp

<210> 52

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 52
Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Tyr

Lys

Asp

50

Ser

Leu

Leu

Asp

Ala

Leu
35

Lys

Val

Thr

Val

Lys
115

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys
20

Gly

Leu

Ser

Gln

Leu

100

Phe

Vval

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Ala

Ala

Asp

Tyr

70

Gln

Ile

Glu

Glu

55

val

Pro

Ile

Val

Arg
135

Leu

Pro

Val

Glu

55

vVal

Pro

Ile

Val

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Gly

Gly
40

Ile

Leu

Phe

Glu

Cys
120

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

val

Glu

Lys

90

Leu

Trp

Thr

Phe
10

Gly

Lys

Val

Glu

Lys

S0

Leu

Trp

Gly

Ile

75

Leu

Pro

val

Ser

val

Ser

Thr

Gly

Ile

75

Leu

Pro

Val

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg
45

Val

Pro

Gln

Ala

Gln
125

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys
30

Arg

Tyr

Leu

Lys

Lys

110

Tle

Asp

His

Gln

95

Glu

Ala

Arg

Gly
15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Arg

Asn

80

Ala

Ser

Ala
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Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala

130

Val Leu Asp

145

<210> 53

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 53

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Val
145

Tyr

Thr

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

val

Thr

Vval

Lys

115

Asp

Asp

<210> 54

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

Leu

Thr

20

Ser

Leu

Ser

Gln

Leu
100

Phe

Ser

Leu

Ile

Phe

val

Cys

Leu
85

Lys

Leu

Lys

Tyr

Cys

Ser

Asp

Tyr

70

Gln

Ile

Glu

Thr

135

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Val

Arg
135

Ala

Cys

Tyr

40

Ile

Leu

Phe

Glu

Cys
120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln
105

Thr

Thr

Phe

10

Thr

Lys

val

Gln

Lys
g0

Leu

Trp

Thr

val

Leu

Thr

Gly

Ile

75

Leu

Pro

Vval

Ser

140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln
125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys
110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln
95

Glu

Ala

Arg

Ser

Tyr

Phe

Gln

Asn

80

Ala

Ser

Ala

Ala
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<400> 54
Lys Glu Phe
1

Ile Tyr Ala

Leu
35

Leu Ser

Leu Asp

50

Lys

Gly
65

Ser Val

Phe Leu Thr

Asn Leu Val

Pro Asp Lys

115

Asn
130

Leu Asp

Cys
1249

Val
145

Leu Asp

<210> 55
<211> 147
<212> PRT

Leu Leu Tyr

Thr
20

Ile Cys

Thr Phe &la

Leu Val Asp

Ser Cys Tyr

70

Gln Leu Gln

85

Leu Ile

100

Lys

Phe Leu Glu

Ser Lys Thr

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 55
Lys Glu Phe
1

Ile Tyr Ala

Leu Gln Leu
35

Leu Asp Lys
50

Leu Leu Tyr
5

Cys Ile Thr
20

Arg Phe Cys

Leu Val Asp

Leu

Pro

vVal

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Pro

val

Glu
55

Ala

Asp

Tyr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

51n

Thr

40

Ile

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Phe

10

Ala

Lys

val

Gln

Lys
20

Leu

Trp

Thr

Phe

10

Asp

Lys

Val

Vval

Leu

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Val

Met

Thr

Gly

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr
€0

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Asp Gly Ser

15

Lys His

30

Tyr

Arg Trp Phe

Tyr Asp Gln

Asn
80

Leu His

Gln Ala

95

Lys

Lys Glu Ser

110

Tle Ala Ala

Val Arg Ala

Asp Gly Ser
15

Lys His Arg
30

Arg Trp Phe

Gln Asp Cys

DK/EP 3756682 T3



Gly

65

Phe

Asn

Pro

Leu

Val
145

Ser

Leu

Leu

Asp

Asn

130

Leu

Val

Thr

Val

Lys

115

Asp

Asp

<210> 56

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 56

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Tyr

Gln

Asp

50

Gly

Leu

Leu

Asp

Asn
130

Ala

Leu

35

Lys

Ala

Thr

Val

Lys

115

Asp

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys

20

Arg

Leu

Ser

Gln

Leu

100

Phe

Ser

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Tyr

70

Gln

Tle

Glu

Thr

Tyr

Thr

Cys

Asp

Tyr

70

Gln

Ile

Glu

Thr

Arg

Pro

Ile

val

Arg
135

Leu

Pro

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Phe

Glu

Cys

120

Lys

Ala

Gln

Thr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Glu

Lys

90

Leu

Trp

Thr

Phe

10

Asp

Lys

Val

Glu

Lys

20

Leu

Trp

Thr

Ile

75

Leu

Pro

val

Ser

Val

Met

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Leu

Lys

Lys

110

Ile

val

Asp

Lys

30

Arg

Gln

Leu

Lys

Lys

110

Ile

Val

His

Gln

95

Glu

Ala

Axg

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

His

Asn

80

Ala

Ser

Ala

Ala
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Val Leu Asp
145

<210> 57

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 57
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Thr
20

Leu Gln Leu Arg Phe Cys
35

Leu Asp Lys Leu Val Asp

Gly Ser Ala Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 58

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 58

Leu

Pro

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Ala

Gln

Thr
40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe
10

Asp

Lys

val

Glu

Lys

20

Leu

Trp

Thr

vVal

Met

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg
45

val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Gln

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Arg

Phe

Lys

Asn

80

Ala

Ser

Ala

Ala

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

1 5

10

15

T1Tm Ml AT i TTa Moo Mo WE e MATen Rene AT im Teocin Tl Focer 272 0 Plan
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ire

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

rue

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn
130

Leu

Leu

35

Lys

val

Thr

Val

Lys
115

Asp

Asp

<210> 59

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 59

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Phe

Lys

Asp

50

Ser

Leu

Ala

Leu

35

Lys

Val

Thr

Ser

20

Thr

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ser

20

Thr

Leu

Ser

Gln

4l

Phe

Val

Glu

Leu

85

Lys

Leu

Arg

Leu

Ile

Phe

val

Glu

Leu
85

ryr

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Tyr

Ala

Asp

Tyxr

70

Gln

rLe

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Pro

val

Glu

55

Arg

Pro

nis

Tyr

40

Ile

Leu

Phe

Glu

Cys
120

Lys

Ala

His

Tyxr

40

Ile

Leu

Phe

A\~

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Aryg

Lys

Val

Glu

Lys

90

Leu

Txp

Thr

Phe

10

Arg

Lys

val

Gln

Lys
90

sALa

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Ala

Thr

Gly

Ile

75

Leu

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

rne

Arg

45

Val

Pro

Gln

Ala

Gln
125

Thr

Gly

Phe

Arg

45

vVal

Pro

Gln

Ly

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

nis

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln
95

rie

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala

Ser

Phe

Phe

Ser

Asn

80

Ala
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Asn Leu Val Leu Lys Ile Ile Glu Gln

Pro

100

Asp Lys Phe Leu Glu Val Cys

115

120

Leu Asn Asp Ser Arg Thr Arg Lys

val
145

130

Leu

Asp

<210>60

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 60

Lys Glu Phe

1

Ile

Leu

Leu

Gly

Phe

Asn

Pro

Leu

Val
145

<210> 61

Phe

Lys

Asp

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

Val

Thr

Val

Lys

115

Asp

Asp

<211> 147
<212> PRT

Leu

Ser

20

Thr

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Arg

Tyr

Tyr

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

135

Leu

Pro

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Ala

His

Tyr

40

Ile

Leu

Phe

Glu

Cys

1290

Lys

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Leu Pro Ser Ala Lys Glu Ser

110

Trp Val Asp Gln Ile Ala Ala

125

Thr Ser Glu Thr Val Arg Ala

Phe

10

Arg

Lys

Val

Glu

Lys

20

Leu

Trp

Thr

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Phe

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala
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<213> Artificial Sequence

<220>
<223> Synthesized

<400> 61
Lys Glu Phe Leu Leu Tyr

Ile Phe Ala Ser Ile Tyr
20

Leu Lys Leu Thr Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Arg Thr
130

vVal Leu Asp
145

<210>62

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 62
Lys Glu Phe Leu Leu Tyr
1 5

Ile Tyr Ala Cys Ile Tyr
20

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Val

Arg
135

Ala

His

Tyr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe Val Asp

10

Arg Ala Lys

Lys Thr Gln

Val Gly Tyr
60

Gln Ile Lys
75

Lys Leu Lys
90

Leu Pro Ser

Trp Val Asp

Thr Ser Glu
140

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Asp Gly Ser

15

Lys His Phe
30

Arg Trp Phe

Tyr Asp Ser

Leu His Asn
80

Lys Gln Ala
95

Lys Glu Ser
110

Ile Ala Ala

Val Arg Ala

Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

10

15

Pro His Gln Arg Ala Lys Phe Lys His Leu

25

30

Leu Lys Leu Val Phe Ala Val His Gln Lys Thr Gln Arg Arg Trp Phe

35

40

45
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Leu

Gly

65

Phe

Asn

Pro

Leu

Vval
145

Asp
50

Ser

Leu

Leu

Asp

Asn

130

Leu

Lys

val

Thr

Val

Lys

115

Asp

Asp

<210> 63

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 63

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Tyr

Arg

Asp

50

Ser

Leu

Leu

Asp

Ala

Leu

35

Lys

Val

Thr

Val

Lys
115

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Cys

20

Asn

Leu

Ser

Gln

Leu
100

Phe

Val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Tyr

Ser

Asp

Tyr

70

Gln

Ile

Glu

Glu
55

Arg

Pro

Ile

Val

Arg
135

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Val

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

Phe

40

Ile

Leu

Phe

Glu

Cys
120

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln
105

Thr

Val

Gln

Lys

90

Leu

Trp

Thr

Phe
10

Arg

Lys

Val

Gln

Lys

20

Leu

Trp

Gly

Ile

75

Leu

Pro

val

Ser

val

Thr

Thr

Gly

Ile

75

Leu

Pro

Val

Tyr
60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln
125

Tyr

Leu

Lys

Lys

110

Ile

Vval

Asp

Lys

30

Arg

Phe

Leu

Lys

Lys
110

Ile

Asp

His

Gln

95

Glu

Ala

Arg

Gly
15

His

Trp

Asp

His

Gln

95

Glu

Ala

Ala

Asn

80

Ala

Ser

Ala

Ala

Ser

Gly

Phe

Ala

Asn

80

Ala

Ser

Ala
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Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> 64

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 64
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile His Pro Asp Gln Arg Ser Lys Phe Lys His Tyr
20 25 30

Leu Arg Leu Phe Phe Ser Val Phe Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 20 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210>65

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 65



Lys

Ile

Leu

Leu

Gly

Phe

Asn

Pro

Leu

val
145

Glu

Phe

Ser

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Phe

Ala

Leu

35

Lys

Val

Thr

val

Lys

115

Asp

Asp

<210> 66

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 66
Lys Glu Phe

1

Ile

Leu

Leu

Gly

Phe

Phe

Lys

Asp

Ser

Leu

Ala

Leu

35

Lys

Val

Thr

Leu

Gln

20

His

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ser

20

Thr

Leu

Ser

Gln

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu

Tyr

Lys

Ser

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Asn

Ser

Asp

Tyr

70

Gln

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Val

Arg
135

Leu

Pro

val

Glu

55

Arg

Pro

Ala

Asp

Phe

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

Tyr

40

Ile

Leu

Phe

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Phe

10

Lys

Lys

val

Gln

Lys

90

Leu

Trp

Thr

Phe
10

Arg

Lys

Vval

Gln

Lys

val

Met

Thr

Gly

Ile

75

Leu

Pro

Val

Ser

val

Ala

Thr

Gly

Ile

75

Leu

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

Val

Pro

Gln

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Gly
15

His

Trp

Asp

His

Gln

Ser

Tyr

Phe

Gly

Asn

80

Ala

Ser

Ala

Ala

Ser

Ser

Phe

Thr

Asn

80

Ala

DK/EP 3756682 T3



Asn

Pro

Leu

val
145

Leu

Asp

Asn

130

Leu

85

Val Leu Lys Ile Ile Glu

100

Lys Phe Leu Glu Val Cys

115

120

Asp Ser Lys Thr Arg Lys

Asp

<210> 67

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 67
Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Vval
145

Phe

Lys

Asp

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

Val

Thr

val

Lys

115

Asp

Asp

<210> 68
<211> 147

Leu

Ser

20

Thr

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Arg

Tyr

Tyxr

Ala

Asp

Tyx

70

Gln

Ile

Glu

Thr

135

Leu

Pro

vVal

Glu
55

Arg

Pro

Ile

val

Arg
135

Ala

His

Tyr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gln
105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Leu Pro Ser

Trp Val Asp

Thr Ser Glu

Phe

10

Arg

Lys

Val

Gln

Lys

90

Leu

Trp

Thr

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

Tyr
60

Lys

Lys

Ser

Asp

Glu
140

95

Ala Lys Glu Ser

110

Gln Ile Ala Ala

125

Thr val Arg Ala

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Phe

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala

DK/EP 3756682 T3



<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 638

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Tyr

Arg

Asp

50

Ser

Leu

Leu

Asp

Asn
130

Leu

Ala

Leu

35

Lys

val

Thr

Val

Lys

115

Asp

Asp

<210> 69

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 69

Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

1

Leu

Cys

20

Gln

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Ile

Phe

Val

Glu

Leu

85

Lys

Leu

Lys

5

Tyr

Ala

Ser

Asp

Tyr

70

Gln

Ile

Glu

Thr

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Val

Arg
135

Ala

Asp

Phe

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe

10

Arg

Lys

Val

Gln

Lys

20

Leu

Trp

Thr

10

Val

Ala

Thr

Gly

Ile

75

Leu

Pro

Val

Ser

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Phe

Leu

Lys

Lys

110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

15

Ser

Tyr

Phe

Ala

Asn

80

Ala

Ser

Ala

Ala

Ile Tyr Ala Thr Ile Tyr Pro Asp Gln Arg Ala Lys Phe Lys His Ala

20

25

30

DK/EP 3756682 T3



Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

val
145

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Asp

<210>70

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 70

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Phe

Asp

50

Ser

Leu

Leu

Asp

Ala

Leu

35

Lys

Val

Thr

val

Lys

Tle

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Thr

20

Ile

Leu

Ser

Gln

Leu

100

Phe

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Ser

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyr

Ala

Asn

Asp

Tyr

70

Gln

Ile

Glu

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Pro

val

Glu

55

Arg

Pro

Ile

Vval

Phe

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

Cys

40

Ile

Leu

Phe

Glu

Cys

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Lys

val

Gln

Lys

90

Leu

Trp

Thr

Phe

10

Arg

Lys

val

Glu

Lys

20

Leu

Trp

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Pro

Thr

Gly

Ile

75

Leu

Pro

Val

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Phe

Gly

Asn

80

Ala

Ser

Ala

Ala

Ser

Gln

Phe

Thr

Ashn

80

Ala

Ser

Ala

DK/EP 3756682 T3



115

120

125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala

130

Val Leu Asp
145

<210> 71

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 71
Lys Glu Phe Leu Leu Tyr
1 5

Ile Phe Ala Ser Ile Tyr

20

Leu Lys Leu Thr Phe Ala
35

Leu Asp Lys Leu Val Asp
50

Gly Ser Val Ser Glu Tyr

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp

145

<210>72

<211> 147

<212> PRT

<213> Artificial Sequence

135

Leu

Pro

Val

Glu

55

Arg

Pro

Ile

val

Arg
135

Ala

His

Tyr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Phe
10

Arg

Lys

Vval

Gln

Lys

90

Leu

Trp

Thr

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Gln

125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Vval

Gly
15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Ser

Phe

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala

DK/EP 3756682 T3



<220>
<223> Synthesized

<400> 72

Lys Glu Phe

1

Ile

Leu

Leu

Gly
65

Phe

Asn

Pro

Leu

Val
145

Phe

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Arg

Val

Thr

Vval

Lys

115

Asp

Asp

<210>73

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 73

Lys Glu Phe

1

Ile Phe Ala

Leu Arg Leu

35

Leu Asp Lys

50

Leu Leu Tyr

Thr Ile Val
20

Thr Phe Ser

Leu Val Asp

Ser Glu Tyr
70

Gln Leu Gln
85

Leu Lys Ile
100

Phe Leu Glu

Ser Lys Thr

Leu Leu Tyr
5

Thr Ile Phe
20

His Phe Cys

Leu Val Asp

Leu

Pro

Val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Pro

Val

Glu
55

Ala

Glu

Phe

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

His

40

Ile

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thy

Gly

Gln

25

Gln

Gly

Phe

10

Arg

Lys

vVal

Gln

Lys
20

Leu

Trp

Thr

Phe

10

Arg

Lys

val

val

Ser

Thr

Gly

Ile
75

Leu

Pro

val

Ser

val

Met

Thr

Gly

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr
60

Gly Asp

Phe Lys
30

Arg Arg
45

Val Tyr

Pro Leu

Gln Lys

Ala Lys
110

Gln Ile
125

Thr val

Gly Asp

Phe Lys
30

Arg Arg
45

Val Tyr

Gly Ser

15

His Tyr

Trp Phe

Asp Ala

His Asn
80

Gln Ala

95

Glu Ser

Ala Ala

Arg Ala

Gly Ser

His Gln

Trp Phe

Asp Ser

DK/EP 3756682 T3



Gly
65

Phe

Asn

Pro

Leu

val
145

Ser

Leu

Leu

Asp

Asn
130

Leu

Val

Thr

Val

Lys
115

Asp

Asp

<210> 74

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 74

Lys Glu Phe

1

Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Phe

Lys

Asp

50

Ser

Leu

Leu

Asp

Asn
130

Ala

Leu

35

Lys

val

Thr

val

Lys

115

Asp

Ser

Gln

Leu

100

Phe

Ser

Leu

Ser

20

Thr

Leu

Ser

Gln

Leu

100

Phe

Ser

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Tyr

70

Gln

Ile

Glu

Thx

Tyx

Tyx

Ala

Asp

Tyr

70

Gln

Ile

Glu

Thr

Arg

Pro

Ile

val

Arg
i35

Leu

Pro

val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Phe

Glu

Cys
120

Lys

Ala

His

Tyr

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gln

Lys
20

Leu

Trp

Thr

Phe

10

Arg

Lys

val

Gln

Lys

20

Leu

Trp

Thr

Ile

75

Leu

Pro

val

Ser

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Pro

Gln

Ala

Gln
125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Leu

Lys

Lys

110

Ile

val

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

His

Gln

95

Glu

Ala

Arg

Gly

15

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Asn

80

Ala

Ser

Ala

Ala

Ser

Phe

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala

DK/EP 3756682 T3



DK/EP 3756682 T3

Val Leu Asp
145

<210>75

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 75
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15

Ile Phe Ala Thr Ile Phe Pro Asp Gln Arg Met Lys Phe Lys His Gln
20 25 30

Leu Arg Leu His Phe Cys Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ser

Gly Ser Val Ser Glu Tyr Arg Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 20 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp
145

<210>76

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 76
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Val Asp Gly Asp Gly Ser
1 5 10 15



Ile

Leu

Leu

Gly

65

Phe

Asn

Pro

Leu

Val
145

Phe

Arg

Asp

50

Ser

Leu

Leu

Asp

Asn

130

Leu

Ala

Leu

35

Lys

Val

Thr

Val

Lys

115

Asp

Asp

<210>77

<211> 147
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 77

Lys Glu Phe

1

Ile

Leu

Leu

Gly
65

Phe

Asn

Phe

Arg

Asp

50

Ser

Leu

Leu

Ala

Leu

35

Lys

val

Thr

Val

Thr
20

His

Leu

Ser

Gln

Leu

100

Phe

Ser

Leu

Thr

20

Gly

Leu

Ser

Gln

Leu
100

Ile

Phe

val

Glu

Leu

85

Lys

Leu

Lys

Leu

Ile

Phe

Val

Glu

Leu
85

Lys

Phe

Cys

Asp

Tyr

70

Gln

Ile

Glu

Thr

Tyxr

Phe

Ala

Asp

Tyr
70

Gln

Ile

Pro

Val

Glu

55

Arg

Pro

Ile

val

Arg
135

Leu

Pro

Val

Glu

55

Arg

Pro

Ile

Asp

His

40

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

His

40

Ile

Leu

Phe

Glu

Gln
25

Gln

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln
105

Arg

Lys

val

Gln

Lys

90

Leu

Trp

Thr

Phe
10

Arg

Lys

Val

Gln

Lys
20

Leu

Met

Thr

Gly

Ile

75

Leu

Pro

val

Ser

val

Met

Thr

Gly

Ile
75

Leu

Pro

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Phe

Arg

45

val

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

Val

Pro

Gln

Ala

Lys
30

Arg

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Tyr

Leu

Lys

Lys
110

His

Trp

Asp

His

Gln

95

Glu

Ala

Arg

Gly
15

His

Trp

Asp

His

Gln
95

Glu

Gln

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala

Ser

Gln

Phe

Arg

Asn
80

Ala

Ser

DK/EP 3756682 T3



Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala
130 135 140

Val Leu Asp

145

<210> 78

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 78
Lys Glu Phe Leu Leu Tyr Leu Ala Gly Phe Vval Asp Gly Asp Gly Ser
1 5 10 15

Ile His Ala Cys Ile Gln Pro Gln Gln Asp Val Lys Phe Lys His Gln
20 25 30

Leu His Leu Arg Phe Thr Val His Gln Lys Thr Gln Arg Arg Trp Phe
35 40 45

Leu Asp Lys Leu Val Asp Glu Ile Gly Val Gly Tyr Val Tyr Asp Ala
50 55 60

Gly Ser Val Ser Thr Tyr Cys Leu Ser Gln Ile Lys Pro Leu His Asn

Phe Leu Thr Gln Leu Gln Pro Phe Leu Lys Leu Lys Gln Lys Gln Ala
85 20 95

Asn Leu Val Leu Lys Ile Ile Glu Gln Leu Pro Ser Ala Lys Glu Ser
100 105 110

Pro Asp Lys Phe Leu Glu Val Cys Thr Trp Val Asp Gln Ile Ala Ala
115 120 125

Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala

130 135 140

Val Leu Asp
145

<210>79
<211> 147
<212> PRT

DK/EP 3756682 T3



<213> Artificial Sequence

<220>
<223> Synthesized

<400> 79
Lys Glu Phe Leu Leu Tyr
1 5

ITle His Ala Cys Ile Gln
20

Leu His Leu Arg Phe Thr
35

Leu Asp Lys Leu Val Asp

Gly Ser Val Ser Thr Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Tle
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 80

