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(57) ABSTRACT

The invention is directed to a modified T cell receptor (TCR)
comprising an amino acid sequence of a wild-type (WT) TCR
with no more than three amino acid substitutions, wherein the
modified TCR, as compared to the WT TCR, (i) has an
enhanced ability to recognize target cells when expressed by
CD4* T cells and (ii) does not exhibit a decrease in antigen
specificity when expressed by CD8* T cells. Polypeptides,
proteins, nucleic acids, recombinant expression vectors, host
cells, populations of cells, antibodies, and pharmaceutical
compositions related to the modified TCR also are part of the
invention. Furthet, the invention is directed to methods of
detecting a diseased cell in a host, methods of treating or
preventing a disease in a host, and methods of identifying a
candidate adoptive immunotherapy TCR.
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MODIFIED T CELL RECEPTORS AND
RELATED MATERIALS AND METHODS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the benefit of U.S.
Provisional Patent Application No. 60/847,447 filed Sep. 26,
2006, which is incorporated by reference.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ELECTRONICALLY

[0002] Incorporated by reference in its entirety herein is a
computer-readable nucleotide/amino acid sequence listing
submitted concurrently herewith and identified as follows:
One 122,662 Byte ASCII (Text) file named “701866ST25.
TXT,” created on Sep. 25, 2007.

BACKGROUND OF THE INVENTION

[0003] Inanongoing adoptive transfer clinical trial, cancer
patients received autologous peripheral blood mononuclear
cells (PBMC) that were transduced with nucleic acids encod-
ing a T cell receptor (TCR) specific for the melanoma antigen
MART-1. Thus far, two out of 17 patients have demonstrated
an objective clinical response (Morgan et al., Sciencexpress,
e-publication Aug, 31, 2006). The results of this clinical trial
demonstrate that normal autologous T lymphocytes, trans-
duced ex vivo with anti-cancer antigen TCR genes and rein-
fused in cancer patients, can persist and express the transgene
long term in vivo and mediate durable regression of large
established tumors. However, approaches to increase the
expression and function of the transgene are still needed.
[0004] There remains a need in the art for modified TCRs
for use in treating patients with disease. The invention pro-
vides such T cell receptors and methods of treating cancer.

BRIEF SUMMARY OF THE INVENTION

[0005] The invention provides a modified T cell receptor
(TCR) comprising an amino acid sequence of a wild-type
(WT) TCR with no more than three amino acid substitutions,
wherein the modified TCR, as compared to the WT TCR, (i)
has an enhanced ability to recognize target cells when
expressed by CD4"* T cells and (ii) does not exhibita decrease
in antigen specificity when expressed by CD8" T cells.
[0006] The invention also provides related polypeptides
and proteins, as well as related nucleic acids, recombinant
expression vectors, host cells, and populations of cells. Fur-
ther provided by the invention are antibodies, or an antigen
binding portion thereof, and pharmaceutical compositions
relating to the modified TCRs of the invention.

[0007] Further, the invention provides a method of detect-
ing a diseased cell in a host, wherein the diseased cell
expresses an antigen characteristic of a disease. The method
comprises (a) contacting a sample comprising cells of the
host with an inventive modified TCR, polypeptide, protein,
nucleic acid, recombinant expression vector, host cell, or
population of cells, thereby forming a complex between the
modified TCR, polypeptide, protein, nucleic acid, recombi-
nant expression vector, host cell, or population of cells and the
antigen, and (b) detecting the complex, wherein detection of
the complex is indicative of a diseased cell in the host
[0008] Also provided by the invention is a method of treat-
ing or preventing a disease in a host. The method comprises
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administering to the host an inventive pharmaceutical com-
position in an amount effective to treat or prevent the disease
in the host.

[0009] A method of identifying a candidate adoptive
immunotherapy TCR is also provided. The method consists
of (a) producing a nucleic acid encoding a modified TCR
comprising a WT TCR amino acid sequence with no more
than three amino acid substitutions, (b) expressing the nucleic
acid in CD4* T cells and CD8* T cells, and (c) assaying the T
cells for the ability to recognize target cells and for antigen
specificity. A candidate adoptive immunotherapy TCR is
identified when the modified TCR, as compared to the WT
TCR, (i) has an enhanced ability to recognize target cells
when expressed by CD4* T cells and (ii) does not exhibit a
decrease in antigen specificity when expressed by CD8" T
cells.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The invention provides a modified T cell receptor
(TCR) comprising an amino acid sequence of a wild-type
(WT) TCR with no more than three amino acid substitutions,
(e.g., 1,2, or 3) wherein the modified TCR, as compared to the
WT TCR, (i) has an enhanced ability to recognize target cells
when expressed by CD4* T cells and (ii) does not exhibit a
decrease in antigen specificity when expressed by CD8" T
cells.

[0011] Theterm “wild-type” as used herein refers to a TCR
which is naturally expressed by a T cell of a host, e.g., a TCR
which is endogenous to a T cell of a host. Nucleic acids
encoding wild-type TCRs are known in the art and can be
obtained from the GenBank database of the National Center
for Biotechnology Information (NCBI). For example, wild-
type TCR nucleic acid sequernces are available as GenBank
Accession Nos. NG_ 001333, NG__ 000016, NG_ 001337,
NG_001332, NG_001336, AF043179, HSI004872,
M13863, 281026, AF397440, AY 124793, and the like. Also,
nucleic acids encoding wild-type TCRs can be obtained by
methods known in the art, such as the PCR-based method
described herein (see Example 1). The cells used to obtain the
nucleic acids encoding the wild-type TCR are not limited to
those used in Example 1. Rather, the cells can be any of the T
cells described herein. In addition, the wild-type TCR can be
entirely synthesized using oligonucleotide primers corre-
sponding to the known sequence.

[0012] Themodified TCR ofthe invention is marked by one
or more enhanced biological properties when expressed in T
cells. Specifically, the modified TCR, when compared to the
corresponding WT TCR, (i) has an enhanced ability to rec-
ognize target cells when expressed by CD4™ T cells and (ii)
does not exhibit a decrease in antigen specificity when
expressed by CD8" T cells. The term “target cells” as used
herein refers to cells which express and present, by way of an
MHC molecule, the antigen which is specifically recognized
by the modified TCR. The phrase “recognize target cells” as
used herein refers to the ability of the modified TCR to immu-
nologically recognize (e.g., specifically bind to) an antigen
which is expressed and presented by a target cell. The term
“enhanced” as used herein means that the modified TCR of
the invention consistently exhibits at least twice the ability to
recognize antigen expressed and presented by target cells, as
compared to its WT counterpart. Preferably, the modified
TCR of the invention recognizes antigen expressed and pre-
sented by target cells at least five times better than its WT
counterpart. More preferably, the modified TCRs of the
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invention recognize antigen at least ten times better than its
WT counterpart. Most preferably, the modified TCRs of the
invention recognize antigen at least 2 times better than its WT
counterpart.

[0013] The enhanced properties exhibited by the modified
TCR consistently exhibits the properties, e.g., ability to rec-
ognize antigen expressed and presented by target cells. By
“consistently” is meant that the modified TCR of the inven-
tion exhibits the enhanced properties in at least two assays.
Preferably, the TCR of the invention exhibits the enhanced
properties in at least three assays (e.g., in five or more assays,
or in ten or more assays).

[0014] The modified TCR of the invention exhibits an
enhanced ability to recognize target cells without exhibiting a
decrease in antigen specificity when expressed by CD8" T
cells. In this respect, the modified TCR is said to retain the
antigen specificity of the counterpart WT TCR, e.g., recog-
nizes only the antigen(s) recognized by the WT TCR and does
not recognize antigen(s) that are not recognized by the WT
TCR.

[0015] Methods oftestinga TCR forthe ability to recognize
target cells and for antigen specificity are known in the art For
instance, Clay et al., J. Immunol, 163: 507-513 (1999),
teaches methods of measuring the release of cytokines (e.g.,
interferon-y, granulocyte/monocyte colony stimulating factor
(GM-CSF), tumor necrosis factor a (TNF-a) or interleukin 2
(IL-2)). In addition, TCR function can be evaluated by mea-
surement of cellular cytoxicity, as described in Zhao et al., J.
Immunol., 174: 4415-4423 (2005). Methods of testing a
modified TCR for the ability to recognize target cells and for
antigen specificity are described herein as Examples 2 to 4.
[0016] Themodified TCR ofthe invention canhave antigen
specificity for any antigen. The phrase “have antigen speci-
ficity” as used herein means that the modified TCR can spe-
cifically bind to and immunologically recognize an antigen,
such that binding of the TCR to the antigen elicits an immune
response.

[0017] Preferably, the modified TCR of the invention has
antigen specificity for an antigen which is characteristic of a
disease. The disease can be any disease involving an antigen,
as discussed herein, e.g., an infectious disease, an autoim-
mune disease, or a cancer. The antigen could be, for example,
a viral antigen, a bacterial antigen, a cancer antigen, etc.
[0018] More preferably, the modified TCR of the invention
has antigen specificity for a cancer antigen. The term “cancer
antigen” as used herein refers to any molecule (e.g., protein,
peptide, lipid, carbohydrate, etc.) solely or predominantly
expressed or over-expressed by a tumor cell or cancer cell,
such that the antigen is associated with the tumor or cancer.
The cancer antigen additionally can be expressed by normal,
non-tumor, or non-cancerous cells. However, in such a situ-
ation, the expression of the cancer antigen by normal, non-
tumor, or non-cancerous cells is not as robust as the expres-
sion by tumor or cancer cells. In this regard, the tumor or
cancer cells can over-express the antigen or express the anti-
gen at a significantly higher level, as compared to the expres-
sion of the antigen by normal, non-tumor, or non-cancerous
cells. Also, the cancer antigen additionally can be expressed
by cells of a different state of development or maturation. For
instance, the cancer antigen can be additionally expressed by
cells of the embryonic or fetal stage, which cells are not
normally found in an adult host. Alternatively, the cancer
antigen additionally can be expressed by stem cells or pre-
cursor cells, which cells are not normally found in an adult
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host. Another group of cancer antigens are represented by the
differentiation antigens that are expressed in only alimited set
of tissues in the adult, such as the melanocytes differentiation
antigens, whose expression is limited to normal melanocytes.
Although it is not known why these molecules elicit immune
responses, the limited expression pattern of these proteins
may allow these molecules to be recognized by the immune
system.

[0019] The cancer antigen can be an antigen expressed by
any cell of any cancer or tumor, including the cancers and
tumors described herein. The cancer antigen may be a cancer
antigen of only one type of cancer or tumor, such that the
cancer antigen is associated with or characteristic of only one
type of cancer or tumor. Alternatively, the cancer antigen may
be a cancer antigen (e.g., may be characteristic) of more than
one type of cancer or tumor. For example, the cancer antigen
may be expressed by both breast and prostate cancer cells and
not expressed at all by normal, non-tumor, or non-cancer
cells. In a preferred embodiment of the invention, the cancer
antigen is a melanoma cancer antigen. In a more preferred
embodiment, the cancer antigen is selected from the group
consisting of NY-ESO-1, MART-1, gp100, p53, TRP-1, TRP-
2, and tyrosinase. In a most preferred embodiment, the cancer
antigen is NY-ESO-1 or MART-1.

[0020] With respect to the inventive modified TCR, the
amino acid substitution(s) can be located in any part of the
amino acid sequence of the TCR. Preferably, the amino acid
substitutions are located within the amino acid sequence of
the complementary determining region (CDR) of the TCR,
which are known in the art. These regions have been defined
by elucidation of X-ray crystallographic structures, as well as
sequence comparisons which have revealed the presence of
regions of high diversity encoded in germline sequences, in
the case of CDR1 and CDF?2 regions, as well as recombina-
tional diversity, in the case of CDR3 region (Lefranc et al.,
Nucl. Acids Res., 27, 209-212 (1999)). Preferably, the one,
two, or three amino acid substitutions are located in the amino
acid sequence of a CDR2 or CDR3 of the TCR (e.g., in the
CDR2 region of the beta chain of the TCR). More preferably,
the amino acid substitutions are located in the amino acid
sequence of a CDR2, e.g., CDR2 of an & chain ofa TCR ora
p chain of a TCR. Most preferably, the amino acid substitu-
tions are located in the CDR2 of a f chain of a TCR. For
example, the modified TCR can comprise an amino acid
sequence selected from the group consisting of SEQ ID NOs:
116 to 121 in which the amino acid substitutions are located
at the Xaa’s of these sequences.

[0021] The invention provides a modified TCR comprising
two polypeptides (i.e., polypeptide chains), such as an a a.
chain of a TCR, a f chain of a TCR, a y chain of a TCR, a §
chain of a TCR, or a combination thereof. The amino acid
substitutions of the inventive modified TCRs can be located in
the amino acid sequence of either or both polypeptide chains
which constitute the TCR. In a preferred embodiment of the
invention, the amino acid substitutions are located in the
amino acid sequence of the f§ chain of the modified TCR. Ina
more preferred embodiment, the amino acid substitutions are
located in only the amino acid sequence of the f chain of the
modified TCR.

[0022] The amino acid substitutions of the inventive modi-
fied TCR are preferably conservative amino acid substitu-
tions. Conservative amino acid substitutions are known in the
art, and include amino acid substitutions in which one amino
acid having certain physical and/or chemical properties is
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exchanged for another amino acid that has the same chemical
or physical properties. For instance, the conservative amino
acid substitution can be an acidic amino acid substituted for
another acidic amino acid (e.g., Asp or Glu), an amino acid
with a nonpolar side chain substituted for another amino acid
with a nonpolar side chain (e.g., Ala, Gly, Val, Ile, Leu, Met,
Phe, Pro, Trp, Val, etc.), a basic amino acid substituted for
another basic amino acid (Lys, Arg, etc.), an amino acid with
a polar side chain substituted for another amino acid with a
polar side chain (Asn, Cys, Gln, Ser, Thr, Tyr, etc.), etc.
Preferably, the conservative amino acid substitutions are
selected from the group consisting of T—=A, G—=A, A—],
T—=V,A—=M, T—=1, A=V, T—G, and T—S.

[0023] The polypeptide chains of the inventive modified
TCR can comprise any amino acid sequence, provided that
the modified TCR, as compared to the WT TCR, (i) has an
enhanced ability to recognize antigen when expressed by
CD4* T cells and (ii) does not exhibit a decrease in antigen
specificity when expressed by CD8* T cells.

[0024] In a preferred embodiment of the invention, the
modified TCR comprises the amino acid sequence of SEQ ID
NO: 8 with no more than three amino acid substitutions. In a
more preferred embodiment of the invention, the modified
TCR comprises the amino acid sequence of SEQ ID NO: 1,
SEQ ID NO: 2, or SEQ ID NO: 3, each of which is an amino
acid sequence of a variable region of a beta chain of a modi-
fied TCR which recognizes the cancer antigen NY-ESO-1. In
a most preferred embodiment of the invention, the modified
TCR comprises the amino acid sequence of SEQ ID NO: 14,
15, or 16, each of which is the amino acid sequence of a
full-length beta chain comprising a constant region and a
variable region. The modified TCR can additionally comprise
the amino acid sequence of SEQ ID NO: 7, which is the WT
alpha chain of the 1G4 NY-ESO-1-specific TCR.

[0025] In another preferred embodiment, the modified
TCR comprises the amino acid sequence of SEQ ID NO: 10
or SEQ ID NO: 12 with no more than three amino acid
substitutions. In a more preferred embodiment, the modified
TCR comprises an amino acid sequence selected from the
group consisting of SEQ ID NO: 4 to 6, 13, and 95 to 103,
each of which is an amino acid sequence of a variable region
of a beta chain of a modified TCR which recognizes the
cancer antigen MART-1. In a most preferred embodiment of
the invention, the modified TCR comprises the amino acid
sequence of any of SEQ ID NOs: 17 to 20, 37 to 39, and 104
to 109, each of which is the amino acid sequence of a full-
length beta chain comprising a constant region and a variable
region. The modified TCR can additionally comprise the
amino acid sequence of SEQ ID NO: 9 or SEQ ID NO: 11.
[0026] Preferably, when the modified TCR comprises the
amino acid sequence of SEQ ID NO: 10 with no more than
three amino acid substitutions, the modified TCR comprises
the amino acid sequence of any of SEQ ID NOs: 4, 13, and 95
to 103. More preferably, the modified TCR comprises the
amino acid sequence of any of SEQ ID NOs: 17, 20, 37 to 39,
and 104 to 109. Also, in these instances, it is preferred that the
modified TCR additionally comprises the amino acid
sequence of SEQ ID NO: 9, which is the WT alpha chain of
the F5 MART-1-specific TCR.

[0027] Likewise, when the modified TCR comprises the
amino acid sequence of SEQ ID NO: 12 with no more than
three amino acid substitutions, the modified TCR preferably
comprises SEQ ID NO: 5or SEQ ID NO: 6. More preferably,
the modified TCR comprises the amino acid sequence of SEQ
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ID NO: 18 or 19. Also, in these instances, it is preferred that
the modified TCR additionally comprises the amino acid
sequence of SEQ ID NO: 11, which is the WT alpha chain of
the F4 MART-1-specific TCR.

[0028] Inapreferred embodiment, the modified TCR com-
prises an amino acid sequence of (i) any one of SEQ ID NOs:
17,20, 3710 39, and 104 to 109 and SEQ ID NO: 9, (ii) SEQ
ID NO: 18 or 19 and SEQID NO: 11, or (iii) SEQ ID NO: 14,
15, or 16 and SEQ ID NO: 7. Such modified TCRs comprise
the amino acid sequences of a mutated § chain and a WT o
chain of a TCR which recognizes either NY-ESO-1 or
MART-1.

[0029] The modified TCRs of the invention can comprise
one or more immature TCR chains comprising a leader
sequence or one or more mature chains in which the leader
sequence has been cleaved off. As one of ordinary skill in the
art appreciates, the leader sequence ofa TCR chain comprises
the amino acids at the N-terminus which together serve as a
signal to transport the TCR to the plasma membrane and
which amino acids are cleaved off to yield the mature form of
the TCR. In this regard, the modified TCRs described herein
can additionally comprise a leader sequence selected from the
group consisting of SEQ ID NOs: 110-115. Preferably, when
the modified TCR comprises SEQ ID NO: 7, the modified
TCR comprises the leader sequence of SEQ ID NO: 110;
when the modified TCR comprises any of SEQ ID NOs: 1-3,
8, and 14-16, the modified TCR comprises the leader
sequence of SEQ ID NO: 111; when the modified TCR com-
prises SEQ ID NO: 11, the modified TCR comprises the
leader sequence of SEQ ID NO: 112; when the modified TCR
comprises any of SEQ ID NOs: 5, 6, 12, 18, and 19, the
modified TCR comprises the leader sequence of SEQ ID NO:
113; when the modified TCR comprises SEQ ID NO: 9, the
modified TCR comprises the leader sequence of SEQ ID NO:
114; when the modified TCR comprises any of SEQ ID NOs:
4,10, 13, 17, 20, 37-39, and 95-109, the modified TCR
comprises the leader sequence of SEQ ID NO: 115.

[0030] Also provided by the invention is an isolated or
purified polypeptide comprising a functional portion of any
of the modified TCRs described herein, wherein the func-
tional portion comprises the amino acid substitutions. The
term “polypeptide” as used herein includes oligopeptides and
refers to a single chain of amino acids connected by one or
more peptide bonds.

[0031] With respect to the inventive polypeptides, the func-
tional portion can be any portion comprising contiguous
amino acids of the modified TCR of which it is a part, pro-
vided that the functional portion comprises the amino acid
substitutions. The term “functional portion” when used in
reference to a modified TCR refers to any part or fragment of
the modified TCR of the invention, which part or fragment
retains the biological activity of the modified TCR of which it
is a part (the parent modified TCR). Functional portions
encompass, for example, those parts of a modified TCR that
retain the ability to recognize target cells, or detect, treat, or
prevent a disease, to a similar extent, the same extent, or to a
higher extent, as the parent modified TCR. In reference to the
parent modified TCR, the functional portion can comprise,
for instance, about 10%, 25%, 30%, 50%, 68%, 80%, 90%,
95%, or more, of the parent TCR.

[0032] The functional portion can comprise additional
amino acids at the amino or carboxy terminus of the portion,
or at both termini, which additional amino acids are not found
in the amino acid sequence of the parent modified TCR.
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Desirably, the additional amino acids do not interfere with the
biological function of the functional portion, e.g., recognize
target cells, detect cancer, treat or prevent cancer, etc. More
desirably, the additional amino acids enhance the biological
activity, as compared to the biological activity of the parent
modified TCR.

[0033] The polypeptide can comprise a functional portion
of either or both of the a and  chains of the TCRs of the
invention, such as a functional portion comprising one of
more of CDR1, CDR2, and CDR3 of the variable region(s) of
the o chain and/or f chain of a TCR of the invention. In this
regard, the polypeptide can comprise the amino acid
sequence of any of SEQIDNOs: 1 to 6, 13, and 95 to0 103. The
polypeptides can additionally comprise an amino acid
sequence selected from the group consisting of SEQ ID NOs:
7,9, and 11.

[0034] Alternatively or additionally, the inventive polypep-
tide can comprise the entire length of an o or f§ chain of one
of the modified TCRs described herein. In this regard, the
inventive polypeptide can comprise an amino acid sequence
selected from the group consisting of any of SEQ ID NOs: 14
to 20,37 to 39, and 104 to 109. Alternatively, the polypeptide
of the invention can comprise both chains of the TCRs
described herein. For example, the inventive polypeptide can
comprise: (1) any of SEQ ID NOs: 14 to 16 in combination
with SEQ ID NO: 7; (ii) any of SEQ ID NOs: 17, 20,37 t0 39,
and 104 to 109 in combination with SEQ ID NO: 9; or (iii)
SEQ ID NO: 18 or 19 in combination with SEQ ID NO: 11.
[0035] The invention further provides an isolated or puri-
fied protein comprising at least one of the inventive polypep-
tides described herein. By “protein” is meant a molecule
comprising one or more polypeptide chains.

