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BIOORTHOGONAL T CELL RECEPTOR MOLECULES AND METHODS OF
MAKING AND USING THE SAME

STATEMENT OF PRIORITY
This application cliams the benefit, under 35 U.S.C. §119(e), of U.S. Provisional
Application No. 63/370,730, filed August 8, 2022, the entire contents of which is incorporated

by reference herein in its entirety.

STATEMENT OF GOVERNMENT SUPPORT
This invention was made with government support under Grant Number GM131923
awarded by the National Institutes of Health. The government has certain rights in the

invention.

STATEMENT REGARDING ELECTRONIC FILING OF A SEQUENCE LISTING
A Sequence Listing in XML format, entitled 5470-934WO_ST26.xml, 102,558 bytes
in size, generated on August 8, 2023, and filed herewith, is hereby incorporated by reference

in its entirety for its disclosures.

FIELD OF THE INVENTION
This invention relates synthetic T cell receptor molecules comprising bioorthogonal

interfaces, and methods of making and using the same.

BACKGROUND OF THE INVENTION
T-cell receptors (TCRs) are attractive agents for cancer treatment because they
specifically recognize peptides derived from intracellular proteins, most of which cannot be
targeted by small molecules and antibodies. However, the creation of effective TCR drugs is
in its infancy because of their inherent weak aftinity and cross-reactive properties.
The present invention overcomes previous shortcomings in the art by providing
synthetic T cell receptor molecules comprising bioorthogonal interfaces, and methods of

making and using the same.

SUMMARY OF THE INVENTION
This summary lists several embodiments of the presently disclosed subject matter, and

in many cases lists variations and permutations of these embodiments. This summary is merely
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exemplary of the numerous and varied embodiments. Mention of one or more representative
features of a given embodiment is likewise exemplary. Such an embodiment can typically exist
with or without the feature(s) mentioned; likewise, those features can be applied to other
embodiments of the presently disclosed subject matter, whether listed in this summary or not.
To avoid excessive repetition, this summary does not list or suggest all possible combinations
of such features.

One aspect of the present invention provides a synthetic T-cell receptor (TCR) molecule
comprising: a TCR alpha chain constant domain (TCRCa) or fragment thereof with a first
interface, a TCR beta chain constant domain (TCRCP) or fragment thereof with a second
interface, a TCR alpha chain variable domain (TCRVa) or fragment thereof with a third
interface, and a TCR beta chain variable domain (TCRVp) or fragment thereof with a fourth
interface, wherein at least a portion of each of the TCRVa and TCRVJ together form a variable
portion with binding specificity to a first target antigen, wherein the TCRCa and TCRCp or
fragments thereof are modified TCRCo and TCRCp or fragments thereof wherein the first and
the second interface are bioorthogonal to each other, and/or wherein the TCRVa and TCRVf
or fragments thereof are modified TCRVa and TCRVp or fragments thereof wherein the third
and the fourth interface are bioorthogonal to each other; wherein the bioorthogonal first and
second interface and/or the bioorthogonal third and fourth interface each comprise one or more
amino acid substitutions, wherein the bioorthogonal first and second interface selectively bind
to each other and/or the bioorthogonal third and fourth interface selectively bind to each other
via the one or more substitutions of each interface (e.g., wherein the bioorthogonal TCRC
interfaces and/or bioorthogonal TCRYV interfaces selectively bind to each other, e.g., selectively
bind to each other as compared to unmodified interfaces).

In some embodiments, the synthetic TCR molecule of the present invention comprises
the modified TCRCa or fragment thereof with a first interface and the modified TCRCP or
fragment thereof with a second interface which is bioorthogonal to the first interface; and the
modified TCRVa or fragment thereof with a third interface, and the modified TCRVp or
fragment thereof with a fourth interface which is bioorthogonal to the third interface.

In some embodiments, the one or more substitutions of the bioorthogonal first and/or
second interface comprise paired (e.g., bioorthogonal) knob-into-hole substitutions, charge
swap substitutions, charge to hydrophobic substitutions, polar to cation-pi interaction, or any
combination thereof.

In some embodiments, the one or more substitutions of the bioorthogonal first

interface may comprise substitution at amino acid position 124 (Kabat 122), 126, 126, 128,
2
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130, 132, 133, 134, 138, 140, 142, 144, 145, 158, 161, 163, 168, 171, 172, 173, 175, 177, 179,
181, 183, 205 and/or 207, wherein the numbering corresponds to PDB numbering of the
reference TCRCa amino acid sequence of PDB:6U07 _A.

In some embodiments, the one or more substitutions of the bioorthogonal second
interface may comprise substitution at amino acid position 126, 128, 130, 131, 133, 135, 136,
139, 140, 142, 144, 146, 148, 170, 175, 177, 179, 181, 182, 184, 185, 193, 170, 195, 197, 202
and/or 204, wherein the numbering corresponds to PDB numbering of the reference TCRCf
amino acid sequence of PDB:6U07 B.

In some embodiments, the one or more amino acid substitutions of each the
bioorthogonal third and fourth interface may be comprised in a conserved region of each of the
modified TCRVa or fragment thereof and modified TCRV or fragment thereof.

In some embodiments, the one or more substitutions of the bioorthogonal third and/or
fourth interface comprise paired (e.g., bioorthogonal) knob-into-hole substitutions, charge
swap substitutions, charge to hydrophobic substitutions, polar to cation-pi interaction, or any
combination thereof.

In some embodiments, the one or more substitutions of the bioorthogonal third interface
may comprise substitution at amino acid position 31, 35, 37, 40, 41, 43, 45, 48, 86, 100, 101,
103, 105 and/or 108 (Kabat 109), wherein the numbering corresponds to PDB numbering of
the reference TCRVa amino acid sequence of PDB:2F53 D.

In some embodiments, the one or more substitutions of the bioorthogonal fourth
interface may comprise substitution at amino acid position 7, 8, 9, 29, 31, 33, 35 (Kabat 37),
38 (Kabat 40), 39, 41, 42, 43, 86, 99, 101, 102, 104, 107 and/or 150, wherein the numbering
corresponds to PDB numbering of the reference TCRVf amino acid sequence of PDB:2F53 E.

Also provided herein is the synthetic TCR molecule of the present invention, in soluble
form (e.g., wherein the synthetic TCR molecule is devoid of a transmembrane domain).

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise a second TCRCa, TCRCP, TCRVa, and TCRVP or fragments thereof, each
comprising an N-terminus and a C-terminus and a first, second, third and fourth interface,
respectively, wherein at least a portion of each of the second TCRVa and TCRVp together
form a variable portion with binding specificity to a second target antigen that is different from
the first target antigen.

Also provided herein is the synthetic TCR molecule of the present invention, in soluble

form (e.g., wherein the synthetic TCR molecule is devoid of a transmembrane domain).
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Also provided herein is the synthetic TCR molecule of the present invention, in cellular
form (e.g. further comprising a hinge region (e.g., CD8 hinge, CD4 hinge), a transmembrane
domain, a linker, a costimulatory domain (e.g., CD28, 4-1BB, etc.) and/or an scFv and/or Fab,
e.g., wherein the synthetic TCR molecule is a chimeric antigen receptor (CAR)).

Another aspect of the present invention provides a nucleic acid molecule (e.g., an
isolated nucleic acid molecule) encoding the synthetic TCR molecule of the present invention.

Another aspect of the present invention provides a vector comprising the synthetic TCR
molecule of the present invention and/or a nucleic acid molecule of the present invention.

Another aspect of the present invention provides an isolated cell comprising a synthetic
TCR molecule of the present invention, nucleic acid molecule, composition and/or vector of
the present invention.

Another aspect of the present invention provides a composition comprising the
synthetic TCR molecule, nucleic acid molecule, vector, and/or isolated cell of the present
invention.

Another aspect of the present invention provides a method of expressing a synthetic
TCR molecule in a cell, comprising contacting the cell with a nucleic acid molecule, vector,
and/or composition of the present invention.

Another aspect of the present invention provides a method of treating a disorder in a
subject, comprising administering to the subject an effective amount of a synthetic TCR
molecule, nucleic acid molecule, vector, isolated cell, and/or composition of the present
invention, wherein the synthetic TCR binds an antigen associated with the disorder (e.g., a
cancer antigen, a viral antigen, a bacterial antigen, or any combination thereof).

Another aspect of the present invention provides a method of producing a synthetic T-
cell receptor (TCR) molecule, comprising: (a) providing a TCR alpha chain constant domain
(TCRCa) or fragment thereof with a first interface, a TCR beta chain constant domain
(TCRCPB) or fragment thereof with a second interface, a TCR alpha chain variable domain
(TCRVo) or fragment thereof with a third interface, and a TCR beta chain variable domain
(TCRVP) or fragment thereof with a fourth interface, wherein at least a portion of each of the
TCRVa and TCRV] together form a variable portion with binding specificity to a first target
antigen; (b) introducing one or more amino acid substitutions into the first and second interface
and/or into the third and fourth interface, wherein the one or more amino acid substitutions
modify the first and the second interface and/or the third and fourth interface such that the
interfaces are bioorthogonal to each other (e.g., such that the bioorthogonal interfaces

selectively bind to each other, e.g., selectively bind to each other as compared to unmodified

4
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interfaces); thereby producing a synthetic TCR molecule (e.g., a synthetic TCR molecule of
the present invention).

Another aspect of the present invention provides a method of enhancing stability (e.g.,
in vitro and/or in vivo) of a T-cell receptor (TCR) molecule, comprising: (a) providing a TCR
alpha chain constant domain (TCRCa) or fragment thereof with a first interface, a TCR beta
chain constant domain (TCRCP) or fragment thereof with a second interface, a TCR alpha
chain variable domain (TCRVa) or fragment thereof with a third interface, and a TCR beta
chain variable domain (TCRVp) or fragment thereof with a fourth interface, wherein at least a
portion of each of the TCRVa and TCRVp together form a variable portion with binding
specificity to a first target antigen; (b) introducing one or more amino acid substitutions into
the first and second interface and/or into the third and fourth interface, wherein the one or more
amino acid substitutions modify the first and the second interface and/or the third and fourth
interface such that the interfaces are bioorthogonal to each other (e.g., such that the
bioorthogonal interfaces selectively bind to each other, e.g., selectively bind to each other as
compared to unmodified interfaces), thereby enhancing the stability of the synthetic TCR
molecule; thereby producing a synthetic TCR molecule (e.g., a synthetic TCR molecule of the
present invention), wherein the synthetic TCR molecule has enhanced stability (e.g., as

compared to an unmodified TCR).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic of current treatment methods for cancer.

FIG. 2 shows schematics of example embodiments of the invention. FIG. 2 panel A
shows an example design of orthogonal TCRs to prevent and/or reduce TCR subunit
mispairing. FIG. 2 panel B shows schematics of example designs of soluble bispecific TCRs
(left) and cellular bispecific TCR (e.g., CAR-T) therapeutic designs (right).

FIG. 3 shows schematics and data of example TCR structures. FIG. 3 panel A shows
a schematic of the TCR-V (variable) and TCR-C (constant) domains of the alpha (o) chain
(TCRo) and beta (B) chain (TCRp). FIG. 3 panel B shows an image of an SDS-PAGE gel of
the indicated designs from human and mouse TCRs. FIG. 3 panel C shows a data graph
tabulating the melting temperature (Tm in °C) of the indicated designs.

FIG. 4 panel A shows a schematic of a validation scheme for the contemplated designs.

FIG. 4 panel B shows a data plot of representative data of interface scoring.
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FIG. 5 panel A shows schematics of site saturation mutagenesis (SSM) and second site
suppressor (SSR) strategies in the development of bio-orthogonal TCR interfaces. FIG. §
panel B shows representative Rosetta output data of calculated interface scores.

FIG. 6 shows Rosetta models (FIG. 6 panel A) bar graphs (FIG. 6 panels B-E) and
data plots (FIG. 6 panel F) related to designed TCRs. (FIG. 6 panel A) Rosetta models for
TCR-C (FIG. 6 panel B) nanoDSF and SDS-PAGE of TCR-C designs (FIG. 6 panel C)
Rosetta models for TCR-V (FIG. 6 panel E) nanoDSF and SDS-PAGE of TCR-C/V
combinative design (FIG. 6 panel F) SPR analysis of WT and designed TCR.

FIG. 7 shows schematics of example soluble forms of the invention. (FIG. 7 panel A)
Tandem bsTCR, (FIG. 7 panel B) IgG bsTCR, and (FIG. 7 panel C) bsTCR-based T-cell
engager.

FIG. 8 shows schematics of example cellular forms of the invention. (FIG. 8 panel A)
Avidity-controlled bsTCR-CAR. (FIG. 8 panel B) bsTCR-CAR with split signaling domains.

FIG. 9 shows results from (FIG. 9 top panel A) nanoDSF and (FIG. 9 bottom panel
B) SDS-PAGE of example TCR constant domain designs. The designed TCR a and 3 subunits
were co-expressed in Expi293 cells in single wells as MT/MT, MT/WT, and WT/MT states,
and purified by Ni-affinity chromatography. To compare the expression of each state, SDS-
PAGE of equal amounts of protein lysate from the different states was performed. To assess
the stability of the o/p interface, thermodynamic properties were measured by nano-differential
scanning fluorimetry (nanoDSF).

FIG. 10 shows nanoDSF (FIG. 10 top panel A) and SDS-PAGE (FIG. 10 bottom
panel B) of example TCR variant domain design. The designed TCR « and B subunits were
co-expressed in Expi293 cells in single wells as MT/MT, MT/WT, and WT/MT states, and
purified by Ni-affinity chromatography. To compare the expression of each state, SDS-PAGE
of equal amounts of protein lysate from the different states was performed. To assess the
stability of the o/P interface, thermodynamic properties were measured by nano-differential
scanning fluorimetry (nanoDSF).

FIG. 11 shows (FIG. 11 panel A) nanoDSF and (FIG. 11 panel B) SDS-PAGE of
TCR-C/V combinative design, and (FIG. 11 panel C) SPR analysis of WT and designed TCR.
The designed TCR o and B subunits were co-expressed in Expi293 cells in single wells as
MT/MT, MT/WT, and WT/MT states, and purified by Ni-affinity chromatography. To
compare the expression of each state, SDS-PAGE of equal amounts of protein lysate from the

different states was performed. To assess the stability of the o/ interface, thermodynamic
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properties were measured by nano-differential scanning fluorimetry (nanoDSF). The binding
affinity was measured by Surface plasmon resonance (SPR) analysis.

FIG. 12 shows (FIG. 12 panel A) schematics of Tandem-bsTCR Format. To assemble
the Tandem bispecific TCR, the following domains were expressed in Expi293 cells for correct
domain assembly: Format-vl) 1) TCRI1B-TCR2B, 2) TCRla, 3) TCR2a, Format-v2:
1)TCR10-TCR20, 2) TCR1p 3) TCR2PB, Format-v3: 1) TCR1a-TCR20, 2) TCR1B-TCR2B,
and purified by Ni-affinity chromatography. FIG. 12 panel B shows that to compare the
expression of each state, SDS-PAGE of equal amounts of protein lysate was performed. The
binding affinity was measured by Surface plasmon resonance (SPR) analysis as shown in FIG.
12 panel C.

FIG. 13 shows (FIG. 13 panel A) schematics of IgG bsTCR Format. To assemble the
IgG bispecific TCR, the following domains were expressed in Expi293 cells for correct domain
assembly: Format-v1) 1) TCR1B-Fcl, 2) TCR2B-Fc2, 3) TCR1a, 4) TCR20, Format-v2: 1)
TCR1a-Fcl, 2) TCR2a-Fc2, 3) TCRI1B, 4) TCR2B, and purified by Ni-affinity
chromatography. To compare the expression of each state, SDS-PAGE (FIG. 13 panel B) of
equal amounts of protein lysate was performed. The binding affinity was measured by Surface
plasmon resonance (SPR) analysis (FIG. 13 panel C).

FIGS. 14A-14D show schematics of the TCRCa PDB:6U07 A (FIG. 14A; SEQ ID
NO:1), TCRCP PDB:6U07 B (FIG. 14B; SEQ ID NO:2), TCRVa PDB:2F53_D (FIG. 14C;
SEQ ID NO:31) and TCRVp PDB:2F53 E (FIG. 14D; SEQ ID NO:32) reference amino acid
TCR sequences used for numbering. Figures are related to Tables 6 to 9 providing alignments
between commonly used numbering systems in the art for antibody and TCR structures
including PDB, Kabat, and IMGT.

FIG. 15 shows an alignment of example non-limiting generated TCRCa, TCRC},
TCRVa, and TCRVJ designs of the invention. Sequences shown correspond to SEQ ID NOs: 1,
3,5,7,9,,11,13,15,17,19, 21, 23, 25,27 and 29 (TCRCa_Design_alignment); SEQ ID NOs:
2,4,6,8,10, 12, 14, 16, 18 and 20 (TCRCb_Design_alignment); SEQ ID NO:31, 33, 35, 37,
39, 41, 43 and 45 (TCRVa_Design_alignment); SEQ ID NOs:32, 34, 36, 38, 40, 42, 44 and 46
(TCRVb_Design alignment); SEQ ID NO:31 as compared to 1G4-122 (desV30combiC46;
SEQ ID NO:33) and 1G4-¢49¢50 (SEQ ID NO:49) (TCRVa variation); and SEQ ID NO:32
as compared to 1G4-122 (desV30combiC46; SEQ ID NO:34) and 1G4-c49¢50 (SEQ ID
NO:50) (TCRVb_variation).

FIG. 16 shows additional example design configurations for trispecific constructs, as

related to FIG. 7, referred to therein as trispecific T-cell engager or "TriTE". The left shows a
7
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schematic based on use of a scFv region between the TCR1 and TCR2. The right shows a
schematic based on use of a Fab region between the TCR1 and TCR2.

FIG. 17 shows images of SDS-PAGE blots of the TCR constant domain designs as
indicated. The designed TCR a and B subunits were coexpressed in Expi293 cells in single
wells as MT/MT, MT/WT, and WT/MT states, and purified by Ni-affinity chromatography.
To compare the expression of each state, SDS-PAGE of equal amounts of protein lysate from
the different states was performed. To assess the stability of the a/p interface, thermodynamic
properties were analyzed by nanoDSF. Figure terminology and detailed information of TriTE
domains: TCR1a: a chain of 1G4-122 TCR (desV30combiC46), TCR1b: B chain of 1G4-122
TCR (desV30combiC46); TCR2a: a chain of MEL5-024p17 TCR (wtVstC); TCR2b: B chain
of MEL5-024p17 TCR (wtVstC) LCimc: light chain of anti-CD3 Fab, variant domain with
anti-CD3 "imc" clone from ImmTAC and constant domain CA of human IgG; HCimc: heavy
chain of anti-CD3 Fab, variant domain with anti-CD3 clone from InmTAC, constant
domain CH1 of human IgG. LCsp: light chain of anti-CD3 Fab, variant domain with anti-CD3
clone "SP34" and constant domain CA of human IgG; HCsp: heavy chain of anti-CD3 Fab,
variant domain, with anti-CD3 clone SP34, constant domain CH1 of human IgG.

FIG. 18 shows images of data plots related to tumor killing assays. A375 melanoma
cells were pulsed with NY-ESO-1 peptide and MART-1 peptide, and then exposed to TriTE
constructs 1 through 24.

FIG. 19 shows an image of an example data plot related to tumor killing assays pulsed
with different peptides as indicated, and exposed to TriTE19.

FIG. 20 shows images of data plots related to tumor killing assays. SK-MELS cells
expressing GFP-luciferase labeled SK-MEL-5 endogenous peptide were exposed to TriTE
constructs 1 through 24.

DETAILED DESCRIPTION

The present invention now will be described hereinafter with reference to the
accompanying drawings and examples, in which embodiments of the invention are shown.
This description is not intended to be a detailed catalog of all the different ways in which the
invention may be implemented, or all the features that may be added to the instant invention.
For example, features illustrated with respect to one embodiment may be incorporated into
other embodiments, and features illustrated with respect to a particular embodiment may be
deleted from that embodiment. Thus, the invention contemplates that in some embodiments of

the invention, any feature or combination of features set forth herein can be excluded or
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omitted. In addition, numerous variations and additions to the various embodiments suggested
herein will be apparent to those skilled in the art in light of the instant disclosure, which do not
depart from the instant invention. Hence, the following descriptions are intended to illustrate
some particular embodiments of the invention, and not to exhaustively specify all permutations,
combinations, and variations thereof.

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

All publications, patent applications, patents and other references cited herein are
incorporated by reference in their entireties for the teachings relevant to the sentence and/or
paragraph in which the reference is presented.

Unless the context indicates otherwise, it is specifically intended that the various
features of the invention described herein can be used in any combination. Moreover, the
present invention also contemplates that in some embodiments of the invention, any feature or
combination of features set forth herein can be excluded or omitted. To illustrate, if the
specification states that a composition comprises components A, B and C, it is specifically
intended that any of A, B or C, or a combination thereof, can be omitted and disclaimed
singularly or in any combination.

As used in the description of the invention and the appended claims, the singular forms
"a," "an" and "the" are intended to include the plural forms as well, unless the context clearly
indicates otherwise.

Also as used herein, "and/or" refers to and encompasses any and all possible
combinations of one or more of the associated listed items, as well as the lack of combinations
when interpreted in the alternative ("or"

The term "about," as used herein when referring to a measurable value such as an
amount or concentration and the like, is meant to encompass variations of = 10%, + 5%, +
1%, +0.5%, or even = 0.1% of the specified value as well as the specified value. For example,
"about X" where X is the measurable value, is meant to include X as well as variations of +
10%, + 5%, £ 1%, + 0.5%, or even = 0.1% of X. A range provided herein for a measurable
value may include any other range and/or individual value therein.

As used herein, phrases such as "between X and Y" and "between about X and Y"

should be interpreted to include X and Y. As used herein, phrases such as "between about X
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and Y" mean "between about X and about Y" and phrases such as "from about X to Y" mean
"from about X to about Y."

The term "comprise," "comprises" and "comprising" as used herein, specify the
presence of the stated features, integers, steps, operations, elements, and/or components, but
do not preclude the presence or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.

As used herein, the transitional phrase "consisting essentially of" means that the scope
of a claim is to be interpreted to encompass the specified materials or steps recited in the claim
and those that do not materially affect the basic and novel characteristic(s) of the claimed
invention. Thus, the term "consisting essentially of" when used in a claim of this invention is
not intended to be interpreted to be equivalent to "comprising."

Nucleotide sequences are presented herein by single strand only, in the 5' to 3' direction,
from left to right, unless specifically indicated otherwise. Nucleotides and amino acids are
represented herein in the manner recommended by the IUPAC-IUB Biochemical
Nomenclature Commission, or (for amino acids) by either the one-letter code, or the three letter
code, both in accordance with 37 C.F.R. §1.822 and established usage.

As used herein, the term "nucleic acid" encompasses both RNA and DNA, including
cDNA, genomic DNA, synthetic (e.g., chemically synthesized) DNA and chimeras of RNA
and DNA. The nucleic acid may be double-stranded or single-stranded. The nucleic acid may
be synthesized using nucleotide analogs or derivatives (e.g., inosine or phosphorothioate
nucleotides). Such nucleotides can be used, for example, to prepare nucleic acids that have

altered base-pairing abilities or increased resistance to nucleases.

The terms "nucleic acid segment," "nucleotide sequence," "nucleic acid molecule," or
more generally "segment" will be understood by those in the art as a functional term that
includes both genomic DNA sequences, ribosomal RNA sequences, transfer RNA sequences,
messenger RNA sequences, small regulatory RNAs, operon sequences and smaller engineered
nucleotide sequences that express or may be adapted to express, proteins, polypeptides or
peptides. Nucleic acids of the present disclosure may also be synthesized, either completely or
in part, by methods known in the art.

The term "sequence identity," as used herein, has the standard meaning in the art. As is
known in the art, a number of different programs can be used to identify whether a
polynucleotide or polypeptide has sequence identity or similarity to a known sequence.
Sequence identity or similarity may be determined using standard techniques known in the art,

including, but not limited to, the local sequence identity algorithm of Smith & Waterman, Ady.

10
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Appl. Math. 2:482 (1981), by the sequence identity alignment algorithm of Needleman &
Wunsch, J. Mol. Biol. 48:443 (1970), by the search for similarity method of Pearson & Lipman,
Proc. Natl. Acad. Sci. USA 85:2444 (1988), by computerized implementations of these
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software
Package, Genetics Computer Group, 575 Science Drive, Madison, WI), the Best Fit sequence
program described by Devereux et al., Nucl. Acid Res. 12:387 (1984), preferably using the
default settings, or by inspection.

An example of a useful algorithm is PILEUP. PILEUP creates a multiple sequence
alignment from a group of related sequences using progressive, pairwise alignments. It can also
plot a tree showing the clustering relationships used to create the alignment. PILEUP uses a
simplification of the progressive alignment method of Feng & Doolittle, J. Mol. Evol. 35:351
(1987); the method is similar to that described by Higgins & Sharp, CABIOS 5:151 (1989).

Another example of a useful algorithm is the BLAST algorithm, described in Altschul
et al., J. Mol. Biol. 215:403 (1990) and Karlin ef al., Proc. Natl. Acad. Sci. USA 90:5873
(1993). A particularly useful BLAST program is the WU-BLAST-2 program which was
,  Meth. Enzymol. 266:460 (1996);
blast.wustl/edu/blast/README html. WU-BLAST-2 uses several search parameters, which

obtained from Altschul el al.

are preferably set to the default values. The parameters are dynamic values and are established
by the program itself depending upon the composition of the particular sequence and
composition of the particular database against which the sequence of interest is being searched,
however, the values may be adjusted to increase sensitivity.

An additional useful algorithm is gapped BLAST as reported by Altschul et al., Nucleic
Acids Res. 25:3389 (1997).

A percentage amino acid sequence identity value is determined by the number of
matching identical residues divided by the total number of residues of the "longer" sequence
in the aligned region. The "longer" sequence is the one having the most actual residues in the
aligned region (gaps introduced by WU-Blast-2 to maximize the alignment score are ignored).

In a similar manner, percent nucleic acid sequence identity is defined as the percentage
of nucleotide residues in the candidate sequence that are identical with the nucleotides in the
polynucleotide specifically disclosed herein.

The alignment may include the introduction of gaps in the sequences to be aligned. In
addition, for sequences which contain either more or fewer nucleotides than the
polynucleotides specifically disclosed herein, it is understood that in one embodiment, the

percentage of sequence identity will be determined based on the number of identical
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nucleotides in relation to the total number of nucleotides. Thus, for example, sequence identity
of sequences shorter than a sequence specifically disclosed herein, will be determined using
the number of nucleotides in the shorter sequence, in one embodiment. In percent identity
calculations relative weight is not assigned to various manifestations of sequence variation,
such as insertions, deletions, substitutions, efc.

In one embodiment, only identities are scored positively (+1) and all forms of sequence
variation including gaps are assigned a value of "0," which obviates the need for a weighted
scale or parameters as described below for sequence similarity calculations. Percent sequence
identity can be calculated, for example, by dividing the number of matching identical residues
by the total number of residues of the "shorter" sequence in the aligned region and multiplying
by 100. The "longer" sequence is the one having the most actual residues in the aligned region.

As used herein, the term "polypeptide" encompasses both peptides and proteins
(including fusion proteins), unless indicated otherwise.

A "fusion protein" is a polypeptide produced when two heterologous nucleotide
sequences or fragments thereof coding for two (or more) different polypeptides not found fused
together in nature are fused together in the correct translational reading frame.

A "recombinant" nucleic acid, polynucleotide or nucleotide sequence is one produced
by genetic engineering techniques.

A "recombinant" polypeptide is produced from a recombinant nucleic acid, polypeptide
or nucleotide sequence.

As used herein, an "isolated" polynucleotide (e.g., an "isolated nucleic acid" or an
"1solated nucleotide sequence") means a polynucleotide at least partially separated from at least
some of the other components of the naturally occurring organism or virus, for example, the
cell or viral structural components or other polypeptides or nucleic acids commonly found
associated with the polynucleotide. Optionally, but not necessarily, the "isolated"
polynucleotide is present at a greater concentration (i.e., is enriched) as compared with the
starting material (e.g., at least about a two-fold, three-fold, four-fold, ten-fold, twenty-fold,
fifty-fold, one-hundred-fold, five-hundred-fold, one thousand-fold, ten thousand-fold or
greater concentration). In representative embodiments, the isolated polynucleotide is at least
about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more pure.