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 80
Lys Glu Phe Leu Leu Tyr
1 5

Ile Val Ala Ser Ile Lys
20

Leu Met Leu Glu Phe Tyr
35

Leu

Pro

Val

Glu

55

Cys

Pro

Ile

val

Arg
135

Ala

Met

His

40

Thr

Leu

Phe

Glu

Cys

120

Lys

Gly Phe
10

Gln Ser
25

Gln Lys

Gly Val

Ser Gln

Leu Lys

20

Gln Leu
105

Thr Trp

Thr Thr

Val

Met

Thr

Gly

Ile

75

Leu

Pro

val

Ser

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly Asp Gly Ser
15

Phe Lys His Tyr
30

Arg Arg Trp Phe
45

Val Tyr Asp Ala

Pro Leu His Asn
80

Gln Lys Gln Ala
95

Ala Lys Glu Ser
110

Gln Ile Ala Ala
125

Thr Val Arg Ala

Leu Ala Gly Phe Val Asp Gly Asp Gly Ser

10

15

Pro Gln Gln Val Ala Lys Phe Lys His Arg

25

30

Val Tyr Gln Lys Thr Gln Arg Arg Trp Phe

40

45
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Leu Asp Lys Leu Val Asp
50

Gly Gly Ala Ser Arg Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 81

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 81
Lys Glu Phe Leu Leu Tyr
1 5

Tle Tyr Ala Cys Ile Lys
20

Leu Leu Leu Glu Phe Thr

35

Leu Asp Lys Leu Val Asp

Gly Ser Val Ser Glu Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Glu

55

val

Pro

Ile

val

Arg
135

Leu

Pro

VvVal

Glu

55

Arg

Pro

Ile

Val

Ile

Leu

Phe

Glu

Cys

120

Lys

Ala

Asp

Cys

40

Ile

Leu

Phe

Glu

Cys
120

Gly

Ser

Leu

Gln

105

Thr

Thr

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln

105

Thr

Val

Gln

Lys

20

Leu

Trp

Thr

Phe
10

Ala

Lys

val

Gln

Lys

90

Leu

Trp

Gly

Ile

75

Leu

Pro

val

Ser

val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Tyr

60

Lys

Lys

Ser

Asgp

Glu
140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Vval

Pro

Gln

Ala

Gln

125

Thr

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln
125

Tyr

Leu

Lys

Lys

110

Ile

Val

Asp

Lys

30

Arg

Val

Leu

Lys

Lys

110

Ile

Asp

His

Gln

95

Glu

Ala

Arg

Gly
15

His

Trp

Asp

His

Gln

95

Glu

Ala

Leu

Asn

80

Ala

Ser

Ala

Ala

Ser

Arg

Phe

Gln

Asn

80

Ala

Ser

Ala
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Leu Asn Asp Ser Lys Thr Arg Lys Thr Thr Ser Glu Thr Val Arg Ala

130

Val Leu Asp

145

<210> 82

<211> 147

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 82
Lys Glu Phe Leu Leu Tyr
1 5

Ile Trp Ala Ser Ile Arg
20

135

Leu

Pro

Leu Trp Leu Gly Phe Ala Val

35

Leu Asp Lys Leu Val Asp

Gly Ser Val Ser Lys Tyr
65 70

Phe Leu Thr Gln Leu Gln
85

Asn Leu Val Leu Lys Ile
100

Pro Asp Lys Phe Leu Glu
115

Leu Asn Asp Ser Lys Thr
130

Val Leu Asp
145

<210> 83

<211> 22
<212>DNA

<213> Homo sapiens

<400> 83
accggacctc gttgtttaga ct 22

Glu
55

Thr

Pro

Ile

val

Arg
135

Ala

Thr

Ty

40

Ile

Leu

Phe

Glu

Cys
120

Lys

Gly

Gln

25

Gln

Gly

Ser

Leu

Gln
105

Thr

Thr

Phe

10

Leu

Lys

val

Glu

Lys
90

Leu

Trp

Thr

Val

Ala

Thr

Gly

Ile

75

Leu

Pro

val

Ser

140

Asp

Lys

Gln

Tyr

60

Lys

Lys

Ser

Asp

Glu
140

Gly

Phe

Arg

45

val

Pro

Gln

Ala

Gln
125

Thr

Asp

Lys

30

Arg

Tyr

Leu

Lys

Lys
110

Ile

Val

Gly

15

His

Trp

Asp

His

Gln
95

Glu

Ala

Arg

Ser

Ala

Phe

Ser

Asn

80

Ala

Ser

Ala

Ala
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<210> 84

<211> 22
<212>DNA

<213> Homo sapiens

<400> 84
tgtttacaca gtgtttcatt cc 22

<210> 85

<211> 22
<212>DNA

<213> Homo sapiens

<400> 85
gactacacat atagtgtctg tt 22

<210> 86

<211> 72
<212>DNA

<213> Homo sapiens

<400> 86
atggacttca agagecaacag tgctgtggec tggagecaaca aatctgactt tgecatgtgea 60

aacgccttca ac 72

<210> 87

<211> 69

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 87
atggacttca agagcaacag tgctgtggec tggagcaaat ctgactttge atgtgcaaac 60
gccttcaac 69
<210> 88
<211> 55

<212>DNA
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 88
atggactica agagcaacaa acaaatctga ctttgcatgt gcaaacgcect tcaac 55
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<210> 89

<211> 67

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 89
atggacttca agagcaacag tgctgtggec tggagaatct gactttgeat gtgcaaacge 60

cttcaac 67

<210>90

<211> 65

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 90
atggacttca agagcaacag tgctgtggec tggagtctga ctttgecatgt gcaaacgcct 60

tcaac 65

<210> 91

<211> 52

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 91
atggactica agagcaaaca aatctgactt tgcatgtgca aacgcecttca ac 52

<210>92

<211>70

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 92
atggactteca agagecaacag tgctgtggec tggagacaaa tetgactttg catgtgeaaa 60
cgccttcaac 70
<210> 93

<211> 68
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<212>DNA
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 93
atggacttca agagcaacag tgctgtggec tggagcaate tgactttgea tgtgcaaacg 60

ccttcaac 68

<210> 94

<211>77

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 94
atggacttca agagecaacag tgetgtggec tggagcaacg caacaaatet gactttgeat 60

gtgcaaacgc cttcaac 77

<210> 95

<211> 76

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 95
atggacttca agagcaacag tgctgtggece tggagcaaag aacaaatctyg actttgeatg 60

tgcaaacgce ttcaac 76

<210> 96

<211>70

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 96
atggacttca agagcaacag tgctgtggec tggcaacaaa tctgactttg catgtgcaaa 60
cgecttcaac 70
<210> 97

<211> 62
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<212>DNA
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 97
atggacttca agagcaacag tgctgtggca aatctgactt tgcatgtgea aacgecttcea 60

ac 62

<210> 98

<211> 68

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 98
atggacttca agagcaacag tgctgtggec tggacaaate tgactttgea tgtgeaaacg 60

cettecaac 68

<210> 99

<211> 69

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 99
atggactteca agagcaacag tgectgtggee tggagcaaat ctgactttge atgtgecaaac 60

gccttcaac 869

<210>100

<211> 56

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 100
atggacttca agagcaacag tgctgtggcece tggagcaatg tgcaaacgcec ttcaac 56

<210> 101

<211> 69

<212>DNA

<213> Artificial Sequence



<220>
<223> Synthesized

<400> 101
atggacttca agageaacag tgetgtggece tggaacaaat ctgactttge atgtgcaaac

gecttecaac

<210> 102

<211> 71

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 102
atggactteca agagcaacag tgetgtggee tggagcacaa atetgacttt geatgtgeaa

acgccttcaa c

<210> 103

<211> 56

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 103
atggacttca agagcaacag tgctgtggcece tggagcaatg tgcaaacgcec ttcaac 56

<210> 104

<211> 36

<212>DNA

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 104
atcaaatctg actttgcatg tgcaaacgcc ttcaac 36

<210> 105

<211> 34
<212>DNA

<213> Homo sapiens

<400> 105
gtgctgtggce ctggagcaac aaatctgact ttge 34
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<210> 106
<211> 62
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 106

gtgetgtgge ctggagcaag aattcatgeg gecgecaatcet agageaacaa atctgacttt

gc

<210> 107
<211> 6053
<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 107
cagecagctgg

cctgaatgge
gtttttectg
agtttgagtt
acggttaatt
acttctecagg
agctececget
gtacgegece
cgctacactt
cacgttcegee
tagtgettta
gccategecc
tggactcttg
ataagggatt
taacgegaat
cetgtttttg
acgattaccg
cgggegtegg
agtggaattc

atatatggag

e i ey

cgtaatageg
gaatggaatt
ttgcaatgge
cttctacteca
tgcgtgatgg
attctggeqgt
ctgattectaa
tgtageggeg
geccagegece
ggctttecee
cggcaccteg
tgatagacgg
ttecaaactg
ttgecgattt
tttaacaaaa
gggettttet
ttecategece
gegacctttg
acgcgtggat

ttcecgegtta

Mt e e

aagaggcccg
ccagacgatt
tggeggtaat
ggcaagtgat
acagactctt
acegttectg
cgaggaaagc
cattaagege
tagegeaecge
gtcaagetet
accccaaaaa
tttttegeee
gaacaacact
cggectattg
tattaacgtt
gattatcaac
tgegegeteg
gtegeeecgge
cttaatagta

cataacttac

mandkandrean

caccgatege
gagcgtcaaa
attgttetgg
gttattacta
ttactecggtg
tctaaaatce
acgttatacg
ggegggtgtyg
tecttteget
aaatcggggg
acttgattag
tttgacgttg
caaccctatc
gttaaaaaat
tacaatttaa
cggggtacat
ctegetcact
ctcagtgage
atcaattacg

ggtaaatggc

rede i el

cctteccaac
atgtaggtat
atattaccag
atcaaagaag
gecctcactga
ctttaategg
tgetegtcaa
gtggttacge
ttettececett
ctecetttag
ggtgatggtt
gagtccacgt
tcggtctatt
gagctgattt
atatttgett
atgattgaca
gaggccgece
gagcgagcgce
gggtcattag

ccgectgget

D o et oA e

agttgecgecag
ttecatgage
caaggcecgat
tattgcgaca
ttataaaaac
cctecctgttt
agcaaccata
geagegtgac
cctttetege
ggttececgatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
atacaatctt
tgctagtttt
gggcaaagce
geagagaggg
ttcatagcce

gaccgcccaa

o ety
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60

62

60
120
180
240
300
360
420
480
540
600
660
720
780
840
800
960

1020
1080
1140

1200

17280



e e e L
tttecattga
agtgtatcat

gecattatgee

agtecatcget
gtttgactca
gcaccaaaat
gggeggtagg
gatcactaga
acctggtgeca
agactgactt
acttggagaa
aaaggcagge
gcecaccttet
cactgtttct
agaggagttt
aggaaacagce
tetggaataa
attgecggecyg
cctecatgtcet
atttgtttga
tetecagetgg
ttaggacatg
atggacaagg
atagcatctt
tecaatettgg
ctcaaggaaa
gatcttette
ggececagcaa
gcattaqgecag
accaggagat
taagceccag
aaagcaatag
gtttgtecaa
ggagttggee

egggegtegg

agtggccaac

aatgacctga

e Y L
cgtcaatggg
atgecaagte

cagtacatga

attacecatqgg
cggggattte
caacgggact
cgtgtacggt
agctttectgg
ttecatgtgee
agtgagctgg
ggggettaga
aggcaggaac
cttcatetge
tagtaaaaag
tagacatecat
ctgcgaagge
tgetgttgtt
catgaattet
agcacagttt
gaatcaaaat
tacacggecag
atctcattte
geggggetet
agaaaccagc
ceaagaggece
cctgaaatge
aaaaccccag
agcaaactgt
aatgggaggt
tgecteteteca
cgcaattgtt
catcacaaat
actcatcaat
actcecctete

gegacetttyg

cocececeae cecceecgge gattetettg tttgetecag actetecagge

tagectttgt agagacctet caaaaatage tacecectetcee ggeatgaatt

tggagtattt
cgecccctat

cecttacggga

YAy L LG
acggtaaact
tgacgtcaat

ctttectact

ALrayLraacys UaaLayyyas
gcecacttgg cagtacatca
gacggtaaat ggccecgectg

tggcagtaca tcectacgtatt

tgatgeggtt
caagtctceca
tteccaaaatg
gggaggtcta
gecacacccet
ggcacaatca
gaaagatttt
atgaggecta
tcagttggag
tttttteeccg
agggttttgg
tgaccagage
accaaagcetg
gaaggegttt
tgctecagge
tgtctgtgat
cggtgaatag
ggtcagggtt
cctetttgee
gtggggctgg
tgetegtgat
atgatttcag
agggctactt
caatataact
acatcttgga
ttatggtatg
ttgatagagg
gttgttaact
ttcacaaata
gtatettaag
tgegegeteg

gtegeecegge

ttggcagtac
ccccattgac
tecgtaataac
tataagcaga
catctgactt
gtgattggtg
ttggcagaca
gaagagcaght
agactgagge
tgtcattcte
tggcaatgga
tetgggeaga
cccttacetg
gecacatgeaa
cacagecactg
atacacatca
gecagacagac
ctggatatct
ceaacecagyg
caagtcacgg
ggactgggac
tgaacgttca
aataatactg
ctggcagagt
atctggagtg
ttggecattaa
ttttgaacta
tgtttattge
dagcattttt
gcegggaattg
ctegetecact

ctecagtgage

accaatggge
gtcaatggga
cecgeccegt
getegtttag
tttaattect
ggttaatgag
gggagaaata
aaggggcaaa
tgggccacgt
tggactgcca
taaggccecgag
acctggecat
ggetggggaa
agtcagattt
ttgetcecttga
gaateccttac
ttgtcactgy
gtgggacaag
ctggagtcca
tectecatgett
tcagggacag
cggccaggec
cttattcttt
aaaggcaggce
gtetececcaa
gttgggaaat
taaatcagaa
agcttataat
ttcactgcat
atectaggaac
gaggeccgeee

gagcgagege

gtggatageg
gtttgttttg
tgacgcaaat
tgaaccgtca
ccacttecaac
tgactgegtyg
aggagaggca
cagtctgage
geectetect
gaacaaggct
accaccaatc
tcetgaagea
gaaggtgtet
gttgetetag
agtccataga
tttgtgacac
atttagagte
aggatcaggg
gatgcecagtyg
tatacgggaa
gcacaagcta
tggectgeca
tatttaatag
atgggaaaaa
cttaggetgg
ctatcacatt
cacctgaegte
ggttacaaat
tectagttgtg
ccctagtgat

gggcaaagec

gcagagaggyg
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LTauw

1320
1380

1440

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300

3360

3420

3480



tatcagetag
acccgtttga
ctaaaaattt
ataatgtttt
ctaattcttt
cteettacge
tectgatgeeg
cgggcttgte
atgtgtecaga
cgcctatttt
ttteggggaa
tatecgetceca
atgagtatte
gtttttgete
cgagtgggtt
gaagaacgtt
cgtattgacg
gttgagtact
tgecagtgetg
ggaggaccga
gatcgttggg
cctgtagecaa
teceggeaac
teggeecttce
cgaggtatea
acgacgggga
tcactgatta
ttaaaacttc

accaaaatce

aaaggatctt
craccgetac
gtaactgget
ggccaccact
ccagtggetg
ttaceggata
gagcegaacga

cttecegaag

aacggttgaa
atctttacct
ttatecettge
tggtacaacc
gccttgectg
atctgtgegg
catagttaag
tgctccecgge
ggttttecace
tataggttaa
atgtgcgegg
tgagacaata
aacatttecceg
acccagaaac
acatcgaact
ttccaatgat
cegggeaaga
caccagtcac
ccataaccat
aggagctaac
aaccggagct
tggcaacaac
aattaataga
cggctggetg
ttgcageact
gtcaggecaac
agcattggta
atttttaatt

cttaacgtga

cttgagatcecc
cageggtggt
tecagecagage
tcaagaactc
ctgccagtgg
aggegcageg
cctacacega

ggagaaaggc

tatcatattg
acacattact
gttgaaataa
gatttagett
tatgatttat
tatttecacac
ccagececccga
atccgcttac
gtecatecaccyg
tgtecatgata
aacccctatt
accctgataa
tgtegeecett
getggtgaaa
ggatectcaac
gagcactttt
gecaactecggt
agaaaagcat
gagtgataac
cgettttttg
gaatgaagcc
gttgegcaaa
ctggatggag
gtttattgct
ggggecagat
tatggatgaa
actgtcagac
taaaaggatc

gttttogtte

tttttttctg
ttgtttgecg
gcagatacca
tgtagcaccg
cgataagteg
gtegggetga
actgagatac

ggacaggtat

atggtgattt
caggecattge
aggettetee
tatgctcectga
tggatgttgg
cgeatatggt
cacccgccaa
agacaagctg
aaacgegega
ataatggttt
tgtttatttt
atgettecaat
attecctttt
gtaaaagatg
agcggtaaga
aaagttctge
cgcegeatac
cttacggatg
actgeggeca
cacaacatgg
ataccaaacg
ctattaactg
geggataaag
gataaatctg
ggtaagcect
cgaaatagac
caagtttact
taggtgaaga

cactgagegt

cgegtaatet
gatcaagaga
aatactgtcce
cctacatace
tgtettaceg
acggggggtt
ctacagegtg

ceggtaageg

gactgtetee
atttaaaata
cgcaaaagta
ggctttattg
aattcctgat
gecactectecag
cacccgetga
tgaccgtctce
gacgaaagqgg
cttagacgte
tctaaataca
aatattgaaa
ttgeggeatt
ctgaagatca
tecettgagag
tatgtggcege
actattcteca
geatgacagt
acttacttet
gggatcatgt
acgagcgtga
gegaactact
ttgcaggace
gagccggtga
ccegtategt
agatcgetga
catatatact
tcoctttttga

cagacccegt

getgettgea
taccaactet
ttetagtgta
tagetetget
ggttggactce
cgtgcacaca
agctatgaga

gcagggtegg

ggectttete
tatgagggtt
ttacagggte
cttaattttg
gcggtatttt
tacaatcetge
cgegecctga
cgggagctge
cetegtgata
aggtggcact
ttcaaatatg
aaggaagagt
ttgecttect
gttgggtgca
ttttegeece
ggtattatce
gaatgacttg
aagagaatta
gacaacgate
sactcgeett
caccacgatg
tactctaget
acttetgege
gegtgggtcet
agttatctac
gataggtgee
ttagattgat
taatctecatg

agaaaagatce

aacaaaaaaa
tttteocgaag
gecegtagtta
aatcctgtta
aagacgatag
geccagettg
aagegecacy

aacaggagag
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3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160

5220

5280
5340
5400
5460
5520
5580
5640

5700



cgcacgaggyg
cacctetgac
aacgccagea
ttetttectg
gataccgetce

gagegeccaa

<210> 108

<211> 5458
<212> DNA

agcttceccagg
ttgagegteg
acgeggectt
cgttatecece
gcecgeagecyg

tacgecaaace

gggaaacgac

atttttgtga
tttacggtte
tgattetgtyg
aacgaccgag

gecteotecee

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 108
cagecagetgg

cctgaatgge
gtttttectyg
agtttgagtt
acggttaatt
acttctcagy
agctcocget
gtacgegecce
cgctacactt
cacgttegee
tagtgettta
geecategece

tggactcettg

ataagggatt
taacgecgaat
cctgtttttg
acgattaceg
cgggegtegg
agtggaattc
tecaacacctg
gcgtgagact
aggcaacttg
tgagcaaagg

ctcctgecac

cgtaatageg
gaatggaatt
ttgcaatgge
cttectactea
tgcgtgatgg
attectggegt
ctgattctaa
tgtageggeg
gecagegece
ggctttecee
cggcaccteg
tgatagacgg

tteccaaactg

ttgccgattt
tttaacaaaa
gggettttet
tteatcgece
gcgacctttg
acgegtgett
gtgecattecat
gacttagtga
gagaagggge
caggcaggea

cttctctteca

aagaggcceg
ccagacgatt
tggcggtaat
ggcaagtgat
acagactctt
acegttectg
cgaggaaagc
cattaagcge
tagegecege
gtcaagctet
accccaaaaa
tttttegeeoe

gaacaacact

cggectattg
tattaacgtt
gattatcaac
tgcgegeteg
gtegeecgge
tetgggcaca
gtgecggecac
gctgggaaag
ttagaatgag
ggaactcagt

tctgecttttt

tggtatcttt
tgetegteag
ctggeetttt
gataaccgta
cgecagegagt

gegegttgge

cacecgateoge
gagcegtcaaa
attgttectgg
gttattacta
ttactcggtg
tectaaaatee
acgttatacg
ggegggtgtg
tecttteget
aaatcggggg
acttgattag
tttgacgttg

caaccctatc

gttaaaaaat
tacaatttaa
cggggtacat
ctegetcact
ctcagtgage
ccectecatet
aatcagtgat
attttttggc
gectagaaga
tggagagact

tccegtgtcea

atagtcctgt
gggggcggag
getggeettt
ttacegectt
cagtgagega

cgattcatta

cctteccaac
atgtaggtat
atattaccag
atcaaagaag
gcctcactga
ctttaategg
tgctegtcaa
gtggttacge
ttetteectt
ctecectttag
ggtgatggtt
gagtccacgt

tecggtetatt

gagectgattt
atatttgett
atgattgaca
gaggccgecc
gagcgagegce
gactttttaa
tggtgggtta
agacagggag
gcagtaaggg
gaggctggge

ttctctggac

cgggtttege

cctatggaaa
tgctecacatg
tgagtgagcet
ggaagcggaa

atg

agttgecgecag
ttecatgage
caaggccgat
tattgecgaca
ttataaaaac
ccteetgttt
agcaaccata
gcagegtgac
cectttetege
ggtteccgatt
cacgtagtgg
tectttaatag

cttttgattt

aacaaaaatt
atacaatctt
tgectagtttt
gggcaaagece
gcagagaggyg
ttectecact
atgagtgact
aaataaggag
gcaaacagtc
cacgtgcect

tgccagaaca
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5760
5820
5880
5940
6000