[0036] The protein of the invention can comprise (i) a first
polypeptide chain comprising the amino acid sequence of
SEQ ID NO: 1, 2, or 3 and a second polypeptide chain com-
prising the amino acid sequence of SEQ ID NO: 7, (ii) a first
polypeptide chain comprising the amino acid sequence of any
of SEQIDNOs: 4,13, and 95 to 103 and a second polypeptide
chain comprising the amino acid sequence of SEQ ID NO: 9,
or (iii) a first polypeptide chain comprising the amino acid
sequence of SEQ ID NO: 5 or 6 and a second polypeptide
chain comprising the amino acid sequence of SEQ IDNO: 11.
In this instance, the protein of the invention can be a TCR.
[0037] Alternatively, if, for example, the protein comprises
a single polypeptide chain comprising SEQ ID NO: 1 and
SEQ ID NO: 7, or if the first and/or second polypeptide
chain(s) of the protein further comprise(s) other amino acid
sequences, e.g., an amino acid sequence encoding an immu-
noglobulin or a portion thereof, then the inventive protein can
be a fusion protein. In this regard, the invention also provides
a fusion protein comprising at least one of the inventive
polypeptides described herein along with at least one other
polypeptide. The other polypeptide can exist as a separate
polypeptide of the fusion protein, or can exist as a polypep-
tide, which is expressed in frame (in tandem) with one of the
inventive polypeptides described herein. The other polypep-
tide can encode any peptidic or proteinaceous molecule, or a
portion thereof, including, but not limited to an immunoglo-
bulin, CD3, CD4, CD8, an MHC molecule, etc.

[0038] The fusion protein can comprise one or more copies
of the inventive polypeptide and/or one or more copies of the
other polypeptide. For instance, the fusion protein can com-
prise 1, 2, 3, 4, 5, or more, copies of the inventive polypeptide
and/or of the other polypeptide. Suitable methods of making
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fusion proteins are known in the art, and include, for example,
recombinant methods. See, for instance, Choi et al.. Mol.
Biotechnol. 31: 193-202 (2005).

[0039] The protein of the invention can be a recombinant
antibody comprising at least one of the inventive polypeptides
described herein. As used herein, “recombinant antibody”
refers to a recombinant (e.g., genetically engineered) protein
comprising at least one of the polypeptides of the invention
and a polypeptide chain of an antibody, or a portion thereof.
The polypeptide of an antibody, or portion thereof, can be a
heavy chain, a light chain, a variable or constant region of a
heavy or light chain, a single chain variable fragment (scFv),
or an Fe, Fab, or F(ab),' fragment of an antibody, etc. The
polypeptide chain of an antibody, or portion thereof, can exist
as a separate polypeptide of the recombinant antibody. Alter-
natively, the polypeptide chain of an antibody, or portion
thereof, can exist as a polypeptide, which is expressed in
frame (in tandem) with the polypeptide of the invention. The
polypeptide of an antibody, or portion thereof, can be a
polypeptide of any antibody or any antibody fragment,
including any of the antibodies and antibody fragments
described herein.

[0040] Included inthe scope of the invention are functional
variants of the inventive modified TCRs, polypeptides, and
proteins described herein. The term “functional variant” as
used herein refers to a modified TCR, polypeptide, or protein
having substantial or significant sequence identity or similar-
ity to a parent modified TCR, polypeptide, or protein, which
functional variant retains the biological activity of the modi-
fied TCR, polypeptide, or protein of which it is a variant.
Functional variants encompass, for example, those variants of
the TCR, polypeptide, or protein described herein (the parent
modified TCR, polypeptide, or protein) that retain the ability
to recognize target cells to a similar extent, the same extent, or
to a higher extent, as the parent modified TCR, polypeptide,
or protein. In reference to the parent modified TCR, polypep-
tide, or protein, the functional variant can, for instance, be at
least about 30%, 50%, 75%, 80%, 90%, 98% or more iden-
tical in amino acid sequence to the parent modified TCR,
polypeptide, or protein.

[0041] The functional variant can, for example, comprise
the amino acid sequence of the parent TCR, polypeptide, or
protein with at least one conservative amino acid substitution.
Alternatively oradditionally, the functional variants can com-
prise the amino acid sequence of the parent modified TCR,
polypeptide, or protein with at least one non-conservative
amino acid substitution. In this case, it is preferable for the
non-conservative amino acid substitution to not interfere with
or inhibit the biological activity of the functional variant.
Preferably, the non-conservative amino acid substitution
enhances the biological activity of the functional variant, such
that the biological activity of the functional variant is
increased as compared to the parent modified TCR, polypep-
tide, or protein.

[0042] Themodified TCR, polypeptide, or protein can con-
sist essentially of the specified amino acid sequence or
sequences described herein, such that other components of
the functional variant, e.g., other amino acids, do not materi-
ally change the biological activity of the functional variant. In
this regard, the inventive modified TCR, polypeptide, or pro-
tein can, for example, consist essentially of an amino acid
sequence selected from the group consisting of SEQ ID NOs:
1to 6, 13, and 95 to 103. Also, for instance, the inventive
modified TCRs, polypeptides, or proteins can consist essen-
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tially of an amino acid sequence selected from the group
consisting of SEQ ID NOs: 14 to 20, 37 to 39, and 104 to 109.
[0043] The modified TCRs, polypeptides, and proteins of
the invention (including functional portions and functional
variants) can be of any length, i.e., can comprise any number
of amino acids, provided that the modified TCRs, polypep-
tides, or proteins (or functional portions or functional variants
thereof) retain their biological activity, e.g., the ability to
specifically bind to antigen, detect diseased cells in a host, or
treat or prevent disease in a host, etc. For example, the
polypeptide can be 50 to 5000 amino acids long, such as 50,
70,75, 100, 125, 150, 175, 200, 300, 400, 500, 600, 700, 800,
900, 1000 or more amino acids in length. In this regard, the
polypeptides of the invention also include oligopeptides.
[0044] The modified TCRs, polypeptides, and proteins of
the invention (including functional portions and functional
variants ) of the invention can comprise synthetic amino acids
in place of one or more naturally-occurring amino acids. Such
synthetic amino acids are known in the art, and include, for
example, aminocyclohexane carboxylic acid, norleucine,
a-amino n-decanoic acid, homoserine, S-acetylaminom-
ethyl-cysteine, trans-3- and trans-4-hydroxyproline, 4-ami-
nophenylalanine, 4-nitrophenylalanine, 4-chlorophenylala-
nine, 4-carboxyphenylalanine, [-phenylserine
[-hydroxyphenylalanine, phenylglycine, c.-naphthylalanine,
cyclohexylalanine, cyclohexylglycine, indoline-2-carboxy-
lic acid, 1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid,
aminomalonic acid, aminomalonic acid monoamide, N'-ben-
zyl-N'-methyl-lysine, N'.N'-dibenzyl-lysine, 6-hydroxyl-
ysine, ornithine, o-aminocyclopentane carboxylic acid,
a-aminocyclohexane carboxylic acid, a-aminocycloheptane
carboxylic acid, a-(2-amino-2-norbornane)-carboxylic acid,
a,y-diaminobutyric  acid, «o,-diaminopropionic  acid,
homophenylalanine, and a-tert-butylglycine.

[0045] The modified TCRs, polypeptides, and proteins of
the invention (including functional portions and functional
variants) can be glycosylated, amidated, carboxylated, phos-
phorylated, esterified, N-acylated, cyclized via, e.g.. a disul-
fide bridge, or converted into an acid addition salt and/or
optionally dimerized or polymerized, or conjugated.

[0046] When the modified TCRs, polypeptides, and pro-
teins of the invention (including functional portions and func-
tional variants) are in the form of a salt, preferably, the
polypeptides are in the form of'a pharmaceutically acceptable
salt. Suitable pharmaceutically acceptable acid addition salts
include those derived from mineral acids, such as hydrochlo-
ric, hydrobromic, phosphoric, metaphosphoric, nitric, and
sulphuric acids, and organic acids, such as tartaric, acetic,
citric, malic, lactic, fumaric, benzoic, glycolic, gluconic, suc-
cinic, and arylsulphonic acids, for example, p-toluenesul-
phonic acid.

[0047] The modified TCR, polypeptide, and/or protein of
the invention (including functional portions and functional
variants thereof) can be obtained by methods known in the art.
Suitable methods of de novo synthesizing polypeptides and
proteins are described in references, such as Chan et al., Fmoc
Solid Phase Peptide Synthesis, Oxford University Press,
Oxford, United Kingdom, 2005; Peptide and Protein Drug
Analysis, ed. Reid, R., Marcel Dekker, Inc., 2000; Epitope
Mapping, ed. Westwoood et al., Oxford University Press,
Oxford, United Kingdom, 2000; and U.S. Pat. No. 5,449,752.
Also, polypeptides and proteins can be recombinantly pro-
duced using the nucleic acids described herein using standard
recombinant methods. See, for instance, Sambrook et al.,
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Molecular Cloning: A Laboratory Manual, 3% ed., Cold
Spring Harbor Press, Cold Spring Harbor, N.Y. 2001; and
Ausubel et al., Current Protocols in Molecular Biology,
Greene Publishing Associates and John Wiley & Sons, NY,
1994. Further, some of the TCRs, polypeptides, and proteins
of the invention (including functional portions and functional
variants thereof) can be isolated and/or purified from a
source, such as a plant, a bacterium, aninsect,a mammal, e.g,,
arat, a human, etc. Methods of isolation and purification are
well-known in the art. Alternatively, the TCRs, polypeptides,
and/or proteins described herein (including functional por-
tions and functional variants thereof) can be commercially
synthesized by companies, such as Synpep (Dublin, Calif.),
Peptide Technologies Corp. (Gaithersburg, Md.), and Mul-
tiple Peptide Systems (San Diego, Calif)). In this respect, the
inventive TCRs, polypeptides, and proteins can be synthetic,
recombinant, isolated, and/or purified.

[0048] Included in the scope of the invention are conju-
gates, e.g., bioconjugates, comprising any of the inventive
modified TCRs, polypeptides, or proteins (including any of
the functional portions or variants thereof), nucleic acids,
recombinant expression vectors, host cells, populations of
host cells, or antibodies, or antigen binding portions thereof.
Conjugates, as well as methods of synthesizing conjugates in
general, are known in the art (See, for instance, Hudecz, F.,
Methods Mol. Biol. 298: 209-223 (2005) and Kirin et al.,
Inorg Chem. 44(15): 5405-5415 (2005)).

[0049] Further provided by the invention is a nucleic acid
comprising a nucleotide sequence encoding any of the modi-
fied TCRs, polypeptides, or proteins described herein (in-
cluding functional portions and functional variants thereof).
[0050] By “nucleic acid” as used herein includes “poly-
nucleotide,” “oligonucleotide,” and “nucleic acid molecule,”
and generally means a polymer of DNA or RNA, which can
be single-stranded or double-stranded, synthesized or
obtained (e.g., isolated and/or purified) from natural sources,
which can contain natural, non-natural or altered nucleotides,
and which can contain a natural, non-natural or altered inter-
nucleotide linkage, such as a phosphoroamidate linkage or a
phosphorothioate linkage, instead of the phosphodiester
found between the nucleotides of an unmodified oligonucle-
otide. It is generally preferred that the nucleic acid does not
comprise any insertions, deletions, inversions, and/or substi-
tutions. However, it may be suitable in some instances, as
discussed herein, for the nucleic acid to comprise one or more
insertions, deletions, inversions, and/or substitutions.

[0051] Preferably, the nucleic acids of the invention are
recombinant. As used herein, the term “recombinant” refers
to (i) molecules that are constructed outside living cells by
joining natural or synthetic nucleic acid segments to nucleic
acid molecules that can replicate in a living cell, or (ii) mol-
ecules that result from the replication of those described in (i)
above. For purposes herein, the replication can be in vitro
replication or in vivo replication.

[0052] The nucleic acids can be constructed based on
chemical synthesis and/or enzymatic ligation reactions using
procedures known in the art. See, for example, Sambrook et
al., supra, and Ausubel et al., supra. For example, a nucleic
acid can be chemically synthesized using naturally occurring
nucleotides or variously modified nucleotides designed to
increase the biological stability of the molecules or to
increase the physical stability of the duplex formed upon
hybridization (e.g., phosphorothioate derivatives and acri-
dine substituted nucleotides). Examples of modified nucle-
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otides that can be used to generate the nucleic acids include,
but are not limited to, 5-fluorouracil, 5S-bromouracil, 5-chlo-
rouracil, 5-iodouracil, hypoxanthine, xanthine, 4-acetylcy-
tosine, 5-(carboxyhydroxymethyl) uracil, 5-carboxymethy-
laminomethyl-2-thiouridine,
S-carboxymethylaminomethyluracil, dihydrouracil, beta-D-
galactosylqueosine, inosine, N°-isopentenyladenine, 1-me-
thylguanine, 1-methylinosine, 2,2-dimethylguanine, 2-me-
thyladenine, 2-methylguanine, 3-methylcytosine,
5-methylcytosine, N%-substituted adenine, 7-methylguanine,
5-methylaminomethyluracil,  5-methoxyaminomethyl-2-
thiouracil, beta-D-mannosylqueosine, 5'-methoxycarboxym-
ethyluracil, 5-methoxyuracil, 2-methylthio-N°-isopenteny-
ladenine, uracil-5-oxyacetic acid (v), wybutoxosine,
pseudouracil, queosine, 2-thiocytosine, S-methyl-2-thiou-
racil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxy-
acetic acid methylester, 3-(3-amino-3-N-2-carboxypropyl)
uracil, and 2,6-diaminopurine. Alternatively, one or more of
the nucleic acids of the invention can be purchased from
companies, such as Macromolecular Resources (Fort Collins,
Colo.) and Synthegen (Houston, Tex.).

[0053] The nucleic acid can comprise any nucleotide
sequence which encodes any of the modified TCRs, polypep-
tides, or proteins, or functional portions or functional variants
thereof. For example, the nucleic acid can comprise a nucle-
otide sequence comprising SEQ ID NO: 22 to 24, 28, 29,32,
or 33. The nucleotide sequence alternatively can comprise a
nucleotide sequence which is degenerate to any of these
sequences or a combination of degenerate sequences. For
example, the nucleotide sequence can comprise a nucleotide
sequence comprising a nucleotide sequence degenerate to
SEQ ID NO: 22 and a nucleotide sequence degenerate to SEQ
ID NO: 23 or comprising a nucleotide sequence degenerate to
SEQ ID NO: 23 and a nucleotide sequence degenerate to SEQ
ID NO: 25.

[0054] The invention also provides an isolated or purified
nucleic acid comprising a nucleotide sequence which is
complementary to the nucleotide sequence of any of the
nucleic acids described herein or a nucleotide sequence
which hybridizes under stringent conditions to the nucleotide
sequence of any of the nucleic acids described herein.

[0055] The nucleotide sequence which hybridizes under
stringent conditions preferably hybridizes under high strin-
gency conditions. By “high stringency conditions” is meant
that the nucleotide sequence specifically hybridizes to a target
sequence (the nucleotide sequence of any of the nucleic acids
described herein) in an amount that is detectably stronger
than non-specific hybridization. High stringency conditions
include conditions which would distinguish a polynucleotide
with an exact complementary sequence, or one containing
only a few scattered mismatches from a random sequence that
happened to have a few small regions (e.g., 3-10 bases) that
matched the nucleotide sequence. Such small regions of
complementarity are more easily melted than a full-length
complement of 14-17 or more bases, and high stringency
hybridization makes them easily distinguishable. Relatively
high stringency conditions would include, for example, low
salt and/or high temperature conditions, such as provided by
about 0.02-0.1 M NaCl or the equivalent, at temperatures of
about 50-70° C. Such high stringency conditions tolerate
little, if any, mismatch between the nucleotide sequence and
the template or target strand, and are particularly suitable for
detecting expression of any of the inventive TCRs. It is gen-
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erally appreciated that conditions can be rendered more strin-
gent by the addition of increasing amounts of formamide.
[0056] The nucleic acids of the invention can be incorpo-
rated into a recombinant expression vector. In this regard, the
invention provides recombinant expression vectors compris-
ing any of the nucleic acids of the invention. For purposes
herein, the term “recombinant expression vector” means a
genetically-modified oligonucleotide or polynucleotide con-
struct that permits the expression of an mRNA, protein,
polypeptide, or peptide by a host cell, when the construct
comprises a nucleotide sequence encoding the mRNA, pro-
tein, polypeptide, or peptide, and the vector is contacted with
the cell under conditions sufficient to have the mRNA, pro-
tein, polypeptide, or peptide expressed within the cell. The
vectors of the invention are not naturally-occurring as a
whole. However, parts of the vectors can be naturally-occur-
ring. The inventive recombinant expression vectors can com-
prise any type of nucleotides, including, but not limited to
DNA and RNA, which can be single-stranded or double-
stranded, synthesized or obtained in part from natural
sources, and which can contain natural, non-natural or altered
nucleotides. The recombinant expression vectors can com-
prise naturally-occurring, non-naturally-occurring inter-
nucleotide linkages, or both types of linkages. Preferably, the
non-naturally occurring or altered nucleotides or internucle-
otide linkages does not hinder the transcription or replication
of the vector.

[0057] The recombinant expression vector of the invention
can be any suitable recombinant expression vector, and can be
used to transform or transfect any suitable host. Suitable
vectors include those designed for propagation and expansion
or for expression or both, such as plasmids and viruses. The
vector can be selected from the group consisting of the pUC
series (Fermentas Life Sciences), the pBluescript series
(Stratagene, Lalolla, Calif.), the pET series (Novagen, Madi-
son, Wis.), the pGEX series (Pharmacia Biotech, Uppsala,
Sweden), and the pEX series (Clontech, Palo Alto, Calif.).
Bacteriophage vectors, such as AG10, yGT11, AZapll (Strat-
agene), AEMBL4, and ANM1149, also can be used.
Examples of plant expression vectors include pB01, pBI101.
2, pBI101.3, pBI121 and pBIN19 (Clontech). Examples of
animal expression vectors include pEUK-CI, pMAM and
pMAMreo (Clontech). Preferably, the recombinant expres-
sion vector is a viral vector, e.g., a retroviral vector.

[0058] The recombinant expression vectors of the inven-
tion can be prepared using standard recombinant DNA tech-
niques described in, for example, Sambrook et al., supra, and
Ausubel etal., supra. Constructs of expression vectors, which
are circular or linear, can be prepared to contain a replication
system functional in a prokaryotic or eukaryotic host cell.
Replication systems can be derived, e.g., from ColEl, 2u
plasmid, A, SV40, bovine papilloma virus, and the like.
[0059] Desirably, the recombinant expression vector com-
prises regulatory sequences, such as transcription and trans-
lation initiation and termination codons, which are specific to
the type ofhost (e.g., bacterium, fungus, plant, or animal) into
which the vector is to be introduced, as appropriate and taking
into consideration whether the vector is DNA- or RNA-based.
[0060] The recombinant expression vector can include one
or more marker genes, which allow for selection of trans-
formed or transfected hosts. Marker genes include biocide
resistance, e.g., resistance to antibiotics, heavy metals, etc.,
complementation in an auxotrophic host to provide prototro-
phy, and the like. Suitable marker genes for the inventive
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expression vectors include, for instance, neomycin/G418
resistance genes, hygromycin tresistance genes, histidinol
resistance genes, tetracycline resistance genes, and ampicillin
resistance genes.

[0061] The recombinant expression vector can comprise a
native or nonnative promoter operably linked to the nucle-
otide sequence encoding the modified TCR, polypeptide, or
protein (including functional portions and functional variants
thereof), or to the nucleotide sequence which is complemen-
tary to or which hybridizes to the nucleotide sequence encod-
ing the modified TCR, polypeptide, or protein. The selection
of promoters, e.g., strong, weak, inducible, tissue-specific
and developmental-specific, is within the ordinary skill of the
artisan. Similarly, the combining of a nucleotide sequence
with a promoter is also within the skill of the artisan. The
promoter can be a non-viral promoter or a viral promoter, e.g.,
a cytomegalovirus (CMV) promoter, an SV40 promoter, an
RSV promoter, and a promoter found in the long-terminal
repeat of the murine stem cell virus.

[0062] The inventive recombinant expression vectors can
be designed for either transient expression, for stable expres-
sion, or for both. Also, the recombinant expression vectors
can be made for constitutive expression or for inducible
expression.

[0063] Further, the recombinant expression vectors can be
made to include a suicide gene. As used herein, the term
“suicide gene” refers to a gene that causes the cell expressing
the suicide gene to die. The suicide gene can be a gene that
confers sensitivity to an agent, e.g., a drug, upon the cell in
which the gene is expressed, and causes the cell to die when
the cell is contacted with or exposed to the agent. Suicide
genes are known in the art (see, for example, Suicide Gene
Therapy: Methods and Reviews, Springer, Caroline J. (Can-
cer Research UK Centre for Cancer Therapeutics at the Insti-
tute of Cancer Research, Sutton, Surrey, UK), Humana Press,
2004) and include, for example, the Herpes Simplex Virus
(HSV) thymidine kinase (TK) gene, cytosine daminase,
purine nucleoside phosphorylase, and nitroreductase.

[0064] The invention further provides a host cell compris-
ing any of the recombinant expression vectors described
herein. As used herein, the term “host cell” refers to any type
of cell that can contain the inventive recombinant expression
vector. The host cell can be a eukaryotic cell, e.g., plant,
animal, fungi, or algae, or can be a prokaryotic cell, e.g.,
bacteria or protozoa. The host cell can be a cultured cell or a
primary cell, i.e., isolated directly from an organism, e.g., a
human. The host cell can be an adherent cell or a suspended
cell, i.e., a cell that grows in suspension. Suitable host cells
are known in the art and include, for instance, DH5a. E. coli
cells, Chinese hamster ovarian cells, monkey VERO cells,
COS cells, HEK293 cells, and the like. For purposes of ampli-
fying or replicating the recombinant expression vector, the
host cell is preferably a prokaryotic cell, e.g., a DH5a. cell.
For purposes of producing a recombinant modified TCR,
polypeptide, or protein, the host cell is preferably a mamma-
lian cell. Most preferably, the host cell is a human cell. While
the host cell can be of any cell type, can originate from any
type of tissue, and can be of any developmental stage, the host
cell preferably is a peripheral blood lymphocyte (PBL). More
preferably, the host cell is a T cell.