An "isolated" polypeptide means a polypeptide that is at least partially separated from
at least some of the other components of the naturally occurring organism or virus, for example,
the cell or viral structural components or other polypeptides or nucleic acids commonly found

associated with the polypeptide. Optionally, but not necessarily, the "isolated" polypeptide is
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present at a greater concentration (i.e., is enriched) as compared with the starting material (e.g.,
at least about a two-fold, three-fold, four-fold, ten-fold, twenty-fold, fifty-fold, one-hundred-
fold, five-hundred-fold, one thousand-fold, ten thousand-fold or greater concentration). In
representative embodiments, the isolated polypeptide is at least about 1%, 5%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, 95% or more pure.

Furthermore, an "isolated" cell is a cell that has been partially or completely separated
from other components with which it is normally associated in nature. For example, an isolated
cell can be a cell in culture medium and/or a cell in a pharmaceutically acceptable carrier.

As used herein with respect to nucleic acids, the term "fragment" refers to a nucleic
acid that is reduced in length relative to a reference nucleic acid and that comprises, consists
essentially of and/or consists of a nucleotide sequence of contiguous nucleotides identical or
almost identical (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical) to a
corresponding portion of the reference nucleic acid. Such a nucleic acid fragment may be,
where appropriate, included in a larger polynucleotide of which it is a constituent. In some
embodiments, the nucleic acid fragment comprises, consists essentially of or consists of at least
about 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,
90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, or more consecutive
nucleotides. In some embodiments, the nucleic acid fragment comprises, consists essentially
of or consists of less than about 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450 or 500
consecutive nucleotides.

As used herein with respect to polypeptides, the term "fragment" refers to a polypeptide
that is reduced in length relative to a reference polypeptide and that comprises, consists
essentially of and/or consists of an amino acid sequence of contiguous amino acids identical or
almost identical (e.g., 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identical) to a
corresponding portion of the reference polypeptide. Such a polypeptide fragment may be,
where appropriate, included in a larger polypeptide of which it is a constituent. In some
embodiments, the polypeptide fragment comprises, consists essentially of or consists of at least
about 2, 3,4, 5,6,7,8,9,10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75,
80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450, 500, or more consecutive
amino acids. In some embodiments, the polypeptide fragment comprises, consists essentially
of or consists of less than about 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40,
45,50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 125, 150, 175, 200, 225, 250, 300, 350, 400, 450
or 500 consecutive amino acids.
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As used herein with respect to nucleic acids, the term "functional fragment" or "active
fragment" refers to nucleic acid that encodes a functional fragment of a polypeptide.

As used herein with respect to polypeptides, the term "functional fragment" or "active
fragment" refers to polypeptide fragment that retains at least about 20%, 25%, 30%, 35%, 40%,
45%. 50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%., 90%., 95%, 96%, 97%. 98%., 99%, 99.5%
or more of at least one biological activity of the full-length polypeptide (e.g., the ability to up-
or down-regulate gene expression). In some embodiments, the functional fragment actually has
a higher level of at least one biological activity of the full-length polypeptide.

As used herein, the term "modified," as applied to a polynucleotide or polypeptide
sequence, refers to a sequence that differs from a wild-type sequence due to one or more
deletions, additions, substitutions, or any combination thereof. Modified sequences may also
be referred to as "modified variant(s)."

As used herein, the term "antigen" refers to a molecule capable of inducing the
production of immunoglobulins (e.g., antibodies). As used herein, the term "immunogen"
refers to when a molecule is capable of inducing a multi-faceted humoral and/or cellular-
mediated immune response. In some embodiments, an antigen may be referred to as an
immunogen, e.g., under conditions when the antigen is capable of inducing a multi-faceted
humoral and/or cellular-mediated immune response. A molecule and/or composition (e.g.,
including but not limited to a nucleic acid, protein, polysaccharide, ribonucleoprotein (RNP),
whole bacterium, and/or composition comprising the same) that is capable of antibody may be
referred to as "antigenic" and/or that is capable of immune response stimulation may be referred
to as "immunogenic," and can be said to have the ability of antigenicity and/or immunogenicity,
respectively. The binding site for an antibody within an antigen and/or immunogen may be
referred to as an epitope (e.g., an antigenic epitope).

The term "antibody" or "antibodies" as used herein refers to all types of
immunoglobulins, including IgG, IgM, IgA, IgD, and IgE. The antibody can be monoclonal or
polyclonal and can be of any species of origin, including, for example, mouse, rat, rabbit, horse,
goat, sheep or human, or can be a chimeric or humanized antibody. See, e.g., Walker et al .,
Molec. Immunol. 26:403-11 (1989). The antibodies can be recombinant monoclonal antibodies
produced according to the methods disclosed in U.S. Patent No. 4,474,893 or U.S. Patent No.
4,816,567. The antibodies can also be chemically constructed according to the method
disclosed in U.S. Patent No. 4,676,980. The antibody can further be a single chain antibody or

bispecific antibody. The antibody can also be humanized for administration to a human subject.
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Non-limiting examples of an antibody or fragment thereof of the present invention
include a monoclonal antibody or fragment thereof, a chimeric antibody or fragment thereof, a
CDR-grafted antibody or fragment thereof, a humanized antibody or fragment thereof, an Fc,
a Fab, a Fab', a F(ab')2, a Fv, a disulfide linked Fv, a single chain antibody (scFv), a single
domain antibody (dAb), a diabody, a multispecific antibody (e.g., a bispecific antibody) or
fragment thereof, an anti-idiotypic antibody or fragment thereof, a bifunctional hybrid antibody
or fragment thereof, a functionally active epitope-binding antibody fragment, an affibody, a
nanobody, and any combination thereof. Antibody fragments included within the scope of the
present invention include, for example, Fab, F(ab')2, and Fc¢ fragments, and the corresponding
fragments obtained from antibodies other than IgG. Such fragments can be produced by known
techniques. For example, F(ab')2 fragments can be produced by pepsin digestion of the
antibody molecule, and Fab fragments can be generated by reducing the disulfide bridges of
the F(ab")2 fragments. Alternatively, Fab expression libraries can be constructed to allow rapid
and easy identification of monoclonal Fab fragments with the desired specificity (Huse et al,
(1989) Science 254:1275-1281).

As used herein "T cell receptor" and/or "TCR" refers to natural, modified, and/or
synthetic protein structures related to native TCR of a T cell or NKT cell as known in the art.
Native TCRs are transmembrane receptors expressed on the surface of T and/or NKT cells that
recognize antigens bound to major histocompatibility complex molecules (MHC). Native
TCRs are heterodimeric and comprise an alpha (o) chain comprising a constant domain
(TCRCa) and a variable domain (TCRVa), and a beta () chain comprising a constant domain
(TCRCP) and a variable domain (TCRV), wherein the alpha and beta chains are linked
through a disulfide bond. The TCR is expressed as part of a complex with accessory proteins
which include CD3 (e.g., CD3 epsilon (g), zeta ({), delta (6)). TCR structures are known in the
art, as will be readily apparent to the skilled artisan, and are further described for example in
Janeway's Immunobiology, 10" edition, Murphy et al. 2022.

The methods and compounds of the present invention comprise designed amino acid
modifications at particular residues within the variable and constant domains of TCR alpha
and/or beta chains. As one of ordinary skill in the art will appreciate, various numbering
conventions may be employed for designating particular amino acid residues within TCR alpha
and beta chains. Commonly used conventions that may include corrections or alternate
numbering systems for variable domains include the designations of sequences and structures
as found in the Protein Data Bank (PDB; Berman et al. 2000 Nucleic Acids Research 28(1):235-
242; see rcsb.org/); Kabat (see, Kabat et al., Sequences of Proteins of Immunological
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Interest, 5th Ed, Public Health Service, National Institutes of Health, Bethesda, Md. (1991)),
Chothia (Chothia C, Lesk A M (1987),J Mol Biol 196: 901-917; Chothia, et al.
(1989), Nature 342: 877-883), IMGT (Lefranc, et al. (2003), Dev Comp Immunol 27: 55-77),
and AHo (Honegger A, Pluckthun A (2001)J Mol Biol 309: 657-670). These references
provide amino acid sequence numbering schemes for TCR alpha and beta chains that define
the location of amino acid residues of antibody and TCR sequences based on structure
similarity. Unless otherwise expressly stated herein, all references to amino acid residues (i.e.
numbers and/or positions) appearing in the Examples and Claims are based on the numbering
associated with the reference TCRCa, TCRCp, TCRVa and/or TCRVp deposit sequences as
found in the Protein Data Bank for reference TCRs 6U07 and 2F53, the disclosures of which
are incorporated herein by reference. With knowledge of the residue number according to PDB,
Kabat or IMGT numbering, one of ordinary skill can apply the teachings of the art to identify
amino acid sequence modifications within the present invention, according to any commonly
used numbering convention. While the Examples and Claims of the present invention employ
PDB and/or Kabat numbering to identify particular amino acid residues, it is understood that
SEQ IDs appearing in a Sequence Listing accompanying the present application provide
sequential numbering of amino acids within a given polypeptide and, thus, do not conform to
the corresponding amino acid numbers as provided by the PDB and/or Kabat numbering
convention. Alignments between the PDB assigned numbering, Kabat, and IMGT are provided
in Tables 6-9 and FIGS. 14A-14D.

"Effective amount" as used herein refers to an amount of a vector, nucleic acid
molecule, epitope, polypeptide, cell, composition or formulation of the invention that is
sufficient to produce a desired effect, which can be a therapeutic and/or beneficial effect. The
effective amount will vary with the age, general condition of the subject, the severity of the
condition being treated, the particular agent administered, the duration of the treatment, the
nature of any concurrent treatment, the pharmaceutically acceptable carrier used, and like
factors within the knowledge and expertise of those skilled in the art. As appropriate, an
"effective amount" in any individual case can be determined by one of ordinary skill in the art
by reference to the pertinent texts and literature and/or by using routine experimentation.

The term "immunogenic amount" or "effective immunizing dose," as used herein,
unless otherwise indicated, means an amount or dose sufficient to induce an immune response
(which can optionally be a protective response) in the treated subject that is greater than the

inherent immunity of non-immunized subjects. An immunogenic amount or effective
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immunizing dose in any particular context can be routinely determined using methods known
in the art.

A "vector" refers to a compound used as a vehicle to carry foreign genetic material into
another cell, where it can be replicated and/or expressed. A cloning vector containing foreign
nucleic acid is termed a recombinant vector. Examples of nucleic acid vectors are plasmids,
viral vectors, cosmids, expression cassettes, and artificial chromosomes. Recombinant vectors
typically contain an origin of replication, a multicloning site, and a selectable marker. The
nucleic acid sequence typically consists of an insert (recombinant nucleic acid or transgene)
and a larger sequence that serves as the "backbone" of the vector. The purpose of a vector
which transfers genetic information to another cell is typically to isolate, multiply, or express
the insert in the target cell. Expression vectors (expression constructs or expression cassettes)
are for the expression of the exogenous gene in the target cell, and generally have a promoter
sequence that drives expression of the exogenous gene. Insertion of a vector into the target cell
is referred to transformation or transfection for bacterial and eukaryotic cells, although
insertion of a viral vector is often called transduction. The term "vector" may also be used in
general to describe items to that serve to carry foreign genetic material into another cell, such
as, but not limited to, a transformed cell or a nanoparticle.

By the terms "treat," "treating" or "treatment of" (and grammatical variations thereof)
it is meant that the severity of the subject’s condition is reduced, at least partially improved or
ameliorated and/or that some alleviation, mitigation or decrease in at least one clinical
symptom is achieved and/or there is a delay in the progression of the disease or disorder. In

representative embodiments, the terms "treat," "treating" or "treatment of" (and grammatical
variations thereof) refer to a reduction in the severity of viremia and/or a delay in the
progression of viremia, with or without other signs of clinical disease.

A "treatment effective" amount as used herein is an amount that is sufficient to treat (as
defined herein) the subject. Those skilled in the art will appreciate that the therapeutic effects
need not be complete or curative, as long as some benefit is provided to the subject.

The terms "prevent," "preventing" or "prevention of" (and grammatical variations
thereof) refer to prevention and/or delay of the onset and/or progression of a disease, disorder
and/or a clinical symptom(s) in a subject and/or a reduction in the severity of the onset and/or
progression of the disease, disorder and/or clinical symptom(s) relative to what would occur in
the absence of the methods of the invention. In representative embodiments, the terms

"prevent," "preventing" or "prevention of" (and grammatical variations thereof) refer to

prevention and/or delay of the onset and/or progression of viremia in the subject, with or
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without other signs of clinical disease. The prevention can be complete, e.g., the total absence
of the disease, disorder and/or clinical symptom(s). The prevention can also be partial, such
that the occurrence of the disease, disorder and/or clinical symptom(s) in the subject and/or the
severity of onset and/or the progression is less than what would occur in the absence of the
present invention.

A "prevention effective" amount as used herein is an amount that is sufficient to prevent
(as defined herein) the disease, disorder and/or clinical symptom in the subject. Those skilled
in the art will appreciate that the level of prevention need not be complete, as long as some
benefit is provided to the subject.

The efficacy of treating and/or preventing a disorder by the methods of the present
invention can be determined by detecting a clinical improvement as indicated by a change in
the subject’s symptoms and/or clinical parameters (e.g., viremia for a viral infection, etc.), as
would be well known to one of skill in the art.

Unless indicated otherwise, the terms "protect," "protecting," "protection" and
"protective" (and grammatical variations thereof) encompass both methods of preventing and
treating a disorder in a subject.

The terms "protective" immune response or "protective" immunity as used herein
indicates that the immune response confers some benefit to the subject in that it prevents or
reduces the incidence and/or severity and/or duration of disease or any other manifestation of
infection. For example, in representative embodiments, a protective immune response or
protective immunity results in reduced viremia, whether or not accompanied by clinical
disease. Alternatively, a protective immune response or protective immunity may be useful in
the therapeutic treatment of existing disease.

An "active immune response" or "active immunity" is characterized by "participation
of host tissues and cells after an encounter with the immunogen. It involves differentiation and
proliferation of immunocompetent cells in lymphoreticular tissues, which lead to synthesis of
antibody or the development of cell-mediated reactivity, or both." Herbert B. Herscowitz,
Immunophysiology: Cell Function and Cellular Interactions in Antibody Formation, in
IMMUNOLOGY: BASIC PROCESSES 117 (Joseph A. Bellanti ed., 1985). Alternatively
stated, an active immune response is mounted by the host after exposure to immunogens by
infection or by vaccination. Active immunity can be contrasted with passive immunity, which
is acquired through the "transfer of preformed substances (antibody, transfer factor, thymic

graft, interleukin-2) from an actively immunized host to a non-immune host." /d.
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A "subject" of the invention includes any animal susceptible to a disorder expressing
and/or associated with an antigen to which a synthetic TCR of the present invention binds (e.g.,
a cancer antigen, a viral antigen, a bacterial antigen, or any combination thereof). Such a subject
is generally a mammalian subject (e.g., a laboratory animal such as a rat, mouse, guinea pig,
rabbit, primates, etc.), a farm or commercial animal (e.g., a cow, horse, goat, donkey, sheep,
etc.), or a domestic animal (e.g., cat, dog, ferret, etc.). In particular embodiments, the subject
is a primate subject, a non-human primate subject (e.g., a chimpanzee, baboon, monkey, gorilla,
etc.) or a human. In some embodiments, a laboratory animal may include but is not limited to
any standard laboratory mouse strain.

A "subject in need" of the methods of the invention can be a subject known to be, or
suspected of being, infected with, or at risk of being infected with, a disorder and/or infection
comprising an antigen targeted by a synthetic TCR of the present invention (e.g., wherein the
TCR of the present invention comprises a variable portion with binding specificity to the
antigen expressed and/or associated with the disorder).

A challenge in cancer treatment is precise recognition of cancer cells because cancer
cells rarely possess a single surface marker that distinguishes them from healthy cells. Most
intracellular proteins that drive cancerous transformation are difficult to attack with small
molecules because the proteins have large flat surfaces and lack deep hydrophobic pockets.
They are also difficult targets for antibodies due to membrane impermeability of antibody
(FIG. 1). T-cell receptors (TCRs) are attractive in the field of cancer therapeutics because
TCRs recognize unique peptides that are derived from intracellular proteins and displayed on
the cell surface by major histocompatibility complexes. Despite these properties, TCRs
inherently have weak affinity and cross-reactive properties that significantly prevent the
development of TCR-based therapeutics. For example, TCRs are composed of an o and 3 chain,
each containing a variable (TCR-V) and constant (TCR-C) domain (as shown in a
representative model in FIG. 3 panel A) that structurally resemble antibodies, but unlike
antibodies, TCRs are inherently unstable and tend to aggregate, which has posed a technical
challenge in attempts to develop TCR-based therapeutics. While not wishing to be bound to
theory, effective TCR therapeutics may require simultaneous targeting of two different
molecules to increase total avidity and specificity to their target, e.g., cancer cells.

A major technical challenge in engineering bispecific TCRs is subunit mispairing. A
TCR is composed of an o and P chain, and co-expression of two different TCRs produces
misassembled by-products that cause undesired molecular specificities and prevent the

efficient generation of TCR therapeutics (as described in references 16 and 17, incorporated
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herein by reference). Stabilized TCRs and TCR therapeutics have been generated, including
ImmTAC (single TCR-based bispecific T-cell redirector), such as described in Liddy et al.
2012 Nature Medicine 18:980-987; Froning et al. 2020 Nature Communications 11:2330;
Nathan et al. 2021 NJEM 385:1196-1206; drugs.ncats.io/drug/N658GYOL3E; and US Patent
No. 9,068,178, the disclosures of each of which are incorporated herein by reference.
Strategies in the field for designing transgenic TCRs without mispairing to endogenous TCRs
include adding interchain disulfide bonds, using single-stranded TCRs, and exchanging
constant domains with murinized portions. However, none of these strategies sufficiently avoid
mispairing.

Computer-based approaches have been developed for modeling stabilized proteins and
creating new structures with predefined conformations. Rosetta is a software suite for
macromolecular design which relies on the rotamer-based sampling of amino acid side chains
and an energy function that accounts for atomic interactions, packing, and implicit solvation
(references 18 and 19). Rosetta has been used in structure prediction, engineering of antibody
binding sites, de novo design of proteins, and engineering of bispecific antibodies via the
design of orthogonal interfaces between Fc homodimer as well as heavy chain and light chain
interface of antibodies, such as described in references 22 and 23 and US Patent No.
10,047,167, the disclosures of each of which are incorporated herein by reference.

The present invention is based on the strategy of improving synthetic TCR stability,
avidity, and specificity through designing TCRs without and/or reduced mispairing to
endogenous TCRs by introducing paired bioorthogonal modifications into the interfaces of
corresponding alpha (a)) and beta (B) chains of the synthetic TCRs.

One aspect of the present invention provides synthetic T-cell receptor (TCR) molecule
comprising: a TCR alpha chain constant domain (TCRCa) or fragment thereof with a first
interface, a TCR beta chain constant domain (TCRCP) or fragment thereof with a second
interface, a TCR alpha chain variable domain (TCRVa) or fragment thereof with a third
interface, and a TCR beta chain variable domain (TCRVp) or fragment thereof with a fourth
interface, wherein at least a portion of each of the TCRVa and TCRVJ together form a variable
portion with binding specificity to a first target antigen, wherein the TCRCa and TCRCp or
fragments thereof are modified TCRCo and TCRCp or fragments thereof wherein the first and
the second interface are bioorthogonal to each other, and/or wherein the TCRVa and TCRVf
or fragments thereof are modified TCRVa and TCRVp or fragments thereof wherein the third
and the fourth interface are bioorthogonal to each other; wherein the bioorthogonal first and

second interface and/or the bioorthogonal third and fourth interface each comprise one or more
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amino acid substitutions, wherein the bioorthogonal first and second interface selectively bind
to each other and/or the bioorthogonal third and fourth interface selectively bind to each other
via the one or more substitutions of each interface (e.g., wherein the bioorthogonal TCRC
interfaces and/or bioorthogonal TCRYV interfaces selectively bind to each other, e.g., selectively
bind to each other as compared to unmodified interfaces).

As used herein, the terms "TCR alpha chain constant domain (TCRCa)," "TCR beta
chain constant domain (TCRCP)," "TCR alpha chain variable domain (TCRVa)," and/or "TCR
beta chain variable domain (TCRV)" refer to known domain components of a standard TCR
molecule as understood in the field, as will be apparent to one skilled in the art upon review of
the present disclosure.

As used herein, the term "interface" refers to the sites of interaction between the alpha
and beta chains of the TCR molecule, e.g., the sites of interaction between the alpha chain
constant domain and the beta chain constant domain, and/or the sites of interaction between
the alpha chain variable domain and the beta chain variable domain. For example, a non-
limiting schematic example of such sites is shown in FIG. 6 panel A. However, any residue
within the TCRCa, TCRCB, TCRVa, and/or TCRV which may interact with its corresponding
alpha or beta chain partner is contemplated as a modification site with the interfaces (e.g., first,
second, third, and/or fourth interface) of the present invention.

As used herein, the terms "bioorthogonal" and/or "orthogonal" refer to paired
modifications on two interfaces (e.g., the first and second interface and/or the third and fourth
interface) which modify the corresponding TCRCa, TCRCB, TCR Vo, and/or TCRVJ such that
the TCRCo, TCRCB, TCRVa, and/or TCRV] selectively bind to their corresponding pair (e.g.,
TCRCa and TCRCP and/or TCRVaq, and/or TCRVP), e.g., wherein the TCRCo and TCRCP
first and second interfaces selectively bind to each other (e.g., have enhanced binding affinity
to each other) and/or the TCRVa and TCRVJ third and fourth interfaces selectively bind to
each other (e.g., have enhanced binding affinity to each other) as compared to their binding
affinity and/or selective binding to an unmodified corresponding pair. Without wishing to be
bound to theory, modified TCRCa, TCRCB, TCRVa, and/or TCRV] of the present invention
comprises bioorthogonal interfaces which enhance pairing and reduce and/or eliminate
mispairing with endogenous and/or unmodified TCRCa, TCRCPB, TCRVa, and/or TCRV],
thereby enhancing total avidity, specificity, and/or stability of the synthetic TCR molecule. In
some embodiments, bioorthogonality refers to the ability of the pairing to selectively occur

and/or be retained in in vitro and/or in vivo conditions such that the pairing avoids side reactions
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with other biological compounds (e.g., mispairing with endogenous and/or other TCR alpha
and/or beta chains), and/or are non-toxic and functional in appropriate biological conditions.

As used herein, the term "variable portion" refers to the portion of the TCRa and/or
TCRP chain variable domain which comprises a variable region that defines the binding
specificity to a target antigen (e.g., the first and/or second target antigen of the present
invention). The variable region(s) of a TCR molecule is a known term in the art, and such a
region would be readily determinable by one of skill in the art upon review of the present
disclosure.

A "target antigen" as used herein refers to a molecule that binds to a variable region of
the TCRa and/or TCRp chain comprised within the variable portion.

In some embodiments, the synthetic TCR molecule of the present invention may
comprise the modified TCRCa or fragment thereof with a first interface and the modified
TCRCP or fragment thereof with a second interface which is bioorthogonal to the first
interface; and an unmodified TCRVa or fragment thereof with a third interface, and an
unmodified TCRVp or fragment thereof with a fourth interface which is bioorthogonal to the
third interface.

In some embodiments, the synthetic TCR molecule of the present invention may
comprise an unmodified TCRCa or fragment thereof with a first interface and an unmodified
TCRCP or fragment thereof with a second interface which is bioorthogonal to the first
interface; and the modified TCRVa or fragment thereof with a third interface, and the modified
TCRV} or fragment thereof with a fourth interface which is bioorthogonal to the third interface.

In some embodiments, the synthetic TCR molecule of the present invention may
comprise the modified TCRCa or fragment thereof with a first interface and the modified
TCRCP or fragment thereof with a second interface which is bioorthogonal to the first
interface; and the modified TCRVa or fragment thereof with a third interface, and the modified
TCRV} or fragment thereof with a fourth interface which is bioorthogonal to the third interface.

In some embodiments, each of the (modified and/or unmodified) TCRCa, TCRC},
TCRVa, and TCR Vo domains or fragment thereof comprises an N-terminus and a C-terminus,
and wherein the TCRCa C-terminus is linked to the TCRVa N-terminus, and wherein the
TCRCP C-terminus is linked to the TCRV N-terminus.

The synthetic TCR molecule of the present invention may comprise any pair of
modifications (e.g., amino acid substitution, insertion and/or deletion) wherein one of the
paired modifications is comprised in the first interface and the other of the paired modifications

is comprised in the second interface; and/or wherein one of the paired modifications is
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comprised in the third interface and the other of the paired modifications is comprised in the
fourth interface, such that the first and second interfaces and/or third and fourth interfaces are
bioorthogonal to each other, e.g., selectively bind to each other over an unmodified
corresponding first, second, third or fourth interface.

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and/or the second interface comprise paired (e.g., bioorthogonal) knob-into-hole substitutions,
charge swap substitutions, charge to hydrophobic substitutions, polar to cation-pi interaction,
or any combination thereof.

In some embodiments, the one or more substitutions of the bioorthogonal first interface
comprise substitution at amino acid position 124 (Kabat 122), 126, 126, 128, 130, 132, 133,
134, 138, 140, 142, 144, 145, 158, 161, 163, 168, 171, 172, 173, 175, 177, 179, 181, 183, 205
and/or 207, wherein the numbering corresponds to PDB numbering of the reference TCRCa
amino acid sequence of PDB:6U07 A. Additional non-limiting examples of the one or more
substitutions of the bioorthogonal first interface include any amino acid position and/or residue
change as described in FIGS. 14A-14D and 185; and Tables 1-9.

In some embodiments, the one or more substitutions of the bioorthogonal first
interface comprise substitution at amino acid position 124 (Kabat 122), 145, 171, 172, 175,
177, 179, and/or 205, wherein the numbering corresponds to PDB numbering of the reference
TCRCo amino acid sequence of PDB:6U07_A (e.g., PDB numbering within residues 118-213
of the reference TCRCa amino acid sequence of 6U07 A (Chain A) in the Protein Data Bank
(resb.org/sequence/6U07)).
SEQ ID NO:1 Residues 118-124 of PDB:6U07 A (TCR constant domain of ¢ chain;
TCRCa):
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNSAVAWSNKSDFTCANAFNNSHPEDTFFPSPESSC

In some embodiments, the one or more substitutions of the bioorthogonal first interface
comprise 124F, 124Q, 124R (Kabat 122F, 122Q, 122R), 145H, 171Q, 172D, 175R, 177K,
179R, and/or 205K.

In some embodiments, the one or more substitutions of the bioorthogonal first interface
comprise D124F, D124Q, D124R (Kabat D122F, D122Q, D122R), D145H, R171Q, S172D,
F175R, S177K, S179R, and/or F205K.

In some embodiments, the one or more substitutions of the bioorthogonal second
interface comprise substitution at amino acid position 126, 128, 130, 131, 133, 135, 136, 139,
140, 142, 144, 146, 148, 170, 175, 177, 179, 181, 182, 184, 185, 193, 170, 195, 197, 202 and/or
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204, wherein the numbering corresponds to PDB numbering of the reference TCRC amino
acid sequence of PDB:6U07 B. Additional non-limiting examples of the one or more
substitutions of the bioorthogonal second interface include any amino acid position and/or
residue change as described in FIGS. 14A-14D and 15; and Tables 1-9.