6053

&0
120
180
240
300
360
420
480
540
600
660
720
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840

900

960
1020
1080
1140
1200
1260
1320
1380

1440



aggctcactg
caatcagagg
aagcaaggaa
tgtecttectgg
tetagattge
atagacctca
gacacatttg
gagtctctca
cagggttagg
cagtgatgga
gggaaatage
agctatcaat
tgccactcaa
aataggatct
aaaaaggcece
gctgggeatt
acattaccag
gegtcetaage
caaataaagce

ttgtggttty

gtgatggagt
aagceceggge
gagggagtgyg
caggcaatga
gaatttatea
ttctcacceg
gggttctaaa
gggtecataat
ttttgetaat
attttctcect
tctgetetga
cctgacggge
getgeatgtg
tgatacgeet
gcactttteg
atatgtatce

agagtatgag

tttettagta
agttttagac
acagectgeg
aataatgctg
gagccgeatga
tgtetageac
tttgagaatc
getggtacac
acatgatcte
caagggcggyg
atcttagaaa
cttggecaag
ggaaacctga
tettecaaaac
agcaaagcaa
agcagaatgg
gagattgete
ccecagegcaa
aatagecatceca

teccaaactea

tggeccactee
gtegggegac
ccaacecacce
cetgatagee
getagaacgg
tttgaatctt
aatttttatc
gtttttggta
tetttgeett
tacgecatctg
tgcocgeatag
ttgtetgete
tecagaggttt
atttttatag
gggaaatgtg
gctcatgaga

tattcaacat

aaaagagggt
atcattgace
aaggcaccaa
ttgttgaagg
attettgete
agttttgtet
aaaatcggtg
ggcagggtca
attteccctet
gctctgtggg
ceagetgete
aggecatgat
aatgcagggce
cccageaata
actgtacate
gaggtttatg
tetcattgat
ttgttgttgt
caaatttcac

tecaatgtate

ctetetgege
ctttggtecge
caeeeeccee
tttgtagaga
ttgaatatca
tacctacaca
cttgcgttga
caaccgattt
gectgtatga
tgeggtattt
ttaageccage
ccggecatceg
tcacegtcat
gttaatgteca
cgecggaacce
caataaccct

ttcegtgteyg

tttggtggceca
agagctetgg
agctgecctt
cgtttgcaca
caggccacag
gtgatataca
aataggcaga
gggttctgga
ttgececaac
gctggcaagt
gtgatggact
tteagtgaac
tacttaataa
taactetgge
ttggaatetyg
gtatgttgge
agaggttttg
taacttgttt
aaataaagca

ttaaggcggg

atggataagyg
gcagaaccetg
acctgggetg
tgcaaagtca
cactgttget
catcagaate
cagacttgtce
tatctgtggg
ccaggetgga
cacggtctca
gggactcagg
gttecacggee
tactgettat
agagtaaagg
gagtggtete
attaagttgyg
aactataaat
attgcagett
tttttttecac

aattgatcta

ccgagacecac
gecattcetg
gggaagaagg
gatttgttge
cttgaagtce
cttactttgt
actggattta
acaagaggat
gtecagatge
tgctttatac
gacaggcaca
aggeetggee
tettttattt
caggecatggg
cecaacttag
gaaatctate
cagaacacct
ataatggtta
tgcattctag

ggaaccccta

getegetege
ceggectceag
ceggegatte
cctetcaaaa
tattgatggt
ttactcagge
aataaaggect
agctttatge
tttattggat
cacaccgcat
cccgacacce
cttacagaca
caccgaaacg
tgataataat
ctatttgttt
gataaatgct

cecttattee

tecactgagge
tgagcgageg
tcttgtttge
atagctacce
gatttgactg
attgcattta
tctececgeaa
tectgaggcett
gttggaatte
atggtgcact
gecaacacce
agectgtgace
cgcgagacga
ggtttettag
atttttctaa
tcaataatat

cttttttgeg

cgecececgggea
agcgcgeaga
tecagactet
teteceggeat
tetecggecet
aaatatatga
aagtattaca
tattgcttaa
ctgatgeggt
ctcagtacaa
gectgacgege
gtctcoecggga
aagggecteg
acgtecaggtg
atacattcaa
tgaaaaagga

geattttgec
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1680
1740
1800
1860
1920
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2040
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TTCCTTTLT
gtgcacgagt
gceoaccgaaga
tatccegtat
acttggttga
aattatgcag
cgatcggagg
gecttgateg
cgatgcetgt
tagetteceg
tgegetegge
ggtctegegg
tetacacgac
gtgcctecact

ttgatttaaa

tgcrtcaccea
gggttacate
acgttttceca
tgacgeceggyg
gtactcacca
tgetgecata
accgaaggag
ttgggaaccyg
agcaatggeca
gcaacaatta
ccttecgget
tatcattgca
ggggagtcag
gattaagecat

acttcatttt

gaaacgcrgg
gaactggate
atgatgagca
caagagcaac
gtcacagaaa
accatgagtg
ctaaccgcectt
gagetgaatg
acaacgttge
atagactgga
ggctggttta
gcactgggge
geaactatgg
tggtaactgt

taatttaaaa

tgaaagtaaa
tcaacagcgg
cttttaaagt
tecggtegeeg
agecatcttac
ataacactge
ttttgeacaa
aagccatace
gcaaactatt
tggaggegga
ttgetgataa
cagatggtaa
atgaacgaaa

cagaccaagt

ggatctaggt

agatgcrtgaa
taagatcctt
tctgetatgt
catacactat
ggatggcatg
ggecaactta
catgggggat
aaacgacgag
aactggegaa
taaagttgceca
atctggagce
geecteeegt
tagacagatc
ttactcatat

gaagatcectt

gatcagttgg
gagagtttte
dggcgceggtat
tectcagaatg
acagtaagag
cttetgacaa
catgtaactc
cgtgacacea
ctacttacte
ggaccactte
ggtgagcegtg
atcgtagtta
getgagatag
atactttaga

tttgataatc

tcatgaccaa aatcccttaa cgtgagtttt cgttecactg agegtcagac cccgtagaaa

agatcaaagg
aaaaaccace
cgaaggtaac
agttaggeca
tgttaccagt
gatagttace
gcttggageg
cecacgettee
gagagecgcecac
ttegecacet
ggaaaaacge
acatgttcett
gagctgatac
cggaagagcg
<210> 109

<211> 6082
<212> DNA

atcttettga
gctaccageg
tggetteage
ccacttcaag
ggectgetgee
ggataaggeg
aacgacctac
cgaagggaga
gagggagctt
ctgacttgag
cagcaacgeqg
tectgegtta
cgetegecge

cccaatacge

gatcettttt
gtggtttgtt
agagcgcaga
aactctgtag
agtggecgata
cageggtegg
accgaactga
aaggcggaca
ccagggggaa
cgtegatttt
gectttttac
tcecectgatt
agccgaacga

aaaccgecte

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 109

ttetgegegt
tgceggatca
taccaaatac
caccgectac
agtcgtgtet
getgaacggg
gatacctaca
ggtatceggt
acgcctggta
tgtgatgete
ggttcectgge
ctgtggataa
ccgagegeag

teccegegeg

aatctgetge
agagctacca
tgtcetteta
ataccteget
taccgggttyg
gggttegtge
gcgtgageta
aagcggcagg
tetttatagt
gtcagggggg
cttttgetgg
ccegtattace
cgagtecagtyg

ttggecgatt

ttgcaaacaa
actecttttte
gtgtageegt
ctgctaatcee
gactcaagac
acacagecca
tgagaaagcg
gtcggaacag
cetgtegggt
cggageetat
cecttttgete
gectttgagt
agecgaggaag

cattaatg

cagcadactaa cataataaca aacagaccca caccaatcace cctteccaac aattacacaa
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3124V
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500

4560

4620
4680
4740
4800
4860
4920
4980
5040
5100
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5220
5280
5340
5400
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60



cctgaatgge
gtttttectg
agtttgagtt
acggttaatt
acttctcagg
agctceccget
gtacgecgeee
cgctacactt
cacgttegec

tagtgettta

gceatagece
tggactcettg
ataagggatt
taacgcgaat
cctgtttttg
acgattaceg
cgggegtegg
agtggaatte
gagatcatgt
gtgtaccage
gattctcaaa
gtgctagaca
tgggcagage
aceggtgect
cegecttttte
ctttttcgea
ccttactttt
agactaccte
gccaggacat
tgctecattta
gtteccggtac
acttctgtca
ttacecggagg
tacaggagag
tgtctggagt
gcttagagtg

agageccgect

gaatggaatt
ttgcaatgge
cttctactea
tgegtgatgg
attctggegt
ctgattctaa
tgtagcggeg
gcecagegece
ggctttecce

cggcacctcg

tgatagacgyg
ttccaaactyg
ttgecgattt
tttaacaaaa
gggettttet
ttecatcgeee
gegacectttg
acgogtactg
cctaacceetg
tgagagactc
caaatgtgte
tgaggtetat
gcacategee
agagaaggtg
ccgagggtgg
acgggtttgc
acctetggeg
tteccctatet
ctecaaaatac
ccacacgtceg
ggactacage
gcagggcaac
cggtggecage
cggacecggge
cagtctecca

gctgggggtt

caccatcatt

I

ccagacgatt
tggeggtaat
ggcaagtgat
acagactctt
accgttectg
cgaggaaagce
cattaagecge
tagecgecege
gtcaagectet

accccaaaaa

gagcgtcaaa
attgttctgg
gttattacta
ttacteggtg
tctaaaatce
acgttatacg
ggcgggtgtyg

teettteget

aaatcggggg

acttgattag

atgtaggtat
atattaccag
atcaaagaag
gectecactga
ctttaatcgg
tgctegtcaa
gtggttacge
ttettecett
ctecetttag

ggtgatggtt

ttecatgage
caaggccgat
tattgegaca
ttataaaaac
cctectgttt
agcaaccata
gecagegtgac
cctttetege
ggttecegatt

cacgtagtgg

tttttegeee
gaacaacact
cggectattg
tattaacgtt
gattatcaac
tgecgegeteg
gtecgeecgge
gaatotggac
atcctettgt
taaatccagt
acaaagtaag
ggacttcaag
cacagtccee
gegeggggta
gggagaaccy
cgcecagaaca
ttattattge
gcttetttag
ttaaactggt
agattacact
ctgacaatca
acgecteccgt
ggtggcggeg
ttggtegecac
gactacgggg
atectggggaa

aaggacaaca

tttgacgttyg
caaccctatc
gttaaaaaat
tacaatttaa
cggggtacat
ctegetecact
ctecagtgage
tecagectgg
ccecacagata
gacaagtctg
gattctgatg
agcaacagtg
gagaagttgg
aactgggaaa
tatataagtg
cagctagecac
acgeggeteg
gegaccgagt
atecagecagaa
caggcegttce
gtaaccttga
acacattecgg
gcagcegggag
ctagecagag
tatcatggat

gtgaaaccac

gtaagtegea

gagteccacgt
tceggtcetatt
gagctgattt
atatttgett
atgattgaca
gaggecgeae
gagcgagegco
gttggggecaa
tecagaacee
tetgectatt
tgtatatcac
ctgtggeetyg
ggggaggggt
gtgatgtegt
cagtagtcga
catggegete
tectgacata
aacaatatct
gecggacgga
tagcecgattt
gcaggaggac
tgggggaact
tggeggeteg
cctetecagte
acgacagccg
atactacaac

ggttttetta

tetttastag
cttttgattt
aacaaaaatt
atacaatcett
tgctagtttt
gggcaaagece
gcagagaggg
agagggaaat
tgaccetgee
caccgatttt
agacaaaact
gagcaactag
cggcaattga
gtactggete
cgtgaacgtt
ccagtgacag
cagatgacte
tgecgggeca
acagttaagt
tocgggttecg
atcgeccacct
aagctggaga
gaggtcaagt
acgtgecactg
cctagaaagg
teagetotea

aagatgaact
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780

840
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2960

1020
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1140
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1260
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1440

1500
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1620

1680

1740
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2040

2100
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240
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360
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ctctecagac
gttacgcaat
cagceccacg
ctgaggettg

gcegacatcta

taataacgct
tcatgegtee
aggaggagdg
accagcaggyg
acgtgttaga
acccccagga
agattggtat
tttecacege
gataagatac
tatttgtgaa
agttectagag
cagaagacac
ctgcgegete
ggtegeeegg
tetettgttt
aaaaatagcet
tggtgatttg
aggcattgca
ggctteteee
atgectetgag
ggatgttgga
gcatatggtg
acccgccaac
gacaagctgt
aacgecgegag
taatggttte
gtttattttt
tgcttcaata
ttcocttttt
taaaagatge

gcggtaagat

aagttetget

tgacgacacc
ggactactgg
tecceececacyg
caggecegeqg

catotgggea

gctatttact
ggtcagggea
cecagetccaa
gegggeggeg

ccactageeg

actgcgcgaa
cttctgtgac
cgatagcaag
cegtteacace

ggacttgegg

gcactactac
cgtatcecage
tcagcocetta
gegaggacta

agtgttgttg

tacggecggga

actactaccc
tetettegec
gacttegeet

ttgagettgg

ctactgcaag cgtgggagaa agaagctett gtacatttte

cgttecagacg
cggttgegaa
tecagaaccag
caagecgtaga
gggectgtac
gaagggcgag
gaccaaggac
attgatgagt
atttgtgatg
caacaaatct
cttettececo
gctcgctcac
ccteagtgag
gctecagact
acccteteeg
actgtcteeg
tttaaaatat
gcaaaagtat
getttattge
attectgatg
cactctcagt
accegectgac
gaccgtetee
acgaaagggce
ttagacgtca
ctaaatacat
atattgaaaa
tgecggeattt
tgaagatcag

cecttgagagt

atgtggegeg gtattatcece gtattgacge cgggcaagag caacteggte

actcaggagg
ctecagagtga
ctatacaacg
ggtagggace
aacgaactce
agacgtcgcg
acatacgacg
ttggacaaac
ctattgettt
gactttgecat
agcecaggta
tgaggeccgec
cgagcgageg
ctecaggcaat
gcatgaattt
gectttetea
atgagggtte
tacagggtca
ttaattttge
cggtatttte
acaatctget
gegeectgac
gggagctgca
ctegtgatac
ggtggcactt
tecaaatatgt
aggaagagta
tgecettectg
ttgggtgecac

tttegececy

aggacggetg
agttcteteg
agttaaacct
cggagatggg
agaaggacaa
gaaagggaca
cgctgeacat
cacaactaga
atttgtaacc
gtgcaaacge
agggcagcett
cgggcaaagc
cgcagagagg
gacctgatag
atcagectaga
ccegtttgaa
taaaaatttt
taatgttttt
taattetttg
teecttacgea
ctgatgeege
gggcttgtct
tgtgtcagag
gectattttt
ttcggggaaa
atecegeteat
tgagtattca
tttttgectca
gagtgggtta

aagaacgttt

ctegtgeega
ctecgeggac
ggggcgeegyg
aggcaagcect
gatggctgag
cgacggctta
gcaagectta
atgcagtgaa
attataagct
cttcaacaac
tggtgecctte
ccgggegteg
gagtggccaa
cctttgtace
acggttgaat
tetttaceta
tatccttgeg
ggtacaaccg
ccttgectgt
tcetgtgeggt
atagttaage
gctceeggea
gtttteaceg
ataggttaat
tgtgegegga
gagacaataa
acatttcegt
cccagaaacg
catcgaactg

tccaatgatyg

aagcagcecat
tteccggagg
geacecgett
gaggagtacg
cggagaaaga
gegtactegg
taccagggge
ccacctegat
aaaaatgctt
gcaataaaca
agcattatte
aattgcctct
ggcgaccttt
cceceggaegat
tgcaggtcte
atcatattga
cacattacte
ttgaaataaa
atttagettt
atgatttatt
atttcacace
cagececccgac
tcegettaca
tecatcaccga
gtcatgataa
accccectattt
cectgataaa
gtegecctta
ctggtgaaag
gatctcaaca

agcactttta
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geecgeataca
ttacggatgg
ctgeggeccaa
acaacatggg
taccaaacga
tattaactgg
cggataaagt
ataaatctgg
gtaagececcte
gaaatagaca
aagtttacte
aggtgaagat
actgagecgtc
gcgtaatctg
at.caagagct
atactgtecct
ctacatacct
gtettacegyg
cggggggtte
tacagcgtga
cggtaagegg
ggtatcttta
getegtecagg
tggectttty
ataaccgtat
gcagcgagte
cgegttggee
<210> 110

<211> 7887
<212> DNA

ctattctecag
catgacagta
cttacttetg
ggatecatgta
cgagegtgac
cgaactactt
tgcaggacca
agccggtgag
ccgtategta
gategctgag
atatatactt
cetttttgat
agaccccgta
ctgcttgcaa
accaactctt
tcetagtgtag
cgetetgeta
gttggacteca
gtgecacacag
gctatgagaa
cagggtegga
tagtectgte
ggggeggage
ctggectttt
taccgeettt
agtgagecgag

gattcattaa

aatgacttgg
agagaattat
acaacgatcg
actcegecttg
accacgatge
actctagcectt
cttectgeget
cgtgggtcte
gttatctaca
ataggtgect
tagattgatt
aatectecatga
gaaaagatca
acaaaaaaac
tttecgaagg
ccgtagttag
atcctgttac
agacgatagt
cccagettgg
agcgccacgc
acaggagagc
gggtttegee
ctatggaaaa
gectcacatgt
gagtgagctg
gaagcggaag

tg

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 110

ttgagtacte
gcagtgetge
gaggaccgaa
ategttggga
ctgtagcaat
cccggcaaca
cggeccttee
gcggtateat
cgacggggag
cactgattaa
taaaactteca
ccaaaatcee
aaggatcttc
caccgctace
taactggett
gecaccactt
cagtggctge
taccggataa
agegaacgac
ttccecgaagg
gcacgaggga
acctcetgact
acgecagcaa
tetttectge
ataccgeteg

agcgcecaat

accagtcaca
cataaccatg
ggagctaacc
accggagetg
ggcaacaacg
attaatagac
ggctggetgg
tgcagecactg
tcaggecaact
gcattggtaa
tttttaattt
ttaacgtgag
ttgagatcct
agcggtggtt
cagcagageg
caagaactct
tgecagtgge
ggegeagegg
ctacaccgaa
gagaaaggcg
gettecaggg
tgagegtega
cgeggecttt
gttatcceet
ccgeagecga

acgcaaacceg

gaaaageatce
agtgataaca
gettttttge
aatgaagecca
ttgecgecaaac
tggatggagg
tttattgetg
gggccagatg
atggatgaac
ctgtecagace
aaaaggatct
ttttegttce
ttttttetge
tgtttgcecgg
cagataccaa
gtagcaccge
gataagtcgt
tegggctgaa
ctgagatace
gacaggtatc
ggaaacgcect
tttttgtgat
ttacggttec
gattctgtgg
acgaccgagce

ccteteececeg

cagcagcetgg cgtaatageg aagaggcccg caccgatege cctteccaac agttgegeag

cctgaatgge gaatggaatt ccagacgatt gagegtcaaa atgtaggtat ttecatgage

gtttttectg ttgcaatgge tggecggtaat attgttctgg atattaccag caaggccgat

DK/EP 3756682 T3

4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060

6082

60
120

180



agtttgagtt
acggttaatt
acttctcagg
agctceocget
gtacgegece
cgetacactt
cacgttegee
tagtgettta
gecategece
tggactecttyg
ataagggatt
taacgcgaat
cctgtttttg
acggcgecgcec
accaaaggte
cagagaggga
cagggtcagt
tatatggaga
ccatattcat
gecttatate
caaaacctet
gccaacatac
cagattccaa
gecagagtta
ttattaagta
gttcactgaa

agtccatcac

acttgecage
gttggggecaa
tccagaacce
tetgecetatt
tgtatatcac
ctgtggectg
gcacatcgece
agagaaggtg
ccgagggtgg

acgggtttge

cttctactca
tgegtgatgg
attctggegt
ctgattctaa
tgtageggeg
gccagegece
ggecttteecce
cggcacctag
tgatagacgg
ttccaaactg
ttgecegattt
tttaacaaaa
gggcttttet
gggttggcca
geccegacgee
gtggccaact
ggctecaact
agctctcatt
tttgecaggtyg
aagtaaacgg
atcaatgaga
cataaaccte
gatgtacagt
tattgctggg
gccctgeatt
atcatggect

gagcagetgg

cocacagage
agagggaaat
tgaccctgec
caccgatttt
agacaaaact
gagcaactag
cacagtececc
gegeggggta
gggagaaccg

cgccagaaca

ggcaagtgat
acagactctt
accgttectg
cgaggaaagce
cattaagege
tagecgecege
gtcaagctcet
accccaaaaa
tttttegeee
gaacaacact
cggectattyg
tattaacgtt
gattatcaac
ctcectetet
cgggetttge
ccatcactag
aacatttgtt
tetttetecag
aaattcctga
tagegetggg
gagcaatete
ccattetget
ttgectttget
gttttgaaga
tcaggtttee
cttggecaag

tttectaagat

gttattacta
ttacteggtyg
tctaaaatce
acgttatacg
ggcgggtgtyg
tecttteget
aaatcggggg
acttgattag
tttgacgttyg
caaccctate
gttaaaaaat
tacaatttaa
cggggtacat
gcgcgctcege
ecgggeggec
gggttectac
tggtacttta
aagagcctgg
gatgtaagga
gettagacge
ctggtaatgt
aatgcecage
gggccttttt
agatcctatt
ttgagtggea
attgataget

getatttece

atcaaagaag
gectecactga
ctttaatcgg
tgctegtecaa
gtggttacge
ttettecett
ctecetttag
ggtgatggtt
gagtccacgt
tecggtetatt
gagctgattt
atatttgectt
atgattgaca
tcgctecactg
tcagtgageg
gegtagatet
cagtttatta
ctaggaaggt
getgetgtga
aggtgttetg
gatagattte
ctaagttggg
cccatgecctg
aaataaaaga
ggccaggect
tgtgeectgte

gtataaagca

tattgcgaca
ttataaaaac
cctcctgttt
agcaaccata
geagegtgac
cetttetege
ggttecgatt
cacgtagtgg
tetttaatag
cttttgattt
aacaaaaatt
atacaatctt
tgctagtttt
aggccgggeg
agcgagaegeg
catattetgg
aatagatgtt
ggatgaggca
cttgetcaag
atttatagtt
ccaacttaat
gagaccactce
cctttactct
ataagcagta
ggecegtgaac
cctgagtece

tgagaccgtg
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240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740