[0065] For purposes herein, the T cell can be any T cell,
suchas a cultured T cell, e.g., aprimary T cell, ora T cell from
a cultured T cell line, e.g., Jurkat, SupT1, etc., ora T cell
obtained from a mammal. If obtained from a mammal, the T
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cell can be obtained from numerous sources, including but
not limited to blood, bone marrow, lymph node, the thymus,
or other tissues or fluids. T cells can also be enriched for or
purified. Preferably, the T cell is a human T cell. More pref-
erably, the T cell is a T cell isolated from a human. The T cell
can be any type of T cell and can be of any developmental
stage, including but not limited to, CD4*/CD8* double posi-
tive T cells, CD4* helper T cells, e.g., Th, and Th, cells, CD8*
T cells (e.g., cytotoxic T cells), peripheral blood mononuclear
cells (PBMCs), peripheral blood leukocytes (PBLs), tumor
infiltrating cells (TILs), memory T cells, naive T cells, and the
like. Preferably, the T cell is a CD8" T cell or a CD4™ T cell.
[0066] Also provided by the invention is a population of
cells comprising at least one host cell described herein. The
population of cells can be a heterogeneous population com-
prising the host cell comprising any of the recombinant
expression vectors described, in addition to at least one other
cell, e.g., ahost cell (e.g., a T cell), which does not comprise
any of the recombinant expression vectors, or a cell other than
aT cell, e.g., a B cell, a macrophage, a neutrophil, an eryth-
rocyte, a hepatocyte, an endothelial cell, an epithelial cells, a
muscle cell, a brain cell, etc. Alternatively, the population of
cells can be a substantially homogeneous population, in
which the population comprises mainly of host cells (e.g.,
consisting essentially of) comprising the recombinant expres-
sion vector. The population also can be a clonal population of
cells, in which all cells of the population are clones of asingle
host cell comprising a recombinant expression vector, such
that all cells of the population comprise the recombinant
expression vector. In one embodiment of the invention, the
population of cells is a clonal population comprising host
cells comprising a recombinant expression vector as
described herein.

[0067] The invention further provides an antibody, or anti-
gen binding portion thereof, which specifically binds to an
epitope of the modified TCR of the invention, wherein the
epitope comprises the amino acid substitutions. The antibody
can be any type of immunoglobulin that is known in the art.
For instance, the antibody can be of any isotype, e.g., IgA,
IgD, IgE, IgG, IgM, etc. The antibody can be monoclonal or
polyclonal. The antibody can be a naturally-occurring anti-
body, e.g., an antibody isolated and/or purified from a mam-
mal, e.g., mouse, rabbit, goat, horse, chicken, hamster,
human, etc. Alternatively, the antibody can be a genetically-
engineered antibody, e.g., a humanized antibody or a chi-
meric antibody. The antibody can be in monomeric or poly-
meric form. Also, the antibody can have any level of affinity
or avidity for the functional portion of the inventive modified
TCR. Desirably, the antibody is specific for the epitope of the
inventive modified TCR comprising the amino acid substitu-
tions, such that there is minimal cross-reaction with other
peptides or proteins.

[0068] Methods of testing antibodies for the ability to bind
to any functional portion of the inventive modified TCR are
known in the art and include any antibody-antigen binding
assay, such as, for example, radioimmunoassay (MA),
ELISA, Western blot, immunoprecipitation, and competitive
inhibition assays (see, e.g., Janeway et al., infra, and U.S.
Patent Application Publication No. 2002/0197266 Al).
[0069] Suitable methods of making antibodies are known
in the art. For instance, standard hybridoma methods are
described in, e.g., Kéhler and Milstein, Fur: J. Immunol., 5,
511-519(1976), Harlow and Lane (eds. ), Antibodies: A Labo-
ratory Manual, CSH Press (1988), and C. A. Janeway et al.
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(eds.), Immunobiology, 5 Ed., Garland Publishing, New
York, N.Y. (2001)). Alternatively, other methods, such as
EBV-hybridoma methods (Haskard and Archer, J. Immunol.
Methods, 74(2), 361-67 (1984), and Roder et al., Methods
Enzymol., 121, 140-67 (1986)), and bacteriophage vector
expression systems (see, e.g., Huse et al., Science, 246,1275-
81 (1989)) are known in the art. Further, methods of produc-
ing antibodies in non-human animals are described in, e.g.,
U.S. Pat. Nos. 5,545,806, 5,569,825, and 5,714,352, and U.S.
Patent Application Publication No. 2002/0197266 Al).
[0070] Phage display furthermore can be used to generate
the antibody of the invention. In this regard, phage libraries
encoding antigen-binding variable (V) domains of antibodies
can be generated using standard molecular biology and
recombinant DNA techniques (see, e.g., Sambrook et al.
(eds.), Molecular Cloning, A Laboratory Manual, 3 Edition,
Cold Spring Harbor Laboratory Press, New York (2001)).
Phage encoding a variable region with the desired specificity
are selected for specific binding to the desired antigen, and a
complete or partial antibody is reconstituted comprising the
selected variable domain. Nucleic acid sequences encoding
the reconstituted antibody are introduced into a suitable cell
line, such as a myeloma cell used for hybridoma production,
such that antibodies having the characteristics of monoclonal
antibodies are secreted by the cell (see, e.g., Janeway et al.,
supra, Huse et al., supra, and U.S. Pat. No. 6,265,150).
[0071] Antibodies can be produced by transgenic mice that
are transgenic for specific heavy and light chain immunoglo-
bulin genes. Such methods are known in the art and described
in, for example U.S. Pat. Nos. 5,545,806 and 5,569,825, and
Janeway et al., supra.

[0072] Methods for generating humanized antibodies are
well known in the art and are described in detail in, for
example, Janeway et al., supra, U.S. Pat. Nos. 5,225,539,
5,585,089 and 5,693,761, European Patent No. 0239400 B1,
and United Kingdom Patent No. 2188638. Humanized anti-
bodies can also be generated using the antibody resurfacing
technology described in U.S. Pat. No. 5,639,641 and Peder-
sen et al., J. Mol. Biol., 235, 959-973 (1994).

[0073] The invention also provides antigen binding por-
tions of any of the antibodies described herein. The antigen
binding portion can be any portion that has at least one anti-
gen binding site, such as Fab, F(ab'),, dsFv, sFv, diabodies,
and triabodies.

[0074] A single-chain variable region fragment (sFv) anti-
body fragment, which consists of a truncated Fab fragment
comprising the variable (V) domain of an antibody heavy
chain linked to a V domain of a light antibody chain via a
synthetic peptide, can be generated using routine recombi-
nant DNA technology techniques (see, e.g., Janeway et al.,
supra). Similarly, disulfide-stabilized variable region frag-
ments (dsFv) can be prepared by recombinant DNA technol-
ogy (see, e.g., Reiter et al., Protein Engineering, 7, 697-704
(1994)). Antibody fragments of the invention, however, are
not limited to these exemplary types of antibody fragments.
[0075] Also, the antibody, or antigen binding portion
thereof, can be modified to comprise a detectable label, such
as, for instance, a radioisotope, a fluorophore (e.g., fluores-
cein isothiocyanate (FITC), phycoerythrin (PE)), an enzyme
(e.g., alkaline phosphatase, horseradish peroxidase), and ele-
ment particles (e.g., gold particles).

[0076] The inventive modified TCRs, polypeptides, pro-
teins, (including functional portions and functional variants
thereof), nucleic acids, recombinant expression vectors, host
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cells (including populations thereof), and antibodies (includ-
ing antigen binding portions thereof), can be isolated and/or
purified. The term “isolated” as used herein means having
been removed from its natural environment. The term “puri-
fied” as used herein means having been increased in purity,
wherein “purity” is a relative term, and not to be necessarily
construed as absolute purity. For example, the purity can be at
least about 50%, can be greater than 60%, 70% or 80%, or can
be 100%.

[0077] The inventive modified TCRs, polypeptides, pro-
teins (including functional portions and variants thereof),
nucleic acids, recombinant expression vectors, host cells (in-
cluding populations thereof), and antibodies (including anti-
gen binding portions thereof), all of which are collectively
referred to as “inventive TCR materials™ hereinafter, can be
formulated into a composition, such as a pharmaceutical
composition. In this regard, the invention provides a pharma-
ceutical composition comprising any of the modified TCRs,
polypeptides, proteins, functional portions, functional vari-
ants, nucleic acids, expression vectors, host cells (including
populations thereof), and antibodies (including antigen bind-
ing portions thereof), and a pharmaceutically acceptable car-
rier. The inventive pharmaceutical compositions containing
any of the inventive TCR materials can comprise more than
one inventive TCR material, e.g., a polypeptide and a nucleic
acid, or two or more different modified TCRs. Alternatively,
the pharmaceutical composition can comprise an inventive
TCR material in combination with another pharmaceutically
active agents or drugs, such as a chemotherapeutic agents,
e.g., asparaginase, busulfan, carboplatin, cisplatin, daunoru-
bicin, doxorubicin, fluorouracil, gemcitabine, hydroxyurea,
methotrexate, paclitaxel, rituximab, vinblastine, vincristine,
etc.

[0078] With respect to pharmaceutical compositions, the
pharmaceutically acceptable carrier can be any of those con-
ventionally used and is limited only by chemico-physical
considerations, such as solubility and lack of reactivity with
the active compound(s), and by the route of administration.
The pharmaceutically acceptable carriers described herein,
for example, vehicles, adjuvants, excipients, and diluents, are
well-known to those skilled in the art and are readily available
to the public. It is preferred that the pharmaceutically accept-
able carrier be one which is chemically inert to the active
agent(s) and one which has no detrimental side effects or
toxicity under the conditions of use.

[0079] The choice of carrier will be determined in part by
the particular inventive TCR material, as well as by the par-
ticular method used to administer the inventive TCR material.
Accordingly, there are a variety of suitable formulations of
the pharmaceutical composition of the invention. The follow-
ing formulations for oral, aerosol, parenteral, subcutaneous,
intravenous, intramuscular, intraarterial, intrathecal, inter-
peritoneal, rectal, and vaginal administration are exemplary
and are in no way limiting. More than one route can be used
to administer the inventive TCR materials, and in certain
instances, a particular route can provide a more immediate
and more effective response than another route.

[0080] Topical formulations are well-known to those of
skill in the art. Such formulations are particularly suitable in
the context of the invention for application to the skin.
[0081] Formulations suitable for oral administration can
consist of (a) liquid solutions, such as an effective amount of
the inventive TCR material dissolved in diluents, such as
water, saline, or orange juice; (b) capsules, sachets, tablets,
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lozenges, and troches, each containing a predetermined
amount of the active ingredient, as solids or granules; (c)
powders; (d) suspensions in an appropriate liquid; and (e)
suitable emulsions. Liquid formulations may include dilu-
ents, such as water and alcohols, for example, ethanol, benzyl
alcohol, and the polyethylene alcohols, either with or without
the addition of a pharmaceutically acceptable surfactant.
Capsule forms can be of the ordinary hard- or soft-shelled
gelatin type containing, for example, surfactants, lubricants,
and inert fillers, such as lactose, sucrose, calcium phosphate,
and corn starch. Tablet forms can include one or more of
lactose, sucrose, mannitol, corn starch, potato starch, alginic
acid, microcrystalline cellulose, acacia, gelatin, guar gum,
colloidal silicon dioxide, croscarmellose sodium, talc, mag-
nesium stearate, calcium stearate, zinc stearate, stearic acid,
and other excipients, colorants, diluents, buffering agents,
disintegrating agents, moistening agents, preservatives, fla-
voring agents, and other pharmacologically compatible
excipients. Lozenge forms can comprise the inventive TCR
material in a flavor, usually sucrose and acacia or tragacanth,
as well as pastilles comprising the inventive TCR material in
an inert base, such as gelatin and glycerin, or sucrose and
acacia, emulsions, gels, and the like containing, in addition to,
such excipients as are known in the art.

[0082] The inventive TCR material, alone or in combina-
tion with other suitable components, can be made into aerosol
formulations to be administered via inhalation. These aerosol
formulations can be placed into pressurized acceptable pro-
pellants, such as dichlorodifluoromethane, propane, nitrogen,
and the like. They also may be formulated as pharmaceuticals
for non-pressured preparations, such as in a nebulizer or an
atomizer. Such spray formulations also may be used to spray
mucosa.

[0083] Formulations suitable for parenteral administration
include aqueous and non-aqueous, isotonic sterile injection
solutions, which can contain anti-oxidants, buffers, bacteri-
ostats, and solutes that render the formulation isotonic with
the blood of the intended recipient, and aqueous and non-
aqueous sterile suspensions that can include suspending
agents, solubilizers, thickening agents, stabilizers, and pre-
servatives. The inventive TCR material can be administered
in a physiologically acceptable diluent in a pharmaceutical
carrier, such as a sterile liquid or mixture of liquids, including
water, saline, aqueous dextrose and related sugar solutions, an
alcohol, such as ethanol or hexadecyl alcohol, a glycol, such
as propylene glycol or polyethylene glycol, dimethylsulfox-
ide, glycerol, ketals such as 2,2-dimethyl-1,3-dioxolane-4-
methanol, ethers, poly(ethyleneglycol) 400, oils, fatty acids,
fatty acid esters or glycerides, or acetylated fatty acid glyc-
erides with or without the addition of a pharmaceutically
acceptable surfactant, such as a soap or a detergent, suspend-
ing agent, such as pectin, carbomers, methylcellulose,
hydroxypropylmethylcellulose, or carboxymethylcellulose,
or emulsifying agents and other pharmaceutical adjuvants.
[0084] Oils, which can be used in parenteral formulations
include petroleum, animal, vegetable, or synthetic oils. Spe-
cific examples of oils include peanut, soybean, sesame, cot-
tonseed, corn, olive, petrolatum, and mineral. Suitable fatty
acids for use in parenteral formulations include oleic acid,
stearic acid, and isostearic acid. Ethyl oleate and isopropyl
myristate are examples of suitable fatty acid esters.

[0085] Suitable soaps for use in parenteral formulations
include fatty alkali metal, ammonium, and triethanolamine
salts, and suitable detergents include (a) cationic detergents
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such as, for example, dimethyl dialkyl ammonium halides,
and alkyl pyridinium halides, (b) anionic detergents such as,
for example, alkyl, aryl, and olefin sulfonates, alkyl, olefin,
ether, and monoglyceride sulfates, and sulfosuccinates, (c)
nonionic detergents such as, for example, fatty amine oxides,
fatty acid alkanolamides, and polyoxyethylenepolypropylene
copolymers, (d) amphoteric detergents such as, for example,
alkyl-p-aminopropionates, and 2-alkyl-imidazoline quatet-
nary ammonium salts, and (¢) mixtures thereof.

[0086] The parenteral formulations will typically contain
from about 0.5% to about 25% by weight of the inventive
TCR material in solution. Preservatives and buffers may be
used. In order to minimize or eliminate irritation at the site of
injection, such compositions may contain one or more non-
ionic surfactants having a hydrophile-lipophile balance
(HLB) of from about 12 to about 17. The quantity of surfac-
tant in such formulations will typically range from about 5%
to about 15% by weight. Suitable surfactants include poly-
ethylene glycol sorbitan fatty acid esters, such as sorbitan
monooleate and the high molecular weight adducts of ethyl-
ene oxide with a hydrophobic base, formed by the condensa-
tion of propylene oxide with propylene glycol. The parenteral
formulations can be presented in unit-dose or multi-dose
sealed containers, such as ampoules and vials, and can be
storedin a freeze-dried (lyophilized) condition requiring only
the addition of the sterile liquid excipient, for example, water,
for injections, immediately prior to use. Extemporaneous
injection solutions and suspensions can be prepared from
sterile powders, granules, and tablets of the kind previously
described.

[0087] Injectable formulations are in accordance with the
invention. The requirements for effective pharmaceutical car-
riers for injectable compositions are well-known to those of
ordinary skill in the art (see, e.g., Pharmaceutics and Phar-
macy Practice, ]. B. Lippincott Company, Philadelphia, Pa.,
Banker and Chalmers, eds., pages 238-250(1982), and ASHP
Handbook on Injectable Drugs, Toissel, 4th ed., pages 622-
630 (1986)). Preferably, when administering cells, e.g., den-
dritic cells, the cells are administered via injection.

[0088] Additionally, the inventive TCR materials, or com-
positions comprising such inventive TCR materials, can be
made into suppositories by mixing with a variety of bases,
such as enulsifying bases or water-soluble bases. Formula-
tions suitable for vaginal administration can be presented as
pessaties, tampons, creams, gels. pastes, foams, or spray for-
mulas containing, in addition to the active ingredient, such
carriers as are known in the art to be appropriate.

[0089] Itwill beappreciated by one of skill in the art that, in
addition to the above-described pharmaceutical composi-
tions, the inventive TCR materials of the invention can be
formulated as inclusion complexes, such as cyclodextrin
inclusion complexes, or liposomes.

[0090] For purposes of the invention, the amount or dose of
the inventive TCR material administered should be sufficient
to effect, e.g., a therapeutic or prophylactic response, in the
subject or animal over a reasonable time frame. For example,
the dose of the inventive TCR material should be sufficient to
bind to antigen, or detect, treat or prevent disease in a period
of from about 2 hours or longer, e.g., 12 to 24 or more hours,
from the time of administration. In certain embodiments, the
time period could be even longer. The dose will be determined
by the efficacy of the particular inventive TCR material and
the condition of the animal (e.g., human), as well as the body
weight of the animal (e.g., human) to be treated.
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[0091] Many assays for determining an administered dose
are known in the art. For purposes of the invention, an assay,
which comprises comparing the extent to which target cells
are lysed or IFN-y is secreted by T cells expressing the inven-
tive modified TCR, polypeptide, or protein upon administra-
tion of a given dose of such T cells to a mammal among a set
of mammals of which is each given a different dose of the T
cells, could be used to determine a starting dose to be admin-
istered to amammal. The extent to which target cells are lysed
or IFN-y is secreted upon administration of a certain dose can
be assayed by methods known in the art, including, for
instance, the methods described herein as Example 2.

[0092] The dose of the inventive TCR material also will be
determined by the existence, nature and extent of any adverse
side effects that might accompany the administration of a
particular inventive TCR material. Typically, the attending
physician will decide the dosage of the inventive TCR mate-
rial with which to treat each individual patient, taking into
consideration a variety of factors, such as age, body weight,
general health, diet, sex, inventive TCR material to be admin-
istered, route of administration, and the severity of the con-
dition being treated. By way of example and not intending to
limit the invention, the dose of the inventive TCR material can
be about 0.001 to about 1000 mg/kg body weight of the
subject being treated/day, from about 0.01 to about 10 mg/kg
body weight/day, about 0.01 mg to about 1 mg/kg body
weight/day.

[0093] One of ordinary skill in the art will readily appreci-
ate that the inventive TCR materials of the invention can be
modified in any number of ways, such that the therapeutic or
prophylactic efficacy of the inventive TCR materials is
increased through the modification. For instance, the inven-
tive TCR materials can be conjugated either directly or indi-
rectly through a linker to a targeting moiety. The practice of
conjugating compounds, e.g., inventive TCR materials, to
targeting moieties is known in the art. See, for instance,
Wadwa et al., J. Drug Targeting 3: 111 (1995) and U.S. Pat.
No. 5,087,616. The term “targeting moiety” as used herein,
refers to any molecule or agent that specifically recognizes
and binds to a cell-surface receptor, such that the targeting
moiety directs the delivery of the inventive TCR materials to
a population of cells on which surface the receptor is
expressed. Targeting moieties include, but are not limited to,
antibodies, or fragments thereof, peptides, hormones, growth
factors, cytokines, and any other natural or non-natural
ligands, which bind to cell surface receptors (e.g., Epithelial
Growth Factor Receptor (EGFR), T-cell receptor (TCR),
B-cell receptor (BCR), CD28, Platelet-derived Growth Fac-
tor Receptor (PDGF), nicotinic acetylcholine receptor
(nAChR), etc.). The term “linker” as used herein, refers to any
agent or molecule that bridges the inventive TCR materials to
the targeting moiety. One of ordinary skill in the art recog-
nizes that sites on the inventive TCR materials, which are not
necessary for the function of the inventive TCR materials, are
ideal sites for attaching a linker and/or a targeting moiety,
provided that the linker and/or targeting moiety, once
attached to the inventive TCR materials, do(es) not interfere
with the function of the inventive TCR materials, i.e., the
ability to bind to antigen, or to detect, treat, or prevent disease.

[0094] Alternatively, the inventive TCR materials can be
modified into a depot form, such that the manner in which the
inventive TCR materials is released into the body to which it
is administered is controlled with respect to time and location
within the body (see, for example, U.S. Pat. No. 4,450,150).
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Depot forms of inventive TCR materials can be, for example,
an implantable composition comprising the inventive TCR
materials and a porous or non-porous material, such as a
polymer, wherein the inventive TCR materials is encapsu-
lated by or diffused throughout the material and/or degrada-
tion of the non-porous material. The depot is then implanted
into the desired location within the body and the inventive
TCR materials are released from the implant at a predeter-
mined rate.

[0095] Itis contemplated that the inventive pharmaceutical
compositions, modified TCRs, polypeptides, proteins,
nucleic acids, recombinant expression vectors, host cells, or
populations of cells can be used in methods of treating or
preventing a disease in a host. Without being bound to a
particular theory, the inventive modified TCRs are believed to
have enhanced biological activity, e.g., ability to recognize
antigen, such that the modified TCR (or related inventive
polypeptide or protein) when expressed by a cell is able to
mediate a stronger immune response against the cell express-
ing the antigen for which the modified TCR is specific. In this
regard, the invention provides a method of treating or pre-
venting a disease in a host, comprising administering to the
host any of the pharmaceutical compositions in an amount
effective to treat or prevent the disease in the host.