In some embodiments, the one or more substitutions of the bioorthogonal second
interface comprise substitution at amino acid position 139, 142, 170, 195 and/or, 197, wherein
the numbering corresponds to PDB numbering of the reference TCRCP amino acid sequence
of PDB:6UO07_B (e.g., PDB numbering within residues 117-247 of the reference TCRCp amino
acid sequence of 6U07 B (Chain B) in the Protein Data Bank (rcsb.org/sequence/6U07)).
SEQ ID NO:2 Residues 117-247 of PDB:6U07 B (TCR constant domain of B chain;
TCRCB):
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC

In some embodiments, the one or more substitutions of the bioorthogonal second
interface comprise 139L, 139D, 139E, 142E, 170K, 195T, 1958 and/or 1978S.

In some embodiments, the one or more substitutions of the bioorthogonal first interface
comprise R139L, R139D, R139E, K142E, D170K, R195T, R195S and/or R197S.

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 179R in the first interface and 1958 in the
second interface (e.g., desC43).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124R and 205K in the first interface and 139E
in the second interface (e.g., desC127).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124R, 179R and 205K in the first interface
and 139E and 1958 in the second interface (e.g., combiC46).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124Q and 205K in the first interface and 139L
in the second interface (e.g., desC21).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 179R in the first interface and 195T in the
second interface (e.g., desC27).
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In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 175R and 177K in the first interface and 142E
and 1978 in the second interface (e.g., desC99).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124F and 205W in the first interface and 139L
in the second interface (e.g., desC20).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 171Q and 172D in the first interface and 170K
in the second interface (e.g., desC56).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 145H, 175R and 177K in the first interface
and 142E and 1978 in the second interface (e.g., desC100).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124R and 205K in the first interface and 139D
in the second interface (e.g., desC128).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124Q, 179R, and 205K in the first interface
and 139L and 195T in the second interface (e.g., combiC12).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124Q, 145H, 185R, 177K, 179R and 205K in
the first interface and 139L, 142E, 195T and 1978 in the second interface (e.g., combiC26).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124R, 179R and 205K in the first interface
and 139D and 1958 in the second interface (e.g., combiC48).

In some embodiments, the one or more substitutions of the bioorthogonal first interface
and the bioorthogonal second interface comprise 124Q, 175R, 177K, 179R, and 205K in the
first interface and 139L, 142E, 195T and 1978 in the second interface (e.g., combiC25).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC43):
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa;, SEQ ID NO:3), and
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EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:4).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC127):
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:5), and
EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:6).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (combiC46):
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSHPEDTKFPSPESSC (TCRCa; SEQ ID NO:7), and
EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:B).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC21):
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:9), and
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:10).
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In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC27):
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCo; SEQ ID NO:11), and
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:12).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC99):
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNSAVAWSNKSDFTCANAFNNSHPEDTFFPSPESSC (TCRCa;, SEQ ID NO;13), and
EDLKNVFPPEVAVFEPSKAEISRTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:14).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC20):
PYIQNPFPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNSAVAWSNKSDFTCANAFNNSIIPEDTWFPSPESSC (TCRCa; SEQ ID NO:15), and
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:16).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at

least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
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81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC56):
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMQDMD
FKSNSAVAWSNKSDFTCANAFNNSIHPEDTFFPSPESSC (TCRCa;, SEQ ID NO:17), and
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEVHKGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:18).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC100):
PYIQNPDPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNSAVAWSNKSDFTCANAFNNSHPEDTFFPSPESSC (TCRCa;, SEQ ID NO:19), and
EDLKNVFPPEVAVFEPSKAEISRTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:20).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desC128):
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:21), and
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:22).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (combiC12).
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa,; SEQ ID NO:23), and
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EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:24).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (combiC26).
PYIQNPQPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNRAVAWSNKSDFTCCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:25),
and
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:26).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (combiC48).
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:27), and
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:28).

In some embodiments, the modified TCRCa domain and modified TCRCp domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (combiC25):
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:29), and
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:30).
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In some embodiments, the one or more amino acid substitutions of each the
bioorthogonal third and fourth interface are comprised in a conserved region of each of the
modified TCRVa or fragment thereof and modified TCRV or fragment thereof.

In some embodiments, the conserved region of each of the modified TCRVa or
fragment thereof and modified TCRVp or fragment thereof comprises amino acid Kabat
positions 1-24, 32-48, 62-92, and/or 105-116 in the TCRVa or fragment thereof, and/or amino
acid Kabat positions 1-24, 32-48, 65-94, and/or 107-116 in the TCRVp or fragment thereof,
such as described in plueckthun.bioc.uzh.ch/antibody/Numbering/NumFrame html and
Thomas et al. 2019 Nature Communications 10:4451, the disclosures of each of which are
incorporated herein by reference.

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and/or fourth interface comprise paired (e.g., bioorthogonal) knob-into-hole substitutions,
charge swap substitutions, charge to hydrophobic substitutions, polar to cation-pi interaction,
or any combination thereof.

In some embodiments, the one or more substitutions of the bioorthogonal third interface
comprise substitution at amino acid position 31, 35, 37, 40, 41, 43, 45, 48, 86, 100, 101, 103,
105 and/or 108 (Kabat 109), wherein the numbering corresponds to PDB numbering of the
reference TCRVo amino acid sequence of PDB:2F53 D. Additional non-limiting examples of
the one or more substitutions of the bioorthogonal third interface include any amino acid
position and/or residue change as described in FIGS. 14A-14D and 15; and Tables 1-9.

In some embodiments, the one or more substitutions of the bioorthogonal third interface
comprise substitution at amino acid positions 37 and/or 108 (Kabat 109), wherein the
numbering corresponds to PDB numbering of the reference TCRVo amino acid sequence of
PDB:2F53 D (e.g., PDB numbering within residues -1 to 191 of the reference TCRVa amino
acid sequence of 2F53 D (Chain D) in the Protein Data Bank (rcsb.org/sequence/2F53)).
SEQ ID NO: 31 Residues -1 to 191 of 2FS3 D (TCRa chain, Chain D):
MKQEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQDPGKGLTSLLLIPFWQRE
QTSGRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPTSGGSYIPTFGRGTSLIVHPY
IQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKCVLDMRSMDFK
SNSAVAWSNKSDFACANAFN

In some embodiments, the one or more substitutions of the bioorthogonal third interface
comprise 37Y, 37K, 37D, 37L, 37V, or 108K (Kabat 109K).
In some embodiments, the one or more substitutions of the bioorthogonal third interface

comprise Q37Y, Q37K, Q37D, Q37L, Q37V, or S108K (Kabat S109K) .
30



10

15

20

25

30

WO 2024/036166 PCT/US2023/071864

In some embodiments, the one or more substitutions of the bioorthogonal fourth
interface comprise substitution at amino acid position 7, 8, 9, 29, 31, 33, 35 (Kabat 37), 38
(Kabat 40), 39, 41, 42, 43, 86, 99, 101, 102, 104, 107 and/or 150, wherein the numbering
corresponds to PDB numbering of the reference TCRVf amino acid sequence of PDB:2F53 E.
Additional non-limiting examples of the one or more substitutions of the bioorthogonal fourth
interface include any amino acid position and/or residue change as described in FIGS. 14A-
14D and 15; and Tables 1-9.

In some embodiments, the one or more substitutions of the bioorthogonal fourth
interface comprise substitution at amino acid position 35 (Kabat 37) and/or 38 (Kabat 40)
wherein the numbering corresponds to PDB numbering of the reference TCRVa amino acid
sequence of PDB:2F53 E (e.g., PDB numbering within residues -1 to 241 of the reference
TCRVP amino acid sequence of 2F53 E (Chain E) in the Protein Data Bank
(resb.org/sequence/2F53)).

SEQ ID NO:32 Residues -1 to 241 of 2FS3 E (TCRp chain, Chain E):
NAGVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQDPGMGLRLIHYSVSVGM
TDQGEVPNGYNVSRSTTEDFPLRLLSAAPSQTSVYFCASSYVGNTGELFFGEGSRLTV
LEDLKNVFPPEVAVFEPSEAEISHTQKATLVCLATGFYPDHVELSWWVNGKEVHSG
VCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQ
DRAKPVTQIVSAEAWGRAD

In some embodiments, one or more substitutions of the bioorthogonal fourth interface
comprise 35K, 35Y, 35D, 35M (Kabat 37K, 37Y, 37D, 37M), or 38E (Kabat 40E).

In some embodiments, the one or more substitutions of the bioorthogonal fourth
interface comprise Q35K, Q35Y, Q35D, Q35M, (Kabat Q37K, Q37Y, Q37D, Q37M), or G38E
(Kabat G40E).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37K in the third interface and 35Y (Kabat
37Y) in the fourth interface (e.g., desV30).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37K in the third interface and 35Y (Kabat
37Y) in the fourth interface (e.g., desV11).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37K in the third interface and 35D (Kabat
37D) in the fourth interface (e.g., desV31).
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In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37D in the third interface and 35K (Kabat
37K) in the fourth interface (e.g., desV32).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37V in the third interface and 35M (Kabat
37M) in the fourth interface (e.g., desV40).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 108K (Kabat 109K) in the third interface and
38E (Kabat 40E) in the fourth interface (e.g., desV58).

In some embodiments, the one or more substitutions of the bioorthogonal third interface
and the bioorthogonal fourth interface comprise 37L and 35M (Kabat 37M) in the third
interface and 139E in the fourth interface (e.g., desV38).

In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV30):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV11):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRYDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:35), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRKDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:36).
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In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV31):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:37), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRDDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:38);

In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV32):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:39), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRKDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:40).

In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV40):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRVDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:41), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRMDPGMGLRLIHYSVAIQTTD
QGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:42),
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In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV58):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRGTKLIVH
(TCRVo,; SEQ ID NO:43), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQDPEMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:44).

In some embodiments, the modified TCRVa domain and modified TCRV domain or
fragment thereof comprises, consists essentially of, or consists of an amino acid sequence at
least about 70% identical thereto (e.g., at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the
amino acid sequences of (desV38):
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRLDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:45), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRMDPGMGLRLIHYSVAIQTTD
QGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:46).

The synthetic TCR molecules of the present invention may comprise any modified
TCRCa, TCRCB, TCRVa, and/or TCRVP described herein, in any combination, with or
without one or more (e.g., two, three, four, five, six, seven, eight, nine, ten, etc.) additional
amino acid modifications (e.g., deletions, insertions, and/or substitutions), such as but not
limited to any additional substitutions described herein, e.g., such as in FIGS. 14A-14D and
FIG. 15, and Tables 1-9.

In some embodiments, the one or more substitutions of each bioorthogonal interface
comprise 124D (Kabat 122D), 179R, and 205K in the first interface, 139L and 195T in the
second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface (e.g.,
desV30combiC12).

In some embodiments, the one or more substitutions of each bioorthogonal interface

comprise 124Q (Kabat 122Q), 175R, 177K, 179S and 205K in the first interface, 139L, 142E,
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195T and 1978 in the second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the
fourth interface (e.g., desV30combiC25).

In some embodiments, the one or more substitutions of each bioorthogonal interface
comprise 124Q (Kabat 122Q), 145H, 175R, 177K, 179R and 205K in the first interface, 139L,
142E, 195T and 1978 in the second interface, 37K in the third interface, and 35Y (Kabat 37Y)
in the fourth interface (e.g., desV30combiC26).

In some embodiments, the one or more substitutions of each bioorthogonal interface
comprise 124R (Kabat 122R), 179R and 205K in the first interface, 139D and 1958 in the
second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface (e.g.,
desV30combiC48).

In some embodiments, the one or more substitutions of each bioorthogonal interface
comprise 124Q (Kabat 122Q), 179S and 205K in the first interface, 139E and 195S in the
second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface (e.g.,
desV30combiC46).

In some embodiments, the modified TCRCa domain, modified TCRCB domain,
TCRVa domain, modified TCRVP domain, or fragments thereof comprises, consists
essentially of, or consists of an amino acid sequence at least about 70% identical thereto (e.g.,
at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the amino acid sequences of
(desV30combiC12):
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:23),
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:24)
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

In some embodiments, the modified TCRCa domain, modified TCRCB domain,
TCRVa domain, modified TCRVP domain, or fragments thereof comprises, consists

essentially of, or consists of an amino acid sequence at least about 70% identical thereto (e.g.,
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at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the amino acid sequences of
(desV30combiC25):
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa;, SEQ ID NO:29),
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:30),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

In some embodiments, the modified TCRCa domain, modified TCRCB domain,
TCRVa domain, modified TCRVP domain, or fragments thereof comprises, consists
essentially of, or consists of an amino acid sequence at least about 70% identical thereto (e.g.,
at least about 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92, 93, 94, 95, 96, 97, 98, or 99% identical to the amino acid sequences of
(desV30combiC26):
PYIQNPQPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDMRSMD
RKKNRAVAWSNKSDFTCCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:25),
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:26),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

In some embodiments, the modified TCRCa domain, modified TCRC domain,
TCRVa domain, modified TCRVP domain, or fragments thereof comprises, consists

essentially of, or consists of an amino acid sequence at least about 70% identical thereto (e.g.,
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at least about 70, 71, 72, 73, 74, 75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92,93, 94, 95, 96, 97, 98, or 99% identical to the amino acid sequences of
(desV30combiC48):
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:27),
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:28),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

In some embodiments, the modified TCRCa domain, modified TCRC domain,
TCRVa domain, modified TCRVP domain, or fragments thereof comprises, consists
essentially of, or consists of an amino acid sequence at least about 70% identical thereto (e.g.,
at least about 70, 71, 72, 73, 74, 75, 76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,
91, 92,93, 94, 95, 96, 97, 98, or 99% identical to the amino acid sequences of
(desV30combiC46):
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDMRSMD
FKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ ID NO:7),
EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEVHDGV
CTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLSENDEWTQD
RAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:8),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQREQTS
GRLNASLDKSSGRSTLYITAASQPGDSATYLCAVRPLLDGTYIPTFGRGTSLIVH
(TCRVo,; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAIQTTDQ
GEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFGEGSRLTVL
(TCRVB; SEQ ID NO:34).

The synthetic TCR molecules of the present invention may be in soluble form (e.g.,
wherein the synthetic TCR molecule is devoid of a transmembrane domain) or in cellular form

(e.g., as a chimeric antigen receptor (CAR) expressed on the surface of a cell).
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In some embodiments, a synthetic TCR molecule of the present invention may further
comprise a second TCRCa, TCRCP, TCRVa, and TCRVP or fragments thereof, each
comprising an N-terminus and a C-terminus and a first, second, third and fourth interface,
respectively, wherein at least a portion of each of the second TCRVa and TCRVp together
form a variable portion with binding specificity to a second target antigen that is different from
the first target antigen.

In some embodiments, the second TCRCa, TCRC, TCRVa, and TCRV] or fragments
thereof are unmodified (e.g., wildtype).

In some embodiments, the second TCRCa, TCRC, TCRVa, and TCRV] or fragments
thereof are modified (e.g., modified to comprise bioorthogonal interfaces, e.g., wherein the
second TCRCa and TCRCB first and second interfaces selectively bind to each other and/or
the second TCRVa and TCRV] third and fourth interfaces selectively bind to each other, e.g.,
selectively bind to each other as compared to unmodified interfaces).

In some embodiments, the C-terminus or N-terminus of the modified TCRCa, TCRC},
TCRVa, and/or TCRVp or fragment thereof with an interface which is bioorthogonal to a
corresponding interface, is linked to the N-terminus or C-terminus of the second (e.g., modified
or unmodified) TCRCa, TCRCp, TCRVa, and/or TCRVJ or fragment thereof.

In some embodiments, the synthetic TCR molecule of the present invention is a
bispecific TCR.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise an antibody Fc or fragment thereof comprising an N-terminus and a C-terminus,
wherein the C-terminus of the modified TCRCa or fragment thereof with a first interface which
is bioorthogonal to the second interface, or the C-terminus of the TCRCp or fragment thereof
with a second interface which is bioorthogonal to the first interface, is linked to an N-terminus
of the antibody Fc or fragment thereof, and optionally wherein the C-terminus of the second
(modified or unmodified) TCRCa or fragment thereof or the C-terminus of the second TCRCp
or fragment thereof is linked to another N-terminus of the antibody Fc or fragment thereof.

An antibody Fc or fragment thereof of the present invention may be any known or as
yet discovered and/or generated natural (e.g., wildtype), synthetic, and/or modified Fc. In some
embodiments, the antibody Fc or fragment thereof of the present invention comprises an IgE,
IgA, IgM, IgD, or IgG Fc or fragment thereof. In some embodiments, the antibody Fc or
fragment thereof of the present invention comprises an IgG Fc or fragment thereof.

In some embodiments, the antibody Fc or fragment thereof comprises two or more

bioorthogonal domains, each comprising one or more modifications (e.g., amino acid
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substitutions) and which selectively bind to each other via the one or more modifications (e.g.,
wherein the Fc domains are bioorthogonal, e.g., selectively bind to each other as compared to
unmodified interfaces). In some embodiments, the antibody Fc or fragment thereof of the
present invention may comprise any antibody Fc or fragment thereof as described in Leaver-
Fay et al. 2016 Structure 24(4):641-651 and/or US Patent Application No. US 2021/0054103,
the disclosures of each of which are incorporated herein.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise an antibody or antibody fragment (e.g., an antibody Fab, a Fab', a F(ab')2, a Fv, a
disulfide linked Fv, a single chain antibody (scFv), a single domain antibody (dAb), a diabody,
a nanobody, and/or an affibody or fragment thereof) e.g., in particular embodiments, an
antibody scFv) comprising an N-terminus and a C-terminus, wherein the C-terminus of the
modified TCRV] or fragment thereof with a fourth interface which is bioorthogonal to the third
interface, is linked to an N-terminus of the antibody or antibody fragment, and optionally
wherein the C-terminus of the second (modified or unmodified) TCRCP or fragment thereof is
linked to another N-terminus of the antibody or antibody fragment.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise a T cell inhibitory domain (e.g., PD-1, ITIM) or fragment thereof.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise a T cell signaling domain (e.g., CD3() or fragment thereof and/or a T cell co-
stimulatory domain (e.g., CD28, 4-1BB).

In some embodiments, the synthetic TCR molecule of the present invention may be
devoid of a signaling domain or fragment thereof.

In some embodiments, the synthetic TCR molecule of the present invention may be
devoid of a costimulatory domain or fragment thereof.

In some embodiments, the synthetic TCR molecule of the present invention may
comprise a T cell signaling domain or fragment thereof and a T cell co-stimulatory domain.

In some embodiments, wherein the synthetic TCR molecule of the present invention
may further comprise a second TCRCa, TCRCpB, TCRVa, and TCRV or fragments thereof,
each comprising an N-terminus and a C-terminus, wherein at least a portion of each of the
second TCRVa and TCRVp together form a variable portion with binding specificity to a
second target antigen that is different from the first target antigen, the C-terminus or N-terminus
of the modified TCRCa, TCRCB, TCRVaq, and/or TCRVJ or fragment thereof with an interface

which is bioorthogonal to a corresponding interface, is linked to the N-terminus or C-terminus
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of the second (e.g., modified or unmodified) TCRCo, TCRCpB, TCRVa, and/or TCRVp or
fragment thereof.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise a hinge region (e.g., CD8 hinge, CD4 hinge), a transmembrane domain, a linker, a
costimulatory domain (e.g., CD28, 4-1BB, etc.) and/or an scFv and/or Fab (e.g., wherein the
synthetic TCR molecule is a chimeric antigen receptor (CAR).

In some embodiments, the synthetic TCR molecule of the present invention binds a
major histocompatibility complex (MHC) (e.g., in vivo and/or in vitro).

In some embodiments, the bioorthogonal first and second interface of the present
invention, when selectively bound to each other, and/or the bioorthogonal third and fourth
interface, when selectively bound to each other, have a melting temperature of about 55 °C to
about 85 °C Tm (e.g., about 55, 56, 57, 58, 59, 60, 61, 62. 63. 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77,78, 79, 80, 81, 82, 83, 84, or 85 °C or any value or range therein, e.g., about
70 to about 80, e.g., for TCRC designs, e.g., about 60 to about 65, e.g., for TCRV designs,
about 62 to about 68, e.g., for TCRVC designs).

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise a detectable moiety.

In some embodiments, the synthetic TCR molecule of the present invention may further
comprise an effector molecule selected from the group consisting of a drug, a toxin, a small
molecule, a radioactive molecule, a photoactivatable molecule, an antibody, a cytokine, an
oncolytic virus, an enzyme, a nanoparticle, a biomaterial, a scaffold and any combination
thereof.

A target antigen of the present invention (e.g., the first and/or the second target antigen)
may be any target antigen. Without wishing to be bound to theory, the invention as described
encompasses modifications to the TCR constant domain and/or conserved regions of TCR
variable (variant) domains and accordingly do not modify the TCR variable portion with
binding specificity to the target antigen. Accordingly, the TCR molecules of the present
invention are not limited to any particular class of target antigens. Non-limiting examples of
target antigens include a cancer antigen, a virus antigen, and/or a bacterial antigen, or any
combination thereof. For example, in some embodiments, the target antigen may be (cancer
antigens) NY-ESO-1, MAGE A3, MAGE A4, gp100, MART-1/MelanA, KRas, p53, WTI,
hTERT etc., (viral antigens) EBV, HTLV-1, HPV E6, HPV E7, HIV

Also provided is a cell (e.g., an isolated cell) comprising a synthetic TCR molecule,

vector, nucleic acid molecule, and/or composition of this invention, singly or in any
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combination. The isolated cell may be from any source (e.g., mammalian, insect, synthetic,
cell-like particle, etc.). In some embodiments, the cell may be selected from the group
consisting of an afT cell (e.g., a CD4+ ofiT cell, a CD8+ afiT cell), a natural killer (NK) cell,
a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T (NKT) cell, a Th17 cell,
a yOT cell, a neutrophil, a macrophage, an artificial cell (e.g., cell-like particle) and any
combination thereof. In some embodiments, the isolated cell may be an in vifro cell (e.g., an
immortalized cell, e.g., a cell line). In some embodiments, the isolated cell may be an ex vivo
cell from a subject (e.g., a human patient).

In some embodiments, the isolated cell may comprise a synthetic TCR molecule of the
present invention, wherein the synthetic TCR molecule is expressed on the surface of the cell.

In some embodiments, the isolated cell for of the present invention may comprise a
chimeric antigen receptor (CAR) that is different from the synthetic TCR molecule (e.g., that
has specificity for a target antigen that is different from the first and/or second target antigen
of the synthetic TCR molecule).

The present invention further provides an isolated nucleic acid molecule encoding a
synthetic TCR molecule of the invention. In some embodiments, a nucleic acid molecule of
this invention may be a cDNA molecule. In some embodiments, a nucleic acid molecule of this
invention may be an mRNA molecule.

Also provided is a vector, plasmid or other nucleic acid construct (e.g., a virus vector,
e.g., a virus-like particle) comprising the isolated nucleic acid molecule of this invention.

A vector can be any suitable means for delivering a polynucleotide to a cell. A vector
of this invention can be an expression vector that contains all of the genetic components
required for expression of the nucleic acid in cells into which the vector has been introduced,
as are well known in the art. The expression vector can be a commercial expression vector or
it can be constructed in the laboratory according to standard molecular biology protocols. The
expression vector can comprise viral nucleic acid including, but not limited to, poxvirus,
vaccinia virus, adenovirus, retrovirus, alphavirus and/or adeno-associated virus nucleic acid.
The nucleic acid molecule or vector of this invention can also be in a liposome or a delivery
vehicle, which can be taken up by a cell via receptor-mediated or other type of endocytosis.
The nucleic acid molecule of this invention can be in a cell, which can be a cell expressing the
nucleic acid whereby a synthetic TCR molecule of this invention is produced in the cell (e.g.,
a host cell). In addition, the vector of this invention can be in a cell, which can be a cell
expressing the nucleic acid of the vector whereby a synthetic TCR molecule of this invention

is produced in the cell. It is also contemplated that the nucleic acid molecules and/or vectors
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of this invention can be present in a host organism (e.g., a transgenic organism), which
expresses the nucleic acids of this invention and produces a synthetic TCR molecule of this
invention. In some embodiments, the vector is a plasmid, a viral vector, a bacterial vector, an
expression cassette, a transformed cell, or a nanoparticle. For example, in some embodiments
a synthetic TCR molecule of the present invention may be used in combination (e.g., in
scaffold(s) and/or conjugated with) other molecules such as, but not limited to, nanoparticles,
e.g., as delivery devices.

Types of nanoparticles of this invention for use as a vector and/or delivery device
include, but are not limited to, polymer nanoparticles such as PLGA-based, PLA-based,
polysaccharide-based (dextran, cyclodextrin, chitosan, heparin), dendrimer, hydrogel; lipid-
based nanoparticles such as lipid nanoparticles, lipid hybrid nanoparticles, liposomes, micelles;
inorganics-based nanoparticles such as superparamagnetic iron oxide nanoparticles, metal
nanoparticles, platin nanoparticles, calcium phosphate nanoparticles, quantum dots; carbon-
based nanoparticles such as fullerenes, carbon nanotubes; and protein-based complexes with
nanoscales. Types of microparticles of this invention include but are not limited to particles
with sizes at micrometer scale that are polymer microparticles including but not limited to,
PLGA-based, PLA-based, polysaccharide-based (dextran, cyclodextrin, chitosan, heparin),
dendrimer, hydrogel; lipid-based microparticles such as lipid microparticles, micelles;
inorganics-based microparticles such as superparamagnetic iron oxide microparticles, platin
microparticles and the like as are known in the art. These particles may be generated and/or
have materials be absorbed, encapsulated, or chemically bound through known mechanisms in
the art.

Also provided are compositions comprising a synthetic TCR molecule, nucleic acid
molecule, vector, and/or isolated cell of the present invention. In some embodiments, a
composition of the present invention may further comprise a pharmaceutically acceptable
carrier, diluent and/or adjuvant (e.g., a pharmaceutical composition, e.g., a pharmaceutical
formulation).

By "pharmaceutically acceptable" it is meant a material that is not toxic or otherwise
undesirable, i.e., the material may be administered to a subject without causing any undesirable
biological effects. For injection, the carrier will typically be a liquid. For other methods of
administration (e.g., such as, but not limited to, administration to the mucous membranes of a
subject (e.g., via intranasal administration, buccal administration and/or inhalation)), the carrier
may be either solid or liquid. For inhalation administration, the carrier will be respirable, and

will preferably be in solid or liquid particulate form. The formulations may be conveniently
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prepared in unit dosage form and may be prepared by any of the methods well known in the
art. In some embodiments, that pharmaceutically acceptable carrier can be a sterile solution or
composition.

In some embodiments, the present invention provides a pharmaceutical composition
comprising a synthetic TCR molecule, nucleic acid molecule (e.g., an mRNA molecule),
vector, cell, and/or composition of the present invention, a pharmaceutically acceptable carrier,
and, optionally, other medicinal agents, therapeutic agents, pharmaceutical agents, stabilizing
agents, buffers, carriers, adjuvants, diluents, etc., which can be included in the composition
singly or in any combination and/or ratio.

Immunogenic compositions comprising a synthetic TCR molecule, nucleic acid
molecule (e.g., an mRNA molecule), vector, cell, and/or composition of the present invention
may be formulated by any means known in the art. Such compositions, especially vaccines
and/or therapeutics, are typically prepared as injectables, either as liquid solutions or
suspensions. Solid forms suitable for solution in, or suspension in, liquid prior to injection may
also be prepared. Lyophilized preparations are also suitable. In some embodiments, a
pharmaceutical composition of the present invention may be a vaccine formulation, e.g., may
comprise a synthetic TCR molecule, nucleic acid molecule (e.g., an mRNA molecule), vector,
cell, and/or composition of the present invention and adjuvant(s), optionally in a vaccine
diluent. The active immunogenic ingredients are often mixed with excipients and/or carriers
that are pharmaceutically acceptable and/or compatible with the active ingredient. Suitable
excipients include but are not limited to sterile water, saline, dextrose, glycerol, ethanol, or the
like and combinations thereof, as well as stabilizers, e.g., HSA or other suitable proteins and
reducing sugars. In addition, if desired, the vaccines or immunogenic compositions may
contain minor amounts of auxiliary substances such as wetting and/or emulsifying agents, pH
buffering agents, and/or adjuvants that enhance the effectiveness of the vaccine or
immunogenic composition.

