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RANDOMIZED PEPTIDE LIBRARIES PRESENTED BY HUMAN LEUKOCYTE
ANTIGENS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims the benefit of United States Provisional Application No.
62/726,060, filed August 31, 2018, the contents of which are hereby incorporated by reference in
their entirety.
BACKGROUND

[0002] T cells are vital to the adaptive immune response, having roles in response to infection and
cancer. T cells recognize proteins derived from foreign pathogens as well as self, such as in cases of
autoimmunity. Fragments of these proteins (e.g., peptides) are presented by human leukocyte antigen
(HLA) molecules and recognized by the T cell via the T cell receptor (TCR).

[0003] Major histocompatibility class (MHC) I HLA molecules display peptides generated largely
from processing endogenous antigens produced by the cell, such as self-antigens, but also foreign
intracellular antigens such as peptides derived from viral proteins, into smaller peptides. Once a
peptide is bound into the HLA peptide binding cleft, MHC class I HLA molecules interact with and
stimulate CD8+ cytotoxic T cells. MHC class I has 3 main loci A, B, and C, with each loci divided
into many alleles. Alleles refer to the DNA sequence of a gene at the given locus and is usually denoted
by at least a four-digit number (e.g., A*24:02) the first letter designating the locus, a first number
defining an allele group (or type) and the second number defining a specific protein within the allele
group. A second and third number can be appended indicating silent coding variants and non-coding
variants respectively.

[0004] Upon recognition of a specific peptide-HLA complex (pHLA), the T cell becomes
activated and can (1) become cytotoxic, (2) secrete cytokines, and/or (3) recruit other immune cells.
This complex interaction between a foreign or self-peptide, HLA molecule, and TCR is central to

identifying how the immune system responds to recognized pathogens at the molecular level. One of
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the greatest difficulties in this complex interaction during an immune response is understanding the
specificities of TCRs in terms of the identity of the peptides that are recognized. New methods of
identifying TCRs and the pHLAs that they recognize are needed.

SUMMARY
[0005] Provided herein in some embodiments are antigen screening libraries comprising a
plurality of Human Leukocyte Antigen (HLA)-antigen polypeptide complexes, the HLA-antigen
polypeptide complexes comprising (a) an HLA polypeptide, the HLA polypeptide comprising a
peptide binding cleft, (b) a randomized antigen polypeptide comprising an amino acid sequence set
forth in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide specifically
binds to the peptide binding cleft of the HLA polypeptide, and (c) a Beta-2 (B2) microglobulin
polypeptide.
[0006] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7,
B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E. In some embodiments,
the plurality of HLA-antigen complexes comprises at least five, ten, fifteen, twenty, or twenty-five
different HLA polypeptides selected from the list consisting of A3, A11, A23, A24, A26, A30, A31,
A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, CS, C6, C7, C8, and E. In some
embodiments, the plurality of HLA-antigen complexes comprises all of A3, A11, A23, A24, A26,
A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and
E HLA polypeptides.
[0007] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide comprising an amino acid sequence at least 87.5%, 90%, 95%, 97%, 98%, 99%, or 100%
identical to an amino acid sequence set forth in any one of SEQ ID NOs: 427 to 455.

[0008] In some embodiments, the plurality of the HL A-antigen polypeptide complexes comprises
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at least about 107 different HL A-antigen polypeptide complexes comprising at least about 10° different
randomized antigen polypeptides.

[0009] In some embodiments, the HLA polypeptide, the randomized antigen polypeptide, and the
B2-microglobulin polypeptide comprise a single polypeptide. In some embodiments, the single
polypeptide further comprises a first flexible polypeptide linker and a second flexible polypeptide
linker. In some embodiments, the randomized antigen polypeptide is N-terminal to the HLA
polypeptide on the single polypeptide, and the HLA polypeptide is N-terminal to the f2-microglobulin
polypeptide on the single polypeptide. In these embodiments, the first flexible polypeptide linker
separates the HLA polypeptide from the randomized antigen polypeptide, and a second flexible
polypeptide linker separates the HLA polypeptide from the f2-microglobulin polypeptide. In some
embodiments, the randomized antigen polypeptide is C-terminal to the HLA polypeptide on the single
polypeptide, and the HLA polypeptide is N-terminal to the B2-microglobulin polypeptide on the single
polypeptide. In these embodiments, the first flexible polypeptide linker separates the HLA
polypeptide from the randomized antigen polypeptide, and a second flexible polypeptide linker
separates the HLA polypeptide from the f2-microglobulin polypeptide. In some embodiments, the
randomized antigen polypeptide is N-terminal to the HLA polypeptide on the single polypeptide, and
the HL A polypeptide is C-terminal to the f2-microglobulin polypeptide on the single polypeptide. In
these embodiments, the first flexible polypeptide linker separates the randomized antigen polypeptide
from the Pf2-microglobulin polypeptide, and a second flexible polypeptide linker separates the B2-
microglobulin polypeptide from the HLA polypeptide. In some embodiments, the randomized antigen
polypeptide is C-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide
is C-terminal to the f2-microglobulin polypeptide on the single polypeptide. In these embodiments,
the first flexible polypeptide linker separates the HLA polypeptide from the B2-microglobulin

polypeptide, and a second flexible polypeptide linker separates the randomized antigen polypeptide
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from the HL A polypeptide. In some embodiments, the B2-microglobulin polypeptide is C-terminal to
the HLA polypeptide on the single polypeptide, and the HLA polypeptide is N-terminal to the
randomized antigen polypeptide on the single polypeptide. In these embodiments, the first flexible
polypeptide linker separates the HLA polypeptide from the randomized antigen polypeptide, and a
second flexible polypeptide linker separates the randomized antigen polypeptide from the (2-
microglobulin polypeptide. In some embodiments, the randomized antigen polypeptide is C-terminal
to the P2-microglobulin on the single polypeptide, and the HLA polypeptide is C-terminal to the
randomized antigen polypeptide on the single polypeptide. In these embodiments, the first flexible
polypeptide linker separates the P2-microglobulin polypeptide from the randomized antigen
polypeptide, and a second flexible polypeptide linker separates the randomized antigen polypeptide
from the HLA polypeptide.

[0010] In some embodiments, each of the HLA-antigen complexes of the plurality of the HLA-
antigen complexes do not comprise an epitope tag. In some embodiments, at least one of the HLA-
antigen complexes of the plurality of HLA-antigen complexes comprise an epitope tag. In some
embodiments, at least one of the HL A-antigen complexes of the plurality of HLA-antigen complexes
does not comprise an epitope tag and at least one of the HLA-antigen complexes of the plurality of
HLA-antigen complexes does comprise an epitope tag. In some embodiments, the epitope tag
comprises a FLAG tag, a c-MYC tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.
[0011] In some embodiments, the HL A-antigen complexes each comprise a membrane tethering
domain. In some embodiments, the membrane tethering domain comprises Aga2. In some
embodiments, the antigen screening library is expressed on a plurality of cells.

[0012] In some embodiments, the plurality of cells are a plurality of yeast cells. In some
embodiments, the plurality of yeast cells are a plurality of yeast cells of the EBY100 strain of

Saccharomyces cerevisiae.



WO 2020/047502 PCT/US2019/049205

[0013] In some embodiments, each cell of the plurality of cells expresses a specific HLA-antigen
complex.

[0014] Provided herein in some embodiments are antigen screening libraries comprising a
plurality of Human Leukocyte Antigen (HLA)-antigen polypeptide complexes, the HLA-antigen
polypeptide complexes comprising an HLA polypeptide, the HLA polypeptide comprising a peptide
binding cleft, and a randomized antigen polypeptide comprising an amino acid sequence set forth in
any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide specifically binds to
the peptide binding cleft of the HLA polypeptide.

[0015] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7,
B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E. In some embodiments,
the plurality of HLA-antigen complexes comprises at least five, ten, fifteen, twenty, or twenty-five
different HLA polypeptides selected from the list consisting of A3, A11, A23, A24, A26, A30, A31,
A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, CS, C6, C7, C8, and E. In some
embodiments, the plurality of HLA-antigen complexes comprises all of A3, A11, A23, A24, A26,
A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and
E HLA polypeptides.

[0016] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide comprising an amino acid sequence at least 87.5%, 90%, 95%, 97%, 98%, 99%, or 100%
identical to an amino acid sequence set forth in any one of SEQ ID NOs: 427 to 455.

[0017] In some embodiments, the plurality of the HL A-antigen polypeptide complexes comprises
at least about 10° different HLA-antigen polypeptide complexes comprising at least about 10° different
randomized antigen polypeptides.

[0018] In some embodiments, the HLA polypeptide, the randomized antigen polypeptide, and the
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B2-microglobulin polypeptide comprise a single polypeptide. In some embodiments, the single
polypeptide further comprises a first flexible polypeptide linker separating the HLA polypeptide from
the randomized antigen polypeptide. In certain of these embodiments, the randomized antigen
polypeptide is N-terminal to the HLA polypeptide on the single polypeptide. In certain of these
embodiments, the randomized antigen polypeptide is C-terminal to the HLA polypeptide on the single
polypeptide.

[0019] In some embodiments, each of the HLA-antigen complexes of the plurality of the HLA-
antigen complexes do not comprise an epitope tag. In some embodiments, at least one of the HLA-
antigen complexes of the plurality of HLA-antigen complexes comprise an epitope tag. In some
embodiments, at least one of the HL A-antigen complexes of the plurality of HLA-antigen complexes
does not comprise an epitope tag and at least one of the HLA-antigen complexes of the plurality of
HLA-antigen complexes does comprise an epitope tag. In some embodiments, the epitope tag
comprises a FLAG tag, a c-MYC tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.
[0020] In some embodiments, the HL A-antigen complexes each comprise a membrane tethering
domain. In some embodiments, the membrane tethering domain comprises Aga2. In some
embodiments, the antigen screening library is expressed on a plurality of cells.

[0021] In some embodiments, the plurality of cells are a plurality of yeast cells. In some
embodiments, the plurality of yeast cells are a plurality of yeast cells of the EBY100 strain of
Saccharomyces cerevisiae.

[0022] In some embodiments, each cell of the plurality of cells expresses a specific HLA-antigen
complex.

[0023] Provided herein in some embodiments are antigen screening libraries comprising a
plurality of antigen polypeptide-Beta-2 (f2) microglobulin polypeptide complexes, the antigen

polypeptide-Beta-2 (B2) microglobulin polypeptide complexes. In these embodiments, the antigen
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screening libraries further comprise a randomized antigen polypeptide comprising an amino acid
sequence set forth in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide
specifically binds to the peptide binding cleft of the HL A polypeptide; and a Beta-2 (2) microglobulin
polypeptide. In these embodiments, the antigen screening libraries also further comprise a plurality
of HLA polypeptides constitutively expressed by one or more yeast cells and comprising a peptide
binding cleft.

[0024] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7,
B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E. In some embodiments,
the plurality of HLA-antigen complexes comprises at least five, ten, fifteen, twenty, or twenty-five
different HLA polypeptides selected from the list consisting of A3, A11, A23, A24, A26, A30, A31,
A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, CS, C6, C7, C8, and E. In some
embodiments, the plurality of HLA-antigen complexes comprises all of A3, A11, A23, A24, A26,
A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and
E HLA polypeptides.

[0025] In some embodiments, the plurality of HLA-antigen complexes comprises an HLA
polypeptide comprising an amino acid sequence at least 87.5%, 90%, 95%, 97%, 98%, 99%, or 100%
identical to an amino acid sequence set forth in any one of SEQ ID NOs: 427 to 455.

[0026] In some embodiments, the plurality of the antigen polypeptide-Beta-2 (f2) microglobulin
polypeptide complexes comprises at least about 10° different antigen polypeptide-Beta-2 (B2)
microglobulin polypeptide complexes comprising at least about 10° different randomized antigen
polypeptides.

[0027] In some embodiments, the randomized antigen polypeptide and the B2-microglobulin

polypeptide comprise a single polypeptide. In some embodiments, the single polypeptide further
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comprises a first flexible polypeptide linker. In certain of these embodiments, the randomized antigen
polypeptide is N-terminal to the p2-microglobulin polypeptide on the single polypeptide. In certain
of these embodiments, the randomized antigen polypeptide is C-terminal to the B2-microglobulin
polypeptide on the single polypeptide.

[0028] In some embodiments, each of the antigen polypeptide-Beta-2 (f2) microglobulin
polypeptide complexes of the plurality of the antigen polypeptide-Beta-2 (B2) microglobulin
polypeptide complexes do not comprise an epitope tag. In some embodiments, at least one of the
antigen polypeptide-Beta-2 (B2) microglobulin polypeptide complexes of the plurality of antigen
polypeptide-Beta-2 ($2) microglobulin polypeptide complexes comprise an epitope tag. In some
embodiments, at least one of the HL A-antigen complexes of the plurality of HLA-antigen complexes
does not comprise an epitope tag and at least one of the HLA-antigen complexes of the plurality of
HLA-antigen complexes does comprise an epitope tag. In some embodiments, the epitope tag
comprises a FLAG tag, a c-MYC tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.
[0029] In some embodiments, the antigen polypeptide-Beta-2 (B2) microglobulin polypeptide
complexes each comprise a membrane tethering domain. In some embodiments, the membrane
tethering domain comprises Aga2. In some embodiments, the antigen screening library is expressed
on a plurality of cells.

[0030] In some embodiments, the plurality of cells are a plurality of yeast cells. In some
embodiments, the plurality of yeast cells are a plurality of yeast cells of the EBY100 strain of
Saccharomyces cerevisiae.

[0031] In some embodiments, each cell of the plurality of cells expresses a specific antigen
polypeptide-Beta-2 (B2) microglobulin polypeptide complex.

[0032] Provided herein in some embodiments are a plurality of nucleic acids encoding the antigen

screening libraries in accordance with the present technology.
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[0033] In some embodiments, the HLA polypeptide of the HLA-antigen complex is encoded by a
nucleic acid that is at least about 85%, 87.5%, 90%, 95%, 97%, 98%, or 99% homologous to any one
of SEQ ID NOs: 456 to 484. In some embodiments, the randomized antigen polypeptide of the HLA-
antigen complex is encoded by a nucleic acid set forth in any one of SEQ ID NOs: 210 to 426.
[0034] In some embodiments, the plurality of nucleic acids is expressed by a plurality of cells.
[0035] Provided herein in some embodiments are a plurality of cells expressing the antigen
screening library in accordance with the present technology.
[0036] In some embodiments, the plurality of cells is a plurality of yeast cells. In some
embodiments, the plurality of yeast cells is a plurality of cells of the EBY 100 strain of Saccharomyces
cerevisiae. In some embodiments, each cell of the plurality of cells comprises a nucleic acid of the
plurality of nucleic acids encoding a specific of HLA-antigen complex.
[0037] Provided herein in some embodiments are methods of selecting an antigen comprising
contacting the plurality of cells in accordance with the present technology with a T cell receptor (TCR).
[0038] In some embodiments, the TCR is immobilized on a substrate. In some embodiments, the
TCR is expressed by a cell.
[0039] In some embodiments, the selection is repeated for 2, 3, 4, or 5 cycles.
[0040] In some embodiments, the antigen is a polypeptide antigen. In some embodiments, the
antigen is a polypeptide antigen that does not naturally occur. In some embodiments, the antigen is a
polypeptide antigen that does not naturally occur in a human.

BRIEF DESCRIPTION OF THE DRAWINGS
[0041] FIG. 1A illustrates a schematic of an HL A antigen polypeptide construct coupled to a yeast
cell in accordance with some embodiments of the present technology.
[0042] FIG. 1B illustrates an exemplary, non-limiting, embodiment of an HLA antigen

polypeptide construct tethered to a cell in accordance with some embodiments of the present



WO 2020/047502 PCT/US2019/049205

technology.
[0043] FIG. 2 illustrates an exemplary, non-limiting, depiction of a process for selecting a specific
randomized antigen polypeptide that interacts with a specific T cell receptor in accordance with some
embodiments of the present technology.
[0044] FIGS. 3A and 3B are maps of an example pCT vector (FIG. 3A) and an example pYAL
vector (FIG. 3B).
[0045] FIG. 4 illustrates characterization by flow cytometry of peptide-HLA (pHLA) expression
on yeast surface for a plurality of allotypes in accordance with some embodiments of the present
technology.

DETAILED DESCRIPTION
[0046] Described herein are antigen screening libraries useful for selection and/or identification
of polypeptide ligands for T cell receptors (TCRs). In many cases, the antigen screening libraries are
useful to discover polypeptide antigens that are capable of interacting with and stimulating human T
cells as TCR ligands, including both endogenous TCR antigens and non-endogenous TCR antigens
which may be novel TCR antigens and/or novel epitopes. Such novel antigens and/or novel epitopes
are useful, at least for example, to stimulate one or more TCRs on T cells that may have become
exhausted or anergized, and revive immune responses against cancer, tumors, or chronic viral
infections. Accordingly, the present disclosure includes peptide library display, such as randomized
peptide antigen libraries, in the context of a given HLA to determine the specificities and general
recognition properties of TCRs restricted to HLA-mediated peptide recognition.
[0047] Once expressed using the methodologies described herein, a randomized peptide antigen
library may be displayed by HLA molecules that are expressed on the surface of cells. In general, the
cells that display these HL A-antigen polypeptide complexes are not normal antigen presenting cells

of a host’s immune system but rather are cells that can easily be transformed, transfected, transduced,
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and/or electroporated with a nucleic acid encoding an HLA-antigen polypeptide, including without
limitation, insect cells, yeast cells, and bacterial cells. In some embodiments, the randomized peptide
antigen library is expressed by yeast cells. A mixture of plasmids that encode at least 10*, 10°, 10°,
107, 108, 10°, 10%, 10!, 102, 10", 10, or 10% distinct polypeptide antigens, and either one or a
plurality of different HLA molecules, are transformed into yeast cells. Following transformation with
the randomized peptide antigen library, the yeast cells that express the HLA-antigen polypeptide
complex library are then contacted by a TCR, or other macromolecule having one or more antigen
binding domains, serving as a bait. The TCRs are either (1) expressed by a cell or (2) recombinantly
produced and, optionally, multimerized and/or immobilized, on a solid structure, such as a bead, or
via a protein scaffold such as streptavidin or streptavidin conjugated dextran (referenced as the
selection reagent). The cells expressing HLA-antigen polypeptide complexes that interact with the
TCR selection reagent can be selected by an appropriate modality, and after 2, 3, 4, 5, 6, 7 or more
rounds of enrichment (e.g., cycles) the nucleic acids encoding the HLA-antigen polypeptide
complexes can be extracted from the enriched cells and sequencing can be performed to determine the
polypeptide antigens that have been enriched. The enriched polypeptide antigens define the structural
attributes that interact with a given TCR.

[0048] In some embodiments, the present disclosure includes an antigen screening library which
comprises a plurality of HLA-antigen polypeptide complexes. In some embodiments, the HL A-antigen
polypeptide complexes comprise (a) an HLA polypeptide, the HLA polypeptide comprising a peptide
binding cleft; (b) a randomized antigen polypeptide comprising an amino acid sequence set forth in
any one of SEQ ID NOs: 1 to 194, wherein the randomized antigen polypeptide is selected to
specifically bind to the peptide binding cleft of the HLA polypeptide; and (c) a beta-2 (B2)
microglobulin polypeptide. Also provided herein are derivatives of randomized peptide antigens and

libraries thereof, compositions thereof, pharmaceutical compositions thereof, and uses of the same.
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Also provided herein are nucleic acid sequences encoding one or more randomized peptide antigen
libraries disclosed herein and derivatives thereof, and methods for expressing the one or more
randomized peptide antigen libraries, peptides thereof, and derivatives thereof in one or more cells.
[0049] As set forth in the examples provided herein, a randomized peptide antigen library was
designed (Example 1) and includes nucleic acid constructs (FIG. 1A) and peptide constructs tethered
to a cell, such as a yeast cell (FIG. 1B). Expression of pHL A was characterized and validated using a
yeast display (YD) system (Example 2). These pHLAs can interact with a TCR and determining
whether interaction occurs can be determined with one or more processes described herein, such as
was performed using the process illustrated in FIG. 2. Expression of pHLA was validated by flow
cytometry (Example 2, Level 1) and can further be functionally validated by screening the randomized
peptide antigen library using a candidate allotype-matched TCR (Example 2, Level 2).

[0050] The following description of the invention is merely intended to illustrate various
embodiments of the present disclosure. As such, the specific modifications discussed are not to be
construed as limitations on the scope of the present disclosure. It will be apparent to one skilled in the
art that various equivalents, changes, and modifications may be made without departing from the scope
of the present disclosure, and it is understood that such equivalent embodiments are to be included
herein.

[0051] All references listed herein are incorporated by reference, in their entirety. Methods and
apparatuses are provided here by way of example and are not intended to be limiting to the present
disclosure.

Certain Definitions

[0052] In the following description, some specific details are set forth in order to provide a
thorough understanding of various embodiments. However, one skilled in the art will understand that

the embodiments provided may be practiced without these details. Unless the context requires
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otherwise, throughout the specification and claims which follow, the word “comprise” and variations
thereof, such as, “comprises” and “comprising” are to be construed in an open, inclusive sense, that is,
as “including, but not limited to.” As used in this specification and the appended claims, the singular

2

forms “a,” “an,” and “the” include plural referents unless the content clearly dictates otherwise. It
should also be noted that the term “or” is generally employed in its sense including “and/or” unless
the content clearly dictates otherwise. Further, headings provided herein are for convenience only and
do not interpret the scope or meaning of the claimed embodiments.

[0053] The terms “peptide,” “polypeptide,” and “protein” are used interchangeably to refer to a
polymer of amino acid residues, and are not limited to a minimum length, though a number of amino
acid residues may be specified (e.g., 9mer is nine amino acid residues). Polypeptides may include
amino acid residues including natural and/or non-natural amino acid residues. The terms also include
post-expression modifications of the polypeptide, for example, glycosylation, sialylation, acetylation,
phosphorylation, and the like. In some embodiments, the polypeptides may contain modifications with
respect to a native or natural sequence, as long as the protein maintains the desired activity. These
modifications may be deliberate, as through site-directed mutagenesis, or may be accidental, such as
through mutations of hosts which produce the proteins or errors due to PCR amplification.

[0054] The term “acidic residue” refers to amino acid residues in D- or L-form having sidechains
comprising acidic groups. Exemplary acidic residues include D and E.

[0055] The term “amide residue” refers to amino acids in D- or L-form having sidechains
comprising amide derivatives of acidic groups. Exemplary residues include N and Q.

[0056] The term “aromatic residue” refers to amino acid residues in D- or L-form having
sidechains comprising aromatic groups. Exemplary aromatic residues include F, Y, and W.

[0057] The term “basic residue” refers to amino acid residues in D- or L-form having sidechains

comprising basic groups. Exemplary basic residues include H, K, and R.
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[0058] The term “hydrophilic residue” refers to amino acid residues in D- or L-form having
sidechains comprising polar groups. Exemplary hydrophilic residues include C, S, T, N, and Q.
[0059] The term “nonfunctional residue” refers to amino acid residues in D- or L-form having
sidechains that lack acidic, basic, or aromatic groups. Exemplary nonfunctional amino acid residues
include M, G, A, V, I, L and norleucine (Nle).

[0060] The term “neutral hydrophobic residue” refers to amino acid residues in D- or L-form
having sidechains that lack basic, acidic, or polar groups. Exemplary neutral hydrophobic amino acid
residues include A, V,L, I, P, W, M, and F.

[0061] The term “polar hydrophobic residue” refers to amino acid residues in D- or L-form having
sidechains comprising polar groups. Exemplary polar hydrophobic amino acid residues include T, G,
S,Y,C, Q, and N.

[0062] The term “hydrophobic residue” refers to amino acid residues in D- or L-form having
sidechains that lack basic or acidic groups. Exemplary hydrophobic amino acid residues include A, V,
L,LP,W,MF,T,G,S,Y,C,Q,and N.