[0096] Thedisease canbeany disease involving an antigen,
e.g., an infectious disease, an autoimmune disease, a cancer.
[0097] For purposes herein, “infectious disease” means a
disease that can be transmitted from person to person or from
organism to organism, and is caused by a microbial agent
(e.g., common cold). Infectious diseases are known in the art
and include, for example, hepatitis, sexually transmitted dis-
eases (e.g., Chlamydia, gonorrhea), tuberculosis, HIV/AIDS,
diphtheria, hepatitis B, hepatitis C, cholera, and influenza.
[0098] For purposes herein, “autoimmune disease” refers
to adisease in which the body produces an immunogenic (i.e.,
immune system) response to some constituent of its own
tissue. In other words the immune system loses its ability to
recognize some tissue or system within the body as “self” and
targets and attacks it as if it were foreign. Autoimmune dis-
eases can be classified into those in which predominantly one
organ is affected (e.g., hemolytic anemia and anti-immune
thyroiditis), and those in which the autoimmune disease pro-
cess 1s diffused through many tissues (e.g., systemic lupus
erythematosus). For example, multiple sclerosis is thought to
be caused by T cells attacking the sheaths that surround the
nerve fibers of the brain and spinal cord. This results in loss of
coordination, weakness, and blurred vision. Autoimmune
diseases are known in the art and include, for instance, Hash-
imoto’s thyroiditis, Grave’s disease, lupus, multiple sclerosis,
rheumatic arthritis, hemolytic anemia, anti-immune thyroidi-
tis, systemic lupus erythematosus, celiac disease, Crohn’s
disease, colitis, diabetes, schleroderma, psoriasis, and the
like.

[0099] With respect to the inventive methods, the cancer
canbe any cancer, including any of acute lymphocytic cancer,
acute myeloid leukemia, alveolar rhabdomyosarcoma, bone
cancer, brain cancer, breast cancer, cancer of the anus, anal
canal, or anorectum, cancer of the eye, cancer of the intrahe-
patic bile duct, cancer of the joints, cancer of the neck, gall-
bladder, or pleura, cancer of the nose, nasal cavity, or middle
ear, cancer of the oral cavity, cancer of the vulva, chronic
lymphocytic leukemia, chronic myeloid cancer, colon cancer,
esophageal cancer, cervical cancer, gastrointestinal carcinoid
tumor. Hodgkin lymphoma, hypopharynx cancer, kidney
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cancer, larynx cancer, liver cancer, lung cancer, malignant
mesothelioma, melanoma, multiple myeloma, nasopharynx
cancer, non-Hodgkin lymphoma, ovarian cancer, pancreatic
cancer, peritoneum, omentum, and mesentery cancer, phat-
ynx cancer, prostate cancer, rectal cancer, renal cancer (e.g.,
renal cell carcinoma (RCC)), small intestine cancer, soft tis-
sue cancer, stomach cancer, testicular cancer, thyroid cancer,
ureter cancer, and urinary bladder cancer. Preferably, the can-
cer is melanoma.

[0100] The terms “treat,” and “prevent” as well as words
stemming therefrom, as used herein, do not necessarily imply
100% or complete treatment or prevention. Rather, there are
varying degrees of treatment or prevention of which one of
ordinary skill in the art recognizes as having a potential ben-
efitor therapeutic effect In this respect, the inventive methods
can provide any amount of any level of treatment or preven-
tion of cancer in a mammal. Furthermore, the treatment or
prevention provided by the inventive method can include
treatment or prevention of one or more conditions or symp-
toms of the disease, e.g., cancer, being treated or prevented.
Also, for purposes herein, “prevention” can encompass
delaying the onset of the disease, or a symptom or condition
thereof.

[0101] Also provided is a method of detecting a diseased
cell in a host, wherein the diseased cell expresses an antigen
characteristic of a disease. The method comprises (1) contact-
ing a sample comprising cells of the host with any of the
inventive modified TCRs, polypeptides, proteins, nucleic
acids, recombinant expression vectors, host cells, and popu-
lations of host cells described herein, thereby forming a com-
plex between the antigen which is characteristic of the disease
and the inventive modified TCR, polypeptide, protein,
nucleic acid, recombinant expression vector, host cell, or
population of cells, and (ii) detecting the complex, wherein
detection of the complex is indicative of a diseased cell in the
host.

[0102] The diseased cell can be any cell of any disease,
which cell expresses an antigen that is characteristic of the
disease. The diseased cell can be a cancer cell or an infected
cell, for example. Preferably, the diseased cell is a melanoma
cell

[0103] In the method of treating or preventing a disease or
of detecting a diseased cell, the inventive modified TCR has
antigenic specificity for an antigen that is characteristic of the
disease to be treated, prevented, or detected. For instance, if
the disease to be treated, prevented or detected is melanoma,
the inventive modified TCR has antigenic specificity for a
melanoma antigen, e.g., MART-1, NY-ESO-1, gp100, etc. If
a host cell or a population comprising at least one host cell is
used in the method, the host cell desirably expresses a TCR
having antigenic specificity for the antigen of the disease. If
an inventive nucleic acid or recombinant expression vector is
used in the method, the nucleic acid or recombinant expres-
sion vector desirably encodes the modified TCR which has
antigenic specificity for an antigen of the disease to be treated,
prevented, or detected, such that expression of the nucleic
acid or recombinant expression vector is achieved in a cell
and the TCR expressed by the cell is capable of binding to the
antigen of the disease.

[0104] With respect to the inventive method of detecting a
diseased cell in a host, the sample comprising cells of the host
can be a sample comprising whole cells, lysates thereof, or a
fraction of the whole cell lysates, e.g., a nuclear or cytoplas-
mic fraction, a whole protein fraction, or a nucleic acid frac-
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tion. If the sample comprises whole cells, the cells can be any
cells of the host, e.g., the cells of any organ or tissue, includ-
ing blood cells.

[0105] For purposes of the inventive detecting method, the
contacting step can take place in vitro or in vivo with respect
to the host. Preferably, the contacting is an in vitro step.
[0106] Also, detection of the complex can occur through
any number of ways known in the art. For instance, the inven-
tive modified TCRs, polypeptides, proteins, nucleic acids,
recombinant expression vectors, host cells, populations of
cells, or antibodies, or antigen binding portions thereof
described herein, can be labeled with a detectable label such
as, for instance, a radioisotope, a fluorophore (e.g., fluores-
cein isothiocyanate (FITC), phycoerythrin (PE)), an enzyme
(e.g., alkaline phosphatase, horseradish peroxidase), and ele-
ment particles (e.g., gold particles).

[0107] Forpurposes of the inventive methods, wherein host
cells or populations of cells are administered to the host, the
cells can be cells that are allogeneic or autologous to the host.
Preferably, the cells are autologous to the host.

[0108] The host referred to herein can be any host. Prefer-
ably, the host is a mammal. As used herein, the term “mam-
mal” refers to any mammal, including, but not limited to,
mammals of the order Rodentia, such as mice and hamsters,
and mammals of the order Logomorpha, such as rabbits. [t is
preferred that the mammals are from the order Carnivora,
including Felines (cats) and Canines (dogs). It is more pre-
ferred that the mammals are from the order Artiodactyla,
including Bovines (cows) and Swines (pigs) or of the order
Perssodactyla, including Equines (horses). It is most pre-
ferred that the mammals are ofthe order Primates, Ceboids, or
Simoids (monkeys) or of the order Anthropoids (humans and
apes). An especially preferred mammal is the human.

[0109] A method of identifying a candidate adoptive
immunotherapy TCR is also provided. The method consists
of (a) producing a nucleic acid encoding a modified TCR
comprising a WT TCR amino acid sequence with no more
than three amino acid substitutions, (b) expressing the nucleic
acid in CD4+ T cells and CD8+ T cells, and (c) assaying the
T cells for the ability to recognize target cells and for antigen
specificity. A candidate adoptive immunotherapy TCR is
identified when the modified TCR, as compared to the WT
TCR, (i) has an enhanced ability to recognize target cells
when expressed in CD4+ T cells and (ii) does not exhibit a
decrease in antigen specificity when expressed by CD8+ T
cells.

[0110] The term “candidate adoptive immunotherapy
TCR” as used herein refers to a modified TCR which com-
prises an amino acid sequence of a WT TCR with no more
than three amino acid substitutions and, as compared to the
WT TCR (i) has an enhanced ability recognize target cells
when expressed in CD4+ T cells and (ii) does not exhibit a
decrease in antigen specificity when expressed by CD8+ T
cells. Such candidate cells are predicted to work well in the
context of adoptive immunotherapy, such that the TCR, when
expressed in T cells of a patient, will be able to treat or prevent
a disease of the patient.

[0111] Producing a nucleic acid encoding a modified TCR
can be carried out by any means known in the art. For
instance, Examples 2 to 4 describe methods of making such a
nucleic acid in which a WT TCR sequence is used as a
template for a PCR reaction which utilizes primers which
encode the amino acid substitutions. The resulting PCR prod-
uct, which encodes the amino acid mutations is then in vitro
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transcribed, thereby producing an RNA encoding the modi-
fied TCR. Alternatively, the nucleic acid can be produced by
other means, e.g., site directed mutagenesis.

[0112] With respect to the method of identifying a candi-
date adoptive immunotherapy TCR, the amino acid substitu-
tions preferably are conservative amino acid substitutions.
More preferably, the amino acid substitutions are located
within a CDR of the TCR, e.g., CDR1, CDR2, CDR3. Most
preferably, the amino acid substitutions are located within the
CDR2 of a f chain of the TCR. Also, with regard to this
method, the modified TCR has at least twice the ability to
recognize target cells as the WT TCR and exhibits this
enhanced ability in at least two assays.

[0113] Methods of expressing nucleic acids in cells (in-
cluding CD4+ T cells and CD8+ T cells) are known in the art,
as discussed herein. Preferably, the nucleic acid is an RNA
and the RNA is expressed in T cells by methods described in
Example 2.

[0114] The T cells can be assayed for the ability to recog-
nize target cells and for antigen specificity employing meth-
ods known in the art. Preferably, the T cells are assayed as
described herein as Example 2.

Examples

[0115] The following examples further illustrate the inven-
tion but, of course, should not be construed as in any way
limiting its scope.

[0116] The following examples describe the amino acid
substitutions of the modified TCRs with respect to the imma-
ture TCR sequence (i.e., the TCR sequence with the leader
sequence).
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fragments were amplified using a high fidelity DNA poly-
merase, Fusion (New England Biolabs) according to the
manufacturer’s instructions. Specifically, the WT 1G4 f
chain was isolated by RT-PCR from an in vitro cultured tumor
infiltrating lymphocytes (TIL) sample isolated from a mela-
noma patient using two primer pairs: the first pair (Primers A
and B) was used to isolate the variable region sequence but
also contained sequences corresponding to the appropriate J
region, while the second primer pair (Primers C and D) was
used to isolate the full length constant region butalso encoded
the J region to allow an overlap with the sequence amplified
using the first primer pair. The full length construct encoding
the f chain was generated by isolation of the two PCR prod-
ucts on an agarose gel, which products were then mixed and
used to carry out a second round of amplification using Prim-
ers Eand F.

[0119] The 1G4 TR o chain was constructed by RT-PCR
from an in vitro cultured TIL sample of using two primer
pairs: the first pair (Primers O and H) was used to isolate the
1G4 o chain variable region sequence including part of the J
region, while the second pair (Primers 1 and J) was used to
isolate the 1G4 o chain constant region but also encoded the
I region. The full length construct encoding the o chain was
generated by isolation of the two PCR products onan agarose
gel, which were then mixed and used to carry out a second
round of amplification using Primers K and L. The sequences
of the primers used to obtain the WT 1G4 nucleic acid are set
forth in Table 1.

TABLE 1
SEQ
ID
Name Primer Sequence NO
B chain 5' fragment A GACTAATTAACCCTCACTAAAGGGACACCATGAGCATCGGCCTCCTGTG 40
B CTCCCCGGTGTTCCCGACGTAACTGCTGGCACAGAAGTAC 41
B chain 3' fragment C CAGCAGTTACGTCGGGAACACCGGGGAGCTGTTTTTTGGAGAAG 42
D N I A S A A A A A A 43
TCAGCCTCTGGAATCCTTTCTCTTGA
B chain E GACTAATTAACCCTCACTAAAGGGACACCATGAGCATCGGCCTGCTGTG 44
full length Primers F TTTTTTTTITTTTTTTTTTTTTTTTTITITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTITITTT 45
TCAGCCTCTGGAATCCTTTCTCT
a chain 5' fragment G CTGGTTCCTCTTCCAAATGTAGGTATGTAGCTTCCTCCTGATGTGGGCCTCACAGCAC 46
AGAGGTAGG
H GACTAATTAACCCTCACTAAAGGGACACCATGGAGACCCTCTTGGGC 47
a chain 3' fragment I CTACATACCTACATT TGGAAGAGGAACCAGCCTTATTGTTCATCCGTATATCCAGAA 48
CCCTGACCC
J N I A S A A A A A A 49
TCAGCTGGACCACAGCCGCAGCGTC
a chain K GACTAATTAACCCTCACTAAAGGGACACCATGGAGACCCTCTTGGGC 50

full length Primers L

0 At At At At Al Al A A Al A A A A A A A A A A A A A A A 51

TCAGCTGGACCACAGCCGCAGCG

Example 1

[0117] This example demonstrates a method of making a
modified TCR of the invention.

[0118] The WT 1G4 alpha and beta chains were isolated
using RT-PCR. The RT reaction was carried out as described
in Huang et al., J. Immunol., 172: 6057-6064 (2004), and the

[0120] The nucleotide sequence of the 1G4 TCR obtained
1s set forth as SEQ ID NO: 25 (alpha chain) and SEQ ID NO:
21 (beta chain). For generation of each mutant 1G4 TCR,a 5'
fragment and a 3' fragment, which encoded the amino acid
substitution, were produced by PCR amplification of SEQ ID
NO: 21. Primers M and N were used to produce the 5' frag-
ment for each mutant. Primers O and P were used to produce
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the 3' fragment of 1G4 mutl, Primers Q and R were used to
produce the 3' fragment of 1G4 mut2, and Primers S and T
were used to produce the 3' fragment of 1G4 mut3+The 1G4
PCR products were isolated on agarose gels and the final PCR
product generated by amplification of the 5' fragment with the
3' fragments using the full length primer pair (Primers U and
V). The sequences of the primers used to generate the mutant
beta chains of are set forth in Table 2.

TABLE 2

SEQ
ID
Name Primer Sequence NO:

1G4 p 5! M
fragment

GACTAATTAACCCTCACTARA 52
GGGACACCATGAGCATCGGCC
TCCTGTG

N TGAGTAATGAATCAGCCTCAG 53

&

1G4 mut 1 3! o] GCTGAGGCTGATTCATTACTC 54
(G70A4) fragment AGTTGEEGCTGGTATCACTGA
CCAAGGAGAAGTC

P TTTTTTTTTTTTTTTTTTTTIT 55

TTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTT
TTCAGCCTCTGGAATCCTTTC
TCT

1G4 mut 2 3! Q
(A711) fragment

GCTGAGGCTGATTCATTACTC 56

CCAAGGAGAAGTC

R TTTTTTTTTTTTTTTTTTTTIT 57

TTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTT
TTCAGCCTCTGGAATCCTTTC
TCT

1G4 mut 3 3! S
(G70A/A71I) fragment

i #GGTATCACTCGA
CCAAGGAGAAGTC

T TTTTTTTTTTTTTTTTTTTTIT 59

TTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTT
TTCAGCCTCTGGAATCCTTTC
TCT

Full length Primer U GACTAATTAACCCTCACTARA 60
Pair GGGACACCATGAGCATCGGCC
TCCTGTG

A TTTTTTTTTTTTTTTTTTTTIT 61

TTTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTTT
TCAGCCTCTGGAATCCTTTICT
CcT

**+*mutated nucleotides noted by shading

[0121] The resulting PCR products were in vitro tran-
scribed into RNA as described in Zhao et al., Mol. Ther 13:
151-159 (2006).

[0122] This example demonstrates that the modified TCRs
of the invention can be made.

Example 2

[0123] This example demonstrates the biological activity
of the modified TCRs of the invention as compared to their
wild-type counterparts.

[0124] The modified TCRs produced in Example 1 were
tested for their ability recognize antigen when separately
expressed in CD8" T cells and CD4" T cells. PBMC from
Patient KS were transfected as described in Zhao et al. (2006),
supra with (1) RNA encoding the WT alpha chain of the 1G4
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NY-ESO-1-specific TCR and (ii) RNA encoding the WT beta
chain of the 1G4 TCR, RNA encoding one of the following
mutant beta chains of 1G4: 1G4 mutl (G70A; SEQ ID NO:
1), 1G4 mut (A711, SEQ ID NO: 2), or 1G4 mut3 (G70A/
A711,SEQIDNO: 3), or DNA encoding Green Fluorescence
Protein (GFP).

[0125] Transfected cells were washed and stimulated with
or without (T alone) one of the following cells: T2+ pulsed
with either 1 uM NY-ESO-1 peptide SLLMWITQC (ESO;
SEQIDNO: 92) or g9-15% peptide KTWGQYWQV (9-15%;
SEQ ID NO: 93) or melanoma cells: A375 (HLA-A2*/NY-
ESO-17%), 624.38 (HLA-A2*/NY-ESO-1%), 1363 (HLA-A**/
NY-ESO-1%), 526 (HLA-A2*/NY-ESO-17), and SK (HLA-
A2%/NY-ESO-17).

[0126] Responder cells (1x10° electroporated PBLs) and
1x10° stimulator cells (pulsed T2 cells or melanoma cells)
were incubated in a 0.2-ml culture volume in individual wells
of 96-well plates. Stimulator cells and responder cells were
co-cultured for 16 to 24 h. Cytokine secretion of culture
supernatants diluted to the linear range of the assay was
measured using commercially available ELISA kits (IFN-y
Endogen, Cambridge, Mass.).

[0127] The amount of IFN-y (pg/ml) produced by trans-
fected CD8* T cells are shown in Table 3, while the amount of
IFN-y (pg/ml) produced by transfected CD4* T cells are
shown in Table 4.

TABLE 3
a chain WT WT WT WT GFP
f chain WT GT70A GT0A/ATIT AT1I
29-154 <30 <30 <30 <30 <30
ESO 112350 10150 8860 10080 <30
A375 145 579 766 1058 <30
624.38 3030 6270 5280 7530 <30
1363 175 517 535 911 46
526 <30 <30 <30 <30 <30
SK <30 <30 38 <30 <30
T alone <30 <30 <30 <30 <30
TABLE 4
a chain WT WT WT WT  GFP
B chain WT  GI0A  GIOA/ATIT  AT7II
g9-154 <30 <30 <30 <30 <30
ESO 3540 6380 10690 8970 <30
A375 30 58 872 157 40
624.38 <30 88 1374 418 <30
1363 49 75 611 269 50
526 <30 <30 <30 <30 <30
SK <30 <30 <30 300 <30
T alone <30 <30 <30 300 <30
[0128] This example demonstrated that the modified TCRs

of the invention have enhanced antigen specificity when
expressed in CD4* T cells and CD8" T cells.

Example 3

[0129] This example demonstrates a method of making
modified TCRs specific for the MART-1 cancer antigen.
[0130] The DMF5 (F5) TCR which is specific for the can-
cer antigen MART-1 was isolated and the nucleotide
sequence of the F5 TCR obtained is set forth as SEQ ID NO:
30 (alpha chain) and SEQ ID NO: 31 (beta chain).

[0131] TheF5 o chain was amplified from the cloned gene
product (SEQ ID NO: 30) to generate RNA using Primers W
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and X. The F5 beta chain was amplified from the cloned gene
product (SEQ ID NO: 31) to generate RNA using Primers Y
and 7.

[0132] For generation of each mutant F5 TCR, a §' frag-
ment and a 3' fragment, which encoded the amino acid sub-
stitution, were produced by PCR amplification of SEQ ID
NO: 31. Primers AA and AB were used to produce the 5'
fragment for each mutant. Primers AC and AD were used to
produce the 3' fragment of FS mut1, Primers AE and AF were
used to produce the 3' fragment of F5mut2, Primers AG and
AH were used to produce the 3' fragment of FSmut3, Primers
Al and AJ were used to produce the 3' fragment of F5mut 4,
and Primers AK and AL were used to produce the 3' fragment
of F5Smut5. The PCR products were isolated on agarose gels
and the final PCR product generated by amplification of the 5'
fragment with the 3' fragments using the full length primer
pair (Primers AM and AN). The sequences of the primers used
to generate the mutant beta chains of are set forth in Table 5.
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TABLE 5-continued

SEQ
D
Primer Sequence NO:
F5 mut 4 Al GCTAAGGCTCATCCATTATTCRAATAC 74
(A71M/T73A) THEPEGGETHEC CACTGECARAGGAGAAGT
cc
AJ TTTTTTTTTTTTTTTTTTTTTTTTTTTT 75
TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCTTTCTCTTG
ACCAT
F5 mut 5 AK GCTAAGGCTCATCCATTATTCARAT 76
(T70V/A71M/ a5 SGETHCCACTGGCAARGGAG
T732) ARGTCC
AL TTTTTTTTTTTTTTTTTTTTTTTTTTTT 77

A At A At A At At A Al Al Al Al

TABLE 5
SEQ
ID
Primer Sequence NO:
a chain RNAW GACTAATTAACCCTCACTARAGGGACAC 62
CATGATGAAATCCTTGAGAGTTTTACTA
G
X TTTTTTTTTTTTTTTTTTTTTTTTTTTT 63
TTTTTTTTTTTTTTTTTTTTTTITTTTT
TTTTTTTTTCAGCTGGACCACAGCCGCA
GCGTC
p chain RNA Y TCAGAATTAACCCTCACTARAGGGACTA 64
GTCCTGCAGGTTTAAACGAATTCGCCCT
TCACCATGAGAATCAGGCTCCTGTGCT
Z TTTTTTTTTTTTTTTTTTTTTTTTTTTT 65
TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCITTCTCTTG
ACCAT
B chain 5' A2 TCAGAATTAACCCTCACTARAGGGACTA 66
fragment GTCCTGCAGGTTTAAACGAATTCGCCCT
TCACCATGAGAATCAGGCTCCTGTGCT
AB TGAATAATGGATGAGCCTTAGC 67
F5 mut 1 AC GCTAAGGCTCATCCATTATICAAATACT 68
(T732) GCAGGTHCCACTGGCAAAGGAGAAGTCC
AD TTTTTTTTTTTTTTTTTTTTTTTTTTTT 69
TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCTITTCTCTTG
ACCAT
F5 mut 2 AE GCTAAGGCTCATCCATTATTCARAATENE 70
(T70V/T733) GCAGGTHECCACTCCCARAGCAGAAGTCC
AF TTTTTTTTTTTTTTTTTTTTTTTTTTTT 71
TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCTTTCTCTTG
ACCAT
F5 mut 3 AG GCTAAGGCTCATCCATTATTCAAAT 72
(T70V/A71M) CGATEGETACCACTGGCAAAGGAG
AAGTCC
AH TTTTTTTTTTTTTTTTITTTTTTTTTTTT 73

TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCTTTCTCTTG
ACCAT

TTTTTTTTTTCAGAAATCCTITTCTCTTG
ACCAT
GACTRATTAACCCTCACTARAGGGACAC 78
CATGGGCACAAGGTTGTTCTTC

Full length AM

Primer Pair

AN TTTTTTTTTTTTTTTTTTTTTTTTTTITT 79

TTTTTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTCAGAAATCCTTTCTCTTG
ACCAT

*** mutated nucleotides are shaded

[0133] PBMC from Patients RS, KS, and HS were trans-
fected and assayed as described in Example 2, except that
RNA encoding either the WT or mutant F5 beta chains along
with the WT alpha chains were used in transfections. Also,
T2+ cells were pulsed with either 1 ug g9-154 peptide or
MART-1 peptide AAGIGILTV (MART; SEQ ID NO: 94).
Also, the following melanoma cells were used: 526 (A2*/
MART-1%), 624 (A2*/MART-1%), 1359 (A2*/MART-1%),
1363 (A2"/MART-1%), A375 (A2*/MART-17), 888, 838A2,
397A2 (A2"/MART-17), 62438 (A2*/MART-17), 1300
(A2*/MART-1%), 397A24 (A2*/MART-17), 624.28 (A2*/
MART-1%), 526 (A2*/NY-ESO-17), S$123 (A2*/MART-1%),
and SK (A2*/NY-ESO-17).