1800

1860

coageccettg
gagatcatgt
gtgtaccage
gattctcaaa
gtgctagaca
tggatctgeg
gagaagttgg
aactgggaaa
tatataagtg

cagctgaage

teecatecactyg
cctaaccetyg
tgagagactce
caaatgtgte
tgaggtctat
atcgetecgg
ggg9g9aggggt
gtgatgtcgt
cagtagtecge

ttecgagggge

gecatetggace
atcetcttgt
taaatccagt
acaaagtaag
ggacttcaag
tgcecgtcag
cggcaattga
gtactgget.c
cgtgaacgtt

tcgeatetet

teecagectgyg
cccacagata
gacaagtctg
gattctgatg
agcaacagtg
tgggcagage
acgggtgcct
cgecttttte
ctttttegea

cctteacgeg

1920

1980

2040

2100

2160

2220

2280

2340

2400



cccgecgece
cctgtggtge
cgggectttg
gcectgacceet
gateccaaget
agtctcgaac
gttattattg
tgettettta
cttaaactgg
gagattacac
cctgacaate
cacgcteceg
cggtggegge
cttggtegea
agactacggg
tatctgggga
taaggacaac
cgctatttac
gggtcaggge
gcecagctcea
ggegggegdge

accactagee

gcgtgggaga
gactcaggag
actcagagtg
gectatacaac
aggtagggac
caacgaactce
gagacgtcgc
cacatacgac
cgagcagaca
aaaaaatgct
tgcaataaac
tttgcatgtg
ccaggtaagg
ttectgeceag
atccattgce

agagaatgac

tacctgagge
ctectgaact
teecggegete
gettgeteaa
gtgaccggcg
ttaactagca
cacgcggete
ggcgacegag
tatcagcaga
tcaggegtte
agtaaccttg
tacacatteg
ggcagcgggg
cctagccaga
gtatecatgga
agtgaaacca
agtaagtege
tactgcgega
acttctgtga
acgatageaa
geegtteaca

gggacttgeg

cgeccatecac
gegtecgeeg
cettggagee
ctetacgtet
cctactcectag
ccatggeget
gtcctgacat
taacaatate
agccggacgg
ctagecegatt
agcaggagga
gtgggggaac
gtggeggete
gectetcagt
tacgacagce
catactacaa
aggttttett
agcactacta
cecgtatcecag
gtecagecett
cgegaggact

gagtgttgtt

gceggttgag
tctaggtaag
tacctagact
ttgtttegtt
agctagegea
cccagtgaca
acagatgact
ttgeecgggee
aacagttaag
ttegggttee
catcgecace
taagetggag
ggaggtcaag
cacgtgcact
gectagaaag
ctecagctcte
aaagatgaac
ctacggcggg

cactactacc

tegegttetg
tttaaagcte
cagceggete
ttetgttetg
gtcagtgett
gecttacttt
cagactacct
agceaggaca
ttgctcattt
ggttececggta
tacttetgte
attacecggag
ttacaggaga
gtgtctggag
ggcttagagt
aagagccgec
tetetecaga
agttacgcaa

ccagccccac

cegectceceeg
aggtcgagac
tecacgettt
cgecgttaca
ctgacacaac
tacctctgge
cttecctate
tetecaaaata
accacacgtce
cggactacag
agcagggcaa
geggtggeag
geggaccggg
tecagtctcee
ggctgggggt
tecaccatecat
ctgacgacac
tggactactg

gtccceececac

atectettege
agacttegee

gttgagettg

cectgaggett
tgegacatet

gtaataacge

aagaagctet tgtacatttt caagcageca ttecatgegte

gaggacggct
aagttctcete
gagttaaacc
ccggagatgg
cagaaggaca
ggaaagggac
gegetgeaca
tgataagata
ttatttgtga
aagttaacaa
caaacgcctt
gcagctttgg
agectcectggte
accaaaacce

acgggaaaaa

getegtgecg
getecgegga
tggggcgeeg
gaggcaagce
agatggctga
acgacggctt
tgcaagcett
cattgatgag
aatttgtgat
caacaattecg
caacaacagc
tgeecttcgea
aatgatgtect
tetttttact

agcagatgaa

atteceggag
cgcacceget
ggaggagtac
tecggagaaag
ggcgtacteg
ataccagggg
accacctega
tttggacaaa
gctattgectt
aatttaaatc
attattccag
ggctgtttcc
aaaactccte
aagaaacagt

gagaaggtgg

gaggaggagg
taccagecagg
gacgtgttag
aacccedagg
gagattggta
cttteccaccg
tgaggtacca
ccacaactag
tatttgtaac
ggatccgeaa
aagacacctt
ttgcttcagg
tgattggtgg
gageccttgtt

caggagaggg

gcaggecege
acatctggge

tetactgeaa

cecgttcagac
geggttgega
gtcagaacca
acaagcgtag
agggaectgta
tgaagggega
cgaccaagga
geggecgett
aatgcagtga
cattataagc
caaatctgac
cttececcage
aatggccagg
teteggeett
ctggcagtee

cacgtggece
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2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620

4680



agcctecagte
tactgctett
ctgtectgeeca
ceaccaatca
aaagtcagat
cagctgggaa
acagccacct
accagcecta
gegetegete
geceggecte
gtctcaaaaa
attgatggtg
tactcaggea
ataaaggctt

getttatget

ttattggatg
acaccgcata
ccgacacceg
ttacagacaa
accgaaacge
gataataatg
tatttgttta
ataaatgett
cettattece
gaaagtaaaa
caacagceggt
ttttaaagtt
cggtegecge
geatettacg
taacactgeg
tttgecacaac
agccatacca
caaactatta
ggaggceggat
tgctgataaa
agatggtaag
tgaacgaaat

agaccaagtt

tetecaactg
ctaggcctea
aaaaatcttt
ctgattgtge
gaggggtgtg
aagtccaaat
tcaggacaaa
ccaagggcag
getcactgag
agtgagegag
tagctaccet
atttgactgt
ttgecatttaa
ctceccgeaaa

ctgaggettt

ttggaattee
tggtgcacte
ccaacaccceqg
getgtgacceg
gecgagacgaa
gtttettaga
tttttctaaa
caataatatt
ttttttgegg
gatgctgaag
aagatcettg
ctgectatgtyg
atacactatt
gatggecatga
gecaacttac
atgggggate
aacgacgage
actggegaac
aaagttgecag
tctggagecg
ccctecegta
agacagatcg

tactcatata

agttectgee
ttetaagece
cccagetcac
cggcacatga
cccagaggaa
aacttcagat
agtcagggaa
ggagaggace
gcegeecggyg
cgagegegea
cteecggeatg
cteceggectt
aatatatgag
agtattacag

attgecttaat

tgatgeggta
tcagtacaat
ctgacgegec
tetecegggag
agggecctegt

cgtcaggtgy

tacattcaaa
gaaaaaggaa
cattttgeet
atcagttggg
agagttttcyg
gegeggtatt
ctcagaatga
cagtaagaga
ttetgacaac
atgtaactecg
gtgacaccac
tacttactet
gaccacttcet
gtgagegtgg
tcgtagttat
ctgagatagg

tactttagat

tgectgeett
cttetecaag
taagtcagte
atgeaccagg
gcaccattcet
tggaatgtgt
gggetetetg
aattgatgga
caaagccegg
gagagggagt
aatttatecag
teteaceegt
ggttctaaaa
ggtcataatg

tttgctaatt

tgectcagact
ttgectetee
tcacgcagte
tgttgaagtg
agttggggga
tttaactcag
aagaaatgcet
gttggecact
gegtegggeg
ggecaacgge
ctagaacggt
ttgaatcettt
atttttatee
tttttggtac

ctttgecttg

gtttgeeect
ttatttetee
actcattaac
gaggaattaa
geeocatetgt
ggttgagaaa
acttgaagat
cectetetge
acctttggte
gegectgeag
tgaatatecat
acctacacat
ttgegttgaa
aaccgattta

cectgtatgat

ttttetectt
ctgctctgat
ctgacggget
ctgeatgtgt
gatacgecta
cacttttegg
tatgtatccg
gagtatgagt
teetgttttt
tgcacgagtyg
ceccgaagaa
atcccgtatt
cttggttgag
attatgeagt
gatcggagga
ccttgatcgt
gatgectgta
agetteeecgg
gegeteggee
gtetecgeggt
ctacacgacg
tgectcactg

tgatttaaaa

acgecatetgt
gecgeatagt
tgtctgetee
cagaggtttt
tttttatagg
ggaaatgtge
ctcatgagac
attcaacatt
geteacecag
ggttacatcg
cgttttccaa
gacgeccggge
tactcaccag
getgecataa
cegaaggage
tgggaaccgg
gcaatggecaa
caacaattaa
ctteoeggetyg
atcattgcag
gggagtcagg
attaagcatt

cttcattttt

geggtattte
taagccagec
cggecatecege
caccgtcate
ttaatgtcat
gcggaaccee
aataaccctg
toegtgtege
aaacgetggt
aactggatct
tgatgagcac
aagagcaact
tcacagaaaa
ccatgagtga
taaccgettt
agctgaatga
caacgttgeg
tagactggat
getggtttat
cactggggece
caactatgga
ggtaactgte

aatttaasaq
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4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520

5580

5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900

6960



gatctaggtg

gttccactga
tctgegegta
gecggatcaa
accaaatact
acegectaca
gtegtgtett
ctgaacgggg

atacctacag

gtatccggta
cgectggtat
gtgatgeteg
gttectggee
tgtggataac
cgagecgeage
cecegegegt
<210> 111

<211> 486
<212> PRT

aagatccttt
gegteagace
atctgetget
gagctaccaa
gteccttetag
tacctcgete
acegggttgg

ggttegtgea

cgtgagetat

agcggcaggg

ctttatagte

teagggggge
ttttgetgge
cgtattaccg
gagtcagtga

tggecgatte

ttgataatct
cagtagaaaa
tgecaaacaaa
ctetttttee
tgtageccgta
tgctaatect
actecaagacg
cacageccadg

gagaaagege

tcggaacagg
ctgtegggtt
ggagectatg
cttttgetceca
cctttgagtyg
gcgaggaage

attaatg

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 111

Met Ala Leu

1

His Ala

Ser Ala

35

Ile
50

Asp

val
65

Lys
Ser

Arg

Ser Asn

Ala

Ser

Ser

Leu

Phe

Leu

Pro Val

Arg Pro

20

Leu Gly

Lys Tyr

Leu Ile

Ser Gly

85

Glu
100

Gln

Thr

Asp

Asp

Leu

Tyr

70

Ser

Glu

Ala Leu

Gln

Ile

Val
40

Arg

Asn
55

Trp
His Thr
Ser

Gly

Asp Ile

catgaccaaa
gatcaaagga
aaaaccaccg
gaaggtaact
gttaggeccac
gttacecagtg
atagttaceg
cttggagega

cacgettcoee

atcccttaac
tcttettgag
ctaccagcgg
ggettecagea
cacttcaaga
gctgetgeca
gataaggecge
acgacctaca

gaagggagaa

gtgagtttte
atcctttttt
tggtttgttt
gagcgeagat
actctgtage
gtggcgataa
agceggteggg
cegaactgag

aggcggacag

Leu

Met

25

Thr

Tyr

Ser

Gly

Ala
105

agagcgcacyg
tegececacete
gaaaaacgee
catgttettt

agctgatace

ggaagagcgce

Leu Pro

10

Thr Gln

Ile Ser
Gln

Gln

Leu
75

Arg

Thr
20

Asp

Thr Tyr

agggagctte
tgacttgage
agcaacgegyg
cctgegttat
gectegeegea

ccaatacgea

Leu Ala

Thr Thr

30

Cys Arg

45

Lys Pro

60

His Ser

Tyr Ser

Phe Cys

110

Leu

Ser

Ala

Asp

Gly

Leu

Gln

cagggggaaa
gtegattttt
cctttttacyg
ccectgatte
gccgaacgac

aaccgectet

Leu Leu

15

Ser Leu

Ser Gln

Gly Thr

Val Pro

80

Thr
95

Ile

Gln Gly
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7020
7080
7140
7200
7260
7320
7380
7440

7500

7560
7620
7680
7740
7800
7860

7887



Asn

Gly

val

145

Leu

Val

Val

Arg

Met

225

His

Thr

Thr

Ala

Phe

305

Val

Lys

Thr

Glu

Pro
385

Thr

Gly

130

Lys

Ser

Ser

Ile

Leu

210

Asn

Tyr

Ser

Pro

Cys

290

Ala

Leu

Lys

Thr

Gly

370

Ala

Leu
115

Gly

Leu

Val

Trp

Trp

185

Thr

Ser

Tyr

val

Ala

275

Arg

Cys

Leu

Leu

Gln

355

Gly

Tyr

Pro

Gly

Gln

Thr

Ile

180

Gly

Ile

Leu

Tyr

Thr

260

Pro

Pro

Asp

Leu

Leu

340

Glu

Cys

Gln

Tyr

Ser

Glu

Cys

165

Arg

Ser

Ile

Gln

Gly

245

val

Thr

Ala

Ile

Ser

325

Tyr

Glu

Glu

Gln

Thr

Gly

Ser

150

Thr

Gln

Glu

Lys

Thr

230

Gly

Ser

Ile

Ala

Tyr

310

Leu

Ile

Asp

Leu

Gly
380

Phe Gly Gly Gly Thr Lys Leu Glu Ile Thr

Gly
135

Gly

Val

Pro

Thr

Asp

215

Asp

Ser

Ser

Ala

Gly

295

Ile

Val

Phe

Gly

Arg

375

Gln

120

Gly Gly Ser Gly Gly Gly Gly Ser Glu

Pro Gly Leu Val Ala Pro Ser Gln Ser

Ser

Pro

Thr

200

Asn

Asp

Tyr

Thr

Ser

280

Gly

Trp

Ile

Lys

Cys

360

val

Asn

Gly

Arg

185

Tyr

Ser

Thr

Ala

Thr

265

Gln

Ala

Ala

Thr

Gln

345

Ser

Lys

Gln

Val

170

Lys

Tyr

Lys

Ala

Met

250

Thr

Pro

Val

Pro

Leu

330

Pro

Cys

Phe

Leu

155

Ser

Gly

Asn

Ser

Ile

235

Asp

Pro

Leu

His

Leu

315

Tyr

Phe

Arg

Ser

Tyr
395

140

Leu

Leu

Ser

Gln

220

Tyr

Tyr

Ala

Ser

Thr

300

Ala

Cys

Met

Phe

Arg

380

Asn

125

Pro

Glu

Ala

205

val

Tyr

Trp

Pro

Leu

285

Arg

Gly

Lys

Arg

Pro

365

Ser

Glu

Asp

Trp

190

Leu

Phe

Cys

Gly

Arg

270

Arg

Gly

Thr

Arg

Pro

350

Glu

Ala

Leu

Tyr

175

Leu

Lys

Leu

Ala

Gln

255

Pro

Pro

Leu

Cys

Gly

335

val

Glu

Asp

Asn

160

Gly

Gly

Ser

Lys

Lys

240

Gly

Pro

Glu

Asp

Gly

320

Arg

Gln

Glu

Ala

Leu
400
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Gly

Pro

Tyr

Gly

Gln

465

Gln

Arg

Glu

Asn

Met

450

Gly

Ala

Arg

Met

Glu

435

Lys

Leu

Leu

<210> 112
<211> 242
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 112

Asp Ile Gln

1

Asp

Leu

Tyr

Ser

65

Glu

Thr

Gly

Ser

Asn

His

50

Gly

Asp

Phe

Gly

Gly
130

Vval

Trp

35

Thr

Ser

Ile

Gly

Gly

115

Pro

Glu

Gly

420

Leu

Gly

Ser

Pro

Met

Thr

20

Tyr

Ser

Gly

Ala

Gly

100

Gly

Gly

Glu

405

Gly

Gln

Glu

Thr

Pro
485

Thr

Ile

Gln

Arg

Thr

Thr

85

Gly

Ser

Leu

Tyr

Lys

Lys

Arg

Ala

470

Arg

Gln

Ser

Gln

Leu

Asp

70

Tyr

Thr

Gly

val

Asp

Pro

Asp

Arg

455

Thr

Thr

Cys

Lys

His

55

Tyxr

Phe

Lys

Gly

Ala
135

val

Arg

Lys

4490

Arg

Lys

Thr

Arg

Pro

40

Ser

Ser

Cys

Leu

Gly

120

Pro

Leu

Arg

425

Met

Gly

Asp

Ser

Ala

25

Asp

Gly

Leu

Gln

Glu

105

Gly

Ser

Asp

410

Lys

Ala

Lys

Thr

Ser

10

Ser

Gly

Val

Thr

Gln

90

Ile

Ser

Gln

Lys

Asn

Glu

Gly

Tyr
475

Leu

Gln

Thr

Pro

Ile

75

Gly

Thr

Glu

Ser

Arg

Pro

Ala

His

460

Asp

Ser

Asp

val

Ser

60

Ser

Asn

Gly

Vval

Leu
140

Arg

Gln

Tyr

445

Asp

Ala

Ala

Ile

Lys

45

Arg

Asn

Thr

Gly

Lys

125

Ser

Gly

Glu

430

Ser

Gly

Leu

Ser

Ser

30

Leu

Phe

Leu

Leu

Gly

110

Leu

val

Arg

415

Gly

Glu

Leu

His

Leu

15

Lys

Leu

Ser

Glu

Pro

95

Gly

Gln

Thr

Asp

Leu

Ile

Tyr

Met
480

Gly

Tyr

Ile

Gly

Gln

80

Tyr

Ser

Glu

Cys
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Thr Val Ser Gly Val Ser Leu Pro Asp Tyr Gly Val Ser Trp Ile Arg
145 150 155 160

Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly Val Ile Trp Gly Ser
165 170 175

Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile
180 185 190

Lys Asp Asn Ser Lys Ser Gln Val Phe Leu Lys Met Asn Ser Leu Gln
195 200 205

Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly
210 215 220

Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser Val Thr Val
225 230 235 240

Ser Ser

<210> 113
<211> 112
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 113
Arg Val Lys Phe Ser Arg Ser Ala Asp Ala Pro Ala Tyr Gin GIn Gly 1 5 10 15

GIn Asn GIn Leu Tyr Asn Glu Leu Asn Leu Gly Arg Arg Glu Glu Tyr 20 25 30
Asp Val Leu Asp Lys Arg Arg Gly Arg Asp Pro Glu Met Gly Gly Lys 35 40 45
Pro Arg Arg Lys Asn Pro GIn Glu Gly Leu Tyr Asn Glu Leu GIn Lys 50 55 60

Asp Lys Met Ala Glu Ala Tyr Ser Glu lle Gly Met Lys Gly Glu Arg 65 70 75 80
Arg Arg Gly Lys Gly His Asp Gly Leu Tyr Gln Gly Leu Ser Thr Ala
85 S0 95

Thr Lys Asp Thr Tyr Asp Ala Leu His Met Gln Ala Leu Pro Pro Arg
100 105 110

<210> 114

<211> 42

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized



<400> 114
Lys Arg Gly Arg Lys Lys
1 5

Arg Pro Val Gln Thr Thr
20

Pro Glu Glu Glu Glu Gly
35

<210> 115

<211>21

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 115
Met Ala Leu Pro Val Thr
1 5

His Ala Ala Arg Pro
20
<210> 116
<211> 45
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthesized

<400> 116
Thr Thr Thr Pro Ala Pro
1 5

Ser Gln Pro Leu Ser Leu
20

Gly Ala Val His Thr Arg
35

<210> 117

<211> 24

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthesized

<400> 117

Ile Tyr Ile Trp Ala Pro
1 3

DK/EP 3756682 T3

Leu Leu Tyr Ile Phe Lys Gln Pro Phe Met
10 15

Gln Glu Glu Asp Gly Cys Ser Cys Arg Phe
25 30

Gly Cys Glu Leu
40

Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
10 15

Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala
10 15

Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly
25 30

Gly Leu Asp Phe Ala Cys Asp
40 45

Leu Ala Gly Thr Cys Gly Val Leu Leu Leu
in 18



Ser Leu Val Ile Thr Leu Tyr Cys

<210> 118
<211> 493
<212> DNA

20

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 118
gggcagageg

cgggtgccta
gectttttee
tttttegeaa
cttcacgege
cgectecege
ggtecgagace
ccacgetttg
gecgttacag
<210> 119

<211> 2184
<212> DNA

cacatcgeee
gagaaggtgg
cgagggtggg
cgggtttgec
cegeegeect
ctgtggtgee
gggectttgt
cctgacectg

ate

acagtccecceyg
cgcggggtaa
ggagaaccgt
gccagaacac
acctgaggcce
tcctgaactg
ccggegetee

cttgectcaac

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 119
gggcagageg

cgggtgecta
gectttttee
tttttegecaa
ctteacgege
cgectecege
ggtcgagace
ccacgetttg
gecgttacag
tgacacaaca
acctetggeg

ttcectatet

cacatcgece
gagaaggtgg
cgagggtggg
cgggtttgee
cegeaegocct
ctgtggtgee
gggectttgt
cctgacactg
atccaagctg
gtectcecgaact
ttattattge

acttetttaa

acagteccag
cgeggggtaa
ggagaaccgt
geccagaacac
acctgaggcce
tectgaactg
ceggegetee
cttgetcaac
tgaccggcge
taactageac
acgeggcteg

acaaccaaat

agaagttggg
actgggaaag
atataagtge
agctgaaget
geccatecacy
cgteecgeegt
cttggagect

tetacgtett

agaagttggg
actgggaaag
atataagtge
agctgaaget
gcacatecacg
cgtecgecgt
cttggagect
tctacgtett
ctactcectaga
catggegete
teectgacata

aacaatatct

gggaggggte
tgatgtegtg
agtagtcgece
tecgagggget
ccggttgagt

ctaggtaagt

acctagacte

tgtttegttt

gggaggggte
tgatgtegtg
agtagtcgee
tegagggget
ceggttgagt
ctaggtaagt
acctagacte
tgtttegttt
gectagegeag
cecagtgacag
cagatgactce

taceaaacca

ggcaattgaa
tactggetee
gtgaacgtte
cgecatctete
cgegttetge
ttaaagetcea
ageccggetcet

tetgttetge

ggcaattgaa
tactggetce
gtgaacgtte
cgecatctete
cgegttetge
ttaaagctca
agecggetet
tetgttetge
tcagtgcette
ccttactttt
agactaccte

accacaaacat
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60
120
180
240
300
360
420
480