[0063] “Percent (%) sequence identity” with respect to a reference polypeptide sequence is the
percentage of amino acid residues in a candidate sequence that is identical with the amino acid residues
in the reference polypeptide sequence, after aligning the sequences and introducing gaps, if necessary,
to achieve the maximum percent sequence identity, and not considering any conservative substitutions
as part of the sequence identity. Alignment for purposes of determining percent amino acid sequence
identity can be achieved in various ways that are known, for instance, using publicly available
computer software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software, or other
software appropriate for nucleic acid sequences. Appropriate parameters for aligning sequences are
able to be determined, including algorithms needed to achieve maximal alignment over the full length

of the sequences being compared. For purposes herein, however, % amino acid sequence identity
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values are generated using the sequence comparison computer program ALIGN-2. The ALIGN-2
sequence comparison computer program was authored by Genentech, Inc., and the source code has
been filed with user documentation in the U.S. Copyright Office, Washington D.C., 20559, where it
is registered under U.S. Copyright Registration No. TXU510087. The ALIGN-2 program is publicly
available from Genentech, Inc., South San Francisco, Calif., or may be compiled from the source code.
The ALIGN-2 program should be compiled for use on a UNIX operating system, including digital
UNIX V4.0D. All sequence comparison parameters are set by the ALIGN-2 program and do not vary.
[0064] In situations where ALIGN-2 is employed for amino acid sequence comparisons, the %
amino acid sequence identity of a given amino acid sequence A to, with, or against a given amino acid
sequence B (which can alternatively be phrased as a given amino acid sequence A that has or
comprises a some % amino acid sequence identity to, with, or against a given amino acid sequence B)
is calculated as follows: 100 times the fraction X/Y, where X is the number of amino acid residues
scored as identical matches by the sequence alignment program ALIGN-2 in that program’s alignment
of A and B, and where Y is the total number of amino acid residues in B. It will be appreciated that
where the length of amino acid sequence A is not equal to the length of amino acid sequence B, the %
amino acid sequence identity of A to B will not equal the % amino acid sequence identity of B to A.
Unless specifically stated otherwise, all % amino acid sequence identity values used herein are
obtained as described in the immediately preceding paragraph using the ALIGN-2 computer program.
[0065] As used herein, the terms “homologous,” “homology,” or “percent homology” when used
herein to describe to a nucleic acid sequence, relative to a reference sequence, can be determined using
the formula described by Karlin & Altschul 1990, modified as in Karlin & Altschul 1993. Such a
formula is incorporated into the basic local alignment search tool (BLAST) programs of Altschul 1990.
Percent homology of sequences can be determined using the most recent version of BLAST, as of the

filing date of this application.
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[0066] “T cell receptor” (TCR), refers to an antigen/MHC binding heterodimeric protein product
of a vertebrate, e.g. mammalian, TCR gene complex, including the human TCR a, B, y and & chains.
For example, the complete sequence of the human B TCR locus has been sequenced, as published by
Rowen 1996; the human TCR locus has been sequenced and resequenced, for example see
Mackelprang 2006; see a general analysis of the T-cell receptor variable gene segment families in
Arden 1995; each of which is herein specifically incorporated by reference for the sequence
information provided and referenced in the publication.

[0067] “Bait” refers to a TCR or “other macromolecule having one or more antigen binding
domains” that binds to an antigen of the present technology. The other macromolecule having one or
more antigen binding domains is an antibody, a DARPin, or a synthetic molecule, including aptamers.
The antigen binding domain binds a peptide, such as one or more of the HLA-peptide complexes of
the present technology, or a nucleic acid, such as DNA and RNA.

[0068] “Exogenous” with respect to a nucleic acid or polynucleotide indicates that the nucleic acid
is part of a recombinant nucleic acid construct or is not in its natural environment. For example, an
exogenous nucleic acid can be a sequence from one species introduced into another species, i.e., a
heterologous nucleic acid. Typically, such an exogenous nucleic acid is introduced into the other
species via a recombinant nucleic acid construct. An exogenous nucleic acid also can be a sequence
that is native to an organism and that has been reintroduced into cells of that organism. An exogenous
nucleic acid that includes a native sequence can often be distinguished from the naturally occurring
sequence by the presence of non-natural sequences linked to the exogenous nucleic acid, e.g., non-
native regulatory sequences flanking a native sequence in a recombinant nucleic acid construct. In
addition, stably transformed exogenous nucleic acids typically are integrated at positions other than
the position where the native sequence is found. The exogenous elements may be added to a construct,

for example, using genetic recombination. Genetic recombination is the breaking and rejoining of
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DNA strands to form new molecules of DNA encoding a novel set of genetic information.
[0069] As used herein the term “about” refers to an amount that is near the stated amount by 10%.

Structural Characteristics of the HLA-Antigen Polypeptide Complexes

[0070] Disclosed herein are antigen screening libraries, such as randomized peptide antigen
libraries, which include a plurality of HLA-antigen polypeptide complexes. The HLA-antigen
polypeptide complexes of the current disclosure minimally comprise at least three constituents: (a) a
randomized antigen polypeptide, (b) a major histocompatibility class I (MHC I) HLA molecule, and
(c) a P2-microglobulin. In some embodiments, the randomized antigen polypeptide of (a) is
randomized having at least one or more residues conserved that serve as anchor residues to bind to an
HLA molecule of a specific type. Exemplary, but not limiting, randomized antigen polypeptide
antigens and the HL A type with which they associate are shown in Table 1 and given by SEQ ID NOs:
1 to 194 and Table 2 and given by SEQ ID NOs: 195 to 209. In some embodiments, the randomized
polypeptide antigens comprises a sequence that is at least about 70%, 75%, 80%, 85%, 87%, 87.5%,
90%, 95%, 97%, 97.5%, 98%, 98.5%, 99%, 99.5%, or 100% identical to any one of, but not limited
to, the amino acid sequences set forth in any one of SEQ ID NOs: 1 to 194 and SEQ ID NOs: 195 to
209. In some embodiments, the randomized polypeptide antigens comprise a sequence identical to any
one of those set forth in any one of SEQ ID NOs: 1 to 194 and SEQ ID NOs: 195 to 209. Also
envisioned within the present disclosure are randomized polypeptide antigen truncations that have 1,
2,3,4,5,6,7,8,9, 10, 15, 20, or 25 amino acids truncated from the N-terminus or truncated from the
C-terminus of any one of SEQ ID NOs: 1 to 194 and SEQ ID NOs: 195 to 209. In some embodiments,
the HLA molecule of (b) is a HLA polypeptide and comprises a peptide binding cleft. Once expressed,
in some embodiments, the randomized antigen polypeptide of (a) binds the HLA polypeptide of (b) at

the peptide binding cleft.
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Table 1: Polypeptide Antigen Sequences Sorted By HLA Type

HLA type

SEQ ID NO:

Sequence

HLA A3

X(V/LIM)XXXXXK

X(V/L/IM)XXXXXXK

X(V/L/M)XXXXXXXK

X(V/L/M)XXXXXXXXK

X(V/L/M)XXXXXXXXXK

HLA All

X(V/L/F)XXXXX(K/R)

X(V/L/F)XXXXXX(K/R)

X(V/L/F)XXXXXXX(K/R)

NN I BN Ro NN RV NN VST NS e

X(V/L/F)XXXXXXXX(K/R)

X(V/L/F)XXXXXXXXX(K/R)

HLA A23

— | —
— O

XXXXXXXY

—
\8}

XXXXXXXXY

—
98]

XXXXXXXXXY

=
o~

XXXXXXXXXXY

—
w

XXXXXXXXXXXY

HLA A24

—
(@)}

X(F/Y)XXXXX(I/L/F)

—
.

X(F/Y)XXXXXX(I/L/F)

—
(o]

X(F/Y)XXXXXXXI/L/F)

—
e}

X(F/Y)XXXXXXXX(I/L/F)

[
o

X(F/Y)XXXXXXXXX(I/L/F)

HLA A26

NS
—

X(V/L/F)XXXXX(F/Y)

N
\S]

X(UT)XXXXX(F/Y)

N
(O8]

X(V/L/F)XXXXXX(F/Y)

)
=

X(UT)XXXXXXEF/Y)

[\¥)
w

X(V/L/F)XXXXXXX(F/Y)

)
N

XUT)XXXXXXX(F/Y)

[\S]
3

X(V/L/F)XXXXXXXX(F/Y)

[N}
e}

X(UT)XXXXXXXX(F/Y)

[N
el

X(V/L/F)XXXXXXXXX(F/Y)

[O8)
o

X(UT)XXXXXXXXX(F/Y)

HLA A30

[OS)
—

X(F/Y)XXXXX(L)

[OS)
[\

X(F/Y)XXXXXX(L)

[O8)
98]

X(F/Y)XXXXXXX(L)

o
~

X(F/Y)XXXXXXXX(L)

[O8)
w

X(F/Y)XXXXXXXXX(L)

18




WO 2020/047502

PCT/US2019/049205

HLA A31

36

XXXXXXX(K/R)

37

XXXXXXXX(K/R)

38

XXXXXXXXX(K/R)

39

XXXXXXXXXX(K/R)

40

XXXXXXXXXXX(K/R)

HLA A33

41

XXXXXXX(K/R)

42

XXXXXXXX(K/R)

43

XXXXXXXXX(K/R)

44

XXXXXXXXXX(K/R)

45

XXXXXXXXXXX(K/R)

HLA A68

46

X(V)XXXXX(K/R)

47

X(V)XXXXXX(K/R)

48

X(V)XXXXXXX(K/R)

49

X(V)XXXXXXXX(K/R)

50

X(V)XXXXXXXXX(EK/R)

51

X(T)XXXXX(K/R)

52

X(T)XXXXXX(K/R)

53

X(T)XXXXXXX(K/R)

54

X(T)XXXXXXXX(EK/R)

55

X(T)XXXXXXXXX(K/R)

HLA B7

56

XPXXXXXL

57

XPXXXXXXL

58

XPXXXXXXXL

59

XPXXXXXXXXL

60

XPXXXXXXXXXL

HLA B8

61

XXK)X(K/R)XX(L)

62

XXK)X(K/R)XXX(L)

63

XX(K)X(K/R)XXXX(L)

64

XXEK)X(K/R)XXXXX(L)

65

XX(K)X(K/R)XXXXXX(L)

HLA B15

66

X(Q/L)XXXXX(F/Y)

67

X(Q/L)XXXXXX(F/Y)

68

X(Q/LXXXXXXX(F/Y)

69

X(Q/L)XXXXXXXX(F/Y)

70

X(Q/L)XXXXXXXXX(F/Y)

HLA B27

71

X(R)XXXXX(F/Y)

72

XR)XXXXXX(F/Y)

73

X(R)XXXXXXX(F/Y)
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74

XR)XXXXXXXX(F/Y)

75

XRXXXXXXXXX(F/Y)

HLA B35

76

X(P)XXXXX(F/Y)

77

X(P)XXXXXX(F/Y)

78

X(P)XXXXXXX(F/Y)

79

X(P)XXXXXXXX(F/Y)

80

X(P)XXXXXXXXX(F/Y)

81

X(P)XXXXX(M/L/T)

82

X(P)XXXXXX(M/L/)

83

X(P)XXXXXXX(M/L/T)

84

X(P)XXXXXXXX(M/L/T)

85

X(P)XXXXXXXXX(M/L/T)

HLA B40

86

X(B)XXXXX(L)

87

X(E)XXXXXX(L)

88

X(B)XXXXXXX(L)

89

X(E)XXXXXXXX(L)

90

X(E)XXXXXXXXX(L)

HLA B51

91

X(A/G)XXXXX(V/)

92

X(A/G)XXXXXX(V/)

93

X(A/G)XXXXXXX(V/D)

94

X(A/G)XXXXXXXX(V/)

95

X(A/G)XXXXXXXXX(V/D)

96

X(P)XXXXX(V/)

97

X(P)XXXXXX(V/)

98

X(P)XXXXXXX(V/)

99

X(P)XXXXXXXX(V/)

100

X(P)XXXXXXXXX(V/)

HLA B44

101

X(E)XXXXX(F/Y)

102

X(B)XXXXXX(F/Y)

103

X(E)XXXXXXX(F/Y)

104

X(B)XXXXXXXX(F/Y)

105

X(E)XXXXXXXXX(F/Y)

HLA B53

106

X(P)XXXXX(W)

107

X(P)YXXXXXX(W)

108

X(P)XXXXXXX(W)

109

X(P)XXXXXXXX(W)

110

X(P)XXXXXXXXX(W)

111

X(P)XXXXX(F/L)
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112

X(P)XXXXXX(F/L)

113

X(P)XXXXXXX(F/L)

114

X(P)XXXXXXXX(F/L)

115

X(P)XXXXXXXXX(F/L)

HLA B57

116

X(A/T/S)XXXXX(F/Y)

117

X(A/T/S)XXXXXX(F/Y)

118

X(A/T/S)XXXXXXX(F/Y)

119

X(A/T/S)XXXXXXXX(F/Y)

120

X(A/T/S)XXXXXXXXX(F/Y)

121

X(A/T/S)XXXXX(W)

122

X(A/T/S)XXXXXX(W)

123

X(A/T/S)XXXXXXX(W)

124

X(A/T/S)XXXXXXXX(W)

125

X(A/T/S)XXXXXXXXX(W)

HLA C1

126

X(L)XXXXX(L)

127

X(L)XXXXXX(L)

128

X(L)XXXXXXX(L)

129

X(L)XXXXXXXX(L)

130

X(L)XXXXXXXXX(L)

131

X(A)XXXXXXX(L)

132

X(A)XXXXXX(L)

133

X(A)XXXXXXX(L)

134

X(A)XXXXXXXX(L)

135

X(A)XXXXXXXXX(L)

HLA C2

136

X(A)XXXXX(L/V)

137

X(A)XXXXXX(L/V)

138

X(A)XXXXXXX(L/V)

139

X(A)XXXXXXXX(L/V)

140

X(A)XXXXXXXXX(L/V)

141

X(A)XXXXX(F/Y)

142

X(A)XXXXXX(F/Y)

143

X(A)XXXXXXX(F/Y)

144

X(A)XXXXXXXX(F/Y)

145

X(A)XXXXXXXXX(F/Y)

HLA C3

146

XXXXXXX(L/F/M/I)

147

XXXXXXXX(L/F/M/)

148

XXXXXXXXX(L/F/M/)

149

XXXXXXXXXX(L/F/M/T)
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150

XXX XXXXXXXX(L/F/M/T)

HLA C4

151

X(Y/F)XXXXX(L/F/M/)

152

X(Y/F)XXXXXX(L/F/M/I)

153

X(Y/F)XXXXXXX(L/F/M/D)

154

X(Y/F)XXXXXXXX(L/F/M/I)

155

X(Y/F)XXXXXXXXX(L/F/MI)

156

X(P)XXXXX(L/F/M/)

157

X(P)XXXXXX(L/F/M/T)

158

X(P)XXXXXXX(L/F/M/)

159

X(P)XXXXXXXX(L/F/M/T)

160

X(P)XXXXXXXXX(L/F/M/T)

HLA C5

161

XX(D)XXXX(L/V)

162

XX(D)XXXXX(L/V)

163

XX(D)XXXXXX(L/V)

164

XX(D)XXXXXXX(L/V)

165

XX(D)XXXXXXXX(L/V)

HLA C6

166

XXXXXXX(L/V/I)

167

XXXXXXXX(L/V/)

168

XXXXXXXXX(L/V/D)

169

XXXXXXXXXX(L/V/)

170

XXXXXXXXXXX(L/VI)

171

XXXXXXX(Y)

172

XXXXXXXX(Y)

173

XXXXXXXXX(Y)

174

XXXXXXXXXX(Y)

175

XXXXXXXXXXX(Y)

HLA C7

176

XXXXXXX(F/L)

177

XXXXXXXX(F/L)

178

XXXXXXXXX(F/L)

179

XXXXXXXXXX(F/L)

180

XXXXXXXXXXX(F/L)

181

XXXXXXX(Y)

182

XXXXXXXX(Y)

183

XXXXXXXXX(Y)

184

XXXXXXXXXX(Y)

185

XXXXXXXXXXX(Y)

HLA C8

186

XX(D)XXX(L)

187

XX(D)XXXX(L)

22




WO 2020/047502 PCT/US2019/049205

188 XX(D)XXXXX(L)
189 XX(D)XXXXXX(L)
190 XX(D)XXXXXXX(L)
191 X(L/M)XXXXX(L/V)
192 X(L/M)XXXXXX(L/V)

HLAE 193 X(L/M)XXXXXXX(L/V)
194 X(L/MXXXXXXXX(L/V)

Table 2: Additional Polypeptide Antigen Sequences for HLA Al1

SEQID NO: |Sequence

195 XA/L/V)XXXXX(K/R)

196 XA/L/V)XXXXXX(K/R)
197 XT/L/V)XXXXXXX(K/R)
198 XT/L/V)IXXXXXXXX(K/R)
199 X/L/V)XXXXXXXXX(K/R)
200 X(Y/F)XXXXX(K/R)

201 X(Y/F)XXXXXX(K/R)

202 XY /F)XXXXXXX(K/R)
203 X(Y/F)XXXXXXXX(K/R)
204 XY /F)XXXXXXXXX(K/R)
205 XN/Y)XXXXX(K/R)

206 XAN/Y)XXXXXX(K/R)

207 XAN/Y)XXXXXXX(K/R)
208 XIN/Y)XXXXXXXX(K/R)
209 XN/Y)XXXXXXXXX(K/R)

[0071] In some embodiments, antigen screening libraries of the present disclosure include
(b) randomized antigen polypeptides encoded at least by, but not limited to, nucleotide sequences SEQ
ID NOs: 210 to 411 provided at least in Table 4. In some embodiments, antigen screening libraries of
the present disclosure include (b) randomized antigen polypeptides encoded at least by, but not limited
to, nucleotide sequences SEQ ID NOs: 412 to 426 provided at least in Table S. Nucleic acids that
encode the randomized antigen polypeptides of (b) are encoded by a degenerate base sequence,
effectively allowing any amino acid to be encoded at a given position corresponding to the degenerate

base sequence. Each randomized antigen polypeptide has at least one conserved anchor position that
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is encoded by a restricted degenerate code, or a specific sequence, which allows the randomized
antigen polypeptide to more efficiently interact with a certain HL A type. Having at least one conserved
anchor position per randomized antigen polypeptide increases efficiency of formation of a randomized
antigen polypeptide and HLA complex compared to formation of an HLA complex with a fully
randomized antigen polypeptide. In some embodiments, 1, 2, or 3 of the amino acid residues of a
randomized antigen polypeptide are constant. In some embodiments, the randomized antigen
polypeptide antigens comprises a sequence that is at least about 70%, 75%, 80%, 85%, 87%, 87.5%,
90%, 95%, 97%, 97.5%, 98%, 98.5%, 99%, 99.5%, or 100% identical to any one of, but not limited
to, the amino acid sequences set forth in any one of SEQ ID NOs: 210 to 411 and SEQ ID NOs: 412
to 426. In some embodiments, the randomized antigen polypeptide antigens comprise a sequence
identical to any one of those set forth in any one of SEQ ID NOs: 210 to 411 and SEQ ID NOs: 412
to 426. Also envisioned within the present disclosure are randomized antigen polypeptide antigen
polypeptide truncations that have 1,2, 3,4, 5, 6,7, 8, 9, 10, 15, 20, or 25 amino acids truncated from
the N-terminus or truncated from the C-terminus of any one of SEQ ID NOs: 210 to 411 and SEQ ID
NOs: 412 to 426.

[0072] In some embodiments, amino acid residues of a randomized antigen polypeptide vary by
2, 3, or 4 different amino acids. For example, referring to Table 1, the second and the last position of
a randomized antigen polypeptide that binds to HLA-A2 will comprise leucine or methionine; and
leucine, methionine, or valine, respectively.

[0073] The amino acid sequences in Tables 1 and 2 above include random amino acid residues
(*X’) and explicitly defined amino acids located at residues referred to collectively as anchor positions.
The anchor positions specified in the library design can be altered, for example, based on amino acid
substitutions set forth in Table 3. One of ordinary skill in the art would appreciate that possible

substitutions for X residue in the amino acid sequences of Tables 1 and 2 are not limited and can
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include additional substitutions without departing from the scope of the disclosure. For example,
amino acid substitutions can be used to identify important residues of the peptide sequence that
contribute to binding of the HLA or to constrain of expand the members of the library described herein.
[0074] Conservative modifications will produce peptides having functional and chemical
characteristics similar to those of the peptide from which such modifications are made. In contrast,
substantial modifications in the functional and/or chemical characteristics of the peptides may be
accomplished by selecting substitutions in the amino acid sequence that differ significantly in their
effect on maintaining (a) the structure of the molecular backbone in the area of the substitution, for
example, as a sheet or helical conformation, (b) the charge or hydrophobicity of the molecule at the
target site, or (c) the size of the molecule.

[0075] For example, a “conservative amino acid substitution” may involve a substitution of a
native amino acid residue with a nonnative residue such that there is little or no effect on the polarity
or charge of the amino acid residue at that position. Furthermore, any native residue in the polypeptide
may also be substituted with alanine, as has been previously described for “alanine scanning
mutagenesis” (see, for example, MacLennan 1998 and Sasaki & Sutoh 1998, which discuss alanine
scanning mutagenesis).

[0076] Desired amino acid substitutions (whether conservative or non-conservative) can be
determined by those skilled in the art at the time such substitutions are desired. Exemplary amino acid
substitutions are set forth in Table 3.

Table 3: Amino Acid Substitutions

Original Exemplary Substifntions
Residues

Ala {A) Val, Ley, fle

Arg (R} Lys, Gin, Asp

Ase (N} il

Asp (I3 Glu
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Cys (Y Ser, Ala

Gl {40 Asn

Glu (B} Asp

Gl () Pro, Ala

His (H3} Asn, Gin, Lys, Arg

fle {1y Leu, Val, Met, Ala, Phe, Norleucine {(INle}
Leu (1) Norleucing (Mle}, He, Val, Met, Ala, Phe
Lys (K} Are, 1.4 Diaminobutyric Acid {Dab), Gin, Asn
Met (M) Leu, Phe, lle

Phe (F) Leu, Val, lle, Ala, Tyr

Pro () Ala

Ner {5) Thr, Ala, Cvs

Thr {1} Ser

Trp (W) Tvr, Phe

Tyr{Y} Trp, Phe, Thr, Ser

Val (V) He, Met, Leu, Phe, Ala, Norleucine (Mie)

[0077] In certain embodiments, conservative amino acid substitutions also encompass non-
naturally occurring amino acid residues which are typically incorporated by chemical peptide
synthesis rather than by synthesis in biological systems.

[0078] As noted in the foregoing section “Certain Definitions,” naturally occurring residues may
be divided into classes based on common sidechain properties that may be useful for modifications of
sequence. For example, non-conservative substitutions may involve the exchange of a member of one
of these classes for a member from another class. Such substituted residues may be introduced into
regions of the peptide that are homologous with non-human orthologs, or into the non-homologous
regions of the molecule. In addition, one may also make modifications using P or G for the purpose
of influencing chain orientation.

[0079] In making such modifications, the hydropathic index of amino acids may be considered.
Each amino acid has been assigned a hydropathic index on the basis of their hydrophobicity and charge
characteristics; these are: isoleucine (+4.5); valine (+4.2); leucine (+3.8); phenylalanine (+2.8);
cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8); glycine (—0.4); threonine (—0.7); serine

(—0.8); tryptophan (—0.9); tyrosine (—1.3); proline (—1.6); histidine (—3.2); glutamate (—3.5); glutamine
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(—3.5); aspartate (—3.5); asparagine (—3.5); lysine (—3.9); and arginine (—4.5).

[0080] The importance of the hydropathic amino acid index in conferring interactive biological
function on a protein is understood in the art (Kyte & Doolittle 1982). It is known that certain amino
acids may be substituted for other amino acids having a similar hydropathic index or score and still
retain a similar biological activity. In making changes based upon the hydropathic index, the
substitution of amino acids whose hydropathic indices are within £2 is preferred, those which are
within +1 are particularly preferred, and those within £0.5 are even more particularly preferred.
[0081] It is also understood in the art that the substitution of like amino acids can be made
effectively on the basis of hydrophilicity. The greatest local average hydrophilicity of a protein, as
governed by the hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and
antigenicity, i.e. with a biological property of the protein.

[0082] The following hydrophilicity values have been assigned to amino acid residues: arginine
(+3.0); lysine (+3.0); aspartate (+3.0+1); glutamate (+3.0+1); serine (+0.3); asparagine (+0.2);
glutamine (+0.2); glycine (0); threonine (—0.4); proline (—0.5+1); alanine (—0.5); histidine (—0.5);
cysteine (—1.0); methionine (—1.3); valine (—1.5); leucine (—1.8); isoleucine (—1.8); tyrosine (—2.3);
phenylalanine (—2.5); tryptophan (—3.4). In making changes based upon similar hydrophilicity values,
the substitution of amino acids whose hydrophilicity values are within +2 is preferred, those which are
within £1 are particularly preferred, and those within £0.5 are even more particularly preferred. One
may also identify epitopes from primary amino acid sequences on the basis of hydrophilicity. These
regions are also referred to as “epitopic core regions.”

[0083] A skilled artisan will be able to determine suitable variants of the polypeptide as set forth
in the foregoing sequences using well known techniques. For identifying suitable areas of the molecule
that may be changed without destroying activity, one skilled in the art may target areas not believed

to be important for activity. For example, when similar polypeptides with similar activities from the
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same species or from other species are known, one skilled in the art may compare the amino acid
sequence of a peptide to similar peptides. With such a comparison, one can identify residues and
portions of the molecules that are conserved among similar polypeptides. It will be appreciated that
changes in areas of a peptide that are not conserved relative to such similar peptides would be less
likely to adversely affect the biological activity and/or structure of the peptide. One skilled in the art
would also know that, even in relatively conserved regions, one may substitute chemically similar
amino acids for the naturally occurring residues while retaining activity (conservative amino acid
residue substitutions). Therefore, even areas that may be important for biological activity or for
structure may be subject to conservative amino acid substitutions without destroying the biological
activity or without adversely affecting the peptide structure.

[0084] Additionally, one skilled in the art can review structure-function studies identifying
residues in similar peptides that are important for activity or structure. In view of such a comparison,
one can predict the importance of amino acid residues in a peptide that correspond to amino acid
residues that are important for activity or structure in similar peptides. One skilled in the art may opt
for chemically similar amino acid substitutions for such predicted important amino acid residues of
the peptides.