[0134] The amounts of IFN-y (pg/ml) produced by trans-
fected CD8* T cells of Patient RS are shown in Table 6, while
the amounts of IFN-y (pg/ml) produced by transfected CD4*
T cells of Patient RS are shown in Table 7. The amounts of
IFN-y (pg/ml) produced by transfected CD8" T cells of
Patient KS are shown in Table 8, while the amounts of IFN-y
(pg/ml) produced by transfected CD4™ T cells of Patient KS
are shown in Table 9. The amounts of IFN-y (pg/m1) produced
by transfected CD8" T cells of Patient HS are shown in Table
10, while the amounts of IFN-y (pg/ml) produced by trans-
fected CD4* T cells of Patient HS are shown in Table 11. The
amounts of IFN-y (pg/ml) produced by transfected CD8* T
cells of Patient KG and MB expressing the modified TCR
containing the triple mutant are shown in Tables 12 and 14,
while the amounts of IFN-y (pg/ml) produced by transfected
CD4* T cells of Patient KG and MB expressing the triple
mutant are shown in Tables 13 and 15.
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TABLE 6
a chain WT WT WT WT WT WT WT WT  GFP
f chain WT T70A  T70I ATl ATV T73A  Ti3l T2A
g9-154 <31 <31 <31 <31 <31 222 <31 <31 <31
MART 17920 12770 12150 14800 12880 16010 6710 128 136
526 2030 960 1210 1710 1050 1690 120 124 110
624 7130 5130 4160 7120 4580 7360 710 163 128
1359A2 1610 700 940 1200 680 1180 280 174 196
1363 1430 440 420 1310 820 1260 155 79 167
A375 179 259 43 203 211 250 241 279 250
T alone <31 <31 <31 <31 <31 <31 <31 <31 <31
TABLE 7
a chain WT WT WT WT WT WT WT WT  GFP
f chain WT T70A  T701 AT ATV T73A  Ti3l T2A
g9-154 119 114 114 79 44 39 36 42 41
MART-1 129 8440 30770 34280 30770 38190 273 14450 114
526 82 148 1630 1210 550 4650 83 205 111
624 98 260 8400 5130 2500 24250 74 732 106
1359A2 109 12360 305 219 302 1800 87 131 109
1363 132 160 248 438 352 2320 151 145 188
A375 291 359 266 306 254 306 290 295 304
T alone <31 <31 <31 <31 <31 <31 <31 <31 <31
TABLE 8
a chain WwT WT WwT WT WwT WT WT WT  GFP
f chain WwT T70A  T701 A7l  A71IV  T73A Ti3l G2A
g9-154 <30 <30 <30 <30 31 <30 <30 <30 <30
MART-1 17110 15530 <30 16450 15880 17860 4190 15060 <30
526 1265 726 <30 1016 1292 1089 19 672 <30
624 6110 3030 <30 3770 4770 4110 192 1754 <30
1359A2 1531 92 1113 1226 1315 82 727 125 109
1363 746 99 648 644 514 72 149 7 188
A375 50 37 64 <30 46 48 31 48 50
1359 <30 685 <30 <30 <30 <30 <30 <30 <30
T alone <30 <30 <30 <30 <30 <30 <30 <30 <30
TABLE 9
a chain WwT WT WT WT WT WT WT WT  GFP
f chain WT T70A T701 A71I A71V  T73A T731 GT72A
g9-154 <30 <30 <30 <30 <30 <30 <30 <30 <30
MART-1 5390 316 7190 524 7120 12600 <30 1580 <30
526 30 <30 63 <30 50 207 <30 <30 <30
624 99 <30 256 13 148 767 <30 <30 <30
1359A2 94 981 94 91 85 240 51 59 29
1363 97 114 74 104 72 97 75 46 57
A375 67 52 71 59 54 67 43 38 52
1359 80 3810 94 150 66 90 120 61 59
T alone <30 <30 <30 <30 <30 <30 <30 <30 <30
TABLE 10
a chain WwT WT WT WT WT WT WT WT  GFP
f chain WwT T70A  T70I ATII A71V  T73A Ti3l G72A
G9-154 50 64 61 54 67 38 36 23 24
MART-1 20210 19280 18730 4630 20910 19890 6120 14970 24
526 1984 1114 1342 44 1598 1352 38 606 <30
624 7030 4520 7040 210 6432 7340 283 3500 9
1359A2 2140 1340 1500 118 1940 2320 83 551 37
1363 791 292 237 78 565 761 53 214 46
A375 57 83 64 105 87 95 63 30 61
1359 27 1917 57 66 50 27 66 44 34
T alone <30 <30 <30 <30 <30 <30 <30 <30 <30
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TABLE 11

a chain WwT WwT WT WT WT WT WT WT GFP
P chain WT T70A T70I A7II A71IV  T73A T731 G72A
g9-154 <30 <30 <30 <30 <30 <30 36 <30 <30
MART-1 22000 4553 21700 7470 36440 25820 242 <30 <30

526 294 <30 1045 <30 711 2379 <30 <30 <30

624 1626 104 3849 115 2908 9236 <30 <30 <30

1359A2 471 9240 826 93 646 2192 7 65 56

1363 453 486 474 435 545 886 484 334 550
A375 279 316 335 212 262 246 369 217 228

1359 179 2328 207 213 196 237 204 205 267
T alone <30 <30 <30 <30 <30 <30 <30 <30 <30

TABLE 12

a chain WT WT WwT WT WT WT WwT WT
f chain WT T73A  T73G  T73S  TI0V/A7TIM T70V/T73A ATIM/T73A T70V/ATIM/T73A
MART (1 pM) 25100 29280 21600 24240 26240 20900 26000 18440
ESO (10 nM) <30 <30 <30 <30 <30 <30 <30 <30

888 <30 <30 <30 <30 <30 <30 <30 <30
888A2 7600 10340 8380 10080 7360 5260 6960 4860
397 A2 3600 4440 4200 4040 3330 1780 3460 2500

624.38 6840 8140 6800 7460 5520 4080 6940 5360
1300 6400 7360 6880 5940 5840 4140 5060 5880
T Alone <30 <30 <30 <30 <30 <30 <30 <30

TABLE 13

a chain WT WwT WT WT WT WT WT WT
f chain WT T73A T73G T73S T70V/A7TIM T70V/T73A ATIM/T73A T70V/ATIM/TT3A
MART (1 pM) 6980 18060 7020 17830 >20000 25180 40660 >20000
ESO (10 nM) <30 <30 <30 <30 <30 <30 <30 <30

888 <30 <30 <30 <30 <30 <30 <30 <30
888A2 2420 4600 3780 4200 5620 5170 5640 6540
397 A2 330 1600 537 1250 2240 2100 2310 3470

624.38 482 2410 1140 1460 2690 2300 3190 4250

1300 851 2020 1870 640 3200 2560 3090 3420
T alone <30 <30 <30 <30 <30 <30 <30 <30

TABLE 14

a chain WwT WT WT WwT WT WT WT WT WT GFP
f chain WT  T70A/A7IM  T70V/ATIM/T73A  ATIM/T73A T73A  T73G T731 T73L  T738
gpl100 260 250 494 144 139 12 36 40 157 <30
MART 52900 41250 38500 28400 36250 30050 11500 2300 16350 <30
(1 uM)

A375 43 37 38 33 <30 31 <30 <30 <30 <30
397 A24 <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
624.28 <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
397 A2 45000 31550 27650 26850 30750 30150 5650 146 45100 <30
526 16700 15800 10750 12550 12300 13500 321 32 16200 <30
624.38 48900 47650 32500 29850 28100 35150 8000 179 49100 <30
1300 96600 43100 39100 48150 37250 49000 16450 2550 53050 @ 32
SK 23 22250 29450 22800 24850 18600 18950 4500 144 29800 <30
T Alone <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
TABLE 15
a chain WwT WwT WT WwT WT WT WT WT WT GFP

f chain WT  T70AA7IM  T70V/ATIM/T73A  ATIM/T73A T73A  T73G  T731 T73L T738

gpl00 131 <30 <30 <30 <30 <30 <30 <30 <30 <30
MART 32300 54000 33800 34500 25000 25300 1300/ >2000/ 12100/ <30
(1uM) 2350 <50,000 39800

A375 40 69 37 50 59 60 128 54 37 36
397 A24 <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
624.28 <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
397 A2 39900 58800 145300 46100 31400 32800 190 51 33000 <30

526 4100 24000 26600 19000 14700 16900 <30 <30 13200 <30
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TABLE 15-continued
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624.38 60400 102200 93800 46500 49800 32600 198 <30 44500 <30
1300 53100 96400 200,000 73600 53000 34600 555 79 51000 <30
SK 30000 86100 82000 43700 34700 32700 209 <30 44800 <30
T Alone <30 <30 <30 <30 <30 <30 <30 <30 <30 <30
[0135] This example demonstrated that the modified F5

receptors FS mut1 (T52A) and F5 mut5 (T49V/ASOM/T52A)
have enhanced capability to recognize target cells in CD4* T
cells without having a decreased antigen specificity in CD8*
T cells.

Example 4

[0136] This example demonstrates a method of making
another set of modified TCRs specific for the MART-1 cancer
antigen.

[0137] The DMF4 (F4) TCR which is specific for the can-
cer antigen MART-1 was isolated as described in Hughes et
al., Hum. Gene Ther. 16: 457-472 (2005). The nucleotide
sequence of the F4 TCR obtained is set forth as SEQ ID NO:
26 (alpha chain) and SEQ ID NO: 27 (beta chain).

[0138] The DMF4  chain was amplified using Primers AO
and AP to generate RNA. For the generation of each mutant
F4 TCR, a 5' fragment and a 3' fragment, which encoded the
amino acid substitution, were produce by PCR amplification
of SEQ ID NO: 27. Primers AQ and AR were used to generate
the 5' fragment for each mutant. Primers AS and AT were used
to produce the 3' fragment of F4 mut1 and Primers AU and AV
were used to produce the 3' fragment of F4 mut2. The 5' and
3' fragments were then gel purified, mixed, and amplified
using the Primers AW and AX to generate the full length
construct. The a chain of the F4 TCR was amplified from the
cloned gene product (SEQ ID NO: 26) to generate RNA using
Primers AY and AZ. The sequences of the primers used to
generate mutant F4 TCRs are set forth in Table 16.

TABLE 16

SEQ

Primer Sequence NO:

AQ GACTAATTAACCCTCACTA
AAGGGACACCATGGGCACA
AGGTTGTTCTTC

J A At A At A At A A A A A R

f chain Forward

RNA

AP Reverse 81

TTTTTTTTTTTTTTTTTTTT

TTTTTTTTTTTTTTTTTTTT
TTTTTTCAGAAATCCTTTCT
CTTGACCAT

f chain 5!
fragment

GACTAATTAACCCTCACTAA
AGGGACACCATGGGCACAAG
GTTGTTCTTC

GTAATGGATCAGCCTCAGCC

AQ Forward 82

Reverse 83

F4 mut 1
(G702)

AS Forward GCTGAGGCTGATCCATTACT 84

CATATGHEGTTARAGATACT
GACAAAGGAGAAGTC

AT Reverse TTTTTTTTTTTTTTTTTTTT 85

J A At A At A At A A A A A R

TTTTTTTTTTTTTTTTTTTT
TTTTTTCAGAAATCCTTTCT
CTTGACCAT

GCTGAGGCTGATCCATTACT

F4 mut 2
(G70RA/VTIA)

AU Forward 86

GACAAAGGAGAAGTC

TABLE 16-continued

SEQ
D
Primer Sequence NO:
AV Reverse TTTTTTTTTTTTTTTTTTTT 87
TTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTTTT
TTTTTTCAGAAATCCTTTCT
CTTGACCAT
Full length AW Forward GACTAATTAACCCTCACTAA 88
Primers AGGGACACCATGGGCACAAG
GTTGTTCTTC
AX Reverse TTTTTTTTTTTTTTTTTTTT 89
TTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTTTT
TTTTTTCAGAAATCCTTTCT
CTTGACCAT
a chain AY GACTAATTAACCCTCACTAA 90
RNA AGGGACACCATGCTCCTTGA
ACATTTATTAATAATC
AZ TTTTTTTTTTTTTTTTTTTT 91
TTTTTTTTTTTTTTTTTTTT
TTTTTTTTTTTTTTTTTTTT
TTTTTCAGCGGACCACAGCC
GCAGCGTC

***Mutated nucleotides noted by shading.

[0139] PBMC from Patient HS were obtained as described
in Example 1. Cells were transfected and assayed as
described in Example 1, except that nucleic acids encoding
the WT F4 alpha chain and the mutant MART-1 beta chains
(F4 mut) were used and T2+ cells were pulsed with either 1
M gp 100 peptide KTWGQYWQV (gp100; SEQ ID NO:
93) or MART-1 peptide AAGIGILTV (MART; SEQ ID NO:
94). Also, the following melanoma cells (with phenotypes in
() were used: 397-A2 (A2*/MART-1"), 624.38 (A2*/
MART-1%), 1300 (A2*/MART-1%), SK23 (A2*/MART-1%),
397-A24 (A2"/MART-17), 624.28 (A2°/MART-1%), and
A375 (A2"/MART-1%).

[0140] The amounts of IFN-y (pg/ml) produced by trans-
fected CD8" T cells of Patient HS are shown in Table 17,
while the amounts of IFN-y (pg/ml) produced by transfected
CDA4* T cells of Patient HS are shown in Table 18.
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TABLE 17
a chain WT WT WT WT WT WT  GFP
B chain WT  GJ0A GIOAVIIA V7IA  KP2A  D73A
gp100 55 58 35 <30 31 <30 <30
MART 8650 9000 6860 3910 5650 690 14
397-A2 6910 8710 1550 4036 4970 10 <30
624.38 5020 4820 3206 1772 3260 184 <30
1300 12850 10010 7800 6540 11300 1576 <30
SK23 12850 10010 7800 6540 1130 206 <30
397-A24 <30 <30 <30 <30 <30 <30 <30
624.28 <30 <30 <30 <30 <30 <30 <30
A375 <30 <30 <30 <30 <30 <30 <30
T alone 5400 3930 4000 2320 3600 <30 <30
vidually and specifically indicated to be incorporated by ref-
TABLE 18 erence and were set forth in its entirety herein.
- WL Wi Wi v Wi o [0145] The use of the terms “a” and “an” and “the” and
o chain P . vy . . .
 chain WI GIoA GIoA/ VTIA K7IA DJ3A s1mllar. refe.rents in the context of desc.nbmg.the invention
VI1A (especially in the context of the following claims) are to be
gpl00 <30 <30 <30 <30 <30 <30 <30 construed to cover both the singular and the plural, unless
MART g 5% M4 <30 57 <80 <30 otherwise indicated herein or clearly contradicted by context.
397-A2 0 1618 1473 <30 <30 <30 <30 The terms “comprisine” “havine.” “includine.” and “con-
62438 77 1060 1203 <30 42 <30 <30 i tetl Prising, & g
1300 435 14760 16220 % 369 <30 <30 taining” are to be construed as open-ended terms (i.e., mean-
SK 8 1150 1251 <30 68 <30 <30 ing “including, but not limited to,”) unless otherwise noted.
397-A24 <30 <30 <30 <30 <30 <30 <30 Recitation of ranges of values herein are merely intended to
62428 <30 <30 <30 <30 <30 <30 <30 horthand method of referring individuall h
A3T5 <30 0 a0 <30 <30 300 <30 serve as a shorthand method of referring individually to eac
T alone <30 <30 30 <30 30 30 <30 separate value falling within the range, unless otherwise indi-
cated herein, and each separate value is incorporated into the
. specification as if it were individually recited herein. All
[0141] This example demonstrated that the F4 mutants F4 P Y

mut 1 (G70A) and F4 mut 2 (G70A/V71A) were TCRs that
have enhanced ability to recognize tumor target cells without
having a decrease in antigen specificity.

Examiple 5

[0142] This example demonstrates a method of treating a
disease in a host using the inventive TCRs.

[0143] Adoptive cell transfer is carried out as described in
Morgan et al. (2006), supra. Briefly, PBLs are obtained by
leukopheresis from a metastatic melanoma patient who is
HLA-A*0201 positive. The PBLs are transduced with
nucleic acids encoding a WT alpha chain and a modified beta
chain of a TCR specific for either NY-ESO-1 or MART-1 as
described in Example 1. The patient receives the transduced
cells at the time of maximum lymphodepletion. One month
post-adoptive cell transfer, quantitative RT-PCR assays are
carried out to reveal whether the presence of the modified
TCRs are expressed by cells of the patient. Tumor regression
also is analyzed by the methods described in Morgan et al.
(2006), supra.

[0144] All references, including publications, patent appli-
cations, and patents, cited herein are hereby incorporated by
reference to the same extent as if each reference were indi-

methods described herein can be performed in any suitable
order unless otherwise indicated herein or otherwise clearly
contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate the invention and does
not pose a limitation on the scope of the invention unless
otherwise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention.

[0146] Preferred embodiments of this invention are
described herein, including the best mode known to the inven-
tors for carrying out the invention. Variations of those pre-
ferred embodiments may become apparent to those of ordi-
nary skill in the art upon reading the foregoing description
The inventors expect skilled artisans to employ such varia-
tions as appropriate, and the inventors intend for the invention
to be practiced otherwise than as specifically described
herein. Accordingly, this invention includes all modifications
and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover,
any combination of the above-described elements in all pos-
sible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly con-
tradicted by context.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 121
«<210> SEQ ID NO 1

«211> LENGTH: 113

«212> TYPE: PRT
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-continued

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of 1G4 mut 1

<400> SEQUENCE: 1

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Val Ala Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 85

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu

<210> SEQ ID NO 2

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of 1G4 mut 2

<400> SEQUENCE: 2

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g 15 Y Y g Y
35 40 45

Ser Val Gly Ile Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 95

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu

<210> SEQ ID NO 3

<211> LENGTH: 113

«212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
«220> FEATURE:
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-continued

<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: AA of variable region 1G4 mut 3

<400> SEQUENCE: 3

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Val Ala Ile Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 85

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu

<210> SEQ ID NO 4

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of F5 mutl

<400> SEQUENCE: 4

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 5

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of F4 mutl

<400> SEQUENCE: 5

Agp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Gly
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-continued

1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Ala Val Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu

<210> SEQ ID NO 6

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of F4 mut2

<400> SEQUENCE: 6

Agp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Gly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn Hig Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Ala Ala Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu

<210> SEQ ID NO 7

<211> LENGTH: 255

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2AA of WT alpha chain of 1G4

<400> SEQUENCE: 7

Lys Gln Glu Val Thr Gln Ile Pro Ala Ala Leu Ser Val Pro Glu Gly
1 5 10 15

Glu Asn Leu Val Leu Asn Cys Ser Phe Thr Asp Ser Ala Ile Tyr Asn
20 25 30
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Leu Gln Trp Phe Arg Gln Asp Pro Gly Lys Gly Leu Thr Ser Leu Leu
35 40 45

Leu Ile Gln Ser Ser Gln Arg Glu Gln Thr Ser Gly Arg Leu 2sn 2Ala
50 55 60

Ser Leu Asp Lys Ser Ser Gly Arg Ser Thr Leu Tyr Ile Ala 2la Ser
65 70 75 80

Gln Pro Gly Asp Ser Ala Thr Tyr Leu Cys Ala Val Arg Pro Thr Ser
85 90 85

Gly Gly Ser Tyr Ile Pro Thr Phe Gly Arg Gly Thr Ser Leu Ile Val
100 105 110

His Pro Tyr Ile Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp
115 120 125

Ser Lys Ser Ser Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser
130 135 140

Gln Thr Asn Val Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp
145 150 155 160

Lys Thr Val Leu Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala
165 170 175

Val Ala Trp Ser Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn
180 185 190

Asn Ser Ile Ile Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser
195 200 205

Cys Asp Val Lys Leu Val Glu Lys Ser Phe Glu Thr Asp Thr 2Asn Leu
210 215 220

Asn Phe Gln Asn Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys
225 230 235 240

Val Ala Gly Phe Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser
245 250 255

<210> SEQ ID NO 8

<211> LENGTH: 292

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of WT beta chain of 1G4 (immature)

<400> SEQUENCE: 8

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g P Y Y g Y
35 40 45

Ser Val Gly Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 95

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110
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Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ser Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
275 280 285