493

60
120
180
240
300
360
420
480
540
600
660

720



ctcaaaatac
ccacacgtcg
ggactacage
gcagggecaac
cggtggcage
cggacecggge
cagtctecea
getgggggtt
caccatecatt
tgacgacacce
ggactactgg
tecececcecacg
caggeecgeg
catctgggea
ctactgcaag
cgttcagacg
cggttgegaa
teagaaccag

caagcgtaga

gggectgtac
gaagggcgag
gaccaaggac
cggecgette
atgcagtgaa
attataaget

<210>120
<211> 6811

<212> DNA

ttaaactggt
agattacact
ctgacaateca
acgetecegt
ggtggcggeg
ttggtcgecac
gactacgggg
atctggggaa
aaggacaaca
gctatttact
ggtcagggea
ccagctcocaa
gegggeggeg
ccactageeg
cgtgggagaa
actcaggagg
ctcagagtga
ctatacaacg

ggtagggace

aacgaactce
agacgtcegeg
acatacgacg
gagcagacat
aaaaatgctt

gcaataaaca

atcagcagaa
caggcgttcc
gtaaccttga
acacattegg
gcagcggggg
ctagccagag
tatecatggat
gtgaaaccac
gtaagtegea
actgegecgaa
cttetgtgac
cgatagcaag
cegtteacac
ggacttgegg
agaagctett
aggacggctg
agttectecteg
agttaaacct

cggagatggg

agaaggacaa
gaaagggaca
cgetgeacat
gataagatac
tatttgtgaa

agtt

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 120

atatceagaa
ctgtetgect
atgtgtatat

gtgetgtgge

cectgacccet
attcacegat
cacagacaaa

ctggagcaag

geegtgtace
tttgattete

actgtgetag

ggcagagege

gcecggacgga
tagccgattt
gcaggaggac
tgggggaact
tggcggetcg
ccteteagte
acgacagcecyg
atactacaac
ggttttetta
gcactactac
cgtateocage
tcagcectta
gegaggacta
agtgttgttg
gtacatttte
ctegtgecga
cteegeggac

ggggcegcecgyg

aggcaagect

acagttaagt
tcgggttecg
atcgecacet
aagetggaga
gaggtcaagt
acgtgecactg
cctagaaagyg
tcagctctca
aagatgaact
tacggeggga
actactaccce
tctettegee
gacttegect
ttgagettgg
aagcageccat
ttececeggagg
geacacgett
gaggagtacyg

cggagaaaga

- @ —ma— -

tgctecattta
gtteceggtac
acttectgtea
ttaccggagy
tacaggagag
tgtctggagt
gettagagtg
agagccgect
cteteocagace
gttacgcaat
cagccccacg
ctgaggettg
gcgacatcta
taataacgcet
tcatgegtee
aggaggaggyg
accagcaggg
acgtgttaga

acccccagga

gatggetgag gegtactegg agattggtat

cgacggetta taccagggge tttcocacege

geaagectta ccacctegat gaggtaccag

attgatgagt ttggacaaac cacaactaga

atttgtgatg ctattgettt atttgtaace

agectgagaga
aaacaaatgt
acatgaggtce

acatcgecceca

ctetaaatee
gtcacaaagt
tatggactte

cagteoceega

agtgacaagt
aaggattctg

aagagcaaca

gaagttgggg
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780

840

200

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2184

60

120

180

240



ggaggggtrcg
gatgtegtgt
gtagtegecg
cgaggggcte
cggttgagte
taggtaagtt
cctagactca
gtttcegtttt
ctagecgeagt
cagtgacage
agatgactca
gecgggceeag
cagttaagtt
cgggttcegg
tcgeccaccta
agctggagat

aggtcaagtt

cgtgcactgt
ctagaaaggg
cagctctcaa
agatgaactce
acggcgggag
ctactaccec
ctcttegeee
acttegectg
tgagcttggt
agcagecatt
tececggagga
caceccgetta
aggagtacga
ggagaaagaa
cgtactegga
accagggget
cacctegatg
tggacaaace
tattgettta

gtgcaaacge

gcaattgaac
actggct.ceg
tgaacgttet
gecatetetee
gegttetgee
taaagctcag
gecggetete
ctgttetgeg
cagtgcttet
cttactttta
gactacctcet
ccaggacatce
gctcatttac
ttecggtacg
cttctgtcag
taccggagge

acaggagagce

gtetggagte
cttagagtgg
gageacgecte
teteocagact
ttacgcaatg
agecccacgt
tgaggettge
cgacatctac
aataacgctc
catgegtcece
ggaggagggce
cecagecagggt
cgtgttagac
ccecccaggag
gattggtatg
ttececacegeg
aggtaccage
acaactagaa
tttgtaaceca

cttcaacaac

gggrgecctag
cctttttece
ttttegeaac
ttecacgegee
gcctecegee
gtcgagaccg
cacgctttge
ccgttacaga
gacacaacag
cctetggegt
tcectatetg
tcaaaatact
cacacgtcga
gactacagcc
cagggcaaca
ggtggcageg

ggaccggget

agtcteccag
ctgggggtta
accatcatta
gacgacaccg
gactactggg
ccececoccacge
aggeccgegyg
atctgggeac
tactgcaagce
gttecagacga
ggttgcgaac
cagaaccagc
aagcgtagag
ggcctgtaca
aagggcgaga
accaaggaca
ggcegetteg
tgcagtgaaa
ttataagctg

agcattatte

agaaggrggce
gagggtgggg
gggtttgecg
cgecgeccta
tgtggtgect
ggectttgte
ctgaccctge
tecaagetgt
tetecgaactt
tattattgea
cttetttagg
taaactggta
gattacacte
tgacaatcag
cgctccegta
gtggcggegyg

tggtegeace

actacgggot
tctggggaag
aggacaacag
ctatttacta
gtcagggcac
cagetecaac
cgggeggege
cactagecegg
gtgggagaaa
ctcaggagga
tcagagtgaa
tatacaacga
gtagggacce
acgaactcca
gacgtecgegg
catacgacgce
agcagacatg
aaaatgettt
caataaacaa

cagaagacac

gceggggraaa
gagaaccgta
ccagaacaca
cctgaggecyg
cctgaactge
cggegetecece
ttgctcaact
gaccggegece
aactagcacc
cgeggetegt
cgacegagta
tcageagaag
aggcgttcet
taaccttgag
cacattecggt
cagegggggt

tagceagage

ctgggaaagt

tataagtgeca
getgaagett
cecatececacge
gtecgeagte
ttggagcecta
ctacgtettt
tactctagag
atggcgetece
cctgacatace
acaatatctt
ccggacggaa
agccgatttt
caggaggaca
gggggaacta
ggeggetcegg

ctetecagteca

atcatggata cgacagcege

tgaaaccaca
taagtegecag
ctgegegaag
ttectgtgace
gatagcaagt
cgtteacacy
gacttgecgga
gaagctettg
ggacggctge
gttetctege
gttaaacctg
ggagatggga
gaaggacaag
aaagggacac
gcetgeacatg
ataagataca
atttgtgaaa
gttcaaatct

cttetteecce

tactacaact
gttttettaa
cactactact
gtatccagca
cagccecttat
cgaggactag
gtgttgttgt
tacattttca
tegtgecgat
tecgeggacyg
gggcgecggyg
ggcaagccete
atggetgagg
gacggcttat
caagecttac
ttgatgagtt
tttgtgatge
gactttgecat

agcccaggta
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30U
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200

1260

1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400

2460



agggcagett
cagagctcetg
gccaccaaaa
gacacgggaa
gtctctecaa
cttetaggee
ccaaaaaatce
teactgattg
gatgaggggt
gaaaagtceca

ccttcaggac

ctaccaaggy
gaagagcagce
ccatgagagg
gggagggaca
ggagttttge
teegectceee
geacccgeca
gttggccagg
agtgctggga
gagtgctgta
gcagagagat
gtttcaaagg
ggattttgge
aaaaatttgg
ctttatggee
aggcaagagc
tgtacaaaca
tgecagggee
ctccacaagg
gggtgggaga
ttectgtgat
tgggtttgca
tgggaagaaa
ctgceccagag
taagecacttt
gtattecttt

tgtgaaattt

tggtgeette
gtcaatgatg
cectettttt
aaaagcagat
ctgagttect
tecattctaag
ttteccaget
tgcecggeaca
gtgececagag
aataacttca

aaaagtcagg

cagggagagyg
aggcatgagt
gtagacagta
cctaatttge
tettgttgee
aggttcaagt
ccatgectgg
ctggtctega
ttacaggegt
cggagagtgg
gatggaggce
tagaaccatg
ctgagcagct
ggtgcaggga
cttgtcacta
agggtctatg
gtgtatattg
aggggctecte
aggcatggaa
gtecagectge
gtecaagetgyg
caggattgcg
ttagtagatg
ctgggtgggg
gaggatgagt
caacagetcee

ctgagtceect

gecaggetgtt
tetaaaacte
actaagaaac
gaagagaagg
gectgectge
cecettetee
cactaagtca
tgaatgcacc
gaagcaccat
gattggaatg

gaagggctct

accctataga ggcectgggac

tgaatgaagg
ttetaaggac
ttttettttt
caggetggag
gattectectg
ctaatttttt
actcctgace
gageccaccac
gttgtaagec
tgggcagggt
cagggatgag
gagtcaatga
tcaaaacttt
tgtatgcecctce
tgtgatggca
agtaaataga
cctagcaggt
aggctgtagt
tctggatget
tegagaaaag
gaagtgatga
tgggaatgaa
tctetectga
ttetagette
actgtcaaga

tagggatage

teettgette
ctetgattgg
agtgagecett
tggcaggaga
ctttgeteag
aagttgecte
gtctecacgea
aggtgttgaa
tetagttggg
tgttttaact

ctgaagaaat

aggaatggcee
tggtectegge
gttetggeag
gggcacgtgg
actgtttgee
tecttattte
gtecactcatt
gtggaggaat
ggagcececate
cagggttgag

gctacttgaa

aggttctgee
cttatceatt
tcecagagaat
ceccagectca
ccttactget
tecectgtetg
aacccaccaa
taaaaagtca
tgtaagetgy
aaaacagcta

gataccagcc

aggagctcaa tgagaaagga

aggcagggec
geecagaaage
tttttttttt
tgcaatggtyg
ccteagecte
gtatttttag
tcaggtgate
acceggectg
aagagtagaa
ggtggcaggg
aaagcaaaga
tagtgeegtt
ttggaacata
getgecteca
catgtggecca
aatggtgtece
getcatatge
tgttcacctg
gaaagaatgt
ctttgaaaca
acccgcaata
tgatgaggaa
atcecctetca
aatagaccaa
gagccagaga

cctaaacgaa

gggtcacagg
tgttgategg
tttttttttt
catettgget
ccgagtaget
tagagacagg
cacecegette
cttttcttaa
gcagaaaggg
aggtaaccaa
ggggatcaag
tactaagaag
tgaaagtacyg
ttggactcta
gggtcatgca
aggagcegag
tgtaagttce
cccaagaact
ctgtttttee
ggtaagacag
accctgectg
tggaaacage
ccatctctga
ggactcectete
gagcttetgg

ccagatecate

gcecettectagg
cttecaagecag
tttttgagat
cactgecaace
gagattacag
gtttcactat
agcctccecaa
agatcaatet
agecagttgea
caccattcag
gaaggcaget
aaaccaagga
tgtttatact
gaatgaagcce
acatgtactt
gtateggtec
ctccagatct
aggaggtctg
ttttagaaag
gggtctagee
gatgagggag
ggtteaagac
ctttccatte
ctaggectet
gtggeecage

ctgaggacag
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2520
2580
2640
2700
2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680

4740



ccaagaggtt
gtectgtete
ccatttgagt
catetggace

ctecagaaata

ttgeccttett
tcaagaatce
tgttettatt
cgaggtattg

aaataagage

tcaagacaag
cctgecacte
gagtcatcct

tgatgataaa

caagtctagt

caacagtact
ctcacaccca
tecetgtggta
ttetgageace

cggtgtttee

cacataggct
cectgggeee
gaggaactca
ctaccccate

tgtettgaaa

gtgggcaatg
atattcattt
ctaaggggec
cocagaaggy

cacaatactg

ttggeecctgyg aagaatgcac agaatcetgtt tgtaagggga tatgcacaga agetgeaagg

gacaggaggt
cgtgggtgtyg
ctcttggttt
tecteetect
gaggtgaggyg
taagctcectga
ccaaactcte
cgctgtaaaa
gaacagttgt
acacttgtgt
cetetetece
accccaatce
gacaactgca
acacctgtaa
agecctgggea
gtgetgcaca
ctggaatgtt
aagcaagatc
gaactctace
cttectecagt
acagcctgtg
gggaactctec
tgcecaccaac
tgctgeocace
gcaaggctge
teecgecatcee
atgttgtgag
ttetcaagac

gegtgttgta

<210> 121
<211> 6811

gcaggagctg
teectgecagge
tacagatacg
gaaagtggece
geccttgaage
gagcaaacct
ctacttcectte
tatcctecatt
ttagaaacga
acaccacatg
cagtacggct
tggctagagt
tcetgttceeca
teoccageact
acacagggag
cctgtagtec
gaggctacaa
ctgtectecaaa
acatagceccecce
gtecagectyg
ctececteget
ctacccccaa
tggatcectac
ccctetgtte
tgcagectee
cacagatgat
gggtttattt
gtggggggaa

tgtectgetyg

caggectece
catgcaggee
aacctaaact
gggtttaate
tgggagtggyg
cectgecaggg
ctgttacaaa
tecagecgect
agaaactgag
ccttgtgttyg
ctettagete
ctccgcacce
tcaccatcaa
ttgggaggea
accccgecte
cagctactta
tgagctgtga
taataaaaaa
aaacagagcce
acttetgtte
cettectetyg
ggaggtgaaa
ccgaatttat
ccttattget
cetggetgtg
ggatcttcag
ttttttaata
attatctecat

cegatgectt

ccacccagece
tgggacatge
ttcaaaacct
tgctcatgac
gtttagggac
tettgetttt
tteetettgt
cagttgcact
gecccacage
tacttectete
agtagaaaga
tectecceccca
aaaaaaactc
gaggcaggag
tacaaaaagt
agaggctgag
ttgcgtcecact
aataagaact
atcaccatca
ttectecatte
cattgecect
gctgctacca
gattaagatt
gettgteact
cacatteccct
tgggttctet
gtgttcataa
tategaggee

c

tgetetgecet
aagcccataa
gtcagtgatt
gectgeggetg
gcgggtetet
aagtccaaag
gcaataataa
teteceeccetat
taatgagtgg
accegtgtaac
agacattaca
gggtccccag
caggctgggt
gagcacagga
gaaaaaatta
atgggaggat
gcactccage
ccagggtaca
catcectaac
cagatctgea
cttetecete
cctctgtgee
gctgaagagec
geetgacatt
cctgetecee
tgggctcectag
agaaatacat

ctgetatget

tggggaaaac
cegetgtgge
gggttccgaa
tggteccaget
ggatgcatece
cctgagececa
tggectgaaa
gaggtaggaa
aggaagagag
ctecteatgt
ctcatattac
tcgtecttget
gcgggggcte
gectggagace
accaggtgtg
cgettgagece
ctggaagaca
tttgctecta
agtcctgggt
agattgtaag
tccaaacaga
cccccggcaa
tgeceaaacac
cacggcagag
agagactgee
gtectgeaga
agtattette

gtgtatetgg
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4800
4860
4920
4980

5040

5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780

6811



<212> DNA

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 121

atatccagaa
ctgtctgect
cgcecacagt
ggtggegegy
gtgggggaga
ttgecgecag
gccctacctg
gtgectcetg
tttgtecgge
cectgettge
agctgtgacce
gaacttaact
attgcacgcecg
tttaggcgac
ctggtatcag
acactecagge
aatcagtaac
cecgtacaca
cggeggeage
cgcacctage
cggggtatca
gggaagtgaa
caacagtaag
ttactactge
gggecacttct
tccaacgata
cggcgecgtt

agcegggact

gagaaagaag

ggaggaggac

agtgaagtte

ccctgaccct
attcaccgat
ccccgagaag
ggtaaactgg
accgtatata
aacacagctg
aggccgcecat
aactgcgtcc
gctececttgg
tcaactctac
ggegectact
agcaccatgg
getegtecty
cgagtaacaa
cagaageccgg
gttectagee
cttgagcagg
tteggtgggg
gggggtggcg
cagagcetet
tggatacgac
accacatact
tegeaggttt
gecgaagceact
gtgaccgtat
gcaagtcage
cacacgcgag

tgeggagtgt

ctettgtaca

ggctgctegt

tetegeteoeg

gccgtgtacce
tttgattecte
ttggggggag
gaaagtgatg
agtgcagtag
aagctteogag
ccacgccggt
geegtetagyg
agcctaccta
gtetttgttt
ctagagctag
cgcteccagt
acatacagat
tatcttgeccg
acggaacagt
gattttecggg
aggacatcge
gaactaagcet
geteggaggt
cagtcacgtg
agecgectag
acaactcagce
tecttaaagat
actactacgg
ccagecactac
ccttatetet
gactagactt

tgttgttgag

agctgagaga
aaacaaatgt
gggtcggcaa
tegtgtactg
tegeegtgaa
gggctecgecat
tgagtcgcgt
taagtttaaa
gactcagcceg
cgttttetgt
cgcagtcagt
gacagecctta
gactcagact
ggccagccag
taagttgete
tteecggttee
cacctacttce
ggagattace
caagttacag
cactgtgtet
aaagggctta
tetcaagage
gaactctete
cgggagttac
taccceccagee
tegeectgag
cgcctgcgac

cttggtaata

ctctaaatce
gtcacgggeca
ttgaacgggt
gctecgeett
cgttettttt
ctetecttea
tctgeegect
gctcaggteg
gctctacacg
tetgegaeegt
gcttetgaca
cttttacecte
acectettece
gacatctcaa
atttaccaca
ggtacggact
tgtcagcagg
ggaggceggtg
gagagcggac
ggagtcagte
gagtggetgg
cgectcacea
cagactgacg
gcaatggact
ccacgteccee
gettgeagge
atctacatct

acgctctact

agtgacaagt
gagcgcacat
gcctagagaa
tttecegagg
cgecaacgggt
cgecgeceogec
cccgcectgtg
agacecgggec
ctttgecetga
tacagat.cca
caacagtcte
tggegttatt
tatctgette
aatacttaaa
cgtcgagatt
acagcctgac
gcaacacgct
gcageggtgg
cgggettggt
tcecagacta
gggttatctg
teattaagga
acaccgctat
actggggtca
ccacgecage
ecgeggeggyg
gggcaccact

gcaagegtgg

ttttecaagea gecattcatg cgtcecgtte agacgactcea

gccgattccc ggaggaggag gagggeggtt gcgaactcag

cggacgecace cgcttacecag cagggtcaga accagetata
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caacgagtta
ggaccecggag
actccagaag
tegeggaaag
cgacgegetg
gacatgataa
tgetttattt
aaacaagtta
ggtctatgga
gtgcaaacge
agggcagett
cagagctctg
gccaccaaaa
gacacgggaa
gtctetecaa
cttetaggee
ccaaaaaatce
tcactgattg
gatgaggggt
gaaaagtcca
ccttecaggac
ctaccaaggg
gaagagcage
cecatgagagg
gggagggaca
ggagttttge
tecgectece

gcacccgceca

gttggeeagg
agtgctggga
gagtgetgta
gcagagagat
gtttcaaagg
ggattttgge
aaaaatttgg
ctttatggece
aggcaagage

tgtacaaaca

aacctggggce
atgggaggea
gacaagatgg
ggacacgacyg
cacatgcaag
gatacattga
gtgaaatttg
aagtaaggat
cttcaagagc
cttecaacaac
tggtgecette
gtcaatgatg
cectettttt
aaaagcagat
ctgagttcet
tecattctaag
tttececaget
tgecggcaca
gtgeccagag
aataacttca
aaaagtcagg
cagggagagyg
aggcatgagt
gtagacagta
cctaatttge
tettgttgee
aggttcaagt

ccatgecctgg

ctggtctega
ttacaggegt
cggagagtgg
gatggaggce
tagaaccatg
ctgagcagcet
ggtgcaggga
cttgtcacta

agggtctatg

gtgtatattg

geccgggagga
agceteggag
ctgaggegta
gettatacca
cettaccace
tgagtttgga
tgatgctatt
tetgatgtgt
aacagtgctg
agcattatte
gecaggcetgtt
tctaaaacte
actaagaaac
gaagagaagg
gectgectge
ceecttetee
cactaagtca
tgaatgcace
gaagcacecat
gattggaatg
gaagggctet
accetataga
tgaatgaagg
ttetaaggac
ttttettttt
caggetggag
gattctecetg

ctaatttttt

actcctgace
gagccaccac
gttgtaagee
tgggcagggt
cagggatgag
gagtcaatga
tcaaaacttt
tgtatgecte
tgtgatggea

agtaaataga

gtacgacgtg
aaagaaccce
cteggagatt
ggggctttee
tcgatgaggt
caaaccacaa
getttatttg
atatcacaga
tggcctggag
cagaagacac
tecettgette
ctetgattgg
agtgagcett
tggcaggaga
ctttgetecag
aagttgeccte
gtetcacgea
aggtgttgaa
tectagttggg
tgttttaact
ctgaagaaat
ggectgggac
aggcagggee
gccagaaage
tttttttttt
tgcaatggtyg
ccteagecte

gtatttttag

ttagacaagc
caggagggee
ggtatgaagg
accgegacea
accageggec
ctagaatgca
taaccattat
caaaactgtg
caacaaatct
cttettecce
aggaatggcece
tggtetegge
gttectggeag
gggcacgtgg
actgtttgee
teettattte
gtcactcatt
gtggaggaat
ggagcceate
cagggttgag
gctacttgaa
aggagctcaa
gggtcacagg
tgttgatcgg
tttttttttt
catcttgget
ccgagtaget

tagagacagg

gtagaggtag
tgtacaacga
gcgagagacqg
aggacacata
gettegagea
gtgaaaaaaa
aagctgeaat
ctagacatga
gactttgcat
agcccaggta
aggttectgee
cttatccatt
tccagagaat
cccagectea
cecttactget
teceoctgtetg
aacccaccaa
taaaaagtca
tgtcagetgg
aaaacagecta
gataccagee
tgagaaagga
gecttetagg
cttecaageag
tttttgagat
cactgcaace
gagattacag

gtttcactat

tecaggtgate
aceceggectyg
adagagtagaa
ggtggcaggg
aaagcaaaga
tagtgecegtt
ttggaacata
getgecteeca

catgtggeca

aatggtgtce

cacecgette
cttttcttaa
gcagaaaggg
aggtaaccaa
ggggatcaag
tactaagaag
tgaaagtacg
ttggactcta
gggtcatgea

aggagccgag

agecctceccaa
agatcaatct
agcagttgea
caccattcag
gaaggcaget
aaaccaagga
tgtttatact
gaatgaagece
acatgtactt

gtatcggtec
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1980
2040
2100
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2220
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2400
2460
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2640
2700
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4020
4080