In some embodiments, a pharmaceutical composition comprising a synthetic TCR
molecule, nucleic acid molecule, vector, cell, and/or composition of the present invention may
further comprise additional agents, such as, but not limited to, additional antigen as part of a
cocktail in a vaccine, e.g., a multi-component vaccine wherein the vaccine may additionally
include peptides, cells, virus, viral peptides, inactivated virus, etc.

In some embodiments, a pharmaceutical composition comprising a synthetic TCR
molecule, nucleic acid molecule (e.g., an mRNA molecule), vector, cell, and/or composition

of the present invention, and a pharmaceutically acceptable carrier may further comprise an
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adjuvant. As used herein, "suitable adjuvant" describes an adjuvant capable of being combined
with a synthetic TCR molecule, nucleic acid molecule (e.g., an mRNA molecule), vector, cell,
and/or composition of the present invention to further enhance an immune response without
deleterious effect on the subject or the cell of the subject.

The adjuvants of the present invention can be in the form of an amino acid sequence,
and/or in the form or a nucleic acid encoding an adjuvant. When in the form of a nucleic acid,
the adjuvant can be a component of a nucleic acid encoding the polypeptide(s) or fragment(s)
or epitope(s) and/or a separate component of the composition comprising the nucleic acid
encoding the polypeptide(s) or fragment(s) or epitope(s) of the invention. According to the
present invention, the adjuvant can also be an amino acid sequence that is a peptide, a protein
fragment or a whole protein that functions as an adjuvant, and/or the adjuvant can be a nucleic
acid encoding a peptide, protein fragment or whole protein that functions as an adjuvant. As
used herein, "adjuvant" describes a substance, which can be any immunomodulating substance
capable of being combined with a composition of the invention to enhance, improve, or
otherwise modulate an immune response in a subject.

In further embodiments, the adjuvant can be, but is not limited to, an
immunostimulatory cytokine (including, but not limited to, GM/CSF, interleukin-2,
interleukin-12, interferon-gamma, interleukin-4, tumor necrosis factor-alpha, interleukin-1,
hematopoietic factor fIt3L, CD40L, B7.1 co-stimulatory molecules and B7.2 co-stimulatory
molecules), SYNTEX adjuvant formulation 1 (SAF-1) composed of 5 percent (wt/vol)
squalene (DASF, Parsippany, N.J.), 2.5 percent Pluronic, L121 polymer (Aldrich Chemical,
Milwaukee), and 0.2 percent polysorbate (Tween 80, Sigma) in phosphate-buffered saline.
Suitable adjuvants also include an aluminum salt such as aluminum hydroxide gel (alum),
aluminum phosphate, or algannmulin, but may also be a salt of calcium, iron or zinc, or may
be an insoluble suspension of acylated tyrosine, or acylated sugars, cationically or anionically
derivatized polysaccharides, or polyphosphazenes.

Other adjuvants are well known in the art and include without limitation MF 59, LT-
K63, LT-R72 (Pal et al. Vaccine 24(6):766-75 (2005)), QS-21, Freund's adjuvant (complete
and incomplete), aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-
MDP), N-acetyl-normuramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to as nor-MDP),
N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn -glycero-3-
hydroxyphosphoryloxy)-ethylamine (CGP 19835A, referred to as MTP-PE) and RIBI, which
contains three components extracted from bacteria, monophosphoryl lipid A, trealose

dimycolate and cell wall skeleton (MPL+TDM+CWS) in 2% squalene/Tween 80 emulsion.
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Additional adjuvants can include, for example, a combination of monophosphoryl lipid
A, preferably 3-de-O-acylated monophosphoryl. lipid A (3D-MPL) together with an aluminum
salt. An enhanced adjuvant system involves the combination of a monophosphoryl lipid A and
a saponin derivative, particularly the combination of QS21 and 3D-MPL as disclosed in PCT
publication number WO 94/00153, or a less reactogenic composition where the QS21 is
quenched with cholesterol as disclosed in PCT publication number WO 96/33739. A
particularly potent adjuvant formulation involving QS21 3D-MPL & tocopherol in an oil in
water emulsion is described in PCT publication number WO 95/17210. In addition, the nucleic
acid compositions of the invention can include an adjuvant by comprising a nucleotide
sequence encoding the antigen and a nucleotide sequence that provides an adjuvant function,
such as CpG sequences. Such CpG sequences, or motifs, are well known in the art.

Adjuvants can be combined, either with the compositions of this invention or with other
vaccine compositions that can be used in combination with the compositions of this invention.
Methods

The synthetic TCR molecule, nucleic acid molecule, vector, cell, and/or composition
of the present invention is intended for use as therapeutic agents and immunological reagents,
for example, as antigens, immunogens, prophylactics, therapeutics, vaccines, and/or delivery
vehicles. Accordingly, the present invention can be practiced for prophylactic, therapeutic
and/or diagnostic purposes. The compositions described herein can be formulated for use as
reagents and/or for administration in a pharmaceutical carrier in accordance with known
techniques. See, e.g., Remington, 7he Science and Practice of Pharmacy (latest edition).

Accordingly, another aspect of the invention provides a method of expressing a
synthetic TCR molecule in a cell, comprising contacting the cell with the nucleic acid molecule,
vector, and/or composition of the present invention. In some embodiments, the cell is in a
subject (e.g., a human patient).

Another aspect of the invention provides a method of treating a disorder in a subject,
comprising administering to the subject an effective amount of a synthetic TCR molecule,
nucleic acid molecule, vector, isolated cell, and/or composition of the present invention,
wherein the synthetic TCR binds an antigen associated with the disorder (e.g., a cancer antigen,
a viral antigen, a bacterial antigen, or any combination thereof).

The disorder may be any disorder that expresses and/or is associated with an antigen,
wherein the antigen is the target antigen (e.g., first and/or second target antigen) of a synthetic
TCR molecule of the present invention. Non-limiting examples of disorders contemplated in

the invention include cancer (e.g., melanoma, lymphoma, leukemia, pancreatic cancer), viral
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infection, bacterial infection, autoimmune disease, cellular senescence, or any combination
thereof.

Another aspect of the present invention provides a method of producing a synthetic T-
cell receptor (TCR) molecule, comprising: (a) providing a TCR alpha chain constant domain
(TCRCa) or fragment thereof with a first interface, a TCR beta chain constant domain
(TCRCPB) or fragment thereof with a second interface, a TCR alpha chain variable domain
(TCRVa) or fragment thereof with a third interface, and a TCR beta chain variable domain
(TCRVP) or fragment thereof with a fourth interface, wherein at least a portion of each of the
TCRVa and TCRVJ together form a variable portion with binding specificity to a first target
antigen; (b) introducing one or more amino acid substitutions into the first and second interface
and/or into the third and fourth interface, wherein the one or more amino acid substitutions
modify the first and the second interface and/or the third and fourth interface such that the
interfaces are bioorthogonal to each other (e.g., such that the bioorthogonal interfaces
selectively bind to each other, e.g., selectively bind to each other as compared to unmodified
interfaces); thereby producing a synthetic TCR molecule (e.g., a synthetic TCR molecule of
the present invention).

Another aspect of the present invention provides a method of enhancing stability (e.g.,
in vitro and/or in vivo) of a T-cell receptor (TCR) molecule, comprising: (a) providing a TCR
alpha chain constant domain (TCRCa) or fragment thereof with a first interface, a TCR beta
chain constant domain (TCRCP) or fragment thereof with a second interface, a TCR alpha
chain variable domain (TCRVa) or fragment thereof with a third interface, and a TCR beta
chain variable domain (TCRVp) or fragment thereof with a fourth interface, wherein at least a
portion of each of the TCRVa and TCRVp together form a variable portion with binding
specificity to a first target antigen; (b) introducing one or more amino acid substitutions into
the first and second interface and/or into the third and fourth interface, wherein the one or more
amino acid substitutions modify the first and the second interface and/or the third and fourth
interface such that the interfaces are bioorthogonal to each other (e.g., such that the
bioorthogonal interfaces selectively bind to each other, e.g., selectively bind to each other as
compared to unmodified interfaces), thereby enhancing the stability of the synthetic TCR
molecule; thereby producing a synthetic TCR molecule (e.g., a synthetic TCR molecule of the
present invention), wherein the synthetic TCR molecule has enhanced stability (e.g., as
compared to an unmodified TCR).

The synthetic TCR molecule of the present invention may be administered in any

frequency, amount, and/or route as needed to elicit an effective prophylactic and/or therapeutic
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effect in a subject (e.g, in a subject in need thereof) as described herein. In certain
embodiments, synthetic TCR molecule, nucleic acid molecule, vector, cell, and/or composition
of the present invention is administered/delivered to the subject, e.g., systemically (e.g.,
intravenously). In particular embodiments, more than one administration (e.g., two, three, four
or more administrations) may be employed to achieve the desired level of protein expression
over a period of various intervals, e.g., daily, weekly, monthly, yearly, etc. The most suitable
route in any given case will depend on the nature and severity of the condition being treated
and on the nature of the particular delivery method that is being used. In embodiments wherein
a vector is used, the vector will typically be administered in a liquid formulation by direct
injection (e.g., stereotactic injection) to the desired region or tissues. In some embodiments,
the vector can be delivered via a reservoir and/or pump. In other embodiments, the vector may
be provided by topical application to the desired region or by intra-nasal administration of an
aerosol formulation. Administration to the eye or into the ear, may be by topical application
of liquid droplets. As a further alternative, the vector may be administered as a solid, slow-
release formulation. For example, controlled release of parvovirus and AAV vectors is
described in international patent publication WO 01/91803, which is incorporated by reference
herein for these teachings.

Administration may be by any suitable means, such as intraperitoneally,
intramuscularly, intranasally, intravenously, intradermally (e.g., by a gene gun), intrarectally
and/or subcutaneously. The compositions herein may be administered via a skin scarification
method, and/or transdermally via a patch or liquid. The compositions can be delivered
subdermally in the form of a biodegradable material that releases the compositions over a
period of time. As further non-limiting examples, the route of administration can be by
inhalation (e.g., oral and/or nasal inhalation), oral, buccal (e.g., sublingual), rectal, vaginal,
topical (including administration to the airways), intraocular, by parenteral (e.g., intramuscular
[e.g., administration to skeletal muscle], intravenous, intra-arterial, intraperitoneal and the
like), subcutaneous (including administration into the footpad), intrapleural, intracerebral,
intrathecal, intraventricular, intra-aural, intra-ocular (e.g., intra-vitreous, sub-retinal, anterior
chamber) and peri-ocular (e.g., sub-Tenon's region) routes or any combination thereof.

In some embodiments, the synthetic TCR molecule can be administered to a subject as
a nucleic acid molecule, which can be a naked nucleic acid molecule or a nucleic acid molecule
present in a vector (e.g., a delivery vector, which in some embodiments can be a cell (e.g., a
CAR-expressing cell, e.g., a CAR-T cell). The nucleic acids and vectors of this invention can

be administered orally, intranasally, parenterally (e.g., intravenously), by intramuscular
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injection, by intraperitoneal injection, transdermally, extracorporeally, topically or the like. In
the methods described herein which include the administration and uptake of exogenous DNA
into the cells of a subject (i.e., gene transduction or transfection), the nucleic acids of the present
invention can be in the form of naked DNA or the nucleic acids can be in a vector for delivering
the nucleic acids to the cells for expression of the polypeptides and/or fragments of this
invention. The vector can be a commercially available preparation or can be constructed in the
laboratory according to methods well known in the art.

Delivery of the nucleic acid or vector to cells can be via a variety of mechanisms,
including but not limited to recombinant vectors including bacterial, viral, and fungal vectors,
liposomal delivery agents, nanoparticles, and gene gun related mechanisms.

In some embodiments, the nucleic acid molecules encoding the synthetic TCR molecule
of this invention can be part of a recombinant nucleic acid construct comprising any
combination of restriction sites and/or functional elements as are well known in the art that
facilitate molecular cloning and other recombinant nucleic acid manipulations. Thus, the
present invention further provides a recombinant nucleic acid construct comprising a nucleic
acid molecule encoding a synthetic TCR molecule of this invention. The nucleic acid molecule
encoding the synthetic TCR molecule of this invention can be any nucleic acid molecule that
functionally encodes the synthetic TCR molecule of this invention. To functionally encode the
synthetic TCR molecule of this invention (i.e., allow the nucleic acids to be expressed), the
nucleic acid of this invention can include, for example, expression control sequences, such as
an origin of replication, a promoter, an enhancer and necessary information processing sites,
such as ribosome binding sites, RNA splice sites, polyadenylation sites and transcriptional
terminator sequences.

Non-limiting examples of expression control sequences that can be present in a nucleic
acid molecule of this invention include promoters derived from metallothionine genes, actin
genes, immunoglobulin genes, CMV, SV40, adenovirus, bovine papilloma virus, etc. A nucleic
acid molecule encoding a selected synthetic TCR molecule of this invention can readily be
determined based upon the genetic code for the amino acid sequence of the selected
polypeptide and/or fragment of interest included in the synthetic TCR molecule of this
invention, and many nucleic acids will encode any selected polypeptide and/or fragment.
Modifications in the nucleic acid sequence encoding the polypeptide and/or fragment are also
contemplated. Modifications that can be useful are modifications to the sequences controlling
expression of the polypeptide and/or fragment to make production of the polypeptide and/or

fragment inducible or repressible as controlled by the appropriate inducer or repressor. Such
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methods are standard in the art. The nucleic acid molecule and/or vector of this invention can
be generated by means standard in the art, such as by recombinant nucleic acid techniques
and/or by synthetic nucleic acid synthesis or in vitro enzymatic synthesis.

The nucleic acids and/or vectors of this invention can be transferred into a host cell
(e.g., a prokaryotic or eukaryotic cell) by well-known methods, which vary depending on the
type of cell host. For example, calcium chloride transfection is commonly used for prokaryotic
cells, whereas calcium phosphate treatment, transduction, cationic lipid treatment and/or
electroporation can be used for other cell hosts.

As another example, delivery can be via a liposome, using commercially available
liposome preparations such as LIPOFECTIN, LIPOFECTAMINE (GIBCO-BRL, Inc.,
Gaithersburg, MD), SUPERFECT (Qiagen, Inc. Hilden, Germany) and TRANSFECTAM
(Promega, Madison, WI), as well as other liposomes developed according to procedures
standard in the art. In addition, the nucleic acid or vector of this invention can be delivered in
vivo by electroporation, the technology for which is available from Genetronics, Inc. (San
Diego, CA) as well as by means of a SONOPORATION machine (ImaRx Pharmaceutical
Corp., Tucson, AZ).

As another example, vector delivery can be via a viral system, such as a retroviral vector
system, which can package a recombinant retroviral genome. The recombinant retrovirus can
then be used to infect and thereby deliver to the infected cells nucleic acid encoding the
polypeptide and/or fragment of this invention. The exact method of introducing the exogenous
nucleic acid into mammalian cells is, of course, not limited to the use of retroviral vectors.
Other techniques are widely available for this procedure including the use of adenoviral
vectors, alphaviral vectors (e.g., VRPs), adeno-associated viral (AAV) vectors, lentiviral
vectors, pseudotyped retroviral vectors and vaccinia viral vectors, as well as any other viral
vectors now known or developed in the future. Physical transduction techniques can also be
used, such as liposome delivery and receptor-mediated and other endocytosis mechanisms.
This invention can be used in conjunction with any of these or other commonly used gene
transfer methods.

The present invention further provides a kit comprising one or more compositions of
this invention. It would be well understood by one of ordinary skill in the art that the kit of this
invention can comprise one or more containers and/or receptacles to hold the reagents (e.g.,
synthetic TCR molecule, vectors, compositions, nucleic acids) of the kit, along with

appropriate buffers and/or diluents and/or other solutions and directions for using the kit, as
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would be well known in the art. Such kits can further comprise adjuvants and/or other
immunostimulatory or immunomodulating agents, as are well known in the art.

The compositions and kits of the present invention can also include other medicinal
agents, pharmaceutical agents, carriers, diluents, immunostimulatory cytokines, etc. Actual
methods of preparing such dosage forms are known, or will be apparent, to those skilled in this
art.

Immunomodulatory compounds, such as immunomodulatory chemokines and
cytokines (preferably, CTL inductive cytokines) can be administered concurrently to a subject.

Cytokines may be administered by any method known in the art. Exogenous cytokines
may be administered to the subject, or alternatively, a nucleic acid encoding a cytokine may be
delivered to the subject using a suitable vector, and the cytokine produced in vivo. In particular
embodiments, a viral adjuvant expresses the cytokine.

If ex vivo methods are employed, cells or tissues can be removed and maintained outside
the body according to standard protocols well known in the art. The nucleic acids and vectors
of this invention can be introduced into the cells via any gene transfer mechanism, such as, for
example, virus-mediated gene delivery, calcium phosphate mediated gene delivery,
electroporation, microinjection or proteoliposomes. The transduced cells can then be infused
(e.g., in a pharmaceutically acceptable carrier) or transplanted back into the subject per
standard methods for the cell or tissue type. Standard methods are known for transplantation
or infusion of various cells into a subject.

An adjuvant for use with the present invention, such as any adjuvant disclosed herein,
for example, an immunostimulatory cytokine, can be administered before, concurrent with,
and/or within a few hours, several hours, and/or 1, 2, 3, 4, 5, 6, 7, 8, 9, and/or 10 days before
and/or after the administration of a composition of the invention to a subject.

Furthermore, any combination of adjuvants, such as immunostimulatory cytokines, can
be co-administered to the subject before, after and/or concurrent with the administration of an
immunogenic composition of the invention. For example, combinations of immunostimulatory
cytokines, can consist of two or more immunostimulatory cytokines, such as GM/CSF,
interleukin-2, interleukin-12, interferon-gamma, interleukin-4, tumor necrosis factor-alpha,
interleukin-1, hematopoietic factor flt3L, CD40L, B7.1 co-stimulatory molecules and B7.2 co-
stimulatory molecules. The effectiveness of an adjuvant or combination of adjuvants can be
determined by measuring the immune response produced in response to administration of a
composition of this invention to a subject with and without the adjuvant or combination of

adjuvants, using standard procedures, as described herein and as known in the art.
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The pharmaceutical formulations of the invention can optionally comprise other
medicinal agents, pharmaceutical agents, stabilizing agents, buffers, carriers, diluents, salts,
tonicity adjusting agents, wetting agents, and the like, for example, sodium acetate, sodium
lactate, sodium chloride, potassium chloride, calcium chloride, sorbitan monolaurate,
triethanolamine oleate, etc.

For injection, the carrier will typically be a liquid. For other methods of administration,
the carrier may be either solid or liquid. For inhalation administration, the carrier will be
respirable, and is typically in a solid or liquid particulate form.

The compositions of the invention can be formulated for administration in a
pharmaceutical carrier in accordance with known techniques. See, e.g., Remington, The
Science And Practice of Pharmacy (9% Ed. 1995). In the manufacture of a pharmaceutical
composition according to the invention, the compositions are typically admixed with, inter alia,
an acceptable carrier. The carrier can be a solid or a liquid, or both, and is optionally formulated
with the compound as a unit-dose formulation, for example, a tablet. A variety of
pharmaceutically acceptable aqueous carriers can be used, e.g., water, buffered water, 0.9%
saline, 0.3% glycine, hyaluronic acid, pyrogen-free water, pyrogen-free phosphate-buffered
saline solution, bacteriostatic water, or Cremophor EL[R] (BASF, Parsippany, N.J.), and the
like. These compositions can be sterilized by conventional techniques. The formulations of the
invention can be prepared by any of the well-known techniques of pharmacy.

The pharmaceutical formulations can be packaged for use as is, or lyophilized, the
lyophilized preparation generally being combined with a sterile aqueous solution prior to
administration. The compositions can further be packaged in unit/dose or multi-dose
containers, for example, in sealed ampoules and vials.

The pharmaceutical formulations can be formulated for administration by any method
known in the art according to conventional techniques of pharmacy. For example, the
compositions can be formulated to be administered intranasally, by inhalation (e.g., oral
inhalation), orally, buccally (e.g., sublingually), rectally, vaginally, topically, intrathecally,
intraocularly, transdermally, by parenteral administration (e.g., intramuscular [e.g., skeletal
muscle], intravenous, subcutaneous, intradermal, intrapleural, intracerebral and intra-arterial,
intrathecal), or topically (e.g., to both skin and mucosal surfaces, including airway surfaces).

For intranasal or inhalation administration, the pharmaceutical formulation can be
formulated as an aerosol (this term including both liquid and dry powder aerosols). For
example, the pharmaceutical formulation can be provided in a finely divided form along with

a surfactant and propellant. Typical percentages of the composition are 0.01-20% by weight,
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preferably 1-10%. The surfactant is generally nontoxic and soluble in the propellant.
Representative of such agents are the esters or partial esters of fatty acids containing from 6 to
22 carbon atoms, such as caproic, octanoic, lauric, palmitic, stearic, linoleic, linolenic, olesteric
and oleic acids with an aliphatic polyhydric alcohol or its cyclic anhydride. Mixed esters, such
as mixed or natural glycerides may be employed. The surfactant may constitute 0.1-20% by
weight of the composition, preferably 0.25-5%. The balance of the composition is ordinarily
propellant. A carrier can also be included, if desired, as with lecithin for intranasal delivery.
Aerosols of liquid particles can be produced by any suitable means, such as with a pressure-
driven aerosol nebulizer or an ultrasonic nebulizer, as is known to those of skill in the art. See,
e.g., U.S. Patent No. 4,501,729. Aerosols of solid particles can likewise be produced with any
solid particulate medicament aerosol generator, by techniques known in the pharmaceutical art.
Intranasal administration can also be by droplet administration to a nasal surface.

Injectable formulations can be prepared in conventional forms, either as liquid solutions
or suspensions, solid forms suitable for solution or suspension in liquid prior to injection, or as
emulsions. Alternatively, one can administer the pharmaceutical formulations in a local rather
than systemic manner, for example, in a depot or sustained-release formulation.

Extemporaneous injection solutions and suspensions can be prepared from sterile
powders, granules and tablets of the kind previously described. For example, an injectable,
stable, sterile formulation of the invention in a unit dosage form in a sealed container can be
provided. The formulation can be provided in the form of a lyophilizate, which can be
reconstituted with a suitable pharmaceutically acceptable carrier to form a liquid composition
suitable for injection into a subject. The unit dosage form can be from about 1 pg to about 10
grams of the formulation. When the formulation is substantially water-insoluble, a sufficient
amount of emulsifying agent, which is pharmaceutically acceptable, can be included in
sufficient quantity to emulsify the formulation in an aqueous carrier. One such useful
emulsifying agent is phosphatidyl choline.

Pharmaceutical formulations suitable for oral administration can be presented in
discrete units, such as capsules, cachets, lozenges, or tables, as a powder or granules; as a
solution or a suspension in an aqueous or non-aqueous liquid; or as an oil-in-water or water-
in-oil emulsion. Oral delivery can be performed by complexing a compound(s) of the present
invention to a carrier capable of withstanding degradation by digestive enzymes in the gut of
an animal. Examples of such carriers include plastic capsules or tablets, as known in the art.
Such formulations are prepared by any suitable method of pharmacy, which includes the step

of bringing into association the protein(s) and a suitable carrier (which may contain one or
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more accessory ingredients as noted above). In general, the pharmaceutical formulations are
prepared by uniformly and intimately admixing the compound(s) with a liquid or finely divided
solid carrier, or both, and then, if necessary, shaping the resulting mixture. For example, a tablet
can be prepared by compressing or molding a powder or granules, optionally with one or more
accessory ingredients. Compressed tablets are prepared by compressing, in a suitable machine,
the formulation in a free-flowing form, such as a powder or granules optionally mixed with a
binder, lubricant, inert diluent, and/or surface active/dispersing agent(s). Molded tablets are
made by molding, in a suitable machine, the powdered protein moistened with an inert liquid
binder.

Pharmaceutical formulations suitable for buccal (sub-lingual) administration include
lozenges comprising the compound(s) in a flavored base, usually sucrose and acacia or
tragacanth; and pastilles in an inert base such as gelatin and glycerin or sucrose and acacia.

Pharmaceutical formulations suitable for parenteral administration can comprise sterile
aqueous and non-aqueous injection solutions, which preparations are preferably isotonic with
the blood of the intended recipient. These preparations can contain anti-oxidants, buffers,
bacteriostats and solutes, which render the composition isotonic with the blood of the intended
recipient. Aqueous and non-aqueous sterile suspensions, solutions and emulsions can include
suspending agents and thickening agents. Examples of nonaqueous solvents are propylene
glycol, polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such
as ethyl oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or
suspensions, including saline and buffered media. Parenteral vehicles include sodium chloride
solution, Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils.
Intravenous vehicles include fluid and nutrient replenishers, electrolyte replenishers (such as
those based on Ringer's dextrose), and the like. Preservatives and other additives may also be
present such as, for example, antimicrobials, anti-oxidants, chelating agents, and inert gases
and the like.

Pharmaceutical formulations suitable for rectal administration are optionally presented
as unit dose suppositories. These can be prepared by admixing the active agent with one or
more conventional solid carriers, such as for example, cocoa butter and then shaping the
resulting mixture.

Pharmaceutical formulations suitable for topical application to the skin preferably take
the form of an ointment, cream, lotion, paste, gel, spray, aerosol, or oil. Carriers that can be
used include, but are not limited to, petroleum jelly, lanoline, polyethylene glycols, alcohols,

transdermal enhancers, and combinations of two or more thereof. In some embodiments, for
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example, topical delivery can be performed by mixing a pharmaceutical formulation of the
present invention with a lipophilic reagent (e.g., DMSO) that is capable of passing into the
skin.

Pharmaceutical formulations suitable for transdermal administration can be in the form
of discrete patches adapted to remain in intimate contact with the epidermis of the subject for
a prolonged period of time. Formulations suitable for transdermal administration can also be
delivered by iontophoresis (see, for example, Pharmaceutical Research 3:318 (1986)) and
typically take the form of a buffered aqueous solution of the compound(s). Suitable
formulations can comprise citrate or bis\tris buffer (pH 6) or ethanol/water and can contain
from 0.1 to 0.2M active ingredient.

Further, the composition can be formulated as a liposomal formulation. The lipid layer
employed can be of any conventional composition and can either contain cholesterol or can be
cholesterol-free. The liposomes that are produced can be reduced in size, for example, through
the use of standard sonication and homogenization techniques.

The liposomal formulations can be lyophilized to produce a lyophilizate which can be
reconstituted with a pharmaceutically acceptable carrier, such as water, to regenerate a
liposomal suspension.

The immunogenic formulations of the invention can optionally be sterile, and can
further be provided in a closed pathogen-impermeable container.

The invention will now be described with reference to the following examples. It
should be appreciated that these examples are not intended to limit the scope of the claims to
the invention but are rather intended to be exemplary of certain embodiments. Any variations
in the exemplified methods that occur to the skilled artisan are intended to fall within the scope

of the invention.

EXAMPLES
Example 1: Development of bioorthogonal TCR designs.

This project aimed to develop bispecific TCR (bsTCR) therapeutics composed of two
different TCRs to improve affinity and specificity toward cancer cells. To solve subunit
mispairing, orthogonal interfaces between TCR « and B chains were designed so that each o
chain paired with the correct B chain. The designed orthogonal TCRs can be employed to
develop logic gated TCR drugs that enable precise recognition of specific cancer cells.

Studies on bispecific antibodies showed that bivalent recognition with two recognition

domains greatly enhance binding avidity, and similarly that bispecific antibodies achieve
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increased selectivity by simultaneously engaging two different targets. By tuning the
combination of TCR pairs and their total binding avidities, bsTCR therapeutics can achieve
AND-gate Boolean logic operations, to provide target-cell killing only when the target cell
expresses two specific antigens. The following aims were pursued:

Computational design of an orthogonal interface for correct TCR subunit assembly:
Designs for developing orthogonal TCR (as schematized in FIG. 2 panel A) were pursued by
making mutations in the TCRa and B chains so that the resultant mutants interact with each
other but no longer interact with their wild-type partners. To identify such mutations, a
multistate design (MSD) protocol in Rosetta (refs 22,31,32) and a newly developed modeling
pipeline, based on a second site suppressor (SSS) strategy (refs 33-35). Rosetta relies on
rotamer-based sampling of amino acid side chains and an energy function accounting for
atomic interactions, packing, and implicit solvation. Multistate design protocols in Rosetta
have been previously used to create orthogonal interfaces between the heavy and light chains
of bispecific antibodies. To ensure that the resultant designs are applicable to a broad set of
TCRs, mutations were restricted to the TCR constant domains and the framework region of the
variable domains. The designed TCRs were tested by being expressed in mammalian cells and
validated with biochemical and biophysical molecular interaction analysis and X-ray
crystallography. These designed orthogonal interfaces enable correct assembly of TCR
subunits, which is important for the development of soluble and cellular bsTCR therapeutics,
such as schematized in FIG. 2 panels B and C. Selected designs were validated with
biochemical and biophysical analyses, including SDS-PAGE, nanoDSF, SPR, and X-ray
crystallography.