Agp Ser Arg Gly
290

<210> SEQ ID NO 9

<211> LENGTH: 251

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of WT alpha chain of F5

<400> SEQUENCE: 9

Gln Lys Glu Val Glu Gln Asn Ser Gly Pro Leu Ser Val Pro Glu CGly
1 5 10 15

Ala Ile Ala Ser Leu Asn Cys Thr Tyr Ser Asp Arg Gly Ser Gln Ser
20 25 30

Phe Phe Trp Tyr Arg Gln Tyr Ser Gly Lys Ser Pro Glu Leu Ile Met
35 40 45

Phe Ile Tyr Ser Asn Gly Asp Lys Glu Asp Gly Arg Phe Thr 2la Gln
50 55 60

Leu Asn Lys Ala Ser Gln Tyr Val Ser Leu Leu Ile Arg Asp Ser Gln
65 70 75 80

Pro Ser Asp Ser Ala Thr Tyr Leu Cys Ala Val Asn Phe Gly Gly Gly
85 90 85

Lys Leu Ile Phe Gly Gln Gly Thr Glu Leu Ser Val Lys Pro Asn Ile
100 105 110

Gln Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser
115 120 125

Asp Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val
130 135 140
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Ser Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Thr Val Leu
145 150 155 160

Asp Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser
165 170 175

Asn Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile
180 185 190

Pro Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys Asp Val Lys
195 200 205

Leu Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln 2Asn
210 215 220

Leu Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe
225 230 235 240

Asn Leu Leu Met Thr Leu Arg Leu Trp Ser Ser
245 250

<210> SEQ ID NO 10

<211> LENGTH: 287

<212> TYPE: PRT

«<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: 2A of WT beta chain of F5

<400> SEQUENCE: 10

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220
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Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 11

<211> LENGTH: 250

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of WT alpha chain of F4

<400> SEQUENCE: 11

Gly Gln Gln Leu Asn Gln Ser Pro Gln Ser Met Phe Ile Gln Glu CGly
1 5 10 15

Glu Asp Val Ser Met Asn Cys Thr Ser Ser Ser Ile Phe Asn Thr Trp
20 25 30

Leu Trp Tyr Lys Gln Asp Pro Gly Glu Gly Pro Val Leu Leu Ile Ala
35 40 45

Leu Tyr Lys Ala Gly Glu Leu Thr Ser Asn Gly Arg Leu Thr 2la Gln
50 55 60

Phe Gly Ile Thr Arg Lys Asp Ser Phe Leu Asn Ile Ser Ala Ser Ile
65 70 75 80

Pro Ser Asp Val Gly Ile Tyr Phe Cys Ala Gly Gly Thr Gly 2Zsn Gln
85 90 85

Phe Tyr Phe Gly Thr Gly Thr Ser Leu Thr Val Ile Pro Asn Ile Gln
100 105 110

Asn Pro Asp Pro Ala Val Tyr Gln Leu Arg Asp Ser Lys Ser Ser Asp
115 120 125

Lys Ser Val Cys Leu Phe Thr Asp Phe Asp Ser Gln Thr Asn Val Ser
130 135 140

Gln Ser Lys Asp Ser Asp Val Tyr Ile Thr Asp Lys Thr Val Leu Asp
145 150 155 160

Met Arg Ser Met Asp Phe Lys Ser Asn Ser Ala Val Ala Trp Ser Asn
165 170 175

Lys Ser Asp Phe Ala Cys Ala Asn Ala Phe Asn Asn Ser Ile Ile Pro
180 185 190

Glu Asp Thr Phe Phe Pro Ser Pro Glu Ser Ser Cys Asp Val Lys Leu
195 200 205

Val Glu Lys Ser Phe Glu Thr Asp Thr Asn Leu Asn Phe Gln Asn Leu
210 215 220

Ser Val Ile Gly Phe Arg Ile Leu Leu Leu Lys Val Ala Gly Phe Asn
225 230 235 240

Leu Leu Met Thr Leu Arg Leu Trp Ser Ser
245 250

«210> SEQ ID NO 12
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<211> LENGTH: 288

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: 2A of WT beta chain of F4

<400> SEQUENCE: 12

Asp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Cly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Gly Val Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala
245 250 255

Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr 2Ala Val
260 265 270

Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 13

<211> LENGTH: 112

«<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of variable region of beta chain of F5 muth
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<400> SEQUENCE: 13

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Cly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Val Met Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 14

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of full length beta chain of 1G4 mut 1

<400> SEQUENCE: 14

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g P Y Y g Y
35 40 45

Ser Val Ala Ala Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 85

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Agn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ser Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
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210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
275 280 285

Asp Ser Arg Gly
290

<210> SEQ ID NO 15

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of full length beta chain of 1G4 mut 2

<400> SEQUENCE: 15

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g P Y Y g Y
35 40 45

Ser Val Gly Ile Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Agn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 85

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Agn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ser Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
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245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
275 280 285

Asp Ser Arg Gly
290

<210> SEQ ID NO 16

<211> LENGTH: 292

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of full length beta chain of 1G4 mut 3

<400> SEQUENCE: 16

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g P Y Y g Y
35 40 45

Ser Val Ala Ile Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Agn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 85

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ser Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
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Asp

275 280

Ser Arg Gly
290

<210> SEQ ID NO 17

<211> LENGTH: 287

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of full

<400> SEQUENCE: 17

Ile

1

Arg

Tyr

Ser

Ser

65

Ala

Phe

Glu

Ser

Ala

145

Gly

Glu

Arg

Gln

Arg

225

Ala

Ile

Val

Ala Gly Ile Thr Gln Ala Pro Thr
5

Arg Met Thr Leu Arg Cys Thr Gln
20 25

Trp Tyr Arg Gln Asp Leu Gly Leu
35 40

Asn Thr Ala Gly Ala Thr Gly Lys
50 55

Val Ser Arg Ala Asn Thr Asp Asp
70

Val Pro Ser Gln Thr Ser Val Tyr
85

Gly Thr Glu Ala Phe Phe Gly Gln
100 105

Asp Leu Asn Lys Val Phe Pro Pro
115 120

Glu Ala Glu Ile Ser Hig Thr Gln
130 135

Thr Gly Phe Phe Pro Asp His Val
150

Lys Glu Val His Ser Gly Val Ser
165

Gln Pro Ala Leu Asn Asp Ser Arg
180 185

Val Ser Ala Thr Phe Trp Gln Asn
195 200

Val Gln Phe Tyr Gly Leu Ser Glu
210 215

Ala Lys Pro Val Thr Gln Ile Val
230

Cys Gly Phe Thr Ser Ser Tyr Gln
245

Leu Tyr Glu Ile Leu Leu Gly Lys
260 265

Ser Ala Leu Val Leu Met Ala Met
275 280

<210> SEQ ID NO 18
«211> LENGTH: 288
«212> TYPE: PRT

length beta

Ser

10

Asp

Gly

Gly

Phe

Phe

90

Gly

Glu

Lys

Glu

Thr

170

Tyr

Pro

Asn

Ser

Gln

250

Ala

Val

Gln

Met

Leu

Glu

Pro

75

Cys

Thr

Val

Ala

Leu

155

Asp

Cys

Arg

Asp

Ala

235

Gly

Thr

Lys

Ile

Arg

Arg

Val

60

Leu

Ala

Arg

Ala

Thr

140

Ser

Pro

Leu

Asn

Glu

220

Glu

Val

Leu

Arg

285

chain of F5

Leu

His

Leu

45

Pro

Thr

Ser

Leu

Val

125

Leu

Trp

Gln

Ser

His

205

Trp

Ala

Leu

Tyr

Lys
285

Ala

Asn

30

Ile

Asp

Leu

Ser

Thr

110

Phe

Val

Trp

Pro

Ser

190

Phe

Thr

Trp

Ser

Ala

270

Asp

Ala

15

Ala

His

Gly

Ala

Leu

95

Val

Glu

Cys

Val

Leu

175

Arg

Arg

Gln

Gly

Ala

255

Val

Phe

mut 1

Gly

Met

Tyr

Tyr

Ser

80

Ser

Val

Pro

Leu

Asn

160

Lys

Leu

Cys

Asp

Arg

240

Thr

Leu
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<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: AA of full length beta chain of F4 mut 1

<400> SEQUENCE: 18

Asp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Cly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Ala Val Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala
245 250 255

Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val
260 265 270

Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 19

<211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: Artificial

«<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2AA of full length beta chain of F4 mut 2

«<400> SEQUENCE: 19
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Asp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Gly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Ala Ala Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala
245 250 255

Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr 2la Val
260 265 270

Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 20

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of full length of beta chain of F5 muth

<400> SEQUENCE: 20

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45
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Ser Asn Val Met Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 21

<211> LENGTH: 933

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: NT of beta chain of WT 1G4

<400> SEQUENCE: 21

atgagcatcg goctectgtg ctgtgeagee ttgtetetee tgtgggeagg tccagtgaat 60
getggtgtea ctcagaccec aaaattccag gtectgaaga caggacagag catgacactg 120
cagtgtgcec aggatatgaa ccatgaatac atgtectggt atcgacaaga cccaggeatg 180

gggcetgagge tgattcatta ctcagttggt getggtatca ctgaccaagg agaagteccce 240
aatggctaca atgtetccag atcaaccaca gaggatttece cgetecagget getgtegget 300
gctccctece agacatetgt gtacttetgt gecagcagtt acgtegggaa caccggggag 360
ctgtttttty gagaaggete taggetgace gtactggagyg acctgaaaaa cgtgttecca 420
ccegaggteg ctgtgtttga geocatcagaa gcagagatct cccacaccca aaaggcecaca 480

ctggtgtgee tggccacagy cttctaccce gaccacgtgg agetgagety gtgggtgaat 540
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gggaaggagg tgcacagtgg ggtcagcaca gacccgcage ccctcaagga gcagcecgec 600
ctcaatgact ccagatacag cctgagcage cgcctgaggg tcteggecac cttetggcag 660
aaccccegca accactteceg ctgtcaagte cagttctacg ggctetegga gaatgacgag 720
tggacccagg atagggccaa acctgtcacce cagatcgtca gecgecgaggce ctggggtaga 780
gcagactgtyg gcttcaccte cgagtcecttac cagcaagggg tcectgtetge caccatcecte 840
tatgagatct tgctagggaa ggccaccttg tatgeccgtge tggtcagtge cctegtgcetg 900
atggccatgg tcaagagaaa ggattccaga ggc 933
<210> SEQ ID NO 22

<211> LENGTH: 933

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of 1G4 mut 1

<400> SEQUENCE: 22

atgagcatcg gectectgtg ctgtgcagee ttgtctetee tgtgggecagg tccagtgaat 60
getggtgtea cteagaccee aaaattecag gtectgaaga caggacagag catgacactg 120
cagtgtgcce aggatatgaa ccatgaatac atgtcctggt atcgacaaga cccaggecatg 180

gggetgagge tgattcatta ctcagttgee getggtatca ctgaccaagyg agaagtecce 240
aatggctaca atgtetecag atcaaccaca gaggatttee cgeteagget getgtegget 300
geteeeteee agacatetgt gtacttetgt gecageagtt acgtegggaa caceggggay 360
ctgtttttty gagaaggete taggetgace gtactggagyg acctgaaaaa cgtgttecca 420
cecegaggteg ctgtgtttga gecatcagaa gecagagatcet cccacaccca aaaggcecaca 480
ctggtgtgee tggecacagyg cttetaccee gaccacgtgyg agetgagety gtgggtgaat 540
gggaaggagg tgcacagtgg ggtcagcaca gaccegcage ccctcaagga gecageecgec 600
ctcaatgact ccagatacag cctgagecage cgectgaggg tcteggecac cttetggeag 660
aaccceegea accactteeg ctgtcaagte cagttctacyg ggetetegga gaatgacgag 720
tggacccagg atagggccaa acctgtcace cagatcgtea gegecgagge ctggggtaga 780
gcagactgtyg gcttecaccte cgagtettac cagcaagggg tcetgtetge caccatccte 840
tatgagatct tgctagggaa ggecaccttg tatgeegtge tggtecagtge cctegtgetg 900
atggccatgg tcaagagaaa ggattccaga ggc 933
<210> SEQ ID NO 23

<211> LENGTH: 933

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of 1G4 mut 2

<400> SEQUENCE: 23

atgagcatcg goctectgty ctgtgcagee ttgtetetee tgtgggeagy tcocagtgaat 60

gctggtgtea ctcagacccee asaattccag gtectgaaga caggacagag catgacactg 120
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cagtgtgcce aggatatgaa ccatgaatac atgtcctggt atcgacaaga cccaggcatg 180
gggctgagge tgattcatta ctcagttggt atcggtatca ctgaccaagg agaagtcccce 240
aatggctaca atgtcteccag atcaaccaca gaggatttce cgctcagget getgtegget 300
gctcececteee agacatctgt gtacttetgt gecagecagtt acgtcegggaa caccggggag 360
ctgttttttg gagaaggctc taggctgacc gtactggagg acctgaaaaa cgtgttccca 420
cccgaggteg ctgtgtttga gccatcagaa gcagagatct cccacaccca aaaggccaca 480
ctggtgtgce tggccacagg cttetacccee gaccacgtgg agctgagetg gtgggtgaat 540
gggaaggagg tgcacagtgg ggtcagcaca gacccgcage ccctcaagga gcagcecgec 600
ctcaatgact ccagatacag cctgagcage cgcctgaggg tcteggecac cttetggcag 660
aaccccegcea accactteceg ctgtcaagte cagttctacg ggctetegga gaatgacgag 720
tggacccagg atagggccaa acctgtcacce cagatcgtca gecgecgaggce ctggggtaga 780
gcagactgtyg gcttcaccte cgagtcecttac cagcaagggg tcectgtetge caccatecte 840
tatgagatct tgctagggaa ggccaccttg tatgeccgtge tggtcagtge cctegtgetg 900
atggccatgyg tcaagagaaa ggattccaga gge 933
<210> SEQ ID NO 24

<211> LENGTH: 933

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of 1G4 mut3

<400> SEQUENCE: 24

atgagcatcg goctectgtg ctgtgeagee ttgtetetec tgtgggeagg tecagtgaat 60
getggtgtea cteagaccee aaaattecag gtectgaaga caggacagag catgacactyg 120
cagtgtgeee aggatatgaa ccatgaatac atgtectggt atcgacaaga cccaggeatg 180
gggetgagge tgattcatta ctcagttgec ateggtatca ctgaccaagg agaagteccece 240
aatggctaca atgtetecag atcaaccaca gaggatttec cgetcagget getgtegget 300

gctcccteee agacatetgt gtacttetgt gecageagtt acgtegggaa caceggggag 360
ctgtttttty gagaaggete taggetgace gtactggagyg acctgaaaaa cgtgttecca 420
ceccgaggteg ctgtgtttga gecatcagaa gcagagatct cecacaccca aaaggecaca 480
ctggtgtgee tggecacagy cttetaccee gaccacgtgyg agetgagety gtgggtgaat 540
gggaaggagy tgcacagtygg ggtcageaca gaccegcage ccctcaagga gecageecgece 600
ctcaatgact ccagatacag cctgageage cgectgaggyg teteggecac cttetggeag 660
aaccecegea accactteeg ctgtcaagte cagttcotacyg ggetetegga gaatgacgag 720
tggacccagy atagggecaa acctgtcace cagategtea gegeegagge ctggggtaga 780
gcagactgty getteaccte cgagtcettac cagcaagggg teetgtetge caccatecte 840
tatgagatct tgetagggaa ggecaccttyg tatgeegtge tggteagtge cctegtgety 900
atggccatgg tcaagagaaa ggattccaga ggc 933

«210> SEQ ID NO 25
«211> LENGTH: 822
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<212> TYPE: DNA
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: NT of alpha chain of WT 1G4 TCR
<400> SEQUENCE: 25
atggagacce tcttgggect gcecttatectt tggectgcage tgcaatgggt gagcagcaaa 60

caggaggtga cgcagattcc tgcagctcectg agtgtcccag aaggagaaaa cttggttcetce 120

aactgcagtt tcactgatag cgctatttac aacctccagt ggtttaggca ggaccctggyg 180

aaaggtctca catctctgtt gcttattcag tcaagtcaga gagagcaaac aagtggaaga 240
cttaatgect cgctggataa atcatcagga cgtagtactt tatacattgce agecttcectcag 300
cctggtgact cagccaccta cctetgtget gtgaggecca catcaggagg aagctacata 360
cctacatttg gaagaggaac cagccttatt gttcatccgt atatccagaa ccctgaccect 420
gcegtgtace agetgagaga ctctaaatcc agtgacaagt ctgtcetgect attcaccgat 480
tttgattete aaacaaatgt gtcacaaagt aaggattcetyg atgtgtatat cacagacaaa 540

actgtgctag acatgaggtc tatggacttc aagagcaaca gtgctgtggce ctggagecaac 600

aaatctgact ttgcatgtge aaacgectte aacaacagca ttattccaga agacaccette 660
ttecccagee cagaaagtte ctgtgatgte aagetggteg agaaaagett tgaaacagat 720
acgaacctaa actttcaaaa cctgtcagtyg attgggttee gaatectect cctgaaagty 780
geecgggttta atetgeteat gacgetgegy ctgtggteca ge 822
<210> SEQ ID NO 26

<211> LENGTH: 804

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of alpha chain of WT F4

<400> SEQUENCE: 26

atgttgetty aacatttatt aataatcttg tggatgecage tgacatgggt cagtggtcaa 60
cagctgaatc agagtcctea atctatgttt atccaggaag gagaagatgt ctccatgaac 120
tgcacttett caagcatatt taacacctgg ctatggtaca agcaggacce tggggaaggt 180
cctgteetet tgatagectt atataagget ggtgaattga cctcaaatgg aagactgact 240
gctcagtttyg gtataaccag aaaggacagc ttcctgaata tctcagcatc catacctagt 300

gatgtaggea tctacttetyg tgetggtggg accggtaace agttetattt tgggacaggg 360

acaagtttga cggtcattee aaatatccag aaccctgace ctgcegtgta ccagetgaga 420
gactctaaat ccagtgacaa gtetgtetge ctattcaceg attttgatte tcaaacaaat 480
gtgtcacaaa gtaaggatte tgatgtgtat atcacagaca aaactgtget agacatgagg 540
tetatggact tcaagagcaa cagtgetgtyg gectggagea acaaatetga ctttgeatgt 600
gcaaacgect tcaacaacag cattattcca gaagacacct tcttecccag cccagaaagt 660
tectgtgaty tcaagetggt cgagaaaage tttgaaacag atacgaacct aaacttteaa 720

aacctgtcag tgattgggtt ccgaatccte ctectgaagg tggeegggtt taatctgete 780



US 2010/0034834 A1

37

-continued

Feb. 11,2010

atgacgctge ggctgtggte cage

<210> SEQ ID NO 27
<211> LENGTH: 921

<212> TYPE:

DNA

«213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<220> FEATURE:
<221> NAME/KEY: misc_feature
«223> OTHER INFORMATION: NT of beta chain of WT F4

<400> SEQUENCE: 27

atgggcacaa
gctggaatca
agatgtcacc
gggctgagge
gatggctata
accagetece
cagcattttg
ceegaggtey
ctggtygtygee
gggaaggagyg
ctecaatgact
aaccceegea
tggacccagy
geatgtgget
atcctgetag

atggtcaaga

ggttgttctt
ccecagagece
agactgagaa
tgatccatta
gtgtctcetag
agacatetgt
gtgatgggac
ctytgtttyga
tggecacagy
tgcacagtygy
ccagatacty
accactteey
atagggcecaa
ttacctegte

ggaaggecac

gaaaggattt

<210> SEQ ID NO 28
<211> LENGTH: 921

<212> TYPE:

DNA

ctatgtggce
aagacacaag
ccaccgetat
ctcatatggt
atcaaagaca
gtacttetgt
tcgactcetece
gccatcagaa
cttettecee
ggtcagecacy
cectgageage
ctgtcaagte
accegteace
ctaccagcaa
cctgtatget

[s}

«213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<220> FEATURE:
<221> NAME/KEY: misc_feature
«223> OTHER INFORMATION: NT of beta chain of F4 mut 1

<400> SEQUENCE: 28

atgggcacaa
gcetggaatea
agatgtcace
gggctgagge
gatggctata
accagctece
cageattttyg

ccegaggteyg

ggttgttett
cecagagece
agactgagaa
tgateccatta
gtgtetetag
agacatctgt
gtgatgggac

ctgtgtttga

ctatgtggee
aagacacaag
ccacegetat
ctecatatgee
atcaaagaca
gtacttetgt
tegactetee

gccatcagaa

ctttgtectee
gtcacagaga
atgtactggt
gttaaagata
gaggatttecce
gecatcagty
atcctagagyg
gcagagatet
gaccacgtygy
gaccegeage
cgectgaggy
cagttctacy
cagategtea
ggggtectgt

gtgetggtea

ctttgtetee
gtecacagaga
atgtactggt
gttaaagata
gaggatttece
gccatcagty
atcctagagyg

gcagagatet

tgtggacagg
caggaacacc
atcgacaaga
ctgacaaagyg
teetecactet
aggtaggggt
acctgaacaa
cecacaceca
agetgagety
cecteaagga
teteggecae
ggetetegga
gegeegagyge
ctgecaccat

gegeeettgt

tgtggacagg
caggaacacce
atcgacaaga
ctgacaaagg
teeteactet
aggtaggggt
acctgaacaa

ccecacacceea

acacatggat
agtgactctyg
cceggggeat
agaagtctca
ggagtccget
tgggeagece
ggtgttceca
aaaggcecaca
gtgggtgaat
geageecgee
cttetggeay
gaatgacgag
ctggggtaga
cctetatgay

gttgatggee

acacatggat
agtgactety
ceceggggeat
agaagtctea
ggagtecget
tgggecagece
ggtgttecea

aaaggccaca

804

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

921

60

120

180

240

300

360

420

480
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ctggtgtgce tggccacagg cttettecce gaccacgtgg agcectgagetg gtgggtgaat 540
gggaaggagg tgcacagtgg ggtcagcacg gacccgcage ccctcaagga gcagcecgec 600
ctcaatgact ccagatactg cctgagcage cgcctgaggg tcteggecac cttetggcag 660
aaccccegca accactteceg ctgtcaagte cagttctacg ggctetegga gaatgacgag 720
tggacccagg atagggccaa acccgtcacce cagatcgtca gecgecgaggce ctggggtaga 780
gcatgtgget ttacctegte ctaccagcaa ggggtectgt ctgccaccat cctctatgag 840
atcctgectag ggaaggccac cctgtatget gtgetggtca gegeccttgt gttgatggec 900
atggtcaaga gaaaggattt c 921
<210> SEQ ID NO 29