4140



tgecagggee
cteccacaagg
gggtgggaga
tteetgtgat
tgggtttgea
tgggaagaaa
ctgeccagag
taagcacttt
gtattecttt
tgtgaaattt
ccaagaggtt
gteetgtete

acatttgagt
catctggace
ctcagaaata
ttggecetgg
gacaggaggt
cgtgggtgtg
ctettggttt
teectectect
gaggtgaggg

taagctetga

ccaaactctce
cgctgtaaaa
gaacagttgt
acacttgtgt
cctetetece
accccaatce
gacaactgeca
acacctgtaa
agcctgggea
gtgctgcaca
ctggaatgtt
aagcaagatce
gaactctacce
cttectecagt

acagcetgtg

aggggctcete
aggcatggaa
gtcageetge
gtecaagetgg
caggattgcg
ttagtagatg
ctgggtgggg
gaggatgagt
caacagcetcee
ctgagteect
ttgecettett
tcaagaatcce
tgttettatt
cgaggtattg
aaataagagc
aagaatgcac
geaggagetg
tectgcagge
tacagatacg
gaaagtggce
gecttgaage

gagcaaacct

ctacttette
tatccteatt
ttagaaacga
acaccacatg
cagtacggcet
tggetagagt
tectgtteea
tececageact
acacagggag
cctgtagtce
gaggctacaa
ctgtcteaaa
acatagececcece
gtccagectg

cteccteget

cctagecaggt
aggctgtagt
totggatget
tecgagaaaag
gaagtgatga
tgggaatgaa
teotetectga
ttetagette
actgtcaaga
tagggatagce
tcaagacaag
cotgecacte
gagtecatcet
tgatgataaa
caagtctagt
agaatectgtt
caggecteee
catgcaggee
aacctaaact
gggtttaatce
tgggagtggg

ccctgeaggg

getecatatge
tgttcacctg
gaaagaatgt
ctttgaaaca
accecgcaata
tgatgaggaa
atccctetea
aatagaccaa
gagecagaga
cctaaacgaa
caacagtact
ctcacaccea
teectgtggta
ttetgagcac
cggtgtttcce
tgtaagggga
ccaccecagec
tgggacatgc
ttcaaaacct
tgectecatgac
gtttagggae

tettgetttt

tgtaagttce
cecaagaact
ctgtttttee
ggtaagacag
acectgectyg
tggaaacagc
ccatetetga
ggactctete
gagettetgg
cecagatecatce
cacataggct
cectgggeee
geggaactea
ctaccccate
tgtcttgaaa
tatgcacaga
tgectetgect
aagcccataa
gtcagtgatt
getgeggetg
gegggtetet

aagtccaaag

ctecagatet
aggaggtctg
ttttagaaag
gggtctagee
gatgagggag
ggttcaagac
ctttecatte
ctaggectet
gtggeccage
ctgaggacag
gtgggcaatg
atattcattt
ctaaggggcece
cccagaaggg
cacaatactg
agctgecaagg
tggggaaaac
ccgcetgtgge
gggttccgaa
tggtecaget
gggtgeatece

cctgageaca

ctgttacaaa
tcagecgect
agaaactgag
ccttgtgttg
ctettagete
ctecageacec
tecaccatcaa
ttgggaggea
acceccgecte
cagctactta
tgagctgtga
taataaaaaa
aaacagagcc
acttetgtte

ccttectetg

ttectettgt
cagttgeact
gecccacage
tacttetete
agtagaaaga
tecteeceeca
aaaaaaactc
gaggcaggag
tacaaaaagt
agaggctgag
ttgcgtcact
aataagaact
atcaccatca
ttecetecatte

cattgecect

gcaataataa
tectecectat
taatgagtgg
acegtgtaac
agacattaca
gggtcacacag
caggectgggt
gagcacagga
gaaaasattsa
atgggaggat
gecactccagc
ccagggtaca
catccctaac
cagatctgceca

cttetecete

tggectgaaa
gaggtaggaa
aggaagagag
ctectecatgt
ctcatattac
tegtettget
gegggggcte
gctggagace
accaggtgtg
cgcttgagee
ctggaagaca
tttgetecta
agtcctgggt
agattgtaag

tecaaacaga
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4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
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gggaactete
tgccaccaac
tgetgecace
gcaaggctge
teecgeeatee
atgttgtgag
ttetcaagac
gegtgttgta
<210> 122

<211> 6811
<212> DNA

ctacccecaa
tggatcectac
cectetgtte
tgecagectce
cacagatgat
gggtttattt
gtggggggaa

tgtectgetg

ggaggtgaaa
ccgaatttat
ccttattget
cctggetgtg
ggatcttcag
ttttttaata
attatctcat

ccgatgectt

gctgectacea
gattaagatt
gettgtecact
cacattcect
tgggttetet
gtgttcataa
tatecgaggee

c

cctetgtgee
gctgaagage
gectgacatt
cctgeteeea
tgggctctag
agaaatacat

ctgetatget

cecceccggeaa
tgccaaacac
cacggcagaqg
agagactgcce
gtectgecaga
agtattette

gtgtatetgg

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 122

atatccagaa ccctgaccet gecgtgtace agetgagaga ctcectaaatcce agtgacaagt

ctgtctgect

atgtgtatat

ggcaattgaa
tactggetcee
gtgaacgtte
cgcatetete
egegttetge
ttaaagctea
agecggetct
tetgttetge
tecagtgette
ccttactttt
agactacctc
gccaggacat
tgetecattta
gttecggtac
acttctgtea
ttaccggagg
tacaggagag
tgtetggagt
gcttagagtg

agageccgect

attcaccgat tttgattctc aaacaaatgt gtcacaaagt aaggattctg

gggcagageg cacatcgeece acagtcececcecg agaagttggg gggaggggtce

cgggtgccta gagaaggtgg cgcggggtaa

gectttttee
tttttegeaa
cttecacgege
cgeotcecge
ggtcgagace
cecacgctttg
gecgttacag
tgacacaaca
acctcectggeg
ttecctatcet
ctcaaaatac
ccacacgteg
ggactacage
geagggcaac
cggtggecage
cggaccggge
cagtetceca

gctgggggtt

caccatcatt

cgagggtggg
cgggtttgee
cagecgecet
ctgtggtgee

gggectttgt

cctgacectg
atccaagetg
gtetegaact
ttattattge
geottetttag
ttaaactggt
agattacact
ctgacaateca
acgctceegt
ggtggcggeg
ttggtegcac
gactacgggg
atctggggaa

aaggacaaca

ggagaaccgt
gccagaacac
acctgaggee
teetgaactg
ceggegetee
cttgcteaac
tgaccggege
taactagcac
acgeggeteg
gcgaccgagt
atcagcagaa
caggegttee
gtaaccttga
acacattcgg
gcagcggggg
ctagcecagag
tatcatggat
gtgaaaccac

gtaagtcgea

actgggaaag
atataagtge
agctgaaget
gecatecacyg
cgteegecgt
cttggagect
tctacgtett
ctactctaga
catggegete
tcectgacata
aacaatatct
gccggacgga
tagccgattt
geaggaggac
tgggggaact
tggeggeteg
cetetcagte
acgacageceg
atactacaac

ggttttctta

tgatgtcgtg
agtagtcgee
tegagggget
caggttgagt
ctaggtaagt
acctagacte
tgtttegttt
gctagegeaqg
ccagtgacag
cagatgacte
tgeocegggoca
acagttaagt
tegggttecg
ategecaccet
aagctggaga
gaggtcaagt
acgtgcactg
cctagaaagg
tcagctctca

aagatgaact
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ctetecagace
gttacgcaat
cagceccacg
ctgaggcttg
gcgacatcta
taataacget
tecatgegtee
aggaggaggg
accagcaggg
acgtgttaga
aceccecagga

agattggtat

tttecaccge
gaggtaccag
cacaactaga
atttgtaacc
ggtectatgga
gtgcaaacgc
agggcagcett
cagagctectg
gccaccaaaa
gacacgggaa
gtcteteecaa
cttctaggee
ccaaaaaatce
tcactgattg
gatgaggggt
gaaaagtcceca
ccttcaggac
ctaccaaggg
gaagagecagce
ccatgagagg
gggagggaca
ggagttttge
teegectece
gcaccecgceca

gttggccagg

tgacgacacc
ggactactgg
teeceececacyg
caggcecegeg
catctgggea
ctactgcaag
cgttcagacyg
cggttgegaa
tcagaaccag
caagegtaga
gggeetgtace

gaagggegayg

gaccaaggac
cggeecgcette
atgcagtgaa
attataagct
ctteaagage
cttcaacaac
tggtgeette
gtcaatgatg
cecctettttt
aaaagcagat
ctgagttecet
tecattctaag
ttteccaget
tgcecggeaca
gtgcccagag
aataacttca
aaaagtcagg
cagggagagg
aggcatgagt
gtagacagta
cctaatttge
tettgttgee
aggttcaagt
ccatgectgg

ctggtetega

gctatttact
ggtcagggca
ccagetcecaa
gcgggeggceyg
ccactagecg
cgtgggagaa
actcaggagg
ctecagagtga
ctatacaacg

ggtagggace

aacgaactee

agacgtegeg

acatacgacg
gagcagacat
aaaaatgctt
gcaataaaca
aacagtgctg
agcattatte
gcaggectgtt
tetaaaacte
actaagaaac
gaagagaagg
gectgectge
cececttetece
cactaagtca
tgaatgcacc
gaagcaccat
gattggaatg
gaagggctct
accctataga
tgaatgaagg
ttctaaggac
ttttettttt
caggctggag
gattectectg
ctaatttttt

actcctgace

actgegegaa
cttetgtgac
cgatageaag
ccgttcacac
ggacttgegg
agaagctcett
aggacggetg
agttcteteg
agttaaacct
cggagatggg
agaaggacaa

gaaagggaca

geactactac
cgtatccagce
teageectta
gcegaggacta
agtgttgttg
gtacatttte
ctegtgeega
cteegaggac
ggggcgcegg
aggcaagcct
gatggetgag

cgacggetta

tacggeggga

actactaccce
tetettegee
gacttcgecet
ttgagcttgg
aagcagcececat
tteeccggagyg
gcacecgett
gaggagtacg
cggagaaaga
gegtactegg

taccagggge

cgctgecacat
gataagatac
tatttgtgaa
agttcacaga
tggectggag
cagaagacac
teoettgette
ctectgattgg
agtgagcectt
tggecaggaga
ctttgeteag
aagttgeete
gtctecacgea
aggtgttgaa
tectagttggg
tgttttaact
ctgaagaaat
ggectgggac
aggcagggece
gccagaaage
tttttttttt
tgcaatggtyg
ccteagecte
gtatttttag

tcaggtgate

gcaagcctta
attgatgagt
atttgtgatg
caaaactgtg
caacaaatet
cttetteece
aggaatggcece
tggtectegge
gttctggcag
gggcacgtgg
actgtttgee
tcettattte
gtcactcatt
gtggaggaat
ggagcecatce
cagggttgag
gctacttgaa
aggagctcaa
gggtcacagg
tgttgatcgg
tttttttttt
catcttgget
ccgagtaget
tagagacagg

cacccgette

ccacctcgat
ttggacaaac
ctattgcttt
ctagacatga
gactttgeat
agcccaggta
aggttctgee
cttatceatt
teccagagaat
cccagectea
ccttactget
tcectgtetg
aacccaccaa
taaaaagtca
tgteagetgg
aaaacagcta
gataccagcc
tgagaaagga
gecttetagg
cttcaagcag
tttttgagat
cactgcaace
gagattacag
gtttcactat

agecctcecaa
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1440
1500
1560
1620
1680
1740
1800
1860
19220
1980
2040
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2160
2220
2280
2340
2400
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2940
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3420
3480
3540

3600



agtgetggga
gagtgctgta
gcagagagat
gtttcaaagg
ggattttgge

aaaaatttgg

ctttatggece
aggcaagage
tgtacaaaca
tgeccagggece
ctecacaagg
gggtgggaga
ttecctgtgat
tgggtttgea
tgggaagaaa
ctgecccagag
taagcacttt
gtatteccttt
tgtgaaattt
ccaagaggtt
gtectgtete
ccatttgagt
catctggace
ctcagaaata
ttggcecctgg
gacaggaggt
cgtgggtgtg
ctettggttt
tectectect
gaggtgaggg
taagctcetga
ccaaactcte
cgetgtaaaa
gaacagttgt
acacttgtgt
cctctcteece
acceecaatee

gacaactgeca

ttacaggegt
cggagagtgg
gatggaggece
tagaaccatg
ctgagecaget

ggtgeaggga

cttgtcacta
agggtctatg

gtgtatattg

aggggectete
aggcatggaa
gtecagecetge
gt.caagctgg
caggattgeg
ttagtagatg
ctgggtgggg
gaggatgagt
caacagctcc
ctgagteect
ttgcettett
tecaagaatcc
tgttcttatt
cgaggtattg
aaataagage
aagaatgcac
gcaggagetg
tcctgcagge
tacagatacg
gaaagtggee
gecttgaage
gagcaaacct
ctacttette
tatccteatt
ttagaaacga
acaccacatg
cagtacggct
tggectagagt

tectgtteca

gagccaccac
gttgtaagcc
tgggcagggt
cagggatgag
gagtcaatga

tcaaaacttt

tgtatgectce
tgtgatggeca
agtaaataga
cotageaggt
aggetgtagt
tetggatget
tcgagaaaag
gaagtgatga
tgggaatgaa
tetetectga
ttectagette
actgtcaaga
tagggatage
tcaagacaag
cctgeocacte
gagtcatcct
tgatgataaa
caagtetagt
agaatctgtt
caggecteee
catgcaggec
aacctaaact
gggtttaate
tgggagtggg
ccctgcaggg
ctgttacaaa
tecagecgeet
agaaactgag
cottgtgttg
ctettagete
ctcocegeacee

tcacecatcaa

acceggectg
aagagtagaa
ggtggcaggg
aaagcaaaga
tagtgecott

ttggaacata

cttttettaa
gcagaaaggg
aggtaaccaa
ggggatcaag
tactaagaag

tgaaagtacg

agatcaatct
agcagttgca
caccattcag
gaaggcaget
aaaccaagga

tgtttatact

gctgectcea
catgtggecca
aatggtgtee
geteatatge
tgttcacectg
gaaagaatgt
ctttgaaaca
accegeaata
tgatgaggaa
atcectetea
aatagaccaa
gagccagaga
cctaaacgaa
caacagtact
ctcacaccca
tcetgtggta
ttetgageac
cggtgtttee
tgtaagggga
ccacccagcee
tgggacatgce
ttecaaaacct
tgctcatgac
gtttagggac
tettgetttt
tteectettgt
cagttgecact
gececacage
tacttetete
agtagaaaga
tectecececa

aaaaaaacte

ttggactcta
gggtcatgca
aggagccgag
tgtaagttece
cccaagaact
ctgtttttee
ggtaagacag
accctgecectg
tggaaacage
ccatctetga
ggactctctce
gagcttctgg
ccagatcate
cacatagget
ccctgggece
gcggaactca
ctaccccate
tgtecttgaaa
tatgcacaga
tgctetgect
aagcccataa
gt.cagtgatt
getgeggetg
gegggtetet
aagtccaaag
geaataataa
tetecectat
taatgagtgg
accgtgtaac
agacattaca
gggtececag

caggetgggt

gaatgaagcc
acatgtactt
gtateggtee
cetecagatet
aggaggtetg
ttttagaaayg
gggtctagec
gatgagggag
ggttecaagac
ctttecatte
ctaggectcet
gtggcecage
ctgaggacag
gtgggcaatg
atattcattt
ctaaggggce
cecagaaggg
cacaatactg
agctgcaagg
tggggaaaac
caegetgtgge
gggttecgaa
tggtccaget
gggtgcatce
cctgagccca
tggecetgaaa
gaggtaggaa
aggaagagag
ctectecatgt
ctcatattac
tegtettget

gegggggetce
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3660
3720
3780
3840
3900

3960

4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
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4800
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5220
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5700
5760
5820
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acacctgtaa
agcctgggea
gtgetgeaca
ctggaatgtt
aagcaagatc
gaactctace
cttecctcagt
acagcetgtg
gggaactctc
tgcecaccaac
tgctgecacce
gcaaggctgce
tecgeecatcece
atgttgtgag
ttctcaagac

gegtgttgta

<210>123

<211> 6040
<212> DNA

teececageact
acacagggag
cetgtagtece
gaggctacaa
ctgtctcaaa
acatagecccce
gtccagecctg
ctececteget
ctacccceccaa
tggatcctac
cectectgtte
tgcagcctcce
cacagatgat
gggtttattt

gtggggggaa

tgtecetgetg

ttgggaggeca
accccgectce
cagctactta
tgagctgtga
taataaaaaa
aaacagagcc
acttctgttc
ccttectetyg
ggaggtgaaa
ccgaatttat
ccttattget
cctggctgtg
ggatettcag
ttttttaata
attatctcat

ccgatgectt

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 123
cagcagcetgg

cctgaatggc
gttttteectg
agtttgagtt
acggttaatt
acttctcagg
agctcecceget
gtacgegece
cgctacactt

cacgttcgee

cgtaatageg
gaatggaatt
ttgcaatgge
cttetactea
tgcgtgatgg
attctggegt
ctgattctaa
tgtageggeg
geccagegecece

ggctttecee

aagaggcceg
ccagacgatt
tggeggtaat
ggcaagtgat
acagactctt
accgttcectg
cgaggaaagc
cattaagege
tagegeecege

gtcaagctet

gaggcaggag
tacaaaaagt
agaggetgag
ttgcgtcact
aataagaact
atcaccatca
ttccteatte
cattgeccect
gctgctacca
gattaagatt
gcttgtcact
cacattcect
tgggttetet
gtgttcataa
tatcgaggcc

c

caccgatcge
gagcgtcaaa
attgttetgg
gttattacta
ttacteggtg
tctaaaatce
acgttatacg
ggegggtgtg
teettteget

aaatecggggyg

gagcacagga
gaaaaaatta
atgggaggat
gcactceage
ccagggtaca
catcectaac
cagatctgca
ctteteecte
cctectgtgec
gctgaagagc
gcctgacatt
cctgctcecee
tgggctetag
agaaatacat

ctgctatgct

cctteccaac
atgtaggtat
atattaccag
atcaaagaag
gectecactga
ctttaatcgg
tgctegteaa
gtggttacge
ttcttcectt

ctecetttag

getggagace
accaggtgtg
cgettgagee
ctggaagaca
tttgctecta
agtcctgggt
agattgtaag
tccaaacaga
cccccggcaa
tgeccaaacac
cacggcagag
agagactgcc
gtectgeaga
agtattcttc

gtgtatctgg

agttgcgecag
ttecatgage
caaggccgat
tattgegaca
ttataaaaac
cetectgttt
agcaaccata
gcagaegtgac
cetttetege

ggttecgatt

tagtgettta cggecacecteg acccecaaaaa acttgattag ggtgatggtt cacgtagtgg

gcececategeee tgatagacgg tttttegece tttgacgttg gagtecacgt tcetttaatag

tggactcttg ttccaaactg gaacaacact caaccctatc tcggtctatt cttttgattt

ataacacatt ttoccaattt cacectatta attaaaaaat caactaattt aacaazaatt
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5940
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6060
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taacgcgaat
cetgtttttg
acgattaccg
cgggegtegg
agtggaattc
taaatccagt
acaaagtaag
ggacttcaag
ccaatcagcg
aacgecgatg
gatttgggte
ttacttttac
actacctett
caggacatet
ctecatttace
tecggtacagg
ttetgteage
accggaggeg
caggagageqg
tectggagtcea
ttagagtgge
agecgcoctea
ctccagactg
tacgcaatgg
gccccacgte
gaggettgea
gacatctaca

ataacgectet

atgegtceceg
gaggagggcd
cagcagggtc
gtgttagaca
cecccaggagy
attggtatga
tecaccgega
taagatacat
tttgtgaaat

ttetacaaca

tttaacaaaa
gggcttttet
ttcatcgeece
gegacctttg
acgcgtgata
gacaagtctg
gattctgatg
agcaacagtg
tgegeegtte
attatataag
geggttettg
ctctggegtt
cectatetge
caaaatactt
acacgtaegag
actacagect
agggcaacac
gtggcagegg
gaccgggett
gtcteccaga
tgggggttat
ccatcattaa
acgacaccgce
actactgggg
cccccacgee
ggccaegagga
tctgggecace