Designs were initiated from a TCR-C (PDB: 6U07) designed by the Kuhlman lab with
mutations that increase the melting temperature (Tm) of Cao/CB by 20 °C; the mutations
improved assembly and stability of TCRs without affecting binding affinity and T-cell
activation function (ref 26; incorporated herein by reference)®®. The expression levels and
stability of the starting TCR-C (stC) as well as human (huC) and mouse TCR-C (moC), the

most widely used pair to avoid TCR mispairing 8-

, was examined. Results indicated that the
huC and moC were unstable and formed a smear-like pattern in SDS-PAGE due to
glycosylation, unlike stTCR (FIG. 3 panel B). Moreover, the huCo/moCp mispair had
equivalent or higher Tm and increased expression level, compared with correct huC and moC
pair, which indicated that more than half of the expressed proteins caused mispairing (FIG. 3
panel C). The design of a corresponding TCR-V was initiated from the 1G4 TCR (PDB: 2F53)

which targets peptides from NY-ESO-1, a common antigen in melanomas (ref 40).
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The MSD protocol creates explicit models of the MT/MT pair (i.e., mutant o

chain with mutant 8 chain), MT/WT and WT/MT pair, and then searches for sequences
that increase the energy gap between MT/MT and the two other undesired pairs (FIG.
4 panel A). The stability of the interface was evaluated based on the interface score
term of Rosetta, which represents the change in Rosetta energy unit (REU) when the
interface-forming chains are separated versus when they interact (FIG. 4 panel B).
Focus was placed on residue clusters in different regions of the interface (48 clusters
for TCR-C, 12 clusters for TCR-V). 140 resultant designs (420 states) with favorable
energies and structure models were selected for experimental characterization.

Although the use of MSD algorithms provided some designs, designs were restricted to
a small number of residues (~12) for each simulation, which prevented an unbiased and
comprehensive survey of the entire TCR interface. Therefore, a novel Rosetta modeling
pipeline was developed by combining a computational approach with a prior design strategy,
the Second Site Suppressor (SSS) strategy (refs 33-35). Site saturation mutagenesis (SSM) was
computationally performed to the residues in the TCR o and P interface and seed mutations
that could destabilize the interaction were obtained. Then, from within a sphere of constant
radius from the seed residues, a searched was applied for mutations that suppressed the effect
of the seed mutation, e.g., mutations in the opposite chain that were compatible with first
mutation and which restabilized the binding interface (FIG. 5 panel A). The stability of the
interface was evaluated based on the interface score in REU. FIG. 5 panel B shows
representative simulated scores for TCR-Ca. This design strategy was applied to both constant
and variant domain interfaces of TCRs and, from over 100,000 models, 108 designs (324 states)
were selected for experimental characterization based on the scores and structure models made
with Rosetta. To ensure that designs are applicable to a broad set of TCRs, mutations were
restricted to the TCR constant domains and the framework region of the variable domains that
is highly conserved in most TCRs (ref 24).

176 designs were tested for TCR-C and 72 designs for TCR-V. o and B subunits were
co-expressed in Expi293 cells in single wells as MT/MT, MT/WT, and WT/MT states, and the
complexes were purified by Ni-affinity chromatography. To compare the expression of each
state, SDS-PAGE was performed of equal amounts of protein lysate from the different states.
To assess the stability of the a/p interface, thermodynamic properties were measured by nano-
differential scanning fluorimetry (nanoDSF). Because strong thermodynamic cooperativity
exists between the o/ TCR subunits, nanoDSF provides a single melting peak that corresponds

to the Tm of the o/p subunit interface (ref 26, incorporated herein by reference). In addition,
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the designed TCRs had two disulfide bonds between the o/f interface; nanoDSF results was
not affected by the concentration of proteins.

FIG. 6 shows representative designs. For the TCR-C domain (FIG. 6 panels A and B),
design 27 (desC27) is a knob-into-hole design. In the WT structure, Argl95 from TCR-Cf
forms a H-bond network at the interface. In the MT/MT state, this Arg195 was mutated to Thr
and Ser179 in TCR-CP was mutated to Arg which form a new H-bond network and stabilize
the interface. In the MT/WT state, two Arg face each other and destabilize the interface. Also,
in the WT/MT pair, the interface was underpacked compared with MT/MT.

The design 127 in the constant domain ("desC127") is a charge-swap design, in which
Asp124 and Phe205 in TCR-Ca were changed to Arg and Lys, and Arg in TCR-CB was
changed to Glu, making a new salt-bridge. In both MT/WT and WT/MT states, charged
residues remain and destabilize the interface.

Successful constant designs into a single TCR ("combiC46"). For the TCR-V domain
(FIG. 6 panels C and D), design 30 (desV30) is a top performing design. A pair of Gln that
interact across the interface were mutated to a Lys and Tyr to form a novel cation-pi interaction.
In the MT/WT pair, an unpaired charged residue (Lys) remains at the interface and destabilizes
the interaction. The Tm and expression level of MT/WT was significantly decreased as
compared with the MT/MT pair.

In addition, studies were performed which confirmed that desV30 can be applied to
other TCR-V, such as the DMF4 TCR (ref 42) targeting MART-1 derived peptides
(melanocyte-specific antigen). CombiC46 was combined with desV30 to generate
"desV30combiC46," creating a highly orthogonal interface as confirmed by SDS-PAGE and
nanoDSF (FIG. 6 panel E). The binding affinity of this TCR ("desV30combiC46") was
equivalent to the starting structure; thus, none of the mutations negatively affected binding
affinity (FIG. 6 panel F).

Prepared designs are tabulated in Tables 1-5 and results of design testing is shown in
FIGS. 9-11. In FIG. 9, results from testing of TCRC designs is shown. With example
combiC25 and combi46 design, the correct pair were well expressed, and mispair
(MWT/WTM) were well destabilized. Similarly in FIG. 10, results from TCRV designs is
shown. With examples desV30 and desV38 design, the correct pair was well expressed, and
mispair (MWT/WTM) was well destabilized. In FIG. 11, results from combined
TCRC+TCRYV combinative TCR designs is shown. The correct pairs are well expressed, and
mispair MWT/WTM) are well destabilized. Example desV30combiC25 and desV30combi46

are shown to not impair binding affinity.
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Further studies to validate the designs of Example 1 are performed. To further validate
that the orthogonal TCRs are forming interactions as modeled, X-ray structures of selected
orthogonal TCRs are developed. The purified TCR are crystallized by the sitting-drop vapor-
diffusion method. Crystals are mixed protein solution with reservoir solution. Drops are seeded
with crushed crystals. The plate is checked for two weeks until diffraction-quality crystals are
obtained. The crystals are harvested into a drop of reservoir solution and flash frozen in liquid
nitrogen. Synchrotron X-ray diffraction data is collected on a single crystal using the SER-
CAT Advanced Photon Source. The structures are solved by molecular replacement in
PHENIX with the starting TCR structure (PDB:2F53, incorporated herein by reference).
Several rounds of model building and refinement are conducted with Coot and PHENIX

software (refs 43 and 44).

Example 2: Development of soluble bsTCR-based drugs.

Example soluble bsTCRs are created in the format of (FIG. 7 panel A) Tandem bsTCR,
(FIG. 7 panel B) IgG bsTCR, and (FIG. 7 panel C) bsTCR-based trispecific T-cell engager,
with in vitro assembly techniques. As a proof-of-concept, a pair of TCRs for NY-ESO-1 and
MART-1 peptides on HLA-A02:01, antigens in melanomas, are employed. In this proof-of-
concept experiment, linkers are designed to minimize immunogenicity. To achieve precise
targeting, the combination of TCR pairs with various affinity are tested. The binding avidities
of bsTCRs are evaluated by surface plasmon resonance and fluorescence assisted cell sorting
analysis. Drug efficacy is evaluated with in vitro and in vivo tumor cytotoxicity assays.

Tandem bsTCRs are generated by connecting two orthogonal TCRs ("TCR1" and
"TCR2") with a linker designed to minimize immunogenicity (ref 25). The following three
domains are co-expressed in Expi293 cells for correct domain assembly: 1) TCR1a, 2) TCR2q,
3) TCRIB-TCR2P (FIG. 7 panel A). A therapeutic feature can be incorporated by conjugating
the bsTCRs with cytotoxic payloads by peptide-based lysosomal protease—sensitive linkers,
such as those described in references 46 and 47, incorporated herein by reference.

In the form of bsTCRs in an IgG format, the Fc domain of the IgG format activates NK
cells and macrophages to exert cytotoxicity. The Fab domains of an antibody are replaced with
two orthogonal TCRs ("TCR1" and "TCR2"), which prevent mis-assembly of heavy and light
chains. In addition, in the IgG format the homodimeric interface of the Fc domain is modified
to a heterodimeric interface to achieve proper heavy chain assembly, such as for example as

those described in references 23 and 26, incorporated herein by reference. The IgG bsTCRs are
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assembled by expressing the following four domains in Expi293 cells (FIG . 7 panel B): 1)
TCR1a, 2) TCR2q, 3) TCR1B-Fc-A (e.g., Fc 7.8.60-A), (4) TCR2B-Fc-B (e.g., Fc 7.8.60-B).

TCRs can also be used to redirect endogenous T cells to target tumor cells by fusing an
scFv that targets an activating TCR subunit such as CD3¢ (refs 50 and 51). The assembly of
this format has been challenging due to the subunit mispairing. In other attempts to simplify
assembly, prior studies have used only the variable domains of TCRs in a single chain format
(scTv), akin to an antibody single chain Fv (scFv). However, scTvs are unstable, aggregation-
prone, and poorly soluble, which has prevented creation of this format (ref 37). The orthogonal
TCRs addresses these difficulties. A bsTCR-based trispecific T-cell engager is generated by
expressing following three domains in Expi293 cells: 1) TCR1a, 2) TCR2a, and 3) TCR1pB-
scFv (CD3¢)-TCR2p (FIG. 7 panel C).

Plasmids are generated to evaluate expression of these formats. Domain assembly is
assessed by SDS-PAGE, size-exclusion chromatography (SEC), and mass spectrometry after
purification and removal of glycosylation by PNGaseF. Molecular weight-based analysis (SEC
and mass photometry) by tagging domains can be further applied with different molecular
weight tags. Binding affinity is measured by SPR and fluorescence-assisted cell sorting.

In vitro and in vivo tumor killing assay with designed soluble bsTCR drugs are
performed. For in vitro assays, flow cytometry-based tumor cytotoxicity assays with mixed-
population of SK-MEL-5 and M14 melanoma cell lines that express different combinations of
antigens and fluorescent markers are performed. Jurkat/NFAT-luc (InvivoGen) is used to
assess the efficacy of T-cell engager. For in vivo xenograft tumor cytotoxic analysis, female
and male NSG mice (7-9 weeks of age) are injected either subcutaneously (s.c.) or
intravenously (i.v.) via tail injection with luciferase-labeled SK-MEL-5 and M 14 melanoma
cell lines. Seven days after tumor cell injection (day 0) and at days +5 and +12, mice are infused
with designed soluble bsTCR drugs (e.g., 1G4 and DMF4 TCR variants). Melanoma tumor cell
growth is monitored weekly either with caliper measurement for s.c. tumors, or by
bioluminescence using the IVIS kinetic in vivo imaging system (PerkinElmer) for the i.v.
metastatic models.

Results from generated bispecific TCR structures is shown in FIGS. 12 and 13. As
shown in FIG. 12, tandem designs such as Tandem-v2 bsTCR were well expressed and bound
to pMHC presenting NY-ESO-1 or MART-1 peptides. FIG. 13 shows that IgG designs such
as IgG-v2 bsTCR were also well expressed and bound to pMHC presenting NY-ESO-1 or

MART-1 peptides. Residue numbering and corresponding numbers in other numbering
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systems used in the art are provided in Tables 6-9 and FIGS. 14A-14B. Alignment of example
non-limiting generated TCRCa, TCRCp, TCRVa, and TCRVJ designs is provided in FIG. 185.
Methods:

TCRV: 1G4-c49¢50 TCR (PDB:253) was used for computational modeling for variant
design. All variant design residue in excel sheet was numbered according to this sequence. 1G4-
122 TCR was used for experimental testing. Framework regions are same as 1G4-c49¢50 so
all designs are applicable. Tm and SDS-page results based on this TCR. All variant designs
provided based on 1G4-122 TCR. The following are non-limiting TCRs which may be
applicable as reference TCRs for numbering and/or backbone structures.

TCR origin (wild type allele): TCRVa (V-Segment: TRAV21*01, J-Segment:
TRAJ6*01), TCRVp (V-Segment: TRBV6-5*01, J-Segment: TRBJ2-2%01)
1G4 TCR (CDR engineered TCR): PDB 2£54 (doi.org/10.1110/ps.051936406)
1G4-¢49¢50 TCR (PDB:2f53 (variant): (doi.org/10.1110/ps.051936406)
1G4-122 TCR (no PDB (doi.org/10.1038/nbt1070) (Table 2b)

TCRC': stTCRC(stC) (disulfate engineered and stabilized TCRC): PDB:6u07 was used
for computational modeling and experimental tests for TCRC designs. All designs are based
on this sequence. dsSTCRC(dsC) was used for experimental tests for inclusion of constant
domain during expression studies because only TCRV does not express well.
The following are non-limiting TCRs which may be applicable as reference TCRs for
numbering and/or backbone structures.

TCRC origin (wild type allele): UniProt: P01848 (TRAC HUMAN), UniProt: AOASB9
(TRBC2_HUMAN)

dsTCRC(dsC) (disulfate engineered TCRC): no PDB (doi.org/10.1038/s41467-020-16231-7)
stTCRC(stC) (disulfate engineered and stabilized TCRC): PDB:6u07
(doi.org/10.1038/s41467-020-16231-7)

Example 3: Development of bsTCR CAR-T therapies.

The orthogonal TCRs designed can also be expressed on cells to produce cells that
express two different TCRs such as Chimeric antigen receptor (CAR)-T cells. CAR T-cells
with engineered scFv from antibodies can perform Boolean logic operations (AND, OR, and
NOT) by tuning the avidity of recognition arms or splitting signaling domains. The designed
bsTCRs are incorporated into these logic-gated CAR-T cells in the format of (FIG. 3 panel A)
Avidity-controlled bsTCR CAR and (FIG. 3 panel B) bsTCR CAR with split signaling

domains, with SFG retroviral vector expressing multiple CAR domains by 2A ribosomal
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skipping sequences. The efficacy of CAR-T cells is evaluated with in vifro cell functional
assays and in vivo tumor cytotoxicity assays.

It is possible to control the activity of CAR by tuning the avidity of two recognition
domains (refs 13 and 28). CARs with two low-affinity (e.g., pM) binding domains are highly
potent only when simultaneously engaging two antigens, which enables AND logic gate
control. Conversely, CARs with two high-affinity (e.g., nM) binding domains are activated by
recognition of either domain alone, which works as an OR logic gate. Thus, in some
embodiments, bsTCRs of this invention are generated into these avidity-controlled CAR-T
formats to attain logic gate control of CAR-T with the two different TCRs (FIG. 8 panel A).

Another combinatorial antigen approach is based on segregation of the CD3( domain
and the co-stimulatory domain on two different recognition domains (refs 14, 29, 30). As both
of these domains are needed for T-cell activation, in this format, CAR-T cells are only activated
in response to the engagement of both antigens, which enables AND logic operations. If the
CD3( and co-stimulatory domains are linked together to a tandem bsTCR CAR, binding to
either antigen will cause T-cell activation, thereby operating as an OR logic gate. If an antigen-
binding domain against a ‘healthy tissue’ antigen is fused to inhibitory intracellular signaling
domains, such as immunoreceptor tyrosine-based inhibitory motif (ITIM) of programmed cell
death protein 1 (PD-1), CAR-T will not work in the presence of the suppressive signal, thus
being a NOT logic gate. In some embodiments, bsTCRs of this invention are generated into
this split CAR-T format to attain logic control of CAR-T based on the two different TCRs
(FIG. 8 panel B).

The stability of each CAR domain and the linker is optimized by Rosetta modeling.
The designed bsTCR CAR is expressed with the SFG retroviral vector (refs 55 and 56) in Jurkat
T-cell lines and human T cell purchased from the Gulf Coast Regional Blood Center (Houston).
To express multiple CAR domains in a single T cell, 2A ribosomal skipping sequences is used,
as described in refs 57-59 and incorporated herein by reference. The cell-surface expression of
designed bsTCR CAR is assessed by flow cytometry with fluorescent antibodies and pMHC
multimers. The functionality of T cells expressing two orthogonal TCRs is assessed with a T-
cell proliferation assay, IFN-y release assay, and flow cytometry-based killing assays with
mixed-population of SK-MEL-5 and M14 melanoma cell lines that express different
combinations of antigens and fluorescent markers.

Invivo xenograft tumor killing assay of bsTCR CAR-T are performed. Female and male
NSG mice (7-9 weeks) are injected either subcutaneously or intravenously (i.v.) via tail

injection with luciferase-labeled tumor cells. Seven days after tumor cell injection (day 0) and
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at days +5 and +12, mice are infused T cells expressing the bsTCR CAR (e.g., 1G4 and DMF4
TCR variants). Melanoma tumor cell growth are monitored weekly either with caliper
measurement for s.c. tumors, or by bioluminescence using the IVIS kinetic in vivo imaging

system (PerkinElmer) for the i.v. metastatic models.

Example 4: Further development of bsTCR trispecific T-cell engager.

Additional conformations were tested for the trispecific T-cell engager, also referred to
as "TriTE" (FIG. 16). As an initial example, a pair of TCRs ("TCRI1" as1G4-122 TCR
(targeting pMHC with NY-ESO-1 derived peptide) and "TCR2" as MEL5-024317 TCR
(targeting pMHC with MART-1 derived peptides), were used to redirect human T cells to target
tumor cells by fusing an scFv (TriTE1-12) or Fab (TriTE13-24) domains that target an
activating TCR subunit such as CD3e. Sequences of example configurations are provided in
SEQ ID NOs:51-74 (TriTE 1-24); as well as components thereof (SEQ ID NO:75-88).

SEQ ID NO:51 TriTE-mainl TCR1a-TCR2a-imcVLVH
SEQ ID NO:52 TriTE-main2 TCR1a-TCR2a-sp34VLVH
SEQ ID NO:53 TriTE-main3_TCR1a-TCR2a-imcVHVL
SEQ ID NO:54 TriTE-main4 TCR1a-TCR2a-sp34VHVL
SEQ ID NO:55 TriTE-main5_TCR1a-imcVLVH-TCR2a
SEQ ID NO:56 TriTE-main6_TCR1a-sp34VLVH-TCR2a
SEQ ID NO:57 TriTE-main7_TCR1a-imcVHVL-TCR2a
SEQ ID NO:58 TriTE-main8 TCR1a-sp34VHVL-TCR2a
SEQ ID NO:59 TriTE-main9 imcVLVH-TCR1a-TCR2a
SEQ ID NO:60 TriTE-main10_sp34VLVH-TCR1a-TCR2a
SEQ ID NO:61 TriTE-mainl1_imcVHVL-TCR1a-TCR2a
SEQ ID NO:62 TriTE-main12_sp34VHVL-TCR1a-TCR2a
SEQ ID NO:63 TriTE-main13_TCR1a-TCR2a-LCimc
SEQ ID NO:64 TriTE-main14_TCR1a-TCR2a-LCsp34
SEQ ID NO:65 TriTE-main15_TCR1a-TCR2a-HCimc
SEQ ID NO:66 TriTE-main16_TCR1a-TCR2a-HCsp34
SEQ ID NO:67 TriTE-main17_TCR1a-LCimc-TCR2a
SEQ ID NO:68 TriTE-main18 TCR1a-LCsp34-TCR2a
SEQ ID NO:69 TriTE-main19_TCR1a-HCimc-TCR2a
SEQ ID NO:70 TriTE-main20_TCR1a-HCsp34-TCR2a
SEQ ID NO:71 TriTE-main21 LCimc-TCR1a-TCR2a
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SEQ ID NO:72 TriTE-main22 LCsp34-TCR1a-TCR2a
SEQ ID NO:73 TriTE-main23 HCimc-TCR1a-TCR2a
SEQ ID NO:74 TriTE-main24 HCsp34-TCR1a-TCR2a
SEQ ID NO:75 TriTE-subl LCimc
SEQ ID NO:76 TriTE-sub2 LCsp34
SEQ ID NO:77 TriTE-sub3 _HCimc
SEQ ID NO:78 TriTE-sub4 HCsp34
SEQ ID NO:79 TriTE-subS TCRla
SEQ ID NO:80 TriTE-sub6_TCR1b
SEQ ID NO:81 TriTE-sub7 TCR2a
SEQ ID NO:82 TriTE-sub8 TCR2b
SEQ ID NO:83 anti-CD3 1 imcVLVH
SEQ ID NO:84 anti-CD3_2 sp34VLVH
SEQ ID NO:85 anti-CD3_3 imcVHVL
SEQ ID NO:86 anti-CD3_4 sp34VHVL
SEQ ID NO:87 anti-CD3_5 HCimc
SEQ ID NO:88 anti-CD3_6 HCsp34
To assemble the bsTCR-based trispecific T-cell engager, the following subunits
including two TCRs with designed orthogonal interface (desV30 for the variant domain and
combiC46 mutations for the constant domain) have been expressed in Expi293 cells. TriTE1-
12: 1) TCR1a-scFv (anti-CD3¢)-TCR2a, 2) TCR1B, 3) TCR2p, TriTE13-24: 1) TCR1a-LC or
HC (anti-CD3¢)-TCR20, 2) TCR1p, 3) TCR2B, (4) LC or HC (anti-CD3¢). The assembled
TriTE proteins were purified with Ni-affinity chromatography use equal amounts of protein
lysate. Correct construction and size was determined by SDS-PAGE, as shown in FIG. 17.
T-cell redirected tumor lysis assays using exogenous peptides were performed as
follows (FIGS. 18-20). Human primary CD3+ T cells (StemExpress, catalog number:
PB03020C, lot number: 2111150142, Donor number: D001006110) were thawed and
resuspended in complete RPMI medium (RPMI 1640, 10%FBS, 1% Penicillin-Streptomycin,
1%GlutaMAX) containing anti-CD28 antibody (BD Biosciences 555725, CD28.27, final
concentration: 2.5 ug/mL) and human interleukin-2 (R&D systems 202-IL/CF, final
concentration: 2 ng/mL) and expanded in the flasks which is precoated overnight with anti-
CD3 antibody (BD Biosciences cat#555329, UCHT1, pre-coat concentration: 5 ug/mL). T cell
expansion was allowed between 4 and 14 days before use. At day 7, T cells were re-stimulated

with complete RPMI including anti-CD28 antibody and IL-2 in a new flask precoated with
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anti-CD3 antibody. At the day before the killing assay, the tumor cells were removed from the
culture flasks using TrypLE™ Express Enzyme (Gibco #12605010) and resuspended in
complete medium and seeded at 5000 cells/well in CELLSTAR® 96, clear bottom plate
(Greiner Bio-One #655098) and incubated overnight at 5% CO2 and 37°C. The next day, the
medium was removed and SLLMWITQC (NY-ESO-1 derived) peptide and/or ELAGIGILTV
(MART-1 derived) peptide were mixed with pure RPMI (RPMI 1640), added to the well at 1
uM (total volume of 100uL. RPMI including final 0.01% dimethyl sulfoxide), and incubated at
5% CO2 and 37°C for three to six hours. Then, 100 pL of peptide solution was removed from
each well and bsTCR-TriTE were mixed in complete RPMI medium (RPMI 1640, 10%FBS,
1%P/S, 1%GlutaMAX) and added to the well (50 uL/well, 2x indicated TriTE concentration).
The expanded primary T cells were washed once with pure RPMI, resuspended in complete
RPMI, and then 50 uL of resuspended solution were added to the well at S0 K cells/well (total
100 uL, 1xindicated TriTE concentration). Non-peptide plates were treated similarly to those
with peptide, except that no peptide was used in the procedure (final total volume 100 pL of
RPMI 1640 including 10%FBS, 1% Penicillin-Streptomycin, 1%GlutaMAX, 0.01% dimethyl
sulfoxide, 1x indicated TriTE concentration). The cells were incubated at 5% COz and 37°C
for 48 h. After 48 h, the plates were washed twice gently with pure RPMI. To determine the
amount of tumor cells that were alive at the end of the incubation, 100 uL of pure RPMI1640
and 100 pL of CellTiter-Glo® 2.0 (Promega: #(G9242) were added, mixed with a shaker at 500
rpm for 2 minutes, and incubated in the dark for 10 minutes. Finally, luminescence was read
with a CLARIOstar Plus microplate reader (BMG LABTECH). Materials included: Primary T
cells (StemCell cat#PB03020C, lot #2111150142, Donor#D002006110); Tumor cells
(adherent cells); anti-CD3 (BD Biosciences 555329, UCHTI, final conc: 5 pg/mL) > for
precoat; anti-CD28 (BD Biosciences 555725, CD28.27, final conc: 2.5 ng/mL); Interleukin-2
(R&D systems 202-IL/CF, final conc: 2 ng/mL); RPMI 1640 (pure: add noting, complete:
10%FBS, 1%P/S, 1%GlutaMAX);, Fetal Bovine Serum (Omega Scientific #FB11A):
Penicillin-Streptomycin (10,000 U/mL) (Life Technologies Inc. #15140122); TrypLE™
Express Enzyme (Gibco# 12605010); DPBS (Life Technologies #14190144); GLUTAMAX1,
100X (TCF/Life Technologies Inc. #35050061); CELLSTAR® 96, clear bottom plate (Greiner
Bio-One #655098); CellTiter-Glo® 2.0 (Promega: #(G9242). Data is shown in FIG. 18.

FIG. 19 shows one exemplar plot focusing on TriTE19. T-cell redirected tumor lysis
assays using exogenous peptides were performed as described above except that the A375
tumor cells were treat with 4 different peptide condition, non-peptide, 1 pM of SLLMWITQC
(NY-ESO-1 derived; SEQ ID NO:47) peptide only, 1 uM of ELAGIGILTV (MART-1 derived
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peptide; SEQ ID NO:48) only, or both 1 uM of SLLMWITQC (SEQ ID NO:47) and 1 uM of
ELAGIGILTYV (SEQ ID NO:48) peptides.

FIG. 20 shows T-cell redirected tumor lysis assays using exogenous peptides, which
were performed as described above except using the SK-MEL-5 cells without peptide

treatment.

Example S: Use of bsTCR trispecific T-cell engager.

To assemble the bsTCR-based trispecific T-cell engager (bsTCR-TriTE), the following
subunits including two TCRs with the designed orthogonal interface (desV30 for the variant
domain and combiC46 mutations for the constant domain) are expressed in Expi293 cells.
TrTE1-12: 1) TCRlo-scFv (anti-CD3¢)-TCR20, 2) TCR1p, 3) TCR2pB, TrTE13-24: 1)
TCR1a-LC or HC (anti-CD3¢)-TCR2a, 2) TCR1, 3) TCR2B, (4) LC or HC (anti-CD3¢g). The
assembled TriTE proteins will be purified with Ni-affinity chromatography and size exclusion
chromatography.