[0085] One skilled in the art can also analyze the three-dimensional structure and amino acid
sequence in relation to that structure in similar polypeptides. In view of that information, one skilled
in the art may predict the alignment of amino acid residues of a peptide with respect to its three
dimensional structure. One skilled in the art may choose not to make radical changes to amino acid
residues predicted to be on the surface of the protein, since such residues may be involved in important
interactions with other molecules. Moreover, one skilled in the art may generate test variants
containing a single amino acid substitution at each desired amino acid residue. The variants can then

be screened using activity assays known to those skilled in the art. Such data could be used to gather
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information about suitable variants. For example, if one discovered that a change to a particular amino
acid residue resulted in destroyed, undesirably reduced, or unsuitable activity, variants with such a
change would be avoided. In other words, based on information gathered from such routine
experiments, one skilled in the art can readily determine the amino acids where further substitutions
should be avoided, either alone or in combination with other mutations.

[0086] A number of scientific publications have been devoted to the prediction of secondary
structure (see, e.g., Moult 1996; Chou & Fasman 1974a; Chou & Fasman 1974b; Chou & Fasman
1978a; Chou & Fasman 1978b; and Chou & Fasman 1979). Moreover, computer programs are
currently available to assist with predicting secondary structure. One method of predicting secondary
structure is based upon homology modeling. For example, two polypeptides or proteins which have a
sequence identity of greater than 30%, or similarity greater than 40% often have similar structural
topologies. The recent growth of the protein structural data base (PDB) has provided enhanced
predictability of secondary structure, including the potential number of folds within a polypeptide's or
protein's structure (Holm & Sander 1999). It has been suggested that there are a limited number of
folds in a given polypeptide or protein and that once a critical number of structures have been resolved,
structural prediction will gain dramatically in accuracy (Brenner 1997).

[0087] Additional methods of predicting secondary structure include “threading” (Jones 1997;
Sippl & Flockner 1996), “profile analysis” (Bowie 1991; Gribskov 1987; Gribskov 1990), and
“evolutionary linkage” (Holm & Sander 1999; Brenner 1997).

Table 4: Nucleic Acid Sequences Encoding Randomized Polypeptide Antigens

HLA type |SEQID NO: [Sequence
210 nnkmtgnnknnknnknnknnkntg

HLA A2 211 nnkmtgnnknnknnknnknnknnkntg
212 nnkmtgnnknnknnknnknnknnknnkntg
213 nnkmtgnnknnknnknnknnknnknnknnkntg
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214 nnknnkgaknnknnknnknnknnktat

HLA Al 215 nnknnkgaknnknnknnknnknnknnktat
216 nnknnkgaknnknnknnknnknnknnknnktat
217 nnkvtgnnknnknnknnknnkaaa
218 nnkvtgnnknnknnknnknnknnkaaa

HLA A3 219 nnkvtgnnknnknnknnknnknnknnkaaa
220 nnkvtgnnknnknnknnknnknnknnknnkaaa
221 nnkvtgnnknnknnknnknnknnknnknnknnkaaa
222 nnkbttnnknnknnknnknnkara
223 nnkbttnnknnknnknnknnknnkara

HLA Al 224 nnkbttnnknnknnknnknnknnknnkara
225 nnkbttnnknnknnknnknnknnknnknnkara
226 nnkbttnnknnknnknnknnknnknnknnknnkara
227 nnknnknnknnknnknnknnktay
228 nnknnknnknnknnknnknnknnktay

HLA A23 229 nnknnknnknnknnknnknnknnknnktay
230 nnknnknnknnknnknnknnknnknnknnktay
231 nnknnknnknnknnknnknnknnknnknnknnktay
232 nnktwtnnknnknnknnknnkhtt
233 nnktwtnnknnknnknnknnknnkhtt

HLA A24  |234 nnktwtnnknnknnknnknnknnknnkhtt
235 nnktwtnnknnknnknnknnknnknnknnkhtt
236 nnktwtnnknnknnknnknnknnknnknnknnkhtt
237 nnkbthnnknnknnknnknnktwy
238 nnkayynnknnknnknnknnktwy
239 nnkbthnnknnknnknnknnknnktwy
240 nnkayynnknnknnknnknnknnktwy

HILLA A26 241 nnkbthnnknnknnknnknnknnknnktwy
242 nnkayynnknnknnknnknnknnknnktwy
243 nnkbthnnknnknnknnknnknnknnknnktwy
244 nnkayynnknnknnknnknnknnknnknnktwy
245 nnkbthnnknnknnknnknnknnknnknnknnktwy
246 nnkayynnknnknnknnknnknnknnknnknnktwy
247 nnktwynnknnknnknnknnkctn
248 nnktwynnknnknnknnknnknnkctn

HLA A30 |249 nnktwynnknnknnknnknnknnknnkctn
250 nnktwynnknnknnknnknnknnknnknnkctn
251 nnktwynnknnknnknnknnknnknnknnknnkctn
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252 nnknnknnknnknnknnknnkarr
253 nnknnknnknnknnknnknnknnkarr
HLA A31 254 nnknnknnknnknnknnknnknnknnkarr
255 nnknnknnknnknnknnknnknnknnknnkarr
256 nnknnknnknnknnknnknnknnknnknnknnkarr
257 nnknnknnknnknnknnknnkarr
258 nnknnknnknnknnknnknnknnkarr
HLA A33 259 nnknnknnknnknnknnknnknnknnkarr
260 nnknnknnknnknnknnknnknnknnknnkarr
261 nnknnknnknnknnknnknnknnknnknnknnkarr
262 nnkgttnnknnknnknnknnkarr
263 nnkgttnnknnknnknnknnknnkarr
264 nnkgttnnknnknnknnknnknnknnkarr
265 nnkgttnnknnknnknnknnknnknnknnkarr
266 nnkgttnnknnknnknnknnknnknnknnknnkarr
HILA A68
267 nnkactnnknnknnknnknnkarr
268 nnkactnnknnknnknnknnknnkarr
269 nnkactnnknnknnknnknnknnknnkarr
270 nnkactnnknnknnknnknnknnknnknnkarr
271 nnkactnnknnknnknnknnknnknnknnknnkarr
272 nnkcctnnknnknnknnknnkctt
273 nnkcctnnknnknnknnknnknnkett
274 nnkcctnnknnknnknnknnknnknnkctt
HLA B7 275 nnkcctnnknnknnknnknnknnknnknnkctt
276 nnkcctnnknnknnknnknnknnknnknnknnkctt
277 nnknnkaaannkarannknnkctt
278 nnknnkaaannkarannknnknnkctt
279 nnknnkaaannkarannknnknnknnkctt
HLA BS 280 nnknnkaaannkarannknnknnknnknnkectt
281 nnknnkaaannkarannknnknnknnknnknnkctt
282 nnkcwannknnknnknnknnktwt
283 nnkcwannknnknnknnknnknnktwt
284 nnkcwannknnknnknnknnknnknnktwt
HLAB15 285 nnkcwannknnknnknnknnknnknnknnktwt
286 nnkcwannknnknnknnknnknnknnknnknnktwt
287 nnkagannknnknnknnknnktwt
HLAB27 288 nnkagannknnknnknnknnknnktwt
289 nnkagannknnknnknnknnknnknnktwt
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290 nnkagannknnknnknnknnknnknnknnktwt
291 nnkagannknnknnknnknnknnknnknnknnktwt
292 nnkcctnnknnknnknnknnktwt
293 nnkcctnnknnknnknnknnknnktwt
294 nnkcctnnknnknnknnknnknnknnktwt
295 nnkcctnnknnknnknnknnknnknnknnktwt
296 nnkcctnnknnknnknnknnknnknnknnknnktwt
297 nnkcctnnknnknnknnknnkmtr
298 nnkcctnnknnknnknnknnknnkmtr
299 nnkcctnnknnknnknnknnknnknnkmtr
HILA B35 300 nnkcctnnknnknnknnknnknnknnknnkmtr
301 nnkcctnnknnknnknnknnknnknnknnknnkmtr
302 nnkgaannknnknnknnknnkctt
303 nnkgaannknnknnknnknnknnkctt
304 nnkgaannknnknnknnknnknnknnkctt
HLAB40 305 nnkgaannknnknnknnknnknnknnknnkectt
306 nnkgaannknnknnknnknnknnknnknnknnkctt
307 nnkgstnnknnknnknnknnkrtt
308 nnkgstnnknnknnknnknnknnkrtt
309 nnkgstnnknnknnknnknnknnknnkrtt
310 nnkgstnnknnknnknnknnknnknnknnkrtt
311 nnkgstnnknnknnknnknnknnknnknnknnkrtt
312 nnkcctnnknnknnknnknnkrtt
313 nnkcctnnknnknnknnknnknnkrtt
314 nnkcctnnknnknnknnknnknnknnkrtt
HLA B51 315 nnkcctnnknnknnknnknnknnknnknnkrtt
316 nnkcctnnknnknnknnknnknnknnknnknnkrtt
317 nnkgaannknnknnknnknnktwt
318 nnkgaannknnknnknnknnknnktwt
319 nnkgaannknnknnknnknnknnknnktwt
HILA B44 320 nnkgaannknnknnknnknnknnknnknnktwt
321 nnkgaannknnknnknnknnknnknnknnknnktwt
322 nnkcctnnknnknnknnknnktgg
323 nnkcctnnknnknnknnknnknnktgg
324 nnkcctnnknnknnknnknnknnknnktgg
325 nnkcctnnknnknnknnknnknnknnknnktgg
HLA B53 326 nnkcctnnknnknnknnknnknnknnknnknnktgg
327 nnkcctnnknnknnknnknnkytt
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328 nnkcctnnknnknnknnknnknnkytt
329 nnkcctnnknnknnknnknnknnknnkytt
330 nnkcctnnknnknnknnknnknnknnknnkytt
331 nnkcctnnknnknnknnknnknnknnknnknnkytt
332 nnkdctnnknnknnknnknnktwt
333 nnkdctnnknnknnknnknnknnktwt
334 nnkdctnnknnknnknnknnknnknnktwt
335 nnkdctnnknnknnknnknnknnknnknnktwt
336 nnkdctnnknnknnknnknnknnknnknnknnktwt
337 nnkdctnnknnknnknnknnktgg
338 nnkdctnnknnknnknnknnknnktgg
339 nnkdctnnknnknnknnknnknnknnktgg

HLA B57 340 nnkdctnnknnknnknnknnknnknnknnktgg
341 nnkdctnnknnknnknnknnknnknnknnknnktgg
342 nnkttannknnknnknnknnktta
343 nnkttannknnknnknnknnknnktta
344 nnkttannknnknnknnknnknnknnktta
345 nnkttannknnknnknnknnknnknnknnktta
346 nnkttannknnknnknnknnknnknnknnknnktta
347 nnkgctnnknnknnknnknnktta
348 nnkgctnnknnknnknnknnknnktta
349 nnkgctnnknnknnknnknnknnknnktta

HLA C1 350 nnkgctnnknnknnknnknnknnknnknnktta
351 nnkgctnnknnknnknnknnknnknnknnknnktta
352 nnkgctnnknnknnknnknnkstc
353 nnkgctnnknnknnknnknnknnkstc
354 nnkgctnnknnknnknnknnknnknnkstc
355 nnkgctnnknnknnknnknnknnknnknnkstc
356 nnkgctnnknnknnknnknnknnknnknnknnkstc
357 nnkgctnnknnknnknnknnktwt
358 nnkgctnnknnknnknnknnknnktwt
359 nnkgctnnknnknnknnknnknnknnktwt

HLA C2 360 nnkgctnnknnknnknnknnknnknnknnktwt
361 nnkgctnnknnknnknnknnknnknnknnknnktwt
362 nnknnknnknnknnknnknnkhtk
363 nnknnknnknnknnknnknnknnkhtk

HLA C3 364 nnknnknnknnknnknnknnknnknnkhtk
365 nnknnknnknnknnknnknnknnknnknnkhtk

33



WO 2020/047502

PCT/US2019/049205

366 nnknnknnknnknnknnknnknnknnknnknnkhtk
367 nnktwtnnknnknnknnknnkhtk
368 nnktwtnnknnknnknnknnknnkhtk
369 nnktwtnnknnknnknnknnknnknnkhtk
370 nnktwtnnknnknnknnknnknnknnknnkhtk
371 nnktwtnnknnknnknnknnknnknnknnknnkhtk
372 nnkcctnnknnknnknnknnkhtk
373 nnkcctnnknnknnknnknnknnkhtk
374 nnkcctnnknnknnknnknnknnknnkhtk
375 nnkcctnnknnknnknnknnknnknnknnkhtk
HLA C4 376 nnkcctnnknnknnknnknnknnknnknnknnkhtk
377 nnknnkgatnnknnknnknnkstt
378 nnknnkgatnnknnknnknnknnkstt
379 nnknnknnkgatnnknnknnknnknnkstt
HLA CS 380 nnknnknnknnkgatnnknnknnknnknnkstt
381 nnknnknnknnkgatnnknnknnknnknnknnkstt
382 nnknnknnknnknnknnknnkvtt
383 nnknnknnknnknnknnknnknnkwvtt
384 nnknnknnknnknnknnknnknnknnkvtt
385 nnknnknnknnknnknnknnknnknnknnkvtt
386 nnknnknnknnknnknnknnknnknnknnknnkvtt
387 nnknnknnknnknnknnknnktat
388 nnknnknnknnknnknnknnknnktat
389 nnknnknnknnknnknnknnknnknnktat
HLA C6 390 nnknnknnknnknnknnknnknnknnknnktat
391 nnknnknnknnknnknnknnknnknnknnknnktat
392 nnknnknnknnknnknnknnkytt
393 nnknnknnknnknnknnknnknnkytt
394 nnknnknnknnknnknnknnknnknnkytt
395 nnknnknnknnknnknnknnknnknnknnkytt
396 nnknnknnknnknnknnknnknnknnknnknnkytt
397 nnknnknnknnknnknnknnktat
398 nnknnknnknnknnknnknnknnktat
399 nnknnknnknnknnknnknnknnknnktat
HLA C7 400 nnknnknnknnknnknnknnknnknnknnktat
401 nnknnknnknnknnknnknnknnknnknnknnktat
HLA C8 402 nnknnkgatnnknnknnkctt
403 nnknnkgatnnknnknnknnkctt
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404 nnknnkgatnnknnknnknnknnkctt

405 nnknnkgatnnknnknnknnknnknnkctt

406 nnknnkgatnnknnknnknnknnknnknnkett

407 nnkmtgnnknnknnknnknnkstt

408 nnkmtgnnknnknnknnknnknnkstt

409 nnkmtgnnknnknnknnknnknnknnkstt
HLAE 410 nnkmtgnnknnknnknnknnknnknnknnkstt

411 nnkmtgnnknnknnknnknnknnknnknnknnkstt

Table 5: Additional Nucleic Acid Sequences Encoding Randomized Polypeptide Antigens for
HLA A1l

SEQ ID NO:|Sequence

412 nnkvttnnknnknnknnknnkara

413 nnkvttnnknnknnknnknnknnkara

414 nnkvttnnknnknnknnknnknnknnkara

415 nnkvttnnknnknnknnknnknnknnknnkara

416 nnkvttnnknnknnknnknnknnknnknnknnkara
417 nnktwtnnknnknnknnknnknnkara

418 nnktwtnnknnknnknnknnkara

419 nnktwtnnknnknnknnknnknnknnkara

420 nnktwtnnknnknnknnknnknnknnknnkara

421 nnktwtnnknnknnknnknnknnknnknnknnkara
422 nnkwatnnknnknnknnknnkara

423 nnkwatnnknnknnknnknnknnkara

424 nnkwatnnknnknnknnknnknnknnkara

425 nnkwatnnknnknnknnknnknnknnknnkara
426 nnkwatnnknnknnknnknnknnknnknnknnkara

[0088] One advantage of a randomized antigen polypeptide is that a single nucleic acid with a
degenerate base code can potentially express a large amount of different randomized antigen
polypeptides, which increases the chances that any one screening experiment will identify one or more
randomized antigen polypeptides that interact with a certain TCR. In some embodiments, the nucleic
acid that encodes the randomized antigen polypeptide can encode at least 1x10*, at least 1x10°, at least

1x10%, at least 1x107, at least 1x108, at least 1x10°, at least 1x10'°, at least 1x10'!, at least 1x10'2, at
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least 1x10'% at least 1x10'*, or at least 1x10"° different randomized polypeptide antigens.

[0089] Peptide antigens that bind in the binding cleft of an HLA molecule are generally of a
restricted length range. The majority of polypeptides that bind to class I HLA molecules are 8, 9, 10,
or 11 amino acids in length. In some embodiments, the randomized antigen polypeptide which binds
to an HLA molecule and forming the HLA-antigen polypeptide complexes of the present disclosure
isbetween 8 and 11 amino acids in length. In some embodiments, the randomized antigen polypeptide
is between 8 and 10 amino acids in length. In some embodiments, the randomized antigen polypeptide
is 8 amino acids in length. In some embodiments, the randomized antigen polypeptide is 9 amino acids
in length. In some embodiments, the randomized antigen polypeptide is 10 amino acids in length. In
some embodiments, the randomized antigen polypeptide is 11 amino acids in length.

[0090] Another constituent of the HLA-antigen polypeptide complexes described herein is an
HLA molecule, such as an HLA polypeptide. For the purposes of the current disclosure, the HLA
molecule is a class I major histocompatibility molecule. In some embodiments, the plurality of HLA
polypeptides of the HLA-antigen polypeptide complexes of the current disclosure (HLA-antigen
complexes) can comprise any of the following loci and alleles: A3, A11, A23, A24, A26, A30, A31,
A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E. In some
embodiments, each of the HLA-antigen complexes in the plurality of HLA-antigen complexes
comprise an HLA polypeptide selected from the group of HLA polypeptides consisting of A3, All,
A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, C1, C2, C3, C4, C5,
C6, C7, C8, and E. In some embodiments, the plurality of HLA-antigen complexes comprises at least
five, ten, fifteen, twenty, or twenty-five different HLA polypeptides selected from the group of HLA
polypeptides consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40,
B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E. In some embodiments, the plurality of HLA-

antigen complexes comprises all of the HLA polypeptides in the group of HLA polypeptides
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consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, BS1, BS3,
C1,C2,C3,C4,C5,C6,C7,C8, and E.

[0091] In some embodiments, the amino acid sequence of the HLA polypeptide of the HLA-
antigen polypeptide complex can comprise any of the amino acid sequences set forth in Table 6. In
some embodiments, the HL A polypeptide comprises an amino acid sequence that is at least about 70%,
75%, 80%, 85%, 87%, 87.5%, 90%, 95%. 97%, 97.5%, 98%, 98.5%. 99%. 99.5%, or 100% identical
to any one of, but not limited to, the amino acid sequences set forth in any one of SEQ ID NOs: 427
to 455. In some embodiments, the HLA polypeptide comprises an amino acid sequence identical to
any one of those set forth in any one of SEQ ID NOs: 427 to 455. In some embodiments, a portion of
the HLA polypeptide that comprises the peptide binding cleft is identical to any one of SEQ ID Nos:
251 to 279, and the non-peptide binding cleft residues are at least about 70%, 75%, 80%, 85%, 87.5%,
90%, 95%, 97%, 98%, 99%, or 100% identical to any one of SEQ ID NOs: 427 to 455. Also envisioned
within the present disclosure are HLA polypeptide truncations that have 1, 2, 3,4, 5, 6,7, 8, 9, 10, 15,
20, or 25 amino acids truncated from the N-terminus or truncated from the C-terminus of any one of
SEQ ID NOs: 427 to 455.

Table 6: HLA Allele Amino Acid Sequences

SEQ ID NO: | Amino Acid Sequence

427 GSHSMRYFFTSVSRPGRGEPRFIAVGY VDDTQFVRFDSDAASQKMEPRAP
WIEQEGPEYWDQETRNMKAHSQTDRANLGTLRGAYNQSEDGSHTIQIM
YGCDVGPDGRFLRGYRQDAYDGKDYIALNEDLRSWTAADMAAQITKRK
WEAVHAAEQRRVYLEGRCVDGLRRYLENGKETLQRTDPPK THMTHHPI
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWELSS

428 GSHSMRYFFTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRAP
WIEQEGPEYWDQETRNVKAQSQTDRVDLGTLRGAYNQSEAGSHTIQIMY
GCDVGSDGRFLRGYRQDAYDGKDYIALNEDLRSWTAADMAAQITKRK
WEAAHEAEQLRAYLDGTCVEWLRRYLENGKETLQRTDPPK THMTHHPI
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWELSS
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429

GSHSMRYFYTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRA

PWIEQEGPEYWDQETRNVKAQSQTDRVDLGTLRGAYNQSEDGSHTIQIM
YGCDVGPDGRFLRGYRQDAYDGKDYIALNEDLRSWTAADMAAQITKRK
WEAAHAAEQQRAYLEGRCVEWLRR YLENGKETLQRTDPPK THMTHHPI

SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWELSS

430

GSHSMRYFSTSVSRPGRGEPRFIAVGY VDDTQFVRFDSDAASQRMEPRAP
WIEQEGPEYWDEETGKVKAHSQTDRENLRIALRAYNQSEAGSHTLQMM
FGCDVGSDGRFLRGYHQYAYDGKDYIALKEDLRSWTAADMAAQITQRK
WEAARVAEQLRAYLEGTCVDGLRRYLENGKETLQRTDPPKTHMTHHPIS
DHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

431

GSHSMRYFSTSVSRPGRGEPRFIAVGY VDDTQFVRFDSDAASQRMEPRAP
WIEQEGPEYWDEETGKVKAHSQTDRENLRIALRAYNQSEAGSHTLOQMM
FGCDVGSDGRFLRGYHQYAYDGKDYIALKEDLRSWTAADMAAQITKRK
WEAAHVAEQQRAYLEGTCVDGLRRYLENGKETLQRTDPPKTHMTHHPI
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

432

GSHSMRYFSTSVSRPGSGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRAP
WIEQERPEYWDQETRNVKAQSQTDRVDLGTLRGAYNQSEAGSHTIQIMY
GCDVGSDGRFLRGYEQHAYDGKDYIALNEDLRSWTAADMAAQITQRK
WEAARWAEQLRAYLEGTCVEWLRRYLENGKETLQRTDPPKTHMTHHPI
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWELSS

433

GSHSMRYFTTSVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRAP
WIEQERPEYWDQETRNVKAHSQIDRVDLGTLRGAYNQSEAGSHTIQMM
YGCDVGSDGRFLRGYQQDAYDGKDYIALNEDLRSWTAADMAAQITQRK
WEAARVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDPPKTHMTHHAV
SDHEATLRCWALSFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WASVVVPSGQEQRYTCHVQHEGLPKPLTLRWEPSS

434

GSHSMRYFTTSVSRPGRGEPRFIAVGY VDDTQF VRFDSDAASQRMEPRAP
WIEQEGPEYWDRNTRNVKAHSQIDRVDLGTLRGAYNQSEAGSHTIQMM
YGCDVGSDGRFLRGYQQDAYDGKDYIALNEDLRSWTAADMAAQITQRK
WEAARVAEQLRAYLEGTCVEWLRRYLENGKETLQRTDPPKTHMTHHAV
SDHEATLRCWALSFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WASVVVPSGQEQRYTCHVQHEGLPKPLTLRWEPSS

435

GSHSMRYFYTSMSRPGRGEPRFIAVGYVDDTQFVRFDSDAASQRMEPRA
PWIEQEGPEYWDRNTRNVKAQSQTDRVDLGTLRGAYNQSEAGSHTIQR
MYGCDVGPDGRFLRGYHQYAYDGKDYIALKEDLRSWTAADMAAQTTK
HKWEAAHVAEQWRAYLEGTCVEWLRRYLENGKETLQRTDAPKTHMTH
HAVSDHEATLRCWALSFYPAEITLTWQRDGEDQTQDTELVETRPAGDGT
FQKWVAVVVPSGQEQRYTCHVQHEGLPKPLTLRWEPSS
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436 GSHSMRYFYTSVSRPGRGEPRFISVGYVDDTQFVRFDSDAASPREEPRAP
WIEQEGPEYWDRNTQIYK AQAQTDRESLRNLRGA YNQSEAGSHTLQSM
YGCDVGPDGRLLRGHDQYAYDGKDYIALNEDLRSWTAADTAAQITQRK
WEAAREAEQRRAYLEGECVEWLRRYLENGKDKLERADPPK THVTHHPIS
DHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

437 GSHSMRYFDTAMSRPGRGEPRFISVGYVDDTQFVRFDSDAASPREEPRAP
WIEQEGPEYWDRNTQIFKTNTQTDRESLRNLRGAYNQSEAGSHTLQSMY
GCDVGPDGRLLRGHNQYAYDGKDYIALNEDLRSWTAADTAAQITQRKW
EAARVAEQDRAYLEGTCVEWLRRYLENGKDTLERADPPKTHVTHHPISD
HEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKW
AAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

438 GSHSMRYFYTAMSRPGRGEPRFIAVGY VDDTQFVRFDSDAASPRMAPRA
PWIEQEGPEYWDRETQISKTNTQTYRESLRNLRGAYNQSEAGSHTLQRM
YGCDVGPDGRLLRGHDQSAYDGKDYIALNEDLSSWTAADTAAQITQRK
WEAAREAEQWRAYLEGLCVEWLRRYLENGKETLQRADPPKTHVTHHPI
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