actgcaageyg

ttcagacgac
gttgcgaact
agaaccagct
agcgtagagg
gectgtacaa
agggcgagag
ccaaggacac
tgatgagttt
ttgtgatgcet

acaaatctaa

tattaacget
gattatcaac
tgegegeteg
gtegecegge
tccagaacec
tetgectatt
tgcatatcac
ctgtggectg
cgaaagttgc
gacgegecgg
tttgttecgg
attattgecac
ttctttagge
aaactggtat
attacactca
gacaatcagt
gctecegtac
tggeggegge
ggtegeaccet
ctacggggta
ctggggaagt
ggacaacagt
tatttactac
tcagggcact
agctccaacyg
gggeggegoa
actagccggg

tgggagaaag

tcaggaggag
cagagtgaag
atacaacgag
tagggacccg
cgaactccag
acgtegegga
atacgacgeg
ggacaaacca
attgectttat

ctttacatat

T ————

tacaatttaa
cggggtacat
ctcgetecact
ctecagtgage
tgaccctgee
caccgatttt
agacaaaact
gagcaactag
cttttatgge
gtgtggecaca
aaagccacca
gecggetegte
gaccgagtaa
cagcagaage
ggegttoecta
aaccttgage
acatteggtg
agcgggggtg
agcecagagec
tcatggatac
gaaaccacat
aagtcgecagg
tgegcgaage
tectgtgacceg
atagcaagte
gtteacacge
acttgeggag

aagetettgt

atatttgett
atgattgaca
gaggccgece
gagcgagegce
gtgtaccagce
gattctcaaa
gtgctagaca
tgggcggagt
tgggcggaga
getagtteeg
tggegctece
ctgacataca
caatatcttg
cggacggaac
gecgatttte
aggaggacat
ggggaactaa
geggetegga
tetecagteace
gacagccgece
actacaactc
ttttettaaa
actactacta
tatcecagecac
agccettate
gaggactaga
tgttgttgtt

acattttecaa

atacaatcett
tgctagtttt
gggcaaagcc
gcagagaggg
tgagagactc
caaatgtgtce
tgaggtctat
tagggeggag
atgggcggtg
tegeagecgy
agtgacagce
gatgactcag
cegggecage
agttaagttg
gggttccggt
cgecacctac
gctggagatt
ggtcaagtta
gtgcactgtg
tagaaagggc
agctctcaag
gatgaactcet
cggegggagt
tactacccca
tettegeeet
cttogectge
gagcttggta

geagecatte

gacggcectget
tteteteget
ttaaacctgg
gagatgggag
aaggacaaga
aagggacacyg
ctgecacatge
caactagaat
ttgtaaccat

acaaacacct

cgtgeccgatt
cegeggacge
ggcgecggga
gcaageccteg
tggctgagge
acggcttata
aagccttace
gecagtgaaaa
tataagctgce

tcaacaacaa

ceceggaggag
acccgettac
ggagtacgac
gagaaagaac
gtactcggag
cecaggggett
acctegatga
aaatgcttta
aataaacaag

cattatteca
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1260
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gaagacacct
cttgcttecag
ctgattgcaa
gggegteggg
gtggccaace
tttgtacctg
ggttgaatat
tttacctaca
tccttgegtt
tacaaccgat
ttgectgtat
tgtgcggtat
agttaageca
teccggeate
tttcacegte
aggttaatgt
tgecgeggaac
gacaataacc
atttecegtgt
cagaaacgcet

tecgaactgga

caatgatgag
ggcaagagca
cagtcacaga
taaccatgag
agctaaccgc
cggagctgaa
caacaacgtt
taatagactg
ctggetggtt
cagcactggg
aggcaactat
attggtaact
tttaatttaa
aacgtgagtt

gagatccttt

i,

tettecocag
gaatggccag
ttgectcetet
cgacctttgg
ceggegatte
caggtctcaa
catattgatg
cattactcag
gaaataaagg
ttagetttat
gatttattgg
ttcacaccge
geccegacac
cgettacaga
atcaccgaaa
catgataata
cectatttgt
ctgataaatg
cgeecttatt
ggtgaaagta

tetcaacage

cacttttaaa
acteggtege
aaagcatectt
tgataacact
ttttttgcac
tgaagceata
gegcaaacta
gatggaggceg
tattgctgat
geccagatggt
ggatgaacga
gtcagaccaa
aaggatctag
ttegttecac

ttttetgege

R

ceccaggtaag
gttetgececa
gegegetege
tegeceggee
tettgtttge
aaatagctac
gtgatttgac
gecattgeatt
cttctccege
getetgagge
atgttggaat
atatggtgca
cegecaacac
caagctgtga
cgegegagac
atggtttett
ttatttttcet
cttecaataat
ceecttttttg
aaagatgctg

ggtaagatece

gttcetgetat
cgecatacact
acggatggeca
geggacaact
aacatggggg
ccaaacgacyg
ttaactggceg
gataaagttg
aaatctggag
aagecectece
aatagacaga
gtttactcat
gtgaagatce
tgagegtcag

gtaatctget

Do — - -

ggcagetttg
gagctetggt
tegetecactg
tcagtgageg
tecagactet
cctctecgge
tgtetecgge
taaaatatat
aaaagtatta
tttattgett
tectgatgeg
ctctcagtac
ccgetgacge
caegtetecgg
gaaagggect
agacgtecagg
aaatacattce
attgaaaaag
cggeattttg
aagatcagtt

ttgagagttt

gtggegeggt
attctecagaa
tgacagtaag
tacttectgac
atcatgtaac
agcgtgacac
aactacttac
caggaccact
ceggtgageg
gtatcgtagt
tegotgagat
atatacttta
tttttgataa
acceccgtaga

gettgeaaac

gtgeettege
caatgatgte
aggecgeecyg
agcgagegeg
caggcaatga
atgaatttat
ctttetecace
gagggttecta

cagggtcata

aattttgeta
gtattttete
aatctgctct
gcectgacgyg
gagctgcatg
cgtgatacge
tggecactttt
aaatatgtat
gaagagtatg
ccttectgtt

gggtgecacga

aggectgttte
taaaactcct
ggcaaageee
cagagaggga
cetgatagee
cagctagaac
cgtttgaate
aaaattttta
atgtttttgg
attetttgee
cttacgcate
gatgccgecat
gettgtetge
tgtcagaggt
ctatttttat
cggggaaatg
ccgcetcatga
agtattcaac
tttgeteace

gtgggttaca

tegeececcgaa gaacgtttte

attatcdcgt
tgacttggtt
agaattatge
aacgatcgga
tcgccttgat
cacgatgcet
tectagettee
tctgegeteg
tgggtctege
tatctacacg
aggtgcctea
gattgattta
tetecatgace
aaagatcaaa

aaaaaaacca

attgacgceqg
gagtactcac
agtgctgeca
ggaccgaagyg
cgttgggaac
gtagecaatgg
cggceaacaat
gecctteegg
ggtatcattg
acggggagte
ctgattaage
aaacttcatt
aaaatcecctt
ggatcecttett

ccgetacecag
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3180
3240
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cggrtggrtrtg
gcagagcgcea
agaactctgt
ccagtggega
cgcagecggtc
acaccgaact
gaaaggegga
ttccaggggg
agegtegatt
cggecttttt
tateccectga
gcagccgaac

gcaaaccgcec

<210> 124

<211> 8342
<212> DNA

Ttrtgecggat
gataccaaat
agecaccgect
taagtcgtgt
gggctgaacg
gagataccta
caggtatcacg
aaacgcctgg
tttgtgatge
acggttectyg
ttctgtggat
gaccgagcgce

teteceegeg

caagagctac
actgtcectte
acataccteyg
cttaccgggt
gggggttegt
cagcgtgage
gtaagcggca
tatctttata
tegtecagggg
gecttttget
aaccgtatta
agcgagtcag

cgttggecga

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 124
cagcagctgg

cctgaatgge
gtttttecctg
agtttgagtt
acggttaatt
acttectcagg
agctcecget
gtacgegecce
cgectacactt
cacgttegee
tagtgettta
gecatcgecce
tggactcttg
ataagggatt
taacgcgaat
cetgtttttg

acggcgegcee

cgtaatageg
gaatggaatt
ttgecaatgge
cttctactca
tgegtgatgg
attctggegt
ctgattctaa
tgtageggeg
gccagegecce
ggctttecee
cggcaccteg
tgatagacgg
ttececaaactg
ttgeegattt
tttaacaaaa
gggcttttet

gggttggecea

aagaggcceg
cecagacgatt
tggecggtaat
ggcaagtgat
acagactectt
accgttectg
cgaggaaagc
cattaagege
tagecgeeoege
gtcaagctet
accccaaaaa
tttttegeee
gaacaacact
cggectattg
tattaacgtt
gattatcaac

ctecectcotet

caactcrtTt
tagtgtagee
ctetgetaat
tggactcaag
gcacacagcce
tatgagaaag
gggtcggaac
gtectgtegg
ggeggagect
ggcecttttge
cegectttga
tgagcgagga

ttecattaatg

caccgatege
gagcgtcaaa
attgttctgg
gttattacta
ttactecggtg
tctaaaatee
acgttatacg
ggegggtgtg
tecttteget
aaatcggggg
acttgattag
tttgacgttg
caaccctate
gttaaaaaat
tacaatttaa
cggggtacat

gcgegetege

tcecgaaggra
gtagttagge
cctgttacea
acgatagtta
cagcttggag
cgccacgett
aggagagcgce
gtttegcecac
atggaaaaac
tcacatgtte
gtgagectgat

agcggaagag

cetteccaac
atgtaggtat
atattaccag
atcaaagaag
gectecactga
ctttaategg
tgctegtcaa
gtggttacge
ttettecett
ctecetttag
ggtgatggtt
gagtccacgt
teggtetatt
gagctgattt
atatttgett
atgattgaca

tegetcactg

actggcrtca
caccacttea
gtggetgetg
ccggataagg
cgaacgacct
cccgaaggga
acgagggage
ctetgacttg
gccagcaacg
tttectgegt
accgetegee

cgcccaatac

agttgegcag
ttecatgage
caaggccgat
tattgcgaca
ttataaaaac
cctectgttt
agcaaccata
gecagegtgac
cetttetege
ggttecegatt
cacgtagtgg
tctttaatag
cttttgattt
aacaaaaatt
atacaatctt
tgctagtttt

aggecgggcg
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accaaaggte
cagagaggga
cagggtcagt
tatatggaga
ccatattcat
gecttatate
caaaacctct
gccaacatac
cagattccaa
gecagagtta
ttattaagta
gttcactgaa

agtecatcac

acttgocage
gttggggcaa
tccagaacce
tetgectatt
tgtatatcac
ctgtggectg
gcataaatca
atttatattg
taatagtaat
taacttacgg
ataatgacgt
gagtatttac
cccectattg
ttacgggact
atgoggtttt
agtcteccace
ccaaaatgte
gaggtetata
gtagtttate
ttaagectgea
gtttaaggag
taggcaccta
cagtteaatt
gcgetececcag

gacatacaga

geccgacgece
gtggeccaact
ggctecaact
agctcecteatt
tttgecaggtyg
gagtaaacgg
atcaatgaga
cataaacctc
gatgtacagt
tattgectggg
geectgeatt
atcatggect

gagcagcetgg

cgggetttge
ccatcactag
aacatttgtt
tetttetecag
aaattcctga
tagegetggg
gagcaatctc
ccattctgct
ttgetttget
gttttgaaga
tcaggtttec
cttggccaag

tttectaagat

ccgggeggec
gggttectac
tggtacttta
aagagecctgg
gatgtaagga
gettagacge
ctggtaatgt
aatgcccagc
gggeccttttt
agatcctatt
ttgagtggeca
attgatagct

gctatttece

tcagtgageg
gcegtagatet
cagtttatta
ctaggaaggt
gctgetgtga
aggtgttetg
gatagatttc
ctaagttggg
cecatgoctg
aaataaaaga
ggccaggect
tgtgeectgte

gtataaagca

agcgagegeg
catattetgg
aatagatgtt
ggatgaggca
cttgetecaag
atttatagtt
ccaacttaat
gagaccactc
cctttactet
ataagcagta
ggeagtgaac
cectgagtcece

tgagaccgtg

cecacagage coegeccttg tecatcactg geatctggac

agagggaaat
tgaccctgee
caccgatttt
agacaaaact
gagcaactag
atattggecta
getcatgtee
caattacggg
taaatggccece
atgttecccat
ggtaaactge
acgtcaatga
ttectacttg
ggcagtacac
ccattgacgt
gtaataacce
taagcagage
acagttaaat
gaagttggte
accaatagaa
ttggtettac
acagetetta
tgacagccett

tgactcagac

gagatcatgt
gtgtaccage
gattctcaaa
gtgctagaca
tcaatattgg
ttggccattg
aatatgaccg
gtcattagtt
gectggetga
agtaacgcca
ccacttggea
cggtaaatgg
geagtacate
caatgggegt
caatgggagt
cgeccegttg
tegtttagtg
tgetaacgea
gtgaggcact
actgggecttg
tgacatccac
aggctagagt
acttttacct

tacctettee

cctaaccetg
tgagagacte
caaatgtgtc
tgaggtetat
ccattageca
catacgttgt
ccatgttgge
catagceccat
ccgeccaacg
atagggactt
gtacatcaag
ccegectgge
tacgtattag
ggatageggt
ttgttttgge
acgcaaatgg
aacegteaga
gtecagtgett
gggcaggtaa
tcgagacaga
tttgeettte
acttaatacg
ctggegttat

ctatctgett

atcctcettgt
taaatccagt
acaaagtaag
ggactteaag
tattattcat
atctatatca
attgattatt
atatggagtt
acceeccgece
tecattgacg
tgtatcataa
attatgcecea
tecategetat
ttgactcacg
accaaaatca
geggtaggeg
teactagaag
ctgacacaac
gtatcaaggt
gaagactctt
tetecacagg
actecactata
tattgcacge

ctttaggega

tecagectgg
cccacagata
gacaagtctg
gattctgatg
agcaacagtg
tggttatata
taatatgtac
gaccagttat
ccgegttaca
attgacgtca
tcaatgggtg
tcecaagtecg
gtacatgacc
taccatgatg
gggatttceca
acgggacttt
tgtacggtgg
ctttattgeg
agtctegaac
tacaagacag
gegtttetga
tgtecactee
ggecacecatg
ggctegtoct

ccgagtaaca
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atatcttgee
gacggaacag
cgattttegg
gaggacatcg
ggaactaagc
ggeteggagyg

teagtecacgt

cagecegcecta
tacaactcag
ttettaaaga
tactactacg
t.ecagecacta
cecttatete
ggactagact
ttgttgttga
attttcaagce
tgecegattee
gaggacgeac
cgecgggagyg
aagectcecgga
gctgaggegt
ggcttatace
gccttaccac
atgagtttgg
gtgatgetat
attcgaattt
acagcattat
tegeaggetg
tgtctaaaac
ttactaagaa
atgaagagaa
ctgectgect
agcccettet
ctcactaagt
catgaatgca
aggaageacc

cagattggaa

gggoecageca
ttaagttget
gttceeggtte
ccacctactt
tggagattac
tecaagttaca

gceactgtgte

gaaagggett
ctctcaagag
tgaactetet
gegggagtta
ctaccccage
ttegeecetga
tegectgega
gettggtaat
agccattcat
cggaggagga
cegettaccea
agtacgacgt
gaaagaacee
actecggagat
aggggettte
ctcgatgagg
acaaaccaca
tgetttattt
aaatcggate
teocagaagac
tttecttget
tcctctgatt
acagtgagec
ggtggcagga
gectttgete
ccaagttgece
cagtctcacg
ccaggtgttg
attectagttg

tgtgttttaa

ggacatctea
catttaccac
cggtacggac
ctgtcagcag
cggaggeggt
ggagagegga

tggagtcagt

agagtggetg
cegectcace
ccagactgac
cgcaatggac
cecacgteee
ggcttgcagg
catctacatce
aacgctctac
gegtecegtt
ggagggeggt
geagggtcag
gttagacaag
cecaggagggce
tggtatgaag
cacegegace
taccagcgge
actagaatge
gtaaccatta
cgcaacaaat
accttettee
teaggaatgg
ggtggtctcg
ttgttetgge
gagggcacgt
agactgtttyg
tetecttatt
cagtcactca
aagtggagga
ggggagecea

ctecagggttg

aaatacttaa
acgtegagat
tacagecectga
ggcaacacge
ggcagcggtg
cegggettgg

cteccagact

actggtatca
tacactcagg
caatcagtaa
tececgtacac
gcggeggeag
tegeacetag

acggggtate

goagaagocg
cgttcctage
cettgageag
atteggtggg

cgggggtgge
ccagagacte

atggatacga

ggggttatct
atcattaagg
gacaccgcta
tactggggte
cccacgeecag
cecgeggegyg
tgggcacecac
tgecaagegtg
cagacgacte
tgegaactceca
aaccagctat
cgtagaggta
ctgtacaacg
ggcgagagac
aaggacacat
cgcttcgage
agtgaaaaaa
taagetgcecaa
ctgactttge
ccagaeccagg
ccaggttetg
gccttatcca
agtccagaga
ggcccagect
ceccttactyg
tetecctgte
ttaacccacce
attaaaaagt
tectgtecaget

agaaaacage

ggggaagtga
acaacagtaa
tttactactyg
agggcactte
ctecaacgat
geggegeegt
tagcegggac
ggagaaagaa
aggaggagga
gagtgaagtt
acaacgagtt
gggaceccgga
aactcecagaa
gtegeggaaa
acgacgeget
agacatgata
atgetttatt
taaacaagtt
atgtgcaaac
taagggcage
ccecagagete
ttgccaccaa
atgacacggg
cagtctetcee
ctettetagg
tgocaaaaaa
aatcactgat
cagatgaggg
gggaaaagtec

caccttcagg

aaccacatac
gtegecaggtt
cgcgaagecac
tgtgaccgta
agcaagtcag
tcacacgega
ttgeggagtg
getettgtac
cggetgeteg
ctetegetee
aaacctgggg
gatgggagge
ggacaagatg
gggacacgac
gcacatgcaa
agatacattg
tgtgaaattt
aacaacaaca
gccttcaaca
tttggtgect
tggtcaatga
aaccctcttt
aaaaaagcag
aactgagtte
cctecatteta
tettteocoeag
tgtgeccggea
gtgtgcceag
caaataactt

acaaaagtca
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3360
3420
3480
3540
3600
3660

3720

3780
3840
3900
3960
4020
4080
4140
4200
4260
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4740
4800
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5100
5160
5220
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5400
5460

5520



gggaagggcet

ggaccaattg
ccgggcaaag
gcgecagagag
gcatgaattt
geectttetea
atgagggttce
tacagggtca
ttaattttge
cggtatttte
acaatctget
gegecctgac
gggagctgea
ctcgtgatac
ggtggecactt
tcaaatatgt
aggaagagta
tgecttectg
ttgggtgecac
tttegecceg
gtattatcce
aatgacttgg
agagaattat
acaacgatcecg
actcgeettg
accacgatge
actctagett
cttctgeget
egtgggtcte
gttatctaca
ataggtgect
tagattgatt

aatctcatga

gaaaagatca
acaaaaaaac
tttecgaagg
cegtagttag

atcctgttac

ctetgaagaa atgetacttg aagataccag cectaccaag ggcagggaga

atggagttgg
cecgggegte
ggagtggeca
atcagctaga
ceegtttgaa
taaaaatttt
taatgttttt
taattetttg
teecttacgea
ctgatgcecge
gggecttgtet
tgtgtcagag
gectattttt
tteggggaaa
atcegeteat
tgagtattca
tttttgetea
gagtgggtta
aagaacgttt
gtattgacge
ttgagtacte
geagtgetge
gaggaccegaa
atcgttggga
ctgtagcaat
cccggcaaca
cggcecttcee
geggtatcat
cgacggggag
cactgattaa
taaaacttea

ccaaaatece

aaggatcttce
caccgctacce
taactggett

gccaccactt

cagtggetge

ccacteecte
gggegacctt
acggecgegee
acggttgaat
tetttaccta
tateccttgeg
ggtacaaccg
cecttgectgt
tetgtgeggt
atagttaagce
gcteceggea
gttttecaceg
ataggttaat
tgtgegegga
gagacaataa
acatttcegt
cccagaaacqg
categaactg
tacaatgatg
cgggcaagag
accagtcaca
cataaccatg
ggagetaace
accggagcetg
ggcaacaacg
attaatagac
ggctggetgyg
tgcagcactg
tcaggecaact
geattggtaa
tttttaattt

ttaacgtgag

tetgegeget
tggtcgeecy
tgcaggtcte
atcatattga
cacattacte
ttgaaataaa
atttagettt
atgatttatt
atttcacacc
cagccccgac
tecgettaca
tecatcacega
gtcatgataa
accectattt
cectgataaa
gtcgeceetta
ctggtgaaag
gatctecaaca
agcactttta
caacteggte
gaaaagcatc
agtgataaca
gettttttge
aatgaagcca
ttgegcaaac
tggatggagg
tttattgctg
gggccagatg
atggatgaac
ctgtcagace
aaaaggatct

ttttegttee

cgetagetea
gectcagtga
aaaaatagct
tggtgatttg
aggcattgea
ggcttcteece
atgctctgag
ggatgttgga
gcatatggtg
acccgecaac
gacaagctgt
aacgcgegag
taatggtttc
gtttattttt
tgcttcaata
tteeettttt
taaaagatgce
geggtaagat
aagttctget
gecgeataca
ttacggatgg
ctgeggecaa
acaacatggg
taccaaacga
tattaactgg
cggataaagt
ataaatctgg
gtaagcccte
gaaatagaca
aagtttacte
aggtgaagat

actgagegte

ctgaggacge
gcgagcgage
acccteteeyg
actgtcteeg
tttaaaatat
gcaaaagtat
getttattge
attecctgatg
cactctcagt
acccgcectgac
gaccgtctec
acgaaaggge
ttagacgtca
¢ctaaatacat
atattgaaaa
tgeggeattt
tgaagatecag
cettgagagt
atgtggegeg
ctattetecag
catgacagta
cttacttetg
ggatecatgta
cgagegtgac
cgaactactt
tgcaggacca
agccggtgag
ccgtataegta
gatcgetgag
atatatactt
cetttttgat

agacccegta

ttgagatcct
agcggtggtt
cagcagagceg
caagaactct

tgeccagtgge

ttttttetge
tgtttgeegg
cagataccaa
gtagcaccge

gataagtecgt

gegtaatetg ctgettgcecaa
atcaagaget accaactcett
atactgtcecet tectagtgtag

ctacatacct cgctctgcta

gtettacegg gttggactcea
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6240
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6600