<211> LENGTH: 921

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of F4 mut 2

<400> SEQUENCE: 29

atgggcacaa ggttgttett ctatgtyggee ctttgtetee tgtggacagg acacatggat 60
getggaatea ccecagagece aagacacaag gtcacagaga caggaacace agtgactetyg 120
agatgtcace agactgagaa ccaccgetat atgtactggt ategacaaga ceeggggeat 180
gggetgagge tgatecatta cteatatgee gecaaagata ctgacaaagyg agaagtetcea 240
gatggetata gtgtetetag atcaaagaca gaggatttee tecteactet ggagteeget 300

accagetecee agacatetgt gtacttetgt gecatcagty aggtaggggt tgggeageec 360
cageattttyg gtgatgggace tegactetee atectagagyg acctgaacaa ggtgttecca 420
cecegaggteg ctgtgtttga gecatcagaa gecagagatcet cccacaccca aaaggcecaca 480
ctggtgtgee tggecacagyg cttettecee gaccacgtgy agetgagety gtgggtgaat 540
gggaaggagg tgcacagtgg ggtcagcacg gaccegcage ccctcaagga gecageeegec 600
ctcaatgact ccagatactg cctgagecage cgectgaggg tcteggecac cttetggeag 660
aaccceegea accactteeg ctgtcaagte cagttctacyg ggetetegga gaatgacgag 720
tggacccagg atagggccaa acccgtcace cagatcgtea gegecgagge ctggggtaga 780
gcatgtgget ttacctegte ctaccagcaa ggggtectgt ctgccaccat cctcetatgag 840
atectgetag ggaaggecac cctgtatget gtgetggtea gegeecttgt gttgatggee 900
atggtcaaga gaaaggattt ¢ 921
<210> SEQ ID NO 30

<211> LENGTH: 822

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of alpha chain of WT F5

<400> SEQUENCE: 30

atgatgaaat ccttgagagt tttactagtg atcctgtgge ttcagttgag ctgggtttgg 60
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agccaacaga aggaggtgga gcagaattct ggacccctca gtgttceccaga gggagccatt 120

gcctcetetea actgcactta cagtgaccga ggttceccagt ccttettetg gtacagacaa 180
tattctggga aaagccctga gttgataatg ttcatatact ccaatggtga caaagaagat 240
ggaaggttta cagcacagct caataaagcc agccagtatg tttctetget catcagagac 300
tecccagecca gtgattecage cacctaccte tgtgecgtga actteggagg aggaaagcett 360
atcttcggac agggaacgga gttatctgtg aaacccaata tccagaaccce tgaccctgec 420
gtgtaccage tgagagactc taaatccagt gacaagtctg tctgectatt caccgatttt 480
gattctcaaa caaatgtgtc acaaagtaag gattctgatyg tgtatatcac agacaaaact 540

gtgctagaca tgaggtctat ggacttcaag agcaacagtyg ctgtggcectg gagcaacaaa 600

tctgactttg catgtgcaaa cgccttcaac aacagcatta ttccagaaga caccttette 660
cccagececag aaagttectg tgatgtcaag ctggtcgaga aaagetttga aacagatacyg 720
aacctaaact ttcaaaacct gtcagtgatt gggttccgaa tcctecteet gaaagtggec 780
gggtttaatc tgctcatgac gctgcggetg tggtccaget ga 822

<210> SEQ ID NO 31

<211> LENGTH: 918

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: NT of beta chain of WT F5

<400> SEQUENCE: 31

atgagaatca ggetectgty ctgtgtyggee ttttetetee tgtgggeagy tecagtgatt 60
getgggatea cecaggeace aacatcteag atcetggeag caggacggey catgacactyg 120
agatgtacce aggatatgag acataatgec atgtactggt atagacaaga tctaggactg 180
gggctaagge teatecatta ttcaaatact geaggtacca ctggeaaagyg agaagtecect 240
gatggttata gtgtctecag agcaaacaca gatgatttee cectecacgtt ggegtetget 300
gtaccctete agacatetgt gtacttetgt gecageagec taagtttegg cactgaaget 360
ttetttggac aaggcaccag actcacagtt gtagaggace tgaacaaggt gttcccacee 420
gaggtegetg tgtttgagec atcagaagea gagatcteee acacccaaaa ggecacactg 480

gtgtgeetgg ccacaggett cttecccgac cacgtggage tgagetggtyg ggtgaatggg 540

aaggaggtge acagtggggt cagcacggac ccgcagecec tcaaggagea geccgeecte 600

aatgactecca gatactgect gagcageege ctgagggtet cggecacctt ctggeagaac 660
ceccegoaace acttecgety tcaagtecag ttetacggge teteggagaa tgacgagtgyg 720
acccaggata gggccaaace cgtcacccag ategtcageg cegaggecty gggtagagea 780
tgtggettta cctegtecta ccagcaaggg gtectgtetyg ccaccatect ctatgagate 840

ctgctaggga aggccacccet gtatgetgtg ctggtcageg ccettgtgtt gatggecatg 900
gtcaagagaa aggatttce 918
<210> SEQ ID NO 32

«211> LENGTH: 918
«212> TYPE: DNA
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<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of F5 mutl

<400> SEQUENCE: 32

atgagaatca ggctectgtg ctgtgtggee ttttctetee tgtgggecagg tccagtgatt
gctgggatca cccaggcacce aacatctcag atcctggcag caggacggeg catgacactg
agatgtaccc aggatatgag acataatgcc atgtactggt atagacaaga tctaggactg
gggctaagge tcatccatta ttcaaatact gcagccacca ctggcaaagg agaagtcect
gatggttata gtgtctccag agcaaacaca gatgatttce ccctcacgtt ggegtetget
gtaccctete agacatctgt gtacttetgt gcecagcagece taagtttegg cactgaaget
ttctttggac aaggcaccag actcacagtt gtagaggacc tgaacaaggt gttcccaccce
gaggtcgetyg tgtttgagece atcagaagca gagatctcece acacccaaaa ggccacactg
gtgtgcectgyg ccacaggett cttcoceccgac cacgtggage tgagetggtg ggtgaatggg
aaggaggtgce acagtggggt cagcacggac ccgcagecce tcaaggagca geccgeectce
aatgacteca gatactgeet gageageege ctgagggtet cggecacctt ctggeagaac
cececcgcaace acttecgetg tcaagtecag ttectacggge tcteggagaa tgacgagtgg
acccaggata gggcecaaace cgtcacccag ategtcageyg ccgaggectyg gggtagagea
tgtggettta cctegtecta ccageaaggg gtectgtety ccaccateet ctatgagate
ctgetaggga aggecacceet gtatgetgtg ctggteageyg ceettgtgtt gatggecaty
gtcaagagaa aggattte

<210> SEQ ID NO 33

<211> LENGTH: 918

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of F5 mut5

<400> SEQUENCE: 33

atgagaatca ggctectgtg ctgtgtggec ttttetctee tgtgggeagg tecagtgatt
gctgggatca cccaggeace aacatctcag atcetggeag caggacggeg catgacactg
agatgtaccc aggatatgag acataatgec atgtactggt atagacaaga tctaggactg
gggctaagge tcatccatta ttcaaatgtg atgggtgeca ctggcaaagg agaagtcect
gatggttata gtgtctccag agcaaacaca gatgatttee ccctcacgtt ggegtetget
gtaccctete agacatctgt gtacttetgt gecagcagece taagtttegg cactgaaget
ttetttggac aaggcaccag actcacagtt gtagaggacc tgaacaaggt gtteccacce
gaggtcgetyg tgtttgagee atcagaagca gagatcteocce acacccaaaa ggccacactg
gtgtgcetgg ccacaggett ctteeecgac cacgtggage tgagetggtyg ggtgaatggg

aaggaggtge acagtggggt cagcacggac ccgcagecce tcaaggagca geccgeocte

aatgactecca gatactgect gagcagecge ctgagggtcet cggecacctt ctggeagaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

918

60

120

180

240

300

360

420

480

540

600

660
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cececcgcaace acttecgetg tcaagtecag ttetacggge tecteggagaa tgacgagtgg 720
acccaggata gggccaaacc cgtcacccag atcgtcageg ccgaggectg gggtagagca 780
tgtggcttta cctegtecta ccagcaaggg gtectgtetg ccaccatcect ctatgagatce 840
ctgctaggga aggccaccct gtatgetgtg ctggtcageg cccttgtgtt gatggecatg 900

gtcaagagaa aggatttc 918

<210> SEQ ID NO 34

<211> LENGTH: 918

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: NT of beta chain of F5mut4

<400> SEQUENCE: 34

atgagaatca ggctectgtg ctgtgtggee ttttctetee tgtgggecagg tccagtgatt 60
gctgggatca cccaggcacce aacatctcag atcctggcag caggacggeg catgacactg 120
agatgtacce aggatatgag acataatgcc atgtactggt atagacaaga tctaggactg 180
gggctaagge tcatccatta ttcaaatact atgggtgeca ctggcaaagyg agaagteect 240
gatggttata gtgtctccag agcaaacaca gatgatttce ccctcacgtt ggegtetget 300
gtaccctete agacatetgt gtacttetgt gecageagee taagtttegyg cactgaaget 360
ttetttggac aaggcaccag actcacagtt gtagaggace tgaacaaggt gtteccacece 420
gaggtegetyg tgtttgagee atcagaagca gagatctece acacccaaaa ggecacactg 480

gtgtgeetgy ccacaggett ctteoccegac cacgtggage tgagetggty ggtgaatyggy 540

aaggaggtge acagtggggt cagcacggac ccgcagecec tcaaggagea geccgeecte 600

aatgactecca gatactgecet gageagecge ctgagggtet cggecaccett ctggeagaac 660
ccececgoaace acttecgetg tcaagtecag ttetacggge teteggagaa tgacgagtgg 720
acccaggata gggccaaacce cgtcacccag ategtcageg cegaggectg gggtagagea 780
tgtggettta cctegtecta ccagecaaggg gtectgtotg ccaccatect ctatgagate 840

ctgctaggga aggccaccet gtatgetgtg ctggtcageg cecttgtgtt gatggecatg 900

gtcaagagaa aggattte 918

<210> SEQ ID NO 35

<211> LENGTH: 918

<212> TYPE: DNA

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

«223> OTHER INFORMATION: NT of beta chain of FSmut 3

<400> SEQUENCE: 35

atgagaatca ggctectgtyg ctgtgtggee ttttetetee tgtgggeagy tcocagtgatt 60
getgggatea cccaggeace aacatctcag atcctggeag caggacggeg catgacactg 120
agatgtacce aggatatgag acataatgec atgtactggt atagacaaga tctaggactg 180

gggctaagge tcatccatta ttcaaatgtg atgggtacca ctggcaaagg agaagtccct 240
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gatggttata gtgtctccag agcaaacaca gatgatttce ccctcacgtt ggegtetget 300
gtaccctete agacatctgt gtacttetgt gcecagcagece taagtttegg cactgaaget 360
ttctttggac aaggcaccag actcacagtt gtagaggacc tgaacaaggt gttcccaccce 420
gaggtcgetyg tgtttgagece atcagaagca gagatctcece acacccaaaa ggccacactg 480

gtgtgcectgyg ccacaggctt cttcoccececgac cacgtggage tgagetggtg ggtgaatggg 540
aaggaggtgce acagtggggt cagcacggac ccgcagecce tcaaggagca gcccgeectce 600
aatgactcca gatactgect gagcagecge ctgagggtcet cggecacctt ctggcagaac 660
cececcgcaace acttecgetg tcaagtecag ttetacggge tecteggagaa tgacgagtgg 720
acccaggata gggccaaacc cgtcacccag atcgtcageg ccgaggectg gggtagagca 780
tgtggcttta cctegtecta ccagcaaggg gtectgtcetg ccaccatcect ctatgagatce 840
ctgctaggga aggccaccct gtatgetgtg ctggtcageg cccttgtgtt gatggecatg 900
gtcaagagaa aggatttc 918
<210> SEQ ID NO 36

<211> LENGTH: 918

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: NT of beta chain of F5mut2

<400> SEQUENCE: 36

atgagaatca ggetectgty ctgtgtyggee ttttetetee tgtgggeagy tecagtgatt 60
getgggatea cecaggeace aacatcteag atcetggeag caggacggey catgacactyg 120
agatgtacce aggatatgag acataatgec atgtactggt atagacaaga tctaggactg 180

gggetaagge teatecatta ttcaaatgty geaggtygeca ctggeaaagy agaagtecect 240

gatggttata gtgtctecag agcaaacaca gatgatttee cectecacgtt ggegtetget 300
gtaccctete agacatetgt gtacttetgt gecageagec taagtttegg cactgaaget 360
ttetttggac aaggcaccag actcacagtt gtagaggace tgaacaaggt gttcccacee 420
gaggtegetg tgtttgagec atcagaagea gagatcteee acacccaaaa ggecacactg 480

gtgtgeetgg ccacaggett cttecccgac cacgtggage tgagetggtyg ggtgaatggg 540

aaggaggtge acagtggggt cagcacggac ccgcagecec tcaaggagea geccgeecte 600

aatgactecca gatactgect gagcageege ctgagggtet cggecacctt ctggeagaac 660
ceccegoaace acttecgety tcaagtecag ttetacggge teteggagaa tgacgagtgyg 720
acccaggata gggccaaace cgtcacccag ategtcageg cegaggecty gggtagagea 780
tgtggettta cctegtecta ccagcaaggg gtectgtetyg ccaccatect ctatgagate 840

ctgctaggga aggccaccet gtatgetgtg ctggtcageg cecttgtgtt gatggecatg 900

gtcaagagaa aggatttce 918

<210> SEQ ID NO 37

«211> LENGTH: 287

«212> TYPE: PRT

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: Synthetic
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<220> FEATURE:
<221> NAME/KEY: misc_feature
<223> OTHER INFORMATION: AA of full length beta chain of FSmut2

<400> SEQUENCE: 37

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Cly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Val Ala Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 38

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2A of full length beta chain of FSmut3

«<400> SEQUENCE: 38

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15
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Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Val Met Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 39

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: 2AA of full length beta chain of FSmut4

<400> SEQUENCE: 39

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Met Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60
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Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 40

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 40

gactaattaa ccctcactaa agggacacca tgagcategg ccteetgty 49

<210> SEQ ID NO 41

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 41

cteceoggty ttecegacgt aactgetgge acagaagtac 40

<210> SEQ ID NO 42

«211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 42
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cagcagttac gtcgggaaca ccggggagcet gttttttgga gaag

<210> SEQ ID NO 43

<211> LENGTH: 90

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 43
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

tttttcagce tctggaatcee tttetettga

<210> SEQ ID NO 44

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 44

gactaattaa ccceteactaa agggacacca tgagcategyg ccteetgty

<210> SEQ ID NO 45

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 45
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttteagee tetggaatee tttetet

<210> SEQ ID NO 46

<211> LENGTH: 67

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 46

ctggttecte ttecaaatgt aggtatgtag cttoctectg atgtgggect cacageacag

aggtagg

<210> SEQ ID NO 47

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 47

gactaattaa ccctcactaa agggacacca tggagacccet cttggge

<210> SEQ ID NO 48

<211> LENGTH: 66

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

44

60

90

49

60

87

60

67

47
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<400> SEQUENCE: 48
ctacatacct acatttggaa gaggaaccag ccttattgtt catccgtata tccagaaccce

tgaccc

<210> SEQ ID NO 49

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 49
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

tttttcaget ggaccacage cgcagegtce

<210> SEQ ID NO 50

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 50

gactaattaa cecteactaa agggacacca tggagacect cttggge

<210> SEQ ID NO 51

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 51
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

tttttecaget ggaccacage cgeageg

<210> SEQ ID NO 52

<211> LENGTH: 49

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 52

gactaattaa cccteactaa agggacacca tgageategg ccteetgtyg

<210> SEQ ID NO 53

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 53

tgagtaatga atcagccteca gc

«210> SEQ ID NO 54

«211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial
«220> FEATURE:

60

66

60

89

47

60

87

49

22
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 54

gctgaggcetyg attcattact cagttgeccge tggtatcact gaccaaggag aagtce

<210> SEQ ID NO 55

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 55

tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

tttttcagce tectggaatcce tttetet

<210> SEQ ID NO 56

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 56

getgaggety attcattact cagttggtat cggtatcact gaccaaggay aagte

<210> SEQ ID NO 57

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 57

tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

tttttecagee tctggaatee tttetet

<210> SEQ ID NO 58

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 58

getgaggetyg attcattact cagttgecat cggtatcact gaccaaggag aagte

<210> SEQ ID NO 59

<211> LENGTH: 87

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 59

Cttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

tttttecagee tetggaatee tttetet

<210> SEQ ID NO 60
«211> LENGTH: 49
«212> TYPE: DNA

55

60

87

55

60

87

55

60

87
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<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 60

gactaattaa ccctcactaa agggacacca tgagcatcgyg cctectgtg

<210> SEQ ID NO 61

<211> LENGTH: 86

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 61
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttcagect ctggaatcct ttectet

<210> SEQ ID NO 62

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 62

gactaattaa ccctceactaa agggacacca tgatgaaate cttgagagtt ttactag

<210> SEQ ID NO 63

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 63

tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee
ttttteaget ggaccacage cgeagegte

<210> SEQ ID NO 64

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 64

tcagaattaa ccctecactaa agggactagt cctgeaggtt taaacgaatt cgecctteac
catgagaatc aggcetectgt get

<210> SEQ ID NO 65

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 65

Cttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttttcaga aatcectttet cttgaccat

49

60

86

57

60

89

60

83

60

89
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<210> SEQ ID NO 66

<211> LENGTH: 83

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 66
tcagaattaa ccctcactaa agggactagt cctgcaggtt taaacgaatt cgcccttcac 60

catgagaatc aggctcctgt get 83

<210> SEQ ID NO 67

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 67

tgaataatgg atgagcctta gc 22

<210> SEQ ID NO 68

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 68

getaaggete atecattatt caaatactge aggtgecact ggeaaaggag aagtece 56

<210> SEQ ID NO 69

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 69
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee 60

ttttttcaga aatcctttet cttgaccat 89

<210> SEQ ID NO 70

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 70

gctaaggete atccattatt caaatgtgge aggtgccact ggcaaaggag aagtec 56
<210> SEQ ID NO 71

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 71

Cttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt 60
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ttttttcaga aatcctttcet cttgaccat

<210> SEQ ID NO 72

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 72

gctaaggcte atccattatt caaatgtgat gggtaccact ggcaaaggag aagtcce

<210> SEQ ID NO 73

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 73

tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttttecaga aatceetttet cttgaccat

<210> SEQ ID NO 74

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 74

getaaggete atcecattatt caaatactat gggtygecact ggeaaaggag aagtece

<210> SEQ ID NO 75

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 75

tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttttcaga aatcectttcet cttgaccat

<210> SEQ ID NO 76

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 76

gctaaggete atccattatt caaatgtgat gggtgccact ggeaaaggag aagtec

<210> SEQ ID NO 77

«211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

«220> FEATURE:

<223> OTHER INFORMATION: Synthetic

«<400> SEQUENCE: 77

89

56

60

89

56

60

89

56
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tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttttcaga aatcctttcet cttgaccat

<210> SEQ ID NO 78

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 78

gactaattaa ccctcactaa agggacacca tgggcacaag gttgttettce

<210> SEQ ID NO 79

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 79
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttttcaga aatcctttct cttgaccat

<210> SEQ ID NO 80

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 80

gactaattaa cccteactaa agggacacca tgggcacaag gttygttette

<210> SEQ ID NO 81

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 81
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttttcaga aatcectttcet cttgaccat

<210> SEQ ID NO 82

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 82

gactaattaa ccctcactaa agggacacca tgggeacaag gttgttette

<210> SEQ ID NO 83

<211> LENGTH: 20

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

60

89

50

60

89

50

60

89

50
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<400> SEQUENCE: 83

gtaatggatc agcctcagec

<210> SEQ ID NO 84

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 84

gctgaggctyg atccattact catatgecgt taaagatact gacaaaggag aagtce

<210> SEQ ID NO 85

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 85
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttttcaga aatcctttct cttgaccat

<210> SEQ ID NO 86

<211> LENGTH: 55

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 86

getgaggety atcecattact catatgeege caaagatact gacaaaggay aagte

<210> SEQ ID NO 87

<211> LENGTH: 89

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 87
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt ttttttttee

ttttttcaga aatcectttcet cttgaccat

<210> SEQ ID NO 88

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 88

gactaattaa ccctcactaa agggacacca tgggeacaag gttgttette

<210> SEQ ID NO 89

<211> LENGTH: 89

«212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

20

55

60

89

55

60

89

50
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<400> SEQUENCE: 89
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttttcaga aatcctttcet cttgaccat

<210> SEQ ID NO 90

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 90

gactaattaa ccctcactaa agggacacca tgctccttga acatttatta ataatce

<210> SEQ ID NO 91

<211> LENGTH: 88

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 91
tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt tttttttttt

ttttteageg gaccacagee geagegte

<210> SEQ ID NO 92

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 92

Ser Leu Leu Met Trp Ile Thr Gln Cys
1 5

<210> SEQ ID NO 93

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 93

Lys Thr Trp Gly Gln Tyr Trp Gln Val
1 5

<210> SEQ ID NO 94

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 94

Ala Ala Gly Ile Gly Ile Leu Thr Val
1 5

«210> SEQ ID NO 95

<211> LENGTH: 112

«212> TYPE: PRT

<213> ORGANISM: Artificial

60

89

56

60

88
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<220>
<223>
<220>
<221>
<223>

<400>

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: MISC_FEATURE

OTHER INFORMATION: variable region of
chain comprising AAGT (mature)

SEQUENCE: 95

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln

1

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met

20 25

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu

35 40

Ser Asn Ala Ala Gly Thr Thr Gly Lys Gly Glu

50

55

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro

65

70 75

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys

85 90

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr

<210>
<211>
<212>
<213>
<220>
<223>
<220>
<221>
<223>

<400>

100 105

SEQ ID NO 96

LENGTH: 112

TYPE: PRT

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: Synthetic

FEATURE:

NAME/KEY: misc_feature

OTHER INFORMATION: variable region of
comprising IAGT

SEQUENCE: 96

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln

1

5 10

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met

20 25

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu

35 40

Ser Asn Ile Ala Gly Thr Thr Gly Lys Gly Glu

50

55

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro

65

70 75

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys

85 90

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr

<210>
<211>
«212>
<213>
<220>
«223>
«220>
<221>
«223>

100 105

SEQ ID NO 97

LENGTH: 112

TYPE: PRT

ORGANISM: Artificial
FEATURE:

OTHER INFORMATION: Synthetic
FEATURE:

NAME/KEY: misc_feature

modified F5

Ile Leu 2la
Arg His Asn
30

Arg Leu Ile
45

Val Pro Asp
60

Leu Thr Leu

Ala Ser Ser

Arg Leu Thr
110

modified F5

Ile Leu Ala
Arg His Asn
30

Arg Leu Ile
45

Val Pro Asp
60

Leu Thr Leu

Ala Ser Ser

Arg Leu Thr
110

TCR

Ala

15

Ala

His

Gly

Ala

Leu

95

Val

TCR

Ala

15

Ala

His

Gly

Ala

Leu

95

Val

beta

Gly

Met

Tyr

Tyr

Ser

80

Ser

Val

beta chain

Gly

Met

Tyr

Tyr

Ser

80

Ser

Val

OTHER INFORMATION: variable region of modified F5 TCR beta chain

comprising TIGT
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<400> SEQUENCE: 97

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Cly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ile Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 98

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising TVGT

<400> SEQUENCE: 98

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Val Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 99

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising TAGG

«<400> SEQUENCE: 99

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15
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Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Gly Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 100

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising TAGS

<400> SEQUENCE: 100

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Ser Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 101

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising VMGT

<400> SEQUENCE: 101

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45
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Ser Asn Val Met Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 102

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising VAGA

<400> SEQUENCE: 102

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Val Ala Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 103

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising TMGA

<400> SEQUENCE: 103

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Met Gly Ala Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser
65 70 75 80
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Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 104

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length modified F5 TCR beta chain
comprising AAGT

<400> SEQUENCE: 104

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Ala Ala Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

«210> SEQ ID NO 105
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<211> LENGTH: 287

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

<223>

comprising IAGT

<400> SEQUENCE: 105

Ile

1

Arg

Tyr

Ser

Ser

65

Ala

Phe

Glu

Ser

Ala

145

Gly

Glu

Arg

Gln

Arg

225

Ala

Ile

Val

Ala Gly Ile Thr Gln Ala Pro Thr
5

Arg Met Thr Leu Arg Cys Thr Gln
20 25

Trp Tyr Arg Gln Asp Leu Gly Leu
35 40

Asn Ile Ala Gly Thr Thr Gly Lys
50 55

Val Ser Arg Ala Asn Thr Asp Asp
70

Val Pro Ser Gln Thr Ser Val Tyr
85

Gly Thr Glu Ala Phe Phe Gly Gln
100 105

Asp Leu Asn Lys Val Phe Pro Pro
115 120

Glu Ala Glu Ile Ser Hig Thr Gln
130 135

Thr Gly Phe Phe Pro Asp His Val
150

Lys Glu Val His Ser Gly Val Ser
165

Gln Pro Ala Leu Asn Asp Ser Arg
180 185

Val Ser Ala Thr Phe Trp Gln Asn
195 200

Val Gln Phe Tyr Gly Leu Ser Glu
210 215

Ala Lys Pro Val Thr Gln Ile Val
230

Cys Gly Phe Thr Ser Ser Tyr Gln
245

Leu Tyr Glu Ile Leu Leu Gly Lys
260 265

Ser Ala Leu Val Leu Met Ala Met
275 280

<210> SEQ ID NO 106

<211> LENGTH: 287

<212> TYPE: PRT

«213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature

«223>

Ser

10

Asp

Gly

Gly

Phe

Phe

90

Gly

Glu

Lys

Glu

Thr

170

Tyr

Pro

Asn

Ser

Gln

250

Ala

Val

Gln

Met

Leu

Glu

Pro

75

Cys

Thr

Val

Ala

Leu

155

Asp

Cys

Arg

Asp

Ala

235

Gly

Thr

Lys

Ile

Arg

Arg

Val

60

Leu

Ala

Arg

Ala

Thr

140

Ser

Pro

Leu

Asn

Glu

220

Glu

Val

Leu

Arg

Leu

His

Leu

45

Pro

Thr

Ser

Leu

Val

125

Leu

Trp

Gln

Ser

His

205

Trp

Ala

Leu

Tyr

Lys
285

Ala

Asn

30

Ile

Asp

Leu

Ser

Thr

110

Phe

Val

Trp

Pro

Ser

190

Phe

Thr

Trp

Ser

Ala

270

Asp

Ala

15

Ala

His

Gly

Ala

Leu

95

Val

Glu

Cys

Val

Leu

175

Arg

Arg

Gln

Gly

Ala

255

Val

Phe

OTHER INFORMATION: full length modified F5 TCR beta chain

Gly

Met

Tyr

Tyr

Ser

80

Ser

Val

Pro

Leu

Asn

160

Lys

Leu

Cys

Asp

Arg

240

Thr

Leu

OTHER INFORMATION: full length modified F5 TCR beta chain
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comprising TIGT
<400> SEQUENCE: 106

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Cly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ile Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 107

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length modified F5 TCR beta chain
comprisging TVGT

<400> SEQUENCE: 107

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
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20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Val Gly Thr Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 108

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length modified F5 TCR beta chain
comprising TAGG

<400> SEQUENCE: 108

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Gly Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60
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Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu 2la Ser
65 70 75 80

Ala Val Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 85

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 109

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length modified F5 TCR beta chain
comprising TAGS

<400> SEQUENCE: 109

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Thr Ala Gly Ser Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser
65 70 75 80

Ala Val Pro Ser GIln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 95

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110
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Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 110

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of 1G4 alpha chain

<400> SEQUENCE: 110

Met Glu Thr Leu Leu Gly Leu Leu Ile Leu Trp Leu Gln Leu Gln Trp
1 5 10 15

Val Ser Ser

<210> SEQ ID NO 111

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of 1G4 beta chain

<400> SEQUENCE: 111

Met Ser Ile Gly Leu Leu Cys Cys Ala Ala Leu Ser Leu Leu Trp 2Ala
1 5 10 15

Gly Pro Val

«210> SEQ ID NO 112

«211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial
«220> FEATURE:
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<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of F4 alpha chain

<400> SEQUENCE: 112

Met Leu Leu Glu His Leu Leu Ile Ile Leu Trp Met Gln Leu Thr Trp
1 5 10 15

Val Ser

<210> SEQ ID NO 113

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of F4 beta chain

<400> SEQUENCE: 113

Met Gly Thr Arg Leu Phe Phe Tyr Val Ala Leu Cys Leu Leu Trp Thr
1 5 10 15

Gly His Met

<210> SEQ ID NO 114

<211> LENGTH: 22

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of F5 alpha chain

<400> SEQUENCE: 114

Met Met Lys Ser Leu Arg Val Leu Leu Val Ile Leu Trp Leu Gln Leu
1 5 10 15

Ser Trp Val Trp Ser Gln
20

<210> SEQ ID NO 115

<211> LENGTH: 19

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: leader sequence of F5 beta chain

<400> SEQUENCE: 115

Met Arg Ile Arg Leu Leu Cys Cys Val Ala Phe Ser Leu Leu Trp 2la
1 5 10 15

Gly Pro Val

<210> SEQ ID NO 116

<211> LENGTH: 110

<212> TYPE: PRT

«213>» ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<223> OTHER INFORMATION: variable region of modified F5 TCR beta chain
comprising XXGX

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 116

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala Ala Cly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Xaa Xaa Thr Xaa Lys Gly Glu Val Pro Asp Gly Tyr Ser Val
50 55 60

Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser 2Ala Val
65 70 75 80

Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser Phe Gly
85 90 85

Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
100 105 110

<210> SEQ ID NO 117

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: variable region of modified 1G4 TCR beta
chain comprising XXGI

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 117

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g 15 Y Y g Y
35 40 45

Ser Val Xaa Xaa Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 95

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu
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<210> SEQ ID NO 118

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 118

Asp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Cly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Xaa Xaa Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu

<210> SEQ ID NO 119

<211> LENGTH: 287

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length F5 TCR beta chain comprising XXGX
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (54)..(54)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 119

Ile Ala Gly Ile Thr Gln Ala Pro Thr Ser Gln Ile Leu Ala 2la Gly
1 5 10 15

Arg Arg Met Thr Leu Arg Cys Thr Gln Asp Met Arg His Asn Ala Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Leu Gly Leu Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Asn Xaa Xaa Gly Xaa Thr Gly Lys Gly Glu Val Pro Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ala Asn Thr Asp Asp Phe Pro Leu Thr Leu Ala Ser
65 70 75 80

Ala Val Pro Ser GIln Thr Ser Val Tyr Phe Cys Ala Ser Ser Leu Ser
85 90 95

Phe Gly Thr Glu Ala Phe Phe Gly Gln Gly Thr Arg Leu Thr Val Val
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100 105 110

Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu Pro
115 120 125

Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys Leu
130 135 140

Ala Thr Gly Phe Phe Pro Asp His Val Glu Leu Ser Trp Trp Val Asn
145 150 155 160

Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu Lys
165 170 175

Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Cys Leu Ser Ser Arg Leu
180 185 190

Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg Cys
195 200 205

Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln Asp
210 215 220

Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly Arg
225 230 235 240

Ala Cys Gly Phe Thr Ser Ser Tyr Gln Gln Gly Val Leu Ser Ala Thr
245 250 255

Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr Ala Val Leu
260 265 270

Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys Asp Phe
275 280 285

<210> SEQ ID NO 120

<211> LENGTH: 292

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length 1G4 beta chain comprising XXGI
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 120

Asn Ala Gly Val Thr Gln Thr Pro Lys Phe Gln Val Leu Lys Thr Gly
1 5 10 15

Gln Ser Met Thr Leu Gln Cys Ala Gln Asp Met Asn His Glu Tyr Met
20 25 30

Ser Trp Tyr Arg Gln Asp Pro Gly Met Gly Leu Arg Leu Ile His Tyr
b 1y g 15 Y Y g Y
35 40 45

Ser Val Xaa Xaa Gly Ile Thr Asp Gln Gly Glu Val Pro Asn Gly Tyr
50 55 60

Asn Val Ser Arg Ser Thr Thr Glu Asp Phe Pro Leu Arg Leu Leu Ser
65 70 75 80

Ala Ala Pro Ser Gln Thr Ser Val Tyr Phe Cys Ala Ser Ser Tyr Val
85 90 95

Gly Asn Thr Gly Glu Leu Phe Phe Gly Glu Gly Ser Arg Leu Thr Val
100 105 110

Leu Glu Asp Leu Lys Asn Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125
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Pro Ser Glu Ala Glu Ile Ser His Thr Gln Lys Ala Thr Leu Val Cys
130 135 140

Leu Ala Thr Gly Phe Tyr Pro Asp His Val Glu Leu Ser Trp Trp Val
145 150 155 160

Asn Gly Lys Glu Val His Ser Gly Val Ser Thr Asp Pro Gln Pro Leu
165 170 175

Lys Glu Gln Pro Ala Leu Asn Asp Ser Arg Tyr Ser Leu Ser Ser Arg
180 185 190

Leu Arg Val Ser Ala Thr Phe Trp Gln Asn Pro Arg Asn His Phe Arg
195 200 205

Cys Gln Val Gln Phe Tyr Gly Leu Ser Glu Asn Asp Glu Trp Thr Gln
210 215 220

Asp Arg Ala Lys Pro Val Thr Gln Ile Val Ser Ala Glu Ala Trp Gly
225 230 235 240

Arg Ala Asp Cys Gly Phe Thr Ser Glu Ser Tyr Gln Gln Gly Val Leu
245 250 255

Ser Ala Thr Ile Leu Tyr Glu Ile Leu Leu Gly Lys Ala Thr Leu Tyr
260 265 270

Ala Val Leu Val Ser Ala Leu Val Leu Met Ala Met Val Lys Arg Lys
275 280 285

Agp Ser Arg Gly
290

<210> SEQ ID NO 121

<211> LENGTH: 288

<212> TYPE: PRT

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<220> FEATURE:

<221> NAME/KEY: misc_feature

<223> OTHER INFORMATION: full length F4 beta chain comprising XXKD
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (51)..(52)

<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid

<400> SEQUENCE: 121

Asp Ala Gly Ile Thr Gln Ser Pro Arg His Lys Val Thr Glu Thr Gly
1 5 10 15

Thr Pro Val Thr Leu Arg Cys His Gln Thr Glu Asn His Arg Tyr Met
20 25 30

Tyr Trp Tyr Arg Gln Asp Pro Gly His Gly Leu Arg Leu Ile His Tyr
35 40 45

Ser Tyr Xaa Xaa Lys Asp Thr Asp Lys Gly Glu Val Ser Asp Gly Tyr
50 55 60

Ser Val Ser Arg Ser Lys Thr Glu Asp Phe Leu Leu Thr Leu Glu Ser
65 70 75 80

Ala Thr Ser Ser Gln Thr Ser Val Tyr Phe Cys Ala Ile Ser Glu Val
85 90 85

Gly Val Gly Gln Pro Gln His Phe Gly Asp Gly Thr Arg Leu Ser Ile
100 105 110

Leu Glu Asp Leu Asn Lys Val Phe Pro Pro Glu Val Ala Val Phe Glu
115 120 125

Pro Ser Glu Ala Glu Ile Ser Hisg Thr Gln Lys Ala Thr Leu Val Cys
130 135 140
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Ala Thr Phe Phe

150

Val Glu

155

Leu Pro His

145

Gly Asp

Glu Val
165

Val Ser Thr Pro

170

Asn Gly Lys His Ser Gly Asp

Glu Gln Pro Ala

180

Ser Leu

185

Lys Leu Asn Asp Arg Tyr Cys

Val
195

Ser Ala Thr Phe Gln Asn

205

Leu Arg Trp Asn Pro

200

Arg

Gln
210

Cys Val Gln Phe Tyr Gly Leu Ser Glu Asn Glu

215

Asp
220
Ala Val
230

Thr Gln Ile Val Ser Ala Glu

235

Asp Pro

225

Arg Lys

Ala Phe

245

Thr Gln

250

Arg Cys Gly Ser Ser Tyr Gln Gly Val

Thr Ile Leu Tyr Glu Ile Leu Leu Ala Thr Leu

260

Gly
265

Lys

Val Ala Val Met

280

Ser Leu Leu Ala Met Val

275

Leu Lys Arg

285

Leu Ser Trp Trp

Gln

Ser

190

His

Trp

Ala

Leu

Tyr

270

Lys

Val
160
Pro Leu
175

Ser Arg

Phe Arg

Thr Gln

Trp CGly

240
Ser Ala
255

Ala Val

Asp Phe

1. A modified T cell receptor (TCR) comprising an amino
acid sequence of a wild-type (WT) TCR with no more than
three amino acid substitutions, wherein the modified TCR, as
compared to the WT TCR, (i) has an enhanced ability to
recognize target cells when expressed by CD4™ T cells and (ii)
does not exhibit a decrease in antigen specificity when
expressed by CD8* T cells.

2. The modified TCR of claim 1, wherein the amino acid
substitutions are located in a complementary determining
region (CDR) of the TCR.

3. The modified TCR of claim 2, wherein the CDR is a
CDR2.

4. The modified TCR of claim 1, wherein the amino acid
substitutions are located on a beta chain of the TCR.

5. The modified TCR of claim 1, wherein the amino acid
substitutions are conservative amino acid substitutions.

6. The modified TCR of claim 5, wherein the conservative
amino acid substitutions are selected from the group consist-
ing of T=A, G—=A, A—=1, T=V. A—=M, T, A=V, TG,
and T—S.

7. The modified TCR of claim 1, wherein the modified TCR
has antigen specificity for a cancer antigen.

8. The modified TCR claim 7, wherein the cancer antigen is
selected from a group consisting of NY-ESO-1, MART-1,
2pl100, p53, TRP-1, TRP-2, and tyrosinase.

9. The modified TCR of claim 8, wherein the WT TCR
comprises the amino acid sequence of SEQ ID NO: 8.

10. The modified TCR of claim 9, wherein the modified
TCR comprises the amino acid sequence of SEQ ID NO: 1,
SEQ ID NO: 2, or SEQ ID NO: 3.

11. The modified TCR of claim 10, wherein the modified
TCR comprises the amino acid sequence of SEQ ID NO. 14,
SEQ ID NO. 15, or SEQ ID NO. 16.

12. The modified TCR of claim 10, wherein the modified
TCR additionally comprises the amino acid sequence of SEQ
IDNO: 7.

13. The modified TCR of claim 8, wherein the cancer
antigen is MART-1.

14. The modified TCR of c¢laim 13, wherein the WT TCR
comprises the amino acid sequence of SEQID NO: 10 or SEQ
ID NO: 12.

15. The modified TCR of claim 14, wherein the modified
TCR comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs: 4 to 6, 13, and 95 to 103.

16. The modified TCR of claim 15, wherein the modified
TCR comprises an amino acid sequence selected from the
group consisting of SEQ ID NOs. 17 to 20,37 to 39, and 104
to 109.

17. The modified TCR of claim 15, wherein the modified
TCR additionally comprises an amino acid sequence of SEQ
ID NO. 9 or SEQID NO. 11.

18. The modified TCR of ¢laim 17, wherein the modified
TCR comprises the amino acid sequence of:

(1) any of SEQ ID NOs: 17,20, 37 t0 30, and 104 to 109 in

combination with SEQ ID NO. 9; or

(i) SEQ ID NO: 18 or 19 in combination with SEQ ID NO:

11.

19. The modified TCR of claim 1 comprising a leader
sequence selected from the group consisting of SEQ ID NOs:
110to 115.

20. An isolated polypeptide comprising a functional por-
tion of the modified TCR of claim 1, wherein the functional
portion comprises the amino acid substitutions.

21. The isolated polypeptide of claim 20 comprising an
amino acid sequence selected from the group consisting of
SEQ ID NOs. 1 to 6, 13, and 95 to 103.

22. The isolated polypeptide of claim 21 comprising an
amino acid sequence selected from the group consisting of
SEQ NOs. 14 to 20, 37 to 39, and 104 to 109.

23. The isolated polypeptide of claim 20, wherein the
polypeptide additionally comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 7, 9,
and 11.
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24. An isolated protein comprising the polypeptide of
claim 20.

25. The isolated protein of claim 24, comprising (i) a first
polypeptide chain comprising the amino acid sequence of
SEQ IDNO. 1, 2, or 3 and a second polypeptide chain com-
prising the amino acid sequence of SEQ ID NO: 7, (ii) a first
polypeptide chain comprising the amino acid sequence of any
of SEQID NOs: 4,13, and 95 to 103 and a second polypeptide
chain comprising the amino acid sequence of SEQ IDNO: 9,
or (iii) a first polypeptide chain comprising the amino acid
sequence of SEQ ID NO: 5 or 6 and a second polypeptide
chain comprising the amino acid sequence of SEQ IDNO: 11.

26. An isolated nucleic acid comprising a nucleotide
sequence encoding the modified TCR of claim 1.

27. The isolated nucleic acid of claim 26 comprising a
nucleotide sequence selected from the group consisting of
SEQ ID NOs: 22 to 24, 28, 29, 32 and 33.

28. A recombinant expression vector comprising the
nucleic acid of claim 26.

29. An isolated host cell comprising the recombinant
expression vector of claim 28.

30. The isolated host cell of claim 29, wherein the cell is a
peripheral blood lymphocyte (PBL).

31. The isolated host cell of claim 30, wherein the PBL is
aCD8* T cell or a CD4* T cell.

32. A population of cells comprising at least one host cell of
claim 29.

33. An antibody, or antigen binding portion thereof, which
specifically binds an epitope of the modified TCR of claim 1,
wherein the epitope comprises the amino acid substitutions.

34. A pharmaceutical composition comprising the modi-
fied TCR of claim 1.

35. A method of detecting a diseased cell in a host, wherein
the diseased cell expresses an antigen characteristic of a dis-
ease, comprising.

(a) contacting a sample comprising cells of the host with
the modified TCR ofclaim 1, thereby forming a complex
between the modified TCR and the antigen, and

(b) detecting the complex,
wherein detection of the complex is indicative of a diseased
cell in the host.

36. The method of claim 35, wherein the diseased cell is a
cancer cell or an infected cell.
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37. The method of claim 36, wherein the cancer cell is a
melanoma cell.

38. The method of claim 35, wherein the host is a human.

39. The method of claim 35, wherein the method is an in
vitro method.

40. A method of treating or preventing a disease in a host,
comprising administering to the host the pharmaceutical
composition of claim 34 in an amount effective to treat or
prevent the disease in the host.

41. The method of claim 40, wherein the disease is a cancer
or an infectious disease.

42. The method of claim 41, wherein the cancer is mela-
noma.

43. The method of claim 40, wherein the host is a human.

44. (canceled)

45. (canceled)

46. A method of identifying a candidate adoptive immuno-
therapy T cell receptor (TCR), consisting of:

(a) producing a nucleic acid encoding a modified TCR
comprising a WT TCR amino acid sequence with no
more than three amino acid substitutions,

(b) expressing the nucleic acid in CD4* T cells and CD8* T
cells, and

(c) assaying the T cells for the ability to recognize target
cells and for antigen specificity,

wherein a candidate adoptive immunotherapy TCR is identi-
fied when the modified TCR, as compared to the WT TCR, (1)
has an enhanced ability to recognize target cells when
expressed by CD4* T cells and (ii) does not exhibit a decrease
in antigen specificity when expressed by CD8* T cells.

47. The method of claim 46, wherein the amino acid sub-
stitutions are conservative amino acid substitutions.

48. The method of claim 46, wherein the amino acid sub-
stitutions are located within a complementarity determining
region of the WT TCR.

49. The method of claim 48, wherein the CDR is a CDR2
of the beta chain of the modified TCR.

50. The method of any of claim 46, wherein the modified
TCR has at least twice the ability to recognize target cells as
the WT TCR.
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