439 GSHSMRYFHTAMSRPGRGEPRFITVGY VDDTLFVRFDSDATSPRKEPRAP
WIEQEGPEYWDRETQISKTNTQTYRESLRNLRGAYNQSEAGSHTLQRMY
GCDVGPDGRLLRGHNQYAYDGKDYIALNEDLRSWTAADTAAQISQRKL
EAARVAEQLRAYLEGECVEWLRRYLENGKDKLERADPPKTHVTHHPISD
HEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKW
AAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

440 GSHSMRYFHTSVSRPGRGEPRFITVGYVDDTLFVRFDSDATSPRKEPRAP
WIEQEGPEYWDRETQISKTNTQTYRESLRNLRGAYNQSEAGSHTLQSMY
GCDVGPDGRLLRGHNQYAYDGKDYIALNEDLRSWTAADTAAQITQRKW
EAARVAEQLRAYLEGECVEWLRRYLENGKETLQRADPPKTHVTHHPISD
HEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKW
AAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

441 GSHSMRYFYTAMSRPGRGEPRFITVGY VDDTLFVRFDSDATSPRKEPRAP
WIEQEGPEYWDRETQISKTNTQTYRENLRTALRAYNQSEAGSHIIQRMYG
CDVGPDGRLLRGYDQDAYDGKDYIALNEDLSSWTAADTAAQITQRKWE
AARVAEQDRAYLEGLCVESLRRYLENGKETLQRADPPKTHVTHHPISDH

EVTLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKWA

AVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

442 GSHSMRYFYTAMSRPGRGEPRFITVGY VDDTLFVRFDSDATSPRKEPRAP
WIEQEGPEYWDRETQISKTNTQTYRENLRTALRAYNQSEAGSHIIQRMYG
CDVGPDGRLLRGYDQDAYDGKDYIALNEDLSSWTAADTAAQITQRKWE
AARVAEQLRAYLEGLCVESLRRYLENGKETLQRADPPKTHVTHHPISDH
EVTLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKWA
AVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS
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443

GSHSMRYFYTAMSRPGRGEPRFIAVGY VDDTQFVRFDSDAASPRTEPRAP
WIEQEGPEYWDRNTQIFKTNTQTYRENLRIALRAYNQSEAGSHTWQTMY
GCDVGPDGRLLRGHNQYAYDGKDYIALNEDLSSWTAADTAAQITQRKW
EAAREAEQLRAYLEGLCVEWLRRHLENGKETLQRADPPKTHVTHHPVSD
HEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKW
AAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

444

GSHSMRYFYTAMSRPGRGEPRFIAVGY VDDTQFVRFDSDAASPRTEPRAP
WIEQEGPEYWDRNTQIFKTNTQTYRENLRIALRAYNQSEAGSHIIQRMYG
CDLGPDGRLLRGHDQSAYDGKDYIALNEDLSSWTAADTAAQITQRKWE
AARVAEQLRAYLEGLCVEWLRRYLENGKETLQRADPPKTHVTHHPVSD
HEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQKW
AAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

445

GSHSMRYFYTAMSRPGRGEPRFIAVGY VDDTQFVRFDSDAASPRTEPRAP
WIEQEGPEYWDGETRNMKASAQTYRENLRIALRAYNQSEAGSHIIQRMY
GCDLGPDGRLLRGHDQSAYDGKDYIALNEDLSSWTAADTAAQITQRKW
EAARVAEQLRAYLEGLCVEWLRRYLENGKETLQRADPPKTHVTHHPVS
DHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDRTFQK
WAAVVVPSGEEQRYTCHVQHEGLPKPLTLRWEPSS

446

CSHSMKYFFTSVSRPGRGEPRFISVGY VDDTQFVRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQTDRVSLRNLRGAYNQSEAGSHTLQW
MCGCDLGPDGRLLRGYDQYAYDGKDYIALNEDLRSWTAADTAAQITQR
KWEAAREAEQRRAYLEGTCVEWLRRYLENGKETLQRAEHPKTHVTHHP
VSDHEATLRCWALGFYPAEITLTWQWDGEDQTQDTELVETRPAGDGTF
QKWAAVMVPSGEEQRYTCHVQHEGLPEPLTLRWEPSS

447

CSHSMRYFYTAVSRPSRGEPHFIAVGY VDDTQF VRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQTDRVNLRKLRGAYNQSEAGSHTLQR
MYGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQR
KWEAAREAEQWRAYLEGECVEWLRRYLENGKETLQRAEHPK THVTHH
PVSDHEATLRCWALGFYPTEITLTWQRDGEDQTQDTELVETRPAGDGTF
QKWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWEPSS

448

GSHSMRYFYTAVSRPGRGEPHFIAVGY VDDTQF VRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQTDRVSLRNLRGAYNQSEAGSHIIQRM
YGCDVGPDGRLLRGYDQYAYDGKDYIALNEDLRSWTAADTAAQITQRK
WEAAREAEQLRAYLEGLCVEWLRRYLKNGKETLQRAEHPKTHVTHHPV
SDHEATLRCWALGFYPAEITLTWQWDGEDQTQDTELVETRPAGDGTFQ
KWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWEPSS

449

GSHSMRYFSTSVSWPGRGEPRFIAVGYVDDTQFVRFDSDAASPRGEPREP
WVEQEGPEYWDRETQKYKRQAQADRVNLRKLRGAYNQSEDGSHTLQR
MFGCDLGPDGRLLRGYNQFAYDGKDYIALNEDLRSWTAADTAAQITQR
KWEAAREAEQRRAYLEGTCVEWLRRYLENGKETLQRAEHPKTHVTHHP
VSDHEATLRCWALGFYPAEITLTWQWDGEDQTQDTELVETRPAGDGTF
QKWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWKPSS

450

CSHSMRYFYTAVSRPGRGEPRFIAVGYVDDTQFVQFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQTDRVNLRKLRGAYNQSEAGSHTLQR
MYGCDLGPDGRLLRGYNQFAYDGKDYIALNEDLRSWTAADKAAQITQR
KWEAAREAEQRRAYLEGTCVEWLRRYLENGKK TLQRAEHPK THVTHHP
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VSDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQ
KWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWGPSS

451

CSHSMRYFDTAVSRPGRGEPRFISVGYVDDTQFVRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQK YKRQAQADRVNLRKLRGAYNQSEDGSHTLQW
MYGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQR
KWEAAREAEQWRAYLEGTCVEWLRRYLENGKETLQRAEHPKTHVTHH

PVSDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTF

QKWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWEPSS

452

CSHSMRYFDTAVSRPGRGEPRFISVGY VDDTQFVRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQNYKRQAQADRVSLRNLRGAYNQSEDGSHTLQR

MYGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQR
KLEAARAAEQLRAYLEGTCVEWLRRYLENGKETLQRAEPPK THVTHHPL
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGQEQRYTCHMQHEGLQEPLTLSWEPSS

453

CSHSMRYFDTAVSRPGRGEPRFISVGYVDDTQFVRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQADRVSLRNLRGAYNQSEDGSHTLQR
MSGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQR
KLEAARAAEQLRAYLEGTCVEWLRRYLENGKETLQRAEPPKTHVTHHPL
SDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQK
WAAVVVPSGQEQRYTCHMQHEGLQEPLTLSWEPSS

454

CSHSMRYFYTAVSRPGRGEPRFIAVGYVDDTQFVRFDSDAASPRGEPRAP
WVEQEGPEYWDRETQKYKRQAQTDRVSLRNLRGAYNQSEAGSHTLQW

MYGCDLGPDGRLLRGYDQSAYDGKDYIALNEDLRSWTAADTAAQITQR

KWEAARAAEQQRAYLEGTCVEWLRRYLENGKETLQRAEHPKTHVTHHL
VSDHEATLRCWALGFYPAEITLTWQRDGEDQTQDTELVETRPAGDGTFQ
KWAAVVVPSGEEQRYTCHVQHEGLPEPLTLRWEPSS

455

GSHSLKYFHTSVSRPGRGEPRFISVGYVDDTQFVRFDNDAASPRMVPRAP
WMEQEGSEYWDRETRSARDTAQIFRVNLRTLRGAYNQSEAGSHTLQWM
HGCELGPDGRFLRGYEQFAYDGKDYLTLNEDLRSWTAVDTAAQISEQKS
NDASEAEHQRAYLEDTCVEWLHKYLEKGKETLLHLEPPKTHVTHHPISD
HEATLRCWALGFYPAEITLTWQQDGEGHTQDTELVETRPAGDGTFQKW
AAVVVPSGEEQRYTCHVQHEGLPEPVTLRWKPAS

[0092]

The HLA polypeptide of the HLA-antigen polypeptide complex can be encoded by a

nucleic acid of any set forth in Table 7. In some embodiments, the HLA polypeptide is encoded by a

nucleic acid sequence that is at least about 90%, 95%, 97%, 98%, 99%, or 100% homologous to at

least, but not limited to, any one of the nucleic acid sequences listed in Table 7, such as SEQ ID NOs:

456 to 484. In some embodiments, the HLA polypeptide is encoded by a nucleic acid sequence

identical to that set forth in any one of SEQ ID NOs: 456 to 484.
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Table 7: HLA Allele Nucleic Acid Sequences

SEQ ID NO:

DNA sequence

456

ggctcccactccatgaggtatttcttcacatecgtgtecccggeccggecgeggggagecccgcettcatcgecgtgggct
acgtggacgacacgcagttcgtgcggticgacagcgacgecgegagecagaagatggagecgegggcgecgtgg

atagagcaggaggggoccggagtattgggaccaggagacacggaatatgaaggeccactcacagactgaccgageg
aacctggggaccctgegeggegectacaaccagagegaggacggtictcacaccatccagataatgtatggetgega
cgtgggaccggacgggcgcttcctecgegggtaccggeaggacgectacgacggcaaggattacatcgecctgaac

gaggacctgegctettggaccgeggeggacatggeagetcagatcaccaagegeaagtgggaggcggtecatgeg

gcggageageggagagtetacctggagggecggtgcgtggacgggctecgeagatacctggagaacgggaagga
gacactgcagcgeacggacccecccaagacacatatgacecaccaccccatctetgaccatgaggecacectgaggt
gctgggecctgggcttetacectgeggagatcacactgacctggeagegggatggggaggaccagacccaggacac

ggagctegtggagaccaggectgcaggggatggaaccttccagaagtggecggctgtggtagtaccttctggagag
gagcagagatacacctgecatgtgcageatgagggtetgeccaageccctcaccetgagatgggagctgtettee

457

ggcteccactccatgaggtatttcttcacatccgtgtecececggeccggecgeggggagecccgcettcatcgecgtgggct
acgtggacgacacgcagttcgtgcggticgacagegacgecgegagecagaggatggagecgegggcgecgteg

atagagcaggagggoccggagtattgggaccaggagacacggaatgtgaaggcccagtcacagactgaccgagtg
gacctggggaccctgegeggegectacaaccagagegaggecggtictcacaccatccagataatgtatggetgega
cgtggggatcggacgggcegcettcctecgegggtaccggeaggacgectacgacggcaaggattacatcgecctgaac

gaggacctgegctettggaccgeggeggacatggeggetcagatcaccaagegeaagtgggaggeggeccatgag
gcggageagttgagagectacctggatggeacgtgegtggagtggetecgeagatacctggagaacgggaaggag

acactgcagcgeacggacccccccaagacacatatgacccaccaccecatetctgaccatgaggecaccetgaggtg
ctgggecctgggcttetaccetgeggagatcacactgacctggeagegggatggggaggaccagacccaggacacg

gagctcgtggagaccaggectgcaggggatggaaccttccagaagtgggeggctgtegtggteccttctggagagg
agcagagatacacctgceatgtgecageatgagggtcetgeccaageeccteacectgagatgggagetgtettee

458

ggctcccactccatgaggtatttctacaccteegtgtecccggeccggecgeggggagecccgcettcatcgecgtgggc
tacgtggacgacacgcagttcgtgeggticgacagegacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggaggggoccggagtattgggaccaggagacacggaatgtegaaggeccagtcacagactgaccgagtg
gacctggggaccctgcgeggegectacaaccagagegaggacggttctcacaccatccagataatgtatggetgega
cgtgggaccggacgggcgcttectecgegggtaccggeaggacgectacgacggcaaggattacatcgecctgaac
gaggacctgcgctcttggaccgeggeggacatggeagetcagatcaccaagegeaagtgggaggeggececatgeg

gcggagceagcagagagcectacctggaggoccggtgegtggagtggctccgeagatacctggagaacgggaagga

gacactgcagcgcacggacccccccaagacacatatgacccaccaccecatctetgaccatgaggecaccectgaggt
getgggecctgggctictaccctgeggagatcacactgacctggeagegggatggggaggaccagacccaggacac

ggagctecgtggagaccaggectgeaggggatggaaccttccagaagtgggeggcetgtggtagtaccttctggagag
gagcagagatacacctgecatgtgeageatgagggtetgeccaageccctcaccetgagatgggagetgtettee
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459

ggctcccactccatgaggtatttctccacatcegtgtecccggeccggecgeggggagecccgcttcatcgecgtgggc
tacgtggacgacacgcagttcgtgcggttcgacagegacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggaggggoccggagtattgggacgaggagacagggaaagtgaaggcccactcacagactgaccgaga

gaacctgeggatcgegcetecgegectacaaccagagegaggecggttetcacacectccagatgatgtttggctgega
cgtggggoteggacgggegcticcteccgegggtaccaccagtacgectacgacggcaaggattacatcgecctgaaag
aggacctgegctcttggaccgeggeggacatggeggctcagatcacccagegeaagtgggaggeggcccgteteg

cggagcagttgagagectacctggagggcacgtgcgtggacgggctccgeagatacctggagaacgggaaggaga
cactgcagcgceacggaccceccccaagacacatatgacccaccaccccatctetgaccatgaggecactctgagatget
gggccctgggcttctaccctgeggagatcacactgacctggcagegggatggggaggoaccagacccaggacacgg

agcttgtggagaccaggcectgcaggggatggaaccticcagaagtgggcagetgtggtogtaccttctggagaggag
cagagatacacctgccatgtgcagcatgagggtetgeccaageccctcaccctgagatgggagecatcttee

460

ggctcecactccatgaggtatttctccacateegtgtecccggeccggecgeggggagecccegcettcatcgecgtggec
tacgtggacgacacgcagttcgtgeggticgacagegacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggaggggoccggagtattgggacgaggagacagggaaagtgaaggcccactcacagactgaccgaga
gaacctgeggatcgegcetccgegectacaaccagagegaggecggtictcacaccctccagatgatgtitggctgega
cgtggggatcggacgggcegcettccteccgegggtaccaccagtacgectacgacggcaaggattacatcgecctgaaag
aggacctgcgctcttggaccgeggcggacatggeggctcagatcaccaagegeaagtgggaggeggcccatgtgg
cggagcagcagagagectacctggagggocacgtgcgtggacgggcteccgcagatacctggagaacgggaaggag
acactgcagcgcacggacccccccaagacacatatgacccaccacccecatctetgaccatgaggecactctgagatg
ctgggccctgggctictaccctgeggagatcacactgacctggeagegggatggggaggaccagacccaggacacg

gagcttgtggagaccaggectgeaggggatggaaccttccagaagtgggcagetgtggtagtaccttctggagagga
gcagagatacacctgecatgtgcageatgagggtetgeccaagecectcaccetgagatgggagecatettee

461

ggctcccactccatgaggtatttctccacatcegtgteccggeccggeagtggagagecccgettcatcgeagtgggct
acgtggacgacacgcagttcgtgcggttcgacagcgacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggagaggcctgagtattgggaccaggagacacggaatgtgaaggeccagtcacagactgaccgagtg
gacctggggaccctgcgeggegectacaaccagagegaggecggttctcacaccatccagataatgtatggctgcga
cgtgggotcggacgggcgcticctecgegggtatgaacageacgectacgacggcaaggattacatcgecctgaac
gaggacctgegctcttggaccgeggeggacatggeggctcagatcacccagegeaagtgggaggeggceegtigg
geggagcagttgagagectacctggagggeacgtgegtggagtggctecgeagatacctggagaacgggaaggag
acactgcagcgceacggacccccccaagacacatatgacccaccacccecatctetgaccatgaggecaccctgaggte
ctgggcecctgggctictaccctgeggagatcacactgacctggeagegggatggggaggaccagacccaggacacg
gagctcgtggagaccaggectgcaggggatggaaccticcagaagtgggeggctgtggtogtaccttctggagagg
agcagagatacacctgccatgtgcagcatgagggtctgeccaageecctcacectgagatgggagetgtctice

462

ggcteccactccatgaggtatttcaccacateegtgteceggeccggecgeggggagecccgettcatcgecgtgggc
tacgtggacgacacgcagttcgtgcggticgacagegacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggagaggcctgagtattgggaccaggagacacggaatgtgaaggeccactcacagattgaccgagteg
acctggggaccctgcgeggegectacaaccagagegaggecggttctcacaccatccagatgatgtatggetgegac
gtgggootcggacgggcgcticctecgegggtaccagecaggacgectacgacggceaaggattacatcgecttgaacg

aggacctgcgctcttggaccgeggeggacatggeggctcagatcacccagegeaagtgggaggeggcccgteteg

cggagcagttgagagectacctggagggcacgtgcgtggagtggctecgeagatacctggagaacgggaaggaga
cactgcagcgceacggacccccccaagacgeatatgactcaccacgetgtctctgaccatgaggecaccctgaggtgc

tgggccctgagcettctaccctgeggagatcacactgacctggeagegggatggggaggaccagacccaggacacgg
agctcgtggagaccaggectgcaggggatggaacctticcagaagtgggcegtetgtggtogteccttctggacaggag
cagagatacacctgccatgtgcageatgagggtctccccaageccctcaccctgagatgggagecgtetice
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463

ggcteccactccatgaggtatttcaccacatecgtgteceggeecggecgeggggageecegcttcatcgeegtggge
tacgtggacgacacgcagttcgtgcggttcgacagegacgecgegagecagaggatggagecgegggegecgteg
atagagcaggaggggccggagtattgggaccggaacacacggaatgtgaaggceccactcacagattgaccgagtg

gacctggggacccetgegeggegectacaaccagagegaggecggttctcacaccatccagatgatgtatggetgega

cgtggggotcggacgggegcticetccgegggtaccageaggacgectacgacggcaaggattacatcgecttgaac

gaggacctgegctcttggaccgeggeggacatggeggctcagatcacccagegeaagtgggaggeggeecgtate
gcggagcagttgagagectacctggagggcacgtgcgtggagtggctecgeagatacctggagaacgggaaggag
acactgcagcegcacggacccccccaagacgeatatgactcaccacgetgtetctgaccatgaggecaccctgaggte
ctgggcecctgagcttctaccctgeggagatcacactgacctggecagegggatggggaggaccagacccaggacacg
gagctcgtggagaccaggectgcaggggatggaaccticcagaagtgggegtetgtggtggtacctictggacagga
gcagagatacacctgccatgtgcagcatgagggtetccccaageccctcaccetgagatgggagecgtettee

464

ggcteccactccatgaggtatttctacacctecatgteececggeccggecgeggggagecccgeticategecgtggge
tacgtggacgacacgcagttcgtgcggticgacagegacgecgegagecagaggatggagecgegggcgecgteg
atagagcaggagggoccggagtattgggaccggaacacacggaatgtgaaggcccagtcacagactgaccgagtg
gacctggggaccctgcgeggegectacaaccagagegaggecggttctcacaccatccagaggatgtatgectgeg
acgtgggoccggacgggcgcttectecgegggtaccaccagtacgectacgacggcaaggattacatcgecctgaa

agaggacctgcgctcttggaccgeggeggacatggeagetcagaccaccaageacaagtgggaggcggceccatgt

ggcggageagtggagagectacctggagggcacgtgcgtggagtggcteccgeagatacctggagaacgggaagg

agacactgcagcgcacggacgeccccaaaacgeatatgactcaccacgetgtetctgaccatgaagecaccctgagg
tgctgggecctgagcetictacecctgeggagatcacactgacctggeagegggatggggaggaccagacccaggaca
cggagctcgtggagaccaggcectgcaggggatggaaccticcagaagtgggtegctgtggtggteccttctggacag
gagcagagatacacctgccatgtgcagcatgagggtttgcccaageccctcaccctgagatgggagecgtcttce

465

ggctcccactccatgaggtatttctacaccteecgtgtecccggeccggecgeggggagecccgcttecatctcagtgggct
acgtggacgacacccagttcgtgaggttcgacagcgacgecgegagtccgagagaggagccgeggecgccgteg
atagagcaggagggogoccggagtattgggaccggaacacacagatctacaaggeccaggcacagactgaccgagag
agcctgeggaacctgegeggegectacaaccagagegaggecgggtctcacaccctccagageatgtacggctecg
acgtggggccggacgggegectectccgegggeatgaccagtacgectacgacggeaaggattacatcgecctgaa
cgaggacctgcgctcctggaccgecgeggacacggeggctcagatcacccagegceaagtgggaggeggeccgte
aggcggageageggagagectacctggaggacgagtgcgtggagtegctccgecagatacctggagaacgggaag
gacaagctggagcgegcetgaccccccaaagacacacgtgacccaccaccccatctctgaccatgaggecaccctga
ggtgctggoccetgggttictaccctgeggagatcacactgacctggecagegggatggegaggaccaaactcaggac

actgagcttgtggagaccagaccagcaggagatagaaccttccagaagtgggcagetgtggtastacctictggaga
agagcagagatacacatgccatgtacagcatgaggggctgecgaageeccteaccetgagatgggagecgtettee

466

ggcteccactccatgaggtatttcgacaccgecatgtceceggeccggecgeggggageccegettcatctcagtgggc
tacgtggacgacacgcagttcgtgaggticgacagegacgecgegagtccgagagaggagecegegggcgecgtes
atagagcaggaggggoccggagtattgggaccggaacacacagatcttcaagaccaacacacagactgaccgagag

agcctgeggaacctgegeggegectacaaccagagegaggecgggtctcacaccctccagageatgtacggctgeg
acgtggggccggacgggcegcectectccgegggeataaccagtacgectacgacggcaaggattacatcgecctgaa
cgaggacctgegctectggaccgeggeggacaccgeggcetcagatcacccagegeaagtgggaggcggeccgtgt
ggcggagceaggacagagcectacctggagggcacgtgcgtggagtggctccgcagatacctggagaacgggaage
acacgctggagcgcgeggaccccccaaagacacacgtgacccaccaccecatctctgaccatgaggccaccctgag
gtgctgggccctgggctictaccctgeggagatcacactgacctggeagegggatggegaggaccaaactcaggac

actgagcttgtggagaccagaccagcaggagatagaaccttccagaagtgggcagetgtggtogteccttctggaga
agagcagagatacacatgccatgtacagcatgaggeoctgccgaagecccteaccetgagatggeagccgtettce
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467

ggctecccactccatgaggtatttctacaccgecatgtecceggeccggecgeggggagecccgettcatcgeagtgggc
tacgtggacgacacccagttcgtgaggttcgacagcgacgecgegagtecgaggatggcgeccegggegecatgg
atagagcaggaggggoccggagtattgggaccgggagacacagatctccaagaccaacacacagacttaccgagag
agcctgeggaacctgegeggegectacaaccagagegaggecgggtctcacacccteccagaggatgtacggetge
gacgtggggccggacgggegectectecgegggeatgaccagteccgectacgacggcaaggattacatcgecctga
acgaggacctgagctcctggaccgeggeggacacggeggetcagatcacccagegeaagtgggaggcggcccegt
gaggcggagcagtggagagectacctggaggecctgtgcgtggagtggctccgeagatacctggagaacgggaag
gagacactgcagcgegeggaccccccaaagacacatgtgacccaccaccccatctctgaccatgaggecaccctga
ggtgctggocccetgggctictaccctgeggagatcacactgacctggecagegggatggcgaggaccaaactcagga
caccgagcttgtggagaccagaccagcaggagatagaaccticcagaagtgggcagetgtggtggtaccttctggag
aagagcagagatacacatgccatgtacagcatgagggoctgccgaagecccteaccctgagatgggagcecatcettce

468

ggctcccactccatgaggtatttccacaccgecatgteccggeccggecgeggggagecccgcettcatcaccgtggg
ctacgtggacgacacgctgttcgtgaggttcgacagecgacgecacgagteccgaggaaggagecgegggegecatg
gatagagcaggaggooccggagtattgggaccgggagacacagatctccaagaccaacacacagacttaccgaga
gagcectgeggaacctgegeggegectacaaccagagegaggecgggtctcacaccctccagaggatgtacggetg
cgacgtgggoccggacgggcegectectccgegggcataaccagtacgectacgacggcaaggattacatcgecectg
aacgaggacctgcgctectggaccgecgeggacacggeggctcagatetcccagegeaagttggaggeggeccgt
gtggcggageagetgagagectacctggagggcgagtecgtegagtgectccgeagatacctggagaacgggaag
gacaagctggagcgcegcetgaccecccaaagacacacgtgacccaccaccccatctetgaccatgaggecaccctga
ggtgctgggccctgggtttctaccctgeggagatcacactgacctggeagegggatggegaggaccaaactcaggac
actgagcttgtggagaccagaccagcaggagatagaaccticcagaagtgggcagetgtggtogtaccttctggaga
agagcagagatacacatgccatgtacagcatgaggggctgccgaageccctcaccctgagatgggagecgtettce