6660

6720
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7200
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7440

7500

7560

7620

7680

7740

7800



agacgatagt
cccagettgg
agcgccacgce
acaggagage
gugtttegece
ctatggaaaa
gectecacatgt
gagtgagcetg
gaagcggaag

tg

<210> 125

<211> 7464
<212> DNA

taccggataa
agcgaacgac
ttececgaagg
gcacgaggga
acctetgact
acgccagcaa
tetttectge
ataccgeteg

agecgeccaat

ggcgcagegyg
ctacaccgaa
gagaaaggcg
gcttecaggg
tgagegtega
cgeggeettt
gttatcecact
ccgcagecga

acgcaaaccg

<213> Artificial Sequence

<220>

<223> Synthesized

<400> 125
cagecagetgg

cctgaatgge
gtttttectg
agtttgagtt
acggttaatt
acttctcagg
agcteceget
gtacgecgece
cgctacactt
cacgttegee

tagtgettta

cgtaatageg
gaatggaatt
ttgcaatgge
cttctactca
tgegtgatgg
attctggegt
ctgattctaa
tgtageggeg
gccagcgece
ggcttteecce

cggeaccteg

aagaggcccg
ccagacgatt
tggcggtaat
ggcaagtgat
acagactctt
accgttectg
cgaggaaagc
cattaagcge
tagegeecge
gtcaagetct

accccaaaaa

tegggetgaa
ctgagatacc
gacaggtatc
ggaaacgect
tttttgtgat
ttacggttce
gattctgtgg
acgaccgage

ccteteoceeg

caccgatege
gagcgtcaaa
attgttctgg
gttattacta
ttacteggtg
tctaaaatce
acgttatacg
ggegggtgtyg

tecttteget

aaatcggggg

acttgattag

cggggggtte
tacagcgtga
cggtaagcgg
ggtatecttta
gctegtecagg
tggeettttg
ataaccgtat
gcagcgagte

cgegttggece

cetteccaac
atgtaggtat
atattaccag
atcaaagaag
gectecactga
ctttaategg
tgetegtcaa
gtggttacge
ttettecctt
ctecetttag

ggtgatggtt

gtgcacacag
gctatgagaa
cagggtcgga
tagteetgte
ggggcggage
ctggectttt
taccgeottt
agtgagcgag

gattcattaa

agttgcgcag
ttecatgage
caaggccgat
tattgcgaca
ttataaaaac
cctoctgttt
agcaaccata
gcagegtgac
cctttetege
ggttecgatt

cacgtagtgg
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7860
7920
7980
8040
8100
8160
8220
8280
8340

8342

60
120
180
240
300
360
420
480
540
600

660

gecategeee tgatagacgg tttttegece tttgacgttg gagtecacgt

tggactcttg
ataagggatt
taacgcgaat
cetgtttttg
acggegegec
accaaaggtec
cagagaggga

cagggtcagt

ttecaaactg
ttgeegattt
tttaacaaaa
gggettttet
gggttggeca
goccgacgec
gtggecaact

ggctecaact

gaacaacact
cggcectattg
tattaacagtt
gattatcaac
ctcecctetet
cgggctttge
ccatcactag

aacatttgtt

caaccctatc
gttaaaaaat
tacaatttaa
cggggtacat
gegegetege
ccgggeggee
gggttectac

tggtacttta

teggtctatt
gagectgattt
atatttgett
atgattgaca
tegetecactyg
tecagtgagecyg
gegtagatet

cagtttatta

tctttaatag
cttttgattt
aacaaaaatt
atacaatctt
tgetagtttt
aggecgggeg
agcgagegeqg
catattetgg

aatagatgtt

720

780

840

900

960

1020

1080

1140

1200



tatatggaga
ccatattcat
gcecttatate
caaaacctot
gecaacatac
cagattecaa
gcecagagtta
ttattaagta
gttcactgaa
agteccatcac
acttgceage
gttggggcaa
teccagaacee
tetgectatt
tgtatatcac
ctgtggectg
cgaaagttge
gacgcegecgg
tttgttcegg
attattgcac
ttetttagge
aaactggtat

attacacteca

gacaatcagt
gctcccgtac
tggeggegge
ggtecgeacet
ctacggggta
ctggggaagt

ggacaacagt

tatttactac
tcagggeact
agctecaacg
gggcggcgee
actagecggg
tgggagaaag
tcaggaggag

cagagtgaaqg

agctctcatt
tttgecaggtyg
gagtaaacgg
atcaatgaga
cataaaccte
gatgtacagt
tattgctggg
gocctgeatt
atcatggecet
gagcagctgg
cecacagagce
agagggaaat
tgacecetgee
caccgatttt
agacaaaact
gagcaactag
cttttatgge
gtgtggeaca
aaagccacca
geggetegte
gaccgagtaa
cagcagaage

ggcegttecta

aaccttgage
acattcggtg
agcgggggtyg
agccagagece
tcatggatac
gaaaccacat
aagtcgecagg
tgegegaage
tetgtgaceg
atagcaagte
gttcacacge
acttgecggag
aagctettgt
gacggectget

ttctetaget

tectttectcag
aaattectga
tagegetggg
gagcaatcte
ccattetget
ttgetttget
gttttgaaga
tcaggtttee
cttggecaag
tttctaagat
cecegeccttg
gagatcatgt
gtgtaccage
gattctcaaa
gtgctagaca
tgggcggagt
tgggeggaga
gctagtteeg
tggecgctcce
ctgacataca
caatatcttg
cggacggaac

goegatttte

aggaggacat
ggggaactaa
geggetegga
teteagtecac
gacagccgcce
actacaacte
ttttettaaa
actactacta
tatcecagecac
ageecttate
gaggactaga
tgttgttgtt
acattttcaa
cgtgecgatt

cegeggacge

aagagecctgg
gatgtaagga
gettagacge
ctggtaatgt
aatgecececage
gggecttttt
agatcctatt
ttgagtggea
attgataget
getatttece
teecatecactyg
cctaaccctg
tgagagacte
caaatgtgte
tgaggtctat
tagggcggag
atgggeggtg
tegeageoegyg
agtgacagcc
gatgactcag
cegggecage
agttaagttg

gggtteeggt

ctaggaaggt
getgetgtga
aggtgttetg
gatagattte
ctaagttggyg
ceccatgectyg
aaataaaaga
ggceaggect
tgtgeectgte
gtataaageca
gecatctggac
atcctcttgt
taaatccagt
acaaagtaag
ggacttecaag
ccaatcagcg
aacgecgatg
gatttgggte
ttacttttac
actacctett
caggacatct

cteatttace

tecggtacgg

ggatgaggca
cttgctcaag
atttatagtt
ccaacttaat
gagaccacte
cctttactet
ataagecagta
ggecgtgaac
cetgagteee
tgagaccgtg
toeagectgg
cccacagata
gacaagtetg
gattctgatg
agcaacagtg
tgcgecgtte
attatataag
geggttottg
ctctggegtt
ccctatetge
caaaatactt
acacgtegag

actacagect

cgeecacctac
gctggagatt
ggtcaagtta
gtgcactgtg
tagaaagggc
agctcectcaag
gatgaactct
cggegggagt
tactacccca
tettegecet
cttegeetge
gagettggta
gcagceatte
cccggaggag

acccgcettac

ttetgteage
accggaggcg
caggagagcg
tetggagtca
ttagagtggce
ageccgectca
ctecagactyg
tacgecaatgg
geeccacgte
gaggettgea
gacatctaca
ataacgetct
atgegtceecg
gaggagggcg

cagcagggte

agggcaacac
gtggcagegg
gaccgggett
gtecteccaga
tgggggttat
ccatcattaa
acgacaccge
actactgggg
ccococcacgoo
ggecegegge
tetgggeace
actgecaagcg
ttcagacgac
gttgecgaact

agaaccaget
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1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
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2580

2640
2700
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3060
3120
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3240
3300
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3480



atacaacgag
tagggacccg
cgaactccag
acgtoegegga
atacgacgceg
gcagacatga
aaatgcttta

aataaacaag

gcatgtgcaa
ggtaagggca
tgececagage
cattgececacce
gaatgacacyg
ctcagtetet
tgectetteta

tctgccaaaa

ccaatcactg
gtecagatgag
ctgggaaaag
gccaccttea
agecctaccea
ctegeteget
cggeccteagt
tcaaaaatag
gatggtgatt
tcaggcattg
aaggcttete
ttatgectcetg
ttggatgttg
ccegeatatygg
acacccgcca
cagacaagct
gaaacgcgeg
aataatggtt
ttgtttattt
aatgecttcaa

tatteecettt

ttaaacctgg
gagatgggag
aaggacaaga
aagggacacg
ctgcacatge
taagatacat
tttgtgaaat
ttaacaacaa
acgecttcaa
getttggtge
tetggtcaat
aaaaccctcet
ggaaaaaagc
ccaactgagt
ggecctecatte

aatctttece

attgtgeegg
gggtgtgecce
tecaaataac
ggacaaaagt
agggeaggga
cactgaggce
gagcgagega
ctacectete
tgactgtete
catttaaaat
cegeaaaagt
aggetttatt
gaattcetga
tgcactctea
acacccgcetyg
gtgaccgtct
agacgaaagg
tecttagacgt
ttctaaatac
taatattgaa

tttgeggeat

—— e ke

ggcgeeggga
gecaagccteg
tggectgagge
acggettata
aagecttacce
tgatgagttt
ttgtgatget
caattcgaat
caacagcatt
cttegeagge
gatgtetaaa
ttttactaag
agatgaagag
tectgectge
taagececctt

agctcactaa

cacatgaatg
agaggaagca
ttecagattgg
cagggaaggg
gaggaccaat
gaccgggcaa
gogcgecagag
cggeatgaat
cggectttet
atatgagggt
attacagggt
gettaatttt
tgeggtattt
gtacaatetg
acgcgecctyg
ccgggagetg
gcoctegtgat
caggtggcac
attcaaatat
aaaggaagag

tttgeecttec

R I S,

ggagtacgac
gagaaagaac
gtactecggag
ccaggggett
acctcgatga
ggacaaacca
attgetttat
ttaaategga
atteccagaag
tgtttecttg
actectcectga
aaacagtgag
aaggtggeag
ctgectttge
ctecaagttyg

gtcagtctca

gtgttagaca
ccccaggagg
attggtatga
tcecacegega
ggtaccageg
caactagaat
ttgtaacecat
tcegecaacaa
acaccttett
cttcaggaat
ttggtggtet
cettgttety
gagagggeac
tcagactgtt
cctetectta

cgcagtcact

agcegtagagg
gectgtacaa
agggcgagag
ccaaggacac
geagettega
gcagtgaaaa
tataagetge
atectgacttt
ceccagaceca
ggccaggtte
cggecttate
gcagtccaga
gtggecccage
tgecocettac
tttetecetg

cattaaccca

caccaggtagt

ccattctagt
aatgtgtttt
ctctctgaag
tgatggagtt
agcccegggeg
agggagtggc
ttatcageta
caccegtttg
tctaaaaatt
cataatgttt
getaattett
tetecttacg
ctetgatgee
acgggecttgt

catgtgtcag
acgectattt
ttttcgggga
gtatcegete
tatgagtatt

tgtttttget

R " T

tgaagtggag
tgggggagcc
aactcagggt
aaatgctact
ggecacteee
tegggegacce
caacggogcg
gaacggttga
aatctttace
tttatecttg
ttggtacaac
tgecttgect
catetgtgeg
geatagttaa
ctgectececgyg
aggttttcac
ttataggtta
aatgtgecgeg
atgagacaat
caacatttcce

cacccagaaa

[ Y S

gaattaaaaa
catctgtcag
tgagaaaaca
tgaagatacc
tetetgegeg
tttggtagece
cctgecaggte
atatcatatt
tacacattac
cgttgaaata
cgatttaget
gtatgattta
gtatttcaca
gacageacceg
catccgetta
cgtcatcacc
atgtecatgat
gaacccctat
aaccctgata
gtgtegecet

cgetggtgaa

[P S My,
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4500
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agtaaaagat
cageggtaag
taaagttctg
tcgecegeata
tettacggat
cactgeggee
gcacaacatg
cataccaaac
actattaact
ggeggataaa

tgataaatet

gergaagatc
atccttgaga
ctatgtggcg
cactattctc
ggcatgacag
aacttactte
ggggatcatg
gacgagegtg
ggcgaactac
gttgecaggac

ggagceggtyg

agrrgyygrygce
gttttegecee
cggtattatc
agaatgactt
taagagaatt
tgacaacgat
taactcgcct
acaccacgat
ttactctage

cacttetgeg

agegtgggte

acgagrgygge
cgaagaacgt
ccgtattgac
ggttgagtac
atgecagtget
cggaggacceg
tgatcgttgg
geetgtagea
tteccggcaa
cteggecett

tegeggtate

Tacacvcgaac
tttccaatga
gecgggcaag
tcaccagtca
gecataacca
aaggagctaa
gaaccggagc
atggcaacaa
caattaatag
ceggetgget

attgecageac

Tggatcucaa
tgagcacttt
agcaactcgg
cagaaaagca
tgagtgataa
cagetttttt
tgaatgaagc
cgttgegecaa
actggatgga

ggtttattge

tggggecaga

tggtaagccee teccgtateg tagttatcta

acgaaataga
ccaagtttac
ctaggtgaag
ccactgagcg
gcgegtaatce
ggatcaagag
aaatactgte
gectacatac
gtgtecttace
aacggggggt
cctacagegt
teecggtaage
ctggtatett
atgctegtea
cctggecttt
ggataaccgt
gcgecagcgag

cgegegttgg

cagatcgetg
tcatatatac
atcctttttg
tcagacceccg
tgctgettge
ctaccaactc
cttetagtgt
ctegetetge
gggttggact
tegtgcacac
gagctatgag
ggcagggteg
tatagtecectg
ggggggegga
tgctggectt
attaccgect
tcagtgagecg

cagatteatt

agataggtge
tttagattga
ataatctcat
tagaaaagat
aaacaaaaaa
tttttecgaa
agecgtagtt
taatcctgtt
caagacgata
agcccagett
aaagcgccac
gaacaggaga
tegggttteg
gectatggaa
ttgctcacat
ttgagtgage
aggaagcgga

aatg

cacgacgggyg
ctcactgatt
tttaaaactt
gaccaaaatc
caaaggatct
accaccgcta
ggtaactgge
aggccaccac
accagtgget
gttaceggat
ggagegaacg
gcetteecgaa
gegeacgagyg
cecacctctga
aaacgccagce
gttctttect
tgatacecget

agagcgceca

agtcaggcaa
aagcattggt
catttttaat
ccttaacgtg
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Patentkrav

Genetisk modificeret, human T-celle, der i sit genom omfatter et modificeret
gen fra det konstante omrade af den humane T-cellereptor (TCR) alpha,
hvor det modificerede gen fra det konstante omrade af den humane TCR
alpha omfatter fra 5’- til 3’-:

(a) et 5-omrade af genet fra det konstante omrade af den humane TCR
alpha;

(b) et exogent polynukleotid, der koder for en kimeerisk antigenreceptor
(CAR); og

(c) et 3-omrade af genet fra det konstante omrade af den humane TCR
alpha;

hvor det exogene polynukleotid indfgres i genet fra det konstante omrade
af TCR alpha mellem positionerne 13 og 14 ifslge SEQ ID NO: 3,

hvor CAR’en omfatter et ekstracelluleert ligandbindingsdomaene, et
transmembrandomaene, et intracellulaert, costimulerende domaene og et
intracelluleert, cytoplasmisk signaleringsdomeene, der omfatter en
aminosyresekvens ifglge SEQ ID NO: 113,

og hvor den genetisk modificerede, humane T-celle ikke udtrykker en
endogen TCR pa celleoverfladen.

Genetisk  modificeret, human T-celle ifglge krav 1, hvor
transmembrandomaenet omfatter en aminosyresekvens ifslge SEQ ID NO:
117.

Genetisk modificeret, human T-celle ifglge krav 1 eller krav 2, hvor CAR’en
omfatter et heengselsdomeene, der omfatter en aminosyresekvens ifglge
SEQ ID NO: 116.

Genetisk modificeret, human T-celle ifglge et hvilket som helst af kravene
1-3, hvor det costimulerende domaene omfatter en aminosyresekvens
ifalge SEQ ID NO: 114.

Genetisk modificeret, human T-celle ifglge et hvilket som helst af kravene
1-4, hvor CAR’en omfatter et signalpeptid, der omfatter en
aminosyresekvens ifglge SEQ ID NO: 115.

Genetisk modificeret, human T-celle ifglge et hvilket som helst af kravene
1-5, hvor det exogene polynukleotid omfatter en promotorsekvens, der
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driver ekspression af den kimeeriske antigenreceptor, fortrinsvis hvor
promotorsekvensen er ifglge SEQ ID NO: 118.

Fremgangsmade til frembringelse af en genetisk modificeret, human T-
celle, der omfatter et modificeret gen fra det konstante omrade af den
humane TCR alpha og koder for en CAR, hvilken fremgangsmade omfatter:
(a) indfering i en human T-celle af en farste nukleinsyresekvens, der koder
for en rekombinant meganuklease, hvor den rekombinante meganuklease
har specificitet for en genkendelsessekvens inde i genet fra det konstante
omrade af den humane TCR alpha, hvor genkendelsessekvensen bestar
af SEQ ID NO: 3, hvor den rekombinante meganuklease omfatter en farste
underenhed og en anden underenhed, hvor den farste underenhed binder
til et farste genkendelses-halvsted af genkendelsessekvensen og omfatter
et ferste hypervariabelt (HVR1) omrade, og den anden underenhed binder
til et andet genkendelses-halvsted af genkendelsessekvensen og omfatter
et andet hypervariabelt (HVR2) omrade, og hvor den rekombinante
meganuklease frembringer et spaltningssted ved genkendelsessekvensen;
0g

(b) indfgring i den humane T-celle af en anden nukleinsyresekvens, der
omfatter et exogent polynukleotid, der koder for en CAR;

hvor det exogene polynukleotid indfgres i genet fra det konstante omrade
af den humane TCR alpha ved spaltningsstedet,

hvor CAR’en omfatter et ekstracelluleert ligandbindingsdomaene, et
transmembrandomaene, et intracellulaert, costimulerende domeene og et
intracelluleert, cytoplasmisk signaleringsdomeene, der omfatter en
aminosyresekvens ifglge SEQ ID NO: 113,

og hvor den genetisk modificerede, humane T-celle ikke udtrykker en
endogen TCR pa celleoverfladen.

Fremgangsmade ifelge krav 7, hvor den anden nukleinsyresekvens
omfatter fra 5'- til 3'-:

(a) en 5-homologiarm, der er homolog med 5-opstremssekvensen, der
flankerer spaltningsstedet;

(b) det exogene polynukleotid, der koder for CAR’en; og

(c) en 3’-homologiarm, der er homolog med 3’-nedstremssekvensen, der
flankerer spaltningsstedet;

hvor det exogene polynukleotid indfgres i genet fra det konstante omrade
af den humane TCR alpha ved spaltningsstedet ved homolog
rekombination.
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Fremgangsmade ifglge krav 7 eller krav 8, hvor transmembrandomaenet
omfatter en aminosyresekvens ifslge SEQ ID NO: 117.

Fremgangsmade ifelge et hvilket som helst af kravene 7-9, hvor CAR’en
omfatter et heengselsdomeene, der omfatter en aminosyresekvens ifglge
SEQ ID NO: 116.

Fremgangsmade ifelge et hvilket som helst af kravene 7-10, hvor CAR’en
omfatter et costimulerende domaene, der omfatter en aminosyresekvens
ifalge SEQ ID NO: 114.

Fremgangsmade ifelge et hvilket som helst af kravene 7-11, hvor CAR’en
omfatter et signalpeptid, der omfatter en aminosyresekvens ifglge SEQ ID
NO: 115.

Fremgangsmade ifelge et hvilket som helst af kravene 7-12, hvor det
exogene polynukleotid omfatter en promotorsekvens, der driver
ekspression af CAR’en, fortrinsvis hvor promotorsekvensen er ifglge SEQ
ID NO: 118.

Fremgangsmade ifelge et hvilket som helst af kravene 7-13, hvor den
ferste nukleinsyre er et mMRNA, og hvor den anden nukleinsyresekvens
indferes i den humane T-celle ved at bringe den humane T-celle i kontakt
med en rekombinant adenoassocieret virus (AAV)-vektor, der omfatter den
anden nukleinsyresekvens, eventuelt hvor den rekombinante AAV-vektor
har en serotype af AAV2 eller AAV6.

Farmaceutisk sammensaetning til anvendelse i en
immunterapifremgangsmade til behandling af cancer hos et individ med
behov derfor, hvilken farmaceutisk sammensaetning omfatter den genetisk
modificerede, humane T-celle ifglge et hvilket som helst af kravene 1-6 og
en farmaceutisk acceptabel beerer.
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DRAWINGS

A.

TRC1 TRC2
Half-Site Half-Site
f | f 1
TRC 1-2 TGGCCTGGAGCAACAAATCTGA (SEQ ID NO:3)
Recognition Sequence ACCGGACCTLGTTGTTTAGACT (SEQ ID NO:83)
TRC3 TRC4
Half-Site Half-Site
f 1 I 1
TRC 3-4 ACAAATGTGTCACRAAGTAAGG (8EQ ID NO:4

)
Recognition Sequence TGTTTACACRGTGTTTCATTCC (SEQ ID NO:84)

TRC7 TRC8
Half-Site Half-Site
I ] I 1
TRC 7-8 CTGATGTGTATATICACAGACAA (SEQ ID NO:5)
Recognition Sequence GACTACACATATAGTGTCTGIT (SEQ ID NO:85)

First Subunit Second Subunit

AR B

] o
HVR1 Linker HVR2
Second Subunit First Subunit

TR

NN

Linker HVR1

FIGURE 1
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