For in vivo xenograft tumor cytotoxic analysis, female and male NGD-S5CT-
F2rg™ (NSG) mice (7-9 weeks of age) are anesthetized and injected either subcutaneously
(s.c.) or intravenously (i.v.) via tail injection with 1 x 107 human T cells and 1 x 10° of
luciferase-labeled tumor cell lines. Seven days after tumor cell injection (day 0) and at days +5
and +12, mice are infused with TriTE proteins intraperitoneally (i.p.) or intravenously (i.v.) at
the specified infusion rates using sterile surgical technique. The tumor cell growth is monitored
weekly either with caliper measurement for s.c. tumors, or by bioluminescence using the IVIS

kinetic in vivo imaging system (PerkinElmer) for the i.v. metastatic models.

Example 6: Further development and use of bsTCR-CAR constructs.

A bsTCR CAR targeting MART-1 or gp100 peptides on HLA-A02:01 is designed to
compose the following domains that target the cell membrane with signal peptide (SP) and
transmembrane domain (TM): (1) SPI-TCRI1B, (2) SP2-TCR2pB, (3) SP3-TCRla-linker-
TCR2a-Flag-hinge-CD8aTM-CD28-CD3z. To express multiple domains in a single T cell, 2A
ribosomal skipping sequences are used. The CARs are expressed in HEK293T cells and
assessed the cell-surface expression by flow cytometry (FCM) with anti-FLAG antibodies
(Biolegend) and pMHC pentamers (Proimmune). The bsTCR CAR are transduced into T-cells
with the SFG retroviral vector and expression on human T cell is confirmed from peripheral
blood mononuclear cells. The functionality of bsTCR CAR-T is assessed with a T-cell

proliferation assay, cytokine release assay (INF-y, IL-2), and cancer-killing assays with
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peptide-pulsed T2 cells and/or untreated melanoma cell lines that express different
combinations of antigens.

For in vitro assays, flow cytometry-based tumor cytotoxicity assays with mixed-
population of melanoma cell lines that express different combinations of antigens and
fluorescent markers are performed. For in vivo xenograft tumor cytotoxic analysis, female and
male WGD-SCID-F2rg™ (NSG) mice (7-9 weeks of age) are injected either subcutaneously
(s.c.) or intravenously (i.v.) via tail injection with 1 x 107 bsTCR-CAR-T cells and 1 x 10° of
luciferase-labeled melanoma cell lines. Seven days after tumor cell injection (day 0) and at
days +5 and +12, mice are infused designed bsTCR-CAR. Melanoma tumor cell growth is
monitored weekly either with caliper measurement for s.c. tumors, or by bioluminescence using

the IVIS kinetic in vivo imaging system (PerkinElmer) for the i.v. metastatic models.

66



PCT/US2023/071864

WO 2024/036166

L9

. . . D D Dob €L M<0TS] -

o/ uoneurquIod SO TQUIOD
1+'0 LEO 00'1 19070 ST A6£Td 9U A6LIS MPZ1 VI DBULq (87T £¥DSp) g+I1q

. . . D D RS 0TSl —
o/ uoneurquIod SO TQUIOD
Y20 €70 00'1 ¢ .070 SC6T A6£TY 9U A6LIS MPZ1 VI DBULq (LTT €¥DS9p) 9tD1q
D D Dol'9L 0TSl - -
. . . ; ; SL6Td (00T LT 1TDOS°P)
<T0 110 001 o179 05¢9 M6LTS SILLIS YSLTA]  uoneurquiod
o/ IqUuIOD
LS6TI ACHIY T6ETT 9U HEP LA OFZId VIO 921!
. . . D D Do6'9L SL6Td  MSOTAA6LIS MLLIS - -
uoneurquIod SO IqUuIOD
810 1o 00T oCTT9 | oF'L9 LS6Td ATHT T6£T 9U9 ASLIA OYTIAd VYO Hemg (66 LT T2OSoP) €214
. . . D D DoTLL 0TSl —

o/ uoneurquIod SO TqUIOD
€10 S10 00'1 669 | o189 1S6Td T6£1Y 9U 6LIS OFZLC VIO neurq (LTD 1TDs9P) 21D
080 90'1 00'1 %@ w.ow / DoB'EL a6£1d 9uo NS0T AYTTd VU dems agreyd 8TIDSIP
650 SLO 00'1 m.o% w.ow / DS VL H6ETI gUo NS0T AYT1d VU dems agreyo LTIDSSP

. . . D D Dob6TL MLLIS

) dems agreyd S9
2 98°0 00'1 89 | 060 SL6TI ATHTY U S 14 HSICl o 1 00TDS3p
SO'1 171 00'1 w.o% m.om , Dol tL SL6TI ATHTY guo MLLIS ASLTA VIO dems agreyo 6659p
€8°0 01 001 w.oﬁ , aoo / DB VL SOLTA 9U0 ATLIS OTLTE VU9 dems agreyd 9¢)sap
v80 | +1°0 00T %% %S De0'6L SS6TY o M6LIS VUO|  [0y-Ojur-qouy £4SOp
6L°0 LT'O 00'1 o.om , %S DedsL Ls6Td 9uo A6LTS VUI|  9[0U-0juI-qouy LTOSIP
00'1 €Tl 00'1 m.oﬁ , how , Dol VL T6£1Y 9U0 M07A OFTIA VU9 o 1ZDS3p

. } . D D Do€SL arqoydoipAy

o/ o/ SO
$9°0 8¢l 00'1 1l eess T6£T 9U MSOT APTTA VU o1 o3reno 0TDSap
VN VN 00’1 VN | VN Dot vL VN VN (ugtsop ou) DADLIS

WIM | LMW P%#\E WLM| LA P%#\E (o) g ureyd (VW9) V ureyd a4y ugsop (uesuod YO 1) uSsdq
(ININY) PRIA dAneY (Do) mL, (L0N9:d@d UYL 1 SULdGUINU) UOLE)NI

(L-1€291-0T0

-LOFTHS/8E0T 01 /310°10p ©Long/eouanbas/310°qsor) £on9:gdd DY) PIZI[IGRIS PuR Pa1aduIdus 9)ensip DD I3s 1red juenu-odAprm LM Ired od prim-jueinu | MIN
‘ared Jueinu-jueinu (A S ISOURT AQ POUTULIOP drmerddurd) Junjow ULy, {)SOp SARBUIQUIOD :D)IqUIOD SUFISOP DD .L :DSOP UTRWIOP JUBISUOD W) I, :DUAD L :Puddd|

‘sujoad (HPYH L) IueISU0d Y I, PAUsIsIp Jjdwrexa jJo uonezigdeIey)) 1 dqeL



PCT/US2023/071864

WO 2024/036166

89

70 780 00'T om.oﬁ 9 De9L9 Dot C9 q8¢D dyo MSOTS VYO | 98pLIq Ifes mou DSPESASIP
S0 €ro 001 oo.omo Dot 65 D819 INSEO g0 ALED VO osoﬁmwmé JSPOYASIP
140 €70 00'T ow.oﬁ 9 Dol 09 Dot T9 INSEO auo TLED VO osowmmwmé DSPYEASIP
vE0 19°0 001 o@.ow ¢ D06 8¢ D919 MO duo aLsd v 9Sreys oy rejod DSPTEASP
¢S0 0¥'0 001 O%G Dol LE D8 L9 asco guo MLED VU 9Sreys oy rejod DSPIEASP
6€0 800 001 . m.omo Dok LS o809 ASE0 guo MLEQ VYo | 1d-uones oy rejod DSPOEASP
$T0 8€°0 001 ow.ow ¢ Dot 09 Dot 19 MO duo ALEO VYo | 1d-uoneo o) rejod DSPTTAS?P
VN VN 00T VN | VN 0579 VN VN (uS1sop ou) DSPAM DL
heww LM QWMKE eeww LM QR*E (aw) g wreyd emmww—wu ad4)y udisap mwﬁﬁmﬂw a
(W) Do) ou:ohommmm,_ﬂwuwm,woaizi
PIRIA dAnR[ wy, uoneINA

(L-T€T9T-0T0-L9FTHS/8£01 01/310°T0p) DUD.L

parosuISud ARSI (DSP)DADLSP Ired yuemu-od ppim LA SIred od Oprim-jueinur (T N Ited Juejnu-jueinu A S @OURE AQ paUruLo}op armeroduro)
Junpow iy, ‘puoq SpymsIp [euonIppe reuondo s Ureniop JUrISuod YD) I, PUL UTBWOp JueLRA Y))J, 2dAp[im :DSPAIM {USISOP UTBWIOP JUBLIBA YD, (ASOP :PUIST
su0ad (AMDL) 1ueLIeA ¥ I, pAusisop djduwexd jo uonezrwldRILy) 17 dqEL




PCT/US2023/071864

WO 2024/036166

69

aN 09'6€ aN Dot 79 SS61d NS0T (871 chI50p
. . b} o] .
80°0 001 omm%m memﬁ mﬁ . AS€0 gu MLEO VU 0EASOP) §5IGUOO)EASIP
aN Do1'6€ aN D0€°S9 Ss61d M0z —
. . (LTT €¥Dsop
2 2 .
STo 001 mmwwm memﬁ mﬁ . AS€0 gu MLEO VU 0EASOP) OFIGUOONE ASIP
aN DoT'LS aN D6£€9 SL6TH NS0T
Le61 A6LTS o
. . MLLTS (00T 1T LTDS9P
2 2 .
o 001 MMMM ASLTA As£O &1 ALEO VU 0EASIP) 9TIIQUIOI)EASIP
i HSYId
Or71d vyo
aN DoS'LS aN D0°L9 SL6Td NS0T
LS61d A6LTS 6617
. . 66 1T LTISOP
o} o} .
zro 001 MMMM mmm w AS€0 4y MLED VYU 0EASOD) SZ9IQUIOINE ASOD
gyo Or71d vyo
00968 | DoTIS | Dol'S9 LS6Td NS0T Ty
. . . LTD 1TIs9p
o} o} .
620 | ST°0 00T qmwwm OMM%M . AccO gu MLED VU 0EASOD) 21 DIqO00E ASP
VN | VN 001 VN VN Dot'S9 VN VN VN VN DISAM YDL
(
12\ L | (IMLM) (auw) (Vo) (bueisuod
IM | MIN WIN WIA | IAW b%?% g ureyp V ureyd g e VIR + JUBLIBA YD) USISI(q
(Lono:aad (csaz:dad
(JANIA/) PIRIA AR (Do) W, WAL 19d FurLqunu) U1 J13d Furdqunu)
(DUDL) uoneingy (A¥DL) uoneinpy

1red jueynui-od Aprm AL Ired adSpim-ueinua (T AN Ited Jueinw-jueinu (AN S ISOUBU AQ PAUTULIRP drmerddwd)
Junpow iy, ‘puoq SpymsIp [euonIppe reuondo s Ureniop JUrISuod YD) I, PUL UTBWOp JueLRA Y))J, 2dAp[im :DSPAIM {USISOP UTBWIOP JUBLIBA YD, (ASOP :PUIST
*su1dj0.d dAneuIquIod (JUBISUOD PUR JUBLIEA) JANDL PAUSISIP d[dwrexd Jo uonezrnideiey)) :¢ dqeL



WO 2024/036166

PCT/US2023/071864

Table 4: Additional example constant designs (desC).

Final mutation_chA Final mutation_chB
Design (numbering per reference (numbering per reference
PDB:6U07) PDB:6U07)
desl ;}}?55532“441\4 DI4SF L168A chB K142L R1971
des2 chA T144M L168A F175K S177M chB T140K K142D R1971
des3 chA T144M D145N F175R S177L chB T140Y K142E R197T
desd chA Y128F DI145M L1681 F1751 chB K142Q R197M
S177V
desS (8:11?7IY128F DI145K L1681 F175V chB K142E R197M
des6 chA D124R F205E chB R139D
des7 chA D124E F205K chB R139D
des8 chA D124Q F205K chB R139D
des9 chA V140T V181L W183K chB V146A L148W
desl0 | chA VI40M L142M V181A chB V146G L148F
desll | chA S1791V181Q chB D175Q R195A
des12 | chA K134E chB E240K
des13 [ chA F175K chB K142D
des14 | chA S179A chB R195M
desl5 | chA K134E chB E126R
desl6 | chA T144M D145N F175R S177L chB E136Q T140Y K142E R197T
des17 | chA T144E D145N F175R S177K chB E136Q T140Y K142E R197S
des18 | chA D145HF175R S177Q chB T140Y K142E R197T
des19 | chA S177H chB K142W R197T
des20 | chA D124F F205W chB R139L
des21 | chA D124Q F205K chB R139L
des22 | chA VI40M L142M V181A W183T | chB F130Y V146G L148W
des23 | chA V140T L142S V181L W183K chB F130Y V146A L148W
des24 | chA T163G VI8IR chB D175L R195A
des25 | chA Y128H V140A L142S V181M chB V146A L148F
des26 | chA V140T VI81A W183R chB L148W
des27 | chA S179R chB R195T
des28 | chA S1791 V1811 chB R195A
des29 | chA S179L V1811 chB D175SM R195A
des30 | chA S1791 V1811 chB D175E R195A
des31 | chA WI183S chB L148A S193Y
des32 | chA VI8IM W183Q chB L148W D1751 R195A
des33 | chA V140L W183G chB L148A D1751 S193Y R195M
des34 | chAT163G VIS8IL chB V146A S193F R195L
des35 [ chA V181Q W183K chB L148W D175V R195A
des36 | chA F205R P207G chB A135E
des37 | chA F205K P207G chB A135E
des38 | chA L130A VI8I1Q chB V146Q
des39 [ chA Y161V chB L179M E181Y
des40 [ chA Y161l chB L179M E181H
des4l | chA S179R chB R195G
des42 | chA S179R chB R195A
des43 | chA S179R chB R195S
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Final mutation_chA Final mutation_chB
Design (numbering per reference (numbering per reference
PDB:6U07) PDB:6U07)
des44 | chA T163G S1791 V1811 chB D175L R195A
des45 | chA T163G S1791 V1811 chB D175L S193A R195A
des46 | chA T163M S179L chB D175A S1931 R195T
des47 | chA S133H chB
des48 | chA S133V chB
des49 | chA R171P S172W chB D170A
des50 | chA R171D S172W chB D170K
des51 [ chA D132L chB A128G
des52 | chA D132A K138L chB A128I
des53 | chA D132S K138L chB A1281
des54 | chA D132L KI138R chB A128G
des55 | chARI7IE S172D chB D170K
des56 | chAR171Q S172D chB D170K
des57 | chARI7IE S172D chB D170R
des58 | chA D164N chB Q177E
des59 | chA D164N K165T chB Q177E
des60 [ chA Y161V chB L179M E181H
des61 [ chA Y161V chB L179M E181F
des62 [ chA Y161V chB E181H Q182Y
des63 | chA Y1611 chB E181H Q182Y
des64 [ chA Y161V chB E181W Q182Y
des65 | chA F175R S177M chB K142T R197T
des66 | chA T144M F175D S177L chB R197S
des67 | chA T144M D145N F175K S177L chB K142D R197T
des68 | chA T144E F175K S177L chB E136Q K142D R197T
des69 | chA F175R S177L chB K142T R197T
des70 | chA T144M F175D S177L chB R197V
des71 | chA S177H chB K142W T1441 R197T
des72 | chA S177T chB K142Y T1441 R197G
des73 | chA S177A chB K142L R197T
des74 | chA L1681 F175V S177Q chB K142Q R197M
des75 | chA D124R F205E chB R139N
des76 | chA F205K chB R139D
des77 | chA D124A F205R chB R139D
des78 | chA D124W F205W chB R139L
des79 [ chA V181Q chB D175Q R195A
des80 | chA A126Q Y128V F205K chB R139L
des81 | chA Y128M F205K chB R139L T140Y
des82 | chA S133R chB
des83 | chA RI171P S172W chB D170A
des84 | chA R171E S172D chB D170K
des85 | chA P207G chB S133T A135Q
des86 | chA P207G chB S133T A135E
des87 | chA F205R P207G chB A135Q
des88 | chA F205R P207G chB A135D
des89 | chA SI133E chB E131A
des90 | chA K134E chB E240R
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Final mutation_chA Final mutation_chB
Design (numbering per reference (numbering per reference
PDB:6U07) PDB:6U07)
des91 | chA K134D chB E240K
des92 | chA K138E chB E126R
des93 | chA D124T chA F205K chB R139D
des94 | chA F205K chB R139E
des95 | chA F175E chA S177E chB R197V
des96 | chA F175R S177Q chB T140K K142E R197T
des97 | chA F175K S177L chB K142D R197T
des98 | chA F175R S177L chB K142E R197T
des99 | chA F175R S177K chB K142E R197S
des100 | chA D145SHF175R S177K chB K142E R197S
des101 | chA ASP 124 PHE chB R139D
des102 | chA ASP 124 TRP chB R139D
des103 | chA D124F F205W chB R139D
des104 | chA D124W F205W chB R139D
des105 | chA ASP 124 LYS chB R139D
des106 | chA ASP 124 ARG chB R139D
des107 | chA ASP 124 TYR chB R139D
des108 | chA D124Y F205K chB R139D
des109 | chA ASP 124 LYS chB R139E
des110 | chA ASP 124 ARG chB R139E
desl11 | chA ASP 124 TRP chB R139E
des112 | chA D124S F205R chB R139E
des113 | chA: SER 158 ARG chB: ALA 184 ASP
des114 | chA: SER 158 ARG oD ALA 183 ASP chB LEU 183
des115 | chA: SER 158 ASP chB: ALA 184 LYS
des116 | chA: SER 158 GLU chB: ALA 184 LYS
des117 | chA: SER 158 TYR chB: ALA 184 LYS
des118 | chA: SER 158 TYR chB: ALA 184 GLU
des119 | chA: SER 158 TRP chB: LEU 185 ARG
des120 | chA: SER 158 TRP chB: LEU 185 LYS
des121 | chA: SER 172 ARG chB: PHE 202 GLU
des122 | chA: SER 172 GLU chB: PHE 202 ARG
des123 | chA: PHE 175 ARG chB: LYS 142 GLU
des124 i};?s MET 173 TYR chA: PHE 175 | 1 5. 1vs 142 ASP
des125 | chA D124R F205R chB R139E
des126 | chA D124R F205H chB R139E
des127 | chA D124R F205K chB R139E
des128 | chA D124R F205K chB R139D
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Table 5: Additional example variant designs (desV).

Design Final mutation_chA Final mutation_chB
(numbering per reference PDB:2F53) | (hnumbering per reference PDB:2F53)
desV1 | chAK41D chB E104R
desV2 | chA Q37E chB Q35K
desV3 | chA R105E chB M39R
desV4 | chAFI03E chB L41GF102Y
desV5 | chAK41Q chB R107K
desV6 | chAK41R G42A chB R107K
desV7 | chAK41D chB E104S
desV8 | chA K41Q chB
desV9 | chA Q37N chB Q35R
desV10 | chA Q37R chB Q35S
desV11 | chA Q37Y chB Q35K
desV12 | chA Q37Y chB Q35R
desV13 | chA R105D chB M39T
desV14 | chA R105S chB M39T
desV15 | chA R105D chB M39K
desV16 | chA RI10SE chB M39S
desV17 | chAP101W F103M chB Y33W
desV18 | chA P101Y F103S chB Y33A L411
desV19 | chAT100L chB 1L43T
desV20 | chAT100L chB 1438
desV21 | chAT100L chB Y29F 1L43A
desV22 | chAT100L chB Y29W L43T
desV23 | chA N31L L48V chB E99T
desV24 | chA L48S chB E99T
desV25 | chA S45L L48S chB E99T
desV26 | chA L48F chB E99F
desV27 | chA F35A chB F102W
desV28 | chA F35N chB F102W
desV29 | chA Q37K chB Q35E
desV30 | chA Q37K chB Q35Y
desV31 | chA Q37K chB Q35D
desV32 | chA Q37D chB Q35K
desV33 | chA Q37R chB Q35T
desV34 | chA Q37T chB Q35R
desV35 | chA Q37R chB Q35A
desV36 | chA Q37A chB Q35R
desV37 | chA Q371 chB Q35M
desV38 | chA Q37L chB Q35M
desV39 | chA Q37S chB Q35R
desV40 | chA Q37V chB Q35M
desV41 | chA K41D chB E104D
desV42 | chA K41D chB E104K
desV43 | chA K41D chB E104T
desV44 | chA K41D chB E104V
desV45 | chA K41Q chB F8Y
desV46 | chA K41Q chB K7R
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Final mutation_chA

Final mutation_chB

Design (numbering per reference PDB:2F53) | (hnumbering per reference PDB:2F53)
desV47 | chAK41T chB V86L

desV48 | chAK41T chB V86W

desV49 | chA L43A chB L41F

desV50 | chA L43F chB L41A

desV51 | chA Q37V L43A chB Q35R L41M

desV52 | chA Q37V L43A chB L41M

desV53 | chA:GLY40GLU chB:ARGIO7LYS

desV54 | chA:GLY40LYS chB:ARG107PHE

desV55 | chA:PHE103TRP chB: ARG42ILE

desV56 | chA:PHE103TYR chB:SER31ALA

desV57 | chA:SER108LYS chB:GLY38ASP

desV58 | chA:SER108LYS chB:GLY38GLU

desV59 | chA:ARG105ASP chB:MET39ASN

desV60 | chA:ARG105ASP chB:-MET39ARG

desV61 | chA:THR86LEU chB:-MET39TRP

desV62 | chA:THR86VAL chB:-MET39TYR

desV63 | chA:SER45LYS chB:PHE101ASP

desV64 | chA:SER45PRO chB:PHE101VAL

desV65 | chA:GLY40MET chB:ARG107PHE :ASP150PRO
desV66 | chA:GLY40ASN chB:ARG107PHE :ASP150PRO
desV67 | chA:GLY40ARG chB:ARG107PHE :ASP150PRO
desV68 | chA:GLY40TRP chB:ARGI07ILE :ASP150PRO
desV69 | chA:ARG105ASP chB:-MET39LYS :ARG42ILE
desV70 | chA:ARG105ASP chB:GLY38ASP MET39LYS
desV71 | chA:ARG105ASP chB:GLY38ASN -MET39LYS
desV72 | chA:ARG105ASP chB:-MET39ARG :ARG42ILE
desV73 | chA Q37R chB Q35Y
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Table 6: Alignment of numbering for reference Protein Data Bank (PDB; rcsb.org)
TCRCa 6U07_A and Kabat and International Immunogenetics Information System
(IMGT; imgt.org) T-cell receptor numbering schemes. Related to FIG. 14A.

IMGT DOMAIN | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
V-ALPHA [D1] 128V - 118 P PRO
C-ALPHA [D1] 1.5C 117 119 Y TYR
C-ALPHA [D1] 1.4C 118 120 1 ILE
C-ALPHA [D1] 1.3C 119 121 Q GLN
C-ALPHA [D1] 1.2C 120 122 N ASN
C-ALPHA [D1] 1.1C 121 123 P PRO
C-ALPHA [D1] 1C 122 124 D ASP
C-ALPHA [D1] 2C 123 125 P PRO
C-ALPHA [D1] 3C 124 126 A ALA
C-ALPHA [D1] 4C 125 127 \ VAL
C-ALPHA [D1] 5C 126 128 Y TYR
C-ALPHA [D1] 6C 127 129 Q GLN
C-ALPHA [D1] 7C 128 130 L LEU
C-ALPHA [D1] 8C 129 131 R ARG
C-ALPHA [D1] 9C 132 132 D ASP
C-ALPHA [D1] 10C 133 133 S SER
C-ALPHA [D1] 11C 134 134 K LYS
C-ALPHA [D1] 17C 135 135 S SER
C-ALPHA [D1] 18C 136 136 S SER
C-ALPHA [D1] 19C 137 137 D ASP
C-ALPHA [D1] 20C 138 138 K LYS
C-ALPHA [D1] 21C 139 139 F PHE
C-ALPHA [D1] 22C 140 140 \ VAL
C-ALPHA [D1] 23C 141 141 C CYS
C-ALPHA [D1] 24C 142 142 L LEU
C-ALPHA [D1] 25C 143 143 F PHE
C-ALPHA [D1] 26C 144 144 T THR
C-ALPHA [D1] 27C 145 145 D ASP
C-ALPHA [D1] 28C 146 146 F PHE
C-ALPHA [D1] 29C 147 147 D ASP
C-ALPHA [D1] 30C 148 148 S SER
C-ALPHA [D1] 36C 149 149 Q GLN
C-ALPHA [D1] 37C 150 150 1 ILE
C-ALPHA [D1] 38C 151 151 N ASN
C-ALPHA [D1] 39C 152 152 )\ VAL
C-ALPHA [D1] 40C 153 153 S SER
C-ALPHA [D1] 41C 154 154 Q GLN
C-ALPHA [D1] 42C 155 155 S SER
C-ALPHA [D1] 43C 156 156 K LYS
C-ALPHA [D1] 44C 157 157 D ASP
C-ALPHA [D1] 45C 158 158 S SER
C-ALPHA [D1] 71C 159 159 D ASP
C-ALPHA [D1] 78C 160 160 \ VAL
C-ALPHA [D1] 79C 161 161 Y TYR
C-ALPHA [D1] 80C 162 162 1 ILE
C-ALPHA [D1] 81C 163 163 T THR
C-ALPHA [D1] 82C 164 164 D ASP
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IMGT DOMAIN | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
C-ALPHA [D1] 83C 165 165 K LYS
C-ALPHA [D1] 84C 166 166 C CYS
C-ALPHA [D1] | 84.1C 167 167 )\ VAL
C-ALPHA [D1] | 84.2C 168 168 L LEU
C-ALPHA [D1] | 84.3C 169 169 D ASP
C-ALPHA [D1] | 844C 170 170 M MET
C-ALPHA [D1] | 84.5C 171 171 R ARG
C-ALPHA [D1] | 84.6C 172 172 S SER
C-ALPHA [D1] | 84.7C 173 173 M MET
C-ALPHA [D1] | 85.6C 174 174 D ASP
C-ALPHA [D1] | 855C 175 175 F PHE
C-ALPHA [D1] | 854C 176 176 K LYS
C-ALPHA [D1] | 85.3C 177 177 S SER
C-ALPHA [D1] | 85.2C 178 178 N ASN
C-ALPHA [D1] | 85.1C 179 179 S SER
C-ALPHA [D1] 85C 180 180 A ALA
C-ALPHA [D1] 86C 181 181 )\ VAL
C-ALPHA [D1] 87C 182 182 A ALA
C-ALPHA [D1] 88C 183 183 \\ TRP
C-ALPHA [D1] 89C 184 184 S SER
C-ALPHA [D1] 90C 185 185 N ASN
C-ALPHA [D1] 91C 186 186 K LYS
C-ALPHA [D1] 92C 187 187 S SER
C-ALPHA [D1] 101C 188 188 D ASP
C-ALPHA [D1] 102C 189 189 F PHE
C-ALPHA [D1] 103C 190 190 T THR
C-ALPHA [D1] 104C 191 191 C CYS
C-ALPHA [D1] 105C 192 192 A ALA
C-ALPHA [D1] 106C 193 193 N ASN
C-ALPHA [D1] 107C 194 194 A ALA
C-ALPHA [D1] 108C 195 195 F PHE
C-ALPHA [D1] 109C 196 196 N ASN
C-ALPHA [D1] 110C 197 197 N ASN
C-ALPHA [D1] 113C 198 198 S SER
C-ALPHA [D1] 114C 199 199 1 ILE
C-ALPHA [D1] 115C 200 200 1 ILE
C-ALPHA [D1] 116C 201 201 P PRO
C-ALPHA [D1] 117C 202 202 E GLU
C-ALPHA [D1] 118C 203 203 D ASP
C-ALPHA [D1] 119C 204 204 T THR
C-ALPHA [D1] 120C 205 205 F PHE
C-ALPHA [D1] 121C 206 206 F PHE
C-ALPHA [D1] 122C 207 207 P PRO
C-ALPHA [D1] 123C 208 208 S SER
C-ALPHA [D1] 124C 209 209 P PRO
C-ALPHA [D1] 125C 210 210 E GLU
C-ALPHA [D1] 126C 211 211 S SER
C-ALPHA [D1] 127C 212 212 S SER
C-ALPHA [D1] 128C 213 213 C CYS
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Table 7: Alignment of numbering for reference Protein Data Bank (PDB; rcsb.org)
TCRCP 6U07_B and Kabat and International Immunogenetics Information System
(IMGT; imgt.org) T-cell receptor numbering schemes. Related to FIG. 14B.