469

ggcteccactccatgaggtatttccacacctecgtgteceggeccggecgeggggagececcgctteatcacegtgggc
tacgtggacgacacgctgttcgtgaggttcgacagegacgecacgagtccgaggaaggagecgegggegecatgg
atagagcaggaggggccggagtattgggaccgggagacacagatctccaagaccaacacacagacttaccgagag
agcctgeggaacctgegeggegectacaaccagagcgaggecgggtetcacaccetccagageatgtacggetgeg
acgtggggccggacgggegectectecgegggeataaccagtacgectacgacggeaaggattacatcgeectgaa
cgaggacctgegetectggaccgecgeggacacggeggetcagatcacccagegeaagtgggaggeggeccgtgt
ggcggageagetgagagectacctggagggegagtgegtggagtggetecgeagatacctggagaacgggaagg
agacactgcagcgegeggacceeccaaagacacacgtgacceaccaccecatetctgaccatgaggecaceetgag
gtgctgggccctgggcttctacectgecggagatcacactgacctggeagegggatggegaggaccaaactcaggac

actgagcttgtggagaccagaccagcaggagatagaaccttccagaagtgggcagetgtggtagtacctictggaga
agagcagagatacacatgccatgtacagcatgaggggctgecgaagecccteaccctgagatgggagecgtettee

470

ggctcccactccatgaggtatttctacaccgecatgteceggeecggecgeggggagecccgettcatcaccgtggge
tacgtggacgacacgctgticgtgaggticgacagcgacgecacgagtccgaggaaggagecgegggegecatgg

atagagcaggaggggoccggagtattgggaccgggagacacagatctccaagaccaacacacagacttaccgagag

aacctgcgceaccgcegcetccgegectacaaccagagegaggecgggtetcacatcatccagaggatgtacggetgeg

acgtggggaccggacgggcegectectccgegggtatgaccaggacgectacgacggceaaggattacatcgecctgaa
cgaggacctgagctcctggaccgeggeggacaccgeggctcagatcacccagegeaagtgggaggeggeccgtgt
ggcggagceaggacagagectacctggagggcctgtgcgtggagtegctccgeagatacctggagaacgggaagga
gacactgcagcegegeggaccccccaaagacacatgtgacccaccaccecatctetgaccatgaggtecaccectgaggt
getgggcecctgggctictaccctgeggagatcacactgacctggeagegggatggegaggaccaaactcaggacac

cgagcettgtggagaccagaccagecaggagatagaaccttccagaagtgggcagetgtggtegtaocctictggagaag
agcagagatacacatgccatgtacagcatgaggggctgccgaagecccteaccctgagatgggagecgtettee
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471

ggctcccactccatgaggtatttctacaccgecatgtecceggeccggecgeggggageccegettcatcaccgtggge
tacgtggacgacacgctgticgtgaggticgacagcgacgecacgagtccgaggaaggagecgegggegecatgg

atagagcaggaggggoccggagtattgggaccgggagacacagatctccaagaccaacacacagacttaccgagag

aacctgcgeaccgegetccgegectacaaccagagegaggecgggtctcacatcatccagaggatgtacggetecg

acgtggggccggacgggegectectccgegggtatgaccaggacgectacgacggceaaggattacatcgecctgaa
cgaggacctgagctcctggaccgeggeggacaccgeggctcagatcacccagegeaagtgggaggeggeccgtat
ggcggageagetgagagectacctggagggcectgtgegtggagtegetecgeagatacctggagaacgggaagga
gacactgcagegegeggaccccccaaagacacatgtgacccaccaccccatctetgaccatgaggteaccctgaggt
getgggecctgggcttetaccctgeggagatcacactgacctggeagegggatggcgaggaccaaactcaggacac

cgagcttgtggagaccagaccagcaggagatagaaccticcagaagtgggcagcetgtggtggtaccttctggagaag
agcagagatacacatgccatgtacagcatgagggoctgccgaagecccteaccctgagatgggagecgtettcc

472

ggctcccactccatgaggtatttctacaccgecatgteccggeccggecgeggggagecccgettcattgecagtgggc
tacgtggacgacacccagttcgtgaggttcgacagcgacgecgegagteccgaggacggagecccgggcgecatgg

atagagcaggaggggoccggagtattgggaccggaacacacagatcttcaagaccaacacacagacttaccgagaga
acctgeggatcgegceteccgegectacaaccagagegaggecgggtctcacacttggecagacgatgtatgectgegac
gtgggoccggacgggcgectectecgegggceataaccagtacgectacgacggcaaagattacatcgecctgaacg
aggacctgagctcctggaccgeggeggacaccgeggetcagatcacccagegeaagtgggaggcggeccgtgag

gcggagcagctgagagectacctggagggcectgtgcgtggagtggctecgeagacacctggagaacgggaaggag
acactgcagcegcgeggaccccccaaagacacacgtgacccaccacccagtctetgaccatgaggecaccctgaggt

gcetgggecctgggcttctaccctgeggagatcacactgacctggeagegggatggegaggaccaaactcaggacact
gagcttgtggagaccagaccagcaggagatagaaccticcagaagtgggcagcetgtggtggteccttctggagaaga
gcagagatacacatgccatgtacagcatgaggggctgecgaageccctcaccctgagatgggagecatcttee

473

ggctcccactccatgaggtatttctacaccgecatgteccggeccggecgeggggagecccgettcatcgeagtggec
tacgtggacgacacccagttcgtgaggttcgacagcgacgecgegagteccgaggacggagecccgggcgecatgg
atagagcaggaggggoccggagtattgggaccggaacacacagatcttcaagaccaacacacagacttaccgagaga
acctgeggatcgegcetececgegectacaaccagagegaggccgggtetcacatcatccagaggatgtatggetgegac
ctggggcccgacgggcgectecteccgegggeatgaccagtecgectacgacggcaaggattacatcgecctgaacg
aggacctgagctcctggaccgeggeggacaccgeggctcagatcacccagegeaagtgggaggeggeccgtetes
cggagcagctgagagcectacctggagggcectgtgcgtggagtggctccgeagatacctggagaacgggaaggaga
cactgcagegegceggaccccccaaagacacacgtgacccaccacceagtetctgaccatgaggecacccetgaggtg
ctgggcecctgggcttctaccctgeggagatcacactgacctggeagegggatggegaggaccaaactcaggacactg
agcttgtggagaccagaccagcaggagatagaaccticcagaagtgggcagcetgtggtogteccttctggagaagag
cagagatacacatgccatgtacagcatgaggggctgeccgaageccctcaccctgagatgggagecatcttee

474

ggctcccactccatgaggtatttctacaccgecatgtececeggeccggecgeggggagecccgettcatcgeagtgggc
tacgtggacgacacccagttcgtgaggticgacagcgacgecgegagteccgaggacggagecccgggcgecatgg
atagagcaggaggggaccggagtattgggacggggagacacggaacatgaaggectccgegeagacttaccgaga
gaacctgeggatcgegcetcecgegectacaaccagagegaggecgggtctcacatcatccagaggatgtatggetgeg
acctggggceccgacgggegcectecteccgegggcatgaccagtecgectacgacggceaaggattacatcgecctgaa
cgaggacctgagctcctggaccgeggeggacaccgeggcetcagatcacccagegeaagtgggaggcggcccgtgt
ggcggagcagcetgagagectacctggagggocctgtgcgtggagtggctccgeagatacctggagaacgggaagga
gacactgcagcegegeggaccccccaaagacacacgtgacccaccacccagtetctgaccatgaggecaccectgagg
tgctgggecctgggcttetaccetgeggagatcacactgacctggcagegggatggcgaggaccaaactcaggacac
tgagcttgtggagaccagaccagcaggagatagaaccttccagaagtgggcagetgtggtagtoccttctggagaag
agcagagatacacatgccatgtacagcatgaggggctgccgaageccctcaccctgagatgggagecatcettee
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475 tgctcecactccatgaagtatttcttcacatcegtgteccecggectggecgeggagagecccgcttcatetcagtgggcta
cgtggacgacacgceagttcgtgcggticgacagegacgecgegagtccgagaggggagecgegggegecgtegg
tggagcaggaggooccggagtattgggaccgggagacacagaagtacaagegecaggcacagactgaccgagtg
agcctgeggaacctgecgeggegectacaaccagagegaggecgggtctcacaccctecagtggatgtgtggctgeg
acctggggceccgacgggegcectecteccgegggtatgaccagtacgectacgacggceaaggattacatcgecctgaa
cgaggacctgcgctcctggaccgecgeggacaccgeggetcagatcacccagegeaagtgggaggcggeccgty
aggcggagcageggagagectacctggagggcacgtgcgtggagtggctccgeagatacctggagaacgggaag
gagacactgcagcgegeggaacacccaaagacacacgtgacccaccatccagtetctgaccatgaggecaccctga
ggtgctggoccctgggcttctaccctgeggagatcacactgacctggeagtgggatggggagoaccaaactcaggac
accgagcttgtggagaccaggccagcaggagatggaaccticcagaagtgggcagcetgtgatggtocctictggaga
agagcagagatacacgtgccatgtgcagcacgaggggctgccggageccctcaccctgagatgggagecgtettee

476 tgctcecactccatgaggtatttctacaccgcetgtgtecccggeccagecgeggagagecccacttcatcgeagtgggct
acgtggacgacacgcagttcgtgcggticgacagcgacgecgegagteccaagaggggagecgegggcgecgteg

gtggagcaggaggggccggagtatigggaccgggagacacagaagtacaagegecaggeacagactgaccgagt
gaacctgcggaaactacgeggegectacaaccagagegaggecgggtctcacaccctccagaggatgtacggetge
gacctggggceccgacgggcgcectectccgegggtatgaccagtecgectacgacggceaaggattacatcgecctga

acgaggacctgcgcetectggaccgecgeggacacageggcetcagatcacccagegeaagtgggaggcggeccgt

gaggcggagcagtggagagectacctggaggecgagtgcgtggagtggctccgcagatacctggagaacgggaa

ggagacactgcagcgegeggaacacccaaagacacacgtgacccaccatccagtetctgaccatgaggecaccectg
aggtgctgggccctgggcttctaccctacggagatcacactgacctggeagegggatggegaggaccaaactcagg

acaccgagcttgtggagaccaggccagcaggagatggaaccticcagaagtgggcagetgtggtagtgcctictgga
gaagagcagagatacacgtgccatgtgeagcacgaggggetgecggagecccteaccctgagatgggagecatett
cc

477 ggctcccactccatgaggtatttctacaccgetgtgteccggeccggecgeggggagecccacttcatcgecagtggec
tacgtggacgacacgcagttcgtgeggticgacagegacgecgegagteccgagaggegagecgeggecgccgteg
gtggagcaggagggogccggagtattgggaccgggagacacagaagtacaagegecaggeacagactgaccgagt
gagcctgeggaacctgegeggegectacaaccagagegaggecgggtcetcacatcatccagaggatgtatggctge
gacgtggggacccgacgggcegectectccgegggtatgaccagtacgectacgacggceaaggattacatcgecctga
acgaggatctgcgcetectggaccgecgeggacacggeggcetcagatcacccagegeaagtgggaggeggeccgty
aggcggagcagctgagagectacctggagggcctgtgegtggagtggetccgeagatacctgaagaatgggaagg
agacactgcagcgcgeggaacacccaaagacacacgtgacccaccatccagtetctgaccatgaggecaccctgag
gtgctgggccctgggctictaccetgeggagatcacactgacctggeagtgggatgggoaggaccaaactcaggaca
ctgagcttgtggagaccaggccageaggagatggaaccttccagaagtgggcagetgtggtggtocctictggagaa
gagcagagatacacgtgccatgtgecagecacgaggggactgeccggagecccteaccctgagatgggagecgtettee

478 ggcteccactccatgaggtatttctccacateegtgtectggeccggecgeggggagecccgcettcatcgeagtgggct
acgtggacgacacgcagttcgtgcggttcgacagecgacgecgegagtccaagaggggagecgegggagecgteg

gtggagcaggaggggccggagtatigggaccgggagacacagaagtacaagegecaggeacaggcetgaccgagt
gaacctgcggaaactgegeggcegectacaaccagagegaggacgggtcetcacaccectccagaggatgtttgactgc

gacctggggccggacgggcgcectectcegegggtataaccagttcgectacgacggcaaggattacatcgecctgaa
cgaggatctgcgcetectggaccgecgeggacacggeggctcagatcacccagegeaagtgggaggcggeccgtga
ggcggageageggagagectacctggagggcacgtgcgtggagtggcteccgeagatacctggagaacgggaagg
agacactgcagcgegeggaacacccaaagacacacgtgacccaccatccagtetctgaccatgaggccaccecetgag

gtgctgggccctgggctictaccetgeggagatcacactgacctggeagtgggatggggaggaccaaactcaggaca
ccgagcttgtggagaccaggecageaggagatggaaccttccagaagtgggcagetgtggtggtecctictggagaa
gagcagagatacacgtgccatgticagcacgaggggcetgecggagececctcaccctgagatggaagecgtettee
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479

tgctcecactccatgaggtatttctacaccgecgtgtecccggeccggecgeggagagecccgettcatcgeagtgggc
tacgtggacgacacgcagttcgtgcagttcgacagcgacgecgegagtccaagaggggagecgegggcgecgteg
gtggagcaggaggogoccggagtatiggeaccgggagacacagaagtacaagegecaggeacagactgaccgagt
gaacctgeggaaactgegeggegectacaaccagagegaggecgggtetcacaccectccagaggatgtatggctee
gacctggggcccgacgggegcectectccgegggtataaccagttcgectacgacggcaaggattacatcgecctgaa
tgaggacctgegetectggaccgecgeggacaaggeggetcagatcacccagegcaagtgggaggcggeccgtga
ggcggageageggagagectacctggagggcacgtgcgtggagtggcteccgeagatacctggagaacgggaaga
agacgctgcagcgegeggaacacccaaagacacacgtgacccaccatccagtetctgaccatgaggecaccctgag
gtgctgggccctgggcttctaccctgeggagatcacactgacctggecagegggatggegaggaccaaactcaggac

accgagcttgtggagaccaggccagcaggagatggaacctticcagaagtgggcagcetgtggtggtgcctictggaga
agagcagagatacacgtgccatgtgcagcacgaggggctgccagageccctcaccctgagatgggooccatcttee

480

tgctcecactccatgaggtatttcgacaccgecgtgtecceggeccggecgeggagagecccgcettcatctcagtgggc
tacgtggacgacacgcagttcgtgcggtticgacagegacgecgegagtccgagaggggagcccegggcgccgteg
gtggagcaggagggogoccggagtattgggaccgggagacacagaagtacaagegecaggeacaggctgaccgagt
gaacctgeggaaactgegeggegectacaaccagagegaggacgggtcetcacacectccagtggatgtatggctee
gacctggggceccgacgggegcectectccgegggtatgaccagtecgectacgacggceaaggattacatcgecctga
acgaggacctgcgctcctggaccgecgeggacacggeggcetcagatcacccagegeaagtgggaggeggeccegt
gaggcggagceagtggagagectacctggagggeacgtgcgtggagtggctccgeagatacctggagaacgggaa
ggagacactgcagcgcgeggaacacccaaagacacacgtgacccaccatccagtctctgaccatgaggecaccctg
aggtgctgggccctgggcttctaccetgeggagatcacactgacctggecagegggatggcgaggaccaaactcagg
acaccgagcttgtggagaccaggccagcaggagatggaaccticcagaagtgggceagcetgtggtggtgcctictgga
gaagagcagagatacacgtgccatgtgecagcacgaggggctgeccagageccctcaccctgagatgggagecatctt
cc

481

Tgcteccactccatgaggtatttcgacaccgecgtgteccggeccggecgeggagagecccgettcatetcagtggg
ctacgtggacgacacgcagttcgtgcggttcgacagegacgecgegagteccgagaggggagecgegggegecgte
ggtggagcaggagggoccggagtattgggaccgggagacacagaactacaagegecaggeacaggetgaccgag
tgagcctgeggaacctgegeggcgectacaaccagagegaggacgggtetcacaccctccagaggatgtatggetg
cgacctggggceccgacgggcgectecteccgegggtatgaccagtecgectacgacggceaaggattacatcgecctg
aacgaggacctgcgctcctggaccgecgeggacaccgeggetcagatcacccagegeaagttggaggeggccegt
gcggcggageagetgagagectacctggagggeacgtgegtggagtggcteccgeagatacctggagaacgggaag
gagacactgcagcgcegcagaacccccaaagacacacgtgacccaccaccccctetetgaccatgaggecacccetga
ggtactggoccctgggctictaccctgeggagatcacactgacctggecagegggatggggaggaccagacccagga

caccgagcttgtggagaccaggecageaggagatggaaccttccagaagtgggeagetgtggtggtaccttetggac
aagagcagagatacacgtgccatatgcageacgagggoctecaagageecctcaccetgagetgggagccatcttee

482

tgctcecacteccatgaggtatttcgacaccgecgtgteceggeccggecgeggagagecccgcettecatctcagtgggc
tacgtggacgacacgcagttcgtgeggticgacagegacgecgegagtecgagaggggagecgeggecgccgteg
gtggagcaggaggooccggagtatiggoaccgggagacacagaagtacaagegecaggeacaggctgaccgagt
gagcctgeggaacctgegeggegectacaaccagagegaggacgggtctcacaccctccagaggatgtetggetge
gacctggggcccgacgggegcectecteccgegggtatgaccagtecgectacgacggceaaggattacatcgeectga

acgaggacctgcgctcctggaccgecgeggacaccgeggetcagatcacccagegeaagttggaggeggcccegtg
cggceggageagcetgagagectacctggagggeacgtgegtggagtggetccgeagatacctggagaacgggaagg
agacactgcagcgcgcagaacccccaaagacacacgtgacccaccaccccctetctgaccatgaggecaccctgag
gtgctgggccctgggcttctaccctgeggagatcacactgacctggecagegggatggggaggaccagacccaggac
accgagcttgtggagaccaggccagcaggagatggaaccttccagaagtgggcagcetgtggtggtacctictggaca
agagcagagatacacgtgccatatgcagcacgagggoctgcaagageccctcaccetgagetgggagecatcttce
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483 tgctcecactccatgaggtatttctacaccgecgtgtecccggeccggecgeggagagecccgettcatcgeagtgggc
tacgtggacgacacgcagttcgtgcggttcgacagegacgecgegagtccaagaggggagecgegggcgccgteg
gtggagcaggaggogoccggagtattgggaccgggagacacagaagtacaagegecaggeacagactgaccgagt
gagcctgeggaacctgecgeggegectacaaccagagegaggecgggtctcacacccteccagtggatgtatggctge
gacctggggcccgacgggegcectecteccgegggtatgaccagtecgectacgacggceaaggattacatcgeectga
acgaggacctgcgctcctggaccgecgeggacacggeggctcagatcacccagegeaagtgggaggeggeccgt
geggceggageageagagagectacctggagggeacgtgegtggagtggetccgeagatacctggagaacgggaa
ggagacactgcagcgegeggaacacccaaagacacacgtgacccaccatttggtetetgaccatgaggecaccctga
ggtgctggocccetgggctictaccctgeggagatcacactgacctggecagegggatggcgaggaccaaactcagga
caccgagcttgtggagaccaggccageaggagatggaaccttccagaagtgggcagetgtggtggtocctictggag
aagagcagagatacacgtgccatgtgcagcacgaggggctgccggageccctecaccctgagatgggagecatctte
c

484 ggctcccactecttgaagtatttccacacttecgtgtecceggeccggecgeggggagecccgettcatctetgtgggcta
cgtggacgacacccagttcgtgegcettcgacaacgacgecgegagtccgaggatggtgccgegggegecgtggatg
gagcaggaggegtcagagtattgggaccgggagacacggagcgecagggacaccgeacagattttccgagtgaac
ctgecggacgcetgegeggegectacaatcagagegaggecgggtctcacaccctgeagtggatgeatggetgegage
tggggacccgacgggegcttcctccgegggtatgaacagtticgectacgacggcaaggattatctcaccctgaatgagg
acctgegetectggaccgeggtggacacggeggctcagatctccgageaaaagtcaaatgatgectetgaggeggag
caccagagagcctacctggaagacacatgcgtggagtggctccacaaatacctggagaaggggaaggagacactge
ttcacctggageccccaaagacacacgtgactcaccaccccatetctgaccatgaggecaccctgaggtgetgggcce
tgggcttctaccctgeggagatcacactgacctggeageaggatggggagggccatacccaggacacggagetegt
ggagaccaggcectgcaggggatggaaccttccagaagtgggcagetgtggtggtacctictggagaggageagaga
tacacgtgccatgtgcagcatgaggggctacccgageccgtcaccctgagatggaagecggcttee

[0093] In some embodiments, the plurality of the HLA-antigen polypeptide complexes of the
randomized peptide antigen libraries comprise at least about 10° different HLA-antigen polypeptide
complexes. Components of the 10° different HLA-antigen polypeptide complexes include, collectively,
at least about 10° different randomized antigen polypeptides. In some embodiments, the plurality of
the HL A-antigen polypeptide complexes of the randomized peptide antigen libraries comprise at least
about 107 different HLA-antigen polypeptide complexes. Components of the 107 different HLA-
antigen polypeptide complexes include, collectively, at least about 107 different randomized antigen
polypeptides. In some embodiments, the plurality of the HLA-antigen polypeptide complexes of the
randomized peptide antigen libraries comprise at least about 10° different HLA-antigen polypeptide
complexes. Components of the 10° different HLA-antigen polypeptide complexes include, collectively,

at least about 10° different randomized antigen polypeptides. In some embodiments, the plurality of
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the HL A-antigen polypeptide complexes of the randomized peptide antigen libraries comprise at least
about 10! different HLA-antigen polypeptide complexes. Components of the 10! different HLA-
antigen polypeptide complexes include, collectively, at least about 10*! different randomized antigen
polypeptides.

[0094] In some embodiments, the plurality of the HLA-antigen polypeptide complexes of the
randomized peptide antigen libraries further comprise a f2-microglobulin polypeptide, which interacts
with and stabilizes the HL A-antigen polypeptide complexes on the surface of the cell. The amino acid
sequence of human B2-microglobulin polypeptide is set forth in NCBI Seq. Ref. NP_004039. In some
embodiments, the human B2-microglobulin polypeptide amino acid sequence of the present disclosure
is a functional naturally occurring variant of the human 2-microglobulin polypeptide having an amino
acid sequence at least about 90%, 95%, 97%, 98%, or 99% identical to the human p2-microglobulin
polypeptide disclosed as NCBI Seq. Ref. NP_004039.

[0095] The present disclosure also includes antigen screening libraries of a plurality HLA-antigen
polypeptide where the 2-microglobulin is constitutively expressed by a cell. In some embodiments,
the B2-microglobulin is encoded by a first nucleic acid, the randomized antigen polypeptide encoded
by a second nucleic acid, and the HLA polypeptide is encoded by a third nucleic acid. In other
embodiments, the B2-microglobulin is encoded by a first nucleic acid and the randomized antigen
polypeptide and the HLA polypeptide is encoded by a second nucleic acid. When encoded by the first
nucleic acid, the f2-microglobulin can be transduced, transfected, or transformed into a cell before or
after the second nucleic acid or the third nucleic acid.

[0096] In some embodiments of the present disclosure, the f2-microglobulin is fused to at least
one of the randomized antigen polypeptides of the antigen screening library using techniques known
to those of ordinary skill in the art. In these embodiments, the HLA polypeptides may or may not be

a component of the antigen screening library. In other embodiments of the present disclosure, at least
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one of the HLA polypeptides is fused to at least one of the randomized antigen polypeptides of the
antigen screening library using techniques known to those of ordinary skill in the art. In these
embodiments, the B2-microglobulin can be expressed by a cell that is transduced, transfected, or
transformed to express other components of the antigen screening library, such as the randomized
antigen polypeptides and the HLA polypeptides. Similar to other embodiments described herein, the
B2-microglobulin is constitutively expressed by the cell. In certain of these embodiments, the cell is a
yeast cell. In other embodiments, the p2-microglobulin is not expressed by the cell that is transduced,
transfected, or transformed to express other components of the antigen screening library, such as the
randomized antigen polypeptides and the HLA polypeptides. In certain of these embodiments, the cell
is a mammalian cell.

[0097] In addition to the (a) randomized antigen polypeptide, (b) MHC I HLA molecule, and (c)
B2-microglobulin features of the HLA-antigen polypeptide complex of the randomized peptide antigen
libraries, the HLA-antigen polypeptide complexes of the present disclosure can further include (d) a
signal sequence, (e) polypeptide linkers between any or all of (a), (b), or (c), (f) a membrane tethering
domain, and, optionally, (g) an epitope tag, such as a FLAG tag, a c-Myc tag, a His-tag, a
hemagglutinin (HA) tag, a VSVg tag, a V5 tag, an AU1 tag, an AUS tag, a Glu-Glu tag, an OLLAS
tag, a T7 tag, an S-TagHSV tag, a KT3 tag, a TK15 tag, an Fc tag, an Xpress tag, a Ty tag, a Strep
tag, an NE tag, an E tag, a C-tag, and/or an AviTag. In some embodiments, the HLA-antigen
complexes do not comprise an epitope tag. However, in some embodiments, at least one or more of
each of the plurality of HLA-antigen complexes of the randomized peptide antigen libraries comprise
the epitope tag which allows for confirmation of expression of at least one of the HLA-antigen
complexes using an antibody specific for the epitope. In some embodiments, each of the plurality of
HLA-antigen complexes of the randomized peptide antigen libraries comprise the epitope tag.

[0098] In some embodiments, the membrane tethering domain comprises a polypeptide linker
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separating the membrane tethering domain from one or more other features ((a)-(e) and (g)) of the
HLA-antigen polypeptide complex. In some embodiments, the features ((a)-(g)) of the HLA-antigen
polypeptide complex are expressed as a single polypeptide. In some embodiments, the (b) HLA
molecule (e.g., HLA polypeptide), the (a) randomized antigen polypeptide, and the (c) P2-
microglobulin polypeptide comprise a single polypeptide. In some embodiments, the (b) HLA
polypeptide and the (a) randomized antigen polypeptide are expressed as a single polypeptide, while,
the (c) P2-microglobulin is expressed separately. For example, the (c) p2-microglobulin can be
supplied from a separate polypeptide encoded by the same nucleic acid that expresses the (a)
randomized antigen polypeptide and the (b) HLA polypeptide, a separate nucleic acid, or
endogenously produced by the cell. In some embodiments, the randomized antigen polypeptide is N-
terminal to the HLA polypeptide, and the HLA polypeptide is N-terminal to the p2-microglobulin
polypeptide. In some embodiments, the randomized antigen polypeptide is C-terminal to the HLA
polypeptide, and the HLA polypeptide is N-terminal to the p2-microglobulin polypeptide. In some
embodiments, the randomized antigen polypeptide is N-terminal to the HLA polypeptide, and the HLA
polypeptide is C-terminal to the B2-microglobulin polypeptide. In some embodiments, the randomized
antigen polypeptide is C-terminal to the HLA polypeptide, and the HLA polypeptide is C-terminal to
the B2-microglobulin polypeptide.

[0099] The (a) a randomized antigen polypeptide, (b) a major histocompatibility class I (MHC I)
HLA molecule, and (¢) a B2-microglobulin, can be separated by at least one flexible polypeptide linker,
such as a first flexible polypeptide linker, a second flexible polypeptide linker, a third flexible
polypeptide linker, a fourth flexible polypeptide linker, a fifth flexible polypeptide linker, or more
flexible polypeptide linkers. In some embodiments, the at least one flexible polypeptide linker can
range between about 3 and about 100 amino acid residues in length, between about 5 and about 80

amino acid residues in length, between about 10 and about 70 amino acid residues in length, between
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about 3 and about 100 amino acid residues in length, between about 20 and about 60 amino acid
residues in length. In some embodiments, the linker can be about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95, or 100 amino acid residues in length. In some embodiments, the
linker can be a glycine linker, or a Gly-Ser linker of the formula (GGGGS)x, wherein X is 1, 2, 3, 4,
5,6,7,8,9or 10. In some embodiments, the linker can suitably comprise a protease cleavage site such
as a thrombin cleavage site.

[00100] Insome embodiments, the HLA-antigen polypeptide complexes of the randomized peptide
antigen libraries comprise a signal polypeptide which directs the HLA-antigen polypeptide complex
to the cell surface via the secretory pathway. This signal peptide is cleaved in the endoplasmic
reticulum and is not expressed by the HLA-antigen polypeptide complex when located on the cell-
surface. The signal sequence can be any suitable sequence such as an endogenous HLA leader
sequence, or a heterologous leader sequence imported from a different secretory or transmembrane
molecule, such as an immunoglobulin leader sequence.

[00101] The HLA-antigen polypeptide complexes further comprise a membrane tethering domain,
such as an anchor domain from a glycosylphosphatidylinositol (GPI) protein and/or a domain from
yeast proteins having internal repeats (PIR protein). This membrane tethering domain can comprise a
transmembrane domain or a domain that interacts with a cell surface protein. In some embodiments,
the membrane tethering domain comprise at least one anchor domain of a GPI protein selected from
the group consisting of yeast Aga2, Cwplp, Cwp2p, Agalp, Tiplp, Flolp, Sed1p, YCR89w, and Tirlp
and/or a PIR protein selected from the group consisting of yeast Pirlp, Pir2p, Pir3p, Pirdp, and PirSp.
A non-limiting example of membrane domain tethering is provided in FIG. 1B.

[00102] In other embodiments, components of the antigen screening libraries of a plurality HLA-
antigen polypeptide complexes are expressed as more than one polypeptide and include a cleavage

sequence which separates components of the antigen screening libraries of a plurality HLA-antigen
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polypeptide complexes from one another. For example, the randomized peptide antigen is separated
from the HLA polypeptide and/or from the Beta-2 (f2) microglobulin polypeptide by the cleavage
sequence. As another example, the HLA peptide is separated from the Beta-2 (B2) microglobulin
polypeptide by the nucleotide encoded cleavage sequence. In some embodiments, the components of
the antigen screening libraries are separated by more than one cleavage sequence. Suitable cleavage
sequences are known to those of ordinary skill in the art and include, but are not limited to, self-
cleaving peptides (P2A, T2A, F2A, and E2A), proteolytic cleavage sites (a 3C site, a thrombin site, a
TEV site, a Factor Xa site, and an EKT site) and an internal ribosome entry sequence (IRES).
[00103] In some embodiments, the antigen screening library and/or the HLA-antigen polypeptide
complexes can be expressed by one or more cells that can easily be transfected, transduced,
electroporated, or transformed with the nucleic acids described herein. In some embodiments, the
antigen screening library and/or the HL A-antigen polypeptide complexes are expressed on a plurality
of cells. In some embodiments, each cell of the plurality of cells expresses a specific HLA-antigen
complex of the HLA-antigen polypeptide complexes and/or another component of the antigen
screening library. In some embodiments, a nucleic acid or a plurality of nucleic acids encode the
antigen screening library and/or the HLA-antigen polypeptide complexes. In some embodiments, the
antigen screening library and/or the HLA-antigen polypeptide complexes comprise prokaryotic cells.
In some embodiments, the cell expressing the HLA-antigen polypeptide complexes comprise
eukaryotic cells. In some embodiments, the eukaryotic cells comprise yeast cells. In some
embodiments, the yeast cells are a cell of Saccharomyces cerevisiae. In some embodiments, the
Saccharomyces cerevisiae is of the strain EBY100. Transforming Saccharontyces cerevisiae with
nucleic acids can be achieved by standard methods as long as the efficiency is sufficient to produce at
least 107, 108, 10, or 10'° transformants.

[00104] In addition to the plurality of HL A-antigen polypeptide complexes of the antigen screening
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libraries described above, the present technology also includes at least two or more antigen screening
libraries having HL A-antigen polypeptide complexes that differ from those described above. In some
embodiments, the HL A-antigen polypeptide complexes have fewer components and/or at least one
different component than the plurality of HLA-antigen polypeptide complexes described above. For
example, in some embodiments, HLA-antigen polypeptide complexes can also comprise (a) an HLA
polypeptide having a peptide binding cleft; and (b)a randomized antigen polypeptide comprising an
amino acid sequence set forth in any one of SEQ ID NOs: 1 to 209 that specifically binds to the peptide
binding cleft of the HLA polypeptide. In these embodiments, the HLA polypeptide, and the
randomized antigen polypeptide comprise a single polypeptide. Also in these embodiments, the single
polypeptide further comprises a first flexible polypeptide linker separating the HLA polypeptide from
the randomized antigen polypeptide. When expressed on a single polypeptide separated by the first
flexible polypeptide linker, the randomized antigen polypeptide is N-terminal to the HLA polypeptide
on the single polypeptide or the randomized antigen polypeptide is C-terminal to the HLA polypeptide
on the single polypeptide.

[00105] As another example, in some embodiments, antigen screening libraries of the present
technology comprise (a) an HLA polypeptide constitutively expressed by one or more yeast cells, the
HLA polypeptide comprising a peptide binding cleft, and (b) a plurality of Beta-2 ($2) microglobulin
polypeptide-antigen polypeptide complexes. In these embodiments, the plurality of Beta-2 ($2)
microglobulin polypeptide complexes include a randomized antigen polypeptide comprising an amino
acid sequence set forth in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen
polypeptide specifically binds to the peptide binding cleft of the HLA polypeptide; and (c) a Beta-2
(B2) microglobulin polypeptide. In these embodiments, the randomized antigen polypeptide and the
B2-microglobulin polypeptide comprise a single polypeptide. Also, in these embodiments, the single

polypeptide further comprises a first flexible polypeptide linker separating the Beta-2 (p2)
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microglobulin polypeptide from the randomized antigen polypeptide. When expressed on a single
polypeptide separated by the first flexible polypeptide linker, the randomized antigen polypeptide is
N-terminal to the Beta-2 (B2) microglobulin polypeptide on the single polypeptide or the randomized
antigen polypeptide is C-terminal to the Beta-2 ($2) microglobulin polypeptide on the single
polypeptide.

Nucleic Acids Encoding HLLA-Antigen Polypeptide Complexes

[00106] Also disclosed herein are nucleic acids that encode HLA-antigen polypeptide complexes
of the antigen screening libraries. Nucleic acids that encode the HLA-antigen polypeptide complexes
of the current disclosure minimally encode: (a) a randomized antigen polypeptide, (b) an MHC I HLA
molecule, and a (c) f2-microglobulin. In addition to the (a) randomized antigen polypeptide, (b) MHC
I HLA molecule, and (c¢) B2-microglobulin features of the HLA-antigen polypeptide complex of the
randomized peptide antigen libraries encoded by one or more nucleic acids, the HLA-antigen
polypeptide complexes of the present disclosure further include nucleic acids which encode (d) a signal
sequence, (e) polypeptide linkers between any or all of (a), (b), or (¢), (f) a membrane tethering domain,
and, optionally, (g) an epitope tag, such as a FLAG tag, a c-MYC tag, a HIS-tag, a hemagglutinin tag,
a VSVgtag, a V5 tag, an AUI tag, an AUS tag, a Glu-Glu tag, an OLLAS tag, a T7 tag, an S-Tag, an
HSV tag, a KT3 tag, a TK15 tag, an Fc tag, an Xpress tag, a Ty tag, a Strep tag, an NE tag, an E tag,
a C-tag, and/or an AviTag (FIG. 1A and FIG. 1B).

[00107] In some embodiments, the nucleic acid encoding the (f) membrane tethering domain may
further encode (e) one or more polypeptide linkers separating the membrane tethering domain from
other features of the HLA-antigen polypeptide complex. In some embodiments, the nucleic acid
encodes one or more flexible polypeptide linkers which separate the (a) HLA polypeptide from the (b)
randomized antigen polypeptide and the (c) f2-microglobulin polypeptide when all three features are

encoded on the single nucleic acid.

56



WO 2020/047502 PCT/US2019/049205

[00108] In some embodiments, the nucleic acid encoding the single polypeptide further comprises
nucleotides which encode a first flexible polypeptide linker and a second flexible polypeptide linker,
wherein the nucleotide sequence encoding the first flexible polypeptide linker separates the nucleotide
sequence encoding the HLA polypeptide from the nucleotide sequence encoding the randomized
antigen polypeptide, and the nucleotide sequence encoding the second flexible polypeptide linker
separates the nucleotide sequence encoding the randomized antigen polypeptide from the nucleotide
sequence encoding the B2-microglobulin polypeptide. In some embodiments, once expressed, the
randomized antigen polypeptide is N-terminal to the HLA polypeptide on the single polypeptide, and
the HL A polypeptide is N-terminal to the f2-microglobulin polypeptide on the single polypeptide.
[00109] In some embodiments, the nucleotide sequence encoding the first flexible polypeptide
linker separates the nucleotide sequence encoding the HLA polypeptide from the nucleotide sequence
encoding the randomized antigen polypeptide, and the nucleotide sequence encoding the second
flexible polypeptide linker separates the nucleotide sequence encoding the HLA polypeptide from the
nucleotide sequence encoding the P2-microglobulin polypeptide. In some embodiments, once
expressed, the randomized antigen polypeptide is C-terminal to the HLA polypeptide on the single
polypeptide, and the HLA polypeptide is N-terminal to the 2-microglobulin polypeptide on the single
polypeptide.

[00110] In some embodiments, the nucleotide sequence encoding the first flexible polypeptide
linker separates the nucleotide sequence encoding the HLA polypeptide from the nucleotide sequence
encoding the randomized antigen polypeptide, and the nucleotide sequence encoding the second
flexible polypeptide linker separates the nucleotide sequence encoding the HLA polypeptide from the
nucleotide sequence encoding the P2-microglobulin polypeptide. In some embodiments, once
expressed, the randomized antigen polypeptide is N-terminal to the HLA polypeptide on the single

polypeptide, and the HLA polypeptide is C-terminal to the f2-microglobulin polypeptide on the single
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polypeptide.

[00111] In some embodiments, the nucleotide sequence encoding the first flexible polypeptide
linker separates the nucleotide sequence encoding the randomized antigen polypeptide from the
nucleotide sequence encoding the P2-microglobulin polypeptide, and the nucleotide sequence
encoding the second flexible polypeptide linker separates the nucleotide sequence encoding the B2-
microglobulin polypeptide from the nucleotide sequence encoding the HLA polypeptide. In some
embodiments, once expressed the randomized antigen polypeptide is C-terminal to the HLA
polypeptide on the single polypeptide, and the HL A polypeptide is C-terminal to the B2-microglobulin
polypeptide on the single polypeptide.

[00112] In some embodiments, the nucleotide sequence encoding the first flexible polypeptide
linker separates the nucleotide sequence encoding the HLA polypeptide from the nucleotide sequence
encoding the f2-microglobulin polypeptide, and the nucleotide sequence encoding the second flexible
polypeptide linker separates the nucleotide sequence encoding the randomized antigen polypeptide
from the nucleotide sequence encoding the HLA polypeptide. In some embodiments, once expressed,
the B2-microglobulin polypeptide is C-terminal to the HLA polypeptide on the single polypeptide, and
the HLA polypeptide is N-terminal to the randomized antigen polypeptide on the single polypeptide.
[00113] In some embodiments, the nucleotide sequence encoding the first flexible polypeptide
linker separates the nucleotide sequence encoding the HLA polypeptide from the nucleotide sequence
encoding the randomized antigen polypeptide, and the nucleotide sequence encoding the second
flexible polypeptide linker separates the nucleotide sequence encoding the randomized antigen
polypeptide from the nucleotide sequence encoding the P2-microglobulin polypeptide. In some
embodiments, once expressed, the randomized antigen polypeptide is C-terminal to the P2-
microglobulin on the single polypeptide, and the HLA polypeptide is C-terminal to the randomized

antigen polypeptide on the single polypeptide. In some embodiments, the nucleotide sequence
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encoding the first flexible polypeptide linker separates the nucleotide sequence encoding the B2-
microglobulin polypeptide from the nucleotide sequence encoding the randomized antigen
polypeptide, and the nucleotide sequence encoding the second flexible polypeptide linker separates
the nucleotide sequence encoding the randomized antigen polypeptide from the nucleotide sequence
encoding the HLA polypeptide.

[00114] In other embodiments, components of the antigen screening libraries of a plurality HLA-
antigen polypeptide complexes are expressed as more than one polypeptide despite being encoded by
a single nucleic acid. In these embodiments, a nucleotide encoded cleavage sequence separates
components of the antigen screening libraries of a plurality HLA-antigen polypeptide complexes from
one another. For example, once expressed, the randomized peptide antigen is separated from the HLA
polypeptide and/or from the Beta-2 (B2) microglobulin polypeptide by the cleavage sequence. As
another example, once expressed, the HLA peptide is separated from the Beta-2 (f2) microglobulin
polypeptide by the nucleotide encoded cleavage sequence. In these embodiments, a portion of the
HLA polypeptide is expressed separately from other components of the antigen screening libraries of
a plurality HLA-antigen polypeptide complexes and, when expressed separately, pairs naturally with
the other components of the HLA-antigen polypeptide complexes inside the cell.

[00115] In some embodiments, the randomized antigen polypeptide of the HLA-antigen complex
is encoded by a nucleic acid set forth in any one of SEQ ID NOs: 210 to 411. In some embodiments,
the HLA polypeptide of the HL A-antigen complex is encoded by a nucleic acid at least 70%, 75%,
80%, 85%, 87.5%, 90%, 95%, 97%, 98%, 99%, or 100% homologous to any one of SEQ ID NOs: 210
to 411. In some embodiments, the randomized antigen polypeptide of the HLA-antigen complex is
encoded by a nucleic acid set forth in any one of SEQ ID NOs: 412 to 426. In some embodiments, the
HLA polypeptide of the HL A-antigen complex is encoded by a nucleic acid at least 70%, 75%, 80%,

85%, 87.5%, 90%, 95%, 97%, 98%, 99%, or 100% homologous to any one of SEQ ID NOs: 280 to
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308. In some embodiments, one or more of the nucleic acids such as one or more of the nucleic acids
of SEQ ID NOs: 210to 411 and 412 to 426 are expressed by a plurality of cells. In some embodiments,
each cell of the plurality of cells comprises a nucleic acid encoding a HLA-antigen complex. In some
embodiments, the plurality of cells are a plurality of yeast cells. In some embodiments, the plurality
of yeast cells are a plurality of cells of the of the EBY'100 strain of Saccharomyces cerevisiae.
[00116] Nucleic acids encoding one or more components of the HLA-antigen polypeptide
complexes can be delivered to the plurality of cells with a nucleic acid or a vector, such as an
exogenous nucleic acid or exogenous vector. Suitable exogenous nucleic acids and exogenous vectors
include plasmids, bacterial artificial chromosomes (BACs), yeast artificial chromosomes (YACs),
transposons, and viral vectors. These exogenous nucleic acids and exogenous vectors can further
comprise components that allow for replication of the nucleic acids encoding one or more components
of the HL A-antigen polypeptide complexes, permit antibiotic selection to allow for section of cells or
other organisms expressing the nucleic acids encoding one or more components of the HL A-antigen
polypeptide complexes, genes that complement yeast autotrophies to select for yeast transformants
expressing the nucleic acids encoding one or more components of the HLA-antigen polypeptide
complexes, promoters or enhancers for prokaryotic or eukaryotic expression of the HLA-antigen
polypeptide complexes, polyadenylation sites, or marker genes that allow for visualization of
transformed cells. In some embodiments, the nucleic acids that comprise a nucleic acid encoding the
HL A-antigen polypeptide complexes of the current disclosure comprise an inducible promoter.
[00117] Methods of using the HLA-antigen polypeptide complexes and nucleic acids encoding such
complexes minimally comprise contacting one or more cells, such as a plurality of cells, expressing
the HLA antigen polypeptide complexes with a TCR and selecting for one or more cells that interact
with the TCR. Selection can be performed, for example, by using the TCR in a “panning step” to

capture the one or more cells expressing HLA-antigen polypeptide complexes that interact with the

60



WO 2020/047502 PCT/US2019/049205

TCR, and washing away any non-interacting cells, such as one or more cells that do not express the
HL A-antigen polypeptide complexes that do not interact with the TCR. Nucleic acids from interacting
cells can be harvested and sequenced to elucidate the amino acid sequences of the randomized antigen
polypeptide that interacted with the TCR. These nucleic acids can be re-transfected, transformed, or
transduced into one or more different cells for another round of selection. This method can be iterated
for any number of rounds of selection, such as 1, 2, 3, 4, 5, or more times (e.g., in cycles) to enrich for
HLA-antigen polypeptide complexes that strongly interact with the TCR.

[00118] Sequencing platforms that can be used in the present disclosure include, but are not limited
to: pyrosequencing, sequencing-by-synthesis, single-molecule sequencing, second- generation
sequencing, nanopore sequencing, sequencing by ligation, or sequencing by hybridization. Preferred
sequencing platforms are those commercially available from Illumina (RNA-Seq) and Helicos (Digital
Gene Expression or “DGE”). “Next generation” sequencing methods include, but are not limited to
those commercialized by: 1 ) 454/Roche Lifesciences including but not limited to the methods and
apparatus described in Margulies 2005 and in US Patent Nos. 7,244,559; 7,335,762; 7,211,390;
7,244,567, 7,264,929; and 7,323,305; 2) Helicos Biosciences Corporation (Cambridge, MA) as
described in US Patent Nos. 7,501,245; 7,491,498; and 7,276,720; and in U.S. Patent Publ. Nos.
2006/0024711; 2009/0061439; 2008/0087826; 2006/0286566; 2006/0024711; 2006/0024678;
2008/0213770; and 2008/0103058; 3) Applied Biosystems (e.g. SOLiD sequencing); 4) Dover
Systems (e.g., Polonator G.007 sequencing); 5) Illumina as described US Patent Nos. 5,750,341,
6,306,597; and 5,969,119; and 6) Pacific Biosciences as described in US Patent Nos. 7,462,452,
7,476,504; 7,405,281; 7,170,050; 7,462,468; 7,476,503; 7,315,019; 7,302,146; and 7,313,308; and in
US Patent Publ. Nos. 2009/0029385; 2009/0068655; 2009/0024331; and 2008/0206764.

Methods

[00119] Described herein are methods of using the HLA-antigen polypeptide complexes of the
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present disclosure to select or enrich for antigens that bind to a TCR, such as a specific TCR. In some
embodiments, the method includes selecting an antigen comprising contacting one or more cells, such
as a plurality of cells, expressing at the HLA antigen polypeptide complexes with a TCR using one or
more transgenic HLA-antigen polypeptide cell libraries, such as a transgenic HLA-antigen
polypeptide yeast cell libraries. The methods described herein include methods for constructing one
or more transgenic HLA-antigen polypeptide yeast cell libraries.

[00120] After construction of the one or more transgenic HLA-antigen polypeptide yeast cell
libraries, the methods further include validating one or more transgenic HL A-antigen polypeptide
yeast cell libraries using limiting dilution methods which include limited dilution of one or more
cultures of proliferating yeast cells that each express at least one of the HLA-antigen polypeptides
with nutrient-deficient yeast media. In some embodiments, the methods further include counting yeast
from diluted yeast cultures and estimating HLA-antigen polypeptide yeast cell libraries with
diversities of at least about 10°, 107, 10%, or 10° unique HLA-antigen polypeptide sequences (e.g.,
clones). In some embodiments, expression of an epitope tag by a yeast cell is measured to determine
if any of the 10°, 107, 10®, or 10° clones are displayed on a yeast cell surface. For example, expression
of the epitope tag can be determined as a surrogate value for total HL A-antigen polypeptide expression
in the plurality of yeast cells and percent expression can be calculated. In some embodiments, the
percent expression is an estimate of a number of yeast cells expressing a certain HLA-antigen
polypeptide relative to the HLA-antigen polypeptide sequence library.

[00121] Referringto FIG. 2, the plurality of cells 201, such as yeast, can be transformed, transfected,
or electroplated with the plurality of nucleic acids encoding the HL A-antigen polypeptide complexes
of the present disclosure 202. The plurality of cells expressing the plurality of nucleic acids encoding
the HL A-antigen peptide complexes is referred to as a transgenic HL A-antigen polypeptide cell library

203. The transgenic HL A-antigen polypeptide cell library 203 is expanded through cell proliferation
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and expression of HLA-antigen polypeptide complexes 204 by the plurality of cells is induced by
methods known in the art, for example, by galactose, lactose, or isopropyl pB-D-1-
thiogalactopyranoside (IPTG). Cells expressing an HLA-antigen polypeptide complex that interact
with a TCR are positively selected using that TCR 208S. In some embodiments, the TCR is immobilized
on a substrate. In some embodiments, the TCR is expressed by a cell or a plurality of cells. This
selection process illustrated in FIG. 2 can be repeated for any number of rounds of selection, such as
1,2,3, 4,5, ormore times to arrive at a single or small number of HLA-antigen polypeptide complexes
that interact with the TCR. In some embodiments, the HL A-antigen polypeptide complexes include a
polypeptide antigen. In some embodiments, the polypeptide antigen is a non-naturally occurring
polypeptide antigen, such as a polypeptide antigen that does not naturally occur in a human. Deep
sequencing or next-generation sequencing reactions can be performed on nucleic acids extracted from
the selected cells 205 after each round of selection, or after the last round of selection.

[00122] In some embodiments, greater than at least 1x10%, at least 1x10° at least 1x10°, at least
1x107, at least 1x10%, at least 1x10°, at least 1x10'°, at least 1x10'!, at least 1x10'2, at least 1x10%3, at

least 1x10%, or at least 1x101 different HLA-antigen polypeptide complexes are screened with

methods of the present disclosure, such as those illustrated in FIG. 2. In some embodiments, the
methods of the present disclosure result in identification of less than 10%, 10°, 10% 10,9, 8, 7, 6, 5, 4,
3, or 2 different HLA-antigen polypeptide complexes. In some embodiments, greater than 90%, 95%,
97%, 98%, or 99% of the HL A-antigen polypeptide complexes remaining after 1, 2, 3, 4, or 5 rounds
of selection comprise less than 10,9, 8,7, 6, 5, 4, 3, or 2 different HL A-antigen polypeptide complexes.
In some embodiments, greater than 90%, 95%, 97%, 98%, or 99% of the HLA-antigen polypeptide
complexes remaining after 1, 2, 3, 4, or 5 rounds of selection comprise less than 10,9, 8,7, 6, 5, 4, 3,

or 2 different antigenic polypeptide sequences within the HL A-antigen polypeptide complexes. In

some embodiments, greater than 90%, 95%, 97%, 98%, or 99% of the HLA-antigen polypeptide
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complexes remaining after 1, 2, 3, 4, or 5 rounds of selection comprise a single HLA-antigen
polypeptide complex. In some embodiments, greater than 90%, 95%, 97%, 98%, or 99% of the HLA-
antigen polypeptide complexes remaining after 1, 2, 3, 4, or 5 rounds of selection comprise a single
antigenic polypeptide sequence within a single HLA-antigen polypeptide complex.