IMGT DOMAIN | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
V-ALPHA [D1] 128V - 118 P PRO
C-ALPHA [D1] 1.5C 117 119 Y TYR
C-ALPHA [D1] 1.4C 118 120 1 ILE
C-ALPHA [D1] 1.3C 119 121 Q GLN
C-ALPHA [D1] 1.2C 120 122 N ASN
C-ALPHA [D1] 1.1C 121 123 P PRO
C-ALPHA [D1] 1C 122 124 D ASP
C-ALPHA [D1] 2C 123 125 P PRO
C-ALPHA [D1] 3C 124 126 A ALA
C-ALPHA [D1] 4C 125 127 \ VAL
C-ALPHA [D1] 5C 126 128 Y TYR
C-ALPHA [D1] 6C 127 129 Q GLN
C-ALPHA [D1] 7C 128 130 L LEU
C-ALPHA [D1] 8C 129 131 R ARG
C-ALPHA [D1] 9C 132 132 D ASP
C-ALPHA [D1] 10C 133 133 S SER
C-ALPHA [D1] 11C 134 134 K LYS
C-ALPHA [D1] 17C 135 135 S SER
C-ALPHA [D1] 18C 136 136 S SER
C-ALPHA [D1] 19C 137 137 D ASP
C-ALPHA [D1] 20C 138 138 K LYS
C-ALPHA [D1] 21C 139 139 F PHE
C-ALPHA [D1] 22C 140 140 \ VAL
C-ALPHA [D1] 23C 141 141 C CYS
C-ALPHA [D1] 24C 142 142 L LEU
C-ALPHA [D1] 25C 143 143 F PHE
C-ALPHA [D1] 26C 144 144 T THR
C-ALPHA [D1] 27C 145 145 D ASP
C-ALPHA [D1] 28C 146 146 F PHE
C-ALPHA [D1] 29C 147 147 D ASP
C-ALPHA [D1] 30C 148 148 S SER
C-ALPHA [D1] 36C 149 149 Q GLN
C-ALPHA [D1] 37C 150 150 1 ILE
C-ALPHA [D1] 38C 151 151 N ASN
C-ALPHA [D1] 39C 152 152 )\ VAL
C-ALPHA [D1] 40C 153 153 S SER
C-ALPHA [D1] 41C 154 154 Q GLN
C-ALPHA [D1] 42C 155 155 S SER
C-ALPHA [D1] 43C 156 156 K LYS
C-ALPHA [D1] 44C 157 157 D ASP
C-ALPHA [D1] 45C 158 158 S SER
C-ALPHA [D1] 71C 159 159 D ASP
C-ALPHA [D1] 78C 160 160 \ VAL
C-ALPHA [D1] 79C 161 161 Y TYR
C-ALPHA [D1] 80C 162 162 1 ILE
C-ALPHA [D1] 81C 163 163 T THR
C-ALPHA [D1] 82C 164 164 D ASP
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IMGT DOMAIN | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
C-ALPHA [D1] 83C 165 165 K LYS
C-ALPHA [D1] 84C 166 166 C CYS
C-ALPHA [D1] | 84.1C 167 167 )\ VAL
C-ALPHA [D1] | 84.2C 168 168 L LEU
C-ALPHA [D1] | 84.3C 169 169 D ASP
C-ALPHA [D1] | 844C 170 170 M MET
C-ALPHA [D1] | 84.5C 171 171 R ARG
C-ALPHA [D1] | 84.6C 172 172 S SER
C-ALPHA [D1] | 84.7C 173 173 M MET
C-ALPHA [D1] | 85.6C 174 174 D ASP
C-ALPHA [D1] | 855C 175 175 F PHE
C-ALPHA [D1] | 854C 176 176 K LYS
C-ALPHA [D1] | 85.3C 177 177 S SER
C-ALPHA [D1] | 85.2C 178 178 N ASN
C-ALPHA [D1] | 85.1C 179 179 S SER
C-ALPHA [D1] 85C 180 180 A ALA
C-ALPHA [D1] 86C 181 181 )\ VAL
C-ALPHA [D1] 87C 182 182 A ALA
C-ALPHA [D1] 88C 183 183 \\ TRP
C-ALPHA [D1] 89C 184 184 S SER
C-ALPHA [D1] 90C 185 185 N ASN
C-ALPHA [D1] 91C 186 186 K LYS
C-ALPHA [D1] 92C 187 187 S SER
C-ALPHA [D1] 101C 188 188 D ASP
C-ALPHA [D1] 102C 189 189 F PHE
C-ALPHA [D1] 103C 190 190 T THR
C-ALPHA [D1] 104C 191 191 C CYS
C-ALPHA [D1] 105C 192 192 A ALA
C-ALPHA [D1] 106C 193 193 N ASN
C-ALPHA [D1] 107C 194 194 A ALA
C-ALPHA [D1] 108C 195 195 F PHE
C-ALPHA [D1] 109C 196 196 N ASN
C-ALPHA [D1] 110C 197 197 N ASN
C-ALPHA [D1] 113C 198 198 S SER
C-ALPHA [D1] 114C 199 199 1 ILE
C-ALPHA [D1] 115C 200 200 1 ILE
C-ALPHA [D1] 116C 201 201 P PRO
C-ALPHA [D1] 117C 202 202 E GLU
C-ALPHA [D1] 118C 203 203 D ASP
C-ALPHA [D1] 119C 204 204 T THR
C-ALPHA [D1] 120C 205 205 F PHE
C-ALPHA [D1] 121C 206 206 F PHE
C-ALPHA [D1] 122C 207 207 P PRO
C-ALPHA [D1] 123C 208 208 S SER
C-ALPHA [D1] 124C 209 209 P PRO
C-ALPHA [D1] 125C 210 210 E GLU
C-ALPHA [D1] 126C 211 211 S SER
C-ALPHA [D1] 127C 212 212 S SER
C-ALPHA [D1] 128C 213 213 C CYS
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Table 8: Alignment of numbering for reference Protein Data Bank (PDB; rcsb.org)
TCRVa 2F53 D and Kabat and International Inmunogenetics Information System
(IMGT; imgt.org) T-cell receptor numbering schemes. Related to FIG. 14C.

IMGT DOMAIN | FR/CDR | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
- - - - -1 M MET
V-ALPHA [D1] FR1 1V 1 0 K LYS
V-ALPHA [D1] FR1 2V 2 1 Q GLN
V-ALPHA [D1] FR1 3V 3 2 E GLU
V-ALPHA [D1] FR1 4V 4 3 \ VAL
V-ALPHA [D1] FR1 5V 5 4 T THR
V-ALPHA [D1] FR1 6V 6 5 Q GLN
V-ALPHA [D1] FR1 7V 7 6 1 ILE
V-ALPHA [D1] FR1 8V 8 7 P PRO
V-ALPHA [D1] FR1 oV 9 8 A ALA
V-ALPHA [D1] FR1 10V 10 9 A ALA
V-ALPHA [D1] FR1 11V 11 10 L LEU
V-ALPHA [D1] FR1 12V 12 11 S SER
V-ALPHA [D1] FR1 13V 13 12 \ VAL
V-ALPHA [D1] FR1 14V 14 13 P PRO
V-ALPHA [D1] FR1 15V 15 14 E GLU
V-ALPHA [D1] FR1 16V 16 15 G GLY
V-ALPHA [D1] FR1 17V 17 16 E GLU
V-ALPHA [D1] FR1 18V 18 17 N ASN
V-ALPHA [D1] FR1 19V 19 18 L LEU
V-ALPHA [D1] FR1 20V 20 19 )\ VAL
V-ALPHA [D1] FR1 21V 21 20 L
V-ALPHA [D1] FR1 22V 22 21 N
V-ALPHA [D1] FR1 23V 23 22 C
V-ALPHA [D1] FR1 24V 24 23 S
V-ALPHA [D1] FR1 25V 25 24 F
V-ALPHA [D1] FR1 26V 26 25 T
V-ALPHA [D1] 32 L LEU
V-ALPHA [D1] 33 Q GLN
V-ALPHA [D1] 34 \\ TRP
V-ALPHA [D1] 35 F PHE
V-ALPHA [D1] 36 R ARG
V-ALPHA [D1] 37 Q GLN
V-ALPHA [D1] 38 D ASP
V-ALPHA [D1] 39 P PRO
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IMGT DOMAIN | FR/CDR Kabat | PDB | Residue [1 letter] | Residue [3 letter]
V-ALPHA [D1] 40 40 G GLY
V-ALPHA [D1] 41 41 K LYS
V-ALPHA [D1] 42 42 G GLY
V-ALPHA [D1] 43 43 L LEU
V-ALPHA [D1] 44 44 T THR
V-ALPHA [D1] 45 45 S SER
V-ALPHA [D1] 46 46 L LEU
V-ALPHA [D1] 47 47 L LEU
[D1] 48 48 L LEU
JDR2 64V 86 84 R ARG
V-ALPHA [D1] FR3 66V 58 56 Q GLN
V-ALPHA [D1] FR3 67V 59 57 T THR
V-ALPHA [D1] FR3 68V - 58 S SER

- - 69 - - - -

- - 70 - - - -

- - 71 - - - -

- - 72 - - - -

- - 73 - - - -
V-ALPHA [D1] FR3 74V 60 59 G GLY
V-ALPHA [D1] FR3 75V 61 60 R ARG
V-ALPHA [D1] FR3 76V 62 61 L LEU
V-ALPHA [D1] FR3 77V 63 62 N ASN
V-ALPHA [D1] FR3 78V 64 63 A ALA
V-ALPHA [D1] FR3 79V 65 64 S SER
V-ALPHA [D1] FR3 80V 66 65 L LEU
V-ALPHA [D1] FR3 81V 67 66 D ASP
V-ALPHA [D1] FR3 82V 68 67 K LYS
V-ALPHA [D1] FR3 83V 69 68 S SER
V-ALPHA [D1] FR3 84V 70 69 S SER
V-ALPHA [D1] FR3 85V 71 70 G GLY
V-ALPHA [D1] FR3 86V 72 71 R ARG
V-ALPHA [D1] FR3 87V 73 72 S SER
V-ALPHA [D1] FR3 88V 74 73 T THR
V-ALPHA [D1] FR3 89V 75 74 L LEU
V-ALPHA [D1] FR3 90V 76 75 Y TYR
V-ALPHA [D1] FR3 91V 77 76 1 ILE
V-ALPHA [D1] FR3 92V 78 77 A ALA
V-ALPHA [D1] FR3 93V 79 78 A ALA
V-ALPHA [D1] FR3 94V 80 79 S SER
V-ALPHA [D1] FR3 95V 81 80 Q GLN
V-ALPHA [D1] FR3 96V 82 81 P PRO
V-ALPHA [D1] FR3 97V 83 82 G GLY
V-ALPHA [D1] FR3 98V 84 83 D ASP
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IMGT DOMAIN Kabat | PDB | Residue [1 letter] | Residue [3 letter]

V-ALPHA [D1] 85 84 S SER
V-ALPHA [D1] 86 85 A ALA
V-ALPHA [D1] 87 86 T
V-ALPHA [D1] 88 37 Y
V-ALPHA [D1] 89 38 L
V-ALPHA [D1] 90 89 C
v - 103 F
V-ALPHA [D1] - 104 G
V-ALPHA [D1] - 105 R
V-ALPHA [D1] - 106 G
V-ALPHA [D1] - 107 T
V-ALPHA [D1] - 108 S
V-ALPHA [D1] - 109 L
V-ALPHA [D1] - 110 I
V-ALPHA [D1] - 111 \
V-ALPHA [D1] - 112 H
V-ALPHA [D1] - 113 P
C-ALPHA [D2] - 114 Y
C-ALPHA [D2] - 115 I
C-ALPHA [D2] - 116 Q
C-ALPHA [D2] - 117 N
C-ALPHA [D2] - 118 P
C-ALPHA [D2] - 119 D
C-ALPHA [D2] - 120 P
C-ALPHA [D2] - 121 A
C-ALPHA [D2] - 122 \
C-ALPHA [D2] - 123 Y
C-ALPHA [D2] - 124 0
C-ALPHA [D2] - 125 L
C-ALPHA [D2] - 126 R
C-ALPHA [D2] - 127 D
C-ALPHA [D2] 10C - 128 S
C-ALPHA [D2] 11C - 129 K
C-ALPHA [D2] 17C - 130 S
C-ALPHA [D2] 18C - 131 S
C-ALPHA [D2] 19C - 132 D
C-ALPHA [D2] 20C - 133 K
C-ALPHA [D2] 21C - 134 S
C-ALPHA [D2] 22C - 135 \
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IMGT DOMAIN | FR/CDR | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]

C-ALPHA [D2] - 23C - 136 C CYS
C-ALPHA [D2] - 24C - 137 L LEU
C-ALPHA [D2] - 25C - 138 F PHE
C-ALPHA [D2] - 26C - 139 T THR
C-ALPHA [D2] - 27C - 140 D ASP
C-ALPHA [D2] - 28C - 141 F PHE
C-ALPHA [D2] - 29C - 142 D ASP
C-ALPHA [D2] - 30C - 143 S SER
C-ALPHA [D2] - 36C - 144 Q GLN
C-ALPHA [D2] - 37C - 145 T THR
C-ALPHA [D2] - 38C - 146 N ASN
C-ALPHA [D2] - 39C - 147 )\ VAL
C-ALPHA [D2] - 40C - 148 S SER
C-ALPHA [D2] - 41C - 149 Q GLN
C-ALPHA [D2] - 42C - 150 S SER
C-ALPHA [D2] - 43C - 151 K LYS
C-ALPHA [D2] - 44C - 152 D ASP
C-ALPHA [D2] - 45C - 153 S SER
C-ALPHA [D2] - 71C - 154 D ASP
C-ALPHA [D2] - 78C - 155 \ VAL
C-ALPHA [D2] - 79C - 156 Y TYR
C-ALPHA [D2] - 80C - 157 1 ILE
C-ALPHA [D2] - 81C - 158 T THR
C-ALPHA [D2] - 82C - 159 D ASP
C-ALPHA [D2] - 83C - 160 K LYS
C-ALPHA [D2] - 84C - 161 C CYS
C-ALPHA [D2] - 84.1C - 162 )\ VAL
C-ALPHA [D2] - 84.2C - 163 L LEU
C-ALPHA [D2] - 84.3C - 164 D ASP
C-ALPHA [D2] - 84.4C - 165 M MET
C-ALPHA [D2] - 84.5C - 166 R ARG
C-ALPHA [D2] - 84.6C - 167 S SER
C-ALPHA [D2] - 84.7C - 168 M MET
C-ALPHA [D2] - 85.6C - 169 D ASP
C-ALPHA [D2] - 85.5C - 170 F PHE
C-ALPHA [D2] - 85.4C - 171 K LYS
C-ALPHA [D2] - 85.3C - 172 S SER
C-ALPHA [D2] - 85.2C - 173 N ASN
C-ALPHA [D2] - 85.1C - 174 S SER
C-ALPHA [D2] - 85C - 175 A ALA
C-ALPHA [D2] - 86C - 176 )\ VAL
C-ALPHA [D2] - 87C - 177 A ALA
C-ALPHA [D2] - 88C - 178 \\ TRP
C-ALPHA [D2] - 89C - 179 S SER
C-ALPHA [D2] - 90C - 180 N ASN
C-ALPHA [D2] - 91C - 181 K LYS
C-ALPHA [D2] - 92C - 182 S SER
C-ALPHA [D2] - 101C - 183 D ASP
C-ALPHA [D2] - 102C - 184 F PHE
C-ALPHA [D2] - 103C - 185 A ALA
C-ALPHA [D2] - 104C - 186 C CYS
C-ALPHA [D2] - 105C - 187 A ALA
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IMGT DOMAIN | FR/CDR | IMGT | Kabat | PDB | Residue [1 letter] | Residue [3 letter]
C-ALPHA [D2] - 106C - 188 N ASN
C-ALPHA [D2] - 107C - 189 A ALA
C-ALPHA [D2] - 108C - 190 F PHE
C-ALPHA [D2] - 109C - 191 N ASN

Table 9: Alignment of numbering for reference Protein Data Bank (PDB; rcsb.org)
TCRVP 2FS3_E and Kabat and International Imnmunogenetics Information System
(IMGT; imgt.org) T-cell receptor numbering schemes. Related to FIG. 14D.

IMGT DOMAIN | IMGT CDR | IMGT | Kabat | PDB | Residue [1 letter] Residue |3 letter]
V-BETA [D1] FR1 1V 1 -1 N ASN
V-BETA [D1] FR1 2V 2 0 A ALA
V-BETA [D1] FR1 3V 3 1 G GLY
V-BETA [D1] FR1 4V 4 2 \Y VAL
V-BETA [D1] FR1 5V 5 3 T
V-BETA [D1] FRI 6V 6 4 Q
V-BETA [D1] FR1 TV 7 5 T
V-BETA [D1] FR1 3V 8 6 P
V-BETA [D1] FR1 A% 9 7 K
V-BETA [D1] FR1 10V 10 8 F
V-BETA [D1] FRI 11V 11 9 Q
V-BETA [D1] FR1 12V 12 10 \Y
V-BETA [D1] FR1 13V 13 11 L
V-BETA [D1] FR1 14V 14 12 K
V-BETA [D1] FR1 15V 15 13 T
V-BETA [D1] FR1 16V 16 14 G
V-BETA [D1] FR1 17V 17 15 Q
V-BETA [D1] FR1 18V 18 16 S
V-BETA [D1] FR1 19V 19 17 M
V-BETA [D1] FR1 20V 20 18 T
V-BETA [D1] FR1 21V 21 19 L
V-BETA [D1] FR1 20V 22 | 20 Q
V-BETA [D1] 23V 23 21 C
V-BETA [D1] 24V 24 22 A
V-BETA [D1] 25V 25 | 23 Q
V-BETA [D1] 26V 26 24 D
V-BETA [} 27 25 M
Y YD R¥AY RiE 28 ¥
V-BETA [D1] 39V 32 30 M
V-BETA [D1] 40V 33 31 S
V-BETA [D1] 41V 34 32 \
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IMGT DOMAIN | IMGT CDR | IMGT | Kabat | PDB | Residue [1 letter] Residue |3 letter]
V-BETA [D1] FR2 42V 35 33 Y TYR
V-BETA [D1] FR2 43V 36 34 R ARG
V-BETA [D1] FR2 44V 37 35 Q GLN
V-BETA [D1] FR2 45V 38 36 D ASP
V-BETA [D1] FR2 46V 39 37 P PRO
V-BETA [D1] FR2 47V 40 38 G GLY
V-BETA [D1] FR2 48V 41 39 M MET
V-BETA [D1] FR2 49V 42 40 G GLY
V-BETA [D1] FR2 50V 43 41 L LEU
V-BETA [D1] FR2 51V 44 42 R ARG
V-BETA [D1] FR2 52V 45 43 L
V-BETA [D1] 46 44 I
V-BETA [D1] 47 45 H
V-BETA [D1] 48 46 Y

1 4% 47 S
Y 2 N A4
V-BETA |D1 55 53 T
V-BETA [D1] 56 54 D
V-BETA [D1] 57 55 0
V-BETA [D1] 58 56 G
V-BETA [D1] 59 57 E
V-BETA [D1] 60 58 \
V-BETA [D1] FR3 72V 61 59 P

- FR3 73 62 - -
V-BETA [D1] FR3 74V 63 60 N
V-BETA [D1] FR3 75V 64 61 G
V-BETA [D1] FR3 76V 65 62 Y
V-BETA [D1] FR3 77V 66 63 N
V-BETA [D1] FR3 78V 67 64 )\
V-BETA [D1] FR3 79V 68 65 S
V-BETA [D1] FR3 80V 69 66 R
V-BETA [D1] FR3 81V 70 67 S
- FR3 32 - - - -

V-BETA [D1] FR3 83V 71 68 T THR
V-BETA [D1] FR3 84V 72 69 T THR
V-BETA [D1] FR3 85V 73 70 E GLU
V-BETA [D1] FR3 86V 74 71 D ASP
V-BETA [D1] FR3 87V 75 72 F PHE
V-BETA [D1] FR3 88V 76 73 P PRO
V-BETA [D1] FR3 89V 77 74 L LEU
V-BETA [D1] FR3 90V 78 75 R ARG
V-BETA [D1] FR3 91V 79 76 L LEU
V-BETA [D1] FR3 92V 80 77 L LEU
V-BETA [D1] FR3 93V 81 78 S SER
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V-BETA [D1] FR3 82 79 A ALA
V-BETA [D1] FR3 83 80 A ALA
V-BETA [D1] 84 81 P PRO
V-BETA [D1] 85 82 S SER
V-BETA [D1] 86 83 Q GLN
V-BETA [D1] 87 84 T THR
V-BETA [D1] 88 85 S SER
V-BETA [D1] 89 86 )\
V-BETA [D1] 90 37 Y
V-BETA [D1] 91 38 F
V-BETA [D1] 92 89 C
V-BETA [D1 102 F
V-BETA [D1] 103 G
V-BETA [D1] 104 E
V-BETA [D1] 105 G
V-BETA [D1] 106 S
V-BETA [D1] 107 R
V-BETA [D1] 108 L
V-BETA [D1] 109 T
V-BETA [D1] 110 \
V-BETA [D1] 111 L

C-BETA-2 [D2] - 1.7C 112 E

C-BETA-2 [D2] - 1.6C 113 D

C-BETA-2 [D2] - 1.5C 114 L

C-BETA-2 [D2] - 14C 115 K

C-BETA-2 [D2] - 1.3C 116 N

C-BETA-2 [D2] - 1.2C 117 )\

C-BETA-2 [D2] - 1.1C 118 F

C-BETA-2 [D2] - 1C 119 P

C-BETA-2 [D2] - 2C 120 P

C-BETA-2 [D2] - 3C 121 E

C-BETA-2 [D2] - 4C 122 )\

C-BETA-2 [D2] - 5C 123 A

C-BETA-2 [D2] - 6C 124 \

C-BETA-2 [D2] - 7C 125 F

C-BETA-2 [D2] - 8C 126 E

C-BETA-2 [D2] - 9C 127 P

C-BETA-2 [D2] - 10C 128 S

C-BETA-2 [D2] - 11C 129 E
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C-BETA-2 [D2] - 12C - 130 A ALA
C-BETA-2 [D2] - 13C 131 E GLU
C-BETA-2 [D2] - 14C 132 1 ILE

C-BETA-2 [D2] - 15C 133 S SER
C-BETA-2 [D2] - 15.1C 134 H HIS

C-BETA-2 [D2] - 16C 135 T THR
C-BETA-2 [D2] - 17C 136 Q GLN
C-BETA-2 [D2] - 18C 137 K LYS
C-BETA-2 [D2] - 19C 138 A ALA
C-BETA-2 [D2] - 20C 139 T THR
C-BETA-2 [D2] - 21C 140 L LEU
C-BETA-2 [D2] - 22C 141 )\ VAL
C-BETA-2 [D2] - 23C 142 C CYS
C-BETA-2 [D2] - 24C 143 L LEU
C-BETA-2 [D2] - 25C 144 A ALA
C-BETA-2 [D2] - 26C 145 T THR
C-BETA-2 [D2] - 27C 146 G GLY
C-BETA-2 [D2] - 28C 147 F PHE
C-BETA-2 [D2] - 29C 148 Y TYR
C-BETA-2 [D2] - 30C 149 P PRO
C-BETA-2 [D2] - 35C 150 D ASP
C-BETA-2 [D2] - 36C 151 H HIS

C-BETA-2 [D2] - 37C 152 )\ VAL
C-BETA-2 [D2] - 38C 153 E GLU
C-BETA-2 [D2] - 39C 154 L LEU
C-BETA-2 [D2] - 40C 155 S SER
C-BETA-2 [D2] - 41C 156 W TRP
C-BETA-2 [D2] - 42C 157 \\ TRP
C-BETA-2 [D2] - 43C 158 \ VAL
C-BETA-2 [D2] - 44C 159 N ASN
C-BETA-2 [D2] - 45C 160 G GLY
C-BETA-2 [D2] - 45.1C 161 K LYS
C-BETA-2 [D2] - 45.2C 162 E GLU
C-BETA-2 [D2] - 453C 163 \ VAL
C-BETA-2 [D2] - 45.4C 164 H HIS

C-BETA-2 [D2] - 45.5C 165 S SER
C-BETA-2 [D2] - 71C 166 G GLY
C-BETA-2 [D2] - 78C 167 \ VAL
C-BETA-2 [D2] - 79C 168 C CYS
C-BETA-2 [D2] - 80C 169 T THR
C-BETA-2 [D2] - 81C 170 D ASP
C-BETA-2 [D2] - 82C 171 P PRO
C-BETA-2 [D2] - 83C 172 Q GLN
C-BETA-2 [D2] - 84C 173 P PRO
C-BETA-2 [D2] - 84.1C 174 L LEU
C-BETA-2 [D2] - 84.2C 175 K LYS
C-BETA-2 [D2] - 84.3C 176 E GLU
C-BETA-2 [D2] - 84.4C 177 Q GLN
C-BETA-2 [D2] - 84.5C 178 P PRO
C-BETA-2 [D2] - 84.6C 179 A ALA
C-BETA-2 [D2] - 84.7C 180 L LEU
C-BETA-2 [D2] - 85.6C 181 N ASN
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C-BETA-2 [D2] - 85.5C - 182 D ASP

C-BETA-2 [D2] - 85.4C 183 S SER
C-BETA-2 [D2] - 85.3C 184 R ARG
C-BETA-2 [D2] - 85.2C 185 Y TYR
C-BETA-2 [D2] - 85.1C 186 A ALA
C-BETA-2 [D2] - 85C 187 L LEU
C-BETA-2 [D2] - 86C 188 S SER
C-BETA-2 [D2] - 87C 189 S SER
C-BETA-2 [D2] - 88C 190 R ARG
C-BETA-2 [D2] - 89C 191 L LEU
C-BETA-2 [D2] - 90C 192 R ARG
C-BETA-2 [D2] - 91C 193 )\ VAL
C-BETA-2 [D2] - 92C 194 S SER
C-BETA-2 [D2] - 93C 195 A ALA
C-BETA-2 [D2] - 94C 196 T THR
C-BETA-2 [D2] - 95C 197 F PHE
C-BETA-2 [D2] - 96C 198 W TRP
C-BETA-2 [D2] - 96.1C 199 Q GLN
C-BETA-2 [D2] - 97C 200 D ASP
C-BETA-2 [D2] - 98C 201 P PRO
C-BETA-2 [D2] - 99C 202 R ARG
C-BETA-2 [D2] - 100C 203 N ASN
C-BETA-2 [D2] - 101C 204 H HIS

C-BETA-2 [D2] - 102C 205 F PHE
C-BETA-2 [D2] - 103C 206 R ARG
C-BETA-2 [D2] - 104C 207 C CYS
C-BETA-2 [D2] - 105C 208 Q GLN
C-BETA-2 [D2] - 106C 209 \ VAL
C-BETA-2 [D2] - 107C 210 Q GLN
C-BETA-2 [D2] - 108C 211 F PHE
C-BETA-2 [D2] - 109C 212 Y TYR
C-BETA-2 [D2] - 110C 213 G GLY
C-BETA-2 [D2] - 111C 214 L LEU
C-BETA-2 [D2] - 111.1C 215 S SER
C-BETA-2 [D2] - 111.2C 216 E GLU
C-BETA-2 [D2] - 111.3C 217 N ASN
C-BETA-2 [D2] - 1114C 218 D ASP
C-BETA-2 [D2] - 111.5C 219 E GLU
C-BETA-2 [D2] - 111.6C 220 \\ TRP
C-BETA-2 [D2] - 112.6C 221 T THR
C-BETA-2 [D2] - 112.5C 222 Q GLN
C-BETA-2 [D2] - 112.4C 223 D ASP
C-BETA-2 [D2] - 112.3C 224 R ARG
C-BETA-2 [D2] - 112.2C 225 A ALA
C-BETA-2 [D2] - 112.1C 226 K LYS
C-BETA-2 [D2] - 112C 227 P PRO
C-BETA-2 [D2] - 113C 228 \ VAL
C-BETA-2 [D2] - 114C 229 T THR
C-BETA-2 [D2] - 115C 230 Q GLN
C-BETA-2 [D2] - 116C 231 1 ILE

C-BETA-2 [D2] - 117C 232 )\ VAL
C-BETA-2 [D2] - 118C 233 S SER
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C-BETA-2 [D2] - 119C - 234 A ALA
C-BETA-2 [D2] - 120C - 235 E GLU
C-BETA-2 [D2] - 121C - 236 A ALA
C-BETA-2 [D2] - 122C - 237 W TRP
C-BETA-2 [D2] - 123C - 238 G GLY
C-BETA-2 [D2] - 124C - 239 R ARG
C-BETA-2 [D2] - 125C - 240 A ALA
C-BETA-2 [D2] - 126C - 241 D ASP
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The foregoing is illustrative of the present invention, and is not to be construed as
limiting thereof. The invention is defined by the following claims, with equivalents of the

claims to be included therein.