[00123] Expression of naive yeast libraries, such as the HLA-antigen polypeptide sequence libraries
described herein, minimally express at about 15% of total antigen polypeptide sequences in an antigen
polypeptide sequence library for a single length 9mer peptide presented by HLA-A1 (Gee 2018b) and
less than about 5% of a single length peptide (e.g., 8mer) expression in an antigen polypeptide
sequence library having mixed length peptides (e.g., 8mer, 9mer, 10mer, 11mer, 12mer) presented by
HLA-A2 (Gee 2018a). Despite less than about 5% single length expression of the antigen polypeptide
sequence library having 8mer length peptides, TCRs isolated target 8mer antigens from the antigen
polypeptide sequence library that stimulated the TCR in an in vitro co-culture assay (Gee 2018a).
These antigen polypeptide sequence libraries have been screened and isolate peptides against TCRs
of known specificity (Gee 2018a). While a minimum level of expression necessary for a functional
library has not yet been determined, data shows that less than 15% expression can result in an antigen
polypeptide sequence library useful with the methods described herein.

[00124] In some embodiments, methods of the present disclosure further include identifying a
polypeptide antigen that interact with a TCR. For example, a method for determining TCR interacting
polypeptide antigens can comprise any of the following steps:

1. Generation and HLA-antigen polypeptide complex construct design: In some embodiments,
step (1) includes, but is not limited to, generating one or more DNA constructs and/or
designs to display one or more HLA polypeptides with a naturally occurring protein
sequence, a synthetic protein sequences, or a combination thereof.

2. Test expression of the HLA-antigen polypeptide complex construct via yeast expression:
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In some embodiments, step (2) includes, but is not limited to, transforming one or more
electro- or chemically competent yeast with a plasmid encoding a single peptide or library
of peptides including the HLA of interest, such as the HLA polypeptide. The plasmid is
designed for the single peptide construct or library of peptides constructs to display from
the N-terminus of Aga2, a yeast protein. In some embodiments, expression confirmation
can include antibody staining of an epitope tag (e.g., V5, VSVg, c-Myc, HA) or fluorescent
TCR tetramer, dimer, or dextramer staining of yeast displaying a single peptide-HLA
construct or library of peptide-HLA constructs.

3. Optional validation step for HLA display: In some embodiments, step (3) includes, but is
not limited to, antibody-based staining of the epitope tag or fluorescent TCR tetramer,
dimer, or dextramer staining of yeast displaying a single peptide-HLA construct or library
of peptide-HLA constructs of step (2). In some embodiments, validation can also include
staining a peptide-HLA construct with a TCR of known specificity or for selecting a
diverse peptide library presented by the HLA.

4. Optional step to re-engineer the HLA for display: In some embodiments, step (4) includes,
but is not limited to, random mutagenesis via an error-prone polymerase followed by
electroporation into chemically and/or electro-competent yeast. Yeast cells expressing the
library and/or libraries of the present technology are selected with cell separation by
magnetic cell sorting (MACS) or fluorescence-activated cell sorting (FACS) based on a
TCR of interest. In some embodiments, isolated yeast clones are sequenced or deep-
sequenced to identify any functional HL A mutants that properly display antigenic peptides
of interest. Step (4) is included in some embodiments if the construct or library is
improperly displayed.

5. Generation of the peptide-HLA library: In some embodiments, step (5) includes, but is not
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limited to, randomized encoded peptide ligands or explicitly encoded peptide ligands. For
example, the randomized encoded peptide ligands or explicitly encoded peptide ligands are
uniquely designed for each HLA allele based on a preference for which peptides each HLA
allele can present. In some embodiments, step (5) also includes generating genetic material
from one or more polymerase-chain reactions.

6. Selection of the peptide-HLA library with a TCR of interest: In some embodiments, step
(6) includes, but is not limited to, iterative MACS-based or FACS-based selection. For
example, the TCR of interest, or other macromolecule having one or more antigen binding
domains, acts as bait and can be multimerized on magnetic beads, streptavidin, dextran, or
other substrates suitable for multimerization. In some embodiments, output from one or
more selection rounds includes physically isolating one or more yeast cells with the TCR.
Following isolation, the yeast are propagated and re-induced for protein expression. These
iterative rounds enrich for binding yeast populations.

7. Deep-sequencing and data analysis: This process can involve extracting the genetic
information of the yeast library and selection, and sequencing the products to identify the
nature of peptides from the selected library. These data can then be analyzed to identify
potential targets of TCRs and/or fed into algorithms to make predictions about TCR
specificity.

T cell receptors (TCRs)

[00125] The transgenic HL A-antigen polypeptide cell libraries and antigens of the HL A-antigen
polypeptide complexes described herein can be used in conjunction with a given TCR. For example,
the TCR, or other macromolecule having one or more antigen binding domains, is a positive selector
or bait and once bound to an antigen (e.g., HLA-antigen polypeptide complex), identifies its cognate

antigen. The TCRs described herein can be native or exogenous (e.g., recombinant) and expressed by
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a cell, such as a primary T cell, an immortalized T cell, or a non-T cell. In some embodiments, the
TCR is immobilized on a solid support such as a column, a polystyrene plate or well of a multi-well
plate, or a bead. In some embodiments, the TCR is multimerized as a plurality of TCRs immobilized
on a bead. For example, the TCR can be multimerized on but not limited to magnetic beads,
streptavidin, or dextran.
[00126] Insome embodiments, the TCR is a soluble protein comprising at least one or more binding
domains of a TCR of interest, e.g. TCRa/B, TCRy/6. The soluble protein may be a single chain, or a
heterodimer. In some embodiments, the soluble TCR is modified by the addition of a biotin acceptor
peptide sequence at the C terminus of one polypeptide. After biotinylation at the acceptor peptide, the
TCR can be multimerized or added to substrate by binding to biotin binding partner, e.g. avidin,
streptavidin, traptavidin, neutravidin, etc. In some embodiments, the biotin binding partner can
comprise a detectable label, e.g. a fluorophore, mass label, etc., or can be bound to a particle, e.g. a
paramagnetic particle. Selection of ligands bound to the TCR can be performed by flow cytometry,
magnetic selection, and the like as known in the art.
[00127] To the extent the foregoing materials and/or any other materials incorporated herein by
reference conflict with the present disclosure, the present disclosure controls.
[00128] The following examples provide further representative embodiments of the presently
disclosed technology.

EXAMPLES
[00129] The following examples are provided to further illustrate embodiments of the present
technology and are not to be interpreted as limiting the scope of the present technology. To the extent
that certain embodiments or features thereof are mentioned, it is merely for purposes of illustration
and, unless otherwise specified, is not intended to limit the present technology. One skilled in the art

may develop equivalent means without the exercise of inventive capacity and without departing from
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the scope of the present technology. It will be understood that many variations can be made in the
procedures herein described while remaining within the bounds of the present technology. Such
variations are intended to be included within the scope of the presently disclosed technology. As such,
embodiments of the presently disclosed technology are described in the following representative
examples.

Example 1: Design of An Antigen Polypeptide Library

[00130] This example describes design of the antigen libraries of the present disclosure for use with
a polypeptide antigen HL A complex. An exemplary algorithm to design and select anchor residues for
each HLA allele is as follows, using data of known HLA binding epitopes ligands from a website such
as www.IEDB.org/:

[00131] Step 1: download list of polypeptides that bind to a given allele which may comprise
several hundred peptides or several thousand peptides.

[00132] Step 2: construct a frequency matrix of residues per position of the peptide based upon the
downloaded known peptides.

[00133] Step 3: select composition of “anchors” for library design by using a cutoff of the top 4
residues at each position.

Example 2: Electroporation of pHLLA Library

[00134] This example describes electroporating yeast cells with nucleic acids encoding an
exemplary antigen library of the present disclosure having all HLA allotypes and using peptides of 8-
11 amino acids in length (8mer-11mer). In this example, yeast cells were electroporated with nucleic
acids encoding the antigen library of HL A-antigen polypeptide complexes (pHLA library).

[00135] The electroporation methods for expression of pHLA on yeast are as follows:

[00136] Day O:
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1. Autoclave three 2.5L baffled flasks and one 250 ml baffled flask for expanding proliferating
yeast cultures.

2. Prepare Yeast Peptone Dextrose media (YPD), which includes bacto peptone, glucose, and
yeast extract.

3. Prepare two Sml EBY 100 yeast cultures and shake at 30°C overnight.
Prepare pYAL 3T plasmid (10pg) restriction enzyme digested with HindIII, Nhel or Nhel,
and BamHI and insert containing libraries of SEQ ID NO: 210to 411 (50ug). pYAL 3T vector
(SEQ ID NO: 485) is a derivative of pCT vector (SEQ ID NO: 486; Invitrogen), Table 8, and
the maps are provided in FIGS. 3A and 3B. Features of pYAL 3T and pCT are included in
Tables 9 and 10, respectively. pYAL 3T differs from pCT at least by the orientation of the
display protein scaffold (Aga2) being C-terminal of the pHLA library, the addition of human
B2M, and connecting linkers. pYAL 3T has been described (Gee 2018a).

Table 8: Nucleotide sequences of pYAL 3T and pCT vectors

SEQ ID NO: Nucleotide Sequence

485 acggattagaagccgcecgagegggtgacageccteccgaaggaagactctecteegtgegtectegtettcaccgg
tcgegttectgaaacgcagatgtgectecgegecgeactgetccgaacaataaagattctacaatactagettitatgg
ttatgaagaggaaaaattggcagtaacctggecccacaaaccticaaatgaacgaatcaaattaacaaccataggat
gataatgcgattagttttttagccttatttctgggotaattaatcagcgaagegatgatttttgatctattaacagatatata
aatgcaaaaactgcataaccactttaactaatactttcaacattttcggtttgtattacttcttattcaaatgtaataaaagt
atcaacaaaaaattgttaatatacctctatactttaacgtcaaggagaaaaaaccccggatcggactactagcagetg
taatacgactcactatagggaatattaagctaattctacttcatacattttcaattaagatgcagttacttcgetgtttttca
atattttctgttattgctagegttttggctggtegaggaggttctggaggtggtagtagtagtastgatasttccataca
aagaactccaaagatccaagtttacagtagacatcctgetgaaaacggtaaatctaatttcttgaactgttacgtetee
ggtttccacccaagtgatatagaagttgacttgttgaaaaatggtgaaagaatcgaaaaggttgaacattcagatttgt
ctttttctaaggactggtccttctatttgttgtactacacagaattcactccaactgaaaaggatgaatacgcttgcaga
gttaatcatgtaaccttgtctcaacctaaaatcgttaagtgggatagagacatgggtggaggatggaagtggaggtes
cggttcaggtggtggcggttccggtggaggategatccgaacaaaagcettatctccgaagaagacttgggtogotegt
ggatctggtagtggtagttctggtggtegtoattctcaggaactgacaactatatgegagceaaatceectcaccaac
tttagaatcgacgccgtactctttgtcaacgactactattttggccaacgggaaggcaatgcaaggagtttttgaatatt
acaaatcagtaacgtttgtcagtaattgcggttctcacccctcaacaactagcaaaggcagecccataaacacacag
tatgttttttgagtttaaacccgctgatctgataacaacagtgtagatgtaacaaaatcgactttgttcccactgtactttta
gctcgtacaaaatacaatatacttttcatttctccgtaaacaacatgttttcccatgtaatatccttttetatttttcgttcegtt
accaactttacacatactttatatagctattcacttctatacactaaaaaactaagacaattttaattttgctgectgecata
tttcaatttgttataaattcctataatttatcctattagtagctaaaaaaagatgaatgtgaatcgaatcctaagagaattg
ggcaagtgcacaaacaatacttaaataaatactactcagtaataacctatttcttagceatttttgacgaaatttgetatttt
gttagagtcttttacaccatttgtctccacacctecgettacatcaacaccaataacgcecatttaatctaagegeatcac
caacattttctggcgtcagtccaccagctaacataaaatgtaagetetecggggctetettgecttccaacccagtcag
aaatcgagttccaatccaaaagttcacctgteccacctgettctgaatcaaacaagggaataaacgaatgaggtttct
gtgaagctgceactgagtagtatgttgcagtcttttggaaatacgagtcttttaataactggcaaaccgaggaactcttg
gtattcttgeccacgactcatctecegtgeagttggacgatatcaatgecgtaatcattgaccagagecaaaacatccte
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cttaggttgattacgaaacacgccaaccaagtatticggagtgcctgaactatttttatatgcttttacaagacttgaaat
tttccttgcaataaccgggtcaattgtictctttctattgggcacacatataatacccageaagtcageatcggaatcta
gagcacattctgeggcectctgtgetetgecaagecgeaaactttcaccaatggaccagaactacctgtgaaattaataa
cagacatactccaagctgectttgtgtgcttaatcacgtatactcacgtgetcaatagtcaccaatgeccteectettgg
ccctetecttttettttttcgaccgaatttcttgaagacgaaagggcctegtgatacgectatttttataggttaatgtcatg
ataataatggtttcttaggacggatcgettgectgtaacttacacgegectegtatcettttaatgatggaataatttggga
atttactctgtgtttatttatttttatgttttgtatttggattttagaaagtaaataaagaaggtagaagagttacggaatgaa
gaaaaaaaaataaacaaaggtttaaaaaatttcaacaaaaagcegtactttacatatatatttattagacaagaaaagca
gattaaatagatatacattcgattaacgataagtaaaatgtaaaatcacaggattttcgtgtgtggtctictacacagac
aagatgaaacaattcggcattaatacctgagagcaggaagagcaagataaaaggtagtatttgttggcgatccecct
agagtcttttacatcttcggaaaacaaaaactattttttctttaatttctttttttactttctatttttaatttatatatttatattaaa
aaatttaaattataattatttttatagcacgtgatgaaaaggacccaggtggceacttttcggggaaatgtgcgeggaac
ccctatttgtttatttttctaaatacattcaaatatgtatccgctcatgagacaataaccctgataaatgcttcaataatattg
aaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattcccttttttgeggcattttgecttectgtttttgete
acccagaaacgctggtgaaagtaaaagatgctgaagatcagttgggtgcacgagtgggttacatcgaactggatct
caacagcggtaagatccttgagagttttcgccccgaagaacgttttccaatgatgageacttttaaagttetgetatgt
ggcgeggtattatcccgtgttgacgecgggcaagageaacteggtegecgeatacactattctcagaatgacttggt
tgagtactcaccagtcacagaaaagcatcttacggatggcatgacagtaagagaattatgcagtgctgecataacca
tgagtgataacactgcggcecaacttacttctgacaacgatcggaggaccgaaggagetaaccgcttttttgecacaac
atgggggatcatgtaactcgecttgatcgtigggaaccggagetgaatgaagecataccaaacgacgagegtgac
accacgatgectgtagcaatggcaacaacgttgegeaaactattaactggcgaactacttactctagettceceggea
acaattaatagactggatggaggcggataaagttgcaggaccacttctgegeteggeccttceggetggetggttta
ttgctgataaatctggagecggtgagegtgggtetcgeggtatcattgcageactggggccagatggtaageccte
ccgtatcgtagttatctacacgacgggeagtcaggcaactatggatgaacgaaatagacagatcgctgagataggt
gcctcactgattaageattggtaactgtcagaccaagtttactcatatatactttagattgatttaaaacttcatttttaattt
aaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcccttaacgtgagttttcgttccactgagegte
agaccccgtagaaaagatcaaaggatcttcttgagatectttttttctgegegtaatctgetgettgcaaacaaaaaaa
ccaccgcetaccageggtggtttgtitgccggatcaagagetaccaactctttttccgaaggtaactggettcagcaga
gcgceagataccaaatactgtecttctagtgtagecgtagttaggecaccacttcaagaactcetgtagecaccgectaca
tacctcgetetgetaatectgttaccagtggetgetgccagtggcgataagtegtgtettaccgggttggactcaaga
cgatagttaccggataaggcgeageggtegggctgaacggggggttcgtgcacacageccagettggagegaa
cgacctacaccgaactgagatacctacagegtgageattgagaaagegecacgettcccgaagggagaaagge
ggacaggtatccggtaagcggeagggteggaacaggagagegeacgagggagetticcaggggggaacgect
ggtatctttatagtcctgtecgggtttcgecacctetgacttgagegtegatttttgtgatgctegtcaggggggccgag
cctatggaaaaacgccagcaacgeggcctttttacggttcetggcecttttgctggecttttgeteacatgttetttcetge
gttatcccctgattetgtggataaccgtattacegectttgagtgagetgatacegetegecgeagecgaacgacceg
agcgcagcgagtcagtgagegaggaageggaagagegeccaatacgcaaaccgectetecececgegegttgge
cgattcattaatgcagctggcacgacaggtttcccgactggaaagegggcagtgagegcaacgcaattaatgtga
gttacctcactcattaggcaccccaggctttacactttatgcttccggcetectatgttgtgtggaattgtgageggataa
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caatttcacacaggaaacagctatgaccatgattacgccaagetcggaattaaccctcactaaagggaacaaaage
tggctagt

486

acggattagaagccgcecgagegggtgacageccteccgaaggaagactctecteegtgegtectegtettcaccgg
tcgegttectgaaacgecagatgtgectecgegecgeactgetccgaacaataaagattctacaatactagettitatgg
ttatgaagaggaaaaattggcagtaacctggecccacaaaccticaaatgaacgaatcaaattaacaaccataggat
gataatgcgattagttttttagccttatttctgggotaattaatcagcgaagegatgatttttgatctattaacagatatata
aatgcaaaaactgcataaccactttaactaatactttcaacattttcggtttgtattacttcttattcaaatgtaataaaagt
atcaacaaaaaattgttaatatacctctatactttaacgtcaaggagaaaaaaccccggatcggactactageagetg
taatacgactcactatagggaatattaagctaattctacttcatacattttcaattaagatgeagttacttcgetgtttttca
atattttctgttattgcttcagttttagcacaggaactgacaactatatgegagceaaatccectcaccaactttagaatcg
acgccgtactctttgtcaacgactactattttggecaacgggaaggcaatgcaaggagtttttgaatattacaaatcag
taacgtttgtcagtaattgcggttctcacccctcaacaactagcaaaggcagecccataaacacacagtatgtttttaa
gcttetgcaggcetagtggtostootostictggtogtootgottctggtgataogtastictgctageatgactggteg
acagcaaatgggtcgggatctgtacgacgatgacgataaggtaccaggatccagtgtggtggaattctgcagatat
ccagcacagtggcggecgcetcgagtctagagggcccttcgaaggtaagectatccctaaccctetecteggteteg
attctacgcgtaccggtcatcatcaccatcaccattgagtttaaacccgetgatctgataacaacagtgtagatgtaac
aaaatcgactttgttcccactgtacttttagctcgtacaaaatacaatatacttttcatttctccgtaaacaacatgttttce
catgtaatatccttttctatttttcgttccgttaccaactttacacatactttatatagctattcacttctatacactaaaaaact
aagacaattttaattttgctgectgecatatttcaatttgttataaattcctataatttatcctattagtagctaaaaaaagat
gaatgtgaatcgaatcctaagagaattgggcaagtgcacaaacaatacttaaataaatactactcagtaataacctatt
tcttagcatttttgacgaaatttgetattttgttagagtcttttacaccatttgtctccacacctecgettacatcaacacca
ataacgccatttaatctaagcgceatcaccaacattttctggegtcagtccaccagetaacataaaatgtaagetcetegg
ggctetettgecttccaacccagtcagaaatcgagttccaatccaaaagttcacctgteccacctgcettctgaatcaaa
caagggaataaacgaatgaggtttctgtgaagctgcactgagtagtatgttgeagtcttttggaaatacgagtcetttta
ataactggcaaaccgaggaactcttggtattcttgccacgactcatctccgtgeagttggacgatatcaatgecgtaa
tcattgaccagagccaaaacatcctccttaggttgattacgaaacacgccaaccaagtatttcggagtgectgaacta
tttttatatgcttttacaagacttgaaattttccttgcaataaccgggtcaattgttctettictattgggcacacatataata
cccagcaagtcagcatcggaatctagagceacattctgeggcectctgtgetctgecaagecgceaaactticaccaatgg
accagaactacctgtgaaattaataacagacatactccaagctgcectttgtgtgcttaatcacgtatactcacgtgcte
aatagtcaccaatgccctccctcttggecctetecttttcttttttcgaccgaatttcttgaagacgaaagggectegtga
tacgcctatttttataggttaatgtcatgataataatggtttcttaggacggatcgcttgectgtaacttacacgegecte
gtatcttttaatgatggaataatttgggaatttactctgtgtttatttatttttatgttttgtatttgoattttagaaagtaaataa
agaaggtagaagagttacggaatgaagaaaaaaaaataaacaaaggtitaaaaaatttcaacaaaaagcgtacttta
catatatatttattagacaagaaaagcagattaaatagatatacattcgattaacgataagtaaaatgtaaaatcacagg
attttcgtgtotggtcttctacacagacaagatgaaacaattcggceattaatacctgagagcaggaagagcaagata
aaaggtagtatttgttggcgatccccctagagtcttttacatcttcggaaaacaaaaactattttttetttaatttcttttttta
ctttctatttttaatttatatatttatattaaaaaatttaaattataattatttttatagcacgtgatgaaaaggacccaggteg
cacttttcggggaaatgtgcgcggaacceectatttgtttatttttctaaatacattcaaatatgtatcegetcatgagaca
ataaccctgataaatgcttcaataatattgaaaaaggaagagtatgagtattcaacatttccgtgtcgeccttattecctt
ttttgcggcattttgecttectgtttttgetcacccagaaacgetggtgaaagtaaaagatgctgaagatcagttgggetg
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cacgagtgggttacatcgaactggatctcaacageggtaagatecttgagagttttcgecccgaagaacgttticca
atgatgagcacttttaaagttctgetatgtggegcggtattatceegtgttgacgecgggeaagagceaacteggtege
cgcatacactattctcagaatgacttggttgagtactcaccagtcacagaaaagcatcttacggatggceatgacagta
agagaattatgcagtgctgecataaccatgagtgataacactgeggecaacttactictgacaacgatcggaggac
cgaaggagctaaccgcttttttgcacaacatgggggatcatgtaactcgecttgategttgggaaccggagcetgaat
gaagccataccaaacgacgagegtgacaccacgatgectgtageaatggcaacaacgttgegcaaactattaact
ggcgaactacttactctagettcccggeaacaattaatagactggatggaggcggataaagttgeaggaccacttet
gegeteggecectteecggetggcetggtttattgetgataaatctggagecggtgagegtgggtetcgeggtateattg
cagcactggggccagatggtaagecctcccgtatcgtagttatctacacgacgggcagtcaggcaactatggatg
aacgaaatagacagatcgctgagataggtgcctcactgattaagcattggtaactgtcagaccaagtttactcatata
tactttagattgatttaaaacttcatttttaatttaaaaggatctaggtgaagatcctttttgataatctcatgaccaaaatcc
cttaacgtgagttttcgttccactgagegtcagaccccgtagaaaagatcaaaggatcticttgagatectttttttctge
gcgtaatctgetgettgcaaacaaaaaaaccaccgetaccageggtggtttgtttgccggatcaagagcetaccaact
ctitttccgaaggtaactggcttcagcagagegeagataccaaatactgtecttctagtgtagecgtagttaggecac
cacttcaagaactctgtagcaccgcctacatacctcgetcetgctaatectgttaccagtggctgetgecagtggegat
aagtcgtgtcttaccgggtiggactcaagacgatagttaccggataaggegeageggtegggctgaacggggggt
tcgtgcacacageccagcettggagegaacgacctacaccgaactgagatacctacagegtgageattgagaaag
cgccacgcettcccgaagggagaaaggcggacaggtatceggtaageggeagggteggaacaggagagegcea
cgagggagcttccaggggggaacgectggtatctttatagtectgtegggtttcgecacctetgacttgagegtega
tttttgtgatgetegtcagggggaccgagectatggaaaaacgecageaacgeggectttttacggttectggecttt
tgetggecttttgctcacatgttctttectgegttatccectgattctgtggataaccgtattaccgectttgagtgagetg
ataccgctcgecgeagecgaacgaccgagegeagegagteagtgagegaggaageggaagagegeccaatac
gcaaaccgectctececegegegttggecgattcattaatgcagetggcacgacaggtttcccgactggaaagegg
gcagtgagcgcaacgcaattaatgtgagttacctcactcattaggcaccccaggctttacactttatgettcecggete
ctatgttgtgtggaattgtgagcggataacaatttcacacaggaaacagctatgaccatgattacgecaagetcgga
attaaccctcactaaagggaacaaaagctggetagt

Table 9: Features of pYAL 3T Vector

Feature Nucleotide Position
GALIT promotor 5007-450

T7 473-494

Aga2 Leader 534-587

Aga?2 588-794

Linker 813-858

CEN-ARS Prs 2289-2799

Ampr 3129-3788

Laco 4908-4930
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Table 10: Features of pCT Vector

PCT/US2019/049205

Feature Position
GAL1 promotor 5217-451
T7 475-494
Aga? Leader 534-587
linker 588-632
hB2m 633-929
linker 930-989
epitope tag (cMyc) 990-1019
linker 1020-1064
Aga2 1065-1271
CEN-ARS pRS 2499-3009
AmpR 3339-3998
LacO 5118-5140

[00137] Day 1: Passage the two yeast cultures from Day O step 3 by adding 100 pl of each of the

two yeast cultures to 5 ml of fresh YPD and shake at 30°C overnight.