92



WO 2024/036166 PCT/US2023/071864

THAT WHICH IS CLAIMED IS:

1. A synthetic T-cell receptor (TCR) molecule comprising:

a TCR alpha chain constant domain (TCRCa) or fragment thereof with a first
interface, a TCR beta chain constant domain (TCRCp) or fragment thereof with a second
interface, a TCR alpha chain variable domain (TCRVa) or fragment thereof with a third
interface, and a TCR beta chain variable domain (TCRVp) or fragment thereof with a fourth
interface, wherein at least a portion of each of the TCRVa and TCRVp together form a
variable portion with binding specificity to a first target antigen,

wherein the TCRCao and TCRC or fragments thereof are modified TCRCa and
TCRCP or fragments thereof wherein the first and the second interface are bioorthogonal to
each other, and/or wherein the TCRVa and TCRVp or fragments thereof are modified
TCRVa and TCRVP or fragments thereof wherein the third and the fourth interface are
bioorthogonal to each other;

wherein the bioorthogonal first and second interface and/or the bioorthogonal third
and fourth interface each comprise one or more amino acid substitutions,

wherein the bioorthogonal first and second interface selectively bind to each other
and/or the bioorthogonal third and fourth interface selectively bind to each other via the one
or more substitutions of each interface (e.g., wherein the bioorthogonal TCRC interfaces
and/or bioorthogonal TCRYV interfaces selectively bind to each other, e.g., selectively bind to

each other as compared to unmodified interfaces).

2. The synthetic TCR molecule of claim 1, comprising

the modified TCRCa or fragment thereof with a first interface and the modified
TCRCP or fragment thereof with a second interface which is bioorthogonal to the first
interface; and

the modified TCRVa or fragment thereof with a third interface, and the modified
TCRV} or fragment thereof with a fourth interface which is bioorthogonal to the third

interface.

3. The synthetic TCR molecule of claim 1 or 2, wherein each of the (modified and/or
unmodified) TCRCa, TCRCpB, TCRVaq, and TCRVa domains or fragment thereof comprises
an N-terminus and a C-terminus, and wherein the TCRCo C-terminus is linked to the TCRVa

N-terminus, and wherein the TCRCp C-terminus is linked to the TCRV[3 N-terminus.
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4. The synthetic TCR molecule any one of claims 1-3, wherein the one or more
substitutions of the bioorthogonal first interface comprise substitution at amino acid position
124 (Kabat 122), 145, 171, 172, 175, 177, 179, and/or 205, wherein the numbering
corresponds to PDB numbering of the reference TCRCa amino acid sequence of
PDB:6U07_A (e.g., PDB numbering within residues 118-213 of the reference TCRCo amino
acid sequence of 6U07_A (Chain A) in the Protein Data Bank (rcsb.org/sequence/6U07)).

5. The synthetic TCR molecule of claim 4, wherein the one or more substitutions of the
bioorthogonal first interface comprise 124F, 124Q, 124R (Kabat 122F, 122Q, 122R), 145H,
171Q, 172D, 175R, 177K, 179R, and/or 205K.

6. The synthetic TCR molecule of claim 5, wherein the one or more substitutions of the
bioorthogonal first interface comprise D124F, D124Q, D124R (Kabat D122F, D122Q,
D122R), D145H, R171Q, S172D, F175R, S177K, S179R, and/or F205K.

7. The synthetic TCR molecule of any one of claims 1-6, wherein the one or more
substitutions of the bioorthogonal second interface comprise substitution at amino acid
position 139, 142, 170, 195 and/or, 197, wherein the numbering corresponds to PDB
numbering of the reference TCRCP amino acid sequence of PDB:6U07 B (e.g., PDB
numbering within residues 117-247 of the reference TCRCP amino acid sequence of 6U07 B
(Chain B) in the Protein Data Bank (rcsb.org/sequence/6U07)).

8. The synthetic TCR molecule of claim 7, wherein the one or more substitutions of the
bioorthogonal second interface comprise 1391, 139D, 139E, 142E, 170K, 195T, 195S and/or
197S.

9. The synthetic TCR molecule of claim 8, wherein the one or more substitutions of the
bioorthogonal first interface comprise R139L, R139D, R139E, K142E, D170K, R195T,
R195S and/or R197S.

10.  The synthetic TCR molecule of any one of claims 1-9, wherein the one or more
substitutions of the bioorthogonal first interface and the bioorthogonal second interface
comprise:

(1) 179R in the first interface and 195S in the second interface;

94



WO 2024/036166 PCT/US2023/071864

(1) 124R and 205K in the first interface and 139E in the second interface;

(1i1) 124R, 179R and 205K in the first interface and 139E and 1958 in the second
interface;

(iv) 124Q and 205K in the first interface and 139L in the second interface;

(v) 179R in the first interface and 195T in the second interface;.

(vi) 175R and 177K in the first interface and 142E and 1978 in the second interface;

(vil) 124F and 205W in the first interface and 139L in the second interface;

(viil) 171Q and 172D in the first interface and 170K in the second interface;

(ix) 145H, 175R and 177K in the first interface and 142E and 1978 in the second
interface;

(x) 124R and 205K in the first interface and 139D in the second interface;

(xi1) 124Q, 179R, and 205K in the first interface and 139L and 195T in the second
interface;

(xi1) 124Q, 145H, 185R, 177K, 179R and 205K in the first interface and 139L, 142E,
195T and 1978 in the second interface;

(xiil) 124R, 179R and 205K in the first interface and 139D and 1958 in the second
interface, and/or

(xiv) 124Q, 175R, 177K, 179R, and 205K in the first interface and 139L, 142E, 195T

and 1978 in the second interface.

11.  The synthetic TCR molecule of claim 10, wherein the modified TCRCa domain and

modified TCRCB domain or fragment thereof comprises the amino acid sequences of’

(i)
PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa; SEQ
ID NO:3), and
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:4),

(i)
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa;, SEQ
ID NO:5), and
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(111)

(iv)

)

(vi)

(vii)

EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRC; SEQ ID NO:6);

PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ
ID NO:7), and
EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:);

PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa;, SEQ
ID NO:9), and
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:10);

PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa; SEQ
ID NO:11), and
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:12);

PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNSAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa; SEQ
ID NO:13), and
EDLKNVFPPEVAVFEPSKAEISRTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:14);
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(viii)

(ix)

(x)

(xi)

PYIQNPFPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNSAVAWSNKSDFTCANAFNNSIIPEDTWFPSPESSC (TCRCa; SEQ
ID NO:15), and
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:16);

PYIQNPDPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
QDMDFKSNSAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa: SEQ
ID NO:17), and
EDLKNVFPPEVAVFEPSKAEISRTQKATLVCLATGFYPPHVELSWWVNGKEV
HKGVCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:18);

PYIQNPDPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNSAVAWSNKSDFTCANAFNNSIIPEDTFFPSPESSC (TCRCa; SEQ
ID NO:19), and
EDLKNVFPPEVAVFEPSKAEISRTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:20);

PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNSAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa;, SEQ
ID NO:21), and
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSRLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:22);

PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ
ID NO:23), and
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:24);
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(xii)

(xiii)

(xiv)

12.

PYIQNPQPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNRAVAWSNKSDFTCCANAFNNSIIPEDTKFPSPESSC (TCRCa;, SEQ
ID NO:25), and
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:26);

PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ
ID NO:27), and
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCB; SEQ ID NO:28); and/or

PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa; SEQ
ID NO:29), and
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp; SEQ ID NO:30).

The synthetic TCR molecule of any one of claims 1-11, wherein the one or more

amino acid substitutions of each the bioorthogonal third and fourth interface are comprised in

a conserved region of each of the modified TCRVa or fragment thereof and modified TCRV[

or fragment thereof.

13.

The synthetic TCR molecule of claim 12, wherein the conserved region of each of the

modified TCRVa or fragment thereof and modified TCRVp or fragment thereof comprises
amino acid Kabat positions 1-24, 32-48, 62-92, and/or 105-116 in the TCRVa or fragment
thereof, and/or amino acid Kabat positions 1-24, 32-48, 65-94, and/or 107-116 in the TCRVf3

or fragment thereof.
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14. The synthetic TCR molecule of any one of claims 1-13, wherein the one or more
substitutions of the bioorthogonal third interface comprise substitution at amino acid
positions 37 and/or 108 (Kabat 109), wherein the numbering corresponds to PDB numbering
of the reference TCRVa amino acid sequence of PDB:2F53 D (e.g., PDB numbering within
residues -1 to 191 of the reference TCRVa amino acid sequence of 2F53 D (Chain D) in the
Protein Data Bank (rcsb.org/sequence/2F53)).

15.  The synthetic TCR molecule of claim 14, wherein the one or more substitutions of the

bioorthogonal third interface comprise 37Y, 37K, 37D, 37L, 37V, or 108K (Kabat 109K).

16.  The synthetic TCR molecule of claim 15, wherein the one or more substitutions of the
bioorthogonal third interface comprise Q37Y, Q37K, Q37D, Q37L, Q37V, or S108K (Kabat
S109K).

17.  The synthetic TCR molecule of any one of claims 1-16, wherein the one or more
substitutions of the bioorthogonal fourth interface comprise substitution at amino acid
position 35 (Kabat 37) and/or 38 (Kabat 40) wherein the numbering corresponds to PDB
numbering of the reference TCRVa amino acid sequence of PDB:2F53 E (e.g., PDB
numbering within residues -1 to 241 of the reference TCRV[ amino acid sequence of 2F53 E

(Chain E) in the Protein Data Bank (rcsb.org/sequence/2F53)).

18.  The synthetic TCR molecule of claim 17, wherein the one or more substitutions of the
bioorthogonal fourth interface comprise 35K, 35Y, 35D, 35M (Kabat 37K, 37Y, 37D, 37M),
or 38E (Kabat 40E).

19.  The synthetic TCR molecule of claim 18, wherein the one or more substitutions of the
bioorthogonal fourth interface comprise Q35K, Q35Y, Q35D, Q35M, (Kabat Q37K, Q37Y,
Q37D, Q37M), or G38E (Kabat G40E).

20.  The synthetic TCR molecule of any one of claims 1-19, wherein the one or more
substitutions of the bioorthogonal third interface and the bioorthogonal fourth interface
comprise:

(1) 37K in the third interface and 35Y (Kabat 37Y) in the fourth interface;

(11) 37K in the third interface and 35Y (Kabat 37Y) in the fourth interface;
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(1i1) 37K in the third interface and 35D (Kabat 37D) in the fourth interface;
(iv) 37D in the third interface and 35K (Kabat 37K) in the fourth interface;
(v) 37V in the third interface and 35M (Kabat 37M) in the fourth interface;
(vi) 108K (Kabat 109K) in the third interface and 38E (Kabat 40E) in the fourth

interface; and/or

21.

(vii) 37L and 35M (Kabat 37M) in the third interface and 139E in the fourth interface.

The synthetic TCR molecule of claim 20, wherein the modified TCRVa domain and

modified TCRV[ domain or fragment thereof comprises the amino acid sequences of:

(i)

(i)

(111)

(iv)

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa; SEQ ID NO:33), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRV; SEQ ID NO:34);,

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRYDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa; SEQ ID NO:35), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRKDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRV; SEQ ID NO:36);,

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa; SEQ ID NO:37), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRDDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRV; SEQ ID NO:38);

QEVTQIPAALSVPEGENLVLNCSFTDSATYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVe; SEQ ID NO:39), and
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)

(vi)

(vii)

22.

GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRKDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVB; SEQ ID NO:40);

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRVDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVq; SEQ ID NO:41), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRMDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRV; SEQ ID NO:42),

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRQDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TKLIVH (TCRVo, SEQ ID NO:43), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRQDPEMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVS; SEQ ID NO:44); and/or

QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRLDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa; SEQ ID NO:45), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRMDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRV; SEQ ID NO:46).

The synthetic TCR molecule of any one of claims 1-21, wherein the one or more

substitutions of each bioorthogonal interface comprise:

(1) 124D (Kabat 122D), 179R, and 205K in the first interface, 139L and 195T in the

second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface;

(i1) 124Q (Kabat 122Q), 175R, 177K, 179S and 205K in the first interface, 139L,

142E, 195T and 1978 in the second interface, 37K in the third interface, and 35Y (Kabat

37Y) in the fourth interface;
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(ii1) 124Q (Kabat 122Q), 145H, 175R, 177K, 179R and 205K in the first interface,
139L, 142E, 195T and 1978 in the second interface, 37K in the third interface, and 35Y
(Kabat 37Y) in the fourth interface;

(iv) 124R (Kabat 122R), 179R and 205K in the first interface, 139D and 1958 in the
second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface;
and/or

(v) 124Q (Kabat 122Q), 179S and 205K in the first interface, 139E and 195S in the
second interface, 37K in the third interface, and 35Y (Kabat 37Y) in the fourth interface.

23. The synthetic TCR molecule of claim 22, wherein the modified TCRCa domain,

modified TCRCP domain, TCRVa domain, modified TCRV domain, or fragments thereof

comprise the amino acid sequences of:
®
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa),
EDLKNVFPPEVAVFEPSKAEISLTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp)
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVP) (SEQ ID NOs:23, 24, 33 and 34);
(i)
PYIQNPQPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa),
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCR),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYTAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
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QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVp) (SEQ ID NOs:29, 30, 33 and 34);

(iii)
PYIQNPQPAVYQLRDSKSSDKFVCLFTHFDSQINVSQSKDSDVYITDKCVLDM
RSMDRKKNRAVAWSNKSDFTCCANAFNNSIIPEDTKFPSPESSC (TCRCa),
EDLKNVFPPEVAVFEPSKAEISLTQEATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSTLSVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVP) (SEQ ID NOs:25, 26, 33 and 34);

(iv)
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa),
EDLKNVFPPEVAVFEPSKAEISDTQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRG
TSLIVH (TCRVa), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVp) (SEQ ID NOs:27, 28, 33 and 34); and/or

V)
PYIQNPRPAVYQLRDSKSSDKFVCLFTDFDSQINVSQSKDSDVYITDKCVLDM
RSMDFKSNRAVAWSNKSDFTCANAFNNSIIPEDTKFPSPESSC (TCRCa),
EDLKNVFPPEVAVFEPSKAEISETQKATLVCLATGFYPPHVELSWWVNGKEV
HDGVCTDPQPLKEQPALNDSRYALSSSLRVSATFWQDPRNHFRCQVQFYGLS
ENDEWTQDRAKPVTQIVSAEAWGRADC (TCRCp),
QEVTQIPAALSVPEGENLVLNCSFTDSAIYNLQWFRKDPGKGLTSLLLISPWQ
REQTSGRLNASLDKSSGRSTLYIAASQPGDSATYLCAVRPLLDGTYIPTFGRG
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TSLIVH (TCRVa), and
GVTQTPKFQVLKTGQSMTLQCAQDMNHEYMSWYRYDPGMGLRLIHYSVAI
QTTDQGEVPNGYNVSRSTIEDFPLRLLSAAPSQTSVYFCASSYVGDTGELFFG
EGSRLTVL (TCRVP) (SEQ ID NOs:7, 8, 33 and 34).

24.  The synthetic TCR molecule of any one of claims 1-23, in soluble form (e.g., wherein

the synthetic TCR molecule is devoid of a transmembrane domain).

25. The synthetic TCR molecule of any one of claims 1-24, further comprising a second
TCRCa, TCRCB, TCRVa, and TCRVP or fragments thereof, each comprising an N-terminus
and a C-terminus and a first, second, third and fourth interface, respectively, wherein at least
a portion of each of the second TCRVa and TCRVJ together form a variable portion with

binding specificity to a second target antigen that is different from the first target antigen.

26. The synthetic TCR molecule of claim 25, wherein the second TCRCa, TCRCp,
TCRVa, and TCRVJ or fragments thereof are unmodified (e.g., wildtype).

27. The synthetic TCR molecule of claim 25, wherein the second TCRCa, TCRCp,
TCRVaq, and TCRVJ or fragments thereof are modified (e.g., modified to comprise
bioorthogonal interfaces, e.g., wherein the second TCRCa and TCRC first and second
interfaces selectively bind to each other and/or the second TCRVa and TCRV] third and
fourth interfaces selectively bind to each other, e.g., selectively bind to each other as

compared to unmodified interfaces).

28.  The synthetic TCR molecule of any one of claims 25-27, wherein the C-terminus or
N-terminus of the modified TCRCa, TCRCB, TCR Vo, and/or TCRVJ or fragment thereof
with an interface which is bioorthogonal to a corresponding interface, is linked to the N-
terminus or C-terminus of the second (e.g., modified or unmodified) TCRCa, TCRC},
TCRVaq, and/or TCRV] or fragment thereof.

29.  The synthetic TCR molecule of any one of claims 25-27, further comprising an
antibody Fc or fragment thereof comprising an N-terminus and a C-terminus, wherein the C-
terminus of the modified TCRCa or fragment thereof with a first interface which is

bioorthogonal to the second interface, or the C-terminus of the TCRCP or fragment thereof
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with a second interface which is bioorthogonal to the first interface, is linked to an N-
terminus of the antibody Fc or fragment thereof, and optionally wherein the C-terminus of the
second (modified or unmodified) TCRCa or fragment thereof or the C-terminus of the second
TCRCP or fragment thereof is linked to another N-terminus of the antibody Fc or fragment
thereof.

30. The synthetic TCR molecule of claim 29, wherein the antibody Fc or fragment thereof
comprises an IgE, IgA, IgM, IgD, or IgG Fc or fragment thereof.

31 The synthetic TCR molecule of claim 29 or 30, wherein the antibody Fc or fragment
thereof comprises two or more bioorthogonal domains, each comprising one or more
modifications (e.g., amino acid substitutions) and which selectively bind to each other via the
one or more modifications (e.g., wherein the Fc domains are bioorthogonal, e.g., selectively

bind to each other as compared to unmodified interfaces).

32.  The synthetic TCR molecule of any one of claims 25-27, further comprising an
antibody or antibody fragment (e.g., an antibody Fab, a Fab', a F(ab')2, a Fv, a disulfide
linked Fv, a single chain antibody (scFv), a single domain antibody (dAb), a diabody, a
nanobody, and/or an affibody or fragment thereof) e.g., in particular embodiments, an
antibody scFv) comprising an N-terminus and a C-terminus, wherein the C-terminus of the
modified TCRVp or fragment thereof with a fourth interface which is bioorthogonal to the
third interface, is linked to an N-terminus of the antibody or antibody fragment, and
optionally wherein the C-terminus of the second (modified or unmodified) TCRCP or

fragment thereof is linked to another N-terminus of the antibody or antibody fragment.

33.  The synthetic TCR molecule of any one of claims 1-23, further comprising a T cell
inhibitory domain (e.g., PD-1, ITIM) or fragment thereof.

34.  The synthetic TCR molecule of any one of claims 1-23, further comprising a T cell
signaling domain (e.g., CD3() or fragment thereof and/or a T cell co-stimulatory domain

(e.g., CD28, 4-1BB).

35.  The synthetic TCR molecule of claim 34, wherein the synthetic TCR molecule is

devoid of a signaling domain or fragment thereof.
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36.  The synthetic TCR molecule of claim 34, wherein the synthetic TCR molecule is

devoid of a costimulatory domain or fragment thereof.

37. The synthetic TCR molecule of claim 34, comprising a T cell signaling domain or

fragment thereof and a T cell co-stimulatory domain.

38. The synthetic TCR molecule of claim 37, further comprising a second TCRCa,

TCRCB, TCRVa, and TCRV or fragments thereof, each comprising an N-terminus and a C-
terminus, wherein at least a portion of each of the second TCRVa and TCRV] together form
a variable portion with binding specificity to a second target antigen that is different from the

first target antigen.

39. The synthetic TCR molecule of claim 38, wherein the second TCRCa, TCRCp,
TCRVa, and TCRVJ or fragments thereof are unmodified (e.g., wildtype).

40. The synthetic TCR molecule of claim 38, wherein the second TCRCa, TCRCp,
TCRVaq, and TCRVJ or fragments thereof are modified (e.g., modified to comprise
bioorthogonal interfaces, e.g., wherein the second TCRCa and TCRC first and second
interfaces selectively bind to each other and/or the second TCRVa and TCRV] third and
fourth interfaces selectively bind to each other, e.g., selectively bind to each other as

compared to unmodified interfaces).

41.  The synthetic TCR molecule of any one of claims 38-40, wherein the C-terminus or
N-terminus of the modified TCRCa, TCRCB, TCR Vo, and/or TCRVJ or fragment thereof
with an interface which is bioorthogonal to a corresponding interface, is linked to the N-
terminus or C-terminus of the second (e.g., modified or unmodified) TCRCa, TCRC},
TCRVaq, and/or TCRV] or fragment thereof.

42.  The synthetic TCR molecule of any one of claims 33-41, further comprising a hinge
region (e.g., CD8 hinge, CD4 hinge), a transmembrane domain, a linker, a costimulatory
domain (e.g., CD28, 4-1BB, etc.) and/or an scFv and/or Fab (e.g., wherein the synthetic TCR

molecule is a chimeric antigen receptor (CAR).
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43.  The synthetic TCR molecule of any one of claims 1-42, wherein the synthetic TCR

molecule binds a major histocompatibility complex (MHC) (e.g., in vivo and/or in vitro).

44, The synthetic TCR molecule of any one of claims 1-43, wherein the bioorthogonal
first and second interface, when selectively bound to each other, and/or the bioorthogonal
third and fourth interface, when selectively bound to each other, have a melting temperature
of about 55 °C to about 85 °C T (e.g., about 55, 56, 57, 58, 59, 60, 61, 62. 63. 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, or 85 °C or any value or
range therein, e.g., about 70 to about 80, e.g., for TCRC designs, e.g., about 60 to about 65,
e.g., for TCRV designs, about 62 to about 68, e.g., for TCRVC designs).

45. The synthetic TCR molecule of any one of claims 1-44, further comprising a

detectable moiety.

46.  The synthetic TCR molecule of any one of claims 1-45, Further comprising an
effector molecule selected from the group consisting of a drug, a toxin, a small molecule, a
radioactive molecule, a photoactivatable molecule, an antibody, a cytokine, an oncolytic

virus, an enzyme, a nanoparticle, a biomaterial, a scaffold and any combination thereof.

47.  The synthetic TCR molecule of any one of claims 1-46, wherein the target antigen is a

cancer antigen, a virus antigen, and/or a bacterial antigen, or any combination thereof.

48. An isolated cell comprising the synthetic TCR molecule of any one of claims 1-47.
49. The 1solated cell of claim 48, further comprising a chimeric antigen receptor (CAR)
that is different from the synthetic TCR molecule (e.g., that has specificity for a target antigen

that is different from the first and/or second target antigen of the synthetic TCR molecule).

50. An isolated cell comprising the synthetic TCR molecule of any one of claims 33-47,

wherein the synthetic TCR molecule is expressed on the surface of the cell.

51. A nucleic acid molecule encoding the synthetic TCR molecule of any one of claims 1-

47.
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52. A vector (e.g., a virus vector, e.g., a virus-like particle) comprising the nucleic acid

molecule of claim 51.

53. An isolated cell comprising the vector of claim 52.

54. The cell of any one of claims 48-50 or 53, wherein the cell is selected from the group
consisting of an affT cell (e.g., a CD4+ affT cell, a CD8+ o T cell), a natural killer (NK) cell,
a cytotoxic T lymphocyte (CTL), a regulatory T cell, a natural killer T (NKT) cell, a Th17
cell, a yoT cell, a neutrophil, a macrophage, an artificial cell (e.g., cell-like particle) and any

combination thereof.

55. A composition comprising the synthetic TCR molecule of any one of claims 1-47,
nucleic acid molecule of claim 51, the vector of claim 52, and/or the isolated cell of any one

of claims 48-50, 53 or 54.

56. The composition of claim 55, further comprising a pharmaceutically acceptable
carrier, diluent and/or adjuvant (e.g., a pharmaceutical composition, e.g., a pharmaceutical

formulation).

57. A method of expressing a synthetic TCR molecule in a cell, comprising contacting the
cell with the nucleic acid molecule of claim 51, vector of claim 52, and/or composition of any

one of claims 55 or 56.

58. The method of claim 57, wherein the cell is in a subject (e.g., a human patient).

59. A method of treating a disorder in a subject, comprising administering to the subject
an effective amount of the synthetic TCR molecule of any one of claims 1-47, nucleic acid
molecule of claim 51, the vector of claim 52, isolated cell of any one of claims 48-50, 53 or
54, and/or composition of claim 55 or 56, wherein the synthetic TCR binds an antigen
associated with the disorder (e.g., a cancer antigen, a viral antigen, a bacterial antigen, or any

combination thereof).
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60. The method of claim 59, wherein the disorder is cancer (e.g., melanoma, lymphoma,
leukemia, pancreatic cancer), a viral infection, a bacterial infection, an autoimmune disease,

cellular senescence, or any combination thereof.

61. A method of producing a synthetic T-cell receptor (TCR) molecule, comprising:

(a) providing a TCR alpha chain constant domain (TCRCa) or fragment thereof with a
first interface, a TCR beta chain constant domain (TCRCP) or fragment thereof with a second
interface, a TCR alpha chain variable domain (TCRVa) or fragment thereof with a third
interface, and a TCR beta chain variable domain (TCRVp) or fragment thereof with a fourth
interface, wherein at least a portion of each of the TCRVa and TCRVp together form a
variable portion with binding specificity to a first target antigen;

(b) introducing one or more amino acid substitutions into the first and second
interface and/or into the third and fourth interface, wherein the one or more amino acid
substitutions modify the first and the second interface and/or the third and fourth interface
such that the interfaces are bioorthogonal to each other (e.g., such that the bioorthogonal
interfaces selectively bind to each other, e.g., selectively bind to each other as compared to
unmodified interfaces);

thereby producing a synthetic TCR molecule (e.g., the synthetic TCR molecule of any

one of claims 1-47).

62. A method of enhancing stability (e.g., in vifro and/or in vivo) of a T-cell receptor
(TCR) molecule, comprising:

(a) providing a TCR alpha chain constant domain (TCRCa) or fragment thereof with a
first interface, a TCR beta chain constant domain (TCRCP) or fragment thereof with a second
interface, a TCR alpha chain variable domain (TCRVa) or fragment thereof with a third
interface, and a TCR beta chain variable domain (TCRVp) or fragment thereof with a fourth
interface, wherein at least a portion of each of the TCRVa and TCRVp together form a
variable portion with binding specificity to a first target antigen;

(b) introducing one or more amino acid substitutions into the first and second
interface and/or into the third and fourth interface, wherein the one or more amino acid
substitutions modify the first and the second interface and/or the third and fourth interface
such that the interfaces are bioorthogonal to each other (e.g., such that the bioorthogonal
interfaces selectively bind to each other, e.g., selectively bind to each other as compared to

unmodified interfaces), thereby enhancing the stability of the synthetic TCR molecule;
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thereby producing a synthetic TCR molecule (e.g., the synthetic TCR molecule of any
one of claims 1-47), wherein the synthetic TCR molecule has enhanced stability (e.g., as

compared to an unmodified TCR).
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