[00138] Day 2:

1. Measure optical density (OD) of overnight cultures from Day 1.
Prepare a new culture with 300 ml of an OD 0.3 yeast culture from step 1 using YPD in a

N

2.5L baffled flask.

Add 3 ml of Tris/DTT.
Add 15 ml of 2 M LiAc/TE.

X N0 kW

Prepare 3 ml of 1M Tris pH 8.0/1 M 1,4-dithiothreitol (DTT)
Prepare 15 ml of 2 M lithium acetate (LiAc)/ 10 mM Tris, | mM EDTA (TE)
Propagate culture to an OD of 1.6-2.0.

. Centrifuge culture at 3000 xg for 3 minutes.

10. Resuspend the pellet in 50 mL cold E-buffer.

11. Centrifuge the suspension from step 10 at 3000xg for 3 min, at 4°C.
12. Repeat steps 10 and 11 twice.
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13. Remove residual buffer.
14. Resuspend pellet in 600uL E-buffer.

15. Add the 50 pg insert and 10 ug digested plasmid from step 4 of Day 0, total volume of
buffer, insert, plasmid, and yeast should be about 1mL.

16. Aliquot 150 pL of the suspension from step 15 into ice-chilled 2 mm gap electroporation
cuvettes.

17. Electroporate each cuvette at 2.5 kV. The time constant should be between 3 and 4 ms'.
18. Add three 1 mL volumes of cold YPD, then bring the total volume up to 200 mL with YPD
19. Culture electroporated yeast at 30 °C at 225 rpm, for 1 hour in a 250 ml baffled flask.

20. Centrifuge culture at 3500 xg for 3 minutes to form a yeast cell pellet, decant the supernatant,
and re-suspend the yeast cell pellet in 10 mL of SDCAA (dextrose casamino acids, which
also includes, yeast nitrogen base without amino acids and with ammonium sulfate, sodium
citrate, and citric acid monohydrate, at a pH of 4.5).

[00139] Day 2: Determine Titer

Add 990 uL. of SDCAA to each of four Eppendorf tubes.

Add 10 pL from step 20 above to one tube containing 990 uL. SDCAA.

Pipet 100 uL of the 10* solution into a tube containing only 990 uL of SDCAA.
Pipet 100 uL of the 10° solution into a tube containing only 990 uL of SDCAA.
Pipet 100 uL of the 10° solution into a tube containing only 990 uL of SDCAA.

Spread 100 L of each dilution in steps 2-5 onto a separate SDCAA plates and incubate at
30°C for 3 days. Count the colonies on the plates to determine the titer. From step 2, the
colonies counted represent the diversity of the library x 10*. From step 3, the colonies
counted represent the diversity of the library x 10°. From step 4, the colonies counted
represent the diversity of the library x 10°. From step 5, the colonies counted represent the
diversity of the library x 10.

7. Add 490 ml of pH 4.5 SDCAA to the remaining cell suspension from step 20 and culture at
30 °C overnight.

S e

[00140] Day 3: Measure the OD of the passage from step 8 after 24 hours. The OD should be at
least 5. Passage the culture to an OD of 1 in a total volume of 500 mL SDCAA.

[00141] Day 4: Passage cells to an OD of 1 in a total volume of 500 mL SDCAA.

[00142] Day 5: 72 hours after step 18 from Day 2 was performed, induce in SGCAA (galactose
casamino acids, which also includes, yeast nitrogen base without amino acids and with ammonium
sulfate, sodium citrate, and citric acid monohydrate, at a pH of 4.5).

[00143] Recipes:
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1) E-buffer, 500ml

- 0.6 g Tris base,
- 91.09 g Sorbitol (1M)

- 73.50 mg CaCl2 (1mM; consider making 1M stock solution) in ddH2O to a final volume of
500 ml, pH to 7.5. Filter through 0.22 ym membrane.

2) 1M Tris/1 M DTT, 3ml

- 0.462 g 1,4-dithiothreitol in 3 ml 1 M Tris, pH 8.0 and sterilize by filtration.

3) 2 M LiAc/TE solution, 15ml

- 1.98 g LiAc in 10ml of TE (10mM Tris, ImM EDTA), sterilize by filtration.

Example 3: Characterization of pHLLA Expression

[00144] This example describes characterizing expression of HLA-antigen polypeptide complexes

on the electroporated yeast cells of Example 2. These expression measurements include FACS analysis

to determine the levels of peptide-MHC displayed on the surface of yeast cells and indicate

functionality of the random yeast display library. The characterization methods for expression of

pHLA on yeast are as follows:

[00145] Materials

5.
6.
7.

Yeast library from Example 2

1.
2. PBSM (1x PBS, 1 g/L bovine serum albumin, EDTA, pH 7 4; filtered)
3.
4

Anti-myc (FITC fluorophore-conjugated) antibody
96-well U-bottom plate

Optional:

Anti-V5 (647 fluorophore-conjugated) antibody
Anti-HA (BV421 fluorophore-conjugated) antibody
Anti-VSV (PE fluorophore-conjugated) antibody

[00146] Cell Preparation

1.

B w

Measure optical density of yeast culture on NanoDrop. OD600 readings between O to 1 are in
the liner range for cultures induced 2 to 3 days at 20°C at a 1:20 culture:SDCAA dilution.
Transfer samples of yeast cultures into wells of a 96-well plate. For yeast cultures having an
0OD600 of about 10, use 25uL of the culture. Include single-color and unstained controls.
Add PBSM to 200 pl final volume to each well.

Centrifuge the 96-well plate at 2500xg for 2 minutes.

Remove supernatants.
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[00147]  Staining Cells

1. Re-suspend each cell pellet in 100 ul PBSM
2. Add 1 ul antibody as appropriate.
3. Incubate at 4°C, protected from light (e.g., dark) for 30 minutes.

[00148] Washing Cells and Determining pHL A Expression

Centrifuge the 96-well plate at 2500 xg for 2 minutes.
Remove supernatants.

Re-suspend each pellet in 200 ul PBSM.

Centrifuge the 96-well plate at 2500 xg for 2 minutes.
Remove supernatants.

Re-suspend each pellet in 200 pl PBSM.

Analyze samples in each well with CytoFlex.

NNk L=

[00149] Results: Expression of the HLA-antigen polypeptide complexes (peptides of SEQ ID Nos:
8, 11, 14, 18, 21 + 24, 28, 32, 36, 40-44, 47, 50, 53, 56, 65, 75, 69, 77 + 80, 89, 95, 99, 102 + 106,
108, 111 + 114, 117 + 120, 124, and 125) was determined by flow cytometry and shown in FIG. 4.
Antibodies targeting epitope tags expressed by HLA-antigen polypeptide complexes were used to stain
electroporated yeast cells. FITC-A staining corresponds to HLA-antigen polypeptide complexes
expressing a c-Myc tag. Antibody-epitope tag binding was used as a proxy to determine pHLA
expression, which, as shown in FIG. 4, ranged from 8.99% for SEQ ID NO: 56 to 26.3% expression
for SEQ ID NOs: 177+180.

Example 4: Functional Validation of pHILLA Expression

[00150] This example describes functionally validating expression of pHLAs on the electroporated
yeast cells of Example 2 with a candidate TCR. Expected target antigens of the pHLAs can be
identified from up to 6 libraries when the candidate TCR is allotype-matched. The functional
validation methods for expression of pHLA on yeast are as follows:

[00151] HLA-antigen polypeptide sequence libraries, such as those disclosed herein, minimally
express about 25% of total antigen polypeptide sequences for a single length 9mer peptide presented

by HLA-A1 (Gee 2018b) and express less than about 5% of a single length peptide (e.g., 8mer) having
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mixed length peptides (e.g., 8mer, 9mer, 10mer, 11mer) presented by HLA-A2 (Gee 2018a). Despite
less than about 5% single length peptide expression of the HL A-antigen polypeptide sequence having
8mer length peptides, isolated TCRs of interest target 8mer antigens from the HLA-antigen
polypeptide complexes. These isolated TCR of interest were stimulated by one or more HLA-antigen
polypeptide complexes in an in vitro co-culture assay (Gee 2018a; see Figs. 5C and 7A therein). HLA-
antigen polypeptide libraries have been screened and peptides which bind TCRs of known specificity
have been isolated (Gee 2018a). While a minimum level of expression that is necessary for a functional
HLA-antigen polypeptide library of the present disclosure has not yet been determined, data shows
that less than 15% expression can result in an HLA-antigen polypeptide library that is useful with the
methods described herein.

[00152] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in the
art without departing from the invention. It should be understood that various alternatives to the
embodiments of the invention described herein may be employed in practicing the invention.

[00153] All publications, patent applications, issued patents, and other documents referred to in this
specification are herein incorporated by reference as if each individual publication, patent application,
issued patent, or other document was specifically and individually indicated to be incorporated by
reference in its entirety. Definitions that are contained in text incorporated by reference are excluded
to the extent that they contradict definitions in this disclosure.
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CLAIMS

1. An antigen screening library comprising a plurality of Human Leukocyte Antigen
(HLA)-antigen polypeptide complexes, the HL A-antigen polypeptide complexes comprising:

a) an HLA polypeptide, the HLA polypeptide comprising a peptide binding
cleft;

b) a randomized antigen polypeptide comprising an amino acid sequence set
forth in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide
specifically binds to the peptide binding cleft of the HLA polypeptide; and

c) a Beta-2 (32) microglobulin polypeptide.

2. The antigen screening library of claim 1, wherein the plurality of HLA-antigen
complexes comprises an HLA polypeptide selected from the list consisting of A3, Al1, A23, A24,
A26, A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, B57, C1, C2, C3, C4, C5, C6, C7,
C8, and E.

3. The antigen screening library of claim 1, wherein the plurality of HLA-antigen
complexes comprises at least five, ten, fifteen, twenty, or twenty-five different HLA polypeptides
selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27,
B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E.

4. The antigen screening library of claim 1, wherein the plurality of HLA-antigen
complexes comprises all of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40,
B44,B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E HLA polypeptides.

5. The antigen screening library of claim 1, wherein the plurality of HLA-antigen
complexes comprises an HLA polypeptide comprising an amino acid sequence at least 87.5%, 90%,
95%, 97%, 98%, 99%, or 100% identical to an amino acid sequence set forth in any one of SEQ ID

NOs: 427 to 455.
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6. The antigen screening library of any one of claims 1 to 5, wherein the plurality of the
HLA-antigen polypeptide complexes comprises at least about 10° different HLA-antigen polypeptide
complexes comprising at least about 103 different randomized antigen polypeptides.

7. The antigen screening library of any one of claims 1 to 6, wherein the HL A polypeptide,
the randomized antigen polypeptide, and the PB2-microglobulin polypeptide comprise a single
polypeptide.

8. The antigen screening library of claim 7, wherein the single polypeptide further
comprises a first flexible polypeptide linker and a second flexible polypeptide linker.

9. The antigen screening library of claim 8, wherein the randomized antigen polypeptide
is N-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide is N-
terminal to the f2-microglobulin polypeptide on the single polypeptide.

10. The antigen screening library of claim 9, wherein the first flexible polypeptide linker
separates the HLA polypeptide from the randomized antigen polypeptide, and a second flexible
polypeptide linker separates the HLA polypeptide from the f2-microglobulin polypeptide.

11. The antigen screening library of claim 8, wherein the randomized antigen polypeptide
is C-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide is N-
terminal to the B2-microglobulin polypeptide on the single polypeptide.

12. The antigen screening library of claim 11, wherein the first flexible polypeptide linker
separates the HLA polypeptide from the randomized antigen polypeptide, and a second flexible
polypeptide linker separates the HLA polypeptide from the B2-microglobulin polypeptide.

13. The antigen screening library of claim 8, wherein the randomized antigen polypeptide
is N-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide is C-

terminal to the B2-microglobulin polypeptide on the single polypeptide.
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14. The antigen screening library of claim 13, wherein the first flexible polypeptide linker
separates the randomized antigen polypeptide from the B2-microglobulin polypeptide, and a second
flexible polypeptide linker separates the f2-microglobulin polypeptide from the HLA polypeptide.

15. The antigen screening library of claim 8, wherein the randomized antigen polypeptide
is C-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide is C-
terminal to the f2-microglobulin polypeptide on the single polypeptide.

16. The antigen screening library of claim 15, wherein the first flexible polypeptide linker
separates the HLA polypeptide from the P2-microglobulin polypeptide, and a second flexible
polypeptide linker separates the randomized antigen polypeptide from the HLA polypeptide.

17. The antigen screening library of claim 8, wherein the f2-microglobulin polypeptide is
C-terminal to the HLA polypeptide on the single polypeptide, and the HLA polypeptide is N-terminal
to the randomized antigen polypeptide on the single polypeptide.

18. The antigen screening library of claim 17, wherein the first flexible polypeptide linker
separates the HLA polypeptide from the randomized antigen polypeptide, and a second flexible
polypeptide linker separates the randomized antigen polypeptide from the B2-microglobulin
polypeptide.

19. The antigen screening library of claim 8, wherein the randomized antigen polypeptide
is C-terminal to the B2-microglobulin on the single polypeptide, and the HLA polypeptide is C-
terminal to the randomized antigen polypeptide on the single polypeptide.

20. The antigen screening library of claim 19, wherein the first flexible polypeptide linker
separates the p2-microglobulin polypeptide from the randomized antigen polypeptide, and a second
flexible polypeptide linker separates the randomized antigen polypeptide from the HLA polypeptide.

21.  The antigen screening library of any one of claims 1 to 20, wherein each of the HLA-

antigen complexes of the plurality of the HLA-antigen complexes do not comprise an epitope tag.
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22, The antigen screening library of any one of claims 1 to 20, wherein at least one of the
HLA-antigen complexes of the plurality of HLA-antigen complexes comprise an epitope tag.

23. The antigen screening library of any one of claims 1 to 20, wherein at least one of the
HLA-antigen complexes of the plurality of HL A-antigen complexes does not comprise an epitope tag
and at least one of the HLA-antigen complexes of the plurality of HLA-antigen complexes does
comprise an epitope tag.

24, The antigen screening library of claims 22 or 23, wherein the epitope tag comprises a
FLAG tag, a c-Myc tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.

25. The antigen screening library of any one of claims 1 to 24, wherein the HLA-antigen
complexes each comprise a membrane tethering domain.

26. The antigen screening library of claim 25, wherein the membrane tethering domain
comprises Aga2.

27.  The antigen screening library of any one of claims 1 to 26, wherein the antigen
screening library is expressed on a plurality of cells.

28. The antigen screening library of claim 27, wherein the plurality of cells are a plurality
of yeast cells.

29. The antigen screening library of claim 28, wherein the plurality of yeast cells are a
plurality of yeast cells of the EBY 100 strain of Saccharomyces cerevisiae.

30.  The antigen screening library of any one of claims 27 to 29, wherein each cell of the
plurality of cells expresses a specific HLA-antigen complex.

31. An antigen screening library comprising a plurality of Human Leukocyte Antigen
(HLA)-antigen polypeptide complexes, the HL A-antigen polypeptide complexes comprising:

a) an HLA polypeptide, the HLA polypeptide comprising a peptide binding

cleft; and
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b) a randomized antigen polypeptide comprising an amino acid sequence set
forth in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide
specifically binds to the peptide binding cleft of the HLA polypeptide.

32 The antigen screening library of claim 31, wherein the plurality of HLA-antigen
complexes comprises an HLA polypeptide selected from the list consisting of A3, All, A23, A24,
A26, A30, A31, A33, A68, B7, B8, B15, B27, B40, B44, B51, B53, B57, C1, C2, C3, C4, C5, C6, C7,
C8, and E.

33. The antigen screening library of claim 31, wherein the plurality of HLA-antigen
complexes comprises at least five, ten, fifteen, twenty, or twenty-five different HLA polypeptides
selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27,
B40, B44, B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E.

34, The antigen screening library of claim 31, wherein the plurality of HLA-antigen
complexes comprises all of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40,
B44,B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E HLA polypeptides.

35. The antigen screening library of claim 31, wherein the plurality of HLA-antigen
complexes comprises an HLA polypeptide comprising an amino acid sequence at least 87.5%, 90%,
95%, 97%, 98%, 99%, or 100% identical to an amino acid sequence set forth in any one of SEQ ID
NOs: 427 to 455.

36. The antigen screening library of any one of claims 31 to 35, wherein the plurality of
the HLA-antigen polypeptide complexes comprises at least about 10° different HLA-antigen
polypeptide complexes comprising at least about 10° different randomized antigen polypeptides.

37. The antigen screening library of any one of claims 31 to 36, wherein the HLA

polypeptide, and the randomized antigen polypeptide comprise a single polypeptide.
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38. The antigen screening library of claim 37, wherein the single polypeptide further
comprises a first flexible polypeptide linker separating the HLA polypeptide from the randomized
antigen polypeptide.

39. The antigen screening library of claim 38, wherein the randomized antigen polypeptide
is N-terminal to the HLA polypeptide on the single polypeptide.

40. The antigen screening library of claim 38, wherein the randomized antigen polypeptide
is C-terminal to the HLA polypeptide on the single polypeptide.

41. The antigen screening library of any one of claims 31 to 40, wherein each of the HLA-
antigen complexes of the plurality of the HLA-antigen complexes do not comprise an epitope tag.

42, The antigen screening library of any one of claims 31 to 40, wherein at least one of the
HLA-antigen complexes of the plurality of HLA-antigen complexes comprise an epitope tag.

43. The antigen screening library of any one of claims 31 to 40, wherein at least one of the
HLA-antigen complexes of the plurality of HL A-antigen complexes does not comprise an epitope tag
and at least one of the HLA-antigen complexes of the plurality of HLA-antigen complexes does
comprise an epitope tag.

44, The antigen screening library of claims 42 or 43, wherein the epitope tag comprises a
FLAG tag, a c-Myc tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.

45. The antigen screening library of any one of claims 31 to 44, wherein the HLA-antigen
complexes each comprise a membrane tethering domain.

46. The antigen screening library of claim 45, wherein the membrane tethering domain
comprises Aga2.

47. The antigen screening library of any one of claims 31 to 46, wherein the antigen

screening library is expressed on a plurality of cells.
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48. The antigen screening library of claim 47, wherein the plurality of cells are a plurality
of yeast cells.

49. The antigen screening library of claim 48, wherein the plurality of yeast cells are a
plurality of yeast cells of the EBY 100 strain of Saccharomyces cerevisiae.

50.  The antigen screening library of any one of claims 47 to 49, wherein each cell of the
plurality of cells expresses a specific HLA-antigen complex.

51. The antigen screening library of any one of claims 47 to 50, wherein each cell of the
plurality of cells expresses a B2-microglobulin polypeptide.

52.  An antigen screening library comprising

a) a plurality of antigen polypeptide-Beta-2 (B2) microglobulin polypeptide
complexes, the antigen polypeptide-Beta-2 (B2) microglobulin polypeptide complexes
comprising:

i) arandomized antigen polypeptide comprising an amino acid sequence set forth
in any one of SEQ ID NOs: 1 to 209, wherein the randomized antigen polypeptide
specifically binds to the peptide binding cleft of the HLA polypeptide; and

i1) a Beta-2 (B2) microglobulin polypeptide; and

b) a plurality of HLA polypeptides constitutively expressed by one or more yeast cells
and comprising a peptide binding cleft.

53. The antigen screening library of claim 52, wherein the plurality of HLA polypeptides
is selected from the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15,
B27, B40, B44, B51, B53, B57, C1, C2, C3, C4, C5, C6, C7, C8, and E.

54. The antigen screening library of claim 52, wherein the plurality of HLA polypeptides

comprises at least five, ten, fifteen, twenty, or twenty-five different HLA polypeptides selected from
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the list consisting of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, B8, B15, B27, B40, B44,
B51, B53, C1, C2, C3, C4, C5, C6, C7, C8, and E.

55. The antigen screening library of claim 52, wherein the plurality of HLA polypeptides
comprises all of A3, A11, A23, A24, A26, A30, A31, A33, A68, B7, BS, B15, B27, B40, B44, B51,
B53, C1, C2, C3, C4, C5, C6, C7, C8, and E HLA polypeptides.

56. The antigen screening library of claim 52, wherein the plurality of HLA polypeptides
comprises an HLA polypeptide comprising an amino acid sequence at least 87.5%, 90%, 95%, 97%,
98%, 99%, or 100% identical to an amino acid sequence set forth in any one of SEQ ID NOs: 427 to
455.

57. The antigen screening library of any one of claims 52 to 56, wherein the plurality of
the antigen polypeptide-Beta-2 (p2) microglobulin polypeptide complexes comprises at least about
10° different antigen polypeptide-Beta-2 (B2) microglobulin polypeptide complexes comprising at
least about 10° different randomized antigen polypeptides.

58.  The antigen screening library of any one of claims 52 to 57, wherein the randomized
antigen polypeptide and the f2-microglobulin polypeptide comprise a single polypeptide.

59. The antigen screening library of claim 58, wherein the single polypeptide further
comprises a first flexible polypeptide linker.

60. The antigen screening library of claim 59, wherein the randomized antigen polypeptide
is N-terminal to the p2-microglobulin polypeptide on the single polypeptide.

61. The antigen screening library of claim 60, wherein the randomized antigen polypeptide
is C-terminal to the f2-microglobulin polypeptide on the single polypeptide.

62.  The antigen screening library of any one of claims 52 to 61, wherein each of the antigen
polypeptide-Beta-2 (B2) microglobulin polypeptide complexes of the plurality of the antigen

polypeptide-Beta-2 (B2) microglobulin polypeptide complexes do not comprise an epitope tag.
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63.  The antigen screening library of any one of claims 52 to 61, wherein at least one of the
antigen polypeptide-Beta-2 (2) microglobulin polypeptide complexes of the plurality of antigen
polypeptide-Beta-2 (B2) microglobulin polypeptide complexes comprise an epitope tag.

64.  The antigen screening library of any one of claims 52 to 61, wherein at least one of the
HLA-antigen complexes of the plurality of HLA-antigen complexes does not comprise an epitope tag
and at least one of the HLA-antigen complexes of the plurality of HLA-antigen complexes does
comprise an epitope tag.

65. The antigen screening library of claims 63 or 64, wherein the epitope tag comprises a
FLAG tag, a c-Myc tag, a HIS-tag, a hemagglutinin (HA) tag, a VSVg tag, or a V5 tag.

66. The antigen screening library of any one of claims 52 to 65, wherein the antigen
polypeptide-Beta-2 (B2) microglobulin polypeptide complexes each comprise a membrane tethering
domain.

67.  The antigen screening library of claim 66, wherein the membrane tethering domain
comprises Aga2.

68. The antigen screening library of any one of claims 52 to 67, wherein the antigen
screening library is expressed on a plurality of cells.

69. The antigen screening library of claim 68, wherein the plurality of cells are a plurality
of yeast cells.

70.  The antigen screening library of claim 69, wherein the plurality of yeast cells are a
plurality of yeast cells of the EBY 100 strain of Saccharomyces cerevisiae.

71. The antigen screening library of any one of claims 68 to 70, wherein each cell of the
plurality of cells expresses a specific antigen polypeptide-Beta-2 (B2) microglobulin polypeptide

complex.
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72. A plurality of nucleic acids encoding the antigen screening library of any one of claims
1to71.

73. The plurality of nucleic acids of claim 72, wherein the HLA polypeptide is encoded by
a nucleic acid that is at least about 85%, 87.5%, 90%, 95%, 97%, 98%, or 99% homologous to any
one of SEQ ID NOs: 456 to 484.

74. The plurality of nucleic acids of claim 73, wherein the randomized antigen polypeptide
is encoded by a nucleic acid set forth in any one of SEQ ID NOs: 210 to 426.

75.  The plurality of nucleic acids of any one of claims 72 to 74, wherein the plurality of
nucleic acids is expressed by a plurality of cells.

76. A plurality of cells expressing the antigen screening library of any one of claims 1 to
75.

77. The plurality of cells of claim 76, wherein the plurality of cells is a plurality of yeast
cells.

78. The plurality of cells of claim 77, wherein the plurality of yeast cells is a plurality of
cells of the EBY'100 strain of Saccharomyces cerevisiae.

79. The plurality of cells of any one of claims 76 to 78, wherein each cell of the plurality
of cells comprises a nucleic acid of the plurality of nucleic acids encoding a specific of HLA-antigen
complex.

80. A method of selecting an antigen comprising contacting the plurality of cells of any
one of claims 76 to 79 with a T cell receptor (TCR) or other macromolecule having one or more
antigen binding domains.

81. The method of claim 80, wherein the TCR or other macromolecule having one or more

antigen binding domains is immobilized on a substrate.
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82. The method of claim 80, wherein the TCR or other macromolecule having one or more
antigen binding domains is expressed by a cell.

83. The method of any one of claims 76 to 79, wherein the selection is repeated for 2, 3, 4,
or 5 cycles.

84. The method of claim 83, wherein the antigen is a polypeptide antigen.

85. The method of claim 84, wherein the antigen is a polypeptide antigen that does not
naturally occur.

86.  The method of claim 85, wherein the antigen is a polypeptide antigen that does not

naturally occur in a human.
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